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ABSTRACT

Container terminal capacity should be periodicalyiewed. It has to be audited against demand
and current performance. A system that allows quayacity audit is required so that terminal
managers are promptly informed of their terminapaeity usage. A quick audit system based on
a simple yet effective approach is advantages sancextensive audit exercise is costly and time
consuming. This paper presents a quick capacityitasystem based on fuzzy expert system
approach. The audit system was model based on itgpplanning ideas extracted from
UNCTAD (1985) and Thomas (1987). CLIPS expert systeell has been used and the logic was
developed using fuzzy approach so that it mimiosamumode of reasoning and approximation.

1.0 INTRODUCTION

Audit is, in layman’s term, reviewing performanagamst expected standards. The ICC defines
audit is as a management tool comprising a system@bcumented, periodic and objective
evaluation of how well an organisation, managenagadt equipment are performing (ICC, 1991).
The definition in the British Standard (BSI, 199E)kington, 1990) refers audit as “a systematic
evaluation to determine whether or not performacmmplies with planned arrangements, and
whether or not these arrangements are implemeritectieely, and are suitable to fulfill the
organisatiofs policy”. Audit as a management tool helps idgntifhere improvements and
efficiency savings can be achieved It providesaayereturn on investment and for this reason
alone rightly deserves the popularity it is gaininghe business world” (Elkington, 1990).

Port can audit itself in many ways and at manylkewat its lowest level the audit can be targeted
at comparing labour productivity, say those workimgthe quayside. At its highest level an audit
can be designed to measure how far the policymethe organization has achieved its target
during the audit period. Therefore the standardsdmparison of performance vary. Policy audit
will have some internal set targets as the bendksmiar be compared against while operational
productivity audit will be compared against somg&amal or even international value.

The requirement for audit is set by each portfitaetl, under normal circumstances, without the
interference of any external body. The audit outesrare to be consumed by the organization to
gauge its own performance. Problematic areas wifase and remedial steps could be designed
to improve the problems. However there cases waedd# is made necessary for the compliance
of requirement set by external bodies, say the rtieat of environment. In such a case the audit
is no more internal as things to be audited, the tiva audit are carried out and the
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implication of the outcome of the audit will be the hand of people not employed by the
organization being audited.

Container terminal capacity audit can be consider®én internal exercise. The audit
requirement is set internally and it is aimed atewing the terminal performance. As such there
can be full flexibility as to what capacity to ayydivhich system to use and what the benchmarks
to refer to are. A simple, practical and reliablgstem would suffice the internal audit
requirement. Hence, although comparing audit reaadginst competitors’ performance appears
to be the most obvious the approach could be topaoenthem against some established data.
Similarly the use of computer is more preferabla.audit system which allows decision making
to be done by an approximation will also be berafid his will copy the normal human mode of
reasoning and automatically addressed the isswataf uncertainty. The following paragraphs
present an approach to the development of suclhidihsystem. Capacity planning approach and
performance data published by UNCTAD (1985) hashhesed to establish the audit framework
and the fuzzy expert system method has been usil/&dop the tool for the audit system.

2.0 LITERATURE REVIEW
Container Terminal Capacity Planning M odels

The basic principle of container terminal capapifgnning is centred upon identifying its
requirement for container park area (cpa) and litestation area (cfs) and determination of berth-
day requirement (bdr) (UNCTAD, 1985). Birth-day uirgment is eventually linked to and ship
cost at terminal (sct). Frankel (1987) adopts thmes principles and confirms that container
terminal layout and the determination of contaitgminal equipment is the core to the issue of
container terminal planning. UNCTAD (1985) has prdged all the determinants and their
relationships in term of planning charts shownigufe 1 to Figure 4. They are as transformed in
Figure 5. UNCTAD (1985) also indicates that othezaarequirement including administration
building and car park, maintenance, workshop aackst storage of dangerous goods, container
washing area, weighing station, loading bay, trpakking, road, rail and equipment access area
and utilities buildings should be added to cpa ematainer freight station designed storage area
(cfsdsa). According to UNCTAD (1985) other areashmth is between 20,000 to 30,000 square
metres.

