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Incremental Techniques for Timing Analysis Considering
Timing and Circuit Structure Changes

Jang-Wook Oh'- Chang-Ho Han''

ABSTRACT

In this paper, we present techniques which perform incremental timing analysis using Timed Boolean Algebra that
solves the false path problem and extracts the timing information in combinational circuits. Our algorithm sets histories
of internal inputs that are substituted for internal output and extracts maximal delays through checking sensitizability of
primary outputs. Once finding the sum of primitive delay terms, then it applies modified delay with referencing histories
of primary output and it can extract maximal delays of primary outputs fast and efficiently. When the structure of
circuit is changed, there is no need to compute the whole circuit again. We can process partial timing analysis of
computing on the gates that are need to compute again. These incremental timing analysis methods are considered both
delay changes and structure of circuit, and can reduce the costs of a trial and error in the circuit design.
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Ao 1: AQ AL ¢ gy ¥ 2 4 W
Fe 99 dolelsg At ggeoln) I Y H|
oletg} st Al tolM Y 4 Be

B:[L1]—1{0,1}

o2 gHFY

ol 2 FolW 4 dlole] 19 A 7telA 4 Bo ¥
€ e B2 s Ad AzE i 7
g 49% 4 BE

([B, eDI[L ¢} = B{L, t—¢)

o2 F
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th2] el (substitution theorem), Hth A& A7t F2
(maximal delay theorem), %2 # 3} A2 (Boolean pro-
pagation theorem), #433} % &|(sensitization theorem)
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[B, d:H]

B: 28 A 2& WAL Ao de Ay
A A olgez Ay AR Ad Azl
9. HE: 82828 ez ve d2Ede A
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2 dge] A AA A F2e P AR A3
Hojzg Ad Ad AL 7HAE SAAYY AE
2 &€ A& Aol

C O_=1,D_tat

O_1 = rising delay
D_f = falling delay

(ag 1) ox sz

KIQIAZtN 32 X YshE NSt S7H EOIY 24 2207

(2¥ 19 oA F=2[4]o w2t =8 YEHQI(logic
network)E 2493 (modeling) 3t th&3% )
D=[B, 1]

E=[D, 11+{C 1]
F=[A, 11x[E 1]

G=I[F 11x[C 1]

D=[B 1]

E=[D, 2]x[C, 2]
F=[A,11+[E 1]
G=[F. 11+[C 1]

VOID Make_History(Node, Edge)
{
hist = set_histset{Node) ; // 3|2Eg]7} AHoJEE 7}
ej71 A st
Bool = Edge->true ; // true A dY& 712}zl
while (Bool->next != NULL) ( // 2X dgo] &35}
= 5o
i (Bool->Histhead == NULL) { //2X %
of sj2gal7} glod
b->histhead = set_history(hist) |
/A ER Y
}
else {
hist_union(hist) | /7 &A=
sj2Eao] o
}
Bool = Bool->next :
}
hist_union(hist) ; // EAHE 32 Eel o g
) // falseo] Higte] 2§ FHE

(38 2) 2XA| sl2E2] YEE MRS
2A02|E

s2EZE 7t 2¢& @59 HAg adz Fxd
o =g vEYAY 2dyo| FUH olF 3 xiEd
ot g7 A AL HE oifg o] FE3d AE
AANSH g 2o
D=[B,1:D]
E=[D2:EI1x[C2:E]
=[B,3:DEIx[C,2:E]
=[BxC,3:DE]
F=[A,1:F1+[E,1:F]
=[A,1:F1+[Bx C,4:DEF]
F=[A,1:FA+{E,1: F
=[A,1:F)+([B,3: DEF1+[C,2: EF))
=[A4,1:F1+(B.3: DEF1+[A,1: EF1x{C,2: EF]
=[AxB,3: DEF]+[Ax C,2: EF]
G=[F,1:Gl1+[C,1:G]
=[C,1:G)+[A,2:FGl+[ Bx C,5: DEFG]

[B, 1:D]
[D,1:El+[C,1:E]
=(B,2:DE]+[C,1:E]

i

D
E
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G=[F,1: G1x[C,1:G]
=[C.1:GI1x([AxC,3: EFG)+[Ax B,4: DEFG))
=[C,1: GIx[AxC,3: EFG]+[C, G)
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=[AxBx C,4: DEFG)+[Ax C,3: EFG]
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A "olA A Gt

Ad A7t §& dat A2 YA cutting threshold)
B e g SAQYE st 2AdYez o
g 3 olfre AAYY o Yehtnz 2
A Ao A4 F7HE Rol7] wiolth o W
e Yol HojAxr ol AT Z Y dy
Hd A AE g 2Yvoz s Agde
A& HAso4]

o4& E° ANDAHCIES <{I¥d AF7t 107002
Z dee 2AAY JFt 27/0etd ANDAIOIE &
o A ASE 2907 2 Aolh A A
gol 1000012t ANDAICIE &8etel 2 d¥ A
7} A4 AgteT A82 AL sy ZAAYS
Z Mg £ IAAYE e 2AdYge
A o, NP QL YYde Hg A4
Azte] AgHBR AY/HE 2AQYY H2E] E
# Hd A AL JHRa e 2AEYY ik
2 & 7o} 3t

