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Linear programming models could be solved
algebraically. The most widely used algebraic procedure
for solving linear programming problem 1s called the
Simplex Method. The simplex method is a general-
purpose linear-programming algorithm widely used to
solve large scale problems. Although it lacks the
intuitive appeal of the graphical approach, its ability to
handle problems with more than two decision variables
makes 1t extremely valuable for solving problems often
encountered 1n production/operations management.
Thus simplex method offers an efficient means of
solving more complex linear programming problems.




In the simplex method, the computational routine 1s an iterative
process. To iterate means to repeat; hence, in working toward
the optimum solution, the computational routine is repeated
over and over, following a standard pattern.

Successive solutions are developed 1n a systematic pattern until
the best solution 1s reached.

Each new solution will yield a value of the objective function
as large as or larger than the previous solution. This important
feature assures us that we are always moving closer to the
optimum answer. Finally, the method indicates when the
optimum solution has been reached.



Most real-life linear programming problems
have more than two variables, so a procedure
called the stmplex method 1s used to solve such
problems. This procedure solves the problem in
an 1terative manner, that is, repeating the same
set of procedures time after time until an
optimal solution 1s reached. Each iteration
brings a higher value for the objective function
so that we are always moving closer to the
optimal solution.



The simplex method requires simple mathematical
operations (addition, subtraction, multiplication, and
division), but the computations are lengthy and tedious, and
the slightest error can lead to a good deal of frustration. For
these reasons, most users of the technique rely on computers

to

SO
helpful 1n understanding the simplex process. The student

1S

sl

handle the computations while they concentrate on the
lutions. Still, some familiarity with manual computations

1 discover that it is better not to use his/her calculator in

working through these problems because rounding can
casily distort the results. Instead, it 1s better to work with
numbers in fractional form.



It 1s important to understand the ideas used to produce
solution. The simplex approach yields not only the optimal
solution to the x1 variables, and the maximum profit (or
minimum cost) but valuable economic information as well.

To be able to use computers successfully and to interpret
LP computer print outs, we need to know what the simplex
method 1s doing and why.

We begin by solving a maximization problem using the
simplex method. We then tackle a minimization problem.



Formulate a LP model of the problem.

Add slack variables to each constraint to obtain standard form.

Set up the initial simplex tableau.

Choose the nonbasic variable with the largest entry in the net evaluation row
(Cj — Z)) to bring into the basis. This 1dentifies the pivot (key) column; the
column associated with the incoming variable.

Choose as the pivot row that row with the smallest ratio of “bi/ a1j”, for aij >0

where j 1s the pivot column. This identifies the pivot row, the row of the
variable leaving the basis when variable j enters.

a). Divide each element of the pivot row by the pivot element.

b). According to the entering variable, find the new values for remaining

variables.

Test for optimality. If Cj — Zj < 0 for all columns, we have the optimal
solution. If not, return to step 4.



A Furniture Ltd., wants to determine the most profitable combination of
products to manufacture given that its resources are limited. The
Furniture Ltd., makes two products, tables and chairs, which must be
processed through assembly and finishing departments. Assembly has
60 hours available; Finishing can handle up to 48 hours of work.
Manufacturing one table requires 4 hours in assembly and 2 hours in
finishing.

Each chair requires 2 hours in assembly and 4 hours 1n finishing. Profit
is $8 per table and $6 per chair.

Hours required for 1 unt of product Total hours

Tehles Cheirs available
Agzembly 4 2 (]
Finishing 2 4 44

Profit per unit Es E6




stated algebraically, the Ltd. | problem is
Idaszimisel Profit Z= 83, + 63
subject to

Lzsembly 4 ¥ + 2z = 60
Finishing 22y + 43 = 48
A1l variables = 0

*2* The first step 15 to conwvert the inequalities into equations.

The best combination of takles and chairs mav not necessarily use all the time
available in each department. "We must therefore add to each inequality a variable,
which wrill talke up the slack, 1.e. the time not used in each departtment This

variable 1s called a slack variable.
EBEv adding the slack wariables we conwvert the constraint inequalities in the

problem inte equaticons. The slaclk wariable 1n each department takes on whatewver
wvalue 13 required to malke the equation relationship hold

The final form 1=

Ilazimize Profit £ =82 + 6z + 035 + 05
mubect to 431+ 23 + 5 = &
2t 43X + 22 = &0

Al variables = 0



+* The 2™ step is to put the equations ints tabular form, called fableans.

