AUTOMATED TRANSPORTATION MODEL USING NORTH WEST

CORNER METHOD

BY

ADIGO Y. ATTAH
PGD/MCPS/1183/05/06

~ DEPARTMENT OF MATHS AND COMPUTER SCIENCE
FEDERAL UNIVERSITY OF TECHNOLOGY
MINNA, NIGER STATE

MARCH, 2007




AUTOMATED TRANSPORTATION MODEL USING NORTH WEST

CORMER METHOD

BY

ADIGO Y. ATTAH
PGD/NMCPS/1183/05/06

SUBMITTED IN PARTIAL FULFILLMENT CF THE REQUIRENMENT
FOR THE AWARD OF POST GRADUATE DIPLONMA (PGD)
DECREE IN COMPUTER SCIENCE

DEPARTMENT OF MATHS AND COMPUTER SCIENCE
FEDERAL UNIVEREITY OF TECHNOLOGY
MINNA, NIGER STATE

NMARCH, 2007




CERTIFICATION
| certify that this project was carried out by Adigo Y. Attah
(PGD/MPS/1183/05/06) of the Department of Computer Science, Federal

University of Technology, Minna, under my supervision and approval.

Dr. Y.M. Aiyesimi Date

Dr. N.I. Akinwade Date

External Examiner Date

il




DEDICATION

To God almighty who has given me the strength to complete this werk. God is

Great!

iii




ACKNOWLEDGMENT

The researching and writing of a project of this nature could hardly be a
one person endeavour. A lot of individuals assisted me in various ways and at
different stages of this project.

Therefore it becomes difficult ‘o enumerate and thank all of them but a few
whose contributions proved to be valuable to the production of tihis work.

| express my profound gratitude to God Almighty, who has given me the
strength to complete this work.

Witﬁ every sense of sinceriiy, I most recognize and acknowledge ihe
support | received from my immediate family especially my parents, brothers and
sisters, for all their sacrifices support and understanding. | deeply appreciate ali
they did for me by way of moral, financial and prayerful support.

My words of appreciation go to my supervisor, Dr. Aiyesimi for his efforts,
and his corrections here and there.

Further, | am indebted to M~. Jiya, His contribution towards this project has
proved to be valuable.

| also owe much thanks to (he others lecturers of the computer science
department.

Finally, thanks are due to Emcke Awagu, for all his efforis.

iv




3.4
3.5
3.6

4.1
4.2
4.3
4.4
4.5
4.6
4.7
48
49
4.10
411
412

5.1
5.2

Sample and sampling techniques
Instrument for data collection
Methods of data Collecticn

CHAPTER FOUR - SOFTWARE DESIGN AND
IMPLEMENTATION
Construction of the Problem
Analysis of the Northwest Corner/Stepping Stone Method
Implementing the transportation algorithm
Description of statistical tool used
The least square method of estimating trend
Statement of Hypothesis
Uses of the analysis of time series
Method of time series analysis
Validity checks of the model ,
Reliable prediction of System performance -
System flow chart
Program flow chart

CHAPTER FIVE — CONCLUSIONS AND
RECOMMENDATIONS
Conclusions
Recommendations
References
Program Listing

vii

14
20

40
41




LIST OF TABLES
21 Problems of transportation
2.2  Northwest corners/stepping stone method
4.1 Initial solution result
4.2 Optim~! solution
421 Manzf.‘ncturer shipping schedule
4.8.1 Showing least squafe méthoa using time series
482 Showing chi- square calculated

4.10.1 Comparing and examining the model for system performance

viii




- CHAPTER 1 -INTRODUCTION.

Transportation can be defined as the conveyance or the movement of
goods and materials from one place lo another. Transporiciion has
been a vital activity of man over ithe ages of development. The need
for the movement or conveyance of goods arises from the fact that
they have to be tcken to where desired after being produced. Tne
transportation of goods arises from the need to satisfy basic needs be i

social, cultural, or business.

In Nigeria, and most other African couniries, fransportation is operated
in four main areas namely; Air, Road, Rail and Water. This research is
concerned with the road Trcnspor’roﬁdn. All of this iransporiation
means serve a common purpose and that is movement of peopie cnd
goods from one place to another. Transportation is faced with various

| types of problems which affect the movement of people and goods

from one location 1o another. The road itransport system is faced with
numerous problems namely: High fares, scarcity of fuel which leads io
the delay of distributing goods from the source to their various
destinations, disregard of traffic rules by road users which lead fo
accidents, armed robbery, lack of good roads, lack of traffic lignt and
traffic facilities, fraffic accident analysis. All of these lead {o the road
transportation problem in the country.

Transportation improvement primarily focuses on overcoming a
common obstacle, which is the distance between places. This is seen
as a barrier in terms of {ime and cost and will solve to an exient the
problem of safely, convenience and comfort. In eifect, any
improvement in transportation that leads to reduction in either ime cr
cost or both overcomes the major barrier presented by distance. More
often than not, transportation rcutes are siraight lines beitween two




places with the exception of mountain or water bodies, posing as
obstacles to a straight line.

1.1 - Background Of The Study

Trénspor’roﬁon model is concerned basically with the transporiation of
homogenous producis or service from a number of sources, offen
called origins that have specific quantiiies of supply 1o a number of
destinations with certain quantities of demand.

Transportation problems are ofien used in fransportation pianning, for
instance, where goods are at a warehouse, the problem might be o
assign warehouses as the source, the customers as destinalions and the

costs to represent the per unit transportation cost.

Coca-Cola is the most successful foreign company i'k'cmsc'cﬁng
business, especiailly in Asia, according fo an expatriate business
executive in a recent survey published in Hong Kong in 2005 by «
pharmacist Dr. John Styth Pemberton in his hour Africa Georgia USA.

Dr. Pembertion’s pariner, Mr. Frank M. Robkinson gave coca-cola its
fancy name that distinguishes the famous trademark. Coca-cola's
‘confem‘ remains secret has it has for over a hundred years. The formula
known as "MERCHANDISE 7X", is kept in a special security vauit in a
bank in United States.

Firstly, coca-cola is distributed in two different ways: Depot and Basic

»  Basic
This deals with sales trucks cand how they are being loadad,
according to their request from the customer. Their recuest
cdepends on the sale root, they load on a daily basis after which a
settlement sheet is prinled for each truck. This settlement sheet
records what the salesman has taken out and what he reiumns




with. A case where the salesman returns without 5 crates would

indicate that he sold both minerals and bottles.
> Depol
It deals with the distribution in different form unlike Basic, it deals
with the daily stock position they disiribute on daily basis cnd
based on what the customer requast, the produce way bil /
invoice for goods transfer, which keeps frack of the goods that
have been transported to the depot and the name of the driver,
number of truck, the storekeeper will also sign with iime and date.
He will also record the quanlity, unit price and extended amouni
and when the goods is delivered to its destination. They receive
would have to send an acknowledge letter to confinm that
he/she has received the goods.
Manufacturers are the ones that produce the mineral in the company.
Aln the production planning they have their own hours of produciion,
which decls with the number of crates that wili be produced in an hour
e.g. 1008 per hour, fo meet ontimal solution they work harder so ihat
they can produce 1200 per hour, the scheduling time stipulates the
number of hours and cases expected in production figures.

1.2 - Statement Of The Problems

Transportation problems involve finding the cheapest way of shipping
goods / producls from certain sources to certain locations or
destinations. The numerical label on a segment is the cost of shipping
one unit of coca-cola truck along the route. Sometimes shipmeni rouie
which are actually used are drawn. Cases abound where suppiy may
be less that the demand or may e:'ceed the demand. in this case he
model is said to be unbalanced. |




1.3 - Purpose Of The Study

> To design a model that will minimize the total fransporiction cost

consequenlly maximizing the total transportation profit.

»  Toschedule vehicles for the distribution of goods to essentiai route
with the aim of transporting goods from certain sources of supply
to certain destinations at minimum cost. This would be done such
ihat the transportation schedule would be worked out o
minimize the franspori cost by delermining an initial basic feasible
solution.

» To provide a means of determining a unique cilocaiion ihai

satisfies the demand and supply requirements simulicneously.

» To know the number of trips estimated in the trip generation
phase for each traffic analysis, the zone is matched with a frip
agiirocted to the zone by purpose fhough a zone io zone
impedance maitrix (time distance cost) in the trip distribuied step.

> To investigate the full social and environmenta! cost of road
freight.

1.4 - Significance / Motive Of Study

The transportation model helps this resecrcher to know the rumber of
routes expected to be used where (m = number of rows, n = number of
columns). It is usually summarized in tabular or matrix form. Columns
represent the destination while rows represent the source. The
transportation model is to deiermine, |, such that the ioial
transpc. " ilion cost is minimized. It mainly schedules vehicles- for the
distribution of goods / products from a certain source supply fo @
certain destination at a minimum cost. It also determines the nurnier

of units tfransported from source i to location |.
A




1.5 — Research Questions

2 How do the activities of the product demanded ai various
destinations affect the quantities supplied from the source?

> How cost effective is the method the company uses in delivering

their product or service?

P Is the optimal solution obtained in the method the company
aciopts in delivery of their product at various destinations?

1.6 — Scope Of Study

This research project is designed to examine or focus on the ccilivities of
transportation model distribution of goods from source to dastination
with the aim of achieving the optimal solution.

1.7 - Definition Of Terms

Avtomnled: This is a system of processing, designed 1o extend the

capacity of computer to perform certain tasks formerly cone by
humans, and control sequence of operation with human intervention.

Transportation: Is concerned basizally with ine movemeni of ceriain

products from a source to it numercus locclities or destinaiions.

Model: Is defined as an idealized cr simplified representation of a real
life situation, sometimes the system may ciready be in exisience or an
idea awaiting execution.

Route: Is a way, or course taken in 'geﬂing from starting point to ¢
destination, a round traveled in delivery, and selling or ccllecting
‘goods. Oris alink or part that links the source and destinaticn.

(63




Distribuiic=* Is the process whereby the products of the company is
transported and supplied to its customer, i.e. meving of goods from one

company to different sets of customer or people.

Destin~*'on: The place where the goods are supposed to recich i.e. the

customer.

Turn Arcund Time: Is a time known to the coca-cola drivers, this means

they are expecied to return from distributing the producis.

Manufaciurer: These are the people that produce the producis /

goodis.

Sales Representalive: These are the people that follow the iruck and

distribute the product to the customers.

Stock: Is a document that contains the quantity of products needed by
the customer.

Load Qui: Is the number of crates that the sales man goes out wiih in ¢
trip.

Load Qui Reiurn: Is the number of crates that the sales man returns wiih

inatrip.

Overnic:iii: This means that the trucks are being loaded cccording o
their request.

fettlemeoent Sheet: Is used to record what the salesman has taven out of

the compcry and how many he has returned with, and the customer
to whom the crates have been sold to has to sign to coniirm ihai
he/she has paid or not.




CHAPTER 2 - LITERATURE REVIEW

A Literature review is an essential part of the research work that will help
the researcher achieve the desired goal. In any research work, inere is
a need to review a new related literature that is know and tesied.
Analysis of such existing literature or knowiedge provides fumigation

needed to build upon an existing system.

2.1 = The SGasic Transportation Model Problem

The transporiation model involves the manufacturers transporting
number of homogenous products from several warehouses (origin) to ¢
number of refincd stores (destination). Ecach siore requires b by the i
store a certain number ¢f units of the preduct, while each warchouse o
by the j, ils warehouse can supply up fo a certain numbear cmount.
The cost of fransporting a unit from the it origin to the jih destination is
Cj and is known for all combination {l, J}. The problem is determining
the amount Xj to be fransported over to source (I, J), so as io minimize
the total cost of transportation. The above problem can be excressed

in a tabular form.

Table 2.1 = Destinations

1 2 J N o
i Xi K12 X Xin | th
2 | X1 | X2 X2 Aon | @2
i Xi | X2 Xi Xin | Or
m | Xm1 | Xm2 Keni Kmn | Qm
bi |b1 |b2 ) Un




The amount shipped from origin i to destination jis xi. The tofol shipped
from origin i is a > 0 and ihe total received by destination jis b = a, we
impose the restriction that the total amount shipped is equal 1o the
total amount received i.e. Yo = Ybi. The total cost of shipping »; unif is
ci*xy since negative shinment has no valid interpretaiion for the
problein, one resiriction is that each x; 2 0. We can state the problem

mofhenﬁoﬁceily as follows:
“Find the vaiue of xi which minimize the toial cost of fransporiciion
m, n

nm .

