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PAR, Inc. 1sasmall manufmﬂuFErmfguﬁ'iﬁfa
equipment and supplies, including a

e STANDARD golf bag, anda

e DELUXE  qgolf bag.
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Each bag produced requires 4 operations,
with the following processing times(hrs):

cut & . inspect
dve SEW finish & pack

STANDARD
DELUXE
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page 4

After studying departmental workload
projections, the plant manager estimates
that the following time will be available
for production of golf bags during the
next quarter:

Dept. Man-hrs. |
Cut-&-Dve 30 |
Sewing 600
Finishing /08
Inspect-&-Pack 135
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FPAR's distributor is convinced that
everything which PAR makes can be
easily sold, with a resulting profit

°F 410 per STANDARD bag and
$ 9 per DELUXE bag.

FAR wishes to determine the number of
each type bag which will maximize the
profit,

page
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[[ Cefinition of Wﬂriﬂhles]]

X1 = #* STANDARD bags produced next qtr.
X, = #* DELUXE bags produced next gtr.

LIP: Maximize 10X, + 9 X,

C Uo X + 1 X < 630
Vo ¥y + 36 %, <600
subject to < 1w, + 24%, < 708
Mo ¥ + 1
F ST T Vo X V4 Xy <135

LPmodsl | . K20 X,z20
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LEET
-
_"'|/]/[:| >{1 + ] }{2 < B30 Ctd el

Vo Xy + 54 %, <600 sewing
22X, $TOB  Fiwsting

ZRe

1000 +

1 3 5 f??‘E,.f:'-'E'L“f &
Fati-liy

[

5'3'3:5:5::-
The shaded region
satisfies all four
SIIIIIII-I”-I I I1III:IIIIII o I15:IIIIII ]ﬂequaht"}-"‘

¥ constraints!
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-

[ Converting to 1
*standard” ILIP
model

-

i

Define "slack” variables
" S, =unused hours in Cut-&-Dye Dept.

S, =unused hours in Sewing Dept,
Sz =unused hours in Finishing Dept.

LS4 =unused hours in Inspect-&-Pack Dept,

= profit
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Dy Lthe infroguciion of the s/igck " variables,
the inegualities {wilth the exception of the

non-negaltivily resirictions/ become egqualions.

Maximize

subject to <4

10X + 9 X%,
Ao Xy + 1 Ko T O
VE}{1+%>{E
1}{1+2/3}{2
%D}{1+%}}{2
X Az 0 ¥,z 0

= 7

= 630

+5, - 600
+S, =708
+S,= 135

page
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[[WEII]lEEII_IJ]

7 ¥ % Sy Ss S3  Sul| |rhs
110 9 0 0
0 Hg 1 0
0 % 5% 0
o 1 25 0 0
o Yo 14 ¢

0
0
0 |=| 600 |
0
|
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Notice that the system of equations represented
by the tableau has essentially been “solved”
for the variables £,91, 95, 5=, and 5y

in terms of the variables X, and X, :
(/=0 + 10¥% + 9%
S, =630 — Uo Xy — 1 Xy | amd H

prayr— S0 pErEmelers, |
SEsie

ormbiosh 4 S2= 600 — Lo ¥ - 5 o OmhESIC”
WF T | 2 oS 2% Ko ki

53: 08 _ 1 }{1_ 2/3}{2 ...............................................................................................................................
u54:135_ %D}{1— /ﬁ}{z
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([ =0 +

romplete” |
safution |

e

5,= 708 —

If we assign arbitrary
values Lo X, & X, we get
"particular” solutions,

e.q., A= 100 signadard bags,
Fo= 120 geiiuwe bags

4

10X + 92

S, =630 - Yo X
S,= 600 - 5 ¥,

1%,

L S4=135- o ¥,

r‘Z:
o =

82=

%,
%6 %o

55 ¥,
ZRs

2080 f

A0 frs,

A50  Ars,

o228 Ars,
95 Ars,
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(72 =0 + 10% + 9%
51=63C'_}1/D}<1— 1
S,= 600 - ]//2}{1_%3{2
L S4=135- o ¥, - %}{2

