A NEW FRAMEWORK FOR SUPPLY CHAIN MANAGEM ENT:

REVIEW, CONCEPTS AND EXAMPLES

Eleftherios T. Ia ko vou

Asso ciate Professor, Department of Industrial Engineerin g

Director, Perry Ellis Interna tio nal Log istics Resea rch Institute

University of Miami, Co ra l Gables , FL, USA

Phone: +(30 5) 284 - 239 1, eiakovou@mia mi.ed u

Ab stract

Ma nufacturin ga nddistribu tionsystemshaveexperiencedradicalcha ngesdu ringth ela st ten years within a very co mpetitive environment with co ntinu ously shorter life cycles an d amazingly increasing n umber and variety of products ra ngin g fro m app arel and to ys to computers. Th e decision - making models used mo st often b y industry and p reached by academia have been p roven inad equ ate to most of th e reta ili ng and manufacturing environments tha t we studied.

In this pa per, we first summarize the un iqu e challenges of sup ply chain ma nagemen t for manu factu rers and retailers, present cu rrent realities a nd then review past efforts. We demonstra te why th e classica l inventory and distrib ution manag ement para digms used in th e p ast a re inadequa te for a ddressing the new realities, by examining th eir basic assumptio ns. We further documen t the strateg ic role o f varia bility in su ch en viro nmen ts and present briefly a case stu dy from th e ma ppin g of the supp ly cha in o f a U.S. - based in ternationa l app arel designer a nd marketer. Subsequently, we present best pra ctices and discuss the enh anced role of in formatio n flow and information tech nolo gy. Fin ally, we outline the need for a new sup ply cha in framework b y iden tifying the uniq ue challen ges and op portu nities that exist for both aca demia and industry.

Keywo rds : supp ly ch ain management, inv entory man agement, lean retailing, apparel man ufacturin g

A. Introduction

Manag ing a supp ly chain su pply involves in ven tory man agement, material h and lin g, wareho using ,distributionandtranspo rtationwhileinterfacingclosely withmanufacturing and marketing. Logistics su pply chains arise in a plethora o f go vernmental and co rporate environmen t s includ ing among others, manu factu ring and retail firms, fo od prod ucers and distribu tors, transportatio n carriers, the military and serv ice co mp anies.

The role of sup ply ch ain manag emen t has changed d ramatically froma back office supp ort function to a strategically important core issue and a source of competitive advantage within the glob al, electronic economy . This chan ge is due to th e following:

- Hig h costs of operating su pply chains . Lo gistics costs for the U.S. private secto r in

199 3 acco unted for 6 70 billio n dollars (roughly 11% of th e U.S. GDP). As it has beco me clear in recen t y ears that many companies h ave reduced unit manufacturing costs as much as practically p ossible, man y of these compan ies are discoverin g th e mag nitude of savin gs that they c an achieve by planning and manag ing their su pply chains more effectively (a striking example, is the success of Wal - Mart´s cro ss - docking log istics strategy ).

- Deregulation .Rail,truckin g and airtran sp ortation in theU.S.haveb een shiftin gfrom highly reg ulatedtoincreasin gly op enmarketindu stries,thusad ding totheco mp lexity of lo gistics choices and co sts.

- The emergen ce of g lob al markets . As the marketp lace becomes increasing ly g lobal moving g oods fromorigin to destinatio n on a global scale is logist ically challenging in volving a large number o f complex link s, v ary ing costs (unit manufacturing costs, taxes, currency fluctu ation s) and intermodal transportation. Further, communications in frastructu re in some countries, is not sophisticated en ough to sup port the reliab le flow of info rmation throug hout the sup ply chain.

- Cu stomer service . In the new demanding mark et env iron ments sup ply chains must deliver products promptly , con sistently , and accurately while adjusting quickly in chan ging market patterns (es pecially , sin ce in these markets the life cy cles of pro ducts are constan tly reduced and just in time, flexible pro ductio n is essen tial for corporate success). Customers really demand to h ave th e right prod uct, at the rig ht quality , at the righ t price, firs t time, o n time, at th e right place; else, thay have the optio n to go somewhere else.

