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Abstract

By considering low power design at higher levels of abstraction rather than at lower levels of
abstraction, we can apply various transformation techniques to a system design with wider view and
obtain much more effective power reduction with less cost and effort. In this paper, a transformation
technique, called power-conscious loop folding is proposed for high level synthesis of a low power
system. Our work is focused on reducing the power consumed by functional units in a data path
dominated circuit through the decrease of switching activity. The transformation algorithm has been
implemented and integrated into HYPER, a high level synthesis system for experiments. In our
experiments, we could achieve a power reduction of up to 50% for data path dominated circuits.
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Fig. 1. CDFG before and after the conventional
loop folding.
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stant-up code

-

(3..N-1)
mOjn-3]= hox([n)

mi[n-3}= hix[n-1]
m2{n-3]= h2x[n-2]
m3(n-3]= h3x[n-3]
at[n-3]= mO(n-3j+m1[n-3]
a2[n-3}= m2[n-3]+m3[n-3]
out{n-3] = a1[n-3}+a2(n-3}

out[n-3] = hOx[n]+h1x[n-1]+h2x[n-2]+h3x[n-3]

m1{0]= hix(2} P

m2{0}= hx(1 ma{1}= h2x "

m3{0}- haxEO} m3{1}= h3x{1) / {2l h2|
(B.N-2) (3..N-3) (3..N-4)
mo{n-3)= hox(n) mo[n-3)= hox{n] mOir-3)= hOx{n}
m1{n-2]= hix{n] mi{n-2}= hixjn| mi{n-2]= hix{n]
m2{n-2]= h2x(n-1} m2[n-1]= hax{n} m2in-1}= h2x{n)
ma[n-2)= h3x(n-2) m3[n-1)= hax{n-1} m3[n}= h3x{n]

al{n-3}= mo{n-3}+m1[n-3]
a2{n-3}= m2(n-3]+m3[n-3}
out{n-3] = a1[n-3}+a2(n-3]

at{n-3j= mO[n-3}+m1|n-3]
a2{n-3]= m2[n-3]+m3(n-3]
out{n-3] = a1{n-3]+a2{n-3}

a1[n-3}= mO[n-3]+m1{n-3}
a2|n-3}= m2(n-3]+m3in-8}
oul[n-3] = a1[n-3}+a2{n-3)

clean-up code —P»

mO[N-4]= hOx{N-1]

a1[N-4]= mO[N-4}+m1[N-4]
a2[N-4]= m2{N-4]+m3{N-4]
OUt{N-4] = a1[N-4}+a2(N-4]

X5

mO[N-5}= hOx{N-2] mO[N-6]= hOx[N-3)
mM1[N-4)» hix{N-2} m1[N-5]= h1x[N-3)
a1iN-5p= mO{N-S}+m1[N-5] m2{N-4)= h2x|N-3)
a2[N-5)= m2{N-5}+m3[N-5) a1[N-6}= mOIN-6]+m1[N-6]
OU[N-5} = a1{N-5)+a2{N-5} a2(N-8]= m2{N-6]+m3[N-6]
outfN-6] = a1[N-6]+a2[N-6]

a8 2.

AAHE w33 dAA loop folding

Fig. 2. Steps for power-conscious loop folding.
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CDFG
Fig. 3. CDFG before and after power-conscious
loop folding.
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mO[n-10]= a0 *iInf{n-10]
m1[n-10]= at * In[n-9]
m2[n-10]= a2 * In[n-8]
m3{n-10}= a3 * In[n-7]

mO[n]= a0 *in[n}

mi[n-1]= a1 * In[n]
m2[n-2]= a2 * In[n])
m3[n-3]= a3 * In[n]

md4{n-10]= a4 * In{n-6] —~—3{ Mm4[n-4]=a4 *In[n]
m5[n-10]= a5 * In[n-5] mS[n-5]= a5 * In[n]
m6[n-10]= a4 * In[n-4] mé[n-6}= a4 * in[n]
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m9[n-10}= a1 * in[n-1] mg[n-9}= a1 * In[n]
m10{n-10}= a0 * In[n) m10[n-10J= a0 * In[n]
a3 5. AeEY A

Fig. 5. Symmetry of constants.
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Fig. 6. Reductions of the number of multipl-
ication operations using distributivity.
{a) 2 multiplications (b) 1 multiplication
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Table 2. Comparison of area, latency, power,

and energy.
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