
AUTOMATED TRANSPORTATION MODEL USING NORTH WEST 

CORNER METHOD 

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

DEPARTMENT OF MATHS AND COMPllTEH SCIENCE 

FEDERAL UNIVERSITY OF TECIIN()LOGY 

MINNA, NIGER STATE 

MARCH, 2007 



AUTOMATED TRANSPORTA1"ION MODEL U~"\~G NORTH t'JEST 

:'"-- (\/' 
_1,.-' _ .• 

SUBfll'Il'-TED IN P" ""--J F' r:::" Ii r-I' I 1'Ir:!":~.lT r' ':: TLl': "": ·-::C.' \ .... ',:~' . r.:t\''7' ... illl 1'\,.\It-\L ~ l..I~_ l __ i\iIo:._I~ '.-Ij . '~L. I,L_,.,,-,, " .••• -.,'_1"-1 

r : ~.~ /~~'. r:~;~ l11:~ ;1;.-,.~ 
•. ~j., •.• - '" ,,:J!J 

.,..,tn. ~'.\"f' , 

J1:,~ ~ •.. _~,~) L' 



CERTIFICATION 

I 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. N.I. Akinwade Date 

External Examiner Date 

11 



'" C'("dn\MI '··n~fl~r::\ n­/, r 1\ .... \0 \J ._~ __ ~a.III_L'" I 

The rcsearchinn and writinn of <1 I)roJ;ect of this nature cou:d I1;J((;;'1 ;J~; ;) 
_~ J I • 

one person enrleavour. A lot of indlv:.ju2Is assisted me in vZlrinus way~'3 c:[j'~ c';[ 

different stZl~J<;S of this project. 

Therefore it becomes difficult to (:l1Umemt8 rind thank (\!i 0; :;;;';:11 c~:: ,;:,c','/ 

whose contributions proved to be v;:lu~,I .. \; to the pro-"'ction c: t::;~::'v'Oi;(. 

strength to complete this v/or~(. 

With every sense of sincerity, I rnm;t recoonize 8f~~~ ::':;::',O'.\:2C::.-:; CI ,:.; 

sisters, for 8\1 their sncrific8s support r:nd understrmding. I dee:,," ~'fJi)r8s> .. : ?'i 

they did for me by way of marol, fjn~l!lc!;:::l ond prayerful SuPP()~. 

and his corrections here ~lnd there. 

proved to be valuable. 

I also owe much th8nks to tilt"; other: lec.:~urers of th0. U}:-'lpu:·:;r ~-.ci::;:,ce 

department. 

IV 



ABSTRACT 

Transportation is a special structure of linear programming, and is 

concerning with the transportation of a homogenous product (or services) from a 

number of sources, often called origin that have specific quantities of supply t a 

number of destination with certain quantities of demand (or requirement). The 

ultimate aim of this model could either be to minimize the total transportation cost 

or maximize the total transportation profit. Transportation model can be done in a 

tabular or matrix form: columns represent the destination while rows represents 

the sources. The unit cost for each route is given as well as the output of each 

source and the requirement of each destination. Where total supply differs from 

total demand and vice versa, a fictitious source or destination (usually allotted 

zero cost) is added to absorb the excess. This research project uses Nigerian 

Bottling Company (Coca Cola) as a case study. 
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I 1 ! " r' t " -, ., . gooes onc rno CrlCW; Irom one p,oce 0 O:-JC1:1er. iron:;!,)Cii(>"~~;-) ii~.;S 

been a vitoi Gclivily of rnclrl o'/cr ; ;iC' o~y~,; 0: deve!oprlie;-/ .:- i;, 'r 

thny ha"n 1'0 lUI''' jl(~l/"n io \A/h'~'I'-; (lD<;:r"'-; ('ft(~'r liei'nq pr()riu,r. ,-: 
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tronsporicr1ion of nooe:::; arises from the need to satisfy b(Js:(~ nr::,·>:,:; If 

socioi, culluml, or r:::·t)Sii'C;SS, 
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concerneci wiih ihc rood irnmuortCltion. /\1: of Ihisirc; :-.~·;r::::(),1 

means serve 0 cornman purpose 0:K1 thor is rnovernent cf p'')cr.c; eTC' 

goods from or.c piece 10 anothc:f, Tran',pctojion is faced 'y.:::!) \<:::;:"": .. ;s 

fypes of pmb:crns \':;-lich afk;ct the mo\/c::ment of people ci:-:ci (::'~J::xi~ 

from on-" iocni'ion 10 ('ro1her' TJ~" roael 1~'~1'1--"'o('rLI s\/dpno '(') 'I" ,:,·.-,:,1 \,.i:'~, \....... I ~ ,-, , , • I I J ~ ! ,,--, .J 1 _,1 I." ~ .J / .J, _/ I ,I !. \.~'./ _. -./. \." 

numerous problcrns norncly: HiC:;h forcs, :.CCl:'C:;y of fuel v.'r::c) 1 . 

fhe deloy of ciisjributing [Jo(Vls from 1:"\(; sO!Jrc=~ L) ii-:i~'>- \/c:i~)';5 

destinotioiis, disregard of tra~fic ru:c;s hy rood users whici'l ;~c::ci to 

accidents, armed robbery, leck of good rCJ·:xls, lock of j;~11rc . ~ ,,~~ C··~:':-, 

traffic foci'ities, traffic uccident onr::!ysis. /\11 c.r these kx, j;o ;:'? I:<;'~: 

transpor!olion problcrll in the COl;n~!y, 

Trampor! c j iOr! ir nrxoverner! t r,r', ;Y'I r1r'\I\I 
I -~. • t l'-- I I on () \! (] j' c: ~.~ :: : ~'\ " ~ 

as a barrier in tcnn) of tirne cmd cost and v,'il: solve to (;,'1 C;," -: -I Lv~' 

problem of sofely, convcniclice (')I-Kl u)l'1ifort, 
; ~ " t 

~:I C~l. ,.~ c.' I C:;--!'Y 

improvcrr'lc:,t in iroil:'!Jorrolicri +h" i !cods jf) rcduclion i~i C.';::1:~ - i':r. ~ '",f' 

cost or bo:h overcor-n:;<; the rnClic' borri8r rX0s:::;ntcd i)y c;':<;ic(c;-'. 

often H10n nor, tl'cmspor!cdiol') routes ore silciqht lines [:)(,;'/\1: ____ ::11,"\"'.) 



places with the exception of rnountain or water bodies, pc.::s:;·q cs 

obstacles tr) 0 stroiOhl Ene. 

"" 1 1["1 ~ I (--' f 1" ,., , ~ 1. - b~Cf(grounC1 .J' l1e :::ntHly 

.' 

Transporlolion model is concerned basicoPy v,,'ill the iro~s:x:':<c::'.';r: c: 

homoJenous proc!ucls or service from 0 liurnber of s:::u:'cc '.:, c', ::."1 

called orig;ns Illat hove specific quontilics cf sUDPly to 0 n~;i':;x:' 0 

deslinolion'; \Viih cC:lloin c!uan::i;,;s of dorncncL 

Transportation problerns ore orlen used in i:'cllsiJortoticn 
, ' c· \ l~; ~ ';'! -~ 'J, .,''''' ~ 

. . 

costs to represcnt lhe per unit transportation cost. 

Coco-Colo is tho most succossful fOI-oigi) cornpon,/ !r:::::,_~r:c:;:~,: 

business, c~;peciC11Iy in Asio, Gccordinql C) en 

execuli\"~ i'l a reccr: t survey pUr)iished in I-'onel l(ong in :;:v.:'-; ::;' :: 

pharmacist Dr. John S!/ih rembcrlon in his llour Africa CCQ!C:i~,:: :,'~ '" 

content rernci:is secret has it hos fe,; over 0 ;-lunc!red ycc~:'s.rh=: '=;:',';'_':',: 

known as "1vl,ERCI-!t\j\JDISE 7X", is kepi ir' (1 special secl;rl;'/ \!'::;u'; ;,; ',J 

bonk in United Stotes. 

Firstly, coca-colo is dislribulcd in tl.'/n cJifferc~nt '-"!oys: D'2pci C::i'::! '," , 

~ Basic 

This deeds w:lh sales trucks (md hO'N ihey an~: beinu iJ',,:,,:,:.:;,=,', 

according io 'klcir requ(;st L-om the ulstor-ncr. '1'1:;:,' r·.,:::~',.:(~;C 

depends on !he sole root, the,' load en a doily basis ofici '!,h;ci~ (! 

settlement sheet is rrin1cd fo~ eoch hUCK. This set ji8illC,,-t: "h(>:;; 

records "vhal the sa!e5rncn ;iCS tor:cn oed and villCli >:~, ;'~:::)i< 



with. A case vvhme the salesman rctiyrS without 5 erclc'"; V\:C~I~';·.j 

indicotc that he sold both minerals and boltles. 

based on whotlhc customer rcque~~t, the produce: W:='f :~::: / 

, ' i L rl' I' , t ' " - " , . !"love nccn ronspeXi'='\.. 10 ::e Clepi) 01'1(:11118 !IOr;"':t': 01 ~ ", ,--:',/. :' . 

•• 1 F'·(:' 
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1Io/::;h(::; lios received Ihe ~)ooc;s. 

