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ABSTRACT

EASI (Estimate of Adversary Segiiencce Interruption) is

an analytical technique for measuring the effectiveness
of physical protection systems. EASI Graphics is a com-
puter graphics extension of EASI which provides a capa-
bility for performing sensitivity and trade-off analyses
of the parameters of a physical protection system. This
document reports on the implementation of EASI Graphics
and illustrates its application with some examples.
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I. INTRODUCTION

A relatively simple, easy to use methcd of evaluating physical protection
system performance at a fixed-site nuclear facility has been developed.l This
method, called Estimate of Adversary Sequence Interruption (EASI), calculates
the probability of interrupting an adversary along a physical path described by
(1) probability of detection, (2) adversary delay time, (3) probability of
communications, and (4) security force response time. The EASI evaluation can

be performed on hand-held programmable calculators.2'3

A versatile computer graphics version of EASI has also been developed.
This EASI Graphics program allows the user to input facility and adversary path
attributes at Amr v v Siaphawes cerminal.  The output consists of a value for
the probability of adversary sequence interruptic:a and a variety of user
selected plots. These plots provide information related to the sensitivity of
the probability of interruption to changes in facility safeguards components.
This information provides a basis for evaluating and designing fixed-site

security systems.

The purpose of this report is to provide a guide for evaluating physical
protection systems using the EASI Graphics program. Instructions are provided
for implementing the EASI program on a graphics terminal and for describing an
adversary path for evaluation. A specific example which illustrates the plot-

ting capability of EASI Graphics is also presented.
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IT. DISCUSSION

General Discussion of EASI Method

The Estimate of Adversary Sequence Interruption computer code is an ana-
lytical technigue for evaluating the effectiveness of physical protection sys-
tems. The EASI method consists of a probabilistic analysis of the interactions
of basic security functions and is used to calculate the probability of inter-
ruption of specific adversary action sequences. Adversary action sequences can
include an outsider entering a facility for the purpose of sabotage or theft or
an insider either gaining access to a vital area for the purpose of sabotage or

gaining access to Special Nuclear Materials (SNM)} and egressing.

The EAST code has been adapted for use on hand-held calculators to provide
a tool for quick, "first cut,” evaluations of physical security systems. EASI
is also available as an interactive graphics program for use on computers

equipped with an interactive graphics terminal.

The basis of the EASI method is that, for a resolute thz2ft or sabotage
attempt to be averted, the response force must be notified of the attempt while
there is still sufficient time remaining in the adversary's action sequence for
the force to respond and interrupt the sequence. The response force is assumed
to be adequate enough to at least delay adversary progress until additional

forces arrive to neutralize the adversary.

Input data required for EASI Graphics include (1) the average guard force
response time, (2) the standard deviation of security force response time, (3)
the probability of communication with the security force, and {4) an adversary
action sequence. Each adversary action sequence takes place along a path which
includes a starting point, a sequence of detection methods and barriers, and a
terminal point. An adversary attempting to use such a path to accomplish a goal
of theft or sabotage must defeat each barrier and traverse each open area along

the path. Each of these adversary activities is called a task.

Tasks are ordered in time, beginning at the outermost barrier (e.g., a
perimeter fence in the case of an outsider or an internal secure area in the
case‘of an insider) and proceeding to the target or terminal point. Associated
with each task is an average time to complete the task and a standard deviation.




Also associated with each task is a sensor for detecting adversary activities
{e.g., a door alarm, a closed-circuit television (CCTV) camera, etc.}. The
probability that this sensor will be activated is the probability of detection
(Pd) for the particular type of sensor assumed. TIf therc is no sensor associ-

ated with a task, the probability of detection is set equal to zero. ;
The probability of interruption {P(1)] is calculated for each adversary

action sequenca based on the input parameters. A number of plotting options

are available to the user of EAST Graphics. These plots provide the user with

information on the sensitivity of the paramcters of the systenm.

A mathematical dcvelopment ol the EAST method is included in Appendix A.

Implementation and Computer Requirements for EASI Graphics

EASI Graphics provides an interactive interface betweer the analyst and
the computer. This interface allows the user to interrogate the computer, in-
put appropriate physical protection system data, modify the input data or
facility design, and select the desired output. Program control is provided
by the EASI Graphics code, which prompts the user by requesting information and

directing the detailed analysis.

The Sandia Laboratories EASI Graphics program uses a Tektronix 014
graphics terminal to interface with the CDC 6600 time-sharing computer. Sandia
users can access the EASI Graphics code at any appropriate graphics terminal by

using the following input:

GET, UEASI/UN=DWSASSE (RETURN)
/~UEASI (RETURN)

The EASI Graphics code is also available to other users as an ANSI standard
FORTRAN program which should be easily adapted to any computer with adequate
memory and a compatible graphics terminal. Two additional software packages
are reqguired: DISSPLA, which is a proprietary product marketed by Integrated
Software Systems Corporation, and PLOT-10, which is the Tektronix terminal con-
trol and plotting software package. A complete program listing for EASI

Graphics is contained in Appendix B.
Instructions for implementing each segment of the program are displayed on

the terminal screen by the computer upon completion of the preceding step. A
flow chart which illustrates the EASI Graphics instruction/analyst interface is

10



shown in Figure 1. At each decision point within the program, the computer
queries the user for a decision or further information. An evaluation of an
adve. ssary action sequence using EASI can be accomplished through the use of
questions and requests for information by the computer and responses by the

analyst.

EAS] Graphics Evaluation Proccdure

A hypothetical fixed-site facility and one possible adversary action se-

guence associated with thal facility arce shown in Cigure 2. This facility will
be used to illustrate the BEAST ovaluation procedure and to detine a set of
input parametoers for the BASD Graphics cxample described in Section 111,

Details of the facility evaluation procedures using EAST have been reported
previous]y.2 The following discussion is included in this report to clarify
the example and for completeness,  Phe reader is referred to Reference 2 for

additional information on *thec usc of EAST.

Potential adversary targets in Figure 2 are the SNM and the vital compo-
nent, For this example, only the physical path shown in Figure 2 will be con-
sidered. This problem involves examining the vulnerability of the facility to
a sabotage attempt by an unauthorized adversary (cutsider). Further study of
this facility would require that other possible adversary action sequences

related to sabotage or theft be evaluated.

Since this problem involves unauthorized entry, the adversary sequence must
begin somewhere on the facility boundary, in this case at the perimeter fence.
The entire adversary sequence consists of penetrating the perimeter fence,
crossing the open area betwcen the fence and the facility's main building, pene-
trating the locked exterior door, traversing the hallway, and finally penetrat-

ing the locked interior door to the target (vital component).

While outside the building, the adversary is subject to surveillance by the
CCTV (Sensor 3).* In addition, sensors on both the locked exterior door (Sensor

5) and the locked interior door (Sensor 7) provide adversary detection functions.

The adversary action sequence consists of seven tasks: (1) nenetrate

fence, (2) cross open area to position of the CCTV, (3) cross open area between

*The sensors are numbered to correspond to the task with which they are
associated.

11
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s the CCTV and the main buildineg, (4) penctraote Yooked cxterior o, 5, Crase)
) to locked interinr Jdoor, !'h) peactrate lockeo interior door, ann 17, travel] s
vital component and achicve objective.  The aduersary time-scqguence path (in
minutes) for this adversary action segaence is shown in Flogure 3.
Penetrates
Locked Travel
Penetrates Cross Open Area Exterior [to Interior
Fence Door Door
Sensor 3 Sensor 5
—_t——— Yty t, ¥ byt L
= = = c = = \
E(tl) = 2.0 E(tz) 1.0 E(t3) 1.0 L(tq) 3.0 £(t5) 0.5 \
= = = = = !
r!(tl) 0.5 a(tz) 0.2 alty) 02 G(ta) 0.3 0(1.5) 0.1 Y
‘/
”————_-——--‘-_———'“—_—-- ————— ——— - —
Py
,’ Penetrates Travel to Terminal Point
( Locked Interior {vital Component) )
\ Door + Time to Achieve Final Objective
\
N Sensor 7
~
-~ 4 tﬁ Y t7 -
E(tg) = 3.0 E(t;) = 0.1
o(tG) = 0.3 0(t7) = 0.02

where : E(ti) = Expected value (mean) of time to accomplish Task i

01ti) = Standard deviation of the mean for Task i

Figure 3. Adversary Time~Sequence Path for Sabotage (Outsider).

Each task is specified by the mean time required to accomplish that task
and a standard deviation. Sensors which may provide adversary de*ection are
located at the beginning of their associated task. In this example, Sensor 3
is associated with Task 3, Sensor 5 with Task 5, and Sensor 7 with Task 7.

The input data derived from the time-sequence path in Figure 3 are sum-
marized in Table I. (The procedures by which these data are input to the com-
puter are outlined in Section III, which follows.) Given these data, EASI
Graphics calculates the probability of interruption for the particular adversary
action sequence described in Figure 3. If the value of P(I) is not sufficiently

14
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hizh, the input data can be modified and a new valuc of P{l) calculated. This

lterative procedure allows the user to change the performance characteristics

of sclected physical protectlon system components until P(1}) is satisfactory.

This analytical procedure should be performed for other adversary action se-

guences.

TABLLE T

Numerical Input for Example

kesponse Force Specifications

Mean Responsce Time 4.0 minutes
Standard Deviation 0.16 minutes
Probability of Communication 0.9

Adversary Time-Scquence Path

Task Time (min)

Probability of

Task Mean Standard Deviation Detection (Edl
1 0.5 0
2 0.2 0
3 1.0 0.2 0.3
4 0.3 Q
5 0.1 0.97
6 3.0 0.3 0
7 0.1 0.02 0.97

Graphical Output Options

The results of the EASI analysis are expressed in terms of the probability
that the physical protection system can respond in time to interrupt specific
adversary action sequences. EASI calculates and displays P(I) for each defined
adversary action sequence. To supplcment the EASI calculations, EASI Graphics
provides the analyst with a selection of six two-dimensional and eight three-
dimernsional plots. These plots allow the user to examine the sensitivities of
various components along the adversary's path and to study the effect on the
probability of interruption of varying the performance of these components.

The available plotting options are summarized in Table II.

With the exception of Plot No. 1, the dependent variable for each EASI
Graphics plot is the probability of interruption. The dependent variable may

15



be plotted as a function of one or two independent variables related to the in-
put data, i.e., response time, prnbability of communication, task time, or
probability of detection. The tarece-dimensional surfaces and two-dimensional
curves generated by EASI Gruphics may be used to estimate the value of P(I)

for different values of the independent variables.

TABLE Il

Available Plot Options

Option Number Description
0 No Plot

Two-Dimensional Plots

1 Probability of Alarm vs. Time to Terminal Point

2 Probability of Interruption vs. Time to Terminal
Point

3 Probability of Interruption vs. Response Time

4 Probability of Interruption vs. Probability of
Communication

5 Probability of Interruption vs. Task Time

6 Probability of Interruption vs. Probability of
Detection

Three-Dimensional Plots

Probability of Interruption as a function of:

7 Response Time and Probability of Communication

8 Task Time and Probability of Detection

9 Response Time and Task Time

10 Response Time and Probability of Detection

11 Probability of Communication and Probability of
Detection

12 Task Time and Probability of Communication

13 Task Time and Task Time

14 Probability of Detection and Probability of
Detection

For those plots which include task time or probability of detection, the
user must specify which task number(s) or sensor(s) is to be used. For example,
Figure 4 shows the EASI Graphics plot of the probability of interrup:ion versus
task time for Task 5. Prior to executing this plot, the computer would request
that the user specify the task number to be plotted. Similarly, Figure 5

16
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illustrates a three-dimensiuvnal plot asing both task time and the probability

of detection. The interaction between the coamputer and analyst necessary to

yenerate this plot is shown on the following page.*

PROBABILITY OF INTERRUPTION

PROBABILITY OF INTERRUPTION

YNV

2
o ©
o
e
ol

1.0 1.5 2.0 2.5 3.0
TIME FOR TASK 5, MINUTES

3.5 4.0

Figure 4. Probability of Interruption vs. Time rfor Task 5.

*Computer input prompts are indicated by a question mark.
followed by a “"RETURN" entered at the terminal.

Analyst input is

17



WHICH Tisr TIME IS THE VAPIABLE
ENTER TASK NUMEER RETURN
25

ENTER RATLO OF MEAN TASK TIME TO STANDARU DEVIATION

RETURN
? 5

DG YOU WANT TO SET YOUR OWN SCRLE ?1=YES,0=N0 PETURH
20

WHICH SENSOR IS THE VARIABLE
ENTER SENSOR NUMBER RETURN
? 3

PROBABILITY OF INTERRUPTION

0.1

FEVYI 1

HESPONSE TIME  4.00
STD. DEV. s

PROB, CORM
MEAN  STO. DEV.  PROB. DET.
2.00 -se .00
1.00 ‘10 0.0
i.00 .20 L1
180 Se 000
50 -1a 37
3.00 N1 a0
10 .62 K3

18

Figure 5. Probability of Interruption as a Function of Py for

3 and Time for Task 5.
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fn addition to reguestine appropriate task and sensor pumbers, the com-
puter must determine the maximum scale for the task time or response time. As
shown in the preceding exchaawve, the computer requests the ratio of the mean
task (or response) time to the standard deviation when these variables are
necessary for a plot. This ratio is used to determine the appropriate scale
for the axes.

The uscr also has the option of setting: the scale for any independent vari-
ables except probabilities. This option is useful for examining smaller
sections of a plot or for cxpanding the plot if the oriainal scale is too large.
Figurc 6 shows an example of an original plot where the jencrated curve does
not extend the full length of the graph. This plot can be expanded by inter-
action with the computer as follows:*

DO YOU WANT TO SET YOUR OWN SCALE ?1=YES, 0=NO RETURN

rd

&Eéb XMAX, MAYIMUM VALUE OF RESPONSE TIME,

AND XSTP, SPACING FOR TICK MARKS, XMAX SNOULD BE

A MULTIPLE OF XSTP.

ENTER MAXIMUM VALUE OF RESPONSE TIME

>

EN%gR TICK MARK SPACING

? 1
The resulting plot is shown in Figure 7. The maximum value of the abscissa
(XMAX) has been reduced from 16 to 10; the tick mark spacing (XSTP) remains
fixed at 1. Except in unusual situations, the user should adhere to the com-
puter warning on changing the scale and assure that XMAX is a multiple of the
tick mark spacing (XSTP). 1If this is not done, the plot will still be accurate

but will appear nonstandard and may be confusing to the user.

*Computer input prompts are indicated by a question mark. Analyst input is
followed by a "RETURN" entered at the terminal.

19
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PROBABTLITY OF INTERRUPTION

PROBABILITY OF INTERRUPTION

1.0

AESPONSE TINZ .00

STD. DEV. i
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TASR  REAN  STO. DRV,  PROS. OfT.

200 .50
2 100 .20 .00
y leg L 30
« a0 i) 0.00
3 e »
« 100 e R
) 13 02

0.0 1.0

2.0 3.0 40 50 6.0 7.0 8.0 9.0 10.0
RESPONSE FORCE TIME, MINUTES

Figure 7.

Reduced-3cale Plot of Example Shown in Figure 6.
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II1I. EXAMPLE OF EASI GRAPHICS APPLICATION

The adversary action scquence diagrammed in Fiqure 2 was uscd as an cxample

problem for EASI Graphics. Th:s scction presents details of the user/computer

modifilcations re-

interactions which prooside the input, sutput, and facility
Gquired for a -~omplete ovaluation of the specific example adversary action se-
guence. The scnsitivity of P(1}) to changes in selected physical protection
system compeonents iu also cxamined, and facility modifications which appear to

improve the value of P(I) arc discussed.

Input Requirements for EASI Graphics

Program initialization and instructional comments arec availanl o vl
Graphics uscr (sec Table 111). These instructions may be listed at the dis-
cretion of the uscr. 1In addition, once the input data have been entered into

the computer, these data may be recalled prior to requesting 4, aphical output.

Instructions nn Usr~ of EASI Graphics

FOR INSTRUCTIONS ON USE OF THIS PROGRAM, ENTER 1,
OTHERWISE 0 THEN RETURN
21

PAUSL
TH1S PROGRAM iROVIDES GRAPH1C OUTPUT FOR EAS1 (ESTIMATE CF ADVERSARY SEQUTNCE

DNTERRUPTI'M:) . EAS1 1S AN ANALYTICAL TECHNIQUE FOR EVALUATING THE EFFECTIVENESS
OF PHYSIUCAL SECUPITY SYSTEMS., SCENARIOS CAN INCLUDE AN OUTSIDER ENTERING A
FATC1LITY FUR THE PURPOSE OF SABOTAGE OR THEFT OR AN INSIDER EITHER GAINING
ACCESS TC A VITAL AREA FOR THE PURPOSE OF SABOTAGE OR GAINING ACCESS TO
MATERIAL AND EGRESSING. DATA INPUT REQUIRED FOR THE PROGRAM ARE AVERAGE GUARD
FORCE RESPONSE TIME ANL STANDARD DEVIATION, PROBABILITY OF COMMUNICATION (WHICH
1S THE PROBABILITY THAT THE GUARDS ARE NOTIFIED WHEN A ! 'NSOR I5 ACTIVATED!,

AND THE ADVERSARY ACTION SEQUERCE (AAS). THE AAS 15 DESTRIBED IN TERMS OF A
NUMBER OF TASKS, ORDERED IN TIME, WHICH THE ADVERSARY HAS TO PERFORM.