Fuzzy Method

A fuzzy set is defined by a functioryA(x):X - [0,1] and often denoted by
A:{(x, ,u(x)) x4 X}. Hp is a generalised characteristic function (the menstip function of

the fuzzy setd), Xis one particular element that belongsAtoX is the universe of discourse.
The conditions are,uA(x)z 1 if x is totally in A, ,uA(x) = 0, ifxis totally out ofA and

0<,uA (x) <1if xis partly inA.

A set whose membership function is piecewise oowotis is called fuzzy number. A
fuzzy number according to the concept of fuzzycset be represented in a triangular form as in
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Figure 6 (other forms are trapezoidal and S-shap¥d)iangular fuzzy number with a centae
may be seen as a fuzzy quantiyi$ approximately equal ta". ‘A linguistic variable can be
defined as a variable whose values are not numbetsyords or sentences in natural or artificial
language’ (Karsak, 2001). Linguistic variable suah ‘large’ or ‘small’ is taken as a
representation of phenomenon too complex to beridbescusing the conventional quantitative
terms.

Therefore within a universe of discourse a linticigariable represents a range of values
that make up a fuzzy set. The universe of discooesebe partitioned into as many linguistic
variables as deemed necessary and partitions aatapvas shown in Figure 7. The linguistic
variables are usually defined as fuzzy sets wiir@mriate membership functions (Hong and Lee,
1996). H is a linguistic variable representing dipan that describes a certain phenomenon with
a characteristic ‘high’ in the universe of discaurk fuzzy set theory membership is a matter of
degree. In the above expressigfiA) is defining the degree of relevant of to the setA.

Membership ofx to A is imprecise or vague and(A) is its measure of uncertainty. The fuzzy
proposition is true to the degree to whighbelongs to the fuzzy set.

A symmetric triangular fuzzy number with cengrend widtha > 0 has a membership
function of the following form

e
A(x) _ 1_7 if |a— X| =7 The notation use is A=(a)

0 otherwise

The process of assigning membership functionsizayf variables is either intuitive or
based on some algorithmic or logical operationgg&le, 2001). Intuition is simply derived from
the capacity of the experts to develop membershigtions through their own intelligence,
experience and judgement (Hong and Lee, 1996; Kar2a01l). Triangular membership
functions are chosen for application consideringirttintuitive representation and ease of
computation (Karsak, 2001). A fuzzy number can kéuzkified using the centre of gravity
method. Figure 8 illustrates the operation of deffying using such method.

Rule-Based Expert System Architecture

An expert system is a computer program but itfiedint from the conventional software
in few ways (Liebowitz, 1995); it is highly intettage, it provides greater uncertainty throughout
the process of obtaining the final solution, it e®siot portray the waterfall model of a traditional
software, requirements (inputs) are vague rathaar fanctional. It represents the thought process
of a human expert (Yen and Davis, 1999) by emujatite expert’'s behaviour within a well-
defined, narrow domain of knowledge (Liebowitz, 399t incorporates knowledge, algorithms
and heuristics (rule of thumb) rules. It is a peogrthat is able to explain the decision made. This
characteristic is important to allow the user tadenstand how the result is arrived at and thus the
possibility of challenging the decision (Yen andvi3a1999).

Yen and Davis (1999) represents expert systemtanothie composed of four elements
as in Figure 9 below. First, the natural languagEgssor is the expert system’s interface to the
user. The interface recognises the linguistic teussd by the user in defining variables and
relates them to the inference engine. Second, rtfegence engine, a program that primarily
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executes the basic inference cycle of comparingidee input data with the rules specified in the
system. Third is the rule base where the sets @t fand heuristics about the expert system
domain are stored. It is also called the knowleldgse. Fourth, the database, graph base and
model base. This is an optional feature of an exgystem. It is required when the amount of data
to be stored is large and need organising.

