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LOT SIZING PROCEQURES FOR REQUIREMENTS PLANNING
SYSTEMS: A FRAMEWORK FOR ANALYSIS

William L. Berry
Krannert Graduate School of Industrial Administration
Purdue University. Lafavette, Indiana

ABSTRACT

Several procedures have been proposed for determining the lot size and
timing of deliveries for manufactured components in requirements planning
systems. These include the use of: Economic Order Quantities, Perlodic
Order Quantities, Part Period Balancing, and the Wagner-Whitin Algo-
rithm. Yet, very little data has beens prepared to guide the production man-
aper in selectling a procedure, This paper presents a framework for compar-
ing such procedures with respect to two criternia: inventory relaled costs, and
computing time,

Regquirements planning systems are receiving increased attention by pro-
duction and purchasing managets as many Tirms tora te the computer for
assistance in planning and controlling manufacturing operations [5,10]
These systems reduce a master schedule of [inished priducts to a time
phased schedule of requirements for intermediate assemblies and compe-
nent parts. The resulting forecast of component requirements is critical in
planning the lot size and timing of replenishment orders for boath manufac-
tured and purchased items. Since this task often involves processing large
amounts of detailed information, as well as mzking a substantial number of
routine decisiens, it is a logical candidate for processing on the computer.

Compueler based requirements planning systems frequently include a pro-
redure for determining the lot size and timing of replenishment orders 1o
meet the forecnst requirements, Thus, one problem often encountered in de-
signing such a system is that of selecting a procedure for making lot size de-
cisions, Although a number of procedures have betn proposed, ranging from
the use of simple decision rules to oxiensive optimizing procedures, there i5
surprising!v little puidance for the manager in selecting a lot siving procedure
{or his system. The problem in selecting a procedure is thal reduetions in in-
veotory relaled cests can penetally be achieved only by using increasingly
complex procedures. Such procedures are less easily understom] by operating
pensennel and require more compotalions in making lot stze decisions.

This paper is the first of twe papers which deal with a comparison of four
prominent!y mentioned ordeting procedures for requirements planning sys-



VWeek Number 1 2 3 4 5 6 F @8 9 10 11 12
Requirements 10 10 15 20 70 180260270220 40 0 10
Ordering Cost; § = $3C0 per orcder
inventory Carrying Cest; € = %2 per unit per week

Table L—Ezanmple Problem: Weekly Requiremenls Schedele

tems: Feonomic Order Quantities, Periadic Order Quantities, Part Period
Ix'ancing. and the Wagner-Whitin Algerithm. In this paper we present a
{ramework for comparing the performance of these procedures over a broad
range of cost and demand data parameters. The second paper will repert a
simulation analysis in which the framework we propose has been ulscd lo
evaluate the performance of the four ardering procedures discussed in this
paper.

In the present discussion, we describe the ordering problem often en-
countered in a requirements planning system and present a p?rform?nce
compariseznt of the four lot sizing procederes mentioned nbuw.: using a single
examnle. Next, we describe the nroblems associated with making simgle per-
fermance comparisons. Finally, we suppest a more general framework fnr
comparing the performance of alternative lot sizing procedures amd provide
an ilustration of its application,

The Ordening Problem

The ordering problem that we are concerned with is busically one of con-
verting 1 forecast of component reguirements into a series of r-:plen'tshm_ent
arders. This invelves determining how te group the time phased require-
rmrnts data into a schedule of replenishment crders which minimizes the
combined cosis of placing orders and carrying invcntor}'.l The example
seown in Table ] illustrates a tenical requirenients forecast that is considered
in alanning the lot size and imirg of replenishment orders.?

Although tisls erdeting problem occurs in a wide variety of manufacturing
and purchasing situations, we shall only consitler the prublem in Lh_e context
of a reguirements plaming svstem, .o when the demand forecast is derived
by an explosion of finished procluct reguirements. In this cace, the sc.‘m*dur[:
ef weekly requirements for an individual compenent, like the one shown in

"in the case of a purchesd part. the invenlory related cowy may 4o inclode quantiy
#dimt: and irwmpRriation rage schedulos Fl42 - -

“This cxamps was obtaired from an zriide by Karmann i3, The iém ratee in Mis case it
LA apr oyt 2wt VW inventun carrarg chatge v X percent ol thr ent waloe por vear

- - "

this example. is derived by exploding the scheduled production for all higher
level assemblies inta the necessary campanent parts. The week!ly requirement
for each compenent is then obtained by accumulating its weekly usage in all
higher level assemblies, Thus a forecast of component requirements,
eovertng the next 12 weeks i this cose, 5 prepared,?

Since compuler time is an important factor in preparing a requirements
schedule for individual components, requirements planning systems are
often aperated on a daily or weekly basis, i.c. batch processed. Becanse this
mode of operation alfects our view of the ordering problem, we shall state
cur assumptions before proceeding. First, since the component requirements
are aggregated by lime period for planning purposes, we assume that alf of
the requirements [or each period must be available at the beginning of the
period. Second, we assume that all of the requirements for a given period
must be met and cannot be backordered. ‘Third, since the system is operated
on a periodie basis, the ordertng decisions are assumed (0 occur at regular
time intervals, e.g. daily or weekly, Fourth, the orders which are laced at the
beginning of a period, are assumed ‘o be available in time to meet the re-
quirements for that period. This assumption of zero production lead time is
not very restrictive, however, since once the ordering decisions are made, they
ean be offsel to allow for the production lead time. Finally, we assume that
the componenls are withdrawn from inveniory at a gniform rate during each
period, Therefore the average inventory level will be used in computing the
inventory cartying costs,*

In the following sections we shall illustrate the results oblained by applying
four different ordering procedures to the example shown in Table 1.
Furthermore, this example will be used to illustrate the manner in which
these procedures vary in their assumptions and the extent to which they uti-
lize all of the available data in making lot size decisions.

Economic Order Qudntities: The economic 10! size formula is often used
as & derision rule for placing orders in a requitements planning system
because of its simplicity {8,10). As we shall illustrate in the lollowing
exampie, however, the static EQQ mode! frequently must be modified in re-
quirements planning sysiem applications. It is iMportant to recognize this
fact because, in many cases, it prevents onc ltom using the total cost
expression for the stayic EOQ mode! in evaluating the inventory cust per-
fermance af this procedure.

The resulls obtained by ordering material in economic lot sizes for the

Yin this paper we shall aigume that the requiremeats fovecast remaing fixed and is not sebject
ta Farecast error. Since this gisamption is unwarranied 10 2 number of actual silzations, 1he
cflect of forecast ervors on \he performance af the b sizifig Wwchnigques mentoned in Lhis paper
i an importan: problem Tor furiher reseamh

d : f ;
AR iateresting oompariuon of thes ssumptions with thove of the sabic Econpmic (der
Quartny madel is presented by Gorenuein £, h



Weak Number 1 2 3 4 5 & F B 9 W 1t 12
Reguirsmen?ts 1m0 15 2 M8 280270230 40 O 10
Drdar Quantity 166 166 223 270 2XM) 166

Beginning Invt, 166 156 146 131 111 207 200 270 230 166 126 126

Ending [nwt, 56 146 131 111 41 270 0 0126 326 116
Ordering Cost: 51800
inventory Carrying Cost; 3065
Total Cost: 4865

(Economic Lot Size = 166}

Table 2—Ecoromic Order Quantiry Exzmphe

exampie above afe presented in Table 2,2 In this example the ecnr:umic lot
size was computed by using the average weckly demand of 92.1 units for the
entire requirements schedule. Note, oo, that the average inventory for each
period was used in computing the inventory carrying cost.

This exampie lustrates several problems with the EQQ precedure. Wh:en
the demand is nat squal from period fo period, as is often the case in
requirements planning forecasts, one of the assomptions underlving the
EO0 formula is vielated. Sinee demand docs not oecur al a constant rale, as
is assumed by the BOQ formula, the restriction of fixed lot sizes resulls in
larger inventory carrying costs, This occurs because of the misrnatch hetween
1he order quantities and the demand values, causing excess inventery e
carried Morvard lrom weck toweek. As an example, 41 units are carried over
into wevk 6 when a new omler i€ piacrd.

In agdition, the order quantiy must be increased in those periods where
the demand exceeds the ceonomic 1ot size plus the amount of inventory
carried over inlo the period. An example of ihis occurs in week 7. This rlnndi-
fcation is clearly preferable to the alternalive of placing orders carltm‘rm
rmect the demand in such petiods, sinee this would further increase the in-
vemiory carsving costs. Likewise, the asternative of placing multiple orders in
a given pertod wouid necdlessly increase the prdering cost. o

Einally, the use of the avierave weekly demand flgure in cﬂmpu‘img the
ecanomie lot sz ignores o cunsiderable amount of mher ini‘urmuu::!n con-
‘aired in the requizements schecule. This information has to do with the
magnitude of demand. For instance there appear to be two levels ﬂ:‘;mm-
ponant demane in this example covering weeks: 1) 1-4 and 10-12 and 23 5-9.

5“_ ar ortter S plaged Tor S unb in week 10, rather thap Tur an scongemic b size of 156, the

e gt Tz s erame e mas Mo nedieal I L1171, TR wouhl, Howespe, reeuire the woe of o
gaare eameleg deciven el el il ﬂ|‘[‘ri'~‘--'lli-“‘1“~

-
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Week Number =1 2 3 4 5§ 6 7 B 9-10 11 12
Requirements 10 10 15 20 70180 250270220 40 O 10
Order Quantity 20 35 250 520 270 id
Beginning tnvi, 20 10 35 20250180520 270270 40 O 10
Ending Inwt. 0 0 20 0180 0270 0 43 0 O O

Ordering Cost: $1800

Inventpry Canrying Cost: 2145

Total Cost: 3045

Table 3—Perindic Order Quanpiry Example

By computing an economic lot size for each of these two time intervals, and
placing orders accordingly, the tolal cost can be reduced to $3855, Yet, this
proposal wotld be much more difficult te implement because the
determination of different demand levels would require a very complex de-
cision rule. The Part Peried Balancing proetdure (to be described in a later
section ol this paper) is a much simpler means of accomplishing the same
cbiective.

Perivdic Order Quaniities: One way of reducing the high inventory carry.
ing cost associated with Fixed lot sizes is te use the E0Q formuola fo rampule
an economic time interval between replenishment orders [10] By dividing the
EOQ by the mean demand rate in the example above, this time intcrval
would be approximately two wecks (166/92.1 = 1.8). When this procedure is
applied 10 the example, as is shown in Table 3, it vields the same number of
orders &3 the ECQ procedure, bur with ot sizes ranging from 20 to 520 units.
Consequently, the inventory carrying cost has been reduced by 30%, therehy
improving the tofal cost of the 12 week requirements schedule by 19% in
comparison with the EQQ result above.

Although the Periadic Order Quantity procedure improves the inventory
cost performanee by allowing the [ot sizes to vary, like the EOQ procedure i1,
oo, ignores much of the information cenmained in the requiremens
scheditle. That is, the replenishment orders are constrained to sccur at fixed
time intervals, thereby ruling out the possibility of combining orders duting
periodls of lipht product demand, ¢.g. during weeks I through 4 in the ex-
ample. If, for example, the crders placed in weeks 1 and 3 were combined
and a single order was placed in week [ for 55 units, the combined costs can

" be further reduced by 3160 or 4%,

Part Prriod Ralancing: The Pert Period Balancing procedure described by
Gorham {4] uses all of the informalion provided by the requirements sched.




ule.® In-'dettrm}ning the fot sire-for an order, this procedure tries to equate
the total costs of placing orders and carrying inventory. This point can be
ustrated by considering the alternative lot size cheices avatlable at the
Seginning of week 1. These include placing an order covering the require-
ments for; .

al week 1 only dl wecks 1, 2, 3, and 4

b) weeks 1 and 2 e} weeks 1, 2, 304, and §

¢) weeks 1, 2, and 2 etc.

The inventory carrying cost for these alternatives is shown bejow. These cal-
culations ilustrate the manmer in which we have changed the procedure sug-
pested by Gorham to accommedlale the average inventoty carrying cost cri-
terion rather {than the end of period! criterion.’ Thus, the ordering plans pro-
duced by this procedure can now be directly compared with those cbiained
with the EQOQ procedure,

a) (52). [(A). (1D)] = $10

by (52} . [(%) . (109 & (14}, (10)) = 540

¢ (320, T0AY . (100 4 (1vah . (1) 4 (2%4), (15} = 5115

dY (82, [a) . (50D -+ (1. £10) + (205) . (15 4+ (W) . (20)] = 5255

dh 1520, [ . (1) + (V) . (1O S (244) L LD8) -+ (30 L 200 -+ (4%

. (70)] = s885
1n this case, (he inventory carrying eost for alternative d), ordering 55 units to
cover the demand Tor the irst four weeks, most nearly approximates the
ordering cost of $300, Therefore an arder should be placed at the beginning
of the first week and the next ordering decision need not be made until the
beginning of week 5.

When this precedure Is applied 1o the example shown in Table 4, the tofal
inventory cost is reduced by S500 or by 13% of the cost obtained with the
Periodic Order Quanlity procedure, Netice that this procedure permits both
the lot size and the tme between orders to vary. Thus, Tor example, in per-
jotls of light preduct demand this procedure results in smaller kot sizes and
tonger time intesvals Deiween orders than for periods of high demand. This
results in lower inventory related costs.

Diespite the Fact thal this procedure utilizes 4!l of the information avail-
abie, it will not always yicld the minimum cost ordering plan, Although this
aropcedure ¢an produce low cost ordening plans, it may miss the minimem
cost plan since it does not evaluate all of the possibilities for ordering maiter-
1a} 10 satisfy.the demand in each week of the requiremerts schedule. This
noint is fiastrated by le examp'e shown in the next scetion,

™ mom worbiaticated werion of this procedure, tnvalving a look Torward and Jaok-backward
werhnigque, 15 deserbed by Plon’ aed Woght v,
-

"Mtz that the jeyventony garrving oonl Tof a'reenative al i
(3 08 - 0rish pAr (1

O - a
- "
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Week Number 1 2 3 4 5§ & 7 8 8 10 11 172
Requirements 10 10 15 20 0 1B 250270230 40 0O 10
Crder Quantity 55 F)ABD 250 270 270 10

Beginning Invt, 55 45 3% 20 MO0 2707/0 40 O 10

Ending Inwt, 45 35 20 0 0 0 0 0 40 Q0 O @
Crdering Cost: $2100
Inventory Carrying Cost: 1385
Total Cost: 334885

Tahlt 4—Part Perlod Balancing Exampte

Wagner-Whitin Algorithm: Qnt optimizing procedure for determining the
minimum cost ordering plan for a time phased requirements schedule is the
Wagner-Whitin Algorithm [1,2,13]. Basically, this procediore evaluates all of
the possible ways of ordering material to meet the demand {n each week of
the requirements schedule. We will not attempt to describe the
computational aspects of the Wegner-Whitin Algorithm, since these are pre-
sented 2lsewhere [2,13], Rather, we shall note the difference in performance
betwsen \his procedure and the Part Period Balancing procedure.

When the Wagner-Whitin Afgorithm is applied to the example, the resulis
of which are shown in Table 5, the total inventory cost is reduced by $240 or 7
% in comparison with the ordeting plan produced by the Part Period
Halancing procednre in Table 4. The difference between these two plans
oceurs in the lot size ordered in week 9. The Part Period Balancing procedure
did not consider the combined cost of placing orders in both weeks 9 2nd 12,
By spending an additional $60 to carry 10 units of inventory forward from
week 3to 12, the $300 ordering cost in week 1215 avoided. In this case a sav-
ings of $240 in total cost can be achieved. This increase in the number of
ordering alternatives considered, however, clearly increases the computations
needed in making ondering decisions,

PERFORMANCE COMPARISON PROBLEMS

After observing the inventary eost performance oblained with these four
ordering procedures in the example above, one might conclude that the first
three orocedures should not be considered for inclusion in a requirements
planning system since the Wagner-Whitin Algorithm will guarantee an
optimal solution. Yet, there are two problems with the Wagner-Whitin
Algorithmm.

In the first place, although the Wapner-Whitin Algorithm has been avajl-
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VWee't Yumber 1 2 3 4 5 &6 F 8 9 10 1y 12
Fequiremaniy 15 2 FOIBG 20270230 40 0 1D
Crdler Cuantity 70 180 260 270 280

Ber ing fowe, 4% 35 20 Y0 1E0 PROZI0 280 50 10 10
Ending lnvi. 4:1 a5 20 0 0 0 0 0 8 0 10 ¢

I
ﬁ-lc.r"ltb

1

Croerirg Cost $1800
toventory Carrying Cost: 1445
Tota' Cost: 3245

Table 5—Vagner- Whitin Example

able for some time, it is rarely used in practiee, Instead, one finds nemerous
applications of the first three procedures [8,10), Produclion maragers often
reaintain that an erdering procedure for 2 requirements planning system
should be: 1) simple to unders:and and implement and 2) efficient in terms
of comuauting tme because of the sive of the inventory files in most systems,

in view of these factors, 2 more appropriate performance comparison
would invelve both inventory cost and comtputasiorzl erit¢ria. That 15, the
analysis should indicate the tradesdT one s making batween inventory cost
netformance and computing Ume when simple decision rules are empleyed.,
Sueh an analvsis world invelve comparing the inventory cost abtained with
cach procedure with the optimum results produced by the Wagner-Whitin
A'gorithm for a given ordering prollem, This proposal leads, however, to o
second problem,

The second problem with the ¢ost comparison above is thal we are
pereralizing from o single set of prebiem parumeters. That is. a better com-
aarigen of ordering procedures would consider their performance over a wide
raroe of cost and demand parametars. Several paners, ealing with a com.
nariven of the Economic Lot Size and Wagner-Whitin prodels, have noted
ot the differenee I nerformiance between these apprnaches depends upen
e variability of the demand dera [2,6,521 That is, as the assumption of a
somstant. known demard rate s removed, the performanee af the Econemic
Lot Size mede! declines relative to the Wapner-Whitin Alperithm.

The most svstematic appreach o the probiem of comoaring alicrnative

ordering ;.’:I"{‘I-EL‘{'!..!‘ES over a range of partameter values develeped 3o far has
_‘.'."1 suggester by Xaimane '35 We thini thar an extessten of his method
will provids eensiderable inst _LJ'!I in the comiparison of alternative ordering
orecodures for use in oactua’ situations. We shall (lustrate this approach
unine e exanaTe ahove, oy well a6 woveral addilional examples provided by
Ralranm, in e remaining seetfor ol the maper,

[ oo/ Coefficient of Variation
Ratio Procedure 0 .3 718 1410 3310
Economic Order Quantity 16281 1681 188% 1633 1153
Paozrjombie Quclur Quantity AL EA IR U1 B Y FUPR | o ot R I LMY
T3 Pant Period Batancing 1681 1681 1585 1697 1153
Wagner-Whitin Algorithm 1681 1881 1857 1589 1153
Econgmic Order Quantity 2209 2915 26801 2685 1197
10 Periodic Order Quentity 2209 2209 2025 2117 197
) Part Pertod Balancding 2209 2208 2028 1951 1197
Wagner-Whitin Algorithm 2209 2208 1953 1941 11397
Economic Order Quantity 3512 3085 3275 3106 1225
Periodic Order Quantity 2545 2545 2305 24256 1225
1.14 Part Pariod Balancing 2845 2545 2305 25 1225
Wagner-Whitin Algerithm 2545 2505 2205 2145 1225
Economic Crder Quantity 3859 4873 3747 3799 13N
! {5 Periogic Orcer Quantity ~ 3447 3491 3145 3381 13N
T Part Period Balancing 577 3399 2933 IE7 131
WagnarWhitin Algerithm 3447 3383 2871 26817 1311
. Economic Order Cuantity B120 5435 4RG1 4865 1405
152 Peripdic Order Quantity 4011 4058 3615 3945 1405
) Part Period Batanging 4011 4055 3545 3485 1405
Wagner-whit/n Algorthm 401 4065 3435 3245 1305

Table f~Tolal Inventory Cost Performanoe

FERFORMANCE COMPARISON FRAMEWCORK

In comparing the Economic Crder Quantity and the Wagner-Whilin
procedures, Kaimann [7] varied the problem parameters systematically 2long
twe dimensions: the coefficient of variation of the product demand in the re-
quirements schedu'c and the ratio of the ordering and inventory cirrying
costs [8/C ). The coefficient of varialion describes the degree of varialion in
the demnnd data and is usefu! in indicating those cases where the EOQ pro-
cedure res!ts in hivher costs than the Wagner-Whitin Algorithm becavse of
non constant demand. A sharper distinction can, however, be drawn betwern

Frhe veefficient of yatiation: ¥y =6/ D; where Bin the average weekly demand ando 1, is
the standard deviation of week!r demand.

-_—
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L f 1
Qata_Sets | ' Rafio of ECQ to : !
Week 1 2 3 4 5 ! |' Average Weeokly Qrdering  Inventory Carrying Cost I
; @ 2 s 1 0 | Demand EOGH  EOQ  _ Cost Per Unit Per Week |
: w800 . 7 &7 s 52 :
3 gl SO G ! 1.4 37, 7. 2 l
' e M- - ' M 106 120 2
5 o 5t ] 70 4 I 1.50 198 206 2 '
5 ©2 50 0 180 1105 | e - s o 2 [
7 e2 100 180 253 O I
8 %125 0 2 Q Source: Kaimann, R.A., “EOQ vs. Dynamic Progremming-Which |
‘g E% 133 1;13 Zig g . One to Use for lnventory Control?”, Production end |
.t a2 By 180 o 0 ' : inventory Manegemens, dth Otr., 1958, ' If
12 53 ¢ e w0 |
Tab'e B—!nveniory Conl Parkmeters
105 T3 s 1105 105 il
|
Standard Coviaten: o 270 687 130.0 305.0 ! r —
foeficient of Waratan: noofor g a0 A . EOQVD Coaetficent of Variation
1 Baio Pracedure 0 223 718 1.410 3310

To''e T—"emany! Patterns for Tnvestigition

Economic Order 'ﬂuantitv 0 1] 205 276 D
J3  Pertodic Order Quantity 4] (] 206 276 0
Part Period Balancing 4 0 2050005 0

the performance of these two araccdiees iF the ratio of the econvmie order
guantity w0 the average period Cemard (EQ/D) s substizuted for the inven-
oy cost ratie {847, wsed Uy Nelmann, The EQO/D ratio measpres the
denree of misnuaie® Seiween integral multiples of product demand and ex-
muirg the larpe inventory catryine ooats exhibited in some anplications of the
ZRD procedure.

When Xalmann's examples are viswed using this framework, there are
several Dmimarinnt Sifferences Detweern his conclusions and ours. In order 10
Drusirare Uresy S Toreogen, we ave extended the exomple presented vartier,
Tmall we haveeornoened e st inventory cost for 25 difTeront sete of dain,
veing the gnme mer el trar were emoioved T Tables 2.5, The resning of Wi
analvels are shown in Table £ The cost and demand dasa used in nrenaring
talv mable sre oarovidod {0 Tables T und 8 Table b mresents o perforrmance
cemvmarigon of thw Jour vnderiag arecedures For selveted parameter vaiues in

Economic Order Quantity 0 3195 33117 3878
A0 Periodic Order Qoantity 1] 0 368 506
Part Perigd Ba'ancing )] 0 368 103

3
b = =]

Economic QOrder Cuantity 21,92 2315 4852 4475 0
106 Perodic Order Quantty o .59 4583 1305 0
Part Perind Ba'ancing iy 1.539 4583 279 0O

Economic Order Cuantity 11,95 45.33 3051 41.70
90 Perlod’c Order Quantity 0 4501 958 4.0
Part Period Qalancing 378 0T 25 395

L= e ]

Economic Order Cuantity 27,64 3203 44,17 2092

o —— e w ——— o

- ———— o

b —— v o —

0
; - ) 1 fodic . Mlaignr
Gt C-omange TASEOM/3K182ane 0S VLS 33L A direat “B2 Pefiorc Orcer Quamity 0 0 524 2157 @
grarparinon of the nereeniape Citference between the results obiuined with “art Peroc Balancing 0 0 120 79 ¢
S e simre cdecisien culoy and the enthimem resuity reeadugerd by the : ]
Woonmer-Wittin Aleerfiinr 5 sbown in Talie 9 Tab'e 9—"lercent Tncrease in Total Inventory Con: EOX), POO, PPR 1. Wagner Wiitin
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Froure T—Teta! Imweioty Cont vy EO0 /M Raie for ;= Ecoromic Otder Quantity and Wagner-

Whitin Peanatunes when VD = 0

Feagnamie Order Quareing: The analysiy shiown in Table & indicntes tha
wies the Seonenic Triter Duaniily procedure v anplicgd 1o the diserete de-
meamy? daia in A recuitemenis soledule, thore are iwa conditions where the
T arpeedire visids the saare Toeils as the Wagner-Wiatin Algorithm,
ey .;;:_:-*.cf*.'liu'ﬂ T ien n g peeery ivowhen the demaned opniforr over e

srerts 40T et eoeictent of variation iy sern, anc the cen.
srewnntty o tipeer mtldate ob the average weeky demand.

Vabloh provides poe cxamie of

= L0 and Ve = 0 e
st By ottt we have areparcd additional examples
poranar ol TOOA T vy preielened B Takle b for the case
sz e s geg oletted B Finace 1 Thiv grash shews ks
; vy sty than the W aener-YWhitin

st e e e Foaiiyr sakimioy :".‘.1.1;-_",- va'ped'or wien

¥aliin

FOOD ratio 1 lesy than 1.0, in which case weekly orders are placed. 1n no
ciee iy the Wagner-Whitin procedure mare costly than the EOQOQ procedure
as s sugeeyied by Kabmann [Tn 71-74] This Gact follows direcily from ihe
assumation that orders can anly be placed and received as the discret: tinw
iorervels delined By (he requiremients schedule,

Tl Fighor retad post perlornimey of the veanoniie order apeontily pro.
codure relative fo e Wagner-¥Whigin Adgorithon fo Fgure 1o begely ex-
prained by the mismaick: between the economic order guaniities and 1he
weekly demand, capsing higher inventory exrrying costs. The dip in the (otal
cost curve tor the EQQ provedure whichoccurs rear the EOQ/D = Lipoint
in Figore | omay be surprising ab first, This happens becanse as the magni-
wde of the economic ot ire increases, the extra inventory carried over Prom
week 10 week s00n Becomes sufficient to eliminate one or more weekly
orders. When the EQOQ is 1.5 times the average weekly demand, in a constani
demand schedule, an order is avoided every third week, Singe onders can nmt
b placed evety second week untii the EQQ/D ratie equals 2.0, the total in.
ventory cost increases ranidly alter BOO/D cquals 1.5,

A second conditivn in which the QG procedure and the Wagner-Whitin
Algorithim vield the spme reselts oecurs when the coefficient of variation be-
comes wery lurge, te, ¥y = 30 i this example. This happens when
extreme vacialots eecat i the demand data and there is o marked degree of
spikedpeess in Se regoirements sehedule. The demand scheduly shown in
dara wet 53n Table 7 provides a good iflustraiion of this point, In such eases
the economic lot size is not sefficient to meet the weekly demand. 1L iy lews

wypensive Lo simply increase the order quantity, rather than 1o initinte two or

more orders for o peak demand pericd, The orders are placed W meet 1he
weekly demand and the resulis obiained with both proccdures are the same,
We kave plotted the data in the tast row of Table & 10 illustrate this point,
This graph is shown in Figere X

Naimann's resulbty indicate that the EQOQ curve in Figure 2 should be o
straipht line, extending horizontally from a point on the tolal inventory cost
aviy. ¥ This wou!d rellee! an increasing &iflerencr in tota! cost between the
EOO and the Wagner-\Whitin procedures. Yer, our results indicate that there
% oa cear advantage o medifying the EOQ procedure as the degree of
aciRLnRess i the reguirements sehedule ineteases, Allhough the coel Seient
el variathon dovs i measere the depree afl spibedness in the demand data
dirgetlr, it Is 2 good 1p-1-'nxr"n'm5, variable o sigral the reed to modify the
EO0 1[1].’:Irnm:'fl

Purivcic Grdfr Quauntities and Pare Perfead Difeneing: Althoogh the
results shown ir Talkle ®indicate a close eorrespundence between the nerfor.
mancy of thest twe procedures and the Wagner-Whitin Algerithm, the daia

[ A . . . X
This rafit b SOMPEG" yy g e 43" coat expretsion (of the Siatic cormomic ordef guantiry
e’ i avmes 103 the frme B el succeniee vrlers by It peuriceed toieteger vielues,

L2arerad Regqoaerments Pl g
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is mot safficier? to draw any firm conclusions. In zddition o i1s s:mph:ttlf.
she Tart Teried Balancing procedure ¢ provide low cost ardering plans !n
hpga examales. One miphs therelore nyporhesize that this procedure wou'd
renresent an o Tective radent? Delween inventory cost and companng HmMe
pacipemmance For o recviremenis planting seelm .
CONCLUSIONS

The pradyetion manager ¢'ear’y lias 2 aumber of aptiens iz choosing an

ordering procedure for » requirsments planning system, rargizg from the

e of gmale deefsion mulet o ontimizing procedures. The provecure he

ehopess witl lareely demend umpn the empiasis e places on three crieria:

“t

inventory cost perfortnance, computational efficiency, and procedural
simplicity. To provide data for a more informed devision with tegard to thase
criteria, the method of evaluating allernative ordering procedures should be
broacened to incluzde both: a range of cost and demand parameter values
atul the ametnt af congputing e regquitet] o make erdering devisinn, W
Telicve it e wiesdyticn! Dinrnework progosed lo Uiy paper 1 ooe slep
luward a mere systematic analysls, R

In a second paper we will report a simulation analysis in which this
analytical framework was used te analyze the four ordeting procedures
described in this paper. Specifically, these simulation experiments were
dirceted toward 2 more extensive exploration of the totel inventory cost
surfaec illustrated in Tabbe 6 of this paper, and inclided both inventory cost
and computing time criteria, [n particular, two questions were analyzed in
these experiments.

at What is the mapnilude of the difference betwesn each of the three pro-
cedures and the Wagner-Whitin Algorithm with respect to; inventory
telaled costs and compuoting time?
h} Can the differences observed for these two measures be xccounted For
by changes in the coelficient of variation or the EQQ/D ratio?
This aralysis iv directed foward improving the maneger's ability to make
better decisions with regard to the tradeofl between inventory cost and
coimputinge time in choosing an ordering procedure for a4 requiremenis
planming syslen.
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MATCRIALS REQUIRMMINTS PLAHITINCG
A& IO PR TUL FUTURT OR A
PRLSENT ROALITY == A CASIZ STUDY

. L. J, '_'iurlinq-ane
Twin Disc, Incorporated

Or, Jonenh Orllcky Akartsd n thean=aaanion snrinam 0f preasntatinne
an Materiala Ttepudrarmnnty Plantbineg wlth & fal% ot 1Tl "focggloss
ments Plannlny Lystemiy Cinderslla®s Yrighc Prospoces for the
Futvore®™ juiskt one yesr age in Cipcinnatl. This 13 a rather irenls
title for Jos te us# A3 he was running a Bequirerenty Plannine Syn-
Lem nearly tonp years ano. Mot only was the svatem running, but &
ayatem darived from this one {9 a£ill in ute eoday in ERe saocn
plant. Thum we have ap exarple of ten years of history on Cinder-
alla’'s future.

Twd yodras Mo In New York, just nrior to the APICE confercnce, &
workshap on "Materials Aequiremanta Plannine” wasx lad by Sooroe
Plossl and Qliver Hight for companies using thia technigque. The
proceedings of this workahop have been published as parc of the
APICS Speciml Meport, "Material Reguiremcats Planning by Computer,”
Anyone interested in Requirements Flanning should. I halieve, b=
tain a copy of this report.

In thia book, there are nine case studies of corpanies which had
syaterme up and running two years &g, The rasults for these nine
have bean nothing short of spectacular. Thara have been 219 ta 3L
reductions in inventory, up to 208 irmrovements in cugtomer xar-
vice, ard irportant coet redurtions.* This is even more signifi-
cant when you consider the fiveras Husinesases represented. Thesa
companies go all the way from masm production to classical job
shops, They go from heary industry to electronics. The zame has-
lg technique yields positive results.

[ am cbvicusly maling tha case that “aterlal Requirenants Planning
iz a proven toel of tha prezent, [ am™ propared to aopport the
clatm that under no condition can Requiremsnts Planning be worsae
than Statistical Inventory Control. There are conditions umder
which 1t mav be no botter, but I #rel that thome arn fow $n a oman-
ufacturing environment, The principle of Dernendent va Indencmident
Danand ‘4 involued heore and Or, Orlicky has covered® thiy a Lot
Eatter than @ eould, y

There la, &t this time, a relatively new dlmenaion which mikas the
ploture 3till more favorable. Saveral comautar manufacturors have
mads program packages avallabla to take A groat éesl of the nra-
gramming work out of Mequirerments Planning. The heat known of
thoxe iz IBM's DPTICS, Thls systen has been success®ully installed
in several corpanioa and it has been working for over three years,
then you add to all ol the above, the vaatly irwroved epwnuotser
capability awvailable today cerpared to ten years aco, 1t would
seem that companies by the hundred would be turming to thiz reshod.

Tha above fa, however, not 3o. Progress at {rolecentatfon of this
wall-kpoem and oroven tachnigue is relatively siow, “hy? The an-
swer 13, of caurse, very simole, fGeoran Pla=sl, in his Howslekber
o, 7. gave tha Xey in eight words -- "Symtera make it possiole =
peop.e make it hapoen." One Tewalottar lacer, OLiver Night said,

“The odda are 20 tp 1 PICS won't work for yeu.™ Flease be sure Lo

‘¥treas the ¥YOU. Cinderella iz here and gettlne ald waltine for

yerd.

‘Hote: GSea pages 10 and 20 of the report.



EXHIBIT . Gince philonoohy is one thisg and practice another, I would llke to
v imkrpduge you to Swin Nilac, Incorporated and show you a roal Iive
Nequlterants Planning Svsten, TwWin Disc has males over 549,404,719
' e S and manufacturca nower transmission equiooent for a varlaty of in-
Castries. the largest of which is casstruction sachinery, Tha =ys-

tem you wlll ace im 7«1/ years old, slthouth it hasx had sevaral
s e e B ; . r r =i rajor cevwixions. It waa atarted on-an IZT 1401 computer and is Tum
= ' i.m" \ L;'rllff-”" I' ' J""II 3#‘ ™ 1 erlay nnoa IGAAA0, Yy prearatiied TEoouranlyea afage M50 wag i
";‘:: pum jreoe 1 Pt | N " I avallanla e lokd o Pln moat gutatamilonon O FForonoe hotwoenn our
ot HITS AT N b r“"*l Y = al— i ot ol PTEC An thal un e nmbl o Saneps wlol e BT gons g astansr #
- '"""'—"l ) l : Y1 ! ! } sign. in Disc 1w one of the companles whéne reaults Ara given on
L 1 L] : nages 10 and 20 of the Special Report.
| u t Exhitdt 1 i3 & copy of Twin Disd's roorder polnt aysten which was
! ] . in yag from the late L930's until 1964 in Raeipo and 1960 in Rock-
o S i ford. Wa werc unable to inglude the Rockfapd Plant in BhMa new sy8-
§ I ! ton antll the 360 replaged the 1401, This syetenm was quite & good
1 u 1 one of ity type and had only two real proklerma. The worst was that
. 3 s i | ir took two to thres wecks to undate the aysters. This meant & laq
] £ [ v af, At bast, two weoks to exploda o level of a kil) of rnaterial,
Nt e 1 t_‘ligil b ? . "y tome of our Hille hava ten levala., Entecing an order toak 20 waeks!
e ., PR ! 5'1';.? H : : 3 ] Li ! 15 } e, whviously, had to doeveloge manual short cuts, but thess, at
£ R HATTg I E"'-]"t ! el n " “r : besk, are posr substltotes for daleg the joh right. The other
Brisel l|| |3aree | T ! H‘ Ta = problen was the lagk of timing. & knew that we neadod matarlial
o LN L S ' . Yk we did nok tnow when we needed Lt. Hotlca that on BAL/RG, we
; T . b ! |I i . received (ive pieces @f thisz part, This hrought inwventory up te
i mq : l | | | ]|| ii L ! I 15 pieces. It was not until 10/28/65 that evapn one piecs waa uzed
. . i H and not untll 11/29/A6 that the inventory fell helow tha 1f pleces
et ek e PR R hat had been in stock on BAASRG. That was real Lnventory turn?
EXHIIT Z Cxhible 2 i3 an exarple of w0 lavals of 4 Hill of material. Ik
. MATIRLEL STATUS - PRODYETIEH SEHIDULE is alag an exaopie af 2 vary aimole dependent demand iten, The
il QUG INCORRTARTI e e 2 s = EE . = firat line that starts uncder Part tumber la self-sxplanatorv, The
e AR e T T i w e hw 1 Samm second line stares with some ipdlcated action blacka, Thix ia a
¢ mom =L s e . cony of an Cxception Action Report. For this exMibit, we made an
¢ o mm T e T L : e ingquiry and its hox haw an “¥7 Ln lt, o actlen Ls indicated. Thae
YRETLTA . — e . bt rest of the line shewld explain Ltaelf, Ye call these two lines
P B e L L R Lo :-_""-‘r—__"_";: ‘pageer Information”, Below. thuere Are three sets of four lLines
S o WL T B . e, VI T e each of variahle information. This informatlon goed ton wasnka intd
S L M e L T T the past, has the currvent week, apl 87 future weeka. Thia forrat
T N S VY e A “-W-v-—_“’——”' : has the aecumilated past due, tha current week, and 50 fuiurs weeks,
. ' — T T e e e i i T W Thepre Are ten optional formats for thias inforratien, Uo will sce
g o R T adisen e o e TR T o A e twe others later. Tha consecutive pumbers starting with "J44" are
T et ow Tt (L TR ':'._I:-L_m_—.r"—_ﬂl-:‘“:“’ Tad week nurbters. ‘Then wa started thla ayatem, wr started with lipek
. R L T T T A T T T 102 and when we get to 799, we wlll atart over. The next lina,
e e A T ek e L "'1:_"_::‘_-'__' e e - “noguirerenta’, shows in time frames all of the remulrenents far
T ' this paft. These can b caused Dy customsr of service orders at &
T hichar lavel, the same at this level, sxfety 3tock at any level, or
—o = DHG MCCTRORATLE e e H""I““‘Fh‘ﬂabﬂﬁqyg—%lﬁ : sa-es forecast at any level. In shore, i L the nm"hcrrﬂf aieces
ST EOS T Tl Tl we need £ fill all demands, The next line ia called "Soheoduled
e - " ik feccipts”, These are oren purchass orders for a pirchased pare and
Tt T WoTK=ip-procoss invenkory far a mancfactured part,  "Availabla”
L atartzs in the first awace with on hand inventory, and Lz the result
B Y ot . W from thers on of netting the inventory, scheduled receipts and re-
iy me———— quirssents, Thus, the 57-piece requirement in *Fast Duc™ nots
- == e 3] arainst the SB pieces in inventory and cives an available in teek
344 gf 4B, In <he sare way, the [-nisce requlrement in YWeak 355
ca Mo LT R e e e e M s rnets agqainat the +% and gives an availabwle of -4, “"Planned Or-
e et T T Y S R i e i ders” aro nothing more than start datea. Thie part has a wix-week
HuinfRR - Lo PR Rty o : e e W lead tima and pur rules mav 2 parct should be Acheduled to be re-

celywd one week prlor to need. Thus, the firak need {a in ek 2196
) e ant 1F wg subtract alx weeks 2ron Meek 35%, we have a planned ord=r
—— ' - in theak 149, Thim {a the last date that pacts an be“srarted.
enrowgh the shop if they are o bhe dine in Heak 355 and avallahle
in ‘leskx J5E. There are twao 42'9 ik Week 34%. We carry two
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1 mald, above,

hare in another

regord thakt cArrFied only cuntorer ordoess and :utvlcsiorcnri an Line
' i " ed™ e flrm opders

- wufs record gan then he snid to be T

which can be ideatified by grder pumher! “ha sacond 42 is the

compiote setx of lmrentory racords tor gachlpu:t+
that all reguiremeabs weme pgatriad on Line 1.

m-arned order Line from the sacond recard.
“ed recoTd will he discussed later.

an sxarmle af this amc-

u

i lex ona, T would like tR

Th preral gubiect of pegqlhg 15 a conp
j;?qE ast a fgwjltems ahoge this type of peg. If you try Eu nEF at
a.:-:eucrg witw an exact peg to order nunterseft nnluuperngzg!,t‘

gy i Tir - H cards At lowar love. I
or WALl pum into A very Conp-gX aet ?‘ re
EE;:E ig much cross uszoe ol marts., IO OUr TAAME, we winild ha?zlg
;E"era‘ thousand pega on Bome 1owor leyel parts and row Hatert té
me avmid Ehin, Moot systems peo only one leveol down oF peq only
. a:azﬂ"d_:é"ﬂvnr - ghink teat, in apmmthine ovar J0% of “he
rearslo 0", o , = thuir - of * _
s '5 1y lg immpreant qgnly tQ Ymow the tyne of order, no- bre 0;1
E:fe ez T you accest this, you can cut out 911 of =he troudle
T monioe and et 10% of the geod. Nrcer hunhersy can be foun
Eniciiléab .i-ﬁ‘nsinn. Tn ceneral, you have bwd cholens to peOT
"01 ;T;“ *E b;cnk rhrough forecasts, 1ot gizes, salety stack.f
T e Firet i% to maineain a separate record for each tyge o

s

e b

oo far cach item in fnventory- nin iz what we h:vf dene -grlrhin
- cyea 0f mog, You cax sea that his wousd get out o hand 1
;bu e o navg.wix or cea types of ped. reg prher i3 ta regen

ars Wy apecial wregran, on requoat, any tyme of peo dealred.

mp “ower half of Ixhible 2 ahows the.:antlng_frq? uﬁichighe‘p::t

ie =a T rgre 3 £ ehn pRIS RUWDAD. The -ola

i ade.  Uote the f ia parlh @ L A .
H incﬁ nroer ghowo in Weak 347 1A remuirerent of 42, loek ]ﬂt.

?;E th Q*an. mhig ahows the lead rine effget. fn this park,

- 1 L (L] d m
W Iho « aply the inquicsy Dut also an oriar s2@Tgescion and a

expadite slince tleek 39 is within lead tirc. The suaoestsd por-
china order is Zor 30 nlecas which ia the crder auantlty for th
gastinre. Therefore, thoro in 8 SO-piece plannod arder in the past
dun, 'lgte, Movever, the second nlanned order i4.stil} ths perced
¢] piecea, rage 1% of the Speclal Terart refera to pur oractice of
coding marta 9y vendar®s machlne center for irmicry purmosss.  The

nh* in tha part narp of this casting v & oode for a foun!cw and
o gode for the tyoo nf onoTaimT.

ia Im, of cepprvner, ap oprareile of dderminpt dermgel,  Thoarm arn pho
nuilreronts for 200 pleces of Cw top lavel nare over e tiro ancead
af 11 wesaks. Those Cermanda cone in fogr $M-nicee increrentw. T
eBink that this axamnic notntt out, &% ll 4% anythior gan, the
shortconlngs of the sawtooth chart and traditional T30 Fath teche

filaves are bBaced on the ineo¥rest orefilae that devand will ve con-
tarc,

“ahvinit ¥ ahows tha #ffect nf safety jtorct oo & Poqoirerents olan,
In thia came, the 3Ad-niece SEinty stoch Ras hesn dodocked frewy Con
wanil” nrior to the caloulatfon of avallable. With po "on hapd™ amt
no "requiredents", the firsc availahle ia =570, &t first glance.
the casbine wvould foen to Se ln the samn conditisn as che one in
rahibit II, with & past duse Pplizned ardgr, Lenwpvwr, in this caie,
thore i% KO ophgrod plannml order and yom can Kell abt 2 glance that
+hig mesaacre cones froo the fact that we arc intn mafetw stocs at
an umner lovel, There is no need, in Ehis case, to trv te bring in
tie castimnvs in lesw than ledd tize. IF you had a traditlonsl re-
orfer point svsten, howeyer, I Jdon*t thipd that yoo coold tell the
eiffarency Re‘tesn Luess twd PpaArts, and you vorld he outtins eroal
ermhasis on thea. 3t L3 central To our systes to k= atlo to tell
what woulsd be pice to Jo and what muat be done, I dante thipk Ethat
a sonsihle gnproach ta Shep Fleer Control or Purchasine Syaters cen
te wade ontll the Inventory Control Sysion provides this Jata,

The ipventary control rules used In our system or in any othar sy’s-
tem can he the user's own. Tur systen isn not the lowest inventory
ayatem that can be devised wlth Meoulirsrents Tlanning,. Tt was d=-
girned to yield a hich decoree of custorser service, I womld like to
rtresa, howsver, that i+ is wossinle to oo the othar way. A S5O0-
nipce safobv stoek pay gesn Nleh to you on an TAC iter. b s
tharpg for reasons that have to do w@with & vendor am a costomser: LK
Iy not a part of the system.

I will vae Txhihig 4 tp spooort oy clals thet even with {indenendent
¢enand, tequire—ents Flanning can de the job a4 well! an reqarder
points. The exarple part it an independent or nearly Lademendent
demand parkt. Az such, pxponential smoothing isa used to [orecast
this part. The Foracast, in this case, ia I6 nieces oer wosk and
+hpe smaochine constant is (1%, This fopecast is recaloulated eye-
ry four weaka, The procram coMpar-gs the aciual requirenents with
che forecast and ules the greoater argunt to calculate the avatl-
uhla, except in the flrst four weebs where 1t ymen 29% of the fore=
cast. This ls easy to see LI you ook at the planned order 1ipe.
Aol owesls withh a IR are the reyult of forecast, at leant in part:
the athers are firm., ‘ote the tortal b the end of the rechpd wherw
we have 1927 plecea in planned arders for this record, of which 188
are firm orcers fyom the pecoed record.

Exhihits 2 throuagh 4 are mxarnies of an exception renort which i
iszvad twice a weak for those parts cemuiring action larder, cancel
order, resctedule, atr.}. This Ia tha tool uvasd for inventory oon-
trat. Txhibit 5, on the other hand, 13 generated only on recuest
and iz uped to review schedulas. Thisz format shows cuat~—=r and
sorvian otdorn as renquirements oniy. The planred ordar of
shis information arrapgerment ia the second planned orde, = in
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txhivits 7-4, In this way. a oroduct lips gchadular can look =t
the lower levala of any bill of material and wea the availability
of parts and raw materiale, devold af the distertions brousht about
by upper level safety stocha, ordor quantities, etas. This format
ta marder to read than the others because it lw printed on plain
caper to avold the cost of preprinted fooms, and maze of resding im
unnocessaTy Alnce only & few peopla meed to know how.

— e

4

The same informavion L8 available Ln Exhibit 6 as is avallahle ip
Exhibit 5 with oms exception. TIn Ixhibiv 5, all of the past due i
collacted in one gurmerized quantity for wach Line. This ia good i
pnouch for a product scheduler, hut o Sheo Tloor Control Systenm
rapfs to ANoW, Not onLy that z oY la past due, »ut how far 1t iy
oast dus. Thuw, the I1 pleces which Are shown 8 pa3st due in Ex-
hibit 5 can be identified as 20 from Meek 336 and 1 from Waek 343,
wuin format 1o prinked aut only varely (mastly for exsmplea such ae
emin], it the comouter makes use of the informatlon te calculate
erizical ratio.

1 think that you will agree that it 1# important for Purchasing to .
3a Abhle to Aeparate firm gumtomer reduiTZements from requlrements
cayacd by inventory declelions and sales forecnsts. It would be

warv nice o have all weadors deliver all macerlal on the date Te-
que&ted, but we gon't Live in that 3ort of world. llow many times
save we Neard people say, “Tell re how Rany you really need and
wres, and I'il ger thew.“ “aterial Requirements Planping can an-
swnr that quamstion for Hoth the buyer and tha foreman. Cxaibit 7
ta a ralrly etandard Open Purchase Order Report which shows sach !
buyer hia open oeders Llr vwendor number and part number gaquence.
towsvet, At the right of che page, under ©WCLCK and FOTY, he can

find the last diech cate and coantity, cellvery of which can pra-
vent & late Gelivery.to s sustoner. It Qs intercsting o me L0 a8,
that, I= evamy case, eilthar the Cate oT the guantlity dlff«rs ‘rom
Fhaan Be Rhptupchame order, This pert of the report extends out
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neven waaka. Since expediting a2 usually a telephons ma

actespt is made ro lssus & formal reschadele fqrpnrder; :;::ﬁ ::g
nesled aooner thap the scheduls date shown within thess sgven
veeks. One by-product advantace of this la the savings of 14
plecas of paper {Purchass Ordar Ravision -— Receiving sst), and the
time requlred to prepare it, for each such casan, '

A “Fall Safe” report of thls type can be

genecatead by customer
product lire, due date, type af order, eto. I this way, 1u¢ific
inZomation, without extra unwanted Lters, can ba generated om re-

guast. Thua, the pegging princilples spumerated
o Lnto practice. rated sar]lier have bLeen

When scheduling cuatomer ordars tinder our resrder polnt
were lucky to examine the Laventory position of 0% of our pacta.
The other S0% were assumed to be in adequats supply. This worked
most of the tlme because ¢ur pecpls knew which 10§ to check,

Ay¥mtam, wa

o=
ever, when one af the other parts was Ln short puopl for & -
son, the schedule date could be monthe too sosaon, Psu!thunly t}r:rtf“

but when it was taking two to three weaks to ypdate the wyst
laovestory records eould, and did, show puaitiwﬁ-nnnhd{w.:; the
Eartl u:::htﬁad Fatn #203d] These twd prahlems sound stupid and -—
Iaany t they existed for us sgeven yaar

af you today., ¥ B aga and they =exint for
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Wity [nvenkary records astus having A bime seplsaa, 1t in sasy to
ce Ww the computer gan e programmed o determine 4 dell” " date
ifrar exarlning all cormgnentas of an assenbly, Uith net & &, it
15 alsp oaby~to-8tn how Rle naysten can he sodated carpletoly aftaer
each indivicual arder is entered, The actial proqrac is very com-
nlex and uses P05 plus rany hours of compubar time sach week.
This wogld e out of line For many companies, hut we fecl that it
ix well worthwhile for as. Ixhibit § 14 the putout frem this pro-
nran which abhoun o1l orderm entered, and i pates fhooue whict wers
pnl pelen el Ve 1w eumladar e o rAant ™iim la lanl:
yncond Colunn toor Lo pighk. Tho right hand column showm the parg
nu-hor that caused ug to fall to mest the customer's Teounstod
date., Nrders which are so lndicated are checked over by & product
schisduler to be sure that the reschedfule ir necesdary.,

FEL R ETELA FTI WP

rxqiblts 7 and 10 are an implowion and an exploalon which explain
thoensnlves,

On the flrst pace, I gave soms attentlon to the fallure rate ol
these aystens and jindicated that people wore responsible for either
failure or succ¢dl, Detajile cannot be overlooked. Slnce the ays-
tom ia very quick po reapend, it will compound errors faster than
asny othar Loventoty aystem I know, Exbiblits 11 and 12 show exan-
oleg of two Lyped of da:zly updates, ©On both of theac shests, the
gormutar hAs bheen ahle to find errara. Thixz is done by checkian
ordecr numbessd, DATE pumiars, quantities, darvas, eto., acalnst esach
ether. hftar those errors have heen identified, the rulu iy that
correctlons must ha made prior to processinm anol;!mr day'm waore.
1f a correction 18 not made, the error wil:l azosar on thr next

dav's unoate. Tugre have bhas three corrections, made on these
shopkx,

The lasat exhitit fg i'lustrative of apoather irpartant fratyure of
our ayatem. o3t reports Are ceperated either by axcention or hy
anecial regquest when the {nfomation la desired, ‘e generaks fow
rraditipnal two foot hiech roporss te ik on p desk wRELl yallow,
and #ileh then are throws aut. This o™ {¢ used to romunek the 1Y
ront uded ostioral remorts.  Excent in an erergency, these are in-
aued af AN overnlont Basia.

This hay been a Tathar Aauick introduction te Matsrlal Requirements
Pranping, and it has heen accesdary to 1%io much <hat it Lpmorkane,
trgianver, 1 feel t“at the usa of 2ctusl examplg=, rather than radeun
cnes laven though they are more compler}, makes the story bore be-
iovabie, This lm a botrer way to control ipveptory, and It iz al-
g g hprter war 1o soresd the nocessary Information throughout the
garganizacion. 1t belengs Ln the present, rat the furture.

L vrmrad Reguorsrments Papnay a7
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With inventory Iecorda actun Raving a Sime anrias, Lk inm rANY LA
fee how the corputer can b procrammcd to determlne & delivery caca
after caxamining all cormments of an assem=ly.  Uith net ohanoe, Ie
in alsd eany 1o see how the aysiem can he vrlabod commleotely a‘fter
wach individual orger is ortdred,  The actual prog-an 1€ vory come-
plex ané uUses 2fX plus mary heurs af compuier =i-me each weel,

This would Yo ous af lire for many commanica, hut we fopl “hat it
ie wall warthwhile for wz. Ix9ihit A 1s the pultuat ram 290 nraa
gram which shown all prdore crtopel, and [P oaaler e sl ety siip s
ngt Achoduloal Lo thy furitumes 'y orecumab. Yhin bw Lngleatest In Lhe
second celurn Sfrom the rioht., The rioht hand @olumn shows L@ gk
number that caused uy to fail o rect the custorer 's reageater
date, Orders which are so Indicated are checked gver by a preduce
wcheduler Lo be sure that the reschadule ix neceasary.

Cxhlbits 2 and 10 are an implosion and an explosion which sxnlaip
thamselved. -

On the first paca, I gave some atktentlon ro tha failure rate of
these syatets and indlcated that people were roanonsiSle for either
fgilure or success, Detalld cannat Le overlooked. Since the Sya-
Len iz very muick to respond, Lt will compound arrors fastor -han
Any other inventary system I know. Tahibi+s Ll and 12 ahew exan-
olrg of two types of daily uodates. On hoth of these gheets, —he
cormuter has been able to find orrora,  This js dane by oot iam
order numberd, Yart fumbord, quancicies, gatew, pte., anxinst E.E;:‘]
oter, After these rrrors have been identifisd, the rulm is thax
carractions MUSt Ln rade prigr Lo PTEEASSine another dav ' wor,

'{ a4 correctlen is pot made, the error will anpear on tho paxs

dav's update. There have haen three corrections ~ade an these
AL,

The last exhibit s illustrative of ancther important featvre of
oWE syatem. Gt reports Are genersted either by exceptien or hy
anpecial request when the information i3 daslrad. ‘e generate faw
tevdztional two foor high renorts o wit on a desk until yeliow,
anc which EMen are chrown out.  This form s used to requost the 1)
raat used optional reporta.  Except in an emergmnoy, theme are L::
aynd o 80 GVernight basis.

This has boen A rather quick introdustlon to Material %equirerenty
T"lanning, and it hav heen necessary to $kio much that is leportans,
Pgueyer, I feel ghac the use of actual exarpmles, rather than madege
choe (2ven though they are more comblex], -malkes the stary more Lhes
limvahlé., This Is & hetter way to CONitol inventory., and Lt s al-
K7 &4 DSLEET WaY to 4preal the LECEsIATY information “hroughout The
arganization. Ie Sealongs in tha oresenk, -nor the future,



EXHIGIT 12

Toin L, INCORRONATTD AEQULET FOR COMPLTEN MFORMATION

EORE: Mo

s Casda Cuda _ e
A = | Laval Saplasina E — Muhylmiburimg, Boutsg KPECIAL umr::m.ru ooy
B = Tnalrmiad Explotenn F — Pisminderr Axligm Tngory Bl — Culamgn p‘;h:m
L = | Linwt fmplouym Gom Rrguler Wl S, 7o Tty L2 1) Wery P -
[TITT Y ———— H - Fret S bituell vt b Sevrgraerd L= 30 e Mk Cum, Ry
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I Thia articta reprinred from the Americen Produsiion and Inventory Control
Sociery 1971 Confarence Proceadings pp. 125-136.
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$TOP: BEFORE YOU USE THE BILL PROCESSCR . ... .

DAVE GARWOOD

Fighgr Controly Campany, Marghall g, Iowa

Bl Processors 2re becuming increasingly populzr software packages 1o load
and maintain product structore data (hills of nutiral}y on compuler files. The
techmical proficiency of these packages hes been found 1o be excellen:. But
heware! Tephnicnl proficiency of software may nol be the solution 1o yuur real
problent Your elfurts — which are usually time consuming and costly -- may be
an exercise in futility and result in a “compulerized syslern” which never
achieves the promised, praciical uliity.

Do any of these statements sound familiar?

— “Our preduct has too many variutions to forecast by end product for

Fanning companent requirements,”

— “We have been working for four years 2nd have still net achieved

complese bill of material coverage,™

— "Muintairing 2 indexing uur Bills of material js becuming loo

Tandle,™

If 5o, the basic strugture of your bills of material may bz your real problem.

T Bifl Processor and computer speed are nor sohetions 1o your problem,

targe to

PROUBLEM

Examine the need for and resu'ting requiremenis of bills of material. The
adverit of the computer has opened doors for application of some por

iy
profita™e production gnd irvenlury  ¢ontra! lechnigues

= fime plased
reguirements planning for instance, These techniques reguire 3 sound datz base
including 2 well documented nroduct structure — Billy of Material. Whal roe
Cues the bul of material play in applying these techiniques? Corerage — you must
he ab'e to quickly and ageurately provide specth

i product delfinilion with every
wles wrees. Dut, more dupartmr, veu must be zhle ty ose your bells of mareria)
to cranslete g2neral, non-spec

e praduct forecasrs down to soectitc part
fequirements,

The basic probiem wsual'y found in streciuring bil's of material §s the
faprastic nember of comMinations o which g febative'y fow parts can be
aswemb'ed, TFor msiance, consider an momobile which is asserth'ed wirh $
sb-nsemblits — | of 29 moners, T of § Iransmissions, §of 20 inleriars, ! ul 50
hoedy styles, anc 1ol § radios. Although onlv JOO {20+ 5+ 20 ¢ 50+ § = 100)

" wehasicrmblies are bnwjeed, a wital af S (20 X 5 X 0 X X 5=

MOV ditfirent antuobiles could be aswembied — asurine thap a"



combinalions are praciical. Sound impossible? A leading menulacturer of motor
trucks reported in 3 recent article thal over 32 quadrillion variations of ome
model were possible considering onfy 18 standatd items such as engine, axle,
brakes, ete, How about Lrying 1o forecast the specific models 10 be sold from the
2nd quarter forecast of 10,000 automobiles? Lots of Lock!

