
LIST CF PO'I'!mIAL PROJECTS 

II'~' 1. Production levelini - ~t1m= Inventor,y Pro8l'lD • 

..-'2. Balanced procuremont (_tbe_tical repreoent.ation of part. llih schedules 
and _ter1ala requi:rementa). 

V). Integrated plan for detoralnation of order quantit7 I buffer .tocka and 
delivery datea/I\.Ll'\.~'" c:....;;. C--' c-...,~~) 

... 4. Ordering plan desi(ple<i to oparate on actual neodo ra~er than forecasted 
_de. 

_ or bu;y. 

Projection o! usage tor acClll"il07· 

Ite-wr1te cost o! carry1.ng inventory. 
'1' ,~f.''''/ 

He illit.e cost of processing purcbaai..na:"ordera. 

Auto""tic d1.s:>atcher. 

1.'" ( 10. ", ,,' 
Use or anal.cg cQq>Uter for l.o:1d c!at.armiruUon 8DAJ:1a1e( f_.Lu.<.~~) 

vil, 

02· 

Use of rialo-cain curve for determination of accepting 1nVentor,y inVea-..to. 

lIrite up reasona for and .. thode for obte101:ag Coot ReduoUOIUI for Inventor,y 
Reductico. 

vU. se~ COII{>Uter pro8l'lD for ABC .na~1a. 

1114. ~uter detenlination or labor input load projectiona (also .. torial iDput 
_t.rial load). 

v15. DotonWlaUon of effecUTe _sureo or production control efficiency. 

/.1.6. se~ standard raw .. terial code...-.L- ~ "". 7(;·' 
17. Conditione for and aga1nat lap phar1n&. - ...... !J.tI--- ........... 
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SUGGESTED "H<M-TO- DO-IT" REPORTS 

Economical Order Quantity 

Bin Reserve 

Fiscal Dating 

ABC 

Cost of Cdrryinq Inventory 

Cost of Processing an Order 

Calculating Theoretical TUrnover 

M4nufacturinq Cycle Efficiency 

Measurements for Materials Hanaqers 

Paperwork Processing 

ReceiVing Routines 

Raw ~terial Stockrooms 

Planning a Punched Card Study 

How to ~ke Physical Inventory Pay for Itself 

Effective Filing - Termdnal Digit 

Reports - Type and Appearance 

In- Process Proqress Reportinq 

To Stock or Not to Stock 

Cycle RedUction Program 

Inventory Control Proqram 
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MANAGEMCHT CONSULTATION 
SERVICES DIVISION 

GENERAL O ELECTRIC 

Mr . Burt Grad 
Roan 24:>1 
BUilding 

Dear Burt : 

• • 
New York, Nove~ber 11, 1954 

As you knov, the arithmetic of production explosionB in the chain from 
tinal Bchedule back to orderB on vendorB amount. to matrix algebra. 
Aaide from the elegance vhich one Can have by UBing matrix notation there 
Beeu to be two ways tn .... hich the matrix POint of Vie", can make a real contribution . 

In the firBt Place, vhen a change in final Bchedule is made, of ten the most 
presBing resultant change iB that of notification of vendors. As usually 
done, these changes are the laBt available. The matrix theory indicates a 
way by which these can be immediately available. 

~econdly, the reatrictions in capacity of variouB unit. of the manufacturing 
operation place restrictions on final model mix and volume Wbich amount to 
linear inequalities involving the final model amount.. If, furthermore, a 
profit function i. defined for the manufacturing organization, then ve have 
an example of linear or non~llnear programming, depending upon whetber the 
profit function is linear or non-linear. Of course, the diffiCulty in ap_ 
plying the latter idea is in obtaining .n explicit profit function. Hovever, 
it BhOuld be PDBsible in .ome ca.es to relate some of the Objectives in a 
profit functton, freeing managerial intuition to COnsider only the other 
intangibles. Here, again, our techniqueB bring us back to the need for edUcatlon,zand close 11a1son with Managers. 

r 

I should be glad to, talk this over witb you at any time . 

Very truly yours, 

WLMurdock/b 
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Keep Your Inventory Carrying Costs Down 

... Whot dOL'S your im'enlory cos t you t 

By R. C. Hartigan 
and B. Grad 
Turbine Department 

Gan.,,1 Electric Company 

How con you cui your ovcrhelld aDd iu crensc I)('ofilll by hn'clilory 
control? To make tbe mo&1 cffccli\'c hus- inels dt.'Cis ioll , it is vilnl 
Ihul you know tbe cos t of currying im'culory for your 1'''1111. Here iii 
how. 

WHAT DOES ~'our inventory cost you! How 
much clln you reduce your overhead and in

crease your profits by controlling your inventory 
level? 

To make the most effective business decisions it 
is vital that you know the cost of carrying inven· 
tory for your plant. The following method (or de
termining this cost introduces n somewhat different 
approach and should encourage you to investigate 
its application in your own plant. 

The cost of carrying inventory will generally 
consist of four b:l!lic fndors: 

I. Possession Coste 
II . Vulue LoellCfl 

III. n eturn On In vestm ent 
IV. General Busi nes8 Jilflucncc8 
In determining inventory carrying costs you 

should consider only those costs which are charge· 
able to im'enlory. those which vary with II change 
in inventory level independent of n chllnge in out· 
put. In eV:lluntin~ the effect of each [actor this 
question must be answered; "Whllt can be done 
with the fncilities and funds made available by 
reducing inventory'!" 

The nature ot the product and the overall eco-
nomic conditions will affect the evaluation of the 
four key factors. You will, of course. be account
ing for the nature of your product when you enllu. 
ate these factors in terms ot your own business. 
In the following analysis you will find that each 
factor has been considered in the light of tlll'ee 
common economic conditions: 

l. Conditions poor-market poor-expllns ion not 
desirable. 

2. Conditions good-market good-expansion re
stricted by lack of floor space. 

3. Conditions very gOOd-market very good-ex
pansion vital to maintllin position in the field . 

For simplification, it can be as!lumed that unfler 
conditions 2 and 3 there is a productive use for 
money freed by reducing inventorr nnct thut it 
will earn the present return on i'l\'e .. tmt'ul. 

Factors Which Determine Cost of Corryinl) 
Inventory 

J. Possession Costs-Those costs chargeable to 
inventory which are normally considered pnrt of 
overhead. 

Space 
Economic condition I-Productive space mad£' 

available by reducing inventory would not be 
utilized because no market is available for in
creased output. Cost of space chargeable to inven
tory is zero because an inventory reduction does 
not nlfect the cost of space. If consolidation into 
fewer buildings is possible, the cost chargeable to 
inventory will be Interest on the resa le value or 
bu ildings vacated. 

Condition 2-Space made available by reducing 
inventory would be utilized for increased output. 
Since inventory ties up this space, the cost charge
able to it is the cost of equivalent Iloor Rpnce equal 
to the area occupied. 

F = Cost per year of present floor space in 
$/sq.ft. /yr. 

A = Area occupied by inventory in sq. (1. 

I = Value of inventory 
FA 

% Cost = -- X 100% 
I 

Condition 3-Expnnsioll will lake place, thru new 
construction if necessary. Reduction of inventory 
will avoid construction ot new space or reduce the 
amount required. In effect. the cost of space was 
reduced by redUCing inventory. The cost charge
able to inventory is the cost of additional space 
equal to the Mea occupied. Cost of utilities is in
cluded here because heating and lighting of new 
space is also avoided. 

U = Cost of utilities in $/sQ_ft. /yr. 
(>. + U) A 

% Cost = X 100% 
I 

fo;q ll ipnll'ol -Cran('s. vehicles, bin!! nnct r:lCl.:<. 

Condition J-In\'cntory I'cduction would I)el'mit th~' 
sale of part of thig equipment because less equip
ment is required to handle less inventory. Money 
obtained from this sale would not be reinvested be
cause the market will not support it. Cost is there
fore the interest which could be earned on the re
sale value of the equipment. 

V = Resale value of equipment in $ 
r. = Interest rate in %/yr. 
I = Value of inventory in $ 

VR 
% Cost =--

I 
Condition 2-[f fl oor space were available, addi

tional equipment would be obtained to su pport ex. 
pans ion. Since we can avoid purchase of new 
equipment by reducing inventory. the cOst is the 
equivalent of the yearly depreciation of exhlting 
equipment. 

Reprinted from April 195-4, MILL & FACTORY, 205 E. 42 St.. New York 11. N. Y. 



D = Cost of equipment in S/yr. (Deprecia
tion) 
o 

% Cost = -- X 100~o 
I 

Condition :J-Additional equipment will be ob
tained to SUJlport expansion. Cost is the equh'a
lent of yearly dellreciation of cxisting equipment :I~ 
in Condition 2. 

Hondlin g-
Conditions I, 2 and 3-Under any conditions 

handling labor is proportionate to the inventor.I' 
level. Cost chargeable to inventory is the sum of 
all malerial handling labor expense. This includes 
crane operato rs, crane followers, fork truck driv
ers. !ltock room hnndlers nnd move men. 

I{ = Total handling labor expense in $/ yr. 
1 = Value of inventory handled 

R 
% Cost = - X 100% 

I 
Insura nce 

Two types of insurance costs must be considered. 
First, consider tholle costs based directly on floor 
space, such as fire insurance on buildings: 

Conditions 1 and 2-Cost chargeable to inventory 
is zero because in~lUrance would be paid on this 
spAce whether it is occupied by in\"eniory or noL 

Condition 3-Additional Roor space would make 
additional insurance neCells8ry. Cost chargeable 
to inventory is the cost or insurance on the area 
occupied. 

o = Cost of Roor space insurance in 
$/sq.it, /yr, 

A = SpAce occupied by inventory in sq.ft, 
I = V:tlue of inventory on the area 

DA 
% Collt = - X 100 % 

I 
The second type of insurance cost is that based 

directly on inventory vnlue, such as fi l'e insurance 
on inventory. 

Conditions 1, 2 and 3-The cost is obviously the 
cost of insurance. 

D = Cost of insurance in $/yr. 
1 = Value of inventory insured 

o 
% Cost=-Xloo% 

[ 

Taxes 

As with insurance the same two types or taxes 
must be Ctlnsidered. For those based on Roor space 
such as real estate tax: 

Conditions J and 2-Cost chargeable to ill\'entory 
is zero because taxes would be paid on this area 
whether occupied by inventory or not. 

