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. OVERVIEW OF MODEL

A. Purpose and Scope

The Training Line Simulator (TLS model) is an analytical tool designed to help manage
the entry-level training line. its primary use is that of gaming == an analytical procedure
used here to assess the relative impacts of parameter changes under vorious assumptions
regarding the quantity and quality of recruits, The model simulates the flow of airmen from
entry into the Air Force into bosic training through graduation from entry~level technical
training. The accession flow is totally controlled by the model user: TLS cccepts recruit data
records generated externally to the model == records which describe each trainee via a
host of individual, simulation-relevant characteristics.

Training porameters considered by the model include class schedules, quotas, priorities
and class sizes for each course, mandatory course entrance prerequisites, and attrition and
setoack rates in basic training and technical training. The mode! evaluates the impacts of
changes in these training parameters for a given airman accession flow by projecting the
maximum possible fills of training quotas, the number of basic training graduates
awaiting technical training, class sizebs and student=~instructor ratios, the number of
technical training graduates, the numbers of setbacks or attritions in basic and technical
training, and the numbers of unassigned basic training graduates. These simulation
results are reported by course at user specified intervals within the maximum simulation
period of five years, whereas summary reports are provided for each week of the simulation.,

Like many simulotion models, TLS may be used for other purposes than gaming.

For example, the projected sizes of the waiting lines may provide an indication of the
odequacy or inadequacy of a tentative set of class schedules and course quotas. Thus,
if the various training parameters could be reliably estimated, TLS would be most vseful
for training capacity planning and evaluation. Similarly, the projected outflow of

technically trained airmen moy help personne! managers in programming the initial
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duty assignments of graduates from technical training courses, Exhibil 1 summarizes

these potential applications of TLS,

B. Simulation Events and Parameters

A general cutline of a simulation model is best presented in “erms of its conceptual
framework: the entities considered by the model, the attributes associated with cach type
of entity, the events simulated by the mode! and the timing routine employed,

The Training Line Simulotor processes the following types of entities:

e airmen
e technical troining courses
e mandatory prerequisites sets

Entities are defined by their numerical attributes. The following permanent attributes

are associuted with each entity type:

Airmen:

® accession week
o ahrition/setback control score (affecting the individual's probability of
attrition or setback in technical training os explained in Section 111 D)

¢ one or more continuous voriables

e one or more categorical voriables

© one or more binary variables
These variables represent the individual's test scores and properties which will determine
course enfrance qualifications.

Courses:

e prerequisite set identifier (sec below)
o class sizes (moximum, minimum and optimum)
e number of instructors available

o schedule of class starting dates in terms of simulation weeks

-2- !



course length

®

o atirition and setback rates by week of training

-]

allocation fill priority
o schedule of ossignment quotas by simulation week

Prerequisite Sets:

logical operators (AND, OR)

o cuts on continuous variables

o comparison tests on categorical variables

o bincry variables |
Courses and Prerequisite Sets are permanent entities while airmen are temporary entities.
Airmen are input at the appropriote fime, their temporary ottribute (status within the
sysfem) is subjected to changes according to some pattern in time, and after a series of
changes airmen are discarded, These changes are termed events. TLS accommodates
one exogeneous event (a status change directly controlled by the user), and a large
number of endogeneous events {(changes triggered by the internal operations of the model).

Exogeneous Event:

& entry into basic training (= accession week)

Endogeneous Events:

e attrition or setback in basic training

e graduation from basic training

o classification (ossignment to a specific training course)
o posting to a class or waiting line

o atfrition or setback in technicaol training

o graduation from technical training

The timing routine in TLS, governing the sequence of events, if any, hos been
designed especially for the purpose of obtaining o high degree of efficiency, i.e.,

ERIC
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minimum model execotion costs, Even though the model utilizes fixed time increments

of onc week, the model is not incremental: each individual is simuloted over a moximum
number of time increments until he is subject to an event which requires delaying further
simulation until u future time increment. This concept is explained in Section ! B,
As a result, at any particular point in time, airmen with the some accession week will

be at different points in simulation time. Accordingly, TLS is a fixed time increment,

asynchronous, entity simulation model,

O

ERIC
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(I. MODEL DESCRIPTION

A. Model Structure

The major modules of TLS are concerned with the following processes:
e basic training maturation '
o determination of course entrance qualifications of all basic
training graduates
- e optimal assignment of basic training graduates in light of their
eligibilities and the given quotas and fil! priorities for each course
e technical training maturation.
Additional functions which must be performed include the processing of input data,
. the maintenance of various internal data files, and the generation of reports,
Exhibit 2 provides an overview of TLS whereas Exhibit 3 reviews the internal data
communication needs. The basic simulation logic with respect to the four major
functions mentioned above may be best explained by following a recruit date

record through the model.

1. Bosic Training Processor

The simulation begins by reading a recruit data record from the recruit
data tape. Recruit data records are defined at model execution time and
contain all assignment-relevant characteristics in addition to date of entry
and an attrition control score. Each recruit record is processed, individually,
through the Basic Training Processor, which applies specified attrition and
setback rates to determine whether or not the recruit will be attrited or
set back in basic training and, if so, in what week of training. Attrition and
setback actions occur randomly at a rate specified by week of basic

training. There are three possible exit modes from the Basic Training Processor:




a.” Arecruit may be attrited from basic training in a particular week. When
this occurs, the Report Generator is notified, training line counters
through the last weck of training are updated, and the recruit record is

dropped from further model consideration.,

H

b. A recruit may be set back in training in a particular week. He is sent to a
holding line to await the next basic training class, The Report Generator
is notified of the setback action and again the appropriate training line
counters are updated. A recruit set back from one basic class is picked up
in the next where he repeats the week of training from which he was dropped.
Once picked up in the new basic training class, the recruit will graduate
with that class.

c. A recruit may be graduated from basic training (this is the nomnal exit mode),

He is then passed on to the Matrix Generator for assignment evaluation.

2. Matrix Generator

A basic training graduate enters the Matrix Generator, [t determtn?s his *
assignment qualifications, Each graduate is tested against the mandatory
prerequisites of each training course for which a quota is specified during the
week of graduation. A bit matrix of assignment eligibilities is constructed from
the qualification test results. Each row of the matrix represents an eligible
graduate, and each column a training course and its ossociotéd quota. The
eligibility matrix is saved for use by the allocator. The pre-assignment
maturation process terminates when the recruit datu record is output to mass
storage to await assignment by the optimal allocation module. Each recruit

data record is processed through the Basic Training Processor and the Matrix

Generator until all data records for the current date of entry have been processed.
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Allocator : .