ASSOCIATED WITH EACH TASK IS AN AVERAGE TIME TO PERFORM AND A STANODARD DEVIATION.
IN ADDITION, ASSOCIATED WITH EACH TASK 1S A SENSOR WHICH CAN BE ACTIVATED AT THE
BEGINNING OF THE TASKE. THE PROBARITLITY THAT IT WILL BE ACTIVATED IS THE
PROBABILITY NOF DETECTION WHICH CAN BE SET TO ZERO TO RETRESENT NO SENSOR.

AFTER THE DATA ARE INPUT, THE PROBABILITY OF INTERRUPTION IS CALCULATED AND
DISPLAYED. THIS IS THE PROBABLLITY THAT THE ADVERSARY 1S INTERRUPTED BY THE
GUARD FORCE BEFORE THL ADVERSARY'S MISSION IS COMPLETEL. THE USER IS THEN
PRESENTED WITH A NUMBER OF CGPTIONS FOR PLOTTING WHICH PROVIDE THE USER WITH
INFORMATION ON THE SENSITIVITY OF THE PARAMETERS OF THE SYSTEM.

PRESS RETURN TO CONTINUE.
2
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The

The data shown in Table I were used as input for this example. sa-
quence of analyst/computer interactions required to ir:ut these data is given
(1, (2)

task description. Each task description includes the

in Table IV. The input consists of response force characteristics,

number of tasks, (3)
mean time to perform the task, standard deviation, and the probability of

and

detection of the sensor associated with that task. Since there are senscors
only for Tasks 3, 5, and 7, all other probabilities of detection were set to

zero for this example.

TABLE IV

EASI Graphics Input for Example Problem*

ENTER RESPONSE FORCE CHARACTERISTICS

ESPINSE TIME RETURN

MEARN
HE )

STANDARL. DEVIATION RETURN

3

DATA FCR TASK 4
MEAN TIME TO PERFORM TASK
k)

7
STANDARD DEVIATION HETURN
LI )

RETLURN

PR BARILI®Y AF COVMICATION  RETURK PROBABILITY OF DETECTION(IF 4t SENSOR ENTER 0
P >n
F4TEi TASK DATA OATA FOR ThSK 5
HFEAN TIME TO PERFD TURN
LETER MBER sl TASKS  RETURN A ERFORM TASK  RET!'PM
> 7 STANDAK,) LEVIATI N RETURN
h TASK 1 ? !
MLAN TIME TO PERFORM TASK  RETURN < PROBARLLITY OF DETECTION(IF 40 SENSUR HEIRY
, > 97
STANDARL LEVIATION  RETURN CATA Fb TASK 1
| AN T (: R T TURN
PROEABILITY OF DETECTION(IF NO SENSOR ENTER 0)  RETURN ,”5 TME TG TERFORM TASK  KETURN
70 STANDARD DEVIATIIM  RETURN
DATA FOR TASK 2 B
MEAN TIME TO PERFORM TA>K  RETURN PROBABILITY OF DETECTION(IF NO SENSGH ENTIR 03 KETIKRH
E 20
STANDARD DEVIATION  RETURN DATA FOR TASK 7
E MEAN TIME TO | 3
PROBABILITY OF DETECTION!IF NO SENSOR ENTER 0)  HETURN S ERFORM TASK  RETURN
ER) STANDARD DEVIATION  RETURN
OATA FOR TASK 1 .02
MEAN TIML TO PERFORM TASK  RETURN PROSABILITY OF DETECTION(IF NO SENSOR EKTER 0)  RETI'RN
N Clen
STANDAPU LEVIAT. N RETURN ox
2 rs
NG SENSOR ENTER u)  RETURN PivEABILITY ¥ OINTERRPTION - L350

PRIBARLLITY OF DELECTION(IY
L}

PEESS RETURN TO ¢
2

*Computer input prompts are indicated by a guestion mark. Analyst inputs are follnwed by a
“RETURN* entered at the terminal. ..

Following input, the computer automatically calculates and displays the
probability of adversary interruption for that particular adversary action se-
P(I)

may either select o

quence:; is 0.352 for this cxample. At this point in the program the user -
number of plots of the computer generated data or modify the
input data to examine the effect of these changes on the probability of adver-

sary interruption.
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Interpretation of EASI Graphics OQutput

The low probability of interruption for the example indicates that, for
this specific adversary action sequence, the facility safeguards systems are
not adeguate against a forcible adversary attack with an intent of sabotage.
In order to investigate possible safeguards system upgrades to improve the prob-
ability of interruption, the user would probably request a complete set of EASI
Graphics plots. Such a set of plots for the example are given ir Appendix C.
Selected plots which emphasize the sencitivity of critical system components

are shown in Figures 8 through 11.

PROBAB:LITY OF INTERRUPTION
1.0 -
09\ TR T
0.8 i Pt e W
g
e
% 0.7
o
w
= 0.6t -
& : : H
o .
E : ; H :
2]
2 0.0
[=1
& :
0.3 NI SUNUE SO
0.2 :
0.1
- — —
00 1.0 2.0 30 40 50 60 7.0 8.0 9.0 10.0
RESPONSE FORCE TIME, MINUTES

Figure 8. Preobability of Interruption vs. Response Force Time.
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Figure 8 shows the change in P(1l) associated with changes in the guard
force response time. For the example adversary action sequence, a rather small
decrease in response time can significantly increasa the probability of inter-
ruption. As shown in Figure 8, the original response force time »f 4.0 minutes
yields a P(I) of 0.352; however, decrcasing the response time to 3,0 minutes

increases P(I) to approximately 0.88.

Task 5 involves the adversary traversing an ordipary hallway between the
exterior door and the door leadinqg to the tarqet. I[n this example, Task 5
required a mean time of 0.5 minute to accomplish. As shown in FPiqure 9, if the

time required for the adversary to travel down Lhe hallway can be increased to

PROBABILITY OF INTERRUPTION

PROBABILITY OF INTERRUPTION

0; 2 RESPONSE TINME 4.00
T
M PROB. COMM. .90
H TASK MEAN 5TD. DEV, PRDB. OET.|
: T I T
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6 1.00 .30 0.40
: 7 .10 02
m 0.0 “ .
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

TIME FOR TASK 5, MINUTES

Figure 9. Probability of Interruption vs. Time to Complete Task 5.
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Interpretation of EASI Graphics Cutput

The low probability of interruption for the example indicates that, for
*his specific adversary action sequence, the facility safequards systems are
not adeguate against a forcible adversary attack with an intent of sabotage.
In order to investigate possible safeguards system upgrades to improve t.. prob-
ability of interruption, the user would probably request a complete set of EASI
Graphics plots. Such a set of plots for the examr e are given in Appendix C.
Selected plots which emphasize the sensitivity o' critical system components

are shown in Figures 8 through 11.

PRCBABILITY OF INTERRUPTION
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PROBABILITY OF INTERRUPTION
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0.0 : i s i = :
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RESPONSE FORCE TIME, MINUTES

Figure 8. Probability of Interruption vs. Response Force Time.
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Figqure 8 shows the change in P(l) associated with changes 1n the aguard
force responsc time. For the example adversary action seqguence, o rather small
decrease in response time can significantly increase the probability o8 inter-
ruption. nAs shown in PFigure 8, the orisinal response {orce time ! 4.0 minutes

yields a P(I) of 0.352; however, decrcasing the response time Lo 4.0 minates

increases P(1) to approximately 0.84.

Task 5 involves the adversary traversing an ordinary hallway between the
exterior door and the door leading te the taraor, In this cxamplc, Task 9
required a mean time of 0.5 minute teo aceomplish.  As shown on Pagure 9, 1f the

time required for the adversary to travel down the hallway <an be increased te

PROBABILITY OF INTERRUPTION

PROBABILITY OF INTERRUPTION

0.2 : e N
0.1 PR ow
eok— i -
0.0 9.5 Lo 15 20 25 3.0 35 40

TIME FOR TASK 5, MINUTES

Figure 9. Probability of Interruption vs. Time to Complete Task 5,
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Modifying EASI Graphics Input

A calculation of the value of P(I) which would result from changing the
performance values of selected facility safeguards components can be obtained

28
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1hpat cata. Belfore nakiog any

Chanlies oin cocata, BASD Graphles can be oanscracted to bist the original sct

JLpeit Itta ter o relerence.

TABLE V

Sumple of Changes to Input Data*

ANY CHANGES IN DATA? 1-YES, 0=NO RETURN

21
NEFD O CURRERT DATA LISTED? 1-YES, 0=NO RETURN
s
RESPONSE TIME 4.00
STD.DEV. .16
PROB. COMM. .90
TASK MEAN STD.DEV. PROB.DET.
1 2.00 .50 0.00
2 1.00 .20 0.00
3 1.00 .20 .30
4 3.00 .30 0.00
5 .50 .10 .97
(% 3.00 .30 0.00
7 .10 .02 .97
ARY CHARGES [N KESPAONSE FORCE DATA?1=YES,(0=NO RETURN
20
ANY CHANGES IN TASK DATA?1=YES, 0=NO RETURN
21
ENTER TAS¥ NUMBER RETURN
23

DATA FGR TASK 3

MEAN TIME TO PERFORM TASK RETURN

>

.S’%‘NJDARD DEVIATION RETURN

5

.P}.QSBI\BILIT‘[ OUF DETECTION(IF NO SENSGR ENTER 0) RETURN
?

].\.N\.’BCHANGES IN TASK DATA?1=YES,0=NO RETURN

i

' OPAUSE

PROBABILITY OF ADVERSARY INTERRUPTION = ,751

PRESS RETURN TO CONTINUE
2

*Computer prompts for input are indicated by a question mark.
Analyst input is followed by a "RETURN" entered at the terminal.

As indicated in Table V, no changes were mnade to the response force

characteristics, and only the probability of detection for Task 3 was modified.
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Following the input of this change, the computer recalculates F{1} bascd on the

new data. Table V indicates that the change of Pd for Task 3 from 0.30 to 0,80

resulted in an increasec of P{1) to D.751.

The effect of changing Pd is i) ustrated in Fiqgures 12 and 13, These
fiqures indicate how changes in Pd cen affect the influence of other paranmeters
on the value of P(1), in this case, the dependence on the time to perform Task
5. A comparison betwecn Figure 9 and Figqure 12 clearly shows the substantial
change in the twn-dimensional curve relating P(I) and Time for Task 5 that re-
sults from increasing Pd for Sensnr 3, Additional changes may be made to the
input data until the probability of interruption is sutticiently high f{or the

adversary action sequence being studied.
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Figure 12. Probability of Interruption vs. Time for Task 5 for Increased
Value of P4y Sensor 3.
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PROBABILITY OF INTERRUPTION

PROBABILITY OF INTERRUPTIUN
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570, DEV. Y

PROB. COMM
TASK  KWEAN STD. OLV.  PRGB. ORT,
1 2.00 .50 0.
H .60 20 0.00
3 100 -3 .u
a 00 )0 0.00
s 50 .10 .9
6 2.00 B 0.00
7 .10 .02

Figure 13.

Probability of Interruption vs. Response Time and Time

for Task 5 for Increased Value of Pd for Sensor 3.
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IV. SUMMARY AND CONCLUSIONS

Ficmmimmint

EAST Graphics is an extension of the EASI method,l'2 which can provide the
analyst with a better understanding of the relative importance of the parameters
i of a phyiical sccurity system. The method should be useful both in the evalu-
ati.n i exis ‘ng osysters and the design of new systems. The method is useful

in analyzing a given adversary action sequence but does not answer the question

TN

as to which of a group of adversary action sequences should be analyzed. This

question would have to be answered by other types of analyses.
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APPENDIX A

THE EASI MATHEMATICAL METHODOLOGY
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APPENDIX A

THE EAST MATHEMATICAL METHODOLOGY

The EAS! method calculates the probability of interruption of an adversary
action sequence aimed at theft or sahotage. This is the probability that the
response force will be notified when there is sufficient time remaining in the
sequence for the force to respond. The notificetion of the response force is

called an alarm and the ; robability of alarm is

P{A}y = P(D)P(C) (1)
where P{(D) = probability of detection
P{C) = probability of communication to the response force.

In the case of only one detection device, the probability of an adversary

action seqguence interruption is gyiven by
P(I) = P{R|A}P(A) (2)

where P(R}A) = probability of response force arrival prior to the adversary's

action ~2quence, given an alarm.

An adversary action sequence is defined in terms of a starting point
(which can be taken as the locatcion of the first detection device along the
adversary's path since adversary activities prior to this point have no effect
on the probability of interruption), a sequence of detection devices, transit
delays, barrier delays, and a terminal point. The transits and barriers can be
thought of as tasks the adversary must perform. It is assumed that detection

devices are located only at the beginnings of tasks.
If ta is the time remaining for the adversary to reach the terminal point
when an alarm occurs, and tr is the response time of the security force, then

for adversary interruption it is necessary that

t. -t > 0. (3)




The randoem cariables ts and b, are assumcd to be independent and normally

distributed and thus the random variable

is normally distributed with mean

M, = Bt -t = Bl - Elt ),

variance
02 = var{t_ - t ) = var(t_} + var(t )
X a r a Y
and
{x - uy)?
P(R[A) = P(x 2 0) = 1_oexp |- —— 2% ax. (4)
Jgiaz 2,2
o} X X

in EASI P(R|[A) is approximated by

exp{l.7n,/ay) (s)
T + exp(l.7px/0x)

P(R[A) =

In the case of several detection devices, the barrier d-.lays and transit
times are assumed to be mutually independent random variables. The expected

time from a point p to the terminal point n is

n
E(tp + tp+l +...+ tn) = L E(tj)

i=p
where E(tj) = expected time to perform Task i, and the variance is
n
var(tp +...+ tn) = Y var(ti).
i=p

The probability P(R|A) is calculated at each detectiorn device and the

38



probability of seguence interruptlon is

n

i-1
P(I) = P(RIAJIP(A]) + T P(R[A{IP(A)) jlel (1 - P,

P{1) is the probability calculatcd by EASI.

(6)
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APPENDIX B

EASI GRAPHICS PROGRAM LISTING

NOTICE

This computer program was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United States
Department of Energy, nor the United States Nuclear Regulatory Commission, nor
any of their employees, nor any of their contractors, subcontractors, or their
employees, makes any warranty, expressed or implied, or assumes any legal
liability or responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents that its
use would not infringe privately owned rights.
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CALL CHRS1Z (3)
CALL TS©ND
MRITE (55,190}
WRITS (5342000
CALL TSEND
PALSE

T CALL MA=WPAG

CALL CWR3IZ t4y
CALL TSENOD

ACCEPT USER INPUT FOD RESPONSE FOCE TIHE,PROBADILITY (F
COPMUNICATION, TASK TIMES, AND SENSOR NETECTICA
PRCOAPILITIES,

HRITEZ (55,240

WPITE (55,2280

CALL FFFINP [1,T2,NJLT+66)
WRITE (554230

CALL FFFINP (1.SOTF,NOUT .68
HPITE (55:2640)

CALL FFFINP (1,PC,NOUT,66)
BRITZ (55,250)

CALL FFFINP (1,XN,AOUT 550
N=XxN

KRITE (55,300}

00 49 I=1«N

MRITE (55,2600 I

MRITE (55,275)

CALL FFFINP [1,TASKT(I)«NOUT,EE)
WRITEZ (55,280}

CALL FFFINP (1,SOTT{I}+NOUT,66)
WRITE (55+2909

CALL FFFINP (1,PO0CT) (NOUT,E6}
WRITE (55,3001
J=FLOAT LI ~-FLOAT UIZ710) *10,

IF CJ.NE.D) GO TO &9

HRITE (65,310

PALSE

CALL MeWPAG

CALL TSEND

CONT IWUE

CONTIME

CALCULATE CUMULATIVE TASK TIME TOTAL TASK TIME,AND
SU¥ OF 2 SIGHA FOR EACH TASK TIME.

Ti1)=0.

TH=0,

™=,

H=Ne}

00 73 I=2.M
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THITHHTASKY ()
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115
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125

130

135
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1L5

1€

PROGRAM

[aXaEzXsKxNal

~O0

SO0 Y ano Ix X3 kal

[a¥akel

aAan

EASI

7°

e

o

10¢

COC 6600 FTh V3,.0-V3I4A OPT=1

CONT INVE
LL=N

[F LL=1s» SUBROUTINE CALC CALCULATES THE PRUBAGILITY
OF INTERRUPTION, IT Li=Ne. GALC ALSO CALCULATES CUMULATIVE
PRCBABILITY OF IANTERRUPTION AND DETECTION.

