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Parallel Algorithm for the BMI Eigenvalue Problem
on Parallel and Distributed Computing Systems

KENTO AIDA,t YOSHIAKI FUTAKATA and SHINJI HARA®

The BMI (Bilinear Matrix Inequality) Eigenvalue Problem is one of optimization problems
and is to minimize the largest eigenvalue of a bilinear matrix function. This paper proposes
a parallel algorithm to compute the e-optimal solution of the BMI Eigenvalue Problem on
parallel and distributed computing systems. The proposed algorithm parallelizes a branch
and bound algorithm to compute the e-optimal solution using the Master-worker paradigm.
Performance evaluation results of the proposed algorithm on PC clusters and a Grid com-
puting system showed that the proposed algorithm reduced computation time of the BMI
Eigenvalue Problem to 1/91 of the sequential execution time on a PC cluster with 128CPUs
and reduced that to 1/7 on a Grid computing system. In the proposed algorithm, computa-
tional granularity on a worker process affects overall computation time of the problem. The
performance evaluation results showed that the computational granularity was needed to be
appropriately defined for each computer system, a PC cluster or a Grid computing system,
to achieve best performance.
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ifLB> IV
then pruning

LB = lower bound

IV = Incumbent value,

01 0OoOoOoo
Fig.1 A search tree.
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Fig.2 A branch tree.
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F,;:BMIODOODOOOO F(x,y) 0OOOO
B: 0000 xO0yOOOOO

[Master]

I:
Qo =B
D1,(Qo) := CalcLB(Qo, Fij)
Dy (Qo) := CalcUB(Qo, Fij;)
L:=®.(Qo), Z:=®u(Qo)
S:={Qo}, k:=0

I :
while Z—L > ¢ and S#¢ do

Search idle Worker

if idle Worker[w] exists
Qr := SelectOperation(S)
Lw = @L(Qr)
Send @k and Z to Worker[w]
Si=5—{Qu}

end

Search Worker that finished computation

if Worker[w] finished computation
Receive {Remaining Q € L}, Z[w],

Xopt [w] and yop:[w] from Worker[w]

if Z[w] < Z then

Z = Zw]
Xopt = Xopt [w]7 Yopt ‘= Yopt ['LU]
end

S := SU{Remaining Q € L}
foreach @Q:={Q | Q €S}
if ®.(Q)>Z then

Pruning(Q)
end
end
L := minges,jzw(PL(Q), L;)
k=k+1
end

end

[Worker]
I:
while Master is active do
Wait Task from Master
Receive Q and Z from Master
Zw]:=2Z
L := BranchOperation(Qy, d)
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for l:=1tong
Q:={Q | Q €L}
cI)L(Ql) = CalCLB(Ql,Fi]')
if ®r(Q1) < Z[w] then
q)U(Ql) = CalCUB(Ql,Fij)
if ®y(Qi) < Z[w] then

Zw] := @y (Q1)
Xopt[W] 1= XL(Q1), Yopt[w] :=yL(Q1)
end

if ®y(Qi) —Pr(Q1) <e then
Pruning(Q;)
end
else
Pruning(Q;)
end
end
Send {Remaining Q € L} ,Z[w],
Xopt[W] and yopt|w] to Master

end

Result :
O0000Z 0O000Xopt, Yopt
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Table 1 Architecture of PC clusters.

ooo node
oooo network

software

(PentiumIII 500 MHz x 2CPU, 256 MB memory) X 4nodes
100 Mbps ethernet
linux 2.2.17, MPICH

Presto 11 node

gooo network

software

(PentiumIII 800 MHz x 2CPU, 256 MB memory) X 66 nodes
100 Mbps ethernet
linux 2.2.16, MPICH
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Table 2 Execution time for the helicopter control
problem on the small PC cluster.

0000 [sec]

cpUD Lv=1 Lv=2 Lv=3 Lv=4
1 3,675 4,228 4,790 5,504
(1.00) (0.87) (0.77) (0.67)

4 1,203 1,381 1,559 1,794
(3.05) (2.66) (2.36) (2.05)

8 529 593 601 670
(6.95) (6.20) (6.11) (5.49)

03 0O0O00ObOOoOobDOoOoboOoOobOOoOOoOoono
Table 3 Speedup for synthetic problems on the small PC
cluster.

ooooooo
n CPUD Lv=1 Lv=2 Lv =3 Lv=4
1 1.00 0.94 0.90 0.87
3 4 2.78 2.60 2.46 2.38
8 5.12 4.68 4.18 3.83
1 1.00 0.93 0.89 0.85
4 4 2.86 2.65 2.54 2.36
8 5.94 5.51 5.17 4.79
1 1.00 0.90 0.85 0.80
5 4 3.00 2.71 2.56 2.42
8 6.83 6.16 5.78 5.42
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04 PrestollOODDODO0OODOOOODODOOOOOODOO
Table 4 Execution time for the helicopter control

problem on the Presto II cluster.