romplele” |
sofution |

e

If we let the "nonbasic’ (=0 ¥
we let the "nonbasic S, = 630 s

variables X, & X, be Faerr |

zero, Hjen W e thain a crduting i S5,= 600 Ars,
basic” solution: S,= 708 prs

" 84 = 130 Ars.
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(7 =0 ¥

51 = 630 ety

LFSIC | ) )
Saliitinn 4 D.= 600 Ars
83= ?GB ,-'{T-',-"’"E
LS4 =135 Ars

( This basic solution is the plan to produce peffher
the STANDARD mor the DELUXE golf bags, resulting
in all available production time being unused.)



Simplex Intro page 15

1000 4
Koo ]
200 i,

. . . i&p
This basic solution e e N N e W
. " " 500 1000 1500
s one of the "corners ) X,

of the feasible region,
which 15 a polyvhedron,
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Looking at the PROFIT equation,
£ =0+ 10X, + 9X,

we see that this basic solution 1s not optimal,
since an increase in &#fer ¥, or ¥. results in
an inpcrease in the profit 2.

Let's arbitrarily select X; (i.e., production of the
STANDARD golf bag) to be increased. Each unit of
increase in ¥, results ina $10 increase in Z (profit).
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A5 Xy 5 incressed, 217630 - AoXi—.
he lalves of the basic J S,=600 - o -
L AEEE Dy, 5a, 55, S Sy 5.= 708 - 1 ¥
FIE FIE0 FiLerad, S.=135- o ¥,

.

o unit decrease in S,

Anincrease of — ! 1% unit decrease in S,

1 unit of ¥, 1 unit decrease in Ss

substitution § X Vo unit decrease in S,

rales”
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Ao unit decrease in S,

Anincrease of — V% unit decrease in S,
1 unit of X, 1 unit decrease in S-

o unit decrease in S,

FROM IS maE ) Ky be incressed Y

A further increase in X, 15 "blocked” when one
of the (currently) basic variables reaches its
lower bound (zero). To continue increasing X,
would cause a wiolation in the nonnegativity of the
basic variable,
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An increase ETD

of Tunit — | V2
of ¥ 1

EE#?%%?E%
........... eS| s.- 708

unit decrease in S,

unit decrease in 5,
unit decrease in Ss
unit decrease in S,

" S, =630 - Ao ¥
S,= 600 - W ¥,
S,= 708 — 1 ¥
LS4 =135- o ¥,

A
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|

|

~ Ao ¥
1

— /2 }{1

1 ¥,

. %D 2
%, & 900
M L 1200
¥, < 708
A s 1350

|

| | ™
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AS we Increase %, < 900
H.‘ fm”m zerﬂlzlj, the ) % € 1200
first "block” occurs X, < 708
at X, ¢ 1350

mini900,1200,708,1350}1 -
= /038, where S5 becomes zero.

We now wish lo re-solve” the sysiem of
egualions so Lhal X, 75 & basic variable
and Sz is ponbasic (and therefore zerol
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(e
rabiea

Eilend Ton fhe
alemenit e
ST oF Bhe
eV DESTE
g e gl

LHe Biocking o

Subtract  10=ROW4 from ROWI
Subtract (74IROW4 from ROW?2
Subtract (1/JROW4 from ROW3
Subtract (14,IROW4 from ROWS
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e

tabiesl |
resulting |
Fom the |
il

~—h
.

7

SASiT WEriahies

SN
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A pivot
corresponds

Lo a mowve

along an edge
from one corner
Lo another!

o
0/d hasic ¥

1000

200 45

SO

' /(\ ' 'm::u:u'
e W Basie
Sl o

page 24
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(7 =7080 + fg ¥, -10 S

517 1344 - 84 X + 45
246 - ln ¥, + M55,
AT 708 - 25 %,- 1 5.
L Da= 42— T Xy + 14053
This is another representation of the same

‘complete” solution of the system of equations.