- —————

Alter pre-assignment maturation processing, the optimal allocation module
reads in the asignment eligibility matrix ond the appropriate course quota and
policy specifications for the busic training groduation week, All basic training
graduates available during the given week are assigned at the same time in a

single allocation, Efficiency requires that the assignment problem be solved within

main storage without access to peripheral storage. The Allocator can assign up

to 4000 graduates to up to 125 quotas in a single week, To control the distribution
of grcduates, fill priority groups may be established in the set of the week's quotes.
Eligible graduates are always assigned to high priority quotas in preference to
fower priority quotas, If shortages occur among quotas of equal priority, eligible
graduates are proportionally shared to the maximum extent possible among the

equal priority quotas. 1t is important to note that the Allocator will always achieve

the maximum number of assignments possible regardless of quota priority relationships.

Quota priorities affect only the relative distribution of assignments. They never

affect the total number of assignments, (For a description of the assignment

solution approach, the' reader should see Section 11l C.)

Following each week's assignment, a report is made of the quota fills ond
the assigned graduates are placed in waiting lines to await a class vacancy in
the course to which they were assigned. Graduates who cannot be assigned
because they are unqualified or in excess of quotas are reported and dropped

from further model consideration.

Training Line Processor

Each recruit is placed in a course waiting line (PAT) following the assignment
solution. As class vacancies open up rectuits are removed from the PAT lines in

a first=in, first-out (FIFO) order, i.e., by the week in which they entered the

-y



PAT line (basic graduation week), Within a graduation week, graduates are
removed randomly from the PAT line., The period of time an assignee walts in

the PAT line is determined by the frequency and size of course quotas und ¢'esses,
but as long as new classes continue to be opened, no individual can remain 'n a
PAT line indefinitely, Assignees are removed from the PAT line when a ¢lass

is scheduled to start and there are enough assignees in the line to meat

the class minimum size. If the minimum condition is met, the class is filled to
capacity, or the PAT line for the course is exhausted. However, if the minimum
class size cannot be met, no cluss is started and no men are removed from the

PAT line for that course.

When an assignee is removed from the PAT fine, he is sent to the Entry Level
Training Processor. The operation of this processor is analogous to the Basic
Training Processor. Trainees are atfrited, set back or graduated from teaining.
Attrition and setback actions occur randomly according to probabilities comnuted
for each trainee. Computation of attrition and setback probobilities involves
the traince's attrition control score, the attrition control weight, and the
weeckly rates of attrition for the course to which he is assigned. See Section
Ht D for computation details, Training woshouts and greduates are reported and
thes dropped from further model consideration. Training line counters are
updated through the last week of training, and individual dato records may be
selected for output.

Personnel set back in entry level technical training re-enter treining in the
next class of their assigned caurse. The number of weeks a traince is set back
depe.nds on the interval between his origina! class and the next class offered.

If no following class has been started at the time a traince is set back, ho is

placed in the PAT line for his assigned course to await the start of the next cless.

-8-



Once joined to 6 new class, trainees sel back graduate with their new class and

are not subject to further setback or attrition,

B. Model Input

-— ——e e

TLS requires five types of input dala:
o Reciuit data, including all assignment-relevant characteristics for
each individual,
o Basic training dufd, including sctback and attrition rates.

"~ o Training course dafa, including mandatory prerequisites for each
course and course characteristics such as course lenglh, convening
dates, setback and attrition rates.

o Allocation policy specifications, including training quotas and
assignment priorities associated with each cluss for each course.
o System oultput control data, specifying the reports and data files
to be gencrated.
Reeruit data are input via magnetic tape, via the Recruit Data Record File, All
other data are input via standard keypunch cards, organized info four control card
decks: . |
o a run parameters deck
o a basic training deck
o a training course prerequisites deck
e a training course deck.
Each deck contains logically refated parameters pertaining to specific functions
of the simulation model,
The doio specified on the training course prerequisiles deck is automatically
transferred to a Prercquisite Dictionary File, a file generated and maintained

by the system and stored on magnetic tape. Consequently, if no changes in the




coutse preteduisite sels are necessary, the TLS wser can dispense with this card
deck and use instead the Prerequisite Dictionary File gencrated in @ previous run.,
I changes aro nocessary, only the prevequisite sets to be medified, added or
deleted must be specified by control cards, whereupon TLS will automatically
update the current Proresvisite File. This feature is provided for user convenienae us
well as system officiency. It minimizes input date volume and key punch errees and
increases system execution speed,

A bricf outtine of the input data and their use 1s given below. Exhibit 4
ilustrates the reletionships bohween inpul data and simulation resu'ts,

1. Recruit Doata Records

Because a primary use of the Airman Trairing Line Simulator is guming
with the training line under variations in recruit quality, an importent
model consideration is the specification of recruit data. A general, rather
than fixed, specification is desirable in order to provide the widest possible
range of gaming applicotions. Recruit Data Records are stored on @ BCD tape
or on disk in u format analogous to BCD . The Recruit Data Record fermat ond
conten! are defined ut modei execution time by means of the Recruit Dete Recerd
Definition Card (see Run Parameter Deck ond Exhibit 7) within the Himitations
indicated below.

Each Recruit Data Record consists of five data iterms: (1) on alphanumeric
identifier; (2) an integer, 3-digit, entry date; (3) a set of integer continucus
variables; (1) a set of alphanumeric categorical variables; ond (5}  set of
binary variables. The daota items in cach record must occur in the order
specified above, The spacing between items and the exact number of variob's
are defined at exccution time by the Recruit Data fecord Definition Cerd.,
Although the sets of continuous, categorical, and biﬁory variables may cach

Q  contain up to 99 variables, the folal record length is limited to 300 choructers,

ERIC
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Scaling for the continuous variables should be such that the lowest value
corresponds to the minimum quantity of the attribute in question. A zero value
in a conlinuous variable indicales that the value is missing. The first continuous
variable in the data record is used as the atirition and setback control score,

a non-negative factor which is designed to transform course attrition and
setbadi: vates into individual attrition and sethback probabilities., \

Binary variables in the Recruit Data Record are represented by a single
one {1) or zero (0) digit, with the value ore (1) always representing the true
or desivable value of the variable, .

