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Abstract

Existing resynthesisproceduresused for reducing power consump-
tion in CMOS networ ks have produced poor results as they select
nodes for resynthesis based upon local circuit properties. In this
paper, a technique is presented for optimizing the choice of regions
used in resynthesis. The cost function which is developed is able
to predict the amount of global improvement in power expected
through the resynthesisof network nodes under both zero aswell as
arbitrary delay assumptions.

A series of empirical tests have been completed which demon-
stratethe need for a global approachto the estimation of optimality.
Thetests results demonstrate that there are often a significant num-
ber of nodes which are highly non-optimal in a global sensewhich
would not usually be selected for resynthesis using existing tech-
niques. The estimator predicts these cases with a high degree of
accuracy.

1 Introduction

The problem of synthesizing CMOS combinational logic for low
average power dissipation is the subject of considerable attention.
Significant work has been completed on the topic of low power
network synthesisboth in the area of technology-independent opti-
mization (e.g. [7], [8]) and in technology mapping techniques (e.g.
(9], [10], [11]).

The global synthesis techniques of the previous work are pre-
sented either with no discussion on the topic of resynthesis, or
with resynthesis results which offer statistically insignificant im-
provements. The lack of improvement during resynthesis can be
attributed to the fact that the approach taken is generaly only a
minor modification of the original synthesispass. That is, the more
accurate circuit information obtained after synthesisis not used to
construct a good node resynthesis selection criteria or node resyn-
thesistechnique.

Thefocus of this paper is the development of a power cost func-
tion to guide node selection in resynthesisfor low-power. Increased
optimality in node selection is guaranteed for any resynthesis pro-
cess. This cost function can be used to drive an incremental opti-
mization procedure on a pre-optimized network. Further reduction
in the network power would be expected even if the technique ap-
plied to resynthesize the selected nodes is the same as that used in
the original synthesispass. Alternatively, the cost function can be
used to apply power resynthesisto anetwork for which the primary
constraint is a critical variable such asdelay.

The cost function presented here is a statistical estimation tech-
nique for predicting the expected change in power disspation
throughout the transitive fanout of a resynthesis region prior to
resynthesis. The theory applies to networks with zero or arbitrary
delay assumptions. It is possible to restrict the logic resynthesis
stepto ensurethat athelocal changeis alwaysbeneficial to network
power globally [8]. However, in some cases this hard constraint
may be pessimistic by unnecessarily placing a strong constraint on
resynthesisfreedom.

Theneedfor development of an adequatecost functionisjustified
in Sect. 3. In Sect. 4 the theory for construction of an estimator
is presented, and in Sect. 5 is the formulation of this estimation
strategy into a cost function for node selection in resynthesis. The
accuracy of the cost function is verified by significant empirical
testing in Sect. 6.

2 Power Dissipation in Logic Circuits

The energy dissipation of a CMOS circuit is directly related to the
switching activity when a simplified model of energy dissipationis
used. The assumptionsin the simplified model are: (1) all capaci-
tance is lumped at the output node of a gate; and (2) current flows
only from the supply rail to theload capacitor, or current flowsfrom
theload capacitor to the ground rail; and (3) all voltage changesare
full swings, i.e. from the supply rail to the ground rail voltage, or
vice-versa.

For awell-designed gate, the above assumptions are reasonable
[3]. For asynchronousdigital system, the average power dissipated
by agate g; is given by:

Pi:%~0i~—~Ei 1)

where P; denotesthe average power dissipated by gateg;, C; isthe
load capacitance at the output of gate g;, Vaq isthe supply voltage,
T isthe clock period, and F; is the average number of gate output
transitions per clock cycle. Given atechnology-mapped circuit or a
circuit layout, all of the parameters in Egn. (1) can be determined,
except for E;, which depends on both the logic function being
performed and the statistical properties of the primary input signals.

