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ECO Consideration

Student: Huang-Bi Hong Advisor: Dr. Iris Hui-Ru Jiang

Department of Electronics Engineering
Institute of Electronics

National Chiao Tung University

Abstract

ECO is the process of inserting @ logic,change directly into the netlist to fix
functionality or timing violation. It is prevalent for saving either time or cost. Before
the manufacture of masks, ECOs save time by avoiding re-building from scratch. On
the other hand, metal-only ECO canwsavertime and reduce the cost after the
photomaks have been made. It implements incremental design changes using spare
cells sprinkled at placement stage. Metal-only ECO realizes the last-minute design
changes by revising the photomasks of metal layer only, the photomasks of base layer
can be reuse in the next tape-out. ECO is desirable; however, there are rare automatic
tools and engineers have to implement ECO manually.

In this thesis, we propose an ECO resynthesis methodology, named Guided ABC,
that correctly implements the incremental design changes using the available spare
cells as well as tries to reduce the prohibitive photomask cost at the same time. The
experiments are conducted on five industrial testcases. Guided ABC uses less
wirelength and/or fewer cells to complete design changes for all cases than the blind

method that synthesizes the ECOs with available spare cell types directly.
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Chapter 1

Introduction

1.1 Background

"EEAARDES 0 KPR R DH AR KA S R EF R YK

\_.
w5
Sy
o
o
J %
s

i3 o @ & Electronic Design Automation (EDA)=dff 2277 > gy 5 335 4 7 113k
BB R A A o B L PRI OBRE > CF BN - FEENE b
Figure 1.1(a) -

B2k g EDAL B chfpbo fy Bk cniAe? B G NI R R O -
Y- AR FASSEAF OS50 g/ TR TRPF AL

B AR Y Rk R B

&
=
5
&

%’f X

A EET P EATRAES A RBEFE MR EH -

%ﬁ’&&¥ﬂ?%%ﬁ%ﬂﬁiﬁ’mmmﬂWMIﬁ@JFi%N&O%T

Rz & B 292 SRR S LR ORI R & RS SEF R
B

LI RLI VN R B Engineering Change Order (ECO)«%#= 3 o

m

CO iy bR HiAR R4S 3T RS I ePdg A > 7 1 Peig enig 3Rt

PERP AR - LRI G OREONA FRBD 5T RS D

¥
e
2
)

e
FUR A ) R §E BERGI A EEFHFLS T A

XIE RS - ECO ¥ 12 * & function 12 2 timing 72 & [8][9][10] - 4 Figure

Placed&
routed
netlsit

Placed
netlsit

router

RTL logic
synthesis placer

Figure 1.1: Typical ASIC flow.
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Sufficient and evenly sprinkled spare cells : 5 7 & ECO A& 5 } eh& B =
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1.2 Previous Work
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Figure 1.3: ECO compiler flow.



1.2.2  Spare Cells with Constant Insertion
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#g enspare cells f 3 ECO en 3 feo 4 Figure 1.4 #777 »AOI21 ¥ * k3 7 NOR2 ~
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Figure 1.4: Constant insertion far AOI121 cell.

1.2.3 Timing ECO

Timing violation 2 & % &+ % L2 i > ¥ L enfg > 2 5 buffer
insertion % gate sizing- { post-silicon 2_ & » Chen [8]4& ) 2 spare cells :z & timing
g% B % #-static timing analysis (STA)#+% I ¢ critical paths i% — 12 & - Figure
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Figure 1.5: Timing ECO: (a) Timing violation. (b) Gate sizing. (c) Buffer insertion.




