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Invention of the consignment flow route and the
modes seleclion will be useful for the network
design, the third parties selection, and delivery
monitoring and tracking, particularly by
integrating it to lhe Geographical Information
System. This inbrmation is especially suitable
for a multifaceted archipelago and wide-area
country such as Indonesia.
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Unlil .ecently public postal service
ope.ational in Indonesia has many typical
handicaps rega.ding to the widerEss ot lhe
nation of about 1.9 million souare mibs and the
lacking of the transportation facilily at numerous
remote areas in the 18,108 islands. Although
lhe service has daimed to have 31,086 service
points and roughly 28,000 personnel that are
distributed at alrpst entire the country, in the
reality one has only 1,975 units of longFdistance
road transport (bucks, buses, ca6. and boats)
which are insutrrcbnt in relation to lf|e coverage
area (PT. Pos Indonesia, 2001). The condition
influences the fumllment of deliv€ry time
standard of pdal consignment as a major
measure for tl|e customer satisfacibo. Until
today many qlslomers have complained
concerning lateness o( even, unacce!f,ed of the
consignment, *ilfch might not cornb.table to
lhe public poslal instilution related to the
competition withofr|er private sewic&-

The postal service, moreoveq neAds
cooperalion wi0! pdvate airlines, nraitime, and
road transport companies to $pport the
lransportation orodes. The involvement forms
anclude liberated transporting, cookacts of
baggage pack€( or truck shipments- tlowever,
there are turfiEr problems on additional
transDortaiion ccl and time of whi$ the third
Darties to be follo$,ed.

This contribution of lhird parties could be viewed
as managed resources by the postal service.
Hence, it is possible and necessary lo optimize
the uses of the transoodation modes in such to
lulfill the time standard and to minimize the total
transportation cost. However, this study
approaches it with a cosl minimization
(Jablonsky. J., Lauber, J., 1999) with time
restriction (Bartels, H-G.,2003 and Ohse, D.,
1996) which is applied to multi transportation
mooes.

2. Governing the Optimizalion Procedute
2.1Scopes
Since 1987. the operational of Indonesian
postal service had been following a network
based on the concepl of Postal Pocessing
Center (PPC) (Post a.rd Giro Public Enterprise
Center Office, 1993). lt is a main oflice
coveringa region sucfi a province which laying
Main Postal Offices (MPOS) and secondary
network (Figure 1). A PPC has tasks of
collecling the consignment supplies from
sender MPOs, then processing and transporting
the postal consignrneni in the inter region
(pdmary or backbone) network, and finally
delivering the postaldemands to the destination
MPO.

An optimizalion procedure wih constrainls of
time and cost was applied to the postal delivery
service in Indonesia involving lhird parlies ot
transportation modes by using Triple Algorithm
and Minimum Cost Network Flow Problem
methods. Although it is neverlheless the initial
stage, the optimizalion has showed its capability
to satisfy the delivery lime standard and to
reduce the transportalion cost simultaneously.
The procedure has given a large impact on the
cost effectiveness ot 46.8% in this study by
optimizing the choic€s of lhe transportalion
routes and the third oarties involved.
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Figre l. PoslslDoliYcry System in lndonesia
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In lhe primary network PPC5 will manage the
transport of the postalincoming and outgoing by
their own truc*s and/or by exchanging the
consignments with the private's transporlation
modes, i.e., airplanes, ships, and/or trucks. The
exchanges are done thtough the Postal
Exchange Ofiice (PEO) at airports, harbors,
and/or truck lerminals, respectively (Figure 2).
The tasks should considet the work schedules,
however ones does nol be included in ihe study.

This investigation tocuses on the transportation
process held among six PPCS in Java and
Kalimantan lslands (Surabaya, Yogyakarta,
Jakarta, Balikpapan, Banjarmasin, and
Pontianak) that now become major concern of
improvement ot the service operational(Pl Pos
Indonesia,2001: PT. Pos Indonesia, 2002). The
PPCS serve notably potential needs of postal
seMce as many govemment, business, and
household activilies. Optimization will selecl
which modes and routes are optimally suitable
fortransporting poslal consignments

2.2.Time Restriclion
As complexity of the model it is now decided not
to combine delivery time with cost in the
objective function diteclly (Jablonsky, J.,
Lauber, J., 1999). The iime restriction reters to
the delivery time standard which must be
estimated prior lo the cost optimization

procedure. The standard could be modeled as
the minimum travel t ime which can be
calculated over all nodes simultaneously us;na
Triple Algorithm (Bartels, H.G., 2003 and Ohse:
D.. 1996) :

