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LOT SIZING PROCEOUAES FOJI AEOUIREMENTS PL.ANNING 

SYSTEMS: A FAAMEWORK FOA ANALYSIS 

Wi\liam L Bcrry 
KNmn~rl Gradual~ Schoo/ of /ndu<rria/ AdminiJirolion 

P11rd11~ Uni,..Nily. Lafa)~l(e. Indiano 

ABSTRAer 

Several pr"'-'cdure< have becn prop<><ed fot dct......,ining !he lot size and 
timing of deliveries for manuf•oturcd componenls in requircmttlt< planning 
sy<tcms. The<e include the me of: Economic Order Quantilies, PeriOOic 
Ordcr Quantities. Patt Period Balancing, and thc Wagncr-Whitin Algo· 
rithm. Yet. very little data ha• been ptcpared to guide the production man . 
ager in .. locling a procedu...,. This papc:r pruents a framework for e<>mpat· 
ing mch procedure• ,.·ith resp«tto t'"o criteria: in•cntory rolated cma. and 
e<>mpu¡jng time. 

Requirements planning 'Y'tem• are rccd•ing increascd attention by pro· 
duction and purchasing manager< as many firms turn lo thc comput..,. for 
a"i'tance in planníng and controlling manufaeturing operalion< 19.10t 
Thes<' <Y'Iem< reduce a mostcr 'iChedule of finished product• to a time 
phased 'iChedulc of requirements for intcrme<líate a"embli"' and e<>mpo· 
nent par!$. Thc resulting fore<:ast of componen! requirements Í$ critica! in 
planning !he lot size and timing uf rcplenishment ordel""< for both manufar. 
tuted and pur<hased ítems. Sincc thi• ta•k oftcn in•olve- prOC<:,.ing luge 
amount' of clotailc"<i informatiun, as wcll as making a suh•tantiat numher of 
routine deci•ions. it ;, a logieat cnndiclate for processing on the e<>mputer. 

Computcr based requiremcna planning system< frequently include a ptO· 
eedure for detttmining the lo! ,;,. ond timi~g of repkni,hment orden to 
m""tthe fortta<trequiremena. Thu<. nne probl= oftcn encountcred tn de· 
<igning <uch a •ystem is that of .elccting a procedun: for m~king lot •ize de· 
ci•ion•. Although a number of procedutes haveb<-tn propo<ed, r2nging from 
t~e use of 1intple decision rule. !o C<!ensi.., optimizing procedo...,. there is 
\Utpri>ing!y liule guidance for thc n>onoRCT in selecting a lut <iling procc"<iurc 
i"or hi< <y>tcm. Thc problem in 'c!eeti1tg a procedure i< thal rc"<iuction' in in· 
vcntory relotcd CO"!tl can generally be achi"'td only hy "'ing incru•ingly 
complex procedo re•. Such procedur .. ""' less ea> U y u ndc,.,toud b)· operating 
pc"onnet and require more computation> in making lo\ tize d.-eision<. 

Thi• paper ;, the fi,..,t of foNO pa¡>("n which dea\ with a compari•on of foor 
prominuntly n>entioned ord.ring procedo= for requirement• ptanning 'Y'· 



Week Numb~r ' ' ' ' 
, 6 ' a ' " " " Req"irements " " " " " 180 2~0 ,70 230 ., o " Ordering Cost S ~ >3CO per or~cr 

:~•entory Carrying Coot. c 1 ~ $2 rer unit per week 

1om" Eo~nomie Ordr:r Qu~ntiti"', Periodie Ordet Quantiti.,.., Patt Period 
!J~'ancin~. and ¡he W~gner-Whitin lllgorithm. In lhis paper ,..~ presenl a 
reo m""~'~ tor eomp:tring the performance of th••• procedur"' over a broad 
ran~e of e<nl and demand dat• porametecs. The •econd paper will report a 
sOmu!ation analy•i• in whkh the framework wc pr~po<e has been uscd to 
en!ualo the performance of the four ordcring pr<><'udures di•cussed in tlli< 
paper. 

In the pre.ent di<cU,.ion, we dc<cribo 1!10 ordering problem oftcn <n· 
countered in • requiremenl< p:ann;,1g <ystem and P'C1ent a performance 
co:np~r'<ort of !he foor lot <Í>.ing proced~ro< men1ioncd above u<ing a single 
<-<~m~!c. :-."e< t. we d"'oribe thc ~rob!en" ""ociated 1'-ith maklng simple per· 
fcc:":'.ar.ce compori<on<. Finally; we sug~"'' a more general framework for 
eomparing thc performAnee o! a!:e'n~ti;-e :01 si1.ing procedures and pru,·ode 
an ;!!ustration of it< applka\lon. 

The Q,dcn'ng Probl<•m 

The ordering problem that we are concecned ~>ilh ¡, ba<icatly one of con· 
vetting a forecu<t Of componen\ requiremcnts in lo u series of replenishment 
or¿e,..;. This Ínvolve< determining how lo group the time pha.ed requin:· 
"''~''data in:o a <ehedute of reple~ishment cnle,.., "hioh minimi>-e< thc 
00,..C•!ncd e<n:S of p!acing ordc,... ond carrying in,·cntory. 1 The enrnpte 
,:.""-" in Tab!e J Ulu<tr:ttoo; a 11 .,;,,¡ rec¡uirenoent• toreca<t that is ron•idered 
:~ ~!ar.ni~g the lot •'•·• and ·,¡,¡~g of re~teni•hmcnt order<.l 

A:t~.ou~h tbis or~ering probkm occu" on a widc •·ariety of manufacturong 
and ~ucchasinB silL1"ti~"'· we '!101! only con,ider thc prublt•m in the context 
cf 0 ,0q~ire,e:m p!ar1nin~ 'Y•tcm, i.c. w!:cn the dcrn,ntl fo=a.t ¡, dcrived 
b> nn e<plosion of fini1_!1cd pm<!uel re~ u :ren1cnts. 1 n ~hi< ea <e, 1-~e scht'<:lu le 
e~ wcüly rcquiremcnl< fo' o~ i~dividc~l compcnent, Hh thc one •~01>11 in 

1
tn 1!1< <>« of a purc~o><d P"'· tM '"'""'"'Y "Ó'«l '"'" "''' ú•> iO<Iud< qu•n'"1 

¡1 di':"""' •"" """'r-''""" '-"' t.<he<lu!o> 114J. 

"'!''' ""'"?'< ... """'""' from'" """~· b_. ~··m••• m. Th< lt<"' ...... ;,, "" .... ¡, 
·~!!' ?<' """ ,.,¡ '"' '"""'"') "'""''' '""•" ¡, :!<) ,... ... ,. "' ,,, "'"' ••••• ;oc• ~"-
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thi• example, is d!ri>ed by exploding the schedule<! ptoduction for all higho:r 
leve! assembli"' imo !he necessary componen\ parll, The weekly requ irement 
for each componen! is thcn obtained by accumu lating i~ week ly u'Siige in atl 
highcr k•el assembtios. Thus u forecast of componen! requirement,, 
coveo·ing !he nc'l 12 wcck• ;, thi, ''"'"' ¡, rrcparc<i.J 

SinO<' computer time i• ~n importan! factor in preparing a requiremena 
schedule for individual componen!<, requirements plannlng <)"lems are 
often operated on a daily or weekly ba.i•. i.e. ba1cb proc=ed. Bttau"' this 
mode of opera\ ion affect. our view of tbe ordering problem, we •hall state 
our a"umption< beforc proceffiing_ Fi~t. sin"" the componen! requiremenu 
are aggregated by time pcriod for planning purpo>e<, ..,.,. a.sume that al! of 
the requiremcnts for each period mus\ be a>ailable al the beginning of the 
pcriod. Second, we •«ume that al! of the requirement• for a given period 
mu<t be met and cannot lJ.e backotclered. Thir<'!, sincc the <y•tem i< operat•d 
on a periodic ba,is, !he ordering ded,ion' are ""ume<'lto occur al regular 
time inte,.,.als, e.g. doily or wcekl~. Pourth, the orclers whkh art; place<! at the 
bcginning of a period, are a«umed ~o be availabtc in time to meetthe te· 
quirements for that peritxl. Thi• assumption of zr:ro production tead lime;, 
not very '"'trictive, h""'""er, sinct! once the ordering deci•ioM are made. they 
can be off.-tlo altow for the production lead time. Finally, wc aS5ume that 
the componen!< are withdra .. ·n from in•en\ory al ~ uniform rale during eoch 
pcriod. Therefore !he average inventory leV<:I will be u5cd in computing the 
inventory carrying cma! 

In !he fol lowing <ections we •hall illustrate the IO<Uil• obtained by applying 
four diffcrcnt o•deri.,g pt<><'edure• to the example ,hown in Tablc 1. 
Furtherrnore, thí• ••amplc will be used lo illustrate the rnanno:r in whkh 
these procedures vary in their amomption• and the e•tent to which they u ti­
ti>-~ all of the a>ailable data in making lot size deci•ions. 

Economic OrJtr Qudn1i11'~,; The economk lot <ize formula ;, often u<ed 
a• a dedsion rule for placing or-de,..; in a n:quiremenn planning systern 
becau,e of its •implicity {8,!0j. lis "'e shall illuitr•te in thc folt.,...ing 
eump:e, howevcr. the <'atic EOQ model r,..,quemly m~•t be modií~ in,.. 
qoirement< planning 'Y"""' applications. lt i, imponant ro te<.'Ognize thi< 
fact IJ.eeame, in many ca<e•, Í1 pre>ents on~ ft~m u>ing tho total co•l 
e>pres>Lon for the ''"tic !!OQ modd in eva!uating the in•entory cost per­
forrrwtcc of this pr<•ce<lurc. 

Tite reoult< obtainc~ by ordering ma1eria1 in <:<:onomic lot ,¡,.,. for the 

l¡, thi< !"!'<' •• '"'" ,.,,.,. rhot rho: «G•iremro!o '"'"""'' "'"""' n,«l >ti<! ;, ""' ..,bj<n 
•o f·=•« "'"'- s,..,, thi• """'P'"'" ¡, """"""'ro'" , ••m~>« ar ,.,,,¡ '''""'"'"" '"" 
<11«1 ot foromt ..,_.,.., lb< ¡>«l«m•n" af th< '"' '"''"' t«hniqon mono....,. "' om,.­
" •• '"'"""'"' p">b1..., fO< '"""" ..... ..,~~. . ' . -

An '""""""~ «>mp&ri>on o( tl><>< '"•mption• wnh ''-o( olio oto!>< "'-;e Ord<t 
Qu•nnt, mo.-dr! " ,.....,.., b, Gor<nu,;n IJJ. 

·---- .. 
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Week 

-' 

Number 
ReQuirements 
Order Qu~ntitv 
Begin<1ing lnvt, 
Ending lnvt. 

, 
' ' ' ' ' " ' " " " 

" " " "' 70 1 SQ 250 270 230 " ' " "' 166 223 270 2lO 166 
166 156 t46 1J1 ,,, 201 'w 210 230 166 126 126 
156146131 111 " " ' o 0126126116 

Or<!ering Cos!: """ lnventory Carrying Cost: -
Total Cost: ""' (Economic Lot Size • 1661 

T ·~lo 1-Economi< Onl or Q e•nt i! 1 E,.mpl< 

exomp:e abovc are presente~ in Table 2. 5 In thi• e~ample the economic lot 
size wo. C{)mputed by m in~ the averng~ weckly dcmand of 92.1 units for thc 
cntirc rcquircmen¡, schod~le. ;>;ote, too, thot the average inver.tory for each 
per:od w~< u.ed in comp•Jting thc inventory carrying e<>•l. 

T~lis oxantple Hlu<trotc• •cveral problem< With 1he EOQ procodure. When 
t!le demand ¡, not equal fr~m pcriod ~o pcriOC, ~' is of~en the ""'" in 
rcquiremen!S planning fnrec:"t', nnc or :lle ""mnption< under!ying thc 
EOQ forn\Ula i< violoted. Si11oc dcmnnd doo' Mt <>Ccur al o cotl<lnt\l rate, 4< 
¡, a"umcd b; th~ EOQ formula, tilo rr>trktion nf fi«cl lot ,;,., rc,uh• in 
brger invent~ry carrying CMl<. ·:'hi• occurs beeau•e of the rnismatch bctwecn 
tite ordcr quantilit< and the demand value<, eaustng (XC"'' inventory to be 
,.0,.,.;<"{', r orwacc\ l'rom IVC'L'~ to weo k. A< an e"ltnple, 41 unÍ!< ore corried over 
L.:lO "..,•k ó L<hcn a tLC\\' on;!er i< p:aecd. 

!n addition, thc <>cdcr quamity mun be inerea.ed in lh"'e pc:riods wheu 
t!le demand e<Cee~' the oconomic lot ,;,_e plu• \he amount of inventory 
~,,.,-;~¿ o•e• into \he ;>criod. An ••~mp!e of lhi, occur< in week 7. Thi> modj. 
:ie~t:on ;, o:early prcfn~bte to the altema:i'e of plncing order< earlier to 
~lec\ •.he demlnd in suo!t porio<h, •inoe thi• wmdd f11rt!1er inerea<e th<: in. 
,·c~tory cn")·in~ •~•t•. Li'·:c"-i'~· t!te a:tcrn:llil'c of plaoing m u !tiple orde" in 
a ~:,-e, period "ouid ~tt<.:'e"ly inctc3<< the ocdcring =t. . 

~in~ilv, thc u•e oi" thc ancro~e weekl;· de,ar.~ t1gure ir. C'l'mpu1ing lhe 
economi~ lot ,;"' i¡¡""'"' n cml<idorab:c ~moulll or n:hcr infurm~tion con. 
t~i~ed in t!le ""quicetm•nt> <e~edulc. This inlorrrotion has (u do with lite 
ma~ni:ud• of demat•<' .. For in••ancc thc~ a~rear to be \11'0 le-.d< of C<lm· 
pooent dc!l'.ond in :hi• e•amp:C C'Mt;ring weck,, !) l·4 ond 10·12 an¿ 21 5·9. 

~tf'" ..,., '' r~>«<l ¡.,.. !<\ ""''' io .....,, 10. ;.,¡,, ~~ •• ¡,~ '" "'''"""'"' tno ,;,.. of '""'· •~• 
'''"' ,,~, ¡,,, '~" '""'r'• ,..,. ,., "'~"'"' '"~o 11. n:.. ...... Id. ~·"'~"· ....,.;,. '"" •« or , 
,,.,., ''"""'"' ""'"''"' ..,., ;., ·"'"·'' 'l'r'i''"""'· 

• 

-----

Week Number -, ' ' ' ' ' ' ' 9--10 " " Requirements " " " " 70 1 !!O 250 270 230 "' ' " Order Ouanttty " "' "' 520 "" " Beoinning lnv1, " " " 20 250 1111 520 'l70 770 " o " ~nding lnvt. " o " o 180 o ,;o o " ' o o 
Orderin.g Cost: """' lnven!OIY Carrying Cost 2145 

Total Cost' 

By eomputing •~ economic lo! size for caoh of these two time inteNals, and 
pladng ~nlers aocordingly, the \ola] C(l5\ can he reduce<! to $3855. Yet, this 
propo<al "·ould be much mor<: difficult to implement bttause the 
dctermi11ation of different demand le>els would requir<: a very complc~ de· 
ds;on rule. The l'ort Period Balancing pro.oedure (lo be de<ócribed in a latcr 
<ection ol tlns paper) ;, a much simpter mean, or accompli<hing the .ame 
objec:;ve. 

Pr•riorlic Ortfer Q11antiti~•: One way of ~ducing the high invcntory carry. 
ing co•l ""ocialcd 1\ith fixcd lot size< is to use !he EOQ formol• to compute 
an eeonon\Íc time intcr.al bttwecn r<:¡>lenishment orders [!O J. By dividing thc 
EOQ by thc mean demand rate in !he cumple a\>ooc, thls time inteNa] 
would be approximatel_v two wecks 061>/92.1 = 1.8). When this piVCedur<: i• 
applied lo the eX>mple, a>;, shown in Table 3, it yields the <ame numbcr "r 
onlers •• thc EOQ proccduce, but with lot <izes ranging from 20 to 520 units. 
~onse<¡.uent!y, the inventory carryina eo.t ha< bccn reduccd by JO%. thcreby 
tmproY1ng rhc toral co,t ol the 12 wcá requircmcnt• •chedulc by 19% in 
oomp.arison 1\'ilh thc EOQ result above. 
Althou~h the Pctiodie Onler Quamity p~urc improv"' the inventory 

cmt J'<'fformance by allowing the lot ,;,., to v"'Y· iike thc EOQ ptoccdure it. 
lOO, igMre< ntuch of ihc information eanrained in the requiremenls 
..:hedule. That is. !~e re¡>leni<hment ortlers a"" conmail>ed ¡o oceur al fixed 
tim.e intcr:-·"1', thcreby ru:ing out the po"ibilily nr combining orclers during 
pemxls ol llght ¡>roduct demand, c.g. during weeks 1 through 4 in the e,. 
ampJe.lf. for example, the order< pla<'C<l in weeh 1 •nd 3 wc"" combina! 
anda •ingle ortler was plaeed in weck 1 for 55 units, the combined c"'lS c~n 
be furtl1er redue<:d by SI(>!) or 4%. 

Pa,., l'r•n'od Ha/anó11¡:· Thc Part Period Balaneing p~ure desctibed by 
Gorhant {~ J U"-'< all of the informalion pn>vided by the requiument< ..:hed. 

• 
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u te.~ In dettrml~ing the !bt si=fo! lln ordcr, th:. procodure trie< to equate 
the :<Jtal co•t• ~f p'adn~ ordc" and carrying inventory. This point can ~ 
il!ustrated by con,idering thc alternative lot <i7.e chnices a•ailable al the 
":x:ginning o! weá t. Thc.e include placing an order CD'Icring thc require­
ment• for: 

al ~ck 1 only ~) wc'<'k. 1, 2, 3, nnd 4 
bJ week• 1 nnd 2 e) wccks !, 2, J, "4, and S 
e) week« 1. 2. alld ) etc. 

The io,entory carrying <:0'<1 for the•e alternativt'< i< <hown below. These cal· 
culat\ons illu<trate thc 111anncr in which wc llave changcd \he procedure <ug· 
~·•tcd by Gorham to accommoxl~tc the average inv.:ntol)' carrying cost cri­
tcrion rather than thc end o' pcriOC critedon. 7 Thus, the orde"ng plan• pro­
duce!! by thi< proxedun: can now be dire<:t\y rompared whh those obtained 
witil thc EOQ pn>cc<lurc. 

a) (nl. [('hl. (!O)j =StO 
b) {S2). [('!,). (l!!) .._ (l'/o). (!Ol] = S40 
d ($2). [('h). (10) + (1 V>). (101 + (2°/,) , (15)] = Stl5 
d) (S2). [('/i). (10) .¡. (\'/>). (10) + (2'1>). (15) + (3'/o). (20)] = .J255 
d) (S2). [('/•). (JO).>. (l'l•l. (!O) .J. (21/,). (15) ..;- (3'1>). (20) + (4'/,) 

. (/Ol] = ssss 
In thil ~ale, thelnventory carryin~ "''1 for al!ernalive d), ordering SS unhs \o 
00,.,, the demanc'. for thc fi"t tour weeks, most nearly approxi<nates the 
ordering eo>\ of SJQO, Theref<>re an order <hould be plneed at thc beginning 
of the firsl week and the next or<kring deci~ion need no\ be made untilthe 
beginning nf week S. 

When this proxc'<iurel1 npplied lo the eumple shown in Table 4, the total 
rn,·entory cost is re<!uct<l !Jj· 5._<.(!0 or by 13'/o of the cO<t obtained with the 
Periodic Order Ouantit)" proce<!U!<'. -.olko thatthis prO<edure permi" bot~ 
¡!te lot 5izc ond thc time bc!wccn orders to \'ary. Thu<, for e.ample, in per· 
iod< of light prOCuct den1and thi' prO<edurc results in .,MUer lo\ <izes and 
lo~~"" tln'e inte:-voi• 'Jo:wcen ort!c,... thaP. for periods of big~ demand. Thi• 
rc>ults in l~·er ir.>entory rc:at<:<l ""'"· 

Dosp:tc thc fao' that thi< procc·dui'IO l1tili>c< a!t of the information avail· 
ob:c, it wili not a\w:t~' yi~:c'. thc minimum cu•t ordctin~ plan. i\\though lhis 
procffiure ca~ p"O<l.:« lo"' .~,¡ ordcring pl~n•. it may mi« the ntin:mum 
eo>t o\an •inct> it dcoes not cvaluatc ail of the ;>o'""bolitie-. fN ordeting matcr· 
ioi H; •atisfy.the demand in each wcek of tl!c rco¡uircmcr.l< «h<:<\u!c. Thi< 
poim ;, ;:iustratcd ';>~ \loe cxan,:>'c doown in lhe ""'1 scciion. 

~ ~ ~ "'~~'"''""" """;"" o''"" r•oco:dorr, io•o1•1•~ o ~,.¡,...,l'd •n<! kwo>-b"~~.n:l 
tc<'•oiq"''- ¡,~ .. ~-~Y p:,.,., '"~ w,~hl f\01. 

• 
·-~'"" ""' "' '"""'"" .,,.,:.~ '"" ¡,,. ,.,.,...,;,, al ¡,. 

t•~· (~).:(!!' ,,,, (\~\ 

--- ..,._ •• _ ----

Week Number 
Requirements 
Order Ouantity 
Bc¡¡inninn lnvt. 
Ending lnvt. 

1 2 3 4 
10101520 
55 
55 45 35 20 
453520 o 

Ordering C~t: 

5 6 7 8 S 10 11 12 
70 180 250 270 23:! 40 o 10 
10 180 250 zro 210 10 
70 lfJO ~50 770 ?'/0 40 o 10 
000040000 

$2100 
lnventory C~rrying Cost: ""' 
Total Cost: "'"' 

Wagner- Wltitin Alroritlrr>t: O~t optimizi~g proctdure for determining !he 
mlnimum oo<l ordering plan for a time ph"'c:d requirements schedule is the 
Wagner· Whitin Algorithm [ 1 ,2, 1:n Basicolly. lhis procc:durc tvftluates oll of 
the P"'•ible way< of orderíng material to meo! the dom~nd in each week of 
the requ\remems schedule. We ,..itl not attempt to describe the 
computational aspttl< of the Wagner-Whitin Algorithm, <ince the<e are prt· 
<cnted ol•ewhere [2,lJ ). Rathe~, we shall note the differcnce in performance 
between thi• procedure and the Patt Period Balandng procc:dure. 

Whcn the Wagner· Whitin Algorithm i• applic:d to the eumple, the resulto 
of which aro shown in TableS, thelotal inventoryeo>t is ceduced by S240 or 1 
% in comparison with the ordcring plan produce<'~ by the Par! Period 
Balancing procedure in Table 4, The difference between thcs.c two plan< 
O<<U,... in tbelot <ize ordered in week 9. The J>an Ptriod Balancing prOttdure 
did no\ considerthe combine<! co•t uf pladng order< in both wcek< 9 and 12. 
By spending an additional S60 tn carry lO units of ln>entory forward from 
,.·eek 9to 12, the SJOO order:ng cost in"'""" 12 ;, avoided. In thi< rase a •a•­
ing< of S240 in total eo>l can be achieved. Th;, increase in thc number of 
ordering ohernatives con>idtred, however, dearly incrcases \he compuUuion< 
necdetl in making 01'<\crmg dcci,ions. 

PERFORMA.\'CE CO.VJPARlSON PROBl.EMS 

i\fter ob;crving thc inventory OO<! performance obtained wit~ the<e four 
ordering procedUre! Ln the cumple above, one mi8hl e<>nclud<' thot the firsl 
three ~lfoce<!ures should not be e<>nsidered for indu•ion in a requirements 
p'lnning <ystem síncc the Wagner-Whitin Algorithm wi:l guarantee an 
optimal •olution. Yet_,_ !he.., are two problems with !he Wagner-Whitin 
Algorithm. 

In the li,...t place, alt~ough the Wagntt·W~itin AlgPr:thm has ~>een ~•ail· 

' 
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Orcer:r~ Cost: 
:nventorv Ca,.ying Cost: 

Teta! Cost: 

ab:e for sorne time. it i< rnrely used in practiee. lnst.ad, one finds numerou• 
appli~ations of thc !ir<: :hree prO<~ u res [8, 10]. Production rnan•ger< often 
"'"imnin that an on:!cring procedure for 3 rcquirements planning •.'"'tem 
s'lo~ld be:!) simple to unde":a~d and implen~em and 2) efficiem in term< 
of com~utin¡: tinte beco"."" of :t:c ,;,.o! the in•·cntory Files !n mO>( 'Y'tems. 

:n view of the'" fac!O". 3 m~"' appcopriate performance comparison 
would involve both im·en:ory coo;t and cor.tputa:ior.al criteria. That i•. the 
onaly<i< ,!tou 1d indicnte thc lr"~coif ~no i< making betwccn invcntory <o<t 
;>erforma~oe ~nd com puting t• me ,..~,.n simple decislm! rules are employed. 
s~ch ~n ~no:!"<i< wod~ in>o:ve oompariog the i!wentory co<;t obtalned with 
cae~ proco~uro 1\·!th ti·e ~pti1"um rcsuits produce~ by the Wogner-Whhin 
Ngarithm for a given ntt!crittg prol.!lcm. Th!, propo-;al lead<. !t<>~•cver. toa 
sC<:Md pro\>knt. 

~·he ,econd problem wit~ tho C"<>"<t comporhoo ab"'"" ;, thot we a"' 
gcr.crali1.ing fror.t o single«! of pro\>"cm potametcrs. That is. n better cont· 
?Mi<~n of orderin~ prO<e<htre< would con•idcr tOcir perfPrmancc over a wide 
'~"~"o~ ces• ard úmo~d ;>Or~~·et:". Severa: ;>":>"'· úal¡ng whh a com• 
T'"':"'~ of thc EconMtic l.ot Si>c :md Wa~ncr-Whi!Ln m<><Jc:,. have noted 
·:·:·.:::,e dii"!"crcncc in ~crfo"'"'""" Clctwceo li>c.e n;>¡>r•>oc•he< dcpenó upon 
:'e ,.,,Cabi~it)· of :!1c dc:-caot'. d:c<a !2.&.:2~. -:-nao;,. a' t!t~ a"u11tption ora 
c~~,,~~t. bown dem~r.~ rate ;, removed. the perforn>ance of t~e E<:owmk 
:_ .... Stic '"'"ce: ~cc!ic.e' ro'at''e to the Wagner·W~i:!n Aigorithm. 

T!1c m<""'' 'Y'temat'c "i'?"'"c!t to the pro~:cm "f torn;Joring altcrnativc 
oc~crin~ ?t<"<C<!un:• o1er a ra,go o~· ?dtame:er va:ees d<"l·elopcd 10 far has 
·_,,.,, v.:~~c<:•:r! ;,,- :<a'·~~nr ~;:. We ·~=~~ t~a: a'1 e.tet"'"" c>f hi< method 
w''! prmicl-: o.•n,iCoro~!c ;,,¡~ht ;, the o~n'r"'''"" or olto,e.alivc ordering 
?rt'«durto< f~r u•e in aetl'"' <itu,tions. w,. ,hdll illu1trate thi• approaeh 
'"'~:~ :'t~ .,~.,r:~ a'-m·c. "' wr:: "' 'cvora: "<!~ 1tioM: e'am~'"' ptol"ided 'Jy 

"·'''"""""· in t:to ro:~a!r1h~ ''""~'''~ o!"·.·,. ~arer. 

EOQJÓ 
Ratio 

.n 

LO 

1.14 

L5 

'·" 

Procedme 

Economic Order Ouantity 
p.,,;.,. tic Oulur O"·"''''V 
Pan Period Balancing 
Wagner-Whitin Algorithm 

Economlc Order Ouantity 
Periodic Order Ou2ntity 
Pan Period Balancing 
Wagner·Whitin A.lgorithm 

Economic Order Ouanúty 
Periodic Order Ouantity 
Par1 Perlod Balancing 
Wagner·Whitin Al¡¡ori1hm 

Economic Order O~antity 
Per;oo:tic Or<!er OuaMity 
Part Period Balancing 
Wagner-Whitin Algorithm 

Economic Order Ouantity 
Periodic Order Ouantity 
Par1 Period Balanc•ng 
Wagner·WhWn A1gorithm 

Coetlicieru ol Variation 
o .293 .718 1.410 3.310 

16!!1 1681 15135 1633 1153 
v~n 11m t!~l'; u;:n ll'.'t 
1681 1681 1585 1597 1153 
1681 1681 1557 1589 1153 

2209 2915 2601 
2209 2209 .2025 
2209 2209 2025 
2209 2209 1953 

-2117 

''" "" 
3612 30!15 3275 3105 
2545 2545 2305 2425 
2545 2545 2305 2205 
2545 2505 2205 21(5 

1197 
1197 

"" 1 1 97 

"'' "'' "" '"' 
3859 4873 
3447 3491 
3577 3359 
3447 3353 

3747 
3145 

371!9 1311 

'"' 
338< 

= 
2871 2681 

1311 
1311 
1311 

5120 5435 4951 
4011 4056 3615 
4011 4055 3545 
4011 4055 3435 

- ""' 3945 1405 

""' ""' 3245 1405 

PERFORMASCE CO~PARISON FRAMEWORK 

ln comparing the Economio Order Ouantity ond the Wagner-Whitin 
prO<edure<. Kaimann [7] varied the problcm paramcter< •ystematicn \ly o long 
:wo dimen•ions: the eod!ídcnt of variation of the produet demand in the ,.,. 
quirement< •ehedu!e nnd the ratio of the ordering and inventory earrying 
com (SIC¡). a Thc coefflcient <1f variatiolt describe> the degrc-,: of variatiM in 
the demnnd data and ;, u<eful in indieating tho<e ""'" whete the EOQ pro· 
ce<! u"' !"<t<U!ts in hig~er <"O>!< !han the Wagner- Whitin Algorithm bo-c-au~e of 
non oon•tant demand. A sOarper d istinction can. howevrr. be drawn bt:tw<en 

11,-.., ,~¡r,.;..,, ohotio"i""' V o =a0 10; •hn-< i5 ~ t.f"-< &..-nll< ,...,,, d<-mond ont!O 
0 

" 

"' "•"<Ion;! dniation or ,...k!, d""'•""· ' -

• 
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S " so o " o -- -- so o "' 11 05 

- "' "" 180 25~ o 
S ':>~ '" ;so "' o 

' " ó>S " ZlO ' •o " ·oo "' " o .. " so "' o o " 

" " -~ ·-- " ;o o 
"~5 

.. ~-
' '-~ ~ ~(.'5 1105 lCCS 

Ston<!a•d Dcvio:·c~: o ~7.0 66. t 1:>0.0 305.0 
':oe•;,o:cn: c' V~--~t'o'>: - ., 

.L.~ .7'8 :..;:e 3.3:0 

To'>'< 7-:;l"m""' !'"""-' fo• l '"'";'''"o" 