- Techno log y . Dramatic recent ad van ces in techno log y have affected sign ificantly lo gistics o peration s (e.g., au tomated bar cod e trackin g of equipment, computerized decisio n su pport sy stems). Furthermore, the proliferatio n of e - commerce impacts sev erely retail and b usiness - to - business supp ly chains world wide. Electron ic commerce must be su pported by a reliable and effective produ ct deliv ery sy stemin ord er to maintain its ap peal and continu e its phenomen al growth. Creating new distribution en viro nments catering to th e needs o f e - tailers is critical an d challenging while it is not a case of one - size - fits - all.

Within this en viro nment, the necessity of man aging in ven tories eff iciently is critical.

However, desp ite the d ramatic changes that h ave o ccurred in manufacturing, wareho using and distribu tion th e basic app roaches practiced by indu stry and taug ht in academia today ap pear to have serio us flaws. The classical paradig mo f ac ademic research and co rresp onding teaching has been misgu ided.

In th is p aper, we begin b y summarizing the unique challenges o f sup ply chain man agement first for manufacturers an d then specifically for retailers, present curren t realities and review p ast efforts; we draw parallelisms between manufacturing and retailing throu ghoutthemanuscrip t.Wethendemon stratewh y theclassicalinventory and distribution manag emen t parad igms used in the past are inadequ ate fo r add ressin g the new realities, by examinin g their b asic assu mptio ns. We further document the strategic role of variability in such environments, we present best practices and discuss the enhanced ro le of information flow and info rmation tech nolo gy . We also present briefly some of the co re issues t hat we h ave been facing d uring ou r involvement with an in ternational U.S. b ased apparel designer and mark eter. Finally , we ou tline the need fo r a new sup ply ch ain framewo rk by identify ing the un iqu e challen ges and op portunities that exist fo r b oth academia and industry , wh ile further discu ssing future tren ds.

B. Inv entory and Supply Chain Management: Background

The first mathematically based metho ds for controlling in ven tories developed at the begin nin g of th e centu ry fo cused o n the tradeoff between fix ed o rder cost and in ven tory carry ing costs. These efforts led to the dev elopmen t o f th e well - kno wn econ omic order quantity (EOQ) model that remains quite p revalent in ind ustry today as th e basis for man y production planning and invento ry control decision sup port sy stems. The next wave of research efforts b egan in the 1 950s and modeled stochasticity in the d emand pro cess. Fu ndamental contributio ns on th is arena in clude: (i) proof of optimality o f (s,S) policies (Dv oretzky et al., 195 3), (ii) formu latio n o f the basic prop erties of multi - echelo n sy stems (Bessler and Vein ottt, 1 966, Clark an d Scarf1960),(iii) develop ment o fmultiple items mo dels with reso urce co nstraints (Hadley and Wh itin, 1 963) and (iv) dev elopmen t and implementation of multi - item, multi - eche lo n models (Muckstadt 1973 , Cohen et al.,

198 6, 19 88, 1 989, and specifically fo r repairable items Sherb rook , 1968 ).

In add ition, the manu factu ring in dustry adopted materials requirements p lanning (MRP) as an integ rated framework for purchasing, productio n and inv entory con tro l. Advances in information technology fu rther facilitated the implementatio n of such mod els. U.S.

man ufacturin g firms h ave sh own a rap idly growing interest in commercial en terprise resource planning (ERP) pro ducts (su ch as e.g., SAP a nd Oracle) that are IT - based sy nchron ized MRP ^push~ sy stems. This tren d started in th e early 19 90s as companies lo oked to coord inate and standardize data transactio ns pertain ing to plan ning , inv entory , in formatio n and cash flow. However, in sp ite the su rg e of ERP p roducts the reports on th eir performance are mixed so far. Lead ing supply chain software ven dors like i2

Technologies, Mangu istics, Chesapeake (acquired recently b y Aspen Tech nolo gies), and

Red Pep per (acquired by PeopleSo ft) have made available pro ducts that integrate optimization mod eling , heu ristics (often very simp listic o nes), computer an d netwo rking hardware, and d atabase d esign. Specifecally , in th e manufacturing sector, since the late

197 0s, there h as been a fo cus in imp lementing just - in - t ime manu factu ring co ncepts for improving efficiency . KANBAN sy stems (and their more sophisticated hy b rids) are in formatio n manag emen t sy stems that can be u sed for inventory rep lenishment an d their usage h as generally led to improved resp onsiv eness, reduced cy cle times, an d reduced waste.