Some companies achicve bill of material covernpe by starting with a0 existing
bill, deleting varlous parts not required and adding new parts to lorm 2 new bill
of material. The new bl i wwally not identilled with a unique number nos
tetained on permanent [let I it is identilied and rewained, it must be sdded 1o
the index, which can become unwieldy. This technique — called “Add/Delete™ —
it error prone due to the manoal intervention of correctly deleting and adding,
part numbers which are esually 6 — 12 digits long and introaduces trenposition
errons. {t also slows down the order entry process. But, the prime shorfenmming is
that it does not provide an adequate, historical data base to use i translating the
forecast into spetific part requirernents. You may know for instance that Bill of
Marerial Number 474 x 1 wat ysed 40% of the time when Mode] 474 was sold
but you don't know which parts {ind with what frequency) were added and
deleted. IF you maintain a record of the exceptions, you are back 1o forecasting
a multitude of specific end products {add/delcte variations) with little certainty
in the larecast accuracy,

Another solution sometimes recommended is to anply the BO-20 Law.
Structure the 20% which represent. BO% of the volome ard structure the
remaining 20% of Lhe volume &5 the customer's oeders are received, Great! Which
20% are the high volume products? They will be impastible to identify without
first structuring all possibilities and examining their hislorical usage. [n addition,
0% of S0G000 for the sulomobile manulacturer £ nidl 100,000 bills of
materizl requiring $00,000 (5 x 100,000} product struciure records.

]

SOLUTION

- -

_ The best solurion 1 to adopt the Modular Bl of Marerial concepr. - The
concept i 10 group parts which vary by the same product variables into 2 PPL
(Partial Parts List). When a customer’s order is received, an Order Enry.
Department délermines the product varizbles required 10 satisly 1he costamer™y
requirements and selects the required PPL's. A simple computer program pulls
the part numbers topether from cach PPL to compile the complete bill of
material. This complete bill s stared only for the life of that customer’s order.
Consider the automobile example discussed tarlier, 1§ 3 PPL were made [or

each motor, transmission, inteticr, body and radio, oaly 700 bitit of material
and 100 product struciure records would be required. This is 2 99% reduction in
bills of material, ;

. i ' - ==
Indexing the bills of material ¥ g'mpiified The index would be sub-divided

by mater, rensmission, interior, body style and radios You make ont wiecticn —

- o
"

o

"
=1 yrm——— L---------r-]-- — e ok g

*

+
L]
L
3

from the 5 — SO choices in cach mb-division, This is much exsier 1than findimg
the single bil) of ma1erial lrom 500,000 porsbilities!

Look how the forecasiing probiem has been roducad. tustead of rying 1o
determine which of the 500000 unigre stlog 2T 1o be wnld from the 10,000
enit 2nd querter forecast you need paly to Sribmts the 10,000 onit forecast
over 5 fransmisaiont, ad the cowe 10000 umity owrr 5 radica, 1ha wane 10000
:::: nmmf:lmtm::dmfm.mhmﬂmmhlnmmllh

1o it peneral, nompecife product fopecart specil
ndbiion dowm to o prt

A poramon midnierpyelation of s concept 5 thar the
erexl be made mbo ob-sepermbie Thix = ot mmmﬁ:iﬁ
mmﬂhk@w&-#ﬁhﬁmkmm
mrmumh:mmﬂynmhpuﬂumulm&
mHLWrw:nﬂmmhwmﬂhmié
moscrble 2 end prodect

ADVARTAGFS

The advartapes with thiy spprcoech -
[) A tremendous nedhaciion n the membey of Bl of sernerid
) An even greatey reduction i product striecare reoordy
3 Imnﬁlmnfﬁtbﬂ:fwmw
4] A ampitfied index to the bills of ma rerial
5) The ability 1o plan individual et requiremen, ' 1
”
; ) from the end product
Do you need the mme afety stuck mwentory fiv radies and r
L
wiomobile? Absotutety aor! The forecast (or cack of the 5 radios ﬂu;tmmﬁ:
accurate than for each of the 20 moron: thercfore, the wial safety ypck
inventory on motoss will be greater than that of radsos to protect xpainst the
preater uncertainty of the forecast for anch motor.

oy el gl cw mlersk

W —

1

PRACTICAL EXAMPLE

LI -r

Fisher . ll':‘,onunls Company manvfactures producis which are custorn
i+ waembled with 30 10 100 pants. A staff of 5 — 10 spent three years creating
; 730,000 product structure records and achieved bill of material coverape Tow
\ nnlyi[!}nfuurmﬂm—ﬂutﬂfﬂﬂ!hmmpmtmﬁgxntmﬂuud“

" ronsider the Modular Bill Df.H.aitri:I cmepl. The concept 3 \
. L —
1o our bill of materal ddemma. P L% prachical solution

Fi;unNu.lE;tncxnmphnfﬂninduuﬂdby t
gure No. 1 4 g Onder En
Department 1o specify the PPL" required to build one of our products ﬂﬁc:;

engineered for the custome:'s application. The o wari : _
an ITEM. . . - _product variables are indexed at

-

- "
1 - 'h_-"
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Figure 1 — Oreler Entey Mainix

+

One or more PPL's are available for selection in each ITEM. The numbers in
parenthesis ( ):dentify the PPL for 2 unique selection in each ITEM. The PPL%
in ITEM A vary by body sive, Mspection wapping, and flange rating. The PPL's in
ITEM B vary by the body size and valve capacity. Notice 1hat the PPL’s in ITEM
1 vary only by body size and are identificd as “Common Parts.” This product
reeaites MO ety b asseible sn o end produet of vy size — 2008 thems parts ore
sormmon 1o all units of a given body size. We have found some products which
have 3 group of parts common to all product variziions of a model.

Consider, for example, that a customer wants a 3 inch, 300 LB RF umit
without inspection tapping, 3 50% capacity valve, ¥ilon Qurings and a 100-250 psi
pilot. Order Entry specifies an EM310x 1474 87 €7 03 FS, Preozded ine our
product structure file are the part numbers required for PPL EM3 10 x 1114
EM310x [87, EM310 X/C3, EM310 2823, and EM10 x5, 1F5. Data Processing
keypunches the FPL numbers along with appropriate order identification. A
complete bill of materdal is pulled together from the individual PPL's and printed
for that order. [t is possible to assamble 760 waique veriations of this one mode
by selecting zeceptatrie combinations of PPL's from the Order Entry Matrix in
Figure 1.

Table 1 lists some numbers for comparative analysis of the Modular Bill of
Material concept versus the conventional bill of material approach. These
numbers represent actual prodects manufactured by Fisher Controls Company.

BsK NUMBER OF BILLS PRODUGT STRUCTUHRE
WODEL  APPROACH OF MATERIAL RECORDS
o Wondy | ar B0} il
Canventional TG0 24 310
azm N odular B 300
Convensignal o900 45,000
GYF Modulsr 40 100
Conventianal 138,000 4 838,400
ES7 Vadular an 3.200
. Corwertionat BO 72,000
E hhagutar 1,150 000
Canwentiona® 150 000 L1g000

Tab'e 1~ Domoarson of Modular Yersus Coneentipnsl Bl gt Martera'
Tor Dufegreal Wode's,

The number of hilly of maenal and product struciure records lor cach
muode] is substantialty reduced with the Modular Approach. For example, Yudel
671" would recuire 139,000 bills of maerial ro define afl passible el products

——
- —



but only 40 with the Modular Approach. Since the pumber of parts per bill of
material is substaptially less with the Madular Approach, the reduction in
product struciure records is even greater (4,383,400 to 100} We have estimated
§ manyears to complete the project of changing our current product definition
to the Modular Bill of Material format and achieve neatly 1006 bill of material
coverage - a feat which we had spent approximately 20 man years 1o achieve
50% ¢overage,

APPLICATION

Examing one of your products to see il some parls are commonly ased
together, A good way to examine your produgt for parts commonality is take 2
stack of bills of material for one product lne and see if the same patt appears on
all of the bills or one or two {or three} parts appear an several bills, I they do,
these are the parts comman 1o the product variable on those bills an ¢ should be
grouped inlo » PPL. Another good indicator of the applicability of the Modular
Bill of Waterial concept to yaur product line is detetmine the number of
variations (nta which tme of your products can be assermbled. If you Nind thar
your product ¢an be assembled ino many variations from a relatively Tew parts
and a significant degree of paris commonality exists, your bills of material need
restructuring befors you use the Bill Processor.

CONCLUSION

Don't expect s Bl Processor to solve your bl of material structure
problems. It will degersrale into another computer sysiem  illustrating
programuning competence but contribute littls improvement in operating your
business. Bills of Material are fundamental eiements in the data base requived For
an ¢fTective material conored system. Examing vour bill of material structure. Re
sure vou will achreve the eoverage required, you can siore, mainrain and index
your bills and you can compute specific part requirements from end producy
forecasts,
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DYNAMIC ORDER QUANTITIES

Thomas CGorham
Outboerd Marine Corp., Wankegan, Hiineis

Computer capaeity and technitgnes have now reachedd the polnt wliere '
more and more companies are develeping time series requirements plan-
ning systems, In these systemns the requirements for nopart will be ex.
prl:sscd not as a rate per day, but tather as an areay of varying require-
ments scaltered out Lhrough time. Compunents of stocked assemblies
will show intermittent uwsayge based on the expected huilding of the
assembly. A seazonal part would show a flucteating usuge. 1t is ap.
parent that such crratic requirements could not be validly expressed as a
rate per day nor coguld they be ordered econamically with either o fixed
quantity or fxed time period nrder guantity ealeulation. An ordering
system is required which will develop economical orders in spite of this
changing and intermittent usage.

Twao methods of caleulating dynamic order quantities are discussed
in this article. Both are non-reiterative in that they step through the
array of tequirements anly a single Lime, caleulating o series of orders,
These methods are considerably faster than reiterative nethods which
must try several alternative strategies before deciding on an ordering
pattern.

The first method which is more well known and the most commonly
used, searches for the least unit cost. In developing an order it stepg
through the requirements caloulating the cost of inventory and sctup per
piece and it orders at the point where the unit cost is lowest. This |

methed, in spite of ite apparently unassailable legic, lutns out npon
analytis and comparisan with ather methods of ordering, to be o very
uncconomical way of determining arder quantities. 1t develops ordering
patterns which result in excessive inventory amd also excessive sctup
charges.

The second methad is newer and not so commaonly known, 1t js
based on the same theory as Lhe classic EOQ formula, ie, that the least
10tatl cost is at the poin: where the inventory eost and sctup cost are
equal. This method consistently develops ordering patterns  which
reult in considerably smaller inventory and setup charges than does
the least unit cost method.

The following examples shnw the differenee in the way theotwn, |
methods would order. They show n wery simple array of reqnirements
and the computation of order quantitics using the least vnit eost mcthnd,
Throughout these examples we are assuming:

Unitpost = C = §10K
-40.00

Inventory eareying cost = [ = 3% per week (257 per year)

e e e

Setup cost = § =

——— e~ A—— . m _ap a ——

- e g

The invenlery cost is fieured av follows:

The first requeirement of 1000 i assumed tn
drann for the next usage :
aeepuire any inventory cost.

TEIE s-:‘r::::ml Tequirement of 8000 would ho ekt in iventury far thre
weers which s ropuivalent 10 earryint AR s for e weed, T :
15l at 5% gives un invenlory cost of SWLOG . et The

e come o stock and.be-
n the same week. Therelore it would not

Werl v Ko, fow, ol mr Gt Setap Toua o

1000 1000 0 ¢ 0 400 4000 o1

n 1 o

3 2

i 800 W00 3 1IN0 90.00 _‘1:;1.&1 .1:;1_55___

5 1030 S0 14 4000 "G00 15{5{5 .ﬂlﬁ?’___
Firurg ) B T

In the example of Fipore 1, the Teast
where the unit cost is 0186 with u tola] oast of $130. An inpection of 1
sty Im':vc\'cr. reveals that it wonld be lpsg ex;wmi.vc ta s(';u N :L[:]TT Tn;:I:e
:1:; reurirements for 6000 separately since then there wmlrdlh; i sctuc
charge for 840 ruther than an'i rventory charge of $80. This wo !:J 4
in 30 less expense. The least total cost method would arder l:h:is“::;ﬁ

1
[ -
e the setup charge than is

unit cost is at w quantity of 7000

beeause the nventory cliarge of %0 is eloser

T 1% . i
Hl_.. {There i3 no nd\nntn;_:c o making part of the X0 in arder ta
iC lt:':l. an exaet balance of $40 inventory ad $40 setup, sinee th
wauie nerease inventory but wonld nat rediice setups, ) l “
L 2 e ; el e
In Figure 2 the requirements Lave heen switclied arpund

Here the least unit eost | ;
lie lea stis at a quantity of 6000 wip! &
o rleate e Lats witl i todal eost of
Caln, an 1n.1Tg.:..s N Lae costs reveals that i wonlel cost 540 to setup E,

I ' - [ . - -
M. i
[T & ”I(‘ JUHU TN E 'r]". s 1l bl q it |t\ we're m}n'ﬁhlllld Y tl
m { “E ) e 1 1 “ usnk V! witn

onlyv cost §15 Gy inventory charges,

e indtial requirement it wauly)
T, ]
Vs would he a ooy I
13 svings of 335 The feast tata! cout system woull] com
petiod 4 Cand more) et

1 h I

Ling thjo BXN in perigd 1 and the MLy

caase the cumulative jpuent

. aory charges M i

Sroe ! ) ¥ T W not written off the setup
- . !

L e two esamples, though admiteed]y ripgi]

cerences Detwoeen t]pge twrr methoeds, & ,

— ; N

madr using long areays of TErpirements

— -

! do show the radical
Alany tests of these limve been
A series of orders wus dlevel




Bonuires  Guam Werks Hedee x Iny, Cost” Srtug Total  -1hait

Week  ments Noegis I lov, $Woeehs &0 S ] Corst Cant Cinst
N S

3 1 0 0 | )
: ; X - e e
4 1000 TOOQ 3 3000 15.00 “";f;.?ﬂ_ h..U‘.']'TS o
5 1000 80RO 4 -130{! 20.00 o F?éaé __U(J'EH_-
o Fipure 2 i T

oped and 1he tesulting cosl of inventory and setup was compuoted. The
Teasl unit cost method was very crealic in its hehavior, On anc set of
requirements it would develop low setup costs and high inventory ¢osts,
it on another sot it might do just the reverse, Towever it never could
obtain the balance between the two wlich rosnlted in Tower totud ousts
than were being achicved by the Jeast tata! cost methed.

From a more mathematival point of view the-following are generalized

cxpressions of the two mothods, {The derivations of these are in lhe

appendit.) In these
5§ = Setup cost
¢ = Unit cost of part
I = laventory carrying clarge per pericl
R. = BRequirement quantity in period n

s = Number of periods ordered or period number

Legst unil cost:

The unit cost at period n + 1 will be less if
S.
pfy 2o (r—1) R+ {n—2) Ra+ oo+ 2R + 1R <3

Therofore order cut thraugh time periods until the expression on the
teft becomes greater than 3/1C.

Lease Total cost: - .
s
A =2V H{n- 1ML = ¢

0R. ~ iy + 2R, - ..

C r at the point where the expressien on the left is most nearl
equ-t to SAIC.

—— i ———
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Defors going an] it might bE A goed Wéa 1o look at thie expression SAC ™

“which is the contrel Tacior in bath fopmulas, This, in cBect, delines a
part fmn:l an economic standpeint since it contains setup Lﬂ.‘nt‘ unit L'o;*
and the inventory earrying cost. Since this is o new concept “there has
liren no generally acceptable name developed for the r.w:pr'cssion ::]-
though “quantity factor™ and “part-perind” reem ta be Liirly well evtabe
hishied. ‘I'l.‘h"l_mt thizs [actor buils duwn Lo is the number ul parts -n:!.rhicl:. if
carried in inventory for one period wonlkd result in an inventory ¢harge
equal to the setup cost. In the previous examples $/IC would be
$40.00/.005 X $1.00 = B000, meaning that 5000 parts earried for one
week (or 4000 parts for 2 weeks, etc.} would result in an_inventury
charge equal to the setup charge. This, 1 suspect, will become a ve
useful number in varipus inventory control applications. ”
To get back to the formutas, hothi expressions are related to S/IC
Huwt:ver, the weigliting the requirements is completely reverse As;umt:
four ime perinds (r=4} in order to make the twe uxpress{c;ns asic
to read: . o

Least unit cost — 48, + AR + 28y + 1A..
Least total cost = QR + 1R: — 2R, + 3R,

R . .
. ;l'hlflu:enﬂ 11111‘:trc05t ruts o hipher weight an the first reguirement which
is "-';d 111-1 ﬂot_':\ for much shorter time period than is e 1equeicement for
l H H H 9 )
'gﬂu utri‘. T;us 'Ilﬁ !r)t at all logical from a cost of inventory st point
n the other band the weighitings for the [ :
: vant tatal cost o
O o, i seem to be
1 ; .
J:n}:amer.l p_rubnb!}_' even more clisturling, thing about the least unit
r r = 1
c:s. clutrmu ajs that it says that if the total ot perimd o i Jess than $/IC
5 i ) ;
E en t"u. Lnit CGSE ak r: 4+ 1 will e less repardless of quutity or inven-
tary charges. This hetps to understund wlhy some of the orders devel-
op;-dd't;}' the leust unit cost method are illogical as they woere in Figures
l|I and 2. As long as unit cost decreases it will erder regardiess of what it
vees to total cost. .
fisi . -
‘ Inlmnc.usmn, the least unit cost method, in spite of its exlremely at
N ' + 1y { . .
.:r:|1L.1'-l: name and easily understood logic, actnally decs not develop
. £l bl =
orders 1w]1|{.‘lh rl:'smt:- in a low ever-ali cost. On the ather land m-ltlln::E
A . . - ! a N H -
matical analvsis and extensive comparative tests show that the !east tota)
+ . ‘ least tots
cott Bysiem results in sulatantialy lower eonsts of bath inventory and
sebup, Alllwoueph it fs a0 Jiw! : Yen o, B s equs
P ] § @ aithie mnre comples inoconcept, i enqually

simple to administer and use, and it certainly gives betler results

| This T;i:! r!p:nred from Prodyction and inventory Management, the
purnal of the Ammengan Producton and inven oty
| e 568 o 7000 tary Conirod Society, 15t
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APPENDIX

Derivation of Form ulas

1. Formula for Least Unit Cost

) Setup Cost + Inventory Cost
Init cost = Grantity

Setup cost = 3

Inventory Cost = Requirement qty w weeks in Inventory ¥ Cost
ol part X Inventory earrying cost.

Assuming that the first requirement is used as soon as it is received, the
weeks in muventory would be 2ero. Then

QR,JC = cost of inventory for the first requirement
1RsIC = cost of inventery for the second) requirement
(n—1)}R.C = cost of inventory for the at" requirement
AB. + ;IC = cost of inventory for the n-+ 1 requirment
The total cost of inventory would be
ORJC + 1RIC + ZRIC = ... T {n—2)RaIC + fn—1)RaJC
or
[OR, + 1R + 2Ra % ... = {n=2)Ray + (n—1)R.JIC
let By = Ofy + MR+ 2R+ ... fn—2)Ra1 + (R—1)Ha

Quantity is the sum of the requirements,

Rio= R+ R+ Byt ... +Rex+ Ra
g -
Thus unit cost at n = :._E’_IE
Er

4

5+ RiIC = nRa+ 10

Unit cost at n.+ 1 =

Order Ra » 1 if unit cost is tess thanat Ra

Order Ry if

§ 4+ RIC < nBanlC S+ RIC
Rr + K.y < Hy

HT'-?'H.qir1 = . . ———

This simplifies to
nRelC <5+ RIC
nRrIC — RIC<S

K

ﬂﬁ-'l' - RI{ ff:

Substituting for Ar

aRr=n(Rs + Be+ Ra+ ...+ R + Ra}

aBr=nR + nk + nfy +... + nBey 4 nfa

Ry = OR, & 1Rz + 2Ry + ... 4 (n=2)}Ray + {n—1)R.

aRr—Ro = R+ (A= 1)Rs+ (R=2)Rs + ... + 2Ry + LRuky
- u IC

Order Ra. if

i+ {n—1)R: F (n—2)Ra + ...+ 2R + IH.{—IS
«

2. Least Total Cost

This balances the cost of inventory with cost of setup.
Cost of Inv. = Cost of setup
HJIC = §

.5
R=r

Ri= OBy + 1R & 2Ry + ... +(n=2)Aw, + (r—1)R, =
"Zic
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NET CHANGE MATERIAL REQUIREMENTS PLANNING * company’s first computer.
Among other fealures ol the proposed system, we nceded o specify the

Jaseph A. Otlicky Jh'*a’.“"”"-" ot the requircments eaplosion, trying 1o decide between o monthl
185 Carporation sermi-mont Ty, or weekly ovele 10 the d:f'ﬂﬂﬂ‘lif::TH’ifﬂl‘l.ﬂ"lEl‘lt of ET'h';{ by 3"
White Plains. New York Gactare, o Bigh Trequeney of replanning was abviously tlr."iir"l{ﬂ -t Iy :““1“:
. |r.:|r!|.-.+nl"t']:ly i the swope of e tegquircments eaplinion juls nl:-l :Ir II-II I '“‘-.
of printed outpul generated during each oyele. The problem boiled d;;v; ;:;;::

In the summer of 1971, APICS published o special report entitled '-'.Uﬂ‘*“"-‘”:l "How ol1en i (t praceico f 1o re-explode and replan reduirements?”
MATERIAL REQUIREMENTS PLANNING BY COMPUTER, This pub- To arrive at the answer, we posed a somewhat c!il'ferfnt :::.:s!ti re. fr‘t"'
fication, which is based on the proceedings of 2 workshop ertended by people aften would a sysicm ideal for pur business re-explode ant-:l:l re T:' iy ire
from a number of companies that use Materia! Requirements Planning, ments?™ After some debare, the consensus of the grou wnspthnt rt.;l mtT'
contains the following siatement: replanning should be taking place continuously, ie Ehuu” ba tinely
~The more experienced companics ai this workshop used a Net ron-cyelical. ST @ be entirely
Change system and felt strongly that Net Change was the only way
to go ..

f completely agres with this conclusion. My view may be a bit biased, because
1 had a hand in the design and implementation, in 1961, of the prototype

system of which the referenced systems are an outgrowth. An Alternative to Schedule Regeneration
The Significance of Net Change It wu; uet clear, at Yirst, how 1Ihis could be achioved with Malerial Require-
The knowledge of the principles and techniques of Net Change Matefal ::;: J:nsr:ii'”i;ttz_::;:;: “::::l;:ﬁu:“‘i::”:l' ‘;Eé’:::‘:!;l“’ the j‘“_’ is
f ial processing

Requirements Planning has thus far resided mostly with actual users, as very
Jittle has been written or publicly expounded on the subject. Te make the . , St
:nformation more widely available is why I have selccted this topic for my st 1:': tied lo some periodic frequency,
1971 APICS Conference prescntation. Furiher study and analysis revealed, however, that a non-periodic, non--
The production and inventory control professional should know that thete bateh Malerial Requirements Planning system could, in fact, be fmple-
mented, provided 1he computer had random-access file storage. [n 1961,

te more than one approach to Mauterial Requircments Planning, and should 1M
anderstand the advantages and drawbacks of Net Change. He must know vemne 1BM computer models were already being offered with disk storage as
an alternative o magnetic Iape siorege.

when and where the Net Change approach should be considered, because he with th o :
may be called upon to decide and make the choice at the time his company _With the capaability of random aceess to file records, sequential proces-
commits itsell to implement 2 Material Requirements Planning systern. He ‘1'1"'“' was ::i' longer "rw"‘h““'? {though, of course, still possiblel "This meant
. . . thutl pw i Tt | . :

shoold alse understand under what circumslances it becomes desirable 1o ' .!“'m,. e b m:r_1 AT processing metheds, heretolore dictated by the eco-
wwitch from a conventional, regenerative \Materin! Requirements Planning n:mn.}.: 3 ;tqucnnﬂ processing, could be abandined for applicnions where

syster to a Net Change system. mwy ad been 3 dra\fbnck.
ta _'srtmlcna'l Reyuirements Planning system were designed accordingly
—=+  The Question- of Replanping Frequency the prowessing of !hrij_perunu_nt data could preceed n a continuous modle, in

i ] At i S Somir O ary ' ol : .
1 recall a meeting, in January, 1961, at the Jarge tractor worksof the 5. [ n"-lﬂ::st Tn ;cT; ar 1tr_.sr3. frecency 51‘. a re-planning cyele. All inventory
Case Company in Hacine, Wiseonsin. That day. | joined several people with WH: 3. e m;“m r??n!mmm” planning data, could e kept up to date (up
" ' - LI [ ]
whom I was then associated at Case to work out the basic spees for a new e 'I“‘ mirdte) at ali rmes,
_ . - ' =g ! H . ] a "

sMaterial Requirements Planfing system that was 10 be impiemented on the - b hnug at ). 1. Cuse procevded 1o design such a system from serarch, Tt
- w1y called Net Change and became operationa) in 1962, The original Case
suber is the eces . . ) T .
BTpi egle is ased on the guthor’y apeech at the 14h Imernational Conference of APICS, .:\ ::. — E!Ttd o I;Gf. :"'.nd has served ;"fs the prototype for the design ef,
. Nt . 1931, 3L Lows, Wiswer e _ Ner Change Materid, Requiremenis Planning sysiems since fmpleprented by
: severa! wther munufacturing companies, - )

technigues. Regeneration is a batch processing method which, by definilion.



The Regenerative Method
The best way to bring out the salient characteristies of Net Change
waterial Requirements Planning s by using its conventional counterpart as
a point of departure, The regrular, prevalent approach to Material Require-
menes Blanning is based on sehedite repeperntion, Under this uppreach, the
entire master production schedule, which comstilutes the ptime input to a
Material Requirements Planning system, is “expioded”, or broken down,
into detailed requirements for every individual itern and existing invenloties
{an hand plus on order) ate, in effuct, realifocated in a level-by-kevel process.
Under the regeneralive approach
1. Every end item requirement stated on the master production schedule
must be exploded
2 Every lactive) bill of material must be retrieved
3. Every lactive] inventory item record must be recalculated
4. Voluminous outpul is generaied
Schedule regeneration is always a big job, even on 2 big computer. lnher-
ent to the regenerative approach is the task of massive data handling which
|. Entails a delay in obtaining the results of the requirements planning
un
2. Dictates that the job be done perindically. i.e., at economically reason-
able intervals
Thit causes the syslem to e out of daty, in some degree, of all Hmes

How important these disadvantages are in a given case depends on Loth
the envirariment in which the system must eperate, and the uses 1o which itis
being put. Let's look at these ohe at 2 time,

In a dvnamic, or volatile, environment the situation is in a continuous state
of change. There are frequent changes in the master production sehedule,
Customer demand fluctuates and orders ate being changed, perhaps day by
day. Interpiant arders arrive erratically, There are rush service parl orders,
There is scrap. Thete is 2 consiant viream of engineering changes. Al of this

means that requirements {or individua! inventory items, and theit tining, are

subject to rapid change.
1n a valatile environment of this kind there is 2 strong need {or timeliness of

response to change, but 2 regenerative Material Requirements Planning svs-
rem can replan only periedically -- at best, probabiy once 2 week. I1s reflexes
are relatively slupgish, because it is not reaily gearec to the rhythm of the
operation it s intended 10 suppor.

A Question of Use

In 2 more stable environment, 2 regenerative Material Requirements
Planning system may lunction satisfactanily, as far as malerial requiremenis
are concermed. But Materia! Requirements Planning is more than iust am

aecentory syster. IE a0 s 1o be put to its full ; i
1oy ull and prope
funciions o three distinet levels: PR e A ¥

I Manmpg and contralling inventories

2. Providing the basis ithrough irg * o y
1 gh it “planned erder™
i camdines sthedules) for plan-
Maintiining prierities of o
s . pen shop orders {; s

e p orders land purchase orders) up to

rTh:: shop priority con_tml fum:_tion represents a vitally important capabitity
of a t:me;-phascd Material Requirements Planning system. Otiver Wight has
r:pe:ﬂed.}rlbr.:ﬂn stressing this point inn his recent writings and talks, At
p_rt:eﬂt. t:H:s is still il-understood and consequently little used. Every Nfatc-
nla ]R:qummcn}s Planning system has an inherent, built-in capabili;y 10 Te-
evaluate and revise all open order due dates. [t s these due dates that Form
the basis of any sound methed of establishing relative priorities of sho
prders, and of operation sequencing, mee

I ‘[‘ﬁc;: priorities are to be kept valid, however, the shop order due dates
on whic! t.hfr arel_t:asnd must obviously be maintained up to date. I we want
sMop prioritics vi.id at all fimes we must have arder due dates that
date at all times. i

;': “arerial LREq'uir:mcnts Plarning system that rep'ans in infrequent
c::.:f.ﬁ can c:hwnumg.- do ne better than to generate order due dates thal are
;m.{: serredically up te date, LUr_i‘!ess lhe environment is exceptionally stable, it
v hard Itan 'SE:I hqwl shep pnr:r_ntits can be kept constantly valid by su:h. a
systern, But s at s just the point 1f the formal system cannot'do the job. the
informal system must, and will, take over. 5

- H .

T he_‘.nfn:jrmai system of assembly shortage Yists and “hot order™ expediting
F:.?;m: 51:.".: by s_lde ':mh an apparentiy sophisticated computer system. The
informal system is, of vourse, devised by operatin .

formal . E people to overe
""-”“mn.” of the formal system, Shop order due dates np:‘::d o h: rc:;::d!:;
:hr,:rt notice, <0 the expediters revise them then and there, as requiced. 1t is
n .rurja.z: that they do, because the business could not afford to wait for the
rexi computer rus, days or pechaps weeks away.

"k

Specs for o Material Requirements Plenning System

_‘n.‘_-'ith M:.attriﬂ‘. Requirements Planning, the frequency of replanning
|:.'1!1.|::H variable in the wse of the system. Mt is alsu a criti_,:_ﬂ p"":m‘::::?n“ha -
Jrsigr of the system, because the regenerative approach makes it impr II L't T
" :':I:)!an at a Trequency higher than about once per week prachica

When the spees for a Material Requirements Planning s ';t:m are beir
Zeiired, the 11I'ec;u-:m:3.r of replanning shou'd be specified by ::he se i mgr
1 manufacluning exccutive or by the Production Control Manager 'r]l‘r::c" >
cueney should be geared to the particelzr environment in whir;hg::h; \'Ia::i.'::; H'*

5



equirements Planning systern is 1o operate, and 1o he usos that are to be
ade ol it, as we discusser,

In deciding on the requited frequency of replanning, the user should be
ec of constraints and should be able to specify the lrequency that the
usinesss calls for -- including a daily cycle, or even conrinmuons teplanning.
o settle for less than what is really meeded will ensure, right at the outset,
rat the proposed Material Requirements Planning system will have its
‘fectiveness impaired.

To be able 10 replan material requirements at a high frequency, we must

Aye th."e problem of data precessing economics, iLe, the scope of the
:pianning job, its duration, the volume of its output, and the delay inherent
1 any massive batch-processing run.
.In _nther words, we Need o non-regenerative approach to Material
wquirements Planmng. An approach that will minimize the number of
wentory records and bills of material that must be accessed during the
eplanning process. An approach that will limit the volyme of lautomatically
¢nerated) output to notices of Currenify required action.

A Material Requirements Planning system designed on the Net Change
oncept is the answer here, as it solves every one of the just-mentioned
Tobuems,

“haracteristics of a Net Chenge Systemn

Such 3 system can be implemented for either of two modes of use:

1. High frequency replanning fon, typically, a duiy perch basis)

4. Continuons, of on-line, teplanning 1z “transuction-driven" system)

e L ] .
Prevalling current practice, in campanics that have implemented a Net

{':'hnng: Liat_v.-rial Requirements Planning syatem, s daily batch for transac-
fiot processing, with continuous on-line inquiry into the part Mo, file.
ﬁz.s:dt from vurrent practice, homever, itshould be noted that the system’s
desien allows it to become transaction-driven whenever the user deems this
mude desirable, On-line transaction eRIN is 2 matter of lerminal and soft-
ware arrangements external to the system itself, The siatem iy indrpenden:
¢! These. The systeet, in any case, iy U to gdare as n:: the layt transaction
prmesse_d. it can be the more up ta date the "o debuy there s in bringing
transachions 1o it, .

el ™ L] L - . . '
Tre togic of planning and time-phasing materal fequitcments It £s5en-

The ey N ' . H
. The treatment of the master nraduction sehegule
2. & partied explosion of requirements

The Net Change Conpept
L'nder the Net Chanpe approach,

I. The mas toduction schedyle is viewed as e plum’in conpimaous

Ualy the same for both conventional and Net Chanee systemy, except-for__

Ll

e

exisfestoe. rather than as sicocssive versions of issties of the plan

7. The magier prodoeion sehedule can be updated fas a result ol an auth.
orized changed uf wmy fime. by adding or subtracting the pet difference
ltem {is previous stolus

3. Peripdic tssues of 2 new schedule are treated the same way, in effect as

a special case of updating for change

The idea may become clearer if the schedule s envisioned 1w resemble 2
Chinese scroll which is contingally being unwound, analogous 1o passape 0f
time. The contents of each "backel™ in the master production schedule grid
is either Zeto or some positive value. In concept, the schedule extends indefi-
nitely into the future, 21l buckets beyond the planning herizon having zero
contents. Passage of time brings segments of the futire within the planning
horizon, al which time (heir contents are normally changed (via the issue of a
new scheduole) from zero 1o some positive value,

Because the master proditetion schedule is vpdated or chanped (he two
are equivalent under the Net Change concept) by means of addition or sub-
wraction of the net difference relotive to its previous status, the task of
replanning is minimized.

Thus if 3 6-month schedule looked in March a5 in Fig. 1, and in April as in
Fip. 2, the dilference from previous status would net eut as shown in Fig, 3.

This s the maer change that would be processed {exploded) by the Material
Requirements Planning system on whatever day the new schedale iy
approved. In our example, out of a 1otal of 18 master production schedule
“huckets” within the planning horizon, L5 remain wraffectad. 1t should alsy
be noted that the schedule for product B continues unchanged, In this case,
the data processing job on a Ner Change basis would be only a fraction of the
jobr that a conventiond! Matenal Requirements Manning system would have
to perform. This is 50 because undcer the schedule.repeneration approach, the
contents of all 1B "buckets” would be inpul 10 the Material Requiremenits
Planning system, and ail inventory records as well as bills of material relaied
w products A, B, and C would have to be accessed and processed.

Tt is imtportant to pornd out alse that if, in our exatnple, the need 10 reduce
the August quantity of product A had been recognzed at some time in
Narch, it coo'd have been processed by 2 Net Change system at that time,
without waiting for the next LAprit) issue of the schedule, 'n thar case, the net
impact o the Aprdl sehedele, as far as produet A is concered, woulkd be lim.
ited to the zddition o 20 for September,

" Thu, iredgtnenl OF e mggter prudachion schedule way puamered W Amcrcan Bosch of
Sonnptichd, Staws Moo beeech!s batgh Maieriad ecujrementy Manniey wabem miplementoyd in
1959 T



< PLANNING HORIZON ——

PRODUCT | MAR | APR | MAY | JUN | JUL | AUG

A 80 {70 | 30 ; O 0 50
f B 100 60 [ 80 | 200 60 | 60
C 15 0 10 15 0 10

PRODUCY | APR | MAY | JUN | JUL | AuG | sep
A 70 | 30 | © 0 |35 ! 40
B 60 | 80 [100| 60 [ 60 | O

C 0 10 | 15 0 10 | 15
Figure 2 J
PRODUCT | APR | MAY | JUN JUL | AUG | SEP
A | -15 | +40
B | ?
C j +15
Figure 3

3artial Explosion

With a conventional Material Requirements Planning system, aff require-
tenls are exploded in one batch processing run, as the master production
chedule is perindically being “regenerated”. During this run, the net
wguirements ter each inventory item are beirp recalculared and its r"[',l]ﬂ]’!ﬂf.’d
Trdc_r" schedule is recteated. The entire process is cartied out in level-byv-lrvel
ashion, starting with the hiphest {end item) procuct leve! and prugr.cssing
lown te the lowest (purchased material) level. All items on a given level are
srocessed before the nexe lower love! i addressed. L

With a Net Change Material Requiremenss Planning system, only a parrial
::.:_:_x’asr'on i¢ carried-oul. Only those inventory records that are actually
'.‘chtcd by a given net change are reprocessed, and only these bils of mate-
fal thal are perhnent 10 these records are retrieved.

The partial explosion is the kev to the practicabilily of the Net Change
:oncept, as it min_imizcs the scope of the Material Hequirements Planning
ob at any ome time, and thus permits a high ‘requeney of replanning
Jecause the explosion is only parzal, i automatically limitg the volume of rhz_;

—_

resulting printed output. This, of course, ix alep an important censideralion,

Continuous Net Change

Pariial explosion is 2 characteristic of any Net Change Material
Requirements, Planning implementation, whether the system s operated tna
daily bateh mode or in a continwous mode. A partial expiosion iy trigpered
nul just by changes to the master produciion schedule but also by certain
inventory tramsactions, such as scrap or physical inventory adjustment
entries. In fact, any transaction that aiters the “planned order” schedule of
an item in any way, canses an explosion to (revision of requirements for} its
component Tower.level items.

A continutys, nen-cyelical Net Change Material Requirements Planning
system, such as the original J. 1. Case system mentioned earlier, has addi-
tional special characteristics, The updating process triggercd by 2 given
transaction is complete!y carried out before the next transaction is processed.
This means that in those cases where a change in slatus of one inventory item
affects other, lower level items, all of the respective records {perhaps on sev-
eral successive Jevels) will be updated as a result of a single transaction entry.

‘Thus the tndividual partial explosions take place as part of the transaction
updating process which goes on in a continuous fashion. In contrast with a
barch-criented system, where the explosion proceeds in horizonfa! stages
{leve! by level), in a continuous Net Change system the intermittent explo-
sions progress, as it were, verricaf{y down the produet structure.

Any transaction on aty inventory item is fully processed at the lirme it is
presented to the system. This means that transactions may be entered in
random sequence at ramdom fimes.

Met Changs Qutputs

As mentioned earfier. the velume of automatically generated output (as
distine: from putput generated in response to inquiry) under Net Changeis in
any case limited 1o only those items affected by a partial eaplesion. This can
be further restricted by suppressing output related 1o items that reguire nn
currenl action,

This s real’y the only practical way to handle outputs with continuous Net
Change Marterial Requimments Planning, Automalic oulpuls are eenerally
timited to sisuations calling for immediate action, such as placing. eanceling,
or rescheduling an order. Only informasion for imminent action is being dis-
plaved or printed out. Information for action planacd for the Ffuture
{tomoteow, nex! week} s being withheld from the vser unti] it matures and!
actually reeds to be acted on,



\dvantages of Net Change

A Net Chanee Material Requirementy Planning system is superior to its
onventional counterpart, in severa! respects. The Net Change approach
:nahles the system to

L. Minimize the requirements planning iexplosion) job at schedule releasc
Lrmne
. Process schedule charges occurting between release cycles
Be independent of the timing of both releases and chanpes
He continually up to date
Gienerate non-delay outputs (thus communicating the need for inven-
tory manazgement zction at the carliest Hme possible)
Frem the user's point of view, the essential characteristic of a Net Change
WySiem is it rezeefveness, its unique capabitity of timely respense to change.

"
L}
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‘Drawbacks' of Net Chatige Systemy

Negative aspects of Net Change Materiat Requirements Planning, and the
- 1sual targets of skepticism can be cateporized ns Follows:

1. The relative processing inefficiency of Net Change

2. The “nervousness” of the system

3. Reduced self-purging eapability, and the consequent need for stricter
sterndl disciplines

Let me briefly deal with each of these. 1t is a fact that from the data pro-
russing point of view, Net Change is less efTicient, and therefore more costly,
yrimarily due toits characteristic of multiple access to inventory records, in
sath the straight tramsaction updale and explosion modes.

But this cannet be considered a valid argument against Net Chanpge. Any
fata processing method that does nrot wiilize sequential processing tech-
ligues i, by definition, relatively ineifigient.

!n Net Change Maslerial Requirements Planning, the emphasis is on
equiremenis planning efficiency. and dote processing efficiency .is
reciberately sacrificed to this crd. In the development of Material
Requirements Planning systems, like in manv other business computer
1oplications, there is a trade-off between data processing efficiency and the
stficiency of the business function the system is intended 1o support. 1n thess
cases, data processing efficiency should never be a primary objective, but

ihould be subordinated to the larper goal of improving the effectiveness of ——me ~.

the Business,

The second type of criticism refers to the “nervousness” of a Net Change
svstem. Since the system is continuousy updating itsetf, it is also contino-

ous'y renlanning, and thus revising, order action, This might appear as -

fAUSING & Stream of constant revisions of open orders, both in the shop and
those previousiy nfaced with outside supplicrs. That need not be 50, howeyer,

i tice 11 does nol happen. _

Mﬁ'hiif; ?;;: of criticism neglects to draw a distinction between:

1. The system being informed, up 10 the minute 1 _

2. The frequency uf action taken on the basis of tl:lc: :nforrrutmﬁ }

The Dxlter oo el iy be devided on l'h:l'rtd nn t_"ﬂchrn- rnnw*ftra._mﬂ:l ,
independently of the feemer. A deliberate withhaiding of user action ;:d T.bl:'
full knowledpe of current facts is preferable to a fack of action c2u ¥
i hese facts.
12!}1?;:?:::::{-:;“?:15“ on the fevel of pn'nnning i3 a ¥irtue, not tdrawback, uf
a Net Change Material Requirements Planning systeml. The nerv:rnusne-s:
on the level of reaction can, and sheuld, be {_tnmp:n:d. Let me dtscu;s the
timing of action separately, in more detail, 2 little later on. Not every change
in i tatus calls for reaction, anyway. _
N ;:;:t:i};l;r chanpes of the type that would otherwise ti:qulire a_ctmntarc
absorbed by fnventory surpluses that exist as a result of previous mvenro:y
management decisions. These surpluses are created by salfvjt:.r stoc!c_. safety
lead time, and temporary excesses in inventery due tc«l lot sizing, engmeer:n§
chanpes, reduced tequirements, fotecast error, overshipments, overruns, ar

: deliveries by suppliers. ] )
pr;'r;:tz;:ttm canstantly Et?iv:s to use up such tcmpurui]y e::cess_:e
inventories as early as possible, through T.!:It net requiremnents planming
process. Inventory cxcesses are thus autorrl.attr.:nﬂy prevented from accuml:;
lating, but under normal conditions they exist, in SOME measure, at aoy pol
" e i i t te absork minor changes,

Resides relying on normal mventm-y‘ surpluses : i
“gampers” on such changes can, if desired, be progrlmmndrm_m ﬂ\tndsjrsmii ﬂ.-
The user can specify limits within which changes in both timing 2 :
quantity cannet be made by the system. If tuch change.dampening ruics t;r;
made to apply to “planned orders™ as well a3 to open m:tﬁ:, mu;tjr Ifm >
explosions of trivial nature will be suppressed, precluding further changes

- nenl ords.,

m‘flfl'l:-ch;’i::i: :?f?‘nmnr::" system argues, in cffect, that it is befter for an

' inventory management system to be out of date. Such an argument i3 simply

uhacceptable. Xeeping the sytem int:minn?lly ignorant of i..'l.ltﬂ‘.'n:i fzc:!s. o
whatever degree and for whatever length of lime, can never btan advan zf.-.
The third type of ¢riticism relates o a ncu.'_: for increased discipline ur :1;
a Net Chanpe Materiat Hequirements Hnnn[ng{ system. Frun.1 the practical
point of view, it mus! be conceded that this & indecd a'd:_sadv:ntagc.
With the canvenliona’ regenerative system, the old plan is Titerally th:mrp
away cvery time a new versioh of the master production mh-:d:';:ﬂ;s
authorized. The job of expleding and ptmmng requirements then p:r s
from scrateh. This has the advantage of throwing away old errors, pius data
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hat became invalid due to change, along with the old plan.

The opposite is true, of course, with the Net Change approach, The old
Han is retiined and merely modified, updated. Old errors never fade away,
md changes in the bill of material, in lead times, and in other parameters of
he system must be methedically incorporated, as 1hey oceur, Furthermore,
he planned (ferecast) requirement data at the hiphest assembly level that is
tflected in the system must be conscientiously reconerfed with actual pasl
equirements. Qtherwise the discrepancies between "planned” and “actual”
wre catried forward and their cumulative effect will gradually render the
wstem ineffective,

Net Change Material Requirements Planning is a continuous system that
nust be consimuons i maintained. It presupposes that high data integrity can
>e sustained, in both transaction entries and file records, Companies that use
Net Change Material Requirements Flanning maintain a stand-by program
for requirements regeneration, to be substituted for the Net Change program
if and when the system’s records accumalate too many crrors, The stand-by

program is then run ance, to purge the system by repenerating all requite-
ments and “planned orders”. In actual practice, operational Net Chanpe
systems are being thus purged once or twice per year,

Of the three “drawbacks™ of Net Change Material Requirements Plan-
ning, the first two prove to be nonexistent upen closer examination. The
third one constitutes the enly objection that has any validity at all.

A company that is unable to impose, and maintain, the required degree of
procedural discipline will not be happy with &2 Net Change Material
Requirements Planning system. For such a system to function with full suc-
cess requires, to quate George Plossl®, "a management policy intolerant of
errors. A zero-defects approach is necessary . . . a climare of accuracy”
Unless and until management creates such a climate, the system simply can.
not properly function.

The Timing of Action Under Met Change

Prompt reaction to changes in requirements or coverage is generally called
for when requirements increase, or when the timing of planned performance
advances. For the opposite type of change, a delay or tack of reaction can he
tolerated. Changes can oceur every minuze of the day as a result of updating
inventory, ordet, and requirements data. Stock status is mot significantly

e R

affected by most of the updating transactions -- for example, a planned ™ ==

eompenent issue against a previously released order, or a stock receipt, Stock
status re-evaiyation is, Rowever, called for by some transactions, such as:

*Desdgning and [mplementing 3 Material Bequirerments Flenning Svwem. APTCS Inter-
natiaral Conference, Cineinnat, 1048770,

-

1. Unscheduled stock issues

2. Scrap

3. Physica! inventory adjustments (short counts}

4, Miscellineous demungd cxeeeding Torecast

5. Entry of an engineenng change .

Many changes may occur in the same inventory rcmrd.on the same= day, 10
which case otders would have to be replanned s:vFrai times that day, even
though the changes may have a mutually canceling effect. _

The user's reaclion to change can be de-coupled from the rate at which
individual changes occut and are processed bl.'r the system, The most cn!nmc;n
method of dampening reaction to changn? is sm_'uply to defay such reaction. hn
practice, this takes the form of periodic action eycles on the pi.md of t L;
inventory planner. He does not react to the continuous stream of in ;wdua
changes, bul lets them accumulate for a period of, say, on:rday or longer.

‘The computer can be programmed to provide output o!l‘ action requests on
a eyclical basis, Some of these action messages wold typ!cnlly be genecrated,
in a batch, once a day. Meost requests for normal order actien trelcase of shop
orders and purchase requisitions) belong in this category. _ .

Dilferant action cycles apply Lo various types of action, depending on its
purpose. Thus due dates lor all open shop orders may bE rccvahl_at:d om:?
per shift, so as to maintain the \ralir:lit:!r of shop priorities, For c:rtam!typcs ?d
messages (premature supplier deliveries. for example}, a weekly cycle wou

icient,

btt;ls:l‘::; T}fp:s of messages, however, should be generated without any delay,
because cotrective action time is critical. For example, an open purchase
order may become a candidate for cancellation, 25 & rr:sult of changed
requirements, A4 24-hour delay in reacting to the new situation can make thx':‘
diffetence between being or not being able to cancel. Gther :xlam;ﬂ:s o
situalions that call for reaction without delay are excessive sCrap,
tequirements falling into the past caused by 2 chani.:;: in the st?tus of a
higher-leve] inventory item, a significant downward adjustment of inventory-

fowing a physical count, etc. .
t.c"u".':m:r:li; ma?nf changes in the master production scheduls are being
processed, or following regular periodic iss‘ucs of Ithc schedute, all
action-request putput should Ye suppressed until the entire net change has
teen completely processed by the sysfem. That type of change may alfect
thousands of records, and the status of an inventory item may,change several-
times during the provessing of sueh a change.

It should be kept i mind that planning cycles and action cycles are :Istab-
lished on a more or ‘ess arbitrary basis. Delayineg action on available
information does dampen reaction to change, but deluy nbvio-._my cannot be
prelonged indefinitely. Under any aclion eycle, once delay is terminated,



::E::?L:-etm chtang?ns can still invalidate the action taken. As a peneral rule, it
et to act with less delay under a system ca ; :
: ‘ : pable of frequent -- or con-
:Lr::::;z - replanning, reevaluation and revision of previous action thanotu
! nresponsiveness by operating on long planoi io
: . ; g planning and action eycles.
t‘rm:t Change Material Requirements Planning offers o ranpe of r=:1i|:mn:lflwlf5
.,
mact;;:?-de}llay to weekly and monthty cyeles. The relative promptness of
o change should be a function of the rype of change in question

The Future of Net Change

F:;r:l ;1: U[E;'n(fnf the i:uturr: belangs to Net Chanpe Material Requirements
c‘-;n"m%;na] tlier, [ pointed out its several advantages and its superiority over
1 . repenerative Material Requirements Planni
. ) i nning. Superiori
th:.-'E:I practical fevel of use is what counts, of course. F: Superiortty of
. n the technical .kw"!' the continuons variety of Net Change Material
R c_;utrﬁm:nts Plarnmll'lg represents an advaneed systems approach in that the
in%::; o t e apphcnltmn anticipates, and is compatible with, the trend in
_mp;':'mtu:n;rocessmg technology. This type of Net Change system czn be
i mented in any one of several de istication in i
grees of sophistication in in
. i putfoutpuat
il::;;ﬂrlrﬁngem:nts. The system’s central architecutre remains unaf fectedpb
any ese {external) arranpements, and by the technology of input/ /
deviges used, ’ put/outpt
Conti , .
imp;:;:::;{;;sa l!"h:tt Fh!angr. “aterial Requirements Planning can be
s a strietly card-oriented system, such as th
system was, with manual data coll ot ‘ e e e
. ection, and autput limited to
; T ma cards and
E ;::}ilﬂ]iﬁay 5 I\;l Change systems are typically suppotted by card-cutput
z collection, and may have ¥ i i ' [ 1t
e y have visual display units on-line, in addition to
T .
N b:z ;istirr; van be operated in any of these ways, and in others, It is ready
rated asg a communications-oriented, on-li i .
: erd , on-ling, real-time system of th
uturs, 't is ready, whenever that futere arrives. The Net ChanietMatirtia?

Requirements Planning s : :
! sysiem i o
here. g sY itgelf will require no change -- it s afready

now ¥

-y —

[RrE———

Historical Note

In 1061, st the 1. 1, Case Company yracior plant in Racine, Wisconsin, a prOjEct group under my
direction designed and inelailec the TITSE corrimpdn Met Chionge M ateria! Requirements Mun-
ning system. Fhe erigi il st Wil fmiplesented un et LASE 45 WAM AL with |5 mullivn
chiraituty 8 sk Vil dagquitty. TN LR TE L wrrdan al w et Cluigr wyawn Wi relatmely
crude, Tmventory records o SO0 character pasILiang currespuriclind o ane LASLAL ik atk
sector, Bach such recond conrained 1hree 1eweek Thuckets” plus seven doapek "huckers” There
were only 1w rypes of outplin: an aetion ticker which included the impape ol the cntire recands
(generuled automptically, or in Tespanse 1 jnguiry. alL Tundam imes) and o weekly crmerul
repurt, The sys1em cowered about 20,000 active part s, including 4,000 assetnblies with up 1o
qeven musembly lewels, A 1HA had o proglRmming support for 2 materia! requirementy
planning apphearion Bl 1hat yme, the 1. 1, Case programemer weom had 1o wrie pheir oW
pquwalent of the Bili ol Material Processor, in addition 1w Lhe application programs.

The devetopment and pmgramming toak ten months foliowimg 2 ywo-mmenl L feasibilit ¥ shudy,
The praject team™ papeiided npprn:imnitlr gix mun-years in the developments prografming
phase. This is pxclusive of ;:,--,|.;n1-1~e1:u¢c1 work perlurmerd by user peryomnel

The prowotype TysHEm w it implercntgd on 2 sland-algne basis, with Lhe compuier fully dedi-
cated to the Net Change HeqiireEnes Planning wpplicaton, Vhe system was subsequently re-
implemented o 20 TEA 1410 wath 2 13H disk Tile, and eventually converled to @0 thM
System /360 Muodel 50, .

Wy Clossst cofabarators an e praject aft Fiaped here in piphabelical order A. B Brani
(Casgd, I, A, Chobanian (Casel, H. . junes iCaseh, 1. L Musial LIHMI, B F. Roeeter 1Cuaeh
Campany affiliations are as of hat time. T peld overatl responsibility for the systern, in my
capagity. at that time, of Direclor of Profduclon Conurel Tur the 1. L Case Company.

This article regrinted from Produgtion and Inventory Menagsment the
journal of the Amarican Production and Inventory Control Society, =
tIuarter 1972 pp. 1-14.
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STRUCTURING THE BILL OF MATERIAL FD'R MRP

loseph A, Qrlicky
Goorge W, o)
Civer W, Wigly

INTRODUCTION

u.:im importang t%istinctiun between Order Point systems and Material Re-
En irements P‘t;:.nnmg systems lies in the fact that the order point/order quan-
" v nppmac_h is pary {m.:rd _whercas MRP is product-oriented. Order Poing
I 0::: ::-.;: m\:oztory t!:!mhmdcp:ndtntl_f ol a!l the others, whereas MRP

e product and the relationships of its com 's, using bi
material as the basis for planning. ” poents. using bils of

MFP puts the hil! of !'natzrinl ¢ a wholt new use. Under MRP, the Lill
;cquirﬂ 8 new function, in addition to serving as part of the prndur:t's 5. It

cg:rm:s a framework on which the whole planning system hangs P
_ fren, however, the bill of matetial furnished by the engineering depart-
in:::r ::. :ot hl}ui-é:;ssanly nsable for material requirements planning, As a kev

n system, the bill of material must b 1 y
it MRP outputs are 10 be valid, Bus i tion & ot be unambioson ang
- But in addition it must B¢ unambipuon
50 structured as to fead iself ©o0 MRP. The mere existence of a bl ffma;:r?j
15 no guarantee that MRP will actuatly work.
"I"n Iu{l-:_!crst:tpd the Teason for this, we must remember that the bilt of
:1:1: .;;?n;.sn?:ts:c?t:yhan ;:glnccrmg document. Historically, the function of
ertal has been te define the product from the desi i
: , . . esign point of
:r;cwb;alrltd from l]‘l‘c design point of view only. But now, because we ia:ﬂﬂ to use
:.,g' -:;_Fmatcnal for purposes of material planning. we must re-define the
srr ‘uct from the :znanufm:turmg and planning point of vtew. Proper product
Jc inition is crucial 10 & planning system such as MRP, which direcil
Gepends on it—unfike an order point system. o ’
y L " -
Iicqple usually think of bills of material, and of MRP as being applicable
:11'. 1:n[hard goods manufacturing, But businesses that mix component
aierials, sew Lh:n} tegether, package them, ete., can also use material
requirements planning 1o advantage. Companies in the garment indust
E;}ffrm?“““ﬂ.d howses, bateh chemical manufacturers, and others, all ha?é
hiils o rl1mt¢:r::|1 exeent they call them by different names—material §i
tormulations. specifications, ete. ) v
r"-':"ﬂh MEP. thi prime input to the whole system is the master productian
schedule. The produet must e defined in such a way as to make it pus;;itﬂe T

ura valbd masier sl i |
P bd master schedule together in terms of bil] of material numbers: i.e

e i e e o . —

assembly numbers. 1f the overall plan of production—and that is what the
master schedule is—cannet be stated o Lerms of bitls of material, it i not
possible o do material reguirements planning succcﬁfullyi. .

The master schedule and the structure of the Lili of material must be
thaught ol tugether, when an MIH wptem iy Bieing develnged, The Dills ol
material and the master schedule must fir fogether Ik ook und key, Hothese
are not compatible. nothing turns. Neithet is there any guarimee that an
MRP system can function properly just beeause the bill may already have
been organized and loaded onto a computer e under a Al of Marerial
Processor program. This type of saftware will load practivally anything ente a
disc file, including straight enginecring parts lists—which are not much goot!
for purposes of material requirements planning. The funclions :ff a bill
processar are merely (o Otganize, maintain, and retrieve bill of matertal data.
A Bill of Material Processor is not designed 1o siruciure the bill. Tt assumes
that the bill is already properly structured to serve the user's needs.

The intent of the discussion that follows is 1o clarify the subject of bill of
material structuring, so that it will nat be confused with bill of materizl fife
erganization under a bill processor.

In most instances, companies planning to implement MEP will be wise 1o
review their hills of material, to determine whether ¢eriain changes in the
structure of this file ¢ata may have to be made, and of what kind. In
revigwing the bill for this purpose, the following seven-point checklist will
help in spotting its structural deficiencies:

L. The hill shauld lend irself 10 the forecasiing of opticetal  product
fewtures, This capability is essential tor purposes of material require-
ments planning.

3 The il shoutd permit the master schedule to b stitted o Fhe fewest
possible mmber of end itemns. These end ilems will be produsts or
major zssemblies, as the case may be, but in either ¢ase they must be
stated in terms of bill of material numbers.

3, The bill should fead ieself ro the plunuing of snbussembly privrities.
Orders for subassemblies have to be released at the right time, and with
valid due dates.

4. The bifi shauld prrinit easy order entry, It should be possible to take a
customer order that describes the product either in terms of a model
number, or as & configutation of vptional features. and rranslate it into
the languupe 1hat the MRP system understands: bill of material
numbers.

5. The bill should be nyable jor purposes of finel ussembly schednling,
Apart from MRP, the final assembly scheduling sysren needs o know,
speeifically, which assemblies taysembly numbers] are reguired 1o bui'd
individual urirs of fhe end product.

&, The bill should provide the basis i product costing.