7,, = nrirr (/,,. t,r I /, , ) lor rl l  I ard J. but

U  l i a d  U i , 1  ( l )

where I,/ is the delivery time standard ol the
rou te  f rom node- i  to  node- j ,T , ,  and
l,r' + lri expresses the maximum travel

time of direct and indirect (i-e., through
transshipment node-U ) routes, respectively.
The maximum travel time is calculated among
the available transportation rnodes (t,,, as
follows:

t , ,  = nra\r (r, /) for all i-i and I (2)

where t,,, is the travel time ot- a transportation
mode]ofthe route. Thetimestandard is then, in
return, used for assessing the iravel times in
order to decide the possibilities of ihe mode-l to
transport the consignment in lhe roule. These
possibilities willbe evaluated again by using th€
cost minimization.
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2.3 Cost Minimblion
The optimizatin applies an adjusled Minimum
Cosi Netv{o* Fbw Problem (WirEton, W.L.,
1991) which aho appears as specific cases
such as Assign|ent, TransshiptrEr{, Shortest
Path, Maximum Flo\rv, and Critical Path Method
(Bartels, H.G.,2003 and Ohse, D., 1996). This
melhod reoresents the PPCS 6 six nodes
laying in a netf,oft system whereas lhe inbound
Dostal oltices a(i as an environrnenl. A node
plays as a sender in case of putting

. mnsignment srpplies into the sFtem, while
one Derbrns as a destination in situation ot
sinking consigntnent demands out In case of
overall incoming lo a node (say, Node-D), the
others acts as sendeE and iransshipments at
once. The pmbbrn can, hence, be viewed as six
cases.

An objective function executes the overall
transportation cost minimization aslollows:

! 6 6 6

minimize !!l )crurun (3)
'  l= l  Fr  i= l  t= l

subject to the bdafrs of consignmeflt flow at a
node as follows:

for all D (4)

forall i but

l 6
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IItro =11r,,., +s,,
t= l  J= t  l ' l  J=r

FD=k (5)

where: xr*/ is ihe postal consignmet{ variable
(e.g., ton) to be tE{sported through the route of
node-i io node-i to be ended at node-* by using
transportalion rnode{, crs is ihe unfr cosl of lhe
transportation whii is assumed b depend
merely on the consignment $/"&ht (e-9.'
Euro/ton), d,p and so are postaldemand and
supply iiom nodei to node-D, respedively.

!n addilion, it is assumed thal tlEre is no
,')utgoing from Node-O and no internal transport
in all nodes. lt is also supposed [|at transport

' cost of away is sarne as one of retum direclion.' 
The olheF are nqH|egativs varialb, and no
costs of exchang€s and non operalbnal. The
general programming sofrware ot Ma0ab
applies this procedte (Lindfield. G., Penny, J '
1995) with key tunclixr of Linprog.

li.n$orlh'r nlu'| {a tdrDr) n.horl

. l t 'o0- tom tr .oo,rr .00

f€urc 2 htnciplc olnntqxturc thcPrima n,r\r'ork dnd $1)rlsdcdulc ol'lhc l'l'C
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3. Resullsand Discussion

The basic data esseniially include direct travel
trme, unit cost of each transportation mode,
destination-specified postal supplies lrom each
sender PPC, and the delivery time standard of
each route. This study, however, applied

the assumed growth level of developmenl and
poputation {Table 2). Some data were ad.justel
as the impossibi l i ty of access, in parl icular, a
roure oelween lhe tslands and the road at
Kalimantan lsland.

The time standa.ds were calculaled accorotngsynthetic data as a test of the Drocedures but
were attempted to be as realistic as possible
(Post and ciro Public Enterprise Center Office,
1993, Postal Enterprise Region lX Kalimantran,
2002, PT. Pos Indonesia, 2001 ). Both travel
tame and unit cost data were supposed to be
derived linearly from the directdistance ot each
route based on the geographicalmap (Table t).
The travel times were designed by assuming the
average velocities ofairplane, ship, and lruck of
400,30, and 50 km/h, respectively. The unit
costs of airplane, ship, and buck cargos were
modeled by € 1.0, 0.6 and 0.3 per lon for each
km, correspondingly. The posial supply data
were setaccording lo

Tablc I  CeoSrrnhrald is tance of  PP( s (km'

3Jt' . t .Bt t ,

l.sh t )1. : iut 6:0 | 9t[] I. l tx.rrs50(
. I i r :s(' ( 0 ( -t-j otl:) ( s io0- i 0 (

3Jk :i.i4' 1 3-_i ()n :.io ( s5o ilj 650 t
t .Bt 'n )rr' C 0()l1cI :50 f t ) f 5(r., i s $ r
5Bp ltr l  ( sio ( 8J, u 5(n ( fr tl rili f

3_5() ( -50 r 6ir 0 35(J ( (11_i r 0 r

Table 3.Maximum direcl trayel time (hours)

/.St4 ] ! ' 3JbllApt,li.B Dl6hl
/..$br' 0 (,0 i uc .6?130.ft IJ.J3I2&JI
L l:sr -s (r0 0t{ .-s( i 5 t t 3 3 t s t
3.Jln tt-61 0.u)lJt-5i 28.J3t21.6:
1-Btnl oot r6.6712&Ji
iBp l 3 t 16,61 (' 00t20.8
5P* l s s11.672&3120.8300 t

roules. excepl the roules connecting lo ppc

,y:gyaKaT.as lhere was no harbor (Tabte 3).
Ftowever,.tt ts necessary lo adjus he exkemei
vatues with an allowable time limit to open the;
possibility tor .transporting by lhe ship mode.
I ne Ilme mtt ts chosen as .14 hours accordina
to the time avaitability between fi^,o phases o"f
the work schedule ofPpCs. As a result, the time
standards (Table 4) can accommodate the
choices of the lhree transportation modes
alternatives

time by ship
to (1) and (2). Due to presumption. direct kavel
trme by shrp reached maximum at alm6.r .nmaxamum at almost all

