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Solution using Geometric Programming
Error Model & Supply Voltage Binning

The space of all possible inputs * Given

* Consider specific n-bit inputs A and B / N / Minimize Efaq(d,T)= Z p,En(i, j,d,T) * The 3-bit RCA circuit with XOR and MUX gates
— For these specific inputs define a Boolean variable o9 Osi<jsnfll e Clock cycle time (T) = 120 ps

A particular input case
N =
A Such that EA = Z(EID (VI )\NIA . PIS(VI )T)S E Energy Budget (E) =11.1fJ

1=1

ClA ) = 1 il there is a carry chain [rom i to j
AP T 0 otherwise

— Define an indicator function as follows Acarry chain

Where d is a function of the propagation delays of the gates (€,, €,, ... €) Gate Index | €¢ (ps) | v (volts) | Binned ve (volts)
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. L computationally very - - o Therefore there are very efficient algorithms which solve a geometric program
— The average error is the average over all possible input cases intensive for large n. ) ) ) .
# * We use a standard geometric programming toolbox to find the solution to our problem
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0<A,B<2" * Limit the propagation delays of the gates to be between the permissible limits allowed by the process technology
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. " - " T Computing the average error over all possible inputs In our case, this is 90nm
p(A,B) is the probability of the input pair A and B given a benchmark

As only carry chains result in error’

Computing the average error over all possible carry chains Si m u Iation Method ology Si m u Iation Resu Its

| ADVANTAGE : The total number of possible carry chains is only O(n?) as opposed to O(22")

Energy Model

Iterative geometric

[ET2RCS) verage Error Magniiide Enery  Con- ff Enerzy
programming until the sumption(f]) Savings
solution converges T n-Bivos n-BiVos
/BGPS

Energy (2T T a TaT

Coe ol e (@D i

inan adder le-bit | 04 | 4092 3683 158 112

06 | 18171 33704 241 207

2 o7

3 18

173

Dynamic
Energy

S22
3
EEE
B EEEE

Static Energy

16-bit RCA . forr of i 32-bit RCA e Uniform
- v —s—Oplimized imizod
200f 15
\ H y...

N
N

D _ D 8 3
E° =) EP (V)W ES=) RS(W)T E g
=) AN o = ™~ g 150 § 14

- Ny J ) £ £
switchi - A tching activityof A eak [ ¢ Clockevele time of *Three cases of comparison g g
witching energy wverage switching activity o wverage leakage power o ock cycle time of . Uni . o 9 1

consumption of gate “I” gate “I” — calculated through gate “I” at voltage “v” the adder UVC_’S Un|fo{m v(_)ltage scaled appr.oxlrnate adder § g
at voltage “v’ simulations * N-BiVoS — Naive Biased Voltage Scaling H 208
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Because of over-clocking, the switching activities might reduce for certain gates T PR TR T T °%0 180 140 200 210
We use the same indicator function to check if the outputs of the gates switched for a given carry chain and clock cycle time. Energy Consumption (pJ) Energy Consumption ()
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