Eqgn. (1) is used by the power estimation techniques such as
[1] [2] [4] to relate switching activity to power dissipation. The
power estimation technique used to establish the results of this
paper assumes that the network primary inputs are independent.
Furthermore, the probability that a primary input is 1 is taken to be
0.5. These assumptions are made for the sake of simplicity in the
theoretical presentation. All the theory can be generalized to the
caseof arbitrary input probabilities. The generalizationis presented
in[5].



3 Motivation

During network resynthesis, only those network regions which are
not optimal according to a cost function assessment and which do
not lie on afixedtiming critical path may bealtered. The goal of the
procedureis to provide maximal resynthesisfreedom to arestricted
set of regionswhich are judged “ highly non-optimal”. Thisfreedom
can beincreased by maximizing the compatible Observability Don't
Care (ODC) sets[12] for these regionsthrough the construction of a
suitable nodeinput ordering ( Sect. 5). The definition and detection
of the “highly non-optimal” regions for low-power resynthesis is
the main contribution of this paper.

In general, a resynthesis region consists of a set of nodesand a
subset of their transitive fanin nodes. For this paper, asingle output
nodeis assumed so aresynthesisregionisa“ cone” of logic with a
singlefanout point at its apex. The more general caseis handled by
the techniques of Sect. 4.1.2. The selection of an appropriate node
for resynthesismust consider four effects, pictorially representedin
terms of their regions of influencein Fig. 1.

1. Cone Power Change: Power change within the resynthesized
section of network.

2. Functional Transitive Fanout (TFO) Effect: When the ODC
setisusedfor resynthesis, the resulting changein functionality
throughout the TFO can result in overall increase in circuit
power dissipation even if the Cone Power Changeis negative.

3. Spurious Dynamic Activity TFO Effect: Resynthesis which
changesthe delay or function at the cone fanout may change
the delay dependent activity throughout the TFO.

4. Delay Affected SpuriousDynamic Activity: Theloading effect
of the resynthesisregion may changethereby affecting delays.
Thiscanalter spuriousdynamic activity in circuitry other than
just the TFO of the cone.
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Figure 1: ResynthesisEffects

The analysis within this paper is concentrated on the Functional
TFO and Spurious Dynamic Activity TFO effectsfor general resyn-
thesis. The Delay Affected Spurious Dynamic Activity is omitted
asitis alesser effect, and the Cone Power Changeis left to studies
of specific resynthesis techniques.

The Functional TFO effect is a consegquence of the non-linear
relationship between power and onset probabilities. Consider a
circuit with zero-delay elements. It follows from Egn. 1 that the
power consumption at anode « is proportional to Pr(a).Pr(a) =
Pr(a).(1— Pr(a)) where Pr(a) isthe probability of node« being
1. Thetrivial example of Fig. 2 demonstratesacasein whichalocal
improvement results in an overall increase in power for the circuit.

In this example, the NOR gate inputs are independent, and the
capacitance at each node is assumed equivalent. The power con-
sumed at input b is the highest power consumption at any of the
three nodes. Suppose that during resynthesis the probability of b
being oneto be reducedto 0.4. Thisreducesthe power consumption
local to . However, the probability of =z being one increases from
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Figure 2: Example of TFO Power Dominance

0.3t0 0.36. Theincrease in power dissipation at the output = more
than offsets the reduction in power dissipation at input b.

This introduces a key notion essential to the generation of a
resynthesis routine targeting low-power. Power consumption at
nodes with the highest functional switching probability is the least
sensitive to small changesin onset size. In this context, choosing
a node for resynthesis becomes much less obvious than it might
initially appear.

It is possibleto restrict the construction of the ODC in such away
asto guarantee that alocal resynthesis step does not detrimentally
influence the TFO [8]. However, this may not be desirable. The
empirical results of Sect. 6 show that number of conditions under
which this restriction is beneficial are limited. Such an approach
might then be overly constraining on resynthesis freedom.

