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TIIE DUAL ALGORITHM FOR. MINIMIZING

THE SUM OF ABSOLUTE VALUES OF

LINEAR FUNCTIONS 1

PHAM THE LONG ANd DAO THANH TINH

Abetract. This ppr ia dewted tn &,aelop tle &nI methd lor minimiziry
a tum of &soh.de litwr furlrlioru,. Tlu dgoitlvtu it bued on tJlc eupprt co-
plot r.,tion tlnt it firatly prcp*d by R. Gfuoa atd F. M. Kirillooa in linenr
ptqronmhry. In thie Fper a supprt co-plut is defind, tJle optimd critcions
arc prcoed ard thc algoitlan ig &scibd in grat &tail.

1. INTRODUCTION

We consider the following problem

( f (") : D lcl,x + axl ----+ min
{  ter  (1)
(  6 *  1 A a ( 6 * ,  d , * 1 r 1 d * ,

where  A :  A ( I , J ) ,  I :  { 1 , . . . ,m} ,  J :  {1 , . . . , n } ,  i s  a  ne  x  r z -ma t r i x ;
f r ,d*rd e Rn;  b*rb*  e R ,  K :  {1 ,  . . . rK} .  By us ing the auxi l iary
variables z(K) : {rrlk e K} we can transform Problem (l) into the
following linear prograrnming problem

D ro ------+ min
kex
b * 1 A n ( D * ,  d , * 1 r 1 d * ,
- z l C r * a 1 2 ,  z ) O .

Then, by using well-known methods in the linear programming

I Thit paper ia completed with financial support from the National Basic Research
Program in Natural Sciences

(r ' )
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we can solve Problem (f'). this way, unfortunately, is not always ef-

fective, because dimensions of the Problem may be increased and its

characteristic may be lost.

L, [1], [2] Gabasov R., Kirilova F. M. and others considered the

problem of minimizing the sum of absolute values of linear functions

with equality constraints:

DlrL"+ dkl - min
keK

A r :  b ,  d , *  1  r  1 d * ,

V j €  J n : J \ ( + , U J , " ) ,

V r €  l o o ,  l € r l  < 1 ,  Y k e K o , .

(2)

of course, we can also transform (1) into (2) by using the auxiliary

variables. But then dimensions of the problem will be also increased.

In this paper, we shall build an algorithm to solve Problem (f ) directly.

Aiming at this purpose we consider the dual problem of (1):

w h e r e  )  :  { y , r , u , € } ,  €  e  R K ,  w , u  €  R n ,  s , t , U  e  R ,  C  :

C(K,J) : {cl,,k e K}. In fact, Problem (a) is the dual problem

of (1 ' ) .

Let {fo,n, Joo} C {I,J} with l/o"l : lJ""l and det \(lo",J"") *
0. Then we build the matrix D(K,J) : C(K,J"")A;:A(Ion,J) -

C(K,J). Let {Ko,,Jo,) C {K,J \ J""} with lK""l - lJ""l and

det D(Ko,Jor) * O.

The set Fo, : {Ion,Jon,KorrJo"} is called lhe support of Prob-

lem (a).

Let ) be a plan of Problem (3). The vector 6 : A'Y * Ct( is
called the co-plon of Problem (3). A co-plan 6 with a support Fo' is
called lhe support co'plan and is denoted by {6, Fo"}.

The support co-plan {6, For} is called non-degenerated if

[ 6 , + o '
I s ; l o '

(4)
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Notice that, it is easy to choose a plan ) of Problem (B). For
instance, for any f,y, such that lfll S f, V k € K,we define the
vectors t, a, tD, u as follows:

v r e  I :  { " : o '  
c i : Y d

t t ; : - y ; ,  s i : o
i f  y ; ) 0 ,

i f  y t ( 0 ;
(5)

V r e  J : i f  6 ; ) 0 .' 
(6)

i f  6 i < 0 .

