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s❤♦✇ t❤❛t ♣r♦❝✉r❡♠❡♥t ❤♦♠❡✲❜✐❛s ♠❛tt❡rs ❢♦r ✐♥❞✉str✐❛❧ ❧♦❝❛t✐♦♥✴s♣❡❝✐❛❧✐③❛t✐♦♥✱ ❜✉t t❤❡✐r
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❲❚❖ ♥♦t✐✜❝❛t✐♦♥s ♦♥ ❞♦♠❡st✐❝ ❛♥❞ ❢♦r❡✐❣♥ ♣✉r❝❤❛s❡s ❜② ❏❛♣❛♥❡s❡ ❛♥❞ ❙✇✐ss✶ ❣♦✈❡r♥♠❡♥ts
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❝❡t❡r✐s ♣❛r✐❜✉s t❡st ♦❢ t❤❡ ❇❘▼ t❤❡♦r❡t✐❝❛❧ ♣r❡❞✐❝t✐♦♥s✳ ❙✐❣♥✐✜❝❛♥t❧②✱ ♦✉r ❡♠♣✐r✐❝❛❧ r❡s✉❧ts

s✉♣♣♦rt t❤❡s❡ ♣r❡❞✐❝t✐♦♥s✳

✷ ❉❛t❛

Pr♦❝✉r❡♠❡♥t ❞❛t❛ ❛r❡ ❛ss❡♠❜❧❡❞ ❢r♦♠ st❛t✐st✐❝❛❧ s✉❜♠✐ss✐♦♥s ♠❛❞❡ ❜② t❤❡ ❯r✉❣✉❛② ❘♦✉♥❞

❆❣r❡❡♠❡♥t ♦♥ ●♦✈❡r♥♠❡♥t Pr♦❝✉r❡♠❡♥t ✭❯❘●P❆✮ s✐❣♥❛t♦r✐❡s t♦ t❤❡ ❈♦♠♠✐tt❡❡ ♦♥ ●♦✈✲

❡r♥♠❡♥t Pr♦❝✉r❡♠❡♥t ✉♥❞❡r ❆rt✐❝❧❡ ❳■❳✿ ✺ ♦❢ t❤❡ ❯❘●P❆✳ ❯♥❢♦rt✉♥❛t❡❧②✱ ♦♥❧② ❈❛♥❛❞❛✱

t❤❡ ❊❈✱ ❍♦♥❣ ❑♦♥❣✱ ❏❛♣❛♥✱ ◆♦r✇❛② ❛♥❞ ❯❙❆ ❤❛s s✉❜♠✐tt❡❞ t❤❡s❡ ❞❛t❛ r❡❣✉❧❛r❧② s✐♥❝❡ t❤❡

✶❖✉r ❝❤♦✐❝❡ ♦❢ ❝♦✉♥tr✐❡s ✐s ♣r✐♠❛r✐❧② ❞❡t❡r♠✐♥❡❞ ❜② ❞❛t❛ ❛✈❛✐❧❛❜✐❧✐t②✳ ❇♦t❤ ❝♦✉♥tr✐❡s ❤❛✈❡ s✉❜♠✐tt❡❞
❞❡t❛✐❧❡❞ ♣r♦❝✉r❡♠❡♥t ❞❛t❛ s✉✣❝✐❡♥t❧② r❡❣✉❧❛r❧② ♦✈❡r ✶✾✾✵✲✷✵✵✸ ✭❏❛♣❛♥❡s❡ ♣r♦❝✉r❡♠❡♥t ❞❛t❛ ❛r❡ ♠✐ss✐♥❣ ❢♦r
✶✾✾✹✲✶✾✾✻✱ t❤❡ ❙✇✐ss ❢♦r ✶✾✾✷✮ ❛♥❞ ✐♥ ❛ ❢♦r♠ ❛♠❡♥❛❜❧❡ t♦ ❡❝♦♥♦♠❡tr✐❝ ❛♥❛❧②s✐s✳
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❊✈❡♥ ❛♠♦♥❣st t❤❡ ❝♦✉♥tr✐❡s t❤❛t ❤❛✈❡ s✉❜♠✐tt❡❞ t❤❡s❡ ❞❛t❛✱ t❤❡r❡ ❛r❡ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s✱

❜♦t❤ ✐♥ t❡r♠s ♦❢ ✇❤❛t ✐s ✐♥❝❧✉❞❡❞ ❛♥❞ ❤♦✇ ✐t ✐s ✐♥❝❧✉❞❡❞✸✱ ❛♥❞ t❤❡ ♥❡❡❞ ❢♦r ❝♦♥s✐st❡♥❝②

❤❛s t❤✉s ❞❡t❡r♠✐♥❡❞ t❤❡ ❝❤♦✐❝❡ ♦❢ s❛♠♣❧❡ ❝♦✉♥tr✐❡s ❢♦r t❤✐s ❛♥❛❧②s✐s✳ ❋♦r ❜♦t❤ ❏❛♣❛♥ ❛♥❞

❙✇✐t③❡r❧❛♥❞✱ ✇❡ ❝♦♥s✐❞❡r ❛❧❧ ❣♦♦❞s✹ ♣r♦❝✉r❡❞ ❜② ❝❡♥tr❛❧ ❣♦✈❡r♥♠❡♥t ❡♥t✐t✐❡s ✐♥❝❧✉❞❡❞ ✐♥

❆♥♥❡① ✶ ♦❢ ❆♣♣❡♥❞✐① ✶ ♦❢ t❤❡ ❯❘●P❆❀ t❤❡ s❡❝t♦r ❞❡s❝r✐♣t✐♦♥s ❛r❡ ❛✈❛✐❧❛❜❧❡ ✐♥ ❚❛❜❧❡ ✶✳

●♦✈❡r♥♠❡♥t ♣r♦❝✉r❡♠❡♥t r✉❧❡s ❛t t❤❡ ❲❚❖ r❡q✉✐r❡ t❤❛t ♦♥❧② ❝♦♥tr❛❝ts ❛❜♦✈❡ ❛ ❝❡rt❛✐♥

t❤r❡s❤♦❧❞✺ ✈❛❧✉❡ ❜❡ s✉❜❥❡❝t t♦ ✐♥t❡r♥❛t✐♦♥❛❧❧② ❝♦♠♣❡t✐t✐✈❡ ❜✐❞❞✐♥❣✳ ❆rt✐❝❧❡ ❳■❳✿ ✺✭❜✮ ♦❢ t❤❡

❯❘●P❆ r❡q✉✐r❡s s✉❜♠✐ss✐♦♥ ♦❢ ❞❛t❛ ♦♥ ❛❜♦✈❡✲t❤r❡s❤♦❧❞ ♣r♦❝✉r❡♠❡♥t ❜② s❡❝t♦r ❛❝❝♦r❞✐♥❣

t♦ t❤❡ ♥❛t✐♦♥❛❧✐t② ♦❢ t❤❡ ✇✐♥♥✐♥❣ s✉♣♣❧✐❡r✳ ❚❤✐s ❣✐✈❡s ✉s ❜♦t❤ t❤❡ ✈❛❧✉❡ ❛♥❞ t❤❡ ♥✉♠❜❡r ♦❢

❝♦♥tr❛❝ts s✉♣♣❧✐❡❞ ❢r♦♠ ❛❜r♦❛❞ ❜② s❡❝t♦r✳

▲♦♦❦✐♥❣ ❛t t❤❡s❡ ❞❛t❛ ❛✈❡r❛❣❡s ❜② s❡❝t♦r ❢♦r ❜♦t❤ ❝♦✉♥tr✐❡s ♦✈❡r ✶✾✾✵✲✷✵✵✸ ✐♥ ❚❛❜❧❡ ✶✱ ✇❡

s❡❡ t❤❛t ❏❛♣❛♥❡s❡ ❣♦♦❞s ♣r♦❝✉r❡♠❡♥t ✇❛s ❝♦♥❝❡♥tr❛t❡❞ ✐♥ ♠❛❝❤✐♥❡r②❀ ♠❡❞✐❝❛❧✱ s❝✐❡♥t✐✜❝

❛♥❞ ♣❤♦t♦❣r❛♣❤✐❝ ❡q✉✐♣♠❡♥t❀ ❛♥❞ t❡❧❡❝♦♠ ❛♥❞ ❡❧❡❝tr✐❝❛❧ ❡q✉✐♣♠❡♥t ✭t♦❣❡t❤❡r ❛❝❝♦✉♥t✐♥❣ ❢♦r

✽✵✳✹✪ ♦❢ t♦t❛❧ ❣♦♦❞s ♣r♦❝✉r❡♠❡♥t✮✱ ❜✉t ❛♣❛rt ❢r♦♠ ♠❡❞✐❝❛❧ ❡t❝✳ ❡q✉✐♣♠❡♥t✱ ♠❛r❦❡t ❛❝❝❡ss

✇❛s ♥♦t ❤✐❣❤ ✐♥ ❛♥② ♦❢ t❤❡s❡ s❡❝t♦rs ❡✐t❤❡r ❜② ✈❛❧✉❡ ♦r ♥✉♠❜❡r ♦❢ ❝♦♥tr❛❝ts ❛✇❛r❞❡❞✳ ■♥ t❤❡

❝❛s❡ ♦❢ ❙✇✐t③❡r❧❛♥❞✱ ♠❛❝❤✐♥❡r②❀ tr❛♥s♣♦rt❀ ❛♥❞ ♠❡❞✐❝❛❧✱ s❝✐❡♥t✐✜❝ ❛♥❞ ♣❤♦t♦❣r❛♣❤✐❝ ❡q✉✐♣✲

