
❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥✿ ❊✐♥ ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③ ❢ür

✈❡rt❡✐❧t❡ ❙②st❡♠❡

❑♦♥③❡♣t❡ ✉♥❞ ▼✐❞❞❧❡✇❛r❡ ③✉r s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡♥ ❯♥t❡rstüt③✉♥❣

✐♥t❡❧❧✐❣❡♥t❡r ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

✈♦r❣❡❧❡❣t ✈♦♥

❉r✳ r❡r✳ ♥❛t✳ ❆❧❡①❛♥❞❡r P♦❦❛❤r

❛✉s ❍❛♠❜✉r❣

❍❛❜✐❧✐t❛t✐♦♥ss❝❤r✐❢t ❢ür ❞❛s ❋❛❝❤ ■♥❢♦r♠❛t✐❦

✈♦r❣❡❧❡❣t ❛♥ ❞❡r

❋❛❦✉❧tät ❢ür ▼❛t❤❡♠❛t✐❦✱ ■♥❢♦r♠❛t✐❦ ✉♥❞ ◆❛t✉r✇✐ss❡♥s❝❤❛❢t❡♥

❞❡r ❯♥✐✈❡rs✐tät ❍❛♠❜✉r❣

❛♠ ❋❛❝❤❜❡r❡✐❝❤ ■♥❢♦r♠❛t✐❦

❏❛♥✉❛r ✷✵✶✼





❩✉s❛♠♠❡♥❢❛ss✉♥❣

❉✐❡s❡ ❆r❜❡✐t ❜❡❢❛sst s✐❝❤ ♠✐t s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡♥ ❑♦♥③❡♣t❡♥ ③✉r ❊♥t✇✐❝❦❧✉♥❣ ✈❡rt❡✐❧t❡r
❙②st❡♠❡ ✉♥❞ ✐st s♦♠✐t ✐♥ ❞❡♥ ❋♦rs❝❤✉♥❣s❣❡❜✐❡t❡♥ ❙♦❢t✇❛r❡t❡❝❤♥✐❦ ✉♥❞ ✈❡rt❡✐❧t❡ ❙②st❡♠❡
❛♥❣❡s✐❡❞❡❧t✳ ❉✐❡ ❑♦♥str✉❦t✐♦♥ ✈❡rt❡✐❧t❡r ❙②st❡♠❡ st❡❧❧t ❙♦❢t✇❛r❡✲❊♥t✇✐❝❦❧❡r ❞❛❜❡✐ ✈♦r ❜❡✲
s♦♥❞❡r❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥✱ ❞✐❡ ❜❡✐ ❊✐♥③❡❧r❡❝❤♥❡rs②st❡♠❡♥ s♦ ♥✐❝❤t ✈♦r❦♦♠♠❡♥✳ ❉✐❡s❡ ❍❡r✲
❛✉s❢♦r❞❡r✉♥❣❡♥ ❧❛ss❡♥ s✐❝❤ ❡✐♥t❡✐❧❡♥ ✐♥ ❞✐❡ ❇❡r❡✐❝❤❡ ◆❡❜❡♥❧ä✉✜❣❦❡✐t✱ ❱❡rt❡✐❧✉♥❣ ✉♥❞ ♥✐❝❤t✲
❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥✳ ❇❡st❡❤❡♥❞❡ ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ ✇✐❡ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣✱ ❉✐❡♥st✲
♦r✐❡♥t✐❡r✉♥❣✱ ❦♦♠♣♦♥❡♥t❡♥❜❛s✐❡rt❡ ❊♥t✇✐❝❦❧✉♥❣ ♦❞❡r ▼✉❧t✐❛❣❡♥t❡♥s②st❡♠❡ ✈❡rs✉❝❤❡♥ ❞✐❡s❡
❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❥❡✇❡✐❧s ❞✉r❝❤ ❡✐❣❡♥❡ ❦♦♥③❡♣t✐♦♥❡❧❧❡ ▼♦❞❡❧❧❡ ③✉ ❛❞r❡ss✐❡r❡♥✳ ❉❛❜❡✐ ✇❡✐s❡♥
❞✐❡s❡ ✈❡rs❝❤✐❡❞❡♥❡♥ ❆♥sät③❡ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❙tär❦❡♥ ✉♥❞ ❙❝❤✇ä❝❤❡♥ ❛✉❢✳ ■♥ ❞✐❡s❡r ❆r❜❡✐t
✇✐r❞ ♠✐t ❞❡♥ ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❡✐♥ ♥❡✉❛rt✐❣❡r✱ ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡r ❆♥s❛t③ ✈♦r❣❡s❝❤❧❛❣❡♥✳
❉❛❜❡✐ ❦❛♥♥ ❡✐♥❡ ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡ ❝❤❛r❛❦t❡r✐st✐s❝❤❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ❞❡r ❛♥❞❡r❡♥ P❛r❛❞✐❣✲
♠❡♥ ✐♥ ❡✐♥❡r ❡✐♥❤❡✐t❧✐❝❤❡♥ ✐♥t✉✐t✐✈❡♥ ❙✐❝❤t✇❡✐s❡ ❛❜❜✐❧❞❡♥ ✉♥❞ ❡r❧❛✉❜t ❡s s♦♠✐t✱ ❞✐❡ ❣❡♥❛♥♥t❡♥
❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ✐♥ ❡✐♥❡♠ ❣❛♥③❤❡✐t❧✐❝❤❡♥ ▼♦❞❡❧❧ ③✉ ❛❞r❡ss✐❡r❡♥✳

■♥ ❞✐❡s❡r ❆r❜❡✐t ✇❡r❞❡♥ ❞✐❡ ❣r✉♥❞❧❡❣❡♥❞❡♥ ▼♦❞❡❧❧❜❡st❛♥❞t❡✐❧❡ ❜❡st❡❤❡♥❞❡r P❛r❛❞✐❣♠❡♥
✉♥❞ ✐❤r❡ ❙tär❦❡♥ ✉♥❞ ❙❝❤✇ä❝❤❡♥ ❛♥❛❧②s✐❡rt✳ ❉❛r❛✉❢ ❛✉❢❜❛✉❡♥❞ ✇✐r❞ ❞❛s ▼♦❞❡❧❧ ❞❡r ❛❦t✐✈❡♥
❑♦♠♣♦♥❡♥t❡♥ ❡♥t✇♦r❢❡♥✳ ❊s ❜❡st❡❤t ❛✉s ❡✐♥❡r ❛❧❧❣❡♠❡✐♥❡♥ ❆✉ÿ❡♥s✐❝❤t✱ ❞✐❡ ❛❧❧❡♥ ❑♦♠♣♦✲
♥❡♥t❡♥t②♣❡♥ ❣❡♠❡✐♥s❛♠ ✐st✱ ✉♥❞ ❛✉s ❦♦♠♣♦♥❡♥t❡♥t②♣s♣❡③✐✜s❝❤❡♥ ✐♥♥❡r❡♥ ❙✐❝❤t❡♥✱ ❞✐❡ ❡s
❡r♠ö❣❧✐❝❤❡♥✱ ♥üt③❧✐❝❤❡ ❑♦♥③❡♣t❡ ❞❡r ❛♥❞❡r❡♥ P❛r❛❞✐❣♠❡♥ ♥❛❤t❧♦s ✐♥ ❡✐♥❡ ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡
●❡s❛♠ts②st❡♠s✐❝❤t ③✉ ✐♥t❡❣r✐❡r❡♥✳ ❉❡r ❆♥s❛t③ ✇✐r❞ ✐♥ ❡✐♥❡r ✈❡rt❡✐❧t❡♥ ▼✐❞❞❧❡✇❛r❡ ✉♠❣❡✲
s❡t③t ✉♥❞ ✐♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❡①❡♠♣❧❛r✐s❝❤❡♥ ❆♥✇❡♥❞✉♥❣ss③❡♥❛r✐❡♥ ❡✈❛❧✉✐❡rt✳

❋ür ❞❡♥ Pr❛①✐s❜❡③✉❣ ✇✐r❞ ✐♥ ❞✐❡s❡r ❆r❜❡✐t ❞✐❡ ❑❧❛ss❡ ❞❡r ✐♥t❡❧❧✐❣❡♥t❡♥ ❆ss✐st❡♥③❛♥✲
✇❡♥❞✉♥❣❡♥ ✉♥t❡rs✉❝❤t✳ ◆❛❝❤ ❡✐♥❡r ❉❡✜♥✐t✐♦♥ ✉♥❞ ❆❜❣r❡♥③✉♥❣ ✇❡r❞❡♥ ❦♦♥❦r❡t❡ ❍❡r❛✉s❢♦r✲
❞❡r✉♥❣❡♥ ❞✐❡s❡r ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡ ❛❜❣❡❧❡✐t❡t✳ ■♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ ❆♥✇❡♥❞✉♥❣s❢✉♥❦t✐♦♥❛❧✐tät
❧❛ss❡♥ s✐❝❤ ❞✐❡s❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❞✉r❝❤ ❡♥ts♣r❡❝❤❡♥❞❡ ❱❡r❤❛❧t❡♥s♠♦❞❡❧❧❡ ❛❦t✐✈❡r ❑♦♠✲
♣♦♥❡♥t❡♥ ❛❞r❡ss✐❡r❡♥✳ ❉❛③✉ ✇✐r❞ ♠✐t ❞❡♠ ❇❡❧✐❡❢✲❉❡s✐r❡✲■♥t❡♥t✐♦♥✲▼♦❞❡❧❧ ✭❇❉■✲▼♦❞❡❧❧✮ ❡✐✲
♥❡ ❦♦♥❦r❡t❡ ❆❣❡♥t❡♥❛r❝❤✐t❡❦t✉r ❛❧s ❦♦♠♣♦♥❡♥t❡♥t②♣s♣❡③✐✜s❝❤❡s ❱❡r❤❛❧t❡♥s♠♦❞❡❧❧ ✐♥ ❛❦t✐✈❡
❑♦♠♣♦♥❡♥t❡♥ ✐♥t❡❣r✐❡rt✳ ❯♠ ♠ö❣❧✐❝❤st ✈✐❡❧❡ ❢✉♥❦t✐♦♥❛❧❡ ❆s♣❡❦t❡ ✐♥t❡❧❧✐❣❡♥t❡r ❆ss✐st❡♥③❛♥✲
✇❡♥❞✉♥❣❡♥ ❞✐r❡❦t ✐♠ ▼♦❞❡❧❧ ③✉ ✉♥t❡rstüt③❡♥✱ ✇❡r❞❡♥ ♥❡✉❛rt✐❣❡ ❑♦♥③❡♣t❡ ✐♠ ❇❡r❡✐❝❤ ❇❉■✲
❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ✈♦r❣❡s❝❤❧❛❣❡♥ ✉♥❞ ✉♠❣❡s❡t③t✳ ❊✐♥❡ ✇❡✐t❡r❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣ ✐♠ ❇❡r❡✐❝❤ ❞❡s
❊♥t✇✐❝❦❧✉♥❣s♣r♦③❡ss❡s st❡❧❧t ✲ ❛✉❢❣r✉♥❞ ❞❡r ✐♥❤är❡♥t❡♥ ❆✉t♦♥♦♠✐❡ ✐♥t❡❧❧✐❣❡♥t❡r ❆ss✐st❡♥③❛♥✲
✇❡♥❞✉♥❣❡♥ ✲ ❞❛s ❱❛❧✐❞✐❡r❡♥ ✉♥❞ ❚❡st❡♥ ❞❛r✳ ❍✐❡r③✉ ✇✐r❞ ❡✐♥ s✐♠✉❧❛t✐♦♥s❜❛s✐❡rt❡r ❆♥s❛t③ ✈♦r✲
❣❡s❝❤❧❛❣❡♥✱ ❢ür ❞❡♥ ❡✐♥❡ ❣❡❡✐❣♥❡t❡ ■♥❢r❛str✉❦t✉r ✉♥❞ ❲❡r❦③❡✉❣✉♥t❡rstüt③✉♥❣ ❜❡r❡✐t❣❡st❡❧❧t
✇✐r❞✳



❆❜str❛❝t

❚❤✐s ✇♦r❦ t❛r❣❡ts s♦❢t✇❛r❡ ❡♥❣✐♥❡❡r✐♥❣ ❝♦♥❝❡♣ts ❢♦r ❞❡✈❡❧♦♣✐♥❣ ❞✐str✐❜✉t❡❞ s②st❡♠s✳ ❚❤✉s✱
✐t ❝♦✈❡rs t❤❡ r❡s❡❛r❝❤ ❛r❡❛s s♦❢t✇❛r❡ ❡♥❣✐♥❡❡r✐♥❣ ❛♥❞ ❞✐str✐❜✉t❡❞ s②st❡♠s✳ ❲❤❡♥ ❞❡✈❡❧♦✲
♣✐♥❣ ❞✐str✐❜✉t❡❞ s②st❡♠s✱ s♦❢t✇❛r❡ ❡♥❣✐♥❡❡rs ❢❛❝❡ ❝❤❛❧❧❡♥❣❡s✱ ✇❤✐❝❤ ❛r❡ ♥♦t ♣r❡s❡♥t ✐♥ ♠♦st
s✐♥❣❧❡✲♥♦❞❡ s②st❡♠s✳ ❚❤❡s❡ ❝❤❛❧❧❡♥❣❡s ❝❛♥ ❜❡ ❝❛t❡❣♦r✐③❡❞ ✐♥t♦ ❝♦♥❝✉rr❡♥❝②✱ ❞✐str✐❜✉t✐♦♥✱ ❛♥❞
♥♦♥✲❢✉♥❝t✐♦♥❛❧ ♣r♦♣❡rt✐❡s✳ ❈✉rr❡♥t s♦❢t✇❛r❡ ♣❛r❛❞✐❣♠s✱ s✉❝❤ ❛s ♦❜❥❡❝t ♦r✐❡♥t❛t✐♦♥✱ s❡r✈✐❝❡
♦r✐❡♥t❛t✐♦♥✱ ❝♦♠♣♦♥❡♥t✲❜❛s❡❞ ❞❡✈❡❧♦♣♠❡♥t✱ ♦r ♠✉❧t✐✲❛❣❡♥t s②st❡♠s ❛✐♠ ❛t ❛❞❞r❡ss✐♥❣ t❤❡s❡
❝❤❛❧❧❡♥❣❡s ✇✐t❤ s❡♣❛r❛t❡ ❝♦♥❝❡♣t✉❛❧ ♠♦❞❡❧s✳ ❚❤❡r❡❢♦r❡✱ ❡❛❝❤ ❛♣♣r♦❛❝❤ ❡①❤✐❜✐ts ❛ ❞✐✛❡r❡♥t
s❡t ♦❢ str❡♥❣t❤s ❛♥❞ ✇❡❛❦♥❡ss❡s✳ ❚❤✐s ✇♦r❦ ♣r♦♣♦s❡s ❛❝t✐✈❡ ❝♦♠♣♦♥❡♥ts ❛s ❛ ♥❡✇ ❛♣♣r♦❛❝❤✱
✐♥ ✇❤✐❝❤ ❛♥ ❛❝t✐✈❡ ❝♦♠♣♦♥❡♥t ❝❛♥ ♠❛♣ ❝❤❛r❛❝t❡r✐st✐❝ ♣r♦♣❡rt✐❡s ♦❢ ❡①✐st✐♥❣ ♣❛r❛❞✐❣♠s ✐♥ ❛
✉♥✐✜❡❞ ✐♥t✉✐t✐✈❡ ✇♦r❧❞ ✈✐❡✇✳ ❚❤✐s ❛❧❧♦✇s ❛❞❞r❡ss✐♥❣ t❤❡ ❛❜♦✈❡✲♥❛♠❡❞ ❝❤❛❧❧❡♥❣❡s ✐♥ ❛ ❤♦❧✐st✐❝
♠♦❞❡❧✳

❚❤❡r❡❢♦r❡✱ t❤✐s ✇♦r❦ ❛♥❛❧②③❡s t❤❡ ♣❛rts t❤❛t ❝♦♥st✐t✉t❡ t❤❡ ♠♦❞❡❧ ♦❢ ❡❛❝❤ ♣❛r❛❞✐❣♠ ✇✐t❤
r❡s♣❡❝t t♦ ✐ts str❡♥❣t❤s ❛♥❞ ✇❡❛❦♥❡ss❡s✳ ❖♥ t❤✐s ❜❛s✐s✱ t❤❡ ♠♦❞❡❧ ♦❢ ❛❝t✐✈❡ ❝♦♠♣♦♥❡♥ts ✐s
❝♦♥❝❡✐✈❡❞✳ ■t ❝♦♠♣r✐s❡s ❛ ❣❡♥❡r✐❝ ♦✉ts✐❞❡ ✈✐❡✇✱ ✇❤✐❝❤ ✐s t❤❡ s❛♠❡ ❢♦r ❛❧❧ ❝♦♠♣♦♥❡♥ts✱ ❛♥❞
❝♦♠♣♦♥❡♥t✲t②♣❡✲s♣❡❝✐✜❝ ✐♥♥❡r ✈✐❡✇s✳ ❚❤✐s ❛❧❧♦✇s ❛ s❡❛♠❧❡ss ✐♥t❡❣r❛t✐♦♥ ♦❢ ✉s❡❢✉❧ ❝♦♥❝❡♣ts ♦❢
♦t❤❡r ♣❛r❛❞✐❣♠s ✐♥t♦ ❛ ✉♥✐✜❡❞ ♦✈❡r❛❧❧ s②st❡♠ ✈✐❡✇✳ ❚❤❡ ❛♣♣r♦❛❝❤ ✐s r❡❛❧✐③❡❞ ✐♥ ❛ ❞✐str✐❜✉t❡❞
♠✐❞❞❧❡✇❛r❡ ❛♥❞ ❡✈❛❧✉❛t❡❞ ✐♥ ❞✐✛❡r❡♥t ❡①❡♠♣❧❛r② ❛♣♣❧✐❝❛t✐♦♥ s❝❡♥❛r✐♦s✳

❚♦ ❞❡♠♦♥str❛t❡ t❤❡ ♣r❛❝t✐❝❛❧ ✉s❡❢✉❧♥❡ss ♦❢ t❤❡ ❛♣♣r♦❛❝❤✱ t❤❡ ❝❧❛ss ♦❢ ✐♥t❡❧❧✐❣❡♥t ❛ss✐st✐✲
✈❡ ❛♣♣❧✐❝❛t✐♦♥s ✐s ✐♥✈❡st✐❣❛t❡❞ ❢✉rt❤❡r✳ ❋♦❧❧♦✇❡❞ ❜② ❛ ❞❡✜♥✐t✐♦♥ ❛♥❞ ❞❡❧✐♠✐♥❛t✐♦♥✱ ❝♦♥❝r❡t❡
❝❤❛❧❧❡♥❣❡s ♦❢ t❤✐s ❛♣♣❧✐❝❛t✐♦♥ ❝❧❛ss ❛r❡ ❞❡r✐✈❡❞✳ ❘❡❣❛r❞✐♥❣ ❛♣♣❧✐❝❛t✐♦♥ ❢✉♥❝t✐♦♥❛❧✐t②✱ t❤❡s❡
❝❤❛❧❧❡♥❣❡s ❝❛♥ ❜❡ ❛❞❞r❡ss❡❞ ❜② s♣❡❝✐✜❝ ❜❡❤❛✈✐♦r ♠♦❞❡❧s ♦❢ ❛❝t✐✈❡ ❝♦♠♣♦♥❡♥ts✳ ❚❤❡r❡❢♦r❡✱
t❤❡ ❝♦♥❝r❡t❡ ❛❣❡♥t ❛r❝❤✐t❡❝t✉r❡ ❇❉■ ✭❜❡❧✐❡❢✲❞❡s✐r❡✲✐♥t❡♥t✐♦♥✮ ✐s ✐♥t❡❣r❛t❡❞ ❛s ❛ ❝♦♠♣♦♥❡♥t✲
t②♣❡✲s♣❡❝✐✜❝ ❜❡❤❛✈✐♦r ♠♦❞❡❧✳ ❚♦ s✉♣♣♦rt ♠❛♥② ❢✉♥❝t✐♦♥❛❧ ❛s♣❡❝ts ♦❢ ✐♥t❡❧❧✐❣❡♥t ❛ss✐st✐✈❡
❛♣♣❧✐❝❛t✐♦♥s ❞✐r❡❝t❧② ✐♥ t❤❡ ♠♦❞❡❧✱ ♥❡✇ ❝♦♥❝❡♣ts ✐♥ t❤❡ ❛r❡❛ ♦❢ ❇❉■ ❣♦❛❧✲♦r✐❡♥t❛t✐♦♥ ❛r❡
♣r♦♣♦s❡❞ ❛♥❞ r❡❛❧✐③❡❞✳ ❋✉rt❤❡r ❝❤❛❧❧❡♥❣❡s r❡❣❛r❞✐♥❣ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♣r♦❝❡ss ❛r❡ t❤❡ t❡s✲
t✐♥❣ ❛♥❞ ✈❛❧✐❞❛t✐♦♥ ♦❢ ✐♥t❡❧❧✐❣❡♥t ❛ss✐st✐✈❡ ❛♣♣❧✐❝❛t✐♦♥s✱ ❞✉❡ t♦ t❤❡✐r ✐♥❤❡r❡♥t ❛✉t♦♥♦♠②✳ ❋♦r
t❤✐s ♣✉r♣♦s❡✱ ❛ s✐♠✉❧❛t✐♦♥✲❜❛s❡❞ ❛♣♣r♦❛❝❤ ✐s ❝♦♥❝❡✐✈❡❞ ❛♥❞ s✉♣♣♦rt❡❞ ❜② t❤❡ r❡❛❧✐③❛t✐♦♥ ♦❢
❛♣r♦♣r✐❛t❡ t♦♦❧ s✉♣♣♦rt✳



❇❡✐❣❡❢ü❣t❡ ❱❡rö❢❢❡♥t❧✐❝❤✉♥❣❡♥ ♠✐t ❣❡♠❡✐♥s❛♠❡♥ ❇❡✐trä❣❡♥ ✐

❇❡✐❣❡❢ü❣t❡ ❱❡rö✛❡♥t❧✐❝❤✉♥❣❡♥ ♠✐t

❣❡♠❡✐♥s❛♠❡♥ ❇❡✐trä❣❡♥

❇❡✐ ❞❡♥ ❢♦❧❣❡♥❞❡♥ ❱❡rö✛❡♥t❧✐❝❤✉♥❣❡♥ ❤❛♥❞❡❧t ❡s s✐❝❤ ✉♠ ❆r❜❡✐t❡♥✱ ❞✐❡ ✐♥ ❡♥❣❡r ❑♦♦♣❡r❛t✐✲
♦♥ ♠✐t ▲❛rs ❇r❛✉❜❛❝❤ ❞✉r❝❤❣❡❢ü❤rt ✇✉r❞❡♥✳ ❙✐❡ ❜❡s❝❤r❡✐❜❡♥ ❞✐❡ ❑♦♥③❡♣t✐♦♥ ❞❡s ❆♥s❛t③❡s
❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥✱ ❞❡r ❞❡♥ ❣❡♠❡✐♥s❛♠❡♥ ❦♦♥③❡♣t✐♦♥❡❧❧❡♥ ❘❛❤♠❡♥ ❢ür s❡✐♥❡ ✉♥❞
❞✐❡s❡ ❍❛❜✐❧✐t❛t✐♦♥ss❝❤r✐❢t ❞❛rst❡❧❧t✳ ❲❡s❡♥t❧✐❝❤❡ ❚❡✐❧❡ ❞❡s ❣r✉♥❞❧❡❣❡♥❞❡♥ ❆♥s❛t③❡s ✇✉r❞❡♥
❞❛❜❡✐ ❣❡♠❡✐♥s❛♠ ✐♥ ✐♥t❡♥s✐✈❡♥ ❉✐s❦✉ss✐♦♥❡♥ ❡♥t✇✐❝❦❡❧t✳ ■♠ ❋♦❧❣❡♥❞❡♥ ✇❡r❞❡♥ ③✉ ❞❡♥ ❡✐♥③❡❧✲
♥❡♥ ❆r❜❡✐t❡♥ ✐♥❞✐✈✐❞✉❡❧❧ ③✉♦r❞❡♥❜❛r❡ ❇❡✐trä❣❡ ❞❡s ❆✉t♦rs ❤❡r❛✉s❣❡st❡❧❧t✱ ✉♠ ❞✐❡s❡ ✈♦♥ ❞❡♥
❣❡♠❡✐♥s❛♠❡♥ ❇❡✐trä❣❡♥ ❛❜③✉❣r❡♥③❡♥✿ ■♥ ❇✲✶ st❛♠♠t ❞✐❡ ■♥t❡❣r❛t✐♦♥ ❞❛s ❆✉s❢ü❤r✉♥❣s❦♦♥✲
③❡♣t❡s ❛❧s ❛❦t✐✈❡s ❖❜❥❡❦t ✇❡✐t❣❡❤❡♥❞ ✈♦♠ ❆✉t♦r✳ ❉✐❡s❡s ❆✉s❢ü❤r✉♥❣s❦♦♥③❡♣t ✇✉r❞❡ ✐♥ ❇✲✷
✈♦♠ ❆✉t♦r ✇❡✐t❡r ✈❡r❢❡✐♥❡rt ✉♥❞ ❡✐♥❡ ■♥t❡❣r❛t✐♦♥ ♠✐t ❞❡♠ ❉✐❡♥st♣❛r❛❞✐❣♠❛ ❣❡s❝❤❛✛❡♥✳ ■♥
❇✲✸ ❣❡❤t ❞✐❡ ❑♦♥❦r❡t✐s✐❡r✉♥❣ ❞❡r ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ✉♥❞ ❞✐❡ ❩✉♦r❞♥✉♥❣ ③✉ ❡✐♥❡♠ ❦♦♥❦r❡✲
t❡♥ ❆♥✇❡♥❞✉♥❣ss③❡♥❛r✐♦ ③✉ ✇❡✐t❡♥ ❚❡✐❧❡♥ ❛✉❢ ❞❡♥ ❆✉t♦r ③✉rü❝❦✳ ■♥ ❇✲✹ ✇✉r❞❡ ❞❛s ❘❡❧❛②
❛❧s ③❡♥tr❛❧❡ ❑♦♠♣♦♥❡♥t❡ ❢ür ❞✐❡ ♥❡t③✇❡r❦ü❜❡r❣r❡✐❢❡♥❞❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ✉♥❞ ❞❛s ❆✉✣♥❞❡♥
✈♦♥ P❧❛tt❢♦r♠❡♥ ✈♦♠ ❆✉t♦r ❛❧❧❡✐♥ ❦♦♥③✐♣✐❡rt ✉♥❞ ✉♠❣❡s❡t③t✳ ❩✉❞❡♠ st❛♠♠❡♥ ✇❡s❡♥t❧✐❝❤❡
❚❡✐❧❡ ❞❡r ❲❡r❦③❡✉❣✉♥t❡rstüt③✉♥❣ ✈♦♠ ❆✉t♦r✳ ■♥ ❇✲✺ ✐st ❞❡r ❆✉t♦r ❛❧❧❡✐♥ ✈❡r❛♥t✇♦rt❧✐❝❤ ❢ür
❞✐❡ str✉❦t✉r✐❡rt❡ ❆♥❛❧②s❡ ❜❡st❡❤❡♥❞❡r P❛r❛❞✐❣♠❡♥ s♦✇✐❡ ❞✐❡ ❊✈❛❧✉❛t✐♦♥ ❞❡s Pr♦❣r❛♠♠✐❡r✲
♠♦❞❡❧❧s ✉♥❞ ❞❡r P❡r❢♦r♠❛♥❝❡ ✉♥❞ ❙❦❛❧✐❡r❜❛r❦❡✐t✳

❬❇✲✶❪ ❆✳ P♦❦❛❤r✱ ▲✳ ❇r❛✉❜❛❝❤ ✉♥❞ ❑✳ ❏❛♥❞❡r✳ ✏❯♥✐❢②✐♥❣ ❆❣❡♥t ❛♥❞ ❈♦♠♣♦♥❡♥t ❈♦♥✲
❝❡♣ts ✲ ❏❛❞❡① ❆❝t✐✈❡ ❈♦♠♣♦♥❡♥ts✑✳ ■♥✿ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✽t❤ ●❡r♠❛♥ ❝♦♥❢❡r❡♥❝❡
♦♥ ▼✉❧t✐✲❆❣❡♥t ❙②st❡♠ ❚❊❝❤♥♦❧♦❣✐❡❙ ✭▼❆❚❊❙✲✷✵✶✵✮✳ ❍rs❣✳ ✈♦♥ ❈✳ ❲✐tt❡✈❡❡♥
✉♥❞ ❏✳ ❉✐①✳ ❙♣r✐♥❣❡r✱ ✷✵✶✵✱ ❙✳ ✶✵✵✕✶✶✷✳

❬❇✲✷❪ ❆✳ P♦❦❛❤r ✉♥❞ ▲✳ ❇r❛✉❜❛❝❤✳ ✏❆❝t✐✈❡ ❈♦♠♣♦♥❡♥ts✿ ❆ ❙♦❢t✇❛r❡ P❛r❛❞✐❣♠ ❢♦r ❉✐s✲
tr✐❜✉t❡❞ ❙②st❡♠s✑✳ ■♥✿ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✷✵✶✶ ■❊❊❊✴❲■❈✴❆❈▼ ■♥t❡r♥❛t✐♦♥❛❧
❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥t❡❧❧✐❣❡♥t ❆❣❡♥t ❚❡❝❤♥♦❧♦❣② ✭■❆❚ ✷✵✶✶✮✳ ■❊❊❊ ❈♦♠♣✉t❡r ❙♦✲
❝✐❡t②✱ ✷✵✶✶✱ ❙✳ ✶✹✶✕✶✹✹✳

❬❇✲✸❪ ▲✳ ❇r❛✉❜❛❝❤ ✉♥❞ ❆✳ P♦❦❛❤r✳ ✏❆❞❞r❡ss✐♥❣ ❈❤❛❧❧❡♥❣❡s ♦❢ ❉✐str✐❜✉t❡❞ ❙②st❡♠s
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③❡rs❡✐t❡ s✐♥❞ ♥❡❜❡♥ ❉❡s❦t♦♣✲P❈s✱ ▲❛♣t♦♣s ✉♥❞ ❲♦r❦st❛t✐♦♥s ③✉♥❡❤♠❡♥❞ ❦❧❡✐♥❡ ❛❜❡r ❧❡✐s✲
t✉♥❣❢ä❤✐❣❡ ♠♦❜✐❧❡ ❊♥❞❣❡rät❡ ✇✐❡ ❙♠❛rt♣❤♦♥❡s ✐♥ ❞❡♥ ❋♦❦✉s ❣❡rü❝❦t✳ ❚r♦t③ ✐❤r❡r ❤♦❤❡♥
▲❡✐st✉♥❣s❢ä❤✐❣❦❡✐t ❜❡s✐t③❡♥ ❞✐❡s❡ ●❡rät❡ ✐♥❤är❡♥t❡ ❊✐♥s❝❤rä♥❦✉♥❣❡♥✱ ③✳❇✳ ❜❡③ü❣❧✐❝❤ ❞❡r ❆❦✲
❦✉❧❛✉❢③❡✐t ♦❞❡r ❞❡r ✇❡♥✐❣❡r st❛❜✐❧❡♥ ◆❡t③✈❡r❜✐♥❞✉♥❣✱ ❞✐❡ ❜❡s♦♥❞❡r❡s ❆✉❣❡♥♠❡r❦ ❜❡✐ ❞❡r
❙♦❢t✇❛r❡❡♥t✇✐❝❦❧✉♥❣ ❡r❢♦r❞❡r♥✳ ❉❛♥❡❜❡♥ ❣❡❤t ❞❡r ❚r❡♥❞ ③✉r ✐♠♠❡r stär❦❡r❡♥ ❱❡r♥❡t③✉♥❣
❞❡r ❜❡st❡❤❡♥❞❡♥ ■♥❢♦r♠❛t✐♦♥ss②st❡♠❡✱ ③✳❇✳ ✐♥♥❡r❤❛❧❜ ❡✐♥❡s ❯♥t❡r♥❡❤♠❡♥s✳

✶✳✶ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥

❉✐❡ ❊♥t✇✐❝❦❧✉♥❣ ✈❡rt❡✐❧t❡r ❙②st❡♠❡ ✐st ❣❡♣rä❣t ❞✉r❝❤ ❜❡s♦♥❞❡r❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥✱ ❞✐❡
✐♥ ❞✐❡s❡r ❑♦♠❜✐♥❛t✐♦♥ ♥✉r ❤✐❡r ✈♦r❦♦♠♠❡♥✳ ❉✐❡s❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❧❛ss❡♥ s✐❝❤ ❛✉❢ ❞✐❡
❜❡s♦♥❞❡r❡♥ ❊✐❣❡♥s❝❤❛❢t❡♥ ✈❡rt❡✐❧t❡r ❙②st❡♠❡ ✇✐❡ ③✳❇✳ ❣❡tr❡♥♥t❡ ❆❞r❡ssrä✉♠❡ ♦❞❡r ♦✛❡♥❡
❙❝❤♥✐ttst❡❧❧❡♥ ③✉rü❝❦❢ü❤r❡♥✳ ❯♠ ❞✐❡s❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡ ❜❡ss❡r ✈❡rst❡❤❡♥ ③✉ ❦ö♥♥❡♥✱ ✇❡r❞❡♥
s✐❡ ✐♠ ❋♦❧❣❡♥❞❡♥ ✐♥ ❞r❡✐ ü❜❡r❣❡♦r❞♥❡t❡ ❇❡r❡✐❝❤❡ ✉♥t❡rt❡✐❧t✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t✱ ❱❡rt❡✐❧✉♥❣ ✉♥❞
♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥✳

✶✳✶✳✶ ◆❡❜❡♥❧ä✉✜❣❦❡✐t

◆❡❜❡♥❧ä✉✜❣❦❡✐t ❡♥tst❡❤t ❞✉r❝❤ ❞✐❡ ♣s❡✉❞♦♣❛r❛❧❧❡❧❡ ❱❡r❛r❜❡✐t✉♥❣ ✐♥ ❡✐♥❡♠ Pr♦③❡ss♦r❦❡r♥✱
❞✐❡ ♣❛r❛❧❧❡❧❡ ❱❡r❛r❜❡✐t✉♥❣ ✐♥ ▼✉❧t✐♣r♦③❡ss♦r❡♥ ♦❞❡r ❞✐❡ ❆✉❢t❡✐❧✉♥❣ ✈♦♥ ❇❡r❡❝❤♥✉♥❣❡♥ ❛✉❢
✈❡rs❝❤✐❡❞❡♥❡ ❑♥♦t❡♥ ✐♥ ❡✐♥❡♠ ◆❡t③✇❡r❦✳ ❉❡r ❱♦rt❡✐❧ ❞❡r ◆❡❜❡♥❧ä✉✜❣❦❡✐t ❧✐❡❣t ✐♥s❜❡s♦♥✲
❞❡r❡ ✐♥ ❞❡r ❜❡s❝❤❧❡✉♥✐❣t❡♥ ❆✉s❢ü❤r✉♥❣ ✈♦♥ ❆♥✇❡♥❞✉♥❣❡♥✱ ❞❛ ❞✉r❝❤ ◆❡❜❡♥❧ä✉✜❣❦❡✐t ❞✐❡
✈♦r❤❛♥❞❡♥❡♥ ❘❡ss♦✉r❝❡♥ ❜❡ss❡r ❛✉s❣❡❧❛st❡t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❙❝❤✇✐❡r✐❣❦❡✐t❡♥ ❞✉r❝❤ ◆❡❜❡♥✲
❧ä✉✜❣❦❡✐t ❡♥tst❡❤❡♥ ❞✉r❝❤ ❞✐❡ ◆♦t✇❡♥❞✐❣❦❡✐t✱ ❛❜❤ä♥❣✐❣❡ Pr♦❣r❛♠♠t❡✐❧❡ ③✉ s②♥❝❤r♦♥✐s✐❡r❡♥✱
s♦✇✐❡ ❡✐♥❡♥ ❦♦♥s✐st❡♥t❡♥ ❩✉❣r✐✛ ❛✉❢ ✈♦♥ Pr♦❣r❛♠♠t❡✐❧❡♥ ❣❡♠❡✐♥s❛♠ ❣❡♥✉t③t❡ ❉❛t❡♥ s✐❝❤❡r✲
③✉st❡❧❧❡♥✳ ❉✐❡ ❜❡❦❛♥♥t❡st❡♥ Pr♦❜❧❡♠❡ ✐♥ ❞✐❡s❡♠ ❩✉s❛♠♠❡♥❤❛♥❣ s✐♥❞ s♦❣✳ ❘❛❝❡ ❈♦♥❞✐t✐♦♥s

✶



✷ ❑❛♣✐t❡❧ ✶✳ ❊✐♥❧❡✐t✉♥❣

✉♥❞ ❉❡❛❞❧♦❝❦s✳ ❘❛❝❡ ❈♦♥❞✐t✐♦♥s ❜❡s❝❤r❡✐❜❡♥ ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t✱ ❞❛ss ❡✐♥ Pr♦❣r❛♠♠ ❜❡✐ ❣❧❡✐✲
❝❤❡♥ ❙t❛rt③✉stä♥❞❡♥ ③✉ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ❩✐❡❧③✉stä♥❞❡♥ ❢ü❤rt✱ ❛✉❢❣r✉♥❞ ✈❛r✐❛❜❧❡r ▲❛✉❢③❡✐t❡♥
✈♦♥ ♥❡❜❡♥❧ä✉✜❣❡♥ ❚❡✐❧❡♥ ❡✐♥❡s Pr♦❣r❛♠♠s✳ ❉❡❛❞❧♦❝❦s ❡♥tst❡❤❡♥✱ ✇❡♥♥ Pr♦❣r❛♠♠t❡✐❧❡ ❣❡✲
❣❡♥s❡✐t✐❣ ❛✉❢❡✐♥❛♥❞❡r ✇❛rt❡♥✳ ❆❧❧❡✐♥ ♠✐tt❡❧s ❣r✉♥❞❧❡❣❡♥❞❡r ◆❡❜❡♥❧ä✉✜❣❦❡✐ts❦♦♥str✉❦t❡ ✇✐❡
❚❤r❡❛❞s ✉♥❞ ❙❡♠❛♣❤♦r❡ ✐st ❡s s❡❧❜st ❢ür ❡r❢❛❤r❡♥❡ ❙♦❢t✇❛r❡✲❊♥t✇✐❝❦❧❡r ❜❡✐ ♥✐❝❤t✲tr✐✈✐❛❧❡♥
Pr♦❣r❛♠♠❡♥ ♣r❛❦t✐s❝❤ ♥✐❝❤t ♠ö❣❧✐❝❤✱ ❞✐❡s❡ s♦✇♦❤❧ ❢r❡✐ ✈♦♥ ❘❛❝❡ ❈♦♥❞✐t✐♦♥s ❛❧s ❛✉❝❤ ✈♦♥
❉❡❛❞❧♦❝❦s ③✉ ❣❡st❛❧t❡♥ ❬❙▲✵✺❪✳

✶✳✶✳✷ ❱❡rt❡✐❧✉♥❣

❱❡rt❡✐❧✉♥❣ ❜❡❞✐♥❣t ❡✐♥❡rs❡✐ts ◆❡❜❡♥❧ä✉✜❣❦❡✐t✱ ❞❛ ❤✐❡r ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❘❡❝❤♥❡r❦♥♦t❡♥ ✈♦r✲
❤❛♥❞❡♥ s✐♥❞✱ ❞✐❡ Pr♦❣r❛♠♠❡ ♥♦t✇❡♥❞✐❣❡r ❲❡✐s❡ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥❡✐♥❛♥❞❡r ❛✉s❢ü❤r❡♥✳ ❆♥❞❡✲
r❡rs❡✐ts ✐st ❦❡✐♥ ❣❡♠❡✐♥s❛♠❡r ❆❞r❡ssr❛✉♠ ✈♦r❤❛♥❞❡♥✳ ❉❛t❡♥ ❦ö♥♥❡♥ ❛❧s♦ ♥✉r ü❜❡r ❑♦♠♠✉✲
♥✐❦❛t✐♦♥s❦❛♥ä❧❡ ❛✉s❣❡t❛✉s❝❤t ✇❡r❞❡♥✳ ❊❜❡♥s♦ ❦❛♥♥ ❞✐❡ ❑♦♦r❞✐♥❛t✐♦♥ ③✇✐s❝❤❡♥ ✉♥❛❜❤ä♥❣✐❣
❧❛✉❢❡♥❞❡♥ Pr♦❣r❛♠♠t❡✐❧❡♥ ♥✉r ü❜❡r ❞✐❡s❡ ❑♦♠♠✉♥✐❦❛t✐♦♥s❦ä♥❛❧❡ ❡r❢♦❧❣❡♥✳ ❯♥t❡r❧✐❡❣❡♥ ❞✐❡
✈❡rt❡✐❧t❡♥ ❑♥♦t❡♥ ♥✐❝❤t ❡✐♥❡r ❣❡♠❡✐♥s❛♠❡♥ ❑♦♥tr♦❧❧❡✱ s♦ rü❝❦❡♥ ❆s♣❡❦t❡ ❞❡r ❍❡t❡r♦❣❡♥✐tät
✉♥❞ ❖✛❡♥❤❡✐t ✐♥ ❞❡♥ ❱♦r❞❡r❣r✉♥❞✳ ❍❡t❡r♦❣❡♥✐tät ❜❡❞❡✉t❡t ❤✐❡r✱ ❞❛ss ❞✐❡ ❑♥♦t❡♥ ü❜❡r ✉♥t❡r✲
s❝❤✐❡❞❧✐❝❤❡ ❍❛r❞✇❛r❡✱ ❇❡tr✐❡❜s②st❡♠❡ ✉♥❞ t❡✐❧✇❡✐s❡ ❛✉❝❤ ❆♥✇❡♥❞✉♥❣ss②st❡♠❡ ✈❡r❢ü❣❡♥✳ ❙♦
♦❜❧✐❡❣t ❞✐❡ ❆✉s✇❛❤❧ ❞❡s ❇r♦✇s❡rs ✐♥ ❡✐♥❡♠ ❜r♦✇s❡r❜❛s✐❡rt❡♥ ❙②st❡♠ ❞❡♠ ❊♥❞♥✉t③❡r ✉♥❞ ✐st
s♦♠✐t ❛✉ÿ❡r❤❛❧❜ ❞❡r ❑♦♥tr♦❧❧❡ ❞❡s ❆♥✇❡♥❞✉♥❣s❡♥t✇✐❝❦❧❡rs✳ ❉✐❡ ❜r♦✇s❡r❜❛s✐❡rt❡ ❆♥✇❡♥❞✉♥❣
♠✉ss ❛❧s♦ ♥❛❝❤ ▼ö❣❧✐❝❤❦❡✐t ❛✉❢ ❛❧❧❡♥ ❣ä♥❣✐❣❡♥ ❇r♦✇s❡r♥ ❧❛✉✛ä❤✐❣ s❡✐♥✳ ❖✛❡♥❡ ❙❝❤♥✐ttst❡❧❧❡♥
✉♥❞ ❙t❛♥❞❛r❞s ❤❡❧❢❡♥ ❤✐❡r❜❡✐ ❞❡♥ ❊♥t✇✐❝❦❧✉♥❣s❛✉❢✇❛♥❞ ③✉ r❡❞✉③✐❡r❡♥✱ s♦ ❞❛ss ❛❧s♦ ❞✐❡ ❆♥✲
✇❡♥❞✉♥❣ ♥✐❝❤t s♣❡③✐❡❧❧ ❢ür ❥❡❞❡♥ ❇r♦✇s❡r ♦❞❡r ❣❛r ❥❡❞❡ ❇r♦✇s❡r✈❡rs✐♦♥ ❣❡tr❡♥♥t ❜❡r❡✐t❣❡st❡❧❧t
✇❡r❞❡♥ ♠✉ss✳

✶✳✶✳✸ ◆✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥

◆✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥ s✐♥❞ ❊✐❣❡♥s❝❤❛❢t❡♥✱ ❞✐❡ ✐♥ ❣❡✇✐ss❡r ❍✐♥s✐❝❤t q✉❛♥t✐✜③✐❡r❜❛r
s✐♥❞✳ ❙✐❡ ❜❡③✐❡❤❡♥ s✐❝❤ ❛❧s♦ ♥✐❝❤t ❞✐r❡❦t ❛✉❢ ❞❛s ❱♦r❤❛♥❞❡♥s❡✐♥ ❡✐♥❡r ❋✉♥❦t✐♦♥ ✐♥ ❡✐♥❡r ❆♥✲
✇❡♥❞✉♥❣✱ s♦♥❞❡r♥ ✈✐❡❧♠❡❤r ❛✉❢ ❞✐❡ ❋r❛❣❡✱ ✇✐❡ ❣✉t ✭③✳❇✳ ✇✐❡ s❝❤♥❡❧❧✱ ✇✐❡ r♦❜✉st✮ ✈❡rs❝❤✐❡❞❡♥❡
❋✉♥❦t✐♦♥❡♥ ✈♦♥ ❞❡r ❆♥✇❡♥❞✉♥❣ ❡r❜r❛❝❤t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ■♥ ❞✐❡s❡♥ ❇❡r❡✐❝❤ ❣❡❤ör❡♥ ❆s♣❡❦t❡
✇✐❡ ❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣✱ ❙❦❛❧✐❡r❜❛r❦❡✐t ✉♥❞ ❙✐❝❤❡r❤❡✐t✳ ❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣ st❡❧❧t ✐♥ ✈❡rt❡✐❧t❡♥
❙②st❡♠❡♥ ❡✐♥❡ ❜❡s♦♥❞❡r❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣ ❞❛r✱ ❞❛ ♥✐❝❤t ♥✉r ❞❛s ❙②st❡♠ ❛❧s ●❛♥③❡s ❛✉s❢❛❧❧❡♥
❦❛♥♥✱ s♦♥❞❡r♥ ❚❡✐❧❛✉s❢ä❧❧❡ ✈♦♥ ❑♥♦t❡♥ ✉♥❞ ❱❡r❜✐♥❞✉♥❣❡♥ ✐♠ ❧❛✉❢❡♥❞❡♥ ❇❡tr✐❡❜ ✈♦r❦♦♠♠❡♥
❦ö♥♥❡♥ ✉♥❞ ✈♦♥ ❞❡♥ ✈❡r❜❧✐❡❜❡♥❡♥ ❑♥♦t❡♥ ❛❞äq✉❛t ❛✉❢❣❡❢❛♥❣❡♥ ✇❡r❞❡♥ ♠üss❡♥✳ ❊rs❝❤✇❡✲
r❡♥❞ ❦♦♠♠t ❤✐♥③✉✱ ❞❛ss ❡✐♥ ❑♥♦t❡♥ ♥✐❝❤t ❡r♠✐tt❡❧♥ ❦❛♥♥✱ ♦❜ ❡✐♥ ❛♥❞❡r❡r ❑♥♦t❡♥ ✲ s♦❢❡r♥ ❡r
♥✐❝❤t ❛♥t✇♦rt❡t ✲ ❛✉s❣❡❢❛❧❧❡♥ ✐st✱ ♥✉r ❞✐❡ ❱❡r❜✐♥❞✉♥❣ ✉♥t❡r❜r♦❝❤❡♥ ✐st ♦❞❡r ❞❡r ❑♥♦t❡♥ ✭③✳❇✳
❛✉❢❣r✉♥❞ ❤♦❤❡r ▲❛st✮ ♥✉r s❡❤r ❧❛♥❣s❛♠ ❛♥t✇♦rt❡t✳ ❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣ ♠✉ss ❛❧s♦ ✐♠♠❡r ❛✉❝❤
❞✐❡ ✈❡rs❝❤✐❡❞❡♥❡♥ ●rü♥❞❡ ❢ür ❋❡❤❧❡r ❣❧❡✐❝❤③❡✐t✐❣ ❜❡rü❝❦s✐❝❤t✐❣❡♥✳

❙❦❛❧✐❡r❜❛r❦❡✐t ✇✐r❞ ♦❢t ❛❧s ❡✐♥ ❱♦rt❡✐❧ ✈❡rt❡✐❧t❡r ❙②st❡♠❡ ❛♥❣❡s❡❤❡♥✳ ❲❡♥♥ ❞✐❡ ❱❡r❛r❜❡✐✲
t✉♥❣ ❛✉❢ ♠❡❤r❡r❡ ❘❡❝❤♥❡r ✈❡rt❡✐❧t ✇❡r❞❡♥ ❦❛♥♥✱ s♦ ❦❛♥♥ ❜❡✐ ❤ö❤❡r❡r ▲❛st ❞✉r❝❤ ❞✐❡ ❍✐♥③✉✲
♥❛❤♠❡ ✇❡✐t❡r❡r ❘❡❝❤♥❡r ❞✐❡ ▲❡✐st✉♥❣ ❞❡s ❙②st❡♠s ❡✐♥❢❛❝❤ ❛♥❣❡♣❛sst ✇❡r❞❡♥✳ ■♥ ❞❡r Pr❛①✐s ✐st
❞✐❡s❡r ❱♦rt❡✐❧ ♥✐❝❤t tr✐✈✐❛❧ ③✉ ❡rr❡✐❝❤❡♥✱ ❞❛ ❞✐❡ ❙❦❛❧✐❡r❜❛r❦❡✐t ✐♥ ❞❡r ❆r❝❤✐t❡❦t✉r ❞❡s ❙②st❡♠s
❣r✉♥❞❧❡❣❡♥❞ ✈❡r❛♥❦❡rt s❡✐♥ ♠✉ss✳ ◆❛❝❤ ❆♠❞❛❤❧s ●❡s❡t③ ✇✐r❞ ❞❡r ●❡s❝❤✇✐♥❞✐❣❦❡✐ts✈♦rt❡✐❧
❞✉r❝❤ ❞❡♥ ❆♥t❡✐❧ ❛♥ ♥✐❝❤t♣❛r❛❧❧❡❧❡♠ Pr♦❣r❛♠♠❝♦❞❡ ❜❡❣r❡♥③t✳ ❉✳❤✳ ♥✉r ❜❡✐ ❡✐♥❡r ✈♦❧❧stä♥❞✐❣
❞❡③❡♥tr❛❧❡♥ ❆r❝❤✐t❡❦t✉r ❦❛♥♥ ❡✐♥❡ ✈♦❧❧❡ ❙❦❛❧✐❡r❜❛r❦❡✐t ❡rr❡✐❝❤t ✇❡r❞❡♥✳ ❉❡r❛rt✐❣❡ ❆r❝❤✐t❡❦✲
t✉r❡♥ ❤❛❜❡♥ ❥❡❞♦❝❤ ❡✐♥❡♥ ❡r❤ö❤t❡♥ ❑♦♦r❞✐♥❛t✐♦♥s❛✉❢✇❛♥❞ ③✇✐s❝❤❡♥ ❞❡♥ ❊✐♥③❡❧❦♥♦t❡♥✳ ◆❛❝❤
●✉♥t❤❡rs ✉♥✐✈❡rs❡❧❧❡♠ ❙❦❛❧✐❡r❜❛r❦❡✐ts❣❡s❡t③ ❢ü❤rt ❜❡✐ ❡✐♥❡♠ ❑♦♦r❞✐♥❛t✐♦♥s❛✉❢✇❛♥❞ ❣röÿ❡r
◆✉❧❧ ❞✐❡ ❍✐♥③✉♥❛❤♠❡ ✇❡✐t❡r❡r ❑♥♦t❡♥ ❛❜ ❡✐♥❡r ❜❡st✐♠♠t❡♥ ❑♥♦t❡♥③❛❤❧ ♥✐❝❤t ♠❡❤r ③✉ ❡✐♥❡r
●❡s❝❤✇✐♥❞✐❣❦❡✐tsst❡✐❣❡r✉♥❣✱ s♦♥❞❡r♥ s♦❣❛r ③✉ ❡✐♥❡r ❱❡r❧❛♥❣s❛♠✉♥❣ ❞❡s ❙②st❡♠s✳ ❯♠ ❡✐♥❡
❣✉t❡ ❙❦❛❧✐❡r❜❛r❦❡✐t ③✉ ❡rr❡✐❝❤❡♥ ✐st ❡s ❞❛❤❡r ♥♦t✇❡♥❞✐❣✱ ❡✐♥❡ ❆r❝❤✐t❡❦t✉r ③✉ ✜♥❞❡♥✱ ❞✐❡ s♦✲
✇♦❤❧ ✇❡♥✐❣ ❑♦♦r❞✐♥❛t✐♦♥s❛✉❢✇❛♥❞ ③✇✐s❝❤❡♥ ❞❡♥ ❑♥♦t❡♥ ✉♥t❡r❡✐♥❛♥❞❡r ❡r❢♦r❞❡rt ❛❧s ❛✉❝❤
♠✐t ♠ö❣❧✐❝❤st ✇❡♥✐❣ ③❡♥tr❛❧❡r ❙t❡✉❡r✉♥❣ ❛✉s❦♦♠♠t✳

❉❡r ❞r✐tt❡ ✇❡s❡♥t❧✐❝❤❡ ❆s♣❡❦t ✈❡rt❡✐❧t❡r ❙②st❡♠❡✱ ❞❡r ✐♠ ❇❡r❡✐❝❤ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡r ❊✐✲
❣❡♥s❝❤❛❢t❡♥ ❡✐♥❡ ❘♦❧❧❡ s♣✐❡❧t✱ ✐st ❞✐❡ ❙✐❝❤❡r❤❡✐t✳ ❍✐❡r ✐st ✐♥s❜❡s♦♥❞❡r❡ ❞❡r ❙❝❤✉t③ ✈♦r ❜ös✇✐❧✲
❧✐❣❡♥ ❆♥❣r✐✛❡♥ ❣❡♠❡✐♥t ✭❡♥❣❧✳ s❡❝✉r✐t②✮✳ ❉❛ ✈❡rt❡✐❧t❡ ❙②st❡♠❡ ♦❢t ü❜❡r ♦✛❡♥❡ ◆❡t③❡ ❦♦♠♠✉✲
♥✐③✐❡r❡♥✱ s✐♥❞ ❜❡s♦♥❞❡r❡ ❙✐❝❤❡r❤❡✐ts♠❛ÿ♥❛❤♠❡♥ ❡r❢♦r❞❡r❧✐❝❤✱ ❞✐❡ ③✉♠❡✐st ❞✉r❝❤ ❞❡♥ ❊✐♥s❛t③
❦r②♣t♦❣r❛✜s❝❤❡r ❱❡r❢❛❤r❡♥ ✭❱❡rs❝❤❧üss❡❧✉♥❣✱ ❙✐❣♥✐❡r✉♥❣✮ r❡❛❧✐s✐❡rt ✇❡r❞❡♥✳



✶✳✷✳ ❚❡❝❤♥♦❧♦❣✐❡♥ ③✉r ❘❡❛❧✐s✐❡r✉♥❣ ✈❡rt❡✐❧t❡r ❙②st❡♠❡ ✸

❆❜❜✐❧❞✉♥❣ ✶✳✶✿ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ✉♥❞ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥

✶✳✶✳✹ ❉✐s❦✉ss✐♦♥

❉✐❡ ✈✐❡❧❧❡✐❝❤t ✇✐❝❤t✐❣st❡ ❊✐❣❡♥s❝❤❛❢t ✈❡rt❡✐❧t❡r ❙②st❡♠❡ ✐st ❞✐❡ s♦❣❡♥❛♥♥t❡ ❚r❛♥s♣❛r❡♥③✳ ❉✐❡s❡
❊✐❣❡♥s❝❤❛❢t ❜❡s❝❤r❡✐❜t✱ ❞❛ss s✐❝❤ ❞❛s ❙②st❡♠ ❣❡❣❡♥ü❜❡r ❞❡♠ ❇❡♥✉t③❡r s♦ ♣räs❡♥t✐❡rt✱ ❛❧s
✇ür❞❡ ❞✐❡s❡r ❞✐r❡❦t ✉♥❞ ❧♦❦❛❧ ♠✐t ❞❡♠ ❙②st❡♠ ✐♥t❡r❛❣✐❡r❡♥✳ ❙ä♠t❧✐❝❤❡ ❦♦♠♣❧❡①❡♥ ❆s♣❡❦t❡
❞❡r ❱❡rt❡✐❧✉♥❣ s♦❧❧❡♥ ♥❛❝❤ ▼ö❣❧✐❝❤❦❡✐t ✈♦r ❞❡♠ ❇❡♥✉t③❡r ✈❡r❜♦r❣❡♥ ✇❡r❞❡♥✳ ❉❛♠✐t ♦❜❧✐❡❣t
❞❛s ▼❡✐st❡r♥ ❞❡r ♦❜❡♥ ❣❡♥❛♥♥t❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❞❡♠ ❊♥t✇✐❝❦❧❡r✳ ❉❛❜❡✐ s✐♥❞ ♥❛tür❧✐❝❤
♥✐❝❤t ❢ür ❛❧❧❡ ❆rt❡♥ ✈♦♥ ❆♥✇❡♥❞✉♥❣❡♥ sä♠t❧✐❝❤❡ ❞✐❡s❡r ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❣❧❡✐❝❤ r❡❧❡✈❛♥t✳

❆❜❜✐❧❞✉♥❣ ✶✳✶ ❧✐st❡t t②♣✐s❝❤❡ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ ③✉♠ ❚r❛❣❡♥ ❦♦♠✲
♠❡♥❞❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❛✉❢✳ ❑❛✉♠ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ✈❡rt❡✐❧t❡r ❙②st❡♠❡ ✜♥❞❡♥ s✐❝❤ ✐♥
❤❡r❦ö♠♠❧✐❝❤❡♥ ❉❡s❦t♦♣✲❆♥✇❡♥❞✉♥❣❡♥ ✭r❡❝❤ts ♦❜❡♥✮✳ ❍✐❡r s✐♥❞ ❧❡❞✐❣❧✐❝❤ ❞✐❡ ❣r✉♥❞❧❡❣❡♥ ❍❡r✲
❛✉s❢♦r❞❡r✉♥❣❡♥ ❞❡s ❛❧❧❣❡♠❡✐♥❡♥ ❙♦❢t✇❛r❡ ❊♥❣✐♥❡❡r✐♥❣ r❡❧❡✈❛♥t✳ ❩✉ ❥❡❞❡r ●r✉♣♣❡ ❛♥ ❍❡r❛✉s✲
❢♦r❞❡r✉♥❣❡♥ ✜♥❞❡♥ s✐❝❤ s♣❡③✐❡❧❧❡ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥✱ ❜❡✐ ❞❡♥❡♥ ❞✐❡s❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥
❜❡s♦♥❞❡rs ③✉ ❚❛❣❡ tr❡t❡♥✿ ◆❡❜❡♥❧ä✉✜❣❦❡✐t ✭❝♦♥❝✉rr❡♥❝②✱ ♦❜❡♥✮ ③✳❇✳ ❢ür ❞✐❡ ♣❛r❛❧❧❡❧❡ ❇❡✲
r❡❝❤♥✉♥❣ ❛✉❢✇ä♥❞✐❣❡r ●r❛✜❦❡♥✱ ❱❡rt❡✐❧✉♥❣ ✭❞✐str✐❜✉t✐♦♥✱ ❧✐♥❦s ✉♥t❡♥✮ ❜❡✐ ❦❧❛ss✐s❝❤❡♥ ❲❡❜✲
❆♥✇❡♥❞✉♥❣❡♥ ✉♥❞ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ✭♥♦♥✲❢✉♥❝t✐♦♥❛❧ ❝r✐t❡r✐❛✱ r❡❝❤ts ✉♥t❡♥✮ ✐♠
❇❛❝❦❡♥❞ ✈♦♥ ❯♥t❡r♥❡❤♠❡♥s❛♥✇❡♥❞✉♥❣❡♥✳ ■♥t❡r❡ss❛♥t❡r s✐♥❞ ❞✐❡ ❙❝❤♥✐tt❜❡r❡✐❝❤❡ ❞❡r ●r❛✜❦✱
❛❧s♦ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥ ❞✐❡ ③✇❡✐ ♦❞❡r s♦❣❛r ❛❧❧❡ ❞r❡✐ ❇❡r❡✐❝❤❡ ❞❡r ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❛❜❞❡✲
❝❦❡♥✿ ❩✳❇✳ ✈❡rt❡✐❧t❡ ■♥❢♦r♠❛t✐♦♥ss②st❡♠❡ ✭❱❡rt❡✐❧✉♥❣ ✉♥❞ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥✮✱
❑♦♦r❞✐♥❛t✐♦♥s❛♥✇❡♥❞✉♥❣❡♥ ✭❱❡rt❡✐❧✉♥❣ ✉♥❞ ◆❡❜❡♥❧ä✉✜❣❦❡✐t✮✱ ❈❧♦✉❞ ❈♦♠♣✉t✐♥❣ ✭◆❡❜❡♥✲
❧ä✉✜❣❦❡✐t ✉♥❞ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥✮ s♦✇✐❡ ❯❜✐q✉✐t♦✉s ❈♦♠♣✉t✐♥❣ ✭❱❡rt❡✐❧✉♥❣✱
◆❡❜❡♥❧ä✉✜❣❦❡✐t ✉♥❞ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥✮✳

✶✳✷ ❚❡❝❤♥♦❧♦❣✐❡♥ ③✉r ❘❡❛❧✐s✐❡r✉♥❣ ✈❡rt❡✐❧t❡r ❙②st❡♠❡

❋ür ❛❧❧❡ ❞❡♥❦❜❛r❡♥ ❆s♣❡❦t❡ ❡✐♥❡s ✈❡rt❡✐❧t❡♥ ❙②st❡♠s s✐♥❞ ❜❡r❡✐ts ✈✐❡❧❡ s♣❡③✐✜s❝❤❡ ▲ös✉♥✲
❣❡♥ ✈♦r❤❛♥❞❡♥ ✭③✳❇✳ ❊❙❇✱ ❱❡r❤❛♥❞❧✉♥❣s♣r♦t♦❦♦❧❧❡✱ ✳✳✳✮✳ ❋ür ❡✐♥❡♥ ❡✐♥❤❡✐t❧✐❝❤❡♥ ❇❧✐❝❦ ❛✉❢ ❡✐♥
✈❡rt❡✐❧t❡s ❙②st❡♠ ❤❛❜❡♥ s✐❝❤ ✒P❛r❛❞✐❣♠❡♥✑ ❜③✇✳ ❊♥t✇✉r❢s❛♥sät③❡ ❡t❛❜❧✐❡rt✱ ❞✐❡ ✈❡rs✉❝❤❡♥✱
s♣❡③✐✜s❝❤❡ ▲ös✉♥❣❡♥ ✉♥t❡r ❡✐♥❡♠ ❡✐♥❤❡✐t❧✐❝❤❡♥ ▼♦❞❡❧❧ ③✉s❛♠♠❡♥③✉❢❛ss❡♥✳ ❩✉ ❞✐❡s❡♥ P❛r❛✲
❞✐❣♠❡♥ ❣❡❤ör❡♥ ③✳❇✳ ❞✐❡ ❙❡r✈✐❝❡✲♦r✐❡♥t✐❡rt❡ ❆r❝❤✐t❡❦t✉r ✭❙❖❆✮ ✉♥❞ ▼✉❧t✐❛❣❡♥t❡♥s②st❡♠❡
✭▼❆❙✮✳ ❉❛rü❜❡r ❤✐♥❛✉s ❧❛ss❡♥ s✐❝❤ ❛✉❝❤ ❦❧❛ss✐s❝❤❡ ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ ✇✐❡ ❖❜❥❡❦t♦r✐❡♥✲
t✐❡r✉♥❣ ✭❖❖✮ ✉♥❞ ❦♦♠♣♦♥❡♥t❡♥❜❛s✐❡rt❡ ❙♦❢t✇❛r❡❡♥t✇✐❝❦❧✉♥❣ ✭❈❇❙❊✮ ❛✉❢ ❞❡♥ ✈❡rt❡✐❧t❡♥ ❋❛❧❧
❡r✇❡✐t❡r♥✳

❍✐❡r❜❡✐ ❢♦❧❣❡♥ ✈♦r❤❛♥❞❡♥❡ ▲ös✉♥❣❡♥ ♦❢t ❡✐♥❡♠ ❜❡st✐♠♠t❡♥ P❛r❛❞✐❣♠❛✳ ❙♦ ✐st ❡✐♥ ❊❙❇
t②♣✐s❝❤ ❢ür ❡✐♥❡ ❙❖❆ ✇ä❤r❡♥❞ ❱❡r❤❛♥❞❧✉♥❣s♣r♦t♦❦♦❧❧❡ ❡❤❡r ✐♠ ❑♦♥t❡①t ✈♦♥ ▼❆❙ ❡✐♥❣❡s❡t③t
✇❡r❞❡♥✳ ❆✉❢ ●r✉♥❞ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥sät③❡ ✇✐r❞ ❞❛♠✐t ❡✐♥❡ ❑♦♠❜✐♥❛t✐♦♥
✉♥t❡rs❝❤✐❡❞❧✐❝❤❡r ▲ös✉♥❣❡♥ ❡rs❝❤✇❡rt✳



✹ ❑❛♣✐t❡❧ ✶✳ ❊✐♥❧❡✐t✉♥❣

✶✳✸ ❩✐❡❧s❡t③✉♥❣

❯♠ ❞✐❡ ✈✐❡❧❢ä❧t✐❣❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❞❡r ✈♦r❣❡st❡❧❧t❡♥ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥ ③✉ ❛❞r❡ss✐❡r❡♥✱
✐st ❡s ❞❛s ❩✐❡❧✱ ❡✐♥❡♥ ✐♥t❡❣r✐❡rt❡♥ ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③ ③✉ s❝❤❛✛❡♥✱ ❞❡r ❡✐♥❡ ❡✐♥❤❡✐t❧✐❝❤❡ ❙✐❝❤t
❛✉❢ ✈❡rt❡✐❧t❡ ❙②st❡♠❡ ❡r♠ö❣❧✐❝❤t✳ ❉✐❡s❡r s♦❧❧ ❞❛❜❡✐ ❞✐❡ ✈❡rs❝❤✐❡❞❡♥❡♥ ❑♦♥③❡♣t❡ ✉♥t❡rstüt③❡♥✱
❞✐❡ s✐❝❤ ✐♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ ❜❡r❡✐ts ❜❡✇ä❤rt ❤❛❜❡♥✳

❉✐❡s❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③ s♦❧❧ ✐♥ ❡✐♥❡r ▼✐❞❞❧❡✇❛r❡ ❦♦♥❦r❡t✐s✐❡rt ✇❡r❞❡♥✱ ✐♥ ❞✐❡ ▲ös✉♥❣❡♥
✈♦♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ P❛r❛❞✐❣♠❡♥ ❧❡✐❝❤t ❡✐♥❣❡❜❡tt❡t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❉✉r❝❤ ❞✐❡ ❊✐♥❜❡tt✉♥❣
❛✉s❣❡✇ä❤❧t❡r ▲ös✉♥❣❡♥ ✉♥❞ ❞✐❡ ❊✈❛❧✉✐❡r✉♥❣ ❛♥❤❛♥❞ ❦♦♥❦r❡t❡r ❆♥✇❡♥❞✉♥❣❡♥ s♦❧❧ ❞✐❡ Pr❛✲
①✐st❛✉❣❧✐❝❤❦❡✐t ❞❡s ❆♥s❛t③❡s ♥❛❝❤❣❡✇✐❡s❡♥ ✇❡r❞❡♥✳

✶✳✹ ❆✉❢❜❛✉ ❞❡r ❆r❜❡✐t

❉✐❡ ✈♦r❧✐❡❣❡♥❞❡ ❆r❜❡✐t ✐st ✇✐❡ ❢♦❧❣t ❛✉❢❣❡❜❛✉t✿ ◆❛❝❤ ❞✐❡s❡r ❊✐♥❧❡✐t✉♥❣ ❢♦❧❣t ✐♠ ③✇❡✐t❡♥ ❑❛♣✐✲
t❡❧ ❞✐❡ ❍❡r❧❡✐t✉♥❣✱ ❑♦♥③❡♣t✐♦♥ ✉♥❞ ❯♠s❡t③✉♥❣ ❞❡s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③❡s✱
❞❡r ✐♥ ❩✉s❛♠♠❡♥❛r❜❡✐t ♠✐t ▲❛rs ❇r❛✉❜❛❝❤ ✭✈❣❧✳ ❬❇r❛✶✸❪✮ ❡♥tst❛♥❞❡♥ ✐st✳ ❍✐❡r③✉ ✇❡r❞❡♥ r❡✲
❧❡✈❛♥t❡ ❣❡♠❡✐♥s❛♠❡♥ ❇❡✐trä❣❡ ✈♦r❣❡st❡❧❧t✱ ✐♥ ❞❡♥❡♥ ❞✐❡ ❜❡st❡❤❡♥❞❡♥ P❛r❛❞✐❣♠❡♥ ❖❖✱ ❙❖❆✱
▼❆❙ ✉♥❞ ❈❇❙❊ ③✉♥ä❝❤st ✐♠ ❍✐♥❜❧✐❝❦ ❛✉❢ ✐❤r❡ ❙tär❦❡♥ ✉♥❞ ❙❝❤✇ä❝❤❡♥ ❛♥❛❧②s✐❡rt ✇❡r❞❡♥✳
❉❛r❛✉❢ ❛✉❢❜❛✉❡♥❞ ✇✐r❞ ❞✐❡ ❊♥t✇✐❝❦❧✉♥❣ ❡✐♥❡s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧s ✉♥❞ ❛♥s❝❤❧✐❡ÿ❡♥❞
❞✐❡ ❯♠s❡t③✉♥❣ ✐♥ ❡✐♥❡r ❦♦♥❦r❡t❡♥ ▼✐❞❞❧❡✇❛r❡ ❜❡s❝❤r✐❡❜❡♥✳

❉❛s ❞r✐tt❡ ❑❛♣✐t❡❧ ❜❡tr❛❝❤t❡t ❞❡♥ ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③ ❛✉s ❞❡♠ ❇❧✐❝❦✇✐♥❦❡❧ ✐♥t❡❧❧✐❣❡♥t❡r
❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥✳ ❆♥❤❛♥❞ ❡✐♥❡s ❞✉r❝❤❣❡❤❡♥❞❡♥ ❇❡✐s♣✐❡❧s③❡♥❛r✐♦s ✇❡r❞❡♥ ❛✉s❣❡✇ä❤❧t❡
❡✐❣❡♥❡ ❇❡✐trä❣❡ ♠♦t✐✈✐❡rt ✉♥❞ ❡r❧ä✉t❡rt✳ ■♠ ❧❡t③t❡♥ ❆❜s❝❤♥✐tt ❞❡s ❑❛♣✐t❡❧s ✇❡r❞❡♥ ③✉❞❡♠
✇❡✐t❡r❡✱ ♠✐t ❞❡r ▼✐❞❞❧❡✇❛r❡ ✉♠❣❡s❡t③t❡ ❆♥✇❡♥❞✉♥❣❡♥ ♣räs❡♥t✐❡rt✳

❉✐❡ ❆r❜❡✐t s❝❤❧✐❡ÿt ♠✐t ❡✐♥❡r ❩✉s❛♠♠❡♥❢❛ss✉♥❣ ✉♥❞ ❡✐♥❡♠ ❆✉s❜❧✐❝❦✳ ■♠ ❆♥❤❛♥❣ ✇❡r❞❡♥
③✉❞❡♠ sä♠t❧✐❝❤❡ ❣❡♠❡✐♥s❛♠❡ ✉♥❞ ❡✐❣❡♥❡ ❇❡✐trä❣❡ ✐♥ ❞❡r ❖r✐❣✐♥❛❧❢❛ss✉♥❣ ❛❜❣❡❞r✉❝❦t✳



❑❛♣✐t❡❧ ✷

❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s

✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③

❉✐❡s❡s ❑❛♣✐t❡❧ ❜❡s❝❤r❡✐❜t ❞❡♥ ❣❡♠❡✐♥s❛♠ ♠✐t ▲❛rs ❇r❛✉❜❛❝❤ ❦♦♥③✐♣✐❡rt❡♥ ✐♥t❡❣r✐❡rt❡♥ ❊♥t✲
✇✐❝❦❧✉♥❣s❛♥s❛t③ ✭✈❣❧✳ ❬❇r❛✶✸❪✮ ❞❡r s♦❣✳ ✒❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥✑✳ ❆✉s❣❛♥❣s♣✉♥❦t ✐st ❡✐♥❡ ❆♥❛✲
❧②s❡ ❜❡st❡❤❡♥❞❡r ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ ✐♥ ❆❜s❝❤♥✐tt ✷✳✶✳ ■♥ ❞❡♥ ❞❛r❛✉❢ ❢♦❧❣❡♥❞❡♥ ❆❜s❝❤♥✐tt❡♥
✷✳✷ ✉♥❞ ✷✳✸ ✇❡r❞❡♥ ❞✐❡ ✇❡s❡♥t❧✐❝❤❡♥ ●r✉♥❞❦♦♥③❡♣t❡ ✉♥❞ ❛✉s❣❡✇ä❤❧t❡ ❡✐❣❡♥❡ ❇❡✐trä❣❡ ❞❡s
✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧s ❜③✇✳ ❞❡r r❡❛❧✐s✐❡rt❡♥ ✈❡rt❡✐❧t❡♥ ▼✐❞❞❧❡✇❛r❡ ✈♦r❣❡st❡❧❧t✳

✷✳✶ ❆♥❛❧②s❡ ❜❡st❡❤❡♥❞❡r ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥

❉✐❡ ✈❡rs❝❤✐❡❞❡♥❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❜❡✐ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ✈❡rt❡✐❧t❡r ❙②st❡♠ ✭✈❣❧✳ ❆❜s❝❤♥✐tt
✶✳✶✮ ❦ö♥♥❡♥ ❥❡✇❡✐❧s ❞✉r❝❤ ✈✐❡❧❢ä❧t✐❣❡ ✐s♦❧✐❡rt❡ ❊✐♥③❡❧❧ös✉♥❣❡♥ ❛❞r❡ss✐❡rt ✇❡r❞❡♥ ✭③✳❇✳ ❙♣❡rr✈❡r✲
❢❛❤r❡♥ ✉♠ Pr♦❜❧❡♠❡ ❞❡r ◆❡❜❡♥❧ä✉✜❣❦❡✐t ③✉ ❧ös❡♥✮✳ ❊✐♥❡ ❜❡s♦♥❞❡r❡ ❙❝❤✇✐❡r✐❣❦❡✐t ✈❡rt❡✐❧t❡r
❙②st❡♠❡ ✐st ❤✐❡r❜❡✐✱ ❞❛ss ✈✐❡❧❡ ❞✐❡s❡r ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❣❧❡✐❝❤③❡✐t✐❣ ❛✉❢tr❡t❡♥ ✉♥❞ ❞❛❤❡r
❣❡♠❡✐♥s❛♠ ❛❞r❡ss✐❡rt ✇❡r❞❡♥ ♠üss❡♥✳ ❙♦ s✐♥❞ ③✳❇✳ ❙♣❡rr✈❡r❢❛❤r❡♥ ③✉♠ ▲ös❡♥ ✈♦♥ ◆❡❜❡♥✲
❧ä✉✜❣❦❡✐ts♣r♦❜❧❡♠❡♥ ③✉ ✈❡r♠❡✐❞❡♥✱ ✇❡♥♥ ③✉r ✈❡rt❡✐❧t❡♥ ■♥t❡r❛❦t✐♦♥ ❛s②♥❝❤r♦♥❡ ◆❛❝❤r✐❝❤t❡♥
❡✐♥❣❡s❡t③t ✇❡r❞❡♥ s♦❧❧❡♥✳

❆❧s ✒❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❛✑ ♦❞❡r ❛✉❝❤ ❊♥t✇✉r❢s❛♥s❛t③ ✇✐r❞ ✐♥ ❞✐❡s❡r ❆r❜❡✐t ❡✐♥ ❦♦♥③❡♣t✐♦✲
♥❡❧❧❡s ●r✉♥❞♠♦❞❡❧❧ ✈❡rst❛♥❞❡♥✱ ❞❛ss ❝❤❛r❛❦t❡r✐st✐s❝❤❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ✈♦♥ ❙♦❢t✇❛r❡✲❊✐♥❤❡✐t❡♥
s♦✇✐❡ ✐❤r❡r ■♥t❡r❛❦t✐♦♥ ✈♦rs❝❤❧ä❣t✳ ❙♦ s❝❤❧ä❣t ③✳❇✳ ❞❛s ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ P❛r❛❞✐❣♠❛ ❞✐❡ ❊✐♥✲
❤❡✐t ✒❖❜❥❡❦t✑ ✈♦r✱ ❞✐❡ s✐❝❤ ❛✉s ✐❤r❡♥ ✒❆ttr✐❜✉t❡♥✑ ✭❂❉❛t❡♥✮ ✉♥❞ ✐❤r❡♥ ✒▼❡t❤♦❞❡♥✑ ✭❂❱❡r✲
❤❛❧t❡♥✮ ③✉s❛♠♠❡♥s❡t③t✳ ❉✐❡ ■♥t❡r❛❦t✐♦♥ ③✇✐s❝❤❡♥ ❖❜❥❡❦t❡♥ ❡r❢♦❧❣t ❞❛❜❡✐ ✐♥ ❈❧✐❡♥t✴❙❡r✈❡r✲
❛rt✐❣❡♥ s②♥❝❤r♦♥❡♥ ❆✉❢r✉❢❡♥✱ ❞✳❤✳ ❡✐♥ ❖❜❥❡❦t ✭❈❧✐❡♥t✮ r✉❢t ❛✉❢ ❡✐♥❡♠ ❛♥❞❡r❡♥ ❖❜❥❡❦t ✭❙❡r✈❡r✮
❡✐♥❡ ▼❡t❤♦❞❡ ❛✉❢ ✉♥❞ ✇❛rt❡t ❞✐r❡❦t ❛✉❢ ❞❛s ❊r❣❡❜♥✐s✳

❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ s❡t③❡♥ ❞❛❜❡✐ ❛✉❢ ✐♥t✉✐t✐✈❡ ❆❜str❛❦t✐♦♥s❦♦♥③❡♣t❡✱ ❞✐❡ s♦✇❡✐t ♠ö❣❧✐❝❤
✐♥ ❆♥❧❡❤♥✉♥❣ ❛♥ ❞✐❡ ❘❡❛❧✇❡❧t❡♥ts♣r❡❝❤✉♥❣ ✐❤r❡r ❇❡❣r✐✛❡ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥ ✭❙♦❢t✇❛r❡✲❖❜❥❡❦t
✈s✳ ●❡❣❡♥st❛♥❞ ❞❡r ❘❡❛❧✇❡❧t✮✳ ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ ❢ür ✈❡rt❡✐❧t❡ ❙②st❡♠❡ ❛❞❛♣t✐❡r❡♥ ❞✐❡s❡
❇❡❣r✐✛❡ ✉♠ ♥❡❜❡♥ ❞❡♠ ❊♥t✇❡r❢❡♥ ❡✐♥❡s ✭❚❡✐❧✲✮❙②st❡♠s ❛✉❝❤ ❋r❛❣❡♥ ❞❡s ❉❡♣❧♦②♠❡♥ts ✉♥❞
❞❡r ✈❡rt❡✐❧t❡♥ ❑♦♠♠✉♥✐❦❛t✐♦♥ ✉♥❞ ❑♦♦r❞✐♥❛t✐♦♥ ③✉ ❜❡❛♥t✇♦rt❡♥✳ ❊✐♥ ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❛
st❡❧❧t s♦♠✐t ❡✐♥❡♥ ❘❛❤♠❡♥ ❞❛r✱ ✐♥ ❞❡♠ ❡✐♥❡ ❤♦♠♦❣❡♥❡ ❚❡✐❧♠❡♥❣❡ ❛♥ ❊✐♥③❡❧❧ös✉♥❣❡♥ ü❜❡r
✐♥t✉✐t✐✈❡ ❑♦♥③❡♣t❡ ❛♥❣❡✇❡♥❞❡t ✇❡r❞❡♥ ❦❛♥♥✳

■♠ ❋♦❧❣❡♥❞❡♥ ✇❡r❞❡♥ ✈✐❡r ✈❡r❜r❡✐t❡t❡ ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ ❛♥❤❛♥❞ ❡✐♥❡s ❡✐♥❢❛❝❤❡♥ ❇❡✐✲
s♣✐❡❧s ✐❧❧✉str✐❡rt✳ ❉✐❡s❡ ✈✐❡r P❛r❛❞✐❣♠❡♥ ❜✐❧❞❡♥ ❞✐❡ ❇❛s✐s ❢ür ❞❛s ✐♥ ❞✐❡s❡r ❆r❜❡✐t ✈♦r❣❡s❝❤❧❛✲
❣❡♥❡ ▼♦❞❡❧❧ ❞❡r ✒❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥✑✳ ❉❛s ❇❡✐s♣✐❡❧ st❡❧❧t ❤✐❡r❜❡✐ ❡✐♥❡ ♠✐♥✐♠❛❧❡ ❈❤❛t✲
❆♥✇❡♥❞✉♥❣ ❞❛r✱ ü❜❡r ❞✐❡ ❇❡♥✉t③❡r ö✛❡♥t❧✐❝❤ ◆❛❝❤r✐❝❤t❡♥ ❛✉st❛✉s❝❤❡♥ ❦ö♥♥❡♥✳

✷✳✶✳✶ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣

❊✐♥❡ ♠ö❣❧✐❝❤❡ ❯♠s❡t③✉♥❣ ❞❡s ❈❤❛ts ❛❧s ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ❆♥✇❡♥❞✉♥❣ ✐st ✐♥ ❆❜❜✳ ✷✳✶ ③✉ s❡✲
❤❡♥✳ ▲✐♥❦s ✭❛✮ ✐st ❞✐❡ ❊♥t✇✉r❢ss✐❝❤t ❞❛r❣❡st❡❧❧t✱ ✇ä❤r❡♥❞ r❡❝❤ts ✭❜✮ ❞❛s ❉❡♣❧♦②♠❡♥t ③❡✐❣t✳
❉❡♠ ❣r✉♥❞❧❡❣❡♥❞❡♥ ❖❖✲▼♦❞❡❧❧ ❢♦❧❣❡♥❞ ✇✉r❞❡ ❞❡r ❈❤❛t ❛❧s ♣❛ss✐✈❡s ❖❜❥❡❦t r❡❛❧✐s✐❡rt ✭❈❤❛t✲
❙❡r✈❡r✮✱ ü❜❡r ❞❛s s✐❝❤ ❇❡♥✉t③❡r ü❜❡r ❡✐♥❡ ❈❧✐❡♥t✲❆♥✇❡♥❞✉♥❣ ✭❈❤❛t❈❧✐❡♥t✮ ❛♥♠❡❧❞❡♥ ✭r❡❣✐s✲

✺



✻ ❑❛♣✐t❡❧ ✷✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③

❛✮ ❜✮

❆❜❜✐❧❞✉♥❣ ✷✳✶✿ ❖❜❥❡❦t♦r✐❡♥t✐❡rt❡r ❊♥t✇✉r❢ ✭❛✮ ✉♥❞ ❉❡♣❧♦②♠❡♥t ✭❜✮ ❡✐♥❡r ❈❤❛t✲❆♥✇❡♥❞✉♥❣
✭❛✉s ❬❇✲✺❪✮

❛✮ ♦ ❜✮

❆❜❜✐❧❞✉♥❣ ✷✳✷✿ ❑♦♠♣♦♥❡♥t❡♥❜❛s✐❡rt❡r ❊♥t✇✉r❢ ✭❛✮ ✉♥❞ ❉❡♣❧♦②♠❡♥t ✭❜✮ ❡✐♥❡r ❈❤❛t✲
❆♥✇❡♥❞✉♥❣ ✭❛✉s ❬❇✲✺❪✮

t❡r✮ ✉♥❞ ◆❛❝❤r✐❝❤t❡♥ s❡♥❞❡♥ ❦ö♥♥❡♥ ✭♠❡ss❛❣❡✮✳ ❉❛s ❱❡rt❡✐❧❡♥ ❞❡r ◆❛❝❤r✐❝❤t❡♥ ❛♥ r❡❣✐str✐❡rt❡
❈❧✐❡♥ts ❡r❢♦❧❣t ü❜❡r ❡✐♥❡ ❈❛❧❧❜❛❝❦✲▼❡t❤♦❞❡ ❞❡s ❈❧✐❡♥t✲❖❜❥❡❦ts ✭♠❡ss❛❣❡✮✳

❋ür ❞❡♥ ✈❡rt❡✐❧t❡♥ ❋❛❧❧ ✇✐r❞ ❞❡r ❙❡r✈❡r ❛❧s s♦❣✳ ❘❡♠♦t❡✲❖❜❥❡❦t ❛✉s❣❡❧❡❣t✳ ❉✳❤✳✱ ❞✐❡ ■♠✲
♣❧❡♠❡♥t❛t✐♦♥ ❞❡s ❙❡r✈❡rs ✇✐r❞ ü❜❡r ❡✐♥ ■♥t❡r❢❛❝❡ ❣❡❦❛♣s❡❧t ✭■❈❤❛t❙❡r✈❡r✮✱ ❞❛ss ❧♦❦❛❧ ✐♥ ❞❡r
❈❧✐❡♥t✲❆♥✇❡♥❞✉♥❣ ❛❧s ❙t✉❜ ❜③✇✳ Pr♦①② ✈♦r❧✐❡❣t ✉♥❞ ❧♦❦❛❧❡ ❆✉❢r✉❢❡ ❛♥ ❞❡♥ ❡♥t❢❡r♥t❡♥ ❙❡r✈❡r
✇❡✐t❡r❧❡✐t❡t✳ ❊❜❡♥s♦ ❞✐❡♥t ❡✐♥ ❈❧✐❡♥t ■♥t❡r❢❛❝❡ ✭■❈❤❛t❈❧✐❡♥t✮ ❛❧s Pr♦①② ❢ür ❈❛❧❧❜❛❝❦✲❆✉❢r✉❢❡
❛✉❢ ❞❡♥ ❈❧✐❡♥ts✳ ❩✉♠ ✐♥✐t✐❛❧❡♥ ❆✉✣♥❞❡♥ ❞❡s ❙❡r✈❡rs ❞✉r❝❤ ❞❡♥ ❈❧✐❡♥t ❦❛♥♥ ❡✐♥ ◆❛♠❡♥s❞✐❡♥st
✭❘❡❣✐str②✮ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✳

✷✳✶✳✷ ❑♦♠♣♦♥❡♥t❡♥❜❛s✐❡rt❡ ❊♥t✇✐❝❦❧✉♥❣

❉❛s ❑♦♠♣♦♥❡♥t❡♥❦♦♥③❡♣t ✐st ✉✳❛✳ ❞❡♠ ❇❡r❡✐❝❤ ❞❡r ✐♥t❡❣r✐❡rt❡♥ ❙❝❤❛❧t✉♥❣❡♥ ❡♥t❧❡❤♥t✱ ✐♥ ❞❡♠
✈♦r❣❡❢❡rt✐❣t❡ ❍❛r❞✇❛r❡✲❑♦♠♣♦♥❡♥t❡♥ ♠✐t ♣❛ss❡♥❞❡r ❋✉♥❦t✐♦♥❛❧✐tät ✐♥ ❢r❡✐❣❡❧❛ss❡♥❡ ❙t❡❧❧❡♥
❡✐♥❡r P❧❛t✐♥❡ ❡✐♥❣❡s❡t③t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ➘❤♥❧✐❝❤ ✈❡r❢♦❧❣❡♥ ❙♦❢t✇❛r❡✲❑♦♠♣♦♥❡♥t❡♥ ❞❡♥ ❆♥✲
s❛t③ ❤♦❤❡r ❲✐❡❞❡r✈❡r✇❡♥❞❜❛r❦❡✐t ❡✐♥③❡❧♥❡r ❑♦♠♣♦♥❡♥t❡♥✱ ❞✐❡ ✐❞❡❛❧❡r ❲❡✐s❡ ❡✐♥❢❛❝❤ ♥✉r
③✉s❛♠♠❡♥❣❡st❡❝❦t ✇❡r❞❡♥ ♠üss❡♥✱ ✉♠ ❦♦♠♣❧❡①❡ ❆♥✇❡♥❞✉♥❣❡♥ ③✉ r❡❛❧✐s✐❡r❡♥✳

❑♦♠♣♦♥❡♥t❡♥ ✉♥t❡rs❝❤❡✐❞❡♥ s✐❝❤ ❞❛❜❡✐ ✈♦♥ ❡✐♥❢❛❝❤❡♥ ❖❜❥❡❦t❡♥ ❞❛❞✉r❝❤✱ ❞❛ss ❆❜❤ä♥✲
❣✐❣❦❡✐t❡♥ ③✉ ❛♥❞❡r❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❡①♣❧✐③✐t ❢❡st❣❡❧❡❣t ✇❡r❞❡♥✳ ❉✐❡s❡ ❆❜❤ä♥❣✐❣❦❡✐t❡♥ s✐♥❞
❞✉r❝❤ ❞✐❡ ❛♥❣❡❜♦t❡♥❡♥ ❙❝❤♥✐ttst❡❧❧❡♥ ❡✐♥❡rs❡✐ts ✉♥❞ ❞❡♥ ❜❡♥öt✐❣t❡♥ ❙❝❤♥✐ttst❡❧❧❡♥ ❛♥❞❡r❡r✲
s❡✐ts ❞❡✜♥✐❡rt✳ ❩✉r ▲❛✉❢③❡✐t ✇❡r❞❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✈♦♥ ❡✐♥❡r ❯♠❣❡❜✉♥❣ ✈❡r✇❛❧t❡t✱ ❞✐❡ ❞✐❡
❱❡r❛♥t✇♦rt✉♥❣ ❢ür ❞❡♥ ▲❡❜❡♥s③②❦❧✉s ❞❡r ❑♦♠♣♦♥❡♥t❡ trä❣t ❬❙●▼✵✷❪✳

■♥ ❆❜❜✳ ✷✳✷ ✭❛✮ ✐st ❡✐♥ ❦♦♠♣♦♥❡♥t❡♥♦r✐❡♥t✐❡rt❡r ❊♥t✇✉r❢ ❞❡s ❈❤❛t ❞❛r❣❡st❡❧❧t✳ ❊r ❜❡st❡❤t
❧❡❞✐❣❧✐❝❤ ❛✉s ❡✐♥❡r ❑♦♠♣♦♥❡♥t❡✱ ❞✐❡ ❡✐♥❡rs❡✐ts ❡✐♥❡ ❙❝❤♥✐ttst❡❧❧❡ ③✉♠ ❩✉st❡❧❧❡♥ ✈♦♥ ◆❛❝❤r✐❝❤✲
t❡♥ ✭❛♥ ❞❡♥ ❡✐❣❡♥❡♥ ❇❡♥✉t③❡r✮ ❛♥❜✐❡t❡t ✉♥❞ ❛♥❞❡r❡rs❡✐ts ❡✐♥❡ ❙❝❤♥✐ttst❡❧❧❡ ③✉♠ ❩✉st❡❧❧❡♥ ✈♦♥
◆❛❝❤r✐❝❤t❡♥ ✭❛♥ ❛♥❞❡r❡ ❇❡♥✉t③❡r✮ ❜❡♥öt✐❣t✳ ❉✉r❝❤ ❞✐❡ ▲❛✉❢③❡✐t✉♠❣❡❜✉♥❣✱ ❞✐❡ ❛✉❢ ✈❡rs❝❤✐❡✲
❞❡♥❡♥ ❑♥♦t❡♥ ❧❛✉❢❡♥ ❦❛♥♥✱ ✇❡r❞❡♥ ❞✐❡ ❱❡r❜✐♥❞✉♥❣❡♥ ③✇✐s❝❤❡♥ ❞❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❡t❛❜❧✐❡rt✱
③✳❇✳ ❛✉❢ ❇❛s✐s ❡✐♥❡r ❇❡s❝❤r❡✐❜✉♥❣ ❞❡r ✈❡rt❡✐❧t❡♥ ❆♥✇❡♥❞✉♥❣ ✭❞❡♣❧♦②♠❡♥t ❞❡s❝r✐♣t♦r✮✳

✷✳✶✳✸ ❙❡r✈✐❝❡✲♦r✐❡♥t✐❡rt❡ ❆r❝❤✐t❡❦t✉r

❉✐❡ ❙❡r✈✐❝❡✲♦r✐❡♥t✐❡rt❡ ❆r❝❤✐t❡❦t✉r ❤❛t s✐❝❤ ❛✉s ❞❡♠ ❲✉♥s❝❤ ❤❡r❛✉s ❡♥t✇✐❝❦❡❧t✱ ❢❛❝❤❧✐❝❤❡
❋✉♥❦t✐♦♥❛❧✐tät ✈♦♥ ❙♦❢t✇❛r❡✲❙②st❡♠❡♥✱ ③✳❇✳ ❛✉s ❆❜t❡✐❧✉♥❣❡♥ ❡✐♥❡s ❯♥t❡r♥❡❤♠❡♥s✱ ③✉ ✐s♦✲



✷✳✶✳ ❆♥❛❧②s❡ ❜❡st❡❤❡♥❞❡r ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ ✼

❛✮ ❜✮ ❝✮

❆❜❜✐❧❞✉♥❣ ✷✳✸✿ ❙❡r✈✐❝❡✲♦r✐❡♥t✐❡rt❡r ❊♥t✇✉r❢ ✭❛✮ ✉♥❞ ❉❡♣❧♦②♠❡♥t ✭❜✮ ❡✐♥❡r ❈❤❛t✲❆♥✇❡♥❞✉♥❣
✭❛✉s ❬❇✲✺❪✮

❛✮ ❜✮

❆❜❜✐❧❞✉♥❣ ✷✳✹✿ ❆❣❡♥t❡♥❜❛s✐❡rt❡r ❊♥t✇✉r❢ ✭❛✮ ✉♥❞ ❉❡♣❧♦②♠❡♥t ✭❜✮ ❡✐♥❡r ❈❤❛t✲❆♥✇❡♥❞✉♥❣
✭❛✉s ❬❇✲✺❪✮

❧✐❡r❡♥ ✉♥❞ ❣❡③✐❡❧t✱ ③✳❇✳ ✐♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ●❡s❝❤ä❢ts♣r♦③❡ss❡♥✱ ♥✉t③❜❛r ③✉ ♠❛❝❤❡♥✳ ❉❛s
❙❡r✈✐❝❡✲❑♦♥③❡♣t ❞✐❡♥t ❞❛❜❡✐ ❞❛③✉✱ ❡✐♥❡ ❡✐♥❤❡✐t❧✐❝❤❡ ❇❡s❝❤r❡✐❜✉♥❣ ③✉ ✜♥❞❡♥ ③✇✐s❝❤❡♥ ❇❡✲
❞❛r❢❡♥✱ ✇✐❡ ③✳❇✳ ❜❡♥öt✐❣t❡ ❙❝❤r✐tt❡ ❡✐♥❡s ●❡s❝❤ä❢ts♣r♦③❡ss❡s✱ ✉♥❞ ❋ä❤✐❣❦❡✐t❡♥✱ ✇✐❡ ③✳❇✳ ●❡✲
s❝❤ä❢ts❧♦❣✐❦ ✐♥ ❡✐♥❡r ❯♥t❡r♥❡❤♠❡♥s❛❜t❡✐❧✉♥❣✳

❉❡r ❙❡r✈✐❝❡✲■❞❡❡ ❢♦❧❣❡♥❞✱ ✇✐r❞ ✐♠ ❈❤❛t✲❇❡✐s♣✐❡❧ s♦✇♦❤❧ ❞❛s ❙❡♥❞❡♥ ✭♣♦st▼s❣✮ ❛❧s ❛✉❝❤
❞❛s ❊♠♣❢❛♥❣❡♥ ✭❣❡t◆❡✇▼s❣✮ ✈♦♥ ◆❛❝❤r✐❝❤t❡♥ ❛❧s ❚❡✐❧ ❡✐♥❡s ❉✐❡♥st❡s ✭❈❤❛t❙❡r✈✐❝❡✮ ♠♦✲
❞❡❧❧✐❡rt ✭✈❣❧✳ ❆❜❜✳ ✷✳✸ ❛✮✳ ❉❛❜❡✐ ♠✉ss ❞✐❡ ❆♥✇❡♥❞✉♥❣ ✭❈❤❛t❈❧✐❡♥t✮ ♣❡r✐♦❞✐s❝❤ ❞❡♥ ❙❡r✈✐❝❡
❛❜❢r❛❣❡♥✱ ♦❜ ♥❡✉❡ ◆❛❝❤r✐❝❤t❡♥ ✈♦r❤❛♥❞❡♥ s✐♥❞✳ ❆❜❜✳ ✷✳✸ ✭❜✮ ③❡✐❣t ❡✐♥❡ ♠ö❣❧✐❝❤❡ ❯♠s❡t③✉♥❣
❛❧s s♦❣✳ ❘❊❙❚✲❙❡r✈✐❝❡✱ ❞❡r ❞✐r❡❦t ü❜❡r ❍❚❚P✲▼❡t❤♦❞❡♥ ❛❜❣❡❜✐❧❞❡t ✇✐r❞✳ ❆❧t❡r♥❛t✐✈ ✐st ❛✉❝❤
❡✐♥❡ ❘❡❛❧✐s✐❡r✉♥❣ ❛❧s ❙❖❆P ❲❡❜ ❙❡r✈✐❝❡ ❞❡♥❦❜❛r ✭❆❜❜✳ ✷✳✸ ❝✮✳

✷✳✶✳✹ ▼✉❧t✐❛❣❡♥t❡♥s②st❡♠❡

❉❡r ❇❡❣r✐✛ ❞❡s ❆❣❡♥t❡♥ ✜♥❞❡t s✐❝❤ ✐♥ ❞✐✈❡rs❡♥ ✐♥❢♦r♠❛t✐❦❢r❡♠❞❡♥ ❉✐s③✐♣❧✐♥❡♥ ✇✐❡ P❤✐❧♦✲
s♦♣❤✐❡✱ ❙♦③✐♦❧♦❣✐❡ ✉♥❞ ❞❡♥ ❲✐rts❝❤❛❢ts✇✐ss❡♥s❝❤❛❢t❡♥✳ ➘❤♥❧✐❝❤ ❞✐✈❡rs ❣❡st❛❧t❡♥ s✐❝❤ s♦❢t✇❛✲
r❡t❡❝❤♥✐s❝❤❡ ■♥t❡r♣r❡t❛t✐♦♥❡♥ ❞❡s ❆❣❡♥t❡♥❦♦♥③❡♣ts ❬❋●✾✼❪✳ ❑❡r♥❛s♣❡❦t ✐st ❥❡❞♦❝❤ ✐♠♠❡r
❞✐❡ ❆✉t♦♥♦♠✐❡✱ ❞✳❤✳✱ ❞❛s ❡✐❣❡♥stä♥❞✐❣❡ ❚r❡✛❡♥ ✈♦♥ ❊♥ts❝❤❡✐❞✉♥❣❡♥ ❬❲❏✾✺❪✱ ❦♦♠❜✐♥✐❡rt ♠✐t
❘❡❛❦t✐✈✐tät ✭r❡❛❣✐❡r❡♥ ❛✉❢ ❡✐♥❡ ❞②♥❛♠✐s❝❤❡ ❯♠✇❡❧t✮✱ Pr♦❛❦t✐✈✐tät ✭❛❦t✐✈❡s ❱❡r❢♦❧❣❡♥ ❡✐❣❡✲
♥❡r ❩✐❡❧❡✴❆✉❢❣❛❜❡♥✮ ✉♥❞ s♦③✐❛❧❡♥ ❋ä❤✐❣❦❡✐t❡♥ ✭③✳❇✳ ❑♦♦♣❡r❛t✐♦♥ ♦❞❡r ❱❡r❤❛♥❞❧✉♥❣❡♥ ♠✐t
❛♥❞❡r❡♥ ❆❣❡♥t❡♥✮✳ ❉❛s ❆❣❡♥t❡♥❦♦♥③❡♣t ✐st ✈♦rt❡✐❧❤❛❢t✱ ✇❡♥♥ ❛❦t✐✈❡s✱ ❛❞❛♣t✐✈❡s ❱❡r❤❛❧t❡♥
❜❡♥öt✐❣t ✇✐r❞ ✉♥❞ ✇❡♥♥ ❞✐❡ ■♥t❡r❛❦t✐♦♥ ③✇✐s❝❤❡♥ ♦r❣❛♥✐s❛t♦r✐s❝❤ ✉♥❛❜❤ä♥❣✐❣❡♥ ❚❡✐❧s②st❡♠❡♥
❣❡st❛❧t❡t ✇❡r❞❡♥ ♠✉ss✳

❆✉❢ ❊♥t✇✉r❢s❡❜❡♥❡ ✭❆❜❜✳ ✷✳✹ ❛✮ ✐st ❞❡r ❛❣❡♥t❡♥♦r✐❡♥t✐❡rt❡ ❈❤❛t ❧❡❞✐❣❧✐❝❤ ❡✐♥❡ ❡✐♥❢❛❝❤❡
◆❛❝❤r✐❝❤t ✭✐♥❢♦r♠✮ ③✇✐s❝❤❡♥ ③✇❡✐ ✉♥❛❜❤ä♥❣✐❣❡♥ ❆❣❡♥t❡♥ ✭s❡♥❞❡r✴r❡❝❡✐✈❡r✮✳ ❯♠ ③✉r ▲❛✉❢③❡✐t
✭❆❜❜✳ ✷✳✹ ❜✮ ❞✐❡ ❇❡❦❛♥♥t❤❡✐t ③✇✐s❝❤❡♥ ❞❡♥ ❆❣❡♥t❡♥ ❤❡r③✉st❡❧❧❡♥✱ ❦❛♥♥ ä❤♥❧✐❝❤ ✇✐❡ ❜❡✐ ❙❖❆
❡✐♥ ❱❡r③❡✐❝❤♥✐s❞✐❡♥st ❡✐♥❣❡s❡t③t ✇❡r❞❡♥✳

✷✳✶✳✺ ▼♦t✐✈❛t✐♦♥ ❡✐♥❡s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧s

❆❧s ▼♦t✐✈❛t✐♦♥ ❡✐♥❡s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧s ③❡✐❣t ❆❜❜✳ ✷✳✺ ✐♥ ❆♥❧❡❤♥✉♥❣ ❛♥ ❞✐❡ ❉✐s❦✉ss✐♦♥
✐♥ ❬❇✲✺❪ ❞✐❡ ✐♥❞✐✈✐❞✉❡❧❧❡♥ ❙tär❦❡♥ ✉♥❞ ❱♦rt❡✐❧❡ ❞❡r ✈♦r❣❡st❡❧❧t❡♥ P❛r❛❞✐❣♠❡♥✳ ■♥ ❇❡③✉❣ ❛✉❢
❙♦❢t✇❛r❡✲❊♥❣✐♥❡❡r✐♥❣✲❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❜❡s✐t③t ❞✐❡ ●r✉♥❞♠❡t❛♣❤❡r ❡✐♥❡♥ ❤❡r❛✉sr❛❣❡♥❞❡♥
❊✐♥✢✉ss✳ ❙♦ ❡✐❣♥❡t s✐❝❤ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣ ✐❞❡❛❧✱ ✉♠ ♣❛ss✐✈❡ ❘❡❛❧✇❡❧t❣❡❣❡♥stä♥❞❡ ❛❜③✉❜✐❧✲
❞❡♥✱ ✇ä❤r❡♥❞ ❑♦♠♣♦♥❡♥t❡♥ ❡✐♥❡ ❛r❝❤✐t❡❦t♦♥✐s❝❤❡ ❉❡❦♦♠♣♦s✐t✐♦♥ ✉♥t❡r ❇❡s❝❤r❡✐❜✉♥❣ ❞❡r
❡①♣❧✐③✐t❡♥ ❆❜❤ä♥❣✐❣❦❡✐t❡♥ ✭❞✳❤✳ ❛♥❣❡❜♦t❡♥❡ ✈s✳ ❜❡♥öt✐❣t❡ ❙❝❤♥✐ttst❡❧❧❡♥✮ ❡r❧❛✉❜❡♥✳ ❉✐❡♥st❡



✽ ❑❛♣✐t❡❧ ✷✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③

❆❜❜✐❧❞✉♥❣ ✷✳✺✿ ❆✉s✇❡rt✉♥❣ ❞❡r ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ ✭✐♥ ❆♥❧❡❤♥✉♥❣ ❛♥ ❬❇✲✺❪✮

❤✐♥❣❡❣❡♥ s❝❤❛✛❡♥ ❡✐♥❡ ❇rü❝❦❡ ③✇✐s❝❤❡♥ ❞❡r s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡♥ ✉♥❞ ❞❡r ❜❡tr✐❡❜s✇✐rts❝❤❛❢t✲
❧✐❝❤❡♥ ❙✐❝❤t✱ ✐♥❞❡♠ s✐❡ ❆♥✇❡♥❞✉♥❣st❡✐❧❡ ❦❛♣s❡❧♥✱ ❞✐❡ ❡✐♥❡ ❦♦❤är❡♥t❡ ✉♥t❡r♥❡❤♠❡♥sr❡❧❡✈❛♥t❡
❋✉♥❦t✐♦♥❛❧✐tät ❞❛rst❡❧❧❡♥✳ ❙❝❤❧✐❡ÿ❧✐❝❤ ❡r♠ö❣❧✐❝❤❡♥ ❆❣❡♥t❡♥ ❞✐❡ ❆❜❜✐❧❞✉♥❣ ✈♦♥ ❛❦t✐✈❡♥ ❊✐♥✲
❤❡✐t❡♥✱ ❞✐❡ ✉♥t❡r ❇❡rü❝❦s✐❝❤t✐❣✉♥❣ ❧♦❦❛❧❡♥ ❲✐ss❡♥s ✉♥❞ ❧♦❦❛❧❡r ❩✐❡❧❡ ❛❣✐❡r❡♥✳

❇❡r❡✐ts ❛✉s ❞✐❡s❡r s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡♥ ❙✐❝❤t ❧ässt s✐❝❤ s❝❤❧✐❡ÿ❡♥✱ ❞❛ss ❞✐❡ P❛r❛❞✐❣♠❡♥
♥✐❝❤t ♥♦t✇❡♥❞✐❣❡r ❲❡✐s❡ ❣❡❣❡♥sät③❧✐❝❤❡ ❊♥t✇✐❝❦❧✉♥❣s❛♥sät③❡ ❞❛rst❡❧❧❡♥ ♠üss❡♥✱ s♦♥❞❡r♥
❛✉❝❤ ✐♥ ❑♦♠❜✐♥❛t✐♦♥ ❆♥✇❡♥❞✉♥❣ ✜♥❞❡♥ ❦ö♥♥❡♥✳ ❉✐❡ ❇❡tr❛❝❤t✉♥❣ ❞❡r ❱♦rt❡✐❧❡ ✐♥ ❇❡③✉❣ ❛✉❢
❞✐❡ ✇❡✐t❡r❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❞❡r ◆❡❜❡♥❧ä✉✜❣❦❡✐t✱ ❱❡rt❡✐❧✉♥❣ ✉♥❞ ❞❡♥ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡♥
❊✐❣❡♥s❝❤❛❢t❡♥ ✉♥t❡r♠❛✉❡rt ❞❡♥ ❊✐♥❞r✉❝❦✱ ❞❛ss ❞✐❡ ✈♦r❣❡st❡❧❧t❡♥ P❛r❛❞✐❣♠❡♥ ❡✐♥❛♥❞❡r ❣✉t
❡r❣ä♥③❡♥ ❦ö♥♥t❡♥✳ ❙♦ ✇✐r❞ ◆❡❜❡♥❧ä✉✜❣❦❡✐t ✐♥ ❞❡r ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣ ü❜❡r❤❛✉♣t ♥✐❝❤t ✉♥❞
❜❡✐ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ❉✐❡♥st❡♥ ❧❡❞✐❣❧✐❝❤ ❛❧s ❡①t❡r♥❡r ❋❛❦t♦r ❜❡tr❛❝❤t❡t✳ ❉❛s ❤❡✐ÿt ♥✐❝❤t✱ ❞❛ss
♠✐tt❡❧s ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣ ❦❡✐♥❡ ♥❡❜❡♥❧ä✉✜❣❡♥ ❙②st❡♠❡ ❡♥t✇✐❝❦❡❧t ✇❡r❞❡♥ ❦ö♥♥❡♥✱ s♦♥❞❡r♥
❧❡❞✐❣❧✐❝❤✱ ❞❛ss s✐❝❤ ❞❛s ❣r✉♥❞❧❡❣❡♥❞❡ ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ▼♦❞❡❧❧ ♥✐❝❤t ♠✐t ◆❡❜❡♥❧ä✉✜❣❦❡✐t ❜❡✲
❢❛sst✳ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ❉✐❡♥st❡ ✇❡r❞❡♥ ❛❧s ♣❛ss✐✈ ❛♥❣❡s❡❤❡♥✱ s♦ ❞❛ss ❞✐❡ ◆❡❜❡♥❧ä✉✜❣❦❡✐t
❛✉ÿ❡r❤❛❧❜ ❞✐❡s❡r ❑♦♥③❡♣t❡ ❡♥tst❡❤t✳ ❙♦✇♦❤❧ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ❛✉❝❤ ❉✐❡♥st❡ ❜✐❡t❡♥ ❥❡❞♦❝❤
❑♦♥③❡♣t❡ ③✉r ❲❛❤r✉♥❣ ❞❡r ❑♦♥s✐st❡♥③ ❜❡✐ ♥❡❜❡♥❧ä✉✜❣❡♥ ❆♥❢r❛❣❡♥✱ ③✳❇✳ ③✉st❛♥❞s❧♦s❡ ❉✐❡♥st❡
♦❞❡r tr❛♥s❛❦t✐♦♥❛❧❡ ❑♦♠♣♦♥❡♥t❡♥✳ ❊✐♥③✐❣ ❞✐❡ ❆❣❡♥t❡♥♦r✐❡♥t✐❡r✉♥❣ ❜✐❡t❡t ❥❡❞♦❝❤ ❡✐♥ ❡①♣❧✐③✐✲
t❡s ❆❜str❛❦t✐♦♥s❦♦♥③❡♣t ❢ür ❞✐❡ ❆❜❜✐❧❞✉♥❣ ✈♦♥ ◆❡❜❡♥❧ä✉✜❣❦❡✐t✿ ❉❡♥ ❆❣❡♥t❡♥ ❛❧s ✉♥❛❜❤ä♥✲
❣✐❣ ❛❣✐❡r❡♥❞❡♥ ❆❦t❡✉r✱ ❞❡r ✈♦♥ s✐❝❤ ❛✉s ❆❦t✐✈✐tät❡♥ ❛♥st♦ÿ❡♥ ✉♥❞ ♣❛ss✐✈❡ ❆♥✇❡♥❞✉♥❣st❡✐❧❡
❛✉❢r✉❢❡♥ ❦❛♥♥✳ ❉❛ ✐♠ ▼✉❧t✐❛❣❡♥t❡♥s②st❡♠ ③✉ ❥❡❞❡♠ ❩❡✐t♣✉♥❦t ♠❡❤r❡r❡ ❚❡✐❧❡ ❞❡s ❙②st❡♠s
❛❦t✐✈ s❡✐♥ ❦ö♥♥❡♥✱ ✐st ❞✐❡ ❑♦♦r❞✐♥❛t✐♦♥ ③✇✐s❝❤❡♥ ❞✐❡s❡♥ ❛❦t✐✈❡♥ ❊✐♥❤❡✐t❡♥ s❡✐t ❥❡❤❡r ❡✐♥ ❋♦✲
❦✉s ❞❡r ❆❣❡♥t❡♥♦r✐❡♥t✐❡r✉♥❣✱ ✇❛s ③✉♠ ❊♥t✇✉r❢ ③❛❤❧r❡✐❝❤❡r ✇✐❡❞❡r✈❡r✇❡♥❞❜❛r❡r ❦♦♠♣❧❡①❡r
❑♦♦r❞✐♥❛t✐♦♥s♣r♦t♦❦♦❧❧❡ ❣❡❢ü❤rt ❤❛t✳

■♥ ❇❡③✉❣ ❛✉❢ ❱❡rt❡✐❧✉♥❣ ❧❡✐st❡♥ ❉✐❡♥st❡ ❡✐♥❡♥ ✇❡s❡♥t❧✐❝❤❡♥ ❇❡✐tr❛❣✱ ❞❛ s✐❡ ③✳❇✳ ❞✉r❝❤
❞✐❡ ❦❧❛r❡ t❡❝❤♥♦❧♦❣✐s❝❤❡ ❚r❡♥♥✉♥❣ ✈♦♥ ❉✐❡♥sts❝❤♥✐ttst❡❧❧❡ ✭③✳❇✳ ❲❙❉▲✲❙❖❆P ♦❞❡r ❘❊❙❚✲
❍❚❚P✮ ✉♥❞ ❉✐❡♥st✐♠♣❧❡♠❡♥t✐❡r✉♥❣ ✭③✳❇✳ ❏❛✈❛ ♦❞❡r ❈✰✰✮ ❞✐❡ ✐♥ ✈❡rt❡✐❧t❡♥ ❙②st❡♠❡♥ ♦❢t♠❛❧s
✈♦r❤❡rrs❝❤❡♥❞❡ ❍❡t❡r♦❣❡♥✐tät ③✉ ü❜❡r✇✐♥❞❡♥ ❤❡❧❢❡♥✳ ❉❡s ❲❡✐t❡r❡♥ ✉♥t❡rstüt③t ❞✐❡ ❉✐❡♥st♦r✐✲
❡♥t✐❡r✉♥❣ ❞✐❡ ❧♦s❡ ❑♦♣♣❧✉♥❣ ✈♦♥ ❆♥✇❡♥❞✉♥❣s t❡✐❧❡♥ ❞✉r❝❤ ❞②♥❛♠✐s❝❤❡s ❇✐♥❞❡♥✳ ❉✐❡s ❦❛♥♥
❛✉❝❤ ü❜❡r ❘❡❝❤♥❡r❣r❡♥③❡♥ ❤✐♥✇❡❣ ❡r❢♦❧❣❡♥ ❞✉r❝❤ ▲♦♦❦✉♣✲❱❡r❢❛❤r❡♥ ✇✐❡ ③❡♥tr❛❧✐s✐❡rt❡ ❱❡r✲
③❡✐❝❤♥✐ss❡ ♦❞❡r P❡❡r✲t♦✲P❡❡r ❉✐s❝♦✈❡r②✳ ❆❣❡♥t❡♥ ❦ö♥♥❡♥ ❞✐❡ ❱❡rt❡✐❧✉♥❣s✈♦rt❡✐❧❡ ✈♦♥ ❉✐❡♥st❡♥
s✐♥♥✈♦❧❧ ❡r❣ä♥③❡♥✱ ✇❡♥♥ ♥❡❜❡♥ ③✉st❛♥❞s❧♦s❡♥ ❉✐❡♥st❡♥ ❛✉❝❤ ✈❡rt❡✐❧t❡ ❊♥t✐tät❡♥ ♠✐t ❡✐♥❡r ❡✐✲
❣❡♥❡♥ ■❞❡♥t✐tät ❛❞r❡ss✐❡rt ✇❡r❞❡♥ ♠üss❡♥ ♦❞❡r ✇❡♥♥ ❆♥✇❡♥❞✉♥❣st❡✐❧❡ ❡✐♥❣❡❜✉♥❞❡♥ ✇❡r❞❡♥
♠üss❡♥✱ ❞✐❡ ♥✐❝❤t ❞❡♠ ❦❧❛ss✐s❝❤❡♥ s❡q✉❡♥t✐❡❧❧❡♥ ❘❡q✉❡st✲❘❡s♣♦♥s❡✲❙t✐❧ ❡♥ts♣r❡❝❤❡♥✳ ❙♦ ❦❛♥♥
③✳❇✳ ❡✐♥ ❙❡♥s♦r♥❡t③✱ ❞❛s ❜❡✐ ❜❡st✐♠♠t❡♥ ❙❡♥s♦r✇❡rt❡♥ ❆❧❛r♠ ❛✉s❧ös❡♥ s♦❧❧✱ s❝❤❧❡❝❤t ❞✉r❝❤
♣❛ss✐✈❡ ❙❡r✈✐❝❡s ❛❜❣❡❜✐❧❞❡t ✇❡r❞❡♥✳ ❊✐♥❡ ❙❝❤✐❝❤t ❞❡③❡♥tr❛❧❡r ❆❣❡♥t❡♥✱ ❞✐❡ ❥❡✇❡✐❧s ❡✐♥③❡❧✲
♥❡ ❙❡♥s♦r❡♥ ü❜❡r✇❛❝❤❡♥ ✉♥❞ ❣❡❣❡❜❡♥❡♥❢❛❧❧s ❆❧❛r♠❛❦t✐✈✐tät❡♥ ✐♠ ❙②st❡♠ ❛♥st♦ÿ❡♥ ❦ö♥♥❡♥✱
st❡❧❧t ❞❛❣❡❣❡♥ ❡✐♥❡ ❡✐♥❢❛❝❤❡ ✉♥❞ ✐♥t✉✐t✐✈❡ ▼♦❞❡❧❧✐❡r✉♥❣ ❞❡r ❜❡♥öt✐❣t❡♥ ❙②st❡♠❢✉♥❦t✐♦♥❛❧✐tät
❞❛r✳

❉✐❡ ❧❡t③t❡ ❜❡tr❛❝❤t❡t❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣ st❡❧❧❡♥ ❞✐❡ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡♥ ❊✐❣❡♥s❝❤❛❢t❡♥ ❞❛r✳
❍✐❡r ❧❛ss❡♥ s✐❝❤ ③✇❡✐ ❆s♣❡❦t❡ ✉♥t❡rs❝❤❡✐❞❡♥✿ ❊✐♥❡rs❡✐ts ♠üss❡♥ ❛✉❢ ❊❜❡♥❡ ❞❡r ❙♣❡③✐✜❦❛t✐♦♥
❞✐❡ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡♥ ❆♥❢♦r❞❡r✉♥❣❡♥ ❛♥ ❞❛s ✈❡rt❡✐❧t❡ ❙②st❡♠ ❜❡s❝❤r✐❡❜❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥✳
❆♥❞❡r❡rs❡✐ts s♦❧❧ ❞✐❡ ❯♠s❡t③✉♥❣ ❞✐❡s❡r ❆♥❢♦r❞❡r✉♥❣❡♥ ❛❞äq✉❛t ✉♥t❡rstüt③t ✇❡r❞❡♥✳ ❉❡r ❡rs✲
t❡ ❆s♣❡❦t ✜♥❞❡t s✐❝❤ ✐♥ ❞❡r ❉✐❡♥st♦r✐❡♥t✐❡r✉♥❣ ❛❧s s♦❣✳ ❙❡r✈✐❝❡ ▲❡✈❡❧ ❆❣r❡❡♠❡♥ts ✭❙▲❆s✮✱ ✐♥
❞❡♥❡♥ ③✳❇✳ ●❛r❛♥t✐❡♥ ❢ür ❞❛s ❊✐♥❤❛❧t❡♥ ❜❡st✐♠♠t❡r ❲❡rt❡❜❡r❡✐❝❤❡ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡r ❊✐❣❡♥✲



✷✳✷✳ ❑♦♥③❡♣t✐♦♥ ❡✐♥❡s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧s ✾

❆❜❜✐❧❞✉♥❣ ✷✳✻✿ ❩✉s❛♠♠❡♥❢❛ss✉♥❣ ❞❡r P❛r❛❞✐❣♠❡♥❜❡tr❛❝❤t✉♥❣ ✭♥❛❝❤ ❬❇✲✺❪✮

s❝❤❛❢t❡♥ ❢♦r♠✉❧✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❊✐♥❡ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t ✇är❡ ③✳❇✳ ❞✐❡ ❆♥t✲
✇♦rt③❡✐t ❡✐♥❡s ❉✐❡♥st❡s✱ ✉♥❞ ❞✐❡ ❆♥❢♦r❞❡r✉♥❣ ❜③✇✳ ●❛r❛♥t✐❡ ❦ö♥♥t❡ ❞✐❡s❡ ❆♥t✇♦rt③❡✐t ❛✉❢
♠❛①✐♠❛❧ ③❡❤♥ ❙❡❦✉♥❞❡♥ ❜❡s❝❤rä♥❦❡♥✳ ❊✐♥❡ ❛♥❞❡r❡ ❊✐❣❡♥s❝❤❛❢t ✇är❡ ❞✐❡ ❱❡rtr❛✉❧✐❝❤❦❡✐t ❞❡r
❑♦♠♠✉♥✐❦❛t✐♦♥ ♠✐t ❞❡♠ ❉✐❡♥st ✇♦❜❡✐ ❞✐❡ ❆♥❢♦r❞❡r✉♥❣❡♥ ❢❡st❧❡❣❡♥ ❦ö♥♥t❡♥✱ ❞❛ss ③✳❇✳ ❦❡✐♥❡
❱❡rtr❛✉❧✐❝❤❦❡✐t ❜❡♥öt✐❣t ✇✐r❞ ♦❞❡r ❞❛ss ❱❡rtr❛✉❧✐❝❤❦❡✐t ❞✉r❝❤ ❡✐♥ ❱❡rs❝❤❧üss❡❧✉♥❣s✈❡r❢❛❤r❡♥
❡✐♥❡r ❜❡st✐♠♠t❡♥ ▼✐♥❞❡sts✐❝❤❡r❤❡✐t ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ ❙❝❤❧üss❡❧❧ä♥❣❡ ❤❡r❣❡st❡❧❧t ✇❡r❞❡♥ ♠✉ss✳
❉❛ s✐❝❤ ❞✐❡ ❉✐❡♥st♦r✐❡♥t✐❡r✉♥❣ ❛✉❢ ❞✐❡ ❙❝❤♥✐ttst❡❧❧❡ ③✇✐s❝❤❡♥ ❉✐❡♥st♥❡❤♠❡r ✉♥❞ ❉✐❡♥st❡r✲
❜r✐♥❣❡r ❦♦♥③❡♥tr✐❡rt✱ ❜✐❡t❡t s✐❡ ♣❡r s❡ ❦❡✐♥❡ ❯♥t❡rstüt③✉♥❣ ❞❛③✉✱ ✇✐❡ s♦❧❝❤❡ ❆♥❢♦r❞❡r✉♥❣❡♥
❡✐♥❢❛❝❤ ✉♠❣❡s❡t③t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❉✐❡s ✐st ❥❡❞♦❝❤ ❡✐♥❡ ❙tär❦❡ ❞❡s ❑♦♠♣♦♥❡♥t❡♥♠♦❞❡❧❧s✱ ❞❛s
❡✐♥❡ ❚r❡♥♥✉♥❣ ✈♦rs✐❡❤t ③✇✐s❝❤❡♥ ❞❡r ❑♦♠♣♦♥❡♥t❡♥✐♠♣❧❡♠❡♥t❛t✐♦♥✱ ❞✐❡ ❞✐❡ ❡✐❣❡♥t❧✐❝❤❡ ●❡✲
s❝❤ä❢ts❢✉♥❦t✐♦♥ ❜❡r❡✐tst❡❧❧t ✉♥❞ ❞❡r ▲❛✉❢③❡✐t✉♠❣❡❜✉♥❣✱ ❞✐❡ ❞✐❡ ❆✉s❢ü❤r✉♥❣ ✉♥❞ ■♥t❡r❛❦t✐♦♥
❞❡r ❑♦♠♣♦♥❡♥t❡♥ ❦♦♥tr♦❧❧✐❡rt✳ ❙♦♠✐t ❦ö♥♥❡♥ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ✉♥❛❜❤ä♥❣✐❣
✈♦♥ ❞❡r ❑♦♠♣♦♥❡♥t❡♥✐♠♣❧❡♠❡♥t❛t✐♦♥ ❦♦♥✜❣✉r✐❡rt ✉♥❞ ✉♠❣❡s❡t③t ✇❡r❞❡♥✳

❩✉s❛♠♠❡♥❢❛ss❡♥❞ ❧ässt s✐❝❤ ❢❡st❤❛❧t❡♥✱ ❞❛ss ❥❡❞❡s ❞❡r ✈♦r❣❡st❡❧❧t❡♥ P❛r❛❞✐❣♠❡♥ ✐♥ ❇❡✲
③✉❣ ❛✉❢ ❞✐❡ ❣❡♠❡✐♥s❛♠❡ ❆❞r❡ss✐❡r✉♥❣ ❞❡r ✈✐❡r ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❡✐♥❡♥ ❡✐❣❡♥❡♥ ❇❡✐tr❛❣
❧❡✐st❡t ✭✈❣❧✳ ❆❜❜✳ ✷✳✻✮✳ ■♥ ❇❡③✉❣ ❛✉❢ ❞❡♥ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡♥ ❊♥t✇✉r❢ st❡❧❧❡♥ ❖❜❥❡❦t❡✱ ❑♦♠✲
♣♦♥❡♥t❡♥✱ ❉✐❡♥st❡ ✉♥❞ ❆❣❡♥t❡♥ ✉♥✈❡r③✐❝❤t❜❛r❡ ❡✐♥③✐❣❛rt✐❣❡ ❆❜str❛❦t✐♦♥s❦♦♥③❡♣t❡ ❞❛r✱ ✈♦♥
❞❡♥❡♥ ❥❡❞❡s ③✉r ❘❡♣räs❡♥t❛t✐♦♥ ❜❡st✐♠♠t❡r ❆rt❡♥ ✈♦♥ ❆♥✇❡♥❞✉♥❣s❢✉♥❦t✐♦♥❛❧✐tät ❜❡ss❡r ❣❡✲
❡✐❣♥❡t ✐st ❛❧s ❞✐❡ ❥❡✇❡✐❧s ❛♥❞❡r❡♥ ❑♦♥③❡♣t❡✳ ■♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ ✇❡✐t❡r❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥
st❡❧❧t ❞✐❡ ❉✐❡♥st♦r✐❡♥t✐❡r✉♥❣ ❞❛s ✈♦r❤❡rrs❝❤❡♥❞❡ ❑♦♥③❡♣t ❞❛r ❢ür ❞✐❡ ❇❡❤❛♥❞❧✉♥❣ t②♣✐s❝❤❡r
❱❡rt❡✐❧✉♥❣s❛s♣❡❦t❡ ✇✐❡ ❍❡t❡r♦❣❡♥✐tät✱ ✈❡rt❡✐❧t❡s ▲♦♦❦✉♣ ✉♥❞ ❞②♥❛♠✐s❝❤❡s ❇✐♥❞❡♥✳ ❉✐❡♥st❡
s❡❤❡♥ ③✉❞❡♠ ❞✐❡ ❇❡s❝❤r❡✐❜✉♥❣ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡r ❆♥❢♦r❞❡r✉♥❣❡♥ ✐♥ ❙▲❆s ✈♦r✳ ❑♦♠♣♦♥❡♥✲
t❡♥ st❡❧❧❡♥ ♥❡❜❡♥ ✐❤r❡♠ ✇❡s❡♥t❧✐❝❤❡♥ ❇❡✐tr❛❣ ③✉r s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡♥ ❆r❝❤✐t❡❦t✉rs✐❝❤t ❡✐♥
❆✉s❢ü❤r✉♥❣s♠♦❞❡❧❧ ❜❡r❡✐t✱ ❞❛s ❡s ❡r❧❛✉❜t✱ ❞✐❡ ❯♠s❡t③✉♥❣ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡r ❊✐❣❡♥s❝❤❛❢t❡♥
✈♦♥ ❞❡r ■♠♣❧❡♠❡♥t❛t✐♦♥ ❞❡r ❆♥✇❡♥❞✉♥❣s❧♦❣✐❦ ③✉ tr❡♥♥❡♥✳ ❆❣❡♥t❡♥♦r✐❡♥t✐❡r✉♥❣ ❜✐❡t❡t ♣r✐✲
♠är ❆❜str❛❦t✐♦♥s❦♦♥③❡♣t❡ ❢ür ◆❡❜❡♥❧ä✉✜❣❦❡✐t ✉♥❞ ❡r❧❛✉❜t ❞❛rü❜❡r ❤✐♥❛✉s ❞✐❡ ▼♦❞❡❧❧✐❡r✉♥❣
❦♦♠♣❧❡①❡r❡r ❱❡rt❡✐❧✉♥❣s❛s♣❡❦t❡✱ ❞✐❡ ♥✐❝❤t ❞❡♠ ❡✐♥❢❛❝❤❡r❡♥ ❞✐❡♥st♦r✐❡♥t✐❡rt❡♥ ▼♦❞❡❧❧ ❡♥t✲
s♣r❡❝❤❡♥✳

