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1. Introduction
The attempt to describe the simplex algorithm in matrix
form may appear to be unjusvified since the standard simplex
method is much more simple from fthe theoretical point of view;
also numerically both methods appear to be identical since bota
of them pass through the same set of feasible basic solutions.
But in fact there are a lot of advantages of the matrix form or
the method of multipliers (which are sometimes called "shadow

prices" because of their meaning in some economical applicat-

ionS) e
' The first cbvious advanﬁégé: is that we are dealing with .
square tables whose size dependsca&ghon the number of basic

variables (which is equal to the number of restrictions);.gg

that if we have a large number o
restrictions (5 variables and 2
in secbion 5), a Lot of necessary core storag
" If the number of variables is small while
the same advantage can be

f variables but only a few
aquations in the example solved
e and computation

time can be saved.
the number of restrictions is large,

attained by solving the dual problem™)

A further advantage is that the.g;;g;ngl_dataii) of the
probiéﬁ“;ill not be transformedf@h:ough the pivoting operations
of the simplex algorithm SO that it will not be deformed by
rounding errors; if at any stage of the calculations there is
any doubt about the numerical accuracy of any table this table
can be recalculated directly fron the original data, this can

always be done with the last table %o engg;gﬁpggﬁaccuracy of

the final results.
F’_”_‘__,.—-w—-—u-m“,:.- S —
uRasic principles in linear programming"

gstorage for the original data is small (i.e.
e defined by a small number of digits)
it will be kept in core storage. For too large amount of
data the method of multipliers is most useful, since these
can be kept on suxiliary storage without affecting the speed

of computation very much.

e

a——
—

%)g.p Memo. 483
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A very useful feature of the matrix form is that the
shadow PPicesware;gveilaple (these are not computed by the
standard eiﬁplex algorithm); these, besides their practical
meaning in some problems, can be used for any post—optlmlzatlon
Studies, such as the effect of modifying the constraints of
the problem on its optimal solution, or any other sen51t;y33¥

analysis problem,
in problems where we are liable to meet degenerated

situationsx) it is almost necessary to use the method of
multlpllers since this is the ohly method where the lexicog-

Inw}erge—scale mathematical programming problems, where
the techniQues of decomposition have to be applied, we cannot
Dprocede without the matrix form,not only because of the large
amount of data to be handled but also because the shadow prices
(er_multlpllers) provided by the master problem w111 be neeae&
to determine the preference functions for the dlfferent sub-
problems, in fact the iteration brocess of the method oz-gegom-
p051t10n cannot be initiated without assuming initial shadow
prices (these can either be estimated from the practice of the
economical situation in the problem, or if this is not possible

zero values can be assumed on the expence of the computation

————

time) .

IjSee Memo 483

The author also intends, in & further paper to introduce ano%ﬁr
17

method for treating degenaracy in ths Standard simpex algori
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2« The Simplex Algorithm in magrix form

Consider the linear programming problem with equations
constraints

Minimize the objective function

Z = 0 Xy + 05 X5 + ee0 + Cj X5+ aee 4 Cy Xy (1-a)

"

subject to the equavions

allxl + 81212 + 00 + aljxj + see +

o
=
.y

I

o’
=

= i-b
81Xy + BgoXp * e * BpXs b oeee + asy Xy b, (i-b)

- L) * L] .
® °
L L

amxl - 8oXy + oees # aM,jx;} tooes ¥ Foo X = b
Such that

X, 9 Xy oeee 9 Xy oeee Xy = (1=C)

This is equivalent to the following problem in an M-dimensional
space;j

Given N vectors :

3 : E Y
(214] B12 (alj PN
_ =8 9 oece 3 P, = aa s 9 eeo 9 P
P=lay, | B2 J J N 2N
2 Bara
w:s EM% L M, r?ﬂt
fb }
1
and the vector Q = |by
b
(M,
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e — e

