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Abstract

This thesis proposes a new heuristic algorithm of
integrated allocation and  binding for high level
synthesis.

The proposed algorithm  simultaneously  allocates
binds functional units, interconnections and regislers
by considering interdependency  between operations
and storage clements in each control step, in order
to shure registers and interconnections connected  to
functional units, as much as possible.

This thesis shows the effectiveness of the
algorithm by comparing the results of our
expenments with those of existing system.

I. A&
5 = A o %k A 4ke] R
ASIC{Application Spemfn_ Integrated Circuit)e] 4
Aykof] A AE <] "ﬁi}Q} _l Sakel g43el 87
o] =i gl7] wWhFe] AFHEARZe HAA Ill"ﬁﬂ
2= B (um-around)A The] whE v g 7
stel CAD &2 g™ 1] =3 dAd IC
A 7leare H #HME2E 9§ vfAA(mask) &
ApEez AAEe A A xE 3 Design Automatl(m)

= CADZI¢2 &% Zxojoh[2-4]

A = A #eloly dA zipEe g2 o
T7F AaEe] dgddn gleg VIS HHE 9
o }}li"l Fote wmed #@e dAl Az 4A 27 o

ol A el My Hrtel mbE b A, AE e
°1“} clelz Algh o gl oAE 28 A e o
# gatald el 4% 1 -557;’8'—% Pﬂ o A
LH‘J."E‘?}Q'% ] Z8x 5 :

F4 el ‘EHJ% H - Ajawglol FE v

2R Tolx AR W A I wEir

i :‘i br
rJ‘p lo i _0,

oy
ﬂ" o’“

A48 HA(register-transfer)#Hel =2 A4 '5}
= oHAz H A&y, 9F, veide R %"*-‘L‘Clr
gal 2 FA7 el d4Hoperation)H & 53 g Ai
Oliﬁihﬂ ‘?l"‘o}‘_ FAelnk(a) @& FHsE sl
dol ®el Ha7t HEx d4g 7 dar

=

A,
d}«

(functional unit)el, W9 (varable)E @l %] 28] « A
&t 2 7] A Ef o} FaRe s Ale] 2] AT =
{interconnection) &2 B 2 (bus)tt B F ey

(multiplexer)& #9shis 34 ejr} [B]
FAIE) T ST Hi—ol L—1 o] #hHeR HAL[7] A&

=4 7 darad FElype)d ‘ﬂ- ME 7R e
AA -, 7l bRt gy 2AEd S g0 s
1, clique partitions Ab&3he} ez ~Ejg I8 Fx=
£ #y W ouiglwl &4l REALS Left Fdgef8lehar
2] S ol -gatel @St d A& sletHeln) o H
FoFHae] e Aaust ghEEnh o AR
AA ez dge et egka, v kA 4
AtE g o gl gldddh 71{-°T w2 3l
Al 2e et v didate] et e ulE] ALY,
W YA vl & Buldlel Ssdsgde aene
ZlEe] FHo A wr #H whylelgle @ 5+ gl

meka] Poedel A R P32 AAE 99
MEE stedie] g wlelg s Fajel f2Ea)ar,
zb 715 dakatel dAgE A B (register) 2 A
T AE(interconnection}’t H g ZREEE Ao A
o} Adabzt 719 4A(storage element)s] 4 & Ad
WAE neEste] i mlely o 7] Fe B
 HAFIT B ’W"ﬂ A &g B

o. A dad s

¥omEeld AUs v g wage g g
¢ 2dig gn g ~A%Y @ag den
d A Bgoz s A¥ALt wF W vy W@
& ;

of elgrd Audo A o]%}_‘:- d
= FApsted gk W A A4

- 803 -



1998 - 1% XK M E f L& H & F K4

BH kB & Uk M2 B HLWK 98/6

ke olEEE Ads F A ¥A Aol 2%VH
AEE HA A, 7 AR dF R gy g
el stch olw 8 Ao} Aol A Al kA
o] @ g wide]l By thg Ale] AgPEo) *1 {
A B o] Alg) 01%5:_.5_% sy, Hi Ao ~

of tisfM e R ugig s FPEF F, 44 +1 m
gL @k

F‘i

Input_mobility( ); /* B5& ¢4kl g
while(control step) {
Register_allocate( }; /* #|A 28 W gl «/
Function_allocate( ); /+ 7]% {4t &4
vl </
Mobility_modify( ); /* ol %5 F4 */
Inter_allocate_merge( );
S92 7R Y F ouelyg ¥ HE o«
}

aFl WA dadE
21 ARzl g v

H& wAd Alo] 2usi
4—3—1% oo maae ,a W A gl
o
|

e

¥4 oldel Ao

o Hd
AN A -
2 % WA Ao eyl AR | sEe] st
T, 2 gg Ao aglolm o)y Aol Agleld Ag

A

@ dAs8E gz gden 45 3% dAx
v @wely AN oW Aol Aol izl 7]
5 AN e A%, WA oE Ay 48
4T 0E A4 48 A%, v A g
3} glde Wi Adel ¥& ndsel dxsed @
FHTh ThE A YT AL ohE 7% @
o) gue melstel dAsrlo] BBk A
He @@ ey duaFe 1y

