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A Study of Synthesis Algorithm for Component Mapping

Kim Jae Jin*, Lee Sa Won™*
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Abstract

In this paper proposed Component Synthesis Algorithm(CSA) for mapping described
HDL to RT component of given library. CSA transform I/O variables of HDL and relation
of operators to control/data flow graph(CDFG) that consists of graph, reduce the size of
graph, compute the cost, the bound, and the method that use compatibility graph(CG),
and then mapping to component.

Component synthesis used branch-and-bound algorithm.

The result that synthesis using CSA algorithm was proved that this result and the cost

of the manual were indentified.
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HLS(High-level  synthesis)olA9] 98 (map-
ping)& 7]¥¥ HDL(Hardware description lan-
guage)® CDFG(control/data flow graph)® T4
sld AF=E+e RT FEUE(Register transfer com-
ponent)o] R=E RTCDF2 AFAG & ez o
v gelBelE](library)e] HAs] Wgshs WHE A
&3},

olejzke WYL A FHE FeolHz2lEy ALU,
counter, ¥l17](comparater), #RI2E (register), v
22l(memory) 5 storage unit® bus® multi-
plexor59 interconnect unit& ©]-838la] CFGel <4k
AEE PPsh=Aoltt.

ojH g WAL &17] el T (allocation), =A
&% (scheduling), ¥IR19(binding) &<l 7158 =%
el gaizict.

CDFGe A%< 33 Fo ANE agz2A
&+ g costE AN A FL g9l cost
£ 2= goldged WyYske 3ot

i £ =Rojil= RT FXUEE o) &3 ¥
Heg HDLE 7|¢d dRES RT E¥YEC ¥
% CDFGE #4% 3 ad=g HAssln cost®
bound& Aitste] ARe elolHelE Ayl YyPg
 sle F¥XdE ¥4 <LueiE(Component Syn-
thesis Algorithm)& A8l
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HDLOW 7148 944% goluse)z yda) 9
@ oPgos $4 714 e B WAt 92
W4E YAl 1T Yeie) CDFGE 749 74

¥ CDFG9 “lX|(edge) 9t ==(node)E2 752 A%
BAE nesld iRt Fasld CDFGE Foid
Zloldej2]o] REE AMAEE A2 W (merge) T}
a3 12 71¢¥ HDLE Adder/Subtractor® 93
& UEE HITE vioE CSAY 385E Jelgic
% 19 (a)dl 71&€ VHDLE EF¥JEd 93379
sl (bHz 22 CDFGE 4% (e b9
CDFGelld =x9} o2& 7HAagt ael=Zelt}, (d)& %
28 (0)9 aH=E FIJEY Wy AXIE
of WEE A I Aotk AlE  Addition-
and-Increment® <j9|8}lx,

Increment & 2|},

SI= Subtractionand-

entity designl is
port(F : in BIT VECTOR(1 downto 0):
A, B : in BIT VECTOR(3 downto 0);
OUT ¢ in BIT VECTOR(1 downto 0)):
end designl;
architecture designl-body of designl is begin
with F select

OUT (= A+B when "00”,
A+B+1 when "01",
A-B when “10",
A-B+1 when "11":

end designl-body:

(a) VHDL

(b) CDFG
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(c) 244 CDFG

(o]

(d) Hd= THL CDFG
18] 1. CSAE AKE%H Adder/Subtractor

I1-1. CDFG &=

HDLE 71£¥ dAAES Ags e golugzld] 9
gJaZigdeire  goluezle] 7lwd REE AYE
CDFGE #@A|#Ho gt % I3 A4¥ CDFG
o} Hejs} databasedt HA%e delBEY TR
(functionality table)& ZM3le] 1)=ZE ®jm F &
olz|Zle] =z W)

(2¥ 2)& HA¥ CDFGY d4ake geljdez]e
ANrIso 2 WPF JPo2 A+B+19 7% ]
B9 Addition-Increment 71529 & xt2 wig
g ageld

N
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a3 2. CDFG &9 of

1.2, BFHE oy

249 CDFGE E3dEd Uygshs Hye=
compatibility ZZZ(CG : compatibility graph)&
olgdla] IZE AT ¥ UBske PEI costst
boundE AM3lE AR )2 sl Whske F
7HA9] #go] 3t}

11.2.1 CGE 0|83 ¢¥

CGE o83l nixe] =g Pyl x=9f +
Zolx, dAle] Aol wetA FaAY AASA 8
ro] Wk Azel ABAd wat ddYe] dx
AR FHA BethE cliqued] 2o #9387 9
ol Wl 7bssitt oA Bte A F 7R 7
Sl mepd gAY AAED R MR FFEA k=
7t HEE ¥ € xso A9 oA 4do] 2
A% s2A dA7} 7hsde, F ddz dR¢ 42
¥ =9 4ol BE ZF4e AASA Bt