t'lo pctftmnorc~ of thc<c :wo ~'<10<t~Llres lf ti'_C ratio of_the eeonumic_oréer 
ccaoliit,· :o :!1o "'""'"~" ~or'<><.' c'oo10cd (EOQ/:JJ ¡, _,,b,t:tute~ for the ,~,·eo­
-~-..- co;t ,-~:ir (~/(:.• ,,('(! ~-, :(o'n•~nn. :~~ EOQI5 rat'n mea•oros t~e 
~~~"'" of ,;,.,1~:cc" ~,·:wcen- i.o:e~r>l multiplos of pmduct demand n~d ex· 

• , e' A ,. ,. n<o't'l' ~::.!e< t::e :c.~·.' ;~,·co:c,-y caer:;!:•¡: <nm ex.H •:t•'c. In sontc a~p •e o '<' • • e 
?.CC D,-oco~~re. 

w~;,_ ~"'"'~n::'s et~:::;J!es ~,. 1·:e"·ed u•ing t~i< fr3me~~o·o•<. there are 
•.-e,-~1 :~t'>NlO"-' ~;;;.,,_oco< Je'll'ece ~;, eooo:u,;or.< or.~ ou". In ord<r !O 

. ' . ;:··''''"~"ti"'"' ,::"-occ""<C,, "''' '•o•:c c<ic•n¿o~ t!lc oxom;1!c P'"'""tcc. <''"''"'· 
::: ~~:. wo h~-.-; con·~~ ·.o<: ::•e '"'-'' ; ""'nton· co<l fue 2S ¿;rro,cnt '"'' of ó:~. 
~,:,~ th; <~:::e"'"''""~':>": ;•.ceo e:::?:~)X ·~ '!"a!>:e, :"-~.~-~e "-"'";" of th'• 
a::~·,.,,,~"'':""'~:::;-"'':" t.;·;,,. co<l ~"~ t:omond ~o:a :J<ed ;., :>rc~ori::g 
···•1 • .. ,:,:.,;,-e '""''·-':t' i:t '!".:'.•'e< "a!'d ~- ToO:c (, c·ownl\ o ?"forrMnoc ... . . ' ' 

<'l'"'""'''~'\ o: : ·,., :'oc,- ,.,¿.,;~:; ~'"""~~'"' !or ,c:cote<i ~a,-or.¡c•.cr 'a.""' :n 
::::·· ·-.,,n~o:.7~S::c0JJ:Sl.S2on~O:SV:¡:S~-~:. A d;,-...,, 
'''"'?""-·''" <•f tC: ;•oroe:nagc Ciifercnco \:ot_w"'"' thc r;•·:lt• ob1~1ncd w:th 
:'•e ::,-ce· •'m:•:·: <'c·o.<<"l --:·:~, '"''-~ !h•, ~:'"""'''1 'C"I':,I< :'"r~:'.'<'<'ri by lh' 
\',';o~~,·•-l':il[(jo ,\'•!t'";::·e· -' <' ~-.,-~ ¡., ·:·,.~:~ g_ 

-. -- -

Ratio o! ECO to 
Average Wee~'Y. Ordering lnventory Car,Ying Cost 
C:~"'anC IEOOI':' mo CM' <>er :Jnit P..- w...,~ 

.n " ~ ~P. " 1.~1.1 ~~ 92 ' :. ¡t, ;os "' ' 1.~ "" "" ' :.82 "' '"' ' 
Source: Kaimann, R.A .. "EOO vs. Dynemic Programming-Which 

One to !Jae lor lnventory Control?", Productian and 
lnvl'ntory M~m•gemenl, ~th Otr., 1969. 

~OC/5 Coe!fic'ent ol Vadation 
'1~:'o <>rccedure o "' .718 1.410 3.310 

Economic Order Ouanti!y () ' '·" 2.76 () 
.n Penodic Order Ouantity () () '·" "' o 

Pan Period Ba1ancing () ' 2.05 0.005 ' 
Economic Qrder Ouan1ity ' 31.!!6 33.17 36.78 ' : .!.":' Period'c Order O'.rant::y ' ' '-"' 6.00 () 
Pan Pe:iod Ba'ancing ' o '" 1.03 o 
EC0'1omic OrCer Quantity 4i.92 23.15 48.52 ~" ' : _1 ~ Per'O<!'c OrCe• Quan~ily () '-" '·" 13.05 ' Pan Period !la'anc!ng () 1.59 '" '·" ' 
Econo"''c O•der Ouantity : 1.95 45.33 30.51 41.7{1 () 

:.50 Pe•'oc·c Order O·~a~t•tv () Cl '·" :7fi.10 () 
Pat\ ?orioC !la!a~c•ng '·"' C.17 2.15 3.95 ' 
!:cono.-.,ic O•c<er O•Je~tity 27.64 3-:.03 44.13 <:9.92 ' :.P2 ?er:o~'~ OrCe· O~a~:.ty ' () 5.24 21.57 () 
?art PerioC Ba:anc:~g ' ' '" '" o 

T>'>'o '~----"•·«·"' !"""" ;" "'"-•lln""'""' Cw. EOQ,I'QQ. rPR., w • ..,.. w'"'" 
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ForJ-. :-T ot>' '""''""""c-.,., " ~OOI!l Ruto for :~• E"'"""''' Ofd., Ou•n<i:, ood w,.,..,. 
W'":in :•,,,,.__,:.,..,.. ~h• \"::J ~ ~ 

l:omornir Q,-,¡,.,. Q 1un•:ily: T!1c aoaly,;, ,:wwo. in Tnb"c 6 :ndic;<IC\ lhat 
w:•._ .. , :!·o :Ocot.<'".ú C'cr'c·: Q""""''" ?l"<'<:«!~'c ;, "?P!'c·~ ll• :he ~"ere!< de­
e·~~,! c!a:a ¡~a'"'·"''~~~~"'' 'c"'"''":c. :~ero""' :wo cn~d!:'oo< "hcrc ~he 
"".':'":' ~rC'Ce<'-J'c ,.;._.;¿, :•,., "'~'''e,-,·.-::,"' :!le Wagnor-Whi:'n Ngorithm. 
·>,- ,.;,.,¡';¡,,,,, ;, "·,;,·. :.'•'< ,.,.,,.,., ,, '·'~"·' tlw ,·,-m,rrH~ ;, ,,;¡¡,,,, "'"" t'>< 
rc·<:;:::c::l'.""'', "":><ú' ..-. i.c. tl· _. ... ,,,-~ "'c:n ~~- 10r!at ¡.,., ¡, '""'· .1 .. ,: thc ee~­
:o.- ··:_. eo::-:r •:""":'•,- :, ~" '··:c~-,c ~·u:~'~'c ol t!•o a>-.-rogc «"eá:, <!cmand. 
· :·· • .- "OC('. :3 = : ;; c. ce: '." ".' = :: .-' ._.,.,.,,, ;., ·:-~!· :,· ~ rr~ó~e' ~~..- ''"";>'o,, 

·:·~ ~e•.:Cl' ;::•:•'r.r:e •:•;, C<>"t'!:'"'" 11-.• ''·'"' :"'"~;nrcl '"~<l:trot1.11 """'f>IOI 
:!": '":e·:-~ :::: '"" _.._. ,,• ':(..'~" '=' , o ···e·, ""'' .,~, ... ·d ;_., 7-.,:· ·o ~ ',,,. :.''" ''"" 
w':,·:• •:., "'~- ~·;,._.,_. ,-,.-, .. ·,, ;e•,- ~:,.,,_: 1•• F';:""' :. T!ti' g•o:-~. '~~"' >1:~< 
:··, :O>:l':." .,,_,_.,,:., ... '-: 01:1 ~~· ·,;,b;c :·•:.1: <~'" :h"n :!:e Wnc~cr.\l'hitic. 
,\···'"•'·· .. ,· •• ,·e:•: ,, ... ''": ::_e•·::; r.·:!<' ''"''""" ;.,.,:.,, '""'_,,.,, ":"'" 

.. 
·~' 

FOQIÜ ratio'' k" th.on 1.0. i~ whk-\1 c·ase we~kly <>rrlcr> are placed. l!! no 
,.,,_e¡, thc Wagncr-W!oititl l"'"'cdurc nwre co,tly than tllc EOQ procc~torc 
a< ¡, <ug~Ol\C'I ':>; K odl'""' o i 7.¡>?- 71- 74]. This 1 act f<>\:m" di.....,tly from thc 
""~mption t~at ""le" con only \>e plac-e.:! and «<'ti> e<! al t-~e dí <ere!,: tin.: 
'"¡en,·:.:< dcfincd !,_. ¡¡,,. rcquin:o,cnl< <d•C<!ulc, 

:·,,. l•igl~er '"'''' <''"' ,,,.,¡,"''"""''' .,r thc ,., . .,.,,,,¡,. ordn ''""'''ity ¡>rn­
cc<h"'" ochoti'c lu thc Wa~llct-Wioitin Al¡;"dthou ;, t'i¡;'"" 1 "1-"~"IY n­
p:ainc-d b• tbe mim>ateh between lhc economic otder qu~ntitie< and thc 
,..,.;kl;· dcntar!d, o~u<in~ highcr inventory carrying ro<ts. Thc dp in the total 
<O<t cul"'e for the EQQ prc•:e<lure w hic h occu.,; nt>lf the EOQIO = l. S ¡x>im 
in figl1rc! ma~ be ""pmin~ al nr,t. Thi' happom bcoou'O "' the magni­
tude of tlle econonHc !"~ ,;,, increa•c,. th~ •• Ira inventor;· e o rricJ <WCr l"r<'rn 
wttk 10 wcc~ soon bcoonu'' •ufficienl to clin1ina\e one <>r more weekly 
orde,.,. When the EOQ h 1.5 timC' the a•·erage ,.-.,.,kly demand. in a """'t•nt 
demond «hedulc. nn <>r~cr is avoidcd e\·ery third wcek. Since otMN co11 no\ 
b~·ploc"l.~lcvcty '"''"'~ 1\CÜ llntilthc EUQ/5 rutio equ"l' 2.0. the total it1• 

<Cntory c•o;t inorea'c' ra:1idly aflcr EOQ/i"i cqunl• J.S. 
,\ ;econ<l cUTlditi,,, ir> which thc 1000 pr""<."<lurc and !he Wagner-Whitin 

¡\ \~orit!om yie!~ t!>c •nme resuhs ottur; "hen the coefficicnt uf >arialiun be­
come> ve• y l.trgc. i.c. v0 = J.Jl in t!l;, exomplc. ·rn;, hnppcn' w!ocn 
"'~reme vnri.n '"'" •>e"< u r in tlw dt:ma r1d data a r1d thcre ;, n marke<l r' cgrcc ,r 
•p.'kc-dl>r" ir> :l>e rcqu:rcment> sc•hedu\c. Th~ dcm~nd .chc•duk 'h"" t1 ;, 

b•a ><!!)in Ta~le 7 pro<· id e'> a ¡:ood illo>tr;Ilion of th!< point. b sue~ ca<c"\ 
lhe economic lot •i>e ;, not suff>cient tontee! the "ee~ly deman<!. lL ;, le" 
"'"l'"'"ivc lo «mply incrca<e th<" or~er quantity. rathcr thnn 10 initiote lw<> or 
more or<kr. for a peak ~cmand pcri<xl. Thc urdct' ""' plac·ccl l<> m~et ohc 
weekl;· doman<! and the re<ul\5 obtoined with bo:h proccdurc> ar-e the •ame. 
We !>ave ~!o•.:e<! :he ~ata ¡, the b•: ro"' of Table 6 to illu•trate thi< point. 
·r:m grap't ;, ,;u~n in Figcre ~. 

Kai:nann's rosul:l '='<licate t!"'t lhc EOO curve in Figure 2 •hould be a 
'~rai~h·, line, e<:cn~ing horizontally fmm a p<>Ílll nn !he totnl invcntorv ,.,,.¡ 
"''•-" Thi' """'~renco~ nn !ncrc><ing diflercnec in :ot": ""'! IJ.et,.·e~n t!>c 
EOQ and thc Wagner- Whitin pr<.><::edurc•. Y et. ou r re,ults indica te :hoo therc 
:, n c:ear aG,·antn~e :o mox!ifyin~ thc EOQ proce<!ure "' the dcg~ of 
,,¡;¡,,: l'CI' :n li•c f<'tl •.r ircrlle\1 '' •chocl u !e it~crc.lw\, ,\! i!H>ll.~h !he Celcl licicr~ 1 

,.:· •·ari"!io!l do" "''' memurc ll•c <!o~rcc of 'pihJ """ "' 1 he demam! <!or~ 
~:re«:;-·, it is a goot.! a;tpmxic.>atin~ < ~rbb!e 10 <i~~nl t!le nc•c<! 1<> mo<!if ~ l~e 
EOC' O!lproado. 

f',·n·,,¡¡,- Order Q1wnmies anJ !'om {',-,¡,¿ llahmánG: lllthoug'> the 

't>lllt' ,:""''" 'e :·al•'c O i:·d :rol<' a e:'"" """"'1''"":"''''" hc\I<Wrl thc ~t·rf<>r· 
"'"""" or óe1c two ;>rocet:!u•c• and thc Wn~r~or-W ¡,;,¡, fll~<•ri:h "'· ''•• ó:~ 

•,-,;, ~"' ¡, """'""'"' '"'"g oh< '"''' «>--• "!"""'"'" f,~ ,,. '"'"' """"'"'"" ""'"' q""""'' 
~"'<' f"<~ '"'""'"' <''" :.~<'"<"e "-<·-.~• '""~"''< "'''"" ¡, ""' '""'''"" '" ""'~"' ,.•,., 
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F"'f""' 2-To<ol ln,.n<o"' C<•" "CO<tn<""' of Varlotim- fm an O<rl.,inl Co" of S)OO &nd 
!:0('1~ :>:.:'o,.¡ :.•1 

¡,~.o: , 01 [f"tder.: to draw ~")' firm conc:u,!on<. !~ addition :o its s!mplioít}·. 
::10 ?oc: :'ori~~ 3o:0,,:.,g ~"""'"'""'¿;e l'cmi¿c low cm: m<i<':ng p:an< in 
:Ce.o e'"m~:o<. O e. e• ,.,,;g:t: there!.C'cc ;,; P":hc•' J.e :ha! :11 ;, P'ocedu~e ""'~" 'd 
'"~=ee.: 3~ ~:~ec:i'c :c~ú.,:!· ~c:~>eer. On,·cn:ory cos: ond co,.,~u:1ng llme 

~·:::~:~:~~ce for ~ r·:c·!:-c"'""·'' ~·o~~'·:· 'Y'''"'· 
CO\:CL '-" >: O.''.'i 

Thc pr<X!~c¡;o~ r:tC''>C,Ct c"coc"\" ''"' .; ~""'""'o~ <>?IÍ~·" i~ chofl\in~ ~n 
or¿ocing pr<'<'educc ~·.,,e no~~irc"'"~" ~·,~n'n~ ''"""'· "'"~¡,.~ from t~• 
.~<e ~r •'-?'e d..,·,;o~ .,,~'·"' '" <'~·imi,:n.~ P'ocedu"''· ~e ~'"-~un: he 
c!1<'<><e< ..,.;:"¡ :,,,~.,:,· <!~~e·H: e1~or. ,;,., c,p·rn,;, :\e ¡úco< ""!~:ce cci!erio: 

inventory co<.\ performance, computationnl dficiency, and procedurol 
,¡ mpllcoty. To pro,·io:!e dula for a more inform<'<l dedsi<>n wl1h tegard t<> the«! 
critcria, the method of eva!uating alternativo ordering proocdum •hould be 
b•na<!ened ¡o :~dude both: a range of ros\ nl>d demand paromet,... valu~ 
"'"1 •h~ .1 nwunt .,r <'""'I''Hi n~ ti'"'" n:qu ir<•l ¡, ""' kt- nrdcrin¡: olo,;;i,i•""· Wr· 
l"•hnc· tl1aL Lite """IY'"'"I 1'"'""""'~ 1""1'"'"'1 In llol, 1'•'1'"' lo""" >l<p 
\uworC a more sy\tematic analysio. 

In a •econd paper ,. .• will repott a •imulation analy1is in which this 
analytieal framework Wl$ u<ed ro analyu the foor ordering p=edum 
Jc"or:be<l in this paper. Specificalty, thc<e <imulation e>perirnent< wcte 
~in:cte<l toword J more e•tcn,ivc exploration of the to!ol inYentol)' eo>l 
'" rfacc illu<ltn tcd in T able {• of thi< pnper, and included both in•entory tos\ 
and cornputing time cri!eri~. !n par.icular, !11<0 question< wen: analyzed in 
!i>o<e o.perimcnh. 

a) Whal h the magr.itudc of the diffen:nce betwttn each of the three pro­
~dure• and t!tc W•gncr·Whi!in Alg~citllm with rt•pcct '"' inyentory 
tclalcd '""''' and oornputing time? 

b) Con thc <~iffcrences ob<ervu! for the<e two mea<n= be accounttd for 
Oy changc• in the cocf!\óon\ of ••riation or the EOQID ratio? 

T~i' ar,a])SÍ< ¡, dite-cted toward im;:.roving the manager"• ability to make 
bc!!ct é""''Íon< with regatd lo lhe tradO<>ff betwcen invento!)' co<t and 
cnmputct1g l!mc Ítl choo'i"g an ordering pr<>eroure fur n rcquirorncr>l• 
[li3nn'n~ >J'ICnl. 
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'"'-'I'~~IM,S RF.QU!:U:'l~:"'s "'·'"'ltur: 
.~ HOP!: >"~R ~"!: tl'T1l'U! ~p ~ 

"~¡;5~,;~ Rl:h!.I~Y •• h Ch~~ S':'UnY 

L. J, ~url1n90"" 
,-,.¡n ~io~. '"""'l'<>nt"" 

or, J<Jneph Orllokv .tnrt~<\ n •h•~~-•~••l~n Mr!nn n' "'~'""'"''~•• 
on ""'"""'' ""''"'"~~""'·' "'"""'"'' "''"" '"" ""''''"'' ...... ,,.,, •. ""'n<o Pldnnln~ ~y•t•'""'' ClndeuJJ.a•• l!<l9ht Proooocto f<>r thn 
futuro" JUH o"" yeor Og-0 Ir. CónclnMtl .. 'l'nh lo a rothor ir<>nlC 
tltlo (or Jo• to us~ •• he va• running o ~~~ulrenent• rlannin~ ~y•­
tom neuly t~n year• ~~o. t!ot only va• thc ov.t~" runnlnn, but o 
•r•t•~- ~orlvo-U f«>tn tOlo onc lo Hill in u•~ •o~•v in •he ,a~~ 
plant.. 'l'huo WC havc an cxo~rl• o! ten yearo o: hutory on Cin~~r­
ollo"o tutuu. 

TWO ycaro •90 in ~ew Yor~. jc•t orlor t<> the APIC~ confer~ncc. • 
wcrbhop on "'lahriah ~equlre""'"'" Plonnln~· vu lcd by OeGr~~ 
Ploosl ~nd Ollvor 11iqht for componle• usin~ thl• •6ohn\q·•e. :llo 
proc~~din90 o: thi~ ~or~oh09 hovo ~een publlohod ~• nort .,, ttP. 
APIC~ Sped•l noport, "~_.,teri•l Requiro>nonto Plonnln~ Uy C<>.,put~r." 
1\nyone internte<l in hqui<e,.,nto rlonninq ohoul~. 1 !>-elieve, ob­
t&ln • copy o! thio roport. 

In thlo book, thore ore nino cooe •tuOieo o! co~anieo whlch hod 
oyotomo up and running two yaors 090. ~he resulto !or theoe n;ne 
havo been nothln9 shon of opecteculor. ?hor~ hove ~een 2~ to )01 
n-ductiona In inveotory, up to 20\ l,.,rovemonts In eun.,...,r •e<· 
vice, ao-d bc¡><>rt~nt eoot red~~tlons .. • 'l'hio h evon ,.,._ S'9"'!1· 
eoot ,vheo you co~üdor ti\~ ~iveroe hll•iouoo• repreoonte~. TM•o 
c0<1oonic• ~o all che way fron m .. , pro~uct\on to chulcol ¡o~ 
•MP•• Thoy go frorn heovy .od•J,.ry to electronics. Th• 50~0 ho•­
ic techniquo ylelds pooitlve resulto. 

~here lo, ot thio ti~e. o rel .. lv~ly new dl,.,.nolon whlch ~~~e• tho 
ploture stlll More favoroble. Soveral COf'_outor monu!octuroro hove 
modo proqra,. poc~aqu &VO(lablo to tüc a ~ro.t doal o! t'>o nro- · 
9••""''-"~ wcr~ out o! no~ulr,...,oto Plonnln~. The ~ot ~"""'" o! 
thooe io 18:<'• PICS. 1hlo syste" hoo t>een ouccen!uUy in• tallO<! 
\n uven: corponie• and it \>< ~un wcrHn9 !or <>vor thro~ ycaro. 
<'!ton you ad<l to all o~ tbe aOGve, t'>e vutly l!"~rov"d co.,~utor 
c•pa~i~lty ovoilablo tod•y cc~porod to ten yeors a~o, lt o.·oul1] 
ooo~ t\oc co~p•nleo by <~~ ~udrnd would he ''"·"lng to thl• ""'~""-

1'ha above !o, h""""""::-~::'t:•;•:j·:, -ll-'<o(H<t! On<l. 9<0VOt1 
"'"'r Os, o! oourso, very 
J>o. ;, qove th~ ~•Y In ~iqht 
pooP~e ""h it h•poen." one 
·~~· odds oro 20 t:o 1 PICS 
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S1n~e philoooo'oy i• one thioq •mi ouotice anol-.@r, I '<0~\d ll•e to 
O"trOOuoo you te ":'loln ni"'· IOe<>rporat~d u~ oh"" you a roo! llvo 
n.,q•,iro~~"" ~lannln~ Zy<t""', ,.,_,¡n Dbc h .. ool~o ovor $'".~~~.100 
oncl Mnu!actu,o• 1'<1""' tro.n"11UIM ~u!noont ~or a vorlot~ of in­
~o.trl~o. "'" '•"JU~ o! "Hch h oon•tructiM ... ~!Mry, r.-.o syo­
e<n you ,.¡11 ooe lo 7•1/l yoan old, dt-.ou~h lt hu hod onuol 
r:•J•>r r~v!oJ.ons. tt woo start~d on •n ¡~·: 1001 CO"'T>Utor •n~ i• run 
to•'·'Y ""' V,nj<n. !<u rr~·'r'M~"'I lt ,.,,-;~lw• ofnc-- l'l~ll "'" "~' 
,ov,o!lo•,¡~ le l'"''· 1"1o 1•10'1t <>el~'otnn<lln-o ~¡r¡,.., • .,o., loot~""" ''"' 
"-"!''""' oou! i•T•··· 1n "'"' "" uon hn1. •·'oM"I" "''' ln '"1"~ """" -~·on,ooO 
ccco. Tvln ot.c t• ono o! tM co~,anl~• "~ooc r••ult• ar• ~~.-~~ on 
.,~,,. 1' and 20 o! tlle s,..~!.al nepo<t. 

Lx~lblt l lo o '-"'Pl' o! Twin oloo'o roor<ler p<>int oy~t.., .. ~!eh wu 
'" uoo !ro.,'"" loto l~JO's until 19~4 tn ~oelno an~ 196U In Rocl<­
~orJ. lle wero unolole to includo tM R<>c\!0«1 Plaot in ~~O no>W sy•· 
to'> untll th~ JóO replace~ t~e HOl. '!'~i• •yote,. ""' quite a q<>od 
one o! Ho type an4 had only two rul oro~lor.o. Tho ..-ont "U tll•t 
it took tvo to t!\roe ""c~s to u¡>d.oe the •yote.-. '!'hio ""''"' o tao 
o[, at but, two ...,o>.• to erylod• o leve! o! a bHl of ""terhl. 
5c~e o! our billo hov• ten level•. ~nter!n') on order te<>k ~O """~"! 
"e, o~viou•ly, ho~ to d~veln~ m'nual sho<t cuto, ~ut tl>u~, ~• 
bos<, oro poor •ubotltutos for doln~ the jo~ rl~~t- TM ochor 
~roble~"'"' tho look ct t!nJ.n9. ·¡~ ~no>W t~At "" n~~dod ""'-terlol 
;-,e we di<l not \nO'-' wh•n '-"' noode~ it. trotlce that on 8/'/6C,, "" 
eocdv<><l (ive rteceo o~ t"'-' pa<t, T'oh b~OU~M inventory up to 
~5 plecoo. It wu not until 10/H/~~ tMt evon on~ p\~ce vu u•~d 
ond not untll 11/29/~6 thot the !nv•ntory fell h~l"" tho 1n plec~• 
cOH -.ad been in otee!<"" 8/'/60. Tl>at "'" r"ol inv~ntory turo? 

Lxhi~it l lo an e.-rrl~ of ,.., lovol• of ' bill o~ ,;,oterlal. It 
Jo al•O an o<On~~e o! • verv •lN>lo ~eoen(.ent d~.,and !ton, '!'he 
,,,.,. line that storto un~er Part ,...._~., 1• •~~!·•~~!anoto,..., '!'he 
•~con~ lino n•n• ~ltll • .,.,. indlcato~ an\on b~<>ch. Thh 1• a 
cony o! an Lxception ~~tlon Report. Fo~ t~\0 ·~~!bit, ,.e I'Od@ an 
lnqulry and its l;oQx ~·• on ·~· in lt. "o action lo lnd!cated. ThO 
re5t of t~~ line sMulcl cxploin \toelf, ""coL\ t~eso two lineo 
""''"""~ Inforrnation", ne~""' ti"'"" are thr~~ oet• <>! fou<" lineo 
@0Ch o! vadable info<I"'tioo. !l>io infornatlon 90<>S ten...,.~. lnt<> 
t~e p.,t, ~·• the ~u<<tnt .... ek, dncl ft~ !uture ""eko. '!'l\lo t<>n-ot 
~as t~o •~"""''~ac"d p&.C ~ue, t~• current woe<, ~n~ S~ !uture """""· 
~here aro ten optlonal !o"'"'t" !or th!• On'o..,.•t!<>~. IJQ "U'. •e• 
t"" othQro later. !ho coosocutivo nUI11~o~• otaniog with ")H" oro 
week nunbero. ''hon w• oUrtod thlo syote,, "~ •t•rted vlth 1/ee~ 
OO) an~ when we get to ~90, we wlll otart <>Ver. The next llnP, 
·ne~uiroronu", showo ir. ti~~ f"~n d'. o! the ro~u!re~ento for 
t~" "-'rt. 1t~se can ~~ cau~e~ ~y cuoto""r or oerwice o.-~~<• at o 
h•~h~r '.ev•l, t~e """" at t~!.s lovel, sa!ety HOC~ O.t any leve!, or 
,.:es !orec••t at ony '.ev~:. In o~ort, iC 1• t•.e nur-'>er O( o\eceo 
wo nee~ to !,e; all de~n~•- ~ho ne•t llne i• calle~ "C.C~eduled 
~eecl~OO", ~~eoe ou o~oo purclla•c or~ors for a p~rcha•ed nact and 
"or<·ln·procoos inven~ory !OC • ~anuf,,ctorc~ pon, "~voll•hlc" 
otorto in the f!rst onacc .,¡t~ on ~am! inventor~. an<l io the ros•>lt 
fro" tMrc oo o! Mt\in~ t~e ~nvento<y, •c~edule~ receJ.pU an<! ro­
q·,C<@I'"..O~to. '!'ó~o, ,~. s~-~1ece r"''oire...,nt in •raot O>uo" Mt• 
•c•lnot <~e SR pOeceo in ¡"_vontory an<! "ivu ~• •voilal>Ie in l<ee~ 
J<< o~ +!, !n the """' woy, t~o ~~-n!eco requ'!re,.,nt in '"'"~ H~ 
neto a~•1n•t the +~ ond 9h·e• •n ava,'.a'>:e ot ·•z. "Planne~ Or­
d~n" a<o nothln~ Mr~ t!oon stort dotoo. 'l'hlo port ""' • olx·•·oek 
toad tif10 ond our rulco oay o part ohould be oohe<luled to to. re· 
ceivo<l on~ woek oriOl' to need, T"huo, the !lr .. neo~ h in~.~ )~6 

.n~ H wc oul:ltuec ux "'••<• !ron ""@\ '"• "" h•"" a plon11<0d or~r 
1n tleo\ ,.,, .,.,,, 1• the la•t ~o te t~at p.>rto can boo'ot.ort<><l 
t~rou~~ tho o~o~ ~l they are t<> be dOne in Keat l55 an~ ovollo~l@ 
in"""' H<. '!'~ere oro bo 4~'• (n Weok JU, \fe corry '"" 
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o•¡><ld;ee o!ne<o """~ )O? i~ vltMn l"Oa.! ti""- T!w ou~neot.-.1 pnr• 
""¿"~ order h ~or ~~ ~~~=• "Me"- h •~~ or~cr <¡u•ntit? '"' t.,., 
0-'"Un~. "r~o·<e,or~, there i~ • •o-pl~e~ plon<><"<l or~er In ''" oa•t 
~'-"'• "oto. """evcr, ''" •~eon~ ,Iann .. ~ or.1er l~·•ti1! Ceo-~~,.¡____ 
<l pl~ee•. Poge a <>f t.»e s;oeciol ·.,nort '""'Pr~ to our ~uctle<> a• 
oO<Hn~ ,,..,. .,y vcr><lar'• <'400!-.i"" c.onU:r for l"""lry po;<....,_,_ T'l• 
·c..-.· In t">a !>"rt n•PCt o! t~!• eosu..., lo • """e !ora fou~~ a""-
·• oO<'n r~r t'~ ty"" n! ""'"'"'l· 
"'"" '"· ......... , .... _ ~- .. ,.,,_,,~ "' ,,..,_,_,.,. ····~···· ., ..... ~ ., .. , .. 
<¡~irer.onto !<>< 200 pie~"" o! o--.. <~ 1.....,1 ,..n o .... r • <1~<' • .,.~a~ 
o~ Jl -~~- '!he= ~ .... ._.._¿, --.o i~ '""' ~~ . .,¡.,..,_. lftcr•-"'"'"· ! 
<">ln~ <!Wt t~is ex-'>!c "'"-"'~ o~t •• , ...,ll •• anyt~l..., e~n. t~_., 
o~ort"""'lnqo o! the o-to<>t~ eMrt An<l t< ... itio"-'1 m:1. ~ot~ teeh• 
nl~o•s ore ~ao.,d on t~• incon~ct ~""'!•~ t'at ~""""" wiU ·~ eon· 

''""'· 
~x~i"t J ,......,. t~<> o!!.-.,t o! ""~"~" otoe'. o" a ...,..,..,.....,u "'•"· 
ln t.~io cuo. t~~ ~no.,i...,e oa!e~ stoc~ "'~ ._,,. t.é<!""t~ fr<r. "<>n 
~om:· ~norte the cdeulaHan of n•llable. llith no "on ~and" at>d 
na "r•-.·•'••~er.t.s". the hr-' na¡¡,._,¡~ i~ -o;on. U fi.nt qlance. 
t~ ca.tó"'1 '''m"d .,., to ~ in '--''" u-. ccnt!itioo, •s t..., one in 
~•h•~it !1, ,.¡,~a put """' plac.....d. o.-Qr, ,-..,...,....-, i.n t.~h ca...,, 
t~o<• ~• "" ""'~""(! ph""..U or.!er aru!. 'fOO can ..,ll n ~ qln..oo t,...,t 
<~h ""'~•ur cor,,.,s !rot• t~e !ao<c t~H - are into ~~~et~ otoc~ ot 
•"- U~?'r leVe'-. ~:.<-ro h na n~~~, 1.0 tl:l·\ c~•o, to tr'' t<> brl"~ in 
t~ castln~• '" t~~• t.~n le~ time. I! YQU ~~ o tr~~\t1ana1 r~­
a«!~r palnt s:r•trn. -~r. 1 •km't t'U...- ._.,., ,.,.. C<K>ld tdl t~e 
~l~!erence ~-~"""'"'" üe"" •- por~•. aK """-1<1 he ,..~ti,.. ........ ~ 
"'h?~••i~ an <~•~. !t i• c~ntra1 oo our syo~ to b~ a~!o to tP'l 
~ha< woul~ b~ n•ce to ~o an<! '-''H "u" be ¿o-~. I don't tl>h>; t.~•t 
• •~nsl~l~ •~pr~c~ tQ S~p rl<>or Cootrol o< ~ure~~~n~ ~y~t~ con 
te ~e unt1l t.'"' lnventory Cantr<>l ~Yot= provl&,• ,~_;_, ~ ..... 

'!he inventOry eontrol n>leo 110~ in. our ,..,..,..., ar h any otller sy~~ 
te~ con ~" the user'o ~- 0.< •yst~ In neo the l~~• lnventory 
syote,. t'n can Pe ~~he~ ... a~ ~ ... uir.,.,.nu nnnin~. It ,..~ d~­
ol~ncd to yi•-'-~ a hi~' <!~~ree a! eo•t~r serYiCO, I wDa!d lite to 
'"~'"- ,_,.,ver, t.~n lt lo """¡~"" t<>..., t"e ,.._...,,.voy. A S~,_ 
~\eco sa!H~ n<>e~ ""Y ~""" ~~~~ 0<> yau on •• •.~· <o..,-,. 1t ls 
c~oro for reosons t~ot hav~ toda "it~ a ven~or an.! a cuse-r: it 
l• not a port of the •yste~. 

I v\11 u~e ~xhi~it • to su~rt ~ c!al• t~t e..n vi t.~ lnd~ndeat 
~e~nd, ".~ul<~-ents P!annO~~ can do t~~ jo' •~ wel! •• r~~~r 
palnts. T~~ exarp!~ port l$ •• in~epondPnt or near!y l~n<!ent 
~•nand ,.,._ As sucb. expon~nttal • ....,t~lng b us<!d. to tú..,ast 
t~i• o•rt. ::c~e !or""•••· in th'• ""'"· 1~ ~· oiocu ~· -~ ~nd 
<!--e s"<>o.,ln~ coMtont i~ .H. ~~;, !o...-cost is recalculat.-.1 ewe· 
cy !ocor ....,.~.. :'!lo pro,u~ c,...,._~cs t~e ac<""l <'"'JUir~U vi t.~ 
c:1<1 foroeut on<l usu t.~• ~re.>ter """""' to cdcu1He th~ avail~ 
"""· o>ceot '" •~• !l«t !our ....... ~. vhere !t u~e~ 1~' a! t~e !or~­
eoot. TO!• ls ea•y to see i! you !oo~ &t t~e p!ann<X'. ar~or En<>­
r.:C '"e'<• "'lt:t a l< ue t:,e r.•ult o! !oreca .. , n !eut In I"'<t; 
t'e ot~en ••~ fino. :lote ._.,. tot•! ot •~~ end o! '"" ucor~ ,..,,.,... 
,.. haVO! 182~ pl.-ee~ in ~"•n.o~ or<!ers ~er t~Os roocor~. o! ,.,¡., !U 
oc~ ¡;m crLers !r~ t~c pe~~~ reeo~. 

t.~ibitO l t~rou9h 4 are exarnl~• e! on ue~ptlon re,.,rt v~lch h 
iuued tvlce a ...,.~ f<>r thase P"•t• r"""lrin~ acUan lorder, ca.,.,el 
oc~er, re oc• . ..!~ le. a~c. ) . ":'hh o~ tha toa! u U<! !or ln....,ntory con· 
tco~. Cxhiblt S, on t!>e ot~•r ~ond, lo qer.eroted. only on '"'~""~' • 
oo~ e< "'"~ to revlow oe~edul ... TM• forn>t •"""• cust-r an<l 
ocrv.oe oc~on ao re<¡uir.,.,nto only. ~~e pldnned or<l<tr •_o! 
,~¡, '"~or~O<!or. arron~eT'ent i• t~e oeeond nlonned on!P, ~ In 



t~hibito ~-•. l~ t'lU ""Y· • oroduct lin@ ocheduler c•n loo~ ot 
the \<»rer lovolo of any biH o! Nltorhl ond ooo tho ovoilo~l.l1ty 
of porto and <A" ,;aterio\o, dcvoid o! tl1o di<tortiono brou~ht about 
"Y '.lpper Cevol •ofety otocko, or~or quantttieo, etc. T~i• ton:~ot 
\• 'lo<cler to ru~ tl1on tM othus b<oco•.l•e i.t 1o printe~ on "hin 
""'"'"" to avold th coot M preprintod to,-r", ond cose o! ru~lnq h 
•:.nnocenary olnce or.ly a !e-w pe<>t>l• need to Jtn.,., """· 

rhc ••~.e infomHion ls ovotloble in EX~tibH ~ oo " ovailohlo in 
Exhtb:t S "J.th onc oxcopüon. In ~xhibit >. dl o~ t~.e P""t duo h 
colloc~..,: in ono sw-ner!.>od quantHy for uch UM. ~hit is go<><l 
c~o~~~ !or o pr<><!~ct sc~od·>ler, Mt o S'loo I"lOG< control ~yn .... 
c.~c~> to '<now, not on:y t~.ot a jo'> h o.>.~t due, ,.,~ l\ov hr ¡, h 
"""'d.,, 7hu•, t'le n pie~u ><~ich •r~ """"" •• pa .. ~u~ in&~­
hU•it 5 con !>o idonüfioJ ¿s 20 ~rorn ''eek 336 ond l fro,. ',<eok 34¡, 
7~'' ~~""at lo ?rhte<~ out on~r raroly lmo~Uy for en,.ples ouch u 
t~L•I, ~·.lt t~e """'~">ter ,_,l<o• '"~" o! the in~ort'U>tion to eolcu~ate 
cr~tical ratio. · 

1 t~in~ t.'»t you will a~ree that lt h i..,.,runt for Nrchaoin~ to 
~e ,,~¡~ tO aoporate Hr" cuo~onH <O'f\llre!ncnto !ro" requl'"'"enU 
cau'c'~ by lnv,•ntory dodoiono M~ 0'\eo !oroeHto. It 'f<>uld ba 
vo"y niee to hOVO all vc~~or~ delivur a!L motorio\ on tho dote re­
~ucoto<!, 1>-~t wo ~on't l!ve '" t~at >O<t of ....,rld. 1\ov '"""Y tiMo 
l\O'"O "" "to•nl. p<><>ple ••Y• -.,.,!.~ r.o Mw nony you rully n~e~ and 
... ~ .• ~. an~ I'H <¡et tl1e..,," •:.toriol :\(!quOre=nU Plan"inq e•~ on­
owor thot quooHon !or ""th tho b~y.r oM t~o foreman. tx~i~it 7 

1 

' 1 

~o ,, ~>órly ot•Mord Opon Ourc'l.,o Or~er llcport "hie~ o~<oWS eoch 
)J~yor ~" opo~ Ord~r• l~ ~ondor """"'~" •nd P·"' """"'"' oo~~~nce. 
::-ove<, ot t~• r!~~t of th< !"'~"· under f"'<::CK ond FWY, ~e can 
lino! Ute loot dltc~ ~no an<l ~~tlty, ¿eavcry o! w~lc~ c&n p<•­
veH ~ :o~c ~ell,..ry.to o euotcrr.~>r. !t i~ intarcotin9 to..., t<> ..... 
t~ot, i- ovo:;• e.,e, e~t~or t~e ~•to OT t.~e quontity di!!ero !r­
.-~·~ o- •.~e·-.urc~.o•e or<'l~r. ~~io l>"ct of t~e rcp<>rt uteodo_out 
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'ht~ lnv~ntoey reeorcl• •Hun ~~vinq • ti_._ sed~•, lt 1• oaw to 
ce !t<>v t~e cc,..pll!cr can~ p<"'Jr..-..,0<1 to del;.e,.,.lno " clel!· · ~&t@ 
.~cec ~, .. ,.¡~:"~ n!: C<>""!~~<M• of on anenb!y, l!ic~ net e ,~. it 
'' o:oo o.,.,;·•-H>-s~e 00" t~lO •Y•<e"' c•n be ~~~ated cory:eto:y a~ter 
eot'> ln<liVi< '"l nr~er ¡, el\tNe~. Tho oot•.io! pro~rilo i• ~•ry com­
'''''" ,,d """' <ni: plu• nany Mu'> of con~uc .. r ti~ eae'• wook. 
':-o:,""""¡~~· out o! !lne ~Cr """-Y '-"""'l'""ie,, hut"" ~~~~ t~H it 
i• v~:: ....,.,~ ... ~!.!~ ~or ~•- ~~~\~it 9 1• tho pUtpUt !r"" t'>l• pro­
,,~., w~lc'• '"""" olll orol•·r. ,.nto·r<"<l, ""'' lt M'.""·~"''" vhlr'o vo·r~ 
""' ......... ,,..,, ... ''"' ''""''"'·"··· , .. , .............. ,,,.,, ....... , '" ''"' 
0 ncon~ co\un•n 1<0<.• LM ri~t1t. O'ho ri~ht h•n~ culumn -•hm'" tho p.rt 
n·r'>H t~oat eaUO@~ "' to toi: to moH the euoto.,or'• r~ouo.ro~ 
C>ee. ~r~crs v~ich are so lrv!iedto>d ore c~~t'<cd over hy a pr,.,uct 
se•..,~uler to b~ ~ure t-~at thn ro>eho<lu!e ;" noco.,•ry, 

r.x~l~lto ? and lO uo an i"plooion an~ an exp¡¡,.jon whic' oxrloln 
t:·c~•r:v~s. 

On t'e Hrot pa~e, I qavc so- attentlon to tho !oilure roto o~ 
t~~se oyote"• and in~icated that ?"Oplo ""re res¡><>nolb:e for elt'>er 
'•i>ur~ or '""""'"· OHailo cannot"" o~~r~oO~@d. Sine~ t~~ ~y>~ 
ce~ ;, vory ""'"~ to ro•ponJ, lt "il\ oOl'>pouP.d """""' [oster t;an 
ooy ot,nr inve"tory oystem l kno·~. E•MI~lt• H oncl 12 •ho" e•art­
~'o' o! '""" tn>"' o! da>ly u['dH<>•, on Mth e! th••• •h<>H>, the 
¡,,,-_~~ter h•• ~een ah:e te !!nJ orrero. '!'~!.• t. ~en~ by c~~c\!"~ 
oo~oe nu.._"ecs, pan"''''''""'· quantl~l.u, <!at@•, ~<c., a~•lnot uc~ 
ot~oo. Mt~r thooo errou havo l>c~n >deMHicd, the ru:., lo t'at 
c.,-rootiono "'""'~o nodo prior to prooo .. ln~ anoth~r dO·¡'o wer<. 
¡~ a oOC'<'C"on jo not ~.oée, tho error ... 111 ·~~·-'" on ti>~ n••Mt 
~•y'• u~~·''"· ~=•oro hove~"~" t\ree oo<roctJeno,no<le en tOo•e 

''""''· 
~he !aH e'hi"H h i'lu•trative of anct'er ¡,.pnrtant featUre of 
o·o< oyHOn. •:oot reporto oro ~onerote~ olth"r by uce~t!on or hy 
•~oo;al re4ue<t whpn the !nfnm.o<,on \o de,lred, 'le ~on••rato fe" 
tC"Cit!on>' CHo foct hi~h ro~rto to oto on • ~··~ untll yo:!,.,, 
""' "~ich <he" a<~ <heo"o euo. ~hh !o.,. i• uoed to ro.-;uolt t~o 1~ 
~?•t uoe~ o~tiona: re""r••· "'"""t In on erer~.n<>y, t~e~e or~ '-•· 
•~•~ en •n o"ernl~~t b•sio. 

~'<!• h" boen • rother ou\o~ lntroduotlon to •:at~cl•l ~e1ulro~o"to 
r:.,n±M, and '' ,.,,. heon ooce.,ory oo •~i" nuc'' ' '"'" in...,n-•ot. 
""''"'"«; ! fee: t~H t'• "'"o! acouo! exanr:o~, r~t'<er th•n ,-aéeun 
ooe• !a~on t~ough they are :>Oro o=p!eo<!, '"--""P• '"" ·~orr ...,re ,.,. 
COcvo~lo, ~'>io lo a "ecter woy to control inventory, •c.~ it i• al· 
'" 0 ~:uttor we;' to ·~re>d the noee.,ary Onfor'"Hon throc~~out t~e 
o•V"''·•tlon. lt b"'•"7' !n the ?re•ent, r.,t t'>o !ucure . 

, 
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I!Hh inveMocy r~eor~• oeo·on '""In~ a ,;,..,. •e«e•, it 1• ""'Y en 
ooo ~<>~ ''" ~o~~~t~c c.•n ~" n'""'""""''<! co dcOe,..,(ne a ~~livory doto 
•:ter ex~~'~'r~ ~~! coo-o<>~•n•c o! •~ •••en'o:y. :ac' ~•• e~.~~·· io 
lo also •»'IY to seo ~o~ c~c 'Y"""' can ho ~n<!Ho<! co,..~:ov:" a'Cu 
oaeh >ndn•l,,u.ol ""~"" i• O•"·"'"¿· """ ·•ct•J,,: pr~qe~,... ~· Vory e""­
plu on<! ~•o• 2r,: oluo ~ac.y hO~" "' conputH "'"e eacO "'''"~· 
Tillo""'''~ '.•o O'"' o~ Hr.e !or """Y e""'"""''''• h~t wo ~ool t\••t it 
lo woll """"w".t~o '"' ~o. ::x,\h\t R (s '-"" puc:~ot •,,..., ''•h .,-,,, 
9<0~ "h!c., '·''""'' "11 "''''''" ""'''''"'• '"'' 1• ""'"" '''""" "'•''"• ""•~ 
not •d""'"''''' '" ,¡,., cu·-t"•~• '•• ,.,.,,.,., • ._ .,.,,, h tm!l~~'"" ln L''" 
•ocond colu~n Oro~ th~ riaht. ~~e d~'1t hon~ ~0\U.-r. ''o"" ·)·o "·"' """"'e< chat eaus~<l uo to ,,_¡: to ~o.;o th<> cuoto~or 's renc">•tec' 
~ate, Or~ors w~.ic'1 ara so ln4lr.Cod are coeo\o~ over hy a pc""uct 
•chduler to be sure t.\at the rosc~e<lul~ h necusory. 

I:dllbits ? nnd !o "'" •n imploo!on •nd on explooion whlc!> eKploin 
t~onsolvoo . 

On tbe flrH pa~e. 1 qav~ '"'"" attentlon co t.llo h!lure rate ot 
tOesa 'Y"'""'' and lndkated t~ot f>OOpl~ wer~ roo•><>n<~'>~e !or "''~« 
!oilure or •ucc~ss. nd•ll• ca~not ~~ ov~rCoo%o~. S•nc~ cO,e •Y•­
cen lo vory quick to re•pon<l, it wi~l Compooo~ orroro l•stor '''"" 
•~Y ot~er lnVeP.tory oyste"' < know. Lx~iH•s ll aod !2 s~o" enn­
~!•o of "'" 'Y!"'• o! ~oc!y u<>da~es. On ""'" o! ~h•se •"e~••· ~"e 
co:-o~ter !>Ao b~en ~ble co !ln~ errors, T.,os u -.!aoe by c·~o·_o"~ 
or~Or n""bHO, oon """"'""· quant,ties, <!ato•, otc., ~~A!n.c ••e' 
oC'oor, hft<>r t~eso "rroro ~ove been ldonti!ied, t~e ru!o l• ''"t 
O"r<octiooo o•u>t Ln :-a<lo prior to :>cocoosio~ ano'""' do,.•, ••o~~. 
:: • correcotoo os M' ,.,.¿e, the ~'cor "'i::·a~pear on '"" n••t 
o,!_,~·• up<!•t~. ~hcrc ~ave ""e~ t"r~e correction• ""~" on t'ese 

'"·"""· 
7~0 last o<hibit lo lllu<trotivo of onothor l~portont !o•t~r~ o! 
"" ,,.,~~. :!OH rer><>rts au generoted ~(ther t.y excop<ion or hy 
'"''cial roque'" ""en the infonoatlo~ h d~•lr~d. 'le ~~necato ~­
cco·~~"ona! cwa !ooc ~C~h r~,ort> to oH on o ~eok until y~¡;.,.,, 
•n~ whleh thon are •hr"'"" ""'· >hls !orn is uoed to '"'!""" t'.o !l 
"·"'' ~•••1 o,tiOTiol ~Oporto. ••cept in an e~er9onoy, t~"'" are \o­
'""~ on an ovon.iqht b•sis . 

~'>lO ~•• b<:u a rot~or qu!c\ intro~u<:tio~ to "at~rld ~&1Yire,..,.nto 
l'\o•.ncnq, ao¿ it !>o• he~n n~c~o.ory to '"'~ '"UO~ that i• ln¡>O<Con,, 
1'c•oe·,er, l fe~l t'l•c the "'"o! dCtuo~ ·~•~p1~o, ra"'~r thon ~·~ou~ 
~'"-' leven thOUgh t!>oy ore "'"'" CQJO',~O>I, ~•~eo "'~ •tory ""''" ~,.. 
::"''""~"· ~~¡s Coa ~etter ..,,., to eont'ol coventory, and lt lo •l· 
•~ • ~ettor way to opuo¿ t~o noc~""'Y hóor,..tio~ c~roug~out ~"" 
orqoni,ation. lt ~elonqo in t~o orooont, ~at tho !ucure, 

.................... ~>-·'-" ----- -----
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Thi• ~n;c!e ~f>llt>rod ftom "'" AmllhCIIf! Ptrxiucrj(m 11t>d lnv•nt"'l' Con/tal 
Soc.'oty IS71 Confe<ooce Ptoc~od.n9s pp. !25·136. 

STOF': BEFORE YOU USE THE BILL PROCESSOR 

DAVE GARWOQD 

F ''""' C<>nt•o'> Comco"v, '"""""""""· ,.,... 

ll•lll'rnce<Sor< are bec~ming increasingly populor roftware pocbges to load 
an~ m•int>:n produc¡ Wucture d.:ua (bil!s of rn•t<rial) on computcr lilts_ The 
<echnicol pror.c;cncy of t~ese paduges has been founcl to be excollen:. llut 
~'w"c' Tcchmcoi pronciency of software m>y 1101 be lhe solutiun to:ru>n rml 

pmblm<. Your effur(s - which are usu,:ly time coo,.ummg an~ cost!y- ma~ be 
"' cxercise ¡n fu:ilily and resu!t in a "con1pu1eri><d 1y11em" wltich nev<r 
oc~;.-., lhe promised, practica! ut~ity . 

Do >ny of lhese "•tcmenl5 sound famili.,? 

""ÜU! product has loo '"""Y variJIJOrl< hl foreca>t by end proJuct for 
-~~nn:og compooen1 ~equircmen:;."" 

''We havo ~en WD1kmg for fom ynn and h.--. stJI nol achie'"d 
coonplole b1ll of mat<ri>l coverogc." 

"~b'""ining a,J inJexiog uu1 b:!ls of ruatcnal i; bccuruing loo iatge tu 
ha!ldlo." 

lf 10, th< baSIC 1tructure of you¡ boll• of material may bo your re>l pro~lem. 
TI1< llr!l J>roc .. sor and cotnputcr ;pred o'~ not w/11/Ío•" to your problem. 

l'IWULE\1 

E.amtne the need for an¿ resu!ti11g reqUif<OleniO of bdl; of mattriJI. The 
adveTtt of the computer ha< opcnecl ~O<>cs for opp'icolion o~ sorne fJ<J!t•mial/y 
roof"a~!e l'fú<'UCtiOil anO IOV<IllUIY C"011lr!O! i<•ohn!qllrs - lime p~1.1<0d 
"quirom<rll< pl>n<Hilg fur Jl!;toocc. Tlt<S< lechniques requ<re ~ sound dala ba<e 
tnc!u<l"g a w<:l Cocurnented ~•oduct Wuoture - Bi11s of \l•terial. ll"!lot ro~e 
Ó><> t!lt ~~~ ofm>!<ria! play io app!):ng '~«e l<ehnique>? Q¡¡·.ra.~- you mu1l 
"'o~'< tu ~uidJy ami ae<ura!ely P"""lde spee~r.c pruéuct del"tnJLiun \\ilh ovory 
>.L!« <>r<.'rr. lb l, l'lot<' impur!OIIf. vo•J m u >e be ob'e '" u <e yuur b'''• o:· "" lO!iol 

'" :'"'"'~" ~-,~ero:. """"'P"''''' ?"J<l"u jmrr11m ~""'" t<> <;><c<f'o P"' 
r<quowncnto. 

The bo!!c rrob:em u;ua~y found in ""'''"""g hil's o! lnate,al i; tite 
(,~'·""' rll::"~'" of '"1\\~in;l:<m< '"o w!1ich a re!;ot"·~'v fcw P"'' """ be 
"""'"'od. fu, o~mnce, .:on,Ceo an lutomobtle w!llch " meoó"c•d ,..¡,lt 5 
\U~·»><"l~!i<1 - : ~f :él ntotors. ! o! 5 "'"'"''"'o'"· ! of ~O 1nteriors, ! ul SO 
~ot!) Sl)l<•. '"~ ! o'~ raJto•. Altllough ,,¡_,. IU0(20 • 5 • ~O+ 5(' • 5 • :oo¡ 
,,,,,.,,,.,bhe< >ro '"'""lvM. a ~n1>l n!" 5/HJJ/00 (20 X S X 20 X SO X .1 • 
.'\IO.C00) J¡}/o?"<"'" -"'''''"'lnbli<·s cr>~~/J be Oll<"<llbicd - ,.1Ur'll"'~ ~!tJt ,•1 



comb>ll>llons are p<1CticaL Sound im¡xmibl~? A. leadLDg manufa<tut« of motor 
trucks reported ;, a rccent lflide thol OV<r 32 qu-adrillion Vlríatiom of ""~ 
mode\ w<re po,..ib\e oon"deHng only 18 St>ndord ittms wch as cngiM, axlc, 
br.kes, etc, How a !>out trying 10 forccast the <peclr.c modcb lo be so\d from lhe 
2nd quarter forcC2St cf 1 0,000 outomobilt1? Lots of luck• 

Sorne companies och;ne bUI of mawial C<>"<'fiSO by surting with on erilti:og 
b!l\, dclcting •artous para not required and od.Jing ncwpaus tu fmm 1 new b;n 
of materiaL Th< new bill is usually not identirted with a un;quc number nor 
retoincd en permancnt met. \f 11 is i<kntif10d and rctaiM<l, it must be tdded te 
the mdex, which con l>ecome unwieldy. Tlú< tethnique - caBed w Add/l)olete" -
is ene< ptone due to the manual i<Uernntion of oorre<:lly <kl<tinB and :addin& 
par\ numben -..flich ore uwoUy 6 - 12 dir;its Ion& and introduc>e< IRI<sp<>Sition 
e non. h aho <lowo down tM arder enuy proceso. But,lhe~ lhctrr~ is 
that it d<>es not ptO'ride on ao.lequ.ue. hiotorical dl.ta b..., to use in ttamla~ !be 
fo1ecast into specifoc pul n:quiteroentl. Y ou may lo>ow for instanciO thot Bill of 
Material Numh.T 474 X 1 wu UICd ~ of !be ¡¡,. wben Mo<k1474 WIS soh1 
but yoo don'! know which patts (and with what frequency) wae addrd and 
deleted. lf you mairitlin o rea~rd of 1he exceptioe$. you. are bKk 10 forecastin& 
a multitudt of tpecifoc: end l"oducts (Mid/ddetc -'ations) with little ccrtainty 
in the [orecast accuracy. 

Another solutron sometimes tecommended is to oppty U.e 80-20 Law. 

1 -·-
' • 

1 

1 

1 

1 
1 
• • 

Structurc the 1~ which '"1"""'"1 IIQ'X. of !he volume and stnrcturc !he 
rema in in¡ 2!'1% of the vol.ume as the customer'o orden are rece"""'-. Grut! Wbidl 
20')1, are the high volume products? They will be irnpos1ible to idcntify without , 
fint stnrcturin& aU p<>SS•b•lities and examinin& IMir histmica\ usage. In oddition, l 

'' 1('% of 500,000 for the outomob~e manufiC"Iurer Íl llill 100,000 bilis of 
moterial n:quirin¡ SOO,OOO (S x 1 00,000) l"oduc\ rtnrctllte re<:Ords. 1 

SOUITION .--. .¡._ . ¡ 
~ The ~sr K>/urion is to adopt thc Mod!Jkli' BiJl of M.ttrill contept •. n.e ¡ 
conc<pt is to group parto which vory by the same l"oduct nriables into ai'PL t 
(Partí1l Parts List). When a etnlomer's OJtkt ilr rece;vcd. u Ordtr f.ntry _,_ 
Dtpmment detenmncs thc produc\ variables requiRd to sati•fy the customer·s l. 
requircments and sele<:t. !ho rtquired PPL's. A 5imple computer progr,m plll\s :. 
the pan numben top¡elhe< from eoch PPL to compile the complete bill of ,. 
material. Tht. complete bill is 1\0«d only for tl>e !ife of thot cÜ<tomer's order. j 

Consider the automobole •xampl• discusxd <arlier. !f • PPL ""''" madt for ~­
<ach motm. ,,.nsmiss<ort, inmiot, body and radio, 1>11/y 100 bilis uf n~in-ia/ 
~nd 1 00 ptodu~t nructu>C records wuuld be rt<¡Ui<ed. This is a 99':1 "duction in 

hilll of moterLoi. • . ...,-..í. 
fndo:irr: the bilis of moteria1 iJ simp/i[i..t The index would be sub-dividcd 1 

by motor, ,,.nsmis<iorl. intetiOr, body style and radio: Y ou make one 21<ttion -~ 
. . . ! 

frorn lhe 5 - SO choice<. ifr ....,h atl>-di"ril:ion. This ¡, much <asiet than findinw 
the sin¡:le bill of materiol from SOO,OOO J>l>l""bi]jtioo;! 

~k ""-: the fonntllill11 prob/~m tus t*n; 1 01. lmtead of tryin& 10 
dt~nnon< whicll of th• 500,000 unique aul,...., to be dd fmm !be 10,000 
tmit 2nd quart01 forccaa you ......, oaly to 4>mihoo~ !be JO,IX)O anit foreczst 
"""' S 1r.rn.,.,;..,.,.,.., .-1 rh<,.,...,. IOJII]Il.,.¡¡,....., S •odio..oo.rhoo .. n.., 101••• 
units con 20 moten, and so forth. n.. bill ..e m:IICÑIItn1cluff: """"""'; ,,.. 

¡ool. lO \famlall: I)Cflll'ni, 1• 1 T_. podlot:¡ flftall .SO... 10 specif.;: par! 
r<qttitco,.,ol>. 

" - misinlelpielation ¡¡f dlis .............. io I!Dt .,. pts .... cadr. m. 
- be "'""" iniO sub ¡¿,:a_ This. io - tnoe.. n.: prru: lista! ;, cadr.l'Pt.. 
....... ,~ ....,¡ ... !be ..... ,.. ' 1 .......... -iaioa is • ""' lord 
rnarnnn_~"'~sab l')crr..-be ID..tl:asaa!r !!y. 
Thr PPL sirnply r<pr< .. ,l< a ott ..C poorts 1D be · • · o! '""" Olbeo" prrU 10 
......w~o ........ pr ....... t. 

n.: ,.,.,...,. & wilfllhio _, 

1) A tremeodaus ............... ia di< ........... f#lillt ..C iJ 
~) An .... pea ... ndwtitao in potlvt:t __ .. _.,. 

3) ~-~~ofdl<bllsfor• ¿ iuc 
4) A J11rrph{,...¡ ñtdu to !be bi1!s o( ""'taia! 
S) llie ability lo pMn indiwiduaJ ,_r <<4111i u Wlt/J ¡;_, 1fR :..., ,... • 

'"""""' . 
Do you .......:~ w amr: ,.rety S~D~:k ilrfel¡tt:-y r .. radios artd mot ... ;, • 

IWtomobile? A/RdiJttly not! n.e foreast r .. tlldr or !be s ndios wiD be ...e 
•«"'"'" than for =h of !be 20 mor ... · lhen:f...., ·~- ~ .. , ' . • • u"' ,...., D <IJ Slock 
..ne<~tosy on rnoton wil1 be """'" tiran thot of ndoos to protccl · lbe 
pn ter ~nainty of tbc f<>oecaU for _, -- >piJISI 

. . 

" ---~--.:.._.:_ ____ .. /'K: S..;.---- - - --
"···--·~-- --------- ~- -- .. ~- -~-· 
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One or more PPL's ore avliiable for .. rection in e•ch ITE.\1. The numbtn in 
r•r.nth01is ( )!dentify rhe PPL for o unique S<!ectoon m eaoh lTE'>I. n 1e PPL\ 
'" IT!:'Ii 11 '•"Y by- body sito; lñspection tapping, •nd flange mtmg. The PPL ·, in 
1 fl:\1 B vary by tlle boJ y sil e anJ v>lve COJ"lcily. Notice lhalthe PPL's in ITEM 
() v.11y only by body oi7~ and >re i~Cnl>ficd u "Corrunon I'Jrt>.'' Tlli• proJuct 
orq·•i"s .lO P"'t' '" '"'cruhle '"' ,.,,.¡ proo!"rt .,r.,,y ,;,e - ~n uf,¡,,,,.., 1""" ure 
<ommon to oll uni\s nf' given body size. We have found rome products wluch 
hJ"' group of parts common to all product vorialion• of a model. 

Consid<r, fOI example, rru.t a cuotomer wonts a 3 inch, JOO LB RF unit 
without inspection tapping, a 50% capocity v.J-., vilon Q.-rings and a 1 0().250 ¡m 
p1IOI. Order !int!)" specJfics an E..\1310 X IA14 B7 CJ DJ FS. Pr<-loaded in lO our 
p1oduct muctu1e me a1c the part numbcn required for Pl'l't E.\ot3JOx 1-114. 
E.\010 x 187, E.\1310 XICJ. E\BJO xiDJ. llld EMJ\0 x•,IFS. Da u Pmccuing 
'•ypunchcs thc I'PL numbcr< •long with appropriato order identifocotion. A 
compl"e bJII of m•tenal i• pu!le~ together from tllc individuatl'rl"s and prm10d 
for tlut ord~r. lt i•pombl~ lo assemble 760 uniqut varilztiom of this onc modcl 
~)" "'lc<trng occc~ta~:c combin>tions of PI'L"s from thc ÜTder Entry ~1atrix in 
fi~Ur< l. 

Tabk 1 lim wmc numbe" for comp.,atiVO onalysis of thc Modular Bill of 
l~mn>! concept versus tite conv.n!ion:t! bill of matonol approoch. Thest 
numOers T<pte,.nt aotu.J products manufacturcd by F!Shcr Cootml< Company . 

~OOEL 

'" 
"' 
m 

"' 
' 

"'" NUMBEA OF BILLS PAODUCT STAUCTUAE 
APPROACH OF MATERIAL AECOAOS 

.,._,, ro -Con.-.nt•M" '" 24.300 

, .. ""'" "" = Qon,.,;onot ~ 
.. _ 

Modul" 00 '" Con,.orooo.l t3a.ooo 4.838.400 

"<><!•'•' 00 '~ Con..,.t•O"'I ro 72.100 

Moou"•• 
'·' 50 '-~ Co'•<nt•ona• '"~ J.tiO.COO 

T•to•• ~ - Comoo"ton ot Al<>dulo• V<""' Con•onooo .. t a.u, ot ..,.,.,..,. 

'O• ~·""'"' "od<'>. 

T"!t< number of bilb of ma:eroa~ on~ pro<!ucl mucturc record• ror oach 
mo<!<l "sub.,•ntio~y reduoerl ..-tlh thc Modular Appro>eh. For ex•mple, \lude! 
o71" wou!d re~ui" 13~.000 bill' ~: nutem: to Jdirl• ail pns.,Oio <:td P""'ucts 



1 

but only 40 with \he Modular Approach. Since lhe number of par ti per btll of • 
materio.l io oub•tlnlially le., with the ModuW i\pptoach. the teduction in 
pro<luct ••.ructure tecord• is evon greatet ( 4,383,400 to \00~ We have eotimlted 
8 man")le&rs to complete \he pro) e el of cltangmg Out culfent product definition 
to the ~lodul3r Bill of \lotoriol formal and aoltie" nurly iiJI.l% bnt ofma1eriol 
coveroge - a fe.ll which we ha~ •penl opprCOlin,.tely 10 mon yu" to achieve 
5Cl%co•erage. 

APPLlCATION 

Examine one of your producto 10 sec if wme ports are commooly med 
logether. A good woy lo eMmine your produc1 for par!! common•lny is toko ~ 
>tOCk of bUlo of rruteual for one product Une and see if the .._rne pan appea" on 
aU of the bUls or one or two {or 1luee) pam appear on ¡everal b~b. lf they do. 
the,. ore the P"" common 10 lh< product variJblc on tho!< btllo ond should b< 
grouped rntG > PPL Another ¡¡ood indkator uf the applicabtlily of the Modular 
BUl of Moteriol conccp1 to your product line ;, determine the number of 
'3rtalions into which one ofyour producls can be osoemblecl.li you ftnd lh>t 
your product can be ""embled into m>ny '"rialiom from a rclat,.ely f<w p>rts 
and a oigniftc•m dcgTOc of pan• cornmonolity exist•, y our billo of rnattn>l nced 
r"'ructunng befo re you US< thc Bill Proceswr. 

CO ... "CLUSlO."l 

Don"t c•pect • !h11 Procer.wr lo W\ve your blll of material >lructure 
problcms. lt ,.;u deger<nle intG another computer SYSI<tn illu>trating 
prograrruning compe1ence but contnbute litlle impro•emcnt in operating your 
buoine55. Bil!• of .\\lltrial are fundamental elemento in the dato ba" requ 11ed for 
an o ffecti" moteri~l control <) "<rn. Eurrtin< your bUI o{ moteriol •tructure. Be 
<Uro you will ocilitvt lhe cov<·rage r<qmtod. yuu can store. mQ/ntain ond ;,du 
your bill• an~ you can romput< <r«ific (Xlfl rtquirtmrM< from end product 
forecas". 

,\ppreciolton ;, expre,eJ lo.thc i\P!CS !lditoriol Boord for their •aluable 
and OMOlri!CII\"t commento. They were well mad< 1nd """"d substanli•l!y in 
t.'t< final pr<par3!io.~ of th'• a!llcle. 

i\bout the Al<thor-

• 

• 

-- -- • 



DY:\'A~!lC OHDEH QUA:'\TITIES 

Th01nas Godmm 
Orl/b00/'11 ,\larin~ Cor¡J., \\'o,.kc¡:oll,llli11Gis 

Computer capacity and l<'Chniqnes ha,·c now reado~d the polnt wla'Te 
more and more ~mpanies are developing lime •eric> T<'<Jniremenl< p!<nt­
ning sy•tems, In thc•St' syste•n• the T<'<]\!!rements for n port will be• "'· 
prcsscd notas a rato per d.1y, bnt ratiO<·r asan array of varying rer¡\lirc­
ments scott~red out through time. C<omponents of sto<:kOO assemblies 
will show intcnnittent m.t;:c b.tsctl nn tlw e<pectcd ],,;\ding nf thc 
am:mbly. A scnsonal part wollld show a fluctuating ""'!>"· 11 is ap. 
paren! that such erratic T<'<Jilirements <.'tluld not be vnlidly e'pressctl as a 
rate per day nor c.:ould they be order<-..1 etonomically with cithcr a flM:d 
quanmy or fi,M time period nrder q"antity t•alculatinn. A11 orclering 
systcm is required which will <l<>·elop cronomical or<lers in <pite of thi< 
changing and intennittent usage. 

TW<I methods of ~aleulotin¡: dynamic or<Jpr <¡uantitics are <li"'ll<<Cd 
in thi< arlidc. Both ~re non-reilcrat1ve in that thcy sl<'P thr011f:h thc 
orr:~y of req~iremenl< only a •ingle time, caleubting a serie< o! or<lcrs. 
The$e metho<l< are oonsi<lerably fa<ter than rdterati,·e onethod< which 
must try scvt•ral alterr\.1l»C >tr.\tegic> bdore <lecitling nn an or<lcrillg 
pattcm. 

The 6rst method which is more -wcll lcnown and thc mn<t commonly 
use<l, <carchcs for thc leas! unit cost. In <levdopin~ 011 onlrr it steps 
thruugh the reqlliremenl< calc!d.lting thc COst uf inve .. tory ;ond sctup Jlt•r 
pi~e and it or<lcrs al thc point whcrc thc uní! ro<! is low~st. Thb 
mcthod, in •pite of it• app"rcntl)' nnossalbblc lo~ie, h>rn< out "!''"' 
onoly<Í< antl tompari<nn w1th other m<"thml< n[ orderi.,¡:, to he a v<'r¡· 
uncconomical way o[ tletcmtioin¡: or<ler <]u.mtítie<. lt <lcvelop< nrdcrin¡: 
pattem< which result in exces<ive inventory and also e•ces<ivc ictnp 
chorges. 

Thc second method is newer and MI «> commonly l.nown. lt ;, 
basotl on the J:ome th<"Of')' a< tloe cla><ic EOQ fonnnb. i.~ .. that th~ leo,¡ 
lOU1 to<t Í< ot the point wh~re the inventory to<l and 5ctn¡> cost are 
eq"ol. Thi• metho<l consÍ<tcntly dc••·•lnps orderin¡: p.otterm which 
r..ult in oonsi<lerably smaller inventory and 5e!top chorges thon Jo~s 

~. :east unit CO<t mcthot!. 
The .foliowing t•<omplt"l shnw thc Jiff~r~nr~ in thc wm· thc-twn. 

mcthn<ls woH:d order. Thcy ,,how o ver)' <ionp!e array of r<'<]"iremcnts 
and the tompu:~toon of or<ler <]\l.mtilÍ<"< II>Íng tb~ l<•a•t omit CO<t mdhod. 
Throughout the<c "'"mp!cs we ;ore """ming; 

l'nót ""''=e= $1.00 

Setup rost = S = $~0.00 

1 n<•entory carrying cost --- / = .5':'. per Wl'<'k (~5':'· ¡wr yrar) 

----- --

-. 
Tl•e invcnlory ct"l i< G~u.-.1 "' fnllows; 

Tite !illt rc<¡r<Ír<·nwnt of 100!1 ;, "'·""""'! In come In 1 , -~,¡ ¡,.. 
Jr.m_n for '!'" nc,t m~g~ ¡, thc .ome WC<'k. Thcrefor~ \00~ "id - -
;o('<'pouc any >11\"Cntory COS!. 1 \\On not 

T!oc <rooml rN¡uircnwnt of 0000 would h. 1 ·1 r · · r 
.. • · 1 • •1 · , · , '- " < "' mwntorv nr thr<·~ """ "'"''" '<t'""·'¡,.,, ¡,, ''""1''"'' ISO<~I · f . .. 

1"'""" 3w •, . • J•.orl' "' """ W<"'l, /j.,, ~"""' ot. ,., g,,,., '"' on.-~nlory <•»t nf ~!10.110. 

n ... ,,.;,..., c ... n w..,h n,.,,,,' lnv. C."t ~ ..... ,. 
1\'""t ""'"\o H<"ll>. ln lnv. ll'«·h liC .~';'. n"' 

,.,~.1 u,,¡ 
e,,., Cmo 

-------
1 1000 1000 o o ----o ~0.00 40.00 .0-10 

• 1 

3 3 

----_, 

""" = 3 ~- 90.00 
·-------

' H>OO ,., 
' .000 ~0.00 150.00 .01R1 

Fo,-uoo 1 



CCC,~~=~~~':~=-:c- ------· ----·-·-~- ··nerorCiO;f,~ nn;il m!¡:ht be-a ¡.:00<1 io.le:i ti> lool.:-at tlic "'!"~"'"" S!IC-
- ' ~ -~~ T•~•l .\'uit ¡¡.,1,;,.. C"m w, ... h ll"'t''-' nv. '-'"' ~"''' ~---• ~"'' '""hich is thc c'Onlrel factor in ho~], fonmol,,, This, in dh-<.1, tldint'S ,, 

W.-1, .,,.,,, ¡,,,,,,., ¡., lnv. \\',.,.~,, r,,< .s~. c.,., ,_,, " 

' 6000 6000 o o o ~0.00 40.00 .00131 

·--------· --
• ' o o 

·- ---· ----

' ' o o 
------ --

' ,000 '"" ' 0000 15.00 "-'" .007S 
---- ---·-·-

5 HlOO '"" ' <000 20.00 75.00 ·""" -------- ------
Fi~uro 2 

ope<\ ao.J tile rc•mltin~ co•l of iovenlo~y ~ntl •etLLp •::·" "'""1"1 1<~1. ."~"~•~ 
lea•l unil «l<l n>~tho..! w:t< wry crral1c m 1IS l~d•a• ~"'· . Ü\1 ""~ "l nf 
•equiromenl< it """"!.\ d~velop low «•lup <"O>l< and h1gh "'.'·cntory CO<l<, 
,ntl. on anothcr '"t it mi~!,t do jll>t !he• r~•·er<e. llowevcr <1 ncver ro11hl 
obtoit1 the bahnce l•elW<"<"n thc two ul11dt resultt•<l in¡,,.,., lnt:d ""1' 
thon wera !:><.•ing ochic•-ed hy thc le--"~ total "'"l mctho<l. 

from 0 more matlu-mallt":\1 pnint ni vicw thc /ollowin¡: are ¡:~ncr_"li><11 
cxprc,.ions of thc two m<•thmls. (Thc <lenvalinns o! thcsc are In the 

a¡lpcndi..) In thc•e 

' e 

' ,_ 

Sotup co•t 

"' Untt co•t o! por: 

"' lnvffitory carryin~ clur~c pcr period 

"' Rcquiromlent quanlity in pcriod n 

" 
:>:,11nhcr of pcrio<ls ordcrc.J or pcriod mnnher 

Ua>t unit cosr: 

Thc 11nit ros\ al pcrio.~ n + 1 will be lc>S if 

nll
1 

..1.. (n-1) ¡¡,"'" (n-~) R, + ... .J.. ~fl .. _, + 

Thcrclore ordcr cut thrnu~h ~ime pcrio<!s unlLI the "'I'rc-.ion On tl•c 

1oft hccomes ~reo:cr than S!lC. 

l.ea>l Total CO>I: 

'· -'-(,-l)ll."' re 
(. r at thc point whcrc thc c•rre5Sion on 

equc: to S!IC. ·-

part from an eoonomic stanclpoint <incc it cc>ntoins st'!u¡• t<»l, unit <<>S! 
Jnd the inv<•ntory carrying oost. Sincc this i< a new conc<>pl, th<.,.c ha> 
l><'en no genorally aoccptnbk• no>me J~wlopt-.1 for tlw "'prc><ion, al­
thou~h "<JuOntity faNot· and "part-¡><'rill<l" ••••m lo he f.tirly w<•!: P\lah­
[,.hed. Wh•t this factor l>oils t\own lo ;, thc """'lx' ul parts which if 
carricd in invelltory for 011c perin<l wnuld "'stolt in an invrntory charge 
e<¡ual to thc •etu¡> ""'t. In the pr~vio1" e>Ompl~• S/IC wou\.J be 
S~0.00/.005 X $1.00 "' 8000, rneaning thnt 1;000 ¡>.Ir!< "'"';.,..¡ for one 
week (or 4000 parts for 2 wech,.etc.) woui.J rtsult in anJnvcntury 
chlrge equal to the sctup chargc. This. 1 ""1'<"<'1. wi\1 bcrome n vcry 
usefu\ numbcr in vudolls inventory control apphcotions. 

To gel back lo the formula<. hoth e•pre«iuns are rcbted lo S/IC. 
l!owever, thc w ... ighting the rcquircments i• completcly rcversc. Anume 
four time periods (n:o4) in order lo ma~c lhc twn ••<prcS<ion• e.,.ier 
lO reocl' 

Leaot unil ro<l-4/l, "'- 3/l, + 2/l, + Jll •• 

Leosl total ros! - OR, + 1/l, -"- 2/l, + 3/l,. 

Thc leO<! umt ros! pul< " hi¡:her weight nn thc forst rcc¡.,in•ment whkh 
il holcl in <to•·!< for much <h<>rter lime perio<l th:m ;, t:•e ""'J"Í'cmenl for 
;><dn<l fi•·c. This i< not al ;tllln¡.:ic.tl from :t ""l u! imTulnry s~:mcl¡><>int. 
On the olht•r hamlthc wc•ghtin¡,:• for th~ l<•a•t total "'"l <lo sccm tn he 
more Jogical. 
AMI~'"'· probobly ~v~n mor~ di<lurhin¡:. thin¡: nhot<l the l~n•l unit 

M~ formub i> thnt 1! <.1y< t!.:U if the total "1 prriml u ;, l<">< th~n $/IC, 
lhrn th" uon cost ol "+ 1 will l>o le>< cc¡::uUJ,.,, nf <¡to.tnlity or imTn, 
~ory c'n"fg<"S. Thi• l><·'·l'·' lo .,,,¡,.,.t.<nd why '"""" ol thr mJc,. devcl­
op<<l by the loa•l 11111! CLl5l nwthod me illo¡:ical "' li<C)' ""'"''" ;, FL~'""' 
1 ¡n.J ~- A< long as unil rost dl'C<t'.l<e< it WLl: urd<•r rc¡:~r<llt•>S of wl1.11 ít 
~~)<"> to tot.1l <"<>St. 

In ronc~usion. the le.l<l umt cO<t mrthml. Íll <pil<" of it< "'tn·•m·lr nt­
!rot~h·c n:trn<' ami C.<<!ly unJ<.,.Ino<l togic .. Lt"ln.!lly ,~..¡., nol ,¡,.,·clnp 
o"''"'"' which rC51Lll in a low over-nli el"l>l On the utlon h.md. mathc­
ml~ic.t~ ~,o:y•is nm! e'l<"fl<Í•·e COnlp.lTa~iw tcst> ,ln•w lhnt thc !en<! total 
ro<t ty<lom f\"<u!ts in t\L!,.t.Ln~ial:y :mver Cn>l< of hnti1 iTLI·entorv :md 
"tup. A!t:•o<·~!' il is " :,u:c '"""' <"<>nop!<'' in cnnc,•pt. it ;, ,.;¡n.tlly 
'""pie lo :1Umimster an<.! "'"·ami it ec•tninly g""'"' he\lo•r tCs11:1<. 

This •nielo toprinrod from ProdvÚ"on tmd lnvonror; Mon•goment, 
¡ourn.>l of <he A~llft Produo&on ond lnW<~Iory Confi<JI Society. 
o~."~' l!i&pp. 75-8~. 
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APPE:-IDlX 

Deriv~tion of Formulas 

l. Formu/<1 for Lt<ll't Uní! C<nl 

U _ ~p Co•t + ln,.,nt<>ry Co<t 
mt cost = Quantity 

Setup cost = S 
!nventory Co<t = Requirement qly X weeb in lnventory X C:O.t 

o[ port X ln,·entory c:uryin¡: co•t. 

AS<uming that the first re<¡UiTcment is used as soon ns it i< reccivcd, the 
wecb in invcntory woulll he ?.ero. Then 

OR,IC = costo[ inventory [or the ¡;.,¡ requirement 

lRtiC = co<t of invcntory for the scconU requirement 

( n-1) R.JC = cost of invcntory for thc n" requiremcllt 

nR. ->- ,IC = cost uf inventory for the n+ l rcqmrmcnt 

The total cost of inventory wou\d be 

OR.IC + lfuiC + 2R1IC"' ... + (n-2)R.,_11C .._. (n-l)R.!C 

O< 
~OR, + lR

1 
+ 2fu + ... .._. (n-2)R-1 + (n-l)R.]IC 

let Rt = OR, + !R, + 2R, + ... --'- (n-2)R.-• + (n-l)R. 

Quantity is the sum of the Tequirementt, 

R,=R,+Ro+ fu-"' ... "'"··' +R. 

. s .... n,rc 
Thus un1t cost at n = -R-,-
Unit cost at n + 1 = S _.. R,/C _._ 11 R. • 

R~ __,_ n •• , 
Order R. • 1 if unit CO<l i> 1ess than ot R, 

Order n,., if 
5 + R,rc + nn .. ,rc- s _,_ R,Jc 
- < Rr _..R •• , ' 

-------

Thi< simp:ifle• to 

n/hJC <S + R11C 

nRriC- R11C<5 

nRr- R1 <-1~.' 
SubsUtuting for Rr 

nRT"' n(Ro-"' R, + R, + ... + R,., +R.) 

nRT = nRt + ~R, + nR, + ... + nR.., + 10 R, 

R, = OR, + lR, + 2R1 + ... + (n-2JR-1 + (n-l)R. 

nRT-Rr = nR1 + ( 1 J)R .!. 1 o 1 - • , n-~)R, + ... + 2R,. 1 + 

Order R •• , ;f 

nR, + (n-l)Ro + (n-2)R, + ... .!. 2.R,, + JR.<-5 . IC 

:!. Uos! Toral Cost 

Th!s babn~es the co¡t of inventory with cost 0¡ •~lup. 

0>11 ollnv. = Cost o[ setup 

R.IC:S 

; 
R..= re 
Rr = ORt +IR,.!. !lfio + ... .;. (n-!l)R.-t _.. I•-I)R _ _s • -¡e" 

~. . -._., .•... ~., ..................... --;---- .. 



• -
' ! 

1 
r-

.. 

NEi CHANGE MATERIAL REOUIREMENTS PLANNING • 

l"'-'eph A. Orlicky 
IBM Carpor-ariort 

Whit~ Plains. N.-w York 

In thc <urnmer of !971, AP!CS published o <pedal report entitled 
MATERIAL REQUIRE.'V!ENTS PLA~NING BY COMP\lfER, Thl< pub· 
tlcotiun, which ;, b"-'ed on the proco:Wing< of a .. -orkshop attcndod by p<:Ople 
frorn a number of cornpanie• thot use Ma~crio! Requittmcnts Planning, 

o:ontains thc following uaternent: 
"Th• more cxp<:ricneed companies at thi• wor~;:,hop used a Net 
Change systefn and felt strongly that 'le! Change was the on\y way 

togo ..... 
! complete! y agr« with this conc!usion. M y vicw m ay be a bit biased, bc~ause 
1 hada hand in the d~ign and \mplementalion, in 1%1. of the prototype 
sy<tem of which the refcrenced sy<tern< are an outgrowth. 

The Sign!fiunce of Net Change 
The know\e<lge of the prindp\~ and techniqu .. of Net Change Material 

Requirements P tannh>g has thus far resided m<>'itly with actual users. "' very 
\ittle has becn written or publidy cxpounded on the >ubjcct. To moke the 
inforrnation rnott wi<!cly avai\ab\c ¡, why 1 ha,·c seic<:ted thi< topic for my 
\971 APICS Conferencc presentation. 

The production ~nd invt"ntory control profe<Siona\ ,hould know thot thero 
;, mono than one approach lo Mat<rial Requirornen" l'lanning, and 'hould 
under">tand the ad,·anta~., and duwbaá• of ~el Ch,.nge. He mus\ know 
when and "hcre the ~el Chango approo.ch <hould be consi<lere<l, ~ause he 
m ay be cn\lcd u pon t<> dec•de ami rn.'h !he .:hoice at the time his company 
commtts itsclf tO implcmcn\ a '-latorial Rcqllirernents l'lannins systcm. He 
s~uuld al<o understand un<ler ,.-hat cinournstanres it becorne• de<irable to 

~la!<rial Requirement< P!anr.ing 

An Ahernatr.-e to Schedule Rogeneralion 

1t ~·a• nnt cle"r, O! tir>t, lww thi, eou Id b< achi~ved with Material Require­
mcn" Planntn~. "'the ~omct\\Wnol. and traditinnal, approach tu the jo~ is 
""""':"" •o-calle<! '"hedulc regencration and on >rquential p!'OC1:s•in¡: 
tecltntqu<~- Regcncratton Í< ~batch procos•ing methOO "hich, by ~efinition. 
ntu't llc Hed !<• wme pen'orlic ti-eqt~encv. 

• • Fun.•er 51udy ond analysi' revcale<l hnwcver ¡L•f a ·-"' . . _ • , " non·pe"uutc, non--
batch ).latenal RequtremCn!$ Pbn"tng 'Y"ttm rould, in fact, be fmple­
mcntod. ~·"'·tcl<d the computer ~ad randorn-acce" file ,tnr•g•. In t'lt>l, 
"'""' 1 B\1 <nm¡>Ul<'' mOOoh worc ~lrcO<Iy being off e red with <1 i•k •toragc a• 
an altern.,ll·e "' magnotic tnpe sl<>r•~•-

ll'ith the copoability ol random a<r"'' to file t<rotdr r· r , •cqucn 10 procn-

''"~ ~·~ no lon~cr mar>datory (t~ough, of rourse. uill P"''iblc). Thi> me~ ni 
th'" ¡•cmxi1C b.<t<:h data P""'"'""g m<thods herell>fore dictotc·' ~- 0• , , ·¡ _ . , uu\ ,cco:o-
"""'"" ~. ,oquonlla pro'""ing, col11d be oband"HC-d f "' a pplicati~n' wbcre 
:'<; had brtn a dra,.·bock. 

11 ·' .\laterial Hc4uirements r:anning sy•!em ""~ ~"'¡'""', ,. r " · fl . rcortngy . 
The Que.ti<:ln of. Rep!o.nning freqnency 1 " 1"''-"'sor:g " 1 10 perHncnt doto c'<Htld procce<l in a continuou, m<><lc. in 

¡ ttcal\ a moctin~. ;" January, i9~t. Át thilar~e tractor work•or the J. 1. __ """"""~o'""'" arbttran' fr•~·""""Y n: a re-p:onning cyclc. ¡\11 invcntnry 

"'itch from a convemional. regcnerati•e 
'l'"CT11 lo a Nct Chango •ystcm. 

Ca <e Contpan)' in Hacine, \V\><;omin. That da y. 1 jomed severa\ p<:ople whh '"""~'- md\IJI/Og n·quiremmiJ pla,miltt daoa, <:ou~d :Oe hpt up \o dato (up 

"·hom 1 \O'U then auociated at Caseto ""'k out tite ba\ÍC spc« f.,r ;i new '" '~ 1" nnnutel al ali l!rMC'<, 
;.lateria\ Requiremcnl< P!annin¡ <Y"tem tita! was 10 be irnplemente<l on the l be f,'"u~ a!!. l. Ca.e procecded 1!1 d"'ign '""h ;o systcm from scnÍtc!t. lt 

- ~,c~.~.'-ietChan~eondi>e<:anteonorationa''" ·911~ ·n · · re - ,- ' ' ' L. >e ~ngtna ase 

'•<1< "~·.ed on '"' Mhoo'¡ >p<«h >' lh< 14oh !nteon,io"'l Conf<tto« o' APICS, 

1. '""· Sl, Lo""· Y.i""'"' - - · - -
--. ---·--------' 

'-"'""',.. th~ p>TdC'Ce'<or, and has sem:d a' thc proto"p<: for the de.i n o! 
'"' Cl>ange \~atcr!a: Requir<m<r.t< r:anning ""tern• ~in- irn,'< ,g_., .__: 1 • ¡- · • " • r.'en . .:u"" 
'""''" ,,,,,cr P'·"'u ac!un11~ c<>mran'<'>. · 
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.. entorv •Y•tcm. If it ;, to be put to h> full .on~. propcr U•c. it a< ly 

func\ion's on three disllnct \evels: 
1. Pianning and controlling in,·ent()ries 

~ Providing !he ba.i•lthrough it< ''planne<l order" <<hcdul"'l for plan­
ning cap~c!ties 

.l .. \laintai.,in:: prinritie• of npcn '""P or<lcr. laud ¡mrch:"c <>rder;) up lo 
d•te and •~ltd 

Tho shop priority ron tro\ function rep.-sent• a vitally impm-tant <apabUi!)' 
nf, time-phased Material Requiremenl> Plannin¡¡ sy<tem. Otiver Wight has 
repe:ttediy been stre,.ing this point in hi> recent writtngs and tal!«. At 
pre>ent, ¡.~is is mlt ill-undeutood and con<equently little used. Every Mate­
rial !'!equirement< Planning sy<tem ha< an inherent, buil!-in capabi!ity to re­
evaluate and revise all open order due date•- lt ;, lhe<e dne dat~ that form 
¡ho basis of nny sound mcthod of establishing rdative priori!icco; of shop 
order>, and of operation sequendng. 

lf thC<c pdorit•es are to be kept va lid, however, the <hop order due dates 
on which thcy a~ bascd mus! ob,·iou,ly be maintoincd up lo date. lf we want 
,•wp prioritics >a~>d at all times "'e m u 51 have ott\cr due date< !hat are up 10 
date at all times. 

,\ ~la«rial Requiremcnts Plannin~ <y<lem !ha! rep!ans in infrequent 
.,,..,:"'can obvious:y do no botl<cr than lo ~nerate order due dates tha! are 
,;,,:,. pm'otlical(•• ~p to date. Un~e" !he environmcnt is e~eeptionally stable. it 
,, hrd to ••• how shop priorities can be kept c~nstant:y vnlid by such a 
•ICI\em. Butthat tsjmt the potnt lf thc formal sy<tcm cannot'do thejob, the 
;~formal sy<tem mus!, and will, tak< ove<-
T~e informal <)·stem of as<embl)' shortagc Hsts and "hot onler .. e•pcd lting 

can exi•t •ide by 'id e with an apparent:y sophi51ÍCated computer system. The 
•n'Grrnal sv<ter.t is, of coutse, devi,cd by operating people to owrcomt lh~ 
rJ,•¡',áen<i;sof the forma\ <~>te m. Shop orderdue date• need to be ~•i•cd on 
,.,-~, .~otke. <o the e•pediters rev!<e them then and there, a< required. lt is 
~~""""" that they do, b<!<'ause the bu>ine" cou\d not affOrd to wait for the 
""" ,omputer run, day• or perha¡" weeks nway. 

Specs for a Matctiol Requirenluts PIIJlllillg S)"tcm 

\l'ith ~ateria~ Requircments P.'annin~. thc frcquency of replannin~ is a­
"i1ioal variable in the 1110 of the sy•tem. lt is a);t\ a cntioal parameter in the 
·'•·"~" of th sy.cem, beeouse the r.generative apprcoach mak"' it imp,actical 
.,, co:>'an a! a ':et:uency hi~her than about once per """'· _ _ __ 

II'Oen thc spees for a '1.1aterial Requi~mems Planning ')'>lema~ being 
~,:'ce~. thc lre~'Jency ol replannin~ shou:~ be •Peeifie<l b; the user, i.e., b)· 
; r• a nu foct u,¡,_~ e'eeuúe or b,v thc Production C on•.rol Mana~er. Thi• fre· _ 
au<ne~- •hould be ~ea red to the particular •nvironment in "'hich the Mattriat 
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oquíremen!< Plnnnin~ •y•tem ;, to ~p<ra<e, and toihe U>'> t~•t are tobo 
aée or it, as wc di"'""~¿. 
In de<:idin~ on the requir~ fr.quency of rep!anninR. the user should !)e 

ee of constraint• and •hould be able to •P""ify the fr"'jucncy that the 
'"inesss call• for ·· includin~ a.dai:) C)oie, or even conrin~oo« tep\annin~. 
O settle for less than w hat ;, ren\iy ncct!ed will en .u re, ri~ht nt the outset, 
~at t~e proposed Materia\ Requiremen\\ Plannin~ >ystem will ha.- il> 
·fccti•en..,, impaiffi:l. 

To be able to rcplan material roquiremena at a hi~h frequency, we must 
J]vo !he problem of data proce"in~ economics, i.e., the scope of the 
:plannin~job, its duration, the volume of it< output, and the delay inherent 
1 any ma.,ive batch·proc..,sin~ run. 

, In .other wonh, :"" "'""d a non·re~eneralive approaeh ro Material 
.equiTements P\annmg. An approaeh that "ill minimizo the number of 
tvonto'?' records and bil11 of material that mu" be aooo.,ed during !he 
<planmn~ proco.,, An apprMch that "'illlimi~ the "':u me of (automatioally 
enerated) output to notio~, of cum•nl/1• requ~rc:d action. 

A ).bterial Requirements Plannin~ •Y.t<m de;i~nc:d on !he Net Change 
Oncept i1 the an1wor h<re, a< it <olvet every one of the jutt-rnentioned 
""b:cm<. 

:haracteristies of • Net Change System 
Sueh a 'Y"'m can be lmplemented for eithcr of r.,., mod.., of u1e· 
!. Hi.~h frequency «plannin~ (on, t)'rieolly, a d~1/1 • I>Prch ba•i<l . 
2. Conrimwru, or on.line, rcplannin~ la "trama"t;.nn·dfi~<n" ly"eml 
Pre•·aOiinJ( <.urrent praetioe, in companicl t!tat h.,e implemented a Net 

~hange ~later~al Requirement< Plannin~ '"tem,;, daot1· batch for tran<ac· 
~ton P'O<:es<in~. w:th eonu.nuous on·lino in<¡uiry into ihe part .'>o, file. 

A ~.'tic from t'urren 1 pr ru: toce, .~oocwr, i t , hou Id be noto:<! that the <y<tem'• 
je,'~n a\\ows it to be<ome tran.octiM·th:'"" ~l"n'"'"' the "'"' d<cm< this 
mt>:!e Ce.irab\e. Qn.Jine tran<action entry i• a mattcr uf !«minal and sof¡. 
"',a~e arrangements •-<~:rna\ W the S) llcnt t"df. Tlle '·'"<m ;1 i~d~f"'nden¡ 
~ .. Oe<e. The l)·stcm, m any ~~'"·" up 10 óle"' or 1 ~. la" tron.action 
~""'""~.c. lt can be t~.c ntore up to dale thc ~." ,¡.¡,1. !!lcf<" in bringin~ 
tr~"'"""""' to it. · 

-:-.~e t'oRi< of planning ond li . .,e·ph»in~ maten'al tequitemen" ;, """"· 
tia::, .,:_h~ •ame for bot.h con,-entiona! and ,'>r! Ch~n~e 'l'"~"· "'"'P' for_ 

. . • he ""·11ntent O! thc ma1ter pr<~lu 1·tinn wh...Uule 
,\ parliill <•xplo.<um of requirem,•nt, 

The Set Changc Conce"pt 

.L'~úr the :"iet 

l. T~e ""'' 

---- ·-· ------

• 

' • • 

' 
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"-'""''""· rat~cr tb,,n as >U<=S>ive veni<>n• or i"""' ut !he plan 
2. The ""'~"'' pru<luetio~ •chedulc can be upd~to!l !a• a re<u\t <1\ on auth. 

ori«•d changel ul ""Y lirr¡e, by :uldin~ or >Ubtradin~ thc oc\ tliffercn<'e 
from its pre•ious status 

J. !'<riOOio i>'ue• of a new schedule are treated the u me •·ay, in eff«:l •• 
,, •rcoial <a•c of up<l,otin~ for chnnge 

The ido;t may becomc dcarer if the <ehcdulc ;, envi•ioned \<> re.emble a 
ch;n..,e \Otoll whiclt ;, continually bcin~ """''und, analo~ous ¡n possa~e nf 
time. The eontents of each "bucket" in the m alter prOOuction ">Chedule ~rid 
;, either >.ero or sorne positi"" val u e. In eoncrpl, the <ehedu!c extend• indefi· 
nittly into thc future, all buckel< beyond the plannin.~ horizon hvin~ zero 
contenl<. Pa"a~e of tinte brin~< se~mcnl< of thc future withitt thc planning 
horizon, at whtch time their content< are norma\ly chan¡:et.l (vi a the ;.,u e of n 
new <cheduld from zero to •ome positive value. 

Becau<e the ma"•' prodUctton •chc:dule i• updated or changed hhe \w<l 

are equiv"lcnt under thc Net ChanKe concept) by means of addition or sub. 
troctwn nf the net dillcrcnco rclotivc to it< previou• statu,, the task of 
rep\anning ;, minimized. 0 

Thm if a 6·mon<h ..:hedule looked in Mareh u in Fig. l. and in April as in 
Fi~. 1. the difference from p=ious •tatus would net out a• •hown in Fi~. J. 

Thi• ;, thc ""' clr"ng¡• that wnuld be proce"~d (e>ploded) by \he Material 
Requiremcnts Plannitl~ sy•tem on whate•er day thc ncw <ehedule ;, 
approved. In our example. out of a total of 18 ma•ter produetion <chedule 
"bucket~" within the ptannin~ horizon, IS remain unaffccted. lt •hould also 
be noted thal !he .chedule fOI' product B continues unchan¡:ed, In thi• ""'"· 
the data proce"ingjob on a Net Change basis would be only a fraotion of the 
JOb that a cunventional Materia\ Requiremenl< Plannin~ •y<lern would hove 
to perft'rm. Thi• ;, so becau.e under the o;chedulc-re~ttn<ralion approach, the 
conteo" of alllS "bucketS' ,.·ould be input to the Y.aterial Requirement, 
Planning 'Y'tem. and all in,·entory records as we\1 a• bilis of material reloted 
\0 products t\, ll, and C would have tn be acc..,<«! and proce•"'d. 

lt i< in1portant 1o point ou! al so that if. ;, our <•atnplc, the need to reduce 
thc Au~u" quantity o( prOOuct A had been reco;:nized al ,ome time in 
'>larcb, it oou!c! h~ve b'""n proce«ed by a ;-¡e! Cltange 'l"tom ~~ that time, 
without wa:t;ng fGr the """ •,Apri!l i"u~ o[ thc •chedu!e. !n t\ta! case, tho not 
•mpoct n! thc April >ciledule. as far '" prOOuct A¡, cone<:rne<l, would be lint. 
Íl<d :o t!te oddition O!- J(l ~or Soptcmbcc. 

'T~·· '"'""''"' Ol 111< m.,"' p«<<l''"'"" ..,,..,ul< ,., p.oott.-..1 1>) ~m<n<>n llo>l<k "' 
Sr<·n,:tl<!<l, "•" '"• b•·•«• '• W•oh """"' "'"""'.,..."'' l"•••i•• '""m '"'~''-""""'"' ;0 
"-" -
--- -~- ~-- -- • 
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.>artial Expl.,.ion 

With a ron•·entional Material Requiremen\5 Plannin~ •y•tem, al/ require­
nenl5 are explodtd in one batch proceS>ing run, "' lhe master production 
<hcctul~ ;, periodically bein~ "rc~cncrated". Ouring thi< run, thc nct 
·cqu i;.,ments l'or each inventor¡· ítem are being recalcu latod and it< "planned 
>rder"' ..,:,edule is recrea te<!. The e mire proce" "carried out 1n lt<~el-bv-lovel 
·,,~ion, "ar:.n~ ,.[!h the hi~he<t (end ítem) prOCuct levo! and pr<>j!.:C«in~ 
l<.mn lo thelow.,..t (purehosc..J material) le•el. 1111 ítem, on a ~~ven leve] are 
>rocc,.c-d befo.-, the nc•t lower lcv<: ;, addreS>ed. · 

l;'ith a ~el C:h~ngc Materia: Requircmems P!annin~ <y5tem, only a panial 
·~pooSron « c~med•our. Only tho.o inv<ntory m:on;h that are ac1Ually 
·,t:~e:C<! b}' a gwen net chan~e a,.., "'prOCe<"'<l, and onlv those bil< of ma!e­
ia\ tl'al ore ;>Crlinent !O :hese m:ords are retde,C<! .. 

Thc parli~l <-~plos_ion ís 1he kov 10 1he practit~bility of the !'le1 Oon¡¡e 
·oncept, ~• 11 r.\Ln1ml7eS !he sropc of thc Vlaterial Hequirements Planroin~ 
úb at On)' One ttme, and thus pcrmil< a hi¡:h frcquencv of replannin¡: 
lecau•e !he e>pl,.,ion is only partial, !: automdticallv limits the vol u me of the 

--

i 

r<:sul:in~ pdnted output. Thi•. of cour.e, ;, al so an importan\ consideration, 

Continuous Net Change 

Partía! e•pl,.,ion ;, a characteri>tic of any Net Chan~e Material 
Rcquircmctlh Plannin~ implementatinn, whcthcr the ,y,tem ¡, nperate<! in a 
dailv batch mode or in a ronrinuous modc. A partial cxp:<»i<>n i> lrig~·<:rcoJ 
nut ·ju<t by change• w the master production •chodule but al so by certain 
invenl<><y tran,actions, such as scrop Or phy<ical invento<y adjU>lment 
entries. In fact. any transaction that alters the "planned order" •che<!ule of 
an ítem in anv way, """'"' an "'plosion lo l=isíon of requirements for) its 
componen! lower·level items. 

A continuous. non-cydical :-lel Chan¡¡e Material Requirements Plannin_~ 
<y>tcm, such a< the original J. t. Ca<e system mentioned earlier. has addi· 
tional spedal charac:eristics. The updatin~ P""'"" tri¡:gercJ by a ~iven 
trans""tion "complete! y earried out before the next t<ansactoon \s P'"""''C<!. 
Thi< means lhat in !hose cases where a change in <la tus of <>ne inventory ítem 
affects other. lower level items, all of the respective record• (perhaps on sev· 
eral successivelevels) will be upda1ed as a result of a single transaction entry. 

Thus the individual parltale•plosion. take ploce os part of the tran>action 
updating process whkh goes on in o continuous fashion. In contra>! with a 
batch-orienled sy,em. "here the u~l05ion procee<!s in homonral stages 
(1.,.·~1 by leven. in a con!inuou• :-let ChanRe •rstem the intormitt~nt explo-
1;0ns pcogress, •• it were, v•nicolly down the prOOuct mucture. 

Any transaction on any in.ento<y item is fully proce"ed at the time it i• 
pre<en!ed to thc sy>tem. Thi• mcans that trat1>ac1ions may be emered in 
ra~dom >equtnce at random rim<J . 

!'let Chan~e Outputs 

As men:ooned car!ier. the •olurne of automatically ~enerated output (a> 
di,.ine: f rom output !:<necated in ft<ponse to inqui~) un~er :-·et Chan~e ¡, in 
any case !irnited 10 only tho•e itcms affec•.ed by a panio: <>p!.,,!on. T~is can 
be funhr re>trioted by 'uppt<.sing occ•.put rclotcd to Ltem' tila! rcquire n~ 

c..rre1ll act:un. 
This ;, real:v the onlv practica! way lo hanr'.!c outputs "ith co ntinuous -"'el 

Chan~e ~~ate;ial Req~i:-ementl Plannin~. ,\utomatie outp•Jl< are cenera!Ty 
\imi<e~ to s.tuationl ca:ling f or immedi:lle act!on. <uc'"L •• ;>lacin~. cancelin~. 
or resche<!ulinR on order. 0011)' inform,:ion for immLnent ootion is bcin~ ~¡,. 
ployed or printed <>ut. lnforrnotion for action piann,•d for the future 
(t<>morww, ncxl week) is ~cin_~ v.·ithhe:d from t!lc '""' •Jntil it matures and 
•ctuaEy n<C<!< 10 be ae<ed on. ... 
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ha! became invalid due to change, alon~ with the old plan. 
Tilo opposit< is true, of COUI'Se, with th~ Net Chan~e approach. The old 1 

•lan ;, retained and mecely modified, updatcd. Old errors ne,·er fade away, 1 
ond changes in !he bill of matecial, in lead time•. and in other paramete" of 
he •r•tem must be methodically tncorporated, ~' lhey o.;cur. furthcrmore, 
he plan no<~ (forttast) requirement data al the highcst aS5entbly level that is 
dlected in the syst<m most be con,cientioLL,Iy n><:cmc//ed with actual past 
'tquirement.. Otherwise lhe discrepancies betwee~ "planntd" and "actual'' 
tre carried forward and their cumulative effect wili ~'fadually render lhe 
'Y•tcm ineffeotive. 

"kt Change Material Requirements Plannin~ h a conlin~o~s system thal 
nu,t be cont1nuously main lamed. lt ptesoppO>e> that high data integrity can 
le •ustained, in both transaction en tries and file recmds. Companics that use 
.~et Change Material Requiremcnt< Plannmg maintain a stand·by program 
for requirements regeneracion, to be sub<tituted for the Net Change program 
1f and when the Sy>tem's records accumulato too many error,, The stand.by 
~rogram i< then ton once, lo pur¡:e the system by regeneraling all require· 
ments and "planned orders". In actual practíce, operational Net Change 
<y<tems are being thus purgod once or twioe per year, 

Of the three "drawbacks" of Net Change Moteriat Requirements Plan· 
ning, the ftm two prove to be noncxi,tent upon closer euminahon. Tite 
third one constitutcs the only objection that ha• any validity at att. 

A company that is unable to impo<e, and mainlain, the required degree of 
prootdural di•cipline will not be happy with a Net Change Matedal 
Requirement< Planning <y<km. For such a sv>tem to function wtth futt suc· 
cess require,, to quote George Plo.,l*, "a ~anagement poltcy tnlolerant of 
errors. A zero..:lefects approach "neceS5ary. a climaft of accuracy". 
l:nle« and unttl manogement orea tes <uch a clim&te, the <y<tem simply can· 
no! properly function. 

Thc Tlmin¡ of Aetion Uadet Net Chan¡e 

l. Unochtduled stook i"ues 
2. Scrap 
J. Physical inventmy adjuslments (short counts) 
4, Miwcllart~o"s <lcmltn<l t:•ccc>{\in~ fnrcc:L<t 

·--

5. Entry ol' an eng!LtcerinN chau~c , 
Many changes may occur in tite same inventory record on the sam~ da y. tn 

which case mder; would have to be replanned sev~ral times that day, even 
though the changos may hove a mutually cancehng cffect. 

The u,cr's rcaction to changc can be de·coupled from the rate at whkh 
indi>idual changes occur and are prooeS5ed by the syslcm. Thc mo•t co.mmon 
method of dampcning reaction to change is simp\y to dtlay su eh rcactton. In 
practico, this takes thc form of periodic action cycles on the part .o: the 
inventory planncr. He doe• not react to \he continuous stream of tnd~>1dual 
changes, but let< them ae<umulatc for a period of, uy, one.day or long<;'· 

Thc computer can be progtammed lo provide output of act1on rcque•t• on 
a cyclical ba5i<. Sorne of the>c action me"a~e< would typicalty be gencr•ted. 
in a batch, once a da y. ~ost reque<ls for normal ordet aclion (rolea<e of >hop 
ocders and purchase requisitions) belon~ in this cal~~ory. . . 

Different action cycles apply to various lypes of ocl1on, Mpcnd1ng on liS 
p~rpo><. Thus due dates for alt open <hop orde:' ~ay b~ ree,·alualed once 
per <hift, 50 as lo mainlain thevalidityof <hOp prtortttc<. For certam type> of 
me"ages (prematuro supplier deliveries. for cumple), a w.ckly cycle would 

be ,uffident. 
Olher typ<"< of me.,age<, however, shou\d b-e generated without any delay. 

beoause cotrectivc action time is critica!. for cxample, an opon purchase 
order may become a candidate for cancetlation, •• a result of chan~ed 
requiremenh. A 24·hoor de~ay in reactin~ to the new <ituation can make the 
differenoe botween being m not beln~ able to cancel. Other e.amples of 

5ituations chal call for reaol\on without delay are exoeuivc sorap, 
requiremena fatling into tho pa•t caused by a chan~e in the ll~tu< of a 
higher·lcvel inventocy item, a <i~niftcanl downward adJu>tmen\ of InventO!)' 
foiiO'ol·in~ a phy<ical count, etc. 

When major change• in the ma>ltr production •chedule are bein~ 
prOOe<led, or foilowin~ re~ular periodic i"ues of the >Chedute, ~11 
aotLon.requut output ,oou\d ~· supptO<sed until the entire net oh•n~t< h•• 

Prompt reaction !O c.~ange< in req uirements m covera¡e ;, ~enerally called 
for when requ1rement5 inonase, or l<'hen the timing of planned performance 
ad1·ances. For the oppO>ile type of change, a de la y or lack of reaction oan be 
to!erated. Chango> can oocur every minu:e of lhe úy as a result of updating 
inventory, order, and requirement5 data. Slock <talu< ;, not <igniftcantl1· 
affectod by .ñost of lhe updMin~ transaNiom for example, a ptanned- -- ---- been completcly pr<l<e"ed by the >)<i<m. That type of chanK• may offcct 

thou<ands of record>, and the status of an invcntoty item ma)'.<.'ha nge sevenl­
tim« during the P'""""ing of ,uch a chango. 

componen! issue again•t a previomly rrleased order, ora stock receipt. Stock 
<:ltUS re·eva:uolion ;,, hov-ever, oatled for by sorne transacttons, 5uch ao: 

•D..;gmn, onol lmp~mon"ns • '-iot<ml R..¡u;<nn<nl> Plono;,. .\_,,.,m, ~PlO tnltr· 
""ionol Conf"'""· ''"''"""'· 10"170. 

--

lt 1hould ~.k epi in mtnd that plonninR cycle; and action cycles are «tab· 
lished on a more or le" arbitrary b.,;,, Ddayi~~ nouon on o.ailable 
information doe< dampen reaction to ohangO. but del ay obviomly unnot be 
prolongod jndefinitel)'. l'ndet any a<tion oycle. once dela) i1 lerminate~. 

.========::~ - - -- -" ..... ,,._··-~.~~-'·o --~-



•ub<cquent changes can st\\1 invalidate the adion takw. As a general rule, it 
is better !O a o! woth less de la y under a <)"<tem capable of fttqutnt ·· or con­
tinuous ·· replanning. rttva\uation and revision of previous action, than lo 
tolero!~ unresponsiveness by operaling on long planning and action cydes. 

!"'et Chango Material llequircntcnh Plano ing offct> n rang~ of rc;pm""'• 
from zero-delay lo weekly ,,nd monlhly cydes. The relative promptne" of 
reaction to change should be a funclion of lhe rype of change in question. 

The Future of Net Change 

In my opinion, the fulure belongs to Net Change Material Requiremenr. 
P!anning. Earlier, 1 pointed out its severa\ advantages and its >Uperiority over 
conventional. regenerative Material Requirement> Planning. Superiority on 
the prartical le•el of use is what counts. of course. 

On the tecbnica/ ll<"o'el. the continuous ,·ariely of Net Change Material 
Requiremenls Planning represents an advonttd sy<tems approach in that the 
logic o[ the application anticípate<. and is compatibl~ with. the trend in 
information processing teohnolo¡:y. This type of Net Change system can bo 
•mplemented in any one of ,.,·eral degree< of <ophi<tication in inpul/oulput 
flow aTrongements. The sys!em's central architecutre remains unaffected by 
am· of these (externa\) a"angements, and by the teohnology of inputloutput 
devices med. 

Cotttinuous Net Chango ).latería\ Requirements Planning can be 
implemented "' a strictly card-oriented system, <uch as the prototype Case 
svstem was, with manual data colle"ction. and output limited to cards and 
primout. Todaf• /'ict Change systems are typtcally supported by card·output 
dato co!lection. and may have visual di<play unit< on-l"tne. "tn addition to 
printers. 

The system can be operated in any of the<e ways. and tn others. lt is ready 
to be operated as a communications-oriented. on-line. real-time systcm of the 
future. !t is reody. whenever that future arri,·e•. The Net Change Material 
Requirements Planníng system it<elf wil\ require no chan~e ·· it is alnudy 

rhtw. 
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STRUCTURING THE Blll OF MATERIAL FOR MRP 

1o<~pl1 A. Orlkky 

e,-.,,~~ w.P~<•"r 

Olovor W. Wight 

!STRODt:Cl"IO~ 

An imponant di11inetion lx:twe.on Order Point •y•tem1 and .'•1a.tedal Re· 
quirementl Planning system•lie• in the fact that tl>e order point/order quan. 
tity approach is pon baJrd "'herul :.!RP l$ prod,ct·ori~nrcd. OrMr Point 
views each invcntory item independently or all the others. wherea< .\tRP 
looh at the product ond the relalion<hip< of its componenn. using bilis of 
material a1 the b11i• for plannin¡¡. 

:.!RP pun the bill of material to a ,.·hole new u••· t!nder ).fRP, the bill 
ocquim 1 new function. in addition \O •en·ing u pan of the ptoduct •pecs. lt 
become• a fumework on which the ~<"hole planning sptem hangs. 

Often. howoever. the bill of material furnishcd by the enginocring depan. 
ment i1 not "'""""arily "'abl~ for material requirement< planning. As a key 
input toan MRP•y•tem, the bil\ ofmaterial mu•t be atturate and up to date 
if .\tRP output< are 10 be valid. But in addition it mus! !><, unambiguous an~ 
so muctured "' to lt11d it<elfto ~RP. Thc mere .. i<tence of a bill ofmaterial 
;, no guor3ntoc 1hat .\t R P "'ill actunlly wcrk. 

Te undorst"nd lht reascn for lhi<. """ must remembcr that the bill of 
m.,cri"l i< ba•kally an enginecring dO<:umem. Hillcrically. the func!lon of 
the bill o!" material has b<ccn lO dellne thc product from thc design point of 
vicw and from thc design point ohiew only. But now. b.-cause"'" want to use 
thc bill ofmaterial for purpo,., ofrnaterial planning. we mullt1'·del1nethe 
pr~uct lrom thc manufncturing and planning poim of1iew. Proper product 
Cdutition ;, crucial to a planning •Y•tem <uch "' MRP. which d1rectly 
t:cpcnC! on it-un/ikt an nrder point Sj"stcm. 

Pc~ple u<ually think of bi:¡, of material. and of MRP as bemg applicable 
M:_,. in hard good< manufacturing. Bnt bu<'ne,.es that mix componen! 
ma:cr:als. ,..,. thcm toge\hcr. packa~c them. cte .. can also "'" material 
rcquircment< planning lO odvar1tage. Companies in the gorment indumy. 
phormacoutical homc<. ~atch chcmicoi manufacturer<. and oth"'· al! ha1·e 
C•i:!< ~f nt~tt•ri.11 "'~<pi "ti"'Y call thent bt· <lifferortt name.-ntaterial lim. 
ti:trmulat ion<. >pedficatiom. etc. 

Witlt \I!RI'.the prime irtput to the whulc <y-;tem i< the master produotion 
sdtedule. Thc pwdurt mu't bo defincd in ""'lt" wa_v"' to m ah it po.,ible"' 
pu t a val id m."t<f <chrd u k togothcr i rt ter m< nf btll of matoriol n ut:tbors; t. e . 

·----------
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7. Th~ ho11 sl1ou/J /~,J ;,.~/(lo •J)ici,,u comp,ltr fil• 110'<1/f< anJ ji/• 
mamlo·"""~e. 

""'hen. ;n ~ gi<en ~O<e. the~ yanl<tÍ<k• are app\ied to the e•i•ting bill of 
!OA!er'al. it "·ill mually be found th~t 'om~. but not oll. of the "above 
requir~menu can ~ >Otistied. [f that ;, thc ca.e. chango< in hill of m~t"riol 
5trU~ture are ca: le<! for. Thi< can and •hou:J be done. While the bill <till must 
._. ..... its prfmary purpo.e of prm·iding prod uct <pe<.~ fication<. it <houtd not be 
reganled as a sacro<anct documentthat m u,¡ not be tampeted with. ·me bil! 
m ay ha,·e to. ~ modified. or "<'<rruw.,,•d. as tequired for purpo•"' uf 
mat~r1al 'equ1rements p~anning. 11>!< can be d""" "ithout alfccting the in· 
tcgnty uf the •pccs. 

The •everity of th~ bili of material •tructure prol>lem vnries from company 
10 com pan y. c!epend 1ng on thc comp!o,ity of procl Llct nnd nature of the bu,;. 
"""· The term ""?ill of material <lruc(uting"" cm-er< ~ varicty úf lyp1•s of 
chango> lo the b1ll. and •evcral dllkrcnt tcch11iques fur clkcting these 
changes. 

1ñe tapies that make up the •ubject of bill uf matorial >lructuring. "' 
reviewed In thi< artide. can be c:<tegori7ed a, fo:low" 

/. AHi!l'""""' o(id<•miries 
(a) Elintination of ant l>iguit\" 
(bl Lcvóofmanufoctuto 

2 . . \foJ,Iar bi/1 of mar,•rial 
tal Disemangling product option combinations 
lhl Segreg:tting ct>mmon from unique pan'. 

J. P.-,.Jo-bi/1> of,.ull.-ri~l 

ID!O-.;TIF!CAT!O" OF \lATERlALS AC'D THEIR REL'.TIONSHtPS 

There aoe ,.,·era: ~,-incipl.-. in,o:,·ed here. Fi~t. the requirement that caeh 
~ndi,·i~ual ite_m_ of im-enton· co,<red by the .\l"RP <y>tem ~ uniqur!y 
•c!en"!oe~. 1Cm mclu¿es raw ma:e•i•l• and suba«emblies. 

The ,,.;gr.ment ~r '"~"'""' \lh· ;c.r.1it.'e, tend< :o be "lmewh~t arbitra". 
Be: I'CCn '"" ¿e•ign ec.gineer. the in~u>t,ial engi"""'. the COl\ acrour.tant a~d 
!"e in,·e~!Ny plan_oe,-. eoo~ nt!~!1! pre';r lo a"i¡;n them dilferently. The 
que~aon. !..-. WCen e! o un:que su~a<>emb:y nun1bcr5 ha'o 10 be ~"!gned~ In 
reAh·._v. " :, not '"' Gesign of :he ~toduct but the way it ¡, being 
manufac:ureG: ' e . a«embiec!. that ~ ictate, t!1e ""ignment of .uba,.0mb!y 
i~enuties. 

"!"he unÍ! of work. or 10<~. i• the key hcrc. tf a number of componen!• are 
a<Semb'cd Al a bench and then are forwar~ed ,,; a comp!etcd ta>k. ¡o ""'"~e 
."' \0 ,\no\~c' """"h fN lurthcr .Mem~iy. a •uiJa,scmb!y numl>or ¡, rcquircJ 
"'tilO! ot·dcr< ''" t!1ese >uba.,emblic, '"" l>c ~Cilcratctl ami :llcir prioriti0, 

planned. An '>l"RP •y>tem "'il\ do thi•. bUt on\y for items with individua\ 
identihs. 

Sorne en~;neerin~ departmcnt• are <ting~ in ""ignin~ new part numbe~, 
.o mi "C ~~1<"11 "'" ¡! 1~ cb,ic na m pie nf thi' in a row C»lin~ th~t ha\ the <~"'." 
~art numb« as the lini<hed Castin~. 1ñis onay ouit th~ cn~i"''"· lrut •t " 
Óit!iou:t to see how an auwmatcd inventor)' 'Y""m such "' \lRP i< •upp<>'>e<'. 
w di<tinguish b<t~<·een thc two types of itcm< that mu<t be planned and 
controlled <epawte\y. 

The <econd requirement h t ha 1 a n idcntifyin~ numb-er define the comenr> 
of t~e ítem uniquely, unambiguou<ly. "lllU\ thc <amo •ub,.sembly number 
mu<t not be uscd to define two or more diiTercnt •ct< ofcom¡¡oncnts. 11m 
;omctimes happens when the origiMI de•ign ~r a prodnct sub<equent!y 
br:comes <Ubject w •anation. lmtcad of crcating a new bi!l with its. nwn 
unique identity. the old nne is spedt1c-d with in"ructon< 10 <uh"tt<otc. 
remo' e. and ac!d ccrtain cono¡xments. "lñis slwrtcut.method. calle<! ""•d,d ""d 
dele~e."" rcpre«nl< a vulnerable proceduro. nnde.~tablc for .\HlP. W,• ""111 
come l>ack to it in a later o.:<mple. 

The thi•cl requiremcnt ;, lh:ll the hill ofmaterio\ should renect_the way 
mater:al t1ow< in and out of <tock. ""Stock"" hcre d<><• MI nece,.anly mean 
""stockroom"" but rather a uutr ~~ c¡¡mpltrior~. Thu• when a pieee P"': is 
fLnished ora subasscmb:y "<<lmplc!ed. it ¡, ~onsidc"-d to be ""on hand""; t.e .. 
in sto<k un ti\ withdrawn and a<>IXiated with ~n order for a highcr \"'e\ ítem 
as its c~mponent. fin MRP sy<tem ;~ ~onstructed in •uch • way that it 
"''U"'<'< that ea eh in,·cntorv itcm f\ow• into and out of <to<~ at in re<pt:<,i•e 
lc,·e] in the pr.,.:luct muctÚre. \1RP abo a1<umes lllOt tllc bit\ o( m~'<riat 
aC."<."urate!• rcfJect< this t:ow. 

Thu• thc bi\1 of matedal ¡, e•pccted to spccify no\ only the comptuition of 
a pr<><::uct but a\w the proctu staR~• in that produet". manufacture. The bil! 
must ~ef:ne the pr<><!u~t •tructure. in temu of w·called lrv~ls of manu· 
¡Gcr~,~. each of "·hi~h represen a the completion of a •tcp in the bui!du? of 
the oroduct. 

A. '<hematíe rcprese~tation of product <tructurc Í> •ho,.·n in Figure l. The 
s:cuc:~.e ~eftnes the te~a•.ion•hip among the variou. itcm• that ma~e up thc 
product in terms of :,.e:s. •• »-el\ a> the paren! item/romponcnt i:cm 
•e'ation•hips. These thin!l' att '"Ítal for material requirements p\anning 
'o-ecause th.-· esta~:ish. 'r. conjundon ""ith loAd ti m"'. the preci•e rimi11c of 
re e u LTemer.t<. ot<',cr re~"""''· and Ndcr priot it'e.. 

Í:..e produC"I repre<entcd by Figure 1 .~a. four lcwl, of ntanufacturc. The 
end product ;, desi~'l".ate¿. b)" CM,·cntiun. "' bdng at bcl tero. '" 
immcC.,tc componen" A' bein~ a, :o,·e\ nn<, •te. The pattnt/romponenl 
relatio~<hip' depicw'. ;, ¡Me c-amplc indicate thot ··,v· i< the P""'"~ of 
cmnp0r.cnl ··e•· (ol<o o! ··s·· and ··¡""1. ltcm ""C."" i11 turn. '' thep.otent ot 
c·ome~nem ""3."" etc. ·:nu, ""fl"" i• thc nnlv !tcm th~t ¡,no\,,¡"' a cum:''"'""~ 
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!tems ''B," ''C" and "D'' ar. !>oth parent• loftheir components atth~ ne<t 
lo"'er leve!) and components (of their paren( items at the nnt highcr kvdl. 
!ten" "l"through "7'' ~re componcng but novcr patents. 

This would be true if :di ofthc pioce parts w~re purcha>ed. !f item "6," 
however, is ntanufactured from r.tw material "X," thcn it bccome> n paren! 
in re~ationship to this cnn>ponent matoroal. Thus the dt<Unction bctwccn 
parent item and componen! hcm appcar> not onl)' in ""cmbl)' but al><> in thc 
convcrsion of matorial for a single part from ono stage of manufocture to 
another. 

This also applie• to semi·fini•hed l!em• that are """ked (in the <ense 
de>cribed earlier) and that are to bt controlled b• the ).lRP <>·•tem. The .,,.. 
material, the semi·fLnished ítem, and the lini>hed ium mU<t be uniquo!y 
i<!e~:if1ed; i.e .. mus! ha•·• difforent pa11 numb<e>. 

P<'Op!e are sometim~ reluctM! to a"i~n different idenutie< to <emi· 
f:nis~N and fLnished ítem<, where the conve,.ion to the finishN stage ¡, of 
r:linor nature. A good eump\e i< a die ca.!ing that i< machined and thon 
painte<l one offour difforent rolo"· a> sho"n in Figure 2. The four varie<ie< 
uf patnte<! ca<!ing wi:t ha•• to b< a«igned "'rar•te identitic• ifthoy are to be 
orCered. ond their order priorities p'anncd. bv the \lH P •ystem. 

Th" i< on eumplc of a >ituOii~n whcrc item idcntit_,. (uf thc paintocl 
<n>!Íng) would notmnlly no¡ .,;.,, but woul~ ha1·e to be e>tabl.,he<l prc• 
re~ui>ite to ~RP. bccou<e ntherwi>e •uch 1tems "ould fa\! ou"iC.e the <eopc 
ofthe <ym:m and lo" of control would result. 

Ano:her e.umple Or ~n item identity prub'em that ;, alm<><tthe oppo1itc ;, 
thc 1ramient S\Óa"cmbly, <Ometime. c~lled a "~~O"·through" or 
"phan\Om." A"emb!ies of t~i• t;·pe ne1<r seca st""kroom. b<cau<e 1h" ~·e 
immffiia~<h' ctln<nme~ in the usembly oftheir parem item<. An enmP)<, of 
úi< ;, a •~~•,.emb:¡· buitt on a feeder hne 1hat r.o""' directl> into the r.uin 
a<<em~ty lir.e. Here the oubanembly normolly carries a ..-Para~e identtt~·. 

. -·-· 

BlOck y,u .... Blul "" 
,-----, 
P•~~o5¡ 

.... ~- 1 

Part No.\ 

"'!""l. 
Beoau•e it i$ rerobmizotl in ¡he l>ill ofmatcria\, thé MRP <y• te m would trcat it 

the same as ""Y othcr >lll>:t"cmbly. . . 
This may be ttndesi"lh!c. bccau<e if thi< kind of ttem ts !O be pl;1nncd 

unOer an ~RP $y<tem, we mus! retnember that the \ogic of MRP 0<\UtnC\ 
that each compoMnt ítem grn:• in and out of st<>Ck. That ~· the ~ay thc ba<ic 
time-pha<;ec! re«lrd Í< de>ignN and updatffi. So the quesnon "'""'as \O how 
10 handle .uch suba•,.mblies within an ~RP 'Y"'""'· ~RP u<<r< have 
worked out technique< :o Oul with thi• <ituation. People often wonder 
,.hether :hi< t)'P" of "'<emb!y •hould be identifLe<l in the bil~ at atl. _Th• 
phamom c!oes not rcquire •eparate idenltly in the bill of mater•al. prov1dffi 

1here is n01·er 
1. An o1·er·run 
2. A <eNice pan dcmand 
J, A customer return, 

Other"o\Í>e, i: mm! be <(paratelv identififfi in the bit\ and ítem record, (W><k 
,¡at~s\ nnJ>! be n1:dnt~ined. 1'1,:, ;, •~ bc-eau'c o••r·runs, '""'ÍC<' :!cman<!. 
and rcturo' creatc a nccd to \!Ock matertal, and to contml it. But thc11 thc 
'-IRP u<er would ~'"''' w rcpnrt a\1 tran,actiom fo< the pi1Jntllr11 \Ul•· 

3,;omblic-. so :hnt thc >)>tcT11 c.tn pn<t thC'c and kcep thc r<«ltd> UJ> 1<' <l;.,c. 
Th" <Ctm< like un11e<C\>al)' ctfo11 and papcrw~'k in the '·"" <>f t1r<lcr 
re:ease< ar.d orC<:r <"NP.?~Cl ;ons. 

Fortunote'v, there ;, no ncod todo thi•. A technique ca11ed t~e "phante>m 
bi\1" elimir.aie< the need for po>ting such tramaction• for tht«' item<. ('r:'li• 
:echnique ;< used; !or in...,.noe, l;oy :h• B1a<"k & Dcckor ~bnufoctunng 
Compn•, a • ki'tffi .'<! RP use!. l t:•ing thi• tec'mio~e. it '• p<><<iblc' 'o ha~e 

···~···· ··-·---~--:·:·:~::-=-~·~-------
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your ~•k< and eat 11. While tran>>otion• of the IYP" mentioned do not hove 10 
he repor.ed and pMted, the ~!RP >;-stem "'lll pick up and "'"' any phantom 
Lter:>, thal m ay happen to he on hand. Senke part requiremenn can al<o bt 
•~,. .. ~ Lnoo thO rO'Cotd and wi:t be correctly handled by the IJ"(Cnt. Bm 
othe"' i•o ).1RP will, in d!'cct. bvpas> the phant~m item'> recor<l and ~o from 
i:< parcnt itcm to i<> comp~i"nt' doren:•·. ~ 

To ~c>cribe the application of •,h<> t~cltniquc, ltt's a .. un•e tñat ""embl~· 
"A" ha< • '""'ient ~u~,"~::~bly "B" a< one of it< cornponena. and part "C"' 
i< a com;><>nent or "B." 1'\¡u<. for pUr¡><Xe< of i.'l~<!rAtion, it~m "!l."' thc 
phon¡om. :, <rl>i<ionffi a< bcing sar.dwio!le~ b<~"een ",\," it< paren!. and 
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"C." it< componen\. 
T o imp~ementthi~ toehnique. th~ phantom l!em is treotffi "' foil.,...-.: 
l. Le~d time i< speci~,.C as uro 
' Lo' si:ing ;, di"'"" (!ot for lo•.) 

1 

J_ Che bill of m"tcr!al lor !he ítem recor~l ls coded. "' that the 0\~lem can 
rec0gnile tl10t it is a phon•~n1 on<! apply <neci:o: '''"''mcnt. 

The ,¡>ec:a' ~reatmcnt re'crred to a~o,·e mean' dcpam"~ from regulor 
proce¿ure. or recoró upéate lo~ic, when processin¡; thc phantorl\ record. Thc 
~i!!erence be!wcen :he p~u"'' '"'' be-;t ~e descril;><:d through nampl"'. 

In F:gure J. inHn!Or)· '''"" bta for iterm ",\"' lwrl. "B" lmiU"e.', anJ 
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Had ilmo ''B"bem coded ~a phantom, o.lllh.-..e rcconh-'<! hne bo 

updated in unt ~te-p. n ~l>own in Fígufe fl,ors a r=~lt of thc ~ned urd 
..,¡ea.., of itmo ''A." :iotr:'that the re~eue of p!anntd onk< -A;· r.r.. 
normally OOuld miu·..., onlithéiiii--respoñdiñ& réqdiiement ''R"la• in F'tgU 

4), in thi• caw red u= alw the -requirement fur ·•c." a• rlloorrll "'C"'.....,. 
. Ji,..;.;l compÓn en/ ot:"A. '.' _ ·-'· :..._ • ' •· .- · ~ . '· · 

Note alm that the two pi~ of "B" in 'llocl< tpiThap.-a~Tetum from 
.previuu• oon-runl are applicd lO the requirement f(lf "A.': and !ha! 1 

al!ocatiori h·a bec1. di.rribvrnl betw'«"n "B" and "C." U pon clm<:r cumit-
1~ ofthcw' ni~¡il .. it iril! be....,;. that ~li_c phantom IDP' i-1 ""'hin!: m• 

. -·-
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than a difTorent t,..,atment of aiÚJCdtion. ('lcro lead time and discreto l<>t 
si•ing are ""umtd. These can, howcver, l>e <pecifted for non-phantom sub­
a•.emb:ies al so.) Once th'< stcp i< carri<"ti out. regular logic applie•. cousin~ 
1 !te rtrord• !o l>e updal<d and thcir tla!O ali~ncxt, in the corrtct manner, 

'!ñc ph~ntom bi!! technique, a< de«ribcd abo••, applíe>lo MlU' >y>tem, 
of the .-.:et Change type. In eonventional regenera!ive !>!RP syst~m• the 
que<tion of poo;ting or not pm;ling traMactions to the phantom record is not 
crucial, bt-came a planned order relea .e does not update componen\ aquire­
rnent< data. Hence, the problem of rcbalancing or realigning the planned 
or<icr and r'<¡uirements dnta <>f thc three reconl< does not ari<e. Follnwing 
thc planned order relea se of the ph anton\ '< paren!, the next rcgcneration will 
wash out both the requírcmcnt ami the planned order release for the 
phomorn ítem. 

The objective of not having to post phantom transacti<m< still remain•. 
howevero and itean be achie.ffi by, acain, <etting lead time to zero, •peoify­
in~ diKrete lot <izing, ond e<><ling the phontom item <O that notke< l'nr 
planntd otder relea<<" are either <ttppressed or !lagged to be disregatded. 
The MRP ""tem wi\l function rorreetly. 

The probtem then berome< one of romponent requisitioning (for !he 
phantom paren! orderl am! it mu<t be "'l>ed by modif¡ing the ,..,qui<ition 
~"'nerating pr~~re. W~en sorne phantom item< ar~ on hand, n,·n 
requisition< will ha ve to be• generotcd: 

1. Onc for the quantitv ofthe phantom on hand 
2. One forthc balance of thc ordcr; r.,r the phantom 's componen!<, 

In !he Figure 6 ""ampie, these quantitie< are 2 and 18, rc.,pective\y, 

MODL'LAR BILLS OF MATERIAL 

The term "bill of material 0\ructuring" ;, mO<t ""mmonlv u•ed in ..,r.,. 
once to modulacizing :he bill of m3terial li:e. The pro<:e$< Óf modu:aril<ng 
C:On<Í<IS of bre«king da,.-n the bil!< of high-leve: item< (producr.. end item,) 
and rrorgani~ing them i~to proCuct moCu!e-;. There are two, <Omewhat 
dHTerem, objective< ;~ mOCu'ari,ing the ~ilt: 

1, To di,entang:e comb'nati<>n< of optional produc\ featmes 
2. T o <t'~regat" comnwn t'ront uniquc, N pec<lliar, part<. 

Thc ft"t ;, rcquircd to boi:itate lllrcca<tin~. or, in wmc ca,e<, to make it 
l"'"ib:o al a;l under 1ho \1RI' approooh. Thc <erond ha' a< it< goal to 
minim''" :m-en•.ory =~>·c-tmont in eom¡>on"'" ""mmon ~o optionnl uní¡, 
which must be foreca<t ~n~ :hu, mako" nece"ar>"to carr)' >afetv nock. We 
,.-;:: de.1: <eparatel~· "i•h each of the.e two objectiv~. and the tech~iqun '"<:<! 
W a":tiCI'O!hO"'· 

':-he que<'.ien p,-obab!y mo-;t frequentl• a<ke<l by peop!e in!erested in M RP 
is what ~o wi:h rhe bi!! of materia! :o han<! le produc: variation<. l:nder 
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MRP, the5e ptoduc\ variation<, or optional features, mus\ be forttast at the 
ma<ter <chedule J"el.thot i• to <a)', we mu•t be ab\e to fore<Mt end !tem< 
rMher than their individual eomponenn, a5 ""'do under Order Point. lf n 
product ha, many optional feature5,their rombinations can be a<tronomieol 
ond forc,•n<ting them be<omes im¡>O$<ib\e, furthermore, if <eparatt bHl• of 
material were 10 be <el up for each uf the unique end produets that it ;, 
po"ible to build, the ftk "ould be enormous--too oostly to sto~ ond 
maintain. ~'ot ou!y that. A valid master .chcdule rou!d no\ even be put 
together, u5Íng such bit!<, for the MRP <)'5tem to e•plode. 

The solution to this problem i< the modular bil! of material. ln11ead of 
maima!ning bi;J< for ln~iv!dua\ end product<, unGer thi< approach the bi!l cf 
material;, re>tate<l in term• ofthe building blod<<, or modules. fmm whieh 
the ftr.al product is pu: together. The prob!em. and it< 501Ution, can bnt be 
¿emon,•.rated on an examp~e. Figure 7 represem• a fam'Har product. ~ hoi,¡ 
that ¡, u«d to handle moteria! in a fact~t)'. 

·ntc h~i't manufacturcr olfers hi< cu'~~mer< a number of option•. in thi• 
'"'" !(} motof', 30 drums, 4 goar boxo,, ;~nd 2 pendan!< Ühe hook a5<ePtbly " 
,¡,ntrlarG). li-om "'-hic.~ a cu>tomcr cvnf1o:ur.1te< the spcc'f•c ho": he w;LP.\\. 
Figure ~ sho"" •.he •c~ema!lc prOOuct •trueture of this family of hoi>t<. llv 
as<em~lir.~ the optiona~ featut« in variou< ""mbination<, it i< P"'<ih:e tu 
build 2,-100 modeh; i-e .. 2.400 unique ""nfoguration<. 

A«Uming we manufact~re thi• product and wi<h to implement MRP, the 
que<liOñ h v.hal 10 do wilh the bill of mal~rial. We can see cteuly !luw 1<> 
"''te a bill of materia' for each of <he 2,.;(J(l mOO::el•. lmt ~>e C"errain:y .. ou~<! 
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not wan! 10 carry a\11ho«: bilis. ConsidC1' !his: There is on\)' one variety of 
hook on this product, but the engin~~ are probab\)' wcrking on 1hat. lfthey 
intr!K!uC"C ju<1 one more option-a choice bell•een 1w0 hook•. the numbcr of 
possible <:<>nfogurations "''iil doub/, from 2,400 ¡o 4,800--and another 2,400 
bilis I<'Ould ha.e !o be added !O !he fi:e. 

Thot ls one reason we do not wan¡ lo se1 up bllts for the end produets them· 
s•l•es. Su1 uide from thi• ronsideration. with allthose bill• ,. .• ""u1d not 
kno" ho"· to de-e1op a master •chedu\e •howing a quaniL1y of each modcl 
nccded in speciflc time period•. 

Suppose wc produce tOO hoOst• per mon1h. Which l 00 out of 2.400 should 
we sclttl as a 1orccast for a panicular month? T!tis ls c\c"rly an in1possible 
situati~n. :-lote that •·ol~me is paM of :he pmh\em here. A product fami\y 
with \00 mO<Iel> is a problcm lf "o\umo ;, 20 pcr monlh. !! •olume .. ere 
10,000 per month, the foreca<ting prob1em ;OIOu\d not be near\y as serious. 

Thc <olution here i< to fore<:ast each uf the highc<\ -l<>e\ componen !S (i.e., 
ma;or assembly unlt<) separatch. and no\10 tt-y to forocost1he end products 
al al:. Th¡¡t way, we wou\d fo•ecast each of !he ten different motor variatiom, 
~~~ thiMy drum •izes, !he four l)·pes of g<ar bo<. and the two typ<:s of 
;:>cndant. · 

