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Efficient Mapping Scheme for Parallel Processing
Seog Soo Kim' - Moon Seog Jun ™

ABSTRACT

This paper presents a mapping scheme for parallel processing using an accurate characterization of the com-
munication overhead. A set of objective functions is formulated to evaluate the optimality of mapping a problem
graph into a system graph. Onc of them is especially suitable for real-time applications of pamllel processing.
These objective functions are different rom the conventional objective functions in that the edges in the problem
graph are weighted and the actual distance rather than the nominal distance for the edges in the system graph is
employed. This facilitates a more accurate quantification of the communication overhead. An efficient mapping
scheme has been developed for the objective functions, where two levels of assignment optimization procedures
are employed :initial assignment and pairwise exchange. The mapping scheme has been tested using the
hypercube as a system graph.
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Ag7ge BAS Aan. A =2 vl B4
ol & (communication intensity) Hp=3; lag| 2 B &
g} = vel Ak dv)E vebd 8957 |
T B4 k=g Jdde 4 2xd 4334 JlxE
T3, BEE A2y koo AW OFE FE /F
9 ojd 23 A oA FPAch

g1zl 4)
(ZN8Z 22dF)
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A= 24 2=z pe APHECIEH=E T€)
o= e - el R ) =4 e L i
Init_assign (P: FA 22 = ;5: &) A5 e =)
begin
DV,EEE 7M1 2 ALEE 2 24 =2
vpE Ferh 722 Jle] = ALs
shtE A,
DA 27 =2 vy vpe] 32 7HEd & dlvi)
=t dlvg)7t & 3ol Fch
NV ERE Vg A A
4)while | Vy[ >0 do
4eln FHE A =od B FA =
E2XEH 71 2 B4 258 7 74

= Vpk—E' FHeth

42)HasH=e Hdshed OF= ¥ 3¢
ofd SFAA A ALY =5 veol]
vl ok
4.3)Vp— Vg
enddo
end

9 G E 49 42)94 OF; ¥ OF 7t ©ols
A, 139 7bes SFAE vt varlolel 3
EAY Hojglel ot vam? FAXE v 7t o]F]
FFE A9 kE=0E, vpt veol %= 0] Ak
o714 Adighs A28 NFlE vad 93 OF,
ol AAEEY 1 & AU Kok FEAD ]
ol |t

a3

27189 F39 AT EF=s(N-DY BE =
N A ARE 4D)F 4)FAF 2 NA =
=t o He A4S aFwg. gty o}
AgL oYt}

&9

Ve=1 4 ® 4.1}33 2 o(Delth

Vo1 o/ 4D)FFL V-1 @ St N> |V,
—10]7] Q& 4342 ON? o}

271990l B39 HAe wgAA @) qud]

A APElA F BA =28 2@ AL 27
A7, B T AEE TE F URE gExe s
AEFT Atd 428 7Y e BE 42 dnsle

D gug Ny GE. oW 734 =¥
7R BB RS mAGG AW FHebe] 29

= AEE gl B o] § £E Qlth o] 1B B
Lo WHEg AEE e Zon. AL e
7 Zigol AT 27|8F Yol 2w BYad
FAFLE AAYS] W] T&HT FIHY
FL S lHEL BE 1AL 7R A HHY
HHstelth. oA B R 7} 1_—.-—%11] gy A
= A] AH3z AAE e 271882 A=
ot 42 ZIHS TS ALY AAAY L A
?'&—TL‘Z-‘-];-% o 2

LA F 5)
(A2 Sz Z)
A FA 2= P2 v 278y ¢xgs
sEH A dold 2VEF HF
Z£H:0F g8 #rlety ghZ g Ao e
g3 #¥
Mod_pair_xchange(P : ¥4 2= ; § : A 28] 12| =)
begin
N&E71832 e
2)OFE Hrigi
3) Repeat
3.D)OFZ & {3¥ ol 54 o gy =
#3l7] 4§ FARE v, FEE Zeh
3.2)For Z} £ == (vy) do
32.Dvpst vy 2 9AE wigt)
3.2.2)OF & %73t}