Run Parameters Deck

The Run Parameters (RP) Deck consists of five card types which specify basic

parameters ecpplicable to the simulation run.

DECK 1: RUN PARAMETERS DECK

Card type | Nome Descripﬁonvof parameters
10 Run Parameter Deck Card Length of simulation run
1 Run ldentification Card Run identification for teport headings
12 Recruit Data Record
Definition Card Recruit Data Record definition
13 Report Selection Control Card | Output selection and scheduling
14 Attrition Control Score
Weight Card | Attrition/setback score weight

The length of the simulation run is defined by the last simulation week in
which technical training courses will be started and must be less than 255 weeks.
The recruit data record definition card defines the length, format and content of
the recruit duta records in standard FORTRAN convention. For an example,
sec Exhibit 7,

-11-




The output selection confrol card indicates for which smulation interva's
the optional, detailed reports must be produced, In addition, it controls the
output of airmen records onta the Extract File,

The purpose of the atiiition/sethack contro! score weight is explatnodd
in Section 111, D.

3. Basic Training Parameters Deck

The Basic Training Parameters (BTP) Deck includes three different ceand fymos
specifying the following parameters: (1) the length of basic training, (2) ihe
schedule of attrition rates, and (3) the schedule of sethack rates to be vsed

during the simulation run.,

DECK 2: BASIC TRAINING PARAMETERS DECK |
!
Card type | Nome Description of parameters J
20 Basic Training Deck Card Length of busic training |
21 Basic Training Attrition Rate Basic training aftrition rates
Schedule Card
22 Basic Training Setback Rate
Schedule Card Basic training setback rates

Basic training atirition and setback rotes are necessary to simulate in o
Monte Carlo fashion attritions from and setbacks in basic training. Diffcient
rates may be specificd for each week of basic training if so desired. Different
sets of rates may be specificd for different periods of the simulation, The given
rotes determine the average number of attritions and setbacks. Recruifs con be
set back only once, and, if sc‘f bock, will graduate with the next closs, Recruit:

which are set back cannot subsequently be attrited,
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4, Enlry Level Training Pierequisites Deck

The Entry Level Training Prerequisites (ETP) Deck specifies the parameters
and lcgic used fo determine the eligibifity of basic training graduates for enfry

level technical training courses,

DECK 3: ENTRY LEVEL TRAINING PREREQUISITES DECK
_Cord iype | Neme I | Description of parameters
30 Entry Level Training Deck Card Deck ideniification
3i Prevequisite Set Identifier/ Prereauisite set identifier and
Continuvous Variable Cut Card continuous variable cuts
32 Categorical Veaviuble
Prerequisite Card Categorical variable tests
33 Binary Variable Prerequisite Card | Binary variable tests
34 Categorical OR Test Card Multiple categorical voriobles
tests.

Mandatory entrance prerequisites for entry level technical training courses
are specified us prercquisite sels == logicel strings of tests on the continuous,
categorical and/or binory variables in the Recruit Data Record, The
specification of prerequisite sets involves the definition of tests to be performed
on the variables contained on the Recrvit Data Record, and the definition of the
ways in which the results of such tests are to be combined to determine assignuient
eligibility., In accordance with the three different {ypes of voriobles,‘ the control
cards allow three different fypes of tests to be upphcd to the recrunf chmocfcnmcs.
The results of the tests for chloblcs of the some iype moy be "ANDLd" or "OI’cd"

fogether, Within o prcmquns:tc Ser 1he componcnt conhnuous, colcquccl and

binary tests are ANDed fo'*crher to detcrmine final ellg;bshiy. U') fo 512

different prerequisite sets may be mdopcndenily dcfmcd ond adenhﬁcd for

Q subsequent use. Any prerequisite set moy be referenced by any course during
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ony week of the simulation run.

Each type of control card refers implicitly to one of the three types of
variables (continuous, categorical, and bincry) contained in the Recruit Dita
Record. Each of the variables of the same fype is numbered according to i's
relative position on the Recruit Data Record, i.e., the continuous variahles are
numbered from 1 to |, the categorical variables from 1 to J, and the binary
variables from 1 to K, in the order of their occurrence.  When specifying
tests to be made on the dota variobles, a specific variable is identified by its
relative position number, while the type of variable involved is determined
implicitly by the prerequisite card type identifier, B X

Once the ETP Deck has been specified, ticining prerequisite legic moy
be permanently stored on tape and used on subsequent model runs. The tape
file is referred to as the Prerequisite Dictionary.

If no ETP Deck is input to the mode!, an old prerequisite dictionary must
be available, 1f no prerequisite dictionory is input to the model, a prerequisite
dictionary is created from the ETP Deck. If bolh an ETP Deck and prerequisite
dictionary are input to the model, an update operation is performed prior to mod'e!
execution and o new prerequisite dictionary will be generated. 1f only the
Entry Level Training Deck Card {card 1ype 30) appears (with no type 31 through

34 cards), the current prerequisite dictionary is listed.

5. Teaining Course Input Deck

Each entry level technical training course to be simulated in the model
requires user specification of course charucteristics, training statistics and
allocation policy. These data are specified for all entry level technical training
courses by means of the Training Course Input (TCI) Deck. Course characteristics
data include course identification, mandatory prerequisite identifier, class

ERIC
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convening dales, course length, ete, Allocation policy is specificd in terms of
a schedule of course quotas and priorities, Training statistics are specified in

terms of attrition and setbuck rates by week of training,

DECK 4: TRAINING COURSE INPUT DECK
Cc:r.dTypo Name . 1 De;r_igﬁon °EB‘1‘.‘2‘J?£‘;‘.°LS_.W..,_-.
40 Course Characteristics Deck Card | Deck identificotion
4] General Characteristics Card Course identifier and characteristics
42 Allocation Policy Control Cerd “aurse quolas and prioritics
43 Course Attrition Rate Schedule Attrition rates by week of
Card training
44 Course Seiback Rate Schedule Setback rates by week of training
Card
 S— —

The purpose of the General Characteristics Card is to specify for each
course all relevant course characteristics except attrition and sethack rates.