1.3 Contribution
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Chapter 2

Preliminaries and Problem Formulation

2.1 Preliminaries

S E N RE N T AR N RITER L

2.1.1 Binary Decision Diagram

Binary decision diagram (BDD) [19] £_boolean function 4 77 2 2. - » - f&
directed acyclic graph (DAG) - ¢ 7 decision nodes % terminal nodes:
O-terminal/1-terminal - #+ i Decision nodes = #* - & % # > ¥ 3 = # child nodes:
low/high child - Figure 2.1(a) - - % edge j¢_node 45 = # low (high) child-> #* % node
hig = 0 (1) - Figure 2.1(a) > nodeA 5 d fw 535 node B - % 7+ node B % node A
2_ low child; node A 54 § &4 » node C» 47 node C %_node A < high child -
JE_root 3 terminal #7358 g AR € KRSl e B B B k> Figure 2.1(a) @
node A ¢ & %3] node B (A=0).> node B £ e ¢ 23| nodeC(B=1) nodeC
£ %7 1terminal (C=1)> #£(A,B,C)=(1,0,1)¢ # @ F=B (A+C)% 1-
BDD % #s8 A € 8258 node «h#icF > node #icE A% > § & (HF R4AXS - BDD ¥
MEHEEH Y gonode M F 1 BB R A RS- RoB{ETE TR
SRR o T RALY - BEEFED 2 FooxF kR o
2.1.2 And Inverter Graph

And-inverter graph (AIG) [18]~ % - #& DAG I # %_boolean function =4 -7
E2 - > B EET G % ﬁﬁiﬁﬁ%»o{zr%—%%ﬁ%&ﬂ*ﬁﬁiﬁ»,ﬁ“‘zi‘ﬂfg&ﬁ%‘u{
primary input ; 4= % & 25 3 1@;@?] oo g EETe R 4 — i two-input AND - Inverter
diuFiid edge R 0§ edge Hom A F wpE 0 A K d BB edge dRLEL € T
- i# inverter » Figure 2.1(b) - #p#** BDD > AIG ¥ 12 % i De Morgan's laws & #

9



e A - B BT B > F]m = 5 technology mapping s & £ 72 2. - o

(b)
Figure 2.1: F = B (A+C). (2)BDD implementation. (b) AIG implementation.

2.1.3 NPN-class

@ 1 boolean function F ~ G ¢ 4r& & d & & (Negating) ¥ % 3% (Permuting)F
B~ 215 £ F #(Negating) i) o 7 o4 @ 522 Godffe chig % - F~ G T3t 4p e
NPN-class - # 6] %% > F=zab+cpo G=ac+b 3 bcv # #F=G>F-G ™

&> 4p = NPN-class -

10



2.1.4 Technology Mapping

<

“.1

%ﬂ—gmASIC 5] )14) J'/:_L%E_J‘ ’( A = TJA-F ‘;l? |é EER LA 0'5_1"-?)’1?;7]_-& P\

Y
i\

FRAME TR B 0 B4EL 2 (logic synthesis) % B % h F 5 LA ZHRE -
MERE 2 thehingr o BB L A M E PR RTL A sl FRIER & s 0 B
» LR S OR TR Ag\'ml%“ii/i‘klaaal?l%mf‘%‘i

fe 0 B ATIEBRFNTEINEA IR S *“B«f,émslack i E A

o E MBS B R AR TR o RS 5 F L e0RUE 5 network covering [2] - %
- M library> & 5 BRA ST @ % A RMBRR o o R LA SuER T
#-B 4B 3+ 2 library cells 44 - Figure 2.2 -

I. DAGON
Kurt [11]3#% 41 - B2 = & DAG g2 2 o Hyg & 2 4o Figure 2.3 #7751 ° B £ >
T B € smultiple fanout 2EARA = 2% § subtrees-4& ¥ 12 4% library p # * cells

i > patterns o R fs £ 14 b = fraE 2 dhpatterns == & B subtrees 0 I 12 #5 AL

3145 5] costenie & -DAGONE - BAp % 490 chs & BoHAFse R 4 5
DAGON 2 % - # “7 A~ 2leh® B tree 58§ F B3> L g B> 2225 26

g1 TR -—IE’]‘%:- B amBE 7 X AN THHE AT A4S L B EE
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(b)

D) /L

(©) (d)
Figure 2.2: Network covering:(a) Simple network. (b). Using one gate per vertex. (c)
Network cover with library cells‘including2-input and 3-input AND and OR gates.
(d)-Alternative network cover.