Y ¥ i, xi, total cost of iransportation

i1 j=1

Supply ton x; € i l=1 == m (supply)

Y xi2biJ=1 n (demand)

Xi 2 0 (non negaiive)

2.2 - The Northwest Corner / Stepping Stone Method

This method involves working dicgonclly across the routes from the fop
left hand to the bottom right hand (south-east) corner. in crcer words,
one ccn start allocaiion from the upper left hand corner of ina given
transportation maitrix, satisfying the individual destination recuiremenis,
and exhausiing the origin capabilities on at a time. Then move fowarcs
the lower right corner uniil ali the requirements are satisiied. VWhen the
northwest corner rule is applied, there is no need to poy aiicnlion io
the relative cost of the different routes while making the firsi assignment

| (that is the initial soiuiion)




Table 2.2

To | A B e Capacily

X SO(TL-_-?’ El

1Y ioqzi mE 2] 259 |

z (7] ESE 50 750
demand | 00 4c

J 530 1550

Total cost: #i9,100.00
Check: m+n-1 = The required number of routes expected to be in use

.3+ 3-1=03. (conaition salisfied)

Note that the inilial cost = E{unit allocated * unit cost in eccin occupied

cell)
( (500*8) + (100*5) + (150*4) + (250*8) + (500*4) ) = 9,100.00.

Step 2 - Test table 1 for optimality literafion 1) using the stepring sione

method procedure.

Stepping stone method is based on evaluating the empiy celis by
carefully stepping on the occupied cell {clockwise or anti-clecikwise). if
an emply cell is stepped on, which is bing evaluated, has o positive
actual cost, while the next occupied cell which can make us fumn
leftward, rightward, up-ward or down-ward icke a negcaiive aciucl

cost. The next turn interchanges sign.
XB = 10-4+5-8 = 3 (Additional cost of N3/urii).
XC = 7-4+8-4+5-8 = 4 [Aciclitional cost of N4/unif).

YC = §-4+8-4 = 8. (Acditional cost ~f N8/unili).




1A = 6-5+4-8 = -3 (Additionc! saving of N3/unit).

2.3 — Analysis Of the Existing System

In‘ihis anaiysis, this research attempts o review of the exisiing system io
give an exposition of bolh input requirement and iz ouiput
requirement or expeciafion. In order tc appreciate where we cre
heading to, the systam in review ic the Nigerian Botting Company
Coca-Coia Kaduna Pic. The system is manuai, using worc processing
and spread sheet packages for manipulation of text and caicuiation.
This is a very tedious process to be used in continuous regetition cf the
process in creating the structure for record reports and in storing data
information. In orcder to maintain its position with the present
technology and to win over completeness and challenges wiih other
producing indusiries, the company nas to improve in its iechnciogy by

fully computerizing all iis systems in the company.

2.4 - Comparative Analysis Of The Transportaiion Model

Transportation model is classified into three types:

»  The Norlhwest Corner Method Rule.

>  The Least Cost Method.

>  The Vogel's approximation Method (VAM).

In all inese iransportation models, vie can find the following sciution

] Finding an initial sclution, vvhich is feasible from the point of

¢ ailabilities and renuirement of sources

2 Examine the solution of optimality and examine if an imoroved

transporiation schedule lower cost is possible.
10




3 Repeat step (i) until no further improvement is feasible.

2.5 — Problerm Of The Existing Sy~tem

The manual system of compuling distribution of goods gives room for
inefficiency, time wastage, profit manipulation, misleading and / or
unreliable reports.  Below are some of the magjor seibacks of the

manua! distribution process:

o Humans often have an inherent dislike to work. There is a loss of
concentraiion and routine work due to one thing or the other.
Delayed information retrieval among other things constitutes

unnecessary decision.

o Profit manipulation end of year purchasing policy can be used to

mcinipulate profit.

¢ Lack of security departments: routine documents are not properly

secured and are exposad to all sorts of hazard.

2.6 — Solution To The Existing Problem

The mcior objective of the project Ais to design software that can be
implemented to alleviaie the problem associated with the maonual
system of compuiing distributed system. It will modify the existing
system, which in most cases has led to poor report processing. The
implementation of the automated system will among other things give
rise to timely decision making, azcurate computation of opiimum

quality of goods distributed as requirad.




CHAPTER 3 - DESIGN PROCEDURE

Research encompasses activities that increase the sum of human
knowledge [OECD Definition].

&

Research and experimental development comprises:

» creative work undertaken on a systematic basis in order to
increase the stock of knowledge, including knowledge of humanity,
culture and society, and the use of this stock of knowledge to devise

new applications; [OECD Definition]

* any activity classified as research and experimental
development is characterised by originality; it should have investigation
as a primary objective and should have the potential to produce resulis
that are sufficiently general for humanity's stock of knowledge
(theoretical and/or practical) to be recognisably increased. Most
higher education research work would qualify as research and
experimental development. [DEST 2002, HERDC Specifications for the

collection of 2002 datc]

Research carries with it a professional and ethical responsibility to
disseminate and apply the resulis of research activity and to conduct
research in a manner consistent with the Statement and Guidelines on
Research Practice. An essential characteristic is that it leads to publicly

verifiable outcomes which are open to peer appraisal.

The complementary activity of scholarship refers to possession of an
.ex'rensive and profound knowledge of an academic discipline and the
analysis and interpretation of existing knowledge aimed at improving,
through teaching or by other mecins of communication, the depth of

human understanding. This chapter infroduces various design

12




techniques, instrument for data collection, instrument for data analysis
and administration of instrument as may be necessary to achieve the

design goal.

3.1 - Research Design

Research includes pure basic research, strategic basic research,
opplied‘reseorch and éxperiménfol development [ABS 1998, Ausiralian
- Standard Research Classification]

Pure basic research is experimental and theoreiical work undertaken to
acquire new knowledge without looking for long-term benefits other
than the advancement of knowledge.

Strategic basic research is experimental and theoretical work
undertaken to acquire new knowledge directed into specified broad
areas in the expectation of useful discoveries. It provides the broad
base of knowledge necessary for the solution of recognized practiccl
problems.

Applied research is original work undertaken primarily to acquire new
knowledge with a specific opplicd’rion in view. It is undertaken either to
determine possible uses for the findings of basic research or o
determine new ways of achieving some specific and predetermined
objeciivcs.

Experimental development is systematic work, using existing knowledge
gained from research or practical experience that is directed 1o
producing new mc:teric:ls., proclucts or devices, to instaling new
processes, systems and services, or to improving substantially those

already produced or installed.




3.2 - Area Of Study

The area of study is the transportation department of Nigerian Bottling
Company, Coca-Cola  Kaduna, and the study is basically on
transportation model of the company's sales and distributing activities.
The study focuses on the analysis of the distribution of three major

products of the company.

3.3 - Population Of The Study

In the cause of collecting data for this project, 63 quesiionnaires were
given ouf to the company staff of the company. Out of these, 57
people responded, 11 of which were senior s;‘of'. In addition to this,
one principle staff and distribution manager were interviewed. Also the
researcher scrutinized distribution sales journal and annual distribution

sales reports.

3.4 - Sample and Sampling Techniques

If you survey every person or a whole set of unils in a population you
are taking a census. However, this method is often impracticable; as it's
often very costly in terms of time and money. For example, a survey
that asks complicated questions may need to use trained interviewers
to ensure questions are understood. This may be too expensive if every
person in the population is to be included.

Sometimes taking a census can be impossible. For example, a car
manufacturer might want to test the s’rrengfh. of cars being produced.
Obviously, each car could not be crash tested to determine its
strength!

To overcome these problems, samples are taken from populations, and

estimates made about the fotal population based on information
14




derived from the sample. A sample must be large enough to give a
good representation of the population, but small enough to be
manageable. In this section the two major types of sampling, random
and non-random, will be examined. -

RANDOM SAMPLING

In random sampling, all items have some chance of selection that can

be calculated. Random sampling technique ensures that bias is not
introduced regarding who is included in the survey. Five common
random sampling techniques are:

* Simple random sampling,

* Systematic sampling,

» Stratified sampling,

» Cluster sampling, and

* Multi-stage sampling. |
'SIMPLE RANDOM SANPLING

With simple random sampling, each item in a population has an equal

chance of inclusion in {he sample. For example, each name in a
telephone book could be numbered sequentially. If the sample size
was to include 2,000 people, then 2,000 numbers could be randomly
generated by computer or numbers could be picked cut of a hat.
These numbers could then be matched to names in the telephone
book, thereby providing a list of 2,000 people.

A Tattslotto draw is a good exampie of simple random sampling. A
sample of 6 numbers is randomly generated from a population of 45,
with each number having an equal chance of being selected.

The advantage of simple random sampling is that it is simple and easy
to apply when smaill populations are involved. However, because every

person or item in a population has to be listed before ihe




corresponding random numbers can be read, this method is vory
cumbersome to use for large populations.
SYSTEMATIC SAMPLIMG

Systematic sampling, sometimes cailed inierval sampling, means that

there is a gap, or interval, befweén each selection. This method is ofien
used in industry, where an item is salected for tesiing from a production
line (say, every fifteen minutes) to ensure that machines and
equipment are working to specification.

Alternatively, the manufacturer might decide 1o select eveary 20ih item
on a production line to test for defects and qudlity. This technique
requires the first item to be selected at random as a stariing point for
testing and, thereafter, every 20th ifem_ is chosen.

This technique could also be used when questioning people in @
sample survey. A market researcher might select every 10th persen
who enters a particular store, after selecting a person at random as a
starting point; or interview occupants of every 5th house in a sireet,
after selecting a house at random as a starting point.

It may be that a researcher wants to select a fixed size sample. In this
case, it is first necessary to know the whole population size from which
the sample is being selected. The appropriate sampling interval, 1, is
then calculated by dividing population size, N, by required sample size,
n, as follows: 0

I=N/n

If a systematic sample of 500 students were to be carried out in o
university with an enrolied populition of 10,000, the sampling interval
would be:

I =N/n=10,000/5C0 =20

Note: if is not a whole number, then it is rounded to the nearest whole number.

All students would be assigned sequential numbers. The starting point

would be chosen by selecting a random number between 1 and 20. If
16 '




this number was 9, then the 9th student on the list of sfudents would be
selected along with every following 20ih siudent. The sample of
students would be those corresponding 1o student numbers 9, 29, 49,
<) J— 9929, 9949, 9962 and 9989.

The odvdntoge of systematic sampling is that it is simpler fo select one
random number and then every ‘lth’ [e.g. 20ih) member on the lisi,
than to select as many random numbers as sample size. It also gives a
good spread right across the population. A disadvantage is that you
may need a list to start with, if you wish to know your sample size and
calculate your samnling inferval.

STRATIFIED SAMPLING

A general problem with random sampling is that you could, by chance,

miss out a particular group in the sample. However, if you form ihe
population into groups, and sample from each group, you can make
sure the sample is representative.

In stratified sampling, the population is divided inio groups called straia.
A samnle is then drawn from within these straia. Some examples of
strata commonly used by the ABS are States, Age and Sex. Other straic
may be religion, academic ability or marital staius.

The commitiee of a school of 1,000 siudenis wishes to assess any
reaction to the re-introduction o' Pasioral Care inlo the schocl
timetable. To ensure a representative sample of students from all year
levels, the commitiee uses the siratii ed sampling technique.

In this case the s’rrcﬁqore the y:zar levels. Within ecch sirala ihe
commitiee selects a sample. So, in a sample of 100 students, c.ll year
levels would be included. The s'udenis in the sample would be
selected using simple random sampling or systematic sam»ling within

each siraia

17




Stratification is most useful when the stratifying variables are simple to
work with, easy to cbserve and closely related io the topic of the

survey.

An important aspect of siratification is that it con be used to select
more of one group than anoiher. You may cdo ihis if you feel that
responses are more likely to vary in one group than another. So, i you
know everyone in one grbup has much the same value, you bnly need
a small sample to get information for thal group; whereas in another
group, the values may differ widely and a bigger sample is needed.

If you want to combine group level information to get an answer for
the whole population, you have to take azcount of what proportion
you selected from each group (see ‘Bias in Estimation' on page 184).
CLUSTER SAMPLING |

It is sometimes expensive to sprecd your sample across the populafion

as a whole. For example, trave! can become expensive if you are using
interviewers to travel between people spread all over the country. To
reduce costs you may choose a cluster sampling technique.

Cluster sampling divides the population into groups, or clusters. A
number of clusters are selected randomly to represent the population,
and then all units within selected cluste s are inciuded in the sampie.
No units from non-selecied clusters are included in the sample. They
are represented by those from selected clusiers. This differs from
strafified sampling, where some uniis are selecied from each group.
Examples of clusiers may be facicries, schoois and geographic areas
such as electoral sub-divisions. The: selected clusters are then used to
represent the population.

Suppose an organization wishes to find out which sporis Final Year

students are participaling in across Nigeria. It would be too costly and

18




take too long to survey every student, or even some siudenis from

every school. Instead, 100 schools are randomly selected from all over
Nigeria.

These schools are considered to be clusters. Then, every Yecar 11
student in these 100 schools is surveyed. In effect, students in the
sample of 100 schools represent all Final Year stucdents in Nigeria.

Cluster sampling has several advaniages: recduced costs, simplified field
work and adminisiration is more convenient. Instead of having «
.somple scattered over the entire coverage areq, the sampie is more
localised in relatively few cenires (clusters).

