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Reclaiming Solid Wastes

The SAVE-IT COMPANY operates a reclamation center that collects four types of solid
waste materials and treats them so that they can be amalgamated into a salable product.
(Treating and amalgamating are separate processes.) Three different grades of this product
can be made (see the first column of Table 3.16), depending upon the mix of the materials
used. Although there is some flexibility in the mix for each grade, quality standards may
specify the minimum or maximum amount allowed for the proportion of a material in the

’An equivalent formulation can express each decision variable in natural units for its abatement method; for

example, x, and x, could represent the number of feer that the heights of the smokestacks are increased.
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TABLE 3.16 Product data for Save-It Co.

Amalgamation Selling Price
Grade Specification Cost per Pound (%) per Pound ($)

Material 1: Not more than 30% of total
A Material 2: Not less than 40% of total 3.00 8.50
Material 3: Not more than 50% of total
Material 4: Exactly 20% of total

Material 1: Not more than 50% of total

B Material 2: Not less than 10% of total 2.50 7.00
Material 4: Exactly 10% of total
C Material 1: Not more than 70% of total 2.00 5.50

product grade. (This proportion is the weight of the material expressed as a percentage of
the total weight for the product grade.) For each of the two higher grades, a fixed percentage
is specified for one of the materials. These specifications are given in Table 3.16 along with
the cost of amalgamation and the selling price for each grade.

The reclamation center collects its solid waste materials from regular sources and so is
normally able to maintain a steady rate for treating them. Table 3.17 gives the quantities
available for collection and treatment each week, as well as the cost of treatment, for each
type of material.

The Save-It Co. is solely owned by Green Earth, an organization devoted to dealing
with environmental issues, so Save-It’s profits are used to help support Green Earth’s activ-
ities. Green Earth has raised contributions and grants, amounting to $30,000 per week, to be
used exclusively to cover the entire treatment cost for the solid waste materials. The board
of directors of Green Earth has instructed the management of Save-It to divide this money
among the materials in such a way that ar least half of the amount available of each mater-
ial is actually collected and treated. These additional restrictions are listed in Table 3.17.

Within the restrictions specified in Tables 3.16 and 3.17, management wants to deter-
mine the amount of each product grade to produce and the exact mix of materials to be
used for each grade. The objective is to maximize the net weekly profit (total sales income
minus total amalgamation cost), exclusive of the fixed treatment cost of $30,000 per week
that is being covered by gifts and erants.
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3.4-11.* The Medequip Company produces precision medical
diagnostic equipment at two factories. Three medical centers have
placed orders for this month’s production output. The table below
shows what the cost would be for shipping each unit from each fac-
tory to each of these customers. Also shown are the number of units
that will be produced at each factory and the number of units
ordered by each customer.

Unit Shipping Cost

To
From Customer 1 Customer 2 Customer 3 | Output
Factory 1 $600 $800 $700 400 units
Factory 2 $400 $900 $600 500 units
Order size | 300 units 200 units 400 units

[

A decision now needs to be made about the shipping plan for

how many units to ship from each factory to each customer.
(a) Formulate a linear programming model for this problem.

C (b) Solve this model by the simplex method.

3.4-14* A cargo plane has three compartments for storing cargo:
front, center, and back. These compartments have capacity limits

on both weight and space, as summarized below:

=

Weight Space

Capacity Capacity
Compartment (Tons) (Cubic Feet)
Front 12 7,000
Center 18 9,000
Back 10 5,000

Furthermore, the weight of the cargo in the respective compart-
ments must be the same proportion of that compartment’s weight

capacity to maintain the balance of the airplane.

The following four cargoes have been offered for shipment
on an upcoming flight as space is available:

Cargo Weight Volume Profit
(Tons) (Cubic Feet/Ton) ($/Ton)
1 20 500 320
2 16 700 400
3 25 600 360
4 13 400 290

Any portion of these cargoes can be accepted. The objective is to
determine how much (if any) of each cargo should be accepted and
how to distribute each among the compartments to maximize the

total profit for the flight.

