
❊s❝❛♣✐♥❣ t❤❡ ❊✈❡r②❞❛② ❈❤❛♦s✿ ❆ss❡ss✐♥❣ t❤❡

◆❡❡❞s ❢♦r ■♥t❡r♥❛❧ ❑♥♦✇❧❡❞❣❡ ❚r❛♥s❢❡r ✐♥ ❙▼❊s

✈✐❛ ❛♥ ❊s❝❛♣❡ ❘♦♦♠

■r✐♥❛ ❊❤r❧✐❝❤1✱ ▼✐❝❤❛❡❧ ❋✐❧✐♣❡♥❦♦3✱ ❚❛♥❥❛ ❑r❛♥❛✇❡t❧❡✐t♥❡r1✱ ❍❡✐❦❡ ❑r❡❜s1✱
❘♦❜❡rt ▲♦❡✇2✱ ❉✐❛♥❛ P✐st♦❧❧4✱ ❛♥❞ ❏✉❧✐❛ ❚❤✉r♥❡r✲■r♠❧❡r1

1 ❆♣♣❧✐❝❛t✐♦♥ ❈❡♥t❡r ❢♦r ▼❛t❡r✐❛❧s ❛♥❞ ❊♥✈✐r♦♥♠❡♥t❛❧ ❘❡s❡❛r❝❤ ✭❆▼❯✮✱ ❆✉❣s❜✉r❣
❯♥✐✈❡rs✐t②✱ ●❡r♠❛♥②

④✐r✐♥❛✳❡❤r❧✐❝❤✱ t❛♥❥❛✳❦r❛♥❛✇❡t❧❡✐t♥❡r✱ ❤❡✐❦❡✳❦r❡❜s✱

❥✉❧✐❛✳t❤✉r♥❡r⑥❅❛♠✉✳✉♥✐✲❛✉❣s❜✉r❣✳❞❡
2 ❉■P❋ ⑤ ▲❡✐❜♥✐③ ■♥st✐t✉t❡ ❢♦r ❘❡s❡❛r❝❤ ❛♥❞ ■♥❢♦r♠❛t✐♦♥ ✐♥ ❊❞✉❝❛t✐♦♥✱ ❋r❛♥❦❢✉rt✱

●❡r♠❛♥②
❧♦❡✇❅❞✐♣❢✳❞❡

3 ■♥st✐t✉t❡ ❢♦r ❙♦❢t✇❛r❡ ✫ ❙②st❡♠s ❊♥❣✐♥❡❡r✐♥❣ ✭■❙❙❊✮✱ ❆✉❣s❜✉r❣ ❯♥✐✈❡rs✐t②✱
●❡r♠❛♥②

❢✐❧✐♣❡♥❦♦❅✐ss❡✳❞❡
4 ▼❡❞✐❝❛❧ ❙❝❤♦♦❧ ❍❛♠❜✉r❣✱ ●❡r♠❛♥②

❞✐❛♥❛✳♣✐st♦❧❧❅♠❡❞✐❝❛❧s❝❤♦♦❧✲❤❛♠❜✉r❣✳❞❡

❆❜str❛❝t✳ ❚❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❛♥ ❊s❝❛♣❡ ❘♦♦♠ t♦ ❛ss❡ss t❤❡ ♥❡❡❞s
❢♦r ✐♥t❡r♥❛❧ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ✐s ❛ ♠❡t❤♦❞ ✉s❡❞ ✐♥ t❤❡ ♣r♦❥❡❝t ✏❊❞✲
✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s✑✳ ❚❤❡ ❛✐♠ ♦❢ t❤✐s ♣r♦❥❡❝t ✐s t♦ s✉♣♣♦rt ❙♠❛❧❧
❛♥❞ ▼❡❞✐✉♠✲s✐③❡❞ ❊♥t❡r♣r✐s❡s ✭❙▼❊s✮ ✐♥ t❤❡✐r ❞✐❣✐t✐③❛t✐♦♥ ❝❤❛❧❧❡♥❣❡s
✐♥ t❡r♠s ♦❢ ✐♥t❡r♥❛❧ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ❛♥❞ t♦ ❤❡❧♣ t❤❡♠ ❝♦❧❧❡❝t t❤❡
❝♦♠♣❛♥②✬s ❦♥♦✇❧❡❞❣❡ ❛♠♦♥❣ ✐ts ❡♠♣❧♦②❡❡s✳ ❋♦r t❤✐s ♣✉r♣♦s❡✱ ❛ ♥❡❡❞s
❛♥❛❧②s✐s ✉s✐♥❣ ❛ s♣❡❝✐❛❧❧② ❞❡s✐❣♥❡❞ ❊s❝❛♣❡ ❘♦♦♠ ❛❞❛♣t❡❞ t♦ ❛ ✜❝t✐♦♥❛❧
❝♦♠♣❛♥② ✐s ❛♣♣❧✐❡❞✳ ■♥✐t✐❛❧ r❡s✉❧ts ❢r♦♠ ♣✐❧♦t ❙▼❊s ♣r♦✈✐❞❡ ✐♥❞✐❝❛t✐♦♥s
♦❢ t❤❡ ❡✛❡❝t✐✈❡♥❡ss ♦❢ t❤✐s ♠❡t❤♦❞✳

❑❡②✇♦r❞s✿ ❑♥♦✇❧❡❞❣❡ ▼❛♥❛❣❡♠❡♥t · ❑♥♦✇❧❡❞❣❡ ❚r❛♥s❢❡r · ❙❡r✐♦✉s
●❛♠❡ · ❊s❝❛♣❡ ❘♦♦♠ · ❙▼❊s · ◆❡❡❞s ❆♥❛❧②s✐s

✶ ■♥tr♦❞✉❝t✐♦♥

▼❛❦✐♥❣ ❡①✐st✐♥❣ ❦♥♦✇❧❡❞❣❡ ✈✐s✐❜❧❡ ❛♥❞ ✉s❛❜❧❡ ✐s ♦♥❡ ♦❢ t❤❡ ❣♦❛❧s ♦❢ ❦♥♦✇❧❡❞❣❡
♠❛♥❛❣❡♠❡♥t ✐♥ ❝♦♠♣❛♥✐❡s✳ ❆ ♠❡❛♥✐♥❣❢✉❧ ❛♥❞ ❝❧❡❛r ❦♥♦✇❧❡❞❣❡ ❜❛s❡✱ ❛❜♦✈❡ ❛❧❧
♦♥❡ t❤❛t ✐s ❛❝t✉❛❧❧② ✉s❡❞✱ ✐s ❝r✉❝✐❛❧ ✐♥ t♦❞❛②✬s ✇♦r❧❞ ❬✶✸❪✳ ❇✉t r❡❛❧✐t② ✐s ♦❢t❡♥
❞✐✛❡r❡♥t✳ ❚❤❡r❡ ✐s ♥♦ str✉❝t✉r❡❞ ❛♥❞ t❤✉s ❡✣❝✐❡♥t ❦♥♦✇❧❡❞❣❡ ❡①❝❤❛♥❣❡✱ s❡❛r❝❤❡s
❢♦r ✐♥❢♦r♠❛t✐♦♥ ❛r❡ t✐♠❡✲❝♦♥s✉♠✐♥❣✱ str❛t❡❣✐❡s ❛♥❞ t❡❝❤♥♦❧♦❣✐❡s ❢♦r ❦♥♦✇❧❡❞❣❡
❞♦❝✉♠❡♥t❛t✐♦♥ ❛r❡ ♠✐ss✐♥❣✱ r✐❣❤t ✉♣ t♦ ❦♥♦✇❧❡❞❣❡ ❧♦ss ❬✷✶❪✳
❚❤✐s ❞✐❧❡♠♠❛ ✐s t❤❡ st❛rt✐♥❣ ♣♦✐♥t ♦❢ t❤❡ ♣r♦❥❡❝t ✏❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s✑✳
■t ❛✐♠s ❛t ✜♥❞✐♥❣ ♦✉t ♠♦r❡ ❛❜♦✉t ♣♦ss✐❜❧❡ s✉♣♣♦rt ❢♦r ❙♠❛❧❧ ❛♥❞ ▼❡❞✐✉♠✲
s✐③❡❞ ❊♥t❡r♣r✐s❡s ✭❙▼❊s✮ ✐♥ t❤❡✐r ❞✐❣✐t✐③❛t✐♦♥ ❝❤❛❧❧❡♥❣❡s✱ ❡s♣❡❝✐❛❧❧② ✐♥ t❡r♠s
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✷ Pr♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s

♦❢ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r✳ ❚❤❡ ♣r♦❥❡❝t ❢♦❝✉s❡s ♦♥ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ✐♥ t❡r♠s ♦❢
❡①❝❤❛♥❣❡ ❛♥❞ ❞✐str✐❜✉t✐♦♥ ♦❢ ❦♥♦✇❧❡❞❣❡ ❛♠♦♥❣ ❡♠♣❧♦②❡❡s ✇✐t❤✐♥ ❛ ❝♦♠♣❛♥②✳
❚❤❡ ❡①❝❤❛♥❣❡ ✇✐t❤ ♣❛rt♥❡r ❝♦♠♣❛♥✐❡s ✐s ❛❧s♦ t❛❦❡♥ ✐♥t♦ ❛❝❝♦✉♥t ✐♥ t❤❡ ♣r♦❥❡❝t✳

■♥ t❤❡ ❢♦❧❧♦✇✐♥❣✱ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ❛♥❞ ♦❜st❛❝❧❡s t♦ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ✐♥
❙▼❊s ✇✐❧❧ ❜❡ ❞✐s♣❧❛②❡❞✱ t❡❛♠✇♦r❦ ❜❡✐♥❣ ♦♥❡ ♣♦ss✐❜❧❡ s♦❧✉t✐♦♥✳ ❈♦♠♠✉♥✐❝❛t✐♦♥
❛♥❞ t❡❛♠✇♦r❦ ❛r❡ ❡ss❡♥t✐❛❧ ❡❧❡♠❡♥ts ♦❢ ❊s❝❛♣❡ ❘♦♦♠s ❛s ✇❡❧❧✳ ❚❤❡r❡❢♦r❡✱ ❊s❝❛♣❡
❘♦♦♠s ❛s ❛ ❙❡r✐♦✉s ●❛♠❡ ❛♥❞✴♦r ❛s ❛ ❙❡r✐♦✉s ●❛♠✐♥❣ t♦♦❧ s❡r✈✐♥❣ t♦ ✐♥❝r❡❛s❡
♣♦s✐t✐✈❡ ✭❧❡❛r♥✐♥❣✮ ❡✛❡❝ts ❛r❡ ❜❡✐♥❣ r❡✈✐❡✇❡❞✳ ❙♦ ❢❛r✱ ❊s❝❛♣❡ ❘♦♦♠s ❤❛✈❡ ♠❛✐♥❧②
❜❡❡♥ ✉s❡❞ ❢♦r ❡❞✉❝❛t✐♦♥❛❧ ♣✉r♣♦s❡s ✕ t❤❡✐r ❛♣♣❧✐❝❛t✐♦♥ ✐♥ ❛ ❜✉s✐♥❡ss ❝♦♥t❡①t ❤❛s
❜❡❡♥ r❛t❤❡r ♠❛r❣✐♥❛❧✳ ❍❡♥❝❡✱ t❤❡ ♣❛♣❡r s❤♦✇s ♣♦ss✐❜❧❡ ❜❡♥❡✜ts ♦❢ ❛♥ ❡♠♣❧♦②❡❡✲
❝❡♥t❡r❡❞ ♥❡❡❞s ❛♥❛❧②s✐s ✈✐❛ ❛♥ ❊s❝❛♣❡ ❘♦♦♠ ❛♥❞ ❞✐s❝✉ss❡s ♠❡t❤♦❞✐❝❛❧ ✐ss✉❡s✳
❚♦ t❤✐s ❡♥❞✱ r❡❧❡✈❛♥t t❤❡♦r❡t✐❝❛❧ ❛s♣❡❝ts ❛r❡ ♣r❡s❡♥t❡❞✱ ❢♦❧❧♦✇❡❞ ❜② ❛ ❞❡s❝r✐♣t✐♦♥
♦❢ t❤❡ ❞❡s✐❣♥ ❛♥❞ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ❊s❝❛♣❡ ❘♦♦♠✱ ✇❤✐❝❤ ✐s ❝♦♥❝❡✐✈❡❞ ❛s
t❤❡ st❛rt✐♥❣ ♣♦✐♥t ❢♦r ❢✉rt❤❡r ❝♦♦♣❡r❛t✐♦♥ ✇✐t❤ ❛ ❝♦♠♣❛♥② ✐♥ t❤❡ ✜❡❧❞ ♦❢ ❦♥♦✇❧✲
❡❞❣❡ ♠❛♥❛❣❡♠❡♥t✱ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ❛♥❞ ❞✐❣✐t✐③❛t✐♦♥✳ ●✐✈❡♥ t❤❡ ♥♦✈❡❧t② ♦❢ t❤❡
♠❡t❤♦❞ ✐♥ t❤✐s ❝♦♥t❡①t✱ ✜rst r❡s✉❧ts ♦❢ t❤❡ ❡✈❛❧✉❛t✐♦♥ ❛r❡ ❞✐s❝✉ss❡❞ ✇✐t❤ r❡❣❛r❞
t♦ t❤❡ ❢✉rt❤❡r ❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤❡ ♠❡t❤♦❞✳

✷ ❑♥♦✇❧❡❞❣❡ ▼❛♥❛❣❡♠❡♥t ✐♥ ❙▼❊s

❑♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ✐s ❛♥ ✐♠♣♦rt❛♥t ❝♦♠♣♦♥❡♥t ♦❢ ❛ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ✐♥✐✲
t✐❛t✐✈❡✱ ✇❤✐❝❤ ❛♠♦♥❣ ♦t❤❡r t❤✐♥❣s ❤❛s t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥✱ ❞♦❝✉♠❡♥t❛t✐♦♥✱ ❝❧❛ss✐✜✲
❝❛t✐♦♥ ❛♥❞ st♦r❛❣❡ ♦❢ ✐♠♣♦rt❛♥t ❦♥♦✇❧❡❞❣❡ ❛s ✐ts ❣♦❛❧ ❬✷✵❪✳ ❚❤❡ ✉s❡ ♦❢ ❦♥♦✇❧❡❞❣❡
st♦r❡❞ ✐♥ t❤✐s ✇❛② ❧❡❛❞s ✕ ❡s♣❡❝✐❛❧❧② ✐♥ ■♥❢♦r♠❛t✐♦♥ ❚❡❝❤♥♦❧♦❣② ✭■❚✮ ♠❛♥❛❣❡♠❡♥t
✕ t♦ ♣♦s✐t✐✈❡ ❡✛❡❝ts ✐♥ ❛ ❝♦♠♣❛♥② ❛♥❞ t♦ ✐♥♥♦✈❛t✐♦♥ ❬✸✽❪✱ s✉❝❤ ❛s t❤❡ s❤❛r✐♥❣
❛♥❞ t❤❡ ❝♦♠♠♦♥ ❛♣♣❧✐❝❛t✐♦♥ ❛♥❞ ❢✉rt❤❡r ❞❡✈❡❧♦♣♠❡♥t ♦❢ ❦♥♦✇❧❡❞❣❡ ❬✷✵❪✳

❚❤❡ ✉s❡ ♦❢ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ✐♥ ❙▼❊s r✐s❡s ❬✷✺❪ t♦ ✐♥❝r❡❛s❡ t❤❡✐r ❝♦♠✲
♣❡t✐t✐✈❡♥❡ss ❬✸✻❪✳ ❙✉❝❝❡ss❢✉❧ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ♣r❛❝t✐❝❡s ❛r❡ ❜❛s❡❞ ♦♥ t❡❝❤✲
♥♦❧♦❣②✱ ♦r❣❛♥✐③❛t✐♦♥ ❛♥❞ ♣❡♦♣❧❡ ❬✹✸❪✳ ❚❡❝❤♥♦❧♦❣② ✐s ♥❡❡❞❡❞ ❢♦r t❤❡ s✉♣♣♦rt ♦❢
❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ♣r♦❝❡ss❡s✳ ❖r❣❛♥✐③❛t✐♦♥❛❧ ❛s♣❡❝ts✱ ❢♦r ✐♥st❛♥❝❡ ❝❧❡❛r
❝♦♠♠✉♥✐❝❛t✐♦♥ str✉❝t✉r❡s ❛♥❞ tr❛♥s♣❛r❡♥t r❡s♣♦♥s✐❜✐❧✐t✐❡s✱ ❧❡❛❞ t♦ ❛ ❝♦♠♣❛♥②
❝✉❧t✉r❡ t❤❛t ❢♦❝✉s❡s ♦♥ t❤❡ ♠❛♥❛❣❡♠❡♥t ♦❢ ✐ts ❦♥♦✇❧❡❞❣❡ ❛s ❛ ❝r✉❝✐❛❧ ❢❛❝t♦r ❢♦r
❝♦♠♣❡t✐t✐✈❡♥❡ss✳ P❡♦♣❧❡ ❛r❡ t❤❡ ♠♦st ✐♠♣♦rt❛♥t ❢❛❝t♦r ❢♦r ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡✲
♠❡♥t ✐♥✐t✐❛t✐✈❡s ✕ t❤❡② ♠✉st ❛❝❝❡♣t ❛♥❞ ✏❧✐✈❡✑ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ❬✷✹❪✳ ❆♥
♦✈❡r✲❡st✐♠❛t✐♦♥ ♦❢ t❡❝❤♥♦❧♦❣② ❛♥❞ t❤❡ ♥❡❣❧✐❣❡♥❝❡ ♦❢ ♣❡♦♣❧❡ ❛♥❞ ♣r♦❝❡ss❡s ❛r❡
♦❢t❡♥ r❡❛s♦♥s ❢♦r t❤❡ ❢❛✐❧✉r❡ ♦❢ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ✐♥✐t✐❛t✐✈❡s ❬✶✺❪✳