Cluster sampling's disadvantage is that less accurate resulis are ofien
obtained due to higher sampiing error (sce section Information -
Problems with Using) than for simple random sampling wiih the same
sample size. In the above example, you might expect to get more
accurate estimates from randomly selecting students across cll schocis
than from randomly selecting 100 schools and taking every student in
those chosen.

MULTI-STAGE SAIMPLING

Multi-stage sampling is like cluster sampling, bui involves selecting a

sample within each chosen cluster, rather than including all uniis in the
cluster. Thus, mulli-cizge sampling ‘nvolves seleciing a sample in at leasi
two stages. In the firsi stage, large groups or clusters are selected. These
clusters are designed to contain mare population unils than are
required for the final sample.

In the second stage, population units ar> chosen from selected clustars
to derive a final sample. If more than two stages are used, the process
of choosing population units within ciusiers confinues uniil the final

sample is achieved.

19
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An example of mullistage sampling is where, firstly, electoral sub-
divisions (clusters) are sampled from a cily or siaie. Secondly, blocks of
houses are selected from within the elecioral sub-divisicns and, thircly,
individual houses are sclected from wiinin ihe selected blocks of

houses.

The advantages of multi-stage sampling are convenience, economy
and efficiency.v Multi-stage sampling does not require a complete list of
members in the target pepulation, which greaily reduces sample
preparation cost. The list of members is required only for those clusters
used in the final stage. The main disadvaniage of mulii-siage sampling
is the same as for clusier sampling: lower accuracy due to higher

sampling error

3.5 = Instrumes:t For Data Collection

To adequately address the research questions a variety of daia
collection methods and instruments will be used. These methods ana
instrumenis are not specific to any'one question but provide data that
when used in combinations will address the research guestions.
Examples of each of these instruments, with a description of daia fields

and adminisiration, are avaiable in Appendix B.
The data gathering instruments are:

o User Request Svey: a series of questions 1o be answered by users

who ask to use an Experimentc! Title in storage. This instrument
accompanies all Stucly Tilles or copies of ariicles from Siucy Titles

requested from Siorage Locations.




» Refurn Requesi Forms: copies of standord forms completed by library

staff or users when making a request for returns cr copies from

experimental Study Tilles.

* Experimenial Use Woriksheets: quarterly activity reports irom Storage

Fc;ciliﬁes summarizing, by Study Tiile, return requests and {ulfiliment

details.

» Conlrel Use Vierssheeis: quarteriy aclivity reports from Conirol Sites

summarizing, by Study Tille, the number of uses as measured by

reshelving counts.

» Conirol Use Data Siips: slips, inserted in each piece of a Stuay Title, for

staff at Control Sites 1o record ail reshelving instances by date.

e Digiial Use Repciiz: transaclion data from Providars for elecironic

access to Digital Study Tiiles from Experimental and Confirol Sites.

e Phase | Cost Worksneeis: Financial repoits from campuses and

storage facilities on actual costs and stalf effort in establishing the

Expeiimental and Control Treaiment.

e Phase !l Srecial Coct Sudies: a series of camnpus focused

examinations of cost increases or decr ases in subscriptions, licensing
fees, binding, copyinn, handling, or other areas that may be impacted

by the Experimental Treatment when app'izd over an extended time.

* Formative Interviews: interviews with select users to inform the design

of a system wide survey on user pieferences and behaviors.

o Struciured Interviews: interviews with a broad range of users ond

library staff familiar with the Study Titles to examine preferences and

behaviors with in the specific context of a parlicular Study Tille.
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* User Preference Surveys: a widely administered survey to users of both

print and digital forms of journals, incorporating questions developed in
the Formative Interviews on characteristics of journcis, users, purpose of
use and the user environmeni that influence the acceptability of digital
or prini.

o Comment Cards: cards at service localions in Control and

Experimental Sites and a web site comment function cffering users and
staff a vehicle fo coniribuie reactions, suggestions and ideas on ihe
Experimental Treatment.

 Storacie Repoits: reports from storage faciiities with measurements of

volurnes and linear feel used by each Study Tille.

o Studly liile Charncierisiics Worksheel: an examination of each Stucy

Title in both digital and print form against a stanciord list of typography
and content features drawn from literature and tested in the Formative

Interviews.

e Consuitaiion Frocess Survav: a survey administered to CMI Campus

Liaisons on the effecliveness of the consuliation and decision making
processes nceded to achiave the experimental condition.

3.6 - Miethods Of Data Collc*ion

Common methods are:
e Inferviewing
« Questionnaires
o Observation
« Repertory Crids
« Concepl Mapping
« Joint Applicalion Design
« Contexiual Design




Interviewing is the rnhost widely used technique in reguirements
engineering.
Analysis inferview future users of the system individudaily to find out

- what the present system does and

« what changes are needed. |
The information gainered during the interviews enables the analysis 10
design a new system thai will elimirate the shoricomings of the current
one.
An cliernative 1o inferviewing individuols s the group interview
conducted by an impariial leader.
A representative method is Joint £pplicotion Design (JAD), developed
and taught by IBM.
The adveatages of JAD are that

« the analysis phase of th~ life cycie is shoriened and

» the specificalions document preduced are belter acceniad
by the users.

Requirements anaiysis should noi start uniil there is a clear siatement of
scope and objectives of the project.

The next phase is to build a logical mod' 2l of ihe sysiem {one which
does not depend on details of implemeniation), usually by one of the
following methods:

o Infervievs g users 1o build a physical model of ihe present
system, abstracting this 1o a logical model of the preseni
system, cnd then incorporating desirable changes so s to
create the logical model of the future sysiem.

e Crgenizing a workshop_‘wiih group methods such as JAD to
create the logical model of the new system direcily, wilhout
the intermediaie sieps of the physical and logical models of
the present system.

The logical model of the new system becomas the requiremen's
specification.

Typically, it contains:
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An introduction containing the scope, goals, and cbjectives of
the system.

Data flow diagrams depicting the workflow of the new system,
including the clear identification of business fransaciions.

A project data model (e.g. ER model).

Information needs: which types of quesiions will be asked of
the system and which data will support the answers.

Interfaces with other systems.

sample report, screen, and form layouts, if required.
Operational information such as processing frequencies and
schedules, response time requirements, resource utilization
constraints.

Measurable criteria for judging the implementation.

The final test of the system, the user acceptance tesi, should be

conducted as a benchmark against this document. Therefore, all those

factors that will determine whether the users are satisfied with the

system should be documented and agreed upon.

There mnv be a final step in the requirements analysis--to have the users

and top management sign off .on the specification document. (In most

cases, if sufficient contact is maintained with the users during the work,

this step is not necessary.)

We need to review the present sysiem before designing a new one,

because:

L]

it gives the design team a good grasp of the business
problems '

it lets them understand the environment in which the new
system will operate

it helps make sure everything needed is considered

it helps to relate the néw design to the old one for ease of use
it enhances cooperation between project team and users
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CIIAPTER 4 - SOFTWARE DESIGN AND

IMPLEMENTATION

4,1 - Construction of the Problem

From table 2.2 in chapter 2, we show how the Northwest Corner

Method/Stepping Stone Method is shown below.
Note

o Negative values computed implies that the route *Z has a saving
of N3 per unit. Thérefore if is considered wise if if ZA is put into use.
Given the above position, we revisit table 2.2 and show the
required movement, which will aid the re-allocaiion of unils in
Table 4.1

¢ The maximum quantity must be moved into ZA without changing
the existing row and column totals. A plus sign is inserted into ZA
and plus and minus signs in other various occupied cells

according to their actual pattern

Table 4.1: Initial solution revisited (showing the requircd movement

use of route ZA)

To | A B C Capacity

X 50 500
Y IOE 15 250
+ E’ 25 SO(E:I 750

demand | 600 400 500 1500
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Step 3: Reshuffle the unit to be allocated according to the dictate of
the plus and minus ~gns by the movement in table 4.1. In other
worcls the units to be transferred to ZA are those of the route with the
smallest quantity and has a minus sign. The route YA goes cui of use

« in table 4.2, and is replaced by ZA.

Table 4.2: Optimal Solution

To | A B @ Capacity

X 50 EE’]
! 51 ™
Z ] O(E] 1 S(E' 500

demand | 00 400 500 1500

500

250

==

750

Total cost: N8,800
Step 4: Test table 4.2 for optimality.

XB=10-8+6-8=0 {No additional cost or saving)
XC=7-4+6-8=1 [Additional cost of N1/unit)
YA =5-4+8-6=3 (Additional cost of N3/unit)
YC =3-4+8-4 =8 (Additional cost of N&8/unif)

Given that the outcome of step 4 are all positive, it shows that no
other route would give us further saving. We, therefore, conclude
that the allocation in Table 3 is optimal. Hence we recommend the
following shipping schedule fo the manufacturer.

x A 500
Y B 250

b A 100
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Z B
/A C

150 8
500 4

E

Tolal Tronsportofioh Cost

ol
A

4.2 - Analysis of the Northwest Corner Method

The Nigerian Boﬁling Company Coca-Cola Kaduna Plzc, has various
numbers of trucks which are in working condition and piy the various
routes daily between the hours of 6:00am and 10:00pm (16 hours
daily). We therefore base the research on the Kaduna metropolis.
Every morning the transport officer schedules the number of irucks
per cday from it different types of trucks to five of the following routes:

Laria, lgabi, Makarfi, Ikara and Kauru.

Though the Northwest Corner rule is a simple procedure for obtaining
a basic feasible solution of the transportation problem, the soluiion
may however, be different from the oplimum solution, since ihe

transportation costs are not taken into consideration like the Least

Cost Method.
T ikara | Kauru | Zaria | lgabi Markafi | Capacity |
From B
Q 200 |50 250
40 4D 70 70 20

R 150 | 60 70 280
55 :IUO 90 90 20

S 50 50 100
40 50 60 79 15

T 20 20
35 30 40 10 10

demond [ 250 | 50 120|110 920 132
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The associated transportation cost is N35,600.

The staircase pattern is shown in the model below and shcws that

the solution is valid.

XY
=

4.3 - Implementing.the Transporting Algorithm

The computer has become an increasingly important tool of
operation research. Management Information Systems (MIS) allows
the researcher to use operation resecrch to manipulaie,
computerize, compute, analyze and monitor company

performance against projects and budget.

Decision support sysiem allows an anaolyst to manipulate the
variables of a computerized model of a real system fo test and
evaluate the consequences of alternative programs before they cre

implemented.

Hence the use of mathematical programming w/hich is the
theoretical tool of management science and economics, in which
management operations are described as LINEAR PROGRAMMING,

an example of the mathematical model given for units transported
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from a particular source 1o a destination. If more complex forms are

required, the term non-linear programming is appiied.

Mathematical programming is used for planning, produciion
schedule, military logistics, calculating economic growtnh and
transportation problems. This is possible by inserting assumed values

for variables in the equations and solving for the unknown.

4.4 — Deccription of the statistical tool used.

The statistical fool employed in this study is the time series anaiysis as

explained below:

> Time_Series Analysis: The time series analysis is defined as

statistical data which are collected, observed and recorded
al successive interval of time. It is also defined as reccrding
cbservation of a variable, which is the function of fimes that
results in a set of numbers. Time series daia are set of daia
from quantitative events that are recorded over a period of
iime. The analysis of time series data on these circumstances

usually focuses on two types of probiems.

o Attempling to estimate the factors of components that

produces the pattern on the time series.

o Using this estimale in forecasting the future behavior of

the time series.

4.5 - The least square method estimating trend

The saiisfactory method to describe a trend is to use a mathematicaol
equation. The type of equation chosen depends on iha nature of

the phenomenon under study. If the vaiues in the time series are
29




expected to increase of decrease at a constant rate, a straight line
fit to the data is used. But if a constant percentage rale of change
is expected, an exponential curve may be used. Varicus curves may
be.used depending on the circumstance, bui ¢ sircight line and

sexponential curve are the most common used.

Let the variable x represents the independent variabie of the fime
series, which is time and vy represents the value of dependent
variable. x stands for the number of years ond y siands for the
" number of producis/crates. Yecrs(x) are coded in such a way thal

the sum is zero, then the linear trend equalion can be given as:
Yi=a+bx+ e
Feri=1,2,...,n

xy is the coded years and number of products/crates

4.6 - Statement of Hypothesis

Hypothesis is a conjectural prbposiﬁon, informed and intelligent
about the solution to the problem whose voracity and significance is
to be established.
Hypothesis .
Ho: a = b = 0 (Estimaies are not significant)

Hi: at least on differ from zero

Note: If Hi holds, then estimates are reliable or accepied.

4.7 - Uses of the analysis of time series

30




> It helps in understanding the past behavior of variables and
also in determining 1.he rate of growth, the extent and direction

of periodic fluctuetions.  The transportation manager wno
wishes to know whnether the product distributed is fair, when

. and why if fluctuales, and how it is compared wiin the number
of products needed. To the economist, the desire io trace the

frend of goods and examine ithe upward and downward

movement of arrival time, such analysis is of great help.