(a) Formulate a linear programming model for this problem.
C (b) Solve this model by the simplex method to find one of its
multiple optimal solutions.
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Chapter 9

& Prolratjpc example
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9.1-2. The Childfair Company has three plants producing child
push chairs that are to be shipped to four distribution centers. Plants
1, 2, and 3 produce 12, 17, and 11 shipments per month, respec-
tively. Each distribution center needs to receive 10 shipments per
month. The distance from each plant to the respective distributing

centers is given below:

cosk x100-5

Distance

Distribution Center

. cubpet

1 2 3
1 800 miles 1,300 miles 400 miles 700 miles 12
Plant 2 | 1,100 miles 1,400 miles 600 miles 1,000 miles 43
600 miles 1,200 miles 800 miles 900 miles M
Mhocated 1o 10 1o 1

= Quz

9.1-6. The Onenote Co. produces a single product at three plants
for four customers. The three plants will produce 60, 80, and 40
units, respectively, during the next time period. The firm has made
a commitment to sell 40 units to customer 1, 60 units to customer
2, and at least 20 units to customer 3. Both customers 3 and 4 also
want to buy as many of the remaining units as possible. The net
profit associated with shipping a unit from plant i for sale to cus-
tomer j is given by the following table:

Afpmrriabe Fa/a(mne'te" table :

cusborar
{2 2 4 Dummy [ourpuls

1|g@ % £0

By 0 30
Customer 5 19} 1_'0
1 - 3 4 0. Q|40 b0 20 40 20 180
1 $800 $700 $500 $200 &° — ¥
Plant 2 500 200 100 300 30 120)

3 600 400 300 500 40

& ) ETy w0 1w 7
C DV~ Xij = # wails sold cf'm

Management wishes to know how many units to sell to customers
3 and 4 and how many units to ship from each of the plants to each
of the customers to maximize profit.

(a) Formulate this problem as a transportation problem where
the objective function is to be maximized by constructing
the appropriate parameter table that gives unit profits.

(b) Now formulate this transportation problem with the usual
objective of minimizing total cost by converting the param-
eter table from part (@) into one that gives unit costs instead
of unit profits.

(¢) Display the formulation in part (@) on an Excel spreadsheet.

C (d) Use this information and the Excel Solver to obtain an op-

timal solution.

C (e) Repeat parts (¢) and (d) for the formulation in part (b). Com-

pare the optimal solutions for the two formulations.

plant 1 to cmmmerd
i =31 238
j=212 345%

@by max z = 800 X,y + 00K, ..o
- 228 xy



= Bub 0" Xy tXapt Xpt Xgy tX15 =60

> :2,—* Xiy = Oy ¥ 1
P2

Xag + Xzq + Xzq =40
= %79(4;‘]':@4 |

X4 20 M4, -U-O
Sotution iaf we Keep ok teark "
=
‘ Customer
1 2 3 4
1 $800 $700 $500 $200
Plant 2 500 200 100 300
3 600 400 300 500
720 70
=> oppropriake  parameter table :
customers
1 Fy 3 3extta 01
, |0 7op Soo 500 200 6o
. |5w 200 100 100 300 80
% 3 |00 400 200 300 500 4o
o 60
@ |40 €0 60 24D
' 60 > mox  extra  value

— splurion  if we remove
‘at  least”

20 definitely

¢ Split  cust- 3 z
60 —> Yes
L e

C DV %ij:# wnits sod
from  plank i to
1-31234%
j=3123495%

mox 2 =

@Jbz} 3212219(4]

€ Swto: % Xij =0i ¥4
Z %= By



9.1-9. The MJK Manufacturing Company must produce two
products in sufficient quantity to meet contracted sales in each
of the next three months. The two products share the same pro-
duction facilities, and each unit of both products requires the
same amount of production capacity. The available production
and storage facilities are changing month by month, so the pro-
duction capacities, unit production costs, and unit storage costs
vary by month. Therefore, it may be worthwhile to overproduce
one or both products in some months and store them until
needed.

For each of the three months, the second column of the fol-
lowing table gives the maximum number of units of the two prod-
ucts combined that can be produced on Regular Time (RT) and on
Overtime (O). For each of the two products, the subsequent
columns give (1) the number of units needed for the contracted
sales, (2) the cost (in thousands of dollars) per unit produced on
Regular Time, (3) the cost (in thousands of dollars) per unit pro-
duced on Overtime, and (4) the cost (in thousands of dollars) of
storing each extra unit that is held over into the next month. In
each case, the numbers for the two products are separated by a
slash /, with the number for Product 1 on the left and the number
for Product 2 on the right.

