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

cut & o nspect
dve SEW finish & pack

STANDARD

DELUXE

DL Bricker

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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[ L. Bricker
FPAR's distributor is convinced that
everything which PAR makes can be
easily sold, with a resulting profit

T $10 per STANDARD bag and
$ 9 per DELUXE bag.

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

DL Bricker

[[ Cefinition of Wﬂriﬂhles]]

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

LIF: Maximize 10X, + 93X,

C Ao % + 1 ¥, <630
Yo Xy + 96 X, < 600
subject to & 1 ¥, + 24%, < 708
Ao ¥, + 1
F SHTCE 7 B Vio X V4 %z < 135

LPmodsl 1\ Xpx0 0 X,20
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L Bricker

r_%[]}ﬁ +
%?}ﬂ +

1%,

%6 X2
o5 %,

ZRE

630

600
703

135

LEET.
CEtf e
SEWNTT
FRHSINT

Hismert &
Fari-l s

The shaded region
satisfies all four

1 1 1 1 1 1 1 1 1 1
=00 1000 1300

DL Bricker

- -y

( Converting to |
*standard” ILF
model

e ’

Define "slack”™ variables

and
S = profit

inequality

constraints!

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

(S, =unused hours in Cut-&-Dve Dept.

LS4 =unused hours in Inspect-&-Pack Dept.
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By e inlroduction of the "slack " variables,
the ineguafities (wilh the exceplion of the
nen-negativily resirictions/ become egqualions.

Maximize 100x + 94 = 7
C UoXy + 1 X, + 5, = 630
Yo%+ 34 %, +5, = 600
subject to & 1 ¥, + 24 %, +5, =708
Aok + Lax, +S,= 135
5 K20 ¥,20
[ L Bricker
[[WEIIIIEEII_I]]
-7 :{1 }{2 81 Sg 83 S4 rhs
1 10 9 0 0 0 0l=| ©
0 g 1 1 0 0 0 |=| 630
0o % % 0o 1 0 0 |=| 600
o 1 25 0 0 1 0 |=| 708
o o 4 o0 o 0 1 =] 135
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Metdee that the system of equations represented
by the tableau has essentially been "solved”
for the variables £, 01,95, 0%, and 54

in terms of the variables X, and X, :
(=0 + 10% + 9%
S, =630 - UHoXy— 1 Xy | a7 %

arS pErETelers, |

pi-Crl

4 S,=600 - 4K - 54 x, |9 nombasie”

ek allty

lFRFa s

53= ?OB . 1 }{1 _ 2/3}{2 ...............................................................................................................................
L S4=135- o X, - 4%,

DL Bricker

. =0 + 10% + 9%
5,=630 - HoXi— 1 X%
S,= 600 - W% - 76 %z
S.= 708 - 1 ¥ - 2% %5

L S4=135- Ho X, - 14 ¥,

[T we assign arbitrary C7 = 2080 4

Taluea. Lo X & Foms we get S = 440 prs
particular”™ solutions,

e.g., %= 100 standard bags, S2= 450 Ars
Ko= 120 geluve bags 53 0928 s
L S4= 395  Ars

romplete "
safidion |

A
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L L Bricker ' z — O + »]D XI + 9}{2
S, =630 - Ho¥y— 1 %

S,= 600 - WX, - 54 %,
S;= /00 - 1 ¥ - 24%,

complete” |
salition |

e

If we let the "nonbasic” (=0 V¥
we let the "nonbasic
5, = Prtat-
variables X, & ¥, be baeie k = 630 ars
zero, then we obtain a cofution ) Sp= 600 Ars,
"basic” solution: S.= 708 frs.
" 5.;1 = 135 A5

D L.Bricker
' Z — O IX'
51 = 630 s,
£2ASC | ) ﬁ
solution ] 1 92= 600 s
" | 5,=708 Ars
. Se_’l = 15350 ars.

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

1000 +

This basic solution S i e
500 1000 1500

15 one of the "corners” ) ¥,
of the feasible region,
which 15 a polyhedron,

DL Bricker

Looking at the PROFIT equation,
=0 + 10X, + 9 X,

we see that this basic solution 1s not optimal,
since an increase in e/ther Xy ar X, results in
an rnrcregse in the profit 72,

Let's arbitrarily select X, (i.e., production of the
STANDARD golf bag) to be increased. Each unit of
increase in ¥, resultsina $10 increase in Z (profit).
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[ L Bricker -

A5 Ky TS inoregsed,

5, = 630 - Ao ¥y — .

the Efues of the Hasic J S,=600 - K -

rraaies 5y, 55,55, A S, S.= 708 - 1 ¥, -
SHTE SIS0 FIEE8d
e G50 ailered | S4=135- Mo X ..
.
Ao unit decrease in S,
Anincrease of — [ L5 unit decrease in S,
1 unit of X . .

‘ 1 unit decreasein Ss
cupetiivtion b 1 Vio unit d n S
Stirsiriiion | 10 UNT ecrease in o,

Fles”
[ L. Bricker
I"- 1 1
Ao unit decrease in S,
Anincrease of — V%5 unit decrease in S,
1 unit of X, 1 unit decrease in Ss
Yo unit decrease in S,

PO SNASH AN Wy Be Increased

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 violation in the nonnegativity of the

basic variable,
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ARTRCREASE Ao unit decrease in S,
of 1 unit — ., 4 unit decrease in S,
of X, 1 unit decrease in Ss
Mo unit decrease in S,
r51 = 630 (S, =630 - Ao X
current |1 Sp= 600 ) S2=600 - )2 X
valies 11 s,= 708 S5,= 708 - 1 ¥,
54 =135 LS4=135- o ¥
[ L. Bricker
"S5, =630 - Hog¥ 20 ~ Ao ¥ ¢ B30
1822600 - Mo X 20 _ | Ja¥ ¢ 600
S.= /08 - 1 % : 1 %, ¢ 708
L84=135_%D}<1ED h%[:l}ﬁi 135
. ﬂ h
IR 7 X, ¢ 900
},:1£61_?P — 4 A ¢ 1200
m— mﬂa Xy ¢ 708
Xy L A £ 1330
¥, ¢ 152
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AS we increase F}ﬁ < Qo0
}{.‘ fmﬂm EEP.[.]’ the ) % < 1200
first "block” occurs ¥, < 708
at X, ¢ 1350

min{900,1200,708,1350} *~
= /08, where S5 becomes zero,

We now wish lo re-sofve” the sysiem of
equalions so thal X, 15 & basic variable
and Sz 75 ponbasic (and therefore zeral.

