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CHAPTER 1

WHAT IS MRP?

The tollowlng discusslion assumes reader famiilarity
Wwith MRP. A gooa description of MRP can be found In the book
by Orllcky<45>, A glossary of terms can be found In COPICS
(Communications Orianted Production Information and Control

System) publication by IBM<13>.

MRP has been defined in the following terms: *A
Materlal Requlirements Planning (MRP) system, narrowly
deflnedy consists of a set of logically related oprocedures,
decislon rules ana records (alternatively, recordas may be
viewed as inputs to the system) designed to translate a
Master Production Schedule Into time-phased net requlirements
and the planned coverage of such requlrements, for each
component Inventory [tem needed to implement thls schedule.*

(Orlicky<45>).

®

MRP is basically an information system. Looking at It
~from another point of view, it Is a simulation technique by
which we can simulats shop floor activity given a master
production schedule. The logic and mathematics of MRP |[s
assentlally very simple - glven the gross requlirements for

an ifem we net it out against the on-hand quantlty to arrive



at the net requirements for the item, whlch Is then offset
by the lead time for the ifem to generate the timing
information of when manufacture of this 1ltem should be
started and hence when its lower level Item should be
avallable. HWhen this 1s, done through the entire product
structure and for the entire master schedulie we have a
simulation of what the activitles of each work centre should
be at what time and when purchased ltems should be oraered
and in what quantif@es. A single level computation can be
schematically lald out as In Flgure 1. Lot for lot

lot-sizing has bean assumade.

A few points that need to be noted are?

1. The explosion of the groduct structure described above
is properly applicable to dependent demand items. The
demand for an item [Is salid to be Independent |[f 1ts
demand 1s not a functlon of the demand for another
items The demand for an item is sald to be dependent
when its demand ls a function of the demand for another
inventory item.

2« The process has to sTarf wlth a8 schedule that specifles
how much we will manufacture in each period, for the
end item. This document [Is the Master Productlon

Schedulies
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Lead fime = 2 periods ltem A

Periods 112 13 |4 |151]6 17
Gross requirements 10 20 |10 | 5 . 130 120
Scheduled receipts
On hand 30 {20 | O |-10 |-15 -45 |=65
Net requirements 10| 5 30 | 20
Planned-order releases | 10 | 5 30 |20

AR

Creates Gross Requirements
at the next level

Figzure 1 HMRP explosion illustrated.
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To properly carry out the explosion process we have to
know the stages the ltems go through. HWe also have to
know informatlon such as - for each unlit of ftem A we
need two wunits of item B and It takes one perlod to
build if. Sucn Information 1s malntalned In the
*Proauct Structure® or °*Billl of Materlals®.

To determine the net requlrements for an ltem we need to
know the on-hana quantity and scheduled recelpts for
that item. This information Is maintained Iin the 'Parts
Master® or *Invantory Records®.

Once a *Planned Orger Relea;e' is released [t becomes an
*open order*® ana gets récorded in the *Scheduled
Recelpts® row,

An inventory ltem can be a componenfv of a number of
end-products, In which case the requlrements for the
item are derived from the master schedules of all the
end-products of which [t is a component.

Using lot-sizing procedures, a number of net
requirements may be combined into a single order in
order to minimize Inventory costs. Thus net
requirements are an lInput into the declslon making
process.

An ltem may be a component at dlifferent levels 1In the
structure of diffarent or even the same item. To get

around the problem this creates for eftfliclent lotsizling
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ana explosion, a technique known as lown-level coding Is
used whereby the lowest level at which an [tem occurs
in the structure ot any end item [s identlfled. The
item lIs processed only when that lowest level Is
reached in the tevel by Jlevel oprocessing. {See

Orlicky<i45> page 63 for a detailed explanations)

A schematic representation of an MRP system [s glven In

Figure 2.

MRP in Perspectlive

A large number of functions have to be performed to
support production related manufacturing application. The
application areas that have been identifled by COPICS are
shovn in Figure 3 nhich s a reproduction of Figurs 2 from
COPICSs Management Overview<i3>, (COPICS is a set of eight
manuals “that outllne the <concepts of an Integrated
computer-based manuficturing control systam."™) df the 12
areas identifled, Invehtory Management happens to be one of
them, It is in this area that MRP is applicable. Hence, MRF
Ils only applicable in one of the twelve areas related to
proguction - it I3 not a panacea for all productior
problems. Any clalm that the Inventory Management subsystem
is the most [mportfant subsystem is akin to saying that one

particular transistor ls the most important In an amplifler
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MASTER
PRODUCTION
SCHEDULE

INVENTORY MRP BILL OF
RECORD (G ———1 MATERIAL
FILE PACKAGE FILE

Jl

OUTPUTS

Figure 2 MRP schematic representation,
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circuit! The Inventory Management subsystem [s as lImportant
as the other subsystems and the performance of any one
subsystem depends on how well every othar subsystem has
performed. These dependencles have been shown in Flgure &4
which is a reproduction of Figure 23 in COPICS, Management

Overview<13>. (The starredc boxes are part of MRP,)

Another thing that should be polnted out is that MRP |s
an old concept that has been made posslible by the computer
and popular by APICS (American Procduction and Inventory
Control Soclety)s. Only It was not called MRP then. Romeyn
Everagell and Arnold Putnam in an article In Production and
Inventory Management<55> mention an MRP Ilike Implementation
some 20 vyears ago. As MRP becomes more populsr older

implementatlons may be ravealed.

MRP is not a perfect technique. A number of issues

still need to be looked iInto. Some of these ares

1. Wheres why and how co ne keep safety stock?

2. How do we set and control lead tlimes?

3. Is there a need to freeze the master production schedule
over the cumulative production lead time?

4, How do we mastfer schedule?

5 Do we control every ltem by MRP?

6. Whereys, how and why do we lot-slize?
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Figure 4 Inventory management functions.
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We examlne thase polnts In the next six chapters in

some depths



CHAPTER 2

THE MASTER PRODUCTION SCHEDULE

Master productloﬁ scheduling is the process of arrlving
at a master productlon schedule. A master production
schedule 1is a documant that answers the following questions
about the end items! What procucts should be produced? 1In
Wwhat quantities shogid they be produced? Hhen should they be

produced?

Master production schedulling Is an important function
regardless of whether we use MRP or not. It is a
co-ordinating function between manufacturing, marketing and
finance - anao somefimes englneering. Master scheduling Is a
decision making process that s both a threat and an

opportunity.

MRP and Master Schedullng

The inventory management system has to operate withln
the constraints imposed by the master production schedule.
In relation to MRP, master scheduling becomes very Iimportant
because It ls the prime and driving 1Input Into the MRF
systeme An MRP system is an Infinite loading system. As

Romeyn Everdell put [t "An MRP system can explode anythlng -



and too frequently it doas!™.

MRP titerature and Master Scheduling

It is an interesting observation that untll recently
master scheduling was not recognised In its importance to
MRP and was considered to be somethlng external. Somehow, [t
Was assumea to be present. Amongst the flrst people to point
out the importance of master scheduling In MRP was Romeyn
Everdell<22> In 1972. Recentlyy thls Importance has become
more and more recognliseds, Hight, In his book<69> says "The
master schedule is to an MRP system as a computer progranm ls
to a computer™, He also says “The design and management of
the master schedule are recognlsed today as keys to the

success = or failure - of an MRP-based system®.

Desplite thls recognitiony however, 1]l terature on MRP
and master scheduling 1s singularly lacking. Numerous

articles were published on MRP In Production and Inventory
Management during the APICS MRP Crusade - but not a single
one of them was on the topic of master schedullng to the

best of my knowledge.

Existing literature does {ittle more than polnt out
that the master schadule has to be feasible. Wight<69> says
"The master schedule cannot be overstated or prlorlties will

become Invalia®™. No formal procedures are provided to help



arrlve at a feaslble scheduie and to check the feasiblilty

of such a schedule.

Feasiblility Management - an Ald

e present a technique to manage the master scredule to

a feasible schedule.

Suppose a flrm plans to produce certaln quantities of
certaln products at different times. In terms of production
capacitys what impact aoes the plan have? The oproblem s
best viewed In terms of a three dimenslonal matrix as In

Figure 5.

For each product the firm makes, 1t malntalns routlng
informatione. Thus, for product P7, the routing file tells
us that the processing takes place In work centres
A1y W3y W4y WS and HW6. The routing ftile also contains the
sequence of operatlions and leaa time information such as
setup time and standard work-centre requirements (In terms
of man-hours, dollars.or some other unlt). We thus know that
in order to produce Xi7 units of prodect PL in time T7, we
.need L4171 wunits of capaclity at work centre W6 In time Ti,
L172 units ot capacity at work centre H4 In time T2 etce. The
matrix can pbe completed In thls fashlon tor every product -

time combination (such as X17) planned.
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We can now take cross sectlons along the different axes
to come up with useful information. Firsty let us conslder a
horizontal cross s2ction l.e. consider all the information
for a glven work centre, say Wi. If we sum the capaclity
requirements of all the products by ezach tlme in?, we get a
load profile for the work centre. Thls may look as in Figure
6« When we superimpose on the plot the planned capaclty, we
can see at a glance that the work centre will be overloaded

at times and underloaded at other times.

Next consider a vertlical cross sectlon parallel to the
product-work centre plane. This gives us information about
the capacity requirements In a glven time wunit at the
different Work cantres generated by all the planned

productse A typlical plot ls shown In Flgure 7.

tastlys consider a cross section parallel to the
time-work centre plane. This gives us the load profile at
different nork centres ganerated by a producte. A typlcal

plot may look as in Figure 8.

All of thes2 plots provice useful Information and wlill
help us keep our master schedule feaslble, In order to
achleve thisy the following steps need to be carried out -
(1) Aggregate the products Into procuct groups. All the

products In a group have simlilar routings. At an
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aggregate level we wWill schedule for the product
groups. Thus all giffusion oumps would be in one
product groupy all mechanlcal pumps could be In another

etc. This has to be done very iInfrequently.

(2) For each group, defline a ‘unit® whlch provides a
meaningful {oad and in whose multiples we will be
dealing to arrive at Initlal guldelines. Thus, for
diffuslon pumps the *unit* might be 5 pumps. For a
small electronic instrument the ‘unlt® might be In
105"s because 5 instruments do not provide a meaningful

load and we schadule only in multiples of hundreds.

(3) For the *unlit® of each proauct group, dgenerate a load
profile at different work centres created by the
*unit®. This 1o0ad proflle ls similar to the one shown

In Figure 8.

(4) Based on sales forecasts and strategy, arrlve at the
ratios in wunits at which you would like to produce.
Such a ratio might be 2t1 for diffuslon pumps to
mechanical pumps. Thus for each *unlit® of a mechanical
pump we would like to produce 2 ‘unlts®* of diffusion
pumps. Based on probabllity estimates, we may arrive at

2 or 3 such sets of ratlose.



(5) For each set of ratios and using the load oproflles, it
is easy to arrive at absolute numpbers of maximum units
for each product group that we can make In any one

period.

All the steps outtinea so far are performed very

infrequentliy. The next few steps are much more frequent.

(6) When arriving at a master schedule, the flrst step is to
arrive at aggregate numbers by groups. (Thls procedure
being described Is only one to help keep the master
schedule feasible in an easy aﬁd systematic way - it ls
not a master production schéduling technique«s)o These
aggregate numbars must 1le within the upper bounds

computed In step 5.

{7) Items within a procuct group can be in any ratio so long

as their sum does not exceed the group total.

(8) Once a detalled schedule is arrived at within
constraints 6 and 7y It is exploded usling MRP. This
process generates for us detalled load oprofiles at

every wWork centre.

(9) Compare these aetailed profiles to actual capacity. It

may be possible to absorb small excesses and

imbatances. This Is a declslon production people have



to make on reviewing the loads.

(10) Signiticant Imbalances that cannot be absorbed have to
"be reconciled by cycling back and changing the master
schedule. Once again we are helped In thls by the load

2

profiles of step 3.

Should signiflicant Imbalances occur regularty [t
means that (a) product groupings be re-examined and (b)

the loaa profliles be re-examlned for accuracye.

A schematic diagram of the more frequently performed

steps (step 6 onwards) is given In Flgure 3.

Modelting Approactes to Msster Scheduling

There are a number of modelling approaches to master
scheduling available in llterature. In the following pages
we present some of these modeis and comment on their

relevance in the context of MRP.

(a) Llnear Programming models

These are llnear and quadratlc cost models which can be
subdivided into fixec and variable work force modelse.
Classlical models are the ones proposed by Bowman<i0>,
Hanssmann and Hess<28> and Holt, Modigllani, Muth and

Simon<3{>. These moaels are easy to solve using linear
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Forecasts

!

What we would
like to produce |
by product group

Can we
produce the group
subtotals ?

Master Schedul e [ar——————y

load supplies
satisfactory 2

Firsure 9 Feasibility management flowchart.



programming techniques. However these models
- ignore satups
- ignore details such’as work centre capacitles
- ignore lot-sizing at Intermedlate levels
- ignore muilti-stage considerations
- regulre aggregation of end items Into product groups
- this means that we have to disaggregate to arrive at

a detalied schedule

{(b) Lot~Size models

These models take into consideratlon the setup costs
Invoived. Because of thls and Ibt slze Indivisiblllty these
models become

- large scale

- integer

- nonlinear

These models are multiproduct models but are also

single-stage and so intermediate stages are not considered.

Manne<37> reformdlated the capacltated non-1|inear
~lot-size model as a tinear program. The rasultant model was
cqmputarionaliy infaasible due to the large number of
agquations. Methods to overcome these difficulties were

proposed by Ozlelinski and Gomory<i9> and Lasdon and

Terjung<34>.



There Is a set of models for multi-stage problems that
allow for an ltem +to have multliole predecessors (a
predecessor is an item that goes Into another ltem) but only
a single successor '(a successor 1Is an 1tem Into whlch
another item goes). Also, 3ll these models are uncapacltated
in that work <centre capaclities are not consldered |in
arriving at the optimal 1ot sizes. These models also deal

with only a single final product,.

Schussel<57> has developed a simulatlion model and
heuristic decision rule while Crowstony, HWagner and
Williams<i4> have developed a dynamic programming algorithm.
Both these assume that the lot-size at a stage is an integer
multiple of the lot-3lze at the succeeding stage In an
optimal solutlons, Crowston, Wagner and Willlams<1l4> prove
that under certaln assumptions of constant continuous flinal
product demands lnstantaneous production, infinlite planning
horizon anda time Ilnvarlant lot slzes the '1nfeger> multlple®

assumption s correcte.

In another paper Crowstons HWagner and Henshaw<i5>
showed that heurlstic routines do as well as the dynamic

programming model with less computation time.

Lanzenhauer has developed a couple of models for the

general case of multiple products with multiple preaecessors



and sSuUucCCcessSors. One of these<26> is a mathematical
programming model and the other<27> Is a blvalent llinear
programming mocdels Unfortunately, these models are as vyet

Infeasible.

{c) Hierarchical modals

These models attempt to provide an Integrated aoproach
to level by level decision making wlilth a vliew to avoid
suboptimisation. Using thils technlque, declsions made at
higher levels provide constraints to lower level decision

makinge. At cach step a different mathematlcal model Is used.

Modeis have been suggested by Hax and Meal <29>, Bitran
and Hax<9> and Armastrong and Hax<3>». The approach used s to
divide items into three levels - Items (the final oproduct),
Families (groups of Items that share a common setup cost)
and Types (groups of Families with similar costs per unit of
procuction time and simliar seasonal demand patterns).
Aggregate productjon planning 1Is done by Types and the

results are then di saggregated.

Howevery, these models are also single-stage models and

hence not directly appllcable in the MRP context.



CHAPTER 3

FROZEN PRODUCTION SCHEOULE

Consider the requirements plan shown In Flgure 10.

The product has a cumulative lead time of 7 perlodse.
Consider now that evarything is proceading according to plan
until period 5. In period 5 we wish to revlise the master
production schedule for net requirements in perlod 9 based
upon recent information. Can wa -do thlis? Consider the

problems we have to face in order to be able to do thls.

1. Based on the foracast requirements in period 9 we have
already started the assembly process for the lower
level items in order to be able to satisfy the period 9
requirementse Thus Ltem C has already been made and
item B 1s in the process of being assembled In a
planned quantlty'to a planned schedule. If we now
cecide we want to Increase the master schedule fhen an
adgitional quantity of ltem 8 has to be made avallable
somehow by period 6 when the assembly of item A begins.
An addltlonal guantity of B can be made avallable onily
it more C ls producaec because ltem T goes into the
production of item 3. However, we have only one perljod

in which to achieve all thls.
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Gross requirements
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20
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Gross requirements

20

Scheduled receipts
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Net requirements

20

Planned-order releases

20

Figure 10 Time-phased requirements plan
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g. It we want fo reduce the master schedule then wWe have
J the problem of already having produced Item C In
quantities greater than actually needed. We wlil thus
have excess of lower level items. AlSo, we wlll have
unutilized capaclty unless we can find some other item
for production = snd thls is unllkely since by lts very
nature MRP makes ltems available only according to plan
- or we are lot-sizing and producing not only for today

put for future needs as well.
3. An increase In master schedule wllil tend to upset the

shop load balance which was achleved uslng the orlglnal

master schedule.

All these factors lead us to the conclusion that the
master production schedule\ has to be frozen over the
cumulative lead time when wusing MRP. There ls a certain
amount of fiexlblilty, however, and It Is provided by the

following factorse.

1. If a number of the lowest level items are ltems of
common usage then the length of the frozen horlzon can
be reduced by the cumulative lead tlme of these common
usage lowest level items. This is because we assume
that lncreases and decreases in the master schedule are
equiprobable and will tend to cancel out.

2. The aggregate total of production quantity |is more
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critical than the quantlty of any one time perlod
alone. Thus, If two ad)acent perjod net requlrements at
the master schedule level were 100 each then It |1is
easier to copa with changes that make the master
schedule 11§ and 93 or 9¢ and 110 rather than 118 and
106. Thls is easy to follow if we Imaglne the addition
of a net requlirement of 2{ in perlod 10 In Flgure 10.
It now Iin period 5 we want to change the master
schedule to 25 In parlod 9 and 15 In perlod 10 then how
do we meet the Increased requirement of perlod 9?2 HWhat
makes this problem less dlfficulf is the fact that ne
will have the raquired numbér of item C because item C
has been completed in a lot of 20 for period 10°'s
demand! Hence the problem Is less severe.

3. As discussed In the chapters on safety stock and lead
time, we can engage In expediting activity 1f capaclty
Is avallable. Hence, at work centres not belng run +to
capacitys we can still tolerate changese.

4+ Again as dlscussed in the chapter on safety stock, we
can provide for <changes in the aaster production
schedule within the cumulatlive lead time to the extent

that we maintain safety stocks to tackle such

uncertainty.

MRP is hence most useful when the master schedule can
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be frozen over the cumulative proauction lead time. There
is a tittle tlexlbility available but that Is mostly due to

capacitye.

Otherwise MRP can be viewed as an information system or
a simulation technique that can warn us In advance of what
the likely effects of changes are. It can give us useful
Information such as "you can do this provided you are

willing to delay requirement X or requirement Y",

Many firms do have some éf these flexlblliitles and
change the master schedule withln the cumulative lead tlime.
It is important that such flrms know where their strengths
lie in order to allow such changes. Equally,s It ls also
Important for firms that do not have these flexibllities *to

be aware of the need for a frozen schedule.
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CHAPTER &4

SAFETY STOCK

Safety stock Is needed to sateguard agalnst

uncertainty. Uncertainty may be of many types.
(1) Uncertalinty In damand of the end product

(2) Uncertainty Iin demand of intermediate [tenms
{a) if they are service items
(b) 1If ne allow the master production schedule to

be changed wlfhinkthe cumulative lead time
(3) Uncertainty in la2ad time

{4) Uncertainty In supply caused by varlabllilty In yield due

to scrap and productlivity.