Product 1/Product 2
Maximum Unit Cost
Combined of Production | Unit Cost
Production ($1,000's) of Storage
Month | RT OT | Sales RT oT ($1,000's)
6 ol
1 10 3 ™ 3/3V"" 15/16  18/20
2 8 2 3/5 1715 20/18
3 10 3 4/4 1917 22/22

© i st = M

o if pepi

The production manager wants a schedule developed for the
number of units of each of the two products to be produced on
Regular Time and (if Regular Time production capacity is used
up) on Overtime in each of the three months. The objective is to
minimize the total of the production and storage costs while meet-
ing the contracted sales for each month. There is no initial in-
ventory, and no final inventory is desired after the three months.
(a) Formulate this problem as a transportation problem by con-

structing the appropriate parameter table.
C (b) Obtain an optimal solution.

wp. paramercy (bl usage  pronths
vt @ ad @& c3 @ I’YOnd,\’ic);\.
Py P, 5 e, P P, capacity
é 4 C RT 19 16 |15+ 16t2 |15t1ta T6t2+1 10
g @ 0T |12 2 | 13+1 WA [BHrg  a0+ari 3
E & CRT |M Mo|1F Ci 15 |1#a I5+41 B
.% €oT |M M |0 13 | o+a 18+1 B
& 3GRT | M | M M (1 17 o
€oTlu M IM M |a 22 3
% Gues |9 1Y > |4 4 fobal = 30

3inG  sum o?; production > saled = 2dd MMq

Mathemalical — Moolel
0 Fmdud:im timae Pwoéz,g

C DV~ Xy # of  products

. w}agc trme

4 = 2 1,--.é§

J: i1....3¢

moint

/ouiaﬁ
produed in time paivd < b pe wsed

in  time Pmbzy.

@ dby-

min

st 2

El
= Z
3



1
G oup o~ ﬂéi 3&0 =P ”bL—c — %g,* X3, + X33 +9(3\1 t X35 + X3y +X37 = &

b
_Z /)(»ij = 80 “d"d 7 Kyg F g F Xgg + Xys FXes ¥ Nps T 4
471

X{J 20 Y4 ‘\7‘0

¥ Prootype  example : - Job shop  com Pany L if mechine < located ab
Covi- % :
rototype Example

The JOB SHOP COMPANY has purchased three new machines of different types. There (o} o+huwi"r<_

are four available locations in the shop where a machine could be installed. Some of these

locations are more desirable than others for particular machines because of their proxim-

ity to work centers that will have a heavy work flow to and from these machines. (There = 1, 2, 3, 4 d =12, 3’ 4

will be no work flow berween the new machines.) Therefore, the objective is to assign the

new machines to the available locations to minimize the total cost of materials handling.

The estimated cost in dollars per hour of materials handling involving each of the ma-

chines is given in Table 9.24 for the respective locations. Location 2 is not considered y 4

suitable ?or machme.Z. SO no cost ven for this case. ) @ Db o= min cost z:= i i Ci . y“. .
To formulate this problem as an assignment problem, we must introduce a dummy J =1 =1 ] '1

machine for the extra location. Also, an extremely large cost M should be attached to the

assignment of machine 2 to location 2 to prevent this assignment in the optimal solution.

The resulting assignment problem cost table is shown in Table 9.25. This cost table con-

tains all the necessary data for solving the problem. The optimal solution is to assign ma: @ Sub b0 - i ’x‘iJ =1 "7‘ i

[

chine 1 to location 4, machine 2 to location 3, and machine 3 to location 1, for a total
cost of $29 per hour. The dummy machine is assigned to location 2, so this location is

available for some future real machine. = k;l 4 "51 + 9(3; + X3y = 1

For example, see L. J. LeBlanc, D. Randels, Jr., and T. K. Swann: “Heery International’s Spreadsheet Opti-
mization Model for Assigning Managers to Construction Projects,” Inferfaces, 30(6): 95-106, Nov.-Dec. 2000
Page 98 of this article also cites seven other applications of the assignment problem. 4

2_9(1'6:1 ¥4

=1
=5 Ky w Xy + X3y + Ky =

9.3 THE ASSIGNMENT PROBLEM 349 ' ‘
L2 1 V'J

TABLE 9.24 Materials-handling cost data
($) for Job Shop Co.

