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The Development of a Program of Linear Programming
Problem Solution by AI Language Prolog

Isami YOSHIFUKU

In our laboratory, the application of Prolog language to chemical engineering problems have

been studied : the flowgraph making program by Prolog and the continuous system simulation

program by Prolog for process control problems.

In this report, a program for linear programming problem solution by Al language Prolog,
based on the treatment of extreme points, has been developed. This technique is expected as an ap-
proach to linear and nonlinear programming problems. In this study, the programming technique

in Prolog language using the connection of predicates added in an appendix is shown.
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% ab. ari
1st ([[1,0,62, 0], (0,1,62, 0], [4,5,60,200],I9,

4, 60, 360], [3, 10, 60, 30011).
stz ([[7, 12], [x1, x2], max]).

ZZTBE st ([L1]) 2BV TEI DY R+ L1
E5MDI) A MEEIPSLE TS, 1 BHOEX
[1,0,62,0] ()X x>=0%KFALTT, 14
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RK7OQTFTLIRDEY TH5H,
consult (’ab’), Ist (L1),

Ist (LZ), LZ=[Z1, 72, Z3],

combi_a (L1, L2),

det_ 2 (L2, L3),

select_ 8 (L3, L1, L4),

case ([

Z3=min->(cal_z (L4, LZ, L5),
min_num 3 (L5, Min, L6),

Z3=max->(cal_z (L4, LZ, L5),
max_num 3 (L5, Max, L6))]),

write ("L6="), write(L6).
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QEBORHDEEDN) A i
L3=[[0,0], [0,40], [0, 90], [0, 301, (50, 01, [40, 01,
[100, 0], [34.4, 12.4], [20, 24], [30.7, 20.71]

T, &MFIEHI DD
L4=[[0, 0], [0, 301, [40, 0], [20, 24]]

ZhHERALZ(G)RDMEIT
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(1) append (L1,L2,L3)->L3ix2M@» "V X FLI1,
L2 #ELLVRANTH D,
append ([], L2, L2).
append ([L | L1], L2, [L | L3]) : -

append (L1, L2, L3).
(eg> L1=I[1,2,5,7],L2=[11,15,18]m & &
L3=(1,2,5,7,11,15,18]& %2 %,

(2) cal z(L1,LZ,L2)->x1, x2D#D) A PL1 &
KaXl+bX2=min #&XT VA P LZH¥H%, x],
x2EFRIRALLLEDEEXELIERLTHIA
L2 %MD,
cal_z (L1, LZ, L2) : - cal_z (L1, LZ, [], L2).
cal z([],LZ, L2, L2).
cal z(L1,LZ, LS, L2): -

L1=[H | T1], H=[H1, H2],

LZ=[A, B, C], A=[Al, A2],

Zis A1*H1+A2%H2,

LL=(Z, H1, H2], append (LS, [LL], LT),
call_z (T1, LZ, LT, L2).
Ceg) RA-Tx1-12x2 #min& 52 &%) A FLZ=
[[-7,-12], [x1, x2], min) £ & ¥, x1, x2 D7 —
¥ o#L1=[[0, 0], [0, 30], [40, 0], [20, 24114 &
n, x1, x22RURALLEDERXE1IEHL
%1 A pL2xL2=[[0,0,0], [-360,0,30], [-280,
40, 0], [-428, 20, 24]1CH» 5,

(3) combi_b(A, L1, L2)->AL YA ILINEFL
DRTEFLTH)AML2%ES,
combi_b (A, L1, L2) : -

combi_b (A, L1, [], L2).
combi_b (A, [], LL2, LL).
combi.b (A, L1, LS, L2) : -
L1=[H | T], LL=[A, H],
append (LS, [LL], LT),
combi_b (A, T, LT, L2).
(eg> A=v,Ll=[a,b,c,d]lDt &iZ
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L2=[[v, al, [v, b], [v, c], [v,d]]TH 3%,

(4) combi_a (L1,1L2)-> YA MLIDEZEORT %
BEFRLTHYAML2 21E5,
combi_a (L1, L2) : - combi_a (L1, [], L2).
combi_a ([], L2, L2).
combi_a (L1, LS, L2) : - L1=[H | T],

combi_b (H, T, LL), append (LS, LL, LT),
combi_a (T, LT, L2).
Cegd Ll=[a,b,c,d]l® & &3L2=[[a, b], [a,
cl, [a,d], [b, c], [b,d], [c,d]]TH B,

(5) det_1(L1,L2,L3)->2 DA% alx+aly
=(a3, blx+b2y=<b3 I LTINS ZERE L
ol &, DEROREOEEDEE
det_1(L1, L2, L4) : -det_1 (L1, L2, L3, L4).
det_1(L1,L2,L3,14): -

L1=[A1, A2, A3, A4], L2=(Bl, B2, B3, B4],
Cis A1%B2-A2%B4, Cl is A4%B2-A2% B4,
C2is A1*B4-A4*Bl1, L3=[C, C1, C2],
D1=Cl1/C, D2 is C2/C, L4=[D1, D2].
{eg) 4x-5y=(8,2x-4y)=2 M & X(IL1=[4, -5,
60,8], L2=[2,-4, 62, 2] T, ZM& %i31.3=[3.666,
1.333] b bR EDEERE X x=3.666, y=1.333 T
Hb,

