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Simulator computer programs should be designed to capitalize on the latest t¥aining inno-
vations in data recording and anzlysis. Related equipment should be confignred for operational
training and insiructor guidance and include four main considerations in the demgn of data
recording and analysis programs,

1. The recording function should be integrated into the on-line data collection system
to preserve program system integrity of the operational simmlator programa.

2. A data eollection executive and modular on-line recording routme can effectively
use computer memory and execution time resources.

3. The post-run analysis program can provide human factors engineers the media
for operator analysis without the usual delays of a dats reduction facility. The acinal simu-
lafor digital computer can be programmed to give the instructor, human factors engineers,
and cother pertinent personnel a set of reduced training data reports or analyses immediately
after a gimulation session. The ability to quickly reduce daia gives all key persomnel 4 unigue
selection of data reduction programs necessary to evaluate the simulation run just completed,
Human factors engineers ¢can enter their judgments in selecting the data reduction programs
best suited to the situation,

4, The dynamic program selection of post-run analysis programs directly after a
simulation run gives meaningful resulis immediately. In eontrast, normal data processing
procedures process all the data from daily simulation sessions in a baich process manner,
usually generating a large amount of paper. Using this daily procedure a more substantial
prohlem resulis when the instructor wishes to find & specific gituation for man/machine
evaluation,

Two systems—Federal Avialion Agency Computer Driven Simulation Environment (CDSE}
and the TACFIRE Training Support System (T88)—will emphasize data recording and data
evaluation. The first system has been implemented and actnal results will be given. The
second syatem is designed and design considerations will be diseussed.

SOFTWARE INTEGRITY

Realism in a digital training or sinmilation environment can be obtained best by using the
actual Operating System, application programs, and realistic system inputs. Application
programs should he uzed intact in the overall softwars set. A straightforward method {o
insure system integrity is to add the data recording programa to the software system as
separate program modules linked to the operation programs in a non-interfering manner.

This approach to data recording software allows complete checkout and debugging of the
operational programs without aliering the operaticonal program coding. Several probiems
in this method can arige from inadequate memory space to accommodate these data record-
ing modules, A programming method often uged to overcome this problem is to treat the
simulation or training cperational program as a multi-programming environment.

The data recording programs can be stored in an auxiliary memory device, e.g., a disk
file, magmetic drum, or auxiliary core memory. The data recording program module ¢an
be called into the main storage memory {Figure 47) as needed. Normally the data recording
module is called into core at a fixed ¢yclic rate based on a submultiple of the application
program sampling rate. To preserve system integrity, this scheme must be evaluated
against the data recording resolution requirements, the write/read time to overlay the
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application program, and the complexity of data recording tasks, The advantages are:

1. Core space is conserved. The application program moditle and the data recording
program module can be checked out as separate units. Then the input/output (I7/0) program
to overlay can be added to integrate and debug the programs,

2. If the cyele time is exceeded on some cycles, the data recording overlay need not

he loaded into core and executed during thal cyele, As a consequence dala is lost; however,
the sample rate will remain in synchrorism.

3. I execution fime permits, a complex set of logic for data recording can be used
because adequate core space is available for implementaiion. This allows on-line screening
of data during the execution of the recording program.

Sharing the memory hetween two or more programs in a time dependence manner is
called multi-propramming., The degree of multi-programming varies considerably from one
type of system to another, but always it adds complication to program writing and particularly
to program testing.

If adequate care storapge ig availakle, the data recording program module can reside in
core memory along with the applfcations program, This eliminates the need lor multi- -
programming. The overhead running fime needed to "swap™ the application simulation
program maodule and the data recording module is then saved,

A simple scheme exists for Inking the daia recording program module with the applica-
tion program maodule that preserves saftware integrity. The link the application programmer
uses to transfer control from his routine to the data recording program madule can be a
MACRG-instruction. This line of code, after the application program is compiled, generates
mimerond Instractions which give the required linkage to data recording program modale,

In early checkont of the applieation programs, the data recording MACRO's are expanded
into no-instruction operations {(NOP); i.e., they do not transfer to the data recording pro-
gram modules. When the time comes to integrate the data recording program modules into
the system, only the MACRO needs redefining.