♠❡♥t ✇❡r❡ t❤❡ t❤r❡❡ ❧❛r❣❡st s❡❝t♦rs ❛❝❝♦✉♥t✐♥❣ ❢♦r ✼✸✳✶✪ ♦❢ t♦t❛❧ ❣♦♦❞s ♣r♦❝✉r❡♠❡♥t ♦✈❡r

t✐♠❡ ❛♥❞ t❤❡ ♣r♦♣❡♥s✐t② ♦❢ ❙✇✐ss ❣♦✈❡r♥♠❡♥ts t♦ s♦✉r❝❡ ❢r♦♠ ❛❜r♦❛❞ ✇❛s ❤✐❣❤ ✐♥ t❤❡s❡ s❡❝t♦rs

✭❛s ✇❡❧❧ ❛s ✐♥ ❛❣r✐❝✉❧t✉r❡❀ ✇♦♦❞✱ ♣❛♣❡r❀ t❡①t✐❧❡s❀ ❛♥❞ t❡❧❡❝♦♠ ❛♥❞ ❡❧❡❝tr✐❝❛❧ ❡q✉✐♣♠❡♥t✮✳

❁■♥s❡rt ❚❛❜❧❡ ✶ ❤❡r❡❃

❲❡ ❝❛♥ ✉s❡ ♣r✐✈❛t❡ s❡❝t♦r ✐♠♣♦rt ♣r♦♣❡♥s✐t✐❡s t♦ s✐♠✉❧❛t❡ ♣✉❜❧✐❝ s❡❝t♦r ✐♠♣♦rts ❛♥❞ t❤❡♥ ✉s❡

t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ s✐♠✉❧❛t❡❞ ❛♥❞ ❛❝t✉❛❧ ❧❡✈❡❧s ♦❢ ❢♦r❡✐❣♥ ♣r♦❝✉r❡♠❡♥t t♦ ❞❡r✐✈❡ ❛ ♠❡❛s✉r❡

♦❢ t❤❡ ❤♦♠❡✲❜✐❛s✳ ❋♦❧❧♦✇✐♥❣ ❙❤✐♥❣❛❧ ✭✷✵✶✶✮✱ ✇❡ ❝❛❧❧ t❤✐s ♠❡❛s✉r❡ t❤❡ Pr✐✈❛t❡✲P✉❜❧✐❝ P✉r❝❤❛s❡

❉✐✛❡r❡♥t✐❛❧ ✭PPP❉✮✻✳ ❙✐❣♥✐✜❝❛♥t❧②✱ t❤❡ ✜tt❡❞ ♣❧♦t ♦❢ PPP❉ ❛❣❛✐♥st s❡❝t♦r❛❧ ❣♦✈❡r♥♠❡♥t

✷❙✇✐t③❡r❧❛♥❞ ❤❛s ♥♦t ♣r♦✈✐❞❡❞ ❞❛t❛ ❜❡②♦♥❞ ✷✵✵✸✳ ❆ s♥❛♣s❤♦t ♦❢ ❝♦✉♥tr② ♣r♦❝✉r❡♠❡♥t s✉❜♠✐ss✐♦♥s ✐s
❛✈❛✐❧❛❜❧❡ ❛t ❤tt♣✿✴✴✇t♦✳♦r❣✴❡♥❣❧✐s❤✴tr❛t♦♣❴❡✴❣♣r♦❝❴❡✴❣♣st❛t❴❡✳❤t♠✳

✸❋♦r ✐♥st❛♥❝❡✱ ◆♦r✇❛② ❛♥❞ t❤❡ ❯❙ ❡♠♣❧♦② ❛ ❞✐✛❡r❡♥t ❝❧❛ss✐✜❝❛t✐♦♥ s②st❡♠ ❝♦♠♣❛r❡❞ t♦ t❤❡ ❊❈✱ ❏❛♣❛♥
❛♥❞ ❙✇✐t③❡r❧❛♥❞ ✇❤✐❝❤ ♠❛❦❡s ✐t ✐♠♣♦ss✐❜❧❡ t♦ ❛♥❛❧②③❡ ❞❛t❛ ❛t t❤❡ ❞✐s❛❣❣r❡❣❛t❡❞ s❡❝t♦r❛❧ ❧❡✈❡❧ ❢♦r t❤❡ ♣❡r✐♦❞
✉♥❞❡r st✉❞②✳ ❈❛♥❛❞❛ ♣r♦✈✐❞❡s ♥♦ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ♥❛t✐♦♥❛❧✐t② ♦❢ ✇✐♥♥✐♥❣ s✉♣♣❧✐❡rs✳ ❍♦♥❣ ❑♦♥❣✬s s✉❜♠✐ss✐♦♥s
✉♥t✐❧ ✈❡r② r❡❝❡♥t❧② ❤❛✈❡ ❤❛❞ r❡str✐❝t❡❞ ❛❝❝❡ss✳

✹❲❡ ❡①❝❧✉❞❡ s❡r✈✐❝❡s ❢r♦♠ ♦✉r ❛♥❛❧②s✐s ❛s ■■P ❛♥❞ ♣r✐❝❡ ❞❛t❛ r❡q✉✐r❡❞ ✐♥ ♦✉r ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s❡s ✇❡r❡
✉♥❛✈❛✐❧❛❜❧❡ ❢♦r t❤❡ s❡r✈✐❝❡s s❡❝t♦rs✳

✺❚❤r❡s❤♦❧❞s ❞✐✛❡r ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ t②♣❡ ♦❢ ♣r♦❝✉r❡♠❡♥t ❛♥❞ ♦♥ t❤❡ ❧❡✈❡❧ ♦❢ ❣♦✈❡r♥♠❡♥t ♠❛❦✐♥❣ t❤❡
♣✉r❝❤❛s❡✳

✻❋♦r♠❛❧❧②✱ PPPDkt❂ ❬④✭Mkt✲V
f
kt✮✴Y kt⑥✯ATVkt❪✲V

f
kt ✇❤❡r❡ Mk❂ ❙❡❝t♦r❛❧ t♦t❛❧ ✐♠♣♦rt ✈❛❧✉❡✱ V f

k❂ ❙❡❝✲
t♦r❛❧ ♣✉❜❧✐❝ ✐♠♣♦rt ✈❛❧✉❡✱ Yk❂ ❙❡❝t♦r❛❧ ♦✉t♣✉t✱ ATVk❂ ❙❡❝t♦r❛❧ ❛❜♦✈❡✲t❤r❡s❤♦❧❞ ♣r♦❝✉r❡♠❡♥t ✈❛❧✉❡✳

✷



❞❡♠❛♥❞ ✐♥ ❋✐❣✉r❡ ✶ ❛❧s♦ s✉❣❣❡sts t❤❛t t❤❡ ♠❛❣♥✐t✉❞❡ ♦❢ ❤♦♠❡✲❜✐❛s ♠❛② ❤❛✈❡ ❜❡❡♥ ❣r❡❛t❡r ✐♥

t❤❡ ❧❛r❣❡ ❣♦✈❡r♥♠❡♥t ❞❡♠❛♥❞ s❡❝t♦rs ❛♥❞ ✐♥ ❧✐♥❡ ✇✐t❤ t❤❡ ❇❛❧❞✇✐♥ ❛♥❞ ❘✐❝❤❛r❞s♦♥ ✭✶✾✼✷✮

r❡s✉❧t ❢♦r s✉❝❤ s❡❝t♦rs✱ t❤❡ ❡✛❡❝ts ♦❢ t❤✐s ❤♦♠❡✲❜✐❛s ❛r❡ ✉♥❧✐❦❡❧② t♦ ❜❡ ❜❡♥✐❣♥✳

❁■♥s❡rt ❋✐❣✉r❡ ✶ ❤❡r❡❃

✸ ❊♠♣✐r✐❝❛❧ ♠♦❞❡❧

❚❤❡ ❇❘▼ r❡s✉❧ts ②✐❡❧❞ t❤❡ ❢♦❧❧♦✇✐♥❣ t❡st❛❜❧❡ ♣r♦♣♦s✐t✐♦♥s✿

Pr♦♣♦s✐t✐♦♥ ✶ ✭♥❡✉tr❛❧✐t② ♣r♦♣♦s✐t✐♦♥✮✿ ❲❤❡♥ ❣♦✈❡r♥♠❡♥t ❞❡♠❛♥❞ ✐♥ ❛ s❡❝t♦r ❛s ❛ s❤❛r❡ ♦❢

❞♦♠❡st✐❝ ♦✉t♣✉t ✐s ❧♦✇ ❛♥❞ t❤❡ ♣r♦❝✉r❡❞ ❣♦♦❞ ✐s ❤♦♠♦❣❡♥❡♦✉s✱ t❤❡♥ t❤❡ s❡❝t♦r✬s t♦t❛❧ ✭♣✉❜❧✐❝

❛♥❞ ♣r✐✈❛t❡✮ ✐♠♣♦rts ❛r❡ ✐♥❞❡♣❡♥❞❡♥t ♦❢ t❤❡ ❧❡✈❡❧ ♦❢ ❢♦r❡✐❣♥ ♣r♦❝✉r❡♠❡♥t✳

❋♦r♠❛❧❧②✱ ❢♦r t❤❡ ♥❡✉tr❛❧✐t② ♣r♦♣♦s✐t✐♦♥ t♦ ❤♦❧❞✱ ∂MP

∂MG = −1 ✇❤❡r❡ MG❂ ♣✉❜❧✐❝ ✐♠♣♦rts ❛♥❞

MP❂ ♣r✐✈❛t❡ ✐♠♣♦rts✳

◆♦✇ ∂MT = ∂MG + ∂MP s♦ ∂MT

∂MG = 1 + ∂MP

∂MG = 1 + (−1 ❢r♦♠ t❤❡ ♥❡✉tr❛❧✐t② ♣r♦♣♦s✐t✐♦♥✮ ❂

✵✱ ✇❤❡r❡ MT ❂ t♦t❛❧ ✐♠♣♦rts✳

❚❤✉s✱ ❢♦r t❤❡ ♥❡✉tr❛❧✐t② ♣r♦♣♦s✐t✐♦♥ t♦ ❤♦❧❞ ∂MT

∂MG = 0✳

Pr♦♣♦s✐t✐♦♥ ✷✿ ■♥ ❧❛r❣❡ ♣✉❜❧✐❝ ❞❡♠❛♥❞ s❡❝t♦rs✱ ❛ ♣r♦❝✉r❡♠❡♥t ❤♦♠❡✲❜✐❛s r❡s✉❧ts ✐♥ ❛ ❞❡❝❧✐♥❡

