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Introduction

L e .

The rapid developments in computer science and operations research tech-

“niques have spawned several technical revolutions in the past 30 years. Multi-

b i

echelon inventory theory is one of these areas. An 1950, only a few limited results

from queuing theory were available to assist inventory managers. Today, com-

AAFe P, » e

- puterized systems exist capable of computing jointly optimal inventory policies for
thousands of items stocked at perhaps several hundred locations, considering

Caikiat: 9 15440540

assembly/sub-assembly relationships, and multi-echelon logistics support systems,
Several of these models have become major components of Air Force Logistics

Command (AFLC) data systems, and several other models have been proposed for
implementation. Application areas covered by thege systems indude planning and
‘budgeting, initial provisioning, replenishment, and distribution. o
The Recoverable Item Management Evaluator (RIME) is a Fortran-based
simulation model for evaluating the relative cost-effectiveness of analytic optimi-
zation procedures proposed for use in AFLC recoverable item management
systems, Major features of RIME include:
1. Actual Air Force demand drives the model, The worid is never

stationary but changes with world events and with the introduction of new weapon
systems. Hence, RIME uses actual Air Force demand histories to represent the
demand processes and recoverable item flows of recoverable items. This is in

contrast to the use of the a priori assumptions embedded in analytical multi-

ec‘\e{ inventor oc’:
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B 2. Parameter values are based on statistical estimates. The parameters

of underlying demand processes are never known with certainty, but must be

L A2 afh Bd
rITLr
e

estimated from statistical data describing past demands. In RIME, we utilize the

same statistical estimation formulas used in Air Force data systems to determine

A
e

demand rates, NRTS rates, and condemnation fractions. This information is
recomputed on a quarterly basis, in a manner similar to that of the D04l

Recoverable Item Requirements Computation System.

3. Dynamic system interactions are modeled. The world is not station-

: ary, but changes as actual Air Forcel demand changes. These changes produce
< tempdrary imbalances in the Air Force supply system, and subsequent management
actions to correct these imbalances. RIME simulates these effects. Consequéntly,
RIME describes the dynamic period-by-period interactions which cannot be repre-
. | . sented in the stationary assumptions of current analytical multi-echelon inventory
models,

Of course, RIME is also only a model, and is thus only an approximation of the
real world. However, we believe that RIME is a §dfidently rich description of Air
Force supply systems to serve as a convenient test bed for comparing altemate
analytical invqntory management policies,

" This report presents a detailed description of RIME. Volume I describes the
major concepts, organization, and input/output features of the model, while
Volume II provides detailed narratives of each RIME subroutine as well as listings
of the FORTRAN source code. On the other hand, reference 1 describes the use of
RIME in a study of the relative cost-effectiveness of several computation methods
proposed for use in Air Force recoverable item management. Throughout this

report, we assume the reader is familiar with Sections I-IV of Reference 1.

.........................
..............................




AnOverview of the Recoverable [tem Management Evaluator System

The major components of the Recoverable Item Management Evaluation
System are shown in Figure 1-1. At the heart of the system is the RIME Simulator.
The Simulator simulates a multiple echelon recoverable item inventory system, and
provides the means for estimating the procurement dollars and supply sq:port |
measures assodated with given sets of inventory management levels.

~ Figure I-1 illustrates the major components in the RIME system. As shown in

the figure, the RIME System has four major components. The Data Extract System

is used to obtain LRU/SRU data from the D041 Dafa Bank, and to manipulate this

. intormation into the form required for input to the RIME System. We call this data

file the "Master Data Set™ The Exogenous .Event Generator translates the

aggregate historical demands obtained from the Master Data Set into a detailed

list describing LRU and SRU reparable generations and associated requisition,

repeir, and NRTS activities by base. These detailed lists are recorded on the
Exogenous Event File, and represents a major input to the RIME Simulation Model.

The Stock Level Computation system also uses the Master Data Set as input.
This system computes inventory levels for each time period in the simuation
horizon for each item in the Master Data Set. By varying the input parameters,
the system can compute stock levels wsing the METRIC, MOD-METRIC, Variable
Safety Level (VSL), or AFLCR 57-27 computational methoddogle, as well as

several variations of these methods. As shown in the figure, different computa-
tional methods may be used in initial provisioning calculations from those me&
during the replenishment phase of an item's life cycle. The individual item stock
levels computed by this system are stored in a "Levels" File. This File provides the
second major input to the RIME Simulation Model.
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The heart of the RIME system is, of course, the simulation model itself. This

| model inputs the detailed list of historical reparable generations and associated

exogenous events, as well as sets of levels computed by the Stock Levels Computa-

tion system. It then uses simulation techniques to evaluate how well the given

stock levels would have performed in managing the events described in the Event
File.

Outputs from the simulation model incdlude: (a) detailed statistics of
inventory/repair activities by location, it’em type, and time period, (b) a short-form
report which displays totals of six major stétistics sunmed over all simulated
periods, (c) results for each replication for each LRU/SRU grouwp, and (d) printouts

_ to assist in the debugging of extensions to the RIME model.

Chapters [ ttrbugh IV of Reference 1 provide a general overview of the RIME
model, and we assune that the reader is familiar with this material. In this report,
we provide detailed description of each of the components of the RIME system. In
Chapter II, we review the major concepts employed in the RIME Simulation Model.
This Chapter describes the nunbering systems used to keep track of inventories at

5 different stocking locations, methods of describing the passage of times within the
"i simulated model; the specific events simulated by the RIME system, and a
- description of the detailed statistics ollected by the Simulation Model. Chapter
I provides a detalled description of the Events Generator. This Chapter describes
> " methods for generating exogenous events and the computer programs used to
| implement the event generation’ activities. Chapter IV describes the Levels

Computation System. This Chapter describes the network of computer programs

involved in simulating specific combinations of initial provisioning and replenish-
ment calculation methods. Fimally, Chapter V provides instructions for individuals
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interested in utilizing the current RIME version. This chapter cescribes the steps
involved in simulating specific inventory management policies, and also describes
output reports produced by the RIME Simulation Model. ‘ !
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Chapter 11
Major Model Concepts

To understand the detailed program structure of RIME, one must possess a
clear understanding of (a) the numbering system used to keep track of the stock
status of each simulated LRU and SRU at each at the possible stocking locations,
(b) the methods used to simulate the passage of time, (c) the events that simulate
significant inventory system transactions, and (d) the data files that record current
system status and that measure simulated performance. These major elements are

the subject of this chapter.

Stock Keeping Unit Conventions

In RIME, each LRU and SRU may be stocked at possibly several »stocking
locations. As discussed in Chapter 1, the RIME model represents several types of
stocking locations, including a depot level maintenance facility, several operating
bases, and an aircraft overhaul facility. In simulating these systems, it is
necessary to keep track of the on-hand and on order stock for each stock number
at each of the possible locations. We use the term Stock Keeping Unit (SKU) to
refer to the specific number assigned to a given stock number-geographic location
pair.

Figure I1-1 illustrates the assignment of Stock Keeping Unit Numbers for an
LRU/SRU family consisting of an LRU and two SRUs that are stocked at three
operating bases. As shown in the figure, inventories of the LRU at the Depot Level
" Maintenance Facility are always assigned a Stock Keeping Unit number of 1. Stock
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Keeping Unit numbers of 2, 3, & °d &4 are assigned to inven_toria of the LRU at base
locations 1, 2, and 3 respectively. Finally, an SKU of 5 is assigned to inventories of
the LRU at the Aircraft Overhaul Facility.

Stock Keeping Unit numbers for the SRUs folow a similar pattern. Conse-
quently, an SKU of 6 represents inventories of SRU #I at the Depot Maintenance
Facility, while the SKUs of 7, 8, and 9 represents inventories of this SRU at Bases
1, 2, and 3, respectively. Finally, an SKU of 10 is assigned to inventories of SRU
#1 at the Aircraft Overhaul Facility. As shown in Figure 1I-1, a similar pattern is
used in assigning Stock Keeping Unit numbers to the inventories for SRU #2,

In RIME, the variable NSRU denotes the number of SRUs that are components
of the LRU, and the variable NBASES denotes the total number of base locations.
Hence, counting the LRU there are (NSRU+1) distinct stock numbers simulated in
RIME, and each of these may be stocked at any of the NBASES bases in addition to
being stocked at the depot and the overhaul facility. Hence, the total number of
stock keeping units needed to keep track of inventories by location is (NSRU + 1)*
(NBASES +2).

The Timing Mechanism

The fundamental modeling concept employed in RIME 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.
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In simulating any system, two distinct categories of events may be idgntified.
Exogenous events are events that are "caused by" activities that are external to
the system; they are the stimuli that cause the system that react in some manner.
On the other hand, endogenous events are caused by the reaction of the simulated
system to either .exogenous events or other endogenous events, For example, in
RIME reparable generations of LRUs and SRUs and associated demands for
serviceable replacements are treated as exogenous events -- events that drive the
entire simulated repair/resupply system. The shipment of goods and the placement
of replenishment orders are examples of endogeuous events. They are "caused by"
the LRU and SRU demands which deplete on hand stocks.

In RIME, a number of events are treated as exogenous events; these are:

1. LRU and SRU reparable generations, and associated condemnation,
serviceable retum, repair, and NRTS actions whose timing may be
determined from the timing of the reparable generation event.

2. The computation of initial provisioning stock levels.

3. The calculation of replenishment stock levels.

Because of the large volume of data involved in simulating an LRU and all of
its SRUs simultaneously, all exogenous events for a given LRU/SRU family are
generated as a preprocessing step and recorded on magnetic tape. This list of
events is called the "Exogenous Event File (EEF)'. Events recorded on this file are
sorted in time sequence. Consequently, the time interrelationships of exogenous
events may be determined by sequendially reading the EEF. On the other hand, the
time interrelationships of Exogenous Events are maintained through the use of a
Future Events List (FEL) that is updated dynamically as part of the RIME
simulation process. We will discuss each of these files and illustrate their use later

in this chapter.

..................................
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RIME Events

In the Recoverable Item Management Evaluator, three categories of events
are used to simulate recoverable item flows. They are:

a. Material flow events - describing the receipt of a customer requisition,
delivery of replenishment order, the return of serviceable assets, the
generation of unserviceable assets, and associated repair, condemnation,
or NRTS actions. '

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

c. Simulation bookkeeping events - events to collecf time- valued statistics,
to collect intermediate statistics for debugging purposes, and to signal the
end of simulation.

At present, twenty possible events are included in the RIME model. These
events are listed in Table I-1. In RIME, there is a separate FORTRAN subroutine
to describe how each event changes the state of the system, and to record
associated performance statistics. Table II-1 also presents the subroutines
associated with each event and the definitions of the parameters IP3, IP4, and IP5

used in scheduling the respective events.

Event Parameters

In RIME, each event -- whether exogenous or endogenous -- is represented by

five data elements. These are:

ITIME - The time the event is scheduled to occur.
ITYPE - The event type. ‘
IP3, IP4, IP3 - Three parameters which further define the nature of the

event.

.M,,_,bv,
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As shown in Table II-1, event type 1 ;epresents the receipt of a requisition from a
customer of the supply organization. This event may be either exogenous (X) or
endogenous (N), depending upon the origin of the requisition request. In simulating
type 1 events, subroutine REQ is used. Further, the three parameters associated

with a type | (requisition) event are defined as follows:'

IP3 =  The Stock Keeping Unit Number N associated with the inventory item
being requisitioned.

1Py The number of units (IQTY) being requisitioned.

IP5 =  The priority of the requisition. Definitions of the other event types
and the associated FORTRAN routines may be seen by further inspection
of TablelI-1.

Timing Conventions and Initial Events

To simplify programming and analysis tasks, it was desirable to establish
timing conventions that differ slightly from values associated with the Gregorian
calendar. Specifically, RIME assumes that each day consists of 100 Time Units
(TU). Days, weeks, months, and years are then assuned t be related as shown in
Table l1-2. Since the values are used repeatedly throughout a simulation run,
specific COMMON variables are established for each of these time units. Values of
these variables are initialized by subroutine INITAL at the beginning of each RIME
simulation run. Other timing variables that are initalized by subroutine INITAL are
shown in Table 11-3.

All RIME events may be classified as either (a) scheduled events, (b) random

events, or (c) dependent events. Scheduled events are events with a specific

Rt S At hat des L H R Siiins e e i RAFRPRE Sl Wath MaA R r e gy o "““‘l'_v"'-*'.?'“";'v_""';""f“if[‘."'.‘&-.“‘w
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Time Basic
Intervals Value
1 Day |
1 Vleek» 7 Days
1 Month - 4 Weeks
1 Quarter 3 Months
1 Year 4 Quarters
NOTES
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TABLE 1-2

Time Conventions

Time in
TU's . Variable
100 TU's = ITDAY
700 TU's = ITWEEK
2,800 TU's = ITMNTH
8,400 TU's = ITQTR
33,600 TU's = ITYEAR

It is assumed that 1 Day = 100 Time Units (TU's), and each Time Variable is
expressed in TU's. _
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TABLE I1-3
’
Timing Vriables 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 of 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

NOTES

*These variables are not used in the current verision of RIME. However, these
variable. names are reserved for future extensions of the madel.

....................
.................
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schedule of occurrence times. For example, initial provisioning calculations (event
type 20) occur at the beginning of each simulation run, and leveling events (event
type 6) occur at the end of every quarter. On the other hand, reparable
generations (event type 14) and serviceable returns (event type 4) are random
events--the time of occurrence of these events is not known in advance. Finally,
the d;elivery of a replenishment order (event type 2) is a dependent event since the
time of delivery is dependent upon earlier management reordering decisions.
Dependent events are caused by the occurrence of an associated random or
scheduled event. Hence, requisitions for serviceable assets (event type 1) to

replace flight line reparable generations are dependent events, since the requisition

~ for a serviceable unit was caused by the flight line failure.

In RIME, the first occurrence of each scheduled event is crea;ed by subroutine
INITAL; that is, INITAL puts an entry on the Future Event_s 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 Leveling event (event type 6), a subsequent type 6 event is
scheduled to occur one quarter in the ! ature.

Specific values for the time between scheduled events are set in subroutine

INITAL. Table II-3 defines specific time variables initialized in this routine.

The Future Events List

The sequencing of endogenous events through time is controlled by a Future
Events List (FEL). The FEL is alist of all endogenous events scheduled to occur at
some future (simulated) time. For each event on the list, the following values are

recorded.

ITIME: ‘ = The time the event is scheduled to occur.

v o<

\/

sl




II-14

ITYPE The event type (code).

1]

IP3, IP4, IP5 Event parameters.

Structurally, the FEL is a linked list in ascending order by scheduled event
time. Insuch a list, new entries to the list are inserted in a previously unused data
storage location, and pointers are used to indicate the correct sequencing of the
entry in the list. The major variables associated with this list are shown in Table
-4,

At the begimning of each simulation run, subroutine INFEL is called to
initialize the pointers and other control variables associated with -the FEL.
Scheduled events are then entered and removed from the Future Events List by
subroutine ENTER and REMOVE, respectively. New events are inserted into the
FEL by the following CALL statement:

CALL ENTER (ITIME, ITYPE, IP3, IP4, IP5)
where ITIME, ITYPE, IP3, IP4, IP5, are as defined above. When subroutine ENTER
is called, the new event data is recorded, and the list pointers are updated to insert
the new event in the proper time sequence.