Marlu r O<..-:il.JiCrS arc; 11le ones tllci/' r)rclchJc:c i;· i'~ ir'nint:ro! ir: i;:~) c.>~~, ;") '~.I:, .'~ \ I 

wh'lch (1'-"0" v:lt'n [I,,,,,,, rlurrbl"">~ o~ CI-o!ro:: ~I~r't ","'1 0' -:> p~~ri' 'r' ,.' :,~ ,".', "J,." C ... '- I) ,i I I G I I ~ \:/ I I -' l \. -:~ J I I '~A. ',v ~ , I .... ~ ..... I 0 __ 'J '_" (,:;, \...~ ,:, _ r I " I .... 

they con rroducc 1200 pcr hO:.Jr, i he sc::c(~:u:ingi;il"e =.;, 

number or hOIJrs ond cases cxoectcd in pr:.=:2L.:ciion figT8:;. 

---------------

, ,: r 

Tronspnrlorion prol':~,lems irwolve finding ihc ci'.sopcsi \'/CY/ c: "'"~~:''' 

goods / ;-,rCC1L!CIS from cc;rtc:~ sourceslo ccr:ci,l ;,.:,:-:' :'.-~ ~ 

deslina\:IJm. Tho nurncricallaL~c! on a 3egnv,;ni is lhe co:·; c': ::: -:::::: ;l~; 

be less that 1ho demand or meN exceed the cc;mand. In; Ii;" c ::~S.-; i ;-;(:; 

model is SClieJ 10 be unboloncc:ci. 
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CI-IAPT[R 3 - DGSIGr.J PROCEDURE 

Research encompasses activilies that incc:ase the sum of human 

knowledge [OEeD Definition]. 

Research and experimental developme~lt comprises: 

• creative work undcrtuken on 0 systematic basis in order to 

increase the stock of knowledge, including knowledge of humanity, 

culture ond society, and the usc of this stock of knowledge to devise 

new applications; [OECD Definition] 

• any activity classified as research and experimental 

development is characlerised by originality; it should have investigation 

as a primary objective (md should have the potentiol to produce results 

that are sufficiently genoml for humanity's stock of knowiedge 

(theoretical and/or practical) to be recognisably increosed. Most 

higher education research work would qualify as research and 

experimental development. [DEST. 2002, H~RDC Specificaiions for th;:: 

collection of 2002 do to] 

Research carries with it a professional (mel ethical responsibility to 

disseminate and apply the results of research activity and 10 conduci 

research in a manner consistent wi'h the Statement and Guidc1ines on 

Research Practice. An essentiol dlC'racterisiic is that it leads to pub!iciy 

verifiable outcomes which ore operl to peer oppraisal. 

The complementary activity of sC;10larship refers to possession of Gil 

extensive and profound knowledgE: of on oc:odemic discipline and the 

analysis and interpretation of exisiing knowledge aimed at improving. 

through teaching or by other mecns of corrlti)unicotion, the dcpih of 

human understonding. This d"rartcr in!roduces various dcsiQn 
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techniques, instrument for data colieciion, instrument for data ano:ysi') 

and administration or instrument as may be necessary to achieve 1 he 

design gOD\. 

Research includes pure basic research, SirotCClic basic research, 

applied research cmel experimental devclopn:c:nt [ASS 1998, Austraiion 

Standard Research Clo5sifica tion J 

Pure bnsic research is experimeni"ai and theorclicol work: undertaken to 

acquire new knowledge without looking for long-term benerits o~hcr 

than the advancement of knowledge. 

Strategic basic reseorch is c>':;:rimeniol Clnd ihc1xeticol Vv'Cf":( 

undertoken to ocquire new knov/ledge directed into specified broad 

areas in the expecto lion of useful discoveries. I i provides the brcod 

base of knowledge necessary for the so:u~ion of recognized practical 

problcn-'s. 

Applied research is Oi ioinC11 work undertakeii pi';rnarily 10 acquire t,c'!! 

knowledge with 0 specific app!ica1ion in view, Ir is undcrtoken either to 

determine possible uses for ih8 findings nf bos!c research or 'io 

determine new \vays of achieving some sp8cific and predetermined 

objectives. 

Experimental clevelorrnent is sy~;tematic work, usinQ exis:ir.g knowlcc:gc 

gained from research or prnclicol exp8rier,cG that i) direclcd :0 

producing now rnalarials, prodJcts or devices, to itjs!alling r:o>,'-/ 

processes, systems and services, or to improving substantially 1 hose 

already produced or installod. 

13 



The area of study is the tronsportoiion r:iopart~11cni of Nigcrlon Bottiine; 

COf!1pan'f, Coco-Colo ~~aduno, end the s!ucli is bo:;ico;!y on 

transporlotiorr mode! of 1ile componv's so!os onci dst:-iburing oclivities. 

The study focuses on the analy:;is of the cFslii'Jul:on of ihcce rnojor 

producls of 1~le cor-npony. 

In the COU~;G of col:octino c:oto for this rrojec t, 63 qL:csrionnoires 'vverc 

given out to tho CCH1PC!ly stoff cf the oJrn::-<J::Y. Out cf iheso, 57 

people rcsponded, 11 of which were seniex st:iff. Itl ooeii! ion to Hii~, 

one principlc doff and distiibulion nlonoDer were inicrvicvled. AlSO lr12 

researcher scrutinized c!isL'ibullon solcs jounKI! (Wid annucl ciistribu;:on 

sales reperls. 

If you survey cieri pCi'son or Cl \'v'ilc!e sed of u;-:its i:i a popu!ol:on yc:u 

orR 1aKinq a census. Hov/ovcr, thir. r~cthoci is 01 tc') irnprocticob!c; os Ij 1 s 

often very cosliy in lerrils of time end f;lcrIOY. i~or c>:o:-np:8, C SLTv'::;:Y 

1hat asks complicated questions nioy nc eel 10 L:~e !rc;f~:xi lii181'vie'vvG-r'::; 

to ensure qU8stions oro undersiooc1. This ryvJY i::'-:; 100 expensive if Cl:-:'/ 

person in the populoiioll is io be included. 

Sometimes taking a census CCtn be impossi':e. r:or c;xu!-npie, C U:,T 

manufacturer might vicml tolcst i:IO strens:th of ems bci~I~1 produced. 

Obviously, each cor could no! be crc':\i jc~rcd ~o c:ctcrrninc i;:; 

strength! 

To ovcrcorne 1hese problems, sornples orc to;:cn from p:JpulaiiollS, o:-i:i 

estimates mode obcut the toto! populck)~) !::io~cd on informolion 

1 1 



derived from the sample. A sample must be kHD8 enous-)hlo give a 

good rsprescntojion of the fJe)pulaiiorl, hu I 5:nClII (noiJgh io (;.? 

mana(Joab!o. !n this sc:c\ion ilio Ivvo molor i'fPC:) of sGl.lpling, rC"lCC~-l: 

and non-rondom, will be examince!. 

RANDO,'/~ ~ '\;I.'IPLI~ ~ G .. --------,,-

In randonl samplino, ali ilei"ns hO'/8 some c!icncc of sck:~clion that con 

be calculated. r:andorn samplinG technique ensures that bias is not 

. t d d /. t··, I d' J' . In ro ucc rcgorCing VI,10 is inC,UCio, in /,'C ::;u;voy. Five comriJ.Y! 

random s""'lp!ina techniques 0;'0: 

• Simple random sa:-nplir!g, 

• Syslcmo 11c sCfmr.')IL1~J, 

• Sirafifk:d samplinQ, 

• Cluster sClmplino, cr 1c1 

• Multi-staSle samplino. 

SIMPlr-: P,\i,IDO;'vi Sl\:\~.\' i,1NC 
--.- .•. -------

With simple rondonl sr:Vllpling, ooch itom in Cl pc;pu!uiion (~cs on equo; 

chance of inclusion in the sampie. ror e:<empie, COC;'l no:-ne :n (J 

telephone book couid be numbered sequcniiciiy. Ir the; sonlpie si:~e 

was to inc!ude 2,000 people, ihen 2,000 numjOt's cou:,j be ranclo~,'\' 

generolcd by corr:puter or nUr'nbors coulcJ be picked cui of 0 he;!. 

These numbers could then be ; rlair'heel 10 nO:l;::;S i;l ihc telephone:' 

book, ther('ny provicJinq a list of 2,000 people;. 

A Tal islolto draw is Cl good exo:-nple of simiJle rondom sornp!jn:J. /\ 

sample of 6 nt JI'Y'lL)crs is' rnndon,I\1 nc-nnro'r.-.d 11-~\r'1 r' t"'\("'Y)l ':o'r':()" ('yr :"~ I - _ I I ".. I. ...._~ I I I II/ J' .... /, -_ I v ,I .... ~, 0'\ t·..!"., , ....... ~, I· .... I I '... ~._< r 

with each number hoving on equ(}i ch!]t:ce of beinG sci C'; I,::: iee!. 

The advoniagc of sinlpie random scrnpiing is 1:1C! il is sinlpie and 8C1:,'/ 

to apply when small DOPu!otions arc in /C'~vcci. Hovvc:vcr, rJ,x.:cuse c\f~:r~' 

per~on or item in a populntion hos tu be) !istc;rj before th;; 



correspor)(;ing ronc1orn nurnLiers c::::n bS' ieec:, i: lis rn·:;i hod is V(;i"\! 