) In particular  this card references a specific prerequisite set (stored in the
Prerequisite Dictionary) establishing the mandatory prerequisites which basic
fr.o'ming graduates must meet in order to be eligible for the course. Additional
course characteristics required for the simulation include the course length,
cluss convening dates und minimum/maximum closs sizes. Furthermore, various
data are included solely for reporting purposes, i.e.,; optimal class size and
number of instructors required.

The use of class sizes and class convening dates may be illustrated as
follows, If the total number of basic training graduates awaiting training in
a specific course {referred to as the course PAT line} is less than the minimum
class size, no class will be started even though it was schedu?ed to start.

If the total number in the course PAT line is larger 1 .un the minimum class size,
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and if u class was scheduled to start, individuals will be moved from the PAT
line, on a first~in/first~out busis, and placed into the class unti! either the
PAT linc is empty or the maximom class size has been reached.,

The optimal class size is used to compute the ontimal student/instructor
ratio versus the obscrved student/instrucior ratio.

The pupose of the atirition end setback rates is to simulate the t;c\r'!-c-snca-wc!?zxg;‘
events in technical training. The given rates, when combined with the specifiad
attrition contral weight (card type 14) and atirition controf scores, establish e

expected number of atriliens and setbacks. An individual's probubility o

ey

attrition or setback will differ from the course raies to the exient that it

is influenced by his attrition control score and the attrition control weight.
Finally, the purpose of the Allocation Policy Control Card is to specify

for each simulation week a quota and an assignment priority for each course.,

Coursc quotas by week of simulation are indepencent of class sizes and

class convening dafes. The quotas and priorities specified for a particulor week,

in conjunction with the mandatory course prerequisites, delermine the cllocation of

the recruits groduating from basic training in that week, 1n genere!, depending

upon the qualitative and quantitative make-up of the basic fraining graducies

population, not all quotas will be filled and some graduates may be left

unassigned, Courses with o high priority (i.e., priority one) will tend to reccive

a 100% fill at the expense of courses with a lower priority. Courses with the
p p Y

same priority will fend to receive an equal percentage fill.,

C. Model Output

The model generates a variety of reports and data records, all of which we
.0y
optional except for three summary reports which are output automatica'ly. These

summary reports provide weekly snapshaots of the busic training line, the ¢'lortion
Q

-16-



solution and the eutry level technical training line on an aggregate basis, In
addition, several operator outputs such as a control card listing, a prerequisite
dictionary listing, and system diagnostic messages are produced,

The selection and scheduling of optional reports and other output is spc;;ificd
on report selection control cards, The optional reparts, which may be produced for
any weck of the simulation period, provide detailed information on the allocation
solution and the entry level technical troining line on a by-course basis,

Optionally, records associated with recruits who graduate, atirit, remain unassigned,
or are sct back in training during a particular week may be independently selected
for reporting purposes for any week of the simulation run, Such records cre
stored on tape in BCD format,

A second output file which is also optional is the Prerequisite Dictionary (PD).
This {ile contains the prevequisite sets and identifiers derived from card types 31-34
in ¢ binary format. The PD file is essential for efficient use of the simulator.

Once generated, it should be used for input purposes, thereby replacfng the Entry Level
Troining Prerequisite Deck. Only to the exte:.t that modifications to the file are
required, is it necassary {o use the third card deck,

Sor;wple reports are included as Exhibits11 ond 12, The three summary reports are
produced on one page of computer print-out; the two detailed reports, if requested
for the sume simulation week, are also produced on one page of computer prinf’—csm.
Notice that the summary reports are compiled from the detailed information required

for the detailed, optional reports (whether they are printed or not).

-17-



H1. DISCUSSION OF MASOR ASPECTS OF THE MODEL

A. Level and Floxibility of Simulatton Dotatl

L ]

An important feature of TLS is the total flexibility the vser hes in spocifying
recruit data and training course prerequisites, This copﬁbi!ity allows the user to
taitor the medel to his partictlar problem, eliminating the unused parameters and
specifications which would always be present under a fixed data record system,
‘The resulting savings in input data preparetion efforts and model execution costs

are obvious,

B. Asynchronous Processing

TLS utilizes an asynchronous processing approach. At any perticulor point
in time, recruits with the same date of entry will be at different points in
simulation time. Thus, even though the basic.simulation time increment is one
week, the mode! is not incremental, (An incremental profection mode! would
iteratively project every entity, i.e., recruit or frainee, one time increment,)

The rationale for this basic design concept is based on the objective of system
efficiency: asynchronous projection minimizes the number of references to peripheral
storage and thereby maximizes processing spoed.‘

This concept may be-difficult to visualize. The model user may want to consicer
the implications in the following way: an individual recruit data record is projected
os far os possible eoch time it is accessed. There are only three barrier points in the
model:

(1) Setback in basic training

(2} The Allocator

(3) Setback in entry level technical fraining.
Barriers (1) and (3) occur when the mode! determines that a particular recruit is set back
in a particular week. He is sent to a holding line to cwa’t the start of the next cluss,
Further processing of that record is delayed until the next week or possibly later.

ERIC 16
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Barrier (2) occurs because the Alldcater requires that «ll busic heining graduates

of the same week be condidred simultancously . Thus, ufter graduation from basic

training and assignment evaiuation {ive., the evaluation of hiaining course eligibilities
by the Matrix Generater), individual records are collected until all vecruits

graduating fiom basic training in the same week huve bhaen processed, After the

3

asst

3t
LV

~ment solytion, processing occurs on a course-by=coutse basis. ladividual recruits
are mojccted either to be atteited (and dropped from further consideration); te be set

Limnoput in a holding line), or to graduate from entry level technical haining.

N

bac..