Condition 8-Additional Roor space Would in
crease taxes. Cost is the tax expense on the area 
occupied, 

S = Tax expense in $/sq. ft./yr. 
A = Space occupied by inventory in sq, ft. 
r = Value ot inventory on the area 

SA 
% Cost = -- X 100% 

[ 

The second l)'pe of lax e.'I;pCnM: is that bnsed On 
inventory. 

Conditions 1, 2 and 3-Thc cost chargeable to in
ventory is the cost ot taxes. 

T = Tax expense in $, yr. 
I = Value of im'entory taxed 

T 
% Cost = -X 100% 

I 

Cost Of Takin9 Physical Inventa'" 
Conditions 1, 2 and 3- The cost depe1, 

the jlll'cnloQ' level nnd is not directly 
the economic condition!!. Co!'!t chargea b 
tory is the cost of taking lIn-cntory. 

P ". Cost of taking ph)'s icnl i1 
$/y'-

I "'" Value of inventory 
p 

% Cost"'" - X 100% 
I 

II, Value Losses 
Decrease in \'alue of inventory due to 

following factors : 

Obsolescence 

n l~' on 
'ed b)' 
nven-

e of the 

Conditions I, 2 snd S-Obsolescence is t: ha nce 
that a part will become unusable due to 
ing changes and is not directly atTech' 

:neer
.co-

nomic conditions. It is determined by twr tors: 
t will p = Percent chance that des ign of an~ 

change in one year. 
i = Percent chance that parts will be 'ected 

by that change, 
The factor "j" accounts for the possi biil t,v that 

a part may be used before the change is eftcctive. 
ror an established product "j" will be relath'ely 
low s ince most change!! are of an impro\'emf'nt nn
tUre and al-e incoqlllralcu with :I mini~l':lm of 
obsolescence loss. For a product in the dcvelop
ment stage where engineering changes are in the 
nature of design corrections "i" will be rela tively 
bigh beeause the desirability of using a pnrt is 
frequently overridden by the urgency of the change. 

Obsolescence .. i p = % Cost 
Alternate Method of Evaluation-If records of 

actual dollar losses due to obsoleseence are avail
able, the following is an easier and more accurate 
method of evaluating costs chargeable to inven-
tory: 

o = Obsolescence losses in $/ yr. 
I = Value of Inventory 

o 
% Cost = - X 100% 

I 
Natu ral Deterioration, Loss and Damage 
Conditions 1, 2 nnd 3-These value losses in-

• 



elude repair and replacement costs of t hose parts 
wh kh h;wc been lo~t, damllged 01' made ullus.'lble 
b~' !=Iut h natu ral forcel! as moisture. They do not 
delJ('nd nn economic conditions. Although 10$s and 
damngt' .. l't! probably negligible in heavy industr~'. 
sut:h '''lnton l), accellted practices as the sand-
bl. of rough castings to remove rust nrc 
atl repair operations made necessary by natu-
ra : ·riO l'lltiOIl. 

" - Repldr and replacement costs in $)"1', 
I Value or inventory. 

V 
,t -x 100% 

I 

II I, Return on Investme nt 
profit enrncd expressed as a pe rcentagc of 

lh. l'~tment. 

, 
" 
o 

dition 1-Dollars (l'(~ed wCluld u1tlr be u:.cd to 
t he gOing Interest !"ate since the market will 
I'port reinvestment and expans ion, The cost 

'{'ntin) gain chnrgeable to in\'enlor)' is the 
which could he cnrned 011 the iJn'cnto l')' 

It Intel'cst rate in ' ~ ,\'I'. 

o~t R 
,litions 2 and a-The 1!011n1"8 freed by re-

d or in\'cntory would be I'cinvested in the busi-
II Ind ea l'n the rctul'n, Cost of potential gain is 
1\ forc the rctunl on invcs tment elll'ned by the 
h' leMI, 

T Heturn on invcs~menl in %h'r. 
Cost T 

IV. General Business Inftuenc:es 
('08t ImprO\cmenl -Reductioli in costs due to 

tefhno)ogica l improvements. This is genera lly ac
cepted as a steady t,'cnd reglll'diess of business 
conditions Itt about 3%. 

This figure should be higher for a new business. 
~« Cost = 3% 

Value of the Dollar 
Condit ion J-This con dition indicates a defla

tionary trend, Inventory purchased t his year would 
cost less next yea r, Cost chnrgeable to in\'entory 
is the yearly decrease in fi rst cost, 

------
ECONOMIC CONDITIONS 

2 l 

I. Pone~i' >n eo.h 
Spaee 0 I.. I., 
Equ;pment .1 1.0 '" Han(f[;~9 l.7 l.7 l.7 
In.u'a~e. .I .1 .2 
h.o, • •• I. • 
eVil Of Ta~;ng 

Inva~lory .S .S .S 
II. Voluo l< '/IS 

Ob, Kenee •• .S .s 
Dele6o,a!ion 1.2 1.2 1.2 

III. Ralu rn On Investmenl '.0 20,0 20.0 
IV. Generlll BU liness InnuenC(I$ 

COlt Improvement l.O l.O l.O 
Value Of Do!)a, l.O 0 ·1.0 

11.0 n,] 30.9 

CA RRY ING COST S 'n per cent per year of Inventory 
... alue. 

C. - F'i1'st cost nt bc~inning of lhe year 
C. Firs t cost at end of the yea l' 

C.-C. 
% Cost 

C. 
Condition 2-1'hi.\l condition indicates fairly 

stable prices, Cost is lherefore zero, 
Condition 3-Thill cond ition indicates an infla

tionary trend. In\'cntory purchased this ~'ea l' would 
cost more next yem', Since this is actually a s~lvings 
the Cost figul'e be~omes minus 11lld is the ~'ear1r in
creRse ill first cost. 

C.- C. 
% Cos t 

C. 
Clcrical alld mUllng-ement cosh IIrc sometimes 

cOllsidcl'ed a cost of cal'l'ying hl\'entory. A re
duction of these costs in !'lome operating sections 
wi ll result [rom invcntory reduction, However, 
this inventory reduction is only obtaincd by in
creaSing clerical and management costs of the con
trol functions such aR inventol'Y control, machine 
loading, etc. T here is probably no net change in 
clerical und manngement costs as :1 result of re
duc ing in,·entory. 

An accurat.ely detel'lnined cost of carrying in
ventory, revaluated periodically to account fOl' 
changing costs, ca n be applied to: 

1, Accurately predicting changcs in costs with 
change of inventory level. Cost reductions mar 
be based on savings resulting from reduced 
inventory, 

2. Determin ing t he desirability of carrying 
stock inventory, By separately evaluating the 
costs of carrying stock and non -stock inven
tor ies those add itional costs incu n ed by stock 
can be determ ined. 

3. Recom men di ng dispos ition of surplus and ob
solete in vell tol'Y. The cost of continuing to 
ca rry thi s inventory ollce it is on hand will 
depend on the reSll le val uc because f ull val ue 
cannot be rea lized. 

What does your inve ntory cost you ? 



COST OF PROCESSING AN ORDER 

In examining the costs related to the processing of an order, a 
certain viewpoint must be established. It involves looking at the prob
lem from the following standpoint -- which costs are directly assignable 
to the number of orders placed or processed and which costs are depend
ent upon the size or cornp;~xity of the order. This means that certain 
costs which are definitely part of the processing charges must be ignored, 
since they are not controlled by the number of orders placed. Certain 
examples of this include 100 percent inspection, iorements duties, super
visory responsibility and general overhead. 

Therefore, in this analysis we will consider only those charges 
which are directly assignable to the existence of an individual order. 
These charges can normally be broken down into four phases: 

1. Origination of the order 
2. Processing and / or procuring the material 
3. Storing and disbursing 
-4. Recording and paying 

As a further sub-division, it will frequently be advisable to break 
down your orders into the following types: 

1. Outside vendor 
2. Contributing division 
3. Allied plant 
4. Internally machined 
5. Combinations of the above 

Where a problem of ordering both stock and non-stock material exists, you 
may want to make a further breakdown into these two headings. 

On the attached page are listed some of the factors which .must be 
considered in evaluating the cost of processing an order for a specific 
department. 

® 

These are two ways of establishing these detailed costs. The first 
which might come to your mind is to use some sort of a time study approach 
whereby you actually examine how much time it takes, as an example, for 
an order clerk to write one order card, multiply this by his hourly rate and 
come up with the cost of writing one order . However. it has been found that 
a second approach seems more realistic. This involves the accumulating of 
output data from each of the various functions. These output figures. taken 
over some period of time as, for instance, a month or a year. are then 
divided into the total amount of money spent for that activity during this 



- z -

same period. These data are readily available in most departments and 
benefits are obtained just from the analysis alone. For instance, in Steam 
Turbine it enabled them to specifically allocate every person's activities 
to a particular {unction associated with the processing of an order. 

The existence of these data should serve in the [ollowing ways, First. 
as aiding in the decision of an economical order quantity to purchase or 
manufacture . Second, as a guide to areas of potential cost reduction; and 
third, as c ontrol ligures to supervision to enable them to compare their own 
standings to that of the deparhnent as a whole. 

B . Grad 
Production Control Sec tion 

9 / 8/ 53 



CHARGES ASSIGNABLE TO AN INDIVIDUAL ORDER 

Outside Vendor 
Internally Machined 

l. Originate l. Originate 

a. pull order cards a. pull order cards 

from P. L. 
from P . L . 

h. write order. markPL h. write order. mark PL 

c. type 3x5 hecla master c. type 3x5 hecto master 

d. duplicate paperwork d. duplicate paperwork 

e. distribute paperwork e. distribute paperwork 

l. Process and Procure l. Process and procure 

a. place and expedite order a. attach blueprint 

by Pur chas ing h. Plan 

h. maintain progress file c. type or dupl. vouchers 

c. file stockroom P . W. d. maintain progress file 

d. maintain Receiving File e. file stockroom P. W. 

e. expedite order by f. maintain Prod. Index File 

Production 8· Expedite order by Prod. 

f. Receive h. Deliver to factory 

8· inspect and Lab i. Dispatch 

Release j. Move i.n factory 

h. Deliver to stockroom k. Follow Prod. in factory 

I. lnspect 
m. Deliver to stockroom 

3. Store and Disburse 3. Store and Disburse 

a. Place in location a. Place in location 

h. Store 
h. Store 

c. Accumulate c. Accumulation 

4. Record and Pay 4. Record and Pay 

a. Authoriz.e payment a. Pay (Payroll &: Time-

h. Pay (Accounting) 
kee'ping) 

c. File (Cost) h. File (Cost) 



• DRAFT ® 
DISPATCHING BY CQMP\1TER 

visualized that an electronic cOMputer could perform many 01 the 

operations currently assigned to factory dispatchers . il. list of dispatchers' 

duties micht include : 

1. l-iaintenance of a file indicating the present location of each part in 

the factory . 