Sp«iflcal\y, sinC"C we on\y hove on• hook o.,emb\y and want to make 100 
hoi<:s during a month. "e "'ill nC'Cd 100 hoo~s. 'This quanti1y .. -ou\d appear in 
Ó~ m»tor sche<ln1e, and a b\11 of material for th" "mOOu\e" would be 
«quír~ to ma!ch :he sch~u:e. Bu1 we ha>e two ¡,·pes o! pendan/. hom 
;>tc,iou• ;ale< of <his P'<Kiuc< wr how thot, Ir: us '"''· 75 percent of the 
Or(!e<' c~:1 t'or_t)'~ "A" and 25 petccn1 for type "B.' ·,\ppl)'ing these per· 
cen:ag<• to th.-pendam option. "'" could <chc~ule se-.mv·flw "As" and 
l"enty-f.ve "Bs." But here ~·e wou1d probab\y want <O~>e •ofety stock, 
;ceo"'" !he batch of lOO custnmer orders in ~nv "'" mon!h ;, un:ikó• to 
brcú down e.actly 75 and :>5 pcrccnt. · · 

The proper way \0 hond\e safet)' •Jo<k under moteriol requirements plan­
nir~ ;, t<> p'an ita\ !he master <chedu:e lrvel. Thu•. in<tead ofschedulittg ~~ 
ar.d 25 pete<nt ofthe pen¿anl< "" ~<ou\d dellbcrMe\)' \Worp1an and put. :;:t us 

---

Wl, <JO •nd JO in!<> the ma<ter .oheJulc. rThi~ "'"uld not be done in ever~· 
p¡riod: thc unused safety >:o<k is rolle"<! fon.·an[)11>< .o me ~p¡uo.toh "'oul<l 
1x fo\lowcd for the motor opt\on, the drum optiun, and thc gear bo• option. 

Fac!t ofthe npüom. or """/ub, "''ould h:wc In h.we ,, hi~l ,r material. for 
u>c hy tloc Mili' >Y>ICm. U!!dct thi' H1'1""·"11, thc !Oll;,l hLIIHh,·r "' ¡,¡¡:, ,,!' 

material-and tite thing-; to forecast-woultl be a< tO!Inwl' 
Mot<>" ... . ........ 10 Pendar11>.... 2 
Drum>. 30 Hook......... 1 
Gcar llo•es ........ , .. 4 Tolal 47 

Thi• total of 47 rompare• "'ith 2,400 if each prOOuct ntodol had a bill ot i•,, 
0""· lf t he engineer< add a second variet)' of hook, this "'ou1d only :ttl~ 011e 
mou billto the 4 7, instead of doubling the fole. 

¡\\ this poim, 1he uad'C may l>e wondering how 1his type of problem is 
lxing hond\ed in a real·life <ituation, if 1he manufacturer r!OI'J toot ha-·e the 
bi\h <<1 up in modular form. Chances are 1hlt !here wou\d l>e se,era! bilis, 
for •ome of the 2.400 ro~flgurations. and they wou\d be use<! for e•<f)1hin~ 
b)' oddin¡: and subttacting opliMa1 oomponent<. Quite a fow compani"' use 
thi• "odd-and-<lelete'' technique as a solu1ion to the :>rob1em we havc 
<li<CU><.ed. 

Thi' techniquc solve< sorne but nol a\\ of the problem<. !ts main dis­
ad''"'""~"' ore vulnerahlby to human error, •'owing down Ord<r Entry. bu\ 
m¡tin\y, fai\ure to e<tabltsh the proper hi<toricol data túr o~tion forecasllng 
purpn<e,, L:nder 1his approach, the e<>mpony would most 1Lk~1)' me orC~r 
point> and safcty stock on thc "add·and-Jc\cte" components. Th.tt wou!d be 
highly unde>ira~!e becausc it wou\d dcprive the user of >Ome imponant 
benotit> of an MRP system_ 
Su~ <uppo<e we hav~ a cet1ain number of bill• for end product<. ond "" 

wa~t tO testructure 1hern in a modula. fos~ion. so "" can gct away from 
adding and cte:ering. Ho .. · do we go abou1 ;uch restructuring, <peciflcaily? 
We ,..;:¡ ~emons~rate thi< on the next eumpk. For this purpose. we ha veto 
scalc do~<·n the previou< examp!e <ornewha1, so the so\uüon can be '""~ 
clearly. Uct U< a«ume !hat the prOCuct hu onl)' r~·o optiona\ featnrcs, the 
m~:or an~ the ~runt, eac'> ,.;¡>¡ on!' two choic"'. Tho <ustomcr ~an then 
•elt<'t bet,.·een motor ~1 and moto• •:', an~ bet~<·oxn drum ",\" an¿ ~e-1m 
"B." 

figure 9 represen\> t'>e four bll1s of motcr!al: the for•t combine• motor "1 
"'ith drum "A, .. the <econd u c. e, mNQr ~ 1 "ith drum .. H.'' cto. ¡, the ptu~\JC\ 
mucture, the cnd prt>Cuq (mu<!ell numioc!"', l2-4lll0 etc .. "" eon,i<!cr<d w 
l•e <m le, e\ 7et~. The k1d-N¡e compm•<n'.'· A13, C41. e[<·. ma_1· repn:>Cnt 
""em\•1ies, but thetr componen!> are m>\ <huwn on the chan, •o as ncl! 111 

n•Jkc it t<lú bus~-
·:·o '"'"\\Ct'"'" these bi.'\ inw modules,"-" bre.1k them down, ana!yte and 

e<>mp,,.e thc u.e of'ew'-1 !~em<. a m! group them ~y U'<· Fo' "'.1mple, "" "" 
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that the fl,..t componen! in the fo,..t bill, AIJ. ¡, common toan product•. and 
OS5Ígll it to the Common group. The nel't ítem, C4!. i• found in 61- A and -~ l­
B combinations bu\ not in ~2-A and ~2-B, which indica te< that it is ~niqurto 
motor option ,/, Thc ltem that follo"". L-40. Í< usPd rm{v wilh d"'m option 
"A.·· The remaining componen! ítem< are •imilarly e.omined and a"igned 
to g<OU(". The re<u\t i< sh"""n in Figure 1 O. 

:-lote, in l"•gure 10, that the1ast1eve!-l componen! item, 014, does not fit 
into any ofthc grouping•. When all ofthe bill< nte bn>ken down thi• way and 
thdr \evel-1 componen!< a~ groupcd by option, item• 0\4, H2J, J39, and 
~44 in our e.ample rema in unas<igned, becau<e each of them i< u•ed on\y 
with one or thc Other of the optinn comhin~tions. Here we must carry tho 
proce<< one step funher; i.c .. break do,.·n the'ie ítem•. •• <hown in Figure 11. 
and aS5ign their Hevel-2) componen!• to the grouping< by option. The ftna\ 
rcsu\t ¡, repre<ented by Figure 12, where al\ of the ítem• invo!•ed in om 
e.amp!e are grouped into the re<peO!Í~ module<. 

In o u• _.,., we w!ved the enlire prob\em through thetechnique ofbroak· 
down and group a.,i¡¡nment. But if itom< 014, H23, etc. had not bren <ub­
a .. emblie'i bu\ pieco pan<. we wou\d not ha ve been able 10 break them do..,n. 
\11 o ca<O likc that, the p.1rt th"t i• U<ed only wj(h a cenain combina!ion ol 
"ption• •hould, if po<>ible, be rede'>igned, pantcularly if it ;, "" expen•i•c 
itcm. 

U:tw-oc"t ltcm$ of t~i< tyre n.ed not be re·enginecred, becau<e we cat• 
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~~ord lo nverplon th~m and <nrry "'rtlC cx<C<S inventory. In the modular· 
"·"'g proo.·"· >uch p:trl> can •imply be "'"gned to more than one grooping. 
F"re.,On1¡>"c. Ucm Dt~ !Figure g)could be duplicotM in both Hl and ""11"" 

m<><lu!e-<(l'igure 12). en•uring lhn1 i1 would nev.r be planned <hort llnolher 
•olution, ~r <"OU'"'"· i• to lor.·cO<t (ami cwcr·foreca<tl the option rombinnuon• 
'or por ¡¡o< e< of ordering thi< type of rom ponent. 

_Let "' =~P "'·hat ,. .• ha,·e done .. ·ith the example under dl<Cussion. up 10 
tht< ¡¡otnt. We have oboli<lr...J the end produrt·numbe,.. and we ha•e done 
away with thcir bill< ofmaterial a< unne<:<:s>ary for purposes ofMRP. Whe"' 
:~e final produe~ formerly =•ed a< the end item in the bi11 of material,~ 
have now promml'd lfvel· 1 items (and in ene case. leve J. 2 item<) ¡0 end item 
statu•. 

Thi< procedure establi!hed a new. mOOular p/onning bi/1. suitable for fore· 
casting. m_aste_r <chedu:ing. and material requi~ment< planning. The job of 
~•tru~tunng" not fint<hed. however. The form~ level-1 items. 014. H2J. 
;te .. that are exc\uded from the planning bill cannot 5imply be aboli<hod. 
n1e•~ <!cm• wi\1 eventually ha ve lO be a"embled, and the produrtion rontrol 
<y,tem h~s 10 he ablo '" place orde" for these items. schedule them ond 
rc~ui<ition thcir compot<enl<. Thc•o bill; muslthcrefore be retained f~r the 
purpn<c<.iu,t morai.,nc<l. 

Thi~ rcprc,ent< nnc>lhcr lcchniquc of bill af material <tree!'lring: the 
c;tabh;hm:nl ~f "'""'~/<<r/JJrinR bilis. or M·hills. which together ronstitute 
!he !1.1·b<lltlle. 11le<c ho\]¡ ~·<.<<lded to di<tinguish them from plannlng llills. 
~o that !he MRP S)"<lem w<ll. m dTect. b)"pO<> them. M-bi\1• are nnt imol•ed 
"' thc proco:" of componc•nl rcquiremenl< pianning. They a~ u•ed fnr 
purp<>>"" of "'"'mbly <>nly. M·itcm• a~ bui\t again.t the fLnal a<5embly 
""hedu:c. u•ualty 10 Cu\tomcr ordcr (or warehouse order). u<in~ lhc 
compM<nt< planned through \lRP. 

Tl1c principie invo\vcd hcre i< that in modularizing the bill ofmaterial 01 
what~·cr !••d. "'d prt>durr bill• 1/ev~l-r)J con be a/>oli<h~d enrir-ely but ,.01 
':','-'" hrll< )""'""'" 011 1~•~1·1 or lowN. Thcse mu<t be •egregated in the .\t.bill 
¡,_~_~nd ;etaoncd for purpo5."' of orcte;:mg. ,;cheduling. roning. etc. Specifying 
~?.10~< '" Ordcr Entry <or 1n •rhcdu,l11g a wa.ehouse orderl will ca ti OU! ~nd 
rooor..,ru::t t~e pro~er bilh for ir-dividua! end ~roduets. !>ut not for lo~>·er 
b·el a"cmhlt« that havo ~n rem.,·ed from the planning bi!l f<le. 

:n. :he c'amp:c wc ha,c been u<ing. !~e to1M bll! of ma:eria\ file ,..0uld 
conmt of: 

1. n,. p/,,.,;,g biii.Jift· 

c·ompr!<i 11!1 \>il[, 'lwwn in Figu."' 12. 
2. n.-,•.\f·/nl/jil,· 

c~mpri<;n~ llill• for Dl4. H2J. 139. and :-l44. 
The P"'d uc·t'on "'"¡ lnv~ntory Control Ha~dbook • contai05 an e.• m pie of. 
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bi11 of material re•tructuring that i\\u<tratc> anl!lhcr tcehniquc. Nomcl~. 
""'"'igltiJJg components from one billto another. lt ;, in chapler 17. anJ the 
rc;~der is rdorrcd to the ~etai\ed discu-.inn ami il\u<\ nll i"'" cnntainc\1 \he re. 
ll1C cxantplc "'"'\ in,·oh·« an cn.~inc. t"n<mi>'inn. intake mani\old, 
carbun:tor. and \lvwhccl hou>in¡:. ·n,;, tcdt,i4U< ;, rc:~lly "nothcr '"""i' m ,r 
modu\ari?ing. Th~ ¿tflúence ;, that the item• beln~ 1Jro~en out. \ike thc 
manifold. are not being prometed to level·l "atu< but are rea.,igned a< com· 
ponenl• of another Jevcl-1 ítem. su eh a< the ~arburetor. 

Th;,; wil\ get the right componen!< planned bu t. becausethe manifold. for 
instance. <loes not reo/{•• get assembled with thc carbun:tor. cen~in new prob· 
\cm< will be crea.ted. For erample. nock requi•ition• or service puts orden 
for the carbumor ,hould no! eall out manifold•. the ro" build·up of the 
carburetor mu•t not inc\ude the manifold. etc. Speci~l procetlure-< would 
ha veto be estabti<hcd wit~in the <ystcm to handle thil. T ... o blll• would have 
to be maintaaned for the c>rburetor. One. a p\anni11g bill, with tho manifold 
and ~no1her one. an M·bill, without it. Bu¡ in this ~a«. it wou\d not 
otheNi<e be ne=<ary 10 <el up \Wo carburctor bill< if the illegitimate 
"""' ¡>onent< wcro not a;signed te it. 

This tcchnique of reo"ignong romponcn" i< unncce.,ari\y comp\icated 
"nd \Uincrable. "11le straigh\ modutarintion technique derrtomtrated M the 
prc•·i~us exomplc is deaner ond gct< thc job done in a \Í<nplcr fashion. Wc 
mcnLiono•l "'riier that onc reawn tOi modulnritin~ i., tn diW111ang\e optinn 
c.1tnbinatim1>. for purpo<e• of foreca<ting aoul ma<ler <ehcduling. In our 
c<amplc of the hoist. thi> has been aceompli•hcd by e>ta~li•hin~ thc modular 
planning bill <ho"m in F•gure 12. Thc other objectiw nf mo<lularization, 
segrcgating common from unique (optiona\l pan• for purpo<e< of inventory 
mininm~tio~. has nOt been ~·un y met. how.,.,.er. 

In modu\arizlng •.he bi!!<. we a"igned !ev<\·1 items \O gr<lUP'• by option. 
But tho<e item, were as.rmblitJ. and the~· m ay contoin eommon components. 
For e"mple. a suba,.emb\y that i< on\y u<ed fot motor ~1 rould ha'<e •ome 
rommo~ parts with ano,~er <uba<<embly used for motor 112. Requirements 
for •u eh rommon pans wil1 be ovel"<tated. if they are induded in the .afety 
"""~ !Or b01i options. Jf we want to get at th""e rommon parts. we .. o~ld 
ha•• totear the bill• ap~n .-.·0n further. In wme rue• it i> d«irab'e todo 
that. but ifthis technique i< carried te it< extreme. "'• mightlinally end up 
v.ith a ~\anning b'ltthat ha• on!y piece part< in it and no >uba.,cmbli.-s. The 
u\timate mOOule of the P'"'"UC! ¡, real\y 1h< pioce pan. 

Tite question i< thi.: 1\fhen ,... do modulari.e. how for down the prOOuct 
structurc s~ould "e tw" What ..-e are real:) doin~ ~>~en v.e modu:,.,;,e ;, 
det<rmimng t~e right :.,.,.e\ in the btlt uf matcri.<l at which to forcca•t. 
Whcther we shou!d fu=a•t the <Uba,.entbly inelf or ju>t '" 
cor.tponen!<-3nd tha, " thc que<üon hcrc"-<l<ron'l< "" ""'«" "" nced to 

.<s-cmb:e it. 



We ha ve two c~oices. Eithec we a5<cmble it os 1 function of executin&"ihe 
mMter ~r~«<ule. through ).lRI'. Thl• nt~an< a<<embling tO 'IOCl<. or pr~· 
Q>J~mhi"'K· bdore the end product it.elf is <ch«iule<;!to be built, ,.hirh i< 
pcoO>ablv alter reccipt of a cu<tomer or~cr. Or we defer putting th 
'ubd·"""'~ly tugcther until 'uch time wlten we build the end produc•t. T~~ 
makmg ot t~c >uba«em~:y liten bt>comes a function of uecuting the nnal 
""emh~y •che<lule. The ~eci>ion betwe<:n the<e two alternativo< is prerty 
mue~ dtctato:d by the nature ofthe produrt in question. and by the nature of 
the bu~'"""'': Lead ttmes and :he economics of <ubas.embly opcration< ,.,¡¡¡ 
determtne. 1n each ca<e, "'·hclher the item should be P"'""'"'mbkd or 
whethcr it can wait unttl f.nal pc<>ctuct assembly. 

