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The Method of Transferring the Unbounded Polyhedron

of Sum form to Its Intersection-form

. 1 1 2
WEI Quan-ling » WANG Jun » YAN Hong
(L. Institute of Operations Research and Mathematical Economics: Renmin University of China, Beijing 100872, China;
2. Faculty of Business, The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong, China)

Abstract: A polyhedron can be represented by a set of linear constraints, which we call “intersection-
form", or by a convex combination of finite extreme points and non-negative combination of finite ex-
treme rays: which we call "sum-form"-To transfer a polyhedron between the “"sum-form" and the "in-
tersection-form" is a fundamental problem in the mathematical programming- This paper supplies a
method of transferring the unbounded polyhedron of sum-form to its intersection-form by using the
"Big-M Method"”- Numberical example is also given to demonstrate the processes of our transferring al-
gorithm -

Key words: unbounded polyhedron; "Sum-form"; “intersection-form"; "Big-M Method"

1 gig
= SIREATIEIN

P=lxwx=b,2=0,i=12,, ;' |
Hrp

X = (x1,x2, 00, € E"

a = (ansaesan) ©ES 0= 1,2, m

LEE,i=12,m

M, AR ARSI ST PR SR S TR L) T,
T LA AR, 4 S TS RY 4 00507 A, B

0 ={2dt)\\22\= 1, A=>0, ;= 1,2,...,;}+{2y‘[§ B=o0,;= 1,2,...,k}
i=1 i=1 i=1

H d' €, i=12, ok ROSHIRE & MRy CE j=12, ook M Ly ay=0, y=0,;
=1,2, 0, i W & AR X FRFOR R ™ 2 T B R
Rl 4 Q N R TR 1] DA R B A R A L B

ks B8 - 2003-04-26
BREYMAB HxA SRPL IS (NNSF 70371058y ; ﬁﬁ%ﬁ%ﬂﬁ}%ﬁ( 01jB79007) ; 7 CERG %{i\( 6= 1599,



88 A TR 558K 2004 4£ 3 H

0 ={2M A= a0, i 1’2""”}
i=1 i=1

5 Q Hya Z LR, FTAF R ARy AR 5 AL B
) ={nyl?; |B=0,; = 1,2,...,k}

B o 22 TR AE PR 2 2 1) A SR SR 5 A ) — A T A g [ o 22 R e 5B X )
I B AL R SR — A S 2 T 2 T A P 2 AR i B ke B2 ) 1T 2 T HREF A3 D5 18 - V22 SCRR, - 4 Sk
[2]— [615#R IR T AR S35 (BAEAC BB AL (R BT, Gl 8 2 LU A A FRATGR T —FhiB R EE. &
R T REALHTR A RRET T AERCE R  SOR L B Tz T

SR A TTLZ N SV 7= Wl L W 7= Wl 2 2l we o [ PO B 1 ST = 4 R WA TR N SR 2 W 13
P BV AT — A1 2 TR T B AR 7 [ RO PE RS54 - AERUE G 28 041 DEA . Data Envel-
opment Analysis) T, T AR AT RS (LRI 78 A P2 RV T B 45T 6™ 20 THT (R 454 () BF 9836 1] LA P ok
TRRILNEZ BRI R 2T

SCHER[8) 45t 1A A Z R b 2 HE e FOB 2 1) S B X BeAU I 07k O M R 0 B BN
HRAEFCIEAT TR A S5 I8 o it 2 T R e * M S A S - B T AR E L ol
A R-M 7k AR AR it 2 R AL O M SO T R A SR B S5 IR #EAT TR - A S
BT —MNUEBI TR TR Y A

2 OEEEEFR R Y
g PR RO S Q:

Q :{Ed‘ﬂﬁ A=1,2A=0,;= 1,2,...,,%+{ﬁyf§| B=o0,, = 1,2,...,k}
i=1 i=1 j=1

;H;‘EP dieEn1 i=1121 "'!k IEILZE’L EFIE(Jk/]\‘ﬁ,yJGE", ] =1=21”'=k %En EF‘E/‘JIC ,/l\jiﬁ *@%%%S(M)

CEn+l .
_ X
son 4" )

Q(M) ={§di“ 22@" + oy 3 A=0 =120k

i=1 ;=1

A0, 0= 1,2 kj = 1,200k Z A+ 22% :1}

i=1 ;=1

Herp M > 02— AMRKAEL 7T S(M) 2 B i — AN 2T, 8 AT AR SO 4RO Ay AR S 4l
(R 22 T8 A AR 7 1) 4 SRS AT SR 7] — [10]) - 3 S( M) B4Rk 7 1
a(M)" b M)) ", 1=1,2,m

B lhx =wn, (diT + Mij)x =t
x € FES i =12,k = 1L2, 0k

it

3Gk 7]. A
S(M) ={2{QZ(M)} H‘ M=0, a(M) €EE" bM) €EE 1 =1, 2, -, m} (2

=1 bi( M)
FiSCRR[ 8], AT
Q(M) ={x|azT(M) x =b(M), = 1,2,---,m}
A NHEMEH.
FEL *M>0%H QM) <0
WERR Xty M >0, &

Q(M) ={§d"2\+ 22(01" + my') 7>| A=0,i = 1,2, ks

i=1 ;=1



%3 Te St Z R e A e S A A 89

b0t = Lok = 1 kzm;g%_l}

i=1 ;=1

{Ed A+ Egdbﬂwﬁzy A A=0,i=12.