7 T.flat bill should lend itself te efficien: compnter fife srorage and e
UM naesy,
When_. 'n a given case, these vardsticks are applied to the cxisting hill of
material, it will usually be found that some, but not all, of the ‘above
requirements can be satistied. [ that fs the case, changes in bill of matarial
striecture are called for. This can and shon'd be done. While the bill still must
verve s primary purpose of providing product specifications, it should not e
regarded as a sacrosanct document that must nol be tampered with, The bill
m.':?' }_1:-.1'-'e to be modified, or restructured. as tequired for purposes of
t I r H H H
:’:;r?tl;:;r.t:ix:;:g?nts pranning. This can be dune without alfeeting the in.
The severity of the bill of material structure prollem vrries from
o company, depending on the complexity pf e by
“nding rexity of product aned nature of the bari.
ness. The term t‘:u]] of matetial struetuting' covers a variery of types of
changes to the bill. and several different techniques for effecti .
chanees. electing these
The topics that make up the subject of bill of material strue
reviewed in this article, can be categorized as follows:
{ Assigrnrent of idemrities
tad  Elimination of am biguity
b Levels of manulacture
2. Madular bill of marerial
ta) Disentangling product option combinations
(Y Segregating common from unique parts.
3. Psendo-nlis af maieriel

turing, as

IDENTIFICATION OF MATERIALS AND THEIR RELATIONSHIPS

_ '1'_'!1_ere are several principles invelved here. First, the requitement that each
Endwllduni tem of inventory covered by the MRAP svitem be uniguely
:den:lﬂed.‘This includes raw materials and subassemblies. |

The assignment of subassem by identities 1ends 10 be somewhat arbitrary,
Bcu-:-cen the design engineer, the intlustrial engineer, the cost accountant and
the inventery planner, each might orefer to assign them differenty. The
question 's: When do unique subassembly nunibers have 1o be :til:':gn'-:d"." I
reality, it is not ke design of the product but the way it is being
manufactured: Le., assembled, that dietates the assignment of sub

: i assembly
wentitips, 1

The unit of werk, or task, 15 the kev here. 1 a number of components are
assembled At a bench and then are forwarded a5 a completed task, 1o storape
ot e anwiner bench for further assembly, a subassemb!y numbier (s rcquir:.%d
s that orders ot these subassemblivs can be guucru:tii and sheir priorities

I

planned. An MRP sytem will do this. but enly for items with individual
identities.

Some engineering departments are stingy in assigning new part humbers,
and we often ser the elissic onample of this inoa e caslingg that has the same
nart number as the linished casting, This may suil the enginver, but it i
@iffict!s 1o see how an autemated inventory system such as MR is supposed
o distinguish between the two types of items Lhat must be planned and
controlled separately.

The second requirement s that an idenlifying number define the contenrs
of the iten uniquely, unambiguously. Thus (he same subassembly number
must not be used to define two or mere dilferent sets of components. This
sometimes happens when the original design of a product subsequently
becomes subject to variation. Instead of creating a new bill with its own
anigue identity, the old one js speeified with instructons to substitute,
remove, and add certain components. This shorteut methad, called “add and
delete,” represents a vulnerable procedure, undesirable for MRP. Wo will
come back to it in afater example,

The third requirement is that the bill of materia! should reflect the way
matetial flows in and cut of stock. " Stuck™ here does not necessarily mean
“stockroom™ but rather a stare of completion. Thus when a picee part is
finished or a subassembly is completed, it is considered 1o be “on hand”; Le.,
in stock, until withdrawn and associated with an order for o higher level item
as its component, An MEP system is constructed in such a way that it
assumes thar each inventory item flows into and out of ctock at its respecrive
level in the product structure, MEF also awsumes that the bill of material
accurate’v reflects this Dow.

Thus the bil! of material is expected to specify not only the compasition of
a procuct but also the process srages in that product’s manefacture. The bilt
must define the product stracture, in terms of so-called levels of manu-
Jacture, each of which represents the completion of a step in the buildnn of
the produet,

A schematic representation of product structitre is shown in Figure 1. The
siructere defines the relationship among the various items that make up the
product in terms of levels, as well as the parent {tem/eomponent hem
relatignships. Thesc things are vital for material tequirements planning
because they establish. ‘n conjunciion with lead times, the precise tming of
regUirements, orger reteases, and order priotittes,

The produr represented by Figure 1 kas four levely of manufacture. The
end mroduct 15 desigrated, by convention, as being at leve! rero. its
immediate componcns as being ar level one, ete. The parent/component
relationships depicted in the example indicate that “A" is the parent of
component “C lalse of BT and 1) Mem VCC inourn, is the pareny of
compenent 3" ete. Thus TA' is the only item that is not alw a comnarent.
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Figure 1,

Items “B.” "C" and "D} are both parents [of their components at the next
lower level} and components {of their parent items at the next higher bevell,
Items "17" through "7 are components but never parents.

This would be true it all of the piece parts were purchased. It item “'6,"
however, is manufactured from raw material “X," then it beeomes o parent
in relationship to this component matenial, Thus the distinction between
parent iterm and cotnponent item appears nat only io assembly but alse in the
coenversion of material for a single part from one stape of manuefacture to
another,

This also applies to semi-finished items that are stocked (in the sense
described earlier) and that are to be controlled by the MRP systerm. The raw
material, the semi-finished item, and the finished item must be pniquely
identified; Le., must have different par numbers.

People are sometimes reluctant 1o assicn different identities to -semi-
finished and finished items, where the conversion to the finished stage is of
minor nature. A good example is a ¢ie casvting that is machined and then
painted one of four different colors, as shown in Figure 2. The four vatieties
of painted casting will have to be assipaed separate identities if they are to be
ordered, and their order priorities planned, by the MBP system.

This s an example el a situation where tem identity [of the painted
castingt would normally rot exist, but would have to be established pre.
requisite to MRP, because stherwise such items would fall ouiside the scome
of the system and loss of control would result,

Another example of an item identity prob’em that is almost the opposite is
the tramsient subassembly, someumes called a  “Dlow-through” or
“phantom.” Assembties of this t¥pe never sev a stockroom, because they are
immediately consumed in the assembly of their parent items. An example of
this 15 a sehasgembiy buitt on a feeder line that Dows direetly into the main

assembiy line. Here the sebassembly normally carries a separate identity. |

Black Yollow Elus LI

Pary Mo & 1| Parl Ho.6 E

Painted i Past Mol

Muchined Part MNo.2

Farw carting Part No. 1

Figure L.

Pecause it is recognized in the bill of matertal, the MRP system would treat it
ame as any other subissembly. .

TJH?I‘Sh?%s may be undesirahle, because if this kind of item s 10 be p'l;mnuq
under an VMRP system, we must remember that the 1ug1f: of MRP AsUmes
that each compenent item goes in and out of stock. That is the way the basie
time-phased record is designed and updated. So the qliesion anscs as 1a Thow
1o handle such subassemblies wilhin an “MRP System. SART users have
worked out techniques to deal with (his situation. People rnﬂen wonder
whether this type of assembly should be idemiﬁed1 in the bll! ar all, .T'hc
phanzom does not require separate identity in the bill of material, provided
rhere is never

1. Anover-fun

2. A service part demand

3. A costomer return,

. Otherwise, it must be s¢parately identified in the bill and ftem records {stock

srates! muost be maintained, This is so because over-runs, slun-i-:r demandd,
and returns ereate A need 1o stovk material, and 1o cantrold . Bul then the
VRP user would Save 1o repert all transactions for the phantom syl
assemblies, sothat the system cin post these and kuep the records Up o date,
This seems like unmecessapy ¢ffort and paperwork in the case ol order
re’eases and ardet complelians. -
Fortunate'y, there is no need 1o de this. A technique called the "phﬂ“,m:n
hill” eliminates the need for posting such transactions for these items. “-.h“
rechoigoe is used: for insiance, by the Black L.‘c I'_'ch_ekfr Mariu'.":nurmg
Company, a skilled MRP user.) Using this techmigue, 1 s possible 1o have
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vuur cake and eat it. While transactions of the type mentioned do not have 1o

be reported and posted, the MRP system will pick up and use any phantom
iterns that may happen 10 be on hand. Service part requirements can also be
enrered nto the record and will be correctly handled by the system. Bue
othepa ise MRP will, in etfect, bypass the phantom item’s record and go from
115 parent item to Its compelents dicect!y,

To deseribe the application of this techni lque, Tet's assumie that assembly
A" has atransient subassembly “B™ 25 one of s components, and part “C”
s 2 component of "B." Thus. for purposes of {Nustration, item "8, the
phafitom, * =nvisioned as being sandwiched beeween “A,” ity parent, and

Feriods

e Ay Lt g

sl -
-

O o e n

PartA | On hand l

B

Flanned oot l
oy
L
Requirsmenti [[ n 1 lg
| Allocated \ w0 1—=—T %
P8 | Gnorder 1 ]‘ ! g
i—ﬂnh,m 1 7 Il-w -Hlf-?HP
l Planned orders i ill{i 1B _,_.__:i
! Reguirements I )| 8
e TU ]
P : On order . 41 1 ' }
| On nana im_{:i!:riullé

&

Figire d.

“C." its component.
To implement this teehnique, the phantom item is rreated as follows:

. Lezd vimeis spcc:“-d as 7ero
. Lor sizing is discrere ot for lo)
The bill of matecial tor the ilem record) is coded, so that the syatem can
recognize that il is a phantam and apply spectal treatment.
The special treatment referred 10 ahove means departing from regolar
procedure, or record update logic, when processing the phantom record. The
difference berween the procedures can best be deseribed through examples.

In Figure 1. inventory status data for ftems A7 fraph 8" (midd'e), and
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than a different treatment of elocerion. (Zero kad tme and discrete lot
sizing are assumed. These can, however, be specified for non-phantom sub-
assemblies also.) Onee this step is carried out. regular logic applies, ¢ausing
(!te records to be updated and their data aligned, in the correct manner,

The phantom bill technique, as deseribed above, applics 1o MR systemy
of the Net Change type. In conventional regenerative MRP systems the
question of posting or not posting transactions to the phantom record is not
crucial, because a planned order release does not update component require-
megnts datx. Hence, the problem of rebalancing or realigning the planned
erder and requirements data of the three records does not arise. Following
the planned order relense of the phantom’s parent, the next regeneration will
wash out both the requirement and the planned order release for the
phantom item.

The objective of not having to post phantem transactions still remains,
however, and it can be achieved by, again, selting lead time to zero, specify-
ing discrete lot sizing, and coding the phantom itern so that natices lor
planned order releases are either suppressed or fizgped to be disregarded.
The MR svstem will function correctly.

The preblem then becomes one of component requisitioning {for the
phantom parent order) and it must be solved by modifying the requisition
generating procsdure. When some phantom items are on hand, fwe
requisitions will have to be peneratel:

1. One lor the quantity of the phantom on hand

2. One for the balance of the order; for the phantom’s components,

In the Figure & example, these quantitics are 2 and 18, respectively,

MODULAR BILLS OF MATERIAL

The term "bill of material structuring”™ i5 most commonly used in refer-
ence to modttlatizing the bill of material Rle. The process of modularizing
consists of breasing down the bills of high-leve! items {products, end items)
and regrganizing them inte product mocules. There are two, somewhat
different, obiectives in modu’arizing the bill:

. Todisentangle combinations of optional product features

2. Tasegregate comtmaen from unique, or pecaliar, parts.

The first is required to {achiitate torecasting, or, in some cases, to make it
;uﬁﬁib!c al i under the MR approach. The second has as s goa! to
minmze myeniory investmenl i componetits common 10 optianal units
which must be forecast and thus make it necessary to carry safery stock, YWe
will deal separately wirh each of these two obijectives, and the techniques used
W achieve them,

The questien probably most frequently asked by peop'e interested in MRP
ts what <o with the bi!! of mareria! to handle product variations. Under
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MRP, these product variations, er optional features, must be forecast at the
master schedule Tevel, that is to say, we must be able to forecast end items
rather than their individual components, as we do under Crder Point. 1f 2
product has many optional features, their combinations can be astronomical
and foreeasting them becomes impossible, Furthermore, if separate bills of
material were to be set up for each of the unique end products that it is
possible to build, the file would be enormous—too costly 1¢ store and
maintain. Not only that. A valid master schedule could not even be put
wgether, psing such hitls, for the MRP system to explode.

The solution to this problem is the modular bill of material. Instead of
matntaining bils for individual end products, uncer this 2pproach the bill of
material is restated in terms of the buiiding blocks, or modules, from which
the final product is pu together. The problem, ang its solutian, can beyt be
cemonstraled en an examople, Figute 7 represents a familiar product, 2 hoist
that is used to handle material in a factory.

The haist marefacturer affers his customers a pumber of options, in this
case 10 motors, 3 drums, 4 peat boxes, and 2 pendants {the hook assermbly s
standird), from which o customer confiyurntes the specilic holst he wants,
Figure & shows the schematic preduct structure of this family of hoists. By
assembling the optional features in various combinations, it is possibie (o
build 2,400 medels; e, 2,400 unigue configutations.

Assuming we manufacture this product and with to implement MRP, the
question is what (0 do with the bill of material. We can see clcarly how o
write 2 bill of materia’ for each of the 2,400 models, but we cerrainly wou'd
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net want 1o carry all those bills. Consider this: Thert is only one variety of
hook on this product, but the engineers are probably working on that. 1f they
introduce just one more option—a choice between two hooks, the number of
pussible configurations will double from 2,400 10 4,800—and another 2,400
bills wonld have to be added 1o the fi'e

That Is ane reason we do not want Lo set up bills for the end preducts them-
selves. But agide from this consideration. with all those bills we would not
knew how to develop 2 master schedule showing a quanltity of each model
noeded in specific time perisds.

Suppose we produce 100 holsts per month, Which 100 out of 2,400 chould
we sclect as a forceast for a particular month? This 15 clearly an tmpossible
situation. Note that volume is part of the problem here. A product family
with 100 models is a problem if volume is 20 per momih, ¥ volume were
10,000 per month, the forecasting problem would not be nearly as seripus.

The solution here i to forecast exch of the highest-level camponenss (ie.,
malor assembly units) separately, and not 10 try to forecast the end products
at all. That way, we would forecast each of the ten difterent meotor variations,
the thirty drum sizes, the four types of gear bor. and the two types of
pendant.

Specificaily, since we onrly have one hook assembly and want to make 100
hoiczs during 2 month. we wil! need 100 hooks. This quantity would appear in
the master scheduole, 2nd a bill of marerial for this "module” would he
required to match the schedule. But we have two tvpes of pendan:. From
previous sales of this product we know that, let us sav, 75 percent of the
orders call for type A" and 25 percent for type "B Applying these per-
centages 1o the pehdant option, we could schedule seventy-five “As™ and
twenty-five “Bs.” Bot here we would probubly wani some safety stock,
becawse the batch of 100 customer orders in 2ny one month is un'ikely to
break down exactty 75 and 25 pereeat,

The proper way to handle safety stock under matenal requirements plan-
nirg is to plan it at the master schedu'e level. Thus, instead of scheguling 73
and 25 pereent of the pencants we would dehberately overplan and put, 12t us

say, 90 and 30 into the master schedule. (This would not be done in every

period; the unused safety stoek is rofled forw ard Y The sanwe approach would

te followed {or the motor option, the drum option, and the gear box option.
Faeh of the aptions. ot medides, would have (o have u bitl of material, for

wse by the MY system. Usiler this gpproach, the tatal numter aof bilts of
material-—and the things to forecast—would be as tolflows:
Maotors Lo e 0 Tendants ...l 2
Drums ..o ievnrreninn 30 Hook..ooaleiae s |
GearBoxes ............ o it Total 47

This total of 47 compares with 2,400 if each product model hiad a WlE ot it
awn, If the engineers add a second variety of hook, this would only add one
mare bill 1o the 47, instead af doubling the file.

At this point, the reader may be wondering how this type of problem is
being handled in a real-life situation, if the manufacturer does nof have the
bills set gp in modular form. Chances are that there would be severa! bills,
for some of the 2,400 configurations, and they would be used for everything
by adding and subtracting optional components. Quite 3 few companies use
this “"add-anddeletc” technique as a solution to the problem we have
flistussed,

This technique solves some but not all of the problems. s matn dis-
advaprages are vulnerability to human errer, stawing down Order Encry, but
mainly, fullure to establish the proper historical data tor option forecasting
purposes, Under this approach, the company would most lkely wse order
points and safety stock on the “add-and-delete™ components. That would be
highly undesirable becausce it would deprive the user of some impottant
benefits of an MRP system.

But suppose we Aave 3 certain number of bills for end products. and we
want Lo restructure them in & moduelar fashion, so we can get away from
adding and delering. How de we go about such restructuring, specificatly?
We will demonstrate this on the next example. For this purpose. we have to
scale down the previpus example somewhat, so the solution can he seen
clexrlv. Lev vs assume that the procuct has only rwo optional features, the
motor and the drim, each with only two choices. The customer can then
select between motor #1 and motar #2, and between drum A" and drum
hRL

Figure 9 represents the four bills of material: the first combines motor ¢!
with drum *'A,”" the second une, motor #1 with drum “B," cte. In the product
struciuere, the end prodect (model) numbers, 12.4010 ete., are considered 10
Be on level zere, The level-one components, A1, €41, ere., may represeni
assernlies, bue their components are not shuwn on the chan, 50 as nat
make it too busy.

“orestructure these bilty inra modules, we break them down, analvee and
compare the use of level-1 items, and group them by use, For evample, we wee
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: that the first component in the first bill, Al13, is common to afl prodects, and
assign it to the Common group. The next item, €41, is found in ¥1-A and #1-
B combinations but not in #2.4 and ¥2.B_ which indicates that it is unigue ro
motor oprion 1. The item that follaws, 140, is used only with drum option
' “A." The remaining companent items are similarly examined and assigned
10 groups. The result is shown in Figure 10

Note, in Figure 10, that the Jast ievel.1 component item, D14, does not fit
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FRure into any of the groupings. When all of (he bills are broken down this way and
their level-1 components are grouped by option, items D14, H23, 139, and
“44 in our example remain unassigned, because each of them s used only
[_* with one or the other of the aption combinations, Here we must carry the -
il process ene step further; i.¢., break down these items, as shown in Figure 11,
1 and assign rheir {level-2) components to the groupings by opion. The final
result i% represented by Figure 12, where all of the ilems invelved in vur
1 example arc grouped inte the respective modules,
1 ) i —] 1n our case, we solved the entire problem threugh the technigue of break-
. : . down and group assignment, But il items D14, H23, etc. had not been sub-
Lag I s | Fm EtD o ' nssemblies but piece parts, we would not have begn able to break them down.
‘\\ 7 ; In a case like (hat, the part that is used anly with a certain combination of
_ . \'.Yf‘ ’l optians should, if possible, be redesigned, particularly i it is an expensive
% ~ ! i
\ ., AN | eI, -
\ \ /'( AN R ; Low-cost items of this type need not be re-engineered, because we car
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afford ta overplan them and carry some excess inventory. Tn the motylar-
fzing preecss, such paets can simply be nssigned to more than one grouping.
For example, item D14 (Figure 9 could be duplicated in both #1 ang “A™
modules [Figure 12}, ensuring that it would never be planned short. Another
solution, of course, is 10 tareeast (and over-forceast) the option combinations
for purposes of ordering this type of cemponent.

Let us recap what we have done with (ke example under discussion, up to
this point. We have abofished the end product-numbers and we have done
away with their bills of material as unnecessary for purposes of MRP. Where
the final product formerly served as the end item in the bill of matertal, we
have now promot ed level- L items (and in cne case, kevel-2 items) to end jremn
status.

This procediire established a new, modular Parning bifl, suitable for fore-
casting. master scheduling, and material requirements planning. The job of
restructuring is not finished, however. The former level-1 items, D14, H23,
ete., that are excluded from the planning bill cannot simply be abolished.
These items will eventually have to be assembled, and the production contret
system has to be able W place orders fur these items, schedule them, and
requisition theit components. These bills must therefore he retained for the
PP pOSes Just mentioned,

This represents another technigue of bill of material - gtevoturing: the
cstablishment of manufucturing Iills, or M-bifts, which together constitute
the M-bill file. These bills are coded to distinguish them from planning Lills,
o that the MRP system will, in effeet, bypass them. M-bitls are nat involyed
in the process of component requirements pianaing. They are used for
Purposes of assembly only. M-items are built against the final assembly
vehedule, usvally te customer order (or warchouse order), using the
componeats planned through MRP,

The principie involved here is that in modularizing the bill of material at
whatevet level, end product Bills tevel-Gf can be cholisked entirely bur nor
eny bills formerhy on level- | or fower. These must be sepregated in the M.hill
file 2nd retained for purposes of ordering, scheduting, costing, ete. Specifying
entions in Qrder Entry {or in scheduling a warehouse order) will catl ou: and
reconsiruct the proper bills for ndividua! end products, but not for lower
kevel assemblies that have been removed from the planning bill file.

‘0 he example we have been using, the total b of material file would
consis! of;

L. The planning Wl file
cemprising bills shown in Figuar 12,
2 The sr-balt fide
cemprising bills for D14, H23, 139, and N44.
The Production and Inventory Control Handboak* contains an example of .

*Heend e e .I'nun”r.rlr (e S hemrk, MoGeaw Hill, 15970,
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bill of material restruetering that ustrates -“““'}r‘“f tcehnigue. Nm:!u:llp.r.
reassigning components {rom one bill to nnmhml', It i in chapler I.T, ;;nh 11:
reader is referred to the detailed discussion and |11u.~‘.1rrnnun:. containes {'I|'E1rd‘
The example osed invalves an engine, 1l::‘l1"|'i|."t:||5‘{'|1.‘+l'i. inlake T'II'I.:Irl.I ) i
carburetor, and flywhecl housing. Thiv techiigue i really another ulfw Mt :‘
modularizing. The difference is that the items being !.:ru'l-;r:npnut. ike l.mL
manifold, are ror being promoted 1o level-1 status but are reassigned as com-
ponents of another level-1 item, such as the carburetor. . ,
“This will get the right components planned but, because the 'rI“Iameld. for
instance, does not reclly pet assembled with lhc. u:_arrburcmr. certain new prob-
lerns will be created. For example, stock requisitions or service parts orders
for the carburetor should not call out manitolds, lhe.mst buiid-up of ﬂ;:
carburstor must net include the manifold, ere. Sp::cml procedures wou
have {o be established within the system to handle Ehﬁ. jI‘wu !Jil'ls would 1:1n\r=
to be maintaaned for the carburetor. One, a planpmg hill, w:th_th: manifold
and anothet one, an M-bill, withour it. Bur in thlis ease. it rwqh’i nol
otherwise be necessary to set up two carburctor bills if the illegitimate
s were nod assigned o it. _
m‘ltp'ri'(;nﬁ.:thnique of re:::lsigning componetts is u.nncccssnri!y complicated
and vulneruble. The straight modularization t::;:‘run:quc d!:monstrntﬂfl on t‘nrr:
previous example is cleaner and gets the job dc_:un_u W a 51mlp1cr fashign, ‘:n"ne
mentioned eariier that one reason tor moclularizing is ta disentangle option
combinations. for purposes of forecasting amd masler ‘.':h.“d“h“g' In our
example of the hoist, this has been accomplished h:_,' usfah[nhmg the n‘_lml?lnr
planning bill shown in Figate 12, The other objective of mmim?lrlzalmnt
segregating common from unique (optional) parts for purposes of inventory
minimization, kas not heen fully met, however. _ .

In madulanzing the bitls, we assigned tevel-l ftems 1o groups. by option.
But those ilems were assemblies, and they may contaih common com ponenls.
For example, a2 subassembly that is only used for motor #1 could h:f“’ some
common parts with anether subassembly used for motor 2. Requirements
for such common parts will be overstated, if they #re included in the safe:.:r
stock for bork options. 1 we want 10 get at these £OMmMOn parts. w:: would
have to tear the bills apart even further, in some eases it s dt‘ilfab.t 1o do
that, but if this cechnigie is earried Io ftx cx?rclme. we might tmall}::nd up
with 2 planning bil that has only piece parts in it and no subassemblies. The
ultimate module of the product ts really the piece part.

The guestion is this: When we do medularize, how far down the F“?d“'ft
structure should we wo? Wha we are really duin}g when We moduw.arize 1§
determining the right ‘evel in the bill of muteria at which to '_Furr:ca.'lit..
Whether we  shou!d  forecast the subaysembly sell or  just  its
components—and thae is the question here—depends on whes we need
assemBle it.



We have two choices. Dither we assemble it 25 a function of executing the
master schedule, through MR This nteans assembling to stock, or pre-
assembling. before the end product itself is scheduled 10 be built, which 1=
probably after receipt of a customer order. Or we defer putting this
subassembly together until such time when we build the end product. The
making of the subassembly then becomes a function of executing the final
assembly schedule, The decision between these two alternatives is pretty
much dictated by the nature of the produect in question, and by the nature ol
the business. Lead times and the economics of subassembly operations will
determine, in each case, whether the item should be pre-assembled or
whether it can wait until final product assembly.

Let us take the pendant on the hoist as an example. We can waijt and
assemble the pendant, and /rs subassemblies, when we built the final hoist to
custemer or wirehouse order. Bul, on the other hand, we may want to have
the pendanis in siock when the order comes in, so as not to have to assemble
them one at a time. If this is the case, we would have o leave the respective
bills alone, even though some common parts will consequently be tied up in
the pendant assemblies. The master schedule would then contain pendant
bill numbers rather than their component numbers,

In trving to arrive at the answer [0 the question we are examining here it is
helpful e distinguish between the

+. Master production schedule

2. Final assembly schedule
The master schedule represents a procurement dnd fabrication schedufe. The
final assembly schedule, created later in time, must stay within the con-
straints of component availability provided by the master schedule through
the MRDP systerm. {These schedules may eoincide where the product either
ceatains no options, ot is small and simple, ete.) Different subassemblies are
under the contrel of these two schedules, and in medularizing bills of
marerial we are, in effecr, assigning a given subassembly o efther one of these
schedules:

1. Tathe master schedule, by retaining it in the planning bill

2. To the final assembly schedule, by breaking dewn its bill (e, trans-

ferming it into an M-bill} -
Thus the question of how far down Lhe product structure one should go in
modularizing tends te answer itsell when the bill for a perticular product is
analvzed, and when we ook af the nature of the various sobassemblies in a-
garticu i BUsiness environime i,

To conglude the discussion of modutar bills of material, it may he proper
o retiect on the obiectives ot modularization. Besides the specific objectives
broushs: out earlier, there is @ broader, more fundamenta! reason. And hat is
+o maimiain Nevibuliy ol productiun with a minimum investment in marerials
imverren, We want 1o offer a wide choice of produets and tw give maximum

FI

seevice to customers, and at the same time keep component invenlories down.

“dodular bills of material are intended to hetp us do just that.
psEUDO-BILLS OF MATERIAL

There is one mote problem that is related 1o the mud}l!nr Bill ‘f’f nuu.r:n:ﬂ.
When the bill is broken down in the process ?f rnntiluianzmg. \rrurmuﬁ :.L-Tm'
blies are promoted and become end items; Le., hlg!:mst-tm':! ilems \'-11 ll:u
parent. This 1ends to crealc & large number of end items. Becanse 1L 15 :1 e
end items that will have 10 be forecast, and because the master schedule has
to be stated in terms of these end items, we c:uld end up with hundreds lor

_ d itemns, too many to work with.

th{;:jrﬂ:;}t::;nthm is a4 simpie solution to this. We certainty want ‘tI:!Ic
smallest possible number of things to forecast, and the smaliest possible
number of end items shown on the mastcr schedule. Tu_ ncﬁumphsh this, we
can use the technique of creating *pscido-bills of material. 1 we E2 back o
Figure |2, where the newly created end items are gmugud by option. there Is
nothing to stop us from taking any group of nhu:h items and crealing a
pseuda-bill to cover all of them, We have dong 50 in Figure ”.' where T.m ;r:
tificial parent has been assigned to each group, and a new series ol (pseudo:
bills has been created.

These new bills, sometimes catled super-hifls ot 5-bills, are an gxample ol
non-engineering part numbers being introduced into n_rcstructurf:d bill of
enatetial. An S-number, such as 5-101 in Figure 13, identifies an ;Imﬁr:ml bil
of material for an imaginary item that, in reality, will never be bun?. The onl
purpose of the S-number is to facilitate planning. With the 5-bills set up
when we forecast drim size, for instance, we forceast Svlf}-’- m,d 5-105 only
These pseudo-bill numbers will also represent these options in t_he lm:nt:.--
schedule. The MEP system will explode the requiremenis automatically fron
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this point o, using the 5-bills in the bill of malerial file.

A _:mal of 47 5-bills (one for each option plus on¢ for common items in-
cluding the hook) would caver the original (nen-simplifted} examaple of the
hoist represented in Figures 7 and 8. The 47 compares with 2,400 end
pmﬂuc% bills, ot with several hundred end item (level-1) bills. ‘

In this :=1mc!e. the terms " S-bills," “S.number,” and others, are being used
for lack F‘t standard terms. The terminology in this whole area is unﬁfrtun-
f‘["l." entirely non-standard, as the subject has been almost totally neglected
in .’_l::rnturc. One of very few exceptions is the article by Dave Gam-oc;d‘ in
which he described the results of restructuting the bills ‘of material a1 Fisher
Controls Co. In his article. the term “partial parts list” (PPL) corresponds 1o
the 5.bi and the wterm “Jtem”™ to an option or oplion grouping.

Anmh::_r pseuco-bill term in cutrent use is the "Kit number” or “K.
Irmnﬂ:u:r. This wehnique is used by some companies that have a lot of small
0% paTis on IL:ru! ene in the product structure, as in the example in Figure
14 Thﬁ_e are pbran the fasteners, nuts, and balts, used o assemble the mga'ur
assembiies together. [P vou do not want to deal with all these pars fn-

- Rt .
Stop: Befeee Yoo Lo the Bill Pracesor” e D Garwood, Peoduction & Fevewsony
Afunuperment Sezons Qusrer 5370, ks

Figure 15.

dividually—and you certainly do not under an MRP system—you can put
them nto an wmaginary bag, as depicted in Figure 15. Y ou can then assign 2
part number to Lhis bag of parts and treat it, in effect, as an assembly, This
mezns setting up a bill of material for such a kit number {also shown in
Figure 13}

The principle is the same as in the case of the S-bill—assigning a sing'e
new identity code to incividually coded items that constitute a legical
grouping, and emplozing the fermat of a bill of material to relare the flems
together for sysiem purposes. The K-bill is another non-engineering part
number created in the process of structuring the bl of material. These ar-
tificial identity codes ave lintle 1o do with the design of the product and are
net part of the product spees, but are created tor more convenient planning,
farecasting, and master scheduling.

These newls created bills, atong with the M.bills we discussed earlier are
sometimes corlectively called the supersirmeeurs. The soperstruclure. once
cstablished, must then be maintaaned along with Uhe rest of the hill of
marerial fite. This is a new job, which means that the cest of [le maintenance
will normally go ep.

-



CONCLLSION

In the previous sections of this articie we have reviewed modularization,
which does away with end product Bl and creates separate planning hills
and munufaciuring hills, We have seen how arlilieia billy are ercated in the
process of restructuring, and for what purpose, We have alse touched on the
relatioship of tem identities (o material reguirements planning. and on the
treatment of “phantom™ assemblies. All of this goes to show that by making
these kinds of changes, we can pui the bill 1o now vses,

There are still other uses thit can be assipmed o the bill of material. Anin-
teresting example of modilving and using the bill of materinl in a new way is
to expind the traditional concept of the bill 1o include other materials which
may tol actually be part of the product, but which are consumed in its
making. For example, a ball bearing manufaciorer has added special grind-
ing wheels 1o bills of materia! for ball bearings, In effect, they are saying
that o “part” made of a portlon of the grinding wheel goet into cach bearing
assembly, The “gquantity per™ Is the Faction of whoeel e to make one
tearing. Adding this item to bills of material makes 1t possible for this com-
Janmy o project requirements for expensive grinding wheels and thus
minimize invesument in this invertory, as well as 10 reduce Lhe possibility of a
shortage of grinding wheels,

An glectrical machinery manufacturer has added electrical specification
numbers for power transformers ta bills of marterial. The assembly orders
pencraied trom these bills then show not only the parts that 2o inlo the
assembly but also the proper specitications for inal inspection and test.

In conclusion, we want 1o incicate who does and who dots nat need to re-
structure the bill of material, as a pre-condition to successtul MRP system
operation. Where the product Hine consists of 2 fnite, limited number of ilems
tmade!s), modolarizing the bill, or any ovher changes for the sake of bill of
materhil strugture may be unnceessary, For example, o company making
nowet foals—a Mighly successful wser of SMIRP—id not have 1o restructyre
its of material. In their business the bill i\mply is no prablem. Dreause they
manufaciure enly 50 many varieties of power drill, pOwer saw, 210, i large
guantitics, Furthermore, the product i relatively simple and small, in fepnts
of the number of different components used per urit of end product. With a
orpduct line Nie that, it 5 feasible tv maintein complete bills for gach
procuct mode’, and forecast and plan by model.

G the other hand, bt of material restructuring s called for where 1he
product ling consisis of 4 virmually infinite rumber of end producn, due o
complesity of design and wide choiee of opticea! cawures. Modular il of
matcrial miake materind requirements planning foesible for such divers

cerodugts as Righway fruck traifers, mining machinery, pasaline slation
oumps. or! clmaters, ofice machinery. farm machinery, compuien.

[ i

Cterachine pools, instruments, industoial tracters, and a multitede of othens,

who fuive the commpn probleme of an almost endless prodiet variety tht
makes it otherwise impossible to develop valid masier schedules.

The siudy of haw ills of material should he consructed s thereflore a vital
mart ol the work o desipning and implemoenting an MR system. Structuring
the Dall o magerial rm{uirus some real couperalion from the cngineering
departmwent. and sonwetimes this ¢an be a problem. After the bill is restrue
tured, it ¢an no longer "belong” to the engingers exclusively, and that can
sometimes be a problem alsa,

The bili of material can and should be more than just part of product
speos. Boshould alse be viewed and used as a tonf fur planning, The resistanee
by some engineering departments to change in bill of madetind fortmat, strue-
ture, maintenance, etc.. canpot teally be justified. After all, the engineurs
create the bill so that. by definition, somebody other than the desipner can
make the product. The bill of material is, therelore, really made ot pthers, in
the firyy place. And it would seem (o follow that it shou'ld be struciuered for
tac aser’s, not the designer’s, convenienee,

An exeengineer ftfemd of vurs put it this way: "When T worked as an
enyineer. T saw the creation of the bill of material as the fust step in the
process af design. But when 1ater moved into production aml inventory con-
trol. L bupan Lo see it as 2 vy siep in the process of plamring. ™

This arricle reprinted from Produciion and inventory Managemens, the
jourrmaf of the Amencan Produgtian dnd tmventary Conrrel Sociery, <o
Cuarrer 1972 op, 198-42.




ADVANCED REQUIREMENTS PLANNING S¥YSTEM
CUTS INVENTORY COSTS, IMPROVES
WORK FLOW

EARLE QUIMBY
Markam Corporgnan, reng, M, H,

“*The rigr. part in the assembly 10om at the right Lime.™

Though simply siated, this goal always has presented a challenge for
manulaciuring mamagement, 1L s dilfieult encugh to mamtain an economical
Qow of parts when e company 15 small and sules stable; but when e praduct
line becames complex and sales.improve at a healihy rate, the pressure an e
manufzcturing plant grows Cramatically, Then the right part mlasd be it the riglo
place when it's nesded.

We believe we've “turned the cormer” on this problem at Markem
Corporation. An advanced requirciments planning sysiem, using a mediom-sise
computer, is helping pull together all the threads which make up manulacturing
slannéing and production. By combining separate but interrelated gestems for
evgiioty and proguction schedaling, ihis new eapability already has teduced
invertory substantially even as sales bhave increased by better than 15 percent.

Most onpertiol, the profit percentaBe has bien holding up and we've
expetienced a re¢ord shipping perind. We're pleased with our present amlity to
get paris throogh o the assainbly Mloer 1o mee: our schedules.

We are 3 growing compiny, serving many mdustries with mirking eauipment
that is highly custpiesd, I fagr, abeut 73 pereent of our products readire
spogisl engineering feanures Woonwer customer requitemients, Markem s
faunded in 1917 by FooAL Potram, and is still 2 prvately awned company, The
first products devised by M Pulnam were an ink and a macking machise wihigh
rinwed size Inlormation on shae linings.

Tuday, we make marsing machines and special inks and printing type for
pracucally any  provduci. Cur Markeding Division and beld sales {orce are
specralized By indostsy and are supporicd by similatly speclalived researely wnd
developmenl actvities. Coe of o rewes! sroducts, & drug capsule printer, dan
mark SO0000 capsules per haur, Another specralized machine aulematical™
feeds and prinis on transigtors and other miniature electronic componznts,
Mareemn hag bovoane the leader v industeial jdeaificarion eauipmient,

The Vechaaica! Products Division has the respunsitility for producing a wide
range of machines and ariptied wpes! the Chemical preducis Dyvision, also
Tovried in Neene, produces s and printing fodls, Sales offices are loepted
thrawghout the L'r' ted srates and Caoada, and in certain Burepean counrey
glog zeears are loepied sround e world, In 1997, the Milford-astor Group, in

Manchester, Enpland — 3 rmnut‘acturcr of hot stampinp, equipment and foils —
was acgeired.

Company sales huve béen growing 2t a steady rale of 10 ta 13 petcent in
recent yours: annual sales e inibe 58540 £18illion raane,

To 0 maghine orters, the Mechunical Prondiets Dodswsn manufagtures ahout
20 dilferenn models whicly tn turn lead 1o about 150 conunations, Thice batch
2ssembly lines 2re in operation, where basic parts are apsembled o build basic
u:nnhgurah:ms trom which the fmat machines are pru-du,.:d 1t i here (hat the
~.[11|.c11'| need bor “the riglt paet ab the right time™ i felt, 1F this line dpes nat
keep 1noving smootlly, hipment dates cusinot be met,

. We began thinking of applying mudesn informajon processing methods 1o
manulacluting planmng and control m the mid-1%601, Our expericace with
automptic data processing dates back to 1950, when we began o ur
punched-card cauipment fur accounting and sales analysis applications, This was
bpdated in 1266 wilh o System360 Model 20,

With the decision 1o extend data processing to manufacturing operations, we
ordercd a Model 30 and set out 1o achieve an effective inventory control sysiem
which we envizaped ag the first siep rowards a comprehensive plant syytem. We
used 1he [BM Bl of Materia) Processor — a programming svstem which oreanizes
produgtion informatlion on magnelc disk files — to create a product struciuee
file. In December, 1948, 1BM teleased another set of programs, Requirements
IPInnmng. and ours was ene of the first companies to pul it 1o use, Requirements
P‘lanmng uses sales forecasis and customer orders 1o determine compunen? part
[and sulb-assembly requitements by time period, gﬂncrnt: getion Notices or ofders
fur lemns requinmg praduction or purchase, and plans tepleoishment orders,
"Boih the Bill of Materia! Processor and Requirements Planning are part of an
interrelated Produciion Information and Control System (PICS).

Our Model 30 includes three 2311 magnelis disk units which uwe
intetchangeable disk packs — or electronie files — 3 punched card inputfoulput
unil, and o highespeed printer, Produgiion information, organized as a data base
and maintained on other disk nacks, /s broken down into separate files. The
primary files include:

L. AR ifem maswer Ve, Maintatned on one disk pack, ard covering all of the

$5,000 itemns we inventory — taw matetials, parts, and 2ssemblies.

2. The produst sheseture file, urpanized under te Bill of Material Processor
Euch product is srracrured in fous levels = raw material, part, subussembly
anc machine. Each level references both the prior and nexi higher lovel
permitting hoth explosion amd tnpleion of requarements.

3. The suhoedinare master jter file. This includes data on the 6000 item

thus far seleeted 1o be zontrotled under Requirsments Planning,

Twe crireria derermine if 2 part i5 incleded in Requirements Manning; usape
and dullar value, For the past twe yvears, we have been ABC.Hsting invenior,
with the most expengyve wems 2t the top, Thog, 21 A and B, and muost of the |



e -

iterns, have been included in requirement planning.

The utige criterian we established 5 how the part is used_ 1§ 90 percent of
usage is in fabrication of new machines, 33 opposed to Wle as a ropair pan, it is
ingluded in Requirements Planning,

During the weekly run ol the Requirements Planning System, the three disk
Files are andine, or direglly linked, o the computer, They bold operaeing
wyaemfrequirements plinning instructions, ftem master (ile and product
structurefsuberdingte item master fde. Thus, 210 the data needed 10 explode and
proiect requirements acrogs diffesent manufaciuring petiods are immediately
a¥ailable.

The cyele agtually begins with our yearly sales forecast. This {3 integraced
with orders in-house at the time the forecast is made and a yearlong assembly
schedule, projected in five-day working periods. As orders come in, they are used
to fne-tune the forecast. This fine.tuning extends over 3 three-month period;
otders still in Lhe enpineering department when this loteeast is made are picked
up later at the subassembly level.

Based on the data developed in the three-month foreeast, the batch assembly
lines are scheduled gne month zhead, Basically, the iuformation at this stage wells
us how many and what maclines we will be manufacturing. Scheduling data
which intludes machine numbers, quantities needed and dares to be shipped, is
sen: anee 2 week to the data processing department, where it is punched on
cards, The cards are fed into the computet with the previously -described on-line
Zata base. Automatically, the systcm explodes requirements for each machine 1o
be produced, at each level of the product structuare,

If the system finds an item with ¢nough quantity on hand, it gogs no further;
if not, procesting continues through each product level, testing the inventory
halance 2t every level, When the gross requirement for an item or parl h not
covered By on hand or on order balance, a net requirement is generated and 2
plunned order developed.

The resultis o compretiensive requirements generation teport which priots the
critical erails af each item extended across the fve-dsy calendar periods, one
year ahead, Shown are: the gross requirements for the item in each calendar
peripd; ¢xisting open Orders and thowe projected for specific perieds; the
ansicipated inventory balince for sach period as well as the current balance, net
renuirements pet period; and offset requirements. Also shown is the quantity 10
be ardered if nel requirements in any period fall helow the minimum for an
itepp, T Tee———

Frepared al the same time s an cxseption report highlighting conditions that
migh® otberwise be missed. For example: for a given item the 1epert will show
that a'though a planned open order exists, gross requirements ate covered by
inveatory on hand., Another exception might show thar an order is needed
sooner thar the time period antic:pated. The srogramming system allows for 19
* sych exceptions to be reported,

N T .

Both the requirgments peneration and excepiion reports — which are
developed in four hours” ruaning tme on the compuler — are sént o the
manufacluning planning and controt department. The iterms 1o be ordered a1e
noted: the exceptions noted; projecied requiremenis fur cach item studied
throuph each time period; aud actual orders initiated sccordingly, These are fed
back 1oe 1l data processngg depantimend, wlotte ole guaghe 1y s pronted el venlieg
information accurmutated, Each week, prior w the requirements planmng run,
the orders injliated dunng the past week are fed into the system {or posting lo
the subordinate item master file. This aulematically clears any previous order
data and substitutes the new information, Orders in the open order Gle ate
closed out as information from the plant loor Mows back 1o dovp processing,

This, in brief, i5 the system as it is operating now, We have made certain
changes and additions to the programming systems supplicd by [BM, These
include the forecast percentage, a projested balance ling printed on e
requitements generalion plan, and the exiension of anticipated parts usage for
repair purposes throughaul the year,

The next step in our manwfactering system plan will be implementing the
Capacity Planning Program. This phage will handle long-range planning: taking
the load of jobs to be ran in the plant, measuring them against available
manpower 2nd machines within required time periods, and developing slatt Jales
in order 10 ¢stablish a leveled toad pattern while meeting customer shipment
requjtements,

‘e also plan to install'a televisionoike display station in the manufacturing
planning and ceotrol depurtment o serve &; a direct link 1o the computer
systern. This will permit instant retrieval of inventory and other data, quick
updating of information, and other funcrions, such as checking individual open
orders, Another computer Werminal in the engineering depar iment will be used 1o
precess engineering changes, and (10 fetrieve Wl of material d21a. We hope 10 use
one of these terminals for order entry,

The basic goal i manufacturing is W ship finished products on the closest
possible schedule, Xeeping customer service at 1 high plape, while helding
inventory and manufagiuring costs o the minimum. We are convinced this can
no langer Ye dore without the computer, and have proved that while the
transilion: 10 modetn infprmation processing s a long-rangs effort, the payollis
very real.
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Iabitat A, — A soapke prantout of he weguincinendy pepceration
plan preduced o the THM Sysieomf36400 Medel 20, This printon
rovels ane part - a stk stad - and o lends reguirements geer 53
five dJay winking periads. AL the (0p b prinied descriplive and
ideanlymg infoumgtim,. On the secand line, “Source M indicales
The pait & picsluced o tsuse; e winld “gach™ next 1o unit of
megane indiates e meawree iR dioele numbees rather than
pastimibs; (e npder rprantiy fmdicates (hal gn order Tor 100 wnin walk
Tawe for b Placed poo et peuarements inoone of the 1ime (e risds;
e leadl dime shows taan vight working perods wre neededd, o the
third bine i shown the vinnend inecntony Dgdance (onin fmas finsttiple
wider suanirtics and allocatod sinck are nol prinied on this repart);
the Tindd 11 an e third hine indicates the iem's porceniage uae as

& wepair part, Alung the lefl are headings for each of the tme
porienls shawT — progs peguirements eacli perind, open orders, net,
wlfsel peguirementy, and balance, The fighres starting with 54 are
the five-day wosking periods, Assuming that $41 actually refcred o
the week of Scpiember M, the reparl shows that on Ooiober 22 -
calendar figure 561 — wn open oader For thai parl is Jue Lo be
compheted and 100 uwndis »all be added 1w Sipck, This evisting open
grder iy indicared by the [ sign.

Exlending gross requiremenls imlg e future, ihe reporl shows
that in peried 608 another erder shiould be placed; the asionsk
indicates 11 is an anticipated order. Thit repar s produced workly
for cach of the &000 ilems or parts conbolled wnder the
quirerxenls planning 1y4iem.
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MATER'AL REQUIREMENTS PLANNING —
THE KEY 70 CRITICAL RATIO EFFECTIVENESS

William Wassweiler
Twin e Toe.. Roacine, Wisconsin

Critical Ratic is a simple yet sound method of expressing the relative
priority of work in process, by refating the time remaining before an item
is due, v the amount of work remaining, For example, if a part in pro-
cess is required in five days and it bas ten days of work remaining, it has

five days over ten days or a ratio of .5[15—{] = .5). This is an expedite prior

ity, sifice the job will have to be done in ha!f its normal remaining lead
time if it is 1o be completed on schedule. Ratios of 1.0 mean the job is
exactly op schedule, tatios greater than 1.0 mean the job is ahead of
schedule, and anything less than ene means behind schedule. This tech-
nique for shop scheduling and job sequencing can be a powerful tool pro-
vided the source of the time and work remaining is accurate and refiable.
Q! the two elemenis of the rate, riee remaining (0 order de datel is
self-evident, and work remaining is €asy to express since it (the lead time
remaining! can be determined by the summation of the transit time,
yueue time, set-up and run time lorall the operations on the routing still
to be perfuemed. Care must be taken 1o insure that the queus times are
correed and reflect the desired level of float. As the work is performed and
reported through some tform of data collection provedure, the work re-
mairing decreases, which in tern alters the calculation of the rtatio.
This {5 a simple mechanical procecdure which relies primarily on timely
shop reporting and aceurate reutings. The difficulty with critica! ratio ee-
curs with the #me remmaining tlement of the ratio, althoegh, a1 First
glance, ils value seerms seif-evident. The lack of success critical ratio has
experienced {n the past years can he anributed to the inaccuracy of the
fe rematering. The real problem i with the fwtegrite of the due date.
A ctilica! rutio shop Tour contre! svstem will deteriorate quickly when
the foreman discovers he is working to priorities that do not coincide with
the reof needs of the assembly depariment, Thus the effectiveness of shop
gxecution iy direct'y contingent on the integrity of the dve Cate the inven-
1ory systemn generates. YWhat is the order due date, and does It coincide
with the dawe of real need? The inventory system must answer this ques-
tion every time eritica! ratio priorities are caleulatec.
Materials Reguirements Planning can answer this question because it
has the inherent capability to plan and maintain order due dates walid.
Generally, Material Reguirements Planning is thought™o! as a super-



charged computer technrique tor ordering material and for inventory plan-
ning, which s, Tt i b has the eritiea! vole of keeping shop priorities
up-to-date. Bis net winusual Por o company that has severe shop sehedul-
tng problems o be attrieted o Mogerial Requirements Planning for ity
shop floor contral capability and 1t sulely for purpises of veatory Jtan-
ning and ordering, Becawse it has this abi'ity to mainiain due dates valid,
it is ideally surred to drive o critical ratie shop Moor control system,

Materials Requirements Plauning can rezer dynamically to changing
materiu! needs, As the master seliedule is changed because of reschadules,
cxpetites or caneellations, and s this is processetdl Ly Material Require-
ments Manning, the time remaining is altered by the revised shop order
due dates, and the new ratio will reflect these changes to the shep foor.
This can be done as often at it is necessary to update the inventory files
and communicate schecule information to the foremen, This Pexibility b
a chatracteristic that is simply not available with reorder puint technigques,

A meterial contrel system based on reorder points considers only the
usage characteristios of the part ilseif, and victually ignores the relatton.
ship o its position in the bill of material, and 1he timing of its parent end
flemt on the master sehedule. Comequently, sthedule chanpes 1o highest
wve! msemblics will not be reliecied down through the bill of material o
abl 1ts Tower level components. This insensitivity to sehedele change can be
costly, especially when i1 begomes necessury to retard an eng fem assen.
bl and il components,

Changes can be the result of ¢ustomer requests, forecast adjustments or
the need 10 be realistic and reschedlnle an assembly 1o coincide with 1
awe receipt of one or more of ity components. With Material Require-
ments Planning, the resnlting change of the due date on al! arders aflec-
ted can be communicated v the shep tloor before valuable capacity is
consumed, and before more labor dollars are put into inventary. "The
critical ratio will adjust W a slack priority which tells the foreman woshite
his attention 10 ather jobs with higher priorities.

The nrility of Materials Reguirements Planning is Murther demonstrated
b i1s ability to rafse the red 1y on material in provess that has ne re-
cuiremen:. Engineering changes. quantiny changes ur customer cancella-
tens oan suddenly eliminate the need for parts, U1 is obvious'y impertant
wrsiop these orders in provess before the cost of surpies or obselescence
ingrease, When there are ro regirements, the e remairng equals
tv. The eritieal ratio will retleet this condivion ang sigrn! the fore-
man to sy all further weors and reme the fub from the floor,

irth

A conimon probiont with eritical ratio is mainairing a meaningful pri-
orizy on woery thar B opas due, When e s resndiniug s zero Uhe due
cdate v monlavt armd there sl work mo by done, the salue of the eritiel
ratio s zero, IVt cethaining contiiues W be capressed as zero when the

orcder is one or mure days past due, the zero value becomes meaninghe,,
Which of the zero jobs should the tureman work an next?

This can be a prolieny when the dispateh fise reflects a nomber of such
jubs, Tymically, this situation s evercome by expediting, rush stickers, wr
pechap: a sophisticated algortthm wiich converts the 2ot by sone kiml ol
pst e pedacily nlen tat e Paeran does wat aaderstoad, With
Material Requiremenls Planning, it is possible to reselve this problem. A
time phased past due permits the lime remaining to be expressed as a
negative number, which produces an understandable minns priority value
that is still relative 10 all other jobs vn the dispatch list

There are other options available throuph Material Requirements Plan.
ning that can be applicd to critial ratio shop floor control. Some of these
technigues are: audits (o insure the cakulated lead Hme or work remain-
ing is consisient with the offset lead time used in the inventory par
master record, or utllizing pegging methods that diseriminate between
work-in-process lor customer orders and orders being rue against an in.
ventory forecast. Knowing which jobs are for customers and which are for
inventory can aid shop planning and maintain proper emphasis,

The important fact is that critical ratie with Material Regquitements
Planning presenis a viable means of executing the master schedule, The
resuits of this combrination further demonstrate the power and versanility
of Materfal Requirements Planning, and indicate why iv must be the key.
stone of a computerized production and inventory control system. Again,
its capacity to plan and maintain due dates valid enables proeduction
contron to give the foreman what he wantsi—a schedule that is truly
current,

This articis reprintad from Production and Invenrory Managemeant, the
journal of the American Produclion and Inventory Canwrof Sociery, Jed
Quarter 1972 pp, A3.91.
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TCG ORDER POINT OR NOT TO ORDER POINT

Oliver W, Wight
Plosst andf Wight Associates, Wilton, Connecticut

THE ORDER POINT = A CREAT CONCEPT

The order point is & fundamental concept in inventory. management
and many gempanies use it on all items in inventory, Experience in
pructice fias shown that order points are not zlways the best re-ordering
rechnique and, in fact, that most items in the inventory carried by the
tvpical company that fabricates and purchases comporents {this term
incluides subassemblios, parts, and raw matedals) to be assembled, can
bu reordered far more ellectively using other approaches.

Before discussing the problems involved with order points and the
techniques Lhat should be used instead, some backpround information on
vrder points shemld be reviewed. Basically, an order point establishes the
:evel at which 2 replenishment order will be placed, The order point
eonstructon is:

OPF = x + R

where the order point is equal to a [orecast af demand during lead time
pius reserve stock, If, for example, lead time were six weeks, demand
were estimated tw be approvimately 100 units per week and a safety
stock or reserve stock equivalent 1o a two week supply were planned,
the order point wou'd be equal to 300 units and when inventory reached
this level, u caleulated order quantity (often determined using an Een-
nomic Order Qnangty formula) would be reordered.

There are many variations on the basic order point theme. The well
known “twe Lin” svstem establishes o quantity in one hin as the order
peunt and when the other bin is depleted, a reorder is placed. The “min-
max” svstem establishes a minimeem {order point) and when inventory
reaches this level, o quantity is reordered to bring the inventory up to a
sarzivium (order point plus order quantity), These order point systems
are calield fired ordor quantity systemns as distinguished from their near
relatives, the frxed intervel or periodic teview systems, In a fixed order
svitem, variatons in demand cavuse varations in the timing of re-orders;
i a fived interval system, Bt s cssumed that inventory will only be
replenished nedodicaly and thue the guantity ordered at each review
peried varies as demand varies. In the discussion that follows, a'l of
these techr’  w are categorized as “urder point type systems”™.

Intuitpve approaches o ealeulabing, order paints usually invalve some
across Lhe baard rules, <uch as; “We will-always reorder when we get
down te a 43 day supply” or “We will alwavs carry a 60 duay supply on
hand and on erder”. Mt iy more rativnal to relate reserve stock o Torecast
errir sinee §tis kept in inveotory to protect against foreeast emror duning
replonishunent Tead time and today statisticed sampling approachs ana-
lyzing actual data for each item can be used to determine more eflicient
levels of reserve stock than the intnitive approaches yiclded. Consid-
vribte Jiterature has heen written on this subject in the last 10 to 15 years
and the so ealled “Scientife Inventory Management” techiniques using
exponential smoothing to fnrecast demand during lend time and the mean
absolute deviation and statistical tables te caleulate reserve stock are
well accepted in the universities and industry today. Froper applicetion
of this approach to recalculate so called “foating”™ order points, monthly
or even weekly, can generally result in a reduction in inventory of be-
tween 20 to 40F without impaining service, or inventory can be main-
taingg! at the same leve]l and serviee improved instead, where intoitive
methods were previously used.

licre, then, are some usefn! techniques that have been yreeted with
great enthusiasm by practitioners and educators alike. For the prmcti-
tinner, these are hipghly useful technigues that can enable him to make
substantial improvements in his system, For the educater, they are an
excellent demonstration of the peotential applications of statistics and
higher mathematics,

SOME QpvVIOUS MISAPPLICATIONS

With &)l the development and writing that has been done, there have
been sotne exeellent upplications of these modem techniques, but most
progress carries with it some form of penalty and there has very def-
nitely heen an overempliasis on the order peint type systems to the
degres that some wuthors recognize voly this type of reorder system. In
the real business wotld, there are 2 good many places where these order
int type systems are svery inecient ordening svstems and, in many
womnpanies, serious mroblems lave resultetd from application of arder
points b inventories of eomponents.

An castern manufactuter of an electrical produet applied order points
to his fodshed inventory and o all the compenents that were wed to
assemb'e the Anished product, Since there woere many components that
lad commen nsape in many different assemblies, 1t was decided to e
an order point systemn on all components and trv to have the components
avajlable rather than o add the full component lead Ume into the order
roint fur cach finishod item, This seermed to make sense on the common
vsage componenis, but generated some obvious problems on thote
companents that were usecd-en only coe of two ead ftems. For examnle,
4 typical end item inventory record s as follows:



END ITEM ORDER POINT = 40
END ITEM ORDER QUANTITY = 35

l

|

Week 1 a K] 4 3 & T 8
i
] End Item
Demand 10 5 T 20 3 11 14 8
|
1 —
End Item
Inventory 6 80 585 ¥ 33 24 45 19
i "

Note that with the order point of 40 and order quantity of 35, as the
end item drops below order poin? in week 4, an assembly order is created
thus generating 2 component demand in week 4. An assembled lut-size
of 35 is received into inventory in week 7 and again in week B the item js
once more below order point, thus creating another component require-
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ment in week 8. Thiv adivity i reflected in the compon Enveritory
record, as follows:

Weel i a 3 4 9 6 7 8
N

Component

Requirement D 0 0 35 0 0 ¢ 35

o ]

i
i
|
J

Using a floating order point to control this compenent inventory gen-
erates some intevesting tesults. In the example shown, exponential
smoothing would take the demand in week I, smooth it, and decrease
the prder paint. It would successively de that in weeks 2 and 3 to the
point where the order point was very low and then in week 4 therc
would be a demand fur 35. The order point would then he increased for
week 5 but then the 0 demand in week 3 would he smoethed in, dropping
the order point once again until another component demand occurred
in week 8. QOlwiously, this system s 180 degrees out of phase with true
component demand — and the use of 2 mean absolute deviation to com-
pensate for forecast error only aggravates the problem with the result
that reserve stocks are very Ligh but components are olten not on hand
when they are required.

Rather than trying o use order points to make components available,
it would be far more satisfactory in this cuse to oy to forecast when
reorders will oecur and have compenents available to assemble at that
time. Assuming that end item demand approximates Y units per period,
it can be seen that the inventory on hand in weck 1 will tast about 7
weeks and that the order point 15 approvimately equal 1o 4 weeks: there.
fore, in ahout 3 weeks, a reonder should be expected Since the order
quantity will last about 4 wecks, assembly reorders in the future can he
anticipated approxmately every 4 weeks.

The components for this product obviously can be reordered much
more effectively by exploding anticipated requirements down through a
bill of materials. The inventory pattern for this item ecould be charted
at shown (Figure 1), where the finished product has many small de.
manws from customers which are “independent™ that is, they cannot be
related to any known requirement, while the compenents of Bnished
items tend to have a few large demands that are “dependent” upon the
requirements for assembly, Using an order point on these components
wilt tend to gencrate more inventory than is actmaly required and



eapericnce in practice shows that the reverse happens too: enmponents
are often not available when they wre actuslly needed Decause they are
heing ordered independent of the timing of end item requirements.

Figure 1. lndependent vi. Depentdent Demand
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The very least this example demonstrates is that one universal reerder
rule for everything in inventory doesn’t make sense. The proponents of
order point type techniques at this point may say that nething has been
proved except that the assembly order point should have included the
full lead time for components used on only one end item, but that order
points should stii] be used on those components that are used on mere
than one end item. Whi'e this example has been oversimplified, it should
be readily apparent that if there were two end itemns using this compo-
rent and each of them hud an order quantity equal to an § weeks supply,
demand would be even more erzatic than this example shows. An order
point tvpe systém swould not only tend to hring in inventory belore it s
reeded, but at times when hoth assemblies happened to require the
comnonent wmost simulizneous'y, it prebably would not be available
because the order point type system assumes that the annua! demand
will average out on 3 weekly basis which is not theﬂr:nse.