Then ) : {y, wt a, {}, satisfies the constraints of problem (B). The
co-plan 6 is said to be adequate if it satisfies (b)-(6).

Let l be a plan of Problem (S) and {6, Fo,} is an adequate
support co-plan. we define a pseudo-plan y which satisfies following
conditions:

1 .  V  j e J " : X i : d . * i i f 6 r ) 0 , X i : d ; i f  6 i  ( O a n d
d * i < X i < d ; i f d i : 6 .

z. fr(i : cLx* a* - qh,V k e Ko,, AlTa -ud, V i e fo,,,
where ?t and u.rd are chosen as follows:

a )  V e  €  K o , i 4 k : 0 ,  i f  l ( 1 1  <  1 ;  e h : e € h , i f  l € r l  :  t  w h e i e  e e  [ 0 , 1 ] ;
b) Vd € Ion i u); :6i, if gi ) 0; ui:,b*ir if y; < 0; b*i ( <^r; ( 6i, if
9 i  : 0 .

Then

- (
Xos: D;]  

{a"" 
-  t loz + C(Kor,J '*)A,}wo,_ -  D(Ko,,Jn)xn\,

Xon: A,l 
{r"^ 

- A(Ion,J \ J",.)x(J \ J,")}.

2. OPTIMAT CRITERIONS

L e t  6  :  6 * A 6 ,  l  :  { L D , r , € }  -  { V + A y , u r * A u , u + A u , € *
A€), where

I  
a ; : 6 i ,  w i : O ,

[ ,i :0, ui : -6i
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and

AeL, : 
{a^o'"*lo}A(I,n,Jo,) 

- A6L,- A{*B(I',J,n)

-ae!^D(K^,Jo,\\rr:, 
(7)

AvL^ : 
{ao;, 

- Aq'^A(I^,Jon) - L€'C(K,Jon) }r;,t,
A6L : L{ A(1, J,") * ae'C(K,J"),

B(1, J\ = A(1, J 
"")t;].n 

(Ion, J) - A(1, J).

Then A5' = A{ A + A€'C, ald a'A{ = q'A€ - A6'x * Lv'Av.

Let I'be a plan of Problem (3) and 6 is an adequate co-plan. Then the

following implications hold:

+ Xl: d,*j, Au1' :0,_ Aui = A6i;
+ Xi = d*i, Awi : -$ ', Lai : 16ii
+ ' x i : d i ,  A w i : 6 i ,  a u i : $ "

+ xi : di, L' i - -463, Aul : 9;

1 f,,*i < xi S d;, Auri - 0, Aai - $r'

* d,*i S Xi S d|, Lwi : -$ ', Aui - g;

yi ) 0, U; > 0 + AiX: 6i, As; - AY;, At; - O;
g ; ) 0 ,  F i S 0  1 l ; Y - S l ,  A s ; = - Y ; ,  A t ; : - P ; i
g;  (  0,  Ut > 0 a l ;Y:  b* i ,  As;  :  g i ,  At ; :  Y"
gr.  (  O, 9i  5 0 a l ;Y:  b* i ,  As;  :6,  At i  -  -Agl ;

U d : 0 ,  y i > 0  4 f * ; 3 A ; X < b i ,  A s t : 9 i ,  A t ; : 9 '

Ur.  :0,  Ut < 0 1g*;  S AiX a bi ,  As;  -  0,  Lt ; -  -A; l

€ t : 1 ,  - t < E r S l  +  A € * - € * - 1 ,  4 k > 0 ;

€ r : - 1 ,  - 1  < E r S l  +  A € r : E r * 1 ,  r ? r S o ;

-1  <  € t  <  I  ==+ ?& =  0 ,  -1 -  { t  S  A€t  S  1- '€* '

Let

6 q ) Q ,  I i > o
63: ) O, 9i .0
6 ; ( 0 ,  6 ; ) 0
6 1  ( 0 ,  6 i < 0
6 i : 0 ,  5 1  2 o
6 i : 0 ,  5 i < o