Events are removed from the Futuwe Events List by subroutine REMOVE; the

CALL statement takes the form
CALL REMOVE (ITIME, ITYPE, IP3, IP4, IP5)

and the calling parameters are as defined above. Subroutine REMOVE removes the
first entry from the FEL and updates the pointers accordingly; that is, it deletes
the list entry with the smallest (earliest) scheduled clock time from the FEL, and

returns the corresponding data values through the parameter list.

ey
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TABLE I-4
Future Events List Variables
NFEMAX =  maximum number of entries on Future Events List
NENTRY = number of entries on the Future Events list
ILOCFE(J) = number of Jth unused data location in the Futwe Events
_ file .
K = list index
JTIME(K) = clock time of event transaction
JTYPE(K) = event type
JPOINT(K) = polnter to next transaction in list
JFSN(K) = stock number identification*
JQTY(K) = quantity involved*
JPRIOR(K) = priority,* where
I-high priority
JPRIOR = 2-low priority
NFIRST = location of first transaction of chain
NTIME = time of earliest transaction on list
NLOC = location of last transaction placed on the chain
" *if applicable
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Subroutine WRIFEL is another routine associated with the Future Events List.
In debugging new RIME models, it is sometimes desirable to write out the entire
Futwe Events List at selected times within a simulation run. Subroutine WRIFEL
performs this function,

To illwstrate the use of the Future Events List consider the LRU family
illustrated in Figure I-1, Suppose that as a result of an LRU failure at base #2, a
high priority requisition for a serviceable replacement is submitted to the base

supply organization. In this case,

ITYPE =1 (The Event Code for a requisition event, as will be disossed

later).

IP3 s 3 (Thestock-keeping unit number for LRU inventories at base #2).

IPs s | (The number of units being requisitioned).

P35 s 1 (Thisindicates a high priority requisltion, For sition events,
1P s | denotes a high priority requisition, while IP3 = 2 denotes
a low priority requisition. For other event codes, this parameter
has other meanings.)

Suppose this requisition is to occur at the begiming of the 9th day of the

simdstion. Then using the time conventions illustrated in Table B1-2,

ITIME s 900
since there are 100 Time Units in each simulated day, and this event is to occur at
the beginving of the ninth day.

THés perticdar event may then be scheduled (l.e, put on the Future Events
List) by setting each of the above variables as shown, and then using the FORTRAN

call ststements
CALL ENTER (ITIME, ITYPE, IP), IP4, IP)).
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When the simulatod clock time eventually reaches 900 time wiits, the above
event data would be removed from the FEL and an appropriate subroutine would be
called to simulate the actions which result from receipt of this requisition,

BVYN . t

The ascheduling of specitic exogenous and endogenous events is controlied 'by
Subroutine EVNTS. The general logic of this routine are illustrated in Figure §-2.
As shown in the figure, subroutine EVNTS first initializes the pseudo-random
number generator and the Future Events List, and then reads in data describing the
LRU/SRU family currently being simulated. This is done by calls 10 subroutines
RANDU, INITAL and INITM2, respectively. The routine then inspects the most
imminent events (that ls, the events with the {owest scheduled clock time) on both
the Exogenous Event File (EEF) and the Future Event List (FEL). It then removes
the event with the lowest scheduled clock time from the appropriate list , and calls
the subroutine assoclated with that event. For example, if the event with the
lowest scheduled time is a type 1 event, subroutine REQ is called. The routines
assodated with each event type are defined in Table Il-1. These event routines
update the status of the system and work-in-process inventories to reflect
occurrence of the event. In addition, the event routines update appropriate
performance statistics. Some of the events also cause additional endogenows
events to be scheduled. If this occurs, subroutine ENTER is called to place the
newly-created event on the FEL. For example, when a stock level computation
event (Event Type 6) occurs, subroutine LEVEL is called to compute new stock
levels for each LRU and SRU at each stocking location. At the conclusion of its
calculations, subroutine LEVEL calls subroutine ENTER to schedule the next stock

level compu.ation event.
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<T Subroutine EVNTS ,

Initialize the random number generator,
"the Future Events List, and LRU/SRU
data arrays

CALL RANDU
CALL INITAL
CALL INITM2
Exogenous
Event
File (EEF)
X

Remove event with the

lowest clock time Future

> from FEL or EEF,
as apprqprlato

I

Call Subroutine associated P
with this event type

Bvent
List (FEL)

AI New Endogenous
Events may be
Was this an '4d‘gsz° the

NO End-of-Run Event

(Event Code = 10)?

Return to
MAIN Program

Tigure LI-2,Event Scheduling in Subroutine EVNTS
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When an End-of-Run Event (Event Code 10) is encountered, Subroutine EVNTS
returns to the MAIN program. Otherwise, the routine again scans both the
exogenous event file and the updated FEL, and identifies the particular event with

L e ey
PR

the lowest dock time. This event is then removed from the appropriate list and

the process continues until a End-of-Run Event is eventually encountered. |

Sk d ey e
h Dokt

BRSPS N

T~

ARSEA U ik a4k fardtr o

oY XN

Dl i




Data Files

A large number of data elements are required to operate any computer
simulation model, and RIME is no exception. The major categories of data
associated with RIME are illustratedin Figure I-3.  As shown in the Figure, RIME

data elements may be logically classified into one of the fallowing files:

1. Exogenous Event File (EEF).

2. Future Events List (FEL).

3. System Characteristics File.

4. Waiting-for-Parts File.

5. Item DataFile.

6. Stock Level File.

7. Backorder File.

8. Simuation Counters and Flags File.

9, Performance Statistics File.

The Exogenous Event File and Future Events List have been discussed earlier.

Let us now consider the contents of each of the remaining data files.

System Characteristics File

The Systems Characteristics File contains data elements that define the
system as a whole. The set of items to be included in a RIME simulation run, the
nunber of operating bases to be simulated, and the number of historical data
periods available are examples of data elements in this file. This information is
provided primarily through inputs of file 05. Table II-5 defines the major variables
contained in this logical data file. Specific data elements input through this file

will be discussed in detail in Section VL
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Future
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FIGURE II-3

Logical Data Files in RIME.
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g TABLE II-5
.n System Characteristics File
NJOB Last assigned job number. NJOB is initially set to 1001, and is
incremented each time an exogenous event is created.
' NBASES Number of bases, not counting the depot or the overhaul
ot facility. Hence, the total number of stocking locations equals
NBASES+2.
: NSRU Number of SRU's in the LRU
- NITEM Number of stock keeping units, which equals (NBASES+2)*
: (NSRU+1)
]

»
.
[
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Work-In-Process File

To repair an unserviceable LRU, it may be necessary to remove and replace
possibly several of the LRU's components. When this situation occurs, a "Wait-
for-Parts" event (event type = 16) is scheduled, and an appropriate entry is made to
the Work-In-Process File. Table I1-6 illustrates the data elements contained in
this file.

The GASP Simulation routines FILEM and RMOV.E are used to enter and
remove entries in the Work-In-Process File, and the Subroutine INGASP is used to
initialize the appropirate GASP file variables. INGASP is called by Subroutine
INITAL at the beginning of each RIME simulation replication.

A detailed description of the GASP file system and its associated routines is
presented by A.A.B. Pritsker (The GASP_IV Simulation Language, John Wiley and

Sons, New York, 1974), and will not be discussed further in this report.

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, on-order and

work- in-process stocks, and its control levels (e.g., reorder level, support level,

termination level, or retention level) are examples of this type of data. Table -7
presents a detailed list of information items which are contained in this file. As
shown in Table -7, the item data file contains several subcategories of informa-

tion, These define (a) specific physical and management characteristics of the

t.
[
.
L.'

item, (b) data describing the stock status of the item, (c) variables describing
repair and shipping times for the item, (d) variables describing the demand history
1 for the item, (e) forecast variables which quantify forecast usage rates and demand

variability and (f) control levels used in the management of the item's inventories,

....................
'''''''''''''''''
-------
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Data Element

N

NNEED

NJOB
ITIME
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TABLE lI-6

Work-In-Process File

Definition
The Stock-Keeping-Unit number of the LRU that is waiting
for parts

The total number of SRU components that are required before
repair of the LRU can be commenced. For example, if the
LRU requires three units of SRU#4 and one unit of SRU#6,
then NNEED = 3+1 = 4,

The job number associated with this reparable generation

The simulated clock time that is entry was placed in the
Wait-for-Parts File
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TABLE lI-7
Item Data File

Item Characteristics

Variable

N
NITEM
ALC
FSN

UM
NOUN
MGTCD

ISEQ(N)

- UCOST(N)

LTADM(N)

LTPROD(N)

Item Stock Status

INWIP(N)
INVACT(N)
IVDUE(N)
NBOIU(N)
NBOIR(N)
NBOTU(N)
NORDPT(N)*

NBOPT(N)*
*Note

Definition

Item Index :

Number of items simulated

Air Logistics Center that manages this item
Federal Stock Number, where

FSN (1) = Material Management Code
FSN(2) = Federal Stock Class

FSN(3) = First six characters of NIIN
FSN(4) = Remaining characters of NIIN

Unit of measure
Item name
Item Management Codes, where

MGTCD(1) = Essentiality code

MGTCD(2) = Supply management grouping
MGTCD(3) = Weapon system code
MGTCD(4) = Type computation code

Sequence number for SKU N

Unit cost (dollars)

Administrative lead time (days). Time required to process and
transmit a requisition from a stocking location to the resupply
location.

Production Lead time (days). Time required to manufacture’

(if applicable), package, and transport a resupply order for
delivery of stock keeping unit N. This time does not include
time spent waiting for parts. If N is a base level stock keeping
unit, LTPROD(N) denotes the depot-to-base ship time.

Units in repair cycle (work-in-process)

Actual serviceable inventory on hand (units)

Inventory due-in from supplier (units)

Priority I backorders, in units

Priority I requisitions backordered

Total backorders, all priorities, in units

Pointer to most recent outstanding order (Note: This variable
is not used or updated in the current RIME model)

Pointer to oldest, highest priority backorder

By convention, pointers are set to zero if there are no other elements in the data

chain.

Py P
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TABLE II-7 (Cont'd)
Reparable Item Data
Variable Definition
BDTT(N) Time to ship from base to depot (days)
IBRT(N) Base Repair Time (days)
IDRT(N) Depot Repair Time (days)
IDORT(N) Depot Overhaul Repair Time (days)
History Variables
NDHIS Number of periods saved in history file
NDENT(N)* Number of forecast periods since item N enetered system
(negative values indicate item has not yet entered system)
NDEMAC(N)* Counter to accumulate demand for Nth item during the

current forecast update period.
NDEMND(N,I)* Demand for item N during 1th past period, I=1, 2,...,NDHIS

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

NREQ(N,D* Number of requisitions for item N during Ith past period.

Forecast Variables

ADR(N)* Net annual demand rate for item N; the rate of unit demands
less serviceable returns,

RMEAN(N)* Estimate of mean demand rate during next demand period.

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

RMAD(N)* Mean Absolute Deviation of unit demand per period.

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.

REQSIZ(N)* Estimate of mean requisition size for item N,

REQMAD(N)* Mean absolute deviation of requisition size for item N.

Control Levels

IROL(N) Reorder level for item N
IRQTY(N) Reorder quantity
ISUL(N) Support level

IRL(N) Retention level

ITU(N) Termination level

Notes

*These variable are not used in the current implementation of RIME. However,
these variable names are reserved for future extensions of the model.
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In the current implementation of RIME, forecast and levels computation
events are treated as exogenous variables, and all forecasting and stock level
calculations are performed in the Levels Computation module as a preprocessing
step. Consequently, the History and Forecast Variables defined in Table I-7 are
neither used nor updated in the current RIME model. However, these data names

are reserved for future use in studies in which these activities are to be treated as

endogenous events.

Stock Level File

As noted in the previous paragraph, stock levels computations are performed
as a pre-processing step in the Levels Computation module, These pre-computed
levels are recorded in the Stock Levels File. When a Levels Computation Event
(Event Code 6) occurs in RIME, subroutine LEVEL reads the Stock Levels File to
determine the required stock levels for each Stock Keeping Unit. See Chapter IV,

"The Levels Computation System", for a discussion of the data elements in this

file.

Backorder Files

The backorder file records 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 II-8.
Included in these data elements are the SKU 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
stock-keeping-units associated with that backorder. These pointer variables are

also definedin Table 11-8,




...........
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- TABLE 11-8
Backorder File
A Variable Name Definition
" 3 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 backorder. If
: IDFSNB(J)=J, the backorder is for an independent demand
item. Otherwise, if IDFSNB(J) is less than 1000, the backorder
originated from stock-keeping unit IDFSNB(J). 1f IDFSNB(J) is
greater than 1000, the backorder is a parts requirement for
the repair of LRU reparable generation IDFSNB(J).
IPRIOR(J) priority of Jth backorder
IQTYB(J) quantity backordered
IBACPT(J) pointer to the file entry of the next backorder for this same
item. 1f IBACPT(J) = 0, there are no more backorders in the
list for this SKU.
NBMAX#* maximum number of entries in backorder file
ILOCBK(K)* index of Kth unused data location in backorder file
NLOCBK* number of unused data locations.
NOTES

*NBMAX, ILOCBK, and NLOCBK are initialized by subroutine INITAL. Backorders
are placed in this file by subroutine ENTERB, and removed from the file by

subroutine FILLBO,
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Performance Statistics File

The Performance Statistics File contains measu‘es'of the levels of activity
observed during a simulation run. Table -9 defines the specific data elements
contained in this file. As Hlustfated in the Table, each performance measure has
three different indexes, denoted by the variables I, J, and K. The variable I
denotes a period index and represents quarter the during the simulation in which
the statistic was observed. The variable J denotes the unit of measurement

associated with the statistic. Values of J are:

1 = a count of actions for Federal Stock Numbers affected.
J =4 2 = the total number of units affected.
3 = the dollar associated with all of these units

Finally, the variable K denotes an aggregation category. Specific values utilized in

RIME are as follows:

”

1 = LRU at a Base.

= SRU at a Base,

= LRU at the Depot.

SRU at the Depot.

= LRU at the Aircraft Overhaul Facility.

n \n = w N
i

= SRU at the Aircraft Overhaul Facility.

\

For example, suppose that the reparable generation of two units of an SRU occurs
at Base #3 during the eighth quarter of the simulation. To reflect this event, we
must update the Performance Statistic IREPGN (I, J, K). Since the rep gen occurs
in quarter 8, the periodindex is I = 8. Also, since we are dealing with an SRU at
base level, the aggregation index is K = 2. Since we observed a single reparable




2.
3.

5.

7.
8.

10.
1.
12,
13.
14.

S Note:

Variable

————

INVOH (1, 3, K)
INVOR (1, 3, K)
IRECET (1, J, K)
IRETRN (I, J, K)
INVDAY (1, 3, K)
IORDER (1, 3, K)
IDISPS (1, 3, K)*
ITERM (I, 3, K)*
IEXPED (I, 3, K)*
IRATON (I, 3, K)*
IREQC (I, 3, K)*
WEQT (1, 3, K)
IREQI (I, J, K)
IBACKT (i, J, K)

II-31

TABLE I1-9

Performance Statistics File

Definition
Peind imex, \Vhel’e l= l, 2, sesy 16

Pl = actions/FSN
Type of measwre, whereJ = 42 = units
3 = dollars

1 = LRU at Base

2 = SRU at Base

Aggregation cateogry, where K =43 = LRU at Depot

4 = SRU at Depot

5 = SRU at Overhaul
Facility

6 = SRU at Overhaul

Facility

inventory on hand at end of period
invehtory on-order at end of period
receipts

returns

inventory-weeks

orders placed

disposals

terminations completed

expediting actions

rationing actions

total requisitions cancelled

total requisitions received from customers
priority I requisitions received from customers

total backorders (end of period)

*These variables are not used in the current version of RIME.

]
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Variable
i 15.
; 16.
‘F 17.
h
18.
; 19.
o 2.
21.
22.
.
2.
- 24,
1 25.
M 26.

IBACKI (], 3, K)
IBAKDT (1, J, K)

IBAKDI (1, 3, K)
BODAT (I, 3, K)
IBODAI (1, 3, K)

IFILLT (1, 3, K)

IFILLI(L, 3, K)
ISHIPT (1, J, K)
ISHIPI (1, J, K)
ISMORD (1, J, K)*

ILGORD (I, J, K)*
IBOPOH (J)
IBOPOR (J)
IBOPBO (J)

Repair Statistics

.............
..............

1.

2.

