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for Multiprocessor Systems)

Abstract

This paper presents the Allocation Priority Scheme(APS) for multiprocessor
system. The objective of APS is to reduce the time-complexity on a Physical
Mapping Scheme(PMS), The PMS is to allocate the nodes of the Data
Dependency Graph (DDG) to the multprocessors efficiently and effectively,

The APS provides the priority to each node (vertex) in the DDG. In other
words, the goal of the APS is to find a request resource mapping such that
the total cost (time-complexity) is minimized, The special case in which all
requests have equal priorities and all resoruces have equal' precedences, and
the comparisons between our APS and other schems are discussed in the paper,

The APS provides the heuristic rules which are based' on maximum height
(MH), number of children nodes (Nc, number of father nodes (Ny), and
computation time (Tc¢), The estimation »met.hod of the computaion time is in the

paper,

* BB K 2RBE

- 113 -



I. A&

2AEe 9T e oW 29 zzaYye
thel Zoalde] gedslr] Hel 94 xea
Aol 7} efaISe] Y SAEAS Fojale]
E8&3< E=18 o= (Physical Mapping)&
A7) G Ao ¥ &) Ose ga
ago] dfe ZzANe A AAZUL
LAY AHgslE Fgeleh

Yulgez we LLTTIYSTE U
Levelols Z2Al4 83 238 shs ga3
o) 47} meAMe] 4 Meh BY) o
29l ¥ 1Y ool dEslgdch 94
9 gee MM B BEHAT
W AR G RAS F88 7N 8
olc}.

253 sl=dol HAe] AT sl e
dere] =AMe ot oEA FAE ¥
T o), )& LER SAEY YUMo
o] gl &2 File] 84E Fei] heuristic
dyeEe 44y HoT WAL IF zas
A ALdes ANzt GoHE). 1Re] B
W Q7 =P 9@ FAs: APPde F= 9
ek,

Ackstaal ke $Aed ¥7 AMe slE

A

[

o

—_—

rx,
i

o WA L T A9 24E TY $UE

3 JMe WAAA MHMaximum
Height), Ne(Child ¥¥x= 49 ). N
(Father 2xc ¢ ) ¥ T (AR

£ 328 heuristic ¢IE]FoTA ATES

dHoz FyHr] UES Aze BHrce

i3k A BYr=y8 (MH, Ne Nji To)
£ ¢ F aktE heuwrstic 73§ A4}
o, HFHog Az Exce digt 94
£90E YU VMY EY=W gez
=9 e Ui

e g3 71 He4AN Faaejale)
Z 3hs AQAIZH(T) oA, A4A|7dey digt
FAZE A& o AAlT(6). ¥ =Fel
A AQARE &S FAAo2 Q7= L)r%
A% aus Agsigen], 7 eham wc
o digt AL U U o, EH A
9| ARAZE & whye A2 e A|Alstse.

2 E=RA Akl $4ey €9 7S
ubH el Architecture Modele] HE&E %
gled, Data Flow Modeld] A8& ZA$ 2
ot BFF ot

B =7 AL A2AA ZiE&e] #A-d
79} Ajgtsl= Heuristic Rules A9side
o, A3 e ¥ 7N 9
AAAA ¢xAEE 7iedty, F5BAE 7
= 2= A2 AT o AU 42
9Ee A8t 24 BYr=S Ui HAEH
ol $Aeel el diyt AAE AAside
o, uiAlet A4F FEeE B

I $Hee] @3 A

2.1 o HAF HE

Coffman(3}-& ©#| 2l Pathubg ¥@sted
SAee Ze Absigel et ekl
2409 xr} @A ol FUY PathE 71A
T PeA BEAHQ whhel HA Rk

-114-



Kasahara{4]J= 7709 224 Level %
Child dxco| 48 It $4ee 74
< Adsidrt

Sarkar(9)& F2 =i¥714S Aksigedt
g A A T 7S TSl E
& HAed ¥ e EoF oyl
A=Al Fag AL opxnt, e ¥
@ 7S ARSEE Az Egela AlYgA] TE
Moz oy FAHE siAdd Eoh oA
e, Bk F4AAE ZE e THZ
AellA] A9 € 7S A8k, time-
complexitys 4 4 Uck= Aol UdFHNU
ok,

Potkonjak(7)& Level ¥ Minimal Life-
timeg st AR Hike AlbsA
2l

A719k zeol AR ALY ¥F S
Ex=gye] dRUE AR VYR 59
2k FEEAIE Ze s AR
(Scientific Computation) 4] ¥ T 24
7} F7hske /A9 FAldle AYsA ¥
71¥ojct.