> To study the past behavior of variables enabies us to predict
the Tuture tendencies. To business executives who are 1o plan
their production programmes such as analysis, it is of great
assistance.  With ihe help of this analysis, the approximate

estimate of the future demand can be made.

> Knowledge of the behavior of the variable enables us 1o iron
out infra-year variciion. These make effective adversitements
to reduce seasonal ups and downs in fransporting

goods/products.

» The determination of the impact of various forces infiluencing

ciiferent variables to facilitate their comparison.

4.8 - Me"hod of time series analysis

These include:
> Secular meihod
> Free hand method
> The semi-average method

> The moving average method
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» The least square method

We shall limit this analysis to Least Square Method of the Time Series

Analysis.

Table shoviina Least Square ietiind using fime “zries

Years(x) No of Crates | X X2 Ry

1995 116000 -5 25 -580000
1996 122500 -4 16 -450000
1997 126500 -3 9 -379500
1998 133500 -2 4 -2670K

1999 140000 -1 1 -140000
2000 148000 1 1 1480C0

2001 155000 2 4 310000

2002 162000 3 ? 486000

2003 169000 A 16 676000

2004 174500 5 25 872500

Yy=1447000 | ¥x=0 2x2=110 2=636000

b =3xy = 636000 = 5781.82
>x2 110

a=3y= 1447000 = 144,700
N 10
Therefore, yi = 144,700 + 5781.82%i .....cuu....... ]

To predict the number of crates that will be supplied in 2005, 2006 and

2007, we put x to be 6, 7 and 8 respectively in equation 1.
When x = 6, then yi = 179,391.
When x =7, then yi = 185,172.

When x = 8 then yi; = 190,955.
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Table showing chi-square caiculated

HO: Supply is independent of the destinations.

H1: Supply depends on the destination.

HO stands for null hypothesis while H1 stands for citernative hypothesis.

Decision

If the Chi-Square calculated is less than the Chi-Squore fabulated, then

HO is accepted, otherwise HO is rejected.

Calculated =16,413.77

Tabulated = 9.48

Since calculated > tabulated, we reject HO and coenclude 1hof supply

 depends on the deslination.
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Destination Observed Supply | Expecled Surnly (O-e)2/e
lgabi 116,000 143,800 5374341
Mokorfi. 126,500 143,300 . 2081.29
| Kauru 140,100 143,600 100.42
lkara 162,000 143,800 2303.46
Zaria 174,500 143,800 45340.17
> =16,413.7

Hypothaeis




4.9 - Validity checks of the model

A model is only redlistic from a particuiar point of vieve. The
appropriateness of a model is dependent on the context where it
‘will be used. A model should be tested continuously while it is been
constructed. If it's testing is not ccrried out on in parallel wiih iis
construction, the model tends to acquire sanclily during
deveiopment that makes it difficult to evaluate the model objeclive

after iis completion.

When a model i; compleied, it should be tested as a whole, if it faiis
such testing, the nature of its deficiency should be determined and
correcied. The kinds of deficiency that a model can suffer are as

follows:
» I may include irrelevant variables.
> It may exclude relevant variables.
> One or more relevant variables may be evaluated incorrecily.

> It's structure (i.e. the function that relates performance to

control and uncontroiled variablzs) may be in error.

The technique that can be used in ieéiing for these types of
.deficiéncies is statistical in nature. A common method for testing the
validity of a model is to compare its performance with PSS + data for
the actual system. Unfortunately in our own case it was not possible to
obtain reliable historical data of Coca-Cola Kaduna. OQur manucl
solution wass thus compared with the compuied solution. With ol this in
mind and with the fact that our problem was using the modesl, we

could correctly say that our mocdiel is valid.
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A model is then said to be valid if it can give a reliable prediciion of ils
system performance. It was achieved as it helped us fo find an
optimum way of scheduling the truck of our five destinations as well ¢s

minimizing our transportaiion cost.

4.10 - Reliable prediction of system performance

Comparing and examining the models we can deduce these resulfs

from below:
Type of Truck Destinalion No of Crates tcken
Truck Q lkara 200
Q Kaura 50
Loty R Laria 180
R lgaioi 60
R Makarii 70
Bus S lkara ‘ 50
3 Zaria 50
J-Five T Mcrkali 20
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4.11 - System Flowcharti
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Fig. 3. Setting up transport cost
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CHAPTFR 5 — COMNCLUSIONS AND RECOMMENDATIONS

" 5.1 - Conclusions

This proizct demonstrates some of the potential benelit which ihe
transporiction industry can derive from the use of opercalion researcn
techniques. This project research wes infroduced in the project by
defining terms like lorries, iransportation and irucks of ihe Nigerian
Bottling Company.

The methed of solving e “Transportation Problem™ was enumerated
therefore, and a praticc! and physical problem was solved using these
methodls.

It was observed that the Northwest Corner Method was the simplest
method to apply and the only method to have a basic ieasible
solution, but did not have an optimal stariing solution.  As against our
objeciive of study, the Northwest Corner Method has ine highest
transporiation cost inits solution.

The Vogesl's Approximation Method and the Least Cost Methed
showed ihe optimal siarling solution while the Norlhwest Corner
Method shows the basic feasible solution.

Goods/Products are transported to five different Local Covernment
Areas from Kaduna (origin) each day. Other data coliection
considered - fypes of trucks, capacity, number of trucks, maintenance
cost, time taken for each lrip was necessary to determine ihe average
cost. From this data our solution vias derived and tesied and ihe resuiis
of the mcdel were implemented to achieve a desired resuli.

There was a challenge in getiing data from Coca-Cola Kaduna as they
did not have the proper necessar’ records.

The time series model was used to forcast future time series values. We
began by realizing it could be uszful to think of a series as consisting of
trend, seasonal, cyclical and iregular componenis.  If these
components are remaining constant over time, ihen i is an
appropriate series regression model. We discussed using such mode!s
to describe trend, a linecr trend, a quadratic trend, and constani
seasonal variation, and we saw that if the error terms exhibit first order
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autocorrelation, then we can model this by using a first-order auio-
regressive process. As an aiternative to using a iransformaiion and
dummy variable to mod~l increasing seasonal variaticn, to model
increasing seasonal vcariaiion, we can use muliiple decomposition
methed.

(P2

Discussion with pecple could only give ideas on how to go about the

“missing dala variables and why it was necessary fo do a rescarch on
the "Transportation Modeling”, not giving concrele information io help
with tha research. The method of mulliplicalion ond the modified
distribution method could oniy be meniioned and enumeraied or work
with because of insufficient time and limited resources. It is ihus very
necessary at this juncture to give some recommendation in ine light of
the preceding discussion.

5.2 - Recommendations

The management of Coca-Cola Kaduna should iry to keep record of
all transactions, be it dala of products, cost of maintenance, fare of
fuel(at diiferent times) etc. This will help in determining the schaduling
of lorries/trucks and other advices given based on the prediciion of the
model.

“n improvement should be made on the project research using the
method extensively as we have done with the Northwest Cerner
Methed.  This wouid further evolve possibly because of o betier
scheduling paitern, minimizing the transportation cost.

The management should adept the iransportation mocels for
transporting their producis for source to destinations. This will reduce
the fransportation cost and raximize profits.

Finally the software for the transportation model can be modified,
updated and upgraded to suit any organization wishing to cdopt the
~ transporiation model.
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System Flowchait

namespace CocaCola.BusinessEntitics
{

pubiic class AxesCollection : List<Axiss

{
pradic AxesCollection() { )

3 public new Axis thisfint index]
¢
get
{
forcach (Axis ax in this)
i (ax.Index == index)
return ax;

return null;

}
public AxesCollection SupplyAxcs

{

(&
0o
“r

-~

AxesCollection axc = new AxesCollection();
foreach (Axis ax in this)
If (ax.AxisType == AxisType.SupplyRow)
avc.Add{ax);
if (exc.Count == this.Count)
y .
axc = null;
return this;

}

return axc;

}
public AxesCollection DemandAxcs
{
get
{
AxesColiection ax¢ = new AxesColieciion();
foreach (Axis ax in this)
if (ax.AxisType == AxisType.DemandColumn)
axc.Add(ax);
if (axc.Count == this.Count)

{




%e = null;
return this;

return axc;

}
public boo! AllAxesHasVaiues
&
4 gel
{
forcach (Axis ax in this)
if (!az.HazValue)

rewurn false;
rctum tiue;

}
Wlend class AxesCollaction
public class Axis
I
#region Private Fields
1
intindex;
TransportCellsColiection rells;
public TransportCelisCollection Celis
{
get { retumn cells; }
set { cells = value; )
}
AxisType axisType;
1
#endregion
public Axis(int idx, AxisType type)
{
this.index = jdx;
this.axisType = typo;
this.cells = new TransportCeHsCo)lcc'lion();
this.value = null;
}
#region Properties
/!
public int Index
{




get { return this.index; }
set { this.index = value; }

}

public AxisType AxisType

{
get { retumn this.axisTypa; }

sct { this.axisType = value; }

private float? value;
public float? Value
{
get { retum thiswvaiue; )}
set { this.value = value; }
}
public bool HasValue
{
ozt { retumn this.value.HasValue; }
}
1
#endregion

Y/end ciass Axis

public enum AxisType { DemandColuimn, SupplyRow }

I <summary>

/] This keeps track of the current current cell in the transport
I </summary> ’

public class CellPosition

{

public CellPosition()

{
J/is.dCol = new DemandColumn();
//i4is.5C0l = new SupplyColuming);

}

Axis dixis;

Axis shxis;

public Axis DemandAxis

{

get { return this.dAxis; }
/fset




"

/I tiis.dAxis = value;
/I value Cells.Add(this);
I

public Axis SupplyAxis
{
2 act { return this.sAxis; }

//set
1
//  lhis.sAuis = valug;
I vaiue.Cells.Add(this);
I

public void AssignAxis(TransportCeil tc, Axis ax)
) ;

this. AssinnAxis(ax, iu.se);

ax.Cells.Add(tc);

public void AssignAxis(Axis ax, bool createNew)
{
if (cicateNew)
¢
if (ax.AxisType == AxisType.DemandColumn)
{
If (this.dAxis == null)
this.dAxis = new Axis(ax.Index, ax.AxisType);
clse

this.dAxis.Index = ax.Index;

elbe
{
if (this.sAxis == null)
this.~" s = new Axis(ax.Index, ax.AxisType);
else

this.sAxis.Index = ax.Inlox;




else

if (ax.AxisType == AxisType.DemandCelumn)

this.dAuxis = ax;

clise

this.sAxis = ax;

* 2
public everiide string ToString()
{
return "S:” 4+ this.SupplyAsis. Index. TeString() + ", D" + this.DemandAxiz.Index. ToSiring!);
}
Mlend dass Celivosition

public erum RelativeCellPosition { Top, Left, Right, Bottom, Invalid }

public class DarmandPaint

{
private int demand;
private DemandPointType demandType;
private int aliocation;

private AliccationStatus allocationStatus;

/! <surminary>
/] erman
] </suramary>
public int Demand
{
gut { return demend; )

/i set { demand = value; }

public int Regiiement

{

gt { return this.Demand - this Allocation; }

public AllocationStatus AllocationStatus
{
get { return this.atlocationStatus; }

set { this.allocationStatus = value; }




public int Alfocation
{
get { return this.allocation; )

set { this.allocation = value; }

public DemandPoint(string nme, int dind)
¢« {
this.demand = dmdl;
this.name = nnw;
this.DemandType = DemandPointType.Aciusl;

this.allocationStatus = AllocaticnStatus.Noie;

public DemandPeintType DemandTypa
{

get { return this.demandType; )

sct { this.demandType = valug; }

private siring name;

pubiic string Name
{
gt { retuny name; }

set { name = value; }

public everride string ToString()
{
/i retuim this.Name + " (" -+ this.demand. ToString() + ", Alloc: " + this.Allacation. ToString() + ")
retum this.Name + " [Demand:" .+ this.demand.ToString() + "%
i3

Y/end class DemandPoint

public enurn DemandPoint Type { Actual, Dummy }
public class DemandPeintsCollection : List<DemandPoint>
{ '

public DemandPointsCollection() {

/1] <summany >

/] Gets the toial demand




/1 <jsumn.ary>
public int TotaiDemand
{
cet
{
int total = 0;
forcach (DemandPoint dp in this)
total += dp.Demand;

retum total;

}
Y/end class DemandPointsCollection
public class SupplyPoint
{

pr ivullc Int cepacity;

private sting name;

private int constCapacity;

public string Name
{
gt { retura name; )

set { name = value; }

/] <summary>
/1] Capacity of supply depot
Il <[summaiy>
public int Capacity
{
get { retum capacity; }

set { capacity = value; }

public int ConstCapacity
{

get { return Uiis.constCapacity; )

publii: SupplyPoint(string nme, int cpty)
{
this.narne = nme;