In one company where dynamic ralie lype priority systems were
developed. ot points woere used for roardering components. The fure-
mer com; x| that many items had high priorities as seon as they

were issued to the starting departments. As an example of the system’s
shorteotnings, one foreman citeed the example of-a componrnt vied on_
twe end items that was in his department with a high priority; he had
checred the end items and found that there wias a <is month's supply of
ane wvinitihe and that foee months supply of the ather was st bk
assembled (with all components available ), The syston, eeaese i dise
patching priorities were based on an order point, assumed that each
companent invenlory needed 1o be repienished as soon as it was depleted,
This is the basic assumption of order point type systems, but in this case
it is invalid. It would be more elficient to order components against
projected assembly requirements and try to drive the imventory to rern
belween requirements,

A CASE STUDY IN AMISAPPLICATION

Order paint type technigues for components with one, or even two end
uses, are not very efficient. Where, then, do order point techaniques for
components make sense? One proponent of order point techniques has
suggested that arder points can be vsed on any components that have
more than 7 end uses. Even this is an arbitrary rule of thumb that does
not work out well in practice. The following s an actual example:

A manufacturer of assembled products that are made vp of many
commuan cumpanents that must be stocked had been wsing intoitive order
peints for ordering these components. 1lis invenlory was extremely high
and servicr was unsatisfactory so e did o stady to determine whebler o
statistical order point system implemented on a computer woulld wark
hetter, Inventory simulations were run for 8 diferent companents, They
purpesely chose components with many end uses and rhe simulations
showed that a high level of senvdee on cach vomponent wonld tesult from
using an onder puint approach. The 8 items simnlated pave these resylts

NUMBER OF ITEMS SERVICE LEVEL

2 itemns W Lir

3 items Us.1E
l item 096,27
1 item 0437
Iitem AL

At first glance, this series of simulations looked very good to the
compary anil they were only concerned that order points mighi not
wors a5 wel! on the tems with less stable demand (in Fact, simulations
for other components with only a few end uses did show that a floating
order point would tend o build eatremely high inventories ~hile giving
VETY poor service).



Further think[ng about the -;I.'S'llhﬂ of the simulutions, however, showed
that even these results. that looked good oo the surfact would not work
well in practice. The company’s service s judged by their ability to ship
asscmblis, not compeonents. M it were assumed that this company's prod.
uet consisted of only the 8 components simulated instead of the 35 to
50 components that typically go into one of their products, it might be
worth asking how many times they would be unable to ship the assembly.
A furtiter eheck of the simulations generated the following resclls.

NO. OF WEERS WEEKS NOT

ITEM  QUT OF STOCK SERVICE AVAILABLE

1 3 943 11, #12, #13

2 1 OB #52

3 n 96.2 =30, 335

4 0 100.0 e

5 1 98,1 £42

6 5 02.; 208, =04 235,
#36

T 0 1000 _————

R 1 93,1 %19

1

This summary indicates that Item =1 would be unavailable in weeks
i1, 12, and 13,‘ while Item =2 would be upavailable in week 32, ete,
Altogether there are 12 stockouts among the 8 items, resulting in i1
weeks [note that Item =3 and =6 are both unavailable on week #35)
when the end item cannot be assembled, indicating that while service
appears to be very high at the componeat leve), it will not be very high
for the assembly, Inm this examule, while service levels for the compo-
nents are as high as 1007, there are actuaily 11 weeks out of 52 when the
products cannot be assembled, so that even for a product using enly 8
components, the service level would be 78.5%,

Further examination of these simulations showed another problem that
arises when components are ordered indepenilently. It was decided to
pick one week at random wlien none of the components were out of
stoek and determine how many of the end itemn could be puot togrther,
amain assuming that it takes only the S components involved in the
sinutation. In week =13, the inventory lalances were as follows:

- Iteem =1 —  BL units
Iten =2 — 719 uniss
e =3 — 1134 ynits
) tem &4 — 193 ynits
Iterm 25 — 2% units - .
Ttern =i = 31 units
[term =7 — 57 unis
Trem =% — M0 ynits

The simulatinn shines that onfy 34 assemblies (the gquantity of the
component with the lowesl inventory) could e put tepether in weck
=13, vven though ul! components are in stock Ehat werk! brviousty,
some unusable hich component inventories reselt from this anproach,
As aoresult af this aalysis, the company decided toa their nlis of
material on the computer 2nd vse iU o teproject their regiranents
weekly mather than using it to improve their order points system.

The company in this example was lortunate because they used simula-
tion to determine in achvance that order puints on components would not
work very satisfactariiy. Another company replaced a very crude require-
ments planning system with a highly sophisticated arder point system
for components and had disastrous results. Inventory increased 259
and there was a dramatic reduetion in service, It's indicative of the stute
of the art of production and inventory control today that order point
Lype systems, bocause they are well-developed in the literature, wend
te be applied where they can generate very poor results indeed.

TIME SERIES MATERIALS PLANNING

Two phenomena discussed in the simulution example above contribute
to these noor results:

1. When componcnty are ordered independently, the cumtlative sere-
ice Icoel for all comporents will be mueh lower then the service
levels of the individual components, This phenomenon is one (hat
fs well known to statisticians and simply demonstrates the laws of
probability in action. If an individual component is likely to be on

. hand 90% of the time that it is reguired, then any 2 compaments
will be likely to be on hand 81Z of the time (90 x 98) and any
1 components will he likely to be on hand 737 of the time, e,
Somie quick calculations like those above would indicate that if
the chances were 95% for any one component to be on hand and
only 10 components were needed to make an assembly, the chances
of aLl of these being available at the same time would be approaic
mately 56%

fis

- When compenents are ordered independently. component ingen-
tories will not match essemdly requirements well. The upper por-
ton of Fignre 1 shews the famillar siw-tooth curve that reslts
frem an erler point approach. Even for a component with many
end wses and yelatively uniform demand, the “saw teoths” will
pruk independently and thus component inventories seldom match
requirements at any point in Sme,

The fact that those companies using order points on components do
grt seme things shipped on time may seem to contradict these observi-
tions. But they usually do it by curmying extremely ligh inventories and
duing o great deal of espediting. These eapediters usually work from
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assembly floor shortuges 1o try to pull the right item through, in spite
of a2 the wrong inventory ftems the order point system Euner:alcd,

The eepediter usually has seme kind of a *lot list” and in spite of tlhe
dates that the inventory system has put on compenent erders, he tl‘f(‘s
to prt the right items te the assembly Ooor. He Faces a dilemma with
this hot list, hewever. 1l he only expedites those shortages that already
exist on the assemnbly floor, it's obviously a case of too little too late.
If he tries to anticipate shortages and expedite these, he .ha.s an extremely
tong hot list and the foreman’s logical question is, “'Fl'_llch du_yuu want
first?, 'I'n do an effective jolv, he really needs 2 sefies of Ilil.:lt hslls .
He needs to break down his assembly floor requirements into time
poriods and indicute by time period what his requirements will be. This
concept extended through encugh time periods to cover the component
lead time is the techninue called time series materials p&lmnmg,

Figure 2. Assembly Requirements
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COMPONENTS MATERIALS FLAN

A representative time series materials plan is shiown in Figure 2. In |

this case, a forecast of requirements is used to generate a master schedule
for the end item. Using the bill of materials for the end item, this usage
is then projected apainst the compement in the mfrespnndmi; lime
peripd  nen the inventory record for the component is referenced and

d-—y

an inventory balanee is calculated, In week 6, the requirrment of 600
will decrense the component jnventory balance o 300, in’ week w4
the requirement of 00 with only 300 units on hand will generate a
“seheduled receipt”™ of 5000 This will then result in a plaoned order
releuse of 300 in week £5 sioce the fead tiwe for this eninponent it
4 woeks und Lhe sume proccdun: will result in a plunned order release
of 400 in week #§ to cover the requirement in week #12.

This is a fairly standard opproach which has been implemented in
many companies using the computer, The ukample shown s elementary.
Chvipusly, many components go into more than one end item and, in
that case, the requirements Jor eueh end item are refllected in the
orojected usafe for common components. Any reguirements for service
parts can also reflect in the materials plan. If the component vsed as an
example has a projected usage of 50 pieces per week for service or
repair parts, this could be udded into the projected usage before the
inventory balance and planned order releases were calculated. Lot sizes
could be pre-calculated using the cconomic ordering quantity formula
but where these usages tend to be discrete, it is often more practical to
us¢ the time series order quantity calculation. 1n this caleulationt,
the lot sizing is done by testing to see if it is ecconomical to combine
planned order releases in order to suve setups. For example, if 2 unit
cost for the componcnt, a weekly inventory cest, and a setup cost were
provided, it would be straightforward to determine the economics of
combining the planned order release for week #5 and week #8. This
would result in saving one setup, but it would result in carrying 400
units in inventory for an extra three weeks. This ealeulation offers some
significant advantages over the square ropt EOQ formula when caleulat-
ing lot sizes for components since it tends to penerate lot sizes that
match assembly requirements much more closely,

Materials planning is simply o computerized approach to the re.
quirements planning that used to be done on manuully posted ledger
cards. With ledger cards, it was difficult to plan requirements for a
specific time period, accumulate requiremnents for comumon usage items,
and recaleulate these requirements as they changed. In fact, in mpst
manual systems, this recalcelation of requirements was the real stumbling
Block, Wien trving to bring all of the compnnents together to assemblc
i Anished product, it is essential to be able to re-explode and calculate
requirements lrequently as the end jtem forecast changes,

When punched cards were first used fer materials planning, it was
common to uxplode the end items down into subassembly requirements,
post these "Eross requirements” manually against a ledger card inven-
tory balanee for the subassemblies, and subtract the inventory balance
to get “net requirements”. These were then punched inte another deck

_ of rards representing the subassembly bi'ls of material and exploded to

get gross requiremnerts for subassembly compenents. This procedure was
awkward and tme consuming and later inventory recor's were kept by



the enmputer wo so that cross requirements at r-]-.jch '{leve?thmul?n ::‘IC
- srizeel inventory reconds direetly with no man.

referenced to the computerized inven . th n :

wal intervention, With later, more pawerful computers m:d fhrf:::t‘ nfmﬂr!

slorage, 1} beeame possihle to break t'Iua_“_. r1-¢1L|1TLIj'T1ﬁll.:1I:I[5 down 1:1[10 tc; re}j

fine time periods to show requirements in weekly zm:luarts :“m e

ciiculate these requirements as ulten as “"‘-rk'l;.‘. To Ay, .m 1 ; prll;:u.

materials plun that uses monthly plunning periods and iy only rec

: . _ ' "

tited munthly is considered very crudse , 1 .

There are hasically twe approaches to materials pllunmng l.!ts.mgr the
computer. One ol them is a periodic recaleulation or regeneration ;[;-
1}raa‘ch while the uther techninue is r;illfld 1"m;t nhungn!:. : Emr er:c%:ﬁ?:ded

' ' new schedule be complete .

tion approach requirtes that a hed ; : o

and r;quirements replanned on a periodic has1;,1 usunll'{c olrét:j : :};em_

s ' H Wtk 4 oweckly recaleo
Some companies have found that e : X
quirements i not sentitive encugh to chang_ﬁ in demilnd. anllie t!?e?;! l\: ;
" " wich, The net change n

thus adeptet] the “net chanpe” appr . nique is

Eiesig::wdliu accept any schedule change an any enr.l‘ iterm at ;m}f [tlm;duct

to exnlode only this chanpge down through the various ]'It-v]e'lls n Ipr duct
ot [ it will afect eompoenent seliedules. In

dructire to iletermine fuow iF wi L ‘e J .

changee wvstem, the computer will then generate an ucl:iptlﬂn r:‘[ﬁ:‘l‘

m{l[;_:-'qtin';_:, where a compunent schedule necds to be adjusted o mee

: l‘ Liremant. .

LEh B3 ph il . . far

1t E@umr:?lpp.lrenl, then, that matcrals p'l.:u]:mng h:chmqlut:st::;-. l;:“e:;

iv tdemand items than order pein n :
more effective for dependent Jemy; 1 . 5
Actually, this is not a new mnt'll|5|uti.!jolin }uli:tgu.ednt_}ted :{::;T:lzdyti!:m
. B it finished flem demand is exg
ago, "It has been found that i _ _ @ :
-:ulz-llrr;pnnenr.s nnd totalled over all finished items ;nntagnrg k;hi! corm
.~ oh AL Orlicky, Manu-
any 1 Benefits can result™.? Do Joseph A, L
ponent, Many contro o " ek, Mar-
' : + 1% OrpPoration, org Y
facturing lodustry Consultant Jor the J ",
veloped the independent/dependent dem::.rnd mn(c"epF sugg;::::-.ngetthe
' are i :nt, such as finished goods items here th
when items are independent, s _
demand of each item is unrelated to the demand f_:z utherﬂn{:.;r;s‘kqi r1ﬂ;
cessar + usi Ninigues like esponential smoothing,
necess1ny 1o fﬂ!’f’l"ﬂ'-’l usinge LeC. g : s i o
' o items d, this demun
lerm is dependent {related to dernand for other i
demantd is depende _ _ ; y
shou'd be relcelated throuch a bill of materials rmpins;un, I-EE |11.1ts f]u'rtll"l:i
r‘fmrlnmendtt' "B nof furecast dempand when it can e calculate ,1.0;;
l
erence has shawn that this is sound counsel. One 1‘0“‘11'-'1‘ l.‘!\‘.l'.‘.l,"pjlql
i.F:i the low value common use item that may well he reordered u51n1+.,h.tr‘:
order point system becuuse it is cheaper 0 carry excess inventory
o uce mmprt:_-r time 'o recalen'ate renuirements.

CNOOSING THE RICGHT TECHNIQUE

X . in the
Since the order point approaches are wellkoown :lm_i ﬁNEL[:::;d ‘;5
: . ] P N rol. and materia plnmny a8
ol letion and inventery contol, . R
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Objection 12 —“[n prder
an order point system

they are needsd ™

Objection #3--"Floating order points on each com
us to react quickly o changes in demand,”

there are many common objections 1o the e o
Some of these are quited and explained below,
Objection =1 .- "Our experience has shown
15 w5 good as g materialy plirning system fo
ventories,”

This statement js only valid why

[ materials plannin E.

that an order point system
r contralling compoment .

n oA manwal ander point system s
being compared with & manual materials planning system. With man.
val materials planning systems, the matersl phin can only be recyl
ctlated infrequently — in RNy compunies, only once a quarter — and
under these circumstances, zn order roint system could even be a
slight improvement! With a modern camputer system where require-
ments can be recalculated weekly (or even more often} and spread
out in weekly time periods, company after company has found ma.
terials planning superior,
to give good customer service we need to use
n order to have all components on haod when

Que can only conclude that those who expect statistical order points
to keep compunents on hand have forgotten some fairly basic statis.
Hes! Most praciitioners Feeepnize that 10 service
ol or wtainable and, as wag Puinted out in the ex
a simple product requiring only 10 components wo
chance of all 10 of those Leg wvailuble at any random moment jf
each of the individual jterms had a 95T chance of being available. This

type of system is duomed 1o fa]] hack an expediting to get any sem.
Hince of resuls,

is seldom econom;.
amnles above, even
uld have enly a 547

panent shiould cnahle

Reaction te changes in demand could be handled much more efec.
tively by forecnsting at the emd item or subagge

mbly level Contider,
for evample, an end item with & usage of 100 vnits per week and an
order quantity of 34 umits. Normally, a reorder would he placed

every 5 oweeks. I demand suddenly increased to 120 units per week,
reortlers would be placed every 4 weeks. Using exponenti,! smoothing
for this component, the System would have 1o recogtize the increased
frequency of demamd, smooth it, increase the order Peint, and then
reorder, The lag time tends 10 he extremely long, Using u materals
planning svstem, if the end item expomential smoothing forecast ip.
creased from 100 1g 120, this would then be reflected in the rmaster
schechole, vxploded down through the bill ot materials, then refecte
in the projected COMPINEnt usage angd anned arder Teleases wingld
be rescheduled. Note that the wrder POtnl system muost defect o
creased component demand, adjust g it, and then reorder whi'e the

matefials planning systern can profect this increased requirement
ahead of time,



Objection #4 —"We know we must protect against forecast error with
by ' use order puints.”
snle}r;;oﬁk;. ::3 :Vef:asnn why s:f’:":c*ty stocks eannot be used with ms‘.teriah
planning. In Figare 2, if reserve stock had been set at 200 units, the
scheduled receipt for week #9 would need to he 700 units rather
than 500. Where there are cummun components that o into iy
end items, it is important to remember not to add all the flureca.st
errors for all end items together when setling resehve stocks, Figure 3
shows an example based on a company that custom fs{f:rnblcs eleci
'ric motars. Their weekly forecast calls for 5000 Tylpc A mr.h'tnréL “.T
o any one of the five different motors in this family they would like
te be prepared to make 1500 units. Any component unique to mutﬂ*
“A* would require & 500 unit rescrve stock, hut any componént use
on all Type "A" motors should have loss reserve Ls'tnc'k than the sum
of the forecast error or 2500 since it is highly undikely Uhat .rfl“ mmur:
would have their masimum demand in any one week, As illustratec
only, 1100 units reserve stock would be required for any component
that it common to all "A” type motors. Ob\-'iuush_f. as w1trh order point
systems, careful analysis iy needi! to determing optimum  reserve
smg:; more caution: since this reserve stock will_nuw he exploded
down through the bills of material, no reserve stock is needed on lm.wfrer
levels of inventory umless they have autside demunds such as service

stack.

Figure 3. Regerve Stocks For Common Components

FORECAST FORECAST LRROR

“otor Al . 1000 iEDL'I
Sotor A2 " : .
Notor AJ " *
\otor At “
Moator A " - .
"ol - 5000 vnits 2500 units

" Forccast omror, afl type "A7 molory = Y100 units

Objectign #5 —"We have to use order points hecause we have sa many
possible combinations of components that it s impessible to forecast
end jtem requirements.”

This is usually a symptom of & problem in hill of materials strue-
tures, This problem ocears amed b readily recoenized in the anlonedsis
mdistoy, Bt owould T bnprossiile tr it o 11 Gl anatetlala for
each of the possible configurations of automohiles, much less fore-
cast them. As a result, it becomes novessary from a bill of materials
strueturing point of view to consider majrr assemblies ke end items.
While it would be extremely difficult to fnrecast the number of con-
vertibles af a particular color that would have autematic transmissions,
ere,, it is possible, for example, to forecast the total number of ears,
the percentape that will be a particular color, the percentage of these
that will he convertililes, and the percentage that will have aotomatic
transmissions, ctc. This same problem exists in many other industries
but s often not recognized. Wherever common building blocks are
put together, the practitioner witl good knowledge of his product strue-
ture can usually restructure his bills ol material to facilitale forecasting,

L —— " —— i s e - hagegr  dem - W v
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Objection 728 —"We don't have time to get vur hills of material straight-
ened out so we're poing to put in an order point system to get inventory
under control quickly.”

] This can only be a stopgap. Even if order points must, for lack of
proper bills of material, or lack of available computer time, be used on
companents temporarily, it is strongly recommended that in addition to
these order points, an assembly or o mitrix bill of materials® he used
to project assembly requirements periodically, at the very lcast month-
Iy, to assist in expediting the right parts through, If a computer is
available, this same amount of efort put into organizing bills of ma-
terial properly, product group by product grovp, and develaping a
materizls planning system would generate far better, more lasting re-
su'ts,

Objection 27 — “There is no computer time availab'e for materials plan-
_ming in our company.”

This objection is sometimes heard from prople who do not have a
competer; many combanics that dont huve computers today do their
materiuls planning preriodieally with somvone clse’s computer or at a

- sepviee bureau, More often, thiy vbjection comes Trom someone who
already has a computer in house that already is being used for many
other things so that na time is availabhle 1f o larger computer is pot
immettiately avinlable, it would probably be profitable to sem! the
payroll out to 3 service bureau and to vse the computer tu get the in-
ventory under control,

L - - P A



LS

Orcler point technigques have been given a great deal of altenlion in
wentory ceugel literature hecause they demonstrate thie application of
vithenmatios and statistical concepts, while the mechanics and applica-
ions af materials planning technigques and Bil! of materials structuring
end to be dgnored by mest colleges taday becanse the subjeet is con-
ilered tpo “vocational”, As T AL Whitin, ane uf taboy's bouling inven.
ory theoreticians, pit it so appropriately, “an ineredsing number of in-
livldeals are working with inventory mudels becanse they present inter-
sting theoretica! problems in mathematios .. . pracliend application is nat
1 mutjor objective, although . theic thearetical werk may be helpful in
prachice at some future time.”t This is line; we newd pure rescarch, but
he fact that the literature emphasizes ordler point technigues shoulkd ne
be misconstreed: this simply means that they are nost nterevting? from
an academic point of vipw. The business manager's ctiterion is different:
he st ask, "la oy apication, which teclmigne will epnable me to
manage inventories better?”

Those whe zre considering using so called scientific inventory man-
agemnent techniques should consider the principles of statistics before
applving statistical techniques arbitranly. Statistieal order point theery
2 mast alwiays assumes:

Belitiveh uniform average demaml,

Gradual depletion of inventory,

A“Normal” distribetion of foresast errors.

Thut it is degiralle to have inventory om hanid at all times.

[HEE e

Statistical independence of demands.

These assunptions are valid for those itoms which huve mofepencdlent
demamb, but vot those lowing dependlent demaml. The independent/
Sepetelent dennnd coneept 1soa seand peideline for qplieation of re-
velering teelmiques; where demund 35 depersfent (unrelated to de-
minid for orhor items}, it must be foreeast; where it {s dependene {re-
el o other dems ), it ean be caleuluted, Finished woods or service
surts are independent Jemand items while compenents, semi-finished
srems ot rawe pterinds aoe dependent Jemand items,

The meactical application of the statistical approach o order points s
aoe of the vreatest advanees that has Been made in inventory manige-
awnt in the Lt few vears. When implemented properly, where it reatly
applics, dramutic fmprovements ean pesolt, but wo many proctitieners
espouse Cither order puints or materials planning, The prefessional ap-
rrreach o inventon management requires thal we understand all of the
teehindgues that are available toons, thed we understund where they do
antt don® work well and that we use the rechniques that will work et
feeachoanieation,

[
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APICS Certification Program Study Gulde
MATERIAL AEQUIREMENTS PLANNING

By the Material Requirements Planning Subcommittee
APICS Curricutum and Crertification Program Conreil

INTRODUCTTION

The purpose of this Study Guide is to assist the candidate in his prepara-
n for taking the Material Requirements Planning examination. The sub-,
1 s broken down into ten topics so as to conform with the ten sessions of
s review course recommended for Chapter education programs. While the
udy Guide is designed to be consistent with, and te complement, the review
urse, it can also be used for individual preparation and study in the ah-
nce of such a course.

This Study Guide is made up of the following sections:

» Description of the subject

s Alout the exam

» Ten sample questions

o How to use the Study Guide

» Listing of topics and sub-topics

» Correct answers o sample guestions

= MIIP Bibliography

» MRP fiim listing

VMATERIAL REQUIREMENTS PLANNING

MRP, or time-phased material requirerments planning, is a set of tech-
igues that evolved from an approach to inventory management in which the
Wowing two principles are combined:

v Caleulation vs. torecast) of dependent demand fur component items

2. Time-phasing: Le., adding the dimension of timing to inventory status

et
*he 1erm “component item” under MRP covers ail inventory items below the

redrel or end-item level, including subassemblies, piece parts, semilinished - - -

\arts, and raw materia's. Requirements for end items are stated in the
naster production schecdule and are arrived at through forecasting, customer

srders. field warehouse requirements, interplant orders, et¢. Requirements ~

'or a'l of their component items. and their timing, are derived from this
whedule by MEP. .
“IRP is norms” ‘mplemented ¥ia a computer-based system, becanse of

v o a wemmr

— i e B e

the large amoum of data handling that MRP entails. The prime input to an
MRP system is the master production schedule. The overall outptt is termed
a1 matenial requirements plan. Principal outputs are, specifically, order action
(release or cancet), rescheduling of open orders (2dvanee or defer due datel,
and planned (future} order relenses.

Originaliy conceived av an approach to inventory condrol, MR has been
found to provide also other functions (1o offer other types of use), principally
priority planning and capacity requirements planning. In a manofacturing
company (hat has inventory items with dependent demand and orders with
dependent priorities, MRP represents the only sound system foendation.
Other systems; e.g., scheduling, dispatching, shop floor control, and pur-
chasing, merely execute the material requirements plan; e, MRP output.

ABOUT THE EXAM

The examination consists of & written test administered within a three-
hour time limit. The format esed is that of questions with mulliple-choice
answers. One hundred twenty-five items make up the exam, cach tem con-
sisting of a question (or statement) plus four choices of an answer. These
choices are always coded A, B, C, and D. One, and only one, represents the
comrect answer. The other three, called “distracters,” are worded so as 10
appear equally attractive to someone who guesses.

All of the exam items have been developed based on a topical outline re.
produced in thiz Study Guide, Each of the ten topics listed is broken down
into a number of sub-topics, also listed, An exam ilem always pertains to 2
specific sub-topic. A sub-topic may be tested by one or more exam items, but
every sub-topic does not necessarily have a counterpart exam item incluzded
in Lthe test, which is designed merely to sample the candidate’s total knowl-
od ge of the subject,

Because terminology end methods of representation within the area of
Material Reguirements Planning are not completely standardized, the
following information is being provided to familiarize the candidate with
terms and graphic conventions used m the exam.

Charis

Product strociore (bill of material) relationships are being represented
{Figure.1) as follows, with assembly part numbers having alphabetic, single-
part and raw materral numbers having numenc designations. Levels are
numbered from top to bettom, starting with leve! zero. The guantity of com-
ponent per assembly is assemed to be one (1) untless shown othorwise.

“lke time-phased inventory record used by an MRP system is rejiresented,
throughout the exam, in the formar shown in Figure 2.
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The language af Lthe exam contains the following terms, somelimes used in-

erchungeably, as shown, i

» Bl of matenial processot, also bitl processor
» Capacity requirements plan, a'so capacity requirements, load report
» Compeonent item, ulso component part. component
» Dateofneed, also need date
w [mvemtopy item, also item, part
a Tterm master Liled, also inventory record, inventory (file)
¢ # Master production schedule, also master schedu'e
« Marerial requirements planning. alsa MR
» Planned order release. also planned order
o Product structire, also Wl of materia
» Releasing an order, 750 placing an order
» Recuirements, also material reguirements, gross requirements - -
» Scheduled receipis, afso open orders, quantity on order
= Time rerind, also time bucket, bucket

. SAMPLLE QUESTIONS

Following are ten questions representative of the contents and formut of
the exam. These questions are "real” in the sense that they have been drawn
from the set developed for potential inchusion in the exan, Becmne Hwy are
used as o osarple, bowever, Uicy will pot Be copoated o e actoal ecagam, Core
rect answers with explanations are provided in a later section of this guide.

Sample Question #1.
X
ITinish ed unit
I 1
1 Y
Purch. part Slubassembly
LI 1
Z 2
Subassembly Mig. parl
P I 1
1 3 4
Purch, part Purch, part Haw Mat’l

In the example of 2 product structute shown, which items are considered
parent irems?

{A})  Xonly Y  X.Y.Z.and 2only
IB) X.¥Y.andZonly Dy X ¥.Z. 1, and 2only

Sample Question £2
Which of the following islarel among the uses of plurned srders in an
MR system?

I. They may be used to project capacity regjuirements.
I. They are used to generate material requirements at the next lower

Pavel,
{A) Tonlv 1<) Hoh Iand 11
1B ITonly (D} Netther 1 noc 1

Sample Quiestion 83

A tvpical copacity planning report based on orders generated by MREP has
which of the ‘ollowing characteristies?
L. Laoadis leveled within available capacity.
1. Laoad reflects both existing and furere shop orders.
tAY Tonly 2+ Bothland it
{m 1 only UM Neither Inor 11



Crsestionn ¥4

X
! Y
]

he produet structere diagrammed, which of the following items coutd
et to independent demand?
. Items 1. 2,3, Y. and Z.

1. Item X.
A Tonly (¢} BothlandIl
By Nonly - {0 Neither Lnpr 1

e Question BE

1¢ daily shop digpatch list will tend te rank jobs in incorrect priosdty
enge when

tAY G items are excluded from the MEP system

(8Y  the MRP system is based on inflated lead times

IC)  actual lead times vary from those used by the MRP system

1D} the capacity planning system is not integrated with the MRP
swslem

apfe Question ¥

Yy company eliminated all order points and substituted MRP., but they
de the planning horizon tow short. Which of the foltowing results can be
rcted? ]

1. Qrders for companents tend to get released too early.
A The useluiness of the load report §s 1mﬂ:nﬁ:d
I -
{ Lonly ({CY  BothTand 1l
i- m‘ L lond (D Neither | nor 11

il e,

Sample Duestion #7 .-

The MRP output that shows the source of the requitements Yor an item is
called

(A a nriority renor (4] w st er sehed ule repod
(B aninput-output report (¥ & pepped requirements re-
P

Sampfe Question #8

With Time-Phased Order Point, which of the following values most be pre-
calcuiated before thiesyslem can function?
I. The Order Pownt quanrity itself
1. The demand dering lead time

(A} Tonly iy Bothlandll
(B) Ilonly (D) Nepher L nor I

Sample Qurestion #9

If the Master Scheduwle is overstated, which of the following can be ex-
pected to resutt?

{A)  The MRP system cutputs will not be consistent with the Master
Schedule.

(BY  Large, unexpected sales orders can be shipped with less expe-
diting,

(C}  Shoporder priotities will become meaningless,

(D} Forecast error due (o product mix will be absorbed by excess

[ in¥Entory.
I
f Samplie Question B10
' An MRP system may be inelfective in reducing the need for expediting and
! hot lists for which of the following reasons?
: I. The svstem does net call for changes 1o released purchase and
i © T shoporderdue dates, .. .

II. The system has safety lead tlm:s “which v vary by inventory
. classificagon {1 week for "A'" ilems, 2 weeks for "B ipetns, 3
} weeks for “C" items). - S —
! ————
1
] o A Tonly ‘€Y  Bothlandll
1 (B} 1lonly- (D) Neither Inorll



HOW TO USE THIS STUDY GUIDE
The kev to the preparation for the caam s the fist of topics and sub- -topics,
alony with the recormended study material. The candidate should review
each sub-tonic listed under a given topic, and read the referenced bibli-
praphical material, Viewing the filmis} referenced to each of the topies will
kel o consolidate the knowledge,

The study material is the following:
1. MRP Bibliography, November 1972 revision (see page 20}

2. Recommended reading list

MRP Bibi W Tirle
! MRF by Computer
4 Structuring the Bill of Material
& Master Scheduling
4 Net Change MURP
15 MIP Svslems
17 MEP & Inveniory Record Accuracy
25 Time Phasing

3. MRP film series (listed in bibliography)
4, APICS Dictionary, Jrd edition

For purpeses of study, the subject of material requirements planning is
broken down into the following ten Lopies:
» Introduction 1o MRP
» Fundamental MRP s¥stem Tunctions
s Desipn characleristics of MRP systems
o W1 and the master schedule
» Billof material structure
* & P'riocity planning thrugh MRF
e M EP outputs and their pse
» Making MREP work
o TP regeneration vs. net changs
v M{H P sysren: fmplimentation

LISTING OF TOPICS AND SUB-TOPICS

1L INTRODUCTION TGO MRP ~

Defirnitions and terminology
Understand the meaning of such terms as: Tor siding, plannad orders,
time periods, beckels, regeneration, time-pliasing, priorily, bl tine
offset.

Ref: Bibl. ¥15, pp.23-36

MREP vs. arder puing
What are the key characteristics of these two alteenalive systems of in-
ventary management?
Ref: Bibl. #1535, pp.3.4.7.17
Film ¥2

Dependent gnd independent demand
Understand che difference between these 1wo types of demand.
Hel: Bibl, 415, pp. 4.5
Film #2

Parent items and compornents

What is the relationship between such inventory jtems?
Ref: Bibl. 4, p. 5 ) -

Lumpy demand
What causes lumpy dtmand for a component item?
Ref: Bibl, £15, pp. 7. 39
Film #2

Time-phasing
What is the meaninp of time-phasing as used in an MRP system and haw
is the data displayed ?

Rel: Bibl. #15, p. 27

Inpuis o \IRFP
What are the hasic fites required for an MRP sysiem®
Ref: Bibl, #15, pp. 46, 47

The rime-phased record
Understand the format and funciion of this record.
Ref: Aibt. 215, 0 25

- «Reguirements explosion

Define, Understand the function of the explosion,
Rel: Bibl, #1, p. 4



Grogs artel et
What is the differehoe between a gross and u ol requirement?
Ref: Iibl. 415, . 25

Lound Firee affse!
How is 'ead time offset in an MREP system and why?
Rut: Bibl, #1535, 1. 25

Tift op Meateriad Processors
What are the major functions of a Bill of Material Processor?
Ref: Film #5 ]
fill af Material Processor Manual availoble from IBM) Form
HGH20-0197

FUNDAMENTAL MRP SYSTEM FUNCTIONS

Trvenrory itern refoifonships
What is the relationship between inventory items found in a manufactur-
ing eampany #nd how does MRP handle them?

‘Ref: Bibl. #18, pp. 37-39

Records and rarnsacifons
Understand the fields and hieadings in the standard MRP time-phased
inventory record and be prepared 1o show how various transactions
affect that record,

Ref: Bibl, #1565, pp, 25-28, 25, M8

Feedhack from shopand purchasing
What twpes of leedback from the shop Neoe and purchasing are impor-
tant to MIRP and why?
Ref: Hibl. #1, ¥15, #17
Filmy 43 én

Allocarion
Also referred 10 as an “uncashed requisition,’
What is its purpose?

Ref: Bibl. #1 (p. 35}, #14 #1353 (p 47)

what does that mean”

Planaed and acttul tvad time
What is the difterence? Which ene is used by the MRP system?
KeF: Films #1, #}

Low-fevel coding .
What does it mean and wha? 137t purpose?
« Qef: Bib. #l p. §

-

Jufiedy siock
How should safety stovks be handled in an MR system?
Ref: Bibl. #1 {pp. 31-34}, #15 (pp. 3230}
Film #8

Lot sizinp
Familinrize yourse!ll with (he names and woerkingy of he various Tot
siring techniqeoes that can be used with MRP.

Ref: Bibl. #1 (pp. 30, 31), #1, ¥, #15 (pp. 29-32)

Service party and MRP
How: are service parts that are also used in current production dealt with
inan MRP system?

Ref: Bibl. A15, pp. 20, 26. 36, 37

Time-phased order point
How does the MREP system express an order point in a time phased
tormear ?
Ref: Bibl. #15, pp. 37-39
Film #1

MRF applicahility
Where is MRP applicable, in what types of companies and to what types
of products?
Ticf: Bibl. #15, pp. 23-28, 37.39
Fitrms #1, #5, #10

Funerions of MR P
The three principal functions of an MRP system.
Ref: Bibl. #15, pp. 26, 28, 53
Films #1, #7

. DESIGN CHARACTERISTICS OF MRP SYSTEMS

i

Level by tevel processing

What is it and why is it necessary i an MBP sysrem?
Rel: Bibl. #1 {pp. 4, 5, #4 (pp. 5,49

Qurek deck

What is the quick deck methed of MRP and what are its shortcomings?
Ref: Film =7



4RC classificatio, and caveruge by MRP
should & . A's, B's, and €', be covered by an MRP system and
vhat zre the considerations in making such a decision?
it Bibl i, p. 19
Eilm #7

Pluning hordzon
What is the minimum acccpiable lengih of the planning horizen and
whyis it important?
Ref: Bibl. #15, pp. 4344
Fiim #7

Time burket size .
What are the considerations in determining time bucket size?
Ref: Bibi. #1 {pp. 5, 22). #15(p, 28}
Film ¥

Frequency of replanning
How vften should replanning take place ta be effective and why?
Lzat: Bibl, #14, 15
Fiim #7

AR E svstem effectivencss checkfist
What are the Key capabilities of & gooc! MRP system?
Retf: Film #7

MRPAND THE MASTER SCHEDULE

Defiuirion of master sehedule
Describe this schedwte, its format and contents.

Endirems .
Define these items. ¥What the master schedule does and does not include,
haw the information is displayed and vsed.

Master sehedulte and finat osserm bl schedule

Whar are the differences between these schedules? When are they the
same? .
Fengilr of planning fiordzon

“ow far ou; into the future should the ptanning horizon extend?
Prevelaping the master sehedide

How is 1 master schiedule put together * The role ofthe forecast.

Freealistic master sehredulr
What ate the consequences?

fntegrity of preivrities
What is the difference between the concepts of validity of prionties and
inteprity of priorities? Which is related to 1y masier seliedule?

Pepped requeiremtents

Definilion and mechanics of pegging. What is the use of pegged require-
ments in MEP?

Cusrtamer defivery promises
How can the master schedole be used for making delivery commitmems?

Ref: Bibl. #1 (pp. 21-23, 35, 36), #6, #15 (pp. 43-46)
Films 44, #10

5 BILLOFMATERIAL STRUCTURE

Funcrion ef (il inan MRP tostem
How is the b1l wsed? Why ic it important with MRP and not with order
point?

Bitl of muterinl farmat
What are the standard formats for displaying bill of material data?

Bill of material cheekliss
What are the uses of a bill?

Hem identiry assipnment
YWhen must unique part numbers be asstpned ?

Produer apriung
What kind of prohlems dothey represent in an MRP environment?

“ Modhlar biffs
What are they and when are they necessary?

Modularizerion procedure
Drescribe the steps involved
L™

P:ruduvh-"ﬁf uf matermaf g
What are they and what is their purpose ?



Mrarniam hifls - -
Mhirat are they? What is the reason for thefr use?

TOMBTON VEFSUT WITIGHY fHrTS
define. Which represents a problem in structuring the bill?

Rel: Bibl. ¥4
Film #5

IRIQRITY PLANNING THRQUGH MRF

Due dare and date of need
Drefine. Why can they bedifferent? How are they sed ?

Characteristics of priosity systenis
What should z priority system communicate? Define relative priorities.

Order priarties and operation prioriies
What are the differences and uses?

MEBP cun keop prioriies np o date
What priorities, and how does the system do it?

Dependens priorities
Vertical and horizontal dependency. How is MRP used to realign
prionties?

Priority plirteting vs. priodry contro!
Define the difference. WWhich ane s done by MEP?

Campleciny of priedfty problem, bu tvpe of company
The four types of companies that have priority problems of different

completity

Het: Bibt #15, #25
Films #1, #7

MRP QUTPUTS AND THEIR USE

Catepones of eul puls
What arg towe categories, and what are the specifie outputs used for?

Frvewtare ardvering
How does the sysiem trigger order releases?

Rescheduling open orders
How does the systern determine that an order shuuld be resched nled?

Priority control
What data generated by MRP is used lor priotity control?

Trial fil
Define. How is an MRP system tseel tor this functon?

MBEP outputs for capacity requirerentis planning
What data generated by MRP is used in capacity requirements
planning?

Leoad report
What are the three characteristics of a good load report? What does

MRP contribute here?

Performance consrod
What measures are used to track system effectiveness?

Functions of an MAEP system
Whar does YIRP do? YWhere does it fit in with the overall manufacturing
control system?

Ref: Bibl. #1 (pp. 11-18, 23-14), #15,#25
Film #10

. MAKING MRP WORK

frvenrory aecuracy
Why is inventory accuracy important to the success of an MRP system?
Ref: Bibl, 1 (pp. 26, 27, #17(pp. 1, 2)
Films #6, 411

Physical inventory controf
What must bé one physically in a plant to insure inventory aceuracy?
Ref: Bibl. #17
Film 76

Check dipits
How does the check digit wark and what arg other techaigues used to in-
sUte accuracy?
Rel: Bibl. #1 (pp. 26, 273 #17(p. &)
Film #6



cfe counting:
by dsoyele cou 2 advimrageods and what are some approaches Lo

4

Ref: Bibl, #17
Fi'm #b

15 fa sucevss i an MEP sysrem
hat are they and why is cach one imporiant?
Rel: Bibl. 15, pp. 40-54

Film 1]

sfet ﬂ"I_pﬂH.‘F.I'!- L &1
w requentty should replanning take place fnsure an acceplable
€. of responsiveness to changes?
Ref: Bibl. #14, 415, p. 28
Films #7, %9
forv stock ond safery fead fime
hat effect do they have on MRP in general, and prienity pianaing in
rticular?
Ref: Bibh #l {pp. 9, 10, 31.23), #15 [pp. 32.26)

er responabifire
hat are the MRP wser’s responsibilities?
Ref: Bikl #1 fp, 28), #15(p. 52}

Film Al

‘RPREGENERATION V8 NET CHANGE

hedide repeneriadion
ebfine. What are the mechanics of regeneration? How many phases of
wrdlion are there ina regenerative sstem?

afies efarn
Tat is the ditference between inventory data ond requirements data?

equency of replanning

ow frequently is 1 prﬂclu:al to replan with'a rfgt.'ncr-ll.ne suslem"
Ty f

trtief explosion by net change system
efine partial expiosion, When does it take place?

—
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Masdor schrediy arcd per CRUHE T SVaFers
What bs input to Lhe MEP ssstem under e regenceatng lie nwl
change approach?

The principle of item record hidunce
Describe ihis principle. What clteet does it have on the processing

et o ?

The pn.uc:p.l’p af inter-fevel cquilibrive
What is it? How is equilibfium betwren parent and component esbab.
lished, maintained, verified?

Phases of operarion .
How many phases of operation are there in a net change system? Specify.

Allocarion
Define. Is it necessary under net change?

Performance control
What kind of dara for performance control does a net change system
provide: How are thesc data generated?

Reguiremenys alteraiion
Define. How does it differ from net change? Can an MEP syslem be
operated permanently in a reguirements alteration mode? "

Ref: Bibt #14
Film #9

MREP SYSTEM IMPLEMENTATION

Fmplemeniation phases
What are the key phases in MRP implementaion?
Ret: Bill, #], pp. 23-25
Film #3
Sy

What should a study poiot to stanting MR implementation accomplish?
Ref: Film #3

Project rermm
Who shou'd be on a project team which is asdgned to implement MRP
and who siteuld tead this team?
Ref: Bib!, #15.p. 52
Fiim =5



o

Svsiem design
What are the key items te consider in the-design phase of an MIRP
svitem?

Hef: Film #8

Bropramming drd resting
What can be o valeable aid in speeding up programming and wating of
an MAP system? .
Rel: Bibl. #1, pp. 26-38
Film #8

Supporting procedures
W hat procedures must be established to support an MEP system?
Ref: Film #8

Fducation
What must be considered in a vser education program and in conversion
pranming?

Rel: Film #8

Conversion merhods
What are three approaches to conversion and the plusses and minuses
associated with each?
Ref: Bibl. #3 (p. 25), #151{p. 25)
Filem #8

The pifor svrrem

Wlh at type of manufacturing environments will be most suitable or least
suirable fur the use of this methodt?
Ref: Film A&

Checklists

Understand the checklist of irems which can cvaluate the operation of
vour svsiem.
Ref: Film ¥

_Tm's article reprivted frovm Productian and inventaey Management, the
jourmal of the American Production and Invenrary Conirol Soceety, 3rd
Cuarter 1873 pp. 1-21. .

m e w4 ®

CORRECT ANSWERS TO 5AM PLE QUESTIONS

Guestion KI - -

{C) is the correct answer. (A} and (B) are inoprreet because they exclude
iter 2, a manutactured part that is the parenl of raw material item A, (I i
incorrect breause it includes item 1, a purchased part that is not the parent ol
uny component.

Ref: Bibt. #12, p. W0
#15pp. 4,25
Film #3

Question #2
{CY is the correct answer. For purposes of load calculation, planned orders

may be added to orders already released. so as to abtain a more com plete
picture of future load. Planned arders of a parent item are used by the MRP
system to determine gross requirements for ils component items.
Ref: Bibliography #12. pp. 49.65
W15, pp. 25,26, 30
Films A1, #7

(uesrion H3

(B} is the correct answer. MRP doesn’t schedule operations and dpesn’t use
any capacity data in performing its functions. Load ieveling, if done at all,
would be done by another system. Because an MRP system contains informa-
tion on planned (future} orders as well as open {existing) orders, an MR iner
will typically take advantage of this and include both in the load caleulation.

Ref: Bibliography *11 (pp. 5, 8), ¥151{p. 260, #25(p. 500
Films #1, #3, ¥7, ¥10

Chersticnt 44 ’

iC) is the correct answer, [ndependent demand, such as service part re-
quiremen:s, may arise for any component of assemblics X, Y, and Z
Ref: Bibliography #3(p. 129), #12(pp. 2,0, M5ipp.4.5)

Question ¥3

(A} is the correct answer. When manufactured parts in the “C" item
category are excluded, the due dates on af least sume of their orders will be-
come invalid, without possitility of cotrection by the system, Hecause they
will then be incorrectly ranked on the dispatch list, the entire ranking by rcla-
tive priority will become invalid.

{B)is incorrect because the fact that lead times are inflated will not invali-
date the prionity sequence. Priorities are based on need dates znd these
remain valid. (£ is incorrect because, even though actual lead times may
vary, as long as the correet need date 15 maintuined the priority seguence s



areet. {DM s in wi because the maintonance of valid priorities (based on
eef dates) has . .ing to do with eapacilies or capacity planning sstems,
Ref: Bibliography #12, pp. 73-76
Filins #3, #7

nestion ¥6

(H) is the correet angwer. Orders for components will, il anything, tend to
=t released late rather than eatly. But there is not sufficient visibility into the
uture due to the short horizon, and this will reflect itw!f in the load report
50, The usefitiness of a load report depends, amang other Lhings, on being
nb!lc to anlicipate capacity problems far enough into the future <o that there
s L to take cormeclive action.

Ref: Bibliography #11, pp. 6-8.

Duestion 87

; [DE' 1s the correct answer. Pegging requirements means retaining informa-
ion in the system on the sources of demand for a given item . This permits a
wquirement 0 be traced from component o parent, up the produet strue-
lure, perhaps all the wuy to the master schedule. Answers (A], (B and (C) are
muorrect because thr reports i guestion have purposes different from the
ohe fusl deseribed.

Ref: Bibliography #1 (p. 35), ¥12 (pp. 90-99}, #15{p. 36}

Question BE

(D) is the corvect answer. With the time-phased order point, it is only
necessary to input the forecast demand, by period, and the quantity of safety
su?ck, The M!RP logic takes it from there and arrives al the correct order
po:.nt aviematically. Because the order point its#if need not be precalculated,
neither does demand during lead time, which otherwise would be calculated
in order to arrive at the order point value.

Ref: Bibliography #12 {p. 79), #15 {pp. 37, 28, 39

Qlu'.'liz‘llﬂr: #

lC!_is the correct answer. While the priorities will be valid, they will be
meaningless for all practical purposes, because everything will tend to run
behind schedule, with high poority.

{A)is incorrect because MRP outputs are always consistent with the master
5uh-:du'.e._r_c;;_z:}rdlusﬁ_ of eapacity. tB) is incorreet, in [aet, the reverse will prob-
allv be theease due o overloads. the new! 1w establish speeial priorities far
the order. and reduced Nexibility to react 10 the unexpected erder. (DY is in-
correct as there is no assurance of this at all. Excess inventory there will be
burnotin matched sets required to build any produet. ) |

Ref: Bibliography #11,p. 6
D Fitms 43, 54, K11
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Cheestion ALY

{C) is the vorrect answer. 1f the gystem does not call for ¢+ =ages in open
order due dales, some of these wiil become invalid. This +  ncrensc lhe
aved for expediting and hot-lists, to establish which orders are really needed.
The same is lrue of a system that uses safety lead times. Shop persennel will
soom learn that the due dates do not necessarily represent dates of real need,
and will tend to rely on expediters to tell them what the real needs are.

eb: Bibbwpraphy #12, p. 04
Film #3
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Diver W, Wight and Joawph AL Orlichy
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loseph AL Orlicky
i MRP & SHOPPRICRITIES
Cver W, Wight, interviewed by Bruce L Hotlander
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Romewn Lyerdell, imierrigwid br Roberr M, Hadder
AMEP L BILLOFMATERIAL STRUCTLURE
Ceorge W, Plossl, imerviemed Yy Richard P, Chimoweth
L] MRP L INVESTORY RECORDACCURACY
Ceore W, Plonl
WILL THEHEAL MERPSYSTEM PLEASE STANDUF
loweph A Orlicky
] WMRP [MPLEMENTATION CONSIDERATIONS
Walier B Goddard, imerviewed by Thomas P, Butnam
4 NETCHANGE MRP
Joseph A, Cwlicky. inernewed by Paul 1. Ross
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L. James Berbingame, incetyviewed by Robery E. Downhill
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1. The Workshap and its Participants
M. e 1BM PICS Package ., s P

ettt craaaaean e PR |

V. Conclusions . ....oovuoinnoin e R T Introduction

VI. Recommendations .................... Y | One of the most difficull problems facing business manazers today is the

VI, BOIOgraphy . ..ovoovnnen s @ challenge of Icarn‘u%; from the expenence of offers, Thus can at least L:\rnid

"""" TroTETmr e repeating others’ mistakes and, at best, @an save months of work in achieving
resulis; parlicularly in the field of inventory and production management, where
developments have been rapid and the “body of knowledge™ is increasing a1 an
almast explosive rate.

APPENDIX 1 - Dynamic Order QUantities .. ........vovessonns ... 4l A willingness ta exchznge information on management and technical subjects
has been characteristic of American business. Hence the populprity and success
of seminars, conferences and workshops conducted by technical socleties, trade
associations and others. Much of APICS' succes in assisting practitioners in the
fizld has been achieved thru galtherings of those who are doing something well

APFENDIX 11 ~ Modifications to the [BM PICS Program ... .. . 3 | and those who want to ind oul how 10 do something better in their companies.

Of necessity, these sessions are inlended for large aqudiences with varied
backgrounds and differenl interests, cover 3 wide range of subjects and can glve
in-depth coverage 1o caly the most basic techniques.

Because of the great intersst in “Material Requirements Planning™ and the
major improvements vielded by itx successful appiication, 2 1wo and onefhalf
day workshop was organized 10 bring logethet representatives of some of the
companies now suecevsfully using che technique angd those sufTiciently advanced
in implementing new compuler programs 1o have met znd solved most of the
' . probiens of designing a sound sysiem.

'
b Farticipants:

Richard F, Arban

Marager of Ipveantory

Black & Drecker Mifg. Co., Inc.
Towean, MO 21204

L.l Burhingama

Viow Presicent, Matesinle Mgmit.
Twein Dize, Incorpormed
Racing, Wi 54303

John Cxrchin

Syuems Engineer

Brown & Shape Mg, Co.
North Kingrigwen, R1 02853

Anthony ¥, Borrelio
Syrtami Supervisar
Parkin-Elmer Corp.
Instrument Diwision
Norwalk, CT DGEGRZ

Fobher1 C. Huley

Mareger of Systeme

BIF, & Uni af General Sgnat Cam,
5 Harrng Avenue

Priwdence, R1 D701 N

Al L ky

Materinls Manager

Cats Contrnt Systemm, Ing.
Comurarct Drive

Danbury, T DEE10
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Material Requirements

Whv a Special Reparr?

’tnlhunzstic reaction to this workshop by the participants rtsull:g
their a;rurncnl that the sponsors, Plossl and Wight Associates, should prepare
and offer .its proceedings in an APICS Special Report as the best means of
making this llnl'mmatlﬂn svailable to others inleresied in this vital subject.

! | o

| 11, Requirements Planning and Related Techniques

A. Introduction ,

There are two basic mzthods for determining when o issue a replenishment
order for an item in inventory, One Js to sstablish an “Order Poinlt™ aor

“Minimum’| based on past actual or lorecasted future usage and to re-order this
item whentur its inventory drops to or below this order point quantity. This
method, atsumes repsonably wnifprm wtage in small increments telative to the
:cpl:nishm:nt lot-size and that it is necessary to initiate replenishment aclion
immediately. Mathematical techniques and statistical anafyses have been applied
lo improve. this lechnlque through betier forecasting and better means for
calevlatlon of safety stocks. Fhere is a wealth of literature on this method and
uv:rllummpute: maanulacturers have programs availabie to speed up Jts
lmplcmcnt:tmn Many companies have stempted, withoul real success, ta usa
this method ta control aif classes of items in inventory. .

The second basic method is to calculare requirerments for sub-assemblies and
parts [:ull::twrly called "companents”) bascd on the peeded quantities of 1he
higher-Jevel | auemblies, uswally Mnished products, in which they are used.
Demands for the Mnished product assemblies are determined from lorecasts,
backiogs of orders or bath and modified by existing Inventories lo prepare a
“Master Schedule” of production requlrements by time pericds which provides
the input to “Material Requirements Planning™ to defermine companent needs.

Requirements planning approaches have been known to practitioners for
many|ysars. it was extremely tedious to calculate requirements manually lor
camponents of complex assemblies; it was virtually impossible to re-txplode
requirements (requently enough as schedules changed using 2 manual system.”
With the adv:nt of the camputer, requirements planning became a practical
inventory mnlml lechnique. The Lype of requirements planning discussed in this
repoit, the multi-period or fime serfes requirements planning (sometimes ealled
“lime-phased™) is really practical only with 2 compuler in most companies with
brozd, diversified preduct lines. The pros and cons of requirements planning vs.
otder paint have been debated for some lime. Qrie of the workshop Lopics — the
independent/dependent concept — discusses this further.

[ g

P‘Iﬂnnrng by Cotmpurer . E



B. Descripiion ) E

Figure No. | shows the Typical requirements plan in simplified form. The End
frem AMaster Schedule Tor the assembly is the.input that stans the plan; i

schedules 800 2ssemblies in Week 6. 800 in Week 5 and 403 in Week 12, Onl:
very -crude approach Lo requirements planning (called: quick deck) merely
“exploded';!. the end item rrqulr:mcn:s into,the corresponding quantities of
. comp-nncnls :nd ordered [hass cumpunznts 2 arrive In the same time period. in
the :xlmp[e shkown in Figure No. |, this would resull in ordering 604 sets of

* " components in Week 6, 800 in Week 9 and 400 i in Week 12, thus ordering gross

mqrum:mcm: withoul considering available inventories. Overcoming this makes |
the Jevel by feve! requirements plan more. complicated; it must take the
"r:quir:m:nts for the finished assembly, post them :sgmsuequrrfmmrs agamst
' the mmponfnt inventory record, and then prujccl the available companent

. inventory balance in the lime periods to show, when this inventory will have lo

be rep[cmsh:d The tumplc in Figure No. 1 shows 1 gross requirement of 800 in
period 9, a projected an-hand balapee ::-f 300.in permd 8, and, therefore, a net
T m;rulremcm {scheduled receipt) of 500 that will be needed in pcrln-d 2. Since Lhe
" lead rime is4 weeks, the planned orde?, mus: be r:Icas:d 4 pcﬂnds (the feag- -time

. oj}'x!] earlisr. Th:t macans thal the otder For 50C shqud be r:ltucd in period 5
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! APICE Dictienary, fecond Edition defines “sxplosion™ m: “an caienskon oF 2 bill of

malerlydy o the tplal of cach of the com pontols required to manulactore in assmbly
o twb-aswembly quantuy.”

Materiol Requirerncnes

" If this component were used in other assembliee, their requirements would be
posted also on the profecred reqrirementsline of the plan. Service o spare parts
requirements for the componzat wo: ald aiso be pasted on the projecied
requirementy line to pel foraf Planned usage. Ul this companent were a
sub-z3sembly thar used oiher parts, it planrted order releares would be posted 16
the invemory records for these paris as projecied requirements, Alenned onder
at ene level gencrate gross Fequiraments af the next lower invenfory fewg o

Time periods in requirsments planning are often called buckers; cach; uckel

., requires a field in the computer [ile to siore the data applicable ic thnt Lime

L requirements from higher levels,

period. Most requicemenis plans use weekly Uime buckels and undergo & “lime
shift” when updaind In the exzmple shown in Flgure No: 1, the cunent period
is evidently weel 4: next week, the cutrent period will be week 5. Anything that
is not acted upon at the proper time will appear in the “Past Due” column. Far
examnple, if the planntd otder lor 500 vnils were not scrually released in period
5, 2 quantily of 500 would appear in the past due column of the requirements
plan in Figure No. ] when period 6 became the current period.

Th:rc are Iwo basically different approachtt to sequirements planning:
.rexen:rannn and nel change. Regeneration involves aciually discarding previous
plzns and starting over every week with a new master scheduls, exploding it into
cump-nncnl requirements, netting against avzilable inventories and developing
new planned orders. Nel changs, on 1the gther hand, expledes only changes fram
the. previous. master schedule down through the il of . materials unu] 1
component is n:ach:d whic¢h is unaffecied by the change.

Depending oa ‘the complexity of Ihe product siructure, there will be 2

)

number of "levels”™ in Ihe bill of matesials. The end item itsell is wsvally
, designated level O, atsamblies and sub-assemblies which make il up are level |,

their components are level 2, etc. The computer must recognize Lthe dgwest lcvel

" of any bill in which a component appears so that it will accumulale requiremerts

from aif Aigher levels before netting 2gainst any companent’s available inventory.
Identifying and maintaining fow-ievel coding is 2 difTicull brut necessary atlivity
m reqmr:mznts planning,. . Sle L
It i {requently  desirable -to identify a requirement .with the higher-ievel
com ponenl which triggered it. Called pegping, this really amounts Lo a partial
where-used listing which identiDes, in more or less delail, where requirtments

come from. - R . . th
. :r : _I-%

C. Formar .'

" 1

v

There are alizrnative ways 10 present data in a materials plan lke F.gure No.
1; each company Lends 10 adopt its own conventions, “Pm]:clcd chuutm:nts
is sometimes called “Gross Resuirements™, "Planned usage” or “Forecast™ and
somatimes includes separate Lines Tor different typ-:s af dtmand (assembly
service of Spare’ parls needs, interpiant
requirements, etc.) “Projecied On Hand™ may be called “Available lmtnmry

4
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present nn-hand balunces may be shown in the heades space (fike “lcad time™ |

Figu '} or in the Past Due Buckel {used simply {or convenjence
Quarn “allocated”™ lo meet specific demands from orders released lar

higher-level compaonents. assemblies or products are usially deducied from the
Present on-hand balance and may alo be shown in {he

stock quantities may alse be deducted flom such net av
entering them on the *On Hand™® line, or (he netting shown in fulure periods can
compare On Hand with the safety stock quantity instead of 2ero 1o dereimine
when 3 net requirement exists, "~ - Tt tem ot e

Some companies show orders as Seheduled Receiprs only when 1he planned
order has been released. Some add 1hese Quaniities 10 the on-hand available
talances, others do nat, prefening (o show & projecied negative balance so that
the planner will recognize that the material is “on ordet™ and not in stock, \

The farmat of 3 requirements plan can be tailored to a company's own

ailable balances prior 1o

desires. Superficial differences should not be allowed to ohscure Lhe simitazilies f

among the systems used by different companies,
O Lol Sizing

" Today theee is an almost bewildering sariety of lot-sizing techniques available.
The best known is the Camp square-root lormula; O = AST AT where Q =
the “econemic™ order guantity; A = lgrecast annual demand, dollars; s =
ordering cost, dollars: and 1 = inventory carrying cost, decimal fraction. This
formula is adequately covered in the literature *
explanation here. :

A basic assumplion of this formula is that usage will be at uniform rates, For'

components of an assembled product, the requizements rend to be anything but
uniform; they usually occur in discrete “lumps”;principally because of lot-sizing
aL the higher levels. Typical companent 1zquirements could be SO0 pieces in

Week |, BOD picces in Week 7 and 1100 in Week 18, lor example, with nothing
required in other weeks. ' '

For this item, the economic order quantily calculated ﬁsing Car'np's i‘or&iu]:
might be 1300 pieces. Alter using the 1300 toral for Wesks I and 7, the balance
of 200 would have been useless inventory since it is insufficient 1o meet Week
18's needs. After running anather 1500 1o fill this requirement,  balance of 400
will be carried uselessly until the next requirement appeers. The square-root

approach does nothing te balance out the pre-determined lot-size with Lhe gctual
requirements,

There 2re several discrele lotsizing approaches which dtempt lo overcome

this problem: - ! v

1. Lot-forlot ordering - the lot-size 2t the assembly level it exploded down
through all syb.assemblies and componealy withou!l any further lol-sizing
at intermediate Jevels, i .