Location
1 2 3 4
1 13 16 12 n !
Machine 2 15 N 13 20
3 5 7 10 6
|

2 o %] o 4



9.3-4.% The coach of an age group swim team needs to assign
swimmers to a 200-yard medley relay team to send to the Junior
Olympics. Since most of his best swimmers are very fast in more
than one stroke, it is not clear which swimmer should be assigned
to each of the four strokes. The five fastest swimmers and the best
times (in seconds) they have achieved in each of the strokes (for

50 yards) are

Stroke Carl chris U David Tony Ken
1 Backstroke 37.7 329 33.8 37.0 354 1
Breaststroke 43.4 33.1 42.2 34.7 418 A
Butterfly 333 28.5 38.9 30.4 336 1
Freestyle 29.2 26.4 29.6 28.5 311 4
|2 0 0 14 4 =4 1

1
The coach wishes to determine how to assign four swimmers to

1

1

1

A

the four different strokes to minimize the sum of the correspond-

ing best times.

CDV:i- Xi5=

@ tbe'-'

B Sub to:-

min 7z

“; Swimmer 4

otherwie

1]

Al

is o;s.siﬂvmaf to 6hokcd



9.1-7. The Move-It Company has two plants producing forklift
trucks that then are shipped to three distribution centers. The

production costs are the same at the two plants, and the cost of
shipping for each truck is shown for each combination of plant
and distribution center:

Distribution Center
1 2 3
A $800 $700 $400 <70
Plant 60 <
B $600 $800 $500 <50
units o D D

A total of 60 forklift trucks are produced and shipped per week.
Each plant can produce and ship any amount up to a maximum of
50 trucks per week, so there is considerable flexibility on how to
divide the total production between the two plants so as to reduce
shipping costs. However, each distribution center must receive ex-
actly 20 trucks per week.

Management’s objective is to determine how many forklift
trucks should be produced at each plant, and then what the over-
all shipping pattern should be to minimize total shipping cost.
(a) Formulate this problem as a transportation problem by con-

structing the appropriate parameter table.

(b) Display the transportation problem on an Excel spreadsheet.
C (¢) Use Solver to obtain an optimal solution.

R
0 Eranspov takion  solukiow

DV Xijc# FL tnab onowd bt

9.3-7. Reconsider Prob. 9.1-7. Now assume that distribution
centers 1, 2, and 3 must receive exactly 10, 20, and 30 units per
week, respectively. For administrative convenience, management
has decided that each distribution center will be supplied totally
by a single plant, so that one plant will supply one distribution cen-
ter and the other plant will supply the other two distribution cen-
ters. The choice of these assignments of plants to distribution
centers is to be made solely on the basis of minimizing total
shipping cost.

(a) Formulate this problem as an assignment problem by con-
structing the appropriate cost table, including identifying the
corresponding assignees and tasks.

C (b) Obtain an optimal solution.

(¢) Reformulate this assignment problem as an equivalent trans-
portation problem (with four sources) by constructing the ap-
propriate parameter table.

C (d) Solve the problem as formulated in part (c).

(e) Repeat part (¢) with just two sources.

C (f) Solve the problem as formulated in part (e).

produccd af plant i ¢ shipped b DCJ

2 3
- 001" min . Ci{ Kaq
(.] i=1 J’:]_ C J J
= Slp 0" Ky + Ny = AD KutXp +Xq3 <50 } b o kb
Kpp + X322 = A0 X341+ %23 ¥ Kgq & 50
7(4-5+ xz; =ab K+ K + (x’ll +7(7_\ + ’X'Lz "-’X?Z =60

OVL Mﬂfl&lbz /13 is COCIJ oj) Meol/.
then edit  from

matrix, p{cf.‘ne a4 _emply  matrix
WOVKSpO(e -



@ As,siﬁnmer\t' Solut-i ow

Distribution Center

} 1 2 3

A $800 $700 400 £ 50
plant B $600 $800 $500 < 50
anit 10 20 30
Dist centexn.
10 Q0 320
1 2 2
0 | gooC10) M 7
A 0 |00 (10) |0l 206) M