It is then requried to determine a linear combination of
the vectors Pl’ Pé § eas Pj ’ with non-negative
coefficients

xl’ X 9 evce XJ 9y eoe 9 XN

L 9 EN

such that the function

Z = C1X] + CoXp + ew + cjxj + oeo + Cp¥y = minimum (2-a)

‘and such that
| (2-b)

x, Py + XoPs + eee + Xij + .00 + P = Q

This problem can be solved using the standard simplex
method, by constructing a sequence of basic feasible solutions
which are obtained by representing the given system (1-b) in a
canonical form with respect to the basic variables in each step.
In this section we shall study a method to construct the canonical
system at any step k directly from the original system (1-b) or

(2-b).

e

Assume that at steptg'gf the simplex algorithm it is known

that the basic variables are

The system must thus be in canonical form with respect to
these variables; i.e. the system at step k must have the

following form:
' ’ / » 5
Z = chi +.c2x2 * oco0e + CjXJ + 660 + CNXN + ZO (3—&)
/s / / /
xlpl + X2P2 + co0 + IJPJ * aea + xNPN = Q (Bub)
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such thgp $
’ /

/ /
e 0 = s 0 e . = eo e = O c
3 ; °j2 o, ; cJi o, ; ch (3-c)
= p’ u, , P ¢ i
3 7 L1 Tio = Us y eeeny Pji = Uy s «0oe 5 P =Uy (3-d)
where rl} " oy 'OV
10 L :
— b} - -1°
Ul : U2—0 9 sevosoe 9 UM-—O
LP4' : PJ
g

In order to deduce the system (3-b) from the original
system (2-b), consider the matrix B

e s A

con51st1ng of the
column—veg?grs of the basic varlables 1n the orlglnal system

(these vectors are called the "basis" of the ‘system).

B = ( P.

J1 P

- o ] P' 9 L - P- (4)
Ji ? JM)
This matrix must be regular and has an inverse B-l°

Since

B‘l B = B'l (P.

P' ° © 9 Pb 0 oo Po
Jl ? 82 ’ ’ Jj_ 9 ) JM)
= ( Ul U2 eece Ui 9 eoce o UM)
it is clear that
-1 = -1 - -1
B .le - Ui ] B .sz — U2 ] e o0 ? B Pji - Ui’ o 8B ’

-1 :

B Py = Ty (5)
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Thus, we can obtain the system (3-b).from the originallsystem

(2-b) by multiplying the system (2-b) by the matrix Bi_f

This matrix musut be recorded at each steip k; any vector of
the system (3-b) can then be calculated using the following

rule : /

P. = B L1 p. (6-a)

Similarly for the constants vector

/ =
g = 8L g (6-b)
However it is more convenient to record the vector @ beside the
matrix B~1 and to modify both of them in each step, since the
elements of Q/‘will be msed for choosing the pivot ele%?nts in
the pivoting operations. The basic solution im step k,obtained

: ’ ;
also from the vector Q according to the following rule :

f
The basic variables, Xj = bi s L 28 L8 , 5400 5 M (7)
i
and the non basic variables dre given zero values

Vd

/
vector Q has a non-negative value; the feasibility consition

can be written 7 ;> ‘
,Q < O (8)
In order to test the basic feasible solution at step k
for beeing an optimal solution, we need the coefficients of the
non-basic variables in the ojbective function. The new equatioﬁ
of the objective function (3-a) is obtained by eleminating the

basic variables from the original equation (2-a)

CamsScanner  Ligs d>guaall
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Assume that this elemination is done by multiplying the
equations of the system (1-b) by multipliers

Ty Th s eeo s 15 s wnes Ml

then each modified equation is substracted from the equation
(1-a). The coefficients of the new equation can then be calculated

using the rule

/ -
CJ' - CJ- "WPJ 9 J. =19 2’ o 6 0 @ 9N

where the vector Cﬁ)