For example, 1f we let X,=120 and 55 = 228, we get
the same "particular” solution which was mentioned
earlier,

romplele” |
sofution |

.
r
o
Il
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(7 =7080 + Iz ¥, -10 S5

517 1344 - 84 X + 45
246~ s X, +l/’253
A= 708 - 2/3 }{E_ 1 S5
L Da= B42- Ugg Xy + 14053

The f#sic solution corresponding to this choice of
basic variables 15 different, however:

X,=0 and S5=0 yield 21 = 1344 A
7=7080 & and 2= 246 s
X1= 708 pags

k._Sd = G, s

romplele” |
sofution |

.

r
o
Il

e
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Mote that the current basic solution is 5824/ not
aptimal, however, since increasing A, will further
increase the profit:

] =7080 + 74X, -10 S;

The coefficient of a ‘K
variable in the equation | elalie

for the profit, £, 15 called ¢ o AT
- sss 1077
the "relative profit” f A

The wvariable X, 15 the o7/ nonbasic variable
with a positive relative profit, so we will select
it to be increased.
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S o

(S, = 134.4 - Sic Az +.. rates.
| S2= 246 - Ly ¥, As
Xi= 708 - 24 X,- Vs
L Sa= 642 WX, + .. 2%
Yo,

As before, we will increase the nonbasic
variable until one of the basic variables reaches
its lower bound (zero), which "blocks” any further

INCrease in A,



Simplex Intro page 29

NMonnegativity of the basic oy 1344 _
variables provides bounds on Xs: = B = 202
(S, =134.4- 84 ¥uo 546
| s f220 }{Eigzqu
S,=246 - b K20 = 4
1 - _ 2 X, < £ = 1062
1~ /08 % W, 20 2
S4= 642 - a0
L -4 /EJD 5 20 }{EET—E:SEG]B
- /50

AsS s00n as ko reaches the smallest of these bounds (in this case
2521, any further increase is blocked, since it would force a basic
variable [in this case $ ) to become negative!
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Minimum FEatio Test

The increase of a nonbasic variable 15 blocked
when 1L reaches the minimum of the ratios of
right-hand-sides Lo gos/zéfve substitution rates

in the constraint rows,

The wariable which 15 basic in the row with the
minimum ratio will be replaced by the increased

variable,
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-/

Al R

51 D2 I3

rhs

o D O —

0
0

0
1

%
7%

pivot
column

o Qo -10

10 -XAo
- %

0 7

7080 |
134.4 ¢

246
700

The pivot
row 15 the

- rowe with

the minimum |
ratio of rhs |
to [positive) |
substitution |
ratel :
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A pivot corresponds
to a move along an
edge from one
corner Lo an
adjacent corner:

"2

AL this new basic
solution, the
nonkbasic variables
3y & 5z are zero,
1.2, the first and
third constraints are
"tight"

1000

200 45

PEW BaSIC
SOMIEIGR

@ T T T I 1 T T T ] T

2. SO0 /C 1000 }{ 1500
LIRS 1
AT SECONT

cnlintion DFSIC 50/

page 33
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"7 = 7668 -3% 5, - S;
Xo= 252 -124 5y +2), Ss
120 +15/ Sy — %, S

X,= 540 +9% 5, - '% S3
~S,= 18 +%, S - %453

Compiele”
safilion L

.

r
o
|

The basic solution corresponding to this choice
of basis i1s to produce o040 STANDARD golf bags
and 202 DELUXE golf bags, with 120 and 18 hours

unused in the sewing and the inspecté&pack depts.,

respectively.
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Looking at the equation for PROFIT, we see that
Lhe "relative profits” of the nonbasic variables
are both negative:

[ =7668 -3% 5, -'M; S;

This means that a@#p positive values assigned Lo
the variables 5, and S5 will result in a profit
of /ess than $7668,

Therefore, the current basic solution mrust He
aplimalf