Let us take thc pendan! on tite hoist as an e•ample. We can wail and 
"'<emblc the pendan(, nnd irs <ubn<.cmbli~<. "hen wc built the final hoist to 
"""~mor o: --:~reho~se order. Bu t. on thc other hond, we may v.·ant ¡0 ha•·e 
the pendan,, tn.•a•:~ when the order <:<>me< in. <O u not to hove to 1 ,.emble 
t~em one a~ a ttme. lf thi< i< lhc case. we would hO'"C to lea•e tho respective 
b1lls alonc, even thou.gh sorne oommon parts will consequently ¡,., tied up in 
:1:: pendan! ""cntl>l1es. n,_c master .che<lulc II"OUid thcn contain pendan! 
u .. 1 num be" ralher th an thm e<mt ponent numbcrs. 

In trv•~g lo a.rt•·e at :he answor lo the que<tion we are e.amining here it ·s 
hc:¡>ful todi<tinguish be:"een the 

1 

:. ).la;ter pre<!uction sche<lule 
2. Final ""emblpchedule 

The "'~""' <eh«! u le repre<;enu n proct.rem~nt und fubrication •ohedul~. The 
final J<<embly <chedule. crc.1\Cll :ater in lLmc, must ""Y withil1 the ron· 
<1comts ol componen! avaitabilitv provtded b1· the master schedule throu h 
:he '-:RP 'Y"""'· {These sécdul« may coin~idc where the product eithg 
co:ttatn< no optior.s. oc ls small and simple, etc.] OiiTerent suba.,emblie< .;: 
unde•. thc <:<>ntr.ol of thC"ic two .chcdult1. and in modularizing bill< of 
"'·"'~"at "e are. m d"!"ee<, ~«igning a gh·en •uba•sembl,• to either one of the 
<c~er'.u'c" · se 

Tn thc r::ast~r -chedule, by rctoining it in the planning bitl 
To tl.•o ·~"?· a.sembly «hedule, by breakin~ down '" bill (i.e .. tcan>· 
tccmtng tl mto an _\l.billl -· 

"P.lus !i1e que<tio~ of ho" for down the produtt structure one •hould g<> ¡ 
ntOCu:~r'zin~ ltnó lo"~'""' j¡¡o]f"·hen the blll for a particular product ;~ 
Ol:a!~?e:-· ~ndwhen we :ook ~~ t~e noture o' thc voriou• •ubM>tmblie• in a­

~""' •e· u .tr ·'"'"'"" ""' iron tm Ll(. 
T ,, ,'~.,,·:"':o :he C ''"""¡,,., ~1 m<'du!or bilis of muterial. it mav be propcr 

~~ co!.oot Crl the.ob~erth·es ot ntodulariution. B<Sid"' the specili~ obj,.;tive 
~"'"~·!"o~! ~ar:••; .. there Íl a broader. more fundomentol rc:11on. And that ¡: 
.o"'~'~'·"~ '. C<t~.lt!J of prO\i•Jctiun wi•h a mínimum imostmcnt in matcrials 
'""'""'n. 1\c 'l,.r.t 10 o!fer a widc e!toitt of pwdurtl and to gi•• maximum 

<Orvicc to custom~f'. '""' .,¡ lhe <ame time keep componen! invenlllrie< down. 
\-l<><lular bill< of material ore intcnded to hclp U< do jm! that. 

PSEUDO· B!Ll.S 01' ).lA TERIAL 

There ;, one mote problcm that is rclated lO thc mot.lular bill nf ""'tcri•l. 
When thc bill is brokcn down in thc proce" of modulariling. v:triou• a>Sem· 
blies are prometed and become end ítem!; Le .. highe<;t·IC\'d item• "'"ilh no 
pan:nt. Thi• tend< to c"'ote 1 large numbcr of end ltem<. Secau.e lt ;, the 
end items that "ill ha ve 10 be forecast. and beca u"' the mzo!e< <eh«iule has 
to be <tat<:<l in tcrms of the<e end items, we could end up with hundre<l< (or 

thou<and<)nf end item<, too manyto wcrk with. 
Fonunately. there i< a simple •otution to this. We certainly want the 

smalle>l po-;sible numbcr of things lo foreea51. and the smnlle•t po«ible 
numbcr of cnd items <hown on the master <ehcdule. To aceompli•h thi<. we 
can u<e the technique of creating "P"cudo·bill< o[ materiaL •• lf we ¡;o bock 1<> 
Fi~urc 12, where the ncwly creat«< end it~ms are groupc-d by option. there ;, 
nmhing 10 <\Op u• from taking any group of such item• and creating • 
p<eud,·bill to cover all ufthcm. We have dllnc 10 in Figure 1.1, whe<e an ar· 
tifictal pJrcnt has bcen ""igned to ea eh gmup, and a new •crics of ijl'eudo~ 
bilt< ¡,., hecn created. 

Thcse new bi\1<, sometimcs calle<! >u ¡K.-. bilis or S·bi/1<, are an exampto o\ 

Mn·tttgi,.~edng pan numMrJ b<ing introduccd into 1 restructured bill o! 
material. An s.numb<r. such as S-101 in Figure !3, identilie. an artificial bil 
uf material for an ima~.;nory ltem that. in rcality, will nC\'er !>< built. Thc o ni~ 
purpo<e of the S·number ¡, to facilttate planning. With the s.bill< sct up 
when we foreca<t drum <ir.o. for instance. we foreczot S.J()4 and S·IOSonly 
Tlte<;e l"eudo·btll numlxr< ,.¡¡¡ also rcpre<cnt thcse nptions in ¡he ma<l< 
schedule. The ).1RP s¡·<tem .,-;11 cxplode the requircment< automatically fron 

' .~ 
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this point on, mbg !he S-bill• in the boll ofmaterial file. 
,\ rotal o! 47 S-bill< (onc for ea~h option plu• one for common item• in· 

cludi~g the hoo'<l woutd ""'"' the original (non·•implifted} eumple of the 
hot<~ repre<ented in Figuro. 7 and 8. The 47 compares with 2,400 er1d 
pr<>dun bilis, or with se•·cral hundrcd end itcm (levcl·l ) bilis. 

In th is .mic'e, the tcrm< "S-bilis," "S·n u m ber ,"' :md others. are being used 
fN la<k ~f>tondard tcrm<- The terminolog)' in thi' whole orea is unfurtun· 
o<ol_l' <:r1tire1y non-stand~rd, O< th~ <ubject ha' \>een almost totally neg!ected 
in :¡;.,Jturc. Or1e of >ery fe,.· ucepoion5 i< the 0r1ide b)' Da•·e Garwood' in 
"hic~ ~e de«:r:be<:J the reluln of re<aucturing tht bilb of mat~rial at Fi<her 
Conuo:, Co. ~e. hi> a,¡ido. the l<rm ··pa,¡ial pa"' li<t"" (Pf'Ll rottt<¡>Ond< to 

t~e 5-~'::. oné the t<rm ""J!em"" toan option or option grouping. 
Anot~<"f p>eu~o·btll term in curtent u<e i< the ""Kit numbet"" or ""K· 

number."" Thi> tcchniquc i' U<t:d by ><>me companios that ha1·e a lot of<mall 
i0mo :•>rts on :o, e: onc '" the pr<:>du« >lructuro."' in the e'ample in Figuro 
14. Tho<e ""' ob~ tho fa<tonei"S. n ut<. and bolt<. u .. d to ...,,emblo the major 
a"e"'b:ie• toge:~er. If you do not w~nt to dtal "ith all thei;e paru in· 

···~'"" !!<'•" 'o• ,.,. ''• a,n ""-«;..,.:· ~· D e;, ... """· p""'"'""" d '"""""'" 
_, .... ,.~'"'·~"""·"o.,~ .. ,9·o. 
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co~cu:sto~ 

!n l~e prcviou< •ections of thi, artic:c we ha,·e re,iCII-ed modulariution, 
\\hich ~e<·< ~"'"l" ~i·.h ond product t>il\ ami <reate"< \Cpor.1tc planning bill< 
ar1d rnarn1fac·turin~ ~Lll<. W~ h.~vc '""" h<>w artilici:<l bilh """ crc"tcd in thc 
procc<< ~f rc'lructurin~. and for "h.1t purrn,~. W e ha,·c ~l<n touchcd on thc 
ce:ation<hip of nem idcntiti<< to materi~t requirement> planning. and on the 
:reatnten: of ""phantom" a"crnb!ies. All of this goo:< to •how thlt by making 
t!te<< klnd< of chonge<. ,. .• can put the bill 10 ncw u•es. 

Ther< are.,¡¡¡ other u<~< th.'ll tall be O.>i¡:ncd to the bill ofn1aterial. An in­
""""'"S "'"ntp\e of rnodil"ying and m in~ thc bi!l of material in a new way t> 
10 cxp:Lttd the traditionol conccpl ofthe l!ill to lncludc othcr nlaterial< whidt 
may 110! actu~lly \>e par: of the product. bu¡ "hich are consurned in it• 
múing. For enmple. a ball hearing n>anufactnrer ha• added •pccial grind· 
lng whocl• to bilis of material for ball bc~rinR'· In effoct, they are uyin~ 
that ~ ""p:trt"" rnade of o pnrtion ~fthc ~rinding wheel goc< lnto caCil beor\"~ 
""cmhlv. The "quantil)" por" is thc fr.LttiOtl of whc'<.'l lif< to makc onc 
l•earing. ,\dd1ng 1hi, item to bill< of material makes it ¡mssible l"or thi• com· 
~a:>y 10 pro}ect rcquiremcnt< for e.pen<iw gdnding ,.¡,.,et< and !hu• 
mi:1imite in,·e.,ment in thi< in,·entory, •• Mil as 10 r<duoc the !""'<ibility af a 
<h<'fta~c ol grinding whec\s. 

,\n e\ectrica\ machincr)" manufacturcr ha• added elcNrical <pecification 
numbof\ fnr po~<cr tran,former> to bil:< of material. Thc a><em~ly onlcf\ 
~en~ratod lfom t~e<e bill, thcn <~ow nnt or.ly th< part< that :go into the 
a<Sembl~ but al so the proper •p<citkation< for final lll<¡ll."<:tion an~ te<t. 

! n conclusion. we .. ant to ln~icate 11·ho <loes and "ho doe< not nttd to re· 
mucturc the bi!\ of matoriol. a< a pre·condltion to <U«~"tul '-IRP ""51<m 
opcratinn. \\'here the produc\ !ine roMi<t' ~f a f oite, limitod numbcr of.it<m< 
<_mudo!<'. modulammg tho biil, or .1n;- c~.~<t chan¡;es 1\lf the •ake ofb1ll .,:· 
ma•er!.L: <trUcturc may ~e unn<<e<'OC)". For examp!e, ,, cumpony making 
~o"'" /t>OI<-> highl¡· <UCce<<~ol usa <lf ~!llP-.dié no\ h'"" to restru<turc 
';-o::, o! ma•.eria!. b thelr busine<< :he bi\l ,;mply is r.o proble!'l. Otcau<ethc;­
:"Anu!acture on!v"' manr ,·orieties of P"""' ói\\, ¡>0""' '"""·etc .. in lar~e 
quantiti~<. Funhermorc, \he product i< ro!.lt""e1y <!m pie ,1nd •ma'l, in :ern" 
oi tite numlocr of difTcrcnt componen\\ LJ<e<l p~r Ul111 ,,f cm! pruduct. With a 
pn>dutt linc !ii:e t~at. it '< tó<ib:c t1• m.11nta'n complete ~,::, !or eao\1 
produo: r.lodc:, ar.d furoca" and r' att b; modoL 

o.~ :~e ot~ce !tand, bi!! o! material '"'''"<lmin~ ;, ca::c"<l for "hrre the 
?rO<!uct :be ooc.ó:, o! a ''nuo::, inn.,;:~ r.umber <>f onr. ~rOCuct>. duo,,, 
oomp:c,it)" of~c<1gn on<'. "idc choice <•f.,pti~c->' :·caturC\. 'o:octu1ar bill, of 
mo:nia: Pta\;< rr;tcri.'ll reqnircntetll< p'.•nnin~ po"i~·!~ ¡.,, 'Ll<h di'""'" 
~r<><'.uct< '''"'~''"""Y :ruck crai'c"· ~¡¡.,;~~ mÚh'tlOf). ~.1<ohc ''":itH\ 
~um;1. ~r: c'c .. -ator<. ,,m~ mac.~'""'·'·· form r.1adtlnor-'·. "<>mpute"-

--·-

_ m,1ohiuc wnh. <nmumcnt'. industrial traC\Ot"'i, :1nd a rnulthudc of othcr., 
"-ho h:"~ thc c~mmL>n pn'b''""' t~f an alm<>'>l endk" pm<!uct <anety th.ot 
makc\ 11 uther .. i>e impo.nsiblc 10 <le•·elop •a lid ma>ter •chcduk,. 

Thc "ud)" ol"how bil\< ~f materia\ •lwuld !>e ronstroct!.'d i1 therefore a •·it~l 
1"'" .,¡ ,¡,,. ""'" ~ •·~ '~"'' J:" iu~ ond imp!cn>cnt iu¡~ on M \<1' """""' ~lnJcturitl~ 
the btll ,.¡ 111;\!ertal rc'-!uirc< <nme real """~'"'·'""" lrorn thc -''g'"""""~ 
departT11Cill. and <ontctin><> thi' can be o ¡mlb\cm. Alter the bilt i< re<truc"• 
turctl, it can no lon~er "be\ong" 10 the enginee" <>clu,!•dy. and that <'an 
o;ome1inte, be a problrm a!!.O. 

The bit: nf m:~terial can and •hould ~ more than just part of prodoct 
'!'<'"· lt •hould al>o be •·icwed and used ,,. a "'"i.fr" pla•mi,u. The reo;istanco 
by >omc cnginccring de¡>artonent< to changc in bi\1 of nwl erial format, >(t\IC· 
turc. mairttenanoc, etc .. cannot rea\l_v be ju<lified. Alter a\1. the engine;,r; 
crealc th~ bi\\ •o 1hat. by detinillon, somebody other than lhe deo;lgner can 
rna~e the product. 11\e bt\1 of mat~lal i•. thereforc, rea!ly made for othc", in 
~he ftr\1 ¡>lace. ,\nd it would <eem to follow that it •hm>ld he "ructuml fnr 
!he "-""' \, not the de"gner\. ron• enlence, 

An c•x-cn~inc"tOr friond ni" out< pul it thi• w:oy: "Whcn 1 ~<mk~d "' nn 
engi~eor. 1 "'"' the crcation of lhe bill ni ntnterial "' the /u<! "•'f' i•r 1/r<• 
('ro<•·" ¡¡¡"J,•si¡:rr. But 11hen 1 \ater moved it\IO pmduction :111<1 invcntory<<>n· 
!roL 1 bo.:~an to•ee it "' a)irt~ sup ¡,, the pro<:~'> o(p/u,mi"l:·" 

T~i• •mcle reprinrl'd lrom Producricn ond lnvenrorv MMogemMt r~ 
¡own81 ot lhe Amer.can Productü;n And fn>emory Con,ol Soc,.,ty, ~"' 
OuanOt !972 pp. 19-42. 
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AOVANCEO REOUIREMENTS PLANNING SVSTEM 

CUTS INVENTORY COSTS, 1!',1PROVES 

WORK FLOW 

EARLE OUIMBY 

''TIIe rig<.l pan in the on<mbly 100m" t~ ris!ft time." 
Thou&fl "mply statcd, 1hi> goal olway• ha• pre~<ntcd • challenge for 

manul,otuung m;cna~cment. lL i! Jirflcull enou~h to m•'ntoin an economical 
~ow uf p>rlS w!oen 1hc cumpo.ty "'m:tll and _,¡,. ">blc•: bu\ when the prüdllct 
hne ~«omc• complex ond so!<> impoove ata healthy rate, tho P"""'" urt •he 
monuf.ctunng pl>nl &row• C.omatically. Then tho 1i¡,ht p.1rt nt~H Mito :he ri:;lot 
plaoc when it'• needed. 

We behcvo we'vo '"turno~ thc coro1.,'' un th" problem a\ Markem 
Corpo!ation. An "dvc•nced re~Utr.'lll'll" p;'""'"~ •Y<Iem. usirog a mcdount·"'·' 
conwu:cr, ;, holpi"S pull tog<:h<r :tll the rhn:ad; which mokt up "'"'"'"'"""S 
9:annOng and producllon. By combin:ng "'?"'"" but •ntmelatod 'l'mm< :·ur 
'~'.,""'Y >nd productton ''"•~u!ons. 1hi• new cop•bili<y a!<eody h:IS .. ~uce~ 
tnvcr.<ory •ub,tontoally oYen" "1<' hove oncre,sed b)' b<l\01 thon 15 P''"""" 

\lo•\ unportOLO\, tho prc>fit pcrcentogo b:os bcen holding up and we'vc 
experionced' r.:cord .!Hpp<ng pCrtoC. We'rc p'oaS<d wilh our pr<«n\ a~!liiY to 
~~ ?"" th•ou&fl <o th< os«.nbl;· noor to """ our ochedulr<. 

ll'e .lrC ; grow¡ng CUtn?J::.v, ""'ing many in~umie~ with tnl!king eauipnt<nt 
tbat i• highly cu<o,•mit . .'é. In '""· oOuu\ 7S pt,cenr of our p!t>duc" requ•re 
!pocial cng>HO<rlll~ f,·,.urc~ \U mc•ot cu•tomor requiren"nts, \I>TI.et~- "·" 
:·~unJod t:l 1~1 1 by F. A. Putrar,., ""J i• <lllil p1J\'ately 0"''11Cd comp•n). 1 ~" 
¡¡,., p<o¿~c" d<vooo~ b)- \\r. PuttlaOll wero '" inl>nd' m:trkio~ mochul< "hl.;h 
.~<in t.:~ ,;<e in! uunotiO\\ on •''"" lintn¡;<. 

Tuday, we ""'" mar~on¡; •n>chin" ao<l •P•cial1n~• anJ prüning type f~r 
praclOC'l\• "")' t>ruUuc'i- ('·,1r \IJ!k<oing DIY.,ÍOOl wJ f10ld "~" force .lr< 
'?" o!lled hy •nJu•"l' '"é '" •urruncll bv •imil,~r:y 1peci.obcd "'"'"h ,.,,¡ 
C<V<'c?m<nt "'"'hic•. C:>< to\' uu: '''"'"' ?roJu,·t•. o doug c'>p•ulc punter, '"'' 
:r>rl. ~00,000 e>¡><ute. ?"' !oour. Anuth« specmlize~ machine outum>tic.::, 
:'ocó ,,¿ P""" on :co"-"<1"" and oth<r nllnoatu:e elect:unic corrmoo<nt•. 
\ :,~.,, ~,. ,,.,,,,,,. tho :co~cr i•t inJ•J>t:ol: i~c·t "r"" :un equtl'""" t. 

1 '" \~echaoocJ: Proé~c:> D••·i¡iun h0< :'" r«pons.~ilot~ iur producl!lg" \\O de 
'~"¡;< o:' f"l>o!WI .. >n.! ~""""~ lY!"'>' •he Chemicol P'Oduct< Dtvo"O'l. a!,o 
~.,,.~ '' Kw1<, pr{'!!~,:e. '"'' ,.,~ m:r.,ng ¡.,,: •. 5,1., ofro.:., '"' !,,c~:c~ 

'''"'~>'1o•,11 :he• l:n:"c Sco:es "'J CotlOÓ, •nd on C<rt»n Eu•u¡><>n """""'"'' 
"''''' ""''-'" :m lllOotté "ouml \~" ,..orl.!. In :'lo 1, lh' Molfor..J-,\•tor Glú'J !', "' 

\lan;;he•tet, En¡:lond- a r.1.1nnf>ctnte! uf hot •tampin~ oquipment anJ hl•­
wa.ac~u.,ed. 

C~m?·"'Y ••le. have l>i:en srow<ng at" st<ody '"' nf 10 to 15 percent '" 
1ocen• Y'·"': """'"¡ ''k> ·"'' in the $ 1 S·t" ~ l s.milhon ""~'. 

·¡., 1•'1 '""'¡""' "'•'<"· tll< M"h.tni¡,,¡ i'r<"lHcl< !':hvhto>l\ ""''"f"lllrc< ,,hn•JI 
SO diff<rent modo!< whl<h '" turn lead tu abuut ISO CUtllbLnJtiuu~ 'lluce b;tch 
:~<stmbly lineo art in op<rotion, whe•• b,.,, p11t• ¡¡e a.,embt~d to build bl'iC 
conligmatitm• huno whi<h the fm>l "'""~'"''ore produoed. lt "llore that ¡¡,e 
.:/i!Lc:t! nocd lúr "th,• r<~ht pJr\ al thc ri¡:lll time" i< fclt. lf lhLS line """'' nu< 
k¡,cp 1noving •ntooohly, '!' ipmcnt dJtc• CatLnot be mot. 

We b<g>n ohmlun~ uf applying mud<tn onform"''"" proce.,ing mctbm!, to 
m:.nufactuting planntng and <onuo! on th< mid·!960.. Qu, "'¡>erience wit!> 
!utomatoc data ?•oc••~•ng dat" baá to !950, whcn we bepn to uoc 
~UPthcU·C'!d cquipntc•nt fu r accourotill~ and sa!" onaly<i> apphcOllOil•. Th" "'" 
tlpdatcd '" 1966 woth a System/360 MoJel :0. 

\\'it11 tite dc'cinon lú <Xtend data proceo<~ng to manufocturing opefition•, wo 
01d01<d a MO<!e! 30 •nd ><t out 10 acllieve an eff<ctive invontory conuol >y<tem 
which wo <nvi,.ged " tho r,,., •tep roWI!rcl• o comprehen•i•·e pl3nt ')'•t«n. We 
f!scd lhc lB M Btil of Mol"ial Proce•'<lr- a pr<lg!Otnming w<tem whooh org•ni<" 
?toduotmn informal""' o., magneltC !lisk ni«- tn crea"'?'"~"" 5t!Ucturc 
f!le. In Do:cembe•, 1968, lB\1 <el.a><d another "'t ofptogroms, l<cqut~emcnts 

¡PiaMong, a,.d our< "'" one of 1he !irl! oompani" to pUl 1\ :o u..,, Requimn<n~< 
Planmng use• ,.¡., forecam and CUI!Om<! or~e" tu d<temune componen, p.o rt 

1 an<l '" ¡,.,,sembly rtquiron>cnt• by tinlc pniod, general< actioo notic" or ordc" 
lo• itcm• requinng ron~uction or pur<l,e, and p~otlS repktn\hment mder<. 

'Bo1h tite B~l of \i>to1i•l Pooceo<Or Olld Requirement< P'.ann;,g "' p>Tl of an 
inoe!ftl.ated Produetíon lnfornl>tion >nd Conlto] Sy01em (PICS). 

Ou r \lodel 30 :nc;urlo• threo 23 1 ! magnel!C dLSk u nito whtc.'> ""' 
lntetCI101lSOJb1c di•k pack,- Or dCctrQnio fU«- O puncited OJrd inpUt/oUipul 
unol, anJ a htg~-<pecd pdnl<r. Produ"iun infomlOtiorl, organi7.<d "' daiJ ba" 
ond maintoined on o:.\<l di•~ ;:oocl<•, '' brokon dnwn into ;cp"Jle !':1"- T!oc 
prim3!) flle5 lllC!ndo: 

1. An i<em m"'" ~tle. \!;,nta•ned on one disk pock, or.d co•orins oll o' the 
; 5,000 ilem• "' inven:Of) - row material•. pam, and :t<sembli<1-
:-!oo rrodutl >lruciUrc foto, moa11ite<l under 1'10 Boll uf .'>btrrial P,oce,ur 
!:a;;h prc•c'oe! " ;:nl.:IUTOé in 'ua: 1<><1< - row lll>t<ria!, P"'· >Uiu"'"'bl) 
on~ ma<htno. !:>eh 1e.e1 f'f•,once. both 1he pnor ,,¿ n<'l ili¡;h.:r l"e! 
pcrnlttting '""h "p!oo;:on ond trn?!O>ion of roqn:rement>. 

3. T~• ,~o~''""'" r.""" im:1 ti~e. Thi• mc:u¿., ""'o" the 600CI tl<m 
thus !" "lo<t<t! to> b, oontru'l<d '"'d" RequlfcnJOot• Plannutg. 

T wo <ri:eriJ de l<tlrune if a p>!l i¡ .ncludeJ '" Roqu uemen ¡¡ P!,nning: U'>&< 
and dollar nlu<. Fot :he P"" ""' )""· W< b>>e b«ro ,\BC-Ii¡t:ng in•<•llor) 
"i'h :~o :nmt 0\pcn¡ove nems >t \.~e to>p. T.~u;, a:t ,\ on~ !1, and """'o! 111< r 



tlern<. llave t.een tncludecl in requiremenl planni~g. 
The u<:>g< crrterion ~ e5labli<heJ;, lrow l~c part i< u,.d_ lf90 pertent of 

Usa&< i< in fab,c>tion of new macllmn,,. oppO<ed 10 sak as a ropair port, it is 
mc:udod 111 Requuomena PhnnHLg, 

During riLo woo~ly run ot tho Roqll""'""" l'lonnin~ Symm, the threo J,k 
r,¡., ore on-lino, ur Jir<otly 1111~<<1,"' th< cumput"' 'ihcy ltuld "!'"'"""~ 
<Y<Iem/requimn<nt< plannmg instructior,., item momr ftle and produCl 
otrucrure/subordinate otem m"''" f~e. l ~ •• a11 the d•ll needed lO explo<!e and 
pro:ect requiremenr. ocre., different manufootutLng p<llod> ore immedia<e\y 
'"•ilabte. 

fiLe cyde actualty begm< wrth out year\y sal« forec.,t. TILis i< ontegrated 
wjth orde" in-hou" ot the ume the foroc"" ¡, made ond o yoar-long ammbly 
>ehedule, projeoted in fi"<-day work•ng poriods. M ord•r• come in, they are u<ed 
to r,ne·tune the for«»l- Thi• fino-tuntng extend• over a thteo·month period; 
otdero ni\1 tn the en&ine<rtng d•p•ttment when L~i• fotecan ;, made are picl:;ed 
up b.ter at the •ubonembly leveL 

lla.ed on tho dato Jevelopo<l m the lhreo-month foreeut, the botch membly 
\Lnos are scheduleJ ene month ahead. B"icalty, the irlfo•mation al thi< stoge lell• 
ul how many and what mac!~nes ~ wllt be monufactunng. Soheduling dat• 
which tncluC« nuchine numbers, quonttlie• needed and d>tes lo be <hipp<cl, h 
"'"' once , week to the dou proce,ing dep>~tment, whore tl i> punched on 
"'d'. The cords ore fod into the compuler wLth the pre•iously-<lescnbed on-lin< 
¿"¡" base. ¡\utomatico!ly, lhe systcm explod« requi!Om<Ol< for each machinc 10 
C•o proJuced, at <>eh i<>ol of the product >truCIU!<, 

lf lhe 'Y"'m ftndo an item with erwugh quanltly on hand, Ll ge<o no furthor; 
if nut, 1''0<:"""& conlinuos lhrou¡h coch product leve!, testrng 1he invontory 
~~once >t evof}' \evd. 1\'hen the S"'" req•JLf<m<nl f01 In item or ¡»ti i• not 
covo10d by on hond or on 01der ba\Jne<, o net requLt<ment tS generatod and • 
p\Jnnod order devcloped. 

T.~c ro su 1t ;, " com?To'lenswo roquirom<nl< generati<>r> !Opon which p!ÍLL1! lh< 
critic.ll C<t>ti• af elÓ LL<m e~1endo<i acro" t~e fi><·<la) coien<iar p<:riods, one 
ye>r oh<>d. Shown ue: th< gro" reqULI<ment< for the item m each calond!f 
p<!ioc!; e.__:mng open o1ó:r> •nd l~o<e pro}..:ted for •p<cifoc perioó; th< 
~;LCipoteC inv•~tory bolonc< for uch perio~ 3> we!l 01 !he current \>o\Jn<<; n<! 
:eq•Jir<n><nts pe! period; and off"'t rcquirements. Al so 1hown i< the quantLty lO 
'Jo or~ereC jf net 10quir<men!' 111 ony period foil bolow t.'>e n>LntnlUnL for an 

:tem: - ·-
~;epared al lh< um<' ljmo " ln <'-C<ptoon roporl highlL¡hting con~ Ilion• th31 

m.i¡;.~: ot~e"'-i<e t.e !tUS,.cl. Fo: eumple: for o g:"<n itom the r<port w~l •how 
that o!though' plonned opon otdor e~L>l>, FJ"'' roquLJ<menl> ate co•·ered by 
!n•tntory on hond. Anothcr e<C<ption m1g'll >how th>t an order i• nerde~ 
<ooner l~>r. tite tinl< po:io~ anlLC:¡•,Ie~. Tho ~rogrammtng system >llt>WI for-19_ 

• •~•h e><G<plioo< to be reporte~. 
' ;; ·.-

.. 

Both the rcqtiLI'tn<Lll! sen<ration ond e<eepTion "P""' ~ wlnd' "' 
devoloped in fout hours" nrnning lLn\e on !he computO! ~ or< ""' to the 
nunufocturrng planmng and c-ontrol Jep:nlOIOnL The '""" to be urdcr<J >L< 

notod: the e~ception• noted; proj•ctcd roquir<m<n" fot oach Ll<P.l lt<>dL<d 
tln<>u¡;h eoch ltme pcri•>LI; >HJ actual uttlot> Lrllliotod JCC<>rdinrly. Th<"' ·'"feo! 
LJ,,ek l•• tl>c J,.t,L ¡>L>•ce·,"''M Llop:oL!LOf<'"l, "'"'''' ,,,1, l••><)•·t•, .'"'"I'LLOL'•·d '""' ,_,,¡, 0 

infotmation accumula,.d. Each week, prim tu lh< roqu"'"""" plannw~ '""• 
tho ordt" inilLated dunng the pa<l weok are f<d into lhe 'Y"<m fur P"'ltng lu 
the <Ubotdonate Ll<m Lnoster fde. Tlus ou!omotic:d!y elun •n)- prcv•ou• otdcr 
data anc! <UI><titui.O the new infonnJiion, Orden •n lh< cpen mder file a•e 
du«d out as inform•tiun from the plam 11oor 11ows b.ck tu d•ta processmg. 

This, in brief, is tho !y<l<m a• it ;, "P""ILng now. Wo ha"' ma<ie ccrt.nn 
chonges and odditions tu the programming •y.rems supplieJ by IBM. Th"o 
indudo tho foteca<t perctntage, • proj<'led balance \in< ptLnted on the 
!<qui,.ments generation plan, and \he """•ion o( omicipated parts usa¡;e for 
rep&i1 purpos<< throu¡hout the yeor. 

The next •tep in cut manufacturLitg system plan WLII be implementing the 
CapOcily Pllnning Program. This phase woll handlc lon~·range planmng: t.Lking 
lhe lood of job• to be run m the pbnt, measuring th'm ag.>Jn.r ov.nl•blo 
monpowor •nd mochints wtthin requited timo petLo~s. and doveloping >la< 1 Jales 
in order 10 estabU•h • kv•l•d load pattorn "h~e moetíng customer •'upm<nt 
rcquttements. 

Wc :Uso plan to onnaU a tolevmon-hke d!Sp!ay <'•l10n in the manuhctu•int 
planoling and contrul doparlmenl lo serve a, a dtrt<l link lo thc oompuf<r 
<y!l<tn. This wi!l pern\Lt in<tanl retrioval of inventory arl<l other data, quick 
up<hwng of rnformolion, Jnd olher funotion•. suoh" che<~Lng ind!>L~ual upen 
orden. Another comput<r terrrunal in the en¡;incenng de par uru:nl "'ill be uS<d to 
piOC<" engineenng e [unge>, md lo te\Ji<Ve \>oll of motetial da,._ Wo llcp<: 10 U<e­

ono uf the>< torminals for oréor enory. 
Tho b"'ic goal tn m:t•>ufacturing ;, W >htp foni<lled pruducto on lhc el""" 

po,.ible «:hedu!o, keeptng cu<tomer sotvLCO al " ltigh pl>ne. whc'o hoiCin~ 

invemory an~ manufac:uring co<l< to th< m•o>mUil\. We a10 <on>lllC<d tlm e>n 
no longer ~. dor.e withou\ Ll:te computer, ond hove preved lh.:lt whLi< the 
trlnl!uon \o modern inforrnatLon proce.,;ng ;, • !on;-rongc dfmt, lhe pa}Qff ;, 
V<f)' !Oal. 

• 
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1 '''''"'A,- A "'nrl• ¡•nntou1 ofll>o· "''!""""'"" f,<'l"'f,oHoo 
pbn l''"<l"«<' "" "" lit" s,,.,.,IJHI "''"'' "'· 11,;, l'dn1u"t 
'""''' '"" P"' • • • ""' ""d- >nrlo'>h·ndo ,.-.ui«mcnl< 0"" 51 
¡,,¡., •oo\.int ~"'''"•h. ~~ oh< lop i, r,¡,,,..¡ d"•"P"'' ond 
IJ,·•ol¡ '"' mio""''"'"- (ffl lb< "''""d Ion<, "Soor« -"'' on-1><"" 
'"' r•" " P'"'""'d m""""': oh< •n<d "<o<h" ""' ou """ or 
"'''''"" in<l"""' ''"'"'·""";,m'"""'''"""''~" 1<lh<1 '~'" !'<'""'''· "'' "'""' '1'"""1>' inoloc•><' llo.l '" "'d''' !m lúO "";",.,u 
''·"' '" 1~ ¡,¡,-,.,, to """' J<''L""'""'"" in ""' o! 1~< "'"' ¡~ri<>ds; 
""' ,,.,., hmr '"""' ''"' o·i¡.l<1 "'"'''"• 1• oinU! "'' mrd«l, In lhe 
''"'d ¡.,, " ohuwn ""' , '"" ol in><nl"l \' l.,lon" (<Oin/m.-{>noiUpl< 
••4·-r •!""'""' '"" oDowOO """" m MI ...-Jnl<d on ohi> «p<Jrt); 
olo.· r.n.d """ on ol.c rh"~ lm< indo"'" lhe ito·m~ f"'"'""l" U>< n 
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a «p•io port. Alun• lh< 1<11 '" he.Jing< fot '"" o! "" ~m< 
1'''''"" ,¡,._,~.,. - ""'" "''l"imnenU '·"'' P<tind, op<n ooU<r<, n<t, 
ulf•<l t<'qul«mrnh, "'d hdlon«. Th< fiJI"" >1>!lln~ •iolo 541 '" 
oh< fi«-d•)' worldn1 p<riod~ A,.um!ng 1h>t l-41 •c1Uoll) t<lcrt<d lo 
11>< ~~·• or S.pi<mbet 14, lh< repon '"""" lh>l ""O.·ooh<• 11 -
colcnJ>r r.go" 561 - on opcn ood<r lor ohal 1'-"' ;, Ju< lo be 
cnmpl<1<d ond 100 uniU .. -.11 be od,l<J 10 "oc k. Tloi> '"'tin~opcn 
ood" it indnted b> lh< /. tign. 

r.•oc~od,og pm< "'1"'"'"'"" in1o tlo< '"'""• lh< "P"" •hows 
oh" in pociod 606 '""'~" md<> !l,ould b<: pl>«d; <h< ""mk 
in~!<>l<< il """ •nti<lp•«d "'der. Thi• «Poco;, ptod;,,~ ~"~]) 
lor <ao:lo of ohe 6,000 il«r» m !'-&'" <O.,holl<d und<r oh< 
«qUU<mtn" plannin' 1) mm. 
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MATE!'~' AL ~EOUIREV.ENTS PlANNING­

THE KEY TO C~ITICAL RATIO EFFECTIVENESS 

WiiHam Wa,.w<il<r 
Tl•·in !Jisr lr!C .. lluc;,~o•. Wiscon•in 

Critica! Ratio i, a <imple )'CI •ound method of expr<,.ing th< rdative 
priority of work in P'""""'· by n:iating the time rrmairri"ll befare an item 
is due. tu the amount of ""''k rrmalftin~. For cumple, if a part in pro­
""" ;, requin:d in frve day• and it ha, ten da)" of ...,,k n:moinlng. it ha• 

firt doy• over ten day< ora ralio of .5(
1
5
0 

"' .S). Thi• U an npedite prior 

it)', sinl'< the job will ha>·e to be done in half iu normal n:maining :ead 
trme if it ¡, \o be complcted on <chedule. RatiM of 1.0 mean !he job i< 
exactl)' on •che<lule, ratio' greater !han 1.0 mean !he job " ahead of 
•cheduic, and anythtng le" than one mean< behind Khedule. This tc-.,h­
niquc for ,hop schedu:ing and job <equencing can be a powerful tool pro­
vid.,.} the .ouree of th< time ond work remaining ;, acnrra1e and relioble. 

01 the rwo elemen" of the ratio, tim~ Nmainint (10 order due dat<) i• 
.elf-evidcnt. and ""''k ,.maininr ;, easy"' ••P'"'' •ince it (the lead 1ime 
remaining! can be determined by the summation of the tran,it time, 
4ucuc time, ;ct·up and ru-n lime l'ofall the operattom on the l'<>tlting •till 
t~ be pcrft>rmed. Care mu1t he l:tkcn to in<ure that thc qucue tim.s are 
corre<'\ and rel1ect the de.ircd levcl of noat. A< thc work Í> perform<:<l and 
report<d through <ome form cf dala collection prO<<-dure, the work ,,.. 
mair.irrg dccrea< .... w~ie!1 in turn alters the calc'ulation ot the ratio. 

Thi• ¡, a simple m"'hanica\ proee<!ur< whic!l. relie. primarily on timely 
•hop reporting and accurate routing•. The diffie-ult)' wit~ eritical ratio oc· 
curs with the time rcmainirrg e\cmen\ of the ntoo, although, al fi,-,.t 
gl.mcc, it< value •eem• sdf.Ovident. The lack uf sueco" critica! ratio ha• 
e'pcrienccd in thc pas\ Y""" con he atlriboted to !he in:tccuracy of the 
,¡.,,_ "'"wining_ The real prublcm ¡, wit~ the ifll<'llrir,v <'1 the due date. 

¡\ criti"t: ratio '~op !'our cootro! '""""' ,.,¡¡¡ Jctcriorate quickly 'olhcn 
the for<n,an di<C"''"" he;, worl.ing to prtoriti"' that ~o no! coincide"'':~ 
t~c r~~r nce~< of the a"cmb:y depanmeo:. Thu< t~e eff<etiveneu of shop 
e.<C<UiiO!I ;, direct!y conri11gem oo the !ntegriiJ of !l1e <!ue ('o<c the in,·en· 
1N~ ')'!cm ~enerate•- What ;, 1~< order do< date, and dOC< h coinci~e 
"ith :he dllc ot real ner:<l' Thc in,·en:ory <y•tem mo'\ """''"' thi> que-­
tton e<cry ti<ne cr;\;,-a! ,,,tio rriorit:c, are ca:culat<"<!. 

:-.latcri"l' Rcquirement' Planning can ""'"er th" qu<>tion becau'c it 
ha> the inhercnt capabi:::y to p!an ond main10in order due dote<; vo!id. 
Generolly, "lotería[ Re~uirtm<n" P:anning " thougkt•of"' a <U:'<'r· 

" 



charged eumputer tedmique tur nrderin~ m.lleti~l and for imenlur)' pl~n· 
nin~. whic·h it ;,, Ilut iL :t'"' h." tht• critic•.t1 ro!o <>!' kecping ''"'P pri<>~ities 

Ltp-:u-d:nc. lt ¡, tH>I """""! f,,. a '""'1''"'." th.t! "·" ,evcrc dwp "'h"'l"l· 
iog pm~>!ctm 1<> be :nlr.tt!cd lt> \lalcrial !lc<¡uirc·mcrn, Pl.oturirrg fur ;,, 

'hup !loor C<Lil\rol cap.ohilil)' .tntl "'" '"kly ,.,, 1""'1"''"' ol ÍH•<<lWr)' pla01· 
ning and ordoring. Becau\e it ho" thi> abi!ilv to maintain due date> l'alid, 
11 ;, ideally >Uilctl tu driw a critie;,l ratio >ho¡l lloor rontrol .vslem. 

Material. Rcquiremcnt\ l'launing can "'""' t!yroamically 10. changing 
0101eri.L! nccd\. ,\, lhe ma<!er ><!l<"tlulc ;, clwngcd l>cc.tuse of "''chcJule.. 
"'pcditcs m conccllation,, and "' lhis ;, P"""""ed \>y Material lkquirc•· 
mcms r:anning, thc rime remai"i"g " altere<! ~y thc rc>i>cd >hop ordcr 
due date<, and lh• new ratio ,.;u n:f!ecl these ohang~ to the shop f!oor. 
T~;, can ~ done "' ofl•n ~' it ¡, noce,.ary !o updale the imentory folos 
and cor.>municate schOCule information to 1he foremen. Thi> f1exibilitv ¡, 
a dtnraeteri<tic that ;, <imp!v no! a;·ai:ab:e \\Íih r~order puinl ltodmiq~e>. 

A material <nnlrul 'Y'""" b";cd "" reor~er l'"illh c"Otl\ider> MI) lhe 
U\:>~e cll:oractori>tics of •.he pan i"cif. and ""'""IIY ¡~'"""' the rcl;Oii<>n· 
;hip ~o it< pú>ition in tilo bill ul onotcrial. and lile timi11~ of it> porenl cnd 
ilt'l'l nn thc lll;l\lcr sche-dule. Con'o<¡ucn!!\·, >'hcdulc ohan~e• 10 llighc>t 
:c,·c! ""en>bli<.; will not bo rdiocted do\\n throug'lthe bUI of nlaterbt to 
.oll il< !owcr lcvcl componen!>. Tlli> inscmitivil) to !dl;'(\ulc change can be 
"'"'Y· c>pccia:ly "''"" it bo;·omc> """"""r) w w.u·<t •'" en('. liem o;«O\· 
b!\' nnd i" e<>n1ponen". 

Cb"g"' rol\ be Lile re>'":' or CU\1()n¡er reguem, f<lrCc"'"l adjustmctll> nr 
the ncc~. lo b~ rcali,tie Otlct reS<·!lc~ltú an "'"""bly t<> coincide "'ith tlw 
!aa• rccdpt ~f onc or more ol it\ componen'>. With ~1alerial Require• 
me~\' P'anOLng. :he re<u!ti~~ ch~ngo c•f c~e due ~"'~ on al! ordcrs aflco· 
:ed can be cnmmunicate<'. '" thc >hop !loor before ;a:uable capaci!y ¡, 
con>ume~. and ~efore more lah<>r ~olla•> are pUl into iMentory. 'J'he 
critico! r~lio wi:l :1Gj1L" lO ;1 '!.";~ llrLOrl~Y whtch tcll< thc foreman w •hill 

~" """"''"" 10 olher joh 11ith highcr prtorilles. 
T~lC u1ili1V of ~aterials ll.cquircment> P!anning ;, furthcr demon,lra:td 

~' i" a!>ili:¡ lo roi>c lhe re~ 11a~ nn m~:e<ial on pr<>."<O» !ha: ha< no re· 
cuiremeo.:. Ensin<~ring chatl~e•. quan:it¡ change\ ur customer eaneol:a· 
'·''"' ''"" suac,!y c'i~:ina<e :he ncc~ !·ur par,., lt ;, ob>iou<'y imp~rtan: 
:e• <:op ¡;,.,. :•rtkrs Ítl pr,-...·e« bcf.,rc •.he ""'" "f ""!''"' or ob«•!e"'ellcc 
tnc·<·''"· Whon \horc are "" requ!cemcrm. thc ,¡,,,.. rt'"'""''''R equ.11, 
,.,:''"''·'· T!>e ,•ritica: '"'''" ,::: rcl~•·ot to;, con:!ioiM ·""! ,;~'·"· •!;e l:•rt·· 
'''·"' :u '"'i" .111 l~o\!ler wor>. and rem"'" :1>c :<ll• !rom t!>c. !1oor. 

,\ <"<•n•m"'" pr<>!>:,.,, ~;,n ,.,;,;,-,,: r~<io ;, "'"¡"'";,.¡"~o mea11io~fulpri· 
~"" '"" "'''~ :'·~' i< ?"" t!uc. \\'~'<'' ,·,~ :;,.,. ,.,.,.,,,¡,.¡,¡: ;, oero llh~ duo 
C.\\e ¡, ¡,,•~;' ·'"~ th<r<: ¡, \\il! '""'' '" !•,, <'.c>oc, ,¡,~ •o:uc t•! thc <riti,·.ol 
,,,;o"'"'"· lt rimo• «'IIWillill~ '''"'""""''"be "'l""''ed o< zem when 1!1c 

ordec is one or more ~a)\ pa;l dut•, thc zero <alue betunl'"' mcanin~k''· 
Whieh of the zero jol•> •!'u11ld thc l>~n·n>~n ~orl. on ne<l? 

Thi' can be a prol•:em whcn thc Ji,¡Mtcil li<t renJ,.,. a 1\Umber or '""h 
jub>. Ty~icolly, t!H' •itu~tiun ;, twerr.>mc by expcditin~. rmh •tic'""· m 

pcrhnw a snphi"icalcd olg<lrilhm wltich com~'" 1hc 11·1<' tn \OillC ki11ol <>1 

1'·"' duc I"¡""'Y inolo '''·" '"" r .. ,.,.,,,., ,¡,~ ... '"'' '""''".·'·""!. w;tl, 
.\1aleria: Roqoitemer.l> !'!;~nning. it ;, possible to resol•• this probl<l1L A 
time phased pa>t due P"'n>it< tho ume remaining lo be c>pre>S<d a< a 
"~gatl\·e nomb~r, whioh prOOuc"' an undemandablc mi11us priority valuc 
thnt rs s\Í!l re!•ti•c to all other job< un the ~ispatch li.t. 

Thcre are uthcr op!1ons availahle lhr<Hl¡;h Material llcquirtmems Plan· 
nin~ that can be apphed lo eritLal '"tio shop noor control. Sorne of the>c 
techniql!e• are: audil• 10 insure the calo:ulated lead h'me or work rfmain· 
ing ;, con•i•lont with the off~! Iead time med in thc in;·cmory pan 
m~ster record. or utilizing pcgging melh<>ds that discriminate betwttn 
work·in·proce\S for CU\tomcr OTders and ordc"' bdng run aga\n<t an in· 
1cntory foreco<l. Knowing which jobs are for CU<tomers and which are for 
i1wentory can aid <hnp pla~ltling Otl<l maintain propcr cmp~asi>. 

Thc importan! lat•t is that CTitical rollo wilh MMcrial Hcquiremcnl\ 
Planning pro..,nt. a Yiabk mean> of nccuting the m»l<r sclle<!ule. Tho 

'"'":" of :hi' romb\n.u;on funher demon\lrate the power and \'er>atility 
of ~bterial Requirements Pbnning, and indica!c why i1 mu>l be !h< key. 
stone of a computerizcd p'roouction and inv<ntory control >}'>tem. Agai11, 
its oapacity lO pian an~ maintain due dates valid cnables proJucllon 
<antro: lo ~ivc the foreman whut he wants--;J \chcdulc that " 1ruly 
ourrenL 

Th¡; •rtio/o 10prmtod from Prod~ction and ln•M""Y M~,..gement rM 
frJumal of tho Amencan Production and /nveMorv CoMtol Sociery, Jrd 
Ouar~er 197lpp, 89·91. 
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TO ORDEH PO!~'T OH XOT TO ORDER POINT 

Oliver \\". Wight 
P/o,.[ aru/ W•¡:/11 Assooialrs, 1\'.lron, Con,..C1icul 

THE ORDEII l'O!:"T- A CREAT CONCEPT 

The order point i< a fundamenta\ concept in inventory management 
""'l manv companies m<' it on all itt•ms in inv<'T!tory. E•pcri~-nce in 
pr~c!ict• ¡.,,. shown that arder p<>ml< are nol always thc bes! re-<>rdering 
technique and, in fa('!, thM mo•t ilem< in the invcnlory canied by thc 
typica! rompan;-- that lahricak< antl purcha«'S oompof!enl< {thi• tenn 
1nc\ut\e> suha,.emhlie•. parts, ond raw maleria\s) to be a<sembled, can 
he r<-"Ord~r.-d lar more e!ft-ctívely u<mg other approad1~s. 

l'cfore discwsing the pro'>lems invoh•N with arder points nnd the 
t<"Chnique> lhat 5ltoLJ!d he u><•d in,!t•;ocl, •mne !Jackground mformation on 
ordt•r point• sh'>'•ld bt• re•"rewed. Ba•icolly, an ordcr point e:stabliohe'l the 
:cwl at whith a rep:cnishmrnt ordn will be p!oced. The ord,.,- point 

where the order point is .-qua\ to a foreca<t ~~ demand dming lead tmle 
p'~• '"'~rvc stocK. lf, for o.amp:<'. lead time were "" weeks, <!emand 
"~'" "'::m.lted tu he appro<Lmatc!)· 100 units p<r 11ee~ and a u!et)" 
"ocl< or re:s~n·e <toe~ equivalen: to a two wrek supply W<.'!"e p!anned, 
tht• orde~ pomt wou!d be oqual lo ~00 units and when inventory uached 
~!Lis )e,·c], ·' calcul.\led orCt·r q"ant1:,· (often determine<! ming an EC<'­
nomic Order Quant>l)" formula) wo~!d !>e roordered. 

::.ere are many "ariations on the basic ortler poiOtt theme. Thc w~U 
"""'"' '"t"o !,,n'" sys:e:n ,., ... ,b!"~'"' a q"an\<1~ in one hin ·" the ord("¡" 
¡~>.nt ant! 11hcn thc other hin is tl<1>!<'tc.J, • r<'Order i< pbced. T~~ "min­
,~,- ""<lrm <'Sta!!:i;h<'"S a ,,;~im•m• {ortler point) and wh,_.,., in•·~ntory 

"'"ÓC< ~ois :,-w:, o 'l"antity i; """'¿,.,,¡ to bring t!L<• :nvclLtory "P lo a 
"'"'"'"""' (Grd~r point p:us ordPr quontity), The:se ordcr point sy;tem> 
""' co!!eC fi•o·d O><h·r q!tanlily •r•terru a.s dininguisbtd from the:r ncar 
"·:a:h-,-;, the f.r"<i ,..:,.,,¡o~ l'"rict!ic review >)'>l<-m<. In a liwd order 
sy.:em, <"Or'atoom in t!c'm:lnd eau«• variations in the lmomg o! rc-<>rd.-.,.s; 
'" ,, !i«·d 'nterval •;>tt"m, il is '"'"nwtl t!oat wventory .. m onlr be 
•~:>·.-~~úod :•e,-:OCiea~; .nt! lh~· :!,e q•m>1tity ordered at cach rcvicw 
p~::od •·am·> a< t!emand '',L.rl<'S. In t~L' diselt"ion that fo!!ows, a!\ of 
tho,e lechr . ., .\l"O C01<'gori~,.¿ as "ur¿.., point type <y<t=s". 

10\tuitjw apFOa<·lm• lt> c.\!culahn!( c>rder puint• mually involve ..,m~ 
''"'"" Lhe ho,\ft!-;u!<·•. <ud' as: "\\'e "~11-.olw~ys rt'Or<:h'l" wh~n W<' ¡':<"1 
<lnwn to a ·15 day supp!y'" or "\\'e will a\way• cM<)' J 60 d>y <upp!y un 
)<and all<l on on!d'. !ti< more ratiuna\ to n•late ""'""'"" •toe\; to lc>rl'CtL<I 
•·rr<>r ,¡,.,.~ 11 ;, kcpt in inve.,t<Jry to prn:ect o~aimt forec:L<I ••rror durin!( 
rep!em•hrnc-nt J.,ad time and t<><.lay <tatistit".d "tmpling apptuad"~ ,,., ... 
l;·zing act.,al data fc>r t':>ch item c,n he• '"('(] to dctennine rnore effici~nt 
¡.,, . .,¡, of rt•servt• stn<k thau the intl'iti>·•• appro.\Chc• yie!dt~L Üln>id­
t·r.tL:~ lil<•r,ture ha• heen wntten on this subj""t in the l..ut 10 lo 15 years 
.. nd the <n cotlled "Scienti~c ln\"entory \!anageme!lt'" l!•dmique; H<ing 
e<ponential >moe>tl>in~ t<, fnrecast demand during le-Jtl time ~nd th" rne .. Ln 
absolutc deviatioOt ami >l.tl~<tic"l tablcs to c-aiC"\Jbte resen·e •took are 
wcl! a<'Cepted '" the un!veniti~< and industry today. Pr"T"'r o¡¡pliCi!Hon 
o! thiJ approneh to n·c~!culatc .., c:t\\e·d "Roalin¡( order points, mnnthly 
or evcn wttkly. can gen~ral!y resLLlt 111 ,, re<lue1ion in invc-ntory of bt-. 
,._.cen 20 to 41)1; withotLt impmrin¡: <cn•ice, or imcntnry c:tn be main· 
tain<"<l at the ume le•·t•\ and SL"1"'1ice impn>•·•.J imtcad, w\o("r"e in!Lli~ve 

mcthods were previou.>ly U>t~l. 
llt•rP, then, ~re •nme usdul techniques that havc ~ greeted with 

1:"'"1 cntlousia.•m hy praotition~rs and educato.-. ahk~. for the p.--atli· 
tr.oner, th~se an: high:y \l<ciul techniqu<~ that tan enable him to m.oh 
sub•tantia) impro•·~ments in hi' •y<tcm. For tk ed\lcalor, they are an 
•·•cellent_ Jemo<Lstr".ltion of thc poUntia\ app!ic-ations of <t~tistics amJ 
higllt'r rnathc-malk>. 

50\\E OliV\OUS \liSAPPLICATI0:\5 

\Vith all the development and writing Ll,at has been done, there havc 
lwen so!lle ''"'<·Ee1L: app!ieatinns of thc-;c modt•rn technique;~, bul most 
¡1rogre>< e>rrie.< "1th ¡1 sorne form nf penalty and t!1ere ba.s •·ery defi­
rute\y heen an m·cremphasis on thc ord<r point l)pe >ystcm• to tlw 
d<;;n•e t:o,\1 some aHtho,, "'"'~rúe unl)• thi, type of rc'Order sy<lem. In 
1he real ln,.in<'>< wor~<l, tl1ero are ~ glXld m.Ul)" place< whcre th<">e urd~r 
pn:nt !ypc •;-<tems ore '"'Y int"!!lcit•n! ordcnng sy•tem< and, in mam· 
t"Orn¡wde•, >er!ous :>rn1J'c·m> :La<~ r<'<u:l,.d from app!1e~tion of mJt•r 
p0'"~' '" in<'<'H\o""' "~ ~o:npont•nt> 

.\n C.'-'\'"" rnanllfaNurcr of an e!e<~rical product app)it"t! ord<'< pomt. 
to hi.< fiui>h<'t! im·en~urv .L.nd :u a'l tite• C'Oln1)(lncn:s that "-'<"f<' n><·d 10 

""~mb!c· thc flni,be..! p!o<iuc•t. Sone<• therc ":,•re m.\ny mmponent• that 
ha<! L"01!\!1\t>n "'·'~" in m.Ln,· dúfercnt O<S<111b!it">, 11 '"'·' t!ecit!<~l to mt· 
.1n or<'<·r pn:nl <) >!<'<!l on a'Í roml'oncn:.. ant! try !o how tl1e rompone·m < 
a\'ai!ab!e r>l'tt'r Ú\n t.o a<'<! :he fu:: e<>trLpnnt'n\ ¡,."..¡ ~Cmc into the or<!,., 
po'nt f<>r <!.lelo fin¡,¡,,~¡ it,·nL This ><•·mt~! to ma~c sen.s~ on the oommon 
m.<gc' cumponen~'• but ~ell<.'r,ted sorne ob'"'""' pro'>'ems On t!JO·<c 
<-ompor.mt• tha: u e-re .,,,C-on on~y '""' or t"n ~nd ,¡,.,,_ FUr '::'""'~~e·, 
~ t;p:ca: end itcm :nvcntor,· r<>t<lfd" as f,]]ow<: 
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:-.'ote that with the ord.,r point of 10 and ordcr quantity o[ :15. as th~ 
end ítem drop• below ord.,:r poin~ in wee\; 4. an assemb\y ordet ;, created 
:hus genen>ting a t'<ll1lponc'!lt <!emlnC 1n weck 4. An a<Semble<\ lot-<izc 
o[ 35 " re«ivc~ into in,·entury m W<'<"k 7 rtnd ag.> in In week S tl>e item ¡, 
onc~ more below order p<>int, !hu' creating another =mponent re<¡Ull"e· 

,\bout the author-

Ü'-"'t:n \\'_ Wt~HT i• a f"'''"~' in rh~ firmo¡ Plo,.l and Wighr k-•o· 
dat~r u:Otkin¡: ¡,., '""'W~<'mflll co•<ruc'•n~ mul cd!!oatim> /le ;, al.w 
C<'·<í•<l/.nr <<~11• /,;, lw""'''·' pm1n<'r of tl.c l>n<>k hn<h>c~><lO and \n,·<·n­
:crv Control: J'rim-ir'"' ~nc! T<•chn>qv<.><, Pte,tiCc·lla/1, ]u/y 190:, !lOt<­
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.\lt. \l"f¡.:/or '"" l"'"''"'rlc¡ ¡,,¡,.,,.,, r:,r,cr.tion .\/anagn, -''""".'oct"•· 
in¡: for IB.\1"• Dota Prncrrm>¡: D;~,.;o" w/,.-rc l1c tL"<I-' rt·J~ar,.;/,:c ,'or 
:/1c conl<nl af a:: 1 H.ll inlcr>ud 1 "'ini111,' an 1! '"''""'"' <'X<CHii<'f cuuw•r 
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.-\ ~'"'!,Qt,- o.f ,\"~u: Eng!arul Col!t~t. he /w.r Ion¡: ll•~n acf•L~ m 
,\PICS ,., "'""'"'..,: cct''""" a,;//,"-' ser,~,¡ os \"aNnd V1te p,.,. 
de"! o/ fd.,coi'U<< a.,! r,,·,carcll H.- u/,,•d ¡/,,. rccc.,!ly .,-,,;,~d AI'JCS 
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ment in "'"'k ll. Thi> .\<1;,;cy ;, rdlt'<'!ffi in the COI'I'Ipon 
record, a. follow<: 

\V.,.,.,. ' 5 6 

Componen! 
Rrquirement o o o 

' 8 

o 

U<ing a 1\oating order polnt to control t!Us componen! inventnry gen­
erales oomc inr.,.eoting tesults. In thc example ;hown, expone!lt.Ja\ 
smootlúng: would ta\;c tlw demand in "'""\; 1, srnooth it, and de<:tcase 
the nrder point. lt would •ucr;e.>ive.'y dn that in week; 2 and 3 to the 
poiot wherc the order poiut wa• vcrv \ow arul then in w""k 4 thcrc 
would be a demand fur 3~. The ur<kr .pmnt wou\d then be increa.ed for 
wcck 5 but then tl>c O tlemand in week 5 would bc 5rnoo!h.d in, droppin.~ 
the order point once ag:a\n unlil another compocent demand occurr.,J. 
in weck ~- Obvioll<:y, this system fs 180 deg:r...., out o[ pl10•c with tn•e 
componoot demand- and thc U>e of a mean ab<o\ute d....-[.).tíon tn com­
p<"nsate for lnrecrut C!TOt oO:y ag:gravates the prob\em with the re•ult 
thot <«erve ''"""' are ""'"Y high bllt componen!; are olten not on haml. 
when they are requ,..d. 

P.ather than lr)'in¡: to u,e u-rder points to make rompoMnts avai\ab\e, 
it wou:U be lar more <~tisfactory in thi• ca.se to try to !orccast wl•rn 
rrordc-rs will """"' ond havc componeots available to a<S<-mb\e al that 
time. A"uming that end item demand oppro>Cimatcs 9 ""''' p<:r periml, 
i! can be 5e~n tl,;tt tOe inventnry on hond in We<'k 1 wil\ l:ut ahout 7 
w<"eb and thot the or¿.,. polnt i> appro•imate\y equa\ tO .t weeh: there­
!ore, in ohout 3 ~k.s. a rnmler •ionu\C be e<P"cted. Since the urder 
qu~nllty wll! la>t about 4 '""'b, "-'''"'"bly rc<>rde" in tb~ luture con he 
antieipat<.J opproumltcly cvcry ~ wceil. 

The romponents !or lhi< product obviou•ly """ be r..ordcred mue\, 
more ef!ective\y by c~pl(}(ling antlc,pated requirement• down through a 
bill of materia\,. Thc irwentory panem for thi• ítem ro\l\d be charted 
.._, 5hcwn (Figure 1), wher,-, t!>e flnished pwCuc\ ha< many •mal\ de. 
man.:• !Tom c'.,;tomer< wh;c!> ...-e "",n~.q>enden(: t!>at ts. thcy <-a>u>ot be 
relatc.J te any known ro:.-quircment, whi\e the rom;>onmt• of Sn•,hed 
iterns tmd to havc a few :arge demaud< tb.at :u-e "<le¡>en<!mt" upon th 
n'quirements for O.S<emb\y. l'.,ng an Mdcr point ou t!1c<e componrnh 
w~l lene\ to gcncra~e more invcntory than is 3c\l>a~ly requir.-.:! an~ 

--



"'f><'rienee in praetitt ohowo that tht· re,•crse happ<•n; '"'" componen!> 
art· oh.-n not ~,·ai!oh~e "hen tht•y are aetually nec-<kd 1><.-eausc they ore 
bein~ n<1lcrffi ,nd<•pemlt·nt nf t)\e ¡;ming of entl itt•m r<•quirt·ment<. 

' ' • ' • ' o • 
Ftn«~od product item -
Man~ small ondtptndtnl demands lrom c"st'omoro H 1 . 