C. Optinwi Ascignment of Basic Training Graduates

O

ERIC

Aruitoxt provided by Eic:

Bttt . s s e h A

in a typical ossisnment problem there is either a shortage of basic training
graduates, a shortage of quolified graduates, or both.  Importantly, the urused
traising spaces which rewlt from such shortfalls in trainee quantity or quality must
either be shared inequitably among schools of unequal importance in accordance with
{

uier szecifind orioritles or shared fairly among schools of equal importance,

1

Furthermove, the distribution of unused fraining spaces must be such thot o maximum
utilizciizn of available trainees is mode. Thus, the optimal atlocation solution must
exiibit the following characteristics: (1) a maximum number of trainces must be
assigned, (2) optimal adherence to user specified quota priorities must be achlaved,
and (3) the ussignment solution for schools of equal pricrity must, us nearly os possible
given cligibility constraints ond integer considerations, provide equal percentage fills
of these school quatas,

In summary, on input to TLS, a priority is specified for each school quota, The
quotas of schools with high priorities are filled to the maximum extent possible at the

expense of school quotas ussigned fower priorities. Given a group of schools with

7
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identical prioritics, the Allocator will attempt to fair shaie the availahle traincos.
among the quotas.  The Allocator optimizes the number of assignments by means of
a primal-dual network flow algorithm originally described by L. R, Ford und

D. R, Fu!l:crson.'

D. Simulation of Sethack and Attrition

The Training Line Simulator matures recruit data records thiough basic and
lechnical training., There are three possible exits from training courses: araduction,
attrition, and setback. Upon graduation, besic trainees enter the allocetion modules
and technical trainees leave the troining line, Upon attrition, all trainces leave the
training line. Upon setback, all trainees enter a queue walting for the next class,

Attrition and setback simulation in basic training is performed in a Monte Carlo
fashion in accordance with user specified attrition and setback rates,

Aftrition and setback simulation in entry level technical fraining is slightly
more complex, involving computation of individual probabilities for cuch traince., -
The cquation forms for attrition and setback simulation are identical and involve
both fraince and course dependent variables, The resulting probabilities are sethack
probabilitics if weekly coursc setback rates are used, or attrition probabilities if

weekly course atirition rates are used. These probabilities are computed as follows:

' Flows in Networks. L. R. Ford, Jr. and D. R, Fulkerson, Princeton University Press,

1962,
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Let,
i is a traince index,
i is the course index of the course to which the frainee is assigned,

k s the week of training index; k=1, 2,..00 Kk, v0oo, L

L is the lust week of fraining in course §,

S. is the ottrition control score; Si >0

W is the altrition control weight {positive, zcro or negative),

Rk,' is the atirition rate opplicable to an individual with an Si =0, Itis
clso the rate which will be applied to all individuals whenever the
weight, W, is zero,

C

ki is the minimum (or maximum if W is negative) cumulative probability

4

of attrition for course | through week k, and Co t 20,
—— 14

P, s the probability of attrition for man 1.

Then the attrition or setback probubility is defined by:
Py=sy " wWeC

and
_Ck i is defined iteratively by:
= ~ . + C - HEE] =
Ck:i (1 Ck-'],i) Rk,I k=1,i; k=1,...,b)

4

Example: R, : is .01 for all k; L=10; 0< S& 100; W = -,001.,

ATTRITION CHARACTERISTICS OF COURSE "j"

Type of individual Probability of attrition

ety - e e Ay
- =

ey

Highest scoring individual: $= 100 P.l = (100) (~.001) + ,0956 ¥ 00

—

Average score: § = 50 Pi = (50) (-.001) + .0956 = .0456

Lowest scoring individual: S =00 P; = (00) (~.001) + 0956 = ,0956
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Notes:

1. if CL ; =0 (i.e., all Rk . = 0), the model will automatically ignore S.‘ and W and
4

s

define Pi cqual fo zero, so that aftrition and/or setback may be selectively zerood for
any course,

A0, it is possible to generate P; >1.0, in which case attrition or sethack will
always occur,

If W is negative, Rk,i should specify the maximum weekly attrition rate, i.e., the
rute applied to the individual with the lowest possible attrition control score. f W

is positive, Rk:i should be specificd as the rate to be applied to the lowest Si wehere
a low Si receives the lowest probability of attrition. If the attrition control scere is
conceptualized as positively correlated with intelligence or optitude, o negative W

is required. Average attrition imay be estimated by the following formula:

L
P, =5 W 4+ 2 .
i k=1 R,

it

where: P, mean probability of attrition for all individuals assigned to course 1.

!

Si = mean athrition conlrol score of all individuals assigned to course §.
W = weight {control card 14},
Rk T attrition rate specified for week k of course {.

14

If the attrition rate is the same for all weaks, the "estimation" simplifics to:

P, =S « WHLR
| l o
If attrition or setback occurs for a trainee, the week in which the event occurred
is determined randomly according to the Ck 2 Specifically, a uniform randem
!

number (R) is generated in the intervel O<R<CL ; and the week of attrition is
?

defined os the first k for which R <Ck i
’

22w



(V. MODCEL USE

A. Hardware and Software Compatibilily

The design of the Training Line Simulator has been accomplished using the
most general capabilities of cutrent computer hurdwar‘c and software in order |
ts provide o maximum conversion capability. In order to maintain maximum
compatibiliiy over a wide range of large scale computer systems, the procedures
utilized in TLS were designed, whenever possible, for coding under a FORTRAN
compiler capable of compiling USASI Standard FORTRAN Program Units, Furthcrmore,
the design and coding are as machine independent os possible for a complex
system of this size. For example, although the CDC 6600 has a 6Q-bit word size,
the mede! utilizes only 32-bit words for most dota storage. Thus, conversion to
another machine such as the [BM 340 (with up to four 8-bit bytes per word) would be
possible. The minimum choracteristics of alternative hardwaore are os follows:
o 256K bytes of central processor memory (or a total of about 2 million bits)
o five magnetic tape drives
o sevciol million bytes of peripheral, random access memory, dependent
upon the accession flow, the number of prerequisite sets used and the

length of simulation,
e

B. Benchmarks
The TLS run time depends primarily on the accession flow, the number of
different training courses (with a quota) in each week, and the length of simulation.
The time required by the Allocator is a major portion of the run fime. Some

typical figures are presented below:
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i o

{ Numbar of Number of Average solution time
courses airmen allocated -‘.g for the c1HoCc‘:.t.i“c:\.i ] "’
125 AQ00 45 scconds
125 2000 25 seconds
12 250 0.13 seconds

"On a CDC 6600 computer,

e

A reliable upper bound on the total model run time is 100 seconds per simulatizn

week, assuming a maximum number of courses and airmen,
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V. OPERATING INSTRUCTIONS-

Run Submission

The Airman Training Line Simulator (TLS) is currently operating on a Control Lvuta
Corporation 6600 computer located in the CDC Data Services, Rockville Cybernet
Center, Rockville, Maryland. The program operates under the SCOPE operating system
for the CDC 6600 computer, The SCOPE sysiem is a complex operating system which
requires specially teained operators,and for this reason users are not allowed divect
access to the computer. The functions of tope staging and accounting normally
accemplished by the operalor on smaller machines are accomplished instead
through special SCOPE control cards, The sequence, content and format of the SCOPE
control cards required to load and run the Tfoining Line Simulaior model are described
befow in detail in the order in whicb they must appear in the SCOPE contro! deck.