✷✳✷ ❑♦♥③❡♣t✐♦♥ ❡✐♥❡s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧s

❉✐❡ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ P❛r❛❞✐❣♠❡♥ ❜✐❡t❡♥ ❥❡✇❡✐❧s ❱♦rt❡✐❧❡ ❢ür ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❆rt❡♥ ✈♦♥ ❆♥✲
✇❡♥❞✉♥❣❡♥ ❜③✇✳ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❆♥✇❡♥❞✉♥❣s❛s♣❡❦t❡✳ ◆✐❝❤t ✐♠♠❡r ❦♦♠♠❡♥ ❞❛❜❡✐ ❥❡❞♦❝❤
❦♦♥③❡♣t✐♦♥❡❧❧❡ ❙tär❦❡♥ ❛❧❧❡r P❛r❛❞✐❣♠❡♥ ③✉❣❧❡✐❝❤ ③✉♠ ❚r❛❣❡♥✳ ❉✐❡ ■❞❡❡ ❡✐♥❡s ✈❡r❡✐♥❤❡✐t✲
❧✐❝❤t❡♥ ▼♦❞❡❧❧s ✐st ❞❛❤❡r ♥✐❝❤t✱ ❡✐♥ ✈ö❧❧✐❣ ♥❡✉❡s ❑♦♥③❡♣t ③✉ ❡♥t✇✐❝❦❡❧♥✱ ✐♥ ❞❡♠ ✐♠♠❡r ❛❧❧❡
❆s♣❡❦t❡ ❞❡r ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ P❛r❛❞✐❣♠❡♥ ③✉❣❧❡✐❝❤ ❜❡rü❝❦s✐❝❤t✐❣t ✇❡r❞❡♥ ♠üss❡♥✳ ❱✐❡❧♠❡❤r
s♦❧❧ ❞❛s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡ ▼♦❞❡❧❧ ❡s ❡r❧❛✉❜❡♥✱ ❥❡❞❡ ❆♥✇❡♥❞✉♥❣s❡✐♥❤❡✐t ❥❡ ♥❛❝❤ ❑♦♥t❡①t ❛❧s
❖❜❥❡❦t✱ ❑♦♠♣♦♥❡♥t❡✱ ❉✐❡♥st ♦❞❡r ❆❣❡♥t ③✉ ❜❡tr❛❝❤t❡♥✳ ❉✐❡s ❡r❧❛✉❜t ❡s✱ ❡✐♥❡ ❦♦♠♣❧❡①❡ ❑♦✲



✶✵ ❑❛♣✐t❡❧ ✷✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③

❆❜❜✐❧❞✉♥❣ ✷✳✼✿ ❱❡r❡✐♥❤❡✐t❧✐❝❤t❡s ▼♦❞❡❧❧ ✭❛✉s ❬❇✲✺❪✮

♦r❞✐♥❛t✐♦♥ ③✳❇✳ ❛❧s ❱❡r❤❛♥❞❧✉♥❣s♣r♦t♦❦♦❧❧ ③✇✐s❝❤❡♥ ❆❣❡♥t❡♥ ③✉ ❜❡tr❛❝❤t❡♥✱ ❡✐♥❡ ❡✐♥❢❛❝❤❡
❆❜❢r❛❣❡ ❛✉❢ ❞❡r ❣❧❡✐❝❤❡♥ ❆♥✇❡♥❞✉♥❣s❡✐♥❤❡✐t ❥❡❞♦❝❤ ❛❧s s✐♠♣❧❡♥ ▼❡t❤♦❞❡♥❛✉❢r✉❢ ③✇✐s❝❤❡♥
❖❜❥❡❦t❡♥✳ ■♠ ❋♦❧❣❡♥❞❡♥ ✇✐r❞ ❞❛s ❑♦♥③❡♣t ❞❡r ✒❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡✑ ✈♦r❣❡st❡❧❧t✱ ✐♥❞❡♠ ❞✐❡
str✉❦t✉r❡❧❧❡♥ ❊✐❣❡♥s❝❤❛❢t❡♥✱ ❞❛s ❣r✉♥❞❧❡❣❡♥❞❡ ❱❡r❤❛❧t❡♥ s♦✇✐❡ s♣❡③✐❡❧❧❡ ❱❡r❤❛❧t❡♥s♠♦❞❡❧❧❡
✉♥❞ ▼ö❣❧✐❝❤❦❡✐t❡♥ ③✉r ❑♦♠♣♦s✐t✐♦♥ ❡r❧ä✉t❡rt ✇❡r❞❡♥✳

✷✳✷✳✶ ❙tr✉❦t✉r

❉❛s ❙tr✉❦t✉r♠♦❞❡❧❧ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡ st❡❧❧t ❡✐♥❡ ❇❧❛❝❦✲❇♦①✲❙✐❝❤t ❛✉❢ ❡✐♥❡ ❆♥✇❡♥✲
❞✉♥❣s❢✉♥❦t✐♦♥❛❧✐tät ❞❛r✱ ❞✐❡ ✇✐❡ ❢♦❧❣t ♥❛❝❤ ❛✉ÿ❡♥✱ ✇❡♥♥ ❣❡✇ü♥s❝❤t✱ ❞✐❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ❡✐♥❡s
❖❜❥❡❦ts✱ ❡✐♥❡s ❉✐❡♥st❡s✱ ❡✐♥❡r ❑♦♠♣♦♥❡♥t❡ ✉♥❞ ❡✐♥❡s ❆❣❡♥t❡♥ ❛✉❢✇❡✐s❡♥ ❦❛♥♥ ✭✈❣❧✳ ❆❜❜✳ ✷✳✼
❧✐♥❦s✮✿ ●❡❣❡♥ü❜❡r ❉✐❡♥st♥❡❤♠❡r♥ ❦❛♥♥ ❡✐♥❡ ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡ ❋✉♥❦t✐♦♥❛❧✐tät ❛❧s ❉✐❡♥st
❛♥❜✐❡t❡♥✳ ❉✐❡♥st❡ ✇❡r❞❡♥ ❞❛❜❡✐ ✐♥t❡r♥ ü❜❡r ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ❙❝❤♥✐ttst❡❧❧❡♥ ♠✐t ▼❡t❤♦❞❡♥
s♣❡③✐✜③✐❡rt✱ ❦ö♥♥❡♥ ❥❡❞♦❝❤ ❡①t❡r♥ ❛✉❝❤ ❛✉❢ ❛♥❞❡r❡ ❇❡s❝❤r❡✐❜✉♥❣s❢♦r♠❡♥ ✇✐❡ ❲❙❉▲ ❛❜❣❡❜✐❧✲
❞❡t ✇❡r❞❡♥✳ ❙♦♠✐t ❦❛♥♥ ❞✐❡ ❣❧❡✐❝❤❡ ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡ ✐♥ ❡✐♥❡r ❙❖❆ ❛❧s ❉✐❡♥st ✉♥❞ ✐♥ ❡✐♥❡♠
❖❖✲❑♦♥t❡①t ❛❧s ❖❜❥❡❦t ❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥✳ ❉❛s ✐♥t❡r♥❡ ❱❡r❤❛❧t❡♥ ❞❡r ❑♦♠♣♦♥❡♥t❡ ❦❛♥♥
❞❛❜❡✐ ❡✐♥❡♠ ❆❣❡♥t❡♥♠♦❞❡❧❧ ❢♦❧❣❡♥✱ s♦ ❞❛ss ❞✐❡ ❑♦♠♣♦♥❡♥t❡ ♥✐❝❤t ♥✉r ♣❛ss✐✈ ❛✉❢ ❆♥❢r❛❣❡♥
r❡❛❣✐❡rt✱ s♦♥❞❡r♥ ❛✉❝❤ ❛✉s s✐❝❤ s❡❧❜st ❤❡r❛✉s ❛❦t✐✈ s❡✐♥ ❦❛♥♥✳ ■♥❢♦❧❣❡❞❡ss❡♥ ❦❛♥♥ ❡✐♥❡ ❑♦♠✲
♣♦♥❡♥t❡ ❣❧❡✐❝❤③❡✐t✐❣ ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ❜③✇✳ ❞✐❡♥st♦r✐❡♥t✐❡rt❡✱ s②♥❝❤r♦♥❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ❛❧s
❛✉❝❤ ❞✐❡ t②♣✐s❝❤❡ ❛❣❡♥t❡♥♦r✐❡♥t✐❡rt❡✱ ❛s②♥❝❤r♦♥❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ❧❡✐❝❤t ❛❜❜✐❧❞❡♥✳ ■♥❞❡♠ ❞✐❡
❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡ ❛✉❝❤ ❜❡♥öt✐❣t❡ ❆❜❤ä♥❣✐❣❦❡✐t❡♥ ❛❧s ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ❉✐❡♥sts❝❤♥✐ttst❡❧❧❡
❞❡❦❧❛r✐❡rt✱ ❦❛♥♥ ❞✐❡s❡ ✐♥ ❡✐♥❡r ❦♦♠♣♦♥❡♥t❡♥♦r✐❡♥t✐❡rt❡♥ ❆♥✇❡♥❞✉♥❣s❛r❝❤✐t❡❦t✉r ❡✐♥❣❡s❡t③t
✇❡r❞❡♥✳ ❉✐❡ ❑♦♠♠✉♥✐❦❛t✐♦♥s✈❡r❜✐♥❞✉♥❣❡♥ ③✇✐s❝❤❡♥ ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✇❡r❞❡♥ ✉♥❛❜✲
❤ä♥❣✐❣ ✈♦♥ ✐❤r❡r ❋✉♥❦t✐♦♥❛❧✐tät s♣❡③✐✜③✐❡rt✱ s♦ ❞❛ss s♦✇♦❤❧ ❞✐❡♥st♦r✐❡♥t✐❡rt❡s ❞②♥❛♠✐s❝❤❡s
❇✐♥❞❡♥ ❛❧s ❛✉❝❤ ❋❡st✈❡r❞r❛❤t✉♥❣ ü❜❡r ❦♦♠♣♦♥❡♥t❡♥♦r✐❡♥t✐❡rt❡ ❉❡♣❧♦②♠❡♥t✲❉❡s❦r✐♣t♦r❡♥
♠ö❣❧✐❝❤ ✐st✳

❉✐❡s❡s ❙tr✉❦t✉r♠♦❞❡❧❧ ✐st ✐♥s♣✐r✐❡rt ❞✉r❝❤ ❞✐❡ ❙♦❢t✇❛r❡ ❈♦♠♣♦♥❡♥t ❆r❝❤✐t❡❝t✉r❡ ✭❙❈❆✮
❬▼❘✵✾❪✱ ❞✐❡ ❡✐♥ ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡s ▼♦❞❡❧❧ ③✉ ❞❡♥ ❜❡✐❞❡♥ P❛r❛❞✐❣♠❡♥ ❉✐❡♥st❡ ✉♥❞ ❑♦♠♣♦✲
♥❡♥t❡♥ ✈♦rs❝❤❧ä❣t✳ ❉✐❡ ❙❈❆ ❜❡✐♥❤❛❧t❡t ❜❡r❡✐ts ❞✐❡ ❉❡✜♥✐t✐♦♥ ✈♦♥ ❆❜❤ä♥❣✐❣❦❡✐t❡♥ ❛❧s ❛♥✲
❣❡❜♦t❡♥❡ ✉♥❞ ❜❡♥öt✐❣t❡ ❙❝❤♥✐ttst❡❧❧❡♥✱ ❞✐❡ ✐♠ ❙❈❆✲▼♦❞❡❧❧ ❛❧s ❉✐❡♥st❡ ❜❡s❝❤r✐❡❜❡♥ ✇❡r❞❡♥✳
❉❡s ✇❡✐t❡r❡♥ ❦ö♥♥❡♥ ❙❈❆✲❑♦♠♣♦♥❡♥t❡♥ ❡✐♥❡ ❙tr✉❦t✉r ❛✉s ❡✐♥❣❡❜❡tt❡t❡♥ ❯♥t❡r❦♦♠♣♦♥❡♥✲
t❡♥ ❜❡s✐t③❡♥ ✉♥❞ ❛♥❣❡❜♦t❡♥❡ ❜③✇✳ ❜❡♥öt✐❣t❡ ❉✐❡♥st❡ ❞✐❡s❡r ❯♥t❡r❦♦♠♣♦♥❡♥t❡♥ ❛✉❢ ❞✐❡ ❡✐❣❡♥❡
ä✉ÿ❡r❡ ❊❜❡♥❡ ③✐❡❤❡♥✳ ❋ür ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✇✐r❞ ❞❛s ❙❈❆✲▼♦❞❡❧❧ ✉♠ ❆s♣❡❦t❡ ❞❡r ❆❣❡♥✲
t❡♥♦r✐❡♥t✐❡r✉♥❣ ❡r❣ä♥③t✳ ❇❡③♦❣❡♥ ❛✉❢ ❞✐❡ ❙tr✉❦t✉r ❜❡❞❡✉t❡t ❞✐❡s ✐♥s❜❡s♦♥❞❡r❡✱ ❞❛ss ❛❦t✐✈❡
❑♦♠♣♦♥❡♥t❡♥ ♥❡❜❡♥ ❞❡r ❛❧❧❣❡♠❡✐♥❡♥ ❇❧❛❝❦✲❇♦①✲❙✐❝❤t ♥❛❝❤ ❛✉ÿ❡♥✱ ❞✐❡ ❛❧❧❡ ❛❦t✐✈❡♥ ❑♦♠✲
♣♦♥❡♥t❡♥ ❣❡♠❡✐♥s❛♠ ❤❛❜❡♥✱ ✐♥t❡r♥ ❡✐♥❡ s♣❡③✐✜s❝❤❡ ❆r❝❤✐t❡❦t✉r ❜❡s✐t③❡♥ ❦ö♥♥❡♥✱ ❞✐❡ ü❜❡r
❞❛s ❡✐♥❢❛❝❤❡ st❛t✐s❝❤❡ ❱❡rs❝❤❛❝❤t❡❧♥ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥ ❤✐♥❛✉s❣❡❤t✳ ❏❡❞❡ ✐♥t❡r♥❡ ❆r❝❤✐t❡❦✲
t✉r st❡❧❧t ❞❛❜❡✐ ❡✐♥ ❡✐❣❡♥❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❜❡r❡✐t✱ ❞❛s ❞✐❡ ✐♥t❡r♥❡ ❙tr✉❦t✉r ✉♥❞ ❞❛s
✐♥t❡r♥❡ ❱❡r❤❛❧t❡♥ ❡✐♥❡r ❑♦♠♣♦♥❡♥t❡ ❜❡s❝❤r❡✐❜t ✉♥❞ s♦♠✐t ❞❛s ❡①t❡r♥❡✱ ❛❧❧❡♥ ❛❦t✐✈❡♥ ❑♦♠✲
♣♦♥❡♥t❡♥ ❣❡♠❡✐♥s❛♠❡✱ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❡r✇❡✐t❡rt✳ ❑❛♥❞✐❞❛t❡♥ ❢ür ✐♥t❡r♥❡ ❆r❝❤✐t❡❦t✉r❡♥
s✐♥❞ ✉✳❛✳ ❆❣❡♥t❡♥♠♦❞❡❧❧❡ ✇✐❡ ❞❛s ❇❡❧✐❡❢✲❉❡s✐r❡✲■♥t❡♥t✐♦♥✲✭❇❉■✲✮▼♦❞❡❧❧ ✉♥❞ ❞❛s ❚❛s❦✲▼♦❞❡❧❧
✭✈❣❧✳ ❬P♦❦✵✼❪✮ ❛❜❡r ❛✉❝❤ ❑♦♥③❡♣t❡ ③✉r ❇❡s❝❤r❡✐❜✉♥❣ ✈♦♥ ●❡s❝❤ä❢ts♣r♦③❡ss❡♥ ✇✐❡ ❇✉s✐♥❡ss
Pr♦❝❡ss ▼♦❞❡❧❧✐♥❣ ❛♥❞ ◆♦t❛t✐♦♥ ❬❖▼●✶✶❪✱ ❦✉r③ ❇P▼◆✳



✷✳✷✳ ❑♦♥③❡♣t✐♦♥ ❡✐♥❡s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧s ✶✶

❆❜❜✐❧❞✉♥❣ ✷✳✽✿ ❱❡r❡✐♥❤❡✐t❧✐❝❤t❡s ▼♦❞❡❧❧ ✭✐♥ ❆♥❧❡❤♥✉♥❣ ❛♥ ❬❇✲✺❪✮

✷✳✷✳✷ ❱❡r❤❛❧t❡♥

❉❛s ❱❡r❤❛❧t❡♥ ✉♥❞ ✐♥❢♦❧❣❡❞❡ss❡♥ ❛✉❝❤ ❞❛s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❛❦t✐✈❡r ❑♦♠♣♦♥❡♥t❡♥ ❧ässt
s✐❝❤ ❡✐♥t❡✐❧❡♥ ✐♥ ❞✐❡ ❣❡♠❡✐♥s❛♠❡ ❡①t❡r♥❡ ❙✐❝❤t ✉♥❞ ❞✐❡ ✐♥t❡r♥❡♥ ❆r❝❤✐t❡❦t✉r❡♥ s♣❡③✐✜s❝❤❡r
❑♦♠♣♦♥❡♥t❡♥❛rt❡♥✳ ■♥ ❞❡r ❛❧❧❣❡♠❡✐♥❡♥ ❙✐❝❤t ✇✐r❞ ❞✐❡ ❱❡r❜✐♥❞✉♥❣ ③✇✐s❝❤❡♥ ❆❣❡♥t❡♥♦r✐❡♥✲
t✐❡r✉♥❣ ✉♥❞ ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡♠ ▼♦❞❡❧❧ ❞✉r❝❤ ❡✐♥ s♣❡③✐✜s❝❤❡s ❆✉s❢ü❤r✉♥❣s♠♦❞❡❧❧ ❣❡s❝❤❛✛❡♥
✭✈❣❧✳ ❆❜❜✳ ✷✳✽✮✳ ❉✐❡s❡s ❛❞r❡ss✐❡rt ✐♥s❜❡s♦♥❞❡r❡ ❞✐❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣ ❞❡r ◆❡❜❡♥❧ä✉✜❣❦❡✐t✳ ■♥
❞❡r ❛❣❡♥t❡♥♦r✐❡♥t✐❡rt❡♥ ❙✐❝❤t ✇✐r❞ ◆❡❜❡♥❧ä✉✜❣❦❡✐t ❞✉r❝❤ ❞❛s ❑♦♥③❡♣t ❞❡s ❆❣❡♥t❡♥ ❣❡❦❛♣s❡❧t✱
❞❡r ❡✐♥❡ ❛✉t♦♥♦♠❡ ❆✉s❢ü❤r✉♥❣s❡✐♥❤❡✐t r❡♣räs❡♥t✐❡rt✳ ■♥♥❡r❤❛❧❜ ❡✐♥❡s ❆❣❡♥t❡♥ ✇✐r❞ ❤ä✉✜❣
❡✐♥ s♦❣❡♥❛♥♥t❡r ❘❡❛s♦♥✐♥❣ ❈②❝❧❡ ✈❡r✇❡♥❞❡t✱ ❞❡r ❞❛s P❧❛♥❡♥ ✉♥❞ ❆❣✐❡r❡♥ ❞❡s ❆❣❡♥t❡♥ ✐♥ ❦❧❡✐✲
♥❡♥ s❡q✉❡♥t✐❡❧❧❡♥ ❙❝❤r✐tt❡♥ ❦♦♥t✐♥✉✐❡r❧✐❝❤ ✈♦r❛♥tr❡✐❜t✳ ❉❡r ❘❡❛s♦♥✐♥❣ ❈②❝❧❡ ❢♦❧❣t ❞❛❜❡✐ ❡✐♥❡♠
✈♦r❞❡✜♥✐❡rt❡♥ ❆❣❡♥t❡♥♠♦❞❡❧❧✱ ❞❛s ✈♦♥ ❡✐♥❢❛❝❤ ✭❚❛s❦✲▼♦❞❡❧❧✮ ❜✐s ❦♦♠♣❧❡① ✭❇❉■✲▼♦❞❡❧❧✮ ❣❡✲
st❛❧t❡t s❡✐♥ ❦❛♥♥✳ ●❡♠❡✐♥s❛♠❡ ●r✉♥❞❧❛❣❡ ✐st ❞❛s ❦❧❡✐♥s❝❤r✐tt✐❣❡ ③②❦❧✐s❝❤❡ ❆✉s❢ü❤r❡♥✳

✷✳✷✳✷✳✶ ❆❧❧❣❡♠❡✐♥❡s ❱❡r❤❛❧t❡♥

■♥ ❞❡r ❆✉ÿ❡♥s✐❝❤t s♦❧❧❡♥ ❞✐❡s❡ ❉❡t❛✐❧s ❞❡r ✐♥t❡r♥❡♥ ❆r❝❤✐t❡❦t✉r ✈❡r❜♦r❣❡♥ ✇❡r❞❡♥✱ s♦ ❞❛ss
❡✐♥ ❡✐♥❤❡✐t❧✐❝❤❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❢ür ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ■♥t❡r❛❦t✐♦♥✱ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❞❡r
❦♦♥❦r❡t❡♥ ✐♥t❡r♥❡♥ ❆r❝❤✐t❡❦t✉r ❜❡♥öt✐❣t ✇✐r❞✳ ❉❛s ✈♦r❣❡s❝❤❧❛❣❡♥❡ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❣r❡✐❢t
■❞❡❡♥ ❞❡s ❛❦t✐✈❡♥ ❖❜❥❡❦ts ❬▲❙✾✻❪ ✉♥❞ ❞❡s ❆❝t♦r✲▼♦❞❡❧❧s ❬❍❇❙✼✸❪ ❛✉❢✳ ❉❡♠ ❊♥t✇✉r❢s♠✉s✲
t❡r ❛❦t✐✈❡s ❖❜❥❡❦t ❢♦❧❣❡♥❞✱ ✇❡r❞❡♥ ❆✉❢r✉❢❡ ❛✉❢ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡ ♥✐❝❤t ❛✉❢ ❞❡♠
❑♦♥tr♦❧❧✢✉ss ❞❡s ❆✉❢r✉❢❡rs ❛✉s❣❡❢ü❤rt✱ s♦♥❞❡r♥ ✐♥ ❡✐♥❡ ❲❛rt❡s❝❤❧❛♥❣❡ ❡✐♥❣❡❢ü❣t✳ ❊✐♥trä❣❡
❞✐❡s❡r ❲❛rt❡s❝❤❧❛♥❣❡ ✇❡r❞❡♥ ❞✉r❝❤ ❡✐♥❡♥ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡ ③✉❣❡♦r❞♥❡t❡♥ ❙❝❤❡❞✉❧❡r
s❡q✉❡♥t✐❡❧❧ ❛✉s❣❡❢ü❤rt ✭st❡♣s✮✳ ❙♦♠✐t ✐st s✐❝❤❡r❣❡st❡❧❧t✱ ❞❛ss ❞❡r ✐♥t❡r♥❡ ❩✉st❛♥❞ ❡✐♥❡r ❛❦t✐✈❡♥
❑♦♠♣♦♥❡♥t❡ ❞✉r❝❤ ✭♠❛①✐♠❛❧✮ ❡✐♥❡♥ ❑♦♥tr♦❧❧✢✉ss ③✉r ❩❡✐t ❜❡❛r❜❡✐t❡t ✇✐r❞✱ ✇♦❞✉r❝❤ ❦❡✐♥❡
♥❡❜❡♥❧ä✉✜❣❦❡✐ts❜❡❣❞✐♥❣t❡♥ ■♥❦♦♥s✐st❡♥③❡♥ ❛✉❢tr❡t❡♥ ❦ö♥♥❡♥✳ ❊✐♥ Pr♦❜❧❡♠ ❞❡s ❊♥t✇✉r❢s♠✉s✲
t❡rs ❛❦t✐✈❡s ❖❜❥❡❦t ✐st ❞✐❡ ❊♥tst❡❤✉♥❣ ✈♦♥ ❉❡❛❞❧♦❝❦s✳ ❉❛ ♥❡✉❡ ❆✉❢r✉❢❡ ♥✐❝❤t ❛❜❣❡❛r❜❡✐t❡t
✇❡r❞❡♥ ❦ö♥♥❡♥ s♦❧❛♥❣❡ ♥♦❝❤ ❡✐♥ ❛♥❞❡r❡r ❆✉❢r✉❢ ❧ä✉❢t✱ ❡♥tst❡❤t ❧❡✐❝❤t ❡✐♥❡ ③②❦❧✐s❝❤❡ ❲❛rt❡✲
s✐t✉❛t✐♦♥✱ ✇❡♥♥ ③✇❡✐ ❖❜❥❡❦t❡ ❡✐♥❛♥❞❡r ❣❡❣❡♥s❡✐t✐❣ s②♥❝❤r♦♥ ❛✉❢r✉❢❡♥✳ ❉❛s ❆❝t♦r✲▼♦❞❡❧❧ ✐st
❡✐♥ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❢ür ◆❡❜❡♥❧ä✉✜❣❦❡✐t✱ ❞❛s ä❤♥❧✐❝❤ ❞❡♠ ❛❦t✐✈❡♥ ❖❜❥❡❦t ❞✐❡ ❇❡s❝❤rä♥✲
❦✉♥❣ ❛✉❢ ❡✐♥❡♥ ✐♥t❡r♥❡♥ ❑♦♥tr♦❧❧✢✉ss ❥❡ ❆❝t♦r ③✉❣r✉♥❞❡ ❧❡❣t✳ ❉❡❛❞❧♦❝❦s ✇❡r❞❡♥ ❥❡❞♦❝❤ ❞❛✲
❞✉r❝❤ ✈❡r♠✐❡❞❡♥✱ ❞❛ss ❛❧❧❡ ■♥t❡r❛❦t✐♦♥ ❧❡❞✐❣❧✐❝❤ ❞✉r❝❤ ❛s②♥❝❤r♦♥❡ ◆❛❝❤r✐❝❤t❡♥ ❡r❢♦❧❣t✳ ❯♠
❞✐❡ ❆s②♥❝❤r♦♥✐tät ✈♦♥ ❆✉❢r✉❢❡♥ ❛✉❢ ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ③✉ ü❜❡rtr❛❣❡♥ ♦❤♥❡ ❛✉❢ ❞❡♥ ♦❜✲
❥❡❦t♦r✐❡♥t✐❡rt❡♥ ▼❡t❤♦❞❡♥❛✉❢r✉❢ ❛❧s ❣r✉♥❞❧❡❣❡♥❞❡s ■♥t❡r❛❦t✐♦♥s♠♦❞❡❧❧ ③✉ ✈❡r③✐❝❤t❡♥✱ ✇✐r❞
❞❛s ❑♦♥③❡♣t ❞❡s ❛s②♥❝❤r♦♥❡♥ ❆✉❢r✉❢s ♠✐tt❡❧s ❋✉t✉r❡✲❘ü❝❦❣❛❜❡✇❡rt ❬❙▲✵✺❪ ❛❞❛♣t✐❡rt ✭✈❣❧✳
❆❜❜✳ ✷✳✽✱ ❧✐♥❦❡ ❙❡✐t❡✮✳ ❍✐❡r❜❡✐ ✇✐r❞ ❢ür ❥❡❞❡♥ ❆✉❢r✉❢ ❞✐r❡❦t ❡✐♥ ❘ü❝❦❣❛❜❡♦❜❥❡❦t ✭❢✉t✉r❡✮ ❡r✲
③❡✉❣t✱ ♥♦❝❤ ❜❡✈♦r ❞❡r ❆✉❢r✉❢ ❛❜❣❡❛r❜❡✐t❡t ✇✐r❞✳ ❉❛s ❡✐❣❡♥t❧✐❝❤❡ ❊r❣❡❜♥✐s ✇✐r❞ ③✉ ❡✐♥❡♠
s♣ät❡r❡♥ ❩❡✐t♣✉♥❦t ü❜❡r ❡✐♥ ❈❛❧❧❜❛❝❦ ü❜❡r♠✐tt❡❧t✳

❙♦♠✐t st❡❤t ❡✐♥ ♥❡❜❡♥❧ä✉✜❣❡s ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❜❡r❡✐t✱ ❞❛s ✐♥t❡r♥
❜❡r❡✐ts ❞✐❡ ●r✉♥❞❧❛❣❡ ❢ür ❞✐❡ ❯♠s❡t③✉♥❣ ✈❡rs❝❤✐❡❞❡♥❡r ❆❣❡♥t❡♥♠♦❞❡❧❧❡ ❧✐❡❢❡rt✳ ❉✐❡s❡s ▼♦✲
❞❡❧❧ ✇✐r❞ ✐♥ ❆♥❧❡❤♥✉♥❣ ❛♥ ❙❈❆ ✉♠ ❡✐♥❡ ❑♦♠♣♦♥❡♥t❡♥✲ ✉♥❞ ❉✐❡♥sts✐❝❤t ❡r❣ä♥③t✱ ✐♥❞❡♠



✶✷ ❑❛♣✐t❡❧ ✷✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③

❆❜❜✐❧❞✉♥❣ ✷✳✾✿ ❊r✇❡✐t❡r❜❛r❡r ❇✐♥❞✐♥❣✲Pr♦③❡ss ✭❛✉s ❬❇✲✺❪✮

❛✉❢r✉❢❜❛r❡ ▼❡t❤♦❞❡♥ ✐♥ ❙❝❤♥✐ttst❡❧❧❡♥ ❢ür ❛♥❣❡❜♦t❡♥❡ ❉✐❡♥st❡ ✭✈❣❧✳ ❆❜❜✳ ✷✳✽✱ ❧✐♥❦s✮ ③✉s❛♠✲
♠❡♥❣❡❢❛sst ✉♥❞ ❛✉❢❣❡r✉❢❡♥❡ ▼❡t❤♦❞❡♥ ✐♥ ❙❝❤♥✐ttst❡❧❧❡♥ ❢ür ❜❡♥öt✐❣t❡ ❉✐❡♥st❡ ❜❡s❝❤r✐❡❜❡♥
✇❡r❞❡♥ ✭✈❣❧✳ ❆❜❜✳ ✷✳✽✱ r❡❝❤ts✮✳ ❉❡r ❩✉❣r✐✛ ❡✐♥❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡ ❛✉❢ ✐❤r❡ ❜❡♥öt✐❣t❡♥
❉✐❡♥st❡ ❦❛♥♥ ❞❛❜❡✐ ✇❛❤❧✇❡✐s❡ ❦♦♠♣♦♥❡♥t❡♥♦r✐❡♥t✐❡rt ü❜❡r ❡✐♥❡♥ ❡①♣❧✐③✐t❡♥ ❩✉❣r✐✛ ❛✉❢ ❞✐❡
❜❡s❝❤r✐❡❜❡♥❡ ❆❜❤ä♥❣✐❣❦❡✐t ❡r❢♦❧❣❡♥ ♦❞❡r ♦❜❥❡❦t♦r✐❡♥t✐❡rt ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✱ ✐♥❞❡♠ ü❜❡r s♦✲
❣❡♥❛♥♥t❡ ❉❡♣❡♥❞❡♥❝② ■♥❥❡❝t✐♦♥ ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ❙t❡❧❧✈❡rtr❡t❡r ✭♣r♦①✐❡s✮ ❛✉t♦♠❛t✐s❝❤ ③✉r
▲❛✉❢③❡✐t ❛✉s❣❡✇✐❡s❡♥❡♥ ❱❛r✐❛❜❧❡♥ ✐♥ ❞❡r ■♠♣❧❡♠❡♥t❛t✐♦♥ ❞❡r ❑♦♠♣♦♥❡♥t❡ ③✉❣❡✇✐❡s❡♥ ✇❡r✲
❞❡♥✳ ❊♥ts♣r❡❝❤❡♥❞ ❞❡♠ ❦♦♠♣♦♥❡♥t❡♥♦r✐❡♥t✐❡rt❡♥ ❙tr✉❦t✉r♠♦❞❡❧❧ ✭✈❣❧✳ ❆❜s❝❤♥✐tt ✷✳✷✳✶✮ ✐st
❞❛❜❡✐ ❡✐♥❡ st❛t✐s❝❤❡ ❑♦♠♣♦s✐t✐♦♥ ❞❡r ❋✉♥❦t✐♦♥❛❧✐tät ♠ö❣❧✐❝❤✱ ✇❡❧❝❤❡ ❞✐❡ ❆♥✇❡♥❞✉♥❣s❛r❝❤✐✲
t❡❦t✉r ❞✉r❝❤ ❢❡st❡ ❱❡r❜✐♥❞✉♥❣❡♥ ③✇✐s❝❤❡♥ ❑♦♠♣♦♥❡♥t❡♥✐♥st❛♥③❡♥ ✐♥ ❡✐♥❡♠ ❉❡♣❧♦②♠❡♥t✲
▼♦❞❡❧❧ ❢❡st❧❡❣t✳

✷✳✷✳✷✳✷ ❑♦♠♣♦s✐t✐♦♥ ❞✉r❝❤ ❞②♥❛♠✐s❝❤❡s ❇✐♥❞❡♥

❊✐♥ ✇❡s❡♥t❧✐❝❤❡r ❆s♣❡❦t ❞❡r ❉✐❡♥st♦r✐❡♥t✐❡r✉♥❣ ✐st ❞❛s ❞②♥❛♠✐s❝❤❡ ❇✐♥❞❡♥✱ ❞✳❤✳ ❞✐❡ ❆✉s✲
✇❛❤❧ ❡✐♥❡r ❣❡❡✐❣♥❡t❡♥ ❉✐❡♥st✐♥st❛♥③ ❢ür ❡✐♥❡♥ ❆✉❢r✉❢ ③✉r ▲❛✉❢③❡✐t✳ ❯♠ ❞✐❡s❡♥ ❆s♣❡❦t ③✉
✉♥t❡rstüt③❡♥ ✇✐r❞ ❢ür ❞✐❡ ❩✉✇❡✐s✉♥❣ ✭❜✐♥❞✐♥❣✮ ✈♦♥ ❜❡♥öt✐❣t❡♥ ❉✐❡♥st❡♥ ③✉ ❦♦♥❦r❡t❡♥ ❉✐❡♥s✲
t✐♥st❛♥③❡♥ ❡✐♥ ✢❡①✐❜❧❡r✱ ❡r✇❡✐t❡r❜❛r❡r ❇✐♥❞✐♥❣✲Pr♦③❡ss ❡✐♥❣❡❢ü❤rt ✭✈❣❧✳ ❆❜❜✳ ✷✳✾✮✳ ❉✐❡s❡r ✐st
❦♦♥✜❣✉r✐❡r❜❛r ✉♥❞ ❡r✇❡✐t❡r❜❛r ✐♥ ❇❡③✉❣ ❛✉❢ ❞r❡✐ ❆s♣❡❦t❡✿ ✶✮ ❞✐❡ ❱❡r✇❛❧t✉♥❣ ❣❡❢✉♥❞❡♥❡r
❜③✇✳ ✈♦r❣❡❣❡❜❡♥❡r ✭st❛t✐s❝❤❡r✮ ❇✐♥❞✐♥❣s✱ ✷✮ ❞✐❡ ❞②♥❛♠✐s❝❤❡ ❙✉❝❤❡ ♥❛❝❤ ✈♦r❤❛♥❞❡♥❡♥ ❉✐❡♥s✲
t❡♥ ✉♥❞ ✸✮ ❞❛s ❞②♥❛♠✐s❝❤❡ ❊r③❡✉❣❡♥ ♥❡✉❡r ❑♦♠♣♦♥❡♥t❡♥✐♥st❛♥③❡♥✱ ✉♠ ❡✐♥ ❇✐♥❞✐♥❣ ③✉
❡r❢ü❧❧❡♥✳ ❉✐❡ ❱❡r✇❛❧t✉♥❣ ❜❡❛♥t✇♦rt❡t ❡✐♥❡rs❡✐ts ❞✐❡ ❋r❛❣❡✱ ✇✐❡ ✈♦r❣❡❣❡❜❡♥❡ ❇✐♥❞✐♥❣s s♣❡✲
③✐✜③✐❡rt ✇❡r❞❡♥ ✉♥❞ ❛♥❞❡r❡rs❡✐ts✱ ♦❜ ✉♥❞ ✇✐❡ ❧❛♥❣❡ ❣❡❢✉♥❞❡♥❡ ♦❞❡r ✈♦r❣❡❣❡❜❡♥❡ ❇✐♥❞✐♥❣s
✈♦r❣❡❤❛❧t❡♥ ✇❡r❞❡♥✳ ❉✐❡ ❙♣❡③✐✜❦❛t✐♦♥ ❞❡r ❇✐♥❞✐♥❣✲▼❡t❛✲■♥❢♦r♠❛t✐♦♥❡♥ ✇✐r❞ ❞❛❜❡✐ ✐♥ ❡✐✲
♥❡♠ s♣❡③✐❡❧❧❡♥ ❙❡r✈✐❝❡ ❇✐♥❞✐♥❣✲❖❜❥❡❦t ❣❡❦❛♣s❡❧t✱ ❞❛s ❛❧❧❡ ❊✐♥st❡❧❧✉♥❣❡♥ ③✉r ❆✉s❢ü❤r✉♥❣ ❞❡s
❇✐♥❞✐♥❣✲Pr♦③❡ss❡s ❡♥t❤ä❧t✳ ❉✐❡s❡s ❖❜❥❡❦t ❦❛♥♥ ü❜❡r ③✇❡✐ ▼❡❝❤❛♥✐s♠❡♥ ❢ür ❡✐♥❡ ❑♦♠♣♦♥❡♥✲
t❡ s♣❡③✐✜③✐❡rt ✇❡r❞❡♥✳ ❊rst❡♥s ❦❛♥♥ ❞❛s ❇✐♥❞✐♥❣ ❞✐r❡❦t ✐♥ ❞❡r ■♠♣❧❡♠❡♥t❛t✐♦♥ ❛♥❣❡❣❡❜❡♥
✇❡r❞❡♥ ✭③✳❇✳ ü❜❡r ❆♥♥♦t❛t✐♦♥❡♥ ❢ür ❏❛✈❛✲❜❛s✐❡rt❡ ❑♦♠♣♦♥❡♥t❡♥ ♦❞❡r s♣❡③✐❡❧❧❡ ❚❛❣s ❢ür
❳▼▲✲❜❛s✐❡rt❡ ❑♦♠♣♦♥❡♥t❡♥✮✳ ❩✇❡✐t❡♥s ❦❛♥♥ ❞✐❡ ❇✐♥❞✐♥❣✲■♥❢♦r♠❛t✐♦♥ ♥❛❝❤trä❣❧✐❝❤ ✐♥ ❡✐✲
♥❡♠ ❉❡♣❧♦②♠❡♥t✲❉❡s❦r✐♣t♦r ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❞❡r ❑♦♠♣♦♥❡♥t❡♥✐♠♣❧❡♠❡♥t✐❡r✉♥❣ ❛♥❣❡❣❡❜❡♥
✇❡r❞❡♥✳ ❲❡r❞❡♥ ❜❡✐❞❡ ▼❡❝❤❛♥✐s♠❡♥ ❜❡♥✉t③t✱ ❤❛t ❞✐❡ ❡①t❡r♥❡ ✭❞❡♣❧♦②♠❡♥t✮ ❙♣❡③✐✜❦❛t✐♦♥
❱♦rr❛♥❣✳ ❉❛❞✉r❝❤ ❦❛♥♥ ✐♥ ❞❡r ■♠♣❧❡♠❡♥t❛t✐♦♥ ❡✐♥ ❉❡❢❛✉❧t✲❇✐♥❞✐♥❣ ❛♥❣❡❣❡❜❡♥ ✇❡r❞❡♥✱ ❞❛s
❥❡❞♦❝❤ ❢❛❧❧s ♥öt✐❣ ❞✉r❝❤ ❡✐♥❡ s❡♣❛r❛t❡ ❉❡♣❧♦②♠❡♥t✲❙♣❡③✐✜❦❛t✐♦♥ ü❜❡rs❝❤r✐❡❜❡♥ ✇❡r❞❡♥ ❦❛♥♥✳
❉❛s ❱♦r❤❛❧t❡♥ ❜❡st❡❤❡♥❞❡r ❇✐♥❞✐♥❣s ✉♥t❡rs❝❤❡✐❞❡t ✈♦❧❧stä♥❞✐❣ ❞②♥❛♠✐s❝❤❡ ❇✐♥❞✐♥❣s ✭❢ür ❥❡✲
❞❡♥ ❆✉❢r✉❢ ✇✐r❞ ❡✐♥ ♥❡✉❡r ❉✐❡♥st ❣❡s✉❝❤t✮ ✈♦♥ ✈♦❧❧stä♥❞✐❣ st❛t✐s❝❤❡♥ ❇✐♥❞✐♥❣s ✭❡s ✇✐r❞ ♥✉r
❞❛s ✈♦r❣❡❣❡❜❡♥❡ ❇✐♥❞✐♥❣ ❜❡♥✉t③t ❜③✇✳ ❧❡❞✐❣❧✐❝❤ ❜❡✐♠ ❡rst❡♥ ❆✉❢r✉❢ ❣❡s✉❝❤t✮✳ ❩✇✐s❝❤❡♥❢♦r✲
♠❡♥ s✐♥❞ ♠ö❣❧✐❝❤✱ s♦ ③✳❇✳ ❞❛s ❱♦r❤❛❧t❡♥ ❡✐♥❡s ❡✐♥♠❛❧ ❣❡❢✉♥❞❡♥❡♥ ❉✐❡♥st❡s ♠✐t ❡✐♥❡r ❡r♥❡✉t❡♥
❙✉❝❤❡✱ ❢❛❧❧s ❞❡r ❜❡❦❛♥♥t❡ ❉✐❡♥st ✐r❣❡♥❞✇❛♥♥ ♥✐❝❤t ♠❡❤r ✈❡r❢ü❣❜❛r s❡✐♥ s♦❧❧t❡✳ ❆♥ ❞✐❡s❡r ❙t❡❧❧❡
❧ässt s✐❝❤ ❞❡r Pr♦③❡ss ❥❡ ♥❛❝❤ ❆♥✇❡♥❞✉♥❣s❦♦♥t❡①t ❛✉❝❤ ✉♠ s♣❡③✐❡❧❧❡r❡ ❱❡r❢❛❤r❡♥ ❡r✇❡✐t❡r♥✳
❙♦ ✐st ③✳❇✳ ❡✐♥ ▲❡❛s❡✲❚✐♠❡✲▼❡❝❤❛♥✐s♠✉s ❞❡♥❦❜❛r✱ ❞❡r ❣❡❢✉♥❞❡♥❡ ❉✐❡♥st❡ ♥✉r ❢ür ❡✐♥❡♥ ❜❡✲
st✐♠♠t❡♥ ❩❡✐tr❛✉♠ ✈♦r❤ä❧t✳

❉❡r ③✇❡✐t❡ ❡r✇❡✐t❡r❜❛r❡ ❆s♣❡❦t ❞❡s Pr♦③❡ss❡s ✐st ❞✐❡ ❡✐❣❡♥t❧✐❝❤❡ ❙✉❝❤❡✱ ❞✳❤✳ ❞✐❡ ▼❡❝❤❛✲
♥✐s♠❡♥ ③✉♠ ❆✉✣♥❞❡♥ ✉♥❞ ❆✉s✇ä❤❧❡♥ ✈♦♥ ❉✐❡♥st✐♥st❛♥③❡♥✱ ❢❛❧❧s ❦❡✐♥ ❛❦t✉❡❧❧❡s ❇✐♥❞✐♥❣
✈♦r❧✐❡❣t✳ ❉❛s ●r✉♥❞♠♦❞❡❧❧ ❧❡❣t ❞❛❜❡✐ ✈❡rs❝❤✐❡❞❡♥❡ s♦❣❡♥❛♥♥t❡ ❙✉❝❤rä✉♠❡ ✭s❡❛r❝❤ s❝♦♣❡s✮



✷✳✷✳ ❑♦♥③❡♣t✐♦♥ ❡✐♥❡s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧s ✶✸

❆❜❜✐❧❞✉♥❣ ✷✳✶✵✿ ❙❡❛r❝❤ ❙❝♦♣❡s ✭❛✉s ❬❇✲✺❪✮

③✉❣r✉♥❞❡✱ ❞✐❡ ❣❣❢✳ ❞✐❡ ▼❡♥❣❡ ❛♥ ❑♦♠♣♦♥❡♥t❡♥ ❡✐♥s❝❤rä♥❦❡♥✱ ❞✐❡ ♣♦t❡♥t✐❡❧❧ ❛❧s ❉✐❡♥st❛♥❜✐❡t❡r
✐♥❢r❛❣❡ ❦♦♠♠❡♥ ✭✈❣❧✳ ❆❜❜✳ ✷✳✶✵✮✳ ❍✐❡r❜❡✐ ✇✐r❞ ✉♥t❡rs❝❤✐❡❞❡♥ ③✇✐s❝❤❡♥ ❞❡r ❙✉❝❤❡ ü❜❡r ❛❧❧❡
❜❡❦❛♥♥t❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✭❣❧♦❜❛❧ s❝♦♣❡✮✱ ❞✐❡ ❛✉❝❤ ❑♦♠♣♦♥❡♥t❡♥ ❛✉❢ ❡♥t❢❡r♥t❡♥ P❧❛tt❢♦r♠❡♥
❡✐♥s❝❤❧✐❡ÿt✱ ✉♥❞ ✈❡rs❝❤✐❡❞❡♥❡♥ ♣❧❛tt❢♦r♠✐♥t❡r♥❡♥ ❙❝♦♣❡s✱ ✇✐❡ ③✳❇✳ ❞❡♠ ❈♦♠♣♦♥❡♥t ❙❝♦♣❡✱
❞❡r ❞✐❡ s✉❝❤❡♥❞❡ ❑♦♠♣♦♥❡♥t❡ ✉♥❞ ❛❧❧❡ ✐❤r❡ ❯♥t❡r❦♦♠♣♦♥❡♥t❡♥ ✉♠❢❛sst ✭s✳ ❆❜❜✳ ✷✳✶✵✱ ❧✐♥❦s
✉♥t❡♥✮✳ ◆❡❜❡♥ ❞❡r ❆✉s✇❛❤❧ ❡✐♥❡s ❙✉❝❤r❛✉♠❡s ❧ässt s✐❝❤ ❞✐❡ ❙✉❝❤❡ ③✉❞❡♠ ❞✉r❝❤ ❡✐♥❡ ❑❛r❞✐✲
♥❛❧✐tät ✭❡✐♥ ❜③✇✳ ♠❡❤r❡r❡ ❉✐❡♥st❡✮ ✉♥❞ s♦❣❡♥❛♥♥t❡ ❚❛❣s ❢ür ❊✐❣❡♥s❝❤❛❢t❡♥ ✇❡✐t❡r ✈❡r❢❡✐♥❡r♥✱
✇♦❜❡✐ ❞✐❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ❢✉♥❦t✐♦♥❛❧❡r ✭③✳❇✳ ❞❡r ❉✐❡♥st ❢ür ❡✐♥❡♥ s♣❡③✐✜s❝❤❡♥ ◆✉t③❡r✮ ✉♥❞
♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡r ◆❛t✉r s❡✐♥ ❦ö♥♥❡♥ ✭③✳❇✳ ❞❡r ❉✐❡♥st ♠✐t ❞❡r ❣❡r✐♥❣st❡♥ ❆♥t✇♦rt③❡✐t✮✳

❩✉❧❡t③t ❜✐❡t❡t ❞❡r ❇✐♥❞✐♥❣✲Pr♦③❡ss ❡✐♥❡♥ ▼❡❝❤❛♥✐s♠✉s✱ ✉♠ ♥❡✉❡ ❑♦♠♣♦♥❡♥t❡♥ ❛✉t♦♠❛✲
t✐s❝❤ ③✉ ❡r③❡✉❣❡♥✱ ❢❛❧❧s ❞❡r ❉✐❡♥st ♥✐❝❤t ✉♥t❡r ❞❡♥ ✈♦r❤❛♥❞❡♥❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❛✉✣♥❞❜❛r ✐st✳
❍✐❡r❢ür ❦❛♥♥ ♥❡❜❡♥ ❞❡♠ ❚②♣ ❞❡r ③✉ st❛rt❡♥❞❡♥ ❑♦♠♣♦♥❡♥t❡ ✉♥❞ ✐❤r❡♥ ❑♦♥✜❣✉r❛t✐♦♥s♦♣t✐♦✲
♥❡♥ ❛✉❝❤ ❞✐❡ ü❜❡r❣❡♦r❞♥❡t❡ ❑♦♠♣♦♥❡♥t❡ ✭♣❛r❡♥t✮ ❛♥❣❡❣❡❜❡♥ ✇❡r❞❡♥✱ ❛❧s ❞❡ss❡♥ ❯♥t❡r❦♦♠✲
♣♦♥❡♥t❡ ✭❝❤✐❧❞✮ ❞✐❡ ♥❡✉❡ ❑♦♠♣♦♥❡♥t❡ ❣❡st❛rt❡t ✇❡r❞❡♥ s♦❧❧✳ ❉❛ s✐❝❤ ❞✐❡ P❛r❡♥t✲❑♦♠♣♦♥❡♥t❡
❛✉❝❤ ❛✉❢ ❡✐♥❡♠ ❡♥t❢❡r♥t❡♥ ❑♥♦t❡♥ ❜❡✜♥❞❡♥ ❦❛♥♥✱ ✐st ❤✐❡rü❜❡r ❛✉❝❤ ❡✐♥❡ ❛✉t♦♠❛t✐s❝❤❡ ❱❡r✲
t❡✐❧✉♥❣ ♠ö❣❧✐❝❤✳

✷✳✷✳✷✳✸ ❙♣❡③✐✜s❝❤❡ ✐♥t❡r♥❡ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧❡ ❢ür ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❑♦♠♣♦✲
♥❡♥t❡♥❛rt❡♥

❉✐❡ ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣ ♠❛❝❤t ❦❡✐♥❡ ❱♦r❣❛❜❡♥ ③✉r ❘❡❛❧✐s✐❡r✉♥❣ ❞❡s ❖❜❥❡❦t✈❡r❤❛❧t❡♥s✳ ❑♦♠✲
♣♦♥❡♥t❡♥♦r✐❡♥t✐❡r✉♥❣ ✉♥❞ ❉✐❡♥st♦r✐❡♥t✐❡r✉♥❣ s❝❤❧❛❣❡♥ ❡❜❡♥❢❛❧❧s ❦❡✐♥ ✇❡✐t❡r❣❡❤❡♥❞❡s ▼♦❞❡❧❧
③✉r ❘❡❛❧✐s✐❡r✉♥❣ ❡✐♥❢❛❝❤❡r ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ❉✐❡♥st❡ ✈♦r✳ ❏❡❞♦❝❤ ❦♦♠♠t ✐♥ ❜❡✐❞❡♥ ❆♥sät③❡♥
❡✐♥ ❑♦♠♣♦s✐t✐♦♥s♣r✐♥③✐♣ ③✉r ❆♥✇❡♥❞✉♥❣✿ ❦♦♠♣❧❡①❡ ❑♦♠♣♦♥❡♥t❡♥ ❦ö♥♥❡♥ s✐❝❤ ❛✉s ❡✐♥❢❛❝❤❡✲
r❡♥ ❑♦♠♣♦♥❡♥t❡♥ ③✉s❛♠♠❡♥s❡t③❡♥ ✉♥❞ ❉✐❡♥st❡ ❦ö♥♥❡♥ ✐♥ ●❡s❝❤ä❢ts♣r♦③❡ss❡♥ ♦r❝❤❡str✐❡rt
✇❡r❞❡♥✳ ■♥ ❞❡r ❆❣❡♥t❡♥♦r✐❡♥t✐❡r✉♥❣ ❧✐❡❣t ❞❡r ❋♦❦✉s ✐♥ ✈✐❡❧❡♥ ▼♦❞❡❧❧❡♥ ❥❡❞♦❝❤ ❜❡r❡✐ts ❛✉❢
❞❡r ❇❡s❝❤r❡✐❜✉♥❣ ❞❡s ❱❡r❤❛❧t❡♥s ❡✐♥❢❛❝❤❡r✱ ❞✳❤✳ ♥✐❝❤t ③✉s❛♠♠❡♥❣❡s❡t③t❡r ❆❣❡♥t❡♥✳ ❯♠ ❞❡♥
✈❡rs❝❤✐❡❞❡♥❡♥ ✈❡r❢ü❣❜❛r❡♥ ❆❣❡♥t❡♥♠♦❞❡❧❧❡♥ ❣❡r❡❝❤t ③✉ ✇❡r❞❡♥✱ ❜❡s✐t③❡♥ ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥✲
t❡♥ ❡✐♥❡ ✐♥t❡r♥❡ ❆r❝❤✐t❡❦t✉r✱ ❞✐❡ ❛❧❧❡ ❆s♣❡❦t❡ ❞❡r s♣❡③✐✜s❝❤❡♥ ✐♥t❡r♥❡♥ ❙tr✉❦t✉r ✉♥❞ ❞❡s
✐♥t❡r♥❡♥ ❱❡r❤❛❧t❡♥s ❢❡st❧❡❣t✳ ■♥t❡r♥ ❜❡❞❡✉t❡t ❤✐❡r❜❡✐✱ ❞❛ss ❞✐❡s❡ ❉❡t❛✐❧s ❞❡r ❑♦♠♣♦♥❡♥t❡♥✲
✐♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ ❛✉ÿ❡♥✱ ❞✳❤✳ ❢ür ❞✐❡ ■♥t❡r❛❦t✐♦♥ ♠✐t ❞✐❡s❡r ❑♦♠♣♦♥❡♥t❡✱ ♥✐❝❤t ❞✐r❡❦t
s✐❝❤t❜❛r s✐♥❞ ✉♥❞ ♥✐❝❤t ❜❡❦❛♥♥t s❡✐♥ ♠üss❡♥✳

❉❛s ❛❧❧❣❡♠❡✐♥❡ ●r✉♥❞♠♦❞❡❧❧ ❡r♠ö❣❧✐❝❤t ❡s✱ ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❡✐❣❡♥❡ ❉✐❡♥st❡ ❛♥✲
③✉❜✐❡t❡♥ s♦✇✐❡ ❉✐❡♥st❡ ❛♥❞❡r❡r ❑♦♠♣♦♥❡♥t❡♥ ③✉ ✜♥❞❡♥ ✉♥❞ ❛✉❢③✉r✉❢❡♥✳ ❉❛s ●r✉♥❞♠♦❞❡❧❧
❡r❧❛✉❜t ③✉❞❡♠ ❞✐❡ ❱❡rs❝❤❛❝❤t❡❧✉♥❣ ❛❦t✐✈❡r ❑♦♠♣♦♥❡♥t❡♥ ✐♥ ❡✐♥❡r ❍✐❡r❛r❝❤✐❡ ❛✉s ü❜❡r✲ ✉♥❞
✉♥t❡r❣❡♦r❞♥❡t❡♥ ❑♦♠♣♦♥❡♥t❡♥✳ ❉❛♠✐t s✐♥❞ ❞✐❡ ✇❡s❡♥t❧✐❝❤❡♥ ❊✐❣❡♥s❝❤❛❢t❡♥ s♦✇♦❤❧ ❞❡s ♦❜❥❡❦✲
t♦r✐❡♥t✐❡rt❡♥ ✭❜❡✐ ■♥t❡r♣r❡t❛t✐♦♥ ❞❡r ❉✐❡♥st❛✉❢r✉❢❡ ❛❧s ▼❡t❤♦❞❡♥❛✉❢r✉❢❡✮ ✉♥❞ ❞❡s ❦♦♠♣♦♥❡♥✲
t❡♥♦r✐❡♥t✐❡rt❡♥ ▼♦❞❡❧❧s ❜❡r❡✐ts ✐♠ ●r✉♥❞♠♦❞❡❧❧ ❛❦t✐✈❡r ❑♦♠♣♦♥❡♥t❡♥ ❛❜❣❡❞❡❝❦t✳ ❙♣❡③✐✜s❝❤❡
✐♥t❡r♥❡ ❆r❝❤✐t❡❦t✉r❡♥ ❡r✇❡✐t❡r♥ ❞❛s ●r✉♥❞♠♦❞❡❧❧ ✐♥ ❍✐♥❜❧✐❝❦ ❛✉❢ ❉✐❡♥st✲ ❜③✇✳ ❆❣❡♥t❡♥♦r✐❡♥✲



✶✹ ❑❛♣✐t❡❧ ✷✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③

t✐❡r✉♥❣✳ ❩✉r ✈♦❧❧stä♥❞✐❣❡♥ ❯♥t❡rstüt③✉♥❣ ❞❡r ❉✐❡♥st♦r✐❡♥t✐❡r✉♥❣ ✇✐r❞ ❞✐❡ ❑♦♠♣♦s✐t✐♦♥ ✈♦♥
❉✐❡♥st❡♥ ❞✉r❝❤ ❡✐♥❡ ●❡s❝❤ä❢ts♣r♦③❡ss❜❡s❝❤r❡✐❜✉♥❣ ♥❛❝❤ ❞❡♠ ❇P▼◆✲❙t❛♥❞❛r❞ ❬❖▼●✶✶❪ ❡r✲
♠ö❣❧✐❝❤t✳ ❉✐❡ ✐♥t❡r♥❡ ❆r❝❤✐t❡❦t✉r ❜❡s❝❤r❡✐❜t ❞❛❜❡✐ ❡✐♥❡rs❡✐ts ❞✐❡ ■♥t❡r♣r❡t❛t✐♦♥ ❞❡s ❇P▼◆✱
❞✳❤✳✱ ❞✐❡ ❆✉s❢ü❤r✉♥❣ ❞❡s ♠♦❞❡❧❧✐❡rt❡♥ Pr♦③❡ss❡s ❛❧s ❛❦t✐✈❡s ❱❡r❤❛❧t❡♥ ❞❡r ❑♦♠♣♦♥❡♥t❡♥✳
❆♥❞❡r❡rs❡✐ts s❝❤❛✛t s✐❡ ❞✐❡ ❊✐♥❜✐♥❞✉♥❣ ✐♥ ❞❛s ●r✉♥❞♠♦❞❡❧❧✱ ✐♥ ❞❡♠ Pr♦③❡ss❛❦t✐✈✐tät❡♥ ✉♥❞
✲❡r❡✐❣♥✐ss❡ ❛✉❢ ❞✐❡ ♥❛❝❤ ❛✉ÿ❡♥ s✐❝❤t❜❛r❡♥ ❜❡♥öt✐❣t❡♥ ✉♥❞ ❛♥❣❡❜♦t❡♥❡♥ ❉✐❡♥st❡ ❛❜❣❡❜✐❧❞❡t
✇❡r❞❡♥✳ ❲❡✐t❡r❡ ❉❡t❛✐❧s ③✉r ❊✐♥❜✐♥❞✉♥❣ ✈♦♥ ●❡s❝❤ä❢ts♣r♦③❡ss❡♥ ✐♥ ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥
✜♥❞❡♥ s✐❝❤ ✐♥ ❬❇r❛✶✸❪✳

❋♦❦✉s ❞✐❡s❡r ❆r❜❡✐t s✐♥❞ ✐♥s❜❡s♦♥❞❡r❡ ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t❡♥ ③✉r ❇❡s❝❤r❡✐❜✉♥❣ ✐♥t❡❧❧✐❣❡♥t❡♥
❆❣❡♥t❡♥✈❡r❤❛❧t❡♥s ✭✈❣❧✳ ❑❛♣✐t❡❧ ✸✮✳ ❉❛ ❞❡r ❇❡r❡✐❝❤ ❞❡r ❆❣❡♥t❡♥t❡❝❤♥♦❧♦❣✐❡ s✐❝❤ s❡❤r ❞✐✲
✈❡rs ❣❡st❛❧t❡t ✭✈❣❧✳ ❬P❇▲✵✺❝❪✮ ❡①✐st✐❡r❡♥ ③❛❤❧r❡✐❝❤❡ s❡❤r ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❱♦rs❝❤❧ä❣❡ ③✉r ❇❡✲
s❝❤r❡✐❜✉♥❣ ✈♦♥ ❆❣❡♥t❡♥✈❡r❤❛❧t❡♥✳ ■♠ ❘❛❤♠❡♥ ❞✐❡s❡r ❆r❜❡✐t ✇❡r❞❡♥ ③✇❡✐ s♣❡③✐✜s❝❤❡ ❆❣❡♥✲
t❡♥♠♦❞❡❧❧❡ ✐♥ ❞❡♥ ❆♥s❛t③ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✐♥t❡❣r✐❡rt✳ ❉✐❡ ❆✉s✇❛❤❧ ❞❡r ❜❡✐❞❡♥
❆❣❡♥t❡♥♠♦❞❡❧❧❡ ✐st ❞❛❜❡✐ ❞✉r❝❤ ③✇❡✐ ❑r✐t❡r✐❡♥ ❜❡❣rü♥❞❡t✳ ❊rst❡♥s ✇❡r❞❡♥ ❆❣❡♥t❡♥♠♦❞❡❧❧❡
❛✉s❣❡✇ä❤❧t✱ ❞✐❡ ❡s ❡r❧❛✉❜❡♥✱ ❣❡♠❡✐♥s❛♠ ❡✐♥❡ ♠ö❣❧✐❝❤st ❣r♦ÿ❡ ❩❛❤❧ ❛♥ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥
❛❜③✉❞❡❝❦❡♥✳ ❉✐❡ ❡rst❡ ❲❛❤❧ ✜❡❧ ❤✐❡r❜❡✐ ❛✉❢ ❞❛s ❇❉■✲▼♦❞❡❧❧ ❬❇r❛✽✼❪✱ ❞❛ ❡s ❡✐♥❡rs❡✐ts ❡✐♥
✐♥t✉✐t✐✈ ✈❡rstä♥❞❧✐❝❤❡s ✉♥❞ s♦♠✐t ❡✐♥❢❛❝❤ ❛♥③✉✇❡♥❞❡♥❞❡s ✉♥❞ ❛♥❞❡r❡rs❡✐ts ❡✐♥ s❡❤r ♠ä❝❤t✐✲
❣❡s ❆❣❡♥t❡♥♠♦❞❡❧❧ ✐st ✭✈❣❧✳ ❬P♦❦✵✼❪✮✳ ❆❧s ❊r❣ä♥③✉♥❣ ❤✐❡r③✉ ✇✐r❞ ♠✐t ❞❡♠ ❚❛s❦✲▼♦❞❡❧❧ ❡✐♥
❱❡rtr❡t❡r ❛✉s❣❡✇ä❤❧t✱ ❞❡r ♣r✐♠är ❢ür s❡❤r ❡✐♥❢❛❝❤❡ ❆❣❡♥t❡♥ ❣❡❡✐❣♥❡t ✐st ✉♥❞ ❞❡ss❡♥ Pr♦✲
❣r❛♠♠✐❡r♠♦❞❡❧❧ ❡✐♥❡ ❣r♦ÿ❡ ◆ä❤❡ ③✉r ❖❜❥❡❦t♦r✐❡♥t✐❡r✉♥❣ ❜❡s✐t③t ✭✈❣❧✳ ❬P❇▲✵✺❝❪✮✳ ❉❛s ③✇❡✐t❡
❑r✐t❡r✐✉♠ ❢ür ❞✐❡ ❆✉s✇❛❤❧ ❞❡s ❇❉■✲ ✉♥❞ ❞❡s ❚❛s❦✲▼♦❞❡❧❧s ✐st ❞✐❡ ❉✐✈❡rs✐tät✱ ❞❛ ❤✐❡r❞✉r❝❤
❣❡③❡✐❣t ✇❡r❞❡♥ ❦❛♥♥✱ ❞❛ss ♣r✐♥③✐♣✐❡❧❧ s❡❤r ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❆❣❡♥t❡♥♠♦❞❡❧❧❡ ♥❛❤t❧♦s ✐♥ ❞❡♥
❆♥s❛t③ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✐♥t❡❣r✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❙♦♠✐t s♦❧❧t❡ ❞❡r ❆♥s❛t③ ❜❡✐
❦♦♥❦r❡t ❜❡st❡❤❡♥❞❡♥ ❆♥✇❡♥❞✉♥❣s❛♥❢♦r❞❡r✉♥❣❡♥ ❛✉❝❤ ❧❡✐❝❤t ❞✉r❝❤ ✇❡✐t❡r❡ ❆❣❡♥t❡♥♠♦❞❡❧❧❡
❡r✇❡✐t❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✱ ✇✐❡ ③✳❇✳ ❙❖❆❘ ❬▲▲❘✵✻❪ ❢ür ❧❡r♥❢ä❤✐❣❡ ❆❣❡♥t❡♥✳

◆❡❜❡♥ ❞✐❡s❡♥ ❣r✉♥❞❧❡❣❡♥❞❡♥ ✐♥t❡r♥❡♥ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧❡♥ ✇✉r❞❡♥ ③✉❞❡♠ ✇❡✐t❡r❡ ❦♦♠✲
❜✐♥✐❡rt❡ ❜③✇✳ ❡r❣ä♥③❡♥❞❡ ✐♥t❡r♥❡ ❆r❝❤✐t❡❦t✉r❡♥ ❦♦♥③✐♣✐❡rt✳ ❙♦ ③✳❇✳ ❞❛s ●P▼◆✲▼♦❞❡❧❧ ❬❏❛♥✶✻❪✱
❞❛s ❞✐❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ✈♦♥ ❇❉■✲❆❣❡♥t❡♥ ✉♥❞ ❇P▼◆✲Pr♦③❡ss❡♥ ❦♦♠❜✐♥✐❡rt ③✉r ❇❡s❝❤r❡✐❜✉♥❣
③✐❡❧♦r✐❡♥t✐❡rt❡r ●❡s❝❤ä❢ts♣r♦③❡ss❡ ✉♥❞ ❡✐♥❡ ❡r❣ä♥③❡♥❞❡ ✐♥t❡r♥❡ ❆r❝❤✐t❡❦t✉r ❢ür ❙✐♠✉❧❛t✐♦♥s✲
✉♠❣❡❜✉♥❣❡♥✱ ❞✐❡ ❡s ❡r❧❛✉❜t✱ ❆♥✇❡♥❞✉♥❣ss②st❡♠❡ ✐♥ ❛✉t♦♠❛t✐s❝❤ ❣❡st❡✉❡rt❡♥ ❙✐♠✉❧❛t✐♦♥s✲
s③❡♥❛r✐❡♥ ③✉ t❡st❡♥ ✭✈❣❧✳ ❆❜s❝❤♥✐tt ✸✳✸✳✷✮✳

✷✳✸ ❇❡r❡✐tst❡❧❧✉♥❣ ❡✐♥❡r ✈❡rt❡✐❧t❡♥ ▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦✲

t✉r

❉❛s ❑♦♥③❡♣t ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✐st ✐♥ ❡✐♥❡♠ ✒❏❛❞❡①✑ ❣❡♥❛♥♥t❡♥ ❋r❛♠❡✇♦r❦ ✉♠✲
❣❡s❡t③t✱ ❞❛s ❛❧s ❖♣❡♥ ❙♦✉r❝❡ ▼✐❞❞❧❡✇❛r❡ ✉♥❞ Pr♦❣r❛♠♠✐❡r✲❋r❛♠❡✇♦r❦ ❢r❡✐ ③✉r ❱❡r❢ü❣✉♥❣
❣❡st❡❧❧t ✇✐r❞✳✶ ❙❡✐t ✷✵✶✹ ✇✐r❞ ❞✐❡ ❇❡r❡✐tst❡❧❧✉♥❣ ✉♥❞ ❲❡✐t❡r❡♥t✇✐❝❦❧✉♥❣ ✈♦♥ ❏❛❞❡① ✐♥ ❑♦✲
♦♣❡r❛t✐♦♥ ③✇✐s❝❤❡♥ ❞❡r ❯♥✐✈❡rs✐tät ❍❛♠❜✉r❣ ✉♥❞ ❡✐♥❡♠ ❙♣✐♥✲♦✛ ❜❡tr✐❡❜❡♥✱ ❞❛s ✉♥t❡r ❞❡♠
◆❛♠❡♥ ❆❝t♦r♦♥ ●♠❜❍ ✜r♠✐❡rt✳✷ ❙❡✐t ❞✐❡s❡r ❩❡✐t ✇✉r❞❡ ❏❛❞❡① ✐♥ ♠❡❤r❡r❡♥ ❦♦♠♠❡r③✐❡❧❧❡♥
Pr♦❥❡❦t❡♥ ❡✐♥❣❡s❡t③t ✉♥❞ ❤❛t s❡✐♥❡ Pr❛①✐st❛✉❣❧✐❝❤❦❡✐t ✉♥t❡r ❇❡✇❡✐s ❣❡st❡❧❧t✳

❉✐❡ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡ ❯♠s❡t③✉♥❣ ❞❡s ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲❑♦♥③❡♣ts ✐♥ ❏❛❞❡① ✈❡r❢♦❧❣t
❞❛❜❡✐ ❞r❡✐ ❍❛✉♣t③✐❡❧❡✿ ✶✮ ❖rt❤♦❣♦♥❛❧✐tät ✉♥❞ ❊r✇❡✐t❡r❜❛r❦❡✐t ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ Pr♦❣r❛♠✲
♠✐❡r❦♦♥③❡♣t❡✱ ✷✮ ❑♦♥✜❣✉r✐❡r❜❛r❦❡✐t ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ ❆✉s❢ü❤r✉♥❣s✉♠❣❡❜✉♥❣ ✉♥❞ ✸✮ ❡✐♥❢❛❝❤❡
❇❡♥✉t③❜❛r❦❡✐t ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ Pr♦❣r❛♠♠✐❡r✉♥❣ ✉♥❞ ❛✉❢ ❞❡♥ ❇❡tr✐❡❜✳ ❉✐❡s❡ ❩✐❡❧❡ ✇❡r❞❡♥
❛✉❢ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ❊❜❡♥❡♥ ❛❞r❡ss✐❡rt✱ ✇✐❡ ✐♥ ❞❡♥ ❢♦❧❣❡♥❞❡♥ ❆❜s❝❤♥✐tt❡♥ ❜❡s❝❤r✐❡❜❡♥✳

✷✳✸✳✶ ❯♠s❡t③✉♥❣ ❞❡s ❑♦♠♣♦♥❡♥t❡♥♠♦❞❡❧❧s

❉✐❡ ❯♠s❡t③✉♥❣ ❞❡s ❑♦♠♣♦♥❡♥t❡♥♠♦❞❡❧❧s ❜✐❧❞❡t ❞✐❡ ✇❡s❡♥t❧✐❝❤❡ ❑❡r♥str✉❦t✉r ❞❡s ❋r❛♠❡✲
✇♦r❦s✳ ❙✐❡ st❡❧❧t ❛❧❧❡ Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ❜❡r❡✐t ✉♥❞ r❡❛❧✐s✐❡rt ❞✐❡ ❞❛❤✐♥t❡rst❡❤❡♥❞❡ ❋r❛♠❡✲
✇♦r❦✲❋✉♥❦t✐♦♥❛❧✐tät✳ ❯♠ ❞❡r ❱✐s✐♦♥ ❡✐♥❡s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧s ❣❡r❡❝❤t ③✉ ✇❡r❞❡♥✱ ❞❛s
Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ✈♦♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ P❛r❛❞✐❣♠❡♥ ♥❛❤t❧♦s ③✉s❛♠♠❡♥❢❛ss❡♥ ✇✐❧❧✱ ✇✉r✲
❞❡ ❞✐❡ ❯♠s❡t③✉♥❣ ♠✐t ❞❡♠ ❩✐❡❧ ❞❡r ❖rt❤♦❣♦♥❛❧✐tät ❞❡r Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ❡♥t✇♦r❢❡♥✳
❖rt❤♦❣♦♥❛❧✐tät ❜❡❞❡✉t❡t ❤✐❡r❜❡✐✱ ❞❛ss ❡✐♥ ❜❡r❡✐t❣❡st❡❧❧t❡s Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t ♥✐❝❤t ♥✉r ✐♥

✶❤tt♣s✿//✇✇✇.❛❝t✐✈❡❝♦♠♣♦♥❡♥ts.♦r❣
✷❤tt♣s✿//✇✇✇.❛❝t♦r♦♥.❝♦♠
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✷✳✸✳ ❇❡r❡✐tst❡❧❧✉♥❣ ❡✐♥❡r ✈❡rt❡✐❧t❡♥ ▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦t✉r ✶✺

❆❜❜✐❧❞✉♥❣ ✷✳✶✶✿ Ü❜❡rs✐❝❤t ✉♥❞ ❱❡r❡r❜✉♥❣sstr✉❦t✉r ❞❡r ❛❦t✉❡❧❧ ✉♠❣❡s❡t③t❡♥ ❋❡❛t✉r❡s

■s♦❧❛t✐♦♥ ❜❡♥✉t③❜❛r ✐st✱ s♦♥❞❡r♥ ♣r✐♥③✐♣✐❡❧❧ ♠✐t ❥❡❞❡♠ ❜❡❧✐❡❜✐❣❡♥ ❛♥❞❡r❡♥ Pr♦❣r❛♠♠✐❡r❦♦♥✲
③❡♣t ③✉s❛♠♠❡♥ ❜r✉❝❤❧♦s ❡✐♥❣❡s❡t③t ✇❡r❞❡♥ ❦❛♥♥✳ ❩✳❇✳ s♦❧❧ ❡✐♥ Pr♦❣r❛♠♠✐❡r❡r ♥✐❝❤t ✇ä❤✲
❧❡♥ ♠üss❡♥✱ ♦❜ ❡r ✐♥ s❡✐♥❡r ❑♦♠♣♦♥❡♥t❡ ❡✐♥❡ ❙❖❆✲❛rt✐❣❡ ❞②♥❛♠✐s❝❤❡ ❉✐❡♥sts✉❝❤❡ ♦❞❡r ❡✐♥❡
❇❉■✲❛rt✐❣❡ ③✐❡❧♦r✐❡♥t✐❡rt❡ P❧❛♥❛✉s✇❛❤❧ ❜❡♥✉t③❡♥ ♠ö❝❤t❡✱ s♦♥❞❡r♥ ❜❡✐❞❡ ❑♦♥③❡♣t❡ s♦❧❧❡♥ ❞❡♠
❊♥t✇✐❝❦❧❡r ❛✉❝❤ ✐♥ ❞❡r ❣❧❡✐❝❤❡♥ ❑♦♠♣♦♥❡♥t❡ ♦❤♥❡ ❊✐♥s❝❤rä♥❦✉♥❣❡♥ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥✳
❊❜❡♥s♦ s♦❧❧ ❞✐❡ ❑❡r♥str✉❦t✉r ❡s ❡r♠ö❣❧✐❝❤❡♥✱ ❞✐❡ Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ❡✐♥❢❛❝❤ ③✉ ❡r✇❡✐t❡r♥✳
■♥s❜❡s♦♥❞❡r❡ ✐♠ ❆❣❡♥t❡♥❜❡r❡✐❝❤ ❤❛t s✐❝❤ ❣❡③❡✐❣t✱ ❞❛ss ❡✐♥❡ ❱✐❡❧③❛❤❧ s❡❤r ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡r
Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ❡①✐st✐❡rt✱ s♦ ❞❛ss ❤✐❡r ❜✐s❤❡r ♥✉r ❡✐♥❡ ❞✉r❝❤ ❆♥✇❡♥❞✉♥❣s❛♥❢♦r❞❡r✉♥✲
❣❡♥ ❣❡tr✐❡❜❡♥❡ ❆✉s✇❛❤❧ ✉♠❣❡s❡t③t ✇✉r❞❡ ✭✈❣❧✳ ❆❜s❝❤♥✐tt ✷✳✷✳✷✳✸✮✳ ❉✐❡ ❊r✇❡✐t❡r❜❛r❦❡✐t s♦❧❧
s✐❝❤❡rst❡❧❧❡♥✱ ❞❛ss ❞❡♠ ❋r❛♠❡✇♦r❦ ❜❡✐ ♥❡✉❡♥ ❆♥❢♦r❞❡r✉♥❣❡♥ ❧❡✐❝❤t ✇❡✐t❡r❡ ❦♦♥❦r❡t❡ Pr♦✲
❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ❞❡r ✈✐❡r P❛r❛❞✐❣♠❡♥ ♦❞❡r ❣❣❢✳ s♦❣❛r Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ✇❡✐t❡r❡r P❛✲
r❛❞✐❣♠❡♥ ❤✐♥③✉❣❡❢ü❣t ✇❡r❞❡♥ ❦ö♥♥❡♥✳

❩✉♠ ❊rr❡✐❝❤❡♥ ❞✐❡s❡r ❩✐❡❧❡ ✇✉r❞❡ ❞❛s ❑♦♥③❡♣t ❡✐♥❡s s♦❣❡♥❛♥♥t❡♥ ❑♦♠♣♦♥❡♥t❡♥✲❋❡❛t✉r❡s
❡r❢✉♥❞❡♥ ✭✈❣❧✳ ❬❇r❛✰✶✺❪✮✳ ❊✐♥ ❑♦♠♣♦♥❡♥t❡♥✲❋❡❛t✉r❡ ✐st ❞❛❜❡✐ ❞✐❡ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡ ❯♠s❡t✲
③✉♥❣ ❡✐♥❡s ❦♦♥❦r❡t❡♥ Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣ts ✉♥❞ st❡❧❧t s♦✇♦❤❧ ❞✐❡ Pr♦❣r❛♠♠✐❡rs❝❤♥✐ttst❡❧❧❡
✭❆P■✮ ❛❧s ❛✉❝❤ ❞❡r❡♥ ❯♠s❡t③✉♥❣ ❜❡r❡✐t✳ ❉❛s ❱❡r❤❛❧t❡♥ ❡✐♥❡r ❑♦♠♣♦♥❡♥t❡ ✭✈❣❧✳ ❆❜s❝❤♥✐tt
✷✳✷✳✷✮ ✇✐r❞ ❞❛❜❡✐ ❡✐♥③✐❣ ❞✉r❝❤ ❞✐❡ ❥❡✇❡✐❧s ③✉stä♥❞✐❣❡♥ ❋❡❛t✉r❡s ✉♠❣❡s❡t③t✳ ❙♦♠✐t ❣✐❜t ❡s ❛❧❧❣❡✲
♠❡✐♥❡ ❋❡❛t✉r❡s✱ ❞✐❡ ❞❛s ❛❧❧❣❡♠❡✐♥❡ ❱❡r❤❛❧t❡♥ ✭✈❣❧✳ ❆❜s❝❤♥✐tt ✷✳✷✳✷✳✶ ✉♥❞ ✷✳✷✳✷✳✷✮ r❡❛❧✐s✐❡r❡♥
✉♥❞ ❦♦♠♣♦♥❡♥t❡♥t②♣s♣❡③✐✜s❝❤❡ ❋❡❛t✉r❡s ❢ür ❞✐❡ ❘❡❛❧✐s✐❡r✉♥❣ ❦♦♥❦r❡t❡r ❑♦♠♣♦♥❡♥t❡♥t②✲
♣❡♥✱ ✇✐❡ ③✳❇✳ ❇❉■✲❆❣❡♥t❡♥ ✭✈❣❧✳ ❆❜s❝❤♥✐tt ✷✳✷✳✷✳✸✮✳ ❉✉r❝❤ ❞✐❡s❡♥ ❆✉❢❜❛✉ ✐st s✐❝❤❡r❣❡st❡❧❧t✱
❞❛ss ❛❧❧❡ ❛❧❧❣❡♠❡✐♥❡♥ ❋❡❛t✉r❡s ✐♥ ❥❡❞❡♠ ❑♦♠♣♦♥❡♥t❡♥t②♣ ✈❡r❢ü❣❜❛r s✐♥❞ ✉♥❞ ❛✉❢ ❞✐❡ ❣❧❡✐❝❤❡
❲❡✐s❡ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥ ❦ö♥♥❡♥ ✭❖rt❤♦❣♦♥❛❧✐tät✮✳ ❩✉❣❧❡✐❝❤ ❜✐❡t❡t ❞❡r ❆✉❢❜❛✉ ❞✐❡ ❞✐r❡❦t❡
▼ö❣❧✐❝❤❦❡✐t✱ ♥❡✉❡ ❛❧❧❣❡♠❡✐♥❡ ♦❞❡r ❦♦♠♣♦♥❡♥t❡♥t②♣s♣❡③✐✜s❝❤❡ ❋❡❛t✉r❡s ❡✐♥③✉❢ü❣❡♥✳

❆❜❜✳ ✷✳✶✶ ③❡✐❣t ❞✐❡ ❛❦t✉❡❧❧ ✐♥ ❏❛❞❡① ✐♠♣❧❡♠❡♥t✐❡rt❡♥ ❋❡❛t✉r❡s ❛❧s ❑❧❛ss❡♥❤✐❡r❛r❝❤✐❡ ✐♥
❡✐♥❡r ❙✐❝❤t ❞❡r ❊❝❧✐♣s❡ ■❉❊✳ ❩✉ s❡❤❡♥ s✐♥❞ ❛❧❧❣❡♠❡✐♥❡ ✭③✳❇✳ Pr♦✈✐❞❡❞❙❡r✈✐❝❡s❈♦♠♣♦♥❡♥t✲
❋❡❛t✉r❡✮ ✉♥❞ ❦♦♠♣♦♥❡♥t❡♥t②♣s♣❡③✐✜s❝❤❡ ❋❡❛t✉r❡s ✭③✳❇✳ ❇❉■❆❣❡♥t❋❡❛t✉r❡✮✳ Ü❜❡r ❱❡r❡r❜✉♥❣
❦ö♥♥❡♥ ❋❡❛t✉r❡s ③✉❞❡♠ ✈❡r❢❡✐♥❡rt ✇❡r❞❡♥✱ ③✳❇✳ ✉♠ ❦♦♠♣♦♥❡♥t❡♥t②♣s♣❡③✐✜s❝❤❡ ❊r✇❡✐t❡r✉♥✲
❣❡♥ ✈♦♥ ❛❧❧❣❡♠❡✐♥❡♥ ❋❡❛t✉r❡s ❜❡r❡✐t ③✉ st❡❧❧❡♥✳ ❉✐❡s ✇✐r❞ ③✳❇✳ ❢ür ●♦❛❧ ❉❡❧❡❣❛t✐♦♥ ❡✐♥❣❡s❡t③t
✭✈❣❧✳ ❆❜s❝❤♥✐tt ✸✳✷✳✸✳✷ ✐♠ ♥ä❝❤st❡♥ ❑❛♣✐t❡❧✮✱ ❞❛s ❆s♣❡❦t❡ ✈♦♥ ❙❡r✈✐❝❡s ✉♥❞ ❇❉■ ❦♦♠❜✐♥✐❡rt
✉♥❞ ❞❛s ❡♥ts♣r❡❝❤❡♥❞ ❡r✇❡✐t❡rt❡ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ü❜❡r ❞✐❡ ❯♥t❡r❦❧❛ss❡♥ ❇❉■Pr♦✈✐❞❡❞✲
❙❡r✈✐❝❡s❈♦♠♣♦♥❡♥t❋❡❛t✉r❡ ✉♥❞ ❇❉■❘❡q✉✐r❡❞❙❡r✈✐❝❡s❈♦♠♣♦♥❡♥t❋❡❛t✉r❡ ✉♠s❡t③t✳



✶✻ ❑❛♣✐t❡❧ ✷✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③

✭❛✮ ❆❜❤ä♥❣✐❣❦❡✐t❡♥ ③✇✐s❝❤❡♥ ❉✐❡♥st❡♥ ✭❛✉s ❬❇✲✹❪✮

✭❜✮ ❊✐♥✐❣❡ ❙②st❡♠❞✐❡♥st❡ ③✉r ▲❛✉❢③❡✐t

❆❜❜✐❧❞✉♥❣ ✷✳✶✷✿ ❉✐❡♥st❡ ❞❡r ❏❛❞❡①✲P❧❛tt❢♦r♠

✷✳✸✳✷ P❧❛tt❢♦r♠❛r❝❤✐t❡❦t✉r

❉✐❡ P❧❛tt❢♦r♠ st❡❧❧t ❞✐❡ ▲❛✉❢③❡✐t✉♠❣❡❜✉♥❣ ❜❡r❡✐t✱ ✐♥ ❞✐❡ s✐❝❤ ❞✐❡ ❡✐♥③❡❧♥❡♥ Pr♦❣r❛♠♠✐❡r✲
❦♦♥③❡♣t❡ ❡✐♥❜❡tt❡♥✳ ❉✐❡ ❣r✉♥❞❧❡❣❡♥❞❡ ❆✉❢❣❛❜❡ ❞❡r P❧❛tt❢♦r♠ ✐st ❞❛s ❆✉s❢ü❤r❡♥ ❞❡s ▲❡❜❡♥s✲
③②❦❧✉s✬ ❞❡r ❆♥✇❡♥❞✉♥❣s❦♦♠♣♦♥❡♥t❡♥✱ ❞✳❤✳ ❞✐❡ P❧❛tt❢♦r♠ s♦❧❧ ❑♦♠♣♦♥❡♥t❡♥ ❧❛❞❡♥✱ st❛r✲
t❡♥✱ s❝❤r✐tt✇❡✐s❡ ❛✉s❢ü❤r❡♥ ✉♥❞ ❤❡r✉♥t❡r❢❛❤r❡♥ ❦ö♥♥❡♥✳ ❉❛rü❜❡r ❤✐♥❛✉s s♦❧❧ ❞✐❡ P❧❛tt❢♦r♠
▼✐❞❞❧❡✇❛r❡✲❉✐❡♥st❡ ❛♥❜✐❡t❡♥✱ ③✳❇✳ ③✉r ✭❡♥t❢❡r♥t❡♥✮ ❑♦♠♠✉♥✐❦❛t✐♦♥ ♦❞❡r ❢ür ❙✐❝❤❡r❤❡✐ts❛✲
s♣❡❦t❡✳ ❉❡r ❆♥s❛t③ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❤❛t ③✉♠ ❩✐❡❧✱ ❞✐❡ ❊♥t✇✐❝❦❧✉♥❣ s❡❤r ✉♥t❡r✲
s❝❤✐❡❞❧✐❝❤❡r ✈❡rt❡✐❧t❡r ❆♥✇❡♥❞✉♥❣❡♥ ③✉ ❡r❧❡✐❝❤t❡r♥✱ ✈♦♥ ❡✐♥❢❛❝❤❡♥ ❉❡s❦t♦♣✲❆♥✇❡♥❞✉♥❣❡♥
ü❜❡r ❙❡r✈❡r✲❆♥✇❡♥❞✉♥❣❡♥ ❜✐s ❤✐♥ ③✉ ❙♠❛rt♣❤♦♥❡✲❆♣♣s✳ ❉❛s ❩✐❡❧ ❜❡✐♠ ❊♥t✇✉r❢ ❞❡r P❧❛tt✲
❢♦r♠❛r❝❤✐t❡❦t✉r ✐st ❞❛❤❡r ❑♦♥✜❣✉r✐❡r❜❛r❦❡✐t✱ ✉♠ ❞✐❡ P❧❛tt❢♦r♠ ❛♥ s♣❡③✐✜s❝❤❡ ❆♥✇❡♥❞✉♥❣s✲
❛♥❢♦r❞❡r✉♥❣❡♥ ❛♥♣❛ss❡♥ ③✉ ❦ö♥♥❡♥✳

❍✐❡r③✉ ✇✐r❞ ❡✐♥ ③✇❡✐st✉✜❣❡r ❆♥s❛t③ ✈❡r❢♦❧❣t✿ ❊✐♥❡rs❡✐ts ✐st ❞✐❡ P❧❛tt❢♦r♠ s❡❧❜st ❛❧s ♠♦✲
❞✉❧❛r❡s ❙②st❡♠ ♥❛❝❤ ❞❡♠ ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲▼♦❞❡❧❧ r❡❛❧✐s✐❡rt✱ ❞✳❤✳ ❞✐❡ P❧❛tt❢♦r♠❢✉♥❦✲
t✐♦♥❛❧✐tät ✇✐r❞ ü❜❡r ❡✐♥③❡❧♥❡ ❉✐❡♥st❡ ❜❡r❡✐t❣❡st❡❧❧t✱ ❞✐❡ ✐♥ ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❣❡❦❛♣s❡❧t
s✐♥❞✳ ❉❛❞✉r❝❤ ❦ö♥♥❡♥ ❡✐♥③❡❧♥❡ ❋✉♥❦t✐♦♥❛❧✐tät❡♥ ❥❡ ♥❛❝❤ ❆♥✇❡♥❞✉♥❣s✉♠❣❡❜✉♥❣ ✭③✳❇✳ ❙❡r✈❡r
♦❞❡r ❙♠❛rt♣❤♦♥❡✮ ❞✉r❝❤ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❘❡❛❧✐s✐❡r✉♥❣❡♥ ❜❡r❡✐t❣❡st❡❧❧t ✇❡r❞❡♥ ♦❞❡r ✲ ③✳❇✳
❛✉❢ r❡ss♦✉r❝❡♥❜❡s❝❤rä♥❦t❡♥ ●❡rät❡♥ ✲ ❛✉❝❤ ❣❛♥③ ✇❡❣❣❡❧❛ss❡♥ ✇❡r❞❡♥✳ ❆♥❞❡r❡rs❡✐ts ✐st ❞✐❡
■♠♣❧❡♠❡♥t✐❡r✉♥❣ ♥❛❝❤ ❞❡♠ Pr♦❞✉❦t❧✐♥✐❡♥❛♥s❛t③ ❛✉s❣❡❧❡❣t ✭✈❣❧✳ ❬❇r❛✰✶✺❪✮✱ s♦ ❞❛ss ❛✉❢ ❇❛s✐s
✈♦r❣❡❢❡rt✐❣t❡r ❑♦♥✜❣✉r❛t✐♦♥ ♠❛ÿ❣❡s❝❤♥❡✐❞❡rt❡ ■♠♣❧❡♠❡♥t❛t✐♦♥ ❢ür ❦♦♥❦r❡t❡ ❩✐❡❧✉♠❣❡❜✉♥✲
❣❡♥ ❣❡♥❡r✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳

❆❜❜✳ ✷✳✶✷ ③❡✐❣t ❞❡♥ ❆✉❢❜❛✉ ❞❡r ❏❛❞❡① P❧❛tt❢♦r♠✳ ❉❡r ❈♦♠♣♦♥❡♥t ▼❛♥❛❣❡♠❡♥t ❙❡r✲
✈✐❝❡ ✭✈❣❧✳ ✷✳✶✷❛✮ ü❜❡r♥✐♠♠t ❞❛❜❡✐ ❞✐❡ ❱❡r✇❛❧t✉♥❣ ❞❡s ❑♦♠♣♦♥❡♥t❡♥❧❡❜❡♥s③②❦❧✉s✬✳ ❉❛③✉
❣r❡✐❢t ❡r ❛✉❢ ✇❡✐t❡r❡ ❉✐❡♥st❡ ③✉♠ ▲❛❞❡♥ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥ ✭❈♦♠♣♦♥❡♥t ❋❛❝t♦r②✮ ✉♥❞ ③✉r
s❝❤r✐tt✇❡✐s❡♥ ❆✉s❢ü❤r✉♥❣ ✭❊①❡❝✉t✐♦♥✮ ③✉rü❝❦✳ ❉✐❡s❡ ❉✐❡♥st❡ ❜❡♥✉t③❡♥ ✐❤r❡rs❡✐ts t❡❝❤♥✐s❝❤❡
❇❛s✐s❞✐❡♥st❡ ✭▲✐❜r❛r② ❙❡r✈✐❝❡✱ ❈❧♦❝❦ ❙❡r✈✐❝❡✱ ❚❤r❡❛❞ P♦♦❧ ❙❡r✈✐❝❡✮✳ ❊✐♥❡ Ü❜❡rs✐❝❤t ü❜❡r
❞❡♥ ❆✉❢❜❛✉ ❞❡r ✇❡✐t❡r❡♥ P❧❛tt❢♦r♠❢✉♥❦t✐♦♥❛❧✐tät❡♥ ✐st ✐♥ ❆❜❜✳ ✷✳✶✷❜ ③✉ s❡❤❡♥✱ ❞✐❡ ❡✐♥❡♥
❙❝r❡❡♥s❤♦t ❞❡s ❏❛❞❡① ▲❛✉❢③❡✐t✲▼♦♥✐t♦r✐♥❣✲❲❡r❦③❡✉❣s ✒❏❈❈✑ ③❡✐❣t ✭✈❣❧✳ ♥ä❝❤st❡r ❆❜s❝❤♥✐tt✮✳
❖❜❡♥ s✐❡❤t ♠❛♥ ❞✐❡ ❉✐❡♥st❡ ❞❡r P❧❛tt❢♦r♠❦♦♠♣♦♥❡♥t❡ ✭❤✐❡r ✒❆❧❡①✲P❈❴✾✽✾✑✮✱ ❞✐❡ ❡✐♥❡ ♠✐✲
♥✐♠❛❧❡ ❇♦♦tstr❛♣♣✐♥❣✲❋✉♥❦t✐♦♥❛❧✐tät ❜❡r❡✐tst❡❧❧❡♥✳ ❆❧❧❡ ✇❡✐t❡r❡♥ ❉✐❡♥st❡ s✐♥❞ ③✉r ❜❡ss❡r❡♥
❑♦♥✜❣✉r✐❡r✲ ✉♥❞ ❊r✇❡✐t❡r❜❛r❦❡✐t ✐♥ ❡✐♥③❡❧♥❡ ❯♥t❡r❦♦♠♣♦♥❡♥t❡♥ ❛✉s❣❡❧❛❣❡rt✱ ❞✐❡ ✉♥t❡r❤❛❧❜
❞❡s ❑♥♦t❡♥s ✒❙②st❡♠✑ ❞❛r❣❡st❡❧❧t ✇❡r❞❡♥✳ ❍✐❡r s✐♥❞ ③✳❇✳ ❞✐❡ ❞②♥❛♠✐s❝❤ ❡r✇❡✐t❡r❜❛r❡♥ ❑♦♠✲
♣♦♥❡♥t❡♥t②♣❡♥ ✉♥t❡r ❞❡r ❘✉❜r✐❦ ✒❦❡r♥❡❧s✑ ③✉ ✜♥❞❡♥✱ ✇♦❜❡✐ ❥❡❞❡r ❑❡r♥❡❧ ❡✐♥❡♥ s♣❡③✐✜s❝❤❡♥
❑♦♠♣♦♥❡♥t❡♥t②♣ ✇✐❡ ❇P▼◆ ♦❞❡r ❇❉■ ✉♥t❡rstüt③t✳

◆❡❜❡♥ ❞❡♥ ❢ür ❞✐❡ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧❡ r❡❧❡✈❛♥t❡♥ ❉✐❡♥st❡♥ ✇❡r❞❡♥ ❤✐❡r ❛✉❝❤ ❞✐❡ ❛❦t✐✈❡♥
▼✐❞❞❧❡✇❛r❡✲❉✐❡♥st❡ ❞❡r P❧❛tt❢♦r♠ ü❜❡r ❑♦♠♣♦♥❡♥t❡♥ ✈❡r✇❛❧t❡t ✭✈❣❧✳ ❬❇✲✹❪✮✳ ❉❡r ▼❡ss❛❣❡
❙❡r✈✐❝❡ ✭♠❡ss❛❣❡✮ r❡❛❧✐s✐❡rt ❑♦♠♠✉♥✐❦❛t✐♦♥s❢✉♥❦t✐♦♥❛❧✐tät ③✇✐s❝❤❡♥ P❧❛tt❢♦r♠❡♥ ❛✉❢ ❇❛s✐s



✷✳✸✳ ❇❡r❡✐tst❡❧❧✉♥❣ ❡✐♥❡r ✈❡rt❡✐❧t❡♥ ▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦t✉r ✶✼

✭❛✮ ▼♦❞❡❧❧✐❡r✉♥❣s✇❡r❦③❡✉❣❡ ✭❜✮ ▲❛✉❢③❡✐t✇❡r❦③❡✉❣❡

❆❜❜✐❧❞✉♥❣ ✷✳✶✸✿ ❆✉s❣❡✇ä❤❧t❡ ❲❡r❦③❡✉❣❡ ❞❡r ❏❛❞❡①✲P❧❛tt❢♦r♠ ✭❛✉s ❬❇✲✶❪✮

❡①✐st✐❡r❡♥❞❡r ❚r❛♥s♣♦rt♣r♦t♦❦♦❧❧❡ ✇✐❡ ❚❈P✱ ❚▲❙✱ ❯❉P✱ ❍❚❚P✭❙✮ ✉♥❞ ❇❧✉❡t♦♦t❤✳ ❉❡r ❆✇❛✲
r❡♥❡ss ❙❡r✈✐❝❡ ✭❛✇❛✮ ✉♥t❡rstüt③t ❞❛s ❆✉✣♥❞❡♥ ❡♥t❢❡r♥t❡r P❧❛tt❢♦r♠❡♥ ü❜❡r ✈❡rs❝❤✐❡❞❡♥❡
❱❡r❢❛❤r❡♥ ✇✐❡ ▼✉❧t✐❝❛st ♦❞❡r ❘❡❧❛② ❙❡r✈❡r✳ ❉❡r ❙❡❝✉r✐t② ❙❡r✈✐❝❡ ✭s❡❝✉r✐t②✮ ❞✐❡♥t ✐♥s❜❡s♦♥✲
❞❡r❡ ❞❡♠ Ü❜❡r♣rü❢❡♥ ✉♥❞ ❉✉r❝❤s❡t③❡♥ ✈♦♥ ❩✉❣r✐✛s❜❡s❝❤rä♥❦✉♥❣❡♥ ❡♥t❢❡r♥t❡r ❑♦♠♣♦♥❡♥t❡♥
❛✉❢ ❧♦❦❛❧❡ ❙❡r✈✐❝❡s ❞❡r P❧❛tt❢♦r♠ ✉♥❞ ❜✐❡t❡t ✉✳❛✳ ❡✐♥❡ ❩❡rt✐✜❦❛ts✈❡r✇❛❧t✉♥❣ ③✉r ❆✉t❤❡♥t✐✲
✜③✐❡r✉♥❣ ❡♥t❢❡r♥t❡r ❆✉❢r✉❢❡r✳ ❩✇❡✐ ❱❛r✐❛♥t❡♥ ✈♦♥ ❲❡❜✲❙❡r✈✐❝❡✲P✉❜❧✐s❤✐♥❣✲❉✐❡♥st❡♥ ✭✇s♣✉❜
✉♥❞ rs♣✉❜✮ ❞✐❡♥❡♥ ❞❡r ❱❡rö✛❡♥t❧✐❝❤✉♥❣ ✈♦♥ ❆♥✇❡♥❞✉♥❣s❞✐❡♥st❡♥ ❛❧s ❲❙❉▲ ♦❞❡r ❘❊❙❚
❙❡r✈✐❝❡s✳

✷✳✸✳✸ ❲❡r❦③❡✉❣✉♥t❡rstüt③✉♥❣ ✉♥❞ ■♥❢r❛str✉❦t✉r❞✐❡♥st❡

❉❛s ❞r✐tt❡ ❩✐❡❧ ✒❡✐♥❢❛❝❤❡ ❇❡♥✉t③❜❛r❦❡✐t ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ Pr♦❣r❛♠♠✐❡r✉♥❣ ✉♥❞ ❛✉❢ ❞❡♥ ❇❡✲
tr✐❡❜✑ ✐st ❞✐❡ ▼♦t✐✈❛t✐♦♥ ❢ür ❞✐❡ ❇❡r❡✐tst❡❧❧✉♥❣ ❡✐♥❡r ❲❡r❦③❡✉❣✉♥t❡rstüt③✉♥❣ ✉♥❞ ✈♦♥ ■♥❢r❛✲
str✉❦t✉r❞✐❡♥st❡♥✳ ❉❛❜❡✐ ✉♥t❡rstüt③❡♥ ❲❡r❦③❡✉❣❡ ❞❡♥ ❙♦❢t✇❛r❡✲❊♥t✇✐❝❦❧❡r ❡♥t✇❡❞❡r ✇ä❤r❡♥❞
❞❡r ❊♥t✇✉r❢s♣❤❛s❡ ✭▼♦❞❡❧❧✐❡r✉♥❣s✇❡r❦③❡✉❣❡✮ ♦❞❡r ✇ä❤r❡♥❞ ❞❡r ❉❡❜✉❣❣✐♥❣✲P❤❛s❡ ✭▲❛✉❢③❡✐t✲
✇❡r❦③❡✉❣❡✮✳ ❊✐♥❡ Ü❜❡rs✐❝❤t ü❜❡r ❡✐♥✐❣❡ ❜❡r❡✐t❣❡st❡❧❧t❡ ❲❡r❦③❡✉❣❡ ✐st ✐♥ ❆❜❜✳ ✷✳✶✸ ③✉ s❡❤❡♥✳
❉✐❡ ❣❡③❡✐❣t❡♥ ▼♦❞❡❧❧✐❡r✉♥❣s✇❡r❦③❡✉❣❡ ✭❆❜❜✳ ✷✳✶✸❛✮ ✉♥t❡rstüt③❡♥ ③✳❇✳ ❞✐❡ ●❡s❝❤ä❢ts♣r♦③❡ss✲
❜❡s❝❤r❡✐❜✉♥❣ss♣r❛❝❤❡♥ ❇P▼◆ ✉♥❞ ●P▼◆ ✭✈❣❧✳ ❆❜s❝❤♥✐tt ✷✳✷✳✷✳✸✮ ✉♥❞ ❡r❧❛✉❜❡♥ ❡s✱ ❛✉s✲
❢ü❤r❜❛r❡ ▼♦❞❡❧❧❡ ③✉ ❡rst❡❧❧❡♥✱ ❞✐❡ ❞✐r❡❦t ü❜❡r ❡✐♥❡♥ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❑❡r♥❡❧ ✭✈❣❧✳ ❆❜s❝❤♥✐tt
✷✳✸✳✷✮ ❣❡❧❛❞❡♥ ✉♥❞ ❛✉❢ ❞❡r ❏❛❞❡①✲P❧❛tt❢♦r♠ ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❉❛ ✈✐❡❧❡ Pr♦❣r❛♠✲
♠✐❡r❦♦♥③❡♣t❡ ❞❡✉t❧✐❝❤ ü❜❡r ❡✐♥❢❛❝❤❡ ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ Pr♦❣r❛♠♠✐❡r✉♥❣ ❤✐♥❛✉s❣❡❤❡♥✱ t✉t s✐❝❤
✐♠ ❇❡r❡✐❝❤ ❞❡r ▲❛✉❢③❡✐t✇❡r❦③❡✉❣❡ ❡✐♥❡ ▲ü❝❦❡ ❛✉❢✱ ✇❡♥♥ ❧❡❞✐❣❧✐❝❤ ❦❧❛ss✐s❝❤❡ ■❉❊s ✇✐❡ ❊❝❧✐♣s❡
③✉r ❊♥t✇✐❝❦❧✉♥❣ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✳ ❩✇❛r ❦❛♥♥ ③✳❇✳ ♠✐t ❡✐♥❡♠ ❏❛✈❛ ❉❡❜✉❣❣❡r ✐♥ ❞✐❡ ❉❡t❛✐❧s
❡✐♥❡r ❧❛✉❢❡♥❞❡♥ ❑♦♠♣♦♥❡♥t❡ ❣❡❜❧✐❝❦t ✇❡r❞❡♥✱ ❥❡❞♦❝❤ ❜✐❡t❡t ❞✐❡s❡ ❙✐❝❤t ✭❖❜❥❡❦t❡ ♠✐t ❆ttr✐✲
❜✉t❡♥✮ ♥✐❝❤t ❞❛s ❆❜str❛❦t✐♦♥s♥✐✈❡❛✉ ❞❡s ❡✐❣❡♥t❧✐❝❤❡♥ Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣ts ✭③✳❇✳ ❡✐♥ ❇❉■✲
❆❣❡♥t ♠✐t ❩✐❡❧❡♥ ✉♥❞ P❧ä♥❡♥✮✳ ❉❛❤❡r ✇❡r❞❡♥ ✇❡✐t❡r❣❡❤❡♥❞❡ ▲❛✉❢③❡✐t✇❡r❦③❡✉❣❡ ❜❡r❡✐t❣❡st❡❧❧t✱
❞✐❡ ③✉sät③❧✐❝❤ ③✉ ❡①✐st✐❡r❡♥❞❡♥ ■❉❊s ❡✐♥❣❡s❡t③t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❊✐♥ ❣❡♥❡r✐s❝❤❡r ❉❡❜✉❣❣❡r
❡r❧❛✉❜t ❡s✱ ❑♦♠♣♦♥❡♥t❡♥ s❝❤r✐tt✇❡✐s❡ ♠❛♥✉❡❧❧ ❛✉s③✉❢ü❤r❡♥ ✉♥❞ ❜✐❡t❡t ❡r✇❡✐t❡rt❡ ❦♦♠♣♦♥❡♥✲
t❡♥t②♣s♣❡③✐✜s❝❤❡ ❆♥s✐❝❤t❡♥✳ ❙♦ ❦❛♥♥ ✐♥ ❞❡r ❇❉■✲❙✐❝❤t ③✳❇✳ ❞✐❡ ❆❣❡♥t❡♥str✉❦t✉r ❛✉s ❇❡❧✐❡❢s✱
❩✐❡❧❡♥ ✉♥❞ P❧ä♥❡♥ ✐♥s♣✐③✐❡rt ✇❡r❞❡♥✱ ✇ä❤r❡♥❞ ❞✐❡ ❇P▼◆✲❙✐❝❤t ❞❛s ❣r❛✜s❝❤❡ Pr♦③❡ss♠♦❞❡❧❧
③❡✐❣t ✉♥❞ ❞✐❡ ❛❦t✉❡❧❧ ❛✉s❣❡❢ü❤rt❡✭♥✮ ❆❦t✐✈✐tät✭❡♥✮ ❤❡r✈♦r❤❡❜t✳ ❩✉♠ ❜❡ss❡r❡♥ ❱❡rstä♥❞♥✐s
❞❡r ■♥t❡r❛❦t✐♦♥ ③✇✐s❝❤❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❡r❧❛✉❜t ③✉❞❡♠ ❞❛s ✒❈♦♠❆♥❛❧②③❡r✑✲❲❡r❦③❡✉❣ ❞❛s
❆✉❢③❡✐❝❤♥❡♥ ✈♦♥ ◆❛❝❤r✐❝❤t❡♥ ✉♥❞ ❞✐❡ ❱✐s✉❛❧✐s✐❡r✉♥❣ ✐♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ❙✐❝❤t❡♥ ✭❙❡q✉❡♥③✲
❞✐❛❣r❛♠♠✱ ■♥t❡r❛❦t✐♦♥s❣r❛♣❤✱ ✳ ✳ ✳ ✮✳

■♥❢r❛str✉❦t✉r❞✐❡♥st❡ ✉♥t❡rstüt③❡♥ ❞❡♥ ❙♦❢t✇❛r❡✲❊♥t✇✐❝❦❧✉♥❣s♣r♦③❡ss ✐♥ ✇❡✐t❡r❡♥ P❤❛s❡♥✱
✇✐❡ ❞❡r ❇✉✐❧❞✲ ♦❞❡r ❉❡♣❧♦②♠❡♥t✲P❤❛s❡✳ ❯♠ ❞❛s ❉❡♣❧♦②♠❡♥t ③✉ ✈❡r❡✐♥❢❛❝❤❡♥ ✇✉r❞❡ ❡✐♥ ❘❡✲
❧❛② ❙❡r✈✐❝❡ ❦♦♥③✐♣✐❡rt✱ ❞❡r ③✇❡✐ ❆✉❢❣❛❜❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ ❱❡rt❡✐❧✉♥❣ ❡r❢ü❧❧t✳ ❊✐♥❡rs❡✐ts



✶✽ ❑❛♣✐t❡❧ ✷✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③

❆❜❜✐❧❞✉♥❣ ✷✳✶✹✿ Ö✛❡♥t❧✐❝❤❡r ❘❡❧❛② ❙❡r✈✐❝❡

❡r❧❛✉❜t ❡r ❞✐❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ③✇✐s❝❤❡♥ P❧❛tt❢♦r♠❡♥ ❛✉❝❤ ✐♥ st❛r❦ ❛❜❣❡s✐❝❤❡rt❡♥ ◆❡t③❡♥✳ ❉❛
❞✐❡ P❧❛tt❢♦r♠❡♥ s❡❧❜st ♥✉r ❡✐♥❡♥ ❛✉s❣❡❤❡♥❞❡♥ ❩✉❣r✐✛ ❛✉❢ ❙t❛♥❞❛r❞✲❍❚❚P✲P♦rts ❜❡♥öt✐❣❡♥
✭✇❛❤❧✇❡✐s❡ P♦rt ✽✵ ♦❞❡r P♦rt ✹✹✸ ❢ür ❍❚❚P❙✮✱ ✐st ❞✐❡ ❑♦♥♥❡❦t✐✈✐tät ③✇✐s❝❤❡♥ P❧❛tt❢♦r♠❡♥
❛✉❝❤ ❤✐♥t❡r ❋✐r❡✇❛❧❧s ✉♥❞ ◆❆❚✲❘♦✉t❡r♥ ♦❤♥❡ ③✉sät③❧✐❝❤❡♥ Pr♦❣r❛♠♠✐❡r✲ ♦❞❡r ❑♦♥✜❣✉r❛✲
t✐♦♥s❛✉❢✇❛♥❞ s✐❝❤❡r❣❡st❡❧❧t✳ ❆♥❞❡r❡rs❡✐ts ❞✐❡♥t ❞❡r ❘❡❧❛② ❙❡r✈✐❝❡ ❛✉❝❤ ❞❡r ❆✇❛r❡♥❡ss✱ ❞✳❤✳
❞❡♠ ❣❡❣❡♥s❡✐t✐❣❡♥ ❆✉✣♥❞❡♥ ✈♦♥ P❧❛tt❢♦r♠❡♥✳ ❙♦♠✐t ✐st ❥❡❞❡ ❏❛❞❡①✲P❧❛tt❢♦r♠ ❜❡r❡✐ts ✐♥
❞❡r ❙t❛♥❞❛r❞❦♦♥✜❣✉r❛t✐♦♥ ♣r✐♥③✐♣✐❡❧❧ ✐♥ ❞❡r ▲❛❣❡ ❥❡❞❡ ❛♥❞❡r❡ ❏❛❞❡①✲P❧❛tt❢♦r♠ ❛✉❢③✉✜♥❞❡♥
✉♥❞ ❉✐❡♥st❡ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥ ❛✉❢ ❞✐❡s❡r P❧❛tt❢♦r♠ ❛✉❢③✉r✉❢❡♥✳ ❊✐♥ ❢r❡✐ ③✉❣ä♥❣❧✐❝❤❡r ❘❡❧❛②
❙❡r✈✐❝❡✸ ✇✐r❞ ✈♦♥ ❞❡r ❆❝t♦r♦♥ ●♠❜❍ ❜❡tr✐❡❜❡♥ ✉♥❞ ❡r❧❛✉❜t ❡✐♥❡♥ Ü❜❡r❜❧✐❝❦ ü❜❡r ❛❦t✉❡❧❧
❛♥❣❡s❝❤❧♦ss❡♥❡ ❏❛❞❡①✲P❧❛tt❢♦r♠❡♥ ✭✈❣❧✳ ❆❜❜✳ ✷✳✶✹✮✳ ❆✉s ●rü♥❞❡♥ ❞❡r ❙❦❛❧✐❡r❜❛r❦❡✐t ✐st ❞✐❡✲
s❡r ❉✐❡♥st ✈❡rt❡✐❧t ❛✉s❣❡❧❡❣t ✉♥❞ ❢♦❧❣t ❞❡r ❙tr✉❦t✉r ❡✐♥❡s P❡❡r✲t♦✲P❡❡r✲▼♦❞❡❧❧s ♠✐t ❙✉♣❡r
◆♦❞❡s✳ ❯♠ ❞❡♥ ❇✉✐❧❞✲Pr♦③❡ss ③✉ ✉♥t❡rstüt③❡♥ ✇❡r❞❡♥ ③✉❞❡♠ ❞✐❡ ❢ür ❞✐❡ ✈❡rt❡✐❧t❡ ❙♦❢t✇❛r❡✲
❊♥t✇✐❝❦❧✉♥❣ t②♣✐s❝❤❡♥ ■♥❢r❛str✉❦t✉r❞✐❡♥st❡ ❜❡tr✐❡❜❡♥✱ ✇✐❡ ③✳❇✳ ❡✐♥ ■ss✉❡✲❚r❛❝❦✐♥❣✲❙②st❡♠✱
❡✐♥ ❈♦♥t✐♥✉♦✉s ■♥t❡❣r❛t✐♦♥ ❙❡r✈❡r ✉♥❞ ❡✐♥ ❘❡♣♦s✐t♦r② ❢ür ❇✉✐❧❞✲❆rt❡❢❛❦t❡✳ ❇✉✐❧❞✲❆rt❡❢❛❦t❡
❢ür ❘❡❧❡❛s❡✲❱❡rs✐♦♥❡♥ ✇❡r❞❡♥ ❞❛❜❡✐ ✐♠ ③❡♥tr❛❧❡♥ ▼❛✈❡♥ ❘❡♣♦s✐t♦r②✹ ❞❡r ❋✐r♠❛ ❙♦♥❛t②♣❡
♣✉❜❧✐③✐❡rt✱ ✇ä❤r❡♥❞ ❢ür tä❣❧✐❝❤❡ ❇✉✐❧❞s ❡✐♥ ❡✐❣❡♥❡s ❘❡♣♦s✐t♦r②✺ ❜❡tr✐❡❜❡♥ ✇✐r❞✱ s♦ ❞❛ss ❊♥t✲
✇✐❝❦❧❡r ❢rü❤ ❛♥ ❞❡r ❛❦t✐✈❡♥ ❲❡✐t❡r❡♥t✇✐❝❦❧✉♥❣ ❞❡s ❏❛❞❡①✲❋r❛♠❡✇♦r❦s ♣❛rt✐③✐♣✐❡r❡♥ ❦ö♥♥❡♥✳

✷✳✹ ❊✈❛❧✉❛t✐♦♥

❉❡r ❆♥s❛t③ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✇✉r❞❡ ✐♥ ③❛❤❧r❡✐❝❤❡♥ ❦♦♥❦r❡t❡♥ ❙♦❢t✇❛r❡✲Pr♦❥❡❦t❡♥
❡✐♥❣❡s❡t③t ✉♥❞ ❤❛t ❞♦rt s❡✐♥❡ Pr❛①✐st❛✉❣❧✐❝❤❦❡✐t ❜❡✇✐❡s❡♥✳ ❋ür Ü❜❡rs✐❝❤t❡♥ ü❜❡r ❘❡❛❧✇❡❧t❛♥✲
✇❡♥❞✉♥❣❡♥ s✐❡❤❡ ③✳❇✳ ❬❆✲✶❪✱ ❬❇✲✹❪ ✉♥❞ ❬❇✲✺❪ ✉♥❞ ❢ür ✇❡✐t❡r❡ ❇❡✐s♣✐❡❧❛♥✇❡♥❞✉♥❣❡♥ ③✳❇✳ ❬❇✲✶❪✱
❬❇✲✸❪ ✉♥❞ ❡❜❡♥❢❛❧❧s ❬❇✲✺❪✳ ◆❡❜❡♥ ❞✐❡s❡r ♣r❛①✐s❣❡tr✐❡❜❡♥❡♥ ❊✈❛❧✉❛t✐♦♥ ✇✉r❞❡ ❞❡r ❆♥s❛t③ ❛✉❝❤
s②st❡♠❛t✐s❝❤ ❛✉❢ ♠❡❤r❡r❡♥ ❊❜❡♥❡♥ ❡✈❛❧✉✐❡rt ✭✈❣❧✳ ❬❇✲✺❪✮✳ ■♠ ❋♦❧❣❡♥❞❡♥ ✇✐r❞ ❡✐♥❡ Ü❜❡rs✐❝❤t
❞❡r q✉❛♥t✐t❛t✐✈❡♥ ❊✈❛❧✉❛t✐♦♥ ❣❡❣❡❜❡♥✱ ❞✐❡ s✐❝❤ ❛✉❢ ❞❛s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❡✐♥❡rs❡✐ts ✉♥❞ ❞✐❡
▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦t✉r ❛♥❞❡r❡rs❡✐ts ❜❡③✐❡❤t✳ ❉❛rü❜❡r ❤✐♥❛✉s ✇✉r❞❡ ♥♦❝❤ ❡✐♥❡ q✉❛❧✐t❛t✐✈❡
❊✈❛❧✉❛t✐♦♥ ❞❡r ❇❡♥✉t③❜❛r❦❡✐t ❞✉r❝❤❣❡❢ü❤rt✱ ✇✐❡ ✐♥ ❬❇r❛✶✸❪ ❜❡s❝❤r✐❡❜❡♥✳

✷✳✹✳✶ ❊✈❛❧✉❛t✐♦♥ ❞❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧s

❩✉r ❊✈❛❧✉❛t✐♦♥ ❞❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧s ✇✉r❞❡ ❡✐♥❡ ❡✐♥❢❛❝❤❡ ❆♥✇❡♥❞✉♥❣ ♠✐t❤✐❧❢❡ ✉♥t❡r✲
s❝❤✐❡❞❧✐❝❤❡r P❛r❛❞✐❣♠❡♥✱ ❜③✇✳ ❞❡r❡♥ t❡❝❤♥✐s❝❤❡r ■♥t❡r♣r❡t❛t✐♦♥✱ r❡❛❧✐s✐❡rt✳ ❋ür ❖❜❥❡❦t♦r✐❡♥✲

✸③✉ ❡rr❡✐❝❤❡♥ ③✳❇✳ ✉♥t❡r ❤tt♣s✿//r❡❧❛②✶.❛❝t✐✈❡❝♦♠♣♦♥❡♥ts.♦r❣/
✹s✐❡❤❡ ❤tt♣✿//❝❡♥tr❛❧.s♦♥❛t②♣❡.♦r❣/
✺③✉ ✜♥❞❡♥ ✉♥t❡r ❤tt♣s✿//♥❡①✉s.❛❝t♦r♦♥.❝♦♠/

https://relay1.activecomponents.org/
http://central.sonatype.org/
https://nexus.actoron.com/


✷✳✹✳ ❊✈❛❧✉❛t✐♦♥ ✶✾

❆❜❜✐❧❞✉♥❣ ✷✳✶✺✿ ❊✈❛❧✉❛t✐♦♥ ❞❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧s ✭❛✉s ❬❇✲✺❪✮

t✐❡r✉♥❣✱ ❙❡r✈✐❝❡✲❖r✐❡♥t✐❡r✉♥❣ ✉♥❞ ❑♦♠♣♦♥❡♥t❡♥ ✇✉r❞❡♥ ♠✐t ❏❛✈❛ ❘▼■ ❬❖r❛✶✵❪✱ ❏❆❳✲❲❙
❬❙✉♥✵✻❪ ✉♥❞ ❙❈❆ ❬▼❘✵✾❪ st❛♥❞❛r❞✐s✐❡rt❡✱ ♣r❛①✐s❡r♣r♦❜t❡ ❙♣❡③✐✜❦❛t✐♦♥❡♥ ✈❡r✇❡♥❞❡t✳ ❋ür
❆❣❡♥t❡♥ ✇✉r❞❡ ❞✐❡ ✈❡r❜r❡✐t❡t❡ ❆❣❡♥t❡♥♣❧❛tt❢♦r♠ ❏❆❉❊ ❬❇❈●✵✼❪ ❛✉s❣❡✇ä❤❧t✳ ❆❧s ❆♥✇❡♥✲
❞✉♥❣ ✇✉r❞❡ ❡✐♥ ❈❤❛t ❣❡✇ä❤❧t✱ ✇❛s ❡✐♥❡r ❆rt ✒❍❡❧❧♦ ❲♦r❧❞✦✑ ❞❡r ✈❡rt❡✐❧t❡♥ Pr♦❣r❛♠♠✐❡r✉♥❣
❣❧❡✐❝❤❦♦♠♠t✳ ❉❡r ❊♥t✇✉r❢ ❞❡r ❈❤❛t✲❆♥✇❡♥❞✉♥❣❡♥ ✐♥ ❞❡♥ ❥❡✇❡✐❧✐❣❡♥ P❛r❛❞✐❣♠❡♥ ❢♦❧❣t ❞❛✲
❜❡✐ ❞❡♥ ▼♦❞❡❧❧❡♥ ❛✉s ❆❜s❝❤♥✐tt ✷✳✶✳ ■♥ ❆❜❜✳ ✷✳✶✺ ✐st ❛❧s ❡✐♥❡ ▼❡ss❣röÿ❡ ❞✐❡ ❆♥③❛❤❧ ❞❡r
❈♦❞❡✲❩❡✐❧❡♥ ❞❡r ❥❡✇❡✐❧✐❣❡♥ ■♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥ ❞❛r❣❡st❡❧❧t✳ ❍✐❡r❜❡✐ ❜❡✇❡❣❡♥ s✐❝❤ ❛❧❧❡ P❛r❛✲
❞✐❣♠❡♥ ✐♠ ❇❡r❡✐❝❤ ✉♠ ✽✵ ❩❡✐❧❡♥ ♠✐t ❆✉s♥❛❤♠❡ ✈♦♥ ❘▼■ ✭✶✵✾ ❩❡✐❧❡♥✮✳ ❩✉❞❡♠ ❜❡♥öt✐❣t
❞✐❡ ❏❆❳✲❲❙ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ♥❡❜❡♥ ❞❡♥ ♠❛♥✉❡❧❧ ❣❡s❝❤r✐❡❜❡♥❡♥ ✽✸ ❩❡✐❧❡♥ ♥♦❝❤ ✇❡✐t❡r❡ ✺✾
❩❡✐❧❡♥✱ ❞✐❡ ❥❡❞♦❝❤ ❛✉t♦♠❛t✐s❝❤ ♠✐t ❍✐❧❢❡ ❡✐♥❡s ■♠♣♦rt✲❲❡r❦③❡✉❣s ❣❡♥❡r✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥
✭❏❆❳✲❲❙✰●❡♥✳✮✳ ❉❡✉t❧✐❝❤❡ ❯♥t❡rs❝❤✐❡❞❡ ③❡✐❣❡♥ s✐❝❤ ❜❡✐ ❞❡r ❇❡tr❛❝❤t✉♥❣ ❞❡r ❆♥✇❡✐s✉♥❣❡♥
✭❙t❛t❡♠❡♥ts✮✳ ❱✐❡❧❡ ❆♥✇❡✐s✉♥❣❡♥ ❞❡✉t❡♥ ❛✉❢ ♠❛♥✉❡❧❧❡♥ ❑♦♥✜❣✉r❛t✐♦♥s❛✉❢✇❛♥❞ ♠✐t s❝❤✇❡r
✇❛rt❜❛r❡♠ ♣r♦③❡❞✉r❛❧❡♠ ❈♦❞❡ ❤✐♥ ✭③✳❇✳ ❜❡✐ ❘▼■✱ ❏❆❳✲❲❙ ✉♥❞ ❏❆❉❊✮✱ ✇ä❤r❡♥❞ ✇❡♥✐❣❡
❆♥✇❡✐s✉♥❣❡♥ ❞❛❢ür s♣r❡❝❤❡♥✱ ❞❛ss ❡✐♥ ●r♦ÿt❡✐❧ ❞❡r ■♠♣❧❡♠❡♥t❛t✐♦♥ ❛✉s ❞❡❦❧❛r❛t✐✈❡♥ ❇❡✲
s❝❤r❡✐❜✉♥❣❡♥ ❜❡st❡❤t ✭s✐❡❤❡ ❙❈❆ ✉♥❞ ❏❛❞❡①✮✱ ✇✐❡ ✐♥ ❦♦♠♣♦♥❡♥t❡♥♦r✐❡♥t✐❡rt❡♥ ❆♥sät③❡♥
❛✉❝❤ ③✉ ❡r✇❛rt❡♥ ✐st✳ ❆❧s ❋❛③✐t ❧ässt s✐❝❤ s❛❣❡♥✱ ❞❛s ❙❈❆ ✉♥❞ ❏❛❞❡① ❜❡③♦❣❡♥ ❛✉❢ ❞✐❡ ❈❤❛t✲
❆♥✇❡♥❞✉♥❣ ä❤♥❧✐❝❤ ❣✉t❡ Pr♦❣r❛♠♠✐❡r♠ö❣❧✐❝❤❦❡✐t❡♥ ❜✐❡t❡♥✳ ❉✐❡s ✐st ♥❛❤❡❧✐❡❣❡♥❞✱ ❞❛ ❛❦t✐✈❡
❑♦♠♣♦♥❡♥t❡♥ ✈✐❡❧❡ ❑♦♥③❡♣t❡ ♠✐t ❞❡r ❙❈❆ ❣❡♠❡✐♥s❛♠ ❤❛❜❡♥ ✉♥❞ ❞✐❡s❡ ♥♦❝❤ ✉♠ ❆❣❡♥t❡♥✲
♦r✐❡♥t✐❡r✉♥❣ ❡r❣ä♥③❡♥✱ ✇♦❜❡✐ ❆❣❡♥t❡♥♦r✐❡♥t✐❡r✉♥❣ ❢ür ❡✐♥❡♥ ❡✐♥❢❛❝❤❡♥ ❈❤❛t ♥✐❝❤t ♥♦t✇❡♥❞✐❣
s❝❤❡✐♥t✳

✷✳✹✳✷ ❊✈❛❧✉❛t✐♦♥ ❞❡r ▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦t✉r

■♠ ❋♦❦✉s ❞❡r ❊✈❛❧✉❛t✐♦♥ ❞❡r ▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦t✉r ❧✐❡❣❡♥ P❡r❢♦r♠❛♥❝❡ ✉♥❞ ❙❦❛❧✐❡r❜❛r✲
❦❡✐t✳ ❯♠ ❞✐❡s❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ❞❡r ▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦t✉r ③✉ ✉♥t❡rs✉❝❤❡♥✱ ✇✉r❞❡ ❡✐♥❡ ❆♥✲
✇❡♥❞✉♥❣ ③✉♠ ✈❡rt❡✐❧t❡♥ ❇❡r❡❝❤♥❡♥ ✈♦♥ ❋r❛❦t❛❧❡♥ ❡rst❡❧❧t ✭✈❣❧✳ ❬❇✲✺❪✮✳ ❉✐❡ ❆♥✇❡♥❞✉♥❣ st❡❧❧t
❡✐♥ ❙③❡♥❛r✐♦ ③✉r ✈❡rt❡✐❧t❡♥ ❇❡r❡❝❤♥✉♥❣ ❞❛r✱ ✐♥ ❞❡r ❥❡❞❡r P✐①❡❧ ✐♠ Pr✐♥③✐♣ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥
❛❧❧❡♥ ❛♥❞❡r❡♥ ❜❡r❡❝❤♥❡t ✇❡r❞❡♥ ❦❛♥♥✳ ❙♦♠✐t ❧ässt s✐❝❤ ❞❛s Pr♦❜❧❡♠ s❡❤r ❣✉t ❣❧❡✐❝❤♠äÿ✐❣
❛✉❢ ✈✐❡❧❡ ❑♥♦t❡♥ ✐♠ ◆❡t③✇❡r❦ ✈❡rt❡✐❧❡♥✳ ❯♠ ❢✉♥❞✐❡rt❡ ❆❜s❝❤ät③✉♥❣❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ P❡r❢♦r✲
♠❛♥❝❡ ✉♥❞ ❙❦❛❧✐❡r❜❛r❦❡✐t ♠❛❝❤❡♥ ③✉ ❦ö♥♥❡♥✱ ✇✐r❞ ❞❛s ❣❧❡✐❝❤❡ ❋r❛❦t❛❧ ✐♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥
◆❡❜❡♥❧ä✉✜❣❦❡✐ts✲ ✉♥❞ ❱❡rt❡✐❧✉♥❣ss③❡♥❛r✐❡♥ ❜❡r❡❝❤♥❡t ✭✈❣❧✳ ❆❜❜✳ ✷✳✶✻❛✮✳ ❆❧s ❘❡❝❤♥❡r ❦♦♠♠t
❞❛❜❡✐ ❡✐♥❡ ◗✉❛❞✲❈♦r❡✲▼❛s❝❤✐♥❡ ③✉♠ ❊✐♥s❛t③ ✭❧♦❦❛❧❡r ❋❛❧❧✮ ❜③✇✳ ❡✐♥ P♦♦❧ ❛✉s s❡❝❤s ◗✉❛❞✲
❈♦r❡✲▼❛s❝❤✐♥❡♥ ✭✈❡rt❡✐❧t❡r ❋❛❧❧✮✳ ❆❜❜✳ ✷✳✶✻❛ ③❡✐❣t ❣❡♠❡ss❡♥❡ ▲❛✉❢③❡✐t❡♥ ❢ür ❞✐❡ ❇❡r❡❝❤♥✉♥❣✳✻