W= (ﬂi: W‘;s LA ’7TM>

The multipliers can be obtained by applying the condition (3-c)
to the equations (9) for the coefficients of the basic variables,

f
0 = C . = B
Ji Jdi ~ ;zoni

o o4, = 7]‘ Pji for i = 1,2, voo , M (10)

\

Thes M equations (10) can be written in matrix form

T alB. 3 Pe g ver s Be wt s s B
n’- J19 J29 ? Ji’ 9 JM)

~
N
1l
o
N\
=
=
-’

or

CamsScanner  Ligs d>guaall
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o B =
Again, using the inverse p~t
can be:calculated

7]' - Y i (12)

If the simplex gultipliers are known at each step k of
the algorithm, then the coefticients cg of the objective
function can be calculated using the rule (9). If one of these
coefficients ¢, is found to be negative (the corresponding variabl
x. must theretfore be non-basic) then a better basic feasible
églution can be obtained by -introducing the variable x. into
the set of basic variables; i.e. by introducing the vector P,
into the basig. The basic variable x and its corresponding
vector P, which must be removed fromlthe basis is determined
from the'élements of the constants vector Q/And the vector P{
(which is calculated from Pj using the rule (6-a) according
to the known rule : =

of the basis B, the multipliers

7/
Corresponding to each positive element ay . > 0 of the
vector Pj calculate the characteristic quotie 3

bk |

7’ Ve /
9 = by / 8y v 843 > 0 (13)
A
where "di-*f / b1
i _1 ’ Q. =
/ A /
a," b
P-g- '22.- 02
3 ;/
a
.ij ni
-/ 2/
a b
sM;ja \M /
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The basic variable xji corresponding to the smallest qutient

qy will be removed from the set of basic variables; 1ts
corresponding vector PJ will be replaced by the vector PJ

in order to get the new basis B/ for step k+l of the algofI%hm-
The new inverse -1l i5 obtained by modifying 81 according to

this replacement. The new multipliers of step k+l can be then
calculated using rule (12) :

/ /
0 =Y. 871
/ ,
—_ - C. e o @ C- e o C- (14)
where ')( (031 v By v IR 5 JM)

(instead of C )
Ji

—

It is more convenient practically, and theo:etically
(for some applications), to include the matrix B"l and the

simplex multipliers in one matrix.

es l -]Tl - ﬂa LI ] - T‘TM

i
0]
E B_l (15)
0]

It can be sum that this is the inverse of the matrix

. B (16)

CamsScanner  Ligs d>guaall
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This can be proved by multiplying the two matrices

The system (2-a) , (2-b) can be written in the combined

vector rorm

— — ===

i P. P ee. + P 3
Po.(z) + Plxl + PoXy 4 oees + PJXJ + + Pyxy QR Q

-0

where the M+l dimensional vectors

T & P CJ i N and'a = -
Po = O ’ Pj = — J = 1,2, e e 0 ’ ’ = Q
: P,
. J
0
The system (3-a) , (3-b) will then be
Py (-2) + Pyxq + PpXp + oo 4 ijj +oeee + Pyxy = Q (18)

Equations (18) must be in canonical form with respect to the

variables (—2) , X: 3 X; g oo 3 X, 4 eee-5 X, o, i.e. the

J1 J2 Ji Ju
o
vectors_, r%
P,o= U = 0 |
0,
X Component no.
S (0] o© R e et Ll
PJ,i = Ui = (') ]._
1]}

System (18) can %hus be obtained by multiplying system

(17) Dby the inverse Ehl of the matrix :

B = (P, P. P = =
B (0’ Jl’ Pda,n.o,PJ.i,._.,PM) (19)

CamsScanner  Ligs d>guaall
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From which we have the following rule for caleculating any
columne vector ir the systeam (1o
u

O
Y of step k of Lhe algorithm
from the original system (17) using the inverse E’l
- -1 -
P, = BT P, (20-2)
, -—
and Q= TL g (20-b)

The matrixfgbl must be recorded at each step of the
algorithm, and modified Irom step to step according %o the
change in the basic varisbles and taeir vectors. It is also
convenient to record the vector'a"and to modify it at the same
time with the matrix-ﬁ'l usips a pivoting o§arasion at each
step. The rules for modifying the matrix 5 - and the vecter

=l .
“ are given in the following section.

