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(Software Performance Engineering, SPE) [2]

cEEIYVYIFMIITI¥OSHELE.
VI M1 T7RFESAVINEZELTERT S
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[I] Compuware,Applied Performance Management Survey, Oct. 2006.
[2] C. U. Smith, L. G.Williams: Software Performance Engineering:
A Case Study Including Performance Comparison with Design Alternatives,
|IEEE Transactions on Software Engineering archive Volume 19, Issue 7 (July 1993)




VI bz 7EEBFaA—=2T

TER2NDLKE

od
o

do j=I,
do k=
C(i,
C(i+
enddo
enddo

N
S

N
NN

@
T

Time in Second

Unrolling Depth

4. 7—2R—R1{t

EFa—=24
pallii 2 S
72x—X

i
40

enddo

doi=l, n, 2

3. @ik —X ™

L. HEEEE I —X

|
d°i=l,n,2 E m
doj=t, v 1
CY doi=1,n,2
Ctm .
do K do j=I,n
§ Ctmpl=C(i, j)
d  Ctmp2=C(i*l,j)
d do k=1, n, 2
endd Btmpl = B(k, j)
(i Btmp2 = B( k+1, j)
o( i:I Ctmpl = Ctmpl + A(i, k )* Btmpl
H &
erdd] +A(i, k+l)* Btmp2

+ A(i+l, k+1) * Btmp2
enddo
C(i, j)=Ctmpl
C(itl, j)=Ctmp2
enddo
enddo

Ctmp2 = Ctmp2 + A(i+l, k ) * Btmpl

2.5
7x—X

!{ABCLib$ install unroll (i,k) region start
!ABCLib%$ name MyMatMul
!{ABCLib$ varied (i,k) from | to 8
i=l,n
do j=I,n
do k=I,n
C(i,j)=C(i,j)+A(i, k) *B(k,j)
enddo
enddo
enddo
!ABCLib$ install unroll (i,k) region end
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ATR Y —Edak D —45l
- [EEF 5, 2005]

| $POLICY libname = SOLVER-A

2 $POLICY RCP = CPU, CPU _limit = 100, CPU_best = 20

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

5 $POLICY tune ICP

6 CALL SOLVER-A (UCP, ICP

CPU%k : 100fALLTF. 201|E|1>1J:

SEITEE : 10002 LLTF. 1007 L E
it D BEE - aX FEZEBE#E®/IME

OX FEEEBETES
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E-Science Development Library

* Development of 2009 (Development From Scratch)

- Xabclib_LANCZOS
Eigensolver with the Restart LANCZOS for Standard Eigenproblem

- Xabclib_GMRES

Linear Equations Iterative Solver with GMRES(m)
- OpenATlib
Common AT Interface Library

e The following AT Facilities are implemented:
|. General Auto-tuning Facility for Re-start Frequency
2. Run-time Selection for SpMxV Implementations

3. Optimization for Multicore Processors

Optimized for invocated number of processes

4. Run-time Implementation Selection Based on
Run-time Memory Restriction

5. Common AT Interface to Establish The above AT Functions

e Fortran and OpenMP Parallelization, CRS format



e Oneon |k-h\:I:El:I:I:—cl'Ztﬂ%é‘bl+I:l‘Rm'&E$El
noio~ VI INTE=ERNI

= e vl IV JRE VN QI I 1
° a) &E%“E (il = $750-_9 FILERTE E)
b) #HBIEE (B RBENFTA—S2OFARLGL)
o ¢) INTA—ZEBEHEE  (OpenATI_BLDATA)
* a), b)DBFMWMEEL/D "OpenATI_” #RD S5XFDarfAFRA
IXFE BERTXFHNAD,

S : Single Precision
D : Double Precision
°© 2-3X°FH
WEEEDLEE T AF BAD,
HEEHEOLE 1 2XFHICTIOES, 3CFRICTIEMERZRIXFERA
Do
2XXFH
St Symmetry
- Ul  Unsymmetry

- D: Diagonal
« T+ Tridiagonal
3XFH

- R: CRSFEx
- C: CCSkx
4-5XFH WNEOBEZTIXFAS
ViIfTH—~RY MILEE
RT : R4 — FEARIDHIE



OpenATIib°A General AT Interface for

LIDraI")’ LJEVEIOP ers

* Restart Frequency Interface
OpenATI_DAFRT(NSAMP, SAMP, IRT,INFO)

> NSAMP:The Number of Sampling Points
> SAMP: Sampling Data (double)
° |RT:Judgment Flag

0 : Do not need Increase

| : Need Increase

> Judgment Function : MM ratio [T.Sakurai,2008]
R_i (s,t) = max_z { r_i (z); z=s-t+l,...,s}
| min_z {r_i(z); z=s-t+l,...,s}

Is a ratio for the max per min on residuals r_i from s-t+1| to s.
Extension to ILIB: Last S samples.