These uncertainties wlll be present regardless of the
inventory management system in use. Let us examine the

uncertainties In greater depth.

(1) Uncertainty In demand of the end product

If the firm makes to order or makes only to backlog
then there is no uncartainty In the demand for the end

product. However, most firws do not have these luxuries and
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they make to forecast. Hence uncertainty ls present because
the actual demand may be different from the forecast demand.

In the context of MRPy how iIs this taken care of?

The only way this can be taken care of s by
maintalning safety stock for the end productse. This Is ftrue
regardless of whether wWe wuse HRP or reorder point. This
safety stock ls based on estimated forecast errors, lead

time and service leval.

One technigque for malntaining thls safety stock Is the
time phased order point. Let us see what this technique 1Is

and how It wWorkse

Consider an end item (level 0 item) X. Item X has the

following characteristics.

Cumuiative lead time = 3

Safety stock = 106

Consider the Figure 1i. It shows the master production
schedule and the on hand quantitles. We have also shown the
master proauction scheaduie to be frozen over the cumulative
lead time. Howevery whether we freeze the master production
schedule or not will only affect the quantlity of safety
stock we want to malntaln, the rest of the technlque |[s

basically unchanged.



Period 1 2 13 4 | 5 6

On hand

(Safety stock) 100|100 [1001100 1100 (100 |100

Master Production 201 151 351 15] 101 20

Schedule
'ﬂ- Frozen —PI

figure 11 A frozen production schedule.




If everything goes as planned and our actual sales are
matched by the quantities procucedy We are In good shape.
Howeversy suppose th2 demand In period i actually turned out
to be 35 units as compared to the forecast demand of 23
unltse The additlonal 15 units are made avallable from out
of the safety stock which wifl hence fsil to 85 wunits. Our
safety stock has been computec based on varlabllity over the
lead time of 3 periods. Hence we expect to match
varlability over the 3 perlods out of safety stock, Beyond
thaty howevery we snould be back at the level of 100 unlits.
Hence,y, the affect of the addltionél demand 1s shown In

Fi gure 12e.

Note that the master production schedule has been

increased in the first perlod outside the frozen horizon.

Normally tha master productlon schedule does not vary
as forecast aemand does. Instead, the on hand Inventory ls
the shock absorber and the master production schedule |is
made smoothe. In such cases, the only difference Is that the
on hand quantities will usually be larger than the safety
stocke. However, as soon as the on hand Inventory falls below
the safety sfock, the master procuction schedule [Is upaated
beyond the frozen horlzon so that the safety stock be
brought back to normal at the end of the frozen horizon -

and the safety stock has been calculated to take care of
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Figure 12

production schedule,

Period 213141516
On hand
(safety stock ) 8518585 (100{ 100|100
Master Production 15+
Schedule 15135 | 27| 10] 20
¢~ Frozen -bl

Changes within tne frozen
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tluctuations withlin the trozen horlzon anyway. (The
technique is the samae for those who belleve they have to
treeze the master productlon schedule over the cumulative
lead time and those who believe 1t does not have to be
frozen for such a length aof time. EVeryona agrees It has to
be frozen over some length of time - hence the use of ‘the

term trozen horizon.).

Earller we mentioned that if you bellieve that you do
not have to freeze tne master production schedule over the
cumulative lead time then you could do with a smaller safety
stocke The belief that you do not have to freeze the master
production schedule over the entire cumulatlve Ilead. time
springs from the ballef that you can rush through an order
in less time than tha cumulative lead tlme. ‘Even it thls
were true, howevery it i3 not recommgnded that safety stock
be reducea. After all safety stock ls there for productlon
convenience and 1t does not make much sense to rQsh through
an order jJust to bring the on-hand lnventory back to a
certain level. Hence, regardless of whether the master
production scheduie ls frozen or not over the cumulative
lead time, safety stock should be calcuiated as 1t 1t were
frozen. Also, safety stock should be replenished in the
normal course of actlon by Increasing the master schedule

beyona the cumulative lead time - a3 rush order shouild not be



-‘*2-

placed, otherwise the whole purpose of the safety stock |1s

defeated.
Calculating the Safety Stock

MRP poses no special problems that might need new
techniques for catculating the safety stock for the end
item. Conventional technlques are applicable here too. Thus,

depending on the service level deslred one might calculate

safety stock as

Safety Stock = factor * MAD
*factor® depends on the service level
MAD = Mean Absolute DOevliation of the forecast error

over the cumulatlive ltead time.

{(2) Uncertainty in aamand of intermediate ltems

{a) Service ltems

Demand for items that are also service ltems Is made up

of two componentse.
(1) Dependent demand arising due to demand for higher level
items. This is tackled as all other dependent

demand is by MRP.

(2) Independent demand due to service requirements. Thils

should be tackled jJust like the independent demand



end items are, as explalned above. Hence, for
these intermediate [tems we maintaln a safety
stocks This safety stock is calculated based on
the cumulative {ead timey, exactly as for the end

productse

The Independent demand 1Is added to the gygross
requirements generated as dependent demand and the sum

is netted against on handa Inventory.

{b) Changes in the Master Production Schedule within the

cumulative lead tima.

Inasmuch as fthe msasster schedule (s frozen over the
production lead time and the item has no service
requirements, the demand for all Intermediate level Items is
determined with certalnty. However, if we allow changes In
the master schedule within the cumulative lead time then the
demand becomes uncertaln - depending on whether there (s a

change or not.

If the <change 1s 3 reduction then we do not need any
~stock to meet it - in fact we create stocke If the change Is
an increase in the quantity desired then depending on the.

timing relationships one of two things mlght happen.

(1) the item may have ailready been produced or Is I[In the
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process of pbeing produced to the previously determlned
demand., In this case the deslred I[ncrease has to
somehow be made availablee This can be achieved in one

of two ways.

.

(l) rush through an order - expedite 1%t. Thls may be
possible 1f capacity ls avallaplee. Thils polint ls

dlscussed in Chapter 3.

(1i) maintalm a safety stock to cover such Increases 1In

dgemand,

(2) the full lead time is still avallable to produce the
item but the quantity t0 be produced has gone up. Once
again 1f capacity is available then the extra auanflfv
can be produced and the Ilead time maintalned. If
capacity Is not avalliable then safety stock will be

needede.

Ne therefore see that the lssue whether safety stocks
are needed at Intermadiate levels or not due to the type of
uncertainty belng dlscussed depends wupon the capaclty

fimitations.

If ne stick to the scheme of time phased order point
and safety stock for the end ltems, however, then the lssue

discussed above does not arlse. Any changes In quantity are



taken care of by the end item safety stock. Safety stock at
the end ltem level owes lts very existence to the presence

of such variability!?

{3) Uncertalinty In l2ad tlme

Lead tlme uncertainty may exist at two places.
(a) purchased [tems

(b) manufactured (assembied) intarmedlate items

{a) Purchased ltems

Here we are dealing with an interface betwaen MRP
and the outside world. There lIs no guarantee that
vendors will supply ltems based on an exact lead
time. Experlenca shows that thls lead time varles.
At the plant levely we must develop a technlque to
counteract this wvariability. Two vpossiblilities

existe.
(i) Fixed Quantity

Using thls techniques we keep 3 fixed
quantlty ot purchased Item on hand as safety
stocke. Thusy It the purchased item [Is late In

arriving we issue parts from the satety stocke.

Demand for low level Items [sy however,
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lumpye. Lot sizing makes thls demand even lumpier.
For purchased parts the demand mlight be lumpy or
not depending in the number of end ltems It goes
into. If the part or materlal 1is common to a
numoer of end Iltems lts demand may tend to smooth
out. Honever, 1f demand 1Is lumpy then the
question that arlses Is how large should the flxed

quantity safety stock be?

One answer is that the flixed quantlity should
equal the largest expected one period demand after
lot sizinge This will result Iin a lot of safety
stock In terms of item=-perlods. If orders come 1in
on time then we carry the flxed quantlty forever.
If orders are late then paf? of the flxed quantlty
is carried because the fixed quantlty ls based on
+he expectea maximum. Hence in this technique the

safety stock 1s not related to the order quantlitye.

(ii) Safety time

Using this technique we place the order for
the purchased parts one safety time unit ahead of
what is Indicated by our requirements based on a
given laad time. Thus we plan to have the parts on

hand one safaty tlme unlt before we reaily need
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thems INn this way we cover ourselves for adverse
varlabillity 1In leaa time of upto one ssfety tlme

unite.

Here the safety factor 1Is related *to the

order quantity in the sense that we are expecting

the order quantitye.

Just as we used the concept of MAD In
computing the safety stock at the ena product
level, one can use it to calculate the safety time
for purchased parts. We can compute the MAD about
the expected lead | time over a number of
observatlons and use a safety time of (factor*MAD)
where *factor® depends upon the service level we

wlsh to achleve.

Alsoy the lead time should be monitored in
order to arrjive at a better expected fead time.
This can be done by means of a smoothed-error
tracking signal as suggested by Brown<ii>. The
smoothed error 2z Is an estimate of the average

algebraic arror and is computed as

z{t)=h*a(t)+(41-h)*z(t-1) where h=smoothlng
constant

e(t)=x(t)=-x1(t), x(t)=actual lead time



.

xi(t)=forecast (planned) lead time

The mean absolute deviatlon MAOD(t) is also
smoothed as
MAD(T)=h*le{t)l1+{i-h)*¥MAC(t~-1)
Then it the ratlo of $z{/MAD gets large 1t 1Is an
ingicatlion that the lead time estimate needs to be

revised.

Clay MHWhybark and Greg Hillilams<65> conducted
a simulation to test the hypothesis that there
would be a ;preference; tfor elther safety lead
time or safety stock under four <categories of
uncertainty - demand wuncertalnty and supply
uncertainty each further dlvided 1Into quantity
uncertainty and fiming uncertalnty. In their

concluslions thay say

“*Under condltions of wuncertainty in timing,
safety lead time Is the preferred technlque
while safety stock is preferred under
conditions of quantity uncertainty. These
concluslons are not dependent on the source of
the uncertainty (demand or supplyl, iot sizlng
technlique, lead time, average demand level,

uncertainty level or coefflclent of variatlone.
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These experlments Iindlicate that as the
coefficient of variation and uncertainty levels
increase the importance of making the correct
choice between safety stock and safety lead

time increases.”

Other technlques for lead tlme analysis are

presented by Colller<ig>,

{b) Assembied intermadlate ltems

In a Job shopy the lead tlme at any work
cenfre is a function of the total load on the work
centre ana Its production rate, If the work centre
is running below capaclty then the total lead time
can be increased and the le2ad time still be
maintained constant by stepping up the production
rates. As wWe approach the capacltys however, the

flexibitllty 1s reduced.

Hence for a wWork centre running close *to
capacityy, the lezd time can vary depending on the
loade. If load Is allowed to get too {argey, lead
time becomes greater than the planned lead time.

Hence the presence of lead time uncertainty.

It is lmportant here to reallse that capsacity



is the crux of the problems. We can change the lead
time of a Job it it Is a high priority Job - by
pulling it through tfirst. However, thls can be
done only at the expense of another Job le.es. by
deexpediting some other jJob - if we are running to
capacltye. Hence the argument that lead time
aepends on prlority does not hoid. The central
issue 1s one of capaclty. In the face of capaclty
constraints the whole game of pulling a Job
tnhrough by giving It high griority will backflre.
This is so because by expediting one Job to get It
done on time, wWwe will have to expedite yet another
to have that done on time (because we haye
effectively deexpedited it)e. Very soon we will be
unable to 3et 3 Job done on scheadule no matter how
high a priority you place on it and all the other
jobs in the shop willi be hopelessiy behind

schedule.

Whare does all thls lead us to? The answer |s
that It deperds on the sltuation. If the shop |Is
being run below capacity there is no problem. If
the shop 1Is being run near capaclty and there Is
strong control on input once again lead ftimes can

be maintained. If there 1ls no 1lnput control,



however, then we have to start worrying about lead

time uncertainty.

Given lead tlme uncertaintys how do vyou
tackie 11t? Once again two me thods suggest

themselves.,
(1) Fixed gjuantity

Using this technique we keep a fixed quantlity
of safety stock at each work centre where the
proolem exlists., Then {f the lead tlme gets longer
than planneay, the safety stock Is utiliseds. The
safety stock is automatically replenished when the

orcer that is late comes throughe

The quantity of safety stock to malntaln has
to be computed for each work centre separately.
This Is a difficult question to answer and depends
on the density of orders due and Increase In 1lead
times Consicder the following slituation at a work
cenfre., TwWo }Jobs are scheduled to flnish In
periods 10 and 11 respectively. The planned lead
time is 6 periods. Suppose zctual lead time for
both the Jobs goes up to 8 perlods. Hence they
will only be completed In perlods 12 anad 13

respectively. Therefore we should have enough
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safety stock to cover for both the requirements.
I1f, however, the Jobs were due Inltially In
periods 1 and 12 and the lead time Increased by 2
periods then they will actually be completed 1In
periods 12 and 14« In thls case less safety stock
is needed because the earljier requlrement becomes
avallable by the time the next requirement becomes

due.

The amount of safety stock needed ls -
(the numbar of jobs due within the increased lead
time)*({an estimated maximum per perlod dependent

demand)

{il) Safety time

Adopting this technique we plan to have the
job completed a safety time ahead of when It |Is
actually needed. Hence If the lead time goes up by
upto as much as the safety time, the Job will
still be completed by when zactually needed. Once
agaln the <cascade effect has to be taken into
conslderatlion. Toc follow thisy consider two Jobs
due for completion In periods 8 and 10 without
provision for safety time. Note that It needs 2

periods after the first Job s «complete to



complete the second Job.

safety tlime of 1 perjod.

Now let us oprovide for

Then the )Jobs are due for

complietion in perlods 7 and 9 respectlively.

Suppose the Job due in perlod 7 cannot actually be

completed untl! period 8, due to increase In lead

time of 1 perlods Following thlsy under normal

clrcumstances the next Job would be completed only

in perjiod 11 desplite the 1 period safety time,

This is what Is meant by the cascade effect and 1t

makes the safety time calcutation similar to the

fixed quantity safety stock computation.

There is not much to choose from between the

two technigues, Each one has its disadvantages. In

either case we are lying to the system. In one

case we do not really need an order to be

completed 50 early - the foreman merely sees hls

job sit at the next stage after compie?lon and

tends to switch to hls Informal system of

priorities. In the other case we do not need so

much to be completed and the same slituation

occurs. Hence both techniques have psychological

and administrative drawbacks.

HoWweveaery between the two we wWwould choose the

fixed quantity technlique. This Is because for the



next typa of uncertainty dlscussed we use
something akin to fixed quantlty Dbecause we are
concerned with quantities rather than timings.
Hence there will Dbe a certaln amount of
consistency which should help make system design
easler. Ailso we wlll avoid the sltuation where an
intermediate product might be subject to both

timing and quantity aspects of safety stock.

Besidesy the multi level effect should be
considereds. Using safety time at a level means
that all the levels below [t are also forcea to
work by the safety time. Thus safety time |is
vislble throuzh all the tltower levels of the
product sfructure.‘This probiem does not arlse for
fixed quantlity safety stock. Thls problem also dld
not arise with purchased materlal because there
are no fowar level ltems that can be affected.
(The earlier cited reference work by Clay Whybark
and Greg Willlams<65> did not conslder the effects

of part commonallty and multliple levels.).

{(4) Uncertalnty In supply due to yleld varlablitlty

This variabllity lIs present at two levels

(a) purchased parts and



{(b) intermediate items

{a) Purchased parts

An MRP explosion teits us exactiy how many units
of the purchased Item are neaded In a periode. Thus, the
explosion might Indlcate that we need 127 units of |ltem
X. Does this mean that we can place an order for
exactly 127 units? No! This 1s because the quantity we
receive may be within 104 or so of the quantity
ordereds This wlll be speclally true of low cost hligh

volume jtems.

Lot sizing wiil help to recduce this risk but does
not eliminate ite One way of taking care of the problem
is to order nef requirements + a safety factor. This
safety factor may be 5% or 10% of net requirements
depending on the wvarliability experienceds. For low
volume [tems ordered in quantlties of tens or twentlies
this problem does not arise. For high volume Iitems we
face the problems If the items are low-cost high-volume
then the aaditional cost is small. If the item Involved
is high-cost high-yolume then we have to analyse the
situation = it might be cheaper to reduce uncertalnty
at the suppllers end by some means such as keeping a

representative there.



{b) Intermediate [tenms

Yield uncertainty exists at Intermedlate levels
due to scrap and proguctivity uncertalnty. Thlis wllil be
particularly true at lower levels where machlining ls
Invoilved, Here again }he uncertalnty ls reducea 1f the
item is already being coveraed by some form of safety
stock due to some other reason. Thls [Is because the
probabillty of more than one safety stock causling
factors occurrence iIs less than the probabliity ot any

one SuUcCh occurrance since these are lnaependent events.

This area is 1hérefcre hrlghily situatlonal
dependent. If the yield varlances are hlgh enough then
we should provide for safety stock by planning for a
quantity equal to (net requlrements*yleld factor) where
yield factor depends on the uncertalnty. At any rate
this will! be 3 small amount of safety stock at mostly

low level items.

Concluslions

We definitely na2eac safety stock at tha two Interfaces

to MRP vize the end items and purchased itemse.

For end ltems we need safety stock to protect agalinst

forecast errors. Safaty stock ls based on the service level
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and MAO.

For purchased parts we need safety stock to protect
against varlabiltlty in yield and lead tlme. Safety time
takes care of lead tlme varlation and lncrease [n purchase

order takes care of the yleld problem.

For intermediate Items the needs are hlghly sltuational
dependent depending on -
- whether they are service ltems or not
- whether the work centre [s runnlng to capaclty or not
- whether scrap and péoductlvlfyvproblems are present or

not
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CHAPTER 5

LEAD TIME

Lead time at a work centre depends on the total
foad ancd the production rate. Lead time is dlrectiy
proportional to totatl load and inversely proportioral
to the production rate. Given a production rate, as
the load rises the lead time lncreases and this s
mostiy an increase in the queue tlime. Thus [If the
backlog becomes very large vthen the queue time can

become a very substantlal broporflon of the lead time.

MRP assumes lead time to be constant regardless of
the order quantlty. Lead tlme Is made wup of two
components - average queue tlme and processing time., If
we have a good nhandle on lead times then the average
queue time need not be a substantial fraction of the
lead time unless the Job arrivals at the work centres
are very highly erratice If the gqueue time [Is not a
substantlal fractlon of the lead tlme then the second
component - processing time - can materlally affect the
lead time.s In such cases, lead time varles with the
order quantity. A cartain amount of +this varlability

can be absorbed by



(1) working overtims
(2) moving people from less loaded work centres to more
loaded work cantres if people are the bottleneck.
However, both of these are not without cost. Overtime cost
is direct and there is. a cost of dislocation in moving
people from one work centre to another. We have to ask
ourselves the question - why do we need to assume fixed lead

times?

If queue time 1Is a very substantial fraction of lead
time, then lead time ls practically lndependent of the order
quantity. As an example, if queue time Is 90X of the lead
time and if processling time lncreases by 50% due to a large
order quantity, this means only a 53*3.1 l.e. 5% lncrease in
lead time. However, a3 queue time so large means that elther
the Job arrivals are very erratlc or that the lead times are
highly intlated. There is a heavy cost to the latter case In

terms of larger ln-process inventories.

In a well managed system, therefore, lead times cannot

be assumed to be independent of the order quantitles.

The question arises as to what should thls planned lead
time be? One polnt that should be kept In mind 1s that
whatever number it pbe, It should be agread on by everyone -

management and the foreman. To get an ldea of what the lead
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time might be wWe have to ask the question *why do we want
queues?” Management wants a queuege to guard against
fluctuations in the Input rate. Foremen want queues because
it makes tnem feel secure that they will not be ldle - they
willi want a long queue. If the foreman sees the queue
shrinking, he cuts the output and tries to preserve the

queue!

