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E€ancT(M, N HTLY jSdescendT (M, k)
descendG(M,£)= ) descendT(M,:)

(vl-.vlleE

ECancG{M, ;)2 H{N Y j€ descendGI{M,2)

THAEHEZR T M—tree B E.

EIE1. M—tree(M)FHIBEE PRENTFEE E.AME=E UE, E\NE,=¢,H
W (viyv;) €EE, % HALY parent () =7, Wl (viyv;) €E, ¥ HAL Y ;& ancT (M,i) H
JEPARTCOL(M, ), HEHMEE 2€ancT(M,i),j & PARTCOL (M, k).

T = AT (o, ) € By M jEPARTCOL(M 7)), 5 j& ancT(M. i), i RAEFE RE
ancT (M,:),j€ PARTCOL(M,2) i M—tree M) E N M (vibv, ) § E, 5 (v, v,) C E,
FIE.

<. MR (vv,) § B, , WHFTE £€ancT(M,i), H j€E PARTCOL(M, .. 5B HFE,
L, (wiyv) EEs [T

T2 T=AERKE M, M—tree(M)H PARTROW (M,:)CdescendG (M, 7)

i W AE— FJEPARTROW(M,i), (v;,v:) & GIM) B — 433, IR jSdescend T (M,i),
M 7€ descendG(M,i). T B E=max{z]|j € descend T(M,z) H i CPARTCOL (M, }, M|
£ € descendT(M,£),: § PARTCOLM.0). B FE 1, H (vrvi) € E,, T j € descendT
(M.E), L jE descendG(M,i). [

2 #&HTF M—tree §) Forward ¥ % MPFS

RS E LY Forward B3 MPFS, A5 EHER N EHYE. BT RBY
map( « ), FFIHEHE.

HPE L RIEEHEME A Xn) B Cholesky B 7. B, HIBL BB P2 L H
b SRR ALIEER P Forward B¥EM T,

x:=C(bh:— E zi}*xj)/lr’i i=1,2,v",m
FEPARTCOL(L,i)

HEG, §—LBERF-FEHTNE U, KADK n b WAENEFHEI. childnumber (i)
Fim M—tree (L) HE A TR A v, B9 4132, B Untree—out(M,)F R M —tree(L) v, &
WH, E, FATH, B Untree —out (L, i) = {j] Coiyv;) B M — tree (L) #1311, H j#parent
(D) EREMFEESHE AE v=6/l. BHEFHFHEE U AT jEPARTCOL (M, i),
UG =U) +1 * 2, RIGHEH MR PARTCOL(M, DA EE L THAUGELE S,
¥ i £ TREEFLAG #3id. FW/MEERE, HRBEFLE. MR (v, v)) € Untree —out
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{ receive(flag U') from a child G of wxy J* flag HFHBIRE /
if (flag==UNTREEFLAG?
b= —U' (R},
else
for € PART( )Y do U =G ()
childnumber (k) =childnumber (kY —1; }
xa= (b — U (E)) /s
for (€ PARTCOL (L£)) do U (D =U () +1p # 245
send (TREEFLAG,U (j|j€ancG{L,£)H j& Untree—out{L.£2)) to Puenthy
for (j € Untree—out{L,%)) do send (UNTREEFLAG, j, J(j)) to Pjs

end

B3 347 Forward [E{LE P MPFS(ALIE P P=n)

FTIE3. Forward R E P& EMHM.

BRSSPSR 2, BEHHE 4> 2 K JEPARTROW (L, D). L; * a5 #%& par-
ent () fE3 , B3 Untree —out 45, HEH2,[, « x; —EBE L P MR FLE j€ descendG
(L, ), j&PARTROW (L,i), W £;=0, % = @R BITRH M. B E LM ERRIEFASE
2T BB RS REERAD. [
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map( parent () YR EE BRI LFEN MR U K8 R REOR .

AHERE L -, .2 3 Same () ={j|j€ancG(L,i) Amap(i)=map ()},

"‘“)\{S(')“Jn if Same(i)=4d
= % 1 {min(Same(i)) otherwise
e PR H R IR A AP 7R
procedure fwd —solver (L)
U(* 3=0;

for (column % mapped to this processor) do
if (childnumber(£)==0)
{ze=ts/luns Update—and —Send (I, 2, £} 1 }

while (some x: needed to be computed in this processor)

{ receive(flag,U') from scme x, for x;; / # message F5E L * /
if (flag==TREEFILAG) / % receive (TREEFLAG) =/
for (FEPART W)Y UHN=U{+U (j};
else (i) =b(i)—U ()5 / % receive (UNTREEFLAG t.U()) %/

chitdnumber (i) = childnumber (i) —1;
i (childnumber(i}= =0}
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{zi=(Bi—U(i)) /Ly Update—and—Send (U, z: i}, )
end

function Update—and —Send (U, x4, 4)
for (FEPARTCOL (L,4)/Untree—out(L,k)}H j&ancG(L,S(4))) do U7 =U ()42 * 2es
send{TREEFLAG, U |{€ancG(L, £} H I &€ancG{L,5(k))) to processor map parent{k})
for (jEUntree—out (L. %))
(UCH=U{D+Hp* 2
send (UNTREEFLAG, j,U () to processor map(j)}
U(H=0;}
for (F&EPARTCOL(L, &)/Untree—out(L, 2)H j&ancG(L,5C(k))) do U(j)=0;
for (FEPARTCOL(L, &)/Untree—out(L,k)H jEaneG{(L, S(k))) do U(jH =00 +1u * 245

endfunction
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AR, W P (3,4,5, 7, 1D TE SRS S 4 E 3%, 0 P,. Te # /% Elimination —
tree H LT A, Tm Rm M—tree HIEETTITE]. W& Tm il Te. B 1. G, DRF v 6] v,
BRI RMER 2. G, DR v B v BEN B G EHRENEOE. . (O F
RUHE x FHETTAE R S R AR AT ], WA

11
Te — ;:m(a, Trm=t. (1) +max (6, (1,3) £, (1, 3) 4 (£ (3) 0 (4) +£.. (5) -2, (7)
(D)) (£ (2) 2 (6) £ (T £ (8) F 2, (10)) £, (10, 11D +£,€10,11) £ (11).
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J2 MPFS H:BUF R ERA M. XHHRFE-SHFRAE.
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EEREAEEERET T AWM. B REFA, S EEET M AR BT M IFT
E R B IEAE ST BB . Ay & Elimination—tree RIEEHE M RHE S REE+
SIAMERM. #)H T 5EFEF Elimination—tree B A L NG E R A PR IE R E
R, Zhr E, BRI A F M—tree EEMN LU S BEEENTEAEMRE
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M—TREE BASED PARALLEL ALGORITHM FOR SOLVING
SPARSE TRIANGULAR SYSTEM ON DISTRIBUTED
MEMORY MULTIPROCESSOR SYSTEMS

Li Cheng Tian Xinmin Wang Dingxing Zheng Weimin

(Department of Computer Science and Technology, Tsinghua University, Beijing 100084)

Abstract In this paper, underlying the architecture of distributed memory multiproces-
sors, a new forward substitution algorithm for the direct solution of large sparse linear
system is presented. In the presented parallel algorithm, the Modified tree (M —tree} is
proposed and adopted. Fﬁrthermore, a detailed comparison with the Elimination — tree
based algorithm is carried out specially. The results show that more effective parallelism is
exploited, and significant performance improvement can be obtained.

Key words Distributed memory multiprocessor system, sparse triangular system, sparse

¢ holesky factorization, elimination— tree,
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