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INT1~ODUCTION

• Th is is thi~ f i r s t  of t~~o vo 1un~es descri~~inr~ th e featnres

of th~ Inventory  ~ys t i~ 3ir~u1aL~ r ( II ~~~ I : ) . I’ SSI;’ is a

FQPTT .~I~~~~~~~~. ~~~~ of a qeneral  sing 1c—ec ~~ei~in l nVcf l to r y

s”~,~~cm . The i~ode1 ~~~~~~ sp~~c if ica liy  des i c~~e.~ t.o c ’JIuluat e

a l te rna te  forecas t ing  and inventory r a n ~~:reIne nt ~c.ili.cics pro~:usod

for use in th~ F~O(~ a u:. Coi~p u t a t inn  ~Ivs tce (~~O C ~~) . This ~rolu~~r.

desc ribes t i c  ~ i i i l o~ o~ hv , or~ aiii zation , t~ ut/ou~ m~t fe~ tue~s ,

and Job Control streans associated wi th Ii~~31~~. Vol ume II

• doc unicntr ; the FOflT~ ~:tatcr1~ nt  liG t in. .s ef each I 3sI~

rout ine, a nt i  rt~v i ce~ ~arr ~i ti~ ’c~~ ‘~c:;cri~~i~i~, Ux~ func tic. . of

• - -  .~ each of these rout ina~~.

Chn:’tcr II of this report descr i ~’cs the :~e jor  f . t ~~re~ o~

the ~ C2 Euy ConI l ut a tior .  Sys t~ i~ Thi.~ s~ ~~~ is the pr i r~~ry

data sys tem for the control of stock f un d  it e ris  I~~~ U C  by the

Air Force Log i.stics Cor~mand . In general , D O C 2  ma n ages disc-cr .th

com ponents tha t  are part  of the hi Cr ;.isse~~~ly and are not

econol:Iicai].v r~ parabic at the depo t level of sup ’~ly .  :~a jo r

inputs  to the D Q G 2  system and najor  narze~ e!:en t concepts used

for the mnan ager~ent of these items arc describcd in th is

chapter.

Chapter III provides an overview of the INSSII~ model.

This chapter outlines the major features of the sianlation ,

and discusses the major output products produced by the r~odcl.

_•__• •_ i.
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Chapter IV reviews major  concepts employed in tha Invcnt or ~’

System Simulator.  The c h ap t er  ‘3efinos tircd xiq mechanism er~p1oyc~.

by the s imulat ion , the major  events that  are s imula ted  w i t h i n

the model , or5.1 the subroutines and data f i le s  that are required

to perfo rm the ascociatcc  hookkee ’dng func t ions . ~ost  of the

majo r INS3I~ v~ riab1es are dof inad  in ~h i~ chap ter .

Chapter V discusses the operat ions of the hZ~ih program.

Thi s program is the workhorse of the s imulet ion .  This routina

is responsible for the contro l of input  data , in i t i a l i za -

tion of s tatus and per foru ance  var iables , the schedul ing of

simulation events , and the control of output products .  Flow

charts and a de ta i led  discussion of this  routine is ‘~resented

in Charter V.

An importnn~ feat ure of the I~ SSI~ model is the ~a:~ah i li ty

to simulate in’;cntory denand pa t terns  so as to exact ly duplica~~•~

the demand patterns recorded in D 0 r 2  h i s tory  f i l e s .  Chapter

VI describes the demand qencration process by which this is

accoTr~,1isheQ.

To users , the most important feature of any model is its

input recuirements and the associated output products . These

are the topics of Chapters VII and VIII. Input requirements

for the model are discussed in detail in Chaflter VII whi le

output products are discussed in the following chapter.

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• The Job Control L an gu~~~c programs which arc  used to i n i t i a t e

flSSIM job streams are discussc~ in Chanter I~~. This cha~~tor

discusses three sets of jo~ s t reams . One ~oh s t ream is

par t icu lar ly  u s e f u l  in the debug~ 1ng of I~~~~I~1 enhancements ,

w h il e  the  o ther  t~;o job streams are u se f ul  for  the i n i tia l  j
- .  

testing of a new data set , and for t Im e conduct  of product ion

runs involving large nun~~ers o! i ter~s.

-- F ina l ly ,  details of i npu t/ ou tpu t  records and job contro l

language listings arc provided in the a ;’t~n:Uces.

H
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CHAPTER II .  The EOQ Buy Computation System

The EOQ Buy Computation System (D 0 62 )  is the primary

data system for the control of stock fun d items managed by

the Air Force Logistics Command . In general , this system

manages discrete components that are part of a higher

assembly and are not economically reparable at the depot

level of supply. The terms “repair parts,” “bits and

pieces ,” “ consumable items , ” “stock fund items , ” and ‘ expense

items” are often used to describe these parts. AFLC manages

approximately 500 ,000 of these items .

The primary functions of the EOQ Buy Computation System

are to:

a. Accumulate demand data.

b. Compute depot stock levels.

c. Determine buy, termination, and long supply

— quantities.

d. Provide a baseline for funds projections.

e. Provide reports and management data.

As illustrated in Figure Il—i, inputs to D062 come from

several sources. Headquarters AFLC specifies the implied

• shortage factor (A ) required by the Presutti—Trepp safety

stock formula. Stock list data, asset and usage counts,

and file maintenance actions are other inputs to the D062 •

system. .
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11—3

This informat ion is used to compute cever~ l cr i t ical

numhers , called “levels , ” that are used to ini t iate manage-

ment notices on a by exception basis.  For exa1lple , cur ren t ly

available assets are coueared to the levels  to determine if

buy , termination , or disposal actions arc needed .

Figure 11—2 i l lust ratei  the major  ou tpu t s  o2 the D 0 62

System. These include :

a. Requirements Notices —— The i tem manager receives
advance buy , buy , or t e rmina t ion  notice:; when
assets breach  the reseective levels. Itei .t
interroqations can also be requested by the
item manager.

b. Nanagement Reports — — These data produc t.s are
produced for the Z~ir Logistics Centers  and
Head quarters  AFLC sui ’:iarizinq the impact of
the comp u~ ution by catogoriz inc~ i tems accord-
ing to act ions required.

c. CSIS Data —— Data required to perform the Centr a l
Secondary Item S t ra t i fac t ion  is passed to the
D075 system every quarter .

ci. Data to Other In te r fac ing  Systems —— D062 also
provides information to the D 0 67 and DO~~2systems . D067 is furnished data required to
process excesses , and D032 is fed control
levels required for distribution of assets.

Control Levels

In the D062 system, the terms “ asset position” and

“inventory position” refer  to the total assets on hand

and on order in the sys tem, less any backorders.

Hence , an item ’s asse t position is the total stock avail-

able to meet future demands if there are no more buys.

-- 
• ItrlIJ
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As noted above, D062 computes various “levels” wnich are

compared against an item ’s asset position to determine if

any action is required. These levels are summarized in

Figures 11-3 and 11-4. Procurement lead time is the average

• time that elapses from the f i r s t  pr in tout  of a buy notice

to the date of the first significant delivery . The safety

level is variable depending on item characteristics and

• }IQ AFLC inputs. Its purpose is to insure  continuous

operation in the event of unpredicted f lu c t uat io n  in

demand and/or extended lead times.

The reorder level (haL)  equals the number ad deiranda

expected in the procurement lead time j~lus the s a fet y  level .

It is the point to which available assets are compared to

determine if a buy action is required . When an item ’s

inventory position equals or falls below the reorder level ,

the buy quantity consists of any deficiency to the reorder

• level plus an economic order quanti ty .

The data level represents four  months of demands beyond

• the reorder level. The function of the data level is to

provide early identif ication of items in a potential buy

position.

The termination level is one years worth of demands

beyond the ROL. Note : If EOQ > one year ’s supp ly, the

termination level = ROL + EOQ . Termination level notices

~

. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• are output for items wi th  on order assets when the total

asset position is greater than the  terninatio~ level. This

notice warns the item manager that  it iaa y he desirah ic to

• cancel delivery of at least part of the on order qu a nt i t i e s .

The approved force acquisition obiective (AFAO) consists of

two years worth of forecast demands plus the lead t ine  and

safety level requirements.  (ho te : If  DO~ > 2  year~; of

supply, AFAO = hO’~ + R OL.)  Items wi th  assets greater than

the AFAO are considered to be in long su~nly.

Finally , the retention level ind icut es  the ma::imum

amount of stock which ia~y he retained in the supply sys tem.

• Generally, quantities beyond this value are considered

excess. Retention levels can vary from one to five years of

projected demands beyond the AFAO. Retention levels for

items supporting neuar weapon systems generally use five

year s, while systems ready to be phased out may have reten-

tion levels equal to the AFAO plus one year of projected

demands.

Formulas

A basic problem in any inventory system is determining

how much stock should be on hand.  If too much stock is

procured , excessive carrying costs are incurred. On the

other hand , if too l i t t le stock is procured , an item must

be p rocure d more of ten, and excessive p rocurement costs are

- 
- - •
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incurred. In the D0 62 system , the wilson lot. ~ize formula

is used to obtain a good balance between these conflicting

costs. This formula takes the form ;

Q = J ~AD

where 0 equals the order quant i ty  in units , D is the annual

demand rate in units , A is the cost per order placed , and H

is the cost of holding one unit in inventory for or~e yea r.

At present , a holding cost H of 23~ of the item unit  cost

per year is used in the lot size formula.

In Air Force supply systems , d i f f e r e n t  procurement

methods are employed for small purchases than  are used for

high dollar buys. S impl ificd  procurement techniques are

used for small dollar purchases. Those methods may be used

for purchases of less than $10 , 000.  On the other hand ,

advertized , negotiated contracts are used for hi gh dolla r

buys. At present , the following order costs are used in the

D062 system:

COST TO ORD1~R

$269.87  for purchases of less than $10 , 000

$460 .27  otherwise

In applying the EOQ formula above , imprac t ical va lues

for order quantit ies are produced for items with very high

I
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or viith very low annual demand rates. Consc~~~en t ly ,  EOh ’ s

are bounded to he no more than a 36 month supply,  and no

less than a 6 month supply.

• At present , safety lc’iels are computed in D062 using the

Presutti—Trepp formula ‘~ith Z /~. This quantity is then

bounded to be no more than (a )  the number of demands expected

in the procurement lead time or (b) three times the s tandard

deviation of lead time demand , wh ichever is smaller .

• Figure 11-5 i l lustrates the levels coaputations for a

particular, fas t  moving item. This item has a unit price

• of $10 , a procurement load time of nine months , and an

average of 100 demand s per month. The expected demand i n

the nine month procurement lead time is thus 9 X 100 900

units.  The sa fe ty  level for this part icular  item is 113.

This was determined based on the PT—safety level formula.

The reorder level is the sum of the safety  level and the

expected demand in the procurement lead time , which gives

us 113 + 900 = 1013. The data level is four months worth

of demands beyond the reorder level. This item has annual

demands D of 1200 units per year , and the cost of holding

one unit in inventory for one year is 20% X unit price =
$2 per year . Hence , the EOQ is = (2 X ($269) X

(l200)/$2, or 568 units. A cost per order of $269 is used

in this calculation since the dollar value of the purchase 

~~~~~• • • 

-
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is $10 X 568 = $5 ,6 8 0 .  Since this is less than $10 , 000 ,
• small purchase methods may he used. The AFAO is two years

of stock beyond the ROL and the retention level is f ive

years worth of demands beyond the AFi\O .
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CHAPTER III .  INSSIM — The Inventory System Simulator

As noted above , a detailed simulation model of the 1)062

system was need~~u to evaluate the relative effectiveness of

the alternate PT— formulas. In our study , we utilized the

Inventory System Simulator (INSS L~) as a s t a r t ing  poin t .

This simulator was developed by the Directorate of Manage—

ment Sciences (AFLC/XRS ) to evalua te  inventory poliCieS in

single location supply ~iystems . For our s tudy ,  i t  was

necessary to enhance the original model to provide a de-

tailed description of the current  1)062 syste~.i and to provide

for iii proved input  and output capabil i t ies .  In the fo] .low—

ing discussions, we wil l  use the term “IN SS 1 I ” to refer  to

the enhanced version of the or iginal  s imulator .

Major Features of the In v - :ntory ~~~~~~~ S imu l a t o r  ( I N ~ S1)~~

The Inventory System Simulator (as enhanced) possesses

the following major  characteristics:

a. A detailed description of the EOQ Buy Computation
System ( D 0 6 2 )

b. A demand process hased upon actual demand his—
tories for Air Force itoi~i~ .

c. Comprehensive measurement of simu 1at~ on results.

d. Entensive input options -— which permit the evalua-
tion of several proposed forecasting and
inventory control policies by simple changes
to input data .

e. A modular structure —— to simplify future enhance-
ments to the model.

-
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f. Debugging aids —— to assist in the pro qra imainq
of proposed rules that are nob already coded
in the model.

Basically, INSSII consists of a collection of Fortran

subroutines and a IAIN program that  controls input  require-

ments , schedules events wi th in  the simulation , and in i t iat es

output products. The major INSSI JI  routines are i l lust ra ted

in Figure I l l— i , grouped by their rmj o r  funct ion . As shown

in the f igure , the major features of the D062  system are

simulated using subroutines F0R576 , FORUPD , LEVEL, and

STATUS . The major functions of these routines are as

follows :

Subroutine Func tion • Description

F0R576 Forecasting This routine provides estimates
of

° gross demand rates
o serviceable return rates
o net demand rates
o average requisition size
o demand variability

FORUPD Record demand This routine maintains an
history eight quarter moving history

of simulated demand . This
history is used in the fore—

• cas ting calculations in
FOR576.

LEVEL Computes This routine computes the
inventory inventory control levels dis—
control cussed above (safety levels ,
levels reorder levels , etc .)



. _~~~~~~--!-,~~~~~ ~~~ —•. __
w~~~~~