❆ tr❡♥❞ t♦✇❛r❞s ❛ ❞❡❝r❡❛s❡ ✐♥ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ st♦r❛❣❡ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞
❞♦❝✉♠❡♥ts ✐♥ ❢❛✈♦r ♦❢ s✉♣♣♦rt ♦❢ ❦♥♦✇❧❡❞❣❡ s❤❛r✐♥❣ ❛♥❞ t❡❛♠✇♦r❦ ❝❛♥ ❜❡ ❞✐s✲
❝♦✈❡r❡❞ ❬✷✵❪✳ ❚❤✐s ♠❛② r❡s✉❧t ✐♥ ❛ s♦❧✐❞ ❜❛s✐s ♦❢ ■❚ s②st❡♠s ❛❧r❡❛❞② ✉s❡❞ ❜② ♠♦st
❝♦♠♣❛♥✐❡s✳ ■♥ st✉❞✐❡s ❢r♦♠ ✷✵✵✵ ❛♥❞ ❡❛r❧✐❡r✱ ❝♦♠♠✉♥✐❝❛t✐♦♥ ❛♥❞ ❝♦❧❧❛❜♦r❛t✐♦♥
✇❡r❡ ♥♦t t❤❡ ❢♦❝✉s ♦❢ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ✭s❡❡ ❬✸✵❪✮✳ ❙✐♥❝❡ ✷✵✵✵✱ ♣❛rt✐❝✐♣❛♥ts
✐♥ r❡s❡❛r❝❤ ❤❛✈❡ ❛s❦❡❞ ❢♦r ❝♦♠♠✉♥✐❝❛t✐♦♥ ❛♥❞ ❝♦❧❧❛❜♦r❛t✐♦♥ ❢❡❛t✉r❡s ❬✷✹❪✳ ❋♦r
❡①❛♠♣❧❡✱ ❛ s✉r✈❡② ❢r♦♠ ✷✵✶✺ s❤♦✇s t❤❛t ❢♦❧❧♦✇✐♥❣ ♣r♦❝❡ss ✐♠♣r♦✈❡♠❡♥t ✭✺✺ ✪
✏✈❡r② r❡❧❡✈❛♥t✑ ✴ ✶✻ ✪ ✏r❡❧❡✈❛♥t✑✮ t❤❡ ❡♥❤❛♥❝❡♠❡♥t ♦❢ ❝♦♠♠✉♥✐❝❛t✐♦♥ ✢♦✇s ✐♥
t❤❡ ❝♦♠♣❛♥② ✇❛s ♠♦st ✐♠♣♦rt❛♥t t♦ t❤❡ ♣❛rt✐❝✐♣❛♥ts ✭✹✸ ✪ ✏✈❡r② r❡❧❡✈❛♥t✑ ✴ ✷✾
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◆❡❡❞s ❆♥❛❧②s✐s ✈✐❛ ❛♥ ❊s❝❛♣❡ ❘♦♦♠ ✸

✪ ✏r❡❧❡✈❛♥t✑✮ ❬✷✸❪✳ ❋✐❣✉r❡ ✶ s✉♠♠❛r✐③❡s t❤✐s tr❡♥❞ ♠♦✈✐♥❣ ❢r♦♠ st♦r❛❣❡✲♦r✐❡♥t❡❞
❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t t♦ s✉♣♣♦rt✐♥❣ ♠♦r❡ ❛♥❞ ♠♦r❡ ❝♦❧❧❛❜♦r❛t✐♦♥ ♦r✐❡♥t❡❞
❦♥♦✇❧❡❞❣❡ s❤❛r✐♥❣✳
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Begin 1997 2004 Future

of KM

60 %

40 %

20 %

Information storage

and retrieval

Collaboration

100 %

80 %

❋✐❣✳ ✶✳ ❚r❡♥❞ ❢r♦♠ st♦r❛❣❡✲♦r✐❡♥t❡❞ t♦✇❛r❞s ❝♦❧❧❛❜♦r❛t✐♦♥ ♦r✐❡♥t❡❞✲❦♥♦✇❧❡❞❣❡ ♠❛♥✲
❛❣❡♠❡♥t ❬✷✹❪✳

❚❤❡ ❢♦❝✉s ♦❢ ❙▼❊s✬ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ✐♥✐t✐❛t✐✈❡s ❝♦♥❝❡r♥s ❝♦♦♣❡r❛✲
t✐♦♥✱ ❛♥❛❧②s✐s✱ s❡❛r❝❤ ❛♥❞ ♣✉❜❧✐s❤ ✐♥❢♦r♠❛t✐♦♥ ❬✶✻❪✳ ❚❤❡ s②st❡♠s ❝♦♥❝❡♥tr❛t❡ ♦♥
❡♠♣❧♦②❡❡s ❛♥❞ ♥♦t ♦♥ ✐♠♣❧❡♠❡♥t✐♥❣ ❛ ♣♦✇❡r❢✉❧ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t s②st❡♠
❬✶❪✳ ■♥ t❤❡ ♣r❛❝t✐❝❛❧ ✉s❡ ♦❢ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t✱ ✈❛r✐♦✉s ❤✉r❞❧❡s ❤❛✈❡ ❜❡❡♥
✐❞❡♥t✐✜❡❞ ✇❤✐❝❤ ♠✉st ❜❡ ♦✈❡r❝♦♠❡ ✐♥ ♦r❞❡r t♦ ✉s❡ ✐t ❡✛❡❝t✐✈❡❧②✳ ❚❤❡s❡ ❛r❡ ❢♦r
❡①❛♠♣❧❡✿

✕ ❋❡❛r ♦❢ r❡♣❧❛❝❡❛❜✐❧✐t② ✭✏■❢ ■ ❞♦❝✉♠❡♥t ❛❧❧ ♠② ❦♥♦✇❧❡❞❣❡✱ ■ ❛♠ ❡❛s✐❧② r❡♣❧❛❝❡✲
❛❜❧❡✳✑✮ ❬✸✸❪❀

✕ ❋❡❛r ♦❢ ♠❛❦✐♥❣ ♠✐st❛❦❡s ✭❣r❛♠♠❛r✱ s♣❡❧❧✐♥❣✱ ✐♥❝♦♠♣r❡❤❡♥s✐❜❧❡ ♦r ✐♠♣r❡❝✐s❡
❢♦r♠✉❧❛t✐♦♥s✮ ❬✶✵❪❀

✕ ❆ss❡ss♠❡♥t ♦❢ t❤❡ r❡❧❡✈❛♥❝❡ ♦❢ t♦♣✐❝s ✭✏❍♦✇ ♠✉❝❤ t✐♠❡ ❞♦ ■ ✐♥✈❡st ✐♥ ❛
t♦♣✐❝❄✑✱ ❝♦st✲❜❡♥❡✜t r❛t✐♦✮ ❬✷✻❪❀

✕ ▲❛❝❦ ♦❢ t✐♠❡✳

❆❧❧ t❤❡s❡ ♦❜st❛❝❧❡s ❛r❡ ♠✐t✐❣❛t❡❞ ❜② ❛♥ ♦♣❡♥ ❛♥❞ ❝♦♠♠✉♥✐❝❛t✐✈❡ ❝♦r♣♦r❛t❡
❝✉❧t✉r❡ ❬✸✹❪✳ ❚❤✐s ✐s t❤❡ ❛✐♠ ♦❢ t❤❡ ♦✛❡rs ♦❢ t❤❡ ♣r♦❥❡❝t✿ ▼❛♥② ♦❢ t❤❡ ❤✉r❞❧❡s
♠❡♥t✐♦♥❡❞ ❝❛♥ ❜❡ ♦✈❡r❝♦♠❡ t❤r♦✉❣❤ t❡❛♠✇♦r❦✳

✸ ❊s❝❛♣❡ ❘♦♦♠s ❛s ❙❡r✐♦✉s ●❛♠❡✴●❛♠✐♥❣

❊✈❡r②❞❛② ❧✐❢❡ s❡❡♠s t♦ r❡q✉✐r❡ ❤✉♠❛♥s t♦ ❝♦♦♣❡r❛t❡ ✇✐t❤ ❡❛❝❤ ♦t❤❡r ✐♥ ♦r❞❡r t♦
❜❡ ❛ ❢✉♥❝t✐♦♥✐♥❣ ♠❡♠❜❡r ♦❢ s♦❝✐❡t② ❬✸✾❪✳ ❚❤✐s ✐♥ t✉r♥ ❝❛♥ ❜❡ s❡❡♥ ❛s ❛♥ ✐♠♣♦rt❛♥t
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✹ Pr♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s

♠♦t✐✈❡ ❢♦r ✐♥tr♦❞✉❝✐♥❣ ❝♦♦♣❡r❛t✐✈❡ ❧❡❛r♥✐♥❣ s✐t✉❛t✐♦♥s ✐♥ ❡❞✉❝❛t✐♦♥ ❛♥❞ tr❛✐♥✐♥❣✱
s✐♥❝❡ ✐t ❡q✉✐♣s t❤❡ ❧❡❛r♥❡r ✇✐t❤ ❛♥ ❛❝t✐✈❡ ❛♥❞ ♠♦r❡ ❝♦♥str✉❝t✐✈❡ r♦❧❡✳ ❋♦r ❛ ❢❡✇
❞❡❝❛❞❡s✱ ❝♦❧❧❛❜♦r❛t✐✈❡ ❧❡❛r♥✐♥❣ ❤❛s ❜❡❡♥ ✈✐❡✇❡❞ ❛s ❛♥ ❡✛❡❝t✐✈❡ ❛♥❞ ✈❛❧✐❞ t❡❛❝❤✐♥❣
♠❡t❤♦❞ ❢♦r ❧❡❛r♥✐♥❣ ✐♥st✐t✉t✐♦♥s✱ ❢♦r ❡①❛♠♣❧❡ s❝❤♦♦❧s ❬✹✵❪✳ ❚❤✐s ❦✐♥❞ ♦❢ ❧❡❛r♥✐♥❣
♠❛② ❜❡ ❞❡✜♥❡❞ ❛s ❛ ❧❡❛r♥✐♥❣ s✐t✉❛t✐♦♥ ✐♥ ✇❤✐❝❤ ❧❡❛r♥❡rs ❡♥❣❛❣❡ ✐♥ ❛ ❥♦✐♥t ❧❡❛r♥✐♥❣
❛❝t✐✈✐t②✱ ❡♥❛❜❧✐♥❣ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ ❦♥♦✇❧❡❞❣❡ ❛♥❞✴♦r t❤❡ s♦❧✉t✐♦♥ ♦❢ ♣r♦❜❧❡♠s
✐♥ ♣✉rs✉✐t ♦❢ ❛ ❥♦✐♥t ❣♦❛❧ ✭s❡❡ ❬✹✶❪ ❛♥❞ ❬✸✺❪✮✳

■♥ r❡❝❡♥t ②❡❛rs✱ ❛♥ ✐♥❝r❡❛s✐♥❣ ❛♠♦✉♥t ♦❢ r❡s❡❛r❝❤ ❤❛s ✐♥tr♦❞✉❝❡❞ ❝♦❧❧❛❜♦r❛t✐✈❡
❧❡❛r♥✐♥❣ t♦ ❣❛♠❡✲❜❛s❡❞ s❝❡♥❛r✐♦s ✕ ♠❡❛♥✐♥❣ t❤❛t t❤❡ ❣✐✈❡♥ ❡❞✉❝❛t✐♦♥❛❧ ❝♦♥t❡♥t
✇❛s ♠❛❞❡ ❛❝❝❡ss✐❜❧❡ t❤r♦✉❣❤ ❣❛♠❡ ♣❧❛② ✭s❡❡ ❡✳❣✳ ❬✶✽❪✮✳ ❈♦❧❧❛❜♦r❛t✐✈❡ ❣❛♠❡✲❜❛s❡❞
❧❡❛r♥✐♥❣ ❝❛♥ ❜❡ ✈✐❡✇❡❞ ❛s ❛ ✏❧❡❛r♥✐♥❣ ❜② ❞♦✐♥❣✑ ❛♣♣r♦❛❝❤✱ ✇❤✐❝❤ ❛❧❧♦✇s t❤❡
❧❡❛r♥❡r t♦ ♠❛❦❡ ♠✐st❛❦❡s ✇❤✐❧❡ ❛t t❤❡ s❛♠❡ t✐♠❡ ❛✈♦✐❞✐♥❣ r✐s❦s ✐♥ t❤❡ r❡❛❧✲✇♦r❧❞
❬✸✺❪✳

Pr❡✈❡♥t✐♥❣ r✐s❦s ❜✉t st✐❧❧ ♣♦ss✐❜❧② ♦✛❡r✐♥❣ ✐♠♠❡rs✐♦♥ ✐♥ ❛ s✐t✉❛t✐♦♥✱ s♦ t❤❛t
♣❛rt✐❝✐♣❛♥ts ❤❛✈❡ t❤❡ ❢❡❡❧✐♥❣ ♦❢ ❝r❡❛t✐♥❣ ❛♥❞ ✉♥❞❡r❣♦✐♥❣ ❛ ✭r❡❛❧✮ ❡①♣❡r✐❡♥❝❡✱ ❛r❡
❜♦t❤ ❣r❡❛t ❜❡♥❡✜ts ♦❢ ❙❡r✐♦✉s ●❛♠❡s ❬✻❪✳ ❋✐rst r❡❝♦r❞❡❞ ❙❡r✐♦✉s ●❛♠❡s ❛r❡ ❛♣✲
♣r♦❛❝❤❡s ♦❢ s✐♠✉❧❛t✐♦♥✱ ❝♦✉♥t✐♥❣ ❛♥❞ ♣❧❛♥♥✐♥❣ ❣❛♠❡s✱ ✇❤✐❝❤ ❧✐♥❦❡❞ t❤❡ ❛❝q✉✐r❡✲
♠❡♥t ❛♥❞ ✉s❛❣❡ ♦❢ ❦♥♦✇❧❡❞❣❡ ✐♥ ❛ ♣❧❛②❢✉❧ ✇❛② ❬✷❪✳ ❊✈❡♥ t❤♦✉❣❤ t❤❡ ✏❝❛r❡❢✉❧❧②
t❤♦✉❣❤t✲♦✉t ❡❞✉❝❛t✐♦♥❛❧ ♣✉r♣♦s❡✑ ❬✸✱ ♣✳ ✶❪ ✐s ❢♦❝✉s❡❞ ❜② s✉❝❤ ❛ ❣❛♠❡✱ t❤❡ ❡♥✲
t❡rt❛✐♥♠❡♥t ❢❛❝t♦r s❤♦✉❧❞ ♥♦t ❜❡ ♥❡❣❧❡❝t❡❞ ❛s ❜♦t❤ ♣❛rts s✉♣♣♦rt ❡❛❝❤ ♦t❤❡r t♦
❛❝❤✐❡✈❡ t❤❡ ✭❧❡❛r♥✐♥❣✮ ❣♦❛❧ ❬✷✽❪✳

✸✳✶ P♦s✐t✐✈❡ ❊✛❡❝ts ✐♥ ❊s❝❛♣❡ ❘♦♦♠s

◆♦✇❛❞❛②s✱ ♠♦st ❙❡r✐♦✉s ●❛♠❡s ❛r❡ ♦❢ ❛ ❞✐❣✐t❛❧ ❦✐♥❞✱ ❜✉t ❧❛t❡❧② ❛♥♦t❤❡r ❢♦r♠❛t
✐♥ ✇❤✐❝❤ t❤❡ ✏❤❡❞♦♥✐❝ ♥❛t✉r❡ ♦❢ t❤❡ ❣❛♠❡ ✐s ❤✐❣❤❧✐❣❤t❡❞✑ ❬✹✱ ♣✳ ✹✸❪ ❤❛✈❡ ❣❛✐♥❡❞
✇♦r❧❞✇✐❞❡ ♣♦♣✉❧❛r✐t②✿ ❊s❝❛♣❡ ❘♦♦♠s ❬✾❪✳ ❊s❝❛♣❡ ❘♦♦♠s ✕ ♦r ❊s❝❛♣❡ ●❛♠❡s ✕
❛r❡ ❞❡✜♥❡❞ ❛s ✏❧✐✈❡✲❛❝t✐♦♥ t❡❛♠✲❜❛s❡❞ ❣❛♠❡s ✇❤❡r❡ ♣❧❛②❡rs ❞✐s❝♦✈❡r ❝❧✉❡s✱ s♦❧✈❡
♣✉③③❧❡s✱ ❛♥❞ ❛❝❝♦♠♣❧✐s❤ t❛s❦s ✐♥ ♦♥❡ ♦r ♠♦r❡ r♦♦♠s ✐♥ ♦r❞❡r t♦ ❛❝❝♦♠♣❧✐s❤ ❛
s♣❡❝✐✜❝ ❣♦❛❧ ✭✉s✉❛❧❧② ❡s❝❛♣✐♥❣ ❢r♦♠ t❤❡ r♦♦♠✮ ✐♥ ❛ ❧✐♠✐t❡❞ ❛♠♦✉♥t ♦❢ t✐♠❡✑ ❬✷✾✱
♣✳ ✶❪✳ ❚❤❡② ❢♦❝✉s ♦♥ ❛ t❡❛♠✲❜❛s❡❞ ❧❡❛r♥✐♥❣ ❛♣♣r♦❛❝❤✱ ✐♥ ✇❤✐❝❤ ♣❧❛②❡rs ❤❛✈❡
t♦ ❞❡❧✈❡ ✐♥t♦ ❛ s❝❡♥❛r✐♦ ❛♥❞ ✇♦r❦ t♦❣❡t❤❡r ❛s ❛ t❡❛♠ ❬✶✼❪✳ ❲❤❡♥ t❤❡ ❞❡s✐❣♥
✐s s♣❡❝✐✜❝❛❧❧② ❞✐r❡❝t❡❞ ❛t r❡❛❝❤✐♥❣ ❛ ❝❡rt❛✐♥ ❡❞✉❝❛t✐♦♥❛❧ ❣♦❛❧✱ ❊s❝❛♣❡ ●❛♠❡s
❛r❡ ❛❧s♦ ❝♦♥s✐❞❡r❡❞ t♦ ❜❡ ❝❛❧❧❡❞ ❵❊❞✉❝❛t✐♦♥❛❧ ❊s❝❛♣❡ ❘♦♦♠s✬ ❬✹❪ ❬✼❪✳ ❍♦✇❡✈❡r✱
❛ ❝♦♥❝r❡t❡ ❡❞✉❝❛t✐♦♥❛❧ ❣♦❛❧ ❞♦❡s ♥♦t ❤❛✈❡ t♦ ❜❡ ♦❢ ❛ ♣r♦❢❡ss✐♦♥❛❧ ♦r t❡❝❤♥✐❝❛❧
♥❛t✉r❡ ❛❧♦♥❡❀ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦r ❡♥❝♦✉r❛❣❡♠❡♥t ♦❢✱ ❢♦r ❡①❛♠♣❧❡ s♦❢t s❦✐❧❧s✱ ❝❛♥
❜❡ ❝♦♥❝❡✐✈❛❜❧❡ ❛s ✇❡❧❧ ❬✹❪✳