(6) det_2(L1,L2)->2BOARERDHEIS %22 D
BB (£0V A MLL) 2EROREZELZL TS
AML2%KRDB,
det_2 (L1, L2) : -det_2(L1, [], L2).
det_2([], L2, L2).
det_2 (L1, LS, L2) : - L1=[H1 | T1], H1=

[L11, L12], det_1 (L11, L12, LL),

append (LS, [(LL], LT), det_2 (T1, LT, L2).
eg) 2BOARERM2MHH 5, x1=(0, x21)
=0 &x=<0, 3x+10y=<300, = nixL1=[[1,0,
62,01, [0,1,62,011, [[1, 0, 60, 0, [3, 10, 60, 30011]
ERT, o 2ERITEHLEZNFhOXED
EERZ1xL2=[[0, 0], [0, 30])¥ % b & & x=0, y=0
LHx=0, y=30 T 5,

(7 member (E,L)->E XV A L DEXETH 5,
member (X, [X | T]).
member (X, [Y | T]) : - member (X, T).

(eg> E=113V A IFL=[2,1,3]0EHTH53,

(8) max_num 3 (L1, Max, A)->1FBHFHFETH
BYVAMEREFZELTH2E)AMLLIICOWT, #
DEFEFBRRDOODARET,

max_num 3 (L1, Max, A) :-
max_num 3 (L1, Max),

member (A, L1), A=[max, _,
max_num 3 ([[X, _, 1], X): -1,
max_num 3 ([H | L], Max) : -

max_num 3 (L, M), H=[H1 | T),

ifthenelse (H1)M, Max is H1, Max is M), !.
{eg> L1=[[1,a,2], [3,b,3], [-5, d, 4], [6, r, 3],
(-8, w, 1], [10,£,5],[5, g, 0] D EE YV A+ 1
FHOEZETHRADSDIXA=[10,1,5]ThHbh, &
KfE Max (310CH 5,

(9) mix_num 3 (L1, Min, A) ->1 BB ¥ETH
ZVAMNREHELTH2EVAMLLIZONWT, #

| OHFEIBAROLDARET,
min_num 3 (L1, Min, A) : -
min_num 3 (L1, Min),

member (A, L1), A=[Min, _, _].
min_num 3 ([[X, _, ]],X):-1.
min_num 3 ([H | L], Min) : -

min_num 3 (L, M), H=[H1 | T],

ifthenelse (H1{M, Min is H1, Min is M),!.
{eg> L1=[[1,a,2], [3,b,3], [-5, d, 4], [6, r, 3],
[-8,w,1], [10,£,5], [5,g,0]1DEEV A+ 1 %FH
DEFZTHRANDODIFA=[-8,w,1]TH ), BAMH
Min I%-8Ta» 5,

(100 select_7 (L1, LA, L2)->A %R ax+by{cz "
AMIL7ZLA=(a,b,60,cltsx, yZ2&TY R
FMEEZLETHVAMLIFDD L &, AER%iH
RB¥58x,yD)AML2%ES,
select_7 (L1, LA, L2) : -

select_7 (L1, LA, [], L2).
select_7([], LA, L2, L2).
select_7 (L1, LA, LS, L2) : -
L1=[H | T], H=[L13, L14],
LA=[Al, A2, A3, A4],
X3is A1*L13+A2%L14,
case ([
(A3=60, X3=CA4)-) (LY=H,
append (LS, 0 [LT], LL)),
(A3=62, X3)>=A4-) (LT=H,
append (LS, [LT], LL))
| LL=LS]),
select_7 (T, LA, LL, L2).
Ceg) A% 9x+4y=(360% ) A b L1=[9, 4, 60,

1.
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3601 L, Hlx,yl2E#EL$T59 R MLI=[[0,
0], [0, 401, [0, 90], [0.30], [50, 01, (40, 01, [100,
01, (4, 4], [12,4], [20, 241, [30.7], [20.7]1] ¥ &
3L EREREWRET A0 X MikL2=[[0, 0],
[0, 401, [0, 901, [0, 301, [40,0], (4, 4], [12,4],
{20, 24], [30.7,20.7]] TH %, T &b b FE x=0,
y=0%E x=0, y=4 HFR3IFRERXLHRET 5,

1) select_ 8(L1,LA,L2)->#&2ohDAR%ER%)
AMILHED selext TERLDD
select_8 (L2, [], L2).

select_8 (L1, LA, L2) : -LA=[H| T],
select_7 (L1, H, LL), select_8 (LL, T, L2).
Ceg> A% R 4x+5y=<200, 9x+4y=<360, 3x+

10y =<300 {Zx L TRDH x, yD') X b
L1=([o0, 0], [0, 401, [0, 90], [0, 301, [50, 0],
(40,01, [100,0], [4.4, 12.4], [20, 24], [30.7, 20.7]]
DHRTEDETERWBRTHENOY A L2
L2=[0,01, [0, 301, [40, 01, [4.4, 12, 4], [20, 4]]
THhb,