4 Estimation of Changein Activity

There are two aspectsof node activity: the delay-independent func-
tional activity, and the delay-dependent spurious dynamic activity.
An estimation scheme for changesin both forms of activity is pre-
sented in the following section. A definition of the terminology is
first necessary.

Consider node » embedded in a digital circuit. The circuit has
aset of primary inputs I = {1, 12, ...,43}. Let V(1) be the set of
all possible pairs of input vectors. It is assumed that the circuit is
allowed to settle completely after application of any input vector.
Time ¢t = 0 may now be set as the application time of the second
vector in any input vector pair, v. Let P, be the probability that
vector pair v € V(I) occurs. Over the set, V' (1), the earliest
arriving transition at node » occurs at time ¢,"'", the latest at time
t:lna.r

For vector pair v, the total transition activity, 7;7 (v), atnoden
is the number of al 0 — 1, or 1 — O, transitions in the interval
[tn'™, th**]. Theaveragetotal transition activity at n is

77 = Z P,.TF (v)
vEV(a)

Definition 4.1 The Functional Activity of noden is

T = 3 PuEY (0) = BT () @)

vEV(a)

where: F(v) is the logic value of node » at time ¢ under input
vector pair v.

This is equivalent to the activity at node » under the zero-delay
model for all nodes.

Definition 4.2 The Spurious Dynamic Activity of noden is
) =T, -T; 3



Thefollowing naming conventionswill be used throughout the pa-

per:

o fn(Z) isthe static logic function at the output of node n in
terms of variablesin set 7.

o fn(Z2)|. istheboolean co-factor of logic function f,,(Z) with
respectto z € B!%!

e Qz(f) is the set of minterms of the function f contained
within the space defined by the variables 7.

4.1 Functional Activity

Consider a theoretical circuit in which all elements are of zero de-
lay. Thetotal transition activity andfunctional transition activity are
equivalentat every node. A noden isagood candidatefor resynthe-
sisif alocal changein activity, plusthe changein activity throughout
thetransitive fanout of the node, reducesthe overall power consump-
tion ([5], [8])- A functional activity changeis achieved by altering
the function of = locally within the bounds of the ODC set. A node
is defined to be a good candidate in a statistical sense if there is
a high expectation of a significant decrease in total power result-
ing from a local change in functional activity. For mathematical
simplicity, the analysis presented in this section assumesthe entire
Booleaninput space, Q;, asabound on the ODC set at anode. The
modification to the theory to include more realistic bounds on the
ODC setispresented in Sect. 5.

411 TheSingleFanin Change

Consider the circuit element of Fig. 3. The diagonally shaded
regions indicate the original function onsets. The set of nodesis
embeddedin acircuit with atree graph structure. Assumethat node
n1 ischangedin aresynthesisstep suchthat a set of minterms, A.,,,
is added to the original onset of the node. A, is digoint from the
original onset of n1. Assume that prior to resynthesis the size of
Ay, can beestimated, but that the exact elementswhich composeit
cannot.
Definethe set of inputston, N = {n1,n2,...,n;}.
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Figure 3: Single Input Change

Elements within the set of A,,, may be added to, removed from,
or not propagated through to the onset f,.(I) of the node n.

Lemma4.1 Theset of elementsaddedto f,, () dueto the addition
of a set of elements A,,, to fy,, (1) is determined by the relation:

An(Any) = Q1(SE(n1)) N Apy

= Qr(fn(N)lng-fu(N)lwz) 0 Any
SF(n1) isthe positive sensitivity at n with respect to n;.
Similarly:

Lemma4.2 The set of elements removed from f,,(I) due to the
addition of a set of elements A,,, to fy,(I) is determined by the
relation:

Rn(Any) = Qr(S5(ma)) N Any

= Qr(fn(N)lng-fu(N)lwz) 0 Any
Sy (n1) is the negative sensitivity at n with respect to n;.