CALL CALC

MRITE (55,328 PI(1)
PALSE

CALL MEWPAG

CALL TSEND

I0LST1=0

QUERY USER AS TO WHAT PLOT OPTIONS ARE DESIRED.

WRITE (55,330}
CALL FFFINP (-1,IPLOT,NOUT,.66)

IF NO PLOTS OESIREDs TRANSFER TO ASK FOR DATA CHANGES.

IF (IFLOT.EQ.0) GO TO 110
WRITE (55,360

CALL FFFINP (-1,I0LST1.NOUT,66)
IF (ICLST1.E2.1) GO YO 120
MRITE (55,3501

CALL FFFINP (-1,IPLIST,.NOUT,6€)
IF CIPLIST.EQ.D) GO TO 100
WRITE (55,360}

ARINTCUT OF PLOT OPTIGNS,

HRITE (55,379}

CALL FFFINP (1,XIOPT,NCUT+E6)
10PT=xI0PT

IfF (ICFT.FN.9) GO TO 110
J=PINCC(IOPY-107E¢1,2)

J=1 FCR TWONIMINSICNAL PLOTS,J=2 FOR THRIE
NIMENSTONAL PLOTS,

CALL CVIRLAY (4HOVER,J49,0)

IF OVERLAY IS USED DELETE NEXT TWO STATEMENTS.
IFIJ.Eai) CALL TWCO

IFEJ.F1.2) CALL THRED

THLNDERAIRO LOGO

CALL 8IRD

PLET FINISHED

CALL ENOPL (]
CaLL CONZPL

11717777

EASI
EAST
EAST
£AS]
EAST
€4ST
EASI
EASI
£8S1
€4SI
€aST
€asT
€AsT
€asI
€aS1
€AST
€451
cas
EasT
€451
£as1
€as1
€AST
Eas1
€ast
EAST
EAST
£as1
£aS1
FASI
€asy
£as1
€AST
EAST
£AST
TasI
£ast
EBST
zasI
ZAST
cas1
£AS]
£as1
€451
cASy
£AS1
EAST
£AS1
EAST
cAST
£AST
EAST
EAst
casT
€ast

09.10.41.

112
113
114
115
116
117
118
119
129
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
14)
161
1a2
143
1ok
1.5
w6
1.7
148
N
139
151
182
153
154
155
16

PAGE


http://l-l.IPLIST.N0UT.66

ap

175

183

| R4

190

m

215

™
i)
-

PROGRA Y

naD noOa

[z SaBaYsl

EAST

-

11

157

REWINL S5
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REWINC 77

COC 6600 FTAh y3,0-v3nd QPT=y

ETU T ASK [F ANOTHER PLOT IS QESIRED.

GO T2 32
CRLL AEMPAG
CALL TSEND

QUERY USER AS TO POSSIBLE CHANGES IN pATa,

WRITE (55,389

COLL FEEINP (~1, %00 NCUT,E66)

IF NC NATA CHANGES,TRANSFER TC ASK FOR NEW PICLEM

0F STCNOFF,

IF (IrCC,7 4.0y GO T2 170
WRITE 1533600

GALL FFFINP (+1,IDLST2,NOUT,0ED

If (ICLSTZ.EQ.2) GO TO 149
HRITZ 155,237y T@
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HeITZ 155,410} PC
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I 13¢ I

aN
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CONTINYS

IF (ICLST2.EQ.1) GC FO 99
WRITZ (5%,Lul}

CALL FFFINP (~1,I,NOUT . 560
IF (1.73.3) GO 70 15C

¥=1

HRITZ (55,2100

WRITS (55,220)

CaLl FEEINP (1,73,N0UT 660
WRITI (55,72

CALL FFFINP (1,SDTR,NOLUT,.66)
ARITS (55, 2400

CALL FFFINP {1,PCyNIUT 4661
ARKIT™ (554652}

CALL FFFINP (<2 ,I4NOUT,66)
IF (1,20.C) 6C TO 16T

Y=1.

HRIT™ (55,0460}

SBLL FFFINP (1,XNyNOUT,BE)

ARITZ

CALL FFFINP (14FASKYLJI4NOUT,EE)

WRITE (55,2%C)
GALL
MRLIT™ (53,280}
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1z

EAST
£ast
£asl
cas]
fast
831
€asr
E451
fas]
<351
£asI
£as1
£asI
“ast
<aSI
TasT
~asi
Zasl
481
Sast

T N R LR R

134334610,

167
163
169
172
i1
172
173
176
175

(O FsTDtoatytalatoraty

Vebe eapa s

PaGh

o


http://iaST2.E0.31

A4

225

239

235

2490

245

2E?

PROGRA K

o000

A0

EAS

1€

2]

17

1680

1¢¢

~
-

¢

1
H
2
“
<

[SENESY NS

i
2t
ze:
ZC'%

I COC 6603 FYN V3.0-V36A OPY=1 11717777
CALL FFFINP €1,P0D(J) ¢ NOUT .66} Tasl
50 TO 150 €A4ST
IF (Y.€Q.0.7 GO TO 170 ZaS8T
L=t Z4851
60 T3 60 £asl
COMY TAUE ZASI

£AS1
QUERY USER AS TO WHETHER NEW PROBLEM IS YO 3E RUN. €451

£aS1
WRITE (55,4700 £4aS1
CALL FFFINP (1,XNEWNP,NOUT,66) EAs]
NEWP = XNEWP EASI
IF {NEWP.GT.O0) GO TO 1¢ EAST

TASI
ENC OF SESSION <AST

FAS]

EAST
FORMAT (L9MFOP INSTRUCTICNS ON USE OF THIS PROGRAM, ENTER 1,/33ROT EASI
1HERNISE 0 THEN RETURN,) £ast
FGRMAT (S4HTHIS PROGRAM PROVIDES GRAPHIC OUTPUT FOR £ASIH{ESTIWATE, FASI
1750HOF AOVERSARY SENUENCE INTERRUPVIONY,., EASI IS AN ANALYTICAL//S4 EASI
2HTECHNIQUE FOR EVALUATING THE EFFECTIVENESS OF PHYSICAL//6CHSECURI ZASI
3TY SYSTEMS. SCENARIOS CAN INCLUDE AN OUTSIDER ENTERING//ELHA FACIL FAST

LITY FCR THE PURPOSE OF SABOTAGE OR THEFY OR AN INSTIDER//S5H6KEITHER  “AST

GGAINIMNG ACCESS TO A VITAL AREA FOR THE PURPOSE OF//53WSABOTAGE OR <4S!

6GAINING AGCESS TO MATERIAL AND EGRESSING,//59HOATA INPUT REQUIRED EASST

TFOR THE OROGRAM ARE AVERAGE GUARD FORCE) Z8S1
FORMAT 1synlvikbsruivia, TIME ANO STANLARD OEVIAVYICNyFw  ~uil o)1 a4 1
15 RHCOMPMUNICATION(NHICH IS VTHE PROBABILITY THAT YVHE GUARDS ARE//61H <ASI

2NC7TFIED WHEN A SENSOR IS ACTIVATED) (ANC THME ADVERSARY ACTIIN//S59H

3SEQUENCEALS), THE AAS IS DESCRIBED IN TERMS OF A NUMAER OF//58HTA
LSKSy COOERED IN TIMELHHICH THE ADVERSARY HAS TO PERFIRFM./751HASSOC
SIATED WITH EACH TASK IS AN AVERAGE TIME YO PERFORM AND A//6LHSTANO
EADC DEVIATION.IN ADOITION,ASSOCIATED WITH ZACH TASK IS A//359KSINSD
TR ®HICW CAN Bf ACTIVATED AT THE BEGINNIKG 0OF THE TASK.//6CKTKZ PROD
ARARILITY THAT IT WILL BRE ACTIVATED IS THI ©R0B8BILITY//oLMCF CETEC
ATICN WHICH CAN BE SET TO ZERO TO REPRESENT ND SENSOR.//SWMMAFTER T

£as1
£aSt

IE CATA ARE INPUT,ThE PROBANILITY OF INTERRUPTICN IS//58HCALCULLATED £

$ AND CISPLAYED, THIS IS TWE PFOBABILITY THAT TRE//SCHADVER3ARY IS
LINTERPUPTED AY THE GUARD FORCE BEFORE//S54HTHE ACVERSARY®S MISSIOY
$15 GNPOLETED, THE USER IS THEN//61 ~PRESENTZD WITW & NUMAZIR OF CPTI
3INS FCR PLCTTING WHICH PROVIOE//S1HTHE USER AITH INFORFATION CN TH
BE SEMSITVIVITY OF THE//25FP ARAMETERS OF THE SYSTEM,///25HPRZSS €Ty
RN YOI COMTINUE.)

FOSMAT 47X, 36HENTER RESFONSE FORCE CHARAGTERISTICS.Z7}

FORMAT {1X,27HHEAN RESPONSE TIME  RETURN)

FNIYAT (1X27HSTANOARO OEVIATION  RETURN)

FROMAT (1X+37HPROAABILITY OF COMMUNICATION  RETURNY

FORMAT (10Xs15HENTER TASK DATA//o1X 154 NTE? NUM@EP OF,1SH T43XS
1 CETLING

FORMAT (1%,13KDATA FOR TASK,I)

FORAAT (LX,34HMEAN TIWME TO PERFORM TASK  RF TURN)

ENINAT (1X+27HSTANDARO OEVIATION  RETUQN}

FoSMAT (1X,38HPROAAAILITY OF DETSCTIONCIF NO SENSOR »17ASNTER ()
1 9FTURV)

19.10.%1.

222
23
2246
225
226
227
228
229
23
231
232
233
234
235
236
237
238
239
2e)
261
242
243
2ht
245
2u6b
267
248
243
258
251
252

PAGE

5



:14

2495

30

363

310

PaJGea v

134

e
k34

i2:
1]-
W
ier

2€C

mm
I8¢
26¢
40¢
416
420
&3C
hat

4805

LEC
476

1 CUC a60. FTN ¥YX.3=-¢3s8 RPT=y 117:777"

FORMAT (1¥,4/ 7}

FORMAY (3348 N-W PAGE IS NEEDED. IF 3 -4ARDCIPY,3241S “ESpEQ T IT
140hs THEN QETUSN.

FORMAT (/7,5%,40HPROBABILITY QAF ADVIXSARQY INTERRUATI N =2 4F3,3/24%
1ORESS WIUSN TA CONTINWED

FORMAT (35HPLOTS DESIREDS L=YES, L=NJ RETURNY

FORMAT (45HNESO CURRENT DATA LISTEQ+ 1=YES,)=NC FETURNY

FORMAT (45HNEED PLCT OPTIONS LISTEODs 1=v:=§, o Q€ TueN)

FORMAY (1X,12HPLGT OPTIONS/20X,11HS NO PLIT/ 20X, StHY PRY3A-IL]
ITY OF ALARM VS, TIME TG TERMINAL POINT/20X.15M2  PRIAAIILITY .34
20F INTZRRUPTICN VS, TIME TO TERMINAL POINF/23X,40M3 PRIIBATILITY
T0F INTIRRUPTION VS. PESPONSE TIME,/20X,35He  PROFAEILITY OF INTER
URYFTICN yS,s 2AHPRORABILITY AF COMMUNTCACIIN/ZG X 4L5u5 PRGAAGILITY
%5 1F IMERPUPTION VS, TASK TIME/ZIX,€.H6  FROBAALLITY CF INTERIUPT
6ICN VS, PRONABILIFY OF DETECTICN//10YX, 48K PGCOARILITY OF INTER:
PUPTICA A4S A FUNGTION OF/20X,S5LH7 FESPONSE TIME aMC OROBAGILITY O
8F COMMUNICATION/ 20X,42n8 TASK TIMF AND PROBAEILITY OF CETECTIOW/
920 ¥, 31H9 RESPONSE TIME AND TASK TIMEZL1IX,eTHIJ R=SPIUNSE TIwg 2
SND PRCOAIILITY OF CETECTION/ 19X, 38H12 PRIBAGILITY OF COMMUNICATI
€ON AN[ ,24HPROBABILITY OF OSTECTION/L19Xe47H12 TASK TIMI ANGC PR0O3
$4AIL 1TV OF COMMUNICATION/L19X,28KH13 TASK YIME ANQ TASK TIME/19%.3
Inle PRONVASILITY OF DETECTION ANDs2SH PROIBABILITY CF DETECTININ/Z
3)

FORMAT {IX+IIHENTER PLCT OPTION NUMBER RITURNY
FORMAY (LIMANY CHANGES IN OATA+ 1=YES, I=ND RETUING
FORMAY (T3(0,20H RESFONSE TIME +F6.2)

FORMAT (F33,20H STN.DEV. +F6. 21

FORMAT (T30, 204 PROG. COMM, +F6,29

FORMAT (T33,3LHTASK  HMEAN  STD.OEV. PRIB.DET.)

FORMAT (T30,2K,12¢1XsFBe2v3XyFEe2s6XyF6,20

FOSMAT (4SHANY GCHANGES IM RESPONSE FORCE DATA41=YES,)=M0,9H RETU
1RN)

FORMAT {3ISHANY CHANGES IN TASK DATASI=YES,0=ND,9H  RE TURN)

FORMAT (26HENTER TASK NUMBER  RETURN}

FORMAT (25HNEW PROBLEM OR SIGNOFFe, 34H1=NiW PROBLEM.3=SIGNOFF

1 RETURN)

END

1
2
*
-
3
3
7
L]
3
N

G e
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20
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33
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SUBROUTIN CALC

MMOOOOO0

1

=

L

SUBROLTINE CALC

COC 663y FTN Vv3.C-v3ed

oPr=y

IN THIS SUBRQUTINE THE CUMULATIVE PROBAJIILITY CF OCTECTION.

CPA(1Y,CPALZ)y.aes AND THE CUMULATIVE PROBASILITY OF
INTERRUPYION, PI(1},PI(2)ses.s ARE CALCULATED,
PRCAAPTILITY OF IMNERRUPTIONCG = PI(1) ) IS CALCLLATELC,

COMMON 727 TASKT (250 +SDYTL25),PDD(25)4NyPC,TR, SCTR,PIICZ5),CPRL25)

IF LL=1 ONLY THE

ISV a4

£4s]
€asI
£as1
€£4ST
c£as]
€as1
£aST
£aS]

COMMOM /3LK/ T(25)+I0PToLL JASDR,ASORT, IT 4T, IS, ITL,IT2,450RT1,850R £4S]
as1
£asy
SASI

172,41514152,7K1,ISCALE
DINENSION PRA(251, PD(25)
00 19 I=1,N

PO(I)=30N(T)

CCATIMIF

H=K-1

D0 30 X=1,tL

KK=N¢+1i-K

XMLX==TR

VARX =SNTR®*2 41 ,E-4(

ST KI=T.

cCPatKi=0,

00 20 I=1,N

J=Ne1-1

XHMUX=X4UXe [ASKT (J)
VARXZVARX+SOTT (J) 442
PAZPT ()1 *PC

PRACJI=L.

Z=1. P*XMUX/VAR XSS, 6

IF (ZaLT.100,) PRACII=EXPIZI 7CL 4EXPLZ))
PIIKI=2TUKI® (] ,-PA) tPAYPRALI)
CPAIL)I=CPAIKD* (1, ,~PAYsPA
CCNTINIE

POIKKI=T.

SONTIMUF

PLiNe1I=],

PTIN®ZY =,

CPAINSLY=E,

CPBIN$2) =0,

00 43 I=1,N

°D (I =302 ])

CONTTRUE

RETYRM

ENT

3%.10.01.

316
315
It
317
313
319
320
321
322
323
324
325
325
327
329
3123
33
311
332
333
334
35
339
317
334
313
Ju)
34t
3W2
343
LLEY
363
3ub

PAGE
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SURRDUTIME
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19

20

25

30

35

“3

&5

50

55

£cc

SURROLTINE DOC (ICCR)

COPMCN 727 TASKT(25) 4SOTTI25)4PD0(25) ¢NyPC TR SITR,PI(25),CP8(25)
CONMON 78LX/ T(Z51+TO0PT,LLsASOR,ASCRT, [T,TM, (5,1TL,1T72,ASORTL,453%

172415241524 TM14ISCALE

OIFENSTON TAHLE (2000, COFNIN)

CALL HEIGHT (o1}
XNz2. 516

XN=Nesk

XN=, LE¥AND .05
CORN1)=3.