P= ‘Zl[P,', d,':H,'] é](3_2)

H(3-2) 2P Ax7t 24 gAREg & ¢
Adge §E Ui ol 4(3-3) 22 @

HGB-3olN s 2Es ALY @ EE 3
EZdA Al AQ AL Ze 2A9Y sl2Ed
&9 Yol

P=[P, MAX™L\d; - VH_H,-] 2(3-3)

Hd AA AL FE3e PP 43-49 2o
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3-8 FH4sld (28 DA A M 9%
239 G 843 AYe i 2.

G=[C,1:G]+[A,2:FG]+ [ BxC.5:DEFG)

Ast 2ol G HY 4e AD AL ¢ F Us
HAAY AN A(3-4& &3,

SENS([C,1:G)=C
SENS([A.,2: FGD) =Ax(C)
SENS([ Bx C,5]) =BxCx(A+C)=0

B G Ad) B A AL 2001 A
Bt #EA Ax(O)E #o2 st golojob 4]
Hd 873 Ad A3t o|s} o] PP
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dd ZAAYY 3 srEz F¥do| TAH
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(28 DY dA Y24 dHd A F 4F 29
g, GE o4& 2o

G=[C,1: G1+[A,2:FG]+[Bx C,5: DEFG)
‘G=[AxBxC,4: DEFG]+[AxC,3: EFG)
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G=[C1:Gl+[A,2:FG)+[BxC,5: DEFG]
‘G=[AxBxC,3: DEFG]+[Ax C,3: EFG)

o2 H2EE FZdo DAlolESY &% AQ A
ARE AL e SALYE Fol AD NS 19
g &k

ubE A Al g FHLstd J]E9 Wy A4
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< B A Al gt FPsn F Y3 false
term)& AA7L dot A F71Y AQ AT &
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E Hojnz Hd Ad AztE 32 TS dH
2 BN HAgS HAA 8] golol Pk

33 #x #sHE D23t U1 X[H A7l 24
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T @ e AEJ} F7tHA HERE TN AdE
slodof @t} 2 ol&E Wrel AFH Frh Wi
Zt AlolE9] ZAdde] & AL ZAa A %7
w2olct. webd 3 @zt Zx|Ade) 7] P&
2719 AlelES SAAYE 7 7} Aot

Ate B2 Pz WIE nE¥ F7HY AA AT
2eye e 28y A Ad ALE 47 A
ol Bag QDS g AoE #¥doz
dAE 9% &89 Ad AQ ARE A7) Hjo 4
3oz W AoEwte ©AFc @4 @ AP
2 329 7 AolE T BAH AoEE Mdda M
g¥ AlojEe Zcty TAAFLE 3o A A
AZHE 23

£ =84 AgF Bz F2 HWAE nYP¥ F
7HH Ad A Rgde 7IE WEe D At B¢
e Ang £ 7] dEo] o HoME Aol
E9 Ado] thale] & So Ag4Ed.
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7H BHOIY &4 2209

ISCAS WAnt2 32 F C172 5719 2% Y&+
2709 A% 29, UF AEY YL pliz 745
ol 3tk ol2# Cl723l2e) (¥ 3% o] AE
GI5€ #7718tttz st

1 10
D
G15 15

2 G22

33— 11
D
6

7 19

B
®

g Ccrs=z

(3% 3) HOIE GISE Meyst HE

F71d AClE G159 d%oz G229 299 237
AR FE 2@ C17% e M oA AR
Holof @t} olg Yut 39, F7tE AES] &Y
€ YYoR g ZE AOEE dH%d. 2z 4
ge AoEe 28 o e 1 thE A4
A EE 2F A% ol Wy FAod} s

VOID Check_Forward(Node) {
e= n—>out_array ; // Node9] &8¢l
c = e>outlist ; // 29 29 FolE
for ( ; ¢= NULL; ¢ = c>next){ // &
& 29 AoJEof A
m = c->node ;
if (m->count == 0 ) Insert_Touchim)
; // mo] @A) AE] 9]
He F¢
if (Is_M_Added) m->flag =1, // m
o] #7Fd Hold ¥Y
if (n->flag == 1) m—>flag = 1,//no]
HYE FHold mE e