✐♥ t♦t❛❧ ✐♠♣♦rts ✐✳❡✳ ∂M
T

∂MG > 0✳

Pr♦♣♦s✐t✐♦♥ ✸ ✭❢r♦♠ ▼✐②❛❣✐✇❛✱ ✶✾✾✶✮✿ ❲❤❡♥ t❤❡ ♣r♦❝✉r❡❞ ❣♦♦❞ ✐s ❞✐✛❡r❡♥t✐❛t❡❞✱ t❤❡ r❡❧❛t✐♦♥✲

s❤✐♣ ❜❡t✇❡❡♥ t♦t❛❧ ❛♥❞ ♣✉❜❧✐❝ ✐♠♣♦rts ✐s ❛♠❜✐❣✉♦✉s✳ ❍♦✇❡✈❡r✱ ❛ss✉♠✐♥❣ ③❡r♦ ❝♦♥❥❡❝t✉r❛❧

✈❛r✐❛t✐♦♥s✱ ✐❢ ❢♦r❡✐❣♥ ✜r♠ ❞❡♠❛♥❞ ✐s ✏s✉✣❝✐❡♥t❧②✑ ❝♦♥✈❡① ❛♥❞ ✐ts t♦t❛❧ s❛❧❡s ✏s✉✣❝✐❡♥t❧②✑

❧❛r❣❡ ✭▼✐②❛❣✐✇❛✱ ✶✾✾✶✱ ♣♣✳ ✶✸✷✺✮✱ t❤❡♥ ∂MT

∂MG < 0 ✐✳❡✳ ❞✐s❝r✐♠✐♥❛t♦r② ♣✉❜❧✐❝ ♣r♦❝✉r❡♠❡♥t ❝❛♥

❛❝t✉❛❧❧② ✐♥❝r❡❛s❡ t♦t❛❧ ✐♠♣♦rts✳

❲❡ ✉s❡ ❛♥ ❛✉❣♠❡♥t❡❞ ✐♠♣♦rt ❞❡♠❛♥❞ ❢✉♥❝t✐♦♥ ✭❢♦r ✐♥st❛♥❝❡ s❡❡ ❲❛r♥❡r ❛♥❞ ❑r❡✐♥✐♥✱ ✶✾✽✸✮

t♦ t❡st t❤❡ ❇❘▼ r❡s✉❧ts ❡♠♣✐r✐❝❛❧❧② ✉s✐♥❣ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡st✐♠❛t✐♦♥✿

MT

kt
❂αt +αk✰Ω1IIPkt+Ω2P

M

kt
+Ω3P

d

kt
+Ω4M

G

kt
+Ω5M

G.sizekt +Ω6M
G.IITkt +Ω7sizekt +

Ω8IIT kt + ϑkt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1)

✇❤❡r❡ ✏❦✑ ❞❡♥♦t❡s t❤❡ s❡❝t♦r✱ MT ✐s t❤❡ ✈♦❧✉♠❡ ♦❢ t♦t❛❧ ✐♠♣♦rts✱ ■■P ✐s t❤❡ ✐♥❞❡① ♦❢ ✐♥❞✉str✐❛❧

♣r♦❞✉❝t✐♦♥ t❤❛t ♣r♦①✐❡s t❤❡ ✐♠♣❛❝t ♦❢ ✐♥❝♦♠❡ ♦♥ ✐♠♣♦rt ❞❡♠❛♥❞✱ PM ✐s t❤❡ ✉♥✐t ✈❛❧✉❡ ✐♠♣♦rt

✸



♣r✐❝❡ ✭❞❛t❛ ♦♥ ❛❧❧ t❤r❡❡ ✈❛r✐❛❜❧❡s t❛❦❡♥ ❢r♦♠ ◆✐❝✐t❛ ❛♥❞ ❖❧❛rr❡❛❣❛✱ ✷✵✵✼✮✱ P d ✐s t❤❡ ❞♦♠❡st✐❝

♣r✐❝❡ ❧❡✈❡❧ ✭t❤❡ ❉♦♠❡st✐❝ ❈♦r♣♦r❛t❡ ●♦♦❞s Pr✐❝❡ ■♥❞❡① ❢r♦♠ t❤❡ ❇❛♥❦ ♦❢ ❏❛♣❛♥ ❛♥❞ t❤❡

Pr♦❞✉❝❡r Pr✐❝❡ ■♥❞❡① ❢r♦♠ ❖✣❝❡ ❋é❞ér❛❧ ❞❡ ❧❛ ❙t❛t✐st✐q✉❡✱ ❙✇✐t③❡r❧❛♥❞✮✱ MG ♣r♦①✐❡s t❤❡

✈♦❧✉♠❡ ♦❢ ♣✉❜❧✐❝ ✐♠♣♦rts ✉s✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ ♣r♦❝✉r❡♠❡♥t ❝♦♥tr❛❝ts ❛✇❛r❞❡❞ t♦ ❢♦r❡✐❣♥

✜r♠s✼ ✭❝♦♠♣✐❧❡❞ ❢r♦♠ ❲❚❖✲s✉❜♠✐tt❡❞ ❞❛t❛✮✱ ✉♥♦❜s❡r✈❡❞ s❡❝t♦r✲s♣❡❝✐✜❝ ❞❡t❡r♠✐♥❛♥ts ❛r❡

❝❛♣t✉r❡❞ ❜② s❡❝t♦r✲s♣❡❝✐✜❝ ✜①❡❞ ❡✛❡❝ts ✭αk✮ ❛♥❞ ❡❝♦♥♦♠②✲✇✐❞❡ ❞❡t❡r♠✐♥❛♥ts ❛r❡ ❝❛♣t✉r❡❞

❜② ②❡❛r ✜①❡❞ ❡✛❡❝ts ✭αt✮✳

❚♦ t❡st ❢♦r t❤❡ t❤❡♦r❡t✐❝❛❧ ♣r❡❞✐❝t✐♦♥s ✐♥ ❇❘▼✱ ✇❡ ✐♥t❡r❛❝t MG ✇✐t❤ ✏s✐③❡✑✱ ✇❤✐❝❤ ✐s ❝♦♥✲

str✉❝t❡❞ s❡❝t♦r❛❧❧② ❛s t❤❡ s❤❛r❡ ♦❢ t♦t❛❧ ❣♦✈❡r♥♠❡♥t ❞❡♠❛♥❞ ✐♥ ❞♦♠❡st✐❝ ♦✉t♣✉t✱ ❛♥❞ ✇✐t❤

✏■■❚✑✱ ✇❤✐❝❤ ✐s t❤❡ ●r✉❜❡❧ ❛♥❞ ▲❧♦②❞ ✭✶✾✼✶✮ ♠❡❛s✉r❡ ♦❢ ✐♥tr❛✲✐♥❞✉str② tr❛❞❡✽✱ ❛♥❞ s❡r✈❡s ❛s

❛ ♣r♦①② ❢♦r t❤❡ ♣r♦❞✉❝t ❞✐✛❡r❡♥t✐❛t✐♦♥ ✇✐t❤✐♥ ❛ s❡❝t♦r ❛♥❞ ❤❡♥❝❡ ❢♦r t❤❡ ✭✐♥✮s✉❜st✐t✉t❛❜✐❧✐t②

❜❡t✇❡❡♥ ❞♦♠❡st✐❝ ❛♥❞ ✐♠♣♦rt❡❞ ♣r♦❞✉❝ts✳

❋♦r♠❛❧❧②✱ Sizek❂
TPV A

k

Yk
✇❤❡r❡ TPV A

k
❂ ❙❡❝t♦r❛❧ ♠❡❛s✉r❡ ♦❢ t♦t❛❧ ♣✉❜❧✐❝ ❞❡♠❛♥❞✱ Yk❂ ❙❡❝✲

t♦r❛❧ ♦✉t♣✉t✳ ❙✐♥❝❡ t❤❡ ❞❛t❛ r❡♣♦rt✐♥❣ r❡q✉✐r❡♠❡♥ts ♦❢ t❤❡ ❯❘●P❆ r❡q✉✐r❡ ❞❛t❛ ♦♥ t♦t❛❧

♣r♦❝✉r❡♠❡♥t t♦ ❜❡ r❡♣♦rt❡❞ ❛♥♥✉❛❧❧② ❜✉t ♥♦t ❛t t❤❡ s❡❝t♦r❛❧ ❧❡✈❡❧✱ TPV A ✐s ❛ ❝♦♥str✉❝t❡❞

✈❛r✐❛❜❧❡ s✉❝❤ t❤❛t TPV A

kt
= TPVt.

