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A B S T R "....£.1'.

The Chittagong Port, being the principal l'ort of B""glooesh,is the

=1n link of the country with the 6uW.ldeworld for its sea-borne

1ncreWed subst"",U"lly during tho last decade ani it i~. e:<pected

that tOO$eWill increase munifQldin future with the devel0l"".entof

iii

the country. It :l", therefore, of utmost <ecessity fo,t:'m"n"g~","[l~to

m"'kep>:op:!rplanning so that adequate service facilities maybe pro-

vided at the pod for different service requirements in future.

other'ldse the marim congestion probl"mdue to anticipated traffic

<esnaoomayseriounly affect ilie r<,venueearnings of the port.

In the present work, five years' data (January 1960 to December19(4)

obtaired fr= Chittagong Port are analyzed. To find their b~h!lviours,

different probability distributions are assumedand appropriate tests

for gocdness cf fit are applied. For 'l!eibull distribution, Kolmogu~o\-

Smir"""",test an<lfor oth",r distributions, Chi-square tests nrc app1;!e<l.

The queueing mO(\<:15such i'lSt1"them"tic,;.1rrod.-,l,Diffusion I\pproxima,Uon

rrodel and Simulation models are develope1 for the system. Syst", , p"rarre-

ters are estimate1 using th"se mooels and their values are comparedwi!h

'~heob5<,.rvedone". All three models are four<!applic"ble to the present

syst<onof operatJ.on at the port. However,eaChof the me>delshas its (l'.-In

merits and limitationc,. Aspi1"ationlevel models are also developed for

th" system for different "rmflicting measures such liS rn~"n""itin9 time

in queue and the ~••rver' s idl" time which the decision m"kerwi$he~to

,



bal<Uv:(l.The~e "",d"ls makedirect use of the operatiilg ch~ract.,ristics

of the ~Y"t"rnin deciding the optim(lIllv"l\"'$ r>fth" d""i'JT1p1rnnett!r5.

AV<'r<lgcrevenues <:'n!'ncdper ship and the cost-, uf the port f[l{:l.lities

are estimated. Using these estimates, a cost modal is developed. 'fhe

results obt-a.inedfor this model are ..,esented' in a tabular foO'll.These

results, it is e"p'cted, will help managementto tnJ<;edecisions !lUre

objectively in ascertaining optimumservice f~cj:itie5_at the port to

ensure maxiIllurnnet incremental revenue at varying environments and

service condition,,_

•



GLOSSARY or SYl'JlOLS

The following symbolShave been used .in thi!o thesis.

M • Exponential distribution

'>< • Erlangian dLstdbution of ,phases
L • M_= number,,' custoners '" 'rn. system
Lq , He"n ._" of euStCl'llers,. ce- q--

" • I-leanwaiting time ,- CO- system

'" • nean waiting time ,. CO- r leue
, , Server's idle time

)\ • Nean arrival "ate '" customers
,J-"-- • tlero. service rate fer service channei

fe" Vaela-nc",,' inter ""riv"l U=
"
Be' • Variance ,,' s«rvice time,
s ~ Numberof' ""ra11el s.,rvers

UL:!l.izat.ionfactor•>,
.~
1'rmfic J.nbondty

:x. ~ Randomv"ri~ble for the numberof units present in tl",
system

f(x)~ Probability density function (p.d.f) of X

;3 (,")'"Ho"nof the instantaneous change rate of x

o(.(x} N vari~e of the instantaneous change rate of "

111.' H2mConstants of integration

the prowbil1ty thi'lt tJ->on'-"III,,,,rOf et,stomers in sysL<om
at tj)r.'J t. l.~n

Tr.:. steady state p,,"obability of exactly n eusto"",rs in tt..
system

X(t)~ Continuous valued varl.••ble for ilio numberof custOr.'lP.rsin U,,,
system

W('t")'" Probability density function (p.d.£) for U., waitin'l time in i:h"
system
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~~O IllTnODUCTIQI

:1.1. Gercral Introduction

•

The role- of " po!:t :1nthe pcosperHy and economic growth of a country

needs not to be OV&"llIphasized. Port i" Ule only 1:1nkfor Ilea-borne

trade and COlf\ll'>&Ce with the outside world. Ch1ttngong. po.l;'t,being the

principal port of Banglad",sh~,1th shore based facilities, play" a vital

role:tn the economic develop"",nt of the country. Most of the count'ry's

expor~1mport activities are carried out tht'"oughthis port. The big

"-lOOUnt of revenue earned throu<;lhs"rv:tcen to th" various 8rriv1ng IIhip"

at the port, enriches the national ecommy and accelerates the cOIm_

b;y's bNelopment. The revenues earned during t:h@year 1982_03and

1983-84 are .l;'espectively Tk.49,35,O'<,OOOarodTk.50,25,17,Ooo. N01lb&of

ship" and cl!l:goea fo:; imported and exported good handled dudng the :Year
•

1983-84 are =specUvely S5S1 56,8~,tc7 IU\d 3,93,057 F_~).At present

the port is work:1nJ'11th 15 jellies h~vll1g anclllhry facilities for

c...:go handl1ng,cargo storing ele •

It 1.l; e"'P"cted lhat with the d",v<>lopm<mtof the r"untry the ""port

import activities at the port >1ill iN;rea~" ~"!'~.t<mti,,lly. To "",,,t th"

:1n<::re=:tBJtrafflc d""",nd it is Nl ut"""st ,.••cc.oal-ty to take ••pp<:opriate

.!:t••ps to provide adequate ","ount of facilities 00 th,,-t optimum.!'etviC@

level can be m1rlnt"lne<.\at t~ port. otherwise it wlll cause •• marine

ccng~st1on r~obl"m which in turn will ~ers~ly affect the revenue

earnLngs of the port.
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t..2 System of operation ftt the port

The ch1ttllgong p.xt started furctionin;r in waa wi".honly four jetties

CQnatructedby the the!. Assaml:mgal Railway. The p:>rt 15 sibJated on

the right bank of the river KARNAFUL:Iat II.dlabonce of about 9 nautical

m1l{!l'lfrom the shore line of the Bay of Bengal. River KARNAFOI.lr1r,in<~

from the LUSHAIHlf,IS falla in the Bay of gengal afl,,~' t~,:i_l1ga ';ip.-Tlng

course of abol.lt 120 nautical miles through Chil:tagongHill Tracts mrl

Chit.t.agong.

The Chittagon'J port handles different type'" of cargo ships such as

general cargo Bhip5, oil tankers, bulk carriers (cement clinkers, food

grains, sulphP.r), Container 5hip5, 'RO-RO'5hips etc. Th:! different

handling facilities are used to handle these ships. Shore jetty crAneS

ere required for handling general cargo ships. T<nker ter.minals with

adequate pipe line faci.lities are required for harrlling oil tankers.

Bulk carriers neM bucket, VacuUTTIor gr.m Wlloaders depen:ling on the

nature of bulks.

The ships =min;l to the port cast anCMr first at t"'" outp--Canchor"'.)".

Then a<:=rd1ng to the bertlUng achedule, whIch i5 gener"lly prepared

Weeklyor fortnJ.ghtly after getting necess»ry infut"T""UonfLOonthe "hi-

pping agents, sMps are placed in the berths. It is important t> mention

here that for Chitt"9ong p<>l:"t,the ",c",,'mentof ships depends on the tide

am the draft. Sh.lps rooveonly lit high lide IITIdwithin" maxinuondraft

of 9.14 m. For ship:!!.with higher draft like n>:>thertankers, IlOtl-....-.:ca..-

goes, lighterage facilities are arrll.Tlged.After placinq the ship" in the

berth cargo IO"d1ngor unloading starts. The port h"s 15 jetties with



jetty cranes, rail_road links and other shore based facilities. some>-

times after arrival at the port, the ship has to wait at the outer

anchorage due to preoccupation of all jetties or terminals.

1.3 ProblemFormulation

The systQn Of op&"tion at the port can be thought of M II typical

queueing process. The basic process assumedby n'V>stqueueing Il1O<':(<1" is

the f,;>J,.lowifI:J."customers" requiring service are geo="ted over time by

an "input source". The"e custorrers enter tbe queueing system and :oin a

queue. At certain time" II.ll'eIlberof the queue is selected for serv:l,clI'!

by somerule kl¥l>ll1as the service discipline. The required service ill

then performed f"r the custom-,r by the service' mechanism,after which

the customer leaves the queueing system. This procesS is depicted in

fig. 1.1.

Queueing Systemr ~,-

,~"""'",: ~--- ...-1 ~- ~- -I
------------I~- Queue - Service I

!1ech~nl"m
I I 1 1 _,,-

~1
,
,,

J

Serverl------- - --".Cus t:"",,,I'"

Pi<;l. '1.1. The baSic queuelr.g pro:ess

At the port ship" cometo the port as cust<:>tnersto get servleas nm

the faCilities of the port render services to ships us servers. lIere th",

services refer to 1,,~nd1ingof cargoos (loadirq or unloading) and facili-

ties to jetti"s for; ~rth1ng of shiPJ or jetty crane", 'II01o.U"cran•.",



•

forJe,-lUteI-s ric. for cargo han,ling,warehous" for cargo stodrg.

A large proportion of waiting-line problems th"t arise in pracHce

involve making ,k'-;~ionson"One"~a comhlnation 01 ll.c r()ll<Jwing~'

1. NurnbP.r<:rfservers at a service facility

2.. Effic:ien:::yof 5ervers

3. Nwnberof se~vlce facilities.

Whensuch probl.".,s are formulated in terms of a queueing model, the

c)rresp:>ndirt.ldecision variables usually w""-lldbe numberof Servers

ai, each facility, ""'an S&vice rate per busy server am arrival rat"

at each facility. All the specific decillions mentioned above irnrolve

the general question of the appropriate level of service to provide in

a queueing Byat"",,_Decisions regarding lh•• <!IlIlOUnt of service c<lp"city

to provide usually ;u:e based primarily Ontwo considerations: (1) the

=st ~red by providing the serdct! an1 (2) the amountof ••aiting

f= that. servic:e. It is, however, readily apparent that the"e two crmsi_

derations create conflicting pressor!!s on the decision maker. The objec-

tive of reducing service =sU< recormoends••.minu.a1 le ••.el of SeLdee_

On the o~r har>:l,long waiUn:;!times are undesirable, which recommends

a high level of sel:vk:e. Therefore it is necessary to strive for some

If adequate lIerv1<::"facilities are not provided at the port for the

incccdng ships th..,,,lohefOJ;fllaloionof wailoinglimo or queue will occur•

This ••••y inc:tu;-peI\ClH:ycosts fot: sone it-... J1or.eoverif this silouaUon
prevaj.l.s for a lon'l loimethen in the long run the pet:t

"
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hn:l to los" 'cust",""rs' bec"use of poor s•••.vice ccn,llt.1on. 1\11 the"•.

will cau"" loss of reverue. On the other hand, with res~ct 10.0,'le

£requercy of the nrrivir>J ships, if the fac:1.1iUes having too big ""'pa-

city ere installed then there will be no queue but the service £"~iliH,,,s

will remain partin11y or fully idle which meansexcessive capital "xpen-

diture. So selection of optimal service level at the port is of ut".,st

1.4 Objective of the Shldy

In viet< o£ the future possible marine congestion pr"blem 11.1:the Chittagong

port, management1s looking for .'Oll'<!methodologyto IIscertain the opHIl1UlI\

cap.-::lty level of the service facilities whichwill be s\lit~!>le at vary-

1ng situations and servke conditions. In this resped the present r.tudy

t:h1s in mind, U.•• objectives of the study have been identified as foll=:

a. To study tt,e current system.of operation at the port arrl
determine: lhe behaviOUl:'S(dlstr;ibut1on)ofthe diff" •.."nt sy",t"",
characteristics (parameters)

b. To sel..ct the appropriate queueing models for the system

c. To develop a suitable coat l'Ik>delto determine the optimal
rro.mberof jetties with appropriate !Jereviceleve.l to ensure
maximumnet increment"l rev"rro.eat different ""un arrival
rates of the ship;;
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2.0 LHERATum, SURVEY& D1\QWROUllDSTUDY

Xl: 1:::hardly posSible to avoid iI queue in d"Y to day life ilctiviti"s.

~Iaiting in a queue to receive any form of s!!rvice from a gIven facility

is a CQmmonphenomenon.Probably one Of lh~ major problems in menysyslem:l

in this scientifically ao:lvanc<>dworld is the congesHon problem. In the

solutions of such problems designers try to miniJUize!!erver idleness and

customer wnUn::! ti.meor in other words they try to fin:! out a c,",mpromise.

Customers mayget Impatient if waiting is too long and thus so«"times

).eave the :'!ystemeven after waiting for s""",time in the queue or maynot

join a long queue .Ii they are yet to join. Th,..sorganizations loose custo-

llIers "hich in turn affects the profit rnargln if proper service is not avai-

ll"ble. But again to satisfy trn custo"",rs' delll&fld,managementneeds to ill\'est

IIPre moneyfor providing extra facilities. Thcr••fore prop..r solutions of those

are l'It'eded.

S.l.nce tI,,, last few decades, que,I',ln'l prcbl<."msh"ve attracted the ilttenti",n

e-f orerations analY"U! nnd in'lustrL:.l ""gl""er~. 0''''' ,,,,ei1~.bl,, lit ••r"b'~e 1n

c",ngestiori p"ob1"",~ro","nl" th",t ",~ny",••l::h.."."Uc.',"",1e1.• have be<>ndev"le-ped

and nI'pl:l.ed'l',:I.t" successfully. He-wevertll,~th"",,,t1c"lsolud.ons of manyc","plex

queueing model cen be fOL'l"u1eted.it is som"times very dif:t1cult to ge<:the

"oludo". :>omeUillesthe sol1.l1:iOllSare 1nf"Ct indeterminant. The literat"re

shoWsthat the res(:arcilers are forced to search for different approximation

.",ethod to give ansi;i!;is to their piobl.e•• within someresonaoi •• ",'irc", iOn";when
""act solutions /lIe not available.



,

2.2 Char:-acter:l.sUcs "f a Queueing Process

II queueing process in general h"", the following four basic e:haraeteris_

tics:

1. Arrival process, 1:1.. departure process, iii. queueinq

discipline "00 iv. system st:ruc:ture which are described :l.n
short below.

1. Arrival Prace"';

Customersarr.lve to a service facility to receive servic," either from

an infinite sourt:'e or from •• finite source population. ArriV>'Il may b!'

independent or in group (bulk) and mayh£lve peaks at diffet<mt Urnes in

kn<»m or unkn""Pllprobability d1sl:ribution for interllrrivlIl time. 5"",,,,-

times, newly .!I'riving custooer decides not to join the system after See-

1ng a long queue and thus balks. In a<klitio!'l, des:l.gnF.'t'snepd t" 1<r>C'",d .',f

all customers axe identical or samecUBtom"rsM'e significantly d1ffecent

fran others wttll respect to arrival time distribution.

.1.1.. Sen':I.ce or Pflparture process

In .!lane syate,"" like cyclic or ti'l'ld"", :systemsservice process of one

stage becomesthe arrival process to thO!next stage. Dep'.rture process

has got ,,11 the "!mill.,,,characteristica o£ arrival pr<x:ess. Lil<•• arrival

process, the departure process is also a stochastic process whichm"y

follow t.he different types of probability distributions dependingon the

pl""e like single service. Customersgenerally leave the system aft"'r

,

,
,,



ret:eivillg service rot in somecaSeS customer mayget i,npatlant due

t~ lOr>;!waiting time and leaves the queue without receiving serne"s.

iii. QueueDi!;S!J!!ine

Queuediscipline refers to the manner in which the customers are sel"Ctcd

for the service whena queue has formed. Generally c",,1o<1",",,5fir" serv",]

in a service fad.lJ.ty on first comefirst serva;lbasis. But there are cases

of la'lt caM fir"t serve Or service at randomorder. PriOl:J.tie5 in SE'r-vi-

Ce5 are also seen in practical problems whichmayhave diff",.rent el"ssc"

lind types s:ochas preemptive orn:q>reemptive typ". In preempt!-'" situ ••..

tion, the customer with the highest priority is allowed to enter """,vice

iJTImediatelyeven if a custoner with lower priority is already in 5<O'rvice

Whenthe higher priority customer "nters the system. In non~mptl.v"

situation the highest priority custoner goes to the he"d of the queue but

can n:>t get into "ervice until the custo•••r pre"ently in serv1ce ie com-

pleted, even thO'.I,rhthis cust:>m!rhas a 10""'1'pdor1ty.

Series or parallel ar",,"getnents of service facilities are comnonly

found but aeries parallel coorfr:>inatlonor' network of "ervke stations are

also sean sometimes. Multi-stage cyclic queueing system or Iln<! ,">Ssernbly

multiple B!!Cvets"t each stage in a series system. The system capacity

or the numberof wait1nr; rootllSmaY,beinfinite or f!nU",_ Blocking of

mer mayhke place due to finite nurnbe"of waiting rooms• ,
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2.3 Brief History of Work.on Qu"'lleing Theory

,

Uses"

The queueing theor.y was developed in 1903 when the Danish mathematician

A.K. Erlan9 worl<;",dwith the problem of <:oog"51:10nof telephone !;raffle!S).

S1nc:e then the d,,'relopmen!:of the theory is continuing. f:rlang l"-'bU.sl>ed

his w~ks all "Too Theory of Probabilities and Te1enhone convers;:,Uons"( 7).

Molina work€'d"0 trunking prahi !ml';e.ndpublished his works as "Applica-
, (7)

tion of the Theory of Probability to Telephone Tr\lnking pr~blelllS" -.

Thornl:on C-Fry rub1ished his works as "Probtlbility "nd 1-1:"Engi"",ering
. (B)

\'1hich''''I'",,~ muchof !':rlang's earlier wock ~ l"eJ11< rol1"c.ZM:

did some further pionE'erirg wo~kon Po15son input, arbitrary output ~

single and multiple channel problems. Additional work was do"" at that

t1Jne in Rllssia by "olmogorov and Khi..'lt.<:h1ne, in Franc" by Cromrn••lin and

in Sweeden by P",lm. So"", repNsentaHves of the more recent. contributions

are werks by P.R. Lindley on integral equations. N.T...1.B"lley and W.

Lederman arrl G.E.Rp.uter On time dependent solutions, L. Takacs on w,dtlng

~, D.R.CO>:on supplimentary ViU:'iahles, D.G.K<'ndan On imbedded Chains,

I'.G.Ch""'f"'rnowne on the use of random walks and S.1<.ar1.lne.n<lJ.L. McGregor

On birth-death proc!!!sses. Some additional re""a:rch"rs who have b""n ver.y

pr;oducHve and have provided significant works to the literature ar" V.E.