30 | #00010) |#00020) | 4oo( 20d

10 b00 (10) M M
%) a |600 (10) | g00( 26D v

30 | 60010 | g00 (20) | 500 (20)

DV - 1 if pranch 4 Msfﬂy\ao\t’v pC. 3§

0 octhevwise. .
3 (]
“obgit min 2z = Z Cij X
g=1 1=1
= 8uab o - X Xy T Xg T Xyq + Xg +(XM:1 Kt Xt Xig T X T X +%,, + Xy,
X42 ‘t 'Xz'z ‘FD(gZ l’ yuz +X;?{'9Q,2’= 1 "’9(32 + 733 é a/
')(13 + ’XZS “’()(3% + yus 4—9(55+9(b3=i 9(:1/ +Xq2+ Yq} + y51 +}5Z 1'9(;;4» y6‘1

Xt Xz £
Kan + X142 + ,qu £

0%9(43 & M



Chapter 10

A\l ’”
¥ Prototype txample ~ Stevvada Park” . -
10.3-4.* Use the algorithm described in Sec. 10.3 to find the short-
5 _K est path through each of the following networks, where the num-
T '_'jl"“»{ ey\h’ﬂn&, - bers represent actual distances between the corresponding nodes.

Shorbest poth  between O $ T

¥ FIGURE 10.1
The road system for Seervada

Parl (Destination)

0ABDT 4 DOAREDT =1b

10.3-2. You need to take a trip by car to another town that you

have never visited before. Therefore, you are studying a map to =
determine the shortest route to your destination. Depending on

which route you choose, there are five other towns (call them A,

B, C, D, E) that you might pass through on the way. The map

shows the mileage along each road that directly connects two

towns without any intervening towns. These numbers are sum-

marized in the following table, where a dash indicates that there

is no road directly connecting these two towns without going

through any other towns.

Miles between Adjacent Towns = DABEDT = 76b

Town A B C D E Destination
Origin 40 60 50 — — —

A 10 — 70 — —

B 20 35 40 —

C — 50 —

D 10 60

E 80

(a) Formulate this problem as a shortest-path problem by drawing
a network where nodes represent towns, links represent roads,
and numbers indicate the length of each link in miles.

(b) Use the algorithm described in Sec. 10.3 to solve this shortest-
path problem.

C (¢) Formulate and solve a spreadsheet model for this problem.

(d) If each number in the table represented your cost (in dollars)
for driving your car from one town to the next, would the an-
swer in part (b) or (¢) now give your minimum cost route?

(e) If each number in the table represented your fime (in minutes)
for driving your car from one town to the next, would the an-
swer in part (b) or (¢) now give your minimum time route?



% seervada  park second  issue: " Minimum &pamina Tree
@ all_units  connected H'wouah telephone  Lines = all nodes  must  be connected
Min 5pqnn-’nj tee alacm‘fhwn:
C choose any nods. *if 2 Lnes are _equal chosse either
@ see  # oj Lnes & chooak  min = g opt. somtions.
G trent entire as 1 node & repeat

¥ FIGURE 10.1
The road system for Seervada
Park.

5mrtm8 with [ :

=14 = min
10.3-4.* Use the algorithm described in Sec. 10.3 to find the short- Fotr 10, - 5
est path through each of the following networks, where the num- J Wlﬁ'l/ 6
bers represent actual distances between the corresponding nodes. = 14
(a)




(Origin) (0

)(Destination)

¥ Seervada Purk, 3vd  Probolem :

@ Max « of sigawseers.

¥ FIGURE 10.1

The road system for Seervada

Park.

Al gmthwv :

C choose  any path
C jiV\d mMax Jtow-

ex: 0BDT = (5,4,5) =4
0ADT = (&,3, )= 1

7 #S5 now are max
that  can  be
accomodated.

= 0 is Sowa hede

= T i& demand node

= MCIDE art transshipwet
nodes .