■♥ r❡❝❡♥t ②❡❛rs✱ ❛ ❣r♦✇✐♥❣ ✐♥t❡r❡st ✐♥ ❛♥ ✐♥❞✉str✐❛❧✱ r❡s♣❡❝t✐✈❡❧② ♦r❣❛♥✐③❛t✐♦♥❛❧
s❡tt✐♥❣ ❝❛♥ ❜❡ ❞❡t❡❝t❡❞ ✭s❡❡ ❡✳❣✳ ❬✶✹❪✮✳ ❊s❝❛♣❡ ❘♦♦♠s ♥♦ ❧♦♥❣❡r s❡❡♠ t♦ ❜❡
❡①❝❧✉s✐✈❡❧② ❛ ❧❡✐s✉r❡ ❛❝t✐✈✐t② ♦r ❛♥ ✐rr❡❧❡✈❛♥t ✈❛r✐❛t✐♦♥ ♦❢ ❡✈❡r②❞❛② s❝❤♦♦❧ ❧✐❢❡✳ ❆♥
✭❊❞✉❝❛t✐♦♥❛❧✮ ❊s❝❛♣❡ ❘♦♦♠ ❝❛♥ ❜❡ ❝♦♥s✐❞❡r❡❞ ❛ ❙❡r✐♦✉s ●❛♠❡ ✕ ❜✉t ✐♥ ❛❞❞✐t✐♦♥✱
t❤❡ ❝♦♥❝❡♣t ♦❢ ❙❡r✐♦✉s ●❛♠✐♥❣ ✐s ♣♦ss✐❜❧❡✱ t♦♦ ❬✹❪✿ ❚❤r♦✉❣❤ ❣❛♠❡✲❜❛s❡❞ ❧❡❛r♥✐♥❣
✕ ❜❡s✐❞❡s ❛❝❤✐❡✈✐♥❣ t❤❡ ✐♥str✉❝t✐♦♥ ❛♥❞ st♦r② ♦❜❥❡❝t✐✈❡ ✕ ❞✐✈❡rs❡ ♣♦s✐t✐✈❡ ❧❡❛r♥✐♥❣
❞❡✈❡❧♦♣♠❡♥ts ❛♥❞ ❡✛❡❝ts ❝❛♥ ♦❝❝✉r✱ ❧✐❦❡ ❣❡♥❡r❛t✐♥❣ t♦❧❡r❛♥❝❡ t♦✇❛r❞s ♦t❤❡rs ❛♥❞
t❤❡✐r ✇❛② ♦❢ t❤✐♥❦✐♥❣ ❛♥❞ ❛❝t✐♥❣ ❬✶✷❪✳ ■♥ ♠♦st ❊s❝❛♣❡ ❘♦♦♠s✱ t❡❛♠✇♦r❦ ❛♥❞
❝♦♠♠✉♥✐❝❛t✐♦♥ ❛r❡ ♣r♦♠♦t❡❞ ❬✷✾❪✱ t♦♦✳ ❙♦♠❡ st✉❞✐❡s ✭❡✳❣✳ ❬✶✷❪✮ ❛ss❡rt t❤❛t t❤❡s❡
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◆❡❡❞s ❆♥❛❧②s✐s ✈✐❛ ❛♥ ❊s❝❛♣❡ ❘♦♦♠ ✺

❣❛♠❡s ❝❛♥ ❜❡ ❛♣♣❧✐❡❞ ❛s ❛♥ ❡✛❡❝t✐✈❡ ♠❡t❤♦❞ ♦❢ ❝❤❛♥❣✐♥❣ ❛tt✐t✉❞❡s t♦✇❛r❞s ❛
❞❡s✐❣♥❛t❡❞ ✐ss✉❡✳ ❊✈❡♥ ❛♥ ✐♥❝r❡❛s❡ ♦❢ ♠♦t✐✈❛t✐♦♥ t♦✇❛r❞s ❛♣♣r♦❛❝❤❡❞ s✉❜❥❡❝ts
❛♥❞ s✐t✉❛t✐♦♥s ♦❢ ❊s❝❛♣❡ ❘♦♦♠s ❝♦✉❧❞ ❜❡ ❞❡t❡r♠✐♥❡❞✱ ❛s ♣❧❛②❡rs ❢❡❧t ✏❞♦✉❜❧❡
♠♦t✐✈❛t❡❞ ✐♥ t❤❡ ♣r♦❝❡ss ♦❢ ♣❧❛②✐♥❣✑ ❬✹✱ ♣✳ ✹✸❪✳ ❇② ✐♠♣r♦✈✐♥❣ t❤❡ ♣❛rt✐❝✐♣❛♥ts✬
♠♦t✐✈❛t✐♦♥ ✱ ❛ ❞❡❡♣❡r ❡♥❣❛❣❡♠❡♥t ✇✐t❤ t❤❡ r❡s♣❡❝t✐✈❡ ❧❡❛r♥✐♥❣ ❝♦♥t❡♥t ❝❛♥ ❜❡
❡♥s✉r❡❞ ❬✽❪✳

✸✳✷ ❊s❝❛♣❡ ❘♦♦♠s ✐♥ ❛ ❇✉s✐♥❡ss ❙❡tt✐♥❣

❆♥ ❡♠♣❧♦②❡❡✲❝❡♥t❡r❡❞ ❛♣♣r♦❛❝❤ ♦✛❡rs ♥✉♠❡r♦✉s ❛❞✈❛♥t❛❣❡s✿ ❋♦r ♦♥❡✱ ✐t ❝❛♥ s✉♣✲
♣♦rt t❤❡ ❡♥tr② ✐♥t♦ ❞✐❣✐t❛❧ ❧❡❛r♥✐♥❣ ❛♥❞ ❢❛❝✐❧✐t❛t❡ ❡♠♣❧♦②❡❡s✬ ❛❝❝❡ss t♦ ♥♦✈❡❧ t❡❝❤✲
♥♦❧♦❣✐❡s✳ ❚❤❡ ❣❛♠✐♥❣ ❝♦♠♣♦♥❡♥t ❤❛s ❜♦t❤ ✐♥tr✐♥s✐❝ ✈❛❧✉❡ ✭❡✳❣✳ ❡♥❥♦②♠❡♥t✮ ❛♥❞
❡①tr✐♥s✐❝ ✈❛❧✉❡✱ ♠❡❛♥✐♥❣ t❤❛t t❤❡r❡ ✐s ❛ ❧❡❛r♥✐♥❣ ❡❧❡♠❡♥t✱ r❡s♣❡❝t✐✈❡❧② ❦♥♦✇❧✲
❡❞❣❡✱ t♦ ❜❡ ♦❜t❛✐♥❡❞ ❜② t❤❡ ❡♠♣❧♦②❡❡ ✯ t❤❡ ❧❛tt❡r ❜❡✐♥❣ t❤❡ ♠❛✐♥ ♦❜❥❡❝t✐✈❡ ♦❢
❛♥ ❊s❝❛♣❡ ❘♦♦♠ ❞❡s✐❣♥❡❞ ❢♦r ❛ ❜✉s✐♥❡ss s❡tt✐♥❣ ❬✹✷❪✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ✐♥♥♦✈❛t✐✈❡
❧❡❛r♥✐♥❣ ❝♦♥t❡①t ❡♥❛❜❧❡s t❤❡ ❡♠♣❧♦②❡❡ t♦ ✉s❡ ❞✐✛❡r❡♥t str❛t❡❣✐❡s ❛♥❞ ✏♦✉t✲♦❢✲t❤❡✲
❜♦①✑ t❤✐♥❦✐♥❣✱ ❛s ✐t ❢♦st❡rs t❤❡ ❛❜✐❧✐t② ❢♦r ❝r❡❛t✐✈❡ ♣r♦❜❧❡♠✲s♦❧✈✐♥❣ ❬✽❪✳

❈✉rr❡♥t r❡s❡❛r❝❤ ♦♥ ❣❛♠❡✲❜❛s❡❞ ❧❡❛r♥✐♥❣ s❡❡♠s t♦ ❢♦❝✉s ♦♥ ❧❡❛r♥✐♥❣ ❣♦❛❧s
♦r t❤❡ ❝♦❣♥✐t✐♦♥ ❛♥❞✴♦r ♠❡t❛✲❝♦❣♥✐t✐♦♥ ♦❢ ✐ts ♣❛rt✐❝✐♣❛♥ts ✭s❡❡ ❡✳❣✳ ❬✹✹❪✮✳ ❚❤✐s ✐s
♣❛rt✐❝✉❧❛r❧② tr✉❡ ❢♦r ❊s❝❛♣❡ ❘♦♦♠s✳ ❆✐♠✐♥❣ t♦ ❛ss❡ss t❤❡ ♥❡❡❞s ♦❢ ❙▼❊s ❛♥❞ ✐ts
❡♠♣❧♦②❡❡s✱ ✇❡ ❞✐❞ ♥♦t ♣✉rs✉❡ t❤✐s ❢♦❝✉s ❢♦r t❤❡ ♣r❡s❡♥t ❊s❝❛♣❡ ❘♦♦♠✳ ❘❛t❤❡r✱ ❛
s❡tt✐♥❣ ✇❛s ♥❡❡❞❡❞ t❤❛t ♣✉t t❤❡ ♣❛rt✐❝✐♣❛♥ts ✐♥ ❛♥ ✭❛✛❡❝t✐✈❡✮ st❛t❡✱ s♦ t❤❡② ✇♦✉❧❞
✇❛♥t t♦ s❤❛r❡ ♣❡rs♦♥❛❧ ❛♥❞✴♦r ✐♥❢♦r♠❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ♥♦t ❥✉st s✉♣❡r✜❝✐❛❧ ♦r
s♦❝✐❛❧❧② ❞❡s✐r❡❞ ✐♥❢♦r♠❛t✐♦♥✳

❆✛❡❝t✐✈❡ st❛t❡s ✕ ❢♦r♠✐♥❣ ❛ s✉♣❡r♦r❞✐♥❛t❡ ❝❛t❡❣♦r② ❢♦r ❡♠♦t✐♦♥s ❛♥❞ ❢❡❡❧✐♥❣s
✕ ❤❛✈❡ ❛♥ ✐♠♣❛❝t ♦♥ t❤❡ ❧❡❛r♥✐♥❣ ♣r♦❝❡ss ❛♥❞ ❡❞✉❝❛t✐♦♥❛❧ ❛❝❤✐❡✈❡♠❡♥ts✱ ♣r❡❝✐s❡❧②
♦♥ ♦♥❡✬s ♠♦t✐✈❛t✐♦♥ t♦ ❧❡❛r♥ ❛♥❞ ❛❝❤✐❡✈❡ ❛ ❝❡rt❛✐♥ ❣♦❛❧ ✭s❡❡ ❡✳❣✳ ❬✸✶❪ ❛♥❞ ❬✷✷❪✮✳
❇♦t❤ ♣♦s✐t✐✈❡ ❛♥❞ ♥❡❣❛t✐✈❡ ❡♠♦t✐♦♥s s❡❡♠ t♦ ❜❡ ❛ s✉❜st❛♥t✐❛❧ ♣❛rt ♦❢ ❧❡❛r♥✐♥❣✳
❚❤❡ s✉❜❥❡❝t✐✈❡ ❢❡❡❧✐♥❣ t❤❛t ✐s ❡①♣❡r✐❡♥❝❡❞ ❝❛♥ ❜❡ s❡❡♥ ❛s ❛ s♦✉r❝❡ ♦❢ ✐♥❢♦r♠❛t✐♦♥
t❤❛t✱ ❢♦r ❡①❛♠♣❧❡✱ ❤❡❧♣s t❤❡ ✐♥❞✐✈✐❞✉❛❧ t♦ ❢♦r♠ ❥✉❞❣♠❡♥t ❛♥❞ st❡❡r ❝♦❣♥✐t✐♦♥ ❡✳❣✳
❬✸✼❪✳ ■♥❢♦r♠❛t✐♦♥ ♣r♦❝❡ss✐♥❣ ❛♥❞ t❤❡ s❝♦♣❡ ♦❢ ❛tt❡♥t✐♦♥ ❝❛♥ ❝❤❛♥❣❡ ❞✉❡ t♦ ❛ s♣❡✲
❝✐✜❝ ❡♠♦t✐♦♥ t❤❛t ✐s ❡①♣❡r✐❡♥❝❡❞ ❬✶✶✱ ♣✳ ✸✶✹❪✿ ✏▼❛♥② ♣♦s✐t✐✈❡ ❡♠♦t✐♦♥s ❜r♦❛❞❡♥
✐♥❞✐✈✐❞✉❛❧s✬ ♠♦♠❡♥t❛r② t❤♦✉❣❤t✲❛❝t✐♦♥ r❡♣❡rt♦✐r❡s✱ ♣r♦♠♣t✐♥❣ t❤❡♠ t♦ ♣✉rs✉❡ ❛
✇✐❞❡r r❛♥❣❡ ♦❢ t❤♦✉❣❤ts ❬✳✳✳❪✑✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ ❡♠♦t✐♦♥s ♦♥❡ ❡①♣❡r✐❡♥❝❡s ❞✉r✐♥❣
❛ ❧❡❛r♥✐♥❣ ❛❝t✐✈✐t② ❝❛♥ ❤❡❧♣ ✇✐t❤ t❤❡ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ ✐♥❞✐✈✐❞✉❛❧ ✐♥t❡r❡sts ❛♥❞
❞❡✈❡❧♦♣✐♥❣ ❛ str♦♥❣ ❛♥❞ ❧♦♥❣✲❧❛st✐♥❣ ♠♦t✐✈❛t✐♦♥ ❬✸✷❪✳ ❉❛♠♣❡♥✐♥❣ ♦r ❛❝t✐✈❛t✐♥❣
♣♦s✐t✐✈❡ ♦r ♥❡❣❛t✐✈❡ ❛✛❡❝t ❝❛♥ ❜❡ ❤❡❧♣❢✉❧ ✐♥ t❤❡ ♠♦t✐✈❛t✐♦♥❛❧ ♣r♦❝❡ss t♦ ❣❛✐♥ ❛❝✲
❝❡ss t♦ s♣❡❝✐✜❝ ♥❡✉r♦❧♦❣✐❝❛❧ s②st❡♠s✱ t❤✉s ❛❝❝❡ss✐♥❣ ❢✉rt❤❡r ♦r ♥❡✇ ✐♥❢♦r♠❛t✐♦♥
✭s❡❡ ❡✳❣✳ ❬✶✾❪ ❛♥❞ ❬✷✼❪✮✳