ATVkt∑
ATVkt

✇❤❡r❡ ❚P❱ ❂ ❚♦t❛❧ ♣r♦❝✉r❡♠❡♥t ✈❛❧✉❡✱ ❆❚❱ ❂

❆❜♦✈❡✲t❤r❡s❤♦❧❞ ♣r♦❝✉r❡♠❡♥t ✈❛❧✉❡✳ ❚❤✉s✱ ✏sizek✑ ≈ ✵ ✇♦✉❧❞ ❞❡♥♦t❡ s❡❝t♦rs ✇❤❡r❡ ♣✉❜❧✐❝

❞❡♠❛♥❞ ✇❛s ❛ ❢r❛❝t✐♦♥ ♦❢ ❞♦♠❡st✐❝ ♦✉t♣✉t✳

❚❤❡ ❣♦♦❞s ✐♥ t❤❡ ❏❛♣❛♥❡s❡ ❛♥❞ ❙✇✐ss ♣r♦❝✉r❡♠❡♥t ❞❛t❛ ❛r❡ ❢❛r ♠♦r❡ ❛❣❣r❡❣❛t❡❞ t♦ ❡♥❛❜❧❡

t❤❡✐r ❝❧❛ss✐✜❝❛t✐♦♥ ❛s ❤♦♠♦❣❡♥❡♦✉s ❛♥❞ ❞✐✛❡r❡♥t✐❛t❡❞ ♦♥ t❤❡ ❜❛s✐s ♦❢ t❤❡ ❘❛✉❝❤ ✭✶✾✾✾✮ ❝❧❛s✲

s✐✜❝❛t✐♦♥✳ ❍♦✇❡✈❡r✱ t❤❡ ■■❚ ❧✐t❡r❛t✉r❡ s✉❣❣❡sts t❤❛t ✐♥tr❛✲✐♥❞✉str② tr❛❞❡ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤

♣r♦❞✉❝t ❞✐✛❡r❡♥t✐❛t✐♦♥ ❛♥❞ ❛ ❧❛ ❨❛♥❣ ✭✶✾✾✼✮ ✇❡ t❤❡r❡❢♦r❡ ✉s❡ t❤❡ ❡①t❡♥t ♦❢ ■■❚ ✐♥ ❛ s❡❝t♦r

t♦ ♣r♦①② t❤❡ ❡①t❡♥t ♦❢ ♣r♦❞✉❝t ❞✐✛❡r❡♥t✐❛t✐♦♥ ✐♥ t❤❛t s❡❝t♦r✳ ❚❤✉s✱ IITk ❂ ✵ ✇♦✉❧❞ ❞❡♥♦t❡

s❡❝t♦rs ✇✐t❤ ❤♦♠♦❣❡♥❡♦✉s ❣♦♦❞s ✐♠♣❧②✐♥❣ ♣❡r❢❡❝t s✉❜st✐t✉t❛❜✐❧✐t②✳

❆ ♣r✐♦r✐✱ ✇❡ ❡①♣❡❝t Ω1 ❛♥❞ Ω3 t♦ ❜❡ ♣♦s✐t✐✈❡ ❛♥❞ Ω2 t♦ ❜❡ ♥❡❣❛t✐✈❡✳ ❆ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t

❡st✐♠❛t❡ ♦❢ Ω4 ≈ 0 ♦r ❡st✐♠❛t❡❞ Ω4 st❛t✐st✐❝❛❧❧② ✐♥❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦ ✇♦✉❧❞ ✈❛❧✐❞❛t❡ t❤❡

♥❡✉tr❛❧✐t② ♣r♦♣♦s✐t✐♦♥✱ ✇✐t❤ s✐③❡ ❛♥❞ ■■❚ ❛s ❛❞❞✐t✐♦♥❛❧ ❝♦♥tr♦❧s✳ ❲✐t❤ ✏s✐③❡✑ ❛s ❛♥ ❛❞❞✐t✐♦♥❛❧

❝♦♥tr♦❧ ✈❛r✐❛❜❧❡✱ ❛ ♣♦s✐t✐✈❡ ❡st✐♠❛t❡ ♦❢ ✭Ω4 + Ω5✮ s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦ ✇♦✉❧❞

✈❛❧✐❞❛t❡ Pr♦♣♦s✐t✐♦♥ ✷✳ ❲✐t❤ ✏■■❚✑ ❛s ❛♥ ❛❞❞✐t✐♦♥❛❧ ❝♦♥tr♦❧✱ ✐♥ ❧✐♥❡ ✇✐t❤ Pr♦♣♦s✐t✐♦♥ ✸✱

t❤❡ ❡①♣❡❝t❡❞ s✐❣♥ ♦❢ Ω6 ✐s ❛♠❜✐❣✉♦✉s✳ ❇✉t ❛ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❡st✐♠❛t❡ ♦❢ ✭Ω4 +

Ω6✮≈✵ ♦r ❡st✐♠❛t❡❞ ✭Ω4+Ω6✮ st❛t✐st✐❝❛❧❧② ✐♥❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦ ✇♦✉❧❞ s✉♣♣♦rt t❤❡ ♥❡✉tr❛❧✐t②

✼❚❤❡r❡ ❛r❡ ♥♦ ❞❛t❛ ♦♥ t❤❡ ✈♦❧✉♠❡ ♦❢ ♣✉❜❧✐❝ ✐♠♣♦rts ✐♥ t❤❡ ❲❚❖ s✉❜♠✐ss✐♦♥s✱ ❜✉t s✐♥❝❡ ✇❡ ❛r❡ ❞❡❛❧✐♥❣
✇✐t❤ ❤✐❣❤ ✈❛❧✉❡ ❛❜♦✈❡✲t❤r❡s❤♦❧❞ ♣r♦❝✉r❡♠❡♥t✱ ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♥✉♠❜❡r ♦❢ ❝♦♥tr❛❝ts ❛✇❛r❞❡❞ t♦ ❢♦r❡✐❣♥
✜r♠s ♠✉st ♦♥ ❛✈❡r❛❣❡ ✐♠♣❧② ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ✈♦❧✉♠❡ ♦❢ ♣✉❜❧✐❝ ✐♠♣♦rts✳

✽❋♦r♠❛❧❧②✱ IIT k ❂ ✶ ✕ ❬❛❜s✭Xk✲Mk✮✴✭Xk✰Mk✮❪ ✇❤❡r❡Xk ❂ ❙❡❝t♦r❛❧ ❡①♣♦rt ✈❛❧✉❡✱ Mk ❂ ❙❡❝t♦r❛❧ ✐♠♣♦rt
✈❛❧✉❡✳
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♣r♦♣♦s✐t✐♦♥ ❢♦r ❞✐✛❡r❡♥t✐❛t❡❞ ❣♦♦❞s✳ ❋✐♥❛❧❧②✱ ✇✐t❤ ❜♦t❤ ✏s✐③❡✑ ❛♥❞ ✏■■❚✑ ✐♥ ❛ ❢✉❧❧②✲s♣❡❝✐✜❡❞

❡q✉❛t✐♦♥ ✭✶✮✱ t❤❡ ♦✈❡r❛❧❧ ❡st✐♠❛t❡ ♦❢ ✭Ω4+Ω5+Ω6✮ ✇♦✉❧❞ ❞❡♣❡♥❞ ♦♥ t❤❡ r❡❧❛t✐✈❡ ♠❛❣♥✐t✉❞❡s

♦❢ Ω5 ❛♥❞ Ω6 ❛s ✇❡❧❧ ❛s t❤❡ s✐❣♥ ♦❢ t❤❡ ❧❛tt❡r✳

❲❡ ❢♦✉♥❞ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐♥ ❡q✉❛t✐♦♥ ✭✶✮ t♦ ❜❡ ❝❤❛r❛❝t❡r✐③❡❞ ❜② ♦✈❡r✲❞✐s♣❡rs✐♦♥✾

✇❤✐❝❤ r❡♥❞❡r❡❞ ❛ ❧♦❣✲❧✐♥❡❛r ❖▲❙ ❡st✐♠❛t✐♦♥ ❜✐❛s❡❞✳ ●✐✈❡♥ t❤❡ s❝❛❧❡✲❞❡♣❡♥❞❡♥❝❡ ♦❢ t❤❡ ♥❡❣✲

❛t✐✈❡ ❜✐♥♦♠✐❛❧ ♣s❡✉❞♦✲♠❛①✐♠✉♠ ❧✐❦❡❧✐❤♦♦❞ ✭P▼▲✮ ❡st✐♠❛t♦r ✭❇♦sq✉❡t ❛♥❞ ❇♦✉❧❤♦❧✱ ✷✵✶✵✮✱

t❤❡ P♦✐ss♦♥✲P▼▲ ✭PP▼▲✮ ✇❛s ♦✉r ♣r❡❢❡rr❡❞ ❡st✐♠❛t♦r✳ ❚❤❡ ❛❞❡q✉❛❝② ♦❢ t❤❡ PP▼▲ ✇❛s

❛❧s♦ s✉❝❝❡ss❢✉❧❧② t❡st❡❞ ✉s✐♥❣ t❤❡ ●❛✉ss ◆❡✇t♦♥ r❡❣r❡ss✐♦♥ ✐♥ ❙✐❧✈❛ ❛♥❞ ❚❡♥r❡②r♦ ✭✷✵✵✻✮✶✵✳

✹ ❘❡s✉❧ts

❚❛❜❧❡ ✷ r❡♣♦rts t❤❡ r❡s✉❧ts ❢r♦♠ ❡st✐♠❛t✐♥❣ ❡q✉❛t✐♦♥ ✭✶✮ ♦♥ ❏❛♣❛♥❡s❡ ❛♥❞ ❙✇✐ss ❞❛t❛ ♣♦♦❧❡❞

t♦❣❡t❤❡r✳ ●✐✈❡♥ t❤❛t t❤❡ ❏❛♣❛♥❡s❡ ❡❝♦♥♦♠② ❤❛s ❛ ❧❛r❣❡r ❣♦✈❡r♥♠❡♥t ❛♥❞ ✐s ❛❧s♦ ❧❡ss ♦♣❡♥ t❤❛♥

❙✇✐t③❡r❧❛♥❞✶✶✱ ✇❡ ❡st✐♠❛t❡ ❡q✉❛t✐♦♥ ✭✶✮ ♦♥ t❤❡ ♣♦♦❧❡❞ s❛♠♣❧❡ ✇✐t❤ ❝♦✉♥tr② ✜①❡❞ ❡✛❡❝ts✶✷✳

