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SDPA (SemiDefinite Programming

Algorithm) Project
e Software to solve the SDP (since 1995)

e Many implementations and members (over 10 people)

SDPA & SDPA-GMP (Fujisawa, Kojima, K. Nakata, Yamashita,
Fukuda, M. Nakata and Kobayashi)

SDPARA (Yamashita, Fujisawa and Ko jima)
SDPA-C (Nakata, Fukuda, Fujisawa and Kojima)
SDPARA-C (Nakata, Yamashita, Fujisawa and Kojima)

(Futakata, Matsuyama, Nakamura, Fujisawa, Kojima, Nakata
and Yamashita)

e SDPA Online Solver (Fujisawa, Osada and Sasajima)
e Web site




History : SDPA Project

Pinpal (1994) : Mathematica, prototype of SDPA

SDPA 0.1 (1995) : Borland C++ > gcc(g++)

SDPA 1.x (1995) : Data structures and algorithms for sparse problems
Binaries of SDPA were available from the Internet

SDPA 2.x (1996) : Mehrotra-type predictor-corrector IPM

SDPA 3.x (1997) : Partially support exploiting sparsity in Schur
complement matrix

SDPA 4.x (1998) : Fully support exploiting sparsity, Callable library

SDPA 5.x (1999) : Accelerate computing some eigenvalues

SDPA 6.x (2002) : Use the LAPACK and BLAS(ATLAS)

SDPA 7.x (2008) : Sparse Schur complement matrix & Performance
tuning & Optimized BLAS

SDPA-C 1.x(2003) : Matrix completion

SDPARA 1.x(2003) : Parallel computation of SDPA

SDPARA-C 1.x(2004) : Parallel computation of SDPA-C

SDPA Online Solver(2005) : Grid & Cluster computing technologies
SDPA-GMP 7 x(2008) : Arbitrary precision



SDPA Family

SDPA&SDPA-GMP | Primal-Dual IPM

SDPA-C % &

watrix Completior > [SDPARA

Primal-Dual 1PM MPI based parallel version of SDPA

W {

3 A combination of SDPA-C and SDPARA




SDP(SemiDefinite Programming)

minimize Apge X

Pr'|ma| subject to APQX—bp p—l 2 @ XESn }

(1)
maximize ) bpzp
Dual p=1 -
subject to > Apzp,+Y = Ag, Y € S
p=1 y
(2)

S @x n symmetric matrices

XeY =30 Y0 XY

X eS8 (s" +) X € 8™ is positive semidefi-
nite (or positive definite)

Ap e S" (p=0,1,...,m) and b € R™



LP and SDP Progress

e LP: CPLEX (ILOG) : 1988 — 2004

Algorithms 3,300x, Computer 1,600x
Net: 5,300,000x

e SDP : SDPA Solver : 1996 — 2008
Algorithms 700.7 / 1.8 = 389.3x,

Computer 133,892.5/700.7 = 191.1 x emcp500-1

Net: 133.892.5 /1.8 = 74,384.7x

eMax cut problem
¢500 nodes

SDPA 7.1.0 (2008)

SDPA 2.0.1 (2008)

SDPA 2.0.1 (1996)

1.8 sec.

700.7 sec.
(= 11.7 min.)

Intel Xeon X5365
3.0GHz, memory 48GB

Intel Xeon X5365
3.06Hz, memory 48GB

133,892.5 sec.
(= 37.2 h)

IPSR
memory




Main features of the SDPA 7.1.0

Implementation of the Mehrotra-type primal-

dual predictor-corrector interior-point method
for SDP

Weritten in C++ language
Handle diagonal and sparse matrices

Incorporates an efficient method for computing
the search direction when the problem is large
scale and sparse

Sparse Schur complement matrix and Sparse
Cholesky Factorization

Performance tunings and Optimized BLAS
SOCP (Second Order Cone Problem)



Bottlenecks of IPM

e If we don't explot the sparsity....