Benes, U.N.Bh..•.t, R.W. couway. D.p.Gaver, J.D.C.Litt1e, W.L. 11<»<>1,,11,['.M•
•

Morse, M.F.Nellts, N.U. Prabhu, E.Re1ch, T.L. Snaty and '"R.Syski •

•
B._.~~(2) (21).u>w~ • Sunag<l wccked with dllfusion approl<ime.tion m"tll"d for

different queueing model with Er1e.nglan inter arrival and service Um<!

distribuUun. Hal81:hmi(9l.( 10) work!>dwith the diffu~ion "PPr-~_,tm"t:iun

method with the k""",,1edg""f "''''n ••nd "•••...1,..,"'" of int •••...•••...•....1v"1 "M

llervice time.



2.4 Nathem"tical Mo~elsand Limitations

Prac:tical queueIng problems vary widely both with respect +;0probl"",

formulation and tl'e type of solutions sought. It is sometimesvery dl.•

f11.cu1t to defi.n! the e",act mathematical model to represent" practical

queueing problem. A.~a result resea..chers tried to knowthe "olutions of

different 'lUeu,!in<)problems by makingSOIfehypolheUcal B5sumpd<:,nt'a\nut

the anival and d"'P"rture processes and He system suue:ture. Resear::h.""

on Uadrovian oodel wtth single or mJltiple servers have been star':E'd

sln;:;e the early days of research in this field. Solutions of manymarko-

vian Models are avaUable ~ eJ.ongwith.those of 50""' IOOdelswith semi_

MBrkovillrlprocess assumption "tid somesimple models with general distri-

butions. But ,,01uUon6 of manycomplexqueueing modds are yet to ~ known.

Formulation of math,'matic"l mo<'elsfor complicated queueing problems are

thems"'lves difficult and even if the model can be formul!'lted, it b so'",,-

times very diffiCUlt to gel: the solution. ManyknOW!,resull:s of queueIng

problems are available in CQmpli,'ateduansform form which is very diffi_

cult to invert and sometimes numerical "Pproxim"ti<:>nis ,-,-",cdt<, In"ert

them. Thus U", "'x~cl:solution of queueing problems are limitecl t" "y"tems

wilh knownprob.~bl11t:vdistrib,-,Uons fOI: arrbal ",K! 'l~!",~rtl••,c 1'rO<:""5

Or to S<:tl'le"'ystercs with simpl" system struet'l["e. Horeo""r, 501ution~

of such problcn\s C'Ulnot be "",plied to pracUcal cases ••.l"'"ts a';

the prao::tieal l'r.oblmnsdo not posses" th.,. ideal IlSSU,,'pUc'n5 ",hleh ;'I:e

g(Onerally mad'" .Juring the formulation of ~uehmodels. Theoretic"l

models are no" "lways built to fit the l>cacHcal probl"", rath ••r ih",

ge"ignerf: try. to fit the >",ot,l"mto a known•••,del. Exact solutions of

<l\'cueingprDbl~s wah gen,",,~ "rriv!U N>d .",rvl.",,,,t1•.•••dl"td,butl,ono.

""'tti ••••tage series q"euO!!l.ng"yst""',,'are not knowny"t. H'W,!>v<'r,eon.~ide-

ring I>rl"ngian dj,:;.tribution for inter-arri"al tim" and "e,-vlce time a
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canprehensive w(>rkhas been done in this field for ."lti_a"""!!,,s with

balking and two staSe cycik systems<2) ,< 21).

Ploblems m"y 00 "ta~k "r dynamic i.e. deterministic an(\ pr"b~bill.stics.

Practical problem" are generally dynan1c i.e. system h<>ha;rio'Jr varie"

with time to a g•.•,,,1:.or""tent. I;ut most of the solutions eVIl.nabl" f",:

queueing problems ••c" for static or equilibriu/Il conditions.

2.5 ApproximationTechniques

The "ppro:dmations -techniques are generally used to 50lvo the pt'&Ct:tcal

prcl:>lell"S wh<>_"",,,,~,a1ytica1solutions <>re difficult to find out. A. cOllside-

reble I'llIIIlbo!rof resear<:h p"pers have eJ.ready been published on d1-Eferent

a;::-i',..~i;;"'iLiontechniques, II.detailed discussion '01' which is ••valiahle 11'

a sucvey paper by' Bhat et al. (1). Bhat.et al. classified different ilppro-

ldJnation teclmiqUl"" into three major categories e.g. (1) system approxi_

mation (ii) process approximation and (iil) numerical approximation which

are discussed !lel"", in short.

:In -\;his techniq>.oethe system 1s "bserved first 1m'1 then "" lI.pproxtm~~••

gues" about tto- beh"vi<>urof the original system is "",de by comparison

with 50100otlJer knownsystem >dth kro>Wnb<ehaviour. In other words, a

simpli£1",d syst •.m1"-"h.fined SO ,,:; to rell"rr.1>lein bell""i'}'lL "" closdy

as possible to th" original system to get the solution of the original

r
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practical 1.npUtand output dbtr1b.>tlons is a tyPe of system <lpproxJ.It\a--

tion. page{19u)compared the results of nloOdeb of multiple s"",,,"r,, ",ttl'

"0"
different inter-.arr.ival time and service time distribution ",uqgested "n

"
approximate nP.thodbased on lineer interpolation to get the value of

model for multiple servers with Erlangian interarrival 1;1••.••and

s.'rvice tUne dlstdbuUon (E/E/s). Maalol!(1.7) compared the r••nult:s of

9'ngl" and multiple serverS with exponential interarrival and service

time' (M/M/l and H/M/5) and got: " simple relalion and suggested <n llppro-

Ximatlon tec:hnlque for multiple setver -odth eKpOnential lnt'Jr-arrival

tillle and ErlanglElJIservice U"", distribution (I1/E/S). Cosl'lat"tos(41 \Ned

the sillll1arity of waiting 11ne curves agllil'\!<tco-eff1cien" of variation

for two systems to get an approx1matlon for multip2servers with GeMr"l

Independent :!.nterm:rlval Usn!!and exponential service time distribution

(GI!MIS) •

ii. Process Appr~l.mation

In t:his apprOldmat.lon u.d>nique the p1:oc••ss is simplified to get Some

approximation results. Thus in fluid or diffusion approximation the

d1.o>Cretonature of =atolntlr flow through the syat_ is replaced with

conHnUOU$flow to gat the ,",olution. This "ppro>dmation technique will be

<liscusse<lin d••taU in the !>'extsection.

iii. Numerical A&roximation

It 1.s the techniq"" of manipulcling the actual acithmotical ~preSlli",,"

leading to "" eoval"ation of """rtlrln ,""asure.
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•
D1ffull1on Appro:dmat1on Kethod lind Diffusion Equation,

,o~ ~~fI ....>h, ,

these , i

U1',-,,1:>-fluctuatJ.OM w.t11vary. The .fluid flo><"'pproxlltetion of queueing

Real 11£" QUeU1!-lngproblems are stoe:hast:.1<;:in nll.ture. If m'''"nlrements

paemlleters will fluctuate =rd their mean values and with time

sidered on successive days, the lIlE!asurementswill differ. That is

of certain ~mI\f!lterll of bott. errival an:! depertw:e processes are

lems considf'.J:Sonly lIlIlansof arrival and deparb1re processes. This

appl»x1Jllation of queueing problems CIlnbe improved if the inshntane_

0115variations in ll!:".l:ival per unit tiJl;e;and departure P"" "nit time

<:anbe included in the mathe••••UCl!l model. Diffusion IIppro:dlllllt:.1on,

Jmethod13 sud-. a tec:hrl1quewhltre sueh variations are lnCJ.uded along

with the means. A ool'llliderBble ~ of >;ellearch P!\P!Irs have so f~

been devoted on this topic. Iqlllhart( t3} • Gaver(5). Kalell (18) ,(1.9)& others

-l~ did the p1one~l\9_ .re~arch whUe the method 18 further developed

by other rese1!rChers(2) .(6). (101,(9) pC11).< 14). (16) ,e 21). "te. A COJnl"-

-,Jete discullsion on both fluid an1 diffuSion approx1lllation tec:hrdqueois

IIVallllble in (19) and a allort but COIllf>X"hensi••••description about both

the methods is given in (15). The diffusion equation is derived basing

on the lI.S•••••pUCns an1 discussions made in (2). (1) .(9l •

:en diffusion "pproxim.fttion method,the discrete queu"ing precess is

replaced by a continuous precesll in lIuch a w.rythat the char~cteristics

of' ttl" orlgineJ. process er" not lost. Let P (t) denote the time depen-n

dent pocl>8blli ty that the n>mber of customers in the system. ~ (tl, lit

t.l.Jn!ot is n. '1''''' diffu1l1on approXimation methodology suggests to repll1ce

•

which allows recovery of estimate •• of Pn(t) from the knC'olledgeof the



density function, f(x, tl.dx • Pr r :It~ X(t) 'f x .•..'Ix] of xlt).
: 2) 1..

Since, by OS&Ull'lptioniliad<! in' • Xlt) behaves as a diffusion procees,

f(x.t) saUsf:l."" the chaI'Q\an- Kolmogorov forward equation o.r

Fokk~Ple.nl: equation and the following equation 1ft obtained,

._. (2.1)

where,(3(7.) and oC(x) • respectively, the mean and the
v=iance of the inshntan~ c:h!J\ge in X(t) given that'

Xl'!:) • ~ Hathematically(lCx)and d{?-) are as fOl1Ol~S•

.(J ",E'-Jf..:.x,,(t:c+:..:,":c',-)_- __X"'( '",J_,I __,~(t~)_'x~1 _.. ".2l(x)=' __
L'l.l:. - •• 0 Ll-t

'0' (2.3)

Understead~tate condition, 11:1a obvious from the p"oc:essthat

Pn(t) and f(x,t) do not vary with t. Therefore mathematically.

••• {2.41

Lt j(x.!) 0 I(x) ,Md ~
-/;_ 0<'

••• (2.5)

..- (2.6)

(2.7)•••~ 0

Using the eqlUltions 2.5 & 2,,6 ,.' in the equation 2.1 the fo.U"••ll19

~llVi'l 15 obtained for steady"tate condition,

"+ d'A"(%HCX)J-l,d~(X)f(x}J
ApplyingoCentrlll L1lIl1tTheoreltl' to th •• Ilt'r.iva1 pro<:et'ilS and the depar-

ture process, 1t CIIl'l,besho>m!ll.(9l th"t

I
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••• (2.B)

••• (2.9)

••• (2.10)

••• (2.111

after appropriate integr ••tlo11.~.

5 •• the number of lIerverS

/', • the lllellllarrival J:st:e

/A-" the melln!Iervic" rate per busy !IerveJ:".

6':...... varillnce of inter-arrival tlPll!
~

6$...... varillnce of service time_

The use of equ"Uollll (2.7 to 2.11. 1,

gives the following results(9)

fM Ofx..~5

fCx) 0 ", E><rL -2(- Y;~::9;6L "')j, .
fM -x;y S

•••

...

(2.12)

(2.13)

H
t
, H2 are the cOnl5tllfltsof integration

,r~f
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The procedure of calculatlir.g Hi and H2 is given in (2J,(9l,(2i)

consided.rg continu=_~ crlt~ia and dl»e,retiz"ticn criteria.

serverE. with Erlangiat interarriva1 t1Jm and service Hille dlstt'1hu..

tion (Eft/S) •.WhenEr1angi~ d1.stdbution is cOrul1deredthe m"th"lIIIl_

tical eJtPX""rlonbeeoro""no::>r"s:lmpleand the system can be "b''!i:::1 ;",r

different utilization factors.
•

2.5.2 Simulation

Sjmu1",t1onis generally used to solve practical 'lUf!tlaingptoblcms

whenexact J:'esults are I'Dt available. Simulation, a type of exp<'!ci_

mentation, OI'!edsm>nyrep<'!tations to get th" r"sult" within reasonable

errQl,' lim1ts 11mhenee cons~s enOllghcomputer t1tne. t'!or"over, tm

results obt.ained are approximllteones and different types of tests lire

nead3 to b•• '"lIdete find out the reliomllity of the results 11m.tho'"

to imitate the rell11ty•. It dftterodne•• the effect of II numberof altern_

1:1vepolicies w:l,thcutdiftturbing tblo real system and help•• to lIelect thlo

best polley. M••••y 11l1pQrtllOtmanaged.a!decJ..s10nprcb1elnBare too intri_

cate to be lIolved by IlIllthealnticll1prcgrlClUllinglind experimentation with

tha actual system. Even 1£ it is possible, it 1s teo costly and r.isky.'.

I
,
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of the system without interfering with ~ real system• .simulation

!.II ttlls often" by p""a for cOlllPlex_thelllatical ..nal:taia • .simu1a-

tion models ar<l comparatively flexible and ClUI be modified to accommo-

date the changing emrironment of the real situation.

A simulation model cm be consid~ed as consisting of two basic phllS!!J'l1

data geooration lind bookkeeping. D"tll generation involves the proouction

of repr<!lII!nt"Uvp.arrival of customers lind their service times where

needed throughout the queuel,ng system. Generally this invoivea producing

reprl!aent"Uv<! observ"Uons froal pi:oespecllied probllbllit:y distributions

and thitl asp<!l:t is l:ertned "" MoriteCarlo. Thus " MonteCarlo simul"tlon

is one in which it is necessa"y to gener"te at le,"st one SUe"'" of 1'''0-

dcIllIobaervatlons frmt some "p""ified probability distribution.

Monte carlo lIII!thodof simulation is "very 1.mportllflttool to slMuli!\te

the lI)'!1temctuna,,~.>:,1stics. h d••.t"iled """scription ",,<1,.,,,thC<lologyof

"Pplying Mont."Carlo sifrtul"Uon t:ec:hrdqueare given in (7) ,(8).0.2). (22) •

hOa, 1Ob)-.

The "ppro:d.maUon techniques Gre n<:rt••••them••tically ,"ound alway" J",t if

eo<p"..r1.ment:at.1onpr"""s themusefull, the"e method•• C<'lnpractically be. used.

In fact, engineers arrl system delligners rem.un satisfied with epproxisnate

techniquea if those technique a give some answers to tl"•••1r problems within

Sam:!reasonable error zone wh..nexact results are not available. llowever,

when simulation ,""thod i •• used as an approxiln"Uon _thod, the v"l1.dity of

the B,imul••tion is to be tested. Important works on vaHdlltion are inc:luded in

ref. 4••., 17a, 19c. 1.9cl,22a.

, ••



SOIIIet:1PleShistorical data are used to build a llIO<:lellrnd th"" Imd~l output

data arE!compaNd ••1th the corresponding historical outp..tt data. If t~

a<p:eeu••ot 1s not 'load, the parMlO'ltersor t.•.•.e $trt\ctur~ of tho mod"l alOc

manipulated am th~ resulting output data are again compared w.1th the h1"-

torlcal data. Th.1..1 procedure , wh.1ch1s termed as callibration of a model,

is continued until the two data 1I~t.sagree closely.
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3.0 DMrA C<LLECTION ANDANALYSIS

In orde!: to develop any kind of ~el for II system. the rupectiv<'! para-

meter!! must be known. In thi!! chapter the relevant data collected fr","

the trllff1.c: departm~nt of Chittagong Port Authodty regarding the h1story

of !I.hiphend1inq at the po:rt have been analyzed to determine behaviour of

the following potrll•••ters. 'I'hese par_tU!! w111be the 1>&sis1'0"'the d•.ve-

lopment of the llpp=priate queu':inq model" for the system. Par~tec!l "t"'!'

1) Arrivnl of ship" at. the poet

ill Dl!p..rt.ureof shipsfrOlllthe port

iii) Waiting tJ"", of ship'in queue

iv) service time to serve II ship at the POJ;"t

v) Numberof shil'6in queue (queue length)

vi) N\DDbI!rof "hifllln serv1c:e (1.-, the becth)

vii) Number<>f llhip;in system

viti) WI!l1t1ngtime in system

3.2 Data Collection

The data of the !lhip handlillg hi1<tocywhich includes the arrlvnl date,

the date of starlin:;! s",rv\.ces. the dat.. <Ifdepe.rtur", from the pot't, U",

t:ype of car-go h!llld1""'-.the crnountof cargo handled (lolld•••~_un1oaded)was

collected fOt' " peJ:"iodof 5 y"arll (J••••uary 1980 to Decenlber1984). The

following f=t was used to collect dah,

,



- '--,DA'l'E OF
DATE OF "''' 0' Al10tmr or

"" DATE OF S,TIIRTING "'000 CARGO HANDLED,

'" """'''' SERVICES DEPARTURE
"""""'" WADED_1,JNLOAD£D

I

-

Ourin;!data collection only general cargo shill'l Wereconsider"d ~.s8n',

of shipa cUllingto the port are of this type (Table 3.1). Tl~~esent

sbldy 19 restricted to the fac:ilitles of general cargo pod only i.e.

it =ludes th" facilities of tanker terminal.s.""'ment clinker jetties,

silo jetties "nd 'l'dpple Sl,1p!U:Phosphatejetties.

r~I I I I
~

1978-79 79-80 ,o-a1 '1-8' 182-83 I 83-841 Gr,"11d
I Tot.u

"""~'"e:1'Irgo 694 \ "7 7" ,"0 737 m 4420 81..25,Id,

OU
'" 57 " 57 51 " ", 5.8tT_~

0'1,,",, "" 119 87 1•• 118 87 704 12.94

-
Tot'" '" '" '00 1001 "" 85' 5"0 WO



rhe data of different system parameters are analyzed to deterntl.•••

:he mean, variance aM Iltandard deviation. Tests are applied to cheek

the goodness of fit of the probability distribution to thO'behaviour

of system parllltl!>l:ers.

3.3 •.1 Ana1ysis of Arrival of Ship at the Port

The year ....wisearrival history is given in ApPO!'rxlixA-1. Calculated values

of poisson di5tribution of probab:tl1ty &' chi-Square t"st aP" g:thlOW'

.
AARN~ OBSERVED ."""'" PRODUCT EXPOCTED EXE'ECTED, ICHI-sQUARE:]OF SHIP 'POR' . '"''FREQUENCY PIDBABILIT!! FROOUENcrI VALUE
PER0'" .•,,'" """"'" P(Xl:¥= (El j'X!••(O-EJr'"' (0) (Xl.{Ol (X2).<OlM ') ,

0 ,.. - - 0.131322 "0 0.1500

, ,,, 50' ,,, 0.266597 '" 0.4620

2 '" ,,, 19'" 0.270610 '" 0.6559, 324 on "" 0.183122 '" 0.3612

, '" '" ,." 0.092939 '00 0.0529 I
5 " "0 '000 0.03713, " 0.1304

, " '" - O.012'l1iB " 1.5652

7 , " '" 0.003703 , 0.0000

• , " '" 0.000940 , 2.0000

=, "'" , 11 1827 5.3777. -



"'""'''
•• 2.0301 ShipS ~r day.

variance, •

•

1827:0: 11437 _ l3709}2
1827 x 1826

1.4628 Ship6 per day•

• 2.1398

Degl:'el!E1of freedcrn, ~ • 9 - 1 - '1. 7.