222 8 ¢

B Ades €99 el BY HE 4
sue oed 2ok e Agse 29
o gla3 2E9 FEeE Minimum Cut
Set ¥ A4HA7He X ¢ Load-Balancing &
ey EEs B3 PG5

PAel 1-Root EIrE: A EIJrzr}

Predecessor Edx=& 743 QA @ &

- 115 -

Yr =g Root EdxEi} gl

pAe] 2-Leaf EHX=:@dA EYxErt
Successor EYXEE ZIAR A g ¥
»=& Leaf Exc=gt gch

pAde] 3-MH (Maximum Height) : &z} 2
Yool Leaf EJx=71x9] Hol Aglg 9
ujsie, Leveldl 5<ddt sipde=z ARgRich
£ E3oll4l= Bottom-up W& Asigde
88 Leaf 2¥xti MH=1¢] %t}

PHe] 4Nc(Chid EHx=8 %) : Q)
EYx oA Leafl EYXxT71x]2] Child £3
xE AAe] ol Child 2¥xT A9
4= direct child_ 2Eyco 4 4 indirect
child BalxEe] 8 gt Folch i7lelA
direct childe &2 £ Eo Mo
A9 ChildE ¢»)s}n, indirect child: &)
Er=d Moz a4 Chid £dx=
(e, &AL FEAE 2uikith

pAe] 5Nf(Father E8xT2ol 4) : Ay
B ToA¢ Root B x7}x]9] Father ¥
ZHre AsAe] 4olo}. Father Erxxreo| H
A9 4= direct father EYrcTe] £ W
indirect father BT 4§ &3 Ho|
t} N8 73%-¢} vlai7lA]2 direct father+=
A Exzo] AYPHoa odZAY Father&
oJu}s}le, indirect father:= ¥zl By =o
Ao e gZ4Y Father By =(d], %o}
Wz, FZ gopx) & guigich '

P 6Tc(A4AAZY 1 7 BYx=s 2
RS ALARE AT slesl, AL
g qFubde 2 3" Zled



e ™My

==

L

2.3
ARk $Ae ¥F VUE AZEAF
oz Fsy] LolstAl 7] s Zze
Yo gt BN E Y5 A
#3t4ql 2yog AAsch 7 BYx
Zofl Wigt BYrSAHEE 7] fistd 7l
22 Depth First ¥4 7I'§& #Hg43dch
Depth First €4 7] 2 Breadth First &
A 7igell wigk Zzke] SA4ol disjAE Barr
(2)& =z ¥z

to nfn

2.3.1 MH(Maximum Height)

Top-down AT 71 djile] Bottom-up
AT 7ME AgEklen, 4 EY¥xcsel o
T MHYEE A47] A9 $53HA 282 o
3 e}

(1) Leaf ExZ=:Leaf EYkE=ol:=
MH=1& AHsl=d] 1 o= A7l 7ig
#d%o] Bottom-up 7I& AHg-3t7l =E
ojct. '

2 71t Y=

CASE 1:dA4 Ex= 7} 479
Child EYx=5& 73 9leom, ¢
Child £3x=35e] 5UY Leveld X3z
ALl WA ER=eo] MHE T3 83
232

MH (n;) =MH (ng) +1°]%, & net= direct
childe]c},

CASE 2:34 Ex= i7l el
Child E3dx=% 7Kz gled, 7749
Child B¥xT5o] A2 o} Levelol $]3}
I A& A A EYxrc=9 MHE Tshk=
482 2y L MH(n) =max{MH(c,), MH
(c)} +1ol9, & ¢, c.= F79 Mz d&
Levelel] $]x]3} direct childe]c}.

471 1) 2 Q) F FUsY A EY¥x=
o] MHE T3 341 23& HdAHe
Aed ot o

1 : Child (n) =¢

MH () = [ MH(child (n,) J+1
MH(child (n,, n;))+1

E}. n, n, € n

2.3.2 Nc(Child E3t=2e )

Y2 BYrso] Ne BYr=qRE TP
flsjxe ZA Leaf ¥Yx=e] oigt Ne o
7le} BYrso iyt N& Foh= wpges
Eg 4 oalem, I whde oplst gk

(1) Leaf 335 :Leaf Bt Ne=

: MH(child (n,) J=MH(child (n,} ]
: MH{child (n,) )=MH(child (n,) )

0°] Hed I olf+ Leaf £+ Child
Ex=§ ZIAE IR @71 el

(2) 7l Ex=:dA EYrcsoA
Leaf £y =7}1xl9] direct ¥ indirect child
Ere 0] gojd) oFE FYAL »
yoz AAHA o5t Ao