❇❛s❡❞ ♦♥ t❤❡ ❡♠♣✐r✐❝❛❧ ✜♥❞✐♥❣s ❞❡s❝r✐❜❡❞ ❛❜♦✈❡✱ ♦♥❡ ❝♦✉❧❞ ❛ss✉♠❡ t❤❛t
t❤r♦✉❣❤ ❛ s♣❡❝✐✜❝ ❧❡❛r♥✐♥❣ ❡♥✈✐r♦♥♠❡♥t ❞✐✛❡r❡♥t ❛✛❡❝t✐✈❡ st❛t❡s ♠✐❣❤t ❜❡ ✐♥✲
❞✉❝❡❞✱ ✇❤✐❝❤ ❝♦✉❧❞ ✐♥ t✉r♥ ❧❡❛❞ t♦ t❤❡ ❞✐s❝❧♦s✉r❡ ♦❢ ♥❡✇ ✐♥❢♦r♠❛t✐♦♥✳ ■♥ t❤✐s
❝❛s❡✱ t❤❡ ❡♠♦t✐♦♥❛❧❧② ❝❤❛r❣❡❞ ❊s❝❛♣❡ ❘♦♦♠ ♠✐❣❤t ❡♥❛❜❧❡ t❤❡ ♣❛rt✐❝✐♣❛♥ts t♦
❛❝❝❡ss ✐♥❢♦r♠❛t✐♦♥ ✐♥ ❛ ♠✉❝❤ ♠♦r❡ ✢❡①✐❜❧❡ ✇❛②✳ ❋❛❝✐♥❣✱ ❢♦r ❡①❛♠♣❧❡✱ ❛ ❢r✉str❛t✲
✐♥❣ s❝❡♥❛r✐♦ ❜✉t ❛❧s♦ ❤❛✈✐♥❣ ❛ s❡♥s❡ ♦❢ s✉❝❝❡ss ✐♥ t❤❡ ❡♥❞ ✇❤❡♥ t❤❡ r✐❞❞❧❡s ❛r❡
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✻ Pr♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s

s♦❧✈❡❞✱ ❝♦✉❧❞ ❛❝❝♦r❞✐♥❣❧② ♠❛❦❡ ❛♥ ❊s❝❛♣❡ ❘♦♦♠ ❛ ❤❡❧♣❢✉❧ t♦♦❧ ✇❤❡♥ ❡✈❛❧✉❛t✐♥❣
t❤❡ st❛t✉s q✉♦✱ ❛s ✐t ♠✐❣❤t ♣r♦✈✐❞❡ ❛ ♠♦r❡ ❞❡t❛✐❧❡❞ ❛♥❞ r❡❛❧✐st✐❝ ❛ss❡ss♠❡♥t✳

✹ ❚❤❡ ❊s❝❛♣❡ ❘♦♦♠ ✐♥ t❤❡ Pr♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r
❙▼❊s

■♥ t❤❡ ✜rst ✐♥st❛♥❝❡✱ ✐t ✐s ✐♠♣♦rt❛♥t ❢♦r ♣r♦❥❡❝ts r❡❧❛t❡❞ t♦ ❙▼❊s t♦ ❦♥♦✇ t❤❡ ❝✉r✲
r❡♥t st❛t✉s ♦❢ ❛ ❝♦♠♣❛♥② ✐♥ ♦r❞❡r t♦ s✉♣♣♦rt ✐t ✐♥ ✐ts ❢✉rt❤❡r ❞❡✈❡❧♦♣♠❡♥t✳ ❚❤❡
♣r♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s ❛♣♣❧✐❡s✱ ❛♠♦♥❣ ♦t❤❡r ♠❡t❤♦❞s✱ ❛ s❡❧❢✲❞❡✈❡❧♦♣❡❞
❊s❝❛♣❡ ❘♦♦♠ ✐♥ ♦r❞❡r t♦ ❞❡t❡r♠✐♥❡ t❤❡ ♥❡❡❞s ✐♥ t❤❡ ❛r❡❛ ♦❢ ❦♥♦✇❧❡❞❣❡ tr❛♥s✲
❢❡r✳ ❚❤❡ ❢♦❧❧♦✇✐♥❣ s❡❝t✐♦♥s ❞❡s❝r✐❜❡ ❛❧❧ r❡❧❡✈❛♥t ❛s♣❡❝ts ♦❢ t❤❡ ❞❡✈❡❧♦♣❡❞ ❊s❝❛♣❡
❘♦♦♠✱ ❢r♦♠ t❤❡ ✐❞❡♥t✐✜❡❞ r❡q✉✐r❡♠❡♥ts t♦ t❤❡ st♦r②❧✐♥❡✱ str✉❝t✉r❡ ❛♥❞ s♣❡❝✐✜❝ ❡❧✲
❡♠❡♥ts s✉❝❤ ❛s ❛ ❝♦♥tr♦❧ ♠❡❝❤❛♥✐s♠ ❢♦r t❤❡ ●❛♠❡♠❛st❡r✳ ❚❤❡ ❝❤❛♣t❡r ❝♦♥❝❧✉❞❡s
✇✐t❤ t❤❡ ♠❛✐♥ ❣♦❛❧s t❤❛t t❤❡ ♣r♦❥❡❝t ✇❛♥ts t♦ ❛❝❤✐❡✈❡ ❜② ✉s✐♥❣ t❤❡ ❊s❝❛♣❡ ❘♦♦♠✳

✹✳✶ ❘❡q✉✐r❡♠❡♥ts

❲✐t❤ r❡❣❛r❞ t♦ t❤❡ ♦❜❥❡❝t✐✈❡ ♦❢ ❛ ♥❡❡❞s ❛♥❛❧②s✐s✱ s❡✈❡r❛❧ r❡q✉✐r❡♠❡♥ts ❤❛✈❡ t♦
❜❡ ♠❡t✿ ❋✐rst ♦❢ ❛❧❧✱ t❤❡ t❛r❣❡t ❣r♦✉♣ s❤♦✉❧❞ ❜❡ ❛s ❞✐✈❡rs❡ ❛s ♣♦ss✐❜❧❡ ✐♥ ♦r❞❡r t♦
❣❡t ❛ ❝♦♠♣r❡❤❡♥s✐✈❡ ✐♥s✐❣❤t ✐♥t♦ ❛❧❧ ❞❡♣❛rt♠❡♥ts ❛♥❞ ❡✈❡r② ❤✐❡r❛r❝❤✐❝❛❧ ❧❡✈❡❧ ♦❢
t❤❡ ❝♦♠♣❛♥②✳ ❆❧s♦✱ ✐t ✐s r❡❝♦♠♠❡♥❞❛❜❧❡ t❤❛t t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ✐s ♣❧❛②❛❜❧❡ ❢♦r ❛
✈❛r✐❡t② ♦❢ ♣❡♦♣❧❡ ✐♥ ♦r❞❡r t♦ ❛❞❛♣t t♦ t❤❡ r❡s♣❡❝t✐✈❡ s✐t✉❛t✐♦♥ ✭q✉❛♥t✐t②✱ ❞✐✈❡rs✐t②
♦❢ t❤❡ ❣r♦✉♣✮ ✐♥ t❤❡ ❝♦♠♣❛♥②✳ ❚❤❡ r❡❛❧✐st✐❝ r❛♥❣❡ ♦❢ ♣❛rt✐❝✐♣❛♥ts ❧✐❡s ❜❡t✇❡❡♥
t✇♦ ❛♥❞ s✐①✳ ■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ❛❞❥✉st❛❜❧❡ ♥✉♠❜❡r ♦❢ ♣❡♦♣❧❡✱ t❤❡ ❞✉r❛t✐♦♥ ♦❢
t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ♦r t❤❡ ❞✐✣❝✉❧t② ♦❢ t❤❡ r✐❞❞❧❡s ❛❧s♦ ♥❡❡❞s t♦ ❜❡ ✐♥❞✐✈✐❞✉❛❧❧②
❛❞❥✉st❡❞✳

❙✐♥❝❡ t❤❡ ❊s❝❛♣❡ ❘♦♦♠ s❡r✈❡s ❛s ❛♥ ✐♥tr♦❞✉❝t✐♦♥ t♦ t❤❡ ♥❡❡❞s ❛♥❛❧②s✐s ♦♥ t❤❡
t♦♣✐❝ ♦❢ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r✱ ✐t ✐s ❢♦❧❧♦✇❡❞ ❜② ❛ ❢❡❡❞❜❛❝❦ ❞✐s❝✉ss✐♦♥ ✇✐t❤ r❡✢❡❝t✐✈❡
q✉❡st✐♦♥s ❛♥❞ ❛♥ ✐♥t❡r❛❝t✐✈❡ ♣r❡s❡♥t❛t✐♦♥ ♦♥ t❤❡ t♦♣✐❝ ❝♦♠❜✐♥❡❞ ✇✐t❤ ✐♥❞✐✈✐❞✉❛❧
s✉r✈❡②s✳ ❚❤❡ ♣❧❛♥♥❡❞ t✐♠❡ ❢♦r t❤❡ ❡♥t✐r❡ ♣❛rt ✐s ♦♥❡ ❤♦✉r✳ ❚❤❡r❡❢♦r❡ t❤❡ ♣❧❛②✐♥❣
t✐♠❡ s❤♦✉❧❞ ♥♦t ❡①❝❡❡❞ ✷✵ t♦ ✷✺ ♠✐♥✉t❡s✳ ❈♦rr❡s♣♦♥❞✐♥❣❧②✱ ✐t ♠✉st ❜❡ ♣♦ss✐❜❧❡
t♦ ❝♦♥tr♦❧ t❤❡ ❣❛♠❡ ❢r♦♠ ♦✉ts✐❞❡ ✐❢ ♥❡❝❡ss❛r②✳ ❚❤❡ ♠♦❜✐❧✐t② ♦❢ t❤❡ ❊s❝❛♣❡ ❘♦♦♠
♣r❡s❡♥ts t❤❡ t❤✐r❞ ♣r❡❝♦♥❞✐t✐♦♥✱ ❛s ✐t ✐s ♣❧❛②❡❞ ❞✐r❡❝t❧② ♦♥ s✐t❡ ❛♥❞ t❤❡r❡❢♦r❡
❤❛s t♦ ❜❡ ❛❞❛♣t❛❜❧❡ t♦ s♣❛t✐❛❧ ❝♦♥❞✐t✐♦♥s✳ ❚❤❡ ✜♥❛❧ r❡q✉✐r❡♠❡♥t ✐s t♦ ❝r❡❛t❡ ❛
r❡❛❧✐st✐❝ ✇♦r❦✐♥❣ ❡♥✈✐r♦♥♠❡♥t ✇✐t❤ ❢❛♠✐❧✐❛r ♣r♦❜❧❡♠s ❛♥❞ s✐t✉❛t✐♦♥s ✐♥ ♦r❞❡r t♦
♠♦t✐✈❛t❡ ❛♥❞ ❛❧s♦ ❝❤❛❧❧❡♥❣❡ ❝♦♠♠✉♥✐❝❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ♣❛rt✐❝✐♣❛♥ts✱ ✐♥ t✉r♥
❡♥❝♦✉r❛❣✐♥❣ t❤❡♠ t♦ ♠❛❦❡ ♦♣❡♥ ❛♥❞ r❡❛❧✐st✐❝ st❛t❡♠❡♥ts ❛❜♦✉t t❤❡ s✐t✉❛t✐♦♥ ✐♥
t❤❡✐r ❝♦♠♣❛♥②✳ ■♥ t❤✐s ✈❡✐♥✱ t❤❡ r✐❞❞❧❡s ❛r❡ ♣r❡s❡♥t❡❞ ❛s ❡✈❡r②❞❛② t❛s❦s ♦♥❡ ❢❛❝❡s
✐♥ ❛♥ ♦✣❝❡ ❡♥✈✐r♦♥♠❡♥t✳

✹✳✷ ❙t♦r②❧✐♥❡✱ ❙tr✉❝t✉r❡ ❛♥❞ ●❛♠❡♣❧❛②

❚❤❡ st♦r②❧✐♥❡ ♦❢ t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ✐s ❛❜♦✉t ❛ ❝♦♠♣❛♥② ♥❛♠❡❞ ✏❉❊▼▼■❈✑✱ ❛
✜❝t✐♦♥❛❧✱ ♠❡❞✐✉♠✲s✐③❡❞ ❝♦♠♣❛♥②✱ s♣❡❝✐❛❧✐③✐♥❣ ✐♥ t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ ❝♦♠♣♦♥❡♥ts
❢♦r ❧✐❣❤t✇❡✐❣❤t ❝♦♥str✉❝t✐♦♥✳ ❖♥❡ ♦❢ ✐ts s❛❧❡s t❡❛♠ ♠❡♠❜❡rs ❤❛s ❢♦r❣♦tt❡♥ t♦
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◆❡❡❞s ❆♥❛❧②s✐s ✈✐❛ ❛♥ ❊s❝❛♣❡ ❘♦♦♠ ✼

❢♦r✇❛r❞ ❛♥ ♦r❞❡r t♦ t❤❡ ♣r♦❞✉❝t✐♦♥ ❞❡♣❛rt♠❡♥t ❜❡❢♦r❡ t❤❡② ✇❡♥t ♦♥ t❤❡✐r ✇❡❧❧✲
❞❡s❡r✈❡❞ ✈❛❝❛t✐♦♥✳ ❚❤❡ ❊s❝❛♣❡ ❘♦♦♠ t❛❦❡s ♣❧❛❝❡ r✐❣❤t ❛❢t❡r ❛ ❝✉st♦♠❡r ❤❛s
❝❛❧❧❡❞ ❛♥❞ ❝♦♠♣❧❛✐♥❡❞ ❛❜♦✉t t❤❡ ♠✐ss✐♥❣ ♦r❞❡r✳ ❚❤❡ ♣❛rt✐❝✐♣❛♥ts ❤❛✈❡ t♦ ❣❛✐♥
❛❝❝❡ss t♦ t❤❡✐r ❝♦❧❧❡❛❣✉❡s✬ ❧❛♣t♦♣s ❛♥❞ ✜♥❞ ✐t✳

❚❤❡ ❝✉rr❡♥t s✐t✉❛t✐♦♥ ♦❢ t❤❡ ❝♦♠♣❛♥② ✏❉❊▼▼■❈✑ s❡r✈❡s ❛s ❛ ♥❡❣❛t✐✈❡ ❡①✲
❛♠♣❧❡ ♦❢ ✐♥t❡r♥❛❧ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t✿

✕ ◆♦ ❝♦❤❡r❡♥t ❞♦❝✉♠❡♥t❛t✐♦♥ ♦❢ ♣r♦❝❡ss❡s❀
✕ ◆♦ ✉s❡ ♦❢ ❝♦♠♠♦♥ ❝♦♠♣❛♥② st❛♥❞❛r❞s ❧✐❦❡ ✜❧❡ s❡r✈❡rs ❡t❝✳❀
✕ ❈❧✉tt❡r❡❞ ✇♦r❦✐♥❣ ❡♥✈✐r♦♥♠❡♥t ❢✉❧❧ ♦❢ ✉♥♥❡❝❡ss❛r② st✉✛ ✭❡✳❣✳ ♥♦t ✇♦r❦ r❡✲

❧❛t❡❞ ♠❛❣❛③✐♥❡s✮❀
✕ ❖✉t❞❛t❡❞ ♦r ❡✈❡♥ ✇r♦♥❣ ❞♦❝✉♠❡♥ts✳

❚❤❡ str✉❝t✉r❡ ♦❢ t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ❛♥❞ t❤❡ r✐❞❞❧❡s ❛♥❞ ✐t❡♠s ♥❡❡❞❡❞ t♦ ✜♥❞
t❤❡ ♠✐ss✐♥❣ ♦r❞❡r ❛r❡ s❤♦✇♥ ✐♥ ✜❣✉r❡ ✷✳