For example, the MACRO "LOG" may be defined as:

Label ‘ ' Qperation Operand

LOG ' MACRO - BUFFERI, X, Y,
Z, T

I may expand into six instructions when compiled,

Lacation Operation Cperand
i SLJ i LOG
i+1 NOP BUFFERI
i+ 2 NOP X

i+3 NOP Y

i+ 4 NOP z

i+5 NOP T

The first instruction at location i transfers program control to the logzing routine (LOG)
in the data recording program module. The locations i+ 1, i+2, 1+3,1+4, andi+ 35
contain the aperands such as BUFFERT, ‘address of the data reccrdmg bu:l'fer area, and 5, Y,
Z and T--the variables to be recorded. Then the data recording function is integrated thruugh-
cut the application program without destroying software integrity. This MACRO standardizes

i



NAVTRADEVCEN IH-143

all recording functions (Figure 48). This is only one method of gpproach., Aacther plan is .
periodically sampling the data for recording in one program each time through program cycle
and recording all data one time per cycle.

A third alternative is to record data by triggering an event, ¢, g., an input or ouiput
interrupt. When an interrupt occurs, a sequence of computer actions is necessary. Some
of these will be programmed and some will be automatic, depending on the sophistication of
the hardware, The sequence of evenis in a system with only one ievel of interrupt is;

1, Further interrupts will be inhikited or prevented from cecurring until the input/
output interrupt ig serviced,

2. The location where the application program was interrupted Wwill be stored so a
return can be made to that poini when the data recording routine is over.

3, Coertain indicator registers must be preserved, as the contents or setting of
these will be needed agajin by the interrupted application program.

4, Required action must be determined and control transiered to the data recording
program module, Cases may result where only the request for data recording is queued
and the actinl data recording will he done later.

§. Program control now is retuirned to where the applications propgram was interrupted.
The indicators, ete., must be regiored,

In either method be careful fo preserve system integrity. In the third case, the prablem
getg a little more difficult as data recording timing becomes a crifical factor in servicing
the interruption.

A method used sucecessiully to minimize this service time is to stack only the request for
data recording during the interrupt service period. On completion of servicing interrupts,
the processing of data recording reguests iz executed. This can be rccomplished during the
gample ¢yele as time permits,

DATA RECORDING PROGRAM MODULARITY

The tasks of diglital recording and analygis can be divided info three parts: initialization,
operational data recording, and data analysis, Initialization ig necessary to write the proper L
set-up and identify information on data recording media {disc file or magnetic tape). This
identification data is needed for historical purposes and the set-up parameters usually are
needed by the data analysis and reduciion programs.

Often each application program routine has ite own inifialization requirements. For
example, programs are writlen separately by six different programmers. However, initiali- oo
zation can be accomplished by a separate data recording injtialization routine that simul-
taneously starts all six programs, insuring proper system data recording injtialization,

The operational data recording program module can be organized ag a data recording
execuiive and modular on-line data recording routines, In this manner new on-line daia
recording routines can be added easily to the data recording program module,

Some data may be sfored by programs other than thoge in the data recaording program
maodule. This data is computed by the application program and slored in a special area of
computer memory, At the end of the training or simulation segsion this data js recorded
on the recording media (disc or tape) by a separate "clean up" data recording routine, The .
elean up™ need not reside in the core memory. It also should write all partially filed data
fables on the recording media to insure a completie set of recorded data.
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Data can be douhle buffered in the core memory 2s & measure to increase data recording .
speed. This scheme provides two buffer areas in core memory for the data reduciion routines
to store the required data before cutputiing it to the recording media. The recording routine
may be storing data in buffer area # 1 while the data from buffer area # 2 js being outpuited
to magnetic tape (or disc). Then the process is reversed, i.e., data is stored in area # 2
while area # 1 ig being outputted.

Storing all data in eommon cutput buffer areas is ancther method to speed up logging.
Each data point can be tagged with a logging identify code for processing by the analysis
programs. This eliminates the need for complex logic to sort the data into separate data
buffering areas and separate outputting routines.