IREPGN (I, J, K)

INRTS (I, J, K)
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TABLE 1.9 (Cont'd)

Definition
priority 1 backorders (end of period)
total backorder weeks within period _
(Note: J=1 denotes requisition weeks of backorders
See SSTAT)

priority I backorder weeks within period (Note: J=1
denotes requisition weeks of backorders See SSTAT)

total time on backorder for backorders filled
in period I (time is in TUs, where 100 TUs = | day)

total time on backorder for Priority 1 backorders
filled in period I (time is in TUs)

total fills (humber of requisitions filled immediately
upon receipt)

priority 1 fills
total shipments
total priority | shipments

total small orders (i.e., dollar value of order is less
than a critical value specified as input.

total large orders
on hand inventory at beginning of simulation
on-order inventory at beginning of simulation

backorders at beginning of simulation

reparable generations at this location (for depot,
NRTS items are not inlcuded.)

number of units not reparable at this station

(NRTS). For a base, these are NRTS units sent to the
depot. For depot locations (i.e., for K=3 or §) this
variable represents NRTS assets routed to the depot.




L 4
»-
[

Repalr Statistics
3. ICNDEM (1, J, K)

4. IRECPL (1, J, K)
5. IWIP (1, J, K)
6. IWFP (I, J, K)

II-33

TABLE 11-9 (Cont'd)

number of reparable generations condemned this
period. Note: Number of NRTS items = IREPGN-IRTS-
ICONDM

number of repairs completed
Work in process at end of period
Time waiting for parts - (in TUs, 100 TUs =

1 day) (Computed by RCVPRT when parts are finally
received, in the quarter received.)




........
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generation, the action count (J = 1) statistic IREPGN (8, 1, 2) is increased by 1
even though two assets were involved. However, since two assets generated at this
time, the units count (J = 2) statistic is increased from IREPGN (8, 2, 2) to a value
of IREPGEN (8, 2, 2) + 2. Finally, suppose that the LRU has a unit price of $6,500.
In this case, the dollars (J=3) statistic IREPGN (8, 3, 2) is increased by 2 x $6,5000
= $13,000. The subroutine CUM is used to perform these update calculations for all

of the Performance Statistics shown in Table I1-8.

Simulation Counters and Flags
Every simulation model requires a series of counters and flags 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 are an important

example of this type of information. Other major variables in this category are

defined as inputs to RIME through File 05. These latter variables are discussed in
detail in Section V1.
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Chapter III

The Events Generator

The Events Generator uses Monte Carlo techniques to generate detailed lists
of LRU and SRU reparable generations and all related requisition, condemnation,
and repair activities. This chapter describes the major features of this system and

the computer codes which implement it.

The Event Generation Process

A major design featwre of the RIME evaluation model is that all recoverable
-~ item flows are driven by actual Air Force histories of recoverable item activity.
For example, Table IlI-1 preserr;s historical data from the DO41 Depot Data Bank
for Federal Stock Number 5841-00-2475357. This FSN is a Line Replaceable Unit
for the F-111 aircraft with a price of $6,150 per unit. This LRU has a single SRU
component; the SRU is FSN 5841-00-4899855, a SYNC ASSY with a unit price of
$452.20. Table IlI-1 presents the repairable item generation data for these two
stock nunbers for the first quarter of FY74, as well as the tota repairable
generation in each category shown for the four year period from FY74-1 through
FY78 -4.

As shown in the table, this LRU had 115 repairable generations during the first
quarter of FY74. Of this total, 110 were repaired at base level, while 5 were NRTS

07

assets. That is, five assets were returned to the depot for repair. None of the
total of 115 assets were condemned at the base level, and there were no depot

repairable generations of this LRU during FY74-1 (i.e., there were no generations
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Table III-1 (Cont.)

(] SAMPLE HISTORICAL T'ATA
- ===m=n:
bl FSN NOUN ;
Hd41002475357 SYNCHRO134 o‘L‘Em"‘bt 0.0 LRU
a L 2 3 4 5 6 7 L
o BRGN 115 131 102 103 126¢ 11T 138 145
KTS 110 13 102 101 120 1u9 134 147
8CON 0 0 0 0 0 0 0 0
NRTS 5 0 0 2 6 2 ‘. 8
LRGN 0 0 0 0 v 0 ¢ ¢
- LCND 0 0 v 0 0 0 0 0
x LREP ) 4 0 0 1 1 1 o
e OvVeN 0 ) 0 0 0 0 0 v
PRUY 3u0 278 2N 304 304 262 20b 230
9 o, 1 12 13 4 15 16 Total
- 135 177 14b 111 107 v I i BS TI2ee VBT
13> 176 140 9 107 132 8% 1llee 194>
v 0 v (] 0 0 v Veeo (]
v 1 ¢ 2 v 2 v l1ee 35
v 0 v 0 v [} v Qoo v
: v 0 v 0 ] 0. M Qoo 0
| ° 10 ] ) 1 2 1 2ee 5y
v 0 0 0 "N 0 u Dee 0
236 258 309 206 - 289 209 169 2u2ee 4240
i FSN YouN BRICE
5841004899855 SYNC ASSY 452,20 '
1 - I -1 LI -
BRGN 10 14 2 12 8 ? 13 6
RTS 2 2 0 0 1 2 ] 0
. BCON 0 0 v ) 0 ° 0 ]
e NRTS 8 12 2 12 7 5 13 6
LRGN v 0 0 0 0 0 ) ]
DCNY 0 9 v 0 0 0 ) v
Lo DR P 10 1 6 10 7 3 7 9
2 oven v 0 q" 0 0 0 v 0
PRUG Jvo 278 270 304 304 202 208 230
8 Jo 11 d2 13 14 15 16 Total
8 5 To ) 6 -5 -1 TBes TITI
2 v 1 0 v 0 L] Qee 1
.;; v ] 0 0 v 0 0 Oceo 1
5 ® 4 1% ] 6 3 1 See 110
v ] '} 2 0 0 v Oceo 2
v i v 0 v 0 v Uoe v
> o 6 7 12 ? 2 dee 100
0 ¢ v 0 0 0 0 Oee v
23¢ 25t J0J 2006 20y 209 bY 1" 24290 4245
v
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from the Overhaul Facility), During this quarter, the LRU had a total installed
program of 30,000 hours. Similarly, the SRU had 10 repairable generations during
this quarter. Two of these were repaired at base level, while 8 were returned to
the depot.

In simuating this LRU/SRU family for the quarter FY74-1, exactly 115
repairable generations of the LRU are created in the RIME model, with exactly 110
of these to be repaired at base level. Similarly, exactly 10 SRU repairable
generations are created in the simuation of this quarter, with 2 repaired at base
level and 8 returned to the depot. In a simuation of the entire FY74-1 through
FY78-4 interval, exactly 1980 LRU generations would be created, and exactly 124
SRU generations. Similarly, all of the other historical data displayed in Table III-1
would be exactly reproduced by the simulation model.

One problem in simulating detailed repairable item flows from Air Force
historical data is that the historical data is maintained in an aggregated form.
That is, the historical records only tell us the total number of repairable
generations that occurred at all base locations during a given interval, and provides
no information in terms of which specific bases generated these failures. Simi-
larly, the historical records provide no data which allow us to link up specific SRU
repairable generations with associated LRu failures. Consequently, it was neces-
sary to devise probability models to interrelate LRU and SRU reparable genera-
tions, Table IlI-2 presents the assumptions utilized in our demand generation
process. Basically, the rules presented in this table are based on a relatively small
number of fundamental assumptions. These are (a) Air Force D041 recoverable
item flow histories are t be reproduced as dosely as possible in the simulation

process, (b) the probability that a specific SRU failure in a given quarter is related

« e a NPT SPNE WL L WL N PP LN . PP LT U PR T S NN WP | .
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Table " ITI-2- _
Basic Assumptions of RIME Reparable Generation Probability Model

I. Base Reparable Generations

1. The probability that a specific LRU reparable generation occurs at a
given location is proportional to the flying activity at that location relative to the
total flying activity at all locations in the specific quarter under consideration.
Further, it is assuned that a uniform distribution describes the probability that a
given LRU rep gen occurs at any specific instance within the quarter under
consideration. This is equivalent to assuming that LRU reparable generations
follow a simple Poisson process within the specific quarter of interest. However,
the exact number of LRU reparable generations within a given quarter exactly
equals the historical values recorded in D041.

2. The probability that a given SRU rep gen (RTS, NRTS, or condemnation) is
related to a given LRU rep gen is equal to the ratio of the total SRU rep gens in a
given quarter to the total number of SRUs installed in LRUs that fail during that
quarter. We refer to this as the Exposure Probability model. Once an SRU rep gen
is related to a specific LRU rep gen, the clock times for related SRU events are
determined by adding appropriate time delays to the LRU failure time.

3. If recorded D041 LRU rep gens exceed recorded D041 SRU rep gens, it is
assuned that some LRUs were repaired without requiring replacement SRUs.
Calibration and adjustment actions and job-routed repairs are examples of this
situation.

4. If recorded DO4] SRU rep gens exceed the total SRUs installed in failing
LRUs, we assume the excess units are "independent SRU demands™; that is,
demands that are independent of an associated LRU turn-in to base supply. This
situation will occur if an LRU is repaired at the flight line, rather that in the base
maintenance shops.

5. If an LRU is condemned, all SRUs in the condemned LRU that are not
reparable or condemned are treated as serviceable returns to the supply system.
q

II. Depot Reparable Generations

1. LRU depot delays are simulated using the same assumptions employed in
the METRIC and MOD-METRIC models; namely, LRU depot delays are treated as
independent random variables, independent of SRU stock status at the depot.
Hence, although the LRU repair time may include an allowance for parts delays,
these delays are not explicitly simulated.

2. Since all LRU depot delays are treated as independent random variables,
all SRU depot reparable generations are also treated as “independent™; that is,
these generations are not related to any of the LRU generations.
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Table ry1dp (Cont2) _

3. It is assumed that the specific time that a given LRU or SRU depot
reparable generation occurs is uniformly distributed over the specific quarter under
consideration. This is equivalent to assuming that both LRU and SRU depot rep
gens obey simple Puisson processes.

Ill. Forecasting Assumptions

1. All values for Mean Time Between Demands (MTBD), NRTS rates, and
condemnation rates are based upon eight-quarter moving averages of past repar-
able generation activity. However, at least four quarters of data are always used
for these estimates. Hence, to estimate these values at the beginning of FY74-1
we use the DO4] data for quarters FY74-1 through FY74-4, since no data prior to
FY74-1 is available. To estimate rates to be used in simulating FY77-1, however,
we use the DO4] data for the eight quarters between FY75-1 and FY76-4. This
interval represents the most recent eight-quarters of historical data that would be
available at the start of FY77-1.

2. For operating bases, forecasts for future rep gens are based upon
historical failure rates and the actual D04! program activity for the future period.
Specific LRU installed programs by base are determined by allocating the total
LRU program in proportion to the aircraft base programs shown in Figures IlI-1 and
NI-2, as appropriate. For forecasts of Aircraft Overhaul requirements, it is
assumed that the expected depot rep gen rate may be forecast perfectly over a one
year time horizon; however, it is further assumed that errors occur in forecasting
the precise time within the year that these depot rep gens occur.

3. All depot reparable generations are assumed to originate from a single
aircraft overhaul facility. Stock levels for this facility are computed to provide a
14-day supply.
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to a given LRU repairable generation is assuned proportional to the total number
of SRU units that are contained in the assemblies of the failed LRUs. For
example, for the LRU/SRU pair presented in Table lll- ], there are two units of the
SRU contained in each LRU; that is, the Quantity Per Application (QPA) for the
SRU is two. Consequently, for the 110 LRUs that were repaired in the 110 LRU
repairable generations. Further, since there were exactly 10 repairable genera-
tions for the SRU during this period, we assume that the probability that any
specific SRU component was fauty is 10/220.

In analyzing Air Force historical records, we were unable to relate condmena-
tion actions recorded in one period to specific repairable generation actions
recorded in other periods. Consequently, in simuating both depot condemned and
depot overhau condemned actions, we use a probability model which guarantees
that the total number of condemnations over the four year simuation period
exactly equals the nunber of condemnations recorded in Air Force repairable
generation histories. However, we do not attempt to reproduce the specific
quarter-by-quarter condemnation quantities which are recorded in the D041 Depot
Data Bank.

L
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Relationships Among Exogenous E vents

As noted above, the objective of the Events Generator is to generate detailed
descriptions of each LRU and SRU reparable generation in such a way that the
totals of these events exactly equal values recorded in D041 reparable generation

histories. In doing this, we wish to generate not only events describing specific

Y vuv-v
. H v‘.': A

reparable generations, but also to generate all associated serviceable return,

repair, NRTS, and condemnation actions whose timing may be determined from the

o

- timing of the reparable generation event. Table IlI-1 presents a sample of
historical reparable generation data which drives the Events Generator, while

Table II-2 defines the probability model used to generate specific reparable

generation events. On the other hand, Figures IlI-1 through I0-4 describe the
relationships between reparable generation events and all associated exogenous

events "caused by" the reparable generation.

Figure llI-] illustrates the rglatihnsrips among exogenous events caused by an
LRU base reparable generation. As shown in the figure, an LRU base rep gen event
is always accompanied by a c‘orresponding requisition (Event Type 1) for a
' replacement (serviceable) LRU. In addition, one of three possible additional LRU
events may be related to the LRU base rep gen. These are: (a) an LRU base

condemnation event (Event Type 15), (b) an LRU RTS event (Event Type 18), or (c)

an LRU NRTS event (Event Type 19). Which of these three specific events will be
generated depends on a Monte Carlo computation to be discussed later in this
section. Suppose that this Monte Carlo _:lculation indicates that the LRU base

reparable generation is to be condemned. As shownin Figure IlI- 1, the next step is
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to determine the reiationships between the condemned LRU asset and the
individual SRU components which go into the LRU unit. As shown in the Figure, a
Monté Carlo process is applied to determine the status of each SRU unit that is a
member of the condemned LRU asset. If the Monte Carlo computation indicates
that the SRU is servioeable, the Event Generator schedules a Serviceable Return
event (Event Type 4) to represent the return of the serviceable SRU to available
base stocks. On the other hand, the Monte Carlo computation may indicate that
the SRU component is in some way faulty. In this case, the Events Generator
schedules a Base Reparable Generation event (Event Type 14) for each faulty SRU
component. Monte Carlo techniques are also used to determine the additional
exogenous events to associate withlthe SRU reparable generation. As shown in
Figure IlI-1, one of three different exogenous events may be associated with a
given SRU Base Reparable Generation event. These are: (a) completion of repair
activities for the SRU (Event Type 18), (b) condemnation of the SRU (Event Type
15), or (c) Initiation of a NRTS event (Event Type 19) to represent the beginning of
transportation of the faulty SRU to the depot level repair facility. In the latter
case, i.e., the case of an SRU NRTS event, a Monte Carlo process is again used to
determine the disposition of the SRU when it reaches the Depot Level Maintenance
facility, One possibility is that the SRU may be successfully repaired at the depot
level. In this case, the Events Generator schedules an SRU repair completion event
(Event Type 18) to occur at the depot. The other possibility is that the SRU cannot
be repaired. In this case, the Events Generator schedules a Condemnation event
(Event Type 15) to occur for the SRU after a suitable time delay to represent the

time required to transport the SRU to the depot.
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Figure 111-2 illustrates the logic for generating exogenous events associated
with an LRU rep gen that is repaired at base level. As shown in the figure, one
possibility is that the failled LRU may be repaired without the replacement of any
of its SRU components. In this case, the Events Generator schedules a repair
completion event (Event Type 18) for'the LRU to occur after an appropriate repair
time delay. On the other hand, repair of the LRU may require the removal and
replacement of at least one of its SRU components. In the latter case, the Events
Generator first schedules a "Begin Wait" event (Event Type 16) for the LRU,
indicating that repair of LRU cannot proceed until suitable SRU replacements are
available. As shown in Figure IlI-2, the Begin Wait event is also accompanied by
the generation of exogenous events representing requisitions of all needed SRU
components. Once all of the serviceable SRU units required for the repair of the
LRU are received, the LRU is removed from the Wait-for-Parts status, and a
Repair Completion event for the LRU may be schedued. These latter activities
removing the LRU from its wait status and scheduling repair completion are
performed by subroutine RCVPRT within the RIME Simulation Model, and are not
part of the Events Generator.