Riddle 1

employee birthday

Item
A

Item
B

Riddle 2

unlock laptop 1

Riddle 3

unlock laptop 2
Item
C

Item
D

Riddle 4

unlock laptop 3

Riddle 5

find order

password password

files order ID

Riddle 6

find phone number

phone list

Riddle 7

call production

phone number

ordered items

❋✐❣✳ ✷✳ ❘✐❞❞❧❡✲❋❧♦✇✲❈❤❛rt ✭❛s s❡❡♥ ✐♥ ❬✼❪✮✳

❆❢t❡r ❛ ❜r✐❡❢ ✐♥tr♦❞✉❝t✐♦♥ t♦ t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ♠❡t❤♦❞✱ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❛r❡
❞✐r❡❝t❧② ❝♦♥❢r♦♥t❡❞ ✇✐t❤ t❤❡ st❛rt✐♥❣ s✐t✉❛t✐♦♥ ✭t❤❡② ❛r❡ ❡♠♣❧♦②❡❡s ♦❢ ❉❊▼▼■❈✮
❛♥❞ s❡♥t ✐♥t♦ t❤❡ r♦♦♠✳ ❙✉❞❞❡♥❧② ❛♥ ❛❝t♦r ✭t❤❡ ❞✐s❣✉✐s❡❞ ●❛♠❡♠❛st❡r✮ ❡♥t❡rs
❛♥❞ ♣❛♥✐❝✲str✐❝❦❡♥❧② t❛❧❦s ❛❜♦✉t t❤❡ s✐t✉❛t✐♦♥ ♦❢ t❤❡ ❞✐s❛♣♣❡❛r❡❞ ♦r❞❡r ❛♥❞ t❤❡
❛♥❣r② ❝✉st♦♠❡r ✇❤♦ ❤❛s ❥✉st ❝❛❧❧❡❞✳ ❚❤❡ ❛❝t♦r ❛❧s♦ ❤❛♥❞s ♦✈❡r ❛ s♠❛rt♣❤♦♥❡ ❛s
❛ ♣♦ss✐❜✐❧✐t② t♦ ❝❛❧❧ ❢♦r ❤❡❧♣ ❛♥❞ ❢♦r t❤❡ ●❛♠❡♠❛st❡r t♦ ❣✐✈❡ ❝❧✉❡s ❛♥❞ ❧❡❛✈❡s
t❤❡ r♦♦♠✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ♣❤♦♥❡ ✐s ♥❡❡❞❡❞ ❢♦r r✐❞❞❧❡ ✼ t♦ ❝❛❧❧ t❤❡ ♣r♦❞✉❝t✐♦♥
❞❡♣❛rt♠❡♥t ✇✐t❤ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♦r❞❡r✳ ❆s ✐t ❝❛♥ ❜❡ s❡❡♥ ✐♥ ✜❣✉r❡ ✷✱ t❤❡
♣❛rt✐❝✐♣❛♥ts ✐♥✐t✐❛❧❧② ❤❛✈❡ t♦ ✜♥❞ s❡✈❡r❛❧ ✐t❡♠s ✭❆ ✲ ❈✮ t♦ s♦❧✈❡ t❤❡ st❛rt✐♥❣
r✐❞❞❧❡s ✭✶ ✲ ✸✮ ❛♥❞ t♦ ❣❡t ❛❝❝❡ss t♦ t✇♦ ♦❢ t❤❡ t❤r❡❡ ❧❛♣t♦♣s✳ ❚♦ ✉♥❧♦❝❦ t❤❡ t❤✐r❞
❧❛♣t♦♣ ✭r✐❞❞❧❡ ✹✮ t❤❡② ❤❛✈❡ t♦ ❝♦♠❜✐♥❡ ❛♥♦t❤❡r ✐t❡♠ ✭❉✮ ✇✐t❤ s♦♠❡ ✐♥❢♦r♠❛t✐♦♥
t❤❡② ❣❡t ❜② s♦❧✈✐♥❣ r✐❞❞❧❡ ✸✳ ❇② ✉♥❧♦❝❦✐♥❣ ❡❛❝❤ ❧❛♣t♦♣✱ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❣❡t
❛ ♣✐❡❝❡ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ✇❤✐❝❤ ✐s ♥❡❡❞❡❞ t♦ ✜♥❞ t❤❡ ❧♦st ♦r❞❡r ✭r✐❞❞❧❡ ✺✮ ❛♥❞
❛❢t❡r✇❛r❞s s♦❧✈❡ t❤❡ ✜♥❛❧ r✐❞❞❧❡ ✭✼✮✳ ❚❤❡ ❞♦tt❡❞ ❛rr♦✇s t♦ ❛♥❞ ❢r♦♠ r✐❞❞❧❡ ✻
✐♥ t❤❡ ✜❣✉r❡ s❤♦✇ ❛♥ ♦♣t✐♦♥❛❧ r✐❞❞❧❡ ✇❤✐❝❤ ❝❛♥ ❜❡ ❛❞❞❡❞ ♦r r❡♠♦✈❡❞ ❜② t❤❡
●❛♠❡♠❛st❡r ❛♥❞ ✇✐❧❧ ❜❡ ❞❡s❝r✐❜❡❞ ✐♥ t❤❡ ♥❡①t s❡❝t✐♦♥ ✭✹✳✸✮✳ ❆❢t❡r s♦❧✈✐♥❣ r✐❞❞❧❡
✼ ❜② ❝❛❧❧✐♥❣ t❤❡ ♣r♦❞✉❝t✐♦♥ ❞❡♣❛rt♠❡♥t t❤❡ ♣❛rt✐❝✐♣❛♥ts ❝❛♥ s✉❝❝❡ss❢✉❧❧② ❡s❝❛♣❡
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✽ Pr♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s

t❤❡ r♦♦♠✳ ■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ r✐❞❞❧❡s ✶ t♦ ✼✱ t❤❡r❡ ❛r❡ ❛ ❧♦t ♦❢ ❢❛❧s❡ ❝❧✉❡s ❤✐❞❞❡♥
t❤r♦✉❣❤♦✉t t❤❡ ❊s❝❛♣❡ ❘♦♦♠✱ ✇❤✐❝❤ ✐s ❛❧s♦ ❛ ❝♦♠♠♦♥ ❢❡❛t✉r❡ ✐♥ ❝♦♠♠❡r❝✐❛❧
❊s❝❛♣❡ ❘♦♦♠s ❬✷✾❪✳ ❚❤✐s ✐s ✐♥t❡♥❞❡❞ t♦ s❧♦✇ ❞♦✇♥ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❛♥❞ s✐♠✉❧❛t❡
❛ t②♣✐❝❛❧ s✐t✉❛t✐♦♥ ❛t ✇♦r❦✱ ✇❤❡♥ t❤❡② ❤❛✈❡ t♦ s❡❛r❝❤ ❢♦r ✐♥❢♦r♠❛t✐♦♥✳

✹✳✸ ❈♦♥tr♦❧ ❖♣t✐♦♥s ❢♦r t❤❡ ●❛♠❡♠❛st❡r

❚❤❡ ●❛♠❡♠❛st❡r ✐s ❛✇❛r❡ ♦❢ t❤❡ ♣r♦❣r❡ss t❤❡ ♣❛rt✐❝✐♣❛♥ts ❤❛✈❡ ❛❝❤✐❡✈❡❞ ❛♥❞ ❝❛♥
✐♥t❡r✈❡♥❡ ✇❤❡♥❡✈❡r ♥❡❡❞❡❞✳ ❚♦ t❤✐s ❡♥❞✱ ♣❛rt✐❝✐♣❛♥ts ❛r❡ ♦❜s❡r✈❡❞ ❛✉❞✐♦✲✈✐s✉❛❧❧②
❢r♦♠ t❤❡ ♦✉ts✐❞❡✳ ❚♦ ❣✐✈❡ ❤✐♥ts✱ t❤❡ s♠❛rt♣❤♦♥❡ ✐s ✉s❡❞ ✐♥ ♦r❞❡r t♦ ♣r❡s❡r✈❡ t❤❡
t❡♥s❡ ❛t♠♦s♣❤❡r❡ ♦❢ t❤❡ ❊s❝❛♣❡ ❘♦♦♠✳ ❲❤❡♥ ❝❛❧❧✐♥❣ t❤❡ ♣❛rt✐❝✐♣❛♥ts✱ t❤❡ ❛❝t♦r
✭t❤❡ ❞✐s❣✉✐s❡❞ ●❛♠❡♠❛st❡r✮ ❧❡❛✈❡s ❝❧✉❡s ❧✐❦❡✿ ✏❍❛✈❡ ②♦✉ ❧♦♦❦❡❞ ✐♥t♦ t❤❡ ❞r❛✇❡r❄
❚❤❡② ✉s✉❛❧❧② ♣✉t ❛❧❧ t❤❡✐r st✉✛ t❤❡r❡✳✑

❆s ♠❡♥t✐♦♥❡❞ ✐♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥✱ r✐❞❞❧❡ ✻ ✐s ♦♣t✐♦♥❛❧✳ ❚❤✐s ✇❛s ✐♥tr♦❞✉❝❡❞
t♦ ❝♦♥tr♦❧ t❤❡ ♣❧❛②✐♥❣ t✐♠❡✳ ❊s♣❡❝✐❛❧❧② ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ❜❡✐♥❣
♦♥❧② ♦♥❡ ♦❢ s❡✈❡r❛❧ ❞✐✛❡r❡♥t ✇♦r❦s❤♦♣s t❤❛t t❛❦❡ ♣❧❛❝❡ ❛t t❤❡ ❝♦♠♣❛♥②✱ t❤✐s
✐s ❛ ✈❛❧✉❛❜❧❡ ♦♣t✐♦♥✳ ❘✐❞❞❧❡ ✻ ✐s ❛❜♦✉t ✜♥❞✐♥❣ t❤❡ r✐❣❤t ♣❤♦♥❡ ♥✉♠❜❡r ♦❢ t❤❡
♣r♦❞✉❝t✐♦♥ ❞❡♣❛rt♠❡♥t ✇❤❡♥ ❣✐✈❡♥ s❡✈❡r❛❧✱ ♣❛rt❧② ♦✉t❞❛t❡❞✱ ❧✐sts ♦❢ ♥✉♠❜❡rs✳ ■♥
♦r❞❡r t♦ s♦❧✈❡ t❤✐s r✐❞❞❧❡✱ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❤❛✈❡ t♦ ❝❛❧❧ t❤❡ r✐❣❤t ♥✉♠❜❡r ❛❢t❡r
✜♥❞✐♥❣ t❤❡ ❝♦rr❡❝t ❧✐st✳ ❊❛❝❤ ❝❛❧❧ ✐s r❡❝❡✐✈❡❞ ❜② t❤❡ ●❛♠❡♠❛st❡r✱ ✇❤♦✱ ❞❡♣❡♥❞✐♥❣
♦♥ t❤❡ ❝♦rr❡❝t♥❡ss ♦❢ t❤❡ ♥✉♠❜❡r✱ ❝❛♥ r❡❛❝t ❝♦rr❡s♣♦♥❞✐♥❣❧②✿

✶✮ ❆♥s✇❡r t❤❡ ♣❤♦♥❡ ✇✐t❤✿ ✏P❡rs♦♥ ❳✱ ❢r♦♠ ♣r♦❞✉❝t✐♦♥ ❞❡♣❛rt♠❡♥t✳ ❍♦✇ ♠❛②
■ ❤❡❧♣ ②♦✉❄✑

✷✮ ◆♦t ❛♥s✇❡r t❤❡ ♣❤♦♥❡ ❛t ❛❧❧✳

✸✮ ❆♥s✇❡r t❤❡ ♣❤♦♥❡ ✇✐t❤ s♦♠❡ ❡①❝✉s❡ t❤❛t t❤❡② ♠✉st ❤❛✈❡ ❝❛❧❧❡❞ t❤❡ ✇r♦♥❣
♥✉♠❜❡r✳

❲❤❡♥ s❦✐♣♣✐♥❣ t❤❡ r✐❞❞❧❡✱ t❤❡ ●❛♠❡♠❛st❡r ❥✉st ❛♥s✇❡rs t❤❡ ✜rst ♣❤♦♥❡ ❝❛❧❧
✇✐t❤ ♦♣t✐♦♥ ♥✉♠❜❡r ✶✮✳

✹✳✹ ▼❛✐♥ ●♦❛❧s

❆s t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ✐s ♣❛rt ♦❢ t❤❡ ♥❡❡❞s ❛ss❡ss♠❡♥t ✐♥ t❤❡ ♣r♦❥❡❝t ❊❞✉❝❛✲
t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s✱ ❞✐✛❡r❡♥t ♦❜❥❡❝t✐✈❡s ❢♦r ❢✉rt❤❡r ❞❛t❛ ❝♦❧❧❡❝t✐♦♥ ❛r❡ ❧✐♥❦❡❞ t♦
t❤❡ ♣❛rt✐❝✐♣❛t✐♦♥ ♦❢ t❤❡ ✇♦r❦❢♦r❝❡✳ ❖♥❡ ♦❢ t❤❡ ♠❛✐♥ ❣♦❛❧s ✐s t♦ r❛✐s❡ ❛✇❛r❡♥❡ss

❛♥❞ s❡♥s✐t✐✈✐t② ❢♦r t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❛♣♣r♦♣r✐❛t❡ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ✇✐t❤✐♥ t❤❡

❝♦♠♣❛♥②✳ ❚❤✐s r❛♥❣❡s ❢r♦♠ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ ❦♥♦✇✐♥❣ ✇❤❛t ♦♥❡ ❦♥♦✇s✱ t♦ ❛r✲
t✐❝✉❧❛t✐♦♥ ❛♥❞ tr❛♥s♣❛r❡♥t ❛♥❞ ❝♦♠♣r❡❤❡♥s✐❜❧❡ ❞♦❝✉♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ❦♥♦✇❧❡❞❣❡
✐♥ q✉❡st✐♦♥✳ ▲❡❛r♥✐♥❣ ♠♦r❡ ❛❜♦✉t t❤❡ ❝✉rr❡♥t ❞✐✣❝✉❧t✐❡s ✐♥ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r

❛♥❞ t❤❡ st❛t✉s q✉♦ ✐♥ t❤❡ r❡s♣❡❝t✐✈❡ ❡♥t❡r♣r✐s❡ r❡♣r❡s❡♥ts ❛ ❢✉rt❤❡r ❣♦❛❧✳ ❋✐♥❛❧❧②✱
❜② s❤♦✇✐♥❣ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❛ ✇♦rst✲❝❛s❡ s❝❡♥❛r✐♦ ♦❢ ❤♦✇ ♥♦t t♦ ❞♦ ❦♥♦✇❧❡❞❣❡
tr❛♥s❢❡r ❛♥❞ ❞♦❝✉♠❡♥t❛t✐♦♥✱ t❤❡② s❤♦✉❧❞ ❜❡ ❡♥❝♦✉r❛❣❡❞ t♦ t❛❧❦ ♦♣❡♥❧② ❛♥❞ ❢r❡❡❧②

❛❜♦✉t t❤❡ ❡①♣❡r✐❡♥❝❡s t❤❡② ❛r❡ ❢❛❝✐♥❣ ✐♥ t❤❡✐r ❡✈❡r②❞❛② ✇♦r❦✐♥❣ ❧✐❢❡✳
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◆❡❡❞s ❆♥❛❧②s✐s ✈✐❛ ❛♥ ❊s❝❛♣❡ ❘♦♦♠ ✾

✺ ❊①♣❧♦r❛t♦r② ❙t✉❞② ✐♥ t✇♦ ❙▼❊s

❏♦✐♥t ✇♦r❦ ✇✐t❤ ❛ ❝♦♠♣❛♥② ❜❡❣✐♥s ✇✐t❤ ❛ ♣r❡❧✐♠✐♥❛r② ❞✐s❝✉ss✐♦♥ ✇✐t❤ t❤❡ ♠❛♥✲
❛❣❡♠❡♥t t♦ ✐❞❡♥t✐❢② st❛rt✐♥❣ ♣♦✐♥ts✳ ❇❛s❡❞ ♦♥ t❤❡s❡ ✜rst r❡s✉❧ts✱ t❤❡ s♦✲❝❛❧❧❡❞
♣r❛❝t✐❝❛❧ t❛st❡r ❞❛②✭s✮ ✐s ✐♥❞✐✈✐❞✉❛❧❧② ♦r❣❛♥✐③❡❞ ❢♦r ❡❛❝❤ ❝♦♠♣❛♥②✳ ■♥ ❛❞❞✐t✐♦♥
t♦ ❛ ♣r❛❝t✐❝❛❧ ✐♥s✐❣❤t ✐♥t♦ t❤❡ ♣r♦❥❡❝t ❝♦♥t❡♥ts✱ t❤❡ ❢♦r♠❛t ♦❢ t❤❡ ♣r❛❝t✐❝❛❧ t❛st❡r
❞❛② ❝♦♥s✐sts ♦❢ s❡✈❡r❛❧ ✇♦r❦s❤♦♣s ✐♥❝❧✉❞✐♥❣ ❛ ♥❡❡❞s ❛♥❛❧②s✐s✳ ❚❤❡ ♥❡❡❞s ❛♥❛❧②s✐s
✐♥t❡♥❞s t♦ r❡✐❢② t❤❡ ❞✐s❝r❡♣❛♥❝② ❜❡t✇❡❡♥ t❤❡ ❞❡s✐r❡❞ s✐t✉❛t✐♦♥ ❛♥❞ t❤❡ ❛❝t✉❛❧ s✐t✲
✉❛t✐♦♥ ❛♥❞ t❤✉s ❤❛s t❤❡ ❛✐♠ ♦❢ ✏❛♥❛❧②③✐♥❣ ❞❡✜❝✐ts ✐♥ ❡❞✉❝❛t✐♦♥✱ ♣r♦♠♦t✐♦♥ ❛♥❞
♦r❣❛♥✐③❛t✐♦♥❛❧ ❞❡✈❡❧♦♣♠❡♥t ❛t t❤❡ str❛t❡❣✐❝✱ ♦♣❡r❛t✐♦♥❛❧ ❛♥❞ ✐♥❞✐✈✐❞✉❛❧ ❧❡✈❡❧✑
❬✺✱ ♣✳ ✽✷✺❪✳ ❚❤❡ ♠❛♥❛❣❡♠❡♥t s❡❧❡❝ts t❤❡ r❡♣r❡s❡♥t❛t✐✈❡s ♦❢ t❤❡ ✇♦r❦❢♦r❝❡ ✇❤♦
♣❛rt✐❝✐♣❛t❡ ✐♥ t❤❡ ♣r❛❝t✐❝❛❧ t❛st❡r ❞❛②✱ ❛❝❝♦r❞✐♥❣ t♦ s♣❡❝✐✜❝ ❝r✐t❡r✐❛✳ ❚❤❡② r❡♣✲
r❡s❡♥t ❛ ❣r♦✉♣ ❛s ❤❡t❡r♦❣❡♥❡♦✉s ❛s ♣♦ss✐❜❧❡ ✐♥ t❡r♠s ♦❢ ❞✐✛❡r❡♥t ❞❡♣❛rt♠❡♥ts✱
❤✐❡r❛r❝❤✐❝❛❧ ❧❡✈❡❧s✱ tr❛✐♥✐♥❣✱ ❣❡♥❞❡r✱ ❢✉❧❧✲t✐♠❡ ❛♥❞ ♣❛rt✲t✐♠❡ ❡♠♣❧♦②♠❡♥t✱ ❡t❝✳

