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A mixed integer linear programming reformulation for disjoint

bilinear programming and its applications
QI Haigiang . ZHENG Fangying ,» LUO Hezhi
(School of Science, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this paper, a mixed integer linear programming reformulation approach for finding the global
optimal solution to disjoint bilinear programming was proposed. Through the reformulation of disjoint
bilinear programming into as a linear program with complementarity constraints, the complementarity
constraints were linearized by using binary variables and big-M methods. Moreover, through the
application of this method to estimate the uncertain systemic risk in financial systems, it was proved that
this problem can be transformed into a disjoint bilinear programming problem, which could be solved by
the proposed method. The numerical results indicate that the proposed method significantly outperforms
the existing global solution approach by finding a global optimal solution to medium-and large-scale worst-
case systemic risk estimation problem.
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disjoint R MEFLI 7] & A] KR H
min  f(x,y) =y'Ox+q'x+p'y;
sit. x € X ={x€e R":Ax <b,x >0}, @D
yeY={yec R":By<d,y =>0;

Hf.QeR"" qeR" ., pER" . X MY AEHRZHEE HACR ", bER" . BER" ., dE R,
Gallo ZIEB] T BLP [l (1) J& NP—XERY , Audet 5 #E—2BUEM T BLP [ (1) 5% NP—HER

=24k, B AT BLP [ (D32 17152 2R 580k SR % S 5 HREsR it /N ASE ()
B, Konno™ 1 R4 TR A BLP [ (1) 5287 )3, HE R SR O ) b h 1 07 i ik, (% 0y
ABEARIERR B 2 R e ff . Gallo A5 7 Konno! ! (Al I X 803 E 47 2le o AR 9 5 {8 2 #Ef BLP 1) 51
(D FEAL LA (7], 3t T %P R 2R R RE R 8 2 )5 . Al-Khayyal 25 482 1 TR f# BLP ]
(D53 38 B4 R Bk IR UE R T 38 W B30T it ) R 1) 42 ) S DL A » (LI 9 e SR Ak /N LA [)
Audet 06 BLP [ (1) AR 4k A AS 6] A LR MEAR R AR /MBI, S5HE T 1) 81D R AR A /)N ) 8 22 ]
ISR DG ZR TR LR KA/ N LB B U 25 A CEAMAE RN ERRPR ) A3 TR A BLP [n] R HA A BR
WSS A 1 4 = o B AR vk FURE SR Mgt /N AR ] 852, Sherali 257 XF BLP [n) 88 (1) 5 T — A Hr 1Y
Reformulation-linearization technique(RLT)#A5t, 42 18 17 3 T8 RLT Aot il 2 2 58 FLa gk [0 R Az A sk
fift T IRAEITEE R, Alarie S5 HEH TAFA W1#1 19 3 3000 S50 2R 0 L BESR A /NI () 8L, Ding %56/ %6f
BLP [AIRR D8 T P2t EE A, e 17 30 i, H 32 SRR e i) i disjunctive F1, 10 H )
BT BN HE P S IS . Kolodziej % $ T 3K BLP [ 3L T 2 S50 R & R 5
. Zhen FENERA T BLP [ BT 540N W B e e MO Ak )8, 3 & B b AR 357 7oK i

T IE TR & B B 2 %] (Mixed integer linear programming, MILP) 3K fift #%, &1 CPLEX il
Gurobi &5, L5 58 KRG 8 A AR SCGHE 0K BLP [R]85 465 MILP ) @k K BLP [a] 8 (1) /) 4 Jm it
fife, B T — MBI A gy i . 32 B EARTE T R et RS A R X 4 AT Karush-Kuhn-
Tucker (KKT) 54, # 0)  CD H Ak Ry — A S8 145 A T A2 S A S M 400 1) &0, 2 TR R R MR IF 5] A
0-1 ¢ i, R AL BANA RIS 2] T —4> 0-1 MILP [n]f8, 5 F MILP K fig 2§ CPLEX SKffixn @i, [R T Fi%
771 0 FH 2 4 il 2R 40 P B AN e PR R e e AU 110 80 IR BH T S R T8 22 et IXURL A 31 ) 2 ] DL AR Ky
— NS BLP )3,
| RAEHSAMIITS
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2 SR AR . AN ST R AT IR 5] -, BELB 8k Lt MILP 7y Fras i el K, (Rt MILP
ARy B CPU IHa] 8 A FSCmik[ 3 ] i BB 5k
£ 1 MILP 5 B&B & %%t WSCR in) S gy EH#ELE R

