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Introduction

* Clock selection has a significant effect on the
design in terms of:
« performance
e dalea
e power

 Raghunathan and Jha developed a behavioural
system that includes supply voltage and clock
period pruning techniques to eliminate inferior
design points during the search for the minimum
power solution [11].



Motivational example

e Benchmark: Dot product of two vectors in cartesian
form

A, B, A B, A B A B, A B_A B,




Motivational example

o Library
MULTIPLIER ADDER REGISTER
V) | PMW) | D(ns) | P(mMW) | D(ns) | P(mW) | D (ns)
1.08 1.237 11.048 | 0.040 4,292 0.047 0.547
1.2 1.870 7.143 0.049 2.861 0.055 0.344
1.32 2.556 4.650 0.066 1.976 0.077 0.233
A (um) 10660.9 1107.4 548.7




Motivational example

Possible solutions

ol | Ls | Telk | TP, | TP, | sk, | V A P | Ct
(cs) | (ns) | (cs) | (cs) | (ns) | (V) (pm) | (MW) | (5)
1|9 (52| 3 |1 | 216|113 | 81251 | 1.304 |134
2 | 5 |94| 2 | 1| 165 | 108 | 78971 | 1.063 | 3
3 |8 59| 1 | 1| 324|129 20192 | 2976 | 57
4 |19 | 25| 6 | 3 | 165 | 1.08 | 35478 | 1.929 | 34




Proposed algorithm. Part 1

1 initialise_Ls ();

2 determine_max_Ls

3 calculate_Tclk

4 while Ls <= max_Ls do

5 calculate _throughput_bounds;

6 increase_Ls();
7 calculate_Tclk();
8 end while
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Proposed algorithm. Part 1

Structure of clock candidates list
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Proposed algorithm. Part 2

1 generate initial solutions for group of clock candidates
2 while system is not frozen do

3 while valid solutions < number of solutions to generate at this
control parameter do

4 choose one operation randomly

5 generate a new solution applying one of the following moves:
6 1) schedule selected operation into a new control step

7 2) bind the selected operation result to a new register

8 3) bind selected operation to a new functional module

9 4) swap the module inputs of selected operation

10 5) clock and operations throughput selection

11 evaluate the cost of the new solution

12 accept or reject the new solution

13 end while

14 decrease simulated annealing control parameter
15 end while



Proposed algorithm. Part 2

o Optimisation cost function

cost :\/(wp _EJ +(WQ _&j
PO QO

e Power estimation

PDP — PREG + PMUX + PFU

ZNFPFDF ZNRPRDR ZNXPXDX
P — AllFUs P _ All registers P _ All multiplexers
FU T REG T MUX T



Proposed algorithm. Part 2

e Area estimation

Q= ) Fa, +Ra, +Xa,

All FUs used



e Area, power and computational time savings

Experimental results. Exp. 1

savings for AR

savings for EWF

savings for DCT

T | %A | %P | %Ct | %A | %P | %Ct | %A | %P | %Ct
l.5cp| 11.7 | 138 | -9.7 | 1.4 | 209 | 81.7 | 26.2 | 14.2 | 81.8
2cp | 50.2 | 5.2 | 266 | 26.2 | -0.8 | 93.8 | 254 | 8.3 | 92.9
25cp| 538 | -02 | 97 | 155 | 48 | 969 | 26.3 | 11.2 | 96.0
3cp | 473 | 00 |-280|410| 08 | 972|366 | 0.0 | 96.2
3.5cp| 57.3 | 44 | 216 | 37.7 | 6.3 | 97.1 | 386 | 19.6 | 96.1




Experimental results. Exp. 1

e Minimum power solutions for DCT

Base case Proposed approach

Telk | TP [ Tp, | V P |Tclk|TP_ | Tp,| V P
T [ (ns) | (cs)|(cs)| (V) | (MW)] (ns) ]| (cs) | (cs) | (V) | (MW)
1.5¢cp| 3.2 | 3 1 [1.30(9828 | 40 | 3 1 [1.23| 8.435
2cp | 3.6 | 3 1 1205603 | 40 | 3 1 [1.15| 5.136
2.5cp| 36 | 3 1 (1133613 |40 | 3 1 |1.08]| 3.208
3cp | 36 | 3 1 [1.08|2539| 36 | 3 1 |1.08| 2.539
35cp| 15| 5 2 1108|2652 | 46 | 2 1 [1.08| 2.133




Experimental results. Exp. 2

Power and area ratios for different tradeoffs
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Experimental results. Exp. 2

 Power-area tradeoffs for EWF with 2cp
Telk | Ls | TP | TR, ||y | | o | V A P
(ns) | (cs) | (cs) | (cs) V) | (um) | (MW)
25 | 37 | 3 2 |1|51]17 |16 | 1.23 | 31109.5 | 1.855
26 | 35 | 3 2 |2|3]12| 12| 1.21 | 36650.8 | 1.787
46 | 20 | 2 1 | 2|3 |17 |11 1.17 | 37393.1 | 1.619
54 | 17 | 2 1 |3]3|13] 12| 1.13 | 46698.4 | 1.412




Conclusions

 The proposed approach provide solutions not only
optimised for low power or low area, but also facilitates
the automatic exploration of power-area tradeoffs.

e Solutions have been obtained in less computational
time and with lower power and area than a base case
approach.

* Power reductions were due to the use of larger clock
periods (lower frequencies), or a combination of lower
voltages and lower frequencies obtained after an
appropriate selection of clock period and operations
throughput.
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