2 . Maintenance of a rile indicating the operations still to be performed 

on any part . 

3. ?-.1ntenance of a file indicating which parts are in operation . 

L. When requested to do so by an operator to assign a job or jobs to that 

operator which are in accordance with the station at which he works and 

the operator ' s individual ability . 

S. To lirect the material movement in transferrinl parts from one location 

to another . 

6 . To validate vouchers . 

1 . To forewarn foremen and production supervision of excessive loads at 

any station or r roup of stations . 

B. To process the paperwork necessary to cqrrect the files when authorized 
11 / hr" .. f; u., 

by an inspection report or an AHtftorhe.tion Notice . 

9 . To maintain a deadload of jobs COmilli.. into the factory 50 that future 

loads might be predicted . 

10 . To Olltain blue prints for the operators..a.-J.. ~ ~c.y. ., ~ 

n . 
12 . 

To arr&n[e for the preparation of continuation vouchers where needed . 
57Af .... 

To advise production expeditors when requested as to current parts &~. 

In order to acc~lish these functions , it vould be necessary for the 

computers to have combination input and output devices at various factory 10-

cations . This sho~d provide for the operator to key in his pay number and 

station (this co~d be automatic throufh an Addressot,;raph type device) as well 



, 
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as the drawing number 0.1 the job which he has completed and the number of 

pieces completed . The deVice should. provide him with a voucher for that flart 

which he should work on next . 1he central computer would require in its 

memory the followin& information : 
01' 

1 . The detailed planning/each part indicating each station through which 

it goes indicatinp. the time per piece at that station and the caliber 

of employee required to do the operation . 

2 . A record as to the phYSical 10cat10n of each part at the present time . 

J . A record of capacities of each l'IIachine . 

It would probably be undesirable for the machine to produce either a 

blueprint. or a detailed planninr" sheet (the operation deSCription) ror the 

operatot4s use . Theore!'ore , it 1s postulated that both or these documents 

would be of such a form as to travel directly .ith thE naterial itsel! from 

station to station . 

ThE;Te wouli of necessity be certain aJ.Xil1ary equipment at the central 

point of the computer which would provide the payroll section With a voucher 

so that the Ill&n might be f'Clid and a pro~ress report so tbat production would 

know where various parts were located . It should be possible to acc umulate 

total loads for a limited future period throubh auxiliary sorting equipment . 

It is visualized that the machine would have to work at hi,h speed, but 

this might be reduced considerably by the machines precalculating what job to 

give each operator before the operator asks . 

The discussion has been centered on the requirements of a job shop but 

I'li£ht be applied to a lot or .flow type area . t;o estimates are included as to 

anticipated costs as this would depend primarily upon the department being 

studied . It is sug(ested for survey purposes that. a large department such as 
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Large ~team Turbine-Generator or Kotor~ Uenerator be studied . 

It is ~ recommendation that a study team be organized consisting of 

and one very well experienced dispatcher 

who would function under my guidance in p:re~g a detailed survey as to 

one advanc~~manufacturing trainee 

the costs and savings to be realized from developing an electronic computer 

for dispatching . 

BG :D 

burton Grad 
6/17/54 
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• 
GENERAL. ElECTRIC 

SUBJECt 

• 

Mnnagers- Fj"nen ce 

Gentlell'lm : 

• 
CO,I[$: 

Schenectady, October 28 J 1953 

Enclosed for your r eview are several copies of a dr aft of a 
proposed revised General Accounting Instruction on Cost Reductions. 

This revision has been prepared by J . W. Thurlow of Cost 
Accountlnq Services after survey of the cost reduction practices in 
several Departnents and consultation with a number of you and your 
cost people. The purpose has been to amplii'y the Instru.ction in 
certain respects and to make a clearer distinction in others in an 
attempt to reconcile the primary factor of sup'rvisory incentive with 
the supplemental objectives of inte~r1ty and consistency in the re
ports. Since portions of the approach represent basic rrodificatlons , 
we would greatly appreciate receivine; your frank opinions and sugges-

tions. 

We shall appreciate it if you would. let us have your conrnents 

by November 2R, 1953 . 

mn~:ad 
Enclosures 

Keys 1,2 a!ld. 3 
Group Executives 
Division and Department 

General Managers 

Very truly yours , 
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DR AFT 

GENERAL ACCOUNTING OCST AN D EXPEN SE REru CTIONS 

INSTRUCTIONS 

( For Use of G-E Elnployees only) TAB No . 301 

1. GENERAl 

The purpose of this Instruction is to outline a standard basis for 
measuring sIBcifically the effectiveness of certain cost reduction effor ts . 

In order t.o facilitate the prompt measureJrent of actual accomplish
ments against cost reduction objectives ani budgets, it is customary (1) to 
compute cost reduction results in tenns of budgeted rather than actual output 
and (2) to report in the current period the estimated savings for a full year 
rather than only for the remaining months of the current year. For these 
reasons , the aggregate amount of the spa cific cost reductions reported in any 
one year will not be fully refl.e cted in o):e rating results for that year. 
Rather the profit and loss statell'Bnt of a Departll&lt fer the current period 
will reflect the results of only a portion of the cost reductions repor ted in 
the current year plus the results of reductions repor ted in pr ior year s . ~ 
This discrepancy between the period in which cost reducti ons are repor ted am ~ 
the periods in which they are included in operating results should not, however, 
affect the basis of computation of cost reductions . The amount of each cos t 
reduction should represent the saving in cost or expanse which will be re-
flected in the Company t s income from sales (although not necessarily in t he 
current year) provided actual output is equivalent to rudgeted output . 

II. DEFINITION 

Cost reductions may be defired as the lowering of the accepted 
standards of cost of either a product or a specific element of cost not 
directly related to a product. A cost reduction soould result from a speci
fic project, program or individual effort for the purpose of reducing costs 
by means of simplifi cation of design; improvemmt or elimination of a method 
procedure; conservation of materials and supplies, or substitution of less 
costly materials, 5uprlies, or services; purchasing negotiations affecting 
previously established sources, prices and teI'm3 of purchase; or any combin
ation of these. 

Whil e it is recognized that cost reductions do occur as a result of f 
changes in investment, because of too relatively high proportion of intang
ible factors entering into the evaluation of such cost reductions, they 
should not be included in cost reduction budgets. Likewise, the repor ting 
of euch cost reductions should be confined to a memorandum basis . 

In the foregoing definition, the term cost inclu:les not only direct 
material and direct labor but also specific elements of indirect manufacturing 
expense, product engineering costs and expenses, distribution expense am 
administrative expense. 

• 
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In . EVAllJATION 

Reported savings should represent only actual validated instances 
of the decrease in or avoidance of expenditure . The following consider
ations should be t aken into account in evaluating savings for various 
cost elerm:nts: 

1. Direct rna. terial 

Reports of direct mate r ial savings should represent reduct i ons in 
USSQ;8 or usage at le ss cost accomplished through the efforts of t he 
Department as a result of planning or design changes or negotiated 
reductions in established prices. Savings reported from the substi tu
tion of a p.trchased item for an item msnufactured in the reporting 
Departmnt or the r everse should ordinarily be evaluated by compar ing 
the vendor' s delivered selling price willi the nannal shop cost of t he 
item. .,.. ~ ~ ~ "'1 e 

Market fluctuations , voluntary Jrice cuts and correction s of J "'-' ,.h-i 
errors on invoices shoul d not be included as cost reductions . ...~~ ~ ::: -1/~_ . 

2. Direct labor 

Reports of direct labor savings soould be confined to reductions 
in the cost of direct labor resulting from changes in plarmed labor 
operations or reduced pi ece't«)rk prices as t he r esult of product re
design or repla"'rd.ng the job ~ Savings resulting from a change f rom 
established daywork to incentive may be included as a cost reduction~ 

3~ Spoilage and extra costs 

Spoilage ani extra costs savings sh ould be considered cost reduc
tions only when the project resulted in a change dire cted specifically 
at reducing spoilage losses and extra costs, and only lodlen tbe saving 
can be definitely attr ibuted to the change rather than a general1m
provenent in efficiency ~ Elimination of re'WOrk due to defective tools 
which are correctable through nonnal maintenance operations should not be 
included &s a cost reduction. 

4. Indire ct manufactur ing , product engineering and conmercial and adminis
trative expenses 

Savings should be limited to specific reductions in (1) eX!"nse '2~.J ", 
labo r which is actually reIOOved from the payroll or t ransferred without . 
replacenent to an activity representing an additi onal volume of 'WO r k or .-' 
(2 ) expense materia l s . Savings in total indir ect ns.nufactur1..ng and J 
product engineering expenses that result from a decrease in production 
volume or sav1.ngs in unit indirect manufacturing and product enginee ring 
expenses that result from an increase in producti on volume should not 
be considered cost reductions. 
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All cost reductions involving a labor saving should aloo incll1de 
provisions for reductions in overhead eypense directly related to the • i 
labor involved . This does not mean that the normal overhead rate or J.r-:~. 
theoretical overhead factors should be applied to labor reductions rut ..:. ~ 
rather the items of overhead expense that are actually el.iminated as a 
result of labor savings, for example, Employee Benefits expense . 

Savings which require the JAlrchase of ne"" machine tools or 
replacement of an old machine tool should be reduced by one year I 5 

depreciation at normal rates (in the case oJ new tools) or the net 
annual increase in normal depreciation (in the case of a replac8IlEnt 
tool). Full cost of new machine tools and their installation will not ...:t;.,/ 
be considered in evaluating the saving . ~ t.. -rfu; p~ 

In the redesign of a product or a change in method or material, 
the savi.nss should be measured in terms of the specific differences in 
direct material, direct labor, and those manufacturi~ expenses which 
are a ffected by the chan~ . These savings should be adjusted by the 
deduction of one year ' s amrtization of the engineering and tool ex
penditures which were necessary to create and put into effect the 
change in manufacture . &xpcnditures for new dies, jigs, fi.xt.urf's , 
templates, etc . should, for this p.uopose only, be considered as amortiz
able over the expected useful life of the tools . 

5. Transportation 

Savings in incoming or outgoing transportation because of change 
in terms, frei~ht classification, reductions in weipJht, etc ., as the 
result of cost reduction effort should be reported as cost reduction 
savings . 