(a8 &) Fg ey guaE

(29 3)°1A GI5ol 9% e o w& 49 A
olEQ] GRE MY AW #AL ¢ oY ddg
YF 2] Q& o £ AL PP}, £} G
& AR YoM Azst AR gHez Fuye
8 Al #de] 7H3 & Al|EdA AR =
E AEE @481 7 Ao} ddd AcEdd
239 e 49 Aecleg ddse FAgelnt. G227t
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A g HYo M M AOEOJER GIGHICIEE
AEstn 22 #d9 GISACIES A d9¢n

olg ¥¥rst A A /s e AES A
98 AeolEgtd 39 BE Y AoEE HNdEY
F exxoz MYE EZE JAE9 Y AEE
A g E

(2 39 APz I o] fEHY
GI10, G11, G15, G16, G227+ M€t}

Gls5Hel £ Hd A AMe Fatd 1034 27}
ga3n}. 1565 G229 YHol=g A=A 2¢ ALY
& oA AAsel @t G2 168 d¥ez 37 o
2 Gl6® 2AdEE tA A&l g2 Glox bt
ZAzbAlelnt. wetA 2RSS YHE RF IAAYL
A Aol @ o7ldlN GI9% G23E& dEH A
%S & T Uch T 29 3L YHoE F}e
AclE7t EAPHH G199 G232 &5 o] F o]
o ol2M MHd AoERE REHOE A AP
& dE HEdd M2 A AA AR F2
& 4 A

VOID Check_Back(Node) { // Node : A g4 &
9! Alo]E
numin = n->inpins - 1 ; // Alo]JE9] 9lg e
A
for ( ; numin >= 0, numin—-) {
ee = Node->in_array ;
e = ee[numin] ; // HoJE9Y &g
c=e>inlist; // dEEY 4 Ao/E
for ( ; ¢!= NULL ; c = c->next) { // E
= Y8 Ao]Ed] gldtof
m = ¢>node ;
if (Node-> flag == 1) {
/S HA G 59 Ao]Es} HEEol F

Holepdd
Fm>flag!=1){(
m-> flag =1,

/7YY Ao]EE HEgin]
i (m—>inserted != 1) Insert
_Touch(m) ;
/G BB Tislr] Aol FEE mgi)

m->inserted = 1

(8 5) #4 B4 ¥

4 Ay A3

AL 718 QA AR 2EYE Clolz 74
o). APe Foiwz] 128MB9] 4R Sparcl Work-
stationoll A ISCAS 85 Wixislz2 320 s P&
tf. Ad AE mF F7HH A AL BEeHe
A7) A8 Qoo R AcES WAHHID WAt
AAIZLE 200002 HA3HY 22U RE =g
AAte] Ad A @4 AA(unit delay)o.2 7133
ot

41 XA A2t vistol AY g}

71&9 Ad A R & di-g FHEH o] NIT
(Non-Incremental Technique)2t ¥ d44d AAE <%
1>oll, 8 =2dA A3 Wy AY AIE <¥
2> vehSich

(B 1) FHE XA AR 2F U5 4™ Ft

CKT Maximal Delay NIT Memory
Rising Falling | (seconds) | (K bytes)
C432 17 17 349s 729
C499 11 11 1.97s 330
C830 24 24 202.16s 2361
C1356 24 24 21.07s 467
C1908 40 40 37267s 4084
C2670 30 31 248 81s 3099
C3540 47 47 385.86s B27
C5315 48 48 306.86s 435
(6288 124 124 3844.28s 10968
CTo52 42 42 608.76s 21487

AAe #HL @9 Agoez AVHAUL. <E 2>
A4 vehixel Az HPoz A% FYdg A
dF @ d2EZ YEid F UA HYE 102
o2 W Hu AF AFE 7 F A

Hzz)e] A7le Ao 5097t vlolE elstelrt A
A7 FAQAA Wy 2 J2EYE APl
dhdo} me} sy FAAE7] wEd] Alte]l dEuE
7AA g £F 4R 2HGL Ad A ¥y
o wa ol go] FPAA HAFUA & F71 Q=
olfolA #4323 AWE A EIJ2E <E 1> A
A AZ FEENITIRG e #Po] = F¢E
At



(B 2> A Ajzte) HaHE 13

CKT AXe A4 F7h71444 | Memory
(seconds) (seconds) (K bytes)
C 432 5T1s 0.03s 1100
C 49 28l1s 1.00s 1104
C 8%0 21060s 16.20s 3679
C13%5 2362s 579 6108
C1908 290.60s 5151s 13076
C%670 141.45s %.81s 6219
CHA0 38431s 17.77s 14592
C5315 221.04s 61.73s 45608
C6288 4050.85s 2451s 26695
C7562 489.78s 64.03s 50696

42 82 7z Helel 4y

AY 84 9 Fdsin] A dAZLE 50022
MA3AT ISCAS 8 Wilnta 2o P AoE
g F71Ednh <E >& TEE Ad AR ¥ dF
(NIT)$t BDDE 7[%ez 3t 3744 AlzE £4(3]19
H] i o]t}

(B 3 7 XA AlZE EM9| Bl

BDD7| %14 714 Ad
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