2 “Produtlion and [nvenlory Control: Principles and Techpigues” - Plom! & Wigh,
Prentice-Hall, 1967, Chapter 4, .

-

Marerial Requiremeny

header spage. Safety

and needs po fuither |
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2. Pericd Order Qx_u:nlity {POy) - the Jot-siza is expressed in terms uf.od:

S
gt - '

of supply,&:zlcqléiid us follows: _ ' \ !
~Tar Using, the: forecast annual usage ifor, Lthe campanent, cf]cmi:t: the
EOQ using the square-ront formula. '« v | .
b. Divide the |EQQ quaniity inlothe annual usage to delermine the -
- number ;Tréfﬁrdérs per year, 4 | ”l* . 51! it l o
c. Express the order quantity in “time periods covered” by dividing the
number of regrders into 52 for “weeka’yor /12 for fmonths”, -1
Whenever 2 new, order is 10 be placed, the camputer looksiahead the
rumber :;_I' periods 'specified | by Ih-:IF”Pﬂ-Q vand :dﬂ: up {heir tm:]l
requirements’ tg- determine the Inl-si:v,e: .The Iot-sizes wll}ucn?r a3 lht_ .
requirements change! humgv:r,!sjncc'alny Indli'rildl_.:a}l EQQ I:,‘-'ﬂ!ldl overa. . -
broad range with anly small cost increrses; this ?ppma:h is more !Lht]}' o, i
give real economies than one whf:h-résu!t_s? in-carrying small IEflle of
lots which serve no useful purpose for long periods.. « © .y )

i i .
. Discrete Reguirements or Time Series EC}QI'T-,,wh:n.u;agc.nc:ur: in

discrele *lumps™, at jnegular 'Lrlllerl.'a!_ls:‘l.]'w_l 's-quarc-'mut EQQ aisuj‘npliﬂn of
uniform usage i violated. Camponents 'of assemblics wil| experience :ulch
hlcrmittchtlzi:re‘-huiar usape: snmnal'prgdruqlu'_will also show _IluFlualing
usage. For these; conditions, Ii:rl-siz_[ng jln_vnlr.'qf_ Tjnimizing.carr}'mg pfus
ordering costs by combining requiremen s, for several perlods in one lat.fnd
. Two basic methods of making suzh ':#‘:ut.l“n;ﬁ are’ o, 1t 4 N r '
a. Least wunit cost — based on dcﬁ:_ml;!ing ;Trhu:‘ I:D!l'!b_lllltln.ll. uit
requlr::‘nrt‘ms for successive p:riu!:_ls :.I'Iithli_s I.h_a: luwmest ,m”_. per p:elm

b. Least total cost - secking the lowest rofal o5t ir.lv.-ulvtd in ordering
and carq}irig combinations of réqgi_'zlfm?ms for suw;:si:: periods, _ 1
Appendix- |1yisva réprint of "Dy narnic Dnjcr: QuantitiesT by ?I'hamas
Gorham, published'in the First Quarter, 1968, ssue ¢ __IPrpdug:uan-am.i
lnventory M:‘lnﬁlg',':ﬁwnt. APICS Journal. -Tr:is gﬂ_icllc illlsirates the npp!lp
cation of each uf these methods, The author's conclusion, based on many
simulations, 1s"thal the Jeast Iotal cost method yields signil'i:zq_ﬂy lawer
invenlary and E‘rd:ring costs, This is sLIlfSElmlialgd by simulations run at
Black & Decker aud other mmpani:s'.'i..l.rié_r ]m:!” o T . f
As discusied lmli}{'ppend'lx 1, hese Ir'.-c_hn'!éiu;_!"lhix: the same ohjeclive as
the squate-root formula — “balancing ardesing’ and curying costs to
produce thc} n-'z;‘a::-.fmum rotal lcost, ; 'l_'h‘r.ylj l_.lsﬁ :ET.]?: rfuu. l_'|.t'I -::rlderlmg 10
carrying#costs (§fIc), called the ":cqnﬂnnjiql paii-pesiod .Ifac!ur sinee it
defines the hua_rilil:y"ul‘ parts carried for. a number ut: yperiods which will
make Lhe tutal[ﬁrr:}ing cost equal 10 lhtl erdering cosl, thus the most
economical situation, The names "Part-Period Balancing™ and *Economic

' 1 1 ! . '
" Part-Period Ordering” have been used by computer manufacturess in their

soltware programs to describe the feasr total cosi approach 1o discrets
lotsizing. . ; . '
' ooyl . |
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] planning perivds {i.=y weekly instead of monthly), since they deal
Wh.. .maller requirements, improve the technique’s ability to gel elaser to
the beat balance between ordesing and carrying costs,

IBM’s Prod- tien Information and Control System (PICS) progeam for

requirements ' =‘np contains a modification of Part period balancing,
called "look-ah

+:k-back?, intended to improve the lot-sizing. This
fealure atternrs 1o extend the horizon farther into the future, in effect
considering pt one but 1wo successive Jot orderings. The [ollowing
example iustrates how the “look-ahead" feature works:

Pericd 1 2 k|

4§ + 5 T ¢ )
Met Regq't 85 110 176 143 -+ 435 ¢ 8i -
Lol Size 481 | ., 859 without “look-ahead™ -

Lot Size 624 . y!

. New  with “look-ahead™

Using a vilue of Sfic equal 1o 500, part-period balancing would sel the lot
size 10 be produced in Period 1 at 48] pieces, covering requirements in
Perdodai 1, 2 and 3; 2 new order would be needed for requirements in
Period 4 and beyond. Locking ahead, however, the large requirement in
Period 5 would be carried jn Inventory during Period 4; it may be more
economical to include the 143 Period 4 requircment in the preceding lot
and start the new lot in Period 5. Thit is determined by checking the cost
of carrying 143 pieces for 3 periods (produced in Period i, uzed in Period
4, equal o 429 part-periods) against carrying 435 pieces for | peripd
{produced in Period 4; used in Period 3, equal to 435 part-periods). Since
the former alternalive is cheaper, the ot size in Period 1 would be
increated Lo include the 143 pieces for Period 4 ax shown and 2 new lot
run in Period 5. The following example ittystrates the Vlook-back"™ feature:

Perind . ] Fi 3 4 5 ]

Net Reqt 435 143 200 © 88 8¢ 104

Lol Size 778 - MNew without “{opk-back™
Loy Bizr 378 49] - with "look-back ™

Usirg the same value of 5flg, mari-period balancing weuld set the lot size
for Feriod 1 2t 778 pieces, calling for a new lot 1o br sun in Peniod 4, The
“look-ahead™ Teature would not change this decision. Locking back [ram
Pesiod 4, however, the lage rcr:llu:'rcmtnl of 200 in Pesiod 3 will be careied
for two periods: it may be more cconcmical 1o siart the new ot in Perind
3. This will be true if the requirement in Periad 4 (88} ts equal 10 or less
than one-hail that in Period 3 (200). The “look-back™ feature would thus
change the lof size in Period 1 1o 573 pieces and slart a new Iot of 49 in
Feriod 3 1o cover Periods 3, 4, 5 and 6, -

The ook-ahead Teature should be lested first and look-bac), employed

. K. Safery Stock

— — — ———

anlyv ¥ lonk ahe o loaves the lot-sire unchanged. .
Sinc- srrply [ncrtasing desnand will satisfy the ]uuk-:h:zfi I'fatur:,mﬂftr
loteires ‘=eremy the proper balance beiween ordering ami! carying
‘eosts, an . . " -1 shpuld be made Lo be sure the Easl.qummmtn{ in
the lot, when coioe -+ 1 alone, is less than the economical pari-period
value, [a the sbove example, iook-ahead would nor have charged the
original 481 lot-tize if the parl perind value of Period 4°s rtqu[rcmel.':l fix
143 = 439] had excesded 600. Since it did nal, ]uokrah_r.ad ac.lcd.
Part-pcrind balancing ulilizes these fealures to extend the _pl.: nning thzn_n.
and test alternate decisions involving relatively Jarge tequirements 1o see il
econgmies ate possible. Their value in real-life is discussed in the Workshop
Tapics Section 8 — Lot-Sizing in this report. : . .
"4, Wagner-Whitin Algorithm - this is a more precite mathematical su]utm.n
well-known in academie and operations research circles {S5¢¢ “Dynamic
Version of the Economic Lot-Size Model”, Management Science, VGL. 5,
No, |, ODct. 1958). No one at the warkshop knew of any companies using
this technique,

There are three basic aliernatives for providing safety slock in a requirements

plan. They are:

1. Adding “salely time™. If, fer example, the compontnls 1o make taﬂ
assambly are needed in Week 10, their r:p]en'tshm&_:nt orders are sx:‘hcd IIJJ.'I.“.
to come into stock in Week 9, thus putting one week of “salely” time into
the plan. ' ,

2. The top level input in the master schedele can be mr.r:asex'li ar
ever-forecast, For exampls, if the planned requirement in one period is far
10 units of a given preduct, but orders could be received for as many as 15
unilt, § extra seis of parts could be planned as safely stock.

3. Demand varlation could be measured at the component level and 2 safety |
sipck calevwlated for the companent, using statistical order painl methods,

Putting in safety time really doesn't iell the sysicm the lr_ul.]'ll and can bt

particulanly harmful if the safety Lime is vanied for different nems (i.e., one weelk
on A components, two weeks on B components, theee weskson € culmpﬂntnlls.
ete ). Prioridies are distorted and by such cushions, werk-in-process inventories
aie inflated ang opersting people swoon learn that they have more tine to ;cl
parts than the due dates wndicate. The resulling eredibility gap™ can eastly
offset the henefits af having safely allowances. -
Dvetforecasting (he topleve]l demand ean pyramid the 'mvcr.zmry of com.
ponenls commoen to several finjshed products. The maximum projected demand
for each lop-level product will be exploded down to the fevel of sulch comman
compongnts, Sinee it is extremely unlikely that actual demand will equal the



maximum for .aﬂ' top-ievel items simuitancousty, the requirements for common
components will b overstated. An excellent sobulion 1o this problem developed

by an¢ rompany is covered under the Workshop Topics Section 9 — Safety
Stodk.

F. The Independent/Dependent Demand Principle

Dr. Joseph A. Orlicky, Industey Consultant to the Manufacturing Industries
Marketing Depariment of {BM suggested in 1965 the independent{dependent
dxmam:! priln:iplc which defines as “independent™ such items as fidished goods
Ter wh:c]:n il I3 necestary to forecost demand using statistical Technigues Tke
cxponcmllzl smoathing or other Farecasting approaches and then ¢stablish an
arfffr pnt or riinimum o trigger a re.order when the inventory is reduced to
this level. Demand i “dependent™ when it can be cafcwiared thiough a bill of
materials explosion based on the fmecatted demand lor the 1op-level indepen-
dent items. He recommended, “Do nor forecasi demand when it can be
ca!c‘u]au'd". The principle stales that inventories of finished goods items and
service parts nol used in current assembly {independens demand iters) should
be replenished vsing order points, but that requiremenis planning should be used
for all components going into higher level assemblies and for semiMnxhed
material {dependent demand) that is later converted into many different items.
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Fipure 2

Figure No. 2 indicates why Lhe independentfdependent d=mard principle
valid. In tach of the months January through July the demand for Assembly A 15
siczdy at 19 per month, The assembly is made in lots of 20; therelore, demand
for sub-assembly B will be 'smped into sequirements of 20, 0, 20, §, 2tc. The
sub-assembly is made in lots of 40; therefors, demand for Part C will appear a3
requirements of 40,0,0,9,40,0,0, etc.

This example iflustrates a situation invalving a par! and a sub-assembly which
are used only in one higher-tevel ilem, It has been said that the demand for
components will be much las erratic and lumpy if 25 few as seven higher level
lems wse it. The fallacy of this in most compnies making assembled produsts
ean be verificd by examining records of sctual vsage of such componenta,

Romeyn Everdell, principal, Rath & Strong, on numelous occasions has noted
that the literature of ipventory contral is obsessed with quantities (order
quaniities and order paints), bul, once log sizes are introduced al any level, the
question of (iming becomes much more significant than quantity. Because it
clearly identifies Wiming, time-phased ar time-series 1eguirements planning will
do 4 better job of cidering dependent demand iterns thap an grder point
technique which only implies 1iming. based on avergge usage where averages
realiy are inappropriate.

I1. Participating Companies Case Studies
A, Irtraducrion

Figure 3 gives a quick synopsis of impartant Fzclars Jor those panticipaling
companies that were doing Requiremenis Planning and some significant fealures
of their plans.

A few of the columns on Lhe repord require a little explanation, " Ex peritnce
in years o months’” means the amount of time the company has aclually been
using requirements planning o control Lheir inventory. “Make-to-stack or
oides™ Lells whether the company is manufacturing the fipished, assernbled
product to a forecast or whether they are ordeting parts to a forccasl and
assembling the product alter receipl of customer order, “Type computer” where
18M it indicated means System 360, the column indicates the model (IBM 44,
for example, means |BM System 360, Modd 40). The only exception to thicis
Datz-Conirgl Systems™ 18M 1130, 3 smalt scientific machine not part of the 360
series. Only ane company had a different make computel — Dictaphone witha
Honeywell 1200,

Diciaphone used the Honeywell Bill of Matesial Processor but chise lo write
their owa requirements planning program. Black & Decker, Perkin-Elmer and
Twin Disc all wrote (heir programs long belore the 1BM PICS pachage was
available. Tata-Conlrol Systems wrote Iheir own beeause they have an |8BM
1130, for which no re quirements planning software is currcnlly available.

8. Case Siudier

1. Biock and Decker . _ .
The Bisck and Decker lnventory Stalus prinfoul Extubit 1A* shows a typical

{ime scries requirement plan; one page pef item is printed out. Black and Decker
has appraximately 23,000 companents with five levels in the produdt structure.
The fields are all well defined on Exhibit 1B 11 is interesting 1o note that thisisa
net change, and, therefore, an exctption Lypt progaam. inquiry inle invenLory
slalus is also available via visual display terminal. The botiom hlock entitled
veratus” contains all the delaited pepging information, Lales in the text of this
report examples of Black and Decker's handling of master scheduling and
engineeting cliange provide furiher infarmation about Lheil requiremenis plan.

¥ Echibity refetied to in The cas srudies appenr 54 faldoul maietial in the cepler porlion el
this publica fran,
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Dara-Control Systees

The Data-Conlral Systerms Material Requirements Plan Exhibit |1 is provaoly
Fiuataanbay pouaiog ZF one of the simplest and easien to read. Note that there sre Tour parts shown on
one teport. Since most of the materi:] is purchased, a 16-week honizon has been

adequste a'though a longer ore would he very desirable. The actual on-hand
TgEs 2 | g7 FF EE zeles|se| = g balance {3 for Pari AD 011430} is thown ia the "Past Due” column. This is
P11 > |35 2= BE|3E[E: :i g E simply 2 matler of convenience; obviously, Lhe amount on hand cannot be pasy
;::' g £ M 5.;‘ Eg k - due. The other figures that might be shown in that eolumn include Allocation,
§é¢9 'i. — |s% 137 B |23 5| & On Order and Planned Order, all of which could be past due. [n the {irst example
é o & 7 ] E s = thete are 3 on hand, 3 oA an arder that is past dve and 15 on order due in the
Fz3s . current week. If the ordery aze recsived, the On Hand balance will rise 1o 21 »3
-8 - = x w - - x - - Company Siza {1} shown.
i E E 3= - . ” . 1 1- In the next week there is a requircment (Data-Contrel Systems calls this
=25 E g - - = =iz |2t | = ;::::1::‘;.:;-.. t‘fn::::an“ — it actually could bl.: forecast ot acT.‘u:l customer orders since theirs
<k a - - is an zssemble-la-arder type business). On the printout below the Planped Drder
] - “ W [T e e | | e gd Breet line there are two produgt numbers, 23] and 237, identified as “Ttems in
i — Forccast™. These are the products in the master schedule which are actually
3 x = mw |m | {m f | x| DMmReciiies caus: i 15 This it a smple “pegging”™ or “live where-used”. Note Lhat
3 or ket Ghasgs ing reguirements _ PEEEINE
' the “Messages” yaw at the tap shows “AA™ indicating an open order in past due
"‘I-* " = z |2 |« |« [« - Fegping - candition. Note also that this is the "Purchasing Copy™ (top right hand corner).
= Yar ot Mo Puschasing can see from (his requirements plan that the past due order for 3
i 5 - c e [e8ly 12 |« Musber of Time Right Rails, part #h‘D 011430, is really needed this week (0 Cover requirements
Y " Backers nexi week, Purchasing can also st that the balance of 15 on erder due the
g e "currenl week are actwally needed by oweek D425, When a vendor B having
A i- " - - A A e = ::':,::.'"““ trouble gelting parls in on time, it’s most heipful 1g have accurale priority and
b & —— delivery information available.
' Z 2 2 |8 |2 18 i3 ESE | Locesinng The third part, AD 011433, VCO Board, flustrates 2n inferesting situation.
The message “BB 05{16™ indicates that the projecied on-hand balance (16) will
o o = c jc e | o ;::1;*::,“:“1}' be below the desired safety stock fevel (17) in week 05716 ?nd that an orde;
i - should be planned e be released five weeks (the lead lime) earlier, The
el ® - slezls (== = compuier printout docsn't thow the guantity of the planncd ordet to be released
55y ¥ SE|8R|5T (B2 S| SF | Trae of Comuter mn wF;ei; I';Infll because there is :.!::dy an order iF':Jr 35 that s due in week
(5/23. This 1ells the inventory planner (hal the system knows it should create an
order based on the projected on hand balance in week 05/16, but it a2
N evoleel = leclialewnl o< recognizes (hat Lhere 5 already material on order due in @ lalet Lime period; Lhe
Eojess|ss | 5 [EE E £s| 25 planner mutt decide whether 1o release ansther erder or reschedule the existing
T PEI R M T - K '
x =i~ :_E g [2E(23] ] =% H Fur part AD 011451, Frunt Panel, the 55" under "M.W.R." means “mare
: ] cilmR E BE- “E,E el % g 3 work 1equired™ to make these available for use. This panel 15 usually kept in
z [E55 20| = '4-:_.- 2! 'E E: * sock unpainled and the “Stock Balanae™ rezds tern. The total on hand ©
Sl Ll e | 2B S| s considered 10 be 55 and this is what i veed in the requirements plan unce
T is| Bl - T]-Z| EjBC paining lead Lime is very short.
= o o E i (w H =4 B .
el is 3 =l Ot : g
H | § L] I = 1 L -1 P M. - I'E)




DataControl Systerns shows “Allocation™ ako. indicating the quantity on an
ul‘ﬂtl. .n:.Iczs:d 1o the storeroom but noi yel picked., It Icpresents m”u:cashzd
requisition”™. Note that allocations are shawn in time pericds rather than in one
header field so that time values can be assigned 1o them.

The Dawa-Conirol Systems jepart then shows pesging, the use of anzlysis to
gentrale exception messages and a simple, basic format that is user-oriented, The
latge margin on the left hand side of the repor? is used by the planner to ;nake

nedes about Iwh?t he is going {0 da. His supeivisor can then review these notes to
set whal action is planned.

3. Dictaphane

[The Dictaphone Materials Plan Exhibit 11 is a weekly regeneration system
:::ng weekly lln:f buckels. Twa items are shown on #ach priniout page. Scveral
ngs are significant zhout thi ; i i
delines tach:’ the major ﬁ:ld:.h ey i and wieful ceport which dlaily
It shows six past-due time buckets. In the real world there are always fall
dﬂwn.s and having six past-due lime perigds enables Lrietaphone 10 give relalive
p:lum_y le pasi-due items. 1 a)s0 shows single level pegging. Part #1154-000 Ball
Steel is at Teve) 03 and the next higher astemblies in which it is used are shown
These are the two items thut have created requirements for this bail sieel Tht
mami?ls plans for these two items would show what the requirements m;rtrif
1:::]:; 1 ;:t ;:Tﬂtﬂ:tiun about whether or not an order npeeds rescheduling,
Dictaphone also uses exception messages. A rescheduling flag such as an “E™
{eatly) or “L" {1ale) flag is shown on released orders (see week 053) when the
duf date deviates from the required date by more than an acceptable variance
This I|l.‘l"l.! the planner to ivaijons whick require rescheduling. +
I(I'.‘:p:my planning informatien is 2lso shown in the [nventory record. The
critical starting machine center and the set-up family code for manufac.lur:d
parls are printed in the header. This enables the planner 1o level input to key
starling work cenlers; he can also group items 10 relezze orders 1o minimize
setup by combining "“families” of items which can be run on screw machines
!‘nr example, with 3 major set-up and minor alierations, Diciaphone does not ad-:ll
‘Orders Due™ ta “Available”, Note that Lhe avallable balance on Lhe Ball Steel in
week D57 shows 35 297- and has not takep inly account the 10,000 or order due

in week 053, Most companies add in actual released orders when projecting the
on-hand batance bul de not take into account planned orders.

4. Generat Raitway Signa! Company

| The General Raitway Signal Requirements Planning Stags Exhibit IV is very
suml_ar to thal used by Black and Decker. There is one ilem per page and
deTalde pegging is used. Blank lines are prosided at the hettom for the planner
lo write in the action he wants to take. It is interesting to note that few repoit

formats provide such corvenient space for this 1ype of notation, Qbvicusly it is
very uselul te the planner and 1o his supervisor.

General  Railway Signal utilizes IBM's requiraments planning package
subsiantially modified through the use of exits lo inciude an open transaclion
and order mastes dise Mle in liew of the subordinate item master recard, The
Chder Master e contzins dzia concerning an order such as vendor name code
for purchase arders, customer name code for shipping orders, routing for faclory
crders, ele., and the address of the firtl transaction in the Open Tranzaction file,
thereby providing the capabidity to slant randomly the relrieval of all open
ransactions on a given order. The Open Transection Fie, which is orga nized in
part number sequcnce, containg  individual  transactiens repraseniing
requirements (forecasts, shipping orders, undefivered components of open
factory orders and planned requirements gzneraled by Reguirements Planning),
open faclory and purchase orders and planned orders generaled by
Requirements Planning. Each open transection comains & Lansaclion code
{requirement vs, open order, etc.), sshedule date, quantity, erder number and
ihe address of the nexl ilem iz the ordsr chain used for the retrieval of open
transacuons. Conceptually, these files provide a capability similar 10 the Bills of
Malerial file; components of an assembly can be retrieved rangomly fram either
file,

The GRS program contains one-level, detailed pegging shown under “Drawing
Number of Next Leve! Due In™. Open orders are tescheduled automatizally for
most iterns: manual rescheduling is vsed for certain top level items with special
codes. GRS vses “requirements alleration”, a net rhange approach wilng the [BM
PICS package. The basic JBM package doesn’t provide the capabilify to change
the schedui¢ of planned requirements jf there has been 2 lead Lime change or 10
substitute the planaed requuement of the deleied Bill of Malerial component lor
the new component, GRS has written programs lo provide these capabilities.

GRS hat alsn modified the 1BM program so that they can print a projecied
available balance, shown as “PAB™ under the net requirements section. The GRS
program shows the amount ef medification that can be made to the 1IBM PICS
program fo (adlor it 10 an individual company’s requirements.

5. Markemt Corporaiion

The Markem Corpotation Requirements Generation Exhibit V is a fiddy
stizightforward use of the IEM PICS program with oaly minor medifications.
The major change made was to include a projected vr-hind ¥ Batance', intended
primarily 1o provide information for rescheduling, This enables the pianner to
determing quitkly the lime period into which an order should be rescheduled
An exceplion notice that the order shovid be jescheduied is one of the available
IBM PICS exception mesuges, To make it easier lo read the report, Markem has
added a number sign {#) after an opan arder quantity and an asterisk (*) after a
planned urder quantity, This is illustrated by parl number 0282301, which has



an open order for 80 pieces due in wesk 634 and x planned order for 80 pleces
In week 644,

Input to Requirements Generation Is at the finished product Tevel and is
based on the build schedule for the assembly department. Many of Markem's
parts have scrvice usage In addition to assembly demands. They ruaimain a
ranning average forecast of service requirements which is added Io gross
requirements al the part {evel,

. Markem was the first tompany to use the |BM FICS Package. It has been
highly successful and they have been particularly pleased with the improvement

in their ability 10 get parts 19 the atwembly floor on time and reduce their
dependence npan expediting.

-

&, New Britain Machine .

The New Britain Machine Company Hand Tools Divison insialled a very
straightferward application of the IBM PICS packages including Inventory
Control, Bill of Material Processor and Requirements Planning. The only change
made was to add 3 “Planned Heccipt Line”. Their's is 2 weekly plan with
thirty-twe luture weeks znd four past-due weeks as shown on Exhibit V1.

Input to the Master Schedule comes from three sourees: statistical forecasts
for end product tool sets based on exponential smogthing; special promalions
with the dates forecast by MNew Britain or by their cusiomer; and make-to-order
items with due date specified by the customer.

Allocations are divided inte those needed to meet customer orders znd those
for manufacturing orders for stocked items, Several codes are used to indicate
various lol-sizing lechniques employed and Lhe safety nock approach 1o be used.
Lead time is expressed in working days. As can be seen fzom Lhe Exhibit,
demand is very lumpy due primarily to large promelions and lat-sizing of wools
at the higher levels.

To avoid distorting statistical forecasts by inadveriently adding orders related
1o promotions, New Britain has built in 3 “filter” whick 1ests all order quantities
againgl the previews lorecast average 2nd rejects those which exceed the average
by more than 2 fixed percentage. They have also included raw material for
forgings made by one of their suppliers in their bill of materials structure so that
they can furnish 10 the vendor an estimate of his raw malerial requirements,

By a very concentrated effon, New Brilain was able to install these programs
In Slightly mere than six months. While no significant modifications 1o the PICS
packaget were made in the origina] installation, New Britain is now working on
the addition of ¥ projected “On Hand Balance™ to the printout and also on
pegging requirements to the higher level item generating them.

7. Dodge Manufacturing Corporstion®

I?fodgl:r has also used the IBM PICS programs with relatively few
medificalions. As shown on their Materia) Requirements Plan Exhibit VII, they

* Instalied since daty in Figure 3 waq 1abulated,

-
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have added the "Net Avzilable™ and show both “Flannsd Qrders™ indicating the
receiplt date and “Start Planned Orders” indicsling when orders should be
released. They use weekly lime huc.k:f: with ane past-due bucket and eighteen
weeks of data printed wol although ihe system has fifty-two weeks of data
stoned in the computer. Lead times are given 1n working days.

Input 1 the plan originates from ap annual forecast updated monthly by the
Marketing Research Department and converted to a manufactuting “Program™
to adjust finished goods inventory Icvq'ls. The program data is spread evenly Gver
the weeks or enlered in seasonal patigrns by the computers. Customer ordess lor
non-forecasted ilems are scheduled in the weeks required. Fixed lot sizes are
used. I can be seen thal the quantities on released orders (shown an the "On
Order™ line} are added to “Net Available™ but planned orders are nol. This
indicates to the plannes that this malerial has pot yet been ordered and he
cannol count on it to satidy requirements.

Ancther interesting feature of the Dodge report i the handling of exceplion
messages. Fuor each item, the number printed on the “Exceptions™ llne is the
code included in the PICS package, For ilem 018240, for example, the
exception “06" indicales that 2 nel requirement exists for some period and an
open order exists in a future period. Repeating the 06 lour Limes indicales that
the condition exists in four weeks (810, 8/17, 824 and 8/31) where a2 net
requirement was not filled although an order (for 1000) was due Lo come in later
{week 9/07). This provides all needed information lor the planner on one sheet,
making it unnecessary for him to search separate listings for exception repars to
determine whal actions he mighl have 1o take.

Dodge has done an outsanding job of designing a very legible and useable
form. By printing only eighteen weeks they are able to get five item reportson
single sheet Lhus minimizdng paper wark and speeding up review for planning and
ordering decisions.

&, Perkin-Elmer Corporation

Perkin-Elmer 15 one of the most experienced users of raquirements planning,
having been ane of the first to install it over four years ago. Their original system
wis desipned argund the file limiations imposed by second generation
equipment and used lour-wetk time periods. These caused a great many
problems but they were, nevertheless, very wmiisfied with the improvements
made possibk. They have recently installed their newest requitements planning
syslern which uses weekly time peziods. Exhibit Vi1l shows the Planning Slatus
Report produced in the latest system. The plan includes (wo past-due weekly
periods, ten fulure weekly period: and ten monthly periods beyond. The “Sales
Plan" is exploded requirements coming down from the masier schedule for
higher level sub.assemblies, the “Export Plan”™ shows requirements from other
plants outside of the continental Unitad 5tates and the “Other Plan” generally
means service requiremente.

e
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akin-Elmer has pegged requirements, orders and allocations and are using a
ntl clange sysiem. In addition 1o the scgular prntour they have inguiry
capability via visual display units and exctption repons analysing the status of
an lem and recommending action on it,

Requirertients and other data asehept in the conputer in weekly tjme periods
even though ihty are printed ow in monthly groupings beyond ren weeks, The
obyective here, of courte, is To reduce the amount of paper being penerated,
Theie i litdle handicap with this approach singe precist 1eaction 1o changes in
requirements is 2vailable duiing the inmediate Tuture time periods and net so
necestary in Jislznt tims periods.

9 Twin Diw, Incarporated

Twin 'Disc has 33,030 parts with eighl levels, They use 2 net change type
system with exception repofis only, Their Maicrial S1atusPioduction Schedule
teport Exhibir IX bs siraightforward and requires Hille explanation.

Twin Disc embodies much of the latest thinking in their requirements plan.
They show nar only total planned oiders but slso, on the line below planned
orders, expladed requiternents for actual cusiomer orders. This cnables them to
distinguish belween reguitements 10 meet Tarecast derand wnd requisements for
fum custounsr orders, Requirements for acival cusiumer orders are elso
combined inte 3 “fel safe” enpedite report which idemifiss pests that are
urgently nerded 1o make shipmenis 1o cuslemers. Twin Dise thows the “Lower
Levei o1 Critical Part™ requited for a purticuar asembly, identifying the partin
shont sopply that could keep the fssembly fiom being buit, They also peg
ugward, showing the “Moded Used On™,

While not thown ep the Exhibit, one of the leatwies of the Twin Disc
ficgeam lor purchaled ilems is 1o show on the prirtout the prisae work center in
the vendor's plant where the ilem would be made. This tnables them 16 combine
requirements for all items mads in each prime work center and “buy™ capacity
fiom the vendor withoul Firming up attual part erders. When atiesmpting to
reschedult ont tem they can also set what ather items might be rescheduled 1o
help the vendor improve delivery of the yrgent malesial.

Fwin Disg, lihe Perkin-Elmer and Mluck & Decker, aie very experienced in
using requitements planning. They art thoooghly satished with their program,

Hs umphcily even with the refincments included in the system, make it
nolewor thy,

V. Workshop Topics and Discussion

A The IndependentfDependent Domand Prinziple

The participanis in {his ‘'workshop could be eapecled 1o have some bias in
their apinions on whether or not the indtpendentfdependent demand concept
was valid, since Lhey are either wing or developing programs applying
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requirements planning lor control of They dependent ilems. On the other hand,
cach has had experience using oider points and will conlinue using vider pounts
where they apply. It couid well be arpued thal others who have not had
experience oiing both techriques arg in the weakest pesition to judge which
worky betler in speofic circomnsiances. The concrmus of these users shongly
suppofied the independent/dependent demand principle and they coutd find no
rrastn 10 guestion ity validity. :

One company reeenlly started  using requirements planning on mosl
dependent tems but kept some of their multiple-use items on erder points. They
found that the order point nems pave them the most rouble in meeling
assemnbly requirements, they inend 10 extend the requirements plan to include
these itemns in the near future. Another company put their low-value "C™ irems
on an o:xder-poinl type visual control, omitting them fiom the requirements
plan, Fath week the Inventory of these components i visually reviewed for
reordering. They kave had po sigmDean probiems with thys approach.

Some of the moe experiznced companies using requirements planning
Lelicved that low-alue fiems would not require the same amount of altention
fiom the planner because of infrequent ordering and that they would be beties
controlled when in¢luded in the requitenents plan. In one instance, invenlery
trapsacliont are nol posted for low.wzive ilems bul their requirements are
exploded down through the bl of maieiials 1o be sure the crder pointy reflect
cutren| usage rales. One of the prohlems in bandling low-value items with the
wieual review ar 2 simitlar sunpbfied gider-point fype system based on historizal
usepe 5 the possihility of ao ergipeeeing Standardization progeam ¢henging Lthe
applization of & component anl ingieasing its srage dragtically.

In general, thess compabies semed 10 ficl thal reguirements planming was
justified on Jow-value items. cnee 'ack of 1hese Bems could cause an sssembly
line shutdewn. On the other hand, the cost of requirements planning in terms of
the computer explasion time or file starage reguired might make il necessary {o
exclude lowvalue ilems from the requirements planning program, in companijes
that have limited computer Capacity,

B Senefits, -

In reply to the guestion of whether of not the intreduction of requirements
planning generated bensiis, the group’s answer was an oveewhelming “yes”.
Resulls can be found n four primary areas:

a. Reduciion of compenent inventory levels.

b. Improvement of customer service,

c. Reduction in preduct cost, principally dizect Tabat,

d. Reduction in invenlory and production contral personnel,

Four commpiciey wung requoements Manninp for considerabie periods of time
'have been salecied as andicative of the bepefils posnble, to avpid revealing

‘connde miial information, they are not ideniifizd by name. Compiny A has

' Fleaning by Compurer Pl



intreased inventory temovet (hased on invenlory and sales al cost, ot inzhyding

fnished goods) from 2.9 1o 4.5 custoner servize improved about 6% product-

cost effect: kave nol been docuinenled; the number of peopls Ininventory and
production conlrel is esseniially the same, bel their work has been upzizded to
include many analytis and contral procedures not possible previously.

Company B has reduced component jnventory by 1f3; secvice has impioved
dightly; thece has been ne significant change in product cost or in the number ol
people in production eontrol.

Company T has teduced inventory by 22%, =ervice is up approximately 20%;
product eost is 2ssentially unchanged: the number of pecple in inventory conlrel
handling the ordeting of components has been reduced 35%.

Company D has reduced component inventory by 1f3; the number of late
orders {this is a make-to-order company) has been reduced 90 to 95%,; the cost
of the product is down 7%; indirect labor including truckers, production and
invenlory conirol persannel, shipping, recaiving, siores, ete, has been reduced by
25%; although payroll costs did not go down 25% because many of these people,
particularly stockreom personnel, were upgraded substantially.

The justification of 3 requirements planning system will obviously be
diffecent [or each company. When a new sysiem is installed in 2 dynamie
environment, resulls are not e2sy lo document, Specific improvements will
depend to some extent on the effectiveness of the system being replaced.

The results zom putting a sysiem of this 1ype in are also likely to be different
lor each company, depending on many faclors, One company known to Lhe
sttendees has 2 number of experienced personnel with a high degree of product
knowiedge doing a simplified mapual job of requitements planning, pulling
orders in Lhe stockigom early, developing shortage lists from thege and
expediling elfectively to get needed shortage items. This is elfective brcause of a
Taitly s1able product Tine and the presence of txperienced planners with product
knowledze d=veloped over a peried of fifteen years. The inwoduclion of
tequiremenls planning in this company probably would not achieve greal
improvernent. [t may be necessary, however, in preparation lor the day when
products become toe complex for manual requirements planning or when the
planners currently doing the job have been pramoitd or selired and replaced by
fess experienced people,

Potential benzfits are considerzbly greater in some companies. With cectain
types of products, for examyle, assembly labor costs can often be reduced
substantiatiy when compeaeal asailabiity is improved and it is unn=cessary to
build arsund misiing companents or borsow components from other assemblies,

Long compulsr runnizg fime is fraquendly cled as 3 major drawbach of
requitemenlts planeing. Most companics have a0 programs now quining on their
. computers capable of produring even a fraction of the poleniial beaefits of
reguitenents manning. Onc participant poinled ou! intangibles that zan come
frarm ~quiremasly phanning. Berefits from impravement in morale Hecause more

parts are zvailable and beuer performanes by planners 12 whom the =ysicm
makes more sense arg hard to mzasnee, Less exnediting and less need fo:
informa? sub-systems have buill *7 2 confidenze of everyone in his ecmipany.

1 gencsal, requirements plannirg by computer is ot da Bl 1o justuy- [n
facl, bezause it is fairly easy to Jemonsirate adequr's piyback, goals and
objectives may not be st nearly high epough. Many specific savings angd
improvements may thus be overlooked and a9 effort made to achieve ihe full
results the system is capable of producing. i

. Masrer Scheduling.

Mothing much has been weilten on this subject, yet it iz lhe key (o
requitements planning. The master schedule usually for level O assemblies, is the
basic input to the requirements plan. A new master schedule is used periodically
in a fepeagrarion system;only the changes are entered &n 2 net charge system.
The master schedule for every company represented at ths workshop consisted
of both lorecasls and Nim orders. Al Blaek & Decker, the manufacluring group
has no responsibility foe fnished product inventory, this belongs to the
marketing grocp. Manufacturing receives a forecast of requirements by product
one year in advance for capacity planning purposes.

Each month the products in the 27 — 3] week 1ime bucket are reviewed and
vjuthoriced”, thal is, the requitements become firm from 2 Markeling
standpeint and manuflactusing can begin spending money 1o satisly them. -

The requirements in the 13 — 31 week bockets can be changed rather easily
upon Mutual agreement between Markeling and Manufaclaring. If less than 13
weeky [rom assembly, manulacluringt investment iy greater and changes ate ot
agreed to as readily. Al a point 8 weeks from assembly, Matketing is required to
Ginalize lot breakdown, and from this poinl, changes are possible anly if
exlra-0tdinary demands vccur,

At Twin Disc, level 1 sub-zssemblies are Torecast. Actual ordess for finished
produtls coming into the system are checked against sub-assemhly zvafizbility; if
encugh material is on hand or on order for receipl in time, the erder is entered
for delivery asrequesled by the customer. If not, the otder is scheduied in a later
lime peried; it can be reviewed, however, and the system overcidden i fater
developments indicate a chance of getling the materizl through 1o meet The
customers requirement. The master schedule uses the forecast or tatal of aciual
orders, whichever is larger, in tach time bucket, If a sub-assembly had a forecast
for 1en units and cusiomers orders were received for six, the masiec schaduls
would use ten units: if actual arders required twelve, this higher Lotat wouid be
use ], .

The blending ¢f forecasts and avtual arders is done manually in the majerity
of companies; 3 [ew do it partially by ounpaler. The Yatter requirs rutes Tke,
“Use [precast of actual, whizhzver 1t larger, eaceplin the fimy eight weeks of the
Flan use only actual ordars™. Thit is bas=d en eighl-weeks lead Lime [or the



praduct and assumes that mo ardess wil come dusing the cight.week period
requii  Sipmenl in less than normal lead time. Obviously, this Lime petiod will
change  m company 1o company and there will he frequent cazes in many
companies where it wili be desirable 10 have prders shinped in Jess than the
rormal lead 1ime. .

The participants made 1 slrong rerommendation thag care be laken to gvoid
the pitfall of letting master schedule tequiremenis {3l bark into & past-due
period al the 1ime shifll. For example, when x forecast doesn't maicrialize, the
difference between actual peders released for assembly and the lorecast could be
vonsidered a past-ue requirement. This would then eiplode down through a0l
levels, generating requirements for sub-assemblies and partr that would not
ctually be peeded when scheduled. There should nol be any “past-due”
quanlilies in the masier schedule itsell unfess Theye will tedlly be wed i addition
fo the cgularly scheduled companents; this requires considerable care xnd
sttention to developing the master schedyle,

One topic discussed in detail way whether of not an assernbly should be
tescheduled when a component shortage occurs, A purchased component, for
example, could be scheduled by the vendor for delivety some weeks after it i
required. The consensus was that Ihis assembly should be rescheduled 5o thal ali
cemmon components would be freed up for use elsewhese and alg to 1void
giving high priority 10 companenis nor sctually needed. The conclusion aof most
of the parifcipants was that 2nytime & componen! that is not required i3 being
worked on, 1 is probable that & component that frreally required will be pushed
aside,

What is the best sizz of 1ime bucket for a matesials plan? Those people who
had considerable experience using requirements planning indicated tha1 2 weekly
Ume bucket seemed prefesable. The group could think of very few applications
where a shorter time period would be justified or necessaly.

I's imposiant to take capacity into actours when devefoping the master
schedude. Obvicutdy, assembly capacity will limit the master schedule; putting
more material Into the master schedule then can actually be assembled will only
inflate component inventosies, generate larper shorlage lists and achieve na good
tesults wnlesy suembly sales are to be ingeased 1o wiilize the exces
Compgnents.

Black & Decker has developed a ratio of parts fsbrication hours ta aasembly
hours. They delermine from the finished peoduct forecast the exserably hours
requited and zpply this ratio 10 determine parts fabricalion hours required io
eover requitements for service parts, part ocders from other plants and accessory
requirements. If actual plant capaclly is exceeded, they nepotiate with Matkesing
1o reduce the asembly indfa accessory requirementy, Companents are then
scheduled 1o mest available capacity.

Who makes the forecast on which the muster schedule & based? A Black &
Decker this is done by the Markeling Department, 8 Twin Ditc it & done by
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‘roduction Contral using histerical dat2 2nd exponential rmoothing Data
Jonirel Sysiems, the forecast i made by the Matesals Manager with some h:c]p
" lrom the Marketing Department. Everyone sgreed tha, in theory, the markefing
depariment should make 1 heavy contribution 1g the fosecast u‘ud i.n the
materials plan; there were many inslances, however, where markeling did not

* znume much responsibility for realistic forecasts and the responsibilay for

developing a valid master schedule fell on pmdn_:ctinn_ and invenlary control
propte alone. Whether marketing is invelved in forecasting ot aot, it wax zgmd
production contzol prople should be responsitle for decloping the offical
master schedule.

D Conversipn 10 Requirements Planning.

The basic files necded 10 do requirements planning on a computer are:
1. The item master (inventory) record.
2, The product siructure (bill of material) yecord,
3, The master schedule. ’
#, The open order fle.
5. Back order fite.
&. {Opticnal} The allocation file,
Typical nem master records are shown in many computer rmanuazls. One af
the most widely circulated is 7he Production fnfarmation and Conlrol Sysfem
Maryal E20-0288, available on request Mrom 1BM Data Processing Divizion, 112
' Eas: Pos1 Road, While Plains, NY 1050F. Other computer manufacturers have
simiar information svallable. One significant and eritical omission from typical
itern master records is information needed to control rele2se of work to Lhe
factory. The Iraditional spproath is 10 have the inventory control system
generate orders regirdless of the plant's capacity 1o handle them and ther let
production control or plant people worry about how 1o get 'Ih:vm thruu@h.
Today, It is becoming widely recognized that lead {ime enntrol reguires levelling
[ out the input of work, af least lo Harting depariments where it Is most easlly

controlted, This requires some orders to be released early and the tak of
i Mentifying such Hems is casy if the item matter records have in ﬂ}em ome
! teference 1o the key machine group ot sfarting work ceater each item goes
threugh. Information should be included in the {tem master record on:

1. The key starting depariment,
' 2. The key machine group.
3. Sel-up time.

1 4, Standard hours of runring time.
} Obvioudy. key machine groups tie not always the fire operations T oviolT
t

1

v

or “rpugh gnnding™ could be the Mrw uperation although the “turret lathes™ sre

the key machine griup and ¢ould be the second or fatet opersiion). While such

information i3 included in vhop routings it is desirabbe not 16 have to f:fﬂtuu

the rouling {lle befors determining whether the order b actually going to be
* released o) not.

Plzrning by Computer 2t
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The product structure file Is also wetl covered in the litersture. The masier
schedule file genersMy isn't, it woul contaia the information Riscussed fn
Segtion C = Mas:er Scheduling. The open ordes flle condains pertinent data on
upen.pllu:chasc or mgnufactusing orders {not customer orders), indicating
quantiies and time perieds in which they will be available for requirements
planping.

Assembly often can be star(ed even though one or two parts that go into the
product at a final stage of assembly are missing and some com penies release such
orders. In the absence of a welldesigned allocation procedure, because the
requircments for these parts will not be included with those exploded down
from the master schedule now that the arsembly onder iy releared, g back order
Sile must be created Data from this file is entered inte the plan at the
component level to show that a requirement sl exists, “Allacallon™, covered
later In Section L, can mean many things and 15 difficull 1o handlz correcily; the
back order file it simpie and straight-lorward. 1

The following topics are the ones 1the group felt most strongly Influenced
successful conversion to a requirements planning system:

. Be sure that bills of material zre complete and accurale. Check
doublecheck and triplecheck them. Any part not induded on a bil] uil'
material wen't be erdered. Using the bill of material s a pitking list and
thecking all unplannsd ttockroom transactions was suggesied ay an
effective way of inzuring bill of matedai acey racy.

% E“n1i.l1:ltt inventory record error and keep records accurate, Just taking =
F'_hff“".'j inventory is not enough; true record accuracy requires developing
disciplines and security so that at Transictions are properly recorded
There is a need for a “Zero Defects” approach in this arez, since op:ratiqg:
ap eflective requirements plan places greater demandy on invenlary record
Accuracy, Only by Lhis means cen excessive inventories, heavy expediting
and Inzifective informal sub-systems (like physicaliy laying out parts in
advance of assembly needs) be eliminated.

1. Teach prople how to develop the master schedule properly. The Mirst
inclination of schedulers accustomed to other systems i3 10 use the
coimputer simply to generate a giant shortage lis1.

4. Be sure 10 rel! the master schedule the surh, The importance of this was
cmphasized by all participants, When lead time “cushions” are inserted e
Lhe master schedule overstated, the plan wilt “lie back 10 you™ by
developing unnecesszey orders. One company had serigus problems with
Lheir requirements plan because they used as 1 master schedule the
Ninished product shipping schedule rather than the setx of parts they would
withdraw from the stockrooin for buk anembly preceding final assembly
and shipment, The master schedule must reflect fhe quaniities of

rompanents to be pulled from the stockroom in esch time period for
assembly,

2 Aaterial Renuiremens

Conversion 1o requircments pranning was gencrally made very cautiously, 4
few of the companies began reguirermnents planning on & pilot basis on one
product line befure gaing to all products. They leht sirongly that they would not
do it any other way because of the problems invglved in testing the svstem and
iraining people. The majority of the companies Staried requiremenls plarning on
all product hnes simidianeously becaust they had difficully isolating cne
product line for piloling purposes.

It was emphasized Lthal the [ewer the things that are changed, the casier the

installation will be, Dramtatic changes in lot-sizing, ot example, should nol be
introduced simultapeously wath the conversion lo requirements planning. Every

: gffort should be made te minimize the number of polential problems and to

prevent unrelaled upsets which might bias people against the program.

Companies which had recently stantad requirements planning xperienced a
large number of reschedules of open purchase and manufacturing orders. New
Britain Machine indicated that half of their open purchase onders were
rescheduled out weil beyond the normal lead time, At Dictaphont, information
in the item master record on key operations helped generate the right advance
orders when the inventory syslem indicated no requirements for some critical
work areas in Lhe plant, B

Everyone emphasized the need for training and participation on the part of
the userg. New Britain Machine, for example, prepared iyped saunple
requirements planning sheets and reviewed in detail with the planners how they
would use such information well in advance of computer outpul. Thg
requirements planning-sysiem does not contrdd frentory, people do; they rust
undersiznd the system if they are to use it intelligenily fo make better decisions

One of the questions disgussed was the nunber of planners needed to review
requirements and Wmtiate action. The most that any company had was six; the
fewest was two, Thers seemed to be no comelation between the number of parts,
tht number of levely o the assembly or any ather measurable number, It
depends more on the 1ype and oumber of decisions being made; 2 company
requiring extensive review of enginesring changes tuough theit requirements
plan will need more personngl than 1 company not needing a$ much control
effof. As ciled previoudly under Seclion B — Benefits, most companies found
they could achieve Lhe desited control with reduced planning personrel or.
greatly improve control with the same number of peopie.

One painl obvious (fom this group was that in every case the user of Lhe
system had full responsibility foz designing and inslalling requirements plannaing,
In no case was a consulting firm used for anything but cocasional guidance and
sdvice (a1 opposed Lo having resident consultants design the system) and in no
cadt was 8 systems group within the datz processing department primarily
responsible for the systems design; this responsibility was always assigned to the
users.
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£ Stock Status Revords ond Stock rooms

Sound requirciments planning depends on accurate inventory records more
than the commen “order point plus expediting™ system. With order points, the
informal systems of pulling parts early to find shorizges, eic,, really control the
inventory {1ee discussivn on page 24, numbeied paragraph 2} It is impetative
therefore, that specific steps be taken to make and keep invemory records
aceyrale. These successful companies summarized the dramatic thanges needed
in their stockeooms, recognized as the source of most record snors:

1. Stockroomt were bocked so that the slores suptrvisor could assume

responsibility for and really conire! bolh paperwork and malerial flows.

2. The imporlance of stockroom control was recognized by fop management,
in ons case the president himsell set the example by insisting thatl even he
be among the non-authorized people excluded from the stockroom.

Pegple in the stockroom have been upgraded in pay and siztus; their prime
responsibility has been defined as “maintaining accurate tecords™ —
“proper care and handling of material” has beco made secondary.
Adequale sub-systems have been sel up 1o insure thal engineers, product
service peoples and amembly foremen, who may need parts when
stockrooms are not manned can be serviced but adequate paperwork
records will be maintajned. One company nol represenied at the workshop
has set up a separate open stock area with a few of each component 1o fiil
such needs.

There wax general agreement thzl tight steckroeom disciphne iz vital and that
record accuragy will probably never be completely satisfactory. Counting erroes,
for example, cannol be avoided and 2udits of record accuracy through cycle

bl

s

oounting will $til? have a small percentage error, panticularly on low-value ilems,

which must be tolerated.

One common error, especially where parts look very much alike, occurs when
the wrong item is pulled from the stockroom bins. Asemblecs or shop people
who find the error later may simply hold the parls for future use and draw the
cortecl parts from siores. Aliernatively, they may relurn the incomrect paris
while withdrawing the correet ones, [n either case an unplanned transaclion
weeurs and these are mest difficull to sontzol Lo prevent errors, Unlike counting
errery which make only one record wrang, identificalion mivtakes will cause
crrory |o occur iR fwe Tecords, one for the part actually withdeawn and one for
the part which should have becn picked. To ninimive this problem, Lamy
Sheley, Inventory Manager at Data Control Systems zpplied 2n ing¢nicus
check-digit technigue. Check digits £an be calculated in many ways; one of the
most cotmmen {5 the Modulus 10 method, used on many ¢redit cards o deiect
errors in accounl puinbers, Using this method, 1 check digit is calculated as
fallows:

Assumt that the part number is T3820%:
Step 1. Startlng with the right hand units digit and procesding frem

LT Alareri=f RAarmrirnrnsms ey

right to left, double every other digit, ignoring inlermediate
digit¢ and handiing carryover quantities exactly as in normal
multiplication,

I k| 8 2 0 9
6 5, B

Step 2. Insert the original digits that have nol been doubled:
1 6 8 5 0 ]

Step 3. Add these digits, Total = 28

Step4. Subtract the unjts digit {8) of the sum from 10 to cbuin the
check digil.

10 - 8 = 2
Part number, including check digit is then 1382092,

Data Conirol Sysiems has caleulated 1 check digit for each of their part
numbers, That digit appears on (he bin s¢parate from the part number, When the
stock man picks malerial from 2 bin, he wriles the check digit on the requisition
when he posts the quantity withdrawn. The check digil normally doesn’t appear
on requisttiont or on the master parts figt that he would vse to make oyl a
requisitbon for an unplanned transaciion. When the pant oumber is keypunched,
2 theck digt is calcutated by the maching and compared to the digit thal was on
the bin. Il thete da not coincide, an error is indicated and inunediately followed
up to delermine what happened and pet the record corecied. Data Conirol
Systems concludes (his har reduced the number of part identity mistakes by
beller than 90%.

To contral unplanned transactions, Data Control Systems gives the supervisar
of the stockroom a copy of the requirements plan. I sameone in the plan
requests mzlerlal indieated as available on 1he requiremcnis plan, he can fusue I,
I there are planned requbrements againgt that materlal, the jequester munt
chiain the approval of the inventary planiner tefare ihe maicrial can be released,

£ Bilf of Marerial Sirucrure

Most of the compani=s represented at this workshop had satisfactorily
structured their bills of material ard were ne fongsr concerned with the problem
so this was not a major topic. In al least one company, sales sizlistics are
maintained [or Level O assemblicc N was recognized that forecast accuracy i
less than it would be if they based it on history of Level 1 assemblies because of
the bemendoys number of Level 0 assemblies wmade from a relitively few al



w. Eagmmeering Lhange Conitrof

All participating companies recognized the need for good <onirel of
engineering changes as necessary lo maintaining accurate bills of malerial and
minimizing inventory wrile-offs for obsolete matedial. The meblems become
mire acute when using requirements planning because the bills of malerial are a
vital element of the planniog sysiem in addition 1o describing how 1he producl is
pdl logether. .

Black & Decker has 2 well-designed and operated engineering change controj
rystem ynder the direction of an Engineering Chanpe Coordinalor, reporiing to
the [nventory Manager, Chanpes are classified as:

E {immediate] ~ 1o be made as soon &s tooling, purchased components and

physical gbility of plant permil.

E — to be made as scheduled, tied 1o 2 specilic arder for finished product.

P -~ to be made a1l the convenience of Manufacturing, to achieve minimum

cosl and obzolete invenlory.

For all but E (immediate) thanges, the ECN [engineering change notice)
number 5 linked 1o a specific arder for finished product in a time period in the
computer. A weekly engineering change analysis program in tht compuler
checks 10 detetmine whelher planned finished producl requirements have
attually materialized; if not, the ECK “elleclivity date™ or “fence™ is maved
ahead or back 10 make 1he best use of gvailable components,

Twin Disc utilizes an ingenious approach 1o handle the timing of gptional
changes, If Part A is 2 single-nem companent replaced by Fart B in an
engineering change, B is set up in the Bills of marestal of all products using A,
The system is told that “A is made from B™ and Lhe lead time and order
quantity for “A™ arz set at zero. As requirements planning explodes a master
schedule to deterrmine 1otal demands for A, available quantitics of A will be used
up. When gonc, ret requirerments for A will tiigger gros reguirements for B, 3
clear signal indicating the lime period in which B will-b¢-required and that A
should be deleted ram bills of malerial.

Il A is 2 sub-2ssembly made of several components, 8 is chained inlo the bills
of material as the ttem f1om which the componet havipg the lowest available
quaniity is made. The sytlem then cals far b only when ali possible quanuries
of A have been assembled and wsed.

Twin Disc's is, therefore, a quantiiy-based control, compared to Black &
Decker's fime-based control. The Emerson Molar Division of the Emerson
Electric Company uses a “phase in { phase aut™ contral similas 1o Twin Dise’s
where feasbie, In other areas, they use 3 fie-in 10 a specific manufacturing Jot,
like Black and Decker.

Companies having exporience with engingering thange control programy
emphasited the need for intelligent human directipn. The deeper they gol inlo
such programs, 1he more obvious it became that questions relating 10 disposition
of chmlele parls, rework possibilities, teoling availability, vendor capabilities,
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Level |,

Most of the companies represented did not try to maintain bils of material
for Level O items. Their bill of material records covered the major wb-atsemblies
but not the top Tevel assembly since, in most cases, the product shipped 1o the
cusiodner s gquite modolar snd an almost  infinite number of Leve] 1
combinations it posabls. -

Some of the companies have carefuily structured their blls sg that the
eomunan components vsed in many bills of material are grouped under a “kir”
numbe: @ thzl the individual componenis appear only once. The wnique
components are combined with the kit number 1o make up the sciual bill of
material used fo manufacture the end produet. .

A bill of materigl in 3 computer system doesn't have Lo represent an actual
sub-aszembly. B can represent a sel of paris to be combined with ather
componenls to make a true assembly. This approach can make forecasting more
accurate since the commaon component “kit"™ will 1end to have more slable
demand than the imany sub-astemblies that use these components in
cembinalion with many unique com panents. “Kits” can also reduce the work of
maintaining bills of material files for engineering changes, shorten camputer
processing (ime, reduce the storage space required in the preduct slructure file
ang simplify the calculalion of salely stock (discussed later in Section | — Safety
Sitock)

Fisher Coatrels structuring problem 1ypifies that of any company whoss
product is extremely modular, sold in very small quantities per ocder with
thousands of individual orders received each week. In 3 single product line the
number of combinations of valve bodies, gaskets, springs, firlings, pilat valve
assemblees, etc., could give them well over a2 milion possible final product

configurations. Jt & extremely unlikely they will sell some of each of Lhe
possible configurations just as aulemobite manufacturess are unlikely to sell
every possible combination of transmission, body, radio, engine, ete., that could
be made. Trying 1o anticipate which bills of material are reguired 10 describe
likely combinations is an impossible 12k,

Using the technique of “superstructunng™, they have developed an onder
entry matrix that allows them fo specify the end product by calling qut of the
system bills ol malerial of the modules at Level | needed Lo pul together a valve
assernbly meeting their customer's specifications. The resilt actually is a unique
bill of material for each order. In one product line alone, restructuring their bills
of marerial 10 include only Level | assemblies and putting common parts on a
separate bill of malerial to avoid repeating them theoughout 1he product line has
resulted 1o reducing the number of bills of material from 285 to 48 and the
number of product structure records Mrom 8,640 1o 335!