Technology
independent
netlist

Circuit Technology
parser patterns
Circuitas )
labelled graph twig
Partitioninto Technology
trees matcher
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bound
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Figure 2.3: The DAGON approach.
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1. MVSIS

MVSIS [13][14]2_¢ Berkeley logic synthesis and verification group #+% & » &_
- BIEPRE G A AT B R L AHAIoFigure 2.4 0 H - ¢ LRT
Bkt A AIG > d 2-pinput And 2 Inverter #tie & chf Bk 0 B ¢ ok & B
2 2-input AND - 4 3% = 1335 library @ #7d% & cells » 35 % B & 27 it o5
match - 3 ¥ 4% 3= b | delay 55 & T 0 B4 £ chmatch 4y LI & 8k o Aok B
Tehdelay 7 & 0 H I fiE- Hiadk it o RFIHHT 0 LEHRG DT
Be §3F - LR R R T B o

¥ oeh & w4 g enE_area recovery o iz B84 AT — 9T 4 5 0 ABC At
WL iR | * ahE gk - -MVSIS % & & i heuristic approaches
VLSRRG fE o % - % 0 & B node n {emii@ £, required time w4k T P4 B i oh
area flow » AF(n) = [Area(n) + .2 AF(Leafi(n))]/NumFanout(n)

Area(n): the area of the best match at n.

Leafi(n): the i-th leaf of the cut of the best'match at n.

NumFanout(n): the number of-fanouts of n.
Area flow % j& 7 & B logic cones £ & 42 & » 5 technology mapping #% &= 2 A
ZaAREF > fFE B e - T logic cone kw § X o

£F¥ > LFE»F B node M ERE I E BEESE S 9rmatch - 2 PF match

H_ 1 2 maximum fanout-free cone (MFFC) #75 gate area 3Lfr = & ## ©
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Technology Mapping(network N, library L, delay constraints D)
{
Step 1: G = TransformNetworkIntoAIG(N);
Step 2: ComputeCutsAndMatches( G, L );
Step 3: mapping M1 = MappingForMinDelay( G, L);
if( delay constraint D is infeasible forM1)
Return FAIL;
Step 4: ComputeRequiredTimes( G, M1);
mapping M2 = OptimizationPass1(G, M1, D);
ComputeRequiredTimes( G, M2);
mapping M3 = OptimizationPass2( G, M2, D);

Step 5: TransformToMappedNetwork( G, Mk);

Figure 2.4: Pseudo-code of the technology mapping flow

I1. ABC

ABC [16]F #: #_d Berkeley logic synthesis and verification group #74 & 1 &
& ks Hongr A %22 MVSIS4a ke 0 2 2.4 Figure 2.4 Step 1 2 14 » [15]i& -
# 1! 4-input AIG rewriting :“minimizing.the AIG size by iteratively selecting AIG
subgraphs rooted at a node and replacing them with-smaller pre-computed subgraphs
*g #% M redundant AIG subgraph 1 > g4k = - SBET R ATF E DT R F
£ ABC ¢ % 2 topological & & 4% &1 %75 4-input(# Z ™ 7 )& AIG subgraphs » #%
* 1295 subgraph root = function 2 # NPN-class j¥_pre-computed subgraphs array
¢ 41 E 5 4p I function < subgraphs - 2% {578 — 5 4% ) efsubgraphs ¢ 45 i
¢ subgraph 12 > nodes fhdic® o Figure 2.5 7 F = abc 7 I B AIG
subgraphs - subgraphl 3 = i nodes > subgraph2\subgraph3 rARA 3 = i nodes - —
ko F FF 0 AIG 5 fsubgraphl enfi-iR T > € 12 subgraph2/subgraph3 B~ it >
4o Figure 2.6 F X 3vdrg 5 k@ Figure 2.6 & L ¥R#1 § 3 enf§-A5 » 12 subgraphl
B~ % subgraph2 #rc gg *F > — % node o