I
this.capacity = this.constCapacity = cpty;




public override string ToStiii ()
g
/] retum this.Name + " (" this.constCapacity. ToString() + ", Rem: " + this.Capacity ToString() + e
retu.. dis.Name + " [Cepacity:" + this.constCapacity. ToString() + "}
}
Wlend ciass SuppiyPeint
public clxss Supply!‘dtntsColicctian st SuppiyPeint>
d(
public Supply PvintsCollection() | )

lil <semmary>
M1 Cets the total capacity
/I <fcummarnys
public int TotulCapacity
{
get

{
!

int tetal = 0;
ferzach (SupplyPoint sp in this) .

tital += sp.Capacity;

e total;

}

public class Tram: ;. 1Cell

{

priveta fleat cost;

11 <‘5un'm<‘,.y>
1 Cost of transparting
M </sunimary >
pubiic ficat Cost
{

get { retum cost; }

set { cost = value; )

CellPosition cPesition;

public Cell?osition CellPosition
{
get { return this.cPosition; }

set { this.cPosition = valuy; )




List<PathDircctions> triedPaths;

public List<PathDirections> TricdPaths
{

gat

{

return this.triedPaths;

M <stmmary>

/1] Gets or sets the allocation for that ccli

N <fsamnosry> )

pubiic int CemandSourceAllocation

{
gat { sutum this.demandScurce. Allocation; }
set { this.demandSource. Alfocation = valug; }

}

private int cellAllocation;

public int Calliliocation
{
get { return this.celiAllocation; } -

set { this.cellAllocation = valie; }

public '!'r.c:\sponCe!I()

{

/] this.position = new TransportMatrixPosition();
this.cPosition = new CellPosition();

this.tricdPaths = new List<PathDircctions>();

private Suppiy Point supplySouice;
I/l <suminary>

111 Supply paint of the cell

M1 </summary>

public SupplyPoint SupplySource
{




get { return suppiySource; )
st { supplySecurce = valug; }
b/

private DemandPoint demandSoures;

I <sumimary>

Ji} Cemand point of the celt g
N <fsuniey>

public DemandPoint DemandSeurse
{

gt { return demandSource; }-

set { demandScurce = valiz; }

private bool isAliocated = faise;

public bool IsAllocated x

get {relun thisisAllocated; 3

set { this.isAllocated = valte; }

public veid Allocate()
{
if (this.sup) lySource.Capacity >:= this.demandSource.Reqirement)
( .
this.sup JlySource.Capacity -= this.demandScurce.Regirement;
‘thfs.(?cﬁ/’dlccation = this.dermandSource.Reqgirement;
this. DemandSourceAllocation -+= this.CellAliocatior ;

this.AliccationStatus = AllocationStatus. Complete;

e

o
iy

(3

—~~

his.CellAllocation = this.suppiyScurce.Capacity;
this.DemandSourceAllocation += this.CellAilocation;
this.supplySource.Capacity = 0;
this.AllocationStatus = AllocalionSiatus.Partial;

3

this.isAliocated = true;

public AllocationStatus AllocativnStaltus




gat { return this.demandSource.AliocationStatus; )

st { this.demandSource. AllocationStatus = valua; }

private CellSign siun = CellSign.Empty;

publc Cel!Sisn Sign
il !
ot { reten this.sign; )

set { this sion = vaiue; }

pubiic Guenide slring ToString?)

( . g
siﬁug sign;
if (this €ion == CellSign.Positive)
shon =" 4"
oiseif (tis.sign == CeliSign.Negative)

“o_u,

sign ="

cise

PP
sgn ="

return "S5 4 this.supplySource.Name + , D " + this.demandSource.Mame + ", All: " + this.CeitAliccation. ToString()
+ sign;

pubiic buol IsDumay

beol rin = false;

rtn = tuis.supplySource.M ama == "Dumny";

rtn = rtn ? rtn : this.demandScurceName == "Dummy";

return it

private float tmpCellAllocation;

public flozt TrapCeliallocation

{




get { retum tmpCellaliocation; }

set { tmpCeliAllocation = value; }

pubiic RelativeCeliPosition GetRelativePositionFromCeli TransportCell t¢)
{
if (this.CellPosition.Demandixis. Indox == te.CeliPesition. DernandAxis. Inciex)
{
‘ if {this.CellPosition. SupplyAxis. Index > te.CeliPosition. Supply/xis.Indexs)

return RelativeCellPosition. Bottom;

retum RelativeCeliPosition, Top;
}
clse if {this.Cel'"asition. Supplyaxis. Indax == te.Celll asition.SupplyAxis.Inde:)
{
if (this.CeliPosition.Demandiuxis. lndex > te.CeliPosition. DemandAxis. Inde:)
return RelativeCellPosition. Righi;
eloe
return RelativeCeliPosition.Latt;
}
clie

return RelativeCellPosition. Invalid;

public float TransportCost
{

oot

{

return this.Cost * this.CellAliocation;

}
Y/end class TransportCell
public enum AllocationStatus { Complete, Partial, Mone }
public enum CellSign { Fositive, Negative, Eniply }
public enum PathDirections { Tep, Bultom, !, Right };

public TransportCellsCollection() { }

#region Properties
!
public TransportCell this[Axis sc, Axis 1)

{
get

{




foreach (TrensportCell tc in thiis)
if (tc.CellPosition.SupplyAxis.Index == sc.Index && te.CeliPosition.DemandAxis.Indey, === de.indax)
rotum te;

return noll;

pubiic float TotalCost
+ £
got
{
foat total = 0.07;
;fcr(sach (TransportCeil tc in this.AlecaledCells)
total += te.TransponCou!;

solum total;

public TransportCelisCollection AllocatedCells
{

gut

{

TeansportCelisCollection tee = new TransporiCellsCollection();

foreach {TransportCell tc in this)
if (tc.™ MAllocation > C)

tec. Add(ic);

if (1zc.Count == this.Count)

(

tec = null;

return tins;

retumn teg;

public TranspoitCeilsCollection UnAilocatedCells
{
get

{

TransportCelisCollection tcc = now T ranspor&f clisColiection();




foreach (TransportCell tc ir: this)
if (tc.CeliAllocation == 0) -

Lec. Add(tc); 9

if (tce.Count == this.Count)

{
tee = nuil;

< return this;

riturn Lo

public TransportCell MostNegativeTmpAllecatedCeil

TransportCeli tc = this[0];
foreach (TransportCeli t in thi.)
if (t.CellAllocation == 0 && t.TmpCellaliocation < te. TmpCeliAllocation)

te=1t

retum g

putdic TransportCell LeastNegativeSignAilocatedCell

TransportCelisCollection tcc = this. AllocatedCelis;
TransportCeli least = null;

foreach (TransporiCell tin tec)

{
if (t.Sign == CellSign.Negative)
{
least = t; !
break;
}




foreach (TransportCell tin tuc)
if (¢ Sign == Celisign.liegative && t.CellAliocation < least.CellAliocation)
last = t;

retuin icast;
/"
Weadregion

M/end class TransperiCelisColicction

public dass NuTransportCostixception @ Exceplion

{

public NoTransportCostException(stiing message) @ base(message) { }

public class TrenspoitMatrix

{
#lcgion Private fields
1
private SuppiyPointsColiection sup; lyPoints;
private DemandPointsCollection demandpPoinis;
private AxesCollection axes;
private TransporiCelisCollection transpoiliells;
private Celltocator clocator;
I

#endregion

public TransportMatrix()

¢
this.DemandPcints = new DemanabointsCollection();
this.SuppiyPeints = naw SupptyPaintsCollection();

this.axes = new AxasCollecting);

#reglon Properties
1!

1/l <summary>

/] List of supply points
1 <[summary>
public SupplyPointsCollection SupyptyPoints
( £
get { return supplyPaints; }




set { supplyPoints = value; }

public Celliocator Celllocator
{

get { relum this.clocator; )

off] <summury>
/] List of demand points
I11 </summary>
public DemandrointsCollection Derandfoints
{
get { retum demarndPoints; )

set { dernandfeints = value; }

/Il <summaiy>
M1 List of celis that mak2 up the transpoit matrix
I <fsummary>

public TransportCeilsCollaction TransponCelis

{ i
get
{
Ii.‘ (this.transpoitCells == nulf)
tiis.transportCells = new TransportCelisCollection();
» retuin transportCells; '
} .
}

public Axis HighestAllocationtxis
{
get
¢ |
1/Cet axis when highest allccations
Axis LargetAxis = this axes[1];
.forcach {Axis ax in this.axcs)
{
if (ax.Cells.AliocatedC.!\;.Count > targelixis.Cells. AllocatedCells.Count)
targetAxis = - ;

//Get all axes with same number of allocations with he highest allocation axis




AsiesCollection tmp = now AxesColiection]);
tmp.Adu(targetaxis);
foreach (Axis ax in this.axes)
{
if (ax.Cells. AllocatedCelis.Count = = targetAxis.Cells. AllocatedCells.Count)

b Al (ax);

p /get the axis closest to the wiigin
foreach {Axis ax in triap)
i {axIndex < targetAxis.index)

taigethxis = ax;

retirn Lo goetixis;

-}

public AvesCoilection Axes
{
got { relumn axes; }

set { axes = value; )

public bac! JsOptimuin
{
gat
{
foreach (TransportCell tc in this.transportCells.UnAllccatedCells)
if (te. TimpCeliAllocation «= (1)
veturn false;
relure Lug;

}

public bool HasDegeneracy
{
gt
{
int totatailocations = @;
fereach (TranspoitCell te in this.transportCells)

if (tc.Celirllocation > 0)




tolal\llocations + +;

[if (totalfilocations == this.axes.Count - 1)

retimn false;

reiurn by

1]
7

pulle Transpert Cell this{ CellPasilisa cPasition
gt
{

retuin tivs. transportCelis[cPocition. SupplyAuds, <Position.Demandfxis];

.

pubhic TranspertCelt CurrentCeli

{

(o
a
~

if (thic.cLocator.LocationVahd)

return this{this.clocetor.Position);

relurin muily

i

#endregina

#regfon Public Methods
/!
privaie void SettpCelunns{)
{
for {int supplylndes = G; supplylndex < this.SupplyP ints.Count; supplylndex++)

Ahis.axes. Add{new Axis{supplyIndox + 1, AxisTypc SupplyRow));

for (int demandindex = 0; demandfudex < this.DemaadPoints.Count; demand!ndax+-+)

this.axes Add{new Axis(demandindex + 1, AxisTy: e.DemandColurnn));

U u.clocator = new Celibocatar(this.demandpPoints.Count, this.supplyPoints.Count);




pubiic void SetUpTranspartMatzix()
{
int tetalSupply = this.SuppiyPoints. TotalCapacity;
int totallemand = this.Demandfeints. TotalDemand;
if (totalSusply 1= totalDeman!)
{ i
if (totalSupply > totaDernsid)
{
DemandPeint dp = new DemandPoint("Dummy", totaiSupply - totalDemand);

this.DemandPoints. Add(dp);

—~

i
@ -
<

—~

SuppiyPaint sp = new SupplyPoint("Dummy”, toteiDernand - totalSupply);

this. Supply Points. Add(s);

~

tiris.SetUpColumns();
i J

uﬂi:z g (YransportCostDAL & DAL = new TranspertCostDAL())
¢
for {int supplyIndex = 0; stpplylndex < this.SupplyPoints.Count; supplyIndex++)

-

for (int demandindex = 0; demandindex < this.DemandPoints.Count; demandIndex++)
' g

TeansportCell te = new TransporiCeil();

tc.SupplySource = this, SupplyPeints{supplyl dex];

tc.DamandSource = this.DemandPoints[den  2dIndex];

te.CellPasitien. AssignAxis{ic, '.I'-is.Jxes.[?cmandAx‘&[demandlndcx + 11)

te.CeltPosition. Assignivis(ie, this.axes. Supplysxes[supplyIndex + 11);

if {itc.IsDurnmy)

{
fioat cost = LDAL.CetiranspostCost(tc.SupplySource.Name, tc.DemandSeurce.Name);

if (cost == ()
throw new NoTranspontCostException( Transport cost between " + te.SupplySource.Name + " and "

v

+ tc.DemandSource. Mame + " has not been set. Cannot continue.");




tc.Cost = cout;

this.TranspairiCells.Add(tc);

-

public void CetlnitiziFeasibicSolution()
forcach (fuis sc in this.axes. SupplyAscs)
{
furcach (Axis de in his.axes.Qeinancixes)

TracsportZeli (¢ = this. Tvanspo:iCelisise, dcl;

it {tL AllocationStatus == AllocationStetus.Complete)
conlinue;
it (tc.SupplySource Capatily == ()

beoak;

e Atlocate();

.