❉✐❡ ❙③❡♥❛r✐❡♥ ✉♥t❡rs❝❤❡✐❞❡♥ s✐❝❤ ❞❛❜❡✐ ✐♥ ❞❡r ❆♥③❛❤❧ ❞❡r ■♥st❛♥③❡♥ ✈♦♥ ❇❡r❡❝❤♥✉♥❣s❦♦♠✲
♣♦♥❡♥t❡♥ ✭❝❛❧❝✳✮ ✉♥❞ ❞❡r ❆♥③❛❤❧ ❞❡r ❇✐❧❞❛✉ss❝❤♥✐tt❡✱ ✐♥ ❞✐❡ ❞❛s ❋r❛❦t❛❧ ❢ür ❞✐❡ ♥❡❜❡♥❧ä✉✜❣❡
❇❡r❡❝❤♥✉♥❣ ③❡r❧❡❣t ✇✐r❞ ✭t❛s❦s✮✳

❩✉r ❆♥❛❧②s❡ ❞❡r P❡r❢♦r♠❛♥❝❡✲ ✉♥❞ ❙❦❛❧✐❡r❜❛r❦❡✐ts❡✐❣❡♥s❝❤❛❢t❡♥ ✇❡r❞❡♥ ❇❡s❝❤❧❡✉♥✐❣✉♥❣
✭s♣❡❡❞✉♣✮ ✉♥❞ ❊✣③✐❡♥③ ✭❡✣❝✐❡♥❝②✮ ❡r❤♦❜❡♥✱ ✇♦❜❡✐ s✐❝❤ ❞✐❡ ❇❡s❝❤❧❡✉♥✐❣✉♥❣ ❛✉s ❞❡♠ ◗✉♦t✐✲
❡♥t❡♥ ❞❡r s❡q✉❡♥t✐❡❧❧❡♥ ▲❛✉❢③❡✐t ✉♥❞ ❞❡r ♥❡❜❡♥❧ä✉✜❣❡♥ ❜③✇✳ ✈❡rt❡✐❧t❡♥ ▲❛✉❢③❡✐t ❡r❣✐❜t✳ ❉✐❡
❊✣③✐❡♥③ ❡r❣✐❜t s✐❝❤ ❞❛♥♥ ❛✉s ❞❡♠ ◗✉♦t✐❡♥t❡♥ ❞❡r ❣❡♠❡ss❡♥❡♥ ❇❡s❝❤❧❡✉♥✐❣✉♥❣ ✉♥❞ ❞❡r ✐♠
✈♦r❧✐❡❣❡♥❞❡♥ ❙③❡♥❛r✐♦ t❤❡♦r❡t✐s❝❤ ♠ö❣❧✐❝❤❡♥ ❇❡s❝❤❧❡✉♥✐❣✉♥❣✳ ❙♦ ✐st ✐♠ ❧♦❦❛❧❡♥ ❋❛❧❧ ❛✉❢❣r✉♥❞
❞❡s ◗✉❛❞✲❈♦r❡✲Pr♦③❡ss♦rs ❡✐♥❡ ♠❛①✐♠❛❧❡ ❇❡s❝❤❧❡✉♥✐❣✉♥❣ ✈♦♥ ✹ ♠ö❣❧✐❝❤✳ ❙❡t③t ♠❛♥ ❞❡♥ s❡✲
q✉❡♥t✐❡❧❧❡♥ ❋❛❧❧ ✭✶ ❧♦❝❛❧ ❝❛❧❝✳✱ ✶ t❛s❦ ✐♥ ❆❜❜✳ ✷✳✶✻❛✮ ❛❧s ✶✱ s♦ ❡r❣✐❜t s✐❝❤ ❢ür ❞✐❡ ❆✉❢t❡✐❧✉♥❣ ✐♥

✻❍✐❡r❜❡✐ ❧❛❣ ❞✐❡ ❙t❛♥❞❛r❞❛❜✇❡✐❝❤✉♥❣ ③✇✐s❝❤❡♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ▲ä✉❢❡♥ ❞❡s ❣❧❡✐❝❤❡s ❙③❡♥❛r✐♦s ♠❡✐st ✉♥t❡r
✵✱✶ ✉♥❞ ✐♠♠❡r ✐♥ ❡✐♥❡♠ ❇❡r❡✐❝❤✱ ❞❡r ✐♥ ❞❡r ●r❛✜❦ ♥✐❝❤t ♠❡❤r ❡r❦❡♥♥❜❛r ✇är❡✳



✷✵ ❑❛♣✐t❡❧ ✷✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③
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❆❜❜✐❧❞✉♥❣ ✷✳✶✻✿ ❊✈❛❧✉❛t✐♦♥ ❞❡r ▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦t✉r ✭❛✉s ❬❇✲✺❪✮

✈✐❡r ❇✐❧❞❜❡r❡✐❝❤❡ ♠✐t ✈✐❡r ❇❡r❡❝❤♥✉♥❣s❦♦♠♣♦♥❡♥t❡♥ ❡✐♥❡ t❛tsä❝❤❧✐❝❤❡ ❇❡s❝❤❧❡✉♥✐❣✉♥❣ ✈♦♥
✸✱✽✷ ✉♥❞ s♦♠✐t ❡✐♥❡ ❊✣③✐❡♥③ ✈♦♥ ✾✺✱✺✪ ✭s✐❡❤❡ ♠✐tt❧❡r❡ ❙♣❛❧t❡♥ ✐♥ ❆❜❜✳ ✷✳✶✻❜✮✳ ❉✐❡s st❡❧❧t
✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ ❆✉❢t❡✐❧✉♥❣ ❞❡♥ ♦♣t✐♠❛❧❡♥ ❋❛❧❧ ❞❛r✱ ❞❡r s♦♠✐t ❞✐❡ P❡r❢♦r♠❛♥❝❡ ❞❡r ■♥❢r❛✲
str✉❦t✉r ✇✐❞❡rs♣✐❡❣❡❧t✳ ❉✉r❝❤ ❡✐♥❡ ✇❡✐t❡r❡ ❩❡r❧❡❣✉♥❣ ❞❡s ❇✐❧❞❡s ✉♥❞ ❞❛s ❍✐♥③✉❢ü❣❡♥ ✇❡✐t❡r❡r
❇❡r❡❝❤♥✉♥❣s❦♦♠♣♦♥❡♥t❡♥ ❦❛♥♥ ❞✐❡ ▲❛✉❢③❡✐t ❛✉❢ ❡✐♥❡♠ ◗✉❛❞✲❈♦r❡✲❘❡❝❤♥❡r ♥✐❝❤t ✇❡✐t❡r ✈❡r✲
❜❡ss❡rt ✇❡r❞❡♥✱ ❞❛ ❤✐❡r ❧❡❞✐❣❧✐❝❤ ❞❡r ❖✈❡r❤❡❛❞ ❢ür ❞✐❡ ❩✉♦r❞♥✉♥❣ ✈♦♥ ❇✐❧❞❛✉ss❝❤♥✐tt❡♥ ③✉
❇❡r❡❝❤♥✉♥❣s❦♦♠♣♦♥❡♥t❡♥ ✇ä❝❤st✱ ♦❤♥❡ ❞❛ss ❡✐♥❡ ✇❡✐t❡r❡ P❛r❛❧❧❡❧✐s✐❡r✉♥❣ ❞❡r ❇❡r❡❝❤♥✉♥❣
♠ö❣❧✐❝❤ ✇är❡✳ ❉✉r❝❤ ❞✐❡ ✇❡✐t❡r❡ ❩❡r❧❡❣✉♥❣ ❧ässt s✐❝❤ ❥❡❞♦❝❤ ❞✐❡ ❙❦❛❧✐❡r❜❛r❦❡✐t ❛❜s❝❤ät③❡♥✱
❞✳❤✳ ❡s ❦❛♥♥ ❡r♠✐tt❡❧t ✇❡r❞❡♥✱ ✇✐❡ ✈✐❡❧ P❡r❢♦r♠❛♥❝❡ ❞✉r❝❤ ③✉sät③❧✐❝❤❡ ❱❡rt❡✐❧✉♥❣ ✈❡r❧♦r❡♥
❣❡❤t✳ ❉❛s ✈✐❡rt❡ ❙③❡♥❛r✐♦ ✐♠ ❧♦❦❛❧❡♥ ❋❛❧❧ ③❡✐❣t✱ ❞❛ss ❛✉❝❤ ❜❡✐ ✶✵✵ ❇❡r❡❝❤♥✉♥❣s❦♦♠♣♦♥❡♥✲
t❡♥ ✉♥❞ ❡✐♥❡r ❆✉❢t❡✐❧✉♥❣ ✐♥ ✶✵✷✹ ❇✐❧❞❜❡r❡✐❝❤❡ ❞✐❡ ❊✣③✐❡♥③ ♠✐t ✾✹✱✾✪ ♥❛❤❡③✉ ✉♥✈❡rä♥❞❡rt
❜❧❡✐❜t✳ ❊rst ❜❡✐ ✇❡s❡♥t❧✐❝❤ ❤ö❤❡r❡r ❩❡r❧❡❣✉♥❣ ✭s✐❡❤❡ ❧❡t③t❡ ❙♣❛❧t❡♥ ✐♥ ❆❜❜✳ ✷✳✶✻❜✮ s✐♥❞ ❞❡✉t✲
❧✐❝❤❡ P❡r❢♦r♠❛♥❝❡✲❊✐♥❜✉ÿ❡♥ ❡r❦❡♥♥❜❛r✳

❋ür ❞❡♥ ✈❡rt❡✐❧t❡♥ ❋❛❧❧ ③❡✐❣t s✐❝❤ ❡✐♥ ä❤♥❧✐❝❤❡s ❇✐❧❞ ✭✈❣❧✳ ❆❜❜✳ ✷✳✶✻❝✮✿ ❇❡✐ s❡❝❤s ❘❡❝❤♥❡r♥
♠✐t ❥❡ ✈✐❡r ❇❡r❡❝❤♥✉♥❣s❦♦♠♣♦♥❡♥t❡♥ ✉♥❞ ❞❡r ❞❛③✉ ♣❛ss❡♥❞❡♥ ❩❡r❧❡❣✉♥❣ ✐♥ ✷✹ ❇✐❧❞❛✉s✲
s❝❤♥✐tt❡ ❧✐❡❣t ❞✐❡ ❊✣③✐❡♥③ ❜❡✐ ✽✽✱✺✪✱ ❞✳❤✳ s✐❡ ✐st tr♦t③ ❑♦♠♠✉♥✐❦❛t✐♦♥s✲❖✈❡r❤❡❛❞ ❞✉r❝❤ ❞✐❡
❱❡rt❡✐❧✉♥❣ ❢❛st ❛✉❢ ❞❡♠ ◆✐✈❡❛✉ ❞❡s ❧♦❦❛❧❡♥ ❋❛❧❧s✳ ❆✉❝❤ ❞✐❡ ❙❦❛❧✐❡r❜❛r❦❡✐t ✐st ❣✉t✱ ❞❛ ❞✐❡
❊✣③✐❡♥③ s❡❧❜st ❜❡✐ ❡✐♥❡r ❆✉❢t❡✐❧✉♥❣ ❛✉❢ ✼✻✽ ❇✐❧❞❜❡r❡✐❝❤❡ ♥♦❝❤ ✐♠♠❡r ❜❡✐ ❢❛st ✽✵✪ ❧✐❡❣t
✭❞✐❡s ❡♥ts♣r✐❝❤t ❡✐♥❡r ✸✷✲❢❛❝❤ ③✉ st❛r❦❡♥ ❩❡r❧❡❣✉♥❣ ❜❡③♦❣❡♥ ❛✉❢ ❞✐❡ ✈❡r❢ü❣❜❛r❡♥ ✷✹ ❇❡r❡❝❤✲
♥✉♥❣s❦♦♠♣♦♥❡♥t❡♥✮✳ ❊rst ❜❡✐ ❡✐♥❡r ✻✹✲❢❛❝❤ ③✉ ❤♦❤❡♥ ❆✉❢t❡✐❧✉♥❣ ✭✶✺✸✻ ❇✐❧❞❜❡r❡✐❝❤❡✮ ❣❡❤t
❞✐❡ P❡r❢♦r♠❛♥❝❡ ❜❡✐ ❡✐♥❡r ❊✣③✐❡♥③ ✈♦♥ ♥✉♥♠❡❤r ❧❡❞✐❣❧✐❝❤ ✹✽✱✻✪ ❧❛♥❣s❛♠ ③✉rü❝❦✱ ♦❤♥❡ ❞❛ss
❞❛s ❙②st❡♠ ❥❡❞♦❝❤ ✈♦❧❧stä♥❞✐❣ ❦♦❧❧❛❜✐❡rt✳
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■♥ ❞✐❡s❡r ❆r❜❡✐t ✇✉r❞❡♥ ❡✐♥❣❛♥❣s ✐♥ ❆❜s❝❤♥✐tt ✶✳✶ ♥❡❜❡♥ ❞❡♥ ❣r✉♥❞❧❡❣❡♥❞❡♥ ❙♦❢t✇❛r❡✲
❊♥❣✐♥❡❡r✐♥❣✲❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ♠✐t ◆❡❜❡♥❧ä✉✜❣❦❡✐t✱ ❱❡rt❡✐❧✉♥❣ ✉♥❞ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡♥ ❊✐✲
❣❡♥s❝❤❛❢t❡♥ ❞r❡✐ ✇❡✐t❡r❡ ❑❛t❡❣♦r✐❡♥ ✈♦♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❤❡r❛✉s❣❡❛r❜❡✐t❡t✱ ❞✐❡ s♣❡③✐❡❧❧ ❜❡✐
❞❡r ❊♥t✇✐❝❦❧✉♥❣ ✈❡rt❡✐❧t❡r ❙②st❡♠❡ ❡✐♥❡ ✇✐❝❤t✐❣❡ ❘♦❧❧❡ s♣✐❡❧❡♥✳ ■♠ ❋♦❧❣❡♥❞❡♥ ✇✐r❞ ❞❡r ❦♦♥✲
③❡♣t✐♦♥❡❧❧❡ ❇❡✐tr❛❣ ❞❡s ❆♥s❛t③❡s ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡s❡ ✈✐❡r ❇❡r❡✐❝❤❡
✈♦♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ③✉s❛♠♠❡♥❣❡❢❛sst ✭✈❣❧✳ ❬❇✲✺❪✮✳

❼ ❙♦❢t✇❛r❡ ❊♥❣✐♥❡❡r✐♥❣✿ ❇❡✐ ❞❡r Pr♦❣r❛♠♠✐❡r✉♥❣ ✐♠ ❑❧❡✐♥❡♥ ❣r❡✐❢t ❞❡r ❆♥s❛t③ ❛✉❢
✈❡r❜r❡✐t❡t❡ ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ❑♦♥③❡♣t❡ ③✉rü❝❦✳ ❉✐❡s ♠❛❝❤t ❞❡♥ ❆♥s❛t③ ❛✉❝❤ ❢ür ✇❡✲
♥✐❣❡r ❡r❢❛❤r❡♥❡ ❊♥t✇✐❝❦❧❡r ❧❡✐❝❤t ③✉❣ä♥❣❧✐❝❤✳ ❋ür ❞✐❡ ●❡st❛❧t✉♥❣ ❣r♦ÿ❡r ❙♦❢t✇❛r❡✲
❆r❝❤✐t❡❦t✉r❡♥ ❡r❧❛✉❜t ❞❡r ❦♦♠♣♦♥❡♥t❡♥♦r✐❡♥t✐❡rt❡ ❆♥s❛t③ ❡✐♥❡ ❤✐❡r❛r❝❤✐s❝❤❡ ❉❡❦♦♠✲
♣♦s✐t✐♦♥ ✉♥t❡r ❡①♣❧✐③✐t❡r ❇❡s❝❤r❡✐❜✉♥❣ ❢✉♥❦t✐♦♥❛❧❡r ❆❜❤ä♥❣✐❣❦❡✐t❡♥✳
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❼ ◆❡❜❡♥❧ä✉✜❣❦❡✐t✿ ❩✉r ❯♥t❡rstüt③✉♥❣ ❞❡r ◆❡❜❡♥❧ä✉✜❣❦❡✐t ❦♦♠❜✐♥✐❡rt ❞❡r ❆♥s❛t③ ❑♦♥✲
③❡♣t❡ ❞❡s ❛❦t✐✈❡♥ ❖❜❥❡❦ts ♠✐t ❞❡♠ ❆❝t♦r✲▼♦❞❡❧❧✳ ❉❛❞✉r❝❤ ✇✐r❞ ❡✐♥ ❡✐♥❢❛❝❤ ③✉ ❜❡♥✉t✲
③❡♥❞❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❜❡r❡✐t❣❡st❡❧❧t✱ ❞❛s s✐❝❤ ❣✉t ✐♥ ❞✐❡ ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ❊♥t✇✐❝❦✲
❧✉♥❣ ❡✐♥❢ü❣t ✉♥❞ tr♦t③❞❡♠ t②♣✐s❝❤❡ ◆❡❜❡♥❧ä✉✜❣❦❡✐ts♣r♦❜❧❡♠❡ ✇✐❡ ❘❛❝❡✲❈♦♥❞✐t✐♦♥s ✉♥❞
❉❡❛❞❧♦❝❦s ✈❡r♠❡✐❞❡t✳ ❋ür ❞✐❡ ❯♥t❡rstüt③✉♥❣ ❦♦♠♣❧❡①❡r❡r ■♥t❡r❛❦t✐♦♥s♠♦❞❡❧❧❡ ❦❛♥♥
③✉❞❡♠ ❛✉❢ ❆♥sät③❡ ❛✉s ❞❡r ❆❣❡♥t❡♥♦r✐❡♥t✐❡r✉♥❣ ✭③✳❇✳ ❱❡r❤❛♥❞❧✉♥❣s♣r♦t♦❦♦❧❧❡✮ ③✉✲
rü❝❦❣❡❣r✐✛❡♥ ✇❡r❞❡♥✳

❼ ❱❡rt❡✐❧✉♥❣✿ ❋ür ❱❡rt❡✐❧✉♥❣ ✇✐r❞ ♣r✐♠är ❛✉❢ ❞❛s ❉✐❡♥st❦♦♥③❡♣t ❞❡r ❙❖❆ ③✉rü❝❦❣❡❣r✐❢✲
❢❡♥✳ ■♥❞❡♠ ❢✉♥❦t✐♦♥❛❧❡ ❆❜❤ä♥❣✐❣❦❡✐t❡♥ ③✇✐s❝❤❡♥ ❚❡✐❧s②st❡♠❡♥ ❛✉❢ ❢❛❝❤❧✐❝❤❡r ❊❜❡♥❡
s♣❡③✐✜③✐❡rt ✇❡r❞❡♥✱ ❡♥tst❡❤❡♥ ❣r♦❜❣r❛♥✉❧❛r❡ ❙❝❤♥✐ttst❡❧❧❡♥✱ ❞✐❡ ❡✐♥❡ ❣✉t❡ ❆❜str❛❦t✐♦♥
❢ür ❞✐❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ✐♠ ✈❡rt❡✐❧t❡♥ ❋❛❧❧ ❞❛rst❡❧❧❡♥✳ ❚❡❝❤♥✐s❝❤❡ ❑♦♥③❡♣t❡ ✉♥❞ ❙t❛♥✲
❞❛r❞s ✈♦♥ ❲❙❉▲ ✉♥❞ ❘❊❙❚ ❲❡❜ ❙❡r✈✐❝❡s ✉♥t❡rstüt③❡♥ ③✉❞❡♠ ■♥t❡r♦♣❡r❛❜✐❧✐tät ✉♥❞
❞❡♥ ❯♠❣❛♥❣ ♠✐t ❍❡t❡r♦❣❡♥✐tät✳

❼ ◆✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥✿ ❉❛s ❑♦♠♣♦♥❡♥t❡♥♠♦❞❡❧❧ ❡r♠ö❣❧✐❝❤t ❡✐♥❡ str✐❦t❡ ❚r❡♥✲
♥✉♥❣ ③✇✐s❝❤❡♥ ❢❛❝❤❧✐❝❤❡r ❋✉♥❦t✐♦♥❛❧✐tät ✉♥❞ ❞❡♥ ❞❛✈♦♥ ✉♥❛❜❤ä♥❣✐❣❡♥ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛✲
❧❡♥ ❊✐❣❡♥s❝❤❛❢t❡♥✳ ❍✐❡r❜❡✐ ❦❛♥♥ ❞✐❡ ❢❛❝❤❧✐❝❤❡ ❋✉♥❦t✐♦♥❛❧✐tät ✇ä❤r❡♥❞ ❞❡r ❊♥t✇✐❝❦❧✉♥❣s✲
③❡✐t ✐♥ ❞❡r ❑♦♠♣♦♥❡♥t❡♥✐♠♣❧❡♠❡♥t❛t✐♦♥ r❡❛❧✐s✐❡rt ✇❡r❞❡♥✱ ✇ä❤r❡♥❞ ❞✐❡ ❣❡✇ü♥s❝❤t❡♥
♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡♥ ❊✐❣❡♥s❝❤❛❢t❡♥ ❞❡r ❆♥✇❡♥❞✉♥❣ ❡rst s♣ät❡r ❞✉r❝❤ ❡✐♥❡ ❡♥ts♣r❡❝❤❡♥❞❡
❑♦♥✜❣✉r❛t✐♦♥ s✐❝❤❡r❣❡st❡❧❧t ✇❡r❞❡♥✳

◆❡❜❡♥ ❞✐❡s❡♥ ❡✐♥③❡❧♥❡♥ ❇❡✐trä❣❡♥ ❧✐❡❣t ❞❡r ❣röÿt❡ ❦♦♥③❡♣t✐♦♥❡❧❧❡ ❇❡✐tr❛❣ ❛❦t✐✈❡r ❑♦♠♣♦♥❡♥✲
t❡♥ ❞❛r✐♥✱ ❞❛ss ❛❧❧❡ ✐♥ ❞❡r ♦❜✐❣❡♥ ❆✉❢③ä❤❧✉♥❣ ❣❡♥❛♥♥t❡♥ ❑♦♥③❡♣t❡ ✐♥ ❡✐♥❡♠ ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥
▼♦❞❡❧❧ ❜❡r❡✐t❣❡st❡❧❧t ✇❡r❞❡♥✳ ❉❛❞✉r❝❤ ❦ö♥♥❡♥ ❛❧❧❡ ❑♦♥③❡♣t❡ ♦rt❤♦❣♦♥❛❧ ③✉❡✐♥❛♥❞❡r✱ ❞✳❤✳ ❛✉❢
✐♥t✉✐t✐✈❡ ❲❡✐s❡ ✐♥ ❜❡❧✐❡❜✐❣❡r ❑♦♠❜✐♥❛t✐♦♥ ❥❡ ♥❛❝❤ ❆♥✇❡♥❞✉♥❣s❦♦♥t❡①t✱ ❣❡♠❡✐♥s❛♠ ❡✐♥❣❡s❡t③t
✇❡r❞❡♥✳



✷✷ ❑❛♣✐t❡❧ ✷✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❛❧s ✐♥t❡❣r✐❡rt❡r ❊♥t✇✐❝❦❧✉♥❣s❛♥s❛t③



❑❛♣✐t❡❧ ✸

❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞

✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✇✉r❞❡♥ ♠✐t ❞❡♠ ❩✐❡❧ ❦♦♥③✐♣✐❡rt✱ ❣❡♥❡r✐s❝❤ ③✉ s❡✐♥✳ ❉✳❤✳ ❞❡r ❆♥s❛t③
s♦❧❧ ♣r✐♥③✐♣✐❡❧❧ ❢ür ❥❡❞❡ ❆rt ✈❡rt❡✐❧t❡r ❙②st❡♠s♦❢t✇❛r❡ ❛♥✇❡♥❞❜❛r s❡✐♥ ✉♥❞ ❱♦rt❡✐❧❡ ❜❡✐ ❞❡✲
r❡♥ ❊♥t✇✐❝❦❧✉♥❣ ③✉ ❜✐❡t❡♥✳ ■♠ ✈♦r❛♥❣❡❣❛♥❣❡♥❡♥ ❑❛♣✐t❡❧ ✇✉r❞❡♥ ❞✐❡ ✈♦r❣❡s❝❤❧❛❣❡♥❡♥ ✉♥❞
✉♠❣❡s❡t③t❡♥ ❑♦♥③❡♣t❡ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❦♦♥❦r❡t❡♥ ❆♥✇❡♥❞✉♥❣❡♥ ♠♦t✐✈✐❡rt ✉♥❞ ❡✈❛❧✉✐❡rt✳ ■♥
❞✐❡s❡♠ ❑❛♣✐t❡❧ s♦❧❧ ❞❛s ❛❧❧❣❡♠❡✐♥❡ ❑♦♥③❡♣t ❛❦t✐✈❡r ❑♦♠♣♦♥❡♥t❡♥ ♠✐t ✇❡✐t❡r❡♥ ❦♦♥❦r❡t❡♥
❇❡✐trä❣❡ ❛♠ ❇❡✐s♣✐❡❧ ❡✐♥❡r r❡❧❡✈❛♥t❡ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡ ❞✐s❦✉t✐❡rt ✇❡r❞❡♥✳

❊✐♥❡♥ ✇✐❝❤t✐❣❡♥ ❇❡r❡✐❝❤ ✈❡rt❡✐❧t❡r ❆♥✇❡♥❞✉♥❣❡♥ st❡❧❧t ❙♦❢t✇❛r❡ ③✉r ❯♥t❡rstüt③✉♥❣ ♠❡♥s❝❤✲
❧✐❝❤❡r ❆❦t❡✉r❡ ❞❛r✳ ●❡♠❡✐♥s❛♠❡s ❩✐❡❧ ❞❡r❛rt✐❣❡r ❆♥✇❡♥❞✉♥❣❡♥ ✐st ❞❛❜❡✐✱ ❞❛s ❊r❢ü❧❧❡♥ ♠❡♥s❝❤✲
❧✐❝❤❡r ❆✉❢❣❛❜❡♥ ③✉ ✈❡r❡✐♥❢❛❝❤❡♥✱ ③✳❇✳ ✐♥❞❡♠ ✇✐❡❞❡r❦❡❤r❡♥❞❡ ❚ät✐❣❦❡✐t❡♥ ✉♥t❡rstüt③t ✇❡r❞❡♥✳
❉✐❡ ❇❛♥❞❜r❡✐t❡ r❡✐❝❤t ❞❛❜❡✐ ✈♦♥ ❡✐♥❢❛❝❤❡r ■♥❢♦r♠❛t✐♦♥s❛✉❢❜❡r❡✐t✉♥❣ ❜✐s ❤✐♥ ③✉r t❡✐❧✇❡✐s❡♥
♦❞❡r s♦❣❛r ✈♦❧❧stä♥❞✐❣❡♥ ❆✉t♦♠❛t✐s✐❡r✉♥❣ ✈♦♥ ❚ät✐❣❦❡✐t❡♥✳ ◆❛❝❤ ❬❚✐♠✾✼❪ ❦❛♥♥ s✐❝❤ ❞✐❡ ❆s✲
s✐st❡♥③✱ ❞✐❡ ❡✐♥ s♦❧❝❤❡s ❙②st❡♠ ❜✐❡t❡t✱ ❞❛❜❡✐ ❛✉❢ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ♠❡♥s❝❤❧✐❝❤❡ ❋ä❤✐❣❦❡✐t❡♥
❜❡③✐❡❤❡♥✱ ✇✐❡ ❲❛❤r♥❡❤♠✉♥❣✱ ♠♦t♦r✐s❝❤❡ ❋ä❤✐❣❦❡✐t❡♥✱ Pr♦❜❧❡♠❧ös❡♥ ♦❞❡r ❊♥ts❝❤❡✐❞✉♥❣s✲
♣r♦③❡ss❡✳ ❏❡ ♥❛❝❤❞❡♠✱ ✇❡❧❝❤❡ ❋ä❤✐❣❦❡✐t ✉♥t❡rstüt③t ✇❡r❞❡♥ s♦❧❧✱ st❡❤t ❞❡r ❊♥t✇✐❝❦❧❡r ✈♦r
✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥✳

❉✐❡s❡s ❑❛♣✐t❡❧ ❜❡s❝❤ä❢t✐❣t s✐❝❤ ♠✐t ❞❡r ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡ ❞❡r ✐♥t❡❧❧✐❣❡♥t❡♥ ❆ss✐st❡♥③❛♥✲
✇❡♥❞✉♥❣❡♥✳ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥ ❢ür ✉♥t❡rstüt③❡♥❞❡ ❙②st❡♠❡ s✐♥❞ ✐♥ ❞❡r ▲✐t❡r❛t✉r ❜✐s❤❡r
♥✐❝❤t ❡✐♥❞❡✉t✐❣ ❞❡✜♥✐❡rt ✭✈❣❧✳ ❬❲❛♥✵✺❪✮✳ ❉✐❡ ✈❡r✇❡♥❞❡t❡♥ ❇❡③❡✐❝❤♥✉♥❣❡♥ ✈❛r✐✐❡r❡♥ st❛r❦✳
❍ä✉✜❣ ✐st ✈♦♥ ❆ss✐st❡♥③s②st❡♠❡♥ ❞✐❡ ❘❡❞❡✱ ❞✐❡ ❞✉r❝❤ ✇❡✐t❡r❡ ❇❡❣r✐✛❡ ♥ä❤❡r ❡✐♥❣❡❣r❡♥③t
✇❡r❞❡♥✱ ③✳❇✳ ■❚✲❆ss✐st❡♥③s②st❡♠❡ ❬❘▲P✵✾❪✱ ❋❛❤r❡r❛ss✐st❡♥③s②st❡♠❡ ❬❙t✐✵✼❪ ♦❞❡r t❡❝❤♥✐s❝❤❡
❆ss✐st❡♥③s②st❡♠❡ ❬●❡r✶✹❪✳ ❆✉❝❤ ✉♥t❡r ❞❡♠ ❇❡❣r✐✛ ❯♥t❡rstüt③✉♥❣ ✭❡♥❣❧✳ s✉♣♣♦rt✮ s✐♥❞ ❡♥t✲
s♣r❡❝❤❡♥❞❡ ❙②st❡♠❦❧❛ss❡♥ ③✉ ✜♥❞❡♥✱ ③✳❇✳ ❊♥ts❝❤❡✐❞✉♥❣s✉♥t❡rstüt③✉♥❣ss②st❡♠❡ ✭❡♥❣❧✳ ❞❡❝✐s✐✲
♦♥ s✉♣♣♦rt s②st❡♠s✮ ❬❇❍✵✽❪✳

■♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ✇❡r❞❡♥ ❞❛❤❡r ✐♠ ❋♦❧❣❡♥❞❡♥ ❞❡✜♥✐❡rt ❛❧s ❆♥✇❡♥❞✉♥✲
❣❡♥✱ ❞✳❤✳ ❙②st❡♠❡✱ ❞✐❡ ❡✐♥❡ ❡①♣❧✐③✐t❡ ■♥t❡r❛❦t✐♦♥ ♠✐t ❞❡♠ ❇❡♥✉t③❡r ✈♦rs❡❤❡♥✳ ❬▲✉❞✶✺❪ ❢ü❤rt
❢ür ❞✐❡s❡ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡ ❞❡♥ ❇❡❣r✐✛ ✐♥t❡r❛❦t✐✈❡ ❆ss✐st❡♥③s②st❡♠❡ ❡✐♥✳ ❉✐❡ ■♥t❡r❛❦t✐♦♥
❣r❡♥③t ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ❛❜ ✈♦♥ ❛♥❞❡r❡♥ ❆rt❡♥ ✈♦♥ ❆ss✐st❡♥③s②st❡♠❡♥✱ ❞✐❡ ✈♦❧❧stä♥❞✐❣
❛✉t♦♥♦♠ ❆r❜❡✐t❡♥✳ ❊✐♥ ❇❡✐s♣✐❡❧ ❢ür ❡✐♥ ❛✉t♦♥♦♠❡s ❆ss✐st❡♥③s②st❡♠ ✐st ❞❛s ❡❧❡❦tr♦♥✐s❝❤❡ ❙t❛✲
❜✐❧✐täts♣r♦❣r❛♠♠ ✭❊❙P✮✱ ❞❛ss ✈♦❧❧❛✉t♦♠❛t✐s❝❤ ❞✐❡ ❱❡rt❡✐❧✉♥❣ ✈♦♥ ❇r❡♠s❦r❛❢t ❛✉❢ ❡✐♥③❡❧♥❡
❘ä❞❡r ❡✐♥❡s ❋❛❤r③❡✉❣s r❡❣❡❧t✱ ✉♠ ❡✐♥ ❆✉s❜r❡❝❤❡♥ ✐♥ ❑✉r✈❡♥ ③✉ ✈❡r❤✐♥❞❡r♥✳ ❉❡♠ ❇❡♥✉t③❡r
✐st ❞❛s ❊✐♥❣r❡✐❢❡♥ ❞❡s ❊❙P ❞❛❜❡✐ ü❜❧✐❝❤❡r✇❡✐s❡ ♥✐❝❤t ❜❡✇✉sst✳ ❩✉❞❡♠ s♦❧❧ ❡✐♥❡ ✇❡✐t❡r❡ ❝❤❛✲
r❛❦t❡r✐s✐❡r❡♥❞❡ ❊✐❣❡♥s❝❤❛❢t ✐♥t❡❧❧✐❣❡♥t❡r ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ s❡✐♥✱ ❞❛ss s✐❡ ❡✐♥❡ ❣❡✇✐ss❡
❚❡✐❧❛✉t♦♥♦♠✐❡ ❜❡s✐t③❡♥✱ ❞✳❤✳ ✲ ✐♥ ❡✐♥❡r ❜r❡✐t❡♥ ❆✉s❧❡❣✉♥❣ ❞❡s ❇❡❣r✐✛s ✲ ③✉ ❡✐♥❡♠ ❣❡✇✐ss❡♥
●r❛❞ ❡✐♥❡ ❡✐❣❡♥❡ ■♥t❡❧❧✐❣❡♥③ ❜❡s✐t③❡♥✳ ■♠ ●❡❣❡♥s❛t③ ❞❛③✉ st❡❤❡♥ ❙②st❡♠❡✱ ❞✐❡ ✈♦❧❧stä♥❞✐❣
❞✉r❝❤ ❞❡♥ ▼❡♥s❝❤❡♥ ❦♦♥tr♦❧❧✐❡rt ✇❡r❞❡♥✱ ✇✐❡ ③✳❇✳ ❡✐♥ ❝❤✐r✉r❣✐s❝❤❡r ❘♦❜♦t❡r❛r♠✱ ❞❡r ❇❡✇❡✲
❣✉♥❣❡♥ ❡✐♥❡s ❆r③t❡s ❛✉❢ ❡✐♥❡ ❦❧❡✐♥❡r❡ ●röÿ❡ r❡❞✉③✐❡rt ✉♥❞ s♦♠✐t ♣rä③✐s❡r❡r ❊✐♥❣r✐✛❡ ❡r❧❛✉❜t✳

❋ür ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ✐st s♦♠✐t ♠❛ÿ❣❡❜❧✐❝❤✱ ❞❛ss s♦✇♦❤❧ ❞❡r ❇❡♥✉t③❡r
✭❆♥✇❡♥❞✉♥❣✮ ❛❧s ❛✉❝❤ ❞❛s ❙②st❡♠ ✭■♥t❡❧❧✐❣❡♥③✮ ❡✐♥❡ ❛❦t✐✈❡ ❘♦❧❧❡ ❡✐♥♥❡❤♠❡♥ ❦ö♥♥❡♥✳ ❉✐❡s❡
❉❡✜♥✐t✐♦♥ ✉♥❞ ❞✐❡ s✐❝❤ ❞❛r❛✉s ❡r❣❡❜❡♥❞❡ ❆❜❣r❡♥③✉♥❣ ③✉ ❛♥❞❡r❡♥ ❆ss✐st❡♥③s②st❡♠❡♥ ✐st ✐♥
❆❜❜✳ ✸✳✶ ♥♦❝❤ ❡✐♥♠❛❧ ✈❡r❛♥s❝❤❛✉❧✐❝❤t✳

◆❛❝❤ ❬▲✉❞✶✺❪ s♦❧❧t❡♥ ✐♥t❡r❛❦t✐✈❡ ❆ss✐st❡♥③s②st❡♠❡ ❞❛❜❡✐ ❢♦❧❣❡♥❞❡ ❋ä❤✐❣❦❡✐t❡♥ ❜❡s✐t③❡♥✿

✷✸



✷✹ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❆❜❜✐❧❞✉♥❣ ✸✳✶✿ ❆❜❣r❡♥③✉♥❣ ✐♥t❡❧❧✐❣❡♥t❡r ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ✈♦♥ ❛♥❞❡r❡♥ ❆ss✐st❡♥③s②s✲
t❡♠❡♥

❉✐❛❣♥♦s❡✱ ❑♦rr❡❦t✉r✱ ❊r❦❧är✉♥❣ ✉♥❞ ❘❡❧❛①❛t✐♦♥✳ ❉✐❛❣♥♦s❡ ✐st ❞✐❡ ❋ä❤✐❣❦❡✐t ③✉r ❊✛❡❦t❦♦♥✲
tr♦❧❧❡✱ ❞✳❤✳ ❞❡♠ Ü❜❡r♣rü❢❡♥ ❞❡r ❲✐r❦✉♥❣ ❡✐♥❡r ❛✉s❣❡✇ä❤❧t❡♥ ♦❞❡r ✈♦r❣❡s❝❤❧❛❣❡♥❡♥ ❆❦t✐♦♥
✭③✳❇✳ ✉♠ ❢❡st③✉st❡❧❧❡♥✱ ♦❜ ❡✐♥ ❇❡♥✉t③❡r ✈♦♥ ❞❡r ✈♦r❣❡s❝❤❧❛❣❡♥❡♥ ❘♦✉t❡ ❡✐♥❡s ◆❛✈✐❣❛t✐♦♥s✲
s②st❡♠s ❛❜✇❡✐❝❤t✮✳ ❑♦rr❡❦t✉r ❜❡③✐❡❤t s✐❝❤ ❞❛r❛✉❢ ❛✉❢❜❛✉❡♥❞ ❛✉❢ ❞✐❡ ❋ä❤✐❣❦❡✐t✱ s✐❝❤ ❞❡r
❣❡ä♥❞❡rt❡♥ ❙✐t✉❛t✐♦♥ ❛♥③✉♣❛ss❡♥✱ ✇❡✐❧ ❡✐♥❡ ❆❦t✐♦♥ ❜✐s❤❡r ♥✐❝❤t ❞✐❡ ❣❡✇ü♥s❝❤t❡ ❲✐r❦✉♥❣
❤❛tt❡ ♦❞❡r ✈♦♠ ❇❡♥✉t③❡r ✈❡r✇♦r❢❡♥ ✇✉r❞❡✳ ❉❛ ❞❡r ❇❡♥✉t③❡r ❡✐♥❡♥ ❚❡✐❧ ❞❡r ❑♦♥tr♦❧❧❡ ❛♥
❞❛s ❙②st❡♠ ❛❜tr✐tt✱ ✐st ❞✐❡ ❡s ✇✐❝❤t✐❣✱ ❞❛ss ❞❛s ❙②st❡♠ ♥❛❝❤✈♦❧❧③✐❡❤❜❛r❡ ❆❦t✐♦♥❡♥ ❛✉s✇ä❤❧t
❜③✇✳ s❡✐♥❡ ❱♦rs❝❤❧ä❣❡ ❡r❦❧är❡♥ ❦❛♥♥✳ ❬❘▲P✵✾❪ s♣r❡❝❤❡♥ ✐♥ ❞✐❡s❡♠ ❩✉s❛♠♠❡♥❤❛♥❣ ✈♦♠ ❘✐✲
s✐❦♦ ❞❡s ❑♦♥tr♦❧❧✈❡r❧✉sts✱ ❞❛ss ❞✉r❝❤ ❡r❦❧ärt❡ ❜③✇✳ ❡r❦❧är❜❛r❡ ❆❦t✐♦♥❡♥ ♠✐♥✐♠✐❡rt ✇❡r❞❡♥
s♦❧❧✳ ❙♦ ❣❡❜❡♥ ◆❛✈✐❣❛t✐♦♥ss②st❡♠❡ ❤ä✉✜❣ ♥✐❝❤t ♥✉r ❞✐❡ ❛❦t✉❡❧❧❡ ❘✐❝❤t✉♥❣ ❛♥✱ s♦♥❞❡r♥ ❛✉❝❤
❞✐❡ ❩❡✐t ❜✐s ③✉♠ ❩✐❡❧♦rt✳ ❲❡✐❝❤t ❞✐❡s❡ ❞❡✉t❧✐❝❤ ✈♦♥ ❞❡r ❊r✇❛rt✉♥❣ ❛❜ ❦❛♥♥ ❞❡r ❇❡♥✉t③❡r s♦
❡r❦❡♥♥❡♥✱ ❞❛ss ❡✈t❧✳ ❡✐♥ ❢❛❧s❝❤❡r ❩✐❡❧♦rt ❣❧❡✐❝❤❡♥ ◆❛♠❡♥s ❛✉s❣❡✇ä❤❧t ✇✉r❞❡✳ ❘❡❧❛①❛t✐♦♥ tr✐tt
s❝❤❧✐❡ÿ❧✐❝❤ ❛✉❢✱ ✇❡♥♥ ❩✐❡❧✈♦r❣❛❜❡♥ ♥✐❝❤t ❡rr❡✐❝❤❜❛r s✐♥❞ ❛❜❡r ❞❛s ❙②st❡♠ ✐♥ ❞❡r ▲❛❣❡ ✐st✱
s❡❧❜ststä♥❞✐❣ ❆❧t❡r♥❛t✐✈❡♥ ③✉ s✉❝❤❡♥ ✭③✳❇✳ ❡✐♥ P❛r❦♣❧❛t③ ✐♥ ❞❡r ◆ä❤❡ ❞❡s ❩✐❡❧♦rt❡s✱ ❞❡r ✐♥
❡✐♥❡r ❋✉ÿ❣ä♥❣❡r③♦♥❡ ❧✐❡❣t✮✳

■♠ ❋♦❧❣❡♥❞❡♥ ✇✐r❞ ❜❡tr❛❝❤t❡t✱ ✇✐❡ ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❞✐❡ ❊♥t✇✐❝❦❧✉♥❣ ✐♥t❡❧❧✐❣❡♥t❡r
❆ss✐st❡♥③s②st❡♠❡ ✉♥t❡rstüt③❡♥ ❦ö♥♥❡♥ ✉♥❞ ✇❡❧❝❤❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❞❛❜❡✐ ③✉ ❛❞r❡ss✐❡r❡♥
s✐♥❞✳ ❉✐❡ ✐♥ ❬▲✉❞✶✺❪ ❣❡♥❛♥♥t❡♥ ❋ä❤✐❣❦❡✐t❡♥ ❉✐❛❣♥♦s❡✱ ❑♦rr❡❦t✉r✱ ❊r❦❧är✉♥❣ ✉♥❞ ❘❡❧❛①❛t✐♦♥
s✐♥❞ ❞✉r❝❤ ❡✐♥❡ ✐♥t✉✐t✐✈❡✱ ♠❡♥s❝❤❡♥ä❤♥❧✐❝❤❡ ▼♦❞❡❧❧✐❡r✉♥❣ ❞❡s ❆♥✇❡♥❞✉♥❣s✈❡r❤❛❧t❡♥ ③✉ ❡rr❡✐✲
❝❤❡♥✳ ❙♦ ❡✐♥❡ ❆rt ❞❡r ▼♦❞❡❧❧✐❡r✉♥❣ ✇✐r❞ ❞✉r❝❤ ❞❛s ❆❣❡♥t❡♥♣❛r❛❞✐❣♠❛ ✉♥t❡rstüt③t✳ ❙♣❡③✐❡❧❧
❞❛s ❇❉■✲▼♦❞❡❧❧ ❜✐❡t❡t ü❜❡r ❞✐❡ ❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ❜❡r❡✐ts ❡✐♥ ●r✉♥❞♠♦❞❡❧❧✱ ❞❛ss ❉✐❛❣♥♦s❡
✭✇✉r❞❡ ❞❛s ❩✐❡❧ ❡rr❡✐❝❤t✮✱ ❊r❦❧är✉♥❣ ✭✇❛r✉♠ ✇✉r❞❡ ❡✐♥ P❧❛♥ ❛✉s❣❡✇ä❤❧t✮ ✉♥❞ ❑♦rr❡❦t✉r
❜✐❡t❡t ✭s❝❤❧ä❣t ❡✐♥ P❧❛♥ ❢❡❤❧ ✇✐r❞ ❡✐♥ ❛♥❞❡r❡r ❛❦t✐✈✐❡rt✮✳ ■♥ ❡r✇❡✐t❡rt❡♥ ▼♦❞❡❧❧❡♥ ❦❛♥♥ ❛✉❝❤
❘❡❧❛①❛t✐♦♥ ü❜❡r ❩✐❡❧❛❜✇ä❣✉♥❣ ❞✐r❡❦t ❛✉s❣❡❞rü❝❦t ✇❡r❞❡♥ ✭✈❣❧✳ ③✳❇✳ ❬P❇▲✵✺❜❀ ❚❍❨✵✼❪✮✳ ❉✐❡
❢ür ❆❣❡♥t❡♥ ✇✐❝❤t✐❣❡ ❊✐❣❡♥s❝❤❛❢t ❞❡r ❆✉t♦♥♦♠✐❡ st❡❤t ❞❛❜❡✐ ✐♥ ❞✐r❡❦t❡♠ ❩✉s❛♠♠❡♥❤❛♥❣
♠✐t ❞❡♠ ❆✉t♦♠❛t✐s✐❡r✉♥❣s❣r❛❞ ❞❡r ❆♥✇❡♥❞✉♥❣✳ ▼✐t st❡✐❣❡♥❞❡♥ ❆✉t♦♠❛t✐s✐❡r✉♥❣s❣r❛❞ st❡✐❣t
❥❡❞♦❝❤ ❛✉❝❤ ❞❛s ❘✐s✐❦♦ ❞❡s ❑♦♥tr♦❧❧✈❡r❧✉sts ❬❘▲P✵✾❪✳ ❲❡r❞❡♥ ❆❦t✐♦♥❡♥ ♥✐❝❤t ♥✉r ❡✐♥③❡❧♥ ✈♦r✲
❣❡s❝❤❧❛❣❡♥✱ s♦♥❞❡r♥ ✐♥ ✇❡✐t❡♥ ❚❡✐❧❡♥ ❛✉t♦♠❛t✐s✐❡rt ❛✉s❣❡❢ü❤rt✱ ❦❛♥♥ ❞❡r ❇❡♥✉t③❡r ♥✐❝❤t ♠❡❤r
❞✐r❡❦t ♥❛❝❤✈♦❧❧③✐❡❤❡♥✱ ♦❜ ❞❛s ❱❡r❤❛❧t❡♥ ❞❡s ❙②st❡♠s s❡✐♥❡♥ ❡✐❣❡♥❡♥ ❩✐❡❧s❡t③✉♥❣❡♥ ✉♥❞ Prä✲
❢❡r❡♥③❡♥ ❡♥ts♣r✐❝❤t✳ ❊rst ✐♠ s♣ät❡r❡♥ ❊r❣❡❜♥✐s ③❡✐❣t s✐❝❤✱ ♦❜ ❞❛s ❙②st❡♠ ❞❡♥ ❊r✇❛rt✉♥❣❡♥
❡♥ts♣r❡❝❤❡♥❞ ❢✉♥❦t✐♦♥✐❡rt✳ ❯♠ ❞✐❡ ◆❛❝❤✈♦❧❧③✐❡❤❜❛r❦❡✐t ❞❡r❛rt✐❣❡r ❙②st❡♠❡ ③✉ ✈❡r❜❡ss❡r♥✱
❤❛❜❡♥ s✐❝❤ ❙✐♠✉❧❛t✐♦♥s❛♥sät③❡ ❛❧s ♥üt③❧✐❝❤ ❡r✇✐❡s❡♥ ✭✈❣❧✳ ③✳❇✳ ❬❑❛♠✰✶✸❪✮✳ ❉✉r❝❤ ❙✐♠✉❧❛t✐♦♥
❦❛♥♥ ❞❛s ❙②st❡♠ ✐♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❙③❡♥❛r✐❡♥ ❣❡t❡st❡t ✇❡r❞❡♥✳ ❊rst ✇❡♥♥ ♠❛♥ s✐❝❤ ❞✉r❝❤
❣❡♥ü❣❡♥❞ ❙✐♠✉❧❛t✐♦♥s❡①♣❡r✐♠❡♥t❡ ✈♦♥ ❞❡r ●❡❜r❛✉❝❤st❛✉❣❧✐❝❤❦❡✐t ❞❡r ❙②st❡♠❦♦♥✜❣✉r❛t✐♦♥
ü❜❡r③❡✉❣t ❤❛t✱ ✇✐r❞ ❡s ✐♥ ❞❡♥ ❘❡❛❧❜❡tr✐❡❜ ü❜❡r❢ü❤rt✳

❆✉s ❞✐❡s❡♥ Ü❜❡r❧❡❣✉♥❣❡♥ ❧❛ss❡♥ s✐❝❤ ③✇❡✐ ❣r✉♥❞❧❡❣❡♥❞❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❢ür ❞✐❡ ❊♥t✲
✇✐❝❦❧✉♥❣ ✐♥t❡❧❧✐❣❡♥t❡r ❆ss✐st❡♥③s②st❡♠❡ ♠✐t ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❛❜❧❡✐t❡♥✿

■♥t❡❣r❛t✐♦♥ ✈♦♥ ❆❣❡♥t❡♥ ✐♥ ❦❧❛ss✐s❝❤❡ ■♥❢♦r♠❛t✐♦♥ss②st❡♠❡ ■♠ ❇❡r❡✐❝❤ ❞❡r ❆❣❡♥✲



✸✳✶✳ ❇❡✐s♣✐❡❧s③❡♥❛r✐♦✿ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t ✷✺

t❡♥t❡❝❤♥♦❧♦❣✐❡ s✐♥❞ ✈✐❡❧❡ ❙♣❡③✐❛❧❧ös✉♥❣❡♥ ❡♥tst❛♥❞❡♥✱ ❞✐❡ s✐❝❤ ❛❧❧❡r❞✐♥❣s ♥✉r s❝❤✇❡r ✐♥
❦❧❛ss✐s❝❤❡ ■♥❢♦r♠❛t✐♦♥ss②st❡♠❡ ✐♥t❡❣r✐❡r❡♥ ❧❛ss❡♥ ❬P❇▲✵✺❝❪✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❤❛✲
❜❡♥ ❞❛s ❩✐❡❧✱ ❞✐❡ ♥❛❤t❧♦s❡ ■♥t❡❣r❛t✐♦♥ ✈❡rs❝❤✐❡❞❡♥❡r ▼♦❞❡❧❧✐❡r✉♥❣s❛♥sät③❡ ✇✐❡ ❆❣❡♥t❡♥
✉♥❞ ❉✐❡♥st❡ ③✉ ❡r♠ö❣❧✐❝❤❡♥✳ ■♥ ❆❜s❝❤♥✐tt ✸✳✷ ✇❡r❞❡♥ ❞❛❤❡r ❇❡✐trä❣❡ ❛✉❢❣❡❢ü❤rt✱ ❞✐❡
❞✐❡ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ❛❧s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ✐♠ ❑♦♥t❡①t ❛❦t✐✈❡r ❑♦♠♣♦♥❡♥t❡♥ ❡r✲
♠ö❣❧✐❝❤❡♥ ✉♥❞ s♦♠✐t ❞✐❡ ❇rü❝❦❡ ③✇✐s❝❤❡♥ ❦❧❛ss✐s❝❤❡♥ ✭❞✐❡♥st✲ ♦❞❡r ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡♥✮
■♥❢♦r♠❛t✐♦♥ss②st❡♠❡♥ ✉♥❞ ❆❣❡♥t❡♥t❡❝❤♥♦❧♦❣✐❡ s❝❤❛✛❡♥✳

■♥t❡❣r❛t✐♦♥ ✈♦♥ ❙✐♠✉❧❛t✐♦♥ ✐♥ ❞❛s ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲▼♦❞❡❧❧ ❊s ❡①✐st✐❡r❡♥ ❜❡✲
r❡✐ts ❚❡❝❤♥✐❦❡♥ ✉♥❞ ❲❡r❦③❡✉❣❡ ③✉♠ ❱❛❧✐❞✐❡r❡♥ ❞❡r ❋✉♥❦t✐♦♥s❢ä❤✐❣❦❡✐t ❡✐♥❡s ❙②st❡♠s
♠✐tt❡❧s ❙✐♠✉❧❛t✐♦♥✳ ❆❧❧❡r❞✐♥❣s ❜❡s✐t③t ❞✐❡ ❱❡r✇❡♥❞✉♥❣ ❡①✐st✐❡r❡♥❞❡r ❲❡r❦③❡✉❣❡ ③✇❡✐
❣r✉♥❞❧❡❣❡♥❞❡ ◆❛❝❤t❡✐❧❡✿ ❊rst❡♥s ♠✉ss ✉♥❛❜❤ä♥❣✐❣ ✈♦♠ ❙②st❡♠ ❡✐♥ ❡✐❣❡♥stä♥❞✐❣❡s ❙✐✲
♠✉❧❛t✐♦♥s♠♦❞❡❧❧ ❡rst❡❧❧t ✇❡r❞❡♥✳ ❉✐❡s st❡❧❧t ❡✐♥❡♥ ✉♥♥öt✐❣❡♥ ▼❡❤r❛✉❢✇❛♥❞ ❞❛r✱ ❞❛ ❞✐❡
❡✐❣❡♥t❧✐❝❤❡ ❆♥✇❡♥❞✉♥❣s❢✉♥❦t✐♦♥❛❧✐tät ③✇❡✐♠❛❧ ❡♥t✇✐❝❦❡❧t ✇❡r❞❡♥ ♠✉ss✱ ❡✐♥♠❛❧ ❢ür ❞✐❡
❙✐♠✉❧❛t✐♦♥ ✉♥❞ ❡✐♥♠❛❧ ❢ür ❞❡♥ ❘❡❛❧❜❡tr✐❡❜✳ ❩✇❡✐t❡♥s ✐st ❞✐❡s❡ ❞♦♣♣❡❧t❡ ❊rst❡❧❧✉♥❣
❡✐♥❡ ♠ö❣❧✐❝❤❡ ❋❡❤❧❡rq✉❡❧❧❡✳ ❲❡♥♥ ③✇✐s❝❤❡♥ ❙✐♠✉❧❛t✐♦♥s♠♦❞❡❧❧ ✉♥❞ ❞❡r ✉♠❣❡s❡t③t❡♥
❆♥✇❡♥❞✉♥❣s❧♦❣✐❦ ❆❜✇❡✐❝❤✉♥❣❡♥ ✐♠ ❱❡r❤❛❧t❡♥ ❡①✐st✐❡r❡♥✱ s✐♥❞ ❞✐❡ ❊r❣❡❜♥✐ss❡ ❞❡r ❙✐✲
♠✉❧❛t✐♦♥s❧ä✉❢❡ ♥✐❝❤t ♠❡❤r ❆✉ss❛❣❡❦rä❢t✐❣ ❢ür ❞❡♥ ❘❡❛❧❜❡tr✐❡❜✳ ❆❧s ▲ös✉♥❣ ❢ür ❞✐❡s❡
Pr♦❜❧❡♠❡ ✇❡r❞❡♥ ✐♥ ❆❜s❝❤♥✐tt ✸✳✸ ❑♦♥③❡♣t❡ ✈♦r❣❡s❝❤❧❛❣❡♥ ✉♥❞ ✉♠❣❡s❡t③t✱ ❞✐❡ ❞✐❡ ♥❛❤t✲
❧♦s❡ ■♥t❡❣r❛t✐♦♥ ❡✐♥❡r ❙✐♠✉❧❛t✐♦♥s❛✉s❢ü❤r✉♥❣ ✐♥ ❡✐♥❡ r❡❛❧✐s✐❡rt❡ ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲
❆♥✇❡♥❞✉♥❣ ❡r♠ö❣❧✐❝❤❡♥✳

❩✉r ❜❡ss❡r❡♥ ❱❡r❛♥s❝❤❛✉❧✐❝❤✉♥❣ ❞❡r ✈♦r❣❡st❡❧❧t❡♥ ❑♦♥③❡♣t❡ ✇✐r❞ ❥❡❞♦❝❤ ③✉♥ä❝❤st ❡✐♥ ❦♦♥✲
❦r❡t❡s ❇❡✐s♣✐❡❧s③❡♥❛r✐♦ ❣❡✇ä❤❧t ✉♥❞ ✐♠ ❋♦❧❣❡♥❞❡♥ ❦✉r③ ❡✐♥❣❡❢ü❤rt✳

✸✳✶ ❇❡✐s♣✐❡❧s③❡♥❛r✐♦✿ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t

❉❛s ❣❡✇ä❤❧t❡ ❙③❡♥❛r✐♦ ❜❡❢❛sst s✐❝❤ ♠✐t ❞❡r ❑♦♦r❞✐♥❛t✐♦♥ ✈♦♥ ❘❡tt✉♥❣s❢❛❤r③❡✉❣❡♥ ❜❡✐ ❯♥✲
❣❧ü❝❦❡♥ ♦❞❡r ❑❛t❛str♦♣❤❡♥ ✉♥❞ ✐st ✐♥ ❬❇P✶✷❛❪ ♥ä❤❡r ❜❡s❝❤r✐❡❜❡♥✳ ❉❛s ❙③❡♥❛r✐♦ ✇✉r❞❡ ✐♠
❘❛❤♠❡♥ ❡✐♥❡s ◆❆❚❖ ❆❞✈❛♥❝❡❞ ❙t✉❞② ■♥st✐t✉t❡ ✭❆❙■✮ ❡♥t✇✐❝❦❡❧t✱ ✉♠ ❞❡♥ ◆✉t③❡♥ ✈♦♥ ❆❣❡♥✲
t❡♥t❡❝❤♥♦❧♦❣✐❡ ✐♥ s✐❝❤❡r❤❡✐ts❦r✐t✐s❝❤❡♥ ❆♥✇❡♥❞✉♥❣❡♥✱ ✇✐❡ ③✳❇✳ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✱ ③✉
✈❡r❞❡✉t❧✐❝❤❡♥ ❬❊●P✶✷❪✳ ❊s st❡❤t st❡❧❧✈❡rtr❡t❡♥❞ ❢ür ✈✐❡❧❢ä❧t✐❣❡ ❆♥✇❡♥❞✉♥❣s❢ä❧❧❡ ❛✉s ❞❡♠ ❇❡✲
r❡✐❝❤ ❞❡r ✈❡rt❡✐❧t❡♥ ❑♦♦r❞✐♥❛t✐♦♥ ❢ür ❧♦❣✐st✐s❝❤❡ Pr♦❜❧❡♠st❡❧❧✉♥❣❡♥✳ ❆✉❢❣❛❜❡ ❞❡r ❉❡s❛st❡r✲
▼❛♥❛❣❡♠❡♥t✲❆♥✇❡♥❞✉♥❣ ✐st ❞✐❡ ❯♥t❡rstüt③✉♥❣ ❞❡r ♠❡♥s❝❤❧✐❝❤❡♥ ❉✐s♣❛t❝❤❡r ✐♥ ❞❡♥ ❡✐♥③❡❧✲
♥❡♥ ❘❡tt✉♥❣s③❡♥tr❛❧❡♥✳ ❉✐❡ ❆♥✇❡♥❞✉♥❣ s♦❧❧ ❞❛❜❡✐ ❱♦rs❝❤❧ä❣❡ ✉♥t❡r❜r❡✐t❡♥✱ ✇❡❧❝❤❡ ❋❛❤r③❡✉❣❡
③✉ ✇❡❧❝❤❡♥ ❊✐♥s❛t③♦rt❡♥ ❣❡s❝❤✐❝❦t ✇❡r❞❡♥ s♦❧❧❡♥✳ ❉❛s ✐♠ ❋♦❧❣❡♥❞❡♥ ✈♦r❣❡st❡❧❧t❡ ❙②st❡♠ ❛❜✲
str❛❤✐❡rt ❜❡✇✉sst ✈♦♥ r❡❛❧✐täts♥❛❤❡♥ ❉❡t❛✐❧s✱ ✉♠ ❞❡♥ ❋♦❦✉s ❛✉❢ ❞✐❡ ❣r✉♥❞❧❡❣❡♥❞❡♥ ❆s♣❡❦t❡
❞❡r ❊♥t✇✐❝❦❧✉♥❣ ❞❡r❛rt✐❣❡r ✈❡rt❡✐❧t❡r ❆♥✇❡♥❞✉♥❣❡♥ ③✉ r✐❝❤t❡♥✳

❆❜❜✐❧❞✉♥❣ ✸✳✷ ③❡✐❣t ❡✐♥ ❙tr✉❦t✉r♠♦❞❡❧❧ ❞❡s ❙③❡♥❛r✐♦s✳ ❉❛❜❡✐ ✇❡r❞❡♥ ❞✐❡ ❯♠❣❡❜✉♥❣s♦❜✲
❥❡❦t❡ ✒❙t❛t✐♦♥✑ ✉♥❞ ✒❉✐s❛st❡r ✑ ❛❧s ❍❛❧❜❦r❡✐s❡ ❞❛r❣❡st❡❧❧t ✉♥❞ r❡♣räs❡♥t✐❡r❡♥ ■♥❢♦r♠❛t✐♦♥❡♥
ü❜❡r ❞✐❡ r❡❛❧❡ ❯♠❣❡❜✉♥❣✱ ③✳❇✳ ❞❡♥ ❖rt ❞❡s ❯♥❣❧ü❝❦s ❜③✇✳ ❞❡r ❘❡tt✉♥❣sst❛t✐♦♥✱ ❞✐❡ ❆♥③❛❤❧
❞❡r ❱❡r❧❡t③t❡♥ ✉s✇✳ ◆❡❜❡♥ ❞❡♥ ❛❧❧❣❡♠❡✐♥❡♥ ❊✐❣❡♥s❝❤❛❢t❡♥✱ ❞✐❡ ❢ür ❛❧❧❡ ❆rt❡♥ ✈♦♥ ❯♥❣❧ü❝❦❡♥
❡r♠✐tt❡❧t ✇❡r❞❡♥ ❦ö♥♥❡♥✱ ❦ö♥♥❡♥ ❥❡ ♥❛❝❤ ❆rt ❞❡s ❦♦♥❦r❡t❡♥ ❯♥❣❧ü❝❦s✱ ③✳❇✳ ✒❈❛r ❈r❛s❤✑ ♦❞❡r
✒❈❤❡♠✐❝❛❧ ▲❡❛❦❛❣❡✑✱ ✇❡✐t❡r❡ ■♥❢♦r♠❛t✐♦♥❡♥ r❡♣räs❡♥t✐❡rt ✇❡r❞❡♥✳ ❉✐❡ ❑♦♦r❞✐♥❛t✐♦♥ ③✇✐s❝❤❡♥
❜❡t❡✐❧✐❣t❡♥ ❆❦t❡✉r❡♥ ❡r❢♦❧❣t ✐♥ ❡✐♥❡r s♣❡③✐❡❧❧❡♥ ❖r❣❛♥✐s❛t✐♦♥s❡✐♥❤❡✐t ✒❘❡s❝✉❡ ❚❡❛♠✑✳ ❙✐❡ ✉♠✲
❢❛sst ❞✐❡ ❘♦❧❧❡♥ ✒❈♦♠♠❛♥❞❡r ✑ ✉♥❞ ✒❘❡s❝✉❡r ✑✳ ❆✉❢❣❛❜❡ ❞❡s ❈♦♠♠❛♥❞❡rs ✐st ❞❛❜❡✐✱ ❞❛s
❘❡tt✉♥❣st❡❛♠ ③✉s❛♠♠❡♥③✉st❡❧❧❡♥ ✉♥❞ ③✉ ❦♦♦r❞✐♥✐❡r❡♥✳ ❉❡r ❈♦♠♠❛♥❞❡r ❡r❢ä❤rt ❡✐♥❡ s♦❢t✇❛✲
r❡t❡❝❤♥✐s❝❤❡ ❘❡♣räs❡♥t❛t✐♦♥ ❞✉r❝❤ ❞❡♥ ✒❈♦♠♠❛♥❞❡r ❆❣❡♥t✑✱ ❞❡r ❛❧s ❙❝❤♥✐ttst❡❧❧❡ ③✇✐s❝❤❡♥
❞❡r ❯♥t❡rstüt③✉♥❣ss♦❢t✇❛r❡ ✉♥❞ ❞❡♠ ♠❡♥s❝❤❧✐❝❤❡♥ ❑♦♦r❞✐♥❛t♦r ❞✐❡♥t✳ ❉✐❡ ❘❡s❝✉❡r✲❘♦❧❧❡
st❡❤t st❡❧❧✈❡rtr❡t❡♥❞ ❢ür ❞✐❡ ❡✐♥③❡❧♥❡♥ ❘❡tt✉♥❣s❢❛❤r③❡✉❣❡✱ ❞✐❡ ❥❡✇❡✐❧s ❡✐♥❡r ❙t❛t✐♦♥ ③✉❣❡♦r❞✲
♥❡t s✐♥❞✳ ❙✐❡ ❧❛ss❡♥ s✐❝❤ ✉♥t❡rt❡✐❧❡♥ ✐♥ ✒❆♠❜✉❧❛♥❝❡✑ ✭◆♦t❛r③t✇❛❣❡♥✮✱ ❞✐❡ ❱❡r❧❡t③t❡ ✈❡rs♦r❣❡♥✱
✉♥❞ ✒❋✐r❡ ❇r✐❣❛❞❡✑ ✭❋❡✉❡r✇❡❤r❡✐♥s❛t③✇❛❣❡♥✮✱ ❞✐❡ ❇rä♥❞❡ ❧ös❝❤❡♥ ✉♥❞ ❛✉❝❤ ❛✉s❣❡tr❡t❡♥❡
❝❤❡♠✐s❝❤❡ ❙✉❜st❛♥③❡♥ ❜❡s❡✐t✐❣❡♥ ❦ö♥♥❡♥✳ ❆✉❝❤ ❞✐❡ ❘❡tt✉♥❣s❢❛❤r③❡✉❣❡ ✇❡r❞❡♥ ❥❡✇❡✐❧s ❞✉r❝❤
❆❣❡♥t❡♥ r❡♣räs❡♥t✐❡rt✳

❉❡♠ ❆♥s❛t③ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❢♦❧❣❡♥❞ ✇✐r❞ ❞❛s ❙③❡♥❛r✐♦ ✐♥ ❡✐♥❡♠ ❙❡r✈✐❝❡✲
❜❛s✐❡rt❡♥ ❊♥t✇✉r❢ ✉♠❣❡s❡t③t ✭✈❣❧✳ ❆❜❜✳ ✸✳✸✮✳ ❍✐❡r❜❡✐ st❡❧❧❡♥ ❞✐❡ ❘❡tt✉♥❣s❢❛❤r③❡✉❣❡ ✭r❡❝❤ts✮
✐❤r❡ ❋ä❤✐❣❦❡✐t❡♥ ❛❧s ❉✐❡♥st❡ ③✉r ❱❡r❢ü❣✉♥❣ ✭♣r♦✈✐❞❡❞ s❡r✈✐❝❡s✮✳ ❉✐❡s❡ ❉✐❡♥st❡ ✇❡r❞❡♥ ✈♦♠
❈♦♦r❞✐♥❛t♦r ✭❧✐♥❦s✮ ❜❡♥✉t③t✱ ✉♠ ✈❡r❢ü❣❜❛r❡ ❘❡tt✉♥❣s❢❛❤r③❡✉❣❡ ③✉ ✜♥❞❡♥ ✉♥❞ ❣❡❡✐❣♥❡t❡♥



✷✻ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❆❜❜✐❧❞✉♥❣ ✸✳✷✿ ❙tr✉❦t✉r♠♦❞❡❧❧ ❞❡s ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❙③❡♥❛r✐♦s ❬❇P✶✷❛❪

❊✐♥s❛t③♦rt❡♥ ③✉③✉✇❡✐s❡♥✳ ❍✐❡r❜❡✐ ✐st ③✉ ❜❡❛❝❤t❡♥✱ ❞❛ss ❞✐❡ ❱❡r❜✐♥❞✉♥❣ ③✇✐s❝❤❡♥ ❑♦♦r❞✐✲
♥❛t♦r❡♥ ✉♥❞ ❘❡tt✉♥❣s❢❛❤r③❡✉❣❡♥ ❞②♥❛♠✐s❝❤ ❡rst❡❧❧t ✇✐r❞✳ ❉✳❤✳ s♦✇♦❤❧ ❘❡tt✉♥❣s❢❛❤r③❡✉❣❡
❛❧s ❛✉❝❤ ❑♦♦r❞✐♥❛t♦r❡♥ ❦ö♥♥❡♥ ❞❡♠ ❙②st❡♠ ❞②♥❛♠✐s❝❤ ❤✐♥③✉❣❡❢ü❣t ✇❡r❞❡♥ ❜③✇✳ ✇✐❡❞❡r
❡♥t❢❡r♥t ✇❡r❞❡♥✳ ❉✐❡ ❛❦t✉❡❧❧ ✈❡r❢ü❣❜❛r❡♥ ❘❡tt✉♥❣s❢❛❤r③❡✉❣❡ ❦ö♥♥❡♥ ❥❡❞❡r③❡✐t ❞✉r❝❤ ❡✐♥❡
❉✐❡♥sts✉❝❤❡ ❡r♠✐tt❡❧t ✇❡r❞❡♥✳ ❲ä❤r❡♥❞ ❞✐❡ ❆♠❜✉❧❛♥③❡✐♥❤❡✐t❡♥ ❧❡❞✐❣❧✐❝❤ ❡✐♥❡♥ ❉✐❡♥st ③✉r
❇❡❤❛♥❞❧✉♥❣ ✈♦♥ ❖♣❢❡r♥ ✭■❚r❡❛t❱✐❝t✐♠s❙❡r✈✐❝❡✮ ❛♥❜✐❡t❡♥✱ s✐♥❞ ❞✐❡ ❋❡✉❡r✇❡❤r❢❛❤r③❡✉❣❡ ❛✉❢
③✇❡✐ ❲❡✐s❡♥ ❡✐♥s❡t③❜❛r✳ ❊✐♥❡rs❡✐ts ❦ö♥♥❡♥ s✐❡ ❛✉s❣❡tr❡t❡♥❡ ❝❤❡♠✐s❝❤❡ ❙✉❜st❛♥③❡♥ ❜❡s❡✐t✐✲
❣❡♥ ✭■❈❧❡❛r❈❤❡♠✐❝❛❧s❙❡r✈✐❝❡✮ ✉♥❞ ❛♥❞❡r❡rs❡✐ts s✐♥❞ s✐❡ ✐♥ ❞❡r ▲❛❣❡✱ ❇rä♥❞❡ ③✉ ❜❡❦ä♠♣❢❡♥
✭■❊①t✐♥❣✉✐s❤❋✐r❡❙❡r✈✐❝❡✮✳

❉✐❡ ❉❡t❛✐❧s ❞❡r ❙❡r✈✐❝❡✲❙❝❤♥✐ttst❡❧❧❡♥ s✐♥❞ ✐♥ ❆❜❜✳ ✸✳✹ ③✉ s❡❤❡♥✿ ❏❡❞❡r ❉✐❡♥st st❡❧❧t ❣❡✲
♥❛✉ ❡✐♥❡ ▼❡t❤♦❞❡ ❜❡r❡✐t✱ ❞✐❡ ❞❛s ❥❡✇❡✐❧✐❣❡ ❋❛❤r③❡✉❣ ❛♥✇❡✐st✱ ❞❡♥ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❉✐❡♥st
③✉ ❡r❜r✐♥❣❡♥✳ ❍✐❡r❜❡✐ ✇❡r❞❡♥ ❞❡♠ ❋❛❤r③❡✉❣ ✇❡✐t❡r❡ ■♥❢♦r♠❛t✐♦♥❡♥ ü❜❡r ❞❛s ❯♥❣❧ü❝❦ ü❜❡r✲
♠✐tt❡❧t ✭■❙♣❛❝❡❖❜❥❡❝t ❞✐s❛st❡r✮✱ ❞✐❡ ✐♥s❜❡s♦♥❞❡r❡ ❞❡♥ ❖rt ❞❡s ❯♥❣❧ü❝❦s ❡♥t❤❛❧t❡♥✳ ❯♠ ❞❡♠
❑♦♦r❞✐♥❛t♦r ❞❡♥ ❊r❢♦❧❣ ♦❞❡r ▼✐ss❡r❢♦❧❣ ❞❡r ❆❦t✐✈✐tät ♠✐t③✉t❡✐❧❡♥✱ ❣✐❜t ❞❡r ❉✐❡♥st ❥❡✇❡✐❧s ❡✐♥
❋✉t✉r❡✲❖❜❥❡❦t ③✉rü❝❦✳ Ü❜❡r ❞✐❡s❡s ❋✉t✉r❡✲❖❜❥❡❦t ❡r❢ä❤rt ❞❡r ❑♦♦r❞✐♥❛t♦r✱ ❞❛ss ❞✐❡ ❉✐❡♥s✲
t❡r❜r✐♥❣✉♥❣ ❛❜❣❡s❝❤❧♦ss❡♥ ✐st✳ ■♠ ❊r❢♦❧❣s❢❛❧❧ ✇✐r❞ ❞❛s ❋✉t✉r❡ ❛❧s ❜❡❡♥❞❡t ♠❛r❦✐❡rt✱ ✐♠ ❋❛❧❧❡
❡✐♥❡s ▼✐ss❡r❢♦❧❣s ✇✐r❞ ❞❛s ❛✉❢❣❡tr❡t❡♥❡ Pr♦❜❧❡♠ ❛❧s ❡✐♥❡ ❊①❝❡♣t✐♦♥ ü❜❡r ❞❛s ❋✉t✉r❡ ü❜❡r✲
♠✐tt❡❧t✳ ❙♦❧❛♥❣❡ ❞✐❡ ❉✐❡♥st❡r❜r✐♥❣✉♥❣ ♥♦❝❤ ♥✐❝❤t ❛❜❣❡s❝❤❧♦ss❡♥ ✐st✱ ❤❛t ❞❡r ❑♦♦r❞✐♥❛t♦r
❞✐❡ ▼ö❣❧✐❝❤❦❡✐t✱ ❞❡♥ ❆✉❢tr❛❣ ❛♥ ❞❛s ❘❡tt✉♥❣s❢❛❤r③❡✉❣ ③✉ ✇✐❞❡rr✉❢❡♥✳ ❍✐❡r③✉ ✐st ❞❡r ❘ü❝❦✲
❣❛❜❡✇❡rt ✈♦♠ ❚②♣ ■❚❡r♠✐♥❛❜❧❡❋✉t✉r❡✱ ❞❡r ❡✐♥❡ ❝❛♥❝❡❧✭✮✲▼❡t❤♦❞❡ ❜❡r❡✐tst❡❧❧t✳ ❲✐r❞ ❞✐❡s❡

❆❜❜✐❧❞✉♥❣ ✸✳✸✿ ❙❡r✈✐❝❡✲❜❛s✐❡rt❡r ❊♥t✇✉r❢ ❞❡r ❑♦♦r❞✐♥❛t✐♦♥ ✐♠ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲
❙③❡♥❛r✐♦



✸✳✷✳ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ✷✼

♣✉❜❧✐❝ ✐♥t❡r❢❛❝❡ ■❈❧❡❛r❈❤❡♠✐❝❛❧s❙❡r✈✐❝❡
④

♣✉❜❧✐❝ ■❚❡r♠✐♥❛❜❧❡❋✉t✉r❡❁❱♦✐❞❃ ❝❧❡❛r❈❤❡♠✐❝❛❧s✭■❙♣❛❝❡❖❜❥❡❝t ❞✐s❛st❡r✮❀
⑥

♣✉❜❧✐❝ ✐♥t❡r❢❛❝❡ ■❊①t✐♥❣✉✐s❤❋✐r❡❙❡r✈✐❝❡
④

♣✉❜❧✐❝ ■❚❡r♠✐♥❛❜❧❡❋✉t✉r❡❁❱♦✐❞❃ ❡①t✐♥❣✉✐s❤❋✐r❡✭■❙♣❛❝❡❖❜❥❡❝t ❞✐s❛st❡r✮❀
⑥

♣✉❜❧✐❝ ✐♥t❡r❢❛❝❡ ■❚r❡❛t❱✐❝t✐♠s❙❡r✈✐❝❡
④

♣✉❜❧✐❝ ■❚❡r♠✐♥❛❜❧❡❋✉t✉r❡❁❱♦✐❞❃ tr❡❛t❱✐❝t✐♠s✭■❙♣❛❝❡❖❜❥❡❝t ❞✐s❛st❡r✮❀
⑥

❋✐❣✉r❡ ✸✳✹✿ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❙❡r✈✐❝❡✲❙❝❤♥✐ttst❡❧❧❡♥

▼❡t❤♦❞❡ ❛✉❢❣❡r✉❢❡♥✱ ❜r✐❝❤t ❞❛s ❋❛❤r③❡✉❣ s❡✐♥❡ ❛❦t✉❡❧❧❡ ❆❦t✐✈✐tät ❛❜ ✉♥❞ st❡❤t ❢ür ❛♥❞❡r❡
❆✉❢❣❛❜❡♥ ③✉r ❱❡r❢ü❣✉♥❣✳

■♠ ❋♦❧❣❡♥❞❡♥ ✇❡r❞❡♥ ❛♠ ❇❡✐s♣✐❡❧ ❞❡s ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❙②st❡♠s ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥
❞❡r ❊♥t✇✐❝❦❧✉♥❣ ✈♦♥ ❯♥t❡rstüt③✉♥❣s❛♥✇❡♥❞✉♥❣❡♥ ❛✉❢❣❡③❡✐❣t ✉♥❞ ❇❡✐trä❣❡ ✈♦r❣❡st❡❧❧t✱ ❞✐❡
❞❛❜❡✐ ❤❡❧❢❡♥✱ ❞✐❡s❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ③✉ ♠❡✐st❡r♥✳

✸✳✷ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣

❆✉❢❣r✉♥❞ ❞❡s ❋♦❦✉s ❛✉❢ ♠❡♥s❝❤❧✐❝❤❡ ❆✉❢❣❛❜❡♥ ✐st ❡s ❢ür ❞❡♥ ❊♥t✇✉r❢ ✉♥❞ ❞✐❡ ❘❡❛❧✐s✐❡✲
r✉♥❣ ✈♦♥ ❯♥t❡rstüt③✉♥❣s❛♥✇❡♥❞✉♥❣❡♥ ✈♦rt❡✐❧❤❛❢t✱ ✇❡♥♥ ❆✉❢❣❛❜❡♥ ✉♥❞ ▲ös✉♥❣s✈❡r❢❛❤r❡♥
✐♥t✉✐t✐✈ ✉♥❞ ♠❡♥s❝❤❡♥♥❛❤ r❡♣räs❡♥t✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❍✐❡r❢ür ✐st ❞✐❡ ❛❣❡♥t❡♥♦r✐❡♥t✐❡rt❡
❙✐❝❤t✇❡✐s❡ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❤✐❧❢r❡✐❝❤✱ ✐♥s❜❡s♦♥❞❡r❡ ❞✉r❝❤ ✐♥t❡r♥❡ ❆❣❡♥t❡♥❛r❝❤✐t❡❦✲
t✉r❡♥ ✇✐❡ ❞❡♠ ❇❉■✲▼♦❞❡❧❧✱ ❞❛s ❡✐♥❡ ❇❡s❝❤r❡✐❜✉♥❣ ✈♦♥ ❱❡r❤❛❧t❡♥ ❞✉r❝❤ ✐♥t✉✐t✐✈ ❛♥✇❡♥❞❜❛r❡
❑♦♥③❡♣t❡ ✇✐❡ ❩✐❡❧❡ ✉♥❞ P❧ä♥❡ ❡r❧❛✉❜t✳ ■♠ ❩✉❣❡ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ✈❡rs❝❤✐❡❞❡♥❡r ❯♥t❡rstüt✲
③✉♥❣s❛♥✇❡♥❞✉♥❣❡♥ ✇✉r❞❡♥ ❡✐♥✐❣❡ ❇❡✐trä❣❡ ③✉r ❊r✇❡✐t❡r✉♥❣ ❞❡s ❇❉■✲▼♦❞❡❧❧s ❣❡❧❡✐st❡t✱ ❞✐❡
❜❡s♦♥❞❡r❡ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ③✉ ❛❞r❡ss✐❡r❡♥ ❤❡❧❢❡♥✳ ❇❡✈♦r ✐♠ ✇❡✐t❡r❡♥
❱❡r❧❛✉❢ ❞✐❡s❡s ❆❜s❝❤♥✐tts ❛✉❢ ❞✐❡ ❡✐♥③❡❧♥❡♥ ❇❡✐trä❣❡ ♥ä❤❡r ❡✐♥❣❡❣❛♥❣❡♥ ✇✐r❞✱ ✇✐r❞ ③✉♠ ❜❡s✲
s❡r❡♥ ❱❡rstä♥❞♥✐s ③✉♥ä❝❤st ❞❛s ❛❧❧❣❡♠❡✐♥❡ ❇❉■✲Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ✈♦r❣❡st❡❧❧t ✉♥❞ ❛♥❤❛♥❞
❞❡s ❇❡✐s♣✐❡❧s③❡♥❛r✐♦s ❡r❧ä✉t❡rt✳

✸✳✷✳✶ ❊✐♥ ❇❉■✲Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❢ür ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥

❉❛s ❇❉■✲▼♦❞❡❧❧ ✇✉r❞❡ ❛❧s ♣❤✐❧♦s♦♣❤✐s❝❤❡s ▼♦❞❡❧❧ ③✉r ❇❡s❝❤r❡✐❜✉♥❣ ♠❡♥s❝❤❧✐❝❤❡♥ r❛t✐♦♥❛❧❡♥
❱❡r❤❛❧t❡♥s ❡♥t✇✐❝❦❡❧t ❬❇r❛✽✼❪✳ ❑❡r♥❦♦♥③❡♣t ❞❡s ❇❉■✲▼♦❞❡❧❧s ✐st ❞✐❡ ❊r❦❧är✉♥❣ ✈♦♥ ❱❡r❤❛❧t❡♥
❞✉r❝❤ s♦❣❡♥❛♥♥t❡ ♠❡♥t❛❧❡ ❆tt✐tü❞❡♥✳ ❉❛s ❯rs♣rü♥❣❧✐❝❤❡ ♣❤✐❧♦s♦♣❤✐s❝❤❡ ▼♦❞❡❧❧ ❣❡❤t ❞❛❜❡✐
✈♦♥ ❞❡♥ ❆tt✐tü❞❡♥ Ü❜❡r③❡✉❣✉♥❣❡♥ ✭❜❡❧✐❡❢s✮✱ ❲ü♥s❝❤❡♥ ✭❞❡s✐r❡s✮ ✉♥❞ ❆❜s✐❝❤t❡♥ ✭✐♥t❡♥t✐♦♥s✮
❛✉s✳ ❙♦❢t✇❛r❡t❡❝❤♥✐s❝❤ ✇❡r❞❡♥ ❥❡❞♦❝❤ ❲ü♥s❝❤❡ ✉♥❞ ❆❜s✐❝❤t❡♥ ♠❡✐st ③✉ ❩✐❡❧❡♥ ❜③✇✳ P❧ä✲
♥❡♥ ❦♦♥❦r❡t✐s✐❡rt ❬❘●✾✺❪✳ ❉❛❜❡✐ s✐♥❞ ❩✐❡❧❡ ③✳❇✳ ❩✉stä♥❞❡✱ ❞✐❡ ❞❡r ❆❣❡♥t ❡rr❡✐❝❤❡♥ ✭❛❝❤✐❡✈❡
❣♦❛❧✮ ♦❞❡r ❜❡✇❛❤r❡♥ ✇✐❧❧ ✭♠❛✐♥t❛✐♥ ❣♦❛❧✮✳ P❧ä♥❡ s✐♥❞ ❦♦♥❦r❡t❡ ❆❦t✐♦♥s❢♦❧❣❡♥✱ ❞✐❡ ♣♦t❡♥t❡♥✲
t✐❡❧❧ ③✉♠ ❊r❢ü❧❧❡♥ ✈♦♥ ❩✐❡❧❡♥ ❜❡✐tr❛❣❡♥ ❦ö♥♥❡♥✳ ❉❛s ❱❡r❤❛❧t❡♥ ❡✐♥❡s ❆❣❡♥t❡♥ ❡♥tst❡❤t ♥✉♥
❞❛r❛✉s✱ ❞❛ss ❞❡r ❆❣❡♥t ❢♦rt✇ä❤r❡♥❞ ❢ür s❡✐♥❡ ❛❦t✉❡❧❧❡♥ ❩✐❡❧❡ ♣❛ss❡♥❞❡ P❧ä♥❡ ❛✉s✇ä❤❧t ✉♥❞
❛✉s❢ü❤rt✳ ❉❛❜❡✐ ❡♥ts❝❤❡✐❞❡t ❞❡r ❆❣❡♥t ❛♥❤❛♥❞ s❡✐♥❡r Ü❜❡r③❡✉❣✉♥❣❡♥✱ ♦❜ ❡✐♥ ❩✐❡❧ ❡r❢ü❧❧t ✐st
♦❞❡r ♦❜ ❡✐♥ P❧❛♥ ✐♥ ❡✐♥❡r ❜❡st✐♠♠t❡♥ ❙✐t✉❛t✐♦♥ ❛♥✇❡♥❞❜❛r ✐st✳ ❙❝❤❧ä❣t ❡✐♥ P❧❛♥ ❢❡❤❧ ♦❞❡r
✐st ❡✐♥ ❩✐❡❧ ❛✉❝❤ ♥❛❝❤ ❡r❢♦❧❣r❡✐❝❤❡♠ ❆❜s❝❤❧✉ss ❡✐♥❡s P❧❛♥❡s ♥✐❝❤t ❡r❢ü❧❧t✱ ❢ä❤rt ❞❡r ❆❣❡♥t
❢♦rt✱ ✇❡✐t❡r❡ P❧ä♥❡ ❛✉s③✉✇ä❤❧❡♥✱ ❜✐s ❞❛s ❩✐❡❧ ❡r❢ü❧❧t ✐st ♦❞❡r ❞❡r ❆❣❡♥t ❜❡s❝❤❧✐❡ÿt✱ ❞❛s ❩✐❡❧
♥✐❝❤t ✇❡✐t❡r ③✉ ✈❡r❢♦❧❣❡♥✳ ❩✉s❛♠♠❡♥❣❡❢❛sst ❧ässt s✐❝❤ r❛t✐♦♥❛❧❡s ❱❡r❤❛❧t❡♥ ✐♠ s♦❢t✇❛r❡t❡❝❤✲
♥✐s❝❤❡♥ ❇❉■✲▼♦❞❡❧❧ ❛❧s♦ ❛❧s ③✐❡❧❣❡r✐❝❤t❡t❡s✱ ♣❧❛♥✈♦❧❧❡s ❱❡r❤❛❧t❡♥ ❜❡s❝❤r❡✐❜❡♥✱ ❞❛s s✐❝❤ ❛♥
❞❡♥ Ü❜❡r③❡✉❣✉♥❣❡♥ ❞❡s ❆❣❡♥t❡♥ ♦r✐❡♥t✐❡rt✳

❩✐❡❧❡ s✐♥❞ ✐♥ ❞✐❡s❡♠ ▼♦❞❡❧❧ ❞❛s st❛❜✐❧✐s✐❡r❡♥❞❡ ❊❧❡♠❡♥t✱ ❞❛ ✐♥ ❞❡♥ ❩✐❡❧❡♥ ❞✐❡ ❡✐❣❡♥t❧✐✲
❝❤❡♥ ❆✉❢❣❛❜❡♥ ❞❡s ❙♦❢t✇❛r❡❛❣❡♥t❡♥ ❢❡st❣❡❧❡❣t ✇❡r❞❡♥✳ ❆❞❛♣t✐✈❡s ❱❡r❤❛❧t❡♥ ❡r❣✐❜t s✐❝❤ ❛✉s
❞❡r ❚❛ts❛❝❤❡✱ ❞❛ss ❞❡r ❆❣❡♥t ❢♦rt✇ä❤r❡♥❞ s❡✐♥❡ ❯♠✇❡❧t ✇❛❤r♥✐♠♠t ✉♥❞ ❞❡♠❡♥ts♣r❡❝❤❡♥❞
s❡✐♥❡ Ü❜❡r③❡✉❣✉♥❣❡♥ ❛♥♣❛sst✳ ❉❛❞✉r❝❤ ❢♦❧❣t ❞❡r ❆❣❡♥t ♥✐❝❤t ✈♦r❣❡❢❡rt✐❣t❡♥ ❍❛♥❞❧✉♥❣s❛♥✲
✇❡✐s✉♥❣❡♥✱ s♦♥❞❡r♥ ❦❛♥♥ ❣❡③✐❡❧t ❛✉❢ ❞✐❡ ❥❡✇❡✐❧✐❣❡ ❙✐t✉❛t✐♦♥ ❛♥❣❡♣❛sst r❡❛❣✐❡r❡♥✱ ✐♥❞❡♠ ❡r



✷✽ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❛✮ ❜✮

❆❜❜✐❧❞✉♥❣ ✸✳✺✿ ▼❡t❛♠♦❞❡❧❧ ✈♦♥ ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✭❛✮ ✉♥❞ ❇❉■✲❆❣❡♥t❡♥ ✭❜✮

③✳❇✳ P❧ä♥❡ ❛❜❜r✐❝❤t ♦❞❡r ✇✐❡❞❡r❤♦❧t✳ ❉✉r❝❤ ❇❡r❡✐tst❡❧❧✉♥❣ ✈♦♥ ❛❧t❡r♥❛t✐✈❡♥ P❧ä♥❡♥✱ ❞✐❡ ❛✉❢
✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❙✐t✉❛t✐♦♥❡♥ ❛✉s❣❡r✐❝❤t❡t s✐♥❞✱ ❦❛♥♥ ❞❡r Pr♦❣r❛♠♠✐❡r❡r ❞❛rü❜❡r ❤✐♥❛✉s ❞❡♥
❆❣❡♥t❡♥ ✐♥ ❞✐❡ ▲❛❣❡ ✈❡rs❡t③❡♥✱ ③✉r ❊r❢ü❧❧✉♥❣ ❡✐♥❡s ❜❡st✐♠♠t❡♥ ❩✐❡❧❡s ❛✉❢ ❡✐♥❡ ❘❡✐❤❡ ✈♦♥
❍❛♥❞❧✉♥❣s❛❧t❡r♥❛t✐✈❡♥ ③✉rü❝❦③✉❣r❡✐❢❡♥✳ ❙♦♠✐t ❡r♠ö❣❧✐❝❤t ❞❛s ❇❉■✲▼♦❞❡❧❧ ❡✐♥ ✒❙❡♣❛r❛t✐♦♥
♦❢ ❈♦♥❝❡r♥s✑ ✐♥ ❞❡♠ Pr♦❣r❛♠♠✐❡r❡r ❞✐❡ ③✉ ❡r❢ü❧❧❡♥❞❡♥ ❆✉❢❣❛❜❡♥ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❦♦♥❦r❡t❡♥
❍❛♥❞❧✉♥❣s❛❜❢♦❧❣❡♥ ❜❡s❝❤r❡✐❜❡♥ ❦ö♥♥❡♥✳ ❉❛❞✉r❝❤ ✇✐r❞ ❡✐♥❡rs❡✐ts ❡✐♥❡ ✢❡①✐❜❧❡ ❆✉s❢ü❤r✉♥❣ ❡r✲
♠ö❣❧✐❝❤t✱ ❞✐❡ s✐❝❤ ❛✉t♦♠❛t✐s❝❤ ❛♥ ❞✐❡ ❯♠❣❡❜✉♥❣ ❞❡s ❆❣❡♥t❡♥ ❛♥♣❛sst ✉♥❞ ❛♥❞❡r❡rs❡✐ts ❞✐❡
❲❛rt❜❛r❦❡✐t ❞❛s Pr♦❣r❛♠♠❝♦❞❡s ❡r❤ö❤t✱ ✐♥ ❞❡♠ ③✳❇✳ ❞❡♠ ❆❣❡♥t❡♥ ❡✐♥❢❛❝❤ ✇❡✐t❡r❡ P❧ä♥❡
❤✐♥③✉❣❡❢ü❣t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❊✐♥❡♥ Ü❜❡r❜❧✐❝❦ ü❜❡r ❞❛s ❇❉■✲Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ✐♠ ❑♦♥t❡①t
✈♦♥ ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❣✐❜t ❬❆✲✶❪✳ ❊✐♥❡ ❛✉s❢ü❤r❧✐❝❤❡ ❇❡s❝❤r❡✐❜✉♥❣ ❞❡s ❇❉■✲▼♦❞❡❧❧s ✉♥❞
③❛❤❧r❡✐❝❤❡ ❆♥✇❡♥❞✉♥❣s❜❡✐s♣✐❡❧❡ ❢ür ❇❉■✲❆❣❡♥t❡♥ ✜♥❞❡♥ s✐❝❤ ✐♥ ❞❡♥ ❱♦r❛r❜❡✐t❡♥ ③✉ ❞✐❡s❡r
❍❛❜✐❧✐t❛t✐♦♥ ❬P♦❦✵✼❪✳

✸✳✷✳✶✳✶ ■♥t❡❣r❛t✐♦♥ ❞❡r ▼❡t❛♠♦❞❡❧❧❡

❇❡✐ ❞❡r ❦♦♥③❡♣t✐♦♥❡❧❧❡♥ ■♥t❡❣r❛t✐♦♥ ❞❡s ❇❉■✲▼♦❞❡❧❧s ✐♥ ❞❡♥ ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲❆♥s❛t③
st❛♥❞❡♥ ③✇❡✐ ▲❡✐t❧✐♥✐❡♥ ✐♠ ❱♦r❞❡r❣r✉♥❞✿ ❊✐♥❡rs❡✐ts s♦❧❧t❡ ❛✉❢ ❙♣r❛❝❤♦rt❤♦❣♦♥❛❧✐tät ❣❡❛❝❤t❡t
✇❡r❞❡♥✱ ❞✳❤✳ ❞❛ss sä♠t❧✐❝❤❡ ❇❡s❝❤r❡✐❜✉♥❣s❦♦♥③❡♣t❡ ❢ür ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ s♦✇❡✐t s✐♥♥✈♦❧❧
❛✉❝❤ ❢ür ❇❉■✲❆❣❡♥t❡♥ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥ s♦❧❧t❡♥✱ ❇❉■✲❆❣❡♥t❡♥ s✐❝❤ ❛❧s♦ ♥✐❝❤t ❛❧s ❋r❡♠❞✲
❦ör♣❡r ✐♥ ❡✐♥❡r ▲❛♥❞s❝❤❛❢t ❛✉s ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❞❛rst❡❧❧❡♥ s♦❧❧t❡♥✳ ❆♥❞❡r❡rs❡✐ts s♦❧❧t❡
❞✐❡ ▼ä❝❤t✐❣❦❡✐t ❞❡s ❇❉■✲▼♦❞❡❧❧s ♥✐❝❤t ❡✐♥❣❡s❝❤rä♥❦t ✇❡r❞❡♥✳ ❯♠ ❙♣r❛❝❤♦rt❤♦❣♦♥❛❧✐tät ③✉
❡rr❡✐❝❤❡♥ ✇✉r❞❡ ❞❛s ❇❉■✲▼❡t❛♠♦❞❡❧❧ ❛❧s ❊r✇❡✐t❡r✉♥❣ ❞❡s ▼❡t❛♠♦❞❡❧❧s ❢ür ❛❦t✐✈❡ ❑♦♠♣♦✲
♥❡♥t❡♥ ♥❡✉ ❦♦♥③✐♣✐❡rt✱ ❞✳❤✳ ❞❡r ❇❉■✲❆❣❡♥t ✇✐r❞ ❢♦rt❛♥ ❛❧s ❡✐♥❡ s♣❡③✐❡❧❧❡ ❋♦r♠ ❞❡r ❛❦t✐✈❡♥
❑♦♠♣♦♥❡♥t❡ ❛♥❣❡s❡❤❡♥✳ ❉❛❞✉r❝❤ ❦❛♥♥ ❞❡r ❇❉■✲❆❣❡♥t ♥❛❝❤ ❛✉ÿ❡♥ ❤✐♥ ❛❧s ❛❦t✐✈❡ ❑♦♠♣♦✲
♥❡♥t❡ ✐♥ ❤❡t❡r♦❣❡♥❡ ❙②st❡♠❡ ❛✉s ❇❉■✲ ✉♥❞ ◆✐❝❤t✲❇❉■✲❑♦♠♣♦♥❡♥t❡♥ ❡✐♥❣❡❜❡tt❡t ✇❡r❞❡♥✳
❉❛s ✐♥t❡r♥❡ ❱❡r❤❛❧t❡♥ ❦❛♥♥ ❥❡❞♦❝❤ ✇✐❡ ❣❡✇♦❤♥t ♠✐t ❆✉s❞r✉❝❦s♠✐tt❡❧♥ ❞❡s ❇❉■✲▼♦❞❡❧❧s
❜❡s❝❤r✐❡❜❡♥ ✇❡r❞❡♥✳

❆❜❜✳ ✸✳✺ st❡❧❧t ❞✐❡ ✉rs♣rü♥❣❧✐❝❤❡♥ ▼❡t❛♠♦❞❡❧❧❡ ❣❡❣❡♥ü❜❡r✳ ■♥t❡r❡ss❛♥t❡ ❆s♣❡❦t❡ ❞❡r ■♥t❡✲
❣r❛t✐♦♥ ❜❡✐❞❡r ▼❡t❛♠♦❞❡❧❧❡ st❡❧❧❡♥ ❞✐❡ ❊❧❡♠❡♥t❡ ❞❛r✱ ❞✐❡ ♥✉r ✐♥ ❡✐♥❡♠ ❞❡r ❜❡✐❞❡♥ ▼❡t❛♠♦❞❡❧✲
❧❡ ✈♦r❤❛♥❞❡♥ s✐♥❞✱ ❜③✇✳ ❞✐❡ ✐♥ ä❤♥❧✐❝❤❡r ❛❜❡r ♥✐❝❤t ❣❧❡✐❝❤❡r ❋♦r♠ ✐♥ ❜❡✐❞❡♥ ▼❡t❛♠♦❞❡❧❧❡♥
✈♦r❦♦♠♠❡♥✳ ❆✉s P❧❛t③❣rü♥❞❡♥ ✇❡r❞❡♥ ✐♠ ❋♦❧❣❡♥❞❡♥ ❧❡❞✐❣❧✐❝❤ ❛✉s❣❡✇ä❤❧t❡ ❊❧❡♠❡♥t❡ ❛✉s
❞✐❡s❡♥ ❇❡r❡✐❝❤❡♥ ♥ä❤❡r ❜❡tr❛❝❤t❡t✳ ❙♦ s✐♥❞ ③✳❇✳ ❙❡r✈✐❝❡s ✐♠ ▼❡t❛♠♦❞❡❧❧ ❞❡r ❛❦t✐✈❡♥ ❑♦♠✲
♣♦♥❡♥t❡♥ ❊❧❡♠❡♥t❡✱ ❞✐❡ ❜❡s❝❤r❡✐❜❡♥✱ ✇❡❧❝❤❡ ❉✐❡♥st❡ ❡✐♥❡ ❑♦♠♣♦♥❡♥t❡ ❛♥❜✐❡t❡t ♦❞❡r ❜❡♥✉t③t✳
❆✉❢ ❞❡r ❛♥❞❡r❡♥ ❙❡✐t❡ s✐♥❞ ③✳❇✳ ❇❡❧✐❡❢s✱ ●♦❛❧s ✉♥❞ P❧❛♥s ❊❧❡♠❡♥t❡ ❞❡s ❇❉■✲▼❡t❛♠♦❞❡❧❧s✱ ❞✐❡
❞✐❡ Ü❜❡r③❡✉❣✉♥❣❡♥✱ ❩✐❡❧❡ ✉♥❞ P❧ä♥❡ ❞❡s ❆❣❡♥t❡♥ ❢❡st❧❡❣❡♥✳ ❋ür ❡✐♥❡ ❛❞äq✉❛t❡ ■♥t❡❣r❛t✐♦♥
❜❡✐❞❡r ▼❡t❛♠♦❞❡❧❧❡ ✐st ❡s ♥♦t✇❡♥❞✐❣✱ ❞❛ss ❡✐♥ ❜❡✐❞❡rs❡✐t✐❣❡r ❩✉❣r✐✛ ❛✉❢ ❞✐❡ ❡♥ts♣r❡❝❤❡♥✲
❞❡♥ ❙♣r❛❝❤❡❧❡♠❡♥t❡ ♠ö❣❧✐❝❤ ✐st✳ ❙♦ s♦❧❧ ③✳❇✳ ❡✐♥❡ ❙❡r✈✐❝❡✐♠♣❧❡♠❡♥t❛t✐♦♥ ❡✐♥❡s ❇❉■✲❆❣❡♥t❡♥
✐♥ ❞❡r ▲❛❣❡ s❡✐♥ ❛✉❢ ❞✐❡ Ü❜❡r③❡✉❣✉♥❣❡♥ ❞❡s ❆❣❡♥t❡♥ ③✉③✉❣r❡✐❢❡♥ ✉♥❞✴♦❞❡r ♥❡✉❡ ❩✐❡❧❡ ③✉
❡r③❡✉❣❡♥✳ ❆♥❞❡r❡rs❡✐ts s♦❧❧t❡♥ ✐♥ P❧ä♥❡♥ ❞✐❡ ❜❡♥öt✐❣t❡♥ ❉✐❡♥st❡ ❞❡r ❑♦♠♣♦♥❡♥t❡ ❛✉❢❣❡r✉✲
❢❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❉❡r ❩✉❣r✐✛ ✈♦♥ ❑♦♠♣♦♥❡♥t❡♥❝♦❞❡ ✭③✳❇✳✳ ❙❡r✈✐❝❡✐♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥✮
❛✉❢ ❑♦♠♣♦♥❡♥t❡♥❡❧❡♠❡♥t❡ ✭③✳❇✳ ❞✐❡ ❜❡♥öt✐❣t❡♥ ❉✐❡♥st❡✮ ❡r❢♦❧❣t ü❜❡r ❡✐♥ s♣❡③✐❡❧❧❡s ■♥t❡r❢❛❝❡
■■♥t❡r♥❛❧❆❝❝❡ss✳ ❋ür ❇❉■✲❑♦♠♣♦♥❡♥t❡♥ ✇✐r❞ ❞✐❡s❡s ■♥t❡r❢❛❝❡ ❡r✇❡✐t❡rt✱ ✉♠ ❩✉❣r✐✛ ❛✉❢ ❇❉■✲
❊❧❡♠❡♥t❡ ③✉ ❣❡✇ä❤r❡♥ ✭✈❣❧✳ ❆❜❜✳ ✸✳✻✮✳ ❙♦♠✐t ✐st ❡s ♥✉♥ ✈♦♥ ❜❡❧✐❡❜✐❣❡♠ ❑♦♠♣♦♥❡♥t❡♥❝♦❞❡
❛✉s ♠ö❣❧✐❝❤✱ ❛✉❢ ❞✐❡ ❇❉■✲❊✐❣❡♥s❝❤❛❢t❡♥ ③✉③✉❣r❡✐❢❡♥✱ ✇❡♥♥ ❡s s✐❝❤ ❜❡✐ ❞❡r ❑♦♠♣♦♥❡♥t❡ ✉♠



✸✳✷✳ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ✷✾

♣✉❜❧✐❝ ✐♥t❡r❢❛❝❡ ■❇❉■■♥t❡r♥❛❧❆❝❝❡ss ❡①t❡♥❞s ■■♥t❡r♥❛❧❆❝❝❡ss
④

♣✉❜❧✐❝ ■❇❡❧✐❡❢❜❛s❡ ❣❡t❇❡❧✐❡❢❜❛s❡✭✮❀
♣✉❜❧✐❝ ■●♦❛❧❜❛s❡ ❣❡t●♦❛❧❜❛s❡✭✮❀
♣✉❜❧✐❝ ■P❧❛♥❜❛s❡ ❣❡tP❧❛♥❜❛s❡✭✮❀
✳ ✳ ✳

⑥

❆❜❜✐❧❞✉♥❣ ✸✳✻✿ ❙❝❤♥✐ttst❡❧❧❡ ③✉♠ ❩✉❣r✐✛ ❛✉❢ ❇❉■✲❊❧❡♠❡♥t❡

❡✐♥❡♥ ❇❉■✲❆❣❡♥t❡♥ ❤❛♥❞❡❧t✳ ❆✉❢ ❞❡r ❛♥❞❡r❡♥ ❙❡✐t❡ ✇✉r❞❡ ❞✐❡ ❇❛s✐s❦❧❛ss❡ ❢ür ❇❉■✲P❧ä♥❡ ✉♠
❞✐❡ ▼❡t❤♦❞❡ ❣❡t❙❡r✈✐❝❡❈♦♥t❛✐♥❡r✭✮ ❡r❣ä♥③t✳ ❇✐s❤❡r ❜♦t ❞✐❡ P❧❛♥✲❑❧❛ss❡ ▼❡t❤♦❞❡♥ s❡♥❞▼❡s✲
s❛❣❡✭✮ ✉♥❞ ❞✐s♣❛t❝❤❙✉❜❣♦❛❧✭✮ ✉♠ ❛✉❢ ❇❉■✲ ❜③✇✳ ❆❣❡♥t❡♥❢✉♥❦t✐♦♥❛❧✐tät ③✉③✉❣r❡✐❢❡♥✳ ❉✉r❝❤
❞✐❡ ♥❡✉❡ ▼❡t❤♦❞❡ ❦❛♥♥ ♥✉♥ ❛✉❝❤ ❛✉❢ ❞✐❡ ❜❡♥öt✐❣t❡♥ ❉✐❡♥st❡ ③✉❣❡❣r✐✛❡♥ ✉♥❞ ❞✐❡s❡ ❛✉❢❣❡r✉❢❡♥
✇❡r❞❡♥✳ ❊✐♥ ✇❡✐t❡r❡r ❯♥t❡rs❝❤✐❡❞ ❞❡r ▼❡t❛♠♦❞❡❧❧❡ ❜❡tr✐✛t ❞✐❡ P❛r❛♠❡t❡rü❜❡r❣❛❜❡ ❛♥ ♥❡✉
❡r③❡✉❣t❡ ❑♦♠♣♦♥❡♥t❡♥ ❜③✇✳ ❆❣❡♥t❡♥✳ ❑♦♠♣♦♥❡♥t❡♥ ❤❛❜❡♥ ❤✐❡r③✉ ❆r❣✉♠❡♥t✲❊❧❡♠❡♥t❡ ❢ür
❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡♣❛r❛♠❡t❡r ✇ä❤r❡♥❞ ❇❉■✲❆❣❡♥t❡♥ t②♣✐s❝❤❡r ❲❡✐s❡ ü❜❡r ✐♥✐t✐❛❧❡ ❩✉✇❡✐s✉♥✲
❣❡♥ ③✉ ❞❡♥ ❇❡❧✐❡❢s ❦♦♥✜❣✉r✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❯♠ ❞✐❡ ❙❡♠❛♥t✐❦ ③✉ ✈❡r❡✐♥❤❡✐t❧✐❝❤❡♥✱ ✇✉r❞❡
❞❛s ❑♦♥③❡♣t ❞❡r ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡♣❛r❛♠❡t❡r ❛✉❢ ❇❉■✲❆❣❡♥t❡♥ ü❜❡rtr❛❣❡♥✳ ❆❧❧❡r❞✐♥❣s s♦❧❧t❡
✈❡r♠✐❡❞❡♥ ✇❡r❞❡♥✱ P❛r❛♠❡t❡r ❛❧s ♥❡✉❡s ③✉sät③❧✐❝❤❡s ❊❧❡♠❡♥t ♥❡❜❡♥ ❞❡♥ s❝❤♦♥ ✈♦r❤❛♥❞❡♥❡♥
❇❡❧✐❡❢s ❡✐♥③✉❢ü❣❡♥✳ ❉❛❤❡r ✇✉r❞❡ ❞✐❡ ❇❡s❝❤r❡✐❜✉♥❣ ✈♦♥ ❇❡❧✐❡❢s ❞❛❤✐♥❣❡❤❡♥❞ ❡r✇❡✐t❡rt✱ ❞❛ss
❞✐❡s❡ ❛❧s ❛r❣✉♠❡♥t ♦❞❡r r❡s✉❧t ♠❛r❦✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ◆❛❝❤ ❆✉ÿ❡♥ ❤✐♥ ✇✐r❞ s♦ ❞✐❡ ❙❡♠❛♥✲
t✐❦ ✈♦♥ ❊✐♥✲ ✉♥❞ ❆✉s❣❛❜❡♣❛r❛♠❡t❡r♥ ❜❡✐❜❡❤❛❧t❡♥✱ ✇ä❤r❡♥❞ s✐❝❤ ❞✐❡ ❣❡s❡t③t❡♥ ❲❡rt❡ ✐♥t❡r♥
✇✐❡ ❛♥❞❡r❡ ❇❡❧✐❡❢s ✈❡r❤❛❧t❡♥✳

✸✳✷✳✶✳✷ ❙♣r❛❝❤♦rt❤♦❣♦♥❛❧✐tät ❜❡③ü❣❧✐❝❤ ❞❡s ❑♦♠♣♦♥❡♥t❡♥✈❡r❤❛❧t❡♥s

■♠ ✉rs♣rü♥❣❧✐❝❤❡♥ ❇❉■✲▼♦❞❡❧❧ s✐♥❞ P❧ä♥❡ s♣❡③✐❡❧❧❡ ❏❛✈❛✲❑❧❛ss❡♥✱ ❞✐❡ ❞✐❡ ❆♥✇❡✐s✉♥❣❡♥ ③✉r
❆✉s❢ü❤r✉♥❣ ❡✐♥❡s P❧❛♥s ❡♥t❤❛❧t❡♥✳ ■♥♥❡r❤❛❧❜ ✈♦♥ P❧ä♥❡♥ ❦❛♥♥ ❜❡❧✐❡❜✐❣❡r ❏❛✈❛✲❈♦❞❡ ❛✉s❣❡✲
❢ü❤rt ✇❡r❞❡♥✳ ❙♦♠✐t ✐st ❛✉❝❤ ❞❡r ❩✉❣r✐✛ ❛✉❢ ❡①t❡r♥❡ ❇✐❜❧✐♦t❤❡❦❡♥ ❡✐♥❢❛❝❤ ♠ö❣❧✐❝❤✳ ❉✉r❝❤
❞✐❡ ❊✐♥❢ü❤r✉♥❣ ❞❡s ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲▼♦❞❡❧❧s ✇✉r❞❡♥ ♥❡❜❡♥ ❞❡♥ ❇❉■✲❆❣❡♥t❡♥ ✇❡✐t❡r❡
❱❡r❤❛❧t❡♥s♠♦❞❡❧❧❡ ❡✐♥❣❡❢ü❤rt✳ ❙♦ ❡r❧❛✉❜❡♥ ❞✐❡ s♦❣❡♥❛♥♥t❡♥ ▼✐❝r♦✲❆❣❡♥t❡♥ ❞✐❡ ❦♦♠♣❧❡tt❡
❱❡r❤❛❧t❡♥ss♣❡③✐✜❦❛t✐♦♥ ❛✉❢ ❇❛s✐s ❡✐♥❢❛❝❤❡r ❏❛✈❛✲❜❛s✐❡rt❡r ❙❝❤r✐tt❡ ✭ä❤♥❧✐❝❤ ❇❉■✲P❧ä♥❡♥✮✱
✇ä❤r❡♥❞ ♠✐t ❇P▼◆ ✉♥❞ ●P▼◆ ❣r❛✜s❝❤❡ ❇❡s❝❤r❡✐❜✉♥❣s❢♦r♠❡♥ ③✉r ❙♣❡③✐✜❦❛t✐♦♥ ✇♦r❦✢♦✇✲
❛rt✐❣❡♥ ❱❡r❤❛❧t❡♥s ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥✳ ❊✐♥ ✇✐❡❞❡r❦❡❤r❡♥❞❡s ▼✉st❡r ✐st ❤✐❡r❜❡✐✱ ❞❛ss ❑♦♠✲
♣♦♥❡♥t❡♥ ❣❡❦❛♣s❡❧t❡s ❱❡r❤❛❧t❡♥ ❛❧s ❚❡✐❧ ✐❤r❡s ❡✐❣❡♥❡♥ ❱❡r❤❛❧t❡♥s ❛✉s❢ü❤r❡♥✳ ❙♦ ❢ü❤r❡♥ ❡✐♥❡r✲
s❡✐ts ❇❉■✲❆❣❡♥t❡♥ P❧ä♥❡ ❛❧s ❘❡❛❦t✐♦♥ ❛✉❢ ❊r❡✐❣♥✐ss❡ ❛✉s✱ ③✳❇✳ ✇❡♥♥ ❡✐♥ ♥❡✉❡s ❩✐❡❧ ❡♥tst❡❤t✱
✉♥❞ ❜❡♥✉t③❡♥ ❡t✇❛✐❣❡ ❊r❣❡❜♥✐ss❡ ❞❡s P❧❛♥s ✉♠ ③✉ ❡♥ts❝❤❡✐❞❡♥✱ ♦❜ ③✳❇✳ ❡✐♥ ❩✐❡❧ ❡r❢ü❧❧t ✐st✳
❲♦r❦✢♦✇s ❦ö♥♥❡♥ ❛♥❞❡r❡rs❡✐ts ❯♥t❡r♣r♦③❡ss❡ st❛rt❡♥✳ ❉✐❡s❡ ❯♥t❡r♣r♦③❡ss❡ s✐♥❞ t②♣✐s❝❤❡r
❲❡✐s❡ ❡❜❡♥❢❛❧❧s ❲♦r❦✢♦✇s✱ ✇❡❧❝❤❡ ❊r❣❡❜♥✐ss❡ ♣r♦❞✉③✐❡r❡♥ ❦ö♥♥❡♥✱ ❞✐❡ ✇✐❡❞❡r✉♠ ✈♦♠ ü❜❡r✲
❣❡♦r❞♥❡t❡♥ Pr♦③❡ss ✇❡✐t❡r✈❡r❛r❜❡✐t❡t ✇❡r❞❡♥ ✉♥❞ s✐❝❤ ③✳❇✳ ❛✉❢ ❱❡r③✇❡✐❣✉♥❣❡♥ ✐♥♥❡r❤❛❧❜ ❞❡s
ü❜❡r❣❡♦r❞♥❡t❡♥ Pr♦③❡ss❡s ❛✉s✇✐r❦❡♥ ❦ö♥♥❡♥✳

❯♠ ❛✉❢ ❞❡r ❊❜❡♥❡ ❞❡s ❑♦♠♣♦♥❡♥t❡♥✈❡r❤❛❧t❡♥s ❙♣r❛❝❤♦rt❤♦❣♦♥❛❧✐tät ③✉ ❡r❤❛❧t❡♥✱ s♦❧❧t❡
❡s ♠ö❣❧✐❝❤ s❡✐♥✱ ❜❡❧✐❡❜✐❣❡ ❑♦♠♣♦♥❡♥t❡♥t②♣❡♥ ③✉r ❱❡r❤❛❧t❡♥ss♣❡③✐✜❦❛t✐♦♥ ✐♥ ❛♥❞❡r❡♥ ❑♦♠✲
♣♦♥❡♥t❡♥t②♣❡♥ ❡✐♥s❡t③❡♥ ③✉ ❦ö♥♥❡♥✳ ❉✐❡s ✇ür❞❡ ❡s ③✳❇✳ ❡r♠ö❣❧✐❝❤❡♥ ❣r❛✜s❝❤❡ ❲♦r❦✢♦✇s
❛♥st❡❧❧❡ ✈♦♥ ❏❛✈❛✲❈♦❞❡ ③✉r ❇❡s❝❤r❡✐❜✉♥❣ ✈♦♥ ❇❉■✲P❧ä♥❡♥ ❡✐♥③✉s❡t③❡♥ ♦❞❡r ❡✐♥❢❛❝❤❡ ❏❛✈❛✲
❑♦♠♣♦♥❡♥t❡♥ ❛❧s ❙❝❤r✐tt❡ ✐♥ ❲♦r❦✢♦✇s ③✉ ✈❡r✇❡♥❞❡♥✳ ❋ür ❞✐❡s❡ ❆rt ❞❡r ❙♣r❛❝❤♦rt❤♦❣♦♥❛❧✐✲
tät s✐♥❞ ③✇❡✐ ❉✐♥❣❡ ♥öt✐❣✿ ❊rst❡♥s ♠üss❡♥ ❛❧❧❡ ❑♦♠♣♦♥❡♥t❡♥t②♣❡♥ ❡✐♥❡ ❡✐♥❤❡✐t❧✐❝❤❡ ❙❝❤♥✐tt✲
st❡❧❧❡ ③✉♠ ❆✉❢r✉❢❡♥ ✐❤r❡s ❱❡r❤❛❧t❡♥s ❜❡s✐t③❡♥✳ ❆♥❞❡r❡rs❡✐ts ♠üss❡♥ ▼ö❣❧✐❝❤❦❡✐t❡♥ ❣❡s❝❤❛✛❡♥
✇❡r❞❡♥✱ ❞❛ss ❞✐❡ ✉♥t❡r❣❡♦r❞♥❡t❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✐♥ ❣❡❡✐❣♥❡t❡r ❲❡✐s❡ ❛✉❢ ✐❤r❡ ü❜❡r❣❡♦r❞♥❡✲
t❡♥ ❑♦♠♣♦♥❡♥t❡♥ ③✉❣r❡✐❢❡♥ ❦ö♥♥❡♥✳ ❉❡r ❡rst❡ ❆s♣❡❦t ✇✐r❞ ✉♥t❡r ❛♥❞❡r❡♠ ❞✉r❝❤ ❞✐❡ ❜❡✲
r❡✐ts ❜❡s❝❤r✐❡❜❡♥❡♥ ❛r❣✉♠❡♥ts ✉♥❞ r❡s✉❧ts ❣❡❧öst✳ ❏❡❞❡ ❑♦♠♣♦♥❡♥t❡ ❞❡✜♥✐❡rt ❞✐❡ ✈♦♥ ❛✉ÿ❡♥
s❡t③❜❛r❡♥ ❆r❣✉♠❡♥t❡ ✉♥❞ ❧❡❣t ❢❡st✱ ✇❡❧❝❤❡ ❲❡rt❡ ❛❧s ❊r❣❡❜♥✐ss❡ ③✉rü❝❦❣❡❧✐❡❢❡rt ✇❡r❞❡♥✳ ❉✐❡
❊r❣❡❜♥✐ss❡ ✇❡r❞❡♥ ❡✐♥❡rs❡✐ts ③✉rü❝❦❣❡❧✐❡❢❡rt✱ ✇❡♥♥ ❞✐❡ ❑♦♠♣♦♥❡♥t❡ ✐❤r❡ ❆r❜❡✐t ❜❡❡♥❞❡t ❤❛t✳
❆♥❞❡r❡rs❡✐ts ❣✐❜t ❡s ❛✉❝❤ ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t✱ ❩✇✐s❝❤❡♥❡r❣❡❜♥✐ss❡ ③✉ ü❜❡r♠✐tt❡❧♥✱ ✇ä❤r❡♥❞ ❞✐❡
❑♦♠♣♦♥❡♥t❡ ♥♦❝❤ ❧ä✉❢t✳

❩✉r ▲ös✉♥❣ ❞❡s ③✇❡✐t❡♥ ❆s♣❡❦ts ✲ ❞❡♥ ❩✉❣r✐✛ ❛✉❢ ❞✐❡ ü❜❡r❣❡♦r❞♥❡t❡ ❑♦♠♣♦♥❡♥t❡ ✲ ✇❡r✲
❞❡♥ ③✇❡✐ ❱❡r❢❛❤r❡♥ ❜❡r❡✐t❣❡st❡❧❧t✿ ■♠ ❡rst❡♥ ❱❡r❢❛❤r❡♥ ❡①✐st✐❡r❡♥ ü❜❡r✲ ✉♥❞ ✉♥t❡r❣❡♦r❞♥❡t❡
❑♦♠♣♦♥❡♥t❡ s❡♣❛r❛t ✈♦♥ ❡✐♥❛♥❞❡r ✐♥ ❡✐❣❡♥❡♥ ❆✉s❢ü❤r✉♥❣s❦♦♥t❡①t❡♥✳ ❉✐❡s ❡♥ts♣r✐❝❤t ❞❡♠
❙t❛♥❞❛r❞ ✐♠ ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲▼♦❞❡❧❧✳ ■♥ ❞❡r ❋♦❧❣❡ ♠✉ss ③✉r ❲❛❤r✉♥❣ ❞❡r ❑♦♥s✐st❡♥③



✸✵ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❆❜❜✐❧❞✉♥❣ ✸✳✼✿ ❩✐❡❧❤✐❡r❛r❝❤✐❡ ❞❡s ❈♦♠♠❛♥❞❡r✲❆❣❡♥t❡♥ ❬❇P✶✷❛❪

s✐❝❤❡r❣❡st❡❧❧t s❡✐♥✱ ❞❛ss ❞✐❡ ❑♦♠♣♦♥❡♥t❡♥ ♥✐❝❤t ♣❛r❛❧❧❡❧ ❛✉❢ ❞❡♥ ❣❧❡✐❝❤❡♥ ❉❛t❡♥ ♦♣❡r✐❡r❡♥✳
❉❛❤❡r ✇✐r❞ ❡✐♥ ❉❛t❡♥❛✉st❛✉s❝❤ ③✉♥ä❝❤st ♥✉r ü❜❡r ❞✐❡ ❆r❣✉♠❡♥t❡ ✉♥❞ ❊r❣❡❜♥✐ss❡ ❞✐r❡❦t
✉♥t❡rstüt③t✳ ❇❡♥öt✐❣t ❞✐❡ ❯♥t❡r❦♦♠♣♦♥❡♥t❡ ✇ä❤r❡♥❞ ❞❡r ❆✉s❢ü❤r✉♥❣ ③✉sät③❧✐❝❤❡♥ ❩✉❣r✐✛
❛✉❢ ❞✐❡ ü❜❡r❣❡♦r❞♥❡t❡ ❑♦♠♣♦♥❡♥t❡✱ s♦ ♠üss❡♥ ❤✐❡r❢ür ❛✉❢ ❆♥✇❡♥❞✉♥❣s❡❜❡♥❡ ❞✉r❝❤ ❞❡♥
Pr♦❣r❛♠♠✐❡r❡r ❡✐❣❡♥❡ ❙❝❤♥✐ttst❡❧❧❡♥ ❣❡s❝❤❛✛❡♥ ✇❡r❞❡♥✱ ③✳❇✳ ❞✉r❝❤ ✈♦♥ ❞❡r ❖❜❡r❦♦♠♣♦♥❡♥✲
t❡ ❛♥❣❡❜♦t❡♥❡ ❉✐❡♥st❡✳ ■♥s❜❡s♦♥❞❡r❡ ❢ür ❇❉■✲❆❣❡♥t❡♥✱ ✐♥ ❞❡♥❡♥ ❞✐❡ P❧ä♥❡ ❤ä✉✜❣ ❩✉❣r✐✛
❛✉❢ ❇❉■✲❊✐❣❡♥s❝❤❛❢t❡♥ ✇✐❡ ❇❡❧✐❡❢s ✉♥❞ ❩✐❡❧❡ ❜❡♥öt✐❣❡♥✱ ✐st ❞✐❡s❡s ❡rst❡ ❱❡r❢❛❤r❡♥ ❞❛❤❡r
❡❤❡r ✉♥❣❡❡✐❣♥❡t✳ ❉❛❤❡r ✇✉r❞❡ ❛❧s ③✇❡✐t❡s ❱❡r❢❛❤r❡♥ ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t ❣❡s❝❤❛✛❡♥✱ ❯♥t❡r❦♦♠✲
♣♦♥❡♥t❡♥ ✐♠ ❆✉s❢ü❤r✉♥❣s❦♦♥t❡①t ❞❡r ü❜❡r❣❡♦r❞♥❡t❡♥ ❑♦♠♣♦♥❡♥t❡ ❛✉s❢ü❤r❡♥ ③✉ ❦ö♥♥❡♥✳
❉✐❡s ❦❛♥♥ ❡✐♥❡rs❡✐ts ❜❡✐♠ ❙t❛rt❡♥ ❞❡r ❯♥t❡r❦♦♠♣♦♥❡♥t❡♥ ❛♥❣❡❣❡❜❡♥ ✇❡r❞❡♥ ♦❞❡r ❜❡r❡✐ts ✐♥
❞❡r ❙♣❡③✐✜❦❛t✐♦♥ ❞❡r ❯♥t❡r❦♦♠♣♦♥❡♥t❡♥✳ ❉✉r❝❤ ❞✐❡s❡ s②♥❝❤r♦♥❡ ❆✉s❢ü❤r✉♥❣ ❦ö♥♥❡♥ ❦❡✐♥❡
■♥❦♦♥s✐st❡♥③❡♥ ❡♥tst❡❤❡♥ ✉♥❞ ❞✐❡ ❯♥t❡r❦♦♠♣♦♥❡♥t❡ ❦❛♥♥ ❞✐r❡❦t❡♥ ❩✉❣r✐✛ ❛✉❢ ✐❤r❡ ü❜❡r❣❡✲
♦r❞♥❡t❡ ❑♦♠♣♦♥❡♥t❡ ❡r❤❛❧t❡♥✳ ❙♦♠✐t ❦ö♥♥❡♥ ❛❧s♦ ③✳❇✳ ✐♥ ❡✐♥❡♠ ❲♦r❦✢♦✇ ❞✐r❡❦t ❞✐❡ ❇❡❧✐❡❢s
❞❡s ü❜❡r❣❡♦r❞♥❡t❡♥ ❆❣❡♥t❡♥ ❣❡❧❡s❡♥ ✉♥❞ ❣❡s❝❤r✐❡❜❡♥ ✇❡r❞❡♥✳

