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A Prototype Intelligent Decision Support System

for Logistics Transportation Carrier Selection
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Abstract

In these competitive times, there is great pressure to improve customer service, and at
the same time to find cost savings wherever possible. Many manufacturers use the
private carrier, or the contracted transportation service, for the purpose of collecting and
delivering shipments for their facilities. Transportation is the largest component of logistics
cost. Also, few researches have developed this field and they are fragmentary. The
advanced in computer technology has resulted in the greatest impact on business since
the industrial revolution. The transportation logistics is no exception to this phenomenon.

Especially, Intelligent decision support system(IDSS), integrated expert system(ES) and
decision support system(DSS), was significant technology in inventory parts. Therefore,
this paper developed prototype IDSS for transportation logistics carrier selection. The
focus is on the development of a simple, user-friendly tool that can be used effectively by
managers to increase the cost-effectiveness of their transportation logistics. The IDSS was
constructed by using the tools of ART-IM expert system shell, CLIPPER, FORTRAN 77,
and SLAMSYS simulation language.
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Xp= OBEP
Fr= fixed cost of carrier b
V= variabhle cost of carrier b

(Equation 1) Xp =

BEP;= break-even-point of carrier i F= fixed cost of carrier i
V= variable cost of carrier i S= revenue of carrier i

Fo= fixed cost of carrier a

V.= variable cost of carrier a

Fb" Fa

(Equation 2)

V. - Vb

( equation 1)
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2-1-2 Knowledge-Based Approaches
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example if/then relationships used
for non-1ift trucks

if then
load usage surface vehicle
<ib frequency condition
3,000 high rough electric tow tractor
50, 000 v.high smooth electric AGV

sample rules

then: AGV="Raymond E55”

if:type=load carrier and load=bulk and capacity=6001-8000
and travel=bidirectional and method=tow/carry
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< 1> Carrier sslection models

Authors Fields Model used
Malmborg(1987) Industrial truck ES
Matson and Material handling equipment ES
Swaminathan(1992)
Luxhoj and Perdek(1992) |AGV ES
Park(1995) Material handling equipment KBDSS
. . \ KBDSS
This Research Transportation equipment
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- Symbolic £ 8
{Chen 1988)

- 2@ AN

(Gulati and Tanniru 1993)
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Real world Modeling Sl
Implementation “Problem l — Formulation
Construction
ES6
Validation,
verification
Solution of
model
Data bases Sensitivity
ES2 analysis
ES3
User Interface
ES4 { USER |
ES5
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3-1 Menu-driven Interface
R FFEH AL ATHA A
g 7AYok 2YBR AMEATE 4A
AHEE & =¥ EHoAE top-down
W os F&3e do| g Fasi
Angehrn and Luthi(1990)9] &+ % Q&5
ojxd #F ATE HHW R 33 L

Expert System DSS/DBMS
Inference Engine Write | Command Command File
File Processor
Knowledge Base
Domain Expertise Read |1 Models !
F £ Data
acts File
- Data

<2#&l 4> Knowledge base Interface

Command ES
Command File

L
Lotosne |

Lowe 1

<218| 5> Expert Command Languages

I 775299 H4< A3 IDSS Prototype

FH2Eo IDSSEokAM EHolxe @

a2 62 B AF9 W2 PCE CLIPER
2 FHASAG. wwsido]A slojewojx,
AEFold, AAuols, Zduo]2E A
& & Q)i HolEwol2g Ada &9
%& CARRIER DB, PRODUCT DB, MATE-
RIAL DB5o.2 Eo 2 # 9o #z ¢
g, £4, 23, A4 715¢ 2 gHe
275 Ut
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- Interaction Language Manipulation and answers
&= =3 g =3 = =9
2184 Ae 93 22 d9 e Ay 3 o
FANZ e 3 0 Az e 712 B 713
dss | s &e | WY ¥$ g e
a4 A & e =S SURE FAx
A4 Al 2d A& AL Al 2"l 3 ARRA Al 2H
Expert System DSS/DBMS
Inference Engine
i [Modes |
_— rite Models
Knowiedge Base File  |Results EDa:]ta
Domain Expertise Read
Facts
Results