ORBET = (1,2,3,3)= 1

08ET = (1,2,2)=1

0CET =(4,4,3) = 4 5 max flow- 4ds4efsd =11



¥10.5.1

0 1253 =(b4,4) =4
@136% =(4,39=3
@ 1us? =[1,4,6)=1
Fsource 4 Sink’ F @ 13467 :(1,3,3,5>:i

max /Mw = 9

To To To
From A B C From D E F From 1

R1 75 65 — A 60 45 — D 120
R2 40 50 60 B 70 55 45 E 190
R3 — 80 70 C — 70 90 F 130

R,ADT = (75, 60, 1260) =60 R, AET = (40, 30, 170) = Sp

R,BDT = (65, 7, 60)" €0 R,BET = (20, 50, 140 ) = 50

RAET - (15,5 190) = 15 R,CET = (¢o, 70, q0) = 60

R, BET =(5, 5,55,135) - 5
max j/ow= 395
RscET = (30, 10, 30)= 10
R,BFT = (80, 45, 130)= 45
RsCFT =(60, 90, 85)=60
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itwakion, 1 ¢

b 2 X4 Z4 2wy RS o
0 -4 cymuiNy M-y -5 —%&m—%dj\!\j

- wwe U4 v oare  the duod \Vonables

Xij nonbasc = (‘/-ij -\M—\J’l is e rake oab ww 2 will

c,l/\W/\ﬂt o> Xij 15 ineasd

% in tansp.  swplex= © 0o wﬁ}(c{oi var  needed -
@ row 0 con be cbtnined without Miyﬁ sther
rows =» CiJ‘ML'Vj =0

‘3 TABLE 9.15 Format of a transportation simplex tableau
Destination
1 2 n Supply u;
] i G2 Cin 5
2 23] C22 - Can 55
Source
m Cm Cm2 < m
Demand d, d, d, zZ=
Vi
Additional information to be added to each cell:
If x;is a If x;is a
basic variable nonbasic variable
< <
® G U=
current BF solution is fully identified by recording just the

convention from now on.

@ iterokions @ imtializakion
@ optimality  tebt
G itwation .

+ rf }W/‘C' st = M4



¥ iniipkizakion : to Select BV: O nortwest corner (wle
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G Russels appiX - merhod

O min wst Bve priovity 0 mode  with oot ozt /wnit .

—_—
(1) The minimum cost rule
Destination 3w |
| - = supply |y
1 16 16 13 1 0
2 14 4 S ! : .
Source T o 20 3 M 50 M COST #=1
3
Rl
¥ 0 0 p
M 0 M fpoi/ !

4(D)

demand 30

Sine  SOWG 4 pin O can suppW only  BO  WE gire i 20
4 eviminde e row
Destination | m—\- N - j_ = 2 \/

I )
1 2 3 ‘{ supply |u;
1

50 ‘Vl”?fM BF éO’LV\ -

]

1 6ot} 16..] 13) 22..] 1
L Py i
. J %0 J'IO L J J
ource
=T o 2 3 M
T, [ Mo | @
T ol ] O] 0] 50
PP ] 1 I R | .
|
demand |30 20 70(‘ 20 | ¥ @ Z=2470+10M
Vi | \
\ 7



o

@ Novthwest  covner fwle = ( select Xy A
@ if xq wos e st BV selected | selech g1
f sowe i haa any - SUpply rewoulw\yg_.
@id’, not , seleck ’X1’,+1,('), —~ v
Destination
supply | u; ) i
1 2 3 4 5 2 25 elinivates
ol el ol Rl .
1 20 A0 50 D1 SO @bm"t/\aﬁtﬁ
14 14 13 19 15
T TR T T, cotimn
sowee o [ Qo] o] 3] M ]
3 10 20 10| s0 - =i (c()g’r X mvﬁ t)
M [ o | M| o] OﬁjL
4(D) o so
demand 30 20 70 30 60 | Z=2470+10M

@Vogc\'s approx.  meod. /m' tach. row 4 colbumn /Mﬂl oli# between

smallest

£ next o the smaiest

wmbt oSk C3 shll ewmaina

= in that row/columv haw{v‘\ﬂ Lovgest diff = seect e

Clo-Th-=a

@ largest row diff
= 2
column = 19

= smalleat cogf
in column 4

vow hm/mﬂ omallest rcmoum'm_cj uwnib  cost
Destination Row
1 2 3. 4 5 Supply Difference
1 16) 16 13 22 17 50 3
Source 2 14/ 14 13 14 15 60 1
3 19 19 20 23 M 50 0
4(D) M 0 Mo 0 50 0
Demand 30 20 70 30 60
Column 2 14 0 11(15)
difference

