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A Timing Driven Placement Algorithm in Arithmetic Logic Circuits
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Abstract This paper proposes a placement algorithm mainly dedicated to datapath elements and min-

mized a difference of delay time between bits.

This algorithm decides a relative placement by tracing functional blocks in logic circuits based
on the data signal path utilizing bit width and depth of logic stages.

The placement using this algorithm shows that a difference of wire length in every logic stage
is smaller than current auto placement and that this method is effective.

key words  LSI CAD, Arithmetic, Logic Circuits, Placement, Layout



1 [FCHIC

LSIOLA 7Y MEkEtic B 2 HBEEOE F
Xy DA v MEEEBE(LT % Mincut FkEHWT
fTbh T3, Mincut Fikid, * v DA v MEE
B/NCR B XS IcEEE7EIL . BETEEET 5,

Mincut FEEHWBA. X v OH v MEER
BITT B ET. F v NOBBEN BT, Lbdbxy
MEG OO LELIGES KREI N, ERELR
BRbHLDERB,

Lo L. & LSI O#fEEEbic & - T, 7—
FIEEMNIERIEET 5 &5 KRERERBOEHES
FS BN EELBEEEL TS, ZOHHIT,
Mincut FEEZRHOWICA v MEERBICT 3FER T
TRELERE. BXU9 1 I v 705#b. BE y
NMEDRI—EBEBRE/ Y — i BT B R—=EE
EHERLEBENERINS,

Mincut FEERBEPLP I I V2B E LT
BELTC 73RV ITRIALIVITRIT U
EEXREFEHVAEFEN V2 REINLTVS
[B][4](5](6lo %7 REHBEERROREEE. BROKS
FIEEICABL T, EVEEIREREEE T2 X
SIFRE 7] BREINTVEA, WFhb, BB
37—=50DOE vy bOWR, BEET D D DOHRER
BONER. BET— 7 ORhEEERL o, REEER
BAEBRT IR 777 av7ay /OB T-»
TV, 2D, BIEF X v MEOERE. 71
IVTREHBEINED, T RBINLRER
HOEREIL MIEo5-2) NESLTHELUTLE
W, FORER, BUEE v b ORBEREOEIEICEN
HTLE S, JORBREOERED o5oE) %
MAB Ltk »T. By bRIBOEESREELE
MHIZ S, EEBEEROAIREE TNE, TR L
L TEESHERBDO LA 7 MARETH B LEX
bhd,

Z I TARTIR, HEF—/MEREEL. L
bZDI A I VSN EBER A REHRERKOL AT
7 pEEHC BV T, REREOERE Eo-o%] %
DR FAI LIk, SEEREBEEFREET ST 7
YO Yav7Zuyy OEMNBRET VT Y X L%R
KT 5, ¥y TOHRICOVTHEHET 2,

LT, #2ETR—BNREEEEREROH
A%, WIETR. Ao, 7o FESHFIR, B&
CRRTEI7 77 ar7o vy OMIBRET
VT ZXLEHAL. 4 ETRBERFMEERER L.
BEETZOERRN, EOETELHETI.

2 RIEHEEMDR

AR TH D TS REEEERO—FIER 1 iR
ER '

EHESRRERREZE, f v N—F, TV R 750
TrvsvavryavsEROTERINTED, L
MoEET 27—y v MNEDIESR. REBKD
BIHREIZhZ URAIKIEERROZE D R L% &
BT EN—IRINTH B,

o, BE Y MEOF - S ERR. ASWF LY
TZrvyvaryoys EEREBINTEE v M
KX h b,

CDK DI E b > REEEERE. FLE Y
FORFICBL. EEBESICEL TAS L HAOBRK
hd7o v ELEREROES HEICBEE L TE
BETO. COKRKEBEEIT) C&T. A—RYITEH
WEKERVA T b LOEREEEL 35 2 &A%k
ThHb, ISICIDIEITMA, F v FDOFEEBE.
X v FOBHEICEE LAEETIZE. Ey MBI
ERCEShBESEF - ORNIHED, 7707
VarruyiE b X3R5 ET, HADOS B
BREZ{TO CEAHE. REREOT — 5 [SEERE
By — U IN—BRICTE B,

ARBEAEKET 52 LT By MERIEREEL
HIN2RBERED T EEEEEEEL. WS
DX DB BI LY., RERBOEBELE
AWNE L, o BREEEREN T ELEL 5N 5,

a0 Al A2 A3 A4 A5 A6 A7 A8 A9 AL0 All Al2 R13 Al4

=
=
W=
=
=

]
DS
e
S

e/
Illg%
il
| &)
=

B
3
I
)
st
)
SY]
D)
|
Sy
| &
e

=
vy
[y

IIL.