Dense Sparse

n=m(n>m) [ELEMENTS |ELEMENTS

n<<m ELEMENTS |ELEMENTS

e SDPA 7.x

Dense Sparse

n=m(n>m) ELEMENTS |Other O(n"3) parts

n<m  |ELEMENTS |GHOLESKY |

ELEMENTS :: O(m “2n~"2+mn~3)—=
Computation of all elements of Schur complement matrix B

CHOLESKY:: O(m “3)= Cholesky factorization of B



Bottlenecks on SDPA

Controlll Thetab
(n=165, m=1596) (n=300, m=4375)

ELEMENTS |451.5(90.67%) 77.1(26.4%)

CHOLESKY 37.7(7.6%) |203.0(69.4%)

Others 92( 1.80/0) 12.4 ( 4.20/0)

Total 498.4(100%) | 292.5(100%)

ELEMENTS :: O(m “2n"2+mn~3)=
Computation of elements of Schur complement matrix B

CHOLESKY:: O(m"3)= Cholesky factorization of B
SDPA-6.0
Pentium 4 (2.2G6Hz), Memory 1GB, Linux 2.4.18




The SDPARA (SemiDefinite Programming Algorithm
PARAIlel version)

Prim
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The SDPARA is a parallel version of the SDPA on multiple processors,
which replace two bottleneck parts (ELEMENTS and CHOLESKY) with their
parallel implementation using MPI and Scal APACK.
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Table 1: SDPs arsing from the quantum chemistry

molecules 2K | N m n | #nonzero | nBLOCK bLOCKsTRUCT
HF(PQG) | 24 | 10 | 15018 | 1498 | 105694 14 | (288,144x4,...-322)
NH(T1T2) 24 8 | 15018 | 10170 2205558 22 | (2532x2,792x4,...,-322)
BH30(T1T2) 26 | 16 | 20709 | 12828 3290622 22 (3224><2,1014><4,. . .,—374)
H,O(T1T2) 28 | 10 | 27888 | 15914 4766902 22 | (4032x2,1274x4,. . .,-430)
Peak performance
Table 2: Numerical results of the SDPARA for huge-scale SDPs 1TFlops
7~ N\
Problem 1CPU | 4CPU | 8 CPU | 16 CPU | 64 CPU | 128 CPU\| 256 CPU)
HFE(PQG Total time 47483 8939 2549 1120 —
(Pae) ELEMENTS | 16719 | 4390 706 237 Total memory
CHOLESKY | 20995 | 3395 983 331 44)9.6GB
NH(T1T2) Total time 66015 37028 Qg@
ELEMENTS 47416 19958
CHOLESKY 820 362 285
BH;O(T1T2) | Total time 148387
ELEMENTS 104745
CHOLESKY TN 1989
HyO(T1T2 Total time 2060237 <::
( ) ELEMENTS &\I'QS'S'S'S'T’) 1 24days!"
CHOLESKY 22137




Block diagonal structure of H20O SDP

e n=15914 —>

(matrix size)

o m-= 27888

(# of constraints)

e 4766902

(# of nonzero elements)

4032

4032

1274

1274

1274

1274

430\




AIST GTRC (Grid) Super Cluster

P32: IBM eServer325

Opteron 2.0GHz, 6GB
2way x 1072 node
Myrinet 2000

6.16 TFlopS/LINPACK

M64: Intel Tiger 4
Madison 1.3GHz, 16GB

4way x 132 node
Myrinet 2000

1.62TFlops/LINPACK

F32: Linux Networx

Xeon 3.06GHz, 2GB
2way x 268 node
GbE

total 9.78TFlops/LINPACK, 3208 CPUs 2-00TFlops/LINPACK


http://www.aist.go.jp/aist_j/press_release/pr2004/pr20040510/pr20040510.html#fig2

DPA Online Solver

) spPa
FrIE REE FTO BEEE JebT-HE) Yohoo W)L AJLTHHY

e A grid portal system 5 00—
for the SDPA, SDPARA, S%4. SDPA Online Solver «weescne
SDPARA-C - Lot Page

+ Administrator

ine Solver Homepaee — Moz Firefox

20020402 The SDPA COnline Solver resumes the service.

.
z — Index Unfortunately, a HDD drive of the server was crashed and user database was vanizshed! So all
| - Manual users need to re—register with the Online Solver. YWe recommend that users employ the same login
+ Overview ID if they once utilized the Online Solver.