POST-RUN DATA REDUCTICN AND ANALYSIS

The analysis programs, which can be designed to run directly affer the training or sinu-
lation seasion, can also be designed as an off-line executive and a set of modular apalysis
routines. Then the operational application programs do not have o reside in core meémory-
the entitre analysis software can occupy core memory, Various complsx data reductions
also can be implemented as fiming ig not restrained by the applications software.

The analysis and reduction routines should be run directly after the simulation or train-~
ing session. The availability of all the data on a quick-look basis allows the principal inves-
tigations to evaluate a gession while qualitative evaluatjon is fresh in their miunds. Freguently
this data has a direct bearing on the setiing of parameters for the next run, Discussien of
training performance can be held with trainees immediately after the session if the daia is
available, This type of evaluation is more effective than an evaluation of the data when it ig
processed in a routine over-night manner.

Normal procedures are {o process all the data 28 a routine overnight data processing
job, so a huge amount of paper is generated. This often creates 2 problem ag the instructor
or evaluation personnel must "wade' through masses of paper to find specific data for man/
machine evaluation.

The ability of the instructor, human factors enginesrs, and other pertinent per sonnel to
dyna.ml.cally gelect those analyses or reduction routines necesgary to give only the required
data is important, These methods can be implemented as follows:

1. A selection data card can be used at the end of operation phase of training or
simulation to select the appropriate data analysis and reduction routines all at once.

2. The data can be presented to the personnel in real-time and allow them te select
additional routines as needed in a sequential manner.

COMPUTER DRIVEN SIMULATION ENVIRCNMENT

The CDSE provided real-time simulation studies for an Air Traffic Confrol Terminal
Area Regearch Projeet. The objective of these simuiations was to evaluate the general use
of digltal computer fechnigues. as an aid to air traffic management processes under advanced
terminal area airplane sequencing and control concepts, CDSE application was thurough1¥
tested and is considered to be & significant advancement in the art of alrcraft simulation.

The compuier's rate in digital recerding, while perforining the necegsary simulation function
and preserving program system integrity, contributed to the projeci's success. Dynamic

gselection of data reduction and evaluation programs greatly aided human factors analysis of R
simulation runs. .

A digital computer was used in real-time simulations to:
80
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A, Siudy computer aided sysiems,

2. Generate aircraft targets.

3. Simulaie subsystems such as radars, - trackers, or beacon transponders.
4. Allow [lexible programmable situation displays.

8. Allow rapid changes from problem to problem,

d. . Collect data and analyze while performing the above tasks.

The IBM T090 compuier at the compuiation center was equipped with two channels, a
direct data connector, and a real-time elock. The direct data connection provided high-
speed data transfer to the Display Buffer System and from the Kevboard Data Entry System
(Figure 49).

The chosen displays included the Charactron which ean display zlphabetic and numeric
indformation, special symbols (for aircrafl fixes) as well as lines, Since the display format
wag under program controd, flexibllity existed on these displays for any desired situation
(Figure 50), A set of input keyboards was required to allow air traffic conirollers and simu-
lator pilets to communicate with the computer,  Six kevboards were used for simulator-
pilot input functions and three for air traffic controller positions (Figure 51).

Four voice communication ¢hannels are provided between the controller and the pilots,
Each channel was monitored via the IBM 7080 sense Hnes in order to record data for comput-
ing the distribuflon of message lengths and communication delays.

A typical sirmlation consisted of three main program modules arranged in a chain of
three links. The purpose of Link 1 was to read some 94 pavameters info the computer,
select Input traffic and initialize the data recording routines. After completion of Link 1,
the real-time operational sirpulation program, Link 2, was called. The initialization pro-
gram (Link 1) ran for less than one minute compared to two hours or more for a simulation
run (Link 2},

After the simulation ran, the final data was recorded onto magnetic tape. Link 3 was
called and read into the memory over Link 2. Link 3 consisted of some 52 diiferent analysis
programs to process the data collectied during Link 2 and stored on magnetic tape.