✸✳✷✳✶✳✸ ❩✐❡❧♦r✐❡♥t✐❡rt❡ ▼♦❞❡❧❧✐❡r✉♥❣ ✐♠ ❇❡✐s♣✐❡❧s③❡♥❛r✐♦

❩✉r ❱❡r❛♥s❝❤❛✉❧✐❝❤✉♥❣ ❞❡r ❇❉■✲❑♦♥③❡♣t❡ ③❡✐❣t ❆❜❜✳ ✸✳✼ ❡✐♥❡♥ ❆✉ss❝❤♥✐tt ❞❡r ③✐❡❧♦r✐❡♥✲
t✐❡rt❡♥ ▼♦❞❡❧❧✐❡r✉♥❣ ❞❡s ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❙②st❡♠s ✉♥❞ ③✇❛r ❞✐❡ ❩✐❡❧❤✐❡r❛r❝❤✐❡ ❞❡s
❈♦♠♠❛♥❞❡r✲❆❣❡♥t❡♥✱ ❞❡r ♠❡♥s❝❤❧✐❝❤❡ ❇❡♥✉t③❡r ❜❡✐ ❞❡r ❉✐s♣♦s✐t✐♦♥ ✈♦♥ ❊✐♥s❛t③❢❛❤r③❡✉❣❡♥
✉♥t❡rstüt③t✳ ❩✐❡❧❡ ✇❡r❞❡♥ ❤✐❡r❜❡✐ ❞✉r❝❤ ❑r❡✐s❡ ❞❛r❣❡st❡❧❧t ✉♥❞ ✐❤r❡ ❆❜❤ä♥❣✐❣❦❡✐t❡♥ ✉♥t❡r✲
❡✐♥❛♥❞❡r ❞✉r❝❤ P❢❡✐❧❡✳ Ü❜❡r ◆♦t✐③❡♥s②♠❜♦❧❡ s✐♥❞ ③✉sät③❧✐❝❤❡ ❇❡❞✐♥❣✉♥❣❡♥ ❢ür ❞✐❡ ❊①✐st❡♥③
✈♦♥ ❩✐❡❧❡♥ ❛♥❣❡❣❡❜❡♥✳ ❖❜❡rst❡s ❩✐❡❧ ❞❡s ❆❣❡♥t❡♥ ✐st ❞✐❡ ❇❡❤❛♥❞❧✉♥❣ sä♠t❧✐❝❤❡r ❛✉❢tr❡t❡♥❞❡r
❯♥❣❧ü❝❦❡ ✭❍❛♥❞❧❡ ❉✐s❛st❡rs✮✳ ❉❛s ❜❡❞❡✉t❡t✱ ❞❛ss ❢ür ❥❡❞❡s ❡✐♥tr❡t❡♥❞❡ ❯♥❣❧ü❝❦ ❡✐♥ ❡✐❣❡♥❡s
❯♥t❡r③✐❡❧ ✭❍❛♥❞❧❡ ❉✐s❛st❡r✮ ❡r③❡✉❣t ✇✐r❞✳ ❊✐♥ ❯♥❣❧ü❝❦ ❣✐❧t ❛❧s ❡r❢♦❧❣r❡✐❝❤ ❜❡❤❛♥❞❡❧t✱ ✇❡♥♥
❛❧❧❡ ❱❡r❧❡t③t❡♥ ✈❡rs♦r❣t✱ ❛❧❧❡ ❋❡✉❡r ❣❡❧ös❝❤t ✉♥❞ ❛❧❧❡ ❛✉s❣❡tr❡t❡♥❡♥ ❈❤❡♠✐❦❛❧✐❡♥ ❜❡s❡✐t✐❣t
s✐♥❞✳ ❍✐❡r③✉ ✇❡r❞❡♥ ❜✐s ③✉ ❞r❡✐ ❯♥t❡r③✐❡❧❡ ✭❚r❡❛t ❱✐❝t✐♠s✱ ❊①t✐♥❣✉✐s❤ ❋✐r❡s✱ ❈❧❡❛r ❈❤❡♠✐✲
❝❛❧s✮ ❡r③❡✉❣t✱ ❥❡ ♥❛❝❤❞❡♠ ♦❜ ③✳❇✳ ❛♥ ❞❡r ❯♥❣❧ü❝❦sst❡❧❧❡ ü❜❡r❤❛✉♣t ❱❡r❧❡t③t❡ ✈♦r❤❛♥❞❡♥ s✐♥❞✳
❊✐♥❡ ❇❡s♦♥❞❡r❤❡✐t ❞❡s ❚r❡❛t✲❱✐❝t✐♠s✲❩✐❡❧s ✐st✱ ❞❛ss ❞❡r ◆♦t❛r③t✇❛❣❡♥ ❡rst ③✉r ❯♥❣❧ü❝❦sst❡❧❧❡
✈♦r❞r✐♥❣❡♥ ❞❛r❢✱ ✇❡♥♥ ❞✐❡s❡ ❛❧s s✐❝❤❡r ❡✐♥❣❡st✉❢t ✇✐r❞✱ ❞✳❤✳ ❞❛ss ❣❣❢✳ ③✉✈♦r ❛✉s❣❡tr❡t❡♥❡ ❈❤❡✲
♠✐❦❛❧✐❡♥ ❜❡s❡✐t✐❣t ✇❡r❞❡♥ ♠üss❡♥✳ ❉✐❡s ✇✐r❞ ❞✉r❝❤ ❡✐♥❡ ❆❜❤ä♥❣✐❣❦❡✐t ③✉♠ ❈❧❡❛r✲❈❤❡♠✐❝❛❧s✲
❩✐❡❧ ❣❡❦❡♥♥③❡✐❝❤♥❡t✳ ❯♠ ❞✐❡s❡ ❩✐❡❧❡ ③✉ ❡rr❡✐❝❤❡♥✱ st❡❤t ❞❡♠ ❈♦♠♠❛♥❞❡r✲❆❣❡♥t ❞✐❡ ❖♣t✐♦♥
③✉r ❱❡r❢ü❣✉♥❣✱ ❞❛s ❆✉ss❡♥❞❡♥ ✈♦♥ ❘❡tt✉♥❣s❢❛❤r③❡✉❣❡♥ ✈♦r③✉s❝❤❧❛❣❡♥ ✭❙❡♥❞ ❘❡s❝✉❡ ❋♦r❝❡✮✳

❉✐❡ ❞❛r❣❡st❡❧❧t❡ ❡✐♥❢❛❝❤❡ ❩✐❡❧❤✐❡r❛r❝❤✐❡ ❜❡s❝❤r❡✐❜t ❞❡♥ ❦♦♠♣❧❡tt❡♥ ❍❛♥❞❧✉♥❣ss♣✐❡❧r❛✉♠
❞❡s ❈♦♠♠❛♥❞❡r✲❆❣❡♥t❡♥✱ ❧❡❣t ❥❡❞♦❝❤ ❦❡✐♥❡ ❙tr❛t❡❣✐❡ ❢❡st✱ ✇✐❡ ❞✐❡ ❩✉♦r❞♥✉♥❣ ✈♦♥ ❘❡tt✉♥❣s✲



✸✳✷✳ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ✸✶

❢❛❤r③❡✉❣❡♥ ③✉ ❯♥❣❧ü❝❦sst❡❧❧❡♥ ③✉ ❡r❢♦❧❣❡♥ ❤❛t✳ ❉✐❡s ❡r❢♦❧❣t ✐♥ ❦♦♥❦r❡t❡♥ P❧ä♥❡♥✱ ❞✐❡ ❢ür ❞✐❡
❥❡✇❡✐❧✐❣❡♥ ❩✐❡❧❡ ❡rst❡❧❧t ✇❡r❞❡♥✳ ❉❛rü❜❡r ❤✐♥❛✉s ❜❡s✐t③t ❞❡r ❈♦♠♠❛♥❞❡r✲❆❣❡♥t ♥♦❝❤ ❲✐s✲
s❡♥ ü❜❡r ❞✐❡ ❯♠❣❡❜✉♥❣✱ ❞❛s ✈♦♥ ❞❡♥ ❯♥❣❧ü❝❦sst❡❧❧❡♥ ü❜❡r♠✐tt❡❧t ✉♥❞ ✐♥ ❋♦r♠ ✈♦♥ ❇❡❧✐❡❢s
❛❜❣❡❧❡❣t ✇✐r❞✳ ❉✐❡ ③✐❡❧♦r✐❡♥t✐❡rt❡ ▼♦❞❡❧❧✐❡r✉♥❣ ❞❡s ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❙②st❡♠s ✐st ❡✐♥s✲
③✉✲❡✐♥s ✐♥ ❇❉■✲❆❣❡♥t❡♥♣r♦❣r❛♠♠❡ ü❜❡rtr❛❣❜❛r ✉♥❞ st❡❧❧t s♦♠✐t ❡✐♥❡ ❣✉t❡ ❆✉s❣❛♥❣s❜❛s✐s
❞❛r✱ ✉♠ ✈❡rs❝❤✐❡❞❡♥❡ ❑♦♦r❞✐♥❛t✐♦♥sstr❛t❡❣✐❡♥ ③✉ ✐♠♣❧❡♠❡♥t✐❡r❡♥ ✉♥❞ ③✉ t❡st❡♥✳

✸✳✷✳✷ ❊r✇❡✐t❡r✉♥❣ ❞❡r ✐♥t❡r♥❡♥ ❩✐❡❧r❡♣räs❡♥t❛t✐♦♥

❊✐♥ ❱♦rt❡✐❧ ❞❡r ③✐❡❧♦r✐❡♥t✐❡rt❡♥ ▼♦❞❡❧❧✐❡r✉♥❣ ✐st ❞✐❡ ◆ä❤❡ ❞❡r ✈❡r✇❡♥❞❡t❡♥ ❑♦♥③❡♣t❡ ✇✐❡
❩✐❡❧❡✱ P❧ä♥❡ ✉♥❞ ❇❡❧✐❡❢s ③✉ ❞❡♠ ♥❛tür❧✐❝❤s♣r❛❝❤❧✐❝❤❡♥ ✐♥t✉✐t✐✈❡♥ ❱❡rstä♥❞♥✐s ❞❡r ✈❡r✇❡♥❞❡✲
t❡♥ ❇❡❣r✐✛❡✳ ❉❛❞✉r❝❤ ♠üss❡♥ ❞✐❡ ❑♦♥③❡♣t❡ ♥✐❝❤t ❡rst ❡r❧❡r♥t ✇❡r❞❡♥✱ s♦♥❞❡r♥ ❦ö♥♥❡♥ ♠❡✐st
s❡❤r s❝❤♥❡❧❧ ③✉r Pr♦❣r❛♠♠✐❡r✉♥❣ ✈♦♥ ❆❣❡♥t❡♥✈❡r❤❛❧t❡♥ ❡✐♥❣❡s❡t③t ✇❡r❞❡♥✳ ❉✐❡s❡r ❊✛❡❦t tr✐tt
✉♠ s♦ ♠❡❤r ❛✉❢✱ ❥❡ stär❦❡r ❞❛s ♣r♦❣r❛♠♠✐❡rs♣r❛❝❤❧✐❝❤❡ ❑♦♥str✉❦t ❞❡♥ ♥❛tür❧✐❝❤s♣r❛❝❤❧✐❝❤❡♥
❱❡r✇❡♥❞✉♥❣❡♥ ❞❡r ❇❡❣r✐✛❡ ❢♦❧❣t✳ ■♠ ❩✉❣❡ ❞❡r ❱❡r❜❡ss❡r✉♥❣ ❞❡r ▼ö❣❧✐❝❤❦❡✐t❡♥ ③✉r ③✐❡❧♦r✐❡♥✲
t✐❡rt❡♥ Pr♦❣r❛♠♠✐❡r✉♥❣ ✇✉r❞❡♥ ❞❛❤❡r ❑♦♥③❡♣t❡ ❞❡r ✐♥t❡r♥❡♥ ❩✐❡❧r❡♣räs❡♥t❛t✐♦♥ ❡r✇❡✐t❡rt✱
✉♠ ❡✐♥ ❣röÿ❡r❡s ❙♣❡❦tr✉♠ ✐❤r❡s ✐♥t✉✐t✐✈❡♥ ❱❡rstä♥❞♥✐ss❡s ❛✉❝❤ ♣r♦❣r❛♠♠✐❡rs♣r❛❝❤❧✐❝❤ ❛❜✲
❜✐❧❞❡♥ ③✉ ❦ö♥♥❡♥✳

✸✳✷✳✷✳✶ ❆♥❛❧②s❡ ❞❡s ❩✐❡❧❜❡❣r✐✛s

❆✉s❣❛♥❣s♣✉♥❦t ❞✐❡s❡r ❊r✇❡✐t❡r✉♥❣❡♥ ❜✐❧❞❡t ❡✐♥❡ ✉♠❢❛♥❣r❡✐❝❤❡ ❆♥❛❧②s❡ ❞❡r ❱❡r✇❡♥❞✉♥❣ ❞❡s
❇❡❣r✐✛s ✒❩✐❡❧✑ ✐♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❇❡r❡✐❝❤❡♥ ❞❡r ❆❣❡♥t❡♥t❡❝❤♥♦❧♦❣✐❡ ✉♥❞ ❛♥❣r❡♥③❡♥❞❡♥ ❇❡r❡✐✲
❝❤❡♥ ✇✐❡ ❞❡♠ ③✐❡❧♦r✐❡♥t✐❡rt❡♥ ❘❡q✉✐r❡♠❡♥ts ❊♥❣✐♥❡❡r✐♥❣ ❬❇P✵✾❛❪✳ ❍✐❡r❜❡✐ ❡r❣❛❜ s✐❝❤✱ ❞❛ss
❜❡st❡❤❡♥❞❡ ❉❡✜♥✐t✐♦♥❡♥ ❞❡s ❇❡❣r✐✛s ✐♠♠❡r ♥✉r ❡✐♥❡ ❡✐♥❣❡s❝❤rä♥❦t❡ ❙✐❝❤t ❞❛rst❡❧❧❡♥✱ ❞✐❡ ❤ä✉✲
✜❣ ❡✐♥❡♠ ❦♦♥❦r❡t❡♥ ❆♥✇❡♥❞✉♥❣s❤✐♥t❡r❣r✉♥❞ ❡♥ts♣r✐♥❣t✳ ❙♦ ✇✐r❞ ✐♥ ❞❡r ❆❣❡♥t❡♥♣r♦❣r❛♠✲
♠✐❡r✉♥❣ ③✳❇✳ ❞❛s ❑♦♥③❡♣t ✈♦♥ ✒♣r❡❢❡rr❡❞ ♣r♦❣r❡ss✐♦♥s✑ ❡✐♥❣❡❢ü❤rt ❬❘❉❲✵✽❪✱ ❞❛s ❡r❢❛ss❡♥
s♦❧❧✱ ❞❛ss s✐❝❤ ❡✐♥ ❆❣❡♥t ❛✉❢ ❇❛s✐s s❡✐♥❡r ❩✐❡❧❡ s❡❧❜st ❞❛③✉ ✈❡r♣✢✐❝❤t❡t✱ ❆✉❢✇❛♥❞ ③✉ ❜❡tr❡✐✲
❜❡♥✱ ❞❛ss s✐❝❤ ❞❡r ❩✉st❛♥❞ ❞❡r ❲❡❧t ✐♥ s❡✐♥❡♠ ❙✐♥♥❡ ✈❡rä♥❞❡rt✳ ❇❡✐ ❞❡r❛rt✐❣❡♥ ❉❡✜♥✐t✐♦♥❡♥
❜❧❡✐❜❡♥ ❤ä✉✜❣ ❑♦♥③❡♣t❡ ❛✉ÿ❡♥ ✈♦r✱ ❞✐❡ ❢ür ❛♥❞❡r❡ ❆♥✇❡♥❞✉♥❣s③✇❡❝❦❡ r❡❧❡✈❛♥t s✐♥❞✱ ✇✐❡
③✳❇✳ ❞❛ss ❩✐❡❧❡ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❦♦♥❦r❡t ❣❡♣❧❛♥t❡♥ ❆❦t✐✈✐tät❡♥ ❡①✐st✐❡r❡♥✳ ❆❧s ▲ös✉♥❣ ❞✐❡s❡s
❉✐❧❡♠♠❛s ✇✉r❞❡ ❡✐♥❡ ♥❡✉❡ ❡✐❣❡♥s❝❤❛❢ts❜❛s✐❡rt❡ ❆rt ③✉r ❈❤❛r❛❦t❡r✐s✐❡r✉♥❣ ✈♦♥ ❩✐❡❧❦♦♥③❡♣✲
t❡♥ ✈♦r❣❡s❝❤❧❛❣❡♥✱ ❞✐❡ ❡s ❡r♠ö❣❧✐❝❤t✱ ✈✐❡❧❡ ♣♦t❡♥t✐❡❧❧ r❡❧❡✈❛♥t❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ③✉ ❡r❢❛ss❡♥✳ ■♠
❋♦❧❣❡♥❞❡♥ ✇❡r❞❡♥ ❞✐❡s❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ✈♦r❣❡st❡❧❧t✳ ❊s ❤❛♥❞❡❧t s✐❝❤ ❤✐❡r❜❡✐ ✉♠ ❡✐♥❡ ❆✉s✇❛❤❧
❛♥ ❊✐❣❡♥s❝❤❛❢t❡♥✱ ❞✐❡ ✐♥ ❞❡r ▲✐t❡r❛t✉r ❤ä✉✜❣ ✈♦r❦♦♠♠❡♥ ✉♥❞ ❞✐❡ ③✉❞❡♠ ✐♥ ❞❡r ▲❛❣❡ s✐♥❞✱
❡✐♥❡♥ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡♥ ◆✉t③❡♥ ③✉ ❡r❜r✐♥❣❡♥✳

P❡rs✐st❡♥t P❡rs✐st❡♥t❡ ❩✐❡❧❡ ❡①✐st✐❡r❡♥ ü❜❡r ❡✐♥❡♥ ❩❡✐tr❛✉♠ ❤✐♥✇❡❣✱ ❞✳❤✳ s✐❡ s✐♥❞ ♥✐❝❤t ✢ü❝❤✲
t✐❣ ✇✐❡ ③✳❇✳ ❊r❡✐❣♥✐ss❡✳ ■♥ ✈♦❧❛t✐❧❡♥ ❯♠❣❡❜✉♥❣❡♥ ✐st ❡s ✇✐❝❤t✐❣ ❢ür ❆❣❡♥t❡♥ s✐❝❤ ✐❤r❡♥
❩✐❡❧❡♥ ❣❡❣❡♥ü❜❡r ③✉ ✈❡r♣✢✐❝❤t❡♥ ✉♥❞ s✐❡ ♥✉r ❛✉s ❣✉t❡♥ ●rü♥❞❡♥ ❛✉❢③✉❣❡❜❡♥✳ ❉❛❞✉r❝❤
❢ü❤r❡♥ ♣❡rs✐st❡♥t❡ ❩✐❡❧❡ ③✉ ❙t❛❜✐❧✐tät ✐♠ ❆❣❡♥t❡♥✈❡r❤❛❧t❡♥ ❬❘●✾✺❪✳

❑♦♥s✐st❡♥t ❩✉r ❇❡tr❛❝❤t✉♥❣ ❞❡r ❑♦♥s✐st❡♥③ ✈♦♥ ❩✐❡❧❡♥ ✐st ❡✐♥❡ ❯♥t❡rs❝❤❡✐❞✉♥❣ ③✇✐s❝❤❡♥
❛❦t✐✈ ✈❡r❢♦❧❣t❡♥ ❩✐❡❧❡♥ ✈s✳ s♦❣❡♥❛♥♥t❡♥ ❩✐❡❧❦❛♥❞✐❞❛t❡♥ ✭❖♣t✐♦♥❡♥✮ ♥♦t✇❡♥❞✐❣ ❬❚❍❨✵✼❪✳
❉✐❡ ❛❦t✐✈ ✈❡r❢♦❧❣t❡♥ ❩✐❡❧❡ ❡✐♥❡s ❆❣❡♥t❡♥ s♦❧❧t❡♥ ③✉ ❥❡❞❡r ❩❡✐t ❦♦♥s✐st❡♥t ③✉❡✐♥❛♥❞❡r✱ ❞✳❤✳
❣❧❡✐❝❤③❡✐t✐❣ ❡r❢ü❧❧❜❛r s❡✐♥✳ ❲❡♥♥ ❡✐♥ ❆❣❡♥t s✐❝❤ ❡✐♥ ♥❡✉❡s ❩✐❡❧ ③✉r ❛❦t✐✈❡♥ ❱❡r❢♦❧❣✉♥❣
s❡t③t✱ s♦ ♠✉ss ❡r ü❜❡r♣rü❢❡♥✱ ♦❜ ❣❣❢✳ ❛♥❞❡r❡ ❦♦♥✢✐❣✐❡r❡♥❞❡ ❛❦t✐✈❡ ❩✐❡❧❡ ❛❜❣❡❜r♦❝❤❡♥
✇❡r❞❡♥ ♠üss❡♥✳ ❉✐❡s❡ ❦ö♥♥❡♥ ❡♥t✇❡❞❡r ❦♦♠♣❧❡tt ❢❛❧❧❡♥❣❡❧❛ss❡♥ ✇❡r❞❡♥ ♦❞❡r ❛❜❡r ❛❧s
③✉r ❩❡✐t ♥✐❝❤t ❛❦t✐✈❡ ❖♣t✐♦♥ ✐♠ ❆❣❡♥t❡♥ ✈❡r❜❧❡✐❜❡♥✳

▼ö❣❧✐❝❤ ❊✐♥ ❩✐❡❧ s♦❧❧t❡ ❢ür ❡✐♥❡♥ ❆❣❡♥t❡♥ ♣♦t❡♥t✐❡❧❧ ❡rr❡✐❝❤❜❛r s❡✐♥✳ ❉❛s ❤❡✐ÿt ✐♥s❜❡s♦♥❞❡r❡✱
❞❛ss ❞❛s ❩✐❡❧ ♥✐❝❤t ❞❡♥ ❛❦t✉❡❧❧❡♥ Ü❜❡r③❡✉❣✉♥❣❡♥ ❞❡s ❆❣❡♥t❡♥ ✇✐❞❡rs♣r✐❝❤t✳ ❊s ❤❡✐ÿt
❥❡❞♦❝❤ ♥✐❝❤t✱ ❞❛ss ❡✐♥ ❩✐❡❧ ✐♥ ❥❡❞❡♠ ❋❛❧❧ ❡rr❡✐❝❤t ✇✐r❞✳

❇❡❦❛♥♥t✴❊①♣❧✐③✐t ❉❡r ❆❣❡♥t s♦❧❧t❡ s✐❝❤ s❡✐♥❡r ❩✐❡❧❡ ❜❡✇✉sst s❡✐♥✱ ✉♠ s❡✐♥❡ ❍❛♥❞❧✉♥❣❡♥
③✐❡❧❣❡r✐❝❤t❡t ❛✉s✇ä❤❧❡♥ ③✉ ❦ö♥♥❡♥ ❬❚P❍✵✷❪✳

❯♥❡rr❡✐❝❤t ■♠ ❋❛❧❧❡ t②♣✐s❝❤❡r ✒❛❝❤✐❡✈❡♠❡♥t✑✲❩✐❡❧❡ ❜❡❞❡✉t❡t ❞✐❡s❡ ❊✐❣❡♥s❝❤❛❢t✱ ❞❛ss ❞❡r
❆❣❡♥t ♥✉r ❩✐❡❧❡ ✈❡r❢♦❧❣❡♥ s♦❧❧t❡✱ ❞❡r❡♥ ❩✐❡❧❜❡❞✐♥❣✉♥❣ ♥❛❝❤ ❞❡♥ Ü❜❡r③❡✉❣✉♥❣❡♥ ❞❡s
❆❣❡♥t❡♥ ♥✐❝❤t ❡r❢ü❧❧t ✐st✳ ❋ür ❦♦♠♣❧❡①❡r❡ ❩✐❡❧❛rt❡♥ ✇✐❡ ❡t✇❛ ✒♠❛✐♥t❛✐♥✑✲❩✐❡❧❡✱ ❞❡r❡♥
❩✐❡❧❜❡❞✐♥❣✉♥❣ ③✇✐s❝❤❡♥③❡✐t❧✐❝❤ ❡r❢ü❧❧t s❡✐♥ ❦❛♥♥✱ ✐st ❞✐❡s❡ ❊✐❣❡♥s❝❤❛❢t ♥✐❝❤t ❛♥✇❡♥❞❜❛r✳



✸✷ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❊r③❡✉❣❜❛r✴❚❡r♠✐♥✐❡r❜❛r ❉❡r ❆❣❡♥t s♦❧❧t❡ ✐♥ ❞❡r ▲❛❣❡ s❡✐♥✱ s❡✐♥❡ ❩✐❡❧❡ ❞❡r ❛❦t✉❡❧❧❡♥
❙✐t✉❛t✐♦♥ ❛♥③✉♣❛ss❡♥ ❬●▲✽✼❪✳ ❉❛❤❡r s✐♥❞ s♦✇♦❤❧ ♣r♦③❡❞✉r❛❧❡ ✭③✳❇✳ ❛❧s ❚❡✐❧ ❡✐♥❡s P❧❛♥s✮
❛❧s ❛✉❝❤ ❞❡❦❧❛r❛t✐✈❡ ✭③✳❇✳ ❛❧s s✐t✉❛t✐♦♥s❜❡③♦❣❡♥❡ ❇❡❞✐♥❣✉♥❣✮ ▼❡❝❤❛♥✐s♠❡♥ ♥♦t✇❡♥❞✐❣✱
ü❜❡r ❞✐❡ ❩✐❡❧❡ ❡r③❡✉❣t ❜③✇✳ t❡r♠✐♥✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳

❯♥t❡r❜r❡❝❤❜❛r ❉❛ ③✇✐s❝❤❡♥ ♠ö❣❧✐❝❤❡♥ ❩✐❡❧❡♥ ❑♦♥✢✐❦t❡ ❛✉❢tr❡t❡♥ ❦ö♥♥❡♥ ✐st ❡s ♠❛♥❝❤✲
♠❛❧ ♥♦t✇❡♥❞✐❣✱ ❞❛ss ❡✐♥ ❆❣❡♥t ❞✐❡ ❱❡r❢♦❧❣✉♥❣ ❡✐♥❡s ❩✐❡❧❡s ❛✉❢❣r✉♥❞ ❡✐♥❡s ✇✐❝❤t✐❣❡r❡♥
❦♦♥✢✐❣✐❡r❡♥❞❡♥ ❩✐❡❧❡s ✉♥t❡r❜r✐❝❤t ❬●▲✽✼❀ ❚❤❛✰✵✽❀ ❘❉❲✵✽❪✳ ❉❛❜❡✐ s♦❧❧t❡ ❞❡r ❱❡r❛r❜❡✐✲
t✉♥❣s③✉st❛♥❞ ❜❡✇❛❤rt ✇❡r❞❡♥✱ s♦ ❞❛ss ❞❡r ❆❣❡♥t ❞❛s ✉rs♣rü♥❣❧✐❝❤❡ ❩✐❡❧ ③✉ ❣❡❣❡❜❡♥❡r
❩❡✐t s❝❤♥❡❧❧ ✇✐❡❞❡r ❛✉❢♥❡❤♠❡♥ ❦❛♥♥✳

❱❛r✐❛❜❧❡ ❉❛✉❡r ■♥t❡❧❧✐❣❡♥t❡s ❱❡r❤❛❧t❡♥ ❜❛s✐❡rt ❛✉❢ ❡✐♥❡r ❑♦♠❜✐♥❛t✐♦♥ ✈♦♥ str❛t❡❣✐s❝❤❡♠
✉♥❞ t❛❦t✐s❝❤❡♠ ❱❡r❤❛❧t❡♥✳ ❙tr❛t❡❣✐s❝❤❡s ❱❡r❤❛❧t❡♥ ❜❛s✐❡rt ❛✉❢ ▲❛♥❣③❡✐t③✐❡❧❡♥✱ ❞✐❡ ü❜❡r
❧ä♥❣❡r❡ P❡r✐♦❞❡♥ ❤✐♥✇❡❣ ❇❡st❛♥❞ ❤❛❜❡♥ ✉♥❞ t②♣✐s❝❤❡r ❲❡✐s❡ s❡❤r ❤❡r❛✉s❢♦r❞❡r♥❞ s✐♥❞✳
❉✳❤✳ ❞❛ss s✐❡ ♥✐❝❤t ✐♥ ✇❡♥✐❣❡♥ ❞✐r❡❦t❡♥ ❙❝❤r✐tt❡♥ ❡rr❡✐❝❤t ✇❡r❞❡♥ ❦ö♥♥❡♥✱ s♦♥❞❡r♥
③✉♥ä❝❤st ③✳❇✳ ❡✐♥❡ ❘❡✐❤❡ ✈♦♥ ▼❡✐❧❡♥st❡✐♥❡♥ ❡rr❡✐❝❤t ✇❡r❞❡♥ ♠✉ss✱ ❜❡✈♦r ❞❛s ❡✐❣❡♥t❧✐❝❤❡
❩✐❡❧ ❛♥❣❡❣❛♥❣❡♥ ✇❡r❞❡♥ ❦❛♥♥✳ ❚❛❦t✐s❝❤❡s ❱❡r❤❛❧t❡♥ ❜❛s✐❡rt ❡❤❡r ❛✉❢ ❦✉r③❢r✐st✐❣❡♥ ❩✐❡❧❡♥
♦❞❡r ❛✉❢ ❘❡✢❡①❡♥✳ ❑✉r③❢r✐st✐❣❡ ❩✐❡❧❡ ❡①✐st✐❡r❡♥ ❤ä✉✜❣ ♥✉r ✐♠ ❑♦♥t❡①t ❡✐♥❡s ❊r❡✐❣♥✐ss❡s
✭③✳❇✳ ❡✐♥❡r ❛❦t✉❡❧❧❡♥ ❱❡rä♥❞❡r✉♥❣ ❞❡r ❯♠❣❡❜✉♥❣✮ ✉♥❞ s✐♥❞ ♠❡✐st ❡♥❣ ♠✐t ♣❤②s✐s❝❤❡♥
❆❦t✐♦♥❡♥ ✈❡r❦♥ü♣❢t ✭③✳❇✳ ✒❍✐♥❞❡r♥✐s ❛✉s✇❡✐❝❤❡♥✑✮✳

❆❦t✐♦♥s❡♥t❦♦♣♣❡❧t ❩✐❡❧❡ ❞rü❝❦❡♥ ❡✐♥❡ ▼♦t✐✈❛t✐♦♥ ❞❡s ❆❣❡♥t❡♥ ❜❡③ü❣❧✐❝❤ ❡✐♥❡r ❜❡st✐♠♠t❡♥
❙✐t✉❛t✐♦♥ ❛✉s✳ ❉✐❡s❡ ▼♦t✐✈❛t✐♦♥ ❦❛♥♥ ❛✉❝❤ ❞❛♥♥ ❡①✐st✐❡r❡♥✱ ✇❡♥♥ ❞❡r ❆❣❡♥t s❡❧❜st
♥✐❝❤t ❛❦t✐✈ ③✉r ❊rr❡✐❝❤✉♥❣ ❞❡s ❩✐❡❧❡s ❜❡✐tr❛❣❡♥ ❦❛♥♥✳ ❉✐❡s❡ s♦ ❣❡♥❛♥♥t❡♥ ♣❛ss✐✈❡♥ ♦❞❡r
✒■♥t❡r❡ss❡✑✲❩✐❡❧❡ ❢ü❤r❡♥ ♥✐❝❤t ❞✐r❡❦t ③✉ ❍❛♥❞❧✉♥❣❡♥ ❞❡s ❆❣❡♥t❡♥✱ s♦❧❧t❡♥ ❛❜❡r tr♦t③❞❡♠
r❡♣räs❡♥t✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥ ❬❇❡❛✾✺❪✳ ❊✐♥❡rs❡✐ts ❦ö♥♥t❡ ❞❡r ❆❣❡♥t ♥❡✉❡s ♣r♦③❡❞✉r❛❧❡s
❲✐ss❡♥ ③✉r ❩✐❡❧❡rr❡✐❝❤✉♥❣ ❡r❧❛♥❣❡♥ ❬❆♥❝✰✵✹❪ ✉♥❞ ❛♥❞❡r❡rs❡✐ts ❦❛♥♥ ❡✐♥ ❞❡r❛rt✐❣❡s ❩✐❡❧
❛✉❝❤ ♦❤♥❡ ❩✉t✉♥ ❞❡s ❆❣❡♥t❡♥ ③✳❇✳ ❞✉r❝❤ ❡①t❡r♥❡ ❆❦t✐♦♥❡♥ ✈♦♥ ❛♥❞❡r❡♥ ❆❣❡♥t❡♥ ♦❞❡r
❞✉r❝❤ ➘♥❞❡r✉♥❣❡♥ ✐♥ ❞❡r ❯♠❣❡❜✉♥❣ ❡rr❡✐❝❤t ✇❡r❞❡♥✳ ■♠ ③✇❡✐t❡♥ ❋❛❧❧ ❦❛♥♥ ❞✐❡ ❡①♣❧✐③✐t❡
❘❡♣räs❡♥t❛t✐♦♥ ③✳❇✳ ✈❡r❤✐♥❞❡r♥✱ ❞❛ss ❞❡r ❆❣❡♥t ✈❡rs❡❤❡♥t❧✐❝❤ ❆❦t✐♦♥❡♥ ❛✉s❢ü❤rt✱ ❞✐❡
♠✐t ❞❡♠ ♣❛ss✐✈❡♥ ❩✐❡❧ ✐♥ ❑♦♥✢✐❦t st❡❤❡♥✳

❆✉❢ ❇❛s✐s ❞✐❡s❡r ❆♥❛❧②s❡ ✇✉r❞❡♥ ❊r✇❡✐t❡r✉♥❣❡♥ ❞❡r ✐♥t❡r♥❡♥ ❩✐❡❧r❡♣räs❡♥t❛t✐♦♥ ❡r❛r❜❡✐t❡t✱
❞✐❡ ❡s ❡r❧❛✉❜❡♥✱ ❞❡♥ ❣❡♥❛♥♥t❡♥ ❊✐❣❡♥s❝❤❛❢t❡♥ ✐♥ ❞❡r ❆❣❡♥t❡♥♣r♦❣r❛♠♠✐❡r✉♥❣ ❘❡❝❤♥✉♥❣ ③✉
tr❛❣❡♥✳ ❉❛❜❡✐ ✇✉r❞❡♥ ✐♥s❜❡s♦♥❞❡r❡ ❞✐❡ ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲❩✐❡❧❡ ❛❧s ♥❡✉❡ ✉♥❞ ❤✐❧❢r❡✐❝❤❡
Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ❤❡r❛✉s❣❡❛r❜❡✐t❡t✳

✸✳✷✳✷✳✷ ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲❩✐❡❧❡

❉✐❡ ❇❡❞❡✉t✉♥❣ ✈♦♥ ■♥t❡r❡ss❡✲❩✐❡❧❡♥ ✇✐r❞ ✐♥ ❞❡r ▲✐t❡r❛t✉r ✐♥s❜❡s♦♥❞❡r❡ ✐♠ ❩✉s❛♠♠❡♥❤❛♥❣
♠✐t ❞❡r ❦♦❣♥✐t✐✈❡♥ ❙tr✉❦t✉r ❡♠♦t✐♦♥❛❧❡r ▼♦❞❡❧❧❡ ❤❡r✈♦r❣❡❤♦❜❡♥✳ ❉❛s ❖rt♦♥②✱ ❈❧♦r❡ ✉♥❞
❈♦❧❧✐♥s✲▼♦❞❡❧❧ ✭❖❈❈✮ ❬❖❈❈✽✽❪ ♥✐♠♠t ❛♥✱ ❞❛ss ❞r❡✐ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❩✐❡❧❛rt❡♥ ❡①✐st✐❡r❡♥✿
❛❦t✐✈❡ ❩✐❡❧❡✱ ❞✐❡ ❡✐♥ ❆❣❡♥t ❞✉r❝❤ ❞❛s ❆✉s❢ü❤r❡♥ ✈♦♥ ❍❛♥❞❧✉♥❣❡♥ ❡rr❡✐❝❤❡♥ ❦❛♥♥ ✭③✳❇✳ ❡✐♥❡
❋❧❛s❝❤❡ ö✛♥❡♥✮✱ ■♥t❡r❡ss❡✲❩✐❡❧❡✱ ❞✳❤✳ ❩✐❡❧❡ ❞✐❡ ❡✐♥ ❆❣❡♥t ❡rr❡✐❝❤t s❡❤❡♥ ♠ö❝❤t❡✱ ③✉ ❞❡r❡♥
❊rr❡✐❝❤✉♥❣ ❡r ❛❜❡r ♥✐❝❤t ❞✐r❡❦t ❜❡✐tr❛❣❡♥ ❦❛♥♥ ✭③✳❇✳ ❞❛ss ❞✐❡ ❜❡✈♦r③✉❣t❡ ❋✉ss❜❛❧❧♠❛♥♥✲
s❝❤❛❢t ❣❡✇✐♥♥t✮✱ ✉♥❞ s♦ ❣❡♥❛♥♥t❡ ✒◆❛❝❤s❝❤✉❜✑✲❩✐❡❧❡ ✭r❡♣❧❡♥✐s❤♠❡♥t ❣♦❛❧s✮✱ ❞✐❡ ✇✐❡❞❡r❤♦❧t❡
❆✉s❢ü❤r✉♥❣❡♥ ✈♦♥ ❆❦t✐♦♥❡♥ ❡r❢♦r❞❡r❧✐❝❤ ♠❛❝❤❡♥ ❛❜❡r ♥✐❡♠❛❧s ❡♥❞❣ü❧t✐❣ ❡r❢ü❧❧t s✐♥❞ ✭③✳❇✳
❣❡s✉♥❞ ✉♥❞ ✜t ❜❧❡✐❜❡♥✮✳ ❉❛❜❡✐ s✐♥❞ ❞❡r ❡rst❡ ✉♥❞ ❧❡t③t❡ ❩✐❡❧t②♣ ✐♠ ❇❉■✲▼♦❞❡❧❧ ❜❡r❡✐ts
❞✉r❝❤ ❆❝❤✐❡✈❡✲ ❜③✇✳ ▼❛✐♥t❛✐♥✲❩✐❡❧❡ r❡♣räs❡♥t✐❡rt ❬❇r❛✰✵✺❪✱ ✇♦❤✐♥❣❡❣❡♥ ❢ür ▲❛♥❣③❡✐t✲ ✉♥❞
■♥t❡r❡ss❡✲❩✐❡❧❡ ❜✐s❤❡r ❦❡✐♥❡ ❣❡❡✐❣♥❡t❡♥ ❇❡s❝❤r❡✐❜✉♥❣s♠✐tt❡❧ ✈♦r❤❛♥❞❡♥ s✐♥❞✳ ❆♥✇❡♥❞✉♥❣s❢ä❧✲
❧❡ ❢ür ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲❩✐❡❧❡ ✜♥❞❡♥ s✐❝❤ ü❜❡r❛❧❧ ❞♦rt✱ ✇♦ ❞❡♠ ❆❣❡♥t❡♥ ③✉♥ä❝❤st ❦❡✐♥❡
❞✐r❡❦t❡♥ ❆❦t✐♦♥❡♥ ③✉r ❩✐❡❧❡rr❡✐❝❤✉♥❣ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥ ✉♥❞ ❞♦rt✱ ✇♦ ❞✐❡ ❩✐❡❧❡rr❡✐❝❤✉♥❣
❞✉r❝❤ ❡①t❡r♥❡ ❋❛❦t♦r❡♥ ❜❡❡✐♥✢✉sst ✇✐r❞✳ ❇❡✐s♣✐❡❧❡ ❤✐❡r❢ür s✐♥❞ ❑♦♥✈❡rs❛t✐♦♥❡♥✱ ✐♥ ❞❡♥❡♥
❡✐♥ ❚❡✐❧♥❡❤♠❡r ✈♦♥ s❡✐♥❡♥ ❑♦♠♠✉♥✐❦❛t✐♦♥s♣❛rt♥❡r♥ ❛❜❤ä♥❣✐❣ ✐st ❬P❛s✰✵✻❪ ✉♥❞ ❦♦♠♣❡t✐t✐✈❡
▼✉❧t✐❛❣❡♥t❡♥s③❡♥❛r✐❡♥✱ ✐♥ ❞❡♥❡♥ ❞✐❡ ❆❦t❡✉r❡ ❣❡❣❡♥s❡✐t✐❣ ③✉♠ ❊rr❡✐❝❤❡♥ ♦❞❡r ❱❡r❤✐♥❞❡r♥ ✈♦♥
❩✐❡❧❡♥ ❞❡r ❛♥❞❡r❡♥ ❆❣❡♥t❡♥ ❜❡✐tr❛❣❡♥ ❬❏❙✵✶❪✳

❉❛❤❡r ✇✉r❞❡ ✉♥t❡rs✉❝❤t✱ ✇✐❡ ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲❩✐❡❧❡ ❣❡❡✐❣♥❡t r❡♣räs❡♥t✐❡rt ✇❡r❞❡♥
❦ö♥♥❡♥ ✉♥❞ ✇✐❡ ❞✐❡ P❘❙✲❆r❝❤✐t❡❦t✉r ❛♥❣❡♣❛sst ✇❡r❞❡♥ ❦❛♥♥✱ s♦ ❞❛ss s✐❡ ❞✐❡ ❱❡r❛r❜❡✐t✉♥❣
❞✐❡s❡r ❩✐❡❧t②♣❡♥ ❡r❧❛✉❜t ❬❇P✵✾❜❪✳ ❲ä❤r❡♥❞ ❞❡r ❆❜❛r❜❡✐t✉♥❣ ✈♦♥ ❩✐❡❧❡♥ ❞✐❡s❡r ❩✐❡❧t②♣❡♥
♠✉ss s✐❝❤ ❞❡r ❆❣❡♥t ✉♥❞ ❞❛♠✐t ❧❡t③t❧✐❝❤ ❛✉❝❤ ❞❡r Pr♦❣r❛♠♠✐❡r❡r ❢♦❧❣❡♥❞❡ ❋r❛❣❡♥ ❢ür ❥❡❞❡s
❩✐❡❧ ❜❡❛♥t✇♦rt❡♥✿
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❆❜❜✐❧❞✉♥❣ ✸✳✽✿ ❱❡r❛r❜❡✐t✉♥❣s❜❛✉st❡✐♥ ❢ür ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲❩✐❡❧❡

❲❤❡♥ t♦ st♦♣✱ ❜✉t ♥♦t t♦ ❞r♦♣❄ ✒❲❛♥♥ s♦❧❧ ❞✐❡ ❩✐❡❧✈❡r❛r❜❡✐t✉♥❣ ❣❡st♦♣♣t✱ ❞❛s ❩✐❡❧ ❛❜❡r
♥✐❝❤t ❛❜❣❡❜r♦❝❤❡♥ ✇❡r❞❡♥❄✑ ❚②♣✐s❝❤❡r ❲❡✐s❡ s❝❤❧ä❣t ❡✐♥ ❩✐❡❧ ❢❡❤❧✱ ✇❡♥♥ ❦❡✐♥❡ ❣❡❡✐❣♥❡✲
t❡♥ P❧ä♥❡ ③✉r ❩✐❡❧❡rr❡✐❝❤✉♥❣ ✈♦r❤❛♥❞❡♥ s✐♥❞✳ ❊✐♥ ❢❡❤❧❣❡s❝❤❧❛❣❡♥❡s ❩✐❡❧ ✇✐r❞ ❜❡❡♥❞❡t
✉♥❞ ❛✉s ❞❡♠ ❆❣❡♥t❡♥ ❡♥t❢❡r♥t✳ ❋ür ▲❛♥❣③❡✐t✲ ♦❞❡r ■♥t❡r❡ss❡✲❩✐❡❧❡ ♠✉ss ❞❡♠ Pr♦❣r❛♠✲
♠✐❡r❡r ❡✐♥❡ ▼ö❣❧✐❝❤❦❡✐t ❣❡❣❡❜❡♥ ✇❡r❞❡♥✱ ❞✐❡s❡s ❱❡r❤❛❧t❡♥ ③✉ ✉♥t❡r❜✐♥❞❡♥✱ s♦ ❞❛ss ❞❡r
❆❣❡♥t ③✇❛r ❞❡♥ ❙❝❤❧✉ss❢♦❧❣❡r✉♥❣s♣r♦③❡ss ❢ür ❞✐❡s❡s ❩✐❡❧ s❝❤❧❛❢❡♥ ❧❡❣t✱ ❞❛s ❩✐❡❧ s❡❧❜st
❛❜❡r ♥✐❝❤t ❢❛❧❧❡♥ ❧ässt✳

❲❤❡♥ t♦ ❝♦♥t✐♥✉❡ ♣r♦❝❡ss✐♥❣❄ ✒❲❛♥♥ s♦❧❧ ❞✐❡ ❩✐❡❧✈❡r❛r❜❡✐t✉♥❣ ❢♦rt❣❡s❡t③t ✇❡r❞❡♥❄✑ ■♠
❋❛❧❧❡ ✈♦♥ ▲❛♥❣③❡✐t✲❩✐❡❧❡♥ ❦♦♠♠t ❣❣❢✳ ❞❡r ❩❡✐t♣✉♥❦t✱ ✇♦ ❡✐♥❡♠ ❆❣❡♥t❡♥ ❞✐❡ ♥öt✐❣❡♥ ▼✐t✲
t❡❧ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥✱ ❞✐❡s❡s ❩✐❡❧ ♥✉♥ ❞♦❝❤ ❞✐r❡❦t ❛♥③✉❣❡❤❡♥✳ ❉❛③✉ ✐st ❡s ♥♦t✇❡♥❞✐❣✱
❞❛ss ❞❡r ❆❣❡♥t ③✉ ❣❡❡✐❣♥❡t❡r ❩❡✐t ❞❡♥ ❙❝❤❧✉ss❢♦❧❣❡r✉♥❣s♣r♦③❡ss ❢ür ❞✐❡s❡s ❩✐❡❧ ❡r♥❡✉t
❛♥stöÿt✳ ❆✉s ●rü♥❞❡♥ ❞❡r ❊✣③✐❡♥③ ✉♥❞ ❊✛❡❦t✐✈✐tät s♦❧❧t❡ ❞❡♠ Pr♦❣r❛♠♠✐❡r❡r ❡✐♥❡
❢❡✐♥❣r❛♥✉❧❛r❡ ✉♥❞ tr♦t③❞❡♠ ❡✐♥❢❛❝❤❡ ❑♦♥tr♦❧❧❡ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥✱ ✇❛♥♥ ❜③✇✳ ✉♥✲
t❡r ✇❡❧❝❤❡♥ ❯♠stä♥❞❡♥ ❞❡r ❙❝❤❧✉ss❢♦❧❣❡r✉♥❣s♣r♦③❡ss ❡r♥❡✉t ❛♥❣❡st♦ÿ❡♥ ✇❡r❞❡♥ s♦❧❧t❡✳
❉❛❞✉r❝❤ s♦❧❧ s✐❝❤ ❞❡r ❆❣❡♥t s❝❤♥❡❧❧ ❡✐♥❡r s✐❝❤ ä♥❞❡r♥❞❡♥ ❯♠❣❡❜✉♥❣ ❛♥♣❛ss❡♥ ❦ö♥♥❡♥✱
♦❤♥❡ ❞❛ss ③✉ ❤ä✉✜❣❡ Ü❜❡r♣rü❢✉♥❣❡♥ s❡✐♥❡r ❣❡st♦♣♣t❡♥ ❩✐❡❧❡ ♥♦t✇❡♥❞✐❣ s✐♥❞✳

❲❤❡♥ t♦ s✉❝❝❡❡❞✴✜♥❛❧❧② ❢❛✐❧❄ ✒❲❛♥♥ s♦❧❧ ❡✐♥ ❩✐❡❧ ❛❧s ❡r❢♦❧❣r❡✐❝❤ ❜③✇✳ ❡♥❞❣ü❧t✐❣ ❢❡❤❧❣❡✲
s❝❤❧❛❣❡♥ ❣❡❧t❡♥❄✑ ❆✉❝❤ ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲❩✐❡❧❡ s♦❧❧t❡♥ ♥✐❝❤t ❡✇✐❣ ✐♠ ❆❣❡♥t❡♥
✈❡r❜❧❡✐❜❡♥✳ ❊✐♥❡rs❡✐ts s♦❧❧t❡ ❞❡r ❆❣❡♥t ❡r❦❡♥♥❡♥✱ ✇❡♥♥ ❞❡r❛rt✐❣❡ ❩✐❡❧❡ ✲ ③✳❇✳ ❞✉r❝❤
➘♥❞❡r✉♥❣❡♥ ✐♥ ❞❡r ❯♠❣❡❜✉♥❣ ✲ ❛✉t♦♠❛t✐s❝❤ ❡r❢ü❧❧t s✐♥❞✳ ❆♥❞❡r❡rs❡✐ts s♦❧❧t❡ ❞❡♠ Pr♦✲
❣r❛♠♠✐❡r❡r ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t ❣❡❣❡❜❡♥ ✇❡r❞❡♥ ❢❡st③✉❧❡❣❡♥✱ ✇❛♥♥ ❡✐♥ ❞❡r❛rt✐❣❡s ❩✐❡❧ ❢❛❧✲
❧❡♥❣❡❧❛ss❡♥ ✇❡r❞❡♥ s♦❧❧✱ ③✳❇✳ ✇❡✐❧ ❞❡r ❆❣❡♥t ❡s ❢ür ♥✐❝❤t ♠❡❤r ❡rr❡✐❝❤❜❛r ❤ä❧t ✭③✳❇✳
❞❡♥ ❇❡s✉❝❤ ❡✐♥❡s ❋✉ss❜❛❧❧s♣✐❡❧s ✈♦r③❡✐t✐❣ ③✉ ❜❡❡♥❞❡♥✱ ✇❡♥♥ ❞✐❡ ❡✐❣❡♥❡ ▼❛♥♥s❝❤❛❢t
❤♦✛♥✉♥❣s❧♦s ③✉rü❝❦ ❧✐❡❣t✮✳

❩✉r ❇❡❛♥t✇♦rt✉♥❣ ❞✐❡s❡r ❋r❛❣❡♥ ✇✉r❞❡ ✐♥ ❬❇P✵✾❜❪ ❡✐♥ ❣❡♥❡r✐s❝❤❡r ❱❡r❛r❜❡✐t✉♥❣s❜❛✉st❡✐♥
❡♥t✇♦r❢❡♥✱ ❞❡r ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲❈❤❛r❛❦t❡r✐st✐❦❡♥ ✐♥ ❞❡♥ ▲❡❜❡♥s③②❦❧✉s ✈♦♥ ❩✐❡❧❡♥ ✐♥✲
t❡❣r✐❡rt✳ ❉✐❡s❡r st❡❧❧t ❡✐♥❡ ❊r✇❡✐t❡r✉♥❣ ❞❡s ❩✐❡❧❧❡❜❡♥s③②❦❧✉s ❛✉s ❬❇r❛✰✵✺❪ ❞❛r✱ ❞❡r ❡✐♥❡ ❊✐♥✲
t❡✐❧✉♥❣ ✐♥ ❛❦t✐✈❡ ❩✐❡❧❡✱ ❖♣t✐♦♥❡♥ ✉♥❞ ✉♥t❡r❜r♦❝❤❡♥❡ ❩✐❡❧❡ ✈♦rs✐❡❤t✳ ❍✐❡r❜❡✐ ✇❡r❞❡♥ ♥✉r ❛❦t✐✈❡
❩✐❡❧❡ ✐♥ ❞❡♥ ❙❝❤❧✉ss❢♦❧❣❡r✉♥❣s♣r♦③❡ss ❞❡s ❆❣❡♥t❡♥ ❡✐♥❜❡③♦❣❡♥✳ ❉❡r ❆❣❡♥t s♦❧❧ ❜❡✐ ❞❡r P❧❛✲
♥✉♥❣ s❡✐♥❡r ❆❦t✐♦♥❡♥ ❞✐❡ ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲❩✐❡❧❡ ❜❡rü❝❦s✐❝❤t✐❣❡♥✱ ❞✳❤✳ ❦❡✐♥❡ ❆❦t✐♦♥❡♥
❞✉r❝❤❢ü❤r❡♥✱ ❞✐❡ ❞✐❡s❡ ❩✐❡❧❡ ❣❡❢ä❤r❞❡♥✳ ❉✐❡s ✐st ♥✉r ❢ür ❛❦t✐✈❡ ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲❩✐❡❧❡
❣❡✇ä❤r❧❡✐st❡t✱ ❞❛ ♥✉r ❞✐❡s❡ ✐♠ ❩✐❡❧❞❡❧✐❜❡r❛t✐♦♥s♣r♦③❡ss ❞❛③✉ ❢ü❤r❡♥ ❦ö♥♥❡♥✱ ❛♥❞❡r❡ ❦♦♥✢✐✲
❣✐❡r❡♥❞❡ ❩✐❡❧❡ ③✉rü❝❦③✉st❡❧❧❡♥ ✭✈❣❧✳ ❬P❇▲✵✺❜❀ P❇▲✵✺❛❪✮✳

❉❛❤❡r ✇✐r❞ ❞❡r ❣❡♥❡r✐s❝❤❡ ❱❡r❛r❜❡✐t✉♥❣s❜❛✉st❡✐♥ ❛❧s ❱❡r❢❡✐♥❡r✉♥❣ ❞❡s ✒❆❝t✐✈❡✑✲❩✉st❛♥❞s
❞❡s ✉rs♣rü♥❣❧✐❝❤❡♥ ❩✐❡❧❧❡❜❡♥s③②❦❧✉s ❡♥t✇♦r❢❡♥ ✭s✳ ❆❜❜✳ ✸✳✽✮✳ ❙♦♠✐t ✇❡r❞❡♥ ❢ür ❛❦t✐✈❡ ❩✐❡❧❡
③✇❡✐ ♥❡✉❡ ❯♥t❡r③✉stä♥❞❡ ❡✐♥❣❡❢ü❤rt✿ ✒■♥ Pr♦❝❡ss✑ ✉♥❞ ✒P❛✉s❡❞✑✳ ❍✐❡r❜❡✐ st❡❧❧t ✒■♥ Pr♦❝❡ss✑
❞❛s ❤❡r❦ö♠♠❧✐❝❤❡♥ ❇❉■ ▼❡❛♥s✲❡♥❞ ❘❡s♦♥✐♥❣ ❞❛r✱ ❞✳❤✳ ❞✐❡ ✭❡✈t❧✳ ✇✐❡❞❡r❤♦❧t❡✮ ❆✉s✇❛❤❧ ✉♥❞
❆✉s❢ü❤r✉♥❣ ✈♦♥ P❧ä♥❡♥✱ ❜✐s ❞❛s ❩✐❡❧ ❡rr❡✐❝❤t ✐st ♦❞❡r ❦❡✐♥❡ ❛♥✇❡♥❞❜❛r❡♥ P❧ä♥❡ ♠❡❤r ③✉r
❱❡r❢ü❣✉♥❣ st❡❤❡♥✿ (¬retry ∨ ¬∃π : available (π)) ∧ ¬recur

Ü❜❡r ❞❛s ❋❧❛❣ ✒r❡❝✉r✑ ✇✐r❞ ❞❛❜❡✐ ❣❡st❡✉❡rt✱ ♦❜ ❡s s✐❝❤ ✉♠ ❡✐♥ ❤❡r❦ö♠♠❧✐❝❤❡s ♦❞❡r ❡✐♥



✸✹ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❁❛❝❤✐❡✈❡❣♦❛❧ ♥❛♠❡❂✧❝❧❡❛r❴❛r❡❛✧ r❡❝✉r❂✧tr✉❡✧❃
❁♣❛r❛♠❡t❡r ♥❛♠❡❂✧❛r❡❛✧ ❝❧❛ss❂✧■❙♣❛❝❡❖❜❥❡❝t✧✴❃
❁t❛r❣❡t❝♦♥❞✐t✐♦♥❃
✩❣♦❛❧✳❛r❡❛✳✈✐❝t✐♠s❂❂✵
❁✴t❛r❣❡t❝♦♥❞✐t✐♦♥❃
❁✴❛❝❤✐❡✈❡❣♦❛❧❃

❆❜❜✐❧❞✉♥❣ ✸✳✾✿ ■♥t❡r❡ss❡✲❩✐❡❧ ❡✐♥❡s ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❑♦♦r❞✐♥❛t♦rs

▲❛♥❣③❡✐t✲ ❜③✇✳ ■♥t❡r❡ss❡✲❩✐❡❧ ❤❛♥❞❡❧t✳ ■st ✒r❡❝✉r✑ ❣❡s❡t③t✱ s♦ ✇✐r❞ ❞✐❡ ❩✐❡❧✈❡r❛r❜❡✐t✉♥❣ ✐♠
❋❛❧❧❡ ❡✐♥❡s ❋❡❤❧s❝❤❧❛❣s ✭❛❧s♦ ✇❡♥♥ ❦❡✐♥❡ ❣❡❡✐❣❡♥t❡♥ P❧ä♥❡ ♠❡❤r ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥✮ ♥✐❝❤t
❛❜❣❡❜r♦❝❤❡♥✱ s♦♥❞❡r♥ ❞❡r ♥❡✉❡ ❩✉st❛♥❞ ✒P❛✉s❡❞✑ ❡✐♥❣❡♥♦♠♠❡♥✳ ■♥ ❞✐❡s❡♠ ❩✉st❛♥❞ s✐♥❞ ❞✐❡
❩✐❡❧❡ ✇❡✐t❡r❤✐♥ ❛❦t✐✈✱ ✜♥❞❡♥ ❛❧s♦ ✇ä❤r❡♥❞ ❞❡r ❩✐❡❧❞❡❧✐❜❡r❛t✐♦♥ ❇❡rü❝❦s✐❝❤t✉♥❣ ✉♥❞ ✉♥t❡r✲
❜✐♥❞❡♥ s♦ ❦♦♥✢✐❣✐❡r❡♥❞❡ ❆❦t✐♦♥❡♥✳ ❉✐❡ P❧❛♥❛✉s✇❛❤❧ ✉♥❞ ✲❛✉s❢ü❤r✉♥❣ ❢ür ❩✐❡❧❡ ✐♥ ❞✐❡s❡♠
❩✉st❛♥❞ ✐st ❥❡❞♦❝❤ ❣❡st♦♣♣t✱ ❞✳❤✳ ❞❡r ❆❣❡♥t s❡t③t ❦❡✐♥❡ ❘❡ss♦✉r❝❡♥ ❡✐♥✱ ✉♠ ❞✐❡s❡ ❩✐❡❧❡ ③✉
❡rr❡✐❝❤❡♥✳ ❉❡r ✒P❛✉s❡❞✑✲❩✉st❛♥❞ ❦❛♥♥ ❛✉❢ ♠❡❤r❡r❡ ❲❡✐s❡♥ ✈❡r❧❛ss❡♥ ✇❡r❞❡♥✳ ●r✉♥❞sät③❧✐❝❤
❦ö♥♥❡♥ ❱❡rä♥❞❡r✉♥❣❡♥ ✐♠ ❛❧❧❣❡♠❡✐♥❡♥ ❩✐❡❧❧❡❜❡♥s③②❦❧✉s ❞❛③✉ ❢ü❤r❡♥✱ ❞❛ss ❞❡r ü❜❡r❣❡♦r❞✲
♥❡t❡ ✒❆❝t✐✈❡✑✲❩✉st❛♥❞ ✈❡r❧❛ss❡♥ ✇✐r❞✱ ③✳❇✳ ✇❡✐❧ ❞❡r ❆❣❡♥t ❞❛s ❩✐❡❧ ❛✉❢❣r✉♥❞ ❡✐♥❡r ❡r❢ü❧❧t❡♥
✒❉r♦♣✑✲❇❡❞✐♥❣✉♥❣ ❢❛❧❧❡♥ ❧ässt ✭✈❣❧✳ ❬❇r❛✰✵✺❪✮✳ ❙♦❧❛♥❣❡ ❞❛s ❩✐❡❧ ❥❡❞♦❝❤ ❛❦t✐✈ ❜❧❡✐❜t✱ ❦❛♥♥
❞❡r Ü❜❡r❣❛♥❣ ✈♦♠ ✒P❛✉s❡❞✑✲❩✉st❛♥❞ ③✉rü❝❦ ✐♥ ❞❡♥ ✒■♥ Pr♦❝❡ss✑✲❩✉st❛♥❞ ✐♠ ♥❡✉❡♥ ❱❡r❛r✲
❜❡✐t✉♥❣s❜❛✉st❡✐♥ ❛✉❢ ③✇❡✐ ❲❡✐s❡♥ ❛✉s❣❡❧öst ✇❡r❞❡♥✿ ③❡✐t❣❡st❡✉❡rt ✉♥❞ ❜❡❞✐♥❣✉♥❣s❣❡st❡✉❡rt✳
❋ür ❞✐❡ ③❡✐t❣❡st❡✉❡rt❡ ❱❛r✐❛♥t❡ ❦❛♥♥ ❞❡r Pr♦❣r❛♠♠✐❡r❡r ❢ür ❥❡❞❡s ❩✐❡❧ ❡✐♥ ✐♥❞✐✈✐❞✉❡❧❧❡s ✒r❡✲
❝✉r❞❡❧❛②✑ ❢❡st❧❡❣❡♥✱ ❛❧s♦ ❡✐♥❡♥ ③❡✐t❧✐❝❤❡♥ ❆❜st❛♥❞ ✐♥ ❞❡♠ ❞❛s ❩✐❡❧ ♣❡r✐♦❞✐s❝❤ ✐♥ ❞❡♥ ✒■♥
Pr♦❝❡ss✑✲❩✉st❛♥❞ ✇❡❝❤s❡❧t✱ ✉♠ ❞✐❡ ❱❡r❢ü❣❜❛r❦❡✐t ♥❡✉ ❛♥✇❡♥❞❜❛r❡r P❧ä♥❡ ③✉ ü❜❡r♣rü❢❡♥✳
❉❛♥❡❜❡♥ ♦❞❡r ❛❧t❡r♥❛t✐✈ ❦❛♥♥ ❞❡r Pr♦❣r❛♠♠✐❡r❡r ❡✐♥❡ ❇❡❞✐♥❣✉♥❣ ❢♦r♠✉❧✐❡r❡♥ ✭③✳❇✳ ❛✉❢ ❇❛✲
s✐s ❞❡s ❛❦t✉❡❧❧❡♥ ❆❣❡♥t❡♥✇✐ss❡♥s✮✱ ❞✐❡ ❡r❢ü❧❧t s❡✐♥ ♠✉ss✱ ❞❛♠✐t ❞❡r ❆❣❡♥t ❞❛s ❩✐❡❧ ❡r♥❡✉t ③✉
❡rr❡✐❝❤❡♥ ✈❡rs✉❝❤t✳

❉❡r ❱❡r❛r❜❡✐t✉♥❣s❜❛✉st❡✐♥ ✐st ❣❡♥❡r✐s❝❤ ❣❡❤❛❧t❡♥ ✉♥❞ s♦♠✐t ♦rt❤♦❣♦♥❛❧ ③✉ ❦♦♥❦r❡t❡♥
❩✐❡❧t②♣❡♥ ✇✐❡ ✒P❡r❢♦r♠✑✱ ✒❆❝❤✐❡✈❡✑✱ ✒◗✉❡r②✑ ✉♥❞ ✒▼❛✐♥t❛✐♥✑✳ ❉✳❤✳✱ ❞❛ss ❞✐❡s❡ ❩✐❡❧t②♣❡♥ ❥❡t③t
s♦✇♦❤❧ ✐♠ ❤❡r❦ö♠♠❧✐❝❤❡♥ ❙✐♥♥❡ ❛❧s ❛✉❝❤ ü❜❡r ❡✐♥ ❣❡s❡t③t❡s ✒r❡❝✉r✑✲❋❧❛❣ ✐♥ ❞❡r ▲❛♥❣③❡✐t✲
❜③✇✳ ■♥t❡r❡ss❡✲❱❛r✐❛♥t❡ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❲❡✐t❡r❡ ❉❡t❛✐❧s ③✉r ❊✐♥❜✐♥❞✉♥❣ ❞❡s ❱❡r✲
❛r❜❡✐t✉♥❣s❜❛✉st❡✐♥s ✐♥ ❞✐❡ ❦♦♥❦r❡t❡♥ ❩✐❡❧t②♣❡♥ ✜♥❞❡♥ s✐❝❤ ✐♥ ❬❇P✵✾❜❪✳

✸✳✷✳✷✳✸ ❇❡✐s♣✐❡❧③✐❡❧ ✐♠ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t

❩✉r ■❧❧✉str❛t✐♦♥ ❞❡r ♣r❛❦t✐s❝❤❡♥ ❇❡❞❡✉t✉♥❣ ❞❡r ♥❡✉❡♥ ❩✐❡❧t②♣❡♥ ✇✐r❞ ❢♦❧❣❡♥❞❡ ❙✐t✉❛t✐♦♥ ✐♠
❩✉❣❡ ❞❡s ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥ts ❛♥❣❡♥♦♠♠❡♥✿ ❇❡✐ ❡✐♥❡r ❘❡✐❤❡ ✈♦♥ ❱❡r❧❡t③t❡♥ ❡✐♥❡s ❯♥✲
❣❧ü❝❦s ✇✐r❞ ❡✐♥❡ ❛♥st❡❝❦❡♥❞❡ ❑r❛♥❦❤❡✐t ✈❡r♠✉t❡t✳ ❉❛❤❡r s✐♥❞ ❞✐❡s❡ ♠ö❣❧✐❝❤st ✉♥t❡r ◗✉❛r❛♥✲
tä♥❡ ③✉ ✈❡rs♦r❣❡♥✳ ❉❡♠ ❑♦♦r❞✐♥❛t♦r st❡❤❡♥ ❞r❡✐ ❆r❡❛❧❡ ❢ür ❞✐❡ ❱❡rs♦r❣✉♥❣ ✈♦♥ ❱❡r❧❡t③t❡♥
③✉r ❱❡r❢ü❣✉♥❣✱ ✐♥ ❞❡♥❡♥ ❥❡❞♦❝❤ ❥❡✇❡✐❧s ❜❡r❡✐ts ❱❡r❧❡t③t❡ ✈❡rs♦r❣t ✇❡r❞❡♥✱ ❜✐s s✐❡ ❢ür ❞❡♥ ❲❡✐✲
t❡rtr❛♥s♣♦rt ✐♥ ❡✐♥ ❑r❛♥❦❡♥❤❛✉s ❢r❡✐❣❡❣❡❜❡♥ s✐♥❞✳ ❩✐❡❧ ❞❡s ❑♦♦r❞✐♥❛t♦rs ✐st ❡s ❥❡t③t✱ ❡✐♥❡s
❞✐❡s❡r ❆r❡❛❧❡ ❢ür ❞✐❡ ◗✉❛r❛♥tä♥❡ ③✉ rä✉♠❡♥✳ ❉❛ ❞✐❡ ❱❡r❧❡t③t❡♥ ❛❜❡r ♥✐❝❤t ❜❡✇❡❣t ✇❡r❞❡♥
s♦❧❧❡♥ ❜❡✈♦r s✐❡ ③✉♠✐♥❞❡st ♥♦t❞ür❢t✐❣ ✈❡rs♦r❣t s✐♥❞✱ ❦❛♥♥ ❞❡r ❑♦♦r❞✐♥❛t♦r ❦❡✐♥❡ ❞✐r❡❦t❡♥
❆❦t✐♦♥❡♥ ③✉♠ ❊rr❡✐❝❤❡♥ ❞✐❡s❡s ❩✐❡❧❡s ❞✉r❝❤❢ü❤r❡♥✳ ❊r ❦❛♥♥ ❥❡❞♦❝❤ ✲ ♠✐t ❞✐❡s❡♠ ❩✐❡❧ ✐♠ ❍✐♥✲
t❡r❦♦♣❢ ✲ ✇❡✐t❡r❡ ❱❡r❧❡t③t❡ ③✉♥ä❝❤st ♥✉r ③✉ ③✇❡✐ ❞❡r ❞r❡✐ ❆r❡❛❧❡ ③✉✇❡✐s❡♥✱ ❜✐s ❛❧❧❡ ❱❡r❧❡t③t❡♥
❛✉s ❞❡♠ ❞r✐tt❡♥ ❆r❡❛❧ ✈❡rs♦r❣t ✉♥❞ ❛❜tr❛♥s♣♦rt✐❡rt s✐♥❞✳

❆❜❜✳ ✸✳✾ ③❡✐❣t ❡✐♥❡ ❉❡✜♥✐t✐♦♥ ❡✐♥❡s ❞❡r❛rt✐❣❡♥ ❩✐❡❧❡s ③✉♠ ❘ä✉♠❡♥ ❡✐♥❡s ❆r❡❛❧s ✐♥ ❞❡r
❏❛❞❡① ❱✷ ❇❉■✲❙♣r❛❝❤❡✳ ❉✉r❝❤ ❞❛s ❙❡t③❡♥ ❞❡s ✬r❡❝✉r✬✲❋❧❛❣s ✇✐r❞ ❞❛s ❩✐❡❧ ❛❧s ❧❛♥❣❢r✐st✐❣❡s ❜③✇✳
❛❧s ■♥t❡r❡ss❡✲❩✐❡❧ ♠❛r❦✐❡rt✱ s♦ ❞❛ss ❞✐❡ ❩✐❡❧✈❡r❛r❜❡✐t✉♥❣ ♥✐❝❤t ♠✐t ❡✐♥❡♠ ❋❡❤❧❡r ❛❜❣❡❜r♦❝❤❡♥
✇✐r❞✱ ✇❡♥♥ ❦❡✐♥ ❣❡❡✐❣♥❡t❡r P❧❛♥ ✈♦r❤❛♥❞❡♥ ✐st✳ ❉✐❡ ❩✐❡❧❜❡❞✐♥❣✉♥❣ ✭✒t❛r❣❡t❝♦♥❞✐t✐♦♥✑✮ ❜❡s❛❣t✱
❞❛ss ❞❛s ❩✐❡❧ ❡rr❡✐❝❤t ✐st✱ ✇❡♥♥ ✐♥ ❞❡♠ ❜❡tr❡✛❡♥❞❡♥ ❆r❡❛❧ ❦❡✐♥❡ ❱❡r❧❡t③t❡♥ ♠❡❤r s✐♥❞✳ ❉❛♠✐t
❞❡r ❆❣❡♥t ❞✐❡s❡s ❩✐❡❧ ❜❡✐ s❡✐♥❡♥ ❍❛♥❞❧✉♥❣❡♥ ❜❡rü❝❦s✐❝❤t✐❣t✱ ✐st ❡s ♥♦t✇❡♥❞✐❣✱ ❛✉❢ ❞✐❡s❡s ❩✐❡❧
✐♥ ❛♥❞❡r❡♥ ♠❡♥t❛❧❡♥ ❑♦♥str✉❦t❡♥ ❇❡③✉❣ ③✉ ♥❡❤♠❡♥✳ ❯♠ ❞❛s s♣ät❡r❡ ❛✉t♦♠❛t✐s❝❤❡ ❊rr❡✐❝❤❡♥
❞❡s ❩✐❡❧❡s ③✉ ❡r♠ö❣❧✐❝❤❡♥✱ s♦❧❧t❡ ❞❡r ❆❣❡♥t ❞❡♠ ❣❡✇ä❤❧t❡♥ ❆r❡❛❧ ❦❡✐♥❡ ❱❡r❧❡t③t❡♥ ③✉✇❡✐s❡♥✳
❉✐❡s ❦❛♥♥ ③✳❇✳ ❞✉r❝❤ ❱♦r❜❡❞✐♥❣✉♥❣ ✐♥ ❡✐♥❡♠ P❧❛♥ ❡rr❡✐❝❤t ✇❡r❞❡♥✳

■♥ ❆❜❜✳ ✸✳✶✵ ✐st ❞❡r P❧❛♥❦♦♣❢ ❢ür ❞✐❡ ❱❡rs♦r❣✉♥❣ ✈♦♥ ❱❡r❧❡t③t❡♥ ③✉ s❡❤❡♥✳ ❉✉r❝❤ ❡✐✲
♥❡ ❖♣t✐♦♥s❣❡♥❡r✐❡r✉♥❣ ✭✒❜✐♥❞✐♥❣♦♣t✐♦♥s✑✮ ✇❡r❞❡♥ ❢ür ❥❡❞❡♥ ❱❡r❧❡t③t❡♥ ❛♥ ❞❡r ❯♥❣❧ü❝❦sst❡❧❧❡
P❧❛♥❦❛♥❞✐❞❛t❡♥ ❢ür ❛❧❧❡ ❜❡❦❛♥♥t❡♥ ❱❡rs♦r❣✉♥❣s❛r❡❛❧❡ ❡r③❡✉❣t✳ ❉✉r❝❤ ❞✐❡ ❱♦r❜❡❞✐♥❣✉♥❣ ✭✒♣r❡✲
❝♦♥❞✐t✐♦♥✑✮ ✇❡r❞❡♥ ❞✐❡❥❡♥✐❣❡♥ P❧❛♥❦❛♥❞✐❞❛t❡♥ ✈❡r✇♦r❢❡♥✱ ❜❡✐ ❞❡♥❡♥ ❡✐♥ ✒❝❧❡❛r❴❛r❡❛✑✲❩✐❡❧ ❢ür



✸✳✷✳ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ✸✺

❁♣❧❛♥ ♥❛♠❡❂✧tr❡❛t❴✈✐❝t✐♠❴♣❧❛♥✧❃
❁♣❛r❛♠❡t❡r ♥❛♠❡❂✧❞✐s❛st❡r✧ ❝❧❛ss❂✧■❙♣❛❝❡❖❜❥❡❝t✧❃
❁❣♦❛❧♠❛♣♣✐♥❣ r❡❢❂✧tr❡❛t❴✈✐❝t✐♠s✳❞✐s❛st❡r✧✴❃
❁✴♣❛r❛♠❡t❡r❃
❁♣❛r❛♠❡t❡r ♥❛♠❡❂✧❛r❡❛✧ ❝❧❛ss❂✧■❙♣❛❝❡❖❜❥❡❝t✧❃
❁❜✐♥❞✐♥❣♦♣t✐♦♥s❃✩❣♦❛❧✳❞✐s❛st❡r✳❛r❡❛s❁✴❜✐♥❞✐♥❣♦♣t✐♦♥s❃
❁✴♣❛r❛♠❡t❡r❃
❁❜♦❞② ❝❧❛ss❂✧❚r❡❛t❱✐❝t✐♠P❧❛♥✧✴❃
❁tr✐❣❣❡r❃
❁❣♦❛❧ r❡❢❂✧tr❡❛t❴✈✐❝t✐♠✧✴❃
❁✴tr✐❣❣❡r❃
❁♣r❡❝♦♥❞✐t✐♦♥❃
✦✭■●♦❛❧ ✩❝❧❡❛r ✫✫ ✩❝❧❡❛r✳❣❡t❚②♣❡✭✮❂❂✧❝❧❡❛r❴❛r❡❛✧ ✫✫ ✩❝❧❡❛r✳❛r❡❛❂❂✩♣❧❛♥✳❛r❡❛✮
❁✴♣r❡❝♦♥❞✐t✐♦♥❃
❁✴♣❧❛♥❃

❆❜❜✐❧❞✉♥❣ ✸✳✶✵✿ ❇❡③✉❣ ❛✉❢ ❞❛s ■♥t❡r❡ss❡✲❩✐❡❧

❞❛s ❜❡tr❡✛❡♥❞❡ ❆r❡❛❧ ❡①✐st✐❡rt✳

✸✳✷✳✸ ❇❡❤❛♥❞❧✉♥❣ ✈♦♥ ❩✐❡❧❡♥ ③✇✐s❝❤❡♥ ♠❡❤r❡r❡♥ ❆❣❡♥t❡♥

❉❛s ❇❉■✲▼♦❞❡❧❧ ❞✐❡♥t ❞❡r ❇❡s❝❤r❡✐❜✉♥❣ r❛t✐♦♥❛❧❡♥ ❱❡r❤❛❧t❡♥s ❡✐♥③❡❧♥❡r ❆❣❡♥t❡♥✳ ❏❡❞♦❝❤
❜❡st❡❤t ❡✐♥ ❡♥❣❡r ❩✉s❛♠♠❡♥❤❛♥❣ ③✇✐s❝❤❡♥ ❞❡♥ ✐♥t❡r♥❡♥ ❱♦r❣ä♥❣❡♥ ✐♥ ❡✐♥❡♠ ❆❣❡♥t❡♥ ✉♥❞
s❡✐♥❡♠ ■♥t❡r❛❦t✐♦♥s✈❡r❤❛❧t❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ ❛♥❞❡r❡ ❆❣❡♥t❡♥✳ ❉✉r❝❤ s❡✐♥❡ ■♥t✉✐t✐✈✐tät ❜✐❡✲
t❡t ❞❛s ❇❉■✲▼♦❞❡❧❧ ❣❡❡✐❣♥❡t❡ ❆♥❦♥ü♣❢✉♥❣s♣✉♥❦t❡✱ ✉♠ ❛✉❝❤ ❞❛s ■♥t❡r❛❦t✐♦♥s✈❡r❤❛❧t❡♥ ✈♦♥
❆❣❡♥t❡♥ ❞✉r❝❤ ♠❡♥t❛❧❡ ❆tt✐tü❞❡♥ ③✉ ❜❡s❝❤r❡✐❜❡♥✳ ❉✐❡ ✐♠ ❋♦❧❣❡♥❞❡♥ ❜❡s❝❤r✐❡❜❡♥❡♥ ❆♥sät③❡
✇✉r❞❡♥ ♠✐t ❞❡♠ ❩✐❡❧ ❡♥t✇✐❝❦❡❧t✱ ❞✐❡ ❦♦♠♣❧❡①❡ ✉♥❞ ❢❡❤❧❡r❛♥❢ä❧❧✐❣❡ ❘❡❛❧✐s✐❡r✉♥❣ ❞❡s ■♥t❡r❛❦✲
t✐♦♥s✈❡r❤❛❧t❡♥s ✈♦♥ ❆❣❡♥t❡♥ ❞✉r❝❤ ❣❡❡✐❣♥❡t❡ ❇❉■✲❑♦♥③❡♣t❡ ③✉ ✈❡r❡✐♥❢❛❝❤❡♥✳

✸✳✷✳✸✳✶ ❩✐❡❧♦r✐❡♥t✐❡rt❡ ■♥t❡r❛❦t✐♦♥❡♥

■♥t❡r❛❦t✐♦♥ ③✇✐s❝❤❡♥ ❆❣❡♥t❡♥ ✇✐r❞ tr❛❞✐t✐♦♥❡❧❧ ❛✉❢ ❞❡r ❊❜❡♥❡ ❞❡r ❛✉s❣❡t❛✉s❝❤t❡♥ ◆❛❝❤✲
r✐❝❤t❡♥ ❜❡s❝❤r✐❡❜❡♥✳ ❆✉s s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡r ❙✐❝❤t ✐st ❡s ❞❛❤❡r ❡rstr❡❜❡♥s✇❡rt✱ ❡✐♥❡ ❇rü❝❦❡
③✇✐s❝❤❡♥ ❞❡r ❡①t❡r♥❡♥ ❘❡♣räs❡♥t❛t✐♦♥ ü❜❡r ◆❛❝❤r✐❝❤t❡♥ ✉♥❞ ❞❡r ✐♥t❡r♥❡♥ ❘❡♣räs❡♥t❛t✐♦♥
✐♥ ❩✐❡❧❡♥ ✉♥❞ P❧ä♥❡♥ ③✉ s❝❤❛✛❡♥✳ ❊✐♥ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡r ❆♥s❛t③ ③✉r ❯♥t❡rstüt③✉♥❣ ❛❣❡♥✲
t❡♥❜❛s✐❡rt❡r ■♥t❡r❛❦t✐♦♥ s♦❧❧t❡ ❞❡♠ ❊♥t✇✐❝❦❧❡r ❤❡❧❢❡♥✱ ❣r✉♥❞❧❡❣❡♥❞❡ ❋r❛❣❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡
■♥t❡r❛❦t✐♦♥ ③✉ ❜❡❛♥t✇♦rt❡♥ ✭✈❣❧✳ ❬❇P✵✼❪✮✿

▼❛❦r♦✲ ✶✳ ❲❡❧❝❤❡ ❩✐❡❧❡ st❡❤❡♥ ❤✐♥t❡r ❞❡r ■♥t❡r❛❦t✐♦♥❄
❡❜❡♥❡ ✷✳ ❲❡❧❝❤❡ ❝❤❛r❛❦t❡r✐st✐s❝❤❡♥ ❊✐❣❡♥s❝❤❛❢t❡♥ ❜❡s✐t③t ❞✐❡ ■♥t❡r❛❦t✐♦♥❄

✸✳ ❲✐❡ ❦❛♥♥ ❞✐❡ ■♥t❡r❛❦t✐♦♥ ❜❡s❝❤r✐❡❜❡♥ ✉♥❞ ❛♥❛❧②s✐❡rt ✇❡r❞❡♥❄
▼✐❦r♦✲ ✹✳ ❲❡❧❝❤❡ ❩✐❡❧❡ ✈❡r❢♦❧❣❡♥ ❞✐❡ ✐♥t❡r❛❣✐❡r❡♥❞❡♥ ❆❣❡♥t❡♥❄
❡❜❡♥❡ ✺✳ ❲✐❡ ✐st ❞❡r ❇❡③✉❣ ③✇✐s❝❤❡♥ ■♥t❡r❛❦t✐♦♥ ✉♥❞ ❆❣❡♥t❡♥❛r❝❤✐t❡❦t✉r❄

✻✳ ❲✐❡ ✐st ❞❡r ❇❡③✉❣ ③✇✐s❝❤❡♥ ■♥t❡r❛❦t✐♦♥ ✉♥❞ ❞♦♠ä♥❡♥s♣❡③✐✜s❝❤❡♠ ❱❡r❤❛❧t❡♥❄

◆❛❝❤ ❬❋❡r✾✾❪ ❦❛♥♥ ❤✐❡r❜❡✐ ③✇✐s❝❤❡♥ ❞❡r ▼❛❦r♦❡❜❡♥❡✱ ❛❧s♦ ❞❡r ❇❡tr❛❝❤t✉♥❣ ❞❡r ■♥t❡r❛❦t✐♦♥
❛❧s ●❛♥③❡s✱ ✉♥❞ ❞❡r ▼✐❦r♦❡❜❡♥❡✱ ❛❧s♦ ❞❡r s❡♣❛r❛t❡♥ ❇❡tr❛❝❤t✉♥❣ ❞❡r ❡✐♥③❡❧♥❡♥ ❆❣❡♥t❡♥✱
✉♥t❡rs❝❤✐❡❞❡♥ ✇❡r❞❡♥✳ ❆✉❢ ▼❛❦r♦❡❜❡♥❡ ❣❡❤t ❡s ③✳❇✳ ✉♠ ❞✐❡ ❋r❛❣❡✱ ✇♦③✉ ❞✐❡ ■♥t❡r❛❦t✐♦♥ ✐♠
❑♦♥t❡①t ❞❡s ●❡s❛♠ts②st❡♠s ❞✐❡♥t ✭❋r❛❣❡ ✶✮ ✉♥❞ ❛✉❢ ▼✐❦r♦❡❜❡♥❡✱ ✇❡❧❝❤❡♥ ❩✇❡❝❦ ❡✐♥ ❡✐♥③❡❧♥❡r
❆❣❡♥t ✈❡r❢♦❧❣t ✭❋r❛❣❡ ✹✮✳ ❇❡✐ ❡✐♥❡r ❱❡r❤❛♥❞❧✉♥❣ ❦ö♥♥t❡ ③✳❇✳ ❞❛s ●❡s❛♠t③✐❡❧ s❡✐♥ ✭❋r❛❣❡ ✶✮✱
❡✐♥❡♥ ❢❛✐r❡♥ Pr❡✐s ❢❡st③✉st❡❧❧❡♥✱ ✇ä❤r❡♥❞ ❡✐♥ ❑ä✉❢❡r❛❣❡♥t✱ ❜③✇✳ ❡✐♥ ❱❡r❦ä✉❢❡r❛❣❡♥t✱ ❡✐♥❡♥
♠ö❣❧✐❝❤st ♥✐❡❞r✐❣❡♥✱ ❜③✇✳ ♠ö❣❧✐❝❤st ❤♦❤❡♥ Pr❡✐s ❡r③✐❡❧❡♥ ✇✐❧❧ ✭❋r❛❣❡ ✹✮✳ ❩✉r ❇❡❛♥t✇♦rt✉♥❣
❞❡r ❋r❛❣❡♥ ❛✉❢ ❞❡r ▼❛❦r♦❡❜❡♥❡ ❦❛♥♥ ❤ä✉✜❣ ❛✉❢ ✈♦r❞❡✜♥✐❡rt❡ Pr♦t♦❦♦❧❧❡ ③✉rü❝❦❣❡❣r✐✛❡♥
✇❡r❞❡♥✱ ❞✐❡ ③✳❇✳ ✐♥ ❆❯▼▲ s♣❡③✐✜③✐❡rt ❬❇▼❖✵✶❪ s❡✐♥ ❦ö♥♥❡♥✳ ❙♦ ❞❡✜♥✐❡rt ③✳❇✳ ❞✐❡ ❋■P❆✶

■♥t❡r❛❦t✐♦♥s♣r♦t♦❦♦❧❧❡ ❢ür ❤ä✉✜❣❡ ❆♥✇❡♥❞✉♥❣s❢ä❧❧❡ ✇✐❡ ❍♦❧❧ä♥❞✐s❝❤❡ ❬❋■P✵✷❛❪ ♦❞❡r ❊♥❣❧✐s❝❤❡
❆✉❦t✐♦♥❡♥ ❬❋■P✵✷❜❪ ♦❞❡r ❞❛s ❜❡❦❛♥♥t❡ ❑♦♥tr❛❦t♥❡t③✲Pr♦t♦❦♦❧❧ ❬❙♠✐✽✵❀ ❋■P✵✷❝❪✳

■st ❡✐♥ ❣❡❡✐❣♥❡t❡s Pr♦t♦❦♦❧❧ ❣❡❢✉♥❞❡♥ ♦❞❡r ♥❡✉ ❡♥t✇♦r❢❡♥✱ ✈❡r❜❧❡✐❜t ❢ür ❞❡♥ ❊♥t✇✐❝❦❧❡r ❞✐❡
❇❡❛♥t✇♦rt✉♥❣ ❞❡r ❋r❛❣❡♥ ❛✉❢ ❞❡r ▼✐❦r♦❡❜❡♥❡✳ ❍✐❡r❢ür st❡❤❡♥ ❡✐♥❡rs❡✐ts ●❡♥❡r❛t♦r❛♥sät③❡
✇✐❡ ❬❉◆✵✹❀ ❈▼✵✺❀ ❘❈❖✵✹❪ ③✉r ❱❡r❢ü❣✉♥❣✱ ❞✐❡ ❛✉s Pr♦t♦❦♦❧❧❜❡s❝❤r❡✐❜✉♥❣❡♥ ❈♦❞❡ ❢ür ❡✐♥❡
s♣❡③✐✜s❝❤❡ ❆❣❡♥t❡♥♣❧❛tt❢♦r♠ ❡r③❡✉❣❡♥ ❦ö♥♥❡♥✳ ❆✉❢ ❞❡r ❛♥❞❡r❡♥ ❙❡✐t❡ ❦ö♥♥❡♥ Pr♦t♦❦♦❧❧❡

✶❤tt♣✿//✇✇✇.❢✐♣❛.♦r❣/
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✸✻ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

performative

Protocol-Name

goal processing start (1)

goal processing end (4)

goal processing start (2)

goal processing end (3)
performative

Protocol handling

…

Role 1

Protocol Layer

Role 1

Domain Layer

goal
<protocol>_receiver_interaction start

Role 2

Protocol Layer

Role 2

Domain Layer

goaltype goalname

(in param1, in param2, …,  out 

param1, out param2, …)

❆❜❜✐❧❞✉♥❣ ✸✳✶✶✿ Pr♦t♦❦♦❧❧❛♥❛❧②s❡ ♠✐t ❆❯▼▲✲■♥t❡r❛❦t✐♦♥s❞✐❛❣r❛♠♠❡♥ ✭❛✉s ❬❇P✵✼❪✮

achieve

cnp_execute_request
(in proposal, in proposal_info, 

in initiator, out result)

cfp

refuse

propose

alt

achieve
cnp_initiate start

(in cfp, in receivers, inout cfp_info,

out result, out interaction_state)

alt
reject-proposal

accept-proposal

failure

inform

alt

query

cnp_make_proposal

(in cfp, in initiator, out proposal,
out proposal_info)

cnp_initiate end

query

cnp_evaluate_proposals
(in cfp, in proposals,

inout cfp_info, out acceptables)

cnp_receiver_interaction end

perform

cnp_receiver_interaction start
(out interaction_description,

out interaction_state, out result)

Initiator
Protocol Layer

Participant
Protocol Layer

Initiator
Domain Layer

Participant
Domain Layer

FIPA-ContractNet-Protocol

❆❜❜✐❧❞✉♥❣ ✸✳✶✷✿ ❩✐❡❧♦r✐❡♥t✐❡rt❡ ❙♣❡③✐✜❦❛t✐♦♥ ❞❡s ❆❯▼▲✲❑♦♥tr❛❦t♥❡t③♣r♦t♦❦♦❧❧s ♥❛❝❤
❬❋■P✵✷❝❪ ✭❛✉s ❬❇P✵✼❪✮

❛✉❝❤ ③✉r ▲❛✉❢③❡✐t ✐♥t❡r♣r❡t✐❡rt ✇❡r❞❡♥✱ ✇✐❡ ③✳❇✳ ✈♦♥ ❬❊❈✵✹❀ ❙❝❤✵✸❪ ✈♦r❣❡s❝❤❧❛❣❡♥✳ ■♥ ❜❡✐❞❡♥
❋ä❧❧❡♥ ♠✉ss ❞❡r Pr♦❣r❛♠♠✐❡r❡r ❢ür Pr♦t♦❦♦❧❧❡r❡✐❣♥✐ss❡ ✇✐❡ ❞❡♥ ❊♠♣❢❛♥❣ ♦❞❡r ❞❛s ❙❡♥❞❡♥
❡✐♥❡r ◆❛❝❤r✐❝❤t ❡♥ts♣r❡❝❤❡♥❞❡ ❈♦❞❡✲❇❧ö❝❦❡ ❜❡r❡✐tst❡❧❧❡♥✱ ❞✐❡ ❞✐❡ ❆♥✇❡♥❞✉♥❣s❧♦❣✐❦ ❦❛♣s❡❧♥✳
❙♦♠✐t ❦ö♥♥❡♥ ❞✐❡s❡ ❆♥sät③❡ ❧❡t③t❧✐❝❤ ♥✉r ❋r❛❣❡ ✻ ③✉❢r✐❡❞❡♥st❡❧❧❡♥❞ ❜❡❛♥t✇♦rt❡♥✳ ❍✐❡r❜❡✐
❧❡✐❞❡♥ ●❡♥❡r❛t♦r❛♥sät③❡ ③✉sät③❧✐❝❤ ✉♥t❡r ❞❡♠ s♦❣❡♥❛♥♥t❡♥ P♦st✲❊❞✐t✐♥❣✲Pr♦❜❧❡♠ ❬❙③❡✾✻❪
❞❛s ❛✉❢tr✐tt✱ ✇❡♥♥ ❞✐❡ Pr♦t♦❦♦❧❧❜❡s❝❤r❡✐❜✉♥❣ ♥❛❝❤ ❞❡♠ ❇❡❛r❜❡✐t❡♥ ❞❡s ❣❡♥❡r✐❡rt❡♥ ❈♦❞❡s
✈❡rä♥❞❡rt ✇✐r❞ ✉♥❞ ❜❡✐♠ ❡r♥❡✉t❡♥ ●❡♥❡r✐❡r❡♥ ❛❧❧❡ ❇❡❛r❜❡✐t✉♥❣❡♥ ❛♠ ❈♦❞❡ ✈❡r❧♦r❡♥ ❣❡❤❡♥✳

❆❧s ✇❡✐t❡r❣❡❤❡♥❞❡ ▲ös✉♥❣ ③✉r ❇❡❛♥t✇♦rt✉♥❣ ✐♥s❜❡s♦♥❞❡r❡ ❛❧❧❡r ❋r❛❣❡♥ ❛✉❢ ❞❡r ▼✐❦r♦✲
❡❜❡♥❡ ✇✉r❞❡ ✐♥ ❬❇P✵✼❪ ❡✐♥ ♥❡✉❡s ❑♦♥③❡♣t ✈♦r❣❡st❡❧❧t✱ ❞❛s ❞❡♥ ❩✉s❛♠♠❡♥❤❛♥❣ ③✇✐s❝❤❡♥ ❞❡r
♥❛❝❤r✐❝❤t❡♥❜❛s✐❡rt❡♥ ■♥t❡r❛❦t✐♦♥ ✉♥❞ ❞❡r ❇❉■✲❆❣❡♥t❡♥❛r❝❤✐t❡❦t✉r ❤❡rst❡❧❧t✳ ▼♦t✐✈❛t✐♦♥ ❞✐❡✲
s❡ ❆♥s❛t③❡s ✐st ❡s✱ ❞✐❡ ❱❡r❜✐♥❞✉♥❣ ③✇✐s❝❤❡♥ ❞❡♥ ◆❛❝❤r✐❝❤t❡♥ ❛✉❢ Pr♦t♦❦♦❧❧❡❜❡♥❡ ✉♥❞ ❞❡♥
❩✐❡❧❡♥ ❞❡s ❆❣❡♥t❡♥ ❡①♣❧✐③✐t ③✉ ♠❛❝❤❡♥✳ ■♥s❜❡s♦♥❞❡r❡ ✇✐r❞ ❡✐♥ ❣❡♥❡r✐s❝❤❡r ❆♥❛❧②s❡♣r♦③❡ss
✈♦r❣❡s❝❤❧❛❣❡♥✱ ♠✐t ❞❡♠ ❡✐♥❡ ❆❯▼▲✲Pr♦t♦❦♦❧❧❜❡s❝❤r❡✐❜✉♥❣ ✉♠ ❆s♣❡❦t❡ ❞❡r ❩✐❡❧❜❡❛r❜❡✐t✉♥❣
❡r✇❡✐t❡rt ✇❡r❞❡♥ ❦❛♥♥ ✭s✐❡❤❡ ❆❜❜✐❧❞✉♥❣ ✸✳✶✶✮✳ ❍✐❡r❜❡✐ ✇✐r❞ ❛❧s ❆♥t✇♦rt ❛✉❢ ❋r❛❣❡ ✺ ❡✐♥ ❇❡✲
③✉❣ ③✇✐s❝❤❡♥ ◆❛❝❤r✐❝❤t❡♥♠✉st❡r♥ ✭③✳❇✳ ❆❜❢♦❧❣❡♥ ✈♦♥ ❙❡♥❞✲ ✉♥❞ ❊♠♣❢❛♥❣s❡r❡✐❣♥✐ss❡♥✮ ❛✉❢
❞❡r Pr♦t♦❦♦❧❧❡❜❡♥❡ ✉♥❞ ❩✐❡❧✈❡r❛r❜❡✐t✉♥❣ss❝❤r✐tt❡♥ ✭❊r③❡✉❣❡♥✱ ❚❡r♠✐♥✐❡r❡♥ ♦❞❡r ❊rr❡✐❝❤❡♥
❡✐♥❡s ❩✐❡❧s✮ ❛✉❢ ❞❡r ❉♦♠ä♥❡♥❡❜❡♥❡ ❤❡r❣❡st❡❧❧t✳ ◆❛❝❤ ❞❡r ❉✉r❝❤❢ü❤r✉♥❣ ❞✐❡s❡s ❣❡♥❡r✐s❝❤❡♥
Pr♦③❡ss❡s ❜❡❛♥t✇♦rt❡t ❞❡r ❊♥t✇✐❝❦❧❡r ❞✐❡ ❋r❛❣❡♥ ✹ ✉♥❞ ✻ ❢ür ❡✐♥❡ s♣❡③✐✜s❝❤❡ ❆♥✇❡♥❞✉♥❣✱
✐♥❞❡♠ ❡r ❞✐❡ ❞✉r❝❤ ❞✐❡ ❆♥❛❧②s❡ ✐❞❡♥t✐✜③✐❡rt❡♥ ❇❡③✉❣s♣✉♥❦t❡ ③✇✐s❝❤❡♥ ◆❛❝❤r✐❝❤t❡♥♠✉st❡r♥
✉♥❞ ❩✐❡❧✈❡r❛r❜❡✐t✉♥❣ss❝❤r✐tt❡♥ ♠✐t ❦♦♥❦r❡t❡♥ ❩✐❡❧❡♥ ❡✐♥❡s ❆❣❡♥t❡♥ ✈❡r❦♥ü♣❢t ✭❋r❛❣❡ ✹✮ ✉♥❞
❢ür ❞✐❡s❡ ❩✐❡❧❡ ❣❡❡✐❣♥❡t❡ P❧ä♥❡ ❜❡r❡✐tst❡❧❧t ✭❋r❛❣❡ ✻✮✳ ■♥ ❆❜❜✐❧❞✉♥❣ ✸✳✶✷ ✇✐r❞ ❞❛s ❊r❣❡❜♥✐s
❞❡s ❆♥❛❧②s❡♣r♦③❡ss❡s ❢ür ❞❛s ❑♦♥tr❛❦t♥❡t③♣r♦t♦❦♦❧❧ ❜❡✐s♣✐❡❧❤❛❢t ❞❛r❣❡st❡❧❧t✳

Pr✐♥③✐♣✐❡❧❧ ✐st ❞❡r ✈♦r❣❡s❝❤❧❛❣❡♥❡ Pr♦③❡ss s♦✇♦❤❧ ❛✉❢ ✈♦r❞❡✜♥✐❡rt❡ ❛❧s ❛✉❝❤ ❛✉❢ ❢ür ❡✐♥❡
s♣❡③✐❡❧❧❡ ❆♥✇❡♥❞✉♥❣ ♥❡✉ ❡♥t✇♦r❢❡♥❡ ■♥t❡r❛❦t✐♦♥s♣r♦t♦❦♦❧❧❡ ❛♥✇❡♥❞❜❛r✳ ❆❧s ◆❛❝❤✇❡✐s ❞❡r



✸✳✷✳ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ✸✼

Pr❛①✐st❛✉❣❧✐❝❤❦❡✐t ✇✉r❞❡♥ ❞✐❡ ❛❝❤t ❛♠ ❤ä✉✜❣st❡♥ ❣❡♥✉t③t❡♥ ✈♦♥ ❞❡r ❋■P❆ ❞❡✜♥✐❡rt❡♥ ■♥✲
t❡r❛❦t✐♦♥s♣r♦t♦❦♦❧❧❡ ✐♥ ❏❛❞❡① r❡❛❧✐s✐❡rt ✉♥❞ ✐♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❆♥✇❡♥❞✉♥❣❡♥ ❡✐♥❣❡s❡t③t✳ ❩✉r
✇❡✐t❡r❡♥ ❱❡r❡✐♥❢❛❝❤✉♥❣ ✇✉r❞❡♥ ❞✐❡ Pr♦t♦❦♦❧❧❡ ❞❛❜❡✐ ❛❧s ✇✐❡❞❡r✈❡r✇❡♥❞❜❛r❡ ❆❣❡♥t❡♥♠♦❞✉❧❡✱
s♦❣❡♥❛♥♥t❡ ❈❛♣❛❜✐❧✐t✐❡s ❬❇P▲✵✻❪✱ ❜❡r❡✐t❣❡st❡❧❧t✳ ❙♦♠✐t ❦ö♥♥❡♥ ❞✐❡s❡ ✈♦r❞❡✜♥✐❡rt❡♥ Pr♦t♦❦♦❧❧❡
✈♦♥ ❊♥t✇✐❝❦❧❡r♥ ❞✐r❡❦t ③✐❡❧♦r✐❡♥t✐❡rt ❡✐♥❣❡s❡t③t ✇❡r❞❡♥✱ ♦❤♥❡ ③✉✈♦r ❡r♥❡✉t ❞❡♥ ❆♥❛❧②s❡♣r♦✲
③❡ss ❞✉r❝❤❧❛✉❢❡♥ ③✉ ♠üss❡♥✳

✸✳✷✳✸✳✷ ❩✐❡❧❞❡❧❡❣❛t✐♦♥

❉❛s ❇❉■✲▼♦❞❡❧❧ ✐st ❛✉s ♣❤✐❧♦s♦♣❤✐s❝❤❡r ❙✐❝❤t ❡✐♥ ❊r❦❧är✉♥❣s♠♦❞❡❧❧✱ ❞❛s ❞❛s ❊r❣❡❜♥✐s ✐♥t❡r✲
♥❡r ✈❡r❜♦r❣❡♥❡r ❱♦r❣ä♥❣❡ ❞❡s ♠❡♥s❝❤❧✐❝❤❡♥ ❉❡♥❦❡♥s ❞✉r❝❤ ✐♥t✉✐t✐✈❡ ❛❧❧t❛❣s♣s②❝❤♦❧♦❣✐s❝❤❡
❑♦♥③❡♣t❡ ❜❡s❝❤r❡✐❜❡♥ ✇✐❧❧✿ ❉❛s ❜❡♦❜❛❝❤t❜❛r❡ ❱❡r❤❛❧t❡♥ ❡✐♥❡s ❛♥❞❡r❡♥ ▼❡♥s❝❤❡♥ ✇✐r❞ ❛❧s
r❛t✐♦♥❛❧ ❡r❦❧ärt✱ s♦❢❡r♥ ❡s ❛✉s ❞❡♥ ✈❡r♠✉t❡t❡♥ Ü❜❡r③❡✉❣✉♥❣❡♥✱ ❩✐❡❧❡♥ ✉♥❞ P❧ä♥❡♥ ❞✐❡s❡s
▼❡♥s❝❤❡♥ ❛❜❣❡❧❡✐t❡t ✇❡r❞❡♥ ❦❛♥♥✳ ❉✐❡s❡ ❛❧❧t❛❣s♣s②❝❤♦❧♦❣✐s❝❤❡ ❑♦♠♣♦♥❡♥t❡ st❡❧❧t ❡✐♥❡ ❙tär✲
❦❡ ✈♦♥ ❇❉■ ❛❧s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❞❛r✱ ❞❛ ❡s ❛✉❝❤ ❤✐❡r ❞❛r✉♠ ❣❡❤t✱ ❞❛ss ❞❡r Pr♦❣r❛♠♠✐❡r❡r
q✉❛s✐ ✈♦♥ ❛✉ÿ❡♥ ❞❛s ✈♦♥ ❡✐♥❡♠ ❆❣❡♥t❡♥ ❡r✇❛rt❡t❡ ❱❡r❤❛❧t❡♥ ♠ö❣❧✐❝❤st ✐♥t✉✐t✐✈ ❜❡s❝❤r❡✐❜❡♥
✇✐❧❧✳ ●❧❡✐❝❤③❡✐t✐❣ ❜✐❡t❡t ❞✐❡s❡ ❆✉ÿ❡♥s✐❝❤t ❛✉❝❤ ❡✐♥❡ ❣❡❡✐❣♥❡t❡ ❇❛s✐s✱ ✉♠ ❞✐❡ ❑♦♦r❞✐♥❛t✐♦♥
③✇✐s❝❤❡♥ ❆❣❡♥t❡♥ ③✉ ❡♥t✇❡r❢❡♥✳ ❉✉r❝❤ ❞✐❡ ❛❜str❛❦t❡♥✱ ✐♥t✉✐t✐✈❡♥ ❇❡s❝❤r❡✐❜✉♥❣s❦♦♥③❡♣t❡✱
❞✐❡ ❞✉r❝❤ ♠❡♥t❛❧❡ ❆tt✐tü❞❡♥ ✇✐❡ Ü❜❡r③❡✉❣✉♥❣❡♥✱ ❩✐❡❧❡ ✉♥❞ P❧ä♥❡ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥✱
❧❛ss❡♥ s✐❝❤ ❍✐♥t❡r❣rü♥❞❡ ✈♦♥ ■♥t❡r❛❦t✐♦♥❡♥ ❤ä✉✜❣ ❜❡ss❡r ❡r❢❛ss❡♥ ❛❧s ❛✉❢ ❞❡r r❡✐♥❡♥ ◆❛❝❤✲
r✐❝❤t❡♥❡❜❡♥❡✳

■♥ ❬❆✲✷❪ ✇✉r❞❡♥ ❞❡r❛rt✐❣❡ ❇❡s❝❤r❡✐❜✉♥❣s❛♥sät③❡ ✉♥t❡rs✉❝❤t✳ ❆❜❜✳ ✸✳✶✸❛ st❡❧❧t ✈❡rs❝❤✐❡❞❡✲
♥❡ ❦♦♥❦r❡t❡ ❆r❜❡✐t❡♥ ❣❡❣❡♥ü❜❡r✱ ❞✐❡ ❥❡✇❡✐❧s ❡✐♥ ♦❞❡r ♠❡❤r❡r❡ ❞❡r ❇❉■✲❆tt✐tü❞❡♥ ③✉r ❑♦♦r✲
❞✐♥❛t✐♦♥ ❡✐♥s❡t③❡♥✱ ③✳❇✳ ✐♥❞✐r❡❦t ü❜❡r ❣❡♠❡✐♥s❛♠❡s ❲✐ss❡♥✱ ✇✐❡ ✐♥ ❍✐✈❡ ❇❉■ ❬❇▼✶✶❪✱ ❞✐r❡❦t
ü❜❡r ❞✐❡ ❉❡❧❡❣❛t✐♦♥ ✈♦♥ ❩✐❡❧❡♥ ❬❇❡r✰✵✷❪ ♦❞❡r ❞✉r❝❤ ❡①♣❧✐③✐t❡ ❑♦♦r❞✐♥❛t✐♦♥ ❞❡r ❛✉s③✉❢ü❤✲
r❡♥❞❡♥ ❍❛♥❞❧✉♥❣❡♥ ❛✉❢ P❧❛♥❡❜❡♥❡✱ ✇✐❡ ✐♥ ❈♦♦r❞✐♥❛t❡❞ ❙❛P❛ ❬❍❙✶✵❪✳ ❩✉sät③❧✐❝❤ ❣✐❜t ❡s ❛✉❝❤
❤②❜r✐❞❡ ❋♦r♠❡♥✱ ✇✐❡ ❏♦✐♥t ■♥t❡♥t✐♦♥s ❬❈▲✾✶❪ ✉♥❞ ❏♦✐♥t ❘❡s♣♦♥s✐❜✐❧✐t② ❬❏▼✾✷❪✱ ❞✐❡ ♠❡❤r❡r❡
❆tt✐tü❞❡♥ ❦♦♠❜✐♥✐❡r❡♥✳ ❊✐♥ ❱❡r❣❧❡✐❝❤ ❞❡r ❆♥sät③❡ ③❡✐❣t ❯♥t❡rs❝❤✐❡❞❡ s♦✇♦❤❧ ✐♥ ❇❡③✉❣ ❛✉❢
❞❡♥ ❑♦♠♠✉♥✐❦❛t✐♦♥s❛✉❢✇❛♥❞ ❛❧s ❛✉❝❤ ❛✉❢ ❞❡♥ ●r❛❞ ❞❡r ❑♦♣♣❧✉♥❣ ✭✈❣❧✳ ❆❜❜✳ ✸✳✶✸❜✮✳ ❉✐❡
❑♦♦r❞✐♥❛t✐♦♥ ü❜❡r ❩✐❡❧❡ ❜✐❡t❡t ❞❛❜❡✐ ❡✐♥❡♥ ✈✐❡❧✈❡rs♣r❡❝❤❡♥❞❡♥ ▼✐tt❡❧✇❡❣ ③✇✐s❝❤❡♥ s❡❤r ❧♦s❡r
❑♦♣♣❧✉♥❣ ✭ü❜❡r ❇❡❧✐❡❢s✮ ♦❞❡r s❡❤r ❡♥❣❡r ❑♦♣♣❧✉♥❣ ✭❛✉❢ P❧❛♥❡❜❡♥❡✮ ✉♥❞ ❤❛t ❣❧❡✐❝❤③❡✐t✐❣ ❞❡♥
♥✐❡❞r✐❣st❡♥ ❑♦♠♠✉♥✐❦❛t✐♦♥s❛✉❢✇❛♥❞✱ ❞❛ ✐♠ ■❞❡❛❧❢❛❧❧ ♥✉r ❛♠ ❆♥❢❛♥❣ ✉♥❞ ❊♥❞❡ ❞❡r ❩✐❡❧❞❡❧❡✲
❣❛t✐♦♥ ❡✐♥❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ❡r❢♦❧❣❡♥ ♠✉ss✱ ❞✐❡ ❩✐❡❧❜❡❛r❜❡✐t✉♥❣ ❥❡❞♦❝❤ ✉♥❛❜❤ä♥❣✐❣ ❡r❢♦❧❣❡♥
❦❛♥♥✳

❇❡✐ ❛❧❧❡♥ ❣❡♥❛♥♥t❡♥ ❆♥sät③❡♥ ✐st ❞✐❡ ❑♦♦r❞✐♥❛t✐♦♥ ♠✐t ❞❡r ✐♥t❡r♥❡♥ ❆❣❡♥t❡♥❛r❝❤✐t❡❦t✉r
✈❡r✇♦❜❡♥✳ ❉✐❡s ✇✐❞❡rs♣r✐❝❤t ❞❡♥ Pr✐♥③✐♣✐❡♥ ✈♦♥ ❖❈▼❆❙ ✭♦r❣❛♥✐③❛t✐♦♥✲❝❡♥t❡r❡❞ ♠✉❧t✐ ❛❣❡♥t
s②st❡♠s✱ ✈❣❧✳ ❬❋●▼✵✸❪✮✱ ♥❛❝❤ ❞❡♥❡♥ ❞✐❡ ▼✉❧t✐❛❣❡♥t❡♥❡❜❡♥❡ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❞❡♥ ❉❡t❛✐❧s
✐♥t❡r♥❡r ❆❣❡♥t❡♥❛r❝❤✐t❡❦t✉r❡♥ ❜❡s❝❤r✐❡❜❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥ s♦❧❧t❡✳ ❉✐❡s❡ ❚r❡♥♥✉♥❣ ✐st ✈♦r✲
t❡✐❧❤❛❢t✱ ❞❛ s✐❡ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡ Pr✐♥③✐♣✐❡♥ ✇✐❡ ▼♦❞✉❧❛r✐s✐❡r✉♥❣ ✉♥❞ ■♥❢♦r♠❛t✐♦♥ ❍✐❞✐♥❣
✉♥t❡rstüt③t ✉♥❞ ❞❛❞✉r❝❤ ❞✐❡ ❊♥t✇✐❝❦❧✉♥❣ ✉♥❞ ❲❛rt✉♥❣ ✈♦♥ ❙♦❢t✇❛r❡s②st❡♠❡♥ ❡r❧❡✐❝❤t❡rt✳
■♥ ❬❆✲✷❪ ✇✉r❞❡ ❞❛❤❡r ❡✐♥ ❆♥s❛t③ ❦♦♥③✐♣✐❡rt ✉♥❞ r❡❛❧✐s✐❡rt✱ ❞❡r ❛✉❢ ❊❜❡♥❡ ❞❡s ❱❡r❤❛❧t❡♥s
❡✐♥❡s ❡✐♥③❡❧♥❡♥ ❆❣❡♥t❡♥ ❞❛s ❑♦♥③❡♣t ❞❡r ❩✐❡❧❞❡❧❡❣❛t✐♦♥ ❛✉❢❣r❡✐❢t✱ ❛✉❢ ❞❡r ❊❜❡♥❡ ❞❡s ▼✉❧✲
t✐❛❣❡♥t❡♥s②st❡♠s ❥❡❞♦❝❤ ü❜❡r ▼♦❞✉❧❛r✐s✐❡r✉♥❣s❦♦♥③❡♣t❡ ❞❡s ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲▼♦❞❡❧❧s
❜❡s❝❤r✐❡❜❡♥ ✇✐r❞✳

❆❜❜✐❧❞✉♥❣ ✸✳✶✹ ③❡✐❣t ❞❛s ❖❈▼❆❙✲❦♦♥❢♦r♠❡ ❩✐❡❧❞❡❧❡❣❛♥t✐♦♥s❦♦♥③❡♣t ✐♠ Ü❜❡r❜❧✐❝❦✳ ❊✐♥
❆❣❡♥t ❦❛♥♥✱ s♦❢❡r♥ ❡r ❛❧s ❇❉■✲❆❣❡♥t r❡❛❧✐s✐❡rt ✐st✱ ❡✐❣❡♥❡ ❩✐❡❧❡ ❜❡s✐t③❡♥ ✭s✐❡❤❡ ❆❣❡♥t ❧✐♥❦s✮✱
❞✐❡ ❛♥ ❛♥❞❡r❡ ❑♦♠♣♦♥❡♥t❡♥ ü❜❡r ❡✐♥❡♥ ❘❡q✉✐r❡❞ ❙❡r✈✐❝❡ ❞❡❧❡❣✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❩✉❞❡♠

❛✮ ❜✮

❆❜❜✐❧❞✉♥❣ ✸✳✶✸✿ ❑♦♦r❞✐♥❛t✐♦♥ ü❜❡r ♠❡♥t❛❧❡ ❆tt✐tü❞❡♥ ✭❛✉s ❬❆✲✷❪✮
❛✮ ❆♥sät③❡✱ ❜✮ ❑♦♠♠✉♥✐❦❛t✐♦♥ ✉♥❞ ❑♦♣♣❧✉♥❣



✸✽ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❆❜❜✐❧❞✉♥❣ ✸✳✶✹✿ ❖❈▼❆❙✲❦♦♥❢♦r♠❡s ❩✐❡❧❞❡❧❡❣❛t✐♦♥s❦♦♥③❡♣t ✭❛✉s ❬❆✲✷❪✮

❆❜❜✐❧❞✉♥❣ ✸✳✶✺✿ ❩✐❡❧❞❡❧❡❣❛t✐♦♥ ✐♠ ❇❉■✲❙❝❤❧✉ss❢♦❧❣❡r✉♥❣s♣r♦③❡ss ✭❛✉s ❬❆✲✷❪✮

❦❛♥♥ ❡✐♥ ❇❉■ ❆❣❡♥t ❩✐❡❧❡ ✈♦♥ ❛♥❞❡r❡♥ ❑♦♠♣♦♥❡♥t❡♥ ü❜❡r ❡✐♥❡♥ Pr♦✈✐❞❡❞ ❙❡r✈✐❝❡ ü❜❡rtr❛✲
❣❡♥ ❜❡❦♦♠♠❡♥ ✭s✐❡❤❡ ❆❣❡♥t ♦❜❡♥✮✳ ❉❛❞✉r❝❤✱ ❞❛ss ❛✉❢ ❞❡r ❙②st❡♠❡❜❡♥❡ ❞✐❡ ❆✉ÿ❡♥s✐❝❤t ❛❧s
❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✈❡r✇❡♥❞❡t ✇✐r❞✱ ❦ö♥♥❡♥ ❇❉■✲❆❣❡♥t❡♥ ♥❛❤t❧♦s ♠✐t ❛♥❞❡r❡♥ ❆❣❡♥t❡♥
♦❞❡r ❆❧ts②st❡♠❡♥ ü❜❡r Pr♦✈✐❞❡❞ ❙❡r✈✐❝❡s ♦❞❡r ❜❡st❡❤❡♥❞❡ ❲❡❜ ❙❡r✈✐❝❡s ✐♥t❡r❛❣✐❡r❡♥✳ ❉❡♥✲
♥♦❝❤ ❦❛♥♥ ❞✐❡ Pr♦❣r❛♠♠✐❡r✉♥❣ ❡✐♥❡s ❇❉■✲❆❣❡♥t❡♥ ✇❡✐t❣❡❤❡♥❞ ❛✉❢ ❞❡r ✐♥t✉✐t✐✈❡♥ ❩✐❡❧❡❜❡♥❡
❡r❢♦❧❣❡♥✳

❆✉❢ ❞❡r ❙❡✐t❡ ❞❡s ❞❡❧❡❣✐❡r❡♥❞❡♥ ❆❣❡♥t❡♥ ♠✉ss ❞❡r Pr♦❣r❛♠♠✐❡r❡r ❡♥ts❝❤❡✐❞❡♥✱ ✇❛♥♥
❡✐♥ ❩✐❡❧ ✈♦♠ ❆❣❡♥t❡♥ ♥✐❝❤t s❡❧❜st ✈❡r❛r❜❡✐t❡t ✇❡r❞❡♥ s♦❧❧✳ ❆✉❢ ❞❡r ❙❡✐t❡ ❞❡s ❆❣❡♥t❡♥✱
❞❡r ❡✐♥ ❩✐❡❧ ❛♥♥✐♠♠t✱ ♠✉ss ❤✐♥❣❡❣❡♥ ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t ❜❡st❡❤❡♥✱ ❞❛ss ❞❡r ❆❣❡♥t ❞✐❡ ❩✐❡❧✲
✈❡r❛r❜❡✐t✉♥❣ ✈❡r✇❡✐❣❡r♥ ❦❛♥♥✳ ❇❡✐❞❡ ❆s♣❡❦t❡ ❦ö♥♥❡♥ ü❜❡r ❜❡st❡❤❡♥❞❡ ▼❡❝❤❛♥✐s♠❡♥ ❞❡s
❇❉■✲❙❝❤❧✉ss❢♦❧❣❡r✉♥❣s♣r♦③❡ss❡s ❛❜❣❡❜✐❧❞❡t ✇❡r❞❡♥✳ ❉❛③✉ ✇✐r❞ ❛✉❢ ❞❡r ❙❡✐t❡ ❞❡s ❞❡❧❡❣✐❡r❡♥✲
❞❡♥ ❆❣❡♥t❡♥ ❡✐♥ ❣❡♥❡r✐s❝❤❡r ❉❡❧❡❣❛t✐♦♥s♣❧❛♥ ❜❡r❡✐t❣❡st❡❧❧t ✭✈❣❧✳ ❆❜❜✳ ✸✳✶✺✮✳ ❉❛♠✐t ❦❛♥♥ ❞❡r
Pr♦❣r❛♠♠✐❡r❡r ❢ür ❞✐❡ ❱❡r❛r❜❡✐t✉♥❣ ❡✐♥❡s ❩✐❡❧s s♦✇♦❤❧ ✐♥t❡r♥❡ P❧ä♥❡ ❛❧s ❛✉❝❤ ❞❡♥ ❉❡❧❡❣❛t✐✲
♦♥s♣❧❛♥ ❛♥❜✐❡t❡♥✱ s♦ ❞❛ss ❞❡r ❆❣❡♥t✱ ③✳❇✳ ü❜❡r P❧❛♥✈♦r❜❡❞✐♥❣✉♥❣❡♥✱ s❡❧❜stä♥❞✐❣ ❡♥ts❝❤❡✐❞❡♥
❦❛♥♥✱ ✐♥ ✇❡❧❝❤❡♥ ❙✐t✉❛t✐♦♥❡♥ ❡r ❡✐♥ ❩✐❡❧ ❞❡❧❡❣✐❡rt ♦❞❡r s❡❧❜st ❜❡❛r❜❡✐t❡t✳ ❆✉❢ ❞❡r ❙❡✐t❡ ❞❡s ❛♥✲
♥❡❤♠❡♥❞❡♥ ❆❣❡♥t❡♥ ♠✉ss ③✉♥ä❝❤st ü❜❡r❤❛✉♣t ❡✐♥ ❩✐❡❧ ❛❧s ✈♦♥ ❛✉ÿ❡♥ ❞❡❧❡❣✐❡r❜❛r ♠❛r❦✐❡rt
✇❡r❞❡♥✳ ❍✐❡r③✉ ✇✐r❞ ❡s ♣✉❜❧✐③✐❡rt✱ ✐♥❞❡♠ ❢❡st❣❡❧❡❣t ✇✐r❞✱ ü❜❡r ✇❡❧❝❤❡♥ Pr♦✈✐❞❡❞ ❙❡r✈✐❝❡
❞✐❡ ❩✐❡❧✈❡r❛r❜❡✐t✉♥❣ ♥❛❝❤ ❛✉ÿ❡♥ ❛♥❣❡❜♦t❡♥ ✇✐r❞✳ ❯♠ ③✉ ❡♥ts❝❤❡✐❞❡♥✱ ♦❜ ❡✐♥ ü❜❡r❣❡❜❡♥❡s
❩✐❡❧ ✈❡r❛r❜❡✐t❡t ✇❡r❞❡♥ s♦❧❧✱ ❦ö♥♥❡♥ ❞✐❡ ❜❡st❡❤❡♥❞❡♥ ▼❡❝❤❛♥✐s♠❡♥ ❞❡r ❩✐❡❧❞❡❧✐❜❡r❛t✐♦♥ ✭✈❣❧✳
❬P❇▲✵✺❜❪✮ ❡✐♥❣❡s❡t③t ✇❡r❞❡♥✳ ❙♦ ❦ö♥♥❡♥ ❇❡❞✐♥❣✉♥❣❡♥ ❛♥❣❡❣❡❜❡♥ ✇❡r❞❡♥✱ ✉♥t❡r ❞❡♥❡♥ ❡✐♥
❩✐❡❧ ✈❡r✇♦r❢❡♥ ✇✐r❞✱ ♦❞❡r ❞✐❡ ❑♦♥✢✐❦t❡ ③✇✐s❝❤❡♥ ❩✐❡❧❡♥ ❡r❢❛ss❡♥✳ ❉✐❡ ❊♥ts❝❤❡✐❞✉♥❣ ❞❛rü❜❡r✱
✇❡❧❝❤❡r ❡①t❡r♥❡ ❆❣❡♥t✱ ❜③✇✳ ✇❡❧❝❤❡ ❡①t❡r♥❡ ❑♦♠♣♦♥❡♥t❡ ✐♠ ❩✉❣❡ ❞❡r ❉❡❧❡❣❛t✐♦♥ ❡✐♥ ❩✐❡❧
③✉r ❱❡r❛r❜❡✐t✉♥❣ ü❜❡r❣❡❜❡♥ ❜❡❦♦♠♠t✱ ✜♥❞❡t ♥✐❝❤t ❛✉❢ ❞❡r ❩✐❡❧❡❜❡♥❡ st❛tt✱ s♦♥❞❡r♥ ❛✉❢ ❞❡r
❙②st❡♠❡❜❡♥❡✱ ❞✐❡ ü❜❡r ❞✐❡ ❇❡③✐❡❤✉♥❣❡♥ ③✇✐s❝❤❡♥ ❞❡♥ ❆❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❞❡✜♥✐❡rt ✐st
✭✈❣❧✳ ❑❛♣✳ ✷✮✳ ❍✐❡r ❦ö♥♥❡♥ ❡♥t✇❡❞❡r st❛t✐s❝❤❡ ❇✐♥❞✉♥❣❡♥ ❢❡st❣❡❧❡❣t ✇❡r❞❡♥ ♦❞❡r ❡s ❦❛♥♥ s♣❡✲
③✐✜③✐❡rt ✇❡r❞❡♥✱ ✇✐❡ ③✉r ▲❛✉❢③❡✐t ♥❛❝❤ ❣❡❡✐❣♥❡t❡♥ ✈❡r❢ü❣❜❛r❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❣❡s✉❝❤t ✇❡r❞❡♥
s♦❧❧✳
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✵✶✿ ❁❣♦❛❧s❃
✵✷✿ ❁❛❝❤✐❡✈❡❣♦❛❧ ♥❛♠❡❂✑tr❡❛t❴✈✐❝t✐♠s✑ r❡❝✉r❂✑tr✉❡✑ r❡❝✉r❞❡❧❛②❂✑✶✵✵✵✑❃
✵✸✿ ❁♣❛r❛♠❡t❡r ♥❛♠❡❂✑❞✐s❛st❡r✑ ❝❧❛ss❂✑■❙♣❛❝❡❖❜❥❡❝t✑✴❃
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✵✺✿ ❁✴❣♦❛❧s❃
✵✻✿

✵✼✿ ❁♣❧❛♥s❃
✵✽✿ ❁♣❧❛♥ ♥❛♠❡❂✧tr❡❛t❴✈✐❝t✐♠s❴♣❧❛♥✧❃
✵✾✿ ❁♣❛r❛♠❡t❡r ♥❛♠❡❂✑❞✐s❛st❡r✑ ❝❧❛ss❂✑■❙♣❛❝❡❖❜❥❡❝t✑❃
✶✵✿ ❁❣♦❛❧♠❛♣♣✐♥❣ r❡❢❂✑tr❡❛t❴✈✐❝t✐♠s✳❞✐s❛st❡r ✑✴❃
✶✶✿ ❁✴♣❛r❛♠❡t❡r❃
✶✷✿ ❁❜♦❞② s❡r✈✐❝❡❂✧tr❡❛t✈✐❝t✐♠s❡r✈✐❝❡s✧ ♠❡t❤♦❞❂✧tr❡❛t❱✐❝t✐♠s✧✴❃
✶✸✿ ❁tr✐❣❣❡r❃
✶✹✿ ❁❣♦❛❧ r❡❢❂✧tr❡❛t❴✈✐❝t✐♠s✧✴❃
✶✺✿ ❁✴tr✐❣❣❡r❃
✶✻✿ ❁✴♣❧❛♥❃
✶✼✿ ❁✴♣❧❛♥s❃
✶✽✿

✶✾✿ ❁s❡r✈✐❝❡s❃
✷✵✿ ❁r❡q✉✐r❡❞s❡r✈✐❝❡ ♥❛♠❡❂✧tr❡❛t✈✐❝t✐♠s❡r✈✐❝❡s✧ ❝❧❛ss❂✧■❚r❡❛t❱✐❝t✐♠s❙❡r✈✐❝❡✧ ♠✉❧t✐♣❧❡❂✧tr✉❡✧✴❃
✷✷✿ ❁✴s❡r✈✐❝❡s❃

❆❜❜✐❧❞✉♥❣ ✸✳✶✻✿ ❆✉ss❝❤♥✐tt ❛✉s ❞❡♠ ❳▼▲ ❞❡s ❈♦♠♠❛♥❞❡r✲❆❣❡♥t❡♥

✵✶✿ ❁❛❝❤✐❡✈❡❣♦❛❧ ♥❛♠❡❂✧tr❡❛t❴✈✐❝t✐♠s✧❃
✵✷✿ ❁♣❛r❛♠❡t❡r ♥❛♠❡❂✧❞✐s❛st❡r✧ ❝❧❛ss❂✧■❙♣❛❝❡❖❜❥❡❝t✧✴❃
✵✸✿ ❁❞❡❧✐❜❡r❛t✐♦♥ ❝❛r❞✐♥❛❧✐t②❂✧✶✧❃
✵✹✿ ❁❞r♦♣s r❡❢❂✧tr❡❛t❴✈✐❝t✐♠s✧❃
✵✺✿ ❁✴❞❡❧✐❜❡r❛t✐♦♥❃
✵✻✿ ❁❣♦❛❧♣✉❜❧✐s❤ ❝❧❛ss❂✧■❚r❡❛t❱✐❝t✐♠s❙❡r✈✐❝❡✧ ♠❡t❤♦❞❂✧tr❡❛t❱✐❝t✐♠s✧✴❃
✵✼✿ ❁✴❛❝❤✐❡✈❡❣♦❛❧❃

❆❜❜✐❧❞✉♥❣ ✸✳✶✼✿ ❆✉ss❝❤♥✐tt ❛✉s ❞❡♠ ❳▼▲ ❞❡s ❆♠❜✉❧❛♥③❛❣❡♥t❡♥

✸✳✷✳✸✳✸ ❩✐❡❧❜❛s✐❡rt❡ ❑♦♦r❞✐♥❛t✐♦♥ ✐♠ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t