❲❤✐❧❡ ✇❡ ❢♦❝✉s ♦♥ r❡s✉❧ts ❢r♦♠ t❤❡ PP▼▲ ❡st✐♠❛t✐♦♥ r❡♣♦rt❡❞ ✐♥ ❝♦❧✉♠♥s ❱■✲❳✱ ❢♦r t❤❡ s❛❦❡

♦❢ ❝♦♠♣❛r✐s♦♥✱ ✇❡ ❛❧s♦ r❡♣♦rt r❡s✉❧ts ❢r♦♠ ❛ st❛♥❞❛r❞ ❧♦❣✲❧✐♥❡❛r ❖▲❙ ❡st✐♠❛t✐♦♥ ✐♥ ❝♦❧✉♠♥s

■✲❱✳ ❆s ❛ r♦❜✉st♥❡ss ❝❤❡❝❦✱ ✇❡ ❛❧s♦ r❡♣❧❛❝❡❞ TPV A

k
✇✐t❤ ATVk ✐♥ t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ ♦✉r ✏s✐③❡✑

✈❛r✐❛❜❧❡ ❜✉t ❢♦✉♥❞ t❤❡s❡ ✭✉♥r❡♣♦rt❡❞✮ r❡s✉❧ts t♦ ❜❡ r♦❜✉st t♦ t❤✐s ❝❤❛♥❣❡✳

❋r♦♠ ❚❛❜❧❡ ✷ ✇❡ s❡❡ t❤❛t t❤❡ ❡st✐♠❛t❡ ♦❢ Ω4 ✐♥ s♣❡❝✐✜❝❛t✐♦♥s ❱■■■ t❤r♦✉❣❤ ❳ ✐s ❜♦t❤ ❡❝♦♥♦♠✲

✐❝❛❧❧② ❛♥❞ st❛t✐st✐❝❛❧❧② ✐♥❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦✱ ✇❤✐❝❤ s✉❣❣❡sts t❤❛t t❤❡ ♥❡✉tr❛❧✐t② ♣r♦♣♦s✐t✐♦♥

✐s ✈❛❧✐❞❛t❡❞ ❜② ❜♦t❤ ✏s♠❛❧❧✑ ♣✉❜❧✐❝ ❞❡♠❛♥❞ ❛♥❞ ❤♦♠♦❣❡♥❡♦✉s ❣♦♦❞s s❡❝t♦rs✳

❊st✐♠❛t❡❞ ✭Ω4 + Ω5✮ ✐s ❜♦t❤ ❡❝♦♥♦♠✐❝❛❧❧② ❛♥❞ st❛t✐st✐❝❛❧❧② ❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦ ✭✵✳✵✶✶ ❛♥❞

✵✳✵✶✹ ✐♥ s♣❡❝✐✜❝❛t✐♦♥s ❱■■■ ❛♥❞ ❳✱ r❡s♣❡❝t✐✈❡❧②✮✱ ✇❤✐❝❤ s✉♣♣♦rts Pr♦♣♦s✐t✐♦♥ ✷ ❛♥❞ s✉❣❣❡sts

✾❖✈❡r✲❞✐s♣❡rs✐♦♥ ✐♥ t❤❡ r❛✇ ❞❛t❛ ✐s ❞✉❡ t♦ ✉♥♦❜s❡r✈❡❞ ❤❡t❡r♦❣❡♥❡✐t② ✭●r❡❡♥❡✱ ✶✾✾✹✮❀ t❤❡ ❞❡s❝r✐♣t✐♦♥ ✐s
✉s❡❞ ❢♦r ❞❛t❛ ✇❤❡r❡ t❤❡ ❝♦♥❞✐t✐♦♥❛❧ ✈❛r✐❛♥❝❡ ❡①❝❡❡❞s t❤❡ ❝♦♥❞✐t✐♦♥❛❧ ♠❡❛♥✳ ❋♦r♠❛❧❧② t❤✐s ✐s t❡st❡❞ ❜② ♣✐tt✐♥❣
t❤❡ ♥✉❧❧ ♦❢ V ar(y|x) = E(y|x) ❛❣❛✐♥st V ar(y|x) = E(y|x)+α.E(y|x)2 ✇❤❡r❡ α ❃ ✵ s✉❣❣❡sts ♦✈❡r✲❞✐s♣❡rs✐♦♥✳
❋♦❧❧♦✇✐♥❣ ❈❛♠❡r♦♥ ❛♥❞ ❚r✐✈❡❞✐ ✭✷✵✵✺✮✱ t❤❡ ♥✉❧❧ ♦❢ α ❂ ✵ ❛❣❛✐♥st α ❃ ✵ ✐s t❤❡ t✲t❡st ♦❢ α ♦❜t❛✐♥❡❞ ❜② r✉♥♥✐♥❣

t❤❡ ❛✉①✐❧✐❛r② ✭♥♦✲❝♦♥st❛♥t✮ ❖▲❙ r❡❣r❡ss✐♦♥ {y−E(y|x)}2−y

E(y|x) = α.E(y|x) + ǫ ✇❤❡r❡ E(y|x) ❛r❡ t❤❡ ✜tt❡❞ ✈❛❧✉❡s

❢r♦♠ ❡st✐♠❛t✐♥❣ t❤❡ P♦✐ss♦♥ ♠♦❞❡❧✳ ❚❤❡ ❛❧t❡r♥❛t✐✈❡ ♦❢ α ❃ ✵ ❢❛✐❧❡❞ r❡❥❡❝t✐♦♥ ❝♦♥❝❧✉s✐✈❡❧② ✭♣✲✈❛❧✉❡❂✶✮✳
✶✵❋♦r♠❛❧❧②✱ ε2√

E(y|x)
= γ.

√

E(y|x) + γ(λ − 1).lnE(y|x).
√

E(y|x) + ξ ✐s ❡st✐♠❛t❡❞ ✉s✐♥❣ ❖▲❙✱ ✇❤❡r❡ ε =

y −E(y|x) ❛♥❞ E(y|x) = exp(xβ) ❛♥❞ t❤❡ st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ♦❢ γ.(λ− 1) ✐s t❡st❡❞ ✉s✐♥❣ ❛ ❊✐❝❦❡r✲❲❤✐t❡
r♦❜✉st ❝♦✈❛r✐❛♥❝❡ ♠❛tr✐① ❡st✐♠❛t♦r✳ ❚❤❡ ♥✉❧❧ ♦❢ γ.(λ − 1) = 0 ✭♦r λ❂✶ ✐✳❡✳ ❡✈✐❞❡♥❝❡ ❢♦r t❤❡ PP▼▲✮ ❢❛✐❧❡❞
r❡❥❡❝t✐♦♥ ❛t t❤❡ ✺✪ ❧❡✈❡❧ ♦❢ s✐❣♥✐✜❝❛♥❝❡ ✭♣✲✈❛❧✉❡ ❂ ✵✳✵✻✻✮✳

✶✶❚❤❡ ❛✈❡r❛❣❡ s❤❛r❡ ♦❢ t♦t❛❧ ❣♦✈❡r♥♠❡♥t ❡①♣❡♥❞✐t✉r❡ ✐♥ ●❉P ♦✈❡r ✶✾✾✵✲✷✵✵✸ ✇❛s ❛❧♠♦st ✺✵✪ ✐♥ ❏❛♣❛♥
✈❡rs✉s ✸✼✪ ✐♥ ❙✇✐t③❡r❧❛♥❞✱ ✇❤✐❧❡ t❤❡ ❛✈❡r❛❣❡ s❤❛r❡ ♦❢ tr❛❞❡ ✐♥ ●❉P ✐♥ t❤❡s❡ ❡❝♦♥♦♠✐❡s ✇❛s ✶✾✳✷ ❛♥❞ ✼✹✳✻✪✱
r❡s♣❡❝t✐✈❡❧②✱ ♦✈❡r t❤❡ s❛♠❡ ♣❡r✐♦❞✳

✶✷●✐✈❡♥ t❤❛t ✏s❡❝t♦r✑ ❞❡✜♥✐t✐♦♥ ✐s ❝♦♥s✐st❡♥t ❛❝r♦ss t❤❡ t✇♦ ❝♦✉♥tr✐❡s✱ ✇❡ ❞♦ ♥♦t ✐♥❝❧✉❞❡ ❝♦✉♥tr②✲❛♥❞✲s❡❝t♦r
✜①❡❞ ❡✛❡❝ts✳ ❍♦✇❡✈❡r✱ ✇❡ ❛❧s♦ ❡st✐♠❛t❡❞ ❡q✉❛t✐♦♥ ✭✶✮ ✇✐t❤ ❝♦✉♥tr②✱ s❡❝t♦r ❛♥❞ ❝♦✉♥tr②✲❛♥❞✲②❡❛r ✜①❡❞ ❡✛❡❝ts✱
❜✉t ❢♦✉♥❞ t❤❡s❡ ✭✉♥r❡♣♦rt❡❞✮ r❡s✉❧ts t♦ ❜❡ q✉❛❧✐t❛t✐✈❡❧② s✐♠✐❧❛r✳

✺



t❤❛t t❤❡ ❡✛❡❝t ♦❢ ❛ ♣r♦❝✉r❡♠❡♥t ❤♦♠❡✲❜✐❛s ♦♥ t♦t❛❧ ✐♠♣♦rts ♠❛② ♥♦t ❜❡ ♥❡✉tr❛❧✐③❡❞ ✐♥ ❧❛r❣❡

♣✉❜❧✐❝ ❞❡♠❛♥❞ s❡❝t♦rs✳ ❚❤✐s ✜♥❞✐♥❣ ❤♦❧❞s ❡✈❡♥ ✇❤❡♥ ✇❡ ❝♦♥tr♦❧ ❢♦r ♣r♦❞✉❝t ❞✐✛❡r❡♥t✐❛t✐♦♥

