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SECTION 1.1
MODEL DESCRIPTION

1.1.1 Problem Definition

Students are classified in three ways. The finest distinction
is by "ratings." "Rating" is the Navy's term for occupational
specialty. A student might be rated as an "Electrician's Mate" (EM),
"Electronics Technician" (ET), etc. Several ratings are listed in the
"List of Military Abbreviations" at the end of this report. For this
analysis, these vratings, or "student types," are grouped into three
broad categories: Regular types, A-before-BEE types, and A#UN types
(described below). A single rating can be in only one of these broad

categories. Every rating will consist of "regular recruits," who are

just entering the Navy and training for the first time, and "fleet

returnees,"

who have completed at 1least one tour of duty or are
changing ratings. Every student modeled will have a rating, and be
either a regular recruit or a fleet returnee. Every rating will be
either a regular type, an A-before-BEE type or an AFUN type.

A1l "regular recruits" begin training with basic training.
After successful completion of basic training: "regular type"
students will take a sequence of courses at Basic Electricity and
Electronics (BEE) school followed by a seguence of courses at "A"

school. "A-before-BEE" students will take their "A" school sequences

before the BEE sequence. "AFUN" students will take one lockstep





















1l

(regular recruit, fleet returnee, foreign, etc.). The minor
consideration is based on rating. Fleet returnees have priority over
regular recruits. Within the same large category priority is based on
rating, as specified in the data. Currently only regular recruits and
fleet returnees are modeled, and all ratings are given the same
relative priorities.

Upon completion of the training pipeline, statistics are

collected by student type to determine average time in the system.

1013 iming

It is assumed that the following events, when scheduled at the
same time, will occur 1in the order Tisted: course completions,
arrival to a school after travel and entry into a queue, class
convenings, printing of reports. Classes are modeled to convene at
the beginnings of days. Recruits are modeled to arrive at 1200 each
working day. For more discussion of the sequencing of synchronous
events, see the section on "timing considerations" at the end of the

technical manual.
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The STAT statement is necessary in order to set up arrays for
the collection of time-in-system statistics for the various types of
students. These statistics include maximum, average, minimum and
standard deviation. Only the average is printed in Model reports.
SLAM summary reports print the other values. The extended form of the
STAT statement allows for the plotting of histograms. Histograms more
completely describe the distributions of the data, showing the
difference between the average value and the most probable value.
They also allow one to approximate the median and mode. The

histograms may serve as discrete probability functions for the time in

the system. The cumulative functions are also plotted. Histogram
printings can be very 1long. Each histogram printed has NCEL + 11
lines (this includes heading and axis 1labeling). Using SLAM

subroutine PRNTH(ICLCT), it 1is possible to get printings of single
histograms. SLAM summary reports automatically print all histograms
specified. Setting the flag IHST = 1 1in the second simulation
specifications card will cause all histograms to be printed in Model

reports.

The SLAM statements between the NETWORK and INIT statements

begin in column 7 and must not be altered.

(5) The INIT statement card specifies the beginning and ending
times for the simulation. THIS IS THE ONLY CARD THAT MAKES THE
SIMULATION STOP. The INIT statement is of form:
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base J for basic training. Base J will be Orlando, Great Lakes

or San Diego. For each student type the BF entries should

average 1/3.

The three data cards are entered for each student type until
all student types have been described. A blank card following a type
3 student data card will flag the end of the student data. Currently
the program is limited to a maximum of 49 student types. Appendix D

describes how to extend this limit.

1.2.1.4 Course data cards

Only one data card is required to describe each course. Cards
for basic training courses at Orlando, Great Lakes and San Diego must
come first, in that order, followed by the cards for BEE1l, BEE2 and
BEE3 at Orlando, BEE1l, BEE2 and BEE3 at Great Lakes, three BEE's at
San Diego and three BEE's at Memphis. Then come all the AFUN and "A"
course cards grouped by place: First ORL cards for the "A" courses
taught at Orlando, then GL cards for the "A" courses taught at Great
Lakes, SD cards for the "A" courses at San Diego, MEM cards for all
the AFUN and "A" courses taught at Memphis,* and so forth for Corry
Station, Fleaswtrac, New London, Charleston, Mare Island, Port
Hueneme, Gulf Port in that order. It is recommended that as many as
possible '"dummy" courses be included to allow easy additions later on

without having to renumber. Dummy courses must be counted in ORL, GL,

*AFUN courses are actually only taught at Memphis, but they
could be included with "A" courses at any base.
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1.2.1.5 Main program

In addition to the data cards the user must provide dimensions
for the Tlarge arrays, NSET/QSET and NAVY, and numbers for the I/0
devices. These are specified in the main program. A sample 1listing
of a main program is provided in Appendix B.