%ﬁﬂ *T4] subgraph m@p B#cE w11 BAFFeR 0 X9 A e\ iR

14



i‘uf\é * basic subgraphs array > & & AIG rewriting sc #3 3 »<*% i< AIG node 1
Bom T APE FoRF o ¥ ¢ ABC hiniB i s 4 4c » BDD s it 0 ¥ library

cells ® ;25 AND/NOT gate > BT 827 Mkt~ BDD» % 51 ¥ M E &

|l

¥ # BDD * #nodes °

Subgraph 1 Subgraph 2 Subgraph 3

a b a c b c a c

Figure 2.5 Different AIG structure for function F = abc.

Subgraph 1 Subgraph 2

a C

Figure 2.6 Two cases of AIG rewriting of a node.
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2.1.5 DFS Algorithm

195 % & $4/7 ECO e 42 = — 1 DAG- j&F B PO JLPI F45 5 i 5B %
HECOs » T #-HAR G k- BHFE-
2.2 Problem Formulation

R TR RO R At kb ghcost T eniE 2 T U FE AL B s ghspare

cells = = ECO #7% & i3 & 2 function

-2 Ji 4z e technology mapping > #7F e i H @ * g 25 X 34> @
P B A AR Ra g & PR kP MK ark £ 0 ECO resynthesis
“rie 53 1 * chspare cells 4r 3 #& & 4] > @ ¥ izt spare cells jvrz H F 7 ek

o ¥ ZRBARDIE R FHE VI ¥y 2 ERA B TP
resynthesis % & ¥ g s F R G R o
Bow - B R f R 7o aasparecell 3 2 & i ¢ «mfunction list
BN A BT EART B
1. defe @ greny sparecells #73& is-dacell types = = ECO o

2. HRFMTRIE AR R

()
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Chapter 3 Our Algorithm

BB EEHE-E A RN AT ECO #rHR M B2 2 AF A AT o ok &
2.2 # 4 % > Metal-only ECO F & % Jg resynthesis enit g4 - F PF& "% 1€ {8 4
Mg R R o FP AP ER DA PR AR R B2 ECO eRf 48 o Figure 3.1 % it

ECOS s & /4R o

Spare cells | ECO list Cell library
e J
: N
ECO Synthesis \
[ 1. Technology mapping : Netlist
J -
Resynthesized
ECO list
[ 2. Spare cell selection Placement
\ ok
Revised Revised Revised
Spare cells netlist placement

Figure 3.1: The overview of ECOS.
1. ECO technology mapping : 245 spare cells #7#& it cell types £ #7 & = ECO

list o § thimen s g Lt Fend & F M o
2. Spare cell selection: 1335 % — 1 # 3¢ #1 {¥ 3| 3 resynthesized ECO list> § ECO
2 B3 A pF oo & g spare cells s 4% 5 PeiF f & espare cells @ {8 ¥E4m

i S ] e

17



3.1 Guided ABC
Figure 3.2 3w 7 4} Guided ABC 2 /4% - 3 & 4 % = 4 3¢ : (a) Library

cell grouping (b)ECO list partitioning (c) cell mapping -

KI’ echnology mapping\

Guided ABC

Library cells | Cell
__grouping | st

ECOlist |, £CO list
_ partitioning | —
Cell mapping

k J

Resynthesized |
ECO list

Figure 3.2: Detailed guided ABC.