SP(n1) and ST (n1) are digioint. The standard definition of node
sensitivity is derived from the union of these functions:

Sn(n1) = Sy (n1) + S5 (n1)

To address the problem of determining the size of an expected
changein f, (1), thefollowing proposition is required:

Proposition 4.1 Consider a set of points B which containsa subset
C'. Consider therandomselection of | A| pointsfrom B. If any point
in B ischosenwith equal probability, the averagenumber of chosen
pointswhich are also elementsof C'is|A|.|C|/| B|

The proof of this proposition follows from basic probability theory.
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Figure 4: Overlap with the Sensitivity Set

The expected changein f,,(I) can be computed by considering
A, asthe random choice | A,,, | points within the set Q;(f,.,). By
definition: Q;(SE(n1).fni) N Qr(fn) = 0. Fig. 4 depicts the
situation, where functions f,, (1) and f.,(I) are the same as that
shown in Fig. 3. The dark solid line depicts the set within which
the probabilities are computed. The expected size of the solid black
set A,, iscomputed from Prop. 4.1 and Lemma4.1 as:

E(|An(Any)]) = Pr(Sﬁ(nl)\f_m)lAil @)
= |Anl|.|QI(S£(Q~fn1)|
1Q1(fr)]
Similarly,
E(|Rn(Any)]) = Pr(Sn(ni)\fny)-1Any| ©)

The effect of a decrease in the onset size of node »1 may also be
computed. The relevant lemmas are:

Lemma4.3 Theset of elementsaddedto f,, (/) dueto theremoval
of of aset of elements R, from f,,, (I') isdetermined by therelation:

An(Rny) = Qr(Sp(n1)) N Ry 6)
Lemma4.4 The set of elements removed from f,,(I) due to the
removal of a set of elements R,,, from f,, (1) is determined by the

relation:
Rpn(Rny) = Qi(55(n1)) N Rny @)

It follows that:

E(|RW(R"1)|) = PT(Sﬁ(nl)\fm)'|Rn1| (8)



E(|An(Rn)) = Pr(Syp(na)\fas)-| B ©)
Sets A, and R,,, are digoint by definition. Consequently, for the
case in which there is both a set of points added to and removed
from f,,, the expectations may be summed.

E(An) = Pr(Sp(n)\foy)-[Any] + Pr(S5 (n1)\far)- | Ry |

E(Rn) = PT(SZ(nl)\fnl)'|An1| + PT(Sﬁ(nl)\fnl)'|Rn1|
Theserelations may be applied recursively throughout the transitive
fanout of the original changed node, n1. The following claim can
be proved.

Claim 4.1 Consider a circuit with a tree graph structure. Assume
that an arbitrary set of minterms X (V") is added to (removed from)
node «, and that the size of X (Y) is fixed. The technique out-
lined above correctly predictsthe expected changein the onset size
throughout the transitive fanout of «.

To trandlate this result to an expected change in power, the fol-
lowing assumption is required:

Assumption 4.1 Consider a node ¢ with a transitive fanout node
b. Let m be the number of possible ways of adding(removing)
a set of X (YY) minterms relative to the original onset of «. Let
A = {61(b), 62(b), ..., 6 (D)} be the set of changesin the size of
the onset of node b for the m possible changes at «. Assume that
the standard deviation of the elementsin A is sufficiently small such
that the following approximation holds:

E((1Qr(fo)] + &)%) = (1Q1(f2)] + E(8))* (10)

The functional activity power consumption of node n obeys the
proportionality relation

P(n) o i Q10|27 = Q1))

The assumption allows the following approximation to be made

B(P(n)) ox g (21 B(80) = 21Q5(F) - E(8) — (E(80))?)

(1)
These local changesin power may be summed over the transitive
fanout to determinethetotal expected changein power. A functional
power sensitivity can be formulated by linearizing the expression
prior to summation.

4.1.2 TheMultipleFanin Change

In a general circuit structure, it is necessary to examine the effect
of changesto multiple inputsto a single node. Even in the case of
resynthesizinga single nodein the network, this situation may arise
as a consequenceof reconvergent fanout.