I “"Siop: Before You Ve the Bill Processgy,” Dave Garwood — Production & {nveniéry
Muanzgement = APICS Jaurmal. 7nd. 3., 1970

28 Materiaf P=quiremenis



quality znd ether faclars could nol be programmed nlo the computer:

H Lat-Sicing

The comensus of the group was thal “part.period balancing”™ with the
“ock-ahead [ lock-back™ feature i wvervophistbeated. Theoretical economits
ray be possible using this 1eelinique, but Lhe forecasts and cost estimates thal go
intg the calculation haedly justily the pevdo-peecision that such technigues
appear to produce, In addition 1o this. the group fell that the difficulty in giving
a ulear enplanation of ihe Inok-ghead { look-back feature 1o inventory planners
might welt aflse1 any potential benefils. One of the principles of sysiem design
recognized by the panicipants was, "Make the logic obvious” and this wis
violaied by 1he look-zhead {logk-back frature. The least Indal cost or
pari-period algerithm without logk-ahead f look-back appears moie reasonable.
Most of 1he experienced companies had modified even this techrique in theis
programs. Only two companies were using the full technique and did not have
solficient experience to draw Nirm conclusions, Dat other used part-period
baluncing bul imposed a ceiling of eight weeks' supply on the ol sizes. Two

com panies used Period Order Quannities; the rest used fixed lol-sizes, modified -

by purchase discounts and shop resiriclions.

Using pre-determined lol sizes in a requirements plan tends to genesate lols
that do nal malch component requirements. This problem was discussed in
Section D — Lol Siring. In addition, a small increase in requirements at the lop
level can pentrate an order for a ull lot size and as this generates other orders
down throygh Lhe levels of sub-assemblies ang parts. il can result in 2 greatly
arplified demand. .

Wsing any dynamic iol-sizing technique, even POQ or square oot EOQ
recalculated with requiremenis planning, peses some serjous problems. The
problems relate to rescheduling orders and are demuunstrated by the following
sxample:

1. AL Level | the requirements plan gencrated a planped order for 1000
units, the lot-size of 1he sub-ascembly. This gross requirement generaied »
nel requirement for 1000 a1 Lewel 2 and 3 manufacturing order was
released Lo The shop for 1000 on which work was staried,

2. The following week requizements at the 1op Jevel are changed; asa result 3
dynamic lol sizing technique recompuies the lol size at Level | and
changes il from 1900 10 1150, The problem is whal to do about the open
weder for 1000 of the Level 2 camponeng?

Dy namic 16l sizing al Level 2 might sven combine this requirement with
other Level 1 requiremenls (o 1€l 3 much larger lot-size 1han is needed to
cover the 150 additional, all based on lolsizing economics.

The company with the longrs experience with Pericd Order Quanlity

verified 1han recalculations of Fot sizes on a dynwinic basis did cieate a number of
emeigency orders and was a ferious probiem. The problem is vimzly stated —

dynamic lot sizing at one level can praperly combine and recombine planned
orders, bul, if sctual orders have been relented, dynamic lol-sizing “roonomies”
g1 Level | can ereate very heavy additional rescheduling costs at Level 2, To
avaid this problem, this general approach was recommended:

1. At the top Tevel, use a Mxed order guantity. If requilements change, vary
the {ming, nel the erder quantify.

2. At intermediale levels, order onc.for-one. This is gencrally accoptable,
sintt sub-assemblies’ set-up fimes tend to be very law,

1. AL the Jower levels of the bill of material use as a dneiele lolsizing
technigue such as PO or Leass Total Cost, Since these will be exploded
down to a few lower level ilems, mainly purchased raw materials, the
rescheduling protlem is minimized.

Another potential solution to (his problem is to determine for &R nveniary
itern the cumulative fead ((me down through all ity lower levels and, 25 much a3
s practical, use the role: “Me planned ordér within cumulative lead time can
have ils quanlity changed”™. No one is using Lhis approach, but it sounded
leasible to Lhe group.

Galy one conclusion emerged clearly from this discussion — (hat dynamic
lal-sizing technigues were easier lo develop and program than to use in the real
world. Most of the more sophisticated techniques have yet 1o prove thal they
ke possible realdife benefltee,

I Safety Stock

Of the three approaches to setting safety stocks discussed in the workshop
{see Section [I ~ Safety Siock), none appeared to be fully developed s yer. The
objeclions Lo using “afety time™, lying 10 the sysiem, inflating work-<in-process,
eic.. have already been siated. This approach should be used very judiciously, il
at all,

The third methed, an Intezesting new approach, was being tesied by New
Britain - Machine Company, measnting requircments warlations 3t critical
componenl levels to sei statistical salety sincks like those psed with ordes
points. They had not yet had Sufficienl experience 10 draw firm conclusions, but
eatly indicalings were not promising.

The stcond method had the most practical application. Statisiical znalysis of
demand variation can be made at the end preduct level. Forecast ersor czn be
determingd and salety stocks related 1o the probability of meeting 2 given 1otal
demand. For example, if end item {or Level 1) demand averages i0 units per
monik, analysis of forecast error may indicate that only 10% of the fime will
demand exceed 15 unity, A 90% service level goal would then requite 5 unils of
salety stock, and 15 units would be entered into the plan for the current month
wilh len unils in 2ach succeeding month,

Lucreasing the top fevel input by “gver-lorecasting™ in this manner seemed 1o
be Ihe most practical* approach but it introduces the problem of avoiding



pyramiding safety stoks of commaon companents. Assume, far example, thres
assemblies A, B and € with demand jorecast 20d error 24 indicated:

F5% Service

Assembly Forecan Forecast Crror
A 10 3
B 20 7
C 15 5

There wili be no problem with unigue compenents going inta thess

assemblizs; they will have safmiy stock tequirements expioded down 1o their
level enly Tor the assembly in which they are vsed. For examplé, 3 sets of unique
components should be ordered (v predect apainst demand in excess of loiecast
for llem A_ The safety slock for 3 common component going inte Assemblies &,
B and C wauld be 15, however. Since the maximum demand for all assemblies f3
extremely unlikely to occur simullansously, 15 units of salety stock of common
parts would be excessive,

A formula widely used in quality conirol-to handle “inlerference Gt™
problems arising from the cumulalive effect of 1olerance variables, known as the
“square root of the sum of the squares™, can be applied 1o this problem also.
Uuing this formula safely stock for a component common to Assemblizs A, B
and C would be calculaled as follows:

Afer s @ v ey
n\/‘g 49 + 25 =ﬁ,33

= 2 units

This formula is bting used in an ofT-line, periodic caleulation by Data Contral
Syslems Lo determine salety stack quantities to be planned for eommon
compontnls, Use of 1hs farmula has enabled them to reduce safely stock
investment by aboul 40% with ne reduction in service. Anclher company
intends 1@ calcul2ie the safety slock in this way, but to add it 1a the nex| order
quantity oulgide 1he system so that safely siocks will not generale new
requirements at lower levels.

Salety ttock

It is important to note thal many companmes do overforecast but do not
recognize the safely stock quantities separately. By doing this, they will get
extessive quantities of safely stock on common components. 1t is zlse important
lo note Lhat wilh this approach, ssiely stock should be carried a1 one level only.
For exampie, i safely stocks of sub-zusembly a2 are calculared (his will
aytomatically generate safely siocks for the components going into "a™ and no
Further salely stocks should be calculated. If paris going into sub-assembly “'a"
have additional direct Otages in assembly A, B or C, the salety slocks for these

F* Moterial Reguirer.

|

requiremenis woutd be carried at the parts Jevel.

Much wouk semaing (e be done 10 perfect this most promising technique lor
caloulating safety siocks, Eifecis of jead time and lot-size on serviee levels have
not been explartd but the lechnique while approximate is practica! and appeans
superior 1o olher zpproaches,

Obviously, mafery siock has 1o be used with Breac caulion in requiremenis
planning. The basic idea i3 1o get as precise & dare ag possible oo 2n arder and 10
updale 0 through periodic recalcutation. Requirements planning also pfrrn:ii;
mvenilory to drop o zero between requitements. Adding safety stocks wilk 1end
to defeai both of Lthese tapabilities and should be done only after careful
analysis and with clearly defined benefits,

F Rescheduling and Priosilies

Figure 4 shows a rescheduling problem with a requirements plan. Following
the urdering rules given it, the computer has found that the projected On Hand
Inventory will drop below the Safety stock Jevel of 17 in Week 6, requiring 2
planned order to be started in Week 1. Checking further, it finds that there js
material already an order and due in Week 7..Da1a Contiol Systems wses Lhe

. double asterisk to call the planaer’s atiention 10 the option of crealing 2 new

order or rescheduling the old one. Should ke reschedule? in this case, obviously
nol because the amounl below Safety Stodk is trivial and it is carried for just this

redyan.
lee s | oneas | ssenr | ur-s]
Wl wi Wl L1 w5 Wb W7
R 12 [ &« a2l ol nl 4
v |l a by fas Jar ] ) o1 oW
ON DRDEX a5 3%
FPLANNED
ADER bk
Figure 4

A diflicult question waz whether or not 1o let the system reschedule orders
“automatically™, responding (o changing end product master schedules, excess
scrap, recotrd error ¢orreclions, unplinned withdrawats and the ke, There was
pensral agreement that rescheduling orders owd 10 time automatics”” -would nal

Plnniny By Comoulet Ir



cause any greal difficully. Rescheduling orders in earlier could beeha;miul,
particulacly when, 25 in Figure 4, it caused a reschedule that wasn't really
necessary thus aggiavating the “credibility™ problem.

One of the impanant considerations in rescheduling is the ahility of the
environineni to respond. A computerized daily dispaich lst would react 1o
sutomatic reschedules even if Lthey were trivial but few shops can Mumon i
dime™. Automatic rescheduling could result in the perchasing depariment being
fiooded with compuler genesated order revisions that neither they nor the
vendors coutd 1espond to. A geal dilemma exists here and no company
repressnied had sufficient experience with automatic rescheduling 1o resolve il
General  2grecment was reached among the mors experienced wsers of
requitements planning that 3 good rule might be: “Planned orders can be
rescheduled autlomatically by the system, aclual orders can ke reschieduled only
by the planner™. }

There was general agreement, however, that changing the tirting of an order is
much mere desirsble than changing the quanrity. 1t was also recognized that the
rescheduling load would be spsead out by & weekly tegenezation planning sysiem
since reschedules approved during one week would not trigger other reschedules
at lower componenl levels until the following week. This would, of course, also
delay reaction time.

K. Nei Change Versus Regeneration

The dircussion of nel thange versus 1egeneration brought out the following
general conclusions:

I. Batch net change penerally requires Jess vomputer operaling time and

produces less paperwork than regeneration.

2. Net change can be more responsive to changing requirements through daily

ProcEssing.

1, Net change requires a great deal mere discipline and maintenance of

records.

The fizst 1wo points are (airly evident; the third is perhaps not 50 cbvious.
Consider, lor example, how @ net change system would izact for an item whose
lead time was six weeks but {5 now ieduced to four weeks. Subsequently,
because of master schedule changes, an order or requitement at a high level i
removed from (he system. The computer will explade the change down Lhrough
the component levels, offsetting the revised four weeks 10 indicale the effect on
this item. Previously planned orders in the system based on the oiiginal six
weeks lead time would be missed 2nd remain unchanged. To be used effectively,
all planned orders in a net change system must be realigned when lead times are
thanged.

The sams problem atises when an engineering chamge allers the product
struclure record. If existing requirements based on the old product strutiure
record have not been correcicd and a net change qun is made, the system will not

be ordering the right material, Net change also roquirgs fight mainenance
reutines 1o be sure that small over and underruns, record adjustments, elc., are
balanced oul carrectly a1 all levels, A repenéralion system recieates all
requirements periodically and 1ends to be sell-putging.

Net change s¢ems 10 be the more demanding, yot more pretise explosion
technigue, capable of preducing more specilic and uselul outpul, The more
experienced companies al this workshop used 2 net change system and fell
strongly lhal net change was the only way Lo go, regentrallng & new plan only st
long intervals. Qrhers felt that they would prefer (o regenerate more oflen than
they had been in arder (o purge the sysiem and remove annoying criofs.

L. Alloration

Although there seemed 1o be many interprelalions of “sllocation™ as used in
requirements planning, il was agreed that the best definftion’ of an allocated
pider is one that has been &leased for picking by the stockicom but
components have not yet been withdrawn from the statksoom. A synonym is
“uncashed requisition™. Data Contro! Systems teduces requirements by the
quantily an an order released to the stockioom and then puls this quanlity inte
their allocation tecord. When the components are pulled from the stochroom,
both allecation and on-hand 2re relieved. 17 any parts shortages exist, backorders
are created for each individusl component and Lhese continue o show as
allocations. Black & Detker uses a somewhal differenmt approach. When the
system places a planned order in the current time perod, indicating it should
now be released, its compoenent parts ate automatically sllocaied at the next
lower level. They are relieved [rorm allocation and from onhand when aclualy
issued [rom siares.

The advantage of having an allocation record lies in the ability lo show
separately the quantity of parls on hand in the stockroom ang the portion of
these eommilled to orders in the stockronm calling for these parts in specilic
time periods. Set up as described here, there was peneral agreement that
allocation was 1 most useful toal, The more common approach of showing all
allocations withaut time-peried jdentification buries much useful infeimation
which might inllutnce reschedoling, expediting and altering assembly schedules.

M. Prgged Regrirements

A tequirement at one component level that can be Lrzeed fo Lhe nexd higher
level component that caused it is called "pepped™. A Level 2 component
requirement, for example, would be pegged to shaw the Lewel 1 item thal
actually penerated it. Black & Decker pegs requisements to an order number
tather than a part number, Gencral Raitway Signal Cotnpany, using the 1BM
PICS packapges, has chained their open orde:s Diles (o the item master to permil
them 1o do the mme thing. Dala Conirel Systems and Dictaphone show only the
dentity of the higher Tevel Bem thal cicajed the requirement; during



regeneration as Level | item orders are exploded into Level 2 tequirements, the
identity of the Level } ojlems is noted 1o the Level 2 record 1o gentrate a
“ope-level, live wherm-uted Tile™. Twin Disc aclually wparates cuitomer orders
Mrom lorecasts and explodes 2ach down sepaialely 1o show 3t any level the
tequitements caused by sttual erders and those initizted by forecasts.

Thers was genetal agreement thal pegging is 3 valuable addition to
requireenents planning. It s quite complex with a net change systern bul guite
simple with regengration where it is only pecessary 1o post the identuy of Lhe
higher jevet item causing the requirement. ldeniifying 2 requirement with ity
source provides Invauable information for tescheduling, halancing work input,
alety slock delerminalion and other decisions vital 1o successful use of
requirements planning.

M. The IBM PICS Packape

Meationed earlier in this report, IBM's software programs, called the
Production Information and Centrol System, include s number of inventory
managemenl programs, They are called “Bill of Malerial Processor™, “Inventory
Control” and “Reguirements Planning”™. These packages are now released for use

an System 360 f Model 30 and larger compulers. They have simitar programs

availlable for Model 20 and 25 machines. Three of the initial users of the PICS
program were jncluded in the workshop, and, since many other workshop
parlicipants intended 1o use the PICS programs, this was a Lepic of great inlerest.
The f'ollowing points were broughl cul:

1. In general, the PICS packages are very useful, being provided wilh mamy
oplipns lrom which @ workable program can be aswembled. New Britain
Machine and Muarkem Machine used the programs as provided with very
Litle sevision. Al the other exlreme, General Railway Signal modified
them extensively, adding pegged requirements, lot-sizing variationy and
other lealures.

2. Figure 5 shows a typical priniewt Mrom the PICS program which will be
scen o lack data on available balapces by (lme period. Every user of the
PICS program fell that the standard peantout showing only et
requirements was safisfaclory for ordering, bBut not wtsfactory flor
restheduling decisions. To handle such declisions. planntrs need Lo know
how many palls are available to meet requitements in cach time pariod,
Manual calculations would be requited to subtract the Allocated and the
Safety Stock quantities (in the heading space) from the On Hand balance
to Nigure the starling period’s Available balance  Plannecs would then have
0 subliacl gross requiremends in 2ach time perind. adding in the open
orders in proper time periods to gel Available quantitizs in each period,
Since this information is needed frequently it was fell desirable Lo have Lhe
compuier calculate the projected available balance and print it as shown in
Figute 6. The program steps for doing this, shown in Appendix 2, were

4 Marerigl Requirem,
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piovided by Bruno Jobin. Manager of Programming, Matk.em Corparation,
Keene, New Hampshire.
Y The PICS miogram allows for regeneration or net change (requirements
alieration). There seemed 1o be no serious problems with cither approach;
howeser, care must be exercised when using nel change since theee is ng
provision in the requirements alteration Program o insure (hal component
changes sesulting from an engineering change will be handled properly.
The problem arises because there 218 no program steps to remove old
tequirements and reinstale new ones aulematically when an engineering
change affecis the bill of material. An engineering change affecting Ihe
product siruclure record would, of course, bt handled comectly with
tegeneration.
Saflety stock is net calculsted in the PICS program, but thece a1e program
exits 5o 1hat sub-raulines developed by (he user can be tied in properiy.
The lotsizing techniques provided in the PICS DIDEFAM riise some
problems as discussed in Seciion B above. Theie are, however, user exigs
by which the POQ o least total cost {echnigues  without
"'lock-ahead / loek-back™ could be programmied and tied in faisly easily.

6. The PICS program facing a situation like that shown in Figure 4 would
print out an exceplion repor indicating ihe need for rescheduling the
order. However, it should be cleady undersiood thal it would develop 2
new planned order and proceed from there 1o the next level down
assuming that the apen order had nor been rescheduted,

7. “Conversationa! planning” which permils stepping down through the plan
on¢ level 2t a time, had not been used by any of the cosnpanies and they
didn't ses it as a pacticularly useful tool, even for education.

In general, the users of the PICS packape were quile pleased with it. They lelt
that it had helped them to develop and implement Lheir requirements planning
program in ¢onsiderably less time. than would have been required if they had 1o
write alt programs themselves. New Britain Machine installed the Bill of Material
Processor, the Inventary Control package and (he Requirements Planning
module and completed all of this jn less than seven months. This is a very
commendable achievement; many cam panies have SPEnT & year or even more jugt
getting the Bitl of Material Processor program operaling. In view of the large
potential savings, any means like PICS 10 reduce (he sysiems design and
pregramming time is worth very serious consideration. Additional dividends
result because use of the package prevents gross error, Qmisions, o uselegy
suphi;ti:ation likely in “homegrown™ programs desipned by ineapericnced
people.

-
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V. Conclusions

Thizs Special Reporl does nol cover all aspects of requirements planning,
Many topies, such as detsiled exception veports, and methods of structuring bills
of material were not cuvered in the workshop because they were of relatively
litle interest to this pasticular group. Other Lopics, such a5 many polential areay
of saving. the use of “phantor bills of material” to handle sub-asseinblies
produced but not stocked, and lechniques for allocating common componznts
rpainst astembly requirements were also omitied from this repon bemuse lime
did not permil them to be covered during the workshop in sufficient depth. This
does not mean that such subjects are wnimportam when developing a
requirements planning system. This report is intended only to distll) and make
available to athers the practical experiences exchanged at this workshop,
logether with explanatory maierial necessary for an adsguate understanding by
practitioners withant previcus expefience in using requirements planning.

The general conclusions that can be drawn from this workshop ate:

{. Requirements planning it 2 powerful tocl useful in a company making

products that have companenls with dependent demand.

2. The tool has proven its power and usefulness by successlful application i a

number of companies.

3. The number of companies vsing the Lool is & very smal] fraction of those

who could benelit from such use,

4. There is still much 10 be leamed about some of the finer points of

requirements planning.

3. The literature published in this field contains liitle on the subject, almost

nothing on practical applications,

6. Because previous inventary systems were not capable of keeping priorities

up to date most companies relied very heavily en their "informal™ sysiems
— the shoriage and hot lists. Requiiements planning has the potential 1o
provide moré realictic, useful priosdty information as part of the "formal™
system. Mosl companies experience difficelly in realizing this potential —
primarily because of a tendency to overslate requitements in the master
schedule, '

The attendzes ol the workshop felt thal the twe and a hall days were nol long
enough to cover the itmportant Topics in the depth they would have liked, All
recogrized there is much more involved in learning to use requirements planning
effectively than is apparent at first exposure. This type of workshop, chriously,
will have to be repeated.



V1. Aecommendations

While a great deal of research and development effort has been expended In
soine areas of production and inventory contrel, litle has been related to

regu
I

-~
£L

irements planning. Areas requiring further research are:

. Development of requitements planning Smulater to demonsicate 1he

ohvious power of the technique and provide 2 weaching medium.

. Testing in a real-world environment the various appraaches to lot-sizing in

a multi-level product structere to realize Lthe benelits and minimize the
problems of dynamic lot-sizing.

. Development of methods for determining optimum safety stocks for lower

level componenis in a requitements plan and the deligition of service levels
insured by these safety slocks.

. Igentification and definilion of the imporanl fectars 1o be considered in

struziunng Bills of materal to acheive maximum benefits,

. Developinent of engintering change conlrol procedures o minimize
potential losses,

. Sivdy of best methods of linking requirements planning, capacily

planning, scheduling and costing systems to use common data sources and
pravide needed checks and balances in an operating environment.
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APPENDIX |

Dynamic Order Quantities

Tfu: subject . of lat sizing where requirements are discrere rather than
conrintous has just Coms into its own. A great many of the recent articles in the
APICS Jourral have covered the sugject. none is more delinitive 1jtan this arricle
by Tom Gorham. We are including i1 in its entirety because it
one al ihe basic reference works for lol sizing as
planning program.

is in our opinion
used with a reguirements

4)

DYNAMIC ORDER QUANTITIES

Thomas Corham
Quiboard Marine Corp., Wankegan, [Hinois

Compuler capacity and technigues have now reached the point where
more and more companies are develeping lime series requiremments plan-
ning syslems. In these systems the requitements for a part will be ex-
pressed not as a rate per day, but rather as an array of varvipg reguire-
ments scattered out through time. Components of stocked assemblies
will show intennittent usage hased on the expected building of the
assembly. A scasonal part would show a Auctuating usage. It is ap-
parent thar such erratic reguirements could nt be validly expressed as a
rate per day nor could they be ardered scunomically with sither 2 Nixed
guantity or fixed time period order quantity eaieulation. An ordering
syslem is required which wiall develop econamical orders in spite of thiis
chauging and intermittent usage.

Two methods of caleulating dynamic order quantities are discussed
in this atticle. Both are non.reiteralive in that they step throuph the
array of requirements only a single time, caleulaling a series of orders.
These metheds are considerably faster than reiterative methods which
must try several alternative stealegies hefore deciding on aw ordering
pattern.

The Frst method which is more well known and the most commonty
used, searches for the least unit cost. 1n developing an order it steps
through the requirements caleulating the cost of inventory and serup per
piece and it orders at the point where the unit cost s lowest. This
methed, in spite of its apparently unassailable legic, turns out upen
analysis and comparisen with ether methnds of ordering, to be a very
uncconomical way of determining order quantities. 1t develops vedering
patterns which result in excessive inventory and also eacessive setup
charges.

The second method is newer and not so commenly known, It js
based on the same theory as the classic EOQ formula, ie., that the least
tolal cost is at the peoint where the Invenlory cost ond sctup cust are
equal. Thit methnd consistently develops ordering patterns which
result 1o eonsiderahly sinaller invenlory and setup charges than docs
the Teast unit cost inethod.

*Repranied [ram the Firet Quatter 1968 ssue of the APICS Frodycifon and Inventory
Marggemenn Journal.



The following examples shaw the difference in the way lhe two
methads would order. They show a very simple array of requiretnents
and the computalion of urder quantities using Hhe least unit cost methnd.
Throughout these examnples wwe are assuming:

Unit cost = C = $1.00

Setup cost = § = $40.00

Invenlory carrying cost = I = 5% per week {25% per year)

The inventory cost is figured as follows:

The first requirement of 1000 is mssumed to come to stock and be-

drawn for the next usage in the same week. Therefore it would not
acruire any inventoty cosk.
The second requirement of 8000 would be held in inventory for

weeks which is equivalent to carrying 18000 parts for ona weck
15000 at .5% gives an inventory cost of $50.00,

three
. The

Require- Cum Weeks Reqtrx

Inv, Coat Setup Trial Unitt
Werk ments Regis, In e, Werks g 5% Cost Cront Clost
1 1000 1000 O o 0 4000 400 040
2 1
3 2
4 6000 TOOO 3 18000 900G _ 130.06  0i86
5 1000 8000 4 4000 2000 150.00 0187
Figure 1

In the example of Figure 1, the least unit cost is at a quantity of 7000
where the unit cost is 0186 with a total cost of $130. An inspection of the
costs, however, reveals that it would be less expensive to setup and make
the requirements for 6000 separately since then there would be a setup
charge for $40 rather than an inventory charge of $50. This would result
in $50 less expense, The least total cost method would order this way
because the inventory charge of $0 is closer to the setup charge than is
$%0. (There is no advantage to making part of the 600D in order to
achieve an exact balance of $40 inventory and $40 setup, since that
would increase inventory but would not reduce setups. )

In Figure 2 the requirements have bean switched sround,

44 Marenal Requirements

o Rees Com Wedks Rerex lov.Com Sp L
1 6000 6000 O H 0 4000 4000 .00GT
2 1 D - 0
3 2 ] o - o
4 1000 Tﬁ—-a 000 1500 5500 0078
5 1000 8000 4 4000 2000 7500 0054
Figure 2

Hera the least upit cost is at a gnantity of 6000 witly 2 total cost :ﬁ H:JE.'
Aguin, an analysis of the costs reveals that it wmf‘.ld cost $40 tnb 'H;-d “F'th
make the 1000 in period 4 whereas if that quantity were combin ’ wi

the initial requireinent it would ouly cost 312 in invemtory :i*darges;
This would be a savings of §25. The least total cost system wau mbn;
bine the 800 in period 1 and the 1000 in peried 4 {and more} be-

cause lhe mmu]aﬁ"ﬂ in‘renlnr}p cha[gcs ]]ad not “’rittfn EIE t]‘.u': Sttup

Jeast umit cost methed was very erratic in its behavior.

charges. 1 . .

T‘I%ese bwg examples, though admittedly rigged, do show t:e _ragicarll
differences belween these bwo metheds. Many ests of these .m Ed cel
made vsing long arrays of requirements. A serics of orders “:a:d E;"]:'I.E:

‘ i ny t vas computed.

oped and the resulting cost of inventory and setup v Dnl uted, The
reguirernents it would develop low setup costs and Ingh inl?f.‘ntﬂrl.'}’ custls;i
and an anather set it might do just the reverse. However it never cou
obtain the balance between the two which resulted in lowsr total costs
than were being achieved by the least total cost method.

Ahout the author —

Tuosas Cornast is Production aml Inveniory Control S;mciaiisf
on the corporate systems staff of Outbosnd Marine Corporation. He
has been working in the arca af computer applications }fnr a;;pmn-

] ; i ction
mately ten years. Prior 1o that hie worked in prany arcas of profincicy
pFunn?ng and control as well ax related fieds such as rmrrfjmis engi-
neering am! tool making. He ottended Harcard Uaiversity and iy
a member of the Milwankee Chapter of AFICS.
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From a more mathematical point of view the following are generalized
expressions of the two methods, {The desivations of these are in the
appendix,} Tn these

5 = Sewp eogt
c

Unit cost of part
= lInventory carrying charge per penod

[
Ra = Requirement quantity in period n

Il

h Minnbier of p{'rinds ordered ur pcriol] number

Least unit cost:

The unit cost at period n + 1 will be less if

5.
Ry 4 (n=1} Re+ (n~2) Ra+ ...+ 2Rey + 1Ru<7p

Therefore order cut through time perinds untl the expression on the
left beromes greater than S/1C.

Least Totel cost:
OR, + 1Ry & 2R + ... 4+ (n—2)Ruey + (1) A0 = "

Order at the point where the expression on the left is most nearly
equal 1o 571C.

Belfure going on, it might be a good idea to loak at the expression 541C
which is the control factor in both formulas. This, in efect, defines a
part from an econumie stadpoint since i contains selup vost, unil cost
and the inventory carrying cost. Since this is a new concept, there has
been no generally acceplable name developel for the expressian, al-
though “quantity factor” and “partsperiod” seem to be fairly well estab-
lisherd, What this factor beils down to is the number of parts which if
carried in inventory lor one period would result in an inventory clarge
equal to the sctup cost. I the previous examples 5/1C would be
$40.00/.005 X $1.00 = 8000, meaning that 8000 parts carried for one
week [or 4000 parts for 3 weeks, ete.} would resull in an invenptory
charge equal to the setep charge. This, 1 suspect, will become a very
usefnl number in varions inventory control applications.

To get back to the forinulas, both expressions are related to 5/IC,
lowever, the weighting the reguirements is completely reverse. Assume

four time periods {n=4} in order to make the twe expressions easier
to read:

Least unit cost — 48, 4- 38 + 2R, + 18,
Least total cost — 0R, + 1R + 2H, + 3R,

g5 Material Reguirenients

The Jeast unit cost puts a higher wright on the ﬁ{st requirement which
ie Leld in stock for much shorter time period than is the requirement ‘fur
periot Rve. This is not at all logical fram u cest of inventory standpaoint,
On the other hand thie weightings For the st tutal cost do seemn to be

ical. _
m[j:cf?l?cr, probably even more dislurbing, thinlg abolut the least unit
cost formtila is that it says that if the total at periad 1 1 IES_s th::anHL'.'.
than the vwnit cost at a + 1 will be less segardless of guantity or 1‘31%1';-
tory charges. This helps to unt ersinnd w}uyf some af the crdees devel-
oped by the Jeast unit cost method are illngncai as they were in Tigures
1 and 2. As jong as unit cost decreases it will order regardless of what it

. : t.

dﬂ;:- :.‘E:]It‘:;?l]s:]{;‘ls, the least unit cost method, in spile of its e;trcmc]:lr at-
tractive name and easity wnderstaod logic, actually does not develop
arders which result in a low over-all cast, On the other hand, malftu‘:ul
matical analysis and extensive comparative tests show that rt]‘.e least t-:::a:I
cost system results in substantially Jower costs of bolh Ilaventory mlll
setup, Althgugh it is a little more mm;l:ﬂex in concent, it 11; equally
simple to administer and use, and it certainly gives better resulls.
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APPENDIX

Derivation of Formulas
1. Formula for Leant E.fnit Cost

Setup Cost + Tnventory Cost

Unit cost = Quanul‘y

Setupcost = §

Inventory Cost = Requirement qt}r X weeks in Inventory X Cost !

of part X Inventory cartying cost,

Assuming that the frst re?x:"mem is nsed as sooa as it is received, the
weeks in inventory would be zero, Then

O0R,IC = cost of inventory for the first requirement
1R:IC = cost of inventary for the second requirement
{n=1)R.C = cost of inventary for the n™ requirement
nfla + JC = cost of inventory for the n+1 requirment

The total cost of inventary would be

ORVC + LRAJC + 2RaC = ... + {n=2)RuuiiC + {n—1}RIC
or

[0R, + 1Re + 2Ry + ... + (n—=2)Bau + (n~1)RuJIC
let H; =0R,+ 1H1 + 28+ ...+ [ﬂ—'EJRn-I + (ﬂ_ljﬂt

Quantity is the sum of the requirements,

Mi=R+R+H+..+Ra + A
Thus unil cost at v __§_-F;R;IC
Ar .
. _ S+ RIC+nRA, ,IC
Unitcostatn + 1 = BT R,

Order Ra 4+ 1l unit cost isless than at |,
Oldﬂ'f Hq+1 if

5+ .HJC 4+ I'I-Ha.&JC 5 -+ R;Ic
R:r + Rus: H'r

This simplifies to
nBHIC <85 + RiC
ARl — RICLS

nlr — H;{?SE

Substituting for Rr
nRr=nal{Ry+ A2+ A +.
nRy = nR + nBa+ nfu +.
Rr=0R + 1Ry + 2R, + .

.+ Baa + Ra)
.+ nfley + nia
oo (r—=2)Ras F {(n—1)Ra

Br—Ri= nRy+ (n—1DR:+ {n—2)Ra + ...

Clrdnr Hn+] I.f

8
+ BRay + 1R

nH.+{n~llﬂa+{ﬂ-ﬂﬂd+ c

E Least Totol Cost
This balances the cost of inventory with cost of setup.

] Cast of Inv, = Caost of setup

RIC =
_s—
ic

!
| Re= OB, + IRy + 2Rs + ... +{n—2)}Rou ¥ (n—1)Ba =7

3

+ 2Rna + 18a<

C

5
T

g9



APPENDIX II

Modifications to tha IBM PICS Program

Acknowledgment

We'd like to thank Biuno Jobin, the Manager of Programming al Markem
Carporation, Keene, New Hampshite, for supplying the foliowing piogram sieps
for making modifications to the 1BM System 360 PICS Requisements Planning
Package +0 that it will print 2 projected available balance. 'We'd zkso like 10 thank
Richzrd Danner, Manager of Systems Administraifon, for General Railway Signal
Company, for his independent comments on this printout.

Modifying the IBM PICS Program 10 print a Projected Avsilable Bolance,

The MACRO listings from Martkem Corporaiion are provided to thal an
experienced programmer can look at them and see what modifications must be
made to produce a projected “On Hang Balanga” print line. To achieve this, Iwa
MACROs must be altered. The MACROs are RP53M (Phase-3Mainline) and
RPSCP (print routine}. The Ceding modifications Mayged in RPSCP (print
routine} are straight forward and efficient. They can be included exactly as they
appear. These insiructions accommodate the extrz tine to be prinled, which is
identified by a print paameter code passed to the prnt routing by the RFSIM
(Mainlie MACRO).

The RP3IM MACRO is also straightforward and reasonably efficient. The
purpose of these modifications is 1o calculate the projected on-hand balance line
and {0 czll the RPSCP (print MACRO} at the 1ims the line is desired 1o print.
The acteal caleulation of the projected en-hand hafance is accomplished in lines
RAFO4830 through RAEQS5036. This code would have 1o be modified by each
Lser La suil his own need.

Note that Markem carries their raw material on-hand balance (signified by
MTYPN = | or 3) wilh more decimal pention than the other malerial types.
These instruclions are included in Iheir routine o campensate for this — lines
RAEQ4941 — RAEQ4948. These instructions may nol be of use to athe
COmMpHnies.

It may be menlioned that the printer used to display the twao MACRGs did
not have 3 Universal Character Ser pring chain. Therefore, it substituted the
following:

{ prinied a5 %
' printed as @
] printed as A
= piinted as #

It's important in focking at these MACROs that the programmer see whesem,

the 1BM program the medifications were made to make specific modifications to
suit his own company’s requirements rather than Uying 1o duplicale the
modifications that have been satisfactory for Markem Corpoation,

N T D T

Medifying the IBM PICS Program
te Frint a Proajected Avallable
Batance, '

]
] v

“/_JOM QUgmaE ealoml BF $TI/Y60 R4CYIAFRENTL Panying BEDLARNG 42000018

fr EAEL MLEwW

LT3

LI

Planning by Computer



RITINTIRNN Ips m DLy _STATTR SOUACE-STATERMENY | arisr
[ L1 5. | S Y VLY L. —_————
AT ALERDOIR
B S LY L NI L AL AL L L L AT L A [ L e x e PV T
_merpsY ) £000 s
L e es o = TWifOogad
. LR FLEMLINE - PHASE TWREE dapi-mr-guil_ wi-L0 AR{O0DSD
[ FREWY SeoOiwTIAL T T T T T miiD0ORD
B g ftuiniolriebuiiliutele-brisieylrialetieieiel iyt et flinin ettt hd RLEDDOTG
I : e = I WREDTNOAF
. . PELLE b WILL RagWT fwe DEILIL REQLIMEMEWTL CLWEERT)ON _ #alDoDeD
ST e CUTUTTTERRTRT Ywored CSEoofmCET OF el ITER mDIENTRTRE. T 0 o wnfnafdh
had o Asfoalig
v REGEIIER LSaE (I
. LAEDD]L WD
T TR T T T T RaEAES InighwatTom 1O AUEROYEIRES T Tatnoiaf
o 2 BaSt FOEN w |y NE 1131 1EY:]
e fu.sE £0R T Dmmnn ARELS FRebdilad ™
¥ . Dt Epmuam LREAE WREDOLT0
T it hi KELTYTER FLibGINT
. 1% CHLLING NCUTINE_ RETURM S0BARLS nEtooLen
- ¥ A YY1 11
=5ip01 WAL 2. f RLEDDELD
R I LT 3 — WAEBOY I 5
- WAEDDZ A3
v OFEM FILES WaEQbYald
_PRER _ arenlnl nuEofi s
TTTTTe - NLEDDIGE
% EEND ITER wayigs SEQUENTIALLT NyEOG} 1
I NAECOI T
WilG0%- L LI amPESEQN muECO]T %0
LI I TP ) WAEOB]
. L F 1 L]
T ATIF TWTENFCFLEy fHE PBLLOWIAE BEAAERITHSTEGETION wILT LW R¥EE o RLEda¥dd
. » raEODY 10
— T MF N MITETP LN BT AN AE YETFGT a3 T
[} wiknF ALEDOISD
4 RALFAOVRD
a0 ARIFDLA AEOORTD
LEE1FITTR w»SEDT — WIFoLibg
. ALELD19D
— L TFOTE N AT g
#  [F WOl END-Dr=gkQuF [0 THE FOLL Owlmg AREDDAID
TLT  NFTARARW wanlE - TELT [F TEALK SRTTCHE oW bIEbddyo
NE ui100% TF MOT AMantw TD PR INT TLET EALOD 1D
— ) wiILSE FLSE BT TC ERNOR XTRITTRE S KRESd&AT™
. RAEGDAD
_— ATF THILCWVPLNI Y auoa a3k 1707 ALECDLED
* NaEBasTD
= ¥ IOF-HIRGLIRE mm F12:121 13
* ALEQOaAN
ST wEIEOF ORI RiVLELCLISFTH YELT TE PRS- E(L-AT T =PLE IR I WA EDI%A0
MNE wsEDd {F YOT Adanism IO ENO—OF - JOR-A0GT EA[BO%10
[4 % FEARTRTY. T350a

TEIT TF NT=-ERTAY Pkl OFF LAEDOSID

1] wiFt IF wpS ManCu rp EMD=DF - k=80T Jap0pd il
Tyl RlepwtpR Lasad Tuam DFF IwIEREYP s LafFogien
Pyl PAEAEmTY,13.0) RE-§ofiy PadsefTiAL &40 RLFONASD
Tt PR TT. 1 BARSCH T SEQUENT. RELD =LEQO S0
o RL[pEY IO
. RLEDOSAD
. ’ LefOpden
’il.lll:l} wwd Rl OOBO0
Ld fmls FECON T &L REjNIEQ Aagnnsll
_‘_TU.T_IE.-.U_LU?J_IA P
bowsinoy LUl PRRPEIMT E3F}) TESE IF &1L AEL{BADS SHOuL D BE Narooh b
ME rLlbOID PR wIED, 1F w3 SRAMCW 10 FRINT MAEODERD
N L EL3.00%1 ]
LTF TACLAYRLRD §0 Fuids. lnl1P0l At Orbal
L% . - e REEDQRTO_
T TN TV Y PTT L PN T LT St U1 4 S T E I T AN s HLERNBAT
AE wELlO14% 1+ wES BAANCW INTERRwe1 mel TFET wafOUesd
L LELT FARMEN]T, naa0R TEST SE=-FuIRT FalanEl(R PAEGDTO0
MHE wELGTY {F OGN ENAMCH INTEMRUPT EIT TEAT RALODTLD
v —oseTe wmafpgt20
LSEP L0 RANFQRT D
.'E 2 ET1E-FLEL
P EE T L I - LAY -1-ER
& THLS ROUTINE psiC SEPLRCED TaEQOTS0=TR0-1T0 PRINTS DMLT [HOSE 1PFWS RApga? s
= WH|CW WaYE CEMERGEED W _#uCpe 1% NITICE — BELIGNATLD kY & FLag iw EFOCT A B
w owwdd, |1 ALE0 ERENS Tasewmaa YO SLAwWRY. nAfeQTA?
R L R R I N ] WEFQOIAR
T T TRWLT TIAPNRE R AEReGLDLOROE BLAKE MET | ADODRELS Ragnntsl
TLE  _ HERF §PuPF EACKPEIDN WOFICE wElFIEM RAFBATAL
= TRE T OELEAN T T Twpd T CLEam FLAG ALl BOTSZ
PAL L4, FEuSITE w0 = REam]IE LTER ma5TER RalolTsd
8 ka'mbs" 7T TRERD MERT SECUENTIAL RICORD EARFDGTS
CLERE  wWw¥l  rESE 3000 AESET AFQUIMEMENT PLuyml WG FLNG RLfODTSD
- BiL Fh. 'l[..l:n- AEwAIIE I1Fm MALITA AxF00T 50
. n I_“_br_i._lﬂ_lﬂ . _ . - MagQOTs:?
TTHEWHITFE 50 Th, HOLDL TTLAVE ADDRESY OF REG v AAEDOT S
. L Ll .uwsz LOAD aDEAELY DF I F SERD WRITE _ RAPROTS
T T T u £ T T EAFOBTAD
t_l..l 'l.lEt!g'Su JIFI !lfﬂﬂ_'-'ﬁ'l
™ BNET BRIl GO e an:.m'.u Tmll WEG & nafGoTey
- RMALPODOTED
TTE O ERRCN GM SWEITE - - Rl Ty { 7 L I
Latqutas "
mvl cAaCObE W SERRT 1Oa w7 ENRGR CHOF ™ =7 T “Ka[ofles
] wiljog 0 TA Treg LGP TaT
(L) i 1-.|-i.iiii4 I STOME B L4 TilBoTEd
L RETVAR TO my)vfwf [FYE--1a0
a— 1 :al;.'{ﬁ'm'PLNi LT D 4 T T o e Y 120 Y]
NIlOLY TH Hapt, kdk0l TEST IF |wlERRUPr BIT W IF NOF  BAEOQTSH
' LY '15L 3 AEaD NERT SAg, IS ECE T #NINT T FaFdbaas”
. i 40810
T3 1 T [T 3L
«* i — e kAECTA LG
= =" - i 14 1T
+ PFEInT [HIS KECOAD — 4k Q0150
—_— - —_—ma

LET 1.0 TS -




L] W PUIwY INGICKTIVE LET L0

L TLLECNQLAAEYE M Aol T mEAT PRERD 0 fwEgL1eY
+ asloeang i R AT D oF Lroe ALELI BN
im0 tlesPPipey _  APAD soDR ¥ Falm) penlLalgve EAtocesD L T AESVDRE _WELISTERS iEfL1RT
R P MhanTer auD LyNe 0D af e TEREsbepnT - M EILIVER - T BiEQLINE
. RAEQOTID _GFIMUT3® 0% o Fhanie POINT - . ELERlaeY
A% mbIRD mEC. |5 ywlDRn, METR OAEND Iy BE INCiWDAED gl GO0 T T T e - _ FEEL] IR0
2 . : TAEDON D w#_ TEST_J16 &90%S 13 T BE _PROJELTED ZAEQILeS
TOUTEIF ARESMEeIATE qE 130, 500RPA RAEODF e i bt bl i R —witgprpo
— . - RAFOOASO AIE_13ILCRDYGPA_EG SNEE0,4RIPDY Bapgizlo_
AU AN SURDANIRATE =256 Lt ] ”..,_.ﬂq{ — Tonh L0GRESS LF FADJECT CADSS RLED) JIC
' e e RLE oD HALA 14, 1L inD FRANCH_TE_RPSRY_ BAEOIZID
L 1, #uPLE ey AafQLYRl Tl ey awpe T L= - - = WaEg) s
LETE I LY anggousD o _ Rafg e _
. o i LAE&)DDO I T ome—m o LAEG)FED
o % LARDE WAWDH [NG DN LA ACAD AwD WLITE NS DONE BITERWAL Tp Tuiy Pedir  EXER1AI0 | o py) gy eETCARAY, 3EFLE L JEST JE CROAY | TO ME PRPNTED  RAtDLpTd
B - LT3 T Flo 18 3 “[,'t:nuhl €0 39330, K1 P08 T FrED1en
R T RLED| 0 PHE__ wiI%IZ 1F uq.]__[q“|~ui_:|ligt_li___.__‘ilEnlJ“E__
. ) . T RAEN] Q4D T TN and L IBEY T T Tt ’ LIEX-FRT-1
=% __Pa_PRINT MAME NEADEM NARQ]EAD  -SLIPDE  RME__ w$130 IF_WOT. COWTEMUE TESTING Rabglid
TR T T nicoinad TRt L Tl ALPEGE] LGac nDodEss OF wulaF RoutHET “‘ﬂl-!i;:
WIIETY. L I P DL LOAD 400ALSS Db PRINT MOUTINE  RAFOLR7D X LONp PRLNY [OUE PO EGOSY LAEDYY!
'Y T b LRab TFRE N ONDE ke DATET LRI 08 X1 - l.,;L. :Ltu LD BEANLM IO EFLLF LRI LT
MLLN By T MAnCH AND LINE TO WP3CE Tergieed » ) o RAEDI R
e A T L T T I TS T P& 3uITEn ON RapgpyoD T TR TR TCROSEERLY - o L
eaE _wEiD1) ) ANEBLR . . — e RREDIYFO
L ' :*Eﬂlrzg Ll RRaEaCsE.REr i  IATralf feodd el \ , ::E:rn:g
B | MJTINLIE JND PO INT LEOSSE LLE- TR 40 IF TR% BRay T Ewb OF kQUTTWE__ RAEQDLY
— LITNE T A rill AL ThG BRANLY TO rAB OF 20 it
11, LGB ) vOap ADTKTSY DF Lw]t. Chuld Bard) |54 #_MafAD s WAL OFFSENRIYES AVPECTEIRD, tF _wAT skl F COGE Fie _ ssl¥ax RAfALAID
ST T T T TG BRERARTY TT T T T DD fBON 5% OF wrAKLEER LR TH R .;'-—" DEE. H2% _— = = ' LI IR
_BLLA ALl LA TR E ) ¥ OFE F3 ANNpT _SELPOE N RAFG)%A0_
N R I R R S R R R ELigied o AE.IROLFSE)LY EQ AM2PE-SRIN mToTTmRRTT T TRt i T TR
* 4 wLETLT avEVSGF UFaGE FIGUET 15 ADOFD 1wrD Eace TI#F reulop roa RarOlEel *  JETT (F_GROSL_IS TO_BE_OFFSETTEG JAREDL s
T FTEEN U IRT T T~ To RFFUFTT GEPw TR FaRIT “RUaTvE R TIF THETEN hlﬁlf!#i! I 331 bt umu:b
_ % pauD INvESPOOT 15 LAFATER JHAN THE awEIPRCL, TME avERIGE |3 »Ol LDOFD RAICila wiiggd it Foabrlis, cafla TEST (F_GROLY Dwly e JEREDIAFD
STRTYACE TRk FTARTTRIA IO WATTRTTY THITSOCE PayY Dok péalddl Zukolla - 2_“'“ TTen1eil S TE ¥l5 NT CHFSEID — RaEC]uit
O RulS ROUTINE (5 ALBD IR ARPEFE - NapO2OAR TRLU 714 a MLEG] et CLE_ FARNET, Raabd TELT FOR KET OFF ALED] &Y
CEIEET T8l TH‘UTT“_ T - ':”f'“#'; T b ey M L R LA VufTrsheT
L L R L N L L L » LES e L FaddL agatia TESY FON_PLANKED .,ltl(:ﬁ:‘. e ReEOLS LT
tfl_'-clsm:!ﬂ_ Fl:fﬁ—ﬂlhf-!'ih "’__“-___"‘l_ﬁ'"ﬂ '_—_‘,b;_'];‘ji'f'j_*_"""_“'ﬁ Wy WO 076 SET NiEpLsadT
1] WIEAVEY L “E% L AaED et Ll PAROFFST, nd40R TE4T FON _trr%ET OFE MLEqlR3R
LET wheDL CRid— — T RS RhUrINE T - Elcgo) AT T ] T e T AT 7 BTy 1 RV TTUEMEZ]Tad
BWE GE rout 1 MR - RETLRN TD s eL [HE ] 1 * 1St IF QFPSENIRD LEDLY 15 T3 NE PAIRIED . _ o Megissn
ey Y T Tir ™ WO(OFAY MSUFN R ERWTTF USAEE T5T 4wk, TD w2AK LATA ELFO11TY it T MR TR T T3Y £ F LT T I 2F TR ) 3 dLEGined
ik W DFh Y, d405C 2 it ADayLT RUERLLTD nHE w41loo I1F watr ERAwcH TO gwd OF N.IJ_J_HHI: BhEiaTo
- Wel o RO EY RELEFENEFE  DabE TTREL ) WAl RALT “ﬂﬂ'l‘i'- R — Tuf i1 ed
AT EPLEN TV P ilan Hnnl_e_d_s . — MEEGL] MY B pEPLEL aND_FRINT GAQOLE BEDUIRENERT ) . . - SNEQLYYD
i1 b FIAYEN a ) T " ELFB] )T T T T T T T o e i T T Mt grald
Li T.GACIAGIY ADDRENE DF wCAs abfn s s RAEQLNFT _Mhpady Lt WYL TF5m, a0 TELY |F DFFSIT DONE —e___Rakgiple
¥ ROATR I ROLOTLY LVENELE LSATE ' ro DN Hakp =TTt RAEH117E TEwk wsidy o IF VER A«IF TOTRREAT T T T )
Rk NOTFIRST (M HAKD MIGH = MO |57 &VWE, Iw #4%i1 pyk L] | RN |_ .80 NQAL LD47 4DCEESE OF DRZSET RDUTENE  Aafgiedd_
L'u_ﬁ‘rmrr——‘“—_‘rthum‘muut_— 5T TBEEY, PITALINE 1 LROESETY . hDin AUBNEIT AF LFFLL WPl 4Rpd WAEOLasd
_ A Eafop il 1 LT Y ANaNER TG OFFYET oL JRaEQLeTR
- "i'ﬁ'lﬂl!.'!'_ll___‘.':‘l.} I.DH.WITI“ TThtyd POINTES TD CUASENT FESICM LESSE. I8N F: ""'Taﬂ._-'_ T, ln.‘.i_ﬁ‘j‘__—__ S bED RELEFIY R RNWT AT MRET CEAETiwed
LOAE LOODF CONGRBL - 41 PENIODS _ auEpy 1.4 Losp pRlwl [CHE FLr DEigel NaEQ) BT
13103 T -lu' MDJEIHT\"TFWFEFH AGD LVENLLT UTAIE T ST MApoL ML[ Tw. LT ThIER W YA TRRINE T T T TN LET2: 0T 1 i
i
1
F =l

]

B - P F . Ve e -

N T R L [



.
N Wil AFTER FAINE RO O EHQ OF AGUTINE RAESIAYY

—_— . R OTE JF_NO+ G0 _TO CRLE OEESET ILERIE
- —— '1“:‘;:00 N R T T T LA 50 18, ALE. D 5k ] u.sui;m
ALY EDE N FaEQiTIR PELY L4 LD S ¥ ) -1 N A ONNeCH TO END OF RDUT]NE RAFAFIeD
AR 2 uru:':i: SYEIFInD ANOF e urnilzﬁ__
s TELT | OrEN OREERY DN WE] LS TO BE PAINTEQ RUEQIFIG - wjosd i1 PERPLAN,RAFYA  FLAYNED DApEeS TO BE ITOe FLESM Tm
_"'"-'_‘"‘—_‘"'"‘“"" ” _ _':liﬂ:::ﬂ L -:Iinﬂ 17 mi. Ca 1o wnnf (T ':E riegIain
» —_ Lepl?o - " wilgag ELST mAKE FLETHEW TELTE Rafplran
TR TRITTALTTE auD FRINT OFEw CVBIAT LTI WELGTE Lyl PATHET, Ea%0@ Tt‘ir I# Wil MLRAN |5,st[ RAEakIey
. . . - maralrig - PE__ wHiGT Fy TRGY PFELMEY AaEglIna
T wilgMs  LLT PR10PDAD, s 2e0a TEST UPew DREWS 1% 14 BE FATHIED E2EpITid AEE R HLORIAINDE EQ Hﬂu.huu T MLEQNLE
A wilaTh IF_ ). FESY wET BuEDIFRO_ L] LYl RLraly:z
AT teiOFEMyABT 10 anden.inimdy ¢ HEG::GH TTUSKIFLL CRLF ReCNRTAES T FO RNDUOLSEIRLE Tarodin
[{N] R P, A 00 IEST [MIT. OFEN DRDERS SQUT.BONE RAESINIR - =BE[F)Z Li " TP RTED TEXE IF QF{w DRDE MavE Lafals
T T eME T Wb IgEs IE TEL pmusln 1O PAINT EL;‘ :-en:iin LIF S METAECTE EQ AMO#a,GR{PRi) o GRo: "'——J‘U—LF—ME““Q
L L, hfolonl 104D mGow BF IntY OrfM CaDFAS MAEDLE}G ———m e B W%]05% YES, TEST_NET RAEQE ALY
BELL T4, 0T T RALKCW YO ARRl D WREnileD AT L kL “ngllrﬂ—
T} whmpin, T4 Fa PN DEDRS HawF BEEW INPT|4LIFED AsFotddd — eSxlF]3 wil0wD ¥ESy FEST WEY CFRRET ALERT VEE
;ﬁ—g;—" Ti?ntPTnﬁL_' TOAF LBERESY OF PETwE Aot lhe™  kabalded LARNFIAT MIF 0 ZALGPENCACE £T #9Can_JEiRIS Nafol 9o
LOAR #R|x) CODPC FiM GREW ORCIRE  AafDIelg L paoleol LOal ADDR OF 14T OFEM (RDS RAEDI DD
_—__'__hrl_rt'l‘[ y = WRLALN TE FRTHT TREEH ARG CHL T BARACH NG L) RE YT BriTH T T
LINIROS  wMOP i - FAED LD RD —_ AALDTAI0
a[i""‘_Tl“Tmﬂ"‘T'TrtHn.h:Hn iEGI 5D !-:‘H WiF  TALNEIREQIF EW aw0ao, Jiisla BLEBIsin
PETRET, C2WOR TELE IF wET 15 fD AE PRIwFED  SaEDi%10 ] vilD%2 RRAMCH TO Carl wWET RAFOFuag
'_“—'_"_“iﬂ"—'!ﬁw _ PF TP BaiNTh 7O CALET RET T T RAEGL%:G won LSMTELY Anadase
¥ AaFoINI0__ .fEIRNR W wilDeg BAancH T FELT WED OFEFERY TLEQIs
T - NAEE il - T watliFaTn
wilatd ELEE BMAnCH hwid “Eﬂlﬂﬂ L tl TF WET 15 TO BE OFFLET ELEDY s G
"———r‘g‘ﬂ—*ﬂ_']"’_"'urh_'i.: BET . TEST WL SLAFSGY CaifulaTEl wafnlecd WLIOfZ  CLQ FeARED,XueDa TESY 1L NIT (5 QFF - 5
EME W5 IO%% [ TES Se[f SET ConCuLaTION MAEQIFTD L3 whigek 1F_ Ooff, WL pFFSET FaEplaOn
"'—'.Is_ms'}——""_ﬁ,-tﬁTﬁ'a’l'_‘—_"_"";ﬂ aliba TAr TaiZul b 4FY WD RREplanT LT pamEpav, rdida TEST 1 PlawviD CROERS 14 OFF —— WAEd2SIE
BALE [0 REAuIH T RET . _ JMuEptewo Mg wliDab IF_ MWy Mg OVESET ANEDTSID
STERLTRAYTTL nuun.mlr TEST [F"HET TATTER o™ R FTOFL ELIT mahpfF ¥ EgEEa TELT IF CHRAWFI T O6F IE S
R R ) HEﬂJDn‘ ] wilogs IF Qar, wE gwffEr LITT S
T RS BIOTE THENGLD I8 FETuT TG O AEND BALARSES LI AL Lyl RRIGFSEN, xiega IETITTF PminT OEFSHT 15 O _i‘r:gzi—rg_“
IR N N N . EAEOZO0Y_ BE willpl 1F bnl, G0 In END BF ROUTINE RAEDZSnE
e — e e e —— M ATEFO M —_— vl wuL eI e IR T onks DFFSET BEEN TRALCLLATED  —Raraliys
L 1L, atPloal Loap ADDREST MF PRINT AOUTINE NAEQ2DM™ LIF_ TabwiTREQTI FO 3%Han. Shir1Ta mafEO2 480
(e S TS TOIB MATwE Lo 7ol ff T TEEFaLy T T AR TEETAS EG dvEsaa. SKIFIe Wifdr¥ud T -
BLLA 1% LL EA ML H D FRINT RIEQZIOND _ ~SMIFLT4 AE wii]nd TES, L0 [0 roD DF ROUT | KE Iu:nn.ou
e — :ﬂn,ﬁ‘lﬁ = 1A Ssnleid - — Wif
.5r.|r||;|. a1 . e LECQIQAD SRl EEp wRlD7E TEE, FRIMY pEFSE] Hﬂlhm
TRISTIF wET IS ST BTN — — T < ———— P et TITI L Y PN L 1 P P T S S RiEDIGIF
_ Aafoiomd _ Ll wSINgie. rifiEg LHW IF pPEN NRGEMS [WITIATED RAFE2ban
—-ﬂn‘,r—cn-—ﬂ-,;r,—g;ln:"‘—‘——__usﬂm WET OFF T RIEEyEeT BEIME wldT raemi TREQTITED BABFE.SATHY —— YT 1115
nE Wil0en |+ DFF, DL mpT OFFLEY baFonllipn !l #1inTe TES, CALE wRT FLEDD ba
T il b ai T aada YT 7N PLabnTE OREFIS OFF— Saeo2iTd LYETRIZ Wirolal
el ] us:nu I i, mGg OFPSET —_ _EapniLle ___"_J 21 I-t willoD TEL, Gfl 1D £wp OF wOWUT |4 RArDIand
__.___,_,_,.L m"nu:—-‘———“furrnrmslr FAELW GFF ARESITIG YL ThLeToreel o (GalTiTeR o T T eEw DEOEAL T AiECTRNE
usln * IF FF, WD OFFSET  RaEArlegy uu 15,01 BAaMCu aMG LI TN RREQ ALEDTTON
—-'rmr']mrrmr:n WETTTE T RE POGRTER RIESZIVRT ~ W RaEerme
Cal  PRTOFSET 83K |2 FEST IR OFF4pT TE 1D BE MAIKTED  AaE0Z1ed LRI®1] ltr TRLMEILAEQTS EG Enban, An| wds NAEC2T 2R
TNE WS ITeT T TF WOT RAERTA TO ENTD LETITTE WsigTa T LT Tal AbDF OF Lol &lY [ 15725 -
41F _ J#COFFSETES FO anNdo.Skielga Y 1T} M-l.'l I#.31 BAahiM AW LT 3G APREN Nak 02 Tel
ST IIET NEINITAESTICED mhJRTININEOL T T EEgXTan RIFEIIss—
CLE Wl FRSw, rdfF e EARE TESF IF DFFSET mET OOME  RLEDIJOD CLE_ MTMTSw, mafFd TEST MET SwifCm RAED2 a0
T R WM 1F YES 50 TO PRTNT 0¥ FIEY RLETZ2 | L v O TEERS OF ORTINE AT
g Marorral B g LirERIERIT Plearerras Bu € orHd mus fer

[ 4]



PR —

nafniras
- e — - —
— L TP L L LA NAERITHE T
wilotk :" lidlte:‘iﬂl-!t ta " Tag_abre OF CEFS1T ROLIINE __EMEOZNOD
L T i Tel L Eaf kD05 NF GHRE Ime ALEw UAEOZENID
piLm  ina i BRASEH_& 5D INRLY tD NP iul_____ue__r;lznu_
——r T T — e = [T 1 %1
ACFyO0L 1Cah_ aDCR OF Fnlwl EOUT iE = LEQFAND
S 1 L] L l{"— “1\ o el ER Ml PEELET INOIEWTOR RREOZAST
PiLn_ 1srll BELNCH X l.n_f.lfllm. TN ApEaCt II%_F[{I:‘},_
It nOnwlh 10 1wk OF Wit M LLLC2E
.1.-.1#“ [} IR aroztan
b e AT T AL T DD ERY 15 TH AE WELTRFLISHED “hALQINE
e " LLECNRO_ *
e T s e R TSN TR T R o ::EE:;::‘: I
LI [ 0 PATPipeD,2aF1  TES TESE_1F £RInT PLin CADELS MLARLM. DA tREQFNLD
ST NTTTTRE T wh k0 It aE% smiF nFFset WiEordad
Lle_ BJLAFRTETIAG EQ Fhddn, inlpld L EAEQTRAD
———— gt T EMIEESE AT TEATTE waiml TR 1T AR, T naf e
.1 whliodh IF WOl GO 10 £HD QF _THTE SCUT i4r u&nhnn
———"—‘—ul—-unrﬁ:um—_——"'ﬁn I oFFLET toWE— - FLEEIRTE
wil0%0 PE wEd S P DFFSEER ELS utnz“n
T L IR TOEY . Luan sBRaEld ofF aealF Yirorfo
L& AT LTIAD 4DOREYY DF OUTPUT MAEL R E030a0
e T L TR LT L RiEgloLy
1 1L T 11 AER108)__ ECAQ ADORE4S OF paluT ROUYINE _RLE03dID
- = TR —TTug tET=T LOGE FRa CEFSET  Fatobfnd
RELL  rh.]] BRAngW to MEINT_ and 1HEM LIS 3L L) |
""'"__._..,.......‘......-......-.+-.4.-¢¢¢44_'ﬁliﬁﬁﬂ§
. = CHiupFE RAFG10%0 TO AmahCW TO Bwd RAUTIWE 10 ESTaML (5w DUE CATEY DX KLEQMIAT =
1 ﬁFFsFT PLANNEG BAGER S AR ¥l COSBTIE A AR Bn wiad FaLanlE, = FLEGTOWT ,
.,....-._.t-..i4-goijolln!i;ftlt""‘i RAEQAONY |
,u'ﬁu— 3 oEN DT USFRSY ROLtFwg ™ TuEn Al sy
NLEDHD
-"'_I'N—ITII [TE anb FEINT FLannll GROEAY

i—m.au—'
NLEDIOAG

uuur—"rﬁ'_"nu-. eI FET T TOST T ARIERORE . EAELiAed

wh|Bah [F ovl%. SERF 1T ELLIER

——e— A TR LTy AGRETS I IRITH

——

et ——F

o rm———

Cw NF LELL-ARYL L
wy| N5 2 3900 ey Fulfin B, = el

- - ) pREDYIIO
o aafag DL, [1.GRMYRLA U BAEE. T
i e wREQINAD_

* 3 OEQ nGEe. SRARRN  ——
SR LA s Yt e TR RURT Kazdn T ON RikDAI
il pab ImJER 1 mePl ZND T NAECTYY R
we __winibod ca" Gl{:;][l:[ nru FALRMETER LeEQAATD
— puiT FaaMENIT (¥ neT P GE 1 ugat '-t_qt‘ﬂ.'\ ) “rnunw_ —
. ME -1!!‘9}_-___—-——F““ LF s l\‘t*ku“ pit H l,uqx'hh‘.'