- 
~~~~~~~~~~~~ 

—-
~~~~~

-
~
- — ____

- —-•  •—-• - -- - — - -• •- - ---•- ~~~— - - -~--- --~~~~~~ -- - • • • - • -- - - •
~~ -~~- — • —~~-—- -.~• • I

- - - - 111-3

/ F0R57 6 INFEL( D062 FORUPD ENTER
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Subroutine Function Description

STATUS Compares This routine simulates the
available management action portion of
assets to the D062 system.
respective
control
levels, and
ini t ia tes
appropriate

• actions

Each of the above routines contain logic describing the

computational formulas and management policies current ly

used in the D062 system. In addition , these routines also

possess logic describing several forecas ting and inventory

control procedures that have been suggested as a l t e rna t ives  to

current methods. These a l ternate procedures ni :I y be simu-

lated by changing one of the ei ght  parameter cards that

specify the characterist ics of a given s imulat ion run .

Hence , a number of al ternate inventory management proposals

may be evaluated by simply changing the input specifications

to INSSIM .

In addition to the D062—related subroutines described

above , several other INSSII-1 routines arc used to describe

signif icant  events in the flows of EOQ items . These events

and their corresponding subroutines are as follows : 

•-~~~~~~~~-•
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Routine • Event

REQ A requisi t ion is received at the CIQ LX)t.  T h i s
reprcsent ’3 a demand for a speci f ic  number of
units of a par t icular  EO~) item. If poss~ hlc ,
the requisi t ion  13 f i l led  irc . tediatelv ;
otherwise , the rcc~uisit ion is backor~ cred
unt i l  a rep lenish en t  order is received.

RET A number of serviceable units are returned
to the supply syst -~~ .

RECEIV A rep leni skm~ nt order is received by the
supply system.

CANCLB A custo~~cr with an outs tandiey  backorder
cancels the requisi t ion.

ENTERB Record tha current requisi t ion as a back-
order , and insert it into the backorder f i le .

TERMIN Action is taken to stop a rcu1cnish~ entorder that has not ~‘~ t beer. rece ivcd .  This
event is ini t iated ~-iier ieve r an item ’ s asset
position exceeds the tc-rmin~ tion level , and
a replenishment order is s t i l l  being processed .

DISPOS Assets in long supply are disposed of .

(Note: The routines CANCL13 , TEPJ1I~~, and DISPOS were not

used in the current study.)

Each of the above routines perform bookkeeping operations

that update the status of on hand and on order stocks. These

routines also post activity statistics that record inventory

system performance.

The methods for describing the demand generat ion p rocess

is a critical element in any inventory simulation. In

INSSIM , the demand generation process is derived from demand

_~~~~~~~~~~
•
~~~ 

•
~~~~~~~~~~~~~~~~~

_
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and serviceable return histories for actua l Air Force items .

Specific computational detai ls  are handled by subroutines

DEMPAR a nd GET~ F Q .

As we shall see belo~’, a major input to our study is the

actual demand histories for a sample of EOQ items from the

EO~ data bank . This input def ines  the actual quar te r ly

demands and serviceable returns for each i tem for the period

FY 71 through FY 76 , a total of 20 quarters  worth of data.

In our study, the f i r s t  eight quarters  of data were u5od to

init ial ize the history f i les needed in the D062 usage rate

calculations. The remaining 12 quart ers  of data were used

to simulate  demands in the inventory system .

The demand generat ion process is constructed so that

within a particular quarter , the number of uni ts  of

demand and the number of serviceable returns simulated

exactly equals the actual values from the EOQ data bank.

Within a given quarter , specific requisitions are generated

that have the same statistical characteristics as current

USAF items . Specifically, requisition sizes are generated

according to the probability distributions presented in

Figure 11—2 of reference 2.

As shown in Figure 111—i , a number of other routines are

also used in INSSIM. These routines are required to

initialize the simulation model , to collec t and summarize

:

~ 
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earformance statis !:ics , end to assist in event ~~Ch~~ j U i 1 i i

• and other ~.)ookheoj~ing t ask s.  F~at h o r  l hen discu~ s these

• routines indiv idu a11-~, the fo l lowing  sections describe the

ul t imate  r c-sui t s  of these  rout ines  u s n  IT~SSI in ut r chu i r : -—

ments and output  products.

1T 5  SI~i Inoe~:s anci Outpu ,~~

Figure 111—2 i l l ust r a t es  the majo r  data flows of the

Inventory System Simulator .  Run spoci~ ications are innut

from File 05 in card format. This input specifies the

inventory policy o)tlofl3 th.:i t are to be simulated in the

current  run , as well  as s i gn i f i c an t  pararne~~ers (e .g . ,

holding cost , ordering costs , and hounds on LO~~’ s and

safe ty  stock s)  rec~uired by these  policies. Other input

cards specif y the output options to he emoloyad , and the

size of the s imulat ion run (e . g . ,  number of i tems to be

simulated , time duration for  the stud y ,  e t c . ) .  A pr int—

back of the run specificat ions for a 103 item , 12 quar ter

simulation run is shown in Figure 111—3. (A detailed dis--

cussion of variables shown in this f igure is presented in

Chapter V I I .)

As shown in Fi gure 111—2 , item demand and cost data is

input through File 07. This f i l e  provides item information

extrac ted from the EOQ Data Bank . This file contains data

i_ ~~• _ , _ • _ • _ .~_~~~~~_~~•_ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
~~~~ -
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EOQ Data
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- — -- Item Dat~
,~~Run Specii’~ cation ‘Unit Price

Inventory Policy •Lead Tines
Op-Lions ‘Management Codes

• Managemen t Parameterm ‘Demands
o Outpu t Options ‘Serviceabl e Returns .
o Simulation Dimensions

f File O~ ~~t1e O? 
,
~

- 
--~~~ 

ThVENTORY SYSTEM

SIMULATOR

(IN s s I N )

0~~--~~~ I I
File 08 ____ 

j 
___________ f File 06

- 

- 

Intermediate ~~~~~~~ y
\ Results • 4 STATISTICS

• / Detailed Time Event Details 
] 

~~~~~~~~~~~~~~ on on ,
Results 

) t I

ITO SPSS -

‘ Analysis

Figure 111-2. INSSIN Input/Output Relationships.
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de f in ing  the uni t  price , lead times , management codes ,

• demands and serviccahie re turns  associated with each item to

• he s imula ted .

Output  products  neodu ced by i~~SSIt~ are routed to f i le s

• 06 and 03. File Od is a rn acjnei ic te~ c f i l e .  It contains

de ta ils by quarter on the nerformance of each item sin~au—

lated. This file is designed for subsequent statistical

analysis of bhc sieiuletion results using the SPSS Statistical

Package .

File 06 is routed to the pr inter .  If all out?ut  options

are requected , this f ile  wi l l  contain a p r i n t— L cck of all

input data , an event-by-event description of the simulat ion

process , and detailed plots and statistical sun~ier ies of

simulation results.

Figures 111—4 through 111—3 i l lust ra te  some of the

performance summaries produced by INSSI~~. For example ,

Figure 111—4 provides statistics describing the n umber of

units on hand and on order at the end of each simulated

quarter , as well as counts of the n umber of uni ts  received

from vendor shipments and serviceable returns.  Figure I l l— S

presents similar counts of the number of expedit ing,  ra t ioning,

disposal, and termination actions taken in the simulation ,

while Figure 111—6 presents data describing average inven-

tories and fill and backorder rates. Finally , Figure 111-7

~

- - - - - - - - - 
. ~._
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summarizes orderiny actio:i~ using large and small purchasinj

m ethod s , and Figure I I I— ~) plots on hand stoc~~~, on order

stocks and backorders as a funct ion of tj i LC .

In INSS IM, all st at iGt i cs  are accurciulatod according to

three d i f f e r en t  r~2asures; they are :

a. The nur .bcr of dist inct  fc-dcrai  stoc}~ numbers or
dis t inct  actions associaL~ c1 wi th  the c-~rrcnt
event

b. The quant i ty  of uni ts  associated with the event.

c. The dollar value of all uni ts  associate~i wi th  the
event.

For example , suppose a rcp1enis~ ment order for 12 un i t s

of a $10 item is placed . In this case , I~ :;~~ii~ rcco~~~ tha t

there was one order action , 12 uni ts  were ordered , and $120

was the va lue of the order. The resu l t s  ?re~~ented in

Figures 111—4 through III-~ are all reported in terms of

unit counts. However , INS SrI also produces s imilar  tables

summarizing the action and dollar counts recorded in the

simulation .

This concludes our discussion of the Inventory System

Simulator. In the next section , we wil l  discuss how this

model ~-ias used to evaluate the relative cost-effectiveness

of the al ternate PT—formulas .
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CHAPTER IV

MAJOR MODEL CONCEPTS

To understand the detailed program structure of INSSIM ,

the reader must possess a clear understanding of (a) the

methods used to simulate the passage of time, (b) the events

that simulate significant inventory system transactions , and

Cc) the data files that record current system stat-us and that

measure simulated performance. These major elements are the
- 

subject of this chapter.

The Timing Mechanism

The basic modeling concept employed in INSS IM is that of

an “event.” An event is a specific point in time in which

the state or condition of the system changes or potentially

changes. For example , the amount of stock on hand changes

if a requisition is received and goods are shipped to fill

the demand . Hence , receipt of a customer requisition

is an event. Other events that may change the amount of

on hand stock include delivery of a replenishment order

by a vendor of the supply system and the return of serviceable

assets from a customer.

The Future Events List

The sequencing of events through time is controlled by

a Future Events List (FEL) • The FEL is a list of all events

- - -- - - -- -~ - -- ——~~~~~ ~~- ---~~~~~~~--— -~~~~~~~~~ - - - - —-~~~~~~- - -
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scheduled to occur at some future (simulated) time . For

each event or~ the list , the following values are recorded.

JTIME - The time the event is scheduled to occur .

JTYPE — The event type (code).

JFSN — The item number associated with the event (if
applicable).

JQTY — The quantity associated with the event (if 
- -

applica ble).

JPRIOR — For a requisition event (code = 1), JPRIOR
denotes the requisition priority, where 1 =
high priority, 2 = low priority . For other
event types , JPRIOR has special meanings , as
discussed below.

For example, suppose a high priority requisition (event

type 1) for 35 units of item number 6 is received. In this

case , JTYPE = 1, JFSN = 6, J()TY = 35 , and JPRIOR = (high

priority) . The method for setting the time variable ,

JTIME , will be discussed below.

Structurally, the FEL is a linked list in ascending order

by scheduled event time . In such a list, new entries

to the list are inserted in a previously unused data

storage location, and pointers are used to ind icate the

correct sequencing of the entry in the list. The major

variables associated with this list are shown in Table

‘v—i .

At the beginning of each simulation run , subroutine

INFEL is called to initialize the pointers and control

variables associated with the FEL. Scheduled events are

- 
_ _ _ _ _ _
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TABLE IV-l.
Future Events List V~iriables

NFEMAX = maximum number of entries on Future Events list
NENTRY = number of entries on the Future Eve~nts list

ILØCFE (J) = number of Jth unused data locations in Future
Events file .

K = list index
JTfl .IE(K) = clock time of transaction -

JTYPE(K) = event type , as define d in Table IV— 2
JPØINT (K) = pointer to next transaction in list

JFSN (K) = stock number identification*

JQTY(K) 
- 

= quantity involved* -

JPRIØR(K) = priority, * where
1 high priority

JPRIØR = 2 low priority

NFIRST = location of first transaction on chain
NTIME = time of earliest transaction on list

I

NLØC = location of last transact ion p laced on the chain

NOTE : If JTYPE (K) = 2, denoting a receipt event , JPRIØR (K)
contains the pointer to the next most recent outstanding
order for the same FSN , if any.

*jf applicable -

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - _ _ _ _ _ _ _ _
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then entered and removed from the Future Events List by

subroutines ENTER and REMOVE , respectively. New events

are inserted into the FEL by the following CALL statement:

CALL ENTER (ITIME, ITYPE , 1P3, 1P4, 1P5)

where

ITIME = scheduled time for the event to occur.

ITYPE = event type (code)

1P3, 1P4, 1P5 event parameters——to be defined below——
that vary by event type.

When subroutine ENTER is called, the new data is recorded,

and the list pointers are updated to insert the new event in

the prOper time sequence.

Events are removed from the Future Events List by sub-

routine REMOVE; the CALL statement takes the form

CALL REMOVE (ITIME, ITYPE , 1P3, 1P4, 1P5)

and the calling parameters are a~ defined above. Subroutine

REMOVE removes the first entry from the FEL and updates the

pointers accordingly; that is, it deletes the lis t entry

with the smallest (earliest) scheduled clock time from the

FEL, and returns the corresponding data values through the

parameter list.

Subroutine WRIFEL is another routine associated with the

Future Events List. In debugging new INSSIM models, it is

sometimes desirable to write out the entire Future Events

_ _ _ _ _ _ _ _ _ _ _ _  -~~
------

~~~~~~~~~~~ - - — -- - -~~~~ -~~~~ - — - - - - — - — -~~~ -~~~~~~~~~~~
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List at selected times wi th in  a simulation run .  Subroutine

WRIFEL fu l f i l l s  this funct ion.

Timing Conventions

To simpl i fy  programming and analysis tasks , i t was

desirable to € stabl ish timing conventions that  d i f f e r  s l ight ly

from values associated wi th the  Gregorian calendar.

- Specifically , IN SSEI assuraes that  each day consists of

100 Time Uni ts  (TU ) . Lay s , weeks , months , an :i yc~-ars i~re

then assumed to be related as show n in Tab le IV— 2 . Sinc2

the values are used repeatedly through out  a simu la tion

run , speci fic CO~~!ON variables are establ ished for each

of these time units . These variables are also shown in

Table IV—2.  Values of these variables are ini t ial ize :1 by

subroutine INIThL at the beg inn ing  of each IN SSIN simula-

tion run . -

INSSI~ Events

In the Inventory System Simulator , three categories of

events are used to simulate the FOQ 3uy Computation System.

They are:

a. Material flow events — describing the receipt of a
customer requisition , delivery of a rep lenishm ent
order, or the return of serviceable assets .
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TABLE IV—2. Time Conventions*

Time Basic Time in INSSIM
Interval Value TU’s Variable

1. Day 100 TU’s = ITDAY

1 Week 7 Days 
- 

700 TU’s = ITWEEK

1 Month 4 Weeks 2 ,800 TU’ s = ITMNTH

- 
1 Quarter 3 Months 8,400 TO’s = ITQTR

1 Year 4 Quarters 33,60-0 TO’s = ITYEAR

* It is assumed that 1 Day = 100 Time Units (TO’s), and each
INSSIM Time Variable is expressed in TO’ s .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~~~~ -~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ -~~ - -  ~~~~ - - ~~~~~-
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b. Management action events — describing important
management decision points. The calculation of
control levels, status reviews to determine what
reorder, terminatic.n, or disposal actions are
appropriate, and the establishment of budgets and
procurement guidelines are examples of these events.

c. Simulation bookkeeping events - events to collect
time—valued statistics , to generate demand and
serviceable returns, and to signal the end of the
simulation.