The SCOPE control deck precedes all TLS input decks, All SCOPE control cards
begin in card column 1 and are punched free field with the various parameters on the
cards separated by commas, perieds or parentheses. Exhibit § illustrates o complete
TLS deck structure including the contents of the SCOPE controf deck.

1. SEQUENCE CARD

The sequence card is used to identify the job during processing, If a
job is submitted to the computer center with an old sequence card, it may be
replaced by the center operator for bookkeeping purposes.

Example: $SEQUENCE, nnn.,

Where: nnn is an atbitrary three digit alphanumeric identifier,

2. CHARGE CARD

The charge card is used to establish and verily accounting information. The
account number is check-summed and verified to insure that it is correct and any

Q error in the format of the charge card or in the account number itself will cause ar
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tmediate tammination of tha job.
Example: SCHARGE, nnnnnnn=ATT,

Whare: ninnnnn is e account number to which charges accumulated for this

job will be billed,

3. THE JOB CARD

The job card is used to establish the basic hardware parameters to be used for
the job. The four parameters contained on the card estab!isiy
a. The number of memory words required by the TLS.
b, The number of tapa drives fo be used by the TLS.
c. The maximum computer time to be used by the TLS.
d. The priority of the job.

The specific priority used determines the speed in which the job is turned
around and the price per second charged for computer time.

Example: AFT(CM150000, TPxx, Tyyy, P2)

Where: xx equals the number of tapes to be used by the job. This number is
equal to the number of request cards submifted for the job (sce 4 below),

yyy is the rmaximum cllowable running time for the job in octal scconds,

A reasonoble fime limit moy be estoblished for the simulation run by

multiplying the number of simulation weeksg to be run times 1004,

z is a priovity code; the following codes are availoble to TLS:
z = 6 - Express (2 hour)
4 ~ Standard (4 hour)
2 - Deferred (24 hour)
0 - Economy {weekend).
The given turnaround times are average values -~ actual furnaround time

-

depends on the CDC 6600 system load,
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4. REQUIST CARD
Request cards are used to assign program legical tupc units to physical tapa
units, Each request card defines ¢ tape drive to be used. There are a maximum of
five tupe drives that may be required by the Training Line Simulator. A minimuai of
two tape drives is required, with the remaining three drives b-ing epticaally assigned,
depending upon the specific inputs and outputs required by the Treining Line (i oo

run. Cach request card and its associated function is fisted below:

a. REQUEST AFT, HI. (xxx)

Where: xxx is the visual reel number of the Training Line. Simulator load
and go tape.

This request card is always required.

b, REQUEST,TAPES, HI. (xxx)

Where: xxx is the visual recl number of the tape containing the recruit data
records,

This request card is always required,

c. REQUEST,TAPES, HI: (xxx)

Where: xxx is the visual reel number of an old entry level training prerequisite
dictionary.

This request card should be used only if ain old dictionary tape is to be input
by the Training Line Simulator model.

d. REQUEST,TAPES, HI, (SAVE)

This request card directs the operator to save a new entry level preicquisite
dictionary tape that is to be produced by the Training Linc Simulator model.,
This request card should be used only when the user is creating a now dictionary

tape from scratch or is modifying an old dictionary tape.
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. REQUEST, TAPF9, HI. (SAVE)

This request card directs the operator to save the Tfaining Line
Simulator extract tape. This request card should be used only when
the user has requested the Training Line Simulator to produce
exlractioﬁ records of setbacks, attritions, graduates or unassigned
recruits.,

OTHER SCOPE CARDS

Remaining SCOPE control cards are illustrated in E£xhibit 5 exactly
as they should be prepared., These cards direct SCCPE to load and execut-
the Training Line Simulator and to cony any Training Line Simulator
reports produced onto the SCOPE output unit (printer).

DECK SET-UP

The four Training Line Simulator model control decks are input
foltowing the SCOPE control deck as illustrated in Exhibit 5. These
decks should be prepared in accordance with the instruciions given in
AFHRL-TR-72-63. Decks 1, 2 and 4 are required input. Deck 3 (Entry
Level Training Prerequisites Deck) is optional if an old Prercquisite
Dictionary is input to the model (see Request card, item 4.c. above).

TERMINATION QF INPUT

The entire deck should be terminated with a card containing 6, 7, 8,
9 punches in card column 1, If this card is not present, it will be

added to the deck by the operator.
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Data Listings

e s ot e

1. CardLlists and Diagnostics

All control card inputs, except prerequisite definition control cards, are fisted
on the output file, Diagnostics of any control card errors are listed immediately
fotiowing the control card in error. Erroncous prerequisite definition cards and
diagnostic messages arc listed, but acceptuble prerequisite definition control cards
are not listed. Instead, o complete tisting of the dictionary file is produced whenevel
a new dictionary is generated, [Exhibits of the conirol card listings are providad

in Exhibit 9, All diagnostic messages are listed inExhibit 6.

2. Prerequisite Dictionary Listing

The prerequisite dictionary [isting iienizes the prerequisite tests and variables for
cach prerequisite identificr on the prerequisite dictionary tape. For each prerequisite
identifier a header line is produccbd' cdr:tuirw.i'n'g the set identifier name and the total
length {in computer words) of the lo;;.fc siring associated with that identifier, Eoch
function test (e.g., continuous AND, co‘icgoriccl OR, ctc.) in the logic string for the
prerequisite sct is listed offset under the header line, For cach function fest the
total number of variobles involved in the test is listed, followed by a detoiled breakdovn

of the variable numb-rs and test values used by the functions, An exhibit of the

prerequisite dictionary listing is provided by Exhibit 10.
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Exhibit 1: Modes of Operation
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Course Characteristics fteck
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Exhibit 2: MACRO Flow Chart
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Exhibit 30 lotemnal Data Files