-116 -



0 if child(n) =¢
Ne(a) = [Z(Nc(d) +N@) i OW

4 Nc(d)= direct child E¥rce &
olm, Nc(i)& indirect child Exce] 2
Frolet,

2.3.3 Nt(Fatherg2g{xc=of £)

g4 FHxr=e Ny Exc=Aug T3k
PYUE Neo| ERxSHYRE Fohs AR HK
¢ wfoz fasin], gt Neo| 2Yx=A
HE A BYvTo4 Root EYr=71x]9
ExE £ ¥S oul¥rt

(1) Root E3x% :Root S8x=+= Nf=
02 =Ash=dl, 2 olf= Root ErEx
Father 23xcg 713 QA 7] wio)
122

(2) 71t EY¥xx=: 7 Ex o4 Root
By crlxlel direct ¥ indirect father 4=
9] & golrh. olZlg AU RY2E A4
s oeF 2o

Father

if father(n) =¢
E[Nf(d) +Ne@)) if 0.W

© Np(d)E direct child £gjxce] & 4
o|of, Nt() ¥ indirect child ¥3rce] $4
ol

Nt(n) =

2.3.4 To(HILIAZH
£ =ddE ds e Jld

Operation” Timing & 1§31} AH8cH(6).

Operation Clock Cycle
L+ a0 K - 3
* 11
-/ 25
= 4

- 117 -

B oo ez A dd ¢
4xzagde &34 €Y, Loop Y,
Conditional ¥82o2 ddg¥ 5 ded, 44
o gl oigt AR G Fo] A%
g 4 ‘

1) €44 4= E4Yd 2de 2E
x=o T & 5 €k

(2) Loop ¥3 xT:Loop HYxEeo] o
e FAL Te=(TrTs)
* Nyoldd, o Ti= Loopel BUe AlZ, Ts
£ Loopel AlsEe At N2 disEs
Loope| R+& ejudich

(3) Conditional E#x% : Conditional &
Yol x4l ©& ¥71(True, False) Fll
A 7R 7 AAIZRE AR o3 Al
AZg 53 digshe AR ¥ Al
AAZE diEshe Aol gtelFelr] wEelnth

g ARAZE Aag

|~ I- 7!&4 __I .ﬁlxl

Aty A ¥ P2 AR o
K72l heuristic o2 FTAEe] glon,
el oj¥ AL oS Ao

P #3 1:Root ¥ Leaf BJx =& A
st 24&9 Queued] A U opx|eto
74z A o EYe=ARE AAsA
Hoal MHE 713 £9x=o) 743 3% ¥
o MHE 7B E3xc& Queueel] ¥t
o} EYrrce] ¥ Minimum Cut-Set ¥
AQAZH(T) & 71¥-22 § Load Balancing
& Telsigleme 7 garozte] A4
Aole A 4A B5). Wb Aded



AXA FE/ACE ToARTE FesA Hol,
MHE 4349 357} Slog MH7} 2 2
Y=g WA g

P Y 2:Bereyvery MHE A4
e W W} FTAF MHE 74 17holael
Y=ot E2AF Al Noot & BxE8
Queued] X "33l ojf= NIt =
2 2YLEE sdels BTl @
ojajo]7] wjgolct,

T3 3:qkef ofd Erx=rt MH ¥
SYAdl= Neg ZAREL 282 Nevt

e BULTE X Queues] YPIITL Ni
7} ¥ BT E ¥Fsle olf= Nt A
the AL Npb & Baxc ®o father %
Yxsrh ol A7 WEels)

b Y 4w} ol BYxsst MH, N
2 Nt SUAldle TcE FAd ez
Te7t & EH2=E WA Queued] g}
AAdog Tt & BALTE nix slejsol
vl 32 Tt AL £¥x=E 9A AHe
slof sh=rle Al WAA B dAFE
sigtert ol YUY AL UA Rsjn
UE Al HAl7iAlY 2HEL SET2
a9 E4AA SAY W Toh T BEx
Fe He BYXTE WA Adslel v
= o] Aok (1)6), & $H&s] ¥ 7]

& BT 2EIAE s SetHe A
Aol AP Aol FestaA s=E Tt
2 BYxsE A4 Ndse ZMe Adsa
o,

b A 5147 D} FAe BEA 2

Z -F->i
Now oI fle

In

galol= d9R Leftto-Right «AdE
Queued)] gt}

N

m <e

2RdAE 2364 7148 WFAE 2A=R
sl azEgeldoz THT 4 = Lz
& AT ClAlE dAstd AAAL A
<9 g2 7i4e H4e AHE skt