~

public void Display(TeblelayouwPancl tablePanct)
{
tablePane!.Controls.Clear();
tablePanel.RoviCount = ¢;

tableianet.ColumnCount = (;
tablelanc Misible = false;

tablePanel.ColumnCount = this.demandPoints.Count + 1;

tablePanei.RowCount = this.suppivPuinis.Cournt 4 1;

int suppiyindex = 1;
foreachi {SupplyPoint sp in thic.suppdyFolnis)
{

Label ! = new Labol();

b].Size = System.Drawing. Size.Emnply;




lob AuicSize = trua;
iLi.Font = new System.Drawing.Font(Ib!.Font, System.Drawing. FontStyle. Boid);
DLFeelelor = System Drawing ColocBlug;
if(sp.Narne == "Curany )
hLroreCalor = System.Drawing Color.Red;
bl Text = sp.Narne 4 "\n" 4 sp.ConstCapacity;

tabivPanel Controls. Add(ibl, 0, suppivindex-++);

int deniindIndex = {;

forcach (DemandPeint dp in Uis.demandPoints)

—~

Label Bl = now Labiel));

yitem, Driving. Size. Cimply;
Ul AutoCize = true;
‘

li.Font = new System.Diawiiio. Foni(ol.Fent, Systen.Drawing. FontStyle. 2aid);

thi.FareColor = Syster, Drawving. Uolor.Blue;

i (g Haime == "Dununy™)
it FareColor = System.Craving.Color.Red;
Ll Test = dp.Name + "\W' + dp 0o nand;

teulePinot Contels Add(D!, demandlndexi+, 0

fureach (Transportlell te in Whis.ranspanelis)
Label il = new Labal();

SSteingtuilder {xt = new Stringbueider();

bi.Size = System.Drawing Size. Eirply;

libAutoSize = tauo;

Wt Append("Cost: ");

btAppend(te.Cost. ToStrng (3,

if (tc.Celiallocation > 0)
{

txt.Append(Envircament. dMewi ingY;
tet. Append(M------ “%
tt.AppendiEnvironiment.NovLine);
bt Appuend{“Alec: );

txt.Appznd(te.CeillAliocation. ToString());




bl FereColor = System.i’)rav..’ng.Color.LighiSeaGreen;

IblFont = new Systom.Diaving.F ont(lbi.Font, System.Drawing. FontStyle.Bold);

if{tedsDummnmy)
i FereColor = Systent.Drawing.Color.Red;

P el Text = b TeSking();

teblePanel Controls. Add(b, te.CeliPosition.Demandixis. Ind *x, te.CeilPosition. Supply/Axis.Ind ax);

tableParel Visible = true;

public string ShowtigestAllocatedAsi ()
{
stiing rame;
Axic v = this.HighestAllocationAsis;
if (ax.AxisType == AxisType.DemandColumn)
‘nama = this.demandoointsl ax.Index - 1].7aString();
else

name = this.supplyPoints{ax. Inclex - 1].ToString();

retum name;

public void SolveForAxesValues()
{
foraach (iranspertCeli tc in this.transporiCells. AilocatedCells)
{
if (te.Celiosition. Demandhxis. HasValue || tic.CellPosition.Sup “lyAxis.HasValue)
{
I if (tc.CeliPosition. DemandAxis. HasValue)
| “te.CellPosition. SupplyAxis.Valie = tc.Cost - te.CeliPosition. DemandAxis.Value;
eise: it (1c.CeliPosition. Supplyluds. HasValue) '

te.CaiiPosition.DemandAxis.Value = te.Cost - te.CeliPosition. SupplyAdis Velus;




pulilic void SelveForlinCecupicd Calls()
foreach (TransporiCeli te in this.transpoiiCells)

tc.inpCellAliocation = 0.0F;

foreach (TranspontCell t in Liig.trensportCelis.UnAlioce tedCels)

"t=.Tm, CellAilocation = te.Cost - (te.Celltosition. Demandhxis. Value Value + te.CeliPosition. SupplyAxis.Value.Velua);

pubie JansnonCeli FinaCell(TransportCall currentCell, RelativeCaliPesition rPosition)
{

tetuin this. FindCeli(currentCell, rPesition, true);

pabiic TranspontCell FindCell(TranspoctCell currentCell, RelativeCeliPosition rPasitian, bool scarch)

TransportZell te = nuli;

this.cLocator.SetCurrentPosition{currentCelt);
switch (rPasition)
{
'casa RelaliveCellPosition. fup:
Wis.clocator.Movelii{);
vhile (this. CurrentCeil t= nult 85 search)
{
if (this.CuirentCell Callailccation > 0)
(
t¢ = this.CurrentClal;
treak;
3
this.clocator.Movelip!);
3
tireak;
Ica:-.e RelativeZcliPosition bottom:
this.cLocator.MoveDown!);
witie (this.CunentCell 1= null && search)
{
f it is.CurrentCell. Celillozation > Q)
{
t¢ = Wis.Corrcituy

break;




this.clocetur.MoveSowny;

}

brosk;
case felativeCellPosition.Right:
th's.clocator MoveRight();
whide {this.CurrentCell 1= ruil && search)
{
i (his.CurrentCall. Celinlincation > ©)
o {
tc = this.CoreniCell;
broak;

this.clocetor.Move Righi(;

case RelativeCellPosibion. it

this.cLocator.Moveleit’);
wiae {this.CurrentCell 1= null && search)

¥

if (this.CurrentCell.Cailhtiocation > 0)
Vi
L

e = this.CurreniiCudl;

Lirosk
NN,

)
I

tiis.clocator.Moval eh [ );

%

i

break;

retuem e

public TrancportCellsCallection Geli'ethy(TranspanCell leastCostCeli)

I3

i

TievsponellsCaliection path = new TransgertCelisCollection(
TrunsperiCellsCollection tiadCells = new TransportCellsCollection();
TransportCeli curtenddell = this.GutStartUpCeli(leastTostCall, tricdCells);

PelativeCeliPosition [ expectedEndPositions;

PolgtiveCellfostion startPusiion = currentCeli.Get M elativePositionFromCelilleastCost Ceks;

Sy

swit.:. {startPositon)
i




case RelativeCeliPosition, Leii:

c2se RalativeCellPosition. Righits
expectedindrositions = rew RelativeCeliPesition [] { RelativeCelliPasition. Top, RelativeCeliPasition, Bottom %
Lrek;

case RelativeCellFosition. Tom:

case RedativeCeliPosition Fotoam:

expectedindPositions = new RelativeCeliPosition[ ] { RelativeCellPosition. Left, RelativeCeliPos on.Right };
Ll
agisiads

cxpectedEndPositons = nully

theew neve Exception(“Start celt in invalid positicn™);

et

Ceiisign cetrentSign = Cel'SignPositive;

leastCastCell Sign = currentSicn;
r

path.Add{leastCostCelt);

this. Switch Sign(ref currentsian);
B Gry

st Add{currentCeli);
ot

cuireniCell Slgn = currentSign;

thds SwitchSign(ref currentSinn);

boal tricdleft = false;
bool triediught = false;
beol tricdTop = fulse;

bool triedDown = falze;

vihuie (!this.IsInExpectedPosition{currentCell. GetRelativePositionFromCeli(icastCostCell). expectziEndPasiticns))
{
if ("trigcDown)
{
tiis.CurrentCell. TriedPathis. Add{FathDirections. Botiom);
Uiis.clocator.MoveDovn();
if (this CurrentCell 1= nuli &6 Nhis.IsInlist{pa’h, this.CurrentCell) 82 this.CurrentCall. Celitliscation > )
{
currentCell = this.CurrentCeil;
current ZUILSign = curentSicn;
this. SwitchSign(ref curreniSan);
poth.Add(currentCelt);
tricdlLeft = false;
tricdRight = false;

triedTep = tuz;




currentCell. TriedPaths. Add(PathDirectizas.Top);
tricdDown = false;
continue;
}
else
. §
i (this.cLocator.LocationValid)
this.clocator.MoveUp();
# else
‘ this.cLocator. LocationValid = true;
; triedDown = teie;

if ({triedLeft)
{

this.CurrentCell. TriedPaths.Add(PathDirections. Left);
| this.clocator.Moveleft();
if {this.CurrentCell != null &8 !this.IsInList(path, this.Currentell) && this.CurrentCell.CellAliocation > 0)
{
currentCell = this.CurrentCell;
curentCell.Sign = currentSian;
this.SwitchSigri(ref currentSign);
path.Add(currer ' Ceil);
triedLeft = falue;
tiiedRight = true;
currentCell.TriedPaths.Add(Patthrections.Rigt'\t);
triedTop = false;
triedDown = false;
continue;
}
cise
{
if (this.cLocator.LocationValid)
this.cLocator. MoveRight();
else
this.cLocator.LocationValid = true;
triedleft = true;

if (itsiedRight)
{




this.CurrentCell. TriedPaths. Add( PathDirections.Right);
this.cLocator. MoveRight();
if {this.CurrentCell '= null && this.IsInList(path, this.CurrentCelf) && this.CurrentCell.CellAllocation > 0)
{
currentCell = this.CurrentCell;
currentCell.Sign = currentSign;
this.SwitchSign(ref currentSign);
path.Add(currentCelt);
. triedLeft = true;
currentCeli. TriedPaths. Add(PathDircctions. Left);
triedRight = false;
triedTop = false;
triedDown = false;
continue;
}
eise
{
if (this.cLocator.LocationVealid)
this.cLocator.MovelLeft();
else
this.clocator.LocationValid = true;
triedRight = true;

|if (itriedTop)
{
this. CurrentCell. TriedPaths.Add(PathDirections. Top);
this.cLocator.Movelp();
if (this.CurrentCell != null && !this.IsInList{path, this.CurrentCelt) &8. this.CurrentCeli.CeliAliocation > 0)
{
currentCell = this.CurrentCell;
currentCell.Sign = currentSign;
this.SwitchSign(ref currentSign);
path.Add(currentCell);
trizdleft = false;
: triedRight = false;
' triedTop = false;
triedDown = true;
currentCell. TriedPaths. Add(PathDirections.Bottom);

continue;

else




if (this.cLocator.LocationValid)
this.cLocator.MoveDown();
else
this.cLocater.LocationValid = tiue;
triedTop = true;

)
‘ if {triedTop && triedRight &8 triedLeft &.& triedDown)

£
. TransportCell deadtnd = this.CurreniCell;
' peth.Remove(deadtnd);

this. SwitchSign(ref currentSign);

if (path.Count == 1)

tisvow new PathNetFoundException{);

' this.cLocator.SetCurrentPosition(path{path.Count - 1]);

tricdleft = faise;
triecRight = false;
triedTop = false;
triedDown = false;

foreach (Pathbiractions paths in this.CurrentCell. TriedPaths)
{
switch (paths)
f {
| case PathDirections.Top:
: tiiedTop = tive;
| break;
‘ case PathDirections.Bottom:
triedDown = true;

break;

case PathDirections.Left:
triedLeft = true;
break;

case PathDirections.Right:
triedRight = true;

brezk;

iz




retum paih;

putlic void PeformAddSubtractOperationOnPath/ ¥ ransportCellsCofiection path)
{
In\‘ value = path.LeastNegativeSignAllocatedCell.CellAllocation;
fo’reach (TransportCell tc in path) .
«
if (te.Sign == CeliSign. Positive)
te.Ceilallocation += value;
cloe

te.CeiliAllocation -= value;

}
!

#endiegion

|

#reglon Private Methods

1
private void SwitchSign(ref CeliSign sign)
g .
it (sign == CellSign.Negative)
sian = CellSign.Positive;
eise
1siga = CeliSign.Negative;
) s

private bocl IsInList(TransportCellsCollection triedCells, TransportCell tc)
£,
foo2=ch (TransportCell t in triedCelis)
i(t==1tc)
' rewm true;
rc'tum false;

:

private TransportCell GetStartUpCell(TransportCell leastCostCell, TransportCellsCellection triedCells)

{
TransportCell startCeli = this.FindCell(leastCostCell, RelativeCeliPosition. Top);

if (stariCell == null |} this.IsIntist(triedCells, startCell))
istartCell = this.FindCeli(leastCostCell, ReiativeCellPosition.Right);




if (startCell == null | this.IsInlist(triedCells, startCell))
startColl = this.FindCeli{ieastCostCeli, RelativeCellPosition.Bottom);

|
if (startCell == null || this.IsInList(triecCells, startCell))
;st.zrthll = this.FindCell(leastCostCell, RelativeCellPosition.Left);

if (startCeil == nuilt)

Ahrow new Exception("Could not find a start cell for path");

if (this.IsInList(triedCells, startCell))
{lhmw new Exception("No valid path could be foun:");
retum startCell;

}

i
|
privaie beol IsInExpectedPosition(RelativeCellPositicn position, RelativeCellPosition{] expectedEndPositions)
]
¢
foreach (iczlctiveCeliPosition rcp in expectedEndPositions)
'if (rep.ToSteing() == position. ToString())

return true;

return false;
)
1

#endregion

M/end ;!ass TransportMatrix
‘ #reglon' Celilocator Class
/I |
1 <sur‘nmaxy>
114 Movés eround the transport matrix, while keeping track of the it current position
1 uslné the <cref>CellPosition</cref> class
/i <Isdmmary>
public class CeliLocator
¢ :
#region Private fields
"
CellesitIon position;
bool locationValid = true;
int miaxDemandIndex;
int maxSupplyindex;
"

|
!
|
'




|

#end agicn

puhli:: Celilocator(int mDIdey, int mSIndex)

€
this.positicn = new CeilPositicn();
this.positicn.Assigm\xls(new Axis(1, AxisType.DemandColumn), truc);
thgs.msxiion.AssignAxis(ne.v Axis(1, AxisType.SupplyRow), true);
U.%S.maxD.:mandIndex = mbldes;

¢ this.maxSuppiyIndex = mSIndox;

#regien Propoiics

I/
public koot LocationValid
{

g\jt {rcturn thislocationValid; }
set {thislocationVelid = valug; }
|

Y

|

|

public CeliPosition Pasition
|

{

get { return this.position; }
P
"o
#end:reg:on
#mggon Methnds
"
publfc oveiride string ToString()
¢
reﬁ»m "S:" + this.position.SupplyAxis.Index.ToString() + ", D:" + this.position.DemandAxis.Index. ToString ();

public void SetCurrentPosition(TranspartCelt te)
{ |
this position.AssignAxis(tc.CeliPosition.DemandAxis, true);
this.position. AssignAxis(te.CeilPosition. SupplyAxis, true);
) : :
|
public void Moveleft()
{

|
Intindex = ti - position.DemandAxis. Indes;
!