'---+1 --+1 ---+-+---_1_0•0•• 1 c::J L_j poont 

' ' • • • ' o • 
Compoenonl ot !onio~od otom · 
Fow lor~e domands <t""•n<fonl on hn•shtd ottm ouombly 

The '""'Y le;c>t thh e•ample demonstrnt.,_. tl :hot one unh·ersal reorder 
rule for everything in inventot)' doe;n't makc sense. The prop<ment< of 
on!er poin: type te.:-hniqu'-'< at this point m-'Y •ay that nothin¡;; has bcen 
proH•d "'~P: t.~a~ t!te a"emhly ord<?r po!nt •hocdd ha,·e inclu<led t.'-.e 
fu\: le.cd f.me for compont•nts use<! on onl)· one en<l ítem. but that or-.ler 
poin~ should sti:l ;,.,_. usr<! on :hose eom¡l<Jnent• thot "'" us~d on more 
~h~n onc em\ Hem. \\'hi'e tllis cnrnp:e !r"' been over>imp1iRed, it ¡hould 
be re,di:y apparent th~t ;f therc '""'" !WO en!l ikms using this compo­
nr•n! ~ntl. eac!r of thern !1eu\ an order quantrty cqua\ toan S wcek"s supply, 
<!~mand "'Ou:<! be <"'"en more er:atic :'""' :hi< ~-"'mp!e show<. An order 
ro'~-~ ¡,:p;; ,);tem-\vOu:d 110\ nn\ t<·nd to hrln~ in inventory befare it is" 
r.<-ec!N!. but a: ¡~.,,.. whcn !>uth "'semb!it'$ happ~ned to require the 
rom\)onent a:mo<t •imult~neouó•, it \)rubohly wou!d not be ,\\·o'!ah'e 
bccause the on!er poim :ype S)>tem :L<sum<"< that !he annua! demand 
"1:1 a\'<?rl~c out on a we!'kiy b.~•i• w!.ich i~ nnt the case. 

In one c'Ompanv w:n"r<" <!)·nom'c "-':'o 1)1'" prilirity sys:ems were 
dew!op • .J ·'"' poinl< W<·re uwJ fnr r<~lfJNing rompo,enu.. Tire fure-
'"''!' cvm; ."<1 th.ot m.•nr 1\oms hrt<l hi¡:h priont!"' a< soon as they 

wcr~ issued to the_st.1rtin¡: d'1"'rtmrnt>. Asan r•amplc of thc sy<lern's 
,hortromings, onr for<·mau cit"l tlw "'ampl~ nf-;o <"Umpono·ut ««"<! on 
two en<! ilc'"" tlmt wa; in hi< departmon! with a high prionty; he h~t.l 
~h<-e;.ed thc eml iteons .H<d found !!tal ti"'"' w:\S a,;, onnnth\ oup¡>ly of 
""" av.ti:,,h!t• and th.ot f.,,., onuuth\ '"1'1'1)' of tlw f>tlwr '"" ju•l IH·iu;: 
a"cmb!c-d ( wilh a ti "'""!""''""(> .waiblole ). Thc <)'•l< ·m, loec.uo"' il> <i"· 
p.rtchin~ prí.,nti~; "'<"re ha>od on an orMr poinl, ~"''m('<]. that cado 
componen! inventor;: needrd to be rcp:cni•hed as "lOn ''' it was <lt·pl<·kd. 
Thii i< the hasic "'"'mptinn of onl~r point type •y•trm>. hut io this cos~ 
it ;, inva~d. !t wouid be more cnicient to nrd<•r cnmpont"111S again<t 
pn>jccted a.<Sembly r~qnirrmcn!.< antl try to driv~ tht• inwntory !o 7Ctn 
Mtwe-en f"'!tlirements. 

.>. C.\~E STl'OY l~ .\llSAPl'L\C.~T\0~ 

Order point type lt•chniqu'-'< for componen!• wi!h on<•, or cvcn two ~nd 
uSt'$, are not '-'01)' ellicic"1lt. Where, thrn, do order point tr.ehniqu._.. for 
cornpon<'!lts makc "'nse0 Onc proponen! of ordrr point !<-ehmqucs has 
•u¡¡ge<tcd that nrder points can be u<<"<l on any romponen!• that have 
more than 7 end uses. E,·cn this ;, an arbitrar)' rule nf thumb that t!ue< 
not work out well in practio<•. The fol!owin¡: is an actual C>"mple: 

A m.1nufacturt'r of as<embled prnduct• that are made up of m~ny 
oommon mmponenl< that must be •toch·d lud be<•n mio¡: intuitive otder 
poin:.< for ordering thcs~ c-omponen!>- lli• im·enlory wru ~•trcmcly hh:h 
.\ntl '<·rv<o,• "'"' !lruotlsfactory "' he d;,¡ a study lo dd~nnine whethe; " 
<t.•t"lic"\ <mler po•nt >)'Stm> impl~-mentffi on a romputcr ""Ould work 
hctter. !m·••ntory <imubtioru werc run for 8 <liff~rcnt c'Omponenh. Thev 
purpo<ely ehose rom;><>ncnts with mall)' end US'-'< and 'he •imul.o~;.,,;, 
'how••d t)•at a high le,·el <>f oerviec on cach mmponcnt \\'Ou!d rt•su!t fro>m 
usin!: an ordcr ¡>uint approach. Th., -~ Íl<1TU simulated ¡;.we thesc resu:ts. 

~U\~1\ER Of" ITE\!S SERV!CE LEVEL 

' it.:ms "'' 3 •tems 9S.U 

' itcrn 

itt•m 

item 

.~: Erst glance, !h;s seri'-'< o! simula:ion• luoked ,-ery good !o t!le 
compa~y and they werc only conrem..C lhat order point< might not 
wor:O as wel: On th~ iterns "ith less st~b:e dernan<! (in fact, <Ímulatioru 
!or o•her rorn¡><>ncnt< wi~1 ouly a few cnd uses di<l show thot a fio:ot!m:: 
orde-r point wou!d tend·to bllild e>treme:,- high im·entori.-. ..-hi~e ~'vin~ 
't"T)' poor "-'"-Íce). 



Furtlwr lloin~ing ~bo"t the -;,.,,\t< o! tloc sitn"l~tiom, howe,'cr, -'imwc'<l 
tha\ <'"<'" tloosc rc;u!t> tlo:1t h>l.t~l ¡;:ooJ nn thc •urfact W(m\d not worl< 
\W!I in pr,,ctic&. Thc rompan}·'< scn•icc is jud~ed by thcir abi]ity tn ship 
¡¡sscmbli~•. rtOI compo"e"t•. :f it "~re o_momeJ that tbi; rompany's ¡mxl. 
ud ron.ist~d of On\y thc S '"mpom•o\s oimubtec\ in>t~~d nf 11«• :\5 t~ 
50 rom¡>e>nents Uut typi~31\y go ioto onc nf thcir proúucl<, it mi¡;:ht be 
worth a..l.in!': how man.v time• they wOllld be unoble to ship thc a..semb1y. 
A furti1er ehttl.: of thc simul.ltion< generateJ thc fol\owing results. 

NO. oF w¡;¡:;¡.,:~ W/-:1\KS NOT 
/TE.\! OUT OF STOC/>: SE/lVlCI·: . WAILADLE 

1 3 9U # ll, .:;:: 12., ;'!: 13 
2 1 Sll>.l :¡;-5~ 

3 " 00' =30, :#;l.S 
; o 100.0 ----
·' ' 00.1 ;#42 
o 02 .. ; c#02.1, #24, #35, 

~"' o 1000 ----
' 1 98.1 .:td9 

Thi.s '""'"'""'indica!<"< that Item =l would be unavuilablo in weeh 
tt, 1~. and 13: whi!c ltcm =2 wnultl be <m.wailable in wccl< 52, etc. 
,\lto¡;<·tlwr there nr~ 12. <loc'<m>ts among tbc 8 item•, resu!ting in ll 
wceh (note tbat ltem :;-3 and ;¡o;6 are hoth unavailrtble on week #35) 
when the end item earuoot b,• a>sembl<"t!, indi..,Hng th:ll while scrvice 
~ppo= to be vcrv high <'1 the componen\ leve], it wil\ no\ lx: vcry high 
for tloe a"'•mbly. In this exomp'<', whi!,• scr.·ioe levc1s for the c<.>mpo. 
n~~u a:re :u hi~!> as roo:<. th<"Tc o.re acrunlly 11 "'"""'out of 5:! when the 
products t•,mn~t be assemhled, "' t!oat cYen for n pro<luct ming o•dy 8 
<1lrnponems, thc servitt !e,·el wvul.! be jS.S~. 

Further e"lminati<Jn of the«' •imnla:imlS showed nnother problern tbat 
a:r'se< wh"" compon<·nts ¡ue or<lerc~l indopendently. It wns decid<"t! to 
pie~ onc week at mnGom w]Wrt none of t)1c componcnts wcre out of 
'''-'"" nnd <.!et~rmme how man)' of tloe end it..m e<>ttld be pu: togct~er, 
:og,ow :mumm¡: that it t~k<"< only the S "'""PO<O<'n\> invnlvcd in the 
,cmu:ati<m. b w.,...J.. ::::15, :h,• in\'cn:on• balance< "'""' 3< follow" 

- -- !:cm 
Itc>n 
l:em 
l~em 

ltem 
h•~n 
ltem 
l:em 

------· ---

•1 
"·' ., 
" ,, 
"¡, -. ., 

S1 un!" 
719 t~ni~' 

1 !3-1 ""'~· 
I9J umts 
~Cfi._un•t< 

3-1 unit, 

so ""'~· 
.1--\9 ~tnits 

The simulatinn s!""''' th.ot vn/y J.j a"<•mblic< (tl.e <¡LLanlity of thc 
('(Imponen\ wdo the ~l\vc ... t inv••ntory) ~-ould h<" pm ~~~tl"'r in '"'<'~ 
"15, <'VC~ though al~ ~umroncnl< are in >tod, that wco•k! Ohvitni\IV 
sorne unusa!>\· loh:h t1lmponent inventarie< ,.,..,¡¡ from thí• '!'Pmach: 
A<" ,,.,,¡t of r\.,, ,,,.,,¡,,;,, th•· """l'·<ll)' ,¡,.,¡,¡,.<] 1" t"'l thdr lodh "' 
material on tloc computer anJ U>~ it tu <<'J'«>tc'Ct !\,._~, r<.'tjllir<."lnct<t> 
wcekly rath#r thnn u•ing it lo improve thrir order poinL< sy•tcm. 

The company in thi• e'ample wa< fortun~te becamc tlt~y .,,..,¡ •imu\a. 
tinn lo detemún" in .odvan~~ tloat order ¡>!lints on t"Ompow·mo would not 
\\"Orl:: very S>ti<f~ctnri:.>·. Ano>ther company t<•p\.¡ce<] a vcry crude re<¡uire . 
ments phnning systcm with a ldghly sophbticate.J or<lcr puint >pkm 
for compont•nt; .md h~d di•a>trou• ri!su\to_ Inventory inerea•eJ :!5' 
. .nd thcre wns a dramatie reduction in •ervice, Iú illdieative nf tbe .>tate 
of the art <>f pto<luction and inventory control today that order point 
type system1, b"'"'"''' tlwy ¿,., wcll-devclopt~l in thc likrnt'lrc, t•·nd 
tn be app!ot"<l where ti"'Y c~n generate v~ry poor ,,..ults ind~ed. 

Tl.\IE SEil.IES .\!ATIOR!ALS Pl.AXS!.'\'C 

Two ph~nomena dlSCtJ»~d in tloe simubtiun e<ample ahove contnhute 
to the•c po<>r resultso 

l. ll'hen com¡roncnt• aro ordcted i<odep•mdentl~. tloe cum,U,tiue •c"'­
tco< lec!'/ for a/1 companem• wt/1 be mndt loto'l'r t/wn tlu• service 
let'ds of thc indiutdwl/ com¡ronem,, Thi, phenomCnon ;, one tha\ 
is we!l known ttl •tat"ti'-"ans ami simply tltmon;tratcs thc laws nf 
pro!>abiloty in action. If an indi,•idua] ~1lmponent is hkely to b~ on 
hand 90t of the time that it is required, thcn any 2 componcnts 
,Vl:¡ b~ ltkely !o be on hand 8U of thc time (90 , 90) ancl an,· 
3 componen(> wi!l be hkely to he Oll hand 73~ of th~ time, d~. 
s.,me qmck calculatrons !ikc those abovc woultl intlicatc that if 
th<• ch¿nces were S5t for any oroe component to be on hand and 
on!;- 10 cornponents wer~ nt•cded to make .ln a"emb\y, thc dt3ntcs 
of 31! of thes~ bem~ a\'Utlab~e at lhe •ame time would be apprmi­
matel;- 56~: 

·' \\'/.en com¡tOncms are ord('Ted indcpendnttl~. componem inol!n­
l~fles u:i/1 nol m~ lelo a<Sembl~ "''l"i'< me"lf ter U. The "PI"'' ¡xor­
~""' o/ Fi¡:ttr~ 1 >hm''' thP '.•mdlnr '·"<--I<>Oth Ctlrv<' th.1•. ,..,,]t, 
from at\ or,!,·r putn: upr,oach_ E\en lvr a com¡x>ncnt woth m.om­
~nd uw, and w~atiwl,v u<1ifon<1 <!emaml, t'>e '',~w tnnthS .,.,ÍI 
P"·'k tmlept"n<lentl;• and thus compon<·nt inwntnries seltlorn m~tc-h 
rcqum•ments at any pnmt '" hmt•. 

The !~~~ that those e<:n.¡>ani<'5 u•in¡: onl~r point> on compon~nts do 
-~··t '~''"' tldngs >!lipp<~l on tun<• nur spen¡ lo contr~dict these ohserva­
tiMs_ But they u<un'!r ll<> it hy ""fT'l ing e•ttemdy loi~h inwmoriM and 
tloing ;¡ gre:ot de,\1 ol "'P'"'hhng. T!""" '''P<"<hters llSudll)' ,;;,~ frt•m 

-·~-----



a"'·mhlv noor >horll'ge> lo lrv lo pul! t\,c ri~l11 item through, in spite 
of .,;¡ ,¡;~ ,.ron~ irw~n!ory ite;m t\1<• ordcr p0111l sy•len> gcne,.tOO. 

The ,.,pe<hlcr usualk ha.< seme k11><l of a "hot list'' and in <¡:nte of the 
dates th.\l th~ in•·cntorv w>l~m ha> put on componen! ordas, he tn~s 
lo ~··· tlw ri~ht llcm• to Íhc ""cmh~y lloor. l!e roe ... a dilemma with 
thh hot lis!, howcwr. \! ht' only t·xrx·ditc• thu.c ,\mrtages that Jlre"dy 
e,[,t on the ,¡.,cmbly 1\oor, it"• obvionsly a case of loo little loo late. 
1f h~ tri<"> to anl!CÍpJte <horta~<·• llnd c'pedite thcse, he ha.; an e•tremely 
long hot [isl and thc for~man'; logical qu<"Stion is, "Which do you want 
E,.,-, .. _ '['o dn an t•lfctlivc )<lh, lw rt'.!lly nccds ,\ "'rie< of "hui li•tC 
lh• 0<-'<'(¡, to hrc-ak do"·n his a<>cmhly !loor requirements into time 
porio<\ 1 and indicalc by tim~ ¡wrio<l what hi> requircment< will he. This 
COTI<."t'p\ e•t~nded through enough time period< to oover the componen! 
l<wl time i< thc t<•chmr¡uc oa!hl Irme •~ri~s m.o~enals pfanning. 

~1 WEEK 

• ' • ' • ' ' " " ' " ' " ·, ; 
' ' '6QQ, BOOI 0<00 

E:o-:D !TF.~I ~IAHF.R 5Cl!f.OU1.f. 

CO\IPO:o-:lé~TS ~IATt:Rtr\.1..5 PI..A:-1 

A <"PfOsontative lim~ >tri.,; mat~rials plan " •hown in F1¡.:ure 2. In 
this cdSe, a lor,..,a•t o! r.-quirrmcnt• i-' mal lo g~ncrate a m"-'lcr s~hedu!e 
for !he...,¿ 11em. t!sing ¡¡,., bi\1 of m~teria!s for !he eml itern, this ~·~go 
i< then nrojected a¡:,1in•t the «ltn¡><m~nt in the corr<"<pt>ndtn~ ltme 
period ,en thc invcntory rPt<>T<I f<>r (he ~'<.lmponent ¡_, refr•renco•d ancl 

' 

' 

• 

----

an inventory ~~ is calcubte<l. In"'""" <'6, the requir...,ent ol 600 
wi\1 decrcMe thc '"mporwnt ¡mcirlnry h.olancc to 300, in' wcek'"lr\), 
the requiremer:t o/ l>OO ,.;th only 300 uuits on hand will gem•rate a 
-,~h~-clul<-<1 recc1pt" ni 500. Thi< "¡¡¡ tlwn TC':Iult in a plannc<l nrdcr 
relea.<e of ,'ji)() in week :<S'"'"" liW lc.ul timt• for thi< '"''lll~""'nt i< 
4 wccks ""d l11c ••me procc"<l<orc "ill rc>ult in a pbnned ordt·r rdt"a>e 
ol ~O~ in "'et·k !1"3 to {'(W~r tbt• reqlliremt'Tll in week #12. 

Tlns is J lairly •\andard oppro~dt w!oich !,"-' bttn impl~mentl.'d in 
many rompanie• using th~ C<.>Tnpult7, Tllt' c-.ample <hown is elt-rnen~ory. 
Obviomly, m;'ny t;>mponents ¡:o into mor~ lh~n ont• end item :lild, in 
thnt ca•c, thc r~c¡tmem<Onl< lor <''1<"11 cn<l il<•m are rcfl<·~tcd in tlw 
proje<:ted usase lor rommoo componen!<. Any rcquirernenl> for service 
parts ~an "lsn renect in the mnt~rial> plan. lf the componr<nt u<cd a.< an 
e.ample has a :>roje<:tl.'d u•age o! SO pieees per wt·ek lor '""'ice or 
rep~ir part<, thi.< c"Ould he atlded into thc projected ma~c b..fore the 
inventory balnnce and plannl.'d ordcr releases wcre cali:ulated. Lot si~t·s 
rould be pre.calculatl.'d using lhe t"CCnOmic ordering quantity fonnula 
but wherc th"'e usages tend In be tli5crcte, it i< often more practica! to 
me the time •erics order quantity calculation. In this calculation'. 
lhe lot si7jn~ ;, done by testing lo .ec if it ;, cconomical to combine 
planned ordcr relea'"' in ordcr to •••·e sdup<. For cumple. ¡f a unit 
('0>'1 fur the CO¡nponent, n weekly invcntory co•t, and a sctup co.t were 
provided, it would ht- straightfo""·ard to detcnni~e thc econonúco; of 
comhining the planned order releasc for week #S nnd w""k #S. Thi• 
WQu\d result in saving one <etup, but it "'Ould result in carrying 400 
unil> in inventory lor atr e<tr.l thr"" w,.,h. Thi< c.1lculation oll'ef< sorne 
<ignificant •d•·anlag<"< over thc •qunre root EOQ Fonnuh when calculat­
ing lot sizes for componento •ince it teruh to general~ lot siu< that 
match rus~mb~y rcquimnena much more clo«·lv . 

. \late-rial< pi.1Tlning is •imply a computeri,,;l opproach to the re· 
quireml'nts planning th~t med lo he done 011 rnanu.1lly posted \edger 
C<lrtl<. \\',th 1<-dgcr car<!s, it was difficult to p!an f<'quiroments for a 
>p<'Clfic time pcnod, aecumul.ttc re<¡uircments lor comrnon usage ilem•, 
ond rec.o!culote thesc r<"<¡tdren,cnt< as tbcy chnnged. In lacl, in mo•t 
manu"l >)'> tenl<, this re-ca~cu b tion "f r..-¡uirem<'l'l ts w2< th e real <tumLiin~ 
bloc'<. \\'i1en trying lo bring all of tbc e<>m¡><,n<·nts tn!(ethcr to ""emhlc· 
,, fin:shed product, H ;, csscmi.l] lo he ~blc lo re·e<ploJ.e antl ca!cu!at._. 
tr<¡llirc"ments fre<¡uent\y as ti<c end itcm forc""''' ckmgC>, 

\\'hen punche<! card< were first u<ed for materials plJnning. it """ 
common to <.Xp\ode thc e11d items dnwn in\o <lrba.,cmh!y reqntremrnts, 
¡><>s: lhe<e "gros< requirem<'nt<" mannall_v a_~ain<t a !edg~r c:ard im·.-n. 
t<>ry hn!anCl' for the subassl'mhlie>, and \ubtract the invcntory b.al.tncc 
!O get "ne( requ!rcmenu". These u-ere then pund~t..! mto anothcr d""k 
o/ cartls rcpresenting the <uba.,~mbly bi!l< of material and e<p!oded to 
o;d ~" r"'Juiremerl< fnr <ubassemb!y l'Omponents. This proct-..lm~ "'~' 
.lwkw.<rd and time comurrun~ and !atto inventory recor~- wt're kept b)• 

--



Cl100Sl:\G TIIE RJC!!T TECHC\'!Qt'E 

• 00 • _ r~ w~ll-k•ouwn ond OIX'<'p!<"d in the Sine•• t!oe <>rMr pum! ~wro.tc." '' 1 ·, mat~na\.; ,ltnnln¡; ~ 1 
. lntl """'""'""' «>n~w. an 

f.e:c uf P"-''·''"''"" · ·, . , ~~,: tloc a<l•·•·nt ~r tlw Lu1inn< C'Omputer, , 0 ~¡:1 . ~nlv bo-ef\ LHlrO lLCl (, " 

thcr~ ru-c man,- common <>hjection• lo the n>e nf matcrials pl.onning. 
Smne of the.Íe :u-e qu<>t<xl ;>m\ e'plain'"l below: 

Ohjtction # 1- "Our experience b.., ,¡,,,.., tloat an orJcr point sy;tt'm 
i; "' ¡;oml "' ,, mate.,:o\ pl.<nnm¡; sy;to·m for <·ontrnlling tmn¡~tn<ont in­
vcntoncs." 

Thi< otatement i1 onlv ••:ohJ whcn :o m.nJU.tl nnler ¡~Jint •ystem ¡, 
heing compored with a m.mual materiaL. plJnnin!( •Y<tern. Widt man­
ual material. pl.onning _.,-stem>, !!1<• materi~] phn (\ln only he rec.tl­
culated infrequently- in. many C<Jm¡,..nies, only once a qu.ma- and 
under the•e cir"<!mstancoes, an order point sptrm could e,·cn be a 
slight impTOVement! \\'1th a modero cmnputcr system where require­
ment. can be recalculaled weekly {or eY<"Il more oftcn) and <pread 
out in weekly time perjod.<, company after rompany has fnunU ma­
teria), planning supenor. 

Obje<:tion :¡;:0'.-"[n ordtt to ;:ive good ~us!otn<T service wc nef'<l lo use 
an nrder point System in ortler to have a.ll romponcnts on h~nd wh~n 
they are nee<!ed_" 

One can only ülndudo that tho•e ,¡,., expect sta!htical ordcr poinlt 
to keep componen!< on hand have for;:otten •om~ fairly basic 0!3li5· 
tics.' _\tost pr.lctitioncr; tcco;:nilc that 100'.1: >ervice i< ,;e]dum ec<>non1i· 
c.ol or .ott.oinohl<• ""d, "' wat puinted out in lhe cxamples abo:>\"e, "'"en 
a slmple proclu"' requiring unly JO romponcTOts would havc only a 56r 
chane-e of a]] 10 nf tho'e betn;: availtiblc at any rat>dom mom~nt jf 

each of the individual items hada !b"'f chance of bt~~g avaibble. Tbis 
type of systcrn ¡, duorned to fati h~ck on "'l><.~liting to ~el an;• <em­
hl.tncc of results. 

Ob¡ect:ion #3- "Floating <>rder point< on each componen! 5ltould cnable 
m lo rcact quickly to clt:>n~c5 in dcmand." 

Reaction lo changes in demand coul(! be handled much more cHec­
ti~o·ly by for<"<"ruting at tb,• end item or suba.,embly leve!. Coruider, 
for eumple, an end item with a "'-'ge of lOO uruu per "'""k and an 
on:l..,- quantity of 500 Umt'. :\nrmally, a n"Ordcr would be pJ¿c•d 
evcry 5 we-eb. lf Uemand sudd~nly increa•ffi to )2{1 unin per "'""l. 
reorde., would be pl.lcOO <'\"<")" 4 weei..J. Using exponen(¡~¡ ;moothing 
for th[§ componen!. the <y;lt"m would have to recogHiLe the increa,,.,¡ 
h-quency of olrmand, •mooth it, increast" the ordcr point, and then 
rtordcr. Thc bg llmo· lend, ~o be ,._,tn•mely long. U5mg .t material< 
pl.1nnin;: >ystt·m, if tite eno! t~em r,¡><,ll"ntül •moothing for"'-""1 in­
crea,,¡ from lOO to 1~0, tlm wuu:c1 tilcn be rcR"'-'l<•d in the '""-'ler 
;chcd.,,O,._ <"'¡>hlcd dmvn through the loill o! m.tlcti.tl-<, ihen rc~t·cted 
in the wor<cteol cotn¡~mellt uso~e and pl.tnn<-..1 ord .. r Te:,·.15e5 w<oul<l 
be rc,cht·dul•d. :\ott- tlta¡ !he nrdcr 1'"'"' s;•<tem must de!~ct in­
cr~:ued componen! d""'a~d. adjust to it, and tlo~n r<-<>rdcr whi'e !),~ 
material, p!anning •y•tem can ¡~rofrcl thi> increo5<~! rt"q"iro•ment ,,he.od of llme. 



Objection #4- "\\'e know we mu•t pTO!ec! against forecast crwr with 
,~fctv stock>, •o we u•c order puints." 

'rllere ;, no r..a5on why safety stock> CU!lnOt he n<cd with materia\s 
p\anning. In Figure 2, i! reserve stl><k had been se\ al 200 units, the 
'chedulcd receipt for weck #9 wnu\d ncetl to he 700 units rathcr 
than 500. Whtrc thcre are ~'llmnovn <<>ffip<>o'lclll> tlmt ¡:u in\<> '"""Y 
end items, it ;, imp<>rtant to rcmembcr no\ !O add a\! the lorecut 
crrors lor al\ md items together when sctting re>Ctvc stocks. Figure :l 
sloows an examp\e ba.>ed on ~ oompany that custom a"ernbles ele<:· 
trie moton. Thcir week\y [,.cea.>\ ca\ls for 5000 'fype ".'\" motnrs ami 
on any one o! the five diE!er""t motors in thi• lamily they v."<luld like 
tO be p~ to mak~ 1500 uniU. Any c<>mponcnt unique tu motor 
"A" wnuld r.quire a 500 urut r<l!on;~ f/OCk, but any compon~nt usc.J. 
on aH Type "A" moto" should havc ¡,.,.reserve •tock than \he rum 
o! the for"""'t error or 2500 sin"" it is highly unlikely that 41/ moturs 
would havc their ma.ximum tlemaml m any one week. As illustrated 
on\y, 1100 units re>c"TV~ stock would be H'<jUired for any compon~nt 
that i< common to aH "A" type mntor>. Qb,iously, as with order point 
<y;~ems, c:rn..fu\ analy•i< ;, nee<lc-d to determine op\imum '""''"" 
\\ock.. 
On~ more caution: since this '"'""'" st<>e~ wi\\ now be exploti.U 

down through thc bilis of material, no re<erv~ •tock is nooded on lower 
le.,.els o! inventO!)' unlco;s they ha,·~ mot•id•• <lemand' ;uch .._, ser.1CP 

<too k. 

Figure :l. Reserve Stock< For Common C<lmponents 
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Obj~i!!n #5-:- "\Ve ha ve to u;~ O<dt'l' poin!s becamc Wt' ha"" so many 
poss~b\e rombonahons of t·mnpone.,l< t\oat it ;, imposs:hlc to ¡,.,•ea.>\ 
end otem reqllirernent>.- ·-

TIIi•. i~ usua\ly a •ymptom of a pn>bkrn '" hil\ o/ moleríais stn1c. 
hor••. 1\m pnohh·tn '~''"" ,.,.\ i' w.ulily ,,.,.,~.,;, .. ¡ ill tlw uul<"""hil~ 
tnclu•try. 1t "'""lol lo~ ""l'u»llok '" "'"'"""" ,, l>ol\ ,.¡ '""'"11~1• hor 
each of the [><>'>ihl<' configur~tion< of automohiles, much les5 fore-­
C"-'1 thP_m. As." rc.,Llt, it becomc.,; TLt"<-'C".ll'Y lrnm n bi\\ of ma!...-ialJ 
s~ctu':n!( po•nl o! vi<"'' to coruider majnr asscmhlies \ike ~nd items. 
\\ho.lc t\ wou\d b~ ertrcmcly doffic11lt to force"-!\ the number of ron­
vcrtohles of a ¡>&~ocular color that woult.l ha\-'e automatic transmi,;iol", 
Cte., ti" possth.e, for example, to fort""'-'1 th~ total number 0¡ = .. 
the pet""ntage that will be a particular <>>lor, thc pt-.,-.,.,ntoge of the•e 
that Wl.ll h~ convertibles, and the perrentagc thal wtll ha•·e autom:>He 
ITansmo"ton•, etc. Th;, •ame ¡uoblt•m nists in many othcr industries 
but " often not re<:o~Lu...J. Wht•n'Vcr oommou building bloc'u a:re 
put tog~ther, the practotLortec woth gnod knowb\ge of his proth•ct struc. 
lure can usual\ y restruclllre his bil\< of mat,.,;a\ In faci!itate lorecasting. 

Objection ;;!6-;- "\Ve. don't ha,•e time to get ""' hill• of material s!rDight· 
em"<l out so were goo~g to put in an ordcr roint sy<tem ¡0 get invcntory 
undc.,. control quickly.' 

This ":"' only be ~ stopgap. Even of order point• must, lor \acle of 
prope< bol\• of materoal. or lack of 'wailahlc cOlnputo•r timo• be med nn 
;ponen\5 tc':"porarity, it i< •ITongly recomm<"nded that i~ addition to 
hese ';'rde:r roonl>, a.n :uscmbly or a matnx bill of material•' he us..I 

lo pro¡ect.a,.embly requlrem~nt. periodic.o.Uy, at rhe very \c3St month­
ly, to :UstSt m expcd!ting thc ri~bt nort< throu'h jf - 0 · 1 b' h " · a ~vmpu er ts 
a"'":' a ,e, 1 1< sa:ne amount o! elfort pul into org:mizing bilis of ma· 
t.·roal yropt"rly, pmcluct gt""P by pmcluct group, and devdoping a 
matcrtab planning S}'sl<"m would gencratc far bc:ter, more \¡uting ,.. 
... !ts . 

Obj.-ctoon ;¡:j -lhcre i< no computt•r time availab!e for matenols p!an-
rung in our company." 

'fhi< nbjt•t·tion is somctimc< he:u-d frum pt"ople who <.Jo n<>t have a 
computer, tn.10)' <"Om:>ani<'< that don't loJvc <"Ompu!crS tuday dn thcir 
nt.>ter:.oh p\,onolin¡: ]lt'tiotlka\ly with >Otli<'One cls••'> compuh'f '" al 3 
>CI\l~~ hun•.ou. \lore e>ften, tluo obje~ton" '"""'' frmn "'m'~"'" who 
~lrN .v !'"" a computer in housc that a\r~ad)· ;, bt•ing ,..._'(] f nun • 
other t!un~s su tloat nn time " ,.,.,,¡j,,b~,. lf ,1 \ar~Pr comput<~r;, nn~ 
nn~edt.t!dy a\'atlab~e. tt "'Ou:d prob~hly ¡.., profitabl~ to ,..,.J. lile 
l'O)tull uut lo a •crvoCt• hurcau ano\ to '"~ ti"• comp 11tcr tu ~el th, · _ 
''cntm;• nnder control. < "' 
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"'"'"~"¡ '" ,, mattL. "' :h.r ,,¡ '"!""'""'<"" lor "''"'"'"' """[Xlnt·r.to "'" ho """'~"r '""'1, .t. ~)''"'"""': e.pl .. ,;"" ,¡,,.,.,_ 
'A..J~m o/lnoento'lt S~"'"'"'• C. llaclley, T_ \!. Wholin, Prmti<e-H•Il, l<>e-, 19<!3, Prt·l·o.·. 

"' 
(2) 

"' 
• 

II:E;F'ERENCES 

Plo .. l. C. W. and Wido~ O. w .. Produ«o<~n ....: ln""""'V C..,....¡, 
ohd T..,..,oiQ"''· Engf....,¡ am,, :-.·.¡ .. Prentice-11•11, !nc., 1967 . '"'nc.;tlo-• 
.\JOS ln<""'"'Y .l!o..og""''"' oM Mot<ri<ll.o Plonnm~ D<loil. EW-OO:SO. Wh."t• 
l~aim, :->.L 18\1 Data Pn><-<>>ing DIV>Iion. 

l"lo< Producti<l•> /nf,.,.•ti<Jn nhd Con~ool ~V-"""· 00·0280. White Plaini, N.Y.t 
19\1 Data i'r<><=l•• Dlvl•lon. 

The lurthromln~ II!'!CS H•ndbook will """" MO!.,Ial, Plannln• lo clotatl_ 

Tn,, of!•cle toprmtod lrom Producr,on Bnd lnv•ntOFY MBn"fJ•m•nt th• 
¡Ournal o! the .Ame"Cdn produ<t,on •nd lnventorv Contra/ Soe,..ry, 3td 
Du<ttter 1968pp. /3-78. 
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APICS Cerlification Program Study Gulde 
MATEHIAL REOUIREMENTS PLANNING 

By the ~ aterial Requi,.,ment< Planning Sul>commillee 
APICS C11rricul"m ""d Co•ni!icariou Pmcrom Comtcil 

!NTRODL'Cf!O:-. 

me purpose ofthis Study Guidc is to ""istth~ candida~c i~ his pr<:para· 
n ¡;_,. taking the Material l<cquir<mcnt< Planmng e~amtna!l<.>n. The sub·. 
t ¡, broken down into ten topics '" "' to c<mform wtth the ton '"'"""' of 
: review cou"e ucommcnded for Chapter education progrnms. Whilc the 
udy Guidc i< designe<! to be conli<t<nt with, and lo c<>mplemcnt, ~he ro>icw 
"""· it crut alw be u..-.:1 for iodi>iclual proporation and study m the ab­
n"" of <uch a coune. 
Thi< Study Guide i• made up cf thc follo,.ing ~len.: 
• Dcocription of thc subject 
o Al>out thcc:tam 
o Ten ,,,mple que.! ion• 
o How to u•e the Study Guidc 
o Li>ting uftopi<" and sub•topie< 
o CorTect ans"e" tu <Om¡>le que•tions 
• ~mP Bibliography 
o :>JRP fiim lisring 

~ATERTAL REQL'!RE~IE'\15 PLA.'I:-ll!'lG 

.\iRP, cr time-pha<e<l material "'qui,.,me~t• pla:mi~g. is a''" of tech­
i~u~ that c>ol,·ed from an approac~ to inveP.~Ol)' monagorntnt in wh ich the 
1l:owing two principiO!' are rombined: 

: . Calcul otion (,-.. to,.,cast) of dependen! demand for componen! item1 
:>. Timc-phaS<ng: i.e,, a~<ling thc dimension of ti m ing 10 invenlory status 

da:a 
"he tcrm "component item" urtder \iRP coven; all im·entory item• bclowthe 
'"'~~...:¡ ;;, en~·item kvel. indUd in~ '"~assemblies, pieco pam, •e mi linished ~ • 
,3,,_ a~.d ""' materia~•- Rcquircment> tor cnd itcm• art sta!cd in the 
na>:er ;.-ro~uc:ion <ehedu!e andar. arrin·d 31 t!trou~h fote~<Hting. customer 
m!=. field warehom.t "'quiroment<. inte-rplam on!crs, nc. Requi,.,men" 
·~, a'l of t!ttír comp<>nent ítem•. and their timing, are derived from this 

""~'~u:eb;-~mP. 
:>t!<P ;, norm.··· 'mplcmented vio a cemputer-ba«.'<l ·~ltem, because of 

' 
1 

,. 
' •· 

the targe amount ofdato handling that MRP ""-lails. Thc prime input loan 
Ml<P 'J'Siem is \he master pmdu<1ion ""hedule. 'The OV<:!<lll output is termed 
n material requiremenls plan. l'rincipol outputs are, •pccifocolly, order actiun 
¡,_.,lease or cancel), n:scheduling of open ordcrsladvancc or dder due date), 
and planned lfututd ordtr r<:loases. 

Ori~inolly conccivcd a< an appto.och to invcntory control. MRP ha• bo."tn 
found te provide aho mher functions lto o!Ter other types of "'"'· principa!ly 
prioríty planning and capacity requiremttm planning. In a rnanufacturing 
company that has ln.,..ntory itcms with dcpcnd""-1 demand and oro~.--. with 
de~ndent prioritie-1, MRP rcpresents the only wund •ystem foundation. 
Other <)'<tems: e.g .. <ehcduling. di>ptching, <hop !loor control, rutd pur­
chasing, mere! y exe<:ute the material requir<:ment. plan: i.e., ~RP output. 

ABO!JfTHEEXAM 

The examination co~•i•t• of a wrinen test administered within a three­
hour time timit. The forma! used is that of que<tiono with mulliplc-<:hoicc 
an<wcf'S. One hund~ '"""'ty·five ítem< make up the enm, eaeh ítem con­
sining of a qutstion (or •taterncnt) plu• four choiCC'l of on anower. These 
c~okes are alwayo c«<ed A, B. C, and D. One. and only one. repre<ents the 
rorrect answer. The other three. callcd "di•tra<1cn," are wo<dcd "'asto 
appeor equally amactivc to soiÍ'Ieone who gu•""'· 

All of the exom itmu havc b""n developed ba>ed on a topical outline ,..,. 
produced in thi< Study Guide. F..ach ofthe ten topio:s li•ted is broken down 
in lo a number of •ub·topics, also listed. An eum item alwa)'< pertains lo a 
•pecific sub-tapie. A sub-topic may be te.tcd byonc or mon: cxam item>. but 
evcry sub-10p!c does not ne<:c.,arily hi''C a counterpart exarn item induded 
in the test, ""htch ;, de<igned mcrely to .ample the candidato'• total knowl­
cd ge of the subject. 

!kcame termi~ology and methods of ropresen!ation within the ar<:a of 
~latcria! Requir.mcnts P.anning ar<: not complctcly standardized, the 
follo,.·ing information is l>eing pmvided to fomiliarize thc candidate with 
terms and graphic c<>nvention• u•cd in the oum. 

Chart; 

I'Toduct Sltucturo lbill of material) relotíon,hil" are being represented 
(Figure.!) as follo..-\, with a<5Cmbly pan ~wnbc" ha~ing alphal>etic. •ingle­
par! and raw material number-5 having numeric designation>. Level< ar<: 
numl>e~ from top to bottom, <tarting "ith ICYel nro. Thc quantity of com­
ponmt per a"emb:y ;, a .. umed to be one (l) unl= •hown <>lh..--.ri ... 
~lile time-pha5ed in•cntory recoro u..-.:1 by an MRP •y\! cm ;, "'~"""nted, 

thruughout thecum, in tho formal <hown m Foguro 2. 

--- ·-
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1equirements 
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Thc 1 an ~u~ge of the eum conta\ns the follow\ng term<, somet\me< used m­

erch an gc•o!''·'', '" 'hnwn: 
o 8! :1 ~f m:uor\~1 prottssor, al so bill prooe«N 
o e,, pacity roqui r<mctm plan, a' so capactty rcquiremcroh. load repon 
o Co~op<'OCill !tcm, al"' componen t part. cono ponent 
o IJa:o o!'nttt!, al><> r.eed date 
o ln><r.:or;· item, at.o otem. pan 
• : :em ma<:cr (111<), a!•o mwntor;· rerord. \n1·emo¡y tfllcl 
• ~ 1 a•:cr production sche<:lute, a!o;o ma•ter •che<:lu'e 
o ~la:erial rtquirement< planning. a: so :-1 RP 
o ?'annt-d o,c., 'elea"'. •'"' planne<l order 
o J>::,'<luct •truc: u:o. o\"' bi11 of materb' 
o Re:ea,in~ an ordt"t". :l'w placing an order 
o Reo. "!remen,., a:o;o r.10teria! '"~uirer.wn:,, ~" rrquin:men" 
o Sc~e<i u:e<t roc<ip", al'o opcn nrders, qu an ti:_,- on N oler 
o --:lme ;-otiod, o!o;o timt• ~uckct. \>uáet 

-. 

SAMPLEQUESTIONS 

Following are ten questions r<pre•entativc of the contenl> and forntat ,f 
the exam. These question• are "real" in the '"""' that they ha ve \>een rlro11·n 
frnm thc <el dCI'eiOJll-~liO't poterll\al indLt,iLOor Íro thc r,;1r01, l!t~·:u"r thn :Ort' 

U'<ol ~· .o '"'"l'k• how~•cr. thcJ wlll '"'' 1>< "1"·''"'' ¡., lhc o<o;tu;ol "'""'· l<H · 
n:ct ano;;wers ,..¡¡h explanation• ""' provid«! in a l3ter <ection of thi< guide. 

Somple QuWi<>n ~~-

' Fonished unrt 

' Purc~ part 
X 
Subassembly 

Purch. part 

z 
Subassembly 

' 

3 
Purch. part 

z 
Mlg. par! 

' RawMart. 

In the example of a product structu"' ~hown. "hich ítem' are ron,idtttd 
parentitem•? 

ÍA) Xonl}· 
tBl X,Y,andZonly 

Somplr• Qu~slion ~2 

ICI 
101 

X,Y,Z,and2onty 
X, Y, Z. 1, and 2 o ni}' 

Which of the fo:towing LS{are) among thc "'"' of pi""'"'J orders in an 
:-ll~l'•y"em? 

l. Tite) may be u•ed lo pruject capncÍI)' rct¡uirements. 
11. The)' are U>ed lo genoratc material rcquiremen¡, at the no'<! !ull'er 

!e~·el. 

{A) 

<.Bl 
IC) 
101 

lloth 1 and 11 
:'-'etther 1 nor 11 

A 1~1'ic~l copac:1y planning repon bMCd on o~= ~""er~te<:l ~-·- .\IRP ha< 
11 hich of !he :OIIo~ing char"'-'leri>tie<? 

1. load is l""e!ed "·ithin availab~e capadty. 
!l. !..<Jad re!leca ~lh e.tisting al\d 1ur ur< •hop orde"-

IA! 1 onl) IC\ Both I ond 11 
\BI 11 only t!ll Seithcr 1 nor 11 



' 

' 

X 

z 
1 

' • 
z 

he produ<l nructure di~grarnmed, "'hich of the fol\owing ítem< cou\d 
•je<::t to independent demnnd? 

L Item<1.2,3,Y.andZ. 
!L ltcm X. 

'" '" 
1 only 
11 only '" (Dl 

Both 1 and 11 
;>;eithec l nor 11 

•e dail)' shop dispatch li•t wjll tcnd tocan k job< in inrorrect priorily 
ene<: when 

(A) "C" iten" are exduded from the MRP <Y<Iffll 
(B) !he MRP <y5tem is b:.;;ed on inflated lead times 
tC) actual :.,d timo< '>ry from tho.e u<ed bythe ~RP 5)'<\em 
tn) ~~e copadty planning <y>tem ;, not lnt~gratcd with the MRI' 

w•t~m 

• --- . 

• 
' ' ) 

\ corñjl31\y eliminattd al\ on:ler point• and mb<ti:ut~ '1.1RP. ~u!J_hey, _____ +--
& the p~annin]: horiton {0<1 <~011. Which of ~~~ fo!l.,..·•ng t~Uit> con be 
)l'l:!e<!? 

l. Oroer"• for" coniponcnt< ten~ to grt released too early. 
'\. The u~ful nc"' ol-th< ¡,,oc! re por: ;, impai red. 

l onl_1· 
11 onl 

.. 
"' (00 

Bo<h ! and \! 

-.ei<her 1 nor 1! · -----

, 
t 
i 
' 

Samp.!!_ Qumion #7 

The MRP output that ;ho'"' the •ouroe of the roquiremcnt• Tor an ítem;, 
ca\led 

!Al "prinrity repm1 
(B) ~n \nput-output report 

Samp/e Qu...,rion #8 

u """' cr "·lu•<l "'" "'P'>r1 
• pcggcd requiroment, re· ,.,. 

With líme-Phasod Ord"' Point, whieh of the fo\lo,.;ng va loes mu<t be pre­
cakulattd before thc·•Y':em can function? 

!. The Ordrr l'<>int quaruity it..,If 
!1. The dernand during \ead time 

(A) 

Wl 
! only 
11 only 

Samp/e QuestÍOII /I'J 

'" lDl 
Both 1 and 11 
Ne¡¡htt l nor 11 

lfthe Master Schedule i< o•er.tated, which of the fo\lowing can be e~­
pected to result? 

(A) The MRP sy<tem outputs wil\ M! be consisten! with the Mastec 
Sch<rlule. 

(B) Latge, un .. pectcd sales oT<Ien can be shipped with les• expe· 
diring. 

(C) S!1op mder priori líe< wi\1 becom~ meaningte ... 
{D) Fore<'a<t error due to prOOuct mi> will be absorbed by e>ce« 

inventory. 

Somp/~ Quesrion #lO 

An MRP sy<tem m ay be ineiTecti•e in mlucinK the n('cd for expediting and 
hot liSis for wblch ofthe fol\.,.ing n:a<On•? 

L :he .-«em does no¡ c•ll for chang~ to re.'e~cd pU"'hase and 
-- shoporderducdate<, ·- _ 

11. The •Y"tem ha< ••fety lead tim"' which •ary bfiÍtvento'o> __ _ 

(A) 
(B) 

c!a"iftearion (1 weck for '',\"ítem<. 2 weeh for "B" items, 3 
l<'crk< for "C"llem<l. 

! only 
ll only-

lC) 
lDl 

Both! and 11 
Neithcr! nN 11 

--
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HOW TO USE TH!S STUDY GUIDE 

The kev to the preparation for the en m;_, the li•t oft<>?k< and •ut>-topic'l. 
alon~ ";~" t!tc recommendcd •tudy mat<"rtal. The c~ndtdate •hould re>~~ 
~ach '""·to~:,. !i•ted undcr a ~ivtn topi<-c. nnt! reod the rcfcrenced bobh· 
_c'faphical ,,:"ori o:. Vic,.·in~ tho til m(,) rd~cnccd lo each of !he lt>pie< "·ill 
lto!¡' ~" con•olidate the kno,.lcdge. 

The <tudy material;, the following: 

1. ~RP Bibliography. Nov<mber 1972 rtvision (<ee page 20) 

2. Rc"<'Ommended readin~ li•t 

.'>fRPBibl. ~ Tille 
~RF'byComputer 

StructurinG the Bill of ~latc-rial 
~a,tcr S.:heduling 
C"ct C>an~c ~mr 
.\mp Sy•tcm< 
~1RP •"- lnvtntmy Record Accuracy 
Time Pha•ing 

J. ).IR P ti! m .. ,;e-; (listod in bibliography) 

4. AP!CS Dictionary. 3rd odition 

For purpO<e-; of study. the •ubjoct of material rcquirements planning" 
<-ro~en down into the following ten topi"': 

o ln::-<>duct<on 10 )..lRP 
o C"undamenta: ,\JRPsy<lcnt functiom 
o !)e-;i~"' characteri•tic< <>f .\IR 1' <ystom< 
o '>!1<1' oe.d thc ma"c-r «h.-duk 
o !1· ~1 of matcria: <1 ruc•.urc 

• o !'riority p' anning thmu~h ~RP 
• '.lRP outputs and thoOr u <e 
o '.:úing '.IRP work 
o \11{1': re~~nc-ratinn "· net change 
o '.rl< !"' <)"<n: in:p!c·ment.11i"n 

LISTL"G OFTOP!CS AC"D SUH-"1 OPICS 

l. INTRODUCT!OS T6 MRP 

D~{i<mio111 und ttrminnln¡:_v 

Undemand the meoninc of "'eh tcm1• "" T"t ,;,_;ng. plannc•l nr<k". 
time ¡><rÍ<•h. buc~cl,. rcgcncr•tior1, tlmc-pl~:"lng, priorily, lo;,.t time 
off.et. 

Ref: Bibl.#l5,pp.23-36 

MRP ..s. ord"' pvinr 
What are the key characterisü"' of these t"o altcm3live system• nf in­
ventnry management? 

Ref: Bibl. #15, pp.J. 4, 7. 17 
Film N2 

Dept~dmt ond ind<pmdmr demond 
Undcn.!and the dif!"erence bet .. -.-en these ''"" lypc--s of demand. 

Ref: Bibl. #!S, pp. 4,5 
Film N2 

Po"'nt lfems and c<m<p<mrmrs 

Wltat is th< rclotion>híp be-t,...en su eh in•cntor¡ ítem<? 
Ref: Btbl. #4, p. 5 

Lumpydemond 
V> 'ha! ca u .. , lumpy dnnand for a r:omponrnl ítem? 

Ref: Bibl. ~15. pp. 7. 39 
FilmH 

Time-phoJin~ 

1-\'hat Í< the meaning oftime·pha<ing as used in an )..lRP sy•tem and how 
is !he data displayftl? 

Ref: Bibl. #ló', p. l7 

1 "!'"" ro ,11 RP 
1\'hat are the ba•ic file-. n:quin:d for an ~R P syslem • 

ReL Bibl. #15, pp. 46,47 

Tire r.me-plras.•d recor-d 
Undcrstand thc formal and fun c-tion ofthis record. 

Ref: R;bt_ ~1s. r- 25 

• • R•quirtmo/Jtsexploswn 
Doflne. L'ndet--stand the fnnclion ofthe e•plo•;on. 

Ref:Bib:.,l.p 4 



"'"" mrd ,,.., 
>Vhat i' th~ dilkrcn«: hctW<"en a gro<> and a nc~ rc~uiremen! ., 

Ref, Ilibl. 41S, p. 2S 

Lo~rJ ti m•· o{(io•l 
Ho" ;, ~e.l~ time off m in :ur _\olRPsy"em ond "-hy~ 

l~ct: !libl. NI S, p. 2S 

lliff O/ Mat••riaf P..rJC'<'S<O'l 
\\'hat aro rhe maj<>r lunction• o fa Bill of Malcrial ProC<.,;or1 

Rof: Fi:rn P5 
Bill of Material Processor Manual T:wailoble from lB MI Form 
#GH20-0197 

FUSDAMENTAJ. .~fRP SYSTEM FUNCTIOSS 

In ,.,.niDT\' iwn ,..[ationship> 
What ;, the r-elation<hip bctween inventory ium• found in a manuf>ctur· 
in~ campan)' and how ~ocs MHP handle tlrcm? 

Ref: Bibl. #!S, pp.37-J9 

Rrcords a11d t..-arua<liOIIl 
L'ndencond the freid• and l;uding; in the <tandard MRP time-pha<ed 
in--entorY re«>rd and be prepared 10 sh""- h<m· •·ariou< transactions 
afTect that =rd. 

Rcf; Uibl. •15. pp. 25-28. J6, )8 

F<•edbackfrom .drop art¡J prm:hasi11~ 
What t_l']lt:S nl-lcc~b.1Ck tmm <he \hop ll<><1r ond purchasing are impor· 
rart1 to ~1 !< P an<l "lw? 

Rcf: ilibl. ~1. ~!S, ~17 

Film> •). ·~ 

AllacaTiOII 
,\:,o :-.:fe,.,-cd toas an "uncashcd requi•itioo," "~at doe:s that mean? 
\\~•~t is it< purpo'iC!? 

Ref: Bibl. •I (p. 351, #!4, #15 (p. ·Hl 

Planned arrd aCI ro¡r/lrmd rime 
Wl\at 1< thc dLilo.on""? Which one "u'od by the ~WP •y<tem? 

lleT: Fi~m• •1. •J 

Lo~--t .... -a rodint 
\\;,a: ~~e; it mun aríd what i> íts pul'fl'l'C~ 

!l.ef:!li~'.•:.p.S 

APICS 

.\'oljo'l\' <Uick 

How •hould <afetpt<>ck> be hondlcd in an MRP 'Y' len>? 
R~f: Bibl. #1 (pp. 31-341, ~IS Tpp. JJ.JI.ol 

Film 118 

l.ol ú:i1111 
l'•mili:orÍLC your>elf witlr tire ttaMle> atrd wutkito~' uf Urc ·~rrou> Tul 
<Í1Íng t.,;;hnique> that can be o sed with MRP. 

ll.ef: BtbL #J (pp. 30,311, ~2.119, #IS(pp. 2~-321 

Ser-vice parts and M NP 
llor< aro <ervke parts that ate aho used in cuTTent prod~>etion dealt with 
in an MRP'Y•tem• 

Rff: Bibl. #!S, pp. 20, 26. 36,37 

Timr·pha<ed order point 
H<>w docs the \.1RP <y•tcm ••pr-ess an order point in a time pha50d 
fonnot '! 

llef: Ribl. #!S, pp. 37·39 
Film#! 

MRP app/icahilir_v 
\Vhe,... ;, MHP applieable. in "'hat type< ofcompanies and to what typcs 
of product<? 

Hcf: Btbl. #IS,pp. 23·28, 37·39 
Fdnts Hl, #5, #!O 

f."urWrmr.< uf MR P 

The thtee principal fun<tiom of an MRP •ystem. 
llcf: Br~l. ~15. pp. 2ó, 2S,SJ 

Frlms "l. n 

J. DESIGS CHARACTERIST!CSOF.'>fRP SYSTE,\f.S 

• 
/.,.,.,.,.by leve/ procew'rrg 
Wh at is t1 and why ¡, it "«""'"'' in an ~IRP ,y.,ent? 

Hof: Btbl. ~~ (pp. 4. 51, h4 trP. S. 4SJ -

Q"irk drck 
l'>'hat is the quick de.: k method of \lRP and what ar-e ih •honromings! 

Ref: Fi~m ~; 



-
4HC c/assi/i<ar ;, ... ""'! cv•··w~·· h_,. ,\/ R /' 
;~~u~t! ;(' .,, A\, B'•· ~nd C'>. be ""'·ered by an V.RP ')"""' a11d 
1-ha'. ~re thc considcr~t ion• in m o \ti n ~ '""h a deci<ion? 

:~el· HibL ~l. p. 19 
e-' 11" . 1.rn • 

Plwnd!IR lwrhon 
.,...'hat LS the nt\nimum acccptable length of the planning horit.on and 

~-~y i< ir importru>t? 
R<f: Bibl. •JS, pp. 43-44 

Fo:m •; 

Time huelen Ji:~ 
V.'hat are the oon<ideration< in <!et~rmining time bucket •i~? 

Ref: Bibl. #\ (pp. S, 22). ~!S(p. 28l 
Film 1<7 

F ceq~en r:y o(rrp/anm'rr¡; 
How oflcn sho~ld repl ar1 ning tn k e placo to be effc<IÍ\'e and why? 

Hef: Bthl. 1114, PIS 
F1im ~7 

.11 R p ""''"' el(ectivent•ss cl~<•<kli<l 
Whot ;,. :~e keycapabititie• ot a goot: ~RP S)"'tem• 

Ref: F1lm ~; 

,\fRP A. VD THE MASTER SCIIF.DULE 

De/Í'IÍIÍOI! of ma,er ,cJwJ¡¡/e 
O.scr'.bc 1his schcd u.! e, it• formal and ronten:s. 

F.nd l!ems 
Def. nc the:se ttem•. Wl1 al thc ma<tcr •ched u le c'.ne. .and do,.; not indudc, 
~\M" '"e 'dN1~ ot ion i < di,play,•d an<l U<cd. 

.. 

,'./ """' sdrd,./e and ji1wl asS<•m/Jly >clrdule 
\\'!'"'are :'te <!i!:ereP.ce< bctwccrl th"'e <ehedules? When ore thrry the 

'~"'e? 

{,n,~:l: o(plamri'l~ lrori:o" 
;-¡0 " h' ou; into 'he futuro <hould t!>e pl>rl ning horiron e <ten<!? 

f),...-,,la¡•in~ rhr "'""''' '"''"'"''' 
Ho"- :, o ~\Oster <e~c<lu1e pul togel her •Thc ro.'e ofthe forceAst. 

··- AP«:S 

• 

• • 
Ut~m~lisrir masrr·r ><·h.,J"J,. 
What a~ the cun.equenccs? 

I!Uegnry "{¡wi .. riries 
Wh"t is the <lilfcrcnce between the concepl< <>f •nlidity of pLiorití.,; and 
inkgrity <>f pri<>ri l k<? Whkh " rd "tc'd tn 111\' 111011 cr \o:hl'd LJic'/ 

Pegged requin·mmtJ 
Definition and mechanic. ofp<:ggíng. What i>the u~ ofpegged require­
mena in MRP? 

Cusrom~r dñi•·er:.• promi:u-ll 
How ~an thc ma.ter .chedulc be used for maldn¡¡ delivel)' rommitmcnl$? 

Ref: Bibl. ~~ (pp. 2 t • B, 35, 36), 116. ~15 (pp. 4J-4b) 
Filmo #4, #JO 

5. B!LL OF MA '! f;II.JAL STII.UCTURE 

Fu•wion <!(bi/1 iu ''" MRP <yst<'m 
How i< thc bill u<-ed? Why is it tmportant with MRP and not with order 
poir.t? 

Bi/1 of malo·.-{ a/ jom1a1 
What are the ••andard fonnats for di<playing bill of material data! 

Bi/1 of maurial dr..,lt!ist 
What aro the use• of a bill? 

ltem iderorir_,. assi~""'"''l 
When mu•t un iquc port number< be "'"igned? 

Protl .. cr <>plimJS 
Wh nt ki mi <>f pr<>hicms do lhey represen\ in an MRP cnvironmont? 

MoJ,/ar billt 
__ :~'ha! are thcy an~ whon are they nece55al)'? 

,l,fod,/ari:mio" prorn!wr~ 
De.< ribo tho ""P' in1ol•;d 

~ 

p,.,,J.,./>i/1! of mah•rial ·\"· 
\\'hat aro tbcy and "h"' is lhetr purpose? 



--
'l•amam hil/s 
.Vhat ue thcy? What is t~e rea<On for their u"'? 

-:on"'w" ><rsus u"íqu<' pan, 
Xfme. Whirh repre<ents a problem in •tm..-turing the bill? 

Ref: Bibl. ~ 
~'•lm ~S 

~RIORITY PLANNING THROUGH MRP 

'),,. datrand dauojnud 
DefLne. Wh y can th ey be d 'tl'ferent~ How are they usod? 

':!Jamcurisria o[ priority '-''"mis 
What <hould a priority •y<! <m romm unicate• Define rel:uive priori ti.,.;. 

ON!cr prion'ri~s ond op•mrion prion'ties 
What are the differen""' and u"'s? 

MRP e"" h•••p priorities "Pro date 
What prioriti«, and how does t~e <r;tem do ít? 

D~P<'"delll prioriri~s 

Vertical and horirontal 
prioriti"'• 

d<'pend<'ncy. How is MRP used to realign 

Priorif.L' pi<mni11~ vs. priorin· cumrol 
:Jcf•~< t~c ditlerence. ·:;~,;~h u c. e '' done by ~lRP? 

C~ntp/e.<LI>' (}f prioriry ¡>rob/em, b.L' I_L•pe o(cumpony 
Thc r<"ur 'YP"' ol rompru1ics that ~a,e prtocity problems of different 

CO~lple"t\' 

l~cr: HiO:. PI~. N25 
Film, n.1, ~7 

.\IRP OUTPU!S A.'!}J. T~IEJR USE 

C.lf,•tnrú•s o{ our pw < 
\\~1 ot ~re '~' L'>C rate~orie<, :tnd "'~,,¡ :tre tOe <pe<ific output< u"'d for? 

¡,,.,.lltor;¡• or<i,•rillf! 
Hp"· Coe-; the <.•·stom tri gger ~rd er re:ea«< > 

• 

R~scheduling op;m o..den 
How d<>e< the syst= ~ctermi~< thnt an ordo:r ,huuld be =<hed t!kd? 

Priolit_v ro~rról 
What data generated by ~lRP is U'ied lOr prioritv control• 

T1'ialfi1 
Def1ne. Ho~<· i< an MRP sy5tc"tl1 u;ed tiJr thi> fun..tiutt? 

MRP aurpuls for <apacity reqninm<''IJS p/anning 
Wliat data gtflerated by \IRP is use<! in capadty requiremen!1 
plru>ning? 

Load repon 
What are the thr.e characteri.-tícs of a good load report• What does 

MRPromributeh=? 

Performance control 
What mea•ure< ~re u"'d to track systern effecti>e~ess? 

Function• ofan MRP .n•slem 
Wh:!< ~oes \lRPdo? \~'here does it fn in \11th the oYera ti manufacturing 
rontrol system? 

Ref: Bibl. ~1 lpp. 11·18, 33-J.\l, #15. "25 
Ftlm ~10 

8. MAKJNGMRPWORK 

!nwntory arcuracy 
Why ¡, inventory accuracy importan! to the succe'\S of an MRP system t 

Ref: Btbl. ~1 lpp. 26, 27). ~tilpp. l. 2) 
Ftlms %, #11 

Phy~ical im·entor;¡· control 
\Vhat rt\".>1 be ¿one ph;~icolly 1 n a plantto in<ure invcntory accuracy~ 

ReLB1bl.lll7 
Folm1'6 

Check di tia 
How does the check dig;t work ao.d ,..h at are other te<hniques ""'d to in. 

sure aceuracy? 
Ref: Bibl. #1 (pp. 2b, 27), #1 71p. 5) 

Film ~6 

... 



de tcm!ÓIIJ! 

