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♣❧❛t❢♦r♠ ✐♥ t❤✐s ❝❛s❡✮ ❛♥❞ t❤❡ s❝r✐♣ts ❛r❡ ❧❛✉♥❝❤❡❞ ✐♥ ❛ ❈②❣✇✐♥r t❡r♠✐♥❛❧ s♦ ❛s t♦ ♠❛❦❡ t❤❡ ▲✐♥✉①r

❝♦♠♠❛♥❞s ✭❛s ❣r❡♣ ❢♦r ❡①❛♠♣❧❡✮ ❛✈❛✐❧❛❜❧❡✳
❚❤✐s ♣❛♣❡r ✐s ♦r❣❛♥✐s❡❞ ❛s ❢♦❧❧♦✇s✿ ❙❡❝t✐♦♥ ✷ ❞❡s❝r✐❜❡s ❤♦✇ t❤❡ ✇❤♦❧❡ s②♥t❤❡s✐s ♣r♦❝❡ss ✐s ❤❛♥❞❧❡❞✱

❙❡❝t✐♦♥ ✸ ✐s ❡①♣❧❛✐♥✐♥❣ t❤❡ s✐♠✉❧❛t✐♦♥✱ t❤❡ ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥ ❡st✐♠❛t✐♦♥ ✐s ♣r❡s❡♥t❡❞ ✐♥ ❙❡❝t✐♦♥ ✹✱ ✜♥❛❧❧②
❛ ❝♦♥❝❧✉s✐♦♥ ✐s ❣✐✈❡♥ ✐♥ ❙❡❝t✐♦♥ ✺✳

✷ ❙②♥t❤❡s✐s

❚❤❡ s❝r✐♣t ♣r❡s❡♥t❡❞ ♦♥ ❋✐❣✉r❡ ✶ ✐s ✉s❡❞ t♦ s②♥t❤❡s✐③❡ ❛ ❱❍❉▲ s♦✉r❝❡ ✜❧❡✳ ❚❤❡ s♦✉r❝❡ ✜❧❡ ✐s ❛ ✈❡r②
s✐♠♣❧❡ ❛❞❞❡r ♣r❡s❡♥t❡❞ ♦♥ ❋✐❣✉r❡ ✹✳ ❚❤❡ s✐③❡ ♦❢ t❤❡ ♦♣❡r❛♥❞s ✭t❤❡ ✐♥♣✉ts ❛♥❞ t❤❡ ♦✉t♣✉t✮ ✐s 12 ❜✐ts ❜✉t
✐t ❝♦✉❧❞ ❜❡ ❝♦♥✜❣✉r❡ ❛s ❛♥②t❤✐♥❣ ❡❧s❡✳

❆❧❧ t❤❡ ❤❡❧♣ ❢♦r t❤✐s s❝r✐♣t ❝❛♥ ❜❡ r❡❛❞ ♦♥ t❤❡ ❳✐❧✐♥①r ✇❡❜s✐t❡ ❬✻❪ ♦r ✐♥ t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ❢♦❧❞❡r
✭✩✐♥st❛❧❧❛t✐♦♥❴❞✐r❡❝t♦r②✩❭■❙❊❭❞♦❝❭✉s❡♥❣❧✐s❤❭✐s❡❤❡❧♣❭✮ ✐♥ s❡✈❡r❛❧ ✳♣❞❢ ✜❧❡s ❛s ❝❣❞✳♣❞❢✱ ❞❡✈r❡❢✳♣❞❢✱

♠❛♥✉❛❧s✳♣❞❢✱ s✐♠✳♣❞❢✱ ①st✳♣❞❢✱✳✳✳

❍❡r❡ ✐s ❛ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ s②♥t❤❡s✐s s❝r✐♣t✿

▲✐♥❡s ✷✸ t♦ ✹✹ ❚❤❡ ♠❛✐♥ ♣r♦❝❡❞✉r❡ ✐s r✉♥♥✐♥❣ t❤❡ ❞✐✛❡r❡♥t s✉❜r♦✉t✐♥❡s ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ♦♣t✐♦♥s✳
▲✐♥❡s ✹✽ t♦ ✼✼ ❚❤❡ s②♥t❤❡s✐s s✉❜r♦✉t✐♥❡ ✐s ❣❡♥❡r❛t✐♥❣ ❛♥♦t❤❡r s❝r✐♣t ✇✐t❤ ❛❧❧ t❤❡ ♦♣t✐♦♥s t❤❛t ✇✐❧❧

❜❡ r✉♥ ❜② ①st t♦ s②♥t❤❡s✐③❡ t❤❡ ❝♦♠♣♦♥❡♥t✳
▲✐♥❡s ✻✾ t♦ ✼✺ ❚❤❛t ♣r✐♥ts ❛ r❡♣♦rt ♦❢ t❤❡ s②♥t❤❡s✐s✳
▲✐♥❡s ✽✶ t♦ ✶✵✶ ❚❤❡ tr❛♥s❧❛t❡ s✉❜r♦✉t✐♥❡ ♣r♦❞✉❝❡s ❛ ◆❛t✐✈❡ ●❡♥❡r✐❝ ❖❜❥❡❝t ✭✳♥❣♦✮ ❛❢t❡r t❤❡ s②♥✲

t❤❡s✐s✳
▲✐♥❡s ✶✵✺ t♦ ✶✷✼ ❚❤❡ ♠❛♣♣✐♥❣ s✉❜r♦✉t✐♥❡ ♠❛♣s t❤❡ ❧♦❣✐❝❛❧ ❢✉♥❝t✐♦♥s ♦♥ t❤❡ ❛✈❛✐❧❛❜❧❡ ❤❛r❞✇❛r❡ r❡✲

s♦✉r❝❡s ♦❢ t❤❡ ❋P●❆✳
▲✐♥❡s ✶✸✶ t♦ ✶✹✸ ❚❤❡ ♣❧❛❝❡r♦✉t❡ s✉❜r♦✉t✐♥❡ ✐s ❡❛s✐❧② ✉♥❞❡rst♦♦❞✳ ■t ♣❧❛❝❡s t❤❡ ❤❛r❞✇❛r❡ r❡s♦✉r❝❡s

❛♥❞ r♦✉t❡s ✇✐r❡s ✇❤❡r❡ t❤❡② ❛r❡ ♥❡❝❡ss❛r②✳
▲✐♥❡s ✶✹✼ t♦ ✶✺✻ ❚❤❡ ♥❡t❣❡♥ s✉❜r♦✉t✐♥❡ ❜❛❝❦✲❛♥♥♦t❛t❡s t❤❡ ❧♦❣✐❝❛❧ ❞❡s✐❣♥ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ✜rst

s②♥t❤❡s✐s ♣r♦❝❡ss ✐♥ ♦r❞❡r t♦ ♦❜t❛✐♥ ❛ ♣❤②s✐❝❛❧ ♣♦st✲♣❧❛❝❡✫r♦✉t❡ ♠♦❞❡❧ t❤❛t ❝❛♥ ❜❡ ❛❝❝✉r❛t❡❧②
s✐♠✉❧❛t❡❞✳