R -“:'v'n:iwi PFoNaT meadgu BALe RDELoulal wkh, 447 *uhl

_'_'--"'_:II'_':::-#.H-ZH- smm=mm = fyag D6 R ARELOTAFT RLT 3% VW T.‘-,;ﬁ‘:o
- — . e i LS £ LR

=% TuwhiTf 11Em maptEn [N TA L L

— i NG R AL ST ke

IR T prLwM I - [ Waby b by

—_— FLELREN, TAFFQ L L S M LA v

E::: :itl.nn:‘ BERNER | (L UL wEME miEOAD ::ll(;\‘t::;
___.‘..__..v__!—-l-_—'_' o

e —

1 LETE by 1

\ L] V) wanl |G AT MES b d e
* 1013 RLERNA D

uyl fARCODE, whEARY Lol whig TF_ERRON s

— T T T whl iR Lo 0 1ePE :::g:;fg

PP | L S —— TTRLEhINeE
-islrze :"m wilood BRAN{M TG RFAD sOTHER FEC L) :::Ig'mlg

T ENIFIe el
uilliinq :r{ Tenp OOE, nif A0 7 LTl uf-:ru:m tODE _____:::g:;_g:

—_— Ty T RN pEE LN TDTT o

EQ a0l
LpF  taLseErpgld_NE #13°0.501°00 .

——’g.. T nsm LD EREQN, TTPETRLC Ty G T RCAD anfiALE Wi CoaD :“E:"g
Gurmeps Wyt RREEDDE,wGlARY LMD 5sR kARDE LOGE iﬁm:iﬁ
:$:1:15 -l.:llllf I I L L N R T L A IR . walnipil

=R e RSy RE ykralnED i DE CTWBCE EREPE mSTRGE T RREGLpal. ELFaiail
!lnttt-r-..-lii‘itl:|ttiti:ii.11iiln'l"lﬁ_ﬁl LB LRS!
ELRL NP PR TEVME TR RPN miawk NIEm yies{R Th FR1NY wal drhaft

L jt.atrribnT LOAl aber M [ﬂ.ﬂ 11N KTy lu.tnqlnm___
= ek s, LL TR RI L TR RALE T L "m”fé
[ CERT ) BRANEH TG READ AWOTHER RECORD ReFLYE

T - e 1T 130T
o EWp=CF-I08 ROUTLME ,:;E%;ﬁ:
i - T
» L, CL J1Em maiTem FILE WeEGYT LA

N —Crgsllrn =t EANTET
wWSEDJ Wy wyrl HECLOSE _ AREOATND

— [ Y T T LT X TR —— EY Y0 L L
BuLE  Lwm.li e e n_lt_u!rw___
"_" B TR
- RAECYTTO
[F &g TyEThE, masiEk FILE, Wir ROt AT+ —mﬁjr:g—”
CREQLF

‘—"'-“"'—“ur—t:uﬂ_ﬁfrw{"ua_sﬂrir— — T RtEpINeET

*_p, £4Q3E SupDED. wasTER Fivp — H‘E‘HH:

RAEDY |
171
Li_ 1. PLBZD01 LOig &BDwIdy OF matrur NAaEQY
hilk 1w, 11 m-,:;—.‘a—mn—-—’---—'-‘—“‘ Iﬁm}rﬁ“
i"s__l__ﬂ"_ln‘! 5 II.ﬁEf_HIEI. Loal LLOREEY OF mElnT EQ7 I [ EY2 Y |
- Tk IR IINT {AHE FORE LTEOSRE ¢
FILL  de)) BRLWCH T4 Ri KT NAEDN |40
T T T UL TR ACEONIT
¥
< S NS —
wil0ag -
‘_""'r-."‘:‘l'"ﬂﬂ'“ —’-{:E%ﬁﬁ’_
L] i
—m— T RGO TEAOITTRE AT NG e
L ]
kLESLD 24l
[] -uh‘FfT_"‘__SFT'ﬂWTT'FIWf”mﬂm—'_"_Im‘;
49| RLTENOLw, E2FFa TEST BF MWuad, PRowT Inp tw. OM RAFLITED
T T EAr | FHIT RTINS el FOR LYy CIN  RIFRIZTS
] Ml'_ihilﬁﬂﬂi FLSE VUM OFr mgp TPEIW AND nagOStan
' . Rel CRTERDRw EIAOE T . MULT TENAY RMmT o NEETLIWDT |
—— —e— . - — ——s— . £
!
40

Marerial Requirements i

FPlrsuindme bat Faiea-—



myg__ Amel,efLO5E == LMLRIOOI_DC _ fELRIDOIE_ | RRJMT_ADMTINE LUEDTRG
_—1 whEGIeYe ) LELGROSSFIe EQ A%Dv, hhaT2 RAEQA I
[ TTL LY WLEDIRED e SERGDA)_ B, sxeJioCie _ PAQIEAT GROsh ALGUIREMPMTS AOUTINE ALtpaiha_ |
TR STEIESL] CRILLZ kIF TELLFEWCADG EQ aWDdB,MILTR WiEOadwa
M EL o M— 4101061 OC __ t300ko0uw _ INITIALI{E OFEW DECEL FuCTEYS _EDGTIWE LLL-LELT)
T £ arFOILAD ;T:‘;; :,é' ‘:::“;’?'“ £F dugui in.minle RiEDaIE
» 7. CLOSE EWCIPiiON FIL PP S Lol L|PIDGY 0 RYIPLOSIB  [MITFALIJSF PLANMED_CADER BUCTETS ROWT(AE  WEEQHJIY
— . LLO% £ :‘:gi:?: JwTHTe  wtr T TedOFFSETNE TR auuan.n'iﬁi - et __Dy__{_ﬁmd}r_
L L1 sBFEQENE R g ——ACEIDOL_DC _ «tQ4100te___€ALCUAIE CFFS{F ROLTINE BiEQ41IE
BELN Léeil n:mww SRARTY R BF LALMETEEQND £0 angdo. mlaTh - T b
. . ——— e TR L aSDMIDOL DL ATLNIDOLE__ fAIT0LATE WET ROUSINE a1£04340
T r &, CLOSE FAINIER F3EQIEY [LELLE B L] WREQANFE
L e ———————_ P T bbbl sk T TN R R e e N N N N . O N L N I L O I L L N N N N S L N N L L. (3.1%
— == i kRt W1Ee17ID « NOUTLNE 70 FSTeAL TSR Gue DaIea OF DEFLED PLANNED DadEnE, RREQR*16 |
. Eirgaeeo » Rapnased JuAy RAf0-TR0. : LITL LA L]
P ATPE DT EmO-GF =0 mES1ALE lug:ﬁiﬁ T EEE T EEE N O O T s
» _ e e e et ——— A —- DOAGUY  LLl__ =un TPim,.14FF) % ORELET QO ALEDANRD
i TeimEATIe0d L{EVETTTPC ML aREA ::Eg:gﬂ L e oot — — —;E-s':" et
myC  Amamlae jELAfMABEL- N, IRARLFL . P woln AT B MuSEYEY BAME WEGLYIFRS BEEQa NS
A —Temishte atni b, CrE0T — ROVE E0) *TET1A LAEL RAfTe01d Y TP - = Tifgeand T
L1 aT¥REOUT \D aQma pF TR _EDUIINE _ AAEdeDI0 it P PuSAE? NLEON gD
TR T KREHCH AND LINE 1D TrPEQu WapoulLl 1t R BWSEVER BiEGANLE |
b bt e e —— e -—-::E[g:%::— I 1 T huTavie _ o - ELEDA%ZY
- 1 NEE 040 TD L+ S NUTTRPEN Tarsy TTee SERIOOT FiEDad i |
. i reE e T YRR T = e T T Rikoatng e AR ROLDUILKLIME _ LEAD TERE (M wEERL TD w0 #4I0433Y
AL ety agsnE P arE D W TN ey N LEDADN Cym BuwOLDLT EONvERT 1O ATHANY - TiEaased |
. R DesE— La,  ragstrerT OFFLET PLANMED DMOERS L EAEOAIIN
ot e wre e ararerer e SN SCECEEEE R A R B REDnfd L B, FLGADETT FLARWED CRDERS OWl Calf - GuTPUl wLi(aven |
e LEWGIH LTIMERUTE LmawGED FPROW 137, MsEQapOOY . Eg"h- . Lk _ WAy ORDATY - LTunl  AafE83TD
ettt intaahra e S I RIS b.;..t P I I | :::n:!_:,: TENDE TUr T nALEMpGt Y REIR NG SE N TIGAL MERN TR FIRD o RAEGA R T
anFnt 0 DY [{R¥] ., rnaNTga DUTRUT M . - - — LoLLE AL EFLORDGT Y NAR IW[AFMENT wORe BAER BNEQNS g
...ﬁ-;.n:.e TpetT eanbd "o 5-'.15 t"ﬂig‘“J:“Eﬁ:t;ﬁ::ﬂ;ﬁ'::” ::Eg:':}: TAREE W IT - A DELNESEwT TOTUL  Yrwe FIATHEE  EFORDT
Wik Ak £ cavna EuMOR FOUNG wH - Y " —_—— . £l afslgw,kdFEd DOES WEF DR OFFSET Ea LaEOn 404 B
i SE—rini TriDVFEOHE WATLE FEASTHE [TEW RESTER FiEcaT g e T o PeLEri8l l.r.!liT&u':'
wiEpER] _ OO Latea  SUBTMOINSTE FAETER LEROA, AEAD weTl RFCOLR ::EEHI"_ o __ Lm SuHURTRARL APLET TOTEL TIWE RERIDOY Auftanan
mmm e e TR e v Ty T T e ke i La' T aLFEaddr REMTTFOTwTen BF woax wrkd TLEDARID |
v MDD RGBS AND CONSTANTR, WEFER 0 #4COIP0 feod Ll!‘_-.!LDSf}_*_"‘_“'L':.::‘g_“.:i__' L ) CTLaJSETaTY. [0, 41700000 OFFSET PO THIYL Time PLRIOG  MikO4kdn
—— w3 kAL RFFER FOORAFDOISE TANU BTIE RLEGRLLE Ebal BET munr " - W Rl danid T
D e T T LI S L R L L LN S LN ML . ‘_.-:i%”;"__ Le MLIHE 4330000 LE&D TIWE MERD RLE kb
T o LY taelis e T C i wardasit T
wpLDF k) BL PLYADE _ . TO wWDUD FEMST AVFRMCE . :;‘Eg":‘;_ e LA BLEMLO%DOTTIAE INCMENENT QUTHUT wikR KAEL AilBanTn
TTeasdarTeeT T :g :E:_E ::: : IHD:!I-:H LBt EE-I siLCLeEn BECAEHENT LERD TIA IS
FISAVEE DY F . . —_— _ legty  ak_ fgaryORBGTT,Bo, GELSDRETOTY. o OEIOTY 10 DUE DATE ARESVEOG
—;;fmr—-m- TSFFE TOTTEST FOR EaLlTi0% WOTITE RAEATLLH R RO TR N WL RE AT BEFSET FLanhFy GRION WAL BETES T
waLOLe 0% F TN WOLE BEG 14 s S Lk %, L3k gApgvaee INCUEMERT P aRWED OAOESS LOUNT  ELfgefln
] RAFDa TSl [ — ; REALT POIMIER BUTPGT wlili &AFR RLRLATIE T
& fasL€ OF 4DOAESS EOMSTE1S - FOR LIwedCE TO 170 a0 *ROCESSINE  SRfS.1B8 £¥e B HOLOLT WELLT LEMD T8 ZLEDLTID
e ML B TELSTS S — BTN T P Y 0TS Ruf b IT0 {4 e Wy T BECRERE T TGT AL TTHE pERTAES — EaidaTag ]
" e = ——— e wwe .. MuEOnlws 0w _mamoul wONp, AREE FrWdULTED ELEQATSA
et el (11138 Toama CALEEE 12 - RAEGATRT™ aiiid Li 'I‘:L'i{ntTQTT'ITH_"___I'NH!TE'HT"MWTH.El.i_____iTIﬁiﬂv'ﬁJ'
AlF TICSRETISTR ME ajaw.miitl "“";;W LA A,LaPLDepOTTING natoalTg
— TR T AtRARERDNE T ELAD S7R - EIFS3ITD i ¥ LariDANETTIeG TRl TIA
AAEUPGw DL ATEPRUEDMAD  WLITE /M S ,::E”*;W - WL 4.q0MeD DECMEMEXT TOTRL TIME PERIODS  WkEdHT40
_;ullji'__'l'lu__._,_-_-_ - Gad30 i N N O E R E R I E N R WAk BaRdn ™
LiClo8L DL sIIGI00 " FwiTLALITE gankk mOCTIME KAEQ42al ® 10 LCHPUTE BUNWIWG OW HASD BALAHEE, RAEDSEIO Thery R4E05270. T
EATTOOT BE™ ATPT O e FAIRT TR GCETIVE MCLTINE TUTE FMNNIH W_| ]

EREDMVISE [ R I N T N N R N N R N )

RIERAZE—




- —— e — - d——

e
BALEDUT Lk 3 Wp=InPER — TOTsL FI+E PERMIODI PARDLO3D |y apyce w,m 0,0 |06 BLbGLS SYLAF R _SOUBCT=STRILHEHT | [RR4AY —
Lk W L LT b TAuNRI MG CH O HAMO BALANCET T FalpaEeO | T — S e R S o 2
Lk T CEOSSOTY Bafoagn | u ERLLE
Ls e, L DEDOTY MY pe il R ERSE
L S,EFypACOQ e Raflpatin MACAD L _ma0pgdan_
Ce wom1Q. P rRBDO00E F u On wirn & CAESIT Wl Bid 30 e e R BB DR NWFR, L EHDE M, LT TR CVFTREGT . AFCanGRY Lo FRETE, T SasCphon
—— oML gFRDRAL e afgansl | Cramrrl A EGRL TN, LANEDIT EERNI2Y _ L . . . o EADDOOAO
et MTeFuaLd uq WRiEEl AL ARE AL i IADDDMS
GE ___Drroapr - TES —. BakQaal wpu rRINY_HAYT]ME o ARGk MFeDSI _WICLR Me0gnash_
CL1T RTrrpLddd haw mElpmIaL RIS APice cons ] THaggodsn
. ML ADONm e . MO . Tl » _maOgobro
DECEmOP TierT ROLBYSY, EIR1E - el T RagBered T T e T Tty a s el THE 1Y CELEEE VT ST EiankN T GRTE Dl OF T TTHa000080
=YD emLD Y, LMY 2 _ QNOe DNE_ DECIAL PLACE RLLO&a4t . GWE_DF 31b_DETEIL [IWPS. TEN ENTRIES AGE BRLNIED PEA LIME. _  %4000099
rap AL pTTam0L BlAY ' oW Wame NeERIORY T T T mkgn s T e T T T U [wETTesE oF LinE TOORI FalmIER (¥ PLESED 1% MECISTEN DHE BY AaC0olan
o ®___WAAPD__ ] XILLLa ) . [aLL %G #an3Ee RaDOOILE
[T Y T L L TGN FiaD 1wE sl BRY hufgunst ] . ’ RaDnq | 20
SORDD ¥ Ka [T, HOPSE LRkETY SY0CK Puf Ohbl . WECESTER URAGE_ e ___Fli._nuqul!‘__
T TpargrT, maler TTTTallécwifo SToceT - Aagasere’ i et - s 7T mAGng a0
LLDOFRW %P RALOTY. DY SEADLSATY.ID GAOSS MECYIRERENTS ALEOATAD . " DETRlL A0IYE UMD OSTE LAE SeugfCtioe €OOE_ _ _  _  vetodind
T AR T T bR T B e G Ty e T T TR AR CARERTT T NREBRARE] i U T T T i E FON A bWLTWE ' ) ' Rafod] el
AP RELCTY DAL ERFLOAND ., eE OFEM pupi by mafOsO00_| ¥ ¥ PASE FA_[DWurk sAELS Ranogrll
AR GELwpblliwOan.po B aLBEY (v WONE aREXR Audgspas | m—m . BASE FON COEMN dE &% LLOGd | N0
Ly mglpealuBdeaes  IMCEEREMT WORY LREAY Rafosole . L] whin_ aml4 ROwilE FOIM[EA . —_ - Lo taponles
L T IS TR 2 30 T et e O o e e TV R 1 T D Ea00 00
. Lt ALaniianniTise — —_ magnipae ), T UNTE TARLE_MDV |G FOINTER _ . e emeiin wannoyLt
[N Ll abLcapgTya - WaFosasl “a ST g T TREIME aMELTHDWNE PATRIER - nangolin
BT 5.LO07EN DECREMEN] TIWE PER]WL ALFOSOLS | . - paTui COLYTY COUMTER LLT L
L T, alaviEd — A STERy EELTLENS L2 LI . 10 TLLT GAIL ENTEY POTHTR aigndked
emme— L WeRwIAWES - RafpsoTE H ot HabE RECISTER I asgporad
L FrawdvET =" HAFOLGET TETTT T T T UFand thee WOGTURETWETOAN SGGHLLE aaoondad
W et M ERIAVER ALED30%D . 13 __SAYE aREL FOR IMAIZIATE CXLEuLafiont m-. L f L —
L YA LAVER uEHl_ﬂl' -3 —— a1 ) 50
L b tral ] L AR IANE 1]} aPORESS DF PRLINT kDUTiME (111 WGE Kanoozel
N E" . [T TRHINE OFR M R ut-a-n‘l" P tOe YATEARLE U3 *’-W“W:
— ] ] LA 3 RAEDN| B JLb . W03y
T £4T e ADGTTWE P - \Ete tent,LR2 — “RAEENIDT
PERDRLL  FaF.. BELQTT, FlERDY FERG STARTING BALAMEE DM WaWlr  ALrgsLts LELA  CRLl,cdLT rapap ydd
. 0‘4 -‘m bno ok oW FAEDSTH™T wilKE Cetoal. 1 llu“ui;:
» L I | I T R T R T T T A A 1 EAEQR2ON v .“."- Liws sODeP 1Y L& 00 3
R TR TR T T e Lt D L e LI :;.E—;;"E: SATE L ILTHE b sE TET WSGOB A
_ . L S B B L N L L R T B L L h_': LI T T S ] EAEQS2I0 Lt CRITEeMCEL JTREMFHO, TAEARN' IS THLE R MEW |'IE_H._‘I|JHEF! !.l._m;lnlrl:l
BtV B F ELELEIND™T Y e T T T 1T Ttul Tl TE Fedog140
SwlavEh_ DS ¥ _ RAEGYS 40| t I EAZALADE W3 MESTOEE CALESD L HODR LFL 0 L
‘_'.:1‘{::1 15‘ i EL[ TS0 T " TrI0GE LR T ) "-luo%*nii
- i F 0TI 1 WHLILATALMAME  TALmEN  SAYE WEW VTEN WUMBER SAnSOlT
“HILEY BT — @i | —lel e L i rhia Higdhe0
okl T D% on DOMMLE woaD T0 WOLD BIKARY RLEQH29D o i LA LR CLELS O)5rL 4EE=ENT __RaDoOAM_
BT mlazEa CONVEILION OF LEDH TIRE-  — HIfdss0@ | A “_,,,ﬁli,r(_ﬁiil' T wowe GEEE GISPLATERERTT = RIDDGAAD
RALOTY B L1304 IO HOLD RUNNI WG e HisWb Bdy, Eatpy a0y WyE__ CPRNIN.CROESS CLEAN CLSPLUCEMEN] POLWTER WaDOOR3ME
TRIbBMNT M L1503 ALY TREINTONY RFOECTRAC PLACE  Mipavilis ————— TRy T ELIWR wAaT O INE PUTRIER LEY-:h DL
MEu LaQ3¥in it P CLFAE REG & maCgs 0
TEALLT O 3F1R iwue hi'l. Ry e T A AT, A — 1T T T
—_— 1%, AETA [HL1%%= GI$PLACEMENT To LAST TIME FLAIGO AACidgs 10
Tl u:.nrﬁﬁru"'fn FATR R R T RASOS 0
L T.CuLatl stf DATE POITER FOR (alEmDAR ___uaouut____
14 1o Cafd ETERDY CataTm Lagl TALEND LR TALE NETEDS 20
& Material Reguirements

Plarnineg by Computer

83



J— —— — e — i —————

- R - S L) N — —— — 10030 - JAP__ LRRCTODELLIWESET L IMESET, ALACT T PATE TGV WeDDOAeD
LLPi Lk TalaTingk STAANE BETRI(N RO 4eDE TS T Ednont D g CRPGIGT, L [umabE Ll THEM SET FE1T 0N FubE *AO0I00G
LE __MELCALSHAPALELY 0 OMFLIN_LAST Sifle [alE E17Qgn33D ] Lrygus Ny JYERFLAOw —Lanoigie
LR hh DX ) Tapahied » [AXL.F 1 LeOOLG 20
- __  dira LT acot OF Dafrmie — kB TO 2. T T L NS T T I S Judk wgg o e WALBEOMD
L - STARTR TS LT R T LA -1 S T i T 1Y Sl T T “Ranges4d ©oTaf LefERINTLNT e nn CoumT LT T I
e ST __ 10 CPWAD AR LAVE L45T_MrfdoLODR RaOnYIG R 1 11 LROFLGEN Loen ROLA OF CyENALOM LT N LT
CPIBAF LT RONPRETIQAT TR E T R RVER PO NTERTT T T T T T rabnme0Es TTmdlE Lk L T amyneA TH OvLRFLOw Y11
ANi_ MEPNTIOS, £d40F SuggielD FiDGORD___
O EEEEEEEEEEEEE I EE R DO $ 4 * 4 4 % 4 :inng.[r _l‘ Li.lO RESIORE NS mEL Ll 3T FT )
* LEMGTH ATIN|BLTE CHunCED _FAQe 111. mantaen, aufankLE b o NaGEIATENE 00 (MIT LDUMT - LTI ] -1 .
L A A e M T 47w BRCageIN LLPT -T2 T
CMel _ ArRnrigRspttliee, ummm [ XYY 1.' WV S ELEES Coyimm rDuMriE s sl _
TE TR e T T T NTETE 4T RADboAdTY, T w PLalf TonE Iw D00 LodwTEa™ (TN .
% TEST FOR _WNQUTINME 90 pRLHT WUNYMING PN nLHD L ANEF, Frpnedl RAD B3%,  AuOoneI] 'i_ _ UF _TadLhtEnnPMg ED JAWCAau,LPL Ranpl ) yy
ATH R R F R F T N R % o2k 4 e E RN e s TR F A E1npdeIF = LPiODT~  AFIDRE CPORTE,0ETo LECONVERT DRTE ELOQ11 4D
4 tErOSPN e wFc | EGeaL IO RIGHT einhperz lf MY JUIH,Ea.CRPEAMD MOVE QATE REAM 7D FEIMT RITORIO_
oOTTTTRE T O LrrGDidT T T = GO A3 TR AEARTE T Raruls b R T IS e CFaatE Loy oave — RagBiieg
—_ C 1.CFOLR | . BEG DME TQUML LML _ R AOGALLE . L15 JNT 5 — i w3011 g
[ Lridoli - T ATt Y1) i LT T T S o L - Rioalle
AIF TxOrEsdrod £3 swdas.Lrlo o KT e CPIOQY__ whPwm  4th, #o, 017,10 EOTT SHO® DLTE L J PR
[ T LFDERT EEG UME FOuly Tel wiopbeTd ol uun.uﬂu sterr TDnE (FELNELS]
_ nE Lernale 6O 19 070 _ATUTINE B upogh A0 _eLPO__ MR - . _———— —— RAOSL2IG
N i T+ AN A LT3 3 W ET-FE I T T I - “anlodedn 4 TCRCRLEND 15 Gaie” PHIwIEa AT il o Taalk IR
£ _1EFRERPY REC OME QUL TwRRE_ espapTOE  _ _  pE LF1001 —_— - b IFa])
TTTTTTRE T O TemrdaveT TTRED TOMET ARGTiNE “exgooild I A, EFLINE E% PEJmf RAER AT ERD PSPy
Ll AIF_ TALPLANDASA_ED dGHE DD, LR3G ELOBGTID aE_ CPLOQS N4005 230
L IR LI RE wE [fual TOuh winS6FI0 Ld .45 76 THCR GRTE TARLE FOINFEN N0 L3 ubr
__RE LrroOID i G TO RFT ROUT W RLI0A F e (L TA AL THid FE(AT mgw ™ _MOTNTEN 1A I T
e T I N R F I U N LN AT T T ipgh e - Ly witen THER B YRR EAWNEER LR
. L 1,000%0% AFG DHE LQuaL FIvE niggaied n_ CripoT REOGI?AD
§ (1] [ T T ) ¥ 1. I S Y, T 1 T RAndAT RO T T CAInON T TR¥I T ML TENDIWLaFYd TN D aGLi[RE EWD SWETER HDEIII-UD
JLPeD L 1LLrOSPE REC NNE fDuUML ST RLODOTRE . B Cri0LD — ArfI3Lp
e Teidolé co 10 oafE HouTinE AabpdTea CPIOD® Lk 1,3t TMEE DafE TadlE FOINTER unﬂ P
Lir TacmFung1ud wE BYFSdw,LFson A ampohon _ T FaL L AL AON SAvE Chi POLHTER RAQOT 340
£ L.EROERT CT{AR: T3 3= TR ¥ 1 — F1.TTT )] ™ L T T3 P NT I -a L 4 ¥ T L €adarbvd
[ 14 tr2onll GN IR asB ROMTINE TE L E L I e ) ) BADAL Y
ORI TRT wNOE RanedE T CFlOLD T MOt RPRRINT I T LY IR
B WALWE IN WEGISTER DHE 1% INCHRRECT RADOO Rk » ANfbL 170
mRL YANIOOE. CFERLT ChT QLI ALY - et Y 7 K11+ My LTWECH Y LFuDML i0D BHE 10 LTme CoouT Rh0 T80
Byl EN)TEMmQ, cde0d L ELEAN TTE® MyuREL EMES RABOOERD - a0 .LPY oL DL
T AR P H A AT e F AT TR R T T T T e F e T e b LAAALAET . Pw Ll [ TIIELE]
# LRAGTA RTTRESUTE CHANGED FAOW 1un-~| FOU UNPACEFD REY. AaDODHTR. L I LAY I Y. 18, 1L AAVE BAYE MEL LaBoinih
LR I i b It e e e e e e e e e 0 T T L T L T aEx72¥ LOAD AbTe O USER EXTT (T e ¥l
nul EA L TE=MOr | ELIER] TES W+ Lo e8] TERAD ERT LY BALE  da,]1 WRARE W THD wifk ENL1 XL TEST
LN LL:TRA CEVE RETE RECTSYIA RioasiFd — ¢ Rafiflinap
L Tty abveeouT LOAD ADDE DF EALDE ROUTIME [T LE L - LA AL EEITORE anif nIC LI
LT 14T MW LD TTHE YO RS EOUTINE NAhoa¥sD— ~ LMY L T Erla VLT RECIDAE M TORN dood B b leed
LR .10 EELFOAE BaSE mEs AADYOTLD 1 10 C*TAYE D EESTOME CabLErs pusE alG AagEletl
=F LARQOTID 1 | FY NETORER TO TALLER CINATRES
¥yl EFFATIOL, C3hDd CLEAL FRINT aNEX EADOGY 30 - EAT0 |4 0D
LU WITAPTETTIE - [w AF T LY 1LY L300 1T
"  trigjo GO D AWt AwDygesa L InlTIALIZTAE ROUTIMES Ea301L0
=% A TEBARRED ™ " # % d 8 F F A8 % T VA 1 % 4 e A E kv b e by s d EAOSSIE
= MIF RALEXITZda EQ aYgSam.Lef AnDHeI0 * RADO SN =1R AR s Hn-tiﬂ-lau-nn-nu I708=LTR&=] B35-10%8 SET  RaOOIS1Y
STERLET WM CPFRTOTILIREENT  — —Ioe L EME TINT IO ALJB0UET— — & DN TRE LFFREOFLILIT SwlTZR TF OFEW SROELS™ON JFFECT PLAWREY CAGERS IAF RAODS1FIE




* BEIWG FRURTER oM SET Im(™ GFF JF wOT.

Trls 1% 10 EwARLE TWME FyetCInd daplhld

IWTE L FE | LOT T NI T L rergiwd
* OF PR dF CuduTiII0S - 70708 SPEw COCERL, ¢ Spd CIFSET MLANSED DRCERS, BafiplSis™ LR inpe T AT TR TR T bafifiukd
L . UL OO, DL S DO B O L T S L L . B L TR UL T SO TN N IO TR S I 1 1= 1101 CrigTIe_ Fau__ s+ _ . . honppady___
LPyooLe Li S A0LEaTY STLEET “wQid oiT wid LT LT i I e T TR L o i T Toay fiw DILPLACTRE™T Y [ AL LL)
- _ LMD weRRIMGATRaLCRRIDSY =l aaF(iid TD MWD HeTE13 30 Wyl LPDISE, LRENTR WESET DJSPLOCEwENT —_ L LY-TE Ly DO
m¥] T swD¥ SE D aappd WOT FRfRtTRE LI PVET e RaGESY WEF Y2LFITZ?08 FQ SYESAD.CPM T T ST T wenppaesT
e L SWPPEN A IRRE wOT PREWTING DFEY ZRQERS [FREITERTY ] Lep00s (R4 L
] [T TLF) : ToTTTTE smmT meE e e T Y "GO LERY TR —mm=m o — F1ot 2008
IF_ TLAR{sORDS FQ awddagbe B MANGLY Y LN ’ Lr)noe . nagnaOMe
EPHODIR La ERCTIN T YWLFET WRLEJSED LEDIRS wmia nanalIAn T L Cky N - [t Fur
_____ Wyl wPPAFIOa2p0,CFOPEN MIWE GQFEME TG painl ITT AT ) - _ BaDg 200
LA AV TR TS T Y] "'HMOT PLPMELAG CFFSET e T . T3 trzony %4 0 Tjo,100 T T tomomomE e vansidad
Pl BaDRENLpafRd  FRINTIAG OFEN_DRQERS LaDOl5te THLET RS L. - _FRparDMD
li:.n u:nn: : A b -t T - kappltagT u T TeST wfin 2874 2000 T Hﬂﬂ?gﬁ
. Lo _ RAOHISYD 1 s LROIYR N2 EESPLACERENT 10 wsd POJHTES _ *ed0d
TERE i = dadoresd - T T Ak e L_I'IE COLLen LOUATER ke Logzees
. % DREW _OAQERS NOT |WCLUDED B T L] LA "l PLACE & Kref % KDL CDUSTEY LD o L L
L LT T R T T F T 1 o it - T hwadtazes Cezogs  JaR” 'unu.:u SIROVIOT . 5n GIT WO rELm BTIE FEELD WecmzIee™
Lyl L EL S R TR LT o . o SELECT 44T OFY wyd AND0 La b TR R T N R O N .t L
el RPPRT R pa L ERET T T WAVE SWETET NG REINT T T T T T T ek ek T A TENCYR ATIRTADIE DR wimp2 T anB 211 ChaRgrn viDn' T2TYD SCEOWBCATL T 14062107
ML Swl}eSET,E4003 ugl FA14TIME _LFFSET Hafid1aed & BRIWEING & FLLG FDR OPLY cut"glri Wy OFESET e LkMED QEpERL, LRy -Fa L
L] Twilbbe cang THTIRE (PEM OADELE Lifaleyi R EE R ER] B O T
[P S - . i Aannieg el 3L, an.;_-nnn OTT PatTERM_TD palbT QDTG
Taph C.re i “awhpiesd TTTFD T pE10.80.0 FFACK - FOIT 4T¥ Ih RRI N WREA [ TECTIT
_-ER)_  ANpe —_ o HadOlEFh L N I R N AT DL N SN S L N L L I D%, T 0, S G, LT s F L S
= HEIT DT I NEUDET - = TR LeRS T wUTEST 4wl lENFS A0 B3 51 TG THn CaAnEn i 08 TDETLLT FLanie b ORGIAY . WO LeD0ZITT
=Cr Atd  xarRLlawCHSa 26 t‘-:IN'!'-IhLH.. TR = 1p eefml FLag kDUTtwE JF DM, RaBnzi2S Teay 217 R dacerley
] LA =, M dapgrr T TTINLYEY BTl ThbraS wraTT . walnlton T R S R R D L T
— e YD REPATIOATRG CPRLOM MOVE JELDRA TD BL(NI NANHLTID EL)  swDFSEN, NakEd _PRINTINL OFFLEF FLIYYED GRCERY taDc2lls
T YT T T el BET v agAY T PRIntINA LPPAET napalts— TRt " Ty ISICTY o wEL = MEAT FCA LEah M TENe LT FAE]]
LA U1 L L TR T 1-1-1 I ~OT PRINFING CPEM CoCENd "ADBLT Ié LELL  hwDdEY 2JER] FRIMITSG CPE™ OANERY o haDR213T
] [read} - - - it hanaTTR T - e TR TR L T IR Yey = TEAT POR rewp LMW ORGERTGTY  Panod1ZE
wn o .fem Fannl G B e e a4 4 a4 b s a a kb b ok s 4 & b eoa ko4 b a sty EIDZLD
-TFL 2 LY T T T . v 0 u'r TTF RLWWIRG O Piwh BELaTE T3 & CREDL imo |F 38 TD FaIAT VOGETH
_* FLAWNED QRQERS MO INCLUOED [TETRET ] “ u CAEQIE Yrumpy . RA3CI|3e Teky RADLZ) AN, hadod s ¥
LTPR T TTATF IItElr!-ETl.I"H_I’iﬁIiTT Lapg[Ted e  EEE T N D O O e liﬁ}_!i?
CrrapLE LA 0D IELELT GEFSTT GOy wrfd nagol o ELL EMRRI (DT, FLIRALANCED FRINTIWG BUNNIWE DFH palunCE RiDCZN 3™
= _—i"ﬂ‘tbin-‘ﬂnﬁr—__tnvrﬂnu ™ FalNT RacaTep— T EMET RRTEND T WD —TT (EYra g 13
A SwlFSET  ZarFid PRINI| WG OF6SET AnoiTaY e CRPFICK. 40 JGABO000E 3 14 Gty & LREQ|? IlW““: -
Al IO E AT FATRITRL M G T T Rabg i P FAAT L i TEAGETIT
B fri00G} iDLl TS N I T __CRERIT limngn -ru_.ﬂ_kr____u_____nanzti‘)_
ATOT LN TTEABBTEAD T T tuslEwn 4R yolp CTTTTT T T — ; Fagizl
T _wNDe - LIS ILTT ] 1 [eloLg  vES, GO _TO RRIN] bagpllsd
T I:I-FII'ET_NM TRITTLEL ™ — LT ¥ il T Ty L IR L] S |'5 FELRITUNEL W Enl [FE~3 bt
LLEN ar_ 1 uumuna mE AYELja,EARN 2 InGIRNG M 4 10 FE Y
TFRATE 1o s aeMidTT - aOTuLTel TANERS o T TOGAN FANE - TaldTasd L ﬁ-,.um‘r—t__nu wit muvisi FarhILE L
"f!""-.._.""“‘-“'“’-‘:ﬂ-’ﬁ* "Ovt aspJt DADd 10 PRINT AKOQIASE Ly W, 1788 INCR PRINE POINTER MADa2lED
Kl LA 10T WET FEINTTHE TFELEY spmlasE—~ T Y] H LT R TOUDWA TOUNTER LR
- L B T L LY 1 NOT PRIMIING GREN DACERE [ FTAETY » cripns . 100l it
B Torasd — YT L (02T T W 1 T 131 1 R E T IR oFa FOTRTEN TH RENT FOE1TIDR —  ainbEs(d
] JCER AanbiaTD tel R TTEY L] AL00ZE 0
LIFL IR —FinTThEs Bt T CFLOE W HFFIE
& ALGANT ALTEAATIDN MOF INCLWGED LTt TR.L 0 ay| LS FTu, Kl ana2leg
i IF T XYIIENIT NG FO aFLraas {7y TORANATRRE T T T T T T T e CadRLgTE” TRl ITaaT £404 winh¥rg
CRIONNF  CRTLY QprPRINY 5P, AMACE Dyl REFCEE AMINT 3BT Lupold 1o 1 b ORThis DI SPLACEREMT magtd2ed
LP TINECWT:TMEDNE  EDD ' OME™TR 1ThE TTRAL r— TunaTo il - AT ERRRTR T favE BIARLACZHEMT hLo22va
58 Mareriol Requirementi Flanning by Compriter 69



L] friglo

- - FayELFTY i WL tp ALCrMOhAlE TLAG. ARD0T4a P
L S T T T T e T H T F X : ::Ii;-*.::u'::i{!;:lcﬁ:'!!“n 1r0w |} IpadeilE o ? L AATEENAN
- Fl._lll'r l?lll:_"_]l'l’{ FLIG 'Il__Ff_Il_-'l_:If__‘i__ !Dl'lts. * _l_ﬂ:_gf_’_'.iT FLLl'"'I:I n!n:lu RO TR P I N I T I A T O DL B L I 1-1 * v n % & 3 F H__I-_ﬂgl"gi,___
Blkhe BLAL TF FIIFER @UANTIFT 0% JERD. QacOF @) THAL $790. Fipb2dam TERelEND B ¥oeDIOREFIOROLRFBZA20N I AuKF a0
L L R T L N N L R 4 n 1 t_.. L e oq n;oc_;;-g aLd tt'““'; [ e[ FLT N
TeArp1T €Lp CFeafe, ra 200CORDOLE T leag oY - T Rapariml ERIws]  aaCP 1 : e n:;:!g
e AR woRLRG . 4 — 1V LT R LnZNinzasBIgIciGa RACE2 58
TLl SeofST.cdFFR GEFlLL gk T TR T - Eapodiei LE:‘;T\-H ':&DP REANIGARIN0Z04RIQICIED 4::;':-;:
RE __PATLED Y = PRINT_a3TERPSR AAnGIime_ . Louertl valLE W RLG D LMy
wwr LI NI T QFEY CALph FLap mAGLITNY -E:;:%;E_-EE__E:IGE;H r s WaCH e 1
»  hsue Lo Mot T omeimde . FiDUZIN4 AfF_ VRLCPENONNG (G A0dE.CP] e T -
PETART  MgE LIEluRE acdMCa OFFLEQ - FLao ~ RAaeUIFNF T cuppEin mp o fabPEN CROA - TRLOOTR VT
* FLETLND L Rl LI T L AL —~ FaLDETan LR Al 1#ESETRIGT A §0 BNOFa EFF .. o . LERLFY L)
NOTLAG =yl EIY MO, PRkt HrawnTFlAL - - PG IEF ] CFutT "ot T TLaNET ¥ - nalulh e
[ — ) ] S e WETURM TD LI, INE *i1o0izeg LD IR RLPEayTRYd ET_GNONE LT 8 LALLEL LR
O EEEEEREEERE T e kl.nl:..az"\ [PFLUH ne .-.-.-..'; J-"L-I“N.ﬂr,.]i-na_ L S4ONE BR8] RROLH T
N0 PRIME AuuNING BALSYCE AN pdWD, RANGEI7 G4 Thky 2890 ETLIFLY SIF _ VELOFESEING O awpae, LHee e L Ll
L I T e T T T L I T R B A S e wa wl e nibb}zfrg LH‘,&F.’lT —DE .-..(J:"FJET -h £ . Tl - - T
_Crronmm 42 ¥u RaLwDis ALwning BRLAMEE w0A& LNER Zam0dive T oL 87F  RALREGAL Twa wE FTHy@a-DRugm__ e e ame . o WiDFCR
ST TR _huﬂﬁnlnr.-tnn:-«;{ ¥ UINE TP TG MRTRY T AT RS e - d e S el Rk ang DA o a1oar
I e SwlELET L nLNING NPT FL|WTIHG GFEYET RAOOEZ Wb cradn LMDP ALOOFFPR
iyl OwGHE N FEOF WET TR [N FimG Ty BEETHY = sy leT "("-“" W Faid ARGOYI IR
S gm0z EADO; IeE AR TalOREDADG EC ANOFO.LAVQ_ . L
b ¥ - LT T §] Tempyez oo ' Y e T e ARDGITHO
LR LLERD N Ha0d _ _ LadF [a fm1gy 2DDA Ragldile e WPF__ taNETREGIE PO _anbpa.CR&E- . __. . _hADZTho
CrinLalR oL Togd * LuBdENT Cal abok nr:.ﬁaua— e e A 7S T ’ RADHF T ID
__Crann)3k N FIga TOlaL gv7FL DF wQDAL 4dFa — EalOF LT L iey? LtE P ANOAS 2 EQ FNOwESD LFEN na TR
Ttepice T OL LT - LT L0k F- ™y ray ) Fand L TR T]
CPRura L _Fapa 0 - LE L0 R ] LhS% . &IF TLLOFELETRA_E0 AWDaa. P _ L ..o . ERDOINOO
eryavel LT TR T T s _'"‘——'_”_"_*‘——'_Tubnhm TeenERs T BE T Betal ' FLIareLD
CPEaVEZ DL Pane EAGOEITD LERse __alF AALRECALTNG WE NYEIIC.ERMeM RiCOFRFG
§1F :aturiuh‘n{a E LRI CLLE L Pl (TY LR T T i it R P LADCIE 1D
CPRATE D% LR Ll FL Y] LPLLH WGP ALISIRED
Teretand R _:.-.oznnliﬁmani‘lzuzua LI TN T e et T P
JErx BIF_ TILEKITING ER h-! Lau,LFF [T LFi9] ! “H“ e rana ) e (L3t LT
TCFmEAnbRt BT T aeQeiBGLe WOl e~y v TR A F B e bk E A r iR i h e s e g% ; L] *l- ::;i:n
LFINTCNE DC PEgd [ Y I T . a AL IES4 SO 3I2E fumlt 2)2T dnd 2TEL ThAU Z2wl.
i 4 T4 3 Bl -1 Tald LT LT i) ’.1‘4‘-: ':ll' -:ﬂﬂfl!‘l'i :".U,I“t . .._i_rn R S e T O KuOadass
[ AT oc FLidia Rand2edd LagFSET __EE panna Yo _TESt IF DFFLET mLIMKED DROER LLY:CE T I
TR TEANT BT {:;Lh‘n"ruu'i ~ = LuWED ETIF WpEdER LFT T Nad0a T VLT IF GREN DRDEAT ' WADGZeEN
[T LY YL T8 ) Ll
TaEerT TaggwT T = Reqbladg—
Ala T2y _ A[untlZIm nagbZawp BEEND
_+‘-' Pl ) gl . Rind2sal - .
L LI LI T I B R I T Y FT 1 ELY.TY

e vuuiﬁ‘ﬂb_ﬂmﬂwmrfmm—nr———n"ﬁnw——
"___"ﬂil'“:“l - JniEa, Elﬂﬂ!“lﬂ. - rAO02%08
I - R O S e N e e i F i+ L 1]
_ERMUINE _ DT Hivag Aagoitio

LI R e et N R I N ) FITBrNTy ——
* ydluf CoawcE0 Fan®m 5 19 ACCO=DONTE FLAC, miQdPa70.

EAOLE LN
I EE N E E EEEE E E I ey ey ey I Tl
[ 12014 1 o FL &gl WADD2%20
TEROIATERT BT awlldT LN
dIF Iutlkribl?l EQ Bl iao CRjug) NaDOFT el
T T T T e R T AT R e AT A TR e R o e T T e e R R T N

Marerial Requirements Yanning by Computer 7



Aompafw ¥ 00 _wk ELOOEY _EvITe s SOuRCE-STAYEMENT LIARsRY - L e SW]YEHEG BND CLwETRNMTE ETE _ ®AEDOYDD
p T T oTTEE MLFDOLLO
PeEND__ §.BFACW ‘ nrgnm 14 Fufd Suwh MEGI0 NTCOAGE FON_IFD RENTEMES D4 moMk FLLES _ wapoDyde
Lripsavm D% I.H B/m 1D OEvlSIe S2CY Sevk aNfh, WLFOQSYO
L MElLg . _— . . . . Fargool i _ARpuigue DY | Jate [OWYELSIOS whEn shTR RirQoiel
miE el INT A e Nt s T P S E TN CNEGAL P, LOPE MDD, LAY DT, (=N s POOOTD KEWinrEy DL g“.g“ T T U RE-EMTRY MM TEM RakFans a0
e e AEIEPR [ CTTFRAT  LLEDESNI LOPE HOMD L FLAMDND, LI SPRTSO CCAR=R e 00D 30 ARERRELy DO Lyf0d _wi PEEEIN GREDR RTFES LWl FQW.OOF Faapdi, CHEARED RAPDOY ST
CFLB LPERTNEL S CE DN AL E5mE EIST, CADINL LTI L T TR T ;L;"' Wk DB AL R FREF[L CRSQL mATEE T RLPGEL 1O
» s . _ e i . (L Lt ___wegmPNap DF ! wh_ghm_fowsmp4sen Diys wTOMESS 4N gase LLCEADS WAELCAED
’ iy Bafa i Cowmda 10 FRedTY 70 4 300a-AF-DAT" Wi-10 S4FB0DRE T pipan Bl pa“ TEa0 PYCnED FIELD Niwpoyed
o NTTrInIIIITIssootTIITITTITT FrosTmmsss s o Ewmmmmms——osse———a FAPOAGTH MTELFWAD N CEEnPua _ wl _FON EaPanninG abgRy
- LI rLila] o) ARFRLEND o Falupb.a WD OF CHRIN MAREER
.. - GEMENATE wWIHE LNERL COMMDN TD OVERLAYY 1,2, bs narn00ag aTIREN  DC CufIPEnd  #FE_FE QREUEYE Bmp# FILEE
L AL5A FaALS gs LOORELL EDARTANTS WEAUIRED 0 wadefiL | L N0 a5E QB0 T argypsE o DL EeElDSA T Tezn PO CLQSTWE BRI F e lRE Ilvmiw
. BY _YWE SuBEQUIENEYL PO TME 140 spuTINES. surPII0 . wigperap OF Lagereg PN_FONL DCMERESS MG ADDRY Aurpgesl
- wavndfZd TEnkanE | bC [ATIILT] Fr] FOR RAWDM AETNIEvAL BT WET  Barpoedl
Lo L WERISTEA URAGE = WOYE-GENTARTES LDwMrM AMEa, o wLpp0lag anmppEe) DE__ CemDIRa_______ . __ B o4 QIREET mETL Ay DIEE DDA _RuPOOebd
. - nartiia0 T omemgrprL O Lamprna “priTFOL UBDATE Gf LECORD Da plsn " awrpoutes”
., Is MEOUINERESTY GENEASTION wQkn wMESE nar0 0 =1i1E=sw D% ELLPLLTNEYL FRULHY Fén SA¥E RAER Lyl L
[ - e ) LTEY-1I9Y TRimftE T katdd = Tkt Swiilng LY T
_LRoIRETY O} - bwunTawn LB EQTAVRDY GADLS REDF wORE anf4d wukphL G nTeLBET DY PL FLaM_CROEM wOZk NfRET. 2430 Auragiog
WLFT e fingwiDd el awdIdLbRT hurblell e ; Eiralnlwg FLaw GedEk SuCLET, harag7ic
J_RMELGRBD B EWyaTeen L LODTFDSE CPFN DADERY wORRAlD 4 LFL-1-F1 ) .|“.”° 14 [N BFwLIwinG VEQUINERENT RUCTel FOR AnFpnTl0
CEE T TR T xateg 1ae 3T (02w Ty ’ ) ’ LTLI-EE 1 i PLAN URDES SURATUl INES NiFRoy Al
_ METQTY DS Chupm | mf FLTGTYF %L HET MEOT. wORE AAES RyRODE LD | ALrFoQTLl
LMy TRl TR avBRTRT LD anDw) A Emy T ' RREOBIZ0 T e Ty EET POM BUSRY SECT IOM "iNge1 3l
ILnannT'l' oy EmlrMinkn FLLOTYEOSE FLaN PABERL WOER 4npd ELFQOIIn LiF TAEaDInL v _Nf i'fl'.'!-ihl'.-l-ﬂ BLFOOTROD
] TRCHFFA) TER [ 59Taw, Lt LTLT-" Y 2T ] LI TR
Losemr 0l AwiymTmed L LQTYFOLY UFFLET wihp 4lEa LELLL 1 » _ Tefcg DF_AGDRESS CONETEMIS - FOB LINNNGE ¥ o 10 ROUT IWES Eimpg i Bb
CMa T ek TrmtTmr rTmor s = e FarDoZan” i I% CoRRCY TO ALL FandlEs.” LifDat4p
_LOMERDTY D% EWUNTMPA.PLEOTYEOSE CARPONENY GENSS widE ARES LaPodiln . L _ . LELg T L
ur Ttar PGl Tva IS AN EE, ENT T T T AabOOFEE T T yrTegoi o aaTasTOUTe  ECwiBLE EEafe #ESEALE V0T ik Aaropaib
HEPOHLY Coagw fmbn FLACTTA OS] ET CWWG A dW CEDESE WOER AMEA  RaFQO?W wk el L ATUFedanevD  BEAQ Jsm mY REY MiPOENI0
Tk l-lF TEALMEMMITTT e #vE Che.Ung RabIIRE | | o ARFMDIRa DE  AIHEROTGAP®  EEAD (/M BT 075k kiFOgh AD
o _wE TALPLAGORED EQ IHOML Fo.Chsk _ — LRk ] LAFWFDy_DE_ dTAPHUPOWAN A ITE [JM . EiFoansd
TTRAT T ANoF - T = T T T R MBI T T iRl BT LikAnf AL TR CALL BomF TOCOIV CCRELLT naliha FOE JAK Eaw it
_Irhlgl.l D5 ENyulabN, PLedleFOsT NPy TIWME SEM1ES woks RAES WaRbi Y g anFrilce DL ACRRPSIGEIE _ KRELD #/% LELd-1-TEx
“Thid Thi W : T EERGE TR T i ppf ) BT R1TAACALTRE EaLL AbmE LT eIV SCetll mATRDoCFTR F7E LTI |
i R - . Aurno sl ARPRLEDR OO ATAEMYEOR ya WEAD AEQ. IFM EAFDDA D
TERCRFL S Of e LA DT, SO ER DT T T E AT R TIEOY PER-LTRD KaFEONeT — irmiEGu 6 sikpairiuee . WAL SEQL oA kirgryod
a-r_-nuuqn 1] HILEHPUTMG L@ MUMBEN OF BR1ESOTY FLELOS Imbuy PEE J1fm ALFCAYTE LaenennT OF atmpmpsavrT® _ TEST I1/% wh [ARCAR BYIES ROUTIME N aFONd0
T RIFT RN LAT T F T i eI E e ThY RLROOIND = Twp[fEim B LIBFDEaafd  AO=F (0 CNGON ™ METTATITRDGT T4E havmaphid
_EETLLuum Do HALLADLIND. 3 WLBEEA OF DATE/EIY FIELNE OF COOSE WEGQTS kAP0l e0 AQNFERE2D DO AXBFEOE 10N DREW OFSK EECERTION WOT|CE FILE ALPORIZY
LW LT Y T i Iy Ay AROFEDE U waITe OIS L fEFTTON WiTRCE FTLE L) 1)
LLnz’ Lapola LD ADFEOETL DL LITFFQEEL D ELDSE OISE FRCEFTION WETICE FILE Lokl ]
—HMurﬁc—w:ﬁuﬂW:‘mmirm:mrﬂm BAPAIRIE T a T Teky 1F LAA FICE EATSVE kiFGGRIG
. Anrohs 30 (Y1 TALSMEAISTA _ME J13a.0aaT] faropasd
‘m:nmr“—mrhniﬁn—wwirrnr“‘nvrﬂ‘ma'nmmw‘rm‘n:—*—_nu‘nmu‘—mh‘mnc EgApRChC Loy CALL OWF 107 DIV BEAALE Wil RS FOR™ L/ W FiRgye o
L PLiNONuN DO RECHLLAENO. B HURSER DF PLANNED GEDEM DATE/GTY FIELDS (L LT LratEQa Df APRLEORKE_ EEAD SEQ. M ARG
T TATE T TETLFrRETYATED T aMErA ] LuH WRADILAY AR e DT LIRAESEouee  «iili SEE. 1w ST L L
oLty OO FLLGFYILET . BOD REDMMNTY GFFLET »i31 15T #E0)DO muspbaly sEFRIERT DT LIAPALEEYT® TEST &/m na ERAOR BAYTES RDUTIME AARGLDOD
] LL) LY 100V e 7Y e 1771 3 WaFgIRe T
L e a ks L R R I I R e N I O I B A EAPODA D A% TEST BOR COWvERSalfgall FLebWiMg LNCIE UIED LRV L
FTREETE WORK AREL 1O UOLD AUWYTRG Ok "HAIND ML ANCETTRLP A 2] L SRS A T FT Tl Buseime hE IVEREa Ewat2 T LETY 3]
L R N L L L L N L R O L L L O L L ELFOOLTE ADEIOLTw DL ATOFEML Tn FEN, whTE, CLOULE LITORFaLCvCL TROLE FILE RikOpDND
Rl B INON TR T PTLIGTYFO LT urnau} TTAGFEML TR BETT AXBFLILTRET OFCN, T LOAD. CLOSETMLOLDa"LEvEL TARLE FILE™ RAFIO50T
Y