FProduct mix column

Profit per unit colum constant column (quantities of product in the mis)
j Variable columns
A
o t2” |6 0 o O row
Froduct Cantity | 2 o =1 e « Wariable row
i
£0 =1 &0 4 2 1 0
I Sz 48 2 4 0
L o - Mo, o -
Eeal products slacl time

The simplest starting solution is to make no tables or chairs, hawve all unused
time and earn no profit This scolution 1z techmically feasible but not financially
attractive. (Because the wariables X and ¥z do not appear 1n the mix, they are equal
to zero.)

To find the profit for each solution and to determine whether the solution can

be improved upon, we need to add two more rows to the initial simplex tableau: a &5
row and a O — &5 row.

Clolumn £ = Teotal prefit from this particular solutien



The four walues for Z; under the variable columns (all 0 #) are the amounts by
which profit would be reduced 1f 1 unit of any ofthe varniables were added to the maimx.

(85 53 & [ 0
Froduct Cantity 0 o =1 =
11
£ =1 &0 4 2 1 0
0 e 48 = < [ 1
2 E0 i ] [ [l
22 = & [ [
*
Mlass

Zi represents the gross profit given up by adding 1 unit of this wariable into the
current solution (profit loss per vumit). 5 — 25 15 net profit from the introeduction 1 unit
of each wvariable into the solution.

Bv examining the numbers in the O — £ row we can see that total profit can
ke thcreased by 48 for each unit of 3 (takles). Positive number indicates that profits
can be improved for each unit added. We select the largest peositive value. Iax O — 25
wvalue showing the wariakle that should be added., replacing one of the wariables
present in the rmix.



** The next step is to determine which variable will be replaced.

This 1z done 1n the following manner:
Diwvide quantity column values by thewr corresponding numbers 1n the
maximum (optimum) column and select the row with the smallest
nonnegative ratio as the row to be replaced.

srorow 60/ =15 units of Table (2) — minimum replaced row,

oz row 48/ =24 units of Table (3)

17t Sirnplex Tableau

Y £ & W W
Froduct Cuantity | 20 o =1 oo bifay

i by
0 =1 &0 4 2 1 0 G004 =15
W = 45 2 4 1 452 =24

2 £0 F0 0 0 0 tersectional

elements
-2 = & W W (key #)

A
| hfam (optirnum entering variable)



a;; = coetlicient associated with variable j in the constraint 1

For 2™ Simplex Tablean

Hyp= a0/ =15, 4/ =1, 24 =12, 14 =1/4 , 04 =10
Thus new X3 row should ke (15,1 . 172 ) 144 | 07,
The new walues for remaining rovws:

[elements in old row] - [kev #] x [corresponding elements in replacing row ] = new row

Eletmments 1n old row — Lew # 3 replacing row = NEW oW
45 — 2 bt 15 = 1=
2 — 2 = 1 = 0
< — 2 bt 12 = 3
0 — 2 = 174 = -1r2
1 — 2 bt 0 = 1

The computation of Z; row for 2™ tableau iz as follows.

cqtor 2, Bx14+0{0)=28

aq tor 2o B (12 4+ D i(Zr=4 FProfit given up by introducing 1 unit of these
g forz1 S (1Md)+ D (-1/2) =2 wvariakbles

g for52 B8 +0(10=0

7 (total profity =8 (151 + 0 (18) = §120



ol Simplex Tableau

(4 £a & (0 0
Froduct Cuantity 3 3o =1 o bifay
mix b
£3 3 15 1 1/2 1/4 0 15/ ¥ =30
0 S 18 0 £ -1/2 1 13/3=14
s pinlleavi
& F120 £a 4 2 0
G- F0 2 -2 0

Mazt! entering

Hz will enter in the product mix and 52 15 leaving.