▲✐♥❡s ✶✻✵ t♦ ✶✼✾ ❚❤❡ ❡①tr❛❝t s✉❜r♦✉t✐♥❡ ✉s❡s t❤❡ tr❝❡ ♣r♦❣r❛♠ t♦ ❣❡♥❡r❛t❡ ❛ st❛t✐❝ t✐♠✐♥❣ r❡♣♦rt
♦❢ t❤❡ ♣♦st✲♣❧❛❝❡✫r♦✉t❡ ♠♦❞❡❧✳ ❆❧❧ t❤♦s❡ ❡①tr❛❝t❡❞ ✈❛❧✉❡s ❝❛♥ ❜❡ ✉s❡❞ ❜② t❤❡ r❡♣♦rt s✉❜r♦✉t✐♥❡✳

▲✐♥❡s ✶✽✸ t♦ ✷✶✹ ❚❤❡ r❡♣♦rt s✉❜r♦✉t✐♥❡ ❝r❡❛t❡s ❛ ▲❆❚❊❳ ✜❧❡ r❡♣♦rt✐♥❣ ✇❤❛t❡✈❡r t❤❡ ✉s❡r ✐s ✐♥t❡r❡st❡❞
✐♥✳

▲✐♥❡s ✷✶✽ t♦ ✷✼✷ ❚❤❡ ♣❛rs❡❝♠❞❧✐♥❡ s✉❜r♦✉t✐♥❡ ❣❡ts t❤❡ ❞✐✛❡r❡♥t ❝♦♠♠❛♥❞✲❧✐♥❡ ♦♣t✐♦♥s ❛♥❞ ❝❤❡❝❦s
✇❤❡t❤❡r ❡✈❡r②t❤✐♥❣ ✐s ❝♦rr❡❝t ❢♦r t❤❡ ♣r♦❣r❛♠s t♦ r✉♥✳

▲✐♥❡s ✷✼✻ t♦ ✷✽✶ ❚❤❡ ❣❡t✐♥♣✉t❡♥✈ s✉❜r♦✉t✐♥❡ ❣❡ts t❤❡ ❱❍❉▲ ✜❧❡ ♥❛♠❡ ❛♥❞ ❝r❡❛t❡s ❛❧❧ t❤❡ ❞✐✛❡r❡♥t
❡♥✈✐r♦♥♠❡♥t ✈❛r✐❛❜❧❡s ❞❡♣❡♥❞✐♥❣ ♦♥ ✐t✳

❖♥❡ ❝❛♥ ✉s❡ ❛ s❤❡❧❧ s❝r✐♣t ❛s t❤❡ ♦♥❡ ♣r❡s❡♥t❡❞ ♦♥ ❋✐❣✉r❡ ✺ t♦ s②♥t❤❡s✐③❡ s❡✈❡r❛❧ s♦✉r❝❡ ✜❧❡s ✭❛❧❧ t❤❡
✳✈❤❞ ✜❧❡s ♦❢ t❤❡ sr❝ ❞✐r❡❝t♦r② ✐♥ t❤✐s ❝❛s❡✮ ✇✐t❤ ♦♥❧② ♦♥❡ ❝♦♠♠❛♥❞✳ ❚❤✐s s❝r✐♣t ✉s❡s ❛ ❞❡✈✐❝❡ ❧✐st ❛s
t❤❡ ♦♥❡ ♣r❡s❡♥t❡❞ ♦♥ ❋✐❣✉r❡ ✷ ✇❤❡r❡ ❡✈❡r②t❤✐♥❣ ✐s ❝♦♠♠❡♥t❡❞ ❜② ❛ ★ ❡①❝❡♣t t❤❡ ❧✐♥❡ ✇✐t❤ t❤❡ t❛r❣❡t❡❞
❋P●❆✳

❚❤❡ s②♥t❤❡s✐s s❝r✐♣t ❣❡♥❡r❛t❡s ❛ r❡♣♦rt ✜❧❡ ❢♦r ❡❛❝❤ ❝✐r❝✉✐t✳ ■t ✇♦✉❧❞ ❜❡ ✈❡r② ❢❛st✐❞✐♦✉s t♦ r❡❛❞ t❤❡s❡
s❡♣❛r❛t❡ ✜❧❡s✳ ❋♦rt✉♥❛t❡❧② t❤❡ P❡r❧ s❝r✐♣t ♦❢ ❋✐❣✉r❡ ✸ ✐s ❛❜❧❡ t♦ ♠❡r❣❡ s❡✈❡r❛❧ ▲❆❚❊❳ ✜❧❡s ✐♥t♦ ♦♥❡✳

❘❚ ♥➦ ✵✸✽✶



✻ ❘♦♠❛✐♥ ▼✐❝❤❛r❞

❙❡♣❛r❛t❡ t❛❜❧❡s ❛r❡ ♠❡r❣❡❞ ✐♥t♦ ❢❡✇❡r ♦♥❡s ♦❢ ✺✵ ❧✐♥❡s✳ ❚❤✐s ♣r♦❣r❛♠ ✇♦♥✬t ❜❡ ❞❡t❛✐❧❡❞ ❜❡❝❛✉s❡ ♦❢ ✐ts
s✐♠♣❧✐❝✐t②❀ ✐t✬s ♦♥❧② t❡①t r❡♣♦rt✐♥❣ ♠❛tt❡rs ❛♥❞ ♥♦t ❛ t❡❝❤♥✐❝❛❧ ♣♦✐♥t✳

✸ ❙✐♠✉❧❛t✐♦♥

❆❧❧ t❤❡ ❤❡❧♣ ❢♦r t❤✐s s❝r✐♣t ❝❛♥ ❜❡ r❡❛❞ ♦♥ t❤❡ ▼♦❞❡❧❙✐♠ ✇❡❜s✐t❡ ❬✸❪ ♦r ✐♥ t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ❢♦❧❞❡r
✭✩✐♥st❛❧❧❛t✐♦♥❴❞✐r❡❝t♦r②✩❭❞♦❝s❭♣❞❢❞♦❝s❭✮ ✐♥ s❡✈❡r❛❧ ✳♣❞❢ ✜❧❡s✳

❚♦ s✐♠✉❧❛t❡ ❛ ❝♦♠♣♦♥❡♥t ✭✇❤❛t❡✈❡r t❤❡ ♠♦❞❡❧ ✐s✮ ✇❡ ✉s❡ t❤✐s ❝♦♠♠❛♥❞✿
✈s✐♠ ✲❝ ✲❞♦ ✩s✐♠✉❧❛t✐♦♥❴❢✐❧❡✩