■♥ t❤❡ ❝♦♥t❡①t ♦❢ t❤❡ ♣r♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s✱ t❤❡ ♥❡❡❞s ❛♥❛❧②s✐s
❝♦♠♣r✐s❡s t✇♦ t❤❡♠❛t✐❝ ♣r✐♦r✐t✐❡s✿ ❞✐❣✐t✐③❛t✐♦♥ ❛♥❞ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r✳ ❲❤✐❧❡
t❤❡ s✐t✉❛t✐♦♥ ✐♥ t❤❡ ✜❡❧❞ ♦❢ ❞✐❣✐t✐③❛t✐♦♥ ✐s ♣r✐♠❛r✐❧② ❡✈❛❧✉❛t❡❞ ❜② t❤❡ ♠❡t❤♦❞
▲❊●❖ ❘© ❙❊❘■❖❯❙ P▲❆❨ ❘©✱ t❤❡ s❡❧❢✲❞❡✈❡❧♦♣❡❞ ❊s❝❛♣❡ ❘♦♦♠ ❞❡s❝r✐❜❡❞ ❛❜♦✈❡
♣r✐♠❛r✐❧② s❡r✈❡s t♦ ❛ss❡ss ♥❡❡❞s ✐♥ t❤❡ ❛r❡❛ ♦❢ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r✳ ■♥ ❛❞❞✐t✐♦♥✱
t❤❡ t❡❝❤♥✐❝❛❧ s♦❧✉t✐♦♥s ❢♦r ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t t❤❛t ♠❛② ❛❧r❡❛❞② ❜❡ ❛✈❛✐❧❛❜❧❡
✐♥ t❤❡ ❝♦♠♣❛♥② ❛r❡ ❝♦♥s✐❞❡r❡❞ ❛t t❤✐s ♣♦✐♥t ❛s ✇❡❧❧✳

❚❤❡ ❝♦❧❧❡❝t✐♦♥ ♦❢ ❞❛t❛ ✐♥ t❤❡ ❛r❡❛ ♦❢ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ✐s ❞✐✈✐❞❡❞ ✐♥t♦ t✇♦
♣❛rts✿ ✶✮ P❛rt✐❝✐♣❛t✐♦♥ ✐♥ t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ✐s ❢♦❧❧♦✇❡❞ ❜② ❛ s❤♦rt ❢❡❡❞❜❛❝❦ r♦✉♥❞
✇✐t❤ r❡✢❡❝t✐✈❡ q✉❡st✐♦♥s ❛♥❞ ✷✮ ❛♥ ✐♥t❡r❛❝t✐✈❡ ♣r❡s❡♥t❛t✐♦♥ ❛❜♦✉t ❦♥♦✇❧❡❞❣❡
tr❛♥s❢❡r ✐♥❝❧✉❞✐♥❣ ✐♥❞✐✈✐❞✉❛❧ s✉r✈❡②s✳ ❋✉rt❤❡r♠♦r❡✱ ❛t t❤❡ ❡♥❞ ♦❢ t❤❡ ♣r❛❝t✐❝❛❧
t❛st❡r ❞❛② t❤❡ ♣❛rt✐❝✐♣❛♥ts ✜❧❧ ✐♥ q✉❡st✐♦♥♥❛✐r❡s ✐♥ ✇❤✐❝❤✱ ❛♠♦♥❣ ♦t❤❡r t♦♣✐❝s✱
t❤❡② ❛❧s♦ ❡✈❛❧✉❛t❡ t❤❡ ❡①♣❡r✐❡♥❝❡❞ ❊s❝❛♣❡ ❘♦♦♠ ❛♥❞ t❤❡ ✐♥♣✉t ❢♦r t❤❡ ❦♥♦✇❧❡❞❣❡
tr❛♥s❢❡r ✭✶✷ ✐t❡♠s ✇✐t❤ ✺ ♣♦✐♥t ▲✐❦❡rt s❝❛❧❡ r❛♥❣✐♥❣ ❢r♦♠ ✏❢✉❧❧② ❛❣r❡❡✑ t♦ ✏t♦t❛❧❧②
❞✐s❛❣r❡❡✑✮✳

✺✳✶ ❘❡s✉❧ts ♦❢ t❤❡ ◗✉❡st✐♦♥♥❛✐r❡ ♦♥ t❤❡ ❊s❝❛♣❡ ❘♦♦♠

■♥ t❤❡ ✜rst st❡♣✱ s♦♠❡ ✐♥s✐❣❤ts ❢r♦♠ t❤❡ q✉❡st✐♦♥♥❛✐r❡ ♦♥ t❤❡ ❊s❝❛♣❡ ❘♦♦♠
♠❡t❤♦❞ ❛s ❛ t♦♦❧ ❢♦r ♥❡❡❞s ❛♥❛❧②s✐s ✇✐❧❧ ❜❡ ❣✐✈❡♥✳ ■t ♣r♦✈❡❞ t♦ ❜❡ ❛♥ ✐♥♥♦✈❛t✐✈❡
❛♥❞ ❡♥❥♦②❛❜❧❡ ♠❡t❤♦❞✱ ❛s ✾✵✳✺ ✪ ✭♥ ❂ ✷✶✮ ♦❢ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❤❛❞ ♥♦t ✈✐s✐t❡❞
❛♥ ❊s❝❛♣❡ ❘♦♦♠ ✐♥ t❤❡✐r ❢r❡❡ t✐♠❡ ②❡t✱ ✇❤✐❧❡ ❛❧♠♦st ❛❧❧ ♦❢ t❤❡♠ ❤❛❞ ❢✉♥ ✐♥
t❤❡ s❡ss✐♦♥ ❞✉r✐♥❣ t❤❡ ♣r❛❝t✐❝❛❧ t❛st❡r ❞❛② ✭✾✺✳✷ ✪ ✏❢✉❧❧② ❛❣r❡❡❞✑ ❛♥❞ ✏❛❣r❡❡❞✑
♦♥ t❤✐s ✐t❡♠✱ ✇❤✐❧❡ ♦♥❡ ✇❛s ✏♥❡✉tr❛❧✑✮✳ ❚❤❡ ❞✐✣❝✉❧t② ❛♥❞ ♥✉♠❜❡r ♦❢ t❛s❦s ✇❡r❡
❢✉rt❤❡r♠♦r❡ ❞❡❡♠❡❞ ❛♣♣r♦♣r✐❛t❡ ❜② t❤❡ ♠❛❥♦r✐t② ♦❢ t❤❡ ♣❛rt✐❝✐♣❛♥ts ✭✽✺✳✼ ✪ ❛♥❞
✽✶ ✪ r❡s♣❡❝t✐✈❡❧② ❢♦r ♣♦s✐t✐✈❡ ❛♥s✇❡rs✱ ♦♥❧② ♦♥❡ ♣❛rt✐❝✐♣❛♥t ✏t♦t❛❧❧② ❞✐s❛❣r❡❡❞✑✱
✇❤✐❝❤ ♠✐❣❤t ❜❡ r❡✢❡❝t❡❞ ✐♥ ♦♥❡ ♦❢ t❤❡ ❛♥s✇❡rs ✐♥ t❤❡ ❢❡❡❞❜❛❝❦ s❡ss✐♦♥ ❞❡s❝r✐❜❡❞
✐♥ ✺✳✷✮✳

❆♣❛rt ❢r♦♠ t❤❡ ♠❡t❤♦❞ ❛s s✉❝❤✱ ✐ts s✉✐t❛❜✐❧✐t② ✐♥ t❡r♠s ♦❢ ✐ts ❣♦❛❧ r❛✐s✲

✐♥❣ ❛✇❛r❡♥❡ss ❢♦r t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❛♣♣r♦♣r✐❛t❡ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ✇✐t❤✐♥ ♦♥❡✬s

❝♦♠♣❛♥② ✇❛s r❛t❡❞✳ ❚♦ t❤✐s ❡♥❞✱ t❤❡ ♣❛rt✐❝✐♣❛♥ts ✇❡r❡ ❛s❦❡❞ ✇❤❡t❤❡r t❤❡② ✏❢♦✉♥❞
t❤❡ ❵❊s❝❛♣❡ ❘♦♦♠✬ ♠❡t❤♦❞ ❤❡❧♣❢✉❧ t♦ t❤✐♥❦ ❛❜♦✉t ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ✐♥ ❬t❤❡✐r❪
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✶✵ Pr♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s

❡✈❡r②❞❛② ✇♦r❦✑✳ ❆❧t❤♦✉❣❤ ✶✹✳✸ ✪ ❞✐❞ ♥♦t t❛❦❡ ❛♥② s✐❞❡ ❛♥❞ ✹✳✽ ✪ ❞✐s❛❣r❡❡❞ ♦♥
t❤✐s q✉❡st✐♦♥✱ t❤❡ st❛t❡♠❡♥t ✇❛s ❝♦♥✜r♠❡❞ ❡①♣❧✐❝✐t❧② ❜② ✽✵✳✾ ✪✳ ❆❧s♦✱ ♠♦st ♦❢
t❤❡ r❡s♣♦♥❞❡♥ts ✭✼✻✳✷ ✪✮ ❛❣r❡❡❞ t❤❛t t❤❡ ♠❡t❤♦❞ ❤❡❧♣❡❞ t❤❡♠ ✏t♦ ✉♥❞❡rst❛♥❞
t❤❡ t♦♣✐❝ ♦❢ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ❜❡tt❡r✑✳ ❆s❦❡❞ ❢♦r ♥❡✇ ✐♥s✐❣❤ts ❛❜♦✉t ❦♥♦✇❧✲
❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ❛♥❞ tr❛♥s❢❡r ✐♥ t❤❡✐r ❡✈❡r②❞❛② ✇♦r❦✱ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❛♥s✇❡rs
❞✐✈❡r❣❡❞ ♠♦r❡✱ r❛♥❣✐♥❣ ❢r♦♠ ✏t♦t❛❧❧② ❛❣r❡❡✑ ✭✶✾ ✪✮ t♦ ✏❞✐s❛❣r❡❡✑ ✭✹✳✽ ✪✮❀ t❤❡
♠❛❥♦r✐t② ❤♦✇❡✈❡r ✏❛❣r❡❡❞✑ t♦ ❤❛✈❡ ❜❡❝♦♠❡ ❛✇❛r❡ ♦❢ ♥❡✇ ❛s♣❡❝ts ✭✻✶✳✾ ✪✮✳ ❈♦♥✲
s✐❞❡r✐♥❣ t❤❡ ✏♣r❛❝t✐❝❛❧ ✐♠♣❧✐❝❛t✐♦♥s✑ ♦❢ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r✱ ♠♦st ♣❛rt✐❝✐♣❛♥ts
✇❡r❡ ♣♦s✐t✐✈❡ ✭✼✻✳✷ ✪✮ t❤❛t t❤❡ ❊s❝❛♣❡ ❘♦♦♠ s✉♣♣♦rt❡❞ t❤❡✐r ❛✇❛r❡♥❡ss ♦❢ t❤❡
t♦♣✐❝✳ ❍♦✇❡✈❡r✱ ❛❧♠♦st ❛ q✉❛rt❡r ✭✷✸✳✽ ✪✮ ❤❛❞ ❛ ♥❡✉tr❛❧ st❛♥❝❡ r❡❣❛r❞✐♥❣ t❤✐s
q✉❡st✐♦♥✱ s❤♦✇✐♥❣ t❤❛t s♦♠❡ ✐ss✉❡s ♠✐❣❤t ♥♦t ❜❡ ♥❡✇✳

✺✳✷ ❘❡s✉❧ts ♦❢ t❤❡ ❋❡❡❞❜❛❝❦ ❈♦♥✈❡rs❛t✐♦♥

■♥ ♦r❞❡r t♦ ❝♦♥t❡①t✉❛❧✐③❡ t❤❡ ❞❛t❛ ❢r♦♠ t❤❡ q✉❛♥t✐t❛t✐✈❡ ❛♥❞ ❛♥♦♥②♠♦✉s ❡✈❛❧✉✲
❛t✐♦♥ t❤❛t ✇❛s ❤❡❧❞ ❛t t❤❡ ❡♥❞ ♦❢ t❤❡ ❞❛②✱ s♦♠❡ st❛t❡♠❡♥ts ❢r♦♠ t✇♦ ❢❡❡❞❜❛❝❦
r♦✉♥❞s ❤❡❧❞ ❞✐r❡❝t❧② ❛❢t❡r t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ✇✐❧❧ ❜❡ ❞r❛✇♥ ♦♥✳ ❆s❦❡❞ ❛❜♦✉t t❤❡
♥✉♠❜❡r ♦❢ ♣❡♦♣❧❡ ♣❧❛②✐♥❣ t❤❡ ❊s❝❛♣❡ ❘♦♦♠✱ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❝♦♥s✐❞❡r❡❞ ✐t t♦
❜❡ ✏♦❦❛②✑✳ ❚❤❡ ♣❛rt✐❝✐♣❛♥ts t❤❡♥ ♣♦✐♥t❡❞ ♦✉t t❤❛t✱ ✇❤✐❧❡ ❛❣r❡❡❛❜❧❡ ❢♦r t❤✐s ♣❧❛②✲
❢✉❧ ❝♦♥t❡①t✱ ✐t ✇❛s ❛ r❛t❤❡r ✉♥r❡❛❧✐st✐❝ s❝❡♥❛r✐♦ ❝♦♠♣❛r❡❞ t♦ t❤❡✐r ✇♦r❦✱ ✐♥ t❤❛t
✉s✉❛❧❧② s✉❝❤ ✐ss✉❡s ❛r❡ ♥♦t s♦❧✈❡❞ ✐♥ ❛ t❡❛♠✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ ❡s♣❡❝✐❛❧❧② ❢♦r
♣❛rt✐❝✐♣❛♥ts ✇✐t❤♦✉t ❛ s♣❡❝✐❛❧ ❛✣♥✐t② ❢♦r ❝♦♠♣✉t❡rs✱ t❤❡ t❡❛♠ ✇❛s ❛♥ ❡ss❡♥t✐❛❧
❢❛❝t♦r ❢♦r s♦❧✈✐♥❣ t❤❡ r✐❞❞❧❡s✳ ❚❤✐s ♠✐❣❤t ❜❡ ❛♥ ❡①♣❧❛♥❛t✐♦♥ ❢♦r ♦♥❡ ♣❛rt✐❝✐♣❛♥t✬s
❥✉❞❣♠❡♥t ✇❤♦ ❞✐❞ ♥♦t ✜♥❞ t❤❡ t❛s❦✬s ❞✐✣❝✉❧t② ❛♣♣r♦♣r✐❛t❡✳

❊✈❡♥ t❤✐s ✜rst q✉❡st✐♦♥ r❡❧❛t✐♥❣ t♦ t❤❡ ♣❛rt✐❝✐♣❛♥ts✬ ❡①♣❡r✐❡♥❝❡s ✐♥ t❤❡ ❊s❝❛♣❡
❘♦♦♠✱ ✇❤✐❝❤ ✇❛s ♠❛✐♥❧② ♠❡❛♥t t♦ s❡r✈❡ ❛s ❢❡❡❞❜❛❝❦ ❢♦r t❤❡ ❢✉rt❤❡r ❞❡✈❡❧♦♣♠❡♥t
♦❢ t❤❡ ♠❡t❤♦❞✱ s❤♦✇❡❞ t❤❡ ❞✐✣❝✉❧t② ♦❢ s❡♣❛r❛t✐♥❣ ♠❡t❤♦❞♦❧♦❣✐❝❛❧ ❢❡❡❞❜❛❝❦ ♦♥
t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ❢r♦♠ st❛t❡♠❡♥ts ❛❜♦✉t t❤❡ ❊s❝❛♣❡ ❘♦♦♠✬s t♦♣✐❝ ♦❢ ❦♥♦✇❧✲
❡❞❣❡ ♠❛♥❛❣❡♠❡♥t✳ ❚❤❡s❡ st❛t❡♠❡♥ts ✇❡r❡ ✐♥❞✉❝❡❞ ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ t❤❡ s❡❝♦♥❞
❣♦❛❧✱ ✇❤✐❝❤ ✇❛s ❢♦r ❜♦t❤ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❛♥❞ t❤❡ ♣r♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r
❙▼❊s t♦ ❧❡❛r♥ ❛❜♦✉t t❤❡ ❝✉rr❡♥t ❞✐✣❝✉❧t✐❡s ✐♥ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ❛♥❞ t❤❡ st❛t✉s

q✉♦ ✐♥ t❤❡ ❝♦♠♣❛♥② ❜② ❡♥❝♦✉r❛❣✐♥❣ t❤❡ ♣❛rt✐❝✐♣❛♥ts t♦ t❛❧❦ ♦♣❡♥❧② ❛♥❞ ❢r❡❡❧②

❛❜♦✉t t❤❡ ❡①♣❡r✐❡♥❝❡s t❤❡② ❛r❡ ❢❛❝✐♥❣ ✐♥ t❤❡✐r ❡✈❡r②❞❛② ✇♦r❦✐♥❣ ❧✐❢❡✳ ❚♦ t❤✐s ❡♥❞✱
t❤❡ ❝❧♦s❡ ❝♦♥♥❡❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ♠❡t❤♦❞ ❛♥❞ t❤❡ ✭❢❛♠✐❧✐❛r✮ t♦♣✐❝ ♦❢ ❦♥♦✇❧❡❞❣❡
♠❛♥❛❣❡♠❡♥t ♣r❡s❡♥ts ❛ ✈❛❧✉❛❜❧❡ ♦♣♣♦rt✉♥✐t② t♦ ❞✐s❝✉ss ✐♥❝♦♥✈❡♥✐❡♥t ✐ss✉❡s✳ ■♥
t❤✐s ✈❡✐♥✱ ♥♦t ♦♥❧② ♦❜❥❡❝t✐✈❡ ❛s♣❡❝ts ✇❡r❡ ♠❡♥t✐♦♥❡❞✱ s✉❝❤ ❛s t❤❡ ❛♣♣❧✐❝❛❜✐❧✐t②
♦❢ t❤❡ s❝❡♥❛r✐♦ t♦ ✈❛r✐♦✉s ❞❡♣❛rt♠❡♥ts✱ q✉❡st✐♦♥s ♦❢ ❞♦❝✉♠❡♥t❛t✐♦♥ t♦♦❧s ❛♥❞
✇❛②s ♦❢ ♣❡rs♦♥❛❧ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r✳ ❘❛t❤❡r✱ t❤❡s❡ ❛s♣❡❝ts s❡r✈❡❞ ❛s ❛ st❛rt✐♥❣
♣♦✐♥t ❢♦r t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ❡①♣r❡ss✐♥❣ ❝r✐t✐❝❛❧ ✐ss✉❡s ❧✐❦❡ t❤❡ ❢❛♠✐❧✐❛r s✐t✉❛t✐♦♥ ♦❢
t❤❡ ❛❜s❡♥❝❡ ♦❢ ❛ ❝♦❧❧❡❛❣✉❡ ❛s ✇❡❧❧ ❛s ♣♦ss✐❜❧❡ s♦❧✉t✐♦♥s✱ ❢♦r ❡①❛♠♣❧❡ ❜② ♦✣❝✐❛❧
❛rr❛♥❣❡♠❡♥ts ♦r ✉♥♦✣❝✐❛❧ ♣r❛❝t✐❝❡s✳