In an expert system a rule can be defined as aiMEN’ structure that relates given
information or facts in the ‘IF’ part to some action the ‘then’ part (Negnevitsky, 2002). For
examples ‘IF’ container throughput is large ‘THE®Ontainer park area is large or ‘IF’ land area
is very small ‘THEN’ handling method is yard gantmane. The comparing of rules stored in the
knowledge base with the facts contained in theldesta produces an inference chain. The chain
indicates the reasoning an expert system applesules to reach the conclusion. A matching
rule to facts will cause the rule to fire. There two types of reasoning; the data-driven reasoning
and the goal-driven reasoning. Inference chainypgvay of data driven is also called forward
chaining while goal-driven reasoning is also knoambackward chaining. In forward chaining
the reasoning starts from a known data and prodeedard with that data. In backward chaining
the expert system has a goal (a hypothetical solutind the inference engine attempts to find
the evidence to prove it.

Rule Base Development

A fuzzy rule represents the association of oneuiistec variable to the other. Fuzzy rules
can be developed using the Fuzzy Associative Mer{fodyv) method first introduced by Kosko
(Cios & Pedrycz, 1997). FAM is an array represéotadf all possible combinations of all fuzzy
sets in consideration. When the fuzzy sets areesepted using linguistic terms FAM is
sometimes called a Fuzzy Cognitive Map. FiguretdWs a typical FAM. X and Y are the fuzzy
variables expressed in linguistic term VL, L, M, &hd VH (very low, low, medium, high, very
high). It is to be noted that ‘...certain fuzzy s@g. very low or neutral) of antecedents (shaded
area above) do not appear in rules because tHeut efre insignificant’ (Karunaratne & Yan,
2002).

Development of FAM can be achieved in several steggsch are (i) Identifying the
variables of the system, (ii) encoding the variabliaguistically in term of fuzzy sets, (iii)
associating these fuzzy sets by constructing rofete general form IF X is A THEN Y is B
where X and Y are the system’s linguistic variabldsle A and B are represented by their
membership functions, (iv) deciding upon an infeeesystem of aggregating rules and producing
a fuzzy set from the initial fuzzy set A and thgegated set and (v) defuzzification of the fuzzy
set (Cios & Pedrycz, 1997). Rules are to be deegldyy the experts in the domain. Knowledge
of the experts can also be obtained from books poben databases, flow diagrams and on site
observation (Negnevitsky, 2002).

3.0 THE AUDIT SYSTEM PROPOSED

The UNCTAD's (1985) container terminal capacityamling model (cpa, cfs, bdr and
sct) can be transformed into a fuzzy expert systéigure 11 shows the step-by-step process of
deriving cpa using the fuzzy approach. Based onrEi®, similar diagrams could be developed
for cfs, bdr and sct. The membership functionstifier linguistic variables could be expressed as
in Table 1. Nine partitions triangular membershimdtions could be used. The linguistic
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proposed are VLL, VL, L, MM, M, MH, H, VH, VVH regsenting very very low, very low, low,
medium low, medium, medium high, high, very highrwvery high respectively.

Microsoft Excel spreadsheet could be used to pedaoe FAM. Table 2 shows how it
could be done for a situation where VL of (contaimevement per yeacmpyand L of (average
container transit timeatt merged to produce VVL of (holding capacity reqdjrécr for the
container park area. The main block of the tatile gpper half) will process the direct bounded
multiplication of two fuzzy numbers (25,000, 75,0Q@5,000) with (0.020, 0.027, 0.034). The
second block (the lower half) will defuzzify thestdt using centre of gravity method and
determine its membership functions. Since the meshiie function for Y is of overlapping type,
each value has at least two memberships the tatakvwof which is 1.0. Membership of the
higher degree (0.5<membership<1.0) should be selecthis can be illustrated in Figure 12. In
the illustration the defuzzified value belongs meweML than M. Table 3 shows the rules
derived using the FAM method for the holding capamquired for container park area. Similar
results could be derived for all UNCTAD's (1985)eaity planning variables.