❚❤✐s ❝♦♠♠❛♥❞ ✐s st✐❧❧ t♦ ❜❡ ❧❛✉♥❝❤❡❞ ✐♥ ❛ ❈②❣✇✐♥r t❡r♠✐♥❛❧ s♦ ❛s t♦ ♠❛❦❡ t❤❡ ❝❧❛ss✐❝❛❧ ❝♦♠♠❛♥❞s
❛✈❛✐❧❛❜❧❡✳

❚❤❡ ✩s✐♠✉❧❛t✐♦♥❴❢✐❧❡✩ ✈❛r✐❛❜❧❡ ❝❛♥ ❜❡ ❝❤❛♥❣❡❞ t♦ s✐♠✉❧❛t❡ ❞✐✛❡r❡♥t ❡♥✈✐r♦♥♠❡♥ts✳ ❋♦r t❤✐s r❡♣♦rt
t✇♦ ❞✐✛❡r❡♥t s✐♠✉❧❛t✐♦♥s ❛r❡ ❡①❡❝✉t❡❞✿ ✜rst t❤❡ ❜❡❤❛✈✐♦r❛❧ ♠♦❞❡❧✱ t♦ ❡♥s✉r❡ ✐t✬s ❝♦rr❡❝t✱ t❤❡♥ t❤❡ ♣♦st✲
♣❧❛❝❡✫r♦✉t❡ ♦♥❡ t♦ ❣❡t ❛ s✐❣♥❛❧s ❛❝t✐✈✐t② r❡♣♦rt ✐♥ ♦r❞❡r t♦ ❡✈❛❧✉❛t❡ t❤❡ ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥ ❛❝❝✉r❛t❡❧②✳
❚♦ ♠❛❦❡ ✐t ❡❛s✐❡r t♦ ❤❛♥❞❧❡✱ t❤❡ s❝r✐♣t ✐s ❝✉t ✐♥t♦ t✇♦ ♣❛rts✿ t❤❡ ✜rst ♦♥❡ ✐s ❞❡❛❧✐♥❣ ✇✐t❤ t❤❡ ❝♦♠♣♦♥❡♥t t♦
s✐♠✉❧❛t❡✱ t❤❡ s❡❝♦♥❞ ♦♥❡ ✐s ❣❡♥❡r❛t✐♥❣ t❤❡ t❡st ✈❡❝t♦rs ❛s t❤❡ s❛♠❡ t❡st ✐s ❡①❡❝✉t❡❞ ❢♦r ❜♦t❤ s✐♠✉❧❛t✐♦♥s✳

✸✳✶ ❇❡❤❛✈✐♦r❛❧ ♠♦❞❡❧

❲❤❡♥ ❞❡s✐❣♥✐♥❣ ❛ ❱❍❉▲ ♠♦❞❡❧ ♦❢ ❛ ❝✐r❝✉✐t ✐t✬s ✐♠♣♦rt❛♥t t♦ s✐♠✉❧❛t❡ ✐t ❛❧❧ ❛❧♦♥❣ t❤❡ ❞❡s✐❣♥ ♣r♦❝❡ss ✐♥
♦r❞❡r t♦ ❜❡ s✉r❡ ♦❢ ✐ts ♣r♦♣❡r ❜❡❤❛✈✐♦r✳ ❚♦ s✐♠✉❧❛t❡ ✐t t❤❡ s❝r✐♣t r❡♣r❡s❡♥t❡❞ ♦♥ ❋✐❣✉r❡ ✻ ✐s ✉s❡❞ ✇✐t❤
t❤❡ t❡st ✈❡❝t♦rs ♦❢ ✈❡❝t✳t❝❧ ♣r❡s❡♥t❡❞ ♦♥ ❋✐❣✉r❡ ✽✳ ❍❡r❡ ✐s ❛ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤✐s s❝r✐♣t✿

▲✐♥❡s ✶✺ t♦ ✶✼ ❚❤❡ s❝r✐♣t ✐s ❞❡✜♥✐♥❣ ❞✐✛❡r❡♥t ❞✐r❡❝t♦r② ✈❛r✐❛❜❧❡s✳ ❆s t❤❡ s❝r✐♣t ✐s r✉♥ ✐♥ ❛ ❲✐♥❞♦✇sr

s②st❡♠✱ ♣❛t❤s ❛r❡ ✇r✐tt❡♥ ❈✿✳✳✳ ❜✉t t❤❡ ❭ ✐s r❡♣❧❛❝❡❞ ❜② ❛ ✴✳
▲✐♥❡ ✶✾ ❚❤❡ s❝r✐♣t ✐s ♣r✐♥t✐♥❣ s♦♠❡ ✐♥❢♦r♠❛t✐♦♥ ❢♦r t❤❡ ✉s❡r t♦ ❜❡ ❛✇❛r❡ ♦❢ t❤❡ r✉♥♥✐♥❣ ♣r♦❝❡ss✳
▲✐♥❡ ✷✷ ❚❤❡ ✇♦r❦✐♥❣ ❧✐❜r❛r② ✐s ❞❡✜♥❡❞✳
▲✐♥❡ ✷✺ ❚❤❡ ❝♦♠♣♦♥❡♥ts ❛r❡ ❝♦♠♣✐❧❡❞✳
▲✐♥❡ ✷✽ ❚❤❡ ♠②❴❛❞❞❡r ❝♦♠♣♦♥❡♥t ✐s s✐♠✉❧❛t❡❞✳
▲✐♥❡s ✸✶ t♦ ✸✹ ❙♦♠❡ s✐❣♥❛❧s ❛r❡ ❛❞❞❡❞ t♦ t❤❡ ✈✐s✉❛❧✐s❛t✐♦♥ ❧✐st✳
▲✐♥❡ ✸✼ ❚❤❡ s✐♠✉❧❛t✐♦♥ ✈❡❝t♦rs ♦❢ ✈❡❝t✳t❝❧ ❛r❡ ❡①❡❝✉t❡❞✳
▲✐♥❡ ✹✵ ❆♥♦t❤❡r ✐♥❢♦r♠❛t✐♦♥ ♣r✐♥t✐♥❣✳
▲✐♥❡ ✹✶ ❚❤❡ s✐♠✉❧❛t✐♦♥ ✐s t❡r♠✐♥❛t✐♥❣✳