31 ¥2E

¥ daEE H4si7) A% dHeRE §
fxzggozRe Axedo] Tools Fl
HAHE FLHo9u(3.28 FR)E ARSI,
dxeFe] &Y e $4ey €9 Listz
yehde}, '

1) 2 BJx=e ExE=4EE 7IAx
len, EHxc=Auw ¥Huls (MH Ne Ni
Tc) ol

(2) Root LT & 3lo}A, Queued] 3
wAjel] FFgiel v

(3) et Hd MHE 2+ Ex=7 4
34, Hd MHE Zve £3x=E& Queued]
it

4) =eF 59 MHE Ze £3x=71 17
oliold, Ne& AT Not 2 #decsg
Queued] WA YR}, V

(5) =k $Y MH, Nc& 3= £3x=)
170 ol4eld, Ne& FARIR Nt 22 A&
Queued] WA i,

6) wieF T MH, Nc @ Ni& 2= 89
XE7t 17 olabeld, TcE FHARlR Tt &

-118-



A& Queued| WA YY)

(7) =} 2E Aol FYsW, Lefito-
Right&22 Queuedl| &3}

® A7 V-9 HAE 2E EYrcr}
Queuedl| e uzlx] uhEgic)

3.2 ZEictA ¥ ol

¥ dAle s FLadxs 4o A
. fAES T gaEEL oLl 7
EHxES dig SHEHE ZAAsly, AA
Hog ZZAAMEA €3g o dAAQ 4
FAE dFAFlE A3E BoAFED

olE|gt FHadxE AAlHez oA
A 4 et sk AYgdAE 94 Abe
o, AR FEae=el Al ey
¥ daPdFe AH4std BEE

3.2.1 AECHA

Age o oAl odg £ glew], 1A
= ohe 2o

A, AgARs Te gy dolE o]4sly
ZeoWe FAYY B =Eel4 Aed =
2% dojs CAojon, A2 d& =g
gy dolE AMSsld Z=2ays FAAHY
slck

A4, AR ASdEE Agsid A4
s4zzade ARYAA Fpas
(intermediate code) & A

A, HAmde2 PAAAAN A FA2
EE /2 FEadEE Y4 £ e 4
xesgfo] T (software tool) T o]Lsle =

EELES P

- 119 -

dA, §4E F4IUEE T Al
e U7 BINEE AR 3 Bx
So og Z2AM ¥F PHEAE AR
o

3.2.2 o]

3.2 1A ARG AgdAE AMY F4
ad=rt gAY 4 SR/ g E9Yx
EA¥:= Depth First gubd 2 At 4
2l 2dE JIAT FF 4 ol ellA
olu] ZlgstdAlw EYrTyHE MH, N
Ne ¥ Tc2 FA=o] ot

(18 310 F5ad=2E F& Z EYyrc
Sl AR 3td 2ys Hisie $de
4E ZAAE A% el ExrARE A
A A& Alsiyd ogd

BY B3yt Leaf E3vaix MH=]
< AXsie, B5 ¥ B8 Exci 2.3 1%
o 7leh 2Yx= CASE o o9 soz
MH(BY) +1=2, B6 ¥ B7 ¥%x=+ B,
BS Bavesl e ASel dslnz MH
(B8) +1=3, B4 Ed:=+t 23 1d9 7}
£xc CASE 2¢1 #2€m2 max(MH
(B5), MH(B6), MH(B7))+1=47} %=}
Hl&g widez AAsiE YAl B
i3t MHZRE (29 3-D9 4 Erxc=An
Z 3Ael o] HAch

Ncol 7% RootEY:=9ql Bl EHrEx
direct child E8¥xx9] %4 2, indirect child
EYrE 4 622 Nex 80 €l ulsg ut
oz Jujx] £ digt Ne& 7€



glew, I A= (I¥Y 3D 7 EYx<=
Aw F sl o] Ich(A2. 3.2% #Ax).

Neol 249, B5 E”{xtt direct father
B ceo] 4 1, indrect father Ercol
7t 3224 Nie 471 9o, kgt whileg
Jojx] ExEd gt NeE 78 4 oo,
a2 ASE ¥ DY 7 EYxE=AR F
AdAst el Poh(#2.3.33 F=x).
7zt EYx=e] gt Te @2 2.3 48 2
Yjog 0% 4 glen, I A (23

0

=3

olg} o] Al4td 7zt XAV E iz
3,149 dxeFe HEsld 3w aYyHe
249 Lists Bl, (B2:B3), B4, (B6:
B7), (B5:B8), B9el ¥tk

A719] 29 Azh= Bi-(B2, B3 w3y
2])—-B4—(B6, B7 ¥3iA=])—(B5 B8
FAj2])-B9Y +£A42 A=Y 4 QUASS 9y
Lig=s