CORN (2123,
CORN(3Y=D,
CofN(EeI=],
CORN (4l =B.R=XN
CORN[E)=8,8-xN
CORN(SI =12 ,75%M
CORN(7)=10,75-%XH
K=2% ICCR=1

L=kl

WRITE (85,300 TR
RENINL 45

READ (45,203 (VABLE(I) +I=1,1D)

REWING 45

CALL HESSAG (TABLE.1004016¢CORNI) «XN=.35¢COINILIS

HRITE (45,403 SDTR
REWINC 45

READ (454+208) TANLE(L)y YABLEU2) JTABLE(3),TABLECN) TABLE(S), TALLI (6D
1. TASLE(7),TAGLE(8) ,TADBLE(D) , TABLE(10)

RENINE 45

CALL MESSAG (TARLE 100+, 142CORNIK) o+ XN=.2¢COINCL M)

WRITE (45.50) PG
REWINC 45

READ (45,201 VASLE(L), VABLE(2) 4TABLE( IV, TACGLE(+),TABLE(5) s TAELI (6}
14 TABLEIT) TABLE(8) + TABLEEI) , TABLE(LD)

REMINL &5

CALL ¥SSSAG (TABLE+100+,14¢CORNEX) yXN=-0358CIRNILY)

COC 6607 FTN v3.0~v3wad CPT=y 11717777

NN G W T n

LUAV AV A AU AN AN

B DL L LD > Dbl LD
B e S ol e S U R o e ke R R R R

onmon oy

BT D8 T N By BN O T O LY

BB LED LB DL LD
BOAVAVNO VAU VAN AR AN DUV NY AN

HRITE (45.60) 1
REWINC 45 T
READ (45,2C) TABLE(1)yTABLE(2)TABLEC3),TABLEC k) ,TABLE (S5)e TARLELS) 1
1o VABLEIT) ¢ TABLE(B) 2 TABLE(9), TABLEXLYD €ast
RENINC 45 ZasI
CALL MESSAG (TABLE+200 4, 14¢CORNIK) XN-_5+CORN(L)) zas1
W=XN=,65sCORNIL) “ast
00 10 I=1,N £asT
HRITE (434200 I,TASKTL{I),SOTT(IN,POOLI) zast
REWIND 45 £4S1
REBD (45,200 TABLE{L) TABLE(2) ,TABLE (3),TABLE (), TABLE (5), TABLE (6) EASI
1 TABLE (72, TABLE 18) + TABLE IO L TABLE €100 ENST
REWINC &5 zasT
CALL MESSAG (TABLESLUC .14 ¢CORNIK) oK) Zasl
H=N-.15 2as1
10 CONTINUE £3S1
IF CICFT,LE.S) CALL BLAKY (,13CORN(K) yXM¢ 15 +CCINIKD 4, 10CCANCLI XN €85
19, 34CORNELY, 2) €asl

CALL FRESET (6MHHE IGHT)

£as1

[ T B PR S

oy
3<3
339
&3
L3
322
3¢}
LR
365

3a3
33
395
3a5

Wlw

w«C3
L1
wit
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€0

SUBROUTYINE LC

RETUN

FORMAT (10410}

FORMAT (20K
FORMAT (20H
FORMAT (20H

FORMAT (35HTASK MEAN STD.DEV.

FORMAY (2H
€ND

RESPONSE TINE
STO.0EV.
PROB. CIHM,

21241H (FB.2,3H

COC 6600 FTN ¥3.0-V2ea oPT=1

+FE.241H3)
vFEa241H3)
WFE241HD)

WFE€e2y€H

PR2ALDET .3
1FEL24IND)

mrirery

£a51
€AS]
cas1
€as[
€AaS1
cast
€AS ]
€AST
EAST

J3.10.82,

“12
“13
414
415
ol
w17
4119
13
2]

PAGE
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SUARNUTILE

£1c0 COC 6637 FTN V3,3-VI48 2P®=y 13/17/77
SUEROLTENE BIRD zast
DIKENSION IX (2730 IY(27) cast

OATA TIXCLYsTXC2D oTX (3D oIXCu) o TX(5) o IXEH) o IXE7) «IXCA) L IX(9) 4IV(1J), TASI
ATXCLL) o IXCL20 0 DX CLI o IXC1GL 0 o IXCL5) o IXCLG)  LRALV I LXQLB) 4 IX (LS),I%C £AST
2201, IX(2L) 4 I XC2204IX(23),IX026), IX(25) 4 TX(26) ¢ IX427 1782765 ¢55,30+5 <
30053053 e300 30000 sbbeb?ab?953,53,05.6507107L070eThy80,86186,32,22,8
w5/

ATA IYQL) oDy (2) oXWU3) o IYEW) s IVIS) W IVEE) JIVITH L IVIB), IV (IVIL),
1TYCLLDoIYCL2hoIYAL3)  IVC1GD IV LS IV (16) 41V CLT ),V 8) LY €230, IV ZASE
2201, I¥CR2 1 IV(22) 0 IV (230 oIV (24D 0 IV (25D 4 IV (250, IV IZTI/4BuB57457,5 C4ST
By SoruBrbAr1 8028270270365 36012v12035035+2702741E518:6¢630E3,6467
CALL FOVABS (82,18)

00 13 I=1,22
CALL FCRWAZS (IXC(I},IY(I})

17 CORTIMUE

CALL MOVAYS (IX{23),IV23))

00 23 (=24,27
CALL CIWABS (IX{I),Iv(IV}

26 CONTIME

CALL 1TEND
RETURM
ENT

RL DR DTN

t

£
YRR N FRN RN

6468

A WU e iy e

~l3

o
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SUBROUTINE CFV CDC 6600 FTN V3,C-V3ed OPT=1 1L/17/77 09.10.61, PAGE 1
SUBROLTINE DEV (X? €AST LT}
c EAST 1YY
[ THIS SUBROUTINE REQUESTS THAT THE USER KEEP RATIOS OF MEANS EAST k&5
c TO STANDARD OEVIATIONS AT LEAST « TO MINIHIZE PROBLENS EAST 446
C HITH MEGATIVE VALUES FROM NORMAL QISTRIBUTION, EASI Wit
c EAST (2%}
10 IF (X.GE.4.) RETURN EASI ha9
MRIFE (55,280 £aS1 453
CALL FFFINP {1,%,NOUT,66) EAST «S1
GO 7O 18 €as] 52
EASI 453
20 FORHATY (32HFOR TECHNICAL REASONS THIS RATIO,31H SHOULD 9& AT LEASY EASI 454
1 4¢ REENTER) EAS] 455
END EAST (11
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SUIRQUTIM

1)

15

29

30

35

L]

[3-]

50

55

MO O0OOMOO00ABNCOOANOMAEO0O0NODRRODOOONROONONANN

SUSROUTINE FFFINP (fILAN, NUMBER.NNUNJNIN}

FFFINP
FORMST FREE FORTRAN INFUT CONVFRSION
NOCIFICATION OF THE FFING COJE BY GARY XINEMOND, SANDIR L&3BS
ORIGIMAL FFINC CODE FRCM JAMES D. OUIGGy LLL, FROM IS
VESSICN DATED JULY 29 1976
SUBROUTINE FFFINP ACCEPTS FREE FORM NUMBERS FROM A DATA FILE,

INVERPRETS YHEW, ANO PLACES THE RESULTS INTO AN QUTPUT ARGUMENT
ARRAY CALLED NUMBEF.

ARGUMENTS]
GUaN = FHE QUANTLITY OF NUMBZIPS TQ 3< [NPUT,
NUPAER = THE OUTPUT ARRAY,
NNUY = THE QUANTITY 0OF NUMBERS RECIEVED FRCY Twr FILE.

EXPLAMNATION UF ARGUMENTS)

QUAN ~INPUT ARGUMENT~ THE MAXIMUM NUMBER OF NUMESRS TC ?2¢
ACCEPTEDR FRCM THE TERMEINAL, THE ACTUAL HUMBER
RECIEVED MAY gE LESS THAN >QUAN>.

NUPGER =QUTPUT ARGUMENT~ THE FIRST wWORO AODRESS OF THE 0UTOUT
ARRAY, IF »(UAN> IS A NEGATIVE NUMBER, THE OQUTPUT
{>NUMBER>) WILL Be FIXED PQINT (INTEGER) NUMAFRS,
OTHERWISE [T WILL 8E FLOATING POINT (REAL). TIF TH:=
QUANTITY OF NUM3ERS RECEIVED FROM THe FILE IS LESS
THAN >QUAN>, THE ReEMAINING WORDS IN THE OUTPUT aRrQay
WILL BE DEFAULTED (I.E. LEFT UNCHANGEQD).

LR ~QUTPUT BRGUMENT- THE NUNRER QJF WORDS MWRITTEN INTO
ARRAY »NUMBER, »NNUM>  WILL 8E€ SFY T0 THE NUM3IER OF
NUMBERS SUPPLIEQ FRCM THE FILZE + OR >GUAN>, #HICHEVER
IS LESS.

INTEGER COLyDIGIT,EXP, EXSIGN ERRCOLsFINISHF IRST.PRONPT
INTEGER QUAN.QUANT,SYM{3},SYMBOL,STOP, TYPE

INTEGER PERIOD,CHAR(SL)

OIMENSION HESS(&4), NUMILD) . NUMBER(I)

EQUIVALENCE (IEQ.REW

DATA SYM{1), SYN(2) ySYM(I)4SYMIH) ,SYMI5),SYMCE) (SYM(7?),SYHIB),SYH(T C
1) 71H=21H o IH. 9 SHNUMG LH 1He o 1H®  1HE  LH7

DATA KUM(L1), NUM(2) o NUM(3) 4 NUM(4) ,NUN(5) o NUHC 6} o NUM(T) o NUM( B} S NUNCS

L) aRUMCLOIZ71HO  THL o K20 1H3 s LH 40 1HS, 1HGy LHT s 1H S, LHS/

DATA PESS{1)/710M -~ INSUFF/,MESSI29/710RICIENT DAT/ MESS(3}/1(Hs ON =

FEFINP COC 6600 FTAN V3.0-¥34a OPT=t 11/17/77

7 3%
BTN
zast
£as
Zas7T
£3s1
Zasi

FERRT RY'S 3

L7
LE4
L)
-4
bt
ws2
wt?
whbe

“83
L3
-9)
«91
%92
L33
“9
495
«96
a7
“33
L93
541
504

o2

S03

cLs
5r5
507
SC8
3¢3
510
S11

Thu:



SUBRIUTINT

117

S ae

FEsIND a1 FYN V3,1yXaa 0PT=21 11717777 T3.1l.el.

1 THIS 74 ESSCCLIZAHLINE == 7
DATA MILZSHNTLZ e NUMTZ I ENYs A uee (00
NATA GUANG/=3993699399G,/

wewe FIXIMUM M3, OF COLUMNS On 1D 00 I3 37,

NCTL - e)

Tz

eeve LIGICBL T3P NO. OF INC T F1i+ [ ° WIN FOn INPUT, 55 FCR JUIPU
NCLT :65

NhLHYs T

NTCY=C

51CP-1

Locp-t

INIICETES ThO0T LTINS IS 2K,

IMOICETES EX292 [h LAST IN2T LING.

THDICATES ILPuY LJdZ 1EING " HESKe D ¢ LERLEN

THUDICATES FIXEN POLNY [INTEGI<)
sees TYPZ =0 TLOICATES FLOATING 20InT
TYPE z(UAT

IF CILANTLLT LI AuaNT=oaNTe L=1)
PLCq2129

cees DEFMILT THF EGRAY YPIN CNTAY,
eeee FILL MISSING CATA WITH (ARGE < SATIVE NUMaghs FQOS )i ~
FLFT=GJAND

10 13 =LAy

IF (TYy9C GV, 3) R70Q=FLPT .
IF (TYRZ LT, 2y [eq-INTLCLATY ° T
KLPAIIE(TY=T7 ) m-
20 TS T to. T

- v

- -4
eaee TI5F FIR JUSINNING JF NUMAER INIICATED Y e = , 75 M 1

cees T TAFU 3, 1OMIRE SUPTEFRLULYS SPAnT,
TF C3¥ 1L 2.5Y () GO TO 15¢%
avaee TOST €03 JIFAULT.

€ ASYMAIL LS TYMIErY GO T 29¢
ML=

A53SIGh 323 TH FInind

ASTIGN 132 TO HEXT

FIRST=2

LBST- &

SYNLT)ONIL

JEST FO® CEFLULY MULTIPLIFR,

M SYMAIL of JoSYMIT)) GO T9 160
A Gh 330 TO FINISH

M 3

Cc=1.,

cz=0,

SYM{)=PiRID]
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SUIRIUTINE  FEFINP COC 650C FTA V3,C-v¥343 OPT=1 11/17/77 3:9,1,,:,

INTSGR=1 TAST cE”

RESIGH=1, 851 =64

EXSIGh=1 £aAst 563

sxp=n £a51 571

115 FLPT=FII5IT sae 1 e7y
ASSISN 61 T2 NEXT £a5§ 672

FIRST=1 s3 57

LAST=E SI T

c eess YEST FTR I THRUL 3, SI 3*5

129 IF (3YMBIL.T2.NUMNA)Y G TO 153 <1 5735
ASSION &d TO MFXT Sl S77

FIFSI=3 ST 574

L € ’ Sy

‘: vese TEST FOR . (DECIHALY, 1 51

125 IF (SY430L.EQ.SYM(ZY) GO TO 3L 51 5=t
LAST=4 SI 532

c wvee TEST FOR &+ (PLUS), ST 2.3

IF {SYMBIL.EQ.SYM(2)} GO TO 156 SI Si.

¢ saee SYMIOL IS = (MINUSY, st 523

130 INTSGA=(~1) SI 595
RESIGA=t~14) <1 Ss7

30 72 153 ER w33

r SI 883

o saes SYYIOL IS . {DECIMALY, ST 591

135 37 SYMUT)=NIL S3 EEM
Ci=g, 532

c . =33

€3=.1 595

GO 70 15) 533

143 c 553
c s97

c wese FREVIOUS SyMBCL WAS + QR -, TEST FOR . {DECIKAL}, 593

47 IF (SYMBOL.E?Q.SYM(3)) GO YO 3C 539

seses TEST FOR SPACE FOLLOWINC PERIOD. 6c)

145 IF (SYMBOL.EQ.SYM(5)) D TO 31 13
Cc sees SYHIOL IS 0 THRU S, 2

ASSIGM 60 TQ NFXT 521

FIRST=1 6y

LAST=8 6{S

1819 Cc «exs INCORPORATE OIGIT INTO NUMBER. 6L5
5C FLPT=FLPTYCL +RITGIT® (C2+C3) €cT

CI=C3*.1 69

50 T9 158 6.3

c 613

155 [+ 611
Cc »sss NUNAER IS UNDER CONSTRUCTION, 612

€2 IF (SYMSOL.EQ.NUMB) GD TOD 5O é11

< sese TTST FOR , (DECIMAL POINT). L3 8]

IF (SYMBOL.EQ.SYM(I)) GO TO 3¢ 613

163 ASSIGN 20 TO NEXT 615
LAST=¢ 617

C svoss TEST FOR COMPLETION QF NUMBLE, 618

IF (SYMBOL,EQ.SYM(Z) .OR.SYMAOL.EQ.SYM(BI) GO TC 233 613

ASSIGM 118 TO NEXT 62

1€5 FIRST=2 821
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170

175

180

185

193

211

213

w

SUAROUT L AE

[z XsN+e]

"o

-

FFFINP COC 6600 FTH VI, 0-V3sh

S

3

e

LAST=4

esss TEST FOR ® (HULTIPLIER).

IF (SYMBOL,EQ.SYN(7))} GO TO 150
ASSIGN 79 TO NEXT

FIRST=1

eese TEST FOR E (EXPONENT).