3.1.1 Library Cells Grouping

Library # & 7 & 3% & #eocells > ¥ 5c 5 4p F <2 function @ E_Z4L7% 4a ke o
51 F reendl* TR 7 & 4295 cell function £ {74 47 o Fpt o A A B cell
A AIG > ¥ 3% NPN-class - > — & NPN-class 5 cells # 3% {7 4p fe t
function -
3.1.2 ECO List Partitioning

ECO en ¥ i % g timing/function ei3 & » & E AR HE L oo F &9 %
LR RV R A RE A i PR ROR SRV AR E P
B AP B B aJ2 -Figure 3.3 5 ECOlist ¥ ¥ i cndisLen & >
ECO1 ¢ 4 U3 # = - B ORgate>ECO2 4= U2 # = - # AND gate-4-% ECO1 ~
ECO2 @&t fb > > t cell mapping srFf 2 » % 1 ECO ¢ j&H % F*iE cost -] eh
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cell type : U2 ¢ i3 SPAREL(AND) - U3 ¢ i£ # SPARE2(OR) ° 4r% % & i3 it 1
TR LA o AP ECO € - ACRERTE A > BT P RS A
¥ hispare cells % § 3, F)pt #74 spare cells 3% & # 4 g ° Figure 3.3 # 7 ECO
list = & & — & spare cell SPARE3(AOI21)Fr+ = = » % W+ 12 &4 spare cells

PR R S MR R R -

] SPARES3
5000, 5000
inl\ in1 Ul\ ~netl out2> Bliine ( : )
] | é/:uﬂ i out2
-__: __Q._-!.--- _

I.
U3 i b
in2 U2 net2 outl U3 U2\ in2
outl “'d.}"d.)'"l" N
) R Y. outl
in -—-

D D Py RO

N\
SPAREL  SPARE2 _«s8BAREZs, © 9 opare1  spARE2

ECO list:
ECOL: net3 = NOR(net1, net2)
ECO2: net2 = AND(in1, in2)

Figure 3.3: Example for ECO list partitioning.

3.1.3 Cell Mapping

ECO list partitioning :#-4- 4~ ECO list i& 45 ik ot cjp (& [24g 27 2] = 5 3 ECO
lists iz B P4 < € 3% — < mapping #  ECO listo X #-¢ o ¥ B 4L : (1)
physical information consideration - (2) equivalence checking -

EAN AN COSTiype = o-HPBBJeast-inc
F & spare cells 7§ % = % 443 resynthesis 8258 - Spare cell cost & %
half-perimeter bounding box (HPBB) » & 4 £2 ECO 2 #4p i ch#r 3 cells § 25 = -
# bounding box > % spare cell #& ECO £ * - ¢ i ¥ bounding box :z% > #
half-perimeter e ] £ £ 7 5 HPBBieastinc ° 00 5 — 3 B % #ci® (¥ COSTyype HiE
7 AZiE 100 o 12T #u - BlEEBIP 2 e ocell type 2 cost 3 E o

4v Figure 3.4(a)#7+ » ECO1 & $ U3 12 AND gate 54 > %3+ ¢ 7 = & spare cells
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TR o - Biner ECOL #pif en¥r 3 cells #7125 = &1 bounding box 2
half-perimeter % 6000 - 4 % & 3+ & & i spare cells ercost » ; SPAREL & % & j
47 bounding box ‘b > § SPAREL # ECOL i * p¥ » ¢ :x% bounding box -
half-perimeter 3 4+ 1000 > cost(SPARE1) = 1000 - Figure 3.4(b) ; m SPARE2 - %
o 4-cr1bounding box p 5§ SPARE2 44 ECOL1 i * p¥»> ¥ 2 ¢ 3 ¢ half-perimeter -
cost(SPARE2) = 0 » Figure 3.4(b) - SPARE3 F tk ¢ i ¥ half-perimter # 4« 1000 >
cost(SPARE3) = 1000 - 42 3% 2+ & cell types cost * SPAREL ¥* SPARE2 - 4% ¥ AND
gate » 3% i & iF & | 3 cost T HPBBjeastinc * i = Cell types cost » F]p* iz i 4 b
? » COSTanp =0 ; COSTyor = 1000 -
ECOS p % & 3 = synthesizer 54 {7 technology mapping » #% * 12 2.1.3 #7