~Y is cyo!e co<J 

Jlef: Bibl. #17 
1-l!m ~b 

,., '" <IICteSJ in mr MRP sy<l<'lll 
hnt nre thc'}' and "h _v is cach onc in1pnrt"nt? 
Rel: Bibl. 111 S, PP- 40-54 

Fílm"ll 

¡t~m r<'Sf"'IISÍ\'Crl_,> 

"' frcqoentlv should replanning take place to imore an ae«ptable 
e: or '"'p<:>n<iven«< to eh :m ¡:es? 
Ref: BibL di4, •15, p. 28 

Filllt'l ~7. <19 

{ot_v stork 011d saft~.l' l<'tld time 

ltat effect do the;· have on ~RP in gennal, and pri<>rity plannin~ in 
rticu!~1? 

~e~: Btbl. ~1 (pp. 9, JO, 3t.J3), ~15(pp. J2.Jb) 

n f?<pO« <ibiliry 
hat a e< thc ~RP u<er's IO<p<:>n<ibihti .. ? 
Ref: Bi!>!. #l lp. 25), N[$(p. $2) 

Ft!m ¡ji 1 

'RP R!.'GI:NERATIQN VS. NET ClfANGF. 

l~t•J u/<' re¡: "" ,., u 1 m" 

et:nc. Wbt ore thc mcchanics ofrc~cncr;<tinn~ l!<m rnany pha>os of 
'"' ,\llOtl ar<' th ere 1" a rcg"'"'"' ;,.,. '),:cm! 

""" ""'" h0< L< :h o d ilfcrcrlec bet ween im ont<'l)' ,¡al a "tl!l requircmcn 1< 11 :ll a'! 

·eq"''" <!' o(n•p/o!PirÍ"I! 
011 rrequent!_l' i< it praCliC.t to 1eplan with-;; r~gcncratiYe '·'''leñi?" 
",.o 

rrtiol oxplosicm b_v MI rhang~ Jy<rrm 
e!'~e ?artiat e.p'N'on. When ¿O<" i! take pl>oe? 

M"''''' sdr.•du!1• "" d nc1 , Jr,m¡_•,· '."·'""" < 
What ;, inpllt w the ~1{1' '"'''"' lllldC< lile oc·gt•ncr:lli"' 
ohange ap¡>r~;<eh• 

The prináp/C v(iln" r<'<'Or<ll!~l~nct· 

l1c nol 

D"'crlbe !his principie. Wha. d'tó.'Cl doc-s it h.we "" thc prot·c"l"~ 

mctlwd? 

Tire pn'ncip/<• o¡'i,.,,.,.¡,.,.,.¡ t·q~<iltl~ritm< 
'>lfhat ;, it? How ;, equil<brium bctwo:cn paren\ arlíl cum¡l<lncr11 e>l.th· 

\ished, mainta<ned, ,•eri!ie<l• 

Phrues ofnf"'rD1iOII 

How m"ny pha''" ofoperation are therc in a nC'I chongo sy>tcm? Spccify. 

AllocaJion 
Dcftne. l'i it n«eSSal)' nndeJ nC'I chM!l"? 

Performance r:<><ll"'l 
What kind of data fo, perform~nre control dO<' o n<'l chongc s;~tem 
pro1'ide: How aJe th"'c data generatcd? 

R~quir<ml'~rs alt<rotion 
Define. Hov. does tt differ frum net change? Can an MRI' ~y,¡cm be 
ope.-ated perrnanentl)' ¡na reqniJcmcnts attcJatkm mude? 

Ref: !ltbL ~~~ 
Fi!m >i<l 

JO. MRP SYSTJ:M IMP!.F..\f/;'.VTATION 

! mp/em••ntation pirase< 
Wltat are thc kcy pha<c> in \lR P implemen tation? 

Ref. BiU:. ~ 1 . pp. 23-25 
Film ~3 

S~r"h-
WJ1~, •hnulj a •llldy prior to ""'l in~ M n ]' i mplemcntat ion ac'c·ornpli'h ! 

Ref' Fi!rc •S 

ProJe< 1 "'""' 
'>lfho '~""'''be on a projeot team "!lich i'i a»i~ned \Ll implcmt•rn \1!lP 
and wh,, >~IL'u:d !e"~ th;, team 0 

Ref. BOb!. "15. p. 52 
Film •3 

- __ :_-_-_-:·_-.------------~ APICS -======-==-'''""~"•-•'":•:•:•:•:•:•:•:" Pt•on.ng 
"' 



--
_s:,..,., J,.,¡fl" 
What aro tite key iterm !<> comidcr in th~-d.sign pha>C of ~n ~:> 

""em? 
Hcf: Film ~H 

Pmw~"'"''"P ,.,,¡ leJiillfi 
What can be a >aluable aid in ,peedin~ up pm¡¡rammin~ ond tc">Tinunf 

an MRP <y•tem? 
Rcf: Bibl. ~l. pp. 36-38 

¡.;¡m •a 

Suppor1i11g rroud11r~• 
W hat proe<!<l u res must be "'tab\""11 00 to support an MRP system~ 

Ref: Film kll 

Edrm:rion 
What mu<t \>e ron<idered in a""'' education progum and in ronvenion 
p:anning! 

Rcf: FLim !'8 

Cvm-.mion m!"llrods 
Vv'hat ore thrcc approaches to conversion and the plu"es and minu<e< 
""<><i~ted with each• 

Ref: Bibl. ~~(p. 151. #IS(p. 251 
Fotm18 

Th e pi/or r:m~m 
V. 'O :11 typc of m anufacturing en'i ronmcnt< w¡\\ be most suitablc or leas! 
su"able for !he u•e ol" t h is mcthod? 

Ref: Film N8 

eh 1'"< w,. 
t:n~=tand the checkli<t of irom• "'hkh can ~alu>rte the opcration of 
;-out <'"<t.-m. 

Rd: Film~~ 

Th« an;,;/• r•(>Tinr•d from Producr10n ond lr>VMIOIV Mo,.~,.,,~ the 
¡ou·-""1 o/ tM -"rM"<M hoduct/Or> ond /nvenro'Y ComroJ So~rv. 3rd 
C.~aner 1973 pp_ 1-11. 

• 

CORRECT ,\~5\VERS TO ~.\MPLEQUF.STlO:"S 

Qursri<»> NI~. 
(C) ¡, the corrcct answer. (¡\) and (B) ""' incoi'T"'I bc'CaU<;e they e>clude 

item 2, a manufacture<\ parl that ;, !he p3rcnl of row material ítem~-(!)) ¡, 
incorrtct beca use il indudc< ítem La purch,cd p.lrt that ;, notthc p3rcnt ni 

any cum¡>nncnt. 
lkl: l:libl. "12. p. '10 

H!Spp.24,:B 
Film •s 

QurJ!ion N2 
(C) i< the rorrect an.wer. For purp=• nf load calculation, planntd ur~er; 

may be added to orders already released. so a< to ubtOm a more complete 
pietun: of future load. P\anned orders uf a paren! ítem an: used by the MRP 
system to determine gro.,. n:quirements for in romponetu items. 

Rcf: BibHography 112. pp. 49. b5 
~15. pp. 25. 26.36 
Fil= ~1. k7 

Qu•rrion Ü 
(B) is the corree! an<Wcr. M R P doesn 't ..,herlule operations and docsn 't use 

any oapacity data in performing in function<. Load kveling. \f done at a!l. 
would b<: done by anothcr •r•tcm. Becau>e an ~RP <y<tem rontain< informa­

tion on planncd Ui.nureJ orden "' well •• open (exi<tingl onl=. an ~R P ""'' 
wi\l typioally take ad>amal:" uf thi< and indude both in tho load calculat>on. 

Ref: Bibliography ~1\lpp. S, 6). WIS(p. 261, f25tp. 56) 
Folms #1, n ~7. ~10 

Q<«">lirm #-1 
tCI ;, thc correct ans••••· !nde-pcodent demand. ,uch as servioc part re· 

quirr:mont<. m•y ari~ fot any componen! of a$'>Cmblie< X. Y. and Z. 
Rof: Bihliography ~)(p. 129). "12 (pp. ;>q, JO). ~IS(pp.4. 5) 

Qu~sriurr kj 
(A) ¡, the correN an<Wer. When manufacture<! parts in the ··e-· ítem 

cotcgorv are e•duded. thc due dates on at lea\! wme oftheirorde<> "'ill he· 
rome invalid. "'ithout po,,i~ilit)" of correction by thc <ystem. !kcau<e they 
,-il\thon be incorrectly ran ked on the<:E<patch ti<t. thc en !In: ranking by n:la­

ti•·e priority will become in,·ali~-
1Bl ;, inrorrect becau'>C the t•ct that lead tim<-S are inflated will not in•ali­

date the priori!)· .. quenoe. Prioritles an: bued on need dat« and the<e 
remain valid. ICI i< inoorrcct becau<e, even thoogh actuallead timeo may 
'·"Y· .1< long as the oorrCCI ncod da« is ma"ont~"•ned thc pfloritysoquencc '·' 

. - '" 



'!TeCt. (DI is i~ "'1. \¡"'a u .. 1~e mointenal"l<e ofvalid priorities (ba<;e<i on 
~- d att"<) ha< ··- ···'"R to do "1th cap•citin or capacity pl~n ning sy<ten". 

Rtf: Bibliol!'~phy ~12. pp. 73-71> 
1-ilms ~J. f7 

)rH",Iion ~6 

Ull ;, the correct ""'""''· Orders for oomponents will. if anything. tend to 
:et ... !ea~ed late rather than early. But there ;, not <ulfident •i<ibility into the 
uture due to the shon horiron. and this will refleet n..:lf in the lo :Id ... pon 
•lso. The usefulne" of a load repon depend<, among other things. on being 
•ble to antidpote e~pncity problems far enough imo the future <o that there 
<time to take correctivo action. 

Ref: Bibliography ~1\, pp. 6-8. 

2"mion ~7 
(D) ;, the ronttt •~swer. Pegging n:qui,..menu mr:ans retaining informa· 

·ion in the <ystem on the sources of dem~nd for a given item. Thi• permit< a 
·oquircment w be traccd from contpn11C"n( to por~nt. up thc prodLlCt ;truc. 
tu re. pcrhops all the wny to the mo;ter <chOOule. Answcr< (Al. lfll. ond (C) are 
tnc'Orror:t because the ropons in quc>IÍOI\ hove purposc< dit1"crcnt from lile 
~ne just describcd. 

R~f: Bibliography NI (p. 351. N\2 (pp. 90·99). NI S (p. 36) 

Q,.,.,;"" H8 
(O);, the corree! nnswer. With the time·pha.ed arder p<Jint. it is <>nly 

n.co<>ary 10 input the fore<ast dcmamt. by period. und the quantity of >afoty 
<tO<k. The MRP logic takes it from thrte and arriV<'< nt the ro=t order 
po;nt autornatically. Be-cau•e the order point itself need not be pre<alcu\ated. 
no;thrt <!O« demand during \ead limo. whic~ othe1""~ .. wou\d be ca\culated 
in order to arrh·e al the order point ,·aloe. 

Ref: Bibliogrnphy itl2 (p. 79). #\S (pp. 37. JB. 39) 

Qr,.•>tio., 119 
IC) is the rorreet answer. \V!lile the prioritie5 will be va\id. thf:)' wil\ be 

mcaning:e.,. for al! practica\ pur¡>O<e<. because ev.rything will tend to run 
beh'n<! <óOOule. with hig~ priori!)". 

( ,\1 ;, incorrect b.cause MRP output< are ah•·ays con<istent with tht m a• ter 
sohc"<!u' e. ,..gardlo" nf c~pncity. (tl) ;, ine<,rrce<. rn f:tct. tbc re~erse v.i 11 ptob· 
a:,:~· be thi""Oasr,-d Uc" to ovc"I"Ioad<. thc n .. ._.~ tu e;¡ob\isl, special prioritLc"> for 
the arder. ond reduced fl.xibi\it)·to rcact to the unexpe<:ted ordcr. (DI i< in. 
rorr""' as th<."re ;, no"""'"""' uf thh ot al l. &ce" inventory thrte ,.m be, 
bot not in motched .. 15 ,..quired 10 boi\d an) product. 
~ Rd: Brbliography ~1 L p. & 

< , Fi!m• ~3. #4. Hll 

_2!_'" -==-~~=--=-- ·~· -·---

QuestiOrJ Hlll . 
(C) ;5 1~ 0 <.""Orrer:t answcr. ¡f t~e •y•tern do .. n<~ cnl\ fN e~ ·~~e> Ln <>pell 

t d 1l · ncreo.<c the order duc date<.'"'"" ultho.e ,.,\\ berome 1nva' . '"' 
n ·--' for c•neditÍn" and lml·lists. lo establi•h v.hich otders are real\ y nr;~.-d~. = ~ n • Sh nel v.·,\1 
The same ;, true of a <V'ittm th"t "'"' ••fety lud ttmes. op penon 
S<lDn te:"n th 01 the d u~ dates do nut ne«<sari\y repre•ent date• of real need, 
and wit\ tt:nd to rdy on c•pedilor< to te\\ them what thc real nced< are. 

lid: lllhlt<t~r<tphy "1 2. 1'· ()"\ 
F;lm #3 
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'1, The Workshop and iu Partlcipants 

/ntroductiOtr 

One of lhe most difflcult p1oblenn focin¡ bwine<S mma,sers todoy ¡, lhe 
choll<-ng< of leanlin¡ from !he upetiena o/ oth~rs. This can 3\ l<ut avoi<l 
ropeating olhen' mistaku llld, at bnt, can ., .. monlhs of work in •c;t.ievin¡ 
results; pa:rticularly in the field cf [nventoty and producllon m.on.'lgement, whe1o 
development• hove betn rapid and the "body of lnowled¡:t" is increasing 1\an 
olmos\ explo•i•< 101<. 

A willmgnen to excbange informuion on management and t«hmcalsub¡ec\1 
has been charicleristic of American businns. Hence the popnlarity and suceen 
of somirnr<, conferences and work•hop;s conducled by teohnical sociellts,\Iade 
as'Ocialions ond othen. Much o{_AP!CS' suecos> in assisting practitioner< in the 
fie]d h" been •chieved thro golh<ring• of thn" who are doing "'mething well 
ond tho" who want lo nnd out how todo IOm<lhing bett<r in lheir compani ... 
Of noc .. .:rty, lhese sessions '" intended for Jorge •udionces with variod 
background• and different interesa, cover a wide nwge of subjeo!i and can ¡!ve 
in-depth cover>g• to only the most buic techniquos. 

Because of the gtea\ interest in .. MI!efill Roqniroments Pl•nmng .. and lh• 
rnajor lmprovements yielded by ia suecus!ul application, a lwo and onr/lu.lf 
day wo1kshop wu organiud to brin¡ togelher represenulive• of sorne of th• 
companies now rueceufu!ly unng the technique and !hose sufficientiy od-.nced 
in implemenrin¡: ntw computes progroms lO hove met and solved rnon of lhe 
problems of designing 1 1011nd l)'lltm, 
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MoluitJ/ Requir<menlr 
1 

Whv 4 Spre1al Reporr( 

-~•nlhusi•s!lc rc.elion lo lhio workshop by thc ¡>ar!icip•nn rcsuhc. 
lhcir •srcOmcnl thi! lht oponsou, Plonl ind Wight A..oeialco, should prepare 
•nd oiTcr ·.il< proc.edln&• In •n AP!CS Spcd•l Repon 11 the b"t me•n• of 
m•kinjth<S ';nform>liOn l'Oiloble to olhca inlcrc,.cd in lhis vital sub¡<tl. 

' ,, 
j1 11. Requiremerots Planning ~nd Related Teehniques 

A. lnnodu~tion 

There .. ~ lwo b"ic m.clhods for determining when 10 i;;uo a replcnishmcnt 
order for an ilcm in lnvenlory. One ls t<> es¡¡bJish on "Order Poinl" or 
"Minimum·; b•sed on poli octual 01 fo«Cnlcd futuiC usage and to re-order this 
item wheneur ill invenlory drops to or bclow thil ordcr point qu:anlily. Thi• 
mcthod, asWmco ¡euonobly uni[orm uJagt in rmo/1 ¡'ncr-tmtn/1 relali.. lo thc 
rcplcnlshment lol-llze and lhat il is noccssary to iniriare rcplmishmtnt >Chon 
immediately. Mathcm•lical tcchniqu., and mli<tical onoJy•cs Mve been opplied 
10 improve. litis tcchnlquc lhrough bcttcr forecasting and bett., me.ns for 

.. calcula1lon of .. rcty 1t<>ek1: There io 1 WOllth of lilerature on this mclhod and 
severol,;c.om.purer manufaormers h .. c programs ovoiloble to speed up lts 
impleme;,ution. Mony comp•ni'l h»e &1\cmptcd, withoul rc•l success. to u" 
tha melhod to controla// el.,..,, of il<ms in invcntory. , , 

The sOcond basie mcthod i• te calculotc rcqu,emenll for <_ub-»l'mbli.,•nd 
puto (~o!loctively talle<! "componento") bo<ed on th< nerdod quanti1ics of 1hc 
high<r·l<'O<I,,auomblics.,uoually fini<hed prorlucl¡, in whith lhcy •rc used. 
Domando fcr the fmishcd preduct ..,<mbhcs •rc dctcrmlncd from forcc•st., 
baoklogo of ordm or both and modined by cx,ting lnvenlori., lo prcpare 3 
"Master Sohcdulc" cf ptodueuon rcqui<Oments by lime pcrio<ls which providcs 
lhe input io "Mat<ri•l Reqummcnu Planning" te dctcrminc eompon<nt nee<U. 

Rcqu~c~nts plannir'll opproacheo ""' .bcen known to pr>clilionus for 
many¡yean. lfwn cxucmcly t<d101t1 lo calcublc rcquiremcnts m•nually for 
componcnn of oompl•x '"'mbli"; il was virtually impeS!.ible to re~~plodc 
r•quiromenls frequcnlly cnoogh as schedul" ,h,ngod using a manual <ystom: 
With lhc advcnt of the compulcr. rcquir<mcnu planning bccamc • pr>CI<<al 
invcntory 'control teehniquc. Thc lype of requirem<nU pl•nning discuucd in this 
rcport, th< "mull¡-period or rime <rrie< ~quiumentl pl~nning (sometimos callcd 
"limc·phucdH) is roa\ly prachcal only wilh a compulcr in mo•l componi<s with 
broad, dovcrsified producl linos. The prot ond cons of requirements planning vs . 
ctder point ha ve bccn dcbncd fpr somc limo. Qrie of thc wmkshop lopics- the 
ind<pendcnl/dependont concept - di>Ctl"U lhis furlher. 

.. 
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:¡. 
' lf th" c:ompon<nl wore u10d in oth<r "'embliO<, thoir ,.quir<menu ••ould ~ 

ported al so on lhc projoc ¡od n>qr,: ce m <ni s 1 ine el th < plan. S"''"' "' '1'"'" p•m 
Figuro No. 1 •howllhe iYric:;;l ;;qui"menl' pbn jn simplif<td furrn. Tht E:111J requiremen\1 for the "'"'~"'"''"' wo·•ld ai>O be post<d on th< P•<>j<c:ted 

ftem MQU~' Schtdult for tht .,,.mbly is the.ioput that '""' the pl>n; rt requitemenll line to ~el o"Ot"l ),lonned ""'&'- lf lhis componen! wtrc • 
schedul" 600 >»<mblt<l in Week 6. 800 in Week 9 ond 400 tn W<tk 12. One sul>-a<>embly thlt u•ed olh<t p><U. iUplonMd ord<• Ttlur<s W<>uld be posad lo 
vuy · Cflld< approoih l(l req~irom~nts. planning (ca tlcd: quick dtr~) rnerely lh< m'<ntory rocords for lh<•< pa1IS •1 projectcd requ lrtm<nt•. Plonn<d otden 
"c>.plo~td':' thc . end ltcm "quitornc~_ls , mto 1 the correipond ing quon titie¡ of. al OltC leve/ generare gro" requimr1<MJ >! /he M>rl lower invcntory lcvd'"".'·' 

· compo~;nts '"-~. ordrred t hes: <omponona to. or rive in th e <ame timo p<!lod. In Ttm< periods ui requir:menls pl•nning ore oflen called buckn•: eoch,Q~d:et 
- the example sbown in•Figure No. l. this would rosuh in ordering 600 "" of roquir<s • flold in 1he compum file to lloro th< dataappbcoblelo th~t.time 
'. · cOmponen u in \\'eek 6, 800 i~ Wetk 9 •nd 400 in Week 12 1hu1 ordering pon pedod. M0lt requiJements pl•ns "'' "'••kly time buckeu and undergo • "lime 
' r~uil'(m<nl< Mthout con•iÚriOg ,.;Hable in•o.itori••· Ov:rcoming this mill<<s: shtft"_" i.-hen u¡>rl.t<d. In the onmpl< shown in ~igure No' 1, the cuuent period 

. the lovol by )'"el requiremen(l pl•n mor<· complicoted; 11 must toke l)¡e il evtdently, woek 4;1L<Xl week, th< curren/ poriod wUI be week S. Anythmg lhat 
'rOq~lr<me_nu for the finished ossombly, poli them ~•sro:n~~imr.rnr1 •goinlt •• ¡1 not act<d u pon at the proror time will>pp<ar m th~ "Pa~t Duo" column. For 

the compontnt in•·onto1y record, and ll1on prOject the ovaU1blo co"' pon< ni eumple. ¡f the pl•;;ned orci<r for 500 untts ""'" nor a<:tu•lly rel<'l<d tn period 
•· in••~tory bat.nco in th• li'!'' periodl lo 1-how. wheÍÍ this inventory w111 hovt to s:.- quontity of 500 would oppear in the pm due column of the requiromems 

be ropleniJhod. The e-.mple in Ftgure No'. l shQWl' grao• req~iremenl of 800 in plan- in Figure No. 1 whi:n period 6 beca me the cunen/ period. 
perio~-9, a projocled On-hand balonce of 300.in pe~iod S, and, thorefore, ann .Thúe are two b,.icail)" d•ff•rent opproache< to ,.quirem<nll planning: 

· • r~uire,;,(n¡ (schodul<d rocoi~l) of 500 th>t will be n;eded rn period 9. Smce the ;;~,,.~;Dtion •~d ne¡ chDng<. Regenera/ion involv<l •ctually discarding p~eviou 1 
~·:: l .. d. !lnie is4 ·¡.,~b, !he p\onned ordir'.~ust be_ ~<leu:d 4 p<fiOds (th! /etJd-ti"'t plans and IUrting over <"IY weok with a now mallet sdledule, exploding il into 

,off~t) earli<r. Thu means 1:hat :h• Order for 500 should be _releued in period S. ; ' componen! requirementl, notting ogoin1t av;¡il,b1e inventaries and developmg 
i i \ ASSEMBLY REQUJREMENTS ,¡ J 1 n<w planned orden. Not chongo, on the other hand, •~piod.,onlY chonges from 

' ;1• 1 , '··· .•, ... ' ' • '11' .

1

. th<~- nr'e"o".'' master se h. ooo.le down tllrou¡:h tho blll of. materia)j un\il .' ' . ' ,, .;_'' 1 1• .j :';·¡~· .. : ' ' oom;onontllreachodwh•,htsunaffect<dbythechange. -, 

•·~~~~~~~;~·~~~l~~~~~~~~~E~E~Eªf~8~~fª~l ' DeP.,ndln& on 'the oompltJUlY of the produ<t mucture, lhere wUI be • ' ;; ' iq •: 1 1 nmi.ber cf "lovels" in lhe bill of moteti.Js. The end 11em tts<lf is us~aUy 
~.. ; .~ 1· 1.:. ! ' .. , 1 J ,:, 1 ''1- u ~~~ '1 " 1.' d«ignatod level O, ""mbti., and sub-usombhes which mak< il up are le vol 1, 

- · · · ·· · - · · · · . their eomp<>nents are lov<1 2, etc. The comput<r mus/ recogmzo lhe lowc<ll<vol 

·~~~~·~1~·~~··~·~·.1·~~~;~;~~·¡[~· ¡·~~~;~¡·;·;F~f;1;,~;~F;~ of any bill in which, componen! appe1n 10 lhol it will aécumuble requir<m<nls , -.. . • '"'""''"' "'"'"" '1" ' fr"om al/ hig~~r levels boforo n.ning 1pin<t •ny com pcment'uvJ'dable 'tnvenlory. 
'"' ""' "'"'' ]dentifying >nd mointoining 1ow-10vel coding i> a di!ncult bu! neo:>:uary >Ciivlly 

., 

' 

Fo¡;u,c 1 

' 1 
APIC5 Di.,ion"y, ~<oon~ L~'""" ~'fi"" "o.~lo>ion" "' ""'" """'"'" or, bollo/ 
"'''"l•h 11'10 :h, tn1ol o/ <o<h o/ \he rnmponon" r<~vuod to mono/wu,. on »><mbly 
or >vb-o!l<mMy qu>'tot,."" 

' . 
. . , ..... 

in ;equirementi plannin~- '-. • . •' • · · 
. lt ;, fréqucntiY de¡'¡roble•to identífy a requirement .w'•th the highor-1-.el 

co"mponent_which tri¡:gered it. Colled pq¡ing, this 1e1Uy amounli to • parti.J 
v.·here-ul<d listín& whkh·identill<l. In more or Ion d<t.¡i[, where requirem<nt• 

cÓmo from . 

" C Formar 

.. 

Thete Ir< altemativt "'')'S 10 pr.,ent dJta in 1 trllteri•1l plan like Figure No. 

1: -.eh <ompany tends to'odopt ill own con•entions. "Pro¡ected Rcquiremenn" 
is wmetim•• colled "Grou Rec,uircmonts", "Pianned us.1ge" or "Fo,.cast" and 
som•tirn<l intludes "P""" linoS for d1ffor<nt type< of drmond (ay_<;<,mhly 

1- requir<mtnl• from hishet level>, J<rvice or spor<' parts 'need<," in!'.:plant 
requirernents, etc.) ··rroj<eted On H•nd" may be colled "A'>il•ble ~~:·~~l,~ry~; 

• •11nmg by Compu/er S 
• • 



' PIO>Onl •m-hand bolone<! "''Y be shown in the hoador 1paoe (llke ''lead time" 1 
Figu l) or in the Put Due Buckot (u:<td ,.;mply for con•enrence 
Qu>r, "alloc>led .. lo moet !ptdf.c demand., from ordtr1 reltned f<ir 1 

high<r·le>tl componenu. auemblies or produca "' usuÓil)' dedC.cad ftom Uie 
P1•>enl on-h>nd balonC< and may al'o be <hown in the heoder !poce Safety' 

·.: stock quanttt'to¡ may aho be deducte~ from !uch net ovaillble bal.nce<~!JOF to 
entenng lhem on the "On H•ndM line. or lht nening lhown in futuro pcriods can 
comporo On H1nd wtth 1he safety stock quantity inottad of ><roto determme 
whenonetroqui1emrntexim. · · ·· · ···· .,. ·· ···· • · ·· 

Sorne romponie• !how Otders as Stlrtdu/ed Reuopt$ only when the p!annod 
order hos been r<ln,ed. Sorne add rh .. e quan:;.,., ro the on-hand a-.iloblo 
b>bncoi,_Othe" rlo not, prefming lo <how 1 pmj<ctrd nrgative balance 10 lhn 
the planner will recogniz_e lhatthe m><erial is "on o1d.," '"" not rn llOck,- · , 

The formAl of 1 ¡<quiroments plan can be tarlored ro a compan~·s"own 1 

desires. Superficiol differences >hould nol bt aUowed to obscure th< simUarrlies 1 
among the ')'<tems u sed by different companios. 

D_ Lor Sizi~t¡ 

Today rhero is >n •lmo<t bewildering 1 ifiety of lot-lizin¡ techniques ''"il>ble_ 
The but known 1• the Camp square-root formula; Q : -'l.j27üff wh<re Q: 
lhe "economlc" ordor qu>nlny; A • fu!OCiU annuol d"nand dollaa· , ! 
orderlng ;o11, dollars: and I • inv<mory c.urylng 00"· decimal iracrion_·Th,; 
formula 1$ adoquately covered rn L1e literalure ' and needs no further 
<xplanatlon here. 

A b1stc ><5umptl~n of th" formula i> th>l u,.¡e will be 11 uni/orm rDI'<. Fo¡' 
componen" of an >'>embkd product, rhe roqui,.menls tend to be onylhini but 
untf orm;_ 1 hey usually occur in d iiCJete "lumpo"; principolly beco u« of lot·<i<in¡ 
al thc htgher ~'"~~~-. Typical compon<nt ~<quircmenu could bi SOG piecu in 
Wee~ 1, 80G P"''' In Week 7 ond 1100 in ll'ook 18, fot oxomplc,wllh nothing 
requued ln other weeks. · . 

. Fo1 thi• item, the oconomic ordor quantlty cakuloted u'sing ca:Op's for~ul,' 
mtght be 1500 pi<«l. After usin& the 1300 total forWceks l ond 7,thc balance 
of 200 \\>QUid ha~e been u<c!eu lnventory since it ¡, in$llfficient ¡0 meet Week 
1 ~·, n«d•. After running another 1 SGO to nn thi1 roquirem<nl, a balamc of 400 
wtU be comed uselc!lly until the next requiremem oppears. The square-root 
approac~ doe< nothing lo balance out t~e pre·detcrmin<d )OI·1Íll: with th< actual 
IO<¡uir<mcnl!. 

_There "'' IOvetal dii<:U/e lo/.Si:ing approaches which otlempt lo ov.1come 
thts problcm: - , . 

l. LoHor-lot OJdcrlng · !he lol·size al the .,sembly Ievel j¡ nploded do~n 
throuEh a!l wb-ancmbll<l ond cumponent1 without ony further lot-li<ing 
at lnte¡medialt)evel,_ ' ' ' 
~ ' .. , 
l "?rodoOIK>" >nd lnv<ntory Controlo Prrn<i~kr >n<l Tochniq""" Plo<rl &. Wl,!ht, 

Pr<ntict·H•II, 1 967, Ch>pt" 4. r.· 

6 

,. JI , '~ ·1 l . : : • . . ,, .; ' 
: 1 •. 1 ' ,. • • •• 

2. Poriod Ordor Q~anlity (POQ) • the lot-•r'u ¡,"~,Jre.,ed in mm• 0~1 
• -, • _, l 

of>upply,cokulatedufo!low.: l;lj,!:'' ·' , ' 
.•• -.: tl•lng 1 t~f,: fo;•O.,t annuol U<lg~ 1 for, lh,e 1 Camponcnt, 'c~lculate th< 

EOQ U>in¡the !qU41N001 formula.'" r.' r' ' 
b. Divide lheiEOQ quóntity imo·the¡annual uuge,to detormln• lhe 

.,,., r·¡r 1' 
· num~~r ~f re~¡dé!l por y~u. 1 11 ' t' ~ 1:' ¡1 i 

1 c. bpros.s the' c·;der quantity iri "time p<!iods COV<!tdH bydividing the 
num~er o~,i•~rde" into 52 for "w~cl:s"1'o.r!!2 fo.::1'montlu". '_ 

Whencver o new, order lo 10 be ploccd, !he compultr lookl•ahnd tht 
numbtr ~r p<;iod•'•petifi<d 1by lh'cjPQQ.3nd odd1 up thelr total . . ,. ,, . " ' 
requi¡Cmcnts' to • dct<rmme lhe 1ot-<Í<<· , The loHizes will •'"IY 11 th< 

• • 1 • " • - • • , ' 
req utrCrn<nts ·chongo~ hm• ""' ~ nce any ludll'ldual EOQ 11 1 vahd ovor a ,. • 
bread rango with only <mall cost increkses: thl• OPproach 1• moJellkely U.:· d 

"give rul tc~nomieo thon ene which ri:sult¡1;n 'c..rr;ing, ¡mol! fOiidun of 
~ • ' " • • L 

lotlwhlch ser'< no u,.ful purpo>e fo¡ long p<rlods .. • ' ,, '¡ 

3_ Di>e1ete Requiieme0ts ot Tim< S<rios'EOQ 1:..:.when.uJge,occur• In 
discroti "lump•",at iuesulor inl<f'aiS,'tlV; Oqu•!O-Iool EOQ ¡<sumption of . . ' . ' ' uniform U$>¡¡<;, viobt<d. Compononts cf auemb~c; will uperience Pr<h . .. - ' 
inlermittenl, hrt&ular u,.ge; oeaoonal producu will >lso ohow flueluotin& 
u»ge. Fo~ the~e; condili~n<, !Ot-<izing !¡,_,.¡,¡~-~~>~tinirnizi•'& c.,;ryi"g plus 
orderlng ";'~IS by combinir.g rtquirem<nl•f or ~~'"'"¡ porlod 1 In ene lo t.',, l 
-Twob.utc_mc!hodsofmokrngsuch'?f~l;'Ho~~"!e;l"t 1 r_.j _·,/: 1 

a. Leut unlt co1t - bued en dc't«mlning • whu ,combtnallon cf 
'" ' " . 'r ' . . J<qulrernents f ur suoc<S~ve perlüdS y1eld• lhe 1"" esl cm/ p•r pu~. 

' ' .. ' . ' . ' b. Lcasl total con-' seokrng llr< lowe•tlota/ ro>~ invul><d in ordermg 
and caJ,Ying combmattonl of réquhcm~nt• f0r ;utt.,,.;,. periodo. '' 

Appendix • 11,i>; • I~P""! of "D) napi,io 'j Oi~or: QuantiÍi••i by Thomu 
Corham, puMislled'in tho Fust QuaJttr, 1968; il<uo <f ProductiOn·•rul 
lnventmy M;ná'g·,r.,ont, APJCS Jo urna!. -This '•rticle illli~uátcs -lhe 1ppll· 
cation or caCn 'or thes~ inCtho:h. rne aulhOr·• 'conclusioil. b•s•d on marly 
>lmulations, ¡, .-thot the leut total cOil ,.",cthod yi~ld• ¡ignificaritly la-r 
inventory·and O'rdc¡ing co•ts. This ¡, ¡ulÍ>t•IÍtial<d by •imulotion• run at 
Black&Docker'a'riÍI<llh<rcotnp•nici. 1 ¡,¡~j¡,il'•i•¡'jo 1 •¡[ 1- 1 

" ,,.. - ' ,. . ' . . . . . 
k dimmed ¡in ,A.ppf~di~ 1 , lhcso ttdrnjquo_i'. ~~· the .. m.• _ obJ<CU•e u 
the "<""""',)?\ formula - "bal•ncing¡, ~~~~"!"!.'land c.r¡ymg com, te 
produce, the¡ mi?lmum total 'ro• t. 1 Th,•Y,• u~·!~· ratio· Df, o~derin& to 
carryln&tcosll (S/Ic), called the "oco\\omlu pW·peliod': f>etcr •ince 11 
defrn<s thO (¡uanlily 'of pam c>rri<d r.)r o nUrribOr of,periodS which Wm 
make the total[cOII)-ing co" equai'ui 1h~ 'Urdir!ng C.m, thus lht moi.1 
economical ,;IU>hon. lb• nam .. "Part-l'erlod -Balanciñg"' .nd MEconomic 
P.rt-rcriod o;doring" hove been ""d b). colnpur~r manuf.:cturcr< In thoir 
soflware programo to d<S<!Ibe the l•a<l 10/a/ cOn approach lo dlsueto 
lot-sitin¡ . 

.f_ ' • ' !1 

' 

• 



S plonning ¡><riodr (i ':; weokly inr1,.d of mon lhly), <ince rhoy d"l 
w,,_ .• m>llor roquiromenh, im preve U, e lochnrGue'¡ ability lO gol rlour lo 
the bw ~>•lance bl:tw«n o.<)uing and canyirg <:os!l, 

IB.'>t'• Pru~ .. ·i~n lnfomt>tion and Control SysrOm (PICS) P'"ll"m for 
requiremenu r'···-·"r conloim • modlroc•lion of parr period h>lancmg, 
called "look·ah· k-b•tk:', inlended lo impro>e the lol·•iting. This 
fealure lllemr'• lo urend lhe hOrizon f>rther inro lhe fulure, in eJTect 
con•idering ,.., one 'but rwo succe!li.,. lor orderint;•. The following 
tumpl< illu•lrol« how lhe "look·ah.,d" feorure works: 

•• 
Period 1 ' ' ' ' 6 
Nel R<q't " "' '" '" "' 81 
lo1 Sizo "' '" without ''look-ah.,d" · 
Lot Slu '" . ' . New wilh "look-ahtad" • 

U•in& 1 nlue of S/lc equo.lro 600; p•m-period balancing would l<l tho lot 
•iu lobo pr<lduoed in P<riod 1 at 481 P"cos, covering requiremonl• in 
Perlodr; 1, 2 and J; a oew order would be neodod for rtquiremenU !n 
Period 4 and beyond. Lookln¡ ahoad, however, lhe largo requirement in 
Poriod S would be carried in l~vontory during Period 4; ir may be more 
economial to indudo lhe )4) P<riod 4 roquiremonl in lhe prec•dinglol 
and <l>rt lhe now lor in Ptrínd S. Thil. i< d<t<rminod by chocldng lhe cost 
of carryin¡ 14] PÍ<tel for 3 p<riod< (produced in Period l. u«d in Period 
4; equal lo 429 pw.periods) ogain<l carrying 435 pieces for 1 p<riod 
(producod in Period 4; U«d in P<riod S, equ>llo 435 p>rl·pedods) 5inco 
tho formor alterna!ive is chcap<r, u,, Jot sizo in Period 1 would be 
i;,cr<artd lO indud< the 143 pi<ees for Peliod 4 •• r.hown anda n<w ]el 
run in Period 5. The following example illuslrot« tho "loGk·back" f"lure: 

Poriod ' ' ' ' • Net Re{¡'t "' '" ,., 
'" " "" Lo1 Siz. "' ,,. 

wilhout "look·b"k" 
lot Sm "' "' with "look-b•d:' 

' 

Using thc '"'" ~alue o[ 5/lc, p>rl-f"riod balandng would sct rhe lot "'" 
lo, Pcriod t at 778 pi«". c.1llm¡; foro n<w lotto br nm "' rcr,od 4. Th0 
"look·•h•.•d" f"luro would not ch,ogo this docosio~. Lookin¡; ""' lrom 
r;riod 4, howovrr, the largo roOuire.,tnt of 200 in Period J wrll bo "'"''d 
for two peuod•: ll Rll)" be more <C<>,,cmi"'lto S:.rt the new lot on Penod 
3. Thi> .,.,¡¡ b< IIU< rf 1he requiromont rn Pefiod 4 (88) ;, equal ro orlo" 
than ono·holf thol in Perrod J (200) TI1e "look-h>ek" foature would thus 
chon¡:e lh< lol Sil< ro P"IC>d 1 lo S7S pitoooond start a new lot of 49] in 
Pcriod J lO """' P<riod< 3. 4, S and 6. 

Thc l~ok·ahoacl fo41ure should be I<Sicd fim and IMk·bad, cmployed 

onlv :t lpn< •ho .,j lo.><•c. lhe 1 ul-<i tr unchan&ed. . 
Sin,, · ·"~lv lncteasi"g domand w~l uti>fy the look·ahc>d feature, tnfl~l• 
¡01 .,,... - • .... ~,. rhe proprr bal~nce l>r:lw«n ordering >n~ carry1~3 

· , •hould bc mido lo be'"" thclw roqu¡yomcnt tn CO<il, >U • -. . 

the lot, when <~·" . 1 ,lone, n I<S< lhan tho cconomtcal p>rl·p<rrod 

volue. ¡0 the abo•• ourrrplo, IMk·ih~od "·ould_ not.h••• ~har.ged !he 
origin.al 481 loHiz< sf rhe pan poded value of Pe11od 4 s rer¡u.,ement (3 x 
143 • 429) had exoeedcd 600. Sloco it did nol, look·•h•ad "><.l<d. 
Part·period babncing ulilr<" the" fe11 ures ro rxtend lhe pla nnong homo_n 
ind 1<11 alt<rnot< d<osion• in..,lving ltillrvdy large requuemcna ro S<t rf 
eccnomi<> aro possible. Thcrr val u e in real·life is discu ... d in lhc Wor.klhor 
Topic. SecUon 8 - Lot-Sil.lng ln thos ro port. : . . 

4. Wagner-1\'hilin Algorithrn _ 1hls i• a more preme malh<m>trcll ~o.luuo_n 
well·known In 1 cad<mic aod opo111ions research cird" (~e "v~!Umrc 
Version of lh< Economio lot-Si>< Model", M•nagemenl Scoence: VoL 5, 
No. 1, Oct. 1958). No onc ol 1he worbhop knew ofany compomes """G 
1iú, toehniqUe. 

E. Slrf~ty Sto<l< 

There •r• lhoee b ''" ollernalives for p•ol'iding .. rery Uock in 1 requir<menu 

plan. They "'" 
1 Addltrg .... rery time". Jf, fcr exomple, tho tom¡>On<na lO m>k< an 

""mbly '" n«dcd rn Wo<k 1 O, lheir r<plenishmcnt ordors are schod u\t~ 
lo come into stod in Week 9, thus puning o no "'"k of ",.fery" time i~lo 

th• plan. · . 
2. Tho rop leve] input in tho malter schedule can be oncre"od or 

ovor·fo r<c.J.>I. For examplr. if lhe plonned requuom ent JD o no pmod " for 
1 O units of a given produor. but ordor¡ eould br reooived f or u many " 1 S 
uni11 S <dro sol> of pans could bo plonned ",.fery •lock. 

3 Dom:nd var",.lion could be moa>ured 11 lhe component leve] anda ••foty. 
>tock colculolod for lho eomponont, """S sUII<I•c.J.l order poml :ml',od~ 

Pullin~ io · ... rrry rime r<ally do.,n't rell rhe sy.,cm the lru!l1 •nd can bt 
p.>rlrcular ly h• ronful rf tho ,.( ot y litre is u11cd f or dlff "' nt r1ems (1.< .. on< ""<el: 
on A oomponent>, two woü• on B eom¡xHl<nB, thrcc ""e.kson C wmponent>, 
etc). Primilo<' are d"lorted •nd by such cushion;. wnrk·irl·proco;, '.""'"w"" 
"' 1nfl•t<d m<l op<r>liros p<ople '-'>on loarn lh>t thcy have more trroe lO f<l 
parts :h•n the duo datos ondi._.r •. The resuhing "uodibiluy gop" can eutly 
off" ( the benefOI• of h>ving "' fo 1y a:low•noos. 

bverforec>>lins lhc lop-l<>ol domand c.:.n py,.mid \he invonrory of com• 
ponen!¡ ccmmon to ¡.vera] finlohod produca. Tho mutmum projooled dom>nd 
for each to~·l<><l product will b< explodod down 10 the lovd of '".eh common 
componenl>. Since it ;, extrenr<ly uniikely \hat oclual demand woll equal lho 

' 



• 
maximum foral/ top.'ot"<l item! sirrwl!o.,rou$1y, tho requirom•n" for oommon 
<ompon<nts wtlt be ovont>t ed _ An exreUcm >nlution lO th" problo m devtloped 
by one romp•ny h covettd und<r lhe Workshop Tapies Soction 9 - Saftt) 
Stod<. 

F. Th( lndop~ndcntllkpendcnr DemJnd l'rinc.p/t 

Dr. fn.-ph A_ OrHcky, lndu<try Con<Uham to the ~hnufooturing lndu<trj., 
Mark.tins O.partm<nl of IB.'-1 •uggestod in 196S tht inde¡><nd<nl/deptndem 
d<mand prlndplt which defrn•• n "tndependoñt" <uth i"m> •• fróWled gooch 
for which it ;, nece>ury to foraa¡( demand u<ing !latislicol "chniqucs llke 
<>:ponential •mooth•ng or other foror.,ting approa<hO! and lhen <>"blish an 
ordu poinl or mintmum to tri!'.':" a re-order whon tht in•..,ntol) ;, r<duced to 
lhis leV<I. O.rnand ""dopendtnl" when il can bt cakulawJ thtou¡h • bill of 
material> e~plo~on bu<d on the fo¡ec,.ted demond for the top·le .. l indopen. 
den! rt<ml. He r<eommended. ""Do not foreco!l demond "'hen it can be 
colcular<d". The prinoiple "''" 1hat ln><nlorie< of fini,hed ~~ods lltm< and 
Strvi" par!! not u<td in cu11<nl >S<tmbly (;nd<pendm¡ demand ot<m<) c.hould 
be replenic.hed using ordu point.. butthat '"'l"iiementl pl•nmng ohoulcl be u'"d 
for all rnmponents golng into hir,her leve! ammbli" and r..- Stmt·nni<hed 
material (dfpendonr dem>nd) that i< later <Onl"erted into mony drfforent it<m<. 
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Figute No. 2 indK•t<s why the independent/dep<'ndent dom•nd pri!ICiple U 
V1Ud. In eaoh of the months Jonuary tl\louglt July th< dem•nd for A"embly A i1 
Ue•dy ot 1 O per month. The assembly ¡, m.tde in loll of 20; thorcfore, dcmand 
for sub·m<mbly D will bo '"mpcd imo w¡uüemenll of 20, O, 20, O. etc. The 
~b·assernbly i1 rnade in lot> of 40; thorefore, ~<m:llld for P•n C w•~ oppcar u 
~<quirornents of 40, O, O. O, 40, O. O. ele. 

This eumplr illu<tral<l a <ituation involling a pa11 anda sub·n .. mbly which 
are usod only in onc hi&her·l<"<llt<m. lt h>S boon .. id tila! the doman~ for 
c:omponenn ...;u be muclt leu emtic 1 nd lumpy if., few "'"''" hir,her lovol 
ltenu u>< it. The fall.ocy of thls in mo<t <om¡xmi<> m>.ldn& =•mbled pmdw:u 
can bt verif10d by euminin¡ r<c:ords of oc!ual magt of weh componen\1. 

Romoyn E.otdell, ptinoip•l. R.oth & Sr ron&. on num01 <>U< """ion> "" noted 
thot tho litorsture of in•Oiltury control is ob><l"d W<lh quamUiC< (arder 
quantitin •nd o•det points). but. once lo! ~"' .,, introduced ot ony l<"el, !he 
queHion o( ¡jmin¡; b.:CQm" moch rnnte ~grnficont thl~ quantny. 8<':'"" .'\ 
dearly i~enUI1"' limin&. tim<·phased or !Jm<·""« ~<qunements planmng ~JU 
du a bell<r ¡ob of md<ring depond<nt demand nerns th•n •n ord« pornt 

technique ,.,·hich only implies tirnin¡. ba"d on a•-~rlll~ ""'' whcr< a>erages 

reolly ,,. inappropri:lte. 

111. Participating Companies Ca .a Stud ies 

A. lr.lroducrion 
figure 3 ¡i••• a quick s)·nop!i< of importan! f>C\011 for thoS< ps11idpating 

compsru .. thal v.e¡e doin¡ R«¡utrerncnu Manntng and wme >ignifioanl ft•lur<1 

of lhm plan•. . 
A few oí ¡he col<Jmn< on th< roporl r<quÍ!e a littlo "pl>nation. ••Expene11cc 

in yeats or month<" means the amount of ti m< l~< wmpan~. ha< actuolly bun 
u>ing requifemtnt< pl.onnin¡ lo control thr11 >n>Ontory. Makr·<o·•tock or 
ooder"' tello "heth"< '"" compony " m•nufa<!uring lb< finislt<d. >S<Cmb\ed 

oduct ¡ 0 0 forecost or whether thcy are ordeting P"t> <o • fore<a<l and 
rr • •· h ""mbhng th< pruduct afler receipt of CuStomer ordoo. "Type computer w ere 
!B'>I t< indicatod means System 360. tht column indic•te• lho model (lBM .4?· 
fot exomple, mean< IB\1 Syotem 360. Modd 40). Th• oniY <xctplioh lo tht<" 
Data-Con\ rol S)"<lom<" 1 B.\! 1 1 30, a •mal! .riontific mochm< nol par\ of the _JW 
sorios. Only one comp>ny hada diffet<nl moke computor- D><l•phone wtlh a 

ltonevwoll 1200. 
Dr~laphon• u<ed the Honeywell Btll of Mot<:~at Pruce<«>r but <~<>1< lo write 

th<tr own requu<m<nll pl>nning prog11m. Blac~ & Detk<• Porbn-Elmer ond 
Twtn Di.c 1U Wfo\e t~<ir progr>ml long before lhe JBM PICS paclage wal 
"·•rlable. Data·Conlrol Systeml wrotc theit own bocau" lhey hove •n IBM 
¡ 130. for which no re quiromonts planning wftworo Í< cuno nlly O'Ji!J blc. 

B. Co~< Studits 
1 Block ond Dtcker . ~ ' , ~ 1 . · 1 The Bl>e~ •nd Docket lnventory St•h" pnntoul bhtutl A ,.,ows' )pica 

time sorit< r<quir<ment pbn;on< pagt P" i1om \S prin'"d O'JI. Bl•ck •nd Decket 
e ·m•"'' " 000 comnonenu with nve levell in the produ<l •trueture . .,., >pproXI ~~. ' h h. · 
The fteldl>t< a\1 welld<f•ned on E>hibn 18.11 ts internUnt '".note 1 ~11 ""' 
n<l d1>n~, •nd. therefore. '" t>teption Jypt pro¡¡am. lnqutry onto tn•en~of)' 
"'"' i> •1«> ovoilable vio vi•u•l di<pi1y terminal. The bottom block entnlod 
~'<lolu<"" eunlain< 311 tilO d•10li<d pe¡:gin¡; mformotion. !.""''" the 1<" of th!S 

' ' '

Co<k •nd Dec~<r't h•ndling of m"ler •d><Juhng and 
rtport uamp •• o . · 1 
engineeling ct »ng<. proviCI< furth<r tnforn>uion about then requuements P •:; 
• t.•~•b•t> ,.¡,,.d tG '" tb• "'" nudi<>>ppu¡ ulol~oul ,,.,.,.., '" t~< """'"' P"""'" 

¡h" publie><ton. 

Plannin1 by Cumputer " 
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" Th• Dau.Control Symm; Mot<fial Roquiroments Pbn bhibl\ 11 i> p!Ooodly 
ono of the simpt .. t and <A>i<>~ to '''d. !'lote that •hero ar< four pan¡ !hown on 
one roport. Son'-" mo;t of tloe mater.cl" pur<ha .. o.a tó w"k homon ht;br<ll 
ldoqu¡te·a~though a lon&<r ur.< ""~Id he '"''Y d"it~bl<. Th• oolual on-hand 
bal•n~ {'T' for Pm AD 011430)" >hown Jn the ··p¿¡¡ nu.·· column. Thi$ Íl 
1imply • matw of oonvemon~; obv~<ously, thi amount on h•nd unnot bo P"! 
due. The other figuro< thot might be tho"'n in th>l onlumn tncludt AtlocaliM, 
On Order and Planntd Ordor.atl of whrch could be pllt duo. In the fi"l n>tnplc 
the« >re) on hond, 3 on ¡n order thll;, ~""duo ond 15 en order duo tJI thc 
curren! weol<. lf !h< ordttl are roo:i•ed, th< 0n Hand balan« will riS< to 21 a¡ 

!hown. 
In !he next weok there i; a requirement (Data-Comrol Syi\ems calh this 

""forocau·· - il 1ctuaUy could be fnrecoa cr actu:ol cu;tomer orden .mee theiu 
is an nS<mble-to-<:~rder typo bllsi:l<S>). On tl1e printcut below the Pbnn<d Ordtr 
lin. there are twc produet numbe,., 231 and 237, identilied u wltems in 
Fore<:.iSI". TheS< ore the prnduol$ in the ma>ter schedule whkh are actuolly 
caus~t~g requirement&. Tlu¡ js a <imple "peg¡;ing" or ··¡,., where·uS<d". Noto thot 
the "'Mcssoget" row >1 the top >howo "AA" indicoti"l ll! open ordtr in pa<l due 
tondmon. Note al"' that this is th< ""Purdusing Copy"" (top right hand corner). 
Pureh,;ing can see from th11 1equir<ment' plan lhat the pa;t due 01der fo< 3 
lü¡ht Raih. plfl #AD 011430, is really needed thi1 "''<k to cover requ.,omonn 
nexl woel<. Puroho<ing can abo ~ that th• balan<>: of 15 on order due !he 
amen\ weel< are octuaUy ""e<led by week 04/2S. 11'1\en • .ondor n h.,.ing 
Uouble getting p.,h in on time, rú mcst 11elpful lO have accurote prio1ity and 
de~vcr~ informa!lon >"ailoble. 

Th• third pan, AD 011433. VCO Bo>rd. illu~uat'l on int<!estin¡; SJtuat«>n . 
Th• me.,..se '"BB 05/16"' ind>cat•• tlut the proj«tod on-hand balanc• (16) will 
bc bolow the desired saftty ,¡ock le.ol (!7) tn wetk 05/16 and that an order 
<hould be planned 10 b< rdened nve weeks (!he lead time) oarher. Tht 
compu101 ptintoul doem't <how the quantity of tht p1annod orde! lo be reloa"d 
m "'"d.. 0-1/ll b<c.au>< there is already an Ofder for 35 thlt i> due in week 
05/13_ Thi• tellstlte invon10ry planner tlul the •ystem \;nows it >hculd «<ate an 
order ba"d on the pro¡«t<d on hand balance m weck 05/16, but \1 al>O 
recognize< thot there ;, olreody mato mi on 01der ¿ue in o lot<t time period; lhe 
phttn<T muU docide whether 10 relea<t onother ord" or rnthedute !he oxisun¡; 

one . 
F<H pan AD 011451, Front Panel. tite ""55" under "M.W.R." means "mur• 

work ¡equired"" to n10kt these ova~lable for use. Tht> panel "u•ually kept m 
llock un~arnled and 1he "'Stock Bolanct"" reads l<!O. The total on hond 1S 

toru.ide"d lO be 55 •nd thi>" ,..¡,a¡ 11 u"'d tn the requir<m<nl5 plan Sine>: 

p,ainung l<•d nme i< '"''Y ll1on. 



J. Dirrophonr 

_The DJCiap~One M:••r"talo Plan Ex.h1bit 1!1 i> a wee~ly .e¡¡enerolion <y>l<m 
u>~ng weekly ll':"' bucKels. Two Íl<ll)S aro shown on u eh pnntout po¡e. s.,,,.,¡J 
tlú:g>. "'' •,.;n1fl<>nt. obout tbis vtry b.uic and ootful rrpon whkh deatly 
de,'"'' e >eh of the ma¡or fleldl. 

Ir >how> si~ r••~-due lime buchts. In the 1eal wo¡ld there are always fall 
d~¡'""' and havm1 "." P"l-due ume p<riodo onables Di«•phone ¡0 giYC rel>h•< 
P Only lO p.a>J.<iue Uem<. h 1l<0 .h.ows >ingle leY<) peulns. p.,, #1154.000 &ll 
Steel " " leve! 03 ll'Jd the nexl high.-r aS<emblies in which a ;1 und ore .n wn 
The,. are the ¡""" il • • 

0 
· <rn< '""t .,ave created reqummenl> fnr this ball sleel Th 

malerl~ls plans for lh.,o two il<ms would !how whu r11c requirements 00~.,; 
!here 11 any quel!lon about whether or not an order ncedo roscl!<duli 
co.nccllatOGn, etc. ng, 

D.clophone al so uses e~ceptlon me,sag.,_ A ""'~oduhng fl•g suoh asan "E" 
(.arly) or "L:· 0•1e) flog is shown on rol,..,d orde" (seo wtek 053) "'hen the 
du~ date demtu from lh~ ¡oquir«< date by moro than •n a<e<pt•ble vari•nce. 
Thll a len• the planner to Sl.:uation, which require TO:;ch«<uling. 

. Cap•euy plaMmg. information is al so shnwn in the lnventory record. The 
orlltcal mr:mg ~•chtn< center •nd lho "''"P family code for mamtfactured 
parll. '" prrnted rn the heoder. This emble~ the ~lanner tu ]evel input lO key 
mrlln¡ work cenlers; he can oho group iloml to rtleue order¡ to minimizo 

.-"1-lrp by cornbtnin¡ "f•mUi"'" of items whieh can be nrn on ><:JOw mochln<S, 
~-~ eumple. Wrth 1 m•Jor set·up And minor alt<t3!ions. Dictaphone do<! not •dd 
w ;de¡¡ Duo" lo "'Available". Noto lhat lhe •••Uable balance on the Ball Steeltn 
. < k 067 >hows as 291- 3r'ld hu notuken into ac:cmm the 10,000 on ordOT due 
tn week 053. Mo" comp¡n~eo add in >olual 1eleasd ordor¡ whon projocting the 
on-h>nd b>lance but do no! toh into account pbnned '-'<der•. 

4, General Railwoy Sq;nlll Compuny 

. ~e Genrrol R>ilw>y Signa! Requiromenn Plannin~ SUtuo Exhiba IV is very 
sHnilar lo that ""d by Blatl; ond Detker. There ;, one 1tem per P'ge and 
de!aol~d pe¡:¡¡in8 is usorl. Bhnk lineo'" prmided al tho hottom fo1 thopl"'""' 
lo w-rote In the octlon he wanto lo tah. lt is interestin¡ ~o note that ftw "'P"" 

formal> provlde •och wnvtment •paoe for lhlltype of no!>! ron. Obviously H;. 
Yery u<eful lo lhe planner and lo his su¡>ervisor. 

General R•i!way Signal u!ili<tS IBM", roquirements plonning package 
subsantiaUy modJied thro•Jgh th• u<e of •~,¡, lo inolude an opon lr>n..,ction 
ond order mutt:r d110 ni• in heu of the subordinue itom. m:uter record. The 
Order Mosler me contains data concerning an ordor such >S vondor n•m• code 
for pu¡c)lase orden. cmtorner n>me codo for shipping orders, rnuting for faclory 
ordors, etc., ond the address of th~ nrst tum::~elion in the Open TraMa el ion file, 
thereby r•oviding the <>pabaity to Sl>n randomly the retrleval of all open 
IT>n;actionl on a giv<n order. The Q¡><o Trao.action File, whkh is organued on 
pul nun1ber "quonce, cont>inS irtdiVLÓuol lrans;rctlon< rcpro;enoing 
roquirements (fore<:.!SIS, shippin¡ ordorS, undelivered <x>mponenls of open 
foctory orden >nd plonned requirements g:nented by Requiremonts Pl•nnlng), 
Open f1ctory •nd purchase orden and plaMed orden gentroled by 
Requiremenlo Planning. Each open lransa<tion conlains • trans.actmn codt 
{requirement VI. open order, ele.). schedulo date, quantity, order oumber >nd 
the addt<IS of lhe nul ítem in the ord't ch>in us•d for the rotrieval of open 
tt•nsacuons. Conceptually, the!.t files provide a ~ap>bilt!y 11mil>r to the Bills of 
Material filo; eomponents of an .,senlbly e>n be retrieYed randomly from eith<r 

fJe. 
The GRS program contains ene-leo< l. detoded pouir_g shown und<r '"D,.wing 

l'urnbe.r of t>ut L<>e! Duo In"'. Open or<len "' ,.scheduled autornatio•lly for 
most iteml; manual reloheduling l$ u<ed for cethin top lovel ilem• with •pedal 
codes_ GRS 11 ses '"requiremmts oheolttOn"'. a no! rh,nge ap~wach LdJLg the IIJM 
PJCS P"~'i"· The b>SJt IBM pac~•&• doe<n't p•ovide !he e>pabili'Y to ch•nge 
the schodulc of planned req~irements jf th~re hn been alead time ch>nK< orto 
substituto the pbnned tequu emont of the dtleted BUI of Material <x;>mponent for 
the new componen!. GRS h" writlen programs lo provide lhese cap•bolities. 

GRS ~" also modinod the lBM prog"m so that they can prlnl a projec!ed 
a.ail•b!e balance, >hown as "'P AB~ urtder the nel requhemenh >te !IOn. "llte GRS 
program shows !he .mount of modificuion th.ot can be made lO the lB~! P!CS 
progoam to l•ilor uto an individual eompony's requiremena. 

5_ Markcm Corporarlon 

The Markem Corpora!ion Requir<ments Genera!l~n Exh>bit V is a foirly 
omightforw"d u<e of the !E.'J PICS program with only minor modificztion•. 
The m;rjm changc mJdO I'>'.S to m< lude • projected on-hand "Bolancc"", inlcndod 
prirnitr1ly lO pmYidc inrormJ!Lon for r<<ehoduling. This enablu the plannor lo 
detumin: qulckl¡c the lime pe.riod inlo l<'hidl an orda should be re;cl,<duled 
An •~coplion noti<" thlt the order sh011ld b• o_eschedul<d is on< of the available 
1 BM PICS ""e<pltOn '""'~'G"- Tn ma.ko tt eas1er lo read the ro por\. M" kom h., 
added a number sign {#) aftor art opon Oidor quanüty andan uteri<k {') af!er a 
planned urder quanllty. This ;, illmtrated by port number 0282301, whu;h h.o1 

• 



on o~cn order for 80 pito~• due in week 634 llld a plonned ordt< for SO pleon 
ÍII IO.·ctk 644. 

Input to Roquirement• Cenera!ion 1• at tite nni•hed product le>el ond i• 
butd on lhe build •cl1edu1e for :he •mmbly dtpartmtnl. Many of Marktm'• 
J>lrl• hove service ,usage In addition to .,sembly dtmand1 . They mainuln 1 
runnln& l'tnge forea<t of service requirem<nu which is added to sross 
roquilomenls •t tht par-! leve!. 

. '-hrktm wos the first l:omp•ny lo use the IBM !'ICS packagt. !t ha.< boen 
~ghly !UCC<!Sful ond they havo been ~arlicularly pleased with tht impro~«:ment 
tn their ob,Jity lo got J>lr!l lO !he as«mbly noor on time and reduce their 
depondtnce opon e~pediting. 