At present , thir teen possible events are included in the

INSSIM model. These events are listed in Table IV—3. In

IN-SSIM , there Is a separate FORTRAN subroutine i-o describe

• how each event changes the state of the system, and to record

associated performance statistics. Table IV—3 also presents

the subroutines associated with each event and the defini-

tions of the 1P3 , 1P4, and 1P5 parameters used in calling

subroutines ENTER and REMOVE.

All INSSIM events may be classified as either (a) scheduled

events, (b) random events, or Cc) dependent events. Scheduled

events are events with a specific schedule of occurrence times.

For example, inventory status reviews (event type 5) occur

at the end of every week, and the History File Update

event (event type 9) occurs at the end of every quarter.

On the other hand, customer requisitions (event type 1) and

serviceable returns (event type 4) are random events——the

time of occurrence of these events is not known in advance.

Finally, the delivery -of a replenishment order (event type 2)

is a dependent event since the time of delivery is dependent

L -~ -~~ ~~~~~~- - - - - - - - - - - - -~~ - — -~~~~~~~~~ - - - - - ~~~~~~~~~~~~~~~~~~ - 



~
-- - - -

~ 
- -~~~~~~~~~

-—-
~~~~~~~~

---
~~~~~~~~~~

- --~~~~~~~ -~~~~ -~~~~~~ - - -~~

—-  T~~~~~ T T ~~~~_J2~~~ 2

I

IV—8

- TABLE IV—3. INSSIM Events

- • Event Event
Type Event Subroutine Parameters

1P3 1P4 IPS

1 Requisition REQ N QTY Priority
- - . 2 Receipt of Replenishment RECEIV N pointer

- - Order

3 Cancellation CANCEL N
- - 

4 Serviceable Return RET N

5 m v  Status Review STATUS

6 Levels Computation LEVEL

7 Buy Guidelines GUIDE

8 Budget Review BUDGET
- 

9 Update History File FORUPD

10 End of Run OUTPUT

11 Special Statistics SSTAT KEND

12 Generate Requisitions and DE1~PAR
Returns

13 Trace • MAIN

where -

N = item number
Q,rY = quantity associated with this event
KEND = week number within the current quarter
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upon earlier management reordering decisions. Dependent

events are caused by the occurrence of an associated

random or scheduled event.

In INSSIM, the first occurrence of each scheduled

event is created by subroutine INITAL; that is, INITAL

puts an entry on the Future Events List for each scheduled

event at the beginning of a simulation run. Subsequent

scheduled events are put on the Future Events List each

time a new scheduled event occurs. For example , at the

conclusion -of a status review event (event type 5), a

subsequent type 5 event is scheduled to occur one week in

the future.

Specific values for the time between scheduled events

are set in subroutine INITAL. Table IV—4 defines

specific time variables initialized in this routine.

At present , receipt of a customer requisition and of

serviceable returns (event types 1 and 4) are the only

random events simulated in INSSIM. These events are

scheduled by subroutine DEMPAR. The process for accomplish-

ing this is discussed in detail in Chapter VI.

~~ _ii~~
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TABLE IV—4. TIMING VARIABLES Established in INITAL

Variable Definition

IQTRND clock time that marks end of current quarter

ITINV number of current quarter -

ITIME current simulation clock time (100 Time Units = 1 day).
At the beginning of a simulation run, ITIME 0.

ITLEVL clock time the next computation of stock levels

IDLEVL time interval between stock level computation

ITDIV clock time of the next division level review

IDDIV time interval between division level reviews

ITFOR time of the next update of demand history records
(Event type 9)

IDFOR time between history file updates

ITHQ time of next Headquarters USAF stock fund budget review

IDTHQ time between Headquarters USAF budget reviews

- -  
ISTOP clock time that simulation is to be stopped

ISTAT clock time for activating statistics collection routines

IDSTAT time interval between statistics collection

INQTR number of quarters to be simulated

k ~~~~~~~ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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An Illustra tion

Figure IV— l illustrates the interaction of the E~~ E~ and

RE MOVE routines in the management of data in the Future ~~vents

List. As noted above , at the beginning of an IN~ SI~ run ,

scheduled events are entered onto the FEL by subrout ine  INITAL .

Figure IV—l (a) illustrates data stored on the r-EL at this time .

At the beginning of the simulat ion run , the s imula ted  clock time

(ITfl-~E) is set to zero, and seven evunts are ~lacer~ on the

Future Events List. Note that a tyne ~ (JTYPE = 3) event is

scheduled to occur at time 4 C~ (JTr IE = 4 0 ) .  :-ext , a ty pc C

event is inserted on the FEL to occur at tii~e 31. ~1vent ty j cs

11, 10 , 9 , 12 , and 13 are also p laced on the FLI . by sub rou t i ne

I~ IT1\L .

The variable NFIflS T i den t i f i e s  the storage location of th— ~

most imminent event on the Future events List; tha t is , the

event with the lowest schedule-~ event time . The variable id~:iTP~Y

identifies the total number of events on the Future  Events Lis t

[ 
at the current time, while the variable NTI -~~ specifies the

clock time associated with this most imminent event.

As noted above, subroutine WRIFF.L may be called to p r in t

the entire contents of the Future 1~vents List. Figure IV—1 (b)

illustrates the output of WRIFEL at the beqinninç, of the

[ 
simulation run associated with the data presented in Figure

IV—l(a); Note that at this time , there are seven entries or

the Future Events List (NENTRY = 7), and the most imminent  of

these events is the seventh entry in the FEL (NrIflS T = 7).

I 

~~~~~~~~~~~~
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Figure IV—l(c) illustrates the initial events that occur

at the beginninq of the INSSIM simulation run associated w i t h

the data given in IV—l(a). Note that at time = 0 (I’~’It1r = 0)

a type 13 event (KTYPE = 13) is removed from the Future Events

List. As shown in Table IV— 3 , a type 13 event causes on—hand

and on—order stock status informat ion to be recorded for later

plotting by the MAIN routine . This event also cduses another

type 13 event to be scheduled to occur one week (i .c- .,  7fl~

time units) in the future. This scheduling is indicated by

the second line of Figure I V — l ( c ) . The next  event on the

Future Events List is a type C event.  This event is renia ved

at time 30 (ITIME = 3 0 ) .  b.s show n in  Table IV— 3 , a typ e 6 event

causes subroutine LEVEL to be called to compute levels for all

items being simulate:i. ~Jhen this is con~pleted , ano ther levels

computation is scheduled to occur at time 1430 by p1acin~ a

type 6 event on the Future Events List. Finally , I-’igure IV—l(c)

indicates that a type 5 event is removed from the Fu ture  Events

List at clock time 40. A type 5 event causes subroutine STATFS

to be called to init iate a status review of the on—han d and

on—order stocks of each inventory item . After the status review

is completed, another status review event would be placed on

the Future Events List.

The process illustrated above is then continued repeatedly

throughout the simulation. Required simulation events are

placed on the Future Events List by subroutine ENTER, and

are subsequently removed from this list at the appropriate

scheduled time by subroutine REMOVE. 

-~~- -- -~~~~~- - -- - - -
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DATA FILES

A large number of data elements are required to operate

any computer simulation model, and INSSI’~ is no exception.

The major categories of data associated with INSSLI are

illustrated in figure IV-2. As shown in the figure , IUSSI~

data elements may he logically classified into one of the

following files:

1. System Characteristics File

2. Item Data File

3. Backorder File

4. Demand Driver File

5. Performance Statistics File

6. Simulation Counters and Flags File

- Let us now consider the contents of each of these files.

SYSTEM CHARACTERIST ICS FILE

The Systems Characteric File contains data elements that

defjne the system as a whole. The number of items managed by

this system in a single simulation run, the cost of processing

orders using small purchase and advertised procurement

methods, and levels computation codes are examples of data

elements in this file. This information is provided primarily 

~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~~ - -~~~~~~~~~~~~ --~~~~~~~~
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System Requisitions ,
Characteristics Unit Demands,

Returns
to

Drive Simulation

- 

P~~FOR}EE
STATISTICS Simulation

Counters ,
Flags , &
FEL

Firgure P1—2. Logical Data Files in INSSIN.
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through inputs of file 05. Specific data elements input

through this file will be discussed in detail in chanter VII.

ITEM DATA FILE

The item data file contains information specifically

related to each item being simulated . An item ’s unit cost,

its current level of on—hand and on—order stocks, and control

levels (e.g., ROL, termination level, or retention level) are

examples of this type of data element. Table IV-5 presents

a detailed list of information items which are contained in

this file. As shown in table IV—5 , the item data file contains

several subcategories of information . These define (a) specific

physical and management characteristics of the item , (b)

data describing the stock status of the item, Cc) variables

describing the demand history for the item, (d) forecast van —

ables which quantify forecast usage rates and demand van —

ability and Ce) control levels used in the management of the

item’s inventories.

~~~~ -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~



T~r - ~z ~~~~~~ 
- 

-

IV—].7

Table IV-5. Item Data File Variables

ITEM CHARACTERISTICS

Variable Definition

N Item Index
NITEM N umber of items simulated
ALC Air Logistics Center that manages

this item
FSN Federal Stock N umber , where

FSN(l) = Material Management Code
FSN( 2) = Federal Stock Class
FSN(3)  = First six characters of N u N
F S N ( 4 )  = Remaining characters of N u N

UM Uni t  of measure
NOUN Item name
MGTCD Item Management Codes , where

MGTCD(1 ) = Essent ia l i ty  code
MGTCD (2) = Supp ly management grouoiri g

- 
- MGTCG(3) = Weapon system code

MGTCD(4)  = Type computation code

UcOST(N) Uni t  cost (dollars)
LTADM(N ) Administrative lead time (months)

ITEM STOCK STATUS

INVACT (N) Actual inventory on hand (units)
INVDUE (N ) Inventory due-in from supplier (uni t s )
NBO It I (N )  Priority I backorders , in uni ts
N BOIR (N ) Priority I requisi t ions backordered
NBOTR (N )  Total requisistions backordered , all

priorities
NBOTU (N) Total backorders , all priorities,

in units
NORDPT(N)* Pointer to most recent outstanding

order -

NBOPT(N)* Pointer to oldest, highest priority
backorder

*Note: By convention , pointers are set to zero if there are
no other elements in the data chain.

a -- - j
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Table IV—5. Item Data File Variables

HISTORY VARIABLES (Continued)

NDHIS Number of periods saved in
history f i le

NDENT(N) Number of forecast periods since
item entered system (negative values
indicated item has’ not yet entered
system) -

NDEMAC (N) Counter to accumulate demand for :~th
item during the current forecast
update period.

NDEMND (N , I) Demand for item N during Ith past
period , 1=1 , 2 , NDHIS

NREQ (N) Counter to accumulate the number
of requisitions for item N during
the current period.

FORECAST VARIABLES 
-

ADR(N) Net annual d~ mand rate for item N
the net rate of un i t  demands less

- servicable returns .
RNEAN (N) Estimate of demand during next

demand period.
RTREND(N) Estimate of trend in demand per

• period.
RMAD (N) Standard deviation of lead time

demand
PERSUM(N) Sum of past forecast errors
KNT(N) Counter used for adaptive smoothing

forecasts
RSIGLT(N) Estimate of standard deviation of

lead time demand
RE QSIZ( N )  Estimate of mean reauisition size - 

-

for item N.
REQMAD (N) mean absolute deviation of requisition

size for i tem N.

CONTROL LEVELS

IROL (N )  Reorder level
IRQTY(N) Reorder quant i ty
ISUL(N) Support level
IEL (N) Retention level
ITL(N) Termination level 

-~---— - -- ~~~~~~~~~~~~~~~~~~~~~~~ - --~~~~~-~~~~- ~~~~—- - -~~--~~--- -~~ - _ _
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BACKORDER FILE

The backorder file reco...ds all outstanding backorders in

the inventory system at a given point in time. This file

contains a record for each requisition in a backorder status.

Specific data elements in this file are defined in Table

IV— 6. Included in these data elements are the item number

associated with the backorder, the backorder quantity and

- priority, and the time the item was backordered. A pointer

system is used to relate entries in the backorder file with

the specific items associated with that backorder. These

pointer variables are also defined in table IV—6 .

DEMAND DRIVER FILE

- The demand driver file contains data elements required to

generate the demands and serviceable returns that drive the

inventory system. The number of requisitions and the asso-

ciated units per quarter and the number of serviceable

returns to be generated each quarter are examples of data

elements in this file. Table IV—7 defines specific variables

associated with the demand driver file.

I

—

~
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TABLE IV—6. BACKORDER FILE

Variable Name Definition

J - File Index

ITMBAC(J) simulated clock time that the Jth entry .
in the backorder file was placed into the
file

IDFSNB(J) item number associated with the .Jth back— —

order

IPRIØR (J) priority of Jth backorder

IQTYB(J) quantity backordered

IBACPT(J) pointer to the file entry of the next
backorder for this same item

NBMAX maximum number of entries in backorder file

ILØCBK (K) index of Kth unused data location in back-
order file

NLØCBK number of unused data locations

TABLE IV— 7 . DEMAN D DRIVE R FILE

IDEMND(N,J) Number of units of demand for item N
during period J —

IRE TUR (N ,J) Number of serviceable Returns for item N
during period J

IREQ(N,J) Number of requisitions for item N in period
J associated with the unit demands IDEMND(N,J)

L ~~~~. - 
-
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Subroutine DEMPAR is called at the beginning of each

simulated quarter. This routine uses information in the

Demand Driver File to generate specific requisition and

serviceable return events. DEMPAR accomplishes this in such

a way that the total requistions placed within a quarter

exactly equal the number of units of demand which are input

through the Dc�mand Driver File. Chapter VI discusses the

demand generation process in detail.