Mew g values: 18/3=6,03=0,3/3=1, -¥2/3=-1/6, 1/2=1/3

Thus new Xz (replacing row)} values = &, 0, 1, -1/6, 1/3 (Assumes same row

position as the replaced row)



MNew Values for X ©

Elements mold Xrow — key# = replacingrow = new X row
15 — /2 = £ = 12
1 — /2 = 0 = 1
1/2 — /2 = 1 = 0
1/4 — /2 = -1/6 = 1/3
0 — /2 = 1/3 = -1/6

Mew 7 values
Zi(total profit) = 8 {123+ & (6)="F132
Zitor Xy w(l) +6(0)=14
Ltor¥p 5 (0)+ 6(1)=06
Zitorsy (135 + 6 (-1/6)= /3
Ziterzg B(-1E)+6 (113 = 213




3™ Simplex Tableau

i £ () i ]
Froduct uantity X o =1 e
i by
= s 12 8] 1/ -1/&
) o & 0 1 -1/& 1/3
£a £132 = £ S 213
=g Eo i -5fa -2fa

There 12 no pesitive "5 — 257 walue, no further profit improvement 15 possible.
Thus the cptimum solution 1s obtained. Profit will be maximized by maling 12 takles
and & chairs and hawving no unused time 1n either department (because slack wvariables
do noe appear in the product-mix column and are equal to =zero). Optimum profit is

Hizz

Verification:

Objective function
Si=bX)+6XE+ 0 (51+ 520
Z=8(l2y+6 (&) + 0 = El132

Constraints
Assembly 43 + 23 = 60 — 4(12) + 2(6)1 =60 — 60 = &0
Finishing 23 + 43o= 48 — 2{12) + 4(8) =48 — 48 =48



PAR Inc. produces golf equipment and decided to move into the market for standard
and deluxe golf bags. Each golf bag requires the following operations:

Cutting and dyeing the material,

Sewing,

Finishing (inserting umbrella holder, club separators etc.),

Inspection and packaging.

Each standard golf-bag will require 7/10 hr. in the cutting and dyeing department, 1/2
hr. in the sewing department, 1 hr. in the finishing department and 1/10 hr. in the
inspection & packaging department.

Deluxe model will require 1 hr. in the cutting and dyeing department, 5/6 hr. for sewing,
2/3 hr. for finishing and 1/4 hr. for inspection and packaging

The profit contribution for every standard bag is 10 MU and for every deluxe bag 1s 9

MU.
In addition the total hours available during the next 3 months are as follows:
Cutting & dyeing dept 630 hrs
Sewing dept 600 hrs
Finishing 708 hrs
Inspection & packaging 135 hrs

The company’s problem is to determine how many standard and deluxe bags should be
produced in the next 3 months?



Let ) = number of standard bags
o = number of deluxze bags
£ = the total profit contnibution
Objective function:

Maxl Z2=_103; + 53

e e e

Subject to constraints

A0 3 + 13z = 630 cutting and dwving

152 25 + Sf6 3z = &00 sewing

12y +2/33s = F08 finishing

1510 235, + 1/ Ho = 135 mnspection & packaging
3, =0

¥ =0 Monnegative constraints

I linear programming terminology, any unused or idle capacity for a £ constraint is referred to as the
zlack associated writh the constraint. Often wwariables, called =slack -rariahles, are added to the

formualation of a inear programiming problem to represent the slack or idle capacityr. Unuased capacits
makes no contribution to profit; thus slack wariables hawve coefficients of zero in the objective function,

Whenever a linear progratn 15 written in a form with all constraints expressed as

equalities, it 15 sai1d to be written in standard forim.
Afer the addition of slack variables to the mathematical statement, the mathematical

model becomed|

Ilasx| 103, + 9 + 032 + 0322+ D=+ 03,
Subject to
A0 3+ 13 + 15 = &30
152 35, + Sf6 3o + 1 =3 = &00
1235, + 2735 3 + 1 2= = 7F0a
1510 25, + 154 X + 1324 = 135



Initial Tablean

MU, MU | MU

o MU MO

21 10 9 W] 0 W] 0
AT | AT IATT LT AT BATT
Product | Quantity 0 o =1 = = =4 by foay
i by
0 =1 &30 7o 1 1 o 0 0 30 710 =500
hATT
0 = G000 15 Sr6 0 1 0 0 GO0/ ¥ = 1200
hATT
W] = AL 1 2= W] 0 1 0 0RO = 708
AT (tnin leawving)
0 a 125 1410 La 0 o 0 1 125/ 1/10 =
LATT 1250
2 0 BATT 0 0 0 o 0 0
AT | ATT IATT AT | AT | LATT
-2 10 9 W] 0 W] 0

Max. [(Entering)