As shown in in Figure IlI-2, several SRU base reparable generation events may
also be scheduled for eaéh fauty SRU containedin the LRU rep gen. In this event,
a Monte Carlo process is wsed to determine if a specific SRU base rep gen is to be
(a) repaired at base level (Event Type 18), (b) condemned at the base (Event Type
15), or (c) shipped to the depot for additional repair operations (Event Type 19). In
the latter case, Monte Carlo calculations are also used t determine if the SRU is

to be repaired at the depot or if it is to be condemned.
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As shown in Table IlI-2, we attempt to rel#te all SRU base reparable
generations to LRU reparable generations. However, this is not always possible.
At times, D041 histories show more SRU base reparable generations then can be
explained by the failure of every SRU installed in all recorded LRU failures. In
RIME, we assume that all SRU reparable generations which cannot be associated
with LRU {failures are "independent" base reparable generations. Such generations
might occwr, for example, if fadty SRUs are removed from an LRU at the
flightline, rather than at an intermediate repair organization. In this case, the
LRU reparable generation would never be recorded in the DO41 demand history,
while the SRU reparable generation would be recorded.

Figure Il -3 illustrates the relationships among all exogenous events assodated
wi th Independent SRU base reparable generation events. As may be seen in the
figure, these are essentially the same event relatiorships as when the SRU is
associated wtih an LRU failwre.

Figure IlI-4 illustrates the relationship among exogenous events associated
with the Depot Level Maintenance facility. As shown in the figure, there is no
attempt to relate LRU repair or condemnation actions at the depot level with SRU
repair or condemnation events. Basically, this flowchart assumes the same
LRU/SRU depot relationships as those modeled in the METRIC and MOD-METRIC

mathematical models.
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Events Caused by An Independent SRU Base Reparable Generation.
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Figure 1TI-4,

Depot Level Events

See Figure III-1l for

LRU
Base

e _ ' an illustration of these
' : ‘ events.
Events ‘
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Note: Job-Routed Depot Reparable Generations are not recorded
in D041, and are thus not simulated in RIME,
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Programs Used in the E vents Generator

Figure III-5 illustrates the computer programs which implement the Events
Generator. As shown in the figure, the program EVTGN2 is the main program for
the events generation process. The subroutines BASEDA and READF2 are used to
input base flying program data by quarter and LRU/SRU item data, respectively.
The subroutines NOSET1 and NOSET2 are used to set counters required to control
the events generation process. Subroutine NOSET! sets counters of depot level
events, while NOSET2 sets base level counters. The routines LRUEVT and SRUEVT
perform the bulk of calculations in the Events Generator. The routine LRUEVT
controls the scheduling of LRU reparable generations and all associated LRU
exgenous events, and LRUEVT calls subroutine SRUEVT to generate all related
SRU events. In some cases, D041 histories show more SRU reparable generations
than can be explained by the historical values for LRU reparable generations. In
this case, the subroutine SRUIND is called to schedule all "excess" SRU reparable
generations as "independent" events. In turn, SRUIND calls subroutine SCHIND to
perform the detailed scheduling calculations associated with these independent
events.

In addition, three general utility routines -- INFEL, ENTER, and REMOVE --
are called to facilitate the scheduling of exogenous events. Subroutine INFEL is
called to initialize the Future Events List (FEL), while subroutine ENTER is called
to place specific events on the FEL. At the end of each quarter, subroutine
REMOVE is called to remove all events associated with the given quarter from the

Future Events List. Let us now consider interrelationships among these routines in

more detail.
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EVIGN2: The Exogenous Event Generator Main Program

The program EVTGN2 is the main program for the Exogenous Event Generator.
A flow chart of the major computations performed by EVTGN2 is shown in Figure
1ll-6, while detailed source program listings of EVTGN2 are presented in Volume II,
As shown in the figure, EVTGN2 begins by reading parameters which control the
computations performed by the Events Generator, and which control the types of

outputs to be produced during the Events Generation Process. The run parameters

read in are:
NFGRP = The number of the first LRU/SRU group included
in the events generation process.
NLGRP = The number of the last LRU/SRU group be included
in the events generation process.
E NBASES = The number of operating bases assumed during
* events generation process.
i
- INQTR = The number of quarters in the events generation
[ planning horizon.
g
3
NREPL = The number of replications to be performed for each
{: LRU/SRU group.
L‘
g
4
| RO AN TR . .

P T .
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IWT(@) = A "Write" Flag, which specifies if
output option I is to be exercised. If IWT(I)
= ], the Ith print option is to be used;

otherwise, that option is not used.

The Write Flags are most useful during the debuggi;\g of new data sets and in
the development of alternate versions of the Events Generation System., Table
I1l-3 defines the specific meanings of each of these Flags.

After reading the run parameters and Write Flags, subroutine BASEDA is
called to read in base order and ship times. BASEDA also reads in flying program
data by base for each quarter in the events generation planning horizon. Next,
EVTGN2 scans down the Master Data Set until LRU/SRU group NFGRP is found.
The routine then begins the generation of exogenous events with this particular
group.

In processing each new LRU/SRU group, the replication counter KREPL is
reset to 1, and the reparable generation counter NJOB is set to 1,000. The Future
Events List is then initialized by calling subroutine INFEL, and the counters of
depot level events are initialized by a call to subroutine NOSET].

The quarter loop now begins by setting the quarter counter variable IQTR = 1.
At the beginning of each quarter, subroutine RANBS] is called to initialize the
base probability array CPROB, and subroutine NOSET2 is called to initialize the
counters of all base level events to be generated within the current quarter.
Probability array CPROB is used by subroutine RANBAS later in the events
generation process to determine a randomly selected base. This selection is
performed so that the base selection probability is proportional to the flying hour

activity at each base in specific quarter under consideration.
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Figure III-6.

The Exogenous Event Generator

EVTGN2
—"

\

Read run parameters and Write Flags,i.e.read

NFGRP, NLGRP, VBASES, INQTR,NREPL
and '

IWT(I), 1=1,20

2

Read Base Order and Ship Time and Flying Program Data

Call BASEDA

[ sct no=nFGrr ]
e

iC 4
Read data for LRU/SRU group NG

Begin Replication loop
set KREPL=1l

Initialize Job counter
NJOB=1000 '

1

Initialize Future Events List (FEL)
CALL INFEL

Initialize depot event counters
CALL NOSET1
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Figure III-6 (Continued)

Begin Quarter Loop
IQTR=)

—t

G}_

’X

Initialize base probability array CPRGB
ITINV=IQTR
CALL RANBS1 (ITINV)
Initialize base event counters

CALL NOSET2 (ITINV)

T

CALL LRUEVT to generate events for:
a)LRU base RTS and base condemnation events
b)LRU NRTS events
C)LRU depot rep gens

3

Generate any remaining SRU events
as independent rep gens
CALL SRUIND

+

Remove all events scheduled for

the current quarter from the FEL,

and write event record to the
Exogenous Event Pile (File 08)

3

Have all quarters been ptoccsscd? ngll IOTR =.I0TR + 1
IQTR 3 INQTR?

= &

Output an "End-of-run® event
(Event Type 10) to the
Exogenous Event Pile

X

Have all replications No
been processed? ——‘[:IEPL s KREPL + 1

Is XREPL2 NREPL?
JYes

Have all LRU/SRU groups %o
been processed? NG = NG + 1

I8 NG ® NLGRP?
Coor ] ®
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TABLE IlI-3
EVENTS GENERATOR

WRITE FLAGS

Print all data read injwhere (1) =print short header only,
(2) = print header and rep gen data, (3) = print all data
Print header data written to EXOGFILE

Print values for all event counters
Print number of failed SRU components in each LRU
Print details of individual component Monte Carlo

failure calculations

Print details of dependent SRU events
generated by SRUEVT

Print details of independent SRU event generatioh
Print values of LRU counters

Print events written to File 08

Print all entries and removals to the Future Events
Set IOUT = 1, and produce a binary exogenous event
fileon File 08.

Write base data

Write Flag
Number Routine Effect
1 READFL
input
2 READFL
3 NOSET1
NOSET2
4 LRUEV2
rep gen
5 ASSIGN
6 SRUEVT
7 SCHIND
8 EVNTGN2
9 EVNTGN2
10 ENTER,
REMOVE  List
11 EVTGN2
12 BASEDA
13 RANBSI

Write base probabilities
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After the above initialization procedures, subroutine LRUEVT is called three
times to generate all exogenous events associated with historical D041 LRU
reparable generations associated with quarter IQTR. First, LRUEVT is called to
generate specific events associated with historical LRU base RTS and base
condemnation events. The second and third calls to subroutine LRUEVT generate
all exogenous events associated with LRU NRTS and LRU depot reparable
generations, respectively. In performing the LRU event generation process,
subroutine ASSIGN is called to determine the number of SRU reparable generations
to associate with each LRU failure, while subroutine SRUEVT is called to schedule
the specific exogenous events associated with these SRU reparable generations. )

After all LRU events have been scheduled, subroutine SRUIND is called. This
routine checks the base level counter arrays for each SRU to determine if there
are any remaining SRU reparable generations, i.e., SRU generations which could
not logically be associated with LRU failures. If so, subroutine SCHIND is called
to schedule the remaining SRU events as "independent" SRU reparable generations,
and to schedule all related requisition, cancellation, and repair activities,

Finally, at the end of each simulated quarter, subroutine REMOVE is called to
remove all exogenous events scheduled for quarter IQTR from the FEL, and to
output an event record to the Exogenous Event File (File 08). The quarter counter
IQTR is then increased by one, and the event generation process continues until all
quarters have been considered.

After all quarters have been processed, an "End-of-Run" (Event Type 10)
event record is written to thc Exogenous Event File, The RIME Simulation Model
uses the "End-of-Run" event record to determine that there are no additional

events for the current replication of a given LRU/SRU group. If additional
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replications are required, program control returns to the beginning of program
EVTGN2, and a new set of events are generated using different values for random
number seeds, The event generation process is then repeated using different
random values until all replications have been performed. After all required
replications are completed, EVTGN2 reads the next LRU/SRU data set from the
Master Data File Set, and the events generation process is performed for the new
LRU/SRU group. This process continues until all LRU/SRU groups from NFGRP
through NLGRP have been processed.

Variable Definitions and Relationships

A large number of variables are required to keep track of the number of
reparable generation, RTS, NRTS, and condemnation events remaining to be
generated for each LRU and SRU. The major variables used to do this are shown in
Table IlI-4. The depot event counters are initialized by subroutine NOSET1 at the
beginning of quarter | for each replicatiuon, while counters of base-level events
are reset each quarter by subroutine NOSET2. Each of these variables are then
decremented as the associated events are scheduled. Table III-5 presents the
calculation formulas used to determine the probabilities of specific exogenous
events used in the Monte Carlo calculations, while Figure III-7 provides a graphical
description of the relationship among these variables. In general, variables starting
with an "L" denote counts for the LRUs, while variables beginning with a "N"
denote counts for SRUs. Variables starting with a "I" denote variables which are
provided as input to the Events Generator through subroutine READFL. Defini-
tions of these latter input variables may be found in the record layouts section of
Volume II. Finally, variables ending in "T" denote the total number of assets

summed over all periods in the planning horizon.

...........
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TABLE IlI-4

EVENTS GENERATOR
VARIABLE DEFINITIONS

DEFINITION

NLRUGP
NBASES
NSRU
NITEM
NMPH
INQTR
FH(,J)
TFH(J)
ITINV
ITDAY
ITQTR

Number of LRU/SRU groups to be simulated.

Number of Operating Bases.

Number of SRUs in the LRU.

Number of stock-keeping units (SKUs).

Number of months of program data provided.

Number of quarters of events to be generated.

Flying program (in 100s of hours) in quarter I at base J.
Total flying program at base J for months 1, 2,....,NMPH.
Current Quarter index.

Time units in 1 day (ITDAY = 100 Time Units),

Time units in 1 quarter = 8400 (7 days/week x 4 weeks/month x 3
months/quarter).

For a given quarter, let K denote the Kth type of SRU in an LRU. Then,

NOINL(K)

NOSRUF(K)

NORTS(K)

NONRTS(K)

NOCON(K)

LS

Number of SRU Type K failures in the LRU reparable generation
currently being considered.

Total number of base level RTS, NRTS, and condemnation events
remaining to be assigned to rep gen events.

Number of base level Reparable This Station (RTS) SRU Type K
generations remaining to be assigned to rep gen events.

Number of base level NRTS generations remaining to be assigned to
rep gen events.

Number of base condemnations remaining to be assigned to rep gen
events.
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NODCN(K)

NODRP(K)
LBRGN

NOLEFT
LRTS
NJOB

LNRTS
LDRGN
LDCON
LDCONT
LOVGNT

LDREP
LOVCNT

NDRGN(K)
NINDGN (I,K)
NDCOND(K)
NOVCNT(K)

NSRUGN(K)

LRUREP

LRULOC

P U AN S L i S it
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TABLE 11I-4 (CONTD)

Number of depot condemnations remaining to be assigned to rep gen
events.

Number of depot repairs remaining to be assigned to rep gen events.

Number of base level LRU failures in the current quarter (total LRUs
recorded as RTS or condemned.

Number of LRU failures that have not yet been scheduled.
Number of LRU RTS events that have not yet been scheduled.

Job number associated with the current rep gen and to all related
eXOgenous repair events,

Number of LRU NRTS events in the current quarter.

Number of LRU depot rep gens in the current quarter.

Number of LRU depot condemnations in the current quarter,
NUMBER OF LRU depot condemnations over the planning horizon.
Number of NRTS and depot LRU generations less depot condeman-
tions over the planning horizon. LOVGNT thus represents the total
number of LRU carcasses received at the depot over the planning
horizon, :

Number of the LOVGNT LRUs that are repaired.

Number of depot LRU overhaul condemnations over the planning
horizon.

Number of depot generations of SRU K over the planning horizon.
Number of independent depot generations for SRU K in quarter I.
Number of depot condemnations of SRU K.

Number of overhaul condemantions of SRU K over the planning
horizon.

Total SRU NRTS plus total SRU depot rep gens over the planning
horizon.

LRU Repair Status Flag,
0 indicates the LRU is to be condemned.
1 indicates the LRU is repairable.

Base number associated with a given LRU condemnation, where
LRULOC = 0 indicates a depot condemnation.
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TABLE III-5
MONTE CARLO CALCULATION FORMULAS

LRU Base Failure Probabilities

P [ LRU is ] LBCOND/LBRGN

N Condemned

LRTS/LBRGN

P [LRUis
| RTS

P | in a given LRU base NOSRUF(K)/ LBRGN*IQPA(K)

| rep gen

[ SRU K is defective ]

Given that a particular SRU K unit is defective,

p [SRRU < ] NBRTS(K)/(NBRTS(K) + NBCOND(K) + NNRTS(K))
isRT

P [ SRUK '
is condemn

P [ SRUK '
is NRTS

The number of independent base SRU rep gens, NOIND(K), is computed as
follows:

NBCOND(K)/(NBRTS(K) + NBCOND(K) + NNRTS(K))

NNRTS(K)/(NBRTS(K) + NBCOND(K) + NNRTS(K))

If LBRGN*IQPA(K) NOSRUF(K), then NOIND(K) = 0
Otherwise, NOIND(K) = NOSRUF(K) - LBRGN*IQPA(K)

SRU depot repair probabilities

[ SRU NRTS 1= NOVCNT(K)/(NOVCNT(K) + NODRPT(K))
d L Ov;serhaul Condemned

" SRU NRTS = NODRPT(K)/(NOVCNT(K) + NODRPT(K))
d N Re?aired )

Radb Ul A e A e 8
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Figure L7

Relationships Among Events Generator Variables
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FIGURE III-7 (CONTINUED)

SYMBOL

KK
KQ

DESCRIPTION OF SYMBOLS

DEFINITION

Values are constructed to

be exactly the same as historical
values on a quarter-by-quarter
basis.

Values are constructed so
that the totals over the
planning horizon exactly
equal historical values.

These values are derived
from other variables.

These values are limited to be no
more than the total asset

flow through this point.

SRU Number.

K+ 1.