✇✐t❤✐♥ ❛ s❡❝t♦r✱ ❞r✐✈✐♥❣ t❤❡ ♦✈❡r❛❧❧ ♥♦♥✲③❡r♦ ❡st✐♠❛t❡ ♦❢ ✭Ω4+Ω5+Ω6✮ ✐♥ t❤❡ ❢✉❧❧✲s♣❡❝✐✜❝❛t✐♦♥

❳✳

■♥t❡r❡st✐♥❣❧②✱ ❡st✐♠❛t❡s ♦❢ ✭Ω4 + Ω6✮ ❛r❡ ❢♦✉♥❞ t♦ ❜❡ ❜♦t❤ ❡❝♦♥♦♠✐❝❛❧❧② ❛♥❞ st❛t✐st✐❝❛❧❧② ✐♥✲

❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦ ✐♥ ❜♦t❤ ■❳ ❛♥❞ ❳✱ ✇❤✐❝❤ s✉❣❣❡sts t❤❛t t❤❡ ♥❡✉tr❛❧✐t② ♣r♦♣♦s✐t✐♦♥ s❡❡♠s t♦

❤♦❧❞ ❢♦r ❞✐✛❡r❡♥t✐❛t❡❞ ❣♦♦❞s ✐♥ ♦✉r ❞❛t❛✶✸✳ ❋♦❧❧♦✇✐♥❣ Pr♦♣♦s✐t✐♦♥ ✸✱ t❤✐s ❧❛st ✜♥❞✐♥❣ s✉❣❣❡sts

t❤❛t ❢♦r❡✐❣♥ s✉♣♣❧✐❡rs t♦ t❤❡s❡ ♠❛r❦❡ts ♠❛② ♥♦t ❤❛✈❡ ❢❛❝❡❞ s✉✣❝✐❡♥t❧② ❝♦♥✈❡① ❞❡♠❛♥❞s ❛♥❞

t❤❛t t❤❡② ♠❛② ❤❛✈❡ ♠❛❞❡ ✐♥s✉✣❝✐❡♥t t♦t❛❧ ✭♣✉❜❧✐❝ ❛♥❞ ♣r✐✈❛t❡✮ s❛❧❡s t♦ t❤❡s❡ ❝♦✉♥tr✐❡s ✐♥ t❤❡

❞✐✛❡r❡♥t✐❛t❡❞ s❡❝t♦rs ♦r t❤❛t t❤❡✐r ❝♦♥❥❡❝t✉r❛❧ ✈❛r✐❛t✐♦♥s ♠❛② ❤❛✈❡ ❜❡❡♥ ♣♦s✐t✐✈❡ ✭▼✐②❛❣✐✇❛✱

✶✾✾✶✱ ♣♣✳ ✶✸✷✺✮✳

❁■♥s❡rt ❚❛❜❧❡ ✷ ❤❡r❡❃

❚♦ ❢✉rt❤❡r ❡①❛♠✐♥❡ t❤❡s❡ r❡s✉❧ts ❛t t❤❡ ❝♦✉♥tr②✲❧❡✈❡❧✱ ✇❡ ❛❧s♦ ❡st✐♠❛t❡❞ ❡q✉❛t✐♦♥ ✭✶✮ ♦♥

❏❛♣❛♥❡s❡ ❛♥❞ ❙✇✐ss ❞❛t❛ ✐♥ s❡♣❛r❛t❡ r❡❣r❡ss✐♦♥s✳ ❚❤❡ r❡s✉❧ts ❢r♦♠ t❤❡s❡✱ ✉s✐♥❣ t❤❡ PP▼▲

❡st✐♠❛t♦r✱ ❛r❡ r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✸✳ ❚❤♦✉❣❤ ✇❡ ❞♦ ♥♦t ✜♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❡✈✐❞❡♥❝❡ ❢♦r

Pr♦♣♦s✐t✐♦♥ ✷ ✐♥ t❤❡s❡ r❡s✉❧ts ❢♦r ❡✐t❤❡r ❝♦✉♥tr②✱ ✇❡ ♥♦✇ ✜♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❡✈✐❞❡♥❝❡

✭t❤♦✉❣❤ ✇❡❛❦ ✐♥ t❤❡ ❝❛s❡ ♦❢ ❏❛♣❛♥✮ ❢♦r t❤❡ ♥❡✉tr❛❧✐t② ♣r♦♣♦s✐t✐♦♥ ❢♦r ❜♦t❤ ❤♦♠♦❣❡♥❡♦✉s ❛♥❞

❞✐✛❡r❡♥t✐❛t❡❞ ❣♦♦❞s ✭❡st✐♠❛t❡s ♦❢ Ω4 ≈ 0✱ Ω4 + Ω6 ≈ 0 ✐♥ ❝♦❧✉♠♥s ■❱ ❛♥❞ ■❳✮✳ ❚❤✐s s❛✐❞✱

❣✐✈❡♥ t❤❡ ❧❛r❣❡r ♥✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✐♥ t❤❡ ♣♦♦❧❡❞ s❛♠♣❧❡✱ t❤❡ r❡s✉❧ts r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡

✷ ❝♦♥st✐t✉t❡ ❛ ♠♦r❡ r♦❜✉st t❡st ♦❢ t❤❡ ❇❘▼ t❤❡♦r❡t✐❝❛❧ ♣r❡❞✐❝t✐♦♥s✳

❁■♥s❡rt ❚❛❜❧❡ ✸ ❤❡r❡❃

✺ ❈♦♥❝❧✉s✐♦♥

❲❡ ♣r♦✈✐❞❡ ♥❡✇ ❡❝♦♥♦♠❡tr✐❝ ❡✈✐❞❡♥❝❡ ♦♥ t❤❡ ❇❛❧❞✇✐♥ ❛♥❞ ❘✐❝❤❛r❞s♦♥ ✭✶✾✼✷✮✴▼✐②❛❣✐✇❛

✭✶✾✾✶✮ ✐♥❡✛❡❝t✐✈❡♥❡ss ♣r♦♣♦s✐t✐♦♥ ✐♥ ♣✉❜❧✐❝ ♣r♦❝✉r❡♠❡♥t✳ ❖✉r ❡♠♣✐r✐❝❛❧ r❡s✉❧t ♦♥ t❤❡ ❛❞✈❡rs❡

❡✛❡❝ts ♦❢ ❛ ♣r♦❝✉r❡♠❡♥t ❤♦♠❡✲❜✐❛s ✐♥ ❧❛r❣❡ ♣✉❜❧✐❝ ❞❡♠❛♥❞ s❡❝t♦rs ♣r♦✈✐❞❡s ♠♦r❡ s✉♣♣♦rt t♦

t❤❡ ✏♣r❡❧✐♠✐♥❛r② ❡✈✐❞❡♥❝❡✑ ✭❚r✐♦♥❢❡tt✐✱ ✷✵✵✵✮ ✐♥ t❤✐s ❧✐t❡r❛t✉r❡ ♦♥ t❤❡ ✐♠♣❛❝t ♦❢ ❞✐s❝r✐♠✐♥❛t♦r②

♣r♦❝✉r❡♠❡♥t ♦♥ tr❛❞❡ ✢♦✇s ❛♥❞ ✐♥t❡r♥❛t✐♦♥❛❧ s♣❡❝✐❛❧✐s❛t✐♦♥✳ ❚❤❡ r❡s✉❧t ✐s ❛❧s♦ s✐❣♥✐✜❝❛♥t

❣✐✈❡♥ t❤❡ ❝✉rr❡♥t ❡❝♦♥♦♠✐❝ st❛❣♥❛t✐♦♥ ✐♥ ❛❞✈❛♥❝❡❞ ❡❝♦♥♦♠✐❡s ❛♥❞ t❤❡✐r ✇❡❧❧✲❞♦❝✉♠❡♥t❡❞

❤♦♠❡✲❜✐❛s ✐♥ ♣✉❜❧✐❝ ♣✉r❝❤❛s❡ ❞❡❝✐s✐♦♥s ❞✉r✐♥❣ t❤❡ r❡❝❡♥t ❝r✐s✐s ✭❊✈❡♥❡tt✱ ✷✵✵✾❛✱❜✮✳

✶✸❚❤❡ ❖▲❙ ❡st✐♠❛t❡s✱ ♦♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ r❡❢✉t❡ ❛❧❧ ❢♦✉r ♣r♦♣♦s✐t✐♦♥s ❡♠❛♥❛t✐♥❣ ❢r♦♠ t❤❡ ❇❘▼ ♣r❡❞✐❝t✐♦♥s✳

✻



❘❡❢❡r❡♥❝❡s

❇❛❧❞✇✐♥✱ ❘✳ ✭✶✾✼✵✮✳ ◆♦♥t❛r✐✛ ❞✐st♦rt✐♦♥s ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✳ ❇r♦♦❦✐♥❣s ✐♥st✐t✉t✐♦♥ ❲❛s❤✲

✐♥❣t♦♥✳

❇❛❧❞✇✐♥✱ ❘✳ ✭✶✾✽✹✮✳ ❚r❛❞❡ ♣♦❧✐❝✐❡s ✐♥ ❞❡✈❡❧♦♣❡❞ ❝♦✉♥tr✐❡s✳ ❍❛♥❞❜♦♦❦ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ ❡❝♦✲

♥♦♠✐❝s✱ ✶✿✺✼✶✕✻✶✾✳

❇❛❧❞✇✐♥✱ ❘✳ ❛♥❞ ❘✐❝❤❛r❞s♦♥✱ ❏✳ ✭✶✾✼✷✮✳ ●♦✈❡r♥♠❡♥t ♣✉r❝❤❛s✐♥❣ ♣♦❧✐❝✐❡s✱ ♦t❤❡r ♥t❜s✱ ❛♥❞ t❤❡