• 
6. N~w Brilnin Mar:hin~ 

Th< 1-/tw Brllain Machine Company /iand Toob Dhi<l'on in>11Utd 1 vt¡y 
>ln!ghtforward opplicotion of lht lB~ PICS package! indudins lnventory 
Control, BrU of M>t nial ProotSMir and R<quirements Planning. Tht only chango 
modo w•• lo add • "Planntd Rec<ipl Lino". Thtir'• is a "'tekly phn ,.,¡¡¡, 
thirly·l"'O fulure we.ks and four put-<lue we.ks u ohown on El<hib11 Vl. 

Input lo the Moster Schedule com., from thr<e M\urces: stalist'lcal foroc¡su 
for tnd product too] "" bn<d on 'Xp<>nential smonth.ing; spw¡l promoliOns 
~lh th< dato; fotocast by N e,., Brilain or by the.ir CUilom"'; ond mah-lo-order 
Jtem• wlth due date spcrified by the customOJ. 

Alloe>liom >tO divided in lo rhose needod [o moer customer ord<r> and those 
for manufacluring orden for <tockod irems. St'<ral oodts aro userl to indicote 
various lol·<l'zing lechniques employed •nd the safoty uod< approoch lo bt u>ed. 
Ltad lime is expre...ed in ,.,orkin¡; doy1. A1 can bo: '"" from !he El<hibit, 
domond 1> very lumpy due primarily to brge promotlons IUld lot-sizin¡; of tool1 
atthe higher lovels. 

Te avold distorting sta11stlca.l forec.,ts by inadvorttn~ y addin¡ orde,. ttbltd 
te promotioru, New Briuin has bu~t in a ··mtor" whkh '""·' a.ll ordt! quantltie5 
ogainot lht prtviouo forecaot lveroge and rejects thoiC which e>:,ceed the ave roge 
by more than o fhed percentage. They have alw induded raw matera] fQr 
forgJng• mado b'y ono of their supplien in lheir bill of moteriab llructure sothlt 
they ~ furni$lr 10 !he vendm on estima! e of hi• raw mlleri:ll roquiroments. 

By 1 very concentrated tffon, ;o.1ew Britain was ablo lo irut>U th<>e programo 
in ~ightly more than "X mont h s While no signif,canl mod'¡flcat,uns lo lht P!CS 
pack•gu wett mtdt In tht origin¡J ins.,Uation, New Bri11in i$ """" working on 
tht tddllron of • projected "On li•nd Bolon<:e" to the printout ond alm on 
peggin¡ roqu~emenll lo the hi&J¡er Jtv<l item genera Un¡; them. 

7. Dodgr Monufa~/uring CorporoliOn • 
Dodge. has lloo used the JB.'ol PICS prOJl'tms with r~latively few 

mod,fiahon•- A• sho,.,n on thtlr Matcriol Requiremrnrsl'lan El<hib'tl VI!, !hoy 

• ln>lltl<d lince d,ll '"Figuro 3 "'" "buliled. 

16 ,. 

ha•• addtd the "Net Anil•ble" and lho"'' l>oth "l'lanned Ordm"' inrlicallng !he 
rtceipt date ond ··sron Pl•nnod Ordtrl" indicating when erders $lrould b.. 
relea>ed. They ust w«kly limo buckt\s ,.,ah one P'"·dut bucktl and ei&J¡tetn 
wtth of d•l• punlcd out although :tho system ~" flfly·l"'<> wteh uf data 
oto red m the compuler.l.ead time< are ¡htn ~~ w01king day•. 

Input 10 tht p!Jn origlnates frorn op annual foreean updot•d momhly by lhe 
Marketing Re•••n:h O<p.nm•nt •nd ~onvorted lo • rnanufacturing "Program" 
lo •djust finl>h<d goods inventory lt"''ls. The progrom dala is •p1ead cvenly ovor 
the wttks or enlertd in seuonal J>llljrns by tite com~1er. Cu_llomor or~On for 
non-forec.asred items "" •chedultd •r rh< wttks requrred. F~>ed lot stzes are 
u~td. lt <.1n be '"'" lhal lht qu'""\'" on rtltosed orden (!irown on lhe "On 
Qrde¡" llne} ore added to "Net Av.,loblo" bol pbnned ordcr< '" nol. Th1s 
indlc!.lt• ro the planner thll this [natttial ha• not yet bttn ordered i<ld he 
can no\ count on itlo <ollsfy tequirtmenll. 

Anolhcr inreresting feat u re of !he {}Qdge !tporl ·,. the handling of exoephon 
m<m&"· Fur each itern, the number printed on lht "Exceplions" llne is the 
code induded in ¡he PtCS pockagt, For ilem 018240, for <-xample, tht 
exc~ption "()6" indicaltl that a net roquiremenl oxists for wme p<nod ond an 
optn ordor oxim in a futuro period. Rep..,ling tht 06 four lim« indioat., that 
the u.ndltion txim in four weeks (8/10, 8/17, 8/24 and 8/31} whm a nel 
requiremenl """ not filltd ohhoug.h •o ord<r (for 1000} wu due 10 com< in l•t•r 
(week 9/07}. This pro•·ides o U needed inf ormation f01 tht plonner on eno •h<et, 
moJ<ing it unntceS>ary for han to soarch S< par ato ti,ting• for oxcopHon rcports to 
d<ttrmine what oclions ho mighl ha ve tu tol<t. 

Dodgt hu done on oumondrn¡; job of do<ignin¡¡ • ""IY legiDio •nti U<eoble 
form. By pnnling only 01¡hreen ,. .. b lhty are oble lo gtl fo•• iltm lfp<>tU on 1 

sin¡¡le shttt lhus minimiling paper work and spoeding up revi<,., for plann•~s and 
urdcring decillons. 

8. Perl<in·Eimtr QJrp<JTlltion 

P<rkin·Elmtr is 0 ne of !he most exporion"'d "'"" of roquirements planning, 
having botn one of th< fusl to lnnall il ovor four Y'"' ago. Their onginal system 
"'" de•igned IJQund the me hrnilltions imposed by stcond gtnemion 
equipmtnt and used four.,.,eek time periods. These cau><d a g1Ul many 
problems but thoy were, mverlhtlt,., ver¡ s>li•r>td wuh the irnprovemtnts 
made possrble. Th<y have recenlly inst.oUed their newest r<quittmtnls pbnntng 
I)'Sl<m which ""' w«kly time peliods. E;iliibll V !I/ shows tht Planntng St>tus 
RtpOrt produc~d in the Jatest systtm. The plan includes twe past-due ,.,eekly 
poriodi, ten futuro ,.,eekly periods and ten monthly periods beyond. The "Sales 
Plan'" ;, oxplodod requutmtnts comin¡ do,.,n frorn the m .. ler schtdule for 
hisher leve! sub·OS>embli.,, the ••&.¡>Ol'l Pl•nH lh.ows requirements from ethtl 
plan\s outside of lhe continenlll United Statts ond \he ·•other Phn" generolly 
rneans servi"' requ~em<nto. 

" 



;rkín-Elmcr hu rt¡:grd roqunomen11, crd"' ond oUcuriom ond '" uung 1 
n<l thon¡o !y.,rm, In oddilion re the rc¡;u!OI pnnrou¡ th•y ho•< inquiry 

capobil'•tY ,¡, vi<uol dí<pl•y ~"'" •nd e"'?lion r<pom onaly<i'lg lh< """' of 
on llrm •nd r<eOn•mendm¡ >Ciion on it. 

Roqulr<rr,ml• •nd oihu da" •" l. <pi jn lf.r "'-"P"''' in ,.,,.; ly 1 irnr p<riod, 
r'<n 1hou¡h •t.•y ltt pdntod our in monlhl}' grou~ing1 ~<}ond ron ""kl. Tht 
,.bjrcti>< h'"· of rouur, is ro rrduct rh< •mount of P'P" b<mg ~rnerat•d. 
Tho" Íl lllll< lnndi<Op with lhis o~proooh """ P"''"' '""ion ro c-h•nt" in 
¡rquirem<nts i¡ '"ilohle during lh< immoóiot< fui<Jr< tirnr penoch ond nol so 
ne<t>~ary ir. ~i<l>nltim• poriod;_ 

9. n.,, D.>e,lncorpctOtM 

Twin'Dil< ha< 33.000 parts "-'Lih ei&hl leve!!. TI,ey ""a nrt <hng< ¡ype 
'l"'m ~irh <><<pr'lon r<po"• only, Thw Mot«ial sr,rus-Production Sch•d~l• 
t<por1 E>Jribn IX is 11toi¡;hlfr>r""d >nd roquUes li!tlc <>plon>tron. 

Twin O.,r; <mbod'" mrr<h of 1ho l>t .. l thinl<ing in their r<qu".,<m<nts pl.n. 
Thcy ohow MI on!y lo!al pbnned ore!<" bu! aho, on thc bn< bolow pl•nned 
ordcn, nphd<d req uire mo "" for o el u al ~us; omer OJdtrS n,,. cnobl<l th<m to 
di<tin~ui•h ho:wocn roqui¡;ment< ro m«t fo""" clo111ond •nd "quutmtnl> for 
rum ou\lom" ord•"· Rcquir<m<nl> for wual '"""'11<! ordors '"' olso 
combinrd tniO a "f>O s.fc" <-'ped'•te !<pOrl "-hi<h. i¿cntifl<> 1'"" th.at '"' 
ur¡;<n!ly r.t<~ed lo mlh >hipment< lO cullome.r>. l"-in Ouc t.'!"""' rhe"l0"-'0! 
l<•ci cr Cm bl Pon" ~<quir ed for • l"riÍOu '.a r Hl<n-.~ly, rdenti' y'rn¡; thc p>!l in 
>hort urpply r~¡¡ could J.r<p th< mrmbly frorn born¡ ~uil1. TI")' •lso peg 
u~~,.d. •ho~·in¡¡ the '".ll~dol li<ed On". 

WhU< nor >h~"" on the Exhibll, one of the r"'""' of !he T"-'rn Dis.: 
pro¡rom for purch.,ed Íl<m> i•ro _¡J,o" on the prir.tout lhc pri:n< wo¡l """' in 
-.Ir• "ndor'• plant "hor< rhe it<m "'<>uld be r.•d•- This eno~Jes lhom 10 combme 
r<quilomont> for >U il<rrtl modo in <ach prime "-'ork centor ond "buy" capadty 
/10m the >rndor wilhoul fJrming up actual plrt ord<r>. \l"hen ottempting !O 

ltiChodult one itom lh<y can >lso S< O .,¡,¡¡ othtr ítem• m!ghl be ttS<hodulcd lo 
h:lp tho vendor imp;ovr doJivery of llr< ~rgent ,.,lefial. 

Tw,n Ois.:, lil.e P<rU!l-Elm<r 1nd (ll.ok &. Doc~er, ••• very <>p<rienr;ed in 
U<in¡ roquirem•nt• pbnning. They ore lhorou~hly ,.¡;>fied with lhOir pro&rlm. 
ll> simpl"rci¡y eoon with th.e reDn<r!IOl\11 indudod in lhe >ymm. mak< il 
nol<worthy, 

IV. Worbhop Topia and D;scu'4ion 

A. n,flndcpcod~ru¡Drprndrnt D-.'mand rn~<•plc 

Tho p>riiCÍp>nl> rn lhi< "wo;bhup c~·,Jd bo '-'P"l«l lo h>v< ><rm< b'ru in 
lheir opinion> on .. helhn or nor lh< ind<r•<ndent/dop<ndont doroond <Qne<pt 
W.,. >~1~. since .lh•y are eit.'l<r U>lna ru dc><lopin¡ p<Otr>m> applying 

" Marerfu/ R.;q;.item<Ms 

requi!Om<nts plonnrn¡ for conrro1 of lh<l! d•pondenl rrem<. On thr olhor J,,nd, 
"'h h>< h•d e>:p<1len« u>ing ord<l P"i"" and willennlinue Ll>in,;urd<r po•nl> 
u:hero rhoy opply. ll could wdl be .,¡uod th•t othtrs who h.vc MI had 

C'f"'!Í'"" '"'"' b<rrh "'h"Í<J"" "' in,~ ...... , • ., ro~<ion 10 jud&• which 
"'orh O<ll<t in >p<erfrc circumllorr<.,. The con«~'"' of th"c UI0!1 >lrMgly 
"'rf·OIIed th< mdcp•ndontldtperod<nl d<m>nd prilltipl< on~ rhey ooo!ld frnd no 
r<>-.:on to quts!lon 111 volidllY. 

One rromr•ny '"'<nlly mrltd u1ing r<quircm.nt> plonnins on mo<l 
dt¡><nd<nl Llems but ><pi somt of ¡htir multiplc-u" ítem> on ord" point¡ Thcy 
found rhat :hr ord<l ¡><>inl neml ~--·• lhom lhc mo<l uoublr in mcelirr& 
o><oro~ly r<quir<m<nt>; they rnr.nd lO nl<nd rhe requ'11<m<nll plon to indudc 
lh<IO He m• in thc n<ot lutu"- Anothor rompony pul lh<ir low-"lue '"C" ll<m> 
on on o:dor-pcoÍill l~po "''"'1 .._,ni rol, omuting thcm from the rrqu'l!omenu 
pl•n. Eo<h "-'<'k rhe lnvenlory of thn< compon<nll is visually revicw<'<! fo1 
r<otd<rin~- Th<y ~.,., h•d no >i¡;q¡flc•nt problem> wrth tlu> •pp;ooch. 

Sorne ol th< morc nperifnced comp3nieo U>ifll l'qutr<mcnt> pl>nnifll 
~eli"ed thor low-\llue ""''' would not require th< "me •mounl of llltntion 
from thc rlannor ~'''"" ~f infroquenl orde,ng arod th.r rhey would bo bel!er 
controlled when inci<H1<d m :h• roquir<rn<n" plon. In onc in<tm<e, in,.~rory 
tran,.ctions ar< ncl pO<!ed for lo"'"'')~< 11oms but their requir<m<niS are 
nploded down lhrou¡h the ¡,~, cf m>lrriol• 10 b< •~•• shc o1d<t r~inl> r<flect 
curronl mago '""'· Ono of tho prohloms in 1-.:~dlm¡; low-volue rrcml u·ith thc 
"1<uol ,.,.,.,_ora •imil., Hrrorl•'·<d OidOl·pc,nt t)'rt ')'>ftm b.,cd on loi;:r,ti'aJ 

""f' " rhe P<''li';HIIl)' of oo "'>·""''"S '''"'hdr,.ti<ln pc~gram rl"''Bing ~'1< 
a~pkation of • cumpon<nt • nO rro<l "l'"i rt' ""'' dras:irally. 

In ¡<nora!, th•>< comp3n¡., ,_.mod tO 1'«1 \~al ••qoi,.menu pl•nnrr.g """ 

ju>tifr<d on Jo.,·•oluc "'""·' r.ce '•<'< cf th>< 'rt<m> roulrl """'" t<><mbly 
1Jn< !hutdo"'n- On the other h>n~. !h< rn>l ofr<quirem<.11< plonnin¡ in 1e1m1 of 
th< c~mputer explc<ion tim< or frie "ora~• re~uired mrght maho 11 n<C<IU'Y lo 
eA<ILJde lcw.,.]uo rlrrns from th< "qu~emen:; plannin& progmn, b :<rmpani<> 
that hove hmll<d compu!<r <>p>city. 

8_ BMtfliL 

In ••pi)' ro tilo qtrt~:•on of 1>1\<th<r or nur the inrrodLJction ofr<qui .. ments 
plonnin¡; gener,•d b(rrofrt>, the ¡r0up'1 an<w<t Wll JJ1 ovcrwhrlmin¡ "ye>". 

Re>ull< c•n loe found '•n four pril"lry "'"'' 
a. RrductiDn of com¡-..>nenr Ln;cn!ory le•ci>. 
b. l;npro•em<nl cf cunomt; sor vice. 
c. Rtduction in prnducr "'"· prin:ipolly d~tect labor. 
d. Ro~uclion in it>l'<nlory anO prorlu¡rion CU!o\tol p<aonnel. 
F our <o'n~lc ies "'ing '"~"'"'"""U ;l•nn cot ( or Co'l•id<ra bie prrrods of time 

'hve b«n >elec:cd " u.douti" of rhc b<nefit< f'OSUble: to ovoid revtalrng 
leonfrden<i•l illform•llon, thoy .re nol identofr<d by nomc. Compony A h., 
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inc1e.,od invontory turnnvet (ll"<d on in.ent~r~ and uleoat <O",''"' b:luling 
fini•hcd good•) from 2.9 to 4.5; tu!!o1n<r ><r"'i:< lmprov'd •bout 6%; product· 
mst dfootl bve not been docurnented; the number of peo1•'< In ir. .. ntocy •nd 
oroduction <onlrolls enenhaUy th< ,.me. bul thert wo,k ha• b«n upg~>Je<! lo 
indudo many analy•i• •nd control proc.dur•• nol po~\ible pre•iously. 

Compony B h>< "duced C01'1ponont invontory by 1/3; service h., improvoJ 
slightly; lhere ha• b<en no si~nir.cont chango In product msl or in the nmnber of 
peopl• in produc!ion controL 

Company C has ~educed in.,ntory by n'l-, .. ,,;o, is up appro•imately 2~; 
produ" CO" is .,,.nlially unch•ngod; lho numOer of p<oplo in invento')' <011lrcl 
h•ndHns the ordering cf componont• ha• tan reduced 3S%. 

Ccmparry O hu nduced ccmpcnont invtntory by l/3; the number of late 
crdm (thh is • rnake·lo<>rder company) h>< !>un teduced 90 te 9S'I-; the cC<t 
of the product is down 7\l.; indirect !obor indudin¡ lrucken, production 1nd 
in•ontory control penon11el, !hippin¡, receiving,l1oru, etc. hos been reduad by 
2S'Io~ >llhcu¡h payroll COSI1 did no! ¡o dcwn 2S% boe>use many of these pocp!e, 
p>rticularly stodr.room pe"onnel, were upg,.ded <Ubstanll•lly. 

Th• ju"incation of 1 requiremenu plonnin& system will cbvioU$1y be 
diiTe10nt fcr each c:ompany. When a oew sy>lem is insulled In • dyum!c 
env'ironment, ro1uho lte no! easy lo documont, Specific improvemtna will 
&pend lo oom< exl<nl on the effeetlvone<< of the ¡y<tem being replacod. 

The result< ~tcm putüng a <ysltm of this type In are aho I.Jkely to be drfforo nt 
for uch a¡m~any, depending on rnany foctcr<, One coml"ny known to tht 
oliendo" h>< a number of experienc<d penonnel with a higlr de&r« of product 
kouwlodge doing a >imphfled monu>l jub of «qui«monh pbnning. pulling 
ordm in th• >lo<kroom '"ly, doveloping <horuge lisll ftom the<c and 
e~ped1tin¡ eiTectively te gel needod !hort•g< item1. Th" is effeollve becoou,. o! a 
foirly otable product line and the pre10nce of uperieneed p!.nnen wit!t product 
knowled:;e dovdoped c.er • pctiod cf fofteen Y'"'- Thc inuoduction of 
toqurroment; pl•nni.ng in thil comp•ny probably would Ml achitve gte31 
imprOI'Cmont. [t may be nece,.>ry. howevor, in prtparation for the doy when 

• prod""n boco= loo complu fcr m;mual requiremml< plonnin~ or "'"'" the 
pbnnero currer.tl,v doing lh< job h>Ve been promct<d or retited an~ reploced by 

le" nperionce~ r<op\o. 
Poten:t>l b'"'~'' "' eonside,.b\~ gr.,ler in wme comp>nios. 1\'jth <<rt>in 

type• cf ptoduct•. fcr ox,on¡l•. ""mbly labor co•l• c.tn often be redu;:ed 
subUintUUy "'hon <Om¡"<•nent ,_,¡:o~Uily i> im¡•roveJ and il io unn,.«Liry to 

build or~und mi"i"1 '""'"""'"' 1 or boc:ow ccmrcn<na from oth<r "><mbü.,, 
U.n¡; wr:1put:r runni",; :tme i1 fr::;umll)' cited •• 1 m>jor d:a-.boc'< cf 

"quitemen" plor.r.'ns. J.loH ''""?'":" haY< M pr ~¡¡:> m• now nJOninb on th oir 
com,..,ton C>p>blo Jf proO·~;·,._~ '"" a froction of the p<>trr.li•l boncflu of 
t<:¡llimúnt< p:•Mi~¡. On< p.:ort:cip•nt pointed out i.~ton¡ibl., lh•t can como 
fror ';ui"~''"·" p' :nning Booon" from impro.,rnent in mou:e b<C<!Use r:>ore 

ptt~ oro »Otlobie >nd b<ller ¡trformonto ':y rl•r.nm lO whom the ')'stom 
m'Ü;« more ,."'' ue h;d lo ,,..,,,.,., L•·.> ''~odttiog and los¡ roed fe; 
informil! oub-rymm• ha>< buril,,_; eonfoJen:e ef "''Y"'·' tn his ccoo~•~Y-

ln l<n,.ol, ~<q~irerntnh plor.~:r¡ by com~~"' i• !lO! d,rfic~:t te i'"'"·/- In 

f•ol, be:'"'" lt ¡, faitly e.sy lo demM<lrote ode¡;u'< P')'ba<k, !~.¡, and 
obj.clÍ<« may nol be .. 1 neuly high <11ough. M•ny <p<c;ftc "'''"!' ond 
improvernent• may th.,. bo Ol'<riooked and n9 offort rnade lo achiev< lhe foll 
rosults the oystom is c.apoble of pn>dodn&. 

C. Mosm SchW~Iinr. 
Ncthin¡ much has becn wrrlten on lhis subjtct, yet o\ Íl lh< k•Y 10 

requir<m<nl> plannrng. Tho most<r sehedulo. usu•lly for le"l? ""mblr:•· ~· lhe 
ba<ic input !o the requiremenl> plan. A"~ m>Ster o<hodu\e" usod pencdtc.ally 
in a tt:tenenli<>n sy•tem;only the ~h•nf<l a<e tntertd in a n~¡ cha"i" 5y<l<m. 
The m> >ter schodule for "''Y company reprn:nted at thil work<hcp consioted 
ofbolh foreca>ts and nrm ordoa. At Blo<~ & Oecker, the m>nuf"turing grcup 
hos no rosponsib~il)' for flni<hed pooduct in.,..ntory; lhU be\ongs te the 
marketin¡ ¡roup. Monufocturi"'l rtceiveo a for<co>l of requiremonto by produet 

one y.ar in ad•anc• for eapacity phnning purpose>. 
E:och month the producto in tht 21 - 31 week time bucket ore reviewed •.nd 

"¡uthori<ed", thal io, the requi!Orn<nls b.come nrm frorn 1 M"k<trng 
standpoint and manuf•cturin¡ can be¡;n •p<nding money lo sali<fy th<m- -:· 

The requirements in the ]3- 31 week bu.cketo C>n be chonged r>lh<r eo<Uy 
u pon mutu•l •greomenl betwe<n M><kelíng •nd Monufa<turlng. lf le" than 1 J 

weeko from a"embly, manuf.cturin¡• invoslment i• gr .. ter •nd chango<'" no\ 
agreed to as roadily. Al 1 poínt 8 weok> from •mmbly, Marketing i~ requirrd r~ 
[inahu lo! breakdown, and from lhi< poml, chang<> 110 pc"tble only tf 

extr.><>rdinary demands occur. . 
Al Twin Dioc,lo-.1 1 1uj,..s10mblie> are forecall. Actual orden for fc~r<hed 

produ<u mn 1ing i.nto the sy<tem >re cht<ked ogaiost <ub·>s<<mbly .,,il•biltty; if 
enoush m>tOri>l is on h•nd or on ord01 fcr receipt in 11m•,tho order is <nt<red 
for dolí ver y •< roqun!ed by th• tu>lcmor. lf not, tho arder i< ><hoduiod in' l>ler 
time ptriod; il ""be <eviewed, hO>O<"'· •nd the >y<lem o•etridd•n tf l>t<r 
d"·e\ormonl• indicate a ch•n« of gerting the m>•eri•l throu"' lo m«t the 
cuslornon ,;q~i,.ment. The m»let o;:heduie use• lhe foreca<t or total of >e\ull 
crdtr<, whi,hevtr i< brger, in ea eh ttmt bucht. lf > oub-m•mbly hod a forec"t 
fm ten unrll ard custcmer> ordon '''" '"'""d fm •i•. the m.,ler S<:!l,Ju\• 
would use ten unitS; if •otu31 orden reqoired tv.dve. thi> higher \tr..'>l"ould bo 

u<e-l. 
Tho bl<nding d fcrecam oroi ,,¡.,,¡ •''J'" io dor.e m>nuaUy Ln the '"';~' 1 1Y 

cf c:or:rponi<l~ a few do il P"'''hy b¡ oomp·mr. The \oll01 requit: ru!e< IJ<•. 
"U>t forec•>l 01 ootuol, ,.·h::h"er "\"t". ''-"Pl in the nrot ei"'t w"'k' of lhe 
¡>\¡¡.o "" only oclual or~"'-· Th" a b•k:! o~ eiohl·wecks lud tim• for tho 

" 



loduction Contrcl u•'"'i historical <h!o ond uponentlal l!IIOOthirlt D:.t.a 
..=on!rol Sy<rerns, lh< fo~ea" is mod. by lile Matoriob Man>¡u wilh """' hdp 

p:od_u~t •n~ "''""'"' thu no arde" ""C! <ame In dulio& lhe eisht·~<<<~ p.triod '· 
requuo 'Upm<nl In le., lhon normollud lime. Obviou<ly, thi• time pedod will 
ehan~• ..• m company _to campan~ _ond th<'fe will be fr<quent ••~• in moe.y 
comp•nl"' "'htr< rt woJI be desiuble to hove otd<ro lh\¡>p<d in le<> than tM 
normolleod time. : 

· f1om 1bo M•rhlint Dcparlmenl. E•crJ<lll< o¡reed lhol , in th ..:>ry, !ho morkcting 
deronm•nt 1hould m•h o heovy eontribuJion lo the foreaot 1110d In the 
mllerl•ll plan: thost were many insUnC<I, hoW<V<r. "'""" n'Urhlin¡ did not 

The porlidpanh m>do a Olron¡ I'"Omm<ndati<m th•t caro bc t>lcM to id 
the_ pitfoll o( leuin¡ muter >Chedul< nquiremonro rau bod; into ..... ~:u. 
ptnod ot the nme m,ft. For <»mple, .. -hen 1 fo~tcon d<><on't malerialiu tho 
ditre:ence bth.,en >el u•l oode" ~tl<,.<d for ""'mbly 1nd the forecut couid bc 
~n.,drred • ¡>1<1-dur requhment. Thio Would th<n eiplodo down thmug.h aD 
lo,.Js, ¡<netatlng requiremenlo for lub-o,.•rnbl)<l ond parto that ...,uld nol 
actual_!~ b_e n~ded "'hen •chedulffl. Thtr< should nol t.. any ~pur-d..eR 
quanllll<• U1 lhe m.,1er och~dule il><lfunlea lho>< .,.ill reolly bo use(] 1114tldirlo11 

•· •aume much ,.,po,,.ibiUty for '"'liltic fortasts 1nd !he r<~;>on,bilny for 
deveJopin¡ 1 vo~d molle< ochodule fell on production and lnventory cont:ol 
p..:> pi< alone. Wheth<r morhtln¡ lo involved in foiecuting o< no!, !t wu rg""''l 
produ<tion conlrol pcople <hould be ••sponsible for de .. lopin¡: tho official 
m>.Uer schtduJ~. 

to thc rc¡ululy O<:h~<luled componen11; this requir .. eoiU.ideroble are ond 
otlenrion 10 developin¡ the muter S<h«<ul<. 

One topk d"<U!l<d in delall ""'' "'hether o• notan oncmbly dlould be 
r .. chedul~d whon 1 eomponent dlor"re oeru11. A purch.o«< eompon<nt, for 
<Umple, <Ould bo sch<duled by th< •endor for dolove1y sorne weeks 1rter j¡ il 
requi•ed. The con .. nsus "''' thll lhis '"'mbly should be '"cheduled 10 lhll a U 
eommon compon<nh "'onld be frecd up for .,,. <l><wh<re and •bo 10 o\o'Oid 
givJn¡ high p•iority to compon<nls nor acruony n<<d<d. The eonduoion of mol! 
of rhe p•nldp•nU wu !hU onytime 1 <om¡>onenl thll " no! requiied is bcin¡ 
w~rked on, il i• proboble rh.ot 1 componen! dut ¡, r .. lly requircd wiU be pushed 
•sid•. 

l'.'hot is !he b .. t oi!< of lime bucht f or o m•t<tialo plan? Those people who 
h_•d conoidor 1bl< •~petionce uoins requi,.ments pi•Ming indiat<d tha¡ 1 wcd;ly 
u me bu del ,..med prderoblc. The 1•oup cauld lhinl: of '""Y few oppfialions [ 
where 1 .dumer time pcriod wouJd be ju<lj(lod <>r ncc.,,.l)'. 

11'1 imporUnt lo llke capooily inlo 1<<oun1 "'htn d .. dopin¡ ¡he mu~er l 
rcl>edulc. O_brioully, oS.SCmbly QpiC:IIy wUJ JUnit the n!ISit!! Khcdule; putlin¡ 1 
~·• ma<e11ol Jnto !he muJer ochedule thon anac!u.tlly be u¡embled wiU only 1 
•nllatc componen! invenlories, ¡:enerate br¡;er .hon•ge lis!• and achiew no good 
reurlta unJ~ •ncmbly 111<s ott to bt incrcascd lo u!ili•c lhe n<=a 
componenu. 

l!lac:k &. Dod:« bu developed 1 ruio of Jllr!s fobrioation hcun ¡0 ommbly 
houn. Thcy dettrmint from tho finidled product foregSI the •=mb!y hoWJ 
requit~ and apply Ibis. rotio 10 delennine ,..,, fabrklticn houn 1~qui1ed :0 
<:o ver requireme~u for .. rvicc p•rts, porto, d.,. from othe1 plontsond ocr:u<ol)' 
requhemenu. lf actu.tl plan! <>p•clly is e>:ctedod, they nq:<>tilotr .,.¡th M01bun¡ 
to rtduce lho Ul<mbly ond/<z OC.Ct!UOI)' «qi<Írunenh. Cwnponen!s ore Ilion 
schoduled lo me<l lv:Ulable apocity. 

Who makes ¡he foroall "" which lile muler rd>edulo is b.a><d? Al Bl><:k &. 
DccUr this is c:lone by tilo M:uhtinc Dcp~nmeat. z1 Twin Dt.c .11 is done by 

" 

D. Con~~trsiM lO Ratuir~mtrttJ/'kn~rirl¡¡. 

Th< buic files ncc-ded ¡o do requirrrncnu pbnnin¡ on • compulu ore: 
J. The itom master (invontory) rowrd. 
2, Tho pr<>ducl tiiUCIUI< (bill of mal erial) tccord. 
l. Tho lll.ll!er schedule. 
4, The opcn order file. 
S. Dock c<dOI file. 
6. (Opticnal) Th• •llocotion file. 
Typical it<m muter record> "' shown in mony oompuiO! mmu>ls. One of 

tho most widrly cirCilla!<d is 1],r l'roáuction ln[omt4rion Olld Comrol S}""<m 
Manual E1M28(l, a'>ilable on r<qu<>l ftom 18M D1l1 Pioc<,.in¡ Oi\iJ.ion, 1 1 2 
E.,¡ Post Rood, Whíte Pl•in•. NY 10601. Oth<r complll« m~nufacturOII h .. • 
<imilll informlllon ""•iloble. One oi¡.nifle~nt ond <11!i<>l cmi><ion from typical 
ítem m1<1'1 I<<Ords ;, infotmation nuded to controL r<l .. se o[ work ID !he 
faotory. The lr>dotio110] oppro•<h is to h .. e the invon!Ory control syotem 
fi'R<III< ord<" rts>tdl .. , of !he pl•nt's capa<ity lo h•ndlo lh<m ond th<n Jet 
produc<ion conllol o• pJant poople worry obout how lo Jel l.h•m throogh.. 
Todo y, lt is becomlng w;,ioly rooo¡niud lhot J"'d time c:onuol requires lt•<llill¡ 
oul !he lnpul of wnrk, 11 leo<l lo 1taning deportmena .. he,. fl Js mos¡ euily 
conlrolle<l, Th.io r<quiros 1omo ord.u lo be releo .. d .,,¡y lllll the 1.111< ~ 
idtntlfylnc such l!ems ll eosy if cht ftem maller roc:ordl hove in them oomc 
referencc lo the key mochine ¡toup os <IJI1in& work ccnter eoth ilem JOCI 
throu¡h. lnform1liOn shouJd be included in the !le m ma>ler ro<ord on: 

J. The key <l>rlin¡ dcputmenl. 
2. llu:Uymodine&roup. 
l. Ser-up time. 
4. StUldord hou" of ruMin¡time. 
Úb>'ÍOUIIy. key rnochine JIOUp$ 010 110/ iJw1y1 !he rU"<< Op<llliOno {"cU\olJ"" 

or ~rough rrindin¡- could be !he rnJI upcnrion altho<>¡h the kluuet l•!hes~ ore 
!he key mochine ¡roup ond could be lh< .. cond or !a«t <>p<ralion). Wbile such 
infonnotion is included In .hop ruu/i"" U ;, dnlr>b~ not 10 hon lo r<fertu<O 
lhe roulinc file befare dot~rminl~ whelh.,. the order U actuolly ¡oing •o be 
teJe,.ed 01 no!. 

... 



The produot stwcturo fUe 11 olso woll cove1ed in the Jiteroture. n.., muttr 
ocheduJ~ fae ¡:enerolly hn't; U would contaio !he ir.(ormation disa"'ed Jn 
S.tuon C- M":er Scheduhng. Tht opon ordot nle contoint pertinent dota on 
opon . pu~<ho,. ."' manufact~ring ordors (not custnm<I ord<fl), indicuin¡¡ 
quonUir., >nd Ume p<llods m "'hkh they will !>e ><>ibble for requirements 
planmng. 

Asscm~ly nften can be start ed even though one or two parl> !ha! go intn the 
prudu<l >1 a final m¡e of a<>tmbly ,,. mí»ing and sorne companieo 10¡03 ,. ouch 
ord!~'- In !he aboence of 1 wei!..J.,i¡ned allocation proC<dure, b<:raus~ rh~ 
,.,qum:mentr {ot theso parrs ,..¡¡¡ not be indudrd with t/l()sr explodrd doWII 
/rom IM m¡m<r •chrdu/e now that th< QSttmbly order Ir rtl<a:ed," /xrd o..tu 
filt mus/ ~ CI'"Oalod. Dat• from this fde i1 onl<rtd into the plon at !he 
romwnent leve] lo .t.ow thn a toquirement <tUl o>Jm "AllocatJnn~ 0.. ' liS' - v,voereu 
a ter n ectron L,_ can mean many thin¡s and ;, diflinrlt ro h•ndle ecneclly; the 

bock crder file 1< "m pie •nd m•igllt-forwa:d. 

The following topico ~re the onos the group felt mo.r stron&)y ln!luencod 
<ucco;sful ecn.er>ion toa requiroment¡ pllnrúng sy•tem: 

l. lk SUr< titar bill• of m•teriJl aro complete and ocnrr>le O,eck 
doubl;<heck, ond lnple-.che<k them. Any part not induded ,10• a bi11 

0
{ 

m3l<r~al won t be otd.,ed. lJ~ng the bil! of moterialo•, pkldng US! and 
theck•na lll u~pla":'ed ltockrOQm tun,.C!ion5 wu '"U"'led 01 an 
<ffectrve way of rn<unng b~l of matorial accu racy. 

2. Elimi_n•t• in..,ntol)' I<COrd erroro •nd keep rooord$ accurO!e. Ju>t <>k in& 1 
:,hy~t~ m>tnto¡y i$ _notenough; true record occur>cy 10quireo developing 

«rplrneo and senrmy so that a!l tran,.Cliono are proper]y JOcorded 
Titere ts ~ noed f~r • "Zero Defocu" approach in this area, slnco opero ti,¡ 
•n dlúuve reqwements plon plam ~eater demandJ on invonlory neo•d 
accuracy, Only by lhis means <•n e.ce...;ve inventor1eo heavv ex~edif 
>nd i ft r · r ·' b • ., ,. m& 

ne ec ''" Jn orm., ou ·sy<teml (like physk•Uy bytng out p.arts in 
advznce of a.,.mbly needs) be elim!ftlted. 

J. :re•~h people how to devolop the mast<r <ehodule properly. The rorsl 
tnchnatwn. of schedulers accu<tomed ¡0 other systems ;1 lo use the 
comruter OJmpl¡o 10 generare a giam shomge lill. 

4. !k su re to tdlthe master ochedule 1/rr tnllir. The import•nce of this wu 
omphasi1cd by aU participants. 111>on lea:! time ''cu.t.loos~ are inoert..:! O< 

the maneJ so:hedule o..,rsr.red. tho pi., wm "líe bacl< 10 you- by 
devoloping unnecesoary ordors. One C<>mp.:rny h•d miou5 problems with 
111m rrquirements plan b-ecau,. they uKd u • mlSter >'th<dule the 
Oni<hed product !hippinz schedulo tllhtJ thon the ,.,U of porto ¡hoy would 
withd!lw from th< stockroom for bu!k '""mbly proc<ding fino! a<semb?' 
ond >hiptntnt. Th• mart<r schedule must renect thr q~onlíties (J( Í 
("(fmpoMn/1 lo br puJ/tJ /rom 1/rt <IOcbo<Jm in e¡dt time period (O.f 
usembl¡o. 

Mottr-ó:l Roqulrem<nfl 

Converoion lo requlrcmena pianning wao a<nerolly mode ,,ry cautioully. A 
few of th< comp.anies bt;:>n rt~"i!em.-n!s plonning on o pilo! baoio on one 
product lino befu1e going lo •Il p•odu<1S. They felt >lwrr¡;ly thot thcy would not 
do il any other way becau<e of the prcblcms "rnvoh-ed In l<sting !he oyotem ond 
troining people. The m<jority of th• oompanios st•rted requirement• plannm¡ on 
1ll product lmes sim1ol:anomrsly booauoe they h•d difficulty i•olating ene 
p10duct llrr< for piloting purpo<eo. 

lt "'" omphasiud lh3l tho fewer the thin¡¡S that oro ch>nged, the ,.,¡., 111e 
in.,.llation will h<. Dramoti< c]-.-¡n8<> in lot-!izing, fot exomple, <hould not be 
introducod rimultoneously w:ith the con..,rSion lo ~equiremooto pla11nrng. Every 
dfort •hould bo mode to minimizo the number of polentia! pr<lblems ond to 
pr"ont '"'"lated upoots wlúch might biu pcople ogoimt tho prog11m. 

Comp.ani" which h•d ,.cently otart!d requittmen\1 plannin¡ !Xpetienced 1 

large number of rrocbedule¡ of open purohas< ond manufacturin¡ orders. Now 
Britoin Machine indi'"ted tlutt half of their open ¡>Jrcha« ordero were 
Jeschedule-d out woU beyond tho normlllead time. At Dict>phone, inform>tion 
in tho itom m"ler record on key operotions helped gonento the right advanr:e 
ord<n whon \he inventory oystem indicoted no requirementsfor 5ome crit\Oal 
work •reu in lhe plilltt. • 

Everyone <mph.,iled tho need for troining and portidpation on the p>rt of 
th< m.efl. New Br'ttain Moch\ne, for '"mple, pJepared typed <a¡nple 
requir<mento planning >hee11 alld reviowed in detall with the plannen how !hoy 
would use such information weU in ad .. oce of c.omputer output. Th~ 

r«¡uiremrnts pllll1nin¡¡·system áoos no/ conrrollm-rn/ory, peopl,do; thq ""'" 
undentarrd tht! ryst'm if rlrq an' ro u>r il intellil!'nlly to ITUJÁe bf'uor drcúlo= 

One of the quo;tions discussed was tlw! nwnber of plannero needed to teview 
r<Guiremento and lnitlate actlon. The moS! that ony comp.ony h>d was sU: the 
r~weot was two. Thtr< seemed lo be no amelation betw .. n the number cf p.oru, 
th< number of Jc;•els to the nsembly or any othe:r meuuf3ble number, 1t 
d<'pend• m-ore on !he type and number of ded'iiora being m•de: a c.omp.:rny 
,.quiring utensi•·e f<view of engin«ring changes tluough their requireme~ts 
pl>ll wil! need mo,. personnel than • compony not needing as much oonuol 
effotl. As cited prc•iously under Seotion B- lknefito, m-ost r:omponieS found 
they cou!d achieve the dotited control with redllced planning personneJ or. 
grutly impro"" control with !he S3m< number of peop!t. 

One point obvious from this group "'"' that in evo¡y ase tho u<er of the 
syotem had full tesponsibility fcr d.,;¡ning an:l in¡taUin¡ roquirement• pbnning. 
In no C3se was • consultrng firm used fo¡ anything but oo:asionol guidance arul 
odvi"' ¡., opposed lO llavín¡ reúdent conoultanto de.ign the 'l'stem) and in no 
coK w.u • syst<ms group within the data procossin& d<'plrtm<nt primarily 
respon<ible for the sy<tems design; thi> responsibiUty was alwayr assigned to tho 

~·· 
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E. Stock Status RU'Ord> and Stoclroorn~ 

Sound "'l''"'"><nl! planning dop<nd< no occurat< inl<ntory "<mds moro 
thon lh< common "ord<r roint plus exptdJ!ing" ')'>tom. ll"uh ordtr roinu,lhe 
infotmal 1ymms of pulhng puts ,.,¡y to nnd shorug<!,<tc., '"IIY cnnuol thr 
in-.ntory (><e diSCLJS!ÍUn on poge 24, numb.,od pmgraph 2}. 1! i> 'tmpentive 
thetefort, that >ptdfo< st<p> bo tokon to makt ond k«p in'Omory ro<ordl 
accurote. Th .. e '""'"fui compani<l summ1d>ed the drom,tk thang<l neoded 
in th<ir >loCktoom>, rrco¡;ni«d "tlt< rour<< of mo>trtcord <11011: 

J. Stockroom< "''" loclced .., that the otoreo supt,.;oor could assumo 
re•pon>ibillty fur and rr•lly conlrol bolh p.1 pe1work •nd mateml flowJ. 

2. Tho irnporlanco of "o<k room control '"' reco¡ni>ed by lop m.anagoment•, 
in o~ ,.,, thr P'""d<nl himself set th< eumple b)· in•isting thot e.en M 
be arnong the non-authoril<d poople exduded fronrthe >!ucboorn. 

J. Peopl< in the Slockroom h>ve b«n upgraded in p>.Y and <Uius; Lheir prime 

"'ron•ibi!Jty n .. beon defined .. "rmintOlnrn¡: '''""" teconh" -
" prop<r care and handlrng of m>torial" has be en rn•de s<eundary. 

4. Adequate sub-<yslerTl< h"'e been sol up 10 insure rhat on¡:ine011, produCI 
l'rvice peopJe· and o<Sembly fo1em<n, who may nrod par!S when 
stockroom< are nO! rnanned can be "tl'icod but adequato paporwork 
records will be maLntained. One company no\ repre><nted 01 Lh• worklbop 
h., se\ up a "P"'" open >!ocle atoa with l few of ea eh comp<mont lo fiU 
<uch ncod,. 

There wu goneral ogreern<nl t!ul lighl stox~room discip~ne is vial and thll 
rocord occura~y will probably never b< completely >Oirlfactory. Countrng <rrors, 
for oxample, cannot bo avoided and oudih of rocord occur.ocy lhrou¡h cyde 
countlng wm ¡HU hove o small percontogo <rror, partkul>rl}· on lo,··ralue il<m<, 
which mus! be tolemed. 

One oornmon error, t<pecially ... -h•re pi! !O look '"Y much alike. occurs when 
the wreng item ;, pulled from the stockroom bim_ A,.ombl<" er shop people 
who find the OfiOr loter m•y •imply hold tho par!< for future ~" and draw the 
correct parts from stores_ Alternati,..ly, they m>y return tbe inconect paru 
while withdr•wing the corr<rt enes, In enher c.,e an unplanned lran..,cticn 
occun •nd thoso ,,. mo<t diffrcult !o<ontrc> to provent moro, Unlrko oounl'rn¡ 
errOn which moke <>nly on< rec~rd wrong, id<nllfie>licn mi>laku v.-IU e.u>< 
rmm to Ot0<\11 In rwo re:ords, ene for lh< r111 actuall)' wrthd .. wn and ene fcr 
tho por! which •hould h"·e bocn pi<l<ed. To rnlnimil< lhi1 problem, Larry 
Sheley, Jnventory Mon•ger 11 0.11 Control S)'"ems applr-.1 an in¡enious 
clred:-digi! techniGU<. Check digits c•n be e.lculoted LO m•nY woy•, one of the 
mosl cornmon ls the M<>dulus 10 m<lhod, ""don mony credit ards lo detect 
erren in accounl numb<r<. Usin¡ lhis m<lhod, 1 cherk digll is <-alcul•ted as 
followo: 

Auum• thil the patl number is 138209: 
Step J. Stanln¡ wilh the rig}rt hand uniU digjt and proceedrn¡¡ frorn 

' 

right lo Ioft, double ""Y other dig¡l, i¡noring intermedi>le 
digil< ond h•ndltng arry<>Ver quonlrlies U>etly 11 in normal 
multiplialion. 

' ' 
• ' ' 

o ' • 
Step 2. lnserlthe original digits that h••• not been doubled: 

' • o • 
Step 3. Add lht!• digit1. Total z 28 
Step4. Subtract the units digit (8) of !he sum from 10 lo obl<lin Lhe 

check di¡il. 

" • • ' 
p,.¡ number, including check digit is then 1 ~82092. 

Data Control Sy<tems lrJ! calculate<l 1 check digll for l'och of their parl 
nunrber<. That digrt appeors on the bin separat< frorn !he part number, When the 
•tock man pich m•t•rial from • bin, he writes tbe chook drgit on the r<GUi<ilion 
when he posts !he qu•nlity withdrown. The chock digrt IW!nrally dQcsn'l appeJI 
on requl<rtion< or on the master p>rh lis( th;t ho would use lo m•ke out a 
requ1<i1lon for In unplann«l lun..,ction. Whon tho pm number rs loypumhod, 
a chock drgit is calcul•ted by the rnochine •nd compored to thc drgit that w.,on 
the bin. lf !he« do not coincide, an error U indioated •nd inuned<ately followed 
up lO det<rmlne wh•t happened •nd get the record <Ol!<Cied. D31a Control 
Systom< concludes thi< h" rcducod lhe nurnbor of part idonllty mrsuke, by 
beller titan 90%. 

To conuol unpl•nnod t!lnuttions, Dota Control System• ~ives tho supervisor 
of the stock room a topy o( the toqt~irements plan. lf 10moone 'rn <he p!.nl 
requests mot•rl•l indleoted u •••il•blo on she roquirements pl>n, he <>n h•ue lt. 
lf lhero are plannod requ~erncn!S •g;in<t tlrat m;lrrlal, tiLo roquO>trr mul! 
ob toin the opproval of the in ven lory plarLn« befare the matcr i>l e>n bo rele.,ed. 

F_ Br/1 of MatNial S!tut!Wl! 

Most of the t:umpanies ropresented !1 thU workshop had sat,.factor~y 
sttucruttd their bill< of maLCti.ol ood were no longot con<ern•d "uh !he pr oblem 
"> tbrs "" not a majot topic. In •1 lo.,¡ ono comp>.ny, !'lle< •talrStic• aro 
main\ainod for Leve] O a<semblre< lt wilS recugniled thot foreasr accuracy is 
1..,. th•n it "'ould b< •fthey b.,od it on history of lev•l 1 amrnblre< be<•u,. or 
th' lromendo•H numb<r of Lrvel O O<s<mbli•s rn•d< from , relotrvely fov.- •t 



u. nrgm<<t"'t <.114f1l< COn/rol 

All parHCJpalrng cumpani., recogni"d lho tletd for guod control of 
engine<ring cllJnge• u n<reS<ary lo m>intair.in& accur>le bills of mal<ual and 
minimiling in•entory ,.rile-offl for obsoleto motelial. The probloms become 
mme ocorl< when .,,¡,,g rtqui,.rnenu p!.nning O oc auto the brll> of "''"'"1 ate a 
•ita] elernenl of lhe ¡>lonning iy<ltm in addrlion lO describing how the p1oducl i• 
pullogether. 

lilac k & Ded: er h" a wol)-d.,ign<d ond oporatod enginterin¡ chongo conrrol 
1)11ltm und<r the dlfoction of '" Engin .. ring Chango Coor-diootor, r<porlrng lo 
!he lnv<n lory M at>oger, Chonges oro da,.ifred as: 

E {imrnedme) - lo be made ., soon •• tooling, purch>sed com¡>onenl, and 
phys,it~labihty of plan! perm!l. 
E- (n be made a<scheduled,lied lo a spttiflc ordtr for fonr$hed producL 
l' - 10 be m>de al the con•enienct of ManufaC!uring, ro achieve mlnimum 
costand obsoleto invenlory_ 
For >11 but E {immediate) chang.,, the ECN (er.gin.,.ring chango notioe) 

numbor is linked to • wecific order for finish<d producl in a time period in the 
oomputet. A we<kly cngmeering change analysa program in the cotnpuler 
chocks 10 detelmme whether planned fini"'ed producl "'quiremenl< havo 
o<lually mareri,lizod; if not, the ECt' "dfeolivity date" or ''lene<' JS moved 
ahe>d or b>ek lo tnake thc best uso of av01labl< oomponents. 

Twin Drsc utilize< an i"genious apprcach te h.andle the timin~ of opllon•l 
ch•nges. lf Por! A is o <ingl<·item oomponenf repl::tced by Por! 8 In •n 
en~inerring ch,nge, 8 is «t up in t!re'btll< of "'""'tal of all pmdu<l< U<ing A. 
Tñe ')'$tem i< told th•t "A is m.1de frcm 8" and !he ]<ad timo and order 
quontlly for "A"'" s<l a( zero A> requiremenrs plannLng <xplodes • "'"ter 
schedule lo derermme loto! demands for A, "'il•ble quamilies of A wrU be used 
up. 1\'hen gon<, net requirements for A w¡]]lri!llltl gro., requ'oremon" for B. o 
de" <Lgnol tnd1c01ing lhe time poriod in whioh 11 will·b<: roquir<d ond thO! A 
,¡,ould bo deleted from bilh of m>lerial. 

lf A js • <ub-assembly made of stveral componen!<, 8 is chained in lo the bilb 
of mareriol as rhe ttem fwm which the compone, ti having the lo-..'<'>1 Q\·ai/ablo 
quomity is made. The synom then callo fcr ¡; only when ill po<Sible quanl\lie-s 
of A ha ve been ><stmbled and tr<rd. 

Twin o,,.., is, the¡efore, a q~<antity·b~wJ eontr~l. romp:ued lo Black & 
Deck<I's tim~·baud control. The Emrrson Motor Divi$ion of !he Emerwn 
Ele mi e Comrany uses a "ph"e '" 1 phase cut" control simil•r lo Twin D,,.·, 
where fe.,ibie', in other areas, lhey ""' ~ 1ie-in to a specific manufacturin¡ lot, 
hke Block and Deckor. 

C<Jmpam'e< hat•ing uporiNrcr "ith tnginccrin: thongr cvntroJ pro¡;;rorru 
tmpirariud Iht m•cd {or mttflittnt human dirulion- The deeper they gol into 
1uch programs, the moro obviou< ti t>ecameth•r qu.,lions rel>lmg lO dt<posilion 
of ob"'lete parls, r•work pc"tbilirie-s, locling a-.iiabiltty, ><ndor c:rpobtliti<s, 

Planning by C<>mputcr 

Uve! l. 

Mosl of the <Om)''""' "presented did nottry lo mirntain bllll of m•terial 
for U >el O il~m•. TI.eir b~l of m•tetial record• covered th< mojor oub·o!5<mbbes 
but not the lup levo] a<>embly •inc<, in most ca,.s, !he productlhipporlto tho 
custo•ner 'ts qu'tte moduill and a<\ &lmost infinito numbe: of L<vel J 
combin.rio,1 o is rouibl:. 

Sorne of lh< comp•nies h"e carofully struolured their bill< "' t!"t !he 
oomrnon <omponrnls ~sed in many bills of mate~ial ore grouped uDder a "kit" 
nunrber so lhol the indrvidu•l components appeor only onu. The uniquo 
cornpol\ents are cumb'1ned Wrlh lh< kit number lo make up the actual bill of 
mot<tial Ustd lo manufacw10 lhe end pro-duc!. 

A bill of material in a computrr symm rloesn't have lo represen! an •crual 
sub·.,«mbly: Íl can repreoenl 1 stl of parts lo bo combrned with olher 
components to mal; e • true O<stmbly. This appro,aclt can m•h fcrecasring more 
accu,.te oinu the common compunent "Krt" will tend to hove more <lable 
dcmand thon lhr m•ny sub·anemblie¡ that uso lhes.e componenll 1n 
combinalion with many unique componen ti "Kits" can also reduce the WO!k of 
mamlaining bill< of materiol m .. for engineering cb;nges, ,¡,ort<n computer 
proce<sing lime, reducr thr ston¡e SJ"l<e required in the product $\ructure mr 
and <implify the ca]culation of <;~(ely stock {di«u"'od lotor in Section 1 _ Safety 
Stock). 

Frlh01 Ccntro]s structurin¡ pro~lom typifies tlut o( any company whos.e 
product is exlreme]y modular, sold in .. ry <mall qu•ntrlies per order wrth 
lhou\:lnds of Jndividual ordetS received each "'"k· In a single prorlucl Jine the 
number of combin.rioru oi »lve bodies. gukers. opnngs. nn;n¡s, pilot valve 
""'mblres, etc., could give them well o•er ' múlion po•Srble r>nal product 
conj"j~ura<ions. h is exrremely unlrkely rhey woll «U sorne of e>ch of !he 
f'O"ible configura!Jons just "" autcmobil< manufaoturers are unllkely to soll 
<very po>Sib]e comb•n•t ion of '" nsmi>úon, body, radio, en¡ine, el<., thar C<'OUld 
be nude. Trying to •ntidp>te which bilis of material are required to d<«:ribe 
lilcrly combtn.rion• "an 1mpos~ble 11sk. 

U<ing lhe lecMique of "super~trucruring", they have developed an onhr 
en u y malrix that •llows them lO speeify the end ptoduct by calling out of the 
<)OI<tn b•lls of matorial oftho modulesat Levo]] needed lo pultogether a valve 
asmnbly m.etin g thoir cu•tome.r'• specifJc•tions_ The ,.,.,11 actu:tlly is 3 unir:¡ u• 
bill of material for eoch ordor. In one product hne alone, r<structuring rheir bJI!s 
of marerial lO inclode only le.e.l 1 .,,.,mbhes and pulting <ommon par!$ on • 

"''""'' bill cf moleri•lto avoid repeating them lhroug_hout thr producr bno has 
r<sulted tn roducina the number of brlls o[ material f10m 288 to 48 and !he 
number o( product slructu¡e records f ro m S ,&40 to JJS.' 

"Srop: B<fo" Yoo [1,. ll>< Bal Proce...,r," Dove Guwood - PtO<Io<t.ioo 1. !n~ntóry 
M'""""m<or- APICS Jourool. lrrd. Q .. 1~10 
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quality and olhor fotlo" c~uld nol be f'Opamm<d 'onlo t~r compulrr, 

H. Loi-Si:/1'1: 

The cor.\<n<ul of lhr ;roup ,..,, thal "p>rt·poriod b•lancing" woth thr 
"look-ah"d /look·bock" f<>lure i< O''"·loplú"kotrd. Thoorelital "Conom· .. , 
moy be ro.,ible u<ing rhi< l<chmquo. bur lhe fore<a!!s •nd con utimotos that ¡o 
inlo lhr r>lculauon hordly justify tho ["tudo-pr<ci<ion thal <uch l<chniqut> 
•rr<ar to producr. In add111on lo this. lhe Bt<>up foil rhar tile difficully in &J>in¡ 
• ,¡,, nplan,.ion of th< look·ohead /look-bock (t31ure to on\Ontory pbnnt!l 
mighl wd\ off"' •ny poi< no i>l benrnt< Ont of thr principios of 'Y"•m d<'i&n 
10cogni1<d by tht panioipanl< wu. ""Mak< lhr logk obvinuS' and lhis wn 
>iobl<d by lhe IDO~·ohead/look·b><k fulur<- Th< loo11 lolal """ or 
p>rl·p<riod algoruhm without look·•h'3d { look·b"k • PP"" nlooe '""'noble. 
Mo<l of lh< <>rerioue<d compani« had mndifled oven lhi< I.Ohniqur in lh<ir 
prngrams. Only two componios wrr< usiog lht fuU ttchnk¡ur and did ool ha•• 
<ufficienl oxptrirn« lo draw nrm condu<ions. Ont olher used part·period 
b•l<noing bul imposed • cciling of tight wt<k<' supply on th< lol oiln. twc 
romp;mir< u«d Period Order Quanlii"~rs·.lht r .. t =<1 Cixed lot·>i«•, mod•Ci•d. 
by ruroh"• dlScounl•and shop rrslriclion<_ 

US111g plO·d<terrllintd lot Sil<$ in a tt~UII<mtniS pJ,n l<nd• lO g<n<nl< iO(S 
that do nO( match compontn! requil<m<nll. This. problern wos di<cussed in 
Seclion O- l<>l Siring In addil1on. a <mall inma>< tn "quirem<nl< ot lhe lop 
lc'OI c.n g<neralt •n ordtt for • fulllol ,;,, •nd "this gtnerJI<i olhtr ordeu 
down lhrough lht l<><ls of •ub-os<embli« •nd P•"•- it can resull in a trootly 
amphf>td drmand. 

U<ing ony dynam" lol-<iJing t<<hniqur. ''"" POQ or "<""' rool EOQ 
recolculaled wirh r<quiremrnll planning. ~"'"'' somt serious problems. Thr 
problems rclal< to rosc~odulin¡¡ ardor< and '" d01numtrated by the f<>llowinB 
examplt: 

1. At le•ol 1 tht roqulremonll rl•n g<ntr>ttd a planned 01d<r for ¡000 
UOJ!I. tholol-!iu of lhe sub-as.crnbly. This &T<>IS r<quiromtrit geroer01ed • 
n<l requiremtnl fot 1000 JI Le .. l 2 and a manuf1c1uring otdet wos 
rd"""d lo lht $hop for lOOOon "'hich "''Ork was slorled. 

2. The follo.,·ing wook toquiromonls at lhe ~<•r ¡";,¡ •re changed:" 1 tO>ulll 
dynamic lol <l>mg lr<hniqu< rtcompul., tho lol sin •' u.,..¡ 1 and 
<hanges il from 1000 lo 1150. The problem i< wh•l lo do abo u! lh< upen 
utder for 1000 of th< L<>ol 2 comronom? 
D}·namk lol siringa\ Leve! 2 migll! "'" rnmbine this rtquiremrn! with 
nthor !.<><11 «quirom<n" to "l • much l.,ger lol-size ¡han rs needod lo 
ce ver th< 150 addttional, all bosed on lol-<izin,g economics. 

ll>r «>mi"<>Y wilh th< Ion&•" "r<ri<ne< "''lh Period Otder Quantuy 
vcrified lhal r""alcula!inns of lol ''"' on a d)'n;mic ba>!O did croa!< • nurnber of 
emrr¡ency ordtrs •nd w:os • sorio~s problem. The problem i1 <lmply .r¡¡ed -

d)"namic lor >izing >1 one le•<l can p1operly eombiM and rewmbinr pl.>nntd 
nrdm. bul, if .clual ordon h»r bttn Jel.,,.d, dynamic lol-sizing '"<cnnomies" 
11 Leve! 1 can cre•le >cry heavy >ddilional "!<hrdubng com •1 U>el 2. To 
a>oid th;, problem. lhis ¡ene"lapproach was r<cornmended: 

]_Al tllt rop lrvel, "''a fLxed order quanlily. lf r<quioomenls chango. >Oty 

lht /Ímm:. nol lhe order qu"miry. 
2- Al irltermedi11< le>rls, ordtr onc-for.ane. Thi• is genorally acceploble, 

sint't <uh·ai,.mblieS w-up litnes lond to be "''Y low. 
3. Al lhe lowt1 l<'<b of lhe bill of material use ., ¡ rl;.cortr lol~i1in¡¡ 

technique >U<h '' POQ orLe.,¡ Tolol Cost. Sin<>! thest wrll be nplodtd 
down lo • few luwer level rlrms, mainly purchaS<d.raw matomls, the 
r<><:hedulin& problem is minim!U<i. 

Anolh<t potenliol solulion lo lhi< problcm is lo deleomino for on in.onlory 
llem tho cumulalive J<ad lime down lhrough •ll ilo lower J"rlo •nd. u much., 
!:s proctical, use lhe rule: ··¡.;o pl•nned order wnhin rumulau .. lud time con 
h1v< ils quan(J\y changrd". No one is using lhi< appro•ch, bu! ir oounded 
frasible to lhe g.roup. 

Only OJ\0 .:ondu•ion emerged cltarly from this dl!.cu,.ion- thot dyfllmk 
lot·•izlnc lechniqu., ., .• ,. •••i<r lo develop and prog"m thon lo use in lhe real 
world. Mnll of tht more sophislk.attd reo:hniqu<S ho•e yet lO pm'e thot lhty 
mal:< pouible reol4ife benrnu. 

l. So/ny Stock 

or rhe throe approao:h., to '"'ing s:~ftly <tocks discu,sod in 1~• wn,bhop 
(so< S• el ton 11 - Safety Slock). none ap¡>eartd lo be fully dt .. loptd a< yet. The 
objeclioru to raUlj ••s:rf<ly oim<w ,lying 10 !he '> slem. int1alin¡ "ork ·ÍO·p!OC .. I, 
<l<"' h"·' aJ,.ady bcen ilaled. Thi1 •pprn>eh should be uscd very jt,Jidously, if 
., •JI. 