The FAMs could be converted into rules to be starethe data of a rule-based expert
system such as CLIPS (C-Language Integrated Priodusystem) expert system shell. Figure 13
illustrates a possible typical build up of an IFHM rule for holding capacity required (hcr) for
container park area when container movement per (geapy) is VVL while average container
transit time (att) is VVH. The expert system coptdduce results in a format as shown in Figure
14. The results would be for cpa, cfs, bdr ancaactwill be in fuzzy as well as crisp forms. The
b value in the (a b c) triangular fuzzy number watesent the most probable value for audit
purposes while a and c will be the the minimum amakimum values respectively. The true
value is derived using the centre of gravity method

For quick audit purposes the final display couldrhade to show the final capacity
required, the intermediate results that preceds Wwell as all the determining parameters. Table 4
lists all the displayable items for cpa, cfs, bdd &ct. It is obvious that auditing container park
area (cpa) would mean comparing current cpa agdimstexpert system value. A positive
mismatch (current value greater than expert systoe) would mean that the capacity is under
utilize and vice versa. The mismatch could thenabdit traced back to its five determining
parameters.

Base on the IF-THEN approach all possible reasdnaismatch can be stored as the expert
system database. The IF part is the user inpuewhd THEN part is the possible reasons stored
in the database. When the IF part is satisfiedettpert system’ inference engine will fire that
particular rule and all the information in the THEMrt is displayed. In that way the auditor
immediate knows the possible reasons of mismatokdes the current values as compared to the
UNCTAD’s value used by the expert system. As arsitition the rule below will be fired when
the result is higher than the reference value.

IF
Current container park area is greater than UNCFEARIue
THEN
Container movement per year is too large, and/or
Average container transit time is too large, and/or
Ratio of average to maximum stacking high too snaaiti/or
Reserve capacity safety factor is too large.
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4.0 CLOSING

The paper has demonstrated the possibility of Idpireg a system for quick capacity
audit of container terminal facilities using fuzeypert system approach. It is a novice approach
that suffices the aim of making container termicggbacity audits a quick, intelligent and friendly
task. However the possibility of expansion is widerizontal expansion of the system is possible
by (i) applying it to other types of terminal, (if)corporating more planning elements such as
plants and equipments. The present system carbals@rtically expanded so that reasons for
mismatch can be traced deeper towards finding flienam values for the determining factors.
The system can also be upgraded by replacing thteroof its database with latest field figures.

s~ \S L 3 Container terminal, planning chart I: container park area
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Figure 1: UNCTAD’s (1985) container park area plagrchart
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Container terminal, planning chart II: container freight station (CFS) area
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Figure 2: UNCTAD’s (1985) container freight statiplanning chart
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Container terminal, planning chart I1I: berth-day requirement
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Figure 3: UNCTAD'’s (1985) annual berth-day requiestplanning chart
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ANNUAL BERTH-DAY REQUIREMENT
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Figure 4 UNCTAD'’s (1985) annual ship cost plannafgrt
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Figure 7 Membership function and partitioning
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4 Centre of gravity {cog) is
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Figure 8 Centre of gravity method
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Figure 9: Basic architecture of an expert syste}
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Figure 10: Typical shape of an FAM
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1 Perform fuzzy Perform fuzzy Perform fuzzy Perform fuzzy Defuzzify cpe
Select multiplication of multiplication of maultiplication of multplication of__,] using centre of
linguistic empy and ai to fer and arprto nrsar and gisar and resf to gravity method
cmgy get ker get nisar reatmsh to get get cpee to get crisp cpa
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Select Select Select Select
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Figure 11 Derivation of container park area

ML M

defuzzified value

Figure 12: Membership function of a defuzzifieduel

(defrule rule_hcr_r1c9

(cmpy Tcmpy-read&yvl)
(att Patt-read&vvh)

(wvihcr Mwvihcra ?vvihcrb Pvvlhore)
==

s

(printout t "When the container movement per year is " Pcmpy-read " and the average
transit time is " 7aft-read crif

)
(assert (hor wi))