SYSTEMXI"~C s/\;\:;;,: ::~G 
"_ ..... - ---"---_._-, .. _--~-

Systemalic scmplinQ, sornclimcs 

used in indus!r,/, where Gil ilem is SE :ectcd fer lcsFnCJ fl'em (J proc1uciio:"1 

, j' I' t t ., "~ , ,. . '" I' t ~' on 0 PWCtUC IOn ine 0 CST Tor CC18C!:; onCi C;',JC~i; ~j. i liiS ,eCl''litcj'_'e 

requires the first ilern to be scleclc:c! at rcnck:,),'(1 cs C1 ~;tc;rj:ng po:nl ;c~ 

t c. t· 'i" -'" '[' p , c\ r I '! Cd I '1- c" • ,- ;-- h (",,, ~, n \.:, Sin 9 (1 n ( . 1,18 r (; ell '.' r, C V t" ~ ... " I I. t. m I JJ' "J J \ I " 

This 1cchnique could olso br; US8c1 \\'i~c;n C:,t;(;~ilon,n;:; 

sample sur'lcy. " market rescarchm miDhi sc-:cct ev'?:,r'y' 101:1 pcrSCi;i 

start'lng r. ....... int· or ;n'c'r,,'10'" O,--Cll')rjnJ. ..... c-r' """/"'-\f f:ll·, ·I'--r.') ... .-.l in CJ ~fl~'""'''-'''~ , _ r ) U,; , ' "I > v ',> 'f" '_J,. [. " , I : J .J , ;, t::: i ..)! I, 1 ,,-, '" > ':. . : ,J, 'e',;" 

after selecJ:i'ln a house Of ronriorn 0; a stmiii:C! :Y):nl, 

case, ii is fi:st necessary to kll0W the who/i': r::"~:yJioiion si'~~; from w:1ic:) 

n, as follo\l/~i: 

I ::: !'l/n 

If a .)c"l'('.)t.~" rYI'Q" i'le: 5(11" r)' I(~ 0 f roor "j ')(i"'n ':'5 \ /It."'" -. '10 ;.-, re. (-,-\.-r: "C"U~' 0' J "I ;', (" '- I -... ._ t I i_I .I V .J \. ~ .. " '-...J I \ " \..; j \..... . ~J I..... ........ \...., I , 1 \_, \. II I \..J 

university vV'iih on e:nrollcd popuio1ion of 10,CJ:)' LL; sc;r'I'irJI:!iQ inic,'!c: 

v.;ould bo: 

I = N/n =: 1 Q,vJ01500 ::::2'0 

Note: if is not C1 whol(~ liumoor. Iri(:n it is r· ul:dccl to the nt~'crc;st wh·~;k; nUmLj8r. 

would be chosen by scleclin<] (j rJr.cJorn !'lu;'n~)c;i iY..:.'iv·IC;'~;il 1 and ~~O. !f 
\ ! 
lei 



this number was 9, ihen the 9th siudent on ihe list of s!udents would be 

selected olono \\'ilh c.'cry fo!io'lv'in(J Z)fh ~rlJdcnt. H~c s~mDk; of 

students V'IOUie] bo those corrc~iJ(),l:-:li;';~ to s:uc18nt nUrllbS'fS 9, 'L?, /:7, 

calculo~c your srrli!,iinn iliiervui . 

S T t~ f" T' ,.. ~ r ;") ~', /\ fv .. ·. i L': . f .. ~ --- _._- -.-.-----.--------

populo tici into ~Jroup5, Clnd SOI':ip!C; from eClci 1 Sycur.:.\ you con nlck(~ 

sure the sc,mpie j~ rcprescnlcili'/(;. 

The con,ll1:ltec of C1 school of 1 ,n~Y) StU(;Cl::S 'iidiCS to C:5S2SS O;i'/ 

reaction to the rc:-inlrocluctjon (r Posj')lci Cere inio ke sd~(.JI::-;! 

committee soleels 0 sarnnlc. So, \I 

each strata 

1/ 



Strofificalion is most useful whpn 11'1e straPyinq Yoriabl'2s are simple to 

work wilh, cosy 10 observe onel closely rcbicrj 10 the iopic of ihs-

survey. 

n"'()r,Q '-'-I' or-',n (~rO'I') tl,rl" f"1'-·'j·;'I,--·r 'j/o': r v rl" ,.'" '!,'r·;r \J'~:' I ~" v ~. -" \. I" 1 I, .... I I , .• 1 j \, ..... ' \ ,..... • ,-" ' •• ~ y \...' J ~ I ;.) ! 1 I _../.) 

gr()up 'Ii! . ...., 'I(-'Iu?'·'s rnrl\/ r!'frr:w 'f!ir-k 
\... -' I I. \. , ~.' '.' , ",1 \. II , I , ..... I \ 0( • \ ...... ' ~ 

t' I I I \. \ \ I I ! " , , ne '1;,)0:0 P()PlJiC11iCm, Y':lt) nove :0 lC:'t:; C:=Cr)~J(ll Cit \\'~i::.n 

ClUSTE:'. :~P,;'N)i !i-,'~ -,--_. --~~----- ---" 

CIS a \vl " ('),1," l:o~1 rc,\ 0 [.)., rJlfC'> t " ('lY""I' CC"f' h, ..... ,· 'C'I'I'{~ e:: ~ (" ;.) <;, f(> '1:- \ "'l\J ("1'('- L"': j" ( ',' I .... _,. {~';,,, -r- '-~1 _ '-...... ·.i I ...... . J\.-, , ,'-"' -" .,...1 ....... , I~~!, . .J • t '\,.~. .....,( -' JJ.", __ 

CI ' j'" "I' I ,-USfer SCI--);:> irlq CiVIClCS I :1'.; rX::;;~'UIU~!G:1 

The,"j , 

such as clccioru; ~ub-cJivisjons, The: selected c;usie,s ore ii)cn useD io 

represent the popl'lclicn, 



d ' r 
take too lono to survey every sluc18nt, 0, CVl:,r1 sorno si'~: enTS Irom 

every school. Instcod, 1 GO schools ore rondornlv sc::eded from 0:1 ovrr 

N" IgOIIo.. 

stucient in these 1 CO schc'ol<; is surveyccl. In \~;i teet, slu'Jenls in 1hc: 

I c: r t j . t' .... r'~ r~ I!., r' n ' .. ",:,\ - , -- . r -.,. .... ~ somp c J~'O C, Cd ave, I i Ie; ,:1, fl! t, (j) /l:I, 1, ,I) 

lhose chosen. 

: "'I' : i ; t - \ , ~ I \ I, ~ t" ((.! r~ ( ..... .}.I' ~-) ,.-., r 1 
.~ -.. ', . i .•.. . t "J.) oJ./, .... .../ "",! I ::... J \... 

tV '(J stor,c" Ir') 't',,-.. r'f'- ~ Sl ".-,', ir'lr"'" ..... ~llr"S c'r , .. "/ . ~) ~). I Ie ... I ~>I :~"~)'_/I \, ~(/ : . .:IU J, j. ,-_,I 

required for the [iikl1 s()rr:;lk:. 

I d · fOf' -II I If '--1 '" .... :-. t''l .,..... t !' rtr-' -, ".-" ..... r "'\ ,,~ .~,-.: il:-~ ......... ( ..... (' .. ("~' o enve a j, lei sonlp e. I ,1,0", !, ,II) IV,O ,),' IS"I,,) 1 . .1 ',-, \J )C"." I, L/ f"!' uC" ),) 



A ! f ,,' 1 ,- r:. s- n"r)lin,) i" ",il-"" ;J~~\;'f, e!cclorol su':.> n axon/i)'~ 0 rnt' :-5 O,J\.-' <....1 'I" I Ie: :, ',I" U \j, 

. .. . ' If ,'r .: .. \ ,'- -.~ II, k l'Je"" ,~. diVISions (clusters) or8 snrr:rYCC rom 0 ell'! ex S,,_l,C. ~)'c;c.uno,), u" k) v' 

houses orc selectod from will lin H:c eiccTcrol ~I,':)"c\i\.:isions end, 1r,;~ci:"'t, 

mory")·/"", in 'i-, )' "':'C";'--'I' , I L. 'oJ I~) I, I I I ! '- , . '. '- _; , 

r'Jrc' .. r .... C1r·(l'I·O["1 C()Si '1"li.(" Ij·IS·t ,/ '·j·\'·'J·I-I-l k,.:,.·,· I',· /',:',,"': ':\1 '.(i ("li" fr.·,' 't,nc."", ~:; "~,,., .. , t- ., J. "_ ~ .. I, .,' "" '.' 1_ / I.' .' "/'j ,.', /A ./' , .,' ,I, ' .. '., . J t./ 10" " " 

'IS t("p. ... <;C'.' 1,1,'(' C·.i'J )'(-:r' ""ilJ-i('\r v'rl't-·i:ri(l' I·, ';\ './,C'" J , __ 1_ -.' \. ....... ',), .. - ~.,I 1\,.)11 ".J' ...... /".·1 C, C: (~i i )!·C~ ~'~I 

somplinq C:rmf' 

The dol --'J gr': t'~I"r·:I'· ..... 1"-":' "l!' ,., .... ,,1 (' l"P"''\' ,/ l.... r 1 -_. \ \:.; 1 1-1 II .~. I l 'j! \,~, 11 ' .... 