PERFORIIANCE ST?~TISTICS FILE

The Performance Statistics File contains measures of the

levels of activity observed during a simulation run. Table

IV—8 defines specific data elements contained in this file.

As illustrated in Table IV—8 , performance measures are recorded

in three different units of activity . That is, each type of

activity is recorded in terms of (a) the number of actions or

federal stock numbers associated with that activity , (b) the

number of units of a specific item associated with that

activity and Cc) the dollar value of the number of units

associated with that activity or action . For example, if an

order is placed for a $10 item and 21 units are purchased the

variable IORDER (1,1) would be increased by 1, since it counts

-j  - -- —--
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TABLE IV—8. PERFORMANCE STATISTICS FILE

— Variable Defirition

I period index

1 actions/FSN
J type of measure, where J = 2 units

3 dollars

INVØH(I,J) inventory on hand at end of period

INVØR (I,J) inventory on-order at end of period

IRECET(I,J) receipts

IRETRN (I ,J) returns

INVDAY (I,J) inventory-weeks

IØRDER (I,J) orders placed

IDISPS(I,J) disposals -

ITERM (I ,J) term inations completed

IEXPED(I ,J) expediting actions

IRATON (I ,J) rationing actions

IREQC(I,J) total requisitions cancelled

IREQT(I,J) total requisitions

IREQI(I,J) priority I requisitions

IBACKT(I ,J) total backorders (end of period)

IBACK I ( I ,J) priority I backorders (end of period)

IBAXDT(I ,J) total backorder weeks

IBAKD I(I,J) priority I backorder weeks

IFILLT(I,J) total fills ( Number of requisitions filled
immediately upon receipt)

IFILLI(I,J) priority I fills

ISHIPT(I ,J) total shipments

IS}IIPI(I,J) total priority I shipments

- -- - - - --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - -- - -- ~ -~~- - - ~~~~~~ - - - —-- - -- ~~~~~~_
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- TABLE IV-8. (CONT’D) 
-

ISMORD(I,J) total small orders

ILGORD(I ,J) total large orders

IBOPOH(J) On hand inventory at beginning of simulation

IBOPOR(J) on-order inventory at beginning of simulation

p.— 
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the number of orders placed. The variable IORDER (1,2) would

be increased by 21 units, since this variable records the

number of units ordered during period I. Finally , the van -

able IORDER (1,3) would be increased by 210, since an order

for 21 units- which cost $10 each represents a total dollar

activity of $210. All of the other performance measures

defined in table IV—8 are updated in a similar manner.

SIr-IULATION COUNTERS AND FLAGS -

* Every simulation model requires a series of counters and

flags that are required to control the progress of the

simulation, and to perform necessary bookkeeping tasks. The

number of quarters to be simulated , the number of the current

statistics collection interval, and the number of simulation

runs to be performed are examples of these types of data

elements. The variables of the future events list (FEL)

defined in Table IV—l are an important example of this

type of data. Other major variables in this category

are defined as inputs to INSSIM through File 05. These later

variables will be discussed in detail in chapter VII.

--
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We have now reviewed the major concepts which are the build-

ing blocks of the INSSIM simulation model. We’ve discussed

timing mechanisms involved in the model and the events used to

represent inventory system activities. The data files used

to describe the status of the current system, to drive the

simulation model, and to update performance statistics were

also discussed. In the next chapter , we will discuss the

workings of the MAIN routine. This routine is the primary

INSSI!-1 routine, in that it weaves all of the major concepts

discussed here into a working model of a single location -

inventory control system .

I

L~~~~. ~~~~~~~~~~~~~~~~~~~~~ _ _  _ _ _  -
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CHAPTER V

MAIN PROCRAt1

The MAIN program is the work horse of the Inventory 
- 

-

System Simulator. This routine is responsible for the

control of input data, initialization of status and

performance variables, the scheduling of simulation events,

and the control of output products. An understanding of this

routine is essential for those who desire to enhance the
- 

current system.

A general outline of the MAIN program is presented in

Figure V—l . As shown in the figure, the initial portion

of MAIN is concerned with initializing the statistical

accumulators and status variables maintained by the system,

and in initializing the Future Events List.

- After initialization, MAIN controls the schedul ing of

simulated events, and the calling of associated event

subroutines. To do this, subroutine REMOVE is used to

remove the most imminent event from the Future Events List.

This event is called the “current” event. The program

then branches based on the event code of the current event.

As shown in Figure V—i, separate subroutines are used

to perform bookkeeping functions associated with each

event type. For example , event type 1 represents a

customer requisition. When a type 1 event is removed

from the Future Events List, subroutine REQ is called 

- - ---- - - —
.~~ -- -----—— — . - .— ~-—---, -- - -~~~~~- - -—-
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Initialize
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• Statlstt?a]- Accum’ilators J
Obtain Transaction from Future Evor.ts List.

Branch by Event Type

___________ Yes 
Requisition ?

- 

Yes Receipt of

CANCI.B Yes Cancellation ?

No

RET 
Yes Return ?

___________ STA~~ S Yes Invento~~~ St~ tus ~~~
- - Review (.~~ ttc-ma)}

DISPOS No

ORDER TERMIN

____________ Yes Levels
_______ ________ 

Con~utat ion

&~~~~~~~~~~~~~LE~~~D 
No

Yes Buy Cuid:linc

BU~~ET Yes Budget
Review ?

No

F~ RUPD Yes Forecast

- Det~’~ils? Sun ~ari? riots? [~~~ rt

End of Run
ITRSLT OiJT P L O E R I I  MAIN

OUT~ST _____________

_________ ~~Ye~~ Special S~~ t iot ico?

Yes 
Demand Generation?

Yes Tr ee Da ta Collection?

Figure V-i. General Outline of MAIN Program
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to perform the associated bookkeeping tasks. Similarly ,

for event types 2 and 3, subroutines RECEIVE and CANCLB,

respectively, are called.

The event subroutines may in turn call other routines

to assist in the update calculations. For example,

subroutine STk11JS is called to simulate the occurrence

of an inventory status review (event type 5). This

routine in turn calls subroutine STATN to determine

appropriate management actions as sociated wi th a given

item N. If appropriate, STATN may in turn call the

routines ORDER , TERMIN, or DI SPOS to represen t procure-

ment, contract termination , or dis posal actions , respectively.

Event type 10 denotes the end of the simulation run.

When this type of event is removed from the Future

Events List, one or more output routines may be called.

Specif ic output products produced are specif ied by param-

eters which are input through File 05. A detailed discussion

of these control parameters is presented in Chapter VII.

If detailed simulation results by item are to be produced,

subroutine ITRSLT is called. If tabular summaries are

desired , subroutines OUT and OUTCST are called. If plots

of important inventory characteristics are desired ,

subroutine PLOTR is called. Finally, an optional abbre-

viated performance report may be requested that is useful

in the debugging of INSSIM enhancements.

— -----—- --- -- --- - - — — -  
___ _ ___ I ___._ 

-- - - - - ----



~~~~~T~~~~TT ~~~~~~
-I-

V-24.

A detailed flow chart of the MAIN program is presented

in Figure V—2. As shown in the figure, MAIN -first sets

several management parameters that are used if alternate

levels calculations are not specified. Definitions for

the variables GTLF, GRLF, GSULF, and GSLF shown in Figure 
-

V—2 are presented in Table V—i. These values are used

in levels calculations performed by subroutine LEVELN.

After initializing the above variables, MAIN reads simula-

tion run parameters specified in File 05. These inputs

are discussed in detail in Chapter VII. The “run ” loop

then begins. An input parameter , NRUN , specifies the

number of distinct simulation runs to be performed. The

variable CSHORT(K) , which is provided as input in File 05,

specifies the value of the Lagrange multiplier to be

used in the Kth simulation run. Hence, the value of the

variable CSHORT is set to the appropriate value for use

in the current simulation run.

Next, MAIN initializes the random number stream, rewinds

the item data file (File 07), and zeros the statistical

accumulators arrays.

Subroutine INITAL is now called to initialize the

time parameters associated with the simulation run, and

to create the initial scheduled events by putting them

on the Future Events List. Subroutine INITEM is then

called to read in input data for the NITEM items that are 

- - - - - -  -- - - - - -~~~~~~~~~~~~~ - - - - . - 
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Set Default Management Parameters
GTLF = 2L4 .
CRLF = 12.
GSULF = 0.
GSLF -

~ 1.

10
Read Simulation Run Parameters from

File O5
(If -there is no more data , stop)

Begin Run Loop
MEUN 1

12 MRUN MRUN+1

Set shortage cost parameter for this run
COSHRT = CSHORT (r~uN)

Initialize Random Number Stream
R = RANDU (- .i)

Rewind Item Data File
REMIND INLU

_ _ _ _ _ _ _ _  L

Zero Statistics Arrays
CALL ZER O

.1~Begin Replication Loop
KREPL = 1

[Initialize Time Parameters and Create

I Initial Events

[ CALL INITIAL

F Read in Data for NITEM Items , from File 07,
Initialize Beginning—of-Period Statistics

[ 
- CALL INITEN

Figure V-2. The MAIN Program.
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TABLE V—i

DEFAULT VALUES FOR LEVELS CALCULATIONS

Variable Definition

GSLF safety level factor (in months)

GROQF order quantity fac tor (in months)

GTLF termination level factor (in months)

GRLF retention level factor (in months)

- GSULF support level factor (in months)

GEØQF (I) order quantity factor for Ith deman d rate class

Formulas

MR = mon thly demand ra te in units

lead time requirement RLT = ( admin + prod lead time ) *~.iR

safety level SL = GSLF*MR

reorder quantity ROQ = GROQF*GEO QF(I) *?~1R

reorder level ROL = RLT+SL+

termination level TL = ROL~I.GTLF*MR

retention level RL = TL+GRLF*MR

support level SUL = GSULF*RLT
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to be included in the current simulation replication.

This data is read in from File 07.

Simulation of specific inventory events now begins.

Subroutine REMOVE is called to remove the most imminent

event from the Future Events List, and MAIN then branches

based on the event code of this event. Figure V—2 specifies

the specific subroutines that are called during this

stage of processing. Detailed narratives describing each

of these programs are conta...iied in Volume II of this

report.

Observe that when a type 10 event occurs , the variable

KREPL -is checked to see if the replication coun t exceeds

NREPL , the number of replications specified for the current

simulation r-~’r ~. If not , KREPL is increased by one , the

program returns to block 15 to read in a new set of i tem

data and to perform another replication of the simulation.

If , on the other hand , KREPL equals NREPL , simulation run

statistics are produced . If the output control parameters

lOUT equals one , subroutines OUT and OUTCST are called to

present tabular summaries of the aggregate performance

statistics observed during the NREPL replications of the

simulation experiment. If IGRAPII equals one , subroutine

PLOTR is called to produce graphical results . If IPUNCH

equals one , the abbreviated statistical summary is

written from MAIN.
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After output products are produced , MAIN tests to

find if all requested runs have been performed. If so,

the simulation stops. Otherwise, MAIN returns to statement

number 12. The run counter, MRUN , is then incremented,

the shortage cost parameter COSHRT is reset to the new

Lagrange multiplier value, and the initialization process

begins again. The sequence of initialization , s imulation ,

and output operations is repeated until all recTuested

simulation runs are performed.

I

I

I
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CHAPTER VI
- 

THE DEMAND GENERATION PROCESS

An important feature in the development of any simula-

tion model- is the method for representing customer demands.

- 

In our model, actual usage history for EOQ items was used as
- the basis for the demand generation process. These histories

contain the number of units that were demanded by quarter

- 
since fiscal year 1971. Unfortunately , detailed historical

- 
information on the nature of specific requisitions placed for

- 

each item was not recorded. Consequently, it was necessary

to develop a method for describing the requisition generation

process using the recorded quarterly usage history as a

- starting point.

- In developing the demand generation process , we relied

- heavily on the statistical results discussed in Section II of

reference 2. The distribution of average requisition size

was a primary result of that section. This distribution is

reproduced in Figure VI-1.

A flow chart of the steps used to generate requisition

sizes with the same statistical characteristics as shown in

Figure VI—1 is presented in Figure VI—2.

- As shown in the figure, the demand generation process
- begins by considering the number of units, D, that were

demanded in a given historical quarter. We next determined

- the demand class associated with this particular level of 

--.- - -—~-i-~- - ---~— - .”- ----”----- ----- -
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demand. Once the appropriate demand class is identified,

a Monte Carlo process is employed to simulate the specific

number and size of requisitions associated with a total

demand of D units. Block C of Figure VI—2 i1lu~trates the

major steps in the Monte Carlo process. The procedure

begins by determining a random number X which is uniformly

distributed on the interval between 0 and 1. This is

conceptually equivalent to selecting a random percentile

from the cumulative probability distribution of average

requisition size. Next, the cumulative probability distribu—

• tion illustrated in Figure VI—l was used to determine the

specific requisition size R associated with the random

percentile X. This was our tentative value for the first

requisition to be generated. We then check if the total

cumulative units generated so far exceeds D units. If the

cumulative units is less than D, the requisition generation

process continues as described above. On the other hand , if

the cumulative units exceeds D, the last requisition is

reduced. This is to ensure that the total number of units

requisitioned throughout the period exactly equals the amount

D recorded in the item history record.

The above process determines a set of requisitions whose

total units equal the total demand recorded in the item

history record. To determine the time of arrival of each

requisition , it is assumed that arrival times were uniformly

. - .

~
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distributed throughout the quarter. A Monte Carlo process

is then used to determine the specific arrival time for each

requisition generated. This is equivalent to assuming that

the time between arrivals is exponentially distributed within

a quarter.

To implement the above logic, subroutine DENPAR is called

at the beginning of each simulated auarter. Subroutine

GETREQ is then called by DEMPAR to determine specific requisi-

tio~ sizes using the logic defined in Figure VI—2. DEMPAR

• then places a type 1 (requisition) event on the Future Events

List (FEL) for each generated requisition. Finally, DENPAR

places a type 13 event on the FEL to occur one quarter in

the future. This type 13 event triggers the next call to

DEMPAR.

------ -—— -- - -
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A. Given D, the nur~iLer of units
demanded in the current cruarter

13. Determine demand class associate.1 -
with D, using Table \T—l .

~Set j=l

____________  
~~nd Tfl=’)

C. Determine Rj, the size of requis i t ion
j ,  by performing the fo l lowing st eps:

a. Determine a ranc1om number X
uni fo rmly  d i s t r ibu ted  on the
interval 0. to 1.0.

b. Use ~‘igure Il—S to detcrnine
fl, the r cqu in i t i on  size associated
with the random percentile

c. Set flj=p.,

d. Record the cumulative u n i t s
generated so far, i.e. set
TR=TR+Rj

e. If the total units reciuisitioned
so far exceeds D, reduce f l j  so tha t
the total units just equals n, i .e .

If TP) D , set Rj= 1~j — T R— :) )

---- I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _

D. Determine time of arrival for requisi t ion i 1
assuming arr ival  times are un ifo rmly  d i s t r i—
buted throughout the quar ter .

_____ 
- 

Is the total demand generated
j=j+l Yes ~~~‘~~~~~~_ less than I)?

No 
-

[ End of Demand Generation Process J
Figure VI—2, The Demand Generation Process

- 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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CHAPTER VII. INPUT SPECIFICATIONS

As illustrated in Figure 111— 2, INSSIM requires two

input files, File 05 and File 07. File 07 specifies the

characteristics of each inventory item to be simulated, 
-

while File 05 specifies the number, size, and characteristics

of the simulation runs to be performed. Let us now consider

each of these files in detail.

FILE 05: SIMULATION RUN SPECIFICATIONS

Eight different parameter cards are required to specify

a given INSSIM simulation scenario. These cards provide

the following types of data: 1;
Card Contents

1 Identification
2 Output Controls
3 Debug Flags
4 Input File Specifications
5 Management Methods to be Simulated
6 Management Parameters Required

by the computational methods specified
on card 5

7 System Cost Parameters
8 Simulation Size Specifications

Figure Vu —i presents a print back of a specific set of - -

File 05 input data. And this figure, labels on the left hand

- • margin identifies the FORTRAN variables associated with each

input parameter, while the specific numerical value assumed

by this variable is presented on the right. Brief definitions

-- of each of these input variables are presented in Table Vu -i.

*Inputs to File 05 are specified in free-field BCD format. See page C-i,
j Appendix C for an example.

-I
_ _ _  _ _  —~~~ - --—-----~~~~-—-~~~~~~~-- --—  - --
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Table VII—l . Simulation Run Parameters (File 05)

Card Type 1. Run Identification -

Variable Defini tion

IDENT Run identi f i cation number a-
TEXT Descr iption of the current run

(up to 40 characters). The -

description must be included
in quote marks.

Card Type 2. Output Controls

ITWRT If ITWRT = 1, call IRSLT to write
detailed simulation results for each
item to File 08.

ITOUT If ITOUT = 1, call OUT and OUTCST
to print summary statistics for
each simulation run.

IGRAPH If IGRAPH = 1, call PLOTR to plot
on han d , on order, requisition and
backorder data verses time.

IPUNCH , If IPUNCH = 1, write a brief summary
from MAIN a f t e r  each simulation run .

Card Type 3. Debug Flags

IDEBUG If IDEBUG = 1, write all entries
and removals from the Future Events
List.

IEBUG If IEBUG = 1, print all item input
data on File 06.

IFBUG If IFBUG = 1, print item forecast
- data from F0R576.

IGBUG If IGBUG = 1, write demand data —

generated by DEMPAR
IHBUG If IHBUG = 1, write item levels

calculations from LEVELN .

Card Type 4. Item Input File Definition

INLU Logical unit number of item demand
data input file.

INTYPE - Format of item input file, where
1 = Free-Field BCD format ,
2 = Binary Format

- - - - - - - - ~—-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — ~~~~~~~~~~~~~~~ — —---- — - - - ,.----—-~~~~—--- ~—.-,-—.—-•.*---~--
-
~~~ — ~~~~~~~~~~~~~~~~~~~~~~
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Card Type 5. Inventory Management Codes -

