
Conclusions and Further Research 

(j.I Conclusions 

\Vc propose a· robust snpply chain design using an illtegrated hier
archical planning approach. '"['his hierarchica.l plannillg approach is 
adopted been.use rnost supply chains rnake their decisions ba .. sed on 
Lll(; natural hierarchy existing within their Hlanagerial :systerns. 'rhere 
n.H-~ typica.lly three levels of planning in a supply chain: strateg"ic) 
tactical rUld operationaJ levels. It is thcre-forc necessa.ry to translate 
plans frorn the strategic level into the ta,cticaJ level) and hOln the tac
Lien,} levc:l into the operationa.l level while maintaining a. prescribed 
oe)'vice leveL This PhD work attempts to explore and develop new 
approa-c.hcn in integrating the various plans in snpply chains in order 
to n,"olve the complex is""" of uncertainty inherent in t.hese onpply 
chains. 

Three nlOdels aTe fornmlated -one for each lcvel- addressing: prob
lems that lllost cornn10nly occur ill a ~upply chElin. At the strategic 
level, the safety stock placement problem is formulated for a capac
itated supply chain. The effect. of capacity limitation i::; to increase 
the quantity of required safety stock by a certain correction factor. 
Even when the net replenislul1ent titne is non positive) iJ. capacitated 
stage must place safety stocks in order to maintain the prescribed ser
vice leveL At the tact.icallevel, t.he aggregate produdion planning is 
formulated addressing two types of uncertainty: demand and capac
ity uncertainty. SOlne capacity cushion levels a.re used to deal with 
denland uncertainty and a preventive rnaintenance planning is used 
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to dea.l with capacity uncertainty. We propose a genera.1 preventive 
Hmintenance poliey where l11aintenance periods do not necessarily fall 
at c~qua.lly distant epochs. At the operational level) a family produc
tion is disaggrega.ted into finished products taking int.o aCCo11nt lna,

chine breakdowns. The operatioJlallevcl pla.nning) airns at producing 
t.he planned production decided at the ta.ctical level as acclIra,t,c;l:y as 
possible, in addition to syncilrolli'l,iIlg product.ion across the produc
tion line. In Slllllma.ry) \VC attempt to solve one of the most important 
problCll1s in a supply chain, nantely IneetiJlg UlH_:ertain dema,lld llsiJlg 
a. HHi.chincry \vhich is subject to f'<l.ilures. 

Considering the results from each planning level, an integrated 
hierarchica.l approa.ch is proposed in this research. Two phases of 
integration are considered: [1] the int.egration of strategic and tactical 
level pla,nning and [2J the integration between tactical and operationa.J 
level planning. 

This collection of models can serve as a" basis for further elabo
rated models to solve rno!'c cornplex problerns in a supply chaill, 1 t is 
worth noting that the complexity ill a supply chain is partly reduced 
by the use of safety stock at the strakgic level, the formulation of 
illvent.ory movernent consLraillts at the tactical level a,nd tile fonnll
lation of rllllOliL deviations at the operational leveL At the strategic 
level) the gU<JJ'anteed service time of <.'I., stage (along with the safeLy 
stock) decouples it frorn other stages in the supply chain which al
lows it to generate its own tactical plan. At the tactical level, the 
inventory 1ll0Venlellt constraint.s also decouple a rna-chine from oth
ers in the production line. Finally) the fornllllatioll of rtlllOut devi
a.tions sYllchronizes the production of fillished products across the 
production line evell though the pla.llllillg is executed independelltly 
for each rnachille. At the tacticaJ level~ pa.rtitiol1s of planning hori
zon for both dema.nd realization a,nd preventive tna.iutenallce action:') 
aTe used. Such partitions bring about a. deterministic fonnulatioll 
while maintaining the prescribed service leveL The computational 
conlplexity of Buch 1j, robust. determiuistic fOl'lnulatioll st.ays within a 
reasonable anloullt of tirnc a.nd space. 

We have tested these models at the str<ltegic) tact.ica.l and oper
ationa.} levels llsing some test sets w hieh are designed to reflect rea.l 
problerIls. Beca,l1se we W(Ult to put ernphasizes on understa.nding un
certainty at a.ll lnveb ill a supply chain, we evaluate the llwdcb llsing 
small si,e test sets. Our findings suggest that this proposed hierarchi
cal planning approach is prOInising, pa.rticularly when dealing with 
uncertainty and complexity issues in the supply chain. 
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6.2 Further research 

Further resea.rch rnay be directed towa-rds the evaJuation of thiH hier
archical planning approach on large scale problems. Such [Ul evalua
tion will probably provide a good asseflSll1cnt for the real irnplmncn
tation of the approach in a supply chain. 

It is also necPBsary to investigat<-~ th(~ integration of transporta
tion in this approach because transportation is rt critical factor in 
supply cha.ins. T\.dorcover, it general structure for supply chujns is an 
irnportant issue aud it needs to be address(;d a_ccordillgly. Although 
Lhe safety- stock pla.cernent. problem in a general network has heen 
studied by Graves aJ1(i WiJJcllls (:WlJU) and Lesnaia et al. (2004), Clj.

pf.'lcity limitation issues have not been Etdequately addresf:lcd in Lhe 
literature_ We believe that some of our findings can be extended into 
a gencral11ebvork safety stock plan-!I1lcuL vlublern (i.e, the correction 
factors needed to adjust th(~ arnount. of safety stock in a capacitat.e.d 
stage). An tlllalyt.icaJ study of the correction fa.ctor or a. sinll.tiatioll 
study for allY value of stock out probability n, would be very valuable 
for practical reasons. 

Ii'uture research should also be directed l,o\vards the investigation 
of a 'safety) capl:'lcity strategy which deals with the progressive dcLe
riora,tion of machines. \Ve believe that-. 'saf(~t.y' capa.city will be ahle 
to darnpen sorne uf t.he va..riability of rnnchinc! ca.paciLy at the tactica.l 
l{~vel. lib1' this reaSOll J we need to further st.udy the capadt.y cllshion 
levels IIp(~ded at the tact,ica.l level [.;0 that the reaJization of llHlchinn 
brea,kdowns can be resolved efficiently at the operational level. The 
relationship betweell this 'safety' ca.pl:lcity a.1HI the capa.city cllshi()11 
levels for dcmaud U11cerLaillLy a.lso needs to ,-){.~ t:xaJJlilled. \V(; believe 
that there is a ~hared risk bet\vecn delll<llld IIllcertainty and llw.chine 
uncerta.int.y that call bt~ dca.lL \vith 'safnt:i capacity or sYf:ltelll slack 
(see also \~.lc_·~bsL! __ ~r, :.20(8). Such rl'":sf:nYch will lead to new ways of re
solving ot.her typf':-) of uncertainty. 'l'hc dcvclopIrl(:~nt of new rnodels 
that include other sonrces of uncertainty, snch as supply lead tirnes, 
delivery lead times and quality uncert.a.inty can advance the study 
on uncertajnty in supply chains as well as practical values for supply 
chain practitioner:c;. 
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