The lhlrd method. an lntt:<>ling new 1pproach, "'" being testtd by Nrw 
Brola<n Machine Company. me""ting tCGUiromOitl! vari.<lton• al critica) 
crom¡xm<nl leveb lo se! ¡UiistH:al s:r.fely otocb lik• tho" used "'""h ordrs 
poiniS. Th<)' hod no! yet had ~uffidtnl •~ptrirna lO dta"'' Cirm conclu•ion>. bol 
rotiY indic<tioH< w<te nol promi,ing. 

Tht <Or:ond m el hod had tltt must praclkal 3pplicalion. Sllli<llcll analy>Íl of 
demand •oriatíon c..n be made at !~< end ptoduct le><l. Foreca<\ ruor e<n be 
dotetmined and "fety stock< rcl.uod lo lh< probabilitY of mcetmg a &i'<n tolll 
dem.1nd. For example. if end ilem (or Le .. l 1) demand •verages 10 units pt1 
monlh. anai}'SI> of forecuo error m.oy indkalt lh" only Ji)% of lh< time will 
demond o.coed 15 11m h. A 90'.t "tvice ltv<'l gnal "'"u Id lhen "qul!• 5 uruls of 
.,¡,¡y S!ock, ond 15 units would be en!<r<d lnto !ho plan fo: !ht curren! month 
wilh oen unils in <och succerding mnnlh. 

]Btr<asing lho tnp le>el input by "'uver·f<>r<<41ling" in lhJS manll<r stemed to 
be 111< r.lOSl practrnl'>pproach bu! it inoroducu the p!oblem of avoidínt 



pyromidlng ,.rety stocb of mmmon <omronent<- A«ume, fM <>ample, three 
"''"mbli., A. B lnd C ~<·ith d:mond i01<t..,t •:>el error •• indkated: 

9S% S•rvice 
A,...mbly Foroc•ll Fo~t<.a>l EHor 

A 10 3 
D 20 7 
e 15 s 

There will be M ptob~<m wilh unique oomp<'n<n1< going inlo lhe" · 1 
''"mblres; lhey will h•~ "f<ly >tock requir<m<nl¡ <>plodeJ down to ll1eir 
le><l on!y for lhe .,..,mbly in which they ore uoed. For -.a m piO, J ''" of unique 
<omponents should be ordored tu prnlect against domanll in <>oess of fo~<cast 
for he m A. The safety otod foro common componen< &oing into Assemblies A. 
B ond e would be J5, howe.<r. Sin ce 1he maximum domañd for all a«<mbhos b 
oxtremely unlikely 10 nccur simullaneously. 15 "ni :S of safoty stock of c.ommon 
p.or1s "''U Id l>t e.ce,.i>e. 

A formub Widely U!ed in quality conlrol·to handle "inlorferonco fil" 
ptn~lemt orisin& from lhe cumulati>e effect of toletanc. ''aria bies, known lS lhe 
"squar< root of the sum o! tht "~""'''"·can be opplied lo thio problem also. 
U~ng this formula.'<>fety stock for a componen! common lO Asscmbli" A. B 
and C would be cokui>ted •• followt: 

S.fety stod --Jw • (7)' • ($)' 

·v' • " • " ~~ 
• 9 un1ll 

Thit formul• ·,. being u sed in an off-line, periodlC calcul"ion by Da u Control 
Sysl<ms 10 d<t<rmine ,.rety otock quantiti<S to 1>t pl.•nned for common 
compon<nl•. u,. of thi• formulo has enabled 1hem to reduce ... rety stock 
invtstm<nt by ol>oul 40% "'ith no roduction in '"'vice_ Anclh<r comp;~ny 
intend, 10 ca]culote !he ,.fety ttod In thi• way, but lo add it to the n'"t order 
quanlity oulside lh< •ystem so lhal safety slocks \IOÜ] not generate new 
requirem<nl> otlower lo>e]1_ 

11 i< important to note that many rompanies do o•erforec.,¡ but do no/ 
recogniu the .. rely stod qu¡ntíti" "Pzt•tdy_ By doing this, thoy wUI gel 
e~cesoivo qu•ntitin ofnfoly stock on common componen!<. ]1 is also imrortant 
to note lllat wilh lhis approach, safely stod should be <.anied 11 one le"'l only. 
For eumpio, tf safely <lod• of sl0·1'-'<mbly •. , .. are c;;lculued th!S will 
automatially gono,.le saf•ly stod• for the oompononts going 1n1o .. , .• and no 
futther "fety otod-s ohould be colcul•l<d. lf p.ott• going into •ub-.a..,.mbly •. , .. 
ha•• add•tionol direot U-.¡« in auembly A, B or C, th< .. rely stocks for lhese 

, .. 

! 

requiroment¡ would be ca"'od '' tl.e p.rts )ev<l. 
Much "'0I~ IOm>in• lo be done lo perfocl thi• mou promi!ing ttchniqu< for 

colcul<lting ,.rety stocks. f.ff-ct< nf l<ad timo anrllot-~zo on sor>icc Je,rJ• hove 
not b«n txplMtd but th< le<~niquo "hile lppmx•mato is prtclk>l •nd i¡>¡>ear1 
Sll¡>Or(or lo 01hcr ·~pto.ch.,, 

ObV.o,JSly. ,.,_¡.,y <iD<~ h., tobo u.ed wlth f"'' c>ution in IOqui,emon:s 
;>Janning. The ba<rc idea ;, to ~" •• preci,. 1 d01e. u possible on an order and to 
u¡>dUe 11 lhrough poriodic roc>kul1lion. Requlromonl> plonning olm rermits 
ln'<nlul}' l<l ~rop tu lelO bot-..'<n requittments. Adding ufely >to<ko will tond 
lo defea¡ both of lht!< eal"'b!litios and sltould be dono only after eardu! 
analysis and wllh clearly d<finod benefits. 

J Rtlchedulmg ond Pnodrios 

Figure 4 shows a resch,duling problem With a roqultom<nts plan. Following 
the ordering rul., gi>en 11, l~e computer has found th3l the projocted On Hond 
ln~'<nlory will drop belo"' lhe S;¡fety stod le>el of !7 in Week 6, requirin¡ a 
planned order lobo starled in Week l. Checking furlhor, il finds th•t ll1ere is 
mattriol alre•dy on order •nd due ·on Week ?.-Dota eont1ol Syotemt """ th< 
double "'t<risl< lo <•JI ¡he ¡>lanner"s attenlion 10 the option of crealing a new 
order or roscheduling the old one. Should he reschodule? In thi! case, obvlously 
nol bec•u,. the arnounl bolo"' S.fety Stod is lrivl•l ond it i1 c.arried for juSI this 
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A dlfficult quostio~ wu whether or ~ot to Jet th< •ymm reschedu!e orders 
"automatically'", responding lo changing end prOduot mas le/ sthedules, exoess 
t<np, r<cotd error correclions. unpl>nned withdro~~<o.ls and !he lilt<. There wu 
ge~etll ag¡eement thot ,.,<:heOuling otdon out "rn time outomatic,"" ·•ould nol 



c>use any greal d,fr.culty. Re.cheduling orden in "rlior «'Uid b~harrnful, 
~uticul>rly when, •• in Figu1< 4. 11 cau~td • rnch,dul< thal wun'l rta!ly 
neco•.ary !hu• O&g.O>">Iing 1he "'<redib~ity" problem. 

Onr of The impootant conside<alionl in ''"\"~"lrng " the ohili!y of the 
envi!onment lO r<lpond. A computert"d rla.ly ~Í!p>l<h lin would r<>CI lo 
outomatic rn<hedu\e< .-on if th<y "'"'trivial bu1 fow !hops can M'"'" on • 
dime"". Automotic rcscheduling could !<sult m lh< purch.,ing depanmont bcing 
flooded with com~uter senoated ord<r r<n•iofU th11 neith" !hoy nor the 
~ndon muld oespond to. A rta! dilcmm> Olim herc and no compony 
!Opto!ent<d had ¡ufficient oxperienco ·•ilh outom>tk r<~<hcdu!ing lo te•olve il. 
Cene,.! ogreement wn !eachod among the more <xperiencod U<"IJ of 
iequi10ment• p!onning that • s<><>d rule mt¡,ht be: ··rtonned ord<rs can b< 
re><heduled outomotically by the system; ootuol 01den can be !e>d<'dulod only 
by th< pl>nner··. 

Th<te """geno rol ag1rtment, howov<r, that chonging tho timing of on ordor io 
much more de>irtble th•n chonglng !he qu~ntiry. lt ,...., aho !OCQ&nl"d that the 
!eocheduling !"'d would b< <p>ead out by • weekly regone,.tk>n pboning oy.rem 
since 1uchedules oppro,·ed dorin¡ one we<k would not tri!'.!ler othtr te><hedule• 
at lower componen! lev<il untU the following week. Thio would, of coune, a loo 

del•y !U<tlon time. 

K. Net (ña,g~ Ve"~' Rqeneralk>n 

Tho di<eu"oon of nel chongo "'""' tegenerotlon brough1 ou1 th< following 
11•nerol conc\usion.: 

l. B•lch net chongo genefOily ~tquireo \e>S fOmputer o¡><ta1ing time 1r>d 
produc" ¡,., paporwmk than oegenoration. 

2. N<t chongo can be more res¡><>n~ve 1o cha ngin¡ requiJements 1hrou¡,h daily 

r•<>ce.,ing. 
3. Net chango requi1" a great deo\ more discip~nc and mointonance of 

!<CO!dS. 
The f111t 1wo poirm o1e foilly "ident; the third is ¡><rh•p• not oc obviou<. 

Con• id<~, foJ example, how , nel change ')">ltm Wlluld ¡eoCI fur an item whosc 
lud time '"" six weekl but is now r<duced to fou1 w«k>. Subsequently, 
b<cause of ml>l<l •chedule chan&••· an ord« 01 requiloment at o high le~l i> 
remo,td frorn lho syslem. n" compuler "ill,.plode the chonge down thmugh 
¡he componont l<'·eU, off•<t1ing lh• «vi,.d four "eek01o indico t. the effect on 
thi> ittm. Pre,iou<ly pbnned orders in the ~;·stem based on the otisinal !i.o 
wee~1lcod lime would bo missd ond rem.tin unchanged. To be used effecli,.ly, 
oll planned ord<1o in o net chango l)">tem must b< realigned ,.·hen load times are 

changed. 
The .am< probl<m atises whtn >n engin"<rin¡ chango alle11 lhe product 

•tr"<lure record. lf ox.hting r<quiremena b•"'d on the old p1oduct llrutture 
record h•" nct be<n conoc:d and • net clunge nm;. made, the >)'stem w;Jl not 

be ord<ring the right material. Net change also rcquire• ti¡;ht moineroonce 
routines to bo '"" that •n\311 o'<f and undormn•, r«o!d odju•tmmt•. el<., are 
b•lanced out correctly 11 al\ loveb. A rrgcn<oation S~ltem tecreatel >11 
rrq utrements poriodh\ly •nd terrds 10 bc sel f·putging. 

Net chango u•ms 10 be tho more rl<mandtng, yet more predu <>pl<><ion 
lechniquo, capable of producing more •pecific and usoful output. The more 
oxpedonced companies al !h15 wo1kshop u><d • not change system and felt 
mong!y thai ne1 chango "'•sthe only ""')" to go. rogenor>tlng • ncw planonly ot 
long intor,·oh. Othen frlt thot 1hey would pref<1 lo regenera!< more often thon 
they hod b«n m ord<r to purgo tho oystem ond rernove onnoying mon. 

L. Allocotion 

Al!hou¡;h lhere scemed 10 be m>n}· i"terpretotion.< of '"olloca1ion"" u'"d in 
roquirements planning, it w;s •¡:roed thl1 the btlt dofinltion" of on allocated 
order ;, one thal hao been oe\eased f,, p1tking Ly the •tockroom but 
components have not ~et been "ithdrawn from tt\t >loeboom. A synonym i• 
··unc.,hed requlsition••. Oalo Con1<o1 Systemo teduce~ requi10ment< b~ tho 
GUOntil~ on an ordcr 10leased lo lbe >loC~JOom ond then puls lhis quanlity into 
thoir allocalion 10001d. When lhe componen!• are p"lltd from the "odroom, 
bolh oUoc01 ion •nd on·hond are relieve d. 1 f any ¡uru shortag" •~i>l, backordors 
are croated for each individu•l componen! and theoe continuo !o •how " 
olloe>!ion•. Blad; & De<br u>OI • •ome,..hal diffetenl approach. V."ll!n the 
syotom place1 a plannod ord« in the C"\Hrtnl tim• P'riod, indicating it •~ou\d 
now be Jel"''d. its cornponent pul>'" automolically olloc.ated ot the n'"t 
lower leve!. Thty '" Ttli..-ed from ollor>tion and from on·h•nd whtn atluaUy 
i"ued from stores. 

Tho advant.oge of having an aii01""4tion rerord lies in th< obillly lo show 
¡rpar:utly the qüntily of p>rto on hand in thO,tock<oom ond 1he pmtk>n of 
lhese commilted 10 ordero in tho stocl<!oom c•IUng for these p01ts in •pocific 
lime poriodo. Sel up ., d"cril>od here. lh<r< wos genero\ ogr<emertt that 
•lloc•tion """' 1 rno5l us.ful too!. The more common opprO>cb of showing •11 
o!loC>!i<m• wilhout time·ptriod idontification buries rnuch uoeful infoon,.tion 
"·hich mighl inOuence rescheduU ng, •~pediting ond altering "scmbly >ehtd u l.,. 

M. Pegged Req,.·remento 

A roquiremem ot one tomronent level thal con he l10e<:d to the no.\1 hi¡)l<T 
level componen! that cau><d it ;, called "pq;ged~. A Leve! 2 com¡>On<nl 
r<quirement, for •~ample. would be pe&g.<d lO ohow lhe Lt'el 1 i1tm thol 
actu>lly t<n<raled it. Bbtk & O.tk<r ¡><~1 roquhem,~l> 10 an OJdor numher 
!11her th•n o part number. Gene rol R•ilw•y SJ¡;nol C""1p1ny, using the \BM 
PICS packag"· has d·.oined th<i1 opon 01d01 file> to lhe item master lo ¡><rmil 
tbom todo tho J.>mt t~ing. Dala Control Sy,.ems •n<l Oiouphone >lraw only the 
l~entit¡· cf tho higloor ¡.,.,¡ it<r.l lhat cl<ai«l lht "<J"Í't!TICn1: during 
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r<g<n<rollon u Levtll it<m ord<rs ar< -.plocled into Lev<l2 roquir<llientl, the 
idcntity of lh< Levo! l il<n11 ls noted lrl lh< Lnel 2 retnrd lo s<n<n!< 1 
"one-leV<I. \i>O wh<r<·U«d fil<~. Twin Dr>< o<lually "'P'"'., eu<tom<r or<!<ro 
fmm forocoll• ond e.plodO< e.ch down "P'"tely to 'how 31 any l<•d the 
requ~rom<nt• '"'""d by o<luol ord<" ond those initi>led by foroc.,u. 

There wu &<nerol ogr<ement th>t p<¡;ging ts 1 valu.ble addtlion lo 
roqu11em<nts planning. lt ¡, qu'tlc compi<X wHh o net change <ystem but qutte 
timple "'''h "~"""!ion "·h<I< it i< only "'"""IY to pos! th< idonl\ty oi !he 
high<r 1<•<1 item cauting lh< roquir<ll><nl. ldontifyin& o ••Guirem<nl "'"h ill 
tnurco pro, id<> ln,·•lu>ble \nfntmation for re«heduling, halancong work mput, 
<afely stod dol<rmination ond oth<r d~cisions l'inl lo succo,.ful use of 
"Guhoments pl>nnint~. 

N. Th~ IBM P!CS Pac~ 

~l<nlioned earlior in this rtporl, IBM'! soft"'"' prog,.ms. callod the 
Productioo lnfolmalion ond Control Syotem, indude 1 number of inV<nlory 
monagemen! program<. They are <alled "Bill of Material PrOcessor''. "1 n"ntory 
Control" and "Req uJrement• Planning". The<e package! are now re)ea~ed for use 
on Sy¡rem 3601 M <>del JO and lorger <omputero. They havo sim~ar p.rosr•m• 
'>oilab!e for Modol20 ond 25 mathin.,, Three of lhe initial """ of the PICS 
pwgram were included in lhe worhhop, and, <ince many other wotbhop 
por!iciponts ituended lo US< the PJCS program•, thfl wu a topic ol' xreat 'ml<re•t. 
The lollowing points ""'" brought out 

J. In general, the PICS pocka¡es are vtry u,. fu!, b<ins pro•ided with many 
oplions l1om whith o W<>rkable pr~g .. m can be a,.embled. N<"' Brilain 
Machine and M"l<em Machine used 1he program• "provid<d with very 
hllle tevision. Al the olher e~l~eme, Gen<ral R•i)WO)' Si¡nol modil'ied 
1hom nten•ively, addlng p<gg<d requuements, lot·•iz\ng varLOtiOnl llnd 
other featuros. 

2_ Fi,ure S sho"" • lypical printout from The PICS program "'hich will bt 
''"" lo latk d"a on a»iloble ba!.n«• by t'tme p<r'tod. Evory ""' of the 
PICS progrom f<ll lhat th• <tandard pnntout showing only net 
roquiremenl< was .. n..Coclory for ordering, but not >'ltti•factory for 
~e<th<duling d<d<ions. To handle such decl•ions. planners ne<d lo know 
how many pott< aro ,,~,),ble to meel requitem<n!S in .. eh time peri<>d. 
Manual coltulotion• would be requi10d lo ,ubtraet the Allocated and the 
Safoly Stock qltanlilros (In tho heading spoce) from the On Hond b•l•nce 
!O f>¡U!e the slarting p<tK>d's A~oibble b.Jonco. PhM<rS ... ould then n ... 
lo subl!i(l gross roquiremenn m "''h time P"iod. adding in lho open 
ord<" m proper time por'tod• lo get Avoilable quonlili<> in eooh ¡><riod. 
Since this infotm>tion i< need<d fr<quently ¡¡.,..,Foil desiroble to h>V< the 
comruter colculale lho proje<led available b•l• n« atld prinl \1 " sh O\> O in 
Ftgut< 6. The progJJm >l<ps for doing thil, shown in A.f>pendix 2, """' 
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pr<>•idtd by Bruno J obin. ~. nagtr of rrogromming. Mul.om Corpoution. 
Kc.n•. )1.:.,,,. l!.mpshire. 

3. The PJCS poog"m ollow, for "8'"'"oion or not el""&' (r<quir<m<nts 
•herarion). Thoro !t<m•d ro bt no <trious probl•m• "'ilh eirh" opprooch; 
ho"'""· coro mu>1 be <X<r<:i><d uhon OILng n<l <h•n¡;< ""ce th"e "no 
pro•ision in th< oequirornenJ¡ lll<ratron progrant lo ÍMUr< lhOI compon<nt 
chong., te<ulting frcm an enginotrín¡ <han&• ~<ill \>< handlt<l pmp<rly. 
Tilo prohlom >rh<o brcau., ther< "' no prog .. m "'P' to remolO old 
r<quir<menl$ >nd roinstale "'"' onn outomoti<ally "'h<n on <nginoering 
chonge af[t([l lhe bill of material. An engin,.ring chongo afftoting the 
product !lru<lure r<<OJd would. of '""'"· bo handled <omctly "'ith 
tegemrarion. 

4. Sof<ly •lock is nol cokula~td in lhe PICS pro¡r•m, bul ther< .,, pro;;ram 
exit¡ so lh>i oub·roulin'5 d'>el~ped by lhe "'"'can be lied in p•operly. 

S. The lcl-si•ing l«hniques providod on lht PICS program ni« !Omc 
p1oblems os di>tu,,.d in S.crion Hobo". There .,,_¡,.,...,,,.,, "''" "its 
by whioh 1he I'OQ or l<l<l total co01 J<chniqun wilhout 
"loo~·>h<•d /loolc·b•ck~ rould be pro¡r>mrn<d •nd lied in r.,..¡y .. wy. 

6. The PICS prognm fodng • SJiuatíon l!h thar shown in Fogure 4 would 
prin! out an '>e<plion reporl indicating lh< need for rescheduling tlu: 
ordt~. Howe..,r, i1 <hould be dearly unde,.¡ood th•t il would de•elop a 
new plonnod order ond prnceed from thero !O lh< nO>( leoel down 
muming lh>l lhe opon order h,d no/ bttn re>eht"dult"d. 

7. "Con•<r~alionol planroing" 10hich ptrmits srepping down lhrough lhe plon 
ono le""l 01 a lime. hod no¡ been ""d by any of tho comp•nies and they 
didn"t "' ll asa porlicuJ.rly u!tfultool. "''" for <dual ion. 

In g<mral, lhe u<er< of rhe PICS pockage were qmte pleased wilh il. They fell 
lhal il had helped them lo d<'elop 1nd implemenl tlo<ir requiremenl• planning 
pro¡ ro m in conoidenbly len lime.than would ha•e l><•n 1equ~ed if th•y had Lo 
writt •ll program< themselvos. Kew l'lri[OO\ M"hin• in¡lalled lhe B1ll of MaEeriaJ 
Proce<<or, lhe lnvenlory Conlrol pacbgo •nd th< Requiltm<llU Plonning 

mo<lule md compJ.etod •U cf !his in leu lh>n """" monlho. Thio io l ''"Y 
commendoble achiovement; many rom p>.nie¡ havo sponl a l'"' or evcn mor< juol 
gelling lhe B~l of Motenol Pro~'"'' progrom opcroling. In viow of lhe I>Jge 
polenrial s.ovingo. ony m .. m like PICS to rtduce 111< oys!<mo design ond 
p¡ognmming time ¡, worth very ¡<riou• con<iderOiion. Ad<j¡tiona) Uiv1dends 
mull because uoe of lhe pack•g• r••••nu von won, cmi.,>Ons, O< ""''"" 

>Ophioticotioo Jikely in "hom•-trown"" p!ogt"IIl <lesigned by ine:.perienced 
p<oplc. 

"-•-·'·' D ·-··'••- ·- "• 

V. Conclu<ions 

Thio Sptciol Reporl doe• not <OYer all "Jl<'" of rtquir<m<nl• rl.•nning. 
M>ny topios. '"'h " d<11iled ""P'Íon oeporl<. ond molhod• of •t ructunng.bolb 
nf m>1eual were not cu"ted in lhe wo•k•hop h<c.au•e lhey W<ft of rdallvoly 
lulle inW<Sl to this pa11icular gooup. Olher topico, <uch n many ¡><>l<nliol or~al 
of ,.,·ing. the u•e of "'pl10nlor~ b,u, of m•terial~ to h•ndle <ub·>S>ornblJ<S 
produu:d but nol <loc~ed. and lochnk¡ues f01 ollocatÍI!g rommon compon,nU 
1~ain« ><'><mbly requit<m<n" "''" •l.o omitled frcrn l_hi• r<po~ boc:<u" lime 
did nol permitlhem lobo covtrtd during lhe wo1k.<hop In sufficront depth. ThiS 
rl<><• not mean thal nrch subjocts aro unimrorant "'lu:n develop1ng • 
rtqui,.m<nts plonning 1}"0lem. This repon is inlended only lo distill and makc 
>vailobl< 10 nlh<" the proclic.al expooienoes exchanged al lhls worbhop, 
1ogethet wirh npb,.,to.y m•terial r,ecen.ary for 10 odequato under•.laoxling by 
pro<liliOOtl$ Wllhout previou• experience In min& '"quirements rlonrung. 

The ¡oneralconclusions lhat 020 ho dr>wn from lhi• worhhop are: . 
1. R•quiremenu pllnnint 11 • row•rful tool useful in • complny making 

pooJuc1S thll ha•• compone ni• with dependen! demond. . . . 
2. The tool hu pro,·tn ÍIS powtr >nd ustfulne;s by succes<ful •pphcat!On m a 

numbes cf compani ... 
3. Th• number of companies U!ing lhe lool iSI '"'Y o.mall fnction ofthose 

"'ho could honefil from such ""· 
4. n,.,. is Slill much lo bo leom•d about sorne of lhe frner p<nnt1 of 

requirem"'" planning. . . 
S. Tho lite"'"" publi<h<d in this field eonlain' little on lhe subj<CI, olmost 

ncthing on practico! o pplicolion<. 
6. Bec.usc prtvlous in•onlory •Y•Ioms wer< not <>~•ble ofkeeping priorities 

up lo dale mo.t romp.onie< relied ver y h<l\ily on thdr ""informal~ sy~lems 
_ the shorloge and hot listo. Requir<mtnls pl>nning has the po~;nmlt?. 
pmvlcl• mnre reaJj <IÍ<, use fui Ptiorily infcrmalion u part of _rh• for~al 
sy'l<m. ~foot romp1nies Uf'C:fienct doffioully in r<oli1jng lh~ po:enl!al­
pdmarily bocau<e of o tond~nc:y lo o><r<laiO ••Guiroments m the "''""' 
«:hcdule. 

n.o •tt•n<ke< 1¡ tho wo!kohop felt lhal the two and' lalf da yo'"" ncrlong 
onough 10 cover rhe importan! !opic< '" Jhe deplh !hoy would have likcd. All 
recogr.i7td thue Js much mote invol..,d in loominK lO u<e roquir<monls pl~nnlng 
<ffecti•ely !han ;, app.orent al fim ••poru!<. This typ< of work511op. obl'louoly, 
will havo lO b• repea\ed. 



VI. Aecommendations 

Whilo a groal doal of re50><th ond do .. lopmen! effor! h., b«n npendod In 
>ome '""' Df pmduc!ion •ro:l in<-.nto¡y «>n!rol, linle hu beon r<bt<d lo 
te~ui1em<nl> pllnning. Aroa< r<quiring further r<«an:h .,,, 

l. Dovelopm<nl of roquiromonls planning ~mul•tor to demonoltol< the 
nb•iou. po,.-., of the t«hnique •nd provide a reaching m«<•um. 

L. Te 11ing in o J<>l-world <nvironmenl the '"ious a pprooch <1 lo lol·Sil!ng in 
o mulli-le,·el product <tructure lo re•J,u lhe bendia ond minimlle the 
problems of d}•namic IOI·si•ing. 

] Dovelnpm<nl of method< for determining optimum ,..(ety <tnch for lowÓr 
leve! oomponent< in a rr<¡uiJoments plan and tho deflnition of ><rvlce levdJ 
insurod by these nfety <locks. 

4. ldonlLfi"llon •nd ddlnitlon of the importan! focto" lo bo consid"ed In 
nru: turin& bill< of mol<ri>f to ocheiu muimum benefits. 

S. D<><lop•nent of engin<<rin& <h>nge mntrol procedures lo minimilO 
polenli>llos'"'· 

6. S1udy of be<! mothod• of bnk•ng requirements pl•nning, capocity 
plonnins. ~ehedu~ng and costing system1 to u" common dota •ource• ond 
pro vi do n<<d<d ch<ds ond balanceo in •n O¡><roting •nvironm<nl. 

•• 
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APPENDIX 1 

Dynamic Drder Ouantitie~ 

DYNA;\IIC ORDER QUAi'\TITIES 

Thomas Corhmn 
Ot.thoard Marine Corp., Wn01kegan, [/Unoi< 

Comp.,lcr cap.idty ••n<lteclu,;~"~' ha>e '""\" rt·.>chOO the ¡>Qint uh~r~ 
more ond more companies "" d~•clopin8 tiri>e «·ri~• requiremrnt< pl•n· 
ning s¡slem<. In thcse s;-stems thc r<"<JUiJ<·ouents for a port will be e•­
pre«<"d nnt as a rote per day, but ralher asan arr~y of 1'arying tt'<juire­
ments s~auered out throu~h time. Compooents of stocled """mhlies 
11i11 show intennittenl m"&" b01ed nn tbr e•p<·eted l•llildin¡: ni lhe 
a"rmbly. A <c•Sona] p>rt WOLJld show a fluduating usag~- lt i< •p­
porent that >uch ~rratic req"i"·ments c-ould nnt he vahdl)' Clpres_,,.,¡ ,., o 
rale per day nor <·ou]d thcy he nrdcr~d ecorwmically with either a faed 
quantity or fi,ed time period ordcr qu~nlit¡· cakulalion. An ordering 
<)"Slcm " re<¡uir~d whi,-h w:.ll dndop <•conomi~ol ntders in -'Jlil< nf tiLls 
cho,ging "~d inh'<mi:tcnt usage. 

Two metho.h of calculaling dyn3mic order qu:mliU~s >re dis~LLS<cd 
in this actick lloth ar~ non-reiterali•·c in that th~y sT"P throLigh thc 
array of H'<]<Lirements only a >ingle tim~. c•kt•lating a >Críes d onltt<­
These r:~rtho.h are c-on<ider;,bly fa,t~r than r~il~mti,•e methods which 
ffiLlS[ t_ry '""eral .1ltcrn.1!i>e >lrategies hdorc deciding on "" md<rins 
pattem. 

The 6rst method which is more well ~~own onrl lhe rno>t '""'monly 
'"ed, •earches for the h•ast UL1ll co<l. In Ueveloping "" order it step< 
through_ thc <e<¡uiremenls L-alculaling !he c-ost of inv<·ntory o nU •N up pcr 
pi...-e and JI orde!S al the pnint wlwrc thc unil cust is lowe>t. Thi> 
method, in spile nf its opparcutl} .Lnassailoble logic, turns out upon 
anal)·sis and c-ompari>On "-,¡h nther m~thnds of ordering, lo be ;, very 
unN:-onomicalway ol rlctt·rmini"g ord<•r qu.1<Llities. lt tie•·<•lops orclering 
patt<rns which rMult in '"'<t$>i•·e in•·entOi)' ancl nl.a ~M·es.<h·~ >Nup 
~harges. 

Thc se<·ond rncthod i< n~,v~r ~nd not so con•rnonly lnown. lt is 
bas~rl on th~ <ame theory a> the cbSliC l::OQ formula, i.e., that the l~ast 
!Ola! CO<t js nt th~ point where the inv<'nlory cust und >ctuv <·os! art 
equal. ThiJ melhnd cunsiotently develop• ordcrin¡>; pattems "hich 
result in con•idcrably smaller in•~nl<>ry and 5CILlp charges !han dncs 
the )co>l unit LO'! methu<l. 

•Repn"'rd ¡.,., th< Fout Qwn" 1968 '""'o/ th< APICS 1''0</u<ril>n ond /n'<niOT)' 

IJOO<«'"'"' )o.>U¡fl•]. 



Tloe lollowinS examplM <how the diHrr~nce in the way the two 
mcthnds would order. They show a v~ry <Ímple >rray of '"'l\lÍrt:Tnenh 
aml thc romput>IÍQn o! urd~r q~>antiti~s H<ing th~ h·."t uuit cmt meth<>d. 
Throughout these C\>mples "-e are ust<ming: 

Unit cost = C = ~LOO 

Setup cost =S= ~4000 

ln\·entory cuf)·ing cost = I = .5~ pcr wee~ (25-:1. per )"Cill) 

The in,·entnry cost is figm~d a5 follow<: 

The lint requilement ol 1000 is o5Sumed to C<lme to <tock and be· 
drawn for the ncxt usage in the <ame ""eek. Therefore it would not 
acquire any in,·entory ro<t. 

The 5"<"0nd J"'lllircment ol 0000 would be held in inventory for thr"" 
weck< which is •quivalcnt lo carrying 18000 parb for onp wcck. The 
ISOOO at .5')10 g;,-es an inventory rost of SOO.OO. 

R<GUir<· Cum w .. k, R<qh, ¡,__eo.,t S.tup T"' ""' w.,, """" Roqlo. In ln,, w .... , r,c so¡, ~· 
c.,,, ("".mt 

' WOO woo o o o 40.00 40.00 .0<0 

' ' 
3 ' 
' """ ;ooo 3 <SOOO 00.00 130.00 .0186 

S <OOO 5000 ' <000 2!)_()() 150.00 .0187 

Figuro l 

ln the cxample of Figure 1, !he l<•>•tnnit oost is nt a quantity of 7000 
where thc uní! rost i< .01 86 with a totalro•t o[ $130. An ÍR$peetion o[ the 
costs. howevcr, rcveal< tbat it would be l""s expensive lo setup and make 
the requirements for 6000 separately since then there would be a sclup 
charge [or $40 nther than an inventory ~harge of $00. Thi.< would re•ult 
in $50 le« expcn<e. The lea>t total ros! method would order this way 
becan•• the inventory charge of SO ;, do<er to the <elup charge than i< 
~OO. (There is no advantage lo moking par! of the 6000 in order to 
achicve an exact balance o! $40 inventory and $40 setup, since that 
would increase inventory but would no! reduce <etups.) 

In Figure 2 thc requircments ha ve been switchrd Rround. 

llcquir<· c~m W..:h R~• • Inv. Co>:t s ... ,p 

W<ek "''"'' 
ll"'t<. In /nv. Wod<> @.5~ ~· 

' """ 0000 o ' o ""' 40.00 .0061 

-
' ' ' o 

' ' ' o 
-----· 55.00 .0076 

' <000 ;ooo 3 3000 ""' 
S <000 2000 ' <000 00.00 75.00 .0094 

rogurt 2 

Herc the lea!! unit cnst is al a qomntity of 6000 with ~ total ('OSI of $-40. 
A 4 in, an an~lysi< 0¡ the C<lSIS rcvcah that it wot~ld cost $40 IO_'Cl "P_lo 
rngake the 1000 in pcriod 4 wl1ereas if that quantoty_ w~re rombon...d Wllh 
the initia! rcquireonenl it wu,.\d only e<><! $15 >n tnventory ~~arge<­
This would be " sa•·ing< o/ $'!5. The leas! total ros\ s¡"<t"'n won co~· 
bine the 6000 in period 1 and the 1000 in period ~ (and more) · 

1 1 
' 

.... "'""""lorv charges had no! \\'f\1\Cn off thc setup 
""us~ t te cumu a 1•• ' , 

charge<. d . di · d do <how the radical 
These two nam¡Jle<, though • mllte Y ngge • h b 

dilf~renees betn«n th,...e two methods. Many ~e.\s of \lle>e 3'-ed ee~ 
f · ¡ A enes of or~erS wns cve•· 

maJe u•ing long anay• o requoremcn s. S ed Th 
op..,! and the res.,ltin!( cost of in>·•ntory and setup ":'' comput · ~ 
least unit ros! method was v~ry erratic in its behav~or .. On one s~t O 

requirements it wtn,\d develop lo"· "'lup costs ond l"gh m_ven~ory CO'\j 
and on another se\ it might do jusi the rev~r<c- However ti 0"'~' COU 

b · ¡ b ¡ L¡ween the ¡"·o whieh re<uh...d lO lower total costs 
0 taon \te aance oe 1 d 
than were bcing achie,·ed by the lra.t total c-ost met lO • 

About the author-
THO~!~S CoRH<>t i• PrO<IucJicn ami /nt-enlc~y Con/rol Sl'rcioli.<t 

on thc wrporatc 5y5tc1ns staD of (),.¡!J.mml Mnr1~>C ~orpnrM>on. He 
loa• !J.ccn o.o:orkin~ in lhc arco oj caru¡mtrr oppltcotwos for appro_ll· 
mole/y ten ~corr- Prior 111 ¡Ira/ /,e o~orlcd ;n noony arco• nj prmluclw~> 
plonnint: on<l control os ·~el/ m re/oled ¡;r/ds .,eh os _mcrl_""'' cns~· 

· ¡ ¡ ¡ ,,kin~ 1/e allcrulcd ilaruml Umumly oml !$ ueer.n¡: am oo ~· 

o mem!.>cr of tf,c Milu.aukcc Chapler of AFICS. 
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From a more mat!wm.1tita] point el view th~ followlng a1e generalized 
"'P'~"ion• ol the two m~thmls. (Tbe drrivalions of th<•<e ar~ in th~ 
ap¡wncla.) In those 

S 

e = 

1 = 

R. = 

Se11Jp rost 

Unit rost of p.art 

In vent ory corrying el <"rge per period 

R.-quir~rnont quantity in period n 

" = NumLer of periods ordered ur poriod number 

/.NJst ,,,¡¡ roti: 

Tl>e unit ro•t ~~ poriod n + 1 will be less if 

nRo +(n-I) R1 + (n-2) R, + ... + 2R_, " +!R.<¡c 

Tlwrefore orcl<'r ntt tllfnllgh lime pcriods "nt!l the e<pr.,.ion on the 
!eft IK'C'Omes greater titan SI/C. 

Leas/ Tora/ co,t: 

OR, .¡.!Ro¡.. 2R, + ... -t- (n-2)R •• , +(n-l)R,., Í~. 

Order al tite point "h~re the "'P'""ion on the left ;, most nearly 
oquol to S!IC. 

Bef<lfe Knillg on, lt might be o good idea to loo~ at thc exptt<5ion S/IC 
which is the rontrol foctor in both formulas. Thi,, in rffnt, defines o 
pRrt frnm ~n <·ronumic ,ur.:lpoint <inte il o.mtains >elup cm!, <mil rost 
ond the invontory carryin;; lmt. Sinte this is a new concept, there h..,. 
hcen no generollr attept>hle n>me clcvelop<tl for the cxpres<ion, al­
though "qu•ntily factor" :~ncl "part•period" >eem lo he fairly well estab. 
li•hcd. \\'hat this factor boib down lo il th~ numher of parts which if 
«nied in in1ento¡y for one penod wo\11<1 re>ult in an in1ento1Y <·harge 
~q,•l lo lhe S('hlp <'0-<l. In the pJtvious ~••mples S!IC would be 
$40.00/.005 X $LOO "' S!XlO, m~aning that &000 parts carried for one 
week (or 4!Xl0 p.<!l5 fur ~ v,eeks, cte.) "'üukt re>L~ll in an invcntory 
chargc ~quol 10 the "'lup ~harge. This, 1 >U<pe<:l, will hewme a l'<"fy 
u•cóul number in \'arlo"' ln1·~ntory cotllrol applieallon•. 

To gel hack lo ti"' fonnul"'• huth t>pf<'"i<'n< are relateU lo 5/IC, 
1 lowcwr, the w~ightm¡:: the f"!Uirements is rornpletely '""'"'""· A <Sume 
four time poriods (n"'4) in ordcr to m•le the two e>pressions easier 
lo read; 

I.east unil ros!- 4ll 1 + JR, + ~R, + IR,, 

Lc.tst total «>st -OR, +IR,+ '!.R, .¡. 3R,. 

The ]rast unil co>l puls a higher "••ight on thP f.nt ft<¡(IÍr<'':'cnt wl•ich 
i< hdd in s!oc~ for much sborter Hmc pcriod th~n ". thc re<¡uutmcnt .lor 
¡r<'liod ~v~. This ¡, not ~1 :~llloglcal from " cr.sl of ,n~entory standp<>mt. 
On the other hnnd the weigbting• for thc ¡..,,,¡ total cost do >CCJO !o be 

more logkal . _ 
Anothcr, probab!r Cl'en more disturbio~, thm.g abo.ut thc lt:a<t un!l 

c'Ost formula ¡, that it sa;·• that il the total "' peuod n '' les.• thon .s/IC, 
t~en the nnlt co.t al n + 1 11ill he lcss rc¡;.'ldl"'s ol qnanltl)' or !O\'en-

' 

~e '''' Thi> hd<>< to 11 ntlcr.1tond ,.¡,)' wm~ of tbe ordt'l< Jcvel-
ory "'" · 1 h · F "'l'''cl by the ]c:>st t~nit cost m(thod are illn¡::ica as t C)' wero rn '!>"'':' 

¡ami'?.. As long as,,.,;¡ co>! detrea.Ses it "'111 onler re¡;anlle,. of "'h:>l ti 

do,•s lo tnt.ol cnst. . . 
In ronclusion, the leMt uni! ro•t method, tn <p1t<> of ¡ls e•trrmcly al· 

trach•·e name and e.:uil)' Hnclcrstnod lo¡;ic, aclually <incs nol devc\op 
ord<•l< which rc<ult in a low <Wcr.oll co•t. On the othe1 hand. matbe­
malicalanalysis and ntensive comparative t"'ts •how that .the l<·ast lot~l 
ros! syslcrn re.<ults in suh.<tontially lowcr cust~ of hoth '".w~tory ond 
•ctup. Mthough ¡¡ ;, a little mor.e c'llmplex '" roncept. •t " equally 
simple 10 :~dmini>l'-" and nse, and ll cert;unl)' gn-,., better rc•ults. 

Plannmg by Com{J"Iet" 



APPENDIX 

Derivation of Fonnu/as 

l. FormuU. (m Least Unif Con 

Unit cost = Setup Cos~~vcntory Cost 
Quantity 

Setup l:"OSt =S 

Invent<>ry Cost = Rcq"uirement qty X weeh in Inventory X 
. of part X lnvcntory carrying cost. 

A.,suming that the /lr<t rcquirement is used as soon as it is ,ece;,·ed the 
w<!eks in inventory wauld be :oero. Then ' 

OR,IC = cost of inventory for the first requirement 

IR siC "" cost of inventory far the second requircment 

{ n -1) R,IC = cost af in,·entory for the n'" requirement 

nR, + siC = cost of inventory for the n+ 1 requinnent 

The total coot of invenwry would be 
ORoiC + !R,/C + 2R..IC = ... + {n-2)R •. 1lC + (n-I)RJC 

[OR, +IR., T 2R. + ... + {n-2)R •. 1 + {n-l)R.]/C 

Jet R1 = OR, +IR,+ 2R.s + ... + (n-2)R,. 1 + (n-l)R, 

Quantity i< the oum of the rcquirement.s, 

R, = Rs +R.+ R.+ •... +R-, +R. 

h . S+RdC 
T us unll co<t at n = -~ 

U '< < < +' S+R,IC+,R,,,IC n•cosa" ~= R R 
r + ••' 

Order R, • ' if unit cost is 1 "" than at R, 

Order R,, 1 if 

S + RdC + nR,. ,IC S + RdC 
~ -<--

Rr+R... Rr 

Material Requirementl 

1 This simp!iSes to 

\ 

nRriC <S + RriC 

nRriC- RdC<S 

S 
nRr- Rr<¡c 

! i Sub<tituting for Rr 

nRr = n(R 1 + R, + R1 + ... + R~o + R,) 

\ nRr= nRo + nRs + nR. + ... + nR,._, + nR, 
1 

R
1 

= OR1 + lR1 + 2fu + ... + (n-2)R •. , + {n-l)R. 
S 

nRr-Rt = nR1 + (1l-l)R, + {n-2)R, + ··· + 2RH + IR.<ÍC 

Order R •• , if 
. S 

nR, + (n-l)R. + (n-2)R, + ... + 2R ... , +IR,< IC 

2. úast Total co.n 
This balances the cost of inventory with cost of sch1p. 

' Cost of lnv. = Cost of •etup 
1 

R,IC = S 

R, = §_ 
1 '" S 
l. R, = oR, + JR, + 2R. + ... +(n-2)R •. , + {n-l)R. =rc-
1 



APPENOIX 11 

Modifir-ations to tha IBM PICS Program 

Acknowltdt~nt 

Wc'd lih to thortk n,uno J~bin, the ~hn.ger of ProgfOmmin¡ •_1 .~l"k'"' 
Corporotion, K<<ne, ~,., H•mp,¡,ire, for •urplymg the following p•ogmn mps 
for making modtOc.,ion• to the IB\J S¡••t<m 360 PICS Rrq•ti;rmenB Plannin~ 
P•ck>ge <O lhol it will print' projecltd "''•~able ballnce. Wr'd ;,l<o hleto thanl; 
Rkhard Danner, M•~•g<! of Syl!ems Administ ral ion, for General Rail~ ay S•goal 
Compony, for hi¡ ;.,dependen! tommrnt• on tlus prmtout. 

Modi/yingtM IIJJ,I PJCS Program 10 prmt a Pro¡.cted A >ci/abl• Bcl•m«. 

The MACRO lislmgs frorn M"hm Corpot><ion ar< provided <0 thll an 
uperieno:d programmer can look atthem and •oe whil mDdrflc•tions mwl be 
modo to produce a prÓj.cted "On Hand B•lancc" printlme. To ochie•<thil,IWO 
MACROs must be •ltr<od. Tho MACROs ,,. RPBM (Phue-3Mainlmc) •nd 
RPSCP (print routinc). The Cod•ng m<>dl~cations na~ed '" RrKP (prinl 
routinc) orc ma i¡:hl forward and efficient. They can bo induded exa«ly " they 
ap~ar. Th ... imtruclions .ccomm<>dat. the exlra line :o be printod, which i< 
idcntified by a prinl pa13m<l<r «><le p.a<5ed to the prinl rout'tn< by tho RPSJM 
(M•inliae MACRO). 

The RP>l.\1 MACRO ;, al so <lraightforw'ld and IOo<anably efflcient. Thc 
purp05e of lhe,. modincations is lO calcubte lhe projected on·hlnd balor.ce line 
and lO <>;JI lh RPSCP (print MACRO) at thc lim< th< Jmo is d"irod lo ptint. 
The actual colc~lation of lhe pr<rj<ct<d on-hand bala neo ,. J«omplisltod in lin" 
RAf:04830 throusJ¡ RAEOS05(l. This code would have lo be mod•fled by mh 
U<et lO suol hh own need. 

Note thJt Markem o•rrr<es thort taw m•tetial on-hand b>lance (signifl<d by 
Mn'PN z l or 3) ...-Hh more decimal p<mtion lh•n lhe other mal<rial IYP"· 
The« tnslrucliom •re mclud<d in lhoir routin~ lo com~nsate for this- r111e1 
RAE0494! - RAE0494S. The .. instructions m•y nol be of use to othn 
companiel. 

Jt m•y bo mentioned thu lho printer w.ed to display the ¡,.·o MACROs did 
not h.a•o a Univer"l Ch"•<l'l Sct piÍnl cluin. Thttefore, 11 !Ubstitut<d th< 
fo!Iowing: 

( p11Irl<d ., • p1intcd" @ 

) printod a< • 
• p!!nt•d .. ' lt's imp.,tanl •n lookmg al the'" MACRO. lhil lho programmer su whe;o. rn. 

suit his o...-n rompan;(< r<Quttomtnl• r>ther th.on l!}ing LO dupl¡cote th• 
m<>difications that h••• becn Mi_¡factory fot M•rk<m Corporation, 

" 
flanning by Comp~ur 

'lo<!Hr<•• <h• IOH r!cs ''"'"­
to r.rnt • hoJ•«•d •••ll.blo 
••lo•«. ' 
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DI RECTOR! 0 DE ALUMNOS DEL CURSO: "SEMINARIO SOBRE PLANEACI ON 
DE REQUERIMIENTOS DE MATERIAL" , DEL 4 Al 8 DE SEPTIEMBRE. 

SR. DANIEL ACOSTA CASIAN 
VALLE VERDE No. 5 
FRACC. VALLE DEL PARAI SO 
TLALNEPANTLA, EDO. DE MEXICO 

1 NG. JORGE ACOSTA DORANTES 
ATZCAPOTZALCO No. 312 
COL. PETROLERA 
CD. REYNOSA, TAMPS, 
TEL. 2~24-90 

SR. ANTONIO R. AGUILAR Y RUSI 
RODRI GUEZ SARO No, 129 -101 
COL. DEL VALLE 
MEXICO 12, D. F. 
TEL. 534-16-31 

SR. JAVIER ARAN DA SOL ORZA NO 
FCO. JAVIER MI NA No. 44 
COL. LOS REYES 1 XTACALA 
TLALNEPANTLA, EDO. DE MEXICO 

SR. JUAN DE DIOS ARZAMENDI RI­
VERA 
SAN LUIS POTOSI No. 112 SUR 
COL. UNIDAD NACIONAL 
TAMPS, 

.. 
SR. DAVID BENITEZ AMADOR 
AV. VIA NEPTUNO NO. 100 
COL. ARCOS DE LA HACIENDA 
CUAUTJTLAN JZCALU, MEX. 
TEL. 576-87-81 

SR. FELIPE CELORI O C. 
PROVIDENCIA No, 20 
COL. OLIVOS 
MEXICO 23, D, F. 
TEL. 564--18-02 574-11-22 

ACEROS NACIONALES, S. A. 
GERENTE CONTROL DE MATERIALES 
AV. HIDALGO No. 132 
TLA..NEPANTLA, EDO, DE MEXICO 
TEL. 565-67-00 

PETROLEOS MEXJ CANOS 
JEFE DE LA UNIDAD DE ADMINISTRACION 
NIATERIALES 
MARI NA NACJ ONAL No. 329 
COL. ANAHUAC 
MEXICO 17, D. F.· 
TEL. 545-74-60 EXT. 3659 

PROCESOS Y SISTEMAS DE INFORMACION, S,J.. 
JEFE DE AREA DE PLANEACJ ON· 1 NDUSTRIAL 
MI NERIA No. 145 
COL. ESCANDON 
MEXICO 16, D. F •. 
TEL. 516-04-60 EXT. 211 

TELEINDUSTRIA ERICSSON, S. A. 
COORDINADOR DE MECANI ZACI ON DE 
AV. D~. GUSTAVO BAZ No, 2160 
COL. TLAlNEPANTLA, EDO. DE MEXICO 
TEL. 397-81-33 EXT. 1340 

FETROLEOS MEXICANOS 
JEFE UNIDAD ADMON. DE ¡1,\ATLS. Z.N. 
LOPEZ DE LARA No. 201 SUR 
CD. fv'.ADERO, TAMPS. 

1 NDUSTRIA DE TELECOMUNI CACI ON, S. A. 
JEFE Dí' ANALISTAS DE CONTROL DE MATERIALES 
AV. CIENCIA No, 13 
CUAUT!TLAN 1 ZCALL!, MEX. 
TEL. 2-03·40 

PROCESOS Y SISTEMAS DE 1 NFORMACI ON{ 1 (;..) 
PlANEACI ON 1 NDUSTRIAL 
MI NERIA No. 145 
COL. ESCANDON 
MEXICO 18, D. F. 
TEL. 5J6-04-60EXT. 211 



8. 

9. 

10. 

1 l • 

12. 

13. 

14. 

15. 

- 2 

SR. ROGEUO CORONA RODRIGUEZ 
JOSE DE ESCANDON No, 20 
CD. SATELITE 
EDO. DE MEXICO 
TEL. 572-17-48 

SR. JAYI ER CORTES LAZZARl 
44 Nte. No, 3630 
COL. 7 DE NOVIEMBRE 
MEXICO 14, D, F. 

ING. MARIO CRUZ RIEGO 
MAR DE SMI TH No, 42 
CD. BRISA 
NAUCALPAN, EDO. DE MEXICO 
TEL. 373-54-82 

SR. OSCAR GERARDO DEL BOSQUE 
GONZALEZ 
COLINA DE LAS JADES No, 35 
FRACC. BOULEYARES 
TEL. 572-47-35 

SR. NEMES! O ESPINOSA A. 
BLVD. COACALCO No, 336 
~RACC. VILLA DE LAS FLORES 
COACALCO 

SR. i'MNUEL FERNANDEZ PEDROSA 
AV. COYOACAN No, 1870- 301 
COL. DEL VALLE 
MEXIC0._12, O. F. 
TEL. 524-62-91 

SR. GUILLERMO JAVIER GARATE 
MUI'lOZ 
GABRIEL MANCERA No. 906 
COL. DEL VALLE 
TEL. 559-67-13 

ING. LESUE GIL PEREZ 
27 DE FEBRERO No, 1022 
VILLAHERMOSA, TAB. 
TEL. 2-24-73 

' • • 

E.R. SQUIBB & SONS DE MEXICO, S.A. DE C." 
GERENTE DE MATERIALES 
AV. REVOLUCION No. 1267 
COL. AL VARO OBREGON 
MEXICO 20, O, F. 
TEL. 651-23-00 

PETROLEO$ MEXICANOS 
DEPTO. DE INGENIERIA DE MATERIALES 
AV. MARI NA NACIONAL No. 329 
COL. ANAHUAC 
MEXICQ 17, D. F. 
TEL. 545-74-60 EXT. 3666 

PEMEX 
JEFE UNIDAD ADMON DE MAlLES. S.P.P. 
MARI NA NACIONAL No, 329 
COL. ANAHUAC 
TEL, 545-74-60 EXT. 3659 

INDUSTRIA DE TELECOMUNICACION~ S. A. 
SUPERVISOR DE MATERIALES 
AV. Cl ENCIA No. 13 
CUAUTITLAN IZCALLi, EDO, DE MEX. 
TEL. 2-07-22 

TELEI NDUSTRI A ERI CSSON, S. A. 
ANAL 1 STA DE SI S lEMAS 
VIA GUSTAVO BAZ No, 2160 
TLALNEf>ANTLA, EDO._ DE MEXlCO 
TEL, 397-81-33 

CELANESE MEXICANA, S.' A, 
-GERENTE DEPTO. TECNJCO DE COMPRAS 

AV, REVOLUCION No, 1425 
SAN ANGEL 1 NN 
MEXICO 20, D, F, 
TEL. 548-72-37 . 

PROMOTORA INDUSTRIAL DEL BALSAS,S,,,, DE C.V. 
GERENTE DE COORDINACION Y LOGISrJC-1 
J!Jt<REZ No. 14 -~PI SO 
MEXJCO 1, D. F, 
TEL. 521-32-52 

PEMEX . 
JEFE UNIDAD ADMJNISTRAC10N DE MATERtAU:S 
MARI NA NACIONAL No, 329 
COL. ANAHUAC 
MEXICO 17, D. F. 
TEL. 545-74-60 



'6. 

17. 

18. 

19. 

20. 

21. 

22. 

SR. LUIS GONZALEZ C, 
f. MOLINA No. 225 
COL. 20 DE NOVI EMBRE 
MEXJCO 2, D, F. 
TEL. 789-65-92 

- 3 -

SR. AORIAN JESUS GONZALEZ BA­
DJLLO 
CALLE EL VIRA No. 65 
COL. NATIVJ TAS 
MEXJCO 13, D, F. 
TEL. 579-25-61 - 579-33-29 

SR. SERGIO HERNANDEZ CABRERA 
AY. UNIVERSIDAD No. 1900 
EDIF. 42- 303 
COL. OXTOPULCO UNIVER. 
MEXICO 21, O, F. 
TEL. 550-06--49 

SR. JOSE A. HERNANDEZ MTZ. 
SUR 67 i 3038-3 
COL. VIADUCTO PIEDAD 
MEXJCO 13, D. F. 
TEL. 538-45-08 

SR. ANUAR KAS SI N OL VERA 
LCl/IAA BONITA No. 15 
COL. BUENAVISTA 
POZA RICA, VER. 
TEL. 2-00-06 

• 
SR. MANUEL M.ART!NEZ GARRIDO 
CERRO DEL PEf::lON No, in-4 
COL. CAMPESTRE CHURUBUSCO 
TEL. 689-13-56 

SR. FCO. AGUSTJN MARTJNEZ MTZ. 
ESPERANZA No, 1004- 2 
COL. NARVARTE 
MEXICO 12, D. F. 
TEL. 519-29-17 

LJ C. TOMAS MATCHAI N SERRALDE 
PRESA SANALONA No. 42-3 
COL. 1 RRJ GACI ON 
MEXJCO·JO, D.F. 
TEL. 557-19-38 

ACEROS NAC!Ot'JALES, S. A. 
JEFE PROGRAMACION DE MATERIALES 
AV. Hl DALGO No. 132 
TLALNEPANTLA, MEX. 
TEL. 565-05-44 

CONSTRUCTORA Y URBANIZADORA CUR, S. A. 
JEFE DE OBRA 
AV. NUEVO LEON 144-M 
COL. CONDESA 
MEXICO 17, D. F, 

TEL, S. A. 
JEFE DE COMPRAS 
CALLE DIEZ No, 11 
SAN PEDRO DE LOS PI NOS 
MEXICO 18, D. F. 
TEL. 516-65-05 

1 NDUSTRIA DE TELECOMUNICACION 
AV. CIENCIAS No. 13 
CUAUTITLAN IZCALLI, EDO. DE MEXICO 
TEL. (91591)-2-0J-00 

PETROLEO$ MEXJ CANOS 
AYUDANTE TECNICO DE SUPTCIA. GENERAL 
OOMJ CJ L1 O CONOCIDO 
POZA Rl CA, VER. 
TEL. 2-12-90- 2-15-60 

U.N,A.M. 
CD. UNIVERSITARIA 
MEXICO 20, D. F. 

XEROX DE MEXICO, S. A. DE C. V. 
SUPERVISOR DE PLANEACJON 
EMIUANO ZAPATA No, 11 
COL. PTE. DE VI GAS 
EDO. DE MEXICO 
TEL. 297-13-00 

FORO MOTOR COMPANY, S. A. 
SUPERVISOR DE PLANEACION DE 1 NVENTARI OS 
REFOR!V.A No. 333 
COL. CUAUHTEMOC 
MEX/CO 5, D. F 
TEL. 525-92-00 EX T. 474 



14. 

25. 

27. 

"· 

SR. JORGE MERINO TAPIA 
LERDO No, 284-209 
TLALTELOLCO 
MEXICO, D. F. 
TEL. 583-00-16 

SR. ARMANDO MORGA GOMEZ 
ANDADOR No, 23 -34 -2 
COL. ACUEDUCTO DE GPE. 
MEXICO 14, D. F . 

- 4 -

.VA TERESA J. POSADAS ROCHA 
AV. MORELOS 827 EDIF. 16-101 
COL. JARDI N SAL BUENA 
MEXICO 9, D. F. 
TEL. 552-76-74 

SR. LUIS E. REYES FUENTES' 
GRI JAl VA No, 121 
FRACC. VIRGINIA 
VERACRUZ, VER. 
TEL. 3-81-69 

RUBEN DARlO RAMI REZ RODRIGUEZ 
WANUEL DOBLADO 137-B INT, 103 
COL. MOR EL OS 
MEXICO 2, D. F. 

TELEINDUSTRIA ERICSSON, S. A. 
ANAl! STA DE SISTEMAS 
DR. GUSTAVO BAZ No, 2160 
TLALTELOLCO 
TEL. 3-97-81-33 

• 

COMJ SI ON DE AGUAS DEL VALLE DE MEXICO 
AUXJ LIAR TECNICO 
BALDE RAS No, 55 - ~ PI SO 
MEXICO 1, D, F. 

ANDRE BJGAUX, S. A. 
JEFE DE PLANEACION 
AV. VICENTE GARCIA TORRES No, 235 
COL. COYOACAN 
TEL. 549-33-óO 

PE MEX 
JEFE DE SECCION CONTROL DE MATERIAL!::S 
TINAJAS, VER. 
MPJO. TIERRA BLANCA, VER. 

MOTORES Y REFACCIONES, S. A. 
COORDINADOR DE COMPRAS, MATERIA PRIII.tA 
NORTE 35 - Nc. 895 
COL. 1 NDUSTRIAL VALLEJO 
TEL. 567-47-00 

29. SR. SERGIO MARCOS SANCHEZ ALBERT. INDUSTRIA DE TELECOMUNICACIONES, S.A. 

:10. 

31 • 

ACUEDUCTO Rl O LERMA Nc. 14 JEFE DE ANALISTA DE CONTROL DE MAT. 
CQ.M. AVILA CAMACHO AV. CIENCIAS Nc •. 13 
MEXICO 10, D. F. CUAUT!TLAN IZCAL.LJ, EDO. DE MEXJCO 
TEL. 589-23-26 

SR. LIC •• ÁLEJANDRO SANDOVAL 
NAVA 
LERDO 284-C·- 109 
TLAL TELOLCO 
TEL. 583-54-58 

SR. OSCAR J. SILVA LUNA 
JULl O S. HERNANDEZ Nc. 30 
CD. HUAUCHINANGO, PUE. 
TEL. 2-00-87 

FORO MOTOR COMPANY, S. A. 
SUPERVISOR DE P«<GRAMAC! ON 
REFORMA Nc. 333 
COl. CUAU HTEMOC 
TEL. 525-92-00 

PE MEX 
JEFE UNIDAD DE ADMON. DE MAT. S.O.G.A.C. 
COL. ANAHUAC. 



•·~ ' 

32, 

33, 

34. 

35. 

5 

SR. JOSE ANTONIO ZUI'liGA LOPEZ 
AV. ING. EDUARDO MOL! NA No. 947 
COL. GERTRUDIS SANCHEZ 
MEXI CO 14, D. F, 
TEL. 551-18-69 

SR. ING. ENRIQUE VARGAS LUNA 
PLAZA DEL PARDO No, 4 
COL. LOMAS VERDES 
NAUCALPAN DE JUMEZ 
TEL. 572-34-88 

ING. JUA."' PEDRO TRE\'1fn CA.'l'J'J 
Cedro No. 56 
Sta. M5nica 
Edo. de México 
Tel: 3-97-13-00 

I:-<G. RUBEN TREVII\'0 LUNA 
Colina de Jades No. 3S 
Bulevares S3télite 
Edo. de ~xico 
Tcl: 5-72-47-35 

.gm. 

MOTORES Y REFACCIONES, S. A, 
COMPRADOR f.AAQUINAR:JA Y EQUIPO 
NORTE 35 No, 895 
COL. !NO. VALLEJO 
MEXICO 16, D, F. 
TEL. 567-47-00 

IDEAL STANDARD, S. A. 
OIV. BRONCES Fl NOS 
ESCAPE No, 34 
TEL. 576-25-33 

XEROX DE MEXIOJ, S. A. DE C. \'. 
Emiliano Zapata No. 11 
Pte. de Vigas 
B.lo. de México 
Tel: 3-97-13-83 

INDUSTRIA DE TELEC.cM.NICACION, S. A. 
Ave. Ciencia No. 13 

CUauti tlan-I zcall i 
Edo. de ~xico 
Tel: 2-03-40 Ext, 1Sfi 




