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❚❛❝❦❧✐♥❣ ◆ = ✷✻

◮ ❊♠❜❛rr❛ss✐♥❣❧② ♣❛r❛❧❧❡❧ ✇♦r❦❧♦❛❞✿

✶✳ Pr❡♣❧❛❝❡ ▲≪ ◆ ❝♦❧✉♠♥s✳

✷✳ ❊①♣❧♦r❡ s✉❜❜♦❛r❞s ✐♥❞❡♣❡♥❞❡♥t❧②✳

✸✳ ❈♦❧❧❡❝t ❛♥❞ ❛❞❞ ✉♣ s✉❜t♦t❛❧s✳

◮ ■❞❡❛❧❧② s✉✐t❡❞ ❢♦r ❞✐str✐❜✉t❡❞ ❝♦♠♣✉t❛t✐♦♥✿

• ■♥t❡r♥❡t ✭❇❖■◆❈✮ → ◆◗✉❡❡♥s❅❍♦♠❡
• ❋P●❆✦ → ◗✉❡❡♥s❅❚❯❉

◮ ❈❤❛❧❧❡♥❣❡❞ t❤❡ ♣♦✇❡r ♦❢ ❛ ✇♦r❧❞✲✇✐❞❡ ❞✐str✐❜✉t❡❞ ❝♦♠♣✉t❛t✐♦♥ ❡✛♦rt
❜② ❛♥ ✐♥t❡❧❧✐❣❡♥t ❋P●❆ ✐♠♣❧❡♠❡♥t❛t✐♦♥✳

◮ ■❞❡♥t✐✜❡❞ ❛♥❞ r❡♣♦rt❡❞ ❛ ✸✷✲❜✐t ✐♥t❡❣❡r ♦✈❡r✢♦✇ ❜✉❣ ✐♥ ◆♦✈ ✷✵✵✽✳
◮ ❚❤❡r❡❜②✱ r❡s♦❧✈❡❞ ❛♥ ♦♣❡♥ ❞✐s♣✉t❡ ♦♥ t❤❡ s♦❧✉t✐♦♥ ❢♦r ◆ = ✷✹

✇✐t❤♦✉t ❛♥② ♦✇♥ ❝♦♠♣✉t❛t✐♦♥✳
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❆❧❣♦r✐t❤♠✐❝ ❖✈❡r✈✐❡✇

❊①❤❛✉st✐✈❡ ❜❛❝❦tr❛❝❦✐♥❣ s♦❧✉t✐♦♥ ❡①♣❧♦r❛t✐♦♥✳

valid placement yet to explore?

❨❡s ✶✳ ▼❛r❦ ❡①♣❧♦r❡❞✳

✷✳ ❯♣❞❛t❡ ❜❧♦❝❦✐♥❣ ✈❡❝t♦rs✳
✸✳ ❆❞✈❛♥❝❡ t♦ ♥❡①t ❝♦❧✉♠♥ ✴

❈♦✉♥t s♦❧✉t✐♦♥✳

◆♦ ✶✳ ❈❧❡❛r ♠❛r❦✐♥❣s✳
✷✳ ❘❡tr❡❛t t♦ ♣r❡✈✐♦✉s ❝♦❧✉♠♥ ✴

❉♦♥❡✳

❈♦♠♣✉t✐♥❣ ❇❧♦❝❦✐♥❣ ❱❡❝t♦rs ❛✈♦✐❞s ❢r❡q✉❡♥t ❝♦♥str❛✐♥t ✈❛❧✐❞❛t✐♦♥✳
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❲❤❛t ❛r❡ ❚❤♦s❡ ❋P●❆s❄

▼❡t❛✲❝✐r❝✉✐ts ❢♦r ✐♠♣❧❡♠❡♥t✐♥❣ ❞✐❣✐t❛❧ ❧♦❣✐❝ str✉❝t✉r❛❧❧②✳

✶✳ ❚❤❡ ❝✐r❝✉✐t ❣r✐❞✿
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❲❤❛t ❛r❡ ❚❤♦s❡ ❋P●❆s❄

▼❡t❛✲❝✐r❝✉✐ts ❢♦r ✐♠♣❧❡♠❡♥t✐♥❣ ❞✐❣✐t❛❧ ❧♦❣✐❝ str✉❝t✉r❛❧❧②✳

✷✳ ✐s ❝♦♥✜❣✉r❛❜❧❡ ✐♥ t❤❡ ✜❡❧❞✿

0x

1x

2x

y

LUT Connection

Data Path

Configuration Bit (SRAM Cell)