Figure 52 shows a functional diagram of the CDSE. The 7090 program consisted of four
functicnal areas: simulated aircraft targets, data acquisition {e. g., radar), nperational
control systems, and data recording. Some of the parameters read into the computer in
Link 1 are shown in the figure. For example, the estimated aircraft characteristics, geo-
metry of the area simulated, and the forecase wind were used in the operational control
gystem logic, The external digplays and keyboard provided command and control hardware
to integrate the air traffic controllers into the operational confrol system. The data record-
ing programs were able to monitor communication line hardware, simulated aircraft key-
board workload, and control system performance,

The on-line data recording program module consisted of seven subroutines (Figure 53).
The daia recording executive initizlized all on-line data recording subroutines at the beginning
of the run. The executive also was periodicaily tested during the run to determine if each
of the other data collection subroutines should be called. The executive was called once ¢ach
secoid.

The communication data subrountine wrote either one of two hlocks of computer memory
containing communication data. Two storage areas were used to allow communications data
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fo be collected in one area while the other is being written on magnetic tape, Each time one
of the areas was filled, 2 switch was get by the subroufine which indicates to the executive
that a block of data can be writien on tape,

The keyboard data recording subroutine stored the number Keyboard messages of each of

the ten keyboards periodically during the preceding minute. The tape writing and buffering.
scheme was similar to communication data subroutines.

The conflict recording subroutine checked each ten seconds to determine if a conflict
existed befween any pair of aircraft. A conflict situation oceurred between a pair of aircraft
whenever both the minimum vertical and horizontal separation criteria were violated, Data
was double buffered and writfen on tape as the buffers were filled.

The gate and landing subroutine detected when aircraft cross the Instrument Landing
System (ILS) gate. Pertinent data was recorded in memory for each aireraft whieh crosses
the gate and Iandg. This data was recorded in memory during the simulation. On comple-
tion of the simulation run, this dala was written on tape by the "mop-up™ data recording
routine. In addition, this routine wrote all the partially filled data buifer areas on magnetic
tape to complete the data set for the run,

The off-line analysis program consisted of a sequence of 26 program switches which were
vsed to select which particular subroutines were fo be used in an analysis run. Affer pass-
ing through a sequence of these 26 program switches, the option was available to loop through
these switches once again with different value settings for each of the switches. At each
switch point three options were available, that is to call subroutine A, call subroutine B,
or go on to the next switch point, Possible values any switch may have were (-}, (0}, and
{+). A zero value for a switch caused the executive program to pass to the next switeh point.
A negative value causes subroutine A to be called while a plus value causes eontrol {o pass
to subrouting B.

Figure 54 shows the organization of thig chain of logic, Each block represents a sub-
routine of the Analysis Processor executive, Therefore, 26 possible subroutine options
could be nged with this program module. However, not 2ll of these blocks were defined,
Therefore, there was the ability to add other subrouiines o the Analysis Processor to
handle other types of data reduction and analysie not evident before. Some of these sub-
routines in the blocks use other subroutines to do cerxtain statistical functions. These S
supplementary subroutines were of a statistical type and were written in FORTRAN caompiler
language which was understood.

Therefore, the only input to the analysis control program wag a sequence of 26 one digil
intepers having the values of either -1, 0, +1 and the on-line data tapes. These values
ples a value for the number of times to loop through the Analysis Procesgor were the only
inputs to the executive program proper. These parameters determine which switch points
are selected; thus, selecting the variocus subroutines for the processing job and determin-
ing how many timeg the analysis loop should be traversed to analyze the dats,

The analysis program module ran directly after each simulation session. This data was
avajlable to all pergonnel 15 to 30 minutes after the simulation. Figure 55 shows a typical
cutput of subroutine A20 including supplementary plotting subroutine used to print the histo-
STATR,

TACFIRE TRAINING SUPPORT SYSTEM (TS5

The design objective of the TSS is to provide TACFIRE operaiing personnel with a simu-
lated real-time environment for field training and evaluation purpcses. The TSS recording
and analysis programs were designed to give TACFIRE operating personnel a simulated
real-time environment for Army field training evaluations, TACFIRE is a military system

85



BLANK PAGE

86



e L i Ll i LU L b DR R R BTTTE LT L DL

T e Y

Y

SUBRGUTINE Al
READ BIMNARY (NPUT TARE

i

BUBROUTIME BI

3

Y

¥

SUGRIUTINE AZ
PARINT FHPUT PARAMETERZ OFTION Ha,!