In practice, tead times are often determined very
arbltrarlliye. One firm that Implemented an MRP system dld not
know where to begin in estimating lead time. It assumed a
number on gut feel of x weeks. The system worked all right
and so the lead time was reduced to (x-1) weeks. Agaln the
shop ran smoothly and so. lead time was reduced to {(x-2)
weeks., Now they ran Into difficultles and so they

astablished a pianned tead time of (x-1) weeks!

Another proolem that sometimes arises Is that the lead
time may not be an integral multiple of the bucket slze. For
a certaln itemsy the lead time might be 1.5 weeks and the
bucket size In use might be one week., In such casess; the
lead time the system will use Is two weeks. If this happens
at a number of succeslive stages then we are holding a lot of
axtra inprocess lnvantory. One way to get around this is to
schedule by day rather tnan by week. Thus the schedule for

an item would say we need so many ltems by this day and



offsetting by lead time we determine the day by whlch the
next lower level Item is desired. He uUse the shop

schedul ing calendar for this purpose<i8>.

The way things happen at a work centre 1Is that there Is
a random input and output. A queue is present to flex as the
work arrival rate varies randomiy. The gqueue has to be only
long enough to act as a shock absorber to the random work
arrivale. So long as wWe do a good Job on master screduling,
the queue varles In length but around a stable average. The
lead time can be considered as belng made wup of three

components =

Lead tlime Queue time + Setup time + Process time

Cycle tlime

Queue time + Setup time +

{process time per unlt)*{iot size)

The queue time component is preclsely the stable average we
were talking about apove. This is an estimate. HWe have to

manage the gqueu2 to this average. The other two components

of the lead time are deterministice.

If we use lead times as calculated above as the planhned
teaa times and observe the jobs going through a work centre
then [f 50% of +the Jobs go through faster and 50%Z of the

Jobs go through slower than planned (due to queue
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conditions) then we know that the average queue time Is
being maiﬁ}ained. This Is not something to get upset about.
This ls“ because a Job goes from one queue Into another
queue. At éach guaue, Jobs are sorted in llne based on the
relative priority iﬁ the queues Jobs that are ahead zre
pushed back and jobs that are behind are pushed ahead. We
are therefore In the constant recovery mode and gqueues
providage thé opportunity to catch up - In etfect acting as a
safety fa&tor Iin themselves (so long as the queues area
managed?). Thus If Jobs go through 15 work centres then we

are recovering 15 times back to the original schedule.

Real ‘problems occur when there Is an average lnput to
average oufput unbalance. Then the queues wlili elther build
up or dry upe. In order to prevent such occurrences we have
to monitof the wWork centres using I/0 controls<66>. If the
queus groﬁé then we have to use overtime or some other means
to manageylt. One reason why such unfortunate fhlngs mlght
happen is that the averége queue time estimates were awry fto
start kith; Another reason mioht be poor master schedullng
leading td unbalanced work centres, ln whlch case an average

queue time ls not meanlngful.

In éonclusion, It is sugcested that tead times be
calculated as a sum of average queue time, setup time and

processing time. To do this, the average queue time has to



be computed. This can be achieved by studylng the length of
the queue with tlme at each work centre., Once thls ls done,
I/0 control<66> has to be maintalnea at each work centre to
spot average input to average cutput mismatches. If the
system is fo succeed then another function that has to be

performed is Job sequenclng at queues by prlority.
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CHAPTER b

LOT-SIZING

MRP literature does not discuss master schedullng
except to say that 1t should not be overstated. If we dao a
gocod Job on masfter sch2duling somehow then thlis means that
the shop will work to capacity as wlll the work centres. If
we now explode the master schecule using MRP, arrlve at net
requirements and lot-size then we are effectively meddling
with the master schedule because previously balanced work
centre loads are upset. This pﬁoblem will not arlse only |f
master scheduling took into account lot-slizing and we are
using the computed lot-sizes. Lot-slzing can be of saving
wherever setup costs are high. Hence the need to lot-slize

existse.

All of these arguments point to the need for ftaking
Into account lot-sizing effects on shop floor loadlng at the

level of master schedule ltself.

Keeping this in mind, there 1Is not much point In
discussing the merits and demerlts of the Indlvidual
lot-sizing techniques such as Least Unit Cost, Least Total
Cost, Part Perloa Balancing, Period Order Quantlty, Flxed

Orger Quantitys, etc. Descriptions of these techniques can be



found In Orlicky<45>. Another problem with these techniques
Is that they are all singie stage technliques. Thus, beneflts
galnea due to 1lot-slzing at one |level may be more than

offset by the Impact this has on the lower tevels.

To Illustrates consldér the requirements schedule shown
In Figure 13 (a reproduction of Figure 61 In Orllcky<45>).
The flgure shows the jot-sizes for the Least Total Cost

technique. The values for the pertinent parameters aret

$108

Setup cost S
Unit cost C = 850
Carrying Cost I = 30,24 per annuh

Ip = 3J«32 per period

Suppose this item cresates gross requirements onto |its

lower level item whilch has the following characterlistics?

Setup cost S = $10
Unlit cost C =840

25«24 per annum

Carrying cost 1

$3+02 per period

Economic Part Period (EPP) = S/(Ip*¥C) = 13

It we still use Least Total Costy then ftor the next
level the planned=-order coverage will be as shown In Figure

14+ For this lot-sizing, the Inventory cost wlii bes
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Period 11213 |4 6 8 9 | Total
Net requirements 35 |10 40 20 10 |30 | 150
Planned-order coverage{ 85 65 150

Figure 13

Least

total cost.
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Period 112 13 1]4 51 6 8 | 9
Net requirements 35 {10 40 20 10 {30
Planned-order coverage | 85 65
}
Period 1 213 {415 8 |9
[Net requirements 85 _ 65
Planned-order coverage | 85 65

Figure 14 TLeast total cost at two levels.
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$(2*10) = 320

Setup costs

Carrying costs SULU¥Geu2) (40+120) + (43%0402)(5+20+490)

$136

Hences, Total Inventory Cost = $(20+196) = $216

SUppoSey, howaver, that fof for lot wWas used at the parent
level and the lower {evel. Then the planned order coverage
for the Jlower leval item will be as In Figure 15. Now the

Inventory cost for the lower level item Is!

$(7*10) = 3870

1}

Setup costs

H

Carrying costs $0

Total Inventory Gost = $740

At the lower level, thereforey, we would have saved
$(216=7C)y ieee $146, Howevery, 1inventory costs for the

higher level [tem would have been highere.

Thus 1iot-slzing techniques dliscussed In = the MRF
literature are single level techniques and [nadequsate

ANYWAY »

MRP |lterature also says that safety stock where
required should be kept at the end item levels. This Is
because if any uncertalnty exlsts, 1t 1Is at the master
production schedule level ana not at the component jtem

levele Llterature adds that in an MRP systemy, demand for



Period T 12 4 6 8 19

Net requirements 35 110 40 20 10 | 30
Planned-order coverage | 35 | 10 40 20 10 | 30
2K SENNNE NUN T TN N

Period 112 4 6 8 | 9

Net requirements 35 | 10 40 20 10 130
Planned-order coverage | 35 | 10 40 20 10130

Figure 15

Lot=-for=-1o%t at two levels,.




the lndlividual component items ls not belng forecast and Is

not therefore sublect to forecast error.

Assuming this is true, the master production schedule
will be frozen over the cumulative production lead time -
any forecast errors for the end ltem are absorbed by safety
stock at that level and there [s no need to change the

schedule.

Honever, when it comes to lot-sizing, MREP
literature<45> turns rlght around and says that all discrete
lot-sizing algorithms aras basgd oﬁ the impllclt assumption
of certainty of demand, that In most cases the pattern of
future demands 1s never certain and that therefore one
lot=-slzing algoritnm is as good as another. Orltlcky

recommends lot for ot lot~slizing.

There Is a claar contradiction here - [t Is a case of

eating your cake and having it too!

Orlicky in his book<45>, page 169, Says ™probably the
most serious probliams that the inventory planner must cope
with are dliscrepancles or misallgnments between net
requirements and coveragey resulting from unplanned events

or increases in gross regqulrements."

In the first placey this should not happen In MRP
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because dgemand for component items 1Is certaln and
uncertaintles are tackled at the end 1item level. Assuming
that it happens, however, the problem and Its solutlon

presented in MRP ljiterature s as below?

Suppose the inventory record for item A is as shown In
Figure 16, Now suppose that the gross requlrements in
period &% go up to 30 because of an increase Iin the planned
order release of 1lts parent items The sltuatlon will then

look as in Flgure 17.

Now notice that there s a ne?/requirement for 10 units
of ltem A In period 4. However,vsince the lead time 1Is &4
perlods, this requlrement cannot be satlsfied even It a
planned order Is immedlately released. Thus, elther the
processing for 10 unlits Is expedited or some other solutlon

has t0 be found.

At thils point the user examlnes the invenfdry record
for the parent of 1te§ A. He 1s helped In achleving this by
means of the peg record. A peg record is a where-used record
that alloWws us the capablilty to trace the source of [ltem
demand to the immediately hlgher level. The user notes that
the gross requlrement of 30 unlts of A In period &4 Is needed
to cover the net requirement of 9 and 21 in periods 6 and 7

of 1Its parent item. Hence one solution ls to change the lot
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Item A

Lead time = 4 periods

112 |3 ]4 6 |7 |8
Gross requirements 32 20 10
Scheduled receipts 12
On hand 40| 8 | 8 |20 -10 |-10 |-10
Net requirements 10
Planned~order releases 10

Figure 16

Status of item A.




—Lead time = 2 periods
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Parent of ltem A

i 2 |13 | 415 6 1718
Gross requirements 10 {15 ({20 { 5§ | 7 9 {21 |10
Scheduled receipts
On hand 25 |15 | 0 {-20 |-25 |-32 |-41 =62 |-72
Net requirements 201 5] 7 94f 2110
Planned-order releases | 32 30 10
VotemA 4 '
Gross requirements 32 30 10
Scheduled receipts 12
On hand 40 | 8 | 8 |20 {~10 |-10 {~20 |-2G [-20
Net requirements 10 i0
Planned-order releases | 10 | 10

Figure 17 A coveragse vroblem for item A,
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sizes of the parent ltem to 9 In period 4 and 31 In perliod

5« The result is as shown in Figure 18.

Notesy howevers, that this Is possible only because of
the lot=sizing used. If ot tor lot lot-slzing Is used then

the above would not have besn possible!

In conclusiony, MRP [|iterature [Is lInconsistent on the
polnt of lot-sizing, All techniques 'discussed in MRP
literature are single tevel techniques anywaye. In order not
to meddle with a good master schedule and yet do lot-sizing
where large setups are involved [t Is suggested that
lot-sizing considerations be magde at the master schedule

level.



Parent of Item A

1121314 5 617 | 8

Gross requirements 101512015 7 212110
Scheduled receipts
On hand 25 {15 | 0 [-20 |-25 [-32 |~-41 |=62 |-72
Net requirements 20| 5 7 21 21} 10
Planned-order releases | 32 ? | 31

R! R
Gross requirements 32 9 | 31
Scheduled receipts 12
On hand 40 | 818 |20 11 }-20 [-20 |-20 |-20
Net requirements 20
Planned-order releases | 20

Figure 18 Coverage problem resolved,




CHAPTER 7

MRP EVERYTHING

An important Issue ls whether [tem should be controlled
using MRP or not. Most firms, for example, control jtems
such as nutssy boltsy cotter pins efce by a tWwo DbIn system
or some form of reorder point system. Some questions that

need to0 be answered are-

- shoulda alil jtems be put onto the blll of material?
- shoula all items ba controlied by MRP?
- 1f noty then which items are candldates for some alternate

form of controi?

The first two quastions "above are actually
Inter-relatea = If we want to control an ltem by MRP [t has
to be on the Bill of Material though the reverse s not

true.

In many c¢asesy the Bill of Material 1Is also a
manufacturling or shop fioor documente INn such cases <clearly

" every single item has to be on the bilit,

Often times a company may decide to leave a few [tems
out for some reason or other. Most commonly these reasons

relartre to costy usage and lead time. These paremeters are



not constant, howaver,; and can change very substantially.
Lead times, for example, can vary widely depending on
industry specific circumstances or on the state of the
economy. HWith thesa fluctuatlons an ltem that the flrn
declded was not worthwhile ,to put on the 3ill of Materlal
may suddenly become jimportant and the firm may want It on
the blll= or worse, the firm may not realise that [t needs
the jtem on the biiti under changed circumstances and this
may result in a stockout! Thils is another reason why flrms

may want all items on the Blll of Materlal.

Some firms do not put all ltems in the bill because
they believe the cost of doing s0 exceeds tha beneffits. As
Leroy Peterson<50> says, "In one case, the savings in the
computer disk storage capacity nhich resul ted from
alimination of common hardware on the bllils éf material was
approximately 40Z of what was estimated for a complete bl

of material file".

Very often the flrms extend the B8l1l of Materlal rather
than cut it down. For examples sugpose we have part of a

product structure as belons

ma—
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Making of subassembly C, however, needs a machining
operation requiring the wuse of a tool. Dependlng on the
quantity of [tem C to be made, we may need 1 or more tools.
We can make MRP tell us this by adding the tool onto the
Bill of Materlial and bullding In the proper loglc Into the

software.

B C Tool
Sometimes the flrm may decide to iImplement support
functions which will access the Bill of Material filee One
such function that readlly comes to mind Is cost accounting
by unit or by batche. Then again 1t Is essentlal that val!

ltems be on the Bilt of Materlal.

From these polnts it seems to be clear that there are
number of benefits to be galned from having all the ltems on

the B8l11 ot Material. The only saving that arlses ls the



disk space. In only rare situationsy, I thinky, will this
saving outweigh the benefits. Moreover, disk storage |s

getting cheaper with tima.

Let us examlne all ltems along the dimensions which are
most Important In determining whether they should be
controlled by MRP or not- unit cost, lead tilme and wusage.

Different combinations of these are shown In Flgure 19.

There are two situatlions under which we might not want

to control an ltem under MRP.

(1) It mlght be impossiblie to mintalin accurate
inventory records on some ltems. Typlcal ltems that fit thils
situation are nuts, pbolts, wire, flux, carbon resistors etc.
MRP Is of no use In controliling inventory [t the Inventory
status is highly suspect- in fact wuse of MRP under such
circumstances wlli lead to an unexpected stockout 50% of the
time. This is so because 50%Z of the time we will have more
on hand than the records indlicate and 50%Z of the time we
will have {ess- and MRP places a planned order only when
projected inventory becomes negative. Such [tems should be
" controlled using reorder point. Typically these items are
lon-cost hlgh-usage ltems, usually having a short lead time.
To make sure that we do not hit a stockout situation for

such an ltemy a8 large safety stock Is malntalned.
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Unit Cost .| Lead Time Usage

MRP ?

Expensive |Inexpensive| Long | Short | High | Low

v v

VA

USSS

v
v

SIS

v
v
v

<X XX <IN

Vi
v
v
v

NSNS

v
v

Figure 19 MRP everything decision table.
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Sometimes It 1ls argued that the demand for such ltems
might be hlghly varlable or peaked and so even reorder point
with large safety stock wlll result In stockout. However,
demandk can be peaked or variable only In comparison to the
qrder quantlity and safety stock. If the order quantlty and
safety stock are large numbers In comparison to the
requlrements then the nrelatlve varlabllity Is highly

reducede.

(2) Consider a product with the lead time relationship

shown 1In Figure 23«

0 4 8 12 16 17
k ! ! '

SA 1 T SA 2 Final
Assembly

tSrPcri's procurement
Figure 20 Product lead time relationship
This shows us that In order to finish a unlt of the end
Item in week 17, we need to order parts In week 0 for
subassembly 1, parts in week 3 for subassembly 2 and in week
& tor the flnal assembiys. The figure also shows the start

and finish weeks for each stage.,

NOW supposes howaver, that we need a castlng to be
purchased for subassembly 2 and that this casting has a lead
time of 20 weeks even though 1t Is an lnexpenslve jtem. The

lead time relationships then look as in Figure 21.



Now thw parts for subassembly 2 should have been ordered 1In
week =12 The cumulative lead tlme has gone up by 12 vieeks
Just because of the casting. This means we would need to
forecast further Into the future and need to freeze over a

fonger horizon- both of which we would not tlke to do.

It seems clear that we would rather not control long
lead time [nexpensive jtems using MRP. Again we would use

reorder point with a large safety stock.

It must be pointed out that we would still Ilke *to
retain the item on tne Blll of Materlal and explode the time
requirements. This tlime requlfemen? Information s very
useful. Besidesy, thils informatlon 1Is used for Issulng

material to the shop floor.

Combinations 5 and 6 of Filgure 19 are hence not MRP
controllea because of the above problem. Comblnatlion 7 Is
not MRP controlled because of stock status lnaccuracy.
Combination 8 has none of these problems and can be MRF

controllied.

In concluslon, thereforey, the critical factor seems to
become the unit cost of the lteme All expensive ltems should
be MRP controlilied to keep lnventory level low and service

level hlgh. Inexpenslva items should not be MRP controlled.,
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All items should be exploded to generate time
requirements informatlion, For the Inexpensive 1ltems,
thoughy this information is used for (1) Issulng material to
the shop floor rather than for inventory control and (2) to

be forewarned of any unusuglly large requlrementse.

4 0 4 8 12 16

17

SA 1 f SA 2 Final Test

Assembly

Figure 21 Modified product lead time relationship

R
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CHAPTER 8

INDUSTRY SURVEY

As part of the research effort to get a feel for what
real ilfe implementations were llke we declded to conduct 2
surveye. A total of seven flrms were personally vislted and
discussion usually took place with 1two or three people
including the Materlals or Manufacturing Manager and the
Systems Analyst Incharge of the MRP proj)ect. Each of these
firms was asked nearlylha questlions though not necessarlly
In the same order. The order depended on the flon of
conversation. In many iInstances answers to questions were
less than satlstactory or not available and further probling
onty led to a change of toplce The questlons posed can be
grouped under the following subheadings -

- general, overall

- master schedulling

- trozgn master schedule

- saftety stock

- lead time

- MRP everything

= 1ot sizing

- npervousness

- system parameterss capabillties



Rather than glve the answers to the questions by each '
firmy, the following strategy wili be adopted. A brief
description of each firm wlll be given at the start. We wlll
then proceed to list aifferent responses under questlions In
each subheadlng. He will follow thls procedure because this
is not an attempt to study the MRP Implementatlons of
different firms but to see what different firms do to tackle

the issues discussed In the previous chapters.
Company A

This company is in The‘ business of producing
Instruments and systems for proéess management and control.
The corporation as a whole produces over a thousand
different products world-wlde and has salas In excess of
$30C miltlion (4975). MWe studled the MRP Implementation at
one of thelr plants which makes electronic process control
Instruments mostliy. The plant has 20,4030 Item numbers and
the bills of material are 2 to 6 levels deep. The end
products come In many dlfferent models of common functloral
unitse. The firm makes to order and has about 1.5 years

axperlence with MRP.
Company 8

This company Is Iin the business of designing,

manufacturing, selling and servicing computers, perlipheral
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and computer accessory equiprent and other systems using
digital techniques. The company has manufacturing facllilitles
world-wide and has sales In excess of 3500 milllon (1975).
The plant studied has 50,306 part numbers and the bllls of
material are upto 10 levals deeps The company is iIn the
process of installing an MRP system and the systems work has
been completed.s Systems are currently beling tested and run

In parallel with the existing system.