+ Manual W are sorry for the inconvenience.
+ Cluster Spec

portal site o ,
2 select an software
2 send a problem to the ——

resumes the zervice,

PC cluster =

Solvine large—scale optimization problems requires a huge amount of computational power. The
SDPARA on the parallel computer is a very useful tool for solvine lares—scals SDPs.

3
. l However, not so many users have and/or log on parallel computers. Users must download some
source codes fraom the SDPA Web site and compile them by pre—determined procedures even if they
have parallel environments. For that reason, we have developed a erid portal system for some

software packages of the SDPA Family. We call the system the SDPA Online Solver. One can
access it from the following Web site:

perform parallel

Users can easily use the SDPA, the SDPARA and the SDPARA-C without their own parallel
computers. Users only have to prepare one Web client PG connected with the Internet. Here, we

.
briefly explain how users log on the SDPA Online Salver and solve SDPs by using software
packages.

1: Users register with the SDPA Online Solver. The system generates their ID and password, and

returnz them to users.
2: Users log on the swstem and upload the parameter file (if necessary? and the data file. Then,
e e r e select several parameters such az the software package they want to use, the parallel computer,
o and the number of GFUs when they

use the SDPARA and the SDPARA-C.
3 Users push the execute button. After the execution of the software packages. they can download

. . and browse the output file. They can also receive an e—mail to be informed that the execution of the
N l n an G O b us software was completed.

dt
4




Web
Browser

User

MySQL (Database)

User Data

Job manager (PBS)

/ Grid Resources

2. Authentication T | 3-Generate
> v
1.Access
< |HTM
4.Display
Apache + PHP E E E
] > Meta Dat
5.Submit
Ninf-1 & MPI
< 6.SystemCall \ /
8.Results T
7.Start - v
¥ up Ninf-G o
Meta Data
L/ Server Output
Ninf-G Client |
Grid

Web Server



Y3SDPA Online Solver Login — Mozilla Firefox
e E REE FTAN EBEES  Ffohvw-bE Yahoo!lrd  W—ILTr AJLTHHD
<EI - - @ “li‘“ [} httpe/Yedpaindsys chuo—uac jp/portal Aloginphp |v| [}] -v|
. Welcome to SDPA Online Solver Login.
You need to sign inin order 1o use SDPA Online Solver

*|_ogin ID; |ninfsdpa
FPassword:

[ Login ][ Cilear ]

If vou have not regiztered az a uger for the SDPA Online Solver, pleaze click here to create wour account first. Glick here to return top.

di
‘“J



"_}EDPH Online Solver Execution Main Page — Mozilla Firefox

FrfIE REE FTON BERE ehv-HE) Yahoo (1)

W)L AULTHD

@I -~ g - @ /IJ} ||:| http:/Fedpa.indsys.chuo—u.ac jp/portal /mainphp

|Y| [i-] |v|Gu:u:ugIe

. SDPA Online Solver Main Page.

Losout| Change Password| Main Page (New Johl| File Marasements| Log of Executed Jobs| Runining Jobs

dzer Mame: ninfzdpa

First of all, upload your problem file with sdpa format, (Plase see manual pagel,
You can alzo upload wour parameter file for changing some parameters by volrself,

Parameter File : ‘ / ‘[ 8. || upload |
{
Sparse data file ‘ \ |[§=EE] [ upload ]