While such improvements have resulted in b etter management of inventories, still the scien ce of inv entory manag emen t remain s incapable of ad dressing satisfactorily many practical real wo rld en vironmen ts. To o much inventory exists wasting b illio ns of dollars in in vestments an d holding costs annu ally . Demand goes often unsatisfied for lo ng perio dso ftimeforcriticalcomp onentsbecauseoftheun availab ility o fthep roperamoun t of in ven tory .

Many dramatic changes hav e occu r red in the last decade that ex acerb ated the n eed of even more sophisticated and respon sive to th e n eeds of the industry invento ry man agement. As cu stomers started demand ing better q uality and service, manufacturers began recognizing that their man ufacturin g an d distribution po licies were inefficient, exhib iting long cy cletimes,largelo tsizes,lowy ield,leng thy andvery unpredictablelead times. Furth er, the length of time between placing an order and its d ue d ate has b een decreasing d ramatically . Custo m ers often expect same day serv ice and even when they are willing or they hav e to wait they ex pect to be q uoted with accurate delivery lead times. In add ition, the variety of p roducts and part numbers that are requested h as in creased wh ile at the same time th e life cy cle of the p roducts has sh ortened. Th ese last two tren ds have placed enormou s pressure on supp ly ch ains; companies that canno t meet th ese challeng es will face tremendo us difficulties with in th e confines of the new econ omy . Indicatively , Singh al and Hend ricks ( ORMS Today , 20 01, pp . 21 - 24) after searchin g fo r articles in the Wa ll Street Jou rnal and Dow Jones News Service from1989 to 19 98 for news of supply chain problems, report that wh en a compan y anno unces supp ly chain malfunctions (such as part sh ortages, changes requested b y custo mers, new pro duct ramp /rollo uts, produ ction , development and qu ality problems) its stock priced tu mb les nearly 9 percent and losses can be as great as 20 percent over six months

(leadin g to an average redu ction of shar ehold er wealth by $120 million or more per compan y ).

Such mark et demand tren ds have changed forever th e way that retailers and their man ufacturers/suppliers man age th eir supply chains. Using stan dard performance measures such as invento ry turns, it is ev id ent that th e way retailers manage th eir in ven tories lags beh ind other sectors, such as manufacturing. Ho wever, it is also true that retailers hav e to face uniq ue ch allenges an d complexities. For example, retailers h ave to maintain stock at many geographi cally disp ersed areas and fu rth er they need to man age a very large number (often in the order of several h undred tho usand ) o f SKUs (stock keep ing units). Un til recen tly , demand rates at the store level were rep orted only in aggregate fo rmwith sign ificant delay s and inaccu racies.

Abernathy et al. (20 00) describ e h ow information techno logies hav e changed the nature of retailin g and mo re specifically , the op eration of a co re US manu factu ring indu stry , apparel. Ad van ces in info rmation techn olog y allo w now ret ailers to ex change po int - of - sales (POS) data with their suppliers and accordin gly req uire manufacturers to replenish ord ers much faster than trad itionally . Apparel manu factu rers can not affo rd to fill retail ord ers in mo nths an d hence, they cann ot afford to make decisions solely based on cheap labor. In stead, manufacturers have to reshap e their pro ductio n planning metho ds, their in ven tory practices and sou rcing p olicies. The set o f th ese new practices comprises the secto r´s respo nse to the n ew mark et challen ges b y ado pting some of the fu ndamental approach es undertaken b y the rest of the manufacturing field and is k nown as lean retailin g (Abernathy et al., 1999).

