Master ~es5 o - - 3 . € 07
E4.43 / AO1 /ISE4.43: page 1 of 7

Model Solutions - J'L/n'mu L gt Arclodechny
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a) [new computed example]

Variable Produced Consumed

tl 0 1

12 0 1

t3 1 2,3

t4 1 2,3

t5 2 3

t6 3 4

t7 2 3

t8 3 4

X 4 Not Consumed (output)
y 4 Not Consumed (output)

[6]

b) [new computed example]

(5]
¢) [bookwork]

Register conflict graphs in non-hierarchical CDFGs are interval graphs
2]

d) [new computed example]

In the answer below, nodes are labelled by line number in the original code

0,

—
O—0O

e) [new computed example]

2 adders
(2]
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2. [bookwork]
a)

“NP” stands for nondeterministic polynomial. NP consists of all the problems whose
solution is checkable in polynomial time. [1]

NP-complete. This class consists of all problems in NP and at least as hard as any
other problem in NP. [1]

NP-hard. This class consists of all problems at least as hard as an NP-complete
problem. [1]

b)

This tells us that ILP is an NP-hard problem. [1]

¢)
ALAP,
vveV, Y x, =1 [4]
1=ASAP,
d)
ALAP,. ALAP,
V(vi,vie E, thw +d, < ztxw
=ASAP,. t=ASAP,
(4]
e)
Vre RVie {0L..,A-1}, Y x, <a,
veV: T (V)=r te{ASAP, ,..,ALAP, }N{1=d +1,..t}
[5]
f)

Let us label the CDFG sink node as z. Then the desired objective function is

ALAP.

min : le,,,

1=ASAP.
[3]
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a) [bookwork]
Latency-constrained list scheduling [2]

b) [new computed example]

t=0: {y>} (bound = 1)

t=1: {ysz} (bound = I)

t=2: {ys} (bound = 1)

t=3: {y4} (could be yg or y; instead) (bound = 1)
t=4: {y

6» Y7} (answer will vary depending on t=3) (bound expanded to 2 due to zero

ALAP times (used to obtain above answers):
y2: 1,y3:2,y4:4,y5:3,y6:4,y7: 4

[14]

¢) [new computed example]

Two adders are required

(4]
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4.

a) [new computed example]

(4]

b) [new computed example]

Operation ASAP ALAP Mobility

Vo

Vi

\'%]

V3

Vg4

Vs

Vo

V7

SN n|njh | (ND|—= OO
||| | — | —
N Y e e e el R

Vg

(6]
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¢) [new computed example / theoretical application]

[4]

d) [new computed example / theoretical application]

Operation ASAP ALAP Mobility
Vo 0 0 0
Vi 0 0 0
Vo 1 1 0
V3 2 2 0
V4 4 4 0
Vs 4 5 |
Vo 5 5 0
V7 6 6 0
Vg 7 7 0

[6]




a) [new computed example]

£l

A 4

t2

A 4

£3

A\ 4

t4

A 4

A 4

A
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A 4

x1

A 4

X2

v _ Vv
7K

L,

Zd

from controller

7 X

(7]

RARN
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b) [new computed example]
16 control signals (11 enables, *1 select, *2 select, - select (two), div select) [2]
¢) [new computed example]

Answer below is for MSB to LSB ordering: t1, t2, t3, t4, t5, t6, t7, t8, t9, x1, x2, *1
sel, *2 sel, - sel, div sel, and for all don’t cares set to 0.

/C400 /2118 /1002 /0800 /0284 /0040

Cycle | t1 | t2 | t3 | t4 | t5 | t6 | t7 | 8 | t9 | x1 | x2 | *1 | *2 | - | =
0 | 10100} 1]0/0]0]0]0]0]0]0]X
1 0O/ 0]1]1]0]0]0]0]T1T]0]0}01 1 | XX | X
2 0,00 1T]0]0]0]0]0]0]0]|X | X |0 X
3 0/0{0]0|110]0j0]0]0]0]|X|X|XX|X
4 0OlojojJojJO]O]lT]OJ1l]OjO | XX ]|10|X
5 0, 0/0]0|0]O0O]J]O0O]JO0O]O0]1]O0|X|X|XX|O0
6 0/010]0]010[0{0]0]0]1 [X]|X|XX]1

(6]

d) [new computed example / theoretical application]

X/0C400 X/02118 X/01002 X/00800 X/00284  1/10040

0/10040, .-~~~

1/00021