Variable Definition

ICDFOR Forecast Formula Code used in
F0R576 to estimate annual demand
rate ADR(N).

ICDSIG Formula code for estimating the
standard deviation of lead time
demand RSIGLT (N) in F0R576.

ICDEOQ EOQ formula code used in LEVELN.
ICDSL Safety level formula code used

in LEVELN .
ICDSLL Safety level limit code, used to

compute limits on the safety level
in LEVELN

- ICDBG Budget Guideline code
- 

- Formula code for forecasting
serviceable returns in F0fl576.

Card Type 6. Management Parameters

EOQMIN Minimum EOQ, in month s supply . H
EOQMAX Maximum EOQ, in months of supply .
SLMIN Minimum safety level, in months

of supply .
SLMAX Maximum safety level , in months

- of supply .

Card Type 7. system Parmeters

COSHLD Cost of holding one uni t in inventory
for one year , expressed as a fra ction
of the item ’s price.

CSIIORT ( 4 ) Implied shortage cost. Four values
- are provided as input, for use in up

to 4 sequential simulation runs.
COSORD(l) Cost of processing a “small” order ,

an order whose dollar value is less
than CSTBRK .

COSORD(2) Cost of processing a “large” order.
CSTSRK Cost break—point used to differentiate

between large and small order~ .

Card Type 8. Simulation Run Parameters

NRUN The number of simulation run s to
be performed.

INQTR The number of quarters to be simulated
in each run.

L _ _ _  - 
~~~~~~~~~~~~~~~~~

a.
~~~~~~~~~~~

-
~~~

--
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Variable Defini tion -

NREPL The number of replications to be
perfomed within each simulation runs.

NITEM The number of items to be simulated
within each replication.

NDHIS The number of quar ters of information
on the item data file to be used to
initialize the simulation History File.

—

~

.- ~~~~~~~~~~~~~~~~~ 
~~--~~~~ _ _ _ _ _ _

~~

—-- ~-— ~~ -~~~~~~— -~~~-- - - -~~~~~ - - -~~ -~~~~~~~~---~~~-~~~~~~~~~~~~~~~ -.
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Let us now consider each of these input cards in more detail.

CARD 1: RUN IDENTIFICATION

This card identifies the current simulation run. The

RUN ID is a numerical identifier which is recorded the

detailed simulation results file 08. This identifier makes

it possible to identify specific simulation runs using auto—

mated post-processing routines. The title simply identifies

in words the type of simulation exercise being performed.

- CARDS 2 and 3: OUTPUT CONTROLS

These two input cards specify the types of output products

which are to be produced during the simulation run. Card 2

specifies summary products to be printed or written to tape

files, while card 3 specifies specific debugging messages

that are to be printed during the conduct of the simula-

tion. Outputs specified by these parameters are discussed in

more detail in the Chapter VIII.

CARD 4: ITEM INPUT FILES

As noted above, item data is entered into INSSIM through

File 07. This input may be in one of two different forms:

(a) binary format or (b) free—field BCD format. Card 4

specifies which of these options is to be employed in the

current simulation run. BCD format is useful for the input

of manually prepared data sets for testing of new INSSIM

enhancements. On the other hand, binary input is useful for

I. 

- 

ii-  
— . —- -- 
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Table VII—2. Item Input Data (File 07)

Variable Definition

ALC Air Logistics Center that manages this item
FSN Federal Stock Numbers , where

FSN(l) = Material Management Code
FSN(2) = Fede ral Stock Class
FSN(3) = First  six characters  of the

Nationa l Item Iden t i f i ca t ion
Number (Nu N )

FSN(4) = Remaining 3 characters of the
N u N

UCOST - Unit Cost of item in dollars
UM Unit of Measure (e.g. each , feet, ounces , etc.)
NOUN Item name
NCTCD Item management codes, where

MGTCD (l) = Essentiality code
MG TCD(2)  = Supply management grouping
NG T CD ( 3)  = Weapon system code
MGTCD(4)  = Type computation code

IOH Initial on—hand assets (units)
IOR - Initial on—order units (also know as

“due—ins”)
IPPL Industrial Preparedness Production Leadtime
RIPPPR Industrial Preparedness Program Ratio

IDEMND (N, J) Number of units of demand for item
N during period ~J -

IRETUR (N, J) Number of serviceable returns (units) for
- 

items N in period J
IRE Q (N , J) Number of requisitions for item N in

period J
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production runs involving many items and many simulation

replications. Binary input is useful in the later case

because it gener4lly executes much more rapid1~’ than jobs

with BCD inputs.

Appendix A illustrates the format of INSSIM input

for binary runs. For binary runs, program DATAB2 is called

to reformat this data to a binary equivalent. Hence, DATAB2

serves as a preprocessor for the INSSIM MAIN program.

Figure VII—2 illustrates a sample free—field BCD input

file to the model. Note the data is input in the same se-

quence as shown in Appendix A for binary inputs.

CARDS 5 AND 6: MANAGEMENT METHODS CARDS

Together , cards 5 and 6 specify the calcuation

formulas to be used in computing inventory control levels,

and specify specific parameters to be used in these

calculations. Subroutines F0R576 and LEVELN perform the

forecasting and inventory control levels calculations

specified by these cards.

The code ICDFOR specifies the calculation to be used

in computing inventory position in subroutine STATN. Possible

options are defined in AFLC/XRS Working Paper No. 73, by

R. J. Stevens, March 1974 , and in the COMMENT Statements of

STATN. To simulate current D062 calculations, set ICDFOR = 1.

-

~

-

~

-

~ 

- -
~~~~~~~~~~
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II
-

- Figure VII-2. Sample BCD Item Input File
- 

(File 07)

4 50 $ : D A TA : 07  - -

460 SM 12 34 567890 123 EA 10.00 TEST— ITEM A B C D 0 0 1 1 2 _ UNIT DEMAND470 3 3 3 3 6 6 6 6 350 3 6 63 3 6 6 -

480 1 1 1 1 1 0 0 0 0  1 1 1 1 0 0 0  —-RE 1IJRNh
490 1 1 1 1 2 2 2 2 1 1 2 2 1 1 2 2 ——REQUISiTIONS
500 SM 11 55 66 77 EA 1.00 TEST2- ITEM 1-i I J K 0 0 1 1 2 3
5 1 0 2  2 2 2 4 4 4 4 133 1 0 0 1 I~ 0 0 ——UNIT DEMAND
5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  —-RETURNS
530 1 1 1 

- 
1 2 2 2 2 1 1 0 0 1 -1 0 

~~ —-REQUISITIONS
54-0#
550$ ENDJ OB

NOTE : For this data set , these are 16 periods of
demand hi story . Hence , to read this data ,

- 
- 

Card 4 of File 05 should set IN LU = 7,
IN TYPE = 1, and NDEM = 16.
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The code ICDSIG specifies the calculation formulas to
- be used in computing average annual demand rates ADR(N) and

the standard deviation of demand in the lead time RSIGLT(N).

These calculations are performed by subroutine F0R576. Figure

VII—3 presents the currently coded computational formulas. •

At present, there are no options to these codes; the calcula—

tion specified in Figure VII—3 will always be used.

In contrast to the forecasting formulas, there are several

options for EOQ and safety level calculations. These calcula-

tions are performed by subroutine LEVELN, and the codes

ICDEOQ, ICDSL, and ICDSLL specify the current computational

options. 
-

Subroutine LEVELN has several distinct computational

stages. The routine first computes an economic order

quantity Q according to the formula specified by the code

ICDEOQ. Figure VII—4 specifies the computational options.

The resulting value of Q is then limited to be no less than

EOQMIN months of supply and no more than EOQMAX months of

supply. Further., if Q is less than 1, Q is set equal to 1.

With Q computed , LEVELN then computes the safety level,

SL, according to the formula specified by the code ICDSL.

Figure VII—5 specifies the current computational options.

Next, the safety level SL is limited according to the

computations specified by code ICDSLL. These options are 

- -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - - - _
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Figure VII—3. Forecast and Stan~1ard Deviation
Calculation For:uilas u~ eci in
Subroutine FO~37G.-

fluarterlv Demand nate:

TI
FORCST = (Gross Demand ) — (serviceable returns

n = l  N
where ~1 ectuals the number of quarters of availa~~le data.

Annual Demand Rate:

ADR (N )  = 4 .  * FORcST h

Averane Recniisition Size : 
-

GROSS ~~~~~~~~~~ 

-

REI !SIZ(-N) = n = 1

FRn QU Tr1CITS ~
n = l

fluarterly !-~AD:

MADQ = 
L 

lActual Onarterly Demand~ — 3 * ~iDR

where ~1 number of quarters of data

Standard Deviation of Lead i1ime Demand

SIG 0 5945* MADO* (0.82375 + 0.42625* Leadtime Months)

~JJ
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Fiçjure ‘111—4. Order f luarter ly Calcu1a~ ion Foriiu lac

LT~T: = Order quarterl”
TiP ~ = ;~ont ’~iy cb~nan i rate (un i ts)

= Annual demand rat -.~ (un i ts)
ADDR = Annual dollar der~anc rnte
COSOID(I) = cost to pi~-ic~ an ori~er , whe re

I = 1 i licat&Y3 s-i:il). i
~ irch ise a~i~I = 2 indicates l~ rere ‘ urc lase ~~?-~~~:Od ;3

• CSTBR!~ = Dollar brr~ak;?o1nt ~ ist inc ;u1sn1nr ~ 1Eu~c~ - ~~~
small purc~ ar e  ~et’i~~~s

COSPL~) Cost to ~iold one dolla r  of stock in i - �.ntor~’for on~ ~‘ear
UC = Ito:-i unit  cost

‘~he code ICD~(Y) soecifie~ the fol1o~’in ~ fer~ -~ila-s .