The introduction of the Quick Respon se initiative in 1 995 by the Crafted with Pride in th e U.S.A . Council epitomizes th e efforts of th e U.S. textile and ap parel manufacturers to in crease their competitiveness, under the paradigmo flean retailing (Hammo nd,1 992). In a nutshell, Quick Respo nse is a strategy for ty ing app arel and textile retailing o per atio ns to apparel and textile manu facturing op erations, in o rder to provide the flexibility needed to respond qu ickly to shifting demand patterns. The strategy is comprised of a combination ofbu sinesspracticesand tech nolo gy sothatdomesticmanu factu rer sprovide more suitable p roducts, higher customer service lev els, and shorter lead times than tho se offered by lower - priced fo reign competitors. Quick Respon se aims to reduce inv entory levels, increase inventory turn s, and av oid forced markdown s an d stock o uts.

Implemen tation o f a Qu ick Response p rogramrequires n umero us org anizational and technological chan ges in th e way s th at textile, apparel, and retail firms do bu siness. A

Quick Response strategy inv olv es three steps: (i) co nsumer testing to n arro w p rodu ct selections to the right p roducts for the right markets; (ii) implementing an effective in formatio n pipeline; an d (iii) instituting short - cy cle replenish ment. Under this parad igm a number of techno logies are necessary to supp ort the required improv ed lo gistics operations including o rdering , manufacturing and distributing of apparel products. Such technologies include among oth ers: electronic data in terch ang e (EDI) an d data pro cessing, ship ping container marking (SCM), bar co din g, computer - aided design

( CAD), flexib le man ufacturin g technologies, such as un it pro ductio n sy stems (UPS) an d standards across firms.

Lean retailing and Quick Respon se have placed increased demands o n apparel man ufacturers. Manufacturers have to n ow be able to: (i) track and res pon d to prod uct ord ers in real time at a SKU level (sty le, color, fab ric, size), (ii) ex change information electronically with a retailer ab out outstanding o rders (e.g . prov iding adv anced shipmen t notices, ASNs), and (iii) sh ip co ntainers to retailers prop erly mark ed with bar codes denoting conten ts. We hav e seen as a common p ractice within the indu stry extremely strict requ irements fromthe part of retailers con cerning the p roper packing, contents, and barco din g of carto ns and containers. For ex ample, many times manufacturers have to place ap parel items on h ungers p rior to shipping themto the retailer´s distribu tion center so they can be used immediately for disp lay . To our surprise we fou nd out that very o ften apparel manufacturers h ave to pay heavy ^cash back s~ to retailers due to quite triv ial flaws concern ing the pack ing of shipped containers. This practice has beco me so much wid espread that these p enalties have become a majo r source of revenue for retailers. No t surprisin gly thou gh, we fou nd out that ma ss merchan ts like Wal - Mart, national ch ains like J. C. Pen ney and d epartment stores like Federated h ave much greater lev erage on th eir apparel manufacturers (also reflected on their contractual agreemen ts with their supp liers).

C. Variability is of Strat egic Importance

Giv en all th ese imp rovements in b oth man ufacturin g and retailing why is it that we cann ot pro vid e co nsistently 10 0% on time d elivery ? Th ere are many reaso ns why the service levels are po or bu t a prime reaso n has to do with the fact th at va riability of the demand over the red uced lead times is o ften too great an d at the same time it cannot be estimated easily . Even more so the demand variability increases as one mov es up stream in thesup ply chain lead ing tothe bullwhip effect .Chen etal.( 199 9)presentasy nth esisof th e factors that can cause bullwhip. We provide below a list o f the majo r so urces of variability an d furth er co mment on each of thembased on ou r experience with both man ufacturin g and retailing :

(a) The first such factor is demand fo recasting ; at the end o f each period, the retailer observes th e more recent demand , u pdates acco rdin gly his/her demand forecast and th en uses the updated forecast to upd ate the target inventory level (assuming that a simple o rder - up - to inv entory p olicy is fo llowed ). Exactly this p ractice of u pdatin g th eforecast and the order - up - to p oint in each p eriod resultsin increased v ariab ility in th e orders placed by th e retailer.