Ü❜❡r ❞✐❡ ▼❡❝❤❛♥✐s♠❡♥ ❞❡r ❩✐❡❧❞❡❧❡❣❛t✐♦♥ ❦❛♥♥ ❞❛s ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❙③❡♥❛r✐♦ ❡✐♥❢❛❝❤
✉♥❞ ✐♥t✉✐t✐✈ ✉♠❣❡s❡t③t ✇❡r❞❡♥✳ ❉✐❡ ❙②st❡♠❡❜❡♥❡ ❞❡s ❙③❡♥❛r✐♦s ✇✉r❞❡ ✐♠ ❉❡s✐❣♥ ✭✈❣❧✳
❆❜❜✳ ✸✳✸✮ ❢❡st❣❡❧❡❣t ✉♥❞ ✐♥ ❞❡♥ ❏❛✈❛✲❙❝❤♥✐ttst❡❧❧❡♥ ❞❡r ❙❡r✈✐❝❡s ✭✈❣❧✳ ❆❜❜✳ ✸✳✹✮ ❦♦♥❦r❡t✐✲
s✐❡rt✳ ❉✐❡ ❩✐❡❧❤✐❡r❛r❝❤✐❡ ❞❡s ❈♦♠♠❛♥❞❡r✲❆❣❡♥t❡♥ ✭✈❣❧✳ ❆❜❜✳ ✸✳✼✮ ❦❛♥♥ ♥✉♥ ❞✐r❡❦t ✐♥ ❞❡r
❳▼▲✲❆❣❡♥t❡♥❜❡s❝❤r❡✐❜✉♥❣ ✉♠❣❡s❡t③t ✇❡r❞❡♥ ✭s✳ ❆❜❜✳ ✸✳✶✻✮✳ ■♥ ❞❡♥ ❩❡✐❧❡♥ ✷✲✹ ✇✐r❞ ❡✐♥ ❩✐❡❧
❞❡✜♥✐❡rt✱ ❢ür ❞❛s ✐♥ ❞❡♥ ❩❡✐❧❡♥ ✽✲✶✻ ❡✐♥ P❧❛♥ ❜❡r❡✐t❣❡st❡❧❧t ✇✐r❞✳ ❉✐❡s❡r P❧❛♥ ❞❡❧❡❣✐❡rt ❞❛s
❩✐❡❧ ❛♥ ❡✐♥❡♥ ❙❡r✈✐❝❡ ✭❩❡✐❧❡ ✶✷✮✱ ❞❡r ✐♥ ❩❡✐❧❡ ✷✵ ❛❧s ❘❡q✉✐r❡❞ ❙❡r✈✐❝❡ ❞❡❦❧❛r✐❡rt ✇✐r❞✳ ❉❛ ❞✐❡
❆✉❢❣❛❜❡ ❞❡s ❈♦♠♠❛♥❞❡r✲❆❣❡♥t❡♥ ❞❛r✐♥ ❜❡st❡❤t✱ ❧❡❞✐❣❧✐❝❤ ❆✉❢❣❛❜❡♥ ❛♥ ❛♥❞❡r❡ ❊✐♥❤❡✐t❡♥
③✉ ❞❡❧❡❣✐❡r❡♥✱ s✐♥❞ ❢ür ❞❡♥ ❈♦♠♠❛♥❞❡r✲❆❣❡♥t❡♥ ❢ür ❞❡♥ ❣❡③❡✐❣t❡♥ ❆✉ss❝❤♥✐tt ❞❡s ❚r❡❛t✲
❱✐❝t✐♠s✲❱❡r❤❛❧t❡♥s ❦❡✐♥❡ ✇❡✐t❡r❡♥ P❧❛♥✐♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥ ♥♦t✇❡♥❞✐❣✳

❆♠ ❇❡✐s♣✐❡❧ ❞❡s ❆♠❜✉❧❛♥③❛❣❡♥t❡♥ ❧❛ss❡♥ s✐❝❤ ❞✐❡ ▼❡❝❤❛♥✐s♠❡♥ ❞❡r ❩✐❡❧❜❡❤❛♥❞❧✉♥❣ ❛✉❢
❊♠♣❢ä♥❣❡rs❡✐t❡ ③❡✐❣❡♥✳ ■♥ ❆❜❜✐❧❞✉♥❣ ✸✳✶✼ ✐st ❞❛s ❡♥ts♣r❡❝❤❡♥❞❡ ❩✐❡❧ ❞❛r❣❡st❡❧❧t✳ Ü❜❡r ❞✐❡
❣♦❛❧♣✉❜❧✐s❤✲❉❡❦❧❛r❛t✐♦♥ ✭❩❡✐❧❡ ✻✮ ✇✐r❞ ❞❡r ❩✐❡❧t②♣ ❛♥ ❡✐♥❡♥ Pr♦✈✐❞❡❞ ❙❡r✈✐❝❡ ❣❡❜✉♥❞❡♥✱ s♦
❞❛ss ✐♠♠❡r ✇❡♥♥ ❞✐❡ tr❡❛t❱✐❝t✐♠s✲▼❡t❤♦❞❡ ❞❡s ❙❡r✈✐❝❡s ❛✉❢❣❡r✉❢❡♥ ✇✐r❞ ❡✐♥ ❡♥ts♣r❡❝❤❡♥❞❡s
❩✐❡❧ ❡r③❡✉❣t ✇✐r❞✳ Ü❜❡r ❞✐❡ ❩✐❡❧❞❡❧✐❜❡r❛t✐♦♥s❡✐♥st❡❧❧✉♥❣❡♥ ✭❩❡✐❧❡♥ ✸✲✺✮ ✇✐r❞ ③✉♥ä❝❤st ü❜❡r ❞✐❡
❑❛r❞✐♥❛❧✐tät ❢❡st❣❡❧❡❣t✱ ❞❛ss ❥❡✇❡✐❧s ♥✉r ❡✐♥ ❩✐❡❧ ❞✐❡s❡s ❚②♣s ③✉r ❩❡✐t ❛❦t✐✈ s❡✐♥ ❦❛♥♥✳ ❉✉r❝❤
❞✐❡ ❞r♦♣s✲❉❡❦❧❛r❛t✐♦♥ ✇✐r❞ ③✉❞❡♠ ❛♥❣❡❣❡❜❡♥✱ ❞❛ss ❛✉t♦♠❛t✐s❝❤ ✇❡♥♥ ❡✐♥ ❚r❡❛t✲❱✐❝t✐♠s✲
❩✐❡❧ ❛❦t✐✈ ✐st ❛❧❧❡ ❛♥❞❡r❡♥ ❩✐❡❧❡ ❞✐❡s❡s ❚②♣s ❢❛❧❧❡♥❣❡❧❛ss❡♥ ✭❞r♦♣✮ ✇❡r❞❡♥✳ ❉❛❞✉r❝❤ ✇✐r❞ ③✳❇✳
s✐❝❤❡r❣❡st❡❧❧t✱ ❞❛ss ❞❡r ❡rst❡ ❆✉❢tr❛❣ ✇✐❡ ❣❡✇♦❤♥t ❞✉r❝❤❣❡❢ü❤rt ✇✐r❞✱ ✇❡♥♥ ❡✐♥❡ ❆♠❜✉❧❛♥③
❛✉s ❱❡rs❡❤❡♥ ü❜❡r❜✉❝❤t ✇✐r❞✱ ❞❡r ③✇❡✐t❡ ❆✉❢tr❛❣ ❥❡❞♦❝❤ s♦❢♦rt ♠✐t ❡✐♥❡r ❋❡❤❧❡r♠❡❧❞✉♥❣
❛❜❜r✐❝❤t✱ s♦ ❞❛ss ❞❡r ❈♦♠♠❛♥❞❡r ❞❡♥ ③✇❡✐t❡♥ ❆✉❢tr❛❣ ❛♥ ❡✐♥❡ ❢r❡✐❡ ❆♠❜✉❧❛♥③ ♥❡✉ ✈❡r❣❡❜❡♥
❦❛♥♥✳

✸✳✷✳✹ ❘❡❛❧✐s✐❡r✉♥❣ ❡✐♥❡s ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲❑❡r♥❡❧s ❢ür ❇❉■✲❆✲
❣❡♥t❡♥

❊✐♥❡ ❜❡s♦♥❞❡r❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣ ❜❡✐ ❞❡r ❑♦♥③❡♣t✐♦♥ ♥❡✉❡r ♣r♦❣r❛♠♠✐❡rs♣r❛❝❤❧✐❝❤❡r ❑♦♥✲
str✉❦t❡ ❜❡st❡❤t ❞❛r✐♥✱ ❞❛ss ♣r❛❣♠❛t✐s❝❤❡ ◗✉❛❧✐tät❡♥ ✇✐❡ ❇❡♥✉t③❜❛r❦❡✐t ✉♥❞ ■♥t✉✐t✐✈✐tät ❤ä✉✲
✜❣ ♥✉r ❞✉r❝❤ ❞❛s ❊♥t✇✐❝❦❡❧♥ ❦♦♥❦r❡t❡r ❙♦❢t✇❛r❡ ♠✐t ❞✐❡s❡♥ ❑♦♥str✉❦t❡♥ ❡r♠✐tt❡❧t ✇❡r❞❡♥
❦ö♥♥❡♥✳ ❉❛❤❡r ❜❡st❡❤t ❡✐♥ ❞❡r❛rt✐❣❡r ❑♦♥③❡♣t✐♦♥s♣r♦③❡ss ❤ä✉✜❣ ❛✉s ❱❡rs✉❝❤ ✉♥❞ ■rrt✉♠
❜③✇✳ ❛✉s ✇✐❡❞❡r❤♦❧t❡♥ ❆♥♣❛ss✉♥❣❡♥ ✉♥❞ ❊r❣ä♥③✉♥❣❡♥ ❞❡r ❑♦♥str✉❦t❡✳ ■♥ ❋♦❧❣❡ ❞❡r ❲❡✐✲
t❡r❡♥t✇✐❝❦❧✉♥❣ ❞❡s ❇❉■✲▼♦❞❡❧❧s ❣❡❧❛♥❣t❡ ❞✐❡ ❜✐s❤❡r✐❣❡ ❏❛❞❡①✲❯♠s❡t③✉♥❣ ❛✉s ❬P♦❦✵✼❪ ❛♥



✹✵ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥
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❆❜❜✐❧❞✉♥❣ ✸✳✶✽✿ ❆✉❢❜❛✉ ❞❡s ❇❉■ ❱✷ ■♥t❡r♣r❡t❡rs ✭♥❛❝❤ ❬❆✲✸❪✮

●r❡♥③❡♥✱ s♦✇♦❤❧ ❞✐❡ ❲❛rt❜❛r❦❡✐t ❛❧s ❛✉❝❤ ❞✐❡ P❡r❢♦r♠❛♥③ ❜❡tr❡✛❡♥❞✳ ❉❛❤❡r ✇✉r❞❡ ✐♥ ❬❆✲✸❪
❡✐♥❡ s②st❡♠❛t✐s❝❤❡ ❆♥❛❧②s❡ ✉♥❞ ◆❡✉❦♦♥③❡♣t✐♦♥ ✈♦♥ ❏❛❞❡① ✭❣❡♥❛♥♥t ❏❛❞❡① ❱✷✮ ❞✉r❝❤❣❡❢ü❤rt✳
❆✉s❣❛♥❣s♣✉♥❦t ❞✐❡s❡r ◆❡✉❦♦♥③❡♣t✐♦♥ ✇❛r ③✉♥ä❝❤st ❞✐❡ ❋❡stst❡❧❧✉♥❣✱ ❞❛ss ❞✐❡ P❡r❢♦r♠❛♥③ ✈♦♥
❏❛❞❡① ③✇❛r ❡✐♥❡rs❡✐ts ❢ür ❞✐❡ ❯♠s❡t③✉♥❣ ✈♦♥ ❋♦rs❝❤✉♥❣s♣r♦t♦t②♣❡♥ ❛✉sr❡✐❝❤❡♥❞ ✇❛r ✉♥❞ ✐♥
✈✐❡❧❡♥ ❇❡❧❛♥❣❡♥ ü❜❡r ❞❡r ▲❡✐st✉♥❣s❢ä❤✐❣❦❡✐t ✈❡r❣❧❡✐❝❤❜❛r❡r ❛❦❛❞❡♠✐s❝❤❡r ❆❣❡♥t❡♥❢r❛♠❡✇♦r❦s
❧❛❣✳ ❆♥❞❡r❡rs❡✐ts ❜❡st❛♥❞ ❞❡♥♥♦❝❤ ❡✐♥ ❞❡✉t❧✐❝❤❡r ❆❜st❛♥❞ ③✉ ❦♦♠♠❡r③✐❡❧❧❡♥ ▲ös✉♥❣❡♥ ✇✐❡
❏❆❈❑ ❬❲✐♥✵✺❪ ✉♥❞ ❲❤✐t❡st❡✐♥s ▲❙✴❚❙ ❬❘●❑✵✻❪✳ ❉❛rü❜❡r ❤✐♥❛✉s s♦❧❧t❡ ❞❡r ❆✉❢❜❛✉ ❞❡r ❆r✲
❝❤✐t❡❦t✉r ❞❛❤✐♥❣❡❤❡♥❞ ♥❡✉ ❣❡st❛❧t❡t ✇❡r❞❡♥✱ ❛✉❝❤ ✐♥ ❩✉❦✉♥❢t ❡✐♥❢❛❝❤❡ ❊r✇❡✐t❡r✉♥❣❡♥ ③✉♠
❊①♣❡r✐♠❡♥t✐❡r❡♥ ♠✐t ♥❡✉❡♥ Pr♦❣r❛♠♠✐❡r❦♦♥str✉❦t❡♥ ③✉ ❡r♠ö❣❧✐❝❤❡♥✳

❉✐❡ ✈❡rs❝❤✐❡❞❡♥❡♥ ✐♥ ❞❡♥ ✈♦r❛♥❣❡❣❛♥❣❡♥❡♥ ❆❜s❝❤♥✐tt❡♥ ✈♦r❣❡st❡❧❧t❡♥ ❲❡✐t❡r❡♥t✇✐❝❦❧✉♥✲
❣❡♥ ♠❡♥t❛❧❡r ❆tt✐tü❞❡♥ ❞❡s ❇❉■✲▼♦❞❡❧❧s ❡r❢♦r❞❡r♥✱ ❞❛ss ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❱❡r❤❛❧t❡♥s✇❡✐s❡♥
❢ür ❆❣❡♥t❡♥ ❧❡✐❝❤t ✐♥ ❡✐♥❡ ❣❡♠❡✐♥s❛♠❡ ❆✉s❢ü❤r✉♥❣s✐♥❢r❛str✉❦t✉r ✐♥t❡❣r✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳
❍✐❡r❢ür ✇✉r❞❡ ❡✐♥❡ ❘✉❧❡ ❊♥❣✐♥❡ ❛❧s ❣❡❡✐❣♥❡t❡ ❆✉s❢ü❤r✉♥❣s✉♠❣❡❜✉♥❣ ✐❞❡♥t✐✜③✐❡rt✱ ❞❛ s✐❡ ❡✐♥❡
❚r❡♥♥✉♥❣ ✈♦♥ ❩✉st❛♥❞ ✉♥❞ ❱❡r❤❛❧t❡♥ ✭❘❡❣❡❧♥✱ ❞✐❡ ❩✉st❛♥❞sä♥❞❡r✉♥❣❡♥ ❛✉s❧ös❡♥✮ ✈♦rs✐❡❤t✳
❉❛♠✐t ❦ö♥♥❡♥ ✈❡rs❝❤✐❡❞❡♥❡ ❱❡r❤❛❧t❡♥s❛s♣❡❦t❡✱ ✇✐❡ ❞✐❡ ❜❡r❡✐ts ❡①✐st✐❡r❡♥❞❡ ❩✐❡❧❞❡❧✐❜❡r❛t✐♦♥✱
s♦✇✐❡ ♥❡✉❡ ❆s♣❡❦t❡✱ ✇✐❡ ❞✐❡ ❇❡❤❛♥❞❧✉♥❣ ✈♦♥ ▲❛♥❣③❡✐t③✐❡❧❡♥ ♦❞❡r ❩✐❡❧✐♥t❡r❛❦t✐♦♥❡♥✱ ✉♥❛❜✲
❤ä♥❣✐❣ ✈♦♥❡✐♥❛♥❞❡r ❛❧s ▼❡♥❣❡♥ ✈♦♥ ❘❡❣❡❧♥ ❡♥t✇✐❝❦❡❧t ✇❡r❞❡♥✱ ❞✐❡ ❛✉❢ ❞❡♥ ❣❡♠❡✐♥s❛♠❡♥
❩✉st❛♥❞ ❞❡s ❆❣❡♥t❡♥ ③✉❣r❡✐❢❡♥✳ ❉❛rü❜❡r ❤✐♥❛✉s s✐♥❞ ❢ür ❘✉❧❡ ❊♥❣✐♥❡s ❤♦❝❤♣❡r❢♦r♠❛♥t❡
❆✉s❢ü❤r✉♥❣s❛❧❣♦r✐t❤♠❡♥ ✇✐❡ ❘❡t❡ ❬❋♦r✽✷❪ ❜❡❦❛♥♥t✱ s♦ ❞❛ss ❡✐♥❡ ❞❡r❛rt✐❣❡ ❆✉s❢ü❤r✉♥❣s✐♥❢r❛✲
str✉❦t✉r ❛✉❝❤ ❡✣③✐❡♥t ✉♠❣❡s❡t③t ✇❡r❞❡♥ ❦❛♥♥✳

❆❜❜✐❧❞✉♥❣ ✸✳✶✽ ③❡✐❣t ❞❡♥ r❡s✉❧t✐❡r❡♥❞❡♥ ❆✉❢❜❛✉ ❞❡s ❏❛❞❡① ❇❉■ ❱✷ ■♥t❡r♣r❡t❡rs ♥❛❝❤
❬❆✲✸❪✳ ■♥ ❞❡r ✉♥t❡r❡♥ ❍ä❧❢t❡ ✜♥❞❡t s✐❝❤ ❡✐♥❡ ❣❡♥❡r✐s❝❤❡ ❘✉❧❡ ❊♥❣✐♥❡ ♦❤♥❡ ❇❉■✲s♣❡③✐✜s❝❤❡
❋✉♥❦t✐♦♥❛❧✐tät✳ ❉❡r ■♥t❡r♣r❡t❡r ü❜❡r♥✐♠♠t ❞❛❜❡✐ ❞✐❡ ❆✉s❢ü❤r✉♥❣✱ ❞✳❤✳✱ ❡r s❡❧❡❦t✐❡rt ♣❡r✐✲
♦❞✐s❝❤ ❡✐♥❡ ❛❦t✐✈✐❡rt❡ ❘❡❣❡❧ ❛✉s ❞❡r ❆❣❡♥❞❛ ✉♥❞ ❢ü❤rt ❞❡♥ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❆❦t✐♦♥st❡✐❧ ❛✉s✳
❩✉❞❡♠ ❦❛♥♥ ❞❡r ■♥t❡r♣r❡t❡r ❛✉❝❤ ❡①t❡r♥❡ ❊r❡✐❣♥✐ss❡ ✈❡r❛r❜❡✐t❡♥✱ ✇✐❡ ③✳❇✳ ❞❡♥ ❊✐♥❣❛♥❣ ❡✐♥❡r
◆❛❝❤r✐❝❤t✳ ❉❡r ❩✉st❛♥❞ ✇✐r❞ ❞❛❜❡✐ ❛❧s ▼❡♥❣❡ ✈♦♥ ❖❆❱✲❚r✐♣❡❧♥ ✭♦❜❥❡❝t✱ ❛ttr✐❜✉t❡✱ ✈❛❧✉❡✮
r❡♣räs❡♥t✐❡rt✱ ✇♦❜❡✐ ❢ür ❞✐❡ ❙♣❡✐❝❤❡r✉♥❣ ✈❡rs❝❤✐❡❞❡♥❡ ■♠♣❧❡♠❡♥t❛t✐♦♥❡♥ ③✉r ❱❡r❢ü❣✉♥❣ st❡✲
❤❡♥ ❦ö♥♥❡♥ ✭❏❛✈❛ ❙❊ ✈s✳ ❏❛✈❛ ❊❊✮✳ ❑❡r♥stü❝❦ ❞❡r ❘✉❧❡ ❊♥❣✐♥❡ ✐st ❞❡r P❛tt❡r♥ ▼❛t❝❤❡r✱
❞❡r ♥❛❝❤ ❥❡❞❡r ❩✉st❛♥❞sä♥❞❡r✉♥❣ ❞✐❡ ▼❡♥❣❡ ❞❡r ❛❦t✐✈✐❡rt❡♥ ❘❡❣❡❧♥ ♥❡✉ ❜❡st✐♠♠t✳ ❉❡r❛r✲
t✐❣❡ ▼❛t❝❤✲❆❧❣♦r✐t❤♠❡♥ ❛r❜❡✐t❡♥ ♠❡✐st ✐♥❦r❡♠❡♥t❡❧❧ ✉♥❞ s♣❡✐❝❤❡r♥ t❡✐❧✇❡✐s❡ ✉♠❢❛♥❣r❡✐❝❤❡
❩✇✐s❝❤❡♥❡r❣❡❜♥✐ss❡ ✭♣❛rt✐❛❧ ♠❛t❝❤❡s✮✱ ❞✳❤✳✱ ❡✐♥❡ s❝❤♥❡❧❧❡r❡ ❆✉s❢ü❤r✉♥❣s③❡✐t ✇✐r❞ ❞✉r❝❤ ❡✐♥❡♥
❡r❤ö❤t❡♥ ❙♣❡✐❝❤❡r✈❡r❜r❛✉❝❤ ❡r❦❛✉❢t✳ ■♥ ❬❊▲❛✵✾❪ ✇✉r❞❡ ❞❛❤❡r ❡✈❛❧✉✐❡rt✱ ✇✐❡ s✐❝❤ ✈❡rs❝❤✐❡❞❡♥❡
▼❛t❝❤✲❆❧❣♦r✐t❤♠❡♥ ❛✉❢ ❞✐❡ P❡r❢♦r♠❛♥③ ✈♦♥ ❏❛❞❡① ❛✉s✇✐r❦❡♥✳ ❆❧s ❊r❣❡❜♥✐s ✇✉r❞❡ ♥❡❜❡♥
❘❡t❡ ❛✉❝❤ ❞❡r ❚❘❊❆❚✲❆❧❣♦r✐t❤♠✉s ❬▼✐r✽✼❪ ✉♠❣❡s❡t③t✱ s♦ ❞❛ss ❥❡ ♥❛❝❤ ❆♥✇❡♥❞✉♥❣s❦♦♥t❡①t
❡✐♥ ❆❧❣♦r✐t❤♠✉s ♠✐t ♣❛ss❡♥❞❡♥ P❡r❢♦r♠❛♥③❡✐❣❡♥s❝❤❛❢t❡♥ ❣❡✇ä❤❧t ✇❡r❞❡♥ ❦❛♥♥✳

❉❡r ❇❉■ ❑❡r♥❡❧ s❡t③t ❛✉❢ ❞❡r ❘✉❧❡ ❊♥❣✐♥❡ ❛✉❢ ✉♥❞ ❞❡✜♥✐❡rt ❡✐♥❡rs❡✐ts ❞❛s ▼❡t❛♠♦❞❡❧❧
✉♥❞ ❞❛s ▲❛✉❢③❡✐t❞❛t❡♥♠♦❞❡❧❧ ❢ür ❞✐❡ ❖❆❱✲❙tr✉❦t✉r✱ ❞✳❤✳✱ ✇❡❧❝❤❡ ▼♦❞❡❧❧✲ ✉♥❞ ■♥st❛♥③♦❜❥❡❦t❡
♠✐t ✇❡❧❝❤❡♥ ❆ttr✐❜✉t❡♥ r❡♣räs❡♥t✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❆♥❞❡r❡rs❡✐ts ✇❡r❞❡♥ ❢ür ❞✐❡ ❡✐♥③❡❧♥❡♥
❱❡r❤❛❧t❡♥s✇❡✐s❡♥ ❘❡❣❡❧♥ ❞❡✜♥✐❡rt✱ ❞✐❡ ❞✐❡ ❡r❧❛✉❜t❡♥ ❜③✇✳ ❣❡❢♦r❞❡rt❡♥ ❩✉st❛♥❞sä♥❞❡r✉♥❣❡♥
❜❡s❝❤r❡✐❜❡♥✳ ❊✐♥❡ ❇❡✐s♣✐❡❧r❡❣❡❧ ✐♥ ❈▲■P❙✲◆♦t❛t✐♦♥ ③❡✐❣t ❆❜❜✳ ✸✳✶✾✿ ❲❡♥♥ ❞❡r ❆❣❡♥t❡♥③✉✲
st❛♥❞ ❡✐♥ ❖❜❥❡❦t ✈♦♠ ❚②♣ ♣❧❛♥ ❡♥t❤ä❧t ✭❱❛r✐❛❜❧❡ ❄♣✮✱ ❞❡ss❡♥ ♣r♦❝❡ss✐♥❣st❛t❡✲❆ttr✐❜✉t ❞❡♥
❲❡rt r❡❛❞② ❜❡s✐t③t ✉♥❞ ❞❡ss❡♥ ❧✐❢❡❝②❝❧❡st❛t❡✲❆ttr✐❜✉t ❞❡♥ ❲❡rt ❜♦❞② ❜❡s✐t③t✱ ✉♥❞ ③✉sät③❧✐❝❤
❡✐♥ ❆❣❡♥t❡♥♦❜❥❡❦t ✭❱❛r✐❛❜❧❡ ❄❛✮ ❡①✐st✐❡rt✱ ❞❛s ❞❛s P❧❛♥♦❜❥❡❦t ✐♠ ❆ttr✐❜✉t ♣❧❛♥s ❡♥t❤ä❧t✱



✸✳✸✳ ❙✐♠✉❧❛t✐♦♥s✐♥t❡❣r❛t✐♦♥ ✹✶

❄♣ ❁✲ ✭♣❧❛♥ ✭♣r♦❝❡ss✐♥❣st❛t❡ ✏r❡❛❞②✑✮ ✭❧✐❢❡❝②❝❧❡st❛t❡ ✏❜♦❞②✑✮✮
❄❛ ❁✲ ✭❛❣❡♥t ✭♣❧❛♥s ❝♦♥t❛✐♥s ❄♣✮✮
❂❃ ✴✴ ❏❛✈❛ ❝♦❞❡ ❢♦r ♣❧❛♥ ❜♦❞② ❡①❡❝✉t✐♦♥

❆❜❜✐❧❞✉♥❣ ✸✳✶✾✿ ❇❡✐s♣✐❡❧r❡❣❡❧ ③✉♠ ❆✉s❧ös❡♥ ❡✐♥❡r P❧❛♥❛✉s❢ü❤r✉♥❣ ✭✐♥ ❈▲■P❙✲◆♦t❛t✐♦♥✱ ♥❛❝❤
❬❆✲✸❪✮

❞❛♥♥ ❦❛♥♥ ❏❛✈❛ ❈♦❞❡ ❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥✱ ❞❡r ✉♥t❡r ❱❡r✇❡♥❞✉♥❣ ❞❡r ❣❡❜✉♥❞❡♥❡♥ ❱❛r✐❛❜❧❡♥
❄♣ ✉♥❞ ❄❛ ❡✐♥❡♥ P❧❛♥s❝❤r✐tt ❛✉s❢ü❤rt✳ ❋ür ❛❧❧❡ ❆s♣❡❦t❡ ❞❡s ❆❣❡♥t❡♥✈❡r❤❛❧t❡♥s✱ ✇✐❡ ▼❡❛♥s✲
❊♥❞ ❘❡❛s♦♥✐♥❣✱ ●♦❛❧ ❉❡❧✐❜❡r❛t✐♦♥ ❡t❝✳ ❦ö♥♥❡♥ s♦ r❡❧❛t✐✈ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥❡✐♥❛♥❞❡r ❘❡❣❡❧✲
♠❡♥❣❡♥ ❞❡✜♥✐❡rt ✇❡r❞❡♥✳ ❩✉r ❑♦♥✢✐❦tr❡s♦❧✉t✐♦♥✱ ❢❛❧❧s ♠❡❤r❡r❡ ❘❡❣❡❧♥ ❣❧❡✐❝❤③❡✐t✐❣ ❛❦t✐✈✐❡rt
s✐♥❞✱ ❦ö♥♥❡♥ ③✉❞❡♠ ❢ür ❞✐❡ ❡✐♥③❡❧♥❡♥ ❘❡❣❡❧♥ Pr✐♦r✐tät❡♥ ❢❡st❣❡❧❡❣t ✇❡r❞❡♥✳ ❩✉❞❡♠ ✇✉r❞❡♥
✇❡✐t❡r❡ ❖♣t✐♠✐❡r✉♥❣❡♥ ✈♦r❣❡♥♦♠♠❡♥✱ ❞✐❡ ✉♥t❡r ❛♥❞❡r❡♠ ❞❛s ♣❛rt✐❡❧❧❡ ▼❛t❝❤✐♥❣ ✈♦♥ ❘❡❣❡❧♥
✈❡r♠❡✐❞❡♥✱ ❞✐❡ ❢ür ❞✐❡ ❆✉s❢ü❤r✉♥❣ ❜❡st✐♠♠t❡r ❆❣❡♥t❡♥ ♥✐❝❤t r❡❧❡✈❛♥t s✐♥❞✱ s♦ ❞❛ss ③✳❇✳ ❉❡❧✐✲
❜❡r❛t✐♦♥sr❡❣❡❧♥ ✐❣♥♦r✐❡rt ✇❡r❞❡♥✱ ✇❡♥♥ ❡✐♥ ❆❣❡♥t ❦❡✐♥❡ ❩✐❡❧❡ ♠✐t ❉❡❧✐❜❡r❛t✐♦♥s❜❡❞✐♥❣✉♥❣❡♥
❜❡s✐t③t✳

❋ür ❞✐❡ ❆❣❡♥t❡♥♣r♦❣r❛♠♠✐❡r✉♥❣ ❛✉❢ ❆♥✇❡♥❞✉♥❣s❡❜❡♥❡ s♦❧❧❡♥ ❞✐❡ ■♥t❡r♥❛ ❣röÿt❡♥t❡✐❧s
✈❡r❜♦r❣❡♥ s❡✐♥ ✉♥❞ ✈✐❡❧♠❡❤r ❞✐❡ ❣❡✇♦❤♥t❡ ❙②♥t❛① ❞❡r ❏❛✈❛✲Pr♦❣r❛♠♠✐❡r✉♥❣ ③✉r ❱❡r❢ü❣✉♥❣
st❡❤❡♥✳ ❉❛③✉ ✇✐r❞ ❞❡r ✐♥t❡r♥❡ ❖❆❱✲❆❣❡♥t❡♥③✉st❛♥❞ ü❜❡r ❏❛✈❛✲■♥t❡r❢❛❝❡s ❣❡❦❛♣s❡❧t✱ ❞✐❡ ❞✐❡✲
s❡♥ ♥❛❝❤ ❞❡♠ ❋❧②✇❡✐❣❤t P❛tt❡r♥ ❬●❛♠✰✾✹❪ ❛❧s ❏❛✈❛✲❖❜❥❡❦t❡ ③✉❣r❡✐❢❜❛r ♠❛❝❤❡♥✳ ❩✉❞❡♠ ✇✐r❞
♥❡❜❡♥ ❞❡♠ ❈▲■P❙ P❛rs❡r ❛✉❝❤ ❡✐♥ ❏❛✈❛ P❛rs❡r ❜❡r❡✐t❣❡st❡❧❧t✱ ❞❡r ❏❛✈❛✲❆✉s❞rü❝❦❡✱ ③✳❇✳ ✐♥
❩✐❡❧❜❡❞✐♥❣✉♥❣❡♥✱ ✐♥ ❘❡❣❡❧♥ ü❜❡rs❡t③t✱ ❞✐❡ ✈♦♥ ❞❡r ❘✉❧❡ ❊♥❣✐♥❡ ✈❡r❛r❜❡✐t❡t ✇❡r❞❡♥ ❦ö♥♥❡♥✳

❉✉r❝❤ ❞✐❡ ♥❡✉❡ ❆r❝❤✐t❡❦t✉r ❦♦♥♥t❡ ❡✐♥❡rs❡✐ts ❞✐❡ ❣❡✇ü♥s❝❤t❡ ❊r✇❡✐t❡r❜❛r❦❡✐t ❞❡s ❆❣❡♥✲
t❡♥✈❡r❤❛❧t❡♥s ❡rr❡✐❝❤t ✇❡r❞❡♥✳ ❆♥❞❡r❡rs❡✐ts ✇✉r❞❡♥ ❛✉❝❤ P❡r❢♦r♠❛♥③st❡✐❣❡r✉♥❣❡♥ ❡r③✐❡❧t✱ s♦
❞❛ss ✐♠ ❱❡r❣❧❡✐❝❤ ③✉ ❏❛❞❡① ❱✶ ❥❡ ♥❛❝❤ ❆♥✇❡♥❞✉♥❣s❜❡✐s♣✐❡❧ t❡✐❧✇❡✐s❡ ❞✐❡ ③❡❤♥❢❛❝❤❡ ▼❡♥❣❡
❛♥ ❆❣❡♥t❡♥ ♦❤♥❡ P❡r❢♦r♠❛♥③❡✐♥❜✉ÿ❡♥ ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥ ❦❛♥♥✳✷

✸✳✸ ❙✐♠✉❧❛t✐♦♥s✐♥t❡❣r❛t✐♦♥

■♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ s♦❧❧❡♥ ✐♥ ❞❡r ▲❛❣❡ s❡✐♥✱ ✐♥ ❦♦♠♣❧❡①❡♥ ❯♠❣❡❜✉♥❣❡♥ s❡❧❜st✲
stä♥❞✐❣ ❊♥ts❝❤❡✐❞✉♥❣❡♥ ③✉ tr❡✛❡♥✱ ③✳❇✳ ✉♠ ❞❡♠ ❇❡♥✉t③❡r ❤✐❧❢r❡✐❝❤❡ ❱♦rs❝❤❧ä❣❡ ③✉ ✉♥t❡r❜r❡✐✲
t❡♥ ♦❞❡r ❆✉❢❣❛❜❡♥ ✈♦❧❧stä♥❞✐❣ ❛✉t♦♠❛t✐s✐❡rt ❞✉r❝❤③✉❢ü❤r❡♥✳ ❇❡✐ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ❞❡r❛rt✐❣❡r
❆♥✇❡♥❞✉♥❣❡♥ st❡❧❧t ❞✐❡ ❇❡✇❡rt✉♥❣ ❞❡r ❚❛✉❣❧✐❝❤❦❡✐t ❣❡✇ä❤❧t❡r ▲ös✉♥❣s❛♥sät③❡ ❤ä✉✜❣ ❡✐♥❡
❜❡s♦♥❞❡r❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣ ❞❛r✳ ❊✐♥③❡❧♥❡ ❊♥ts❝❤❡✐❞✉♥❣❡♥ ❦ö♥♥❡♥ ♦❢t♠❛❧s ♥✐❝❤t ✐s♦❧✐❡rt ❛❧s
r✐❝❤t✐❣ ♦❞❡r ❢❛❧s❝❤ ❡✐♥❣❡♦r❞♥❡t ✇❡r❞❡♥✱ s♦♥❞❡r♥ ♠üss❡♥ ✐♠ ❑♦♥t❡①t ♠✐t ❛♥❞❡r❡♥ ❊♥ts❝❤❡✐✲
❞✉♥❣❡♥ ❣❡s❡❤❡♥ ✇❡r❞❡♥✳ ❙♦ ❦❛♥♥ ♠❛♥ ③✳❇✳ ✐♠ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❙③❡♥❛r✐♦ ♥✐❝❤t ❛♥❤❛♥❞
❡✐♥❡r ❡✐♥③❡❧♥❡♥ ❩✉✇❡✐s✉♥❣ ❡✐♥❡s ❊✐♥s❛t③✇❛❣❡♥s ③✉ ❡✐♥❡♠ ❜❡st✐♠♠t❡♥ ❯♥❢❛❧❧ ❡r❦❡♥♥❡♥✱ ♦❜
❡✐♥❡ ❑♦♦r❞✐♥❛t✐♦♥sstr❛t❡❣✐❡ ❦♦rr❡❦t ✐♠♣❧❡♠❡♥t✐❡rt ✐st ✉♥❞ ❤♦❝❤✇❡rt✐❣❡ ▲ös✉♥❣❡♥ ❧✐❡❢❡rt✳ ❱✐❡❧✲
♠❡❤r ♠üss❡♥ ❞✐❡ ❧❛♥❣❢r✐st✐❣❡♥ ❆✉s✇✐r❦✉♥❣❡♥ ❡✐♥❡r ❙tr❛t❡❣✐❡ ❡r♠✐tt❡❧t ✉♥❞ ✐❞❡❛❧❡r ❲❡✐s❡ ♠✐t
❛❧t❡r♥❛t✐✈❡♥ ❙tr❛t❡❣✐❡♥ ✈❡r❣❧✐❝❤❡♥ ✇❡r❞❡♥✳

❊✐♥❡ ♣r✐♥③✐♣✐❡❧❧ ❣❡❡✐❣♥❡t❡ ❚❡❝❤♥✐❦ ❢ür ❞✐❡ ❧❛♥❣❢r✐st✐❣❡ ❇❡✇❡rt✉♥❣ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡r ❱❡r✲
❤❛❧t❡♥s✇❡✐s❡♥ ✐st ❞✐❡ ❙✐♠✉❧❛t✐♦♥✳ ■♥ ❙✐♠✉❧❛t✐♦♥s✇❡r❦③❡✉❣❡♥ ❦ö♥♥❡♥ ✈❡rs❝❤✐❡❞❡♥❡ ❙tr❛t❡❣✐✲
❡♥ ♣r♦t♦t②♣✐s❝❤ ✉♠❣❡s❡t③t ✉♥❞ ❛✉❢ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ Pr♦❜❧❡♠st❡❧❧✉♥❣❡♥ ❛♥❣❡✇❛♥❞t ✇❡r❞❡♥✳
◆❛❝❤t❡✐❧ ❞✐❡s❡r ❚❡❝❤♥✐❦ ✐st✱ ❞❛ss ❞✐❡ ❛✉❢ ❞✐❡s❡ ❲❡✐s❡ ❣❡✇ä❤❧t❡ ❙tr❛t❡❣✐❡ ♥❛❝❤ ❆❜s❝❤❧✉ss
❞❡r ❙✐♠✉❧❛t✐♦♥s❡①♣❡r✐♠❡♥t❡ ❡r♥❡✉t ✐♥ ❡✐♥❡r ❤❡r❦ö♠♠❧✐❝❤❡♥ Pr♦❣r❛♠♠✐❡rs♣r❛❝❤❡ ✉♠❣❡s❡t③t
✇❡r❞❡♥ ♠✉ss✳ ❩✉r ❱❡r❡✐♥❢❛❝❤✉♥❣ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ✐♥t❡❧❧✐❣❡♥t❡r ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ✇✉r✲
❞❡ ❞❛❤❡r ❡✐♥❡ ❜❡ss❡r❡ ■♥t❡❣r❛t✐♦♥ ✈♦♥ ❙✐♠✉❧❛t✐♦♥st❡❝❤♥✐❦❡♥ ❛♥❣❡str❡❜t✳ ❉❛s ❩✐❡❧ ❞❛❜❡✐ ✐st✱
❞❛ss ❆♥✇❡♥❞✉♥❣❡♥s✐♠♣❧❡♠❡♥t❛t✐♦♥❡♥✱ ❞✐❡ ♠✐t ❡✐♥❡♠ ❋♦❦✉s ❛✉❢ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡ ❆s♣❡❦✲
t❡ ❡♥t✇✐❝❦❡❧t ✇❡r❞❡♥✱ ✇ä❤r❡♥❞ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ❛✉❝❤ ③✉ ❙✐♠✉❧❛t✐♦♥s❡①♣❡r✐♠❡♥t❡♥ ❣❡♥✉t③t
✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❆✉❢ ❞✐❡s❡ ❲❡✐s❡ ❦ö♥♥❡♥ ♥✐❝❤t ♥✉r ❞✐❡ ❙tr❛t❡❣✐❡♥ ❛✉❢ ❦♦♥③❡♣t✉❡❧❧❡r ❊❜❡♥❡
❜❡✇❡rt❡t ✇❡r❞❡♥✱ s♦♥❞❡r♥ ❡s ❦ö♥♥❡♥ ❛✉❝❤ s②st❡♠❛t✐s❝❤❡ ❚❡sts ❡r❢♦❧❣❡♥✱ ✉♠ ❞✐❡ ❦♦rr❡❦t❡
❋✉♥❦t✐♦♥s✇❡✐s❡ ❞❡r ❦♦♥❦r❡t❡♥ ■♠♣❧❡♠❡♥t❛t✐♦♥ ♥❛❝❤③✉✇❡✐s❡♥✳ ❉❛rü❜❡r ❤✐♥❛✉s ❦ö♥♥❡♥ ❙✐♠✉✲
❧❛t✐♦♥s✉♠❣❡❜✉♥❣❡♥ ♠✐t ❡✐♥❡r ❱✐s✉❛❧✐s✐❡r✉♥❣ ✈❡rs❡❤❡♥ ✇❡r❞❡♥✱ ✉♠ ❞✉r❝❤ ❡✐♥❡ ❛♥s❝❤❛✉❧✐❝❤❡
❉❛rst❡❧❧✉♥❣ ❞❡s ❆♥✇❡♥❞✉♥❣s✈❡r❤❛❧t❡♥s ❛✉❝❤ ❞❛s ❱❡rstä♥❞♥✐s ❞❡r ❆❜❧ä✉❢❡ ✉♥❞ s♦♠✐t ❞❛s
❉❡❜✉❣❣✐♥❣ ③✉ ❡r❧❡✐❝❤t❡r♥✳

❯♠ ❞✐❡s❡ ■♥t❡❣r❛t✐♦♥ ③✇✐s❝❤❡♥ ❙♦❢t✇❛r❡t❡❝❤♥✐❦ ✉♥❞ ❙✐♠✉❧❛t✐♦♥ ③✉ ❡rr❡✐❝❤❡♥✱ ✇✉r❞❡♥

✷▼✐tt❡❧s ❞❡r ü❜❡r ❤tt♣✿//s♦✉r❝❡❢♦r❣❡.♥❡t/♣r♦❥❡❝ts/❥❛❞❡①/❢✐❧❡s/ ✈❡r❢ü❣❜❛r❡♥ ❛❧t❡♥ ✉♥❞ ♥❡✉❡♥ ❱❡rs✐♦♥❡♥
❧❛ss❡♥ s✐❝❤ ❞✐❡s❡ ❯♥t❡rs❝❤✐❡❞❡ ♥❛❝❤✈♦❧❧③✐❡❤❡♥✱ ✉✳❛✳ ✐♥ ❞❡r ❇❡✐s♣✐❡❧❛♥✇❡♥❞✉♥❣ ✒❍✉♥t❡rPr❡②✑✳

http://sourceforge.net/projects/jadex/files/


✹✷ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥
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❆❜❜✐❧❞✉♥❣ ✸✳✷✵✿ ■♥t❡❣r❛t✐♦♥ ✈♦♥ ❙✐♠✉❧❛t✐♦♥ ✉♥❞ ❆✉s❢ü❤r✉♥❣ ✭❛✉s ❬❆✲✹❪✮

❦♦♥❦r❡t ③✇❡✐ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❛❞r❡ss✐❡rt✿ ❊✐♥❡rs❡✐ts ✇✉r❞❡ ❡✐♥❡ ❆✉s❢ü❤r✉♥❣s✉♠❣❡❜✉♥❣
❡♥t✇✐❝❦❡❧t✱ ❞✐❡ ❡s ❡r❧❛✉❜t✱ ❆♥✇❡♥❞✉♥❣❡♥ s♦✇♦❤❧ ✐♥ ❘❡❛❧③❡✐t ❛❧s ❛✉❝❤ ✐♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥
❙✐♠✉❧❛t✐♦♥s♠♦❞✐ ❧❛✉❢❡♥ ③✉ ❧❛ss❡♥✳ ❆♥❞❡r❡rs❡✐ts ✇✉r❞❡♥ ▼❡❝❤❛♥✐s♠❡♥ ❜❡r❡✐t❣❡st❡❧❧t✱ ✉♠ ❞❛s
❊rst❡❧❧❡♥ ✉♥❞ ❱✐s✉❛❧✐s✐❡r❡♥ ✈✐rt✉❡❧❧❡r ❯♠❣❡❜✉♥❣❡♥ ③✉ ❡r❧❡✐❝❤t❡r♥✱ ❞✐❡ ❞✐❡ r❡❛❧❡ ❯♠❣❡❜✉♥❣
✐♥ ❞❡r ❙✐♠✉❧❛t✐♦♥ ❡rs❡t③❡♥✳

✸✳✸✳✶ ❙✐♠✉❧❛t✐♦♥s❛✉s❢ü❤r✉♥❣

❉✐❡ ❆✉❢❣❛❜❡ ❞❡r ❙✐♠✉❧❛t✐♦♥s❛✉s❢ü❤r✉♥❣ ❜❡st❡❤t ❞❛r✐♥✱ ❞❛s ❋♦rts❝❤r❡✐t❡♥ ❞❡r ❩❡✐t ✐♥ ❞❡r
❆♥✇❡♥❞✉♥❣ ③✉ st❡✉❡r♥✳ ❍✐❡r❜❡✐ s✐♥❞ ❣r✉♥❞sät③❧✐❝❤ ③✇❡✐ ✈❡rs❝❤✐❡❞❡♥❡ ▼♦❞✐ ♠ö❣❧✐❝❤✿ ❞✐❡ ❦♦♥✲
t✐♥✉✐❡r❧✐❝❤❡ ❆✉s❢ü❤r✉♥❣ ✉♥❞ ❞✐❡ ❞✐s❦r❡t❡ ❆✉s❢ü❤r✉♥❣✳ ❇❡✐ ❞❡r ❦♦♥t✐♥✉✐❡r❧✐❝❤❡♥ ❆✉s❢ü❤r✉♥❣
s❝❤r❡✐t❡t ❞✐❡ ❙✐♠✉❧❛t✐♦♥s③❡✐t ♠✐t ❦♦♥st❛♥t❡r ●❡s❝❤✇✐♥❞✐❣❦❡✐t ✈♦r❛♥✳ ❉✐❡ ❩❡✐t ✇✐r❞ ❡①t❡r♥
❣❡st❡✉❡rt ✉♥❞ ✈❡r❧ä✉❢t s♦♠✐t ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❞❡r ❆♥✇❡♥❞✉♥❣✳ ❆❦t✐✈✐tät❡♥ ✇❡r❞❡♥ ③✉ ❡✐♥❡♠
❜❡st✐♠♠t❡♥ ❩❡✐t♣✉♥❦t ❛♥❣❡st♦ÿ❡♥ ✉♥❞ ❜❡s✐t③❡♥ ❡✐♥❡ ♠❡✐st ③❡✐t❧✐❝❤❡ ❆✉s❞❡❤♥✉♥❣✱ ❞✐❡ s✐❝❤
❞❛r❛✉s ❡r❣✐❜t✱ ❞❛ss ❜❡✐ ❋❡rt✐❣st❡❧❧✉♥❣ ❞❡r ❆❦t✐✈✐tät ❜❡r❡✐ts ❡✐♥ ♥❡✉❡r ❩❡✐t♣✉♥❦t ✈♦r❧✐❡❣t✳
❉❡♠ ❣❡❣❡♥ü❜❡r st❡❤t ❞✐❡ ❞✐s❦r❡t❡ ❆✉s❢ü❤r✉♥❣✱ ❜❡✐ ❞❡r ❆❦t✐✈✐tät❡♥ ✐♥ ❞❡r ❆♥✇❡♥❞✉♥❣ ❦❡✐♥❡
③❡✐t❧✐❝❤❡ ❆✉s❞❡❤♥✉♥❣ ❤❛❜❡♥✱ ❞❛ ❞❡r ❙✐♠✉❧❛t✐♦♥s③❡✐t❣❡❜❡r ✐♠♠❡r ❞✐❡ ❋❡rt✐❣st❡❧❧✉♥❣ ❛❧❧❡r ❆❦✲
t✐✈✐tät❡♥ ❛❜✇❛rt❡t✱ ❜❡✈♦r ❞✐❡ ❯❤r ✈♦r❣❡s❝❤❛❧t❡t ✇✐r❞✳ ❇❡✐ ❞❡r ❞✐s❦r❡t❡♥ ❆✉s❢ü❤r✉♥❣ ✐st ❞✐❡
❙✐♠✉❧❛t✐♦♥s③❡✐t s♦♠✐t ❛❜❤ä♥❣✐❣ ✈♦♥ ❞❡r ❆♥✇❡♥❞✉♥❣✳ ❱♦rt❡✐❧❡ ❞❡s ❦♦♥t✐♥✉✐❡r❧✐❝❤❡♥ ▼♦❞✉s
s✐♥❞ ❞✐❡ ●❧❡✐❝❤♠äÿ✐❣❦❡✐t ❞❡s ❩❡✐t✈❡r❧❛✉❢s✱ ❞✐❡ ③✳❇✳ ❢ür ❇❡♦❜❛❝❤t✉♥❣ ❧❛✉❢❡♥❞❡♥ ❱❡r❤❛❧t❡♥s
❤✐❧❢r❡✐❝❤ ✐st✱ ✉♥❞ ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t✱ ❞✐❡ ●❡s❝❤✇✐♥❞✐❣❦❡✐t ❛♥③✉♣❛ss❡♥✱ s♦ ❞❛ss ♠❛♥ ③✳❇✳ ü❜❡r
❡✐♥❡ s❝❤♥❡❧❧❡r❡s ❱❡rstr❡✐❝❤❡♥ ❞❡r ❩❡✐t ❞❡♥ ❊✛❡❦t ❡✐♥❡r ❧❛♥❣s❛♠❡r❡♥ ❍❛r❞✇❛r❡ ❡r③❡✉❣❡♥ ❦❛♥♥
✉♥❞ ✉♠❣❡❦❡❤rt✳ ❉✐❡ ❞✐s❦r❡t❡ ❆✉s❢ü❤r✉♥❣ ❜❡s✐t③t ❞❡♥ ❱♦rt❡✐❧✱ ❞❛ss ❩❡✐t❛❜s❝❤♥✐tt❡ ü❜❡rs♣r✉♥✲
❣❡♥ ✇❡r❞❡♥✱ ✐♥ ❞❡♥❡♥ ❞✐❡ ❆♥✇❡♥❞✉♥❣ ✉♥tät✐❣ ✐st✱ ✉♥❞ s♦♠✐t ❞✐❡ ❙✐♠✉❧❛t✐♦♥ s♦ s❝❤♥❡❧❧ ✇✐❡
♠ö❣❧✐❝❤ ✈♦r❛♥s❝❤r❡✐t❡t✱ ✇❛s ❢ür ❙✐♠✉❧❛t✐♦♥s❧ä✉❢❡ ♥üt③❧✐❝❤ ✐st✱ ✈♦♥ ❞❡♥❡♥ ♥✉r ❞❛s ❊r❣❡❜♥✐s
❛❜❡r ♥✐❝❤t ❞✐❡ ❧❛✉❢❡♥❞❡ ❆♥✇❡♥❞✉♥❣ ✈♦♥ ■♥t❡r❡ss❡ ✐st✳

■♥ ❬❆✲✹❪ ✇✉r❞❡ ❞✐❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣ ❛❞r❡ss✐❡rt✱ ❡✐♥❡ ▼ö❣❧✐❝❤❦❡✐t ③✉r ❙✐♠✉❧❛t✐♦♥s❛✉s❢ü❤✲
r✉♥❣ ③✉ s❝❤❛✛❡♥✱ ❞✐❡ ♣❛r❛❧❧❡❧ ③✉r ❆✉s❢ü❤r✉♥❣ ❡✐♥❡r ❆♥✇❡♥❞✉♥❣ ✐♥ ❘❡❛❧③❡✐t ❛♥❣❡✇❡♥❞❡t
✇❡r❞❡♥ ❦❛♥♥✳ ❉✳❤✳✱ ❡s s♦❧❧t❡ ✇ä❤r❡♥❞ ❞❡r ❙♦❢t✇❛r❡❡♥t✇✐❝❦❧✉♥❣ ❞❡r ❆♥✇❡♥❞✉♥❣ ♠ö❣❧✐❝❤st
❦❡✐♥ ③✉sät③❧✐❝❤❡r ❆✉❢✇❛♥❞ ♥öt✐❣ s❡✐♥ ✉♥❞ tr♦t③❞❡♠ s♦❧❧t❡ ❞✐❡ ❆♥✇❡♥❞✉♥❣ ❛✉❝❤ ③✉r ❉✉r❝❤✲
❢ü❤r✉♥❣ ✈♦♥ ❙✐♠✉❧❛t✐♦♥s❡①♣❡r✐♠❡♥t❡♥ ❡✐♥s❡t③❜❛r s❡✐♥✳ ❉✐❡s❡r ❆♥s♣r✉❝❤ st❡❤t ✐♠ ●❡❣❡♥s❛t③
③✉ t②♣✐s❝❤❡♥ ❙✐♠✉❧❛t✐♦♥s❢r❛♠❡✇♦r❦s ✇✐❡ ❘❡♣❛st ❬❈♦❧✵✶❪✱ ◆❡t▲♦❣♦✸ ✉♥❞ ❙❡❙❆♠ ❬❑P✾✽❪✱ ❞✐❡
❤ä✉✜❣ ❧❡❞✐❣❧✐❝❤ ❡✐♥ ❡✐♥❢❛❝❤❡s✱ r✉♥❞❡♥❜❛s✐❡rt❡s ▼♦❞❡❧❧ ❢ür ❡✐♥❡ ③❡✐t❞✐s❦r❡t❡ ❙✐♠✉❧❛t✐♦♥s❛✉s✲
❢ü❤r✉♥❣ ❜❡s✐t③❡♥✱ ✉♥❞ s✐❝❤ s♦♠✐t ✐♥ ❇❡③✉❣ ❛✉❢ ❞❛s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❡r❤❡❜❧✐❝❤ ✈♦♥ ❞❡r
❤❡r❦ö♠♠❧✐❝❤❡♥ ❆♥✇❡♥❞✉♥❣s♣r♦❣r❛♠♠✐❡r✉♥❣ ✉♥t❡rs❝❤❡✐❞❡♥✳

❉❡r ❦♦♥③❡♣t✐♦♥❡❧❧❡ ❆♥s❛t③ ③✉r ▲ös✉♥❣ ❞❡r ■♥t❡❣r❛t✐♦♥ ✇✉r❞❡ ✐♥ ❬❆✲✹❪ ✈♦r❣❡s❝❤❧❛❣❡♥ ✉♥❞
✐st ✐♥ ❆❜❜✳ ✸✳✷✵ ❞❛r❣❡st❡❧❧t✳ ❇❛s✐s ❞❡r ▲ös✉♥❣ ✐st ❡✐♥❡ ✐♥t❡❣r✐❡rt❡ ❙✐♠✉❧❛t✐♦♥s✲ ✉♥❞ ❆✉s❢ü❤✲
r✉♥❣s♣❧❛tt❢♦r♠✱ ❞✐❡ ❡✐♥ ❡✐♥❤❡✐t❧✐❝❤❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❛♥❜✐❡t❡t✱ ❞❛ss ❆s♣❡❦t❡ ❞❡r ❩❡✐t✲
st❡✉❡r✉♥❣ ✈♦r ❞❡♠ Pr♦❣r❛♠♠✐❡r❡r ✈❡r❜✐r❣t✳ ❉❛③✉ ✇✐r❞ ❛✉❢ P❧❛tt❢♦r♠❡❜❡♥❡ ❡✐♥❡ ❩❡✐ts❡r✈✐❝❡
❡✐♥❣❡❢ü❤rt ✭✈❣❧✳ ❆❜❜✳ ✸✳✷✶✮✱ ❞❡r ❡s ❡r♠ö❣❧✐❝❤t✱ ❞❡♥ ❛❦t✉❡❧❧❡♥ ❩❡✐t♣✉♥❦t ③✉ ❡r❢r❛❣❡♥ ✭❣❡t❚✐✲
♠❡✴❣❡t❚✐❝❦✮ ✉♥❞ ❛✉❢ ❡✐♥❡♥ ❩❡✐t♣✉♥❦t ③✉ ✇❛rt❡♥ ✭❝r❡❛t❡❚✐♠❡r✴❝r❡❛t❡❚✐❝❦❚✐♠❡r✮✳ ❩✉sät③❧✐❝❤
❦❛♥♥ ♠❛♥ s✐❝❤ ❛❧❧❣❡♠❡✐♥ ü❜❡r ❞❛s ❱❡rstr❡✐❝❤❡♥ ✈♦♥ ❩❡✐t ✐♥❢♦r♠✐❡r❡♥ ❧❛ss❡♥ ✭❛❞❞✴r❡♠♦✲
✈❡❈❤❛♥❣❡▲✐st❡♥❡r✮✱ ✇♦❜❡✐ ❦♦♥✜❣✉r❛t✐♦♥s❛❜❤ä♥❣✐❣ ✐st✱ ✐♥ ✇❡❧❝❤❡r ●r❛♥✉❧❛r✐tät ❩❡✐tä♥❞❡r✉♥✲

✸❤tt♣✿//❝❝❧.♥♦rt❤✇❡st❡r♥.❡❞✉/♥❡t❧♦❣♦/

http://ccl.northwestern.edu/netlogo/


✸✳✸✳ ❙✐♠✉❧❛t✐♦♥s✐♥t❡❣r❛t✐♦♥ ✹✸

❅❙❡r✈✐❝❡
♣✉❜❧✐❝ ✐♥t❡r❢❛❝❡ ■❈❧♦❝❦❙❡r✈✐❝❡
④

♣✉❜❧✐❝ ❧♦♥❣ ❣❡t❚✐♠❡✭✮❀
♣✉❜❧✐❝ ❞♦✉❜❧❡ ❣❡t❚✐❝❦✭✮❀
♣✉❜❧✐❝ ■❚✐♠❡r ❝r❡❛t❡❚✐♠❡r✭❧♦♥❣ t✐♠❡✱ ■❚✐♠❡❞❖❜❥❡❝t t♦✮❀
♣✉❜❧✐❝ ■❚✐♠❡r ❝r❡❛t❡❚✐❝❦❚✐♠❡r✭■❚✐♠❡❞❖❜❥❡❝t t♦✮❀
♣✉❜❧✐❝ ✈♦✐❞ ❛❞❞❈❤❛♥❣❡▲✐st❡♥❡r✭■❈❤❛♥❣❡▲✐st❡♥❡r ❧✐st❡♥❡r✮❀
♣✉❜❧✐❝ ✈♦✐❞ r❡♠♦✈❡❈❤❛♥❣❡▲✐st❡♥❡r✭■❈❤❛♥❣❡▲✐st❡♥❡r ❧✐st❡♥❡r✮❀

⑥

❆❜❜✐❧❞✉♥❣ ✸✳✷✶✿ ❙❝❤♥✐ttst❡❧❧❡ ❞❡s ❩❡✐t❞✐❡♥st❡s

❣❡♥ ♣✉❜❧✐③✐❡rt ✇❡r❞❡♥✳
❉✐❡ ❇❡❤❛♥❞❧✉♥❣ ✈♦♥ ❩❡✐t❜❡❤❛❢t❡t❡♥ ❆❦t✐♦♥❡♥ ✐st ♥❛❤t❧♦s ✐♥ ❞❛s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ✐♥✲

t❡❣r✐❡rt✱ ❞✳❤✳ ❡✐♥❡ ❡①♣❧✐③✐t❡ ◆✉t③✉♥❣ ✈♦♥ ✭❇❡tr✐❡❜ss②st❡♠✲✮ ❩❡✐t❢✉♥❦t✐♦♥❡♥ ❞✉r❝❤ ❞❡♥ Pr♦✲
❣r❛♠♠✐❡r❡r ✐st ♥✐❝❤t ♥♦t✇❡♥❞✐❣✳ ❙t❛tt❞❡ss❡♥ ✇❡r❞❡♥ ❞✐❡ ❖♣❡r❛t✐♦♥❡♥ ❞❡s Pr♦❣r❛♠♠✐❡r♠♦✲
❞❡❧❧s ✭❜③✇✳ ❞❡r Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧❡ s♣❡③✐✜s❝❤❡r ❑❡r♥❡❧s✮ ✉♠ ❞✐❡ ❩❡✐t❜❡❤❛♥❞❧✉♥❣ ❡r❣ä♥③t✳
❙♦ ❜❡s✐t③❡♥ ③✳❇✳ ❉✐❡♥st❛✉❢r✉❢❡ st❛♥❞❛r❞♠äÿ✐❣ ❡✐♥ ❚✐♠❡♦✉t✱ ❞❛ss ❥❡❞♦❝❤ ❞♦❝❤ ❞✉r❝❤ ❞❡♥
Pr♦❣r❛♠♠✐❡r❡r ❣❡ä♥❞❡rt ✇❡r❞❡♥ ❦❛♥♥✳ ❊❜❡♥s♦ ❦ö♥♥❡♥ ❑♦♠♣♦♥❡♥t❡♥s❝❤r✐tt❡ ❡✐♥♠❛❧✐❣ ♦❞❡r
♣❡r✐♦❞✐s❝❤ ♥❛❝❤ ❡✐♥❡r ❣❡❣❡❜❡♥❡♥ ❲❛rt❡③❡✐t ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✳ ❊✐♥ ❇❡✐s♣✐❡❧ ❢ür ❡✐♥❡ ❦♦♠♣♦✲
♥❡♥t❡♥t②♣s♣❡③✐✜s❝❤❡ ❖♣❡r❛t✐♦♥ ✐st ❞✐❡ ❆❦t✉❛❧✐s✐❡r✉♥❣sr❛t❡ ❞②♥❛♠✐s❝❤❡r ❇❡❧✐❡❢s✱ ❞✳❤✳ ❇❡❧✐❡❢✲
❲❡rt❡✱ ❞✐❡ ♠✐t ❡✐♥❡♠ ❦♦♥✜❣✉r✐❡r❜❛r❡♥ ❩❡✐t✐♥t❡r✈❛❧❧ ♣❡r✐♦❞✐s❝❤ ♥❡✉ ❛✉s❣❡✇❡rt❡t ✇❡r❞❡♥✳ ❙♦❧✲
❝❤❡ ✈♦♠ Pr♦❣r❛♠♠✐❡r❡r ❛♥❣❡❣❡❜❡♥❡♥ ❩❡✐t✇❡rt❡ ✇❡r❞❡♥ ✈♦♠ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❛✉❢ ❞✐❡ ♦✳❣✳
❋✉♥❦t✐♦♥❡♥ ❞❡s ❩❡✐t❞✐❡♥st❡s ❛❜❣❡❜✐❧❞❡t✳ ❉❛ st❛tt ❞❡s ♥♦r♠❛❧❡♥ ❙②st❡♠③❡✐t❞✐❡♥st❡s ❡✐♥ ❙✐♠✉✲
❧❛t✐♦♥s③❡✐t❞✐❡♥st ❣❡♥✉t③t ✇❡r❞❡♥ ❦❛♥♥✱ ✐st ❡s s♦♠✐t ♠ö❣❧✐❝❤✱ ❞❛ss ❡✐♥❡ ❡✐♥♠❛❧ ♣r♦❣r❛♠♠✐❡rt❡
❆♥✇❡♥❞✉♥❣ ♦❤♥❡ ➘♥❞❡r✉♥❣ ❛✉❝❤ ✐♥ ❡✐♥❡r ❙✐♠✉❧❛t✐♦♥ ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥ ❦❛♥♥✳

■♥ ❞❡r ❏❛❞❡①✲P❧❛tt❢♦r♠ s✐♥❞ ✈✐❡r ❱❛r✐❛♥t❡♥ ❞❡s ❩❡✐t❞✐❡♥st❡s ✉♠❣❡s❡t③t✿ ◆❡❜❡♥ ❞❡♠ ❙②s✲
t❡♠③❡✐t❞✐❡♥st✱ ❞❡r ❞✐r❡❦t ❞✐❡ ✈♦♠ ❇❡tr✐❡❜ss②st❡♠ ❜❡r❡✐t❣❡st❡❧❧t❡ ✭r❡❛❧❡✮ ❩❡✐t ♥✉t③t✱ ❡①✐st✐❡rt
❡✐♥❡ ✇❡✐t❡r❡ ❦♦♥t✐♥✉✐❡r❧✐❝❤❡ ❱❡rs✐♦♥✳ ❉✐❡s❡ ❡r❧❛✉❜t ❡✐♥ ❖✛s❡t ✉♥❞ ❡✐♥❡ ❉❡❤♥✉♥❣✴❙t❛✉❝❤✉♥❣
✐♠ ❱❡r❤ä❧t♥✐s ③✉r ❇❡tr✐❡❜ss②st❡♠③❡✐t✱ s♦ ❞❛ss ❡✐♥❡ ❆♥✇❡♥✉♥❣ ③✳❇✳ ♠✐t ❞♦♣♣❡❧t❡r ❜③✇✳ ❤❛❧❜❡r
●❡s❝❤✇✐♥❞✐❣❦❡✐t ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥ ❦❛♥♥✳ ❉✐❡s ✐st ③✳❇✳ ♥üt③❧✐❝❤✱ ✉♠ ❆♥✇❡♥❞✉♥❣s✈❡r❤❛❧t❡♥
✈✐s✉❡❧❧ ③✉ ❛♥❛❧②s✐❡r❡♥✱ ❞❛ ❞✐❡ r❡❧❛t✐✈❡♥ ❩❡✐t❞❛✉❡r♥ ✈♦♥ ❆❦t✐♦♥❡♥ ❣❧❡✐❝❤ ❜❧❡✐❜❡♥ ✭③✳❇✳ ❆❦t✐♦♥
❆ ❞❛✉❡rt ❞♦♣♣❡❧t s♦ ❧❛♥❣❡ ✇✐❡ ❆❦t✐♦♥ ❇✮✳ ❋ür ❞✐❡ s❝❤♥❡❧❧❡ ❆✉s❢ü❤r✉♥❣ ✈♦♥ ❙✐♠✉❧❛t✐♦♥s✲
❡①♣❡r✐♠❡♥t❡♥ ✇❡r❞❡♥ ❞✐s❦r❡t❡ ❩❡✐t❞✐❡♥st❡ ❜❡r❡✐t❣❡st❡❧❧t✳ ■♥ ❞❡r ❡r❡✐❣♥✐s❣❡st❡✉❡rt❡♥ ❱❡rs✐♦♥
✇❡r❞❡♥ ♥✉r ❞✐❡ ❩❡✐t♣✉♥❦t❡ ❛♥❣❡s♣r✉♥❣❡♥✱ ③✉ ❞❡♥❡♥ ❦♦♥❦r❡t❡ ❊✐♥trä❣❡ r❡❣✐str✐❡rt s✐♥❞✳ ❋ür
❆♥✇❡♥❞✉♥❣❡♥✱ ✐♥ ❞❡♥❡♥ ❦♦♥t✐♥✉✐❡r❧✐❝❤❡ Pr♦③❡ss❡ s✐♠✉❧✐❡rt ✇❡r❞❡♥ s♦❧❧❡♥✱ ❣✐❜t ❡s ③✉❞❡♠ ❞✐❡
③❡✐t❣❡st❡✉❡rt❡ ❱❛r✐❛♥t❡✱ ❞✐❡ ❩❡✐ts♣rü♥❣❡ ✐♥ ❢❡st❡♥ ■♥t❡r✈❛❧❧❡♥ ❞❡r ❙✐♠✉❧❛t✐♦♥s③❡✐t ✉♥t❡rstüt③t
❛❜❡r ❞✐❡ ❇❡r❡❝❤♥✉♥❣ ❞❡♥♥♦❝❤ s♦ s❝❤♥❡❧❧ ✇✐❡ ♠ö❣❧✐❝❤ ❛✉s❢ü❤rt✳ ❉✳❤✳ ❩❡✐t♣✉♥❦t❡ ♠✐t ✇❡♥✐❣
❆❦t✐✈✐tät ✇❡r❞❡♥ s❝❤♥❡❧❧❡r ❜❡r❡❝❤♥❡t ❛❧s s♦❧❝❤❡ ♠✐t ✈✐❡❧ ❆❦t✐✈✐tät✳ ❯♠ ❞✐❡ ❑♦♥s✐st❡♥③ ✉♥❞
❘❡♣r♦❞✉③✐❡rt❜❛r❦❡✐t ❞❡r ❊r❣❡❜♥✐ss❡ ✈♦♥ ❙✐♠✉❧❛t✐♦♥s❡①♣❡r✐♠❡♥t❡♥ s✐❝❤❡r③✉st❡❧❧❡♥✱ ✇✐r❞ ✐♥
❞❡r ❞✐s❦r❡t❡♥ ❙✐♠✉❧❛t✐♦♥ ③✉sät③❧✐❝❤ ❡✐♥❡ ❑♦♦r❞✐♥❛t✐♦♥ ③✇✐s❝❤❡♥ ❩❡✐t❞✐❡♥st ✉♥❞ ❆✉s❢ü❤r✉♥❣s✲
❞✐❡♥st ❤❡r❣❡st❡❧❧t✳ ❉❛❞✉r❝❤ ✇✐r❞ s✐❝❤❡r❣❡st❡❧❧t✱ ❞❛ss ❞❡r ♥ä❝❤st❡ ❩❡✐t♣✉♥❦t ❡rst ❛♥❣❡s♣r✉♥❣❡♥
✇✐r❞✱ ✇❡♥♥ sä♠t❧✐❝❤❡s ❱❡r❤❛❧t❡♥ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ③✉♠ ❛❦t✉❡❧❧❡♥ ❩❡✐t♣✉♥❦t ❛✉s❣❡✲
❢ü❤rt ✐st✳

✸✳✸✳✷ ❱✐rt✉❡❧❧❡ ❆♥✇❡♥❞✉♥❣s✉♠❣❡❜✉♥❣❡♥

❉✐❡ ✐♠ ✈♦r✐❣❡♥ ❆❜s❝❤♥✐tt ✈♦r❣❡st❡❧❧t ❩❡✐t✐♥t❡❣r❛t✐♦♥ ❡r❧❛✉❜t ❡s✱ ❆♥✇❡♥❞✉♥❣❡♥ ♦❤♥❡ ➘♥✲
❞❡r✉♥❣ ✐♠ ❘❡❛❧✲ ✉♥❞ ✐♠ ❙✐♠✉❧❛t✐♦♥s❜❡tr✐❡❜ ❛✉s③✉❢ü❤r❡♥✳ ❉✐❡s ❜❡tr✐✛t ❥❡❞♦❝❤ ❧❡❞✐❣❧✐❝❤ ❞✐❡
❡✐❣❡♥t❧✐❝❤❡ ❆♥✇❡♥❞✉♥❣s❧♦❣✐❦✳ ❯♠ ❛✉❝❤ ❞✐❡ ■♥t❡r❛❦t✐♦♥ ♠✐t ❡①t❡r♥❡♥ ❙②st❡♠❡♥ ✐♥ ❞❡r ❙✐♠✉✲
❧❛t✐♦♥s❛✉s❢ü❤r✉♥❣ ③✉ ❜❡rü❝❦s✐❝❤t✐❣❡♥✱ ✇✉r❞❡ ❞❛rü❜❡r ❤✐♥❛✉s ❡✐♥ ❑♦♥③❡♣t ❢ür ✈✐rt✉❡❧❧❡ ❆♥✲
✇❡♥❞✉♥❣s✉♠❣❡❜✉♥❣❡♥ ❡♥t✇♦r❢❡♥ ✉♥❞ ✉♠❣❡s❡t③t✳ ❉✐❡s❡s ❡r❧❛✉❜t ❡s✱ ❞✐❡ ❡①t❡r♥❡ ❙✐❝❤t ❡✐♥❡r
❆♥✇❡♥❞✉♥❣ ✐♥ ❡✐♥❡r ❣❡❡✐❣♥❡t❡♥ ❙❝❤♥✐ttst❡❧❧❡ ③✉ ❦❛♣s❡❧♥ ✉♥❞ ❢ür ❞❡♥ ❙✐♠✉❧❛t✐♦♥s❜❡tr✐❡❜ ❡✐♥❡
❦ü♥st❧✐❝❤❡ ❱❡rs✐♦♥ ❞❡r ❆♥✇❡♥❞✉♥❣s✉♠❣❡❜✉♥❣ ③✉ ❡rst❡❧❧❡♥✳ ❱✐rt✉❡❧❧❡ ❆♥✇❡♥❞✉♥❣s✉♠❣❡❜✉♥✲
❣❡♥ ❡r❢ü❧❧❡♥ ❡✐♥❡ ✇✐❝❤t✐❣❡ ❆✉❢❣❛❜❡ ✐♠ ❙♦❢t✇❛r❡✲❊♥t✇✐❝❦❧✉♥❣s♣r♦③❡ss✱ ❞❡♥♥ s✐❡ ✈❡r❡✐♥❢❛❝❤❡♥
❞❛s ❚❡st❡♥✱ ❞❛ ❡①t❡r♥❡ ❋❡❤❧❡r ❛✉s❣❡s❝❤❧♦ss❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ■♥ ❡✐♥❡r ❦ü♥st❧✐❝❤❡♥ ❯♠❣❡❜✉♥❣
❦ö♥♥❡♥ s②st❡♠❛t✐s❝❤❡ ❚❡sts③❡♥❛r✐❡♥ ❣❡③✐❡❧t ❡rst❡❧❧t ✇❡r❞❡♥ ✉♥❞ ❚❡sts ③✉❞❡♠ ❛✉t♦♠❛t✐s✐❡rt
❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✳ ❲✐r❞ ❢ür ❞✐❡ ❦ü♥st❧✐❝❤❡ ❯♠❣❡❜✉♥❣ ❡✐♥❡ ❱✐s✉❛❧✐s✐❡r✉♥❣ ❜❡r❡✐t ❣❡st❡❧❧t✱
✇✐r❞ ③✉❞❡♠ ❞❛s ❉❡❜✉❣❣✐♥❣ st❛r❦ ❡r❧❡✐❝❤t❡rt✳

■♥ ❬❆✲✺❪ ✇✐r❞ ❞❛s ❑♦♥③❡♣t ❞❡s ❙♣❛❝❡ ❡✐♥❣❡❢ü❤rt✳ ❉❛❜❡✐ ✐st ❡✐♥ ❙♣❛❝❡ ❛❧s ✈❡r❣❡❣❡♥stä♥❞✲



✹✹ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❆❜❜✐❧❞✉♥❣ ✸✳✷✷✿ ❆✉ss❝❤♥✐tt ❛✉s ❞❡r ❯♠❣❡❜✉♥❣s❜❡s❝❤r❡✐❜✉♥❣ ❞❡r ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲
❆♥✇❡♥❞✉♥❣

❧✐❝❤t❡r ❑♦♥t❡①t ❞❡r ❑♦♠♣♦♥❡♥t❡♥ ❡✐♥❡r ❆♥✇❡♥❞✉♥❣ ③✉ ✈❡rst❡❤❡♥✱ ❞❡r ❞✐❡ ❛❧❧❣❡♠❡✐♥❡ ❙❝❤♥✐tt✲
st❡❧❧❡ ✉♥❞ ❦♦♥❦r❡t❡ ❱❡r❜✐♥❞✉♥❣ ③✉ ❡①t❡r♥❡♥ ❙②st❡♠❡♥ ❜❡s❝❤r❡✐❜t✳ ❆✉❢ ❚②♣❡❜❡♥❡ ✇✐r❞ ❞✐❡s❡
❙❝❤♥✐ttst❡❧❧❡ ❞✉r❝❤ ❡✐♥ ❉❛t❡♥♠♦❞❡❧❧✱ s♦✇✐❡ ❞✐❡ ✈❡r❢ü❣❜❛r❡♥ ❆❦t✐♦♥❡♥ ✉♥❞ ♠ö❣❧✐❝❤❡♥ ❊r❡✐❣✲
♥✐ss❡ ✭❣❡♥❛♥♥t P❡r❝❡♣ts✮ r❡♣räs❡♥t✐❡rt✳ ❉✐❡ ❦♦♥❦r❡t❡ ❆♥❜✐♥❞✉♥❣ ❛♥ r❡❛❧❡ ❡①t❡r♥❡ ❙②st❡♠❡
❡r❢♦❧❣t ü❜❡r ❡✐♥❢❛❝❤❡ ❆❞❛♣t❡r✐♠♣❧❡♠❡♥t✐❡r✉♥❣❡♥✱ ❞✐❡ ❞✐❡ ❆❦t✐♦♥❡♥ ❜❡r❡✐tst❡❧❧❡♥ ❜③✇✳ ❞✐❡
❊r❡✐❣♥✐ss❡ ❣❡♥❡r✐❡r❡♥✳ ❩✉r ❙✐♠✉❧❛t✐♦♥s❛✉s❢ü❤r✉♥❣ ♠üss❡♥ ❛♥st❡❧❧❡ ❡✐♥❢❛❝❤❡r ❆❞❛♣t❡r✱ ❞✐❡ ❧❡✲
❞✐❣❧✐❝❤ ❛♥ ❡①t❡r♥❡ ❙②st❡♠❡ ✇❡✐t❡r❧❡✐t❡♥✱ ❦ü♥st❧✐❝❤❡ ❱❡rs✐♦♥❡♥ ❞❡r ❡①t❡r♥❡♥ ❙②st❡♠❡ r❡❛❧✐s✐❡rt
✇❡r❞❡♥✳ ❯♠ ❞✐❡s ③✉ ❡r❧❡✐❝❤t❡r♥ ✉♥t❡rstüt③t ❞❡r ❙♣❛❝❡ ❛✉❝❤ ❞❛s ❜❡r❡✐tst❡❧❧❡♥ ❞②♥❛♠✐s❝❤❡♥
❱❡r❤❛❧t❡♥s✳ Ü❜❡r s♦❣❡♥❛♥♥t❡ ❚❛s❦s ✉♥❞ Pr♦③❡ss❡ ❦❛♥♥ ❞❛s ❱❡r❤❛❧t❡♥ ❡①t❡r♥❡r ❙②st❡♠❡ ❜❡✲
s❝❤r✐❡❜❡♥ ✇❡r❞❡♥✱ ✇♦❜❡✐ ❚❛s❦s s✐❝❤ ❛✉❢ ❡✐♥③❡❧♥❡ ❖❜❥❡❦t❡ ❞❡r ❯♠❣❡❜✉♥❣ ❜❡③✐❡❤❡♥✱ ✇ä❤r❡♥❞
❡s s✐❝❤ ❜❡✐ ❞❡♥ Pr♦③❡ss❡ ✉♠ ❣❧♦❜❛❧❡ ❯♠❣❡❜✉♥❣s♣r♦③❡ss❡ ❤❛♥❞❡❧t✳

❆❜❜✳ ✸✳✷✷ ③❡✐❣t ❡✐♥❡♥ ❆✉ss❝❤♥✐ttt ❛✉s ❞❡r ❳▼▲✲❯♠❣❡❜✉♥❣s❜❡s❝❤r❡✐❜✉♥❣ ❢ür ❞✐❡ ❉❡s❛st❡r✲
▼❛♥❛❣❡♠❡♥t✲❆♥✇❡♥❞✉♥❣✳ ■♠ ❇❡r❡✐❝❤ ♦❜❥❡❝tt②♣❡s s✐♥❞ ❞✐❡ r❡❧❡✈❛♥t❡♥ ❉❛t❡♥str✉❦t✉r❡♥ ❞❡✜✲
♥✐❡rt ✭❞✐s❛st❡r✱ ✜r❡❜r✐❣❛❞❡✱ ❡t❝✳✮✳ ❋ür ❞✐❡ ❙✐♠✉❧❛t✐♦♥s❛✉s❢ü❤r✉♥❣ ✇✐r❞ ❡①t❡r♥❡s ❱❡r❤❛❧t❡♥ ❛❧s
❚❛s❦ ❜③✇✳ Pr♦③❡ss ❜❡r❡✐t ❣❡st❡❧❧t✳ ❙♦ s✐♠✉❧✐❡rt ③✳❇✳ ❞❡r ❊①t✐♥❣✉✐s❤❋✐r❡❚❛s❦ ❡✐♥❡ ▲ös❝❤❛❦t✐✲
♦♥ ❡✐♥❡s ❋❡✉❡r✇❡❤r❡✐♥s❛t③❢❛❤r③❡✉❣s ✉♥❞ ❡✐♥ ❯♠❣❡❜✉♥❣s♣r♦③❡ss ✭❝r❡❛t❡✮ ✇✐r❞ ❞❡✜♥✐❡rt✱ ❞❡r
❛✉❢ ❇❛s✐s ❡✐♥❡r st❛t✐st✐s❝❤❡♥ ❱❡rt❡✐❧✉♥❣ ❞❛s ❆✉❢tr❡t❡♥ ✈♦♥ ❑❛t❛str♦♣❤❡♥ ✐♥ ❞❡r ❙✐♠✉❧❛t✐♦♥
❛✉s❧öst✳

❋ür ❞✐❡ ❉✉r❝❤❢ü❤r✉♥❣ ✈♦♥ ❙✐♠✉❧❛t✐♦♥s❡①♣❡r✐♠❡♥t❡♥ ✐st ❡✐♥❡ ❱✐s✉❛❧✐s✐❡r✉♥❣ ❞❡s ❆♥✇❡♥✲
❞✉♥❣s✈❡r❤❛❧t❡♥s ♥✐❝❤t ♥♦t✇❡♥❞✐❣ ❛❜❡r ♦❢t s❡❤r ❤✐❧❢r❡✐❝❤✱ ✉♠ r❡❧❡✈❛♥t❡ ❙③❡♥r✐❡♥ ③✉ ✜♥❞❡♥✳
❆✉❝❤ ❞❛rü❜❡r ❤✐♥❛✉s ❦❛♥♥ ❡✐♥❡ ❱✐s✉❛❧✐s✐❡r✉♥❣ ✇✐❝❤t✐❣❡ ❆✉❢❣❛❜❡♥ ❡r❢ü❧❧❡♥✿ ❩✉r ❉❡♠♦♥str❛✲
t✐♦♥ ③✳❇✳ ❣❡❣❡♥ü❜❡r ❑✉♥❞❡♥ ♦❞❡r ◆✉t③❡r♥✱ ③✉♠ ❉❡❜✉❣❣❡♥ ✇ä❤r❡♥❞ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ♦❞❡r
✲ ③✳❇✳ ✐♠ ❋❛❧❧❡ ❡✐♥❡ ❈♦♠♣✉t❡rs♣✐❡❧s ✲ ❛❧s ✇❡s❡♥t❧✐❝❤❡r ❇❡st❛♥❞t❡✐❧ ❞❡r ❆♥✇❡❞♥✉♥❣ s❡❧❜st✳
■♠ ❙♣❛❝❡✲❑♦♥③❡♣t ✐st ❞✐❡ ❙tr✉❦t✉r ✉♥❞ ❞❛s ❱❡r❤❛❧t❡♥ ❞❡r ❡①t❡r♥❡♥ ❆♥✇❡♥❞✉♥❣s✉♠❣❡❜✉♥❣
❜❡s❝❤r✐❡❜❡♥✳ ■♥ ❬❏❇P✶✵❪ ✇✉r❞❡ ❞❛s ▼♦❞❡❧❧ ✉♠ ❡✐♥❡ ❣r❛✜s❝❤❡ ❉❛rst❡❧❧✉♥❣ ❞❡r ❆♥✇❡♥❞✉♥❣s✲
✉♠❣❡❜✉♥❣ ❡r✇❡✐t❡rt✳ ❉❛♠✐t ❞✐❡s❡ ❞❛r❣❡st❡❧❧t ✇❡r❞❡♥ ❦ö♥♥❡♥✱ ♠üss❡♥ ❞❡♥ ✐♥ ❞❡♥ ❉❛t❡♥✲
str✉❦t✉r❡♥ ❞❡✜♥✐❡rt❡♥ ❖❜❥❡❦t❡♥ P♦s✐t✐♦♥❡♥ ③✉❣❡✇✐❡s❡♥ ✇❡r❞❡♥✱ ❞✐❡ s✐❝❤ ❞②♥❛♠✐s❝❤ ä♥❞❡r♥
❦ö♥♥❡♥✳ ❆✉❢ ❇❛s✐s ✐❤r❡s ❚②♣s ✇❡r❞❡♥ ❞❡♥ ❖❜❥❡❦t❡♥ ③✉❞❡♠ ❣r❛✜s❝❤❡ ❊❧❡♠❡♥t❡ ③✉❣❡♦r❞♥❡t✳
❙♦ ❦ö♥♥❡♥ ③✳❇✳ ❞✐❡ ❖❜❥❡❦t❡ ❋✐r❡❜r✐❣❛❞❡ ✉♥❞ ❆♠❜✉❧❛♥❝❡ ❞✉r❝❤ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ■❝♦♥s ❞❛r✲
❣❡st❡❧❧t ✇❡r❞❡♥✳ ❉❛❜❡✐ ❦❛♥♥ ❞✐❡ ❉❛rst❡❧❧✉♥❣ ❛✉❝❤ ❞②♥❛♠✐s❝❤ ❛✉❢ ❇❛s✐s ❞❡s ❖❜❥❡❦t③✉st❛♥❞s
❛♥❣❡♣❛sst ✇❡r❞❡♥✱ ③✳❇✳ ❥❡ ♥❛❝❤ ❛❦t✉❡❧❧ ❞✉r❝❤❣❡❢ü❤rt❡r ❆❦t✐♦♥ ✇✐❡ ▲ös❝❤❡♥ ♦❞❡r ❋❛❤r❡♥✳
❉✐❡ ❉❛rst❡❧❧✉♥❣ ✇✐r❞ ❞❛❜❡✐ ♥❡❜❡♥ ❞❡♠ ❡✐❣❡♥t❧✐❝❤❡♥ ❯♠❣❡❜✉♥❣s♠♦❞❡❧❧ ✐♥ ❞❡r ❳▼▲✲❉❛t❡✐
❜❡s❝❤r✐❡❜❡♥✱ s♦ ❞❛ss ♦❤♥❡ Pr♦❣r❛♠♠✐❡r❛✉❢✇❛♥❞ ③✉ ❡✐♥❡r ❆♥✇❡♥❞✉♥❣ s❡❤r s❝❤♥❡❧❧ ❡✐♥❡ ❱✐✲



✸✳✹✳ ❩✉s❛♠♠❡♥❢❛ss✉♥❣ ❛♥❤❛♥❞ ❛✉s❣❡✇ä❤❧t❡r ✇❡✐t❡r❡r ❆♥✇❡♥❞✉♥❣❡♥ ✹✺

s✉❛❧✐s✐❡r✉♥❣ ❡rst❡❧❧t ✇❡r❞❡♥ ❦❛♥♥✳ ❩✉r ▲❛✉❢③❡✐t ❞❡r ❆♥✇❡♥❞✉♥❣ ✇✐r❞ ❞✐❡s❡ ❱✐s✉❛❧✐s✐❡r✉♥❣
❛✉t♦♠❛t✐s❝❤ ❣❡♥❡r✐❡rt ✉♥❞ ❜❡✐ ➘♥❞❡r✉♥❣❡♥ ✐♥ ❞❡♥ ❖❜❥❡❦t❡♥ ✐♥ ❊❝❤t③❡✐t ❛❦t✉❛❧✐s✐❡rt✳

✸✳✹ ❩✉s❛♠♠❡♥❢❛ss✉♥❣ ❛♥❤❛♥❞ ❛✉s❣❡✇ä❤❧t❡r ✇❡✐t❡r❡r ❆♥✲

✇❡♥❞✉♥❣❡♥

❩✉ ❇❡❣✐♥♥ ❞✐❡s❡s ❑❛♣✐t❡❧s ✇✉r❞❡ ❞✐❡ ❑❧❛ss❡ ❞❡r ✐♥t❡❧❧✐❣❡♥t❡♥ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ❞❡✜✲
♥✐❡rt✳ ❉✐❡ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❆♥✇❡♥❞✉♥❣ ✇✉r❞❡ ❛❧s ❞✉r❝❤❣ä♥❣✐❣❡s ❇❡✐s♣✐❡❧ ③✉r ▼♦t✐✈❛✲
t✐♦♥ ✉♥❞ ❱❡r❛♥s❝❤❛✉❧✐❝❤✉♥❣ ❞❡r ❡♥t✇✐❝❦❡❧t❡♥ ❑♦♥③❡♣t❡ ❜❡♥✉t③t✳ ■♠ ❋♦❧❣❡♥❞❡♥ ✇❡r❞❡♥ ❞✐❡
❇❡✐trä❣❡ ♥♦❝❤ ❡✐♥♠❛❧ ✐♠ ❑♦♥t❡①t ✇❡✐t❡r❡r ✉♠❣❡s❡t③t❡r ❆♥✇❡♥❞✉♥❣❡♥ ❞❛r❣❡st❡❧❧t✳ ❆❜s❝❤❧✐❡✲
ÿ❡♥❞ ✇✐r❞ ❡✐♥❡ ❦✉r③❡ Ü❜❡rs✐❝❤t ❛❧❧❡r ❇❡✐trä❣❡ ❣❡❣❡❜❡♥✳

✸✳✹✳✶ ❙❡♠❛♥t✐s❝❤❡ ❯♥t❡rstüt③✉♥❣ ❞❡r ❖♥❧✐♥❡✲❙✉❝❤❡

■♥ ❞❡r ✐♥ ❬❲❡❜✰✵✾❀ ❲❡❜✵✾❪ ❜❡s❝❤r✐❡❜❡♥❡♥ ❆♥✇❡♥❞✉♥❣ ✇✉r❞❡ ❡✐♥❡ ✈♦r❤❛♥❞❡♥❡ ❲❡❜✲❆♥✲
✇❡♥❞✉♥❣ ✉♠ ❡✐♥❡ ❛❣❡♥t❡♥❜❛s✐❡rt❡ s❡♠❛♥t✐s❝❤❡ ❙✉❝❤❡ ❡r✇❡✐t❡rt✳ ❊s ❤❛♥❞❡❧t s✐❝❤ ❞❛❜❡✐ ✉♠
❞❛s P♦rt❛❧ ♠♦t♦s♦.❞❡✱ ❛✉❢ ❞❡♠ ♥❡✉❡ ✉♥❞ ❣❡❜r❛✉❝❤t❡ ❆✉t♦t❡✐❧❡ ❛♥❣❡❜♦t❡♥ ❜③✇✳ ❡rst❛♥❞❡♥
✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❇❡✐ ❞❡r ❙✉❝❤❡ ❛✉❢ ❞❡♠ P♦rt❛❧ ❦♦♠♠t ❡s ❤ä✉✜❣ ③✉ ❢❛❧s❝❤❡♥ ❚r❡✛❡r♥✱ ❞❛
❙✉❝❤❡✐♥❣❛❜❡♥ ♦❢t ✉♥t❡rs❝❤✐❡❞❧✐❝❤ ✐♥t❡r♣r❡t✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❙♦ ❦❛♥♥ ❡s s✐❝❤ ③✳❇✳ ❜❡✐ ❡✐♥❡r
❩❛❤❧ ✉♠ ❡✐♥ ❇❛✉❥❛❤r✱ ❡✐♥❡ ▼♦❞❡❧❧♥✉♠♠❡r✱ P♦st❧❡✐t③❛❤❧ ♦❞❡r ❡t✇❛s ❣❛♥③ ❛♥❞❡r❡s ❤❛♥❞❡❧♥✳ ❏❡
♥❛❝❤ ❙✉❝❤❛♥❢r❛❣❡ ✐st ❥❡❞♦❝❤ ♥✉r ❡✐♥❡ ❞❡r ♠ö❣❧✐❝❤❡♥ ■♥t❡r♣r❡t❛t✐♦♥❡♥ r❡❧❡✈❛♥t ✭✈❣❧✳ ③✳❇✳ ❞✐❡
❆♥❢r❛❣❡♥ ✬❛✉❞✐ ✶✾✾✽✬✱ ✬❛✉❞✐ ✶✵✵✬ ✉♥❞ ✬❛✉❞✐ ✷✷✺✷✼✬ ✮✳ ❯♠ ❞✐❡ ◗✉❛❧✐tät ❞❡r ❙✉❝❤❡r❣❡❜♥✐ss❡ ③✉
✈❡r❜❡ss❡r♥ ✇✉r❞❡ ❡✐♥ ❛❣❡♥t❡♥❜❛s✐❡rt❡s ❙✉❝❤s②st❡♠ ❡♥t✇✐❝❦❡❧t✱ ❞❛s ❛✉❢ ❇❛s✐s ✈♦♥ ❖♥t♦❧♦❣✐❡♥
❡✐♥❡ s❡♠❛♥t✐s❝❤❡ ■♥t❡r♣r❡t❛t✐♦♥ ❞❡r ❙✉❝❤❛♥❢r❛❣❡♥ ✈♦r♥✐♠♠t✳ ❙♦ ❜❡s✐t③t ❞❛s ❙②st❡♠ ü❜❡r ❞r❡✐
❡✐♥❣❡❜✉♥❞❡♥❡ ❖♥t♦❧♦❣✐❡♥ ■♥❢♦r♠❛t✐♦♥❡♥ ü❜❡r ✶✮ ❆✉t♦♠❛r❦❡♥ ✉♥❞ ✲t②♣❡♥✱ ✷✮ ❊rs❛t③t❡✐❧❡ ✉♥❞
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❞✐❡ ❊rr❡✐❝❤❜❛r❦❡✐t ✈♦♥ ❩✐❡❧❡♥ st❛r❦ ✈♦♥ ❛♥❞❡r❡♥ ❆❣❡♥t❡♥ ❛❜❤ä♥❣t✳ ❊✐♥❡rs❡✐ts ❦❛♥♥ ❡s ✈♦r✲
❦♦♠♠❡♥✱ ❞❛ss ❡✐♥ ❣❡s✉❝❤t❡s ❇✉❝❤ ③✉r ❩❡✐t ✈♦♥ ❦❡✐♥❡♠ ❛♥❞❡r❡♥ ❆❣❡♥t❡♥ ❛♥❣❡❜♦t❡♥ ✇✐r❞✳ ■♥
❞✐❡s❡♠ ❋❛❧❧ ❞❛r❢ ❞❡r ❆❣❡♥t ❞❛s ❩✐❡❧ ❥❡❞♦❝❤ ♥✐❝❤t s♦❢♦rt ❢❛❧❧❡♥ ❧❛ss❡♥✱ ✇✐❡ ❡s ❞❡♠ ✉rs♣rü♥❣❧✐✲
❝❤❡♥ ❇❉■✲▼♦❞❡❧❧ ❡♥ts♣r❡❝❤❡♥ ✇ür❞❡✳ ❙t❛tt❞❡ss❡♥ s♦❧❧t❡ ❞❡r ❆❣❡♥t ❛❜✇❛rt❡♥✱ ♦❜ ✈♦r ❆❜❧❛✉❢
❞❡r ❆✉❢tr❛❣s❢r✐st ❡✈❡♥t✉❡❧❧ ❞♦❝❤ ♥♦❝❤ ❡✐♥ ❡♥ts♣r❡❝❤❡♥❞❡s ❇✉❝❤ ❛♥❣❡❜♦t❡♥ ✇✐r❞✳ ❆♥❞❡r❡rs❡✐ts
✐st ❡s ③✉♠ ❊rr❡✐❝❤❡♥ ❡✐♥❡s ❩✐❡❧ ♥✐❝❤t ✐♠♠❡r ♥öt✐❣✱ ❞✐❡s❡s ❛✉❝❤ ❛❦t✐✈ ③✉ ✈❡r❢♦❧❣❡♥✳ ❉❛ s♦✇♦❤❧
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t❡♥ ❑♦♥③❡♣t❡ ❞❡r ③✐❡❧♦r✐❡♥t✐❡rt❡♥ ■♥t❡r❛❦t✐♦♥ ✉♥❞ ❩✐❡❧❞❡❧❡❣❛t✐♦♥ ❞✐❡ ❜r✉❝❤❧♦s❡ ❱❡r❜✐♥❞✉♥❣
③✇✐s❝❤❡♥ ❞❡♠ ✐♥t❡r♥❡♥ ❱❡r❤❛❧t❡♥ ❞❡r ❩✐❡❧✈❡r❛r❜❡✐t✉♥❣ ✉♥❞ ❞❡r ❡①t❡r♥❡♥ ■♥t❡r❛❦t✐♦♥ ♠✐t
❛♥❞❡r❡♥ ❆❣❡♥t❡♥

✸✳✹✳✸ ❙❡❧❜st♦r❣❛♥✐s❛t✐♦♥ ✐♥ Pr♦❞✉❦t✐♦♥ss②st❡♠❡♥

❉❛s ❉❋●✲Pr♦❥❡❦t ✒❙♦❞❡❦♦❱❙✑ ✈❡r❢♦❧❣t ❡✐♥❡♥ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡♥ ❆♥s❛t③✱ ✉♠ ❱♦rt❡✐❧❡ ❞❡r
❙❡❧❜st♦r❣❛♥✐s❛t✐♦♥ ✇✐❡ ❘♦❜✉st❤❡✐t ✉♥❞ ❋❧❡①✐❜✐❧✐tät ❢ür ❞✐❡ ❊♥t✇✐❝❦❧✉♥❣ ✈❡rt❡✐❧t❡r ❙②st❡♠❡
♥✉t③❜❛r ③✉ ♠❛❝❤❡♥ ❬❙✉❞✰✵✾❪✳ ❉❛s Pr♦❥❡❦t ❛❞r❡ss✐❡rt ❙②st❡♠❡✱ ✐♥ ❞❡♥❡♥ ❡✐♥❡ ❘❡❦♦♥✜❣✉✲
r❛t✐♦♥ ③✉r ▲❛✉❢③❡✐t ❞✐❡ ❇❡tr✐❡❜s❢ä❤✐❣❦❡✐t ❡r❤❛❧t❡♥ ❜③✇✳ ❞✐❡ ▲❡✐st✉♥❣ ✈❡r❜❡ss❡r♥ s♦❧❧✳ ❉❛❜❡✐
✇❡r❞❡♥ ❙②st❡♠❛❞♠✐♥✐str❛t♦r❡♥ ❡♥t❧❛st❡t✱ ✐♥❞❡♠ ❧❡❞✐❣❧✐❝❤ ❣r♦❜❡ ❙②st❡♠✈♦r❣❛❜❡♥ ❣❡♠❛❝❤t
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✇✐r❞ ③✳❇✳ ❡✐♥❡ s✐❝❤ s❡❧❜st r❡❦♦♥✜❣✉r✐❡r❡♥❞❡ Pr♦❞✉❦t✐♦♥sstr❛ÿ❡ ❡♥t✇✐❝❦❡❧t✱ ❞✐❡ ❞✐❡ ❆✉s❢ä❧❧❡
❡✐♥③❡❧♥❡r ❋❡rt✐❣✉♥❣sr♦❜♦t❡r ❞✉r❝❤ ❡✐♥❡ ◆❡✉③✉♦r❞♥✉♥❣ ✈♦♥ ❆✉❢❣❛❜❡♥ ③✇✐s❝❤❡♥ ❞❡♥ ✈❡r❜❧❡✐✲
❜❡♥❞❡♥ ❘♦❜♦t❡r♥✳ ❊s ❤❛♥❞❡❧t s✐❝❤ s♦♠✐t ✉♠ ❡✐♥ ❆ss✐st❡♥③s②st❡♠ ♠✐t ❡✐♥❡♠ s❡❤r ❤♦❤❡♥
❆✉t♦♠❛t✐s✐❡r✉♥❣s❣r❛❞✳ ❚❛tsä❝❤❧✐❝❤ ❤❛t ❞❡r ❙②st❡♠❛❞♠✐♥✐str❛t♦r ③✉r ▲❛✉❢③❡✐t ♥✉r ❜❡♦❜❛❝❤✲
t❡♥❞❡ ❋✉♥❦t✐♦♥✳ ❉✐❡ ❡✐❣❡♥t❧✐❝❤❡ ❆r❜❡✐t ❞❡s ❆❞♠✐♥✐str❛t♦rs ❜❡st❡❤t ❞❛r✐♥✱ ❞❛s ❙②st❡♠ ✐♠
❱♦r❢❡❧❞ ❣❡❡✐❣♥❡t ③✉ ❦♦♥✜❣✉r✐❡r❡♥✱ ✉♠ s♦ ❞✐❡ ❣❡✇ü♥s❝❤t❡♥ ❊✣③✐❡♥③ ✉♥❞ ❘♦❜✉st❤❡✐ts❡✐❣❡♥✲
s❝❤❛❢t❡♥ ❤❡r③✉st❡❧❧❡♥✳ ❉❛s ❊r♠✐tt❡❧♥ ❡✐♥❡r ❣❡❡✐❣♥❡t❡♥ ❑♦♥✜❣✉r❛t✐♦♥ ❞❡s ❙②st❡♠s ✐st ❞❛❜❡✐
♥✐❝❤t tr✐✈✐❛❧✱ ❞❛ s✐❝❤ P❛r❛♠❡t❡r❜❡❧❡❣✉♥❣❡♥ ❤ä✉✜❣ ✐♥ ❦♦♠♣❧❡①❡r ❲❡✐s❡ ❣❡❣❡♥s❡✐t✐❣ ❜❡❡✐♥✢✉s✲
s❡♥✳ ❩✉❞❡♠ s✐♥❞ ❞✐❡ ❩✐❡❧s❡t③✉♥❣❡♥ ♦❢t t❡✐❧✇❡✐s❡ ❣❡❣❡♥❧ä✉✜❣✱ s♦ ❞❛ss ③✳❇✳ ❘♦❜✉st❤❡✐t ❞✉r❝❤
❡✐♥❡♥ ❤ö❤❡r❡♥ ●r❛❞ ❛♥ ❘❡❞✉♥❞❛♥③ ③✇✐s❝❤❡♥ ❞❡♥ ❘♦❜♦t❡r♥ ❡r♠ö❣❧✐❝❤t ✇✐r❞✱ ✇♦❞✉r❝❤ ❥❡❞♦❝❤
❞✐❡ ❊✣③✐❡♥③ r❡❞✉③✐❡rt ✇✐r❞✳ ❉❛❤❡r ♠üss❡♥ ✈♦r ❞❡♠ ❘❡❛❧❜❡tr✐❡❜ ♠❡✐st ✉♠❢❛♥❣r❡✐❝❤❡ ❙✐♠✉✲
❧❛t✐♦♥s❡①♣❡r✐♠❡♥t❡ ❞✉r❝❤❣❡❢ü❤rt ✇❡r❞❡♥✱ ✉♠ ✈❡rs❝❤✐❡❞❡♥❡ P❛r❛♠❡t❡r❜❡❧❡❣✉♥❣❡♥ ③✉ t❡st❡♥
✉♥❞ s✐❝❤ s❝❤❧✐❡ÿ❧✐❝❤ ❞❡r ❦♦rr❡❦t❡♥ ❋✉♥❦t✐♦♥ ❞❡s ❙②st❡♠s ✐♥ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ❙③❡♥❛r✐❡♥ ③✉
✈❡rs✐❝❤❡r♥✳

❉✐❡ ❜❡s♦♥❞❡r❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣ ❧✐❡❣t ❤✐❡r❜❡✐ ❞❛r✐♥ ③✉ ✈❡r♠❡✐❞❡♥✱ ❞❛ss ③✇✐s❝❤❡♥ ❞❡r ❙✐♠✉✲
❧❛t✐♦♥ ✉♥❞ ❞❡♠ ❘❡❛❧❜❡tr✐❡❜ st❛r❦❡ ❆❜✇❡✐❝❤✉♥❣❡♥ ❛✉❢tr❡t❡♥✳ ❉✐❡ ✐♥ ❆❜s❝❤♥✐tt ✸✳✸✳✶ ✈♦r❣❡st❡❧❧✲
t❡ ❙✐♠✉❧❛t✐♦♥s❛✉s❢ü❤r✉♥❣ ✐st ❞✐r❡❦t ✐♥ ❞❛s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥
✐♥t❡❣r✐❡rt✳ ❉❛♠✐t ❦❛♥♥ ❞✐❡ ❡♥t✇✐❝❦❡❧t❡ ❆♥✇❡♥❞✉♥❣ ♦❤♥❡ ➘♥❞❡r✉♥❣ ❛♥ ❞❡r ❆♥✇❡♥❞✉♥❣s❧♦❣✐❦
❛✉❝❤ ✐♠ ❙✐♠✉❧❛t✐♦♥s❜❡tr✐❡❜ ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✳ ◆❡❜❡♥ ❞❡r ❱❡r♠❡✐❞✉♥❣ ✈♦♥ ❆❜✇❡✐❝❤✉♥❣❡♥
❜✐❡t❡t ❞✐❡s❡r ❆♥s❛t③ ❞❡♥ ✇❡✐t❡r❡♥ ❱♦rt❡✐❧✱ ❞❛ss ❞❡r ❊♥t✇✐❝❦❧✉♥❣s❛✉❢✇❛♥❞ r❡❞✉③✐❡rt ✇✐r❞✱ ❞❛
❞❛s ❱❡r❤❛❧t❡♥ ♥✉r ❡✐♥♠❛❧ ✉♠❣❡s❡t③t ✇❡r❞❡♥ ♠✉ss ✉♥❞ s♦✇♦❤❧ ❢ür ❞❛s ❙✐♠✉❧❛t✐♦♥s♠♦❞❡❧❧ ❛❧s
❛✉❝❤ ❞✐❡ ❆♥✇❡♥❞✉♥❣s❧♦❣✐❦ ✐♠ ❘❡❛❧❜❡tr✐❡❜ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥ ❦❛♥♥✳

✸✳✹✳✹ ❊♥ts❝❤❡✐❞✉♥❣s✉♥t❡rstüt③✉♥❣ ❢ür ❋❛❤rr❛❞✈❡r❧❡✐❤s②st❡♠❡

■♥ ❬❘❡✐✶✶❀ ❇P✶✷❜❪ ✇✐r❞ ❡✐♥ ❙✐♠✉❧❛t✐♦♥ss②st❡♠ ✈♦r❣❡st❡❧❧t✱ ❞❛s ✈❡rs❝❤✐❡❞❡♥❡ ❙tr❛t❡❣✐❡♥ ③✉♠
❡✣③✐❡♥t❡♥ ❇❡tr✐❡❜ ✈♦♥ ❋❛❤rr❛❞✈❡r❧❡✐❤s②st❡♠❡♥ ❛♠ ❇❡✐s♣✐❡❧ ✈♦♥ ❙t❛❞t❘❆❉ ❍❛♠❜✉r❣ ✉♥✲
t❡rs✉❝❤t✳ ❊✐♥ Pr♦❜❧❡♠ s♦❧❝❤❡r ❙②st❡♠❡ ✐st ❞✐❡ ❚❛ts❛❝❤❡✱ ❞❛ss ❞✐❡ ◆✉t③✉♥❣ ✈♦♥ ❋❛❤rrä❞❡r♥
♥✐❝❤t ❣❧❡✐❝❤✈❡rt❡✐❧t ✐st✱ s♦♥❞❡r♥ s✐❝❤ ✐♠ ▲❛✉❢❡ ❡✐♥❡s ❚❛❣❡s ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ◆✉t③✉♥❣s♠✉s✲
t❡r ❡r❣❡❜❡♥✳ ❙♦ ✜♥❞❡♥ ❛✉❢❣r✉♥❞ ✈♦♥ P❡♥❞❧❡r✈❡r❤❛❧t❡♥ ♠♦r❣❡♥s ✈❡r♠❡❤rt ❋❛❤rt❡♥ st❛tt✱ ❞✐❡
st❛❞t❡✐♥✇ärts ❢ü❤r❡♥✱ ✇ä❤r❡♥❞ ◆❛❝❤♠✐tt❛❣s ❞✐❡ ❡♥t❣❡❣❡♥❣❡s❡t③t❡ ❘✐❝❤t✉♥❣ ❜❡✈♦r③✉❣t ✇✐r❞✳
❉✐❡s❡s ✉♥❣❧❡✐❝❤♠äÿ✐❣❡ ❆✉s❧❡✐❤✲ ✉♥❞ ❘ü❝❦❣❛❜❡✈❡r❤❛❧t❡♥ ❢ü❤rt ❞❛③✉✱ ❞❛ss ❡✐♥✐❣❡ ❙t❛t✐♦♥❡♥
✒❧❡❡r ❧❛✉❢❡♥✑✱ ❞✳❤✳ ❞♦rt ❦❡✐♥❡ ❋❛❤rrä❞❡r ♠❡❤r ✈♦r❤❛♥❞❡♥ s✐♥❞✱ ✇ä❤r❡♥❞ ❛♥❞❡r❡ ü❜❡r❢ü❧❧t s✐♥❞✱
s♦ ❞❛ss ❞♦rt ❦❡✐♥❡ ❋❛❤rrä❞❡r ♠❡❤r ③✉rü❝❦❣❡❣❡❜❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❯♠ ❞❡♥ ❇❡tr✐❡❜ ❢ür ❞✐❡
◆✉t③❡r s✐❝❤❡r③✉st❡❧❧❡♥✱ ✐st ❡✐♥❡ ❛✉❝❤ ✐♥ ❞❡r Pr❛①✐s ✈❡r❢♦❧❣t❡ ❙tr❛t❡❣✐❡✱ ü❜❡r③ä❤❧✐❣❡ ❋❛❤rrä❞❡r
❛♥ ✈♦❧❧❡♥ ❙t❛t✐♦♥❡♥ r❡❣❡❧♠äÿ✐❣ ♠✐t ❡✐♥❡♠ ❑❧❡✐♥❧❛st❡r ③✉ ❣❡r✐♥❣ ❣❡❢ü❧❧t❡♥ ♦❞❡r ❧❡❡r❡♥ ❙t❛t✐♦♥
③✉ ❢❛❤r❡♥✳ ❊✐♥❡ ❛❧t❡r♥❛t✐✈❡ ❙tr❛t❡❣✐❡ ✇är❡ ❡s✱ ❞❡♥ ❇❡♥✉t③❡r♥ ❆♥r❡✐③❡ ③✉ ❣❡❜❡♥ ✭③✳❇✳ ❘❛❜❛tt❡
♦❞❡r ●✉ts❝❤r✐❢t❡♥✮✱ ✇❡♥♥ s✐❡ ❛❧t❡r♥❛t✐✈❡✱ ✐♠ ❙✐♥♥❡ ❞❡r ❆✉s❧❛st✉♥❣s✈❡rt❡✐❧✉♥❣ ❜❡ss❡r❡ ❙t❛✲
t✐♦♥❡♥ ✐♥ ❞❡r ❯♠❣❡❜✉♥❣ ❛♥st❡✉❡r♥✳ ❯♠ ♠ö❣❧✐❝❤st ✈✐❡❧❡ ✈❡rs❝❤✐❡❞❡♥❡ r❡❛❧✐st✐s❝❤❡ ❙③❡♥❛r✐❡♥
✉♥t❡rs✉❝❤❡♥ ③✉ ❦ö♥♥❡♥✱ ✇❡r❞❡♥ ✐♥ ❞❡♠ ❙②st❡♠ ❞✐❡ ◆✉t③❡r ❞✉r❝❤ ❇❉■✲❆❣❡♥t❡♥ r❡♣räs❡♥t✐❡rt✱
❞✐❡ ❥❡ ♥❛❝❤ ❚❛❣❡s③❡✐t ❞❛s ❩✐❡❧ ❤❛❜❡♥ ✈❡rs❝❤✐❡❞❡♥❡ ❖rt❡ ③✉ ❜❡s✉❝❤❡♥ ✭❆r❜❡✐ts♣❧❛t③✱ ❋✐t♥❡ss✲
st✉❞✐♦✱ ✳ ✳ ✳ ✮✳ ❉❛❜❡✐ ❤❛❜❡♥ ❞✐❡ ❆❣❡♥t❡♥ ✈❡rs❝❤✐❡❞❡♥❡ P❧ä♥❡ ③✉r ❱❡r❢ü❣✉♥❣✱ ❞✐❡ ♥❡❜❡♥ ❞❡♠



✸✳✹✳ ❩✉s❛♠♠❡♥❢❛ss✉♥❣ ❛♥❤❛♥❞ ❛✉s❣❡✇ä❤❧t❡r ✇❡✐t❡r❡r ❆♥✇❡♥❞✉♥❣❡♥ ✹✼

❆✉s❧❡✐❤❡♥ ✈♦♥ ❋❛❤rrä❞❡r♥ ❛✉❝❤ ❞✐❡ ❱❡r✇❡♥❞✉♥❣ ✈♦♥ ❇✉s ✉♥❞ ❇❛❤♥ ❡✐♥s❝❤❧✐❡ÿ❡♥✳ Ü❜❡r ❞✐❡
❙✐♠✉❧❛t✐♦♥ ❞❡s ❙②st❡♠s ❦ö♥♥❡♥ ❞❛♥♥ ✈❡rs❝❤✐❡❞❡♥❡ ❙tr❛t❡❣✐❡♥ ❣❡t❡st❡t ✇❡r❞❡♥ ♦❞❡r ❛✉❝❤ ✉♥✲
t❡rs✉❝❤t ✇❡r❞❡♥✱ ✇✐❡ s✐❝❤ ❞❛s ❍✐♥③✉❢ü❣❡♥ ❡✐♥❡r ✇❡✐t❡r❡♥ ❆✉s❧❡✐❤st❛t✐♦♥ ❛♥ ❡✐♥❡♠ ❜❡st✐♠♠t❡♥
❖rt ❛✉s✇✐r❦t✳

❇❡✐ ❞✐❡s❡r ❆♥✇❡♥❞✉♥❣ ❣✐❜t ❡s ③✇❡✐ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥✱ ❞✐❡ ü❜❡r ❞✐❡ ❡✐♥❢❛❝❤❡ ❙✐♠✉✲
❧❛t✐♦♥s❛✉s❢ü❤r✉♥❣ ❛✉s ❆❜s❝❤♥✐tt ✸✳✸✳✶ ❤✐♥❛✉s❣❡❤❡♥✳ ❊✐♥❡rs❡✐ts ❧✐❡❣t ❤✐❡r ❦♦♠♣❧❡①❡s ❇❉■✲
❆❣❡♥t❡♥✈❡r❤❛❧t❡♥ ✈♦r✱ ❞❛ss ✐♠ ❱❡r❣❧❡✐❝❤ ③✉ ❡✐♥❢❛❝❤❡♥ ❚❛s❦✲❜❛s✐❡rt❡♥ ❆❣❡♥t❡♥ ③✉ ❡✐♥❡♥ ❡r✲
❤❡❜❧✐❝❤❡♥ ▼❡❤r❛✉❢✇❛♥❞ ❜❡✐ ❞❡r ❇❡r❡❝❤♥✉♥❣ ✈♦♥ ❙✐♠✉❧❛t✐♦♥s❧ä✉❢❡♥ ❢ü❤r❡♥ ❦❛♥♥✳ ❆♥❞❡r❡rs❡✐ts
s♦❧❧❡♥ ❞✐❡ ❆❣❡♥t❡♥ ❞❛s ❱❡r❤❛❧t❡♥ ♠❡♥s❝❤❧✐❝❤❡r ❇❡♥✉t③❡r ❞❡s ❋❛❤rr❛❞✈❡r❧❡✐❤s②st❡♠s ♠ö❣❧✐❝❤st
r❡❛❧✐st✐s❝❤ ✇✐❞❡rs♣✐❡❣❡❧♥✳ ❉❡r ✐♥ ❆❜s❝❤♥✐tt ✸✳✷✳✹ ✈♦r❣❡st❡❧❧t❡ ♥❡✉❛rt✐❣❡r ❇❉■✲■♥t❡r♣r❡t❡r ❡r✲
❧❛✉❜t ❡s✱ ❞✐❡ ❆✉s❢ü❤r✉♥❣ ✈♦♥ ❇❉■✲❆❣❡♥t❡♥ ③✉ ❜❡s❝❤❧❡✉♥✐❣❡♥ ✉♥❞ ❡r♠ö❣❧✐❝❤t s♦♠✐t ❛✉❢✇ä♥❞✐✲
❣❡ ❙✐♠✉❧❛t✐♦♥❡♥ ♦❤♥❡ ❞✐❡ ❋❧❡①✐❜✐❧✐tät ✉♥❞ ❊r✇❡✐t❡r❜❛r❦❡✐t ❞❡s ❇❉■✲Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧s ③✉
❜❡s❝❤rä♥❦❡♥✳ ❉✐❡ ✐♥ ❆❜s❝❤♥✐tt ✸✳✸✳✷ ✈♦r❣❡st❡❧❧t❡ ❯♥t❡rstüt③✉♥❣ ❢ür ✈✐rt✉❡❧❧❡ ❆♥✇❡♥❞✉♥❣s✲
✉♠❣❡❜✉♥❣❡♥ ❡r❧❛✉❜t ❡s✱ ❛✉❢ ❡✐♥❢❛❝❤❡ ❲❡✐s❡ ❡✐♥❡ ❱✐s✉❛❧✐s✐❡r✉♥❣ ❞❡s ❆❣❡♥t❡♥✈❡r❤❛❧t❡♥s ③✉
❡rst❡❧❧❡♥✱ ü❜❡r ❞✐❡ ü❜❡r♣rü❢t ✇❡r❞❡♥ ❦❛♥♥✱ ♦❜ s✐❝❤ ❞✐❡ ❆❣❡♥t❡♥ ✐♥ ❞❡r ❋❛❤rr❛❞✈❡r❧❡✐❤s✐♠✉❧❛✲
t✐♦♥ r❡❛❧✐st✐s❝❤ ✈❡r❤❛❧t❡♥✳

✸✳✹✳✺ Ü❜❡rs✐❝❤t ❞❡r ❇❡✐trä❣❡

▼✐t ❞❡r ■♥t❡❣r❛t✐♦♥ ✈♦♥ ❆❣❡♥t❡♥ ✐♥ ❦❧❛ss✐s❝❤❡ ■♥❢♦r♠❛t✐♦♥ss②st❡♠❡ ✉♥❞ ❞❡r ■♥t❡❣r❛t✐♦♥ ✈♦♥
❙✐♠✉❧❛t✐♦♥ ✐♥ ❞❛s ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲▼♦❞❡❧❧ ✇✉r❞❡♥ ❡✐♥❣❛♥❣s ❞✐❡s❡s ❑❛♣✐t❡❧s ③✇❡✐ ❍❡r✲
❛✉s❢♦r❞❡r✉♥❣❡♥ ✐❞❡♥t✐✜③✐❡rt✱ ❞✐❡ ❢ür ❞✐❡ ❑❧❛ss❡ ❞❡r ✐♥t❡❧❧✐❣❡♥t❡♥ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ❜❡✲
s♦♥❞❡rs r❡❧❡✈❛♥t s✐♥❞✳ ❉✐❡ ❡✐❣❡♥t❧✐❝❤❡♥ ❇❡✐trä❣❡ ✇✉r❞❡♥ ❞❡♥ ❇❡r❡✐❝❤❡♥ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣
✉♥❞ ❙✐♠✉❧❛t✐♦♥s✐♥t❡❣r❛t✐♦♥ ③✉❣❡♦r❞♥❡t✳ ❉❛❜❡✐ ❜❡❢❛sst s✐❝❤ ❞✐❡ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ♠✐t ❞❡r
❡rst❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣✱ ♥ä♠❧✐❝❤ ❞❡r ■♥t❡❣r❛t✐♦♥ ✉♥❞ ❊r✇❡✐t❡r✉♥❣ ✈♦♥ ❆❣❡♥t❡♥❦♦♥③❡♣t❡♥
③✉r ✈❡r❜❡ss❡rt❡♥ ❊♥t✇✐❝❦❧✉♥❣ ✈♦♥ ✐♥t❡❧❧✐❣❡♥t❡♥ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ♠✐t ❛❦t✐✈❡♥ ❑♦♠♣♦✲
♥❡♥t❡♥✳ ■♠ ❊✐♥③❡❧♥❡♥ ✉♠❢❛sst ❞✐❡ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ❞✐❡ ❢♦❧❣❡♥❞❡♥ ❇❡✐trä❣❡✿

❇❉■ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❉✐❡ ❊✐♥❜❡tt✉♥❣ ❞❡s ❇❉■✲▼♦❞❡❧❧s ✐♥ ❞❡♥ ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲
❆♥s❛t③ ❡r❧❛✉❜t ❞✐❡ ❡✐♥❢❛❝❤❡ ■♥t❡❣r❛t✐♦♥ ✈♦♥ ❛❣❡♥t❡♥♦r✐❡♥t✐❡rt❡♥ Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣✲
t❡♥ ✐♥ ❦❧❛ss✐s❝❤❡ ❞✐❡♥st♦r✐❡♥t✐❡rt❡ ♦❞❡r ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡ ❙♦❢t✇❛r❡✲❙②st❡♠❡✳

❊r✇❡✐t❡rt❡ ✐♥t❡r♥❡ ❩✐❡❧r❡♣räs❡♥t❛t✐♦♥ ◆❡✉❡ ❩✐❡❧t②♣❡♥ ✇✐❡ ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡③✐❡❧❡
❡r♠ö❣❧✐❝❤❡♥ ❞✐❡ ✐♥t✉✐t✐✈❡ ♠❡♥s❝❤❡♥♥❛❤❡ ▼♦❞❡❧❧✐❡r✉♥❣ ✈♦♥ ❆❣❡♥t❡♥✈❡r❤❛❧t❡♥✳

❇❡❤❛♥❞❧✉♥❣ ✈♦♥ ❩✐❡❧❡♥ ③✇✐s❝❤❡♥ ❆❣❡♥t❡♥ ❩✐❡❧❞❡❧❡❣❛t✐♦♥ ✉♥❞ ③✐❡❧♦r✐❡♥t✐❡rt❡ ■♥t❡r❛❦✲
t✐♦♥❡♥ s❝❤❛✛❡♥ ❞✐❡ ❇rü❝❦❡ ③✇✐s❝❤❡♥ ✐♥t❡r♥❡♠ ❆❣❡♥t❡♥✈❡r❤❛❧t❡♥ ✉♥❞ ❡①t❡r♥❡r ■♥t❡r✲
❛❦t✐♦♥ ③✇✐s❝❤❡♥ ❆❣❡♥t❡♥ ✉♥t❡r❡✐♥❛♥❞❡r s♦✇✐❡ ③✇✐s❝❤❡♥ ❆❣❡♥t❡♥ ✉♥❞ ❛♥❞❡r❡♥ ❛❦t✐✈❡♥
❑♦♠♣♦♥❡♥t❡♥✳

❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲❑❡r♥❡❧ ❢ür ❇❉■✲❆❣❡♥t❡♥ ❋ür ❞✐❡ ❤♦❝❤♣❡r❢♦r♠❛♥t❡ ❆✉s❢ü❤r✉♥❣
✈♦♥ ❇❉■✲❆❣❡♥t❡♥ ✇✉r❞❡ ❡✐♥ ♥❡✉❛rt✐❣❡r ■♥t❡r♣r❡t❡r ❦♦♥③✐♣✐❡rt✱ ❞❡r ❢ür ❞❡♥ ❊✐♥s❛t③ ✐♥
❆♥✇❡♥❞✉♥❣❡♥ ✉♥t❡r ❤♦❤❡r ▲❛st ❜③✇✳ ✐♥ ❛✉❢✇ä♥❞✐❣❡♥ ❙✐♠✉❧❛t✐♦♥s❛♥✇❡♥❞✉♥❣❡♥ ❣❡❡✐❣✲
♥❡t ✐st✳

❉✐❡ ❙✐♠✉❧❛t✐♦♥s✐♥t❡❣r❛t✐♦♥ ❛❞r❡ss✐❡rt ❞✐❡ ③✇❡✐t❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣✱ ❞✐❡ ❞❛r✐♥ ❜❡st❡❤t✱ ❞❛s
❱❛❧✐❞✐❡r❡♥ ✉♥❞ ❚❡st❡♥ ✇ä❤r❡♥❞ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ③✉ ✈❡r❡✐♥❢❛❝❤❡♥ ✉♥❞ s♦ ❞❡♠ ❑♦♥tr♦❧❧✈❡r❧✉st
❡♥t❣❡❣❡♥ ③✉ ✇✐r❦❡♥✱ ❞❡r ❞✉r❝❤ ❞✐❡ ❆✉t♦♥♦♠✐❡ ❞❡r ❆♥✇❡♥❞✉♥❣ ❡♥tst❡❤t✳

❙✐♠✉❧❛t✐♦♥s❛✉s❢ü❤r✉♥❣ ❉✐❡ ❦♦♠❜✐♥✐❡rt❡ ❆✉s❢ü❤r❜❛r❦❡✐t ❞❡s ✉♠❣❡s❡t③t❡♥ ❑♦♠♣♦♥❡♥t❡♥✲
✈❡r❤❛❧t❡♥s ✐♥ ❙✐♠✉❧❛t✐♦♥s✲ ✉♥❞ ❘❡❛❧❜❡tr✐❡❜ ❡r❧❛✉❜t ❞❛s ❚❡st❡♥ ❞❡r t❛tsä❝❤❧✐❝❤❡♥ ■♠♣❧❡✲
♠❡♥t❛t✐♦♥ ❛♥st❛tt ❡✐♥❡s ♠ö❣❧✐❝❤❡r ❲❡✐s❡ ❛❜✇❡✐❝❤❡♥❞❡♥ ❙✐♠✉❧❛t✐♦♥s♠♦❞❡❧❧s ✉♥❞ ✈❡r✲
r✐♥❣❡rt ③✉❞❡♠ ❞❡♥ ❊♥t✇✐❝❦❧✉♥❣s❛✉❢✇❛♥❞✳

❱✐rt✉❡❧❧❡ ❆♥✇❡♥❞✉♥❣s✉♠❣❡❜✉♥❣❡♥ ❉✐❡ ❊♥t✇✐❝❦❧✉♥❣s✉♥t❡rstüt③✉♥❣ ❢ür ✈✐rt✉❡❧❧❡ ❆♥✲
✇❡♥❞✉♥❣s✉♠❣❡❜✉♥❣❡♥ ❡r❧❛✉❜t ❞❛s s❝❤♥❡❧❧❡ ❊rst❡❧❧❡♥ ✈♦♥ ❙t❡❧❧✈❡rtr❡t❡r♥ ❡①t❡r♥❡r ❙②s✲
t❡♠❡ ❢ür ❞✐❡ ❚❡st❛✉s❢ü❤r✉♥❣ ✉♥❞ ❡r♠ö❣❧✐❝❤t ③✉❞❡♠✱ ❱✐s✉❛❧✐s✐❡r✉♥❣❡♥ ③✉ ❡rst❡❧❧❡♥✱ ü❜❡r
❞✐❡ s✐❝❤ ❞❛s ❆♥✇❡♥❞✉♥❣s✈❡r❤❛❧t❡♥ ❜❡ss❡r ♥❛❝❤✈♦❧❧③✐❡❤❡♥ ❧ässt✳

◆❡❜❡♥ ❞❡♥ ❣❡♥❛♥♥t❡♥ ❆♥✇❡♥❞✉♥❣❡♥ ✇✉r❞❡♥ ✐♠ ❑♦♥t❡①t ❞✐❡s❡r ❆r❜❡✐t ❡✐♥❡ ❘❡✐❤❡ ✇❡✐t❡✲
r❡r ❆♥✇❡♥❞✉♥❣❡♥ ✉♠❣❡s❡t③t✳ ❆❦t✉❡❧❧ ✇❡r❞❡♥ ❞✐❡ ❤✐❡r ❛✉❢❣❡❢ü❤rt❡♥ ❇❡✐trä❣❡ ③✳❇✳ ✐♠ ❑♦♥✲
t❡①t ❞❡s ❉❋●✲Pr♦❥❡❦ts ✒❋❨P❆➨❈✑ ❡✐♥❣❡s❡t③t ❬❍❛✉✰✶✸❪✱ ❞❛s s✐❝❤ ✐♠ ❘❛❤♠❡♥ ❞❡s ❉❋●✲



✹✽ ❑❛♣✐t❡❧ ✸✳ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❙❝❤✇❡r♣✉♥❦t♣r♦❣r❛♠♠s ✒❉❡s✐❣♥ ❋♦r ❋✉t✉r❡ ✲ ▼❛♥❛❣❡❞ ❙♦❢t✇❛r❡ ❊✈♦❧✉t✐♦♥✑ ♠✐t ❞❡r ❊♥t✲
✇✐❝❦❧✉♥❣ ✈♦♥ ❯♥t❡rstüt③✉♥❣ss②st❡♠❡♥ ❢ür ❞❡♥ ❇❡tr✐❡❜ ✉♥❞ ❞✐❡ ❲❡✐t❡r❡♥t✇✐❝❦❧✉♥❣ ✈♦♥ ❙♦❢t✲
✇❛r❡ ❢ür Pr♦❞✉❦t✐♦♥s❛♥❧❛❣❡♥ ❜❡❢❛sst ✭s✐❡❤❡ ③✳❇✳ ❬▲❛❞✰✶✹❀ ❍❛✉✰✶✹❪✮✳ ❉❛❜❡✐ s♦❧❧❡♥ ❊♥t✇✐❝❦❧❡r
❛✉t♦♠❛t✐s❝❤ ❛✉❢ ✉♥❣❡✇♦❧❧t❡ ❙❡✐t❡♥❡✛❡❦t❡ ❜❡✐ ❆❞✲❤♦❝✲➘♥❞❡r✉♥❣❡♥ ❤✐♥❣❡✇✐❡s❡♥ ✇❡r❞❡♥✱ ✇✐❡
s✐❡ ✐♠ ❇❡tr✐❡❜ ✈♦♥ Pr♦❞✉❦t✐♦♥s❛♥❧❛❣❡♥ ❤ä✉✜❣ ✈♦r❦♦♠♠❡♥✳



