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an Introduction

Simplex /A\Igoril;hm:

PAR, Inc. isasmall manufacturer of golf

3

equipment and supplies, including a

o STANDARD golf bag, and a

e DELUXE  golf bag.

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

cut & L inspect

dye sew  finish g pack
STANDARD | %0 % 1 "o
DELUXE | 1 % % "
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PAR's distributor is convinced that
everything which PAR makes can be
easily sold, with a resulting profit

°f $10 per STANDARD bag and
$ 9 per DELUXE bag.

PAR wishes to determine the number of
each type bag which will maximize the
profit.
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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-&-Dye 630
Sewing 600
Finishing 708
Inspect-&-Pack 135
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[[ Definition of \Variables]]

Xy = * STANDARD bags produced next gtr.
X, = * DELUXE bags produced next gtr.
LIP: Maximize 10X, + 9X,
o + 1 %, <630
Vo X + 34 %, <600
subject to 1 X + 25%, < 708
MoXi + 14X, < 135
& POICE 11X -
Lol X120 X320
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Converting to
*standard” LIP
model

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

S4 =unused hours in Inspect-&-Pack Dept.
and
Z = profit
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By the introduction of the “slack ~ variables,
the inegualities (with the excepltion of the
non-negalivily restrictions) become equations.

Maximize 10X + 9%, =7
UoXi + 1 %, +5, =630
Va Xy + 34 X, +5, = 600
subject to 1%+ 24%, +S, =708
MoXi + Vax, +5,=135
X120 %20
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Notice that the system of equations represented
by the tableau has essentially been "solved"
for the variables 2,9, 5,5, Sz, and 54

in terms of the variables X, and X,:

7/23/98

Z7=0 + 10% + 9%
517630 = HoXi = 1 e | et
“hasic” e .
varistles| § S2= 600 = Vo X, = 56 X, | o monnas)
83=708— 1 X1 _ 2/3><2
S4=135- oX - Lax,
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Z = O + 10 X] + 9X2
S, =630 - HoX - 1 X,
‘rompleie” |
solution 52=600 - 2% - 36X,

S3= 708 - 1 X, - 24,
S4=135- WMo X - 4%,

If we let the "nonbasic” =04
we let the "nonbasic
S, = A,
variables X, & X, be Faere 1= 630 s
zero, then we obtain a sofution Sy= 600 Ars.
"basic” solution: S4= 708 frs.
S4 =135 Ars.
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1000 4

This basic solution

is one of the "corners”
of the feasible region,
which is a polyhedron.
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Tableau
-7 X1 XQ 81 82 83 84 rhs
T 10 9 0 0 0 01=] 0O
0 Uy 1 1 0 0 0 [=] 630
o s 0o 1 0 0]=|600
o 1 25 0 o0 1 0 |=| 708
o Ylola o o o 1]=|135
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=0 + 10% + 9%
5,=630 - HoX - 1 %
‘tomplete” .
solution 522600 = 2 X1 = %6 %
S;=708 - 1 ¥ - 24 %,
S4=135- Uo¥ - 4%,
If we assign arbitrary 7 = 2080 &
values to X; & X,, we get S, = 440 Ars
“particular” solutions, ! '
e.9., X,= 100 standard bags, S2= 450 Ars.
X,= 120 deluve bags S3= 528 4rs.
Sa= 95 frs
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Z7=0 ¥
S, =630 Ars.
B350
solution 52= 600 /rs.
S5= 708 Ars.
S4 =135 Ars.

(This basic solution is the plan to produce nerther
the STANDARD nar the DELUXE golf bags, resulting
in all available production time being unused.)
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Looking at the PROFIT equation,
Z=0 + 10X, + 9%,

we see that this basic solution is not optimal,
since an increase in e7ther X, ar X, resultsin
an /ncrease in the profit Z.

Let's arbitrarily select X; (i.e., production of the
STANDARD golf bag) to be increased. Each unit of
increase in X; results in a $10 increase in Z (profit).
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5, =630 - Ao Xi— ..
S,=600 - ¥ -..
S,=708 - 1 ¥, -
S4=135- o ¥ - ..

As Xy 75 incressed,

ihe values o the basic
Lariables 5, 55,5z, @t 5,
are also aiterad,

Anincrease of —
T unit of X 1

page 3

unit decrease in
unit decrease in
unit decrease in
unit decrease in

How much may Xy be increased?

unit decrease in S,

) A further increase in X, is
Anincrease of —

1 unit of X

substitulion |
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unit decrease in S,
1 unit decrease in Ss

unit decrease in S, basic variable
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"blocked” when one
of the (currently) basic variables reaches its
lower bound (zero). To continue increasing X,
would cause a violation in the nonnegativity of the