Parameatar Fila: par am.sdpa w
Data file: FrANOFr=70—F
Select the solver: ‘sopartd  FRlLMIBATE: | O FOP v| O & @
3 : =i D5 Store!
Clust lection: Core | # — foaly oo oI
uster selection | ‘_,J B
# of CPUs: (only effects parallel programs. | #of GPUs Recent || popsimple2 dat-s
ties popzimpleddat-=
Result filenamelshall be over written) | [¢ = popsimpled.dat-s
: : i _.. ) popsimplebdat-=
E-mail {required to be notified, now works.) | TAD by [ popsimple dat-s
[ Execute via Web ] ; pupsimple?.dat—s
{ u rezult-vamazhitapdf
24 PEaAvt
i o
AT ety | v [(&o
IPANOHEERD: | INTOTA v| el

di
‘“J




Y3 SDPA Online Solver Execution Main Page — Mozilla Firefox

e R REERD FTWN EEEGS fehv-HE Yahoo O W=D ALFH

<f_:| - - @ fu} ||_| httped S edpa indsys chuo-uac jpAportalf mainphp |v| [}] -v|

. SDPA Online Solver Main Page.

Losout| Change Password| Main Page (New Johl| File Marasements| Log of Executed Jobs| Runining Johs

dzer Mame: ninfzdpa

First of all, upload your problem file with sdpa format, (Plase see manual pagel,
You can alzo upload wour parameter file for changing some parameters by volrself,

FParameter File ‘ ‘[ %82 || upload |

Sparse data file ‘ ‘[ %82 || upload |

Farameter File: |param.sdpa w

_—
Data fils: yﬁﬁﬂ.dat—s \

Salect the solver: |§5DF’F’| 71.0 + GotoBLAS 1.24 V

) --—-5Solver selection---
Cluster selection:

SOPA 71.0 + GotoBLAS 1.24

SOPA G271 + GotoBLAS 1.24 + ATLAS 3.8
SOPARA 701 + GotoBLAS 1.24
SOPARA-G1.041

|

# of CPUs: {onhy effects parallel progra\ns.
Result filenametshall be over written)

S
E-mail (required to be notified, now works.) | \ |

[ Execute via Web ]

di
‘“J




Y3 SDPA Online Solver Execution Main Page — Mozilla Firefox

e R REERD FTWN EEEGS fehv-HE Yahoo O W=D ALFH

<f_:| - - @ fu} ||_| httped S edpa indsys chuo-uac jpAportalf mainphp |v| [}] -v|

. SDPA Online Solver Main Page.

Losout| Change Password| Main Page (New Johl| File Marasements| Log of Executed Jobs| Runining Johs

dzer Mame: ninfzdpa

First of all, upload your problem file with sdpa format, (Plase see manual pagel,
You can alzo upload wour parameter file for changing some parameters by volrself,

FParameter File ‘ ‘[ %82 || upload |

Sparse data file ‘ ‘[ %82 || upload |

Parameatar Fila: |param.sdpa v|

Data file: | mepB00-1.dat-s v|

Select the solver JED.E.AJJ&+ GotoBLAS 1.24 v

Cluster selection:

# of CPUs: {only effects parallel progra

Result filenametzshall be over written)

E-mail {required to be notified, now works.) |

[ Execute via Web ]

di
‘“J




Y3 SDPA Online Solver Execution Main Page — Mozilla Firefox

e R REERD FTWN EEEGS fehv-HE Yahoo O W=D ALFH

<f_:| - - @ g ||_| httped S edpa indsys chuo-uac jpAportalf mainphp |v| [}] -v|

. SDPA Online Solver Main Page.

Losout| Change Password| Main Page (New Johl| File Marasements| Log of Executed Jobs| Runining Johs

dzer Mame: ninfzdpa

First of all, upload your problem file with sdpa format, (Plase see manual pagel,
You can alzo upload wour parameter file for changing some parameters by volrself,

FParameter File ‘ ‘[ %82 || upload |

Sparse data file ‘ ‘[ %82 || upload |

Parameatar Fila: |param.sdpa v|

Data file: | mepB00-1.dat-s v|

Select the solver: | SDPARA 7.0.1 + GotoBLAS 1.24 v
Cluster selection: @

# of CPUs: {only effects parallel programs.

#of CPUs
Single prosessor
Dual processors
Cluad processors

. Octal proces
[ Execute via Wé\] 574 processors

~~_ _—

Result filenametzshall be over written)

