Transportation Problem (TP)

Wednesday, May 23, 2018 10:25 PM

For the glory of God
TiansportaAion Problem - (nee S-FMJJ
2) Tnhoduckon

* Pacler 2 Gumble compoy mode oler 300 blands of Consumer goods woriduwide
- As the ¢

pony moted, Jowsrd, gloho! brands. Hey \earred Ht 7 veeded +o consolidate plans Ho redue custs.
4 The shidy Proueed on edesgning the comparey’s praducton and, dehihdion syslem Jon s operadions.
© They J,‘.-u@ saved. over §200 mnlon W predax costs pev year.
-~ How wos @ possible ?
- They aclually solved, TiansportatTow problems .
b) Problem desariplion
- one of e woln produck of Hhe compouy e comned pens.
- The pens ave pepored, ok Hhee comneves and then shipped by ek o oo dishhdg waschauses.
lebs say -
- A eskimade hos been wode of the ot Pom ench comney.

- Each walehwse hos been allocated, o coHotn owowd.

- The problem s now +o delermine which plan o ossgning Hese shipments 4o the various ombatin WTWiZg Joled cost.
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© By Gnoving the geogiaphial layouk, we am pioiide a nehuork \eplesentadion of Hic poblem T o Siwple way

by IWiug up ai He canneries iw owe clumn ow +he 1M and on the watehouses iw one column ow +He gl

0 > Ik i giew o5 o hegate humber beause C6) Shipped. ast
[~ 80]
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T s giew as o hegative humbet beaause (%) = Shipped oux

+ Shipping daka, wil be givew as below ;

TABLE 8.2 Shipping data for P & T Co.

Shipping Cost (3) per Truckload
\ wnh Warehouse
-
= a1 2 3 4 Output

1] 464, 513 654 867 75 al 390
Cannery 2 352 416 690 791 125 + Te

3 595 682 388 685 100 b
Allocation 80 65 70 .8 Ful

L5 Toek 30 AllEtEw

¢) NaMhemakiell wmode)

Minimize Z = 46dx,, + 513x,; + 654x,y + 86Tx 4 + 352xy, + 41605,
+ 690x33 + 790xyy + 9951y, + 682x3; + 38Bry; + 68514,

subject to the constraints

Xy F X+ X oy = T51 5‘1&? d.l}‘ ]
X3+ Xaa + X3+ X3y =125 ) 2 A Com
X3+ s+ xay +oxyy = 100
Xy + Xy + Xy = 80 _
Xy2 + X2z + Xa2 = 65 S\\T? m
Xi3 + X33 + X33 = 70
Xi4 + Xy + x4 = 85
and
x;=0 (i=123j=12324).

- In Wis coee, Here © a balne behween the dolal supply Nom all Somee owd, the dolet domond, b al deshiadions.
5 such dhadt § S7 = EJ: 5 s i colled o0& Hhe balanced, Hanspertdion problom.
=l

3=l

- Howeter, i Some leal pioblems . i wight be wnblsnced, Hansporhedin problews

a—™ | DC1 | DC2 | DC3 | Supply Xjj = # units shipped from Plant i to DCj

Boston | 5 6 4 | 300 | i = B(Boston), T(Toronto) j = 1(DC1), 2(DC2), 3(DC3)
Toronto 6 3 7 500 |

Demand | 200 300 250

Min 5Xg, + 6Xg, + 4Xg5 + 6Xpy + 3Xp + Ty
Sugly .+ DC1 | 200

s Subject to: g e wbalonee -
300 | Baston - g Xpq + Xpa + Xga = 300 (Boston's Supply)
4 < '
. 8 .. Xy + X + Xg3 =500 (Toronto’s Supply)
6
3 Xy + X3y =200 (DC1’s Demand)
500 7 Xpa + X12=300  (DC2's Demand)
= pe3 250 Xpg + Xgg =250  (DC3’s Demand)
" goo" > 750"

X1, Xp2: Xp3s Xr1, X1 Xp3 20 or xr;l =0

© For onbaloned pioblem. we veed, 4o iellvmutde Hhe poblem by Trheducig dummy (or slack) laables

leks soy +hat D) demand, chonged Rom 200 4o 300 5o Hhat =7 < Zdi
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mea—1° | DC1 | DC2 | DC3 | Supply Xj; = # units shipped from Plant i to DCj
Boston| 5 | 6 | 4 | 300 | i = B(Boston), T(Toronto) j =1(DC1), 2(DC2), 3(DC3)
Toronto| 6 3 7 500 | D(Dummy)
Demand | 200-| 300 250
200 "N Min 25X, + 26Xy, + 24Xys + 24Xy, + 21Xy, + 25Xy
VW 300 Subject to: + W+ Wt Wpw
300 w < 7 Xpy + Xgp + Xgg <300  (Boston's Supply)
VoW Xy + Xqp + X33 <500  (Toronto's Supply)
e 2 Xpy + Xpp + Xp3 =50  (Dummy's Supply)