L Jnternal Te

System Module CENTCETPD [P MATTRTS VTG W00 VAT TELYS [ENT TR JO11T
Card Input Processor (Devh 1§ 2) 0
A - g ~-—"‘-—--:~o——~o— g i B i g i, 8 . ‘-‘-1 . o — - s
Prerequisite Dictionary
Generator/Processor 1/0}
Card input Processor (Deck 4) 0|0
e -— [ Y NS Sy —— - b e e
Prerequisite String Gencrvator L1110
S USUUI U SUNSNEI SUUNUY SR PO U SNV SUSIUUE ST I S .
Basic Training Maturaticn /oy 0 (0 0 I
Sl ————— - — 1 B B - e
Matrix Generator [ 10
e e e —_— e e R S B
Allocator 1 I I 0 01l 0
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e e e - - ——t S VO DR
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S e Yo Retergnees) B A S
Class File Update 0 0 |
| I User Specified Change) 1~ 1| 3 I I A ISR I AU S
N i il ’
Entry-Level Training Maturation I 1 I j1/0 10 |0
SN ——
Extractor {1f Uscr Specified) 1
LEGEND:
CFA Class File (Activz Part) G - Output from system
. . . nodute reforenced.
;. CFl1 Class File (Inactive Part) .
. L L I - Input to system mvdule
PD Prerequisite Dictionary referenced.
PS Prerequisite Strings Table
MAT Assignment Eligibility Matrix
BTS Basic Training Setbacks File
BTG Basic Training Graduates lold File
BTGP Basic Training Graduates Pointer Records
PAT Personnel Awaiting Training File
ELTS tntry-Level Training Setbacks File
EXT Extract Data Filc
RPT Report Data Fitle
o Other Data Files (miscellancous paramctefs)
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INPUT-OUTPUT RELATIONSHIPS
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EXHIBIT 5: INPUT DECK SET-UP

MODEL CONTROL
DECK f4
l
MODEL CONTROL\
DECK #3 )

MODE CONTROL
DECK
]

MODEL CONTROL \
DECK #
)
7
8 COPYCF(TAPE3, OUTPUT)|

~ REWIND, TAPE3.

EXIT. !
COPYCF(TAPE3, ouwuﬂ)

REWIND,TAPES.

7/

1

- ( REQUEST CARDS \
!
JOB CARD 1
/ CHARGE CARD |
( SEQUENCE CARD '
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6.

10.

11.
12,
13.
14,
15.

16.

17.

18.
19.

20.

NUMBER OF BASTC TRAINING GRADS EXCEEDS USER SPECIFIED MAXIMUM OF XXXX -~ JOB ABORT
PROCESSING PAST EOI ON DATA TAPE 1LLEGAL--JOB ARORTED.

LENGTH OF ''RAINING NOT IN RANGE 1 10 20.

Basjc training lenpth is illegal. Job is aborted.

ONRECOGNTZED CARD TYPE.

An illegal card type code has been input.
EFFECTIVE DATLE NOT IN RANGE 0 TO 254.

EFFECTIVE DATE NOT IN SEQUENCE.

Cards must be sorted by cffective date with the earliest card first.

ERROR--UNRECOCGNIZED COURSYE CHARACTERISTICS CARD,
Card typce is not 40 through 44,

NUMBER OFF PROJECTION WEEKS IS ILLEGAL.

Projcction weeks are not in range 14 x £ 254,
MULTIPLE RUN IDENTI¥ICATION CARDS,

UNRECOGNIZED RUN CONTROL CARD.

There is an illegal. card type card in deck 1.
MULTIPLE RECORD DESCRIPTION CARDS.
\TTRITION.NEIGHT OUT OF RANGE.
MULTIPLE ATTRITION WEIGHT CARDS.
NO ATTRITLIC WEIGHT CARD.
110 RUN IDENTIFICATION CARD.

YRROR--BLANK COURSE ID. »

Card 41 must contain an alphanumeric course identifier
ERROR--NO INITIAL CARD 1.
" RROR: - FOLLOWING QUOTA CARD IS OUT OF SEQUENCE.
RROR--EFFECTIVE DATE OUT OF SEQUENCE,

RROR--BAD EFFECTIVE DATL.
Lffective date must be o-’=xézs4.
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21.

23,

20.

27.

28,

29,

30,

36.

37.

ERROR--PREREQ. 1D NOT DEFINED,
Card 41 must contain an alphanumeric prerequisite identifics,
ERROR--IN COURSE LENGTH,
Course lenpth must be 1-<—x5120 weeks,
ERROR-~IN CLASS STARTING DATE,
Class starting date must be {(cffective date) éxéZM.
ERROR-~1IN CLASS INTERVAL,
Class interval must be 1€ x%254,
ERRGI -~ 1IN MIN CLASS S1ZLE,
Minimum class size must be Oéx4'999.
ERROR--IN OPTIMAL CLASS SIZE.
Optimal class size must be 14 x %099,
LRROR---IN MAX CLASS SIZE.
Maximum class size must be 14 x£099,
ERROR--IN NUMBLER O INSTRUCTORS,
Number of instructors must be 1€x%999,
ERROR--INCOMPLETE DATA ON FIRST CARD 1,
ERROR--BAD VATE.
LRROR--BAD FIRST AbP, WEEK,
First application week on 42 and 43 cards must be 1£x%120.
ERROR--NO QUOTA CARDS FFOR COURSE.
ERROR-MULTWLE INPUT FOR COURSE DATA,
ERROR--DUP CQURSE ID.
ERROR--MORE THAN 250 COURSLS.
LERROR~~IN STARTING DATE.
Card 42 starting date is illegal.

ERROR-~IN INTERVAL.
Card 42 interval is illegal.
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48,
49,
50.

51.

ERROR--IN QUOTA OR PRIORITY,

FATAL ERROR- ~SET 1D HAS LOGIC CONTINUL,

FATAL ERROR--MORE THAN 1 EDLY OPERATION ON SET 1D
FATAL ERROR--DUPLICATE SET 1D,

NO DICTIONARY DATA SUPPLILED BY TilL USER.

CETLE ENTRY TOO LARGE FOR BUFILR,

This causes an internal table overflow.

1.,

MISSING OR JLLEGAL DECK CARD--SKIPPING TO NEXT DECK.

DECK DUPTPED OR OUT OF SEQUENCE--WILL TRY TO PROCESS.

DECK XX IS MISSING.

SET XXXXX BOOLEAN XXX VARIABLE XX GREATER THAN NUMBER OF VARIABLES.

SET XXXXX CATEGORICAL VARIABLE XX GREATER THAN NUMBIR OF VARIABLES.