IF (SY4MBOL.EQ. SYM{8}) r0 YO 15C
ASSIGN 80 TO NEXT

FIRST=#4

suse TEST FOR + (POSITIVE EXPONENTY,.
IF (SYMBOL.EG.SYM(2)) GO TO 150

sess SYRBOL IS - (NEGATIVE EXPONENT),
EXSIGA=(-1)

GO TO 15)

ssae PREVIOUS SYMOCOL WAS E (EXPONENT),
ASSTGM L10 TO NEXT

FIRST=w

LAST=7

sese TEST FOR ( THRU 9,

IF (SYMBOL.EQ.NUNMA) GC TO 90

ASSIGN 83 To NEXT

LAST=¢

eses TEST FOR + (POSITIVE EXFONENT),
IF (SY¥3IL.EN,SYM(2)) GO TO 1sC

ssss SYMAOL IS = (NEGATIVE EXPONENT).
EXSIGA=1~})

60 TC 152

sese EXYDANTNT TI5 YNDER FONSTRUCTION,
ASSIGN 104 TO HNEXTY

LAST=7

esee IMCNIPOPATE DIGIT IMO EXPONENT,
EXF=ExPe17+015]1T

Gt TN 15)

veer EYPONENT IS UNDER CONSTRUCTION, TJESY FCR U YARU €<,
If (SY430L.Z70.NUMB) GO TO 9p

ASSIn, 20 TO HixY

FIesY=1

LAST=E

«ess TEST FOR tND CF FXPONENT,

IF (SYHBNL.F 2. SYHMIE) (07, SYMBOL.ED,SYMIBI) GO TC 333

eees EXPOMENT [S COMPLFTE AND FOLLOWEO JY WULTIPLIZIR (%),
ASSISN 11 TO HEXT

FIRST=2

LAST =4

GC TD 153

wess PEGIN CONSTRUCTION OF MULTIPLIED,

L FIRSTzy

0PT=y

11717777

EAS]
£AS]
EAST
€4S
ZeST
£AST
EASI
EASI
£asl
€AS]
EASl
EAST
EAST
ZASIT
£4S1
EAST
E€A4ST
TAS]
CASI
EAS1
EAST
ZAS1
EAST
£ASI
EASI
A4S
ZAS]
TAST
€asl
Zasl
£aS1
£AS1
<ast
€AST
SASI
IAST
EASI
ZAST
c8s1
€ASY
Ias]
£8S1
Za81
<8871
£aST
€ASI
A3
TAST
ZAasT
€851
A4Sl
€451
ZAST
FAsSI
€Aas]

0Fe1dsile

622
623
624
625
626
627
6289
629
6537
631
632
633
62k
635
66
637
633
633
6.1
6sl
fL2
643
6lov
6L3
646
647
Y3}
63
6%)
6L
582
653
12
655
BEH
637
553
553

PAGE
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213

SUIPOUTINE

N a

.

e sl SN N EE MW maw ARYT GRS BN mm e MRy P A

FFEINP COC 6633 FYN V3.i-v3ad OPT=3 11717777

15E IF (7SCLJLE.NCOLY GO 71O 203
aeee VHE LINZ MAS DIEN COVPLETELY GELD,
ARSTSN 27 T0 wTxt
F1euT=1
LaST ¢
SYFESY.PEICY
LR IR AL ]
LT
rtoL=?
LOCP:LAQP® (- 1)
IF (LCIPY 167¢2524080
aees RT3 HEW LINE QKD CHEG< FDR ER7 152G,
16, LATHUKMzNYIN
saee TTST TO SFLOIF SUSRIUTINF € Ll g4 I3 COMPLE T,
I8 (TTUP W NE L1, IR GNCNLNELET, 3 GO 7 [
NONLNE=D
ceae CUIDK FIR FIRST LINE Q:ap
1€ (LINEL,=2.8) GO TO 179
veee FRINT £2903 HESSAGE T3 DUTPUT Flii-,
HEITS (N30T, 3900 IPESSIIN,I=1,8)
sees £0HT T4T ZATA LINCS
WOITE (NOUT,«00) (CH4AR (M) 4M=1,NCILY
NNLM=-2
svee EXIT THE SUSROUTINE
- Tu“h
aees PEAY ONZ LINE FROP THAE INPUT FIL+,
171 RO (NINGIHL) (CHAR (M) oM=L, NCCL)
IF (5CFIMEY 140,195
187 ARTIT= (NIN,&12;
GG 19 170
1¢% CUNTINUE

1260 TO FINISHy (320,330,360)

IF (SYMSOL .EQ.SYM(2}} GO TJ 150
MULT=CIGIT

4SSIGM 120 TO NEXT

LAST=E

GO 17 15)

eoes COMOLFTE GCONSTRUCTICN OF MULTIPLIZR.

ASSIGN 25 YO NEXTY

FIEST=1

IF (SYMI0LLEDeSYPIE) (OR,SYMICLLE D, SYY(50 0 6O TC 13L
GO YO 147

N AN AN AN G
B R S P

HOLT =ML TS L2 +2151T
ASSIGM 120 T~ NEXT
FIRST=4

50 Y3 i53

seer READ THE NEYT CwARACTER QN THE GUZWINT LIND,

29 ilenls

err
57
673
&)
o1
542
LN}

b 4G e

St
te

PAaGY



64

289

285

295

395

123

SUIROUTIME

a0

ama

I3

-

FEFINP

20

a3

21¢

CHAR (MGOL#1) =S¥YN(5)

LINE1=l

vees INTERPRET CHARACTERS,

wese FIRSY TEST FOR 0 THRU 9.
SYNBOL=NLME

CoL=CCL#1

00 220 M=1,10

DIGI¥=N-1

ROIGIT=0IGIT

IF (CHARECOL)Y.EQNUMIMI} 50 TO 210
G0 TO 229

GO TO NEXT, {20,40,605 704804 160, 1104120)
CONTIMUE

esos TEST FOR ¢ ~ o ® OR E.
DreIvT=C

ROIGIV=0.

00 24C M=FIRST,LAST

SYNBIL=SYM(M)

IF (CHAR(COLY.EQ.SY4(M)) GO TO 23¢C
GO 79 24)

GC TO NEXT, (20440,60,70+80,100+1104120}

€4S COKRTIAUE

NOKLNE=1

esss TEST FOR -* PAIR,

IF (CHARICOLDI.EQ.SYM(T)Y GO To 35¢
»ess CHARACTER IS ERRORONEOUS SYH30L.
Loce=_C

IF (LSTEOR.NEL Q) GO TG 150

seose RECORD LOCATION IF FIRST ERRONEOUS SYMBOL.

LSTERF=NTOT+
FRRCCL=CAL
G0 Y0 15)

vees ERROR IN LAST LINF,

LOCP=1

LSTERR=]

NNLM=LASNUM

NTCT=LASTOT

STCP=LASTND

sees ETGIN WRITING EPRCR MESSLGE,
A2TITS (NDUT, 429

ssea EOHDY LAGT LINE,

HRITE (NJUT, 4071 (CHAR(M)4N=1,HCILY
FRRC 2IL=EC0Le2

N9 276 M=1,NCOL

CHAR (F)=3YM{TF)

ChAR (ESRIOL) =3YH(9)

«oee FLASE AN UP ARROW (™} UHDER ERRONEIJ3 CHARACT-R,

HRTTI (HIUT. «032) (CHAR (M), =1, ERRCOLY
KIH R ER3Y

eose EXIT THE SUBRCUTINE

2 TURd

COC 6600 FTN V3,0-¥3¢a OPT=y

11217277

€AS]
£asl
EAS]
easl
£a51
£as]
£asy
Zasl
€8S
€AaSI
EASI
€481
£ASI
€ASIT
c€asit
831
ZaS1
£asy
<as]
€4S
£as1
€aS1
caST
€851
2SI
Fasi
£as]

J3.10.01.

732
733
736
735
T35
737
738
139
T4
Tul
Tu2
743
Tus
743
Tuh
Tu?
L3
749
751
751
re?
753

75



SUBRAYTING

09

135

343

350

355

360

365

370

375

382

jes

] et — —i

2B Ee]

amn [sX: Xz}

acon

oo

[z N~}

FELIND

297

it

-
-

a

7

O

sees LAST LINE IS5 OXeo INTERPPET,
NNLM=L1SNUM

NTCT=LASTOT

37CP=LASTOP

60 1O 295

esees CFFAULT ONE NUMBER.
LasT=7

HNUM=NNUUs STOP
NTCY=hTOTe

IF (NMLM.GE, QUANTY STOP=9
MULT=1

SYM(3):PERIZD
NORLHNE=NONLNE L

GO TN 153

esee DIFAULT FURTHER TINPLT.
Srcp=g

ASSIGN 23 TO NexT

FIRST=1

LAST=¢

50 T9 103

esse DEFAULT N NUNGERS,
ASSIGA 29 TO NEXT
FIRST=y

LAST=¢
NNUR=NNYYe (MUL T« 11 °STQP
NTCT=ATOT#MULT -1

6o T 332

seees COMPLETE THE CONSTRUCTION OF A& NUMBER,
EXP=EXP%EXSIGN

FLFT=FLPT*RESIGN®10,** EXP

eses THE NAME OF THE OUTPUT ARRAY (ARGUMENT 2X) IS
eses PNUMDFER», AN INTEGER NAME., IF JUAN (BRGUMENT 1)
»sse CALLS FOR FLOATING POINT QUWUT, USE AN EQUIVALENCE
sees STATEMENT TO SUPRESS REAL-TO-INTEGER CONVERSION,
REG=FLPT

IF (TYPE.LT.® IEQ=FLPT

ASSIGKA 29 TO NEXT

FIRST21

LAST=%

NTOT=ATOT+MULT

sses IF QUANTITY REQUIREMENTS ARE MET, OR IF CHECKING
esse LINE FOQR ERRORS, CO NOT WRITE INTO OUTPUT ARRAY.
IF (STOP.NE,1.0R,LO0OP.LE.0) GO TO 38C

NNUR= MU L

MULT=NNUM$HULT -1

IF (HLLT.GF.QUANT) MULT=CUANT

asee WRITE NUMBER(S) IATQ OUTPUT ARRAY,

COC 6521 FTA V3. C-VZet gpT=]

IRLEGRY

-~
i

PRCTRTRE T I B RV
S ey raea
B re o e Al N

PN

B23
323
93%
831
832
833
334
835
835
837
LER]
839
LR
861



19

390

395

«05

417

615

SUIROQUTINE

(s Xl

onom

FFFINP

u
I3
<

-
m
s

2AC
8¢
eec
10
Lz

N0 340 M3NNUM,MULT
NUMBER(MI=IEQ
NNUN=NULT

GO YO 300

vees EET UP OELETE MECHANISH,
If (INTSGN,EQ.1) GC TO 250
ASSIGM 369 TO FINISH

ASSIGM 119 TO NEXT

FIRST=2

LAST=4

SYFEII=NIL

GO T0 159

eess LELETE N NUMBERS,
NTCT=ATOT-NULT

IF {NTOT.GT.NNUM} GO TO 300
IF (NTOT.LT,3) NTOT=0
STOP=1

NNUM=ATOT

GO TO 302

» CORRECT THE VALUE OF NNUH FOR OUTPYT (ARGUNENT 4}
sess IF NECESSARY AND RETURN.

If (NRPUMJGELQUANTI) NNUM=GUANT

RE TURM

FORMAT (31a1)

FGRMAT (7210

FORNAT (2x,73411

FORMAT (38HYOU DID NOT FNTER DAVA=-a-s ENTER DATA)
FORMAT (/2QHSYNTAX ERRCR TN LAST LINEsoya)

ENC

COC 6600 FTN v3.0-y3sd OPTsg

11717777

EAST
€aST
£aST
EAST
€as1
€aS]
£4aSI
TASI
£4ST
E£4ST
€8S ]
£asI
EAST
Fasl
EAST
EAST
E4ST
£ast
EAST
£aS]
£a51
<aSI
EAST
€ast
EAST
£AST
EASI
FAST
iAST
EAST
EAS]
Zasl
iAST

U3.14.

B&2
843
Bub
845
345
847
843
L]
850
851
852
85%
854
855
856
857
858
859
863
L1-3Y
862
863
BE+
863
865
867
de8
3¢9
a71
871
872
873
874

i, PAGE 8
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mAme0

Son
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CDC 6687 FTN VI, 0-¥3ul OPT=1 14717777 03.10.41%. PAGE

OVERLAY (1,00 €AST 875
PROGRAX TWOOD zas1 375
IF OVERLAY IS USED DELETE NEXT STATEMENT, ZAST 877
SUEROUTLME THOC £as1 ara
£85I 873

IM THIS SUSROUTINE SI¥ TWO-CIMENSIONAL PLOT OPTICNS ARE zast 383
IMPLEMENTED, THESE JPTIONS ARE I4as: 81
zas: 842

1 PRCUABILITY JF ALARM ¥S. TI#L TO TERMINAL PCINT cacI 343
2 PRCDASILITY OF INTERRUPTICN VS, TIME TO TERMINAL POINT fes1 ar,
3 PROAAAILITY OF INTERPUPTION VS, RESPONSE TINE Tasl 3P5
y  PRCAASILIF/ OF INTERRUPTION ¥3, PROSAAILITY OF sasl ang
COFMUNTCAYT LN Sagl LLAd

S PRCAAIILI'Y OF INTERRUPTION yS. TASK TINE : 324
6 PRCBAYILIN: 2F INTEXRUPTION vo. PPOAAIILITY OF H 451
DETEGTION M RN

: EEH

COMMCN /27 TASKT(20).50TT(25),PB0(23),N.PCyTRySITR.PI(25),CPAL25) < ¥92
COMMON #BLK/ T(25) y10P: ,Li s ASER,ASDRT,IT,THy IS, ITL1T2,3350%T2,350R : REX
172,051, 1S2,T41,1SCALE : “a,
DIMENSTON ¥(20C0), WU2LCLYs LADELACICL), LAJELY (107D 1 433
T 135

4 337

[NITIALTZE TEKTRONIX TFQMINAL CONTROL SYSTEM, AZGIY : 3
PLOT IM DISSOLA A% SET Pasy S1zg, 1 ERE]
: )

CALL TES (i26) R j.t
GALL FGNOL (-1} R R
CALL FAGE (1w,3silal BT 3
CALL TOUTPT (27) t.1 2.
COLL TOUTPT (104} - a3
I 3o

GOANGE 1D RFAUCSTER oL oT : 1 v
- 431 EI

GO TO €13+59,30012Gs1bs2220 - 20T =31 1.3
Tast I3

PRCAAEILIYY 37 ALAFY yS, TI%- Yy TEOMINAL 331.T Casg LESY
5T 232

LL=N EEE e
CALL (4l REER 1.
HRITE (554247 tast 34
CALL FFFINP (-1, ISCALE NOUT,5€) D s
IF (ISCALE.EN,2Y GO TO 3) cass 3t
HRITZ (55,2500 EE L]
H2ITZ (65,260 Sa L)
CALL FFFINP (I (MAX NOLT,65) “Asy L]
HRITE (53,2775 EER Lt
CALL FFFINP {1,XSTP,NOUT,bHb} Tast 322
IF (XMAXLGE.TH) 50 TC 1% 235y 323
MRITF 453,231 Ty TASI AU
G0 19 21 Stel 3.5
COMTINIE Tast 3*9
CALL TITLE (JL4CUMULATIVE PRCAABILIVY OF ALARM,3:, 3u~4TI4: T2 [o3v; a3t Qe
INAL PCINT MINUTES, 374 22HPRIRALILITY CF ALAB M4204ileg 30 R 123
IF (ISCALC,EU,S) XMAXTFLOATLIFIX (THet, 3} EEL (]



60

6%

73

89

SUBROUT INS

mnaoo

O

TH0D COC 6601 FIN ¥3.0-V3ied OPY21 31/17/,77
X{11=T¢3) EAST
Wi2ene1) =CPA LN L) EAST
D0 40 I=1N EASI
Ne2*Ie11=T(I*1) €ASI
X(201)=T(I+1) EAST
W(Z¥1-1)=CPALI) €AST
W2 1)=CPALIY €ASI

4% COMNVINUE €8S
HE=2%he] €AST
GC T0 23) casI

Fas]
PROBAPILITY OF INTERRUPTION ¥S. TIME TO TERMIN&L PCINT EAST
£2SY
€0 LL=N cast
CaLL caLc ZAST
WRITZ (5542420 TAST
CALL FFFINF (-1, ISCALENOUT,5E) €AS]
IF (ISCALE.€2.D) GO TO 79 FAS]
WRITE (55,2500 -as1
HRIT: (55426L) 3 3¢
€0 CALL FFFINP (1.XMaX,NOUT,a6! Fasl
MRITE (55,270 £AST
CALL FFFINP (1 ,XSTP,NOLT,56) <as1
TF (XFAX,GF,TH) GO TC 70 881
WRITE {55,280) TH ZAS]
GO T0 69 ZAS
77 GONTINJE cast
Call TITLE €39-CUMULATIVE PROBABILITY OF INFERRUPTION,Z3,3IMTINC T 2251
10 TERMINAL POINT MINUTFS,3:.274PROSAIILITY OF INTERKUPTIICN 27418, “aST
23.) (]
IF (ISCALE,EQ. ) XMAX=FLCAT(IFIN(TM¢l 90 Y
X {(11=7TL1) H

-

W 2oNel ) =PIC 1)
30 AQ I=i.Y
Xe2*1)=7(T¢1)
X(Zo[#10=T (T el
W(2*I-0)=PT( 1]
H(2* [V=PI(T)
CCNT IMJF
MHE=2fhe ]

FDOEE SR

POCUIEILITY OF INTERRUCTIQN VS,R=3PANSC f-¢g

ARITE (550950
CALL EFFINP (1,3SDF,NOLT,HED
TELL €IV AST™)
WPITT (55, 2600
GAalL FFRINP (=1 ISCALE NQUT,5E)
TE O ICALE.eO.C) GO TO L4C
PITF U65,050G)
WO ITE g Ee, i)

LR AN G KN (1, May,t |I,T,55~)
IS | 1= 5y bl

D L S A A A RFR e |

a.am g
B B Dok ks D

"o

Ch e e re e e e

LT S
B 1 1

[P TRPATR I N

S
s
S
<
S
S
<
<
3
13
as
S
<
S
<
S
3
S
3
“
s

P e

03.13.01.,

93)
931
932
933
934
935
335
37
933
939
9L1
9Ly
LY
963
Ay
343
L5
9L?
9L8
943
35)
351

922

373

PAGE
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1 2]

15

135

140

145

155

160

165

SUIRPDUTINE

onon

ano

W

10

12

13

i4

cn COC 6697 FTAN V3.2-¥34d 0Pr=1 1177777

+ SCRTIMJE

THAX= (THeTHL1/11,~2./850%)

IF ([SCALF.EJ.0) MM=TMAX/.