Company C

This company 1lIs 1In the business of desligning and
producing gas lIgnition and 1ehoerature control equlipment,
The company®s manufacturing facilities are centrally located
and sales are In excess of $30 million (1975). The company
has 17,00C Iltem numbers and the bllls of material are 6

levels deeps The firm has almost & years MRP experlence,
Company O

This company designs and produces products such as
mechanical and diffuslon pumps, accessorles and components,
vacuum gauges and gauge controlsy leak detectors etce The
company has sales In excess of $10 miliion (14975). The filrsn
makes to stock and has 15,000 part numbers and the blils of
material are upto 9 levels deep. The company had an MRP I[ike

system for 40 yearse It Is now Iin the process of swltching
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over to MRP as It is known today. The new system [s not wup

and running as yet.

Company E

This company is In the business of deslgn and
production of microwave components primarily used as
bullding blocks for radar, missile and telecommunications
equipment. The company has sales in excess of $50 milllon
(1975)e The plant has 40,000 part numbers and the bill of
materlal 1s upto 11 levels deep. The company has almost 2
years of experience uifh MRP . Thlé ccempany was very evaslve

In its answers and did not answer a number of questlonse.

company F

Thlis company desligns, manu fac tures and markets
alectronic components and subsystems used for the
acqulsition, conditioning, converslion, transmisslion and
display of digital and analog data in precislon measurement
and control systems. The firm makes more than 300 products,
has 5000 parts and has sales In excess of $30 milllon
(1975). The firm has a single level bill of material. It Is
engaged only in assembly operatlion and has no manufacturing.
The flrm ran an explosion 4.5 years abo and ls pursuing MRP

vigorousliy.
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Company G

Thlis filrm designs, manufactures and markets medlcal
alectronlic measuring devices and monltoring equipment such
as central statlon monitoring equipment, Intenslve care
units, pacemakersy cardiovascular Instruments e¥fce. The
company has sales of near $80 mililone It has 40,000 part
numbers and the blils of materlal are upto 8 levels deepe.
The company makes systems mostly to order and Is In the

process of switching over from an MRP |ike system to MRP,
We now present the results of the guestlonnalre.

General,0verall

Qi. What first brought you onto the idea that MRP would be
beneticial to your flra?
Q2. From where did the suggestlon for MRP first come? From

management? From sales? From production?

Of the 7 companiess 4 companies were put onto MRP by
the suggestlons of consultants. 2 flrms had MRP |ike systems
runnung and to tham thls was evolutionary. One firm
" considered MRP serlously through +the readings of the

Manufacturing Managers

Q3. Before MRP what system did you have? What problems did

you run into using that system that made you think of
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an alternate system?

8efore MRP, 3 firms had reorder point systems and 2
firms had MRP llke systems. At 2 filrms we could not find out
because the people we spoke to had not been there long
enoughe. ’

The firms that used reorder point previously cited the
following as problems they haa

- reacted too late

< master schedullng problems

- inventory was out of phase with productlion

- big backiogs

- low service levels to customers

- inventories were lnaccurate

- pyramiding stocks

Q4. Was an economic Justiflcatlon made before the decislon
to install the MRP system? MWas it a formal analysis?
If yesy who conducted the analysis? If no, did you go

py gut feel alone?

Of the 7 flrms, 6 firms made no economic justificatior
or analysls before embarking on MRP. They cited reasons such

as - "we felt we could not do without the system®” or ne
felt we needed the system™. One firm that is now in the

process of switching over fron an MRP |llke system +to MRP
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sald that a Return on Investment calculation had been made -

no figures wvere glvene

Q5. What benetits did you expect In usinjy MRP? Have vyou

achieved the benefits? Give figures and statistics.

The following were mentioned as expected beneflts from
using MRP~-

- baetter service level

- reduction In inventory

- better time information

- shorter lead fime§

- easier job release

- priority malntalnance

No firm mentioned all o% the above and at most 3 of the
above beneflits were clted by any one firm. All firms agreed,
howevery that the benefits they had expected had been
realisede Not a single flrm could come up with figures of
the benefits achleved- they were going on feel.

Firm A cited the followlng as unexpected benefits
achieved=- |
- change of attitude - “we think of the future now Instead

of the past".

- found out how poor the lInventory data base was

- found out how poor thelr blil of materlal was
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Firm C sald that an unexpected benefit was that they

had discovered obsolate inventory.

Filrm E sala that the rescheduling capablilty was an

unexpected beneflt.

Q6. Is the system IBM PICS, modlfled PICS or custom

designed? Did you look at alternate systems?

The Firm A system is IBM PICS wlfth modiflicatlons. These

modificatlons were carried out by IBM people.

The Firm B system has been developed totally

Internaliye.

The Firm C system is IBM PICS off the shelf and without

any modifications.

Firm D has purchased 0B0MP (Data Base Organisatlon and
Malntalnance Processor) and RPS (Requlrements Plannling
System) from IBM. Tha rest of the system has been Internally

writtene.
Firm € has done the same as Firm D.

Firm F has customlsed OBOMP and RPS and has programmed
the printing of a number of other reports using the MRP data

basesS.



Firm 6 purchased BOMP and did the rest of the systems

work themselivesy modalling after PICS.

Q7. Hhat was the estimated total cost of lImplementing the

system? In terms of equipment? In terms of man-hours?

°

Firm A has been using an average of 5 people per vyear

futl time since 1971-~72. GCould give no dollar estimates.
Firm B estimated the cost to be $100,000.

Firm C wused about 2 man-years of Internal effort and

paid 31645000 in consulting fee.
Firm D had no idea of the costs whatsoevers

Firm E estimated 16 man years of effort Intc systems

work,
Firm F had no idea of the cost of the system.

Firm G had no ldea elther but hazarded an estimate of
roughly 3 man-years plus involvement and time of all kinds

of other peoplee.
@8« How much time dld the Installation take?

It took Flirm A 4 years and they arae still working on

ite.



Firm B took {4 year to deslgn the system.

Firm C took 3 years but they stressed that they hired

no extra people~ existing staff was used.

Firm D has glven the project tow priorlty due to funds

and It is still trid3lng on.
For Firm E the Implementation time was nearly 2 vyearse.
Filrm F took 2 years.
Firm G took 15 years.

Q9. What data processing equipment do you have to support
MRP? Did you already have 1t or dld you acqulre [t for

MRP?

Firm A switched over from an IB8M 360 to an IBM 370.

However, they said they would have done thls anyway.
Filrm B runs the system on a DEC-10.

Firm C switched from an IBM 360 to an IBM 37C because

of MRP.

Firm D ls not yet running MRP. Thelr MRP llke system s

runnung on an IBM 363745 in an IBM 1440 emulation mode.

Firm E also switched from an IBM 360 to an IBM 370 but
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sald they would have done this anyway.

Firm F runs MRP on an IBM 370 and acquired this for

general and future use, and not Just for MRP,

Firm G runs thelr MRP llke system on an IBM 363/30. The

new MRP system will run on HP machine.
Q10. Do you have other computerised Information systems?

All the firms had a number of computer based management
informatlon systems. The commoniy mentloned ones Were

Recelvablesy, Payroll, Sales Analysls etfc.

Qii. Hhat did you ftirst Install- aggregate capacity

planningy shop floor control or MRP?

Firm A flrst had a manual capacity planning system. It
then Installed MRP. It does not as yet have a Shop Floor

Control System.

Firm B8 has no aggregate capaclity planning. They have
only Just finished the MRP system and some form of 1I/0

control will soon be finished.

Firm C has no capacity planning. They went from MRP to

Shop Floor Control (very recently Instalied) In that order.

Firm O has no capaclty planning. It has Shop Floor
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Control but the MRP system Is not yet upe.

Firm E has MRP only.

Firm F has MRP. They plan to have capaclty planning and

shop floor control In that order.

Firm G plans to proceed as MRP- manual capsaclty

planning= shop floor control.

Q12+ In the MRP design, were the users actively involved or

was it mostily the work of consultants?

All tirms sald that the users were actlvely lInvolved In

the design of the MRP system.

Qi13. Have you had any serious problems after or during the

implementation of the MRP system?

The following MRP related problems were clted by the
firmse.

- better shop floor control has to be malntalned

- stockroom control has to be much tlighter. (Ailmost
always padlocks were wused and the stockroom was
controiled with milltary preclslon).

- getting oriented to the system takes a long time for
people. There [s a lot of user reslstance.

- lot of malntainance involved



- creation and malntalnance of {ead tlimes were a
problen

- master scheduling was a problem

Master Schedulling

Qib. How (s your master schedule prepared? Wwhat ls the exact
procedure? How do vyou ensure that shop loading Is
satisfactory? Do you use MRP as a °*simulation®* and go

back to change the master schedule?
Firm A

This flrm divides its end Jitems Into *rate groups’®

based on manufacturing specification.

A master productlion pian s first Drepargd. This 1s a
capacity plan and Is done monthly. Maxlmums are set for each
rate group though the mix withln a rate group can vary. The
production plan consists of productlion schedules' for each
product within the rate groups based on mix of forecast

demand.

Hithin 5 weeks the masster schedule is composed of only
firm orders from customerse. OQOutside 5 weeks the master
schedule Is the forecast or sales orders, whichever |s
largery, so 1long as the sum wWwithin a rate group does not

exceed the maximum. The firm quotes delivery times of 12 to



18 weeksy has a cumulative lead time of approximately 28

Wweeks of which 3 weeks iIs the final assembly lead time.

The flrm does not have shop loadlng proflies printed as
vyet but plans to implement such a system. dork centres work
overtime and they use subcontracting to take up unbalanced

foads.

Jobs through the shop are tracked manually and a weekly

I/0 report is preparad manually.
Flrm B

This tirm does not do any éggregate capaclity planning.
They wuse forecastsy, hlstory, economic trends and other
indicators to come up with  sales targets which 1s then
transliated Into a production schedules. They feel that they
can derive and meet sales targets very accurately. They also
feel that they do a good Job on lfong range capacity planning
and stay ahead on capacity. (From talking to other people In
the firm, however, I got the impresslon that this was not
true. The firm was groning so fast that they were selling
whatever they could make and so were effectively behind
capacity). Sales targets are set by top management together
wilth marketing and production. The firm does not have shop
toading profiles as yet but plans to do work centre

balancing using MRP outputs In the ftuture. They bhave 1I/0



control.
Firm C

This firm could not come up wlth a formal master
scheaul lng procedure description. They used backlog and
forecasts to prepare the master schedule. At the back of
their minds they have an estlmate of thelr capaclity ln terms

of man-nours and they 6o not scredule more than capacltye.

They do not have any shop floor control. They know that
shop loading is not uniform and wuse overtime and safety

stock to take up unbalanced {oads.
The tirm does not generate shop loading proflles.
Firm O

This firm has *planning meetings® every &4 to 6 weeks.
Their products are divided into product groups or famlilles
based on sales groups. e.g. all vacuum pumps would be one
product group even thougnh their setups and routings may be
widely ditferent. For each product group there lIs a product
~manager. The product manager, product planner and production
control manager meet. They review the usage of all stocked
items for the past 2 perlodsy, review backlog reports, pool
together any negotiations they are making for salesy

consider external aconomic factors and trends and come up
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with a productfon schedulg. They have Informal <capaclity
estimates at the back of thelr minds In derlving the master

schedulee.

The firm has shop floor control but shop {oadling

profiles are based only on released Jobse.
Firm E

The master schecaule for this firm ls derlved as
(forecast sales/12) per monthe. No formal capaclity
considerations are made. Some form of Informal and Intultlve
maximum was at the back of the mind of the schedulers. Sales
for the firm were not cycllical but steadlly rlislng. No shop
loading profiles existed. Loaalng problems existed at work
centres and particulariy In the machlne shop which was
common to the different product lines. The firm has no shop

floor control.

This firm was particularly guarded and evaslve ln its

replies and unwilling to provlde satisfactory answers.
Firm F

In this firmy, master schedulling lIs stlil run by the
marketing people and not by the production people. They said
that master scheduling nas their: blggest problem.

Forecasting was done at the end 1item level even though
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different models of an end product existed. Based on these
forecasts, marketing came wup with a production schedule
which .manufacturlng tried to meet. The manufacturing people
were trylng to change this so that productlon may meet
schedules. Shop loading proflles are generated as bar charts

and I/70 control has been deslgned,

Firm G

At this firm the master schedule ls~
(backlogtorders+forecast)/12 after this figure has been
reviemed by the scheduleﬁ. The master scheduling lIs done on
the basis of dollars and not wunlts or man-hourse. The

business is not cyciical though peaks exlst.

Work <centre balancing 1s not considered. The firm is
not running MRP as yet and plans to have manual capaclty

planning and also a shop floor control system.

Frozen Master Schedule

Q15. Do you allow changes In the master schedule within the
cumulative lead time? Is the shop running to capaélfy?
Q16. What makes vyou feel you can changse the master
production schedule within the cumulative lead time? Do
you change timing or quantlty or both? Are lower level

assembliles of common usage?
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Firm A

The lead time conflguration for this firm looks as

below.

25 weeks .3 weeks

manufacturing assembly

The firm has a 5 week frozen schedule and thls 1s
based on flrm orders. Bayond 5 waeks they allow
varlations in both quanti?y and timinge HWhether they
run to capacity or not depends on which part of the

cycle they are ate.

They allow changes withln the cumulative lead tlime
and stlill meet schedules {(delivery lead times are 10 to

15 weeks) because of the following flexibilities.

capacity can be easlly changed by moving peopie from

one work centre to another, working overtime or extra

shifts and subcontracting.

- use compensating changes - [If one quantlty is
Increased another quantity ls reduced.

- they forecast optimistically and hence reductions

will normally result

- they change dellvery tlmes
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- keep safety stocks at certaln levels
Firm B

The manufacturing activity in this firm Is divided Into

tWwo parts as below. R

Final Assembly and Testing

Volume Production

The volume productlion faclillty manufactures the baslc
bullaing blocks (laevel 1 items In a modular bill of
material). Final assembly and testing assembles the flnal
product to customer speclification. Flnal assembly and
testing provides a master schedule to volume production
based on what it thinks it needs and thls schedule is firm.
Forecasting and safety stocklng at the level 1 ifems Is
nhence the problem of final assembly and testing. Volume
proguction uses MRP to explode the requirements. Hence the
production scheduie Is flrme This is frue of the one oplant
they are pllot testing MRP on. They plan to use MRP at other
plants too where this may not be true. At these plants they
plan to allow changes withln the cumuiative lead time
because

- many lower level items are common items
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- they have capaclty flexlbility viz. work centres work
overtime or addltlonal shifrs as needed and also
people can be moved from one work centre to another.

- keep safety stock at the raw materlal level

- queue times are a large fractlon of lead tlimes.
Firm C

The lead time plcture for this flirm lis

- 15 weeks ) , 5 weeks

]
manufacturing assembly

The firm does not like .changes within 15 weeks but
allows changes In the last 5 weeks of cumulative lead tlime.
They say they are running to capaclty- ™people are kept
busy~ we release @anough to the floor™. The firm malntalns
safety stocks of 2 to &6 weeks at every level. Oemand Is
steady and not seasonal. There are a number of common usage

items and overtime iIs used as needed.
Filrm D

This tirm quotes dellvery tlmes of 2 weeks and has a
cumulative lead time of 20 weeks. The firm makes to stocky

forecasting 1s not very good and Jobs get delayed along the
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lines The production schedule is frozen for 8 weeks. As far
as posslble they do not like to change within the cumulative
tead time. If change is necessary it is done manually after
avaluating the position of critical partse. If necessary
they move another item out to compensate for the change. The
flexibllities they have are

- overtime is used extenslively

people can move from one wWork centre to another

within a work shop

keep satety stocks

Filem E

This firm would not answer questions 14 and 15 probably

because the people I spoke to did not know.

Filrm F

Lead times for thls firm are as below

16 weeks . 6 weeks )
lr ¥ L
purchase assembly and
test

The firm quotes a maximum of 8 weeks dellvery tlme and
the master scheaule iIs almost frozen for 8 weeks (they allow

changes within 10%Z). Beyond 8 weeks changes are allowed.
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The firm has a backlog of approximately 6 weeks.
Varlations in the master schedule are permisslble because
they maintain 5 to 6 weeks of safety sfocks for purchased
materlal and work overtime as neededs We have to keep In

ming that they have a single level blli of materlial.
Firm G

This firm has a cumuliative lead time of 24 weeks. They
allow changes within 24 wneeks though timlng changes are
preferred to quantity changes. Any changes wlthin 17 weeks
which require more than 3 weeks of pull-ln requlres
approvals. The flrm ls abie to do this because

- they use lots of overtime

= they move people from one wWork centre +to another

within a shop

- they can expedite vendor deillverless

- Safety Stock

@17« For the end ltem, how do you compute safety stock?

Q18. For purchased partss how do you compute safety stock?

Q19. For service items, now do you compute safety stock?

Q2C. For Intermediate ltems, do you use safety stock or not?
If yes, why do you keep safety stécks? Is the safety
stock in terms of safety time, fixed quantity or some

other technlque? How do you compute the amount of
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safety stock?
Flrm A

No safefty stoch is maintained at the end product

fevel because they make to order onlye

Saftety stock is maintained at purchased part
level. Thils safety stock Is based on a MAD*S.L. (Mean
Absolute Deviation*Sarvice level) calculation where the
service level varles dependlng on the A,8,C
classification. Almost 30%Z of purchased ltems are
safety stocke |
Service items are low level Iltems whilch are safety
stocked.

They carry safaty stocks at Intermedlate levels &
and 5 and some other levels depending on the experlence
and feel of the planners The planner also often

determines the amount of safety stocke

Firm B8

For level 1 items, flnal assembly and testling
keeps safety stocks based on experlence.

For purchisea parts, safety stock 1Is based on
classiticatione.
A items - 2 to 4 weeks of safety stock

B ltems - &4 to 6 weeks of safety stock
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C ltems - 8 weeks or so of safety stock

Safety times are also used depending on the planner.

Service ltems is again the problem of +{inal assembly
and testing and they keap safety stock based on experlence.

For intermediata ftems they feel they have safety stock
built in because when sales are rising they schedule more
than requirements and when sales are falllng they use out of

stock and replenish stock.
Firm C

This firm keeps safety .stoﬁk for end Items based on
reorder point principles viz. MAD*¥S.L. calculatlion.

For purchased parts they keep 1 months supply as safety
stock and have 1 week of safety time.

Service items have low demand and no extra stock |Is
malntalned for theme.

A safety stock of 2 to 6 weeks 1Is wused at all

intermedlate levels.
Firm D

For ltems made to stocks safety stock 1Is kepts The
amount of safety stock depends on the feel ot the product
manager whlch is based on the sales rate (and not forecast
error since they do no know how much they have sold) and an

AsBysC cllassificatlione.



For purchased parts, safety time ls used.

For service ltems safety stock is determlned on feel.

For intermediate items, safety stock Is maintained for
some items and not for others. This is based dn historlical
axperience depending on -which parts have glven trouble In

the paste
Firm E

For end items no safaty stock Is maintalined as these
are built to order. A yleld factor is Incorporated at this
level.

For purchased ifems, safety.stock and 1 week of safety
time Is used. HWould not say how much safety stock was kept.
For one purchased part- castings- which had 30 weeks lead
time and was also expensive, 1 years supply was stocked.

No answer was avallablie as to safety stocks for service

tevel items and intermediate levels.
Firm F

No safety stock at the end ltem level because they make
to ordere.

For purchased parts, they purchase more than neaded so
that a roiling safety stock ls avallable.

Service items are not an important consideration.

For intermediate Iltemsy a vyleld factor was used.
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Also,safety stock was maintalned based on experience.
Filrm G

For end [tems, no safety stock is kepte.e They run
overtime when mora production s needed.

For purchased parts, they kept stock where needed. In a
sellers market they kept safety stock and when [t was a
buyers market they did not keep safety stock. 0id not know
how safety stock nas computed.

Service item safety stock is taken care of by the
distribution centre., Tﬁe dlsfribuflon centre places orders
Jpon manufacturinge.

