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ABSTRACT

Today, information technologies have been applied to operations in container terminals,
and it is possible to collect operational log data due to development of equipment and operations
technology. Terminal operators are collecting event log data and try to figure out the way
of resolving operations problems. Operators want to analyze event logs to determine the
causes of the operation problems, but it can hardly be done manually. In this paper, we
suggest a formal framework to evaluate performance measures using the collected log data
of operations in container terminals. The proposed formal framework supports different
container terminal layout, operational processes, and equipment. Our formal framework is
composed of specification of terminal layout, log data, workflow, statistics, and report, based
on the concept of container handling objects. For validation of our framework, we have
implemented a terminal performance analysis system based on the proposed framework.
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(Figure 1) Building Blocks of the Formal Framework
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Layout {
Al-Seaside-TP : LM-A1-TP1, LM-A1-TP2, LM-AI-TP3,
LM-A1-TP4
Al-Landside-TP : RM-A1-TP1, RM-A1-TP2, RM-A1-TP3,
RM-A1-TP4

Bitt[1-20] : @realPoint(STS102-Lane[1-4]),
@realPoint(STS101-Lane[1-4])

distance(A 1-Seaside-TP, Bittl) = 50
trvTime(A1-Seaside-TP, Bittl) = 3
}

(Figure 3) An Example of Terminal
Layout Specification
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I e FEo] oWE 25 5 J|FoR
Uro] ‘evt_Time, ‘evt_Equip, ‘evt_Name)
‘evt_Container’, ‘evt_Location’ 2=¢] gto =
2|7 gttt

LogSchema {
evtLogFile : test log.txt
evtLogFile.split(‘ ")
FieldList : [‘evt_Time’, ‘evt Equip’, ‘evt Name’,
‘evt_Container’, ‘evt Location’]

. <specification> ::= ‘LogSchema‘{‘ <description> ‘}’

. <description> ::= <File-def> <Field-def>

. <File-def> ::= <IDENTIFIER> *:* <FILENAME>

. <Field-def> ::= <expr> | <Field-def> <expr>

. <expr> = <FILENAME> ‘split’ ‘(" <IDENTIFIER> ‘)’
| “FieldList” > ‘[* <LIST> ‘]

DA W —

(Figure 4) Syntax for Event Log
Specification
Language

(Figure 5) An Example of Event
Log Specification
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(Table 1) Keywords for Workflow
Specification

Keyword Remark

Maximum number of containers can

capacity be handled

workflow | Workflow ID of CHO

Object Equipment ID of a specific type

Start Start of workflow description

self A CHO that handles the relevant
container

i Desigqation of container pick-up
operation

out Desigqation of container release
operation

cont The container owned by the relevant
CHO

owner The CHO that handled the relevant

container previously
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. <specification > ::= <cho_description>
| <specification> <cho_description>
| <obj-specification>

. <cho- specification > ::=

[}

‘CHO’ <CHO-ID> ‘{’ <spec_desc>‘}’

3. < spec-desc > ::= ‘capacity’ ‘=" <num_expression>
| ‘workflow” ‘=" <identifier>
4. <obj- specification > ::= ‘Object’ ‘{* <obj-assign> ‘}’

w

. <obj-assign> ::= <cho-type> ‘:’ <obj-id>
. <obj-id> = <identifier> | <obj-id> ‘,” <identifier>

=

(Figure 6) Syntax for Equipment
Specification Language

<Figure 7> 4] 54 HAS A&

HolEth STS ] Bele] 4% th 4749
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AAZES WAE wETL AsIY &
Az wylog SH A4 89S AA }912
™ Object WAIA ‘STS] 43t

‘STS_101", ‘STS_102, ‘STS_103'91< DM 6}

Atk SH oA U wRlew ‘SH B
o &3 A& #7433
CHO STS {
capacity = 2 * 2
workflow = wf STS
}
CHO SH {
capacity = 2

workflow = wf SH

}

Object {
STS : STS_101, STS_102, STS_103
SH : SH_101, SH_102, SH_103

}

(Figure 7) An Example of Equipment
Specification
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I Wge] WA

\

. <specification > ::= <wf description> | <specification>
<wf description>

2. <wf description> :: = ‘Workflow’ <WF_ID> ‘{* <evt assign>
< evt_flow> <evt func> ‘}’

. <evt_assign> = <assign> | <evt_assign> <assign>

. <assign> = <EVT-TYPE> ‘=" <evt id list>

. <evt_id_list> ::= <EVT-ID> | <evt_id list> ‘" <EVT-ID>

. <evt_flow > = <flow> | <evt flow> <flow>

. <flow> ::= <EVT-ID> “>>’ <EVT-ID>

. <evt_func> = <func_desc> | <evt func> <func desc>

. <func_desc> ::= <evt_id> ‘{ <func_list> ‘}’ | <evt_type> ‘{’
<func_list> }’

10.<func_list> ::= <func> | <func_list> ‘" <func>

11.<func> ::= <OBJ> “.in’ ‘(" <PARAMETERS> ‘)’ | <OBJ> ‘.out’

‘(" <PARAMETERS> °)’

NY-CRG - NV QR W)

(Figure 8) Syntax for Workflow
Specification Language

Workflow wf SH {
TwistLock = TL:1, TL:2
TwistUnlock = TU:1, TU:2

Start >> TL:1 TL:1 >> TL:2 TL:1 >> TU:2 TL:2 >> TU:l
TU:l >> TL:2 TU:l >> TU:2 TU:2 >> TL:1

TwistLock { self.in(cont, event, time, loc), cont.owner.out(cont, event,
time, loc) }

TwistUnlock { self.out(cont, event, time, loc), cont.owner.in(cont,
event, time, loc) }