For the 28 Simplex Tableau

Lonew 3 value are  JOE, 1, 25, 0,0, 1,0



Elements in old &) row

ley #

NEW Jrow

NEW =] row

£ 300 — 10 = OB 134.4
70 — 0 = 1 = ()
1 — 0 = 263 = 8i15
1 — 10 = 0 = 1
i — 10 = 0 = 0
i — 10 = 1 = =10
0 — 0 = () = ()
Elements inold Sarow — key # new Jrow NEW =9 TOW
G000 — 1/2 X 08 = 246
1/2 - 1/2 X 1 = 0
S — 1/2 X 2 = 1/2
0 - 172 % i = 0
1 — 1/2 X i = 1
[ — 172 = 1 = -1/2
0 - 1/ X i = 0



Elements in old S row  — leey # x Nnew JHrow = NEW =S4 row
135 — 1510 = FOE = L
1410 — 1410 b 1 = W]
174 — 1510 = 2i3 = 114560
] — 1410 b [ = ]
0 — 1410 = W = W]
] — 1410 b 1 = -1510
1 — 1410 = W = 1
2nd Tablean
[ 10 9 0 0 0 0
T ITT 1T 1T 1T 1T
FProduct Cuantity 1 Ha =1 S SHe =a by f oAy
i by
0 =1 1344 0 =15 1 0 -FE10 0 252
LATT {trin
leawving)
0 o 26 0 L% 0 1 -1i2 0 ez
1T
10 0 T8 1 203 0] 0] 1 0] 1062
nTT
0 S L 0 114550 0 0 -1/10 1 2852711
WATT
=5 TOE0 LT 10 2003 0 0 10 0
O — 25 ] i ] ] -10 ]
Max.tEntering‘]
Mew 3o values are: 134.4 =252_ 0. 1. 15%&. 0. -21/1&_ 0




lElements in old Sorowms — leer & IIE AT ol O SAF = e Do oA
2 — 152 3 252 = 120
] — 152 3 ] = ]
152 — 152 3 1 = ]
0 — 152 3 1558 = 15716
1 — 152 b4 ] = 1
-152 — 152 b4 -21r516 = SiE2
] — 152 3 ] = ]
Elements in old Xjrow — leew # =R = New Fh] row
FOE — ET 3 252 = S0
1 — T 3 D = 1
T — T b4 1 = ]
] — T b4 1555 = -5r4
] — ET 3 ] = ]
1 — ET 3 21516 = 1575
D — T 3 D = D
Elements 1in old S4 10w — leew # =R e = NEW a4 DOWws
G 2 — 11560 = P P = 1=
] — 11560 = ] = ]
115&0 — 11550 = 1 = ]
] — 11550 = 1575 = -11r/52
D — 11560 = D = D
-1510 — 117560 = -21710 = A5 =20
1 — 117560 = 0 = 1



3™ Tablean

2 10 9 0 0 0 0
LT | 11T LT LT LATT LTI
Product | CQuantity ) Ha =1 = = =4
i by
9 Ha 252 0 1 1578 0 21716 0
LATT
0 = 120 0 0 -15716 1 552 0
LATT
10 e 5410 1 0 =574 0 1578 0
LATT
0 =4 18 0 0 -11/32 0 5320 1
LATT
21 TEEE 10 9 135/8+(5/4) 0 -18%/16+ 0
LTI = 358 200/16=111/16
Ci— 2 0 0 -3508 0 -11171¢6 0

There 12 no pesitive O — £ walue in the simplex tableau. Therefore no further
profit improvement 18 possible. Thus the optitnum soelution 15 obtained.
¥ Thus: Ztandard bag production {3 )= 540 bags .
Deluxze bagproduction ( 25 )= 252 bags .
F Measimum profit=2=F10 {5403+ §% (252 = £7668
# TUnused hours in Sewing department = 120 hours
Inspection and packaging department = 18 hours



High Tech industries import components for production of two different models of
personal computers, called deskpro and portable. High Tech’s management is
currently interested in developing a weekly production schedule for both products.
The deskpro generates a profit contribution of $50/unit, and portable generates a profit
contribution of $40/unit. For next week’s production, a max of 150 hours of assembly
time 1s available. Each unit of deskpro requires 3 hours of assembly time. And each
unit of portable requires 5 hours of assembly time.