The cdtical val\>e of Chi-square for: 7 degree's of freedom at a sign1-

ficance level of 5" is

'>.,
- 'XC9") .. 14.067 (from "taUsU"a1 table)

0.0$

Since the calculated valU!l of Chi-square is lese than the critical

value, $0 !:he poisson d1atr1but1on of prob~l1ity provides a good fit.

to the distribution of arriv"l of ship to the port >!It.5%~t"nificl\nce

level. The obt\erYed and expected frequencies are shown in figure 3."t_
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3.3.2 Analysis of Departure of Shil" from the Port

The ~ille d••parbn:e hilJtory is giv51 in Appendix•••_2. Th••

followinq values are obtained for the depart..,e precess using the
\

sameprocedure as used in arrival process.

Meandeparture rat ••• 2.018 Ships per day

standard deviation •• 1.46"1 ships per day.

TheChi_quare te-st ahowsthat the po1ssondistribution of

• 2.135V!\riance

pI:Obabllityprovid••s a goodfit to .the distribution of departure of

liMp from the port at 5% slgn1flcarx:e le"""l. Theobserved and expected

frequencies are shownin figure 3.2

3.3.3 J,na1ys!sof Service Timeof a Ship

.Year-w1sehistory of service U- of ship is given in "'ppe~iJ<•••••3.

Exponential dilltrlbut10n and We1buUdlstritlUtion of probabilities

at:e i!Ssumedfor $~vic •• time distribution per ship. Ca1c;ilatedvalu••s

of "xponential probability distribution & Chi•.••quar•• t ••st <Iregiven in

table 3.2.

,
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" "

, i 2 3 I , , 6 I 7

2.0 _ 2'1 i 17 348.50 I 7144.25 0.9609 "
,

2.", i
2"1_ 22. i on 3«.00 7396.00 0.9665 20 0.80

i ,
22_23 " 315.00 7087.50 , 0.9713 17 0.52,

i
,

I I23_24 17 399.50 ! 93B8.25 0.9754 '" 0.27

I
,

I24_25 11 269.50 6502..75 I 0.9789 " 0.3'1, i
I

25_26 , " 32"1.50 6453.25 0.9619 11 0.",,
!26_27

I 6 159.00 4213.50 0.9845 , 1.00I i I27_28 '" I 412.50 11341.75 O~9867 ,

I

6.::.3
28_29 I 5 142.50 4061.2.5 I 0._ 7 0.57
29_30 I 11 324.50 9572.75 ! 0.9902 6 4.17
30_31 , , 274.50 8372.25 0.9916 5 3.20I

I
I I

31_32 I , ~"'i.OO I 3969.00 I 0.9928 , 0.00,
32_33 6 "'.00 , 6337.50

I
0.9939 ,

I 3"""
33-34 5 167.50

I
561'1.25 0.9947 3 1.33, -

34.-35 I , 138.00 476'1.00 I 0.9955 I 3 0.33
36_36 3 , 106.50 3780.75 0.9961 , 0.50
36 _ 37 i 3 I 36.50 1332.25 I 0.9957 ! , 0.50II ,
37' _ 38 3 ! 37.50 '1406.25

I
O.9~72 i

, 0.50
38-39 I 3 I 38.50 '1482.25 , 0.9976

I
3 0.00

3~_40
I

0 0.00 0.00 0.9979 3 3.00
4C _ 41 3 40.50 1540.25 0.9982 3 0.00,,
41_42 , 3 41.50 1722.25 0.9985 3 0.00,

i
,42 _ 43 42.50 1806.25 0.9987
,

3 0.00

I
3 I

43_'" 2 87.00 1'llM.50 0.9989 I 3 1.00

Table 3.2 , Continued N~

,'-;
j



r--.--------.

-----

N• - - "
,,--- ----------

~ ••!. •0
0 N " f • ~ •• • •

~• • • •
~• • o• • • • ,

• • • • • • ~'0 0 0 0 0 0 •• • N

!. • -" ••---- ---- - - ------ ----- - • •• 0

~
N• --Ij , •

8 8 0 8 • • 0 ~ •• • 0 - -,• • • • • • • • • •• •0 0 ~ 0 N 0 - • •• •• • 0 ~" " • ~ !.• N N , • ~
,

g

~

0 N

8 "" !---"- ------------- - • ,• N0 ~" -
N

g 8 8 0 0 g i • N
0 • • • ,,'• • • • • • • N ~ •

0 0 N 0 • • • '.• • • •• • , • •N

---... ---------- -------- -I" ~
N

0 0 N 0 - - "
• ,
ti .~, !'-'-- ----_.--.------ i~ ~

N
~ ~ 0 I I• • •, , , , , , ,

~;; • ~ N ~ • ~• • • •
• -----_.._--



-,

Degrees of fr..wom "' SO_ t _1 •• 48.

The c.rltic"l value of Chl-.llqtJare for 48 degrees of freedom at 5%

level 01' oignificance is
/

•
X(,\~)•. 66.13 (fratl the table by lnt~polatiQn)

0.0$

Chi-<'3quaretest "hows th"t the ••xponential distribution of probability

doe" not provide a good fit to the "'''..-vice time. The observed W1d••~ec_

ted frequ••••cles "re shownin the figures 3.3, 3.4 on th••basis of "':<POll"n-

tial distribution. Fig. 3.3 i~ for discrete value" and fig. 3.,4 1s En"

Weibull distribution cov=" a wide range of p<,ob"bility ,nstrtbutlon.

Also Kolmogor'Jv- :>mh'novlK...,s)test is mol''' powerful test than Ch.l.•~'l"~':"

t..,;\: "s lK...s) te,~t uses e:>tP'"ct:edand observed probabilities whe:reas Chi-

square test uses expec:t"dand observedfrequ"ncles. Il~ ••weibul1di~b:i.•

buUon and (K-51 test are applied to check the good""''''' uf fit of the

d1str1.butlonof the service time of a shlp in the port. calculated

v"lues of \;e.Lbull probability distribution and K-8 test ar'" ':Ii.a, 111

Table 3.3.
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,~, ',.',

"

I Class T1Jne I , , , 'P. flo t f : (K-5). ,
~(t).dt IW-Jr(tldti

(eay' i Frequ<olrY i St .•. 'ilt I St+bt .•.St_?>t I r(t) 1-e-(,;t ,Value:
t ' , I !Xi-Ei\ ", ' , , , .

I ,
I Col-S-COl-2 COl-6

,"',., , Col_2 I Col-3 Col-4 i Coi-7 "',.• <oW ", ",,-,, ,,
I

, , .
! 0_' , 3485.0 0.'10157 0.101571 0.0965 0.1367 I 0.0401 I,
i 0.24928 I I,-, 3080.5 0.'14770 0.2206 0.2548 I 0.0341

I ,-' 2609.5 0•.18662 0.43590 I 0.3533 0.3567 I 000033 i
i

I I I 0.0076
i:,-, 21.ll4.5 0.15616 0060207 0.4523 ,..... I,_ 5 1847.5 0.16833

,
0.5371 0.5206

i I Q.77041.1 I 0.0165 i5_' I I 1.550.0 0.18322 o 95~""I 0.6146 0.5861 I 0.02S4 I• -~-I, _ 7 I 1295.5 0.17367 1.12731 006761 0.6427 i 0.0333,
I 0.0377 Ii 7_' I :1085.5 0.1?964 1..30695 0.7293 0.6916

I
,- ,

I 902.5 O.'1B947 1.496421 Q.7760 I O.733B I M)ol2l
"

! ,
q _ 10 - - .. --~-- - - - .- - --- , - _ .. -

W
N

0.0362

0.0307,,.,

-cont"o:i;

0.8015

0.8287

"

1.81949 i- 0.8378

10962731 0.8595

0.1356<1

0.1.4324
6301.0

551.5'"
50'

"
"

'l'<i'J~"3.3 : Calculated values of W"il:ul1probability distribution
& Chi-square test

10._ 1'1

11-12
I >2-" " , 512 I 480.5 0.131.11 : 2.0938 I 0.8767

I
'-",

I I I I ,,,_u " .., 4~.s 0.'14064 I 2.23449, 0.8929 0.8'
I ,

'14 _ :IS , 56 I 350 362.0 (J.:lS469 2.38918 0.9082 0.8898 I 0.01B4

t5-1D
I " I '" 313.0 0.13418 2052337 0••9198 0.9049 i 0.0149

,

I I 2.670431
,, 16 _ 17 , " , '" 272.0 0.14705 0.9307 I 0.9179 I 0.0128

I , ,
17_18 " I '" 237.5 0.12210 2.79253

1
0.9387 0.92.91 ' '0 009S! ' .,



.", \

!
I
I

i

3.07525 , 0.9538
!
0.9471 I 0.0066,

3.18'1B4 0.9584 0.9544 I 0.00<0
3.29373 0.9628 I 0.9606 0.0022I i3.40310 0.9667 , 0.9660 0.0006,,
3.55421 0.97'13 i 0.9706

,
0.0007

I3.66589 0.9744 0.9746 0.0002
3.81617 I 0.9779 I 0.9781 0.0001

I3.89410 0.9'196 0.9811 0.0014
4.11966 I 0.9837 0.9837 I 0.0000
4.20815

I
0.9651 O.OOOS0.9859 I

4.43496

I
0.9881 0.9878 0.0002'

4.66872 0.9906 0.9895 0.0010
4.'79372 I 0.9917

I
0.9909 I 0.0007, ,,

5.01594 , 0.9933 , 0.9921 0.0011.
I I I

5.24850 , 0.9947 0.9932 I 0.0014
!

,,

I

,
5.48380 I 0.9958 0.9941 ' 0.0016, ,
5.70602

I
'0.9966 0.9849 ,

0.0016

I
,

5.79297 0.9969 0.9956 I 0.0012

0.22556 1
0.08849 I
0.22680 I
0.23376 I
0.1.2500 !
0.22222 I
0.2325S i
0.23529 i
0.222221

0.086951

0.07192

0.1.5028

Co,l-S Co1-6 I Col-7 I Col-8 I Col-9 ., , ,
, ,

0.1.2887 ! 2.92141 0.9461 i 0.9388 ! 0.0073
0.15384

0.1065!'
0.111S8

0.11167
0.15111
0.10937

Co,", , Col-2
, co1_3 00'••••! I,,,

" ","'_19 I 209.5
, ,

19-20 , " '" "".0

I

,
i20_21 " , '" 159.5,

21. _ 22 - I '" 143.0I
22_23 " i '" 1.28.0

I
,

'3- 24 " i '" 11.2.5
24 _ 25 " I '" 98.5
25_26

I " , " ,6.5
I26_27 , ] eo 77.0,

27_28

I
15 I " I 66.5

28_2, 5 " I 56.5
29_30 I " 54 I ".5
30_31 , 43 48.5
31_32 , 54 32.0
32_33 , 30 27.0
33_34 5 " 21.5
34_35 , " 17.0
35_36 3 " ".5
36_37 , " 11.5

I
, I 0.09523 I 0.9962 I37_38 ,
I " "'.5 I 5.flM21 0.9972 0.0000

0.9967 iI 38-39 ,
i " , '"' 0.105261 5.99347 0.9975 0.0007

I ,
39_40 I . , '.0 0.00000 5.99347 0.9975 0.9972 i 0.0003, , ,

T.wl" 3.3 : ConUnued
ww



: ".., ", ",

I I i ,
!col_1 ""-, Col_~ , •...01-0 Co1-5 I Col-6 , Col_7 col-8 Co,",

I , ,,, ,
I i, ,

40_41 , , I 8.5 0.117f.4 6.1"1112 I 0.9977 0.9975 0._
I41 _ 42 0.1:B33

, ,, 8 '"' 6.24445 , 0.9980 I 0.9979 0.0001

I42 -,4.3 , , 6.S 0.153B41 6.39830
,

0.9983 I 0.9982 0.0001, ,

143-44 i
, I, i 6 5.0 0.40000 I 6. ~830 i 0.9988 , 0.9984 0.0004 I, i. 0.998a
,

I144_45 - , • '.0 I - I 6.'19830 , 0.9986 0.0002 ,
45_46 , - ! • '.0 ! - 6.79830 0.9988 0.9988 0.0000

J 46 _ 47 , • , • 3.0 , 0.66566 7.46496 , 0.9994 0.9990 0.0004
1 47 _ oW !

,
i I ,- , , '.0 - 7.46496 0.9994 0.9991 0.0002

" I ! I1
48

_
49 , , '"' 0.66666 8.13163 I 0.9997 0.9992 0.0004

149_50 I I ,, , , o.s , 2.00000 10.13163 0.9999 0.9993 0.000'

ReSults f:r;cmWeibull FOCabllity pape:r;shownin fig. 3.5" are' as follcwsl

J

(2, • 0.98 ~ 1.0

'L • 6.8 days pu ship

y • 0.0
{. ' .•••. • 6.8 days ?er ship

/
wh=e, ;3

i .
y -

r

ShaP!' parameter or 'l/e1l:lUllSlop

Scale pa:r•••••••ter or Ch;arac:teristic: life

Location pa:r;ameter of MinillUmllie

Mea', ",allle

""
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The calcuhted lar<;lest (J(-5) value i5 0.0441. The critical (K-5) value

for n •• SO~t 5%level of significance is 0,0'/6933 ("from(K-S) table).

which sb:>Wsthat the service time diBtribution follows th'!',W",ibul1dis .•

tribUtion <»' probability with (!J •• 1.0 & ~ •• 6.8. Therefore it is c<,ro:::lu-

ded that the servke time follows the exp0ru'!Jltial distribution of pr(,b•.•.bi.

ty with 5%ll!Vel of significance. '1he observed ,",00expec:Md frequellCies

at'e shown in figur'" 3.6.
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3.3.4 Analysis of Waiting Time in Queue

The exponential distribution of probability and the Weibull distrlbu_

tion of probability are assumed for weitil19' time in queue.

hisi::Gr)"cf "'dting time of ship in queue is given ill Appendix ,0._4 Th",

f011eM1ngvalue" at"e determined for the waiting time of sh:l.pin the

queue, following the procedure used in 3.3.3.

MeIlJlwaiting in queue

Parameter, fJC

VarillllC:e,

•
•

per ship

0.3485 ship per day

Standard d••d" tlon ,. 3,757 d"Ys pel:"sh.ip.

The Chi-square hst shows that the exponential di,'tributinn of prob"hJ._

11ty does not provide a good Lt to the waiting time of ship in qu"""

at 5%significance level. The observed MId til" expecte<! frequencies A"e

shown in the figur.es 3."1, 3,8 on the basis of exponenti.al distrib1lt:l'>n.

Fig. 3.7 is fm: ~'~crete value <>f probability ,md Iiy. ).{' 1s for. pc""

bUlly density !1lrx:Uon.

We1bull parametErs, are estimate<! graphically by Welhull p""h~l'.IHty

Plotting Iiethod, shown1n figure 3.9 MId they were,

(J • 0.74

'L • 2.35 days per ship

j - 0.0

/'-- - '.' days per ahip.

f\
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The (K-3) toest shows that the waiting Hille of ship in queue fLUO'""

the ~leibul1 distribution of proom.Uity wHhfl .• 0.74, tz .. 2.35,
if •• 0.0,)<- •• 2.8 at 5%sign1ficanc:e level. The observed and e)(_

pected probability are shown in figure 3.10.

Analysis of Numb&of Ships in Queue (queue length)

Theweibull <llsb,ibutlon of probability 1" !laswnedfor the """,be" cl

ships in <fU!'U'". year_ise hi, tory o£ queue length is given in Appc'ndtx

'-5. The following V~uell arE!olJta1nedfor th" ,~wnberof shlp" in 'l""".ll!

ua1ng the procedure as followed in 3.3.1.

Meanqueue lellglh (Lq) •• 4.n::; ships' "

Variance •• 15.99

•• 3.999' shipll _.c

1 Resul.t.s from Welbul1 prob<>bl:iltypaper, shownin figure 3.11 an

foll<MBl

(J '" 1.5, 'Z. .• 5.75 ships ; iJ .• 0;«- •• 5.15 ships

,,

'\'he (K-:» test shoo;s that the m1mberof ship" in queue (qu'!!uelength)

follows the wellilll distribution of probability with (3 " 1.5, ~_•• 5.75,

i ..o.o~ .•• 5.15 at 5% significance level. The observ"d and O'Xj>octed

probability ere shown in f.1gure 3.12,
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The oo=a1 dil!-~.ributionand We.':n.tlldiStribution of probabilities Itt"

assumedfor the mllnberof ships in service. year .••••ise "l~tory of no.

of ship in service is given in AppendixA-6. The following v"llJO"~.,r••

followed in 3.3.~.

Mel'ln no. of "hips in service •• 13.414 shipe;

Variance •• 13.643

•• 3.694 ships

,

The CM.-quare test shows that the oormal distxibuU"n of prohahHity

does not provides a good fit to the numberof ships in "ervice. The

ohserved and e"pected frequencies are shownin figure 3.13.

Results from OIeihull Probability PaPer, shownin figure 3.14 'leI' ""

follows:

(J • ..,
'L • "., ships ,

J • 0.0

;t"- • 14.5 ships

The (K-5) test st>""",that the numberof ••hips in ""-cvice follows tho!>

We:l.btt11distribution of probability with(i •• 4.1, '1... •• 15.8 at 5%level

of ••ignific""" ••• The observed and ">:pected frequ ••ncies are shownin

figure 3.15
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Normal dlstrlb1,I:ion and WeibuU distribution of pcobabilit1<:s are
-','

assumed for mlMber Of ships 1n system. '!e= -wine history of nur'~"'r

of ships in system are given in App=dlx A-7. ,The foll(Ml,,~ ~",u''''

cu;e obtained for the number of ships in system using the same proc'!-

dure as followed in 3.3.1.

MeannUl!1bervf ships-in the_sy&Um (L) _ 18.2519 ships

stlll1d&n deviation _ 6.58 ships "

The Chi-square lesl "h""s that the normal distribution of probability

does not provldes II good fit to the number of ships in the system. The

observed and expeeted frequencies arC' "hewn In figure 3.16.

ReS\lU:; f.•omft',.ibull Probability paper shown in figure 3.1'1 ,,,::e'""

fo11ows=

(J • 2.00

'L • 14.6 ."'''''

