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Step 2 DFFEEZ O(n® + m?) FTESHIT LI
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WAL TR R T HZ LN A EE TH DB
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FEDOHERIRREDHIFIZES>T AT —4
DOIE LB oy & BBV N 5. 2 D, DL
TO=2OFETENBBIICTIELERIRSNT,
mnPERE (it sel MR BE e VA — ) 7)) (23 B AL B
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1. SCM WEZ4 4 = SCM iIZxt 35
Parallel Sparse Cholesky 43 %7

2. SCM 23 »»> n = m DA = CPU
\Zxt9 % affinity @ B B)EREELED CPU
AT R DAER (B NS R R IS I K
17 8T —H~EH#)I2LD SCM EHFEDI
Bl e G

3. SCM 288 72»>n<m DA = ZEKGPU
CBIEOHREOA - R—=Fy T HIFICED
Parallel Dense Cholesky 43 %1

ORI ALAE Hed bR (RS R E) -
RO

TR E Y R (Quadratic Assignment Problem :
QAPHIAT Y a—U 7RSS LSI O[] &,
e 7% B & M 72 & o B XA IC B DR/ 72
NP-IN#E7 /A B LR RE D — > Th 5.

nmax = 2117
n=2,752,649
(matrix size) # of blocks = 2
m = 2,339,331

(# of constraints)
nnz = 28,078,376

(# of nonzero

Size of the diagonal block
elements)

2,750,532

K4:BEXK SDP OT—4#EE(ZREILHEFE)

m (XK T 233 HREREAZETE(XND).
ZZTHATEEKY: TSUBAME 2.0 (2.5) A—/%
—a B a—H#(X5)TH SDPARA D ELTH]ZH#7
Jr3%. TSUBAME 2.0 (2.5) |44 /—RIZ 2CPU
& 3GPU %#f£#L CT\AH. TSUBAME 2.0 Tlix4/
—RIZ Tesla M2050 7233#&, TSUBAME 2.5 TiX
42/ —RIZ K20X I T,

QDR InfiniBand 4GB/s

PU 0: Tesla M2050
14core GDDRS
6core Fermi
Xeon X5670 515GF/s 368

70.4GF/s
- Tesla M2050

14core
Fermi
515GF/s

PU 2: Tesla M2050
14core
PCle 2.0 x16 | [ bak 3GB
8GB/s 515GF/s

148GB/s !

E5: TSUBAME 2.0(2.5) 1/—FRND#ERK

6core
Xeon X5670
70.4GF/s

32GB/s QPl
25.6GB/s

4 [A], TSUBAME2.5 % W TCEEARR ML Ry 7D
— D ThHMIE S FERRD Cholesky /3 fifIZRTL
T, 2 GPU OIEHRF R EBEDA — 1 N—Ty
TEA (X 6) %S T s ko TR o
233 UL EEen R RFIBLIOE K SDP([X4)
IR Z LI LT E7- SDP D it LR D F T
(233 J3 ) K& e K C 1.713PFlops(Cholesky 4y
fif:4080 GPU)DYEREZ R L72(2013 47 9 A).
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Parallel Algorithm of Cholesky Factorization
Version 4: GPU computation, PCle communication, and MPI
communication are overlapped

Producer of panel L

MPI
Comrh. Ll Ll

CPU N
time

PCle L L L L
Comm.

GPU DTRS

» Diagonal block factorization = Panel factorization = Panel
broadcast and transposition 2>

* Update: Each process updates its own part of the rest matrix,
taking the corresponding part of L and Lt(trace of L). Then
B‘=B‘~ L x Lt(Lt ) is computed.

6 :Cholesky 3 fRICHITHEELEED
F—n—S5yFH il

~H RAGHIH - 1360 /—K, 4080 GPU.
28,4 ) —R D 3GPU ([ZZENZH IMPI 7k A§
SEENY T2, Z0rED MPI 7'rv 28T
4080 T 5. EHIZH/ T mEAIL GPU ITHZ, #IH
b ATHNERLDT2D1Z OpenMP Z 4L TH#E%k CPU
a7 &AWV TNS.ZDORE, Cholesky 43 i 431340
2490 B THY, HBEMERE 1.713PFlops(fi5 k5 FE) (1X]
7) L720  TSUBAME2.5 &A1& T 5221280,
ERM P R LR EIZ B W TAF R — LD
HEZ R T HIENTE,

Performance of CHOLESKY on TSUBAME2.0 & 2.5
Quadratic assignment problems (QAP),

1024 4

Speed of CHOLESKY (TFlops)

512
o
256 - 233
"
400 512 700 1024 1360
number of nodes
QAP6/0rg(2.0) QAP6&/new(2.0; - QAP6/new(2.5) —=—
QAP7/0rg(2.0) --e-- QAP7/new(2.0) —e— QAP7/new(2.5) —6—
QAP8/org(2.0) QAP8/new(2.0) ——  QAP8/new(2.5) —&—
QAP9/0rg(2.0) QAPY/new(2.0) —+ QAP9/new(2.5) —v—
QAP10/0rg(2.0) QAP10/new(2.0) —+—  QAP10/new(2.5) —o—

1.713PFLOPS(DP)
with 4080GPUs!!

7 : TSUBAME 2.0(2.5)IZ# (T 5 Cholesky
PO F|IFTEDHERE

OREF2: B FLF o BTk T25 SDP O
F: Eito212/8Y

MERIER BEATHIIE Ty 1 O B IR RE 23 20K D
K EEATHNCAE S L, A BT R R e = kL —
D F FE % ([E A BRI E IS ZE# L O)SDP &2 W T
AR TS (X8).

8604 nmax = 8604
n= 33,178 8604
(matrix size) # of blocks = 22
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Scalability for Electronic4 and Electronic5

« high efficiency (75.9% for Electronic4)

« higher efficiency when solving an SDP problem larger
than Electronic4 because the efficiency for Electronic4
is higher than that for Electronic5.
16 : : -
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