3. Transformation from step k to step X+l

Besides the orircinal system (2-a), (2-b) or (17) the
following informations are recorded at e:=ch step X:

1) The basic variasbles

5

X .
Jl ’ x. s .« s '] x; b} L I ] x_:
32 U'i U_‘:
e ..
2) The matrix B = containing @

a) the negatives of slmplex muitiplieres
” v . == ’I
1, M2 "

and
.

b) Tane inverse B™* of the basis
-/

e

3) The constants vellor «

CamsScanner . Ligs > guadll
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These are represented in the following table

Basic
variables
o) |-a, | - A =T Tl
b,
le 1
/ Table (l—ql
" b
J2 2 -1 The table of

multipliers at

: Y B step k

X . b.

J5 1
5 ;(
XJM M

V4
Each coefficient Ca_ln the objective function is then

calculated using the multlpllers according to ru}e (9) If
some are found to be negatlve, then the column P correspondlng

/’
to the most negative coefficient C. is calculate accordlng
to (20-a) , this column will be wrl ten in an extra column in

et e

/
_the table (l—b) The plgpt element a:Lj is determined according
to the rule (13). The pivoting operation is then performed
on the table (1-b), resulting in the table (1-c) where the

old basic variable X3, in the pivot row i is replaced by
£
the new basic varlable X;» J1f the objective function has no

negative coefficient CJ y—then the basic feasible solution,
obtained from the table according to rule (7), is an optimal
solution

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

2 dBi=

Basic

4 Extra
variables Column
("TZ) —zo —ﬂi -”2. e v e —”j_, e e _”M K-a-.
/ 7
/ /
: : —1 :
’ D> |
X b. pivot
Ji < element
L] ./
: b
XJM M
Table (1-h)
Basic
Variables
y7; ’ / 7/
(_z) ...ZO -— ﬂi- —'77'2 s e o0 -”‘i e oo —7TIJV‘I
b”
le 1
= /4
3'2 b2 / _1 Table (1—'C)
5 : fs The table of mult-
" X/, %llers at step k+l
Asac—ﬁp-gj Lbi;
. .,/

CamsScanner  Ligs d>guaall
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The two-phase algorithm using multipliers

In order to solve the linear program given by the systep

(1-a), (1-b), (1-c) using the two-phase ?ethod, the followiy,
procedure is used for starting the algorithm 3

1)

2)

3)

The equations (1-b) with b;&K0 are multiplied by -1,
A number of M artificial variables

Xpl 0 Xe2 r ot 0 KN4

are introduced.

The objective function for phase 1 is defined by

Wo=Xg, f o Epye o X

The artificial variables are then eleminated from the
w-equation by substracting the equations (1-b).

The result is the following table :

| DX X X IR TR P
—wo 1 dl ’da oo dj coe dN 0o voe 0

0 L Cl¥ R R o ... 0
by 813 R2 et By see By |l

b2 a5y CPPIERR a2j T 8oy !

by S w2 vt By ee- By 1

Table 2.

CamsScanner  Ligs d>guaall
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where
dJ' = - Z 8 4 for j=1,2, ... , N

M (21)

The columns @$f the artificial variables, and the columns of

the variables (-w), (-z) need not be stored as these will not®
be used by the algorithm. The original table 2 will remain
unchanged during the algorithm; which is one of the advantages ¢’
of the method of multipliers, because the original data of the

problem will not be a subject to errors due to rounding off in
the computer.