<718] 2> Loosely Coupled Systems
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B¥37) go) g Hes £8A3HE
aA @EAA FE AH7F Yok (Matson, et
al. 1992) #RALEE LS o DAL
tegg. (1) A% 2do] YAY A7
g2 @E Boke AEHo|ME AMgET.
@ wARHNN AXe SASLE N5
29 4 A=E YHEHY ¢4E FAT
2y 72 A4 YA ER EYFIM A4
EgBore A4, Ag , AHgYE, PZE
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£ Jyeiz slch

ERD)E o83t REY + ok MA@
Z(ERD)E ulgoz @AY wlojelHo]2A]
29& 7337 H8X e 7 ) A (entity)7}
Ze &A4(atiribute)E FAHoZ Hod,
42+ shte) dolESdE T o @t
Zulvlole e =& W3I, °§, 7F
gaq, 712uad, 2243, HLE 8%,
YZE 4%, YTE Fo], BxH7], 449
¥, elolols e, FYEE, FAYL, F
YA, AHSRNE, FYREDY, F5Yd, #F
By, 9 94, 713, kmE 94, 1A

Expert System Shell

Model Subsystems

Databases Subsystem

AN

User Interface

/

<2g 3> Merged Systems

3-3 tjo|E{tjo| &

F42d HHdE FAFEY voleuo|ag
T8871 9dAMe  dHeold =dd(data
modeling) /1Y & ol&3tc] AAB o} 3
e, dEAAd Y 243 7IHY gl
7} %) #7A) = (Entity-Relationship  Diagram

(HF, 9, 27H%) 24%9 418 AA
Holeltde W3, o]§ TAAR, 48
B, BA8E, B4, 2y, FAE, WA,
RAN, L%, EY, 714, AAYH, £7]%
1571%¢) 570 AHBAZ table 40) F3}
o EAH.

a9 8& A4uol2g AMA A2, Ag
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MAIN MENU
1. DATABASE 2. SIMULATION 3. KNOWLEDGE BASE 4. MODEL BASE 6. RETURN DOS
(a) (b) (©)
’ 5. CHOICE
l T ] (O]
1. CARRIER DB 2. PRODUCT DB 3. MATERIAL DB
1. DATA INPUT 2. DATA MOOIFY 3. DATA INQUARY 4. DATA PRINT
() '
1. ORIGINAL SYSTEM 2. MODIFY SYSTEM 3. ADVICE SYSTEM
1
‘ A-'z A3
i. DATA MODIFY 2. MODEL PRINT 3. REPORT
|
[ A-1-3
1. NETWORK 2. CONTROL
WIN WIN WIN
SLAMs SLAM SLAMs
FILE OPEN-LJS/ORIN.SCE FILE OPEN-LJS/ORIN.SCE FILE OPEN-LJS/ORIN . SCE
NETWORK-ORIN.GRN NETWORK-ORIN.CON NETWORK-ORIN.GRN
FILE PRINT
<1§ 6> o Sle{mo|A

59 dHolHE YYg3e deHol=F A
g e T2 dojg. HdM FE
e W-8& 8 production ruled] the}
A A7t #8¥d. I1¥ 9 ART-IIMLeR
24§ Carrier Burden Care 749
production rule9] o]t}

34 AM A7AR X Yt

AAAEE DAY TR dAsTFo A

A AJQEARA Y EFRFHoIG.

1 BH5§L 19 103 2ok AA(copp
er, polyester resin, rubber resin, PE resin,
PVC resin)s- 2.9} Carrier9] trip time, 3]
A7k, YA B X stochastic &8 ¥}

FAFL 600CV, 00EVEE FAo uz}
A 3F/4Y 6FFolth. Fule 39 FF
carter, 4019 28 ¥ 3, 2t)¢ 58 FH<,
34 & Fr 8E FlnFolt AEHIML

SLAMSYS full version(entity 150,000)2 %
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move place I
f I
in-plant out-plant
move distance l I.
I Transportation Truck
l
short long ©
I l
High LTW
|
Agv Industrial Truck
|
(b)
life height
Non lift Low lift <25ft 25-40f >50ft
(6inches) | | |
3 4 5
Load 3) Gy &)
capa. ]
I T ] 2)
<1001b 1000-8000 >8000
Usage fre. surface |
| l 1)
Low Hi smooth rough
g Run dist. |
B: d Elec .cushion-tired !
urden Elevc .pneumatic-tired Tow tractor
€ Short Long(200f)
Elec. Walkie Elec. Walkie /Ride
m €))
surface
smooth rough >30(?0 1b 5000-58000
ICE cushion-tired  Tow tractor Elec .non-loading Platform

low-lift Truck

ICE pneumatic-tired Tow tractor

<218 7> Transportation Carrier Form Selection Tree

low-lift Truck
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(DEFRULE determine-move-plant
"Query if move-plant is in or out"
=2

Printout t "Where move the carrier ?")