15 0 = 30
@ ebmnate  colwm



Destination Row
1 2 : Bestinial
1 P 3 5 Supply Difference 1 > esinafion il
b 13 17 50 9 : 3 5 Supply Difference
14 14 13 15 60 1 IS ot 3 v 0 ¢
3 9 19 B0 y % . ource 2 14 14 13 15 60 1
4(D) M 0 M 0 3 19 19 20 M
S 20 0 IS 50 0
emand (30 20 70 60 By~~~ M- 0----M---{6{@)---20---- 0
((i:. ?t{umn ’ o @ Demand 30 20 70 60
difference Column 2 140 S
_difference @ Eliminate row 4(D)
Destination BT= |
: : » Row Destination
| | 2 3 5 Supply Difference g
g % - “. = ! = ——m — g Al D ¢ .\nppl) Difference
B - o b3 T . s Source 2 14 14 13 15 60 ]
3" 19 19 20 M 50 b . s 19 20 ¥ 50N
Demand 30 20 70 40 Sel Demand 30 2 20 4 Select X,=40
C(’Mc"“’i:”:’ﬂn—’f 2 Eliminate row Column difference |5 5 7 M-15 Eliminate column 5
Ii l [ Destination \ |
| > / 1 7 e
| 0 > Supply  Difference Destination
| | ! 2 '
| Source -2 14-- -4 I ‘\. 20 | — [ I - Suppl
— 319 19 @ | 50 0 e w19 & 28 =
Demand 30 20 20 | s 2 0 Select x;,=30
Column difference |5 5 7 Dc“mnd ﬁ“. :”. X3,=20

Note that the allocation of X23=20 exhausts

ow and the remaining de

.

in its r
. Eliminate both the
rate basic variable.

ow and column, setting X;

both the remaining supply

mand in its column.

. to zero to provide a

degene
B =
Destination o
T > 3 2 Supply Difference
16 16 13@ 2 V7 (50 Tho
Source 2 14 14 3@ 1V 15@ 60 1
3 l‘).l‘). 2(). 23 M 50 0
4(D) Moo M 0@ 0@ s0 0
| B e a0 20 70 30 60 .




¥ Russels oppwx  nvethod - C f‘w\a\ Wighast  cost value  fov each  row 4 clumu
@ susrack cost ot highest coot
G st wost -Ve & ofllocate

Y
Q/ D1 D2 D3 D4 Supply
v 4 ) 7 4
st
s2

4 5 7 3 4 U | iteration-1 D1 D2 D3 D4 Supply
7 5 4 5 7 3 4
1 5 6 2 1 6 s2 1 5 6 2 5
5 5 2 2 3 4 R
$3 2 2 3 4 5
Demand 2 4 3 4
Demand 2 4 3 4
Q 5. Repeat step 2 until step 4 until all products are distributed.
Y
VA @ 5 7 L] v ) 5 )
[ U | Hteration-1 - D1 - D2 - D3 E] D4 Supply U | tteration-2 D1 D2 D4 Supply
s i 5 st A . e _ o . 4
A=(4-+9)=-7 | A=(5-T+5)=7 A=(1-@+M)=-7 | a=@3-0+4)=-8 A=(4-(5+4)=-5 A=(5-(5+5) = A=(B3-(5+9)=-6
111 2 2 4 e
L 5 6 2 4 - A=(2-(4+4)=-6 A=(2-(5+4)) = A=(4-(4+4)=-4 -
& & a=(1-6+9){-9) a=(5-6+5)=6 A=(6-(6+T)=7 A=(2-(6+49)=8 4 Demand 1 4222 4
@ 2 4 o
& = 5 = Next, eliminating Row S3 (Supply = 0)
A:(zlf(iqn:q A=(2-(5+5)=-8 A=(4-(5+4)=5
Demand 2 7 s 6. If the allocation has been completed then calculate the distribution cost.
v 4 5 3
U | Iteration-3 D1 D2 D4 Supply
(3 : : © 4]
= D1 D2 D3 D4 Supply . - a=G-+4)=0) 1=6-6+5)=0) 0=Cle+ =G| “**
Demand 1 2 44=0
s1 4 5 7 4
s2 5 6 2 1
s3 2 2 . 4 5
Demand 2 4 3 4

Total Transportation Cost = (1x1) + (2x2) + (3x3) + (3x4) = 26