The artificial variables are taken as the basic variables at
the stalt, we._have.‘thus the following table of multipliers :

Basic
variables
(_W) _Wo O eos oo O {
(-2) 0 0 i wawe @

Table (3-a)
XN+1 by 1 .
. First table of multipliers
xy:+2 | P2 i
1
IN+ M bM

CamsScanner  Ligs d>guaall
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The table will be transformed from step to step according

to the rules given in section 3, where the first row (the w-row)

is taken as the row of the objective function during phase 1,
and the second row (the z-row) during phase 2.

At any step k we have the following table

Basic
variables
f— o
(—-w) | (W) | & G - G, ... &
[—Z) (_ZO) —E _Z ) -‘71-. e e o —WM
X b; - Table (3-b)
] 1
& / The table of
xj b2 _/ multipliers at
€ 5 step k
A
ji b.
) ;
ij bM

we have two sets of multipliers
G.l ? 6.2 ] e s ,65- ’ .00 ’5M
to be used in phase 1 with the first objective function and

o » T ovo=eee A s oo s Ty

to be used in phase 2 with the second objective Zfunction

The multipliers i7; are calculated during phase 1, SO
that they will be ready for use immedia¥ly at the start of

CamsScanner  Ligs d>guaall
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phase 2. The first row of both tables 2 and 3-b can be ommited
in phase 2.

The algorithm is illustrated by the example given in the
following section. A complete flow chart and the FORTRAN
program are given at the end of this paper.

5. An Examgle:

Consider the following linear programming problem:
Minimige z = Xy + 6x2 - 71:.3 + x4 + 515

subject to the equaﬁions:
Y ,
= = g /
X X, f 5x3 X, + Xg = 8
S5x, —4x, +13x5 -2%, + x5'f"=* 20
The objective fuﬁcﬁiénAw for phase 1 is introduced and the
resulting extended problem is written (in the form of table 2 of

section 4) in the following table:

1 (=w) (-2z) X, Xy Xz X, Xg

-28 e -6 5 =18 3 =
0 1 1 6 =7 1 5 Table 4
8 1 -1 5 -1

20 5 -4 1.5 -2 1

The columns of the artificial variables Xg, ¥, are not entered

since they will not be needed for further computations.
a) Phase 1 .

(he first table of multipliers (Table 3-9 section) is then
pfepared with the artificial variables XghXg 88 basic variables



https://v3.camscanner.com/user/download

- 18 -

-w ~28| © 0

' 0
X5 8] + :
X 201 © 1

The new basic variable X5 is chosen according to the rule (9) o

section 3; the corresponding extra column is computed accordinz

the rule (6-a) and then added %o the table

*3
w |-28] o o -18
= @ 2 2 =7 Table 5,81'
Xg 8 1 0 5
X5 20 0] 1 13

After choosing the pivot and performing the pivoting operation
the extra column is dropped and we have the following table wit

the new basic variable x3

-w | -0.30769 0 1.38461
-z | 10.7692 0 0.5384%

.82
Xg 0.30769 1 -0.38462 saine 2if
X3 1.55846 0 0.07692

Again a new basic variable x5 is chosen and its corresponding

extra column is computed and added to the table

CamsScanner  Ligs d>guaall
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s g =

X

~w | = 0.30769 0  1.38461 —O.6i556 Table 5,82
-z 10,7692 0 0.53846 | 5.53646
- 0.30769 1 -0.38402 | 0.61538
x, 1.53846 0  0.07692 | 0.07692

After performing the pivoting operation and dropping the extra
column we get the following table with the new basic variable XB

-W 0 1l 1

=z & 2.2 4 Table 5,83
X5 005 l ° 625 _Oo 625

X5 105 _00125 00125

Phase 1 is thus terminated because the artificial variables Xgo
x. are not more in the basic set of variables; note also that

the value of the objective function w of phase 1l in now equal to
Zero0.

b) Phase 2
The row -w of the multipliers corresponding to the objective
function of phase 1 is cancelled from the table of multipliers;
also the first row of the original table 4 is to be forgotten

during the phase 2 operations.
Thus, we start phase 2 with the following table of multipliers:

-1 8 "9 4
x 0.5 1.625 -0.625 Table 5 b,1l :
xy |1.5 | -0.125 -0.125

CamsScanner  Ligs d>guaall
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The new basic variable X, is chosen end its extra coluunn is
introduced:

)

e 8 -9 4 =1

Xg 0.5 1.625 -0.025 |0.875
x5 1.5} -0.125 -0.125 | 0.625

Table 5 b,1’

After the pivoting operation we have the table with the new basic
variable X5

-~z | 8.57142| -7.14285 ~ 3.28571
x5 | 1.71428 0.57143 -0.14285

Computing the coefficients c! of the objective function (in orde:

J
to choose a new basic variable), we find that all these coeffici-

ents are non-négative, which means that we have reached the
optimal solution which can be immediatly read from the last tabl
5b,2 of multipliers:

optimal value of the objective function:

z = 8.57142

The basic variables
X, = 0.57142
x3 = 1.71428

The non-basic variables

Xy = X, = x5 = @

CamsScanner  Ligs d>guaall
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€.the Nortran Program

SIMPLEX ALGORTTHM
METHOD OF MULTIPLIERS

. DIMENSION. A(2Q,40),B(20320),X(60),IBAS(20)

o <

8 o

o\ &

~3

10

INFUT QF DATA.

READ 2 NPROB,M,N,EBS
{16,215,88.1)

PRINT 3 ,NPROB,M,N, KPS

FORMATC )7/ /7 F 14HPR
10 X,6HEES = ,E8.1///5H

FORKAT

Ml=3+l
M=+
N1=M+l
DO & TI=2,M2
READ 5, (ALT

FORMAT%SF].O o)
FORMAT
DO 8§ J=1,N1
C=O . O

DO 7 I=5,M2
C=C+A(I,J
A(1,J)==C

FIRST TABLE
DO 10 I=5,M2
DO 9 J=2,M1
B(I,J)=0.0
B(1,I-1)=1.0
B(I,1)=A(X,1)
1BAS(I)=N+I-2
Bgl,I—lg:0.0
B(2,I-1)=0.0
1BAS(1)=-1
1BAS(2)=0

351,1g=A€1,1;
B(2,1)=A(2,1

3),J=1,N1)
PRINT 6, CACT,J),J=1,N1)

E10.3,2X))

- 2l =

(IoI=1oN)
aM NUMBER,IG//5HM

=,I5,5X,3HN =,I3
LDy 1°3)/)
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QQ

QQ

3 Y
22

28
128

228
328

29
30

PRINTING OF TABLE

IPHASE=1

NSTEP =0

PRINT 13, IPHASK,NSTEP
FORMAD(////SHPHASE,I2, 10X, 3HSTEP,I2//)
IF(SENSE SWIICH 1) 14, 16

PUNCH 13,IPHASE,NSTEP

DO 15 I=IPHASE,M2

PUNCH 1v,iBas(I),(B(I,J),J=1,K1)
IF(SENSE SWITCH 2) 17,20

DO 18 I=IPHASE,M2 :

PRINT 19,IBAS(I),(B(I,J),J=1,M1)
FORMAT( 18X, 12, 5( 35X, B12.5))

IOWEST PRICE
Cbh=0.0 .