MILP B&.B
n r N N . N
e ] /s wMAE 1] /s

100 8 —15. 9615 4. 1009 —15. 9615 183. 4594
200 8 —27. 3689 72.7723 —27. 3689 742.5465
300 8 —37.1594 584. 9611 —37.1594 1799. 2838
400 8 —45. 8783 1230. 3429 —46. 5345 2513. 4484(8)
500 8 —53.5811 1534. 9498 — —

100 10 —17. 2360 6.7933 —17.9925 970. 3243(8)
200 10 —28. 3480 74. 3399 —28. 2559 1280. 1035(5)
300 10 —36. 4886 885. 4153 —35.3921 2458. 3344(1)
400 10 —37.0613 1311. 8132 — —

500 10 —55. 6878 1322. 1439 — —

4 & ®

ARTCHE T TR disjoint XUZ AL [R]85 42 J) B DL it 19 MITLP A2 4 75 325 JF 4 N 2 il R e b A
B Pk AR GE UG A T R) R X BEAILAE LAY WCSR [RIREZEA TR 5256, 25 R BT $2 1 1) MILP 28 46175 ¥
P SCHRE3Jrh BE-B 42 Jay 31d: B i PRAA S0 oR i KM WCSR RIS, ASCRHTHR T I 720 GE T T disjoint
KAL) )L Je S B 58 KRR joint XU MR IR] L

SE Wk
[1] Konno H. A cutting plane algorithm for solving bilinear programs[ J ]. Mathematical Programming, 1976, 11(1);: 14-27.
[2] Gallo G, Ulkiicti A. Bilinear programming: an exact algorithm[]J]. Mathematical Programming, 1977, 12(1): 173-194.
[3] Al-Khayyal F A, Falk J E. Jointly constrained biconvex programming[]J]. Mathematics of Operations Research, 1983, 8
(2): 273-286.

[4] Luo H Z, Ding X D, Peng ] M, et al. Complexity results and effective algorithms for worst-case linear optimization under
uncertainties[ ] ]. INFORMS Journal on Computing, 2021, 33(1): 180-197.

[5]Peng ] M, Zhu T. A nonlinear semidefinite optimization relaxation for the worst-case linear optimization under
uncertainties| J ]. Mathematical Programming, 2015, 152(1/2): 593-614.

[6] Audet C, Hansen P, Jaumard B, et al. A symmetrical linear maxmin approach to disjoint bilinear programming[ ] ].
Mathematical Programming, 1999, 85(3): 573-592.

[7] Sherali H D, Alameddine A. A new reformulation-linearization technique for bilinear programming problems[ J ]. Journal of
Global Optimization, 1992, 2(4): 379-410.

[8] Alarie S, Audet C, Jaumard B, et al. Concavity cuts for disjoint bilinear programming[ J]. Mathematical Programming,
2001, 90(2) . 373-398.

[9] Ding X S, Al-Khayyal F. Accelerating convergence of cutting plane algorithms for disjoint bilinear programming[ ] ].
Journal of Global Optimization, 2007, 38(3). 421-436.

[10] Kolodziej S, Castro P M, Grossmann I E. Global optimization of bilinear programs with a multiparametric disaggregation
technique[ J]. Journal of Global Optimization, 2013, 57(4): 1039-1063.

[11] Zhen ] Z, Marandi A, Den Hertog D, et al. Disjoint bilinear programming: A two-stage robust optimization perspective
[J/OL]. Optimization Online, (2021-04-30)[ 2021-12-137]. http://www. optimization-online, org/DB_HTML/2018/06/
6685.html.

[12] 3Bz, LMERRIIMI. B Wi i ck: . 2009 93.

[13] Eisenberg L, Noe T H. Systemic risk in financial systems[J]. Management Science, 2001, 47(2); 236-249.

(REHRE: R %)