6. General 

Savings on new products or products redesigned for highe r per
fomance standards should not be inflated by the rep:>rting of decreases 
in starting costs. Only savings which can be realized atter the elimin
ation of starting cost difficulties should be considered cost reduc
tions . 

Where a cost r eduction involves both increase and decrease in 
cost and the two are obviously r elated and readily ascertainable , 
only the net of the increases and decreases should be reported as 
cost reduction savin ~ s . Changes of a temporary nature only should 
not be reported as cost reductions , 
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IV. alMl'l1l'ATIONS 

Cost reductions should be reported at such time as the 
proposed changes are incorporated into the regular oFerating routine 
and should be computed on an annual rate basis as follows: 

1. Products included in original budgeted manufacturing load: 

Annual rate based upon the original budgeted production 
rate for the current year. 

2. Products not detailed or included in original l::udgeted manu
facturing load: 

Annual rate based upon the anticipated annual production 
rate at a normal production level. 

3. Special equipment or design that will be discontinued during 
the year: 

V. REPORTS 

Base comp.Itation on the specific order or the quantity 
still to be manufactured. 

A report of cost reductions, evaluated and comp.lted in accor
dance with this Instruction, should be submitted m:mthly to the 
Manager-General Acco\Ulting Services Department on a form similar to 
the attached Exhibit A in those cases where accumulation and con
solidation of such data has been requested by the responsible Group 
Executi va. 

In iretances where tl«> or rrnre Departnents cooperate in 
effecting a cost reduction, they should mutually agree upon the 
portion of the reduction to be reported by each. 

In certain cases cost reductions originated by one Departrmnt 
have ap}:lication in other Chsely allied DAnartments and are adopted 
bv the two or more Dep!1rtments at about the same time. In these 
instances the Department originating the cost reduction should report 
(1) the portion applicable to its own operations as a regular cost 
reduction and (2) the amount of saving realized by the other Depart
ments on a memorandum baSiS . 1S recognition to those responsible for 
the work. The other Depirtments which have benefited from the idea 
may report the portion applicable to their operations provided the 
origin of the reduction is clearlY indicated b,y footnote. 

'. . 
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VI BUDGETS 

A budget of anticipated cost reductions cay be requested 
each year showing information similar to that on the attached 
Exhibit A. 

It is essential that the budgeted amount and the budgeted 
percent of output be established on the saJIJ3 basis as will be 
used in reporting actual results so that a correct measure of 
accomplishment in relation to budget is subsequently shOhn . 



Savings affecting 
own operations 

Direct Material 

Dire ct Labor 

Expenses: 
Hanufacturing 

Engineeri"~ 

'l'ransportation 

Comm~rcial and 
Administrative 

Total 

As a memorandum: 

Current Honth 
at an Annual Rate 

____ _____ Department 

OOST REllJCTION REPORT 

Period ending _ _______ _ 

_____ ~y~e~a~r~to~Da~te~a~t~a~n~Ann~~~!-Ra~t~e~~ 
Actual ____ -;iB",ud"""g.~.t,,-~ __ _ 

:t of Annual it of Annual 
Amount Amount Budgeted Ou~~~ Anount Budgeted Output -al 

Savings effected for other Departments-b) 

(a- Annual budgeted output at manufacturing cost 
(b- Show details by Department and type of reduction 

Annual 
Budget 
% of 

Output .... ) 
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• 



'II 
CI . 

~) kc ~ tI. ~ i- 70.. . .. 

« / ~,J.{ I S; •• , / ... 



• 

• 

• 

''''-l-n.-·'J ;. /1/.; c... 

:J....-7--' c... t:.f' L 

~) 

I) 

'f) 

d,~ ~ t,~~( 1 
/v) ~(-t, n.... --k 

Jw p-.7'C .. .:..,./ .,...,.."..... ~-

U yvl .... l.-
.... - ~. 

S) ~'~~ ~'x1i ... 4.L"1~ 
L_ 

/ 'I ,/u. h,.~7' ..£~-' /.ft /7-
7) jl-Ld- ,A.<- ...... < -4 ? I .- ~ ... ~ ,,-, T'; / 
tt) 11 

/A- .l~ .. ~ lJ r- \"" 
". 



, 
• I 

d 

-

-

~, 
, 

e-,t-t...C..vJ.JfI 7Q LA tJUL'

tf~ "t'or J •• It. ":1""-' f ~'-

\-___ ------"'/fl ...... ~ p", '"J ... 

L 



• 

• 

• 

• 

• 



~ <'4 ~ I .... .J 

~l.. }e.u --<. ) , 
~ .,. t IJ ;1... 2)-

~ /J 'l,.e 2-7 ( ~ .f;-I 
~I 

T 
~ 

n- J> 

.\ A) 

I 1\ I • , < L •• ~ • 
Q '2,.-- I ~ 

c)3 I 
I I I I I 

'-( ",-" \\ 

... 
--



• 

• /, ... 1~~1"'6· S- ~ .. ,. 
J j <. .,:.. 

.,. ... ~ "1 
~ r1nl'~~ <~. ,f 

>f' 9k'~/~ 
I4f 

0~) (!jc 
J EHB--7 

"'...; 

I • ~ 0) -~ 

'\.../ '/ / 

I< ">/ 2-/ c;..,...........J 

(I-AA) '\..-''' /0. , - / ~ V • 
dB ~ J ---G.I ~-~ 

~ r) 

• 



( 

I ~~~ /- S; ~ 
q1.

l
t

\ ~ ....... ~..q' ~- 4.A _ 
fi '"-<if , ~ -." , r X • "C _ , 

/),) 

~l ~~~~~ ~ ........ ~ 
;:i, r---t ~ - ~ '- tI'--J ~ 
o...~ _~/~ 

/ C-c 

;u-J~;a ~~ 
r 

/4...; t~~ d:::r. ~ _~ 
(Cr.-r C#(' .. 17 ____ ~) 
~ ~.t..,. 0K. -<~I' c~. 
~tL ~ ~ ')..- ~~. ,~/~ 
~- "&::. r ~r...J ~ ~"-<a./'" "-'S If/._ r ~ 

--- ---- -



• l.. 
2-
2-, 
1-
2-

I 
I • I 
I 

I 

~ ~J/ -_ ~o ..;t;::..J • 
u.- '1 l' ... 

I' v-

I- ~C a.;:... 
TI- C ~ 

• S"- ....£=. 

.1"::;) " 

-U- '")01- ~, -
fo., /1) f-,JJ-- YY' 'I ~ • I, "I. 

1"u-' ......... 
r~~ J") 

-

. ------~ 7 t.. :: 1 ~ 

y,rOo 



• 

-

~--~ ~ ~-Ie~r~ ~ 
~ ".("/ 

~ "---<.....-. c. .. / 



• 

• 

• 
) 

• 

• 

1 • • 

- ~~ 

~/ 
-9 

/' 

(t- e- ) 

• 
/I 

'......- ...--.. .-J 
4 I If>- flJ 

01.. ~I -

Ifl II t trJ 

15/ 

-
a.J 

1 c- ",/tA:-/ 
11<..0 

,. , ;o..,x .,.-to... 

-
r:, .3 Co ~ -_.t.. / ~ 

x3:z.. ~ 

J...tJ'( 



,. 
I 

, 

• 

KI' "". 4. ~ ~ A ----~ . 
/--/~.r~t., '-" ~, 

- - y-

-b 

l' '. 
...-,..-J~"""" 