❑❛♣✐t❡❧ ✹

❩✉s❛♠♠❡♥❢❛ss✉♥❣ ✉♥❞ ❆✉s❜❧✐❝❦

❉✐❡s❡ ❆r❜❡✐t ❢❛sst ❋♦rs❝❤✉♥❣s❜❡✐trä❣❡ ③✉s❛♠♠❡♥✱ ✐♥ ❞❡♥❡♥ ❞✐❡ ❊♥t✇✐❝❦❧✉♥❣ ✈❡rt❡✐❧t❡r ❙②st❡✲
♠❡ ✉♥t❡rs✉❝❤t ✉♥❞ ❡✐♥ ♥❡✉❛rt✐❣❡r ❆♥s❛t③ ✈♦r❣❡s❝❤❧❛❣❡♥ ✇✐r❞✱ ❞❡r ❞❛r❛✉❢ ❛❜③✐❡❧t✱ ❞✐❡ ❱♦rt❡✐❧❡
❞❡r ❜❡st❡❤❡♥❞❡♥ ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❡♥ ❖❜❥❡❦t❡✱ ❆❣❡♥t❡♥✱ ❉✐❡♥st❡ ✉♥❞ ❑♦♠♣♦♥❡♥t❡♥ ✐♥ ❡✐✲
♥❡♠ ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧ ③✉s❛♠♠❡♥③✉❢ü❤r❡♥✳ ❉❡r ❞✐❡s❡♥ ❋♦rs❝❤✉♥❣s❛r❜❡✐t❡♥ ③✉❣r✉♥❞❡
❧✐❡❣❡♥❞❡ ❛❧❧❣❡♠❡✐♥❡ ❆♥s❛t③ s♦❧❧ ❞❛❜❡✐ ❢ür ❜❡❧✐❡❜✐❣❡ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥ ❡✐♥s❡t③❜❛r s❡✐♥✳ ▼✐t
✐♥t❡❧❧✐❣❡♥t❡♥ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ✇✉r❞❡ ✐♠ ❘❛❤♠❡♥ ❞❡r ❤✐❡r ✈♦r❣❡st❡❧❧t❡♥ ❆r❜❡✐t❡♥ ❡①✲
❡♠♣❧❛r✐s❝❤ ❡✐♥❡ ❦♦♥❦r❡t❡ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡ ✇❡✐t❡r❣❡❤❡♥❞ ✉♥t❡rs✉❝❤t✳ ❩✉❞❡♠ ✇✉r❞❡♥ ❞❛❜❡✐
s♦✇♦❤❧ ✐♠ ❇❡③✉❣ ❛✉❢ ❞❡♥ ❛❧❧❣❡♠❡✐♥❡♥ ❆♥s❛t③ ❛❧s ❛✉❝❤ ❜❡③♦❣❡♥ ❛✉❢ ❞✐❡ ❦♦♥❦r❡t❡ ❆♥✇❡♥✲
❞✉♥❣s❦❧❛ss❡ ❥❡✇❡✐❧s ❦♦♥③❡♣t✐♦♥❡❧❧❡ ✉♥❞ t❡❝❤♥✐s❝❤❡ ❇❡✐trä❣❡ ❣❡❧❡✐st❡t✱ ❞✐❡ ❞✐❡ ❑♦♥str✉❦t✐♦♥
✈❡rt❡✐❧t❡r ❙②st❡♠✲❙♦❢t✇❛r❡ ✉♥t❡rstüt③❡♥ ❜③✇✳ ✈❡r❡✐♥❢❛❝❤❡♥✳

✹✳✶ ❩✉s❛♠♠❡♥❢❛ss✉♥❣

■♠ ❘❛❤♠❡♥ ❞❡r ✐♥ ❞✐❡s❡r ❆r❜❡✐t ③✉s❛♠♠❡♥❣❡❢❛sst❡♥ ❋♦rs❝❤✉♥❣s❛r❜❡✐t❡♥ ✇✉r❞❡♥ ③✉♥ä❝❤st ✲
✇✐❡ ✐♥ ❑❛♣✐t❡❧ ✶ ❞❛r❣❡❧❡❣t ✲ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❢ür ❞✐❡ ❊♥t✇✐❝❦❧✉♥❣ ✈❡rt❡✐❧t❡r ❙②st❡♠❡ ❤❡r✲
❛✉s❣❡❛r❜❡✐t❡t ✉♥❞ ✐♥ ❞✐❡ ✈✐❡r ❇❡r❡✐❝❤❡ ❙♦❢t✇❛r❡ ❊♥❣✐♥❡❡r✐♥❣✱ ◆❡❜❡♥❧ä✉✜❣❦❡✐t✱ ❱❡rt❡✐❧✉♥❣ ✉♥❞
♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ❦❛t❡❣♦r✐s✐❡rt✳ ❊s ✇✉r❞❡ ♠♦t✐✈✐❡rt✱ ❞❛ss ❜❡st❡❤❡♥❞❡ ❚❡❝❤♥♦✲
❧♦❣✐❡♥ ❥❡✇❡✐❧s ♥✉r ❚❡✐❧❜❡r❡✐❝❤❡ ❞✐❡s❡r ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❛❜❞❡❝❦❡♥✳

✹✳✶✳✶ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥

■♥ ❞❡♥ ✐♥ ❑❛♣✐t❡❧ ✷ ③✉s❛♠♠❡♥❣❡❢❛sst❡♥ ❋♦rs❝❤✉♥❣s❛r❜❡✐t❡♥ ✇✉r❞❡ ❞❛♥♥ ③✉♥ä❝❤st ❞❡r ❇❡❣r✐✛
❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❛ ❞❡✜♥✐❡rt✱ ✇♦❜❡✐ ❡✐♥ ❙♦❢t✇❛r❡✲P❛r❛❞✐❣♠❛ ❛❧s ❦♦♥③❡♣t✐♦♥❡❧❧❡s ▼♦❞❡❧❧ ❣❡✲
s❡❤❡♥ ✇✐r❞✱ ❞❛s ✈❡rs❝❤✐❡❞❡♥❡ t❡❝❤♥♦❧♦❣✐s❝❤❡ ▲ös✉♥❣❡♥ ✐♥ ❡✐♥❡r ❡✐♥❤❡✐t❧✐❝❤❡♥ ✐♥t✉✐t✐✈❡♥ ❙✐❝❤t
③✉s❛♠♠❡♥❢ü❤rt✳ ■♠ ✇❡✐t❡r❡♥ ❱❡r❧❛✉❢ ✇✉r❞❡♥ ❞✐❡ P❛r❛❞✐❣♠❡♥ ❖❜❥❡❦t❡✱ ❆❣❡♥t❡♥✱ ❉✐❡♥st❡ ✉♥❞
❑♦♠♣♦♥❡♥t❡♥ ✉♥t❡rs✉❝❤t ✉♥❞ ✐♥ ❇❡③✉❣ ❛✉❢ ✐❤r❡ ❊✐❣♥✉♥❣ ❢ür ❞✐❡ ❆❞r❡ss✐❡r✉♥❣ ✈♦♥ ❍❡r❛✉s❢♦r✲
❞❡r✉♥❣❡♥ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ✈❡rt❡✐❧t❡r ❙②st❡♠❡ ❛♥❛❧②s✐❡rt✳ ❊s ③❡✐❣t❡ s✐❝❤✱ ❞❛ss ❥❡❞❡s P❛r❛❞✐❣♠❛
❡✐❣❡♥❡ ❙tär❦❡♥ ❜❡s✐t③t✳ ❉✐❡s ♠♦t✐✈✐❡rt❡ ❡✐♥ ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡s ▼♦❞❡❧❧✱ ✐♥ ❞❡♠ ❞✐❡ P❛r❛❞✐❣♠❡♥
❛❧s s✐♥♥✈♦❧❧❡ ❊r❣ä♥③✉♥❣ ♥❡❜❡♥❡✐♥❛♥❞❡r ❜❡st❡❤❡♥ ❦ö♥♥❡♥✳

❯♠ ❞✐❡ ❥❡✇❡✐❧✐❣❡♥ ❱♦rt❡✐❧❡ ❞❡r ✉♥t❡rs✉❝❤t❡♥ P❛r❛❞✐❣♠❡♥ ✐♥ ❡✐♥❡♠ ✈❡r❡✐♥❤❡✐t❧✐❝❤❡♥ ▼♦✲
❞❡❧❧ ③✉r ●❡❧t✉♥❣ ③✉ ❜r✐♥❣❡♥✱ ✇✉r❞❡ s❝❤❧✐❡ÿ❧✐❝❤ ❞❛s ❑♦♥③❡♣t ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡ ❡♥t✲
✇♦r❢❡♥✱ ❞❛s ❡s ❡r❧❛✉❜t✱ ❡✐♥❡ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡ ❊✐♥❤❡✐t ❥❡ ♥❛❝❤ ❑♦♥t❡①t ❛❧s ❖❜❥❡❦t✱ ❆❣❡♥t✱
❉✐❡♥st ♦❞❡r ❑♦♠♣♦♥❡♥t❡ ③✉ ❜❡tr❛❝❤t❡♥✳ ❉✐❡ ❉❡t❛✐❧s ❞❡s ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲▼♦❞❡❧❧s ✇✉r✲
❞❡♥ ❞❛♥♥ ❛♥❤❛♥❞ ❞❡r ❆s♣❡❦t❡ ❙tr✉❦t✉r ✉♥❞ ❱❡r❤❛❧t❡♥ ✇❡✐t❡r ❛✉s❣❡st❛❧t❡t✳ ❉❛❢ür ✇✉r❞❡ ❡✐♥❡
❚r❡♥♥✉♥❣ ❡✐♥❣❡❢ü❤rt ③✇✐s❝❤❡♥ ❞❡r ❆✉ÿ❡♥s✐❝❤t ✲ ❞✳❤✳ ❞✐❡ ❆rt✱ ✇✐❡ ❞✐❡ ■♥t❡r❛❦t✐♦♥ ③✇✐s❝❤❡♥
❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❣❡st❛❧t❡t ✐st ✲ ✉♥❞ ❞❡r ■♥♥❡♥s✐❝❤t ✲ ❞✳❤✳ ❞✐❡ ❆rt✱ ✇✐❡ ❡✐♥❡ ❡✐♥③❡❧♥❡ ❑♦♠✲
♣♦♥❡♥t❡ ✐♥t❡r♥ ♦r❣❛♥✐s✐❡rt ✐st✳ ❉✐❡ ❆✉ÿ❡♥s✐❝❤t st❡❧❧t ❞❛❜❡✐ ❞❛s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡ ▼♦❞❡❧❧ ❞❛r✱
✇ä❤r❡♥❞ ❞✐❡ ■♥♥❡♥s✐❝❤t ❞❛③✉ ❞✐❡♥t✱ s♣❡③✐✜s❝❤❡ ❆s♣❡❦t❡ ❞❡r ✈❡rs❝❤✐❡❞❡♥❡♥ P❛r❛❞✐❣♠❡♥ ❣❡③✐❡❧t
❛❜③✉❜✐❧❞❡♥ ✭③✳❇✳ ✐♥t❡❧❧✐❣❡♥t❡s ❆❣❡♥t❡♥✈❡r❤❛❧t❡♥ ♥❛❝❤ ❞❡♠ ❇❉■✲▼♦❞❡❧❧✮✳ ❯♠ ❘❡✐❜✉♥❣s✈❡r✲
❧✉st❡ ❜❡✐♠ Ü❜❡r❣❛♥❣ ③✇✐s❝❤❡♥ ❞❡♥ P❛r❛❞✐❣♠❡♥ ✭❡♥❣❧✳ ✐♠♣❡❞❛♥❝❡ ♠✐s♠❛t❝❤✮ ③✉ r❡❞✉③✐❡r❡♥
❜③✇✳ ③✉ ✈❡r♠❡✐❞❡♥✱ ❤❛❜❡♥ s✐❝❤ ✐♥ ❞✐❡s❡♠ ❩✉s❛♠♠❡♥❤❛♥❣ ✈❡rs❝❤✐❡❞❡♥❡ ❜❡st❡❤❡♥❞❡ ❑♦♥③❡♣t❡
✇✐❡ ❛❦t✐✈❡s ❖❜❥❡❦t✱ ❆❝t♦rs ✉♥❞ ❞✐❡ ❙♦❢t✇❛r❡ ❈♦♠♣♦♥❡♥t ❆r❝❤✐t❡❝t✉r❡ ❛❧s ♥üt③❧✐❝❤ ❡r✇✐❡✲
s❡♥✳ ❉✉r❝❤ ❞❛s ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡ ▼♦❞❡❧❧ ❦ö♥♥❡♥ ♥✉♥ ❞✐❡ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥

✹✾



✺✵ ❑❛♣✐t❡❧ ✹✳ ❩✉s❛♠♠❡♥❢❛ss✉♥❣ ✉♥❞ ❆✉s❜❧✐❝❦

❞✉r❝❤ ❞✐❡ ❥❡✇❡✐❧s ♣❛ss❡♥❞❡ ❙✐❝❤t ❣❡♠❡✐st❡rt ✇❡r❞❡♥✿ ❙♦❢t✇❛r❡ ❊♥❣✐♥❡❡r✐♥❣ ❞✉r❝❤ ❖❜❥❡❦t❡
✉♥❞ ❑♦♠♣♦♥❡♥t❡♥✱ ◆❡❜❡♥❧ä✉✜❣❦❡✐t ❞✉r❝❤ ❆❣❡♥t❡♥✱ ❱❡rt❡✐❧✉♥❣ ❞✉r❝❤ ❉✐❡♥st❡ ✉♥❞ ❆❣❡♥t❡♥
✉♥❞ ♥✐❝❤t✲❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥ ❞✉r❝❤ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ❉✐❡♥st❡✳

❋ür ❞❡♥ ◆❛❝❤✇❡✐s ❞❡r Pr❛①✐st❛✉❣❧✐❝❤❦❡✐t ✇✉r❞❡ ❞❛s ▼♦❞❡❧❧ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥
✐♥ ❡✐♥❡r ✈❡rt❡✐❧t❡♥ ▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦t✉r ✉♠❣❡s❡t③t✳ ❍✐❡r③✉ ✇✉r❞❡♥ Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣✲
t❡ ❡♥t✇♦r❢❡♥✱ ❞✐❡ ♦rt❤♦❣♦♥❛❧ ③✉ ❡✐♥❛♥❞❡r ❡✐♥s❡t③❜❛r s✐♥❞ ✉♥❞ ❞✐❡ ▼✐❞❞❧❡✇❛r❡ ❡r✇❡✐t❡r❜❛r
❣❡st❛❧t❡♥✳ ❉✐❡ P❧❛tt❢♦r♠❛r❝❤✐t❡❦t✉r ❢♦❧❣t s❡❧❜st ❞❡♠ ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲▼♦❞❡❧❧ ✉♥❞ ❡r✲
♠ö❣❧✐❝❤t s♦♠✐t ❑♦♥✜❣✉r✐❡r❜❛r❦❡✐t ✐♥ ❇❡③✉❣ ❛✉❢ ✈❡rs❝❤✐❡❞❡♥❡ ❆♥✇❡♥❞✉♥❣s❦♦♥t❡①t❡✳ ❋ür ❞✐❡
❡✐♥❢❛❝❤❡ ❇❡♥✉t③✉♥❣ ✇✉r❞❡♥ ③✉❞❡♠ ❡✐♥❡ ❲❡r❦③❡✉❣✉♥t❡rstüt③✉♥❣ ✉♥❞ ■♥❢r❛str✉❦t✉r❞✐❡♥st❡
❜❡r❡✐t❣❡st❡❧❧t✳ ❉✐❡ ▼✐❞❞❧❡✇❛r❡ ✇✉r❞❡ ❛❧s ❖♣❡♥ ❙♦✉r❝❡ ✈❡rö✛❡♥t❧✐❝❤t ✉♥❞ ✇✐r❞ ✇❡❧t✇❡✐t ✈♦♥
✈❡rs❝❤✐❡❞❡♥❡♥ ❋✐r♠❡♥ ✉♥❞ ■♥st✐t✉t✐♦♥❡♥ ❡✐♥❣❡s❡t③t✳

❉✐❡ ❊✈❛❧✉❛t✐♦♥ ❞❡r ❑♦♥③❡♣t❡ ✉♥❞ ✐❤r❡r ❯♠s❡t③✉♥❣ ❡r❢♦❧❣t❡ ❛✉❢ ✈❡rs❝❤✐❡❞❡♥❡♥ ❊❜❡♥❡♥✳
❉❡r ◆❛❝❤✇❡✐s ❞❡r Pr❛①✐st❛✉❣❧✐❝❤❦❡✐t ✇✉r❞❡ ❞✉r❝❤ ③❛❤❧r❡✐❝❤❡ ❡♥t✇✐❝❦❡❧t❡ ❆♥✇❡♥❞✉♥❣❡♥ ✐♠
❛❦❛❞❡♠✐s❝❤❡♥ ✉♥❞ ✐♠ ❦♦♠♠❡r③✐❡❧❧❡♥ ❇❡r❡✐❝❤ ❡r❜r❛❝❤t✳ ❩✉❞❡♠ ✇✉r❞❡ ❛✉❢ ❊❜❡♥❡ ❞❡r Pr♦✲
❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ❡✐♥ ❱❡r❣❧❡✐❝❤ ♠✐t ❜❡st❡❤❡♥❞❡♥ ❆♥sät③❡♥ ❞✉r❝❤❣❡❢ü❤rt✳ ❙❝❤❧✐❡ÿ❧✐❝❤ ✇✉r❞❡
✐♥ ❡✐♥❡♥ ✈❡rt❡✐❧t❡♥ ❙③❡♥❛r✐♦ ❞✐❡ P❡r❢♦r♠❛♥❝❡ ✉♥❞ ❊✣③✐❡♥③ ❞❡r ▼✐❞❞❧❡✇❛r❡ ❣❡♠❡ss❡♥✳

❉✐❡ ❢♦❧❣❡♥❞❡ Ü❜❡rs✐❝❤t ♦r❞♥❡t ❞✐❡ ♦❜❡♥ ❜❡s❝❤r✐❡❜❡♥❡♥ ❇❡✐trä❣❡ ❞❡♥ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❱❡r✲
ö✛❡♥t❧✐❝❤✉♥❣❡♥ ③✉✿

❬❇✲✶❪ ■♥ ❞✐❡s❡♠ ❇❡✐tr❛❣ ✇✉r❞❡♥ ❡rst❡ ❱♦r❛r❜❡✐t❡♥ ③✉♠ ✈❡r❡✐♥❤❡✐t❧✐❝❤t❡♥ ▼♦❞❡❧❧ ❣❡❧❡✐st❡t✳
❉❛❢ür ✇✉r❞❡♥ ❞✐❡ ❑♦♥③❡♣t❡ ✈♦♥ ✭❛❦t✐✈❡♥✮ ❖❜❥❡❦t❡♥✱ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ❆❣❡♥t❡♥ ✉♥✲
t❡rs✉❝❤t ✉♥❞ ❡✐♥❡ ❡rst❡ ❑♦♥s♦❧✐❞✐❡r✉♥❣ ❛✉s❣❡❛r❜❡✐t❡t✱ ❞✐❡ ❜❡r❡✐ts ❡✐♥❡ ❆✉❢t❡✐❧✉♥❣ ✐♥
■♥♥❡♥✲ ✉♥❞ ❆✉ÿ❡♥s✐❝❤t ✈♦rs✐❡❤t✳ ❆❧s Pr❛①✐s❛♥✇❡♥❞✉♥❣ ✇✉r❞❡ ❡✐♥ ✈❡rt❡✐❧t❡s ❲♦r❦✢♦✇
▼❛♥❛❣❡♠❡♥t ❙②st❡♠ ✉♥t❡rs✉❝❤t ✉♥❞ ✉♠❣❡s❡t③t✳

❬❇✲✷❪ ■♥ ❞✐❡s❡♠ ❇❡✐tr❛❣ ✇✉r❞❡♥ ❛✉❢❜❛✉❡♥❞ ❛✉❢ ❬❇✲✶❪ ❞✐❡ ✇❡✐t❡r❣❡❤❡♥❞❡♥ ❑♦♥③❡♣t❡ ③✉r ■♥t❡✲
❣r❛t✐♦♥ ❞❡s ❉✐❡♥st♣❛r❛❞✐❣♠❛s ❡r❛r❜❡✐t❡t✳ ❊✐♥❡ ✇❡✐t❡r❡ ❆♥❛❧②s❡ ❞❡r ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥
❢ü❤rt❡ ③✉❞❡♠ ③✉r ❊✐♥t❡✐❧✉♥❣ ✐♥ ❞✐❡ ❑❛t❡❣♦r✐❡♥ ◆❡❜❡♥❧ä✉✜❣❦❡✐t✱ ❱❡rt❡✐❧✉♥❣ ✉♥❞ ♥✐❝❤t✲
❢✉♥❦t✐♦♥❛❧❡ ❊✐❣❡♥s❝❤❛❢t❡♥✳

❬❇✲✸❪ ❆✉s ❞❡♥ ③✉✈♦r ✐♥ ❬❇✲✷❪ ❤❡r❛✉s❣❡❛r❜❡✐t❡t❡♥ ❑❛t❡❣♦r✐❡♥ ✈♦♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ✇✉r❞❡♥
✐♥ ❞✐❡s❡♠ ❇❡✐tr❛❣ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥ ❛❜❣❡❧❡✐t❡t ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ ❋r❛❣❡✱ ✇❡❧❝❤❡ ❍❡r✲
❛✉s❢♦r❞❡r✉♥❣❡♥ ❢ür ✇❡❧❝❤❡ ❑❧❛ss❡♥ ✈♦♥ ❆♥✇❡♥❞✉♥❣❡♥ ❜❡s♦♥❞❡rs r❡❧❡✈❛♥t s✐♥❞✳ ❩✉❞❡♠
✇✉r❞❡♥ ❤✐❡r ✈❡r✇❛♥❞t❡ ❆r❜❡✐t❡♥ ③✉r ■♥t❡❣r❛t✐♦♥ ③✇❡✐❡r ♦❞❡r ♠❡❤r❡r❡r P❛r❛❞✐❣♠❡♥
❛✉s ❞❡r ▼❡♥❣❡ ❖❜❥❡❦t❡✱ ❆❣❡♥t❡♥✱ ❑♦♠♣♦♥❡♥t❡♥ ✉♥❞ ❉✐❡♥st❡ s②st❡♠❛t✐s❝❤ ❛♥❛❧②s✐❡rt✳
❆❧s ❇❡✐s♣✐❡❧❛♥✇❡♥❞✉♥❣ ✇✉r❞❡ ❡✐♥ ❛❣❡♥t❡♥❜❛s✐❡rt❡s✱ ♠♦❜✐❧❡s ❍♦t❧✐♥❡✲❙②st❡♠ ❦♦♥③✐♣✐❡rt
✭❤❡❧♣❧✐♥❡✮✱ ❞❛s ❤❡❧❢❡♥ s♦❧❧✱ ✐♠ ❑❛t❛str♦♣❤❡♥❢❛❧❧ ■♥❢♦r♠❛t✐♦♥❡♥ ü❜❡r ❆♥❣❡❤ör✐❣❡ ③✉ ü❜❡r✲
♠✐tt❡❧♥✳

❬❇✲✹❪ ❍✐❡r❜❡✐ ❤❛♥❞❡❧t ❡s s✐❝❤ ✉♠ ❡✐♥❡ ▲❛♥❣❢❛ss✉♥❣ ❞❡s ❇❡✐tr❛❣s ❬❇✲✸❪✳ ❉❛❢ür ✇✉r❞❡♥ ✇❡✐t❡r❡
❉❡t❛✐❧s ❞❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧s ✉♥❞ ❞❡r ▼✐❞❞❧❡✇❛r❡✲■♥❢r❛str✉❦t✉r ❡r❛r❜❡✐t❡t✳ ❩✉❞❡♠
✇✉r❞❡♥ ♠✐t ❚❛r✐❢♠❛tr✐①✱ ❉✐▼❛Pr♦❋✐ ✉♥❞ ●♦✹❋❧❡① ❞r❡✐ ❋❛❧❧❜❡✐s♣✐❡❧❡ ❦♦♥❦r❡t❡r ❆♥✇❡♥✲
❞✉♥❣❡♥ ❡♥t✇✐❝❦❡❧t✱ ❞✐❡ ③✉s❛♠♠❡♥ ♠✐t ✈❡rs❝❤✐❡❞❡♥❡♥ ■♥❞✉str✐❡♣❛rt♥❡r♥ ✭❍❇❚ ●♠❜❍✱
❯♥✐✐q✉❡ ❆● ❜③✇✳ ❉❛✐♠❧❡r ❆●✮ ❦♦♥③✐♣✐❡rt ✉♥❞ ✉♠❣❡s❡t③t ✇✉r❞❡♥✳

❬❇✲✺❪ ❋ür ❞✐❡s❡♠ ❇❡✐tr❛❣ ✇✉r❞❡ ❞❡r ❆♥s❛t③ ❛❜s❝❤❧✐❡ÿ❡♥❞ ❛❧s ●❛♥③❡s ✉♥t❡rs✉❝❤t ✉♥❞ ❞✐s✲
❦✉t✐❡rt✳ ❉✐❡s ❜❡✐♥❤❛❧t❡t ✐♥s❜❡s♦♥❞❡r❡ ❞❡♥ s②st❡♠❛t✐s❝❤❡♥ ❱❡r❣❧❡✐❝❤ ❞❡r ✈❡rs❝❤✐❡❞❡♥❡♥
❡✐♥❣❡❜r❛❝❤t❡♥ Pr♦❣r❛♠♠✐❡r♣❛r❛❞✐❣♠❡♥ ✉♥❞ ❞✐❡ ❊✈❛❧✉❛t✐♦♥ ❞❡r ❑♦♥③❡♣t❡ ✉♥❞ ✉♠❣❡✲
s❡t③t❡♥ ❚❡❝❤♥♦❧♦❣✐❡♥ ❛✉❢ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ❊❜❡♥❡♥✳ ❍✐❡r③✉ ✇✉r❞❡♥ ❛❧s ❇❡✐s♣✐❡❧❛♥✇❡♥✲
❞✉♥❣❡♥ ✉♥❞ ❋❛❧❧st✉❞✐❡♥ ❡✐♥ ❈❤❛t✱ ❞✐❡ ✈❡rt❡✐❧t❡ ❇❡r❡❝❤♥✉♥❣ ✈♦♥ ▼❛♥❞❡❧❜r♦t✲❋r❛❦t❛❧❡♥
✉♥❞ ❡✐♥❡ ❆♥✇❡♥❞✉♥❣ ③✉r ❑♦♦r❞✐♥❛t✐♦♥ ✈♦♥ ❊✐♥s❛t③❦rä❢t❡♥ ✐♥ ❑❛t❛str♦♣❤❡♥s③❡♥❛r✐❡♥
✭❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✮ ❡♥t✇♦r❢❡♥ ✉♥❞ ❣❡t❡st❡t ❜③✇✳ ❛❧s ●r✉♥❞❧❛❣❡ ❞❡r ❊✈❛❧✉❛t✐♦♥
❣❡♥✉t③t✳

✹✳✶✳✷ ■♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

■♥ ❞❡♥ ✐♥ ❑❛♣✐t❡❧ ✸ ③✉s❛♠♠❡♥❣❡❢❛sst❡♥ ❋♦rs❝❤✉♥❣s❛r❜❡✐t❡♥ ✇✉r❞❡ ❞✐❡ ❑❧❛ss❡ ❞❡r ✐♥t❡❧❧✐❣❡♥t❡♥
❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ♥ä❤❡r ✉♥t❡rs✉❝❤t✳ ❉❛③✉ ✇✉r❞❡ ③✉♥ä❝❤st ♠✐t ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t
❡✐♥❡ ❡①❡♠♣❧❛r✐s❝❤❡ ❆♥✇❡♥❞✉♥❣ ❛✉s❣❡✇ä❤❧t ✉♥❞ ✐❤r ❊♥t✇✉r❢ ♥❛❝❤ ❞❡♠ ❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲
▼♦❞❡❧❧ ❞✉r❝❤❣❡❢ü❤rt✳ ❉✐❡s❡r ❊♥t✇✉r❢ st❡❧❧t ❞❛❜❡✐ ③✉♥ä❝❤st ❞✐❡ ❆✉ÿ❡♥s✐❝❤t ❛✉❢ ❞✐❡ ❜❡♥öt✐❣✲
t❡♥ ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❞❛r✱ ❞✳❤✳ ✐❤r❡ ♦❜❥❡❦t✲ ❜③✇✳ ❞✐❡♥st♦r✐❡♥t✐❡rt❡♥ ❙❝❤♥✐ttst❡❧❧❡♥✳ ❩✉r



✹✳✶✳ ❩✉s❛♠♠❡♥❢❛ss✉♥❣ ✺✶

■♠♣❧❡♠❡♥t❛t✐♦♥ ❞❡r❛rt✐❣❡r ❆♥✇❡♥❞✉♥❣❡♥ ❣❡❤❡♥ ❞✐❡ ❞❛r❛✉❢ ❢♦❧❣❡♥❞❡♥ ❆r❜❡✐t❡♥ ❞❛♥♥ ❛✉❢ ❜❡✲
s♦♥❞❡r❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ❡✐♥✱ ❞✐❡ ❞✉r❝❤ ❇❡✐trä❣❡ ❛❞r❡ss✐❡rt ✇❡r❞❡♥✱ ✇❡❧❝❤❡ ✐♥ ❞✐❡ ③✇❡✐
❇❡r❡✐❝❤❡ ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ✉♥❞ ❙✐♠✉❧❛t✐♦♥s✐♥t❡❣r❛t✐♦♥ ❡✐♥❣❡♦r❞♥❡t ✇✉r❞❡♥✳

■♠ ❇❡r❡✐❝❤ ❞❡r ❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ✇✉r❞❡ ③✉♥ä❝❤st ❡✐♥❡ ■♥t❡❣r❛t✐♦♥ ❞❡s ❇❉■✲Pr♦❣r❛♠✲
♠✐❡r♠♦❞❡❧❧s ✐♥ ❞❡♥ ❆♥s❛t③ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ✈♦r❣❡♥♦♠♠❡♥✳ ❍✐❡r❜❡✐ ❧✐❡❣t ❡✐♥ ❜❡✲
s♦♥❞❡r❡s ❆✉❣❡♥♠❡r❦ ❛✉❢ ❞❡r ❙♣r❛❝❤♦rt❤♦❣♦♥❛❧✐tät ✉♥❞ ❞❡r ♥❛❤t❧♦s❡♥ ■♥t❡❣r❛t✐♦♥ ❞❡r ▼❡t❛✲
▼♦❞❡❧❧❡ ❢ür ❞✐❡ ❛❧❧❣❡♠❡✐♥❡✱ ❡①t❡r♥❡ ❘❡♣räs❡♥t❛t✐♦♥ ✉♥❞ ❞✐❡ ❇❉■✲s♣❡③✐✜s❝❤❡✱ ✐♥t❡r♥❡ ❘❡♣rä✲
s❡♥t❛t✐♦♥✳ ❯♠ ❞❛s ✉♠❣❛♥❣ss♣r❛❝❤❧✐❝❤ ✐♥t✉✐t✐✈❡ ❩✐❡❧❦♦♥③❡♣t ❛✉❝❤ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤ ❡✐♥❢❛❝❤
✉♥❞ ❡✣③✐❡♥t ❡✐♥s❡t③❜❛r ③✉ ❣❡st❛❧t❡♥ ✲ ✉♥❞ s♦♠✐t ❞✐❡ ❜❡s♦♥❞❡r❡♥ ❍❡r❛✉s❢♦r❞❡r✉♥❣❡♥ ✐♥t❡❧❧✐✲
❣❡♥t❡r ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ❜❡ss❡r ③✉ ♠❡✐st❡r♥ ✲✱ ✇✉r❞❡ ③✉❞❡♠ ❞✐❡ ❩✐❡❧r❡♣räs❡♥t❛t✐♦♥ ✐♥
❇❉■✲❆❣❡♥t❡♥ ❡r✇❡✐t❡rt✳ ❆✉❢❜❛✉❡♥❞ ❛✉❢ ❡✐♥❡r ❡✐♥❣❡❤❡♥❞❡♥ ❆♥❛❧②s❡ ❞❡s ❩✐❡❧❜❡❣r✐✛s ✇✉r❞❡♥
❊r✇❡✐t❡r✉♥❣❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ ❞✐❡ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡ ❆❜❜✐❧❞✉♥❣ ✈♦♥ ▲❛♥❣③❡✐t✲ ✉♥❞ ■♥t❡r❡ss❡✲
❩✐❡❧❡♥ ✈♦r❣❡s❝❤❧❛❣❡♥✳ ❉❛rü❜❡r ❤✐♥❛✉s ✇✉r❞❡ ❞✐❡ ■♥t❡r❛❦t✐♦♥ ③✇✐s❝❤❡♥ ③✐❡❧♦r✐❡♥t✐❡rt❡♥ ❆❣❡♥✲
t❡♥ ✉♥t❡r❡✐♥❛♥❞❡r ❜③✇✳ ③✇✐s❝❤❡♥ ③✐❡❧♦r✐❡♥t✐❡rt❡♥ ❆❣❡♥t❡♥ ✉♥❞ ❛♥❞❡r❡♥ ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥✲
t❡♥ ✉♥t❡rs✉❝❤t✳ ▼✐t ③✐❡❧♦r✐❡♥t✐❡rt❡♥ ■♥t❡r❛❦t✐♦♥❡♥ ✉♥❞ ❩✐❡❧❞❡❧❡❣❛t✐♦♥ ✇✉r❞❡♥ ③✇❡✐ ❆♥sät③❡
❡♥t✇✐❝❦❡❧t✱ ❞✐❡ ❞✐❡ ✐♥t❡r♥❡ ❇❉■✲❩✐❡❧r❡♣räs❡♥t❛t✐♦♥ ❡①t❡r♥ ❛✉❢ ❱❡r❤❛♥❞❧✉♥❣s♣r♦t♦❦♦❧❧❡ ❡✐♥❡r✲
s❡✐ts ✉♥❞ ❛✉❢ ❞✐❡♥st♦r✐❡♥t✐❡rt❡ ❆✉❢r✉❢❡ ❛♥❞❡r❡rs❡✐ts ❛❜❜✐❧❞❡♥ ❦ö♥♥❡♥✳ ❉❡r ❧❡t③t❡ ❇❡✐tr❛❣ ③✉r
❇❉■✲❩✐❡❧♦r✐❡♥t✐❡r✉♥❣ ❜❡tr✐✛t ❞✐❡ ❯♠s❡t③✉♥❣ ❞❡r ❑♦♥③❡♣t❡ ❛❧s ❇❉■✲❑❡r♥❡❧ ❢ür ❛❦t✐✈❡ ❑♦♠✲
♣♦♥❡♥t❡♥✳ ❉❡r ❋♦❦✉s ❞❡r ❯♠s❡t③✉♥❣ ❧❛❣ ❡✐♥❡rs❡✐ts ❛✉❢ ❊r✇❡✐t❡r❜❛r❦❡✐t✱ ✉♠ ❛✉❝❤ ③✉❦ü♥❢t✐❣❡
❲❡✐t❡r❡♥t✇✐❝❦❧✉♥❣ ❞❡r Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ❡✐♥❢❛❝❤ ③✉ ❡r♠ö❣❧✐❝❤❡♥✳ ❆♥❞❡r❡rs❡✐ts s♦❧❧t❡ ❞✐❡
❯♠s❡t③✉♥❣ ♣❡r❢♦r♠❛♥t ❣❡♥✉❣ s❡✐♥ ❢ür ❞❡♥ ❜r❡✐t❡♥ ❊✐♥s❛t③ ✐♥ ✐♥❞✉str✐❡❧❧❡♥ ✉♥❞ ❦♦♠♠❡r③✐❡❧✲
❧❡♥ ❆♥✇❡♥❞✉♥❣❡♥✳ ❉✐❡ ▲ös✉♥❣ s✐❡❤t ❡✐♥❡♥ ❡✣③✐❡♥t❡♥✱ r❡❣❡❧❜❛s✐❡rt❡♥ ❑❡r♥ ✈♦r✱ ❛✉❢ ❞❡♥ ❞✉r❝❤
✈♦r❣❡❣❡❜❡♥❡ ▼❡♥❣❡♥ ❛♥ ❘❡❣❡❧♥ ❞✐❡ ✈❡rs❝❤✐❡❞❡♥❡♥ Pr♦❣r❛♠♠✐❡r❦♦♥③❡♣t❡ ❛✉❢❣❡❜❛✉t ✇❡r❞❡♥
❦ö♥♥❡♥✳ ▼✐t ❞✐❡s❡r ❯♠s❡t③✉♥❣ ✇✉r❞❡ ❡✐♥❡ ❞❡✉t❧✐❝❤❡ P❡r❢♦r♠❛♥❝❡✲❙t❡✐❣❡r✉♥❣ ❜❡✐ ❣❧❡✐❝❤③❡✐t✐❣
✈❡r❜❡ss❡rt❡r ❊r✇❡✐t❡r❜❛r❦❡✐t ❡rr❡✐❝❤t✳

❆❧s ✇✐❝❤t✐❣❡ ❆♥❢♦r❞❡r✉♥❣ ❛♥ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ✇✉r❞❡ ✐❞❡♥t✐✜③✐❡rt✱ ❞❛ss
❞✐❡ ❡♥t❤❛❧t❡♥❡♥ ❆❣❡♥t❡♥ ❛✉❢ ✉♥❡r✇❛rt❡t❡ ❙✐t✉❛t✐♦♥❡♥ ♠ö❣❧✐❝❤st ✐♥t❡❧❧✐❣❡♥t r❡❛❣✐❡r❡♥✳ ❍✐❡r✲
❜❡✐ ❜❡❞❡✉t❡t ✒✐♥t❡❧❧✐❣❡♥t✑✱ ❞❛ss ❡✐♥ ❆❣❡♥t ✐♥ ❇❡③✉❣ ❛✉❢ s❡✐♥❡ ✐♠ ❊♥t✇✉r❢ s♣❡③✐✜③✐❡rt❡♥ ❩✐❡❧❡
s✐♥♥✈♦❧❧❡ ✉♥❞ ♥❛❝❤✈♦❧❧③✐❡❤❜❛r❡ ❆❦t✐♦♥❡♥ ❛✉s✇ä❤❧t✳ ❊s ✇✉r❞❡ ❢❡st❣❡st❡❧❧t✱ ❞❛ss ❡s ❤ä✉✜❣ ♥✐❝❤t
♠ö❣❧✐❝❤ ♦❞❡r ❡rstr❡❜❡♥s✇❡rt ✐st✱ ❞❛s ❆❣❡♥t❡♥✈❡r❤❛❧t❡♥ ✐♥ ❛❧❧❡♥ t❤❡♦r❡t✐s❝❤ ♠ö❣❧✐❝❤❡♥ ❙③❡♥❛✲
r✐❡♥ s②st❡♠❛t✐s❝❤ ❞✉r❝❤ ❚❡st❢ä❧❧❡ ③✉ ✈❛❧✐❞✐❡r❡♥ ♦❞❡r ❢♦r♠❛❧ ③✉ ✈❡r✐✜③✐❡r❡♥✳ ❱✐❡❧♠❡❤r ❡r❢♦r❞❡rt
❞✐❡ ❯♠s❡t③✉♥❣ ♦❢t ❡✐♥❡ ❋❡✐♥❥✉st✐❡r✉♥❣ ❡✐♥③❡❧♥❡r P❛r❛♠❡t❡r ✭③✳❇✳ ✇✐❡ ❦♦♠♣r♦♠✐ss❜❡r❡✐t ❡✐♥
❆❣❡♥t ✐♥ ❱❡r❤❛♥❞❧✉♥❣❡♥ ✐st✮✱ ✉♠ ❞❛s ❆♥✇❡♥❞✉♥❣s✈❡r❤❛❧t❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ ❣❧♦❜❛❧❡ ❊✐❣❡♥s❝❤❛❢✲
t❡♥ ③✉ ♦♣t✐♠✐❡r❡♥ ✭③✳❇✳ s♦❧❧t❡ ❞✐❡ ♠❛①✐♠❛❧❡ ❘❡❛❦t✐♦♥s③❡✐t ✐♠ ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❙③❡♥❛r✐♦
♠ö❣❧✐❝❤st ❣❡r✐♥❣ s❡✐♥✮✳ ❩✉♠ ▼❡ss❡♥ ✉♥❞ ❖♣t✐♠✐❡r❡♥ ✈♦♥ ❞❡r❛rt✐❣❡♥ ❆♥✇❡♥❞✉♥❣s❡✐❣❡♥s❝❤❛❢✲
t❡♥ ✇✉r❞❡ ❡✐♥ ❙✐♠✉❧❛t✐♦♥s❛♥s❛t③ ✈♦r❣❡s❝❤❧❛❣❡♥✳ ❉✉r❝❤ ❞✐❡ ■♥t❡❣r❛t✐♦♥ ❡✐♥❡r ❙✐♠✉❧❛t✐♦♥s❛✉s✲
❢ü❤r✉♥❣ ✐♥ ❞❛s ❦♦♥③❡♣t✉❡❧❧❡ ▼♦❞❡❧❧ ✉♥❞ ❞✐❡ ▲❛✉❢③❡✐t✉♠❣❡❜✉♥❣ ❢ür ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ✇✉r✲
❞❡ ❡s ❡r♠ö❣❧✐❝❤t✱ ❆♥✇❡♥❞✉♥❣❡♥ ✐♥ ✈❡rs❝❤✐❡❞❡♥❡♥ ❩❡✐t♠♦❞✐ ③✉ ❜❡tr❡✐❜❡♥✳ ❙♦ ❦❛♥♥ ③✳❇✳ ❢ür ❞❛s
Ü❜❡r♣rü❢❡♥ ❞❡r ◆❛❝❤✈♦❧❧③✐❡❤❜❛r❦❡✐t ✈♦♥ ❆❣❡♥t❡♥❛❦t✐♦♥❡♥ ❡✐♥❡ ♣r♦♣♦rt✐♦♥❛❧ ❜❡s❝❤❧❡✉♥✐❣t❡✱
❦♦♥t✐♥✉✐❡r❧✐❝❤❡ ❩❡✐t❛✉s❢ü❤r✉♥❣ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✱ ❞✐❡ ❡✐♥ ❞✐r❡❦t❡s ❇❡♦❜❛❝❤t❡♥ ✈❡r❡✐♥❢❛❝❤t✳
❩✉r ❖♣t✐♠✐❡r✉♥❣ ❤✐♥❣❡❣❡♥ ✐st ❡✐♥❡ ❞✐s❦r❡t❡ ❊r❡✐❣♥✐ss✐♠✉❧❛t✐♦♥ ✈♦rt❡✐❧❤❛❢t✱ ❞❛ ❤✐❡r ✈✐❡❧❡ ❙✐♠✉✲
❧❛t✐♦♥s❧ä✉❢❡ ❢ür ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❙③❡♥❛r✐❡♥ s♦ s❝❤♥❡❧❧ ✇✐❡ ♠ö❣❧✐❝❤ ✲ ❞✳❤✳ ✉♥❛❜❤ä♥❣✐❣ ✈♦♥ ❞❡r
r❡❛❧❡♥ ❩❡✐t✱ ♥✉r ❞✉r❝❤ ✈♦r❤❛♥❞❡♥❡ ❘❡❝❤♥❡r✲❍❛r❞✇❛r❡ ❜❡❣r❡♥③t ✲ ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥ ❦ö♥♥❡♥✳
❋ür ❞❡♥ ❲❡❝❤s❡❧ ③✇✐s❝❤❡♥ ❞✐❡s❡♥ ❩❡✐t♠♦❞✐ ♦❞❡r ❞❡♠ s♣ät❡r❡♥ ❘❡❛❧❜❡tr✐❡❜ s✐♥❞ ❦❡✐♥❡ ➘♥✲
❞❡r✉♥❣❡♥ ❛♥ ❞❡r ❆♥✇❡♥❞✉♥❣ ♥♦t✇❡♥❞✐❣❀ ❡s ♠✉ss ❧❡❞✐❣❧✐❝❤ ❡✐♥❡ ❑♦♥✜❣✉r❛t✐♦♥s♦♣t✐♦♥ ✐♥ ❞❡r
❆✉s❢ü❤r✉♥❣s♣❧❛tt❢♦r♠ ❡♥ts♣r❡❝❤❡♥❞ ❣❡s❡t③t ✇❡r❞❡♥✳ ❋ür ❞❡♥ ❙✐♠✉❧❛t✐♦♥s❜❡tr✐❡❜ ♠✉ss ❞❛r✲
ü❜❡r ❤✐♥❛✉s ❞✐❡ ■♥t❡r❛❦t✐♦♥ ♠✐t ❡①t❡r♥❡♥ ❙②st❡♠❡♥ ❞✉r❝❤ ❙t❡❧❧✈❡rtr❡t❡r ❡rs❡t③t ✇❡r❞❡♥✳ ❉❛s
❱❡r❤❛❧t❡♥ ❞✐❡s❡r ❙t❡❧❧✈❡rtr❡t❡r ♠✉ss ✐♥ ❆❜❤ä♥❣✐❣❦❡✐t ③✉♠ ✉♥t❡rs✉❝❤t❡♥ ❙✐♠✉❧❛t✐♦♥ss③❡♥❛r✐♦
❣❡st❡✉❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥✱ ③✳❇✳ ❞✉r❝❤ st❛t✐st✐s❝❤❡ ❱❡rt❡✐❧✉♥❣s❢✉♥❦t✐♦♥❡♥✳ ❯♠ ❞❡♥ ❊♥t✇✐❝❦✲
❧✉♥❣s❛✉❢✇❛♥❞ ❢ür ❞✐❡s❡ ❙t❡❧❧✈❡rtr❡t❡r ♠ö❣❧✐❝❤st ✇❡✐t ③✉ r❡❞✉③✐❡r❡♥✱ ✇✉r❞❡ ❡✐♥❡ ❊r✇❡✐t❡r✉♥❣
❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❞✉r❝❤ ✈✐rt✉❡❧❧❡ ❯♠❣❡❜✉♥❣❡♥ ✈♦r❣❡s❝❤❧❛❣❡♥✳ ❉✐❡s❡ ✈✐rt✉❡❧❧❡♥ ❯♠✲
❣❡❜✉♥❣❡♥ ✇✉r❞❡♥ ❞✉r❝❤ ❞❛s ♥❡✉❡ ❑♦♥③❡♣t ❞❡r ❙♣❛❝❡s ✉♠❣❡s❡t③t✱ ✇♦❜❡✐ ❡✐♥ ❙♣❛❝❡ ❞✐❡ ❯♠✲
❣❡❜✉♥❣ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❜❡s❝❤r❡✐❜t✱ ❞✐❡ ♥❡❜❡♥ ❞❡♥ ❑♦♠♣♦♥❡♥t❡♥ s❡❧❜st ③✉sät③❧✐❝❤
❛✉s ✭❉❛t❡♥✲✮❖❜❥❡❦t❡♥ ✉♥❞ ✭❯♠❣❡❜✉♥❣s✲✮Pr♦③❡ss❡♥ ❜❡st❡❤❡♥ ❦❛♥♥✳ ❯♠ ❡✐♥❡ ❡✐♥❢❛❝❤❡ ❇❡♦❜✲
❛❝❤t❜❛r❦❡✐t ③✉ ❡r❧❛♥❣❡♥✱ ❦ö♥♥❡♥ ❞✐❡ ❙♣❛❝❡s ③✉❞❡♠ ✉♠ ❱✐s✉❛❧✐s✐❡r✉♥❣❡♥ ❡r❣ä♥③t ✇❡r❞❡♥✱ ❞✐❡
❡✐♥❡ ③✇❡✐❞✐♠❡♥s✐♦♥❛❧❡ ♦❞❡r ❞r❡✐❞✐♠❡♥s✐♦♥❛❧❡ ❙✐❝❤t ❞❡r ❆♥✇❡♥❞✉♥❣s✉♠❣❡❜✉♥❣ ❜❡r❡✐tst❡❧❧❡♥
❦ö♥♥❡♥✳

❉✐❡ ✈♦r❣❡st❡❧❧t❡♥ ❑♦♥③❡♣t❡ ✇✉r❞❡♥ ✐♠ ❑♦♥t❡①t ❞❡r ❉❡s❛st❡r✲▼❛♥❛❣❡♠❡♥t✲❆♥✇❡♥❞✉♥❣



✺✷ ❑❛♣✐t❡❧ ✹✳ ❩✉s❛♠♠❡♥❢❛ss✉♥❣ ✉♥❞ ❆✉s❜❧✐❝❦

✉♥❞ ❛♥❞❡r❡r ✉♠❣❡s❡t③t❡r ✐♥t❡❧❧✐❣❡♥t❡r ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ♠♦t✐✈✐❡rt ✉♥❞ ✐♥ ✐❤r❡r ❱❡r✲
✇❡♥❞✉♥❣ ❡①❡♠♣❧❛r✐s❝❤ ✉♥t❡rs✉❝❤t✳ ❩✉♠ ❆❜s❝❤❧✉ss ❞❡s ❑❛♣✐t❡❧s ✸ ✇✉r❞❡ ❡✐♥❡ Ü❜❡rs✐❝❤t ü❜❡r
✇❡✐t❡r❡ ❡♥t✇✐❝❦❡❧t❡ ❆♥✇❡♥❞✉♥❣❡♥ ❣❡❣❡❜❡♥✳ ❍✐❡r❜❡✐ ✇✉r❞❡ ✉✳❛✳ ✐♥ st✉❞❡♥t✐s❝❤❡♥ Pr♦❥❡❦t❡♥
❞✐❡ ❇❡♥✉t③❜❛r❦❡✐t ❞❡r ❑♦♥③❡♣t❡ ❞✉r❝❤ ✇❡♥✐❣❡r ❡r❢❛❤r❡♥❡ ❊♥t✇✐❝❦❧❡r ❣❡③❡✐❣t✳ ❉✐❡ ❋❧❡①✐❜✐❧✐tät
✉♥❞ ❊r✇❡✐t❡r❜❛r❦❡✐t ❦♦♥♥t❡ ✐♥ ❋♦rs❝❤✉♥❣s♣r♦❥❡❦t❡♥ ♥❛❝❤❣❡✇✐❡s❡♥ ✇❡r❞❡♥✳ ❙❝❤❧✐❡ÿ❧✐❝❤ ✇✉r❞❡
✐♥ ✐♥❞✉str✐❡❧❧❡♥ Pr♦❥❡❦t❡♥ ❛✉❝❤ ❞✐❡ Pr❛①✐st❛✉❣❧✐❝❤❦❡✐t ✉♥t❡r ❇❡✇❡✐s ❣❡st❡❧❧t✳

■♠ ❋♦❧❣❡♥❞❡♥ ✇✐r❞ ❡✐♥❡ Ü❜❡rs✐❝❤t ③✉ ❞❡♥ ❡♥ts♣r❡❝❤❡♥❞❡♥ ❱❡rö✛❡♥t❧✐❝❤✉♥❣❡♥ ❣❡❣❡❜❡♥✿

❬❆✲✶❪ ❑❡r♥t❤❡♠❛ ❞✐❡s❡s ❇❡✐tr❛❣s ✐st ❞✐❡ ❑♦♥③❡♣t✐♦♥ ❞❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧s ✐♥ ❇❡③✉❣ ❛✉❢
❞✐❡ ❘❡❛❧✐s✐❡r✉♥❣ ✈♦♥ ❇❉■✲❆❣❡♥t❡♥ ✐♠ ❑♦♥t❡①t ✈♦♥ ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥✳ ❙♣❡③✐❡❧❧
✇✉r❞❡ ❤✐❡r ❞❡r ❆♥s❛t③ ❞❡r ③✐❡❧♦r✐❡♥t✐❡rt❡♥ Pr♦❣r❛♠♠✐❡r✉♥❣ ❡♥t✇♦r❢❡♥✳

❬❆✲✷❪ ■♥ ❞✐❡s❡♠ ❇❡✐tr❛❣ ✇✉r❞❡ ♠✐t ❞❡♠ ❑♦♥③❡♣t ❞❡r ●♦❛❧ ❉❡❧❡❣❛t✐♦♥ ❞✐❡ ❱❡r❜✐♥❞✉♥❣ ③✇✐✲
s❝❤❡♥ ③✐❡❧♦r✐❡♥t✐❡rt❡r Pr♦❣r❛♠♠✐❡r✉♥❣ ❛✉❢ ❞❡r ■♥tr❛✲❆❣❡♥t❡♥❡❜❡♥❡ ✉♥❞ ❞✐❡♥st♦r✐❡♥t✐❡r✲
t❡r ■♥t❡r❛❦t✐♦♥ ③✇✐s❝❤❡♥ ❆❣❡♥t❡♥ ❜③✇✳ ❑♦♠♣♦♥❡♥t❡♥ ❣❡s❝❤❛✛❡♥✳ ■♥s❜❡s♦♥❞❡r❡ ✇✉r✲
❞❡ ❤✐❡rü❜❡r ❡✐♥❡ ❡✐♥❢❛❝❤❡ ▼ö❣❧✐❝❤❦❡✐t ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t✱ ü❜❡r ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡
❉✐❡♥sts❝❤♥✐ttst❡❧❧❡♥ ❡✐♥❡ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡ ❆✉ÿ❡♥s✐❝❤t ❜r✉❝❤❧♦s ♠✐t ❞❡♠ ✐♥t❡r♥❡♥✱
✐♥t❡❧❧✐❣❡♥t❡♥ ❇❉■✲❘❡❛s♦♥✐♥❣✲Pr♦③❡ss ③✉ ✈❡r❜✐♥❞❡♥✳

❬❆✲✸❪ ❉✐❡s❡r ❇❡✐tr❛❣ ❡♥t✇✐❝❦❡❧t❡ ❞✐❡ ■♥t❡r♣r❡t❡r✲❆r❝❤✐t❡❦t✉r✱ ✇❡❧❝❤❡ ❞❛s ❣r✉♥❞❧❡❣❡♥❞❡ ❇❉■✲
Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ✉♥❞ s❡✐♥❡ ❊r✇❡✐t❡r✉♥❣❡♥ ✐♥ ❡✐♥❡ ▲❛✉❢③❡✐t✉♠❣❡❜✉♥❣ ❡✐♥❜❡tt❡t✳ ◆❡✲
❜❡♥ ❞❡r ❊r✇❡✐t❡r❜❛r❦❡✐t ❡r❧❛✉❜t ❞✐❡ ■♥t❡r♣r❡t❡r✲❆r❝❤✐t❡❦t✉r ✐♥s❜❡s♦♥❞❡r❡ ❡✐♥❡ ❆✉s✲
❢ü❤r✉♥❣s✲P❡r❢♦r♠❛♥❝❡✱ ❞✐❡ ❞❡♥ ❊✐♥s❛t③ ❞❡s ❇❉■✲Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧s ✐♥ ❦♦♠♠❡r③✐❡❧❧❡♥
❙③❡♥❛r✐❡♥ ❡r♠ö❣❧✐❝❤t✳

❬❆✲✹❪ ■♥ ❞✐❡s❡♠ ❇❡✐tr❛❣ ✇✉r❞❡ ❞❡r ❙✐♠✉❧❛t✐♦♥s❛♥s❛t③ ❦♦♥③✐♣✐❡rt✱ ❞❡r ❞✐❡ ❱❛❧✐❞✐❡r✉♥❣ ✐♥t❡❧✲
❧✐❣❡♥t❡r ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ❞✉r❝❤ s②st❡♠❛t✐s❝❤❡ ❙✐♠✉❧❛t✐♦♥s❡①♣❡r✐♠❡♥t❡ ❡r❧❛✉❜t✳
■♥s❜❡s♦♥❞❡r❡ ✇✉r❞❡ ❞✐❡ P❧❛tt❢♦r♠❛r❝❤✐t❡❦t✉r ❡♥t✇✐❝❦❡❧t✱ ❞✐❡ ❡✐♥❡ ä♥❞❡r✉♥❣s❧♦s❡ ❆✉s✲
❢ü❤r✉♥❣ ❡✐♥❡r ❆♥✇❡♥❞✉♥❣ ✐♥ ❙✐♠✉❧❛t✐♦♥ ✉♥❞ ♦♣❡r❛t✐✈❡♠ ❇❡tr✐❡❜ ❡r❧❛✉❜t✳

❬❆✲✺❪ ❋ür ❞✐❡s❡♥ ❇❡✐tr❛❣ ✇✉r❞❡ ❞❛s ❯♠❣❡❜✉♥❣s♠♦❞❡❧❧ ❡♥t✇✐❝❦❡❧t✱ ü❜❡r ❞❛s ✐♠ ❙✐♠✉❧❛t✐♦♥s✲
❜❡tr✐❡❜ ❞✐❡ ❡①t❡r♥❡♥ ❚❡✐❧❡ ❞❡r ❆♥✇❡♥❞✉♥❣ ❞✉r❝❤ ❡✐♥❢❛❝❤ ③✉ ♠♦❞❡❧❧✐❡r❡♥❞❡ ❙t❡❧❧✈❡rtr❡t❡r
❡rs❡t③t ✇❡r❞❡♥ ❦ö♥♥❡♥✳

✹✳✷ ❆✉s❜❧✐❝❦

■♠ ❋♦❧❣❡♥❞❡♥ ✇❡r❞❡♥ ❆♥❦♥ü♣❢✉♥❣s♣✉♥❦t❡ ✉♥❞ ✲ s♦✇❡✐t ✈♦r❤❛♥❞❡♥ ✲ ❡rst❡ ❱♦r❛r❜❡✐t❡♥ ③✉
♠ö❣❧✐❝❤❡♥ ③✉❦ü♥❢t✐❣❡♥ ❲❡✐t❡r❡♥t✇✐❝❦❧✉♥❣❡♥ ❜❡s❝❤r✐❡❜❡♥✳ ❉✐❡s❡ s✐♥❞ ✐♥ ❞✐❡ ❇❡r❡✐❝❤❡ ❞❡s ❛❧❧✲
❣❡♠❡✐♥❡♥ ▼♦❞❡❧❧s ✉♥❞ ❞❡r ❦♦♥❦r❡t❡♥ ❯♥t❡rstüt③✉♥❣ ✈♦♥ ✐♥t❡❧❧✐❣❡♥t❡♥ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥
❡✐♥❣❡t❡✐❧t✳

✹✳✷✳✶ ❆❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥

❊✐♥❡ ❛❦t✉❡❧❧❡ ❍❡r❛✉s❢♦r❞❡r✉♥❣ ❢ür ❛❧❧❡ ❆rt❡♥ ✈❡rt❡✐❧t❡r ❆♥✇❡♥❞✉♥❣❡♥ ✐st ❞✐❡ ③✉♥❡❤♠❡♥❞❡
❚r❛♥s✐t✐♦♥ ✇❡❣ ✈♦♥ s❡❧❜st ❣❡✇❛rt❡t❡r ■♥❢r❛str✉❦t✉r ❤✐♥ ③✉ ❈❧♦✉❞✲▲ös✉♥❣❡♥ ❬❉✉❡✶✶❪✳ ◆❡❜❡♥
♥✐❡❞r✐❣❡r❡♥ ❲❛rt✉♥❣s❦♦st❡♥ ✐st ❡✐♥ ❣r♦ÿ❡r ❜❡tr✐❡❜s✇✐rts❝❤❛❢t❧✐❝❤❡r ❱♦rt❡✐❧ ❞✐❡ ❆❜r❡❝❤♥✉♥❣
♥❛❝❤ ◆✉t③✉♥❣✳ ❩✉ ❞❡♥ t❡❝❤♥✐s❝❤❡♥ ❱♦rt❡✐❧❡♥ ❣❡❤ört ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t✱ ❛✉❢ ▲❛sts♣✐t③❡♥ s❝❤♥❡❧❧
✉♥❞ ✢❡①✐❜❡❧ ❞✉r❝❤ ❞❛s ❍✐♥③✉❢ü❣❡♥ ✇❡✐t❡r❡r ❈❧♦✉❞✲❘❡ss♦✉r❝❡♥ r❡❛❣✐❡r❡♥ ③✉ ❦ö♥♥❡♥✳ ❉✐❡s❡
❜❡✐❞❡♥ ❱♦rt❡✐❧❡ ❦ö♥♥❡♥ ❥❡❞♦❝❤ ♥✉r ③✉♠ ❚r❛❣❡♥ ❦♦♠♠❡♥✱ ✇❡♥♥ ❞✐❡ ❆♥✇❡♥❞✉♥❣ ❡❧❛st✐s❝❤ ❛✉s✲
❣❡❧❡❣t ✐st✱ ❞✳❤✳ ❛✉t♦♠❛t✐s❝❤ ❞❡♥ ✈♦r❤❛♥❞❡♥❡♥ ❘❡ss♦✉r❝❡♥ ❛♥❣❡♣❛sst ✇❡r❞❡♥ ❦❛♥♥ ❬❍❑❘✶✸❪✳
❉❡r ❆♥s❛t③ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦♥❡♥t❡♥ ❜✐❡t❡t ❡✐♥ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ✉♥❞ ❡✐♥❡ ▲❛✉❢③❡✐t✉♠✲
❣❡❜✉♥❣✱ ❞✐❡ ❡s ❡r❧❛✉❜❡♥✱ ❆♥✇❡♥❞✉♥❣s❛r❝❤✐t❡❦t✉r❡♥ ❛✉❢ ❡✐♥❢❛❝❤❡ ❲❡✐s❡ ✈❡rt❡✐❧t ❛✉s③✉❧❡❣❡♥
✉♥❞ ❆♥✇❡♥❞✉♥❣s❦♦♠♣♦♥❡♥t❡♥ ❞②♥❛♠✐s❝❤ ü❜❡r ❉✐❡♥sts✉❝❤❡♥ ③✉ ❦♦♣♣❡❧♥✳ ❉❛♠✐t ❦ö♥♥❡♥
❣r✉♥❞❧❡❣❡♥❞❡ ❙③❡♥❛r✐❡♥ ③✉r ▲❛st✈❡rt❡✐❧✉♥❣ ❧❡✐❝❤t ❞✉r❝❤ ❘❡♣❧✐❦❛t✐♦♥ ✇✐❝❤t✐❣❡r ❑♦♠♣♦♥❡♥t❡♥
✉♠❣❡s❡t③t ✇❡r❞❡♥✳

❊✐♥ ✐♥ ❞✐❡s❡♠ ❇❡r❡✐❝❤ ❜✐s❤❡r ✉♥❣❡❧öst❡s Pr♦❜❧❡♠ ✐st ❞✐❡ ❋r❛❣❡✱ ❞✉r❝❤ ✇❡❧❝❤❡ Pr♦❣r❛♠✲
♠✐❡r♠♦❞❡❧❧❡ ❊❧❛st✐③✐tät ♥✐❝❤t ♥✉r ❢ür ③✉st❛♥❞s❧♦s❡ ❉✐❡♥st❡✱ s♦♥❞❡r♥ ❛✉❝❤ ❢ür ③✉st❛♥❞s❜❡❤❛❢✲
t❡t❡ ❑♦♠♣♦♥❡♥t❡♥ ✉♥t❡rstüt③t ✇❡r❞❡♥ ❦❛♥♥✳ ❊①✐st✐❡r❡♥❞❡ ❆♥sät③❡ st❡❧❧❡♥ ❞❛❜❡✐ ❜✐s❤❡r ❙♣❡✲
③✐❛❧❧ös✉♥❣❡♥ ❢ür ❡✐♥③❡❧♥❡ ❆♥✇❡♥❞✉♥❣s❦❧❛ss❡♥ ❞❛r✳ ❙♦ ❡r❧❛✉❜❡♥ ❆❧❣♦r✐t❤♠✐❝ ❙❦❡❧❡t♦♥s ❬●▲✶✵❪



✹✳✷✳ ❆✉s❜❧✐❝❦ ✺✸

✇✐❡ ③✳❇✳ ▼❛♣✲❘❡❞✉❝❡ ❬❉●✵✽❪ ❞✐❡ ❞②♥❛♠✐s❝❤❡ ❩❡r❧❡❣✉♥❣ ✉♥❞ ♣❛r❛❧❧❡❧❡ ❜③✇✳ ✈❡rt❡✐❧t❡ ❆❜❛r✲
❜❡✐t✉♥❣ ✈♦♥ ❞❛t❡♥✢✉ss♦r✐❡♥t✐❡rt❡♥ ❆♥✇❡♥❞✉♥❣❡♥✳ ❊✈❡♥t❲❛✈❡ ❬❈❤✉✰✶✸❪ ❤✐♥❣❡❣❡♥ ✈❡rs✉❝❤t
❞❡♥ P❛r❛❧❧❡❧✐s✐❡r✉♥❣s❣r❛❞ ✐♥ ❡✐♥❡♠ ③✉st❛♥❞s❜❡❤❛❢t❡t❡♥ ❞②♥❛♠✐s❝❤❡♥ ❙②st❡♠ ③✉r ❡r❤ö❤❡♥✱ ✐♥✲
❞❡♠ ❞❡r ❩✉st❛♥❞ ✐♥ ❡✐♥❡♠ ❧♦❣✐s❝❤❡♥ ❇❛✉♠ r❡♣räs❡♥t✐❡rt ✇✐r❞✱ ❞❡ss❡♥ ➘st❡ ♣♦t❡♥t✐❡❧❧ ♣❛r❛❧❧❡❧
❜③✇✳ ✈❡rt❡✐❧t ❜❡❛r❜❡✐t❡t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❉✐❡ ❱❡r✇❡♥❞❜❛r❦❡✐t ✈♦♥ ❆❧❣♦r✐t❤♠✐❝ ❙❦❡❧❡t♦♥s ✉♥❞
▼❛♣✲❘❡❞✉❝❡ ✐♠ ❑♦♥t❡①t ❛❦t✐✈❡r ❑♦♠♣♦♥❡♥t❡♥ ❦♦♥♥t❡ ❜❡r❡✐ts ✐♥ ❦♦♥❦r❡t❡♥ ❇❡✐s♣✐❡❧❡♥ ♥❛❝❤✲
❣❡✇✐❡s❡♥ ✇❡r❞❡♥ ❬❈❤✉✶✸❀ ❖s✇✶✸❪✳ ❊rst❡ ❱♦r❛r❜❡✐t❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ ❡✐♥ ❛❧❧❣❡♠❡✐♥❡s ❡❧❛st✐s❝❤❡s
Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❢ür ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ s✐♥❞ ✐♥ ❬P❇✶✺❪ ✉♥❞ ❬P❇✶✻❪ ✈❡rö✛❡♥t❧✐❝❤t✳

✹✳✷✳✷ ■♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥

❲❡✐t❡r❢ü❤r❡♥❞❡ ❆r❜❡✐t❡♥ ✐♥ ❇❡③✉❣ ❛✉❢ ✐♥t❡❧❧✐❣❡♥t❡ ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ s✐♥❞ s♦✇♦❤❧ ❛✉❢
❦♦♥③❡♣t✐♦♥❡❧❧❡r ❛❧s ❛✉❝❤ ❛✉❢ t❡❝❤♥✐s❝❤❡r ❊❜❡♥❡ ❞❡♥❦❜❛r✳ ❉❛ ❞❡r ❇❡❣r✐✛ ■♥t❡❧❧✐❣❡♥③ ❜r❡✐t
❣❡❢ä❝❤❡rt ✐st✱ ❡①✐st✐❡r❡♥ ✐♠ ❇❡r❡✐❝❤ ❞❡r ❦ü♥st❧✐❝❤❡♥ ■♥t❡❧❧✐❣❡♥③ ✉♥❞ ❆❣❡♥t❡♥t❡❝❤♥♦❧♦❣✐❡ ③❛❤❧✲
r❡✐❝❤❡ ✇❡✐t❡r❡ ❑♦♥③❡♣t❡✱ ❞✐❡ ✐♠ ❑♦♥t❡①t ✐♥t❡❧❧✐❣❡♥t❡r ❆ss✐st❡♥③❛♥✇❡♥❞✉♥❣❡♥ ♥üt③❧✐❝❤ s❡✐♥
❦ö♥♥t❡♥✳ ❆✉❢ t❡❝❤♥✐s❝❤❡r ❊❜❡♥❡ st❡❧❧t s✐❝❤ ③✉❞❡♠ ✐♠♠❡r ✇✐❡❞❡r ❞✐❡ ❋r❛❣❡✱ ✇✐❡ ❞❡r❛rt✐❣❡ ❦♦♠✲
♣❧❡①❡ ❑♦♥③❡♣t❡ ✐♥ ❡✐♥ ❡✐♥❢❛❝❤❡s✱ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡s Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ❡✐♥❣❡❜❡tt❡t ✇❡r❞❡♥
❦ö♥♥❡♥✳

❊✐♥ ✐♥t❡r❡ss❛♥t❡r ❆s♣❡❦t ✈♦♥ ■♥t❡❧❧✐❣❡♥③ ✐st ❞✐❡ ▲❡r♥❢ä❤✐❣❦❡✐t✱ ❞✳❤✳ ❡✐♥ ❆❜str❛❦t✐♦♥s✈❡r✲
♠ö❣❡♥✱ ❞❛s ❡s ❡✐♥❡♠ ❆❣❡♥t❡♥ ❡r❧❛✉❜t✱ ❛✉s ❦♦♥❦r❡t❡♥ ❇❡✐s♣✐❡❧❡♥ ❩✉s❛♠♠❡♥❤ä♥❣❡ ③✉ ❡r❦❡♥♥❡♥
✉♥❞ s✐❝❤ s♦♠✐t ♥❡✉❡s ❲✐ss❡♥ ♦❞❡r ♥❡✉❡ ❱❡r❤❛❧t❡♥s✇❡✐s❡♥ ❛♥③✉❡✐❣♥❡♥✳ ❉❛s ▲❡r♥❡♥ ✈♦♥ ❱❡r✲
❤❛❧t❡♥s✇❡✐s❡♥ ✇✐r❞ ❜❡✐s♣✐❡❧s✇❡✐s❡ ✈♦♥ ❞❡r ❙❖❆❘✲❆r❝❤✐t❡❦t✉r ❬▲▲❘✵✻❪ ❞✉r❝❤ ❞❛s s♦❣❡♥❛♥♥t❡
❈❤✉♥❦✐♥❣ ✉♥t❡rstüt③t✳ ❯♠ ❞✐❡s❡s ❑♦♥③❡♣t ❣❡♥❡r✐s❝❤ ❢ür ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ❜❡r❡✐t③✉st❡❧❧❡♥✱
✐st ❡s ❞❡♥❦❜❛r✱ ❡✐♥❡♥ ❙❖❆❘✲❑❡r♥❡❧ ❢ür ❛❦t✐✈❡ ❑♦♠♣♦♥❡♥t❡♥ ③✉ ❡♥t✇✐❝❦❡❧♥✳ ❆♥❛❧♦❣ ③✉♠ ❜❡✲
r❡✐ts ✈♦r❤❛♥❞❡♥❡♥ ❇❉■✲❑❡r♥❡❧ ✇ür❞❡ ❞✐❡s❡ ❊r✇❡✐t❡r✉♥❣ ❡s ❡r♠ö❣❧✐❝❤❡♥✱ ✐♥t❡r♥❡s✱ ❧❡r♥❢ä❤✐❣❡s
❑♦♠♣♦♥❡♥t❡♥✈❡r❤❛❧t❡♥ ❛✉❢ ❇❛s✐s ❞❡r ❙❖❆❘✲❆r❝❤✐t❡❦t✉r ③✉ ❡♥t✇✐❝❦❡❧♥✳ ❊✐♥ ❛♥❞❡r❡r ❆♥s❛t③
✇är❡ ❡s✱ ▼❛❝❤✐♥❡✲▲❡❛r♥✐♥❣✲❱❡r❢❛❤r❡♥ ③✉♠ ▲❡r♥❡♥ ✈♦♥ ❲✐ss❡♥ ❡✐♥③✉s❡t③❡♥✳ ❊✐♥ s♦❧❝❤❡r ❆♥✲
s❛t③ ✇✐r❞ ③✉r ❩❡✐t ✐♠ ❘❛❤♠❡♥ ❡✐♥❡s ❦♦♠♠❡r③✐❡❧❧❡♥ Pr♦❥❡❦t❡s ✈❡r❢♦❧❣t✱ ✐♥ ❞❡♠ ❇❉■✲❱❡r❤❛❧t❡♥
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r✐♥❣❡ ❱❡r❢ü❣❜❛r❦❡✐t ✈♦♥ ❊①♣❡rt❡♥ ❛✉❢ ❞✐❡s❡♠ ●❡❜✐❡t✳ ❊✐♥ ❋♦❦✉s ❜❡✐ ❞❡r ❊♥t✇✐❝❦❧✉♥❣ ❞❡s
❆❦t✐✈❡✲❑♦♠♣♦♥❡♥t❡♥✲❆♥s❛t③❡s ✐st ❞✐❡ ❡✐♥❢❛❝❤❡ ❇❡♥✉t③❜❛r❦❡✐t✱ ✇♦❜❡✐ ✐♥s❜❡s♦♥❞❡r❡ ❛✉❢ ❞✐❡
❡✐♥❢❛❝❤❡ ❊✐♥❜❡tt✉♥❣ ✐♥ ❡✐♥❡♥ ❑❛♥♦♥ ❛♥ ❦❧❛ss✐s❝❤❡♥ ❊♥t✇✐❝❦❧✉♥❣st❡❝❤♥✐❦❡♥ ✉♥❞ Pr♦❣r❛♠✲
♠✐❡r✉♠❣❡❜✉♥❣❡♥ ❲❡rt ❣❡❧❡❣t ✇✐r❞✳ ❊✐♥❡ ❜❡s♦♥❞❡r❡ ❘♦❧❧❡ ❦♦♠♠t ❤✐❡r❜❡✐ ❞❡r ❖❜❥❡❦t♦r✐❡♥✲
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❜❡✐ ❞❡r ❆✉s❜✐❧❞✉♥❣ ✈♦♥ ❙♦❢t✇❛r❡✲❊♥t✇✐❝❦❧❡r♥ ❞❛rst❡❧❧t✳ Ü❜❡r ❞❛s ▼♦❞❡❧❧ ❞❡r ❛❦t✐✈❡♥ ❑♦♠♣♦✲
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❲❡✐t❡r❡♥t✇✐❝❦❧✉♥❣❡♥ ✇✐r❞ ❥❡t③t ❛✉❝❤ ❡✐♥❡ ✐♥t❡r♥❡ ❆❣❡♥t❡♥s✐❝❤t ❡r♠ö❣❧✐❝❤t✱ ❞✐❡ ♥ä❤❡r ❛♠
♦❜❥❡❦t♦r✐❡♥t✐❡rt❡♥ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧ ✐st✳ ❊✐♥ ❩✇✐s❝❤❡♥st❛♥❞ ❞✐❡s❡r ❲❡✐t❡r❡♥t✇✐❝❦❧✉♥❣❡♥
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❝❤❡♥❞✿ ❙♦ ❦♦♥♥t❡♥ ③✳❇✳ ✐♥ ❡✐♥❡♠ ■♥❞✉str✐❡♣r♦❥❡❦t ❙♦❢t✇❛r❡✲❊♥t✇✐❝❦❧❡r ♦❤♥❡ ❱♦r❦❡♥♥t♥✐ss❡ ✐♥
❦ü♥st❧✐❝❤❡r ■♥t❡❧❧✐❣❡♥③ ♦❞❡r ❆❣❡♥t❡♥t❡❝❤♥♦❧♦❣✐❡ ✇ä❤r❡♥❞ ❡✐♥❡r ❦✉r③❡♥ ❙❝❤✉❧✉♥❣ ❜❡r❡✐ts ♥❛❝❤
❞r❡✐ ❚❛❣❡♥ ❡✐❣❡♥stä♥❞✐❣ ❇❉■✲❆❣❡♥t❡♥ ♠✐t ❞❡♠ ♥❡✉❡♥ ♦❜❥❡❦t♦r✐❡♥t✐❡rt❡♥ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧
❡♥t✇✐❝❦❡❧♥✳
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Abstract—Current trends such as the widespread use of
advanced smart phones and the introduction of multi-core proces-
sors lead to ever increasing demands for distributed applications
especially concerning concurrency and distribution. Software
agents are one metaphor for dealing with these challenges already
on a conceptual level. Despite its advantages, implementing agent-
based systems is found to be a rather complex task compared to
using more traditional object-, component-, or service-oriented
technologies and for this reason the approach has only rarely been
adopted in practice. The approach presented in this paper aims
at simplifying the development of complex distributed systems for
developers with an e.g. object-oriented background. To this end,
current software paradigms are analyzed and as a result, active
components are proposed as a metaphor that incorporates ideas
from services, components, active objects and software agents.

I. INTRODUCTION

Several different technological and social trends lead to

increasing demands of distributed systems. One apparent phe-

nomenon is the introduction of multi-core processors leading

to increased hardware concurrency. This concurrency needs to

be better exploited, otherwise the speedup of single applica-

tions will be limited. Another trend consists in the more and

more widespread usage of mobile phones and in the embed-

ding of computational devices in the environment. Therefore

applications must be able to deal with the dynamics and device

mobility. Internet services are a third interesting application

area, which requires businesses to achieve interoperability

and also to minimize downtimes of their servers. Such 24/7

availability can only be realized when non-functional software

criteria like scalability and security are solved.

Summarizing these trends, it becomes apparent that software

paradigms should offer meaningful conceptual abstractions for

concurrency, distribution, and non-functional aspects. Soft-

ware paradigms, such as (active) objects, components, agents

and services, have been developed to deal with these require-

ments. Our approach aims at combining outstanding features

of these paradigms into a sound overall conceptual framework

as an effort of making the advantages of the agent paradigm

more easily accessible in traditional (e.g. object-, or service-

oriented) system environments. This paper extends initial ideas

from [9] and presents services and component composition as

a new core concepts of our approach in Section II. Section III

discusses related work and afterwards a conclusion is given.

II. ACTIVE COMPONENTS APPROACH

The conceptual approach of active components is backed by

two assumptions regarding the construction of distributed sys-

tems. The first assumption, stemming from agent orientation,

is that modeling systems in terms of active and passive entities

mimics real world scenarios better than object and component

oriented systems, which focus on structure and behavior but

largely ignore where activity originates from [7]. Typically, the

environment is dynamic with entities appearing and vanishing

at any time. Entities may use interactions and negotiations to

distribute work or reach agreements.

The second assumption, emphasized by service orientation,

is that it is often advantageous to build systems using active

entities (such as workflows) that coordinate, select and use

publicly available services of clear-cut business functionality.

In many scenarios the usage of services is sufficient and

preferable compared to more complex interaction schemes,

because of its inherent simplicity. The environmental dynamics

may also influence the available set of services as well. Hence,

in addition to rather static services it seems natural to consider

the active entities as possible service providers.

Following these assumptions, the proposed computational

model adopts an agent oriented view with active (autonomous)

concurrently acting entities. This view is combined with a

service oriented perspective, in which basic functionality is

provided using services that are coordinated by workflows.

In the following, the structure and behavior of the active

component concept are explained and the composition of

active components is discussed. Afterwards, an infrastructure

implementation for active component development and execu-

tion is shortly introduced and important contributions of the

active component concept are summarized.

A. Structure

Definition 2.1 (Active Component): An active component is

an autonomous, managed, hierarchical software entity that ex-

poses and uses functionalities via services and whose behavior

is defined in terms of an internal architecture.

The definition is explained using Figure 1, which shows the

structure of an active component. It is similar to the definition

of a component in SCA [8] with some important differences.

In line with other component definitions, one main aspect of

an active component is the explicit definition of provided and

required services and potentially being a parent of an arbitrary

number of subcomponents. A component can be configured

from the outside using properties and configurations. While

properties are a way to set specific argument values individ-

ually, a configuration represents a named setting of argument

B-2
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Figure 1. Active component structure

values. In this way typical parameter settings can be described

as configuration and stored as part of a component speci-

fication. In contrast to conventional component definitions,

an active component can be seen as autonomously executing

entity similar to an agent. It consists of an internal architecture

determining the way the component is executed. Thus, the

way the business logic of an autonomous component can be

described depends on the component’s internal architecture.

The internal architecture of an active component contains the

execution model for a specific component type and deter-

mines in this way the available programming concepts (e.g.

a workflow or agent programming language). The internal

architecture of an active component is similar to the concept

of an internal agent architecture but widens the spectrum of

possible architectures e.g. in direction of workflows.

As each active component acts as autonomous service

provider (and consumer) and may offer arbitrary many ser-

vices, the definition of what is a service follows.

Definition 2.2 (Active Component Service): An active com-

ponent service represents a clearly defined (business) function-

ality. It consists of a service interface and its implementation.

The definition highlights that services are meant to represent

rather coarse-grained domain functionality similar to services

in the service oriented architecture. Service definition is done

via an interface specification, which allows object-oriented

access and for searching services by interface types.

B. Behavior

In Fig. 2 the behavior model of an active component

is shown. Besides provided and required services (left and

right) it consists of an interpreter (middle) and a lower-level

interface for messages and actions (bottom). The active part

of a component is the interpreter, which has the main task

of executing actions from a step queue.As long as the queue

contains actions, the interpreter removes the first one and

executes it. Otherwise it sleeps until a new action arrives.

Action execution may lead to the insertion of new actions

to the queue whereby it is also supported that actions can

be enqeued with a delay. This facilitates the realization of

autonomous behavior because a component can announce a

future point in time at which its wants to be activated again.

In addition to internal actions that are generated from other

actions, also service requests, external actions (α) and received

messages (µ) are added to the queue.

The semantics of actions depends on the internal archi-

tecture employed but at least three interpreter independent

Figure 2. Active component behavior

categories of actions can be distinguished: business logic,

service and external actions. Business logic actions directly

realize application behavior and are thus provided by the

application developer. Service actions are used to decouple

a service request from the caller and execute them as part of

the normal behavior of the component. Finally, external actions

represent behavior that can be induced to the component by

a tightly coupled piece of software. This mechanism can be

used for executing private actions (in contrast to public actions

defined by a service interface) of a closely linked source like

e.g. the components user interface.

The figure also shows how service requests are processed

and required services can be used. Service processing follows

the basic underlying idea of allowing only asynchronous

method invocations in order to conceptually avoid technical

deadlocks. This is achieved by an invocation scheme based on

futures, which represent results of asynchronous computations

[10]. The service client accesses a method of the provided

service interface and synchronously gets back a future as result

representing a placeholder for the real result. In addition, a

service action is created for the call at the receivers side

and executed on the service’s component as soon as the

interpreter selects that action. The result of this computation is

subsequently placed in the future that the client holds and the

client is notified that the result is available via a callback. The

callback avoids the typical deadlock prone wait-by-necessity

scheme promoted by futures using operations that block the

client until a result is received. The future/callback scheme is

also used for the result (α′) of external actions.

The declaration of required services (Fig. 2, right) allows

these services being used in the implementations of (e.g.

business logic) actions. The active component execution model

assures that operations on required services are appropriately

routed to available service providers according to a corre-

sponding binding as described next.

C. Composition

The composition of active components corresponds to an-

swering the question, which matching provided service(s) of

which concrete component(s) to connect to a specific re-

quired service interface. In traditional component models, this

question is usually answered at design time (e.g. connecting

subcomponents when building composite components) or at

deployment time (e.g. installing and connecting components to

form a running system). This kind of binding is not sufficient

for many real world scenarios in which service providers come
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Figure 3. Binding specification options

and go dynamically [6]. The dynamic nature of the active

component paradigm itself and the target area of complex

distributed systems motivate the need for being able to delay

composition decisions into the runtime.

Figure 3 shows the options available to a component de-

veloper for specifying the binding for a required service of

a component. In traditional component models, the developer

will know the concrete component to connect to (component

known) and can assume that this component is available in

the deployed system (component exists). For this case an

instance specification can be used to define how the concrete

component instance can be found at runtime. The creation

specification allows components being dynamically created

and contains all necessary information for instantiating a given

component. In case the component providing a service is not

known, a search specification allows stating how to perform a

search for the required service. A search specification primar-

ily contains a definition of the search scope (identifying a set

of components to include in the search), but might be extended

with non-functional criteria to guide service selection.

Regarding the combination of binding specifications, active

components follow a configuration by exception approach

meaning that sensible defaults are applied at all levels to

reduce specification overhead to a minimum. A minimal re-

quired service specification only includes the required service

interface. If no other information is present at runtime, this

specification represents an implicit search specification in the

default scope, including all other components of the applica-

tion. Furthermore, binding specifications can be annotated to

a component itself, thus adjusting the default binding behavior

of this component. Yet, when using this component in a com-

posite definition, further configuration options can be specified

that override default values. Therefore in a specific usage

context, a developer can replace a default search specification

for a required service to an instance specification pointing to

a sibling component inside the same composite.

To support a wide range of scenarios from completely

static to fully dynamic ad-hoc compositions, a generic binding

process is introduced that is triggered whenever a required

service dependency is accessed. The process is responsible

for extracting the explicit and implicit binding specifications

declared for the involved components and composites. The

combined binding specification is then used for locating a

suitable service provider for a required service. In this respect,

the binding process distinguishes between static and dynamic

bindings. Static bindings are resolved on first access and a

reference to the resolved service is kept for later invocations. In

contrast, dynamic bindings are reevaluated on each access. For

advanced usage the binding process can be extended to support

additional features like failure recovery and load balancing,

e.g. by triggering a re-evaluation of binding specifications in

case of component failures or excessive load.

01: componenttype = propertytype* subcomponenttype* prov_service*
req_service* configuration*;

02: propertytype = name:String [type:Class] [defaultvalue:Object];
03: subcomponenttype = name:String [filename:string];
04: prov_service = interface:Interface impl:Class;
05: req_service = interface:Interface name:String [multiple:boolean]

[dynamic:boolean] [scope:String];
06: configuration = name:String property* subcomponent*;
07: property = type:String value:Object;
08: subcomponent = type:String [name:String] [configname:String] property*;

Figure 4. Component definition

D. Specification

As already noted, the internal architectures of active com-

ponents may differ. This implicates that also the behavior

definition of components are different and depend on their

type, e.g. the behavior definition of a BPMN (business process

modeling notation) workflow is completetly different from that

of a BDI (belief desire intention) agent. In constrast, looking

from the outside on a component reveals that their interface

is the same for all kinds of component. The characterizing

aspects of a component are shown in Fig. 1 as part of the

component border, i.e. its properties, configurations, required,

provided services and subcomponents.

In Figure 4 the directly derived component specification

is listed in an EBNF inspired notation. It can be seen that

a componenttype is described using an arbitrary number of

property- and subcomponenttypes, as well as provided and

required services and configurations (line 1). Property types

are used to define strongly typed arguments for the com-

ponent that may have a predefined default value (line 2).

A subcomponent type refers to an external component type

definition using its filename and makes this type accessible

using a local name (line 3). A configuration picks up these

concepts for the definition of component instance (line 6). This

named component instance consists of an arbitrary number

of properties and subcomponents. A property represents an

argument value and refers to a defined property type. It can

override the optional default value with an alternative value

(line 7). A subcomponent instance is based on a subcomponent

type definition (line 8). It may be equipped with a name, a

configuration name, in which the subcomponent should be

started and further properties that serve as argument values.

It can further be seen that a provided service consists of

an interface as well as a service implementation that can be

represented as normal Java class (line 4). A required service

is characterized by its interface and the binding (line 5).

Furthermore, it has a component widely visible name, which

can be used to fetch a service implementation using the getRe-

quiredService(name) framework method. As it is a common

use case that several service instances of the same type are

needed the multiple declaration can be used. In this case it is

obligatory to fetch the services via getRequiredServices(name).

Service binding is performed according to the dynamic and

scope properties. Is a required service declared to be dynamic

it will not be bound at all but a fresh search is performed

on each access. The scope properties allow to constrain the

search to several different predefined and custom areas. i.e.

when scope is set to application the search will not exceed

the bounds of the application components.
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E. Implementation

The active component approach has been implemented in

the open source Jadex infrastructure providing a platform,

responsible for basic component management and communi-

cation, and kernels, which encapsulate the internal behavior

definition of a specific active component type. Several different

internal architectures have been realized as kernels. The BDI

kernel supports the development of complex reasoning agents

[4]. Additionally, for insect-like agents, a so called micro-

kernel is provided, which provides a simple object oriented

programming style. In addition, two workflow kernels have

been developed. A BPMN kernel targets workflows modeled

in the business process modeling notation whereas a GPMN

kernel interprets the so called goal process modeling notation,

which is a unification of BDI agent and BPMN process

concepts developed in cooperation with Daimler AG [3].

F. Contributions

An active component is a natural metaphor for constructing

concurrent and distributed systems. Concretely, the active

component paradigm contributes to the challenges of building

distributed systems in the following ways:

Control of concurrency: Each active component can act

autonomously and in parallel to other components. The ex-

ecution model hides concurrency details, yet assures internal

consistency and avoids deadlocks.

Distribution transparency: Active components interact

transparently using local or remote services without a need

to know details about service locations or implementations.

Dynamic composition: Composition is based on service

interface specifications and respects environmental dynamics

by using a flexible binding approach.

In general, active components bring together agent and

service ideas and offer common conceptual abstractions for

both. Thus, the construction of applications with services

and active entities controlling the service assembly, being it

workflows or agents, is fostered.

III. RELATED WORK

Many approaches can be found in the literature that consider

combining features from the agent with the component, object

or services paradigm. In general, approaches can be classified

according to the originating paradigm and the direction in

which the paradigm is extended. E.g. the Fractal framework

[5] originates from component ideas, and extensions in the di-

rection of agents have been developed. Fractal is a component

model that provides sophisticated means for realizing hierar-

chical components distinguishing between client and server

interfaces. For parallel and distributed component execution

Fractal has been extended in the ProActive [1] project, which

aims at an integration of active object ideas. The approach

is promising, but has some limitations due to the exclusive

use of method-based interactions, making it hard to realize

application cases that e.g. require negotiation mechanisms.

From existing approaches that aim at extending agents,

WSIG [2] and WADE are extensions of the widely used JADE

agent platform [2] and lead in the direction of services.

Recently, with AmbientTalk a new programming language

for ambient intelligence has been proposed [11]. The funda-

mentals of AmbientTalk are very similar to active components

foundations as it is also based on the idea of autonomous actors

offering services. Most importantly, active components add

notions of composability to this common vision, i.e. composite

components can be built out of more basic ones.

Possible positive ramifications of combining ideas from the

different paradigms have already been mentioned in early

research works. Despite this fact, only few concrete conceptual

integration approaches have been presented so far.

IV. CONCLUSION

Put simply, active components envision a computational

model of active entities concurrently situated in a dynamic

and possibly distributed environment. The entities can act

as service providers and consumers and bring about system

functionality using services. When sophisticated interaction is

required for reaching agreements, message passing can be used

for realizing complex negotiations.

With active components a natural metaphor for concurrency

is established, as active components are capable of indepen-

dent execution. The paradigm also contributes to distribution

challenges with regard to communication flexibility. It fosters

a communication variety by incorporating message passing

as well as an object-oriented service (in remote case RMI)

access and also offers composition means. The paradigm also

contributes conceptually to non-functional characteristics by

adopting the idea of a management infrastructure similar to

component runtimes but their full exploitation is subject of

future work.
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❉✐'%(✐❜✉%❡❞ ✐♥❢♦(♠❛%✐♦♥ '②'%❡♠' ❛$❡ ❛♥ ❡①❛♠♣❧❡ ❝❧❛** ❝♦♥&❛✐♥✐♥❣ ❡✳❣✳ ✇♦$❦✲

✢♦✇ ♠❛♥❛❣❡♠❡♥& *♦❢&✇❛$❡✱ ❝♦♥❝❡$♥❡❞ ✇✐&❤ ❞✐*&$✐❜✉&✐♦♥ ❛♥❞ ♥♦♥✲❢✉♥❝&✐♦♥❛❧

❛*♣❡❝&*✳ ❋✐♥❛❧❧②✱ ❝❛&❡❣♦$✐❡* ❧✐❦❡ ✉❜✐8✉✐%♦✉' ❝♦♠♣✉%✐♥❣ ❛$❡ ❡①&$❛♦$❞✐♥❛$② ❞✐✣✲

❝✉❧& &♦ $❡❛❧✐③❡ ❞✉❡ &♦ *✉❜*&❛♥&✐❛❧ ❝♦♥♥❡❝&✐♦♥* &♦ ❛❧❧ &❤$❡❡ ❝❤❛❧❧❡♥❣❡*✳



✹ ▲❛#$ ❇#❛✉❜❛❝❤ ❛♥❞ ❆❧❡①❛♥❞❡# 0♦❦❛❤#

Objects

Services

Components

Agents

Software 

Engineering
Concurrency Distribution

Non-functional 

Criteria

intuitive abstraction for 

real-world objects

reusable building blocks

entities that realize 

business activities

Challenge

Paradigm

entities that act based on 

local objectives

-

-

-

agents as autonomous 

actors, message-based 

coordination

agents perceive and 

react to a changing 

environment

service registries, 

dynamic binding

-

RMI, ORBs -

external configuration, 

management 

infrastructure

SLAs, standards (e.g. 

security)

-

❋✐❣✳ ✷ ❈♦♥4#✐❜✉4✐♦♥$ ♦❢ ♣❛#❛❞✐❣♠$

❋✐❣✳ ✷ ❤✐❣❤❧✐❣❤'( ✇❤✐❝❤ ❝❤❛❧❧❡♥❣❡( ❛ ♣❛/❛❞✐❣♠ ❝♦♥❝❡♣'✉❛❧❧② (✉♣♣♦/'(✳ ❖❜✲

❥❡❝' ♦/✐❡♥'❛'✐♦♥ ❤❛( ❜❡❡♥ ❝♦♥❝❡✐✈❡❞ ❢♦/ '②♣✐❝❛❧ ❞❡(❦'♦♣ ❛♣♣❧✐❝❛'✐♦♥( '♦ ♠✐♠✐❝

/❡❛❧ ✇♦/❧❞ (❝❡♥❛/✐♦( ✉(✐♥❣ ♦❜❥❡❝'( ✭❛♥❞ ✐♥'❡/❢❛❝❡(✮ ❛( ♣/✐♠❛/② ❝♦♥❝❡♣' ❛♥❞ ❤❛(

❜❡❡♥ (✉♣♣❧❡♠❡♥'❡❞ ✇✐'❤ /❡♠♦'❡ ♠❡'❤♦❞ ✐♥✈♦❝❛'✐♦♥ ✭❘▼■✮ '♦ '/❛♥(❢❡/ '❤❡ ♣/♦✲

❣/❛♠♠✐♥❣ ♠♦❞❡❧ '♦ ❞✐('/✐❜✉'❡❞ (②('❡♠(✳ ❈♦♠♣♦♥❡♥' ♦/✐❡♥'❛'✐♦♥ ❡①'❡♥❞( ♦❜✲

❥❡❝' ♦/✐❡♥'❡❞ ✐❞❡❛( ❜② ✐♥'/♦❞✉❝✐♥❣ (❡❧❢✲❝♦♥'❛✐♥❡❞ ❜✉(✐♥❡(( ❡♥'✐'✐❡( ✇✐'❤ ❝❧❡❛/✲

❝✉' ❞❡✜♥✐'✐♦♥( ♦❢ ✇❤❛' '❤❡② ♦✛❡/ ❛♥❞ ♣/♦✈✐❞❡ ❢♦/ ✐♥❝/❡❛(❡❞ ♠♦❞✉❧❛/✐'② ❛♥❞

/❡✉(❛❜✐❧✐'②✳ ❋✉/'❤❡/♠♦/❡✱ ❝♦♠♣♦♥❡♥' ♠♦❞❡❧( ♦❢'❡♥ ❛❧❧♦✇ ♥♦♥✲❢✉♥❝'✐♦♥❛❧ ❛(✲

♣❡❝'( ❜❡✐♥❣ ❝♦♥✜❣✉/❡❞ ❢/♦♠ '❤❡ ♦✉'(✐❞❡ ♦❢ ❛ ❝♦♠♣♦♥❡♥'✳ ❚❤❡ (❡/✈✐❝❡ ♦/✐❡♥'❡❞

❛/❝❤✐'❡❝'✉/❡ ✭❙❖❆✮ ❛''❡♠♣'( ❛♥ ✐♥'❡❣/❛'✐♦♥ ♦❢ '❤❡ ❜✉(✐♥❡(( ❛♥❞ '❡❝❤♥✐❝❛❧

♣❡/(♣❡❝'✐✈❡(✳ ❍❡/❡✱ ✇♦/❦✢♦✇( /❡♣/❡(❡♥' ❜✉(✐♥❡(( ♣/♦❝❡((❡( ❛♥❞ ✐♥✈♦❦❡ (❡/✲

✈✐❝❡( ❢♦/ /❡❛❧✐③✐♥❣ ❛❝'✐✈✐'② ❜❡❤❛✈✐♦/✳ ■♥ ❝♦♥❝❡/' ✇✐'❤ ❙❖❆ ♠❛♥② ✇❡❜ (❡/✈✐❝❡

('❛♥❞❛/❞( ❤❛✈❡ ❡♠❡/❣❡❞ ❝♦♥'/✐❜✉'✐♥❣ '♦ '❤❡ ✐♥'❡/♦♣❡/❛❜✐❧✐'② ♦❢ (✉❝❤ (②('❡♠(✳

■♥ ❝♦♥'/❛('✱ ❛❣❡♥' ♦/✐❡♥'❛'✐♦♥ ✐( ❛ ♣❛/❛❞✐❣♠ '❤❛' ♣/♦♣♦(❡( ❛❣❡♥'( ❛( ♠❛✐♥

❝♦♥❝❡♣'✉❛❧ ❛❜('/❛❝'✐♦♥( ❢♦/ ❛✉'♦♥♦♠♦✉(❧② ♦♣❡/❛'✐♥❣ ❡♥'✐'✐❡( ✇✐'❤ ❢✉❧❧ ❝♦♥✲

'/♦❧ ❛❜♦✉' ('❛'❡ ❛♥❞ ❡①❡❝✉'✐♦♥✳ ❯(✐♥❣ ❛❣❡♥'( ❡(♣❡❝✐❛❧❧② ✐♥'❡❧❧✐❣❡♥' ❜❡❤❛✈✐♦/

❝♦♥'/♦❧ ❛♥❞ ❝♦♦/❞✐♥❛'✐♦♥ ✐♥✈♦❧✈✐♥❣ ♠✉❧'✐♣❧❡ ❛❝'♦/( ❝❛♥ ❜❡ '❛❝❦❧❡❞✳

❨❡'✱ ♥♦♥❡ ♦❢ '❤❡ ✐♥'/♦❞✉❝❡❞ ♣❛/❛❞✐❣♠( ✐( ❝❛♣❛❜❧❡ ♦❢ (✉♣♣♦/'✐♥❣ ❝♦♥❝✉/✲

/❡♥❝②✱ ❞✐('/✐❜✉'✐♦♥ ❛♥❞ ♥♦♥✲❢✉♥❝'✐♦♥❛❧ ❛(♣❡❝'( ❛' ♦♥❝❡✱ ❧❡❛❞✐♥❣ '♦ ❞✐✣❝✉❧'✐❡(

✇❤❡♥ ❛♣♣❧✐❝❛'✐♦♥( (❤♦✉❧❞ ❜❡ /❡❛❧✐③❡❞ '❤❛' ('❡♠ ❢/♦♠ ✐♥'❡/(❡❝'✐♦♥ ❝❛'❡❣♦/✐❡(

✭❝❢✳ ❋✐❣✳ ✶✮✳ ■♥ ♦/❞❡/ '♦ ❛❧❧❡✈✐❛'❡ '❤❡(❡ ♣/♦❜❧❡♠( ❛❧/❡❛❞② ♦♥ ❛ ❝♦♥❝❡♣'✉❛❧ ❧❡✈❡❧

'❤❡ ❛❝'✐✈❡ ❝♦♠♣♦♥❡♥' ♣❛/❛❞✐❣♠ ✐( ♣/♦♣♦(❡❞ ✐♥ '❤❡ ❢♦❧❧♦✇✐♥❣✳

✸ ❆❝#✐✈❡ ❈♦♠♣♦♥❡♥#, -❛/❛❞✐❣♠

❚❤❡ ❛❝'✐✈❡ ❝♦♠♣♦♥❡♥' ♣❛/❛❞✐❣♠ ❜/✐♥❣( '♦❣❡'❤❡/ ❛❣❡♥'(✱ (❡/✈✐❝❡( ❛♥❞ ❝♦♠♣♦✲

♥❡♥'( ✐♥ ♦/❞❡/ '♦ ❜✉✐❧❞ ❛ ✇♦/❧❞✈✐❡✇ '❤❛' ✐( ❛❜❧❡ '♦ ♥❛'✉/❛❧❧② ♠❛♣ ❛❧❧ ❡①✐('✐♥❣

❞✐('/✐❜✉'❡❞ (②('❡♠ ❝❧❛((❡( '♦ ❛ ✉♥✐✜❡❞ ❝♦♥❝❡♣'✉❛❧ /❡♣/❡(❡♥'❛'✐♦♥ ❬✽❪✳ ❘❡❝❡♥'❧②✱

✇✐'❤ '❤❡ (❡/✈✐❝❡ ❝♦♠♣♦♥❡♥' ❛/❝❤✐'❡❝'✉/❡ ✭❙❈❆✮ ❬✻❪ ❛ ♥❡✇ (♦❢'✇❛/❡ ❡♥❣✐♥❡❡/✲

✐♥❣ ❛♣♣/♦❛❝❤ ❤❛( ❜❡❡♥ ♣/♦♣♦(❡❞ ❜② (❡✈❡/❛❧ ♠❛❥♦/ ✐♥❞✉('/② ✈❡♥❞♦/( ✐♥❝❧✉❞✐♥❣

■❇▼✱ ❖/❛❝❧❡ ❛♥❞ ❚■❇❈❖✳ ❙❈❆ ❝♦♠❜✐♥❡( ✐♥ ❛ ♥❛'✉/❛❧ ✇❛② '❤❡ (❡/✈✐❝❡ ♦/✐✲

❡♥'❡❞ ❛/❝❤✐'❡❝'✉/❡ ✭❙❖❆✮ ✇✐'❤ ❝♦♠♣♦♥❡♥' ♦/✐❡♥'❛'✐♦♥ ❜② ✐♥'/♦❞✉❝✐♥❣ ❙❈❆

❝♦♠♣♦♥❡♥'( ❝♦♠♠✉♥✐❝❛'✐♥❣ ✈✐❛ (❡/✈✐❝❡(✳ ❆❝'✐✈❡ ❝♦♠♣♦♥❡♥'( ❜✉✐❧❞ ♦♥ ❙❈❆

❛♥❞ ❡①'❡♥❞ ✐' ✐♥ '❤❡ ❞✐/❡❝'✐♦♥ ♦❢ (♦❢✇❛/❡ ❛❣❡♥'(✳ ❚❤❡ ❣❡♥❡/❛❧ ✐❞❡❛ ✐( '♦ '/❛♥(✲

❢♦/♠ ♣❛((✐✈❡ ❙❈❆ ❝♦♠♣♦♥❡♥'( ✐♥'♦ ❛✉'♦♥♦♠♦✉(❧② ❛❝'✐♥❣ (❡/✈✐❝❡ ♣/♦✈✐❞❡/( ❛♥❞

❝♦♥(✉♠❡/( ✐♥ ♦/❞❡/ '♦ ❜❡''❡/ /❡✢❡❝' /❡❛❧ ✇♦/❧❞ (❝❡♥❛/✐♦( ✇❤✐❝❤ ❛/❡ ❝♦♠♣♦(❡❞



❆❞❞"❡$$✐♥❣ ❈❤❛❧❧❡♥❣❡$ ♦❢ ❉✐$/"✐❜✉/❡❞ ❙②$/❡♠$ ✉$✐♥❣ ❆❝/✐✈❡ ❈♦♠♣♦♥❡♥/$ ✺

❋✐❣✳ ✸ ❆❝/✐✈❡ ❝♦♠♣♦♥❡♥/ $/"✉❝/✉"❡

♦❢ ✈❛$✐♦✉' ❛❝)✐✈❡ ')❛❦❡❤♦❧❞❡$'✳ ■♥ ❋✐❣✳ ✸ ❛♥ ♦✈❡$✈✐❡✇ ♦❢ )❤❡ '②♥)❤❡'✐' ♦❢ ❙❈❆

❛♥❞ ❛❣❡♥)' )♦ ❛❝)✐✈❡ ❝♦♠♣♦♥❡♥)' ✐' '❤♦✇♥✳ ■♥ )❤❡ ❢♦❧❧♦✇✐♥❣ '✉❜'❡❝)✐♦♥' )❤❡

✐♠♣❧✐❝❛)✐♦♥' ♦❢ )❤✐' '②♥)❤❡'✐' $❡❣❛$❞✐♥❣ ')$✉❝)✉$❡✱ ❜❡❤❛✈✐♦$ ❛♥❞ ❝♦♠♣♦'✐)✐♦♥

❛$❡ ❡①♣❧❛✐♥❡❞✳

✸✳✶ ❆❝%✐✈❡ ❈♦♠♣♦♥❡♥% ❙%/✉❝%✉/❡

■♥ ❋✐❣✳ ✸ ✭$✐❣❤) ❤❛♥❞ '✐❞❡✮ )❤❡ ')$✉❝)✉$❡ ♦❢ ❛♥ ❛❝)✐✈❡ ❝♦♠♣♦♥❡♥) ✐' ❞❡♣✐❝)❡❞✳ ■)

②✐❡❧❞' ❢$♦♠ ❝♦♥❝❡♣)✉❛❧❧② ♠❡$❣✐♥❣ ❛♥ ❛❣❡♥) ✇✐)❤ ❛♥ ❙❈❆ ❝♦♠♣♦♥❡♥) ✭'❤♦✇♥

❛) )❤❡ ❧❡❢) ❤❛♥❞ '✐❞❡✮✳ ❆♥ ❛❣❡♥) ✐' ❝♦♥'✐❞❡$❡❞ ❤❡$❡ ❛' ❛♥ ❛✉)♦♥♦♠♦✉' ❡♥)✐)②

)❤❛) ✐' ♣❡$❝❡✐✈✐♥❣ ✐)' ❡♥✈✐$♦♥♠❡♥) ✉'✐♥❣ '❡♥'♦$' ❛♥❞ ❝❛♥ ✐♥✢✉❡♥❝❡ ✐) ❜② ✐)'

❡✛❡❝)♦$'✳ ❚❤❡ ❜❡❤❛✈✐♦$ ♦❢ )❤❡ ❛❣❡♥) ❞❡♣❡♥❞' ♦♥ ✐)' ✐♥)❡$♥❛❧ $❡❛'♦♥✐♥❣ ❝❛♣❛✲

❜✐❧✐)✐❡' $❛♥❣✐♥❣ ❢$♦♠ $❛)❤❡$ '✐♠♣❧❡ $❡✢❡① )♦ ✐♥)❡❧❧✐❣❡♥) ❣♦❛❧✲❞✐$❡❝)❡❞ ❞❡❝✐'✐♦♥

♣$♦❝❡❞✉$❡'✳ ❚❤❡ ✉♥❞❡$❧②✐♥❣ $❡❛'♦♥✐♥❣ ♠❡❝❤❛♥✐'♠ ♦❢ ❛♥ ❛❣❡♥) ✐' ❞❡'❝$✐❜❡❞ ❛'

❛♥ ❛❣❡♥) ❛$❝❤✐)❡❝)✉$❡ ❛♥❞ ❞❡)❡$♠✐♥❡' ❛❧'♦ )❤❡ ✇❛② ❛♥ ❛❣❡♥) ✐' ♣$♦❣$❛♠♠❡❞✳

❖♥ )❤❡ ♦)❤❡$ '✐❞❡ ❛♥ ❙❈❆ ❝♦♠♣♦♥❡♥) ✐' ❛ ♣❛''✐✈❡ ❡♥)✐)② )❤❛) ❤❛' ❝❧❡❛$❧② ❞❡✲

✜♥❡❞ ❞❡♣❡♥❞❡♥❝✐❡' ✇✐)❤ ✐)' ❡♥✈✐$♦♥♠❡♥)✳ ❙✐♠✐❧❛$ )♦ ♦)❤❡$ ❝♦♠♣♦♥❡♥) ♠♦❞❡❧'

)❤❡'❡ ❞❡♣❡♥❞❡♥❝✐❡' ❛$❡ ❞❡'❝$✐❜❡❞ ✉'✐♥❣ $❡G✉✐$❡❞ ❛♥❞ ♣$♦✈✐❞❡❞ '❡$✈✐❝❡'✱ ✐✳❡✳

'❡$✈✐❝❡' )❤❛) ❛ ❝♦♠♣♦♥❡♥) ♥❡❡❞' )♦ ❝♦♥'✉♠❡ ❢$♦♠ ♦)❤❡$ ❝♦♠♣♦♥❡♥)' ❢♦$ ✐)'

❢✉♥❝)✐♦♥✐♥❣ ❛♥❞ '❡$✈✐❝❡' )❤❛) ✐) ♣$♦✈✐❞❡' )♦ ♦)❤❡$'✳ ❋✉$)❤❡$♠♦$❡✱ )❤❡ ❙❈❆

❝♦♠♣♦♥❡♥) ♠♦❞❡❧ ✐' ❤✐❡$❛$❝❤✐❝❛❧ ♠❡❛♥✐♥❣ )❤❛) ❛ ❝♦♠♣♦♥❡♥) ❝❛♥ ❜❡ ❝♦♠♣♦'❡❞

♦❢ ❛♥ ❛$❜✐)$❛$② ♥✉♠❜❡$ ♦❢ '✉❜❝♦♠♣♦♥❡♥)'✳ ❈♦♥♥❡❝)✐♦♥' ❜❡)✇❡❡♥ '✉❜❝♦♠♣♦✲

♥❡♥)' ❛♥❞ ❛ ♣❛$❡♥) ❝♦♠♣♦♥❡♥) ❛$❡ ❡')❛❜❧✐'❤❡❞ ❜② '❡$✈✐❝❡ $❡❧❛)✐♦♥'❤✐♣'✱ ✐✳❡✳

❝♦♥♥❡❝)✐♦♥ )❤❡✐$ $❡G✉✐$❡❞ ❛♥❞ ♣$♦✈✐❞❡❞ '❡$✈✐❝❡ ♣♦$)'✳ ❈♦♥✜❣✉$❛)✐♦♥ ♦❢ ❙❈❆

❝♦♠♣♦♥❡♥)' ✐' ❞♦♥❡ ✉'✐♥❣ '♦ ❝❛❧❧❡❞ ♣$♦♣❡$)✐❡'✱ ✇❤✐❝❤ ❛❧❧♦✇ ✈❛❧✉❡' ❜❡✐♥❣ ♣$♦✲

✈✐❞❡❞ ❛) ')❛$)✉♣ ♦❢ ❝♦♠♣♦♥❡♥)' ❢♦$ ♣$❡❞❡✜♥❡❞ ❝♦♠♣♦♥❡♥) ❛))$✐❜✉)❡'✳ ❚❤❡

'②♥)❤❡'✐' ♦❢ ❜♦)❤ ❝♦♥❝❡♣)✉❛❧ ❛♣♣$♦❛❝❤❡' ✐' ❞♦♥❡ ❜② ❦❡❡♣✐♥❣ ❛❧❧ ♦❢ )❤❡ ❛❢♦$❡✲

♠❡♥)✐♦♥❡❞ ❦❡② ❝❤❛$❛❝)❡$✐')✐❝' ♦❢ ❛❣❡♥)' ❛♥❞ ❙❈❆ ❝♦♠♣♦♥❡♥)'✳ ❖♥ )❤❡ ♦♥❡

❤❛♥❞✱ ❢$♦♠ ❛♥ ❛❣❡♥)✲♦$✐❡♥)❡❞ ♣♦✐♥) ♦❢ ✈✐❡✇ )❤❡ ♥❡✇ ❙❈❆ ♣$♦♣❡$)✐❡' ❧❡❛❞ )♦

❡♥❤❛♥❝❡❞ '♦❢)✇❛$❡ ❡♥❣✐♥❡❡$✐♥❣ ❝❛♣❛❜✐❧✐)✐❡' ❛' ❤✐❡$❛$❝❤✐❝❛❧ ❛❣❡♥) ❝♦♠♣♦'✐)✐♦♥

❛♥❞ '❡$✈✐❝❡ ❜❛'❡❞ ✐♥)❡$❛❝)✐♦♥' ❜❡❝♦♠❡ ♣♦''✐❜❧❡✳ ❖♥ )❤❡ ♦)❤❡$ ❤❛♥❞✱ ❢$♦♠ ❛♥

❙❈❆ ♣❡$'♣❡❝)✐✈❡ ✐♥)❡$♥❛❧ ❛❣❡♥) ❛$❝❤✐)❡❝)✉$❡' ❡♥❤❛♥❝❡ )❤❡ ✇❛② ❤♦✇ ❝♦♠♣♦✲

♥❡♥) ❢✉♥❝)✐♦♥❛❧✐)② ❝❛♥ ❜❡ ❞❡'❝$✐❜❡❞ ❛♥❞ ❛❧❧♦✇ $❡❛❝)✐✈❡ ❛' ✇❡❧❧ ❛' ♣$♦❛❝)✐✈❡

❜❡❤❛✈✐♦$✳



✻ ▲❛#$ ❇#❛✉❜❛❝❤ ❛♥❞ ❆❧❡①❛♥❞❡# 0♦❦❛❤#

✸✳✷ ❇❡❤❛✈✐♦*

❚❤❡ ❜❡❤❛✈✐♦( )♣❡❝✐✜❝❛-✐♦♥ ♦❢ ❛♥ ❛❝-✐✈❡ ❝♦♠♣♦♥❡♥- ❝♦♥)✐)-) ♦❢ -✇♦ ♣❛(-)✿ )❡(✲

✈✐❝❡ ❛♥❞ ❝♦♠♣♦♥❡♥- ❢✉♥❝-✐♦♥❛❧✐-✐❡)✳ ❙❡(✈✐❝❡) ❝♦♥)✐)- ♦❢ ❛ )❡(✈✐❝❡ ✐♥-❡(❢❛❝❡ ❛♥❞

❛ )❡(✈✐❝❡ ✐♠♣❧❡♠❡♥-❛-✐♦♥✳ ❚❤❡ )❡(✈✐❝❡ ✐♠♣❧❡♠❡♥-❛-✐♦♥ ❝♦♥-❛✐♥) -❤❡ ❜✉)✐♥❡))

❧♦❣✐❝ ❢♦( (❡❛❧✐③✐♥❣ -❤❡ )❡♠❛♥-✐❝) ♦❢ -❤❡ )❡(✈✐❝❡ ✐♥-❡(❢❛❝❡ )♣❡❝✐✜❝❛-✐♦♥✳ ■♥ ❛❞✲

❞✐-✐♦♥✱ ❛ ❝♦♠♣♦♥❡♥- ♠❛② ❡①♣♦)❡ ❢✉(-❤❡( (❡❛❝-✐✈❡ ❛♥❞ ♣(♦❛❝-✐✈❡ ❜❡❤❛✈✐♦( ✐♥

-❡(♠) ♦❢ ✐-) ✐♥-❡(♥❛❧ ❜❡❤❛✈✐♦( ❞❡✜♥✐-✐♦♥✱ ❡✳❣✳ ✐- ♠✐❣❤- ✇❛♥- -♦ (❡❛❝- -♦ )♣❡❝✐✜❝

♠❡))❛❣❡) ♦( ♣✉()✉❡ )♦♠❡ ✐♥❞✐✈✐❞✉❛❧ ❣♦❛❧)✳

❉✉❡ -♦ -❤❡)❡ -✇♦ ❦✐♥❞) ♦❢ ❜❡❤❛✈✐♦( ❛♥❞ -❤❡✐( ♣♦))✐❜❧❡ )❡♠❛♥-✐❝ ✐♥-❡(❢❡(✲

❡♥❝❡) -❤❡ )❡(✈✐❝❡ ❝❛❧❧ )❡♠❛♥-✐❝) ❤❛✈❡ -♦ ❜❡ ❝❧❡❛(❧② ❞❡✜♥❡❞✳ ■♥ ❝♦♥-(❛)- -♦ ♥♦(✲

♠❛❧ ❙❈❆ ❝♦♠♣♦♥❡♥-) ♦( ❙❖❆ )❡(✈✐❝❡)✱ ✇❤✐❝❤ ❛(❡ ♣✉(❡❧② )❡(✈✐❝❡ ♣(♦✈✐❞❡()✱

❛❣❡♥-) ❤❛✈❡ ❛♥ ✐♥❝(❡❛)❡❞ ❞❡❣(❡❡ ♦❢ ❛✉-♦♥♦♠② ❛♥❞ ♠❛② ✇❛♥- -♦ ♣♦)-♣♦♥❡ ♦(

❝♦♠♣❧❡-❡❧② (❡❢✉)❡ ❡①❡❝✉-✐♥❣ ❛ )❡(✈✐❝❡ ❝❛❧❧ ❛- ❛ )♣❡❝✐✜❝ ♠♦♠❡♥- ✐♥ -✐♠❡✱ ❡✳❣✳

✐❢ ♦-❤❡( ❝❛❧❧) ♦❢ ❤✐❣❤❡( ♣(✐♦(✐-② ❤❛✈❡ ❛((✐✈❡❞ ♦( ❛❧❧ (❡)♦✉(❝❡) ❛(❡ ♥❡❡❞❡❞ -♦

❡①❡❝✉-❡ -❤❡ ✐♥-❡(♥❛❧ ❜❡❤❛✈✐♦(✳ ❚❤✉)✱ ❛❝-✐✈❡ ❝♦♠♣♦♥❡♥-) ❤❛✈❡ -♦ ❡)-❛❜❧✐)❤ ❛

❜❛❧❛♥❝❡ ❜❡-✇❡❡♥ -❤❡ ❝♦♠♠♦♥❧② ✉)❡❞ )❡(✈✐❝❡ ♣(♦✈✐❞❡( ♠♦❞❡❧ ♦❢ ❙❈❆ ❛♥❞ ❙❖❆

❛♥❞ -❤❡ ❡♥❤❛♥❝❡❞ ❛❣❡♥- ❛❝-✐♦♥ ♠♦❞❡❧✳ ❚❤✐) ✐) ❛❝❤✐❡✈❡❞ ❜② ❛))✉♠✐♥❣ -❤❛- ✐♥

❞❡❢❛✉❧- ❝❛)❡) )❡(✈✐❝❡ ✐♥✈♦❝❛-✐♦♥) ✇♦(❦ ❛) ❡①♣❡❝-❡❞ ❛♥❞ -❤❡ ❛❝-✐✈❡ ❝♦♠♣♦♥❡♥-

✇✐❧❧ )❡(✈❡ -❤❡♠ ✐♥ -❤❡ )❛♠❡ ✇❛② ❛) ❛ ♥♦(♠❛❧ ❝♦♠♣♦♥❡♥-✳ ■❢ ❛❞✈❛♥❝❡❞ (❡❛✲

)♦♥✐♥❣ ❛❜♦✉- )❡(✈✐❝❡ ❝❛❧❧) ✐) ♥❡❝❡))❛(② -❤❡)❡ ❝❛❧❧) ❝❛♥ ❜❡ ✐♥-❡(❝❡♣-❡❞ ❜❡❢♦(❡

❡①❡❝✉-✐♦♥ ❛♥❞ -❤❡ ❛❝-✐✈❡ ❝♦♠♣♦♥❡♥- ❝❛♥ -(✐❣❣❡( )♦♠❡ ✐♥-❡(♥❛❧ ❛(❝❤✐-❡❝-✉(❡ ❞❡✲

♣❡♥❞❡♥- ❞❡❧✐❜❡(❛-✐♦♥ ♠❡❝❤❛♥✐)♠✳ ❋♦( ❡①❛♠♣❧❡ ❛ ❜❡❧✐❡❢ ❞❡)✐(❡ ✐♥-❡♥-✐♦♥ ✭❇❉■✮

❛❣❡♥- ❝♦✉❧❞ -(✐❣❣❡( ❛ )♣❡❝✐✜❝ ❣♦❛❧ -♦ ❞❡❝✐❞❡ ❛❜♦✉- -❤❡ )❡(✈✐❝❡ ❡①❡❝✉-✐♦♥✳

❚♦ ❛❧❧♦✇ -❤✐) ❦✐♥❞ )❡(✈✐❝❡ ❝❛❧❧ (❡❛)♦♥✐♥❣ )❡(✈✐❝❡ ♣(♦❝❡))✐♥❣ ❢♦❧❧♦✇) ❛ ❝♦♠✲

♣❧❡-❡❧② ❛)②♥❝❤(♦♥♦✉) ✐♥✈♦❝❛-✐♦♥ )❝❤❡♠❡ ❜❛)❡❞ ♦♥ ❢✉-✉(❡)✳ ❚❤❡ )❡(✈✐❝❡ ❝❧✐❡♥-

❛❝❝❡))❡) ❛ ♠❡-❤♦❞ ♦❢ -❤❡ ♣(♦✈✐❞❡❞ )❡(✈✐❝❡ ✐♥-❡(❢❛❝❡ ❛♥❞ )②♥❝❤(♦♥♦✉)❧② ❣❡-)

❜❛❝❦ ❛ ❢✉-✉(❡ (❡♣(❡)❡♥-✐♥❣ ❛ ♣❧❛❝❡❤♦❧❞❡( ❢♦( -❤❡ ❛)②♥❝❤(♦♥♦✉) (❡)✉❧-✳ ■♥ ❛❞❞✐✲

-✐♦♥✱ ❛ )❡(✈✐❝❡ ❛❝-✐♦♥ ✐) ❝(❡❛-❡❞ ❢♦( -❤❡ ❝❛❧❧ ❛- -❤❡ (❡❝❡✐✈❡() )✐❞❡ ❛♥❞ ❡①❡❝✉-❡❞

♦♥ -❤❡ )❡(✈✐❝❡✬) ❝♦♠♣♦♥❡♥- ❛) )♦♦♥ ❛) -❤❡ ✐♥-❡(♣(❡-❡( )❡❧❡❝-) -❤❛- ❛❝-✐♦♥✳ ❚❤❡

(❡)✉❧- ♦❢ -❤✐) ❝♦♠♣✉-❛-✐♦♥ ✐) )✉❜)❡I✉❡♥-❧② ♣❧❛❝❡❞ ✐♥ -❤❡ ❢✉-✉(❡ ❛♥❞ -❤❡ ❝❧✐❡♥-

✐) ♥♦-✐✜❡❞ -❤❛- -❤❡ (❡)✉❧- ✐) ❛✈❛✐❧❛❜❧❡ ✈✐❛ ❛ ❝❛❧❧❜❛❝❦✳

■♥ -❤❡ ❜✉)✐♥❡)) ❧♦❣✐❝ ♦❢ ❛♥ ❛❣❡♥-✱ ✐✳❡✳ ✐♥ ❛ )❡(✈✐❝❡ ✐♠♣❧❡♠❡♥-❛-✐♦♥ ♦( ✐♥ ✐-)

✐♥-❡(♥❛❧ ❜❡❤❛✈✐♦(✱ ♦❢-❡♥ (❡I✉✐(❡❞ )❡(✈✐❝❡) ♥❡❡❞ -♦ ❜❡ ✐♥✈♦❦❡❞✳ ❚❤❡ ❡①❡❝✉-✐♦♥

♠♦❞❡❧ ❛))✉(❡) -❤❛- ♦♣❡(❛-✐♦♥) ♦♥ (❡I✉✐(❡❞ )❡(✈✐❝❡) ❛(❡ ❛♣♣(♦♣(✐❛-❡❧② (♦✉-❡❞

-♦ ❛✈❛✐❧❛❜❧❡ )❡(✈✐❝❡ ♣(♦✈✐❞❡() ✭✐✳❡✳ ♦-❤❡( ❛❝-✐✈❡ ❝♦♠♣♦♥❡♥-)✮ ❛❝❝♦(❞✐♥❣ -♦ ❛
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DEVELOPING DISTRIBUTED SYSTEMS WITH ACTIVE COMPONENTS AND JADEX

LARS BRAUBACH AND ALEXANDER POKAHR∗

Abstract. The importance of distributed applications is constantly rising due to technological trends such as the widespread
usage of smart phones and the increasing internetworking of all kinds of devices. In addition to classical application scenarios
with a rather static structure these trends push forward dynamic settings, in which service providers may continuously vanish
and newly appear. In this paper categories of distributed applications are identified and analyzed with respect to their most
important development challenges. In order to tackle these problems already on a conceptual level the active component paradigm is
proposed, bringing together ideas from agents, services and components using a common conceptual perspective. Besides conceptual
foundations of active components also a programming model and an implemented infrastructure are presented. It is highlighted
how active components help addressing the initially posed challenges by presenting several real world example applications.

1. Introduction. Technological trends like widespread usage of smart phones and increased internetwork-
ing of all kinds of devices lead to new application areas for distributed systems, thus reinforcing and increasing
the challenges for their design and implementation. On the one hand, developers can choose from a vast amount
of existing technologies, frameworks, patterns, etc. for tackling any challenge that they may face during the
development of a complex distributed application. Nonetheless most concrete solutions only address a small set
of challenges. Thus for most applications, combinations of different solutions are required, causing a laborious
and error-prone process of analyzing, selecting and interating different solution approaches.

On the other hand, a software paradigm represents a holistic solution approach for a more or less generic class
of software applications. A paradigm represents a specific worldview for software development and thus defines
conceptual entities and their interaction means. It supports developers by constraining their design choices to
the intended worldview. When a paradigm fits to the application problem, it allows addressing all challenges
using a common conceptual framework, thus effectively reducing the need for the expensive integration and
testing of isolated solutions.

The contributions of this paper are as follows. Recurring challenges for the development of todays complex
distributed systems are identified and existing paradigms, such as object or service orientation, are analyzed in
which way they support addressing these challenges. As a consequence of the analysis, the active components
paradigm is proposed as a unification of the strengths of objects, components, services, and agents. The proposed
paradigm is concretized on the one hand by a programming model, allowing to develop active components
systems using XML and Java, and on the other hand by a middleware infrastructure, that achieves distribution
transparency and provides useful development tools.

The next section presents classes of distributed applications and challenges for developing systems of these
classes. Thereafter, the new active components approach is introduced in Section 3. In Section 4 the program-
ming model for active components is introduced and in Section 5 the Jadex platform as active components
runtime infrastructure is described. To illustrate the practicality of the approach, several real world example
applications are presented in Section 6. Section 7 discusses related work and Section 8 concludes the paper.

2. Challenges of Distributed Applications. The purpose of this paper is conceiving a unified paradigm
for developing complex distributed systems. To investigate general advantages and limitations of existing
development paradigms for distributed systems, several different classes of distributed applications and their
main challenges are discussed in the following. Such challenges arise from different areas and can be broadly
categorized into typical software engineering challenges for standard applications and new aspects, summarized
in this paper as distribution, concurrency, and non-functional properties (cf. also [25]). In Fig. 2.1 theses
application classes as well as their relationship to the introduced criteria of software engineering, concurrency,
distribution and non-functional aspects are shown. The classes are not meant to be exhaustive, but help
illustrating the diversity of scenarios and their characteristics.

Software Engineering: In the past, one primary focus of software development was laid on single computer
systems in order to deliver typical desktop applications such as office or entertainment programs. Challenges
of these applications mainly concern the functional dimension, i.e. how the overall application requirements
can be decomposed into software entities in a way that good software engineering principles such as modular
design, extensibility, maintainability etc. are preserved.