✸✳✷ P♦st✲♣❧❛❝❡✫r♦✉t❡ ♠♦❞❡❧

■t ❝♦✉❧❞ ❜❡ ✐♥t❡r❡st✐♥❣ t♦ s✐♠✉❧❛t❡ t❤❡ ♣♦st✲♣❧❛❝❡✫r♦✉t❡ ♠♦❞❡❧✳ ❚❤❡ ♠❛✐♥ ✉t✐❧✐t② ✐s t♦ ❣❡♥❡r❛t❡ t❤❡ s✐❣♥❛❧s
❛❝t✐✈✐t② r❡♣♦rt ✜❧❡ ✭✳s❛✐❢✮ ❢♦r t❤❡ ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥ ❡st✐♠❛t✐♦♥ t♦ ❜❡ ❛❝❝✉r❛t❡✳ ❚❤❡ str✉❝t✉r❡ ♦❢ t❤❡
s❝r✐♣t ✐s t❤❡ s❛♠❡ ❛s t❤❡ ♦♥❡ ❢♦r t❤❡ ❜❡❤❛✈✐♦r❛❧ ♠♦❞❡❧✳ ❚❤❡ ❞✐✛❡r❡♥❝❡s ❛r❡ ❞❡s❝r✐❜❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣✿

▲✐♥❡ ✷✺ ❚❤❡ ❝♦♠♣✐❧❡❞ ✜❧❡ ✐s ❝✐r❝✳s✐♠✳✈❤❞ ✭✐♥ t❤✐s ❝❛s❡✮ ❣❡♥❡r❛t❡❞ ❜② t❤❡ ♣❧❛❝❡✫r♦✉t❡ ♣r♦❝❡ss✳
▲✐♥❡ ✸✼ ❚❤❡ ✳s❞❢ ✜❧❡ ✐s ❣✐✈✐♥❣ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ❞❡❧❛②s ✐♥ t❤❡ ❝✐r❝✉✐t✱ ✐t✬s ❣❡♥❡r❛t❡❞ ❜② t❤❡ ♣❧❛❝❡✫r♦✉t❡

♣r♦❝❡ss ❛♥❞ ✐s ♥❡❝❡ss❛r② ❢♦r t❤✐s s✐♠✉❧❛t✐♦♥✳
▲✐♥❡s ✸✽ t♦ ✹✾ ❚❤❡ ♦✉t♣✉t s✐❣♥❛❧s ❛r❡ ❧♦♦❦❡❞ ❛t t♦ ❦♥♦✇ t❤❡ ❛ss♦❝✐❛t❡❞ ❛❝t✐✈✐t②✳ ❖♥❧② t❤❡ ♦✉t♣✉ts

❛r❡ ♥❡❡❞❡❞ ❜❡❝❛✉s❡ t❤❡ s②♥t❤❡s✐s ♣r♦❝❡ss ✐s ❛❜❧❡ t♦ ❞❡❧❡t❡ t❤❡ ♣❛rts ♦❢ t❤❡ ❝✐r❝✉✐t ♥♦ ♦✉t♣✉t ✐s
❞❡♣❡♥❞✐♥❣ ♦♥✳

▲✐♥❡ ✺✹ ❚❤❡ ♦✉t♣✉t ❛❝t✐✈✐t② r❡♣♦rt ✜❧❡ ✐s ❣❡♥❡r❛t❡❞ ✐♥ ❛♥ ❙❆■❋ ❢♦r♠❛t ♥♦✇ t❤❡ s✐♠✉❧❛t✐♦♥ ✐s ❞♦♥❡✳

✸✳✸ ❚❡st ✈❡❝t♦rs

❚❤❡ t❡st ✈❡❝t♦rs ❛r❡ ✇r✐tt❡♥ ✐♥ ❛ s❡♣❛r❛t❡ ✜❧❡ ❛s ✐t✬s s✐♠♣❧❡r t♦ ✉s❡ t❤❡ s❛♠❡ ✈❡❝t♦rs ❢♦r ❜♦t❤ t❤❡ ❜❡❤❛✈✐♦r❛❧
❛♥❞ t❤❡ ♣♦st✲♣❧❛❝❡✫r♦✉t❡ ♠♦❞❡❧s✳ ❚❤❡ s❝r✐♣t ♦❢ ❋✐❣✉r❡ ✽ ❝❛♥ ❜❡ ❞❡s❝r✐❜❡❞ ❛s ❢♦❧❧♦✇s✿

▲✐♥❡ ✶✼ ❆ ♣❛r❛♠❡t❡r ✐s ❞❡✜♥❡❞ ❢♦r t❤❡ s✐③❡ ♦❢ t❤❡ s✐❣♥❛❧s✳
▲✐♥❡s ✷✵ t♦ ✹✸ ❙❡✈❡r❛❧ ❝♦♥✈❡rs✐♦♥ ❢✉♥❝t✐♦♥s ❛r❡ ❞❡✜♥❡❞✳ ❆❧❧ ❛r❡ ♥♦t ✉s❡❞ ❢♦r t❤✐s s✐♠✉❧❛t✐♦♥ ✭❛s t❤❡

❜✐ts✷✐♥t ❢✉♥❝t✐♦♥ ♦r t❤❡ ❜✐♥✷❞❡❝ ♦♥❡✮ ❜✉t t❤❡② ❝♦✉❧❞ ❜❡ ❤❡❧♣❢✉❧ ❢♦r ♦t❤❡rs✳

■◆❘■❆



❙❝r✐♣ts ✼

▲✐♥❡s ✹✻ t♦ ✺✸ ❆ ♠❛t❤❡♠❛t✐❝❛❧ ❢✉♥❝t✐♦♥ ✐s ❞❡✜♥❡❞ t♦ ❡❛s✐❧② ❝♦♠♣✉t❡ t❤❡ ♣♦✇❡r ♦❢ ❛ ♥✉♠❜❡r✳
▲✐♥❡s ✺✻ t♦ ✻✻ ❚❤❡ s✐♠✉❧❛t✐♦♥ ❧♦♦♣ ✐s ❝♦♥tr♦❧❧✐♥❣ t❤❡ ✐♥♣✉t s✐❣♥❛❧s ❞✉r✐♥❣ t❤❡ s✐♠✉❧❛t✐♦♥✳
▲✐♥❡ ✻✺ ❆ r❡♣♦rt ✜❧❡ ✐s ❣❡♥❡r❛t❡❞ t♦ ❝❤❡❝❦ ✇❤❡t❤❡r ❡✈❡r②t❤✐♥❣ ✐s ❣♦✐♥❣ ❛s ❡①♣❡❝t❡❞✳

✹ P♦✇❡r ❝♦♥s✉♠♣t✐♦♥ ❡st✐♠❛t✐♦♥

◆♦✇ t❤❡ ✳s❛✐❢ ✜❧❡ ✐s ❣❡♥❡r❛t❡❞✱ ❛♥ ❛❝❝✉r❛t❡ ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥ ❡✈❛❧✉❛t✐♦♥ ✐s ❛✈❛✐❧❛❜❧❡ ❜② ❳✐❧✐♥①r