A % e ABC i resynthesis 4% s 2 e B fi# /4 equivalence checking =07 42 - ABC
& AR & 4§ & delay £0°14] 4% area recovery %% B8 delay 7 %

B3R G o) oo library-cells 5 4% 5 s netliste & i@ * 1+ > 3% i - spare cells
13 ke cell types ¢ B = ABC #fig #aalibrary » library » cells 7 delay 4% %
% F > COSType € #3% % ABC P f# cidele > 18 17 area recovery it § »xink

& physical information -
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Nt [N nett » SPARES(5000, 5000)
1 1 1

I_n/ __/ Outz

N\ \ .

in2 U2 net2 out in2

J in2 _/ outl outl

N\ \
sPARE1  SPARE2 SPARE3  (0.0) gparp1 spPARE2
ECO list:

ECOL1: net3 = AND(netl, net2) |

SPAREZ(5000, 5000)

netl
9 out -%
1 1
-~ [~ 1

inl

inl

N\ \
SPARE1 SPARE?®MspAREa# (0 0) SpARE1 SPARE2
(b)

N\ inl Ul\ netl o SPAREZ(5000, 5000)
1

A b B _6{'?U1 out2

N \ .

in2 U2 net2 out in2

J in2 _/ outl outl

N\ \
SPARE1  SPARE2 SPARE3  (0.0) gsparReE1 SPARE2
(c)

Figure 3.4: (a) Original design. (b) Bounding box including SPAREL. (¢) Bounding
box including SPAREZ2.
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3.1.4 Mapping Strategy

ECO list

ibrary

Yes consists of

ROBDD

General mapping construction

Mapping with
MUX/NOT

Figure 3.5: Mapping strategy.
ABC 17 AIG it 25 A3F 41 FlotE s & A F R Z_AND gate 2 NOT

gate » 4+ L H ¥ — fEIm ¢ i3 = ABC ¥ %7 o 7]t Guided ABC 7 & F & 4R cell
types > % library ¢ 5 % AND gate 2 NOT gate - Guided ABC ¢ #¢ {7 general
mapping : X ® § AND/NOT gate 44 £ H ¢ — 7 » &[4e testcased ¢ v library i2
7 AND gate » ¥ 3 MUX 4= NOT » Guided ABC I‘I&Lgéi BDD » £ 12 MUX

¥ NOT 4 > 4v Figure °

3.2  Spare Cell Selection: Stable Matching

guided ABC ;+-#_12 = ECO % & i spare cell types 2 {5 » fi2 3 34 hffim
T > ECO resynthesis @ G = o 2@ & ECO 4 v >t 317 ¢ 4_spare cells 3 &
T bR o ECO 2 BF ¥ g #13 spare cells 3 #s sryfkjwg 4 o B2 2% guided
ABC % Jjg 7 F 18 F 30 fr & 2 2 ECO 2. B 44 spare cell & - = — [ spare cell
¥ v I P E_% 1 ECO e i3 :% # > guided ABC ¢ 4F i i spare cell % % 1 ECO-
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AR g & i sparecell 3R - & o F vAR L - B ECOE T A v
ECOigmizLig* xF ¥ 45085 ik function 5 spare cell - stable matching
algorithm[17]+ 1 j&i-iz 4k <% B > 54 stable matching - + & ECO 3% ¢ 45 £ #

“r% chsparecells - s ¢ B H Boitif o
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Chapter 4 Experimental Results

