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Abstract

In this paper, the new timing optimization algorithm for combinational networks 1s proposed.
First, we introduce the concept of P-path redundancy which is the extension of redundancy concept
used in the testing of combinational networks. In this approach, the critical delay is minimized
by removing the P-path redundant side inputs of the critical path, and more accurate timing
optimization is possible by systematically considering the statically unsensitizable paths as well as
the statically sensitizable paths. It's possible with all previous longest path based approaches that
the critical delay of resulting network after timing optimization may be even increased. However,
the proposed method guarantees to exclude such a possibility, and can be applied to optimize the
timing of combinational networks in technology independent, and dependent phase.
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let the starting connection of Pl be Cs
if(there exists other path P1 from Cs, and
SAQ and SAl1s Pi-path testable)
i duphcate sub circuit:
¢+ let the fan out connection of Cs which +/
“+1s included 1n Pl be Cfo: ¥
assign the appropriate 0 or 1 to Cfo and
remove the redundancy :
else
1 assign the appropriate Y or 1 to Cs and
rerriove the redundancy:
else
T oadentify all side inputs of P
do:
Si=an unexamined side input whose gate has the largest delay:
1f(Si1s P1 path redundant)
7+PLis the subpath of Pl wr.t Si.»
! ifithere exists P72 path such that Si
1s P2 path irredundant)
duplicate sub-circuit :
remove the redundancy :
1 resulting circuit violates the area constraint)
disregard the resulting circuit and
restor circuit s
while{all side imputs are not examined. and
current P1is still the longest path):
while (timung const is not met or
no more improvement } ;
starting connection Cs& A ¢)3F o]y qle] H4E2
skt o] Aboll 4} inconsistency 7} B4 sled o} gict

v} {fan—out|=1 <dw Cs¢ SAN SAl7}
Pf-path testables} v}, |fan—out| > 1 < fan out
connection Cfor} Pf-path testabledl”] s}
excited fault-% PfpathS %3}lo] propagationA] 7]
o} stm & PfA » = side inputE-2

aluezl slofof dtet. &, ol & fault®

noncontrolling
Az Pfz

(o]

-
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fault propagatione] £7F53st»2g =5 Pfpath

untestable &b c},

e} qoll 2] 5lod statically unsensitizable path Pf
7} sl Z el B ek S e
slod Al Aoz HAE CES
Pfele] Hw i S3sleds -of]
1 &2 Pfe] starting connectionel] (vt 15 = v} &t

-4 Askod redundancy Al 7| TF #Hell ube) 3z 7

ol % g F5E
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LGT 7§

4 33} o statically unsensitizable path Pf# A 7] &t
4 e}, Y 2=, starting connectione] SA(Q2}
SAlL fault?} 74 & Pf% %35lod 4] 3= untestable )it
chit A2 P 5sbo] 44 testabledt Wd-$-ol4z, T4
ol] 4] *é"*@ ‘i'P o) 77 P} 4 Pofld 5% 3
o EAlshis Adk Poet ala ol Pest e
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| o] fan out connection&-5

-
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AES
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7 Pfell Zdts]+=
connection 4+¢] SAO9F SA1 faulti= untestablea} Al

2 11 2 ol connectionel] Ovh 15 obF-7A o g gk
3 0}01 Bl @ i 74 3bsbed o] 74 9-oll = statically
unsensitizable path Pf Al 7 3 4 ¢l o},

¥ gl 4 23 ol
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e glael ?1%*1 LT3 S A R uH §|f;.:;

CLNl(greater—than)i’} CLN2{equal) ol OR gate i
&k 2l greater —than—or—equal 2-bit comparator
o) i, i 3R gs AIEE (6ol A 2ofl )@
ekzb wiigh slaelv, Ahdsl B &3t bt carry
skip adder & o]+ {-bit ripple carry adders} spu}el
four-input AND gate, v|-{ 2] EXOR, 1u]5L sfitel
2to-1l MUX 2 4%l slzolch o] % gl 2ol gate
v of] 527hir gate?|
simple gate& - 12 shar o]l EXOR,
four-input AND, 2-to-1 MUX =22 shadc},

R b 3 ebel vyl 2 A gk 48l &) o]
2ol ol & 24 ol 3|7 9] vleln
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two-input gateult A& wf o] equivalent
two-input gate ¢}
stuck at fault %2 4-(undetect
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o = statlcally unsensitizable path:;;'oi
Hootuvy

o] o] L2 A H o g 7
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2 ol %p_j,{ A Azl Rl A Az wlal x| 7o} 2 7)
glzol sl ek Fohsha] gpakehar Aol wAl, %
7182 F Aol i 3] 2ollt- undetectable
stuck-at aL#-Eo] ZAdtv} Elo|w] | H 3Ly Az A
73] 2 2 ¥ undetectable stuck-at 3L#Abo] FEajoki-

100% stuck-at fault testable 3|l 2% olalcki= 7

olck abal woolaru] -8 Zopub sbubdtohud elolv)
Ayl Arsl 2w g4 100% stuck-at 3% test-

able & &-F ol=2E wAge 5 glon ol ofuly
E 2 Hgdwn
Table.2. Experimental results.
43t A 248 &
3|3
Slel 4ail gate? lundetect |9 Al =91} gate? |undetect
2 bt comparator 5 13 4 3 B ]
Faraiie] olw 5 ] 0 4 3 0
4 bit CSA 12 3 2 9 39 ]
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