7

(printout t*
(printoutt™

S

(printout t "The estimated holding capacity [her] is wwl =" ?vvlherb " thousands of TEUs"
crif}

hecr can be as low as

e

=" ?yvihcra " thousands of TEUS" crif}
hcr can be as high as =

* Pwvihcre * thousands of TEUs" crf crif)

Figure 13: Typical build up of an IF-THEN rule fbolding capacity.
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CLIPS 6.21 - [Dialog Window]

File Edit Buffer Ewecution Browse Window Help

@] i [%le] S|

B[

PLAWNING ERESULTS FOR MODULE Z [cpal

When the container movement per year is vwwh and the average transit time is wwl
The estimated holding capacity [her] is 1 = 12 thousands of TEUs

her can be as low as = B thousands of TEUs

her can be as high as = 16 thousands of TEUs

The exact wvalue suggested for planning purposes is 12,362 .300 TEUs

When the area requirement per TEU is vl

The estimated net transit storage area required [ntsar] is wvwl 10 hectares
ntzar can he as low as 10 hectares
ntsar can be as high as 20 hectares

The exact wvaluse suggested for planning purposes is 12.7000 hectares

When the ratio of average to maximum stacking height is vl

The estimated gross transit storage area required [gosar] is vwl 15 hectares
gtsar can be as low as 15 hectares
gtsar can be as high as 30 hectares

The exact wvalue suggested for planning purposes is 19.806 hectares
When the reserve capacity safety factor is vl
The estimated container park area [cpa] is wwl 15 hectares

cpa can be as low as 15 hectares

cpa can be as high as 30 hectares

The exact walue suggested for planning purposes is Z2.292 hectares

Figure 14:hcr, ntsar, gtsarandcpafor JPSB
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Table : Membership function for containeerminal plannin

. C| wL| L ML | M MH| H | wH WiH
]
<A XN A X

cmpy (*POOTEL) 50,00 150.00] 250.00] 350.00] 450.00] 550.00{ 65000 750.00] 850.00
g |att (days) 500 7500 1000 1250 1500 1750 2000] 2250) 25.00
@ [ker (006TEL) 400 so00] 1200] 1600 2000] 2400 2800] 3200] 36.00
5 |arpt fm2) 750 1000 1500 2000 2500 3000] 400] s000) 60.00
& [atsar (hectares) 1000 2000 3000 4000 5000 6000 70.00| soo0| 90.00
5 [roatmsh 050 060] 065 070] 075] 0s0| 085 o090] 1.00
Eg’ts‘ar(hecmm) 1500 3000 4500 6000 7500 90.00|105.00] 12000 135.00
S |resf (%) 2500| 2000] 3500 4000| 4500 5000 s500] 6000 65.00

cpa (Rectares) 1500 3000 4500] 60.00] 75.00] 90.00{105.00] 12000] 135.00

cfscrpy (“GOGTEL]) 3000| 6000 90.00]12000|15000]180.00|210.00] 24000 270.00
« |coant days) 400 600] 700| soo| 900 1000] 1100] 1200] 1500
E |efske (‘00OTEL) 120] 240| 3.60] 480] 600] 720] s40] 9.60] 1080
& |askoge (u) 100| 150 1500 2000] 2500 3000] 400] s000) 60.00
gcfﬁﬂ(rggmﬂ) 900| 1800 2700 2600 4500 5400 6300| 7200( 81.00
= |cfoaf 020 025 030] 035| 040] 04s5| 050 o0s5] 0.0
;Eucﬁum(rgggmg) 1200 2400 3600 48.00] 60.00| 7200 84.00] 96.00 108.00