As:e( f ) -e( r )
: -b'*As + b'-at - d" aw + d't*6a + d'5€,

: -b'*Ac * a'-at + av'Ax - d'* aw + d'*6a - a6'x

*ql,a,€',+ D a€r/*(x)-
k€,Ko
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Denote Lg: Lpt * Lpz + /,;6", where

Lgt: As'(.Ax - b-) - L,t '(Ay - b-)

: D As;(A;x -D't) - t at;(A;y-b.r) + D tr(bi -b-i)
iel^ ieln ,lr,=oo

+ t  ! r (D.r -b; )+ D f i@;-Di)+ D or( , , -b* ; ) ,
9 d ( O '  y i = O ,  y i = O l

t;>o t;>o t;<o

Apz: L-'(x - d.) - Lr'(x - d.)

121

5 i . o ,

5 i  )o

5 i  - o '

5j >o

6y =o,

6j  <o

! €r: sien/r(x), ;f fr(x) * o,
t - r S € * < i ,  ; f  f r , ( x ) : 0 ,  k e K n : K \ K o , ,  

( 1 0 )

:  I  L . i (x i -d i l -  D  ar i (x i -d . )+  D t i@; -a . i )
1€J\J , ,€J \J . 5 i  t o ,

6j 30

+ D 6@. i -d i l+  D  6@. i -x )+  D  g@j -x ) ,

ass:  Dog* /* (x)  +  t  (A-1) r r+  f  (E+r17* .
k e K o  ( 1  = r ,  € 1  = - r ,

- r < ( p ( r  - t S ( r < r

Assume that {6, .F'"r} is an adequate co-plan and X is pseudo-plan.
Then we have the following

Theorem l. If y satisfies the following conditions

(8)

(e)



122 Pham The Lang and Drc Thanh Tinh

then y is on optim,al plan of Problem (1). Conversely, ;l ^ is on op-

timol plon of Problem (9) and, the pseudo-plon 7, associated with a

non-degenerote odequote support co-plon {6rFo"} is an optimal plan of

Problem (t) then conditions (s)' (9) and (10) are sotisfied.

Proof. Let a pseudo-plan 1 satisfy (8)' (9), (f0). From (fO) we obtain

€r : sisn.fr(1), for all k e K satisfying f*fu) I 0. Now

l (x) :  !  l l *{x) l  :  D,Vtr*a ool :  D g* @'1,v+ o,p)
tceK *eK keK

:  € 'Cx+ €'a :  (o'  -  * '  -  v 'A)x* €ta
: a'(X - d.) -  r ' (x -  d.) -  t ' (Ax - b-) + t ' (Ax - b.)

+ a'd,* - w'd* - s'6* + {b* + €'o
:  p  +,p( ) ) ,

where p : a' (x - d.) - r' (x - d.) - 
"' 

(Ax- b-) + t' (Ax- b-). It follows
from (5), (6), (8) and (9) that F: O. Hence

I fu): ,p()) .  (11)

gy (8), (S) the pseudoplan x satisfies the constraints of Problem
(1). h view of the dual theory of mathematical prograrnming, by (11)

we deduce that ;g is an optimal plan of (1).

Now we turn to the proof of necessity. Let ) be an optimal plan

of Problem (3) and let X be an optimal plan of Problem (l) corre-

sponding with a non-degenerate adequate support co-plan {6' F""}. By

contradiction, we shall prove that ;6 satisfies (8), (9), (10).

Notice that, by (7), for any {Ay,Au,Au,Af} small enough we

always have

Let :  f  as;(A;x -  b:) -  t  L i ; (Aix-  6* i ) ,
d€to d€ro

Lrz:  D L ' i (x i -d i l -  D Ar i (x i -d*) ,
t€J\J. ,€J\J.