Register_allocatel )
{
Input_type_search{ %
M gy q 25 o«
ificontrel step >1) then Reg_chart_search( )
ool Aol Aol @2d el A ge) o«
Varlable_allocate( );
In_fun_allocate{ );
M 7% Aty H¥el wl A sE] R o«
Register_chart{ };

Y2 Az gy dnEE

F1e Ao 2¥ 17 Ao} ~¢l 24 AHHE dHx2
B wgelu

cs al b
1R
Rl | R2 | R3 | R4 RS

S

#1. Register_chart

+

w

=

2m7l wdse 24
}‘:

= FEel g B 48
AAEE E9E don g¢ss g

Fo] drggtct.

=)
>
falnt

Vi % V3
Ri lu[ R3

T ¢ c3
| . \(}’
\q control
cl o @cl
4 ol

R3

R2

Vi \!'3 V2
293 227 E3E ddan 9% 2 ey
22 7% AR B 2 Wy

AA e G H0Gs FRE F, B A9

sgio] EAsis 7t e gAH % dNA4E ©
oW vl vy = 7 dde) ANE 3

ATE BEATA Ao e wAg A oy o
RAE A dolueleed] Helss] AN 5 Qu
A 2

A gy 2 Y E el R we A, A
4, AWPES, A wAe, Ao 25 2 A4

ol gk E ZAECH WA A X4 (self distributed
number)i= 1% d4tAbE @¥sinz st datd

2e Aol Agle glu FE FHE AW Aie] Av+E
U:}‘-H.J_, Adl # 24 (relative distributed number) <
1% daAE gystna ste dan g de
Hel 9ly #E HE A Ay A AFE e
ey =gk &AA LA (self fixed number) ¥ 7%
AARE B &uA i 4408 olfEe & A
o] 2yglo] EAsln g& FHE A iy 0¥ =S
ZAgE o elEFkrt A9 dgelzm H4d zAde
(relative fixed number) 715 itAE €% izt
ghir dakdl dE Ale] 2le] n PE HE A

Aite]l elERTE FANEE W T Aol 2gH o]F
7 @4 Ao gt AA] o]%Rn (self
mobility)s Fisdals ggama e dals) o
W nej},

718 |4tAE 8% visldsts <82, 293y vw
Zl{comparator) & 715 94tatE #3E e HF L 4

— 804 -



A AssE Hd

HEG w2 SiEE oA Ao =g
2AlEYol gglvh iy vlarlel Wehg FAbeh
A wimzlel o os dle] axla H oA Ao &
WA 5 el Ao Age AREE s Ak
#aete Aol shwaich oAl wE, el dake]
Haggel Aol agel A giz Al Ed
{multi-cycling)elth, Jzelm i 4 wolua{al Arel
Al Al zbe] WAHAZER tn 7hEE AL HHE A
715 @ibabE deelel wjmrlel gyt wgald
of @ = Aol Aojasle] AL A dApE AAAMTE
A A AFA T AL g A eEd

% datatel wwst vheld dnalRe Ty as
ek

Function_allocate{ )
{
if (control step ==1) then dl ¥+ &AM )
e LA R Ea AH 2, A BAES,
Al A A A
(e A && #F2 ol F5)
Existed_function_allocate( ).
S 71 FEo] FEAE 7l AMARE Akl o«
Function_unit_allocate{ ); /*71% dibat @9 +/
Function_register_chart{ );
7% AabRbel wllAaE FEE AW R G
1

294 AAAY UR R uAg dndd

=

ulit

e IR 03»\}7«}3} f A ~Elg] HolE
29} 2o}

(FFunction_
register_chart)2

FUL0*) FU2 («)| FU3 (+)| FU4 (<) o -}

opla|blopjalblop]a|bleplalblop|lal|b

St 1 |Rifel | 2 [c2 IR2] 3 |RY el

S2! 4 |R4|RG| & [¢2 |R3 6 |R21 3
53| 8 [l [R3] 9 |RI[c] 7 |RI|R4
34 11 1R3 RS 10 1R1|R4

#2. Function_register_chart

A oA Aol 2gql AeE AR PR AA I
Ay, A olFE, Al BESE uHe 7y
A8 gest o1 o Aol AURHE W 24
datell 71y dAAE ARG B vl ddas
FHY e AP 75 Rt AT uE
et A3 o oo Al ¥ E xmAst
o 7% dixlE gean