IF (ISTALE.FQ.L) MM=YMAY/,.)

STR=TF

TE=43C0L

SSCT=30TR

FDTR=TA/ASTR

Le=1

90 117 Iag,.4M

CAaLL CALC

(=12

W (I EEICLT

TH=TP¢,1

SCTR=T2/850R

GCONY IMUE

TR=STF

SOTR=ESNTR

CLLL TOUTPT (27)

CALL TOUTPT {124

CALL TITLE (274PROPABILITY OF INTERRUPTLON,27,27HRISPONSE FORCE TI
IME SHINUTES2 7y 27HPRPIBABILITY OF TINTERRUPTION<27411¢4s34)
IF (TSCALE.EQed) XMAX=FLOATIIFINITMAXOL,))
6o 1O 239

-

PRCAABILITY OF INTERRUPTION VS. PROBABILITY OF
COKHMYNICATION

o=t

1SCALE=D

3PC=9C

ec=3,

Q0 130 I=1,2J1

CALL cALC

X{I=PG

HeTI=FICLY

PC=P+.005

CONTIAVE

HH=231

pc=soC

XMAX=1,

CALL TITLE (2BHPROBABILITY OF INTERRUPTIONS, 1004+29HPROBASILITY OF
1COMHUNICATIONS 4100 ,28HPRCBABILITY OF INTERRUPTIONS 1004414499
G0 Tp 230

Rt

PROBABILITY OF INTERIUPTION ¥S, TASK TIME

¢ WRITE (55,300
CALL FFFINP (1,TI,NOUT,66)
LL=N
CALL caLc
IT=T1
STASKT=TASKT (IT)
HRITE (55,3168
CALL FFFINP (1,ASDRJNOUT 66}

€as]
£aAS1I
ZaS1
ZASI
EASIY
ZAs1
EAST
EAST
EaS]
£asl
EASI
£as1
EAST
€asl
gasI
€AST

P PO TSN

15
ELL)
-')E"
I3
183




S9

17

175

181

185

193

1a5

2ns

217

N
KK

SUARQUTIAE

THCD

152

167
174

~

16¢

GaLL CEV (4509}

HWRITE (55,24C)

CALL FFFINP (-1, ISCALENQUT,BE)
IF (ISCALE.EQ.0) GO YO 15C
WRITZ (55,2501

WRITE (55,2600

CALL FFFINP {1,XMAX,NOUT.66
ARITE (55,270)

CALL FFFINP (1,XSTPeNOUT,566)
CONT INUE

TASKTIITI=.000031
SSCTT=SDTTCI T
SDTIT{ITI=TASKTL{IT)Z7ASDR
LL=1

IF (TSCALE.EQ.1) GO TO 180
S=1.

IF (IT.EQ.N) GO TO 17§
J=ITey

00 158C I=J,N

S=S+TASKT(I} -2.%5DTT ()
CCAT IMUE
THAX=(TR#2,%S0TR-S)/{1,=2.7450R)
IF (THEAX.GY.D.) GO TO 180
CALL CONEPL

TASKT(IT)=STASKT
SDTT(ITY=SSNTT

WP ITI (55,3200 IT

OCLSE

RETUON

IF (ISCALELFQ. 00 HM=IF IX(2).%TMAX)
IF (ISCALELEQ.1Y MMZIFIX(2).,"XMAX+1,€}
IF (MM,LZ,20000 GO TO 13¢
CALL INITT (127

CALL MEWPAG

CALL CHRSIZ ()

CALL T3END

HOITT (55,3200

3TCP

70 230 T=1,HN8

LalL cae

XOIY=TASKTLIT)

AT =FI01)
TASKY(ITI=TASKT(IT)+.35
SCIT(ITI=TASKT(ITIZASOR
COMT INUE

I[F (ISCALE.EN.1) GO tQ 21C
XFAX=FLOATCIFIX(TMAX 41,0}
MMM el

X (¥M) =XMAX

WIMYI=PTI LY

L TASKT(ITI=CSTASKT

SCTT(TT)=SSOTT
AETTE (65,350) IT
RERINL 45

RELY (45,3u3) LABELX{1)oLABELX (2)oLABELX{3),LABZLATG) 4LABELX(S), LA

COC 6600 FTh V3I.0-VIsa OPF=1

tar717777

£4S7
EAST
€4S
€4S
€451
£as]
EAST
EAST
EASE
g£a4sl
zasy
€45}
EAST
€ASI
EASI
£RST
EasT
£asT
€aST
EAST
£asI
EasI
£AS1
£a51
EASI
Zas]
£85I
zasl
EAST

o —— ] — f—

PR SRS B PAGE o

1060
1061
1542
1043
1C 46
10 4%
1046
1347
1049
1063
1059
1051
1952
1053
1056
1L 55
1056
1057
1368
1753
15¢€1
1361
1762
1043
1CEe
12 €5
1765
13€7
19€3
11€3
137)
1671
1372
1573
1274
1075
1175
1677
1:7%
1273
1672
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29

249

245

255

260

265

210

275

SUIRIUTINE

Dono

ono

THZO

COC 660C FIN V3.0-V34d 0PT=)

13ELXCEI gLANE LY LT I JLABELY (B}, LABFLX {92 4LAAELXLIC?

RENWINC &5

CALL TITLE (28HPROBABILITY CF INTERPUPTIONS,10({,LAGELY.10(,29K2ROR

149ILTTY OF INTERRUPTIONS 41064130991

50 fo 230

PRCBARILITY OF IANTERRUPTION ¥S,

DETECTION

ARITE (55,360)
CALL FFFINP {1,SI.NOUT 556}
LL=1

ISCALE=0

15=S1
SPCO=FOO{IS)
PLELISI=1],

CALL CALC

X(1)=0.

WL =FICLY
PRLEISI=1,

CALL CALC

Aq2v=1.
W(ZY=F1e1)
POC{ISI=3PDO

HM=2

XMAX=1q,

WRITZ (45,378 IS
REMINE »5

PROBADIL ITY CF

VA N EAd

ot

nouowon
BB owLb

‘

o
'Y
AA AWV L

O R )

ot
o

L
-

iast
-4sl
Z4ST
Tast
7as1
TastT
ZASI
ast
SAST
Fas1t
ZATT
cas:
£4s
£asi
ZASI
zas?t
zast
€as1
zast

READ (45,3400 LABELX{1),LABELX(2),LASELX{3), LAJELN (&) LABELX (5} LA Z8S]
1BELX (€N, LABELX(T),LABELX(8) 4 LARELX(9),LABELY (172

REWINC &5

£asi
€4asT

CALL TITLE (28HPROBASILITY OF INTERRUPTIONS, 10C .LAJELX 410042 SHPRI8 £AS]
1ABILITY OF INTERRUPTIOMN 4100,11449,1

CALL SEQUENCE FOR DISSPLA TWO-CIMENSIONAL ALOT

CALL CORMER (X+M,XMAXqy1.,HMMsICOR)

IF (ISCALE.EQ. Q) CALL GRAF (3. .5HSCALE 4XMAXyJs SHSCALE 4140
IF (ISCALE.EQ.1) CALL GRAF (J..XSTP,XMAaX,0,,5HSCALE,L.)

CALL TOUTPT ¢27)
GALL TOUTPT (969
CALL DOC (ICOR)
CALL TOUTPY ¢27)
CALL TouTteT (973
CALL GRID (1,19
CALL TOUuTPT 27}
CALL TDUTPT (96)
GALL FRAME

GALL TOUTPT (27}
CALL TOUTPT (1C%k)
CALL CURVE (X, W,¥M,0)
CALL TOUTPT (27}
CALL TOUTPT (96}
RETURN

£as]
Zas1

£4ST
ZasI
£4as1
zas1
£851
£4ast
£as1
EASI
£451
€451
Tasl
EAST
E&SI
€4s]
CASY
EAST
£asy
€AST
£as1
£AsI

DI P S

e e

REEPR

Chea e
U UL S IO e i MUY & e e

[ O N R T vy

O T i SN Ay PO O

N o o
-
M R O T

-
-
-
-

1119
1123
1121
1122
1123
112%
1125
1126
1127
1124
1223
i132
1131
i132
1133
1134
1135
1136
1177
1139
1139
1140
116l
11462
1163
1143
1145
116
117
1168
1143
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SUIRQUTIANE  TWCD cOCc 5605 FTN v3,0-V3s4A 0PT=1 211/17/77 (09.1J0.61. PAGE

Z6{ FORMAT (54HDO YOU WANT TO SET YOUR OWN SCALE#L=YES.0=NC RETURN) €AST 1159
2S¢ FORMAT (4LOHNEED XMAX, MAXIMUM VALUE OF INDEPENDENT VARIABLE,/43HAN ZASI 1151
10 ¥STF, SPACING FOR TICK MARKS. XMAX SHOULD BE #/19HA MULTIPLE €F XS EA&SI 1152
2TP ) EAST 1153
ZEC FORMAT (S52HENTER MAXIHMUM VALUE OF INDEPENDENT VARIASLE  RETURND €451 1354
27> FORMAT (32HENTER TICK MARK SPACING  RETURN) €851 1155
Z80 FORMAT (32HMAXIMUM VALUE SHOULD BE AT LEAST,FB.2/46HRHICH IS TWE § EASI 1156
UM DF THE TASK TIMES REENTERY EAST 1357
280 FORMAT ISSHENTER RATID DF MEAN RESPONSE TIME VO STANDARD DEVIATION ©ASI 1359
149K RETURNE £asy 1159
100 FORMAY (//+32HWHICH TASK VIME IS THe VARIADLE+/26HENTER TASK NUMBE EAST 1169
1R RETUSNY €as1 11€1
110 FORMAT (/S1MENTER RATTO CF MEAN TASK TIME TO STANQARD CEVIATION,3IH EASI 1162
1 RETUEN} £aS1 1163
225 FORMAT (30HPROBABILITY OF INTERRUPTION IS/29HINSENSITIVE TO TIME F EAST 1164
10R TASX ,12,/724HPRESS RETURN TC CONVINUED €a5] 11€5
12 FORMAT (43HTOC MANY PLOT POINTS, RECIMENSION 4RRAYS)H €ASI 1166
4L FORMAT (10A10) €851 11 €7
35C FOTMAT (L3HTIME FOR TASK.I3,1GH HINUTESS) Fasi 1163
2er FORMAT (//,29HWHMICH SENSOR IS THE VARIABLES/2BHENTER SENSC® AUYBER £AS] 1189
1 RETURNY 2171
370 FORMAT (3I3HORORAARILITY OF DETECTION, SENSOR ,12,1H$} 1171
END 1172




SUARONTIMNT  ARSSQ CNC 5500 FTAN V3.J-V24a OPT=1 11717777 33.1l.41. TAG N

o
@

SUBRIOLTINE ARESY (X VyXMAXsYHAXeY, XMIN) W17y

¢ 117

C IN THI3 SUOROUTINE 175

[ 1u7¢

3 c CMINSFINTOOUIP =XMAX)® S 20 IV L(I) =YHAY) **2 21,4} 17

c 172

C 1S SALTULATFD 1173

C 1127

DIMENSION X{(1)s Y(1) 1131

bS] XMIN=1.E52 1192

30 11 I=1.H 1133

Rz (X(T)=XMEX)®P24(Y(])~YMAX) B0 112

IF (R, TaxXMIY) XMIM=2 1185

12 CONTIMUE 1136

13 RETURN 1127

ENC 1184

;
1
t
'
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SUBROUTIN CCRNER COC 660) FTN V3.G-¥3hA OPT=1 11/17/77 J39.10.41, PAGE 1
SUBROLTINE CORMER (XY XMAX,YMAX (M, ICOR} EASI 1189
c EAST 1193
c IN THIS SUBROUTINE A CORNER OF THE PLOT IS OETERMINED EAST 1191
[ WHICH IS THE FURTHEST AWAY FROM THe CURVE QF THE PLOT, €AST 1192
S [ THIS CORNER IS USEC FOR DISPLAYING DATA FOR THE PLOT. €8S 1193
[4 EAST 119
OIFENSION X{1), Y(1) EASI 1195
ICCR=1 EASI 1196
CALL MTESG (Xe Yy 0e90.eM, 0I5 EAST 1197
10 0IST=CIS EAST 1198
CALL ARESQ (X+Vs0q2YMAXeMy DIS) gAsI 1193
IF (DIS.LE.DIST) GO TO 10 EAST 1203
ICCR=2 €ASI 1201
oISY=CIS EAST 12¢2
15 10 CALL #RESQO (X Yo XMAX,VMAX+M,0IS) EAST 120%
If (CIS.LE,DIST) GO VO 20 €AaSI 1204
Icer=2 E€AST 12¢5
BIST=CIS EASI 1206
22 CALL AESQ (XsYoXMAX 4D . sH,DIS) gasl 1207
21 IF (NIS.LE.OIST) GO To 30 cASI 1268
ICCR=4 EASI 1263
30 CONTINUE EaSI 1219
RE TURL EASI 1211

END €851 1212
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w

"
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15

21

25

30

35

L1

45

50

55

oo

OO MAOAM0NOOANOGANODO0D00ONO0O

[zXs Xz X3

2 X s Xy Nel mnmoOo

1T WRITE (5545500

CNC 6635 FTN V3,0-¥3ad CPT=p  13/17777

OQVERLAY 2,0} ZAST
PRCGRA* THRED “AST
IF OVERLAY IS USED OELZTE NEXY STATEMENT, IAST
SUBROLTINE THRZQ E:SZ
=457

IN THIS SUAROUTINE EIGHT THREE-DIMENSIONAL PLCT EAST
OPTLONS ARE IMPLEMENTED, THESE PLOT OPTIONS ARE i:sx
ZAS]

PROGABILITY OF INTERRUPTION AS A FUNCTION OF EAST
1 RESPONSE TIME AND PROSABILITY OF Fasy
COMMUNICATION JAS1

2 TIME FOR TASK *IT® AND PROBABILITY OF -831
NDETEGTION FOR SENSOR *ISe £ast

3 RESPONSE TIME AND PROCABILITY OF DETECTION £as]

FOR SENSOR *ISs EAST

+ RESPONSE TIME AND PROBABILITY GF DETECTION EET3
DETECTION FOR SENSOR ¢Ise €as]

3 PROBABILITY OF COMHUNICATION AND PR08aBILITY FAsI
OETFCTION FOR SENSOR *IS* casy

5 TIME FOR TASK *IT* AND PRQABAGILITY GF £acy
COMMUNICATION casl

7 TIME FOR TASK *IT1°® ANO TIME FQOR TASK ®]T2e £as]

8 PROBABILITY OF DETECTTON FOR SENSOR *IS1% &ND ZASI
PROBABILLTY OF DETECTIGN FOR SENSOR *152¢ Fast

£as:

THE USER IS QUERIED ADOUT THE VARIABLES OF THE PLOT ZAS]
AND ITMFORMATIOM NEEOED TO CONSTRUCT THE PLOT IS cAST
REQUESTEN. £asy
casI

GOPMON 727 TASKT(25)4SOTT(25),PDOL25) e NePC+TR,SOTR,PI(253,CFB(25) EASI
COPMON /7BLK/ TUZ5) 4L0PT4LLIASOR,ASORT o IToT4,1S,IT1,1T2+4SDRT1,A50R £4ST

fT24I58,1S2+THL14ISCALE IASI
COMHON /NEH/ XMA Xy XDEL  LNT Xo YMAX  YOEL o INTY ,VUX 4 VUZ,VUY sWIE G )4 LETE £AS]

SLX(LO0Y o LABELY €10074X0,Y0.XSTP,YSTP £as1
INTX=2 £AST

INTY=2 Fasl

X0=9. SasT

Y0=0, €as1

Z4S51

INITIALTZE TEKTRONIX TERMINAL CONTROL SYSTEM, PEGIN £aST

PLOT IN DISSPLA, AND SET PAGE SI2E.

CALL 1Cs 120y

CALL EGNPL (-1)

CALL FAGE ti1d.b.11.)

I=10PT-&

BRANCF TO REQUESTED PLOT.