Lrs: D lg* l*(") .
keKo

Let us consider the following three cases.
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Cose 7. If the condition (8) is violated, for instance, 6io ( 0 and
Xio l djo, then we choose Adr; - p where O < p S l6tl, Ad(J,* U
J""  \  jo) :0 ,  Ay(^ I " )  :  O,  A€( I f , . )  :  O.  Then L6r :O,  L6s:0 and
Lgz: -p(Xi, - d;"\ ) 0, that is Ap > 0.

Cose 2. If the condition (O) is violated, for instance Udo : 0 and
A;oX ) b:o, ;o e fo,then we choose Aydo : p, with p > O (or p < 0),
Ay(/"\a") :  0, A6(J\J") :  0, A€(.I(") :0. Then L6z - 0, Atp3 : 0,
Agt : -p(A;oX- bl") > 0 (or Lpr : -p(A;oX - 6*;o) > 0), that is
Ag2 > O.

Cose 9. If the condition (10) is violated, for instance €,ro # signft" (X),
then we choose A€ro : psign f*"(X), p ) O, A€(If" \ ft,) : 0, A6(J \
Jo) :0, Ag(/,n) : 0. Then Arr, :  O, Agz: 0, Agrg : p I f  *o(X) l> O;
that is Ap > O.

Thus, if one of conditions (S), (S) and (fO) is not satisfied, then
we can build the plan ) of Problem (s) such that ,p(I') > p()), contra-
dicting the assumption that ) is an optimal plan of Problem (3). This
completes the proof of the theorem.

Let us define

p-  D  6 i k i -d . )+  D  6 i ( x i -d ; ) -  D  v ; (A ;y -D l )
6 j t o ,  6 i . o ,  u i >o ,

' e J \ J D  j € J \ J o  i E I n

-  D y;(A;x-D.;)*  t  ( r -{*) / r (x)  -  D (r+fr) / r (x) .
Y d < o '  / r ( x ) > o ,  / r ( x ) < o ,der '  ' i exo  - *exo

Theorem 2. (e-optimal criterion). If y satisfies the constraints ol
Problem (1) and I < e thcn y is on e-optimol plon of probtem (1).

Prnf. By denoting eh: sign fx(i, we have

f k ) : l l " L x + o r l
keK

: I kr - €r)("Lx1 o*) + D €rkLx1 o*)
keK keX

: D ("* _ €r)Ix(i + €,cx* €,a
keK^

: D ('* - €r)fr,(x) + r'+e(r) : P +e(l).
keKo
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Since P < e it follows readilY that

(/(x) - /(x')) + (e()o) -,p())) : Ifu)- sr(r) - p 1 e,

where xo is an optimal plan of Problem (1) and )o is an optimal plan

of Problem (3). Thus, we have f (il - f k'\ ( e, and hence, x is an

e-optimal plan of Problem (1).

3. ALGORITHM

Let {5, For} be an adequate support co-plan with a plan } of

Problem (3) and the optimal conditions are not satisfied. Then we

shall build a new adequate support co'plan {6,F""} and new plan } :

{y,.,r,E} "f 
(a) so that tp(}) > ,p(f). Each step of the algorithm

consists of two parts. The first is finding a new adequate co-plan and

a new plan of (a). fle second is determining a new support.

Denote by Ko, Io, Jo the sets of indexes which do not satisfy

optimal conditions: Ko c Ko, Io C Io, Jo c Jool) Jor, where Ko =

{ft ' €r I sign f*(x), I*k\ I 0}, and

Io :  { i  :  A;X + b: ,y;  > 0} u { i  :  A;x *0,1; ,Y;  (  0}

u {a : A;x Q [6-i, bi], Yi : 0];

Jo : {i z xi + di,6i < o} u {i, xi f d*i,.6i > 0}

u {r t xi 4ld.i ,di l ,6i - 0}.