SET XXXXX CONTINUOUS XXX VARIABLE XX GREATER THAN

BAD RATE SPEC. BEGINNING IN CC.

Card 32 or 33 rate is in errvor.

BAD WEEK SPEC, BEGINNING IN CC.

Card 32 or 33 starting week is in crror.

- a37.
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Exhibit 71 Somple Recruit Data Record

and Corresponding Delinition Card

"

A hypotletical doto recard contains:

a. A 9-digit idcatification number

b. A 3-digit date of entry

c. Ten l-digit continuous variables

d. Ten 2-digit continuous variables

e. Five 3=digit continuous variables

f,  Five 1~choracter categoricol veriables
g. Five S-cheracter categorical variobles
h, Eighty binary variobles,

f. Three blank spaces

There are o total of twenty~five continuous variubles, fifteen categorical voriubles, and
' {

eighty binary variables, so the PDRD Control Card is:

Card columns Data . Comments
1-2 12 o Cord identifier
3 - Blank - : L |
46 167 R * Number of characters in the data record
7 , Blank o | _
8-9 - 09 A Number of characters in the record
' : identification
S0 - Blank
=12 25 o o Number of continuous varicbles
13 Blank | |
14-15 15 ' . . Number of categorical varicbles
16 Blank .
17-18 80 . : - Number of binary variables
19 Blank -
20-23 1011 , , 1-digit continuous variables .
24 C : Separator
25-28 1012 2~digit continuous variabics
29 . - . Separator '
30-32 513 , ' : 3-digit continuous voricbles
a3 : - , Seporator | i
34~36 = CS5AY. s 1~character caregorical _vo‘riob[c‘s Vet

-38-




37
38-39
40
41-43

45-18
49-30

"7 8011 o

Blank .

- -3-

. Separator

Blank characters
Separator
5~character categorical variables

~Separator

Binary variables



' Display Extornal Hotlorith Punch
Charactor Codo BCD Pousitions

A 01 S 12-1
B 02 . 62 122
c: 3 '+ 63 12-3
Do 04 64 *12-4
E oo es C 125
¥ C 06 66 T 126
- B B X
L1000 -0 0 . 12e8
' YUY T . 1249
2 . - 4b 11-1
13 .42 . -2

I

L 14 0 43 v  1-3
M NS T a4 114
L N 16 0% 45011
o 17 e 746 PR § £
P.o. 20 s ar ., 0 M
Qe - 21t 80 r .. 118
i SR 2w . 8L . 119
R T S T ,'-,  D 0-2
‘ T D24, el 08
v 2. 204
z Voo o 26 ess ol 0w
B T Y S X
X« . 30 e, “ © 0.7
Y 31.i . 8. . 08
' i Z - 32«7 81, 7 0-9
' 0. 33 0 o1z 0
1 344 . 01 ;; : S




(continued) CDC 6600 HOLLERITI CODES

Display LExtornal ilollevith Punch

Ciaweter  Godo.  _NCD_ Punch
2 35 02 2
3 a6 03 T
4 37 " 04 4
5 0 05 6
6 T 06 6
7 12 07 7
‘ 5 43 . 10 8
‘ . 0 a4 01 0
¢ 45 60 . 1z
- 16 .« 40 11
. o4 54 11-8-4
/. 80 21 .  0-1
N 51 3¢ . 0-8-4
y 62 74 . ©12-8-4 '
$ 53 .. 83 .. 11-8-3
- 54 . 13 83
blank 65 : 20 space
) 56 - 33 0-8-3
Co 67 v T 12-8-3
a 60 L 36 0-8-6
(5 61 i - oare - 8-7
] 62 * 52 10 0-8-2
;oL 63 . 00 §-2
PN 64 14 8-4
- T 65 , 85 0-8-5
et 66 v¢ . szt 11-0
Aot 67 . 81y 0-8-7
' $oe 20 %\ 86, 11-8-5
i PVE Tt e 86 11-8-6
< 72 i ; 72/ - 12-0
. set gzt 81 11e8eq
s ¢ om0 s 8-5
=18t s 12-8-5
- 16 76 1286




[t bt U

- dan e v e e .

10 008

11

17 080 05
1374 08

A4 0

20 08

TR e e pr— - 4 e ——— - i 1.

0L 03 08 12,341,311

»

_ . RUN PARAMETER CARDS

U TUYEST CARD 34

e .. COURSE_DATA GARD LST.

—— et s

R L T PPN

— s " =t T i o = % e am o m an

—.BASIC TRAINING PARAMETERS

T e -

41 COURSE

417CHURSE ™

42 0040110
41 COURSE
42 0010110

41 COURSF

42 0010140

42 00101190
41 COURSE

1
g e
—g s
-

TUPSETL T
TPSET2 T
PSETI

CRSETS T

—————a et s 0 e

ey
CTUPSEYTY T

U
.42 bototfo

10 9

=it o
g
g
TN

-42~' ,

i

T

ap

20

20

20
290

20
20
20
20
20




.. . . L. e livige L
YEST CARD 34

TTUPREREQUISTTE DICTIONARY LIST

SET PSETL  CONTAINS 6 WORDS .
CAT, 0n Has 2_“\/__-'\9!4'\”LF-S_,_
A 2e € -
SEY PSETZ CONTAINS 13 WORDS
. _CONT, AND MAS & VARVABLES ___ .=~ . . .
g T L 1 2 _
. BIN, AND HAS 1 VARIABLES
R S -
CAT, OR WAS __ 2 VARUABLES
R . 8ex o 8e B —
_SEY PSET3  CONTAINS 9 WORDS _
N «‘___.CONT. AND H_A»S___’____.1‘_\_MHIABLFS L ) - _
o CAT, VARIAULE NO, ___ 3 HAS 2 TEST VALUES :
T P MCE -
,SET PSET4 L CON‘I_A*INS'___iS HVOR.DS. )
CONT, AND HAS & VARIABLES _ _
B S L U
CRING AND HAS 1 VARIABLES
.- 1 mm i b e o mn r e S m— b e 2t o £ B b e Samon Abe Mt m ——
L. AT, OR WAS__ 2 VARIABLES
AL Y. EVURCR. T 0 O .
SET PS:T5  GONTAINS 7 MORDS - i
_ CONT, AND HAS___ § VARIABLES e -
e N e
L __BIN. AND HAS _ § VARIABLES
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Sample Detailed Reports

Exhibit 12
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