I !,.. ~ " ~ 
\) j\.. .... I .J 

',"J(";':, -II: "I's ;(1)' ii'! "'I"""',: '-..- :...: i '.., • : .1 . , ___ I. 1-/ 

,. 
:, 

requested flOtil Slorc:C:-j2 L')CCli:ons, 



510ff or users V\,!lcn n)(JkinCJ (1 reCjIJest for rc:turtlS cr copies frci';1 

rClci:;:i~, ! : ~! ') 
I .• , _,' ~ 

!! 1'-" 

• p ;"'" ~ , !:~, t:: r:: \~' i I'" 
____ 0"- _. ______ ••••••• _._ •• 

• " 
',-:\." 

i. .'; ,.:. 
-.+-

f'-"""'s ['-'> c' :1"" -" ~';"""'" I ..I,; l ., '~J r 

(1 

: ,,.. ,~r 
,j) ".1 

( 

• 'f ! 

; 1...,:I.:i ;'j i 

, . 
, i 

, 
'-' 

f C<":U'jCC; 

. " 
(-;:'<"1 S·:-;·: ... C:(j ii!T!? 



print and cil']itol 1c,rrn; of jCUrr1~J:s, incorporating qu(;::iions (~evc:opp.d i'" 

or print. 

• (~(\ .,-~: ~~ ! (', . ~'.' i'· -.: ': 
----. ---- ... --.------ '-'-'-- ._-

,'·'11 
\.....-.1 

. ,.-.. ", .. ) 
.) , i j.1 

I"'rocr.,c, . ~~ I" ', .. "cle'·'J' ;,~ ( ,"\' ~ ,",' I - ; '"f', [' r (' ,;, V," .' r I " ".' ,'; '" J \·_ .. _I)~..J) t\."t .... (.j'" j,.J _\.. __ I.,_~·'i·.:; II,\.., _:/~,)_-;r;II\'\.;t;\"--11 ' __ (..);'"--",,;:(.),'\, 

.' ':·,1('(',/1'.",,,, '>"", I. \ j .~. .... ~ • ( " '~_, 

" 
.. 

I (,i r, I '\1'[-!' ," ('1: :C' "~I L') ',"",','.,-, ',,' i 
....,".' ' I I' _,t,\.....-- _f'l 'I I - • 

. , 
l/~<.':<~S 

r ..... . " ,~ 
'.J. \,,! 

, I ' 
'\ 11 t( .,\/ 

......... 1_" '-- • 



IntervieVlln~! is Lic r,~o)i wideiy used iechniquf] in reql~ii'emenls 

An(l '"r~,.... '1",I'"r"I;~ ~J t,); f e'~ I" - ,-,. ", l' "_" I Y ;:: I If.:... ~ I':... ..... " '" I \_ ;. j;' \ .,.: .' ~1 i i j " ) ( . l 

one. 

one ' t-",-~,j '".' '"'\' ~ 1 ,l_l~ .. -,:;! II i.)/ Ii), ., 

sco')'" \'""Ci ,';-):"~('"i;'J"-"., (",,: ,- ""n"-' t· .. \._, -_.;: ~, 1..":.... j;. ,.~, I ~ • oJ· .' : \ • .' - : _.' J: ~ l . ' 

The n',",; 
I '\" \' 

does not dCPClld 0:'1 

following meit'10(i-:: 

sys f >"" r-l 'I, C" ' -)"! ,', ," i . t '-j " 1\:" '-' .1 10._ .) i ! \.. ~ , .... l l I ,~.) I ,,) 

, c: (:, j 

" 

specificolion. 

Typicolly, jf cor; [.' ,:: ,~;: 

, 
r"' ..... 

(JI' )1"::) 

: ,\ 

:"'; r 

.", 
I! i 

c::-,t' \," ,~ , 

... > /' ,; ~ , ..... r,:~ .,...., 
" .. " -' '.' .-, .. ' -'~' 

l~: Iii' ..... :: 



• An introduction containing trn scopc/ gools, one! objectives of 

the system. 

• Data flow dia0rarn.s depictinG the workflow of 111C nc\v system, 

including the clear irlentificolion of business tron:C'c;jol1s. 

• /\ projoci dela model (c.o. ER model). 

• IlIfon;~ation needs: which types of Clueslions Vv-ii! I)C oskcd of 

the system ono which doio will suprorl ihe cms'vvcr::,. 

• htcrfaces with other systems. 

• Sample rermt, screen, and form layou:s, if required. 

• Operationnl information such as processing free:: J':);'icics cme! 

schedules, response Orne requirements, resourc:: u; il[lcr:c::n 

constraints. 

• Measurable cr::crin for judging the implemonialic;,1. 

The finol test of tho s,!ster." the user acc'~p:'ance \:::./ sh:~)uld 

conducted as a benchmark against this dGCUnicni . Therc:~-/c, 01; those 

factors that will determine \vhethnr ihe usc:rs ore sa;i~:ii']~'; v;iil! tiiC 

system sholjld be documented and oDreed upon. 

There may be 0 final step in iho reCluircments 0nC1~ysis--to IIc:\I,:; ihe users 

and top mcmagement sign off on the specification document. (in most 

cases, if sufficient contact is mClintoincci with lhe users cL.<n] 11:(; \-velt, 

this ster is not necessory.) 

We need to review th~ presE:nt system before cJesignin;J 0 n(]w O:K:, 

because: 

• it gives the d 0 '.ign team a good grasp c: ;(/.:; i)us:ncss 

problems 

• it lets them unders1cmd flv; environment in 

system will operate 

.. , 
'Af,"!(~r, 
" .. I I; ..... I , 

• it helps make sure everything needed is consic;crccl 

.. it helps to relate the new design to the old on'?:: fa:· ecsc of use 

• it enhances cooperation between project teom Clnel usei'S 



CHAPTER Ii - SO~-:TvVARE DES"t,:;N /\.1 Fe) .-------_._ ... _--------_._-- ---"--------_ .. _----------------_ .. _---

4.1 - Construction of the Prublem 

From table 2.2 in chopt0.r ~), \lvO show hc'.,\, ihe l',kxi i i\i,c:sr Corr'cr 

Method/Stepping stone Method is shown bclo'v'.'. 

Note 

!) NeQative values COnlpUfE::ct implies tk.~: jfn roul,.:-; ~Z ilO:~ C sov:nq 

of i'13 per unit. Therefore it is considered wise if if //, is :)~J: i:-do u~c. 

GiYf':n ihe above posiiic)Il, we revisit Inble 2.2 cr,ci shc)v/ tf·,(=": 

required movement, whi:..::h will aiel the rc-ollocc;;ion of uii:s :'1 

Tch!elJ.l 

the E-xisting ro'v'! (J!1e I column totals. A plus si~Jn ;s irl':crlc~d inio z/\ 

and plus cncl r"':'-lIjS signs iii olher voriolj; c<;CUpi::c1 ceiis 

c.ccnrcling to their c1cfuC1l pcltern 

Tobie 4.1: Initiol solution r8'1isit'd (r;howing the) required movcm2nl 

use of route Z/\) 

To A 
~.~ --
X ~10CQ 

Y 1°8 5 

-
Z + 

[~ _._. 
dcmoncl 600 



Step 3: Reshuffle the unit 10 be allocated according 10 :hc: dictutc~ of 

the rlus end min'..)'; ')ic]ns b)! the movement in tebk=: 1,.1. in OnY':i 

words H:e units 10 be i::Jnsferred to ZA arc !hose of the: ; (y)'ic: vv'i;ri th\': 

smallest quantity and has a minus sign. Tho route Y/\ r:.V)':;s ou i of U~8 

. in tob!e ·~.2, and is replaced h'; ZA. 

Table 4.2: Optimo! Solution 

~ /\ I) 
From 

X ~1()(1 81 " I L~~, 
-----. 

y EJ 2')(1 ~-'l 
l __ ._1 

----, ---- ,--_ .. _--

z l°Clil 1511 "I 

1-- L I.:. I 
---

(k'rnollcJ I MiD 400 

Total cost: N8,8CO 

Step 4: Test table 4.2 for optimality. 

XB = 10 - 8 + 6 - 8 :-: 0 (~'Jo Clciciitionol cost or sc!Ving) 

XC = 7 -·1 + 6 - n ::= 1 (f\ddilionc! cost of N 1 /unit) 

Y 1\ =: 5 - 4 + 8 - 6 = ~ (AdcJiiioli ~11 cost of N3/unitj 

YC = 8 - 4 + 8 - 4 = 8 (/\dcJilionc! cost of t'-l8/unii) 

Given that the oukorne of step 4 ore oil positive, ii SII:)V/s if':OT 1";0 

that the allocotion in Tobie 3 is ortimClI. Hence we r(:cC'r:~m(;nd j'le 

following shipping SChCc1Uk:: 10 the manufacturer. 