" • 5.83

)k • 18.03 ships

Calculations for -,J ~ 91'.<enin Appemix 1\_7. The (K...,s) test shows

that the nu"1>erof ships in the system follows the Weibull <1istcJ.b"Uon,
oT prOOatll.11 ty

nificllJlCe. The

"litoP _ iI!.6, Z - '14.6 & i - 5,8S at 5~ level "r "J.g-

observed and "-<peeted frequencip.s >:U:eshownin f1T-"''' 3018.
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3.3.8 Analysis of WalUng Timeof Ship in tile System

the eltponential andWeibu11distribut1oMof probabilities are as""••~j

for waiting Uro•• in the system. YeMte-Wisehistory of wait.lng time jn

the system are givm. in ..••ppendix A-ll. The follwing v"lues "r•.•obt<lln~d

for waiting Hmeof ~h1psin the systan using the procE'dureASfoll<l"''i'd

Meanwaiting time or ship in
the system (w) •• 8.7477 days per ship

Varian.::e • 65.0534

Standard deviation •• 8.0656 days per ship.

The Ch.1_-squaretest showS!:hat the el<ponential distribution of prohe-

bJ.lity-does not provide' •• good fit to the waiting tifM,of ship in

system at 5%level of signiricance. '!he ob>ll!rvedand ••xpected ",eequen-

des are shewnin figures 3.19, 3.20 Flg..lre 3.19 fer discrete values

end figure 3.20 for probability density f'l,mction

Re5ll1ts fran Weibu1IProbability paper, Shownin fIgure 3.21 are as

follows:

(J • 1.03

'L • '.0 ''Y' per ship
-; • ,
/" • !I.O days per Bhip

_ ~"'''''j•••••" ,",._••"'''"''i:he w,,~b•••u. <IIuu-iO"'t~<>nof f'...,I>"b~l-lt~
p>::"CJV:l.de<J"g'>O<:I-£1tto tl>•••• <dUng t:lJne ~ ~hll's in "yst~, ,'tthP_ 1.03,
11_•• 9 which is a<;b'~lly the expon-enti<:lldistribution Of I'rqbabU.ll~.
b observed """I ""p<>o:to."frequ"nc:Le,,'are "hownin figure 3.22.
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The We1bull dJ.stribution of'probability is assll"",d fe'r the cargo

handling in the port, The following values are obtained for C<Irgo

handlin(j P€'r s:'lip at the port using the same procedure as fol1o>red

Meancargo hatxlling ~ 3421 tons r-er ship

Varhnce ~ 16,010,017

StmullU.,1deviation •• 400t tons per ship

Results from Wel.btJ11Probability paper, shownin figure 3.23 are all

foUowsl

(3 • 0.7B

'L • . 2850 tons per shlp

v • 0,
/k • 3400 tons p"'r ship

The (K-S) test 5h0»5 that t.hE>We1bull distribut.ion of p<:obability

provides a good :fit. to the eggo handling in the port with /~ .• n.78,

Z - 2850, i ..o,~ •• 3400. The observed am expt!cted pr:obllbilit.y

~ sho1oonin t-he figure 3.24.
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"d
..i). J-,

i I Ohser'l'ed v",lue I Weibull Probability Dutribution It t ,Nature of ,
I

Sys emPar""", erS IDistribution I , ,

I 'l I
,

I '"= ! Vaxi"'lCe ! (J i I .P-
I ,

I I I I IArriVal rate Poisson
I

2.03'1 2. '1398 - - , - -! i
, ,(ships per day)

I!
, !Oeparlure rate Poisson I 2.018 2.135 '1 - ,,(ships per day) , ,

! ,, ,

I3er-,iGe time Exp:>nential 6.46 40.58 i
6.80 0.00 Ii

,
,"00 , , 0.00(day~ per ship) - ,

Waiting time in ! We1bull , 2.869 , 14.115 ! 0.74 ! 2.35 0.00 I 2.80! ,Queue (days/ship)

lIo. of ships in "eibull 4.825 , '15.99 i '1.50 , 5.75 0.00 I S.B, , I<1ue"..:a

Ho. cf ships in 'ieibull , 13.4'14 13.643 ! ,., i 15.8 0.00 I 14.50Service ,

No. of shi?s in i -We1bull , 18.25'19 43.32 ! 2.00 I 14.60 , 5.83 I B."the syst.am -

~1aiting time in I "eibull ! 8.7477 I 65.053 i M>a I 9.00 I 0.00 I 9.00to'-", s:,c3tem .-
(days ?"r ship)

Caxgo""-l'.d1ed 1,eibull 342'1 1.6,0'10,,')17 O. '7B 2850 , 0.00 3400( tonsrhip)

Table 3.4 : 3uonmar'!of res,llts obtaine<l from data analysis

'.-
0

'1 • ~'~3:r--"'~-ii-;;'.-- ..\0,
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DE:VELO~ME:NTOf" A ~1ATHEI1I\TICAL QUEUEING ~DE:L

4.1 Introduction

4.2 Selection of Queuein;lModel for the System

4.3 Aspiration Level Modelfor tie System
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4.0 DeveloF'nent <ofa l1"lhematical QUeueing Mod"l

4.'1 Introduction

In fu:l.s chapter an "PPropriate queueing ,"od"l is sele<::tP.d on the

basis of the st.atistical analysis carried out in the Prucecdi.ngchap-

ter. 'l'le system parametp.rs are then calculat",d arxl variou::; aspects of

ttl" syst"l11 at.'"e an1llyzed. Values of system parameters of the moo,,1 are com-

pared with the obsene<l values' to .check the effectiveness of the,sel"eted

- ..'

4.2 selection of QUeueing!lodel for lll' System

The follow1D;l'informations regardirg the different characteristics of

the systE!i\ under study have bi>•••.•obt~d frem s;yst"m study and data

~ ,. Input or arrival d1s1:tibuUon • poisson

.li. S"rvlce tl~ distribution • f.>:p"O".,d.al

<U. Sertice channels (jetties) • "'v. S"rvlc" discll'11ne • First <:ome,first served
(FeFS)

v. Maximum number of customrn;s InfiniteaJ.lcwed in system •
n. Cnlling SOurce • Infinite



•

:tt apPE!<U:SfrOl<lthe nature of the six charllC:!:eriatics thaI: the system

in questJ.on.iS "rm.tlt1ple servers queueing PlOde1\dth lnf!ni.te system

capacity and infinite calling population having loll" ",""vice dtsc1pli""

of firs!: cane fi~st sel:Ved.Themodelin ,andlll1' s notllllon ifill}' be

rept'esented as

M/l'I/:t5 I FCFS/oCloC

The ""'<loll ass1.DeS constant mean llX"rivsl rll.l:•• and ""'lin service rate.

That is, thea" rab,s h.."e been asllUllle'dto be indepen:lent of the states

of ~ system. TMs MSWlIptiOllis q.iibo valid {or t.hI! situation at

Ch11:\:agl:>ngP=>l'1:.rhe rate diagra.PI.of, the IOOdel has be"n shown in fig\'!:"" 4.1

state of the system 1 2 ,

Fig. 4.1 , Rate diagram for M/M/s : FcFS/o-:/o<;

The different "Y"temparameters of the IIl<>dd lvlve been c"lcuV"ted us!.,,'!

the following mathematical forlllUl..e, unlho.r Ilte!l4y st"l;;f, condiUoJUl:

, -•

, -o
(:~)n ,'l.,.

nl • Po .m,o o.fn~s

•••

•• •

•••

•••

~'.
I !



( -} )n •••.0 0) , '.3• .~ISIR> Po '" •••, ,
Lq •PI e: r , •••SI 1"'PPl2 ••• •••0

N, • .J<g- •• • • •• '.',.,
N N,

, ..,• .- ••• •••r"

L • >.N • " (Wq + ~) • Lq. 1>.. •• • ••• '\.7F0-

X • C1- " X 3D0 ••• ••• ••• ..,
Bteodystate probabilities of exactly n c~st~erS
in the system

S _ numberof parallel servers

n numl)e["i:rr customers in the system

L - lReannU>nberof customers in the syste"

Lq meallnumberof c:ustOlllersin the queue

W meanwaiting time in llhe system

meanwaitinogtme in the que"."

>, _"n arr.1v"l •."te (roo. Of euamml!!r •• "" •..1",,1 P"''' "nlt t.1mel

mea"s...-v1.cerate p« bu5yserVer (no. of customers
served per unit 'tim!!)

f '" tz: - utilization f8Cmr for: S service facilities

Calculations of (lYlItelllP8imneterllusing the ••••del
M/N/"lS ; J!CFS/oe/oe

III •• o.lJ, >J ~ l.:oa ••h!. .•.•~ r-'" ,10,,,

;l ..6.46 dllY"per ship



,-.
;"

• 13.114

2.03 x 6.46

"
•• 0.674

x •• (1. - 0.814) :It 100 •• 12.6

p •
o ["[" • (13.1.:14) 1.5

'" .
,'

0.874 r
•

•

•

wq.

(1 ,I-13.114 + 95.99 + 375.88 + 1,232.34 + 3.232.17 +

7,054.45 •. 13,,1:34.75 •. 21,695.06 + 31,612.12 •. 41,4$6.13
•. -19,423.24 + 54,011.37 + 54,495.01 •. 51,036.88 + 354,1:25.77)"-1.

,
68),085.274

1.46~x '10-6

W.. 1.77 + 6.46 •• 8.23 d"ys pel' ship

L.. 3.,6 + 13.114 •• 16.714 ships per day.

It is very ~JOI..bmtto mention here that the lIystm under study hM.

two resb:'icl:1ons, such as (1) tide restriction MId(.1.1)drll.ft re"tric_

t1on. As mentioned earlier, too move"""ntof Ships (customers) from tM

ouIoer anchor'''l'' to the port is dependent on the tide MIdd.l::aftconrll-
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But:because of nonavailability of the required data regardinq tide

tu1Cldraft the corresponding restrictions =uld not be incorporated

jn tha model. H<YiIever.their influences are reflected in the form of

high= observed values of someof the system parameters as shownin

table 4.1. Fig. 4.1a also demonstrates the samefact. Th•• perc••ntag"s

of deviation behreen obs"rved values and modelvalues of Lq and Wqas

shownin table 4.1 are relatively high. This is quite expected ,~ecause

these paramet""s are directly affected by the tide and draft conditions.

HCMevcr,1f the "Xf'C"tedwaiting time in the system (1'1)and expect.-!d

wa.iting time in the 'tIleue (I'iql are compared, then it is obServed that

Wis muchbigger t~an Wq,only a fraction of which is the time lost

due to the tide and draft restde:tion. So it maybe concluded that the

mcdel is not greatly affected by this restriction.

System parameter.s Observedvalu••s Modelvalu"s % of deviation

L<> 4.825 ,., 25.39

• W< 2.869 1.77 38.30

~L<> 13.414 14.114 2.236

L 18.252 16.714 8.426

W a.748 8.23 5.92

, 0.00 1.464 x 10-0 "ory
0 negliglbl ••

••
TBble 4.1 , CompariSOnbetweenobserved ~nd_modelvalues

of system Parameters•
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6'1

of waiting till'" in the system ('l::):is a" follows.

, Y-
-A,Y- i)l)ri:P ["w (:'t.) "".u--"- ';- \_. p I

/ c.~-f)\lS+ .";i) 0, 5 __,:2L"r'"
foy" 0::: :v 0

The derivation hIlS r.:.en given in Appendix!'<-9.

An.idea about the rela:l.b:l.lity of Win 1nd:l.cat:l.ngthe actu"l time

customers wait mllYbe obtained by canput1ng the prc>bllbil:l.tythat

customers wl11 wait more than W; that Is,

•
(8.23

t - Jo W('tl d"(. ••• (4,,10)

Ii •• 8.23 days per ship (mO('lelvalue)

Using the valu,"" <>£ system par_ter". the probability density func_

tion (Equation 4,,9) for the system under study is "'5 follows:

W{ '1". ) •
"Y- ~0.24557,,-0.1548 _ 0.1712 ,,-0.29195<-- ... (4.11)

Using equation 4.111n "quathm 4.10,



•
r _0.154B leo23

1_ O.Z4557l~0.1548. Jo +
\

- _0.29195 lo.n
0.1712 ; 0.29195

. ,

,

•• 0.3907

This means tlutt under the service discipline of the stated model

39.07%of' the customers will wait more than average waiUng time N.

The behavior~ of the par"",eters Lq, L, wq, Wand X are studies for

different situ ••tioll5 i.fI'. for different mean arrival rl,te i /) l,

different. nurri'er of sm-vers and c0n5tant mean service rate and shown

in figures 4.2 to 4.6.when both the mean arrival rate and me"n"e.-vice

rate are chang~o,the parameters ~ studied for different traffic
intensity {t.l with d1ffp.rent l1\IllIberof servers and shown in figures

4.7 to 4.9.

•
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4.3 Aspiration L.,ve1 1100,,1for th" System

The aspiration level model recognizes the difficulty of e~ti"",titlCJ(,""I.

.?ar1llT'-'tm:s,"rrl hencf' it is based on a more straight f"rward 8n<dysls.

It makesdirect 'loe of the op<'!r"Ungchac"cteristics of t_h"system JJl

decidiAJ tt><!optimumvalues of the design p"-"alIleters. Optimality 1.",,,,

is viewed in too sense of saUsfying <:ertaln a'micaUon l"v"l~ set by

the decision mal"'r. These aspiration levels ace defi""d nS the uJ_'[1"r

llinit On the values of the conflictin;J JJI'lDSuresthat th", decisl"',

makerwishes to b••lance.

In !fl\lltiple-scr;'"ra modelwhere it is required to oIIeterm1netl., optJmum

numbet:of servers{S) th•• fo11",,1ng parM"<'u,rsare the confUctlng m".'~ll"''''

with the server'" idle tirne(X)

i. Meannuml",.rof custOJOOrsin the system (L)

11. l1eannUt11"'rof custaners in the queue (Lq)

lli. !lean ,,,,Uing time in the system (w)

Iv. HeMwnJ.ting tiJne ill the queue (Wq)

For the system ","de>:study. " set of curves (figu_,es 4•.10 to 4.15) h,w"

bflen drawn in whic:hit is poS!'.bl•• to lIet specified a"p1rat1oo l'i!~cl" wi.th

respect to different cooflicting ""'""ures (Lar.:\X, Lq ""d X, W"'1'.1':, Wq

and X). In the fjrflt four figures, for a constant meanr.ervice rate, \.1,,,

beh<rYi"......w the conflicting measures w.tll, diffe"eot ~"riv'-'.l r ...•l:er.

have been snCMn.When both arrival nnd servke r"te~ ""e ch""'J~,l,

behavior" of the conflicting meaSures studied
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ld.th nospect to II.:3LnglO!!parll.ll\etl!!r,traffic intensity (figures 4_14

& 4-15). To O!!xplaLnhowaspiration lO!!v"lsarO!!"et, th", Ug. 4.10 may

Suppos"'. ~ doci:>ion maker want" to determine the .""peeted ,",mber.or
•

ship" in the "yst,-,m)to stay below 22, at least 17 scrV'.•..s (j"tti"s) ~~"

reqtdred. On the other hand keeping ~ ser~r's idle time pelow 19";cf t"e

time. requir"''' 0. '"'l,xlmumof 1S serv"rs. Thus th", two "';r\ •.~t!_-_.., '_~v~:Lc~t~

not lIatlsf1ed sim,ltMl<!:Ouslyand so anI! of the two conditio'"'" ,""st t", r",),,-

be madein view of whether it is worthv,hUe to red"c" i1>'""'.,,),,,r "f C\l~t,,-,

m-.rs (ships) in the syst.." from 13 to 16 even though the 5•.rV"1:'$ (jel:U"',)

i<.I1etime 1'1111increa5'" from 13%to 17%.Inv*,,"of t,lleeb"ve ~ll\lation ""'" ...

gernent ""s to take the final dec1sion about the opt1mal numberof S""""r5.

To <\Gsist in mll.ldrw;ra specific decision 1n the case of !th,. "spuation

level method, it is possible to Mt.tmate the range of cost of w<dUng

per unit waiting t1Jneper cust<:Jn'(lrresulting from the selection of S"'l,vers

for given aspirat:i<'n h'v"ls. Howl!V<'!r,in the syst"m "oct"r .~t."dy, thIs

est.;.m"t(>",Ill not: pt"ovide any worthwhile information I;,ec:~usethe cost. of



hcareveJ:,cost of waiUJ19mayappear in the form of loss of goodwill

ani repubUon which \d11 ulUmately affect revenue earnings.

'"



OlAPTER FIVE

DEVELOPMENT Cf' DIFFUS";ON EQUATION BY DIFFUSION
APPROXIMATION METllCO

5.1 Introduction

5.2 Diffusion Approx1JnationMethod

5.3 Ca1OJlation of the Syst ••••Par_ters Us1.ng
Diffusion ApproximationMethod

5.4 Application & Validation of the Approximation
Method



5.0 Developnent of D'..([U"'ionEqu<ltionby Diffusion Approximation..""'"
5.1 Inttoduction

In this chapter: diffusion e"quatJ.onsas developed in chapt~-2 hy

using d1£fusion approximation method fOr the sy"tem under study Io"ve

been'used to calculate the different system par.-ameter"(I,. Lq, vi, Wq).

ob~erved value., c.-(the system to checl<the validity of the aI'Proxi~laUon

method.

5.2 Diffusion Appn:llcjlll,~tionMethod

The di:ffusion approximation method assumes both the arr!""l pr.ocess ""'j
c'epar:ture process to be renew"l processes. Hewever, quality of the <!f'I'1C"~

ximation deteriorate", "" theutiliz"tion factor baeorn"s ~"al1. It is ""1"10 ••

ted that !he quality b<!co••••s good as utlli~.ation

In f"ct, probl"""s

••.r:'
unity. On the basi!! of empirical evidence, 1t. i~ found that ,,)mn tJ;, f),",
the quality of al'prOJdmationoocomes,"ccept"ble, end gener"lly impt:'ov<;,r:M

In tte diffusion approximation method the per<:entage ab"olut<>err"rs

become, in genernl 'higher for 'P <0,3 and S f, 2,(2~

arise in the practical f.teld when I:he queue length is large c"",_,mr.<i1:0tJ,e

IlUIlberof 5&ver!l, which ••"nerally occurs at higher ul:ilil':ation f'ac'tor,

For s ~ 1.also, good idea about the system performance can be mad••.••l.though

errors becane cmq''''''''tiv£,ly large in s"""" ""ses.



pQJ.'tht; system under study 'P .• 0.874. So the diffusion llpprox1lnetion

rnethC>dHill provide a good "ai:proximlltion t" the aystelJl pu ••••••ters of the

present syo;tem.