E-mail {required to be notified, now wothks)

di
‘“J




3 SDPA Online Solver Login — Mozilla Firefox

e R REERD FTWN EEEGS fehv-HE Yahoo O W=D ALFH

@ - - @ ﬁ | [ http/Yedpa.indzve.chuo-u.ac jp/partalfile phptdelete=output2] ¥3 4458 _25- Apr-2008.outédir=downloads | - | [}-] -v| | 4, l

. File management page. A

Losout| Changs Password| Main Pase (Mew Jok)| File Marasements| Loz of Executad Johs| Running Johs

You can download /delets vour files.

DatalFile:
EH1Zigmat.DZ pngtlt2 pdat—=s Download Delete 47272317Bytes
Bexd 2.2 casel.dat—s Cownload - Delete 343882Bvtes
Bexd 22 caseddat-—s Download  Delete 343898Bvtes
Eexf 1 Sdat—s Cownload Delete 71342Evtes
EexB 1 Bdat—s Cownload Delete 592646Bvtes
CHA1A1 STOEG py.dat—s Cownload Delete 287356Bvtes
controll 1 .dat—s Download Delete 2616690Evtes
2171 dat-s Cownload - Delete 462217 Byvtes
gppl000 dat-s Download  Delete 10501537 Bytes
app2h0-1dat—= Download Delete 489486 Evtes
mcpdat—s Download Delete 7692Evtes
mepill-1 dat-s Download Delete 33663Bvtes
thetad.dat—= Download Delete 374526Bvtes
thetaS.dat-= Download  Delete 591344Bytes

Farameter File:

param.sdpa - Download - Delete 356Evtes

Result file:
outputlDE8 27 -Apr-2002.0ut Download  Delete 141531 28Bvtas

oUtput1 893 24-Apr—2002 out Download Delete 22028125Bytas

output?1:37 25-Apr—2002 cut Download Delete 5515364Bwteas
{Total file size: 99547975 Bytes)

di
‘“J




3 Gmail - SDPA Online Solver Result - katsukifujizawa®email.com — Mozilla Firefox

e R REERD FTWN EEEGS fehv-HE Yahoo O W=D ALFH

(<'j - - @ ﬁ 1 http//maileocele.com/mail/#zearch/ninfedpas1178d5aad3e1c2a? 2|~ | B | [l h
. E— = .8
GM II ninfsdpa -natz | [(adaeg Tl leeuess
A WEES FHD BERE - [4A3080 B E] Sk EERHUSATI L BERELYFNICHD - 04/30 57 su7 (K] [B
F{ZkLA ({1051 CBEERIES | FEi-LEEE | [ BB | Tomo®iE v (Bi2/3 3%
%ﬁ' SDPA Online Solver Result #&rv | = @@ Bl F T A
T sl
S IER A — | noreply@sdpa.indsys.chuo-u.ac.jp FE5E 8% 1818H JE{E FATENR]
Fax Dear ninfadpa. TR
. - 3 T ER
jﬁ% Your job had successfully calculated. £ m:ﬁﬁy