❳P♦✇❡r✳ ❚♦ r✉♥ t❤✐s ❡st✐♠❛t✐♦♥ t❤✐s ❝♦♠♠❛♥❞ ❝❛♥ ❜❡ r✉♥✿
①♣✇r ❝✐r❝✳♣❛r✳♥❝❞ ✲s ❝✐r❝❴①♣♦✇❡r✳s❛✐❢

❚❤❡ ❝✐r❝✳♣❛r✳♥❝❞ ❛♥❞ ❝✐r❝❴①♣♦✇❡r✳s❛✐❢ ✜❧❡s ❛r❡ ❣❡♥❡r❛t❡❞ ❜② t❤❡ ♣r❡✈✐♦✉s st❡♣s✳
❚❤✐s ❡st✐♠❛t✐♦♥ ♣r♦❞✉❝❡s ❛ r❡♣♦rt t❤❛t ✐s ♣r✐♥t❡❞ ♦♥ t❤❡ st❛♥❞❛r❞ ♦✉t♣✉t ❛♥❞ ✐♥ t❤❡ ❝✐r❝✳♣❛r✳♣✇r

✜❧❡✳
❘❡❞✉❝✐♥❣ t❤❡ ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥ ✐s s♦♠❡t❤✐♥❣ t❤❛t r❡❛❧❧② ♠❛tt❡rs ♥♦✇❛❞❛②s ❛♥❞ ✐t s❤♦✉❧❞ ❜❡ ❛♥

✐♠♣♦rt❛♥t ❡✛♦rt ✇❤❡♥ ❞❡s✐❣♥✐♥❣ ❤❛r❞✇❛r❡ ❝✐r❝✉✐ts✳ ❚❤✐s ♠❡t❤♦❞ ❛❧❧♦✇s t♦ ❦♥♦✇ ❤♦✇ ♠✉❝❤ ♣♦✇❡r t❤❡
❝✐r❝✉✐t ❝♦✉❧❞ ❝♦♥s✉♠❡✳ ■t✬s ♦♥❧② ❛♥ ❡st✐♠❛t✐♦♥ ♦❢ t❤✐s ❝♦♥s✉♠♣t✐♦♥ ❜✉t t♦♦❧s s❡❡♠ ✈❡r② ❛❝❝✉r❛t❡ t♦❞❛②✱
t❤❡② ❤❛✈❡ ✐♠♣r♦✈❡❞ ❛ ❧♦t ✐♥ t❤❡ ♣❛st ②❡❛rs ❛♥❞ t❤❡ ❛❝❝✉r❛❝② ✐s ✐♥❝r❡❛s✐♥❣✳ ❚❤❡ ❜❡st ✇♦✉❧❞ ♦❜✈✐♦✉s❧② ❜❡
t♦ ❜✉✐❧❞ t❤❡ ❤❛r❞✇❛r❡ ❝✐r❝✉✐t ❛♥❞ t♦ ♠❡❛s✉r❡ ✐ts ❝♦♥s✉♠♣t✐♦♥ ✐♥ r❡❛❧ ❝♦♥❞✐t✐♦♥s ❜✉t ✐t ✇♦✉❧❞ ❜❡ ♠♦r❡
♣❛✐♥❢✉❧ t♦ ❞♦ ❛♥❞ ✐t ✇♦✉❧❞ ❛s❦ s♦♠❡ t♦♦❧s ✭❛s ❛ ❤❛r❞✇❛r❡ ♣❧❛t❢♦r♠ ❢♦r t❤❡ ❜❡♥❝❤♠❛r❦s ❛♥❞ ♠❡❛s✉r❡s✱✳✳✳✮✳
❚❤❡ s♦❧✉t✐♦♥ ♣r❡s❡♥t❡❞ ✐♥ t❤✐s ❞♦❝✉♠❡♥t ✐s ❛ ❣♦♦❞ tr❛❞❡✲♦✛ t♦ ❡✈❛❧✉❛t❡ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❛ ❝✐r❝✉✐t ✇✐t❤
❢❡✇ ♥❡❡❞s✳

✺ ❈♦♥❝❧✉s✐♦♥

❚❤✐s ♣❛♣❡r ❡①♣❧❛✐♥s ❛ s❝r✐♣t❡❞ s♦❧✉t✐♦♥ t♦ s✐♠✉❧❛t❡✱ s②♥t❤❡s✐③❡ ❛♥❞ ❡st✐♠❛t❡ t❤❡ ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥ ♦❢
❛ ❱❍❉▲ s♦✉r❝❡ ❝✐r❝✉✐t ❞❡s❝r✐♣t✐♦♥✳ ❚❤✐s ♠❡t❤♦❞ ✐s ♥♦t t❤❡ ♦♥❧② ♦♥❡✳ ❋♦r ❡①❛♠♣❧❡ ❛ s♦❧✉t✐♦♥ ♥❛♠❡❞
❆t❤❡♥❛ ❬✺❪ ❡①✐sts✱ ✐t ✐s ❝r❡❛t❡❞ ❢♦r ❝r②♣t♦❣r❛♣❤✐❝ ❝♦♠♣✉t✐♥❣ ❝✐r❝✉✐ts ✇❤❡♥ t❤❡ ♣r❡s❡♥t❡❞ ♠❡t❤♦❞ ✐s ♠♦r❡
❣❡♥❡r✐❝ ❛♥❞ ✐t ♥❡❡❞s t❤❡ ✐♥st❛❧❧❛t✐♦♥ ♦❢ ❛ ❝♦♠♣❧❡t❡ ♣r♦❣r❛♠ ✇❤❡♥ t❤✐s ♦♥❡ ♦♥❧② ✉s❡s t❤❡ st❛♥❞❛r❞ ❈❆❉
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# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

5 #
# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

10 #
# You should have received a copy of the GNU General Public License
# along with this program.  If not, see http://www.gnu.org/licenses/.