(b) Lead times can magnify the increase in v ariability due to demand fo recasting . For example, a formula that is commonly emplo y ed to calculate the ord er - up - to level for any p eriod is: order - up - to level = exp ected lead time d emand + safety stock facto r x standard deviation of the lead time demand. Any chan ges in o ur estimates of the parame ters (first two moments) of the d eman d p rocess will be magnified b y the lead time. Furthermo re, th e safety stock qu antity in the above formula d epends on kno wing the upp er tail o f the pro bab ility distribution of the lead time demand and its standard d eviat io n. Academician s often assume the deman d to be normally , exponentially ,Poissonornegativebin omially distribu ted,leadingtothedevelop ment of analy tically tractable models. However, estimating the distribution parameter values is often quite ch allengi ng in today ´s manu factu ring and distrib ution environmen ts. Fu rther, the classical assumptio ns o f stationary an d ind ependent demand fromd ay to day an d part - to - part is qu ite my o pic fo r man y real world environmen ts.

(c) Batch ordering further contributes to th e man ufacturer seeing a distorted an d highly variable p attern of orders; if the retailer uses batch ord ering, th en the man ufacturer observes a quite larg e order fo llowed by period s of no orders. As the value of components and p arts con tinues to d rop and th e cost of cap ital remains low, batch sizes will co ntinue to be larg e througho ut vario us stages o fthe sup ply chain.

(d) Sup ply sh ortag es can further lead to in flated orders fromthe retailer to the man ufacturer (in anticip ation of an itemg oin g in short sup ply ).

(e) Price variations like promotio ns and clearance sales can cau se distorted demand pattern s and increased variability in demand. Th e ev ery day low pricing strategy practiced by leadin g retailers (such as Pro cter and Gamble) is an attempt to lower th is vari atio n by smoo thing cu stomer deman d and eliminatin g price incentives.

Another cause of v ariab ility is due to th e fact that in a very competitiv e en vironmen t pro ducts are often in and ou t of favo r quickly , leading to dramatic swings in demand.

Such variable demand patterns force the production sy stemto respo nd either by pro ducing to meet the high requirement pro mp tly o r b y satisfy in g d emand from in ven tories of either fin ished good s o r partially co mp leted subassemblies. Furth er, man ufacturers tend to utilize a number of distribution centers (DCs) so that they can respond faster to orders p laced by regio nal customers. However, this policy too burdens th e sy stemwith more variab ility since the d emand experienced at each wareh ouse h as higher variability than the one experienced b y the overall sy stem. Forecasting conseq uen tly , becomes much less accurate as the number of DCs increases lead ing to in creased inv entories an d redu ced service lev els.

Giv en all these sou rces of variability , how do the prod uctio n and inv entories paradigms used throug hout th e indu stry p erform? MRP sy stems require as input a large amou nt of data including, bill of materials (BOM), historical demand, lead times, target safety sto cks, curren t ord ers, backlogged demand s, an d work in pro cess (W IP). Given these data MRP estab lish es desired pro duction and in ven tory levels. First, a master pro duction sch edu le (MPS) for finished good s is generated an d then thorough a BOM explo sion and using the p rovided lead times prod uctio n requirements are compu t ed for raw materials, components, an d su bassemb lies. Ho wever, these plan s are p roduced under the assumptio n of in finite capacity . Furth er, lead times are rarely k nown in advance, deterministic,and indepen den tfrompartto part.Actually ,theleadtimesac tassurrogates for capacity an d are a fun ction of the p roduct mix (ty pes and qu antities) that is currently being p roduced , th e av ailability o f the requ ired equ ipment, toolin g, and perso nnel.

Bo th MRP and distrib ution req uiremen ts p lanning falsely presum e th at safety stocks and in ven tories can be planned and balanced amon g all locations within th e distribu tion network, th us ignoring the d y namic nature o f the sy stemth at is due to rand omness stemming fromlo t sizing ru les, lead times, fo recasting tech niq ue s and o ther man agerial policies. More specifically , safety sto cks are usually calculated using sing le itemsingle lo cations models leading to po licies like (Q,r), (s,S), or an order - up - to R policy . Even th ough th ere exist models that accoun t for stoch astic lead times th ey are seldomused in practice; ev en these models th ough , do n ot cap ture th e complexities of today ´s supply chains as described earlier. As it is well kno wn fromclassical q ueu ing theory mod els, capacity utilizatio n, customer service levels a nd invento ry req uiremen ts are in terdepen den t and can not and sh ould not be treated in isolation fromeach oth er.

