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Abstract

In this paper. an intermediate representation HSFG(Hanyang Sequential Flow Graph) and a
new scheduling algorithm for the control-dominated ASIC design is presented.

The HSFG represents control flow, data dependency and such constraints as

constraints and timing constraints.

resource

The scheduling algorithm minimizes the total operating time by reducing the number of the

constraints as maximal as possible, searching a few paths among all the paths produced by

conditional branches. The constraints are

substituted by subgraphs, and then the number of

subgraphs (that is the number of the constraints) is minimized by using the inclusion and

overlap relation among subgraphs.

The proposed algorithm has achieved the better results than the previous ones on the

benchmark data.

[.ME

A4 A A9 Bie B Isshke daEls

e} HAXAE A Al 2z Wiske Ao

ot Alzgle] b iyt EHaele] WA Z)Est

Y IEER, BB BT8R
(Dept. of Elec. Eng. Hanyang Univ.)
BZHT 19945 9A10H, =A<kad: 199547H2H

(972

B2 Axgle] Fabg vl gkt 28] dR s
¥ A% A4 327} ’ééﬂ% = ool wabd ARgap)
32 "W B ke 2AE(ERAIZ WA AHARE)
EEPHA S8 Al Aol

Al #ld el i A7 1960 el Azt
glert 19709 2ol CMUDA 'Y ¢ MIMOLA '
Zh gy e BAHq) oyl AEkEAct 19809
o} Zubol] AelEwA A #hdl 432 CAD Helel
ul7] A)AksieiA !y

o

=2

o)

SERE PSR ERE S

1o
E‘Bt_



1995% TH #EFLLEH

A& A =Hdel 1980dd Furix|e] A7 Rope
diefet 2o Ao it It FFHE o)t
dlojet 2 Aol gk AFe 1 8Fop} FHy
A A2 A4 Bo] sEr] Az} dw
Al Zlez DSP A4 4 £l CATHEDRAL-M
& £ 4 ootk dlejelula g4 SEWHA P elx
go|zelql side] 202 HgEl o)F ol oyt
A7FE B3] AR glow 41T wg ASIC A
AE Adehs A9 A e digh AT gl
A8 7. gle}, [610)

A9 g4 2AEYY 3 (allocation) 08
A e gt 2AFL B2 AZHEA)
o) A 228 UHIUA 2 el WA (F2 Al
7hel HABEEE 2 odile] e AR A}
< otk g FREE sngele) iAo Hav}
HEER dibs QAR HeE vlred) sy o
w2io} Az} Afole] odF Rz v} WE|Ealy
£ sl Aol AR Hld AL Sl glo
A ggo] WA #YE T 25lEY0) Ul Fy=
7} Aoy 2xlel] g st=deir) HEHog AAE
7] o] 2AERe] Axtol) F3S Fo}b b A
FHo| gt HA YA shie] o] Axlolx
L3 dikxl o wire)e] S} A=) wie] &
2] Al 3 Tl wEly 2AEYI dde)
FAll AEE o] w0l #Holol-o) W)
29t wAde B Fshs sk 3o
NP-complete &A|o]7] wEol S F3le= d)
heuristic’t dare}E-Eo] ks i}

e ~AE
Possible), list scheduling , ILP(Integer
Linear Programming)'*', FDS(Force Directed
Scheduling) '"*' 50 gles o] % ILP: HHsZ
T & ot #3 Ate] el Aok WH¥E v}
A3l glelA] dfH-2e] de}E-& heuristicdt WHEE
Hgsta Qo e 919 daelEe 27 ‘:‘7]
A7t Aljhge] gkl ASIC AAE Adr)es ®
H3el7] wFo)| path based scheduling''®
condition vector® olgd 2A41%8'7 tree
based scheduling'''5¢] otzre)Se) Apsiglort
A 9 Ha A7k A0 ) gk Hele s 2
3 31eH relative scheduling!'®' e #Ho) % Ha
AL Aedel] thg AElry AVsEA|t E7lel ol

A=

(111 (2]

Z7

‘:t

973)

£ 32% AR B TH

105

¢ Al dHom A webd B R
ASIC Al "agt =4 #7] 9 ﬂtﬂ/ﬂ A7k A
T A 5 e 2AF duFe Adjk)
A 2AE GBS AR AR X}%l*% Az
R0 sl T ALY HasE A P52 @
‘ﬂr.

o) PR thest Ak oAl AAEY
B °\J%ﬂ°l i AlBE 2e)3e) HSFGe] Wt &
9% § ¥ A 2A Hoavs gy Hodze
Hz8 U A4 s T3k A7 sl o7k 24
2 ol g8l etk 3%elE AR Bk
el sl & =ge) AEe 4N Eg

O. Mst x749 z|43lE 0|23 AHZE
otne|E
B =Red Akl 2A1EE guase
control-dominated 3Ze} o] 24 Br) Y &3

Mol Exhg Sashs 108 Ao A4W) wjely

Aol 35 1e=E glHoz fo 7 rme) Ext A
he AAB) fsl 23 13 e 589 o8 2o
#8-8 Fgyl

VHDLE F37|a

HSFG

T
FIef= 74
M (3=)
FaeR= Ha3t
T3 A A%
g 1. 2AEy BB

Fig. 1. The scheduling flow.