CPUD | 0000 [sec] | DOOOODOD
1 1,144 1.00
4 375 3.05
8 161 7.11
16 78 14.7
32 43 26.6
64 53 21.6
128 42 27.2

05 PrestollDOODOOOOO0OOOOOn=6000000
Table 5 Execution time for a synthetic problem (n = 6)
on the Presto II Cluster.

CPU DO 0000 [sec] oobooooo
1 23,839 1.00
4 7,757 3.07
8 3,341 7.14
16 1,592 15.0
32 797 29.9
64 427 55.8
128 261 91.3
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06 Grid00000O0O0O0 NiInfOOOOOOONInfOOOOOO
Table 6 Ninf client and Ninf servers on the Grid testbed.

ooo oooooo oooo
ooo A PentiumIII Xeon 550 MHz x 4CPU, 512MB memory | 000
Oooo B PentiumIII 733 MHz x 1CPU, 512 MB memory ooo
gooo cC PentiumIII 533 MHz x 1CPU, 256 MB memory ooo
ooo D PentiumlIII 500 MHz x 1CPU, 256 MB memory ooo
gooooo PentiumIIT 400 MHz x 1CPU, 256 MB memory ooo
07 Grid0000OO0O0O000O0O0ODDOOO0OO0OOOOOOO0
; Table 7 Execution time for the helicopter control
(x!mﬁmﬂ*ﬁvi;z)x problem on the Grid testbed.
oooo
Lv 0000 [sec] oooo [
Lv=1 1,784(2.06) 0.948
<_> Lv=2 1,371(2.68) 0.671
A0km Lv=3 866(4.24) 2.24
Lv=4 771(4.77) 2.31
Lv=5 769(4.78) 1.88
— | "\' .................. 3 Lv - 6 912(403) 107
m BkEFr AR
) E (BURTTRE) .
N Client() i J000OoooodoOoooONimfO0OOO0ODO

03 GridOooOopooooooo
Fig.3 The Grid testbed.

O00oo0Do0o0oooooO0o0OoUoOooooGridOoO
000000000 0ONImf00000O0000O0 Ninf
executable 0 00 00 000 NinfCallOOODOOQOO
000000034000000 MasterOOQOQO OO
000000 Ninf0OO0000O0000O Worker
000000000000 Ninf executable 0 000
00000000000 ONnfO0O0DO0O0OO Mas-
ter0 Ninf 0 00 0O Worker O O 00 O Master 0 O
Worker U0 OO0 DOODOOOONInfOOOODOOO
OO NinfCalODODDOODOODOODOO
030000000000 GridO0oooOoOod
0oooooooooooOoooOooooooooo
0000ooo00ooooooooooooooooodg
NinfOOOOOOD Grid00000000O0OOO
0000000 NinfOOOOOO NinfOOOOOO
00000 e60000NmfOOOOOO 40000
00000 A0 4CpPUODOODOODODODOOOCOO
BOCODOOOOOOOO 7CPULDO WorkerOO O
000000000000 00000OoO NinfOO
000000oooooOooo NinfOOOOOOO BO
cODbOOO 1o0MbpsODOODOOOOOOOOOOO
000000oooo0ooooOoooooooooon
OO030kmO0000000O0O0OOOOODOOOO
00000000oooooooooooooooon
150Mbps 00000000000 OOOO 10Mbps

NinfO0OOOODOO ADOOOOOOOOOOOO
000000000 1oMbpsOOOOOOCOOODO
000 ping0D0000O000O0OQO 34msecOODOO

4.3.2 OOOOOO

0700030000 Grid000OOCDOOOOOO
00oo0ooooOoooooooooooooooo
0000000000000 Masterd Worker 00 O
000000oooooooLwgoopPCOOOOOO
000000000 Worker 00 Master 00 000
ooo0O 100000 o0ooOU0OoOoogooooo
ooooUooUoooooooUOooo ((oooooo
000 DbO0O0OO0O0ODOOOOoUoDoooOoO
O0000000oooUooooooooooooo
O0oooooOooooooooooooooooo
000 Grid0000O0OD0OCDOODOOOCODOOOOOD
gooo0ooOoOoOoOo0oOooggosdooo

O0708000NInfO00O0 GridODODOODOODO
0000000o0o0o0o0o0o0oooooooooooo
000ooo0ooooooooooooooooon
goo0oOoGrid00O0OO00O00OOOOoOoOoDO
00000 1/478000000000000O0ODOO
o000 n=5000000000 1/700000
oooeno

O0 GridDO00000000 WorkerDOODOO
ooooooobooooooobooorYOoooooo

Y 0oo00O0000 CPUOOOOOOOOOOPCOOOO
goooooooooo0ooo cpUOOODOOOOOOOD
goooooooooo



Vol. 42 No. SIG 12(HPS 4)

08 Grid00O0000O0O0O0OOO00OODOOOOODOO
Table 8 Speedup for synthetic problems on the Grid
testbed.

n Lv ooooooo | B8ER (%)
Lv=1 3.96 36.9
Ly =2 2.63 11.0
3| Lv=3 2.83 10.7
Lv=4 3.32 9.05
Lv=5 3.23 7.54
Lv=6 2.82 6.95
Lv=1 5.52 38.5
Lv =2 4.79 20.8
4| Lv=3 4.59 11.3
Lu=4 4.82 9.58
Lv=5 4.33 7.84
Lv=6 4.18 5.53
Lv=1 7.00 38.9
Lv=2 6.24 19.9
5| Lv=3 6.31 12.2
Lv=4 5.83 8.74
Lv=>5 5.44 6.64
Lv=6 4.82 5.15
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09 NinfCallUODOOODOOODDOOOODOOOOOO
Table 9 Execution time per a single NinfCall (the
helicopter control problem).

Lv CallOO 00 [sec]
Lv=1 37,677 0.0829
Lv =2 19,060 0.186
Lv=3 12,653 0.323
Lv=4 9,924 0.479
Lv=5 6,362 0.773
Lv=6 7,421 0.802

00000 O00DOoOoOooooDoOoO WorkerOO
odo0ooOooooooooooooouooooog
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