23 ol%R T3 dA

Artel 71 PatatE ¥ Al Haae Aleiayly
ol-g 3l FE A ol & & (mulli-cycling) & o] &% 4

i FE el dighA olEEE 24

s *?—’!-—T-?HE 4110%*‘\'4'—8- ghelmefy gelA el

AT ek els IS (@A »1e A W

EA7Y 1, A o)yt Zolx A A mAgS, ol B

Ea A AL BT Qelm Efae] o] 4

W8 ol E8le] Y% dabAby §F W updH gioh w
Q 1

1.2 ke 428 o] B} oA 2 ul
Aok rgise] (bii: e B oubedwl® 7apeluh

vl 1l Al

—

@ °l%E 3 4l by OB 5 £H T
2 5 oEE 7 o

24 943 vxo ¥9 R wId

E dads e W ugd £ L ¥, 47
wEel whd w Wl e Fawch 3w, A
R AR oo e Mee RS

BHE %alq 2 arg
o), = WA, alo] AdREE sl 9 Aabe] 5
48 W& mAste] w2 4 ol AEHA
ME ggsich A wls, HEEYAY !

g e Aol B HElEFANE ddgetin ¥ Az
ofvl A4 7 HydeAe] Ao

o] alo] My ERMR @A, FE
ghol w4ty =Wtk o)w iR HriE M
B2 uietch

2968 FA el #@A A, 7 AR, oIz

l‘."o

i)

XY

ek wialg e 2ol

il

<6 (A4

ontrol

29 6 BAA wg uieRe] Az

- 805 -



1908 4 KB E L DA U BEASE AG @ oCk DAL Bk 98/6

1. @‘@ 47 2 Heldy,
[ Busl ] Bus
By % ednely FAE HAL Al~we] 4 [ LS b+ 2 3
shel vladtgen] F@@ vng ¥se] HAL A2 = * ool
glof 4] A} RE force directed scheduling2 3 £-&of
#32 Differential eguation®] W WA B E-larea inl iy}
cost)E HAL A 29w vme dzpelry B gxalf ] [ Bust ]
& HEA7 Ax A9 d8 A F dEE wld & L }
Falsol 48 HAL Al=dud s el @ ©o || o
’-“. Hl-go) geofr Al W v &(total area cost)®l . LY,
Zol=is Z3s Adch | I 3 il
{ Busa ] [ Buss ]
HAL B =5
FUs 145 L33 748 Fifth-order elliptic wave filterg] HelE FHZ2
Registers 18 18
[nterconnection 37 37 V. 22
Total Area Cost 200 194
M EfddE v HHEIER GAF A4 AZE
#3. Differential equation®} Wi 4§ szee) ¥ davjsg Atact
) , ooy FE SUN WS & A ’ION SYS#lM TH
H4+: Filth-order elliptic wave filterol gk 72 st on g o] 4ssig A A o] AR
H] &(area cost)2 HAL Alagr vjag Hae|v}, 7 H oyAER gAY, ]Sﬁ‘i FA), A FERE ¥
b v wdn A4 s ues o phelel e 44w % 9d Tz Wi dach 8
& S7hsk 1*—%—]‘ Eﬂ/ﬂ Elg] W] 82 FolEolA, o el 915 aeral wpelge Aol 4:ﬁg.§}gau1’
AnMo g Ha W wEo] FojEdrh Hiiﬂ. A3 %ﬂiﬁ}élzﬂ £ fﬁi glZie] FaEte] e 7]
F Ayl 2he A A WAL s 4 b4
HAL L& b wo el g s 4 ae Ae S 2
Piped FUs 70 70 spell o) o TRe)}
Registers A2 38
Interconnection 73 Vi) F x F#
Total Area Cost 185 183
[1] M. A. Breuver, Digital System Design
#4 Fifth-order elliptic wave filterg] vz 43 Automation, Computer Science Press, Inc., 1975
[2] S. M Rubin, Computer Aides for VLSI Design,
2% 72 Differential equ‘auonoﬂ el A3E RAF Addison_Wesley.
o} [3] S. G. Shiva, "Automatic Hardware Synthesis”,
Proceedings of the IEEE, Vol71, Nol, pp76-87,
Jan.1983.
i | - I "M”"'d ] (A1 Danicl 0. Gajski, Silicon Compilation,
L WY Y Addison-Wesley, 10988,
[5] R. Camposano, “From Behavior to Structure:
High-Level Synthesis”, IEEE Design & Tesl of
W UE, (3 03] Computer, pp.£-19, Oct.1890.
sl 6] James R. Armstrong, F. Gall Gray.” Structured
Logic Design With VIIDL" | 1993
& &) B © &) 7] P. Paulin, J. Knight and E. Girczyc, "HAL: A
+ .| Multi-Paradigm  Approach to Automatic Data Path
+ Synthesis”, Proc. of 23rd DAC, pp.263-270, 1986
8] A. Iashimoto and J. Stevens, "Wire Routing by
1% 7 Differential equation®l ©leole] 4 & optimizing  Channel  Assignment  Within  Large
Apertures”, 8th Design Automation Workshop, pp.
21} 88 Fifth-order elliptic wave filtere] gk A 155-169, 1971

- 806 -