[

]

—

BUBRAOUT INE &2

—

[

1

SUSROUTLHE A3
COMPUTE?D THE STANDCARD SEvIATLION
ANHD AVERAGE OF TIME GATE ERROR,
AND DISTAHCE GATE ERROR

i

SUBRJUTINE B3

—

J

SUBHTUTINE Ad
FRINT HISTOBRAM OF ERROR, TIME
RUHWAY ERROR, AND DISTARCE GaATE EARDA

¥

[

—

SUBROUTINE P&

——rre

]

JUERDUTIME A1
CONTROL CHART ANO PLOT
FOR OISTANCE GATE ERROR

y

SUBRCUTINE DS
CONTROL CHART WITHOU

Y

FOR DISTANGE GATE ERA

!

SUBROUTINE A&
COMPUTE AKER AVERAGL FOR DISTANCE
GATE BRAOA HRALECTING FOINTS OUTH|DE
THE CONRTHRAL LIMITS

L

—

SUHRROQUTINE BE

SUONRCUTINE AT
SEQUENT At TEST ON DISTaNCE
GATE ERROR [RAW DATA)

SUBROUTLINE =7
HFEQUENTIAL TEST OH OIS
GATE ERROR LMCLUDING 1

i —

Y

A |

(]

SUBRCUTINE A3

[

]

—

SUDROQUTIHE BEa

j

LY

L



=0
\‘f./
N

SHUBRAUTINE A9
AVERAGE AHD STAMOAAD OEVIATION ov
TYPE FOR TIME GATE FRROR, TIME

L AWAY ERROR, AND BHISTANCE GATE EAROA

SURRCUTIKE BA

]

¥

SUBRAUTINE &Ed
AVERAGE AKND STAROAAD
DEYLIATION OF SYSTEM DELAY

]

=

SURACUT INE B11
HIET DGRAM, AVERAGE AND

DEVIATION OF SYETEM CEl

y

SUBREDUTLNE Al11

LIMEAS EEGRESSION QN
SYSTEM DELAY

SUBROUT IHE B1
LINEAR REGRESSION
SYSTEM DELAY WITH

e

B

SUBRCGUTINE A2
STANOARD BEVIATION AND AVERAGE
OF ARKIVAL OELAY BY ALAGRATT TYFE

5

SUBRQUTINE B1;

)

SUPROUTINE 413
AVEFRABE AHO STAMOARD OEVIATION
FOE TIME ERECA AT DEPARTUNRE FIX

~ EUBROUTINE B13
1STOGRAN OF DELAY AT

IX A‘Flil HISTOSRAM OF G
BEL A, ADE UP AT DEEAF

]

BUBTOUTINE &A1a
AYERAGE AND STANDARE DEVIATION BY
TYPE FOR TIME CRREOS AT DEFARTURE
FIX AND GROUHD ERFROR MAOE UP

1

SUBROMTINE 84

[

SUBRDUTINE Ai5
AVERAGE ANO STAMDARD DEVIATION
LF DEP&MRTURE DELAY

Y

1

SaRQUTIHE 817
HISTanRAM OF ODEPARTL

. B

Y

STUBRALTINE ATE
LINEAR REGRESSIDON ON
DEFARTURE DELAY

¥

]

SUBROQUTINE 315

i

¥

BUSROUTINE A1T
AVERAGE AMND STANDARD DEVIATION
By TyPRE FOr DEFARTURE DELAY

[ ]

I

—

SUBROUTINE BLT

SUBNROUT INE AlLS
LOMPUTE LANCING AATE  OEFRARTURE
RATE ANDO DFEAATIONS RATE

SUBROUTINE BB

]



JOBEI0L BISATEUY

Y L

AUBROUTINE Ala SUBRMTIME B19
COMMUNICAT IONS DATA WITHOUT PLOT CONMMUNECAT LONE DATA ¥1

SURRBUTILNE #2¢
HIMBER OF RESEUUENCED SUBRAAQUTINE B2a
AlRCRAFT oy TYPL

BUBROUTINE AZ:
NUMBER OF MISSED APPROACH SUARCUTIKE 821
AIRCRAFT BY Ty FE

[ [

SURROUTIHE A2Z
PRINT CONTROLLER KEYBOJARD DATA

| J
¥ .