(2% 3)& CGE o|8% ==9 3t oo Ba
o fig AAE epidch

B ]

a) X7 QY8 G

S

c) X AW CG

33 3. CGE 0|33t zjiz= &4

d) WXl 24 22 CG
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11.2.2 Cost2} bound 2+ 023t gy

#42¥ CDFGE EIVEM wigsh= uhow oAl
Aol GAIZBIA cost® AHE boundd] #-E& AlLtsted
YR G 2719 w2 HEshe Wtk

Cost®] AAFE 219 o8 AL bound® 2
420} o3 Al4kEr)

Cosi(G) =
2 4 ep (Conn— cost (choices(d;), buw(d)))

+ 2 en (op— cos {M(n), bu(n))
+ decoder— cos {n,))
31D

bound(CG) =
2> o lated rode nioy (00— cost (M(n,), bw(n))
+ Conn— cos  choices(In;), buw(D(n,))))
+20 ... (max . (op— cost(n, bu(n)))
+ ADDON(¢))

(A 2)

AN cost®t bound#tg 7KK ohEe] branch
and-bound €xElFel Fos 7 wzol & Al
A, oo} ddE x=8 wilsle] HIE =T9 cost
2} bound® oA Ao EA 7P HE ol costE
Z¥e WEHE FohiA Bt

(28 4] branch-and-bound ¢18l&E VeI

INPUT : a flow graph, a unit table,
an iteration count.
active-stack={ 0 }:
UP = oo; /* UP = upper bound */
BSF = empty: /® BSF = Best solution
found */
while ((active-stack * 0) and
(iteration—count > 0)) do begin
(1) Pop branching node b from active-stack
(2) Select edge e with the largest benefit
based on a heuristic
(3) Generate children of b with

childy = b+e, childy = b—e
(4) Calculate lower bounds of the two
children : bound(child;)

(5) fori = 2 downto 1 do

if bound(child)) = UP
then discard child;
else if child; is complete
(no compatibility edges left)
then child; replaces the best
solution found,
i.e., UP := bound(child)).
BSF = child; .
else push cmld; onto
active-stack:
(6) decrement iteration-countend while:
T3 4. branch-and-bound YT2|E

branch-and-bound €1E]&< o83l #HH o
£ a3 5d Jehigith. 18 59 S14HY coste +
date] 13} - gi4kel 1, AI9] 2, SI9] 28 §3 69l
e} ol9} ge Aoz 7} Aelo] costgtd AR
du2lEe] by k=8 9uldH, e& dXE vl
WA btex ool @4E 2719 »=E F3le AE
YeRY, bec oix9 AIAE VERAT 2§ dae]
29 A4 ZAHE s49 duHe 2L o] Adder-
/Subtractor24 Wggc}.

Assumed costs :
op-cost(Al) = 2
op-cost(Sl) = 2
op-cost{+) = 1
op-cost(-) = 1
op-cost(+,~) = 2
op-cost(Al,Sl) = 3
op-cost(Al,Sl,+,~) = 3
with AI=ADD-INC
and S!=SUB-INC

23] 6. branch-and-bound YT2|5e) X of
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2 =FoA ARk CSAY] A4 A= 671K F2E
ARt 7. 671K A4 Ao ol E 19
Ye

(E 19 <Al 12 Adder/Subtractors] #4Zso]
o oA 29} 3& ALU°lt}. elA) 4= TI 74181 ALU
ol1, d# 5% divude-by-3328 countero]i oA 6
£ ALUS 2% =] 220 4 dojejr)

(& 1)9 FRE Functionality recognition 2312
o2 CDFGY =t9 oA& & Fol7] 98 AN
He g Folnt.

E 1 CSA Hg of

CSA(Z2i= W4 | CSA(bound ®4l) | Manual

FREXE | FRES FRYAE FRAS
Ex | Cost| AR}| Cost | AR}| Cost | AlZH Cost | ARF|  Cost
1]56] 3) 28] 2 56 } 11} 28| 2 28
2197 3 67 3 97 504 67 5 67
31128} 34| 63| 3 92 13401 63 | 192 63
4 (99| 667 ( 4 99 {720} 67 {574 67
51415 7 | 415 | 7 | 4151 47 | 415 47 415
61741 2174 3 60 {16 60 | 17 54
Iv. 28

2 =&2 VHDLE 71&¥ 94E glolrgeoA
AgsE RT FIUE Pgsl= WHos CSAE A
Qkstct.

CSAE 7€ VHDLZ 71¢d d4A glag w4
€9 ¥ VAE neldle iz el CDFGE ¥
A3t 4€ CDFGE =54 xS Z48ka, o
Hej2le] FXVE] U2 AAxEL PE Fxd
E 9 PHL CGE o143k W% cost®} boundE
o] 43h= branch-and-bound ¥12}5o] gict.

CSAY] AHEeZ 67IXE AHsld 3 dxE & )
o JeRJict.

P23 manualold FoI3 cost} Ao BUFS
AFsAt.
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