DO 23 J=2,N1
CDJI=A{ IPHASE,J)
DO 21 I=5;M2
CDJ=CDJ+R{ TPHASE, I-1)¥A(I,d)
IF(CDJ-CD)22,23,23
JF=J

GCD=CDJ

CONTINUR
TRV=JP-1

TRANSIT PHASEL TO 2
TR(CD+EPS) 28,24 ,24
GO T0(25,45), IPHASE
TF(B(1,1)-EPS)26,26,41
TPEASE=2

NSTEP=0

GO TO 12

EXTRA COLUMN
GO T0 (128,328), IPHASE
DC=A(2,JP)
DO 228 I=3,M2
DC=DC+B{(2,I-1)#A(I,JP)
BgZ,MZ):DC
B(IPHASE,M2)=CD
DO 30 I=3,M2
C=0.0

DO 29 J=3,M2
C=C+B(I,J-1)¥A(J,JdP)
B(I,M2)aC

CONTINUE
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C

31

32

- 85 w

PIVOT ROW
IP==1

DO 33 I=3,M2
IF(B%I,M25)33,33 31
QI=B(I,1)/B(I 2}
IF(QI‘Q)32:33933
Q=1 :

IP=I

35> CONTINUE

IF(IP)34 ;54455

34 GO T0(52437),IPHASE

PIVOTING OPERATION

35 PIVINV=1./B(IP,l2)

B(IP9M2)=090
DO 36 J=1,M1
DO 36 I=IPHASE,M2

36 B(I,J)=B(I,d)=C3B(I,M2)

38
39

C
41
42

c
45
46

IBAS(IP)=IBV
NSTEP=NSTEP+1
GO TO 12

RESULTS

UNBOUND SOLUTION |
PRINT 38,IBV
FORMAT(//16HUNBOUND SOLUTION/1HX,I2,14H = T = INFINITY//)
DO 39 I=2,M2

PRINT 40,IBAS(I),B(I,1),B(I,H2)
FORMAT(1HX,I2,3H = ,E12.5, 2X ,EL2.5,4H # T)
GO TO 55

INCONSISTENT
PRINT 42,B(1,1),B(2,1)
FORMAT( //22HEQUATIONS INCONSISTENT///GHW

= Elao /
1 6HZ = ,El2.5/) ’ ?
NVAR=M+N

GO TO 47

-

OPTIMAL SOLUTION
PRINT 46,B(2,1)

FORMAT(//16HOPTIMAL SOLUTION///6HZ = ,E12.5/)
NVAR=N
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DETERMINATION OF X
47 DO 48 J=1,NVAR
48 X(J)=0.0
DO 49 I=3,M2
I X=IBAS(I
49 X(IX)=B(I,1)
- DO 50 I=1,NVAR
50 PRINT 51,1 ,X(I)
51 FORMAT(lHX I2 3H = ,Ela 5)
GO TO 55 .

FAULTS
52 PRINT 54,IPHASE

54 FORMAT(SHFAUIm 13)
55 GO TO 1-

END
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[g;AD M,N, DPS__I
ML =M + 1
M2 =M + 2
N1l = N + 1
o
READ A :

INPUT OF DATA

\

_@_1_5_>

C=C+A(I,J)

PREPERATION

OF PUASE 1
PROBLEM

J=d +

B(I,J) = 0.0

no J=IM1

.[ ‘(yes

B(I,I-1)=%.0
B(I, l)-A(I 1)
TBAS(T)=N+I-2
B(l’I-'l)——-OoO
B(2.I-1)=0.0

;

€es

g

N T
%

- IBAS(1
IBAS(2
B(l,l)_A(l 1)
B(2,1)=A(2,1)

§
1

N
SNA Y
mn

-1

IPHASE = 1
NSTEP = 0

@
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IPHASE =

NSTEP = O

n

SYSTEI
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1 sorurION

IPHASE
* =2

B(IPHASE;M2) =CD -
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CHOICE OF PIVOT ROW

QI=B(I,1)/B(I,M2)

I~ I B PRINT

| soruTION

| FAULT |
- UNBOUND %
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1

-

PIVOTING OPERATION

e e —
e e e ® R

—, - 2

IVITVY = 1.,0/B(IP, 12

:::,;_:) = \\a\_A

!

B(I,J)=B(I,J)-C=B(I,N2)

!

20 (1w )

yes

N

%
("_- M 3 e

7 yes

IBAS(IP)= IBV

e —
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