✐♥t❡r♥❛t✐♦♥❛❧ ♠♦♥❡t❛r② ❝r✐s✐s✳ ❖❜st❛❝❧❡s t♦ ❚r❛❞❡ ✐♥ t❤❡ P❛❝✐✜❝ ❆r❡❛✳ ❖tt❛✇❛✿ ❈❛r❧❡t♦♥

❙❝❤♦♦❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❆✛❛✐rs✳

❇♦sq✉❡t✱ ❈✳ ❛♥❞ ❇♦✉❧❤♦❧✱ ❍✳ ✭✷✵✶✵✮✳ ❙❝❛❧❡✲❞❡♣❡♥❞❡♥❝❡ ♦❢ t❤❡ ♥❡❣❛t✐✈❡ ❜✐♥♦♠✐❛❧ ♣s❡✉❞♦✲

♠❛①✐♠✉♠ ❧✐❦❡❧✐❤♦♦❞ ❡st✐♠❛t♦r✳ ❉♦❝✉♠❡♥ts ❞❡ tr❛✈❛✐❧ ❞✉ ❈❡♥tr❡ ❞✬❊❝♦♥♦♠✐❡ ❞❡ ❧❛ ❙♦r❜♦♥♥❡

✶✵✵✾✷✱ ❯♥✐✈❡rs✐té P❛♥t❤é♦♥✲❙♦r❜♦♥♥❡ ✭P❛r✐s ✶✮✱ ❈❡♥tr❡ ❞✬❊❝♦♥♦♠✐❡ ❞❡ ❧❛ ❙♦r❜♦♥♥❡✳

❇rü❧❤❛rt✱ ▼✳ ❛♥❞ ❚r✐♦♥❢❡tt✐✱ ❋✳ ✭✷✵✵✶✮✳ ■♥❞✉str✐❛❧ s♣❡❝✐❛❧✐s❛t✐♦♥ ❛♥❞ ♣✉❜❧✐❝ ♣r♦❝✉r❡♠❡♥t✿

❚❤❡♦r② ❛♥❞ ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡✳ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ ■♥t❡❣r❛t✐♦♥✱ ✶✻✭✶✮✿✶✵✻✕✶✷✼✳

❇rü❧❤❛rt✱ ▼✳ ❛♥❞ ❚r✐♦♥❢❡tt✐✱ ❋✳ ✭✷✵✵✹✮✳ P✉❜❧✐❝ ❡①♣❡♥❞✐t✉r❡✱ ✐♥t❡r♥❛t✐♦♥❛❧ s♣❡❝✐❛❧✐s❛t✐♦♥ ❛♥❞

❛❣❣❧♦♠❡r❛t✐♦♥✳ ❊✉r♦♣❡❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✹✽✭✹✮✿✽✺✶✕✽✽✶✳

❈❛♠❡r♦♥✱ ❆✳ ❛♥❞ ❚r✐✈❡❞✐✱ P✳ ✭✷✵✵✺✮✳ ▼✐❝r♦❡❝♦♥♦♠❡tr✐❝s✿ ▼❡t❤♦❞s ❛♥❞ ❛♣♣❧✐❝❛t✐♦♥s✳

❈❤❡♥✱ ❳✳ ✭✶✾✾✺✮✳ ❉✐r❡❝t✐♥❣ ❣♦✈❡r♥♠❡♥t ♣r♦❝✉r❡♠❡♥t ❛s ❛♥ ✐♥❝❡♥t✐✈❡ ♦❢ ♣r♦❞✉❝t✐♦♥✳ ❏♦✉r♥❛❧

♦❢ ❊❝♦♥♦♠✐❝ ■♥t❡❣r❛t✐♦♥✱ ♣❛❣❡s ✶✸✵✕✶✹✵✳

❊✈❡♥❡tt✱ ❙✳ ✭✷✵✵✾❛✮✳ ❚❤❡ ❡♠❡r❣✐♥❣ ❝♦♥t♦✉rs ♦❢ ❝r✐s✐s✲❡r❛ ♣r♦t❡❝t✐♦♥✐s♠✳ ❇r♦❦❡♥ ♣r♦♠✐s❡s✿ ❆

●✲✷✵ s✉♠♠✐t r❡♣♦rt ❜② ●❧♦❜❛❧ ❚r❛❞❡ ❆❧❡rt✱ ♣❛❣❡s ✶✺✕✷✹✳

❊✈❡♥❡tt✱ ❙✳ ✭✷✵✵✾❜✮✳ ❲❤❛t ❝❛♥ ❜❡ ❧❡❛r♥❡❞ ❢r♦♠ ❝r✐s✐s✲❡r❛ ♣r♦t❡❝t✐♦♥✐s♠❄ ❛♥ ✐♥✐t✐❛❧ ❛ss❡ss✲

♠❡♥t✳ ❇✉s✐♥❡ss ❛♥❞ P♦❧✐t✐❝s✱ ✶✶✭✸✮✳

❊✈❡♥❡tt✱ ❙✳ ❛♥❞ ❍♦❡❦♠❛♥✱ ❇✳ ✭✷✵✵✺✮✳ ●♦✈❡r♥♠❡♥t ♣r♦❝✉r❡♠❡♥t✿ ♠❛r❦❡t ❛❝❝❡ss✱ tr❛♥s✲

♣❛r❡♥❝②✱ ❛♥❞ ♠✉❧t✐❧❛t❡r❛❧ tr❛❞❡ r✉❧❡s✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ P♦❧✐t✐❝❛❧ ❊❝♦♥♦♠②✱ ✷✶✭✶✮✿✶✻✸✕

✶✽✸✳

❋r❛♥❝♦✐s✱ ❏✳✱ ◆❡❧s♦♥✱ ❉✳✱ ❛♥❞ P❛❧♠❡t❡r✱ ❉✳ ✭✶✾✾✼✮✳ ●♦✈❡r♥♠❡♥t ♣r♦❝✉r❡♠❡♥t ✐♥ t❤❡ ✉s✿ ❆

♣♦st✲✉r✉❣✉❛② r♦✉♥❞ ❛♥❛❧②s✐s✳ ▲❛✇ ❛♥❞ P♦❧✐❝② ✐♥ P✉❜❧✐❝ P✉r❝❤❛s✐♥❣✳ ❯♥✐✈❡rs✐t② ♦❢ ▼✐❝❤✐❣❛♥

Pr❡ss✱ ❆♥♥ ❆r❜♦r✱ ♣❛❣❡s ✶✵✺✕✶✷✹✳
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●r❡❡♥❡✱ ❲✳ ✭✶✾✾✹✮✳ ❆❝❝♦✉♥t✐♥❣ ❢♦r ❡①❝❡ss ③❡r♦s ❛♥❞ s❛♠♣❧❡ s❡❧❡❝t✐♦♥ ✐♥ ♣♦✐ss♦♥ ❛♥❞ ♥❡❣❛t✐✈❡

❜✐♥♦♠✐❛❧ r❡❣r❡ss✐♦♥ ♠♦❞❡❧s✳ ❙t❡r♥ ❙❝❤♦♦❧ ♦❢ ❇✉s✐♥❡ss✱ ◆❡✇ ❨♦r❦ ❯♥✐✈❡rs✐t②✱ ❲♦r❦✐♥❣

P❛♣❡r ✾✹✲✶✵✳

●r✉❜❡❧✱ ❍✳ ❛♥❞ ▲❧♦②❞✱ P✳ ✭✶✾✼✶✮✳ ❚❤❡ ❡♠♣✐r✐❝❛❧ ♠❡❛s✉r❡♠❡♥t ♦❢ ✐♥tr❛✲✐♥❞✉str② tr❛❞❡✳ ❊❝♦✲

♥♦♠✐❝ ❘❡❝♦r❞✱ ✹✼✭✹✮✿✹✾✹✕✺✶✼✳

▼✐②❛❣✐✇❛✱ ❑✳ ✭✶✾✾✶✮✳ ❖❧✐❣♦♣♦❧② ❛♥❞ ❞✐s❝r✐♠✐♥❛t♦r② ❣♦✈❡r♥♠❡♥t ♣r♦❝✉r❡♠❡♥t ♣♦❧✐❝②✳ ❚❤❡

❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✽✶✭✺✮✿✶✸✷✵✕✶✸✷✽✳

◆✐❝✐t❛✱ ❆✳ ❛♥❞ ❖❧❛rr❡❛❣❛✱ ▼✳ ✭✷✵✵✼✮✳ ❚r❛❞❡✱ ♣r♦❞✉❝t✐♦♥✱ ❛♥❞ ♣r♦t❡❝t✐♦♥ ❞❛t❛❜❛s❡✱ ✶✾✼✻✕✷✵✵✹✳

❚❤❡ ❲♦r❧❞ ❇❛♥❦ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✷✶✭✶✮✿✶✻✺✕✶✼✶✳

❘❛✉❝❤✱ ❏✳ ✭✶✾✾✾✮✳ ◆❡t✇♦r❦s ✈❡rs✉s ♠❛r❦❡ts ✐♥ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✳ ❏♦✉r♥❛❧ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧

❊❝♦♥♦♠✐❝s✱ ✹✽✭✶✮✿✼✕✸✺✳

❙❤✐♥❣❛❧✱ ❆✳ ✭✷✵✶✶✮✳ ❚❤❡ ✇t♦✬s ❛❣r❡❡♠❡♥t ♦♥ ❣♦✈❡r♥♠❡♥t ♣r♦❝✉r❡♠❡♥t✿ ❲❤✐t❤❡r ♠❛r❦❡t
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❊❝♦♥♦♠②✱ ✷✸✭✶✮✿✺✼✕✼✻✳
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◆♦t❡✿ ✭✶✮ ❚❤❡ ✜❣✉r❡ s❤♦✇s ✜tt❡❞ ✈❛❧✉❡s ❢r♦♠ ❛ ❧✐♥❡❛r ♣r❡❞✐❝t✐♦♥ ✭✷✮ PPP❉ ✐s ❛ ♠❡❛s✉r❡ ♦❢ t❤❡ s❡❝t♦r❛❧ ❤♦♠❡✲❜✐❛s ✐♥ ♣✉❜❧✐❝