Consider the example depicted in Fig. 5. Node » is in the
transitive fanout of «. Node« is altered in aresynthesisstep. Inthis
case, inputs1 and 5 arechanged, their onsetsbeing increased by sets
Apy and A,,; respectively. Consider just the elementsin A, which
will alsobeaddedto Q;( fr). € An, N An; NQr(SE(n1)) will be
added, butz € A, N A, NQ;(SE(n1)) may not be. Sensitivities
for multiple input changescan be cal cul ated, but these computations
are exponential in the number of faninsto the node. This motivates
the use of an approximation scheme, such asthe following:

Half the points within the intersection of set A,;, A, and

Q(SE(n1)) N Qs (fr)) areassumed added to the onset of .

This is extended to the general case in a straight forward man-
ner. The general case includes both addition and removal of onset
minterms from arbitrary inputs. The approximation schemeis as-
sociative. It hasbeenempirically verified to bethe best of anumber
of possible approximation schemes.

Added to onset
of node n.

Ny

A
SN0

Figure 5: Multiple Input Change

4.2 SpuriousDynamic Activity

Resynthesis of a node may change its spurious dynamic activity
as well as its functional activity. Prior to a resynthesis step, the
final spurious dynamic activity local to the resynthesized node is
extremely difficult to estimate with any degree of accuracy. This
implies that the sensitivity of the transitive fanout of anodeto these
local changesis avery important consideration during aresynthesis
algorithm.

The sensitivity of the spurious dynamic activity in the transitive
fanout of a node » to alocal change in delay, spurious dynamic
activity, and functional activity will be referred to as the dynamic
sensitivity of node n. For use in the choice of node in a resyn-
thesis algorithm, it needsto be in terms of 77", and 7.2. This set
of variables set is the only possible choice for establishing a dy-
namic sensitivity as more detailed information regarding delay and
functionality is not available prior to resynthesis.

The theory of the previous section provides a technique for esti-
mating the change in functional activity. Consequently, it is desir-
ableto isolate the estimate for spurious dynamic activity so that the
estimate for total activity isthe sum of the two separate estimates.

An elementary estimator for total activity at the output of noden
with input activities {7, } is:

Ti(est) =Y Pr(Sn(ni).Ty, 12)
1EN
In general simulation, the problem with this approximation isthat
it totally neglects correlations between the inputs. Furthermore, it
does not take into account any reduction in activity due to simulta-
neous input arrivals. In the case of resynthesis, however, changes
are expected to be incremental. The statistical properties relating
theinput activity to the output spurious dynamic activity isunlikely
to change significantly. The sensitivities, .5y, (n;), can be viewed
statistically as ameasure of how significant a changein the activity
of input »; isto achangein the spurious dynamic output activity.
Using the results of an initial simulation of the network, a ratio
can be computed which relates the actual spurious dynamic output
activity to the input activities.

TE (orig)
(X ien Pr(Sn(n:)). T4, (orig))

To estimate a changein activity at the output of a node given a
changein the spurious dynamic activity at the inputs, the ratio RZ
is assumed constant giving:

RP =

(13)



8(T) = By (Y Pr(Su(ni)).8(T1))) (14
1EN

The dynamic sensitivity is computed by propagating this sum
throughout the transitive fanout.

4.3 Combiningthe Estimators

A changein functional activity at a node in a network affects the
node sensitivities throughout the transitive fanout. This, in turn,
affects the transmission of spurious activity.

An expected change in functions S}, , S% is computed using an
identical technique to that described for estimating changesin f,,.
Theresult is again provably average for circuits described by atree
graph.