SUMO SUM1 SUM2 SUMI SUM4 SUM5 SUM6 SUM7 SUM8 SUM9 SUM10 SUM11SUM12SUM13 SUM14SUMIS

X 1 RO —F



3 L4779 M FE

3.1 LA 79 MEEFIR

SERET 2 REHERRKIC B 2 SBERES
AgEET BT 7Y avy 7o v OHABRET
NI) XLEFHLIVA T MEETOBMERK 2 12
AT Ficn VAT MEETORRT vy TRET DR
2 - T3,

X2 VA 77 MEEEHFIR

1. HEHLERE
SERESTZ 7L XLEBOVT, REEE
FBDT 7o 7Y av7avis3F—9EED
WHICHE>T RV —Z%fF0, B v FRYIL R
BBRRET B,

ANTER vy MYV RN SA475 V), BT E
VR ITHD, HIRTEY R M. WFicE
BENBRX v bRELTERTBIELARET
»H5b,

REHEERROTF - EFCBIZR T T
Yavyayso -2, HIETEY R
FCERBISNAHITHTE. 20V % v MG
DIEFTITS 728, HIRFR. HBVER v
PR EALE vy POSTAE v FOIEFTESR

P

%79
PRk > TREINAE v PRFI & H/E
BEOET7 oY aryTays OB
BET B,

DEE,. BT rrI v avTay DB,
E v MNRFIEHRBEEICHIA ABIcRRESI NS,
Z T\ RIRIGRERICEI CRFIER SR T 7
Vv ariunvlDERET B,

A7ILNT) LDV TIE, RETBRNSB,

2. HREE

X AIERERE . ERICEBEETHERICXD
N EERE A EERICERT 2SR E %
79, MEFRIE. EFAROL T REE LM
NMEBHOETNEZALE S LICXVES
%ﬁﬁo

3. vvEVY
F—F 7 VA OBRICTHIZFOERINTVS
EEBETIE. NEFRE FHMERL D vE LS
ZITOVIERGE v PRFIPHEBEREZFD IS
HeXHAI B DELE 21T 9o .
T, NEBEHREIY E v NRY REBESFD
BN GEAR. REZILEREZE L TREBER
E2fT9
1F v FURNVEEZ B MO T 77 ay
7oyl BADRAL LBEBILORRELZ0
T, REEE 7o v/ 2EEBE®R. ERIc LT
BB DREET S,

4. BifR
EREBEHIC X U CHRIBREDRR, SHIECR AT 2o
T ry—bhwras L FIELTLF vy URNALT
DUA 7Y bMREHC BT B EREEITT A
DR DEHF I A ZT, TS &Ik B8
HENDOFREENE L 5, TOT EAEERT S
TeDICBEREMREINRNTHE LEZ S5,

3.2 BERpIERERE

SRR T 2 FBERNEBRET VT ) XA R
BELIHT. H2VIIRTIRESRT 2% v M oR
HEERROERT 7 E85% PLU—ZALTITE, b
V=R K DEHINB T v v avyTavsic,
By MRV & REEEOBHAMML, ChEL A
T b BEED 2RTEBDIT. S Ui
BEWMERENT 5,

CITRBEREICE »y FRIIEREL TV A
HEE y MRIBIGREREZREL TO{ FED 2D
OFIILTY X\L\%ﬁiﬁ_éo

3.2.1 Trace Circuit 7JbJU XA 1

WEREICE y PRIEREL TO S AED TV
TYXLRUTOEY,

17 r—hwr a4 TEE, HHIERRER b, EHAHERE
HERFLTVT 70209,



Algorithm1 Trace Circuit
j=1; /* Initial stage number */
/* Phase I */
S=a; [* Set of cells belonged stage j */
for each cell c; connected 4 bit out put terminal O,
/* decrese i from higher bit */
Serige( c; }=14; /* Bit serige number of cell c; */
Stage( ¢; )=j; /* Logic stage number of cell ¢; */
s=8;U{c};
/* Set of cells belonged serige i and stage j */
if ¢; is not marked
S=8U{c};
¢; mark ;
endif
endfor
/* Phase II */
While set S is not empty
for each set s; ;
for each cell ¢; belonged o, ;
for each fan-in cell & of ¢;
if &, is not marked
Serige( &, )=1;
Stage( & )=j+1;
¢ mark ;
else
Serige( & )=1;
Stage( & )=MAX( Stage( &), j+1);
endif
8;,7=%;; U {é&};
if é; is not marked
S=8U{é&};
¢, mark ;
endif
endfor
endfor
endfor
d=i41
endwhile
End Trace Circuit
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Algorithm2 Trace Circuit
for each cell ¢; connected 7 bit out put terminal O;
/* decrese i from higher bit */
j=1; /* Initial stage number */
Serige( ¢; )=1; /* Bit serige number of cell ¢; */
Stage( ¢; )=j; /* Logic stage number of cell ¢; */
if fan-in cell & of ¢; exist
for each cell &
TRACE ( ¢;, Serige( ¢;) , Stage( ¢;) )
/* TRACE is a subfunction defined below */
endfor
else
next ¢; do;
endif
endfor
subfunction TRACE (¢ ,1,j)
for each fan-in cell ¢ of ¢
if é is not marked
Serige( ¢ )=1i;
Stage( &)=j+1;
é mark ;
else
Serige( &)=1;
Stage( é )=MAX( Stage( ) ,+1);
endif
if fan-in cell e of ¢ exist
for each cell e
TRACE ( e, Serige( e ) , Stage( e))
endfor
else
next édo;
endif
endfor
end subfunction TRACE
End Trace Circuit
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