A7 FLaA T4 BS Brto A2k

309 Z EYr=AE F oot g 7}o] B6 EErxcu} B7 E¥rcol B 29
ENTRY
B1(6,8,0,17)
82(5,6,1,2) B3(5,6,1,3)
B4(4,5,3,34)
B6(3,2,4,40) B7(3,2,4,18)
B5(2,1,4,19) B3(2,1,6,35)

Qg 3D FHOg=

-1

20-



XEZ o]o]x= Pathe] AA Azt ¥}
7 7% B5 E¥x = BS Berx e was
Jsit Axd B6 Yxcy B Bdncs)
ygAsEE Rol o meHol et &
L£aYLE YAz EGn=g FEYA, 4
48 EFR1eAN AR £33 Load
Balancinge] Ieisjug By irie A4
AZbell= & Aol 948 AZsd ¥ =%
of]&] AjQ¥%} Heuristic Ruleo] E84YUS ¢
O

N, A

ALY €2 1L 5 Az 7
EYr=5d s LAEAE FoAge2d &
g oide ¥R F8Y d¥E FIAT
ot U MHE ZE= A0 $4949 &
Y oFol FAla TaAHE gohosin ¥
o, 4 MHe| gle 7 Sqx=so dudt
SAENE FogeEn AAHA APATS
D&2717] A o] ¥ =7 FFHoH, A
g 9] g3 e FFEHeR ¥o
AvAelx HEAHQ obF ZIAA AL
dAs=F shedl ok

F430A A= e EAdhe T ERjx=
+ Maximum Height(MH), Child E¥x=
o] 4£(Nc), Father B¥ixc=9| 4(Ny), A4t

- 121 -

AZHT) 2 ui7hA) Y=y g 7HHT 9
d, 7ZF Bkt oigt Sdede A
BYrcrt ZAXE Qe o 7HXe] ERjxsd
BE AH2¢ heuristic ¢22ES $ F4gd

o

AEe) $4ed ¥ M AT WA =
£ FA9 248 TeH4 SHEAE 29T
Aoz sedel 7Hde Astd sle gl
G gk ZeANE ogshs WHY uF
S2AH ALHelE wlgs W, 2 =
A AQG ul AAle) BYxE HuE 4
23} Heuristic 4X2&2 714% £4%x=4
BE oG geYonH uoh YoM A
298 AW 4 o=z uS TPy 25
AT 22 Y= 2d= Ay P AP =2
AN elsts o3 ZaAd Aade] HY
¢ Saes 9% Aol ¢ 4 gldh

AP A €F 7ide ofslE w14
sto} T&adzE YYse APARE P9
AT, AAE T SHEd 9P e A
#2229 Asbl HIAGE BN 4 9
¢ ANsgsk AL Jue s A
S5h5b7) AT HYY ALAL g A
ssjolo} stuz ofeitt daurdel Uiy 3t

. A 97wt gesiq



L =43 A, £94A, FeAEn4 1984

2. Edited by Barr, 'A_ and Feigenﬁaum, E. A., The Handbook o Am’ﬁa‘al Intelligence, Vol,
1, 1981 -

3. Coffman, E. and Graham, R., “Optimal Scheduling for Two Processor System,”
Acta Informatica 1, 1972, pp. 200-213,

4 Kasahara, H. and Narita, S,, “Practical Multiprocessor Scheduling Algorithm for
Efficient Parallel Processing, " IEEE Trans. on Computer, Vol. ¢-33, No. 11, 1984, pp.
1023-1029.

5. Kim, Hwa-Soo, ‘A Large-Grain Mapping Approach for Multiprocessor System

through Data Flow Model,” Ph. D Thess, CWRU, 1990

6. Koren, I. and Silverman, G., “A Direct Mapping of Algorithms onto VLSI Proc-
essing Arrays based on the Data Flow Approach,” IEEE Parallel Processing, 1983, pp.
335-337.

7. Potkonjak, M. and Rabaey, J., “A Scheduling and Resource Allocation Algorithm
for Hierarchical Signal Flow Graph,” 20th ACM/IEEE DAC 1989, pp.7-12.

8. Shih, L., “Automatic Synthesis of Control for Multiprocessor Systems through Fine-
Grain Mépping, " Ph. D Thesiy of Computer Eng, and Sci,, CWRU, 1890

9, Sarker, V., “Partitioning and Scheduling Parallel Programs for Execution on

Multiprocessors,” TR CSL-TR-87-328 Dept. of Electrical Engineering and Computer
Science, Standford University, 1988

-122 -