The spurious dynamic sensitivity now includes terms from the
expected changein sensitivities, §( Pr(S»(n;))). Eqn. 14 becomes
(to first order):

8(T)= RE.( ZPT(Sn(ni)).ﬁ(Tgl(orig))

+8(Pr(Sn(ni))). Ty, (orig) )

5 Node Selection for Resynthesis

The selection of a region for resynthesis depends not only upon
the expected change in power when the functionality at the output
nodeis changed, but also upon the flexibility availablein the ODC
and how that relates to the ability to resynthesize the region. A
large ODC provides more resynthesis options than a small one,
and the size of the ODC set at a node is dependent upon a node
input ordering [12]. A node input ordering which maximizes the
ODC subsets for the most highly non-optimal nodes maximizes
resynthesisflexibility.

To define an input ordering, the maximum possible resynthesis
freedom for each node needs to be defined by establishing a bound
OoDC™**, The simplified theory of Sect. 4.1 assumes the entire
function space Q; as available for resynthesis. The modification of
thetheory presented there is the computation of probabilities within
ODC™** rather than Q;. For example, Eqn. 5 becomes:

E(|Rn(An)]) = Pr(S7 (n0)\(fny-ODC™* (n1))).| Any| (15)

The expected benefit of resynthesizing a region with output node
n IS an approximation which correlates the size of a change in
functionality within O DC™**(n) to the expected changein power
local to the resynthesis region. This can be established from an
empirical study of the specific resynthesis algorithm used. The
changeof transitive fanout power correspondingto possiblechanges
in onset probability can be computed using the statistical estimation
theory. These can then be scaled by the probability of such an
event occurring, the summation of these being a measure of the
non-optimality, C'(n), of the node.

To maximize the resynthesis flexibility at the most non-optimal
node, a node input ordering for the compatible ODC construction
needsto be based upon proximity and non-optimality of the transi-
tive fanin nodes. i.e. Let weight w,,, be a weight assigned to the
inputs of node n . Let T; be the set of highly non-optimal nodes
selected for resynthesis which are in the transitive fanin of n. For
z € T;, d, the number of levels (excluding buffers) between = and
n.

_ v )
wny =D (16)

z€T;

An input order is then assigned to give higher priority to the
higher weight inputs.

6 Results

A program was written to empirically verify the theory of Sect.
4. The program randomly selects a set of nodes from a network.
Every nodein this set is resynthesized several times, each time with
arandom expansion or contraction of the onset of the node which
guarantees a local change in functional activity. Full symbolic
simulation of the circuit using a technique based on the principles
outlinedin[2] isperformed before and after each modification. This
allowsadirect comparison between actual changein power and that
which the estimators predict.

Fifteen circuits from the ISCAS_89 benchmark set were exam-
ined in this experiment. They varied in size from 187 to 1096
literals. Thecircuitswereinitially mappedinto thensu gatelibrary
and optimized using scr i pt . r ugged within SIS. All the results
except those of Table 3 are aggregate statisticsfor all circuits tested.
The overall statistics are very representative of those obtained for
eachindividual circuit.

Power Change Occurrence Estimation
LOCAL [ GLOBAL || Act. | Est. | Found | Wrong

Decrease | Increase 021 | 0.21 091 0.07
Decrease < 0.5z 0.27 | 0.29 | 0.99 0.07
Decrease > 2z 0.17 | 0.17 | 091 0.06
Decrease > bg 0.06 | 0.05 | 0.77 0.10
Increase | Decrease || 0.09 | 0.08 0.84 0.05

Table 1: Functional Activity Estimation

Table 1 contains the results for functional activity change esti-
mation. The first two columns indicate the form of the statistic.
The first column indicates whether the change in power local to
the resynthesized node was decreased or increased. The second
column indicates the actual global effect on power. A multiplier
in this column indicates a bound on the global change in power
relative to the local change. For example, “< 0.5z” in Row 2 of
the table implies that the beneficial change in the local power is
reduced by more than afactor of 0.5 by the corresponding increase
in transitive fanout power. Column 3 (True) is the probability of
actual occurrence of the event indicated by the first two columns;
and Column 4 (Est) is the estimated probability of this occurrence.
Columns 5 and 6 indicate the accuracy of the estimator. Found is
the percentage of actual occurrences correctly detected; Wrong is
the percentage of the estimated points for this occurrencewhich are
incorrect estimates (e.g. 0.10 in this column for a particular event
implies that in 10% of the predicted occurrences, a different event
actually occurred).