Ic~~ ’Or~ Calcuizi . t ir n

1 If (ADr~~~~~3,)~)O ), = 3* ~~

If ($ 1 , O l f)  ~ ADDR ~ ~5 , :y)~~) ~ = ( *  ~~~~~~~

Other~ise = 12~

2 ~7i1son lot size formu ia

ro~3o~n (1) *

Q = P
’ 

C~~)SI-:LD * UC P r o vid e -I  ~•c
Other~iise ,

~~~* CO~ O~~~ ( 2 )  *

Q =
~
‘ CO~ iiLD * UC

EOO Size Limits

For the order quantit” ~ computed &ove,

if 0 >  ~Ofl’1AX ~~~~ set C) = 1 ’)fl t\X *

if (~ ~~EOfl 1I~ *~~ iR , Set C) = Ofl’1I’~ *
if 0 < 1 , se t Ci = 1

Li
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Figure VII— 5 .  Safety Level Calculation Formulas

— Let SL Safety level
= Tlonthly demand rate (units)
= Thzpected number  of demands in a iced

time
REQSIZ = Average requisit ion si~:e

= Standa rd deviation of demand in. the lead. ti :-te

The code ICDSL specifies the fol lowin g for~-iu1as.

ICDSL
Value C~ 1culation

1 Safety Leve l equals one months  su~)p1”

SL l.~ R’~ P. -

2 Safety level equals 1/4 of e~:pec teJ ~ersan~ in
the lead time -

= ~~~5 * -

3 AFLC’~ 57—s formula (Crul-’ 1)77)

a) Let ~ =j~vera~e ~~~U UiSit i o n  r ;i~~ =

b) Coupute ~~~, 
-

/Imulied \
(Shortaqe~ 1 ~ . ( 1-T2~~ ( — / ~~ ~o’)/O))
~Factor I

= 0.707 X L~i __________________________ _________________________S

( hO1~
- i1fl c1 • f  unit ’~

2 lCo- t ~Cost J  Z /~ ~‘Ofl

C) Finally , SL = K *

4 - Presut t i—Tremp formula to mi n iv i z e  e~ oected unitshackordered. -

Set ~ = 1. Then use formulas for IC’~~T 3
def ined above .

5 Presut t i— ’T’repp formula to i-iin imize cxpecte- .1 requisit ions
backordered.

Set ~ = average requisition size = RF2~ I’~.Then use formulas  for ICDST~ 3.

- ‘~~~—~~-- -——- - -
~~~~~~~

- ~ - -
~~~~~. ~~~~

_
~~

_—
~~~

_—
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described in Figure VII—6. Briefly, if ICDSLL equals 2,

SL is limited to be no more than SLMIN months of supply,

and no more than SLMAX months of supply. On the other hand,

if ICDSLL equals 1, SL is limited to be no less than SLMIN

months of supply, as before, and no more than the lesser

(a) three times the standard deviation of lead time demand,

or (b) the expected demand in a lead time.

Finally, the codes ICDBG and ICDSR identify calculations

to be employed in setting budget guidelines in predicting

future values for serviceable returns. These codes are not

currently utilized in the INSSIM model. -
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I
Figure VII—G. Safety Level Limit Calculation:~

1
Let

- 

SL = Safety level computed according to one
of the formulas soecified in Figure VII—5.

IU-IR = ~-Ionthlv de~v~nci rate .
- 

RLT = 1~~oectcc1 demrinc~ in lea ~ tine .
.a SIG = Standard deviation oJ~ lead t i-’~ de~’~ind .

SL9171 = ‘~inimum safet” leve l in ;~ton ths of su~; i ’ .
- SLMAX = axirium safet’i leve l in moeths of su’~ol~’ .

The the code ICDSLL specifies the follo~iinq li~iit calcu lat ines .

ICDSLT,

~7aluc Calculat ion -

1 If SL ~ SL?1I~! * ~~~~~~~~~~ set SL = SL’~I’1 * 
-

- If SL) ‘UJT 1 set SL = ~ L’~

- If SL> 3* Sir ,, set ~~ = 3 * SIC’,

2 If SL < .sL:tr~ * ~~~~ sot 5r 1 5T~’~~T’T * :~ -:~

IF SL > SL~!AX * !TU 1~~, set ST~ -- ST ;L~’: * ~~~~~

a -

-

~~ ;~

1~
I

- -~~~~~ --~~~~~~ 
—- --
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Figure VII—7. Levels Calculations
Currently Coded

r Given the results of the calculation s def in ed in Figures
S VII—3 through VII—G , the levels for item N are comnuted

as follows, and then rounded to the nearest inteq~r value .

~ - 
~eorder Level: IROL(N) = flLT + SL

- 
- Order quantity : IRQT(N) = Q

Terminat ion Level: I T L ( M )  = A ver~’ lam e number

- ,  
Retention Level: IRL(’l) = a ver’.’ lame nunher

- 
- 

Supnort Level: I SU L (N )  = 0..

4
-I---

~

I
: 1

- - .~~~~~~ —_- - -~-----+_ ~~~~~~~~~~~~~~~~~~~ — 
~~~~~~~~~~~~~~~~~~~~~~ ~
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CARD 7: SYSTE’-4 PAR~ 1ETERS

Card 7 defines cost naram eters to be used in all simulation - 

-

runs defined by the current set of parameter cards. The

variable COSHLD defines the cost of carry ing one dollars

worth of stock in inventory for one year. The variable

CSHORT defines a shortage cost (a Lagranq e multiolior) to be

used in up to four different simulation runs.  Four d i ffe r e n t

shortage costs must always be specified on this card . The

variable COSORD (I) defines the cost of nlacinq an ordcr

using the Ith procurement method , ~-ihere I = 1 denotes small

ordering methods, while I = 2 denotes the use of large

purchase order methods. Finally, the variable CSTD~U~ denotes

the cost breakpoint, that is, the dollar value of a single

buy, that distinguishes between small and large purchase

order methods.

CARD 8: Sfl IULATI ON S I Z E  PAP~ANETERS

- This parameter card - defines the size as the simulation

exercize to be performed. The variable NR UN defines the S

specific number of simulation runs to he accomplished accord—

ing to the eight parameter cards in the current set. N RUN

cannot exceed four. The variable INQTr~ defines the number of



TT~~~~~~~ 

--

~~~~~ 

-

~ ~~~~

- 
I

- vII—l8

quarters to be simulated, while NREPL defines the number of

replications of the simulation (each for INOTR quarters) to

be performed by summary statistics are printed. NITEr-1

defines the number of items to be included in a single

inventory simulation replication. With present coding,

NITEM should always equal 1. Finally , I-~~HIS defines the 
-

number of quarters of data provided as input that are to be

used for initializing the INSSI!~ history files. At present,

UDHIS should not exceed a value of 8. In addition , the total

of INç)TR and NDHIS cannot exceed the value of NDEZI , the total

number of quarters of data provided as input to the system.

Figure VII—~) illustrates the relationships among the

variables i~DiIIS, I~ QT~ , and NUFU . The fi gure illustra tes the

case in which there are 24 quarters of data read as input

through File 07; that is , NDE~ = 24. Eight of these data values

are used to initialize the Item history File (N DIiIS = 3 ) .

Finally , in this example the simulation proceeds for 12 quarters,

beginning with the ninth quarter of data read from File 07, and 
- 

-

ending with the -20th quarter. Data for quarters 21 through 24

are not used in this example.

This concludes our discussion of input parameters to the

INSSIM model. In the next chapter, we will discuss output

products produced by the simulation model.

- ~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~=~~~~~~~
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CHAPTER VIII. OUTPUT PRODUCTS

As discussed in Chapter VII, specific output products

produced in a given INSSIM simulation run are specified

by input parameters defined on cards 2 and 3. There are

two basic categories of outputs: (a) summaries of sim-

ulation results, and (b) debugging aids. The latter cate-

gory of outputs are particularly useful in the development

of enhancements to the INSSIM simulation model. Let us

now consider each of these types of output products in

more detail. -

Results Summaries -

Result summary products are specified by input para-

meters defined on card 2. If the parameter ITWRT = 1,

detailed results are written as output in binary to File

08 for each item simulated. The format of File 08 is

defined in appendix D of this report. This file is par-
I

ticularly useful for conducting involved post—processing

calculations using statistical packages such as SPSS or

OMNITAB.

Another summary products are the tabular displays

and graphical outputs discussed in Chapter III. These

products are illustrated in Figures 111—9 through 111—13

and will not be discussed further here. The tabular

summaries are produced when the parameter lOUT = 1, while

the graphical outputs are produced when the parameter

I G R A P H = l .  
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In developing INSSIM enhancements, the voluminous

tabular summaries and graphical outputs are usually not

necessary. Consequently, another form of summary statis-

tics has been developed; this abbreviated output is illus— - 

-

trated in Figure Vu —i. This output product specifies key

performance statistics of particular interest in most

inventory simulations. This output is produced whenever

the parameter IPUNCH = 1. - 

-

Let us now discuss debugging options available in the

model. -

Debugging Aids

Card 3 specifies the values of five debug flags and two

“trace” variables that are useful in debugging INSSLI

enhancements. Let us consider the meanings of each of

these input parameters.

IDBUG. If the input parameter IDBUG = 1, a message

will be printed each t ime an event is entered or removed

from the future events list. Consequently , this option

will provide a listing of every event that takes place

during a given INSSIM simulation run. Figure IV-]. illus—

trates the format and variable definitions associatGd with

these event messages. In addition, when IDI3UG = 1, stock

status information is printed each time that subroutine

STATN is called. The format of this output is illustrated

in Figure VIII—2. As shown in the figure, this output

message identifies the number of units th~at are on-hand ,

- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -
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due-in, and in a backorder status. The inventory position

(INPOS) is simply equal to the sum of on-hand plus due-in

• assets, less any outstanding backorders . The variable

REQ—SHORT identifies the number of requisitions that are

backordered at that specific point in time.

• IEBUG. If the parameter IEBUG = 1, subroutine INITEM

writes the details of all item demand data input from

File 07. The format of this output message is illustrated

in Figure 111—2, and corresponds exactly with the data

layout specified in appendix A.

IFBUG. The IFBUG parameter causes the printing of

forecasting information, as well as the printing of demands,

serviceable returns, and requisition frequency data

recorded in the current history file. The format of this

information is illustrated in Figure VII—2.

IGBUG. The IGBUG parameter causes the printing of

requisition generation events created by subroutine

DEMPAR. Figure VII—2 illustrates a specific printout that

occurred when the flags IDBUG = IGBUG = 1. Note from the

figuie that at time 100, a type 12 event (i.e., a DEMPAR

event) is removed from the future events list. When

subroutine DEMPAR is called, the associated number of

• demands (IDEMMD) to be generated is nine, as is circled in

the figure. The requisition generation process discussed

in Chapter VI is then initiated. The first requisition

generated is for a requistion size of 2 units. Note that
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this requisition for two units (event code 1) is entered

on the future events list to occur at time 6435. Note that

the second requisition is for one unit, and that this

second requisition is entered onto the future events

list to occur at time 8361. Subsequently, requisitions for

• two, one, one, and finally two units are generated in

succession and placed onto the future events list. Note

that the total of all of these generated requisitions

equals nine units, the total number of units that were

• present in the demands history record for the current item.

• Finally, note that a type 12 event is placed on the future

events list to occur at time 8500. This will cause the

next CALL to subroutine DEMPAR.

IHBUG. The IHBUG parameter specifies the printing of

• levels that are computed by subroutine LEVELN. The format

of the associated printout is illustrated at the bottom of

Figure VII—2. As shown in the figure, the levels for item

number 1 involve an order quantity of 14 units, and a

reorder level of 7 units. For this item, termination and

retention levels are set to very large numbers (99999), and

the support level is set to zero.

ITRACE, ISTP.AC. At times, the analyst will not want to

produce the many lines of print that result when IDBUG = 1,

although he may be interested in obtaining an event by

event printout during a specific time interval in the
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simulation. The flags ITRACE and ISTRAC provide this

• capability. The variable ITRACE specifies the point
• in simulated time that a detailed trace of simulation

events is to start. At that point in time, the flag IDEUG

is set equal to 1. This causes the event by event printout

to start. The flag remains equal to 1 until the simulated

clock time ISTRAC. At this time, IDBUG is reset to zero,

and the detailed event by event printouts cease.

This concludes our discussion of IUSSIM output products.

In the next chapter, we will discuss the job control

language statements required to assemble and execute

INSSIM simulation runs.

• 
.
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CHAPTER IX

JOB CONTRO L CARDS

Execution of an INSSIM simulation run is controlled by

a set of Job Control Language statement car ’s. The se cards

cause the appropriate subroutines to be acquired from CPJ!ATD

permanent fi les  and asser~ led into an executable package.

These routines also assure that  inout f i les  are read from the

. appropriate physical devices , and that outnut  pro :iucts ~ire

directed to appropriate locations .

• We have found there are three basic j ob streams tha t  are

useful  in the conduc t of an INSSI~I s imula t ion  stu~’v . These

job streams are doc umented in Appendix C of this volume .

Briefly , these job streams are as follows :

INSSIM .T Thi s job stream is used for testing of
INSSIII enhancements , and for dchuggin~newly developed subrout ines .

IN SSIM .A This job stream provides for the p r in t in~of all INSSIr ~ innut  data , an3  produces
tabular summaries of s imulat ion j ’erformance
statistics. Graphical displays of these
statistics as a funct ion of simulated

• time are also produced .

INSSIN .B This job stream is used for performing
several simulation runs at a single time .
The job stream is par t icu lar ly  usefu l  in

• 
• developing cost effectivcnesss curves for

• 
• alternate inventory management policies.

• In performing a given INSSIM. T study , it  is usually useful

to beg in with the INSSI!~.T job stream. This job stream would

be used for testing of new code that  defines forecast ing or

•—~- • • • •- ------ •‘-~~• ••• -• .~ •_ ~ •~~~~__~~~i. .— -•• • •~~—- — —•• •
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inventory control policies that are to be evaluated. In

this stage , the detailed debugging statements defines on input

• card 4 will probably be used extensively. The INSSI~1.T job

stream will usually utilize File 07 input data in free—field

BCD format. No pre—processing step is necessary when data is

input in this form.

• Once new calculation formulas have been f u l l y  deb ugged ,

the INSSIM.A and INS SIM .B job streams are er~ loyed. The I~~SSI~~.A

job stream is useful  for in i t ia l  test ing of data to be used

in production runs . The graphical outputs of I~TS SI :.?~ are

particularly useful  in determining whether  there are “weird”

data elements that are included in the proposed data set.

Once a data set has been ident i f ied  that  appears su i table  for

simulation study , the INS SIH .B job stream is u t i l i zed .  This

job stream is designed to provide a large nui~ber of s imulat ion

runs at the lowest possible computer cost.