e - R R i Execution Detailg------------

Result : outputZ3:39_18-Jan-2008. out AR UL ICEBR-CEE

HHE .
F'art?;?: t.eitn.cp;;ruanrz. deaﬁ?s Premium Solver for Excel
w - . . -
Bl Solver : SOPA 7.0.2 Goto BLAS 1.19@sdpa cluster Free Trial by Excel Solver Creators
&3, JBEDD. $87% CPL - 4 Easy to Use Optimization
A ' whtewy, SOlver.com
@ Katsuki Fujisawa e
AT-AAMERE - ) ) Media Training in Japan
- — To download result, please visit download page wia our site: , - - —
w Akiyoshi Shioura Media and interdew training by a
@ Hayato Waki http:/#sdpa.indsys. chuo-u. ac jpfportaldlogin. php tearn Df._lapanjhased professionals.
o MIKIO KUBO weerw.caldwell.jp
@ MIYAMOTO Y uichir If j,fnu_have any questiun, advice,_anq error repor, pleaae_cnntact with any member of WorkinJapan.com
o Yuichira Yasui sdpa.indsys.chuo-u.ac.jp or, maintainer, wataZorfS3Egmail.com . Approx. 20,000 jobs for bilinguals
@ tPEIE#0 available in [T, Sales, Finance etc
Katsuki Fujisawa ) wewi warkinjapan. com
. Sinceraly.
Kazushige Goto . .
kaii 4 Algorithm Solutions
Mnjlr:na[:.lllii\TA Meed a scientific Algorithm?
Ao SDPA Online Solver Sciencelps has answers,
G W 1§ ik Chuo Univeraitj,r in Tl:lk'_lll'l:l W_Science@pg_cum
| Department: Engineering of Management System ] ]
_— 1-13-27 Kasuga Bunkyoh-ku Tokyo-to Jobs in Kansai
v Il Postal code: 112-8551

+noreplygsdpa.indsys.chuo-u.ac.jp%
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SDPA 7.1.0 and SDPA 6.2.1

e The SDPA 7.1.0 is completely revised from the SDPA 6.2.1

7 (i) great performance improvements on its computational
time and memory usage.

7 (ii)fast sparse Cholesky factorization when the Schur
Complement Matrix is sparse.

2 (iii) some improvements on its numerical stability due to a
better control in the interior-point algorithm.

7 (iv) arbitrary precision arithmetic when the condition
numbers of some matrices at any iterate become ill-
conditioned. = SDPA-GMP



SDPA and optimized BLAS

Table 1: Numerical experiments (SDPA 7.0.5 + BLAS library) : time:second(# of iterations) :
CPU; Xeon 5345 (2.33GHz), OS; CentOS Ver 5 (64bit), Compiler : Intel (C/C++ & Fortran) 10.1

BLAS library(# of threads) | Prob(1) Prob(2) Prob(3) Prob(4)
BLAS/LAPACK 3.1.1(1) | 72.32(35) | 126.63(15) | 221.31(18) | 344.81(20)
ATLAS 3.8.0(1) 51.00(35) | 49.73(15) | 40.35(18) | 180.64(19)
ATLAS 3.8.0(4) 30.06(35) | 17.70(15) 17.09(18) 80.57(20)
Intel MKL 10.0.1.014(1) | 44.97(36) | 39.63(15) | 34.27(18) | L70.58(21)
Intel MKL 10.0.1.014(2) | 31.44(34) | 24.03(15) | 22.23(18) | 110.19(22)
Intel MKL 10.0.1.014(4) 26.18(35) | 16.15(15) 16.17(18) 67.17(18)
Intel MKL 10.0.1.014(8) | 24.06(35) | 13.17(15) | 14.18(18) | 59.50(19)
GotoBLAS 1.22(1) 13.00(35) | 40.23(15) | 32.06(18) | 157.18(21)
lotoBLAS 1.22(2) 32.16(35) | 23.48(15) | 21.15(18) | 96.01(19)
GotoBLAS 1.22(4) 26.25(35) | 15.11(15) | 15.43(18) | 68.77(19)
GotoBLAS 1.22(8) 24.66(36) | 11.79(15) 13.67(18) 60.70(19)
Prob(1) : Structural Optimization eWe STI"OHQIY recommend you to use
Prob(2) : Combinatorial Optimization(1) opﬂmized BLAS and LAPACK, eg.,
Prob(3) : Combinatorial Optimization(2)
Prob(4) : Quantum Chemistry Table 1 shows how the SDPA 7.x performs on

several benchmark problems when changing the
BLAS and LAPACK library. Typically, the SDPA
7.x with optimized BLAS and LAPACK seems

much faster than one with BLAS/LAPACK 3.1.1.