#!/usr/bin/env perl
15

my $device, $optim_target, $optim_effort;
my $filename, $prefix, $path, $suffix; 
my $mult_style;
my $per, $size;

20

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

parsecmdline();
getinputenv();

25

if ($opt_v) {
    print " device: ", $device, " , optimization: ", $optim_target, 
          " , effort: ", $optim_effort, " , mult_style: ", $mult_style, 
          " \n";

30     if ($opt_p) { print " clock period constraint: ", $opt_p, " \n";}
}

synthesis(); # x.vhdl => x.ngc (report xst.srp)
translate(); # x.ngc => x.ngd (report x.bld)

35 mapping(); # x.ngd => x.map.ncd (report x.map.mrp)    
placeroute(); # x.map.ncd  => x.par.ncd (report x.par)
netgen(); # x.par.ncd => x.sim.vhd
extract(); # x.par.ncd => x.twr (<−report)

40 if ($opt_t) {
report();

}
system " rm −rf *.bld *.ucf *.twr *.mrp *.ngm *.pad *.par *.ngc *.ngd *.xpi *.unroutes *.csv *.xml *.lst *.srp *.xrpt 
*.script xst *.map *.pcf *.ptwx *.nlf *.twx *pad.txt xlnx_* *.map.ncd";
exit(0);

45

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

sub synthesis {
    my $script = " run\n";

50     $script .= " −ifn $ARGV[1]\n−ifmt VHDL\n";
    $script .= " −ofn $prefix.ngc\n−ofmt NGC\n";
    $script .= " −p $device\n";
    $script .= " −opt_mode $optim_target\n";
    $script .= " −mult_style $mult_style\n";

55     if ($optim_effort =~ /high/i) {$script .=  " −opt_level 2\n";}
    else {$script .= " −opt_level 1\n";}

    open xstscript, " > xst.script" or die;
    print xstscript " $script\n";

60     close xstscript;
    
    my $cmd = " xst.exe −ifn xst.script";
    system $cmd;

65     if ($opt_v) {
print " −−−−− synthesis −−−−−\n";
print " xst: $script\n";
print " cmd: $cmd\n";
open report, " < xst.srp" or die;

70 while (<report>) {
if (/number of slices/i) { print $_; }
if (/number of mult18x18s/i) { print $_; }
if (/minimum period/i) { print $_; }
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}
75 close report;

    }
}

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
80

sub translate {
    my $cmd = " ngdbuild.exe −p $device";
    if ($opt_p) {

open ucffile, " > ./$prefix.ucf" or die;
85 print ucffile " NET \"clk\" TNM_NET = \"clk\";\n";

print ucffile " TIMESPEC \"TS_clk\" = PERIOD \"clk\" $opt_p ns HIGH 50 %;\n";
close ucffile;
$cmd .= "  −intstyle ise −uc $prefix.ucf";

    }
90     else {

$cmd .= "  −i";
    }
    
    $cmd .= "  $prefix.ngc";

95

    if ($opt_v) {
print " −−−−− translate −−−−−\n";
print " cmd: $cmd\n";

}
100     system $cmd;

}

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

105 sub mapping  {
    my $cmd = " map.exe  −p $device";
    $cmd .= "  −o $prefix.map.ncd $prefix.ngd";
    if ($opt_p) {$cmd .= "  $prefix.pcf";}
    

110     if ($opt_v) {
print " −−−−− mapping −−−−−\n";
print " cmd: $cmd\n";

}
    system $cmd;

115

    open report, " < ./$prefix.map.mrp" or die;
    while (<report>) {

if (/number of occupied slices/i) {
print $_;

120 s/^[ \t]*number of occupied slices:[ \t]*//i;
s/ out.*\n//i;
$size = $_; 

}
if (/number of mult18x18s/i) { print $_;}

125     }
    close report;
}

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
130

sub placeroute {
    my $cmd = " par.exe  −w";
    if ($optim_effort =~ /high/i) {$cmd .= "  −ol high";}
    else {$cmd .= "  −ol std";}

135     $cmd .= "  $prefix.map.ncd $prefix.par.ncd";
    if ($opt_p) { $cmd .= "  $prefix.pcf"; }
    
    if ($opt_v) {

print " −−−−− place&route −−−−−\n";
140 print " cmd: $cmd\n";

}
    system $cmd;
}

145 # −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

sub netgen {
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    my $cmd = " netgen.exe −w −rpw 100 −tpw 0 −sim −ofmt vhdl";
    $cmd .= "  −pcf $prefix.pcf $prefix.par.ncd $prefix.sim.vhd";

150

    if ($opt_v) {
print " −−−−− netgen −−−−−\n";
print " cmd: $cmd\n";

}
155     system $cmd;

}

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

160 sub extract {
    my $cmd = " trce.exe  $prefix.par.ncd";
    if ($opt_p) {$cmd .= "  $prefix.pcf";}
    if ($opt_v) {

print " −−−−− extract −−−−−\n";
165 print " cmd: $cmd\n";

}
    system $cmd;
    
    open report, " < ./$prefix.par.twr" or die " error opening report file : $!\n";

170     while (<report>) {
if (/minimum period/i) {

print $_;
s/^[ \t]*minimum period:[ \t]*//i;
s/ns.*//i;

175 $per = ceil($_*10)/10;
}

    }
    close report;
}

180

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

sub report {
my $rep_file=" $prefix.tex";

185 print " Reporting in $rep_file\n";
open rep, " > $rep_file";

    my $preamble = <<EOF;
\\documentclass{article}
\\usepackage{fullpage}

190

\\begin{document}

\\begin{table}[!ht]
\\begin{center}

195 \\begin{tabular}{|*{3}{r|}}
\\hline
\\textbf{Circuit}&\\textbf{period}&\\textbf{slices}\\\\
\\hline
\%−−−−−start data

200 EOF
    my $str =" $prefix&$per&$size\\\\\n\\hline\n";
    my $end = <<EOF;
\%−−−−−end data
\\end{tabular}

205 \\end{center}
\\end{table}
\\end{document}
EOF

210 print rep $preamble;    
    print rep $str;

print rep $end;
close rep;

}
215

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

sub parsecmdline {
use POSIX;

220     use Getopt::Std;
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    getopts(" p:m:tsovx"); # parse the command line options

    my $usage = <<EOF;
225 Usage: xlnx [−p period] [− s] [−o] [−m style] [−v] [−x] [−t] device_file vhdl_fil

e
Description:

apply Xilinx synthesis (XST) and implementation tools 
on the vhdl_file with the device in device_file

Options:
230 −p constraint period [ns]

−s speed optimization (default is area)
−o high optimization effort (default is low)
−m multiplieur style [auto, block, lut, pipe_lut] (default 

is auto)
−v verbose mode (all commands and intermediate results)

235 −t report results in a texfile
EOF

    # 2 mandatory args: device_file (arg 0) vhdl_file (arg 1)
    if ($#ARGV != 1) { die $usage;}

240

    # check devicefile
    −e $ARGV[0] or die " device file $ARGV[0] not found\n";

    # check vhdlfile
245     −e $ARGV[1] or die " vhdl file $ARGV[1] not found\n";

# set device
    open device, " < $ARGV[0]" or die;
    while (<device>) {

250 if ((!/^[ \t]*\#/i) && (!/^[ \t]*$/i)) {
s/^[ \t]*//;
s/[ \t\n]*$//;
$device = " $_";

}
255     }

    close device;

    # period option
    if ($opt_p) {

260 if ($opt_p < 1) { die " not possible clock period\n";}
    }
        
    # optimization options
    if ($opt_s) {$optim_target = " speed";}

265     else {$optim_target = " area";}
    
    if ($opt_o) {$optim_effort = " high";}
    else {$optim_effort = " low";}
    

270     if ($opt_m) {$mult_style = $opt_m;}
    else {$mult_style = " auto";}
}

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
275

sub getinputenv {
    use File::Basename;

   $filename = $ARGV[1];
280     ($prefix,$path,$suffix) = fileparse($filename," \.vhd?");

}

❋✐❣✉r❡ ✶✿ P❡r❧ s❝r✐♣t ❢♦r t❤❡ s②♥t❤❡s✐s
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# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

5 #
# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

10 #
# You should have received a copy of the GNU General Public License
# along with this program.  If not, see http://www.gnu.org/licenses/.

