gbobobooooboobooboobo 20050 HPCDO 1030 60
IPSJ SIG Technical Report O 020050803

1) 2) LSl

MatrixMarket

Automatic Tuning Framework with Numerical Policy Interface

Ken Naono®, Mitsuyoshi 1gai? and Hiroyuki Kidachi?
1) Central Research Laboratory, Hitachi, Ltd. 2) Hitachi ULSI Systems Corporation

So far, the accuracy or the computation time of matrix libraries can not be controlled directly by users in generd,
thus users have to execute many trials and errors in order to realize expected accuracy or computation time. In this
paper, we propose a framework of numerical library to tune the balance between computing resource parameter and
computing time. We apply the framework for a sparse eigensolver, which has required many trials and errors to tune
between the amount of memory for working area and the computation time. The results show that the framework can
select a suitable value for the parameter of amount of memory and computation time for ideal computing models.
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1 A
R=A*X R

REAL*8 A(NZ), LL(NZ), LC(N+1), R(N), X(N)

DOI1=1,N

S = ALC()*X(I)

DO JC = LC(I)+1, LC(I+1)-1
3 = LL(JC)
S =S+ A(UC) * X(JJ)
R(3J) = R@J) + A(JC) * X(I)

ENDDO
R(I) = R(I) + S
ENDDO
2.2 SR11000
SR11000 1
16CPU
16CPU R(l)
|
RR(N, 16)
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CPU 16CPU
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RR =0
RR =16N
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16CPU

1CPU

REAL*8 A(NZ), LL(NZ), LC(N+1), R(N), X(N)
REAL*8 RR(N,16)

DOIP=1, 16

DO | = (IP-1)*N/16+1, IP*N/16
XX = X(I)
S = A(LC() * XX
DO JC = LC(I)+1, LC(I+1)-1
3 = LL(JC)
S =S+ A(JC) * X(JJ)
RR(JJ, IP) = RR(JJ, IP) + A(JC) * XX
ENDDO
R() = R(I) + S

ENDDO

ENDDO

DOI1=1,N

S =R(l)

DOIP=1, 16
S=S+RR(l, IP)

ENDDO

R() =S

ENDDO

=0 1CPU

RR =16N

4CPU 4N
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User Control
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User Attribute Function, UAF
UAF
UAF = UAF (UCP, ICP, RCP)
4
UCP UAF
RCS ICP
UAF RCP
ICP
CPU RCP
CPU (RCP) Num_CPU = Num_ CPU(P)
(UAF) Time = Time(P)
P
P CPU 100

Find P such that Time(P) attains minimum with the
condition of Num_CPU(P) 100

3.2

RCP, UAF ICP

RCP UAF

RCP CPU UAF
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SOLVER(UCP, ICP)

ICP RCP CPU UAF
ucp
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ICP 1 7
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CPU
CPU
*) / +
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CPU ICP=3
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1000
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;e
ICP=6
O/
100 ICP=7—-0
20 100 CcPU
2 CPU
CPU
CPU limit CPU CPU best
time_limit
time_best
selection
selection = time
CPU selection = CPU
*) selection =
min(time/best_time+CPU/CPU best)
6
SOLVER-A 1 5
1
2 RCP CPU
100 20
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1000 100 4
5


島貫
テキストボックス
－33－


1 $ POLICY libname = SOLVER-A

2 $ POLICY RCP = CPU, CPU_limit = 100, CPU best = 20

3 $ POLICY UAF = time, time_limit = 1000sec, time_best = 100 sec
4 $ POLICY selection = min; time/time_best + CPU/CPU _best

5 $ POLICY tune ICP

6 CALL SOLVER-A (UCP, ICP)
4  SR11000
2
SR11000
3
41
MatrixMarket 1
3 structural
engineering
3
(N) (N2) (NZ/(N*N))
bcsstk39.rsa 46772 1068033 0.0488%
ct20stif.rsa 52329 1375396 0.0502%
Pwtk.rsa 217918 5926171 0.0125%
2
2
SR11000( )

Hitachi SR11000 model J1,

1node (16CPU), CPU: Power5 1.9GHz,

L1 32KB, L2 1.875MB,
L3 :288MB, 128GB

Hitachi FORTRAN for SR11000, 01-01

f90 -64 -Os -noscope —parallel
(1CPU, 16CPU 1CPU

%> a.out -F*PRUNST(THREADNUM(L))"
16CPU
%> a.out -F'PRUNST(THREADNUM(16))”

)

4.2

ICP =1
ICP =2 4
ICP =3 16

CPU
ICP

8*NZ NV
8*N*NV
memory _best = 8*NZ + 8*NV*N

memory _limit = 3*memory _best

SR11000 (16CPU)
250

Lanczos 100
Lanczos 5
3 1
2*NZ 1
2*KMAX*N
SR11000 (1CPU) 25%
1900Mflop/s
time best = 100* (5*2*NZ+3*2*KMAX*N) /
(1900Mflop/s*16)
Lanczos 200

time_limit = 200 * (5*2*NZ+3*2*KMAX*N) /
(1900Mflop/s) = time_best*16*2
NV=10 KMAX=30

ICP

Memory/memory best + Time/time_bset

4.3

SR11000 1CPU 2CPU 4CPU 8CPU
16CPU

3 (@, (b),
(c) 1,2, 3
1 3 8CPU
16CPU
1 3
136 271
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2 31
3 1CPU 2CPU
2 CPU=8 16
271 6.1%
200 50% 3
CPU=4, 8, 16
6.1%
1.8%, 20.0%, 22.1%
12
e+ 1CPU 3 ICP
1 ‘ CPU
08 \ ( / )
o6 i 1 1| 1cP=1 ICP=1 ICP=1 ( 0%/ O%)
L rs 2 | Icp=2 ICP=1 ICP=2 ( 0%/ 6.1%)
04 —— sery 4| 1cp=2 ICP=1 ICP=2 ( OW/ 6.1%)
16CPU 8 | Icp=3 ICP=1 ICP=3 ( 0W/24.2%)
02 16 | ICP=3 ICP=1 ICP=3 ( 0W%/24.2%)
2 1| 1cp=1 ICP=1 ICP=1 ( O/ OW)
® " w 10 2| 1cP=2 ICP=1 ICP=1 (__ O%/24.2%)
Me 4| ICP=2 ICP=1 ICP=2 ( 0%/24.2%)
@ 8| ICcP=3 | ICP=1 ICP=2 (50.0%/ 6.1%)
16 | ICP=3 ICP=1 ICP=2 (50.04/ 6.1%)
035 3 1 NG NG NG
2 | 1cp=2 ICP=2 ICP=2 ( OW/ OW)
03 i 4| ICcP=3 ICP=1 ICP=2 ( 1.8%/ 6.1%)
025 _ 8| Icp=3 ICP=1 ICP=2 (20.04/ 6.1%)
. N 16 | ICP=3 ICP=1 ICP=2 (22.1%/ 6.1%)
. \\ 2CPU
0.15 \ 5
C
01 ;‘\ 4CPU
0.05 8CPU
16CPU
. ‘
10 15 20 25 30 35 40 MB
(b) 2
I-LIB[1, 2] ABC-LIB[3, 4]
14
e+ o+ 1CPU
’ . : Dongarra
m A : SANS(Self-Adapting Numerical Software)[5] PC
8
5 [ ATLAS[6] PC
. \\ E——— Demmel
2 s o PHIPAC[7]
Frigo
’ 50 75 100 125 150 175 MB FFT [8] FFTW[g]
c 3
© FFT [10]
3
3 3 [12] [13, 14]
ICP NG
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