Bind ?x (read

ASSERT (SCHEMA Process

{(Moveplant ?x))))
(DEFRULE determine-move-distance
"Query if move-distance is v.short or not v.short)
=>
Printout t "How much run the carrier ?")
Bind ?x (read
ASSERT (SCHEMA Process
{(MoveDistance ?x))))

(DEFRULE determine-lift-height
"Query. if lift-height non or <25ft or <40ft or >50ft

=>

Printout t "How much lift the carrier ?")
Bind ?x (read
ASSERT (SCHEMA Process
(LiftHeight ?x))))

etc.

<18 8> Mu|o[2 QlE{moj29| of

<# 4> 2 Hjoje{ujo|A mel P
(a) ZH|(CARRIER) of|0|ej2 gl

Z =9 | diolejg4 |dlolElol| W & gl 1
CARRNO ] 5 29 & | KEY
NAME 2xiy 15 2%
FUNC BX1y 5 7|l ECixtel
LOADCAP X1y 3 2cg
(b) ®|Z(PRODUCT) ciloEte}l
¥ =49 |dojEld4 dojElglol| W & bl 1
PRODUCTNO| %xit 5 HE HS KEY
PRO-NAME Xy 13 HEY
PACKING X 10 FAYE)
PRICE XY 9 7t
TYPE-TRANS| &£x¥ 10 Fae
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FORM

(DEFRULE rule-name
documentation-string)
salience-declaration
condition}

{action})

EXAMPLE

(DEFRULE_Select-Conveyor .
"Rule for Conveyor selection”

(SCHEM? (MovéPlant lnplanRo

MoveDistance VeryShort))

=>

(ASSERT (Class Conveyor)))

(DEFRULE_Select-AGV
*Rule for Conveyor selection”
{(SCHEMA (MovePlant lr\vrlang
(MoveDistance VeryShoset))

(ASSERT (Class AGV)))
(DEFRULE_Select-Industial truck .
"Rule for Industris| truck selection”
(SCHEMA (MovePlant Inplant)
(MoveDistance long))

(ASSERT (Class Industrial truck)))

-2

=>
ETC

(DEFRULE Burden Car
*Rule for Burden Car"
(SCHEMA (Class IndustrialTruck)
Heiht NonlLift
LoadC Small)
UsageFrequency Low))

(ASSERT (Carrier Burden Car)))

ETC.
<718| 9> ART-IM@& o| &%t production rule 2| of
14408 & Al & ol At @ Step 2. Estimation of Parameter.
® step 3. Kolmogorov-Smirmov Test.
EIARAAZ)Y FEA3) ZAFHEH L ALfAu & (inventory carryi-

( step 1. Estimate Probability Distribution.  ng cost)&} 4% 2} I %) ] &-(transitinvent-
Sample estimate normal or gamma ory carrying cost)& g+ 2v] L (total
distribution. inventory cost)3} A -fH]8-(ownership cost)
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Frequency
5+
*ok ok
o ok %k
4+
dkk k¥
Aok Rk
3+
Ak dokk Kkk kR
dkokok pokok dkkk okoakok
Time (M3
4 56 7

<21&| 11> Real Observed Data Histogram

<E 5> Real Observed Data One Variant

HE GAE 39 $EFUNLY ¢l B
ol wzadT E 7¢ AHN2HAA
£5409 HE 21Uz F1 Fule £7
Bg zAso] AHF Aol

(RUALAE carterd $, 5 HAA 23}
& forks®) £AbolT})

5 WA YLlN go18E AR &
& WA 2BHuI$0 7% HA Uehg
% @49 FEHUEET 150099 A=
A ROl £ uA ot Y Ade
% 89 Jeh} o

No of observation Mean sS.D

Skewness | Kurtosis V.Co

15 5.47 0.56

0.28 -1.45 0.17

<E 6> Result of Kolmogorov-Smirmov Test.

