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An Interpolation Based Genetic Algorithm for Solving Nonlinear
Bilevel Programming Problems
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2 (Department of Mathematics Science s Xidian University , Xi'an 710071)

Abstract  Nonlinear bilevel programming problems are hierarchical optimization problems. For
cach fixed value of leader’s variables the existing algorithms are required to solve the follower's
optimization problem to obtain a feasible point for the whole problem, which results in a large
amount of computation. Note that in the existing research works, the condition that the follower's
optimal solution is unique for each leader’s variable value is usually adopted. This condition
means that each follower’s variable can be seen as a function of the leader's variables although
this function is unknown. Based on this observation and to avoid solving the follower’s problem
frequently, a different skill from that of the existing works is used to tackle this difficulty, i.e. ,
the interpolation functions are adopted to approximate these unknown functions. First, the val-
ues of the interpolation function are gotten by solving the follower's problem for some given lead-
er's variable values (i. e. , the interpolation points), and the interpolation polynomials (func-
tions) are calculated by using these interpolation points. Then, the follower’s variables can be re-
placed by the corresponding interpolation polynomials in the leader’s problem. As a result, the

original nonlinear bilevel programming can be approximated by a single-level programming.
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Finally, a specifically designed genetic algorithm is proposed for the single-level programming,

and the interpolation points and the corresponding interpolation functions are adaptively modified

and updated during the evolution so that the optimal solutions of the single-level programming

can well approach to those of original nonlinear bilevel programming. Moreover, the computation

amount will be decreased. The simulations on 25 test problems indicate the proposed algorithm

can find the best solutions with a relatively small amount of computation for these test problems.
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T10[9,7] [—10,5072 —11. 9991 —11. 9989 —11. 9990 —11. 9990 1.8e-9 —11.999
T11[9,8] [—10.20? —3.6 —3.6 —3.6 —3.6 0 —3.6
T12[9.9] [—10,20]% —3.92 —3.9146 —3.9179 —3.9187 0.001 —3.92
T13[9,10] % —6600 —6600 —6600 —6600 0 —6600
T14[9,12] [—50,50] 81. 3279 81. 3278 81. 3278 81. 3278 1. 2e-5 81.3279
T15[9,13] [0,15] 100. 0000 100. 0000 100. 0000 100. 0000 2.4e-7 100. 0001
T15[12,7] [0,15] 100. 0000 100. 0000 100. 0000 100. 0000 2.4e-7 100. 324
T16[9,14] [0,3] —1.2098 —1.2097 —1.2097 —1.2098 4. 1e-6 —1.2098
T17[9.17]* [0,1072 1.9802 1. 98002 1. 98008 1. 98007 5.3e-5 1. 9802
T18[7,Dempe] [—50,50] 28.25 28.25 28.25 28.25 0 31. 25
T19[7,BIPA2] [0,50] 17 17 17 17 0 17
T19[12,6] [0,50] 17 17 17 17 0 17.071
T20[7,BIPA3] [0,10] 2 2 2 2 0 2
T21[7, BIPA4] [0,10] 88. 7871 88. 7871 88. 7871 88. 7871 1.4e-6 88.79
T22[7, BIPA5] [0,10] 2.7497 2.7500 2.7498 2.7498 1. le-4 2.75
T23[12,4]" [0,20] 85.0909 85.0897 85.0905 85.0909 1. le-4 84. 898
T24[12,5]" [0,30] 11 11 11 11 0 10. 990
T25[12,1]" [0,8] 13 13 13 13 0 12. 953

e 1 %0%;R[0.10]X[0,5]X[0.15]X[0,20]5 2. JF 5 Tu [v.w]RKaRH w B0 eA B B SR o 1958 w AN 5

5.+

VNN SN
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*3 EFMHLE
F5 MNI CPU/s gen Ll -
IBGA SCHR
T01[9,1] 5251 7.5 48 (20,5,10,5) (20,5,10,5)
T02[9,2] 2358 3.7 21 (0,0,—10,—10), (0,30,—10,10) (0,30,—10,10)
T03[9,20] 2307 3.2 21 0,0,—10,—10) (0,30,—10,10)
To4[9,21] 2500 3.8 23 0,0,—10,—10) (0,30,—10,10)
T05[9,22] 2516 3.0 23 (0,0,—10,—10) (0,30,—10,10)
T06[9,3] 3150 3.7 30 (0,2,1.8750,0. 9062) (4. 4e-7,2,1.875,0.9063)
T07[9,4] 4965 12.0 54 (0,0.9,0,0.6,0.4) (1.25e-13,0.9,0,0. 6,0. 4)
T08[9,5] 4343 4.9 41 (1.0312,3.0977, 2.5970,1. 7928) (1.03,3.097,2.59,1.79)
T09[9,6] 3039 4.8 39 (0.2759,0. 4839,2. 3445,1. 0346) (0.27,0.49,2.34,1.036)
T10[9,7] 2042 2.3 20 (42.1432,35.6496,2. 9985,2. 9985) (12.47,67.511,2.999,2.999)
T11[9,8] 5296 6.5 48 (2,0,2,0) (2,—2.8¢-8,2,0)
T12[9,9] 3274 3.5 31 (—0.4115,0.7944,2, 0) (—0.381,0.8095,2, 0)
T13[9,10] 5768 14.0 53 (7,3,12,18,0,10,30,0) (7.034.3. 122, 11. 938, 17. 906,
0.25,9.906,29. 844,0)