For intermediate JItems no safety stock was kept.

Overtime was used as needed.-
Lead Time

@21. How do you determine lead times for purchased [tems and
produced {tems? What Is your cumulative lead time? Do
you control lead times? Do you have I/70 conftroi? What
percent of lead time Is queue time? Do vyou vary

capaclty by Working overtime or moving people from one

work centre to another?

Firm A
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For purchased Jltems, the 1lead tlme Is taken as the
vendors estimate.

For assembly operations, the process englineer provldes
an estimate,

The firm estimated that 70Z of lead time was queue
time. No stuaies of queues had bean made to dcetermine
Iinternal lead tlmes and no vendor ratings were used for
suppliers.The firm has some form of a weekly manual 1I/0

control to keep a handle on lead times.
Filrm 8

For purchased parts the vendor astlmates are used as
iead time. An informal vaendor rating ls used by the planner
and he keeps safety time [f necessary.

For linternal lead times, the figures provided by the
floor are used.s They feel these lead times are Inflated but
have performed no study to estimate what a good lead time

might be. They pian to have I/0 control for lead tlimes.
Flem C

Purchased part lead times are set by the planner. These
are reviewed and updated °*when necessary® though this has
been done only oncu upto NOwW,

Internal lead times are provided by the fioor and are

never updated. The flrm has no I/0 control and queue time Is
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60%Z of lead time. They are now looking to see 1f lead times

can be shortened.
Firm D

This flrm was having, problems wlth purchasing Jlead
timese Vendor quotes were not of much value as actual
detiveries seemed to be randomiy distributed about quoted
delivery times. The purchasers used thelr Judgement in
arriving at tead times and safety time was used.

Internal lead times were provided by the floor and they
felt that these were highiy Inflateds No I/0 control |Is

present. They plan to estabiish }ead times on feels
Firm €

Delivery times are vendor provlded.

Internal lead tlmes are the foremans estimates. They
have no I/0 control but sald visual Inspectlion of queues was
done. No study has been made to estlmate what a reasonable

lead time might bee.
Firm F

For purchased ltems, vendor estimates are used.
For internal azssemblyy a trlal and error process was
Jysed., They started with a lead time of X and readuced this

until they ran into oroblems. At this polnt they rounded the
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lead time to the next higher level. To arrive at an Initlal
estimate an average backlog and groductlon rate Wwere
assumed. They estimated that queue time was 5074 of lead
time. They have I/70 control for assembly and test shops on

an aggregate level.
Flrm G

For purchased items vendor estimates are used. There Is
no formal vendor rating=- thls 1is done Informally by the
plannerse.

For assembled ltems, the lead time ls computed as

(cycle time¥factor for run sizetqueue time)
The queue time is provided by the supervlisor and productlon

control Jointly, Thay plan to have 1/0 controi.

MRP Everything

Q22« Is every single item on the bill of materlial? If not,
which items are left out? Why? Are all the ltems

controlled by MRP? HWhich ones are not?

All firms had every single J[tem on the bll( of
material. However, every firm controlled [tems such as nuts,
boitsy, ‘expendables®y ®ciass C Iltems®’y, etc using reorder

point techniqueses
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Lot Sizing

Q23.

Q24 .

Q25

Q26

Do you use lot slzing at all? If yesy, at what levels
and what techniques?

Hhy do you use the techniques being used?

Have vyou evaluated your lot~sizing technlicues in
retrospect? If soy what results do they show?

Do your {ot sizes go over capaclty at times? It so, how

do you tackie the situation?
Firm A

For end items, lot for lot Is used based on firm
orders within each time bucket.

For subassemblies lot for lot ls wused or fixed
periog is usea dependling on the planner.

For purchased parts, LeasfiTo?al Cost 1s used.

Lot sizing is not evaluated In retrospect and

capaclty constralnts have not arlsen.
Filrm B

No formal lot slzling technlques exist. Lot sizing
techniques used vary depending on the feel of the

planner.

Filrm C



~114-

At the end level, no lot sizing is used.

For purchased ltems, an A,8,C analysls Is made and
reorder point s used.

At intermediate levels, the planner determines the
lot sizes by revlewing the requlrements generated by
the MRP explosion.

No retrospective analysls Is carrled oute.
Firm D

At the final assembly level 1ot slzing ls done by
the people In the planning meeting. No formal technlque
is used.

At intermaediate levels iot sizing is the
responsibliity of the planner In charge of the ltem and
he determines the lot sizes on feel.

For purchased Items agaln lot slzing ls done by

the plannere.
Firm E

No answers were available to the questions.
Firm F

At the master schedule level 1ot sizing Is done Dby
the schedulers.

At intermedlate levelsy, lot slilzlng was done on
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Q28.

Qz29.

Q30.
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feel.
For purchased parts no lot sizing was done.

Minlmums were usede.
Firm 6

At the master schedule level, flxed period Ilot
sizing of 4 wWeeks is used,

At intermedlate levels and for purchased |tems,
the lot sizing technique was flxed perlod where the

length of the parlod depended on the class of the item.

Nervousness

Do you have a net-change or regenerative MRP system?
(In a regenerative systemy, the entire master schedule
Is explodea on each run. In net~-change only the changes
in the master schedule between runs are expioded).

It 1t Is a net-change systemy, then do you ever
regenerate? If so when and why?

If net-changey how do you take care of frequent

changes?

How frequently 1s the net-change or the regen run?

Questions 28 and 29 turned out to be redundant
because none of the firms Interviewad had net-change

MRP. The answers to questlons 27930931934935936 and 39
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Q32.

Q33.
Q34
Q35.
Q36.
Q37.
Q38.
Q39.

Q4d.

Q41

felt
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are best presented In the form of a table shown In
Figure 22. (The questions follow).

Question 32 about non integral lead times also
turned out to ba of no relevance because lead tlmes
were so grossly determined that they were aiwWays

assumed to be In weeks.
System Parameters, Capabliltles

Hhat Is the siza of the time bucket?

What if the lead time Is non Integral of the tlime
bucket size |

Why did you choose the flme'bucket size you have?

What Is the len3gth of the planning horlzon?

Does the system have pegging capablilty?

Does the system have the firm planned order capabliity?
What are some of the outputs generated?

Can you track the progress of a particular }ob?

How many hours dqes 3 typlcal computer run take?

What are the Improvements you would like to see In your
system? HWhat are your plans for the future?

If you were to start 3il over agalin, what would you do

different?

In reply to Question 33s only 2 firms sald that they

1 week was natural for the time bucket sizee. All others
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(1) This is the frequency of the MRP like old system. New

system is not yet running

Figure 22 MRP survey system characteristics




chose 1 week as thelir bucket size because the consuitant

sald soe.

Sample outputs are provided in Appendix 1 in reply to

Question 37.

Question 38 has been answered before.

Questions 40 and &44.

Some reactions to these questions were

have to educate the users carefully

- would proceed slower - not so much sophistication so
early

- would like more CRT displays

- are satisfied and envison no changes

- do good torecasting

- 3o to net-change

- install shop floor control
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HAPTER 9

O8SERVATIONS AND CONCLUSIONS

One very common practice observed In the electronic
firms I vislted was the praé?lce of *kitting®. For each end
producty a kit tlst 1Is avalilable. Thls Is also sometimes
known as a °*pull deck®s This Is nothlng but a Ilst of all
Items needed out of stock in order to make the end product.
Kitting is the process of putting all such ltems needed to
make the deslired quantity of‘the/deslred end product into
kitse These kits are prepared righ? at the start. Once these
go onto the tloor, they are ®staged’s. This means that the
items are taken out of the kits and sent to the work centres
at which they will ba neaded. Some preliminary work might be
done before the parts are sent to the work centres- such as
bending and cutting resistor leads etc. Essentiallys, then,
all the items havq to be In stock before an order ls
releasea to the floor and In fact the parts are In queue at

every work centre through whlch the Job passese.

This 1Is a historical gprocedure and was adopted so that
a Job Is not stranded because 1 or 2 parts are noft
avallables Such a situation used to occur because inventory

records were bad. Howevery thls Is not qulte the concept of
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MRP. If the cumulatlve lead time ls 20 weeks, It does not
make much sense to kit a part that will only be needed In
neek 19! Continuatlon of this technlque means hlgher
inventory ievels of pérts, higher work In process Inventory

and longer queues. R

Another universal practice was the tight control of the
stockroome. This was controlied with milltary preclsion and
people had to get used to the ldea. All the stockrcoms were
caged in. Someone suggested that bullding stockroom cages
might be a good buslness as MRP became more popular! Such
control was maintalned because data base accuracy wWas very
important In MRP. All the stockroom records were within 1%
accurate of cycle counts- and mostly they sere within 1/72%
Despite such accuracy howevery, the kitting procedure s

belng used.

None of the firms was doing a good Job .on master
schedul ing. Aggregate capaclty planning was absent and shop
loads were uneven. However, all the firms had a lot of
flexlbllity in terms of overtime, moblilty of opeople,
subcontractling etc. and this helped them achleve some kind

of a3 batance.

No firm froze the master schedule over the entire

cumulative lead time. Agaln, thls was possible because of
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the flexibilitles discussed In the prevlious chapterse.

Safety stock was maintained very deflnitely at the
purchased parts level and at the end product (or level 1
product In fthe <case of a moaular bill of materlial) level.
Safety time was built into purchased ltems due to Informal
lead time settings Very often safety stocks were maintalned
at intermedlate levalse. Yield factors were bulilt In. Safety

stock quantities wera detarmined on feel,

Lead times were not analysed at all. These were taken
as vendor |{8ad times or shop fioor estimates. AlImost no
effort was made at controlllng lead tlmes via I/0 control
and not a singie firm had ftriea to study queues to determine
reasonable lead times. As a - result lead times were Inflated
and inthemselves proviced a large safety factor. This beling
truey, the assumption of flxed lead times regardless of

quantity caused no problems.

Lot slzlng wWwas done almost entirely on the baslis of
feel and was done manually by the plannerse No attempt was

made to evaluate techniques 1In retrospect. Certalnlf no

aggregate analysis was done.

All litems were always Included on the blii of material
and all firms used rzorder point for ltems such as nuts,

bolts etc. Some firms did have cheap, long lead tlme,
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purchased items which they stlil controilled by MRP,

Overally I had the feeling that the firms had beneflted
even though they could not quantify threlr beneflts. However,
these benefits had rasulted mostiy due to better information
provided by the MRP explosion rather than anything else.
Most firms were complacent and were satisfied by the
peneflts they had acnieved. From the study [t was clear,
hovevers that the firms were far from reallsing the full

benefits achievable.
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SAPLE WRP OUTPUTS




DATE &N
CURKHFNT WEEK

PART NUMRBER
DH)1=AR
bH11«AA
DH1I1-2A
(Bli-0A
Dvil=BA
LGl l=-88
bVil=Ha

70«09711=-01
LVi1-AA
LVIl=nA
pCi6-0A
LCTo-EA
uJil=AA
Uullean
LNlt1=-48
bot1-AB
rart1-NA
(AN RSN )

DHP11eDA
DUP1]=0A

Chll=AA
LO11-DA

UATL=DA
VItl-DA

1o=MBR=76
7o03wW3

~*=J0R NUMpER==~
MO19=NDHAR=0(Y3Y
MN19=-0UHAA-(01444
MO19=NCHAA=O145Y
M01°~OCBUA-01455
MO19=-CDVBA=01542
MO19=-0LNBR=N1578
MO19«00VBA-N1593
M019«09711-01597
MN13-0LVAA=016V0D
MO19=0LYRA=01607
MO19-00CLA-01626
MC19-0LCRA=O1b41
MO19-0DJAA=0Lb642
}019-0DQAF=-01630
M0O19«0LQAR=01b3]
MO19=0Unhbh=01638
MO19=NLQADA~01639
MO19-000cA~01632

MO19«DUPLA=OLH2S
MUIY=DUPDA=O106430

M0} 9=0pHAA=0]0TY

M0O19«0DOVA=0(bN3
MO19«0bUNA=01lbLG
M0J9=0NNLA=dlbbY

M

PAPT
TYPE

UPT
UPT
UPT
ukT
upT
OpPT
P
Suk
ort
oPT
uPT
UPT
ubl
0p1
uPl
UP1T
OPT

ubPr

OP1
upPT

oeT
uer

uPT
urT

-

T ERIAL Rk

Firm B
I ke M ENTS

QU

#x% JUB PHIURITY REPURT #x#

wiP LINE:

* % % PAST DUE # » #

DESCRIPTJON

PROCESSOK 16 LINE
PRUCESSOR 16 LINE
PRUOCESSDR 16 LINE
DISTRIBUTE MODULE

MOD SET & LIST PNIL

ASSYNC.
ASSYNC,
ASSYNC,

8~LINE

pPGM CHAR LET

MOD SET o

DIST PML Wel.INE

11/40«AC A5SY 115V-DCT0

SYNCH MUX

MOD SET &

CONT UNIT 9=-SLOT

DTST PNL 8=LINE

EXPAND FOP DCTo=A

DATA CiMM

SYS 115V

16 ASYCHRONOUS MUX

> > >
oo

E1A UP TOU

SELECTOR
SELECTOR
SELECTOR

104kB

BELL 3017303 Tu 250 B

INTERFACK

INTFRFACE
PRUCESSOR
ETA UP TU

EIA UP U
L1A UP 10

SYNCHRONOHS MODEM
SYNCHRONULUS MODEM

to LINE ASSYNC,
104k8

104KB
104kB

P LA

cemeweATESeemmn=

RELEASE
7504w2
7511w4
7511wé
7512wW1
7512w5
7601w2
7601w3
7601wW3
7601w4
7601W4
7602W1
7602wl
Tev2wl
7602wt
7602wl
7602w1
7602w1
7602w1

7602wl
T602w]

Tou2w2
7602w2

Tou2w2
7602W2

pUE
7504wW2
T511w4
7511w4
7512wl
7512W5
To0U2W2
T6G2W3
ToQ2w3
T602wa
To02w4
7603wl
7603wl
7603wl
7603wl
T603W1
7603W1
7603wy
To03Wl

7603wl
7603W1
7603w2
7603w2

7603w2
Te03w2

NNING

WINDOW?
DUE DATES:

TOTAL
STD COST

1275.6300
1275,6300
1275,6300
1037,7900
1405,3000
1380,0000
702,6500
4030,2100
6541,3000
10539,7500
24270,2100
5230,5600
5972,6400
325,5000
976,5000
976,5000
2717.6400
2927.,0100

750,5700
3752.8500

5102,5200
.2038,2300

2038,2300
2038,2300

PAGE: 2
JOB NO:RP28B010

34 WELKS
7504W2 = 7611W3

TOTAL  URIGINAL BALANCE
STD HUURS QUANTITY GUANTITY
16.5000 1 1
16,5000 4 i
16,5000 8 1
66,9000 3 3
16,0000 20 2
40,0000 16 8
8,0000 20 1

H

20,0000 3 Y

()

115.0000 10 5 ==

i
120,0000 20 15
144,0000 7 3
24.0000 7 3
76,0000 8 8
66,0000 3 1
18,0000 3 3
18,0000 3 3
56,0000 4 4
45,0000 3 3
15,0000 5 3
7540000 21 15
66,0000 4 4
42,0000 3 3
42,0000 3 3
42,0000 3 3



Airm B
DATE RUN {6=MAR® 76 M ATEKTISAIL RFE GUIREMENTS PLANNTING PAGE!? i

CURRENT WEEKR 7603wd . JOR NOtRP26010
w## PLANNED ORDER RELEASE REPORT ##s

MANUFACTURFD PARTS PLANT122 SOURCEs 6 WINDOWS 99 WEEKS
' RELFASE DATESS 7602W3 = 7802w}
 # » FUTURE DUR RELFASES # L

PAKT evesewDATESwwacen TNTAL TOTAL LOT LEAD
PART NUMHWER TYP¥F DESCHIPTINN REILEASE DUF, STH cNST ST HOURS QUANTITY SIZE TIME PLANNFR
7719 POw POWER SUPPLY 7605¢2 Te06w2 201,900 2,7500 1 4 NANE
76083 To0Awd 2¢1,9500 22,7500 1
7605wd 7606404 201,9500 2.71500 1
760602 TenTwy 201,9500 2,7500 1
7608w 3 T60742 201,9500 2,7500 1
7007w1 To0RWS 403,9000 85,5000 2
7607w2 TeO0RAN2 403,9000 55,5000 ?
7607w3 7608w} 403,9000 55,5000 ?
7607w 4 760844 201,9500 2,7500 1
wiin ¥OD  MUDULE 7600w5 T607w4 6,0200 2000 1 4 NONE
M3e3 mop MODULF T606W2 760741 129,2000 3,1030 5 4 NONF fg
S7606wW3 760742 129,2000 3,10%0 5 )
T606n4d To07w}d 103,3600 2,4824 4 ~N
76064S T60TW4 103,3600 2,4824 4 5
MBS549~YE MOD  CACHE ADPRESS SURSTITUTE RD 7603wS 704w 79,1100 L8880 1. e NONF
7604w TeNgwi 711,99n0 77,9920 9
76042 7608w2 6£32,8800 7.1040 8
7604% 3 760843 632,8R00 77,1040 ]
1604w4 T605wW4 A32,8800 77,1040 8
76051 760641 791,1000 28,8800 10
760582 760642 791,1000 8,8R00 10
16053 760043 711.9900 7.9920 q
16050 % T60hW4 6£32,R800 77,1040 8]
TRODW1 7606458 ~32,RE00 17,1040 R
Te0bw2 7607wl 158,2200 1,7760 2
7606w3 . 7607%2 158,27290 1,7760 ?
TeN6wA 760793 158,2200 1,7760 2
76064%5% Te0TWa 158,2200 1,77680 2
7607w T6NRW1 791,1000 8,8800 10
760Tw2 Tn08W2 741,1000 R,8800 10
TH0Tw3 TeNRWI 711,9900 17,9920 9
1607w4 THDAWA 711,9900 7,9920 9
T608w1 7609W1 395,5500 44,4400 L3
T80/ w2 T609W2 395,5500 4,4400 5
7608w} T609W3. 395,5500 4,4400 5
760844 7609w 395 ,5500 4,4400 L)
1609w 1 T609w5 316,4400 3,5%20 4