Co nsequ ently , it is impossible for any real world d y namic capacity con strained environmen t to manage inventories u sing the stand ard MRP ty p e mod els that we presen ted abov e; itemscann otbemanaged indepen den tly ,sin cethey competedemanding capacity and often common components, they have d ifferent demand patterns with differen t predictability , and different lead time requiremen ts.

D. Lessons fro m Industry , Challeng es and Future Trends

We hav e been working extensively with a leading design er and marketer of a broad line ofsportswear,includ ing sportan dd ressshirts,sweaters,u rbanwear,andcasualand d ress pants and shorts to all levels o f re tail distribution . The compan y ´s distribution channels in clude regional, national and international dep artment sto res, chain stores, mass merchandisers and specialty sto res th rough out the United Sates, Puerto Rico and Canada.

The compan y currently usesind epen den t con tract foreign man ufacturersto produ ceall of th eir pro ducts. It has more than 10 0 suppliers fromcountries in the Far East and o ther parts o f Asia, Mexico and fromcountries in Central America. The co mp any operates a distribution center in Mia mi, Florid a with an aggregate square footag e of appro ximately

200 ,0 00 sq uare feet and the task o fh and ling app roximately 40 ,0 00 SKUs.

The DC is a focal point of th e supply chain for th e implemen tation of lean retailin g . It is supp osed to be qu ite d iffere nt than th e classical warehouse which keep s in ven tories ord ered ahead of sale; instead, a DC routes inco ming shipments to retailer stores or to a retailer´s distribu tion cen ter. Incoming shipments usually arrive as full trucklo ad or less th an truck load d el iv eries fromven dors. Within the DC ap parel items are: (i) ^ picked and packed ~, i.e., packag es are o pen ed and then items are selected to be repacked and then shipped, or (ii) ^ cro ss - docked ~. In th e latter case, g oods are unloaded at one bay of th e

DC and t hen are moved b y convey or to an other area of the DC for ship ment usually the same day . Picking an d packing is a very in tensive man ual operation and it requ ires the items to reside lon ger within the DC. On the other sid e, cross - docking needs more advance pr eparation and it b eginswh en apparel itemsareun loaded fromtrucks; itemsare coming eith er in carto ns or pallets. These packages are then scan ned via the bar cod e on th e sh ipp ing co ntain er marker (SCM); th e bar co de co ntains information about the exact c onten ts of the pack age. Ship ments, after a purchase o rder verification (again the DC´s database) are sent to do cks where orders can be conso lid ated for direct shipment to retailers.

At the co re o f managing a DC th at operates within a lean reta iling enviro nment is the wareho use management sy stem(WMS). WMS is responsible fo r handlin g the en ormous data pro cessing needs asso ciated with th e thousand transactions o ccurring d aily for in coming and outgoing sy stems b y up datin g, recon cilin g and disseminating info rm atio n.

A WMS sy stemcan h ave a positiv e impact only if interfaces seamlessly with the corporate ERP sy stems an d at the same time have the ability to interact with apparel man ufacturers con cerning inco ming o rders an d retailers concernin g outgoing shipmen ts via EDI. It is our experience that wh en manag ement employ s WMSin isolation o f the other components then results are q uite inefficien t. The v ast majority of the WMS sy stems th at we h ave encountered, contrary to efforts of the v end ors in proving the opp osi te, lack any intellig ence (they are simply glorified databases). In ad dition , these sy stems have no u nderstandin g of how they affect in ven tory replenish ment policies and in general ho w they fit within th e entire su pply chain puzzle. Further, man agement o ft en lacks an y kno wledge of the shortcomings of the WMS in place and still dep end s on its in teraction with th e ERP sy stem, which as we outlined earlier most o f th e times canno t capture effectiv ely sy stemvariability .