'-Fron:L~~~~] 0 '~"~'~;~ UniF": ~Un'fC'os T~:' 'otal,CosY . 
:-:.:<, ',~-~~~~!~" ;::"~ ';~~~'ft: ·,~rtf~5~:: e1' ~ '~~: > "-~:'.:,:' ~\,.. ','. I .' .:~:~ :~'l, ~.:.~~.~.,; ~~t. ..: 

X j\ 500 8 4,000 

Y 

Z 

n 250 

100 

26 

1,000 

600 



z 
z 

8 

c 

Total Tronsportation Cost 

7,200 

2,000 

4.2 - Analysis of the I\IorHnvesl Cc'rner l\/Icthcd 

------------ --------------- -------- -----------

The NirlC'rion BottliriQ Comp'cmy Coco-Colo KClclur:o Pi--:, ;IC.~S vcriou:; 

numbers of trucks which c:re in working cOiv:1iiion end pl,/ ihc VCJr:OUS 

routes cloily behv(;r:n the hours of 6:00am Ctncl 1 O:C),-= I-n (16 [;OI;IS 

doily). Vie therefore bor,c !he rescC1rch 0:1 the f:Cldur::~ iyv:;;ropGiis. 

[very morning lhc!;oilspod oificer scheclules the mxn:-=.,u of tr-ucks 

rer day from it diffrorcn t tynes of trucks to five of i he fo':(y"ving rout:::s: 

Zoria, ICpbi, Makcirfi, IkClra ond KCluru. 

Though the Norttw/,;st Corner rule is Cl simplc; procccl):c fGr ob~oinj:!(; 

a basic feasible solution of T;le tranr,portolion rxobic:-; (';-1 , t!;0: sc!ul:on 

may however, be c;ifferenl from the oplim~)rn s:)i'J,;'';,I, si,,::::?::~r:; 

transportation cos!s ere not taken into con~idorctiCJn :;':_0 ji-i3 Lcc;si 

Cost t-Acthod. 

R 

~ 
---

S !iO 

G 
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The associoted ftCl!lspnrkl:iori cost is ~~35,60IJ. 

The staircase pot terrI is shown in the model be:ow chid ~,I iUvVs:hct 

the solu ticm is voiirJ. 

. 1 I ') ,-----.- -- ... _. --.- 1-.---[------·T------··· --1 

_J.=-_ I ·---1 j- -I T-I-- - ---1--- ---- --
I i -·--r-· ----1 I , I 1 I =i ' 
~-----ll··-""-·--·-···I'·-··-·- --- .--.. -.. -1-.--... -.---.: 
I (- 1 • ; 

I ! I) Ie. : 
I ' I I I i -----1---1 
I 1 I , I 

1 I 1 -, \ 
, .. --..... , ... --.-.. --.. -.. -.. ---.--- .. -·--· .. ·----l-·- ' ....... -... . 

I ; I 

I I I I ,-I. l ____ ._I __ L _____ J ____ ._ .... _I 

4 3 I ., ... 1..· . '. o' ,: rif' .. ~. ,. ·t··· -n " \ 0 ... ' ,." l .• " . - r. ·')C1Hcnnn .. ) l.le i",ln,"lJOl 1I,_, j'\.Ll.;}hLJii ;..... '(...... '- , 

The computer linj 

operalio:, rcseorch. 

the researcher b 

computcri7C, 

\ ,~ t' "01,...., ,. t I f ~. i'\ .,: i -. c, .(' 1 )'. '.'- (i' I'. I" \ I: r' '. ~ ,­hIO,l(I\.!.cnlcn n,o, II,C,,~.dl vl.,le,);) Iv't .. ", CJ:,,) I';) .... ~ I' 

operation rc:ccJ:·ch i,) 

nnoiyze end 

performcmce agclirl'; I project'; end budC;c t. 

variables of a Cnrni)uierizc~d model of C1 rcc;! syj~I.:;i'l t:o tc:;j C'-i~j 

evaluate the comcqucllces of ollcrnal:v8 plO[;rClnlS L;~:<!.;rc ihe/ err] 

implemented. 

Hence the use of rr.CJthemllticol proornmminSJ v'hicil i<;irle 

fheoretical tool of rnano9';rnent science cnci cccn8::i icS, i;i v/i'!i:..~h 

ma A .,,' e t r ':"c 1 :ons -'I, o''''scr'bnd cor ll''',:;-"lf:> I~:·)'l/'~I~)'_"\'\/!·,; n gS,11 n 0 )C, 111_,. C,r ..... ' 1 .. \_" ••. > _1" .. \, t ,'-'_"-1,/,./,, ... 1- .. 

an exory\.ole of th .... , r"c··,lhnr"l·l·~·I';crll moc1r>! (··Iv',n f',,· l';--;" jrrlli·-,-),"~yi(-r-i lIt I II'-J \. ,111\" __ 11 _ 1\;' .,.J t..11 .......... 1 ,.l.l.) \..., '~'t·:..Jlt'"-,U 



from C1 f,-articular source 10 C1 destination. If mcxc corr:Jcx f'YTrS c;ce 

required, the tern, non-lir,co!- prooromrninc; is o;Jplicc~. 

schedule, milito,y IC[Jistics, colculolino cconorn:c ~JOW::1 GI:j 

for variables in th(.~ eq'JOficns cm::J solving for the unl<r,':-;'''','l. 

explained below: 

frorn qucmlirolive r;vcnts thot ore rC(.>y(eu C)J(i (! I:":~::GC: d 

""rod' 1,'-,',,' tfle t'C-li \' r>rr on t l 1.0 ~'Im'" rCO'ri",s . ' ,.' , __ '-.. ' ,) -, r-J _ I"J • I '-~ 1 I J ~) _, "1,,.::: • 

the lirne scri:;s. 

TI I ., 1 •. , 4.5 - lC cas t sq U;:i re nH~t 111)( ~s tuna hil f~ ire't\!J 

The so'isfoctory mcthocllo c:cscr;bo alrcncl i-:; in u~:c Cl riy;j!--.srl-,ci:c::~; 

eCluatiori. ihe typ:,:; of cqucl:,:Jn chosen c'epenc1s 0:1 i:,c rv:;\)r t .; (,f 

the phcmomenon tJr'ylcr siu~J/. If tile: VCl~L.:\:S i:-: ih.:'.: L((,ij ::Cli\~:: ere 



exp ~~I'('''''! to 'Incrc'-lS(" of (~nrr(:>'-'se at 0 r-Ot~"tC'l~ vet" ('" r!""';n\-l :;"'(", e L, , '- ., .: l. .' _ ' \-.:;" \..... .. \_.04 -, "'" '. .' ! ) .......; j (I~:-" I '" J .. J 11 \,. ~, ,~; I I! , ,I ;,~ 

fit to Ihe doto is used. l3u.t if C1 constant Dcr~.=entuCle rule uf c~lcmDC: 

is expected, an expo;lcntlcl curve mClY he u~ed" '/or;(.,u~ C:Uf'iCS II'U/ 

exponcntiCl! curve cne the I'(\OS: COmn~i()rI us';c:, 

• I' I ',' J ' , , senes, Wllle() IS ime on::1 y r:-:pressn:::; I :L~ 

variahle. 

nlJml'-'r "r P'·OClU('T''''rrr1 I -." v,~'cr':(x) Iri'" c,("',rl"-'J in ("J"':, ". "",\' :',-; ,k,' (.'! , , .~J!~ '".,I,~:", '~.A J ,,-, .. , J .,---, ... ,'""J' U (c.,' 1,,'-', 

For i = 1, 2, ... , II 

xy '1' I I 1f" co,-IE'( I yeors ("; n:"l r" 'r', \ )er' r) (. nt"O:·!· 'I' i <: .I r' . (-'.: :~" J '" \...," \~ _ .. "_,, 11 ... _", ~ I ( __ . '~,I..._,_.I'.'I, .... I,. ' __ .1 

1 6 St' t' .( " , ' . 
/;'.J- ~:;Q.men of- t-j\il~!O~~i.":S1S 

" 

----- .-.---.-.. ---.- _. --,,"------- .- .... -.- .---------------- _.- .--- -" _ .. - -"._----. -- - -- _. --. 

to be est :lblishecl. 

Hypothe: :5 

HI: at leClst on differ frorYl zet:: 

Note: If Hl holds, then cslir,KJic's are relic) _12 c.- cc~.(;p:c~:. 
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Y II helps in undcrsh::::m(j;no the pClsi bellCIV!Or C1 vcyich!c S o::=.i 

0:'0 in dej('rmjnin~~ il"k': rotc of growth, ji1C 8x!(=;nt end drec riol1 

( '.' f ",nr',orl:r",; f.I'\Jc! l},J' iC::S. TIl'" f 1"-1 "'sn('" ir;; i en r "r', n (-I :lC ~ \,!' in . ~..JI....I '- ~ . l", ", Il~ j_..'~...11 __ All.~ l "'''_'' I _" ,_)"'" .' -" 

j I .," " J ' ' j'j" j . cm~' WI'/!I III.le 1 UQ :C'" one nov;, !S corr~pClrCc. .. Vi;;!: i1f; IIUi; \ 

of producls nc:eclecl. To thf'; economist. inc dcs;:e to irCicc tr'!o 

r'~()verner,f ('){/' (1','/'1'\,('1 ji,.y,n SI !C~'l Cl n (]i',:i:; ;'7, O. f I ,_ _~ __ I I _ _-' I . I. I I .... ..', ~ ..... ' I • I , l .J. _. \ _ ~ 

r '(0 study ih~:; p:]st bcfnv:or' of vo:inb!c::s cncib!··;:-; !.J~; ~C) p:'~,ci:d 

j:y' flJturc iendr:'T)I~i"o,- 'ro ~)l)~'lll("<:~ ''-''V;-'C' 'i:",·" \(,1",-,- '-1:'''''' In. r"'···:" . --' - .,". -- '-.-' ,...). ~ ... J .,~!.) '..1,,\_,...,,_.,.1\ ., .. ~ I'i,',) ,_.'.~ 1\..../ :.J"\-l" 

;0 rcclucc SCOX)IIUi UPS encl (10'.\1)'1) I I i!OlnX)lj;~,CJ 

CJC'oris/proe.lucls. 