cfsresf (%) 2000| 2500 3000| 3500 4000 4500 s000] s500) 60.00

cfsdsa ("600m>) 18.00| 36.00| 5400 7200 90.00{108.00{126.00] 14400 162.00
= |ssokpd (Rours) 300 600| 900 1200 1500 1800| 2100] 2400] 27.00
E |anupkpegio of containersy | 1500 18.00] 2000 2400 2700| 3000] 3300 3600 39.00
S nupdpciie of containers) | 60.00|120.00|180.00|240.00|300.00|360.00| 42000 480.00| 540.00
T [nupdpb(no of containers) | 100.00(200.00]300.00]400.00]500.00]600.00]700.00] 800.00] 900.00
#+ |anwepsino of containers) | 100.00| 200,00 250.00|300.00|400.00] 500.00] 600.00| 700.00] 800.00
= |abips (hours) 550 1100 1650 2200 2750 3300 3850] 4400] 4930
f,, nspy(no of skip) 10.00| 150.00| 200 00| 250 00| 300.00| 350 00| 40000 450.00| 500.00
= |abdrberth-day) 80.00 160.00] 240.00| 320.00| 400.00] 480.00{ 56000 64000 720.00
'fg' bdrpb (days) 4500| 90.00|135.00|180.00|22500|270.00|315.00] 360.00] 405.00
E |cdpyidays) 300.00|310.00] 320.00| 325 00| 330.00| 335 00| 34000 350.00| 360.00
£ |pu 010 o020] 030] o040] 0s0] o0s0] 070 o080 o090
% |tstapdays) 140.00| 280.00| 420.00| 560,00 700.00| 840,00 980.00] 112000 1260.00
gﬂd.swc{'ti‘ﬁQS) 819 1229] 1639] 2048| 2253 2458| 2663 2868 3277
._g.m(&nﬂ.) 410 819] 1229] 1639| 2048] 2458| 2868 3277] 3687

possoomastiy 001 0l1o] 015] o020] 025] o030| 035 o040] o045
. |toa (raotm>) 2000| 2150 2300 2450] 2600 2750 2900] 3050( 32.00
£ |[woi 000 2s0] so0| 750 1000 - } } }
© Jer 000 2s0] s00] 750 1000 - ) ) )
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Table 2: Example derivation of a decision rulesig$tAM method

L
att att? 5 attl0 attld.5
0.020 0.027 0.034
empy/hor 4000000 6000000 000.000
25000 000 500 000 675 000 250 000
VL 75000000]  1500000] 2025000 2550000 WL
125000000] 2500000  3375000] 4250000
menl. 1263 500
meuR 3137.500
| true vahue 2112.500
VYL 0.044
VL 0.056

Table 3: FAM governing container movement per year
(cmpy average transit timeatt).

FAM for ker
cpyat |VYL|VL | L ML | M |MH| H | VH| VVH
YVL A G I B A A NEC B "R
VL % | << |VWL|WVL| VL | VL | WL | VL | L
L < |¥VWL|¥L | VL | L L L |ML| ML
ML YWL|VL|VL| L |ML|ML|M|M|MH
M vL |VvL| L |ML| M | M |[MH|H | VH
MH YL | L |ML| M |MH| H H |VH| ==
H VL | L |ML|MH| H [ VH [VWH| == | ==
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Table 4: Results to be displayed to assist quickt
DETERMINING PARAMETERS INTERMEDIATE RESULTS FINAL RESULTS

1 |container movement per year

2 |average container transit time 1lhelding capacity required container park area (cpa)
3 |area requirement per TEU 2|net transit storage area

1

e

ratio of average to maximum
stacking height

ross transit sto rage area

5 |reserve capacty safety factor

1 |cfs container movement per year

-

2 |average container transit time holding capacity required design freight station area (cfs)

P

3 |average stacking height of
general cargo

stacking area

4 |access factor 3|average storage area

5 |reserve capacty safety factor

1 |standard ship operating hour per
day

=

2 |average no. of unit per hour per no. of unit per day per crane |annual berth day requirement
crane {belr)

3 |no. of unit per hour per berth 2|no of crane

)

4 |average no. of move per ship average berth time per ship

5 |no. of ship per year

-

1 |herth-day requirement per berth no. of berth annual ship cost {sct)

P

2 |commission day per year herth utilisation

3 |total ship time at port 3|probability that ship jeining
queue

4 |average daily ship cost
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