Each row of the table presents a condition which would signifi-
cantly influencethe suitability of node for resynthesis. Rows 1 and
2 are conditions under which a node becomes less suitable; Rows
3, 4 and 5 the converse. In particular, the nodes counted in Rows
3 and 4 are excellent candidatesfor resynthesis due to the strongly
beneficial influence of local improvements in power throughout the
transitive fanout. The estimator demonstrates an ability to predict
better than 90% of the casesin which resynthesisbecomes|ess suit-
able, and is only 7% overly conservative. More than 77% of the
increased optimality conditions were detected with less than a 10%
possibility of error.

Fig. 6 depictsthethe strong correl ation of the functional estimator
to simulated changesin power. They-axisisthe estimated functional
power change, the x-axis the actual functional power change. Each
point corresponds to the result of a different possible resynthesis
step. The power has been scaled relative to a 20Mhz input vector
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Figure 8: Spurious Dyn. TFO Power, Sensitivities Updated

arrival frequency, supply voltage of 5V, and a 1.0pF capacitance.
The correlation coefficient for the functional estimator is 0.99.

The accuracy in estimating the spurious dynamic activity was
also examined. Using the estimation technique to update node
sensitivitiesimprovesthe correlation of the estimation schemefrom
0.56t0 0.93, asdepicted in Fig. 7 and Fig. 8.

The ability of the combined estimation schemesto detect overall
optimality conditions is summarized in Table 2. The accuracy of
the results is only about 10% worse than that of the functional
activity estimator alone. Table 3 contains the estimator correlation
resultsfor individual circuitstested. Therespective columnsarethe
network name (Ckt.), the area of the network measured in literals
(Area), and the correlation coefficient for the functional (Func.)
and dynamic (Dyn.) activity estimators.

7 Conclusion

In this paper two simple statistical estimation schemes useful for
guiding power resynthesisalgorithms are presented. Thetechniques
estimate expected change in network power for zero or arbitrary
delay assumptions. The theory has been empirically verified on
the ISCAS_89 benchmark set and exhibits a very high degree of
accuracy for these general networks. The use of these estimators
will ensurethat accurate prediction of the anticipated overall change

Estimation
Found | Wrong

Power Change Occurrence
LOCAL |GLOBAL Act. | Est

Decrease | Increase 0.13 | 0.13 0.79 0.20
Decrease | < —0.5z 0.09 | 0.08 | 0.78 0.17
Increase | Decrease || 0.11 | 0.12 0.86 0.15
Increase | < —0.5z 0.08 | 0.08 | 0.89 0.11

Table 2: Overall TFO Power, With Sensitivities Update

Ckt. | Area | Func. | Dyn. || Ckt. [ Area | Func. | Dyn. |
s344 | 213 0.98 | 0.96 s820 458 1.00 | 0.99

s386 | 187 | 1.00 | 0.98 s832 | 453 | 099 | 0.99

s400 | 259 | 097 | 0.96 s838 | 449 100 | 097

s444 | 254 | 096 | 098 || s1196 | 851 | 0.98 | 0.93

s510 | 378 | 095 | 0.96 || s1238 | 838 100 | 0.99

s526 | 290 | 098 | 0.99 || s1488 | 1004 | 1.00 | 0.97

s641 | 249 | 1.00 | 099 || s1494 | 1005 | 099 | 0.98
s713 | 253 | 1.00 | 0.99

Table 3: Estimate Correlation for Changein TFO Power

in power can be obtained prior to resynthesis. Thiswill enhancethe
optimality of any resynthesisalgorithmindependent of the particular
resynthesis approach.
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