tle

enddo
337H% &2 OFE ZHe B4 =S(v)E 23
7 g}

34)N 28 OF7F -+ OFEct o =LA gty
Vst vprs L EFo
until THER AL}
end

ARG £B e WHED % gl A Woix]
A BEYE £ FRANE W AT 3)
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BE sbE 2 fo] 5 24 E=olth OF,9 OFvt
T&HA 7HF & B4 ews| =g A4 94734 @
A% 24 xxo hirt 151 2 & AUtk olfE
OF7l BA] 94449 B4 enls =9 Hujgkel <l
Ao AAE7] o]t} o] AL FAAD Barst A
= Aotk AAAMY AR ] AL BFEE 2718T
o] Wrol5- g 2= 9= vt A Ferha 3ol o HA
A4 €t

€4

Nz agh ogo] wE g sl oju) A A3
£ O(N:N?)o| B RAojtk o]A -2 3.1)77 ©] Dut am
o] N3t S92 2L M8 ON)¢] OF B7tg X
a4 ON)EEE- & g 73k7] WRelth Nie FA%
A9 o=, o &9 434 (acceptability)Z
8 7| el dEA v Wi Aol

F9:

A7) 39) 2lHA ARHE A2 o) otk

o71A AR JAF NE ON)el7] g A
A 74 2 ONNHe) g}

7. sto|H F{ e F=of| HE

AL AHF 7Y e Bo|HFEE A3t AT
At} So|HFEY] AL A2y 2WEgM AT
Aze) Bzt P@st B wRAAE H3H YE
9 BHFE ol g3te] AVARE Fot o] AoA
£ stol3Fre] B4(4, 9l NP2 FAE A HAT-

7.1 5lO|HTF e 4

AA A} dTAEe E/18FT AEBe R 7
gt £¢ OF9] B7te] i v8o] LI

dutzdl e g o TolN F =EAleld] HAHEE
e 7HA 2 ged ¢35 e No| =29 §91 74
2 ONY)¢} Ao 2 7E}. AR 2T
AuE A2E BN RE xxd AR H ook @t
aHBE seNFE 2L FF T2 1YTZ Y

0=
Al
=
n
iy
do
et
ik

EEQI AR 71" 775

g E
ek

ge solFEe B4 /€Y Relvh. 714
4= N=83 N=163 Bo|AFLTZEE AT

= RY ZAFRE O|AFE (Ta-1, . 1T 2
T S5 (0o, .oy SiS0)0] W, N=2"0] T}
DR St el i) Waled n#sE A2 AFH
¢ 3lck

2)i¢) F¥E F Lo thdte] n#sB IR, §)=L, 4
AR () F = Aold AaAE Yebdoh

IR, S)=Lo|A R} SAtelof Zo] LY the A
ARE L olth

R} SAteld] L €| E7} th2chz 7R EA RYH
SZ(F= SEE RI) 717) siA, R(EE S)o| LH|
£ BaE iAok @tk 2HER B4 D2 QA
o] @ HlET B8 £ g7 g Ade L
oltk. 54 2)% o] Agoltt. ¢4 LHE 7+ 9
9e] 7t B3 53, drAe L-1HE F
= usg 1 F4L A 54 D% WA
o). §19) o2 RE SOHFETR M HE F
28 B AL w4 o] Ye X gl ¥I9
. 29A s BHA 7 FAAN T ==(F, A E)
= 7vad Zges di=d 84 di)dlME e
WAAE FLE & F A AL AT S 7SR
o 7tsE He Az JAfen ¥y Y FES A
gt AL E9F A2y 7 W& 4T
o] BlAEqA HEs HEY 4 Bed gt of
AL =% ARV 92T PAE WM olFE T
= AL 7A@ T2 SE @ =9 AY
A7} Ag-E(busy)old, 22 Akl AL g ©l

(a) (b)

(712 4) (a) P ‘== BO|HFE (b) 1671 == SIO|HFL
(Fig. 4) (a) 8-node hypercube (b) 16-node hypercube
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RXEZAA(EE FE) AAY fAAE Big(E
€ Berh