AEHY 2 FEE I CHARENE T PR o N2 7k 5 2.0GHz CPU -~
4GB =B 48 o

" R-R IR A 5 B industrial testcases 4 7 chdicdy 0 7 = 13 testcases i€ * — Ak
¢ library cells § 3 ECO ; & (& = i testcases #% i~ spare cells ¥ 3 % 1 £ 2
inverter - Table 1 #13 L 383515 i3 testcases < pin H P ~cell # P ~net #p %
spare cells #c p o 4038 3 e & #07 DEF #25¢ £ 3> 2k @ ECO list #_VERILOG
ek % fe 5\ o Table 1 04 L 3 §_ECO e P ~free-up cells# p » & 7] 1) Blind ABC
fr Guided ABC #7i¢ * saspare cells #& - Blind ABC ;25 ¥ g% # 7 # » &8
#-£ 1 e Nera pode it o 4p 38 Blind ABC o Guided ABC %, ®_it 1 i e spare

cells = = ECO -

Table 4.1: Statistics-on testcases and on ECO.

Statistics #ECOs
Case #Pin #Cell #Net #Spare #Req #FR Blind ABC Guided ABC
testcasel 483 28,591 28,705 350 7 7 16 11
testcase2 483 28,591 28,705 2,300 49 51 295 153
testcase3 ' 483 28,591 28,705 2,300 94 121 313 162
testcase4 33 198 181 40 4 3 5 4
testcase5 30 938 850 100 4 4 6 5
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testcasel
testcase2
testcase3
testcased
testcaseb

Table 2 7y
resyntheisized ECO list » £ 12 stable matching aJ2 #t5 B % > 3245 43 7
L coste ¥ ?PﬁACPU time & B 1—?1 AN LN e RO 1 e

Figure 4.1 ¥_testcase4 1% ¥ i< » Table & 4gh 73 -

spare cellse 2 # eE = 25

T

Figure 4.1 &_testcse3 2.

4v Ccost -

Before ECO
4,049,536,290
4,142,631,960
4,142,631,960

2,310,270

12,945,900

Total cost
Direct
4,062,343,750
4,414,703,560
4,640,619,480
2,652,430
14,098,100

cost =t g 2 CPU time -

*t =2 8_ECO s2bounding box> & ¢

Fw oo ECOs & ¢

25

2

Table 4.2: Comparison on total cost.

Guided ABC
4,051,207,450
4,349,716,160
4,562,885,920
2,323,150
12,989,860

bz 230

G

CPU time

o O NN +—, O

54 Guided ABC 2 =

L’I‘JP ;C., o

7w 5+ F_spare cells

L

5 AN

Ratio
0.997
0.985
0.983
0.876
0.921

=g

3L L

3 i ECO ~ 40 i

-

TAE * rspare cellSe it # b+ 400 % 5 ECO 48 45 5 H & ik f3 -
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Figure 4.2: ECOs distribution of testcase3.
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Chapter 5 Conclusion

5.1 Concluding Remarks

AAEBEwH Y R frarjﬁ Metal-only ECO 3R 3g2& = 7 — 1k % » ECOS > 3
sz e 3 functional/timing ECO o 3 »cd " M i3 ex b ¥ eh s & > 3 35 7
time-to-market =& 4 o

TR ALAZ LSS BIA R - WA 5 ECO resynthesis; % = $% 4 % spare
cell selection - *# K # ~ &% - BIF % B 1 guided ABC - % [ 3t & & eh
synthesizer> 2 % & ¥ jg 7 /& "4 ] ECO resyntheiszer & % §1* 3 *aspare cells
s = ECO list - guided ABC 245 spare cells crfa g ~ B #c2 7 4 F 3 & = 1 ECO
list 7% & craicells > Fr PFagr & jEAE = g 2 & B#Hcs > cspare cells 4t * > 5 »x
e'% % spare cell selection 73 4 o & B 05 8 pF > 2 P4 * stable matching

algorithm % 11 & & = spare cells i & cost & & -] ¢
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