Both the IN SSII1.A and INSSIM .13 job streams u t i l i ze  a pre-

processing step . In these job s treams , subrout ine  ~ATA3 2 reads

input from File 07 , and writes the same data in binary forma t

to File 09 .  This latter f i le  then becomes input to the IN SSIII

MAIN program. In performing production runs , there will

usually be a large amount of data to be read in through File 07.

• By converting this informat ion  to binary , the data processing

steps may be speeded up considerab ly .

LL •~~~~~~~~~~~ •±••~. 
_ _
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APPENDIX A.

]NSSIN ITEM DATA FILE

(FILE ~‘7) 
•

RECORD LAYOUTS
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SYSTEM NUMBER

INPUT /OUTPUT RECORD
P A G E O F 7 PAG ES

TITLE 
/N~~5 ,~~f 

7~E f~J~J ~~ECO~~~ F I L E  NUMBER 
N U M B E R  

SEQUENCE OF FILE

(l~~ c~~~~ rype~ ~~2) 
_ _ _  

•

DATA RECORD LENGTH TAPE RECORD LENGT H/• BLOCKING FACTOR ______ —______________ ________ —______ _______

• . 

• 
3.0 ~3,N A~~ (4)0 

___________  ______ ____________

REMARKS
• • 

~ EE ~3E~~obJ ____  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  —

P O S I T I O N ST R U C T U R ENO. D A T A  ELEMENT NAME 
e~~oc~ 

LENGTH C H A R A C

I ALC  ~4LC _ _ _ _  _ _ _ _  e4 A/

2 rEtE ~~AL ~ ThC~ ii~Ff ~? 
_ _ _ _ _ _  _ _ _ _  _ _ _ _

_ _ _  
f’i t-IC Psav~~

) 2 2 A i V
• 

F~~~I C 
• q 

_ _ _ _

~~ iJ~3) tJ
___  

AJ IT)V ~ F~N1~ ) 5’ ~ A N

‘3 /~Ecoi~.D TYP6 2 
_ _ _ _ _ _  _ _ _ _  

I N
_&I TR~ t p El~ ~t- ~~7L~~ 2~EMA,))~~ _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

____ ~ .L (r-i) ~~~1.1 Pib(N~I 
-, 7 Al

ç rR’s 2~ ~~j
1~~~~

4) Th’~u 2L /  ~~~~~~~~~~~~~~~~~~~~ _ _ _ _  

Al
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J

_ _ _  

~~~~~~~~~ 4C.~ 1’~~ ,7~ 7~~Th ~ _ _ _ _  _ _ _ _  _ _ _ _

~~5~e$~#F~~, AiTh D4r~ E~~~~&7~$, 
_ _ _ _  _ _ _ _  —• • —

____ 2 ME A1~r Th ~3€ /A,’. _____  _____  _____

_ _ _  7I~ INPt/ 7’ S~rjQ~ ,4M. 
_ _ _ _  _ _ _ _  _ _ _ _

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 
_ _ _  _ _  _ _  • _ _
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ISYSTEM NUMBER

INPUT /OUTPUT RECORD
P A G E  ..~~ OF 1 PAGES

TITLE 1WSSZH ~~~V1C(A6l_E ~~~~~ ,Js 
FILE NUMBER 

NUMBER SEQUENCE OF FILE

(iQEc0~b r~~ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _

DATA RECORO LENGTH 
K~~~ oADC~~~~

GT H / I ______________ _______ ______________SO 6,A,,4~~ ip~~~ ____ ___________  _____ ____________

REMARKS 
______ _______________ — —

~~EE &LO(J

— 

F~I~T~~.PJ P O S I T I O N S T R U C T U R E
NO. D A T A  E L E MEN T  N A M E  V I I ~~~ B L O C K  L E N G TH  CHARA C

I 
• 

__ i ‘~~~ ~~J 2 Aw
2. ~~/?juL.. ç7-,~~ W~1~~EI~ — _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

• Mt4 C F~Nt s ) 
_ _ _ _ _  

2 A N

___  
F S C  FcJVC 2) 

_ _ _ _  _ _ _ _  _ _ _ _

• 
•

_ _ _  
Nr iW • 

_ _ _ _  

I

3 f~~co’~i TYPE ri~ _ _ _ _  
I Al

1.1 Tl~,1,V $FE,~ S’ALE~ ~ V!C(W3L.( 
_____  _____  _____

___  ~~~~~~~~~~~~ 
j  . (.r7) ~~~EV k ( W,I) _? 7 N

• p ri~s z ~g, 
• . .

~~ 
~~ 

(
~ 
‘

~ 17.) 
~~~~~~~~~ 
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~~~~~~~ 
,,
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, 
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IV
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___  I ~2 ~~~ 2 ~~ A ’~r i~ _ _ _ _  —~~~~~~~~~ _ _ _ _.1 ,’ —

_ _ _  ‘A) 7*( /‘VPu T ~ 7~~~ V-i. _ _ _ _  _ _ _ _  _ _ _ _
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SYSTEM NUMBER

INPUT /OUTPUT RECORD 
~ , ,

~~P A G E  ~ OF 7 P A G ES

TITLE I/ ~J SS/ ’- 1 /~EØ QISJ71OA ) F~~Qu~ ACr INPUT / 
FI LE N U M B ER 

R U N  
SEQUENCE OF FILEOUTPUT NUMBERa~~cok D (~~~c~~~~ TY~~ ~ ‘/ )

DATA RECORD LENGTH TAPE RECORD LENGTH! 
____ _________ ______ ____—2o ~~~ ____ ___________  _____ ____________

REMARKS 
______ -______________ _______ ______ _________

~~ i3e~oc.~ ___  _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _

— FD~ TIZ~ PJ POSITION STRUCT U RE
NO. D A T A  E L E M E N T  N A M E  

~~~~~ 
LENGTH C HA R AC

/ AL C~~~ 4 z..c 
_ _ _ _  2 14A/

Z t ED E~ i~L ~~7~OC.k AJ 1i,~ E,~’~’~ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _
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SYSTEM NUMBER

INPUT /OUTPUT RECORD /N~~”1 9
PAGE 1 OF L.. PAGES

TITLE 
S/ / t 1Ut~l T1o,t1 f~ESL.’~LT~ Co~ Z~ c~L~~P

T
U.~ FILE NUMBER 

NUMBER SEQUENCE OF FILE

DATA RECORD LENGTH TAPE RECORD LENGTH! 
- ________________

BLOCKING FACTOR ________________

• R E M A R K

~~LL XusU?-1 ,urrc~.g. W~~4B’.E~ ~~~~~~ 449

‘r~ P&ot4TI’J(, I0OIAJ T V44 ,A4L(~
A&th oQrAdr ‘~~~ 3M14ie~ 

PMH4f.

- — 

~Gk7~ F~tI POS TION STRUCTURE 
—

NO. D A TA  E L E M E N T  N A M E  OR_________________________________________________________ VAR aA~ .( BLOCK LENGTH CH A R A C

i (~uti .I7JE ,J 7- s 1 ’1 cArIc ~PJ XDEP J T / 
_____  

1,1

2 5~~~~r Lc.’~. ~~~~~ ICb~~L 2 I 4/

3 1
~trn A/ y ’-1(~E,~ _ _ _ _ _ _  _ _ _ _  

/ N
£~ / ~LC 

_ _ _ _ _ _  

44 2 ‘34’
.c. ~~~~~ Q..44 (. ‘

~ 7~~CK Ji’i ~~~~~
/

~ _ _ _ _ _ _  —— _ _ _ _  _ _ _ _ _

_ _ _  t~If ~iC 
_ _ _ _ _ _  _ _ _ _  

2 ~~ ,
j i~/ 

-

_ __  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  

C, A! i lk ’
FSsV(3) I 1a #4W

____  ______________________________________ Fc,J(q) 
_ _ _ _ _  j  _ _ _ _ _

~ ~~Ms ’) r CO~ E,S 
_ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _

____ 
zr~’-i E~~s EIJ r/ 4 L I r r  ~~~ 

• w 
—

____  ~ UsO,’4.’? /~/4,J F/1~avr G,~ot,p,,tj c’, Cc~~ ~.iércr t~) I~ I A &I

____  ~~&~‘ci~i ‘~r~’~ Cc~~ ~M&rc~~ ) _ _ _ _ _  

£1 
~W

_ _ _  
7~YPE C..,,-I,~LI TA7JM I Co z t.~ P167C~~~) !~ 2 ~ W

. 7  (J A J I T  pg~~~ I uco~r~’) _____  

q 
_____

• / Ab~~,’J1~ ThlA7,V&~ L1\
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SY ST EM NUMBER

INPUT /OUTPUT RECORD
PAGE 2 OF C. PAGES

TITLE 
~~,,-1~~L..qr1o&I ~~~~~~~~~ 

~~~~~~~~~~~~ 
F I L E N U M B E R  

N U M B E R  
SEQUENCE OF FILE

• (co~JrIsvuEb) 
____  _______ _____ __________-

DATA RECORD LENGTH TAPE RECORD LENGTH !
BLOCKING FACTOR

REMARKS 
_____ ______________ _______ -______________

— r~i~Tf &M POSITIO N STRUCTURE
NO D A T A  E L E M E N T  N A M E  OR. 

V I~~I~ $L( BLOCK LENGTH C H ARA C

‘4.
JO (

~EQv,S, T1~ / JS  th~’ ~~~ — 
Z~E~TCZ~1 _ _ _ _  _ _ _ _  _ _ _ _

I i  .~~eH~~rv~~ (uw ,rs)  ‘3y QT1~ _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

12 ~~Tu,~?J~ (~
,
~# r c)  4y 

_ _ _ _  _ _ _ _  _ _ _ _

13 R E~~u,~,rn2k’ 8~c*~~~~~- k)EE~~ ~Y ~1R ~~~~~~ _____  _____  _____

~~g ~j & ’,r  ~~~~~~~~~~~~~~~~~~ ~W ~ 7R’~ ~~~~~~~~~ _ _ _  _ _ _  _ _ _

I S  t3 ij ~( ~~~ £3 ~r ~ TI ~~ _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _
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U~ / MvEA ’rO,~ uN,r- w&E~s e~’ c~r~~ _ _ _ _ _ _  _ _ _ _ _  ____  _ _ _ _ _

17 F,ii ~~--- c~u1~~ir,o’JS — - ~~ _____  _____  _____

18 ~~) L L~~-- U,v,r~ — - i3y 
_ _ _ _  _ _ _ _  _ _ _ _ _
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‘~E~ T~iT~~TTTT ~~~~~~~~~

IN SSIt4.A

‘ 20 IDE ~IT WP1z 7~~, XF~s/D EM MY INSS IM. A
30 $ US ERII) RE~S$IZE35 $ LIMI TS 05 , ,, 5}~40 $ OPTIO N FO RTR A fl~~NOI1AP
50 $ SEL EC T ~~~~~~~~~~~~~
55 SEL EC T RE ~ S/DEM?A R .O
56 SELECT RE~S/Rt~NDU.O
60 $ EXECUTE

• 70 $ PRMFL 07,fl ,S,REQS/SIM.D1
• 80 $ FILE 0~ ,XIS
• 85 $ OPTiON FORT~ A N .NO MAP

90 $ SELECT RFJ)S/MAIN.0
• 100 $ SELECT REQS/SThTUS.O

11 0 5 SELECT RE~S/DEMPAR.O
120 $ SELECT REc~S / E N T E R B .O

• 130 $ SELECT R E Q S/FILLBO. O
140 S SELECT REQS/F0R576 . O
150 $ SELECT flEØ S/FOR IJNL O
160 $ SEL EC T R E Q S / I N I T A L , O
170 $ SELEC T RE ’~S / IN I T E M . O
180 $ SELECT R Ea!S/LEVEL.O
190 $ SEL ECT REQS/LEVELN.,O
200 $ SEL ECT REQS/ORDER .O
210 $ SELEC T RE~ S/O UTCST. 0

• 220 $ SELEC T gEc)S/F~ECEIV .O230 $ SELECT REt~S/~ ET .O -

240 • S - SEL EC T R E~S/7.ET~O.O250 $ SEL ECT REQS/ E~ T ER.O
260 $ SELECT REQS/SSThT .O
270 $ SELECT RE(~S/OUT.O280 $ SELEC T F~EQS/R E~ .O
290 $ SELECT RE(~S/ REMOVE .O
300 S SELECT REQS/WR IFEL.O
310 $ SEL EC T REQS/STATN. O
320 $ SELE CT REQS/C U~ .O
330 $ SELECT REQS/CUrlB. 0
340 $ SEL EC T RE I~S/I~ FEL.O
350 • $ SELECT RE(~S /l T R S LT . O
360 . S SELECT RE ~ S/ RA ND U.O
370 $ SEL ECT RE~S/PLOTR.O380 $ - 

SELECT REQS/GP.0
390 $ EXECUTE
400 $ LIMI TS 05,30K ,, LO K
410 $ REMOTE P*,AC
420 ~$ R EMOTE $$ ,AC
430 DA TA 05

3 ~~~~~~~~~ ITEM SIMULATION WITH ZERO SS
450~~J 0 1 1 1  C2
460 ’~< ,~ 0 1 0 0 0 0 0 C3
470 ~ 7 2 2 4
4S0’~ 1 1 2 3 1 1 1  C5
490 6. 36. 0. 0. C6
500 .20 10. 31.6 100. 316. 269.87 460.27 10000.