SUDROUTINE A29
FRINT PILOT KEY80ARD BATA

Y Y
! 1

SUBROUTIHE AZZ SURBROUTINE BZL
PRINT RAW CONFLICT. DATA

| |
I ¥

SUBROUTINE A2
CONFLICT AHALYS1S WITH PLOTTING DFTIGM

I I
i y

SUBRDUTIRE A2ZS ou
SUBROUTL
SUMMARY THEET HE B25

BUBRACUT INE 821

—

SUBRROUTIHE B3

SUBROUTINE n2

i
IT 18 POBSIBLE LOOP THROUGH ASAIN LEGEMND
RETURNING TO WITH A HEW LET OF
SWITCHES, THE NUMBER OF TIMES THROUGH
THIS LOOP 15 DEPENDEHT QN THE VALUE OF * BWITCH

'99-L8

ATILT, T¥aY JOIIO;) WIDYSAS eUIT-TJO “5& 2INITY

THE PARAMETER NLOOF,



NAVTRADEVCEN IH-143

5 i3 15 20 23 340 a5 40 45 L
1 i 1 1 1 1 1 1 1 1
T e T L s T R R N R L L L L L L e L L L L
1.0004.
Z2.0000.
2400004

o KRR I 3 3 2 KA 6 0S50S JCL S 2 20023 R MK K00 K KN A E KR XX MR X X
4.0000.xxxxxxxxxxxxxgxxxxxxxxxxxxxxxxxxxxxx:xxx:xxxxxxxxxxxxxxxxxx:xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
@ RXRXX KX LA KRR ARR X BRI RK R LR AN KX
FERLLL IS £ EE R dre it bs b ids ot et it b bt tets
e RERKAX LN R XKL
G- D000 KRN LKA
o KRR RA MO0 I XXX X KR KA AN AN XX R X
T o OO o RIEN U R Y XK R ENR X M i R K N0 N X
§a0007.
QﬁEDUﬂ:
-
1C0.q000.
.
11.0060.
-
L2.G000.
X XNAXKEXLLEN
L. OO0 X KRR EXLE KRN
L
L0000
15,0000,
1&.0000:
1%.0000.
18.00:30.
lq.DGDE:
20,0800
21.0000.

2205004

A T R e S T R R R R T I T U I L L

2a.0030. M
24,0000, .
25.6000. :
36.0000. :
27.0000- :
2840000, -
29.0000. :
30.0000. -

LR N N N L L L L L L L L L T T N N g ey A Ay

1 L
o 14 15 20 25 A% 35 40 L3 a0

2 ORDINATE, STRING LENGTH
ABSCISSA, FERGENT OF TOTAL. NO DF AFC TO BE SCHEDULEG AT AIRPORT 1 5 4

Figure bS, Ouiputs of Subroutine A25

89



NAVTRADEVCEN IH-143

of highly reliable operating equipment eonfigured in tactically mobile vehicles. Each system
contains two digital computers. The major design consideration of the THS is preservation
of operating system integrity. Digital recording and analysis programs were designed under
this constraint.

Supervizory control over the simulateq environment is designed 50 a training instructor

may monitor, supervige, and direct dynamic clpsed-loop control over training of field
persomnel. Concepis of computer-aided instruction (CAI will be used in interfacing with the
TACFIRE operating system so the instructor may exercigse maximum control over each train-
ing mission.