High Tech currently has only 20 portable display components in inventory; thus no
more than 20 units of portable may be assembled. Only 300 sq. feet of warehouse
space can be made available for new production. Assembly of each Deskpro requires
8 sq. ft. of warehouse space, and each Portable requires 5 sq. ft. of warehouse space.

#y - Deskpro | 2o — FPortable Capacity

Azzembly line 3 5 150
Portable Ass - 1 20
Space b 5 A00

Profit Cont. Fa0fnit A0t



¥ - Deskpro | ¥ —Portable Capacity

Aszzembly line 4 5 150
Portable Ass - 1 20
Space = 5 S00
Profit Cont. Fo0Mnit F40Mnnt
) = number af units af the Desigpro o= mumber of uniis of the Foriable
Objective Function . Mazxl 2 = 5024 + 40233
subject o 2X1+ 5Xe = 150 Assembly time

132 = 20 FPortable display
82+ 55Xy = 300 Warehouse capacity
¥y, ¥ =0

Adding a slack wariable to each of the constraints permits us to write the problem in
standard form:

Okjective Function: Maxl Z=202; + 403 +0 5+ 05+ 055

subiject o
23X+ 53 +15 = 1520
1 35 + 154 m
58X+ 53X + 155 = =00

K, X, oo,y 2 0



"~ Imitial Tablean

(e $50 | §40 | §0 §0 | %0
Froduct Cuantity ) o =1 o Sa by oAy
1113 bhi
FO =1 130 3 5 1 0 0 150/ = 350
F0 = 20 0 1 0 1 0 —_—
FO =5 300 = ) 0 0 1 E00E =575
(min. leaving)
=5 Eo Eo Eo EO Eo Eo
-z §50 | §40 | $0 $0 | $0
Ilas (entering
MNew 3 wvalue [ 3003 =375, Bf8 =1, 558, 0, 0, 178

—ld 2 row — ey # A NEW _h] TOWw = NEW 5] Fow
150 — 2 H Fors = 275

=3 — =3 pd 1 = 0

5 — = M i = 2508

1 — 3 pd 0 = 1

0 — = H 0 = 0

0 — 2 H 1/ = -ars
Cld Borow — Lev # new _Hrows = NEeW Do row
20 — 0 H T = 20

0 — 0 pd 1 = 0

1 — 0 H S = 1

0 - 0 H 0 = 0

1 — 0 bt 0 = 1

2 — 0 H 1/ = 2



2nd T abhleau

(3] Eo0 E40 EO EO EO
FProduct Caantity =1 o =1 = == by £ oAy
1113 i
EO =1 TEIZ 0 2552 1 0 -3rs FoI2 5258 =12
{tmin leawing)
EO o 20 0 1 0 1 0 207 1=20
ES0 ] TaIzZ 1 S0E 0 0 158 Toi2 5 SfE = an
=1 E1875 Ea0 E250538 EO EO Eo0is
] — 2 EO Erosz EO EO E-5052
Iilaz=. (Entering)
Mew 3y wvalues . 12, 0, 1, 825, 0, -3/25
old Sarow — leev # 3 TIEW ol 0w = new S row
20 — 1 I 12 = &
a — 1 Iz a = a
1 — 1 24 1 = a
a — 1 bt Bi25 = -Bf25
1 — 1 I a = 1
a — 1 Iz -EF2s = 25
old Zrosws — leew # b new Horow = newr 3 Yo
TLi2 — SFE bt 12 = A0
1 — S8 I a = 1
S8 — S8 Iz 1 = a
a — L8 24 Bi25 = 155
a — SFE bt a = a
1/8 — S8 I G = 175



3™ Tahlean

ol §50 | §40 £0 £0 £0
Froduct uantity ] Ha =1 S =
i E1
F40 Ho 12 1 Bi25 0 -Ef25
F0 s = D -Bf250 1 af25
50 1 20 1 D -155 0 175
oty F1220 Ea0 F40 E1455 F0 E2Ers
i — t0 £ F-14r5 F0 F-2655

The optirnal solution to a linear programming problem has been reached when all of
the entries in the net evaluation row O — &5 are zero o negative. In such cases, the

optitnal solution 1s the current basic feasible solution

Thus:

Units of Deskpro productieon [ 3 )= 30 units
Units of Portable production [ 25 1= 12 units
oo = o units

Management should note that there would be eight unused Portable display units.
Idacsimum profit iz F1%280,



Tableau Form : The Special Case

» Obtaining tableau form is somewhat more complex if the LP contains >
constraints, = constraints, and/or “-ve” right-hand-side values. Here we
will explain how to develop tableau form for each of these situations.