0

1

0

1

0

1

0

1
0

1

0

1

0

1 0

1

❚❤♦♠❛s Pr❡✉ÿ❡r

✷✼✲◗✉❡❡♥s P✉③③❧❡ ❜② ❇r✉t❡✲❋♦r❝❡



❈❛rr② ❈❤❛✐♥ ❙tr✉❝t✉r❡s

0

1

0

1

s

s

LUT

LUT
s

Ripple Carry Adder
Designated
Stratix II+

LUT

cin

cout

cout

cin

cout
0 cout

1

cin
0 cin

1clab

s0

s1

Spartan / Virtex
Manchester Carry Chain

LUT

+

LUT MUXCY
0 1

p

g

Stratix
Carry Select Chain

0 01 1

LUT

LUT

❈❛rr② ❝❤❛✐♥s ❛r❡ ✐♠♣❧❡♠❡♥t❡❞ t♦ s♣❡❡❞ ✉♣ ❜✐♥❛r② ✇♦r❞ ❛❞❞✐t✐♦♥✳

❚❤♦♠❛s Pr❡✉ÿ❡r

✷✼✲◗✉❡❡♥s P✉③③❧❡ ❜② ❇r✉t❡✲❋♦r❝❡



❋P●❆ ▼❛♣♣✐♥❣

Solution
Start

Done
0

0

0

0

0

0

0

0 0 0 0 00

Backtracking Logic

1D BH

1D BD

C1

EN

C1

EN

1CLR

1D

C1

EN

QN

1D BU

C1

EN

q
x,y+1 put x

xclr

BD
x+1,y−1

BH
x+1,y

BU
x+1,y+1

q
x,y

BH
x,y

BU
x,y

BD
x,y

s

0 1

b

C
ar

ry
 C

h
ai

n
 L

o
g

ic

C

❯s✐♥❣ ❝❛rr② ❝❤❛✐♥s t♦ ♣r♦❝❡ss ♦♥❡ ❝♦❧✉♠♥ ✐♥ ♦♥❡ ❢❛st ❝❧♦❝❦ ❝②❝❧❡✳

❚❤♦♠❛s Pr❡✉ÿ❡r

✷✼✲◗✉❡❡♥s P✉③③❧❡ ❜② ❇r✉t❡✲❋♦r❝❡



●❡♥❡r✐❝ ❈❛rr②✲❈❤❛✐♥ ▼❛♣♣✐♥❣ t❤r♦✉❣❤ ❆❞❞✐t✐♦♥

✶✳ ❉❡r✐✈❡ ❈❛rr② ✴❚♦❦❡♥ Pr♦♣❛❣❛t✐♦♥

❈❛s❡ ❝✐+✶ ❉❡s❝r✐♣t✐♦♥

❦✐ ✿ ❑✐❧❧ ✵ ♥❡✈❡r ❛ ❝❛rr②✿ ❤♦❧❞✐♥❣ ♥♦ q✉❡❡♥ ❛♥❞ ♥♦t ❜❧♦❝❦❡❞
♣✐ ✿ Pr♦♣❛❣❛t❡ ❝✐ ♣❛ss ❛ ❝❛rr②✿ ❤♦❧❞✐♥❣ ♥♦ q✉❡❡♥ ❜✉t ❜❧♦❝❦❡❞
❣✐ ✿ ●❡♥❡r❛t❡ ✶ ❛❧✇❛②s ❛ ❝❛rr②✿ ❤♦❧❞✐♥❣ ❝✉rr❡♥t q✉❡❡♥ ♣❧❛❝❡♠❡♥t

✷✳ ❉❡t❡r♠✐♥❡ ❆❞❞❡♥❞s
❛✐ = ❣✐ + ♣✐

❜✐ = ❣✐

✸✳ ■♥❢❡r ❚♦❦❡♥ ❢r♦♠ ❙✉♠ s <= ❛+ ❜

■♥ ❡q✉❛t✐♦♥s ❞❡♣❡♥❞❡♥t ♦♥ t❤❡ ✐♥❝♦♠✐♥❣ ❝❛rr② ✴ t♦❦❡♥ ✉s❡✿

❝✐ = s✐ ⊕ ♣✐

❙❤♦✇♥ ♠❛♣♣✐♥❣ t♦ ❳✐❧✐♥① ❞❡✈✐❝❡s ✉s❡s ♦♣t✐♠✐③❡❞ ✐♠♣❧❡♠❡♥t❛t✐♦♥✳
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P✉s❤✐♥❣ P❡r❢♦r♠❛♥❝❡

❖♣t✐♠✐③❛t✐♦♥ ❢♦r ❛ s♠❛❧❧ s✐③❡ ❛♥❞ ❛ ❤✐❣❤ ❝❧♦❝❦ ❢r❡q✉❡♥❝②✿

◮ ▼❛✐♥t❛✐♥ ❛ s✐♥❣❧❡ ❛❝t✐✈❡ ❝♦❧✉♠♥✳

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

◮ ❯s❡ ❣❧♦❜❛❧ ❜❧♦❝❦✐♥❣ ✈❡❝t♦rs ❢♦r ❛❧❧ r♦✇s ❛♥❞ ❞✐❛❣♦♥❛❧s s❡tt✐♥❣
❛♥❞ ✉♥s❡tt✐♥❣ ♣❧❛❝❡♠❡♥ts ❛♥❞ r❡tr❡❛ts✱ r❡s♣❡❝t✐✈❡❧②✳
◆♦t❡ t❤❛t t❤✐s ✐s q✉✐t❡ ❡①♣❡♥s✐✈❡ ✐♥ s♦❢t✇❛r❡✦
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❉❡s✐❣♥✐♥❣ ◆ = ✷✼