Quarter number.
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An Example

I the Write Flag IWT(10) = 1, all events which are entered or removed from
the Future Events List are printed. For example, Figure 11I-8 illustrates a set of 34
events placed on the FEL during a test run of the Events Generator, As shown in
the figure, these events are related to three individual LRU reparable generations.
These reparable generations are assigned job numbers of 1001, 1002, and 1003,
respectively. The first LRU reparable generation event (Event Code 14) is
scheduled to occur at base #3 at time 4444. Consequently, the Stock Keeping Unit
number associated with this event is 4. (The reader should review the SKU
numbering rules discussed in Chapter II to verify this). Figure 1lI-8 shows the time,
event code, Stock Keeping Unit number, quantity, and "priority/job number" code
associated with each generated event. Consequently, the first line of this Figure
shows that a Code 14 event is scheduled at time 4444 for SKU = 4. Further, this
line shows that only 1 asset is involved and that a reparable generation number
NJOB = 1001 has been assigned to this reparable generation event. The second line
of Figure III-8 shows that a requisition to replace the failed LRU is scheduled to
occur at time 4454, This requisition has an Event Code = 1, the SKU = &4, a
quantity of 1 unit is involved, and a priority code of 1 has been assigned indicating
this is a high priority requisition.

The third line of Figure III-7 shows that at time 4449 a type 16 event is
scheduled, indicating that the LRU(SKU = 4) begins to wait for SRU components
associated with the LRU failure at that time. For this event, the quantity field

equals 3, indicating that the total number of SRU components required to complete
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repair of the LRU is NNEED = 3. Since this Begin Wait event is associated with
LRU reparable generation 1001, the job number 1001 is shown in the right hand
column for this event,

Lines 4 through 10 of Figure III-8 show the SRU events associated with LRU
reparable generation number 1001. Events 4 and 5 represent the generation of one
failed unit of SRU #] at base 3, and an associated requisition for a serviceable
unit, respectively, while event 6 indicates that repair of this failed SRU will be
completed at time 5444. On the other hand, events 7 through 10 describe
exogenous events associated with reparable generations of SRU #2. Event 7
records the generation of 2 failed units of SRU #2; the right hand column indicates
these failures were discovered during the repair of LRU job number 1001. Event 8
indicates a requisition for 2 serviceable units to replace the failed components will
reach base supply at time 4464. On the other hand, events 9 and 10 describe the
disposition of the failed assets of SRU #2. Event 9 indicates that the first unit of

SRU #2 to be removed from LRU reparable generation 1001 is to be condemned

" (Even¢ Code 15) at time 4464, and event 10 shows the second unit of SRU #2

removed from LRU job number 1001 is also condemned at base level. This second
condemnation is also scheduled t occur at time 4464. This completes the list of
exogenous events associated with LRU reparable generation number 1001.

Events Il through 22 describe the events associated with the second LRU
reparable generation. This second reparable generation is assigned the job number
1002. As shown for event 11, this LRU reparable generation is scheduled to occur
at base number 2 at time 2643, while event 12 indicates that the requisition for a
serviceable replacement is scheduled to reach base supply at time 2653. In this

case, three replacement SRU units are needed to return LRU to 1002 a serviceable

A T S S L . N S T T T
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condition. Event 13 records the start of a "Begin Wait" status for the LRU. The
LRU will remain in this status until all three of the required SRU components are
obtained from base supply. Events 14 through 22 record the generation of the
three faulty SRU units associated with LRU failure 1002, and the subsequent
disposition of these units, Events 14, 15, and 16 record the failure of a single unit
of SRU #1 at base #2 and its subsequent condemnation at that base (Event Number
16) at time 2663. On the other hand, events 17 through 22 describe the generation
and subsequent disposition of two faulty units of SRU #2 associated with LRU rep
gen 1002, Event 17 records the generation of 2 faulty units of SRU #2 at time
2658, while event 18 indicates that requisitions for serviceable replacements of
these units reach base supply at time 2663. Event 19 indicates that the first of
these failed SRU #2 units is shipped to the depot (a NRTS event) at time 2673,
while event 20 indicates that this NRTS asset completes depot repair at time 7643.
Finally, event 21 shows that the second failed unit of SRU #2 associated with LRU
rep gen 1002 is also sent to the depot for repair. However, event 22 indicates that
this second asset is condemned at the depot at time 4643.

Events 23 through 34 describe the exogenous events associated with the third
LRU reparable generation, job number 1003. In this case, the LRU reparable
generation is scheduled to occur at time 498. Events associated with job 1003
follow a pattern similar to those described above and will not be discussed further
here.

The specific timing for a given LRU reparable generation is determined by
selecting a random number which is uniformly distributed over the quarter of
interest. Once the specific timing of LRU rep gen has been determined, all related

exogenous events are scheduled by adding appropriate time delays to the time of
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LRU reparable generation. Individual exogenous events are scheduled (i.e., put on
the FEL) as soon as the need for the event is established, regardless of the specific
timing of the event. This explains why the first LRU reparable generation (job
1001) -- which is scheduled to occur at time 4444 -- is placed on the FEL before
LRU rep gen 1003, which is scheduled to generate at time 498. For output,
however, all exogenous events must be ordered by ascending event times. This
sorting of events into time sequence is performed by subroutines ENTER and
REMOVE. When the need for a given event is determined, subroutine ENTER is
called, and the five data elements for the event is placed into its appropriate time
sequence on the Future Events List. At the end of each quarter, subroutine
REMOVE is called to remove all of those events scheduled to occur within the
given quarter,

If the Write Flag IWT(10) = 1, all events that are removed from the Future
Events List are printed. Figure IlI-9 shows the list of events removed from the
Future Events List subsequent to the scheduling activities described in Figure III-8.
As shown in Figure III-9, the first event to be removed from the FEL is the Event
Type 14 event associated with reparable generation 1003. This event is scheduled
to occur at time 498. Although this was the 23rd event to be generated (see Figure
I1I-8), it has the lowest scheduled clock time, and consequently is the first event to
be removed from the Future Events List. Similarly, the second event to be
removed from the FEL is the Begin Wait event (Event Type 16) associated with
LRU reparable generation 1003. The reader may verify that the other elements
shown in Figure III-9 correspond to the time-sorted values of Figure III-8.

Each time an event is removed from the Future Events List, a corresponding
record is written to the Exogenous Event File (File 08). Consequently, at the end
of an Events Generator run, File 08 contains a list of exogenous events in ascending

time sequence,

Asa a-
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CHAPTER IV

The Levels Computation System

The Levels Computation System provides the capability to compute LRU and
SRU stock levels using the METRIC, MOD-METRIC, VSL, and AFLCR 57-27 of
requirements computation methodologies, as well as variations of these methods.

This Chapter describes the major features of this system,

Stock Level Computations

‘l'hé management of recoverable item inventories involves providing answers to
three basic questions. These are:

1. When will recoverable spares be needed?

2. How much is needed?

3. Where should the spares be located?

The first two questions are Procurement issues, for they determine how much stock
is needed to support a given system, and when this stock should be acquired and
brought into the Air Force supply system. The third question, on the other hand, is
a Distribution issue. The answer to this question determines at which locations the
currently available stock should be positioned.

Two distinct phases may be identified during the life cycle of a given item.
These are the Initial Provisioning Phase and the Replenishment Phase. The Initial
Provisioning Phase determines the number of assets which will be acquired during
ine initial buy of an asset, while the Replenishment Phase determines the number

of additional assets which are required to compensate for (a) condemnations
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resulting from operations, (b) unexpectedly high failure rates, or (c) increased
levels of program activity. Different computational methods may be used in each
of these phases to determine recoverable item spares requirements.

As noted earlier, we wish to evaluate the relative cost-effectiveness of
METRIC, MOD-METRIC, VSL, AFLCR 57-6, in variants of these methods in
managing Air Force Recoverable Items. Some of the interesting variations include
the use of one of these techniques for initial provisioning and a second technique
for decisions. For example, the Air Force currently uses MOD-METRIC for initial
provisioning of major end items, while VSL is used for replenishment calculations.
None of the above methods is currently used for distribution of Air Force
recoverable spares, but work is currently underway to develop a distribution system
based upon Sherbrooke's METRIC model.

To evaluate each of these alternate methods, we needed a set of computer
programs to perform the millions of required calculations. To obtain the required
computation capability, we modified the family of programs developed to imple-
ment the MOD-METRIC algorithm. By adjusting input data to these programs, and
by making minor changes in the programs themselves, it was possible to compute
stock levels using all 13 sets of inventory management rules that were of interest
in this study.

Table IV-1 presents the relationship between the family of MOD-METRIC
computer programs and the specific computational methods of interest in this
study. As shown in the Table, with appropriate input data the MOD-METRIC
program ONEIND can be used to perform stock level computations according to the
assumptions of the original METRIC mathematical model. Similarly, the program

TWOIND computes levels using Muckstadt's Mod-Metric mathematics. With
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slightly different manipulations of input data, Variable Safety Level (VSL) compu-
tations may be performed using the ONEIND program. Unfortunately, the family
of MOD-METRIC computer programs provided no way of computing requirements
using logic specified in AFLCR 57-27. However, Mr. Terry Mitchell of AFALD/
XRS preﬁously implemented a CREATE Time Sharing Program to accomplished
this. We converted Mr. Mitchell's program to a subroutine to provide an AFLCR
57-27 computation capability in our Stock Levels Computation system,

To automate the levels computation process, it was convenient to assign codes
to identify each of the basic stock level computation methodologies. These codes
are shown on the left-hand side of Table IV-1. As shown in the table, the code
IMETH is used to identify the computational methodology used for Initial Pro-
visioning Calculations, while the code KMETH is used to specify the computational
method for replenishment computations. Thus, IMETH = | indicates that the
ONEIND program is to be used in initial provisioning calculations in accordance
with METRIC math model assumptions, while KMETH = 1 indicates the same
calculation is to be performed during the replenishment phase. Similarly, IMETH =
2 indicates that the TWOIND program is to be used to represent MOD-METRIC
calculation methods in the initial provisioning phrase, while KMETH = 2 indicates
TWOIND is to be used for replenishment calculations.

The computation codes IMETH and KMETH specify the general computational
method to be used for Initial Provisioning and Replenishment Calculations,
repsectively,. However, three other pairs of codes are also used in RIME to
completely specify a stock level computation method. These additional codes are
defined in Tables IV-2 and IV-3.
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Table IV-2 defines two additional codes defining required manipulations of
input data to the ONEIND and TWOIND programs. The codes IEQBAS and KEQBAS
define whether or not base-to-base differences are to be recognized during stock
levels computations. If the code equals 0, base-to-base differences are recog-
nized. On the other hand, if the code equals 1 all bases are assumed to be equal.
In the latter case, the stock level computations are performed by replacing input
values for flying hour programs and order and ship times for each base by the
respective average values for all bases combined. This latter data modification is
required to represent the Equal Base Assumption employed in the VSL computation.

The codes ICOST and KCOST specify whether or not the cost discount
computation utilized in VSL is to be employed. If this code equals zero, stock
level computations are performed without any modification to the D041 unit cost.
On the other hand, if the code equals 1, the D041 unit cost is multiplied by a
discount factor which equals the greater of .10 or (1.-NRTS fraction). Code ICOST
applies to initial provisioning predictions, while the code KCOST specifies the
replenishment calculation method.

Table IV-3 specifies four variables used in establishing upper and lower bounds
upon computed stock levels. The variables IMINSK and BOMINI are employed to
specify bounds on initial provisioning calculations, while KMINSK and BOMINK
specify values to be used in replenishment decisions. If the code IMINSK equals
zero, no upper or lower bounds are used in the initial provisioning calculations. On
the other hand, if the Bound code IMINSK is 1, all stock levels are computed with a
lower bound equal to the expected number of assets in the repair/resupply pipeline,
and an upper bound specified by Upper Bound Variable BOMINI. Specific numerical

values for upper bounds used in this study and their interpretation are given in




E‘ Table IV-3. The above discussion applies to the variable IMINSK and BOMINI used
to bound initial provisioning calculations. However, similar comments apply to the
use of the variables KMINSK and BOMINK used to bound replenishment stock
E levels.

From the above discussion, ten numerical values are required to specify an
inventory management policy for both initial provisioning and replenishment
‘ calculations. Five codes (IMETH, IEQBAS, ICOST, IMINSK, and BOMINI) are
required to specify an inventory management policy for Initial Provisioning

calculations, while five additional codes (KMETH, KEQBAS, KCOST, KMINSK, and

_1 BOMINK) are required to specify Replenishment calculations. For example, Figure
IV-1 illystrates the inventory management code 100-311 0 0/1 0.001. As shown in
the table, the first three digits (100) specify that the ONENID program is to be
3 used to represent the METRIC computation algorithm; base-to-base differences

. are to be recognized; and finally, no cost discount factors are to be employed. The

first set of bounds (0 0) specify that no upper or lower limits are to be used in stock

level computations for initial provisioning. On the other hand, the replenishment
code 311 indicates that the ONEIND program is to be used with Variable Safety
Level assumptions. Since KEQBAS equals 1, all base variables are to be set to the
average base values in these calculations. Further, since KCOST equals 1, a
discounted unit cost is to be used. Finally, the set of bounds (1 0.001) indicate that

both upper and lower limits are to be applied after the stock levels have been

b computed. The lower limit is to be the expected number of assets in the

¢

. repair/resupply pipeline, while the upper bound on base stock levels is to be
computed based upon minimum system backorders of 0.001.
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SPNDMS

To simplify the submission of RIME evaluation runs, the program SPNDMS was
written to automate the preparation of input data and Job Control Language
statements. Thirteen specific combinations of inventory management codes are
recorded in a table within the SPNDMS program. The codes included in this table
are presented in Table IV-4. In utilizing SPNDMS, the program asks which of these
13 rules are to be used for inventory cdcdaﬁom. It then obtains the required
parameters from the internal table, and generates the JCL required to implement
the calculations. SPNDMS is discussed further in Chapter V; in the following

sections, we discuss the job streams generated by SPNDMS.
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Alternate Job Streams in the Levels Computation System

All Levels System job streams utilize a combination of MOD-METRIC
programs and other programs specifically written for the RIME system. The
MOD-METRIC programs ONEIND, TWOIND, GETBSO, and EVALUATE are essen-
tially identifical to the AFLCR 57-6 MOD-METRIC programs with minor modifica-
tions required for the incorporation of upper and lower bounds. The programs
SAVDAT, GETDAT, LEVLDP and SORT were specifically written for RIME. They
provide for the storage and sorting of stock levels data produced by the MOD-
METRIC routines.

Figure 1V-2 illustrates the set of alternate job streams which might be utilized
in runs of the Levels Computation System, The program DMSGN]1 is a key element
in this system for it generates the input records required by all the MOD-METRIC
computer programs. The program DMSGN] first obtains LRU and SRU descriptive
data from the Master Data Set, and writes output records required as input to
MOD-METRIC computational programs. Record layouts for data produced by
DMSGNI are presented in Section IIl of Appendix A.

As shown in Figure 1V-2, records used to drive Initial Provisioning calculations
are written to file 12, while Replenishment calculation input records are written to
file R2. Branches on the left-hand side of Figure IV-2 correspond to Initial
Provision Calculations, while those on the right-hand side of the figure correspond
to Replenishment. The Calculation Codes IMETH and KMETH specify which of
the specific branches will be followed in a given RIME run.

As shown in Table IV-2, setting Code IMETH = | indicates that the ONEIND

computer program is to be used to simulate the computation of stock levels
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according to the METRIC mathematical model. As shown in Figure 1V-2, setting
IMETH = 1 specifies that the job stream on the far left side of Figure IV-2 is to be
used for Initial Provisioning Calculations. The first step in this process is the use
of the program ONEIND to compute a set of stock levels for up to 20 different Buy
Support Objectives (BSOs). Details of these calculations are printed to File P],
while the stock levels and associated buy suport objectives computed by ONEIND
are output to File I3. File I3 serves as input to the MOD-METRIC program
GETBSO. The GETBSO program reads specified buy support objectives from File
05, and scans the set of buy support objectives and their associated stock levels on
input file I3. In performing this scan, the routine GETBSO attempts to find a set of
stock levels with a buy support objective closest to the desired BSO. Once the
required stock levels are found, GETBSO writes these levels to the output file I6.