K8 = 0.017810
KSa = 0.658425

Kolmogorov-Smirmov 2-Sample Test (Asymptotic)
D = 0.198712
Prob > KSa = 0.7852

3} =489 v] $(transportation operation c-
ost)€ 3 F-4$uE(total transportation
cost) &2 o] F0}3 FEFul&(total logistics
cost)& lotus 1-2-3& °] &3t 43¢
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Warchouse (copper) |—| Melting Drawing Twisting —] Collection |—»
(First facyory)
Warehouse (coppe! e
archousc (copper) Warehouse(PE,PVC)
Insulting Taping Coating [—P} Inspection —»
Warehouse (copper)  |—-
Warehouse Customer
Warehouse Fumace [ Material, product flow inventory

<2 10> Logistics flow from the raw material to the finished goods

<# 7> Alternatives of fleet planning in the current system

Al i [Total cost(1000/Won)[Total delivery rate(36)
Alternative 1(3.4) 597.997

ternative 2(2.4)* 4,682,791 8
Alternative 3(1.4) 670.262 99,10
Alternative 4(3.3) 4,348 B.3(X)

ve 5(35) 733.202 90,8
Alternative 6(4.4) 211623 08
ZAoltk) et 454904 B&E A N. &%

712 & HHoAM FERYE] HANA.

ot A A2YR 800240 Hor i
4¥ A2gut 200840 BFEG <E
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<E 8 The Solutions on the Alternative 2 Cost

Total Logi. Cost : 468,279

Total Delivery Rate :

(10,000 Won)
99.8%

Total Tran. Cost

Carrier-Name TC FC ( De., Sa., Tax ) VC ( Fuel , Rep. )

91,446 Cart 1 1642 1642 ( 22 1620 ) ( )
Cart 2 1642 1642 ( 22 1620 ) ( )
Fork 1 6853 5135 (320 4800  15) 1718 (1684 34 )
Fork 2 6850 5145 (330 4800  15) 1705 (1671 34 )
Fork 3 6869 5145 (330 4800  15) 1724 (1690 34 )
Fork 4 6915 5147 (332 4800  15) 1768 (1734 34 )
Crane 1 7232 5312 (789 4500  23) 1920 (1840 80 )
Crane 2 7293 5339 (814 4500  25) 1954 (1920 34 )
Truck 46150 (Rent)

In-transit carrying cost

Total Inven. Cost Inven.-Name TC Material - Part (Draw , Twist, —) Finish

376,833 Copper 54024 13623 40401 (18451 21950 )
PE 1125 1125 ( -)
PVC 733 734 ( -)
Product 1 62862 47582 ( 12450 -) 15280
Product 2 55141 41250 ( 10256 -) 13891
Product 3 34796 25451 ( 6545 ) 9345
Product 4 59636 45369 ( 12511 -) 14267
Product 5 52847 40257 ( 9452 -) 12590
Product 6 45669 35435 ( 8500 -) 10234

98 % Product 1 100.0 %
Product 2 100.0 %
Product 3 P95 %
Product 4 1000 %
Product 5 100.0 %
Product 6 994 %

Aver. Delivery Rate Product-Name Delivery-Rate

Rep : Repair Cost

TC:Total Cost, FC:Fixed Cost, De:Depreciation, Sa: Salary VC:Variable Cost

g e gt = AFHE YA
ZAAQN2H LR I FEELLE HY
&3 #(solution)& =&3dc HP& 7HAE
FPE Z2EEQE FEIUGT. Hz=
in-out boundg FH3t ERTE Zd F
Fo H&4AU F4 L f3 EF(Tree)¥4 9
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23, g3, AY(ZHE) 59 A7 94
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<E 9> Results of fleet planning in constructive approach

Alternative Total cost(1000/Won) | Total delivery rate(%)
Alternative 1(55) 4,721,229 99.8
Alternative 2(45) 4673423 99.8
Alternative 3(35) 4,642,251 99.4(X)
Alternative 4(54)* 4,659,801 99.8
Alternative 5(5,3) 4,619,293 99.5(X)
Alternative 6(4,4) 4,623,073 99.6(X)

<3 10> Summary of Two Approaches (1000/WON)

Bench Marking |Constructive| Difference of
Approach Approach |both Approaches
Current System 4,697,992

Carrier Nt{mber 4,682,791 4,659,801 22,990
Selection

34 RA doz FEAEY AL dol  gasg ogd Hevde A A9
Hujo]29 &3 RE 29 Hoj29 AL Fuz ARF orid A Bedtm
Fol U A&$AHA AF7 2BHY BT Aggd.

ASAAZY WEA LEZd ol Fhgel
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