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Approximate Logic Synthesis Generating Approx. Circuits that Trade Accuracy for Quality _

Approximate computing Approximate logic synthesis (ALS) Large design space brings challenges
e Improve circuit quality by sacrificing accuracy Exact cireuit i  How to generate high-quality circuits efficiently?
e Target at error-tolerant applications: S h ) =) Approx. aDelay Different Error
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Improve Circuit Quality Area-Oriented & Delay-Oriented Approximate Logic Synthesis _
Area-Oriented ALS by Approximate Resubstitution [1] Delay-Oriented ALS Targeting at Critical Paths [2]
 Approximately re-express node v with a set of other nodes {u, z} * Collect all critical paths to form a critical graph:
e Error rate = 3/16 — Remove w & simplify v from XOR to NOR gate AT=0 AT=2! AT=3 AT=3 - _ _
. Approximate a cut AT=0  Al=Z A =2
- —Smallest error
b & Reduce delay
y \ —
C - Cut
Critical graph AT=arrival time
d e [teratively selecting min-error cut & approximate all nodes 1n the cut:
e [teratively apply AppResubs until reaching error threshold Civense NMED Delay ratio Area ratio
e Under normalized mean error distance < 0.2%: HEUE pound Ours  [Ma+,2021]| Ours  [Ma+, 2021]
Abhadiff 0.59% 65.9% 103.9% 73.4% 83.5%
adder - 1 | 2 94% 42.3% 98.3% 40.2% 74.7%
shifter | S S adderzz 0997 30.57% 43.67 40.27% 31.9%
002 | L. R - 2 949% 18.97% 24.37% 29.37 33.17%
mult - - 0.59% 36.0% 45.7% 43.7% 61.7%
sine - ———— buttly z 04% |  25.3% 37.5% |  31.5% 41.2%
Sqrt - - mac 9% 92.1% 976%1 963% 952%
square - - B Ours [1] ac 2.94% 53.4%  104.8% | 48.8%  72.4%
Mean{ 70, {[54% I [Liu+,|ICCAD17] e 0.59% | 57.8% 60.7% 78.2% 34.5%
° 47% - | o o 2.94% 11.7% 34.0% 14.0% 16.2%
100 80 60 40 20 0 O 20 40 60 80\ 100 multle  099% | 59.2%  70.6% 37.8% 15.87%
Delay ratio/% Area ratio/% 9% 2.94% 29. 6% 02, 1/ (£ 6% 8%
Average -20.8%! L. v v _ 20

Enhance ALS Efficiency Efficient Estimation of Average & Maximum Error Metrics _

Runtime Bottleneck: Error Estimation Fast Average Error Estimation [3] Fast Maximum Error Checking [4]

* Local approximate change (LAC): local structure o Previously, simulate circuit for each LAC! e Previously, solve SAT problem for each LAC!
modification to simplify the circuit, e.g., constant | Logic simulation 2. C Error bound B
replacement, AppResub [1], etc. w' outpht
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3. Get average error f is UNSAT © max. error < B

* Propose Change Propagation Matrix (CPM): e Different LACs have similar SAT instances.

For i-th input pattern, CPM p * Merge similar SAT 1nstances into one &

if a’s value changes li,a, 0] - ] Perform single SAT sweeping!
\ Output 0’s Circuit  Mean area saving  Mean delay saving Runtime/s
Numerous LACs in a circuit o o alue changes MUSCAT MECALS MUSCAT MECALS MUSCAT MECALS
e Meet error constraints—evaluate all LACs’ errors U O (e 4 absdiff ~ 47.0%  67.6%  26.6%  42.5% 67 3
- . o add8  55.9%  58.9%  452%  53.3% 15 1
* Two kind of errors: o | | , add32  403%  47.7%  458%  284% 29 611
— Average error: average deviation between ap- L1near—complex1ty recursive update: binsqrd 9.8% 27.0% 5.5% 8.2% 31546 791
: : : : : _ buttfly — 15.1%  24.0%  44%  17.7% g 51
proximate & exact outputs, e.g., error rate, mean  P[i,a,o]¢=maP[i,c,o]¢=mP[i,d, o|¢=aP[i,0,0] = 1 WY 0h 3 g 1x0q 3 X
error distance, etc. o mult8  61.5% 75.8% 387% 533% 7380 1548
—Maximum error: maximum deviation between *CPM=>values of circuit outputs=-average error — _A34%area___-64%dela 13x faster
outputs of approximate & exact circuits, e.g., —Ayoid simulating the circuit for each LAC! Meanof 13,50 476%| l246% 31.0%| [5578 431

maximum error distance, etc. — Accelerate by 110 x! the above

Improve Approx. Circuits’ Quality Enhance ALS Efficiency

Thesis Contributions Area-oriented ALS: reduce 9% area Fast average error estimation: accelerate by 110 times
Delay-oriented ALS: reduce 20.8 % delay Fast maximum error checking: accelerate by 13 times
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