' I  
h lc :  l ,osralsuf t t \  drrJ ( ron)

l . l  pr 3..1L'l 5.Ptn'16.h*.
5t l ! 50 r. 5r.r l ,ir.r ( 5li I

l . )  t r I 0r) r- o 0 (t) I. l {N) r l I l.[r ( A) (
3..rk I ir:) ( l 5 r ' ( (r rl l -io ( l -v,( J r .
l .Ryn l t 5 ( r:5 ( t :5  ( :s(^
5.R1tt 100 .l r n  ( l i r ) t 0 ( l({r a
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Aiming to investigate its effediveness, the cost optimization was simulated in four scenarios thatdescribed lhe conditions ofdirect transport (no optimization), transport using single node, and multimodes without and with the tirne restriction.

Results of overall incoming case lo PPC
Surabaya and PPC Balikpapan wil l be
explained (Figure 3 and 4). The single mode
scenario showed that there are indirect
transports lo Surabaya through Yogyakarla and
Banjarmasin as well as to Balikpapan through
Banjarmasin in o.der to reduce theolet'allcosts.
The indirect transport was more frcquently in
scenario of multi transportalion modes.
especially through lhe two transshipment-acted
PPCS. In case of incrming to PPC Srrabaya, it
was cheaper to ffow the consigrrnent using
truck transport along the routes in tf,o islands.
The time restriction causes changeofthe direct
ship transportalion of postal supply from
Pontianak into the indirect routes of shio
transport through Jakarta followed by truck
transport through Yogyakarta.

The similar patlem was also performed in the
incoming case to Balikpapan. lt is cheaper to
transport the consignrnent through Surabaya as
transshipment from Java lsland, meanwhile
consignments from Po.tianak and Banjarmasrn
were directly kanspoded by ship and truck,
respectively. The tirE reskiction caused the
consignments from Pontianak was firstly sent
lhrough Banjarmasin. In ,this case, PPC
Banjarmasin becanE hansshipmenl lrom all
other nodes which xould be senl to PPC
Ealikpapan.
It is essential to assess capability of the
optimization by measure its etfectiveness tor
reducing the overall6t regarding to the direct
transportation cost (in lhis study. € 2,145,625).
The choice of single airplane mode reduced the
overall cost ot only € 5,000 or 0.23%. The
optimization was flxre effective for the multi
modes situation whidr had largely reduced the
cost of € '1.015.000 or 47.3%. This result was
comparable to the lo{r|ess of the unit cost of
truck and ship cargo 6 alternatives. The time
restriction just affec{ed similar to the previous ot
only€ 1,003,562.500146-8%.

Figure 3.a, b. c. (bnsignmcnt flo\\s ofthe incoming case to PPC Surabalrby usirg single airplane rmde and
rmlti rrcdes Rilhout and *ith tirE restnction (red, bluc and Breen lines show the rcutes of airplane, ship md
truch respecliveb)
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|iguru 4.0, b, c. Ltm\iSnh-nl ll'$s ol llL. iDq'ning casc l(' l,l,C Balik|Hp{n by lNurg singlc airplanc nrrdc an-rl
nxrlti nrrd$ wilhoul and with tinrj r$rristron (rud, bluc and gn-cn lincs shrrv thc rourcs ol anplirnc, ship and
lrucli. rcsnoclivch)

4. Conclusions network could be integrated to one of the
secondary (e.9., Putro, 2000)-

Although it is nevertheless in ihe initial stage,
the multitransportation-modes oplimization
has showed its capability to satisfy the delivery
time standard and lo redue lhe transDortation
cosl simultaneously. The procedure has given a
la.ge impact on the cost 6ffediveness of46.8%
in this study by optlmizing the choices of lhe
transportation routes and the third parties
involved. Invention of the consignment flow
route and the mode seledion are useful lor
network design, thkd partbs selection, and
delivery monitoring and tracking by integrating it
to the Geographical Information System as
performed by Deulsche P6t AG (Engelhard,
G., et.al., 1998iGriinert, T., etal., 1999).

The future research will be directed to the
multiple-objective optimization (Keeney, R.L.
and H. Raiffa., 1976)which m'rght be suitable for
multiple aspects to be considered such as travel
time, cost, and work and third parties'
schedules. The develooment includes use of
lhe real data, analysis of the model sensitivity,
additional nodes, networks, and third parties,
considering the probabilistic postal supply, and
mode capacity. Optimization of the primary
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A Multi-TransDodation-Modes...
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