At;mentioned earlier, the discrete Cf'Jaue1n<Jflr"cesll ia repl"",ed by a

c,mUnuous p<""'C"ss in "u"h a way that the characteristiClI of tho! or1.gi-

nal Pi"ocess are root lo&t. SPflCifically, the d1.:5crete variable N{t}, the

numlJer of C1JstCOl'lE<rS1.n the "ystem ••t time t 111replaced by •• contil1UOUll

variable X(t).

In order to esUIr<lte the different syatem parameters, the di.lltrlbution

functions of the number of cusbJQlllrs in the system (Eel _ 2.1.2 and

2.'13) may be recalledl

. ",

where U.

E:xrected m.uoberof customers in the system L is canpute<l ••••follows;

••• (5.1)

other paralIWlters may be =lculated by using standard formul~e.



5.3 calculation of the System Pararn",ters using Diff\1Sion Approxhlation
Hetllod •

For the system >, • 2.03 ships per day

~ • 0.1548 ship"
""" '''', • 15 jetties

'"
• 0.24266

",,'. 40.58,
.~

"'- . cJ f.:v'>-are calculated from the observed values.
n 'l-'-' u((., Vs

u •

•
2 K 2.03

""'(0.1548)3%40.58

,

(2.03)2x 0.24266
{O.1548)~x 40.58

,, • 54.7068.

'...
,,'].--~'}< 3 3(»~t!u..o;;,x.).(2.03) X 0.24266 + (0.1548) x 40.58x

• 2.02995 + 0.15053 X

"15x O~:l54a-
• 2 X-"-'-O-.-,,-.=.af'x 40.58 +

2 X
(0.1548}2 x 40.58

•• _ 2.0.567 x

0.24266

•••



for X.>II

i. Calculations using continuity crit""ia:

us1.n<]tl,e normalization criteria

... ••• (5.3)

and the continuity of probability d",nsit'l function

the values of H
t

and 112are obtained and theY are as followB

\I,nlC" the prc>b.,bility density .fun"tJ."ns 01' \;he custct:l ••rll in the "ystern

f
1

(xl 1.8242 x 10-~2(2.02995 + 0.:15053 x)53.7068 e-2.0567x
••• (5.4)

for:' ," , <C,

f
2
(X} 0.507') e-o.1362 x

• •• • ••• (5.5)

,~x# ,



"

•• 5.8633 + 10.801 g 16.6643 ships per day_

1'.'1 •• L _
• 16.6643 _ 3.S5 ships per day.

W. L 16.6643 8.21 ""'" l~~ship.,," 2.03 •

',Iq ..1:d... 3 3.55 1.75 d~ys f'l'~'Ship.• .....,.....,,~..
" """w

1.1. Ca.1cul"tions USU'9 discretization cr1ter:l •••:

U"il>] ll,•• rll'omaH.zat1on =:lterl", end the discretization crJl.ter:la

,.
" S"+OOS

f(x)dx.
n-o.5

4l.not,,..., set of values for Hi and 112lllaybe obtained and they are

as follo\;s,

lienee the probability density functJomfOl' the number of custOlll!!r1!I

in -the system become as follows I

ftbe) " 1.6257 x 10-22 (2.02996

1" O£.x~~

flex) 0.5074 -0.1362x• • ••• •• (5.7)



"

•• 5.356 .• 15(0.03429 .• 0.031795)-+ 10.3103

• 16.658 uhip" per day

l,q ""
C _ 11- 16.658 _ 2.03 3.544 ships p!.o:day• •~ 0.1548

"
C 16.658 B.2OS days per '''''• • 2.03 •"

l'lq _ ..k'L 3.544 1.746 day" per ship• 2.03 •"
~'he values of sy"telll parameters obtained by diffusion apprOXimation

m<!tllodhave been 5Wlllll6ri;!'edin table 5.1 and compared with thei" "b~erved

A" oxiltl.dtion Method •ystem Observed Continuous descreUzaHon Deviationr<lll~i:= values cd t.eria =:l.ter:l.a

cq 4.825 3.55 3.5M 26.42

"q 2.869 t.75 1.746 39.00

L-Lq 13.414 13.114 '13.114 2.24

'" 18.252 16.66'" 16 .664 '.7

" 8.748 8.21 ,I 8.206 '."
(l.00 I 3.5515.;:llJ" •• V"",, E,.4865 x 10" I I ne<)ligibl ••- ,!-

Tab - 5.'1 = Comparison betw••••n observed value", and
those of approldloat!on model



-~,

The tl>1.>leShowsthat the model '(approx1Jnat1on)values of the parallllOters

are oot muchd1ff"'~ent from their observed Valu••". As discussed in the

case of mathematical model, differences maybe mainly due to the tide

and dJ:-aft restrictions which are not ir":orl'orated in the dittus!on "l'pro-

x:im"tion model.

It b alGOobserved frem the table 5."1 that the values of the system

P=""",ters calculated by using continuiLy ceiler!on an:! di"c.retization

criterion ar•• allOOstsame and for all pr<lctlcal purpoaes thel..rdi£ferenc:es

""ybeigno~.

1\:>pJ.ratlonlevels feI; th•• diffusion apl'r"x1mation model considered in

H,i,,; section I,,,,,,, not be",,,<1etermined'-"", h, foU"",ing reascfl~. If the

<I<oci<lingfactor is traffic intensity (~) then it is not possible m set

the aspiJ;"ation level as >¥Itfor the numberof custaners in the system

I,,,,, no expression with resleet to 2, . To <,ll.1culatethe abOV'ep.d.f.,

indepm-.1entvalues of >, ~.fA-must be kno,..,..For other cases, it is

possible tv determine aspiration levels but the calcul ••.tion be<:omestoo

laborious. ~Ioreover lllI the v.lues of t~ b-ystemparameters of tte rnathema_

tical model =d too di.ffusion approxi1naUonmodel discussed in thi8 Gl!Ction

Ill'CalIllOStsame. it is expected that aspiration levels for this model will

not provide any Il<lditional information



"
5.4 Application'" Validlltion of :he Approxi•••ti.:>n Method

In !:he preceeding section, the approximatl0n method hIlS been used t:o

"alculab. the parllllleters of' th" s)'Btemhav.ng general input and service

time distributi.ons. This methodcan also be stICcessfully applied to

E!E/S llystero(i.e. Edilng inp"t am Erlang lierv1ca time distribution).

'rhe prcbability density function for the numberof eustollllOr"1n the

system that maybe obtained using dll'fuBion approxio"'t!on IICthodis given

:

H1{~ .•
e:.x )2;f. (t .• 1)-1 _2Jocft(x) " ,,

'00 0 Lx L,

f2.(x) -u• ",. 000

f.o x >,
where

~ 2(:1 -)0), • if- ,
k

00 0 (5.6)

(5.9)

By t..ak11'gdifferent values of k and 1, the probability density functions

wi a family of distributions maybe obtained.

/ ."'.,



,

\, ",,'

In =der to validate the approxim"tlon method, certain s}'Stan par__

'tf,rs are obtained by tlU method 1In:l.their v"lt.",s are COll\paredwith those

rison have been shownin the foll<M1ng tables (5.2 to 5.5). Til•• <:C\<1para-

tiv<>figUres in the different tables ••••ply dearonstrata th...t the dl£fua1on

aPl'roodmation """tho:;lpJ:'Ovidesa very good approximation to the system

parWlecers at high utll1zation factor {s;<.l.

~.'\l.:;tabulated valu<lShave been shown gr••t"l.!cally in figures (5.1 to 5.3).

\,,

.I
,
\,,



System
>VM!" D1ffuslon Approximation

paJ;ametel:s ~th""

L 16.' 14 16. '121-

L, 3.67 3.607

w 8.23 8.237

"" 1.77 1.777

Table 5.2 ; Canptlrlson between H/M/15 and Approximation
Method (The values for HIM/tS're£er to the
mathematical modell other set of values refer
to E 1E/15 when dU"fusion "pproximaU",,,HetM:d 1:1;used).

"

• ,
L(Modell L (nllfusio,,) "error:

'"' 0 •.160 0.1156 7.78

,., 0.400 0.384 '.00,., 0.670 0.627 6.42-
" 0.' 0.920 0.903 5.65

'"' 1.300 1.238 ' 4.77

0.6 1.750 1.687 3,;60

0.7 2.400 2.376 1.00

0.8 3.750 3.682 1.80

,., 7.500 7.482 0.24 I
Tdble 5.3 I Kean mwlber of CUI>l<OJ",,1:5 1n t2T

"system in the model 1:2/lV2 {1
by model lllld dHfuslun "pproxjnu.tion

~
method.

•

•



•

"
nn i

L (Kodel) L (Diffusion) HError

'-' 0.205 0.190 7.32
0.' 0._lo30 0.424 6.52
0.' 0.660 0.659 6.05

0.4 0.930 0.916 5.>;
o.s _.•350 1.228 5."
(l.G 1.700 1.653 4.39

0.7 2.400 2.319 3.93

0.' J.dOO 3.603 1.90

0.9 7.BOO 7.381 1.60

Table 5.4; 11eWlnumber of customers in the system in the model
M!E2/2( 12) by !nodel and diffusion approximation method

)0
, ,- , , _ 5

5 •• 10, , "' fusion Model Diffusion M<:,,!•• l D1ffWllcn MoO"

J 0.200
,

I M 0.144 0.472 0.500 I 0.999 1.000

I I0.' 0.363 0.403 0.999 1.000 2.001 2.000

0.' 0.592 0.614 1.502 1.501 3.001 3.000

I 0.4 0.828 0.846 2.005 2.008 4.000 4.000,
I ' 0.5 1.093 1.'118 2.521 2.536 5.002 5.007
,

0.6 , 1.426 1.466 3.DflO 3.120 6.019 6.041

0.7 1.913 1.978 3.765 3.846 7.112 7.181

I 0.'
I

2.8011 2.928 4.826 4.920 aS1? 8.720

I 0.9 5.36'1 5.400 7.519 7.425 11.485 '11.170I
'I'able . ,-~.~, Meannumber of Of customers in the systell'l in the PlOdel

£2/£2/5 by model and diffusion appx:oximatlon lIlethod(l).
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OIAPTER S:rx.

D&~IGN OF A THEORETICAL EQUIVALENT SySTEM AND
lTS APPLICATION El1 SIMULATION

6.1 :Introduction

6.2 Developmentof Montecarlo Simulation
ModO>

6.3 Result" of SimulationModel



6.0 De~i':;r.of '" Theoretical Equivalent System and Its Appl.1cation
by $:\IoIl1",tion

6.1 I"l:roduction

Asmontioned earlier that sometimes it is not p;:lssible to' develop

illlCllytiC<l.1ll"Xlelsfor queueing systeJlls. This Can be due to the charac_

':y,;;'t"",desi']n, the nature of the queue discipline Or combinations of

U", ab<>vc.Under the situation, it maybe necessary to resort to

a,,~yscs by silnulation. In i his chapter, ••MonteCarlo simulation

"~,d,,l wi-'I be developed for the systen \lnd,~rstudy and thereby cliffe-

rent system Parilllleters will be calculated using this model.

6.2 Dev",lo!'llIentof MonteCarlo silnulation Model

The cumulative probability distributions of arrival of ships and

their service tilne on the basis of historical data are shownin figures

Go1 and 6.2 respectively and the equivalent randomnumbers are 5hownin

tables 6.1 8.6.2. Figure 6.3 shows the fl<>.Jchart fot' cOIllputerproq>:a-

un1ng to coml"lte the different systern peramfOters ':>nthe basis of

tables 6.1 S-6.2 and accordingly II cornp.1tarprogram is written in

['OR'fRANLANGUAGE,gIven in AppendixA-9a.

Accord1ngto the flow diagram, f1.J:st II ran1Clnl'IUIlIber(rRDA,!)is selec_

!:"'d. Dependingon the v"lue of n{l)"",!the corresponding nu~ of ship"

nrrlv ••.l (ISHIP) 'is selected. 'fhen i>nOtherra",lornnumber {13ERV)ill

•
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Select
Randa. NQ. of "hip.•..- =,••.•
0_'14 ,

'\
:l5 _ 4'1 ,
42 - 61 2

" " ,
" " 4
~5-9B ,
" ,

Tal>le 6.1 • Equivalent ;-andOIll
luuob.,r.;for ar~'ival of ship
per <lay

,

ro,

''''''~ Sele"t
service timeNun1>el's

" )

0_ '" 0_ ,
,,- ;~2 ,- 2
"- :15 2 ,
36 _ -\15 , 4

•• _ ~4 , ,
" _ 0;2 , - 6
" , _"68 6 _ 7c.

" 73 7 _ ,

14- " ,- 9
70_82 9 - ro
83-84 '" "85-(16 ,,- ",,- " " "" " - "90 _91 " "73 " - "" " 19

" 19- '"9S "'- 19

" 20_ "97 " "" 26 27 l99 29 30

Tehle 6.2= Equivalent r~dOlll '-n
for servio:e time per "hip
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selected for service time. Dependingon the vallii' of ISERVthe =res-

ponding service time for tts ship is selected. Whenthe value of ISHIP ;....•••..••'1

is zero it indicates no arrival of ship ,md ISERVneeds not to be

s"leded aOOit again "tarts with IRDAYf~ the next day (mAY). WhenI

the value of ISHIPis more than unity, tl,e equal n~r of ISERVere

"elected and corresponding ISTIMEare 11.1""0selected. Then.the ship .tII

put into service and the jetty is bOOkedfer the period of ISTIMEif

L:lJejetty is avaHable. If the jetty is not available it will count

Imiting time until the jetty is available. This way the process is

l'<epeated.for 4000da¥6 and different system parame~s are calCUlated.

6.3 Results of Slmulation Model

:i.'able6.3 explaill:!lthe simulation proc""" ce>rriedout by c","puter. loa

an ~ple, all.II particular day, IRDAYis 79. This me8ll.5the numberof

"lLlf'. that arrive is 3 ('I.'abl•• 6.1). No,,"b~ simulate lIervice t1.••••randOlll

,
,
\.

" .,

r,,,,iiJ);:,rsare recessary. For the first ship say, ISER.Vis 69 and this means

the service time of the ships is 8 days (toh1••6.2). As the jetty is ••••pty,

the ship is put into service ar;j tty, jetty is bookedfor 8 days. The MOve

r<:ucesswill be ropeated for the second ard third "hip. As three IIhips Iilrli

in service,:r:;UM,Jis 3 and since there is no shiplrb,e queue, lQUEis 0 and

the IlI.llllber.of ships in the system ISYSM18 3. Th1.sproces.s is continued

£<r 400'.1days and the £011<,w:l.ngresults are obtained £er 15 je:ties,

>-," 2.03 ships per day, ;. 6.46 days per ship.

, ,'-',.
" ,
I

"\,
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Total numberof ships arrived •• 7982

Total ship-days in queue •• 15,050

Total lIhip-day>lin lIet'vice •• 53,449

53449'7982 •• 6.6962 days per sh.ip.

•• 1.9955 ships per day•""."'''Meanard vll1 rate ••

Meanservice time ••

Meanqueue length •• 15,050
4000 g

3.76:25 ships p1!r day.

lJean waiting time in queue.. 15,0507962 ••

68499~leanwaiting time in the system ~ 7982

1.6855 days pe~ ship

•• 6.5817 days per ship.

Nean IU"IIbel;of ship in the 68351system ••-:roW •.

l'ollowing the same procedw;e, by vaI:'Jing the numberof jetties, d1ff~nt

set<. or system parameters are calculated and the rasul ts ~r'e a1tEol:"'l!din

tabl~, 6.5, Likewise tables (6.6 to 6.10 coreconstructed considel:"lng arri-

,
val raws (ships/day) for 2.1, 2.2, 2.3, 2.4 =d 2.5 I'eSpectlvely. In

theae cas£»>, however, arrival di ••tl:ibutions UJ:'eassumed to be 1'0181100.As

a :;'Wlple, the cmule.tlve probab1lity d1strl.but:l.on of orrivll1 of ships for

;-. ~ 2.1 ships/day 1.6shown1n figure 6.<1 and the equlvlllent re.rdom

numbers are sho.m 1n table 6.4 •
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Randall N\lJlIhers Select rltlltiberof
ships arrived

o _ '12 0

13 _ 38

39_65 ,
66-84 3

85-94 •
95-98

"~•

Table 6.4 : Equivalent random munb",'s far arrival
of ships (2.1 £lhips per day)

'"

•
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IFOR ARRIVAL RATE 2.03 SHIPS PER DAYSYS'rEMPAr~TE~ - - , ",I" 17 i
, " '

,. ,." ,. ,. ,." ,.-
'l'OTAL NO. OF SHIP 7982 7982 7982 7982 7£182 7982ARRIV£D

I h 1.9955 1.9955 1.9955 1.9955 1;9955 1.9955

S/U- 2.2401 2.3894 2.5381l 2.6881 2.8374 2.9868
,

" . 13.3623 13.3623 13.362,1 13.3623 1.3.3623 13.3623I 'Vr'c

I)~,/~a..s 0.6908 0.8351 0.7860 , 0.7424 0.7033 0.6681,

st~l\'/~Il;:iIDLE TII£ 10.92 16.49 21.60 25.76 29.67 33.19()::),'4

ME:ANSEltVTCE TIME 6.6962 6.6962 6.6962 6.6962 6.6962 6.6962

11£AN NU. OF SHIP IN 13.3253 13.3318 13.3348 13.3368 13.3375 3.3378SERv,<a:

(I.q) 3.7625 1.6983 O.B4U3 0.4493 0.2495 0.1385

,(uq) 1.6855 0.8510 0.4251 0.2251- 0.1250 0.0694

W B.5817 7.5412 7.1213 6.9213 6.8212 6.,7656

L 17.0878 15.0301 14.1831 13.7861 13.5870 13.4763

,.