NSET and QSET represent the integer and real forms of the same
array. The dimension of this array is specified in the main program:
DIMENSION NSET(65000)

COMMON QSET(65000)
EQUIVALENCE (NSET(1),QSET(1))
NNSET = 65000

Their dimensions must be the same and NNSET must be set equal
to that number. The arrays hold information about the entities and
events to be processed, coding of the SLAM input statements, and data
for any tables or histograms to be printed. The dimension should be
greater than 6 times the maximum number of entries expected. Failure
to make the dimension large enough will result in a SLAM error message
(see Appendix E). A special insert into the SLAM processor will cause
the printing of a Model report and a SLAM summary report before
aborting (see Appendix F) in the event of student overflow.

The array NAVY holds only auxiliary attributes of entities
(students) and should be dimensioned to 4 times the maximum number of
concurrent entities (students) expected during the simulation. NAVY
is dimensioned in the NAVAL2 COMMON block. NDNAVY must also be set

equal to the dimension of NAVY.















PART 2
TECHNICAL MANUAL
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take.

1. If it is not his last BEE course he is routed to the next
one (ROUTE). It dis assumed that each student takes all his BEE
courses at the same base.

2. If it was his last BEE course he will take one of three
routes based on his type:

a. An A-before-BEE type has finished his training pipeline at
this point. He will be sent to subroutine STATS, where his auxiliary
attributes will be pulled; his total time 1in the system will be
determined, and he will be dropped from the system.

b. An AFUN type is ready to start the lockstep courses (true
"A" courses) following BEE, entered in the data as all "A" courses
fiollowing the first. ‘First there ista ‘check <to  make certaih  that
there are more courses in the "A" course list (NASCHD(NS,11) >1). If
so, he is scheduled after whatever travel DELAY for TDST, which puts
him in the queue for the "A" course specified by the ordinal number in
auxiliary attribute 3. If no more courses are indicated, then he has
finished his pipeline, just as the A-before-BEE types have.

c. A regular type student finishing BEE is routed to his first
"A" course (at statement 11). Note that only AFUN and A-before-BEE

types can be cloned at this point.

Between schools on the same base we can model either no delay
or some very small delay (see function TRTIME). There may be some

delay associated with changing commands.
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WEEKEND REMOVAL: Since the timestep of the simulation is the working
day, and travel will take place on weekends, a routine is necessary
for removing weedend days from TRTIME so that it will only reflect the

number of working days of travel. First the number of working days

remaining in the week (WOD) is determined:
WOD = 5.0 - TNOW + 5 * INT(TNOW/5)

This could come out to 5 either at the very beginning or very end of
the work week. Travel time is determined at the ends of courses.
Since it is far more likely that a course would end at the end of the
week than at the beginning, whenever WOD = 5, it is reset to zero.

Now, if the originally-computed travel time is shorter than the
remaining workdays, it is 1left alone. If it is longer than the
remaining workdays but does not extend past the weekend, it is
truncated to the number of remaining workdays. If it extends past the
weekend, 2 days are subtracted from TRTIME, and the 5 workdays for the
next week are added to WOD. The tests are repeated. A flowchart of
the routine is shown in Figure 3.

The transient counter, INTRAN, is incremented in TRTIME and

FLERN.
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TRAVEL. He continues to take successive BEE courses until he has
completed his BEE requirements. Then TRAVEL determines travel time
and sends him to the queue for his first "A" course (TDST). (Actual
place is not really modeled. The program simply keeps track of where
the various courses are taught and models delays between schools at
different places.) When he arrives at "A" school (Event 9), he is put
in the queue for the first course in his "A" course sequence (TDST).
He vremains 1in the queue until removed by a class-convening event
(CLASS). When he is put into a class, his prognosis is determined
(FAILUR) and his graduation or failure event is scheduled (Event
LIMCOU+K, CLASSE). Upon completion of an "A" course he 1is put into
the queue for the next "A" course the sequence, if there are more, or
sent to STATS, if it was the 1last one. In STATS time-in-system

statistics are taken and he is dropped from the system.

2.3.2 A-Before-BEE Students

An A-before-BEE type student flows 1ike a regular type except:

a. After basic training TRAVEL sends him to A-school (Event 9,
TDST, auxiliary attribute 3 = 1.).

b. After A-school CLASSE sends him to BEE school (Event 8,
ROUTE) .

c. After BEE school TRAVEL sends him to STATS.
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equal the number of RTC graduates plus fleet returnees generated.
This is because some of the basic training graduates and fleet
returnees go to A-school first, and some of the BEE students have just

come from A-school.

One may be wondering at this time why the results for basic
training were not the same for all three examples. A1l the
specifications were the same. The reason is that the random number
samples wused to decide pass/setback/failure are all taken from same
random number stream for all courses. After basic training, students
go their separate ways, and the separate paths disturb differently the
same stream of numbers which is used to determine prognoses in basic
training. One can avoid this perturbation by assigning a separate
random number stream to determine pass/failure for each course. The
choice of the stream would be made in subroutine FAILUR. This was not

considered a worthwhile endeavor, and hence has not been included.