Xp3 + Xg3 + Xp3 =250  (DC3's Demand)

Xy=0
- &

d) Lineor progiommiing - Simplex melhod

18 /BTN Xp1 + Xpy + Xp1 =200300(DC1’s Demand)
L ~2L /\ Xpa +Xgy + Xpp =300 (DC2’s Demand)
367 = W 250
0

© TranspHladion problem % oked o cpecial dgpe of e progiamming problew

lebe foke an example. ( The buok given Nown AR k)

Minimize z = 80xy; +,215¢‘;,+7. )

00! okl

subject to ¥V STOREA

xyy + Xli‘

X1y +xy +

These constraints are all equations because
1500 + 1200 = 3700 cars) equals the total
3700 cars). { ¢
‘The LP model can be solved by the
the constraints we can solve the problem
shown in Table 5.3.
b ol
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st plaghamivg W pofved \/ 1000

FIGURE 5.2 1200
Optimal solution of MG Auto model

Ihe optimal solution in Figure 5.2 (obtained by TORA') calls f?fdlm 1000 cars from
Los Angeles to Denver, 1300 from Detroit to Denver, 200 from Detroit to Miami, and 1200 from
New Orleans to Miami. The associated minimum transportation cost is computed as 1000 X $80 +
1300 x $100 + 200 x $108 + 1200 X $68 = £313.200.

e) Inleger lineoy proglamming
©lebs say thet we veed 4o Gohe
- WoxwmiZe Z = 5\ + 4da
- Subjec} +o M+ s £5

o)y + 6o £ 45

* We will oblaw Hhe Sokohion as Jbilawing ;

n

U ok say 5 e b 4o obldi Trleger vovable ik, tegeo o X, and o

75

© How woutd you be able do silie Hhe problem UGG et pgiamming *
> Buarch-ond - Bund, (B2B) algathm has been widely ucel w Tndushial Engireaiiing .

- The bosic Tdea & 4o bieak Hhe tange o ileger dype. For example,
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oy {BRY)

st

¢ st &
15 ousipod o (O B .

st BV chappess

< D 3005

= Since Hhe opfimum wos
A= 3.75, lebs beak b

X|24

n=3

39

B2
et ai

- Repark +o generae the hee wMTI an op¥imam T ackieved .
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© Fovlnalely . Tiansporlaflon Prablem diesiit \eute Mieger fleak pragiamming bocouce 7 has been provow
ek 7 veter hoppen 4o hate Plodk poiet-
1) B -u method,
© Tn operehon teseatch . the BT M method % 4 wolhod P soliig Thesr prgiamnig plobloms Usig +he Stmplex Method .
+ The method, slovks with the Lo Pogiamniig Jom 5 - AN Hhe conshaicks ave Equations with, non- vegediie vgthand, side
- A Hhe Uoviables ave non- negadie .
- Then, when does the method, neel do be used ?
e.9. mawiZe Z = 3X.+ 5k v v

X A Mz Ha b
Sldesk 4o o, 24 > Hiv Az =4

| o | o 4
M 212 > 2+ s = 12 = o 2 o 1 12
otk - 18 3 2 o o [}
20+ Mo 20, Mz =20, dsZ0 3 s o o 2

( Slack variables)

- Unlounsdely . Hiese £quakions do not have an obiians Wl Soludion bearuse Hheve % no lowger a slack variable
+o use ag +he Wil basc vaible .

5 Howewer, 7 & well Rnowm +hat i s nerzang do Pid an WiATal Solickion 4o st the Stmplex metad, .
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+o use ag +he WAl basc variable -

5 Howeer, 7 T well Known Hhat # & teemanf 4o Pid, an WidTal Solikiow 4o stk the Stmplex meHad, .

- T debeully cow be cTaumvented by By M welkod.

& M gbefiTal vovable s odded, 4o fovm o shotg solukn STilar Jo a11-Slack baste sshakon.
© Howeter, becamse Hhe oWl uaiables avent park ff the oigimal LP model .

- They ove ascigred, 4 vewy Iigh penathy = he obiective Punokon

- This, Ricing Hhem ( Evewhially ) 4o Egual Fero i +he opHimum Soluhion .

- The will alwags be +he cose T the problem hag a Jsible solukion .