Let ho e Ko u Jo U Io ,be chosen arbitrarily. In practice' we can
choose hofromindexes {ko,io,io} such that the quantity max{u1, l6il' lVtl}
equals either uro,l6iol ot lyrol, where

ttko : *ux{l€r - sign/t(x)l '  k e Ko},

lv io l :  max{ lv i l ,  i  e Io} ,  l6t l :  ma>r{ l6vl '  i  e J") '

S.l. New co-plan and new plan of Problem (3)

The new plan f of Problem (3) an{the new-c(Fplan 6 will be

found so that 6 is adequate. The vectors €, g and 6 will be found as
follows:

E(K) : €(Ir) * or(K), U(/) : y(/) + or(I), 51"r; : 6(J) + or(J).
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a. Find vectors r. Set

, '  (K o,) :  {r '  (J o,-) A;: A(I 
"^, 

J o,) - r '  (J o,) - r,  e ) n (I n, J o,) ;
- r '  (x 

") 
D (K n, J o,)\ D;,, ;

,' (I o") - {r' (J oo\ - r' (I 
") 

A(I n, J on) - r' (K)C (K, J,,)} A;} ;
,' (J^) : r' (I)A(1, J,') * r' (K)C (K, J*)

where r(K"), r(1"), r(Joo), r(J,,) are found according to the following
cases:

al. ko e Kn: Set 1 : fk"(X), r*": sign'y, ,(Kn \ ko) : 0,
,(I^) :  o, r(Joo) : 0, r(Jor) :  g;

a 2 .  i o e  I n z  I f  y t o  )  0 t h e n s e t l  -  A ; o X - b : " ,  e l s e s e t l :
A ioX -  b* io .  Set  4o -  -s ign1,  r ( In  \  f " )  :  O,  r (Kn)  :  g ,
r(J,") :  O, r(Jor) :  0;

a3. jo € Jonu Jor: If d3; 2 0 then set 1 : Xio - d;, else set

1 : Xio - d*io. Set Tio : -sign 1, r(Jon U Jo, \ f") : O,
r ( I^ )  :  O,  t (Kn)  :  O.

b. Find step-length o. For some g ) 0, set

ok) :min{p[q) ,p[:),olo.)t, Fz\

where

pl! - *i" {-vlo) f r;: i  € lon,vld.rr. o} ,

,lo.) - *itr {-or(o) lri , i € Jn,6,@.rr. o} ,

p[1) : *ir, {r[:)tt), p[:) (2) ]

with

p[:)(r) :  min {ol!,  ,k e K",\;

pf\ :{[], j\lf;;r,,1:r r ) 0 ,

r r l O i

i f  ho / Ko,

i f  h o : k o e K o .
plo) e): 

{ l;, r" + (f,q")) 1,t ",
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Set

1 q + r : 1 q *  D  r i @ ; - x ) +  t  r i ( d . i - x i )
er{q)  =o,

r1<o , i  €  J  n

er{s) =o,
t i > o , j  €  J v

, jo)  =o,
r i  )  O ' d (  f a  a

, jo)  =o,
r l l O , i C I 6 v

where

6r(e) : 6-(e-t) * pq_fi, j e J; yjo) : uk-r) * pc_f;, i e I;

€[t) : €[c-1) * pc-trk, k e K; 6(o) - 6, yb): y, 6(o) : 6,

and'Y(o)  -  t '

It follows from (f3) that the cost function rp of Problem (3) increases

by the value Apk): !r(i)r;, where p(d) is computed in the same

way as in (12)-(tg). 
d:o

The procedure for finding o starts with g : 0 and terminates at

the first go which r;5"r 1qo 10, or in (tz'1 pk') : pl,1') , k* € K.

Then, we have o: lp(;).
d:O

Moreover, in this case an active index is one of the indexes i* €
Ioo, i* € Jo, or k* € Ko, which are chosen by (12).

3.2. New support

The new support Fo, will be built in the following cases:

If &* : ko, ko e Kn t'henF o, : Fo"'

a. ho : ko, ko e Kn,

a l )  i *  e  Jn i  Ror :  Kor l )  ko,  J  o,  :  Jor lJ  i * .

a2) i* e lon: Choose j+ e Joo so that -Ao,"l (iy;.1 7 0 and

7on - -  Io , " \ r * ,  ion:  J"" \ r i  , io" :  Joru i+rRor :  Kor l ) lco.

a3) k* € Kotz Ko, : (K"' \ k*) u ko

b .  h o :  i o , ,  i o  e  I n .