Ind icative of th e key role of variab ili ty is our fin din g, after stu dy in g the weekly d eman d variability o f th e most profitable items (classified as ty p e ^A~ items following a Pareto

ABC an aly sis), th at SKUs of exactly the same shirt ty pe that differ only in size exhibit dramatically d ifferent co efficient of variation (CV). As a matter of fact ou r ex perience simply verified th e well - kno wn fact th at high volume items hav e lower CVs (in th e range of 0.3 to 0 .7 ) than lo w vo lume items due to the demand poolin g effect (Abernath y et al.,

200 1, Iak ovou, 200 1). Prio r to our invo lvement all SKUs of the same lin e were treated th e same way as far as invento ry policies are con cerned, even th ough this led to severely subo ptimal po licies. An optimal p olicy wo uld b e for the apparel manu factu rer to determine uniq u e inventory replen ishmen t policies for each SKU. Th e implementation of such SKU level analy sis can holistically optimize profit, invento ry holding costs and retailer serv ice (order fulfillment) rates (Abern athy et al., 2000 , Iak ovou, 2001). Furth er, variab ility is of strategic impo rtance an d we utilized for example such an analy sis in evaluatin g th e pro per so urcing strategy for company alon g with th e op timal p olicy for expandin g its DC capacity (should the current Miami b ased DC be ex pan ded or ano ther one b e built in Latin America? ). An in telligent policy would move low volume, h igh CV

SKUs clo se to markets, wh ile hig h v olume, predictable SKUs can be mov ed further offsh ore ifthe lab or cost makes th at more cost effective.

As su pply chain management tran scen ds a pleth ora of classical academic discip lines, it is of no surp rise that academiah as been slow to react to the radical changesofthemark et in general, an d o f the supp ly ch ains in p articular. Often, in dustry h as su rpassed academia in tackling efficient ly the rig ht issu es in supply ch ain management; ho wever, oth er times vendors have do ne a disservice to th e community by no t acknowledgin g and by no t educating corporate users about the limitatio ns of their developed produ cts.

One of th e most imp ortant cha nges in retail inv entory manag ement has been th e in tro ductio n of v end or man aged invento ry (VMI) programs. With VMI a manufacturer assumesrespon sibility forsettingdesiredin ven tory stock ing lev elsfo rthemanufacturer´s pro duct in the retail sto re. Follo win g the determination of the in ven tory levels, POS and real time on han d in ven tory data are transmitted throug h EDI to the manu factu rer who th en decides how mu ch (and o ften when to ship) so that sy stem - wid e manufacturing and transpo rtation co stsareminim izedwh ilein ven tory servicerequ irementsarestillsatisfied.

The benefits of such policies where that interested parties are working sy nergistically and not competitively , are well documented . For example, in the gro cery in dustry (where th ese pro grams ar e also k nown as contin uous replen ishment programs, CRP, o r continuo us pro duct replen ishment, CPR) implementatio n of VMI prog rams h as b een shown to increase invento ry turn s any where from50 to 100 percent (Clark and

Hammon d, 199 7). There are however, man y c halleng es in imp lementing successfully

VMI programs. Specifically in th e apparel indu stry for ex ample, we have seen that mo st retailers are unwilling to g ive up control of the merchandise on the shelf to their man ufacturers (esp ecially , given th eir high le verag e on their relatio nship s with their supp liers). Often, th is is du e to the lack of sup ply chain management sop histication of man y manufacturers. Indeed, in the apparel ind ustry , it app ears that game theory is a more ap propriate methodological tool to a pply since retailers and su ppliers operate supp ly ch ains independently .

Fin ally , th e Internet is pro vin g to b e a cataly st in providing supply chain man agemen t solutions (as Dell´s success has so viv idly sh own), wh ile it fu rther prov ides op portunities for op timization b ased decision suppo rt sy stems du e to: the emergence of new bu siness models (e.g ., Webv an´s), businesses become more aware of the valu e of su ch mod els, and more willin g to implement them(since the usage of the Internet mig ht ease so me th eir IT related implemen tatio n co ncerns) and the proliferation o f business - to - business

(B2 B) relatio nship s. These solutions will b e further u sed for ex ecuting orders faster, disseminate information p romptly to supp liers and customers for plannin g (thus eliminat in g some of the bullwhip sou rces) and lastly improv e d esig n and custo mer relationship management (CRM).