Measures of personnel performance will be obtained for conirolled mixes of message

traffic subject to timely instructor evaluation. While 4 training mission may run four hours,
aceumulated mission time ean represent any amount of simulated real-time operation. The
instructor, by interfacing CAI routines to the TACFIRE Operating System, will control the
timing of mesgage arrival, departure and interactiong. He may replay selected medsages or
introduce new message combinations through manipulation of the system pseudo-real-time
clocks. Ha may aliter existing message rormat or context for faelt ingertion into the system.
Through inclusion of the above facilities, the instructor is given a guantitative tool which can

measure trainee response to simulated real-time operating conditions.

The training operating system will require three additional pieces of equipment to make
the TACFIRE training system operational:

1. An adgitional disc storage unit for field training input data and data recording.
2. An instructor's display console.
3, Two §,000-word core memory modules.

The added ¢ore memory will be used te incorporate the 'TS3 operating system software
(i. ., CAI and simulated input control services) so the TACFIRE operating system softwarée
will remain intact (Figure 58).

The traiming operating system is structured to operate in two function modes of operation:

1. Team training state for a TACFIRE vehicle.
2. Operator trajning state for display console,
Within each state, TS8S operation will encompass three separate phases (Figure 57);
1. Pre-training initiation.
2, Training-run operation.
3. Post-iraining analysis.

The TSE software supporting this operation will be divided among two different computing
systems. Inpul message traffic and simulated display ouniput traffic will be generated on an
oif-line data processing system which will generate data to be stored in the training disc
storage device. Disc cariridges then may be shipped to the TSS training library as repre-
sentative traffie samples to run on the TSS hardware.

TS5 software inttializing the TSS installation will operate on the TSE tactical proceasor

hardware and vse this prepared disc cariridge. On instructor comimand, the TSS Qperating
System will commence the training-run execution. The instructor shall select the team or
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operator training state. Data will be recorded on this same digc cartridge for post-run
analysis.

Finally, after completing a training mission, the instructor can terminate the training
run and enter the data reduction and evaluation analysis phase,

SBoftware design will provide the necessary simulation support routines required for
implementation of the fieldable TSS Operating System. Software routines will include the
following functional programa:

1. Load Generation—This service routine will generate the siraulated message tratfic
for use on the tactical processor,

2. Bimulated Input Control—Includes the various routines used to effect the routing
of simulated message traffice within the T88 TACFIRE COperating System, These routines
will include: .

A. 1/0 handling.

B. Time management.

C. Simulated I/0 routing.
D. Logging.

E. Data recording.

3. CAL/Instructor Console Control—The CAI interface to the simulated input control
services and the TACFIRE Operating System is effected from this service rowtine,

4. Post-Training Evaluator—The post-training evaluator service will enable the
insiructor to selectively evaluate and analyze all data recorded during the training mission.
Al least 20 different evaluaior routines may be invoked fo post process message trafiic
response information collected during each training run. Post-training evaluation will in-
clude the following recap services:

A Print get-up and sign-in parameters.

B. Print input and oulpui messages,

C. Analyze and plot profiles of migsion runs,

D. Analyze and plot input and output.

E. Compute and plot human resction to output messages.

Correlate input and output messages by source and device,
G. Plot scatter diagram of input vs output messages.
H. Perform two-way analysis of variance of run statisticsa,
The two systems described have been designed with data recording and analysis considera~

tiong as an integral part of the software. Considerable thought should be given to what should
be recorded and what analysis methods will be used, Many statistical routines already may

be available for the simmlation computer, thus reducing some of the analysis programming
costs,  Buificient data should be recorded so additional analysis tasks can be later added to

93



NAVITRADEVCEN IH-143

the pogt-run reduction and analysis program. The psefulness of daia after a simulation or
training seasion is Inversely proportional to the time it is available for evaluation by the
experimentors. This gives further reason fo run the analysis of the data direclly on compie-
tion of the simulation as an integral part of the simulation run, Control of the analysis pro-
gram should be given to the experimentors so they may select easily the minimum sef of
analysis and data rednction programs for that specific simulation or training rom.

Reference:

1. A Computer Driven Simulstion Environment for Air Traffic Coatrol Studies™ Proceed-
ings Fall Joint Computer Conference, 1963,
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