♣r♦❝✉r❡♠❡♥t❀ ❆❚❱❦✴
∑

❆❚❱ ✐s ❛ ♠❡❛s✉r❡ ♦❢ t❤❡ r❡❧❛t✐✈❡ ♠❛❣♥✐t✉❞❡ ♦❢ ♣✉❜❧✐❝ ❞❡♠❛♥❞ ❜② s❡❝t♦r ❬✏❆❚❱✑ ❂ ❆❜♦✈❡✲t❤r❡s❤♦❧❞ ♣r♦✲

❝✉r❡♠❡♥t ✈❛❧✉❡❪ ✭✸✮ ❋✐❣✉r❡ s✉❣❣❡sts ❛ ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ s❡❝t♦r❛❧ ♠❛❣♥✐t✉❞❡ ♦❢ ❤♦♠❡✲❜✐❛s ❛♥❞ t❤❛t ♦❢ ❣♦✈❡r♥♠❡♥t

❞❡♠❛♥❞ ✐♥ ❜♦t❤ ❝♦✉♥tr✐❡s✳

❚❛❜❧❡ ✶✿ Pr♦❝✉r❡♠❡♥t ❛♥❞ ♦t❤❡r ❞❛t❛ ❜② s❡❝t♦r ✭❛✈❡r❛❣❡ ✶✾✾✵✲✷✵✵✸✮

�
Sector ATV Vf Vf/ATV ATN Nf Nf/ATN IIP MT PM Pd IIT Size
Agriculture 0.7 0.2 25.8% 1.5 0.5 29.4% 99.1 14.0 1.5 97.9 0.13 0.000

Chemicals, pharma 215.2 72.6 33.8% 1761.1 498.3 28.3% 107.9 12.0 1.8 100.6 0.82 0.003
Plastic, rubber, leather 18.1 0.4 2.3% 33.0 0.5 1.4% 97.4 1.0 7.1 101.7 0.93 0.000
Wood, paper 198.7 8.6 4.3% 262.4 10.0 3.8% 92.1 13.0 0.7 101.5 0.37 0.005

Textiles 89.5 1.6 1.7% 139.3 2.5 1.8% 89.2 1.9 9.6 103.5 0.52 0.004
Stone, ceramic, glass 3.5 0.0 1.1% 9.1 0.2 2.0% 91.2 3.2 0.7 101.7 0.80 0.000

Iron & steel, non-fer metals 124.1 3.4 2.8% 158.2 6.5 4.1% 99.7 13.0 1.1 107.1 0.85 0.002
Machinery 2438.6 199.9 8.2% 1077.3 91.4 8.5% 98.5 1.1 20.2 101.4 0.48 0.018

Telecom & electrical equipment 881.9 58.8 6.7% 626.5 41.8 6.7% 119.5 15.0 21.8 111.4 0.51 0.006
Transport equipment 364.0 56.1 15.4% 351.2 31.1 8.9% 107.1 0.41 20.5 101.5 0.26 0.002
Medical, scientific, photographic equip 984.6 307.6 31.2% 2996.6 864.2 28.8% 108.1 0.15 101.4 101.1 0.70 0.050
Furniture 37.5 0.2 0.6% 100.7 0.9 0.9% 106.7 0.67 4.4 99.8 0.27 0.004

Sector ATV Vf Vf/ATV ATN Nf Nf/ATN IIP MT PM Pd IIT Size
Agriculture 15.7 10.2 65.2% 29.1 21.2 72.8% 97.6 1.9 1.7 106.7 0.80 0.004
Chemicals, pharma 1.1 0.1 7.1% 2.5 0.4 15.6% 168.7 4.2 2.9 117.4 0.74 0.000

Plastic, rubber, leather 6.2 1.7 28.0% 9.5 1.4 14.6% 106.1 0.31 6.7 95.0 0.82 0.003
Wood, paper 3.2 1.7 52.6% 7.8 3.6 46.5% 100.6 2.5 1.0 100.9 0.80 0.003
Textiles 6.6 2.3 35.1% 16.5 5.8 35.3% 89.2 0.24 18.8 98.1 0.68 0.005
Stone, ceramic, glass 0.3 0.0 0.0% 1.9 0.0 0.0% 114.9 1.9 0.6 99.2 0.71 0.000
Iron & steel, non-fer metals 8.0 0.9 11.0% 12.8 1.5 12.0% 109.6 2.7 1.2 99.3 0.87 0.006
Machinery 112.6 82.1 72.9% 165.3 118.0 71.4% 109.6 0.52 20.2 96.8 0.80 0.010
Telecom & electrical equipment 13.4 5.5 41.0% 20.6 7.8 38.1% 106.6 0.21 27.8 96.8 0.97 0.002
Transport equipment 40.6 15.6 38.4% 35.6 13.9 39.1% 106.8 0.58 14.4 104.9 0.36 0.041
Medical, scientific, photographic equip 22.5 12.5 55.7% 33.8 21.4 63.2% 107.2 0.02 83.2 98.8 0.42 0.005
Furniture 10.2 2.9 28.2% 10.0 2.1 20.8% 100.1 0.31 4.8 97.1 0.48 0.007

Switzerland

Japan
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❚❛❜❧❡ ✷✿ ❘❡s✉❧ts✿ ❈♦♠❜✐♥❡❞

�

I II III IV V VI VII VIII IX X

IIP 1.061*** 1.514*** 1.723*** 1.530*** 1.655*** 0.007*** 0.006*** 0.008*** 0.006*** 0.007***

(0.249) (0.438) (0.432) (0.382) (0.371) (0.001) (0.001) (0.002) (0.001) (0.002)

P
M

-1.566*** -1.600*** -1.327*** -1.159*** -1.042*** -0.146*** -0.147*** -0.137*** -0.157*** -0.147***

(0.160) (0.208) (0.236) (0.189) (0.211) (0.018) (0.018) (0.021) (0.018) (0.022)

P
d

1.732* 2.934** 3.529** 3.127** 2.953** 0.010*** 0.008*** 0.011*** 0.006* 0.007**

(0.774) (1.082) (1.262) (0.953) (1.096) (0.002) (0.002) (0.002) (0.003) (0.003)

M
G

0.090* 0.120* -0.259** -0.204# -0.000 0.000 0.002 0.003

(0.039) (0.054) (0.092) (0.113) (0.000) (0.000) (0.002) (0.002)

Size 9.876** 6.397* 5.995** 4.678#

(2.932) (2.629) (2.136) (2.489)

M
G
.Size -1.254 -0.396 0.011* 0.011#

(0.845) (0.810) (0.005) (0.006)

IIT -2.618*** -2.513*** -0.971*** -0.749***

(0.417) (0.503) (0.154) (0.200)

M
G
.IIT 0.626*** 0.565*** -0.002 -0.003

(0.124) (0.148) (0.002) (0.002)

Constant 10.456** 2.240 -1.685 2.146 2.140 21.677*** 21.957*** 21.413*** 22.428*** 22.053***

(3.586) (5.580) (6.359) (4.774) (5.536) (0.224) (0.300) (0.329) (0.344) (0.390)

# Observations 258 178 155 178 155 258 258 219 258 219

df_m 27 27 29 29 31 27 28 30 30 32

r2 0.918 0.926 0.939 0.941 0.949 0.963 0.964 0.968 0.959 0.962

Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Country fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Sector fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

OLS log-linear (dependent variable: MT ) PPML (dependent variable: MT)
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❚❛❜❧❡ ✸✿ ❘❡s✉❧ts✿ ❏❛♣❛♥ ✈ ❙✇✐t③❡r❧❛♥❞

�PPML 

I II III IV V VI VII VIII IX X

IIP 0.004# 0.004 0.003 0.000 0.000 -0.001* -0.001# 0.000 -0.001# 0.000

(0.002) (0.002) (0.002) (0.002) (0.002) (0.000) (0.000) (0.000) (0.000) (0.000)

P
M

-0.074*** -0.074*** -0.065** -0.052** -0.046** -0.026*** -0.030*** -0.032*** -0.029*** -0.032***

(0.020) (0.020) (0.020) (0.016) (0.016) (0.007) (0.008) (0.007) (0.007) (0.007)

P
d

0.003 0.003 0.003 0.012** 0.011** -0.003* -0.002# -0.005*** -0.002* -0.005**

(0.003) (0.003) (0.003) (0.004) (0.004) (0.001) (0.001) (0.002) (0.001) (0.002)

M
G

0.000 -0.000 0.004# 0.003 0.001 0.001 -0.007** 0.004

(0.000) (0.000) (0.002) (0.002) (0.001) (0.001) (0.002) (0.008)

Size 19.017* 12.345# -0.298 -0.310

(7.821) (6.916) (0.341) (0.327)

M
G
.Size -0.006 -0.005 0.104 0.123

(0.006) (0.004) (0.090) (0.085)

IIT 1.918*** 1.837*** -0.063 0.005

(0.511) (0.516) (0.133) (0.139)

M
G
.IIT -0.005# -0.004 0.010** -0.004

(0.003) (0.003) (0.003) (0.010)

Constant 22.647*** 22.644*** 22.731*** 21.801*** 21.882*** 21.655*** 21.608*** 21.738*** 21.655*** 21.728***

(0.470) (0.491) (0.471) (0.488) (0.480) (0.160) (0.150) (0.155) (0.202) (0.221)

# Observations 120 120 120 120 120 138 138 99 138 99

df_m 23 24 26 26 28 26 27 26 29 28

r2 0.965 0.965 0.967 0.975 0.975 0.996 0.996 0.998 0.996 0.998

Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Sector fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Switzerland (dependent variable: MT)Japan (dependent variable: MT )
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