DL Bricker

Current |
lableay |

Fivad Ton the
glement in the
Sy aF e
eV BFSIE
Vi e Fid

LRE BIOCk NG o

Subtract  10=ROW4d from ROW
Subtract (740)ROW4 from ROW2
Subtract (1/5JROW4 from ROW3
Subtract (14,JROW4 from ROWS




Simplex Intro 8/27/97 page 12

[ L Ericker -7 }{1 }{2 51 52 53 54 rhs

07 0 0-10 0 |-7080]
134.4 |

A by
Fabies

g 7
resuiting | U %s 1 U -Ho

Feld s

1 25 0 0 1
0 gy 0 0-Wo

AT 7

TSI e J}"?fo?fEE

1
0 0
rrom the | 0 0l 0 1-2 0
, ,
0 1

DL Bricker

A pivol

corresponds $

to a move .
A2

along an edge

from one corner |

to another!

1000

r T T
SIIIIII 1000 1500
aid basie ﬁ" {\
SOlEIOn eW hasie

Sl ion
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[ L Bricker "~ z :?DBD + ?‘//3 }{2 _1[:' 83
| 5T 1344 - 840 K +7{pSs
compiele | | |
solution | 52= 246 - 5 Ky 255
| K= 708 - 24 K,- 1 S,
Loa= 642- Ugy X+ 140Ss
This 15 another representation of the same
‘complete” solution of the system of equations.

For example, 1f we let x,=120 and 55 = 2208, we get
the same "particular” solution which was mentioned
earlier.

DL Bricker

(7 =7080 + 2% ¥, -10 S,
S;= 134.4- 8¢ X5 +73445,

Sz= 246 - s X, + M55,

X1 708 - 2% ¥, - 1 S
L 9a= 64.2- gy ¥+ 140S;

The fasic solution corresponding to this choice of
basic variables is drifferent , however:

X,=0and S3=0 yield 2= 1344 s
7= 7080 & and 2= 246 s
- X170 708 hags

LS4 = 642 Ars

romplele” |
sofuiion |

e

e
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D'[t]E[::itckeEFthat Lhe current basic solution 1s =474 not

optimal, however, since increasing X, will further
increase the profit:

] =7080 + 24X, -10 Ss

The coefficient of a K
variable in the equation | reiELive

for the profit, £, 15 called g
- sl
the "relative profit" AL

The wvariable X, 15 the o/ nonbasic wariable
wilh a positive relative profit, so we will select
it to be increased.

L Bricker
- Stias i it o
517 1344 - 840 Xp 4 rates.
&
) So= 246 - Ly ¥, 4. As
1
X9= 708 - 2% W, - 2
\ Sa= 642 - H/E:D Ao+ 24
Vo

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

INCrease in A,,
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MEnFETativity of the basic

« 1344 _
variables provides bounds on X5 K2 ¢ B = 202
r"51=134.4_ (?'/‘]/5 }{EEO }{2 E‘;ﬂ _ qu
I
] 527246 = 5 %20 = o o
My = - 2 Xg < =, = 1062
1= /08 2% X, 200 2
- g |

As soon as Ko reaches the smallest of these bounds (in this case
252), any further increase is blocked, since it would force a basic
variable (in this case Sy ) to become negative!

DL Bricker

Minimum Eatio Test

The increase of a nonbasic variable 15 blocked
when 1L reaches the minimum of the ratios of
right-hand-sides to peszéfve 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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rErikeT

=L Xy Ko

51 D2 Sz D4

rhs

O

1 X

0 (}‘ii'
0 0

0
0

pivot
column

DL Bricker

Aesiit
aF fhe
L

%
5

]/DDD/D

0 0-10 0
1 0-%g 0
0 1-% 0
o 0 1 0

|

7080 |
134.4 €

246

The pivot
row 15 Lhe
row with

the minimum |

ratio of rhs

to (positive) |
substitution

ratel
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L Bricker

A pivot corresponds
to a move along an
edge from one %,

corner to an

adjacent corner: T

1000 4
e W Basie
Sl o

At this new basic

solution, the i R e et
nonbasic variables ? o ’Q 1000 y 1500
5y & S3 are zero, kil second
1.e, the first and xf?ﬁ?EfLI ey
third constraints are SO IO it 2l
“tight"

D L.Bricker

(2 =7668 -3% 5, -, S;
Xo= 252 -124 5 +21. S5
92= 120 +134S) - 24, Ss
x,= 540+'9% s, - 7% S;

“S4= 18 +Y%, S1 - %453

romplele” |
saltion |

The basic solution corresponding to this choice

of basis is Lo produce o040 STANDARD golf bags
and 202 DELUXE golf bags, with 120 and 13 hours
unused in the sewing and the inspect&pack depts.,
respectively.
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L Bricker

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

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

This means that a7y positive values assigned to
the variables S, and Sz will result in a profit
of Jess than $7668.

Therefore, the current basic solution mast bHe
aplimal!