Firm B

DATE kU 1o-MAK=76 M'A T EKRITIAL REUWUUIREMENTS PLANNTING PAGE: 1

CURRKNT WEEK To03W4 JUB NO:RP29020
#u% ACT1ON REPORT x##
MANUFACTURED PARTS PLANT: 2 SOURCE:230 WINDUW: 34 WEEKS
SCHEDULE DATESS 7504w2 = 7611W3
PART LUT LEAD en=JUB NUMBERe=« eeeDUE DATE=== RESCHEDULE
PART nNnUmBKR TYPF DESCRIPTION S1ZE TiMe PLAMNER =PURCHASE URDER= =~==VENDUR<=== SCHED RESCHED QTY ACTION
Chll~na OPT MONTTOR , TELFPLANT NUNE M019-0CBBA-01647 760304 ==ew-- 2 CANCEL=-
M019=0CBBA=01696 T603WE =cwe==- 2 CANCEL~
Crit=DA  uPT DISTFIBUTE MODULE NONe MO19=0CBDA-01483 T512W] eecemew 3 CANCELe
Culi1-SR  OPI INPHL SCAWN MUDULE NUNE M019«-0CRSB=-01711 7003W4 =comw- 67 CANCEL=
NCTo-uld  UPT EXPAND FUR DC7o0=A 4 NUNE M019-0DCDA=01626 T603W]l ~==ew- 3 CANCEL=-
PCTe-rA  UPT DAYA COMM SYS 115V 4 NUNE MO19=-0DCEA-01641 7603W]l ==eces 3 CANCELe
M0O19-00CEA-01T710 7603Wq4 ~ww=e- 2 CANCEL~
DF11ek uer ACTIVE 20 MA CURRENT LUOP NUNE M019=pDF11F=C1701 T603WG ~wwwe- 4 CANCEL= i
-
Dhll«pd  pPY PRUCESSOK 1o LINE ASSVYNC, NONE MO19=-0UDHAA=0093Y 1504W2 ==meee- 1 CANCEL= )
M0O19=-QDHAA=O01444 7511W4 +eocecwe= 1 CANCEL=- )
MO1Y-0DHAA=01459 7511Wg ====e- 1 CANCEL=- H
M019=0DHAR=01670 TO0IN2 wewme== 4 CANCEL=-
M019=-0DHAA-0Lib73 TO(G3IN3 =ew=e- 4 CANCEL=-
M019=0UHAA-01708 7603W4 wewwa= 4 CANCEL=-
M0O19«0DHAA=-01709 7603Wq4 =w=e=e 4 CANCEL=-
MO19=-0DHAA=-01710 T603W§ eewwe= 4 CANCEL=-
M019Y=~0DHAA=01712 T603IWEG wemecww 4 CANCEL-
M019=0DHAA=01T713 7603w4§ =eceee= 4 CANCEL=~
MO19=00UHAA=01T715 TOO3WE eceve= 4 CANCEL=
M0O19-0DHAA~O01714 7603Wd ~eocew- 4 CANCEL=-
DH1j=-AC OPT FPUCESSUR 1o LNk ASYNC, " NUNE  M019-UDHAC=01685 760304 eccewe 4 CANCELe
MO19=-0DHAC=01707 T603Wg =wowe= 1 CANTEL~
M019~0DHAC=01692 T603Wq4 wecwvee= 4 CANCEL=
MO19-UDHAC=01693 T603WG ~=wce= 4 CANCEL~
Dtili 1 «AD 0OP1 16 LINE Myux MDDEM w3178 P NUNE M0O19-0DHAD=01679 T603W4 ~=vewe 4 CANCEL~
M0O1Y=«0DHAD=01680 7603W84 wewe=e 4 CANCEL=--
MU19=-0DHAD=01704 7603W4  ewcow= 4 CANCEL=
M0O19-0DHAD=01705 7603Wq4 wewce= 4 CANCELe
H1)-AE 0Pl 16 LINE MUX 13178 PNL, NUNE M019=-0DHAE=01691 7603W4 ~w=mee- 4 CANCELe
DJt1=-AA OGP 16 ASYCHFONOUS MUX NUNE M019-0DJAA-01642 T603W] ewecew= 8 CANCEL-
MO19-0DJAA-01682 7603wqd ewecee= 1  CANCEL~



Firm C

04702776 REQUIREMENTS GENERATINN PAGE 971
615 620 625 630 635 640 645 650 655 660
GRNSS 2 2 2 2 602 2 602 2 2 ?
OPEN ORD
NET 2 2 2 2 602 2 602 ? 2 2
PLAN ORN

AR KRR AR AR R RS LSRR R RN G T O R R AR kG T SRR R AR KR GRS R T AR R R GG E R R KA AR RGOS E AR SR B R EISE AR AT RRE KT OV ek e S kR RS TOSk ke nuhbw] ] Ok %

GRNSS 2 2 ? 2 2 2
OPEN ORD
NET 2 2 2 2 2 ?
PLAN ORD
ITFM 06-132250-)300 01 DESC GAS SEAL U/M#& PCS ORDPOLCD# A [TEMTYP# 2 VALUER ) LDTMCD & M
ONHAND # 715 ALLOC#H o} ORNQTY# 0 MIN# 0 CRYRAT# ,005 UNITCST# .0808 LDOTMPURS 0
SFTYSTK# 0 AVAIL# 715 MULTY # 0 STORE# C SHRINK # «N0 SFTUPCST# <00 LDTMMFG# 35
EEEERE AR RN ERRE AR K SRR R A AR ST IR RS KRR AR A TSAR B AR R GBO MR AR SR E RS RS REEERAREEAGG YRR AR AKX XGGGEERERREN RGO C R EAKRC NSNS R SRR E RS | Q¥ %
GR7JSS 18 109 109 109 109 109 109 109 109
OPEN NRD
NFT 66 109
PLAN NRD 66 109 109 109 109 i09 109 109 109
KRR KRR | SRR EFER KL 20 R kR A KRR D SRR A AR ARG IO R R MR RS SR AR R KRR NG LR RN KRS F R RS LSRR MR MRS G OR MR RR K GSSERRACREBRGE QFX X
GRISS 109 109 129 109 109 ‘ 139 139 109 109 109
OPEN DRD
NET 109 109 109 109 109 109 109 109 109 109
PLAN NORD 109 109 109 109 109 109 199
I I I N N e T I TG T nTT
GRNSS 109 109 109 109
APEN NRD
NET 129 109 109 109
PLAN ORD
ITEM 76-132269-100 01 DFSC  COLLAR U/Mi PCS OROPOLCD# A TTEMTYPH 2 VALUE# C LOTMCD # M
NNHAND # 418 ALLOCH .0 ORNQATY # 0 MIN# o] CRYRAT# ,005 UNITCST# 2414 LDOTMPUR# 0
SFTYSTK# 0 AVAILW 418 MULT # o} STORE# A SHRINK# L,00 SETUPCST# «00 LOTMMFGH 35
EEERKAS RS RS KSR KRR RS LSRR SRR AR STOCRK KR REXAS TSREXRRRK X RS BOEKEAKBERESBSXEE X AKX KESYN KRB R KEREXSQSE SR REREX RS Q DS SR X SR X RG0Sk RE R kAR ] Ok %
3RJSS 572 109 109 109 109 109 109 109 109 109
OPFN NRN
NET 254 109 109 109 109 109 109 109 109 109

PLAN 0ORD 1,017 109 107 109 109 109 109 109 109 109



** PURCHASING

o1
10
23
20
16
32
32
32
32
ol
ol
21
ol
[¢3
01
o1
o1
Jl
01
o1
01
[*2
70
12
23
40
33
12
70
70
1
Qa3
91
03
40
71
0l
03
70
11
18
o8
il
ol
70
32
70
73
70
01
01
o
0l
03

ORDER  NO.
48756
48855
48969
48981
47424
45551
45551
45551
45551
46817
46818
44683
47286
48793
48789
48664
48577
48577
49197
47288
47799
47190
48574
48784
«BA32
48764
48871
48926
48733
48525
48351
48479
48799
48923
48603
48956
49339
47400
48559
41664
49405
48692
44754
44749
48219
48837
43409
47463
47468
47123
4654
48974
08555
44751

REVIEW
ITEM NUMBER

00-100268-C00
00-100294~-C00
30-130302-C00
00-100304-000
00-120313-030
00-100334-000
00-100334-090
00-100334-000
00-100334-000
00-100501-C00
00-100503-C00
00-100511-CO0
00-102002-000
00-102002-000
00-102008-C00
00-102012-000
00-102013-000
90-102313-090
00-102037-Cu0
00-103006-G00
N0-133236-0030
00-103006-C00C
00-133077-0)0
00-103527-C00
00-103566-C00
00-103586-C00
00-103596~C00
00-103612-000
00-1J3634-000
00-103637-C00
00-1036138-000
00-10407C-C00
00-104116-000
00-104119-000
00-104133-C00
00-104200~-000
00-104243-000
00-104244-000
00-104502-C00
00-104506~C00
00-104577-C0C
00-104705-CJ0
00-105020~-C00
00-1J5944-020
00-105237-0)0
00-105518-C)0
00-135529-C)0
00-195531-C)0
00-1365531-C00
00-106002-C20
00-106002-0)0
00-106002-000
00-106002~-000
00-106029-000

TIME #

01
oL
0L
9}
01
o1
ol
0L
o1
oL
01
[+1}
o1
o1
01
o1
01
91
01
01
o1
01
21
ot
0ot
o1
4]
01
ol
o1
01
01
1}
oL
o1
ol
o1
oL
01
o1
01
]}
01
ol
0l
[1)3
oL
01
[
01
o1
oL
01
o1

00
00
00
00
20
00
00
00
0u
00
00
30
00
00
00
00
00
o0
00
[+Io}
09
00
00
00
00
00
00
00
00
00
00
00
00
00
Q0
00
00
00
00
G0
00
[’}
00
99
Q0
00
00
00
00
00
00
00
00
00

PURCHASING OPEN ORDERS

10 SHOP DAYS *x

DESCRIPTION

.023 0fA 1175 F SOLDER
.033 DIA 670 F SOLDER
60 MESH SIL BRIG ALLOY
.050 DIA 361 F S SOLDER
<036 DIA MULTICORE SLOR
+035 MILD STL WELD WIRE
<035 MILD STL WELD WIRE
.035 MILD STL WELD WIRE
.035 MILD SYL WELD WIRE
.003 X .781 X 2 IN MICA
.0035 X 2 X 2 IN MICA
«003 X .906 X 2 IN MICA
5/8 X 3/4 BRASS BAR
5/8 X 3/4 HRASS BAR

1/2 HEX BRASS

7/8 HEX BRASS BAR

1 HEX BRASS BAR

1 HEX BRASS BAR
g/16 IN DIA BRASS ROD
5/8 NDIA SAE1213/1215 CS
5/8 DIA SAE1213/1215 CS
5/8 DIA SAE1213/1215 CS
<375 DIA SAE 1018 °CS
1732 X 1 IN SAE 1010 CS
.031x5/8 C R STRIP

.030 X 2 5/16 C1074 CS
1L/16X 3-5/8 SAEL010 CRS
.050 X 6 SAE 1010 CRS
-047 X 3.750 SAE i010CS
.102 X 2 X 6 GALV STEEL
«050 X 7.750 SAE 1010CS
5/8 TYPE 321 SST RQD
19/32 biA 303 SST
5/8 DIA. 303 SST ROD
9/16 HEX 316 SST BAR
«062 DIA TYPE 304SS ROD
5/3 DIA TYPE 304 S5 ROD
«594 OIA 17-4 PH SS ROD
.032 X 3 IN 302-304 SST
.062 X .750 302-304 SST
«032 X 4375 302-304 STP
+N10 X 281 302-304 SST
ALUM BRONZE ROD

3/16 DIA 36 % NI FE ROD
.625 DIA WOODEN DOWEL
1375 HEX 2024-7351 AL
«031X 9.150 3003-H14 AL
«040 X 9 3003-0 AL STP
.040 X 9 3003-0 AL S7P
«620 0D X .565 ID BRASS
<620 0D X «565 ID BRASS
«620 0D X .565 [D BRASS
«620 0D X .565 (D BRASS
+618 0DX.586 ID 321 SST

DUE WITHIN THE

AVAIL

10

525
525
525
525
44
70

218
2138
240~
358
3161~
3161~
52
1018
1018
1018
45—

63

72
40
2900~

259
L67-
433
110

853
450
3470
2562

218
334
144

6600~
6600-
1427~
1427~
1427-
1427~
565

INV.

REVIEW TI(IME

DUE DATE

575
554
555
574
505
489
509
548
573
570
549
529
528
550
565
569
554
568
569
549
530
569
569
570
549
564
574
570
564
569
529
570
580
580
570
559
579
595
563
569
574
553
549
569
529
568
569
539
569
544
580
565
567
580

ORDER  QYY
35
6
500
15
10
4175
500
500
500
50
25
50
327
230
750
3000
310
5000
1000
1543
196
3000
5000
150

700
25
2000
1000
2000
14000
1200
1500
600
3900

1000
550
50
15090
10
10
1000
262
666
600
500
1078
6500
1539
1500
1500
1524
139

NEW

DATE

LR IR B S CNE R Y N SRR B RR N A R I R NN R N ONE S N NE AR R K R AR K AR R K R B IR IR BE BE SR BE JE K CBE NE SR B SN BE R N 3

QTY

[y

N



PART NUMBER

00-103503-000
06-030000-000
06-030000-048
J6-030002-000
06-110006-000
06-130000-000
J6-13)005-)00
06-130033-000
06-135446-000
26-137238-)00
06-250000-013
06-250000-056
06-250001-201
06-250001-0Q7
06-250030-001

sC

01
a1
ol
01
[*31
01
0l
2
01
28
12
ol
o1
01
01

PC-40
DESCRIPTION

.042 X 9/16 SAE 1
SURFACE MOUNTING
SURFACE MOUNTING
SURFACE MCUNTING
SOLID SILVER CON
BRIDGE

BINDING POST LONG
CULLAR - 1 PRONG
CONTACT

STRUT

ADJ SCREW - REGUL
ADJUSTING SCREW
COVER 1/4 42 NS 2
COVER 1/4-28 NS2
HEX NUT

ENDPG

11
11
11
11
11
11
11
11
11
11
11
11
11
11
BL 11

*QVOUE ORDERS*570x QTY

VXXX LUV TIVXRTIT

<

irm

I
1

PLANNED ORDER REPORT

200

2000

30000
15000

300000

*575« QTY
2000
2000
100000
5000 .
10000

PERIOD DUE

*580% QTY

2000

30000

570
QY *¥590*% QTy
2000
1000
2000
20000
60000
60000
15000

TOTAL QTY

200
4000
1000
8000

100300
20020
60000
60000
30000
30000
15000
15000

5000
10000
300000

A o



04-035100-005 01

NUMBER
DESCRIPTION

PARENT ITEM

COMP ITEM NUMBER
CONNECTOR ADAPYOR

04-035104-001

04-335100-005 01

ITEM NUMBER
DESCRIPTION

PARENT

COMP ITEM NUMBER
CONNECTOR ADAPTOR

04-035104-001

04-035104-001 O1

NUMB ER
DESCRIPTION

PARENT [TEM

COMP ITEM NUMBER
06-124408-000
04-035104-001

PARENT TTEM NUMBER

COMP ITEM NUMBER

06-124408-000

ELFCTRICAL CONNECTOR IN

01

DESCRIPTION
ELECTRiCAL CONNECTOR IN

irm O

MATER[AL SHORTAGE REPORT DETAIL
DESCRIPTION  CONNECTOR ORD QTY 1000 START DATE 580
ON HAND - ALLOC # AVAIL  P/M  ON ORDER DUE DATE QTY/PER  SHORTAGE
391 2 389 M 1 611

DESCRIPTION  CONNECTOR ORD QTY 1000 START DATE 585
ON HAND - ALLOC  # AVAIL  P/M  ON ORDER  DUE DATE QTY/PER  SHORTAGE
391 2 389 M 1 611
~J
)
DESCRIPTION  CONNECTOR ADAPTOR ORD QTY 3000 START DATE 570
ON HAND - ALLOC . # AVAIL  P/M  ON ORDER DUE DATE QTY/PER  SHORTAGE
683 0 683 M 92981 2000 589 ! 2317
DESCRIPTION  CONNECTOR ADAPTOR ORD QTY 1000 START DATE 590
ON HAND - ALLOC # AVAIL  P/N  ON ORDER DUE DATE QTY/PER  SHORTAGE
0 683 M 92981 2000 589 1 317

683



0°9-L duW

irm R

o1/15/15 REQUIREMENTS GENERATION pace )
T X R4
ITER 22537 DESC CUP HTR TERM/269 e eteeetsetestaseasecacersasnasctanearecosanconsannee st
REV O U/M EA  ITEM-TYPE 4 STO-COST +6700 INV-CLSS  STX-ROOM 30
ONORD~-PURCH 435 ONORD-I0R ONOR O~ MKE OROPOL A QRDQTY PUR-LD 55 MFG-LD MFG-QR~PUN
BALOH 202 SFTSTX ALLOC QTY-IN-INSP 430 ACCT-NO 11610 020 SHRNKF .00 USAGE~YTD 583 : /1%
el
: 1714775 1/21/75 1728775 2/04/15 2/11715 . 2/18/75 2/25/15 3/04/75 3711775 v
GROSS 25 80 82 107 107
SHED REC 430 435
NET REQ
PLAN GRD «ab
PRJ BAL 607 527 527 880 880 880 773 666 666 /18
i
3/25/75 4701775 4/708/75 4/15/15 4/22/15°  4/29/75 5/06/175 5/13/75 5/20/75 g
GROSS 80 80 172 ;
SHED REC -t
NET REQ u .
PLAN ORD 33 129 FRL] Y
PRI BAL 586 586 506 506 506 506 334 334 334 1 0
s H
‘ 6/03/75 6/10/73 6/17/15 6/24/15 1/01/75 7/08/175 /151175 122175 8/12/15 "
GAOSS 206 151 129
SHED REC
NET REQ 33 129
PLAN ORD 86 : 102-
PRI BAL 334 128 128 128 128 33~ 33~ 33- 162~ /18
<
8/26/15 9/02/15 9/09/75 9/16/75 9723175 9/30/15  10/01/75  10/14/75  1os21/75 1"
GROSS 86
SHED REC ,
NET REQ 86
PLAN ORD ) <48
PRJ BAL 162- 162~ 248~ - 248~ 248~ 248~ 248~ 248~ 248~ 11+
. €
ero 11/04/75  L1/11/75  LL/18/75  L1/25/15  12/02/75  12/09/75  12/16/15  12/23/15  12/30/75 '
I
SHED REC
NET REQ
PLAN ORD 248

PRJ BAL 248~ 248~ 248~ 248- 248- 248~ 248~ 248~ 248-



0°L=L dYW

PART &
11603-68
21792
21804
21972
21913
21974
21981
22157
22448-2
22459
22632
22633
22637
22647
22693
22713
98133
98137
96138

DESCRIPTION

8-32x2 5/16 FL SC
TERMINAL HTR/233

EXH TUB/233/269/281
CUTPUT TRANSFORMER
*A' VANE ANODE

BLOCK ANQDE
INSULATOR HTR/22018
TERMINAL LUG

SPACER CATHODTE 233
LABEL IDENT MA2398231
MAGNET MA269 -
I1SOL BOOY /269/22640
COVER CHOKE/26%
SPACER HEATER/Z&9
CATHODE SPACER/269
LABEL/233

LEAD WIRE GREEN

MIRE #20 VYEL KYNAR INS

LEAD WIRE YELLOW

in
i

0l1/14/175

166

624
169
20

232
18

14
27
131
27

PLAKNED ORDERS

01721775

76

15

20

01/28/715

96

[Ys

20

21

BUY

02/0477S 02/11/175

18

97
126

20

20

84
43
108

1136

96

345

63

20

RUN DATE OL/15/75

53 MEEKS
1298
484
1417
5719
8726
536
989
1174
1650
T45
430
151
605
1023
1324
392
386
491

386
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V67287 14

“XCEPTIGN
cap=

PART Nu
43511
40511
8572565
850265
350266
850265
350621
8500621
890622
850522
8504623
351623
850683
353683
853633
450683
353686
350536
350685
85068%
85083C
85083C
850830
350630
850831
850831
853331
852331
35454-2
35454-2
35455-3
35455-3
8347C-13
854170~-18
854170-13
854790-19

NU OF ZXCEPTIINS GRIUP TUT

26
19
06
19
[+1
19
06
13
a6
19
06
15
06
06
15
19
06
76
19
L9
06
06
19
19
(71
05
19
19
06
19
a6
19
a6
19
[e23
19

36

-

Mirm w

»ap ¢ XCEPTICN RZIPGRT

REQMT / CRDcR

CUE CATE
o71/18/174
07725774
07/18/74
08/15/74
07/18/74
C8/15/74
07/25/74
08/715/74
C71/25/774
08/15/174
Q7/25/14
Q87157174
01/25/14
C6/21/74
Cr/718/74
0B/15/74
07/187s74
C6/2C/14
08/15/74
07/18/74
C7/18/74
C6/2C/ 14
Ql/1€/174
08/15/174
Q7/25/74
06/21/14
Q1/1€/74
08/15/74
077187174
07/25/14
C7/718/74
07/25774
07/25/174
08/15/74
07/25/74
087157174