72 0=} FAM

Al&d 2B Z 2§18 872 167] = o] H
TEZF AR S, B 78] B4 28 2rl H 2990
o] Alg.2 dAIzk WEAY 55 AP 2HFSL
OF:¢l OF2 4#3r}. OF: & OF ¢ 5483 #9e=
A 2 Ed FENANE g Jed ¢ad=2 A
3 Fgern], 2HAN 27)EDAN Alxd
=2 Mg A8 A i vper] 88 F1 s
7t Ag gt 714 T A Eh EA4 adze
% 59t 27 6ol RejRch

:L% 581 29 6olA) A )= AA 2800
1} T 9 Ffolth & S0, GuF G A
a]E]?l A& A5 JPel ® 7ie FRATes 74
Hel QA& BErh o] 2EATL AFE A
84 Alele] FHog v XIAarEo si4 A
22t 19 5= AFEA, MEA4 a3 A9
€ B89 A a2zl 25F UvAE 3
el Arfg HEAE mdas 248 tie] A
a9 deA HE o] B 7ix] FAIE A=

] 1l 2 3
‘?—I—l—"
5

Al urlmrnd

i é%
-

(3% 5) 87 =2 24| JZ (a) Gy (b) Gz (€) Gpa
(d) Gpa (&) Gis () Ges
(Fig. 5) Problem graphs of 8 nodes (a) Gy (b) Gz (¢) G
(d) Gz (&) Gps (1) Gos

AMluvamarked
cdgew: 1{1]

(72 6) 16790 =20 2H J2= (a) Gy (b) Ges (c) Gipa
(d) Garo

(Fig. 6) Problem graphs of 16 nodes () Gpr (b) G (€ ) Gps
{d)Gow

EB2F3EL 7@ Aolth o] ZA2RE giEEe
A4 A3 HE A% Adee 2718% g
ol XA HZ, HAe] AL 2 ElE VT L
of FREe] B HEEE e ¢ F AT
= el HFHAA TG FHo|x 8ol L, 167
= A & 160) Rk

ol 1.3:

A 2AIE Gy TE A L4 2x4 =
ol ALt Ao g FE BujA Y B & 4
A H29] OF= 201tk HAIR A7} Gpedl 4
x4 WHA T HEB + Ak G GuE T £4)
AZA dolxd dig I Wede ¢ 5 9l
h &, Guoll M epz, epn, s, epse®] H 0127} Gpaoll
A v A= gEod | 3 OFs 75 + ¢
th Gps®] A OFS] H7t8 A% o)A k¢
THE HFZgUE A4 /b5 OF o 271 Hle A2
44 & F U 28, oA 2 EAAE 4%
T =8 AR A s BE 3o 4
= 3E 878

Zt A A9 AAFHI FART, TE ¢l A=
STHE AolAE mAGY ¢4TAE 19 £ 2
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EEe F717 dEu gtk E 1614 B %] ®
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{E 1y8 =2 2= 50| H A 22| MAPPER =3 & T}
{Table 1) MAPPER results for 8-node hypercube
G, EZ7NETE AE XEE  wasls ARFE ALY g3
Gpn 40156237 8 0 (40156237 8
Gz (12560347 10 0 12560347 10
G 01243657 5 0 01243657 5
G (23045176) 5 1 (21045376) 4
Gpa (250134746) 6 1 (21053476) 4
Gipn 23045176) 6 1 (37510426) 6
Gpaz (25013476) 6 ] (53604271) 4
Gyt 01256473) 5 2 41250673) 4
Gos2 (01275346) 5 2 41270376) 3
Gpel 02751346) 1 2 (12450376) 1
(X 2) 16 M =5 2= SIO|HRE 2| MAPPER @&t
{Table 2) MAPPER results for 16-node hypercube
G, 27192 AL EFG |35 BB A EEs
G |(1245138019102311146715) 20 0 (12451380191023 11146715 20
Gy |(5691012131447811031215) 16 0 (5691012131447811031215) 16
Gen |(01541081271336915211 14) 5 1 01541081221336915711 14) 5
Ge [(0113932107511414681512) 5 1 0179321013511414681512) 5
G |(0918101257133264111415) 16 6 (9137131210850264111415) 13
Gpz |(0210912611731413581415) 16 5 9110212811370613541415) 12
G | 0918101257133264 11 14 15) 16 (©018101257133264111415) 16
Guo: | (0210912611 7314135814 15) 16 (1210912611 73041358 1415) 15
{E 38| ==& 2= Slo|HA= o 27
{Table 3} Results for 8-node hypercube
&7l &% 2R
G,
’ AR ) OF, |maus A OF
G 40156237 2 0 40156237 2
ol (12560347) 2 0 (12560347 2
Gy 01243657 1 0 ©1243657 |
G (23045176) 5 1 (21045376) 3
»3 25013476) 5 1 (21053476 3
G (23045176) 4 11 (37510426) 2
Lol 25013476) 4 8 (53604271) 2
G 01256473) 5 2 41250673) 3
»s (01275346) 5 2 41270376 3
G 02751346 4 2 (12450376) 3
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(E 4y 167 =S 2= S0l T REe] B
(Table 4) Results for 16-node hypercube