GO TO (10.40,100,260,190,210,270,3707, 1

PROBAGILITY OF INTERRUPYION AS A FUNCTION OF
RESPCASE TIME ANC PROBABILITY OF COMMUNLCATIAN.

J3.15.41,

e
-

AT I i B N T by
rw D dL U

- b e b e e )

s
AR

FRE3 00 T b ba ks be be b e

-
o~
-

1224
1223
122
1227
1223

123"
125
1232
1233
123
1235
i23a
1237
1234
1239
1242
i2el
12-2
1243
1204
12-5
1246
i2u”
124
1243
1281
12¢1
1252
1253
1254
12€5

12¢7
123
1259
1261
1264
12¢2
1263
1264
1265
1266
1267
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75
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SUBROUTIKME THPED COC 6600 FTN V3.0-Vi48 OPT=1 11/17777 319,10.41. PAGE

CALL FFFINP (1,A450P, NOUT,66) cas1 1268
CALL CEV CASOR) £aST 12¢9
XM= (TReTHL)/7 (1 ,-2,74S0R) ast 127
MRITE (55,4100 sast 1271

CALL FFFINP €-1, ISCALE ,NOUT 66 1272
IF (ISCALE.EQ.0) GO TO 2¢ 1273
WRITE (55,420 1274
MRITZ (55.43CH 1275
CALL FFFINP (1 ,XMAX,NOUT,66) 1276
€5 HRITE (55,4400 1277
CALL FFFINP (1,XSTP.NOUT,66) 1279
XOEL=XSTP/2, 1279

20 CONT INJE 1289
YHAX=], 1281
1282
YSTP=,2 1283
vux=2.s 1284
yuY=-2, 1245
Vui=1.5 1285
HRITE (4544700 1287
REWINE 45 1288
READ (%5,450) LAJELX 41D, LAGELXCZ) , LABELXE3),LABELX (4) o LABELYXE5) sLA 1289
LOELX(E) 4 LABELX (71 ,LABELX (8) +LABELX D) o LABELX (L) 1291
REWIND 45 1291
APITE (4546600 1292
REKING 45 1233
READ (4544500 LABELY (1), LABELY {2) o LABELY 13D, LABELY (L), LAGELY 5)sLA 1294
L1AELY (€0 yLARELY (70 ,LABELY(B)LARELY (9D, LAZEYCLD) 1295
QEWING 45 1238
STR=TkK 1297
3SCT2230TR 1232
3PC=PC 1233

50 T2 399 307

3D TR=STR 371
3D1R=E59TE 3.2
PC=52C 1323
S0 T 403 1324
5 13:3
[ PRCAGEILITY OF [NTE2QUPTION AS A FUNCTION 9F 13:5
o TIME €32 TASK :IT® AMD OROUJAAILITY OF 13.7
C OETFSTI0Y FOR LFNSCR S]Se, 13213
r 1323

G APITS (53,5: 11 132
AL FFFIT™ (14TIehIUT,650 1311
SRS 5 13:2
ARL S (58,523 : L33
CALL FEEINP (1,8730FT W NQUT, 6610 B 3.
CALL CFV (&SURTY - 1343
ARIT: {55,410 : 11
TALL FEFINP (=i, ISCALE ,40UT,60Y BEY: 137
I ([£3ALE,EQ.2) GO TO 53 fact 1313
APITS {56,400 IT 2387 1343

AEITS (S5Se0.00 IT Taer c1n
SALL FFFING {1 X“AX,HOUT.65) sast ISt

ARITS (55,k6l) SaST
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115

S
o
w

1130

115

150

145

155

160

165

SUIRDUTEN

(2 ¥ s EaRal

THFED

n

-

a

>

ac

1¢6

GBLL FFFINP () o XSTF,NOUT.66)
XCEL=X3TP/2,

CONT [AUS

€RITE (55,5751

CALL FFFINP (1,5I,00UT,656)
15=SI

YMAX Y,

YOEL=,1
YSTP=,2

S$lALF.SQ. 1) GC T3 30

IF (IT.E€3.K) 53 TG 7¢C
J=1T+q

DD €9 I=JuN
S=SeTASKTLIY -2, *SOTT LIS

{ COKTIMNUE

XMAX=(TRe2,8S0fR=-S)/ (L .-2.7AS0GRTY
IF (XMAX,GT,J.} GO TO

CALL CONEPL

WRITE 153,583 IT

PALSE

RETURM

CONY IAUE

WRITE (43,5301 1IT

REWING &5

COC s5CC FTN V3.7-v3a2 NPTzt

11717777

Aaf L

AL IR

-

READ (63,4501 LABELX{L)eLABELX (21, LAAELK{3) JLABELX (L) 4 LABELXLS) 08 245

19ELXCEY yLABELXY (7} 4LABFLXIBI,LABELX {9} ,LABELXE1D)

QEWINC 45
WRIVE £45,560) IS
RERINL o5

READ (45,4502 LABELY (13, LABELYI2), LABELY (3 LA0ELY (W) +LABELY(3),LA ZAS]T

1BTLY (E) o LABELY {7) s LABELY(8)+LABFLY(3)4LAJELY(L])

REWINC 45
STASK=TASKF(IT)
SSCTT=50Tr (I
SPLO=PIDKISH

G0 T 338
TASKEUIY)}=5T4asSk
SOTT(ITI=SSOTT
PCL(ISY=SPOD

GO TO %83

PRCOABILITY OF IATE2RUPTION AS 4 FUNCTION CF
RESPONSE TIME AND TIME FOR TASK *IT*

WRITE (55,5500

CALL FFFINP (1,ASDR,NOUT.66)
CALL LEV (4ASDR)

MRITZ (55,510}

CALL FFFINP (1,FI,NOUT,66)
IT=T1

WRITE {55,527

P& PRSI

IDENERE]
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€L

170

175

180

185

193

213

295

SUBROUTIKE

TRPED

11

-

127
13

CALL FFFINP (1+ASORT,NOUT«66}
CALL CEV (ASORTY

WRITE (554610}

CALL FEFINP (-1,ISCALE,NOUT,66)
IF (ISCALE.€Q.0) GO 10 110
HRITT (535, 420)

HRITE (55,4300

CALL FFFINP (1 ,XHAX,NOUT66)
HRITE ¢554440%

CALL FFFINP (1+XSTP,NOUY,66)
XxDEL=XSTP/2.

NRITE (55,5000 IV

HRITE (55,480) IT

CALL FFFINF (1,YHAX,NOUY,.66)
HRITE (55,4400

CALL FFFINP (1,YSTP,NOLT,66)
YDEL=YSTP/2.

CONTINUS

YUr=2ee

vyuy=-2,

Yuz=1.3

ARITE (45,4700

RERINE &3

COC 65600 FTh V3.0-V3uh OPT=1

11717777

casy
IAS]
vasl
SASI
EAST
€asl
EAST
EALT
€AS .
(X134
EASI
€4aST
EAST
£ASI
EAS]
EASI
EAST
Zasl
Fasl
cast
€851
Tas]
€ASI

READ (35,450% LABELX(1)9LAYELX (20 +LABELX(3) ,LAEELX (4)4LABELX{S),LE EASI

1RELX (E), LABELX I7)+LABELN(B)LABELX(9)LABELX(LD)

AENING 45
WOITE (4545360 IT
REWINC &5

EAS]
€231
cast

READ (+5¢050) LABELY(L),LABFLY (2),LADELYE3),LA3ELY (a0 ,LAAELY (5),LA £AST

IBELY(E) , LABELY (7)), LASELY(8),LABELY9),LABELY (1]}

REWINL 45

IF (ISCALS.EQ.L) GO TO 14
XMBX=2,°T7R

$=C,

IF (IT.E7.N} 6D TO 130
J=1Teq

IC 120 I=JeN
S=SeTASKTI(I) =2, %5077 (]
CORT INIE

YHAX= (XHAX* (1,42 ./ASDP)~S)/(1.-2,/4SIRT)
TF (vk3x,GT,C,) GO TO 140
Yuax=1,

CONT INJE

STR=TH

560TR=3TR

SSCYT=SATTIIT)
STASK=TASKT(IT)

60 T2 35939

(LR )

SCTR=550F2
TASKT{ITI=STASK
SOTT(IT)=SSDTT

30 ¥N 43)

PROAAETLITY OF [NTERRPUPTION AS A FUNSTIIN OF

cas1
£8s1
zas1
Tas1
cASl
£aS1
EAST
Zasl

3910401,

1378
1379
1380
1381
1382
1333
1344
1335
1396
1387
1388
1389
1390
1391
1392
1393
139
1395
1396
1397
1398
1399
1623
1601
1e(2
pRIY R |
tae
1405
1636
1407
1uc8
el
1190
iwil
1412
1uil
1bib
Luid
1446
1~18
1wl
1623
1a21
1622
1423
lewlle
1425
1426
1627
1uzB
123
1671
1=l
1632

PAGE
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2%

2u5

2€0

2€5

275

SUIRDUTINE

OO0

145

17¢C

182

19C

€D COC &658C FTN ¥3,0-v3s+a

ESPCNSE VIME O8N0 PROBABILITY OF ORTECTICN
FOP SEISQR * IS+,

WRITZ (55,550}

CALL FFFINP (1.ASOR,NOLT,66)
GBLL CEV CASDP)

WRIVE (55,5708

CALL FFFIN® (1,SI,NOUT,5EY
1s=s1

XNAX= (THeTMLD/ (1,2, 7RSORD
MRITE (5354612

CALL FFFINP (-1, ISCALE NOUT.66)
If (ISTALE.EQ.J) GD VO 178
WRIT: (55,4200

WRITE (55,4300

CALL FFFINP (1.XMAX,NOUT,66)
WRITE (55,440}

CALL FFFINP £1,XSTP,NOUT,66}
XCEL=X3TP/2,

CONT INUE

1
HRITE (45,6700
REMINL 45

PERD (45,4509 LADELYX (1), LABELX(2) s LASELXI3) 4 LABELX(w) 2L ABILYI5) LA
1BELXCE) g LABELX LTI o LABELX (D) 4 LAPELX (I 4 LAELX L)

REWINL &5
WRITZ (45,5600 IS
QENINC &5

READ (0544208 LABELY (1) 4LABELY (2D yLAAELY [3),LARELY (&) ,LABELY(S),LER
1BELY () LARELY (7), LABELY (8D LAPELY (9}, LAIELY(LD)

REWINL 45
vUX=2.4
yuyY=-¢,
VuZ=1.5
SVYR=TE
SSOTR=30TR
SPCO=FOO(IS)
GO TD 399
TR=STF
SDTR=SSPTR
POCCISI=SPDD
GO VO 403

PROBACILITY OF INTERRUPTION AS A FUNCTION OF
PRCBABILITY OF COMMUNICAVION AND PROBAAILITY OF
DETECYION FOR SENSOR *#1S¢

RRITE (55,5700
CALL FFFINP (1.SIsNOUT,66)

oPTzy

11717777

£4S1
€481
£4asI
£AST
€ASI
IAST
TASI
IasI
SASIT
TaS1
ZAST
f£asI
€asI
§AS1

I3sidant,

i=313
ie36
1835
1e76
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<L

288

285

290

295

309

0

315

329

SUBROUTINE

NO0O

~
-
-

5
HRITE (AS.460)
RENINC W5

CoC 6600 FTN v3,0-vied OPTay

11717777

€as]
£aS1
€48ST
EAST
€4ST

READ (45.:450) LABELX(1),LABELX(2), LABELX (3} L ABELX (L) ,LABELX (S} LA EASI

1BELX (€Y 4 LABELX (7)o LABELX (8) ¢y LABELX (S) ,LABELX (10)
RENIND &5

WRITE (45,564} IS

REWINC %S

£as1
EAST
£asl
EASI

READ (65,4580 LABELY (1DoLABELY(2),LABELY{3),LABELY (L) ,LABELY{S),LA SAS]I

1BELY (E) 5 LABELY (7%, LABELY(8).LABELY [9)LABELY(1()
REMING 45

seC=pC

SPRO=PDDIIS)

GO TO 3919

PC2SPC

PCL(ISI=SP00

GO TO 600

PRCBAEILITY OF INTERRUPTION AS A FUNCTION OF
TIME FOR TASK *IT* AND PROBABILITY OF COMMUNICATION.

WRITE (55,510)

CALL FFFINP (1,TI,NOUT,56)
IT=71

WRITE (55,5200

CALL FFFINP {1,ASDRT,NCUT,66)
CALL C5V (ASDRTY

WRITE (55,4100

CALL FEFINP (-1, ISCALE +NOUT,6€)
IF (ISTALE.E0.0) GO TO 220
WEIT: 155,590) IT

WRITS (55,L801 IT

CALL FFFINP (1,XMA¥,NOUT,68)
HPITZ (55,4600

GALL FFFINP {1,xSTP,NOUT,66)
XOEL=X3TPs 2,

L CONT INVE

YuX=~2.4

YUYz -2,

VUZ=1.5

YMAX =9,

YSTP=,2

YOFL=.1

IF (ISZALE.EQ.1) GO YO 25¢C
IF (IT.EJ.N) G7 TO 2u(
J=1¥s3

IC 230 [=JsN
S=SeTESKTII)=-2,*SDTTII)
CONT TF &
YMAX(TR+2,%SOTR=S}/7 (1 ,-2,/7850RT)
IF (Yr2XGT, 34} GO TO 250
CELL LINEPL

EasT
£8S1
EAST
£aS1
gasl1
zas1
€48S]
EASI
<asT
cast
ZAS1
zas1
€AST
EaSI
£aST
€aSI

09.19.614.

1428
1489
1496
1491
1692
1493
16494
1495
1496
1497
1498
1499
15¢90
15C1
15c2
1503
1554
15C5
15¢6
1527
1508
1529
1513
1511
1512
1513
153«
1516
1515
1517
1513
1513
1521
1521
1522

PAGE
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353
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375
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SUBROUTIMNE

CoODo

THRED

o
w
-

n
~m
3

WRITE (55,5401 IT
PAUSE

RETURA

CONT [AUE

WRITE (45,5300 IT
REMINE 45

READ (654509 LAJELXCL)oLAGELX(2) o LABELXC3) JLARELX (4} LABELX5)sLA

CDC 6600 FYN V3.(-V3ah OPV=1

1BELXTE) s LABELXN 7D LABELXEB) 4 LABELX (9}, ABELX (10}

REWINC 4%
WRITE (85,660}
RENINC %5
HRITE (45,6600
REUINE »5

READ (45,4509 LABELY (L)L ABELY (2F4LABELY (31, LABELY (424 LABELY IS} LA

1BELY (E) s LABELY (7 ), LADELY (8 JLAPELY (I} LAJELYIL SR

RERKINE &5
STASK=TASKT(LIT)
SSCTT=SDTITIIT)
SPC22C

GO0 19 39)
TASKT(IT)=STASK
SOTT(ITI=SSOTV
pC=SuC

GO T9 400

PRDJSGILIVY OF INTERRUPTION A4S A FUNCYION OF
TIFE FOR TASK *IVi® AND TIME FCR TASK *[v2*

WEITZ (554510}

CBLL FFFINP (1,T11.NOUTsEB)
Ivi=ril

WRIYE (55,510¢

CALL FFFINP {1,TI2,NOUT,66)
1T2=112

WRITE (55,5601 [T1

CALL FFFINP {1,ASORTL1,MOLT,66)
CALL GCEV (asprTi)

WRIre ¢(53,583) IT2

CALL FFFINP {1,ASDRY2,NDUT.66)
CALL DEV (ASORT2Y

HRITE (55,4100

CALL FFFINP (-1.ISCALENOUT,66)
IF {ISCALE.£Q.0) GO 7D 280
WRITE (5544900 IT1

HRIT: (5546809 ITL

CALL FFFINP (1.XHAX,NOUT,66)
WRITE (535, 46D)

CALL FFFINP (1.,XSTP,NOUT,.66)
ACEL =uSTP/ 2.

HWRITE (55,5003 172

WRITE "S5,680) IV2

CALL FFy INP (1, YHAX.NOUT,66)
WRITE (5S¢ 4400

CALL FFFINP (1,YSTPyNOLT,466)
YDEL=YSTP/2,

11717777

€AS]
€AS]
SAS1
€AST
ZAsl
EAS1
£ASI
£AST
£as1
£A4S1
€asl]
cAasl
ZASI
2451
Ensl
Zasi
zasl
EASIT
£as1
Z8SI
£asl
Eas]
£asI
£8SI

€9.10.41.

1543
1564
1545
1545
1547
1568
1563
15¢€%
1551
1552
1553
1554
1555
1556
1557
15%8
1559
15€)
15€1
1562
1563
15¢€4
15€5
15€5
1567
15€3
2563
157)
1571
1572
1573
1574
1575
1576
15?7
1573
1673
1581
15P1
1582
1583
1584
1545
1586
1587
1588
1589
1593
1591
1392
1593
1594
1595
159
1597

P AGE
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L

390

395

400

438

%19

415

SUBROUTIME

o

TeRED

¢80 CONTINUE

[

20C

yta
[N

VUX==2.%

vuy=-2.