J~ I 
2-/ ~ J 

_ ~3 C4..1., ,G ~ 
~~~. 

1 



• 

• 
I l--

• 
. 

• • 
I-~c.) • a. . 

,) 

-t 

L -
:r T c. 

:2[' ~ {L.~ 
" '.I • = I J >, C OJ 

• 



(J-S2) 

TREASURER'S OFfiCE 

GENERAL. ELECTRIC 
COMPAN' 

1 Rlftr Rlld, Schuett". 5, It , . 

STRICTLY PRIVATE 

-,,) 
~ ~. . ... . .... 
'\ ~ -
~ " 

UNITED STATES SAVINGS BOND 
This Bond is of value only to registered ownu. 

~nd" PI.... R....., I. 0..... " I. G-.J FJoctrio Com ..... , 

KEEP IN A SAFE PLACE 

The enclosed United States Savin&! Bond was issued 

against the accumulated deductions in your installment 
account at the end of the month and year shown in 
the upper right-hand comer of the bond. 

This bond should be carefully examined, and any dia
crepancies in amount, denOmination or inscription should be 
immediately reported to your payroll diviaioo. Changes in 
address on S~es E bonds al~ady issUed need not be made. 

Do not casb tbis Bond except in a real emergency, Tbe longer ~ou bold it, tbe better it gets. 
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SCHEDULING 

In order to determine an optimum input schedule it is necessary to have 

some means of testing various schedules and to develop a plan or technique for 

finding t he best one . 

The most straight forward approach to the evaluation of ~ schedule would 

seem to be the creation of a mathematical model which would simulate the 

behav~or of the factory ~der study. Then, the next step would be an evaluation 

based upon the r esults o! the factory model operating on a certain input 

schedule . 

With the factory model and the evaluation equation determtned,the only 

remaining variable is the input schedule itself. In the factory, output 1s 

normally specified in terms of customer wants or anticipated wants; this usually 

establishes a quantity of a specific product desired at a specific date . There

fore, the end result, if within the capacity of the shop, 1s completely specified 

and flexib1llty exists only in the starting date of a lot through the shop and 

in the priority system used within the factory to determine individual job 

sequence. 

Let us look at each of these three phases of schedule determination 

separatelyj for convenience we shall start with the evaluation, then discuss 

the factory model and finally the variation of the input schedule itself . In 

general the iiiscu.s ion will be centered on a job control operation, since, with 

e1ther a batch control or ,& now control set-up the pr oblem becomes Simpler and 

easier to analyze . 
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EVALUATION 

In evaluating the effects or an input schedule on the factory four 

measuring sticks seems most signifi cant: 

1 . Inventory Carrying cost for the lot being manufactured. 

2. Equivalen~ penalty for late completion of the lot. 

3 . Non- productive man- machine time . 

4. set-up costs . 

There is a fifth function - that of the cost of scheduling itself; 

however, this tends to be inversely 'dependent upon the lot size which for the 

sake of simplicity, is being omitted from this discussion . Therefor e, it Will 

be assumed that t he act ual cost of preparing a schedule will be identical in 

all cases . 

The cost of car rying inventory through the entire cycle can be r epresented 

in two dif f erent waye. The more accurate 1s as follows : 

" 
;,. 

• ;:. / 
; I I I I 

< 
I I I 

;> I r I I I I I I I 
I I I I 
I i I 

I , : 

.$ VALU~ 
-------- - --~---\ 

----------- - -
-- --- --- - -- - -
-------- - - ---

1..1+ ~&.j. Jt-:..:-:.:-~-:.;:.;-.... i-r-l,.U., 1 
If. 

D.\ 

TIME --



, 
) 

-3-

Cost of Carrying :mv; = I { (DCn - DSO) Ho I (DC1-DS1)(L].1 RLl) t 

Where: 

I (DCn-DC1}(L~ RLl) I (DC2- DS2}(~1 RLz}t I (Dcn- DC2}(~1 RLz) 

I ... I (DCn_l - D"n_l}(Ln_l I RLn_l}t I (DCn-DCn_l}(Ln_ll RLn_l ) 

I (Dc - Ds )(Lnl RI,,} 1. 1 (if Dd > '~C },(Dd-Dc..)(HJ L I RL) 
n n J " fj 

Ds • Date material received 
o 

DS1= Date start 1st operation 

DC1 = Dat e completed 1st opel""'t.i.on 

~ = Date due complete 

Me = Material Cost 

Ll • Direct Labor 1st operation 

R = Ratio of !ME to lJirect Labor 

" L = £. L , 
i. ::. 1 " 

I = Cost of Carrying Inventory ratio per day. 

A Good Approximation is : 

Cost of Carrying INV. = lAC 

A = the Average Inventory over the entire cycle . 

c = rnt1re cycle in days . 

Where: 
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Either of these two equations may be used tor inventory evaluation. 

The second method is generally to be preferred for simplicity and ease of 

manipula tien. 

There are three areas of cost lihich need to be investigated in order to 

detennine the equivalent penalty for late delivery. If a finished product is 

being shipped directly to a customer,the customer dissatisfaction may be measured 

through a penalty clause in the contract; however, if there is no such clause then 

an estimate must be made of the losses which may be suffered through the customer! s 

not obtaining a delivery on the date desired; this might be obtained by estimating 

the amount which you would be willing to pay to avoid late delivery. 'Where tbe 

product 1s used as a portion of a final assembly this factor could be a measure 

of the direct extra cost ldllch would be ca used in the assembly department in 

order t o avoid late delivery of the final product. The net cost of customer 

dissatisfaction can be expressed as (Dc- Dd) FR, where Dc equals the actual date 

the part is completed,Dei equals the date due complete, F equals the tull value 

of the part,and R equals the customer dissatisfaction ratio per unit product 

value per day. 

The second cost of late delivery is involved in the necessity for ca~ 

the inventory for this lot for a period of time longer than planned. This has 

been covered in the cost of inventory for the product, by including the time 

period (Dcn- Ddl . 

The third are(l of cost for late delivery is the cost of carrying inventory 

for other parts which are used together with this part. This is only applicable 

where the product is used in further assembly. The cost is equal to (Dc - Dd) BI 

where B equ~s the inventory value, prior to assembly, of all parts held up pending 

delivery of this part and I equals the cost of carrying inventory ratio. 
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The next basic function to be investigated is the non-productive cost when 

the man-machine combination is idle. The first area here is the payment of funds 

to operators Who have not been able to produce goods becau~e of insufficient part 

availability. 'Ibis can be evaluated as (Ti)(Wm) . Where Ti equals the idle time 

in minutes and ~ equals the rate of pay per minute . 

The second factor is scmewhat more 'complex in that by the machines not 

baving produced useful goods during the time period T1 a certain loss in output 

product has been experienced . This loss in output is only signti'icant in that 

normal profit may have been lost and non- direct expenses not liquidated. This 

may be expressed as (VR f Db Wm) Ti 

\'ihere : v • Replacement value of the machine tool 

R • Required return on Investment ~er minute and 

Db- Overhead to Di rect Labor ratio 

The fourth and last of the evaluation factors is the needed set-up costs. 

This can most readily be obta~ed through a direct comparison of the total set-up 

dollars expended under one schedule as against the total set-up dollars expended 

under a different schedule . In some jobs, e~pecially those that use special 

purpose tooling, this factor may be dropped since there are few opportunities for 

reduction in set-up costs, except through change in lot size , which has been 

omitted from this discussion. It should be understood that set-up costs are con-

sidered to include not only make-ready charges but also tear-down, clean- up, and 

put-away costs . Other ways in which this cost may be influenced is by the com-

bining of set- ups on similar jobs and the splitting of jobs for load purposes 

thereby causing additional unplanned set- ups . This can be expressed as : 
n , 
~ ~ S,j 
~~I hi 

Where S • actual set-up charge experienced on a given job and a given operation . 
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FACTORY MODEL 

In preparing a factory model it was decided to imitate as closely as seemed 

pract~cal actual operation, not the ideal or storybook ver sion . This means that 

recognition must be made of the effect human errors have on the output of the 

factory. In preparing the model the operation of a factory seemed to divide 

itself into three areas . ibe first is the actual job selection method and is 

intimately related with the priority system associated with the schedule; this 

1s frequently called dispatching or scheduling . 'lbe second activity is the 

actual transformation of the product through physical, chemical, or electrical 

means into something different from its original state . This is usually known 

as machining, assembly, or processing. The third area is the physical movement 

of the material from one location to another. This is material handling or 

transportation. Each of these basic areas will now be analyzed . 

The dispatching method used in many job shops operates as follows : 

A man comes to the dispatcherts window and requests the assignment of a new 

job; therefore, the man is the forcing function. The dispatcher has a record by 

operation station of the various jobs which are available for that station at 

that specific time . In accordance with the existing priority system the dis

patcher selects the most urgent job and assigns that to the operator . At some 

late r time the dispatcher will be notified that the job is ready to move to the 

next station; this may be done by having the operator come to the window for a new 

job . At this time the dispatcher determines what t he next station is and directs 

a material handler to transport the material to that area . W1en the material 

has been delivered to the next station the dispatcher is informed by the material 

handler and a record is made at that station that the job is available. This 

basic selection technique will vary somewhat between different factOries. However, 
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the key point is that no job can be moved until it has been operated upon and 

that no operation can be started unless the material is at that station . This 

can be modified by using "lap-phasingll instead of the more usual "gap-phasing". 

They can best be differentiated by looking at a graph of factory progress under 

both plans: 

GAP PHASING 

:3 

Time --l>_ Time -~ __ 

In this discussion Ilgap_Jilas1ng" wil~ be assumed. The problems of "lap- phasingll 

are numerous such a~ determining the nwnber of individual deliveries and there ... 

fore is not too frequently used in a job control shop; it is frequently employed 

in a batch control operation and reaches its ultimate in the flow control shop 

when the lot size 1s Ql1ty. The varia,le factors to be conSidered in the dis-

patching mechanism include the delay times in receiving information. D1spatch1ng 

in tbe batch or flow control shop is of a somewhat simpler nature. There, the 

starting date may be determined a week or more in advance and it is anticipated 
, 