#ISE 11.3
15

# Spartan 3A (sg: −4, −5)
#xc3s50a−ft256−4
#xc3s200a−ft256−4
#xc3s400a−ft256−4

20 #xc3s700a−ft256−4
#xc3s1400a−ft256−4

# Spartan 3AN (sg: −4, −5)
#xc3s50an−tqg144−4

25 #xc3s200an−ftg256−4
#xc3s400an−fgg400−4
#xc3s700an−fgg484−4
#xc3s1400an−fgg676−4

30 # Spartan 3E (sg: −5, −4)
#xc3s100e−cp132−4
#xc3s250e−ft256−4
#xc3s500e−ft256−4
#xc3s1200e−ft256−4

35 #xc3s1600e−fg320−4

# Spartan 3 (sg: −5, −4)
xc3s50−pq208−4
#xc3s200−ft256−4

40 #xc3s400−ft256−4
#xc3s1000−ft256−4
#xc3s1500−fg456−4
#xc3s2000−fg456−4
#xc3s4000−fg676−4

45 #xc3s5000−fg676−4
#xc3s1000l−fg456−4
#xc3s1500l−fg456−4
#xc3s4000l−fg900−4

50 # Spartan 6 (sg: −3, −2)
#xc6slx9−ftg256−2
#xc6slx16−ftg256−2
#xc6slx25−ftg256−2
#xc6slx45−fgg676−2

55 #xc6slx75−csg484−2
#xc6slx100−csg484−2
#xc6slx150−csg484−2
#xc6slx25t−fgg484−2
#xc6slx45t−fgg484−2

60 #xc6slx75t−fgg676−2
#xc6slx100t−fgg676−2
#xc6slx150t−fgg676−2

# Virtex 4 (sg: −12, −11, −10)
65 #xc4vlx15−ff668−11

#xc4vlx25−ff668−11
#xc4vlx40−ff668−11
#xc4vlx60−ff668−11
#xc4vlx80−ff1148−11

70 #xc4vlx100−ff1148−11
#xc4vlx160−ff1148−11
#xc4vlx200−ff1513−11
#xc4vsx25−ff668−11
#xc4vsx35−ff668−11
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75 #xc4vsx55−ff1148−11
#xc4vfx12−ff668−11
#xc4vfx20−ff672−11
#xc4vfx40−ff672−11
#xc4vfx60−ff672−11

80 #xc4vfx100−ff1517−11
#xc4vfx140−ff1517−11

# Virtex 5 (sg: −3, −2, −1)

85 #xc5vlx30−ff676−2
#xc5vlx50−ff676−2
#xc5vlx85−ff676−2
#xc5vlx110−ff676−2
#xc5vlx155−ff1760−2

90 #xc5vlx220−ff1760−2
#xc5vlx330−ff1760−2
#xc5vlx20t−ff323−2
#xc5vlx30t−ff323−2
#xc5vlx50t−ff1136−2

95 #xc5vlx85t−ff1136−2
#xc5vlx110t−ff1136−2
#xc5vlx155t−ff1136−2
#xc5vlx220t−ff1738−2
#xc5vlx330t−ff1738−2

100 #xc5vsx35t−ff665−2
#xc5vsx50t−ff665−2
#xc5vsx95t−ff1136−2
#xc5vsx240t−ff1738−2
#xc5vfx30−ff665−2

105 #xc5vfx70−ff665−2
#xc5vfx100−ff1738−2
#xc5vfx130−ff1738−2
#xc5vfx200−ff1738−2
#xc5vtx150−ff1759−2

110 #xc5vtx240−ff1759−2

# Virtex 6 (sg: −3, −2, −1)

#xc6vlx75t−ff784−2
115 #xc6vlx130t−ff784−2

#xc6vlx195t−ff784−2
#xc6vlx240t−ff784−2
#xc6vlx365t−ff1759−2
#xc6vlx550t−ff1759−2

120 #xc6vlx760−ff1760−2
#xc6vsx315t−ff1156−2
#xc6vsx475t−ff1156−2
#xc6vhx250t−ff1154−2
#xc6vhx255t−ff1155−2

125 #xc6vhx380t−ff1155−2
#xc6vhx565t−ff1923−2
#xc6vcx75t−ff784−2
#xc6vcx130t−ff784−2
#xc6vcx195t−ff784−2

130 #xc6vcx240t−ff784−2

❋✐❣✉r❡ ✷✿ ❚❡①t ✇✐t❤ t❤❡ ❞✐✛❡r❡♥t ❛✈❛✐❧❛❜❧❡ ❋P●❆ ❛r❝❤✐t❡❝t✉r❡s

❘❚ ♥➦ ✵✸✽✶



✶✻ ❘♦♠❛✐♥ ▼✐❝❤❛r❞

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

5 #
# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

10 #
# You should have received a copy of the GNU General Public License
# along with this program.  If not, see http://www.gnu.org/licenses/.

#!/usr/bin/env perl
15

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
system " ls *.tex > tex.lst";
open lst, " <tex.lst";
open out, " >syn−merge.tex";

20 my $nb = 0;
my $cond = 0;
my $rep;
begin();
while(<lst>){

25 if($_ =~ m/[a−z].*/ and $_ !~ m/syn−merge.tex/){
$rep = $_;
print " $nb $rep";
open rep, " < $rep";
while(<rep>){

30 if($_ =~ m/%−−−−−s/){
$cond = 1;

}
elsif($cond == 1 and $_ =~ m/%−−−−−e/){

$cond = 2;
35 }

elsif($cond == 1){
print out $_;

}
}

40 close rep;
$nb++;
if($nb == 51){

$nb = 1;
cut();

45 }
};

}
end();
close lst;

50 close out;
exit(0);