(13)
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bl) j* € Jn: rf B(;", i .)  + 0 then 7o,. :  Ionu io, jon --

Jool)J*. Conversely, i f  B(i. ,  j .) :  0 then choose j1 e Jo, so
that B(ao, j+) * 0 and D;]( j+,Ko,)D(Ko,, j .) # 0. A new
suppor t  i s  de f i ned  by  Jo , :  ( Jo ,  \ l i )  u  j * , I on :  I on t ) i o ,
J o o : J o n U j + .

b2) i* € loo: rf A(io, l"")A;l(Jon,i*) I  0 then 7on : (/",  \
l*)ufo. Conversely, choose j+ € Jon so that n;lU+,i.) * O
and choose j- € Jo, so that B(fo, i-) + 0, and D;: (j-, Ko,\
C(Ko,,1,")A;l(Jo^,i*) * 0. A new support wil l  be buil t
in following order: Ion : /o,n \ d*, Jon : J"" \ j+iio, :

( J r "  \  J - )  u  j+ i7on :  i on l ) ; o ,7on  :  i on  U  j - .

b3) k* € Ko,: Choose j+ € Jo" so that B(r",x1) I 0 and
D ; r ' U + , k . )  *  o .  R o , :  / ( " ,  \  k * , i o , :  J o ,  \ J + , 7 o o  :

Ion lJ io, J oo : Jon U J+.

c. ho : jo, io e Joo.

c l )  i *  G Jo:  r t  A; ] ( io , I " " )A( Ion, i * )  l0 thenion:  (J" , \ r " )u

i. Conversely, choose j+ e Jorsothat A;:(j",Ioo)A(I,o,i+)

I o and D;,tU+,Ko,)D(Ko,,i*) * o. A new support is
J  o"  :  (Jr "  \ f t )  U j * ,  Jon :  (Jo ' - \1" )  u l i .

c2) i* € loo: If  e; l(r",r-) I  0 then 7on : /o," \  i*,  jon :
J," \fr. Conversely, choose i+ € Jon so that A;l(j+,i.) * O
and choose J- € Joc so that ,4,o-,n1(jr,I"^)A(Ion, j-) I 0 and
D;,L(i_,K*,)C(K",,Jon)Ail(J-on,;.) + o. A new support
will be built in following order: Ion : /o,, \ f * , Jon : J", \fi,
i o , :  ( J , " \ J - )  u  j + , i o n : ( i o , - \ r , )  u  j - , f  o n : i o n .

ca) k* e Ko": Choose i+ € Jo, so that A;}(j",Ion)A(Io^, j+) #
0  and  D ; ] ( j + , k - )  f  o .  Ro , :  I r , "  \  k * , i o , :  Jo ,  \ J+ ,
J on : (J," \ i") U j+.

d.  ho:  io ,  io  e Jor .

dl) i* e Jo: i o, : (.r;" \ i) u i..
d2) i* € loo: Choose i+ € Jon so that A;l(j+,i.) * o. 7o,- :

Ioo  \  t * ,  Jon  :  J " "  \  i+ ,  J  o ,  :  (Jor \1" )  u l+ .

dg)  k*  e  Kot i  Ror :  K" "  \  k * ,  Jor :  Jo"  \ f " .

In every case, the new supporting matrices A"-rl , D;' may be
found by using old supporting matrices A;or , Dorr.
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It is worth remarking that the idea of the above algorithm is

rather similar to the one of the support dual method in linear program-

ming [Z]. tts distinction from the latter is that at each iterative step of

the algorithm we need only work with two support matrices of dimen-

sions lI,,l x lJ",I and lK"rlxlJorl,while the support dual method [2]
when applied to the linear prograrnming problem (1'), requires to deal,

in general, with matrices of dimension (ll""l + lI{""1 x lJ""l + U',1).