TM:>le 6.5

I,

.•• I,
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FOR, RRIVAL RATE 2.1 SlaPS a;R DAY

SYS'.l'B11 l'ARA!'-',::,!'f;RS ,." ,.,. •• " ..,. ,.19 S • 20-

TOTAL II,]. ~ SHIP I8303 1\303 8303 8303 8303 ,
8303AllRIVED

/, 2.07575 2.07575 2.0'l~;75 2.07575 2.07575 2.07575

I 5".L{- 2.2382 2.3874 2.5:366 2.6858 2.8350 2.9842
,

),ffl.. 13.9115 13.9115 13.9115 13.9115 13.9115 13.9115

I'lS/[L- 0.9274 0.8695 D.6iC3 0.7729 0.7322 0.6956

SERVERS' Il.lLE
1.26 13.05 18.1'1 22.7"1 26.78 30.44~nlJ:: OC),%

MElIll S~Rv:rCE TIME 6.7019 6.7019 6.7019 6.7019 6.7019 6. Wig

M.E:AIJ N;:,. OF SHIP 13.8753 13.8838 13.8883 13.8885 13.8885 13.8885IN SERI'ICE

(Lq) 6.065B 2.6745 1.353 0.6633 0.3583 0.1845

,
(;lqJ 2.9222 1.28~I 0.6518 0.3195 O.~726 0.0889

(1)1) 9.6241 7.9903 7.3537 7.0214 6.8745 6.7908

I
(C) 19.9411 :16.5583 15.2413 14.5518 14.2468 14.073

- --



""
r~TEMPARAHE:TERS

-
FOR ARRIV1,L RA'l'l',; 2.2 SHIPS PER DAY

, • 15 ,." 5 & 17 ,." ,.19)5 •• 20I, 1'O'l'AL NO. OF SJlJI'
AluUVCD "''' 6710 8710 """ "7" 8710

, I-'> 2.1775 2.1775 , 2.1"J75 2.1776 •• 1775 2.1775

S"L 2.2311 2.3799 2.5286 2.6774 2.8261 2.9749

o/"L 14.6393 14.6393 14.6393 14.6393 14.6393 14.6393

¥,a 0.976 0.915 O.8bll 0.81l3 0.770S 0.7320,,
XV) 2.40 8.50 13.801 18.67 22.95 26.80

IlE;AN SERVICE TIME; 6.723 6.723 6.723 6.723 6.123 6.723

I Mt;W !JO. OF SIlU'
14.5818 14.6278 14.6278 14.6278 14.6278 14.6278HI ::lEHVICE

I
.

(Lq) 17.5478 5.3315 2.4948 1.251 0.614 0.3158I,
(1'Iq) 8.0587 2.4485 1.1'l~7 0.5745 0.282 0.145

W 14.7817 9.1715 7.8687 7.2975 7.0005 6.868

L 32.1296 19.9593 17.1226 15.8788 15.2418 :lA.9436

Table _ 6.7

.....-.- "'--"---,- f)
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• FOR ARRIVAL RATS 243 SHIPS PER DAY
SY3TEM l?ARAMETSRS ,." ,- " 5 •• :17 ,- '" ,- " 5 • 20

- - ~-_.
I

• II
TOTAl, NO. OF SIU!? 9093 9093 9093 9093 """ ""ARJUVED

?\ 2.2733 2.27i13 2.2733 2.27H 2.2733 2.2733

Sp- 2.2353 2.3843 2.5333 2.6824 2.8314 2.9804

,

':If"- 15.:1.55 15.255 -Ci.255 15.255 15.255 15.255

YS/k 1.017 0.9534 G.8974 0.8475 0.8029 0.7628

!. ('/.) _-1.7 4.66 lu.2C ~.25 19. '/1 23.72I •

H8AN SEflVICl:: TIME 6.7105 6.7105 6.7105 6.1105 6.7105 6.7105

m;Atj NO. OF SHIP 14.90:'.1 15 .1945 15.21'13 15.22.48 15.22113 15.2288
IN Sl.:l!V1C£

eLql 75.303 9.8028 3.826 1.934 O.94~ 0.4743

(Wq) 33.13 4.3122 1.6831 0.8508 0.4144, 0.2086

eWl 39.84 11.0227 1l.3936 7.5613 7.1249 6.9191

eLl 90.:1.053 24.9973 19.0373 1.7.1.568 15.1703 15.7031

Teble _ 6.8

__...e! _
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_.
FOR ARRIVAL RA'l.'E;2.4 SIlIPS PER 0,0,%

S>'STGM l'J.R.oJ£TE:RS
-,

5 •• 15 15 • 16 ,."I 5 •• 18 5 •• 19 s ••20

, I
I

I TOTAL NO. OF' 31lI1' ".. ".. ".. ".. ".. ,,,.
AR<UVED

» 2.342 2.342 2.3.<12 2:.342 2.342 2.342

5/"- 2.214 ,.,., 2.5JO 2.657 2.805 2.953

)/p- '15.855 15.855 15.855 15.855 15.855 15.855

'0'."<- 1.057 0.991 0.9327 0.681 0.834 0.793

I X C'")
,

i _5.7 0.90 6.73 1.1.90 , i;:'.~ ,"-'
i

Mt:AN SERVICE TIM<: 6.77 6.77 6.77 6.77 6.77 6.77

I'.EN! NO. ~ SHIP
,

IN SERVICE
14.944 15.705 15.82 15.83 15.83 15.83

(l,ql 291.90 24.15 7.22 ,." 1.58 0.809

(Wql 124.64 10.31 3.08 1.35 0.68 0.35

,

nIl
, 131.41. 17.08 9.65 .." 7.45 ,."
I

(el 306.844. 39.855 23.04 18.99 "~:J16.64 I
Table _ 6.9

,
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!

- ---,
I "" AARIVAL RJI'rI:l 2.5 SHIPS PER DAY

rE:1 \:,,~'lmE:'l'ER.'> ~,-,-,- " S _ 16 ,- " ,.'" ,." S • 20

I\f,t~l. 01:' SIUP ".•, 9848 '''''' 9648 9848 "'"Will ,

,
2.462 2.4.1'.2 2.462 2.462h 2.462 2.462

"~ 2.227 ".375 2.5:~,1 2.672 2.821 2.969

l>/,<L 16.584 16.584 16.511'1 16 .584 16.584 16 .584

>;IS)'- 1.106 1.037 0.976 0.92t 0.873 0.829

X (Y.) _10.6 _3.7 ,..• 7.9 , -~., 17.1.....
SE:RVICE 'I'Il'IE 6.736 '.m 6.736 6.736 6.736 6.736

I
I I>P. Of' SHIP 1N t4..974 15.928 16.42~ 1£.556 16.565 "16.566
ICE: .

( 1.'1) 872.67 164.229 19.039 5.535 2.52 1.313

{\'I'll 354.456 56.705 7.733 2.289 '1.023 0.533

(1'1) 361.192 73.441 14.469 9.025 1.759 7.269

(I,) 887.644 180.157 35.464 22.191 19.085 i 17.879 :,
--- .J L-L-J

BUd
SEltV

I

I
L_

•

Table _ 6.'10
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111table 6.11, the "Ululation values of the systempar_ters <:0=••5-

pon:.ling to 5 • 15 are compared with their obseeved values. The Cwo

results see•• to be very conaistant..

System Observed Values S:lmulll.t.ed ValueIII'L!_arWlleters -,,
\ 2.03 1.9955

/",1..- ,." 6.6962
I 'y,v 13.114 13.3623

I, '-} .-, , 0.S'j.1 0;6908
I , 12.6% 10.92%

"" 4.825 3.7625

" 2..1~9 1.8855

~, 13.414 13.3253

L 18.252 11.0678

W 8.74L 8.5817

, 0.00 0.00

I
0

.

Table 6.11 Comparisonbetween observed and simul<:.t~
values of "yat ••••parllllleters

'tim asl'-u-"U(m l,"vel curves are drawn, ahown in figures 6.5 to 6.8 using

the values 01' the system parameters given In tables 6.5 to 6.10. As it

iG observed that simulated values of f"l. are found to be d1.fferent for

'.

i
I

i
I
I,
I
I
I,
I
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different values Of':\ • all aspiration level curves are drawnon the

basis of the traffic inten:nties not the arrival rates >,.
The aspiration le",~l v;uues of th" rnath"matic:alll¥Jdel(fig. 4.1.4 to

4.:15) and He simulation model (fig. 6.5 to 6.8) are also found to be

quite consistent .• For example, if the aspirations levels are set such

that rll.1l'lberof customers in the system (L) is to remain below 22 "00

at the s"""" time server' .'I idle time does not exceed 19%whentraffic

intensity ( '2. ) is 15, then the identical decision crit",rion is he
•

be met both for math""",UCalmodel (fig. 4.14) and :simulation lb:XleJ

(fig. 6.S). Por both models, it appears t""t for L to stay bel~ 22, at

least 17 server's al:"erequired. On the other ,handkeeping the server's,

idle tine bel<M19%of the time, requires a maximumof 18 server's.

The choice betweenS • 17 &: S • 18 should be madein view of whethel:"it.

is worthwhile to reduce the numberof customers (ships) in the system

(L) from 19 to 17 even though the server's idle time will increase

from 1.2% to 1?:t.

""
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7.0 COSTOODF.:L

7.1 Introduction

{',
AI:present th" po:.:t of Chitl:agong is rendering services '11th 1.S J,'I,U,,". ~ I
ASmantion<:>d~O'.rl:l.er,with the development of the co""try, til<! e",v,rt- rt~I

\ -'
irnport a-:::t1v:1U,es at the port are e><per.:tadto inc,""mse ""bntanti~] Iy. In\,l I

\'
arder to •••.•el: the anticipated traffic dern[lt<C!,"",nag"","nt ha~ to rhd ,.,."t

means to provide adequate <lItIDuntof facilities which enaur.e a[>Um1.1ms"r-

v:l.c:e lev~. Th1'l chapter suggests" cost node! to det"t"mine th!! <'I'tima!

I'nlrllberof .1etHes w:l.thappropriate service levels to get maxirrum",,,I:

incremental revenu'?S at diffel."ent me<~narrival-rates of the ships. Net

incranental rl'!'Jl,nuerefers to the difference bl'!tween the ,revenue eOll:'ne-:1

aal the cost incurred due to I:he additional facilit:l.es over the "dating

7.2 Revel'lUean,l 0:>$1:Eat1Jnation

de~ent and the projec~ ImFlementation tlep&bn~nt of til" Ci1ith" "'g

port. Diff ••.r",,1: consulting firms and =hinery suppliers h"V'e"1",, I"",,,,,

contacted to n~,tain the cost v/l,lues of c"""t~in item,,_. •



• • I

Revenue:

The m~ SCOJrcesof r"venue of a port are the service ch"I:ges <mu

,,

!

'\ ,,
/ I

.}
'I ;>'? ,

I )
I,

I'I

P-Bill, refer to the dnr-
( 24(

charg~ • Serv.l.ce charges, ca1lodfac.l.lity

ges for pilotage,;'l<illring shifting, transp:ort,tug hire, launch hire "I:c.

Facility char9es, loalled J-B111, include char",,:; due to cra"", derr.ick, (
cargo handlin'l, l.1ght, Berth, water, gangway"'b:. Tty, rev"mr <carninq ,,

~-_..~._-"------

for, each of the !;(; ships that arrived at the port in Jarl'lary. 19116J"

collected In the f"oll<Mingfocr,'at arrl given in App.,ndlxA'.ln.

'--=--:---T---',"m<_","'''o"'~,--;,'o'O;'''"'''O'''--('
SL. No. P-B1.ll .3-8111-1

I

I

,,
!

U

The abo1ffldata is used to calculate the mean revenue ""nling 1'''[' Ship.

Referring to App'mdix A-10.

Total ame'lIntof P-£ill for 65 sh.1ps ~ ",. 12,926,729

~lean amo\lJltof P-B111 TI<. 12,926,'129
•

"
• ",. 195,860 1''''' ship

Total amount of J-Bill for 66 ships •• Tk. 1B,912,13J

Nean amount of J-Bill •• Tk •

•• Tk. 2!l6,547 per shIp

r;,



Earnings pel' ship .• Meanamount of P-Bill + M""n "r',ount "f ,J•.R!J1

.•Tk. 195,860 + Tk. 286,547

.• Tk.. 482,407

Cost:

For the pres€!TltSbldy, the items consider ••:l to e"timate the total co~;l;

of the pert fru::Hit1eS are mainly jetties, jett:y-cranes, w;:u'"]),,IS"~, m(>-

bile cranes am fork-lifters. The existing fl!.::ility at tIm ChiUngong

Port is as follO'",'I

i. .Jetty. 1~;numbers each 1BO•• long and 15 mwide

U • .Jetty CnUl" •• 3 per jetty, ea<::hhaving lifting capacity of
3 tons

n
I
I
I
I .

\;
U1.

,
WarehoU!'el .• 1 per jetty, having flOOI"area of 5410 m

iv. Mobile c,,'ane _ 2 per .letty, each h"ving lifting c"pacity
10 tons

v. Fori<.lifters _ 3 pee .letty, eltChhaving c"pacity of 4 tOM.

Thecost per ••2 floor area o£ jetty has been estlmnte,l to b" T);,,2f},66'7

~ Estimated jetty size •• 180 m x :1Sm

000 Cost of an •..>t.l~U"'1jetty •• Tlo.26,6,.7 x 180 x 15

_ Tk. 72,000,900

Cost per ••2 floor area of warehouse •• Tk.12,91.B

Floor .,.,f>aof an existing warehou$e .• 5410 m2

.00 Cost Of I\n ",x1sting warehouse .• Tlc.12,918 x 5410

• TIc. 69,886,380



Considering 40 year:, of life for bot:h jetty .ii-xltl~ warehoUfi", their.

annual equivalent costs are found to be as follows (Appet~lb A-11).

AIIIlUalequiv"lent cost of ;neJdstlnq jetty. TIc.tO,840,470.-

I\nnUa1equivalomt cost of an eJdsHng w""eIl0<15".Tk.1.0,522,23~•..

:u: is to be noted that from design point of view, the co~t of " j('Uy

",'1.:tr".ge=:"nh the <:apacity of a jetty crane, because the rea<:t1on on tJ.,

jetty pile wUl be higher in case of higher c"pacity craMS. It call be

shown that \:he increase in nulWerof the cranes of Samecapacity dOE'"not

increase the reacl:j-Onon the jetty pUe but increase in cran", capac1ty

increases the ~ad:ion. Calcu1.'tion of reactions on the jetty pile j.s

shownin appendiX(/I-12i. In this =48l'd, the e.'<pertopinion ('25) is that

the cost of " jetty is increased approxiJaately by 30%for 1000'incr,,"';'" in

reaction on the jet.ty pile 1Irr!j ~e cost Vllrie.s "lmo"t linearly with 1I"

change of the reaction. The table 7.1 ahows the r,,"ctions on the jetty

pUe!l for dl£ferent cr""" c&pllCitiea WI<l.the corresponding percentage

increase in jetty (:ost. The in<:!,"eases1n reactl"" and CO.'lt,,~•• celCl.,l"t<¥!

with respect to 3 tons crane.



--_ ..,
Cr~, Reaction on % increase % lrICcc",<:;cin

~apacity jetty pile in ceacHon es tJm••ted cos t

, 5.£'1 0.0 0.0 ('
~'.5 7.9B 15.67 '" " \ I4.0 9.12 3.3.33 10:1\

)
•

4.5 10.25 50.00 15%

\5':0 11.40 66.57 'OX
I, •,,5.5 12.54 83.33 ,,, ,

1.3.58
00' J ~.'.0 100.00 \:----_. "

Table 7.1 : Reaction on jetty piles am corcesporrling
cost increase

From table 7.1, it ill ob~eh~'that. unit -ioccea~e in creme cap<Jcity

iiicreasc:s the jetty cost by .10%.Hence the estimated costs of " Jetty

h.iYing =anes of ""p"cit1<>s .3 tons Or:" mol'emay be ca1cul"te.:l e.s fol1".m:

J(T) • J{)) [1. + (T _ 3) xo.j ••• -.- (7.1l

J{T) •• AnImal equivalent cost of II jetty of T-ton" Cr""p.

J(3) • Tk.1OB40470/_

T •• er" .•.•••cllpacity of' 3 tons or II>Jre

•



The table 7.2. sh,••rs the estlmated costs of differ"nt matAri,,) h""d.'

ling equipment. 1~hisd"b. is obtained from for",i:r-m<lChtn<lrY~upplJ.-.

ers(:19b) •

Equipment

Jetty <:ran!!

_do ••

- do •.

_ do •.

- do_

- do_

_ do_

Mobile crane

!'ork-liftP.r

Capacity
Unit Cost (Tk.~( tons)

3.0 8,000,000.-.

3.' 8,000,000._

'.0 9,200,000._

'.' 9,850,000._

'.0 10,500,000._

,., 11,250,000._

'.0 12,000,000._

30 10,000,000._

, 2,500,000._ J
Table 7.2 ; Cost Of Material h!lfldling equipments.

Considering 20 years cf life of the material handling equipment, their

lII1Ilualequ.ivalent costs have been calculated (Appendix A-ll). In addi_

tion to th.is price of equipment operating <':Os~at the rate ,of Tk.3GOOO/_

per yearPerequ.ipnmtis consid~ed in cll1culat;lnJ the final annui'll "ost.



7.3 Developmentof Cost Model

In tl,e preceding section, aver,'ge revenueS earned per ship thr')"gh

different servlc"5 and the annual equivalent costs or t1l(' ,,,,1at,,d pod

facilities hJVe b~n estimated. Using these estimates, a <:""t tr<xlel '1"

dev<>lopedbelow t.,:> determioo the average net increlren\:..•.l r('ven"e enrn<>:1

per yeer (NIR1. ~'",tincrementlll revenue ,as dsfi.ned eaL11"r,.i,:; tLe <11o,,-

renee between th" Ievenue earned and the cost incurred d'.1'"to "ddiU<",~i

fa<.:1.1i":.lc::over the existing ones. The lIverage net incrmllental revenue

~ year (NIR) maybe expressed as folloWs:

tim • RE - fIE

where, RE_ lover-agelIdd1tional J;evenue e,;rood per year for
additional t acilities

AJ<;_ ~verage additional expendilure incurred per year
for additional facilities

where, ,
HE • R.N

Ayerage revenue earned per ship ~ Tl<.402407pm: $111.['

N .' .• , •• rage numtJ"""f ships ~",.-vedpet' -"'~'~~,,',"~,'lti11,1",,,",1
facilities

""""'. " • 'OO annual equivalent costs 0' "dd1tienal jet! i"".
" ~y '" c~l"u1ated us1n~ equlltion ,.,

" • "- ~u'"equivalent costs 0' addition"l w••r•."~,,~".

'X • "" annual equivalent costs 0' "::lditlcll~l jetty
cran ••••

EI1C• the annual equiv"l""t costs of addl tton"l I'IObile
CT.""neS



Ute annual equiv<\lent costs of "ddition'll
fork-lifters.

" -
s:, - BE:

SA_Sf.:

o

when SE<SS (SA- -
when Sf.: ~ SA ,:: 55

otherwise.