'Pf ~ t" "'ri, hI ..... ft· ... ", -t - t· ,--:-.' ~ >"-,,.~( :"",,' (.1,.<7, en 1(" .:lu es h.l •. lel,lre. e rL.I( co, f ,~)~Jr, ... , 1. 

---_ .. -._------_._--_ .. -------_ .. -----_._- .-. __ .... _ .. _- .. --- ...... -.- .. --...... --- .. - .. -..•. -

These include: 

;... Se:.:::u!or n-:cthod 

y Froe hcmd rnethori 

;... TIle semi-overage method 

y The rnovi!)D (lvcra~T:; r llCH od 

31 



\. T!, ", '"r-'st c:r> I )"-'l'-c> r-l'-)r:·' '·-",-1 r I: I \....... ~ t:.... ~~. .) '- 1'- ,.J (.~ l::' I I ,\.... I,. 

We shall lin-;it this c,-vllysis to Least Square MclhocJ ofihc Time Sr:r:es 

Analysis. 

(I = 'iY = 14,t7000 = 1·H,700 

N 10 
'. 

Therefore, '/'!::: 14tt,70~) + 5781 J5//; .............. 1 

2007, we put x to be 6, /' anci () fe::;pC ctively in equcdicn 1. 

When x = lS, then Yi = 179,391, 

When x == 7, Ihen Yi == 185,172. 



Tobie shov,inQ chi-·squore cc1cuklled 

I DestirlOjic:r:I-----j-C)i)SCfVC(j sl)r;i~:Y-T Ex[)cct-cd S\~i-,;)i~;--. r;~)~,~~~/~-;~--_---~ 

IIOClbi --------Til-6,QQ()----I]:!:,2;f),5-- -,'/',' ~ . 

~ Makarfi --- ------- -1-~~6~506- -------14iz;t56--------- --- --- ----.----.--
._-- -.. ---.------.-- - _._ .. -_._._--.-_._.-.. _ .. _---- ----_._-----_._.-_. __ ._-----

Kouru 1 ::0, 100 

HO is accepted, otilerwise !!J is rc::j( cted, 

Calculatecl = 16/113.77 

TabulCltccl ::.: <).'\3 

Since calcu\otoc1 > tobulalcd, we rejcc 1 HO and CIXiC;·,;.::'::? ~}-~.:-j ~.:.):;:),/ 

depends on ihc c!c:stinolio:L 



4.9 - VJ1idily checks of the ~llodel 
,--- -- ... _--.-.. _----_.-.- ._----------- ----_ .. _------_ .. _-_ .. _-_ .. _-- .... -_ .. ----_ ... _--_. ---_._--,-.-.,_." 

. will be u;ccl. , ! .. '" t t j I' " .. - " /\ moe (:1 ~;r:(\',i:(llJe es,c( (JX1::nU()U~:"y V,T!).: II 

conshl!cied. ! fit's 
-. " 

,:,~ .. -~ ~ ~~ 

ii',;; , 'I' .... 
~,,_!: ,<" i j; / 

, I --, k' , f'..· ,. l , , ., 
COrreCi,(~,. !r~(; 'Inos () C.(;iiClcncy /;1(;, C1 fi!OC::;: (;(.::1 SU"C,,' C~'::' ('.!~j 

fo!lo\','s: 

r li's structure (i.n. iiH: function iilot rC!f.Jic:s tiCIIOffll'):;CC I') 

en-' Irnl el"V'l 'JrlCC'I" f--nl',<>,-l '(lrl'rll',!", -) r"-'''''''' / \'-'0 j"", r/r ',,' 
-" ~ j I _ ..-! .4 \ -'" J 1.1 \ .... , ,.,' ,_~ _ ... ~ J. \ .. ~ ~, I • I '" \ f i.) '..J • I I \_" I \.. , • 

rnind and 'Nith irk; foet thnl ctJr prolJ'cc:l!i ':.re:) 

could correctly SOl thot cur 1r;'-:.~c;c~1 is vol: L 
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I'I.d(""II'<t !(:" \ 

"', i' ~ <) ~I • ", 

!., 'i ,~" (, 11.', 

, t I" ~. l· 1,'~' ,t, . 
(,t,., II" (,1,,\ 

l 'I.' • ~ "I L )1 ,,: ..... ,. 

• .r , [l '.'1, ,I ~I ~'. 

." ,1, ...• 1: 

.") __ ... 0.,., __ .. __ ~_ .... _ .. __ ... _,~_..... ' ... ""_, ... ___ ,'. __ 4 ............ __ ._~ ... ,.. .~_ ",. , ••• 

~. ~ .~ .. :""'ft~J{;A?~~\--,·:.2 ........ ~~",:,· ... w...:..~._~'; .. }!~fi~:::':~~.~:..: ~~~'L~~:'':''.:.~·",_,_, __ ~:,_~_ 

ri~J. 1. MClin)1 
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1'(1, ~ t, ('1'''' (1' • 

\ ',r. t' '1\ h fty • 

t 1 , • 1," 'I' • ~ f " , ; 

! " t· l .• ~ .• ' ., 'r 

.~ 1 \ 11 1, ~, I 

I,,,, ,',!l 

\i, 't"'I' .1, 

" , 

..... , .... -~ ..... ""' .... , .. "~ .. - .. ,,.-... , .................... , ......... "'- ... --.... ,." .... _.,."" . .., ""-."'~".",,p<..' ~.~., 

l~~~.~~~, . .i~'. ~.~.~w:i .. u~,t~~;~'~~~"'~1 :,:~:,':'.'j~~~~~~'., ~,,~":: ... ! .. '~:~.~'~. . \' ,,' 



tcc!m,(~: );-,.,. Ttli:; prC'j::-;'c[ :~') :'CTC: I V,'C:,'; iri-r;'OC\:CC:(: > ,>:: ! 

definirr1 terrns h:r:;- IOl"ric;:;, !rcmportC1lic:-~ Cl!yj rr\jc::.~ :~; L ';; 1'\;-::;,;(: 

thcr0fc:c:, (Hi(j c: prn!icoi ur<~ phy=ic..:ci rr,:<)lcn: \','c> :<.. c; ';," _f_,: 

meli!c·~_;_' . 

il "I(c:tll,,:)'ic) /'<:"'1" (",,'\rj ir'-\'" (~;'"-Ihl I-np·-:t")r(-~ 1'0' rl("!'-' 
.. '-.-- I~. "'-i;.()" .Ii '-. .~' _.~ 'f ...... ~l \..... ,( ... ~'-.' 

-I:)n \'/c')(),:l'" l-\t)r-.'-/")'.~;I'nCI·:(I:"1 ~,,~\(_.\,(L'('.,-'i r';',.",n,' i,'I-.·'" l_.~_' - .-\ (:"'_'.,'.1 .. '.r',;',".(';:_'.: I \....J' .•• :.' J 1-' \..... I I I I _ I. __ ' , I I _, I _ , _ '- _ _ 

\ 1'1 ".," I I' . " S,lowex 110 C;:YilrTI'_1I ~fClrl!rVJ SC.IJ Ion \/;L:C I '" ' ,i! : 

Metimd 5')0'N5 ti:c bnsic fcc'~ible soluii()t-L 

Gooc;s/r)rodL'ct~ oro jr(1n:~r)(Yi8cl 10 fi\h: cii!{r::(()i':f 

Areo'; frDn1 l:cx;ulllJ (o(i~;:n) coci) (k(/. 0;>1 

consi(~orcd -. iy;)cs oi huck:;, ccpocit'!, rt'.)rnl:;C:r 0) 'I):: I.' , r,-'::,::. -:'::' i':::'" 

co e- t ~I i nl(' j ('I~' ""-1 fr-'r '--" r: c· 1'1 -fl ::, ~I" .. Af(' t-' .'e C'· c: " n i" I I' :'~ (I' .'_. ',- ,",'-,,'-.' ',- ,'(_', '1,' .... '.. '_." :--_', ,'-,' J I 1 _.J ..... ,"'.'1 \,.,' t- .... ".-,.. ,J j'Y _ I I,~ ............. ).) .••• I .... ) ' .. , .• 1 ~, 

There was a chol!cnge in nellinD c1r:;tO frOl n C:OCCI-C(" ". ;~OC;i.)i;C, (_IS 1 iC'1 

did noi hove ihe proper n(:c.::;SC1,' rec'-,:-(::. 