QUANTITY
188
500

85
150
102
150
200
220
200
229
200
229
2817
387
500
500
300
409
500
500
295
395
500
500
233
333
500
500
200
4092
200
400
200
220
200
220

PaGE 2
MESSAGE
MSVE IN
s 1
-
[
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JRNDSZRS WITH [NVALID CNMPLETIUN DATES

ORDER NUO
€o08le
coo08l5
coosle
€o0817
CObBlB
R23780
13150
459395
459953
462676
463322

463843

Firm

PARY
22525
22511
22642
2206386

22635

33311->

33540
967140
22134
QUART #}
41470-1

22632

NO

w
A

BAL DUE
217
61
91
95
82
L1000
40

250

25

viv
30
30
30
3¢
30
30
30
3cC
30
30
30

30

SCH DaATE
052574
052574
0525174
052574
052574
[}
0
072974
050474
060174
060[?6

091574 ")

- 'LT( L



ASSEMBLY NC

MATLL103

MATL104

MATL1DS

MATL184

MATLLBB

MATL201

MA7L221

MATLZ31

MATL252

05/03/
STUCKROOM 11
P AT

643136-2
627308-1
621308-1
630773
612039-1
629695-2
6269521
bé1300
623833
629010
629011-1
629011-2
626318~1
626692
626951-1
626318-40
629695-2
637114

612035~-1

14

~NO

JIv 4a

P/Ah

4

DESCRIPTION

COMP RING
POLE PIECE
POLE PIECE
CIRCUTT
CONNECTOR -
TERMINATION
sTUB

FERRITE

CAN

GROUND PLANE
SHUNT

SHUNT

MAGNET

POLE PIECE
TUNING STUB
MAGNET
TERMINATION
BOTTOM SHUNT

CONNECTOR

Firm ®

SHORTAGE REPCRT

ON HAND  ALLOC

05 210

105

338 210

369 70

w2

126

63

120

21 63

55 63
30

369 k]

140 140

338 210

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

"NEED

SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

NEED
SCHED

REC

REC

REC

REC

REC

REC

REC

REC

REC

REC

REC

REC

REC

REC

REC

REC

PAGE

10

04/29 05/06 05/13 05/20 05/27 BEYOND

145
2000
100
10000
100
10000
250
7
126 136
63
150
126
250
42
8
684
250
252

350
1000

192
250

124
62

300

62
300
124

94

248
500

252

202

14

59

59

212

T4

468

1292
5756

57156

1254
3000

129
1250

256 ————

1052
1000

1294 J
3900 ——————

-

-ZTT-
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3

Firm K

— ~— —
08/30/14 BUYER PLANNER ACTICN . PAGE 2
BUYER CCDE K MCVE IN
PURCHASE QTyY BALANCE DUE MKP  NtEC IMHECIATE
PART NO DESCRIPTION ORDER NO VENCCR NAME IN [nSP QTY DATE QTyY DATE NEED
617638-14 SHUNT 470748 1Y w000 100 09713/ 174 12 057067174
BEYUND
626254-6 COMP RING 470749 1Y w000 500 09/13/14 22 03/06/14 20
BEYOND 20
626359-5 FERRITE 470753 QUARTZITE PROCE . 30 09/13/14 22 €8/3G/14
BEYGND
626361-12 MAGNET ' ©70754 QUARTZITE PRCCE 30 09/2G/1e 22 €38/30C/14
B8EYOND
6267165-23 FERRITE 4701757 QUARTZITE PROCE . 40C 09706/14 245 08/30/14
400 097207714 210 09713/ 74
500 10/04/174 420 097207174
420 10713714
BEYOND
626765-30 FERRITE ©65570 QUARTZITE PROCE 15i 352 09/06/ 74 4 C8/30/14 216
32 09/06/14
W3 09/20/14
REYOND 508
©26793-3 FERRITE 470159 QUARTZITE PROCE 250 09/20/ 74 40 087307174 32
750 10704/ 74 202 09720/14
106 10/18714
BEYOND 30
626855-1 FERRITE € OIELECTRIC 469052 TRANS TECH INC 250 09/17/74 22 09/06/14 12
‘ 250 10/01/71% 298 09/20/14
@2 10/04/174
42 11/01714
. BEYCND a4
6269761 SHUNT CLIP 470438 TYWQOOD 125 09/06/74 4 C8/30/174 70
1 09713714
3 C9/720/14
BE YOND
627308-3 POLE PIECE 470161 TYw0aQD 500 08/30/14 192 09713714 1640
2500 09/06/ 74 328 03720714
BEYOND 5324
627806 CONN . 467829 AMERICCN CORP 25G 09704/ 14 265 038/30/174
550 0971377+ 210 09713714
500 097207174 464 097207174
42C 10718714
BEYOND
628269-4 CONN 465702 DELTA ELECTRONI 630 09/ud/ s 48 09/13/14 i3
BEYCAD V217 13
628714 CAN ASSY 470992 TYw00D CORP 15 09/13/1¢6 11 C8/30/174

B8EYOND

“eTL-



0°€~-L duwW

m

Firm ¥

TIME PHASED MRP MASTER SCHEDULE 09716/ 14

DIV STKRM S/0 & CUSTOMER ASSY-PARTNO OUE DATE QTY CODE

3C 30 TRS-37 ORD 41 FCST S MA1B35A 10/14/74 46 2 MRP
3C 30 TRS-38 ORD 2152 FCST 646 MA1BS8A 09/16/74% 139 2 MRP
3C 30 TRS-38 MA1BSBA 09/30/74 125 2 MRP
3C -30 TRS-38 MALBSBA 10/14/74 125 2 KR P
3C 30 TRS-38 MAL1BSBA 10/28/74 125 2 MRP
3C 30 TRS-38 MA1B58A 11711774 125 2 MRP
3C 30 TRS-38 MA1B58A 117187174 160 2 MRP
3C 30 TRS-38 MA1B58A 12/02/74 125 2 MRP
3C 30 TRS-38 MALIBS5BA 12716774 125 2 MRP
3C 30 TRS-38 MAL1B58A 12/30/174 125 2 MR P
3¢ 30 TRS-38 MA1B58A 01/13/75 125 2 MRP
3C 30 TRS-38 MALBS5BA 02/03/75 L454 2 MRP
3C 30 TRS-39 ORD 270 FCST- MALBG63A 09/30/74 80 2 MRP
3C 30 TRS-39 MALB63A L2/09/74 150 2 NRP
3C 30 TRS-40 ORD 943 FCST 1000 MAlB63B 10/07/74 130 2 MRP
3C 30 TRS-40 HA1B638 L0/14/74 L30 2 MR P
3C 30 TRS~40 MA1B&63B - 12/02/74 125 2 MRP
ac 30 TRS-40 MAlBe638 12/09/74 125 2 MR P
3C 30 TRS-40 MA18638B 01/13/175 1287 2 MRP
3C 30 TRS-1 ORD~ FCST 1000 MA303 02/03/15 1000 2 MRP
3C 30 TRS-2 ORD48 FCST 100, MA3068 09/16/ 174 36 2 MRP
3C 30 TRS~2 MA3068 12/16/74 18 2 MRP
3C 30 TRS-18 ORD- FCST 32 10 MA31S54 /7 7 2 MRP
SCHEOQULE OATE NOT NUMERIC

QUANTITY NOT NUMERIC

THIS RECORD BYPASSED

3C 30 TRS-19 ORD 158 FCST 10 MA3L570 ' 10/07/74 112 2 HRP
3C 30 TRS-20 QRD- FCST S50 MA3160 12/16/74 50 2 MRP
3C 30 TRS-21 ORD 87 FCST 13 MA3162 09/716/74 L6 2 MR P
£19 30 TRS=23 ORD 83 FCST 17 MA3l63 09/16/74 47 2 MRP
3C 30 TRS-23 MA3163 10/14/774 25 2 MRP
3C 30 TRS-23 MA3163 12/16/74 7 2 MRP
3C 30 TRS-24 ORD 91 FCST 5 MA3191 09/16/74 72 2 MRP
3C 30 TRS-27 ORD- FCST 9 MA3Z15 12/16/74 9 2 MRP
3C 30 TRS-28 ORD- FCST 6 MA3215-1 127167174 6 2 MR P
3C 30 TRS-3 ORD 230 FCST 250 KA 3408 09730/74 120 2 MRP
ko 30 TRS -3 MA3408 10/07/7% 120 2 MRP
3C 3o TRS-3 MA3408 12716774 140 2 MRP
3 30 TRS-4 ORD 12 FCST 138 MA3400 12/16/74 100 2 MAP
3C 30 TRS-5 ORD 45 FCST 55 MA34O0MIF 10/07/74 65 2 MR P
3c 30 TRS-5 MA34LOMIF 12716774 35 2 MR P
3C 30 TRS-6 ORD 49 FCST 100 MA340T 10/07/74 55 2 MRP
3C 30 TRS-6 MA3407 12/16/74 88 2 MRP
3C 30 TRS-7 ORD 808 FCST 820 MA3498 11/04/74 120 2 MRP
3C 20 TRS-7 MA 3498 11/711/74 180 2 MRP
3 30 TRS-T7 ’ MA 3498 11/725/74 100 2 MRP
3C 30 TRS-7 MA 3498 12/702/74 110 2 MRP

=t =
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RUN

DATE: 01

«[TEM NUMBER

/17/76

*NESCRIPTICN*

001 11-01509CC-000 TRANS.SI NPN,FPOXY

*PLANNER® J1

*TOTAL GOH*
UNIT/MEAS

ITEM TYP
ITEM STA
ABRC COPRE
INV CLAS
SER LEVE
MK/BRY CD

MPS6521

2229
EACH

ST0

=INVENTCQRY DATA*

E
Te

S
L
E

CK

ARTE AT ATRRF P AR R A AR KN K AR AR R R R RN R KRR Rk ok Rk

STCCKRCCM NO

020

STOCK LCCATICN (N HANC BAL

2229

LAST WEEKS TRANS
NDATE LAST TRANS

QTY 0OF LAST TRAN

(A2 A RFELIE ST RSS2 EARRE AR 22 2SR S22 232282 RS2 ¥ 2

REQUIREMENTS EXPLOSION

STATUS REPORT WEEK

*¥L/T-WEEKSH

6l

*(CRDER DATH=

4 PRIMARY 08 ORD.POLICY
2 REVIEW 01 SAFETY STK
B VENBDR g6 LOY SIZE
05 FACTARY Q1 MIN QTY
00 SECOND 00 MAX QTY
8 ROUNDING
STOCKROOM DATA
RECEIPTS RETURNS
1600 193
121675 91075
0 0

2

PLN ISS

300
10776
0

11476 .

*xCNST DATAx
TOTL STD CSY
STD MTL CST
MTL COST CONE
MTL CAST QTY
DATE LST CHG 06/02/75

75

15

PAGE 20

AS OF MDAY 3le

oL/L8/76

«MISCELLANFEOUSS

Bl ENG.OWG.NO 110150900000
WEHA REV.

3 SIZE A

PRAJ.INV.12MOS. 12755

ALLOW FACTOR U0

ADJUST
411
122975

0 TRAN LAST COUNT

INVENTORY CCUNT
DATE LASY COUNT 122975

AR Rl L L e L L e P e e L A S S P e ]
UNPL ISS

3309

86

R T P R R e P e T T Y 1

WE:{ NO PAST 612 613 614 615 616 A17 6la 619 629 621 622 623 624 ToTAL
PLN REQ Q 420 0 300 0 1600 300 900 o] 300 0 550 600 310 4680
UNPL REQ 0 0 0 0 0 400 0 600, [} 0 0 0 0 0 1000
SCH REC 0 0 2250 o] 0 Q o} ] o] ¢} 0 0 0 Q 2250
PRIJ INV 2179 1159 4CC9 3709 3709 2309 2C09 509 5C9 209 208 341- S41- 1251- 1251-
NET REQ 0 0 Q9 O o] o] 0 0 0 4] ] 341 600 310 1251
PLN REC 0 0 [} 0 0 o] 0 Q 3 0 [¢] 34l 600 310 1251
PLN REL 0 0 0 341 600 310 800 0 ¢} o] 0 100 0 0 2151
PLN INV 2179 1759 40C9 3739 3709 2309 2009 509 509 209 299 0 0 0 0

———————————————————————————————————— ———— - —————— R K
— - ———h X E AR

WEEK NO 625 626 627 623 626 630 631 632 637 64l 645 650 711 FUT TOTAL
PLN REQ 800 0 0 0 0 100 Q ] 0 0 0 0 0 0 300
UNPL REQ [ 0 0 [¢] [¢] 0 0 Q 0 [y} 0 0 [} 0 Q
SCH AEC 0 0 0 0 0o 0 9 "0 ] ] 0 0 [ 0 "]
PROJ INV 2351- 2051- 2051~ 2051~ 2051- 2151~ 2151 2151~ 2151~ 2151 2151 2151- 2151~ 2151~ 2151~
NET REOQ 300 0 0 o] 0 120 0 9 0 2 o 0 0 0 90y
OLN REC 300 Q [0} 1] [¢] 100 0 0 8] 0 0 0 0 0 9230
PLN REL Y] Q 0 0 0 [} 0 Q 0 0 0 0 0 (o} 0
PLN INV 0 o] [V} 0 0 0 s} 0 0 J o] ] 0 [} o
IR TR R R R R R A L R e R L R IR Ry F AN P S ¥ T HISTORY - WEEKS AT AR R AR C KT RN ERE RN KRR A E R A RF R R KRN O R R AR R KA

PER TO DAYE PERIQD PERICH PERIDD QTR QTR QTR QTR 12M08 TOTAL WKLY AVE

PLAN [SSUES 1200 1033 2 0 6345 2600 0 [o] 8945 11278 322

UNPLN TSSUES 1292 3 [¢] 0 418 436 Qo 0 854 2149 61

RECEIPTS 3600 0 0 0 5000 5000 0 0 10000 13600 388

RETURNS 0 0 0 G 193 11 0 o] 204 204 5

ADJUSTMENTS 193 14 [} 4] 29 0 0 0 29 236 6

NET 1201 1022 0 o] i541 1975 Q 0 434 Al3 17

AR AR R AR T PN KRk KD RF A S IR A AR KRR En AP h k& fIPEN ORDERS DETAITIL - WEFKS Wik gk XKk AR KR R R AN AN I E AP AEP R EER DK A I Nk G w W
VENDOR MAME ORDER NO OTY DUE SLIP VENDOR NAME ORDER NO QTY NUE SLIP VENNOR NAME ORDER NN QTY DUE SLIP

RD 0294176 2250 615 612

BB RI AR IR UNRAR KL ESEIF SRS IDR A SRRV KRS Skku Rkt s REQUIREMENTS DETAIL -~ WEEKS #¥sxaaduadadxdk kAR EAXr kX KRR EKRRSI R URRFXC IR SR04 &
«OJRDER NO QTy DUE *NRDER NO avy DUE *CRDER NI QTY DUE &JROER NO QTY DIV
J245037 400 612 0422315 20 612 2045038 300 6l4 00230018 400 616
€Jla5C39 400 el6 04299025 600 616 3045040 300 %4 9920018 600 6138
3344024 300 618 7414027 600 618 0048032 300 620 0429026 430 622
0453202 15¢C 622 0045041 600 623 0044025 300 024 0220001 10 624
3J45042 400 625 0429027 400 625 0210025 120 630

)

-

tr
wn
]



Tirm ¥ . ~

(PLNS30=D5) CAPACITY PLANNING -» AP RUN DATE 1/25/74 PAGE 63

TESY SUMMARY » .ALL. PRODUCTS - e oo e e im s v B AR GRAPH e v e

Test. . TEST  SCHEDULE . .0 300K .- GOOK. - 500K — — 600K~ —-— TOOK — - —--BOOK- -———
WEEK . . IN ASP ouLLARS e e 1. . 1 .,____._;_,.._ BN QPN b S -1 -
a13 9,52% X
414 Q4,534 XXXXXXAXX
L. 8% L L L2, 597 e e e KREOUXXXXEXRAXXAX AKX XA LXNK KKK A AAN .
—_. @16 417,949 . IS 3333393333333 353443 31833334 xxxxxvxxxxxxxxxxxxxxx ——
. a7 . 327,288 - . e xxxxxxxxxxxxxxxx HAXAEXAR XERAHNAL R I
643 o 399,189 e XOOOCOIOO XA KAXKNA AKX KN X ANKXKXIAE e
619 496,372 xxvxnxxxX"xxxxwixA CEAR XKANA \xwxxxxxxxxxxxxxx
[ E5] 35,5080 ’ XLXEXXL AL XRRKREX KKK AK KL NN K N AR xx
21 . 853,836 e XXCDCOOXAX KX HOUIOOCAX X, X RRE AN AN KK IRRRZIAK -
a2 - 385,530 oo XXXXXXEXHXOCONARANLLAN RN XL \rW\VHXX"AYX"xx;’x - e e et e e e e e
423 . CRIR, 992 o EXXXXXUXXXRAAEKRXKX ALY XAK AKX KRARKAKNKR _— .
824 o G35, T2 e XXXXXXXOXOOCOUONNN R KK RXX A AR AR AXRAAXKXAKAXAX . —— )
439 633,333 XXXUOCOXR LR XX RNLHOONLER XENENHRRRENAAAAKK . - Uy
426 414,410 XXAXKHRCHLXK AR LKA RARARE XURAL AR RN X ANKXY , e
Q27 . RO ATB e XXARURXXOODNOOOR KA RN RANA A REAXAIRARAXKRAR —_— N
628 B60, 838 L. XXX N KX U XS X L XXX KR, XY XXX R YRR AR KN e o i i e e
. az29 36,8808 . . XXXXXRXRXRAX xxxxxxxxxxx,\'x:xv‘,:x‘,.xvxxx"“xxxx e 3
e B3 s 329,999 i XXAXXYXXXX xzv\.wxuxxx”“'x*"n' X% . A
LES 3%, R44 xxuxwwxa,.\' XXAXRXARARYL y\"xxxxxxxxx
exa 323,278 : XXRKENEAXAXLARN KN RUARX KA K y,,.,\,\xx
(-3 SRR, T'F- K 1.3 S — xxxxxxxxxxxzxxxx:xxxzxxxx. PP 37 1S ¢ F— -
454 313,458 e e XXKRAXKX KX AN KLRRLARZANAXN D XAXKY e e
LRS- . 303,004 o KRXNAXKRXKANKEENNLAANERX N, RNXAXX. e I [
[53} e BB, BAS e XXAKXKKXNXAXKXAXAKKKRARARKL . XAKAX KKK,
(31 102,938 XXLLXHAXXRRARRKAXXXN
a33 57,929 XXXAXX
887 ... . 25,148 CXXRXX. —————
4 21,113 e XK - -
LT3 ' 15,100 . A . XX e e o e e e+ o o e e et e i i e e R
432 e 36,700 e LXXXK. -
a1% 39,070 XX%X
Q44 [}
649 . .. 3,7L0 _. _ -
48 19,313 .. XX
%19 . 324808 o R " e . o _
450 . 0 -

TOTaL ' v,avv 544




RUN

PLNR

NG

004
04
aC4
04
0C4
0G4
Ci4h
004
JCa
Co4
Gi4e
oC4
Q04
CC4
Go4
CC4a
[V
004
JC4
Q0%
004
004
Gl
04
Cue
Gyt
SOa
J0%
USh
QL4
004
a4
CO04
o204
204
Goe
oo
U4
0C4
Prel
(VST
oc4
GC%
Go4
o4
3Ce
0C4
[JIvES
CGCs
Q04

CATE

16717775

ITEM NUABER

6ot
031
Qol
CcHl
ovl
ool
Cei
cul
0ol
Vo1
Gul
0ol
ovl
Vul
Ga1l
001
vul
001
yol
001
Ocl
0ul
Cul
Jol
o1
Col
791
Cul
Qul
321
vul
201
Gul
Ccct
oul
Gl
Jul
ool
091
cul
0Jl
Cul
[VOBY
001
Jal
Gal
vol
usol
001
001