}




fndax--;
if (indax < 1)
this.locationValid = falso;
29
{ 1

|

|

iz position. DernandAxis. Tndax -+

<2

?ﬁ:is.locationVa!id = trug;
}
)

Il

public void MovaRight()
{
int lncex = 4 is.position.DemandAcds. Tndex;
il xqcxvr-k;
il féndex > this.maxDemandlndex)
zt;‘{s.l-sc.,:ionva;id = false;
cl:%c

{
this. pesition. DemandAxis. Index++;

this.locationValid = true;

pubic veid Hlovelip()
: |
in? index = this.position.SupplyAxis.Indesx;
i xd;x--;
if (n:(.‘:x <
Eth:s.iocation'-/.ilid = false;
ele
¢
th's.position. Supply Ads. Indox--

tvslocationValid = true; :

pub!ié: vold MoveDown()
¢!
IntI index = this.position.SupplyAxis. Index;
ln&cu +;
If (ndex > Uis.maxSupplylidey)
;thls.location\!alid = false;

elze
|
I




'
'?:mls.posmon.SupplyAxls.Index++,-
this.locationValid = true;

l
} |
? i
/!

i
Ylend éiass CellLocator
no
#endregion
) :
namespace CocaCola.DataAccess

{ :'
public class DALBase : IDisposable
( '
private OleDbConnection conn;
i
|
publlf: DALBase()
{ !
thl:s.conn = new OleDbConnection("Provider=Microsoft.Jet.OLEDB.4.0; Data Source=data.mdb");
}o

pmte'cted void ExecuteNonQuery(OleDbCommand cmd)
{ ! |
by
¢!
|Hf(thls.cann.State != System.Data.ConnectionState.Open)
this.conn.Open();

icmd.ExecuteNonQuery();

ithls.conn.Close();
Y

y

pfotelcted OleDbCommand GetCommaﬁd(sMng commandText)

{ "
OI:eDbCommand cmd = new OleDbCommand(commandText, this.conn);
return cmd;




f
|
|
protefcted OleDbDataReader GetReader(OleDbCommand cmd)
¢ |
if ithls.conn.State != System.Data.ConnectionState.Open)
fthls.conn.Open();
O!prDataReader reader = cmd.ExecuteReader();
m.‘um reader;
a
I
protected object ExecuteScalar(OleDbCommand cm)
k|
object value = null;
try
&
élf (this.conn.State != System.Déta.Conﬁecﬁonghte.Opeh)
.! this.conn.Open();
ve'ue = emd.ExecuteScalar();
)
ﬁr;al!y
( F
!this.conn.C!ose();
}
re@um value;
|
' ;
prote;cted void CloseConnection()
{
this.conn.Close();
y

protected void ExecuteNonQueryWithTransaction(OleDbCommand[] cmds)
'
f
OleDbTransaction trans = null;

try
!

{

if (this.conn.State != System.Data.ConnectionState.Open)
this.conn.Open();

trans = this.conn.BeginTransaction();

foreach (OleDbCommand cmd in cmds)

{

i cmd.Transaction = trans;

' cmd.ExecuteNonQuery();
h

!
|
|
|




!
|
!
i
]
|
|

trans.Commit();
}
|
calch
€
trans.Rollback();
|
!lhrow;
d
) 1|
4 #reglon IDisposable Members
public void Dispose()
t
th(s.conn.Dispose();
Yo
|

#endregion

} :
public class DernandPointsDAL :DALBase

{ |

publii: DemandPointsDAL() { }
i

i
publi;c DemandPointsCollection GetDemandPoints()
6 |
DemandpointsCollection dpe = new DemandPointsCollection();
wf
(
IOleDbDataReader reader = base.GetReader(base'.GetCommand("Select * from thl_DemandPoints"));
| while (reader.Read()) :

¢ g{
|

i ol iy A LS

string name = reader("Location"). ToString();

int demand = (int)reader["Demand");

dpc.Add(new DemandPoint(name, demand));
|

}

l
|
ireader.Close();

d

ﬁqally

¢
ibase.CloseConnectlon();

d

retuin dpc;

|
»
I
I

public int GetDemand(string demandPoint)
{

i
'
I
|
i




}

|
|
i

|
public veid AssignDemand(string demandPoint, int dmd)
|

{

}

I
Stirlngﬁullder cmdText = new StringBuilder();
Inf demand = this.GetDemand(demandPoint);
if f(demand == ()
{|
emdText.Append("Insert into thl_DemandPoints (Location, Demand) values (*);
lemdT éxt.Appcnd(demandPolnt); y
!cm(ﬂ' ext.Append(™, ")
icde ext.Append(dmd);
|emdText.Append(™)");
]
else
q
écde oxt.Append("Update tbl_DemandPoints set Demand = ");
Zcmdl' ext.Append(dmd);
!cmdf ext.Append(" where Location = ");
| cmdText.Append(demandPoint);
cmdText.Append(™™);

base.ExecutellonQuery(base.GetCommand(cmdText.ToString()));

}//end class DernandPointsDAL

public class SupplyPointsDAL : DAL Base

{




%
publi‘f: SupplyPointsDAL() { }
. ;
|
publif: SupplyPoinisCcliection GetSupplyPoints()

€

|

SdpplquintsCol!ection spc = new SupplyPointsCollection();

i

4
|CleDbDataReader reader = base.GetReader(base.GetCommand("Select * from tbl_SupplyPoints"));
|
while (reader.”.zad())
i{
! string name = reader["Location"]. ToString(); :
1 int capacity = (int)reader["Capacity"];
! spc.Add{new SupplyPoint(name, capacity));
1}
lreader.Gosc();
|

}
'

ﬁn'a!!y

{ i .
Ebase.CloseCcnncction();

Y|

retumn spc;

y o
|
publif: int GetCapacity(string supplyPaint)
|
intrtn = 0;

Sul'ingBuilder cmdText = new StringBuilder();

|

|
cmdText.Append("Select Capacity from thl_SupplyPoints where Location = ");
|

cmdT: ext.Append(supplyPoint); g
cmdText.Append(™);

object capacity = base.ExecuteScalar(base.GetCommand(cmdText. ToString()));
if (capacily 1= nuil)

itn = int.Parse(capacity.ToString());
I

retum rtn;
|

! L4
publi¢ void AssignCanacity(string supplyPaint, int cpty)

|
{ |

StringBuilder cmdText = new StringBuilder();

!

[}
|
i

'
|
|
!
!
!
|
#
|
i




int capacity = this.GetCapacity(supplyPoint);

=

capacity == 0)
|

cmdText.Append("Insert into thl_SupplyPoints (Location, Capacity) values (");
cdText.Append(supplyPoint);

:cde axt.Append(™, ")
g cmdText Append(cpty);
}cm\f Text.Append(™)");
]
el%e
{
}cm:ﬂ ext.Append("Update thl_SupplyPoints set Capacity = ");
remdText.Append{cpty);
;cmcn' ext.Append(" where Location = ");
; cndText.Append(supplyPoint);
i
‘emd Text Append(™);
|
|
|

base.ExecuteNonQuery(base.GetCommand(cmdText.ToString()));
; : ‘ ‘

|
|
|

-

public class TransportCostDAL : D/lLBase
!

k-

public TransportCostDAL() { }

public fluat GetTransportCost(string supplyPoint, string demandPoint)
i
ﬂo{at rtn = 0.0F;

|
|

Stringluiider cmdText = news Strinzuilder();

cn!\dText.Append("Select Cost from thl_TransportCosts where SupplyPoint = ");
cn’idT ext.Append(supplyPeint);

cnlldf ext.Append(™");

cmdl' ext.Append(" and DemandPoint = ");

cradText.Append(demandPoint);

cmdT. ext.Append(™™);
|

objoct cost = base.ExecuteScalar(base.GetCommand(cmdText. ToString()));
|

If (cost 1= nult)
‘nn = float.Parse(cost. ToString());
|
|
|




rewrn rtn;

public void AssignCost(string supplyPoint, string demand{’oint, float cost)
{

StringBuilder cmdText = new StringBuilder();

float cst = this.GetTransportCost(supplyPoint, demandPoint);

If (cst == 0)
{
emdText. Append("Insert into tbl_TransportCosts (SupplyPoint, DemandPoint, Cost) values (*);
cmdText. Append(supplyPoint); ' )
cmdText.Append(™, ™);
cmdText. Append(demandPoint);
cmdText.Append(™, ");
cmdText.Append{cost);
cmdText. Append(™)™);

el

cmdText.Append(“"Update tb!_TransportCosts set Cost = ");
cmdText.Append{cost); .
cmdText.Append(" where SupplyPoint = "); - '
cmdiext.Append(supplyPoint);
andText.Append(™ and DemandPoint = ™);
cndText. Append{demandpaint);

. emdText.Append(™);

base.ExecuteNonQuery(base.GetCommand(cmdText. ToString()));
M/end class TransportCostDAL

namespace CocaCola

{

public partial class mainform : Form

{
TransportMat: - transportMatrix;

TransportCellsColiection currPath;




public mainForm()
{

InitializeCornponent();

this.transportMatrixTableLayoutPanel. RowStyles.Add(new RowStyle(SizeType.AutoSize));
}

private void mainForm_Load(object sender, EventArgs e)
«f
this.RefreshSupplyAndDemandpoints();

public void RefreshSupplyAndDemandPoints()
{
thls.supplyPolntsCheckedLlslBox.Itéms.CIear();
this.dernandPointsCheckedListBox.Items.Clear();
using (SupplyPointsDAL spDAL = new SupplyPointsDAL())
{
SupplyPointsCollection spc = spDAL.GetSupplyPoints();
foreach (SupplyPoint sp in spc)
this.supplyPointsCheckedListBox.Items.Add(sp);

using (DemandPointsDAL dpDAL = new DemandPointsDAL())
{
DemandPointsCollection dpc = dpDAL.GetDemandPoints();
foreach (DemandPoint dp in dpc) ‘
lhis.demandPointsCheckedLisiBox.Items.Ad&(dp);

private void calcButton_Click{nhject sender, Eventargs e)
{
try

{
this.Reset();

foreach (SupplyPaint sp in supplyPointsCheckedListBox.CheckedItems)
transportMatrix.SupplyPoints.Add{sp);

foreach (CemandFPoint dp in demandPointsCheckedListBox.CheckedItems)
transportMatrix.DemandPoints.Add(cp);




transportMatrix.SetUpTransportiMatrix(); '
transportMatrix.GetInitia!FeacibleSolution();.

trahsportMatdx.Display(thls.!ransportMatrixTableLayoutPanel);

If (this.transportMatrix.HasDegeneracy)

throw new Exception("Degeneracy Encountered");
tiis.labe!3. Text = transportMatrix.ShowHigestAllocatedAxis();
/] transportMatrix.Axes.DemandAxes(2].Value = 0;
this.transportMatrix. HighestAllocationAxis. Value = 0;
while (transportMatrix.Axes. AliAxesHasValues)

transportMatrix.SolveForAxesValves();

forcach (Axis ax in transporiMatrix.Axes)

{
stiing text;

if (ax.AxisType == AxisType.SupplyRow)

tet = "U",
chie
text = "V";

toxt 4= andndex. ToString() + "=" + ax.Value.ToString();

this.listBox 1. Items. Add(text);

transportMatrix.SolveForUnOccupiedCelis();

foreach (Transpo *Zell te in transpoitMatrix. TransportCells.UnAllocatedCells)
{

stiing text = "D{";
text += te.CeliPosition.SupplyAxis. Index. ToString() + ", " + tc.CellPosition.DemandAxis.Index. ToString() + ") =

text += tc.TmpCellAllocation. ToString();

this.listBox2.Items. Add(toxt);

this.CheckForOptimality{false);




catch (Exception ex)