}

(Figure 9> An example of
Workflow Specification
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(Figure 10> An Example of
Workflow Specification
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&t 749, {object ; domain : condition}¢]
)= ALg3 A} domaino] 7HA =
A2xE 3#3le] conditions WHESH= ob-
jectE & W EE PiER e o |
o I+ 247} ‘and’ 9 ‘or' oW et

. <statement> ::= <extensional-def> | <intentional-def> | <assign>
. <assign> ::= <IDENTIFIER> ‘=" <expr>
. <extensional-def> ::= <identifier> ‘=" ‘{’ <elements> ‘}’ |
<identifier> ‘=" ‘[* <elements> ‘]’
. <elements> ::= <IDENTIFIER> | <elements> ,” <IDENTIFIER>
. <intentional-def>::= < IDENTIFIER > ‘= <intentional-stmt>
| < IDENTIFIER > ‘=" ‘|’ < intentional-stmt
>
| < IDENTIFIER > =" Sum (" <
intentional-stmt > )’
. <intentional-stmt> ::= ‘{* <object> ;" <domain> *:" <condition>
oy

| ‘[" < object > *; <domain> ;" <condition>
o

w R

[T

=

]
. <object> ::= < IDENTIFIER > | <expr> | ‘[* <object> ‘]’
| < IDENTIFIER > °,” <object>*
. <domain> ::= <IDENTIFIER> ‘in’ <for-list> | <domain> *,’
<IDENTIFIER> ‘in’ <for-list>
. <for-list> ::= " <for-list> | | <for-list> *..” <for-list> | <functions>
| <expr> | <for-list> <for-list>

-

=

N}

(Figure 11) Syntax for Statistics
Specification Language
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g T grEe HolE & u= | |
1 *]’%‘ Steh. o] & E9] ‘|SHOL.event! 2

+ ‘SHOT'®] )3 B ol ES)
= :rl’fﬂﬂr <Figure 12>¢] 2¥A| 9] 7
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E7F A2g Aol olgg HEER 3

Adleld Hvld & £4L A F4 ZddA2 19

9, 9 g e o] 7S ‘SHOL_th'ell A%
st} o= ‘SHOUo] AHelst Aol &
o gtt}, F7H4 0 &2 sum(), dist(), time() &
o] FoE AT sum 7 0] F& 7
st diste} time 242 F A4 Abole] A
o} o] EAIZES Tttt

ot

Equip = {STS101, STS102, SHO1, SHO3}

SHO!1 th = |[c; e in SHOL.event : ¢ = e.cont, e.type = “TwistUnlock” ]|

SHO3_th = |[c; e in SHO3.event : ¢ = e.cont, e.type = “TwistUnlock” ]|

SH_total = SHO1 th + SHO03_th

SHO1_workTime = sum([t; i in 1../SHOl.event| : t = SHOI.event[i].time
- SHO1.event[i-1].time ])

SH03_workTime = sum([t; i in 1../SHO3.event| : t = SHO3.event[i].time
- SHO3.event[i-1].time ])

(Figure 12) An Example of
Statistics Specification
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gt A AR 9 HaA 3Ys A 2
Ao A= Python 278 AH&3le] A7 =
Adstgon 7 WA gde] A gds

Python 2422 FE=2 W3lsle] ARg-sir)
Axe oME 271 BE, £/ BE, B
A BREE AEY Utk oMIE 21 BE
< Aold dHolHet #HdE HY 9ds

=
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fol

- N N = . _ .
A Z ZES Qs EA RES ol AHEAR7E sk FEfE A gl <Figure
E 20 REIVE A4 A9 Adx 2 138 # AT ARd 9a52s 94
= e = =) - 3 o -
A B 7IWe R ARRAE WA A A& AHEste] A BdES AP A3E
Yoo 0 £4% Jelstn A§A 95 BolFth <Figue 14> $9 ASAEE
v AR BA 4RE S HIA EE3 hdolt), BuME AE AXYE A
RES Hux A 5 9 A REA E L£XEJolE 7|Rto R /s ik
& [e) o [e) >~ =M=
AEE 5/ BERE EoRE, BiA PA S AA Hujd £ o]gs wEoR F3gt
S doe.obi | [ alge.cho £ Elagecty | [laoecho | [lagestst | dgent | [P)agecho 23
CHO STS{ = from CHO import CHO
capacity = 2 import alge_wf as wf
workflow = wi_STS
}
CHO ASC{ A3C011 = CHO('ASC0ii',2,wt.wi_ASC)
capacity = 2 A5C031 = CHO('ASC051',2,wE.wE_ASC)
workflow = wf ASC ASC061 = CHO({'ASC061',2,vf.wf_ASC)
) - STS101 = CHO('STS10i',2,wf.wE_3STS)
CHO SH{ SH19 = CHO({'SH19',2,wf.wf SH)
capacity = 2 SHO1 = CHO('SHO1',2,wf.uf_SH)
workflow = wf SH ASC051 = CHO('ASC051",2,wE.wE_ASC)
il = SHO3 = CHO('SHO3',2,wf.wf_ SH)
Elakeiobiiss Rl STS = set ([STS101])
Object { ) SH = set([SHO1,3HO3,5H19])
STS : STS101
SH : SHO1,SHO3,SH19 ASC = set ([ASCO11,ASC031, ASC0OS51, ASCO61] )
ASC : ASCO11, ASCO31, ASCO51,
}l _OBJ = ['ASCO11", 'ASCO31i', 'ASCO61', 'STS101','SH19', 'SHO1', 'ASCO51', 'SHO3')

(Figure 13) Translation Results of Specifications into Executable Programs
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