✺✳✸ ❘❡s✉❧ts ♦❢ t❤❡ ◗✉❡st✐♦♥s ❛❜♦✉t ❑♥♦✇❧❡❞❣❡ ❚r❛♥s❢❡r

✏❉♦ ②♦✉ ❦♥♦✇ ✇❤❡r❡ ✐♥ ②♦✉r ❝♦♠♣❛♥② ✇❤✐❝❤ ❦♥♦✇❧❡❞❣❡ ✐s ❛✈❛✐❧❛❜❧❡ ♦r ✇❤♦ ②♦✉
❝❛♥ ❛s❦ ❛❜♦✉t ❛ ❝❡rt❛✐♥ t♦♣✐❝❄✑ ❚❤✐s q✉❡st✐♦♥ s❡r✈❡s ❛s t❤❡ ♠❛✐♥ ♠♦t✐✈❛t✐♦♥ ❢♦r
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◆❡❡❞s ❆♥❛❧②s✐s ✈✐❛ ❛♥ ❊s❝❛♣❡ ❘♦♦♠ ✶✶

t❤❡ ♠♦❞✉❧❡ ♦♥ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ✐♥ t❤❡ ✇♦r❦s❤♦♣s ❞✉r✐♥❣ t❤❡ ♣r❛❝t✐❝❛❧ t❛st❡r
❞❛②s✳

■♥ ❛♥ ✐♥t❡r❛❝t✐✈❡ s❡ss✐♦♥✱ t❤❡ s②st❡♠s r❡❧❡✈❛♥t t♦ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ❛r❡
✐❞❡♥t✐✜❡❞ ❢♦r t❤❡ ♣✉r♣♦s❡ ♦❢ ♥❡❡❞s ❛♥❛❧②s✐s✳ ❇❛s❡❞ ♦♥ t❤✐s ❧✐st✱ ❢✉rt❤❡r ❛❝t✐♦♥
♠✐❣❤t ❜❡ ✐❞❡♥t✐✜❡❞✳ ❚❤❡ ❛✐♠ ♦❢ t❤❡ ❣r♦✉♣ ❡①♣❡r✐❡♥❝❡ ✐♥ t❤❡ ♣r❡❝❡❞✐♥❣ ❊s❝❛♣❡
❘♦♦♠ ❙❡ss✐♦♥ ✐s✱ ❛♠♦♥❣ ♦t❤❡r t❤✐♥❣s✱ t♦ ✐♥❝r❡❛s❡ t❤❡ t❤❡ ❛❜✐❧✐t② t♦ ❝r✐t✐❝✐③❡ ❛♥❞
r❡✢❡❝t✳ ❚❤❡ ♣❛rt✐❝✐♣❛♥ts ✉s✉❛❧❧② r❡s♣♦♥❞ ✈❡r② ♦♣❡♥❧② t♦ q✉❡st✐♦♥s r❡❣❛r❞✐♥❣ t❤❡
❝✉rr❡♥t s✐t✉❛t✐♦♥ ✐♥ t❤❡ ❝♦♠♣❛♥②✳ ❚❤✐s ❧❡❛❞s t♦ r❡s✉❧ts✱ s✉❝❤ ❛s t❤❡ ❛♥s✇❡rs
s❤♦✇♥ ✐♥ ✜❣✳ ✸✳

■♥ t❤❡ ❝♦✉rs❡ ♦❢ t❤❡ ♣r♦❥❡❝t s❡✈❡r❛❧ s✉r✈❡②s ❤❛✈❡ ❜❡❡♥ ❝♦♥❞✉❝t❡❞ ♦♥ t❤❡ t♦♣✐❝
♦❢ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ✐♥ ❞✐✛❡r❡♥t ❝♦♠♣❛♥✐❡s✳ ❋✐❣✉r❡ ✸ s❤♦✇s t❤❡ ❛♥s✇❡r
t♦ t❤❡ q✉❡st✐♦♥ ✏❍♦✇ ♠✉❝❤ t✐♠❡ ❞♦ ②♦✉ s♣❡♥❞ s❡❛r❝❤✐♥❣ ❢♦r ✐♥❢♦r♠❛t✐♦♥ ✐♥
②♦✉r ❞❛✐❧② ✇♦r❦❄✑ ❣✐✈❡♥ ✐♥ t❤❡ ♣❛rt✐❝✐♣❛t✐♥❣ t✇♦ ♣✐❧♦t ❙▼❊s ❛♥❞ t❤r❡❡ ♦♥❧✐♥❡
s❡♠✐♥❛rs ❛❜♦✉t ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r✳ ❆s ❛ r❡s✉❧t✱ t❤❡r❡ ✐s ❛ ❝♦♥s✐❞❡r❛❜❧❡ ♣♦t❡♥t✐❛❧
❢♦r ✐♠♣r♦✈❡♠❡♥t ♦❢ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t✱ ✇❤✐❝❤ ❝♦✉❧❞ ❧❡❛❞ t♦ s✐❣♥✐✜❝❛♥t t✐♠❡
s❛✈✐♥❣ ✐♥ ♣r❛❝t✐❝❡✳

Answer %

5 minutes 3.7

10 minutes 22.2

30 minutes 29.6

more than 60 minutes 44.4

22.2%

44.4%

29.6%

How much time do you spend searching for information in your daily work ?

Survey results over the years 2019 and 2020.
n = 81 (Collected in Project Education 4.0 for SMEs
needs analysis sessions and online seminars)

❋✐❣✳ ✸✳ ❙✉r✈❡② ❘❡s✉❧ts✳

❆ s✐♠✐❧❛r ❝♦♥❝❧✉s✐♦♥ ✇❛s r❡❛❝❤❡❞ ✐♥ ❛ s✉r✈❡② ♦❢ ♠♦r❡ t❤❛♥ ✶✻✵✵ ♦✣❝❡ ✇♦r❦❡rs✱
✇❤✐❝❤ ❢♦✉♥❞ t❤❛t ✷✺ ✪ ♦❢ r❡s♣♦♥❞❡♥ts s♣❡♥t ✉♣ t♦ ✻✵ ♠✐♥✉t❡s ♣❡r ✇♦r❦✐♥❣ ❞❛②
s❡❛r❝❤✐♥❣ ❢♦r ❦♥♦✇❧❡❞❣❡ ❬✷✶❪✳ ❚❤❡ ♥❡❡❞s ❛♥❛❧②s✐s s❤♦✇❡❞ t❤❛t ❝♦♠♣❛♥✐❡s ✉s✉❛❧❧②
❤❛✈❡ s❡✈❡r❛❧ ■❚ s②st❡♠s ✐♥ ♣❧❛❝❡ t❤❛t ❝❛♥ s❡r✈❡ ❛s t❤❡ ❜❛s✐s ❢♦r ❛ ❦♥♦✇❧❡❞❣❡ ♠❛♥✲
❛❣❡♠❡♥t ✐♥✐t✐❛t✐✈❡✳ ❚♦ t❤❡ ❛❜♦✈❡✲♠❡♥t✐♦♥❡❞ q✉❡st✐♦♥ ✇❤❡t❤❡r t❤❡ ♣❛rt✐❝✐♣❛♥ts
❦♥♦✇ ✇❤❡r❡ t♦ ✜♥❞ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❛ t♦♣✐❝ ♦r ✇❤♦ t♦ ❛s❦✱ ♠♦st r❡s♣♦♥❞❡♥ts ❛♥✲
s✇❡r❡❞ t❤❛t t❤❡② r♦✉❣❤❧② ❦♥♦✇ t❤✐s✱ ❜✉t t❤❛t t❤❡r❡ ✐s st✐❧❧ ❛ ❝♦♥s✐❞❡r❛❜❧❡ ❛♠♦✉♥t
♦❢ ✇♦r❦ t♦ ❜❡ ❞♦♥❡ t♦ ✜♥❞ ❝♦♥❝r❡t❡ s♦❧✉t✐♦♥s✳ P❛rt✐❝✐♣❛♥ts ✇♦✉❧❞ ❧✐❦❡ t♦ ❤❛✈❡ ❛
s✐♠♣❧❡ ❛♥❞ ❝❡♥tr❛❧ ♠❡❛♥s ♦❢ ❛❝❝❡ss t♦ r❡❧❡✈❛♥t ✐♥❢♦r♠❛t✐♦♥✱ ✇❤✐❝❤ r❡❞✉❝❡s t❤❡
❛❜♦✈❡ ♠❡♥t✐♦♥❡❞ s❡❛r❝❤ ❡✛♦rt✳
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✶✷ Pr♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s

✺✳✹ ▲❡ss♦♥s ▲❡❛r♥❡❞

❉✉❡ t♦ t✐❣❤t ❝♦♥str❛✐♥ts ♦♥ t❤❡ ❞✉r❛t✐♦♥ ♦❢ t❤❡ ❢❡❡❞❜❛❝❦ s❡ss✐♦♥✱ s♦♠❡ ❛♥s✇❡rs
st❛②❡❞ r❡❧❛t✐✈❡❧② s✉♣❡r✜❝✐❛❧✳ ●✐✈✐♥❣ t❤❡ ♣❛rt✐❝✐♣❛♥ts ♠♦r❡ t✐♠❡ ✭❡✳❣✳ ❛❜♦✉t ✸✵
♠✐♥✉t❡s ✐♥st❡❛❞ ♦❢ ✶✺✲✷✵ ♠✐♥✉t❡s✮ t♦ r❡✢❡❝t ♦♥ t❤❡ t♦♣✐❝ ♦❢ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r
✐♥ t❤❡✐r ❝♦♠♣❛♥② ♠✐❣❤t ❧❡❛❞ t♦ ♠♦r❡ ♣r♦❢♦✉♥❞ r❡s✉❧ts✳ ❍♦✇❡✈❡r✱ t❤❡ r❡s♣♦♥s❡s
r❡❝❡✐✈❡❞ ✐♥ t❤✐s s❤♦rt ♣❡r✐♦❞ ✇❡r❡ ❛❧r❡❛❞② ♣r♦♠✐s✐♥❣ ❛♥❞ s❤♦✉❧❞ ❜❡ ❡①❛♠✐♥❡❞
❢✉rt❤❡r ✐♥ ❢✉t✉r❡ st✉❞✐❡s✳ ❆ ❜❛s✐s ❢♦r t❤✐s ❛ss✉♠♣t✐♦♥ ✐s t❤❡ r❡❧❛①❡❞ ❛♥❞ ♣♦s✐✲
t✐✈❡ ❛t♠♦s♣❤❡r❡ t❤❛t ✇❛s ✐♥❞❡❡❞ ✐♥❞✉❝❡❞ ❜② t❤❡ ♠❡t❤♦❞✱ ✇❤✐❝❤✱ ❤♦✇❡✈❡r✱ ✐s ❛❧s♦
❝❧♦s❡❧② ❧✐♥❦❡❞ t♦ t❤❡ ❝♦r♣♦r❛t❡ ❝✉❧t✉r❡✳ ■♥ t❤❡ ❢❡❡❞❜❛❝❦ s❡ss✐♦♥✱ ❜❛♥t❡r ♦♥ t❤❡
●❛♠❡♠❛st❡r❵s ✏♠❡❛♥✑ r✐❞❞❧❡s ❛♥❞ t❤❡ ❛❞♠✐ss✐♦♥ t❤❛t ❛ ❝❡rt❛✐♥ r✐❞❞❧❡ ✇❛s ✏r❡✲
❛❧❧② ❛♥♥♦②✐♥❣✑✱ ❛s ✇❡❧❧ ❛s ✈❛r✐♦✉s s❡ss✐♦♥s ♦❢ ❧❛✉❣❤t❡r s❤♦✇❡❞ t❤❛t t❤❡ ♣❧❛♥♥❡❞
❛✛❡❝t✐✈❡ st❛t❡ ♦❢ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❝♦✉❧❞ ❜❡ ❛❝❤✐❡✈❡❞✳ ❚❤❡r❡❢♦r❡✱ ♣❛rt✐❝✐♣❛t♦r②
♦❜s❡r✈❛t✐♦♥ ✐s ❤✐❣❤❧② r❡❝♦♠♠❡♥❞❡❞ ❢♦r ❢✉rt❤❡r st✉❞✐❡s ✐♥ ♦r❞❡r t♦ ✜♥❞ ♦✉t ♠♦r❡
❞❡t❛✐❧s✳

■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ❡①♣❡r✐❡♥❝❡ ❣❛✐♥❡❞ ❢♦r ❢✉rt❤❡r ❞❛t❛ ❝♦❧❧❡❝t✐♦♥✱ ❝❡rt❛✐♥ ♣♦✐♥ts
❝❛♥ ❛❧s♦ ❜❡ ♥♦t❡❞ ❢♦r t❤❡ ❞❡s✐❣♥ ♦❢ t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ✐ts❡❧❢✳ ❖♥❡ ♦♣♣♦rt✉♥✐t② ❢♦r
✐♠♣r♦✈❡♠❡♥t ✐s t❤❡ ❝❧✉❡ s②st❡♠✱ ✐♥ ✇❤✐❝❤ ❛ s♠❛rt♣❤♦♥❡ ✇❛s ✉s❡❞ t♦ ❝♦♠♠✉♥✐❝❛t❡
✇✐t❤ t❤❡ ♣❛rt✐❝✐♣❛♥ts✳ ❊✈❡♥ t❤♦✉❣❤ ♥♦ ♣r♦❜❧❡♠s ❤❛✈❡ ❜❡❡♥ ❡♥❝♦✉♥t❡r❡❞ s♦ ❢❛r✱
t❤❡ ❞❡♣❡♥❞❡♥❝② ♦♥ t❤❡ r❡❝❡♣t✐♦♥ ❧❡✈❡❧ ♦♥ s✐t❡ ✭❡s♣❡❝✐❛❧❧② ✐♥❞♦♦rs✮ ♠✐❣❤t ❝❛✉s❡
tr♦✉❜❧❡ ✐♥ ❢✉t✉r❡ s❡ss✐♦♥s✳ ❚❤✐s ♠✐❣❤t ❜❡ ❛✈♦✐❞❡❞ ❜② ❛❞❞✐♥❣ ❛♥♦t❤❡r ✇❛② ♦❢
❝♦♠♠✉♥✐❝❛t✐♦♥✱ ❡✳❣✳ ✉s✐♥❣ t❤❡ ❧♦❝❛❧ ❝♦♠♣❛♥② ♥❡t✇♦r❦ ♦r ♦t❤❡r ✐♥t❡r♥❡t s♦✉r❝❡s✳ ❆
♣♦ss✐❜❧❡ ❢✉rt❤❡r ❞❡✈❡❧♦♣♠❡♥t ❡♠❡r❣❡❞ ❢r♦♠ t❤❡ ❢❛❝t t❤❛t ❝♦♠♠✉♥✐❝❛t✐♦♥ ❝❛♥ ❜❡
❞♦♥❡ r❡♠♦t❡❧② ✉s✐♥❣ ❝♦♠♠♦♥ ♠❡ss❡♥❣❡rs ♦r ✈✐❞❡♦ ❝♦♥❢❡r❡♥❝❡ t♦♦❧s✱ t❤✉s s❤✐❢t✐♥❣
t❤❡ ✇❤♦❧❡ ❊s❝❛♣❡ ❘♦♦♠ t♦ ❛♥ ♦♥❧✐♥❡ s♦❧✉t✐♦♥✳ ❙✉❝❤ ❛ ❞✐❣✐t❛❧ ❊s❝❛♣❡ ❘♦♦♠ ❝♦✉❧❞
❜❡ ✐♥t❡❣r❛t❡❞ ❜❡tt❡r ✐♥t♦ t❤❡ ❞❛✐❧② ✇♦r❦ r♦✉t✐♥❡✱ ❢♦r ❡①❛♠♣❧❡ ❜② ❞❡❝♦✉♣❧✐♥❣ ✐t
❢r♦♠ t❤❡ ♦t❤❡r ✇♦r❦s❤♦♣s✱ t❤✉s r❡q✉✐r✐♥❣ ❧❡ss t✐♠❡✳