The iir()(} series model \VOS lPc,ciio fC)fCCFl ILl ~urc 1 : ,(: ';~; :C;::; 

b I ~- I ':','i' il ,I j 1"\-:- '·( ...... f '1}'0. -1"\-1 1, f -- ... ~' ..... " .... ",... r"o' ,~ ,', -.,,... .... ~ r ~ eg.Oil ,,)\ rco.,,',,rl(1 " COL,C C-I.,) L 'V U I·,) I!.I!.I, 0, U S·~I .. ;:) \.._,,),'.),:~.,I",·· ., .. , 
"- , .... '" ..... ./ 

compolvmls e(f; !CmCl!! !:r'~J C01'IStc:,li 

apprOr'l"j -Itro-. S·- ·"1" ~ 1"_' r' r'~\( ,.: ,-.... '1 IY"\ '-1,- I \ \/1-' ,..-' ,~I,:; ',,;: ;,:.' ,_: J ~,,))IUI I I I Ivl .. ,--,:. ,/:J 

to describe i-c3nd, a linc<" L·;ncJ, Cl:-iUCC;!uiic :r~.!(;, C!iC ': c':~::~iC.Ji'i' 

seasonal vorioiion, und Vv\] S;)\'/ li'led it' 1;.(; C:i,'()ik:i:~~S:,;~lii;:::;: ''' __ ,_"'' .... ~, 



cutocorre:c:tion, il1c;rl \Ne eCl:! model II:is by U';!!Ki 

regressivC' procc~,s. ;\5 on cllemoiive lo usincJ U jr(l(js;~):Tncliio:) and 

clumnl), vClriublc je,) model incrcosing S(,;'C1scnC1: voriulioTl,fO I,-::)cie:i 

mothc~~i. 

with the: lCSC(HC:h. The nx:ii:ocl (If lY;'",:i;i~ii;:::ci!i():-1 ',,;: ",' [:';:l~;il,~Ji 

dis tribu ).011 IT1Ci1 1(lci COU,,! CY::/ be: rn:71': 1 ir)'; :<:; C, i ,j ~C;'i,:'- r;; (/ c'. (!~ ,,', 

necess(""'/ (It I'rl~" 'I 'n(" 1 I"": i" -I '--, ('( , , 
j ~ _d. ." I <> .l .• h .. ~!LI (..) .) ~ J \'(, _) .. )r(lC~ 1 :+~('\)r·,~rtl·::~·r:C~C"l : _~<'i ,r") '\ i;_ 

the precnciino c;:scUSSiO:i. 

model. 

I\n ·lmt~,II--C,,'.'0,. ,nl ", "rl.'1 SI'~o\Jld-' bl'" ·'·'or j r. l" rJ ~ \"':'"' '''rn i ""c-t ,'(' t:' ',"(', ,or' '.-, I '-::~:1 t ;-.,-, 
, . - '- j ..... ". I" ~ '_ ~ . .:; I. I \ I J r .1, ~ J'--"'" I ~_; ~ '-..-..... ) '-- 1) \..; '. j '. ,I ., ~'" 

Method. 1I'I's \. 'oul ,-1 f :)' 1\', ,",.. ('Vl~' j, . ro, nil' o::i-,;\ I r' '1::;( - c': '(CC, C-,'> :,' 1 >:'-.: 'I :, :.; I '., ,_ ·I.I··.~·! -" )I.\'':'' t .. !.~.J .... ,.-.J'1 ....... /.~ ....... '.J)...-I, • __ ~ __ . 

The frKmcgcnl'::;n I s~loukj (Xlopt i! It: 

H 1e fr ..... f)';' "nr~o fl' r"n C'()C I c- tt". t: ; Y'''-l\,: ,- ,:-' ,-.. (,"n; it '; II " . '--". ..J;..J \....., I ,_ ,_, I ... __ , I i I j _--' , • ,I- /. [. , .1 L "-.. • j) ..... , . , ' _ • 

updatec! nnd uf'Droclcd II] suii 0: y or']Cr~i'l'-r!;on vi;~I·ir:(1 io (I'" :;..;,; [:'1(,: 

tronsporlC1tion rnccic:I, 

---------,""--,---,--------------,,--,,---,,-----,-,-,----- _.,,---,---,-, ------_ ... ,,-

F ,I 



C):: ('')\()ll'n''() ("'(i(\lj\' (-'11"'1 1)'\"[".'" '1"'.'i"":'1'" (, ,.1" 
• J. t 1 \.~ '\. ~ .) .. _ , I I' ",.~. ~ • , ..... , • \ '- ''-..,., • ,I" . ' ! l.... t \ ; ; '1-, ~'" . 'I, (",' ,', .: iJ 

~ .",~. • ~ ) • (" • r • 
:'1 l~ I 'l,()!,rljtl")l";"', jl.,. (H"\',;',j'L"','l 'j{';("'l",('," l'\~-i:17'() ·)r; .... 

J .... ,_" \.. ... t.l. ~. \ .... " .. 41 . "-~ .-.' .'~" 1 :: ", '," . • 
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public c!::,:: .',·f.' 

II 

int I.I.:? 
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Ii 
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!tl!s.axisType .= ty,'t.; 

ttl,is.cells = new TI ,Y~SP,_'~~Cel:'-,C( l!" I.. t:(o,r< ',; 

thls.value ~ r:ui:; 
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CUi rentCell.l r :,'d P;,lh~. Add( Patll nitce l :;: -s.lor); 

lri"dl)owll '" fdl.:,.~; 

cOll~i~:)c; 

.C 

else 

Ulis.cLO((..lt.cr.Lu(:f.i~.:(j!;} .. -I::J :.: t;'ue; 

tried r.own '" ,>OJ c; 

" 'edl.e:ft) 

': ,- j.CUI rentCeli. T;·L'dfdli·5.f1ck;(r~ II ;:);recti "1:1';.1.1':;.;; 

1; 1',CLOCcltOr. r,io\,:L "ItO; 

i: (l:li~.Current((;\ ~.;;;; llu~1 C'l8{ ~~:~is.1s{nLi:~t(pathJ t!li5.Cllr:·cntr~~n) &[., ;J";s.Cllrr'·:1·1.Ccn,Ccpr".~.~((!!.jn~~ "> :.) 

",i:.SwitchSiJi <r(; C'.I. '(",tSi:::"); 

~·i<Jth.Add( ClIr, enlCe:!); 

\. ie,ll crt = f;;::; :; 

~, jcd~jght = I,'". '; 
(ufT<~ntCeil. T, ihjF,.' ils.!'.:ld( !'a:hDi, ,:.cti: I1S.Ri(jh:); 

tri2dTop = fa!",,; 

t::cdDowll = f",-c,?; 

(",':)i;nul2'; 

cf (lllis.cLoct:\or,1 c(dt;~nV.J!i(l) 

c-Ise 

tilis.cLocator.locdtinn'/d'id '" true; 

II icdLeft = tru.:; 

if ('triedRisht) 



Ir,;~.ClJrrenl(",-!l. Tr i'X~rdl, '1s.l',dd(f\li h~);r(·ction5. P.i~ht); 

th.:';.cl (I(atcr.r ;:)v(:F!~~~;! 0; 

if It:li;;.ClHrc:'~Cl'iI ,= nu'l ELft rthi$.lslnList(palh, thI5.Cu~rcr,tCcll) f,& this.Cur.cnICcII.Cclli\i!or,HiC1il > 0) 

CLrrclitC.'!! = Ihij.ClIrr;::ntCell; 

ClIrrc ,tC(:'I.:)I'JII " ClIrrcn: :;iljn; 

p.::t h .;\d(;( C~!,"r (;r)~ I~~C I:); 

l:icc1!.cft ~- LI"'; 

(l!t < ef I~C( l~.T j jC:!flJt~'I~ .A(~.'i~ rdt; li'~ir (.,_1 ir ,n5. Left); 

ti li~;. Currcr~tCt~d T ;k,j. ';1: ~ 's,,'\.J,:( r'd~hf)ij c,~tinn5. Tor); 

tili5.c:LocatJrJ·ic v\.:U;~~\ 

!: (tLis.Cun'1.11t.Cd! !-= n~i;! 8.& !this.IsirILi:;I(path, this.CujrcntCcll) f",g. Ulis.C~!~:c,~tC(';!'Ce'I/\!:ocat;c:! / G) 

currcr:tCciJ " Ii ,i';,Ct'1 r ~nlCcll; 

U;is. Switci t5!~)l( (i:J= n;rrt.!. 1~~'!;Jn); 

p ... ih.AGd( cu' Il~n ~('}_:i): 

trk'il, ('ft ~ f..;~~'; 

tr l..:dO(N/n ::. /.1 t '~:'; 

n;;r,2ntCc:l.l;;· '.:r'.J!i .s.f.dd(PJthDil ,,_t:o~5.flQttOI;1); 

COf1~in1J~; 



if (this.ct.o'.~~·:fn~·,! c(d!icn\'::!i'i) 

U 113 ,ci ,O( d :,or. j,1ovcDuWI1(); 

tricdTcr '" tfll'~; 

;, il· l. i~l. fl)~'· •. :'( :;,,: ~:t ;;-; it;.'.; 

t:~r0W I:C." :\It:jt4'"'~,-Ol':~dEx(rptiOn;:; 

C !:J.C i.CGJ'J):. St.'i.C·! Ii t {:I ::Tc:.>;:k n(p?til[ :\::~h .Count ~ 1]); 

DI (,:j~,; 

C' .. ::L' l\lU :':ir !~;-',"i';s.l ~.l: 

L,-,-,,:',,; 

} 



Ii 

I! 