thAt the various consecutive operations will be performed on these jobs main-

taininp tl'Ie original sequence. Therefore in these areas a dispatcher only has 

to control the starting sequence selection. It is even possible to t r eat the 

entire group of operations as being performed at a single stationl this is 

especially true where conveyor belts are used . 

The station operation model predicts the performance of certain specific 

tasks during a finite time interval. There are two basic phases to look at. 
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lo'irst 1s the fixed or pattern data such as 

Starting time = To 

Initial quantity = x 

Set-up time :: e 

Time per unit = P 

If the operat.ion were perfect and there were no ulap phasing r1 or human or machine 

variations to deal with, it wou1.d be a simple matter t o predict the completion 

However we do not face any such ideal situation . 'J.be following "noise ll factors 

severely affect the completion time for a lot and their specific impact is on a 

somewhat random basis. 

Operator efficiency ratio. -f J f > 0 

Machine breakdown. b, b IS 0 for indicating machine availability. 

b) 0 indicates time delay until machine is available . 

Operator absenteeism: a, a = 0 for indicating operator availability. 

a ) 0 indicates time delay until operator 1s available . 

Spoilage ratio to original quantity = 5, B ~ 0 

Re-work ratio to original planned time • r, r ~ 0 

Material, tool, blueprint and paperwork availability • m ,m • 0 for 

indicating availability of all factors . 

m > 0 indicates time delay WltU atl .factors will 

be available. 

Therefore, the actual equation ~ich must be used for predicting the anticipated 

completion time {Tlc}Jstill omitting lap phasing is: 

T'e D To I ~ (0 I xp) ;. b I'a I m 

and at TIC, x'. {l - s}X J 
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First is the fixed or pattern data such as 

Starting time = To 

Initial quantity = x 

Set-up time = e 

Time per unit = p 

If the operation were perfect and there were no lllap phasingTt or human or machine 

variations to deal with, it would be a simple matter to predict the completion 

However we do not face any such ideal situation .. '.I.he following "noise" factors 

severely affect the completion time for a lot and their specific impact is on a 

somewhat random basis. 

Operator efficiency ratio -1 J f > 0 

.,lachine breakdown. b, b s 0 for indicating machine availability .. 

b ) 0 indicates time delay until machine is available . 

Operator absenteeism: a, a = 0 for indicating operator availability. 

a ')' 0 indicates time delay until operator is available . 

Spoilage ratio to original quantity = 5, s~ a 

Re- work ratio to original planned time • r, r ~ 0 

Material, tool, blueprint and paperwork availability • m ,m • 0 for 

indicating availability of all factors . 

m> 0 indicates time delay until all factors will 

be available. 

Therefore, the actual. equation 'Which must be used for predicting the anticipated 

completion time (T'c) Jstill omitting lap phasing is: 

T'e. To I ~ (e I xp) I b I'a I m 

and at T IC, x'. (1 - s) X 
) 
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where x ' • completed quantity and each factor 1s determined by an appr opriate 

probability distribution . 

One important feature of this probability arrangement is that no siogle 

run- through of a schedule will be su!'ficlent for evaluation. It will be 

necessary to use a statistically determined number of tries or samples in order 

to predict with, say 90% accuracy, the mean evaluati on for a given schedule . 

However, it should be 'noted that each of these "noise" factors can, with 

the data whicb is available, be statistically determined and need not be guessed 

or estimated. The accuracy with which the probability distributions for these 

noise factors is established will, to a great degree, determine the usefulness 

of the final results. 

The third function in the factory, that of material handling, can also be 

analyzed statistically, if necessary. In a batch control or flow control 

operation where automatic or semi- automatic movement exists , this transportation 

mechanism is exceedingly simple in that it is an essentially predictable function. 

HOl-lever, in the job control shop, indications are that this can be a random 

relationship not fixed by the source station and delivery station or by their 

distance J time of day, or any other determinable factor . All this means is 

that the transportation time may have to be derived and used in the same manner 

as the noise factors. 

VARIATION OF INPUT SCHEDULING 

The basic objective of all this evaluation and factory simulation 1s the 

improvement of the input schedule itself . Two basic approaches suggest themselves: 

one is the possibility of random variation of the sequence of items in the input 

schedule, thereby providing a set of different priority systems . Each new sequence 
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that is attempted should result in some change in the net evaluation . However, 

the difficulty bere arises in the tremendous magnitude of the available per-

mutations . }o'er instance, for just 100 jobs the total number of arrangements for 

a single operation is 10158 • If there were, say 10 operations to be performed 

on each job , then this number would have to be raised to the tenth power to cover 

all of the various possibilities . even with the fastest computer on the market 

today such a number of trials is not economically feasible especially since the 

time consumed would be such to make the data old before an answer was obtained . 

A second possible fallacy in this random arrangement approach is the absolute 

magnitude of the noise factors compared to the average cost variances . It 

should be possible statistically to compute at what magnitude of the noi se 

factors the cost variances are insignificant . 

However, this above technique might be applied through random arrangement 

of stratified data . For instance , if the various jobs to be manufactured were 

arranged in sequence based upon their due complete date and the amount of work 

left to be performed then it would seem r ational to establish rules that no job 

may be moved more than n positions down this stratified table . This approach 

can be even further simplified by dividing the jobs into a set of groups of n 

items each . Then, within the group random arrangements might be tested, but no 

job could be shifted to a differ ent group . However, even this appr oach leads 

to voluminous trials since if there were 100 jobs and 10 jobs to each sub-group 
:1.0 

there would be (3 . 6 x 106 ) trials . Another possibility is testing of each 

group independently and then fiXing permanently the results of this group prior 

to the testing of the next group . However , this would have to be pr oven as 

statistically valid . All of these approaches require tbe weekly (or otber short 

period) re-analysis in order to determine the comparative prior ity numbers . 
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The second basic way of approach ing the variation of the input schedule is 

by using an Operations Research type analysis. This involves a s t udy of the 

effect that various input factors have on the output factors and by appropriate 

correlation establishing the anticipated variation in output from a specific 

change in input . Certain examples may be cited which e>eplain more clearly this 

approach . As stated previously, an input schedule specified certain factor s . 

First, it establishes the quantity desired at a certain date . Next, it provides 

for each item a starting date supposedly selected so as to meet the due complete 

date . Third, associated with the schedule, is a basic priority system which 

gives each job in the factory a comparative preference . Since , in nonnal 

operation the quantity and finish date are fixed the only variation that can be 

made is the starting date and the nature of the priority system itself . Now if 

an adequate factory model exists it should be possible to intelligently vary 

the basic manufacturing cycles (hence the starting dates) for the various items . 

The examination of these results should give excellent clues as to what the 

optimum cycle should be for each item. Another series of tests might be conducted 

having the factory model choose the jobs in accordance with different priority 

systems such as dispatching by due complete date, by starting date , by starting 

date for each operation, by selected numbers , or by a combination of due date 

and ~ of work to be done . Upon completion of these studies it would seem to 

be statistically possible to determine for a specific plant the best pr iority 

system to use . These studies need not be done every week, but coul d be performed 

at semi-annual intervals or as the key fac tors cbanged . 

There 1s a further advantage to this approach in that once an effective 

factor,y model eXists it would be relatively easy to pre-compute the effect 

changing product mix or changing output would have on the factory. 

. .. 



, 

-12-

ANALYSIS 

Fr om the for egoing par agraphs i t seems r easonabl e t o conclude 

that excellent savings might be r eal i zed from the creation of an eff ective 

factory model associated wi th a good evaluation plan . Thi s entire plan 

must be converted to a detailed computer program in order to obtain a 

realistic test . It is essential that the time per run be very brief so 

tha t multiple reviews will be physically and economically feasible . 

The pot ential gain seems great and further investigation using 

a computer appears to be extremel y desi rable . 

In order to pr ovide exper i ence on the applicati on of computers 

to this basic scheduling problem it was decided to try to imitate manually 

t he computer operat i ons on a simple set of data . A concept of the overall 

flow of information 1s on the following page : 



-13-

SCHEDULING INSTRUCTIONS 

Search for next unoccupied station at ti 

Search for next 

Search Table 1 at time tl for machine 
availability station Sl < S2,------Sn 

JIJ J2 • ••• In 
Select lowest pref . no. calculate 

cycle time of 

Factors 
Use 

completed time of 
Jl on 51 - hnter in Table I 

All 

• new • no . 
Data from Table VI & III 
into table II under 

time compl ete 

is Ji from Table VI ~ __ -' 

Ji be avail. 
for next operati on. Calc . 
next oper e • 

data from table n 

under S1 in talOl.e 
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The tables required are included as e:dlibits and numbered as follows: 

I Machine utilization and status by station number 

II Waiting operation file by station number 

III Planning and r outing data by part number 

IV Random number generation function accumulator (not included as an exhibit) 

V Noise factor statistical selection (not included as an exhibit) 

VI Parts in pr ocess by time available 

VII Evaluation data 

VIII Input schedule 

The operati ons required are described brieny with the r esults obtained in 

the specific problem studied . 'l'hese results are posted in the tables concerned 

With asterisks to indicate the added data . For the sake of simplicity the noise 