Suppose that the Computation Code for replenishment calculations KMETH is
also set to 1. As shown in Figure IV-2, this indicates that the MOD-METRIC
program ONEIND is also to be used to compute stock levels for Replenishment
calculations, while GETBSO is to be used to determine the specific stock levels
associated with each desired buy support objectives. These levels are then output
to File Ré.

As shown in the figure, replenishment stock levels are always written to File
Ré. At the conclusion of a Levels Computation System run, Initial Provisioning
stock levels on File 16 and Replenishment stock levels on File R6 are merged,
sorted, and the resulting records are output to the "Levels File" A3, This file is
one of major inputs to the RIME simulation model.

Before leaving this section, let us briefly discuss each of the other job streams

illustrated in Figure IV-2. If the computation Code IMETH is set to 2, the
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MOD-METRIC program TWOIND is used to compute stock levels according to
Muskstadt's multi-indenture, multi-echelon mathematical model. This program is
similar to the ONEIND program in that it computes stock levels for a range of buy
support objectives. The set of levels computed by TWOIND is then written to the
output file I3. In turn, file I3 serves as input to the program GETBSO. GETBSO
then reads the desired buy support objectives from Logical Unit 05 and scans the
levels file I3 to find a set of levels whose buy support objective is closest to the
desired BSO. The resulting levels are output to File 16. Essentially the same

calculations are performed when the replenishment Computation Code KMETH = 2.
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As shown in Table IV-2, setting the Corﬁputation Code IMETH equal to 3indicates
that the Variable Safety Level (VSL) calculation is to be used in Initial Provisioning
to determine the total number of assets to be procured, while the METRIC math
model is to be used to determine the distribution of these assets. As shown in
Figure IV-2, implementation of this computation requires several job §teps. First,
program SAVDAT is called. This program stores the MODMETRIC item identification
and job control cards on the raﬁdom file Ml. This file is used later in the job stream
as input to the program GETDAT. After SAVSAT stores this informantion, the
program ONEIND is used to compute stock levels. When IMETH =3, ONEIND performs
these compufations assuming that all bases are equal. Stock levels corhputed
by ONEIND are output to file 13, which provides input to.the program GETBSO.
In tum, GETBSO determines the set of stock levels associated with the desired
BSO's, alid outputs these stock levels to file 14.

The program GETDAT reads the sets of stock level from file 14, and obtains
unit cost, NRTS rate, failure rate, and other item decription data from the random
file Ml. GETDAT then uses this information to construct a set of data cards for
input to the MODMETRIC program EVALUATE. In doing this, GETDAT computes
the total number of assets associated with each desired buy support objectivé by
summing the stock levels for the depot and for each base. It then outputs a
MODMETRIC "delivery schedule” card with the computed asset total in the first
quarter deliveries field. The program EVALUATE then reads this total number of
assets, and détermines the optimum distribution of these assets among the depot and
using bases. In performing its calculation, EVALUATE recognizes base-to-base
LRU/SRU relationships.

Finally, stock levels computed by EVALUATE are output to File 16. If the
Replenishment Computation Code KMETH = 3, calculations are similar to those for
IMETH = 3, but in this case the computed stock levels are written to the file R6.
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A final possibility is that the Initial Provisioning Computation Code IMETH is
p set to 4, indicating that logic specified in AFLCR 57-27 is to be used for Initial
| Provisioning calculations. When this option is specified, program DMSGNI calls
3 subroutine INTPRO to compute the total number of assets associated with AFLCR
m 57-27 logic. This total is recorded in the part number identification field of the
MODMETRIC delivery schedule card is also output to file 12, Later in the job
stream, program EVALUATE is used to determine distribution of the total number
of AFLCR 57-27 assets among each of the using bases. Stock levels computed by

EVALUATE are output to file 14,

( The RIME Simiulation Model expects to find separate sets of stock levels for

each Buy Support Objective to be evaluated. However, a d&cired buy support

objective is not a factor in the AFLCR 57-27 computation logic, and AFLCR 57-27
' logic always computes the same requirement regardless of the specified BSO.
Consequently, the program LEVLDP is used to create duplicates of the AFLCR 57-
27 stock levels output from EVALUAT®=, To do this. LEVLDP reads the BSO file,
and counts the number of BSO records on this file. It then creates a like numver of
duplicates of each stock level record on file 14, and writes all of these levels
records to file 16. Stock levels on file 14 are then merged and sorted with the

replenishment levels on file Ré6.

Note: Setting KMETH =4 is not a legal option in the Levels Computations System.
That is, AFLCR 57-27 logic cannot be used in preforming replenishment calcula-

tions.
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Chapter V
Using the Recoverable Item Management Evaluator

Introduction

To exercise the Recoverable Item Management Evaluator (RIME), the user

must perform three major steps. These are:

1. Construct a Master Data Set containing required information on all LRUs
and SRUs to be included in the evaluation calculations,

2. Utilize the Events Generator to create an exogenous event file to drive the
Simulation Model. A

3. Utilize the program SPNDMS.O to generate stock levels according to
specified criteria, and to initiate a simulation run.

Let us now consider each of these steps in more detail.

Generating the Master Data Set

To utilize the Recoverable Item Management Evaluator the user must provide
item description and historical reparable generation data for each LRU and SRU to
be evaluated. Required formats for this information are documented in Appendix
A of this report. Definitions of associated FORTRAN input variables used in the
RIME system are defined as part of the record layouts presented in Appendix A.

. These data elements are designed t© closely correspond to data elements in the

D041 Recoverable Consumption Item Requirements System.

Using the Events Generator
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The file EVTGN.A contains Job Control Language (JCL) required to exercise
the Events Generator. A listing of EVIGN.A is shown in Figure V-1. The
"SELECT" cards are used to select compiled object programs for each of the
routines used by the Events Generator for use in the current run. Lines 210, 220,
and 225 specify input parameters which control the EVTGN.A run,

Table V-1 defines the input parameters required as the first two lines of input
to the EVTGN.A run. The first record specifies the set of LRU/SRU groups to be
selected from the Master Data Set during this run, while the variable NBASES
specifies the number of operating bases to be assumed during the events generation
process. The variables INQTR and NREPL specify the number of quarters in the
simulation planning horizon and the number of replications of the events generation
process to be performed, respectively. For example, line 210 of Figure V-1
specifies that LRU/SRU groups 1 thru 3 are to be included in the current EVTGN.A
run. In performing the events generation process, line 210 specifies that 6 bases
are to be assumed, that the events generation process is to utilize a 16-quarter
planning horizon and two replications of the events generation process are to be
performed for each LRU/SRU group,

The second input line of EVTGN.A specifies a set of "Write" flags which
specify output options to be employed during the current simulation run. These
flags are defined in Table Ili-3. Finally, line 225 of Figure V-1 specifies an ASCII
input file which contains base order and ship time information, as well as data
describing flying hour programs by base for each period to be simulated, Table V-2
defines the variables which are specified by this file, while Table V-3 illustrates
the structure of this file. As shown in Table V-2, the first line of this file specifies
the number of bases, NBASES, for which data is provided in this file. In addition,
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12/19/?9 13,79
20 IDENT WP14462yXRS/BENNY EVTGN.A
30 : LIMITS 15s40K»»SK
40 OPTION FORTRANsNOMAP
%50 $ NOTE AXRRXEXEXXBEGIN RIME ROUTINES
60 SELECT RIME/OBJ/EVTGN2.0
65 $ SELECT RIME/OBJ/BASEDA.O
70 : ] SELECT RIME/OBJ/READF2.0
80 s SELECT RIME/OBJ/NOSET1.0
90 $ SELECT RIME/OBJ/LRUEV2.0
100 : SEILECT RIME/OBJ/SRUEVT.O
110 $ SELECT RIME/OBJ/SRUIND.O
120 s SELECT RIME/OBJ/FELIST.O
130 $ NOTE EXRAREXEEXBEGIN REQS ROUTINESREREXXXkEXXRX
140 : ] SELECT REQS/RANDU.O
180 $ EXECUTE -
190 LIMITS 15,40K»SK e e s
200 ) DATA 0S i@ .
210 1 3 é 16 2 GRPS 1~3sy &4~BASESy 16~QTRS» Z-REhLICQTIONS,
220 30000 00000 11000 00000 -
22% [ ] SELECTA RIME/F111FH.D
230 TAPE 07¢X1Dy » 748769 v DOALEXT
240 ] TAPE 08+X2Dy» 272774y yRIME2/RING
250 ] ENDJOB :

T T

Ea

Figure V-1. EVTGN.A: Job ?ontrol Language for the Bvents é@n..iitor.
; ,
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A Table V-1

i EVTGN.A Input Parameters
N Record
% 1 NFGRP, NFGRP, NBASES, INQTR, NREPL

5 2 Write Flags (IWT(D, I = 1,20)

N Defiritions

NFGRP = The number of the first LRU/SRU group to
2 be included in the Events Generation Pro-
: cess, |
NLGRP = The number of the last LRU/SRU group to
’ be induded in the Events Generation Pro-

cess,

, NBASES = The number of operating bases assumed in
N ' events generation. This value overrides the
) number of bases s nt e
" rogram Flle,

- INQTR = The number of quarters of events to be
£ generated (INQTR must not exceed 16).

2

- NREPL = The number of replications of the event
.- generation process to be performed for each
2 LRU/SRU group.

& IWT() = Write Flagl. See Table Ill-3 for definitions
b v of output options controlled by IWT(D).
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Table V-2
Base O&ST and Flying Program Input File

Data Elements

LINE, NBASES, (OSTDLT(K), K = 1, NBASES)
LINE, IDATE, (BFH(LK) K = 1 NBASES)

Information in the format of Record #2 must be provided for each
quarter to be simulated, in ascending time sequence.

LINE = A Time-Sharing File line number.

NBASES = The number of operating bases associated
with this data file.

OSTDLT(K) = The deviation of the average depot order
and ship time at base K from the worldwide
average depot order and ship-time.

IDATE = The date associated with flying program
data on this input line. This variable is not
used in any calculations.

BFH(I, K) = Flying program at base K in quarter I,




Table V-3 .

A Sample Base Data Input File.

100 &6 -6 -6 9 9 -2 -4

110 741 2908 2908 2140 2140 S261 5755
120 742 2618 2618 2063 2063 4763 5841
130 751 2816 2816 2273 2273 4749 5234
140 752 2618 2618 2197 2197 5412 6151
150. 753 2179 2179 2259 2259 5501 6440
160 7354 1135 1135 2048 2048 4626 4907
170 761 2465 2465 2097 2097 4853 6274
180 762 690 690 1311 1311 4906 4622
190 763 566 566 1598 1598 4488 6185
200 764 1736 1736 1489 1489 4158 5282
210 771 2320 2320 2356 2356 4826 5462
220 772 2804 2804 2325 2325 5526 4313
230 773 1785 1785 2700 2700 5431 4544
240 774 1828 1828 2207 2207 5863 5040
250 781 1619 1619 1351 1351 2748 3280
260 782 1738 1738 1543 1543 3621 3144
270 783 2514 2514 2470 2470 5292 4534
280 784 2230 2230 2329 2329 4773 4281
290 791 1820 1820 1963 1943 4789 4549
300 792 2347 23467 2216 2216 5622 5874
310 793 2400 2400 2500 2500 5700 - 4900
320 794 2400 2400 2500 2500 5500 5000
330 801 2350 2350 2600 2600 4700 4800
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the first line of this file also specifies values for computing the Order and Ship
Time (O&ST) for an individual base once the worldwide average OST value is
known. The remaining lines in the file specify the flying program activity by base
for each of the quarters to be simulated.

In Figure V-1, line 230 specifies the data tape which contains the Master Data
Set, while line 240 specifies the data tape that is to contain the Exogenous Event
File. This latter tape then becomes the major input element to the RIME
Simulation Model.

Using SPNDMS.O to Generate RIME Simulation Runs
To exercise the Levels Computation System and to initiate an associated

simulation run, it is necessary to:

1. Provide appropriate input parameters to the program DMSGNI which
specify the specific Initial Provisioning and Replenishment calculations to be
performed, 5nd

2. Create an appropriate set of Job Control Language commands to bring the
required levels of computation programs into use, and to contrei input/output files
which interconnect these programs. This is a substantial task, since several
hundred JCL cards may be required for certain types of stock levels computations.
Fortunately, many of the required input parameters remain constant in performing
a given study of proposed inventory management methods. This was true in our
case. Consequently, we developed the program SPNDMS to automate a major
portion of the run specification task.

The Levels Computation System input data generator DMSGN! requires two
major types of input data. One of these if the Master Data Set discussed above.

.............................
..........
..............

..............
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The other major input is a set of parameters which specify the specific stock
leveling calculations to be performed in a given run, Table V-4 defines these
required input parameters, The FORTRAN variable names used in program
DMSGNI! are shown in Table V-4. All of these values are read using a Free-Field
input format.

As shown in Table V-4, the first two input lines to DMSGN1 specify the
Computation Codes needed to define required Initial Provisioning and Replenish-
ment calculations. The third input record specifies the set of LRU/SRU groups to
be included .in the current run, the number of quarters for which levels are to be
computed, and a value of the variable NDHIS. The fourth input line specifies the
set of Write Flags to be employed in the current run. Definitions of these DMSGN1
Write Flags are presented in Table V-5. |

Input lines 5 thru 7 specify values to be used in MOD-METRIC computer
program control cards. These parameters are defined in AFLCR 57-6, and will not
be discussed further here. Finally, the remaining input cards to DMSGN1 specify
the base Order and Ship Time calculation variables and flying hour programs by
base to be used for the current computation run. These latter inputs are the same
as those defined in Table V-2. | '

Fortunately, it is not necessary for the user to specify these data cards each
time he wishes to exercise the RIME system. Rather, the program SPNDMS may
be used to automate most of this process.

Using SPNDMS

The compiled program SPNDMS.O is a FORTRAN Time-Sharing program
which automates many of the steps required in the preparation of input data and
associated JCL statement required in the use of the RIME model., Figure V-2
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Write Flag
Number

READFL

DMSGNI1
METINP

INTPRO
OVHSTL
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Table V-5
DMSGN! Write Flag

Effect

Input data print flag, where

1 = print short header record only

2 = print short header and rep gen data
3 = print all input data

Print item data written to Exogenous Event File
(In DMSGN 1, this flag should always equal zero.)

Print intermediate data generation calculations

Print details of MTBD, NRTS, and condemnation
rate estimates.

Print initial provisioning calculations
Print overhaul stock level calculations.

These flags are not used.
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illustrates the use of this program for initiating a particular RIME simulation run,
As may be seen in the Figure, SPNDMS.O asks the reader several questions.
Answers to Question #1 define where outputs from the current run are to be
directed and the size of the runs to be performed. Questions #2 and #3 define the
JCL control card which identifies the Exogenous Event File to be used as input to
the Simulation Model. Question #4 asks for the values of NFGRP, NLGRP, INQTR,
and NDHIS to be provided as input to DMSGNI1. It also asks for the maximum
amount of CPU time to be used in the current run specified in hundredths of
CPU-hours. Finally, Question #5 asks for the formula number to be evaluated in
the current RIME run. Values for the 13 Computation Codes required to specify
Initial Provisioning and Replenishment calculations defined in Table IV-4 are
recorded in a table within the SPNDMS program. After the user specifies the
required formula number, SPNDMSdoes a table lookup to determine the values for
the variables IMETH, IEQBAS, and so on, and SPNDMS then prints these values at
the user's terminal. Next, SPNDMS accesses the specific files of JCL statements
required to implement the desired calculations. Once the set of required input
parameters in Job Control Language statements have been accumulated, SPNDMS
submits the entire set of JCL records to the CREATE batch processing system,
The CREATE control number assigned to the batch job is then printed at the user's
terminal. In Figure V-2, the job number g365t was assigned.