Tabular solution for Example 4/1

> pose that in the high-tech | dustrles ro
agement w ntg g 5 Bl

Lor;cllproductlon or oth mo ndselis wouald E)e at?eastnsg

Thus,
Objective Function Max Z = 50X, + 40X,

VY

Subjectiveto: 3 X4 +5 X, < 150 Assembly
time

1X, < 20 Portable display
8X,; + 5 X, < 300 Warehouse space

_ 1Xy + 11X, > 25 Min. total
production

vV VvVVvYy

X, , X, >0



Tabular solution for Example 4/2

v

First, we use three slack variables and one surplus
variable to write the problem in std. Form.

» Max Z = 50X, + 40X, + 0S, + 0S, + 0S;+ 0S,
» Subjectto 3X; +5X, + 1S, = 150

> 1X, +1S, = 20

> 8X, + 85X, + 1S, = 300
> 1X; + 1X, - 1S5, = 25
> All variables > 0

» For the initial tableau X, =0 X,=0

> S,=150 S, =20

> S; =300 S, =-25



» Clearly this is not a basic feasible solution since
S4 = -25 violates the nonnegativity requirement.

. We introduce new variable called ARTIFICIAL
VARIABLE.

» Artificial variables will be eliminated before the
optimal solution is reached. We assign a very large
cost to the variable in the objective function.

- Objective function
50X1 + 4OX2+ OS1 + OSZ + OS3+ OS4' MA4



Product Quantit
mix o]

150
20

s\ -M
50+M  40+M

Max. |(Entering)

New X, values = 25, 1, 1, 0, 0, O, -1, 1

150/3=50
300/8=37.5

25
Min. leaving




i1 =y reovwr — leewr A =z newr _xq walues = TIESAF =] oA
150 — = o =25 = TS

= — = 3 1 = 0

o — = 3 1 = =

1 — = b 0 = 1

0 — = = 0 = 0

0 — = 3 0 = 0

0 — = = -1 = =

0 — = 3 1 = -3

1 o rowar — leewr £ = news Hoywralues = NEW S FowWws
=0 — Cl o =25 = =0

0 — 0 3 1 = 0

1 — Cl o 1 = 1

0 — 0 b 0 = 0

1 — [:l 3 D = 1

0 — 0 3 0 = 0

0 — 0 = -1 = 0

0 — 0 3 1 = 0

1 s rowar — leewr £ = news Hoywralues = NEW S FoOwWws
S0 — = 3 =25 = 10

= — = 3 1 = 0

o — = o 1 = -3

0 — = 3 0 = 0

D — = 3 D = D

1 — = b 0 = 1

D — = 3 -1 = =

0 — = 3 1 = -5



75/3=25

100/8=12.5
Min,leaving

25 0 0 0 -
$1250 50
0

new S4 values : 100/8 = 25/2, 0, -3/8,0, 0, 1/8, 1 T
Max. (Entering)



Tabular solution for Example 4/7

» IMPORTANT!!

» Since A4 is an artificial variable that was added simply to obtain an initial
basic feasible solution, we can drop its associated column from the

simplex tableau.

» Indeed whenever artificial variables are used, they can be dropped from
the simplex tableau as soon as they have been eliminated from the basic

feasible solution.




1 = rowr leew # i new =g wvalues NEew = rowar
Th = )4 25f2 = Fail

0 = )4 [ = [

2 = )4 T = 254

1 = i [l = 1

0 = i [l = [

0 = )4 1/8 = -3Ei8

= = )4 1 = [

_Nd = row lew # pod new -4 values = NEW =2 TowW
2100 [l i 25F2 = 20

0 [l i [l = [

1 [ )4 T = 1

0 [ )4 [ = [

1 [ )4 [ = 1

0 [l i 1/8 = [

0 [l i 1 = [

1 3 rows ey # A new o4 values = new #] row
25 -1 )4 25f2 = Fail

1 -1 )4 [ = 1

1 -1 i -3i8 = SiE

0 -1 i [l = [

0 -1 )4 [ = [

0 -1 )4 1/8 = 175

-1 -1 )4 1 = [



31 Takleau

o a0l 40 l [ y y
Product | Ouantity | 3 #Ha = =9 =3 4| b ay
ix by
[ =1 T [l 2078 1 [ -5 oo 12
Min. leaving
[ o 20 [l 1 l 1 y oo 20
[ =4 202 [l -318 l [ 1/8 1 | ---
a0 ) T 1 a8 l 0 1/8 0 el
4 1875 a0l 250/8 1 0 [ S0fE y
Ci— & ) 0 i () -500R i
Ilax. (Entening)