{ 

" , 



if (:;~~:~C(;iI '-=' 11l:!1 I: i.h:~ •. LI'.: is~(lric:;Cri's, sUrlO:>:!» 

!:,:d!f.C:~'~! :.; ~h:s 'in(:;~r:!~(!C.1stC'.j~tr:c;l: i\eiJliv~C(.1!rosition.BlJttorll); 

if (st ';ll".j ". ~ nul! I! ~:·I~;.I<;lnL:c\<lr;;x!Cells, s:JrlCcll» 

~:,: ;(cii ~ lhi •. ri::,;CLi!(!eJslC,)slC,,;I. Rci.ltivcCcIiPosition.Ldtj; 

r.:' J.;~ _ t !': 

{ 

II 

Itrn.~["t" ,\ 

II 

III <loil.1 .':.:,y> 

public cid',:; Cc:I:'O(dlor 

II 

Celil\1'.l.ion roSiJOll; 

bool !o'~dtianVJ!i .. 1 = II Ll,~; 

II 
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prote( ted OlcObOataReacler Ge:Reilder(OleOfJCornm::md (md) 

{ 

} 

If (this. conn. State != Syctcrn.Data.ConnectionState.Open) 

tli:5.conn.Opcn(); 

Ok,,)i,Ddt~~eader reader = cmd.fxeC!ltcRea1cr(); 

protected object Exe('uteSccll,Jr(OtcObComr.lanrl cmd) 

{ 

} 

i( (lnic.conn.5tate ,= Sy>(crn.Dala.ConncctionState.Open) 

t' ,;s.conn .0renO; 

\ (.:u~ = cmd.Execllter;':id,lr(); 

ti .:'i.mnn.C1oseO; 

rrolCc':cd void CloseConneclion() 

{ 

lhls.ror,n.~tc~cO; 

protect,"d void fxecllteNonQuc r JW,thTransaclion(OlcDbCommand[] cmds) 

O!ef'bTI jl,sa·.tion trilns = flui!; 

'y 

{ 

if (tllls.cenn.State != Sys'cm.Dat3.Connection5tdc.Open) 

thiJ.conn.Open(); 

tr"ns = thi5.conn.B<.'9inTran5J~tio[jO; 
f01l'ill.h (OlcObCommJnd crnd 1'1 crnd,) 

cmd.Transaction = tral6; 

crnd.ExecuteNonQuer, (); 



} 

Ir:.:15. rrIlL'z,ck(); 

tllrO'''J; 

public C:JS'; OcmamJPointcDflL :OALDasc 

{ 

purll( ,lc'!ll:i'ldPointsOi\L() { } 

pubk C(,ilu'l(I;'oint!::Col1(:ftkm GetrlenlimdflointsO 

} 

f\ 11' .l~h 'i'f)':1tsCoi!ccticn ripc = new DC~Jndf'r:;ntsColiectionO; 

tr'/ 

C:c:>t,DataReader reader = b3Sl'.GctP,eadcr(l.1Jse.GetCommtlnd("ScI2ct • from tbl_Ocmanl:rcints"»; 

\",:;':: {i;~a:ler.ReJdO) 

} 

~t: ir~'~ n~Jm~ = rcadcr['locdtionIlJ.ToStrinQ(); 

ht r. .:rnand = (ipt)reader["Dcmand"]; 

l,;~Jdc1(ncw DCmJllclPoint(nClrne, dern~;nrl»; 

r c ... dcr.C!()~c(); 

b;;cCbs.:Connccticll(); 

public int l elDcrr.alOd(striIl9 d~mandP()int) 

{ 



public void Ass;gl:8l,IllJllrl(Striilg (:cmam1Poin!, int dmd) 
I 

if (den" wi .,,- 0) 

.(Tndlcx~.A"pclld("In~crt inttl Ibl_DcmJndPcir::s (Location, Demand) values ("'); 

cm,n'c"t '/,;';'(>1 ;d( dmo); 
I 

rmu'Te" t./'..;. ;Jcnd( "')"); 

(~ljfcx~j..:Tcnd(" wLcrc Lrcdtion = ,.oj; 

cmdTextflljlcl1d(demar.di'cint); 

base ,[ xccu\ci ;onQuory(bJ';e, Ge:CorT:rrnnd( crndf OXt. T oStringO)); 

public class SuppiyPointsDAL : Df,L£l&e 



:;t;L:ic SupplyPui:l:':'C"lIl:c::un GcLSupp:yPuintsO 

{ 

S:JP; ",Point ~Coi:C(: :Ofl :.pc = n(;w SupplyPointsCoilc<.tion(); 

t"/ 

{ 

, 
\ 

} 

0IcDiJD"t,lRc:'j~cr rc;;dcr = oasc.GdRcildcl(basc.GctColTllllJl1d("Sr.'lcct • flOlll U11_S: :P1'lyI'Olfl\.s")); 

,":',ilc «(i':;(;r;r,~~,:oc:::l) 

5:,':00 r:a;;;c ~ rca:.l(;.' ["LoCdUon"J.ToStrin90; 

;nt C;~;)3ci':y = (i:;t),cadcr["Capacily"]; 

SpCJ,jl'(I1(~'11 SUf'plyPdnt(namc, capacity)); 

} 

rct!.:rn ~pc; 

p~.b:iC i;ot G~lQ;pz:it':r~t:illJ supplyPoint) 

{ 

in~ rtfl .. :: G; 

cmcfTc;r.t./·,ppc;oJ(";:dcct 0Jpacity from tbLSupplyPoints where Lucation = '''); 

cbj~ct ClpJClt,' '" In:;e.E.xccutcScalar(b<Jsc.GctCornmJnd(cmdfcxt.Tr)SU ill!J())); 

rctlml r.;~; 

, 
J 

S~"ins[j(;ikk~ c;nLiTcAl = new StringlluildclO; 



{ 

If (capiicil'/ 0-." 0) 

, 

(;r.', ~ rcxt.t :lr;~ndcn, III); 

crdTc).U ;.:" ~ild("UI'dalc r11_SUi"~lyr()il1ts sd C; icily = "); 

(;liej r,~.'.u 1'1 '" ,'': .pt,,~; 

bcs<!.r:;ecIJt.:Nlln(:u'ry(b::se.Cr·t('om,mnrl(cmdTc:.t.ToStrin<]O»; 

cr:li;r('.(l.i\ry~n,\"S(>lcct C"ct fro:" ,:):_Tr:"loP' 1(0,;[5 where Sur:,!yPcillt = '''); 

c1.Jfcxt tr,~c'·<~IH11/r\1;.I;); 

c·l'jcct cost'" t'.lsc.hccuc ~SCiil:Jr:h2sc.GctCo~nrnJn' < cmJText.ToStrinfj(»); 

if (co;t I" m'i) 



public vo:d JI.<. .. ic;l,(csl(stiir~rJ Sl:pf:!',f'oill l , string d2mandPoint, float cost) . 

{ 

r: 

} 

} 

TrJnC",portf'-ldtrix tran'~;)crt i·1..I~ rix; 



tt Ii 5.: r; w f)Ortr'~2 :rix T ~ [llet ay()~:t r .me!. r. nvSly:cs.r,dd( new RowStylt'(SizeTyre .AUtoS!7C); 

} 

} 

ti1is. SI :;·\r:!'YPc:r';~CI"'lc( ~ Ctlt i:-.;! t1' )"( .ltf'iT1'J.CI:::i"lr(); 

\ 
J 



". , 

tr ;lnSrO: ~ ~lC1tr IX. Di5[11.1)'( tllis. tra nsportM Jtrb:TableLayolitPanel); 

if (tiJis.11 "f1~Jlollr1a: rix.11J,,[lc'gUlC':dCY) 

telt 'I"~ Ic.Ccll?r·:.itio".Sllp;Ji)'!\xis.Indcx.ToStr:nI)O + ", " + tc.Cclirosition.Derr.2ndrv<is.rr~.jcx.TJ=:tri.1C:O + ") ~ 

t~li~. lis! ~o'<~. T~Cir.).",{;(l(t~1 t j; 

} 
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~: ,",,: ~,I '. "-,, : i-l" tl i,\, i',,; 0r'1 ',\,' ElIl,:rJc:'iCrcriltionOnPath(this,currPa:h); 

"I"'. 
" 

~ .' "\ .1, 



th' ,~',,,, 

", ,",(;; 

+= 
ti"ll:iS;:or".CostSctU I ,~- J> ;t~, S .J, 'i \~ /DCrl1 :lr;l!~ '11JnS2{ I '::vcr\t~ 'and:·~r(t(sf _ OnS~Jpr'!yOrDcmJn( :Cll':~'Jcr:); 
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~i " r' " I"~ ):' 

\ It ,I " 

, : ~ ; 

, f I ' ' .',. ~, 'r f j, . ;', 

'" 

i' ,,(. 

I. " 
r"ll'~·,~;:l',.J l 



{ 

... ,! ~ 

;, 

, ~ ... " , 
-', j. 

- c\ ,. _,\ 

1 11 t" 

; 'I 

." 
.1 

.' .{ 

i' 
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