In Question #6, SPNDMS asks if any more evaluation runs are to be launched
for the current set of LRU/SRU groups. If the user answers yes, program logic
returns to Question #5. Otherwise, SPNDMS asks Question #7. Question #7 asks if
the user wishes to continue generating RIME evaluation runs, or if he wishes to
terminate the current session with SPNDMS, If the user wishes to continue,

program logic returns to Question #1. OthFrwise, SPNDMS terminates its run,

......
............
........
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ACT PUNCH? SIMULATE? MORE CORE? (1=YES, O=NO <Question #1
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-| OK FOR. EXOGFILE? (Y=YES) : . oo
TINFUT EXOGFILE CONTROL CARD
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CONTINUE?(Y DR N7) | “-Que

= . . +~-Question #7

DU ANOTHER GROUP?(Y OR N) : Qu ¥
i e e e
r *N|
2 OTE: See Table V-6 for further d
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- : Initiate a RIME Evaluation Run.
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Table V-6

r SPNDMS.O Input Parameters :

. |

L Question #1 (1 = Yes, 0 = No) |

F AC? Is the output for this job to be directed to station code AC? If

L not, output is printed at the CREATE Central Site. :

E PUNCH? Are the computed stock levels to be output on punched cards? t

SIMULATE? Is the RIME Simulation Model to be used (1 = YES). Otherwise, ,

f the run terminates after all stock levels have been computed. :{

MORE CORE? Does the current run involve more than 40 Stock Keeping Units |

for the largest LRU/SRU family t be considered? If so, more ' !

i core is needed. |

f NFGRP = The number of first LRU/SRU group to be included in

calculation. ;

FE NLGRP = The number of the last LRU/SRU group. ’

. INQTR = The number of quarters in Planning Horizon

( NDHIS = The number of quarters of input data to be considered
as past history at simulation time zero. For most RIME

applications, set NDHIS = 0. :

CPU-LIMIT = Job time limit for the current run in hundredths of T

CPU-hours. |
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RIME Simulation Model Input/Output Files

Figure V-3 illustrates the input and output files utilized by the RIME
Simulation Model, and the associated Logical Unit Designators. As shown in the
figure, Logical Units 05, 07, and 09 provide the inputs to the Simulation Model,
while logical units 06, 15, 16, and 43 are output files. Logical unit 11 is a work file
used for the temporary storage of stock level data.

Logical Unit 05 specifies run parameters and output options to be used in the
control of the current simulation run. Logical Unit 07 is associated with the
Exogenous Event File, while Logical Unit 09 is associated with the set of Stock

Levels to be evaluated during the current simulation run. The Stock Levels File is

a sequencial file. To simplfy processing, this file is read in sequential order by .

subroutine INITM1 at the beginning of a RIME run, and stock levels read from this
file are recorded on the random file 11. Stock levels are then obtained as needed
by subroutine LEVEL from file 11 during the simulation run. This greatly simplifies
the processing of mutiple replication evaluation runs.

The Simulation Model provides outputs to report codés 06, 15, and 16, and also
provides punched card results to logical unit 43. The Summary and Short-Form
Reports are printed to file 06, while files 15 and 16 are used to print 8- and
16-quarter totals of selected statistics. The information printed on files 15 and 16
is also punched on logical unit 43 if the flag ITWRT = 2.

Details of the Exogenous Event File and the Stock Levels File have been
discussed in previous sections, and will not be considered further here. In the
following sections, we discuss the features of the Run Parameter file, and of the

output options available to users of the RIME Simulation Model.

e
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Exogenous
Event
File
‘Run Parameters Stock
i ‘Write Flags . Levels
‘Bage OST and File
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' Detailed &QTR 16-qTR Punched Card
: Summaries totals totals Totals

L

!: Figure V-3. Rime Simulatiop Model Input and Output Files.
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Run Parameters File

w. The Run Parameters File (Logical Unit 05) specifies variables which control
L the size of the current simulation run, and the output products to be produced as a
i result of this run. Table V-7 defines the variables specified in this file, while
ff; Figure V-4 illustrates a "print-back” of Run Parameter data produced in a sample
2 Simulation Model run.
i As shown in Table V-7, the first set of Run Parameters are specified in the
header record of the Exogenous Event File (Logical Unit 07). This record specifies
the set of LRU groups to be included in the current run, and the number of bases,
;-. the length of the planning horizon and the number of replications for which
E exogenous events are provided. This record is created automatically during the
: Events Generator run. The remaining Run Parameters are provided in free-field
b format on Logical Unit 05. The first record on Logical Unit 05 specifies four
Output Controls, while the second record specifies values for 7 "debug" flags. The
Debug flags are useful in the development of new programs for the Simulation
h Model. Finally, the third input record specifies the size of the simulation run to be
5 performed. Definitions of these parameters are presented in Table V-4,
X
E RIME Output Products
; As discussed in Chapter [I, all RIME performance statistics have three
different indices. For example, the Performance Statistic IREQT(I, J, K) records
" the total number of requisitions received from customers of the supply organiza-
ii tion. The index I denotes the quarter in which the requisition was received. The
? index J records the type of measure associated with this statistic, where J = 1
denotes the number of distinct federal stock numbers or distinct actions associated
g;'.
é
b ¥
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Table V-7

Simulation Model Control Parameters

(C1) Exogenous Event File Characteristics

Note: The following variables are read from the header record of the
Exogenous Event File (EEF) on Logical Unit 07.

~ NFGRP = The number of the first LRU group on the EEF,
NLGRP = The number of the last LRU group on the EEF.
NBASES = The number of bases assumed in the EEF.
NNQTR = The number of quarters of events on the EEF,
NREPL = The number of replications performed for each LRU group.

ITWRT

~ The item "write" flag. If ITWRT = | or 2, subroutine ITRSLT
called to punch ten major statistics for each replication of each
LRU group. If ITWRT = I, cummulative values through quarters
8 and INQTR, respectively, are punched. If ITWRT = 2, the
statistics are punched for each of the INQTR quarters simu-
lated,
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(C3) Debug Flags.

Note: These variables specify print options useful in debugging new RIME

Table V-7 (Continued)

Detailed Summary Flag. If this flag equals 1, the Detailed
Summary Report is produced for each Buy Support Objective
(BSO) evaluated. This option produces approximately 1800 lines
of output for each BSO.

The Plot Flag. This option is not implemented in the current
version of RIME,

The Short Form Summary Flag. If this parameter equals 1, the
Short Form Summary Report is produced after for Buy Support

Objective evaluated.

The File Debugging Flag. If IDBUG = 1, the following actions

are taken:

(a) All entries and removals from the Future Events List

are printed.

(b) All entries and removals from the Work-in-Process file

are printed,

(c) All entries and removals to the Backorder File are

printed.
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‘ Table V-7 (Continued)

(d) Values of on-hand, on-order, work-in-process stock, and
backorders are printed after each event.
(e) The Stock Status Trace Report is produced.

- IEBUG = The Item Input Data Flag. If IEDUG = 1, all LRU/SRU item

& descriytion data input from file 07 is printed.

IFBUG = The Item Forecast Flag. If IFBUG = 1, details of endogenous
item forecasting calculations are printed. (In the current
version of RIME, forecasting calculations are exogenous events,

i Consequently, this flag has no effect.)

i IGBUG = Statistic Update Flag. If IGBUG = 1, the results of statistics

3 updates in routines CUM and CUMB are printed.

K IHBUG = Levels Calculations Flag. If IHBUG = 1, the results of all stock

u levels calculations are printed.

(C8) Simulation Size Parameters.

L NLAM = The number of Buy Support Objectives (LAMBDAS) to be

- evaluated.

INQTR = The number of quarters to be simulated, This number must not

exceed the value NNQTR read from the header record of the
Exogenous Event File,

NTOTL

The total number of LRU groups to be simulated in the current
F & run, This value must not exceed (NLGRP - NFGRP + 1),
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with the current event, J = 2 denotes the number of units associated with the
event, and J = 3 denotes the dollar value of all units associated with the event.
Finally, the index K denotes the aggregation category for the statistic. Values of

K and their meaning are as follows:

Aggregation
Index
Value Definition
1 LRU at base level
2 SRU at base level
3 LRU at the depot
4 SRU at the depot
5 SRU at the Aircraft Overhaul Facility
6 SRU at the Aircraft Overhaul Facility

For example, suppose that a requisition for 12 units of a $10 item is received
at a base during the fourth quarter of the simulation. In this case, the period index
is I = 4, Consequently, the RIME statistic IREQT(4, 1, 1) is increased by ! to
record this order action. Since 12 units were ordered, the statistic IREQT(%, 2, 1)
is increased by 12, and the statistic IREQT(4, 3, 1) is increased by 120 to record the

dollar value of the requisition.

As discussed in Chapter II, RIME collects 32 different statistics, for 16
distinct quarters. To print all of the statistics collected in a single replication of
the RIME model results in a very large volume of output.
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Detailed Summary Report. If the input parameter IOUT = |, RIME prints the

Detailed Summary Report to Logical Unit 06. This report prints the values of

every RIME performance statistic, an output of approximately 1800 lines for each

- Buy Support Objective evaluated. Figures V-5 thru V-8 illustrate the format of
this report. As shown in Figure V-5 thru V-7, three pages of output are produced

for each value of the aggregation index K. Figure V-5 illustrates the first of these

three pages for an LRU at a base facility (aggregation index K = 1). This page
displays the receipts, returns, shipments, ordering actions, and requisitions asso-
ciated with LRUs at base levd during the simulation run. As shown in the figure,
these statistics are given by quarter, and results are shown both in terms of number
of actions/FSNs involved, the number of units associated with these actions, and
the dollar values of these units.

Figure V-6 illustrates the second page of the three page output associated
with the aggregation index K = 1. This page records the number of expediting,
rationing, disposal, and termination actions that were recorded in the simulation
run, as well as the number of reparable generations, condemnation, and NRTS
actions perfromed. The final columns of this page record the number of repairs
completed within each quarter, the number of assets that in a work-in-process
status at the end of each quarter, and the total number of days that assets spent

waiting for parts.

Figure V-7 illustrates the third page of statistics output for the aggregation
index K = 1. This page records the supply performance observed during the

simulation run. Values for end of period backorders, backorder days, inventory

weeks, and observed fill rates by priority class are displayed on this page of the L
report.
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Column Statistics
(1) INVOH
(2) INVOR
(3) IRECET
(4) IRETRN
(5 ISHIPT
(6) ISHIP!
7 IORDER
(8) IREQT
9) IREQC
(10) IREQI

Ahatitid

V=24

Figure V-5

Column Definitions

Definition

Inventory on hand at the end of the quarter

Total quantity on order at the end of the quarter
Receipts of replenishment orders

Serviceable retums from customers of the supply system

Total shipments to fill new customer requisitions or to fill
backorders

Total shipments to fill priority 1 requisitions or backorders
Total replenishment orders initiated
Total requisitions received

Total outstanding backorders that are cancelled by the
customer

Total priority 1 requisitions received

— . [ - 3 — e A &
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Figure V-6

Column Definitions

Definition

(11)
(12)
(13)
(14)
(15)

(16)

(17)

(18)

(19)

(20)

IEXPED
IRATON
IDISPS
ITERM

IREPGN

ICNDEM

INRTS

IRECP

IVIP

IWFP

e e e T e et et et alat i U al s el s e el el e e e B e

Total expediting actions initiated
Total of all rationing actions within the period
Total disposals within the period.

Total terminations; i.e., totals for all replenishment orders
that are cancelled or reduced when the inventory position
exceeds the termination level

Total number of reparable generations in the current
period

Total number of reparable generations condemned in the
current period

Total number of NRTS actions taken in the current period
If the stocking location is a base or the Aircraft Overhaul
Facility, this column represents assets which are trans-
ported from that location to the depot. If the stocking
location represents the depot, this column represents NRTS
assets received within the current period.

L Total number of assets which completed repair within the
current period.

Total number of assets which are in a work-in-process
status at the end of the period.

Total number of days spent waiting for parts in the current
period. This time is not recorded until an LRU is removed
from the wait-for-parts status.
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Column Statistic
(21) IBACKT
(22) IBACKI
(23) IBAKDT
(24) IBAKDI
(25) INVDAY
(26) IFILLT
(27) IFILLI
(28) IFILLT/

IREQT
(29) IFILLY/

IREQI

V=28

Figure V-7

Column Definitions

Definition

Total backorders outstanding at the end of the period.

Total priority 1 backorders outstanding at the end of the
period.

Total backorder-weeks observed during the period. For
example, if one item has a single requisition for 12 units in
a backorder status for 3 weeks, there are three requisi-
tion-weeks of backorders, and three X 12 = 36 unit-weeks
of backorders for that item.

Total backorder-days observed for priority 1 requisitions,

Total number of inventory-weeks observed, If there are 15
units on hand for the first 8 weeks of a quarter, and 6 units
on hand for the remaining four weeks, a total of (15X 8 + 6

X 4) = 144 inventory unit-weeks were observed in the
period.

Total number of requisitions that were filled "off-the-
shelf, i.e., that were filled without backordering.

Total fills for priority 1 requisitions.

Fill rate for the period based upon the totals of all
requisitions received.

Priority 1 fill rate.
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As noted above, the aggregation index K may take on six distinct values, and
a three separate statistics pages are produced for each of these indices -- a total of
= 18 pages of output statistics for each Buy Support Objective. Figure V-9
illustrates the first of the three output statistics pages associated with an
aggregation index K = 2. This index records results associated with SRUs at base
level. This report has the same format as for the case when K = 1, and will not be

discussed further here,

R Short-Form Summary Report. Because of the very large volume of printout
» associated with the Detailed Summary Report, the user will usually find it
: desirable to develop a specialized output report designed for the needs of the
I specific project in which he is involved. Figure V-9 illustrates the format of a
report which might be developed in this effort. This figure displays totals of six
major categories of performance statistics. The report displays the number of
requisitions which a given stocking location submits to suppliers of that location,
the total amount of time spent waiting for parts, the number of backorder weeks
observed in filling requisitions submitted to that supply organization, and the total
number of requisitions which customers of the organization submitted. The total
| t'f number of these requisitions which were filled off the shelf, and the corresponding
- fill percentage is also displayed. Separate statistics are printed for each value of
the aggregation index K, as well as totals for each category. Figure V-8 illustrates
statistics expressed in units (J = 2); however, the Short-Form Report has three

pages, one page for each of the three possible values of the measure type index J.

Quarter Totals and Punched Card Output. To facilitate statistical analysis of

RIME simulation results, the values of 10 major statistics are punched on cards by
|

subroutine ITRSLT at the conclusion of each BSO evhluation replication. Record
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Code Fl in Appendix A defines the format of these output cards, and the
FORTRAN variable names used to produce them, In addition, the punch card data
is also printed to Logical Units 15 and 16. As shown in Figure V-10, the report
printed to Logical Unit 15 displays totals of activities for the first 8 quarters of
the simulation for depot buy-dollars, depot backorders, base fills, base requisitions,
and base backorder-days for both LRUs and SRUs. The first column of Figure V-10
presents the number of the Buy Support Objective used in the stock level
computations, while the second column of the figure displays the replication
number associated with the output statistics. Observe that the LRU and SRU base
requisitions (IREQT) are identical in each of the 10 runs shown in Figure V-10.
This is because the Exogenous Events Generator forces an identical number of
reparable generations in each replication of the simulation model. Note, however,
that the buy dollars and other support statistics change for varying values of
MLAM and different replications, reflecting increasihg buy dollars and support
effectiveness for increasing values of MLAM, and varying support performance
within replications for a given value of MLAM.

Figure V-11 displays the report printed to Logical Unit 16. This report is
identical in format to that of Figure V-10. However, this report provides the

totals of statistics accumulated over the entire 16 quarter simulation period.

Debugging Aids. As noted above, the user may specify values for several

debug flags to assist in the development of new RIME routines, Figure V-12

illustrates outputs obtained when the flags IEBUG and IDBUG are set to 1.

IEBUG. When IEBUG = I, all item data input from the Exogenous Event File is
printed. A sample of the printout is shown at the top of Figure V-12. The specific

variables printed correspond exactly to the variable names shown for the Item Data
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Record (Record Code B2) presented in Appendix A. Basically, these variables
display unit cost and time delay values associated with each LRU and SRU.