OpenATI|_DAFRT O ) Fi {5

INCLUDE “OpenAT.inc” // OpenAT.inc®DA > 9 JL—F
~m§~
DO ITER=|,MAXITER /IR{EfEEDIN—T

MSIZE=| /IBx#ID ) A FZ— LR
1=5 /14 7E 0D 58 FE

D.

~m§~
IF (RSDID <TOL) RETURN // IR #I5E

SAMP (K)=RSDID
IF (ITER .eq.!) THEN // 1B
IRT=0

1

=] | pull

/| SAMP(K)[ZFRZEZ AN

B|DAFRT Z CALL

CALL OpenATIl_DAFRT (I, SAMP, IRT, INFO)
IF (IRT .eq. |) MSIZE=MSIZE+| //V) R &2 — A% &m0

K=0
END IF

~ R ~

ENDDO




OpenATlib: A General AT Interface for

Library Developers

- VvV W i .

 SpMxV Interface (y = Ax)
OpenATI_DSRMYVY() : Symmetric
OepnATI_DURMYVY() : Unsymmetric

> Arguments:
N : Matrix Size
NNZ : Number of Nonzero Elements
IRP(N+1) : Diagonal Index Pointer
ICOL(NNZ) : Row Index Pointer
VAL(NNZ) : Element Value
X(N) : RHS Vector
Y(N) : LHS vector
ICASE :AT Implement Switch No
NUM_SMP: Reduction Number
WK(N, NUM_SMP) :Work Space
INFO : Error Code



OpenATI_DSRMV® F FAfI

INCLUDE “OpenAT.inc” /| OpenATinc@D A >V IL—F
OpenATI_DSRMV_IPARM_1=3 // DSRMVD/5 A —4
ICASE=0 /| DSRMVD /NS A —A
DO ITER=1, MAXITER IREREDI—T

~H§~

IF (ITER .eq.2) THEN
OpenATI_DSRMV_IPARM_I=I /[URIFHESh-RITAEAXZRHWNS
ENDIF
~BE ~

I1475) - R FILBEOREUH L
CALL OpenATl_DSRMV
(N, NNZ, IRP, ICOL,VAL,VEC, JPARM, IPARM, RPARM, INFO)

~HE ~
IF (2AVER L7=) RETURN

ENDDO
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T2KA—7F>R/Na>CPU#T

(AMD Quad Core Opteron 2.3GHz)

HE
LiI¥vyyia

L1F—4TLB

L2%yyda

L3y ya
FTaA—F

BAEAT
SIMDAR ¥ 3RAT
TERAT
LYR%E

i

64 Kbytes (8. T—42. NAEHE)

2 Way Associativity (4 bsNv 9, 3414 9)L)

FvywvwiaS542 64 bytes. LRUEML

Full Associativity

2Mbyte Page:8X > b1, 4Kbyte Page:32TX 2 k1)

512 Kbytes (2300 MHz)

2048 Kbytes

3 Way

3 Way (B#. 7 FURER. FEI/IMNIS )

MMX, SSE, SSE2

ELFEITELIR T (Out-of-order) E#. FE/IHA

® LAY—E—F :iAA32bit: 8. 128bit-XMM:S{@.
64bit MMX:S{@E (xS7THMER :3@&R—)

® 64bitE— F : NH64bit: 16M@. 128bit—XMM: 16 4@ .
64bit MMX:SfE (xS7EHMRR :S@E&LE—)

1000 MHz
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= l:ll
M RERHE IR T
e T2K A—TF 2 AR/Na Y
« OpenMPIZ &S 1 /— |*
&K 1/—FTIlé6 :|7)
e AVNAT
° Intel Fortran Compiler Professional Version 11.0
cAVNAZFTa:
> -O3 -m64 -openmp -mcmodel=medium
- BRIF 1 —=2 7Rk