∗Distributed Systems Group, University of Hamburg, {braubach, pokahr}@informatik.uni-hamburg.de
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Fig. 2.1: Applications and paradigms for distributed systems

Concurrency: In case of resource hungry applications with a need for extraordinary computational power,
concurrency is a promising solution path that is also pushed forward by hardware advances like multi-core proces-
sors and graphic cards with parallel processing capabilities. Corresponding multi-core and parallel computing
application classes include games and video manipulation tools. Challenges of concurrency mainly concern
preservation of state consistency, dead- and livelock avoidance as well as prevention of race condition dependent
behavior.

Distribution: Different classes of naturally distributed applications exist depending on whether data,
users or computation are distributed. Example application classes include client/server as well as peer-to-peer
computing applications. Challenges of distribution are manifold. One central theme always is distribution
transparency in order to hide complexities of the underlying dispersed system structure. Other topics are
openness for future extensions as well as interoperability that is often hindered by heterogeneous infrastructure
components. In addition, today’s application scenarios are getting more and more dynamic with a flexible set
of interacting components.

Non-functional Criteria: Application classes requiring especially non-functional characteristics are e.g.
centralized backend applications as well as autonomic computing systems. The first category typically has to
guarantee secure, robust and scalable business operation, while the latter is concerned with providing self-*
properties like self-configuration and self-healing. Non-functional characteristics are particularly demanding
challenges, because they are often cross-cutting concerns affecting various components of a system. Hence, they
cannot be built into one central place but abilities are needed to configure a system according to non-functional
criteria.

Combined Challenges: Today more and more new application classes arise that exhibit increased com-
plexity by concerning more than one fundamental challenge. Coordination scenarios like disaster management
or grid computing applications like scientific calculations are examples for categories related to concurrency and
distribution. Cloud computing subsumes a category of applications similar to grid computing but fostering a
more centralized approach for the user. Additionally, in cloud computing non-functional aspects like service
level agreements and accountability play an important role. Distributed information systems are an example
class containing e.g. workflow management software, concerned with distribution and non-functional aspects.
Finally, categories like ubiquitous computing are extraordinary difficult to realize due to substantial connections
to all three challenges.

In this paper object, component, service and agent orientation are further discussed as successful paradigms
for the construction of real world distributed applications. Fig. 2.2 highlights which challenges a paradigm
conceptually supports. Object orientation has been conceived for typical desktop applications to mimic real
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Fig. 2.2: Contributions of paradigms

world scenarios using objects (and interfaces) as primary concept and has been supplemented with remote
method invocation (RMI) to transfer the programming model to distributed systems. Component orientation
extends object oriented ideas by introducing self-contained business entities with clear-cut definitions of what
they offer and provide for increased modularity and reusability. Furthermore, component models often allow
non-functional aspects being configured from the outside of a component. The service oriented architecture
(SOA) attempts an integration of the business and technical perspectives. Here, workflows represent business
processes and invoke services for realizing activity behavior. In concert with SOA many web service standards
have emerged contributing to the interoperability of such systems. In contrast, agent orientation is a paradigm
that proposes agents as main conceptual abstractions for autonomously operating entities with full control about
state and execution. Using agents especially intelligent behavior control and coordination involving multiple
actors can be tackled.

Yet, none of the introduced paradigms is capable of supporting concurrency, distribution and non-functional
aspects at once, leading to difficulties when applications should be realized that stem from intersection categories
(cf. Fig. 2.1). In order to alleviate these problems already on a conceptual level, in the following section the
active component paradigm is proposed as a unification of the analyzed paradigms.

3. Active Components Paradigm. For addressing all challendes of distributed systems in a unified way,
the active component paradigm brings together agents, services and components in order to build a worldview
that is able to naturally map all existing distributed system classes to a unified conceptual representation
[24]. Recently, with the service component architecture (SCA) [20] a new software engineering approach has
been proposed by several major industry vendors including IBM, Oracle and TIBCO. SCA combines in a
natural way the service oriented architecture (SOA) with component orientation by introducing SCA components
communicating via services. Active components build on SCA and extend it in the direction of sofware agents.
The general idea is to transform passive SCA components into autonomously acting service providers and
consumers in order to better reflect real world scenarios which are composed of various active stakeholders.
In Fig. 3.1 an overview of the synthesis of SCA and agents to active components is shown. In the following
subsections the implications of this synthesis regarding structure, behavior and composition are explained.

3.1. Active Component Structure. In Fig. 3.1 (right hand side) the structure of an active component
is depicted. It yields from conceptually merging an agent with an SCA component (shown at the left hand side).
An agent is considered here as an autonomous entity that is perceiving its environment using sensors and can
influence it by its effectors. The behavior of the agent depends on its internal reasoning capabilities ranging from
rather simple reflex to intelligent goal-directed decision procedures. The underlying reasoning mechanism of an
agent is described as an agent architecture and determines also the way an agent is programmed. On the other
side an SCA component is a passive entity that has clearly defined dependencies with its environment. Similar
to other component models these dependencies are described using required and provided services, i.e. services
that a component needs to consume from other components for its functioning and services that it provides to
others. Furthermore, the SCA component model is hierarchical meaning that a component can be composed
of an arbitrary number of subcomponents. Connections between subcomponents and a parent component are
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Fig. 3.1: Active component structure

established by service relationships, i.e. connection their required and provided service ports. Configuration of
SCA components is done using so called properties, which allow values being provided at startup of components
for predefined component attributes. The synthesis of both conceptual approaches is done by keeping all of the
aforementioned key characteristics of agents and SCA components. On the one hand, from an agent-oriented
point of view the new SCA properties lead to enhanced software engineering capabilities as hierarchical agent
composition and service based interactions become possible. On the other hand, from an SCA perspective
internal agent architectures enhance the way how component functionality can be described and allow reactive
as well as proactive behavior.

3.2. Behavior. The behavior specification of an active component consists of two parts: service and
component functionalities. Services consist of a service interface and a service implementation. The service
implementation contains the business logic for realizing the semantics of the service interface specification. In
addition, a component may expose further reactive and proactive behavior in terms of its internal behavior
definition, e.g. it might want to react to specific messages or pursue some individual goals.

Due to these two kinds of behavior and their possible semantic interferences the service call semantics
have to be clearly defined. In contrast to normal SCA components or SOA services, which are purely service
providers, agents have an increased degree of autonomy and may want to postpone or completely refuse executing
a service call at a specific moment in time, e.g. if other calls of higher priority have arrived or all resources
are needed to execute the internal behavior. Thus, active components have to establish a balance between the
commonly used service provider model of SCA and SOA and the enhanced agent action model. This is achieved
by assuming that in default cases service invocations work as expected and the active component will serve
them in the same way as a normal component. If advanced reasoning about service calls is necessary these calls
can be intercepted before execution and the active component can trigger some internal architecture dependent
deliberation mechanism. For example a belief desire intention (BDI) agent could trigger a specific goal to decide
about the service execution.

To allow this kind service call reasoning service processing follows a completely asynchronous invocation
scheme based on futures. The service client accesses a method of the provided service interface and synchronously
gets back a future representing a placeholder for the asynchronous result. In addition, a service action is created
for the call at the receivers side and executed on the service’s component as soon as the interpreter selects that
action. The result of this computation is subsequently placed in the future and the client is notified that the
result is available via a callback.

In the business logic of an agent, i.e. in a service implementation or in its internal behavior, often required
services need to be invoked. The execution model assures that operations on required services are appropriately
routed to available service providers (i.e. other active components) according to a corresponding binding.
The mechanisms for specifying and managing such bindings are part of the active component composition as
described next.

3.3. Composition. One advantage of components compared to agents is the software engineering per-
spective of components with clear-cut interfaces and explicit usage dependencies. In purely message-based
agent systems, the supported interactions are usually not visible to the outside and thus have to be documented
separately. The active components model supports the declaration of provided and required services and advo-
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01: IFuture¡String¿ fut = callee.method(arg1, arg2);
02: fut.addResultListener(new IResultListener¡String¿() {
03: public void resultAvailable(String res) {
04: System.out.println(“System.out.println(“Result: ”+res)”);
05: }
06: public void exceptionOccurred(Exception e) {
07: System.out.println(“System.out.println(“Exception: ”+e)”);
08: });

Fig. 4.1: Asynchronous method invocation with future return value

cates using this well-defined interaction model as it directly offers a descriptive representation of the intended
software architecture. Only for complex interactions, such as flexible negotiation protocols, which do not map
well to service-based interactions, a more complicated and error-prone message-based interaction needs to be
employed.

The composition model of active components thus augments the existing coupling techniques in agent
systems (e.g. using a yellow page service or a broker) and can make use of the explicit service definitions. For
each required service of a component, the developer needs to answer the question, how to obtain a matching
provided service of a possibly different component. This question can be answered at design or deployment
time using a hard-wiring of components in corresponding component or deployment descriptors. Yet, many
real world scenarios represent open systems, where service providers enter and leave the system dynamically
at runtime [15]. Therefore, the active components approach supports besides a static wiring (called instance
binding) also a creation and a search binding (cf. [24]). The search binding facilities simplified specification
and dynamic composition as the system will search at runtime for components that provide a service matching
the required service. The creation binding is useful as a fallback to increase system robustness, e.g. when some
important service becomes unavailable.

The active components paradigm introduced in the last sections allows a conceptual view of a distributed
system as a dynamic composition of autonomously executing entities with clearly defined interfaces. Yet, the
conceptual view leaves open many questions with regards to how the behavior of a component is realized or how
the interaction between components looks like. These questions are answered by a concrete active components
programming model introduced next.

4. Programming Model. In this section the general concepts of active components, as presented before,
will be further refined to a concrete programming approach. The approach itself is similar to the SCA pro-
gramming model with the following major exceptions. First, the programming model of active components is
inherently asynchronous, which is also directly reflected in the way service interfaces are specified and services
have to be implemented.1 Second, components may expose their own behavior in addition to providing external
services. For this reason the programming concepts for components heavily depend on their concrete internal ar-
chitectures. Third, as bindings between components can be configured to be dynamic, programming component
compositions introduces new means for declarative search specifications. In the following, a short introduction
to the underlying asynchronous programming model with future based return values is given. Thereafter, the
key aspects from the last section - structure, behavior and composition - will be revisited on the programming
level.

4.1. Asynchronous Programming with Futures. The widely used synchronous message based invo-
cation scheme well known from object-oriented programming is easy to understand and employ. It fits to the
fundamental idea of the imperative programming paradigm considering programs as a linear sequence of ac-
tions. Actions are processed one by one and the next action is begun only after completion of its predecessor.
In case of distributed applications this style of programming leads to severe problems as it means that an action
possibly has to wait for completion of a called remote action e.g.

1This does not mean that SCA does not support asynchronous invocations at all. In SCA the callback pattern is used to pass
callback objects as parameters from the caller to the callee. The callee can use the interface of the callback object to invoke its
remote methods. This approach leads to interface definitions that look synchronous but in fact are not.
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Fig. 4.2: Active component structure specification

via remote procedure call or remote method invocation. Hence, processing of the caller has to be blocked
until the result of the callee arrives. Besides being inefficient this invocation scheme is inherently deadlock prone
because invocation cycles between callers and callees can easily occur, e.g. if the callee needs a functionality
of the caller and invokes one of its methods it cannot be served as the caller is still blocked. Such technical
deadlocks can be avoided when an asynchronous invocation scheme is employed. In this case the caller is not
blocked after issuing a call and can continue processing other tasks. In practice, asynchronous programming
has become common with several important technologies like AJAX in the context of HTTP processing and
the GoogleAppEngine for realizing cloud applications.

Futures [29] have been developed as fundamental programming concept for asynchronous systems and
represents a holder for the future result of an initiated processing. In case of an asynchronous call with future
return value, the callee immediately returns the future object to the caller. The caller can use the future to
check if the result has been provided and read the real result value. Typically, futures provide some form of a
blocking get method that the caller can invoke to become suspended until the result has been made available. It
has to be noted that this wait-by-necessity mechanism again opens up the possibilities for deadlocks and should
be avoided. Instead, a result listener should be used that is notified in the moment the result value arrives.

In Figure 4.1 the concept of an asynchronous call with future result value is visualized and also the cor-
responding Java code is shown. It can be seen that the caller invokes a method on the callee, which starts
processing the call. In the example code (line 1) two arguments (called arg1, arg2) are passed to the callee. As
result type a future is defined (IFuture represents the interface for futures). Java generics are used to specify
the type of the real return value of the future (here String). The callee returns a future to the caller as soon
as possible and afterwards may continue processing the request. After the future object has been received by
the caller, it adds a result listener to it (line 2) and may or may not continue processing other tasks. The code
(lines 2-8) highlights the result listener (IResultListener) interface and methods. It contains two obligatory
methods named resultAvailable() and exceptionOccurred(), which are invoked exclusively. The first method is
invoked if the call could be processed normally, otherwise the latter one is used to signal the exception that
was thrown. Discriminating between both allows for keeping the normal Java method execution semantics, i.e.
asynchronous methods can use exceptions to inform the caller about execution problems. After the callee has
finished, it will provide the result to the future, which subsequently notifies all registered result listeners at the
caller side. In consequence, either the result value (line 4) or the exception (line 7) is printed out to the console
by the example listener.

4.2. Component Structure Specification. Active components exhibit a common black box view of
properties shown in Figure 4.2.2 Using these properties a specific component type can be specified from which
component instances can be created at runtime (similar to the relation of a Java class and its instances). To
foster a general understanding of the component specification first the meaning of these properties will be
sketched.

2It has to be noted that specification of active components can be done in different formats including XML (following the XML
scheme of Figure 4.2) and also Java annotations. The component type, e.g. BPMN workflow or BDI agent, determines the way in
which the properties need to be defined.
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Fig. 4.3: Service interceptors

• Imports can be used in the same way as in Java classes to include resources like Java classes and
packages that are used in context of the file.

• The Arguments section contains both, argument and result types. It can be stated which arguments can
be fed into the component at start up and which results are provided by component after termination.
For an argument and result, a name, implementation class and default value can be provided. The
explicit definition of arguments and result types as part of the public component structure allows for
treating components also in a functional way, i.e. one can consider them as a function performing
operations on input data and finally producing some output data. This fits well to e.g. workflow based
applications in which subworkflows are often invoked with functional semantics.

• In the Component types part the types of subcomponents can be defined with a local name and a
filename that points to the referenced model. Having local names for subcomponent types facilitates
the definition of component instances at other places in the same file.

• The Services section contains a definition of the provided and required service types of a component.
Details will be presented in the service specification section below.

• Properties represent optional settings of a component.
• Configurations allow for specifying different component setups that can be used at startup of a com-
ponent. A configuration is defined with a name and most importantly can be employed to provide
composition information about subcomponents and their bindings. At startup of a component the
configuration name is used to choose among its predefined configurations, e.g. a test configuration with
mock subcomponents vs. an operational setting.

4.3. Service Invocations. Service invocations between active components need to cope with the inherent
system concurrency. Each active component may potentially expose active behavior and thus executes proactive
behavior on its own thread of control. In order to avoid concurrent access to the state of a component by different
components that invoke services at the same time, a general protection mechanism between the caller and callee
component is established. This protection mechanism is in charge of decoupling incoming calls from the caller
thread and execute them on the callee thread. After the result has been produced the control is transferred
back to the caller thread. In this way each component is executed on its own thread only and all data access
is linearized. To further protect also data that is transmitted between components as parameter or return
values of method invocations it has to be ensured that components do not share those objects and modify them
concurrently. State corruption can be avoided by giving components exclusively owned objects and only sharing
immutable objects. To assure this property, parameter and return values are automatically cloned if they are
mutable. Otherwise direct object references can be provided in local method invocations. In this way active
components follow the fundamental principles of the actor model [11] considering each active component as
independent actor who’s behavior and state is independent of other actors [16].

At the implementation side thread and parameter protection are ensured by using an extended variant of
the interceptor design pattern [27]. Using interceptors renders the employed mechanisms transparent for service
users and providers. The basic invocation scheme is illustrated in Figure 4.3. Given that some behavior in active
component AC1 wants to invoke a service method on a known service with interface S1, the call will be catched
by the local required service proxy of AC1. This service proxy looks to the service user as if it were the original
service but in fact only implements the same service interface S1. The required service proxy owns a chain
of asynchronous interceptors (Required SI ) which are subsequently invoked. The last interceptor in this chain
performs a (possibly remote) method call to the active component AC2, which is hosting the original service
implementation of S1. Before the call is routed to the implementation, the interceptor chain of the provided
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Fig. 4.4: Provided and required service specification

service (Provided SI) is executed. Thread decoupling is done here at two points. First, on AC2 the incoming
request is decoupled by an interceptor and finally, at AC1 the returning invocation is decoupled and routed to
the thread of AC1. State encapsulation is handled exclusively at the side of the provided interceptor chain. In
case of a local call the interceptor clones arguments before the call and the result after the call, whereas in case
of a remote call no cloning needs to be performed as the remote method invocation itself has to marshal and
unmarshal parameter and return values.

4.4. Service Specification. In Figure 4.4 details of provided and required service specification are de-
picted. A provided service is defined by using its interface type as well as an obligatory implementation definition
and optional further publishing options. The service implementation is typically defined via an implementation
class that is used by the component to instantiate the service at component startup. Alternatively, a binding can
be used to delegate service calls to another subcomponent, i.e. the component does not host the implementation
itself but forwards calls to another component. Binding details are described in context of required services
below. In addition to the service implementation also custom interceptors can be defined. These interceptors
represent an extension point that can be used to insert new behavior in the sense of aspect-oriented program-
ming [17], before, after or around specific service calls. Publishing options can be used to provide a service
in other technologies facilitating the interoperability of external systems with the active components runtime.
Currently, support exists for publishing active component services as WSDL-based or RESTful web services.
The publication process can be done either fully automatically or by providing custom mapping information
that describe how the published service should look like. More details about service publication can be found
in [6].

Required services are specified using basic required service information and binding details. The first refers
to the general characteristics of a required service and includes aspects like the local name, the service interface,
as well as the multiplicity. The name is used to refer to the required service declaration from behavior code
and the interface describes the expected type of the service. Additionally, for a required service the multiplicity
property can be used to state if exactly one service or a set of services should be delivered. The second part
of the specification contains details about the search characteristics that are used to locate required services.
Most importantly the search space can be defined by using a search scope, which describes the components
that are included in the service search. Currently, several different default scopes are available that range
from local scope, considering only a component itself, over application scope including all components of one
specific application to platform and global scope. The latter options include all components on one platform
and components of all currently connected remote platforms. Many further options to adjust the search to the
concrete application demands are available. Examples include the search dynamics and service recovery. The
first aspect determines if the search should be executed on each service access or the results of a former search
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01: @Agent
02: @ProvidedServices(@ProvidedService(type=IChatService.class,

implementation=@Implementation(ChatService.class)))
03: @RequiredServices(@RequiredService(name=chatservices, type=IChatService.class,

multiple=true, binding=@Binding(dynamic=true, scope=Binding.SCOPE GLOBAL)) )
04: public class ChatAgent {
05: @AgentBody
06: public void body() {
07: IComponentStep¡Void¿ step = new IComponentStep¡Void¿() {
08: public IFuture¡Void¿ execute(IInternalAccess agent) {
09: getChartPanel().refreshUserList(searchCurrentUsers());
10: agent.waitForDelay(delay, this);
11: }
12: };
13: scheduleStep(step);
14: }
15: }
16:
17: @Security(Security.UNRESTRICTED)
18: public interface IChatService {
19: public IFuture¡Void¿ message(String text);
20: public IFuture¡Void¿ status(String status);
21: public IFuture¡Void¿ sendFile(String filename, long size, IInputConnection con);
22: }
23:
24: @Service
25: public class ChatService implements IChatService {
26: @ServiceStart
27: public IFuture¡Void¿ start() {
28: // gui init, creates chat panel
29: }
30: public IFuture¡Void¿ message(String text) {
31: chatpanel.addMessage(IComponentIdentifier.CALLER.get(), text);
32: return IFuture.DONE;
33: }
34: ...
35: }

Fig. 4.5: Chat service interface and implementation snippets

should be cached. The latter issues a new service search transparently for a service user if the currently used
service becomes unavailable for some reason.

4.5. Component Implementation. The implementation of components consists of two parts. The pro-
vided service implementations and the component behavior implementation. Both parts are optional to allow
defining components that only contain internal behavior and passive components in the sense of traditional
components with no own proactive behavior. The implementation of services is kept as simple as possible by
sticking to the Java POJO (plain old Java objects) model, i.e. developers create purely domain oriented classes
without having to extend or use framework specific classes or interfaces. Active component specifics are included
using Java annotations. Especially, annotations are provided to enable dependency injection [10] of the hosting
component itself, required services or component arguments to the service implementation.

The implementation of component behavior is dependent on the concrete type of component used. In the
following the implementation principles of two exemplary component types are roughly sketched. The first
component type is called micro agents, which represents a very simple Java based agent architecture and the
second type are BPMN (business process modeling notation) workflows. Micro agents are defined as annotated
Java classes. The architecture assumes a simple three-phased execution model of the internal agent behavior.
The three phases are initialization, execution and termination and the infrastructure guarantees that a specific
method of the micro agent pojo is called when entering each of the phases. Despite the three phases, a micro
agent can implement more complex behavior by scheduling actions at later points in time. Furthermore, reactive
behavior can be initiated by arriving service calls or incomings messages. BPMN workflows are modeled graph-
ically according to the corresponding standard [22] mainly with events, actions and gateways. The workflow
descriptions need to be enriched with implementation details that are added to the model elements. A Java
expression language is used to encode parameter values and constraint checks at gateways. Moreover, domain
dependent behavior is encoded in extra Java classes that can be bound to specific actions in the process model.

4.6. Example Implementation. To illustrate the implementation of components further, below a cutout
of the implementation of a simple chat micro agent is given. It is a peer-to-peer chat variant in which each
chat agent offers a chat service. In Figure 4.5, the chat agent (ChatAgent), the chat interface (IChatService)
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as well as a cutout of the service implementation (ChatService) are shown. It can be seen that the component
file (lines 1-15) contains annotations to declare the active component characteristics and a small behavior part
contained in the body method. First of all, the @Agent annotation (line 1) is used to state the Java class is
an active component declaration. It also declares one provided service (line 2) with interface IChatService and
an implementation class ChartService. This means that the agent will automatically create an instance of the
implementation class at startup to provide the given service interface. In addition, a required service with name
“chatservices” is defined (line 3), which can be used to retrieve all chat services in a network of platforms. To
fetch all services instead of one, the multiplicity has been set to true. The binding of the required service is set
to dynamic and to global search scope. This ensures that each service request leads to a fresh search and that all
available platforms are included into the search. The behavior of the chat agent (lines 5-14) is annotated with
@AgentBody and very simple in this case. It creates a command (called component step) that is periodically
executed by the agent. Each time the command is invoked it searches the users currently online by using the
corresponding required services and refreshes the user list in the user interface.

The chat service interface (lines 17-22) contains methods to send a message (line 19), to actively announce
a new user state, e.g. user is typing a message (line 20) and to send a file to another user (line 21). Additionally,
the service is annotated with a security setting (line 17), which enables unrestricted access to the chat service, i.e.
other platforms can find chat service components even when the platform is password protected and normally
restricts search and service requests. The implementation of the service (line 24-35) is identified with the
@Service annotation. It implements the IChatService interface and additionally introduces a lifecycle method
named start() (lines 26-29) that is called on initialization of the service and creates the user interface. The
implementation of the message() method just forwards a received message to the user interface, which will show
it to the user. It can be seen that the sender of the message (more precisely the component identifier of the
caller) can be always obtained directly via a thread local variable that is provided by the framework (line 31)
so that no extra parameter is needed.

After this section has clarified the active components programming model using a concrete example, the
next section will introduce a runtime infrastructure and development tools for deploying active components
systems in distributed environments.

5. Platform Architecture and Implementation. The proposed active components paradigm and pro-
gramming model require a runtime infrastructure for loading and executing component models and for providing
discovery and communication facilities for their composition. Therefore, the active components concepts have
been realized in the open source Jadex platform.3 In the following, the basic architecture and its important
modules will be described. The component container represents the minimal requirement of being able to exe-
cute and manage local components and enable their interaction in terms of provided and required services. In a
distributed infrastructure, interaction between multiple component containers as well es other external systems
needs to be supported. Therefore, important middleware features need to be introduced for supporting and
simplifying the development of distributed applications using an active components infrastructure. Finally,
runtime tools are required to foster, e.g., debugging during systems development as well as administration and
monitoring of deployed systems.

5.1. Component Container. The main modules of the platform provide the execution context for any
active components running on the platform, i.e. they form the component container. Their interdependencies
are illustrated in Figure 5.1. All modules contribute to one or both of the component management and messaging
functionalities. Both of these functionalities are further explained in the following two sections, followed by some
details about the generic approach towards realizing these functionalities.

5.1.1. Component Management. The Component Management module is responsible for starting and
stopping components. Upon initialization of each component, its provided services are instantiated and made
available for searching and invocation. Additionally, the means for binding and invoking required services are
set up according to the component description or additional configuration options supplied as external start
parameters. The component management also serves as an entry point to the platform by providing information
about running components on request or in a publish-subscribe fashion.

Component management makes use of the Component Factory for loading and instantiating component
descriptions. The component factory in turn uses the Library module for handling the physical access to

3http://jadex.sourcefourge.net/
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Fig. 5.1: Basic platform services

component descriptions, e.g. on a local hard drive or in component repositories. Different component factories
exist that represent the different component types (cf. Section 4.5). For each component description, thus
a component type specific interpreter implementation is initialized. The component management passes the
interpreter to the Execution module, which is responsible for providing a thread from a Thread Pool to the
interpreter, whenever the corresponding component should be executed.

5.1.2. Messaging. Each component is assigned a unique id that enables addressing messages to specific
components. The Message module is responsible for the internal delivery of messages. It further enables
tracking of timeouts with the help of the Clock, which, in case of an active clock4, uses a thread from the thread
pool. The message module also deals with the marshalling and unmarshalling of message contents, and uses
the library module, e.g. for resolving classes for unmarshalling message content into appropriate Java objects.

5.1.3. Container Realization. All of the aforementioned modules are realized as component services. As
a result, the platform itself is considered an active component with the platform modules modeled as provided
services and their interdependencies being represented as required services. This approach provides a number
of technical advantages regarding their implementation. First, the mechanisms for initializing and managing as
well as searching and invoking component services are employed for platform services as well, thus reducing the
implementation effort for this recurring functionality. Further on, the platform configuration is specified as a
component description, such that existing specifications means can be reused and the developer may choose from
the available description means like Java or XML, if she wishes to provide a customized platform configuration.

Another advantage is that the execution mechanisms, e.g. for decoupling of asynchronous calls, apply
to platform services as well, such that concurrency issues can be avoided in the implementations. Also the
dynamic binding of services is of advantage here, as platform services can easily be exchanged in the platform
configuration or even at runtime. For example, Jadex supports seamless switching between different clock
implementations also when components are currently executing. Last but not least, this approach is easy to
realize. Only a simple bootstrapping script is required that loads and instantiates a platform configuration
through a predefined component factory and calls the obtained interpreter until the actual execution service is
available. As a result, the platform itself is highly configurable and can be adapted to the needs of an application
using the same concepts that are also used for application implementation. This is also illustrated in the next
section that introduces additional platform services for supporting distributed infrastructures.

5.2. Distributed Infrastructure. The active components approach as well as the Jadex platform im-
plementation aim at supporting the development of distributed applications. Therefore interactions between
application parts residing on different network nodes are of particular importance due to the inherent challenges
of distributed applications (cf. Section 2). The Jadex platform thus provides a number of features that facilitate
using the active components approach in a distributed infrastructure and at the same time hiding many of the

4Jadex supports different clock types including active clocks for normally timed or dilated execution as well as passive clocks,
which are controlled by an additional simulation module, e.g. for as-fast-as-possible execution of simulation scenarios as described
in [26].
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Fig. 5.2: Jadex communication stack

challenging details regarding concurrency, distribution and non-functional criteria. The general goal is that the
developer should be able to focus on implementing the application functionality, based on the active components
programming model. The model naturally deals with concurrency issues due to the asynchronous interaction
style and the single-threaded component approach. Dealing with distribution and non-functional aspects should
ideally be delayed until application deployment. In the following, first the important Jadex features with re-
gard to distribution transparency are described. Afterwards, with security and web service interoperability two
examples of supporting non-functional aspects are given.

5.2.1. Distribution Transparency. Distribution transparency is achieved by a set of different mecha-
nisms that shield communication and discovery issues from the application developer. The communication stack
is illustrated in Figure 5.2. To the left, the addressing schemes of the different layers are shown with exam-
ples. In the upper half, the high-level mechanisms for service-based communication are shown. The lower part
contains the infrastructure for message-based communication. From the viewpoint of a developer, a required
service is transparently bound to a local or remote reference. In case of a remote reference, the required service
resolves to a proxy implementing the desired service interface, e.g. IChatService for a chat application. When
the component behavior as programmed by the application developer invokes a method on this proxy, the call is
delegated to the remote management system (RMS). Remote operations such as method invocations, callback
results, as well as remote service searches are encapsulated as so called remote commands, which are exchanged
between RMS components on different platforms. E.g. to perform a remote method call, a service identifier is
stored in the proxy, to uniquely identify the service implementation and the corresponding remote component.
The RMS at the caller side (left) uses the platform part of the service identifier to build the identifier of the
remote RMS component. The remote method call command is sent as a message to the remote RMS, which
uses the included service identifier to locate the component and invokes the requested method on the provided
service (cf. Section 4.4). The result of the service invocation is sent back from the remote RMS using a remote
result command that includes a callback identifier to match the result to the original call for updating the
corresponding future (cf. Section 4.1).

The RMS requires a message-based communication infrastructure that allows direct exchange of asyn-
chronous messages between arbitrary platforms. Furthermore, the messages should be able to contain arbitrary
Java objects for capturing, e.g., complex method parameter values from an application domain. The man-
agement of message exchanges is implemented in the message service, which handles message contents using
codecs and transmits messages with the help of transports (cf. Figure 5.2, lower half). Two types of codecs are
supported. One codec type is required for (un)marshaling objects to or from a byte or character stream and the
other type is optional and operates on the stream for adding features such as compression or encryption. For
supporting development as well as production environments, (un)marshaling can be done to a compact binary
format or to a human readable XML format [14].

When sending a message, the message service collects the transport addresses stored in the component
identifiers. Each transport realizes a different means for transmitting a message, e.g. using a direct TCP
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Fig. 5.3: Jadex platform awareness

connection, mediation via an HTTP relay server, or forwarding in a Bluetooth scatter network. A transport
also acts as receiver for incoming messages, which are passed to the message service for decoding and delivery.
For each received and decoded message, the message service identifies the receiver components based on their
component identifier and places the message in their inbox.

The communication stack described above achieves distribution transparency as long as some communica-
tion participants are already acquainted. E.g. when a chat component holds a remote reference to the chat
service of a remote participant, communication happens transparently in response to method calls. Therefore,
the programming API does not distinguish between local and remote calls (access transparency). In addition,
the developer does not need to care about how the message transports reach the target platform hosting the
service (location transparency). To achieve access and location transparency also for initial acquaintances, the
binding of required services is transparently expanded to include remotely provided services using a so called
awareness approach (cf. Figure 5.3). For this purpose, proxy components can be started on a local platform,
that represent the remote platform. When a service is searched for on the local platform and the search scope
allows including remote platforms, all proxy components on the local platform pass a search request to the RMS
to issue a service search also on the corresponding remote platform. Therefore, from the viewpoint of the devel-
oper, global service searches (e.g. for binding a required service of a component) are transparently forwarded
to all platforms, for which a proxy component exists locally. To discover the available platforms in the network
automatically, different discovery mechanisms are available. The awareness management controls the descovery
mechanisms and receives announcements of newly discovered remote platforms. It takes care of instantiating
corresponding proxies for discovered platforms and also removes proxies for platforms that disappear or time
out, such that only live platforms are included in service searches.

Depending on the requirements of the network, different discovery mechanisms can be employed separately
or in combination. Common for all discovery mechanisms is that the same discovery mechanism needs to be
running on the local as well as the remote platform. Some mechanisms are based on direct communication,
such as the broadcast, multicast and scanner discovery implementations, which are well suited for local (e.g.
company) networks. E.g., broadcast discovery components send and receive UDP broadcast packets containing
the (remote) platform information, thus making the platforms known to each other. Unlike these direct mech-
anisms, other mechanisms require an intermediate, such as the relay and registry discovery approaches. They
allow discovery to expand beyond local network borders and enable an internet-scale awareness. E.g. the reg-
istry discovery employs a central registry component, where all platforms announce their existance and look up
other platforms. Regarding the technical implementation, the mechanisms differ whether they are based on an
existing transport. E.g. the broadcast, multicast, scanner and registry are independent of any transport. The
relay discovery is implemented as part of the relay transport, i.e. the relay discovery component sends a specific
message through the relay transport containing the platform information. The relay server collects all platform
information and sends it to other platforms, registered at the relay server. Similarly, the Bluetooth transport
keeps track of the platforms participating in a Bluetooth scatter network and provides this information to the
Bluetooth discovery component. Therefore, the Bluetooth transport and discovery are well suited for platforms
running on mobile (e.g. android) devices connected in an ad-hoc network.
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5.2.2. Non-functional Aspects. The active components approach inherits the intention from traditional
component approaches to separate the implementation of component functionality as much as possible from the
treatment of non-functional aspects. Ideally, non-functional aspects need be considered during implementation
not at all and can be handled later during application deployment by providing appropriate component config-
urations. In general, the active components approach supports at least two ways of configuring non-functional
aspects in a deployed application. The first way is to provide additional meta-information for specific com-
ponents, either in the component descriptions or in external composite configurations. One typical use case
is adapting a required service binding to the specific deployment, e.g. switching between a static wiring of
components inside a composite and a dynamic open system where bindings are resolved using a global service
search. The second way consists in providing different service implementations for different environments, such
that both can be transparently exchanged as needed without having to touch the components that use this
service. A common example would be a storage service that could be implemented as simple in-memory storage
for testing, database-backed storage for medium-sized production systems and cloud storage for highly scalable
applications. To support easy configuration of recurring non-functional aspects, many features of Jadex are
implemented using the first or second approach, such that the developer can always adapt them to the current
usage context. As an example, two features are presented in the following. The first is an extension to support
web service publication and invocation and thus serves the interoperability of Jadex-based and other applica-
tions. It is realized using the meta-information approach. The second example concerns security of remote
component interactions and employs annotations as well as a replaceable service.

For supporting seamless interaction between Jadex-based systems and external applications, a web service
extension was realized [6]. The goal was to transparently embed external WSDL and REST web services into the
active components service ecosystem and also support the publication of arbitrary active components services
using a WSDL or REST interface without having to change the service implementation. The publication of
services can be done using meta-information in the component description as part of the provided service
declaration. Considering web service publication as a deployment issue, the corresponding meta-information
can also be specified separately, e.g. when composing an application from existing components. In this case,
the existing component descriptions need not be changed, as the new information is only contained in the
application (deployment) descriptor. Similarly, for incorporating an external web service, a wrapper component
can be added to the application, that provides the external service as a Jadex service. Therefore application
components are now able to find and invoke the external service like any other service inside the application. The
wrapper component maps the web service operations to an asynchronous active components service interface.
In the simplest case, only this wrapper interface needs to be specified by the developer and an appropriate
wrapper component is automatically generated at runtime. More complex mappings can be achieved by adding
annotations to the interface or providing separate wrapper functionality (cf. [6] for more details).

Another important aspect of open distributed systems is security. When systems are technically enabled
to transparently perform arbitrary remote operations, the platform administrator has to make sure that only
authorized users are granted access to critical operations. In Jadex, security is handled on two levels. On the
first level, general security requirements are annotated to operations defined in service interfaces. Therefore, the
application programmer has to decide if a special treatment of security is necessary for a specific service or one
of its operations. As a default, a very strict security setting is applied to all services not annotated otherwise,
such that only local interactions are possible and any remote interactions are prohibited. On a second level,
the security service inside the platform is responsible for monitoring the compliance to security settings and
rejecting operations in case of security faults. The security service also processes outgoing service requests for
achieving compliance to current security settings. E.g. when authentication is required, the initiating security
service can sign the request before sending it, by using locally stored user credentials. The security service on
the receiving side verifies the signature and accepts or rejects the request accordingly.

5.3. Tools. Besides the adequate treatment of fundamental challenges like concurrency, distribution and
non-functional criteria, any practical development infrastructure also needs to take care of pragmatic aspects as
well. Among the most important pragmatic aspects (besides the availability of documentation) are tool-support
and integration with existing development infrastructure. The Jadex active components approach is based on
existing languages, such as Java and XML. As a result, most of the productivity features of existing development
environments like Eclipse, such as automatic code completion, can be used while developing active components
as well. Similarly, existing build tools like Maven or continuous integration servers like Hudson/Jenkins can
form integral parts of setups for developing active component applications. In addition, some extensions have
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Fig. 5.4: The Jadex control center

been developed, e.g. an Eclipse plugin that provides consistency checking of component descriptions as well as
a JUnit adapter for easy testing of active components during automated builds.

Extensive work was performed to provide adequate runtime tools that allow on the one hand the admin-
istration of deployed active component applications and on the other hand are also substantially helpful for
testing and debugging during development. These runtime tools are combined into the so called Jadex control
center (JCC) as shown in Figure 5.4. The JCC itself is realized as an active component, running as part of
a Jadex platform and is composed of a number of tools and plugins, which are available from the toolbar at
the top right. The screenshot shows the starter tool. It allows browsing component descriptions from included
repositories (left) and shows see the currently running local components (bottom, left), including also proxy
components, which have been started by the awareness component to represent discovered remote platforms.
The starter tool further allows creating new component instances from a selected component description, by
editing and starting a configuration (right). Besides the starter, a debugger tool allows inspecting the internal
state of a component and executing a component stepwise. As the internal state of a component differs with
respect to the component type, different debugger views are provided for, e.g. BPMN or micro components.
Several other tools are mainly required for administration purposes, as they provided configuration options for
basic platform functionality. E.g. the awareness tool allows to enable/disable the available discovery mecha-
nisms and to control the creation of platform proxies with blacklists and whitelists. In another tool, the security
settings can be edited, e.g. setting a local platform password or entering credentials for connecting to remote
platforms.

All functionality of the JCC supports interaction with local as well as remote platforms. When the user has
enough rights to administer a remote platform, she can right-click on its platform proxy, as e.g. shown in the
bottom left of in the starter tool, and choose to open an additional JCC view for this platform. The currently
open JCC view are shown as tabs at the top left of the JCC. In the spirit of distribution transparency, the view
of a remote platform is exactly the same as that of the local platform and the user may interact with any tools,
provided that the security constraints hold. Therefore the Jadex platform provides distribution transparency
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not only for programming, but also for testing, debugging and administration of active component applications.
The practicality of the Jadex concepts, middleware and tools are illustrated in the following section using real
world application examples.

6. Case Studies. The usefulness and practicality of the approach is illustrated with three case studies that
have been implemented using active components. All applications have been developed together with different
companies. The first application called tariff maxtrix belongs to the area of distributed calculations and is
used to precompute urban traffic prices. The second application called DiMaProFi (Distributed Management of
Processes and Files) is a distributed and process-driven ETL (extract-tranform-load) tool. As third application
a distributed and goal-oriented workflow management system in the context of the Go4Flex project is presented.
It has to be noted that due to secrecy reasons not all details of the commercial scenarios can be described.

6.1. Tariff Matrix. The company HBT5 is responsible for a journey planner called GEOFOX that com-
putes best routes using the local public transportation of Hamburg.6 GEOFOX is a client server based system
that allows users to use different frontends such as normal browsers as well as mobile devices such as smart
phones. Besides getting information about the connection itself, GEOFOX also provides price information to
the users. Tickets can then be bought via different channels including an online shop and ticket automatons.
In this respect the ticket automations have to be enabled to compute the same prices as GEOFOX which is
difficult due to their restricted computing power and the fact that they are not always connected to the Internet.
Hence, currently an offline mechanism is used to precompute ticket prices of all possible connection alterna-
tives. The results of this computation is expressed as a tariff matrix, i.e. a mostly undirected, fully connected
graph with multi edges.7 HBT has to recompute the matrix several times a year whenever tariff-structural or
environmental changes have occurred. As matrix computation is computationally expensive HBT already uses
a decentralized approach in which a divide and conquer strategy is applied to distribute work among normal
company workstations.

A process analysis of existing solution revealed that the following improvement areas are especially promis-
ing. First, the amount of manual activities should be reduced and the matrix computation process should
automated to a higher degree. Second, the state of processes and steps should be made more observable in
order to detect problems and failures earlier. Third, downtimes in the processes should be avoided. Following
these objectives a workflow driven solution based on Jadex active components has been developed and tested.
The architecture of the system consists of a server agent and multiple worker agents, whereby the server coor-
dinates work distribution and collection and the clients are responsible for computing predefined parts of the
tariff matrix. Jadex supported achievement of the mentioned goals in the following way. The overall process
could be modelled and implemented as BPMN workflow thus reducing many manual steps that originally ex-
isted to trigger next steps. Using active components allowed for using proactive notifications of worker agents
based on service invocations instead of relying on the produced files in a shared file system. Faster information
propagtion to the master gives users an up to date view of the system progress and reduces dectection times of
errors. Finally, downtimes within the process can now be observed by the master and adequate reactions, such
as automatically including new workers detected by Jadex awareness, can be performed.

6.2. DiMaProFI. DiMaProFi is a software product currently developed from Uniique AG8 together with
the University of Hamburg. The company is a database vendor that is specialized on data preprocessing in
context of data warehousing. Most of their workflows in the area of ETL are distributed, long lasting, and
interleaved with manual quality assurance tests. These properties make such workflows hard to automate and
control without considerable human involvement. Existing tool support is based on centralized architectures
with a designated node that controls the overall workflow. Such approach is problematic in environments
with dynamically changing network setups, because e.g. spontaneous occurring network partionings or node
breakdowns. Hence, the newly created DiMaProFi software solution will enable executing distributed ETL
workflows modelled in a simplified version of BPMN relying on hierarchical decomposition via subworkflows
and a palette of prebuilt ETL activies. Each ETL activity will be mapped to a service and can thus be executed
locally as well as remotely. In the workflow description, constraints can be specified to bind the execution

5Hamburger Berater Team GmbH, http://www.hbt.de/
6Public transport in Hamburg is managed by the company Hamburger Hochbahn AG.
7Between source and target multiple routes with different prices may exist.
8http://www.uniique.de/
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location to specific target nodes if this is deemed necessary, e.g. when subsequent steps of the process operate
with data that should not be copied to other nodes for efficiency or privacy reasons.

Using active components as foundation for DiMaProFi simplified the system development in the following
ways. One important aspect is the possibility to apply a component based design with clearly defined service
interfaces. This allows to build up a set of ready to use ETL functionalities available in a network of compo-
nents. In constrast to purely service oriented architecture, in which services are rather static, such services can
dynamically appear and disappear by starting and stopping active components at any network node. Using
the monitoring capabilities of DiMaProFi the infrastructure can react to environmental changes by dynamic
reconfiguration of service providers in the network. Another important advantage of using active components
consists in the automatically achieved distribution transparency. The processes and program code need not to
be changed if local or remote services are used. Finally, the development of DiMaProFi also benefits from the
active component property of different internal comopnent architectures. This allows using BPMN for complex
processes that should be readable by customers, e.g. template workflows and basic services, and Java based
micro agents for components and services with high demands regarding efficiency and compactness.

6.3. Go4Flex. The Go4Flex project is conducted together with Damiler AG and is targeted at business
process management [13]. At Daimler difficulties in realizing complex business processes have been observed,
especially if these processes are long running and contain a lot of different potential errors that might occur.
Traditional workflow languages like BPMN are useful if workflow semantics is rather procedural and can be
expressed as sequences of actions. In case of workflows with a more declarative semantics BPMN and similar
languages reach their limits, as exceptional cases have to be described explicitly. For this reason, in Go4Flex
a new goal-oriented modelling language called GPMN (goal-oriented process modeling notation) is developed
which can be used to describe workflows in a high-level requirement driven way. GPMN uses two modelling
levels. Higher-level workflows are modelled with goals, whereas lower-level workflows are modelled in standard
BPMN. In this way the goal-oriented workflows form an upper control level that is used to decide which concrete
BPMN workflows should be used according to the current context.

In Go4Flex active components and Jadex have been used for two purposes. First, the active component
metaphor naturally allowed to execute different kinds of workflows, GPMN and BPMN, in the same infrastruc-
ture, as both kinds of workflows can be seen as active components that differ only with respect to the internal
architecture used. The goal semantics of GPMN workflows has been directly mapped to the extensively studied
BDI goal semantics including different goal types and inhibition relationships between goals [7, 5]. Using a
model transformation approach, GPMN workflow model are converted to BDI agent representations so that at
runtime the BDI agent interpreter can be resused for executing GPMN workflows. Second, as part of Go4Flex a
workflow management system (WfMS) has been built relying on Jadex. In this way the workflow management
system can directly profit from the characteristics of the distributed middleware by exploiting service based
communications between clients and WfMS. In order to better validate the correctness of the GPMN workflows
a test case driven evaluation tool has been developed. It executes a GPMN workflow for each possible com-
bination of allowed input values and checks the results of the single runs according to predefined correctness
criteria. In order to execute the possibly large number of runs efficiently the Jadex simulation support is used,
leading to as-fast-as-possible execution semantics [12].

7. Related Work. As the objective of this paper is to motivate a new conceptual approach for developing
distributed systems, alternative integration approaches have been categorized according to the pardigms (ob-
jects, agents, SOA, and components) they aim to combine (cf. Fig. 7.1). Additionally, the approaches have to be
distinguished according to the level they address, i.e. are they rather conceptual proposals or do they combine
the concepts with a middleware that follows these ideas. The figure shows that many integration approaches
exist that belong to different combinations of paradigms, but none of them is targeted towards an integration
of ideas from all four main paradigms. Only the work of [1] shares the same goal, but proposes a meta-model
combination approach, in which the core entities of the main paradigms are brought together into a coherent
scheme. In contrast our approach strives at a simplication of development by introducing a new notion that
encompasses the paradigm key characteristics and also provides a middleware infrastructure that demonstrates
its capabilities.

In the following specific combination areas and representatives from these areas will be considered in more
detail. We have chosen to discuss those combination areas in which the agent paradigm is involved. In the
area of agents and objects especially concurrency and distribution has been subject of research. One example is
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Fig. 7.1: Paradigm integration approaches

the active object pattern, which represents an object that conceptually runs on its own thread and provides an
asynchronous execution of method invocations by using future return values [29]. It can thus be understood as a
higher-level concept for concurrency in OO systems. In addition, also language level extensions for concurrency
and distribution have been proposed. One influential proposal much ahead of its time was Eiffel [21], in which
as a new concept the virtual processor is introduced for capturing execution control.

Also in the area of agents and components some combination proposals can be found. CompAA [2],
SoSAA [8] and AgentComponents [18] try to extend agents with component ideas. In CompAA a component
model is extended with so called adaptation points for services. These adaptation points allow to choose services
at runtime according to the functional and non-functional service specifications in the model. The flexibility is
achieved by adding an agent for each component that is responsible for runtime service selection. The SoSAA
architecture consists of a base layer with some standard component system and a superordinated agent layer that
has control over the base layer, e.g. for performing reconfigurations. In AgentComponents, agents are slightly
componentified by wiring them together using slots with predefined communication partners. In addition, also
typical component frameworks like Fractal have been extended in the direction of agents e.g. in the ProActive [4]
project by incorporating active object ideas.

One active area, is the combination of agents with SOA [28] mostly driven by the need of dynamic service
composition, i.e. agents are used to dynamically search and select services at runtime according to given
requirements or service level agreements [19, 30]. These approaches mainly deal with aspects of semantic
service descriptions and search but do not aim at a paradigm integration by itself. Also other SOA related
integration approaches that deal with workflows and agents have been put forward. Examples are agent-based
service invocations from agents using WSIG (cf. JADE9), or model-driven code generation approaches like
PIM4Agents [32] and workflow approaches like WADE (cf. JADE) or JBees [9]. Agents are considered useful
for realizing flexible and adaptive workflows especially by using dynamic composition techniques based on
negotiations and planning mechanims, e.g. proposed in MASE [23].

Finally, also the combination of agent, component and object concepts have been investigated. With ProAc-
tive [3] and AmbientTalk [31] two recent approaches exist that provide sound conceptual foundations and also a
ready-to-use middleware framework. ProActive is targeted towards supporting Grid environments and concep-
tually relies on active objects that have been extended with distribution features. The framework adds further
support for typical Grid requirements such as map-reduce support, security and reliability features. Ambi-
entTalk has been designed to support mobile ad-hoc networks with a dynamic number of clients. It introduces
a new programming language that is also based on the distinction of active and passive objects. Services of
active objects are dynamically discovered and invoked with a future based invocation scheme. AmbientTalk is

9http://jade.tilab.com
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conceptually close to active components but does rely on a complete component model, especially provided and
required services cannot be declared.

The discussion of related works shows that the complementary advantages of the different paradigms have
led to a number of approaches that aim at combining ideas from different paradigms. From all areas involving
agents the most prominent approaches have been evaluated. The majority of those approaches are rather
technical integration attempts not targeted at devising new conceptual entities. Most relevant with respect to
our works are the approaches of ProActive and AmbientTalk that both share some underlying ideas with active
components. Active components extends those in the direction of agents (instead of active objects) and present
a new unified conceptual model that combines the characteristics of services, components and agents.

8. Conclusions and Outlook. In this paper it has been argued that different classes of distributed
systems exist that pose challenges with respect to distribution, concurrency, and non-functional properties
for software development paradigms. Although, it is always possible to build distributed systems using the
existing software paradigms, none of these offers a comprehensive worldview that fits for all these classes and
for each class some conceptual problems usually remain unsolved. Hence, developers are forced to choose among
different options with different trade-offs and cannot follow a common guiding metaphor. From a comparison
of existing paradigms the active component approach has been developed as an integrated worldview from
component, service and agent orientation. Based on this conceptual approach a concrete programming model
has been devised, which provides concurrency support following actor based concepts. It fosters distribution
transparency by not distinguishing between local and remote service as well as by hiding all aspects of service
registration and search from the user. Non-functional aspects are supported on basis of meta-information that
can be annotated to components as well as by adding or exchanging new infrastructure services. An example
for the first category are security annotations, an example for the latter category is web service publishing. The
active component approach has been realized in the Jadex platform, which includes modeling and runtime tools
for developing active component applications. The usefulness of active components has been further illustrated
by an application from the disaster management domain.

As one important part of future work the enhanced support of non-functional properties for active compo-
nents will be tackled. In this respect it will be analyzed if SCA concepts like wire properties (transactional,
persistent) can be reused for active components. Furthermore, currently a company project in the area of data
integration for business intelligence is set up, which will enable an evaluation of active components in a larger
real-world setting.
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Abstract

The development of distributed systems is an intricate task due to inherent characteris-

tics of such systems. In this paper these characteristics are categorized into software engi-

neering, concurrency, distribution and non-functional criteria. Popular classes of distributed

systems are classified with respect to these challenges and it is deduced that modern tech-

nological trends lead to the inception of new application classes with increased demands

regarding challenges from more than one area. One recent example is the class of ubiqui-

tous computing, which assumes dynamic scenarios in which devices come and go at any

time. Furthermore, it is analyzed to which extent today’s prevailing software development

paradigms - object, component, service and agent orientation - are conceptually capable of

supporting the challenges. This comparison reveals that each of the paradigms has its own

strengths and weaknesses and none addresses all of the challenges. The new active com-

ponent approach is proposed aiming at a conceptual integration of the existing paradigms

in order to tackle all challenges in a intuitive and unified way. The structure, behavior

and composition of active components is explained and an infrastructure for active compo-

nents is introduced. To underline the usefulness of the approach real-world applications are

presented and an evaluation according to the challenges is given.

Keywords: distributed systems, component based development, service-oriented architecture,

software agents

1 Introduction

Challenges for building distributed systems are manifold. In Fig. 1 the transition from a sim-

ple single processor system to a complex fully distributed system is shown when successively

more properties are taken into account. Adding concurrency to a single processor system by

introducing further computational units leads to increased computational power that might be

exploited for speeding up execution times of applications. The concrete amount of speedup is

fixed upwards by the degree of the program that still needs to be serially executed according

to Amdahl’s law. Furthermore, concurrency is a tough development challenge due to phenom-

ena like race conditions and deadlocks. If also separate address spaces are assumed network

nodes may communicate only using message passing techniques. The need for communication
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Figure 1: Distributed system characteristics

between separate hosts leads to further properties. First, possibly different data formats, com-

munication protocols etc. form a source for heterogeneity, which has to be taken into account

for achieving interoperability. Second, the distributed structure makes it important to consider

failure handling techniques due to new error sources like network partitioning or breakdown

of single nodes. In contrast to locally occurring errors, which may be easily detected and re-

solved using exception handlers, in the distributed case it is much harder to first understand

what the problem is and secondly to recover from a possibly partially disrupted system. An-

other challenge is scalability, which means that a system should adapt to the problem size and

its performance should not degrade in case of increasing demands. One solution strategy for

scalability issues in distributed systems are replication techniques which transparently increase

the number of critical components in order to distribute work among them. Openness is another

important characteristic that describes the ability to anticipate the needs for future changes at

the system’s design time. If a system has been designed for openness, specific future extensions

can be applied to the system without needing to change the base system. Another important

aspect requiring increased attention in distributed settings is security. Depending on concrete

application demands it might e.g. be necessary to protect messages against manipulation and

eavesdropping or authenticate communication partners. Finally, transparency is a critical prop-

erty of distributed systems allowing to hide complexity from users. In case a system has been

designed with transparency in mind a user may interact with the system in the same way as with

a single processor system.

As these characteristics are very detailed in this paper a broad categorization using three

groups is introduced:

Concurrency: Concurrency represents a fundamental characteristic that is very different from

the other properties. For this reason concurrency is treated separately.

Distribution: Distribution is meant here with respect to the spatial arrangement of the system

i.e. it refers to the basic property that parts of the system are placed on different network

nodes. This means that distribution naturally leads to separate address spaces for the par-
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ticipating application parts. Furthermore, using different nodes may induce heterogeneity

due to different hard- or software being used. In a distributed system different degrees

of control may be exerted over all parts of the system. In such cases systems need to be

defined with interfaces that allow future extensions. This makes openness an important

aspect of distribution. The last and maybe most important property is transparency which

is used to mask the difficulties and complexities created by distributing applications.1

Non-functional criteria Non-functional criteria subsume all aspects that are not directly re-

lated to the applications functionality, i.e. all aspects that can be quantified to some

degree (how fast, secure, fault tolerant is the system?). From the figure, failure handling,

scalability and security fall in the realm of non-function criteria.

Software engineering criteria These criteria subsume traditional software engineering chal-

lenges like modularity and maintainability, which do not only apply to distributed sys-

tems but also to other kinds of systems, yet that need to be considered for developing

distributed systems as well.

In order to tackle these challenges different software development paradigms have been pro-

posed for distributed systems. A paradigm represents a specific world view for software devel-

opment and thus defines conceptual entities and their interaction means. It supports developers

by constraining their design choices to the intended world view. In this paper object, compo-

nent, service and agent orientation are discussed as they represent successful paradigms for

the construction of real world distributed applications. Nonetheless, it is argued that none of

these paradigms is capable of intuitively describing all kinds of distributed systems and inher-

ent conceptual limitations exist. Building on experiences from these established paradigms in

this paper the active components approach is presented, which aims to create a unified concep-

tual model from agent, service and component concepts and helps modeling a greater set of

distributed system categories.

In this article a comprehensive line of reasoning will drawn from the original challenges

of distributed systems, over the conceptual foundations of a solution approach called active

components, its realization as middleware, to real-world implemented systems and evaluations

with respect to multiple dimensions. In this respect, the article is naturally based on already

published work regarding the core concepts of active components [5, 44, 43] but gives a thor-

ough description with technical details of the approach itself and puts it into perspective by

adding an in depth analysis of conceptual motivations, real world case studies and evaluations

in particular.

The rest of the paper is structured as follows. In the following Section 2, the challenges are

elaborated further and it is discussed how application classes are related to the introduced chal-

lenges. In Section 3 it is analyzed to which extent different software development paradigms

address these challenges already on a conceptual level. Deficiencies of existing paradigms are

identified and the new active component approach is put forward as a solution in Section 4.

With Jadex, a middleware implementation of the proposed concept is introduced in Section 5.

Section 6 presents example applications that have been built with the approach. In Section 7,

1Using this semantics for distribution, concurrency and distribution can be understood as being rather orthog-

onal. Of course, distribution may lead to concurrency due to the different nodes on which processes have to

be executed, but this needs not being reflected on the conceptual level. E.g. in RMI, the one thread programming

model from object orientation is used relying on synchronous invocations between components. Thus, even though

multiple processes are involved in executing the application for the developer it seems to be only one process. Fur-

thermore, also concurrency is independent of distribution as it occurs as soon as more than one process or thread

is employed in application, being it local or distributed.
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Figure 2: Challenges and application classes

different aspects of the approach are further evaluated according to the introduced challenges.

Related work is discussed in Section 8 before a conclusion and an outlook to planned extensions

is given in Section 9.

2 Challenges for Distributed Systems Development

In this section the four challenges from the introduction are further explained and motivated by

discussing classes of distributed applications related to the challenges. In Fig. 2 the challenges

are represented as circles, showing where the challenges overlap. The application classes are

denoted at the outside with corresponding pointers to the challenge or intersection of challenges.

The classes are not meant to be exhaustive, but help illustrating the diversity of scenarios and

their characteristics, which served as inspiration for active components. In the following each of

the challenges as well as their intersections will be discussed in more detail on a conceptual as

well as on a more concrete technical and infrastructure related layer. It has to be noted that the

presented list of infrastructure challenges are not meant to be exhaustive but to reflect important

practical issues that need to be solved.

2.1 Software Engineering

In the past, one primary focus of software development was laid on single computer systems

in order to deliver typical desktop applications such as office or entertainment programs. Chal-

lenges of these applications mainly concern the functional dimension, i.e. how the overall

application requirements can be decomposed into software entities in a way that good software

engineering principles such as modular design, extensibility, maintainability etc. are preserved.

Technical and infrastructure challenges:

• How are the software engineering concepts reflected on the infrastructure level? In many

cases programming languages evolve slowly and the question arises how novel software
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engineering concepts can be embedded into an infrastructure. One option is to create a

new programming language that offers explicit language support for the new concepts.

The alternative is to stick to a general purpose programming language and add new fea-

tures on an API (application programming interface) basis. Each of the approaches has

its own advantages and drawbacks.

• What tools are available to help ensuring software engineering principles? As software

engineering is done in different phases ranging from requirement elicitation to implemen-

tation, deployment and testing it has to be considered how concepts within these phases

can be supported with adequate tools.

2.2 Concurrency

In case of resource hungry applications with a need for extraordinary computational power,

concurrency is a promising solution path that is also pushed forward by hardware advances like

multi-core processors and graphic cards with parallel processing capabilities. Corresponding

multi-core and parallel computing application classes include games and video manipulation

tools. Challenges of concurrency mainly concern preservation of state consistency, dead- and

livelock avoidance as well as prevention of race conditions.

Technical and infrastructure challenges:

• How is concurrency represented within design and implementation of an application?

An important point in this respect is if concurrency is seen as an explicit element within

design and implementation. Closely connected with this aspect is the question when it is

decided what should be made concurrent. Only if concurrency is explicit it can be dealt

with in phases other than implementation itself, e.g., identifying potentially concurrent

activities already during design and specifying concrete levels of concurrency as late as

during application deployment or maintenance.

• How to decide what to make concurrent? What are the entities reflecting concurrency

and what are its concrete building blocks? At what level of granularity can concurrency

be used? An infrastructure has to answer these questions is a way that facilitates de-

velopment of a wide range of applications with potentially quite different concurrency

needs.

• How to avoid concurrency problems? The infrastructure has to provide elements for tam-

ing or avoiding concurrency risks. How easy are these elements to understand and use?

For example, often general purpose programming languages offers things like semaphores

and locks which are low level and error prone.

2.3 Distribution

Different classes of naturally distributed applications exist depending on whether data, users or

computation are distributed. Example application classes include client/server as well as peer-

to-peer computing applications. Challenges of distribution are manifold. One central theme

always is distribution transparency in order to hide complexities of the underlying dispersed

system structure. Other topics are openness for future extensions as well as interoperability that

is often hindered by heterogeneous infrastructure components. In addition, today’s application

scenarios are getting more and more dynamic with a flexible set of interacting components.

Technical and infrastructure challenges:
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• How to manage distributed components? The management of components in a distributed

infrastructure includes different aspects regarding the following levels. On the one hand

the deployment of an application in a distributed setting has to be tackled, i.e. how to get

the pieces of code to correct locations. On the other hand infrastructure mechanisms for

runtime management tasks like starting and stopping components have to be provided.

• How to set up the infrastructure? What needs to be configured at the infrastructure layer

to get it up and running? This includes the aspect of installation of middleware at dif-

ferent network nodes and also their configuration to build up some form of networked

infrastructure.

• How to describe and configure distributed applications? Applications that are potentially

distributed so that it is necessary to consider the concrete layout of the application, i.e.

which parts of the application should run on which nodes. Furthermore, it might be a re-

quirement to dynamically reconfigure an application is certain use cases by e.g. migrating

a heavily used part to a more powerful site.

2.4 Non-functional Criteria

Application classes that are especially concerned with non-functional criteria are e.g. central-

ized backend applications as well as autonomic computing systems. The first category typically

has to guarantee secure, robust and scalable business operation, while the latter is aimed at sup-

porting non-functional criteria by providing self-* properties like self-configuration and self-

healing. Non-functional characteristics are particularly demanding challenges, because they

are often cross-cutting concerns affecting various components of a system. Hence, they can-

not be built into one central place but abilities are needed to configure a system according to

non-functional criteria.

In general technical and infrastructure challenges for non-functional criteria address the re-

alization of each of the different criteria. Thus, in the following only a small cutout of properties

is discussed for illustration purposes.

• How to handle security? Having the application spread among different network sites re-

quires security means to be established between the different application parts in order to

ensure the common security objectives like authentication, confidentiality, and protection

against tampering.

• How to self-configure the application? In case of changes dynamic changes the applica-

tion should be enabled to adapt itself to cope with the new situation. Changes may occur

at very different levels. One example is the sudden breakdown of a participating node so

that the corresponding application part is not available any longer. Another example is a

changed user behavior that leads to other application parts being used more intensively

so that a performance degradation is perceived.

2.5 Combined Challenges

Today more and more new application classes arise that exhibit increased complexity by con-

cerning more than one fundamental challenge. Coordination scenarios like disaster manage-

ment or grid computing applications like scientific calculations are examples for categories

related to concurrency and distribution. Cloud computing subsumes a category of applications

similar to grid computing but fostering a more centralized approach for the user. Additionally,
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in cloud computing non-functional aspects like service level agreements and accountability play

an important role. Distributed information systems are an example class containing e.g. work-

flow management software, concerned with distribution and non-functional aspects. Finally,

categories like ubiquitous computing are extraordinary difficult to realize due to substantial

connections to all three challenges.

Current technological trends such as the advent of multi-core processors, the wide-spread

adoption of highly capable smart phones, or upcoming internetworking capabilities of house-

hold devices support the assumption that distributed systems will continue to include many, if

not all of the above mentioned challenges at once. The usefulness of software paradigms for

distributed systems development thus depends on how well they support a developer in dealing

with these challenges.

3 Software Development Paradigms for Distributed Systems

The term software development paradigm is not generally well defined in the literature. Follow-

ing [16] we take an engineering perspective and consider a software development paradigm as

the conceptual underpinnings of a specific approach to software engineering (e.g. the component-

based software engineering paradigm). A software development paradigm can thus be seen as

a design metaphor that provides a coherent set of concepts for describing problem domains and

corresponding solutions. Different paradigms represent different world views and in this way

influence how developers think about software designs. In this way they constrain the possi-

ble solution space and can simplify or hinder software development, depending on how well a

paradigm fits the specific problem domain. A software development paradigm is thus an im-

portant factor for the efficiency of building software artifacts because a developer has to find

a suitable mapping between the problem and the solution space. In general, it does not affect

its effectiveness as all paradigms are backed with Turing complete programming languages and

can be used to build a solution, given that enough efforts are spent.

In this section, existing paradigms for distributed systems development are introduced and

discussed with respect to how they conceptually support the previously illustrated challenges.

Each paradigm is further explained by dint of a simple distributed application example, which is

used for exemplifying important building blocks of each paradigm and thus also allows pointing

out differences between the paradigms. The example is a simple chat in which users publicly

interact (i.e. posted chat messages are always displayed to all other users).

3.1 Objects

”[...] object orientation gathers together procedures and data into a unit, named

an object. This point of view for software development comes from the principle

that the real world consists of entities which are composed of data, and operations

which manipulate that data”. [15, p. 3-4]

In case of object orientation (OO) objects (and classes) are the main abstraction for designing

applications [36]. Object orientation borrows its concepts from the real world and offers ab-

stractions for building systems in a similar way humans think about the real world. An object

represents an entity that has a state and offers functionality in form of methods. A basic as-

sumption is that an object encapsulates its own data and access from outside is performed and
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Figure 3: Object-oriented conceptual design (a) and deployment (b) of a chat application

safeguarded by its methods. An object-oriented system will be typically composed of many

different objects that use other objects. All functionalities are assigned to objects, which can

invoke each other to provide the desired outcomes. In addition, for these languages a lot of

libraries have been developed, which provide ready to use functionalities for many use cases.

Object orientation has led to the development of many programming languages like Java and

C#.

A possible object-oriented design for the chat application is shown in Figure 3a using UML

class diagram notation. The employed building blocks of the OO paradigm are classes, meth-

ods and usage relationships. An object of the ChatServer class is responsible for distributing

messages to all connected users. The server provides methods for ChatClients to register them-

selves for receiving chat messages and also for posting new messages. The clients in turn only

provide a method for receiving posted messages from the server. Figure 3b illustrates how the

object-oriented chat application may be deployed using, e.g., Java RMI technology. To enable

remote method invocations, two interfaces are provided for the client and server respectively

therefore making use of an additional OO building block: inheritance relationships. The server

registers itself at a Registry where clients can look it up to receive a remote reference to the

server object. Afterwards, the client can invoke the server methods and the server can invoke

the callback method of registered clients according to the original design.

3.2 Components

“A software component is a unit of composition with contractually specified in-

terfaces and explicit context dependencies only. A software component can be

deployed independently and is subject to composition by third parties.” [52, p. 41]

Component orientation is seen as an extension of object orientation. In contrast to an object

a component is defined as a self-contained business entity with clear-cut interfaces, i.e. com-

ponents have to state exactly what they need and offer. This facilitates the composition of

components out of other components and follows the original vision of making software as

composable as hardware [35]. Another important characteristic of the component paradigm is

the separation of functional and non-functional aspects, i.e. components are allowed to contain

only functional aspects and are thus completely focused on realizing domain behavior. Non-

functional aspects like scalability, security or persistency are context dependent and part of the

configuration of components. In this way reusability of components is fostered and compo-

nents can be configured at deployment time. Execution of components is typically managed

by a runtime infrastructure often called container. The container has the purpose to control the
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Figure 4: Component-based conceptual design (a) and deployment (b) of a chat application

components, regulate their interactions and enforce configured non-functional properties. In

this respect, the programming model follows the inversion of control principle by delegating

activity to the container, which invokes components whenever its deems this appropriate. Ex-

ample implementations for component models are Fractal [13] Enterprise JavaBeans and .NET

components.

In Figure 4a the chat example is used to illustrate a component-based design. Following

UML component diagram notation, the figure introduces the most important building blocks

for component based design: components, provided and required interfaces and usage rela-

tionships. The design highlights the peer-to-peer nature of the chat application, where a chat

component is at the same time a receiver (provided interface) and sender (required interface)

of messages. A possible deployment is shown in Figure 4b, following the UML deployment

diagram notation and thus also introducing nodes and deployment descriptors as additional

building blocks of component-based applications. The nodes represent component containers

that manage component execution and connect instantiated components, e.g. using dependency

injection, as specified in deployment descriptors. In this example, two client nodes are set up,

each of which hosts a chat component. The components are connected to each others interfaces,

such that chat messages can be exchanged across the nodes. 2

3.3 Services

“Service Oriented Architecture (SOA) is a paradigm for organizing and utilizing

distributed capabilities that may be under the control of different ownership do-

mains.” [38, p. 8]

The fundamental concept of a service is backed by the idea that many real world scenarios

can be decomposed into basic business capabilities. Such a capability represents a service

and it is further assumed that software systems are built by composing services, possibly of

different ownership domains, to fulfill higher-level system objectives. Composition of service

can be done either by orchestration or choreography. In case of orchestration coordination is

achieved by one specific entity which is in charge of invoking services. In contrast, in case of

2The example is only given here for completeness. In general, static deployment descriptors as used in

component-based development are not a well suited approach for applications like chat, where users typically

should be able to enter and leave the system dynamically.
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Figure 5: Service-oriented conceptual design (a) and deployment (b, c) of a chat application

choreography control about service invocation is decentralized and an interaction oriented view

is taken. Not directly part of service oriented architecture but very popular in real world usage

of services is the combined usage of workflows and services. The underlying idea consists in

modeling business processes as workflows and realizing activities of these workflows based

on service invocations. In the area of web services and workflows many industry standards

have been approved so that interoperability is well supported. Concretely, implementations of

services often rely on web service standards such as WSDL, UDDI and SOAP [42].

In a traditional service-oriented design, a service is a passive entity that gets invoked by

some service user. For the design of the service-oriented chat application as shown in Figure 5a

thus, both sending a message and receiving new messages have been modeled as service opera-

tions.3 As there is no special purpose service-oriented diagram notation, a UML class diagram

like notation has been used, showing the service and service user as classes and the service

operations as methods of the service class. Two implementation and deployment approaches

are shown in Figures 5b and 5c. The first approach uses a REST-style service, where service

operations are mapped to HTTP requests. Here, the service can be implemented, e.g. using

Java Servlets and the chat client could be implemented as a browser application using AJAX

technology. The second approach uses the traditional UDDI/WSDL/SOAP technology stack.

An object-oriented service implementation could be exposed as web service using the JAX-WS

API. The generated WSDL service description can be registered at a UDDI registry, where it

can be looked up by a client application, which would afterwards use the service by sending

SOAP RPC requests.

3.4 Agents

“An agent is a computer system that is situated in some environment, and that is

capable of autonomous action in this environment in order to meet its design objec-

tives.” [28, p. 4]

The definition above highlights that an agent is seen as a situated entity. It has sensors to

perceive the environment and actuators to influence this environment. In addition the weak

notion of agency [58] puts forward that agents should be autonomous, reactive, proactive and

have social abilities. An agent is considered autonomous if it has full control about its execution

state, i.e. it can decide at any point in time on its own what to do next. It is further considered as

being reactive when it can react promptly to environmental changes or percepts it receives. In

3To avoid busy waiting for new messages, the long-polling technique can be used, where an invocation of the

getNewMsg() operation would block until a new message is available.
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Figure 6: Agent-oriented conceptual design (a) and deployment (b) of a chat application

addition, proactivity characterizes internally motivated behavior, i.e. an agent acts proactively if

it pursues its intrinsic goals. Finally, social ability refers to the capability of social interactions

with other agents or with the environments. A multi-agent system [56, 53] is defined as a set of

interacting agents communicating exclusively via asynchronous message passing. On receipt of

a message an agent can freely decide in which way it wants to make use it. It is neither forced

to perform actions according to the message nor to answer the sender at all. Applications make

use of problem decomposition by assigning functionalities to different agents, which coordinate

their activities through message passing and interaction protocols. Systems can be realized

using agent platforms like JADE [3], which adhere to FIPA standards4 for communication and

infrastructure.

The agent-oriented design shown in Figure 6a highlights the autonomous nature of agents

by defining an asynchronous message-based interaction scheme. The UML sequence diagram

notation illustrates the important building blocks: asynchronous messages, protocols that define

expected sequences of messages and roles, which agents may play during interactions. The chat

protocol is very simple and only defines two roles; the one of a message sender and the one of a

message receiver. The deployment model in Figure 6b follows the Prometheus system overview

diagram notation [41] and depicts the interacting agents that participate in the protocols by

playing certain roles. The chat agent communicates with other chat agents following the roles

of the chat protocol, i.e. potentially as sender and as receiver. Moreover, the deployment

model adds additional infrastructure aspect as proposed by the FIPA standards. The directory

facilitator agent (DF) provides a yellow page service that would allow chat agents to find each

other. Interaction with the DF follows the standardized FIPA request protocol [23].

3.5 Summary

In Fig. 7 an overview of the paradigms with respect to their support of the introduced challenges

is depicted. The interpretation of the evaluation is also graphically shown in Fig. 8. Object ori-

entation plays out its strength with respect to intuitive concepts for software engineering of

typical desktop applications. Advantages of object orientation are mostly related to clean func-

tional decomposition of software achieving modularity, complexity reduction, extensibility and

reusability. The basic model has been extended for distributed systems by remote method in-

vocations (RMI) so that the object oriented programming paradigm can be utilized in the same

way as in the local case. Concurrency is out of the conceptual scope of object orientation and

has been added technically with threads. Despite threads can be used for developing concur-

rent applications, the abstraction is orthogonal to objects and leads to intricate difficulties like

synchronization and deadlocks [51]. Non-functional criteria are not addressed by objects.

4http://www.fipa.org
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Figure 7: Software development paradigm comparison

Figure 8: Challenges and paradigms

Component orientation enhances the software engineering quality by introducing compo-

nents as self-contained entities fostering modularity and reusability. Furthermore, components

help realizing non-functional criteria by separating them from the functional part of applications

as configurations external to the component. Concurrency is not directly part of the paradigm

but only considered at a technical level that is transparent for the developer. Often component

containers possess capabilities for optimizing performance by executing independent compo-

nents in parallel. This container managed concurrency aims at optimizing request based appli-

cations, in which many similar tasks, initiated by requests, can be handled by different parallel

instances of the same component. Distribution is in many cases also not directly covered by the

approach with the exception that possibly existing object oriented remote invocation means can

be further used.

Service orientation is one of the first established paradigms for distributed systems. From

a software engineering point of view with services a core concept is introduced that is very

simple and is ideally suited for distribution. Following the service triangle idea, dynamic bind-

ing of services becomes possible. Service providers register at service registries which can be

searched by service consumers. Having found a suitable service the registry informs the con-

sumer about the contact data of the service which can subsequently be used to directly interact

with the service. Although services are a neat concept, taken alone it does not contribute much

to mastering the complexity of today’s applications. Hence, in practice, SOA is often combined

with workflows, which describe the business processes on a higher level and in this way orches-
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trate the service calls. According to textbook lines, concurrency is naturally supported within

services by the requirement that services should be stateless. In this case they can be invoked in

parallel as no interdependencies between incoming calls exist. Though, in practice keeping ser-

vices stateless is not always possible and is such cases concurrency needs to be addressed by the

developer in custom ways. The area of non-functional requirements is addressed for services

on a user level by employing service level agreements (SLA). In SLAs agreements regarding

the service quality in terms of various attributes are defined between a service provider and a

consumer. SLAs can also be used in the service selection process in order to find a service that

matches the given SLA requirements.

Agent orientation enriches a developer’s world view as active entities (agents) and passive

entities (in the environment) can be used for describing systems. Yet, in contrast to component

and service orientation, the agent view is more disruptive and does neither integrate seamlessly

on a software engineering level with object orientation nor with SOA or components. One

specific problem of agents is that classical software engineering skills do not suffice for real-

izing intra as well as multi agent behavior and much new agent specific knowledge is needed.

Regarding the software engineering concepts for agents, different kinds of internal agent archi-

tectures have been proposed, which can be used to describe the intended agent behavior. On

the other hand the multi-agent coordination needs to be done using speech act based messages

as in multi-agent system it is not allowed for an agent to invoke methods on another agent as

this could hamper their autonomy.5 This prohibits using the well-established RMI mechanism

with agents. The paradigm contributes to concurrency as agents represent autonomous entities

that are executed independently. Moreover, distribution is naturally supported due to message

based communication relying on agent identities. This allows agents to send messages to agents

regardless of their location. Non-functional properties are not considered by the agent oriented

paradigm.

Summing up, none of the introduced paradigms is aimed towards addressing all challenges.

Each of the paradigms has its particular advantages and problems. As a solution in this paper it

is proposed to combine ideas of the paradigms in order to alleviate the existing weaknesses.

4 The Active Components Approach

The conceptual approach of active components is backed by two assumptions regarding the

construction of distributed systems. The first assumption, stemming from agent orientation, is

that modeling systems in terms of active and passive entities mimics real world scenarios better

than purely object and component oriented systems, which focus on how structure and behavior

is modeled but largely ignore where activity originates from [31]. Typically, the environment is

dynamic so that entities may appear and vanish at any time. Entities may use interactions and

negotiations to distribute work or reach agreements.

The second assumption, emphasized by service orientation, is that it is often advantageous to

build systems using active entities (such as workflows) that coordinate, select and use publicly

available services of clear-cut business functionality. In many scenarios the usage of services is

sufficient and preferable compared to more complex interaction schemes, because of its inherent

simplicity. The environmental dynamics may also influence the available set of services as well.

5Although the general idea behind disallowing method calls - avoiding that one agent just instructs another

agent via a message invocation - is right, the general conclusion of forbidding the concept completely is wrong

and makes agent technology hard to use. We have demonstrated in a recent publication that method invocation is

a valid communication style for agents if some preconditions are considered [6].
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Figure 9: Active component structure

Hence, in addition to rather static services in the infrastructure it seems natural to consider the

active entities themselves as possible service providers.

Following these assumptions, the proposed computational model adopts an agent oriented

view with active (autonomous) concurrently acting entities. This view is combined with a ser-

vice oriented perspective, in which basic functionality is provided using services that are co-

ordinated by workflows. In the following, the structure and behavior of the active component

concept are explained and the composition of active components, introduced in [5, 43], is dis-

cussed . Afterwards, an infrastructure implementation for active component development and

execution is shortly introduced and important contributions of the active component concept are

summarized.

4.1 Structure

Definition 4.1 (Active Component) An active component is an autonomous, managed, hier-

archical software entity that exposes and uses functionalities via services and whose behavior

is defined in terms of an internal architecture.

The definition is explained using Figure 9, which shows the structure of an active compo-

nent (right hand side). The idea is to conceptually combine SCA components [34] with agents

(left hand side). It can be seen that the characteristics of an active component that are visible

to the outside resemble very much those of an SCA component, whereas its inner structure is

based on agent concepts. In line with other component definitions, one main aspect of an active

component is the explicit definition of provided and required services and potentially being a

parent of an arbitrary number of subcomponents. A component can be configured from the

outside using properties and configurations. While properties are a way to set specific argu-

ment values individually, a configuration represents a named setting of argument values. In this

way typical parameter settings can be described as configuration and stored as part of a com-

ponent specification. In contrast to conventional component definitions, an active component

can be seen as an autonomously executing entity similar to an agent. From the agent concept

it inherits the capability of sending and receiving messages. Furthermore, it consists of an in-

ternal architecture determining the way the component is executed. Thus, the way the business

logic of an autonomous component can be described depends on the component’s internal ar-

chitecture. The internal architecture of an active component contains the execution model for a

specific component type and determines in this way the available programming concepts (e.g.

a workflow or agent programming language). The internal architecture of an active component

is similar to the concept of an internal agent architecture but widens the spectrum of possible
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Figure 10: Active component behavior

architectures e.g. in direction of workflows.6

As each active component acts as autonomous service provider (and consumer) and may

offer arbitrary many services, the definition of what is a service follows.

Definition 4.2 (Active Component Service) An active component service can be seen as a

clearly defined (business, i.e. coarse grained) functionality of an active component. It con-

sists of a service interface and its implementation.

The definition highlights that services are meant to represent rather coarse-grained domain

functionality in a similar way services are used in the service oriented architecture. Service def-

inition is done via an interface specification, which allows object-oriented access and searching

services by using interface types.

4.2 Behavior

In Fig. 10 the behavior model of an active component is shown. Besides provided and required

services (left and right) it consists of an interpreter (middle) and a lower-level interface for

messages and actions (bottom). The active part of a component is the interpreter, which has

the main task of executing actions from a step queue.7 As long as the queue contains actions,

the interpreter removes the first one and executes it. Otherwise it sleeps until a new action

arrives. Action execution may lead to the insertion of new actions to the queue whereby it is

also supported that actions can be enqueued with a delay. This facilitates the realization of

autonomous behavior because a component can announce a future point in time at which its

wants to be activated again. In addition to internal actions that are generated from other actions,

also service requests, external actions (α) and messages (µ) received by the component are

added to the queue.

6One could argue that workflows do not contribute much when compared with enhanced agent architectures.

E.g. in the BDI model (belief desire intention), a plan is very similar to a workflow because it contains ordered

procedural actions. Nonetheless, the point is that arbitrary internal architectures can be employed for behavior

control of active components and developers can choose among many options. Having the choice, one can use

those component types that fit best project needs and developer skills. If, for example, a software development

project does not require complex behavior control, BDI might be overkill and BPMN workflows could be a viable

option.
7It has to be noted that specific internal architectures may add higher-level decision logic to the interpreter in

order to realize more advanced reasoning processes, e.g. a BDI (belief desire intention) agent could use a reasoning

cycle on top of the basic action execution (cf. [45]).
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The semantics of actions depends on the internal architecture employed but at least three

interpreter independent categories of actions can be distinguished: business logic, service and

external actions. Business logic actions directly realize application behavior and are thus pro-

vided by the application developer, e.g. a business action within a brokerage application could

consist in automatically sell stocks when a specific stop loss target has been reached. Service

actions are used to decouple a service request from the caller and execute them as part of the

normal behavior of the component. This means that a service invocation, like for examples buy-

ing an amount of stocks, is not directly executed but scheduled for execution in the step queue.

This ensures that the receiving component executes the service on its own thread protecting

component data from concurrent access of different callers. Finally, external actions represent

behavior that can be induced to the component by a tightly coupled piece of software. This

mechanism can be used for executing private actions (in contrast to public actions defined by

a service interface) of a closely linked source like e.g. the component’s user interface. A user

could for example directly instruct the component via its user interface to cancel the previous

stock order with a private action (if the service interface does not expose such a functionality).

The figure also shows how service requests are processed and required services can be

used. Service processing follows the basic underlying idea of allowing only asynchronous

method invocations in order to conceptually avoid technical deadlocks. This is achieved by

an invocation scheme based on futures, which represent results of asynchronous computations

[51]. The service client accesses a method of the provided service interface and synchronously

gets back a future as result representing a placeholder for the real result. In addition, a service

action is created for the call at the receivers side and executed on the service’s component as

soon as the interpreter selects that action. The result of this computation is subsequently placed

in the future that the client holds and the client is notified that the result is available via a

callback. The callback avoids the typical deadlock prone wait-by-necessity scheme promoted

by futures using operations that block the client until a result is received. The future/callback

scheme is also used for the result (α ′) of external actions.

The declaration of required services (Fig. 10, right) allows these services being used in the

implementations of (e.g. business logic) actions. In the brokerage scenario for example, the

component could internally rely on a banking component that changes the account balance ac-

cording to the transaction that was executed. The active component execution model assures that

operations on required services are appropriately routed to available service providers accord-

ing to a corresponding binding. The mechanisms for specifying and managing such bindings

are part of the active component composition as described next.

4.3 Composition

The composition of active components corresponds to answering the question, which matching

provided service(s) of which concrete component(s) to connect to a specific required service

interface. In traditional component models, this question is usually answered at design time (e.g.

connecting subcomponents when building composite components) or at deployment time (e.g.

installing and connecting components to form a running system). With respect to the brokerage

scenario, for example one brokerage and one banking component with well defined instance

names could be deployed and linked together so that whenever account access is needed the

brokerage component knows exactly which component instance to use. This kind of binding is

not sufficient for many real world scenarios in which service providers come and go dynamically

[29], one example is the chat application introduced earlier. The dynamic nature of the active

component approach itself and the target area of complex distributed systems motivate the need
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Figure 11: Binding specification options

for being able to delay composition decisions into the runtime.

Figure 11 shows the options available to a component developer for specifying the binding

for a required service of a component. In traditional component models, the developer will know

the concrete component to connect to (component known) and can assume that this component is

available in the deployed system (component exists). For this case an instance specification can

be used to define how the concrete component instance can be found at runtime, e.g. by using

its instance name. The creation specification allows components being dynamically created and

contains all necessary information for instantiating a given component. In case the component

providing a service is not known, a search specification allows stating how to perform a search

for the required service. A search specification primarily contains a definition of the search

scope (identifying a set of components to include in the search), but might be extended with

non-functional criteria to further guide service selection.

The rationale behind search scopes is that proximity is often an important relevance factor

for the service usefulness, i.e. the nearer a service is the more relevant it probably is. In Figure

12 five different scopes are depicted, which can currently be used to control the search. Local

scope only considers the declared services of the component itself. Component scope extends

this scope by including also services of subcomponents and application scope further includes

all components that are part of the same composite application. This scope represents a sensible

default for many searches but can also be further widened to platform and global scope. The

first relates to all components of the same platform and latter also includes components resid-

ing on remote platforms. For example, using platform scope is necessary to access common

platform services such as the clock or security service. Global scope allows for transparently

distributing an application to different network nodes while preserving the component struc-

ture as is. Such distributed platforms use autoconfigured awareness mechanisms to detect and

connect themselves, i.e. for each discovered remote platform a new proxy component will be

created that delegates global search requests to the corresponding platform.

Regarding the combination of binding specifications, active components follow a configu-

ration by exception approach meaning that sensible defaults are applied at all levels to reduce

specification overhead to a minimum. A minimal required service specification only includes

the required service interface. If no other information is present at runtime, this specification

represents an implicit search specification in the default scope, including all other components

of the application. Furthermore, binding specifications can be annotated to a component itself,

thus adjusting the default binding behavior of this component. Yet, when using this component

in a composite definition, further configuration options can be specified that override default

values. Therefore in a specific usage context, a developer can decide to replace a default search

specification for a required service of a component to an instance specification pointing to a

sibling component inside the same composite.

To support a wide range of scenarios from completely static to fully dynamic ad-hoc com-

positions, a generic binding process (cf. Fig. 13) is introduced that is triggered whenever a
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Figure 12: Search scopes

Figure 13: Service Binding Process as BPMN workflow

required service dependency is accessed. The process is responsible for extracting the explicit

and implicit binding specifications declared for the involved components and composites. The

combined binding specification is then used for locating a suitable service provider for a re-

quired service. In this respect, the binding process distinguishes between static and dynamic

bindings. Static bindings are resolved on first access and a reference to the resolved service is

kept for later invocations. In contrast, dynamic bindings are reevaluated on each access. For

advanced usage the binding process can be extended to support additional features like failure

recovery and load balancing, e.g. by triggering a re-evaluation of binding specifications in case

of component failures or excessive load.

4.4 Specification

As already noted, the internal architectures of active components may differ. This implicates

that also the behavior definitions of components are different and depend on their type, e.g. the

behavior definition of a BPMN (business process modeling notation) workflow is completely
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0 1 : componenttype = proper ty type∗ subcomponenttype∗ p r o v _ s e r v i c e ∗ r e q _ s e r v i c e ∗ c o n f i g u r a t i o n ∗ ;

0 2 : proper ty type = name : S t r i n g [ type : C l a s s ] [ d e f a u l t v a l u e : O b j e c t ] ;

0 3 : subcomponenttype = name : S t r i n g f i l e n a m e : S t r i n g ;

0 4 : p r o v _ s e r v i c e = i n t e r f a c e : I n t e r f a c e impl : C l a s s [ name : S t r i n g ] [ d i r e c t : b o o l e a n ] ;

0 5 : r e q _ s e r v i c e = i n t e r f a c e : I n t e r f a c e name : S t r i n g [ m u l t i p l e : b o o l e a n ] [ dynamic : b o o l e a n ] [ scope : S t r i n g ] ;

0 6 : c o n f i g u r a t i o n = name : S t r i n g property∗ subcomponent ∗ ;

0 7 : property = type : S t r i n g va lue : O b j e c t ;

0 8 : subcomponent = type : S t r i n g [ name : S t r i n g ] [ configname : S t r i n g ] property ∗ ;

Figure 14: Component definition

different from that of a BDI (belief desire intention) agent. In contrast, looking from the out-

side on a component reveals that their interface is the same for all kinds of components. The

characterizing aspects of a component are shown in Fig. 9 as part of the component border, i.e.

its properties, configurations, required, provided services and subcomponents.

In Figure 14 the directly derived component specification is listed in an EBNF inspired no-

tation8. It can be seen that a componenttype is described using an arbitrary number of property-

and subcomponenttypes, as well as provided and required services and configurations (line 1).

Property types are used to define strongly typed arguments for the component that may have a

predefined default value (line 2). A subcomponent type refers to an external component type

definition using its filename and makes this type accessible using a local name (line 3). A

configuration picks up these concepts for the definition of component instance (line 6). This

named component instance consists of an arbitrary number of properties and subcomponents.

A property represents an argument value and refers to a defined property type. It can override

the optional default value with an alternative value (line 7). A subcomponent instance is based

on a subcomponent type definition (line 8). It may optionally be equipped with a name, a con-

figuration name, in which the subcomponent should be started and further properties that serve

as argument values.

It can further be seen that a provided service consists of an interface as well as a service

implementation that can be an arbitrary class implementing the corresponding interface (line

4). Additionally, an optional name can be assigned and the boolean direct flag can be used

to state that service calls should not be executed on the enclosing active component thread

but directly on the caller thread. Per default all calls are automatically executed as part of

the enclosing active component so that service implementations can safely access component

internals without consistency risks caused by concurrent thread accesses.

A required service is characterized by its interface and the binding (line 5). Furthermore,

it has a component widely visible name, which can be used to fetch a service implementation

using the getRequiredService(name) framework method. As it is a common use case that several

service instances of the same type are needed the multiple declaration can be used. In this case it

is obligatory to fetch the services via getRequiredServices(name). Service binding is performed

according to the dynamic and scope properties. Is a required service declared to be dynamic it

will not be bound at all but a fresh search is performed on each access. The scope properties

allow to constrain the search to several different predefined and custom areas. i.e. when scope

is set to application the search will not exceed the bounds of the application components.

To illustrate the component specification further in Fig. 15 an example component definition

is shown. In this case the component has been specified as so called micro agent as annotated

Java class (representing simple Java based component type, cf. Section5.3.2). Other compo-

nent types exist which make use of XML to express the common active component aspects.

The figure shows that the class in annotated with an agent annotation to denote that this class

8The colon is used to add the type of an element.
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01: @Agent
02: @ProvidedServices(@ProvidedService(type=IChatService.class,

implementation=@Implementation(ChatService.class)))

03: @RequiredServices(@RequiredService(name="chatservices", type=IChatService.class,

multiple=true, binding=@Binding(dynamic=true, scope=Binding.SCOPE_GLOBAL)) )

04: public class ChatAgent { }

Figure 15: Chat component specification example

represents a micro agent (line 1). Furthermore, it declares one provided service that exposes

the IChatService interface and is implemented in a class called ChatService (line 2). Finally, it

also defines a required service under the name chatservices. This declaration should be used at

runtime to fetch the set of all globally visible chat services. Therefore, the service type is set

to IChatService, the multiple attribute is set to true and a binding specification is declared with

global scope and dynamic retrieval behavior, i.e. with each request a new search is performed.

4.5 Conceptual Contributions

In this section the contributions of the conceptual approach of active components are discussed.

Active components bring together component, service and agent ideas in order to facilitate the

construction of distributed systems. Starting point for this integration is SCA, which aims at

the fruitful combination of component and service concepts. SCA advances state of the art of

distributed software engineering mainly for rather static scenarios in which service providers

and consumers are known at design or at least deployment time. It offers a high-level archi-

tectural approach for describing a system as hierarchical composition of service providers and

consumers. Active components extend SCA with agent concepts and in this respect enhances

the conceptual tool set for building distributed systems. In general all multi-agent systems prop-

erties become usable with active components. Some of the most important multi-agent systems

properties are:

• On the intra agent level e.g. many different agent architectures have been developed.

These range from simple reactive architectures like the subsumption architecture [12],

over hybrid architectures like BDI [48] to full blown cognitive reasoning architectures

like SOAR [33].

• On the inter agent level e.g. advanced coordination techniques among components be-

come available. A number of different coordination approaches have been devised that

can coarsely be divided into direct and indirect coordination. In the first area e.g. standard

interaction protocols such as contract-net [50] or English auction [22] have been devel-

oped. In the latter area e.g. coordination media like tuple spaces [40] and also nature

inspired coordination mechanisms like pheromones [11] exist. Furthermore, on the inter

agent level current multi-agent research directions deal with organizational aspects like

rules and norms which can be applied to the system entities in order to ensure.

Furthermore, the approach as a whole contributes conceptually to the initially posed challenges

in the following way by combining strength of all underlying paradigms:

• Software Engineering: Builds on SCA and adopts its intuitive high-level architectural

language that facilitates hierarchical decomposition of a system.
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• Concurrency: Builds on the actor model and agents and hence has an explicit notion

of concurrent entity (as an actor/agent). Using purely asynchronous interactions ensures

deadlock avoidance and keeping the state of entities separated preserves state consistency.

• Distribution: Builds on SOA and uses services as primary communication element. On

the one hand services are settled on the domain layer abstracting away low level commu-

nication details. On the other hand services support distribution transparency, facilitate

interoperability with other systems and counter heterogeneity through standards.

• Non-functional Criteria: Builds on components and hence follows a strict separation be-

tween functional and non-functional application criteria. This general scheme is basis for

being able to customize applications with respect to different application deployments.

5 Implementation

The active component approach has been implemented in the open source Jadex platform.9

In the following, the implementation is discussed by considering four different aspects. The

infrastructure provides basic management functionality and an execution and communication

environment for components. Common component functionality according to the previously

introduced conceptual model is realized in an abstract interpreter. In the various kernels, be-

havioral models of different component types are defined. Finally, the platform includes tools

for supporting active component development.

5.1 Infrastructure

The functionality of the infrastructure is realized in separate platform services. Different roles

of these services can be identified as basic services, which are required for component execu-

tion, remote services, that establish connections to remote platforms, and support services for

additional functionality that is not required by all components. In the following, some of the

important services are described.

The component management service (CMS) is a basic service that keeps track of the instan-

tiated components on a particular node. It provides operations for starting and stopping compo-

nents as well as querying existing components or registering listeners for being informed about

component changes. The CMS is augmented by an execution service that manages threads and

allows component steps being executed. Further basic services include the libary service for

managing repositories of component models and the clock service for timing issues.

The most fundamental remote service is the message service that allows communication

between components based on asynchronous messages. For exchanging messages between

different nodes, the message service is equipped with different transports that provide, e.g., di-

rect TCP connections, HTTP(S) connections using relay servers, and overlay connections in

bluetooth networks. On top of the message service, the remote management service (RMS) im-

plements remote method invocations for transparent handling of remote service calls. Realized

as a set of components and services, the awareness is responsible for the discovery of remote

nodes. Different mechanisms such as broadcast and multicast as well as registry servers are

available for publishing information about the local node and finding information about remote

nodes.

9http://jadex.sourceforge.net
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Support services provide useful special purpose functionality. E.g. the settings service al-

lows managing properties of components, such that these properties automatically get saved

when a component shuts down, and get restored when the component is restarted. Furthermore,

the security service allows adding security annotations to services and checks, if security re-

strictions are met. E.g. when a password is required for accessing a service, the security service

at the calling node will insert a hashed version of the stored password into the request and the

security service at the called node will check if the correct password has been provided. Other

services can be plugged into the infrastructure as needed. E.g. for publishing component ser-

vices as web services, two so called publish services have been realized that are based on REST

and WSDL technology, respectively [7].

The implementation makes use of the active components model also for building the un-

derlying infrastructure itself. Therefore, a bootstrapping mechanism has been realized that

allows loading and initializing a root component, which provides the infrastructure services.

The bootstrapping approach has the advantage that the available mechanisms for component

configuration can also be used for configuration of the platform.

5.2 Abstract Interpreter

One fundamental property of the active components idea is that while components can be re-

alized according to different behavioral models corresponding, e.g., to established agent archi-

tectures, the external view of these components is always the same. Therefore, components

can seamlessly interact, even when following different behavior models. In addition, the way

that a component is managed by the infrastructure, e.g. its startup and shutdown phases, is

independent of the internal architecture, i.e. from the outside, all components are treated as

equal.

The common functionality for this unified outside view of components is implemented as

an abstract interpreter. Among the important responsibilities of the interpreter are the startup

and shutdown of components, i.e. the process and order in which a component, its services

and its subcomponents are initialized or terminated. For the common component behavior (cf.

Section 4.2), the interpreter provides the mechanisms for receiving messages and external action

requests. Furthermore, the interpreter includes a service container module for managing the

required and provided services of a component. The service container adds interceptor chains

to the services, which e.g. ensure decoupling the execution and state of components invoking

each other [6] and thus realize the active components concurrency model. Finally, the service

containers of components are traversed during service searches and therefore match provided

services of their components to the search requests.

5.3 Kernels

In Jadex currently three kinds of kernels can be distinguished: agent kernels, workflow kernels

and component kernels. Agent kernels are used to realize internal agent architectures, whereby

kernels for belief-desire-intention (BDI) and simple reflex agents, called micro agents, exist.

Workflow kernels implement process execution logic and provide a business level perspective

on task execution. In this category a BPMN (business process modeling notation) kernel as

well as a goal-oriented (GPMN) process kernel are available. The third group of kernels aims at

more traditional passive components that, e.g. only compose subcomponents, or only execute

in response to external requests. The component kernel realizes this basic component model

and allows for the inclusion of extensions for special kinds of applications such as simulations.
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5.3.1 BDI Agent Kernel

In former versions of Jadex, BDI was the only component architecture available. As the way

agents are described using BDI has not changed much with regard to earlier versions, here only

a short description is given (for more details refer to [9, 47]). BDI agents consist of beliefs (sub-

jective knowledge), goals (desired outcomes) and plans (procedural code for achieving goals).

Jadex BDI agents are based on the PRS (procedural reasoning system) architecture [48], which

has been substantially modified and extended in previous works to support the full practical rea-

soning process [46, 45]. Practical reasoning has two main tasks, namely goal deliberation and

means-end reasoning [57], whereby only the latter is considered in original PRS. Goal deliber-

ation is used by the agent to determine a consistent, i.e. conflict-free goal set it can pursue at the

considered moment. In Jadex the Easy Deliberation strategy is used, which introduces goal car-

dinalities and inhibition arcs between goals [46]. For each selected goal means-end reasoning

is employed to achieve that goal by executing as many plans as necessary. More specifically,

means-end reasoning first collects applicable plans and then selects a candidate among these

that is subsequently executed. Given that this plan is not able to fulfill the goal, e.g. because it

fails, means-end reasoning tries to activate other plans.

To support a wide spectrum of use cases different goal kinds have been introduced, from

which achieve, maintain, query and perform are the most important ones. Achieve goals are

used to bring about a specific world state, which can be described as declarative target condition.

The goal is considered as fulfilled when this target condition becomes true. In contrast, maintain

goals are utilized to preserve a specific world state and reestablish this state whenever it gets

violated. Query goals can be used to retrieve information. If the requested piece of knowledge is

already known to the agent the goal is immediately finished, whereas otherwise plan execution

is started to fetch the needed data. The perform goal kind is a purely procedural goal that is

directly connected to actions, i.e. a perform is considered as fulfilled when at least one plan

could be executed. A detailed description of these goal kinds can be found in [10, 4].

5.3.2 Micro Agent Kernel

Micro agents represent a very simple internal agent architecture that basically supports an

object-oriented behavior specification. A micro agent is very similar to an object with life-

cycle and message handling methods. Thus, it has much in common with the notion of an

active object [32], which could be considered as a conceptual predecessor of agents. One main

difference with respect to active objects is that a micro agent can be accessed not only in an

object-oriented way via method invocation, but also by sending agent-oriented messages to it.

Micro agents do not offer much functionality, but they have advantages with respect to minimal

resource consumption and performance characteristics. Hence, using micro agents can be ben-

eficial whenever the required agent functionality is simple and resource restrictions may apply

or a large number of agents is required.

5.3.3 BPMN Workflow Kernel

The BPMN workflow kernel allows the execution of business processes described in BPMN

[39]. A BPMN process mainly consists of activities that are connected with different kinds of

gateways in order to steer the control flow. Furthermore, events play an important role, as they

signal important occurrences within a process, e.g. starting, terminating a process instance or

signaling message sending and receival. Elements can be allocated to pools and lanes, which

allow a process to be aligned according to underlying organizational structures. BPMN was
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initially conceived as a modeling language for business process that primarily serves documen-

tation and communications means, but can also be made directly executable, if elements are

annotated with execution information and are equipped with a strict semantics.

The BPMN workflow kernel supplies its active components with a BPMN interpreter, which

is able to read BPMN models stored in an XML format. The modeling of BPMN diagrams is

currently supported by an extended version of the graphical BPMN editor available in eclipse

(stp)10. The extended editor mainly adds the capability of property views for all kinds of ele-

ments. In these properties execution relevant details can be specified so that the diagram remains

simple and readable also for non IT experts.

5.3.4 GPMN Workflow Kernel

Basis of the GPMN kernel is the goal-oriented process notation, which is developed in the on-

going Go4Flex project [25] together with Daimler AG. The objective of GPMN consists in

providing an additional modeling notation for processes that abstracts away from workflow de-

tails and instead focuses on the underlying aims a process shall bring about. For this purpose

GPMN introduces different goal types as conceptual elements. These goals are arranged in goal

hierarchies for describing how top-level goals can be decomposed into subgoals and plans. A

goal hierarchy represents the declarative properties of the process (conditions to be fulfilled),

while plans capture procedural aspects (sequences of actions to be executed). The representa-

tion and execution semantics for GPMN workflows has been directly adapted from the notion

of goals in mentalistic BDI agents as described in Section 5.3.1. This means that the same

goal kinds are available for modeling (achieve, maintain, query, perform) and also deliberation

based inhibition arcs can be used. In contrast to conventional BDI, GPMN introduces different

modeling patterns capturing recurrent design choices. These patterns e.g. include sequential

and parallel subgoal decomposition, i.e. in GPMN a goal may have direct subgoals, which can

be declared to be executed one by one or in parallel.

Goal oriented workflows are executed by a GPMN kernel that converts GPMN to BDI agent

models. In this way the GPMN kernel does not have to provide its own execution logic. GPMN

diagrams can be graphically modeled by a newly developed eclipse based GPMN editor [26].

The editor allows drawing goal hierarchies and connecting them with BPMN diagrams for con-

crete subprocesses. The usage of the GPMN editor is very similar to the BPMN version so that

an integrated usage of both tools is adequately supported.

5.3.5 Application Kernel

The component kernel realizes just the basic active components behavior and does not introduce

an internal architecture. An important use case of basic components is composing arbitrary

subcomponents into larger composites. In addition, basic components may also act as simple

service providers. The component kernel additionally introduces so called spaces. The notion

of spaces has been inspired by the context and projection concepts of the Repast simulation

toolkit [17]. A space is a very general concept for the representation of non-active elements.

It is a structure that contains application specific data and functionality independently from a

single component. Therefore a space provides a convenient way of sharing resources among

components without using message-based communication. The space concept can be seen as an

additional structuring element. It does not impose constraints on components, i.e. components

from the same or different applications can communicate via other means such as messages.

10http://www.eclipse.org/bpmn/
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Spaces also can be seen as an extension point of the component platform as spaces offer appli-

cation functionality, independent of component behavior. At runtime an application represents

a component in its own right, which mainly acts as a container for components and spaces.

Components that are part of an application can access the spaces via the containing application

instance. In this way the access to spaces is restricted to components from the same application

context.

The space concept is very general and can be interpreted e.g. in structural or behavioral

ways. Several space types are provided as part of Jadex that capture different recurring func-

tional requirements. A simplified version of Ferber’s agent-group-role model [21] allows defin-

ing group structures for components and assigning roles to component instances. Another space

type is currently under development for weaving de-centralized coordination mechanisms in the

application without changing the component’s behavior descriptions [55]. The most elaborated

spis not necessarily reduced if space type is the so called EnvSupport [24]. This space is a vir-

tual 2d and 3d environment for situated agents, in which they can perceive and act via an avatar

object connected to them. The space facilitates the construction of simulation examples, as it

takes over most parts of visualization and environment/component interaction.

5.4 Tool Support

Developing applications with the Jadex active component platform is supported by a suite of

tools that can be coarsely divided into development and runtime tools. Programming agents

can be done using the Java and XML support of a standard development environment. An

eclipse plugin is further provided for consistency checking of component descriptions. Model-

ing workflows is supported by particular tools realized as eclipse-based editors for BPMN and

GPMN workflows. For unit testing, additional framework classes support the integration with

JUnit. Furthermore runtime tools for typical monitoring, debugging and deployment tasks are

provided. These are combined in the Jadex control center (JCC), which gives the user a single

management access point for the platform.

5.5 Technical and Infrastructure Contributions

The technical and infrastructure contributions give answers to the questions posed in Section 2

regarding the challenges of distributed systems development in the areas of software engineer-

ing, concurrency, distribution and non-functional criteria.

• Software engineering concepts are reflected in Jadex by following an API-based approach

using e.g. XML with embedded Java expressions or Java with annotations. This allows

developers to continue working with familiar IDEs such as Eclipse and exploiting their

full power (e.g. code-completion, refactoring, etc.). Additional tools help ensuring soft-

ware engineering principles, such as consistency checking, unit test and debugging sup-

port.

• Concurrency is represented within design and implementation by employing an asyn-

chronous future / callback programming style. This allows each component to be ex-

ecuted in its own conceptual thread and thus introduces the component as a first class

conceptual abstraction for concurrency. As a result, for deciding what to make concur-

rent, a developer has the choice, e.g. to handle service requests sequentially inside a

single component with shared state or concurrently by starting worker subcomponents

with their own encapsulated state. Concurrency problems are avoided transparently by
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service interceptors that decouple service requests by switching threads and copying pa-

rameter values. In this way, consistency problems are effectively avoided, because no

shared state between components exists and all state access is single-threaded.

• For managing distributed components, the Jadex platform includes tools for local and re-

mote administration and manual deployment. Furthermore, an initial prototype for semi-

automated deployment using Maven repositories has been realized. The setup of the

infrastructure is largely automated. Thanks to awareness mechanisms, platforms discover

each other automatically, thus allowing global service searches out-of-the-box, without

requiring any special configuration of the infrastructure. Describing and configuring dis-

tributed applications typically follows the dynamic service-oriented nature of active com-

ponents. Instead of pre-defining a complex setup of hard-wired components, required

services are resolved dynamically at runtime. Creation bindings allow for robustness in

case required services are not immediately available. For further automation of a dynamic

assignment of components to network nodes, the infrastructure is currently extended in

the direction of cloud computing [8].

• The treatment of non-functional criteria follows the component-based approach of sepa-

rating functional implementation from the configuration of non-functional criteria, which

can thus be performed, e.g. during deployment. E.g., security is treated conceptually by

allowing to annotate security requirements to services. Therefore security considerations

are separated from the implementation of the service functionality and can be configured

independently. Technically, a pluggable security service is responsible for providing de-

sired security mechanisms, such as the already implemented digest authentication scheme

that allows setting a custom password for each node. Being managed by an infrastructure,

components further support the self-configuration of applications in response to, e.g., net-

work or node failures or changing usage loads. Using, e.g., annotated or learned knowl-

edge about component resource demands and available resources at different network

nodes, the infrastructure can dynamically change an applications deployment structure to

suit current needs. Work on such a dynamic infrastructure is currently under way as part

of the ongoing cloud research [8].

6 Example Applications

In this section, three example applications are discussed to illustrate the active components

concepts and infrastructure. The examples are of increasing complexity and are also used for

motivating different aspects of active components. The first example is a simple chat as already

known from the running example of Section 3. It mainly shows the general usage of active com-

ponents including cutouts of the source code. As a second example, distributed computation of

fractal images is implemented in the so called Mandelbrot application. The application demon-

strates the features of active components with respect to dynamic distributed infrastructures.

Finally, the advantages of agent concepts are illustrated in the Disaster Management applica-

tion, which has the purpose to coordinate rescue forces in disaster situations. All examples are

implemented as part of the open source Jadex distribution, which is available online.11

11http://jadex.sourceforge.net/
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Figure 16: Active components design of the chat application

Figure 17: Implementation files of the chat component

6.1 Chat

The intent of the chat application is that users can start a chat client on their computer and use

it to publicly exchange messages with other chat users. In the following the active components

design and implementation of the chat will be described. Afterwards, a short discussion of

noteworthy aspects will be given.

6.1.1 Design

The basic model of an active component is close to that of traditional (passive) components.

Therefore, the active component design of the chat resembles closely the component-based chat

design described in Section 3.2. Figure 16 shows basically the same design, but uses a notation

proposed for SCA instead of UML component or deployment diagrams. The chat component

has a provided service for receiving messages and a required service (reference) for sending

messages to other chat components (cf. Figure 4a). The required service has a multiplicity

of 0..n and its binding (wire) should be dynamic, such that for every message to be sent, the

infrastructure will locate all currently available chat services.

6.1.2 Implementation

The chat component is implemented in four Java files as shown in Figure 17. The compo-

nent structure is defined in the ChatAgent.java file shown in Figure 15 as already described

in Section 4.4. It specifies the @ProvidedService (green) and @RequiredService (red) of type

IChatService. The specifications further state that the provided service is implemented by the

class ChatService and the required service uses the previously mentioned 0..n multiplicity and

dynamic binding settings.

The interface and its implementation can be seen in Figure 18. The interface (lines 1-3) is

plain Java code reflecting only functionality from the application domain, i.e. allowing to send

a message. The implementation (lines 5-19) includes annotations, which are interpreted by the

active components runtime as follows. First, the class is identified as a service implementa-

tion (line 5). The component in which the service is executed is injected into the field agent

lines (7-8). This component reference is used in the user interface implementation shown later.
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01: public interface IChatService {
02: public void message(String m);
03: }
04:

05: @Service
06: public class ChatService implements IChatService {
07: @ServiceComponent
08: protected IExternalAccess agent;
09: protected ChatGui gui;
10:

11: @ServiceStart
12: public void startService() {
13: gui = new ChatGui(agent);
14: }
15:

16: public void message(String m) {
17: gui.addMessage(m);
18: }
19: }

Figure 18: Interface IChatService.java and class ChatService.java

01: IIntermediateFuture<IChatService> chatservices = agent.getServiceContainer().getRequiredServices("chatservices");
02: chatservices.addResultListener(new IntermediateDefaultResultListener<IChatService>() {
03: public void intermediateResultAvailable(IChatService cs) {
04: cs.message(text);
05: }
06: });

Figure 19: User interface code for sending a chat message

When the component is created, the runtime initialized the service by calling the start method

identified with the @ServiceStart annotation (lines 11-14). Here, the service creates the user

interface, supplying the injected agent reference. Finally, the method of the service interface is

defined (line 16-18). Any received message (cf. Figure 17, 1) is forwarded to the user interface

(Figure 17, 2), where it is displayed in a text area.

The user interface is implemented using Java Swing widgets resulting in the view depicted

in Figure 17. From the perspective of active components programming, the only interesting

part of the user interface is how a chat message is sent to other chat components, when the user

presses the Send button. In this case, the chat services are resolved as defined in the required

service specification (cf. Figure 17, 3) and each of the available chat services is invoked. The

corresponding Java code is shown in Figure 19. First, the available services are fetched from

the component’s service container (line 1). The services are supplied in an intermediate future

that delivers multiple results one by one. As service search is performed asynchronously in the

background, the intermediate future allows to make any service immediately available, as it is

found. Therefore, the user interface adds a result listener to this future (line 3). For each found

service the active components runtime calls the intermediateResultAvailable() method and the

user interface can invoke the service (line 4) supplying the text that was entered by the user.

6.2 Mandelbrot

The Mandelbrot application can be used to generate fractal images. It consists of a graphical

frois not necessarily reduced if spntend which shows the current image and allows the user to

issue new rendering requests. Besides the area also the rendering algorithm can be chosen.
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Figure 20: Mandelbrot system architecture

6.2.1 Design

The Mandelbrot design consists of the following functional units: A display is responsible for

presenting rendered images to the user and allowing the user to issue new rendering requests

(e.g. by zooming into the picture or by manually entering values). A generator handles user

requests and decomposes them into smaller rendering tasks. A calculator accepts rendering

tasks and returns results of completed tasks to the generator. A fractal algorithm is used by the

calculator and is able to provide the color value for a single pixel.

Figure 20 shows the resulting Mandelbrot system architecture. The generator component

acts as a central coordinator responsible for load balancing. Therefore only one instance of this

component is present in the system. The calculator components encapsulate the processing

abilities on their respective hosts. To make use of multi-core processors, on each host as many

calculators should be instantiated as there are cores. Note that it is also possible to start less

calculators (e.g. only two calculators on a quad-core host), if only a fraction of the host should

be devoted to the Mandelbrot application. Thus the host administrator can easily configure,

how much of the resources should be made available. Finally, the display component provides

interaction capabilities for a user of the system. The display functionality could also have been

integrated into the generator component, yet a separate display component allows the user in-

terface and the generator to be deployed on different hosts. Furthermore, this decomposition

supports multi-user settings, where users have their own display, but share a generator compo-

nent for global load balancing. The fractal algorithms are not represented as active components.

The reason is that the algorithm itself (unlike the calculator) should not be a separate unit of

concurrency, because it is transferred as part of the computing task and executed in the context

of the calculator. Thus a simple object-oriented approach is chosen for the algorithm, based on

a generic algorithm interface and different concrete implementations.

The generator component provides the IGenerateService, which offers the generateArea()

operation to render a certain cutout of a fractal. Information about the picture size, coordinates

and fractal algorithm are included in the AreaData object provided as parameter to the opera-

tion. The generate service is used by the display component, whenever the user requests a new

fractal image to be rendered.

The ICalculateService represents the capability of rendering a certain cutout of a fractal

image. It is provided by the calculator components and used by the generator service imple-
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Figure 21: Screenshot of the Mandelbrot system

mentation in the generator component. This service is syntactically the same as the generate

service, yet a separate service is used to differentiate between the generator service, which ren-

ders an image by decomposition and delegation to other components, and the calculator service,

which renders an image all by itself.

To present rendering results to the user, the displayResult() operation of the IDisplaySer-

vice is provided by the display component. As a rendering of a fractal image might take some

time, the user interface should also be able to present the progress to the user, such that she

can estimate how long a calculation will be running. Therefore, using the displayIntermedi-

ateResult() operation, the display component can be informed about each assigned task, i.e. the

ProgressData object supplied as parameter includes a reference to a selected calculator compo-

nent and the image area it has been assigned to. The display component uses this information

for querying calculator components about their progress. For this purpose, the calculator com-

ponents offer an additional IProgressService, which delivers the progress of an assigned task as

a percentage value.

6.2.2 Example Implementation

The components have been implemented based on the micro agent kernel as the components do

not need to possess complex reasoning behavior. A screenshot of the application’s user interface

is shown in Figure 21 with a rendering in progress. The user interface shows, which portions

of the image are currently rendered by which calculator components, by displaying progress

indicators in the respective areas. Areas with a component name, but without progress indicator

denote already finished sections.

6.3 Disaster Management

The disaster management scenario originates from the NATO funded event on “Software Agents,

Agent Systems and their Applications” [20]. The application aims at supporting the coordina-

tion between disaster rescue forces such as fire engines and ambulances. The descriptions focus
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Figure 22: Disaster management application design

on technical aspects, which are supported by the active components metaphor.

6.3.1 Design

The component design of the system is shown in Figure 22. It consists of one or more coordina-

tors that are in charge of managing rescue forces. For this purpose the rescue forces, concretely

ambulances and fire brigades, are modeled with provided services that allow the coordinator to

instruct them in supporting the resolution of a specific disaster. In the design, ambulances offer

a service called ITreatVictimService that lets them pick up and transport victims from a disater

site to a nearby hospital. Fire brigades offer two services. The IClearChemicalsService lets the

fire brigade handle a chemical pollution whereas the IExtinguishFireService deals with fires in

the area. Each rescue force can take over exactly one task at the same time. If it is already

involved in another task it will refuse to take over the new assignment and signal this to the

coordinator.

Goal-oriented BDI agents have been chosen for implementing the coordination among the

different forces. In the scenario the different rescue objectives (’clear chemicals’, ’extinguish

fire’, ’treat victims’) are modeled as goals. BDI agent behavior can be specified as a collection

of simple recipes (plans) for achieving such goals under different situations. While the goals

are persistent (e.g. ultimately all fires at a disaster site need to be extinguished, no matter how),

the agents are able to quickly adapt their behavior to an ever changing dynamic environment

by continuously switching to those plans, which are applicable in the current situation. As the

design of the BDI logic of the coordinator is out of scope of this article the interested reader

may refer to [20] for more details.

6.3.2 Implementation

The current system realization is designed as a simulation environment, were different coordi-

nation strategies can be tested and evaluated against each other. This simulation environment

has been built using the EnvSupport environment development framework, which allows for de-

scribing the simulation domain and visualization in a descriptive manner [24]. The coordinator

has been implemented as BDI agent and the rescue forces as simple micro agents. Figure 23

shows a screenshot of the running system. To the left, statistical data is displayed (e.g. number

of untreated victims), which is collected automatically during the execution of the system. For

simulation purposes, the different vehicles (shown on the map to the right) are also realized as
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Figure 23: Disaster management screenshot

active components, that expose locally intelligent behavior (e.g. deciding which victim to treat

or returning to the home base when idle). As such behavior can be expected from real actors as

well, active components help to improve the realism of the simulation. Furthermore, the service

interfaces of these components facilitate the transition from a simulated system to a deployed

one, by just exchanging component implementations.

6.4 Discussion

In this section three example applications of different scope and complexity have been pre-

sented. In the following these examples will be discussed with respect to their specific require-

ments and how active components and Jadex contribute to achieving those. In Figure 24 the

specific requirements of these applications are shortly summarized.

It can be seen that the chat application does not pose special software engineering and

Figure 24: Application requirements
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concurrency needs. With respect to distribution, it should ensure that chat users can participate

from different nodes and networks. Conceptually, active components facilitate this by establish-

ing distribution transparency for services. Furthermore, Jadex provides internet scale platform

awareness, so that chat users can automatically find each other. Furthermore, the solution should

be decentralized without central server for scalability reasons. This design comes natural with

active components as a chat user can find and communicate with all other chat services of other

users in a peer-to-peer manner. Finally, regarding non-functional criteria, the chat should op-

tionally support bilateral secure communication between two participants. Active components

support non-functional criteria using a declarative approach in the same way as SCA using in-

tents. In this case it is sufficient to add the corresponding intent (here an annotation for secure

communication) to the interface of the chat method that should be secured. Behind the scenes

Jadex will ensure the secure communication by using a secure transport channel.

The Mandelbrot application challenges are centered on the overall aim of having a high-

performance picture generator. To achieve this, parts of the picture should be computed on

different workers, and the number of workers should be organized in an intelligent way, i.e.

scaling up and down depending on the current demand. Active components make it simple

to compute the picture parts in parallel on different workers as each component is executed

concurrently to all others. The organization of workers is a more difficult task. The Jadex in-

frastructure supports this aspect with a service pool concept. A service pool is conceptually

a pool of dynamically managed workers which are created on demand, i.e. whenever service

calls reach the pool. The behavior of a pool can be further customized using a strategy imple-

mentation. With respect to distribution, it is essential that parts of the system can be executed

on different nodes, e.g. the display apart from workers and the workers distributed on differ-

ent servers. With active components full distribution transparency is established. Furthermore,

services can be searched dynamically, so that the system automatically adapts to the current

situation of components available. Additionally, as non-functional requirement, the selection

of workers should be as efficient as possible by automatically choosing the most appropriate

worker e.g. based on worker characteristics and current load. Currently, this aspect is not di-

rectly supported by the infrastructure. But as part of short-term future work searching services

will be made possible with non-functional criteria so that also a ranking of available services

can be automatically performed.

The disaster management scenario is a coordination scenario and poses completely different

requirements than Mandelbrot. Regarding software engineering, the coordination intelligence

of the commander needs to be described in an intuitive way. For this purpose active components

offer different kinds of internal architectures. Here, the BDI formalism could be beneficially

exploited as it allows describing goal driven behavior in an intuitive compact way. Further

requirements arise when not only a simulation system is considered but the real application. In

this case different kinds of mobile devices should be supported as well as secure communication

channels between commander and rescue forces. Jadex makes it possible to directly use mobile

devices with Android operating system by a corresponding port. Secure communication can

ensured by using a corresponding intent as already explained above.

7 Evaluation

This section aims at evaluating different aspects of the active components approach. The goal

is to substantiate the claims regarding the advantages of the approach and further show the

practical applicability of the concepts and their realization. First, the programming model is

evaluated by examining concrete application implementations. Afterwards, the performance
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and scalability of the infrastructure are evaluated by measuring execution times in distributed

scenarios of different scales. Finally, some findings about the usability of the approach and

its implementation are reported, which stem from using the approach in practical university

courses.

7.1 Evaluation of the Programming Model

For the evaluation of the programming model, the approach is compared to the existing paradigms

as introduced in Section 3. For this purpose, a small application has been implemented in each

of the paradigms as well as using active components. To achieve the best comparability of

application implementations in different paradigms, they should preferably implement exactly

the same set of functionalities. This basically means that the requirements for the application

have to be laid down first and that matching implementations need to be created from scratch

for each of the considered paradigms (objects, services, components, agents, and active com-

ponents), instead of just comparing loosely similar applications that already exist. Thus, the

chat scenario was chosen as a sufficiently simple setting, that still includes important aspects

concerning the identified challenges like concurrency and distribution.

For each paradigm, an established implementation technology was chosen: Java RMI for

objects, JAX-WS for services, SCA12 for components, JADE for agents, and Jadex for active

components. The implementations were based on the respective designs presented in Section

313 and were all done by the same developer, which had previous experience with all of the

technologies. In all cases, the result was a chat scenario, where messages could be successfully

exchanged. The Jadex, JADE and RMI implementations are technically sound in the sense

that the core would not need to be changed for an application in productive use. The SCA

and JAX-WS implementations are merely proof-of-concepts: The long polling strategy in the

JAX-WS chat would need additional code to assure that each client receives all messages, if

many messages are sent in a short interval, and for the SCA chat the integration of new users at

runtime is not supported.

An overview comparing the size of the respective implementations is shown in Figure 25.

For each implementation, the total lines of code (excluding comments and blank lines), Java

statements (e.g. variable assignments, method invocations) and number of source files was

measured. Note that most user interface code is excluded from the analysis, because it was

implemented in a separate package shared between all implementations. For the JAX-WS chat

an additional column JAX-WS+Gen. is introduced, which includes the client stub files that

needed to be generated from the WSDL service description. It can be noted, that the actual

number of lines to be implemented for each technology stays in a small range from 79 to 83

lines, except for RMI with 109 lines. The extra size of the RMI implementation is probably

due to required explicit treatment of remote exceptions as well as due to the fact that the design

requires the definition of two interfaces instead of one as for all other implementations. An

additional observation is the small number of statements for the declaration-oriented Jadex (8

statements) and SCA (10 statements) compared to the other implementations (from 21 to 29

statements), were configuration aspects need to be embedded in Java code. Finally, the number

of manually written files is smaller for JADE that does not use interfaces and JAX-WS, where

interfaces are automatically generated (see JAX-WS+Gen column).

In the following, the different implementations are analyzed with respect to drawbacks and

limitations regarding the technical and infrastructure challenges from Section 2. Thereby, the

12The implementation was based on standard Java SCA 1.0 and used Apache Tuscany 1.6.2 as a runtime.
13For simplicity, the JAX-WS implementation didn’t use a UDDI registry.
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Figure 25: Comparison of implementation sizes

description focuses on those aspects that would apply to other applications beyond chat as well.

• Software engineering: In RMI, domain interfaces are polluted with technology specifics

(e.g. RemoteException). This is also partially the case for JAX-WS, where interfaces may

be plain, but JAXB XML annotations might be required when using complex parameter

objects. For JADE there are no interfaces, which means that the interaction between

agents is not explicitly defined and errors such as typos will only be detected at runtime

(if at all). Jadex and SCA have no drawbacks with regard to interfaces. Yet, their injection

style programming model is more difficult to use for inexperienced programmers, because

the meaning and correct placement of the various configuration options might not be clear

and the runtimes typically have problems providing accurate error messages for all cases

of “getting it wrong”.

• Concurrency: The RMI server and JAX-WS service implementations require manual

and error prone coordination and synchronization between their two methods. In SCA,

received messages are processed in parallel and also would require some coordination, but

in the case of the chat application, this coordination is already done in the user interface

code as required by Java Swing’s single thread concurrency model. Jadex and JADE have

no concurrency issues, because all request processing is sequentialized automatically by

the infrastructure.

• Distribution: SCA requires a complex manual setup of the infrastructure before the chat

can be used. In the RMI and JAX-WS implementations a separate server application

needs to be started. Furthermore, for RMI, JAX-WS and also JADE, the location of the

registry or service needs to be known to the chat clients. Jadex requires no setup at all,

because platforms automatically connect through the awareness mechanisms.

• Non-functional criteria: In this example only fault tolerance is of importance and has

been evaluated. In the RMI and JAX-WS implementations, the server represents a single

point of failure. The JADE chat design allows using multiple directory facilitators as

registries, such that no single point of failure would exist. For SCA and Jadex, also no

drawbacks regarding non-functional criteria were identified.

In summary, the paradigm comparison confirms the analysis from Section 3 about strengths

and weaknesses of the different paradigms. It further shows that active components, as realized

in Jadex, contribute to combining the identified strengths and alleviating the weaknesses. E.g.

Jadex supports software engineering and non-functional criteria in the same way SCA does, but
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Figure 26: Average execution time of different scenarios
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Figure 27: Analysis of local scenarios

alleviates SCAs weaknesses with regard to concurrency and distribution by incorporating agent

concepts.

7.2 Performance and Scalability Evaluation

To measure the performance and scalability of the active components infrastructure, several

scenarios of the Mandelbrot application have been executed involving a different number of

calculator components on different hosts. Each scenario consisted in rendering the same image

and has been executed ten times to calculate the average of each scenario.14 The selected

rendering settings correspond to the settings that are also shown in the screenshot in Section

6.2.2.

The different scenarios are shown on the X-axis in Figure 26. For each scenario the number

of rendering tasks (in how many separately calculated areas is the image decomposed) and the

number of calculator components is given. The first five scenarios have been run locally on a

single quad-core machine. The remaining scenarios employed 24 or 52 calculators, which were

distributed across six resp. 13 quad-core machines (four calculators on each machine). In these

remote scenarios the display and generator components were placed on an additional machine.

The local and the remote scenarios are analyzed in detail in the following.

Figure 27 shows for each scenario the rendering speedup relative to the execution with a

single core (scenario 1 with 40.2 seconds). In addition the efficiency of the system is calculated

by comparing the actual speedup to the theoretical speedup considering the number of cores

used in the scenario, i.e. theoretically, when using n calculators, the rendering would be n

times as fast. It can be seen that for small numbers of tasks, the execution time is roughly

inversely proportional to the number of calculators. E.g. four calculators on a quad-core are

almost four times as fast (speedup 3.82) as a single calculator on the same machine resulting

14The standard deviation was also calculated, and was found being below 0.1 seconds in almost all scenarios,

such that no relevant differences existed between the separate scenario runs.
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Figure 28: Analysis of remote scenarios

in a system efficiency of 95.5%. When increasing the number of tasks and calculators further

on a single machine, no additional speedup can be gained. As can be seen in the fourth and

fifth local scenario in Figure 27, the decomposition induces a slight overhead with 1024 tasks

delegated to 100 calculators and a considerable overhead for 10506 tasks performed by 250

calculators. Similar results are obtained in the remote cases (cf. Figure 28). Here the efficiency

is a little bit lower than in the local case, which can be explained by the additional network

communication overhead due to the distribution of hosts. Still the efficiency around 80%-90%

can be regarded as a very good result, comparable to or even better than similar evaluations of

other infrastructures.15 In the last scenarios of the local as well as the remote cases it can be

seen that efficiency of the systems drops to lower values, if the problem is decomposed into too

many tasks. For load-balancing mechanisms, a simple service search would allow to detect the

available calculator components, that in turn indicate the available concurrency in the system.