T14[9,12] 4142 2.9 38 (10.0163, 0.8195) (10.0164, 0.8197)
T15[9,13] 2372 1.7 25 (10,10) (10. 000,10. 000)
T16[9,14] 2138 2.5 22 (1.8888, 0.8888,0) (1.8888, 0.8889,0)
T17[9.17]* 5267 11.0 51 (7.0665,7.0741,7.0571,7.0641) (7.0709,7.0713,7.0709,7.0713)
T18[7,Dempe] 2049 3.8 20 0,0) NA
T19[7.BIPA2] 2023 2.5 20 (1,0 NA
T20[7.BIPA3] 1909 3.3 20 (4,0) NA
T21[7,BIPA4] 3292 6.9 38 (0,0.5773) NA
T22[7. BIPA5] 2828 13.0 26 (1.9402,0,1.2114) NA
T23[12,4]" 2682 5.6 24 (17. 4545,10. 9090) NA
T24[12,5]" 2110 3.8 20 (16.11) NA
T25012,1]* 1833 4.4 20 (5,4,2) NA

T 10 NA SRR SR B AT 2 th 0 D 208 5 2. MNT, CPU, gen 53 B 3278 B A 26 1k 38 N2 o $500 T 09 - 2 U8 -3 CPU I ] 01 3 i

REG 3. HERFSRE 2.

MFE 2 ATLLE H L IBGA X a8 T15,T18,T19,
T21~T25 Byt 845 R0 T SCHk h 42 AL A fa. X i
FY SCHR H ) B30 A R 8 X 2 (] R 1 4 JR) o A A
X F 1A i T06,T08, T09, IBGA f3135 45 5Lk 2%
T SCHR B AL (1 45 5 (H D S5 O A 1Y) 22 03] R e AR fiE 1)
PUERA , O &R # B2 O A b 7. 6 F e [a)
L IBGA 3 T 5 SCER— B s AU E. X N AT A
PRELIY 0] TO3 ~TO05, IBGA #3175 30k — 2
() B AR A » X U B IBGA X I )2 bR B AT Bl i) [ A2
KA A R, T8 N 2 AT LA BR 0] 2
T12 4, Hog @ 35 07 2 FAE S 107 B 9
XU IBGA 2 & Hn.

345 THE 30 iz H v IBGA i ds 171
CPU I [8] i I FE o6 80T 58 19 ~F B B (MIN D Al
SRAG AT B IBGA JT 75 19 °F B AREL gen. SHEFR
L IBGA firdq iy CPU B [a] \MNT #ljz B A EUZ R

R T 7% 5% A (H eR B G D AR SCRE BIL A
TO1~T25 thh it T14,T15 F1 T0o6 #EATIR. & 5%

IEEAS TR 2 A B o YRR S ) X N 2 AT
BUs ANFEAS gL TSR AR B0 N 9 T 2 S A i
AR (L oR B0 (B0 3k 28 1k B 19 4 1 PR B30 5 I 5 58 7
X SEREAR B B KR 25 error,. Al A fff b
(R 2 errore, CF ) 19 R IR R 2 3R 7)o A G 2%
WL 4 FIE 1(a) ~(d). Hd To6 1y F )22 &
y= (v ETER L FEE 1o, (D H 4 B Fon
T yi=yi(x ) AR G=1,2).

4 BEBEIFRENTERMBRE
B AR RS s  errorme errorgy X E
T4 n=1, m=1 25 0 0 & 1Ca)
T15 n=1, m=1 50 0.0014 0 K 1(h)
T06 n=2, m=2 400 0. 0490 0 1), (D

M 4 FIE T AT LA L 48 (i pR R 8 s i
BRI F AL g Ak 114 J5y 3508 30 DA RIOR SR AR 4 1. axX 32
TE AL AR B TE B S AR I A (B pR B3R A5 Y 3R
L E AIE A T AR 1 J2 00 A6 530 3 3 (AR 4 (9 40 ik o
X AEA RO A 1B AR R
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Background

The bilevel programming problem (BLLPP) can be viewed
as a static version of the noncooperative, two-person game
introduced by von Stackelberg in the context of unbalanced
economic markets. It has a wide variety of applications, such
as network design. transport system planning, and manage-
ment and economics. As an optimization problem with hierar-
chical structure, bilevel programming problem is intrinsically
hard. It is therefore no surprise that most algorithmic re-
search to date has focused on the linear version of the prob-
lem. For nonlinear BLPP, most of the existing algorithms
can yield a local minimum only. For some specific nonlinear
BLPP. for example. all functions in BLPP are twice differen-
tial and convex, etc, a few procedures have been proposed to
find a global minimum. In recent years, evolutionary algo-
rithm has been developed to solve nonlinear BLPPs with non-

differential and nonconvex objective functions, but in order to

class of bilevel programming problems in chemical engineer-
ing. Journal of Heuristics, 2003, 9(4): 307-319
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obtain feasible points in the populations, for each value of
leader’s variable, one has to optimize the follower's problem.
The process causes a large computational amount. In this pa-
per, authors proposed a new genetic algorithm based on in-
terpolation polynomials, in which the follower’ s solution
functions are given approximately by the interpolation poly-
nomials with respect to leader’s variables. It means one can
obtain follower' s approximately optimal solution only by
computing the values of interpolation polynomials at leader’s
variable value given. As a result, the computational amount
is decreased. The experimental results also show that the
proposed algorithm can find the best solution with less com-
putation and evolving time.
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