11-05255u1-G006
11-C53030u3~C00
71-C5317U2-CUV
T1-C55240u=CC0
11-0543501-C00
T1-05%74C2~-L0V
71-C251T450-008
TL-CS»2TuC-Cu0
T1-G564000-CC0
11-Cv350530u-Cuv
Ti-C553601=-200
11-C515301-0N0
Ti-0e17000~-CCO
Ti-G&1e302-000U
T1-0¢20400-000
Tl=u3.040L-CLd
Tl=-C02530u~-30y
Ti=CeZ2201-C00
TU=-0i32301~-003
T1=05%%00u0-CL0
1i~Uc34501-C00
T1-CusTI0L=-330
T3-L73¢7cc-Cud
11=0765,02-Cuu
11-C1115Cu-Cc0u
11-0132531-u00
11-C 132 ,00-CL0
T2-¢CabauG2-CLC
RV RO S Ve ]
12=6244185-000
T2-C155107-00
T2=0344251-200
Ti~CL2i501-3L0
13-0127432~002
Ti-Cl34321-CC0Q
T2~0b32202-CCC
15-ClaT ul-0id
T3-G220.061-C00
153-022us85-L00
T3-G2€051-G30
15-20260063-C00
13-5223701-CCu
T3-0eoe29l=d0y
T2-0252204-GC0
13=-0r2E209=Gud
5>=U233207-040
13-02%:£263-C00
73-027T2103-Cud
13-0449301-000
13-0469302-000

ITEM SQESCRIPTICN

BRL.PRINTED
DiCePINTED
ERL.PRINTEC
oriie PP INTEL
U e PRINTED
A e P [NTLD
BACeFir INTL
BHE.PRINTED
3G« PR INTEL

o

Bele PRIV TED
EifePRItTeU
LD PRINTED
AL PRINTED
ORTLPRINTEID
RGP IATED
D PRINTLC
EAT SR INTED
IO LPRINTCO
PUOLFOINTED
R0« 2 INTLOD
PRl 2v INTED
AP INTED
PAL DR INTID
RuCePRINTEL
DL GPRINTLD
LRLLPRINTED
FiN

PIN

PIN

Pl

DIN

CASE

Mo ADZR

CasE

HZ A0 2R

CASe

CrSeE

HeAUER

CASH

HOACER

CASC

CaSe

CAsSC

ATALER
hoADER
HEACER

WIRING
WIKING
WIRING
WidIng
WlrnING
WICIHG
winIio
WIRING
WIRING
WIF LG
WIRING
YIRING
WIUING
wIRING
wlia o
WIRTING
ALLING
Al SING
Wl L
wIRING
WIKING
WIAING
wIRING
wlniiis
WIRING
nIRING
WIRING

CASE ALUM PAINTED

CASE
HEACER

Firm

et

L e
PLARNNER RESCHELULE REPART

ALCLGZ
9491
SHAS
SHALA
ACT2CM
ALC/CZ
902,532
935
5960
ADC/RU
SHAS
tAaCrag
DAC/ZCS
AD2C10
A2210Q
Aucdlo
233
ArZG0R PwR SUPPLY
AJ20u8 LCGIC
»930,5982

275
PEIH
245

CUNVERTER
CONNTCTOR
CUNNECTCR

1125%

« 040
« 040

X 062
X
« G40 X
X
X

.231
«G31
.31
.031

«032
«C40

1.5 X 1e5 X 0.4

l.5X1.5X04625 ”
245 X 3.5 X le25

2.0 X 2.0 X Oo4

PRI

Oy

13
10
11
10
11
14
13
13
12
12
10
10
12
10
12
12
12
12
12
10
12
11
12
10
10
1o

10

10
10
1G
10

- 10
+ 03

o7
1o
69
i0
10
10
03
09
09
03
08
a8

“oa T

10
12
10
10

>> 3

» > P>

T W

[T~

WZEK 551 AS OF CATE 10/20/7%
00 LATE ====v=-= =~ TGO EARLY =—==__
— INTERVAL -
[ 5 3 $ 250 230 250
D
C
c - i
c oD o T
0
(4
Lo e e e
[
e S [ - R
<D
c D .
S SO U - g et e
8
v _
. - - A R - ’
C D -
[+ .
c n P
D ...... R ———
C bl .
]
T e e e
c
- C - — [ — —— - - - - - -
C
~C. S - S
. A T B .
¢ . - . -
A [
c
——— - - - A -
C - - SRR
[
C
c — —— ——. — - - N
c - e
c A
C 0 .
c ———
c



INV110 02

RUN CATE : 06/04/75

ITEM NUMBER

Cal
001
eIV}
001
301
0901
Gol
C31l
301
g0l
001
co1
ca1
GOl
041
001

11-0122030-000
33-0027322-003
33-9031783-000
33-0032212-000
33-0333439-000 -
33-00235230-000
33-0035503<000
33-0036519-000
23-3936582-000
33-0037689-000
33-0028451-000
33-0C39390-000
33-0039213-300
33-0C35760-033
40-0702650-6G0
71-0714520-502

72-0557800-000

061
73-01343€3-000
73-0480500-000
81~07033C0-002
82-0420162-000
82-C565660-00D _

oClL
0ol
001

[+1°28
001

6G1 82-$729500~000
00l _90-C9C01Q0-000 _ __

RES.FXD
RES .4 FXD
RES.srFXD
RES <y FAD
RES.srF XD
RES ., FXD
RES<,FXD
RES«,FrXxJ
RES.,FXD
RES.,FXD
RZS.sFXD
RES. FXO

L RES.,FXD
CAP.FXD CER RED CAP

PURCHASE DROERS WITH NO REQUIREMENTS

DESCRIPTIGN

MiT.
McT.
MieT.
MET.
MeT.
MET.
MET .
YET.
MET.
MET.
MET .
MET.
MET.

CTRANS. ST NPN,EPOXY

FILM
FILM
FILM
FILM
FILM
FILM
FILM
FLLM
FILM
FILM
FILM
FILM
FILA

BRD.PRINTED WIRING

PINJSTRIP 36 PIECE

HEADER W/NUTS

HEADEZR PLATE

#1.C.0/A CONVERTER ADS62JAD/BIN _ 12BIT

*1.C.LINFAR

_ leCelINEAR

2M3415
73.2K
173K
224 1K
34.8
523
599
68.1
69.8K
76.8
3.45K
S09
931
976
«01UF
. 86538

1%
1%
i%
1z
12
17
1%
1%
13
12
1%

12

12

50P 7M™
100pPPM
1J07PM
100PPM
100PPM
10CPPM
100PPM
1GOPPM
100PPM
100PPM
100PPM
1007PM
130°7PM

107 WSR

SCDADS30K -

709

*#[.C.LINEAR

REF 90-67090 _

. 4.02K 13 L00PPM_

AD5305/883

L/3wW
1/8W
176w
1/38W
1786w
1/8W
L7849
1/38W

1/8W

1/8W
1/8W

1784

1/8%
50V

P.0.

 PQO3LTI

NJ.

P0D23419 .
PO29119
1125084
PO25113
PC2H117
PC29117
PO29114
PO27114
PO29115
PC29117
PC29115
pPO29118
PO29115
1129034
P0I23616
PO31713
PO31713
P00B4T3
PEID34T3
PCOs4T3
(003473

PO31714
PO3lo14
112304203
XC 2304203
1123332
FRO9676
POIY6T6
P009676
"POOY6TE

POGI6TE
P02339%2
_.PR5501400

WEEK 531

VENDOR NAME QTY
GERRER 25
MEPCO 300
vEPCO 200
RAMPART = 100
MEPCO . 300
MEPCO 300
RAMPART _ 100
AMPART 100
RAMPART 100
MEPCO e _. 300
RAMPART 100
~MEPCO 300
RAMPART ~ - 100
MEPCO . 300
ARROW 4
ECC e 10
ECC 125
BERG 1000
BERG 1000
BERG - 1650
BERG 1600
BERG 210V
puC 503
ENDICOTT 100
ADS I L5
ADS 15
ADS 25
SPARTAN 1000
C SPARTAN 500
SPARYAN 1000
.SPARTAN 1000
. SPARTAN 1000
ADS T 110
_._100

PAGE 1
 AS_OF M-DAY 151
06702715

SHiP  SLIP

531 531 __
543 543

529

530 530

531 531

531 531

530 . 530 _
530 530

530 530

531 531 _

530 530

531 531

530 530
529

521 527

531 531

533 533

518 601

514 601
501 &0l

510 601

595 601 o
538 533

532. 532

529 o
526 531

529

528 601 __ o
550 6061

546 601 -
541 _60L
536 601

537 537

$37__ 537_

..BTrLu



RUN DATE  5/28/73 , | PAGE 317
AS OF OATE  %/37/73 (INVSZ2e05) FINISHED 63008 PROJECTION WEEK 128
TFART NOJ/MODEL | BERV  GTY ON  SAFETY  FACT  VEND  LOT ceacmamescanssassean|AST HEEKreesenmemeccmanmasenmvay
92-2068121wC04 COOE HAND STOEK  LeTs  LoT, SIZE GOH TRAN, RET, SHIP I3SVE 40J
__DACBM__ . __ 8 I} 25 ] 42 s 1T 1 B 21T 2 )
_ o T oo T TRANSACTION DETAIL . T . S
TYPE DESCRIPTICN TRUANwK DESCRIPTION GUAN kK PESCRIPTION GUAN WK DESCRIPTION QUAN WK
BX LOG 32161 - 34, 327 ,
_W TP ____725744@./ 089 19__ 332 7257152_/.803_____ 24__ 33 1257130./..001 a_ 331y 7257160_/_028 433
TPL ORD LOT NO 7257160 49 333 LOT NO 7257470 . 49 _ 336 ____ LOT NO_ 7257482 .. 49 . 342 . LOT NO 723719¢ 49 . 345
PL ORD  LOT NO T237280 . &9 347 __ . . T L . o TR
TIME PHASED PROJECTION u
TWEEK CPAST__ . 328 __ 329 ___ 33@ 334 ... 332 _ _ 333 __ 334 ____335__.._ 336 ___ 337 __ 338 _ .. 339 . 340 . __ -
FORECAST 6 6 Y. e Y 8 Y e Y Lk I [ 7 )
BACKLOG 34 - :;-
8CHO KEG [ 14 14 7 14 5 =
PLN RECS 10 29 . 10 12 O
_PLN ORDS , 49 49 49 !
NEw NET __33e ___39m 4im She__ 29« _29e__ 2i= 23w 29w __ 26w . 3e_ .. . b __ In
TWEEX 144 342 343 344 335 346 147 348 349 350 154 352 353 FUT
FOAECAST 6 v b 6 7 6 Y s 7 s 7 6 7
_BACKLOG
SCHD REC . o . _ o o e -
PLN RECS T2 10 e T 29 18 T %2 29 ze 29 10
_PLN ORDB_ . 49 B 49
NEW NET 2¢ 23 17 21 43 47 4 34 37 60 . 13 96 99 99
. ____PLANNED OROER_ANALYSIS _(NEW_NET_LESS SAFTEY STOCK) ___ TQT FCET 3 5,5/HK X1Y_SPREAD..1 1,1
WEEK T pAST 328329 U Tzze T dagT 32 333 334 335 336 ___ 387 33e 339 sap . .
_QACSM . 5Be (YD) bbn EGw. 54w S Hem Q8= Shw Sin 28n 25w ~3in 28w
EXCERT . L} ® ] » " 1] R [ " [} 1] [ ] »
THEEX BT sé S5 3GA_ 345346 34T 348 ____349___ 350 351 352 __ 353 FUT I
DACAM C Se . 2e 8w am__ A8 _@2.__ 88 __ 8. \2_.___ .35 ____48. . ... T4 T4 . .18
_EXCEPT . . e . H s s




T i Y A

RUN DATE  $/23/73 ‘ 16
AS OF CATE___S/07/73.. . {PLNS29=g3) ____FINISHED GOODS. PRCJECTIGN = COMBINED..ANALYSIS .».SUMMARY. 328

»CDEL Bt ROOT FUT NET l EXCEPTION FLAGS , SERV, CD,

_— _LESS 88 (% 3..8TKGUTJ— =t _UNDER-SS).—$-1-TOOMULH)

Tpacteor ) es1edey . 16 R Mo ST S ) 8
TDACEN 8686131 74 I, §55/ B
._Dacian _ puss4y 132 /55 _w= §5§55$53/58558535555188/ Ak
CpaceRscd D496528 L T tem T P SRy O -
TACG 0498543 (53 ~fe $55535555555/55555555538855/ 8
_DACRET 2498524 24 /H5ES5EEE858553/68555338555558/. o

DACGS 2645204 s B T /esss88 ./ § $533585838/ AR .
ToaceM 8499381 23 / 88 "/ $555358% / AA
_DACGNET G459 a4 26 fon __/58555555555585/ ¢ )
_DACLGaMECS 2341806 BT o ‘_-"/ninnﬁiwﬁh)‘;ntnnwuh /. e _,.:—:T- .-;
"hcxb"aﬁ'&é”"'" 9341&J§ {b= JRKARNANCRINRRN/ AMRRRURRRARRRA N/ AA ?
_Dactotungsp L3413 34 /58 /. $35355853855/ 8
TUATsCeIRET 2615506 T Sum T T ek kR kR RANK R/ R RN KRR RN AN ¢
ToaceastRd T 0615548 10 ' JanwhkRuRRNN  / / )
_DaC1w0sCy o ub1BSU2 4 fenmmnnn. / / c
TDACLTGECHET.! T T perssas 51 T T Tss/s. . sssssss/ B -
TDACIEGS T ee1594 41w T L e Y, AA .
DRCLECSCRET - . P615544 9 / XTTT [ _rmms / 8
“paci2ascan  pe1sser T TG T T e il G
) ch‘.-.'ZQZCB-_—'_M T u34ving Tolm IRAKRNRAAARNRAR AN RNAMARNRR AN/ AA

_DscleGzead 0 ed4diaR B4m IRERAKN RN R AR/ KRN R RN AR 2/ Ak

pacY T geseses T T Ty T T femeescawane  { _ __{ ¢

pAtipZi 24550641 2,042 /UxkN=553555555/55555593386558/ Iy}

DACLT23 ©G66602 440n [REUAAmmen  ans/e _wesamwesmwkf AA




1816 0746
WEEK NO.
QTY ORDERED
REQUIRED
AVAILABLE
EEE St e Bt

PART NUMBER
1816 0781
koK%

PART NUMBER
1816 0828

WEEK NO.
CTY ORDERED
REQUIRED
AVAILABLE

WEEK NO.
QTY ORDERED
REQU IRED

AV AILARLE
L O it B )

PART NUMBER
1816 0829

WEEK NO,
QTY NDRDERED
REQUIRED
AVAILABLE

WEEK NO.
QTY ORDERED
REQU IRED
"AVAILABLE
-k ok k

PART NUMBER
1820 0054

WEEK NO.
ATY ORDERFED

REQUIRED
AVAILABLE

Firm G

0315 0322 0329 0405 0412 0415 0426 0503 0510 0517 0524 0531 BEYOND
12 27 6
16~ 28- 28- 28~ 28- 55— 55- 55~ 55— 61- ol- 61- 61~
DESCRIPTION BALANCE  TOT REQ  SHOGRT  M/USE £0Q  ROP  €OST CL SB LTSS L/ACT.  ESC FOR.
IC BIPOLAR #x¥%—THIS PART HAS NO REQUIREMENTS—®#%¥ .00 D P212 PR/ / 1816
, BECAUSE IT HAS NO PARENT 0.K., NO OPEN CRDERS. P
DESCRIPTION BALANCE  TOT REQ  SHORT  M/USE EOQ  ROP  COST €L S8 LTSS L/ACT.  ESC FOR.
IC DIGITAL 81 MEM 35 .00 D P2 03 PR 12/10/5 1816
PRIOR 1222 1229 0105 0112 0119 0126 0202 0209 0216 0223 0301 0308
12 : 2 8 &
12- 12- 12- 12— 14- 14— 14— 14- 22~ 22- 22- 22- 28—
0315 0322 0329 0405 0412 0415 0426 0503 0510 0517 0524 0531 BEYOND
5 2
28- 28- 28— 28- 33- 33- 33- 33- 35— 35- 35~ 35- 35-
DESCRIPTION’ BALANCE ~ TOT REQ  SHORT  M/USE EOQG  ROP  COST CL SB LT  $S L/ACT.  ESC FOR.
IC DIGITAL BT MEM 35 .00 D P2 03 PR 12/10/5 1816
PRIOR 1222 1229 0105 oi1iz  oll9 0126 0202 0209 0216 0223 0301 0308
12 2 3 6
12- 12- 12- 12- 14— 14- 14- 14- 22- 22- 22- 22- 28-
0315 0322 0329 0405 0412 0419 0426 0503 0510 0517 0524 0531 BEYOND
5 2
28~ 28- 28- 28~ 33~ 33- 33~ 33- 35- 35~ 35~ 35— 35-
DESCRIPT[ON BALANCE  TOT REQ  SHORT  M/USE ENQ  ROP  COST CL SB LTSS L/ACT.  ESC FOR.
IC 7400 GATE 5902 35501 322 oMP3 .16 A P2 16 12/17/5 1820
PRIDR 1222 1226 0105 0112 0119 0126 0202 0209 0216 0223 0301 0308
896-175829
5000-179864
5000-178737
'5000-180416
2790 4110 1181 554 1408 3676 1320 389 1520 3629 1752 552 1300
4008 4898 3717 3163 6755 3079 6759 6370 4850 1221 571~  1123- 2423~

176

0781

0828

AR
A

Pl

0829

0054

H



DEPT=~1700262
DATE=04/10/76

INSTRUMENT RUN #

96323 17132592
8030A*50 17132521
17132522

8030A%S0=#K 17306623

17306627

PART #

07830-~60400

5060-9802
9270=-0485
9270-0485
05216-40G70
08030-66503
15270-60001
15276~60001

50210504
5060-9802
5060=9845
8120=-1992
9270-0485
9270~0485
05216=40070
U8030-66501
08030=-66502
(8030~66503
08030-66504
08030-66505
08030-66506
08030-66513
08030~66521
08030~66522
08030~-66523
08030-66524
08030-66525
141624
1527060001
15276-60001

15272-60001

08030-61602
68030-61603
08030~66508
08030=66510
08030-66522
08030-66524
08030=66525
08030-66561

LINE SHORTAGE/PRESHORTAGE LISTING

DESCRIPTION

PCBIECG BUFFER

HANDLE STRAP
PAPER=CHART
PAPER=CHART

DECK

PCBYABDWECG
KITsDIRECTHECG
KITsINTRNL LABOR

TAPEsUISTANCE
HANDLE STRAP
COVER BOTTOM
CABLE ASSY B FT
PAPER=CHART
PAPER=CHART
DECK

PCBsLOGIC

PCBy TRIGGER
PCByABDECG
PCBYDIRECT ECG
PCBsULTRASOUND
PC8yBRIGHT S5CO
PCByPHONQ AMP
PCB8yCONNECT
PCBySENSING
PCBSENSING
PCB¢SERVO
PCByCHART PEN
CABLE'GND
KITeDIRECTHECG
KIT»INTRNL LABOR

PHONO X~DUCER

CaBLELABOR
CABLE¢HEART RATE
PCByOVM™

PCEB+PWR SUPPLY
PCBySENSING
PCBySERVO
PCBsCHART PEN
PCBLARGE EXT

Tirv

GTY
REQ*D

75

WO OOOOO

2

B

m L

QTY SHT#
PRESHT

O

40
12+
120
23+
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CONTROLLER==QUTZEN
04=09=76
PART # ONeHAND QA
STOCK
2100~2686 0 0
3100~1882 0 0
3100~-2236 0 0
3100=2274 0 0
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