Numerical Results 1(Sparse SDPs)
(SDPA, CSDP, SDPT3, SeDuMi)

u

Table 1: Numerical experiments(Sparse SDP) : time:sec.(# of iterations)

SDPA 7.1.0 | CSDP 6.0.1 | SDPT3-4.03 | SeDuMi 1.1
mater-1 0.04(16) 0.06(16) 0.90(19) 0.31(21)
mater-2 0.24(20) 0.40(19) 2.30(19) 0.98(25)
mater-3 1.38(23) 5.23(23) 0.50(23) 4.53(27)
mater-4 7.08(26) | 144.06(27) | 44.30(30) | 30.69(30)
mater-5 24.61(27) | 1345.85(29) | 113.30(33) | 121.17(33)
mater-6 88.09(36) - 333.40(41) | 490.10(36)
r2S_broydenTri600 | 2.16(20) | 1577.47(21) | 18.40(18) 11.04(14)
r2S_broydenTri700 | 2.63(20) - 22.20(18) 14.83(15)
r2S_broydenTri800 |  3.08(20) - 25.60(18) 18.03(14)
r2S_broydenTrio00 |  3.46(20) - 20.50(18) | 22.52(14)
nonc_500 0.72(20) | 180.19(31) | 8.60(32) 3.65(22)
ros_500 0.60(23) | 120.73(23) | 8.50(32) 3.03(17)
rabmo 175.38(21) | 258.12(28) | 747.60(51) | 2044.61(21)
trto3 2.73(21) 10.10(39) 17.0(23) 67.09(59)
trtod 23.38(24) | 116.56(38) | 31.50(29) | 840.10(72)
trto5 297.76(22) | 1124.85(52) | 354.80(29) -
vibra3 8.64(32) 37.61(43) | 12.40(32) | 159.31(69)
vibrad 66.86(35) | 288.69(50) | 96.00(46) | 1920.80(95)
vibra5 1024.25(40) | 2088.95(60) | 1499.90(68) -

«SDPA and CSDP
with GotoBLAS 1.24

CPU : Intel Xeon 5635 3GHz :
OS : RHELS5 64bit
Compiler : Intel C++ /Fortran 10.1.012
MATLAB : 7.5.0.338 (R2007b)

2 CPU, 8 cores



Numerical Results 2 (Dense SDPs)
(SDPA, CSDP, SDPT3, SeDuMi)

#
eGotoBLAS on 4 threads

Ny

Table 2: Numerical experiments(Dense SDP (1)) : time:sec.(# of iteggfions)

SDPA 7.1.0 | CSDP 6.0.1 | SDPT3-4.03 | SeDuMi 1.1 || SDPA 7.1.0(4) | CSDP 6.0.1(4)
archs 1.36(26) 1.62(25) 2.60(24) 1.00(28) 1.38(26) 1.59(25)
controll0 | 56.08(40) | 60.12(28) | 51.60(28) | 86.84(43) 51.66(40) 52.93(29)
equalG11 | 24.35(18) | 73.00(24) | 47.10(16) | 316.11(16) 10.10(17) 24.54(19)
equalG51 | 50.00(20) | 97.96(19) | 89.70(18) | 1690.10(30) 10.10(18) A47.66(21)
epp250-1 | 0.93(20) 2.66(25) 2.70(18) 24.56(33) 0.66(19) 2.30(29)
gpp250-4 | 0.93(19) 1.78(20) 2.10(14) 28.93(40) 0.59(17) 1.57(20)
gpp500-1 | 6.91(20) 70.05(58) | 16.60(20) | 212.53(40) 3.54(20) 67.48(66)
gpp500-4 | 6.96(21) 15.55(21) | 14.70(17) | 175.73(30) 3.40(19) 7.69(20)
maxG1l | 17.49(16) | 17.35(16) | 16.90(15) | 180.02(13) 7.34(16) 11.42(16)
maxG32 | 243.42(17) | 182.87(17) | 176.60(16) - 88.65(17) 98.94(17)
maxG51 | 32.52(16) | 48.92(17) | 37.30(17) | 533.80(16) 13.38(16) 23.82(17)
mep250-1 | 0.55(15) 0.82(15) 1.10(14) 6.50(15) 0.41(15) 0.75(15)
mep250-4 | 0.53(14) 0.77(14) 1.20(13) 6.13(14) 0.40(14) 0.71(14)
mep500-1 | 4.26(16) 1.86(16) 3.80(15) 49.21(16) 2.14(16) 3.58(16)
mep500-4 | 4.03(15) 6.54(15) 5.80(14) 44.50(14) 2.05(14) 3.78(15)
qpG11 | 120.22(16) | 100.15(17) | 16.00(16) | 2690.48(14) 14.25(16) 54.68(17)
qpG51 | 250.57(19) | 209.40(20) | 34.50(19) - 84.63(19) 116.86(20)
5530 6.12(22) 8.38(21) 9.00(21) 30.00(27) 5.60(22) 5.47(23)
truss8 1.64(20) 0.94(20) 2.70(17) 2.11(23) 2.16(20) 1.28(20)
thetad 7.64(18) 7.98(17) 11.70(16) | 82.59(16) 1.63(18) 1.61(17)
theta5 | 23.78(18) | 26.44(17) | 32.90(16) | 287.03(16) 12.36(18) 12.37(17)
thetab | 64.60(18) | 72.56(17) | 110.40(17) | 865.99(16) 29.96(18) 30.70(17)