- YR 53— A BERER

> SpMxV MDEIEFER
a)E¥; b)82F7>O—J)l; c)RY kL,
EITHR A €1 Hl#IC & 5 RERIR

e IO XLICHELREIA
- LANCZOS: 10D BEHEZFTH

> GMRES : JacobiRJiLEE
Z D DEIR: Scaling, ILU, SSOR

\-/




> ~ DU
Comput

Quad-Core AMD Opteron(tm) Processor 8356

s 2.3GHz | 6core / node

L2 Cache Size 2MByte / 4core

Main Memory 32GByte (8GBytes / Socket)

OS Red Hat Enterprise Linux 5
Compiler Intel Fortran Compiler Professional Version | 1.0
Compiler

Option —0O3 -mé4 -—-openmp -—-mcmodel=medium



Computation Condition

®Xabclib LANCZOS

Convergence Test | OE-08
Value
Calculated
. |10
Eigenvalues
® Xabclib  GMRES
Convergence Test | OE-08
Value
RHS vector x All elements are set to |.
Initial guess All elements are set to 0.
Preconditioner ILU(0)

®Default Restart Frequency
30 :Same as PETSc default value



Test matrices for Xabclib LANCZOS

*From University Florida Sparse Matrix Collection

(20 kinds)
Matrix N NNZ Field
Matrix N NNZ Field H20 67024 1141880

vibrobox 12328 | 177578 | acoustics F2 71505 | 2682895

Lin 256000 | 1011200 | chemistry .
oilpan 73752 | 1835470

cfdl 70656 | 949510 | Fluid

gyro 17361 | 519260 | Model bmw7st_| 141347 | 3740507

t3d| 20360 | 265113 | reduction b
SiO2 155331 5719417

c-71 76638 468096 | optimization

SiO 33401 | 675528 | structural Si4] Ge4 | H72 185639 | 7598452

dawson5 51537 | 531157
bmw3 2 227362 5757996
Ga41As4I1H72 268096 | 9378286




Test matrices for Xabclib  GMRES

®From University Florida Sparse Matrix Collection

(20 kinds)
Matrix N NNZ Field Matrix N NNZ Field
chem_master| 40401 201201 xenon | 48600 | 1181120
materials
torso2 115967 | 1033473 xenon2 157464 | 3866688
2D/3D
torsol 116158 | 8516500 wang4 26068 | 177196
semiconducto
torso3 259156 | 4429042 ecl32 51993 | 380415 | r device
memplus 17758 126150 | electric circuit sme3Da 12504 | 874887
ex|9 12005 259879 sme3Db 29067 | 2081063 | structural
poisson3Da 13514 | 352762 sme3Dc 42930 | 3148656
fluid dynamics
airfoil _2d 14214 259688 epbl 14734 95053
poisson3Db 85623 | 2374949 epb2 25228 | 175027 | thermal
viscoplastic2 32769 381326 | materials epb3 84617 | 463625




Restart Frequency AT Effect:

Xabclib LANCZOS

Fixed Restart Frequency Auto-tuning Speetit
Matrices M restart time(sec) restart time(sec) with AT
vibrobox 30 24 [.13 35 20 1.04 1.09
Lin 30 1047 601.65 150 54 214.49 2.8l
cfdl 30 55 12.42 80 24 .16 [.11
cfd2 30 45 18.69 70 28 21.31 0.88
gyro 30 10 [.13 35 6 1.43 0.79
t3dl 30 1878 125.62 90 33 6.69 18.79
c-71 30 4 0.70 25 17 1.38 0.51
Si5SHI12 30 192 17.99 15 34 9.34 1.93
SiO 30 161 24.32 100 37 13.72 1.77
dawson5 30 1052 135.75 105 34 14.79 9.18
H20 30 623 168.46 130 40 42.01 4.01
F2 30 27 15.04 50 21 15.42 0.97
oilpan 30 28 10.63 45 24 11.97 0.89
shipsecl 30 26 20.89 50 30 30.58 0.68
bmw7st_| 30 I 1.06 I5 5 1.27 0.83
SiO2 30 699 805.68 145 45 207.74 3.88
shipsec5 30 53 59.31 75 27 60.41 0.98
Si41Ge41H72 30 411 67991 150 40 274.68 2.48
bmw3_2 30 3 4.20 25 19 12.93 0.33
Ga41As41H72 30 10000 NOT CONV. 150 44 204.05 Infinity
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All AT Effect: Xabclib LANCZ