factors are assumed to have 100," probabili ty for the listed value: 

Step L 

f • 1 . 0 

b . 0 

a. ~ 

B • 0 

r • 0 

n • 0 

Examine time .1 in table I . for example machine availability: 

All machines occupied . 

Step 2 . 

Search table VI. for parts available at time .1: 

None available 

step 3. 

Repeat for time .2: 

All machines occupied, no parts available. 



, 
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Step 4. 

Search table I . for machine available at tiJlle . 3 : 

Station 03 is available . 

Step 5. 

Search table II. for station 0) for parts available: 

Jobs M and 0 are available . 

Step 6. 

Compare preference number jobs available and select that job with lowest 

preference number: 

Job 0 has a preference number of t 41 . 0; therefore job M with a lower 

preference number will be placed on station 03 . 

Step 7. 

Calculate length of time station 0) will be occupied in manufacturing job M: 

To = e I xp = 2. 5 

Step 8. 

Indicate on table I . machine hours utilized at station 03 : 

Machine wlll be occupied from time 0 .3 through time 2.7; Tc - (Ts - .1 ) f To . 

Step 9. 

Calculate time that part will be avllable for machine operation : 

Job 11 complete at station 0) at time 2. 7. Transportation time as obtained 

from random number table = .5; therefore time available for next operation 

= 3.2. 

Step 10. 

Obtain next operation number: 

Add operation number in table II . to the quantity 1; therefore the next 

operation number = 2. 



, 
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Step li. 

Enter data in table VI. and. results of calculations: 

Time available, job number, part number, quantity, next operation number 

and preference number. 

Step 12 . 

Delete entry in table II . under station 0) for job M: 

step 13. 

Continue searching table I . for available machine capacity during time .3: 

All machines occupied. 

Step 14 . 

Search table VI . for parts available at time . 3 : 

Job 10'. available part 006 for operation 6 . 

Step 15. 

Refer to table III . for 006, operation 6 : 

Operation 6 says deliver to destination - part is completej part is 

complete at time .3. 

Step 16. 

Post to table VII: 

Part 006 completed. 

Step 17. 

Delete job F from table VI: 

Step 18. 

Continue searching table VI for parts available at time .J: 

No parts available . 

Step 19. 

Search table 1. and table VI for time .4: 

All machines occupied, no piTts available. 
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Step 20 . 

Search table I . and table VI. for time .5 : 

All machines occupied, no parts available . 

Step 21 . 

Search table I . at time . 6 : 

station 01 availa~le . 

Step 22 . 

Search table II . for station 01 ror parts available : 

Jobs A., C. , J ., L. , and N. are available . 

Step 23 . 

Compare preference numbers and select job with the lowest preference number : 

Job A. I 32.8 

Job c. I 71.5 

Job J. - 15.6 

Job L. I 5.0 

Job N. - 23 .9 

Therefore job N. 1s selected for assignment . 

Step 24 . 

Calculate length of time station 01 Will be occupied in manufacturing job N: 

To = 3.6 

Step 25. 

Indicate on table I. machine hours utilized at station 01 : 

Tc = 4.4 

Step 26 . 

Calculate time job M will be available for next operation: 

4.4 I . 1 : 4.5 



, 

Step 27 . 

Calculate next operation number: 

2 11 = 3 

Step 28. 

~nter data in table VI : 

Step 29 . 

-18-

Delete entry in table II . for station 01 under job N: 

Step 30. 

Continue to search table I for unoccupied machine at time .6: 

All machines occupied. 

Step 3l. 

Search table VI. for parts available at tiJrle . 6: 

No parts available . 

Step 32 . 

Search tables I and IV for time .7: 

All machines occupied, no parts available. 

Step 33 . 

Search tables I and IV for time . 8: 

All machines occupied, no parts available . 

Step 3h. 

Search tables I and IV for time . 9 : 

All machines occupied, no parts available . 

Step 35. 

search table I . for machines available at time 1 . 0 : 

All machines occupied . 
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Step 36. 

Search table VI for parts available at time 1 . 0: 

Job D. , part 006 available for operation #3 . 

Step 37. 

Refer to table III for part 006: 

Operation 3 to be performed at station 02. 

Step 38 . 

Calculate new preference number: 
I -rr • 1i (. SF(e2 (. XP2). -3. 3 

Step 39. 

Enter data \Ulder station 02 in table II: 

Job number, part number, preference number, operation number, set up, 

time per Wlit, and quantity; data obtained .from table II and table IV . 

Step 40. 

Delete Job D. from table IV: 

This process is continued until the week's schedule has been planned. 

E'er this problem the priority system is based on the use of a preference 

number calculated from the due complete date of the job and the amount of work 

remaining to be performed. The fonnula used for calculating the preference 

number is: 

"'1'f = Dd - SF( e (. xp) 

Where : 

Dd : date due complete 

'1T = preference number 



, 
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SF = 1 
Mfg. cycle efficiency 

e = set-up time 

x = quantity 

p = per unit time 

M : Mfg . Cycle ~ffic1ency 

... 
M • J~ Mj 

-/ where there are II rll jobs possible to manufacture. 

M· 
J • 

r 

R
j 

D - D where there are n operations per part . 
cn So 

A good approximation is: 

II 

..j=r" 

~." I!'+XP.J 
,.., p-/' "'1 

:--==+~J~' ~ r 
i.e. 
j= I J 

... 
Where C = planned cycle . 

This in effect compares the total pl.a.nned on machine time to the 

actual time that the job was in the process of manufacture . 
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This simple approach to the problem of scheduling production through 

the use of an electronic computer should provide a good beginning for 

computer programing . Additional studies will be performed in the near 

future in an eff ort to detennine the computer time required for perfonning 

the necessary calculations as well as an eValuation of the potential 

savings to be realized. 

Burton Grad 

BG:D 
Production Control Services section 
2/15/54 
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Table III 

Part Humber operation station Number ~ Oper. 
Time Jr' 

Part , 001 
1 04 .1 .5 

2 01 .3 .9 

3 02 . 4 .9 

4 03 .3 . 6 

5 05 .5 .5 
T.6 3.4 

Part , 002 
1 03 .5 . 6 

2 02 .4 . 9 

3 01 . 5 . 9 

4 05 .3 . 3 

5 01 . 4 .2 
TI 2.9 

Part I 003 
1 01 . 2 .7 

2 05 .1 .9 

3 03 .2 .9 

4 01 .1 .4 

5 02 .1 .4 
-:'i 3.3 

Part I 004 
1 03 .1 . 8 

2 01 .2 .6 

3 02 .1 .6 

4 01 . 3 .7 

5 05 . 2 . 8 
-:9 3.5 

Part R 005 
1 01 . 3 . 6 

2 03 . 5 .2 

3 02 . 4 . 8 

4 01 . 2 .4 

5 03 .2 . 6 
l.6 2.6 

Part t 006 
1 03 . 3 . 7 

2 01 .1 . 4 

3 02 .1 .2 

4 04 .1 .3 

5 03 .4 .Z 
r:o -1.8 
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-.. III 

lOut I~r ()per.tion Station Number 

Part' 007 1 01 
2 03 
3 04 
4 05 
5 04 

Part t 008 
1 01 
2 04 
3 01 
4 05 
5 04 

Part # 009 
1 03 
2 02 
3 05 
4 04 
5 05 

Part t 010 
1 03 
2 04 
3 05 
4 '04 
5 01 

Oper. 6 - across the board 
deliveries to destination 
part complete 

, . 

(Cont. ) 

S.U. Oper. Time Ite. . 
.5 .2 
.5 .4 
.1 .2 
.5 .5 
.2 .1 . 

l.B 1.4 

.5 . 7 

.1 . 3 

. 5 . 3 

.5 . 9 

.1 .1 
1.7 2.3 

.2 .2 

.1 . 6 

.3 .2 

.1 .9 

.2 .3 
~ 2:T 

.3 . 5 

.1 . . 5 

.3 .6 

.1 .8 
, 5 . 9 

1.3 3.3 

\ 
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1IIU III 

hrt '''r Oper.t'ion Station Number , 

Part t. 007 1 01 
2 03 
3 04 
'4 05 
5 04 

Part l 008 
1 01 
2 04 
3 01 
4 05 
5 04 

Part H 009 
1 03 
2 02 
3 05 
4 04 
5 05 

Part t 010 
1 03 
2 04 
3 05 
4 1)4 
5 01 

Oper . 6 - across the board 
deliveries to destination 
part complete 

(Cent. ) 

S.U. Oper . TiIn. It£. , 
.5 .2 
.5 .4 
.1 .2 
. 5 . 5 
. 2 .1 

1.8 l.4 " 

. 5 .7 

.1 . 3 

. 5 .3 

. 5 . 9 

. 1 .1 
1. 7 2. 3 

. 2 . 2 

.1 . 6 

. 3 . 2 

.1 .9 

.2 . 3 
~ 2'T 

. 3 . 5 

.1 ' . 5 

.3 . 6 

.1 .8 

. 5 . 9 
D 3.3 
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TABLE VI 

PARTS IN PI100ESS 

Tim. ATallable Job # Part f QuAntitl Roxt Opor. t ref. , 
. 3 r 006 1 6 61.4 

1.0 0 006 . 3 3 - B.9 
2.9 B 010 5 4 ~19.1 
3. B H 005 5 4 - 9.B 
4. 2 G 009 5 5 ~21.3 

• 3 .2 M. 004 3 2 ~31.3 
• 4. 5 II 001 4 3 -23.9 
• 3 . 9 0 003 4 4 H7.0 
• 4. 3 ... . E 002 4 5 +12.5 
• 4. 5 " 0 006 3 4 - 3 .3 
• B. 3 B 010 5 5 ~33. 2 
• 6. 0 G 009 . 5 6 ~40.9 

• 6.1 J 007 4 2 -15.6 
• B.7 N 001 4 4 - 7.3 
• 10.9 L 002 5 4 ~ 5.0 
• B.3 J:: OOB 2 5 44.9 
• B. 3 J 007 4 3 -10.0 
• 9 . 3 0 006 3 5 - .3 
• 11.9 N 001 4 5 ~ 9.B 
• 10.3 J 007 4 4 - 1.0 
• 11.3 I 007 5 4 ~51.7 
• 13.0 J 007 4, 5 ~ 2.B 
• 13.4 H 005 5 5 ~ 9. 0 
• 11.6 J:: OOB 2 6 ~54.7 

• 12. 6 0 006 3 6 ~ 4.0 
• 15. 6 . N 001 4 6 ~21 :3 

• 14.5 E 002 4 6 HB. 9 
• 13.B J 007 4 6 ~13.5 

• 17.1 H 005 5 6 HB.4 
• 16.1 A 003 2 2 ~32. B 

• 17.3 L 002 5 5 ~26.1 

• 1B. 2 M 004 3 3 ~42.0 

• 1B. 0 R 001 3 2 ~45 . 6 

• 20 .1 H 005 5 6 ~lB.4 

• 19 . 0 A 003 2 3 ~39 .6 

• 19. 3 R 001 3 2 ~45.6 

• 19. 5 L 002 5 6 ~34 .1 
• 20 . 4 M 004 3 4 ~51.5 

• 21.B I 007 5 5 ~56.4 
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EVALUATION DATA :mIlLE 

TABLE VII 

1iI:q • 
Days time Qty. 

Job I Port I Date Due A Dd - DIJ B cpt. cpt. 

A 003 8 $ 42 . 42 10 &2596 
B 010 9 102.55 10 1703 
C 004 10 48.90 10 8674 
D 006 1 155.40 10 1857 12.5 3 
E 002 3 62 . 82 10 7585 14.5 4 
r 006 8 53 . 30 10 8482 .3 1 
G 009 6 236.78 10 5099 6.0 5 
H 005 4 92.85 10 3499 17.1 5 
I 007 9 104.80 10 1030 
J 007 2 84 . 65 10 9235 13. 8 4 
1.: 008 7 34.18 10 6738 H.6 2 
L 002 5 77.35 10 9458 
M 004 10 142.65 10 6990 
N 001 4 H8.20 10 7767 15.6 4 
0 003 7 22.00 10 3962 
P 001 12 10 
Q 002 12 10 
R 001 12 10 
5 010 12 10 

. . .. ~ . ~-
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.. Frobien.: To establish a a,easure of performance for Materiala Management. 

Criteria of fT~eaaurement 

a. Must be vaUd j i. e., must actually mea.ure the MaterialJ function, 

in whale or in part. 

b. Muat be interpretable into .ctl"nj I.e., must provide a basta for 

subsequent improvement. 

DeHniUon oC Manufacturing Cyc:lc E..Uiclency * 

.a. Time baals--a comparilon of the .. dual make time \lith the total 

elapsed time from .tart to flnhh. of a part. sub-a .. on.bly. final 
i. )/, 

assembly or complete product assembly tT , 
h. Inventory inveatment baais ... -a comparison of the aun,n.arh:ed 

individual make time., weiabted by the value of ea.ch ltem, wltb 

tbl! aum.marhcd total elapsed tlme, 

~ W, <C. 
each item. 

~ ,.., C. 

alao '\I; eiabted by the value of 

'lheae two definitions atate clearly that the mAnufacturing cycle begina at the 

firat operation oC the chronological fir at part and ends at the final ••• en,bly opera-

lion (in aome caaes , packing is included). 

Quite another definition ia offered on page 4 of the Inventory Management 

book. datod March. 1950: 

Denne (Manufacturing cycle) •• the time from the receipt of matt!:rial 

until the tln,e the product 1. shipped . 

• .t..xcerpt from Home Lauudry Dept. --iJroduction Control and Inventory 
Control Apprabal--November 1, 19S~. 

" II 
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Well. l'ibat I. It? 

Since deflDitiona vary ao widely. we muat look to our criteria for help. What 

.!!. the moat valid me.sure and ~ it be interpreted .asUy for aubsequent action? 

Here the na.rrow definition h weak. For example: 