i %o unit decrease in S
Anincrease 110 . ! 1 S, = 630 - T X, 20 o X < 630
of 1unit — J /2 unit decrease in S, ] l
of ¥, 1 unit decrease in S; 5p=600 = 22X 20 ] Y2X ¢ 600
o unit decrease in S, S;=708 - 1 X, 20 1 X, ¢ 708
S4=135 - Yo X 20 o X ¢ 135
S, = 630 S;=630 - Ao X L ¢ 830
27
current | ] Sp= 600 S,= 600 - 5 X, ‘ Eg% ¥, z 900
i8S S.= 708 S,=708 - 1 ¥, X, < , — Xy £ 1200 Jeast
S4=135 S, = 1A — X, ¢ 708 €=t upper
4 4= 135- o X, %, < 7% X, < 1350 bound
X ¢ 12
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As we increase X, ¢ 900 ;ﬂ‘“gj’gﬁf -Z X1 Xz 51 Sz Sz Sajrhs
X1 from zero, the X, < 1200 — Tz 110 9 0 000
fitrst "block” occurs ¥, < 708 €=t upper Pivat” on the 0 U 1 1 0 0 0] 630
- X, < 1350 | bound | elementinthe | o lhosg o 1 0 0| 600
min{900,1200,708,1350} colump of the o (D2 00 1 0l
=708, where Sz becomes zero. new basic i ;
variable and 0 4 0 0 0 1] 135
we now wish Lo re—sa{we the ;ys[e{n of the blacking row. S ———
egquations so that X, is a basic variable Subtract (740)ROW4 from ROW2
and Sz 75 nonbasic (and therelfore zera/ Subtract (1/,)ROW4 from ROW3
Subtract (1/4,)ROW4 from ROWS
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-Z X] XQ S| 82 83 84 rhs A Divol
Mew pivo ]
fablooy 1 073%% 0 0-10 0]-7080 corresponds 1000 1
resuiting 0 085 1 0-%o 01344 to a move ‘
from the 0 0l 0 1-Y 0]246 ?'0”9 an edge 500 ]
pival rom one corner

0 1% 00 1 0708 to another!

0 0 Wy 0 0-Yo 1 64.2

old basic T
/K\\ ! } salution

Basic ariahies
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500 ? 1000 1500
1

new fasic
safiition
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7 =7080 + Z5 X; -10 S; Z =7080 + J5 X, -10 S5
" ” S1= 134.4- &5 X2 +740S;3 - - S51= 1344 - 845 X3 +7405s
complete | | complele | |
salution Sp= 246 - 1y X, +)2S; salution Sz= 246 - lp X +)2S;
Xi= 708 - 2% X,- 1 S Xi= 708 - 24 X,- 1 S
Sa= 642- g X, +140S3 Sa= 642- g X, + 14053
This is another representation of the same The Aasic solution corresponding to this choice of
“complete” solution of the system of equations. basic variables is different, however:

For example, if we let X,=120 and Sz =528, we get X,= 0 and S5= 0 yield S, = 1344 Ars.
the same "particular” solution which was mentioned and Sp= 246 prs.
earlier. 2=7080 # Xi= 708 pags

Sa= 642 pHrs.
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SUbsEriution
Note that the current basic solution is s/ not S;= 134.4- 8/15 Ko+ retas
optimal, however, since increasing X, will further | 8/
. ; = - 15
increase the profit: Sz= 246 IR 1,
= - 2
Z =7080 + 24X, -10 S; KT 708 - 25X, - 2
_ Sa= 64.2- Wy y+ .. 24
The coefficient of a K ¢
variable in the equation relative 60

for the profit, Z, is called
the "relative profit"

profit As before, we will increase the nonbasic

variable until one of the basic variables reaches

The variable X, is the am/) nonbasic variable its lower bound (zero), which "blocks” any further
with a positive relative profit, so we will select increase in X,.

it to be increased.
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Nonnegativity of the basic - 1344 _ — =
variables provides bounds on X5: Kz ¢ 8. = 292 [[»‘\\lnlmum Ratio 1[est]]
S1=134.4- 85 X220 X, ¢ 228~ 49 The increase of a nonbasic variable is blocked
Sp=246 - b %20 = A 72 when it reaches the minimum of the ratios of
¥ = 5 B X, ¢ ?20;8 - 1062 right-hand-sides to pesséive substitution rates
Sl _708 B ”/3 K220 73 in the constraint rows.
4= 642~ X, 20 X, <942 _ 350 18 | o o .
. o The variable which is basic in the row with the
As soon as ¥p reaches the smallest of these bounds (in this case minimum ratio will be replaced by the increased
252), any further increase is blocked, since it would force a basic variable.
variable (in this case $; ) to become negative!
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-7 X1 XQ 81 82 83 S4| rhs Besult -7 X XQ 81 82 83 S4| rhs
I 07 0 0-10 0[-7080] |Thepivot or the 10 0 -3% 0-lk 0|-7668
0 01 0 -Uo O |134.4€— row with pivol 0 01 % 0-2¢ 0| 252
the minimum
0 0l 0 1-)2 0246 ratio of rhs 0 0 0-5 1 %, 0| 120
to (positive)
0 1% 0 0 1 0708 substitution 0O 1 0-19% 0 1% 0| 540
0 0 0 0-Yo 1| ea2f L2t 0 00-U 0 %4 | 18
I‘\
pivot
column
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A pivot corresponds
to a move along an
edge from one X,

1000 4

corner to an s00

adjacent corner:

At this new basic

7/23/98

Rew Lasic
safution

solution, the
nonbasic variables
S, & Sz are zero,
i.e, the first and
third constraints are
"tight"
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! 500 t 1000 1500
i F X
’27;5;;;/ second

solution Gasic solh

Looking at the equation for PROFIT, we see that

the "relative profits” of
are both negative:

the nonbasic variables

Z =7668-3% 5, - S;

This means that a2 positive values assigned to
the variables Sy and Sz will result in a profit

$7668.

Therefore, the current
aptimal!

of /ess than
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basic solution must be
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Z =7668-3% s, - S;
K= 252 -1% Sy +2)Ss
S2= 120 +15.S; - %4, Ss
X= 540+'9% s, - 1% Ss
S4= 18 +”/32 Sy - %453

‘complete”
salition

The basic solution corresponding to this choice

of basis is to produce 540 STANDARD golf bags
and 252 DELUXE golf bags, with 120 and 18 hours
unused in the sewing and the inspect&pack depts.,
respectively.
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