OS

Non AT A
Matrices restart time(sec) restart time(sec) Speedup with AT
vibrobox 30 24 .13 35 20 [.12 1.0l
Lin 30 1047 601.65 150 54 190.48 3.16
cfdl 30 55 12.42 80 24 11.75 1.06
cfd2 30 45 18.69 70 28 21.35 0.88
gyro 30 10 [.13 35 16 0.83 1.36
t3dl 30 1878 125.62 90 33 5.59 22.46
c-71 30 4 0.70 25 17 .17 0.60
SiSHI2 30 192 17.99 15 34 8.10 222
SiOo 30 161 24.32 100 37 14.48 1.68
dawson5 30 1052 135.75 105 34 14.68 9.25
H20 30 623 168.46 130 40 35.34 477
F2 30 27 15.04 50 21 8.74 1.72
oilpan 30 28 10.63 45 24 9.72 1.09
shipsec| 30 26 20.89 50 30 29.73 0.70
bmw7st_| 30 I 1.06 I5 5 0.85 1.25
SiO2 30 699 805.68 145 45 137.32 5.87
shipsec5 30 53 59.31 75 27 36.35 1.63
Si41Ge4IH72 30 411 679.91 150 40 160.70 423
bmw3_2 30 3 4.20 25 19 8.63 0.49
Ga41As41H72 30 10000 NOT CONV. 150 44 144.12 Infinity




Restart Frequency AT Effect : Xabclib._ GMRES

Fixed Restart Frequency Auto-tuning

Matrices M restart time(sec) M restart time(sec) Speedup with AT
chem_master| 30 22 2.55 52 14 2.25 .13
torso2 30 I 0.68 7 2 0.31 2.19
torsol 30 I 2.54 2 I 0.72 3.53
torso3 30 12 33.57 32 14 34.11 0.98
memplus 30 5 0.25 22 10 0.20 1.25
ex|9 30 1000 | NOT CONV. 100 60 26.23 Infinity
poisson3Da 30 3 0.48 17 7 0.54 0.89
airfoil_2d 30 7 0.73 22 14 0.83 0.88
poisson3Db 30 7 10.38 17 14 11.03 0.94
viscoplastic2 30 19 293 37 I5 1.70 1.72
xenon | 30 30 20.16 62 19 16.18 1.25
xenon2 30 40 92.96 72 20 64.29 |.45
wang4 30 5 0.37 17 9 0.29 1.28
ecl32 30 1000 | NOT CONV. 92 22 1.6l Infinity
sme3Da 30 670 215.49 100 90 101.33 2.13
sme3Db 30 1000 | NOT CONV. 100 120 377.29 Infinity
sme3Dc 30 1000 | NOT CONV. 100 122 575.63 Infinity
epbl 30 Il 0.38 32 14 0.35 1.09
epb2 30 3 0.22 12 9 0.21 1.05
epb3 30 Il 3.22 42 14 3.02 1.07




SpMxV AT Effect: Xabclib  GMRES
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All AT Effect : Xabclib  GMRES

Non AT AT

Matrices restart time(sec) restart time(sec) Speedup with AT
chem_master| 30 22 2.55 52 14 2.22 [.15
torso2 30 I 0.68 7 2 0.30 2.27
torsol 30 I 2.54 2 I 0.72 3.52
torso3 30 12 33.57 32 14 33.76 0.99
memplus 30 5 0.25 22 10 0.20 .25
ex|9 30 1000 | NOT CONV. 100 54 21.28 Infinity
poisson3Da 30 3 0.48 |17 7 0.54 0.89
airfoil_2d 30 7 0.73 22 14 0.83 0.88
poisson3Db 30 7 10.38 17 14 11.04 0.94
viscoplastic2 30 19 2.93 37 I5 .74 |.68
xenon | 30 30 20.16 62 19 16.47 .22
xenon2 30 40 92.96 72 20 64.31 .45
wang4 30 5 0.37 17 9 0.29 1.28
ecl32 30 1000 | NOT CONV. 92 22 11.66 Infinity
sme3Da 30 670 215.49 100 87 97.48 2.21
sme3Db 30 1000 | NOT CONV. 100 120 380.39 Infinity
sme3Dc 30 1000 | NOT CONV. 100 98 531.37 Infinity
epbl 30 I 0.38 32 14 0.34 1.12
epb2 30 3 0.22 12 9 0.21 1.05
epb3 30 Il 3.22 42 14 3.00 1.07




Parallel Performance (LANCZQOS)
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Parallel Performance (GMRES, Jacobi Preconditioner )
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