One more iteration is required. This time X2 comes into the solution and S1
is eliminated. After performing this iteration, the following simplex tableau
shows that the optimal solution has been reached.



| 50 40) 0 0 0 0

Froduct | Cuantity 1 o =1 = = =4
1% by
40 o 12 () 1 BI25 () =325 ()
(] = 8 () () 825 1 525 ()
(] =4 17 () () 5125 () 225 1
500 1 g1l 1 () T () 525 () |
2 1980 50 40 145 () 2615 ()
Ci—4 i () -14/5 i -2615 i

It turns out that the optimal solution has been reached (All C - 2 =0 and all
artificial variables have been eliminated.)



>

VY

Simply add an artificial variable A1 to create a basic feasible
solution in the initial simplex tableau.

6X1 +4X2 - 5X3 =30 =6X1 +4X2 - 5X3 +1A1 =30

One of the properties of the tableau form of a linear
program is that the values on the right-hand sides of the
constraints have to be nonnegative.

e.g. # of units of the portable model (X2) has to be less
than or equal to the # of units of the deskpro model (X1%
after setting aside 5 units of the deskpro for interna
company use.

X2 <X1 -5
-X1+ X2 < -5
(Min)Multiply by -1 = (Max) X1 - X2 > 5

We now have an acceptable nonnegative right-nand-side value. Tableau
form for this constraint can now be obtained by subtracting a surplus
variable and adding an artificial variable.



Tabular solution for Example 5/1

>

>

Livestock Nutrition Co. produces specially
blended feed suEpIeme_nts. LNC currently has
an order for 200 kgs of its mixture.

This consists of two ingredients
X, ( a protein source )
X, ( a carbohydrate source )

The first ingredient, X, costs LNC 3MU a kg.
The second ingredient, X, costs LNC 8MU a
kg. The mixture can’t be more than 40% X,
and it must be at least 30% X,.

LNC’s problem is to determine how much of
each ingredient to use to minimize cost.



Tabular solution for Example 5/2

» The cost function can be written as
Cost = 3X, + 8X, Min!

» LNC mus‘ roduce 200 kgs of the mixture — no
more, no less.

X;+ X, = 200 kgs

» The mixture can’t be more , we
m y uéxe ess t a}1an 80 g g S‘r’} 200 % 80).
owever, we must not éxc §

X, < 80 kgs
> The mixture must be_at least 30% X
60 kas. not Iesszthang
k0¥ (509 X rfogineso@ 9
> X2 > 60 kgs



Tabular solution for Example 5/3

Minimize : Cost = 3MU X1 + 8MU X2
Subjectto X1+ X2 = 200 kgs
X1 < 80 kgs
X2 > 60 kgs
X1, X2 >0
» An initial solution: X1+ X2 = 200 kgs
= X1+ X2+A1 = 200
U

» Artificial variable : A very expensive substance must not
be represented in optimal solution.



Tabular solution for Example 5/4

» An artificial Variable is only of value as a computational device; it
allows 2 types of restrictions to be treated.

» The equality type
» > type

» X, < 80 kgs constraint on protein
= X4+ §; = 80kgs
X, = 60 kgs constraint on carbohydrates
= X2- S2+A2= 60
> X1,X2,51,S2,A1,A2 > 0
R

oMU OMU M M



Tabular solution for Example 5/5

Minimize : Cost = 3X1+ 8X2+ 0S1+ 0S2 + MA1+ MA2
Subject to : X1+ X2 + A1 = 200
X1 + S1 = 80
X2 - S2 + A2 = 60
All variables > 0



7 Initial Tablean

5 4 8 I I 0 | M
MU MU MU MU MU MO
Product Quantitjr i) s i) 51 = o Iy f i
1% by
M A 200 ] 1 1 I I 0 2001=200
0 =] &l ] (0 I 1 I I
M Y 60 i 1 I I -1 1 | &0/1=60