• 510 
____  

1 12 100 1 8 CS
520~~~~~~$ FILE 07 ,X IR - ,• -

$ ENDJOB 

• .~~~—~~~~~.•-- ~~-
• ‘ .•  . .—- -~~-- -~~~ - - ---- .-— . -

~~~~~~~ ~~~~~~~~~~~~~~~



- •-w ~~~~~~~~~~~~~~~~~~—-~~ --- -~~~~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -, •- 
I

I

INSSIM .13

20 $ IDENT WP1279~XRS/DEMMY INSSIM.B
30 $ USERID RE(~.S$IZE
40 $ LIMITS 50, , , 1OK . -

50 $ OPTION FORTRAN ,N OMA P
60 $ SELECT RE Q S/DAT A B2. O
70 $ SELECT RE~S/DEMPAR . O
80 $ SELECT RE’~S/RANDU.O
90 $ EXECUTE
100 $ PRMFI. 07 ,R,S,REQS/SIM.D1
110 $ FILE 09 ,X IS
120 $ OPT ION FORT RAN ,~IOMAP
130 $ SELECT REQS/MAI!~.O140 $ SELEC T REQS/STATUSIO
150 $ SELEC T REOS/DEMPAR.O
160 $ SELECT REQS/ENTERB .0
170 $ SELECT REQS/FILLBO.0
180 $ SEL EC T R E( 1S/ F OF~5 7 C S O
190 $ SELEC T RE (~S/ F ORU PD .O
200 $ • SELEC T R E Q S/ I t J I T A L . O
210 $ SEL EC T R E ~!S /INI TE M.0
220 $ SEL EC T RE (~S/LEVEL . O
230 $ 

- SELECT RE Q S/LEV ELNS O
240 $ SELECT REOS/Ofl DER.O
250 $ • SEL EC T R E ~) S/ 0UT CST. O
260 $ SELEC T REQ S/~~EC EI V .O

.270 $ SELECT REQS/RET.O
280 $ SELECT REQS/ZERO.O
290 $ SELECT RE()S/ENTER.O
300 $ SELECT REQS/SSThT.O

• 3 10 $ SELECT REQS/OUT.O
320 $ SEL EC T REQ SRE Q . O
330 $ SELECT REQS/R EMOVE.O• 340 $ SELECT RE(~S/W}UFEL.O350 $ SELECT REQS/STATN. O
360 $ SEL ECT REQS/CUIh O
370 $ SELECT REQS/CUMB.O
380 $ SELECT RE (4S/INFEL.O
390 $ SELECT REQS/ITRSLT.O
400 $ SELECT REQS/RANDU.O
410 $ SELECT REQS/PLOTR.O
420 $ SEL EC T REQS/GP.O
430 $ EXECUTE
440 $ LIMITS 50,30K , , IO K
450 - $  R EMOTE P*,AC
460 $ REMOT E $$,AC
470 $ DATA 05
480 

- 

22 ‘100 ITEMS — - - ‘
490~~, 1 1 0

0 0 0 3 0  0 0  C3
• 510 7 2 24

520~~~~l 1 1 2 3 1 1 1  CS

- -



- —, ~~~~~“ ‘W ’ ’
• - • - - - - — - - - 

• -~ -~- ~~~~~~ — -  -.- - . r

- 
.
~~~ ~~~~~~~- .  - -

INSSIM..B (CONT)

• 530 6. 36. 0. 0. C6
540 .20 10. 31.6 100. 3 1€ . 269.87 460.27 10000.
550 1 12 100 1 8 CS

~‘3~~ ~~~~~ 
‘100 ITEMS —— - ‘

• 570 1 1 0 0  C2
580 0 0 0 0 0  0 0 C3
590 DAt 1’~ 7 2 24 -

600~~~~ 1 1 2 3 1 1 1  C5
610 ~~~ 6. 36. 0. 40. C6
620 .20 10. 31.6 1~~0. 316. 269.87 460.27 10000.
6~ 0 ~4 12 100 1 5 CS
640 33 ‘100 rTEMS — - - ‘
650 1 1 0 0  C2
660 A 0 0 0 0 0  0 0 C3

7 2 24
• 680 $eI 1 1 2 3 1 1 1  C5

690 ~ 6. 36. 0. 40. C6
700 ~3 .20 600. 1000. 3162. 10000. 269.87 460.27 10000.
710 4 12 100 1 8 CS
720 ~~4 ‘100 I T E M S  -- -. ‘

730 1 1 0 0  C2 -

740 1~ rA 0 0 0 0 0  0 0 C3
750 7 2 2 4
763 1 1 2 4 1 1 1 C5
770 P~ 6. 36. 0. 40. C6

• 780 ~ .20 10. 31.6 100. 316. 269.87 460.27 10003.
79~~~~~~.~~4 12 100 1 8 . CS
800 34 ‘100 ITEMS ---
810 1 1 0 0 • C2

0 0 0 0 0  0 0 C3
830 7 2 2 4
840 ~Cf 1 1 2 4 1 1 1 C5
550 ~~ 6, 36. 0. 40. C6
860 ~ .20 600. 1000. 3162. 10000. 269.87 463.27 10030 .
870_ .~4 12 100 1 8 CS
880 25 ‘100 ITEMS — -- ‘• 590 1 1 0 0  C2
900 0 0 0 0 0  0 0 C3
910 O4~~ 7 2  24
920 ~~~~~~~

- 1 1 2 5 1 1 1  C 5 -
930- t 6. 36. 0. 40. CC
940 ~~, 

.20 10. 31.6 100 . 316. 269.87 460.27 10003.
953 ~~~~ 12 100 1 8 CS •
960 35 ‘100 ITEMS — -- ‘

970 1 1 0 0  C2
980 .~ ~~0 0 0 0 0  0 0 C3

7 2 24
izoo~~~r t i 2 5 i 1 I  CS
1010 ~ 6. 36. 0. 40. C6

• 1020 ~ .20 600. 1000. 3162. 10000. 269.87 460.27 10000.
1030 4 12 100 1 8 CS
1040 $ FILE 07,X 1R
1050 $ TAPE 08,XZD,,75985 .,SMRSLTS/R ING
1060 $ ENOJOB

I



/ -‘I,
• -~ •~~~~—--—--

INSSIMA.T

20 $ IDENT WP1279,XRS/DEMMY INSSIM .T
30 $ USERII) REQS$IZE
40 $ • OPTION FO RT RA N ,~~OMA P
50 $ SELECT RE~S/1lA ItJ.O
60 $ 

- SELECT REQS/STATUS.O
70 $ SELECT REQS/D EMPAR.O
80 $ SELECT •REQS/EUTERE.O
90 $ SELECT REQS/FILLBO.O
100 5. SELECT REQS/F0R576.O
110 $ SELECT RE(~S/FORUPD.O

• 120 $ SELECT REQS/IUITAL.O
130 $ SELECT RE(~S/INITEM .O
140 $ SELECT RE~S/LEVEL.O
150 $ SELECT RE’~S/LEVELN.O
160 $ SELECT REQS/ORDER.O
170 $ -SELECT REQS/OUTCST.0
180 $ SELECT RE~S/RECEIV.O190 $ SELECT REQS/R ET.0
200 $ SELECT RE(~S/ZERO.O210 $ SELEC T RE Q S/E N TER. O
220 $ SELECT RE ~ S/ SSTAT. O
230 $ SELEC T R Et ~S/OUT . O
240 $ SELECT RE~S/R EQ.O
250 $ SEL EC T REQS/RE MOVE .0
260 $ SELEC T R E Q S / W R I F E L . O
270 $ SELECT REQS/STATN .O
250 $ SELEC T REQS/CUM .O
290 $ SEL EC T RE Q S/CUMB .O
300 $ SELECT R EQS/INFEL.O

• 305 $ SELECT REQS/ITRSLT.O
306 $ SELEC T REQS/RANDU.O
310 $ EXECUTE



______

• ~~~~~ — ~~- • - .— - • - 
____

INSSIMA.T (CONT )

320 $ LIMITS 10,25K , , 5K
330 $ REMOTE 09 ,A(;
340 $ REMOTE P*,AC
350 $ REMOTE $$,AC
36-3 $ DA TA 05
370 6 ‘INSSIM.T DEMPAI1 TEST RUN ’
3~0 0 0 0 1  C2
390 1 1 0 1 0  0 0 C3
400 7 1 16
410 1 1 2 3 1 1 1  C5
420 6. 36. 0. 40. C6
430 .20 10. 50. 100. 400. 269.87 460 .27 10000. Cl
448 1 2 1 1 8  CS
450 $ DATA 07
460 SM 12 34 567890 123 EA 10.00 TES T- ITEM A B C D 0 0 1 1 2 2
470 . 3 3 3 3 6 6 6 6 3 5 0 3 6 6 3 3 6 6
480 1 1 1 1 1 0 0 0 0  1 1 1 1 0 0 0
490 1 1 1 1 2 2 2 2 1 1 2 2 1 1 2 2
500 SM 11 55 66 77 EA 1.00 TEST2- ITEM H I J K 0 0 1 1 2 3
510 2 2 2 2 4 4 4 4 133 1 0 0 1 1 0 0
520 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
530 1 1 1 - 1 2 2 2 2 1 1 0 0  1 1 0 0

• - 540 -

550 
- 

$ ENDJOB -
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XNSSIM.C
I

20 $ IDENT W P1279 ,XflS/DE MMY INSSIM.C
30 • $ IJSER ID RE ~S$IZE
40 $ LI MI TS 06 ,~~, 10X
50 $ OPTION FORTRM1 ,~~OMAP

$ SELECT RE~S/DEMPAR.O
- 56 $ - SELECT REQS/RM~DU.O60 $ SELECT R EOS/DATA82 .O

70 $ EXECUTE
80 $ PRMFL 07 ,R,S,REQS/SIM.D1
90 $ FILE 09 ,X I S
100 $ • OPTION FORTRA N , N O MA P
110 $ SELECT RE Q S/MAI N.O
120 $ SELEC T fl E~S/S TA TUS .O
130 $ SELEC T RE Q S/DEMPAR . O
140 $ SELEC T RE Q S/E NT ER B. O
150 $ SELEC T RE Q S/F ILL E3 O.O
160 $ • SELECT REOS/ F0R 576 .O
170 $ SELEC T REQS/FORUPD. O
180 $ SELECT RE Q S/ IN I TAL. O
190 $ SELEC T REQS/INITEM.O
200 $ SELECT REQS/LEVEL.O
210 $ SEL EC T RE Q S/LEVELN .O
220 $ SELECT REQS/O RDER. O
230 $ SELECT REQS/OUTCST .O
2-4 0 $ SELECT REQS/J1ECEIV.O
250 $ SELECT REQS/RET.O
260 $ SELECT REOSflERO.O

• 270 $ SELECT F~F.QS/FtJTER.O
280 - $ SELECT R€QS/SSTAT.O
290 $ SELECT REQS/OUT.O
300 $ . SELECT REQS/RE~.O310 $ SELECT REQS/REMOVE .O
320 $ SELECT REQS/WRIFEL.O
330 $ SELECT REQS/STATN.O
340 $ SELECT RE(~S/CUM.O
350 $ SELECT REQS/CUMB.O
360 $ SELECT REQS/INFEL.O
370 $ SELECT REQS/I TRSLT. O
380 $ SELEC T RE (~S/ RA NDU .O
390 $ SEL EC T REC S/PLOTR.O
400 $ SELEC T RE~S/ GP. O

• 410 $ EXECUTE
- .  420 $ LIMITS 06 ,30K ,,LOK

430 $ R EMOTE P*,AC
- - 440 $ • REMOTE $$ ,AC
-. 450 $ DATA 05

460 41 ‘100 I TEMS ’ .

470 0 1 0 0  C2
- -  490 0 0 0 0 0  00 C3

490 7 2 2 4
300 1 1 2 5 1 1 1  CS
510 6. 36. 0. ha.
520 .20 1000. 3 1.6 100. 316. 269.87 460.27 10030 .
530 1 12 100 1 8 CS
540 $ FILE 07 ,X I R
550 $ ENDJ OB 
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INSSflI.D

20 $ IDENT WP 1279 ,XRS/DEM MY INSSIM.D
30 $ USERID RE(~S$IZE

- 40 $ LIMITS 25 , , , 1OK
50 $ OPTION FORTRA N,NO11~ P
60 $ SELECT RE(~S/DATAB 2.O
70 $ SELECT REQS/DEMPAR. O
80 $ SELECT REQS/RA NDU.O
90 $ EXECUTE
100 $ TAP E 07 ,X3D ,,71515~~ SIM.D2
110 $ FILE 09,X LS
120 $ OPTION FO R TRA N , NO MA P
130 $ SELECT REQS/MAIN.O
140 $ SELECT REQS/S TATUS.O
150 $ SELECT REQS/DEMPAR .O
160 $ SELECT F~EQS/E NTERB.O
170 $ SELECT REOS/FILLBO.O
180 $ SELECT REQS/ F0R576 .O
190 $ SELECT RE(~S/ FORUPD.O
200 - $ SELECT REQS/IUITAL.O
210 $ SELEC T RE c~S,I~1ITEM . O
220 $ SELEC T RE QS/L EV EL.O
230 $ SELECT R-EQS/LEVELN.O
240 $ . SELEC T REQS/ORDER .O
250 $ SELECT REQS/OUTCS T . O
260 - $ SELECT RE Q S/REC E IV.O
270 $ SELECT REQS/RET.O
2S0 $ SELECT REc~S,ZERO.O
290 $ SEL ECT R E Q S / E N T E R . O
300 $ SELECT REOS/SSTAT.O
310 $ SELEC T REQS/OUT.O
320 $ SELEC T RE QS/R E Q .O
330 $ SELECT RE Q S/RE M OVE .O
340 $ SELECT REQS/(~RIFEL.O
350 $ SELEC T REQS/STAT N.O
360 $ SELECT REQS/CUM.O
370 $ SELECT REQS/CUMB.O
350 $ - SELECT REQS/INFEL.O
390 $ SELEC T REQS/ITRSLT.O
400 $ SELECT REQS/flANDU.O
410 $ SELECT REQS/PLOTR.O
420 $ SELEC T - REQS/GP.O
430 $ EXECUTE
440 $ LIMITS 50,30K~~~10K450 $ REMOTE P*,AC
460 $ REMOTE $$,AC
470 $ • DA TA 05
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INSSIM .D (CONT)

480 33 iøø ITEMS ——-
490 1 1 0 0  cz - •

0 0 0 0 0  0 0 C3 
.

510 7 2 2 4
320 1 1 2 3 1 1 1  C5

• 530 6. 36. 0. 40. C6 I 
-

540 .20 600. 1000. 3162. 10000 . 269.87 460.27 10000.
550 4 12 100 1 8 C8
560 34 ‘100 ITEMS -— - ‘
570 1 1 0 0  C2
580 0 0 0 0 0  0 0 C3
590 7224
600 1 1 2 4 1 1 1  • C5
610 6. 36. 0. 40. C6
620 .20 603. 1000. 3162. 10000. 269.87 460.27 10000 .
630 4 12 100 1 8 CS
640 $ FILE 07 ,X I R
650 $ TAPE 08 ,X2D , ,73205 ,,R S L . I I / R I N G

- i  660 $ ENDJ OB
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