Z7] g9

PEry

APHEZ 4 7) OF,

bk A

o
b

Gur |(1245138019102311146715)
(5691012131447811031215)

B3k

0 (1245138019102311146715)
0 (5691012131447811031215)

Gps |[(0154108127133691521114)
0113932107511414681512)

1 (01541081221336915711 14)
(0179321013511414681512)

—

Gp [(0918101257133264111415)
0210912611731413581415

(O137131210850264111415)
(9110212811370613541415)

LV e )

Gpo {(0918101257133264111415)
((0210912611731413581415)

Lh th |~ ~ | b B

(P018101257133264111415)
(1210912611730413581415)

BN O L% LV T A VU P By S N}

—

18] Gpir, Goodt Gosr, Gpaz, & 29 Gpa Gpa®l 27)
a3 Apdelx 3ESY 77t 8 RAE € T
Atk ol Z2 AN e¥H =8 2 sted A2 (mat-
ched)SA] €& AR A4S w3 S5 7
€& F AtE AL BET E 13 E 260 4=
g Fo] e AAHOE ¥FFY 77 SolE
o] Al&=g Ao dAEe A 2T Al
A2 o] 7A FHE Bde

B =%dA Aetg ¢xzEe Fdo ghEeid
A eHFEe A7y 27183 A FEETe
dEH o2 FoEdqrhk IEAE Ziste St
A= AAHQ 54 ewMF=st ZAHAT 9
Azl = B 37 X 494 Boj AT

ol A2 A¢td AV} dueE|Fol HF o H@E P
TEF] REAHE & HEEHE s BoETh H3
9 Gps®t Gpa, E 49] G Gpo2 Hol2E 733
A gt doe B4 A2 B evlHEs
AHcH Hol&E FUL W Gt 5, Gus 42
23 Gpe 7, Gpoe 52 42 B4 eIz} 24
gt Ho]2F SEdhe Aol AR A2HY sF
g 4% F= AL & T Ak 2¢ 7& 4=
o] ki Fao] g S Axe B =Fd
A AQYE dxE Fo ARE Hwe Aejrh Al=d
27} 87 =9 stolFFEL] AL @A B
Sol 27109 A} Mahe] AL F9) A4
o] Gpaoll 4 |27t 3125 BEch (oA 27
3o AT Bag F2] APeA B4 2¥EHE
- 7 9EEE BoF in) 167) 29 SolHFE

AN

[ N P LI R AR

LU Hel

Y Y N S S Y o A A 1 1 3
HI KR SN NN G’ L I | B G

© )

(0 7) ZI[Sren Wstge| SA 2o =o) tHa
(a) g7l Slo|H R FFES1TY|
(b) 874z E Sto|HF 2] OF, 37|
() 1670 =< slo|HFEe| FFHI I
(d) 167} = Sto|HREL oF, 37|
(Fig- 7) Change of communication overhead after initial

assignment and pairwise exchange

{a) gardinality of 8-node hypercube

(b) OF, of 8-node hypercube

(c) Cardinality of 16-node hypercube

(d) OF, of 16-node hypercube
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