l:.Xco company me.surea manufactW'in8 cycle efficiency from 

flrat to last operation. or 

Eff ~ .. ~ Operation Times ¥ 

;: Total Elap •• d 'Umd 
100 bro, • zo1-
500 bro. 

Suppose al.o that .hop co.t is divided aa followa: 

Raw !\Iaterial 301- ,.,...r-
1 I~'v • WIP 501- ~-

Finiahed Stock. ZOlo _ 
~ ,/ 

I W"'" .. ,41 

~7 
We are thua me •• uring the efficiency ' of 5010 of the materiala reaponsibility for 

inventory Inv •• tu-lenta. No ...... eXeo plans to buy .. O~ of it. present manufactured 

parU from apeehllty vendora. A •• umina hotTLoaeneou. operation hours , total houra. 

the efficiency remains the •• me 60 / 300 • ZOJ, but now manulacturlna cycle 

efflciency account. for only. 6 x 50 or 30~ of inventory dollar.. Albeit an e".8-

aerated example, the truth remain. th.t the meaaurement bas. ls conatantly ahUt-

lng. AlIo, the innate weight i. tar different for variou. busine •• es. In certaln 

flow abcpa with abort In-proceaa tiule, the meaaurement 18 tied closely to the 

facUitiea plan and ia almoat entirely uncontrollable. In a long cycle job abcp on the 

other hand, In-procea. inventory may be highly controllable. depending on the 

degree of perfection of the achedullng plan. Again, will thh reatricted definition 

of manulac.tl.U'ing cycle give ua an importan!. meaaure of materiala efficiency over 

a broad range of departnlenta? 
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What Should It Be? 

Manufacturing cycle a. related to the materiala function encompa •• ea far 

more than machine time. .Responsibility for inventory dollars heams when material 

b received and enda when the product ia shipped. Thb, then, should comprise 

the cycle, compounded of the following time .pana: 

1. Receipt to In.peetion 

Z. Inspection to Storage 

3. Storage to Machine 

4. ~jachine to Packlna 

S. Packing to Storage 

6. Storage to Shipping 

Note th&tof the.e 6 Ipan. only one--'4--Cit. the narrow delcription of manufac:turing 

cycle. Note also that no matter what type of buslne •• --job or flow. product or 

proce •• --the complete inventory reaponsibility time 1. included. The formula for 

manufacturing cycle el!lcleu:y. u..slng the time spana 1 - 6 18: .., 
Mel> ." • £ TOt ' (operation Ihn .. ) 

iO( T l + TZ.>-T3 "T4~ TS .T6} 

Thb formula ia concomitant with the firat of our criteria. It recognize. the 

importance of total inventory responsibility time. It mea.ure. the materiala job. 

Something Miaaina? 

Criterion B ia atill unaaUafied. ThlC formula doe a Dot yet provide a aound baaia 

for improvement. It i. like an inaccurate set of acales, valid becauae weiSht ia indi-

cate.d, but uaeles. becauae you are on the. fence whether to sorge yourself or 

auccumb to a atarvatlon diet. Material. people are not sene rally measured by 

tlme per ae, but rather by .... eighted tilra~ . So in order to grease the wheel that squeaka, 
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we must factor in dollars of inventory. This Jrlerely means multiplying each time 

span by it. average inventory value, a. follow.: 

where 
• , . 

C04 I. the inventory invest-

ment of material On machines and C 1 - C6 h the inventory investment of 

aU material,Bet bt hiMCkinc s . 

This results in a me •• ure of efflciency of material. doUara--a meaaurement fully 

compaUble. for purpoae. of compariaon, with inventor y turnover (alao dollar 

weighted). There 1. thua • road to improvement, b ut not quite direct. 

Donlt l\.Ul Time, JU8t Leave It Out 

We have a formula, but .till not a. simple •• it could be . In other word., why 

not leave time out entirely? Exarr,ple: 

Tbe eXeD Company me •• urea manufacturlna cycle efClclency by the weiahted 

time nlethod. Conaider a aingle oper ation: 

Operation time: 1 hour: TO 

Avg _ WIP inventory value = $10 • Co 

Pre-operation .torage time = 1 hour: T 

Pre· operation inventory value • $ 5 • C 

III.C.E. " = 

= I x 10 
r.(l""x"":'l O:<i)'-!~~(r-;-I "'x·S"') 

= 10, IS = 67~ 

Note that 67~ i. the same efficiency obtained by dropping time {rom the equation: 

MC;.E.~ = Co = 10 / 15 = 67" 
Co ,r C 



!-low let UI double atorage time: 

MCE " = I x 10 
(I x IO)+(Z x 5) 

-5-

= 10 • 50" 
ZO 

By dropping tlrn.e fronl the equatioD, we get: 

10 • 67" 
10-1-5 

Th~ fir at equation of 501. ~JCE would .eern correct, aince we have iocr.aeed storage 

tinJC and hence reduced efficiency. But the actual reault i. to give the formula. a 

doubt" weiaht. Hf!rc i. why: 

V. hen eXeo double. 5lar_ge time {ro~ 

storage operation 

to 

storage operation 

it mu:.t a1,o double inventory dollar. in uor_ae, ••• uming a balance between 

Itorase -..net operation. This is lUCi?matlc. since the operaUC'n ,till demand. Y 

piecee per time period, yet atorage tm.e T is doubled. Therefore. the number of 

inventory dollars Z n.ult double to maintain Y piec •• in oper~tion.. The relation-

T 1 : Time In hOW"l before change 

T l -= Time in hours after change 

Z 1 • lnve.otory dollar I belore change 

Zz : Inventory dollars after change 

Since the ratio exiats In all near-equilibrium condition., It is correct to leaye out 

time. Otherwile we' double-weight" the MCE,.. In the exaU1ple aboye. equilibrium 

under the weighted time method would not be 50~ but: 
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I " 10 = 10 
30 • 33" ( I" Iq -H z" 10) 

Under the dollar method, thla ia: 

10 
"I On-;-:E.-;I 0"-' I 0 / Z 0 : 50 ,., 

The latter 1. correct. :Efficiency ia not inordinalely exasserated a. in the weighted 

time method. 

The MCE formula i. now: 

• 

What's This About Equilihriwn? 

J:::.quillbrlum 1 •• d ••• lcal economi.t l • term for "\lte know thh i. non-ed.tent, 

but our textbook. canlt bave more than SOO pase .... Equilibrium 1. the .horthand 

of economic.. ju.t II formula. are the .horthand of mathematic I . It fore.horten. 

an otherwi.e incomprchenlible lubJect. In the conteat of manulactu.rins cycle 

efficiency, it 1. h1ahly valid. What we want to me •• ure is not the pile of .teel 

waitlna at the machine bee I"'. Johnny Order Clerk pointed off the wrong decimal 

place, but rather the day-in, day-out paralyai. of .ub-atandard material. perform-

anee, It mu.t be a •• wned that Johnny's steel wUl be proce.sed. The que.tioD 1.: 

What i. it coaUllg u.? EquiUbrium is not aynonymou. with eUidency, for a S~ 

!deE may reflect .moother material flow than one of 15~. Howeyer, it doea allow 

us to observe the operation at a aingle point oC time and interpolate meaningful 

data. Thi. 18 the whole bad. for droppina time from our equation. aince it is a 

function of inve.tment dollar., or yice-ver... WhUe the day-to.day balance 

4ITlle Lndividuallactora will admittedly differ, dependiDa upon be number of 
time spa.na and their mathemaUcal expres.ion. Howeyer, the dollar concept atill 
holds true. 
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between atorage and operation may be . . . 

Inventory $ 
(at raw material cost) 

---------- ---.-
Star. Oper. 

DAY I 

... monthly, it would look like this: 

Inventory $ 
(at raw material cost) I 

Stor. Oper. 
MONTH 1 

Star. Op.:r. 
DAY 2 

Star. Oper. 
MONTH 2 

~-----
~tor. Oper. btor. Oper. 

DAY 3 

Star. Oper. 
l..ONTH 3 

DAY 4 

Star. Oper. 
l..ONTH 4 

Tbia must be ao, since operaUona are austained by Dl.atcrlal and conversely, 

material must be operated upon. 

Have We Forlotten Time? 

In order to aatisfy the second criterion. that of providing a built-in tool {or 

improvement, it can be argued that we muat conaider time: shortening the cycle 

reduces inventory and improves cuatomer aervice. Granted, but time ia inherent 

in the formula. aince it la a function of inventory doUars. and correlates closely 

with doUar weight. 

Doubtlea •• MCE can be nothing more: than a thermometer, indicating a U"lalady. 

The cure muat "..ait for diaanosla . Likewise, the inventory or scheduling .pedalist 

cannot reduce inventory or cycle time until he analyze. the dements that compriae 

MCE. Here a time cycle chart 1. invaluable. However, the omia.ion of time from 
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&,CE i. Dot hereby invaUdated, .inee MCE 1. only an indicator. Otherwbe .• , 

.hawD. by the ·double weight' argument. the indicator it.eU b faulty. 

A ROle By Any Other Name 

Now lor the matter of terminolo&y. True, MeE hal been de.cribed by word 

and formula. However, the rait ot definition. for manufacturing cycle wUl perforce 

caul. miainterpretaUon. Better to tailor the nunc to the circum.tance. than 

vice-ver •• , and we're talkina now 0( inventory cycle. the .pan(.) of time during 

which the materia1a function hold. re'pon.ibUUy for inventory dollar.. A better 

term, then, 1. Inventory Cycle Effidency I of which the manufacturing cycle 1. 

only one .eament. 

Inventory Cycle !:fliciency can now be me.,ured el.ily, continuou.ly. without 

the need lor time .tudic., * 'Nork .ampUnS. or the like. The dollar value or material 

beina worked upon Ie divided by the dollar value 01 aU other material: in Itorage. 

in tranait or iloat. in £tubbed .tock. and ao on. The fOrttlula: 

ICE. ,;; Co 
z: C 

• 
where Co il the coat or inventory OIl machine. or otherwile being 

procelaed or labricated and C fa the total coat of all inventory. 

Quo Vadia, CUltomer Service? 

It may b. argued (anticipatina aome a"lument, eb what?) that ICE dUutes the 

welaht given cuatomer service aince aervice b dependent. lor the moat part. on 

·The.e teChnique •• however. are uled in the aecond. or improvement, Itea
e

. 
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the manufact~inl cycle per .e (from fir.t machine through la.t machine.) Tbia 

1. admittedly true. but the importance of blCludina total materlab respon.ibllity 

precludes the more r<:.trided formula. However. and thb il most important. 

IC.!: ia not the la.t word. A ratio of operation. dollar. to total in-proce •• doUar. 

would be neces.ary to lao late bottlenecks in the manufacturing time cycle. A. a 

vital corollary of Ie!:. then. a second formula for 1n .. proces. Inventory Cycle 

Efficiency follow.: 

In- proc ••• ICE: E Co 
i. CIP 

where Co la the co.t of inventory OIl machine. or otberwtae being 

proce •• ed or fabricated and Ctp i.. the total coat of all inventory 

in-proce •• (from fir.t operation through la.t operation). 

ICE Related to Inventory TUrnover 

There i. a 108ieal relation.hip here. AD inventory turnover of lZ means 1 month 

of inventory dollar a to cost of .ale. on hand. An ICi: of 10" .aYI that of thi. 

One month'a inventory. only 10,. b beinS .!:nb.anced in value through manulacturing. 

AD In.proce •• ICE of 301- f\lrther deltribe. the actual period during which value 

i. added. It a.y. that out of 10 inventory doUar. in-proc •••• only 3 are efficient; 

i. e .• are beina 'Worked upon. The remalnlna 7 are in abeyance and are actual or 

potential d.terrent. to cu.tomer aervlce. 

Writer'. Cramp 

Inventory Cycle .Efficiency and it. l011c&1 oUspring can be .01Uoquized ad infinitum 

and perhapi beyond, but becau •• thla .cript I. already protracted beyond the normal 
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readable lcnath (there must be a formula for thia). 1 .baU cea.e lire and awalt the 

return volley. 

R. .O'Brien 

5/31/56 
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