The above runs required 7640 page faults, CPU time = 3:42.76;
Peak working set size: 287 pages; Peak virtual size: 615 pages.
One page = 512 bytes. A page fault represents the fetching of 250

pages of stored program or data to working memory.
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IF(GULP.NE.PORH)  CALL WHERE(I,GULP,11)
IF(IECHO.NE.O) WRITE (NPRNT,9015) WHR
IF(IECHO.NE.O) CALL PRECHK
IF(IFAT.GT.0) GO TO 8000
C SCHEDULE FIRST LOCKSTEP CLASSES:
DO 69 K = 1, 3
ATRIB(1) = FLOAT(K)
69 CALL SCHDL(6,FIRSTA(K),ATRIB)
DO 70 K = NST, LASTA
ATRIB(1) = FLOAT(K)
70 CALL SCHDL(6, FIRSTA(K), ATRIB)
CALL SCHDL(1,FSTR,ATRIB)
CALL SCHDL(2,FSTS,ATRIB)
CALL SCHDL(3, TBE, ATRIB)
CALL SCHDL(4,0.5,ATRIB)
RETURN
8000 WRITE (NPRNT, 9025) IFAT
STOP
9000 FORMAT (1615)
9001 FORMAT (//,1X'DATA:',8X,'A COURSE SEQUENCES BY STUDENT TYPE:',/,
1 (1X, I5, 5X, 10I5, I8))
9002 FORMAT (1615)
9003 FORMAT(///,' ORLANDO =',I3,/,' GREAT LAKES =',
1 I3,/,' SAN DIEGO =',I3,/,
2 ' MEMPHIS =',I3,/,' CORRY STATION =',I3,/,' FLEASWTRAC =',I3,
3/,' NEW LONDON =',I3,/,' CHARLESTON =',I3,/,' MARE ISLAND =',6I3,/,
4' PORT HUENEME =',I3,/,' GULF PORT =',13,//,' ICASE =',12,/,' SCAL
5ING FACTOR =',F5.2,/,' TIME UNTIL FIRST REPORT =',F8.1,/,' TIME BE
6TWEEN REPORTS =',F8.1,/,' TIME UNTIL FIRST SNAPSHOT =',F8.1,/,
7 ' TIME BETWEEN SNAPSHOTS =',F8.1,/,' FLEET RETURNEES =',F6.2,'%")
9004 FORMAT (13,2A4,13,1112,10I3,F5.0)
9005 FORMAT (1X,21I3,2X,2A4,I15,2X,1113,2X,1013,I5,F8.1)
9006 FORMAT (I3, 2A4, 7F5.0)
9007 FORMAT (1X, 2I3, 2X, 2A4, 2F6.2, 2F7.2, 3F8.1)

9008 FORMAT(//,20X,'STUDENT DATA:',//,9X,'TYPE BE NROUTE' ,
1 T1X, 7% LOXG AR COURSES ot 27 BEE PRIl )

9009 FORMAT(///,20X,'COURSE DATA:',/,10X,'CNAME FAIL SBACK',3X,
! 'MIN MAX LENGTH  FRST BET. . /19X 1(%) - (%)2)

9010 FORMAT (10X, 12F5.0)

9O EEORMAT (GG T2 e G ESE 0=l ) 3 B2 = Sie 2 E5 2 e S S R 20)

9012 FORMAT (@5 5 ES 0 5 ESH0 3 EL 10)

9013 FORMAT (/,3I5, 12F5.0)

9014 FORMAT (/,5X,'Negative "BE" indicates that A school comes before B
1EE.',//, 5X,'TOTAL YEARLY DEMAND',7X,
2 'BASE FACTORS MONTH FACTORS',48X,'DAY-OF-WEEK FACTORS')

9015 FORMAT (1X,'WHR:',/,(1X,10I3))

9016 FORMAT (///,1X,'NAVY:',/,(10X,20F6.0))

9020 FORMAT (' *xxxxxxxx*x WARNING: No arrivals of student type',I3,
1 ' during year',I5,' after scaling.')





















































































































APPENDIX E
TIME AND SPACE SAVING IDEAS

1% Use a smaller scaling factor (FACTOR in  simulation
specification cards).

2 Dimension NSET/QSET and NAVY to smallest possible
dimensions. This will also save time by minimizing the number of page
faults required in virtual memory systems. Major vreductions 1in the
sizes of NSET/QSET and NAVY might be realized by combining attributes
into codes (e.g., ATRIB(1l) = pointer + priority / 1000.; Aux. Atrib.
1 = arrival time + type * 10000 + file/ordinal number * 10 ** 6 +
arrival time to queue * 10 ** 8.). Although the code system 1is more
susceptible to bugs, more difficult to maintain, and requires more CPU
time for encoding and decoding, NSET/QSET and NAVY might be reducible
to 1/4 their current sizes, thereby reducing the number of
time-consuming page faults.

3. Set maximum numbers of courses and student types as small
as possible. Other SLAM arrays can be shrunk according to reference
2. They are listed in Table 5.

4. Sereral COMMON statements can be shortened or even dropped
from several subroutines. If one shortens a COMMON statement, though,

one must be very careful about adding back to it.
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