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SDPA (SemiDefinite Programming 
Algorithm) Project

Software to solve the SDP (since 1995)
Many implementations and members (over 10 people)

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

SDPARA (Yamashita, Fujisawa and Kojima)

SDPA-C (Nakata, Fukuda, Fujisawa and Kojima)

SDPARA-C (Nakata, Yamashita, Fujisawa and Kojima)

SDPA-M (Futakata, Matsuyama, Nakamura, Fujisawa, Kojima, Nakata 
and Yamashita)

SDPA Online Solver (Fujisawa, Osada and Sasajima)

Web site 
http://sdpa.indsys.chuo-u.ac.jp/sdpa/



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

Primal-Dual IPM

Matrix Completion
Primal-Dual IPM

MPI based parallel version of SDPA

1

2
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SDPA&SDPA-GMP

SDPA-C
SDPARA

SDPARA-C
A combination of SDPA-C and SDPARA



SDP(SemiDefinite Programming)

Primal

Dual



LP and SDP Progress

LP : CPLEX (ILOG) : 1988 → 2004
Algorithms 3,300x, Computer 1,600x
Net: 5,300,000x

SDP  : SDPA Solver : 1996 → 2008
Algorithms 700.7 / 1.8 = 389.3x,  
Computer 133,892.5 / 700.7 = 191.1 x
Net: 133.892.5 / 1.8 = 74,384.7x

SDPA 7.1.0 (2008) SDPA 2.0.1 (2008) SDPA 2.0.1 (1996)

1.8 sec. 700.7 sec.     
(≒ 11.7 min.)

133,892.5 sec.   
(≒ 37.2 h)

Intel Xeon X5365 
3.0GHz, memory 48GB

Intel Xeon X5365 
3.0GHz, memory 48GB

MIPS R4400 133MHz, 
memory 128MB

mcp500-1
Max cut problem
500 nodes



Main features of the SDPA 7.1.0

Implementation of the Mehrotra-type primal-
dual predictor-corrector interior-point method
for SDP
Written 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

Dense Sparse
n = m (n >> m) ELEMENTS ELEMENTS

n << m ELEMENTS ELEMENTS

Dense Sparse
n = m (n >> m) ELEMENTS Other O(n^3) parts

n << m ELEMENTS CHOLESKY
ELEMENTS :: O(m^2n^2+mn^3)⇒
Computation of all elements of Schur complement matrix B
CHOLESKY:: O(m^3)⇒ Cholesky factorization of B

If we don’t explot the sparsity….

SDPA 7.x



Bottlenecks on SDPA

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 (2.2GHz), Memory 1GB, Linux 2.4.18

Control11
(n=165, m=1596)

Theta6
(n=300, m=4375)

ELEMENTS 451.5(90.6%) 77.1 (26.4%)
CHOLESKY 37.7( 7.6%) 203.0 (69.4%)
Others 9.2( 1.8%) 12.4 ( 4.2%)
Total 498.4(100%) 292.5(100%)



The SDPARA (SemiDefinite Programming Algorithm 
PARAllel version)

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 ScaLAPACK.

ELEMENTS ⇒Computation of  
Schur complement matrix
CHOLESKY ⇒ Cholesky 
factorization of Schur 
complement matrix
PC Cluster(Presto III);         
CPU Athlon 1900+ , 768MB
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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 (288,144Ç4,. . .,-322)
NH(T1T2) 24 8 15018 10170 2205558 22 (2532Ç2,792Ç4,. . .,-322)
BH3O(T1T2) 26 16 20709 12828 3290622 22 (3224Ç2,1014Ç4,. . .,-374)
H2O(T1T2) 28 10 27888 15914 4766902 22 (4032Ç2,1274Ç4,. . .,-430)

Table 2: Numerical results of the SDPARA for huge-scale SDPs

Problem 1 CPU 4 CPU 8 CPU 16 CPU 64 CPU 128 CPU 256 CPU
HF(PQG) Total time 47483 8939 2549 1120

ELEMENTS 16719 4390 706 237
CHOLESKY 20995 3395 983 331

NH(T1T2) Total time 66015 37028 24499
ELEMENTS 47416 19958 9875
CHOLESKY 820 362 285

BH3O(T1T2) Total time 148387
ELEMENTS 104745
CHOLESKY 1989

H2O(T1T2) Total time 2060237
ELEMENTS 1985337
CHOLESKY 22137

24days!!

Peak performance

1TFlops

Total memory

409.6GB



Block diagonal structure of H2O SDP

n = 15914
(matrix size)

m = 27888
(# of constraints)

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
6.16TFlops/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

2.00TFlops/LINPACKtotal 9.78TFlops/LINPACK, 3208 CPUs

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


SDPA Online Solver

A grid portal system
for the SDPA, SDPARA, 
SDPARA-C

Users access the grid 
portal site 
select an software
send a problem to the   
PC cluster

Enables users to easily 
perform parallel 
computation through 
the Internet.
Ninf and Globus 
softwares



User Data

Meta Data

UI HTML

Meta Data

Output

1.Access

2. Authentication 3.Generate

4.Display

5.Submit 

6.SystemCall

7.Start 
up

8.Results

MySQL （Database）

Ninf-G Client

Web 
Browser

Apache + PHP

User
Web Server

Grid

Ninf-G 
Server

Grid Resources

Ninf-1 & MPI

Job manager (PBS)

















SDPA 7.1.0 and SDPA 6.2.1

The SDPA 7.1.0 is completely revised from the SDPA 6.2.1 
(i) great performance improvements on its computational 
time and memory usage.
(ii)fast sparse Cholesky factorization when the Schur
Complement Matrix is sparse. 
(iii) some improvements on its numerical stability due to a 
better control in the interior-point algorithm.
(iv) arbitrary precision arithmetic when the condition 
numbers of some matrices at any iterate become ill-
conditioned. ⇒ SDPA-GMP



SDPA and optimized BLAS

We strongly recommend you to use 
optimized BLAS and LAPACK, e.g.,
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)

SDPA and CSDP 
with GotoBLAS 1.24



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

GotoBLAS on 4 threads



GMP(GNU Multi Precision) & SDPA-GMP

GMP : A free library for arbitrary 
precision arithmetic, operating on signed 
integers, rational numbers, and floating 
point numbers 
The cost of computation is very expensive
widely used in various fields
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



1. //http://www.netlib.org/blas/dtrmm.f
2. //B := alpha*A'*B
3. int gmp_dtrmmLLTN(int M, int N, mpf_class alpha, 

mpf_class *A, int LDA, mpf_class *B, int LDB)
4. {
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*LDA]*B[k+j*LDB];
11. }
12. B[i+j*LDB] = alpha * mtmp;
13. }
14. }
15. }

Replacing variables



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)

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)

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)



Future Plans

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

SDPARA

SDPA(SDPA-GMP)

SDPA-C

SDPARA-C
MPI based parallel version MPI based parallel version

matrix completion

Preprocessor
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