✻ ❈♦♥❝❧✉s✐♦♥ ❛♥❞ ❋✉rt❤❡r ❲♦r❦

■♥ ❝♦♥❝❧✉s✐♦♥✱ t❤❡ ❝♦❧❧❡❝t❡❞ ❞❛t❛ ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ✭♠❡t❤♦❞✮ ❊s❝❛♣❡ ❘♦♦♠ ❤❛s
❝❡rt❛✐♥❧② s♦♠❡ ❥✉st✐✜❝❛t✐♦♥ t♦ ❜❡ ✉s❡❞ ❛s ❛ t♦♦❧ ✐♥ t❤❡ ❜✉s✐♥❡ss s❡tt✐♥❣ t♦ ❛♥❛❧②③❡
t❤❡ ♥❡❡❞s ♦❢ ✐♥✲❝♦♠♣❛♥② ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r ♠❛♥❛❣❡♠❡♥t✳ ❚❤✐s ♣❛♣❡r ❞♦❡s ♥♦t
❛❧❧♦✇ ❢♦r ❛ ❝❧❡❛r st❛t❡♠❡♥t r❡❣❛r❞✐♥❣ t❤❡ ❡♠♦t✐♦♥❛❧❧② ✐♥❞✉❝✐♥❣ ✐♠♣❛❝t t❤❡ ❊s❝❛♣❡
❘♦♦♠ ♠✐❣❤t ❤❛✈❡ ❤❛❞ ♦♥ ✐ts ♣❛rt✐❝✐♣❛♥ts✳ ❆❝❝♦r❞✐♥❣❧②✱ ✐t ❝❛♥♥♦t ❜❡ r✉❧❡❞ ♦✉t
❡♥t✐r❡❧② t❤❛t t❤❡ ❝♦❧❧❡❝t❡❞ ❞❛t❛ ❢r♦♠ t❤❡ ❡♥s✉✐♥❣ ❢❡❡❞❜❛❝❦ ❝♦♥✈❡rs❛t✐♦♥ ✇♦✉❧❞
❤❛✈❡ ❜❡❡♥ ❣❡♥❡r❛t❡❞ ♦♥❧② ♦♥ t❤❡ ❜❛s✐s ♦❢ t❤❡ ♣r❡❝❡❞✐♥❣ ❊s❝❛♣❡ ❘♦♦♠✳ ❋✉t✉r❡
r❡s❡❛r❝❤ ❝♦✉❧❞ t❤❡r❡❢♦r❡ ❢♦❝✉s ♦♥ t❤❡ ✐♥t❡r✐♠ ✐♥q✉✐r② ♦r r❡tr♦s♣❡❝t✐✈❡ ❥✉❞❣♠❡♥t
♦❢ ♣❛rt✐❝✐♣❛♥ts✬ ❛✛❡❝t✐✈❡ st❛t❡s✱ ✐♥ ♦r❞❡r t♦ ❡①❛♠✐♥❡ ❛♥❞ ✉♥❞❡rst❛♥❞ t❤❡ ❡✛❡❝✲
t✐✈❡♥❡ss ♦❢ t❤❡s❡ st❛t❡s ♠♦r❡ ❝❧♦s❡❧②✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ❞❛t❛ ❝♦❧❧❡❝t❡❞ s♦ ❢❛r ❝♦✉❧❞
❜❡ ❢✉rt❤❡r ❞❡❡♣❡♥❡❞ ✇✐t❤✐♥ t❤❡ ♣r♦❥❡❝t✳ ❋♦r ❡①❛♠♣❧❡✱ ❣r♦✉♣ ❞✐s❝✉ss✐♦♥s ♦r ✐♥❞✐✲
✈✐❞✉❛❧ ✐♥t❡r✈✐❡✇s ✇✐t❤ r❡♣r❡s❡♥t❛t✐✈❡s ♦❢ t❤❡ ✇♦r❦❢♦r❝❡ ❝♦✉❧❞ ❜❡ ❝♦♥s✐❞❡r❡❞ ✐♥
♦r❞❡r t♦ ❣✐✈❡ ❛❧❧ ♣❛rt✐❝✐♣❛♥ts ✕ t❤❡ ♣r♦❥❡❝t ❛♥❞ t❤❡ ♣❛rt✐❝✐♣❛t✐♥❣ ❙▼❊s ✕ t❤❡
♦♣♣♦rt✉♥✐t② t♦ ❣❛✐♥ ❛ ❞❡❡♣❡r ✐♥s✐❣❤t ✐♥t♦ t❤❡ t♦♣✐❝ ❛♥❞ ❡s♣❡❝✐❛❧❧② t❤❡ ♣r♦❜❧❡♠s
♦❢ ❦♥♦✇❧❡❞❣❡ tr❛♥s❢❡r✳ ❋✐♥❛❧❧②✱ t❤❡ ❊s❝❛♣❡ ❘♦♦♠ ♠❡t❤♦❞ ♦✛❡rs ✈❛r✐♦✉s ♣♦t❡♥t✐❛❧
✜❡❧❞s ♦❢ ❛♣♣❧✐❝❛t✐♦♥ s✉❝❤ ❛s ❍✉♠❛♥ ❘❡s♦✉r❝❡s ❉❡✈❡❧♦♣♠❡♥t✳ ❲♦r❦✐♥❣ ♦♥ t❤❡
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r✐❞❞❧❡s t♦❣❡t❤❡r ❝❛♥ ♣r♦✈✐❞❡ ✐♥s✐❣❤t ✐♥t♦ t❤❡ t❡❛♠ ❞②♥❛♠✐❝s✱ ❡s♣❡❝✐❛❧❧② ✐❢ t❤❡
s♦❧✉t✐♦♥ ✐s ♥♦t ♦❜✈✐♦✉s ❛♥❞ ✈❛r✐♦✉s ❤✉r❞❧❡s ❤❛✈❡ t♦ ❜❡ ♦✈❡r❝♦♠❡✳

❆❝❦♥♦✇❧❡❞❣❡♠❡♥ts

❚❤❡ Pr♦❥❡❝t ✏❇✐❧❞✉♥❣ ✹✳✵ ❢ür ❑▼❯✑ ✭✏❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r s♠❛❧❧ ❛♥❞ ♠❡❞✐✉♠✲s✐③❡❞
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●❡r♠❛♥② ✇✐t❤✐♥ t❤❡ ✏❉✐❣✐t❛❧ ▼❡❞✐❛ ✐♥ ❱♦❝❛t✐♦♥❛❧ ❚r❛✐♥✐♥❣✑ ♣r♦❣r❛♠✳

❘❡❢❡r❡♥❝❡s

✶✳ ❆❜❡❧❡✱ ❊✳✱ ❑✉❤♥✱ ❙✳▼✳✱ ▲✐❡❜❡❝❦✱ ❚✳✿ ❲✐ss❡♥s♠❛♥❛❣❡♠❡♥t ✉♥❞ ❦♠✉✳ ❩❲❋
❩❡✐ts❝❤r✐❢t ❢ür ✇✐rts❝❤❛❢t❧✐❝❤❡♥ ❋❛❜r✐❦❜❡tr✐❡❜ ✾✽✭✼✲✽✮✱ ✸✼✺✕✸✼✾ ✭✷✵✵✸✮

✷✳ ❆❜t✱ ❈✳❈✳✿ ❊r♥st❡ ❙♣✐❡❧❡✿ ❧❡r♥❡♥ ❞✉r❝❤ ❣❡s♣✐❡❧t❡ ❲✐r❦❧✐❝❤❦❡✐t✳ ❑✐❡♣❡♥❤❡✉❡r ✫
❲✐ts❝❤ ✭✶✾✼✶✮

✸✳ ❆❜t✱ ❈✳❈✳✿ ❙❡r✐♦✉s ❣❛♠❡s✳ ❯♥✐✈❡rs✐t② ♣r❡ss ♦❢ ❆♠❡r✐❝❛ ✭✶✾✽✼✮
✹✳ ❇❛❦❤s❤❡s❤✐✱ ❋✳❋✳✿ ❙❡r✐♦✉s ❣❛♠❡s ❛♥❞ s❡r✐♦✉s ❣❛♠✐♥❣ ✐♥ ❡s❝❛♣❡ r♦♦♠s✳ ■♥✿ ✷✵✶✾

■♥t❡r♥❛t✐♦♥❛❧ ❙❡r✐♦✉s ●❛♠❡s ❙②♠♣♦s✐✉♠ ✭■❙●❙✮✳ ♣♣✳ ✹✷✕✹✼✳ ■❊❊❊ ✭✷✵✶✾✮
✺✳ ❇❡❝❦❡r✱ ▼✳✿ P❡rs♦♥❛❧❡♥t✇✐❝❦❧✉♥❣✿ ❇✐❧❞✉♥❣✱ ❋ör❞❡r✉♥❣ ✉♥❞ ❖r❣❛♥✐s❛t✐♦♥s❡♥t✇✐❝❦✲

❧✉♥❣ ✐♥ ❚❤❡♦r✐❡ ✉♥❞ Pr❛①✐s✳ ❙❝❤ä✛❡r✲P♦❡s❝❤❡❧✱ ❙t✉tt❣❛rt ✭✷✵✶✸✮
✻✳ ❇✐r❦❡♥❜✉s❝❤✱ ❏✳✱ ❈❤r✐st✱ ❖✳✿ ❈♦♥❝❡♣ts ❜❡❤✐♥❞ s❡r✐♦✉s ❣❛♠❡s ❛♥❞ ❝♦♠♣✉t❡r✲❜❛s❡❞

tr❛✐♥✐♥❣s ✐♥ ❤❡❛❧t❤ ❝❛r❡✿ ✐♠♠❡rs✐♦♥✱ ♣r❡s❡♥❝❡✱ ✢♦✇✳ ■♥✿ ❙❡r✐♦✉s ❣❛♠❡s ❛♥❞ ✈✐rt✉❛❧
✇♦r❧❞s ✐♥ ❡❞✉❝❛t✐♦♥✱ ♣r♦❢❡ss✐♦♥❛❧ ❞❡✈❡❧♦♣♠❡♥t✱ ❛♥❞ ❤❡❛❧t❤❝❛r❡✱ ♣♣✳ ✶✕✶✹✳ ■●■ ●❧♦❜❛❧
✭✷✵✶✸✮

✼✳ ❇♦rr❡❣♦✱ ❈✳✱ ❋❡r♥á♥❞❡③✱ ❈✳✱ ❇❧❛♥❡s✱ ■✳✱ ❘♦❜❧❡s✱ ❙✳✿ ❘♦♦♠ ❡s❝❛♣❡ ❛t ❝❧❛ss✿ ❊s❝❛♣❡
❣❛♠❡s ❛❝t✐✈✐t✐❡s t♦ ❢❛❝✐❧✐t❛t❡ t❤❡ ♠♦t✐✈❛t✐♦♥ ❛♥❞ ❧❡❛r♥✐♥❣ ✐♥ ❝♦♠♣✉t❡r s❝✐❡♥❝❡✳
❏❖❚❙❊ ✼✭✷✮✱ ✶✻✷✕✶✼✶ ✭✷✵✶✼✮

✽✳ ❈❧❛r❦❡✱ ❙✳❏✳✱ P❡❡❧✱ ❉✳❏✳✱ ❆r♥❛❜✱ ❙✳✱ ▼♦r✐♥✐✱ ▲✳✱ ❑❡❡❣❛♥✱ ❍✳✱ ❲♦♦❞✱ ❖✳✿ ❊s✲
❝❛♣❊❉✿ ❆ ❋r❛♠❡✇♦r❦ ❢♦r ❈r❡❛t✐♥❣ ❊❞✉❝❛t✐♦♥❛❧ ❊s❝❛♣❡ ❘♦♦♠s ❛♥❞ ■♥t❡r❛❝t✐✈❡
●❛♠❡s t♦ ❋♦r ❍✐❣❤❡r✴❋✉rt❤❡r ❊❞✉❝❛t✐♦♥✳ ■♥t✳ ❏✳ ❙❡r✐♦✉s ●❛♠❡s ✹✭✸✮ ✭✷✵✶✼✮✳
❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✼✵✽✸✴✐❥s❣✳✈✹✐✸✳✶✽✵✱ ❤tt♣✿✴✴❥♦✉r♥❛❧✳s❡r✐♦✉s❣❛♠❡ss♦❝✐❡t②✳

♦r❣✴✐♥❞❡①✳♣❤♣✴■❏❙●✴❛rt✐❝❧❡✴✈✐❡✇✴✶✽✵

✾✳ ❈♦r❦✐❧❧✱ ❊✳✿ ❘❡❛❧ ❡s❝❛♣❡ ❣❛♠❡ ❜r✐♥❣s ✐ts ❝r❡❛t♦r✬s ✇♦♥❞❡r♠❡♥t t♦ ❧✐❢❡✳ P♦③②s❦❛♥♦
③ ❤tt♣✿✴✴✇✇✇✳ ❥❛♣❛♥t✐♠❡s✳ ❝♦✳ ❥♣✴❧✐❢❡✴✷✵✵✾✴✶✷✴✷✵✴t♦✲❜❡✲s♦rt❡❞✴r❡❛❧✲❡s❝❛♣❡❣❛♠❡✲
❜r✐♥❣s✲✐ts✲❝r❡❛t♦rs✲✇♦♥❞❡r♠❡♥t✲t♦✲❧✐❢❡✴★✳ ❱✲❇●✻✈❈▲❙❤❞ ✭✷✵✶✻✮

✶✵✳ ❉❛✈❡♥♣♦rt✱ ❚✳✱ Pr✉s❛❦✱ ▲✳✿ ❲♦r❦✐♥❣ ❑♥♦✇❧❡❞❣❡✿ ❍♦✇ ❖r❣❛♥✐③❛t✐♦♥s ▼❛♥❛❣❡ ✇❤❛t
❚❤❡② ❑♥♦✇✳ ❊❇❙❈❖ ❡❇♦♦❦ ❈♦❧❧❡❝t✐♦♥✱ ❍❛r✈❛r❞ ❇✉s✐♥❡ss ❙❝❤♦♦❧ Pr❡ss ✭✷✵✵✵✮✱
❤tt♣s✿✴✴❜♦♦❦s✳❣♦♦❣❧❡✳❞❡✴❜♦♦❦s❄✐❞❂◗■②■❲❱❤❞❨♦❨❈

✶✶✳ ❋r❡❞r✐❝❦s♦♥✱ ❇✳▲✳✱ ❇r❛♥✐❣❛♥✱ ❈✳✿ P♦s✐t✐✈❡ ❊♠♦t✐♦♥s ❇r♦❛❞❡♥ ❚❤♦✉❣❤t✲❆❝t✐♦♥
❘❡♣❡rt♦✐r❡s✿ ❊✈✐❞❡♥❝❡ ❢♦r t❤❡ ❇r♦❛❞❡♥✲❛♥❞✲❇✉✐❧❞ ▼♦❞❡❧✳ ❈♦❣♥✳ ❊♠♦t✳ ✶✾✭✸✮ ✭✷✵✵✺✮

✶✷✳ ●❧❛✈❛s✱ ❆✳✱ ❙t❛s❝✐❦✱ ❆✳✿ ❊♥❤❛♥❝✐♥❣ ♣♦s✐t✐✈❡ ❛tt✐t✉❞❡ t♦✇❛r❞s ♠❛t❤❡♠❛t✐❝s t❤r♦✉❣❤
✐♥tr♦❞✉❝✐♥❣ ❡s❝❛♣❡ r♦♦♠ ❣❛♠❡s✳ ▼❛t❤❡♠❛t✐❝s ❡❞✉❝❛t✐♦♥ ❛s ❛ s❝✐❡♥❝❡ ❛♥❞ ❛ ♣r♦❢❡s✲
s✐♦♥ ♣♣✳ ✷✽✶✕✷✾✸ ✭✷✵✶✼✮

✶✸✳ ●♦❧❞✱ ❆✳❍✳✱ ▼❛❧❤♦tr❛✱ ❆✳✱ ❙❡❣❛rs✱ ❆✳❍✳✿ ❑♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t✿ ❆♥ ♦r❣❛♥✐✲
③❛t✐♦♥❛❧ ❝❛♣❛❜✐❧✐t✐❡s ♣❡rs♣❡❝t✐✈❡✳ ❏♦✉r♥❛❧ ♦❢ ♠❛♥❛❣❡♠❡♥t ✐♥❢♦r♠❛t✐♦♥ s②st❡♠s
✶✽✭✶✮✱ ✶✽✺✕✷✶✹ ✭✷✵✵✶✮✳ ❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✽✵✴✵✼✹✷✶✷✷✷✳✷✵✵✶✳✶✶✵✹✺✻✻✾✱ ❤tt♣s✿
✴✴✇✇✇✳t❛♥❞❢♦♥❧✐♥❡✳❝♦♠✴❞♦✐✴❛❜s✴✶✵✳✶✵✽✵✴✵✼✹✷✶✷✷✷✳✷✵✵✶✳✶✶✵✹✺✻✻✾

Business and Society

394CERC 2020

https://www.cerc-conference.eu


✶✹ Pr♦❥❡❝t ❊❞✉❝❛t✐♦♥ ✹✳✵ ❢♦r ❙▼❊s

✶✹✳ ●r❛♠ÿ ❉❡♥✐s❡ ❆◆❉ P✐❧❧❛t❤✱ P✳❆✳◆✳❉✳❙✳❈✳✿ ❊s❝❛♣❡ ❘♦♦♠ ✕ ▼✐t❛r❜❡✐t❡♥❞❡ ❢ür
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