GMP(GNU Multi Precision) & SDPA-GMP

e GMP : A free library for arbitrary
precision arithmetic, operating on signed
integers, rational numbers, and floating
point nhumbers

e The cost of computation is very expensive
e widely used in various fields

e replace some (not all) double type variables
in source codes of SDPA, LAPACK and
BLAS with variables with arbitrary
precision defined by the GMP > SDPA-
GMP



Replacing variables

—

//http://www.netlib.org/blas/dtrmm.f
//B := alpha*A'*B

int gmp_dtrmmLLTN(int M, int N, mpf_class alpha,
mpf_class *A, int LDA, mpf_class *B, int LDB)

w N

4. A

5.  mpf_class mtmp; <[ | double tmp
6.  for(int j=0; j<N; j++)

7 for(int i=0; i<M; i++)

8. mtmp = B[i+j*LDB] *A[i+i*LDA];

9 for (int k=i+1; k<M; k++){

10. mtmp = mtmp + A[k+i*LDAT*B[k+j*LDB]:
11. }

12 B[i+j*LDB] = alpha * mtmp;

13, }

4.}

5. }



Parameter file of SDPA-GMP

200 unsigned int maxIteration;

1.0E-30 double 0.0 < epsilonStar:;

1.0E4 double 0.0 < lambdaStar:;

2.0 double 1.0 < omegaStar;

-1.0E5 double lowerBound;

1.0E5 double upperBound;

0.1 double 0.0 <= betaStar < 1.0;

0.3 double 0.0 <= betaBar < 1.0, betaStar <= betaBar;

0.9 double 0.0 < gammaStar < 1.0;

1.0E-30 double 0.0 < epsilonDash;

384 precision <= the number of significant bit of
GMP library (double variable has 53
significant bits)



Comparison of SDPA and SDPA-GMP(384bit)

e SDPA(7.1.0)

Relative gap
5.3201361904260111e-07

Objective Function

-7.3430761748645921e+00

(Primal)

-7.3430800814821620e+00

(Dual)

Feasibility
5.45696821063e-12 (Primal)
1.68252292320e-07 (Dual)

Computation time
0.14 sec. (20 iterations)

e SDPA-GMP(7.1.0)

Relative gap

1.7163710368162993e-26

Objective Function
-7.3430762652465377e+00
(Primal)
-7.3430762652465377e+00
(Dual)

Feasibility
2.0710194844721e-57 (Primal)
1.2329417039702e-29 (Dual)

Computation time

228.95 sec. (59 iterations)

Benchmark problem

: gpp124-1(SDPLIB)




Future Plans

e The new SDPA automatically selects the
algorithm including SDPA, SDPARA,
SDPA-C, SDPARA-C.

MPI based parallel version MPT based parallel version

spPARA SDPARA-C

N

Preprocessor }———} SDPA-C

A/ matrix completion

SDPA(SDPA-GMP)
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