..

ss Average numberof sllll''' that "'In b'" ""nred
per year by proposed f<ICilitie"

Sf.: Average nunlberof ships sQl:"vedper ye'"," by
exieting factlities

S."- Average numberof ships that a"rive pur Y',,,r

365,,]-Wr-

•• the numberof jetties

EST Meanservice tinle for the proposed r"d,ll!:!en
(days per shipl

~,
-

""~,

365.5--M
, the exis I 1ngrnnher of jetties _ 15

M the lrean
ties ••

sorvice tine for the
6.46 days per ship

existing £a,,111-

SA _ ~,3G:;

the nean arrival rate (ships per day)



NQw, Averagecargo handling •• 3421 tons rer ship

Meanservice time for the exsiting jetty •• 6.46 -'avr. 1-''" r,hil'

Cargo handlln'l capacity on existing jetty p"'r cr"'1e op"~'at.iG'n- .3 b:r":

Numberof craneS on existing jetty •• 3.0 "'-"CIne

• Cargo handling cilpacity un ..xisting jetty 9 t",,~• • "

• No. of Ol""rations pet" ship 3421
• • • 9

• NO.of operations per day "21 58.84• • • 6.46 x 9 •

I':ST •• 3421..J
58.84 [C.T,.S + T2.T3.(J-Slj-

whC!u, c the crane capacity on existing jetties

• 3.0 tons

~-

T
1

the numberof craneS on existing jeUie~

ss •• 365.J. 58.84 [C.Tl.S + T2.Tr(J-S}]
3421.J

Hence the final !!Kldelis

.9



El"J': + Ln.)

i E.n8 LeOTt'S .•. '1';/f;l,(J-S) J - s.~65~1It - (EJI ""~"{",;;,,
I

137

1St: 'S: SA :S,SS

o othePI1se

- \ ,

,

where, )" •• 2.03, 2.04, 2.05 ••• ••• 4.77 ships per dl,y
(at: an lnt~~l of 0.01)

J '" 15, 16, 17, 18, 19, 20

" . 3, 4 for every J

" • 3,3.5, 4, 4.5, 5, 1.5, ,; for ""'=i Tt

" • " " " 4 for eveI:Y T2:

The above ,,,,del calculates the average net incremental revenue far a

J'sI:Ucular value 6f an arrival rate With different combinations of num-

1",.1:of jetlies, m,mberof craneS ,,00 cr,me c"" ••cUlies. Existing jetties

II""" constructed for 3_tons crane. Because of tl"'reasons explained in

Hill ['r"""ditlC) section, higher capacity cranes can not be installed on

:-J,"5"jetti"s. !lOooleVeI:, considering the length of the existing jetty

( 18Um), available cargo handling spac" ano =ane toovc"""nt. till .• "",del

,,"Sll'leS that one ",ore crane having the sam"capacity maybI, installed on

"""il existln<] jetty. But for additional jetties various cOO\?inatiol"l5of

•



~,

'"
creme capacities and number of Cr"""s have been considered in the

model. In view o:f different practical oonsiderat1ons, the capacity

of a crane of each additional jetty has Wen limited [COl,"3 tons to

G tollS.

r:esults

Ely=ing all possible combinations of the number of jetties, number

of c.<:anesand =ani! capacities for t:te specified range of arrival r"tes,

the average net incremental revenues (NIR) have been calCIJlated through

the c<:rnPJter jC\t"agrannning,given in Appendix A-I3. The results al:'i! par-

tlel1y sh<Mnin table 7.3. Thl! resulh ref ••.•.- to the optimumvalues of

U'e <.verage ""t incremental revenues with r"spect to difflUent number o:f

jetties and meanarrival rares. The morespecific information maybe

oLblincd from table 7.4 which gives the optimumnet incremental revenues

and also the corresponding optimumcombination,; of crane capacities, num-

[",r of cranes and nllmber of }"dles for <.Jifierunt arrival rates.

Fl.gll!:" 7.1 has t.een drawnusing the table 7.3. However,the soHd line

'I';ob~c 7.4>1.5an extract fror" the table 7.4. It ia el>servedthat the

optimal V_ssihl" incremental •.evenue earned by any number of jetties

c..;ClJraat th.!,lr maximumcapacity. This is quit" expected because the

i,

i

,,
I

1
I

: i
I,
!
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oS _ 20oS~ 17 :3 •• '18 oS. 19
""~'" '-,-"iC' OptimUlll net. incremental ;...,venue--------------------
~•.i.: 1.032





--:-=:::-;--:::::;:::-:::;:--::===:::;ro;;;M."",;;:;;,,~n!O£N;;:;~;;:}'"=,"!"~'!'!''''jI::;=:;::;:==Arrival Optlmuu net Existing .Jetty Additional Jetty
Rate incremental CrllT!e Crane Addl. Crane Crlll'le
(ships/ reveme capacJ.ty No. Jetty c"Pactty NO.

day) Ulillion Tt.) (ton) (09) (ton) (Qty)
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Jett.y
O<~
"0•
Wty\

F!CTI.l"TIFS
Addi t.:Lonal

~Q crane
Jett.y capacit.y

( ton)

Table 7.4 (Continued)

COJ:\BINAIlON &f
El:d.at.in;! Jet.t.y
-Ciane Crane
.eapac1.t.y NO.
o (tonI 19~\

Opt.illutl net.
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1,11ill'cr of
ophrnwn net. COMBDlATIOll OF FACILITIES

jetty increment.al EXISTING J8T'fi ADDITIONAL JETTX
revenue 0.- -~'" Crane Number of

capacity crane cap.-::ity ~~

"' 116,326,000 , , , ,
.~ 1.52,350,000 , , , ,
n 187,890,000 , , , ,
'" 223,913,000 , , , ,
" 259,935,000 , , , ,

•,,',,,, 295,475,000 , , , ,
",,

c"sl: of a jetty is muchmare than that of its l'acilities. That is

';])y it 15 most unlikely that an additional Jett.y will be justine:!

l,,,,i',d-~.,11 the f=llities of lh<'= existing j.,tties are f\llly uHlized.

III f"c!:, the incremental revenue earned by certain numberof jettie"

"\-,er: I:h"1 function Ill: their maJdmurncapacity maybe muchhigher than

"hat would be Obtained if an "<ldit1onal jetty 18 added at th~t. point..

'1'"" fact Uln he better explained referring to figure 7.1. At. peir,1:A,

t;he 1.6jetti"" function at their maximumcapacity i.e. 4 cranes of 6 tons

capacity. 'fh" net incremental tevenue at tlil,s point is Tk.1S2,3S0,OOO._

and the lIrrival rate is 3.5'1 ships per day. But at the same arriv,ll r",te

of 3.5'1 ships per day, if "n addition!l.l jet.ty is added 1:0 the syst"""

then th" corresponding net incremental revenue falls 1:0 Tk.127,146,ODO.-

(point C on the figure). No add! tional jetty will be justified until the

~int B ill reached where the arrival rate is 3.665 ships per day 1100
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the net :l.ncre""mtal revenue e;o.rning"are ~a"" for both 16 and 1'(

jetties. ,'1'00\ II. to B, 16 jetties are functioning lit. the samecapacity

(m<lX.lrnumcap>.cityl and hence the J;"eYel'lU" l",rnings also remain """"".

Fo" II particular ard_val rate, the optim"", rev"""" earrrl-ng is Wlique

nnd the combination of facilitieS is abo unique. But at different

n,o;ival rates, for the sarne o:>mbioaUon th<l t"evenue earning" ='! be

different. This is sho\<nin table 7.4b which is an extract frOlil table

7.4. ').'his is because whenthe capacity of ., facility with a particular

M" ,t
( ,
, '

i:'.

I

optimuu net
COMBINATION 2!' FACILITIES

.\rrival EXISTING JETTY ADDITIONAL JE'l"l."Y

,ote incremental "- No. of N\JrJIllber of crane Number of
revenue capacity cranes ad~tional capacity cranes

.ct--
3.69 153,358,000 , , 2 .., ,
3.70 154,815,000 , , 2 ,., ,
~.71 156, 145. 000 , , 2 .., , ,

3.72 157,110,000 , , 2 .., ,
3.73 158,207,000 , , , '.0 ,
--,----

Table 7.4b

ccrobiuaU"n is h1Dher than the arrival, then this combination needs not

Le, chi!.-1<JedunUl the arrival reaches the maximumcapacity. In other words,

cu"J>ill",tiollremains sameuntil the facility is fully utilized. Th"t is

"I,y, at different arrival rates, for the :;!It11" canbin"tl.on the revenue

~.'!?"hil'" j~"L' day, combination remains s,"'e (<\ cranes of 3 ton cllPacity

r"',, .
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on each existing je-Hy and 4. =anes of 4.5 caplICity Oneach addi_

tons capacity on each additional jetty).

P<~rLhe SalLle jeUy at di£ferent arrival l:ates, both the Combination am

(4 C':anes-of .• tons capacity on each existing jetty and 4 =ane!l Of 5

\lllen the arrival rate is 3.73 ships per day, the Combi•.•••tion changes

tiona! jetty). But during that. period •.•••t incre ••••nt ••l revenue il1Creas~Bf\
1'ro," Tk.153,35B,OOO to Tk:.157,710,OOO. 1"01:"an arrival r"l:e of 3.72 .hlp61

Fer day, the above combination reaches its maxImumcapa<:l!:y. That is Wh) ~:

)'
\ \,,,
I
I,
1 i\i'lohecorresponding reVenue earnings may r"'""tn constant. This condition

ill expL,lne<!by table 7.4<:which is an exl:.l:llCtfrom table 7.4. It 1s

,
COMBINA2'lON " FACn.rrn:S

~l:'riva1 Optimun 00' EXISTING JEWl'. ADDITIONAL =
rate incremental r:rane No. of Number of Cr_

~r '"revenue c, ,pacity ~~,ad~tional clIpacity ~_.."--
4.61 239,418,000 3 , , 5.5 ,.
4.62 239,418,000 , , , 5.5 ,
4.63 239,418,000 3 , , 5.5 ,

-

Table 7.4c

per day, both the canbinaUon (4 cranes of 3 tons capacity on elCi.sU,,'J

on e1lChadditiotl<ll jetty) and '"'. . - . " ., ;

I:h"

jetty ard 4 cranes of 5.5 tol1llcepac;:ity. . . ,., .
coc.r',.:["',ldl...., net increll\l'ntal r"vem,,, a:;;" ~cme_ This is because the

, ,. , ,
",",-'1"1'I,: r:; , ,

, ". ,.l, I

""I i"" """,,1 "I l'"v",,"" ,j"" I" 101'11"" .'" I ""I ""n ",,,I 111~11 fy I"~ 1Jl")vj,J"
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"<>Ill1>inaUonof higher capacity. This situation is reflected on

figure 7.1. by the hodzontal portions {a, b. c, d etc.} of the incli-

JI~dlines.

,,
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8.0 L:ONCl.IJSION& FUroRE SCOPE OF WOR)(

8.'1 Conclu~i<Jr.

'1'1l"c>bjective wE the present work was to study tl1;"different system

l'~:t:""",ters of the Chittagong Poct, select appro;>rlat.e queueing models

EoI' the ::;)'Stemand develop a cost model which cnuld be used to deter-

,',

"

r,tl,,",U", optimumservice facilities to be provided at the port in ord••r

to m,'Ddmizethe net incremental revenue at v~ing

smvic<: conditions.

,
environme ~ta1

',' I
\:- ,,

, 1

':i,II,: 'I
" "

By u~ing five year'S' data (January 1980 to D~cEf1lbel:: 1984) obtained from

th., i,-illfte department of Chltlagong port, different system parametet"s are

GsUm•.reed 1il)d their behaviours (distributiOl"ll ere identified (Table 3.2) •

•'1'1,&tL",tb,m"tical 'lueu••in<J model which 1,~".b",m fC\.lIld appropriate for the

exh':'iI¥J syste",.i~ a mulUple_servers queueing system with infinite sys_

t"r" ""pacity and calliny population arrl having a service discipline en
fj'"I't Co,teflrst served. Too ".odel has " poi,;son input process and expo-

n",klal sac'Vi.:" tine disb:"ibut con.

Difi'usion approximation methGdIIIllichis efl'o,,;t1ve when utilization

£actor,jO is at least equal to 0.7 has been "uccessfully applied f,:>!:the

pC<os.cntliystem for which 'P G 0'8.74.

Simulation model has also been developed.

•.,

1

j

"
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I;,
I) ,

-"-,-,,,,,tionmodel alld th., "imul'<~~-onmodel h"N->-Peen found equ"lly "ppIi.-

c;:J1Jlo.'1'hevalues of system l'at'ameters obt"ined by these three mc:lels

,
1

I

Ii
Ii..

,""''''"lmo5t Sam"and slightly differ fcOl1Itile observed values, as shown

i,n talll ••s (4.1, 5."1, 6.11). 'rh""" varlati",,,, are ••"inly due to tide o.ncl

d1.'.,ft restrictions which are not incorporab,d in any of the above models.

1!l")"'~S5and "'•.•.rvice time distribution are knownthe ",athematical "lOdel

e,l::.'l'erent limitation~ and service condition~ whiChC<lJlnot be incorpo_

""ted G,ether in tie mathematj"al model or in U"" diffusion approximation

t.nlCnthe "ystem dves not suffer: from any 11,,1tat1""" and the input..:
I
I',

I
Ii,
I,
I,

",
I
I

0.7. When the system hasp,,,-'..u,leb,,csprovided the util.lzation factor,

xi "",I.ion method will provide a very good "pprm<im<ltionto the system

"""I<1, "in,,,lation will be the best method l'o "al=late the sy"te'" ;:,armre_

9"""ral assumptions made for the mathemati.c"l JI"Cldel,the diffusion appro-

\"J,11,,1"''''13 provide the best result. llhen the system does not satisfy the

tl?!.',. \'Iith the development of computer technology, Honte Ca~lo Simulation

'.,111 finds it:; "id" applicability in queuein,! proble11s.

!.::;ph"atl,m u,vGl models are also devel"""d fo" the system for different

""r,,'ii,-,~incJ ,,,,-,a~uresst>::has mean"""itinu H••• in queue and the server's

.i,jJ(; tiLile\"hj~h th" decision m.,ker "ishes tD bcJ.ance. These models make

,])t"" t use of the oo:eratin'd characteristic" of the system in deciding the

o:,Umumval""s of the desi<Jn parameters.

1''-'''-',hit' and.c('st of facilities, suggests tbat under the present situation

of lhe l'""t-,h'pJ;ovem<mtof :facilities is n",l r'Nuired. However,if the traffic

,

I:
IiI!,,,,U~
'-, 'I. ,,

J



d,,=n:l.which is expected to increase in futUI-e the findings of the

',L'"kl ('table 7.,1) ",:Ill serve as 1I9000analytical tool for managelJlent

h, t"k" appropriate decisi",ns about the "deq""te Service facilities to

be pL"ovided"t d1fferent """iv"l rates of t.heahips and thus ~olve tte

i) At present the systemhas limitations on the movementof shillS from

outer anchorageto jl!tty dill!to tide un. draft restrictions. Dueto

oono-ava.ilabllityof requ1r~d data, these restrict:i= could Hot be

incorporated in t:he present models. Vdd••tions of tide-height. with

'55 ;1, ,
""

"

.,

',;

respect to time are available in the "dde table~ If in t:heIship move-

ment i'orm•• the exact time of arrival of the shJ.p and the time at •••.•i~h

cargo hardling ends are properly re=ded, "hen the waid.ti;r times of

tim ship" both at ardval and departure dUI!to tide and dl:'af" restric_

dUM could be easily ascertaiJ.ed. It d[stcibuLiorul of the abovewid'l:-

.i.l1!Jti,,",s are kOO\iIlthen the effeciiv", ,rrrival rate and s!ll"vicer<lte

(due to tide and draft restricdonsl "dn be easily estllli<'lted.Appro-

pri",t.e qu<.-ueingIOOdelscan ti",n be applied to get i.oe"t:erestimates of

tile syslem parameters.

1:i) In the pres""t study, tm,' priori~ discipline is not <..Llnsid!ll"ed.But

~n pr••clke. priority is given "0 the v,"ssels carrying fou.l '.Icains • S"

ill<'system ",ayoe studied ="sideri,,'1 the dbovepriorily.



,

lii) ,.part from rendering services to the ship" Hhlch are connected

\lich e><port-lmport""tivi-lies, d"le cluttag''''g Port occassionally

'-'ffers services to the vessels carrying cargo within the country_

'.'1,,,intern~l cargo handling is not inch>:\<>1in th", present wort:. The

"'{sto:, maybe Gtudied considering tl~ "b,o"" service.

iv) During data ~y&iS a study maybe carried out to check whet.her

t.hel:e is any seasonal effect. 01\ the arrivoU. of ships at the port.

If any such effect is id'llltified tho! cost IllOdel .mould be modified

acc:ordirlgly. This will help management.to t~e decis;l.on in prov.iding

apil"'Opr:i.at.efacilities at the po:rt 01\a mont:hw1seb&Sis.

v) Sensitivit.y test of the co"t model maybe carded out to see t.he

effecw of changes of valuea of d1£ferent cost. componentson optimum

~ inc:rerrental :revenue. Thili wUl provide mm14g!!lllentmore flenb1.11.ty

1.1\decision making.

I
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Al'PEtIDIX A-1 16'

"--_._."
1\r~"1'i:11of
shlp pe'- J"Y

o,,,,,,
7

o

-

- • -observed Frf'qUom<;:.I' -
'"'' 1901 " 1982 1983 1984 T"hl

-
" •• •• 52 " '"16' 16' " "" " 50'

'" ,0> " 10"/ " 'W

" 61 " 62 n '"
" " " "". " '"_.
" " " "I:! " ", 7 7 .L , "
1 - , 1 , 7, , , - - ,
-

,"
" ,~',..

',!-

APPENDIX},-2
Yeiilt"_w:l.sehistory of 4ep~ture of lihip

,,

",,
,

,
7,

.~ m."""'" F~E --., 1950 190 "0 "0 1984 'l.'otal

" 52 • " " " a;,
I 'OS 167 " 100 " 46!>

" " '50 " 16' m

" " " ;S " '"
" 30 '" 30 " '"
" 15 17 " " 75

__J
, • -~jj

0 75, , - ,
- - , ,

-

:\,



APPrnDIX A-3
Year--wille h1.:story of service titre

Oblierve<lE"~ncyi--'Se,rvic"
tj "",
(clay) ,1981 1982 I 1963 1984

"2

'rotll1

"

"

Conl:d.

--
0-1
"1 _ 2

,- ,
3 _ 4

, " 5

(),.7

7" a
D •• 9

so .• '10

'!,l _ '1"1

:1'1 •• 1.2

"12-13
13_14

"1<:\ - 15

"15-16
16-11
17_18

18-19
"19-20
20 _ 21
21 _ 22-

22_23

23_24

24_25
25 _ 2.6

~o_ 2';
2'/ _ 21l

120_29

I:;:Sl_30_1._
I
I

65
'16

81

48

""
"
48

35
35

17

"17
11

17

11

10

6
5
5
1,
,
1
1
2

1
1

2

70

96

73

83

""50
34

"26

19

"
12
12

13

9,
2

a
5
3

•
1

•
2,
"

B6

'"170
92

59

60

11

34

34

17
13
10
15
10
10

6
6
7

••
5,
2

3

2

2

2,
1

"85
105

""81
]5
10

",.
,

17

11,,
17

3
a
6,,
,
3

5

2

•,
-,

L:

66
81

,08
'16

60

"
: \
"
35
11

15
17

19

a
13
9

a
5

11,
3
6

5,
5
2

5

-
•

'"'"'"'63
311".
"5
195
171
110

"
"
63

59

96

42

"29
"
"17
"11
17
11

13

6
15
5

11

: \
':1.,,

]
_ ,L ',

,
"I,

'-, .._-.....,... ..-
('
/)i



APPEWIX A-3 (Continued) '"

,
•

,."
',I ,

'; ..'