VUI=1.5

IF (ISCALE.EQ.1) GO TO 350

INC:= ]

5=Q.

IF (IT1.LT,.IT2) S==TASKT(IT21¢2,%SOTT(IT2)
IfF (IT1.EQ.,N) GO TO 300

J=IT] ¢4

00 29C I=deN
S=SeTASKT(I)~2,%SDTFLI)

CONT INUE
XMAX2(TR#2,#SOTR=-SI/7 (1 ,«2,7AS0FT 1)
IF 1XMAX.GT.0.) GO TO 31Q

AMBXN=1,

INC=1

:S=¢C,

IF (IT2.LT.IT1) S==TASKTCIT1)e¢2,%SOTTLITY)
IF (IT2.FQ.N) GO TO 330

J=T 201

00 320 T=J,N
S=SETASKT(II-2,*SDTTIT)

CONTTNUE
YHOX=(TR*2,*SOTR=5)/ (1 .=2,7ASCFT2}
IF (VPAX.GT,C.) GO TO 35Q

IF (IPD.ED,0) GO TO %l

CALL CONEPL

WE[TY (55,690 ITi.IT2

eLyUST

RETU2N

Tl oyMAx =g,

TET

D GOANTIMUE

WPITE (43,533 171
CEWINL 45

COC 6600 FIN v3.0-V3I4A OPYV=1

11717277

€ASI
£4S]
EAS1
£4SI
EASI
EAS]
EaS]
EAST
£4SI
€4ST
EASI
EASI
€8SI
€AST
EAST
€as]
£as1
EASI
TASI
EAST
EAST
£4s1
EAST
EAST
EASIT
Tast
EBSSI
EASI
IASI
£aS1
ZASI
Zas1
<ASI
ZAS1
€AST

REBD (4546500 LABELY (1D, LABELX(2) o LABELXI3)ISLATELX (L) JLABZLX(S) LA £AST

1BELX (€Y« LADTLX (TS LABELX(B), LABELX (9D 4LABELXIL])

RERINL =5
HUITE {43,530F IT2
REWINEG 43

Zast
£aS1
85T
£4S]

REBY (L5,4501 LAYFLY (1) +LABELY (2) +LADFLY (3D LABELY(6) 4 LASELY(5),LA ZAS]

TAFLY (VS LABELY (73, LARCLY4B) » LABELY (S 4L AIELY(LOY

REWINT 4C

STASKZ=TASKT (IT2)
SSLTTEZ=SATILITZ)
56 T3 39¢

TASKY UIT1d=S 185K
SEYTtITL3=SSDTTL
TASKTITOI=STASK?
SOTT(IF2)=2880TT2
G0 T 6d)d

PRCAIEILIFIY OF IMFRPUPTION AT A FUNCTION OF

£AST
ZAST
rasI
I8S1
CaST
€iSI
vAST
T8S1
EAST
iAST
CAST
EAST
EAST
€aslI

09,10.61,

1598
1599
1600
1601
1602
16€3
16C4
16L5
1686
1607
1603
16C9
1610
1611
1612
1613
1614
1615
1616
1617
614
1619
1620
1621
1622
1623
1R 246
1625
1626
1627
1628
1679
1633
1631
1632
i63%
1636
1535
16 X8
1637
1638
1639
1642
1661
1oa2
163
1bb™
1645
Lbwd
1647
thad
1642
LM
1651
1652

PAGE



3

LES

.73

475

L85

499

495

SUIROUTINS

C
C
C

THTED

et

toc

42¢

29
LT’Y
450
A€0
L70
48¢C
Lep

PRCBACGILITY OF DETECTION FOR SENSOR °IS1® ANT
PROSAEILITY OF DETECTICN FOR SENSOR *IS2*

HRITE (55.£701

TALL FFFIMP (1.S11,NOUT,65)
Is1=s11

HRITE (55,5700

CALL FFFINP (4,S512,NQUT,.H61
1522512

ISCALE=)

VuXx=-2.0L

vuY=-2,

vur=1.5

(AMIxX=1,

YHAX=1,

SPCO1=®DOCIS1}
SPLO2=0DOLIS2)

WRITC (4545601 1IS1

QERINE 45

ToC 600, FTM VW3,5-v344 NPY=y

READ (65,4500 LABELX{L1,LABELY (2),LABELK(I )+ LABELX () B8ITLXL5) L

1BELX (€) 4 LADELX (7)), LABELX (M) s LABELX{3), LAJELX L)

REWINE 45
HWRITS (65¢560) IS2
RENINC &5

AEAD (45,450) LABELY(13,LABELY (24 LAHELY(3) LABELY (41 ,LaR5LY (5L A

19ELY LE) 4 LARELY (71, LABELY (83, LARELY (I 4 LABELY (1]

REWINL &5
GO ¥2 333

> PDC(IS1)=SPON1

fQciiszy=srDal

GO ¥0 L3l

CORTINUE

CALL THREDL

I=70PY-p

G0 TO (39,90,150,180+200+263,360,3801, I
CALL PyYSO® (2454425}
CALL FRZSET (6HISHIFTH
CALL ESCALE (1,1.1,1?
CaLL foC tw

CALL RESEY (HHPHYSOR}Y
CALL FESET (6MBSCALE)

RE TURN

L1G FORMAY (SAWO0 YOU WANT TO SET YOUR OWN SCALE«1=YES,0=NC RETURN)
FORMAT (42HNEED XMAX, MAXIMUM VALUE OF RESPONSE TIME,/43HAND XSTP,
1 SPACING FOR TICK MARKS, XMAX SHOULO BE/19HA MULTIPLE CF XSTP.)
FORMAT (45SHENTER MAKIMUM VALUE OF RESPONSE TIME RETUPN)
FORMAT (32HENTER TICK MARK SPACIKG  RETURN)
FORHAT (1DAL D)
FORMAT (29HPROGABILITY OF COMMUNICATIOMS)
FORMAY (23HRESPONSE TIME, MINUTEST)
FORMAY (36HMENTER MANTHUN VALUE OF TIME FOR TASK,13,3H  RE TURNY
FORMAT (GLIHNEED XMAX, MAXTMUM VALUE OF TIME FOR TASK.T3,1H./L3HAND
1 XSTP, SPACING FOR VICK MARKS. XMAX SWOULD BE/19HA MULTIPLE OF XST
2P.)

11717777

non n ) N e Mt
B P EBLDLLLADLE P LPE LD LD DED DL LD DD

uohen

Vit

Wl T n

VAR ANV ANV ANDANTID ALV AAAD I ALV LALIILY W NA W
[ g e R e N N R I e SRR T R RS ]

>
v
-

M N A e

€aS1
€851

23410,

-

NN A vran
F s NPk

P

-
= o
AR
v

1645
16€45

16€4



6L

C1

5(5

515

SUIRIITINE

THCED CUC 660J FTN VI.C-vy3«d OPT=1 117/17/77

€Cr FORMAT (S1HNEEO YMEX, MAXIMUM VALUE OF TIME FCR TASK,I12,1iH,/uiAuaND
1 YSTo, SPACING FOR TICK MARKS, YMAX SHOULD 35/49HE MULTIPLF CF yST
2P.)

€10 FORMAT (/7+32HNHICH TASK TIMF [S THE VARLABLE+/26HENTER TASK NUYIE
1R RETU?N)

€27 FCAMAT (/51HENTER FATIC OF MEAN TASK TIYE TO STAMNGARD CEVIATION, I

1 esTuaNy

i SCEYAY (13HYTIME FOR TASK,I3,1CH MINUTESY)

f FNRMAY (IGHPROBABILITY OF INTEPRUPTION [S/294TNSENSITIVE TO $IvE F

19R TASK +12,/244PRESS RFTURN TO CONTINUZY

€ef FOFMAT (SSHENTER RETID 7F MEAN RESPONSE TIME TC STANDARD GrVIATION
1,96 RETUBNY

€€T FCRMAT (33HPROJABILITY OF OETECTION, SENSOR IZ,iMlD

S7C FOOMATY (77,42 3HWHICH SENSOR IS THE VARTA3LS/2EFINTER SENSTH NP I P
1 QT TUINY

Sl FNOMAT (SINENTERQ RATIO OF MEAN TASK TIMZ TQ STANCARD JEVIATION/SF
10R TASK,I3,94  RETURNY

Sl FORMAET (ITnPROJASILITY AF INTECRUPTION [S/ILHINGENSITIVE TC 11wl F
109 TaSKS 41245H AND .12) i
ENC

[
1Y

PETFORES I

iroe
173
W73
Tl
LTl?
7.3

173

i7:s

Fase



08

12

15

23

25

3)

43

SU3ROUTIM

nono

1-FEDL

1%

COC 6600 FYM ¥3.0-V3eA OPT=1 11/17/77

SUEBROLTINE THREDY cAS]
£as?t
THTS SUSRQUTINE CONTAINS THE CALL SEQUENGE 1O DISSPLA Z8ST
WHIGH GENERATES A THREE-QIMENSIOMAL PLOT. SAST
EAST

COPMON 72/ TASKT(25)4SOTT(25)4P00C25) yNyPC,TR, SOTR,PI(250,CPA(25) EASI
COFMMCM /BLK/ T (251 4JOPT,LL yASDR4ASORT,IT,TM, IS, IT1,IT2,ASURT,ASOR £8S]
172,151,152, 7ML, ISCALE
COFMCM ZNEW/ XMAX, XOEL +ERTX o YHAX oY OEL s INTY . VUX 2 VUZHWUY +H (5000 ,LAYE EAST

CALL
caLL
cALL
cALL
caLL

EAST

ILXALI0) o LABELY 112000 o X0 oY Co XSTP,HYSTP EAST
EXTERNAL ZFUN £asl
TOUTPT (27) zas1
TOUTPT (154} fast
ESHIFT (Q.e43) £351
TITL3D (28HPROBABILITY OF INTERRUPTIONS,103+12,.9,) EAST
GESET (EHBSHIFTY zas1t

cAaLL
caLL

esCaLF

AxFSID (LABELX,10C3,LABELY(130,24HPROGZIILITY CF IATERRUPTIONI

1.,2:1,2)

19100+1u92avd )
CALL VUASS (VUX,vUY,vuUT)

CALL

2axaNsG

€951

CALL ESHIFT (~-2.455~45)
IF (ISTaLE.EQe1) GC TO 1D

IF (XpAX.MNELL.)

XDEL=X¥4AX/1].,

{F tYPAX . NELL,)

YOEL=YMAX/4LC »

XSTP=x4aX/C,
YSTP:Y4AX/E,

caLL
CALL
CALL
CaLL
CALL
CatL
catt
caLL
caLL

LRAF3D
TOUTPT
T0UTPT
£€0x 30

TouTPT
TOUTPT
SURFUN
ToUTRT
1IuTeY

RETUAN

ENC

X0 e XSTP WX YAX YD YSTPIYNAX D upolel et

02en
97)

32n
134)
CZFURNG INTX oXDEL o INTY 4 YDTL o W)}
27y
1951

XMAX=FLOAT{IFIX{XMAX/5.+1.0)"%5,

YMAXK=FLOAY (IFIX{YMAX/5, 00,0} %5,

— eowms s e uemsl RGN R e

99.10.61.

1723
1723
1732
17321
1732
173
173w
1738
1736
1737
17 3%
1733
L7l
1741
1762
743
1764
1745
1745
1747
i7u3

PAGE



za’18

29

25

11

5

43

45

FUNGTION

oms o0 Yon

ZFL

~

N COC 5600 FTN ¥3.0-V3ied OPT=]

FUNGTION ZFUN (X,¥)

THE VALAALES A,Y ARE TH:Z INDEPENDENT VAPIAALES FOR TH:I
DTSSTLA THREE-DIMENSIDML PLOT AND IFUN IS THE OEPENOENT
VARIAELE, ZFUN IS THE PROBABILITY OF INTERRUPTION AND

Xe¥ ORE DEFINED BELOW DEPENIING ON THE PLOT OPTION
SELECTED BY THE USER.

COPMCh 727 TASKTI25) 4SDTTE25),PDDE25)4NyPL4TR,SDTRYPLC25) 4 CPO(25)

117177277

Fas[
€4as]
EASI
EASI
EAST
£451
ZasSI
ZAasl
€8s

COMMON 78LK/ T125) +10PToLL+ASDRyASDRT,IT,TH,IS,IT1,IT2,ASURT1,250R €ASI

172415141524 ¥41,1SCALE
1=10PT-6
GO TO €10920+304404500E0070,30%, I

T TR=X
SDTR=X7ASOP
pC=Y
GO T9 99

TASKT{ITI=X
SOTT(IT)=X/ASD2Y
PDCEItI=Y

GO T0 9D

TR=x

SDTR=X/ASDR
TASKI(IT)=Y
SCTT{IT)=¥/aSDPT
60 TS 30

TR=y

SOTR=¥/AS0F
o0L(Isr=y

G0 TC 30

PC=X

ope(Is)=Y

GO T1 1)

TASKTC(ITI=X
SOTT(IT)=x/7ASDRT
PC=Y

G0 T3 3¢

TASKY(ITL) =X
TASKT(IT2) =¥
SOTT{IT1)=x/AS0RTL
S0TTCIr29=Y7ASORT2
GO0 T0 390

5 POC(ISLM=X

eoc(rsar =y
LL=1

CALL CALC
ZFUN=FI{1)
RETURM
END

£4S1
EASI
EASI
EASI
£as1
FAST
EASI
£AST
Fas]
EASI
€asS1
Fasl
£as1]
EBS]
EASI
£as]
£€AS]
Z4SI
SASE
851

39,1201,

17¢€3
1769
1777
1771
1772
i773%
1774
1775
177%
1777
1778
1773
1783
irel
1782
1743
1784
1785
1786
1727
1789
1789
1792
1791
1792
179%
179
1795
1795
1797
1793
1799
1869
LIS
1852
1323
137
1935
18256
18C7
1878
1833
1811
1811
1812
1813
1814
1815
1815

~AGT
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PROBABILITY OF ALARM

=

CUMULATIVE PROBABILITY OF ALARM
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0.9

0.8%4

0.7

0.6

0.5

0.4

0.3

e
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0. 14
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TIME TO TERMINAL r)INT, MINUTES
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PROBABILITY OF INTERRUPTION

=%

CUMULATIVE PROBABILITY OF INTERRUPTION

1.0
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0.3

0.1

0.0

0.0

1.0

2.0 3.0 40 50 6.0 7.0 80 9.0 10.0 11.0
TIME TG TERMINAL POINT, MINUTES




PROBABILITY OF INTERRUPTION

Sr

PROBABILITY OF INTERRUPTION

1.0 - - : - —

0.

RESPONSE TIME  4.00
. DEV. BTY

0.7

STL
PROB. COMN. %
TASK  MEAN  STD. UV,  PROB. OET.
$ 1 .00 .50 /00
N 2 1og ‘20 0.00
1 1o 20 Lo
4 e o olng
H : 5 50 39 .93
: H & 100 T 0.00
H ; ) L01 151
Q.84 ivmemnnmrn _ :
i t
; -
0.3 ; \ .
* H 1 i i

0.2

0.1

0.0

RESPONSE FORCE TIME, MINUTES

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.011.012.013.014.0 15.016.0
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PROBABILITY OF INTERRUPTION

RETGONSE TINE 4,00
ST, DEV. e
PROR, CORM. .90

TASS  MEAw  STD. DPV.  PROB. GLRT.
2. R oo ..

0.94f : % o
Vil 20 wn
« ves u 0’00
4 -4 mn 87
¢ v I alne
0.8l 0s -
=3 0_7{ . H e <
e
o
a
2
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=
=
=
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=
e
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6.0 - ; H — -

0.z 03 0.4 05 06 0.7 0.8 09 10

[=]
(==
o
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PROBABILITY OF COMMUNICATION
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PROBABILITY OF INTERRUPTION

PROBABILITY OF INTERRUPTION

1.0

Sy

RESPor

WS TIRE  4.30
STD, BEV. NS

A 2
MEAN  STD. oE FpaB. TET

2,09 5C .00

) 00 L 2.00

i.on x [0

1.0 » .90

‘0 18 R

1.00 10 0.90

: : _10 KH R1

* o + + - +

9.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

TIME FOR TASK 5, MINUTES
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PROBABILITY OF INTERRUPTION

PROBABILITY OF INTERRUPTION

RESPONSE TIXE  4.0D
STD, OEV. 16
b

. comr. 90
TASF  MEAN  STD, DEV.  PROB. GET.
0.0

1 o .80

2 j00 .20 ©.00
1 1.90 110

4 oo S0 0.00
s 0 10

6 von B 5.00
2 19 07 37

%

0.3 0.4 05 0.6 0.7 0.8 0.9 1.0
PROBABILITY OF DETECTION, SENSOR 3

— == N .
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