71E ~H &

13 =28 &



106

Aol wEsted 2 o] FAb AZRE FAASAT
7o 2AEY A A £ FEEE A
sl 2 A7 FAo] FAHEA] WEE A F
AR Aag olfslrg rre] Fabk AZRE HAI
o Wxe] dwelg-g 243 dm A e
os) wE ot whE Akl B2k g QluE AL
grdg 33}

HSFGE 3oz sk ~AIEHL 478 o
vreiz] gt

- Fd AZF AR 1] 4

- AZE 270l oidF oz A

- o =e] 43t

- 2 wme] Fab AzF A3

o A7t Aghe F o) AMA F=F Alte] o
A AR 2ASER] GEE ke #Hu A2k Aol o
g 74¢ sh= A 0% Floyd-Warshell &izels !
"ls 43t} Floyd Warshell <ae]Se e
ol elixe TR Jel & Eie o e A=
cycleo] EA=RE AN ehs darelgelth

Ho| AF A7k HAL 2AEY Folx "
< gl "k FHo) A)7F AR wHEERA] EEb 2
8L 3EA) 2]}

AR 2 g Rz FAL AFE 270
T uel AMEel F2b A7k vieRlr] wlged o
=9 terminal rE AW Eo] = AR =
ALl ofa) w2 = A7k ARRS 7L 5 ok
webd FHAAE e A 2A5S w5 AAgS
24 FYr=SolA mixls F3E AAsle ok gt
Agr AL F rerke] FARE ofu[slaR oA
o E¥=w et wep A FHE ok A
o- of&dy] wiEel ofA)e] F kol gl ForefZE

L

%L‘
o
=3

o
=

= O
=R

TAZ) old) wixe] e 2 Rowx eSS
23} bit vector®E rEH-S R
Hoze] #Had AL AR 2d £F FHiE

gl 718 oJvlgke). =) start ol SARE
o EoA] g2 AR 2AEe] &gy o)A
= F3 o] B2k A7F Al d3gE vixA =
o} alebd] FAEE AR 249 e AL $£E F
o} FHE oz AAE fFld HE 2 x=9
depth o]4-3t= 2709 FAHE FrfZ= 179 *
efEE giAdgke g ARk 279 5 S}

7} peo] Exb AZF AR FHEe AY 2E

ASIC A& 93 =AEY ¢dudE

(974)

SHE

o] A|r=lgler2 HSFGE BFS(Breadth First
Search) 2 7} x5 g3l ASAPS} Zeo| Zb x
=d 7R whE A7k Ag ) ol A U9
Aol thalf 2.1 F¥] AAlskA Aot

1. HSFG{(Hanyang Sequential Flow Graph)
2AEHe] ¥l AEES xEF] A
HSFGE A3t olale} 22 stuse] AA Ajt
7% 3% F =S I}
1) 72 Aljagdol] Mz b2 2709 Flo] -
el e 4 it
2) d%&4 portd] A% Aol 2ol 4] dlo]et
o} ¢f7Ie} 2718 BAlel & 5 gich
3) & Az ell A 7Fsdt stede] Akl
e AR o8 A" 5 dA 5 otk
4) VHDL®] wait-F-& ol43 &L2A17HAT
A719] A 271e] AjEE 7 kv A2 Al
25l B2 5 glvk oleigh ARt B A
sh= HSFGell digt Aol ohgat vt
(49 1) HSFG = (N,E)& VHDL 7]&el g3}
reBol A3 N3t k=E71e] 3AE o
ehiii= Wk o2 A1 ER AR
(32] 2) oAl E = { ef, ed, ec, em }& ole}t 2
2 oA 2 FAH

(+]
e

.0
2758

i

(s

o714 ef : VHDL®S APF 7]l we Al
o] B E-& vehd
ed :dlojet F5 BAE vERd
ec 47F Fp=gel A ARtEAS ER
em : 3o A7k Al ey
(#9] 3) == nl¥ initial =52 2 n2E ter-

minal x=2 = WA oAl i ®
32 ei(nl.n2) (i = fdcm=E I}
o] o, = nl3 n2& oA eid IAH &
=2} gl

ofelle} o] 7} oflzlel Wi’} FbEAE A2
gt

ef :7FEA7} 0ol HSFGelE XAJ3HA|
=8

[ 7k S0 Aeapelrt.

o] ofAlel 1%l F wEr} FAEhE
Aol 2L 43 Ao Aaig
ukgF #pelz) glofot &

(42 4)

ec



1995%F 7TH EFIRe@HmLE F 32 4% AR $F T %

entity example is
port(branchpe,ibus : in BIT_VECTOR(3 downto 0):

branch,ire : in BIT:

ppc, pope, obus : out BIT_VECTOR(3 downto 0):
)
end example:
architecture behavior of example is
begin

process

variable pc, oldpc @ BIT_VECTOR(3 downto 0):

begin
ppe {= pc:
pope (= oldpc:
obus (= ibus + "0100":
if(branch = '1")
pc := branchpc;
end if:
wait until (ire = '1")
oldpe *= pc:

pe = pc + "0100"
assert NOW - pc'EVENT (= 200 ns
report ” Max. Time violation”:
end process:
end behavior:
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2. VHDL description and HSFG.

(a) VHDL description

(b) HSFG
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