—~ —r— — —

L FarTEOBO_ A EFSIR ¥.A 0.2 NELN YL B¥STE~ JOURCE-LTATERENE LIMRRAY

AC0  LEwATw LELTRT 0
_aEmary LRl Aurl|an PMEND a_Epd ]
* T RApEIORD -
®OTURAR SECTINN O8N sUpRESY TIMLE gu TIOLAGE - P LIk aCE O COmADE  BAPCHIOH _hechaolg
: TI0 wmarIsEs, edT1TET T T T aEqa ETWRTTER CETPLT (R EEORE LI ECR DS S AT S CEMDSs 0T L EaE SR, CYEnnGO0020
e - e e i o - m— s e _ e ALpOLL20 LME Pl CHETREG T, CFL AMOND CPLENENY DAL & %ibAT  COPF HOND, LOFF 2P BGHOD 30
ATTrEQUT Of 4 roddnL e ERRDe TRE L S LI wanT il R \ ’ “u‘u|‘u“m,:;q-Ts'Er,,unmr.tt-ﬂt'l! ! LY 1A TN )
RELLELFL TN i WAD [4M AT Wiy . : NRGQOLG
ARFRTIFS B4 F FraD 14m AY Bk a TIYL! TNLT &L I2E ThES AL =L & ERGOTORG
Ll LU -1 S wEITE o . N . f o L ma mE A m e === NRLOUDTE
Lnemcal 10y F TEalL ppar TOTRd VO RCAsU T RACERR RO [ /M maRDLITE T T e T T T T Tormys Uk kT IRE (ERTETALL -tuu"iru--eli-s FOR walTET1%,  AFGOOOND
AaFRLIRE DL F ee _WEAD Fi3 nLECLiNb_ . awp E3Tapy FAMEL 4L wyumpfx £ SRACFS AFCu|PED 75 FELAT D& ARLTIOOM
KLERLLL £ DT f Tl mEerTi0 BTV TRl kO kTP RasOIIee T SE1 CF Q4TA - wdtiH [ f DIED FEA Swalf Cimrudl [h FRIWTING, entodlOD
JAUEHLEGE D L _WEAD AEG. 1AM LELL S 1] M L LI TH I
ERFRLE QU 05 ¥ WA I1E VT [/m - e T 1 T e e TTA TS BT W T T S T ENgOoLED
_ARPaFRRY DS F_ JLTeSt dsmowd rmAPU avTES Apul | WE - __kLrp122a . _ANCOOIID
LA~ Df ¥ npre IS ERETE T CE ABUTT ™" dasiFa0™ - Tl LT TAMGATIA0
ADFEQE IG DY ! DFFH GEYL ExCEPTion WOt FILE aLrGLIAD » ] BUSE_FOR wylh IwE LEYA-L RN -]
:E:fg::: E? : :Ié;f ﬂ::l EackFTIBR WATTEE FILE T MY T T e Ty Risi ROy ERERT HpLobl
L DISE EMCERTION NOYTCE_FILE FLIEIY . i ALE F Lrown{s aMERE mRLORL TR
T AT Jf IT.?;:;E;E:!“-“{“ 1amgeat haFdiire '-—'-.——"*,.—'ET;..;..HE—.;.; wufa 120anfiire CRLOGI 00
o LwdTh rarGllag - l [ ER=/wMBEL TLME PFERIDO ttlull. Lrslc-!- RRGOO LD
1:::5:5_22_- ¥ E;:E :E:' H_“-—R"h AR FOA R T RARGE I T T reRne L LORRDUT INE LINKRGE T A Shosse
- p . a4 b aedh3nn * AVE BASE NEGESYER FOR (MTEMMAYL L jMedCE NEGHOZ D
e L I A e
J RE arris mopl e war0lizy . SLLIME WDUTIE ef Tomw ADDREL ARGQId 30
AT T KATI336— —1 L —LhLing S0y e Rrce0itE
i _nsT _F_a:lq EAmVERSATIONAL PFLANNING LOGLE WSED ITLLIRYY ) __WEIRE_1M1DBI. ] ABCOO2YD
LA ELZ DRI AT i L 3+ ER T S WAFRETIsE T TphggoiTT A R, iRSEvE e — apLoeiet
*D‘EM'",N___F CPEMy whl YEy LL0OFE 157Cace EvEL T4BLE FILE RaxDLIk0 ik to. RPLRDE PR
1?2”‘!- Ein- r TPREA AT, CLOE ITEe A TP EL TaRLE FTUE  NaFa T — tiak W wALIBITY EwITeHEs FRDW CuSTORIIIwG FESTS . WaLoQ76d
' . LIV FRT.T . [E1-LLFE
PLCEY L LT LYL-TR ] W7 TulALDALtRE WE S4E%am, RBL "‘ﬁg'ﬁ
— N kAP0l =09 LIF__kaLrliwadpg T _#¥190. 40l WLEEONLE
“ayfT bstmGaL,refEd STINCLUOE AEQUETERENT a  TEAAT |0w  REGOOIZE
2 Inp —_ LJEOL AlE_ TJLNEIAEGT WE ATCSdn.A0f ARGOOIID
T T T ey TATWIRDLadEER T TwCLubETRET TREATTRE
oz (113 u%ruun-u FQ awOsEas,ton AL IDLAS
+£2 Wyl ISTRLON EaFEd TCLLOL FLANNED OROEAY . seiiLad
L0 LIE LaLALANC 3 EQ JNTMEaE, V0% RRLODATE
- TRl AL AT ANOE L TES TR dn ] L8k ERLAT 4T
! My | TLESTPFO.NIFFR IMCEUDE Fi0 ahD 3TDME #70 FRLO T
o3& ATF W MOFrLe TES aE aFEYSe, 304 [T Y40
i ISTOFST, E3FFa IHCLUDS QFFIERT Angoorll
| “T0%5  ATF  YS{PLARDANT EQ Ewled, 507 EhiEGa D
ilE TRLLONYPL NE ME FYridn.ibt RLods g
Trgl VA TENTe ¥ EE T TWCITOF 374 FOT Tl WaanThy — aeldBass—
alF__ TALOFFSeted NE BYEa, 107 AbLOOL 48
¥l TETORIV . EIFFE  — IKTRE oy FOR STOREG F% ERLOEERE —
1Y) RIE TALPENTEIDA YE Y T20,.50% AnGooaTE
| - Tl TITMITE i T TWLOOE FETRT LI LYt 7Y 14
: A1F NALCOMYFLad ME STEL3a 30rR . LALOGs D
I T3 1T M naFFd TRLWEE FRY - TEQ FOR TRTIF el
- » 309 LIF TILOPENORDd EQ BMOIn. 310 RALOOYED

M) TRTIOLE EIFFE o JRCLUOE OFENTBAGERTT . ERRAETID




——— e —pp—. ]

K11 ) upE FRCORYMY . E1f__ MumGLAnss, (afmaky _ TEST FDE LEOSE _awD PLad 0N, YRGOLOWD__
MTYT TE i AT S LI EN 2 .2 B ) Y 1 Tip sl PERTREMI NP winTy T ALEERRNTGY TapgupsenT ENE  Im10ZE WREQLIOe
BMuE 19104a e L IF MOT REC ALT, gRAWEH. LA 1 __hwl_ peELOODE, JALALY I4erl PO GAQYS CM PLAw (30, Panis RRogpp)o
~ - "y | ASwit{n, CIFFA T REG LT MmN, TwlR w4 Tal1fH T ERGEOYED LETOE M LT 310 RRLOLL IS
_ __n. LA Th ) . L CLEE m R IF PAAGEALY RLENL Tanf FOawCH. | ERLQI1WY |
Thnede T ELET iy TEE TRk ToaTstCE gt RO a et T CapLpOSND IM102e CLET T TPavRL AN [NALANE TEAT FQA KD FLAM DAD, LY TEAYY
- T I®jont o L LELL e oad o minxr _ Tdnl Eeuwim IF BLIWH,. mew VELGLEAE
T REMLOE S ARCAOYT BaamLIn RER su Y. TPRRamELER CODED PRLOOMIET ELEC  PadFyaN, |RCHLAZ TES] FOm miamy Cupfd w0 STDAE, ALY el
— e a) SelFnte FaanCR 00 LETRCN ENnDH WOy N -!:.aabm__*‘_, L L1 i D1 ) & o I,
Illa.l._, g i'"l'llfl.lllhlll TELI lﬂl ay TaRT§mayPT .I.Ih., X 14-T.1F] =y HIEDDE.]t[lii ITawd LIG PFlak EIHEEI Pamilm}pTLA L] 40
L h=E [ERT-11 asfpoedd LT LI . ) U 1. - T |-
T T T rrer L TN AR LT T T T TIAE T Tt FORTATONE LA BAE EmGnabhD T INLOIT T L1 wnefICh. iatdd TEM! L& wSwp7CW |1 D ST arson e
._HhE IRoye o Kropoadd . LRI TR ]-T . 1F 3T 0w TacE Rbanmik LI~ TF S |
T T T T v S EADT T LavaLIDTINTERELPT AT RLsh GEPRET . pionb b Tmwg ultnﬂt.u'uli- Iwwnp bB ®pQ Wl T ON LLERIAY Ok ERLILZIG
1 LA ] Dlﬁbnh?ﬁ HIL Itiﬂ'}l i‘:.l.h I:‘HD[I Pl.ﬂl.ht'l FE ur.mz'.ln__
- .} I*ﬁl.‘ Ilrl'..ﬂll'.}bln illu.‘*ﬂ CL{ PiRE"FST.lI{HlHi If_}'l it DFI’}E'I INl_'., [ 1L ARGOIZYD
IEjONR___CLE__ PARINTES, [WA|ihx TEST POM WO INTERRURT THIS mus.  MAGOSESD L T 1111 I CIF WO Task sUaw(e,  WELOGIYO
T T TR T Tinime i 19 .1 g Farfanri, jebuary 1% 01F ¢mdit DwLr ERGOI F eD
MeC  ERSCODE, JMERDT IaybLED [nTERRUPT FuRLmETEL CODE S RGOGT IR e MW IEIDD L TS T
' . BT A IsT04Y ARCEBTIT T wwlT {nelDDE;IRERNLE IMwap [0 GAM4Y MM DEFLET Padsm LLI-TB 1]
IR CLL  PLEZEGTy, JRMLaNE TEST FOR Wy WEEHTAYT THIS Rum RpCOQFN0 Bhy 91RO e LLES. P L T I
BE . IRYOIT = FInL mEabgm 1 F Wl RpERTEY, ENLHOTAT [ inioie LTRSS Famaw pr Danf pRasiw, TR
o CLE _ ®aF3fhiv, |RCHAA]L 1EST PO REESFAT N3 DRFSET RALEAT M _AmloFw  fAG_ PAMQEEST, [ARL AW L TEST FOR_ %0 Of FRET Tw)d Eym.  WECOQRID
T BE M LcETT IF FEE Tadi "Mkasinw™ 7 hipotel T .13 TRi030 ) ' - Ry
faL _ MiEminty, JEDwal) L VEST DR mppkfhr QEF_SET _RECATAY RuGooTTO : BYL _ FRULODE, ImidLT, Inwal 1D OFF3ET FamyniTER LELT-H L
T T M T AR TiRondh T T umCEOTERT T T RALT T el iwiasn LLUEIR Y.
CLE BLARENTY, [ACHIRY TEST FOE RE-FHTAYT a @Ppr OFrRET dpipe¥90_  _ I®j04_ L1 FaEFRINE, (AL ABE TERI POM pifunT ) reOcESS, LLIA TR L 1 I
13 LAY FL3 Bl TF ¥4 abandw ™ T 3 -IT . L1 TRIDIOL TE i15 THuf AMAMCH, REGE) 360
_.=vL  ESNCGOR, JRENOR INYAL I ME-FHTAT pamukETER ancapalo e paREA WY, pALHLEL TES! FOR Papwlh SEQ.aCtIwE_DWoy, ARGQLAID
T T T T i - - RAGOgRIOT BE N LT Ao 1F ¥ES Tdni BRANCH. agcoL ind
iRpap_ *rl AbMITEH, TAFFa REEYINT N FURM QN & 3ulTCw, NRLOBEID N AL FaRmA ST, nEradd fEAT FOM wanT 500 FOT&L FILE. _ BRGELYWY_
“TETall (o A P T TVPE Tl  L77] f At 5 1 B .7 Rt R TR T o ™M eadeng 7 A THRRN T ¥1-r ) T T T RREDILOD
E ILE-FF 1F TL% ThAF 24 dwCH ] FREGNESD By ERRCDGE.JNEALE EWVELID FAINT FARANETER PREOLALD
CUC Fihemi Ll TE AN T EET FON PRaSE T ORE TR Twlis ABLholel [XIN w“lnmiv“" I higgTao—
- RE [LRL F¥ EBLOoA T Illn1ﬂl n 1410300 o L &0 reST npit OF BFREWT !lnlh{[[t-—l!iblu]n
W R TAE TIVERTY ™ (RwaL IO FrR LT FINENE I  AeCoieET T - s wabapasd
LET O S LY ) & BCO0 i D *_TEST wA[IDITY OF KU F4ndmifERS .t LU T
“IMTGdT _:l'r,_"'hl :-‘uH.'I-"m N O TERT EA AV e T ARgAnRDad o T e - T - — AT Y]
IF TEY TAKE MENMEH, HRCOQD®1E LIS FE FLNNETLG,Cald 15 THIS L o, a&Li. ApM, A sty
"'"—“"“"“:L‘E—n-stmsrln—ruk‘__tnr FOW RO T ROR T REReMTRl HE T e Lo TR apdizdg
LIS ILigzs ERGOOY M) 4N | F5THOAL , 0aEFR 15 EEDU I mEwpNTS LLTH REQUESTED _ wAcola9D
wel e Lol TRERTR INVACIETEENEY "FAAE = TIN RICTOYAT WE L . T T orksy CowTiwuE - T T T T machjsodT
FAL % 13Dy ARCOQ93D _ Myl EWRCANE, wOE RG] L. WD, 10aD geEUR CONE EAGOI%ID
TTRIENT LT T PaskT L RCRINT TELT FONTRET T RUNT o BAGAdRDT T T T BALT agmibiRl T T TeuahH FOTTeRE RLABMT T T AmGOisIT
114 ILEYFLY IF YEL ThLKE BARWCH, NGO FO . _ NBLOIS 1D
B ¥ i YT U7 8 pya § Y LT TESY FRA R WFITTATY K. efapiiy T TN Y CT 4 T ETY ) TERET 15 hE FLRIBRRED AT
13 1nnzs EALOOYI0 nnE M e MO, COMT IwUE RO
T TARCLBETTNEDR T —IRVILIR RET FARARETER — RRERIOOE T VAT Ty T R LT AT 3 471 R Y T TS TE . R
LY Telhlogw LpLg o _ AE Ll ool THYe LCWTpwgE L LI FR Y X
et T 10 F2 S LEIA-30-F - Bemieiamm T 4 IRACBET, npFha b f - TS, bl Feadn BT T T T T AmEREd T
10LG24 (4% FaliAns L, 1RO Ll LE. T2 TR-L 0] LLTN RLLIT L] BAAMEH TQ FrAF ERADR LV IATEL ]
wE T TIEIS "~ RECOTORIT . T w ) LLTA TPy
Byl EARCOQDE,IRER]L [Myh 0D CADSS OM NET FALLMETEL  RALDLO30 o CLI FLARLAN, E223 15 P40 TL BF PENFONRED T ITeL
- BT T MIRTDER O REGBIAER T T T T T TaNE — wA, Comfywsr'™ ~ - T TRt T
t4104%  LCLLC  FAEFLAN, JECHAR] TEXT POm FLAN DADERS 2D STOMF.  TECOLDTR g ulrml.unl E% A0 REOWESPER RAGDIE M
—TTTTUERET R TF ROY CODE T TAKE BTRRCK, ASCOTOME — — 8 FEL, LONTIaut™— — "~

RBLO] winlF

————




—— ——

—— L Sy 4. L L) I PR N T Y L R ERGOIRY0  moM CL]__ PuwpannG,fd A _ IRscar PRI (MG #REY gu1erTy  eRCEIFID
.11 F.mOp kLN T U RAUNCH IL ITRE EASOA ARG beld 0t T e T o¥ES. cosTEwur T T T TSI Y e
—_— . ——r e - ArLteid L TRTEL MY 2LEG *AT ol FuEv_JNIRrPT} NLQUEST n_j?ﬂ;q M__
[[3 T Faap i Call 158700 10 gt SIOAED T -“"“‘_EE;"_-EL‘L - Ly, En.-ui',&:_" LAri3 2L t c:ﬂw
e vt ________,___uu. CovE T RGOl 4N Wyl FNALEAE ROERRLL W0, LOWD ERRAK CODE ___,_,_lur.unm
fud TETSRIPO, 2 3FFa L% AM0UE ®s0 RFOUESTED ™ LITTRE T T PaL " R ueraEOA ARENCWM TD FrRl TREDM = RRLD} 6D
——e RE_MOD ol _VER.COWT . __Mgollie . . R — ARCOITTE
mel o LAREDDE eGEEA b w0, LOAD FasQi {odE TTwenal e wper “Lil T el proabdit i TTT T emlint gl To s REafOARED RACRF IO
J— BAL__ % naedren BRawfu TC VTRE Expw . keCol?ig LA T S —— N, _ElnTier LT S
. - LT Y ] T LT T NATRIRR  dad g FRIRE 040 RECUESIEE RALH20a
mam Cul _eenpdFS0.C91d 1Y pEASETORD BE PIRFOEMED  _ RR{gti30 [ mtie _ . _ YES. CONIIMUE L1415 1 L
nuE T KMOE W, CONEgwedT T T T T T T T TamepLtas™ T T T myg T Trasgppilunfaaizt o TTTwp, 1rad Ennod ECDE vegErvig
em e o ELa_  VTORET kAR RD - 1% GFFSET ETQUESTED NRCOLTITE RaL LA Buaim TC_{rrg ERnON L1 Ll
M T Tmge TTUeif, COmT T T30 T » = TTTh T TEr e T 2 7 - T “Traioz D
———e YL ROALODE, NOFRADY 0. (DLD [ARONL_LonE WRGOE TR LU TLI__“RERRSM LAFFR TEST FOM Ayy peamgET(R ERRUAG EPLOlBIO
[E18 S ulraLnk atuw IC I¥PF [l 1 100 1T TTTORNE T qmamyl T WO EREpNE. CCmllwaE L1 Fa vt
e e e e . . 4mColaln 1 I{ anribufy yRi, GO MG avwDamug EQY_ L ICTEE
mOE [ {4] FiRinLh,Tata i5 Inttwayurf TC BE PEactAagl (Y ITY Tk 1 T TTRRZAZNER
e GME__ =0F I - 4+ Tl LT RRGOLAMS [ . LELT FLL
[N IEtanTY [ caFFg = 1% INTERaRA L BECuELTEL ™ = TTARLATEAET TTTrAGIT TTrata T Ribw e malm T T T T T e iy e TRav g AEATTAE PN T A0S w00
. RE =nr TER. CRnPiwUE LIS TR LT PraceEOLL Dolve COOF EAiCuh aTEE WyumER B LPNEL TE RE POI~IED PR 4ETwag @AZDF0)0
el enaEORE nDE R A e W, voud fanin” (pol” Apceineld — . LLL  FATImO. [AEWaA 17 ULEL WAT mpl YRECILFTED FRIar  RBLGrw IO
— o RAL_ W,wgeAree | BRANCMCTC FYPE ERNDA agcojste . i v TMDICATINE, [S_45SumED HO PRINE  WRS27430
¥ T LI T LT T i 1T e T -3 7 : T (It FINN
MOF (I.l_ Fl-“[hlf'nl:i'l'i .. 15 D, w0 OF%. 10 BE FERFOAWED RGO EYD Tap LINELET, [Aralr]l WDD DWE_FIOR pofr mEsDimG, BRCOFLAD
.13 =L e TEY, EowiwyE ‘AptalFodT T TR R i e v - -_1. FEE T EE EE R R IS
Ly ranagafv,Caid TS #/0 ALRp4DY CFEFLET LI IE Y]  wDp PwE 70 L [NE COunT O ARIWT RUNHING MY RHAND BALAHCE. WELGIA4. REGLa%2 D
ANE = Ne . CONTIwal RRfGTAaTE ™~ % 4 & + % ¥ 7 4 ¥ 4 % F = 4 % # 2 %F ¢ 1% F 4 6 F % 4 Fr b w s ¥ i!.c.e:n:ﬁ
___!J;IG_-_ — _CLI TITANTY  naFFR Whi I.fn STDER r::l :uq-.- FLm;. [ LIATEET ] am LINESET A INFaCRD EEGEXN34
BE MOS T T T T T T R T R T [l T ey T -1 T T 17 e € ' T 3 14 LI E TS <01 L) St 1 5% ST el T T - 717 TR — 115
e e WL ERRCDON,mOFNAOT L W0, LOAD ERAQE (oDl TITILET BvE InigsLe w3 PaINT, AraniW 7O SERT TEST.  REGQIa?O
hl._‘i.m._llu " T RANEM T TR TREOR T ARG aag™ T T T T L img sET IR abD OmET P LR PR In[TTADSS, BLOfunb
L ARGAINTD ] I PRLIGPOAE, | NCHARL TLST v _FLiHY QFEW DRDERE. EACOEWED
a1 T (38 ‘n-aiﬂ‘"?Tfi_—_'_'T'lTb_n_'"u?‘l;‘ﬂ!"u_mEl—[b ITI-17CT L [“IQ_]'L_E.:E u|g;13l_l'l £ Wil PR ERY. BEanth D Weal =R G b ved
Buf  =la “fly CONT Wl LIITIELY ] s LIngSET, JRMACEL ATD e DA R I fREN nlnHi- by ol L
e A N B R AT LA 10 r i MEES LAY AFEGTS TG AR 2608™ T IR OTIR T ELE T PATNET. IMEHaAl LAY DF PRINT weTD RGO} Y20
ME gy TES, [ONPEMLE RALOZDLE aur IRIaLE WO PRIMT, BALWCH TO MERF TESE. "G'Hﬂﬂ
T o WMl T RRECDOE e TRA) W0, (CAD EaRDE SABF - ApLpMAIE™ T, ﬂ-.;;;r.'lir-.r:'x_—'_'.hﬁ-.p Fha B iwt RefT e TYT- 10T
- L]} S MDAAEND AouM(™ TC FYTFF ExkiE Erigl a8 (L1131 1n ;l. FATRLORD, LE[HARY TELD (¢ Fafyi PLaq DECERG Lt 1-Fk L
i o T Y FHE WLOIL w3 FAlml: BAAREw [0 ALL} TERT.  GRGOIyef
mid LLl  PsapnINT,.Cald ART 3EQ SCPTWE IFEsY 10 BF [OME WRGOZOSE i LIngSETIAFALR] AT OME FCR pal~l pLen BApEME.  RBGORSTO
NE T THLE FELT CONTTNUE T TR TR T TR0 T LT RRRELET TR AT NEETTIETRRINTTOFFRET. o EeGEBXLAD
(49 | FuRbkb |, Cadd FET 5€0 16fmSs Iw 178 TO b DOWE RBGOZOTD fAmE I gyLE ml FPRIWT. BWANCA FD LAAT 200 ArzO2Ea
— . WWETAGLT WO EONTTIRYE TRASAINET ¥ CInL LT TRFEEET LD Dl FOL NI NT DEESEY— — RAEARAT
€Ll leuﬂq narFa Faiml SEC NPOUESTED Nacoioss JMLOSIE AP LiWfSET, IRPACE] 40D [wE FER SPACE LFTER SET LACOIRIE
[] A TES . CohTTauE TAAGEITOD T W|0TLF & ILT1TY Thn Wl IRTYTog T Tuf D TELD) W X0
MYL l‘ucnul.nulllnl D, LOKD EMRDN CODE LBCE2ND ML ERE DS * SOVE ablui Fok ERCIGTHay USED NBCHTE IO
NI R RERLEAT T MNIMGH TR TR ALY T AT IR T R fiwgd bf [ W Tal} FOETTOR OF nlim(ThE™ "Reingend
— BACQILH mpSavEn D4 ¥ BOUTTME - RAGHZRE
LI+ ¥ EET —PaRPARAC,LEgTR ™ T PRETTLERTCUART TTEME™TO BE DONE™ MRCLITHEI — ~ WL LawET 0% F LYY
R4E  mm MO, LM agl NRLG2 L0 ILSavELe B3 ! LACO7eTD
{lI TLTPLHNN K5I T T LY TF T ATV TNEPTY R LRSS TED— RIC o7 Tl .".-“...H..“...“".......-....".T|-|¢.lot-..|i----.ulluu-vuurs---riuia-nnua.."l"'{ﬂ}.l]
LTl ] TEL, [OWTIwye LpLoXLTA - FOyLow NG 25 EQmuDm EXIT aN3 AnkAY T8 THE 1¥ME famDE mpySdCf mOUTINES SRCdleTd
- - m t il L1 T4 S Tl L ¥ [ An— T tnlu- Endga-conE LS Tal e e S e YN T T T LI LI INL L Ennibatineiniedena RALAITED
L N, mOPRLE LR mlanLH TO TYPE EKAON ARCOZ LD ||.|u" myE  EALTEMKO,AahTRLE WOIVE BLAMEE YO ERROR FALT MUmBIE RAGAETIO
_' _ IcozFor— S o T AN O% VELTOI T PN SaITER - —LacaITie




L [LIN]] ARVE Ball MFCIITER FOM _eRTumn nEang T Al . . RE L _awidde van. PO FATMT LPFSET ARLDNZNO
L tivatvraoel o AbCai%4 OF T ITRE gRRDAT T T T wvE T ERUCDOE, iNEA R "TTUORLL QFFSET Fanan{tld wAQWE. NREGM I
S——L L B LY . e AMCDz YD . O P L -1 O L L L I
[ (IXRE AE gAY Faw Vel T recapted T TTRGRIGE . £EL  eadDHELT, ERLARA] That QFFSET, 7081 FCE Lall, OFFSET "eLp11J0
- . an b e SETYYS TO FEfar LALIOTTY TESTS RRGOJ TN ) BE ___ [=IG3F, N __PRT OFFWE] Pukam, Do, _ BmLgadAD
WIFLENE" 100 J0Tdse Empey i ag T mee " ToECODES IRER BN T RAWE SPECIFIED FAT OFFSET BUr T NBSCINaD
iit'IIlhl|i-lI||oII-tt---¢¢t---u|t|t-ttt-.-vnn-..-1;1.--..;.--...,.-....,' qp,;n:”u. Py, o, LaLa%e war 1:“"- BI"SFT. [Ilm_ ||;|;.]]“
P E M e TR ST ML AR TR kA M bEA TToTT e T T T T mALDIADE TTTTTTTTy T I'll-'lll' TToorERT TR T ERCOIIRE
'll'!!Il‘ll'l!t'l'l'l'l!illll"l'ltl-lfiii!liIt-l|lilil.j!ilog..irl.||orlnj.i|qgﬂ_l-|ﬂ IaEL ML e La @ PRLDIITD
ll-iﬂl-ﬂ! 0 reRbivagILieg aml TEAT FaTur WL TIE® WM ScoBER eBEO2EFE ST P e T H— ERCOIIND
_M o mmieaee L kOUL. DO NOT BERT_dig BRANCH,  REGGZEYO IkERDy pé __ Caghd bngiyINg
494 PARPRALE NULHAR] - - o R TTY T 1Y N Ieags . ol T CuOki - T = LR WAL ]
LU LR -2 LA . DO PEINT ALl EOULL AUN wUREEN.  MALC;HAD asjapt e LalTd FROLAAND
myf [ll:u.':lE_iiIln PRIAE AL JTEmS w] Tk fumg AUN T RALENGat 7 TIMENGE O T rabwa = _————T T LTI
L 1N 14159 hemptR Fpauallfd =ADe ERGOIATD aER]Q pt 108 LR Yok - N,
FIT-I12 i', [4 hlhn—ihuu TEEY FRT nBFCa v Peiddmt FENS T nRcogzand Jlgu':| Bt E;’ua TRLCIAAG
—_ ERLEY-1 1 S - PO WO PR INGICATIVE. LET:FE R IREMEY DL _Calla__ WBLaasR
L‘LI‘: r-tinn*:lhu; TTILSY RAT WD, Ay TTTOTT ARGEIYORET T T ImERiY K t#l1a L L2 EY
LA 2T ) . NESOIAND T D m‘, capsd LY IA-R AL
Ht _iiltcﬁf—li-[iﬂ - SN TGO AT TVE " AL T WRANE, AREGFSZE T T rREaid T [al%a Tt YrCO1% RS
ok F. g3y ARG REALS |;H: 1) —rhTATR
__T'i'ﬁ!mb‘tlt T ORNTLADS L, THRIME R AT I TS e T L L _iiiilr_ﬁl: E:jﬁu T AGOIAGD
_ ILRT-R:] =3 'III‘.I_ LIS ﬁln“____ . LI TLLT BLTLIT - Cadlna _ ARcazhig
~ tu‘. Tratlersyy fRbnaRL TS TR T T nhGaived T JRERIA T " oé razes — ingoitze
L1 1aenE Tl PRINE CROSY R . MetgzeTo IRETLE Y T _EREDSEM
lwl! LR, TREN D FRETLAOEY pudiel Sabugl” TTT T ERGoiiNnT T Tmpmze T BE T [atea = RBGOIEAD
L TRLFLNL) NAL 02T EfRMIT Bt ceztd RBLDISHR
]l'ﬂ'l'ﬁt_tﬂ FATTIAGA D, (EELaNE - TFf FErn rori s cOFEn Faldwe TER, WBEbIOD0 ™ IREEZR ol Cazdd g Arcerind
1% 1D10F _bo _~0T FR]_DGFEN DNRERS, ARGEADLD _IRERZY I:H.'. tazeq . "ACDAITD
|:|.L TR ApARE AT AR AAGH VOIS N I T 'Fwiba - RALOINAD
RE 1910 40F — DD eNEMT CPEw paDERS. LAY FTTLILE] nc L3 Bl L
-'rt TAVLDOE, TEin )T T eNTGRDAC CADEY FataW CupDwls T T CeBinioag’ jagron T pt [=ad - bl 133 Ll
AP AL FALCIOAD JucHan] 0L Cila ! ntd
TR EhiF lh! FLIALY TR ik TELI FRT wWf T FakiulTidT Tigoibed ™ = Tjumilm | OC sl 21470
BE IR0 Or wOr PEONT MEY o . mRLosgYR ILELALl  pt [alea ARMEME
ig Plht’l'ﬁtmll ; - - I T 73T 11 R T Y L F Rt <t ' £ '-MMH-D
Ll 1%l Do #FIvl wm T LA LT LI nc LI _mRGpielD
*“"—“‘-'—'n:"'rhcnbr“rlrin PRI e PaklalTEnphEl T T YRR TG T T wpp R AT D T sl Asgrindn ™
KdL 4. MO39 ARED 0 =ngRan ol rL2avod arzeltu g MO ARChyerO
ThLFA ST COC™ palWET TECHILG™ e TR T T T W RS M T RrEewar Gt LLFEsiE cETHEET § mA LT
.13 N0 30m FRT MNPl Pamd= fou. EREG]Y D npEkagy  Oc [L7a%2 FLIMIRS 3 HnME . LJaBLpoiedn
l--rc PANTJOE TN WAE SPECTFIED RN T MUY "Rl AAGETLAE T © T o mpfRRoaTBET b PEG3N T RUakum§ T RESETD FLARSE0 A0 T Ueihtton
LINLIT 3L Catfs WEF ERRON, EBGOYN 0 .. mogADpy O CLIdYhD LLES TR LN i) _ "acniflg
—rnnun—nt‘_mﬂann—:lm:mr—"‘—"rnr‘nraun TALER PROLRFTEN,™ " ReLaTTad ™ ~wifikgs LT RLTiVRS FoouDbl o WO L IRREMWTE T RRLRITIE
an 11180l e wAT FRENT PLAN DRBERY, 4AEEI1TO =HEARGE DL ELTaYNN FLaWDKD 8 WD L COHE R g WO mAGCHITED
u{, LT N T4T1]) = T AALETIAE ML T (AW F1IEY] T BEESEIN B N (134-31E
1m10543] O PEERE kLdN QepERE MAGD 1 %0 MOERRDS  BL CLidThA FEnIZED_# WO LY R R N
ll'rt FRNRCOBE  TREEYY PR RLER TROFS Fah W WTME T “ABSDAT ™ T T o magARTE B LLddTwa LT . ] et Tad
T 1N OsE ASGHI2 10 mERRL] DL i Jasda CEavFLA & WA WREgETE
"'rmurr—rtr—:mnrmnwr——'—nrmmrmr TrrifC L™ asBnrR " — = .hunrbt‘—"':nuﬁ"__—"'_‘“_‘hrtumn N Gplaathd
|l L 15 Y] GrOo. Midaim IF E_K,. LI ST FRLGYTAA
Iﬂ: umnﬂmn- — ALWF SPLLITITE PAT PUaW TREIX™—RpCOTIAO— _"_Tunrt! To YIS i STy O WUN FAEART vE_ CuATO=MTEN Fakakl E T T YT
LIRLYNEE) BUYT NUT {aif. ML A DEDER. EREAOR. WAGOIZW) LY 1R LR
_‘Iﬂﬁlﬂmt_ll"ﬁr!th TRECANE ——  TEST MINT OFFIEY PARAMETER, LA 3I2ED*— I‘{'ﬁ“uu_ W bd T aTson IRt LT EwATTON LA T T
ILEL MY UD WOF raInt OFFLEN, NAGOIZTO TS1hTAg  Of p3ona WEI MEOLIMEMENTS L LEL
“'_-—_r[:—rmrsrr‘mﬂul — T T T TR T TOTRIRLEL T AL T e dND AT T FLIAE D TERDERE = ~ Lezgalad
D I S I o [P N )

= T . R

F. )



T3ILt MR H La0Dd LICHE lll.'-'lfn aljfll LET YT 1]

_ f e o Amem e —m M 2 mmim W ——  mm—— P —— -

----- ———  —— _— FEl] 11gr DONY CLF4R —~ GO 14 At EvE [oif SAC04al@
TEFENAT T BE T T cadd# LR 3] ERGQ1ALD ¥ CoCdd EEOTL Fpg. &80 S109ET FLAynEQ CATERT PaQm NICORDS A% NEQ, ABGOee g
PRTunry DL eplfa_  af-fwtnr EREOYATO NP TALLENsm sE B0 _#wDao. [Me ) LLLALE T
Ay M wabba CFFLFY Af-ENTRY TRRGEAREO T alE CLalPILALiwG KD dwlen.ivati L1 I2-LLY 3
Iwteieg L 00 FUINT_ MEQuUENTILL ~ LT RTLE] ata .tEnin PR L3 LY
TREeENy COE T Taabma T eNINTOLEG ELL et el D4 TR Gefs < T aMGnyROD IRy RIF T NALCADSANID EC Jedm, (WeYE - ) L1~ L2
T30enan _ o0 WaR03 PR INT_ OREM DWDERE __ _ MeGdele Wik ESLPLANCULE (0 AWan, [R&W o s &
. - . = Shiahel T Tae@ puwek ' ‘n:nhlb
_— e e i - a AELD L3 _ENEEANFT
* RIST B IMIITalT2arT0N START HENE -u-'.ﬁi-n .J"ﬂ:‘,uu‘f: FiTAIbwal BF 17= BfCCAD SALO4a IO
o T gl e _ - L RFLAINMD LIETT I TLE Y1) . et e e n o EBGOREeg
L1317 LR - fivE BasE MG ST - hwnw FTLEETH I - RALDLe30
.. ) uim: RSO e e o ALOTETD 1 Y T T FRLpLLaD
ltl?u nl:nwt , - - FETEAEI T ] AT wORw4p KETutE < RESTOMNE BalE i “c:urn
*_TES) _FoOm CaRO QNPuT g LL-ELE] RELEEp T, a0l TEST FOA_1/0 ENn{m ARGGAARY
O 1 Tweotay Eo #alaoiiagn T kmGpegmo E:.I_j_ﬂtﬂ.ﬁ‘_ln = -———1.3—{“3. TApGhinen
 ma _lulf_.___lJlI‘IFL-'”I} ‘o ARk u_:_!I.L‘H‘_ ERLOAGID N Tia bEFRENED __immpm = GC Fg ARwGEmRy FOJ RGO
ALOT LIVl T LACGRG IO ) LT I T T = ) ELIAL 31
L v ) Pl S, 14003 AR PAOEE4E LAAT Camp_ 3w OFF TRGQap M0 . _AAnonyzg
0 LEST PO Chnpphsallovar "PLard | nl LOGIE usED™ e TV TY 7Y iRLDae ™ Tml T wapf,e3Tr " CTTRET TRt @ R sy Al TEET M |ANT T TARCEN AR
.II_!_I_ ¥ taliOsvrin: ME 3vEToo. DN} LEIA-TTA R L Lk [fm uLED EDH oo IwG CRATISE RFEUIN 15 TALONAAG
(4] b TRTY L300 'r_n_rul"u THTHT Thignged gj_.” “:n-gu"%—;: T NLIL! fint i inadD
e L1 1n1da2 _ . —_ __isLgapTO L% IpST pof USER G0 ELFCTIEED FQ SawE MECCLDdS Cmosy SFQ.__ _ _  _ _ _ PRGOAIAD
THITS rON RE-INIRT Kim rli__'_ ARGOADBE LIF O TILELFTOTE wE aT8%am, l4h4 ’ ’ BRLCAY O
o A 110 A0FETLTH _ Liab STOWFD LEVEL 1aagE RAEQ4 DO " ULEN EmY_Tp SavE RECLADIS LEOYE REQ. e - L3 T L
LT T I Tt T T e b e TRTENLEE CFILE T Eptgeied L 1L LER IR -— - -_ ALDAYRD
1 11+14 SFSTORE MuSE SICISTER ERCGa Ll F5pR 1, b o ARGENADG
) Tildis - - REGG& ) 2D L 1he LO — WLSTORE BA%E MECISIER HALDNE D
* N — LI TR . LY=L 1 I
1N Oup ™ QT =" — B s (T Te BT ™ T e TR L 1730 S = g0 rg Bl 00 RECCADAT BwDss afd.  NELOesId
FOTNITL OM Mo BE-ENTAT Bim o RGO MY L® FELL FpE | Fw psEQ FOR S109TNC PLaSHER _DADERY | —_— —_— SALOvR4D
LT LT EALOaTRO . " aNph 0 TRlF  zaePLRMIADS ME addo.jdeT - FALGB S
L LyMWELEvhOs InIYIRL[EE WA pa gy TR _v TE57 FDR LSFR FSFT FLECTED 10 SAVE SFCOOp#S FLlawywFD DRADERY L ALY
is S TEEnadia™ [N S T4 FY Th 4 ARCHE VNG — T aiF I ewiiiFe wE svlkan. IRas RALCLRTE
RLI1 3 v ruamsuanl.!-n.urt--cn ul1H LLIA-I% 12 + ULER Eal? I3 YavE ltr_[;tuﬂ FLansgD OADERS RPCoanal
A St T TR Y L T T i {wl OF CmiT Tatonaod v L1 REATILE™ " ERGOLanl
L1 T LT .. Lo~sTanr RBGOA 210 eLA L&, Ll . RELOATOD
T MWL T R EvLTa IR HIERA THIT SEY UFwf T ECynTER MO TEMAT BRLLaAIFD — == ™ "7 i1 0T ArivoeET aEE nfCIITER apL e R
La .l tamLE Imlt SET LEVEL L&MLFE 4BOE L[k LI ] . PRCOLT20
I L IVTRLD TO ITinT ADOE OF - Yubif — MeCddiap™ RLIT) T T L TE S TE A TLTaR SePLRGET plannED OAD ARGEaTad™
_ L IFE I EY:) LOWD YavEQ FCN WQODR (M BASE NEGL MRG58 LY augr RACO&T &0
e . Ea P LT LT T iw GRODEATIR REEOW 23T ST TupGaiE 1ARTafcONE T B13E AALOWTEE
iw £, FREHOINE LSDAIE MLT1ES AuM LLTIYITY WO, ABCO4270 1EIGaT 11, AEFMEEQY " neLosTel
13 e VI T T RRLAIE T " 1111—1‘_ LaLdi 1o
b A S LA PLA AN I CLOLE lsw F) ARSHe7 IO V¥ 11, m APATORE mase REG|5TER RRCOATAD
) T L4 T e 71 tﬁt—rn:ﬁ—mnrm;—'—ncmmr‘ el gpfuu.,“ﬁha FFST FOE~ I/n fAROR TnafaTew
BALE pacl] ACT1¥ITY wn, DM DI%e ACH LA TENT ] 1] 141083 wl cu@ON - GO SLT WEEY NLLOAD ARCOs oD
- L YT NECTCAL B SEMIETSTEN ™ MACoAH — — TG ANrisREE T EARDR - O TR shwZAks TEOS 0 RaLOenid
myf  mSFT L RTOMS LI IS 1] AN 11 RAGDA NG
L Tl SRFRCILY TRETDPIM Tt RFTILE ™ RRLOOIAE T T hnkoanad
Rl &l LALOw IR RLTY] LTl ERGLARD
= FTTIvIb WEroaE PLsE AEETITER. - NMERETan TEfoal  fG8  » LRI 2 Y]
* MALON3TO 417 yarbEOSSeTHE EOD dlan, pusds bt ell
TIATALE T~ T:8AVFCRAR TCEn SIVED FCB™AOna ™ TN BASE WERT RRGCLIAD — —; ___“_a.u_ 1alFEAnDRBS ED atdo. [ kbda LAY
Myl EPDUMLL M, iR RN MVE CUARLENT RN afT MD. ERGH4 1D ITELLE] £0 O IETIAM 10 wAINLINE PEDGRAw BBGCCARRD

AT MENITIWRTAandAT T TERTTRW FORCTIEANCT INMCATION T AEEMAENT — ﬂ'—im NI1}! A (AT -




LI E TN - A

RTTY EEEL B o e e ——— ERCUNRDE e TELE PN RLawwED QRLEEL L TONED LT
* yfQuinilie WLIRJErAL EF Srm MECORD ERCLOAELG LIF CVELPLANDANG FD anDao.pnte” A ¥ TS T T
et b LN dRFALEQR HACDAwPE JELEWR WECDROAY PLawwE( OMBENY FIE, 03 Froeaagp
LT T ELIA-LR 2T ] ll|ur]. e o LPLANOMD LT
n yory .. EOF REpTymm_ . LAGOh Lt [N} Y, mFRFE [LIL-TRY.
in 1110 wiRmaL LEIGAN = mEStPmf Bas L REG RBCoanin ERLITLESLL T BILAmFARN, Sa,DANCELE o s I LT T
JELL REiORPR SN, £I0OD CTESY PON_ 4O [MRDA _ RELOAWSED N 1 S,LEFPRPEESE_ FELEANIE
T [LEETS Wi LANDR Ehpdasin | T MT s lELDR Tommoees I T L T T
i R S AT LT, RO = GL TD eRnTRuA; O LA 50 L L 14 NE[{%W 10 CRLLER LLE L 118 T
CE Y Amggeane * - PRLOALAD
. _ . e e ———,_hRGDYDOO_ v - - FECAYY RO
INloe™  FOU o+ AHGOSDLO dRTe L o i T TT T TR T (TS TTY i
L% TEST fOR S4m USED FDM STORING CRQ3Y NETQLAE=ERTS _MELOMRM0 o+ pnD OF EOUINE - NETREN f0 waiwLlwg FAOLELR
Wi NECGRDASRTE mf FSdn_|LTQ ReGOsD 0 (1571 L T R T ST P
a® TH40 A0 ypife Exil ELECTED 10 Tl VECCADAL CRD3S EED. il L T LL 1% ;
LT ABLELTTERT WE #v LT R4 REGLYOSD - LY
* LSAM EALY PO Leve BECORDAS CHNOLE RED. .. ——— RECOAD a0 A= 0% MCE LAY
v Tieababing - - L1113 1 oooTTmmmmn e - e et T T T 1 T R
LYTR N LS Y - NBGOYDA0 * [2A-LTHY ]
T T li.ta "WESTELT ma%E REGTETER HECRSD G . TTlomT I anTy SECT BN h - B § T LT T
L ) __apLdd |00 * ERGDANAE
ST RN T EIT e W EBTIT LR wELDRDaS ROk REG.  WRE4IT0 iAwnredd BE wigF T N
«F TELT BOL D/® USED FOR ITOL PG pLaswE0 CRRENY ABLOR 120 jameowl DL =3 # (L1440 1
T LiF TTrate inguDe g dbde TRYETT Al 2 B NIFT LSLEANTOIE WE AvELAw,jatT T T T i
% LERD FOO yird Exfl PLECTER TO 4wvE LECOADAY FLAMYED TROERY __ERGDYLan LERLFQTY B AEETITORe | NRLEATRD
BIFT mabEmifpla NE atidan T RBGOSY EE NI MIF TTR4LELITIZ2ACNE ETEsdBS AT T T T T 11
* pjER Fill TR tavE AICOADSY FlLiwwgD fedEmd iell%iad_ _ aprir BL WELITL I LIRS
I TISEEER AT L e T T anpe - CY L EEP
LT ST . hELLLET 1 pRor 1L EFLCYT el
L Wi T ks Aok TRARRUREGISTENT T (LTLTE MENDTT - = T LpcasthaT
* e e 4 m—mme—- . katqsran
TR bl ik fiend TTTTURG FE Gk wi RECEROZLT R NI DRO TGO AT BLEWD T
NITE, oW _ ARG
s UPEIF S/n RELDED BM DISKE LT T T
LY S Il LBFRJEQY AALDD ran
Baln” Il-.u - =TT Tpddbpgg— "' ° T 7 = - _—
i WESTOME BASE SFCISTER FACOY 7l
- '—’*“t'ﬂ“untuﬂﬁaﬂ""——nsr:m' LADT RN CLITLYS U
ME 18 15a0 W EARDA - GO GET MEXT_ MELOAD ERCOY; b
L Tl anrRiRED THRON = &F 0 amhbRuly"EGT 77— EeL0fped™
13 11 TACDYMROD
bl R s L
‘“" NGO 12D _
TPk atcnunirum: RER.FLIFLEE L b ] -
lltu'!l oy w ABGO4 yag
,® V(LT FOR EN, REQ, DLlE FORMAT naldyier
AlE TILCADLIDTF ER BTRRAQIA_LATH RRCOMMAD
...... e L T T4 05 AN ERLofe
afth  .INTE RELDS1RG
AT T TLYTT T LN TR LL LA
N L L ArGEOYY (1T
T R TB¥F—Fvr LA SEFCITY TS S TDRE L RRCTERTE -
LN M LaRFLROLSLRD ARCOY e 20 .
T TR e LGN HACOTLNE - -
1] 1% NETymM TH CALLER AALOY A a0




_ETJ biirLar

Y

e woar w mr R e e —————— e e —
—— — — ———
— - —_—




DIRECTORI O DE ALUMNCS DEL CURSO:
DE REQUERIMIENTOS DE MATERIAL" ,

SR. DANIEL ACOSTA CASIAN
VALLE VERDE Mo, 5

FRACC. VALLE DEL PARAISO
TLALNEPANTLA, EDO. DE MEXICO

ING. JORGE ACOSTA DORANTES
ATZCAPOTZALCO No. 312

COL. PETROLERA

CD. REYNOSA, TAMPS,

TEL. 2-24-90

SR, ANTONIO R, AGUILAR Y RUS/
RODRIGUEZ SARC Mo, 129 -10%
COL. DEL vALLE

MEXICO 12, D, F,

TEL. 534-14-31

3R. JAVIER ARANDA SOLORZANO
FCO. JAVIER MINA No, 44
COL. LOS REYES | XTACALA
TLALNEPANTLA, EDOC., DE MEXICQ

SR, JUAN DE DIOS ARZAMENDI| Ri-
VERA |

SAN LUIS POTOSI Ne. 112 SUR
COL. UNIDAD NACIONAL

TAMPS,

SR. DAVID BENITEZ AMADOR
AV. VIA NEPTUNO NO. 100
COL. ARCOS DE LA HAC!ENDA

CUAUTITLAN 1ZCALLY, MEX.
TEL. 5746-87-81

SR. FELIPE CELORIC C,
PROVIDENCIA No, ZI'J

COL. QLIVOS

MEXICO 23, D, F,

TEL. 564--18-02 574-11-22

"SEMI NARIC SOBRE PLAMEACI ON
DEL 4 Al 8 DE SEPTIEMBRE,

ACEROS NACIONALES, S. A.
GERENTE CONTROL DE MATERIALES
AV, HIDALGO No. 132
TLANEPANTLA, EDC DE MEXICO
TEL. 5&5~67-00

PETROLEQS MEX] CANOS

JEFE DE LA UNIDAD DE ADMINISTRACION

MATERIALES

MARINA NACIONAL No. 329
COL. ANAHUAC

MEXICO 17, D. F.

TEL. 545-74-60 EXT. 2859

PROCESCS Y SISTEMAS DE | NFORMACH CN, 5.4,
JEFE DE AREA DE PLAMNEACION INDUSTRIAL

MINERIA No, 145
COL. ESCANDON
MEXICO 16, D. F, .
TEL., 516-04-40 EXT. 211

TELEINDUSTRIA ERICSSON, S, A,

COORDINADCOR OE MECANIZACION DE

AV. DR, GUSTAVO BAZ No, 2140

COL. TLALNEPANTLA, EBO, DE MEXICO

TEL. 397-81-33 EXT. 1340
FETROLEOS MEXI CANOS

JEFE UNIDAD ADMON. DE MATLS,
LOPEZ DE LARA No. 201 SUR

CD. MADERQ, TAMPS,

I NDUSTRIA DE TELECOMUNICACION,
JEFE DE AMALISTAS DE CONTROL DE MATERIALES

AV, CIENCIA No, 13
CUAUTETLAN § ZCALLY,
TEL. 2-03-40

MEX.

PROCESOS Y SISTEMAS DE INFORMACION{ICA)

PLANEACION | NDUSTRIAL
MiINERIA No, 145

COL. ESCANDON
MEXICO 18, D. F,

TEL. 516-04-60 EXT. 211

LM,

S, A,



10,

12,

13,

15,

SR, ROGELIO CORONA RODRIGUEZ
JOSE DE ESCANDON Nea, 20

CD. SATELITE

EDO. DE MEXICO

TEL. 572-17-48

SR. JAVIER CORTES LAZZARI
44 Nte, No, 3430

COL. 7 DE NOVIEMBRE
MEXICO 14, D, F,

ING. MARIO CRUZ RIEGO
MAR DE SMITH No, 42

CD. BRISA

NAUCALPAN, EDO. DE MEXICO
TEL. 373-54-82

SR. OSCAR GERARDO DEL BOSGUE
GONZALEZ ;
COLINA DE LAS JADES No, 35
FRACC. BOULEVARES

TEL. 372-47-35

SR. NEMESIO ESPINOSA A,
BLVD. COACALCO No, 336
FRACC. VILLA DE LAS FLORES
COACALCO

SR. MANUEL FERNANDEZ PEDROSA
AV. COYOACAN No, 1870 - 301
COL. DEL VALLE

MEXICO .12, D. F.

TEL., 524-42-91

SR. GUILLERMQ JAVIER GARATE
MuNOzZ

GABRIEL MANCERA No. 905
COL. DEL VALLE

TEL. 559-467-13

ING. LESLIE GIL PEREZ
27 DE FEBRERQ No, 1022
VILLAHERMOSA, TAB,
TEL. 2-24-73

-

E.R. SQUIBB & SONS DE MEXICO, S5.A. DE C.**
GERENTE DE MATER! ALES

AV, REVOLUCION No, 1267

COL. ALVARO OBREGON

MEXICO 20, D, F,

TEL. 651- 23-00

PETROLECQS MEXICANOS

DEPTO, DE INGENIERIA DE MATERIALES
AV, MARINA NACIONAL No, 329

COL. ANAHUAC

MEXICQ 17, D, F.

TEL. 545-74-40 EXT. 3664

PEMEX

JEFE UNIDAD ADMON BE MATLES, 5.P.P.
MARINA NACI ONAL No, 329

COL. ANAHUAC

TEL. 545-74-60 EXT. 3459

INDUSTRIA OFE TELECOMUNICACIONY, 5, A,
SUPERVI SOR DE MATERIALES

AV, CIENCIA No. 13

CUAUTITLAN 1 ZCALLT, EDO, DE MEX.
TEL, 2-07-22

TELEINDUSTRIA ERICSSON, 5. A,
ANALISTA DE 515TEMAS

VIA GUSTAVQ BAZ No, 2180
TLALNEPANTLA, EDOQ. DE MEXICO
TEL, 397-81-33

CELANESE MEXICANA, 5.7A,

- GERENTE DEPTO, TECN}CQ DE COMPRAS

AV, REVOLUCION No. 1425
SAN ANGEL INN

MEXICQ 20, D, F,

TEL. 548-72-37 |

PROMOTORA I NDUSTRIAL DEL BALSAS,5.A. DE L.V,

GERENTE DE COORDINACION Y LOGHSTICA
JUAREZ No. 14 - 8 P1SO

MEXICO 1, D. F.

TEL. 521-32-52

PEMEX .

JEFE UNIDAD ADMINISTRACION DE MATER|ALZS
MARI NA NACIONAL Ne, 329

COL. ANAHUAC

MEXICO 17, D, F,

TEL. 545-74-60



6.

17.

18,

19.

20,

21.

22,

SR. LUIS GONZALEZ C,
E. MOLINA No, 225
COL, 20 DE NOVIEMBRE
MEXICQ 2, D, F.

TEL. 787-65-92

SR. ADRIAN JESUS GONZALEZ BA-
BILLO

CA LLE ELVIRA No. &5

COL. NATIVITAS

MEXICO 13, D, F.

TEL. 579-25-61 - 579-33-29

SR, SERG! O HERNANDEZ CABRERA
AV, UNIVERSIDAD Nao, 1900
EDIF. 42- 303

COL. OXTOPULCO UNIVER,
MEXICO 21, D, F.

TEL. 550-06-49

SR. JOSE A. HERNANDEZ MTZ,
SUR &7 ¥ 3038-3

COL. VIADUCTO PIEDAD
MEXICO 13, D. F.

TEL. 538-45-08

SR. ANUAR KASSIN OLVERA
LEGMA BONITA No. 15
COL. BUENAVISTA

POZA RICA, VER,

TEL. 2-00-06

SR. MANUEL MARTINEZ GARRIDO
CERRC DEL PENON No, 177-4
COL, CAMPESTRE CHURUBUSCO
TEL. 689-13-56

SR. FCO., AGUSTIN MARTINEZ MTZ,

ESPERANZA No, 1004 - 2
COL. NARVARTE
MEXICC 12, D, F,

TEL. 519-29-17

LIC. TOMAS MATCHAIN SERRALDE
PRESA SANALONA No, 423

COL. IRRIGACION

MEXICO -10, D. F.

TEL. 557-19-38

ACEROS NACIONALES, S. A,

JEFE PROGRAMACION DE MATERIALES
AV. HIDALGO No. 132
TLALNEPANTLA, MEX.

TEL, 565-05-44

-

CONSTRUCTORA Y URBANIZADORA CUR, 5. 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 PINOS
MEXICO 18, D, F.

TEL. 316-65-05

| NDUSTRIA DE TELECOMUNICACION
AV, CIENCIAS Ne, 13

CUAUTITLAN | ZCALLI, EDO. DE MEXICO

TEL. (91597)-2-03-00

PETROLEOQS MEX]ICANOS

AYUDANTE TECNICO DE SUPTCIA. GENERAL

DOMICILIO CONQCIDO
POZA RICA, VER,
TEL. 2-12-%0 - 2-15-60

LL.NLA M.
CD. UNIVERSITARIA
MEXICO 20, D, F,

XEROX DE MEXICOQ, S. A. DE C. V.
SUPERVISOR DE PLANEACION
EMILIANC ZAPATA No, 11

COL. PTE. DE VIGAS

EDC. DE MEXICO

TEL, 297-13-00

FORD MOTOR COMPANY, 5. A,

SUPERVISOR DE PLANEACION DE INVENTARI OS

REFORMA No, 333
COL., CUAUHTEMQC
MEXICO 5, D, F

TEL. 525-92-00 EXT. 474



24,

2&

27,

28,

29,

al,

SR. JORGE MERINO TAPIA
LERDO No, 284-20%
TLALTELOLCO

MEXICG, O, F.

TEL. 583-00-16

SR. ARMANDO MORGA GOMEL
ANDADOR No, 23 -34 -2
COL. ACUEDUCTC DE GPE,
MEXICO 14, D, F,

MA . TERESA ., POSADAS ROCHA
AV, MORELOS 827 EDIF. 146101
COL. JARDIMN BALBUENA
MEXICO 9, D, F.

TEL, 552-76-74

SR. LUIS E. REYES FUENTES
GRIJALVA No, 121

FRACC. VIRGINIA
VERACRUZ , VER.

TEL. 3-81-69

RUBEN DARIO RAMIREZ RODRIGUEZ
MANUEL DOBLADO 137-B INT, 103
COL. MORELOS

MEXICQO 2, D, F.

SR. SERGIO MARCOS SANCHEZ ALBERT,

ACUEDUCTO RIO LERMA No. 14
CCL. M. AVILA CAMACHO
MEXICO 10, D. F,

TEL. 589-23-25

SR, LIC. ALEJANDRO SANDOVAL -
NAVA

LERDO 284-C - 109

TLALTELQLCO

TEL. 583-54-58

SR. OSCAR 1. SILVA LUNA
JULIO S, HERNANDEZ No. 30
CD. HUAUCHINANGO, PUE.
TEL. 2-03-87

TELEINDUSTRIA ERICSSON, 5. A,
ANALISTA DE SISTEMAS

DR. GUSTAVO BAZ No, 2160
TLALTELOLCO

TEL. 3-97-81-33 .

COMI $1ON DE AGUAS DEL VALLE DE MEXICO
AUXILIAR TECNICO

BALDERAS No, 55 ~ 4% PISO

MEXICO 1, D, F. -

ANDRE BIGAUX, 5. A,

JEFE DE PLANEACIOMN

AV, VICENTE GARCIA TORRES Mo, 235
COL. COYOACAN

TEL. 549-33-&0

PEMEX

JEFE DE SECCION CONTRCL DE MATERIALES
TINAJAS, VER.

MP1O, TIERRA BLANCA, VER,

MOTORES Y REFACCIONES, 3, A, i
COORDINADOR DE COMPFRAS, MATERIA PREMA
NORTE 35 - No, 895

COL. INDUSTRIAL VALLEIO

TEL. 5&7-47-00

INDUSTRIA DE TELECOMUNICACIONES, S A,
JEFE DE ANALISTA DE CONTROL DE MAT,
AY. CIENCIAS No.. 13
CUAUTITLAN |ZCALL!, EDO. DE MEXICO

FORD MOTOR COMPANY, 5. A,
SUPERVISOR DE PROGRAMACION
REFORMA No, 323

COL. CUAUHTEMOC

TEL. 525.92-00

PEMEX
JEFE UNIDAD DE ADMON, DE MAT, 5.0.G.A.LC,
COL. ANAHUAC,



32,

33,

34,

35,

SR. JOSE ANTONIO ZUNIGA LOPEZ
AV. ING. EDUARDO MOL!INA No, 947
COL. GERTRUDIS SANCHEZ

MEXICO 14, D, F,

TEL. 551-18-4%

SR. ING. ENRIQUE VARGAS LUNA
PLAZA DEL PARDC No, 4

COL. LOMAS VERDES
NAUCALPAN DE JUAREZ

TEL. 572-34-88

ING. JUAN PEDRD TREVIRG CANTY
Cedro No. 56

Sta. Minica

Edo. de México

Tel: 3-97-13-00

ING. RUBEN TREVIRO LUMNA
Colina de Jades No. 35
Bulevares Satglite

Edo. de Mexico

Tel: 5-72-47-35

-gn.

MOTORES Y REFACCIONES, S, A,
COMPRADOR MAQUINARIA Y EQUIPO
NORTE 35 No, 895

COL. IND, VALLEJO

MEXICO 14, D, F.

TEL, 367-47-00

| DEAL STANDARD, S, A,
DIV, BRONCES FINQCS
ESCAPE No, 34

TEL, 5/6-25-33

XEROX DE MEXICO, S. A, DEC. V.
Emiliano Zapuata No. 11

Pre. de Vipas

Flo. de México

Tel: 3-97-13-83

INDUSTRIA DE TELECOMINICACION, S, A.
Ave, Clencia No, 13
Cuautitlan-Izgalli

Edo. de México

Tel: 2-03-40 Ext, 156