IDBUG. When IDBUG = |, an information line is printed whenever events are
entered or removed from the Future Events List, or whenever there are changes in
the backorder or Work-in-Process Files, As illustrated in Figure V-12, when
IDBUG = 1 the subroutine INGASP prints the dimensions used to initialize the
Work-in-Process file. The next six lines show details of event transactions being
placed on the F.E.L. by subroutine INITAL through calls to subroutine ENTER. The

list of events on the F. E. L. at time 0 is also printed when IDBUG = 1.

The above discussion concerned the entry of event notices onto the F.E.L. The
bottom of Figure V-12 illustrates the information printed when an event is
removed from the F.E.L. As shown in the figure, at time 0, a type 13 event is
removed from the F.E.L., while at time 1 (ITIME = 1), an Initial Provisioning Event

(ITYPE = 20) is removed from the F.E.L.

Stock Status Trace Report. When IDBUG = 1, the Stock Status Trace Report

is produced on logical unit 52. The first 5 columns of this report display the event
time (ITIME), the event type (ITYPE), and the three event parameters (IP1, IP2,
and IP3), The remaining columns display the status of stock on hand, on order,
work-in-process, and backordered at the time each event is removed from the F.
E. L. These values are displayed by Stock Keeping Unit. Values for the first 8
SKUs are displayed on the first line, and any additional SKU values are displayed in

subsequent groups of 8 on following lines.

ITRACE, ISTRAC. 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
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obtaining event printouts during a specific time interval in the simulation. The
flags ITRACE and ISTRACE provide this capability. The variable ITRACE
specifies the point in simulated time that a detailed trace of simulation of events
is the start. At that point in time, the flag IDBUG 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 event

by event printouts cease,

-y |
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|
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AFLCP 57-13
42
) 25
DELIVERY SCHEDULE DATA PORMAT 22
Progran 7
Variable FORTRAN Column Type
Dat.a Description Naso Format Number Character
Data Type ldentifier
(Same as Basic Data) IC) ol 1 X
Data Type Identifier
|_(must be "5") Jc2 1 2 N
| Benk o 4 3
1 IDIRU {
Nork Unit Code IDSRU (J) A2 \ 4=11 AN
|_Part Number ] 12-27 AN
Bl gnk e IX 28 .
Pirst Yesr Deliveries QSL (1-4)
(2 colymns per guarter) Jy 1 29-36_ N_
Blank Ix iy
Second Year Deliveries QSL (5-8
2 _colums arter J LI2 3845 N__
Blank IX 46
Phase Provisioning PP ?—8)
(1 column per quarter) sPp_(J, 1-8) 811 L7=51 N
ed_for future use 5563
Note: Delivery Schedule data are required
for program EVALUATE. :

*In RIME, columns 29-39 contain

the number of initial provisioning
assets for this stock number
computed by AFLCR 57-27 rules,

pr——————

p——
'

P ——

* A e e— S . A - - . L3 . A e r

APLC 43°0, 1928 GENERAL PURPOSE DATA SNEET

ZREVious ROITIONS OF Tis FORM
(25 LIngs - 5 COLUMNS)
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AFLOE 57-11
P~
16
26
STOCK NUMBER DATA FORMAT 3%
L6
Program 76
Data Description K:‘rniabla FORTRAN Column Type
Format, Number Character
Data Type Identifier
ta) I1cl . 1 N

Data Type Identifier
| (must_ba "6") IC2 pal 2 N
| Blank XX 3

IDLRU ]'

Work Unit Code } IDSRY_(J) A2l A=) AN
|_Part. Number L 12-27 AN
|_Blank SR IX 28

Stock Number SNSN () Alb 29Ul AN
|_Hlank JX AS_

Commonality Code

= |___Not Used AL b A

BSTART for an LRU

| BSTINEM Fh.2 h7=20Q N
with ICl=2, IC26)
—~
Bote: Stock Number data is optional
input to the Mod-Metric orogram j
except when a unique BSTART is required
for an LRU.
Flgure 3-2-3
ARLC 55°8 192!‘ GEMERAL PURPOSE DATA SHEET  S5VIOUS £ITIONS 07 Tiis vORM
(23 LINES - 3 COLLMNY) ) AN G arsO-AR 14 POIN
A-4
—_~
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TITLE/COMMENT DATA FORMAT N
2 |
Program Type
s
Data Description :fablo PORTRAN Format | Colum Number Character
‘ Y eLn 1er N "
{mst. be "9 ICl Il
Data Type Identifier
juo below) IC2 Il 2 N
Blank X 3
Title or Commen* HDG A69 472 AN
IC2=1 Card is mot pead by program;| used to permit
compents or folurn headings [In datd Yil¥:
IC2«2 Card is read{and will be printed as a titlejon
output reporf.
Figure 3-34,

—f b

APLC 25", 1928

GENERAL PURPOSE OATA SHEEY

(25 LINES = 3 COLUMNS)

3=

wiLL 88 USEO.

PREVIOUS EDITIONS OF THIS FORN

APLL -VPAFB=MAR 74 300N
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AFLCP 57-13

LA i st P i Y
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This card is required for the

'

GETBSO program only.

Computer Program Parameter Format for GETESO 95
Program Type
Data Description Varisble | PORTRAN Formst| Column Number | . TIP®
Name
Data ﬁ ldentifier
émst. be "9 ) ICl Il 1 N
a Identifier .
(mst be *s5v) 1c2 n 2 N
Plank ps { 3
Output, device
F%QE‘F“" NOUTS 12 b=5 LK
nput data device
doup%_f.or N =07 12 &7 N
sired Buy Support
Objective DBSO = K2.5 8-19 N
NOTE:

Figure 3-2-5

APLC 53°2, 1928

P

GENERAL PURPOSE DATA SHEEY

(29 LINES - $ COLUNNMS)

(1]

.

vs EOIT

({-13 ]
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10N OF TwiS FORM
APLC~WPAPR-MAR 73 S00M
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: BVALUATOR PARAMBTER DATA FORMAT 96 C b
Jo
; e Program Type
Data Description Variable FORTRAN Format | Column Mumber | Character
- Name
[~ DECE TyPe IaentiTier
(mast. be "9*) 1C1 pel 1 N
- Data Type ldentiiter
b {must be "6") Ic2 n 2 |
Blank IX 3
n Delivery Quarters NQR 12 I3
Phase Provisioning Quartérs KPQ 12 67 N
Condemnation Factor CPAC P6.2 8-13
NOTE: This card is required for the EVALUATE program only, ———————s
Pigure 3-2-6
]

APLC 5578 1928 GENERAL PURPOSE DATA SHEEY  4REVious soitions OF Ts roms
(238 LINES - § COLUNNS) _AnS-wears-uas Ve 08N
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FLYING HOUR PROGRAM DATA FORMAT U/
Data Description Progran | FORTRAN Poraat | Colum Nusbers Type
Charascter
Name
Data Type Identifier
rgr) ICL I 1 X
Data Type Identifier
|_(must, ba “7") 102 I 2 N
L Rank 1X 1
| Humbar of basas NBASES 13 L=h N
_Flying Houra/Month PHX) » .0 7-12 N
hi o
Order and Ship Time OST(X) r3.0 13-15 N
Note: | Data in colums 7-15 is for base #l.
Colums 15-2i, bre for base #2.
Colums 25-33 ::e for base #3,
etc., for as mjny bases (NBASES)
as there are the system,
there are mcre|than 6 bases, continue
on additional ° cards st in
colum 7.
~ For Lhe 3-echelon mddel ( TREMOR), the
follbwing for columls 4=39:
No. of intermediate
JMW_LN&-_E&‘E)J NGPS 13 4=6 N
No. of satellite bases
_gruup NSAT 13 79 . N
Flying hours at repair .
_base per month FHMOB_ F6.0 10-15 N
Flying hours at each
pkh FHSAT P6.0 16=21 N
OST days from repair base
OSTCM P6.0 22-27 N
OST days from depot to
QSTDC F6.0 28-33 N
OST days for aircraft at
L repalr baie 0STCe P6.0 34=39 N
Figure 3-2-7

AFLC 20", 192€
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2% Lings

- $ COLumNS)

PAEVIOUS SO1V »
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AFLCY §7-13

OUTPUT CONTROL DATA FORMAT 98
i byl PORTRAN Column Type
Data Description Neme Pormat Number Character
Data Type ldentilier
é-:st. be *9) IC1 1 1 L
st.a Identifier
(must be *g") JC2 12 2 L]
Blank IX 3
Printer Logical
Unit Designator NOUT 2 [ =3 N
t Quantity
Control IPRNT I2 6=7 L
COMBINE data
output device _IPNCH I2 8-9 N
BSO = Stock quantities
output device 1BS0 I2 10-11 ¥
3 any of The above data ltems a&re
set td zero or left Hlank, the outpus
Iile not be g @XCO
NOUT phich defaults o "06" (printer).
Plgure 3-2-8
ARLC 25" 1928 GEMERAL PURPOSE DATA SMEET  Shtvious soiTions of Tms fomm
ANLCWPAIO-taal 74 000

ATl
o S, .

(23 LINES - § COLUNNS)

3-9
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AFLOP 57-13

COMPUTER PROGRAM PARAMETER FORMAT 99
- ' Progrem
& Data Description Variable FORTRAN Column Type
N Nome Pormat. Number Cheracter
& "Data Type ldentifier . .
{must be *9» IC1 Il
- Data Type Identifier
o (wust _be 79" ) Ic2 13 2 X
5 Blank IX 3
Number of bisections NBIS 13 () N
Beta BETA F6.2 7=-12 N
| tarting bulgst factor BSTART F6.2 13-18 N
| Stopping BG0 factor BSTOP P . 19-24 N
|_Condemnaticn factor CFNC 6,2 25-30 L

CoMPUTATION -CODES -

- ‘__'ﬁm_% 747 ¢ 17-92 N
' . Umg&_&up_mf Fe4 43-98 N
' | ~Bqut e futpl keqgas | T6 49-59 N

*
L Nore ; IMINSK, BOMINL, And TEQBAS Ars Used —

For INiTIAC FRoVIS Iowimte CACUCATIONS.
Fox RepensHHENT, KMINSK, BOM \NK,
AND KeQBAS ARE USED,

/ AFLE S M % .y

"""""""

- L) .
------------
................

GENERAL PURPOSE DATA SMEET
23 LIES - § COLuuNE)

3-10
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PP ¢

..........

F SYSTEM NUMBER

D1

BeAnK

INPUT /OUTPUT RECORD D i eace | or 2 races
s m
- GfTGSO M/PUT R&DKD ,: :‘:::ui FILE NUMBER uuzu:zn SEQUENCE OF FILE
8s SumMA
DATA RECORD LENOTH :c;gnll'%go'.‘% g"‘CTN
NO f OATA ELEMENT NAME %n” posO':'ON STRUCTURE
) VARIABLE | o ocy [LENGTH | cHarAC
OLAVK — N 1X
DATA TIPE Variage ™) Ix| I/
DATA Tipe  UARTABLE*Z rez T

[X

LBuy  SorlorT DABJIectIVE

E12.5]

A4

~ | WorK ©anT Cops oF LRV
. " L3 o

" ]

A4

M/Hagg oF I T&M4S b 2424 SET

I3

Torat, BACKORDERS FoR Tre QMmN

£12.3

Fow owsax, LEVELS

Torae Cos7 FOR THE Foukow/ws

E[2.0|

SeT” of LEY/ECS

Je

AFLC .r:'m;' m REPLACES APLC FORNM 009, WNICH WiLL BE USED.

AFLC-WPAFB-APR 72 92M




F SYSTEM NUMBER D2

AFLC -IAO.RI," m RTPLACES APLC PORM 008, WNICN WILL 88 USLD. ‘ AMF“LC-WPAFB-APR 72 92™M

B T e AP . S = e G N T W W et Y g S i i de e

— INPUT /OUTPUT RECORD D2 pace 2 or 2 waa
"t GETBSO (NPUT Recoed X2 o/l sen | |seavence or e
Fo FoRTION | svaucTumE
vo. DATA ELEWENT NAME VARIAGLE son [mstate
LIV, 1114 - X
Y, entieier®1 I<) Il ]
" " u #Z “ ‘ IC? Ird
BLavK - (X
| DATA SeT 1dewTificATIon® ! AS |
" o " - o 2 AJL
NSN NSN Al
ALC ALC Al
Tomy Cosr oOF TH/S Se&r
_OF __LEVELS CM Fq.0
TotAL _STock (UAHTS_) For LRU | LTOT IY
DepsT_Srock Level KD _ I8
| Defor  CoandeMuATION LEVEL KC I3
g __STocK leVEL For 0ase K K=1,3,.. | MRV (K 2313
g 5
: MoTe . See AFLCR $7-13,
‘ Fie, 3-2-1 For DeFinizi0RS .
! B
-
§:
g
&

L2

r
i
L.
\
]
[
|
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INPUT /OUTPUT RECORD ELl RIME il DY
'“"n‘-én LEVELS RECORD ot /L e wmen | |seouence or rice
DATA RECORD LENGTH ::&l:‘llgso'&bc g:‘ﬂl/
N ceTeso euTwuT
1 S e i A 454
r RIME& [PosiTion |  svmuctume
no. OATA ELEMENT wAME UARMBLE| on [omurte
-1 Bignk - ! /X
1| e Numaeek - 2-§ IY
Py Siw () - le e
MoD-#eTgjc_ IC), TC2 _ CoDeES Tz |7-% Iz
BLANK - 9 /X
\;2 I DENTIFICAT/ON CODE IDENT | J10-/l Iz
31 M- Numaer NAM | 12-13 I2 |
4| kU __erove MNumper LRGP 115 IZ]
S| QuarteR  MumMrer KQTR | A7 Iz}«
6 LRU/SRV _ Mumser (LRu =1, erc.) | numa | 18-19 T2
~ GLA/NK — |20-30 "X
71 OverpAWL STock leveL Tovst |31-33 I3
- ALC — (NoT _uvsep iw RiMe) — | 34 Al
g TOTAL, COST oF DeroT o456, & Conders vl —  |35-43 Fqo
91 Torar. _oF DePoT 2 BASE LRvElS - 9947 Iy
/0 ng’r Srock Level K> |vs-S I3 |
Il | ConpsMnATINS LEvEL | ke |si-53 3
12| BASE  LEVELS, For_8Asck,2, ..., NBAses | T8SUK)| s¥-~5¢ yT3
" <
577
\ »

\ AFLC 3™, 484

REPLACES AFLC FORM §09. WHICH WiLL BE USED.
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A A . e

B . e T T s -

r o INPUT /OUTPUT R SYSTEM NUMBER Fl
2 ECORD Fi pace [/ or /[ paces
.
TiTee RIME LRV GROVP RESTS mu'-ru:ulf FILE NUMBER N ':U:“ SEQUENCE OF FILE
ReETORD -
DATA RECORD LENGTH TASE NECORD LENGTH/
" ’Amnfb 8y ITRSLT iF 2TweT=!
no DATA ELEMENT NAME RiME PosiTION STRUCTURE
: VARIABLE | o5 [Cenon | crarac
LRV _GRove Mvrmger | NGROVA | 1-2 I2
InvenTorY Poticy Mumeer IDenT | 3-4 12
M- Mormaer MAM | S-6 I2
RePLicATION Nuriger IRePL | 7-% T2
b~ GQUART (% I q-10 T2
ITRSLT MEASURE NO.
LRY (DEPOT)QQY-i { [roeser(1,3,3) y- I
Ry " 2 |Toxver(n3N) 2 iy [0)
LRy D& ¥st 3 reomar(z2j3) 3 TI6
SRV " " " 4 oo y) It
LRV B84se  FiuLs § lrewur(z,2)1) 6
RU___" " ¢ lrrurts, % |
LRy  Qpse  Reguisitions | 7 [EAmar(t,3)) ¢
SRy " " ¢ lvear(5zy) It |
LRY Gase Brccomer Days| T lmomr(zdy b
SRV " " “ /0 |1800a7(x,2 I6
L~
AFLC .r&m,l. 484 REPLACES APLC PORM $09. WHICH WILL BT USED, AFLC~-WPAFB-APR 72 92M