i=1 j=1

A=0,i =12 f,j = ok 27\+227)_1}.

i=1 j=1

:{Zd"(%"‘zly) "‘ME / 2 M| A= 00 =12
A=0,i =12 f,j = ok 27\+227>—1}

i=1 j=1

<0
FRIIE-
SIE1 % 0<m <M. H Q(M)Q(M)-
R %t 0<m <m, 53 oE<0 h#
dEMy = od F (1= g ),
M Q(M ) SQ( M) B A5HiE
T2 XV €Q, 74 Mo >0 {15 x €Q(Mo) -

-‘LIEEH Xj"ff%::xoeo’ﬁﬁ 2{)20! ZK=1! @201 l=1= 2’ R ] k;j=112""1k ,7 1@’1&}“
£ = 2d"75+ Syj@.
i=1 j=1

Tl X)io,/&\M(J:_iZ [.?>0, Y=]% [‘?')ﬂ\u
=

EME)}:EMA%EBZEMFI (3

N VEED W T VT TP W
- gdiw d%ﬁé@) + nyMm?
= Ed‘?}\ﬁ'dlzy + ZM()y‘f);} = gdiﬁl\'i' Z(CZI +M(>yj) Y

H( 3), 1715 x" € Q( Mo) - f3EE-
a1, Er2 &?Ifﬁ L, ZoE8 T~ e,
FEI xtmM>0%

[

0 =U oM = limQM
{1 FE R M-y R S (M) T Llidﬁﬁu%ﬁﬁiéiﬁ&ﬁﬁéﬁﬁ%EDT SHEA (M) bk
M, G MR, (M) =0 L*m:zw? L TE SR Z T A xﬁ/it A 1 )y
.

3 KEGIF
A, T — TR — A — A0 T T AT ) "&ﬁﬁ"%w
FIE—ANMZER QCE, Q AP0, 0" (0, ) MR (L O, (LY, Bl AR
TH] A F T



90 A TR 558K 2004 4£ 3 H
0 0O 1 1
0= o%\+ lb%\+2\=1,)\20,2~20+ lﬁ+ O§ﬁ20,§>0
() MrEES S(M) CE' R
0 0
0 1
M M x1
= 2 ;

S(M) M 0 X2 v
M M*T1
M 1

N

Hobm 22— MRKRAECs(M) CE AN EE4E [ 1010k S(M) B2 K 1,0,0) 7,
(0,LO"Y (=L0, =", (L, =L =17, (0, =1, —mM— 1", \ifiy
1 0 -1 1 0
S(My =40 H+ |1 B+0 M+ =1 u+]—1 Bl M=>0,;=1,2-,5
0 0 - M — 1 -M —1
= TR
O(M): Y xlzovxzzoaxléM,xl_xz2—l,x2£M+1
x2
2 =+ R,
1 Q X1
1 lImQ(M) =0 = 21 =0, 22 = 0,010 — a2 =71,
. . ) ! X2
0
P Ty o sy st i 1.
e BELR
[1] Dantzig G B- Linear Programming and Extension[M ]- Princeton University Press, 1963.

(2]

(3]
[4]

[°]
(6]
(7]
(8]
(9]
[10]
[11]
[12]

[13]

[14]

Avis D; Fukuda K- A pivoting algorithm for convex hulls and vertex enumeration of arrangements and polyhedra
[J]- Discrete Computational Geometry, 1992, 8.295—313.

Balinski M L- An algorithm for enumerating all vertices of a convex polyhedra[J]- Computing, 1975, 15,181 —193.
Charnes A, Cooper W W, Huang Z M, Sun D B- Relations between half-space and finitely generated cones in poly-
hedral cone-ratio DEA models[J]- International Journal of System Science, 1991, 22, 2057—2077.
Dyer M E- The complexity of vertex enumeration methods[J]- Mathematics of Operations Research, 1983, 8.381—
402.

Greenberg H- An algorithm for determining redundant inequalities and all solutions on polyhedra[J]- Numerical
M athematics, 1975,24; 19—26.
Wei Q Ls Yan H- A method of transferring cones of intersection-form to cones of sum-form and its applications in
data envelopment analysis models[J]- International Journal of Systems Science, 2000, 31(5) , 629—638.
Wei Q L» Yan H- A method of transferring polyhedron between the intersection-form and the sum-form[J]- Com-
puters and Mathematics with Applications, 2001, 41,1327 —1342.
Wei Q L, Hao G» Yan H- Characteristics and construction method of surface and weak surface of DEA production
possibility [D]- Hong Kong Polytechnic University, Research Report of Department of Management, 2003.

PR, EIPE T A B AR (M ] dEt B iR, 2003.

Chvatal V- Linear Programming[M ]- Freeman, 1983.

Nemhauser G L, Wolsey L A - Interger and Combinatorial Optimization[M ]- Wiley, 1983.

Rubin D S- Vertex generation and cardinality constrained linear programs[J]- Operations Research, 1975, 23, 555

—564.

Yan H: Wei Q L, Wang J- Constructing efficient solutions structure of linear multiobjective programming [R ]-

Hong Kong Polytechnic University, Research Report of Department of Management, 2003.