Thus, an appropriate decomposition could be performed automatically that always respects the

current system configuration.

7.3 Usability Evaluation

The active components approach and the Jadex infrastructure have been used in two courses

at the University of Hamburg in 2011. A practical course was held over three weeks full-time

with second year computer science students in 13 groups of two. The assignment for each

group was designing and implementing a self-chosen distributed application (e.g. a game or

social network) using the provided Jadex infrastructure. In addition, a so called project was

held during the semester over 14 weeks, with one supervised day a week. Here four groups

of three students (mostly in their third year) had to develop a disaster management application

for a self-chosen scenario. A secondary requirement for this project was the explicit usage of

intelligent agent technology and mobile android devices.

Although most students did not have a prior background on distributed systems development

and only basic Java knowledge, all groups were able to complete their self-chosen applications.

Following a provided tutorial, all students were quickly able to produce some initial working

code using Jadex. Nonetheless, in both courses, students noted that they initially had difficulties

in understanding the underlying active components paradigm and how it corresponded to the

code they were writing. E.g. in the practical course, students claimed that they needed the first

of three weeks, just for getting used to the concepts and being able to use them productively for

15E.g. posted performance measurements of the ProActive framework report around 75%-80% efficiency

in a distributed financial computation scenario as well as a distributed 3D rendering application (see

http://www.slideshare.net/OW2/cloud-accelerationpro-activesolutionslinuxow2 and http://www.infosun.fim.uni-

passau.de/cl/passau/sem-ss06/).
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their own ideas. Thus, the usability evaluation in the courses confirms the suitability of Jadex

also for inexperienced programmers, but it also reinforces the finding from the programming

model evaluation above, that the levels of transparency, which are induced by the injection-style

programming, require some time of getting used to.

7.4 Case Study Evaluation

In addition to usability evaluations in the context of University courses the concepts and tech-

nology also has been used in several real-world projects. These projects have in common that

they all deal with challenges of distributed systems and resulting applications need to be oper-

ated in heterogneous complex infrastructures. In all cases the solutions have been developed

together with company partners.

7.4.1 Overview of Case Studies

The first application called tariff matrix has been created together with the Hamburg company

HBT 16 in order to precompute urban traffic prices for ticket automatons. The precomputation

is necessary due to the large extent of the traffic network reaching several neighboring cities

and the complicated pricing model with individual prices according to different travel zones

used by the transportation company Hamburger Hochbahn AG. Currently, the computation of

prices is done by using an in-house journey planner called GEOFOX of HBT and executing

price requests for all possible connections in the city network. Despite several optimizations,

the resulting computations require huge computing resources and are typically executed in a

distributed fashion at the computer network of HBT over weekends (roundabout 50 hours).

The project with HBT aimed at optimizing the process by minimizing human activities and

interventions, monitoring progress and identifiying problems early and consequently reducing

downtimes.

In the second project called Go4Flex [25] in cooperation with Daimler AG even more com-

plex company workflows needed to be modeled and executed. In addition to the increased

complexity another citical characteristic was the high demands with respect to workflow agility

during runtime, i.e. many different execution paths exist and failures during processing are not

an exception but a rather frequent case. For these reasons, Daimler already started in 1999?

exploring goal oriented workflows as a means for describing processes in a higher-level and

more stable way. In this respect, stability is achieved by assuming that the underlying process

objectives remain the same for a longer period of time and only the way how these objectives

are achieved may differ according to the current environmental circumstances. Building on the

earlier works on goal-oriented processes in Go4Flex a goal-oriented modeling language, simu-

lation and execution environment has been developed and tested (cf. also Section 5.3.4). Due

to the promising results of the approach Daimler decided to put in place a goal-oriented process

management software in cooperation with Whitestein AG for their agile change management

[14].

Within the third project named DiMaProFi (Distributed Management of Processes and Files)

together with Uniique AG17 a tool for distributed and process-driven ETL (extract-transform-

load) is developed. In this respect ETL has the objective to collect and preprocess data from

various different sources, like e.g. different kinds of log files or customer data, and finally store

this data in a adequate format in a data warehouse so that afterwards business related queries

16Hamburger Berater Team GmbH, http://www.hbt.de/
17http://www.uniiqueag.com/
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can be performed. Typically, workflows in this domain are distributed, long lasting, and inter-

leaved with manual quality assurance checks rendering them difficult to automate. In constrast

to existing solutions, in DiMaProFi a decentralized control infrastructure is used, in which

nodes cooperate based on hierarchical workflows and services. Customers using DiMaProFi

are enabled modeling their ETL business specific workflows visually in a simplified BPMN-

like notation relying on hierarchical decomposition via subworkflows and a palette of prebuilt

ETL activies. ETL activities can be mapped to service calls, which may be executed on local as

well as on remote hosts. As distribution transparency is not always wanted in the ETL domain,

it is also possible to tie processing steps to a specific or previously used network node within

workflow descriptions.

7.4.2 Achievements and Lessons Learnt

From these real world projects several achievements and lessons learnt can be deduced. Most

importantly, the following key factors contributed most to the success of the projects:

• In all practice projects it was found that the underlying metaphor of active components

in the spirit of an SCA entity is an intuitive good fit for distributed systems. Especially,

with respect to pure SOA systems that tend to lead to unordered and flat service land-

scapes, the component nature of the approach naturally fosters building systems as clean

decomposition of parts and subparts.

• Active component characteristics enhance the SCA system design by two major aspects.

First, making components active led to a natural notion of concurrency. Thus, typical

concurrency and distribution problems could be avoided to a large extent already in all

projects, i.e. deadlocks and race conditions were avoided by design. Second, the notion

of internal architectures allows for having different kinds of component types seamlessly

interacting with each other. This proved very useful in Go4Flex, as it allowed executing

GPMN and BPMN workflows within the same execution machinery. But also in the other

projects, often a mixture of simple Java based agents and BPMN workflows were used. In

this respect, using direct Java was a way to quickly test functionalities avoiding modeling

efforts. In DiMaProFi, after testing, often the Java version has been manually converted

to a BPMN implementation due to the self-documenting character of BPMN components.

• Active component runtime dynamics were considered an important property. In the tariff

matrix project computations are performed on normal company workstations belonging

to the company staff. Thus, the nodes available for calculation change when computers

are turned on or off so that detection of currently available computation services was

crucial. This has been achieved by using platform awareness and dynamic SOA based

service binding via searching. In DiMaProFi the infrastructure is considered to be more

stable but again the dynamic service binding was important in oder to realize load-based

distribution of ETL steps.

• Besides these conceptual benefits it also has been found that the following practical as-

pects are of specific importance. First, security is a primary concern in all scenarios. On

the one hand secure communication should be possible to protect the service invocations

and on the other hand platform awareness should not expose private node data externally.

The first aspect has been addressed in the same way as in SCA using declarative intents

and the second by protecting platforms with a password mechanism. Second, efficiency

was especially required within tariff matrix and DiMaProFi. In this respect especially
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Figure 29: Paradigm integration approaches

efficiency has been increased by implementing a lightweight and fast binary communi-

cation protcol [27]. Third, interactions with other kinds systems needed to be targeted,

e.g. in order to integrate third party software or expose internal functionalities to exter-

nal users. This has been tackled again in the SCA way by declaratively exposing and

integrating services as WSDL and RestFUL web services [7].

Finally, several important areas of future work have been identified within the real world case

studies. One challenge concerns deloyment within distributed systems to perform a partial or

complete system update. Another important area is how failover can be established e.g. by

employing distributed checkpointing mechanisms.

8 Related Work

In the literature many approaches can be found that intend combining features from the agent

with the component, object or service paradigm. Fig. 29 classifies integration proposals accord-

ing to the paradigms involved.

In the area of agents and objects especially concurrency and distribution has been subject of

research. One example is the active object pattern, which represents an object that conceptually

runs on its own thread and provides an asynchronous execution of method invocations by using

future return values [51]. It can thus be understood as a higher-level concept for concurrency in

OO systems. In addition, also language level extensions for concurrency and distribution have

been proposed. One influential proposal much ahead of its time was Eiffel [37], in which as

a new concept the virtual processor is introduced for capturing execution control. Varying the

number of virtual processors the degree of concurrency can be adjusted independently of the

program code. The language introduces a new keyword for method invocations that are exe-

cuted on another virtual processor allowing fine-grained concurrency and distribution control.

Another active area, in which a lot of work has been conducted, is the combination of agents

with SOA [49]. On the one hand, conceptual and technical integration approaches of services

or workflows with agents have been put forward. Examples are transparent agent-based service

invocations from agents using WSIG (cf. JADE) or model-driven code generation approaches
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Figure 30: Framework comparison

like PIM4Agents [59]; enabling agents to execute workflows e.g. in WADE (cf. JADE) or com-

plete agent-based workflow systems like JBees [19]. On the other hand, agents are considered

useful for realizing flexible and adaptive workflows especially by using dynamic composition

techniques based on semantic service descriptions, negotiations and planning techniques.

Also in the area of agents and components some combination proposals can be found.

SoSAA [18] and AgentComponents [30] try to extend agents with component ideas. The

SoSAA architecture consists of a base layer with some standard component system and a super-

ordinated agent layer that has control over the base layer, e.g. for performing reconfigurations.

In AgentComponents, agents are slightly componentified by wiring them together using slots

with predefined communication partners.

Finally, for those approaches that have direct impact on active component concepts, a more

detailed evaluation is presented.

8.1 Framework Comparison

In this section some of the approaches are evaluated in more detail. The first question to answer

is which frameworks should be looked at. This choice is led by two main factors. First, the

candidate has to be still actively developed (in contrast to older discontinued projects or ap-

proaches) and used. Second, the approaches should cover the combined areas introduced above

as these reflect other integration approaches. An overview of the candidates and the evaluation

itself is shown in Fig. 30. The considered criteria directly correspond to the challenges for dis-

tributed system development from Section 2. In the table the conceptual as well as the more

technical respectively infrastructure related challenges are depicted.

In the following the selected candidates are shortly introduced and evaluated against the

criteria afterwards. ProActive/GCM [1] is a middleware targeted at distributed and parallel pro-

gramming. The approach uses active objects as core concept for developing and also supports

component driven development based on the Fractal component model [13]. AmbientTalk [54]

also relies on active objects but is a framework specifically made for mobile (Android based)

environments and thus supports dynamic scenarios with changing numbers of participants. In

contrast, Tuscany represents an open source framework that implements the SCA standards and
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therefore relies on component and service ideas. It is meant to be useful in the same scenarios

as typical Java EE application servers. JADE [2] is an agent platform with a substantial user

base. It uses agents as fundamental conceptual entity and closely follows the FIPA standards

for infrastructure and communication. The last evaluated framework is JadexAC, which is the

reference implementation for active components. It has to be noted that all selected frameworks

are open source solutions that can be accessed and tested without barriers.

Regarding software engineering principles most of the frameworks do not expose weak-

nesses except AmbientTalk and JADE, which do not provide conceptual support for modularity

and reusability besides low level implementation classes. In addition, all frameworks except

AmbientTalk rely on APIs for realizing the core concepts. AmbientTalk introduces a new pro-

gramming language that offers several advantages in mobile scenarios compared to traditional

languages such as Java. Finally, most of the frameworks consist of a runtime infrastructure,

sometimes also called server or platform and some graphical or command line administration

tools.

Concurrency has been conceptually addressed explicitly by all candidates except Tuscany.

In Tuscany the server manages some concurrency issues for parallel requests but if that is not

sufficient low level primitives like monitors and semaphores have to be used by the programmer.

Of course this incurs all typical concurrency problems like deadlocks and state inconsistencies.

Using such low level building blocks is avoided with active object approaches even though

their fine grained granularity may complicate a clean design. In Proactive a wait-by-necessity

scheme with futures is used so that potentially deadlocks can occur. In JADE and Jadex these

problems are minimized by introducing a high-level unit of concurrency.

The distribution category contains many conceptual and technical aspects. The fundamen-

tally important transparency property is achieved by all approaches except JADE, which relies

on explicit message passing between agents that have to be known by their identifier in order to

realize functionalities. Interoperability in direction of open systems is mainly achieved by im-

plementing interaction standards. Proactive, Tuscany and Jadex use web service technologies

for this purpose. JADE implements the FIPA specifications for agent communication which

facilitates interaction with other agent platforms but not with other technologies. To mitigate

this drawback with WSIG, introduced above, an approach for web service integration in JADE

exists. On the infrastructure level most of the frameworks include tools for management, e.g.

starting and stopping of application parts. This ranges from rather static deployment and man-

agement implemented by Tuscany to easy runtime management in ProActive, JADE and Jadex.

The infrastructure setup has to be done in most cases tool supported but manually, i.e. it has

to be defined which nodes are part of the network and which application parts they host. This

is not the case in AmbientTalk and Jadex which contain functionality to discover their infras-

tructure dynamically. Distributed application description is not well supported by most of the

frameworks. Only ProActive and Tuscany support this property but still in a rather static way

that allows to state on which nodes which application parts should be hosted.

With respect to support of non-functional criteria most frameworks take up the component

idea of a clear separation between functional code and non-functional properties. ProActive,

Tuscany, and Jadex follow this approach and e.g. realize aspects like security and fault toler-

ance. JADE tackles non-functional criteria directly on implementation level and thus provides

solutions that do not allow configuring non-functional system characteristics of a system at

deployment time.
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8.2 Discussion

In summary, possible positive ramifications of combining ideas from agents and other paradigms

have been mentioned in many earlier research works. Yet, most of the integration approaches

follow the pragmatic question how existing paradigms and underlying technologies can be used

beneficially together for exploiting the respective advantages. Only few concrete conceptual

integration approaches with agents have been presented so far, whereby most of them are con-

servative extensions. This means that the main conceptual entity is kept the same and extensions

are mostly done technically (this is e.g. true for SoSAA, AgentComponents, JADE WSIG and

WADE). In contrast, in this paper a conceptual integration approach is presented, which aims

on the higher level at an agent and SOA based worldview and on the technical level tries to re-

semble active object (method-calls) and component characteristics (non-functional properties)

for retaining an easy OO programming model. In contrast to approaches that share some of the

underlying conceptual ideas like ProActive and AmbientTalk, active components push forward

the integration with agent ideas by incorporating the notion of internal architectures as well as

by proposing a new dynamic composition scheme based on search areas.

An interesting point of discourse is the underlying question if a unified paradigm is neces-

sary or beneficial at all given the fact that a developer is free to choose among different existing

options for a concrete development project. An important objection to the conceptual integra-

tion itself is the complexity of the resulting approach as developers are confronted with entities

that share characteristics of components, services and agents. This is true to some extent but

it has to be noted that active components can be seen as SCA plus concurrency, which implies

that developers knowing SCA will have no difficulties in understanding basic features of ac-

tive components. Furthermore, the advantage of choosing a dedicated paradigm per use case is

blurred in practice by the increased connectivity of applications, i.e. often they do not only con-

sist of one isolated part but of several interconnected parts realized with different technologies.

This forces developers in practice to build system bridges, e.g. to connect a backend with a web

server. These connections can be partially seen as paradigm connections on a technical level.

Hence, from a developer perspective the development complexity is not necessarily reduced

if specific approaches are used. In this paper we claim that a unified view will help tackling

complex distributed application areas in which especially combined challenges (according to

Section 2) are present.

9 Conclusion and Outlook

In this paper we have argued that existing software development paradigms have limitations

with respect to addressing all challenges of distributed application development in a unified

way. Starting from well-known characteristics of distributed systems such as heterogeneity and

scalability, the broad challenges of concurrency, distribution, and non-functional criteria have

been derived in addition to traditional software engineering challenges. These four categories of

challenges have been further concretized with lower level technical respectively infrastructure

challenges and illustrated by identifying application classes that exhibit different combinations

of those challenges. As successful paradigms for building distributed systems the object, com-

ponent, service, and agent metaphors have been analyzed. It has been highlighted that the

underlying world view of each metaphor provides useful abstractions to a different subset of

these challenges.

The active component approach has been proposed as a conceptual unification of the above

mentioned paradigms with the goal of providing a unified world view that allows dealing with
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all challenges in an intuitive way. Building on SCA as solid foundation for a component and

service integration, active components further extend it towards multi-agent systems and con-

currency handling. An active component represents an autonomous entity, which interacts with

other components through required and provided services. The autonomous behavior of an ac-

tive component can be described according to different so called internal architectures. The

dynamics of the system environment is addressed by binding specifications that describe how

service dependencies are resolved at runtime. Furthermore, the Jadex framework has been

presented as an implementation of the active components approach. The framework includes

a distributed runtime infrastructure for component deployment, execution, and debugging as

well as different internal architectures (kernels) for defining active component behavior e.g. as

workflows, simple task-based agents, or complex reasoning agents.

To illustrate the usage of the active components approach, three example applications have

been presented. These applications highlight different advantages of the approach including

distributed computation in dynamic scenarios and component coordination. According to the

complexity of the component logic the internal behavior of the components has been realizing

with different kernels, e.g. complex coordination tasks have been addressed using cognitive

agents. In addition to the example an initial evaluation has been performed with regard to the

programming model, the infrastructure and the usability. It has been found that the program-

ming model contributes to combining the identified strengths and alleviating the weaknesses of

software development paradigms. The usability experiences affirm that a steep learning curve

can be reached but also underline difficulties between understanding the conceptual model and

practically using the programming model. Evaluations with respect to the performance and

scalability of the platform showed that with the platform highly efficient solutions can be built.

Future work will on the one hand be directed towards tool-support for distributed applica-

tion deployment and management. This includes remote administration abilities of all platforms

as already partially present in the current Jadex version. In addition, automatic update abilities

will be integrated allowing to fetch different versions of the execution environment and appli-

cation components from a repository. On the other hand, practical usage of the platform will

be extended in further projects. One example is a distributed business intelligence scenario that

is currently developed in cooperation with a company. This scenario will allow evaluating the

active components approach and infrastructure in a real-world business setting.
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❚❤❡ ❣♦❛❧ +❡♣+❡.❡♥ ❛ ✐♦♥ ❞❡.❝+✐❜❡❞ ✐♥  ❤❡ ♣+❡✈✐♦✉. .❡❝ ✐♦♥ ❛❧❧♦✇. ❢♦+ ❞❡❛❧✐♥❣

✇✐ ❤ ♠✉❧ ✐♣❧❡ ❣♦❛❧. ❛ ♦♥❝❡✳ ❋♦❧❧♦✇✐♥❣  ❤❡ ❣♦❛❧ ❧✐❢❡❝②❝❧❡ ♦♥❡ ❝❛♥ ✐♥✢✉❡♥❝❡  ❤❡

♦+❞❡+ ✐♥ ✇❤✐❝❤ ❣♦❛❧. ❛+❡ ♣+♦❝❡..❡❞ ❜② ♠♦✈✐♥❣ ❣♦❛❧. ❜❡ ✇❡❡♥  ❤❡ ♦♣ ✐♦♥ ❛♥❞

❛❝ ✐✈❡ . ❛ ❡✳ ❚❤❡ ♠❡❝❤❛♥✐.♠ ♦❢ .❡❧❡❝ ✐♥❣ ❣♦❛❧.  ♦ ❛❝ ✐✈❡❧② ♣✉+.✉❡ ✐. ❝❛❧❧❡❞

❣♦❛❧ ❞❡❧✐❜❡+❛ ✐♦♥ . +❛ ❡❣②✳ ❲❤✐❧❡ .✉❝❤ ❛ . +❛ ❡❣② ❝❛♥ ❛❧.♦ ❜❡ ✐♠♣❧❡♠❡♥ ❡❞

♠❛♥✉❛❧❧②✱ ❏❛❞❡① ♣+♦✈✐❞❡. ❛ ❞❡❢❛✉❧ ❞❡❧✐❜❡+❛ ✐♦♥ . +❛ ❡❣②  ❤❛ ❛❧❧♦✇. ❛♥ ✐♥✲

 ✉✐ ✐✈❡ .♣❡❝✐✜❝❛ ✐♦♥ ❛♥❞ ❝♦✈❡+. ♠❛♥② +❡❝✉++❡♥ ❛♣♣❧✐❝❛ ✐♦♥ ❝❛.❡. ❬✹✶❪✳ ❚❤❡

.♦ ❝❛❧❧❡❞ ✏❡❛.② ❞❡❧✐❜❡+❛ ✐♦♥✑ . +❛ ❡❣② ✐. ❜❛.❡❞ ♦♥  ✇♦ ❝♦♥❝❡♣ .✿ ❛ ❝❛"❞✐♥❛❧✐'②

 ♦ +❡. +✐❝  ❤❡ ♥✉♠❜❡+ ♦❢ ❛❝ ✐✈❡ ❣♦❛❧. ♦❢ ❛ ❣✐✈❡♥  ②♣❡ ❛♥❞ ✐♥❤✐❜✐'✐♦♥ ❛"❝,  ♦

❞❡✜♥❡ ❛ ♣❛+ ✐❛❧ ♦+❞❡+ ♦❢ ✐♠♣♦+ ❛♥❝❡ ❜❡ ✇❡❡♥ ❣♦❛❧.✳

❇♦ ❤ ❝♦♥❝❡♣ . ❛❧❧♦✇ ❛ ❞❡✈❡❧♦♣❡+  ♦  ❛❦❡ ❛ ❧♦❝❛❧ ♣❡+.♣❡❝ ✐✈❡ ✇❤❡♥ ✇+✐ ✐♥❣

❣♦❛❧ .♣❡❝✐✜❝❛ ✐♦♥.✳ ❚❤❡ ❝❛+❞✐♥❛❧✐ ② ✐. ❝♦♥❝❡+♥❡❞ ♦♥❧② ✇✐ ❤ ❛ .✐♥❣❧❡  ②♣❡ ♦❢

❣♦❛❧✳ ❚❤❡ ✐♥❤✐❜✐ ✐♦♥ ❛+❝ ❡①♣+❡..❡. ❛ ❧♦❝❛❧ ❝♦♥✢✐❝ ♦+ ♣+❡❝❡❞❡♥❝❡ ❜❡ ✇❡❡♥  ✇♦

 ②♣❡. ♦❢ ❣♦❛❧.✳ ■ .♣❡❝✐✜❡.  ❤❛  ❤❡ ✜+. ❣♦❛❧ ✏✐♥❤✐❜✐ .✑  ❤❡ .❡❝♦♥❞✱ ♠❡❛♥✐♥❣

 ❤❛ ✐❢ ❜♦ ❤ ❛+❡ ♦♣ ✐♦♥.  ❤❡ ✜+. ♠❛② ❜❡❝♦♠❡ ❛❝ ✐✈❡✳ ■♥❤✐❜✐ ✐♦♥ ❛+❝. ❝❛♥ ❜❡

.♣❡❝✐✜❡❞ ♦♥  ❤❡  ②♣❡ ❧❡✈❡❧ ♦+ ♦♥  ❤❡ ✐♥. ❛♥❝❡ ❧❡✈❡❧✳ ❆  ②♣❡ ❧❡✈❡❧ ✐♥❤✐❜✐ ✐♦♥ ❛+❝

♠❡❛♥.  ❤❛ ❛. ❧♦♥❣ ❛. ♦♥❡ ❣♦❛❧ ♦❢  ❤❡ ✜+.  ②♣❡ ✐. ❛❝ ✐✈❡ ♥♦ ❣♦❛❧ ♦❢  ❤❡ .❡❝♦♥❞

 ②♣❡ ♠❛② ❜❡ ♣✉+.✉❡❞✳ ❆♥ ✐♥. ❛♥❝❡ ❧❡✈❡❧ ✐♥❤✐❜✐ ✐♦♥ ❛+❝ ❝♦♥ ❛✐♥. ❛♥ ❡①♣+❡..✐♦♥

+❡. +✐❝ ✐♥❣  ♦ ✇❤✐❝❤ .♣❡❝✐✜❝ ❣♦❛❧ ✐♥. ❛♥❝❡.  ❤❡ ❛+❝ ❛♣♣❧✐❡.✳ ❚❤✐. ❛❧❧♦✇. ❛❧.♦

❞+❛✇✐♥❣ ❛+❝. ❜❡ ✇❡❡♥  ✇♦ ❣♦❛❧. ♦❢  ❤❡ .❛♠❡  ②♣❡ ❛♥❞ ❡. ❛❜❧✐.❤✐♥❣ ❛♥ ♦+❞❡+

❢♦+ ❣♦❛❧ ♣+♦❝❡..✐♥❣ ❜❛.❡❞ ♦♥ ❣♦❛❧ ♣+♦♣❡+ ✐❡.✳

✶✳✷✳✷✳✸ ❈❛♣❛❜✐❧✐,✐❡1

❆♥ ✐♠♣♦+ ❛♥ ❝♦♥❝❡♣ ✐♥ .♦❢ ✇❛+❡ ❡♥❣✐♥❡❡+✐♥❣ ✐. ♠♦❞✉❧❛+✐③❛ ✐♦♥ ❛. ✐ ❛❧❧♦✇.

+❡❞✉❝✐♥❣ .②. ❡♠ ❝♦♠♣❧❡①✐ ② ❜② ❞❡❝♦♠♣♦.✐ ✐♦♥ ✐♥ .♦❢ ✇❛+❡ ♠♦❞✉❧❡.✱ ✇❤✐❝❤

❝❛♥ ❜❡  ♦ .♦♠❡ ❡① ❡♥  +❡❛ ❡❞ ✭❡✳❣✳ ❞❡.✐❣♥❡❞✱ ✐♠♣❧❡♠❡♥ ❡❞✱  ❡. ❡❞✱ ✳ ✳ ✳ ✮ ✐♥

✐.♦❧❛ ✐♦♥✳ ❚❤❡ ❇❉■ ❛+❝❤✐ ❡❝ ✉+❡ ❛. .✉❝❤ ❞♦❡. ♥♦ .✉♣♣♦+ ♠♦❞✉❧❛+✐③❛ ✐♦♥ ✇✐ ❤

+❡❣❛+❞  ♦ ❛ .✐♥❣❧❡ ❛❣❡♥ ✳ ❆❧ ❤♦✉❣❤ ♣❧❛♥. ❝❛♥ ❜❡ ❞❡✈❡❧♦♣❡❞ ✐♥❞❡♣❡♥❞❡♥ ❧② ♦❢

❡❛❝❤ ♦ ❤❡+  ❤❡②  ②♣✐❝❛❧❧② +❡5✉✐+❡ ❛❝❝❡..  ♦ ❣❧♦❜❛❧ ❞❛ ❛ . +✉❝ ✉+❡. ❧✐❦❡  ❤❡

❛❣❡♥ ✬. ❜❡❧✐❡❢.✳ ❚❤❡ ❝❛♣❛❜✐❧✐ ② ❝♦♥❝❡♣ ✱ ✐♥✐ ✐❛❧❧② ♣+♦♣♦.❡❞ ❜② ❇✉.❡  ❛ ❡ ❛❧✳ ✐♥

❬✶✻❪✱ ❛❧❧♦✇. ❣+♦✉♣✐♥❣ ❇❉■ ❡❧❡♠❡♥ . ✭❡✳❣✳ ❜❡❧✐❡❢.✱ ❣♦❛❧. ❛♥❞ ♣❧❛♥.✮ ♣❡+ ❛✐♥✐♥❣

 ♦ ❛ .♣❡❝✐✜❝ ❢✉♥❝ ✐♦♥❛❧✐ ② ✐♥ ♦ ❛ .❡♣❛+❛ ❡ ♠♦❞✉❧❡✳ ❚❤❡ ❛❣❡♥ ✐♠♣❧❡♠❡♥ ❛ ✐♦♥

❝❛♥  ❤❡♥ ❜❡ ❝♦♠♣♦.❡❞ ♦❢ ❡①✐. ✐♥❣ ♠♦❞✉❧❡.✳ ❚❤❡ ❝♦♥❝❡♣ ❤❛. ❜❡❡♥ ❛❞♦♣ ❡❞

❛♥❞ ❡① ❡♥❞❡❞ ❢♦+ ❏❛❞❡① ❬✶✵❪✳

❚❤❡ ❡① ❡♥.✐♦♥. ❝♦♥❝❡+♥ ✐♠♣♦+ ❛♥ .♦❢ ✇❛+❡ ❡♥❣✐♥❡❡+✐♥❣ ❛.♣❡❝ . ❧✐❦❡ ♣❛✲

+❛♠❡ ❡+✐③❛ ✐♦♥✱ ✇❤✐❝❤ ❛❧❧♦✇. ❡① ❡+♥❛❧ ❝♦♥✜❣✉+❛ ✐♦♥ ♦❢ ❡①✐. ✐♥❣ ❝❛♣❛❜✐❧✐ ✐❡.

❢♦+ ♠❛❦✐♥❣  ❤❡♠ ❛♣♣❧✐❝❛❜❧❡  ♦ ❞✐✛❡+❡♥ ✉.❛❣❡ ❝♦♥ ❡① .✱ ❛♥❞ ❞②♥❛♠✐❝ ❝♦♠♣♦✲



✽ ❆❧❡①❛♥❞❡( )♦❦❛❤(✱ ▲❛(/ ❇(❛✉❜❛❝❤✱ ❛♥❞ ❑❛✐ ❏❛♥❞❡(

 ✐"✐♦♥✱ ✐✳❡✳ "❤❡ ❛❞❞✐"✐♦♥ ❛♥❞ +❡♠♦✈❛❧ ♦❢ ❝❛♣❛❜✐❧✐"✐❡ ❞✉+✐♥❣ "❤❡ ❧✐❢❡ "✐♠❡ ♦❢ ❛♥

❛❣❡♥"✳ ❆♥♦"❤❡+ ✐♠♣♦+"❛♥" ❡①"❡♥ ✐♦♥ ✐ ❛ ❣❡♥❡+✐❝ ✐♠♣♦+"✴❡①♣♦+" ♠❡❝❤❛♥✐ ♠

"❤❛" ❛❧❧♦✇ ❡ "❛❜❧✐ ❤✐♥❣ +❡❧❛"✐♦♥ ❤✐♣ ❜❡"✇❡❡♥ ❡❧❡♠❡♥" ❢+♦♠ ❞✐✛❡+❡♥" ❝❛♣❛✲

❜✐❧✐"✐❡ ✇✐"❤♦✉" ✈✐♦❧❛"✐♥❣ ♠♦❞✉❧❡ ✐♥❞❡♣❡♥❞❡♥❝❡✳ ❚❤❡+❡❢♦+❡ ♦♥❡ ♠❛②  ♣❡❝✐❢②

♣❧❛♥ "❤❛" ❛+❡ "+✐❣❣❡+❡❞ ✐♥ +❡ ♣♦♥ ❡ "♦ ❣♦❛❧ ❢+♦♠ ♦"❤❡+ ❝❛♣❛❜✐❧✐"✐❡ ❛♥❞ ❛❧ ♦

❡ "❛❜❧✐ ❤ ✐♥❤✐❜✐"✐♦♥ ❛+❝ ❢♦+ ❣♦❛❧ ❞❡❧✐❜❡+❛"✐♦♥ ❛❝+♦  ❝❛♣❛❜✐❧✐"✐❡ ✳

✶✳✷✳✷✳✹ ●♦❛❧✲♦)✐❡♥-❡❞ ■♥-❡)❛❝-✐♦♥ ♣)♦-♦❝♦❧2

❚❤❡ ❝♦♥❝❡♣" "❤❛" ❤❛✈❡ ❜❡❡♥ ❞❡ ❝+✐❜❡❞ ✉♥"✐❧ ♥♦✇ ❤❛✈❡ ♦♥❧② ❝♦♥ ✐❞❡+❡❞ "❤❡

✭✐♥"❡❧❧✐❣❡♥"✮ ❜❡❤❛✈✐♦+ ♦❢ ❛  ✐♥❣❧❡ ❛❣❡♥"✳ ■♥ ♠✉❧"✐✲❛❣❡♥"  ② "❡♠ "❤❡ ✐♥"❡+❛❝"✐♦♥

❜❡"✇❡❡♥ ❛❣❡♥" ✱ "②♣✐❝❛❧❧② ❜❛ ❡❞ ♦♥ ❛ ②♥❝❤+♦♥♦✉ ♠❡  ❛❣❡ ❡①❝❤❛♥❣❡✱ ❛❧ ♦ ♣❧❛② 

❛♥ ✐♠♣♦+"❛♥" +♦❧❡✳ ❚❤❡+❡❢♦+❡ "❤❡ @✉❡ "✐♦♥ ❛+✐ ❡ ❤♦✇ "❤❡ ✐♥"❡+♥❛❧ ❜❡❤❛✈✐♦+ ❝❛♥

❜❡ ❧✐♥❦❡❞ "♦ "❤❡ ❡①"❡+♥❛❧ ❝♦♠♠✉♥✐❝❛"✐♦♥✳ ❆ ❛ ♠❛♥✉❛❧ ❛♣♣+♦❛❝❤ ♦♥❡ ❝❛♥  ❡♥❞

♠❡  ❛❣❡ ❞✐+❡❝"❧② ✐♥ ♣❧❛♥ ✳ ❚❤❡ ❞✐ ❛❞✈❛♥"❛❣❡ ✐ "❤❛" "❤❡ ❝♦♠♣❧❡"❡ ❝♦❞❡ ❢♦+ ❛

♣♦"❡♥"✐❛❧❧② ❝♦♠♣❧❡① ♥❡❣♦"✐❛"✐♦♥ ♥❡❡❞ "♦ ❜❡ ♣❧❛❝❡❞ ✐♥ ❛  ✐♥❣❧❡ ♣❧❛♥ ❧❡❛❞✐♥❣ "♦

♣♦♦+❧② ♠❛✐♥"❛✐♥❛❜❧❡ ❝♦❞❡✳ ❚❤❡ ❝♦♥❝❡♣" ♦❢ ❣♦❛❧✲♦+✐❡♥"❡❞ ✐♥"❡+❛❝"✐♦♥ ♣+♦"♦❝♦❧ ✱

♣+♦♣♦ ❡❞ ✐♥ ❬✻❪✱ ❛❧❧♦✇ ❝❛♣"✉+✐♥❣ ❛❣❡♥" ✐♥"❡♥"✐♦♥ ♣❡+"❛✐♥✐♥❣ "♦ ✐♥"❡+❛❝"✐♦♥ ✳

❚❤❡ ❝♦♥❝❡♣" ❛❧❧♦✇ ♠❛❦✐♥❣ ✉ ❡ ♦❢ ❞❡❧✐❜❡+❛"✐♦♥ ❛♥❞ ❣♦❛❧✴♣❧❛♥ ❞❡❝♦♠♣♦ ✐"✐♦♥ 

❢♦+ ✐♥"❡+❛❝"✐♦♥ ❛ ✇❡❧❧✳

❚❤❡ ❣❡♥❡+❛❧ ❛♣♣+♦❛❝❤ ❞❡✜♥❡ ❛ ♣+♦❝❡  ❢♦+ ❛♥❛❧②③✐♥❣ ❛♥ ✐♥"❡+❛❝"✐♦♥ ♣+♦"♦✲

❝♦❧✱ ✇❤✐❝❤ ❞❡ ❝+✐❜❡ "❤❡ ❛❧❧♦✇❡❞  ❡@✉❡♥❝❡ ♦❢ ♠❡  ❛❣❡ ✱ ❛♥❞ ❛""❛❝❤✐♥❣ ❣♦❛❧ 

"♦ ❡❛❝❤ +♦❧❡ ✐♥ "❤❡ ✐♥"❡+❛❝"✐♦♥✳ ❇❛ ❡❞ ♦♥  ✉❝❤ ❛♥ ✐♥"❡+❛❝"✐♦♥  ♣❡❝✐✜❝❛"✐♦♥✱

"❤❡ ❞❡✈❡❧♦♣❡+ ❝❛♥  ✐♠♣❧② ❞❡✜♥❡  ❡♣❛+❛"❡ ♣❧❛♥ ❢♦+ "❤❡ ❛❝"✐✈✐"✐❡ ❛♥❞ ❞❡❝✐✲

 ✐♦♥ +❡@✉✐+❡❞ ❞✉+✐♥❣ ❛♥ ✐♥"❡+❛❝"✐♦♥✳ ❇❡ ✐❞❡ "❤❡ ❣❡♥❡+❛❧ ❛♣♣+♦❛❝❤✱  ❡✈❡+❛❧

+❡❛❞②✲"♦✲✉ ❡ ❣♦❛❧ ♦+✐❡♥"❡❞ ✐♥"❡+❛❝"✐♦♥  ♣❡❝✐✜❝❛"✐♦♥ ❛+❡ ✐♥❝❧✉❞❡❞ ✐♥ ❏❛❞❡①

"❤❛" ✐♠♣❧❡♠❡♥"  "❛♥❞❛+❞✐③❡❞ ✐♥"❡+❛❝"✐♦♥ ♣❛""❡+♥ ❧✐❦❡ ❉✉"❝❤ ♦+ ❊♥❣❧✐ ❤ ❛✉❝✲

"✐♦♥ ❛♥❞ ❝♦♥"+❛❝"✲♥❡" ♥❡❣♦"✐❛"✐♦♥ ✳

❋✐❣✉+❡ ✶✳✷✳✷✳✸  ❤♦✇ "❤❡ +❡ ✉❧" ♦❢ "❤❡ ♣+♦"♦❝♦❧ ❛♥❛❧② ✐ ❢♦+ "❤❡ ❝♦♥"+❛❝"✲♥❡"

♣+♦"♦❝♦❧✳ ❚❤❡ ❧❡❢" ❤❛♥❞  ✐❞❡ +❡♣+❡ ❡♥" "❤❡ ✐♥✐"✐❛"♦% +♦❧❡ ♦❢ "❤❡ ♥❡❣♦"✐❛"✐♦♥

✇❤✐❧❡ "❤❡ +✐❣❤" ❤❛♥❞  ✐❞❡ ✐❧❧✉ "+❛"❡ "❤❡ ❜❡❤❛✈✐♦+ ♦❢ ❡❛❝❤ ♦❢ "❤❡ ♣♦"❡♥"✐❛❧❧②

♠❛♥② ♣❛%"✐❝✐♣❛♥"(✳ ❚❤❡ +❡❧❛"✐♦♥ ❤✐♣ ❜❡"✇❡❡♥ "❤❡ ❞♦♠❛✐♥ ❧❛②❡% ✭✐✳❡✳ ❜✉ ✐♥❡  

❧♦❣✐❝✮ ❛♥❞ ♣%♦"♦❝♦❧ ❧❛②❡% ✭✐✳❡✳ ❡①❝❤❛♥❣❡❞ ♠❡  ❛❣❡ ✮ ✐ ❝❛♣"✉+❡❞ ✐♥ ❛ ♥✉♠❜❡+

♦❢ ❣♦❛❧ ✱ ✇❤✐❝❤ ♠❛② ❜❡ ♣♦ "❡❞ ♦+ ❤❛♥❞❧❡❞ ❛" ❡❛❝❤ +♦❧❡✳ ❚❤❡ ❞♦♠❛✐♥ ❧❛②❡+ ♦❢

"❤❡ ✐♥✐"✐❛"♦+ +♦❧❡  "❛+" "❤❡ ✐♥"❡+❛❝"✐♦♥ ❜② ❝+❡❛"✐♥❣ "❤❡ ❛❝❤✐❡✈❡ ❝♥♣❴✐♥✐"✐❛"❡

❣♦❛❧✳ ❉✉+✐♥❣ "❤❡ ♥❡❣♦"✐❛"✐♦♥✱ "❤❡ 1✉❡%② ❝♥♣❴❡✈❛❧✉❛"❡❴♣%♦♣♦(❛❧( ❣♦❛❧ ✐ ❝+❡✲

❛"❡❞ ❜② "❤❡ ✐♥✐"✐❛"♦+✬ ♣+♦"♦❝♦❧ ❧❛②❡+ ❛♥❞ ♥❡❡❞ "♦ ❜❡ ❤❛♥❞❧❡❞ ✐♥ "❤❡ ❞♦♠❛✐♥

❧❛②❡+✳ ❲❤❡♥ "❤❡ ♥❡❣♦"✐❛"✐♦♥ ❡♥❞ ✱ "❤❡ +❡ ✉❧" ✐ ♠❛❞❡ ❛✈❛✐❧❛❜❧❡ ❛  ✉❝❝❡  

♦+ ❢❛✐❧✉+❡ ♦❢ "❤❡ ❝♥♣❴✐♥✐"✐❛"❡ ❣♦❛❧✱  ✉❝❤ "❤❛" "❤❡ ✐♥✐"✐❛"♦+ ❞♦♠❛✐♥ ❧❛②❡+ ❝❛♥

♣+♦❝❡❡❞ ❛♣♣+♦♣+✐❛"❡❧②✳ ❆" "❤❡ ♣❛+"✐❝✐♣❛♥"  ✐❞❡ ❛❧❧ ❣♦❛❧ ❛+❡ ❝+❡❛"❡❞ ❛✉"♦♠❛"✲

✐❝❛❧❧② ✐♥ "❤❡ ♣+♦"♦❝♦❧ ❧❛②❡+✳ ❚❤❡ ♣❛+"✐❝✐♣❛♥"✬ ❞♦♠❛✐♥ ❧❛②❡+ ❤❛♥❞❧❡ "❤❡ 1✉❡%②

❝♥♣❴♠❛❦❡❴♣%♦♣♦(❛❧ ❣♦❛❧ "♦ ❣❡♥❡+❛"❡ ❛♥ ♦✛❡+ "♦ ❜❡  ❡♥" "♦ "❤❡ ✐♥✐"✐❛"♦+✳ ■♥

❝❛ ❡ ❛ ♣❛+"✐❝✐♣❛♥"✬ ♦✛❡+ ✐ ❛❝❝❡♣"❡❞✱ "❤❡ ❛❝❤✐❡✈❡ ❝♥♣❴❡①❡❝✉"❡❴%❡1✉❡(" ❣♦❛❧

❝❛✉ ❡ "❤❡ ❡①❡❝✉"✐♦♥ ♦❢ "❤❡ +❡@✉❡ "❡❞ "❛ ❦ ✐♥ "❤❡ ❞♦♠❛✐♥ ❧❛②❡+✳



✶ ❚❤❡ ❏❛❞❡① ()♦❥❡❝-✿ ()♦❣)❛♠♠✐♥❣ ▼♦❞❡❧ ✾

achieve

cnp_execute_request

(in proposal, in proposal_info, 

in initiator, out result)

cfp

refuse

propose

alt

achieve

cnp_initiate start

(in cfp, in receivers, inout cfp_info,

out result, out interaction_state)

alt
reject-proposal

accept-proposal

failure

inform

alt

query

cnp_make_proposal

(in cfp, in initiator, out proposal,

out proposal_info)

cnp_initiate end

query

cnp_evaluate_proposals

(in cfp, in proposals,

inout cfp_info, out acceptables)

cnp_receiver_interaction end

perform

cnp_receiver_interaction start

(out interaction_description,

out interaction_state, out result)

Initiator

Protocol Layer

Participant

Protocol Layer

Initiator

Domain Layer

Participant

Domain Layer

FIPA-ContractNet-Protocol

❋✐❣✳ ✶✳✸ ●♦❛❧✲♦)✐❡♥-❡❞ ❝♦♥-)❛❝-✲♥❡- ♣)♦-♦❝♦❧ ✭❢)♦♠ ❬✻❪✮

✶✳✷✳✸ ❆♣♣❧✐❝❛*✐♦♥✿ ▼❡❞1❆❣❡

❚❤❡ ❞❡$❝&✐❜❡❞ ❢❡❛+✉&❡$ ♦❢ +❤❡ ❏❛❞❡① ❇❉■ ❛&❝❤✐+❡❝+✉&❡ ✇✐❧❧ ❜❡ ✐❧❧✉$+&❛+❡❞ ✇✐+❤

❛♥ ❡①❛♠♣❧❡ ❛♣♣❧✐❝❛+✐♦♥ ❝❛❧❧❡❞ ▼❡❞#❆❣❡✱ ✇❤✐❝❤ ✐$ ❛ &❡❛❧ ✇♦&❧❞ ♠✉❧+✐✲❛❣❡♥+

❛♣♣❧✐❝❛+✐♦♥ +❤❛+ ❛❞❞✐+✐♦♥❛❧❧② ♠❛❦❡$ ✉$❡ ♦❢ ❝❛♣❛❜✐❧✐+✐❡$ ❢♦& ♠♦❞✉❧❛&✐③❛+✐♦♥

❛♥❞ &❡✉$❛❜✐❧✐+② ❛$ ✇❡❧❧ ❛$ ❣♦❛❧$✱ ❣♦❛❧✲♦&✐❡♥+❡❞ ✐♥+❡&❛❝+✐♦♥ ♣&♦+♦❝♦❧$ ❢♦& ❝♦♠✲

♣❧❡① ♥❡❣♦+✐❛+✐♦♥$✳ ❚❤❡ ❛✐♠ ♦❢ +❤❡ ▼❡❞@❆❣❡ ✭✏▼❡❞✐❝❛❧ #❛*❤ ❆❣❡♥*-✑✮ ♣&♦❥❡❝+

❬✸✽✱ ✸✼✱ ✺✷❪ ✇❛$ ✐♠♣&♦✈✐♥❣ ♣❛+✐❡♥+ $❝❤❡❞✉❧✐♥❣ ✐♥ ❤♦$♣✐+❛❧$✳ ❆♣♣&♦❛❝❤ ♦❢ +❤❡

♣&♦❥❡❝+ ✇❛$ &❡♣&❡$❡♥+✐♥❣ +❤❡ ❞✐✛❡&❡♥+ ❣♦❛❧$ ♦❢ +❤❡ ✐♥✈♦❧✈❡❞ $+❛❦❡❤♦❧❞❡&$ ❜②

✐♥+❡❧❧✐❣❡♥+ ❛❣❡♥+$✳ ❊✳❣✳ ♣❛+✐❡♥+ ❛❣❡♥+$ ✇♦✉❧❞ +&② +♦ ♠✐♥✐♠✐③❡ +❤❡ ✇❛✐+✐♥❣ +✐♠❡$

❢♦& +❤❡✐& ♣❛+✐❡♥+$✱ ✇❤❡&❡❛$ &❡$♦✉&❝❡ ❛❣❡♥+$ ✇♦✉❧❞ +&② +♦ ♠❛①✐♠✐③❡ +❤❡ ✉+✐❧✐③❛✲

+✐♦♥ ♦❢ ❤♦$♣✐+❛❧ &❡$♦✉&❝❡$ $✉❝❤ ❛$ &❛❞✐♦❧♦❣② ✉♥✐+$✳ ❆$ +❤❡$❡ ❣♦❛❧$ ❛&❡ ✉$✉❛❧❧② ✐♥

❝♦♥✢✐❝+✱ +❤❡ ❛❣❡♥+$ ♣❡&❢♦&♠ ❛✉+♦♥♦♠♦✉$ ♥❡❣♦+✐❛+✐♦♥$ ❢♦& ♣&♦❞✉❝✐♥❣ $❝❤❡❞✉❧❡$

+❤❛+ ❜❛❧❛♥❝❡ +❤❡ ✐♥❞✐✈✐❞✉❛❧ ❣♦❛❧$✳

❚❤❡ ♣&♦❥❡❝+ ✇❛$ ♣❛&+ ♦❢ ❛ ❧❛&❣❡& ✐♥✐+✐❛+✐✈❡ ✐♥✈❡$+✐❣❛+✐♥❣ +❤❡ ❛♣♣❧✐❝❛❜✐❧✐+②

♦❢ ❛❣❡♥+ +❡❝❤♥♦❧♦❣② +♦ &❡❛❧ ✇♦&❧❞ ❜✉$✐♥❡$$ ❛♣♣❧✐❝❛+✐♦♥$✳ ❚❤❡ ❉❋●✲❢✉♥❞❡❞

✶

♣&✐♦&✐+② &❡$❡❛&❝❤ ♣&♦❣&❛♠♠❡ ❙@@ ✶✵✽✸ ✇❛$ ❝♦♥❞✉❝+❡❞ ❢&♦♠ ✷✵✵✵✲✷✵✵✻ ❛♥❞

✐♥✈♦❧✈❡❞ ♣&♦❥❡❝+$ ❢&♦♠ +❤❡ ❛&❡❛$ ♦❢ ❤♦$♣✐+❛❧ ❧♦❣✐$+✐❝$ ❛$ ✇❡❧❧ ❛$ ♠❛♥✉❢❛❝+✉&✐♥❣

❧♦❣✐$+✐❝$✳

✷

❚❤❡ ❤♦$♣✐+❛❧ $❡++✐♥❣ ❝♦♥$✐❞❡&❡❞ ❢♦& +❤❡ ▼❡❞@❆❣❡ ♣&♦❥❡❝+ ✇❛$ ❞❡&✐✈❡❞ ❢&♦♠

❛ &❡❛❧ ●❡&♠❛♥ ❤♦$♣✐+❛❧ ✇✐+❤ ❤✉♥❞&❡❞$ ♦❢ ♣❛+✐❡♥+$ ❛$ ✇❡❧❧ ❛$ $❡✈❡&❛❧ ❢✉♥❝+✐♦♥❛❧

✉♥✐+$ ✇✐+❤ ❞✐✛❡&❡♥+ &❡$♦✉&❝❡$✳ ❚❤❡ &❡$✉❧+✐♥❣ ❛❣❡♥+✲❜❛$❡❞ ❛♣♣❧✐❝❛+✐♦♥ +❤✉$ ❡①✲

❤✐❜✐+$ ♠✉❝❤ ♠♦&❡ ❝♦♠♣❧❡①✐+② ❝♦♠♣❛&❡❞ +♦ +❤❡ &❛+❤❡& +♦②✲❧✐❦❡ ❝❧❡❛♥❡& ✇♦&❧❞

✶
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✷

▼♦)❡ ❞❡-❛✐❧A ❝❛♥ A-✐❧❧ ❜❡ ❢♦✉♥❞ ♦♥ -❤❡ ♣)♦❣)❛♠♠❡ ✇❡❜ A✐-❡✿ ❤!!♣✿✴✴✇✇✇✳+❡❛❧❛❣❡♥!/✳♦+❣✴
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❋✐❣✳ ✶✳✹ ▼❡❞*❆❣❡ 0②0;❡♠ ♦✈❡)✈✐❡✇ ❞✐❛❣)❛♠
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+✐♦♥✳ ■♠♣♦*+❛♥+ ❞♦♠❛✐♥ ✐♥+❡*❛❝+✐♦♥ ♣♦✐♥+/ ♦❢ +❤❡ ♣*♦+♦❝♦❧ ❛*❡ +❤❡ ❡✈❛❧✉❛+✐♦♥

♦❢ +❤❡ +✐♠❡ /❧♦+ ❜② +❤❡ ♣❛+✐❡♥+ ❛❣❡♥+ ❛❢+❡* *❡❝❡✐✈✐♥❣ +❤❡ ❝❢♣✭'$❡❛'♠❡♥'✮ ♠❡/✲

/❛❣❡ ❛♥❞ +❤❡ ❡✈❛❧✉❛+✐♦♥ ♦❢ +❤❡ ♣❛+✐❡♥+ ♣*♦♣♦/❛❧/ ❜② +❤❡ *❡/♦✉*❝❡ ❛❣❡♥+ +♦

*❡❥❡❝+ ♦* ❛❝❝❡♣+ ❜✐❞/✳
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✶✳✷✳✹ ❙✉♠♠❛(②

❚❤❡ ❏❛❞❡① ❇❉■ ❛*❝❤✐-❡❝-✉*❡ /✐♠♣❧✐✜❡/ ❛❣❡♥- ♣*♦❣*❛♠♠✐♥❣ ❛/ ✐- ❛❧❧♦✇/ ❢♦* ✐♥✲

-✉✐-✐✈❡❧② ❞❡❝♦♠♣♦/✐♥❣ ❛❣❡♥- ❜❡❤❛✈✐♦* ✐♥-♦ *❡/♣♦♥/✐❜✐❧✐-✐❡/ ❛♥❞ ❛❜✐❧✐-✐❡/✱ ✇❤✐❝❤

❝❛♥ ❜❡ -*❡❛-❡❞ /❡♣❛*❛-❡❧②✳ ❘❡/♣♦♥/✐❜✐❧✐-✐❡/ ♦❢ ❛♥ ❛❣❡♥- ❝❛♥ ❜❡ ♦❜-❛✐♥❡❞ ❢*♦♠ ❛

*❡@✉✐*❡♠❡♥-/ ❛♥❛❧②/✐/ ♦* ❛♥ ❛❜/-*❛❝- /②/-❡♠ ❞❡/✐❣♥ ❛♥❞ ❛*❡ ❞❡/❝*✐❜❡❞ ❡①♣❧✐❝✲

✐-❧② ❛/ ❣♦❛❧/ ✭❡✳❣✳ ✇♦*❧❞ /-❛-❡/ -♦ ❜❡ ❛❝❤✐❡✈❡❞ ♦* ♠❛✐♥-❛✐♥❡❞✮✳ ❚❤❡ ❛❜✐❧✐-✐❡/ ❛*❡

❞❡✜♥❡❞ ❛/ ♣❧❛♥/✱ ✐✳❡✳ ♣*♦❝❡❞✉*❛❧ *❡❝✐♣❡/ ❤♦✇ /♦♠❡ ❣♦❛❧/ ♠✐❣❤- ❜❡ ♣✉*/✉❡❞✳

❚❤❡ ❜✉✐❧-✲✐♥ ❣♦❛❧ ❞❡❧✐❜❡*❛-✐♦♥ /-*❛-❡❣② ❢✉*-❤❡* ❛❧❧♦✇/ ✐♥-✉✐-✐✈❡❧② ❝♦♥-*♦❧❧✐♥❣

-❤❡ ♦*❞❡* ♦❢ ❣♦❛❧ ♣*♦❝❡//✐♥❣ ❜② -❛❦✐♥❣ ❛ ❧♦❝❛❧ ♣❡*/♣❡❝-✐✈❡ ♦❢ ❝♦♥✢✐❝-/ ❛♥❞

♣*❡❝❡❞❡♥❝❡ *❡❧❛-✐♦♥/ ❜❡-✇❡❡♥ ❣♦❛❧/✳ ❈❛♣❛❜✐❧✐-✐❡/ ❛*❡ ❛ ♠♦❞✉❧❛*✐③❛-✐♦♥ ❝♦♥✲

❝❡♣- -❤❛- *❡/♣❡❝-/ ❛❧❧ ❛/♣❡❝-/ ♦❢ -❤❡ ❇❉■ ❛*❝❤✐-❡❝-✉*❡ ❛♥❞ ❞❡❧✐❜❡*❛-✐♦♥ ❛♥❞

❝❛♥ ❜❡ ✉/❡❞ ❢♦* ❞❡❝♦♠♣♦/✐♥❣ ❛♥ ❛❣❡♥- ❞❡/✐❣♥ ✐♥-♦ ♣❛*-/ -❤❛- ❝❛♥ ❜❡ ✐♥❞❡♣❡♥✲

❞❡♥-❧② ❞❡✈❡❧♦♣❡❞✳ ❚❤❡ ❣♦❛❧✲♦*✐❡♥-❡❞ ✐♥-❡*❛❝-✐♦♥ ♣*♦-♦❝♦❧/ ❛♣♣*♦❛❝❤ ❝♦♥♥❡❝-/

-❤❡ ✐♥-❡*♥❛❧ ❇❉■ ❝♦♥❝❡♣-/ -♦ ♠❡//❛❣❡✲❜❛/❡❞ ✐♥-❡*❛❝-✐♦♥ ♠✉❧-✐✲❛❣❡♥- /②/-❡♠/

❛♥❞ -❤✉/ ❛❧❧♦✇/ ❛ /❡❛♠❧❡// ✐♥-❡❣*❛-✐♦♥ ♦❢ ❜♦-❤✳ ❘❡❛❞②✲-♦✲✉/❡ ♣*❡❞❡✜♥❡❞ ✐♥-❡*✲

❛❝-✐♦♥ ♣*♦-♦❝♦❧/✱ /✉❝❤ ❛/ -❤❡ ❝♦♥-*❛❝-✲♥❡-✱ ❢✉*-❤❡* /✐♠♣❧✐❢② -❤❡ ❞❡✈❡❧♦♣♠❡♥-

♦❢ ❝♦♠♠♦♥ ✐♥-❡*❛❝-✐♦♥ ♣❛--❡*♥/✳

❖♥❡ ❞❡/✐❣♥ ❢♦❝✉/ ♦❢ -❤❡ ❏❛❞❡① ❇❉■ ❛*❝❤✐-❡❝-✉*❡ ✇❛/ ♣*♦✈✐❞✐♥❣ ❛ ♠❡❛♥/

♦❢ ❛❣❡♥- ♣*♦❣*❛♠♠✐♥❣ -❤❛- ❝❛♥ ❜❡ ❡❛/✐❧② ❧❡❛*♥❡❞ ❜② ♣*♦❣*❛♠♠❡*/ ✇✐-❤ ❛

-*❛❞✐-✐♦♥❛❧ ✭❡✳❣✳ ♦❜❥❡❝-✲♦*✐❡♥-❡❞✮ ❜❛❝❦❣*♦✉♥❞✳ ❖♥ -❤❡ ♦-❤❡* ❤❛♥❞✱ -❤❡ ♣*♦✲

❣*❛♠♠✐♥❣ ♠♦❞❡❧ /❤♦✉❧❞ ✜- ✇❡❧❧ ✇✐-❤ ❛ ❤✐❣❤✲❧❡✈❡❧ ✐♥-✉✐-✐✈❡ ✉♥❞❡*/-❛♥❞✐♥❣ ♦❢

❛♥ ✐♥-❡❧❧✐❣❡♥- ❛❣❡♥-✳ ❊①♣❡*✐❡♥❝❡/ ✇✐-❤ -❤❡ ❏❛❞❡① ❢*❛♠❡✇♦*❦ ✐♥ ♥✉♠❡*♦✉/ /♦❢-✲

✇❛*❡ ♣*♦❥❡❝-/ ❛/ ✇❡❧❧ ❛/ -❡❛❝❤✐♥❣ ❝♦✉*/❡/ ❤❛✈❡ /❤♦✇♥ -❤❛- -❤❡ ❇❉■ ♠♦❞❡❧ ❝❛♥

❜❡ ❡❛/✐❧② ✉♥❞❡*/-♦♦❞ ❛♥❞ *❡♣*❡/❡♥-/ ❛ ♥❛-✉*❛❧ ✇❛② ♦❢ -❤✐♥❦✐♥❣✳ ❋♦❧❧♦✇✐♥❣ -❤❡

♣*♦✈✐❞❡❞ ❏❛❞❡① ♣*♦❣*❛♠♠✐♥❣ -✉-♦*✐❛❧/✱ /-✉❞❡♥-/ ✇✐-❤ ♦♥❧② ❏❛✈❛✲❦♥♦✇❧❡❞❣❡

❛*❡ ✉/✉❛❧❧② ❝❛♣❛❜❧❡ ♦❢ ❞❡✈❡❧♦♣✐♥❣ -❤❡✐* ♦✇♥ ❛❣❡♥-/ ✐♥ ❛ /❤♦*- -✐♠❡ ❢*❛♠❡✳

■♥ -❤❡ ▼❡❞L❆❣❡ ♣*♦❥❡❝- ✉/✐♥❣ ❛❣❡♥- -❡❝❤♥♦❧♦❣② ❤❡❧♣❡❞ ✇✐-❤ /❡✈❡*❛❧ ❞✐✣✲

❝✉❧- ♣*♦❜❧❡♠/✳ ❋✐*/-✱ ✐- ♣❡*❢❡❝-❧② ♠✐♠✐❝/ -❤❡ ❞❡❝❡♥-*❛❧✐③❡❞ ♥❛-✉*❡ ♦❢ ❤♦/♣✐-❛❧/

✇✐-❤ ✇❛*❞/ ❛♥❞ ❞✐✛❡*❡♥- ❢✉♥❝-✐♦♥❛❧ ✉♥✐-/✳ ❚❤❡ ❛♣♣*♦❛❝❤ *❡/♣❡❝-/ -❤❡ ❡①✐/-✐♥❣

❛✉-♦♥♦♠② ♦❢ -❤❡/❡ ❡♥-✐-✐❡/ ❛♥❞ ✉/❡/ -❤❡ ❛❣❡♥- ♠❡-❛♣❤♦* -♦ *❡♣*❡/❡♥- -❤❡♠

❡①♣❧✐❝✐-❧②✳ ❚❤✐/ ❛❧❧♦✇❡❞ ♠♦❞❡❧✐♥❣ -❤❡ /❝❤❡❞✉❧✐♥❣ ♣*♦❜❧❡♠ ❛/ ❞❡❝❡♥-*❛❧✐③❡❞

❝♦♦*❞✐♥❛-✐♦♥ ❛♣♣*♦❛❝❤✱ ✐♥ ✇❤✐❝❤ /❡❧❢✲✐♥-❡*❡/-❡❞ ♣❛-✐❡♥- ❛♥❞ *❡/♦✉*❝❡ ❛❣❡♥-/

♥❡❣♦-✐❛-❡ ✇✐-❤ ❡❛❝❤ ♦-❤❡* -♦ *❡❛❝❤ -❤❡✐* ❣♦❛❧/✳ ❯/✐♥❣ ❏❛❞❡① ❢❛❝✐❧✐-❛-❡❞ -❤❡

✐♠♣❧❡♠❡♥-❛-✐♦♥ ♦❢ -❤❡ ▼❡❞L❆❣❡ /②/-❡♠ ✐♥ /❡✈❡*❛❧ ✇❛②/✳ ▼♦/- ♥♦-❡✇♦*-❤②✱ ✐-

❛❧❧♦✇❡❞ ❛ ❤✐❣❤ ❧❡✈❡❧ /②/-❡♠ ❞❡/✐❣♥ ✉/✐♥❣ L*♦♠❡-❤❡✉/ ✇✐-❤ ❛ ❞✐*❡❝- ♠❛♣♣✐♥❣ -♦

❛ ❏❛❞❡① ✐♠♣❧❡♠❡♥-❛-✐♦♥✱ ✐- ❡♥❛❜❧❡❞ *❡✉/❡ ♦❢ ❢✉♥❝-✐♦♥❛❧✐-✐❡/ ✉/✐♥❣ ❛❣❡♥- ♠♦❞✲

✉❧❡/ ❛♥❞ ✐- ❤❡❧♣❡❞ ❤✐❞✐♥❣ ♥❡❣♦-✐❛-✐♦♥ ❝♦♠♣❧❡①✐-✐❡/ ✉/✐♥❣ ✐♥-❡*❛❝-✐♦♥ ❣♦❛❧/✳
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♣(❛❝%✐❝❡- ♠❛② ❝❤❛♥❣❡ ✇❤✐❧❡ %❤❡ ♣(♦❝❡-- ✐- ✐♥ ♣(♦❣(❡-- ❛♥❞ ✉♥❢♦(❡-❡❡♥ ❡✈❡♥%-
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:✐♦♥ ❢♦) ♥❡①: ❣❡♥❡)❛:✐♦♥ ♥❡:✇♦)❦0✳ ■♥ *+♦❝✳ ♦❢ ▼❆❈❊ ✬✵✽✳ ❙♣)✐♥❣❡)✱ ✷✵✵✽✳

✶✾✳ *✳ ❘✳ ❈♦❤❡♥ ❛♥❞ ❍✳ ❏✳ ▲❡✈❡0`✉❡✳ ❚❡❛♠✇♦)❦✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦): ❚❡❝❤♥♦:❡ ✺✵✹✱ ❙❘■

■♥:❡)♥❛:✐♦♥❛❧✱ ▼❡♥❧♦ *❛)❦✱ ❈❆✱ ▼❛)❝❤ ✶✾✾✶✳

✷✵✳ ❇✳ ❈✉):✐0✱ ▼✳ ❑❡❧❧♥❡)✱ ❛♥❞ ❏✳ ❖✈❡)✳ *)♦❝❡00 ♠♦❞❡❧✐♥❣✳ ❈♦♠✳ ❆❈▼✱ ✸✺✭✾✮✿✼✺✕✾✵✱ ✶✾✾✷✳

✷✶✳ ❆✳ ❉❛)❞❡♥♥❡✱ ❆✳ ✈❛♥ ▲❛♠0✇❡❡)❞❡✱ ❛♥❞ ❙✳ ❋✐❝❦❛0✳ ●♦❛❧✲❞✐)❡❝:❡❞ )❡`✉✐)❡♠❡♥:0 ❛❝`✉✐0✐✲

:✐♦♥✳ ❙❝✐❡♥❝❡ ♦❢ ❈♦♠♣✉#❡+ *+♦❣+❛♠♠✐♥❣✱ ✷✵✭✶✕✷✮✿✸✕✺✵✱ ❆♣)✐❧ ✶✾✾✸✳

✷✷✳ ▼✳ ❉❛0:❛♥✐✱ ❇✳ ✈❛♥ ❘✐❡♠0❞✐❥❦✱ ❛♥❞ ❏✳ ❏✳ ▼❡②❡)✳ *)♦❣)❛♠♠✐♥❣ ▼✉❧:✐✲❆❣❡♥: ❙②0:❡♠0 ✐♥

✸❆*▲✳ ■♥ ❘✳ ❇♦)❞✐♥✐✱ ▼✳ ❉❛0:❛♥✐✱ ❏✳ ❉✐①✱ ❛♥❞ ❆✳ ❊❧ ❋❛❧❧❛❤ ❙❡❣❤)♦✉❝❤♥✐✱ ❡❞✐:♦)0✱▼✉❧#✐✲

❆❣❡♥# *+♦❣+❛♠♠✐♥❣✿ ▲❛♥❣✉❛❣❡1✱ *❧❛#❢♦+♠1 ❛♥❞ ❆♣♣❧✐❝❛#✐♦♥1✱ ♣❛❣❡0 ✸✾✕✻✼✳ ❙♣)✐♥❣❡)✱

✷✵✵✺✳

✷✸✳ ❉✳ ❉❡♥♥❡::✳ ■♥:❡♥:✐♦♥❛❧ 0②0:❡♠0✳ ❏♦✉+♥❛❧ ♦❢ *❤✐❧♦1♦♣❤②✱ ✭✻✽✮✿✽✼✕✶✵✻✱ ✶✾✼✶✳



✶ ❚❤❡ ❏❛❞❡① ()♦❥❡❝-✿ ()♦❣)❛♠♠✐♥❣ ▼♦❞❡❧ ✸✸

✷✹✳ ▼✳ ●❡♦)❣❡✛ ❛♥❞ ❆✳ ▲❛♥=❦②✳ ❆ =②=-❡♠ ❢♦) )❡❛=♦♥✐♥❣ ✐♥ ❞②♥❛♠✐❝ ❞♦♠❛✐♥=✿ ❋❛✉❧- ❞✐❛❣✲

♥♦=✐= ♦♥ -❤❡ =♣❛❝❡ =❤✉--❧❡✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦)- ❚❡❝❤♥✐❝❛❧ ◆♦-❡ ✸✼✺✱ ❆)-✐✜❝✐❛❧ ■♥-❡❧❧✐❣❡♥❝❡

❈❡♥-❡)✱ ❙❘■ ■♥-❡)♥❛-✐♦♥❛❧✱ ▼❡♥❧♦ (❛)❦✱ ❈❛❧✐❢♦)♥✐❛✱ ✶✾✽✻✳

✷✺✳ ▼✳ ❍✉❜❡)✳ ❏❆▼✿ ❆ ❇❉■✲❚❤❡♦)❡-✐❝ ▼♦❜✐❧❡ ❆❣❡♥- ❆)❝❤✐-❡❝-✉)❡✳ ■♥ ❖✳ ❊-③✐♦♥✐✱ ❏✳ ▼X❧❧❡)✱

❛♥❞ ❏✳ ❇)❛❞=❤❛✇✱ ❡❞✐-♦)=✱  !♦❝❡❡❞✐♥❣) ♦❢ +❤❡ ✸!❞ ❆♥♥✉❛❧ ❈♦♥❢❡!❡♥❝❡ ♦♥ ❆✉+♦♥♦♠♦✉)

❆❣❡♥+) ✭❆●❊◆❚❙ ✶✾✾✾✮✱ ♣❛❣❡= ✷✸✻✕✷✹✸✳ ❆❈▼ ()❡==✱ ✶✾✾✾✳

✷✻✳ ❑✳ ❏❛♥❞❡)✱ ▲✳ ❇)❛✉❜❛❝❤✱ ❆✳ (♦❦❛❤)✱ ❛♥❞ ❲✳ ▲❛♠❡)=❞♦)❢✳ ●♦❛❧✲♦)✐❡♥-❡❞ ♣)♦❝❡==❡= ✇✐-❤

❣♣♠♥✳ ■♥+❡!♥❛+✐♦♥❛❧ ❏♦✉!♥❛❧ ♦♥ ❆!+✐✜❝✐❛❧ ■♥+❡❧❧✐❣❡♥❝❡ ❚♦♦❧) ✭■❏❆■❚✮✱ ✷✵✶✶✳

✷✼✳ ◆✳ ❏❡♥♥✐♥❣= ❛♥❞ ❊✳ ▼❛♠❞❛♥✐✳ ❯=✐♥❣ ❏♦✐♥- ❘❡=♣♦♥=✐❜✐❧✐-② -♦ ❈♦♦)❞✐♥❛-❡ ❈♦❧❧❛❜♦)❛-✐✈❡

()♦❜❧❡♠ ❙♦❧✈✐♥❣ ✐♥ ❉②♥❛♠✐❝ ❊♥✈✐)♦♥♠❡♥-=✳ ■♥ ❆❆❆■✱ ♣❛❣❡= ✷✻✾✕✷✼✺✱ ✶✾✾✷✳

✷✽✳ (✳ ❏❡③❡❦✱ ❚✳ ❇✉)❡=✱ ❛♥❞ (✳ ❍♥❡-②♥❦❛✳ ❙✉♣♣♦)-✐♥❣ )❡❛❧✲❧✐❢❡ ❛♣♣❧✐❝❛-✐♦♥= ✐♥ ❤✐❡)❛)❝❤✐❝❛❧

❝♦♠♣♦♥❡♥- =②=-❡♠=✳ ■♥ ❘✳ ▲❡❡ ❛♥❞ ◆✳ ■=❤✐✐✱ ❡❞✐-♦)=✱ ✼+❤ ❆❈■❙ ■♥+✳ ❈♦♥❢✳ ♦♥ ❙♦❢+✇❛!❡

❊♥❣✐♥❡❡!✐♥❣ ❘❡)❡❛!❝❤✱ ▼❛♥❛❣❡♠❡♥+ ❛♥❞ ❆♣♣❧✐❝❛+✐♦♥) ✭❙❊❘❆ ✷✵✵✾✮✱ ✈♦❧✉♠❡ ✷✺✸ ♦❢

❙+✉❞✐❡) ✐♥ ❈♦♠♣✉+❛+✐♦♥❛❧ ■♥+❡❧❧✐❣❡♥❝❡✱ ♣❛❣❡= ✶✵✼✕✶✶✽✳ ❙♣)✐♥❣❡)✱ ✷✵✵✾✳

✷✾✳ ●✳ ❑♥♦❧♠❛②❡)✱ ❘✳ ❊♥❞❧✱ ❛♥❞ ▼✳ (❢❛❤)❡)✳ ▼♦❞❡❧✐♥❣ ♣)♦❝❡==❡= ❛♥❞ ✇♦)❦✢♦✇= ❜② ❜✉=✐♥❡==

)✉❧❡=✳ ■♥ ❇✉)✐♥❡))  !♦❝❡)) ▼❛♥❛❣❡♠❡♥+✱ ▼♦❞❡❧)✱ ❚❡❝❤♥✐J✉❡)✱ ❛♥❞ ❊♠♣✐!✐❝❛❧ ❙+✉❞✐❡)✱

♣❛❣❡= ✶✻✕✷✾✱ ▲♦♥❞♦♥✱ ❯❑✱ ✷✵✵✵✳ ❙♣)✐♥❣❡)✲❱❡)❧❛❣✳

✸✵✳ ❏✳ ❋✳ ▲❡❤♠❛♥✱ ❏✳ ▲❛✐)❞✱ ❛♥❞ (✳ ❘♦=❡♥❜❧♦♦♠✳ ❆ ❣❡♥-❧❡ ✐♥-)♦❞✉❝-✐♦♥ -♦ ❙♦❛)✱ ❛♥ ❛)❝❤✐✲

-❡❝-✉)❡ ❢♦) ❤✉♠❛♥ ❝♦❣♥✐-✐♦♥✳ ■♥ ❙✳ ❙-❡)♥❜❡)❣ ❛♥❞ ❉✳ ❙❝❛)❜♦)♦✉❣❤✱ ❡❞✐-♦)=✱ ■♥✈✐+❛+✐♦♥

+♦ ❈♦❣♥✐+✐✈❡ ❙❝✐❡♥❝❡✱ ✈♦❧✉♠❡ ✹✱ ♣❛❣❡= ✷✶✷✕✷✹✾✳ ▼■❚ ()❡==✱ ✶✾✾✻✳

✸✶✳ ❋✳ ▲❡②♠❛♥♥ ❛♥❞ ❉✳ ❘♦❧❧❡)✳  !♦❞✉❝+✐♦♥ ❲♦!❦✢♦✇✿ ❈♦♥❝❡♣+) ❛♥❞ ❚❡❝❤♥✐J✉❡)✳ ()❡♥-✐❝❡

❍❛❧❧ (❚❘✱ ✷✵✵✵✳

✸✷✳ ❇✳ ▲✐=- ❛♥❞ ❇✳ ❑♦)❤❡))✳ ❆♥ ❡✈❛❧✉❛-✐♦♥ ♦❢ ❝♦♥❝❡♣-✉❛❧ ❜✉=✐♥❡== ♣)♦❝❡== ♠♦❞❡❧❧✐♥❣ ❧❛♥✲

❣✉❛❣❡=✳ ■♥  !♦❝✳ ♦❢ ❙❆❈ ✬✵✻✱ ♣❛❣❡= ✶✺✸✷✕✶✺✸✾✳ ❆❈▼✱ ✷✵✵✻✳

✸✸✳ ❏✳ ▼❛)✐♥♦ ❛♥❞ ▼✳ ❘♦✇❧❡②✳ ❯♥❞❡!)+❛♥❞✐♥❣ ❙❈❆ ✭❙❡!✈✐❝❡ ❈♦♠♣♦♥❡♥+ ❆!❝❤✐+❡❝+✉!❡✮✳

❆❞❞✐=♦♥✲❲❡=❧❡② ()♦❢❡==✐♦♥❛❧✱ ✶=- ❡❞✐-✐♦♥✱ ✷✵✵✾✳

✸✹✳ ❖❆❙■❙✳ ❲❡❜ ❙❡!✈✐❝❡) ❇✉)✐♥❡))  !♦❝❡)) ❊①❡❝✉+✐♦♥ ▲❛♥❣✉❛❣❡ ✭❲❙ ❇❊▲✮ ❙♣❡❝✐✜❝❛+✐♦♥✱

✈❡)=✐♦♥ ✷✳✵ ❡❞✐-✐♦♥✱ ✷✵✵✼✳

✸✺✳ ❈✳ ❖✉②❛♥❣✱ ▼✳ ❉✉♠❛=✱ ❆✳ -❡) ❍♦❢=-❡❞❡✱ ❛♥❞ ❲✳ ✈❛♥ ❞❡) ❆❛❧=-✳ ❋)♦♠ ❜♣♠♥ ♣)♦❝❡==

♠♦❞❡❧= -♦ ❜♣❡❧ ✇❡❜ =❡)✈✐❝❡=✳ ■♥  !♦❝✳ ♦❢ ■❈❲❙ ✬✵✻✱ ♣❛❣❡= ✷✽✺✕✷✾✷✳ ■❊❊❊✱ ✷✵✵✻✳

✸✻✳ ▲✳ (❛❞❣❤❛♠ ❛♥❞ ▼✳ ❲✐♥✐❦♦✛✳ ()♦♠❡-❤❡✉=✿ ❛ ♠❡-❤♦❞♦❧♦❣② ❢♦) ❞❡✈❡❧♦♣✐♥❣ ✐♥-❡❧❧✐❣❡♥-

❛❣❡♥-=✳ ■♥ ▼❛)✐❛ ●✐♥✐✱ ❚♦)✉ ■=❤✐❞❛✱ ❈)✐=-✐❛♥♦ ❈❛=-❡❧❢)❛♥❝❤✐✱ ❛♥❞ ❲✳ ▲❡✇✐= ❏♦❤♥=♦♥✱

❡❞✐-♦)=✱  !♦❝❡❡❞✐♥❣) ♦❢ +❤❡ ✶)+ ■♥+❡!♥❛+✐♦♥❛❧ ❏♦✐♥+ ❈♦♥❢❡!❡♥❝❡ ♦♥ ❆✉+♦♥♦♠♦✉) ❆❣❡♥+)

❛♥❞ ▼✉❧+✐❛❣❡♥+ ❙②)+❡♠) ✭❆❆▼❆❙ ✷✵✵✷✮✱ ♣❛❣❡= ✸✼✕✸✽✳ ❆❈▼ ()❡==✱ ❏✉❧② ✷✵✵✷✳

✸✼✳ ❚✳ (❛✉❧✉==❡♥✱ ❆✳ ❩c❧❧❡)✱ ❋✳ ❘♦-❤❧❛✉❢✱ ❆✳ ❍❡✐♥③❧✱ ▲✳ ❇)❛✉❜❛❝❤✱ ❆✳ (♦❦❛❤)✱ ❛♥❞

❲✳ ▲❛♠❡)=❞♦)❢✳ ❆❣❡♥-✲❜❛=❡❞ ♣❛-✐❡♥- =❝❤❡❞✉❧✐♥❣ ✐♥ ❤♦=♣✐-❛❧=✳ ■♥ (✳ ▲♦❝❦❡♠❛♥♥

❖✳ ❙♣❛♥✐♦❧ ❙✳ ❑✐)♥✱ ❖✳ ❍❡)③♦❣✱ ❡❞✐-♦)✱ ▼✉❧+✐❛❣❡♥+ ❊♥❣✐♥❡❡!✐♥❣ ✲ ❚❤❡♦!② ❛♥❞ ❆♣♣❧✐❝❛✲

+✐♦♥) ✐♥ ❊♥+❡!♣!✐)❡)✱ ♣❛❣❡= ✷✺✺✕✷✼✺✳ ❙♣)✐♥❣❡)✱ ✻ ✷✵✵✻✳

✸✽✳ ❚✳ ❖✳ (❛✉❧✉==❡♥✱ ◆✳ ❘✳ ❏❡♥♥✐♥❣=✱ ❑✳ ❙✳ ❉❡❝❦❡)✱ ❛♥❞ ❆✳ ❍❡✐♥③❧✳ ❉✐=-)✐❜✉-❡❞ (❛-✐❡♥-

❙❝❤❡❞✉❧✐♥❣ ✐♥ ❍♦=♣✐-❛❧=✳ ■♥ ●✳ ●♦--❧♦❜ ❛♥❞ ❚✳ ❲❛❧=❤✱ ❡❞✐-♦)=✱  !♦❝❡❡❞✐♥❣) ♦❢ +❤❡
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Abstract. The BDI model is concerned with the rational action of an
individual agent. At the multi-agent layer especially coordination among
agents is an important factor that determines how overall system goals
can be accomplished. Thus, from a software engineering perspective it is
desirable to extend the BDI programming model to the multi-agent layer
and make BDI concepts also useable for coordination among agents. A
severe problem with existing approaches that tried to follow this path
e.g. by proposing a BDI teamwork model is that they violate the OCMAS
principles stating that no assumptions on agent architectures should be
made on the multi-agent level. If OCMAS principles are violated the
kinds of agents that can participate in coordination is limited ab initio
to a specific sort such as BDI. In this paper we propose a new goal
delegation mechanism that allows for both. On the one hand, BDI agents
can delegate their normal goals to other agents and on the other hand
these goals are not represented explicitly on the multi-agent level so that
also non-BDI agents can act as receivers and help accomplishing a goal.

1 Introduction

The belief-desire-intention model (BDI) of Bratman [3] was inspiration source for
one of the most successful agent architectures called PRS (procedural reasoning
system) initially proposed in [9]. Main appeal of the BDI agent architecture
is its folk psychological grounding that allows developers to naturally describe
agent behavior in terms of beliefs (what is known of the world), goals (what is
to be achieved), and plans (how goals can be achieved) in a similar way humans
think that they think [12]. The traditional BDI architecture from [15] (cf. Fig.
1 left hand side) reduces the core process of BDI - called practical reasoning -
to the means-end reasoning phase. Means-end reasoning refers to the process of
deciding how to accomplish a goal or how to treat an event. Software-technically
this is interpreted as plan selection and execution process, i.e. for a given goal the
agent searches relevant plans (fitting to the goal type) and further inspects their
applicability in the current context (referring to its beliefs). From this knowledge
an applicable plan list is created and plans are executed one by one until the
goal is achieved or no more plans are available causing the goal to be failed.
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Fig. 1. BDI deliberation

In previous work the traditional BDI architecture has been extended to-
wards supporting the full practical reasoning cycle consisting of the phases goal
deliberation and means-end reasoning (cf. Fig. 1 middle). In the upstream goal
deliberation phase an agent deals with the question which of its goals it should
pursue at the current point in time. The main aspect of goal deliberation consists
in generating a conflict-free goal set for the agent as some of the existing goals
interfere with each other. Prerequisites for supporting the full practical reasoning
cycle consist in introducing explicitly represented goals [6,4], a goal deliberation
strategy [14] and an extended BDI architecture with a new deliberation cycle
[13]. These extensions allow for programming goal-driven agents that are able to
autonomously deliberate about their goals and pursue them in flexible context
dependent ways but do not touch the area of inter-agent dependencies.

Thus, in the envisioned BDI architecture (cf. Fig. 1 right hand side), be-
sides the aforementioned intrinsic aspects of goal deliberation and means-end
reasoning, also goal delegation should be covered. This transforms a multi-agent
system into a distributed goal-oriented reasoning engine and allows for natural
cooperation among cognitive agents. In contrast to previous extensions, goal del-
egation renders the deliberation process much more difficult. Basically, it has to
be decided in which cases a goal should be delegated and to which agent. Fur-
thermore, also timing aspects become more important because goal deadlines
might influence the goal delegation decisions. In contrast to the aforementioned
two-phased process of practical reasoning, goal delegation requires a new BDI
deliberation approach.

As a first step towards such general architecture in this paper the foundations
of goal delegation will be laid out. In the next Section related work is discussed.
In this context, the concept of goal delegation is explained and contrasted with
similar but nonetheless different approaches from the teamwork area. In Section 3
the principles and architecture of the new goal delegation approach are presented.
Finally, in Section 4 some concluding remarks and aspects of planned future work
are given.

2 Related Work

For the treatment of related work, first goal delegation is placed it into a larger
context regarding the general coordination of BDI agents. Afterwards existing
works with regard to goal delegation are presented.



Table 1. Comparison of coordination approaches

2.1 BDI Agents and Coordination

Coordination among BDI agents in a multi-agent system can take a number
of forms. A fundamental property of BDI agents is their definition in terms
of mental attitudes such as belief, goals and plans. Therefore an interesting
question concerns the role of such mental attitudes in any coordination approach.
A large family of BDI coordination approaches can be derived by following the
general assumption that when some mental attitudes are shared, the individual
reasoning processes will lead to coordinated behavior. This idea is appealing
due to a number of reasons. On the one hand, using mental attitudes also for
coordination purposes is conceptually in line with the intuitive, folk psychological
interpretation of BDI. On the other hand, the BDI reasoning process is already
quite sophisticated and it is expected that introducing extensions for sharing
mental attitudes is technically less challenging than to develop a new reasoning
process specifically for coordination.

Table 1 differentiates some existing coordination approaches with regard to
the question, which mental attitudes are shared among agents. The approaches
have been selected as examples for their respective category. The selection of
approaches should not be considered exhaustive and an in-depth treatment of
the individual representatives is out of the scope of this paper. Instead, the fol-
lowing descriptions try to elaborate the general implications of sharing some
mental attitude(s). In particular, the criteria of coupling and communication
are considered. Coupling refers to how directly one agent is able to influence the
behavior of another agent. In addition, the communication overhead of coordi-
nation results from both the communication load (i.e. the amount of transferred
data) and the communication frequency (i.e. how often agents need to engage in
communication). The result of this analysis is illustrated in Figure 2.

In Hive BDI [1] agents can share some of their beliefs and thus induce indirect
coordination similar to the way ant-like agents influence each other using digital
pheromones. The approach aims at supporting large-scale agent systems com-
posed of huge numbers of agents and features a high robustness and scalability.
The sharing of beliefs represents a low coupling, because agents only influence
each other indirectly. The communication overhead is relatively high, due to the
communication frequency, which e.g. follows from the dynamics of the environ-
ment. Goal delegation has been defined in [2] as the delegation of commitment,
i.e. an agent adopting a commitment of another agent, and the delegation of



Fig. 2. Communication and coupling implications of shared mental attitudes

strategy, i.e. the agent on the receiving and has full control over how it pursues
the delegated goal. In consequence, goal delegation incurs a rather low commu-
nication overhead, because at the start of the goal delegation, only the commit-
ment needs to be communicated and after the delegated goal is achieved, some
result might be passed back. Goal delegation allows medium influence on the
behavior of other agents, because goal delegation states what the agent should
achieve (commitment), but not how (strategy). Tight coupling can be produced
by plan sharing approaches. E.g. Coordinated Sapa [10] allows resolving con-
flicts between plans, such that two cooperative agents can pursue their goals
without accidentally executing actions detrimental to the other agent. This is
facilitated by one agent sending its plan to the other and the other agent choos-
ing its own actions in a way that avoids any conflict. Therefore tight coupling
is established that requires communicating complete plan structures. There are
also combined approaches that incorporate sharing of more than one attitude.
E.g. in joint intentions [7], the notion of a shared goal is extended to require
also shared knowledge about the state of the goal. Joint responsibility [11] takes
these ideas further by also incorporating the plan level. These approaches lead to
increased coupling, that may be advantageous, e.g. to improve the performance
of teamwork, but comes with the cost of increased communication overhead.

2.2 Goal Delegation Approaches

The work presented in this paper aims at exploiting the intuitive BDI concepts
for the development of open multi-agent systems. The above analysis shows that
goal delegation represents a good trade-off between coupling and communication.
With the initial delegation of the goal and the returning of some final result, it has
clear interaction points with an intuitive semantics. Yet, for open and extensible
systems the principles of organization-centered multi-agent systems (OCMAS) as
laid down in [8] are considered very important as well. OCMAS advocates to treat
agents as black boxes and therefore prohibits the use of mental attitudes at the
MAS level. For a combination of both, two aspects are important. First, on the
MAS-level, goal delegation needs to be represented in a standardized interaction
that is open to non-BDI agents, too. Second, on the BDI-level, the standardized
interaction scheme needs to be mapped to goals, which are delegated to and
from other agents. Finally, the BDI reasoning cycle needs to be extended to



Fig. 3. Goal delegation concept

incorporate decisions regarding the delegation and acceptance of goals. In the
following, some existing goal delegation approaches are discussed with respect
to their support for either of those aspects.

In [2] the authors propose a FIPA-compliant protocol for goal delegation.
While being FIPA-compliant means that syntactically, any kinds of agents may
engage into conversations according to this protocol, the motivation of the proto-
col is explicitly capturing the semantics of goal delegation in the protocol itself.
It is therefore a heavy-weight approach that violates OCMAS principles in fa-
vor of a clearly defined semantics for each message. Furthermore, no suggestions
regarding the implementation of BDI agents according to the protocol are made.

An explicit distinction between the MAS and the BDI level is considered
by [16]. In addition to the goal inside an agent, the notions of task and service
are introduced. A task represents a concrete goal instance to be delegated to
another agent (i.e. on the delegator side), whereas a service describes the abil-
ity of an agent to receive task requests (delegatee side). To perform the actual
delegation of tasks, the usage of a contract-net negotiation is proposed. Fur-
thermore, a reasoning cycle has been conceived that triggers delegation of goals,
when no local plans are found. The approach is interesting due to the explicit
separation of the three aspects of goals (goal, task, service). Yet, the approach
is not fully generic, because of the contract-net-oriented interaction and goal
delegation being hard-coded into the reasoning cycle.

3 OCMAS Goal Delegation

There are two main requirements for our goal delegation approach. The first
requirement is that BDI agents should be enabled to use the notion of goal
delegation to outsource some of their goals to other agents. This means that the
specification of BDI agents needs to be extended to incorporate details about
which goals can be delegated at which moments to what agents. The second
requirement mandates that the goal delegation approach should be in line with
the OCMAS principles, i.e. the approach should not make any assumptions about



Fig. 4. Goal delegation with means-end reasoning

the internal architectures of the participating agents. These two requirements
seem to be naturally contradicting as using notions such as shared goals or
plans requires all possible goal adopters to understand that notion and in this
way restricts the heterogeneity of the participating agents.

The proposed solution path builds on the idea of having a common black-box
view for all kinds of agents (BDI, task-based, etc.) that adds provided and re-
quired service specifications known from component based software engineering.
These required and provided service descriptions are based on interface defini-
tions with method signatures so that the interoperability of different components
is clearly defined. The idea now is to treat goal delegation as a process of three
perspectives that can be considered separately. From the perspective of the del-
egating agent, which is assumed to be a BDI agent, a mechanism is added to
route a goal to another agent, After having delegated the goal it is guaranteed
that a result of this delegation process is eventually received and the goal state
is updated. From the perspective of the receiving agent goal delegation may lead
to the exogenous creation of a goal from another agent. The receiving agent can
reason about goal acceptance and afterwards can process the goal in the same
way as it does with its own goals. In between the goal is not explicitly repre-
sented - hence “goal delegation without goals” - but is abstracted to a simple
service invocation, i.e. the delegating agent invokes one of its required services.
This required service is potentially dynamically bound to the provided service
of another agent which if being BDI automatically maps the call to a goal.

This general invocation scheme is graphically depicted in Fig. 3. It further
illustrates that on the receiving side the service must not recreate a goal but can
also be perceived as normal service invocation. In this way also other types of
agents, like task-based ones or even other types of systems such as web services
can be naturally used as goal executors.

3.1 Reasoning Integration

As already presented in the introduction, goal delegation makes the BDI reason-
ing process of an agent more complicated, because ’who’ and ’when’ questions
need to be answered and it is not clear at what points in the reasoning process
this should be done. Rather, it seems that a very flexible approach is needed that
allows for answering these questions at different stages in the decision process,
i.e. during goal deliberation as well as as part of the means-end reasoning. In



this paper we will not present a complete solution to this intricate aspect but
will approach it with a conservative extension to the means-end reasoning part
only. To install goal delegation at the mean-end reasoning phase a new generic
delegation plan is introduced (cf. Fig. 4), which actually performs the delegation
by automatically searching and invoking one or more services according to the
user specification. In this way the means-end reasoning process determines if
and when goal delegation in used. Plan priorities can be employed to determine
the relation between own plans and goal delegation, i.e. if it should be tried to
outsource a goal as soon as possible or rather as last available option. In addi-
tion pre- and context conditions can be used to define in which situations goal
delegation is applicable. On the other side the incoming service call is handled
by a generic goal creation service, which first checks if goal adoption is wanted
by the agent and afterwards creates the exogenous goal for further processing.

In case the agent has decided to delegate a goal to another agent the question
arises to which agent is should be sent if more than one option is available. It
should be possible to base this decision upon functional as well as non-functional
criteria. In our proposed solution the decision is not part of the goal delegation
mechanism but belongs to the underlying service matching between required
and provided services of agents. A required service specification is functionally
defined via a service interface and additionally declares a search scope (e.g.
platform or global scope) in which the search is performed. Depending on the
required service specification, the search for suitable service providers (and hence
goal delegation targets) can be done dynamically on each request or only once
in case of a static scenario with fixed sets of service providers. Currently, non-
functional criteria cannot be explicitly specified as part of the required service,
but only by using custom classes that extend the search mechanism. Declarative
specifications of non-functional criteria are an important part of future work.

3.2 Implementation

The goal delegation concept has been implemented using the Jadex agent plat-
form [5]. The specification details will be presented in the following and they
will be further illustrated by a small example application. The artificial scenario
is called the money painter application. It consists of two agent types. The first,
called rich agent, has the objective to become rich by getting a certain amount of
money. It decomposes this goal to get the specified amount of money by creating
a number of subgoals each responsible for getting one euro. To get one euro two
different means are available. Either the agent can decide to paint one euro by
itself or it can delegate the goal to paint one euro to another agent type called
painter. It has to be noted that each agent can only paint one euro at the same
time and it also needs some time to accomplish this task. In this scenario painter
agents refuse to work on a new task as long as they are busy with an old one.

At the initiator agent side (i.e. an agent that wants to delegate a goal) merely
a small extension to the plan element is necessary that allows for specifying a
goal delegation plan. The delegation plan description differs from usual plan



01: <goals>
02: <achievegoal name=”get_one_euro” recur=”true” recurdelay=”1000”>
03: </goals>
04:

05: <plans>
06: <plan name="let_another_paint_one_euro">
07: <body service="paintservices" method="paintOneEuro"/>
08: <trigger>
09: <goal ref="get_one_euro"/>
10: </trigger>
11: </plan>
12: </plans>
13:

14: <services>
15: <requiredservice name="paintservices" class="IPaintService" multiple="true">
16: <binding dynamic=”true”, scope=”platform”>
17: </requiredservice>
18: </services>

Fig. 5. Cutout of the rich agent file

descriptions in the way the plan body is defined.1 For normal plans, a class
name is used to refer to the class that should be instantiated and executed. In
case of a delegation plan, a service name and a method name have to be declared.
The service name is a local name that corresponds to a required service definition
from the services section of the agent and the method name is used to identify
the method of the required service that should be called when a goal delegation
is started.

In Fig. 5 a cutout of the rich agent is depicted. It can be seen that a goal
to get one euro (lines 1-3), a delegation plan (lines 5-12) and a required service
definition (lines 14-18) need to be specified. For each get one euro goal instance
that agent possesses (creation not shown) it tries to accomplish it by executing
the delegation plan (cf. the plan trigger in lines 8-10). This plan uses the new
body description introduced above and links the delegation to the paintOneEuro
method of the required service called paintservices. The required service speci-
fication defines the type of service should be bound (here of type IPaintService,
line 15), that all instances of that services should be returned (multiple, line 15)
and dynamic search should be applied (line 16) and that all components from
the agent platform should be included into the search (scope platform, line 16).
In case the delegation plan fails due to the fact that all painters are busy, the
goal will pause and retry after one second (recur settings, line 2).

At the participant side (i.e. the agent that handles a goal delegation ser-
vice call) an extension has been introduced to publish a goal as specific service
method. Furthermore, a parameter mapping has been introduced that can be
used to describe how a service argument is mapped to a parameter of a goal. In
this way the method arguments can be passed to the goal also selectively or in
a different order.

In Fig. 6 a cutout of the painter agent is shown. It owns a belief with name
painting (line 1-3) of type boolean that indicates whether the agent is currently

1 The plan body refers to the class that implements the domain logic of a plan. If the
BDI interpreter executes a plan as first step it creates the plan body and afterwards
executes it stepwise.



01: <beliefs>
02: <belief name=”painting” class=”boolean”>
03: </beliefs>
04:

05: <goals>
06: <achievegoal name=”get_one_euro”>
07: <publish class=”IPaintService” method=”paintOneEuro”>
08: </achievegoal”>
09: </goals>
10:

11: <plans>
12: <plan name="paint_one_euro">
13: <body class="PaintOneEuroPlan"/>
14: <trigger>
15: <goal ref="get_one_euro"/>
16: </trigger>
17: <precondition>!beliefbase.painting</precondition>
18: </plan>
19: </plans>

Fig. 6. Cutout of the painter agent file

busy with painting a euro. Furthermore, it has one goal (lines 5-9) for painting a
euro and a corresponding plan (lines 11-19). The goal is equipped with the new
publish declaration, which defines it as an exogenous goal that is instantiated
when a method call (“paintOneEuro”) to the IPaintService is received (line 7).
Always when a new goal is created, goal processing will start and look for a
suitable plan. In this example the agent only has one fitting plan that reacts to
the goal (cf. plan trigger in line 15). Furthermore, a precondition is used to check
whether the agent is already painting (line 17). The painting belief is modified
by the painting plan itself when it starts and ends working. If a goal is created
and the agent is busy the precondition evaluates to false and the plan cannot
be used. As the agent has no other plan the goal is considered as failed and the
service caller is automatically notified that goal delegation did not succeed.

4 Conclusion

This paper has tackled the question how goal delegation can be introduced with-
out violating the OCMAS principles and forcing all agents of a multi-agent
system to be BDI agents. The proposed solution distinguishes between the per-
spectives of the delegating agent, the multi-agent layer, and the receiving agent.
Only at the delegating and possibly at the receiving agent goals are explicitly
represented, whereas in between no goals occur and service calls are used as in-
teraction means. As services are a common property of all kinds of agents (and
especially of active components) the receiving side can interpret them in differ-
ent ways, e.g. a BDI agent can recreate the goal, while a task based agent can
execute a behavior. The contract between both sides is kept minimal and only
requires the receiver to answer the service call with a result or an exception.
This provides interoperability between BDI agents and other agent types as well
as legacy systems, e.g. using web services. Taken together, the contributions of
this paper therefore achieve goal delegation transparency on the intra-agent and
inter-agent level. On the intra-agent level, transparency is achieved by treating



endogenous and exogenous goals the same way. On the inter-agent level, goals
are made transparent using service calls. In future work, especially the devel-
opment of a new BDI architecture will be targeted, which is able to use goal
delegation at different stages and not only as part of means-end reasoning.
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FROM A RESEARCH TO AN INDUSTRY-STRENGTH 
AGENT PLATFORM: JADEX V2 

Alexander Pokahr and Lars Braubach 1) 

Abstract

Since the beginning of the nineties multi-agent systems have been seen as a promising new software 
paradigm that is capable to overcome conceptual weaknesses of mainstream object-oriented soft-
ware solutions. Despite these theoretical advantages, in practice agent software is rarely used and 
as software paradigm has been widely superseded by the service-oriented architecture. One key 
reason for the slow adoption of agent-based ideas is that existing agent software in most cases does 
not provide business-relevant features such as persistency or scalability. Hence, in this paper it is 
analyzed which essential business requirements exist and a solution agent platform architecture is 
presented. This architecture has been implemented within the Jadex V2 agent platform, which is a 
complete overhaul of the V1 architecture.

1. Introduction

In literature agent orientation is often promoted as new software paradigm with which shortcomings 
of object-oriented solutions can be solved. Nonetheless, in practice only few agent-based systems 
have been successfully deployed and the paradigm is not well recognized by industry practitioners. 
One question that will be tackled in this paper is, why this is the case and how this can be changed.

In general, agent orientation brings a new perspective into software engineering and considers an 
application of being composed by a multitude of individual agents working together to provide the 
required functionalities. The agent paradigm assumes that an agent is an autonomous entity that acts 
on its own behalf and communicates with other agents via asynchronous messages. Hence, agent 
orientation is a paradigm that naturally fits for the development of loosely-coupled distributed and 
concurrent systems. On the one hand, distribution is supported by the fact that agents make no as-
sumptions where other agents are located meaning that the location of an agent is transparent for its 
communication partners. This allows a software developer to distribute agents across system bor-
ders as needed without having to change the application logic. On the other hand, concurrency is 
supported by the agent’s autonomy, i.e. each agent can work independently from others and thus the 
agents of a multi-agent system can in principle be executed in parallel. Therefore, multi-agent sys-
tems provide a clear metaphor for building potentially massively parallel applications.  

With respect to current and emerging trends the importance of distribution and concurrency is fur-
ther illustrated. In the following three of the most prevailing trends (cf. e.g. [10]) are sketched:

Ubiquitous computing is the vision of Weiser [15] and means that computing devices become 
smaller and smaller and finally vanish into the environment. In a ubiquitous environment a lot 
of independent small devices exist and they often need to build up a heterogeneous service net-
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work in order to fulfill user requirements. Hence, ubiquitous computing needs a programming 
paradigm that takes into account distribution as a core concept.  

Autonomic computing [7] puts the administration effort of systems in the focus of attention. The 
basic idea here is to build self-* (-heal, -optimize, -configure, -protect) systems, which can 
manage themselves by monitoring and adjusting their individual components. Such behavior 
can only be achieved when components can act independently from each other and take over 
different responsibilities. Typically, in an autonomous system for each business component a 
dedicated management component is responsible for controlling the behavior of the first. Hence, 
autonomous computing architectures are conceptually agent-based and per-se concurrent.   

Multicore processors [2] have reached the consumer market since 2006 and improve processing 
power by providing more than one processing unit on board of a single chip. Nowadays dual or 
quadcore processors are common and it seems reasonable that in the near future multicore proc-
essors will be available with a huge number of cores. In order to exploit that processing power 
the software has to be programmed in a way that supports multiple processes or threads. This is 
feasible using state of the art programming languages. Nevertheless the available concepts for 
controlling concurrency such as semaphores and monitors are very low-level and lead to error 
prone code that additionally is hard to program. Therefore, a programming paradigm providing 
higher-level concurrency concepts is needed.

If agent technology provides solutions for these and other challenges the question arises, why agent 
orientation has not yet made it to mainstream software engineering projects and so few systems 
have been deployed. In the following some key reasons are presented: 

Heterogeneity of the research field leads to the severe problem that there are no agreed-upon 
conceptual frameworks. Therefore it exists a multitude of programming languages, methodolo-
gies and agent platforms making the choice of the right artifacts a hard one.  

The lack of interest of industry players causes too few respectively too expensive industry-grade 
agent tools being available. One reason for the low number of companies selling agent-oriented 
solutions is the high research and development effort required before agent products can be 
sold. Many companies tried to use agent technology in the nineties during the agent hype phase 
and failed due to the immatureness of the field. As no immediate return on invest was produc-
ible the paradigm has been abandoned and the current service-oriented architecture hype lets 
many companies concentrate on the service wave.  

The lack of integration with existing mainstream technology and tools makes agent technology 
risky to use for companies, because they have to decide whether they want to rely on proven 
technologies or utilize agent approaches – mostly they cannot have both. But, as agent orienta-
tion has orthogonal advantages with respect to existing paradigms, the choice in such a setting 
is always to use the proven technology.

In the following it will be investigated how these challenges can be addressed under a technical 
viewpoint, i.e. with respect to adequate infrastructure support. For this purpose in Section 2 the re-
quirements for industry-grade agent software are examined. In Section 3 existing agent solutions 
are evaluated from the perspective of a business user. Thereafter, in Section 4 the Jadex V2 archi-
tecture is presented and it is detailed how the architecture helps to address the issues mentioned. In 
Section 5 the content is summarized and an outlook to planned future work is given  

2. Requirements

Much has been said (cf. [8, 10]) about the advantages of agent technology for building applications 
in the context of the current and emerging trends as outlined in the introduction. Many of these ad-
vantages are closely related to functional requirements, such as the ability to adequately react to 
changes in a dynamic environment [9] or the necessity of high-level abstractions to support decom-
position and organization of large application structures [8]. For a widespread industrial adoption, a 



technology not only has to provide the functional capacities to solve the specific problems at hand, 
but also has to answer the question how well it embeds into some given business context.  

In [3], a criteria catalog was developed that includes, besides functional aspects, especially also 
non-functional requirements that allow assessing how well an artifact under investigation fits to the 
peculiarities of an application context. These non-functional requirements (also called software 
quality attributes) are the key-factor when moving from research prototypes to industrial quality 
software. In the following, the most important criteria are quickly sketched.  

Usability refers to the features of an artifact from the viewpoint of a single user or usage con-
text. Relevant criteria in this category are individualization and extensibility, which state how 
easily an artifact can be adapted to a concrete usage context. From a developer perspective, sim-
plicity/intuitivity and learnability/familiarity are important factors that indicate how fast and ef-
ficient an artifact can be put into practice. 

Operating ability criteria are performance, robustness, stability and scalability, which describe 
how well the artifact behaves when considering varying system loads (performance), presence 
of failures (robustness), long term behavior (stability) and varying problem sizes (scalability). 

Pragmatic aspects are not related to using or operating an artifact, but mostly to the incurred 
efforts, costs and risks. Concretely, the maturity of an artifact has a direct effect on the risk of a 
software project. Costs are usually comprised of initial (purchase) costs and follow-up costs, 
e.g. for operation/maintenance or for training of personnel. Finally, additional efforts typically 
arise due to technical boundary conditions of an artifact, such as incompatibilities to other exist-
ing, required or preferable technology. 

It should be noted that a simple “the more the better” rating (e.g., of performance) is not suitable for 
any concrete software project, because these criteria are highly interrelated. Depending on the busi-
ness context, suitable trade-offs have to be found, e.g. between simplicity, performance and costs. 
As a consequence, generic software infrastructures, e.g. for agent based systems, need to be adapt-
able to business needs.

3. Related Work 

As outlined in the last section, industrial uptake of agent technology does not directly follow from 
the inherent conceptual advantages compared to more conventional software paradigms like ob-
jects, components or services. In addition to those conceptual advantages, agent infrastructures need 
to exhibit quality attributes similar to the conventional implementations, such as Java EE applica-
tion servers. These two aspects can be paraphrased as “having something to add” and “having
nothing to remove”. Agents have something to add to existing solutions, because they, e.g., facili-
tate more flexibility and quick adaptation to changes and can introduce a higher conceptual level 
when considering goals (“what should be done?”) instead of only actions (“how is something 
done?”). But agent infrastructures should also have nothing to remove. Especially features, which 
are well supported by conventional paradigms, like the support for modular software development, 
integration with existing technologies such as databases or user interface frameworks and high op-
erating ability (scalability, robustness, etc.), could be knock-out criteria, when being absent from 
agent-based solutions. 

Infrastructures for agent development therefore need to balance the two above mentioned aspects. 
Existing agent infrastructures can be broadly categorized into two different approaches. The first 
approach focuses on the first aspect (“having something to add”), i.e. this approach aims at building 
specialized agent-oriented solutions. The second approach tries to “having nothing to remove” by 
reusing existing conventional tools and techniques as much as possible and adding agent-oriented 
concepts and technology only in a selective way.



The primary advantage of building specialized agent-oriented solutions (first approach) is that 
agent-specific characteristics can be taken fully into account. Therefore, the expressive power of the 
agent paradigm can be used for building various aspects of an application. The major drawback of 
this approach is that these specialized solutions usually do not fit well into existing traditional infra-
structures. This means that existing features of e.g., applications servers, such as persistence, can 
not easily be reused in the agent context. As a result, proprietary solutions are implemented to sup-
port these features in a more agent-suitable way. An example of this approach is the widely used 
JADE agent platform (see e.g.[1]), which aims at providing agent-oriented middleware services 
according to the FIPA specifications [13]. For supporting non-functional requirements, additional 
components have been developed that e.g. support agent persistence or reliable messaging. Among 
the advantages of JADE is the simplicity, such that JADE can also be used for rapid proto-typing of 
agent applications, and the large user base, which results in numerous add-ons of varying quality 
being available. JADE has limitations with regard to the seamless integration with mainstream 
technology and poor scalability due to the use of a thread-based concurrency model. Further exam-
ples of the first approach are other agent platforms such as 3APL and Jason [1]. 

The main motivation behind the second approach (reusing existing conventional tools and tech-
niques) is minimizing the gap between agent technology and the software engineering mainstream. 
In this approach, the seamless deployment of agents or agent-like features into existing object-
oriented/component infrastructures is seen as the appropriate way to overcome the barriers that cur-
rently hinder the adoption of agent technology in the industry. Besides encouraging industry adop-
tion, a major benefit of this approach is the reduced implementation effort and increase in maturity 
due to relying on proven industry grade products. Moreover, due to adherence to industry standard 
APIs, developers can choose from the large body of commercial or open source implementations 
(e.g. of Java EE application servers), which in turn might offer certain advantages or disadvantages 
depending on the application context. The drawback of this approach is that the usage of standard 
technologies imposes certain constraints on which and how agent concepts can be implemented. 
Depending on the used basis, therefore usually only a subset of existing agent features can be real-
ized without compromising the mainstream integration and as a result, only advantages specific to 
those agent features can be obtained. Examples of this approach are agent platforms such as 
Whitesteins LS/TS [14] and the Agentis AdaptivEnterprise Suite. Both focus on integration with a 
Java EE technology base, but whereas the main aim of the Agentis suite is integrating BDI-style 
goal orientation, LS/TS puts more weight on agent concurrency and message passing. Among the 
advantages of LS/TS is the ability to run the same application on different execution environments 
(Java SE/Java EE) targeted to development vs. production settings and also the availability of dif-
ferent reasoning engines ranging from simple task-based to more high-level goal-oriented agents. 
Main criticism with regard to LS/TS is the high complexity, which makes it unsuitable for rapid 
prototyping of agent applications and the fact that the platform is closed and therefore no user 
community is available. Besides platforms, there are also programming languages like the JACK 
agent language [1], extending languages like Java to include agent-oriented constructs. 

Both approaches have their merits. The first approach is suitable for contexts in which agent advan-
tages have a big payoff (e.g. logistics domains, [12]) and therefore the easy integration with main-
stream technologies is not so important. On the other hand, the second approach allows integrating 
agent-oriented ideas into an existing business IT landscape and is therefore seen as the more prom-
ising approach for achieving mainstream industrial uptake of agent technology. 

4. Jadex V2 Architecture 

The Jadex agent framework (see e.g. [1]) mainly consists of the agent infrastructure, and tools for 
the development of agent systems. The concrete requirements for Jadex V2 have been revealed by 
an evaluation of V1 against the criteria catalogue from Section 2. In the following a short review of 
the evaluation with respect to the non-functional criteria is given. 



Usability The usability of Jadex V1 has been evaluated to high due to several reasons. First, 
Jadex does not introduce a new programming language, but relies completely on a hybrid lan-
guage approach. This approach distinguishes between structural and behavioral aspects, which 
are specified in the suitable mainstream languages XML and Java respectively. Second, the BDI 
concepts are interpreted in an intuitive way, which is near to their folk-psychological meaning 
and includes an explicit representation of goals. This also allows a natural transition from mod-
eling to implementation via existing goal-oriented methodologies like Tropos or Prometheus. 
Third, Jadex also fulfills software technical reusability requirements by providing a BDI-based 
modularization concept called capabilities.  

Operating ability The operating ability has been identified as one crucial aspect for industrial 
exploitation of agent platforms and is hence very well-supported by commercial platforms like 
JACK or LS/TS. In V1 operating ability has been evaluated to only fair. In order to assess the 
quality of agent platforms in this respect, several small benchmarks have been conducted on a 
standard desktop PC as explained in the following. The performance has been tested via agent 
creation resp. termination time. In this respect the creation/termination of agents was at a rate of 
circa 50 resp. 250 agents/sec. The scalability has been measured by the number of agents that 
can be started on a standard Java VM with normal 64MB heap space. The number of agents was 
limited to about 200, which is mainly caused by the high 200kb memory footprint of agents. 
The robustness and stability are mainly features of the agent platform. Robustness is to some 
degree ensured by the isolation of agent execution, which prohibits the propagation of errors to 
the platform layer, i.e. a faulty agent cannot easily cause the platform to fail. The stability has 
been tested via long-running test-cases, which demonstrate that at the platform as well as the ar-
chitecture layer no memory-leaks are existent.  

Pragmatic aspects This category led to a good evaluation for Jadex V1. The acquisition and 
installation of Jadex is unproblematic, because it can be directly downloaded from internet and 
also contains extensive documentation material. Furthermore, the technical boundaries are kept 
low. This is achieved by a clean separation between the platform and architecture layer and ex-
tension points at both layers. 

In general, the evaluation showed that the non-functional aspects usability and pragmatics are al-
ready covered to a sufficient degree in V1. Hence, in Jadex V2 the objectives are keeping the levels 
of usability and improvements should especially be targeted to the operating ability area. 

The resulting Jadex V2 agent infrastructure is composed of the agent platform and the agent ker-
nel(s) (cf. Figure 1). The responsibility of the agent platform is to ensure the continuous execution 
of the agents inhabiting the platform. On the contrary, the agent kernel determines the agent archi-
tecture used, i.e. it defines which concepts can be used for programming agent behavior. The infra-
structure has been designed in such a way that it allows kernels as well as platforms being used in-
terchangeably. On the one hand this means that in combination with a platform different kernel im-
plementations can be used (e.g. BDI and/or rule-based). On the other hand, it is also possible to use 
a kernel on different kinds of platforms (e.g. Standalone or JADE). The details of the platform and 
kernel architectures will be explained in the following sections. In this respect it will be especially 
highlighted how platform and kernel address the requirements from Section 2. 

4.1. Platform Architecture 

The Jadex platform architecture exhibits two main characteristics: 
1. It can execute agents regardless of their internal architecture. 
2. It can exploit an arbitrary middleware for reusing available services. 

The first aspect is important, because applications differ in the complexity of agents that is required. 
If e.g. ant algorithms shall be built it is sufficient to use simple reactive agent architectures, while 
problem solving tasks might require cognitive capabilities and therefore deliberative agent architec-



tures are a better fit. One could even argue that it can have advantages to build parts of the applica-
tion using different agent architectures according to the complexity of the agents at hand.  
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Figure 1: Jadex V2 architecture 
In order to execute different agent architectures within a single platform it is necessary to define the 
responsibilities of the kernel and the platform. A platform has the minimal duties of executing an 
agent, delivering messages to the agent, notifying the agent at certain time points and indicating that 
an agent should kill itself. Agent kernels must therefore exhibit the following methods for an agent: 

public boolean executeAction(); 
public void messageArrived(IMessageAdapter message); 
public void notifyDue(); 
public void killAgent();

The executeAction() method has the purpose to execute an agent for a single step, i.e. the agent 
should perform an action and return the control to the platform in a short period of (CPU) time. If 
the agent execution exceeds some platform-defined limit, the platform might decide to abort agent 
execution. The boolean return value indicates if the agent wants to be executed again. If this is not 
the case it can be reactivated by messages or a timing info. The messageArrived() method delivers a 
message to an agent for processing. It is noteworthy here, that the supplied message has to be an 
IMessageAdapter, which is an interface that hides platform-specific transport details and allows an 
agent to retrieve all information about the message in a generic way. This means that Jadex does not 
assume a fixed message structure such as FIPA ACL [13]. Instead, the message adapter provides 
access to name-value pairs of the underlying message and additionally to the message type. The 
message type contains meta information about the message and can be used to extract the relevant 
information from the message. In this way besides FIPA ACL also alternative formats such as 
Email can be supported. The notifyDue() method is necessary for allowing an agent to be reawak-
ened at an agent-defined point in time. For this purpose the agent uses the clock service for register-
ing the desired time point. The service then guarantees to call the notifyDue() method on the agent 
at this time point. Different clock service implementations allow for running the same application in 
simulation as well as real-time execution mode [12]. Finally, the killAgent() method requests the 
agent to kill itself and starts its takedown process. 

For an agent it is necessary to rely on services of the platform adapter. These basic services are es-
pecially needed for sending messages and, waking resp. cleaning up the agent, and fetching the 
platform. A cutout of the adapter interface is shown below:   

public void sendMessage(IMessageAdapter message); 
public void wakeup(); 
public void cleanupAgent(); 
public IPlatform getPlatform(); 

Using the sendMessage() method an agent can send a message via the platform. The platform is 
then responsible for all aspects of the transport, which can be either locally or remotely depending 
on the addresses of the target agents. The wakeup() method is needed to ensure that an agent’s proc-



processing can be activated. It is e.g. called when a message is placed in the agent’s inbox or other 
(kernel-specific) events happen and requests the platform scheduler to call executeAction() on the 
corresponding agent. CleanupAgent() is the platform equivalent to killAgent() on the agent side and 
initiates the removal of the agent. An agent can call this method if it wants to be disposed. The plat-
form always has to know when an agent is going to be killed, because it handles the agent’s re-
sources and has to release them afterwards. Finally, the getPlatform() method gives an agent access 
to the platform itself and its platform services (cf. Fig. 1). Platform services are a mechanism for 
building up the platform’s functionality in an extensible manner. If the platform should e.g. support 
the FIPA standards, services for AMS and DF can be added.

Agent platforms in most cases are devised for a specific application scenario, e.g. a lightweight 
platform for a mobile device versus a heavyweight platform for back office functionalities. The 
second criterion of being able to reuse existing middleware allows developing different kinds of 
platforms for Jadex agents and facilitates the integration with proven solutions. Picking up the ex-
ample it makes sense to build a platform for mobile devices with a low resource footprint restricting 
its functionalities to a minimum, whereas a platform for back office tasks needs features like high 
dependability and hence could be build upon a Java EE server. 

Regarding the requirements discussed in Section 2 the platform architecture directly contributes to 
the usability and pragmatics and indirectly also to the operating ability criteria. With respect to the 
usability it supports individualization and extensibility to a high degree. On the one hand kernels 
and platforms are rather independent of each other and on the other hand the flexible service-based 
platform infrastructure supports the adaptation of platforms according the application context. Con-
sidering the pragmatic dimension the proposed architecture mainly contributes to the technical 
boundary conditions, because it facilitates the integration with existing middleware infrastructures. 
Finally, operating ability is indirectly supported by the customizable service approach of the plat-
form, which allows services being tailored to the concrete demands. E.g. if stability and robustness 
are crucial, persistent AMS und DF services could be developed.

4.2. Rule Kernel Architecture 

To simplify the development of different kernels as part of the Jadex agent infrastructure, a basic 
rule kernel has been devised. The goal of this kernel is to form a basis for different concrete reason-
ing kernels that already provides or simplifies the provision of quality attributes. The rule kernel 
ensures that concrete kernels can be built rather independently from (non-functional) quality attrib-
utes thereby focusing on functionality (i.e. describing the behavior of agents). It is realized as a ge-
neric rule engine and concrete kernels are specified in terms of a state structure and transition rules 
that operate on the state (see Figure 2). The declarative specification of the concrete reasoning en-
gine leaves much more room for optimizing the execution in different directions than what would 
be possible with a procedural implementation.  

Basis of the rule kernel is the interpreter, which connects the kernel to the underlying platform by 
implementing the required Java interface (cf. Section 4.1). The interpreter itself represents a typical 
rule engine [5] consisting of an agenda, a pattern matcher and a state or working memory. Rules are 
specified in a CLIPS-based [5] condition language, whereby the action part is assumed to be pure 
Java. The pattern matcher determines based on the state and a given set of rules at any time the pos-
sible variable assignments to fire some of the rules. The matching rules with corresponding variable 
assignments are stored as so called activations in the agenda. In each agent execution step, the in-
terpreter fires one activation from the agenda, and informs the pattern matcher about the incurred 
state changes. The pattern matcher then updates the agenda to reflect newly matched or no longer 
matched activations. In addition to activations from the agenda, the interpreter has to execute so 
called external entries, which represent asynchronous occurrences happening parallel to the agent 
execution, such as messages received from other agents. During each execution step, these entries 
are copied to the state, leaving details of, e.g., message processing to the concrete kernel rules.  
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Figure 2: Jadex V2 Rule Kernel Architecture (concretizes kernel layer of Figure 1) 

The state uses an OAV (object-attribute-value) triplet representation of data, because this represen-
tation can be easily mapped to different implementations (e.g. Java objects, database tables, RDF, 
etc.) that support different quality attributes. The type model describes the structure of data items 
that can be stored in the state and is used for data access as well as (optional) runtime consistency 
checking in the rule kernel. Usually a separation in metamodel and runtime elements is useful, to 
distinguish between data shared among all agent instances of the same type and runtime data that is 
private to each agent instance. The kernel rules describe all possible forms of state transition and 
thereby determine the behavior according to a specific agent architecture. Different implementa-
tions of the pattern matcher exhibit different performance characteristics. E.g. the Rete algorithm-
based [4] implementation has a higher memory footprint due to caching partial matches, but has 
superior execution speed compared to less memory consuming implementations, such as TREAT 
[11]. The manipulation of data based on an OAV model and the specification of behavior in form of 
rules represent very low-level ways of interfacing with the system. Therefore, concrete kernels will 
usually offer a higher level programming interface, which hides low-level details. For example, 
flyweights [6] can provide a Java object like access to the data in the state and parsers can hide rule 
details behind Java-like expressions. 

The rule kernel architecture contributes to achieving desired quality criteria (cf. Section 2) by pro-
viding an efficient base layer for concrete kernels. Operating ability criteria such as scalability and 
performance are achieved using proven rule-based technology such as the Rete algorithm. Individu-
alization is supported by providing different implementations of the components. Therefore, differ-
ent state representations allow adequate fulfillment of conflicting requirements depending on the 
situation (e.g. efficiency using in-memory objects, vs. robustness using database storage) and dif-
ferent pattern matcher implementations allow to choose between fast execution and low memory 
footprint. Also, in the pragmatics area, for technical boundary conditions different implementations 
can be developed for concrete execution environments, such as a state representation based on EJB 
technology for Java EE execution requirements.  

4.3. BDI Architecture 

The Jadex BDI architecture has been described extensively in the literature (e.g. in [1]) and it has 
been one major objective of Jadex V2 to keep the BDI functionality and the offered programming 
interface as similar as possible. Hence, here the Jadex BDI model will only be outlined briefly. In 
general, BDI agents are programmed with beliefs (subjective knowledge), goals (desired outcomes) 
and plans (procedural code for achieving goals). Jadex distinguishes the procedural knowledge in 
plans from the descriptive knowledge and the former is specified in Java classes while the latter is 
defined in an XML-based ADF (agent definition file). From within Java plans the developer can 
access agent functionality via API calls, which e.g. allow accessing beliefs or dispatching goals.

In order to keep this programming model the same as in V1 a special layer has to be placed on top 
of the rule kernel. This layer internally uses the functionalities offered by the rule kernel and adds 
Java-based access facilities in the style of the flyweight pattern [6]. This means whenever the user 



calls an BDI-based method (such as getBelief()) the new layer will create a flyweight (here Belief-
Flyweight), which exposes the same functionality as in V1 (here e.g. getFact()) and internally trans-
lates calls to OAV state operations.

Internally, the BDI state representation as well as the BDI functionality has been specified in terms 
of a rule engine implementation. As already denoted the BDI state representation consists of two 
OAV type models: a metamodel and a runtime model. The metamodel contains elements that can be 
used for defining Jadex agent types and therefore allow specifying application-specific agent types 
and their beliefs, plans and goals. In addition, a parser has been implemented that reads/writes XML 
agent definitions to/from an OAV state. In contrast, the runtime model contains information about 
agent instances, such as the agent’s current belief, goal and plan instances. 

In addition to the state representation the BDI functionalities have been rebuilt using production 
rules. For this purpose the BDI functionalities have been categorized into different groups such as 
belief handling, event processing, goal processing, goal deliberation, and many more and for each 
group several rules have been devised. An example rule is illustrated in CLIPS-like notation below:  

 ?plan <- (plan (processingstate “ready”) (lifecyclestate “body”)) 
 ?agent <- (agent (plans contains ?plan)) 

=> // Java code for plan execution 

The execute plan body rule states that whenever an agent has a plan that is in processing state 
“ready” and in lifecycle state “body” an activation will be created. The action side of this rule con-
tains the concrete Java code for plan execution and in this case just resolves the value of the bound 
?plan variable, fetches its plan body and invokes it. 

In V2, the existing set of V1 BDI functionalities has been completely rebuilt using the rule-based 
approach. Because rules have been grouped according to their functionality, it is now possible, to 
use streamlined BDI rule sets, e.g. when some advanced features, such as goal deliberation are not 
required. Additionally, new functionalities (e.g. emotions) can much more easily be added to the 
existing BDI functionality. Besides the BDI kernel it is planned to also develop a reactive kernel 
and a task-model based kernel. While the reactive kernel will consist of a simple API directly on 
top of the basic rule kernel (e.g. for ant-like agents), the task-model kernel will not use the rule base 
functionality but instead provide a simple object-oriented agent programming model (cf. JADE). 

4.4. Evaluation

The new Jadex V2 architecture has been devised in a way that makes the underlying rule kernel 
transparent to a high degree for the agent programmer. Hence, the evaluations for usability and 
pragmatics are not affected by the changed architecture, whereas the operating ability has been as-
sessed again. In general the V2 operating ability has been evaluated to good, because the perform-
ance and scalability could be improved. Regarding the performance benchmark creation and dele-
tion of agents could be improved by an order of magnitude to 500 resp. 2000 agents/s. Also the 
scalability could be improved. The number of agents that can be started on a standard Java VM with 
normal 64MB has enhanced to over 2000, each with a footprint of circa 25kb. This shows that the 
proposed architecture is able to preserve the advantages of Jadex V1 while the operating ability is 
now comparable to commercial solutions available.    

5. Conclusions and Future Work 

In this paper it has been argued that current trends such as ubiquitous computing and multicore 
processors require advanced distribution and concurrency concepts that are covered insufficiently 
by established software paradigms like object-orientation. Agent orientation offers solutions for 
these problems but is not extensively used in practice. One important reason for this is that the lack 
of integration with existing technology and tools. In this respect, only if agent systems “have some-



thing to add” and “have nothing to remove” they will be considered to be used in commercial set-
tings. Nothing to remove means here that functional and in particular non-functional properties of 
existing solutions should be kept by agent-based offerings.

To achieve this, the new Jadex V2 framework architecture has been presented. One main character-
istic of this architecture is the strict separation between platform (execution environment) and ker-
nel (agent architecture), which allows both being exchanged independently. In this way, on the one 
hand different agent architectures can be used on the same platform (e.g. BDI versus rule-based) 
and vice versa one kernel can be used in multiple execution environments (e.g. a mobile- vs. server-
based implementation). The platform architecture itself is characterized by a flexible approach us-
ing pluggable services, facilitating extensibility and adaptability to the application context. For ker-
nel implementations a rule kernel base has been proposed, which offers a rule mechanism and an 
OAV state representation. On this (optional) rule kernel concrete kernel implementations such as 
BDI can be built. Using the rule kernel has advantages especially concerning non-functional as-
pects, because its usage is independent of its implementation and components can be adapted ac-
cording to the concrete demands (e.g. for a fast execution the Rete rule matcher can be used).  

To further improve robustness and stability, future work will focus on the platform level. A Java EE 
platform adapter will allow executing agents in the context of application serv-ers, which offer ma-
jor advantages in the area of non-functional requirements by features such as built-in transactional 
execution, load management and replication. Furthermore, the standardized deployment procedures 
of application servers will lower the barrier for adoption and installation of agent-based solutions. 
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������ ��2������������	������� 	��������������������
'������������ �
�������.

����	����
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�������������
�������������������	����
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���	��	�������
���
�'�����
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�� 	����� ��������	� ��
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��� �������	��� �'��	�� ����	� 
����� 7�-�-��

���������������������������
1��;�	��	��
������'����'��������������
��
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������.

	�'�	����������'��	
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�
����
���������
����������
������
�������
�	�����'
�'�����	�����������
�����.
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�������'
�'��������
�������1�	����������	�����
�������	���-�
��	����������	��	�

��������-�-����	�������������	1����	�����������	������	���	����������
�������������.
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�����������������
	�
���
��	����	��	��	������	
�����������������
�����
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������
���	�����
��	�
��������
�	1������'��	
���������	�������	����������	��.

��	���������������	������������	�������	�1��-�%
����������	�����������	��
���
���	����

��
������	�����
�
�����
�	1�����
��	�
�����
�������
����������
�������������2����.

���	�-��
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�	��������������	��	����
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������������	�������'��	���
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