References:

1. Abernathy , F. H., Dunlop, J. T., Hammond , J.H., and D. Weil, A Stitch in Time:

Lean Retailin g an d the Tra nsformatio n of Ma nufacturin g , Ox ford University

Press, New York, 1999 .

2. Abernathy , F. H., Du nlop , J. T., Hammond , J.H., and D. Weil, ^Co ntro l Your

Inv entory in a World o f Lean Retailing~, Harvard Business Review , pp . 169 - 176 ,

November - Decemb er 200 0.

3. Bessler, S., an d A. Veinott, Ôptimal Policy for A Dy namic Multi - Echelo n

Inv entory Mod el~, Na val Research Lo gistics Qua rterly , Vol. 13 , pp. 355 - 389 ,

196 6.

4. Ch en, F., Drezn er, Z., Ry an, J., K., and D. Simchi - Levi, T̂he Bullwhip Effect:

Manag erial Insights on the Impact of fo recasting an d Inform atio n on Variability in a Supply Ch ain~, in Quan titative Models for Su pply Ch ain Man agement ,

Tay u r, S., Ganeshan R., and M. Magazine (Eds.), pp. 4 19 - 439 , Klu wer´s

Internation al Series, 19 99.

5. Clark , T., and J., H., Hammond, ^Reengineering Channel Reord ering Pro cess to

Impro ve Total Supply Chain Performance~, Journal o f Prod uction an d

Operations Man agement , 6, No. 3, pp.248 - 265 , Fall 199 7.

6. Clark , A., an d H. Scarf, ^Optimal Policies for a Multi - Echelo n Invento ry

Prob lem̃ , Ma nagemen t Science , Vol. 6, pp. 4 75 - 49 0, 1 960.

7. Co hen , M., P. Kleindorfer, and H. Lee, ^Optimal Stock ing Policies for Low

Usag e Items in Mu lti - Echelo n Sy stems~, Na val Research Qua rterly , Vol., 33, pp .

17 - 38, 1986 .

8. Co hen , M., P. Kleindorfer, and H. Lee, Ŝervice Constrained (s,S) Inv entory

Sy ste ms with Priority Demand Classes and Lo st Sales~, Ma nagemen t Science ,

Vol. 34, No. 4, pp. 4 82 - 499 , 198 8.

9. Co hen , M., P. Klein dorfer, an d H. Lee, N̂ear - Optimal Service Constrained

Sto cking Policies for Spare Parts~, Operations Research , Vol. 37, No. 1, p p. 10 4 -

117 , 198 9.

10. Dvoretzky ,A.,J.Kiefer,and J.Wolfowitz, Ôn th eOptimal Characterofth e(s,S)

Policy in Inventory Th eory ~, Econ ometrica , Vol. XXI, pp. 5 86 - 596 , 195 3.

11. Hadley , G., and T. Wh itin, Analysis of Inventory Systems , Englewoo d Cliffs, NJ,

Prentice Hall, 1 963.

12. Hammon d, J., Q̂u ick Respon se in th e Ap parel Indu stry ~, Harvard Busin ess

School Note No. 69 0 - 038 , 199 2.

13. Iakovo u, T., E., ^Reeng ineering of a Distribution Center with in a Lean Retailing

Supp ly Chain Environment~, Department of Industrial En gin ee ring, University o f

Miami, working paper, 2001 .

14. Lee, H., Êffective Manag emen t of In ven tory and Serv ice throug h Produ ct and

Process Redesign~, Operations Resea rch , Vol. 44 , pp. 151 - 159 , 199 3.

15. Muckstadt, J., Â Mo del for Multi - Item, Mu lti - Echelo n, Mu lti - Inv entory

Sy stems~, Ma nagemen t Science , Vol. 20 , No. 4 , pp. 472 - 481 , 197 3.

16. ORMS Toda y , Vol. 28 , No. 1 , Feb ruary 2 001.

17. Sherbroo ke, C., M̂ETRIC: A Multi - Echelo n Techn iqu e for Recov erable Item

Co ntro l~, Operations Resea rch , Vol. 16 , pp. 122 - 141 , 196 8.