{

McssageBox.Shaw(ex.Message, "Northwest Corner Method");

private void Cl. Labels()
{
. this.listBox1.Items.Clear();
this.listBox2.Items. Clear();

this.listBox3.1tems.Clear();
this.statustabel. Text = "

this.label3.Text = "}

private veid ChieckForOptimality(bool rethrowException)
{
try
{
if (transportMatrix.IsOplirnum)
tiis.statustabel. Text = "Solution Optimum®;
clie
{
this.leastCestlabel. Text = this.transportMatrix. TransportCells.MostNegative TmpAliocatecCell. TeStrinz();

Ly
{

this.currPath -
this.transport Mutrix. GetPath(this.transpo: tMatrix. TransportCells.MostN: jativeTmpAllocatedCell);

foreach (TransportCeli t in this.currPath)
this listBox3.Items. dd(lc);
thiz.statusLebel. Text = "ot Optimal™;
}
caich {(PathtotFoundExceplion)
{
if (rethrowException)
throw;
MessageBox.Show("Cannot move forward");

this.statuslabel. Text = "Solution Optimum";




calci
{
tizrow;
}
finally

{
tiiis.totoiCostlabel. Text = this.transportMatrix. TransportCells. TotalCost. ToString();

rivate void Reset()

{

this.trensportMatrix = new TransportMatrix();
this.ClearLabel();

foreach (StpplyPoint sp in supplyPointsCheckedListBox.Items)
sp.Capacity = sp.ConstCapacily;

foreach (DemandPeint dp in demandPointsCheckedListdox.Items)
{
dp.Aflocation = 0;

dp.AliocationStatus = AllocetionStatus.None;

privae void sctupTransportCosts ToolStripMenultem_Click(object sender, EventArgs e)
( ‘
transporiCostSeilpiorm tesf = new transportCostSetUpForm();

Lesf.OnSupplyOrDemandChanged += new
transportCostSetUpForm.SupplyDemandChangedEventHandler(tcsf_OnSupplyOrDemandChanged);

test.Show();
tesf. SetuptabControl. SelectedTab = tesf. TransportCosts;

}
void test_OnSupplyOrDemandChanged(cbject sender, EventArg: e)

{

this.RefreshSupplyAndDemandPoints();

private void ¢ mizeButton_Click(object sender, EventArgs e)

{
this.Cla:Labels();

forcach (Avis ax in this.transportMatrix. Axes)




axValue = null;

/Iforeach (TransportCell tc in this.transportMatrix. TransportCells)
/I tc.TmpCellAllocation = 0.0F;

thiw.transportMatriv. PeformAddSubtractOperationOnPath(this.currPath);
transpiortMatrix. Display(this.transportMatrixTableLayoutPanel);

If {this.transpartMatrix.Hasmegeneracy)

throvs new Exception("Degeneracy Encountered");
this.lubel3.Text = transportMatrix.ShowHigestAllocatedAxis();
/i . transportidatrix. Axes.DemandAxes] 2].Value = 0;
this.transportiatrix. HighestAllocationAxis.Value = 0;

while ("transportMatrix.Axes. AllAxesHasValues)

transportMatrix.SolveForAxesValuzs();

foreach (Axis ax in transport” latrix.Axes)
{
stiing text;
if (ax AxisType == AxisTyne.SupplyRow)
tent = "U",;
tise
text = "V
taxt += ax.Index. ToString() + "=" + ax.Value.ToString();

this.listBox 1.Items.Ad(text);

trenspoi Matrix.SolveForUnCccupiedCells();

foreach (TransportCell L¢ in transportMatrix. TransportCells.Un AllocatedCells)

{
sting text = "D("
text +:= te.CellPosition. SupplyAxis.Index.ToString() + ", " + tc.CeIlPosition.Demandl\xis.anex.ToSt}Eng() +")="
text += te. TopCellAllocation. ToString();

this.lisiBox2.Items. Add(text);




oRoules. Show();

void Optimize()
{
forcach (Axds ax in this.transporiMatrix.Axes)

axValue = null;
this.transpeitiatiix. PelormAddSub tractOperationOnPath(this.currPath);

if (this.tran portMatrix.HasDegeneracy)

thiow new Exception("Degeneracy Encountered");
this.transpartMatrix. HighestAllocationAxis.Value = 0;

whil2 (Itrar:portMatrix.Axes.AllAxesHasValues)

transparMatrix. SolveFerAxesValues();
transpe: M trix. SolveForUnOccupiedCells();

this.CheckForOptimality (truc);

private void setupSupplyPoints Too!Striptenultem_Click(object sender, EventArgs e)
{
transpartCostSetUpform tesf = new transportCostSetUpForm();

test.OnSup; lyOrDemandChanged +=
transportCostSetUpt orm.Supply DemandChiangedtventHandler(tesf_OnSupplyOrDemandChanged);

test.Show();

test SetupTat:Control. SeleciedTab = tesf.SupplyPoints;

private void sctupDermandPointsTooiStipenuliem_Click(ebject sender, EventArgs ¢)
{
trancporiCostietUnForm tesf = naw transportCostSetUpForm();

tesf.OnSupplyOrDemandChanged i +=
transportCo)lSczUpFnrm.Supp!yDemandChangedE-.'entHanrJ|er(tesf_OnSupplyOrDemandChanged);

tesf.Shovi();

tesf.SetupTabContiviSelectedTab = tesi.DemandPoir's;

private void solvelutton_Click(object sender, EveniArge e)

{

ncw

new




this.CheckForOptimality(false);

pubiic void Salve()
{

try

{

¢ tis.Rezet();

foreact (SuppiyPoint sp in sx1pplyPoinlsCheckedListBox.Checkedltcms)
transportMatrix. SupplyPainits. Add(sp);

forcach (DemandPoint dp in demandPointsCheckedListBox.CheckedItermns)
transperti-atrix. DemandPoints. Add(dp);

transpertMatrix. SciUpTransportMatrix();
transpo: iMatri<.GetlnitialFeasiblaSolution();

if (this.transportMatrix.HasNagencracy)

throw new Exception("Degerieracy Encounterad”);
this.transportMatrix. HighestAllacationAxis. Value = 0;

viiitle (VransportMatiix.Axes. AllAxesHasValues)

transportMatrix.SolvelorAxesValues();

transportMatrix.SolveForUnCecupiedCelis();

this.CheckFerOptimality(true);

vihila (true)

this.Optimize();

)
catch (NoTranspartCostException ex)
{
MazszneDox. Show(ex.Message, "Northwest Cornar Method");
) ; :
cateh (Excepdon;
{
OpiimuaRoutes oRoutes = new OptimumRoutes (this.transportMatrix. TransportCelis. AllocatedCe!ls);

oloutes. ShowInTaskbar = false;




this.Solve();

}
public paitial class trunsportCostSetUpForm : Form

{

public delegate void SupplyDemandChangedEventHandler(object sender, EventArgs e);
«  public evert SupplyDemandChangedEventHandler OnSupplyOrCemandChanged;

pubiic trans;:anCostSetUpFarmy)
{

InitializeComponent();
}
void RalseSupplyDemandChangedEvant()
{

if (this.OnSupplyOrDamandChanged 1= nuil)

ihis.Or ZupplyOrDemandChanged(this, new EventArgs());

private void transportCostSetUpForm_Lead(object sender, EventArgs e)
{

tiis.RefieshData();

veid Refreshletal)

{
this.supply PointSetupComioBox.Ttems.Clear();
this.supplyPointComboBox.Items.Clear();
this.demandPointSetupCombotiox.Items.Clear();

tnis.demandPointCombobox.ltems.Ciear();

SupplyPointsCollection spe = rew SupplyPointsDAL().GetSupplyPoints();
forcach (SuppiyPoint sp in spr)
{

this.supplyPointSeiupComboBbox. Items. Add(sp. lame);

this.supplyPointComboBox. Items. Add(sp.Name?;

this.supplyPointSetupCorboliox.SelectedIndex = 9;

this.supplyPointComboBox.SelectedIndex = 0;




cmandPointsColiection dpe = new DemandPointsDAL().GetDemandPoints();

foreach (CemandPoint dp in dpc)
{

this.demandPointSetupComboClox. 1tams. Add(dp.Name);

this.damandPontComboBox.Iterns. Add(dp.Name);
}
this.daimandPointSetupCombeBox. Selectedindex = 0;
this.demandPointComboRox.Sclectodindex = 0;

‘)

privzz veid GetDemand()
{

tiis.demandCapaciiy! \pdate Textlox. Text = ‘ new
DemandPointsAL(Y.Geilleinand(his.demandPeintSetupCombolox. Text). ToString();

}

private vaid GetCapacity()

{
this.supplyCapacitytpdateTextBox. Text § = new
SupplyPointsDAL().GetCapacity(this.supplyPointSetupComboBox. Text). ToString();
}
private vaidd GetCost()
{
fioat cost = new TransportCostDAL().GetTransportCost(this.supplyPointComboBox. Text,

this.demancPoinlComboliox. Text);
this.costVextBox. Text = cost.TeString();

}

private void supplyPointComboBox_SeiectedIndexChanged(object sender, EventArgs ¢)

{
this.GolCosl();

private void demandPointComboebox_SelectedindexChanged(object sender, EventArgs e)

{
this.GetCout();

private void assiunButton_Click{object sender, EventAr,s e)
{
string supplyloint = this.supplyPeintCemboBox. Text;
stiing ceniendPoint = this.dermondPointComboBox. Text;
fleat cost = tloat. Parse(this.cost TextBox. Text);
now TranspartCostDAL( ). AssignCost(supplyPoint, demandPoint, cost);

Messcgenox. Show("Cost assigned successfully™);




p.blic TabPage € pplyPoints
{

get { roturn this.supplyPointsTubPage; }

pubiic TebPage Dem=nAPoints
¥y
get { relair this.demandPeirtsTalPage; }

}

publi;; TahContool SetupTabClontrol
{
get { return this.tabContiol!; }
} :
public Tebllage TransportCosts
{
get { return this.setupCostsiabPage; }

private void adudSupplyBution_Click{ot:ject sender, EventArgs e)
{
string sunplyPont = this.supplyPointTextBox.Text;
int capasily = int.Parsa(this.supplyCapacitytlewTextBox. Text);
neve SupplyPolntsDALL).AssignCapact /(supplyPoint, caparity);
Messaaefex Show("Supply point added successfully");
this.Refreshizatal);

s RalseSupplyDamandChan~~~'Cvant{);

private void updateSupplyButton_Click{object sender, EventArgs e)
{
stiing sunply Point = this.supplyPointSetupComboBox. Text;
int canacity = int.Parse(this.sunplyCapacityUpdateTextBox. Text);
néw SupplyPointsDAL().AssignCapacity(supplyPoint, capacity);
Mzssazelon Show("Supply point capacity updated succe ssfully");
this.RefieshData(); N

this.RaiseSupplyDamandChangedbver:i();

privaie void addDemandButton_Ciick(object sender, EventArgs e)

¢ 4




string demendPeint = this.demandPointTextBox. Text;

int demand = int.Parse(this.demandCapacityNewTextBox.Text);
new DemandPointsDAL().AssignDernand(demandPoint, demand);
Messageleox.Show("Demand point added successfully");
this.RefresiData();

th%s.RaiseSuppIyDcmandChangedEvcn'.();

private void updateDemandButten_Click{object sender, Eventfigs ¢)
¢ |
string demandPcint = this.demandPointSetupComboBox. Text;
int cemand = int.Parse(this.demandCapacityUpdateTextBox.Text);
new Dernand®PointsDAL().AssignDemand(demandPoint, demand);
MessageBox.Show("Demand point updated successfully");
bﬁ?s.Re.’rcshData();
thés.RziseSupplyDcmandChangedEvent(_ %

{
i

private void demandPointSetupComboBox_SelectedIndexChanged(object sender, Eventirgs ¢)
; i

this.GetDemand!();

i

priva,:e void supplyPcintSetupComboBox_SelectedIndexChanged(object sender, EvontArgs ¢)
{

this.GetCapacity();
y i

privaie void tabCentroll_SelectedIndexChanged(object sender, EveritAigs ¢)
{ |
if (this.tabContreil.SelectedTab == this.SupplyPoints)
this.GetCapaciy();
if I(this.tabControll.SelectedT ab == this.DemandPoeints)

this.GetDernand();
i &mis.tabControll.SelectedT ab == this.TransportCos!s)
this.GetCost();
&

s

public pérﬁal class CptimumRoutes : Form
|

{

public OptimumRoutes(TransportCellsColicction alloctedCells)
{

InitizlizeComponent();

i




araylist vatidCelis = new Arrayuict();
Jifiter ovt the dummy celis

foreach (TransportCell te i alioctedCeils)

this TronspentCelitiadingS wren.DataSource = vandC.lls;

priveta void €
{

thisrenoniViewerl Refresisitepan();
b v/

smumRoutes_Load(ohject sender, Event! (s )




Cucstionnaire for CocaCola Kaduna Pic

What time do you start work?
h

Vi'hat iz do you close from work?

Piease give 2 btrief description of your job roie -

Heow raany diffzrent types of truck do you hnve?

Which areas do you deziiver to?

Plezse give an estimate average of crates you celiver in a day