◮ ❈♦❧✉♠♥✲❜❛s❡❞ ♣r❡✲♣❧❛❝❡♠❡♥t ♠❛② ❡①♣❧♦✐t ❧✐♥❡ s②♠♠❡tr② t♦ ❝✉t
s❡❛r❝❤ s♣❛❝❡ ✐♥ ❤❛❧❢✳

❚❤❡ ❞✐❤❡❞r❛❧ ❣r♦✉♣ ❉✹ ♦❢ t❤❡ s②♠♠❡tr② ♦❢ t❤❡ sq✉❛r❡ ♦✛❡rs
♠♦r❡✿
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◮ ❈♦❧✉♠♥✲❜❛s❡❞ ♣r❡✲♣❧❛❝❡♠❡♥t ♠❛② ❡①♣❧♦✐t ❧✐♥❡ s②♠♠❡tr② t♦ ❝✉t
s❡❛r❝❤ s♣❛❝❡ ✐♥ ❤❛❧❢✳

◮ ❚❤❡ ❞✐❤❡❞r❛❧ ❣r♦✉♣ ❉✹ ♦❢ t❤❡ s②♠♠❡tr② ♦❢ t❤❡ sq✉❛r❡ ♦✛❡rs
♠♦r❡✿
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✳ ✳ ✳ ❝❛♥ ❡①♣r❡ss t❤✐s s②♠♠❡tr②✳

❆❞✈❛♥t❛❣❡✿

◮ ❙❡❛r❝❤ s♣❛❝❡ r❡❞✉❝❡❞ t♦ ❛♥
❡✐❣❤t❤✳

❈❤❛❧❧❡♥❣❡s ✭s♦❧✈❡❞✮✿

◮ ❉❡✜♥❡ ❝❛♥♦♥✐❝❛❧ r❡♣r❡s❡♥t❛t✐✈❡✳

◮ ❈♦✉♥t s♦❧✉t✐♦♥s ♦❢ s❡❧❢✲s②♠♠❡tr✐❝
♣r❡✲♣❧❛❝❡♠❡♥ts ❝♦rr❡❝t❧②✳

✷✳✵✷✹✳✶✶✵✳✼✾✻ ❝♦r♦♥❛❧ ♣r❡✲♣❧❛❝❡♠❡♥ts
❢♦r ◆ = ✷✼✳
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❖t❤❡r ●r❡❛t ❆❧❣♦r✐t❤♠✐❝ ❋✐ts

◮ ❙tr❡❛♠✲❜❛s❡❞ ❝♦♠♣✉t❛t✐♦♥s✿
❉❙P✱ ♦♥❧✐♥❡ ❞❛t❛ r❡❝♦❞✐♥❣ ✫ ❛♥❛❧②s✐s✳

◮ ❘❡❞✉❝❡❞✲♣r❡❝✐s✐♦♥ ❛❝❝❡❧❡r❛t✐♦♥✿ ◗◆◆s✳

◮ ❋P●❆s ❡♥❛❜❧❡ ❝♦♥❝✉rr❡♥❝② ♦♥❡ ♦r t✇♦ ♦r❞❡rs ♦❢ ♠❛❣♥✐t✉❞❡
❤✐❣❤❡r t❤❛♥ ●P❯s✳

◮ ▼❛❦❡ ②♦✉r ❛❧❣♦r✐t❤♠s ✜t✦
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❚❛❦❡ ❆✇❛②s

❲❡ ❛r❡ ✐♥ t❤❡ ❧✉❝❦② ♣♦s✐t✐♦♥ t♦ ❜❡ ❛❜❧❡ t♦ ❤❛♥❞❧❡ ❣r❡❛t
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❝❧♦✉❞✳

◮ ❊♠❜r❛❝❡ ❤❡t❡r♦❣❡♥❡✐t②✿ ❈P❯✱ ●P❯✱ ❋P●❆✱ ❈P❯✰❋P●❆
✭❩②♥q✮✱ ✳ ✳ ✳

◮ ❋♦r❣❡ ②♦✉r ❛❧❣♦r✐t❤♠s✿ ❧❛t❡♥❝② ✐♥❞❡♣❡♥❞❡♥❝❡✱ ❞❛t❛ ❧♦❝❛❧✐t②✳
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