-
• Observed '" •

I 1980 1981 19" 191!3 1984 '0,",--, , , , • , ,, , •• t , .. •, .. , , , , ,
• , - t 3 ,.. ..
" , •• .. , t •,

i .. t .. .. , 3

-, , .. .. .. .. , ,
" , .. .. .. .. ,
, .. .. , •• .. t, .. .. .. .. .. 0,
1 .. .. .. t .. t, •• •• .. o. t t

3 .. .. t •• .. t

t , t .. , .. 0- t ,
" .. •• .. .. .. •, .. .. .. .. .. 0, .. , .. .. t ,
Ie .. .. .. .. .. 0

I
I t L; 1:;.~= .. , ..

..
I

.. .. 1

30._3
31 _ 3

32 _ 3

33 _ 3

3~_.3
3.5_3
36_3
37 _ 3

3B _ 3

39 _ 4

4.0_4-
4t _ 4

42_4.

4'1 _

43 _ .1

4,\ ~ •

4.~_ 4

46_4
47 _ .

r---
, s",,:::' <;I time
L.~l

I

Q:



APPENDIX 1-4
Year-wise his' art of w~iti""I U"", in queu.e

164

,,

,

•r'f~'. .

. .

w..t,~;,;H_ ••• I .~....• Ii'reaue.lCw
»hlp in queua -,--~ -- -. .

(day) "" 1981 "" '1983 "" Total
- . -

0_' 220 '"0 340 '" ,~40 13,,4

1 - .2 m '" '" m '" 9S5
2 _ :3 " " " 54 65 16'
, _ 4 " " " '" " '"4 _ 5 " " " " 16 U7,-, " " " " 22 '",- , '" " " " " " ,
,-. " " , " " "fl _ 9

I " 10 , B I 16 "9 _ 10 16 , 2 15 15 54
I10-11. 4 , , , " .16

11-1.<- , , 2 " " ""-,, B - 2 4 " ""-" 3 - , , 4 B ",
1'1 _ 15 3 , , 3 " "15 - '1P 4 - , , B "
:II> _ '17 • - - ., 4 ,
17 _ -18 , 3 I , 2 3 "113 _ '19 2 - , - , , , I,
19_20 3 - , 3 , 30

20-21 - - - , , •
21 - 22 , • - - ., , B

I
,.

.:'2 _ 23 I , - - , , 4
23 _ 24- i , - I - .. - ,
24_25 , - - - - ,
:!'. ..• :,G - - - , - ,,
;<6 ." ;;", , - - . - , 2

2'! _ 28 I - - - , - ,
28 _ <:9 , - • - • - 0
::'9 • 30

I
I, - - - , - ,,

30 _ :'1 I - - - , - ,
3'1 _ 32

! - - - - - 0
32 _ :11 I , - - - - ,

- ._~,.___,__ L ,

[

,"

I ,
~' ..
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APPEmlIX A_S
Yaa~_wise history of queue _.

Observed ,"""""'" _.
"" .198'1 1982 1963 "'" Total.
12 " 21 " " ,,,
" " " " 32 '50

" " " " " ,.,
" " " " " ,.,
" " " " I " '",. " " " I " '"" " " , 11 1M

• 32 " 2J " 12

" , 10 , " "" , , , " "" • • .j " 51

I " , - 6 21 "" 2 3 " ", -,, , , 22I - -,
I - - " " : 33

1 - - 7 7 "3 - - 10 7 '", - - , • 12- - - 3 1 •
I

- - - - 1 1

."-' -, '•.

,
1,
3

•,,
7,,

10

"12
"14

'""
'"I 1~

L. _



Ai'PENDlX A-6 25'

, .
" ,I

1

! \.

'1"lW-wis"history OfNO.of ~ips in 1I1!l"V!c". ,.-
- - ""-.--_." ._ ... ,.. -'-' - - ... - -. '. .. ..

I 110. Oli :>hip;
Oblll!l"Vl!d ,-

in lIervice "eo "'" "'" 1.983 ,,,. Total-
; - , - , 1 - ,
• I - , - 5 , "; I , , - 'CO , 25, , , , ." , ", 5 , 7 " , "
" " • " " " ", 25 " " 30 25 "
10 " 19 " " " '"
" " 30 " " 20 '"
" " " " " " 159

'" " " •• 27 " 205

14 " " " 26 •• '"25 " 55 " " " "",

" " 55 " " •• "isI
'" " " " 'CO '16 '"
" " " " .~ " --"

, " , 8 , , " ",, ~() 5 , , , " 20

" , - - , , 25

22. , - - • , 7

2:1 - - , - , - ,
, , I, ~,j

, , - - " - 20
I i;:,; 1 - , - " - "

:1.6 - - - , - ,
,

2" - - - 1 - ,
2U - - - , - ,

--,.-------

I
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'.

.j
I

'"

79" 7984 """
1, ,

4 , ", "11 , 23

" , "79 11 "" 10 "" " '16
28 " 131
23 11 110

" " """ 16 730

" , '"79 10 "" , 100, 14 "", 16 '0, 14 70

• 10 ", 11 42, 23 "7 " 42
7 " 40, " "4 14 "4 10 70

76 70

Obs~ Frequency

APPENDIXJo-7
11•••.•.•••••.1.••• h.l.."~01! liD_ <>J! •• h.1Pll J.n the .y"telll

••••••
the system

1960 1961 1962 .
, - 1 -, - 6 -
6 , • 1 I
7 1 1 ,

I, , , 6, ,
6 , ,

I~lO , • "~•.1 , " "I 'i., 70 " 70

" " " "" 79 " "79 16 " "79 2B " 3t
17 " " "W 79 " 23
79 70 3t "20 " " "" 70 " ,
" 17 17 ":,3

I " " 7
;~4 " , 7I 25 I 79 6 4
;", I " , 1,
n 10 2 -
,''-1 , - -
2S1 , - -

I 30 6 - -
" 4 - -i I_._--- --" -

•
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APPENDIX A,..7 (Continued) i-:

-
o£ aM.p" .in 'I

Obllerved Fl'i!!q\llllll:y

e lIy"teIll I !
,

"eo 1981 "" I 1983 "" Tot.,
--.~-,,---.--+- , .,
" I , - - 3 " I 20,

" I , - - 3 " "i.'1.1 - - - 3 • I
,

,"; I - - ! - , , "
" - - - , , ,
3'1 - - - , , ,
38 - - - , - ,
" - . - • - •I
<0 - - - , , - ,,

41 - - - i , - 2

" - - - 1 - 1

- --- ....,. ,..----- ----, "- - -- ..... -, -
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CiD.culaUons for estimating ¥
'1'"G.•leulate th••minill1ll/ll life or location p'lrameter, -) • wlueh ~iot ••,

"hen dat •• plot give" •• curve _ usuolly conv••x from <>bov". lobe follO>dng

,,

,

•

t:1' t2, t3 !Or"shown 1n figure 3.1:1 amI their values are

as follows: "

• d "
_~ .• !t5) (15 - "10)_

• • • (26- '5) - (15-10)

" "•,• " ,
• '.83 ships ~I!rday•



APPE:NDIXJ. .a (Continued) ""

I

Contd.

.
J.9113 '-'" Total

" " '"" " '"" " '"" " '"~ " '"" " '"n " 224
" I " '",,8 " '"21 " ,,,
25 " '"" " ,,,
W " "" " "
" " "J' " "H " 7~, H ", " "6 '-' ", " "a w ", w ", 6 ", , w
; , ", a ", 5 "J , "- , H, ; d

......--...~---~._----------_.
~~'litiruJtime OBSERVED FREQUENCY
in ,,}'Stem

(DtlYS) 1980 1981 1982 .
0 - , " 36 55,- , " " ",- , " sa ,,,,- , " " ",- 5 " 55 ",- 6 " ~ "6 - , " " 55., _ a

I " 50 "0 .. J " " "5 - W " 30 "W_ H " " "1.1- " " " "" .. " " " W

" .. H " " "'1.1 - " " i " wI';5 .. ." " " H
1~;- i'l " W a
1'1 .. " , H 6,. - " 5 5 ,
19 .. ::0 " " ,
2() .. :,:1 I 6 6 6
;:1 _,~2 S , ,
." . ;~3 " , ,....' .• ;',1 I 6 , ,d

I • . J I , ,I -" - - ~" , , -'..'
2(, - :'7 5 , ,
'." - ;'0 5 ; ,•• .,,' •• • , J•
2') _ ~:." , , -
31) - J1 , - -
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APPeNDIX A-8 (Continued)
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,.

"BiOO
,

OBSERVED FRE:QUl>ICYo.
,J "00 1981- 1982 1983 "" Total

I

2 I 1 - 1 , I 5 ,
, , 1 , , , ", 1 - 1 , , ,
5 1 1 1 , , ,

,6 - - , - - ,
" I - - - 1 - ,
,

I
- - - 1 , ,

" - - , - , ,
" - - , , 1 , ,,
) , , ,

1- - - -, - - , • - ,,, - - - , - ,
.J , - - 2 , , •,
5 I - - 1 I 1 3, I - - 1 2 , 5, , - - - .. - 0

" - - - .. , 2, - - , , - 3

" i - - - , , 3, I , 2 ,I - - - I -
, I ".. - - , - . , ..

- .; I - - i - - - 0

,) i - 1 - .. 1 ,
. 'j . - - 1 - 1

"} - - - .. - 0

" , - - - .. - 0

" - - - .. - 0, . 1 . ., . 2

0 - . . .. - 0

I . . 1 . . 1

- L.

57 5

'i I

59 _ 6

GO _ 6

4', ~

39.-4

5[) .- 5

31 _ 3

32 _ :I

~3_ 3

34 _ 3

'"

" ,
'19_5

liD ._ 4

41 - 4
4<: 4
" ,
44 4

" 4
.1(; 4

•••0.'

t"'1;raTf':li0'
in "Y"t

(Dew'
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Deri"llatlon of prcibal>ility de:'l.sity function for
the '<aiting tim" in the system\I(Y l, for the
ll\O<lelHiN/S I FCF5/=/oc

r,et "['>0 be the wa1tirg tin." in the syst"". given that there ar"

j other customers to be ser;ved. Then

,

i,

, t.
J

where,
,

't, the remaining service U.rne for custClft\er
already 1n service

the e>(ponential waiting t1Jne in q"-e~" \-!1t-.hm.~
""tual service tim•• for the jth customerwhich
follows exponential With il'.e"",.,

"

'~hismeansthat the service time'L is tIl'l convolutionof the waiting

time in queue Q]1d the actual service t1Ji,eof the jth customer:.

'J'h\l5,

J,
I

whe~'e, g( t) fer t>o

I
I

I
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APPENDIX 1.-9 (ConUnued)

Hen,'" the probabllity denllity f\UlC:t1onof ttle waiting time in thfl

system £01: M/K!S ; FCFS!=! 00

,
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517-- Alnount of AmOunt of ". AmOUnt Of .-.nt of
No. P-BUl J_B111 '0. P_Bill J-Bill
, 199,183 93,697 " 1.99,216 240,049 ,, 196,232- 4'10,471 35 196,756 175,377, 193,016 459,5139 35 209,452- 4513,593, 192,968 483,090 " 199,339 350,103 " 1

. 'I,

S 200,717 4$7,358 35 189,093 345,960

6 208,911 376,732- 35 186,458 165,894

7 193,445 215,067 " 195,302 150,735 "
6 192,054 317,088 " 201,188 417,989 '\ I

", 196,147 '134,844 " 200,806 467,449 i '-, '
35 2OB,785 167,659 " 183,087 125,890

, ,
" 190,084 452,703 " 185,836 144,663 I'

','~l
1:' 195,951 207,585 4S 205,012 430,943 ' ,,,

~ I,
17 200,915 145,218 4S 20B,847 365,264 !, . I ', ,
" 193,976 216,729 " 209,643 409,343 ,,
17 192 ,633 395,675 " 195,770 283,921

'" 121,889 ,.;5,332- ~:; 206,884 298,685 , ,

'''' -195,!J'-''' 373,14.7 SO 209,522- 485,307 I'

" 1£15,612 195,222 " 204,415 396,562 ' ~I,"

" 184,783 204,058 " 203,003 384,138 I'.' I20 168,097 192,5]'; " 204 ,854 238,891 ..

" 191,431 192,52' " 201,748 201,598
-,-, 16d,905 146,570 " 202,450 300,049"-

200,298
,

23 185,151 463,487 " 37~;,515 ,

" 168,768 375,814 " 193,421 16t ,809

" 172,544 140,780 " 209,879 44~,B12

" 194,Sn 100,519 " 205,053 376,526

" 205,651 318,005 " 2OB,098 370,472
I

" 201,588 216,577 " 204 ,809 3%,100 I
209,141 378,376

,

" 196,973 340,679 "
'0 190,798 97,264 " 187,66'; 130,116

:;:'1 197,659 395,813 " 175,043 103,411
32 194,613 248, "49 " 190,746 193,775
,; 204,600 231,005 66 169,30] 182,046_.- _ ..._-----

12,,,*0,729 18,f12-,133

"'r
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Ca1<:ul",tion:: of annual "'l"ivalent cost of o'oat it•••••

'"

.. i'\"'\,

* -,
'I '"

n., ronnul",

where, P

r

• •

the present value of the cost

intere't rate (in fraction)
,,

n the number of year

a uniform annual rate.

FOJ:"the pre.sent study r _ 0.15 is considered.

FOI: jetty for 3 tons , •• '1'k:.72,OOO,oOO0.15(1 + 0.15)40
(1 + 0.15)4°_1

,

c Tk.72.000,OOO x 0.150552

• 'I'k.1Q,840,470

• • 0.15(1. O.15}20'I'k_ 8,000,000 ,

(1,- 0.15) °_1

•• Tk. 8,000,000 x 0.15976

,'i:1."il.,r.ly, "f1l1\lal"'l'Jivalent cost of other m~terial hillldl1ng "T':Ill'1'ent

,',

,
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AP!"'I'';NDIX },-'1'1 (Continuod)

'or l.S tons jetty crane • "'. 1,373,945._

Por <.0 w= jetty crane • "'. 1,469,801._

,rr '.5 ,,= jetty crane • "'. 1,5n,646._
.'or S.c ,,= jetty crana • "'. 1,617,490.-

'rr 5.5 tons jetty crane • "'. 1,797,311.-

'rr S.C tons jetty ~.=• l'k. 1,917,132._

'.labile {'-",an" 10 tons • "'. 1,597,610._

Fer 1j:f~ers • 'rk. 399,402.-

'00

•
•

,,1':.! \'
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•" A C ,
0 i- ,

'0
,

~
"" position - 1 ' .0
~N ,

~0 ,• 8 0 ;,

~ 20~O"
,

\",Rail span " "'., ".0 '"" ".so. 'l'"~," "'
10.5 t 1.51 '{q, HI

1 j "e L,
I

,
,

Jl.'ll
pile

2
: 5.25 tons ",I,
~ ).66 ton s

= 6.64 tons

!

For position

RB:RC'{

RPM,
A : A 1

l' M'RO'A.-,

Max force RO ~ 6'B4 Ions in position - 2

FOl'e.: ' : ! ~c

P,21-01,A,~. 1>l,l,5Ion,lt. 1,400fl"

For position 1, c, ,0'-0"
P M,

RA" RB= A - T ,4.13 tons

P M,
FIC,RO'7J:' -I ~ 6.3B Ions

ForCl1 for !Wad lood • 4.5 I

-~.•.--,..,._--,------
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Calculations ot forte'S on jelty piles lor ~ tons craM

, " I800m length; 50-0 •.

'APPENDIX A - 12

.,it,,,,
"; .
I
!

Counter length
4t ,

),

,,
Position-1

C

,,

A

•

8

I '"20-0
Roil span

lH lOt

lJ_
TZZZZZ}'ZZZZ Z?z-LLZ&

l~_!J_Lpm

,,,

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

Max reaction RD: 9.12 Ions in position 2

Increase in reaction by 33 'I.

",

•

For position 2

RS :RC: {- = 7.0 tons

RA : ~ - ~: q\6 Ions

P MCRD : A • -I : 9.12 tonsRe(JC!lon for dead load: 6 10:15

For position

RA:R8"~

P = 28 t, A: " M" 60 ton ft. 1: 400 fl5
, "1,C='0-0

MC-,- : 5-5 tor,,>

Me
+ I ,8.5 tons
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1Ma
CONTI',Lk
!()=ITT-S
; O[-=lmClJ~1[H I TTl
CS1~CO( IOUI
[tl(o[ll rOU!
IF(jO.GT.O! ,;U 1'0 ;~6
U: (,\l)~( fl~:II •~T. U. UC!1) ',jP1H' (), ',1'('; ~P.~l "oR sn.'( 'it. [~,~ : I
IF( 4r\~(Rf:rtl.!. T.,i.I)O ll'h 11:_1 3.M l!.'Rr.T'"L ClI,e~!2 ::
GO TO 22~ ,','
[OljTlljU~ r
C!l3=L21 IOU) . e,
[0;=[.11 [Oi;1 (I,
1 r (Af\Sll'_~::;) .:;T .1,. ~l'"1 )~~"lTo. : 3.DI:) II\I,~T~, ,((,'I.e LIl ,(112, I 11. [- ,-', r :,~ e'l
!F(,\;15 (",','1! .1,T.lJ .un [I i,"~IT'OI j," lll.\RA T[C.CIJI ,C~1l, 10, C'.a, [lA C,-;
rO;ITII,U~ (:'1STOP (::)
FO, "~ATl/hX, F5. 2,5 :<:,F7.), 5:<:,F}.I ,5X ,F]. I, T~n. f'~.J I U;
FJRI-Pf (/sx ,F" .2, 1.?X. ,X,F3.1 ,~;: ,F].I ,T90,F6.,) L:'
F J,,~!ATl/GX,I: 5. 2, 5>:. F r.J, 5X, FJ. l ,5>: ,1'..1. I ,ax,r 2, 5X. FJ.l ,5X ,I j.1, 1'71). [I,'
."".31 Cl'
t'IJ"I';rl/6X,r5 .?, 12~ ,o;X,I'3 .l,5X. FJ.l,flX, i 2 ,~X,F3.1, 5X,FJ. 1, T'i(1.Ff,. }C"
.1 ((1~~,D (.,
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