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
sub begin

55 {
    my $preamble = <<EOF;
\\documentclass{article}
\\usepackage{fullpage}

60 \\begin{document}

\\begin{table}[!ht]
\\begin{center}
\\begin{tabular}{|*{3}{r|}}

65 \\hline
\\textbf{circuit}&\\textbf{period}&\\textbf{slices}\\\\
\\hline
EOF

70 print out $preamble;
}

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
sub end

■◆❘■❆
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75 {
    my $end = <<EOF;
\\end{tabular}
\\end{center}
\\end{table}

80

\\end{document}
EOF

print out $end;
85 }

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
sub cut
{

90     my $cut = <<EOF;
\\end{tabular}
\\end{center}
\\end{table}

95

\\begin{table}[!ht]
\\begin{center}
\\begin{tabular}{|*{4}{r|}}
\\hline

100 \\textbf{circuit}&\\textbf{period}&\\textbf{slices}\\\\
\\hline
EOF

print out $cut;
105 }

❋✐❣✉r❡ ✸✿ P❡r❧ ♣r♦❣r❛♠♠ ❢♦r t❤❡ r❡♣♦rts ♠❡r❣✐♥❣

library ieee;
use ieee.std_logic_1164. all;
use ieee.std_logic_arith. all;
use ieee.std_logic_signed. all;

5

entity my_adder is
port( x : in std_logic_vector(11 downto 0);

y : in std_logic_vector(11 downto 0);
clk : in std_logic;

10 q : out std_logic_vector(11 downto 0));
end entity;

architecture arch of my_adder is
signal x1 : std_logic_vector (11 downto 0);
signal x2 : std_logic_vector (11 downto 0);

15 signal y1 : std_logic_vector (11 downto 0);
signal y2 : std_logic_vector (11 downto 0);
signal q1 : std_logic_vector (11 downto 0);
signal q2 : std_logic_vector (11 downto 0);

begin
20 inReg: PROCESS(clk,x)

BEGIN
IF clk’event AND clk=’ 1’ THEN

x1<=x;
x2<=x1;

25 y1<=y;
y2<=y1;
q1<=q2;
q<=q1;

END IF;
30 END PROCESS inReg;

q2<=x2+y2;
end architecture;

❋✐❣✉r❡ ✹✿ ❚❤❡ ❱❍❉▲ s♦✉r❝❡ ✜❧❡
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# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

5 #
# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

10 #
# You should have received a copy of the GNU General Public License
# along with this program.  If not, see http: //www.gnu.org/licenses/.

#!/usr/bin/sh
15 for i in src /*.vhd; do

echo $i;
perl xlnx.pl −p 10 −v −o −m lut −t device.txt $i;
done;

❋✐❣✉r❡ ✺✿ ❚❤❡ s❤❡❧❧ s❝r✐♣t

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

5 #
# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

10 #
# You should have received a copy of the GNU General Public License
# along with this program.  If not, see http://www.gnu.org/licenses/.

#directories definition
15 set PROOT E:/Work/INSA/synchro/work/Divers/scripts/sim

set PVHDL $PROOT
set PSIM  $PROOT

puts " Simulation starting"
20

#work library definition
vlib $PSIM/work

#components compilation
25 vcom −work $PSIM/work $PVHDL/circ.vhd

#component simulation
vsim my_adder

30 #visualisation signals
    add list −unsigned clk
    add list −unsigned x
    add list −unsigned y
    add list −unsigned q

35     
#simulation vectors
    do vect.tcl
    
#end

40 puts " Simulation ending"
quit −f

s
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# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

5 #
# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

10 #
# You should have received a copy of the GNU General Public License
# along with this program.  If not, see http://www.gnu.org/licenses/.

#directories definition
15 set PROOT E:/Work/INSA/synchro/work/Divers/scripts/sim

set PVHDL $PROOT
set PSIM  $PROOT

puts " Simulation starting"
20

#work library definition
vlib $PSIM/work

#components compilation
25 vcom −work $PSIM/work $PVHDL/circ.sim.vhd

#component simulation
vsim my_adder

30 #visualisation signals
    add list −unsigned clk
    add list −unsigned x
    add list −unsigned y
    add list −unsigned q

35     
#for XPower
vsim −t 1ps −sdfmax " /my_adder=circ.sim.sdf"  −lib work my_adder
power add −in −inout −internal −out /q_0_OBUF/*
power add −in −inout −internal −out /q_1_OBUF/*

40 power add −in −inout −internal −out /q_2_OBUF/*
power add −in −inout −internal −out /q_3_OBUF/*
power add −in −inout −internal −out /q_4_OBUF/*
power add −in −inout −internal −out /q_5_OBUF/*
power add −in −inout −internal −out /q_6_OBUF/*

45 power add −in −inout −internal −out /q_7_OBUF/*
power add −in −inout −internal −out /q_8_OBUF/*
power add −in −inout −internal −out /q_9_OBUF/*
power add −in −inout −internal −out /q_10_OBUF/*
power add −in −inout −internal −out /q_11_OBUF/*

50

#simulation vectors
    do vect.tcl

power report −bsaif $PROOT/circ_xpower.saif
55     

#end
puts " Simulation ending"
quit −f
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# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

5 #
# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

10 #
# You should have received a copy of the GNU General Public License
# along with this program.  If not, see http://www.gnu.org/licenses/.

#test vectors
15

#parameters
set x_size 12

#conversion fonctions
20 proc int2bits {i {digits {} }} {

binary scan [ binary format I1 $i] B* x
   set len [ string length $x]

set low [ expr $len−$digits]
set bitvalue [ string range $x $low $len]

25 }
      
proc bits2int {bits} {

set res 0
foreach i $bits {

30 set res [ expr {$res*2+$i}]
}
set res

}

35 proc bin2dec {num} {
set num h[ string map {1 i 0 o} $num]

    while {[ regexp {[io]} $num]} {
       set num\
         [ string map {0o 0 0i 1 1o 2 1i 3 2o 4 2i 5 3o 6 3i 7 4o 8 4i 9 ho h hi 
h1}\

40            [ string map {0 o0 1 o1 2 o2 3 o3 4 o4 5 i0 6 i1 7 i2 8 i3 9 i4} $num]
]
    }
    string range $num 1 end
}
  

45 #power fonction        
proc pwer {base p} {
    set result 1
    while {$p > 0} {
        set result [ expr $result * $base]

50         set p [ expr $p − 1]
    }
    return $result
}

55 #simulation
for { set x 1} {$x<[pwer 2 $x_size]} { set x [ expr $x+111]} {

puts  $x
force x [int2bits $x 12]
force y [int2bits [ expr {$x * 2}] 12]

60 force clk 0
run 5 ns
force clk 1
run 5 ns

65 write list res.lst
}

#end

❋✐❣✉r❡ ✽✿ ❚❝❧ s❝r✐♣t t♦ ❣❡♥❡r❛t❡ t❤❡ t❡st ✈❡❝t♦rs
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