4. COMPUTATIONAL EXPERIMENTS

The described algorithm was coded in and has been run on IBM

AT 80286. We solved Problem (1) where all elements a;i of A, cii of C,

are randomly generated in the interval [-50,50] and all elements of vec-

tors b* , b*, d* , d*, d are randomly generated in the interval [-ZSO, ZSO].

In the program we used subrouline GENER in order to generate the

start values.

Results of numerical experiments are summarized in the following

three tables.

Toble 1

N" Iteration
Values of function tp

gr start rp optimal

Time Time
for one

(second) iteration

26
27
20
20
27

m
1
2
3
4
D

m
1
2
3
4
5

- 20,
L7
t2
12
16
t2

: 3 0 ,

n :  2 5 ,
-3.371p0

51,00
-16,00

-1.43ep0
-23,00

n : 3 5 ,
-1.957p0
-1.993,00
-4.216,00

-12.616,0O
-2.048,00

K : 2 0
38.225,00

L22.275,N
49.938,00
14.491,00

122.519,00
K : 3 5
34.929,00
35.665,00

122.466,OO
396.866,00
36.700,00

0.090
0,082
0,082
0,089
0,082

0,135
o,142
0,135
0,135
o,L42

1.54
0.99
0,99
1,43
0,99

3,51
3,84
2169
2,69
3,84
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Toblc 2

N" K 
Iteration

Iaverage,

Time (s)
(average)

0.21
0.43
0.75
0.59
1.30
2.22
0.81
1.79
3.07
0.60
L.26
2.L7
0.23
o.47
0.78
0.6,1
1.37
2.34
0.88
1.m
3.17
0.66
1.35
2.27

1 2 5 1 5
2 2 5 1 5
3 2 5 1 5
4 2 5 2 5
5 2 5 2 5
6 2 5 2 5
7 2 5 3 5
8 2 5 3 5
9 2 5 3 5

10 25 45
11 25 45
t2 25 45
13 35 15
14 35 t5
15 35 15
16 35 25
L7 35 25
18 35 25
19 35 35
20 35 35
2t 35 35
22 35 45
23 35 45
24 35 46

15
25
35
l5
25
35
15
25
35
15
25
35
15
25
35
l5
25
35
l5
25
35
t5
25
35

6.80
9.80

12.80
11.20
u.00
22.70
11.00
17.00
22.70
6.80
9.80

12.80
6.80
9.80

12.80
11.20
17.00
22.70
11.10
17.00
22.ffi
6.80
9.80

12.80

(In Table 2, for each size, ten problerns were tested).

Table 3 gives some computational results to compa,re the de-
scribed algorithm in solving Problem (1) with the dual simplex method,
which is described in Ref. 2,for solving Problem (1'). For each problem,
both algorithms start from the same plan.
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Toble 3

Iteration Time (second)
N"

SMSM DM DM

1
2
3
4
D

6
7
8
I

10

2
16
3

t7
8

16
3
o

18
27

2
I
2

10
7

1 1
3
4

13
16

0,658
8,886
lr2o7
9,435
4,224
9r27O
1,2o7
2,414

10,038
15,469

0,001
o,274
0,001
0,219
0,110
0,384
0,055
0,055
0,384
0,823

11,5 7r7 6,280 0,230

1 .

* SM: Dual simplex method,
DM: Dual support method which described in this paper.

REFERENCES

Gabasov R., Kirillova Ph.M. and Koctyukova o.I., corubuctiue methds ol opti-

nidi@. Part 1., oUnivergitetokoeo, Minsk, 1984, 214p (Russian).

Gabasov R., Kirillova Ph.M., Mcth& of linar pqrammitry' Part 1., Minsk,

L977,l76p (Ruesian).

2.

Le Quy Don
Technical University
Honoi, Vietnam

Receiaed September 27, 7999
Revised March 28, 7995