1. Apply the artificial-variable technique by introducing a nonnegative artificial vari-
able (call it X5)'* into Eq. (3), just as if it were a slack variable

(3)  3x; + 2x; + x5 =18.
2. Assign an overwhelming penalty to having Xs > 0 by changing the objective function
Z=3x+5xt0 f =M momrzndion publem
Z = 3x; + 5x2 — Mxs, M minmization ploblem
where M symbolically represents a huge positive number. (This method of forcing X5
to be x5 = 0 in the optimal solution is called the Big M method.)

Now find the optimal solution for the real problem by applying the simplex method to the
artificial problem, starting with the following initial BF solution:

Initial BF Solution

Nonbasic variables: x =0, x=0

Basic variables: X3 =4, X4 =12, Xs = 18.

Because X5 plays the role of the slack variable for the third constraint in the artificial
problem, this constraint is equivalent to 3x; + 2x, = 18 (just as for the original Wyndor
Glass Co. problem in Sec. 3.1). We show below the resulting artificial problem (before
augmenting) next to the real problem.

The Real Problem The Artificial Problem
Define Xxs =18 — 3x; — 2x,.
Maximize Z = 3x; + 5x,, Maximize Z = 3x; + 5x; — MXs,
subject to subject to
X = 4 x = 4
2, s 12 2x, =12
35, + 2, =18 3x, + 2x, =18
and (so 3x; + 20 + X5 = 18)
x =0, x=0. and

x =0, x =0, x5 =0.

-l opphy He B M melled o 4 teal problem gien om €T Ligetec

Snwon Sub Lo~4] — Yonga'w b c123
Tnchem Sub Co~q] Doejeon hub Co,93

Seoul  Sub Cowq3

Even ‘u-walv Sawon Sub has Co~q 3 classtamkion . T’ovugn'w hub ou{j Maepk L1 and [2].
4 T s challeging 4o ansider fewy SHuekon , €9 Suwen [31 newer goos +o Yougin hub ™ Trousporbeton problem

- For hanspordadlon problem , we Just Rice (Suwon £23 4o go Yongin hub bk use B M weHhod Such et

Hy
20 > Swow 0] —— Yougiw Juabo

Loieecca =m0 x"/’ -

- Ao, i TranspoHation Problem , élen:, node shoutd comeet 4o each offer-.
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A
20 > Swow [ ——  Yougin hub
’ ’ )(/7 a - Ao, W Transporhedion Poblem , ey node shoud comee} 4o each olfer-
30 = Suwm 2] / " I moy be able 4o delele the commectiin (eg. Suwon L33 4o Vongi) when

99999 » Suwow L3 delevwiming desgm Uviables +  however, 7 wit be Hauble when Hhe se

: o pwblem bewes bger-
okfecive Nnckion © 20X + 30Xay + 99999 Xz, + -

4 Giwe we'e domg miTiZaton . Hhere mish be AHe e do go Nom Gwow £33 o g hub.
9) Ooe shdy - cT Logihes
- O ded € Moy 17, 208 ) were gren Pom €T Logighes . oy o Unleldde My code Te working well.
© AMev summarizing al +he dofa. I rearrded Hhak-

- Supply @ Jarger Hhow demand, (T wy o2, i T hub apocihy ).

- Thie, T whodued the d Jhb%o&m’wmoph’ml@luhw,
Cwithock +he dumnsy . I got " Tnllncible Soluiow ", Hhough )

ofd o _@g! oP 6«”& ~ 700, 000
o} \
. o) HuL&Perd ~ {36, 600
o&kg q y £
WKl ]
-’!"f‘ o N Aemaimg - ave - expected o owTve of Hhie JuvnvvJ.
: Duvmg
Lsub> <hub>
- Hene, T woud gel +he walhematiat £xpression et Mo e olun\nd

ohfecte Pwckiw = M, 90999 + Ko )76 + b Ky O 4 oo

l
cdllied Jo Bg-M melhed

Subgeet o .
Supply Xk dad o M 4 = Sib Suppy
demand : Jln 4 o b o 4 Yy 4 = Sum o e iped hesdg o sy Gib
laviabe : A =o
© Finally . T cour gob Hhe ophiman .
s Jigh m @, I dested Hhe e with 99499 @eNictads wkead of o-

: Euanlml@, I hod seew Hhok Hhe code oue - Soludtows .

eg. o — cHA 1697 S2k (99999 @se)

off > Doy 1597 82 (o ae)
& Eipn Hhough ey had dilfoiad voukes, i the end, 4he ohieckve Qe

Vales were Same.
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1y Y= 0 X+ o o veed do onsSder X tabe beouce 'l be aweled ad

2) y = 489990+ - %Uaaamwm}‘mh}w%wwﬁ{’ztgwskw with 99999 lales .
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