Min. replaced row

Z; S0 M 2 M 0 M M

G- B0 0 M

Diptimal cohimn



Computation for 2™ taklean:

Eeplacing row = new Xgwalues  &0/1=50, 0f1=0, 1/1=1, f1=0, -1/1=-1, 1/1=1

1d A row — ey # H new #aowvalues = new Ay row
200 - 1 b &0 = 140

1 — 1 b 0 = 1

1 — 1 ) 1 = 0

1 — 1 ) 0 = 1

0 — 1 ) 0 = 0

0 - 1 b -1 = 1

0 - 1 b 1 = -1

1d = rowr — ke # H new Hovalues = NEWs = Fow
20 — 0 )4 &0 = =20

1 — 0 )4 0 = 1

0 — 0 )4 1 = 0

0 — 0 ) 0 = 0

1 — 0 ) 0 = 1

0 - 0 b -1 = 0

0 - 0 b 1 = 0



2 Tablean ~.

G 308 M 0 0 M
Proguct Quantity X | X% A 5 S b bl
1% by N
M| A 140 L0101 AT =140
0§ 20 {70 0 1 0 b 8=

)| teplaced row, min,

GRS 60 (I T T O S R P /=

s

o MdiM+480 M8 0 M 0 M3 3M

G-7, %M 0 | 0

b
5
=,

VT

-

(e

I_Dptimal column



Computations for 3 Tableau
Feplacing row = new X values: 8071=30, 1/1=1, 0/1=0, 0/1=0, 1/1=1, 0s1=0, 0/1=0

Old Aqyrow —  key# x new Xywvalues = new A row
140 — 1 it 80 = &0

1 — 1 it 1 = 0

0 — 1 it 0 = 0

1 — 1 it 0 = 1

0 — 1 it 1 = -1

1 — 1 i 0 = 1

-1 — 1 i 0 = -1
Old Zorow —  key# = new Xjwalues = NEw o row
&0 — 0 i &l = &0

0 — 0 i 1 = 0

1 — 0 i 0 = 1

0 — 0 i 0 = 0

0 — 0 i 1 = 0

-1 — 0 i 0 = -1

1 — 0 i 0 = 1



31 Tableay

G 3 50 M0 ( ;M
Froduct Quantity 3 A 5 Sp | s | by 2
113 b1 A
M A 60 ( 0 1 ] 1 r,.#l " | 60M=60
x‘m replaced row
3 X &l ] o 0 ] (0 U B0f0=--
)
8 X 60 ( 1 0 0 LA e0-1=-60
IH.,\H not constdered
Z 6N -T720 0 3 & | M 3-M | ME 3:}5‘&
Ci-Zi 00 |0 M3 &M M8

A

ny
"

Chptitmal bolumn



Computations for the 8 Taklean

Eeplacing row = new Sz wvalues: 60/1=&0, 0/1=0, 0/1=0, 1/1=1, -1/1=-1, 1/1=1, -1/1=-1

il 3 row — ke # i new Saowvalues = NEwW ] row
20 — 0 oA &0 = =

1 — 0 oA 0 = 1

0 — 0 oA 0 = 0

0 — 0 o 1 = 0

1 — 0 ® -1 = 1

0 — 0 ® 1 = 0

0 — 0 ® -1 = 0

il 3o row — ke # i new Saowalues = NEW Ao Fow
&0 — -1 oA &0 = 120

0 — -1 oA 0 = 0

1 — -1 ® 0 = 1

0 — -1 oA 1 = 1

0 — -1 ® -1 = -1

-1 — -1 X 1 = 0

1 — -1 ® -1 = 0



4th Taklean

i E & I 0 0 Il
Product | Cuantity X Ha Ay =1 o Ba

HIEDA {31
0 =o &l 0 0 1 -1 1 -1
4 3 Bl 1 0 0 1 0 0
B Ha 120 0 1 1 -1 0 0
& 1200 E & & -4 0 0
Ci—2 0 0 M-8 B 0 %I

" IMo negative values remain in the O — 2y row, we have reached the OPTIMAL solution

It 15 to use 80 kgs of ) and 120 kas of 20, This results 1n a cost of T200MTT.
o represents the amount of 2o used over the minimum quantity required (&60kg)

Fa- Dot hy = 60 — 12060+ 0=60 — G0=40 +° A= 0



