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PREFACE

! Recent emphasis on Air Combat Maneuvering (ACM), including the congressionally
directed AIMVAL/ACEVAL trials, has created interest in developing methods of
analysis to assess aircraft capabilities, pilot proficiency, force requirements, etc.
Several methods are in use by industry, but many emphasize specific aircraft
characteristics and are therefore limited in their application. This report describes
an ACM analysis method developed by Mr. W. S. Stewart (Naval Weapons Center),
Dr. R. A. Oberle (Center for Naval Analyses), and Mr. W. R. Simpson
(NAVAIRTESTCEN). Several aspects of these analysis methods are being explored
jointly by the Navy Fighter Weapons School, the Naval Weapons Center, the Center
for Naval Analyses, and NAVAIRTESTCEN. These analysis techniques have been
implemented at NAVAIRTESTCEN, the Naval Weapons Center, the Air Combat
Maneuvering Range, and the Center for Naval Analyses. The NAVAIRTESTCEN
participation was funded by the Joint Technical Coordinating Group/Munitions
Effectiveness chaired by the Army Materiel Systems Analysis Agency, Aberdeen,
Maryland. Assistance in the application of these techniques to specific problems of
air combat is available through:

a. NAVAIRTESTCEN (SA43)
| b. NAVWPNCEN (Code 4072)

c. Naval Air Combat Maneuvering Range (CNA Rep to COMFITAEW-
WINGPAC)

d. Center for Naval Analyses D D C

N
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INTRODUCTION

BACKGROUND

1. The development of adequate analysis techniques in the area of Air Combat
Maneuvering (ACM) is vital to the definition of the mission effectiveness of fighter
aircraft, performance devices installed on fighter aircraft, and aircraft weapon
systems. For the most part, however, the development of ACM testing and analysis
procedures has lagged other evaluation areas such as air-to-ground or aircraft
performance and flying qualities testing. Beginning in late 1971, the Commander,
Operational Test and Evaluation Force initiated development of stochastic ACM
analysis techniques. This effort resulted in the finite state maneuver conversion
model (reference 1) and its application to the ACM evaluation of a thrust vectored
attack aircraft as part of CNO Project P/V-2 (reference 2). An additional
application of the maneuver conversion model to an in-flight ACM evaluation was
made at NAVAIRTESTCEN for the F-11A thrust vector control system
(reference 3). Follcwing these applications, the finite state maneuver conversion
model was extended by the introduction of a continuous time/continuous state
performance index (reference 4). The performance index scales the offensive value
of the interaircraft dynamics via the product of angle, range, and energy penalty
functions. Numerical analysis of the stochastic process resulting from the
application of these two evaluation techniques to sample ACM engagements has
been an ongoing effort at NAVAIRTESTCEN, NAVWPNCEN, COMFITAEW-
WINGPAC and CNA. The goal of the exploitation has been the development of
tactically meaningful readiness measures through further mathematical develop-
ment of the ACM models for application in aircraft test and evaluation and pilot

training.
PURPOSE

2. This memorandum is intended as a supplement to references 1 and 4 to discuss
the implementation of ACM analysis methods at several facilities, to present
further developments, and to illustrate the use of the analytical methods via
application to an example data set selected from a family of flight tests conducted
on the Air Combat Maneuvering Range (ACMR). The data base and the numerical
techniques described are also being used to guide further investigations into
stochastic models useful for evaluating air combat maneuvering engagements.

1) R. A. Oberle, Air Combat Maneuver Conversion Model, Center for Naval
Analyses Report No. CRC274, of Nov 1974.

2) Final Report, CNO Project P/V-2 (Battle Cry) (Task XII), Commander,
Operational Test and Evaluation Force, Conduct an Operational Appraisal of the

AV-8A Aircraft, of 24 Apr 1974 (Secret Report).

3) W. R. Simpson and M. T. Pilletere, Navy Evaluation of F-11A Inflight Thrust
Control %tem, NAVAIRTESTCEN Report gA-CE!R-?‘, Confidential Supplement to
A EN Report SA-75R-75, of 26 Jan 1976.

4) W. R. Simpson, Development of a Time-Variant Figure-of-Merit for Use in
Anal of Air Combat Maneuve Engagements, NAVAIRTESTCEN Technical

emoran -0~ 9 O .
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METHOD OF TESTS
3. Test methods for ACM evaluation are detailed in reference 4. This
memorandum addresses the form of numerical techniques applied to quantitative
ACM data.
ANALYSIS PARAMETERS
4. The primary ACM parameters to be used in this memorandum are given in
table I. A complete listing of general technical terms is presented at the end of
this report.

Table I

ACM Parameters

Parameter Definition

Airplane Parameters

Angle of Attack (AOA) Angle between the free stream flow
and the airplane reference line

Normal Acceleration (NZ) The load factor taken perpendicular to
the flight path

Altitude (ALT) Geometric altitude above ground level

Indicated Airspeed (IAS) Airspeed measured by AIS uncorrected

for position error

Specific Energy (ES) Sum of the weight specific kinetic
and potential energies

Target Mach Number (MT) Mach number of the target airplane

Interairplane Parameters

Range (R) Line of sight distance between the c.g.
of two airplanes

Closing Velocity (VC) Time rate of change of range

Antenna Train Angle (ATA) The angle between the aircraft refer-
ence line forward of the c.g. and any
sight line

Angle Off Tail (AOT) The angle between the aircraft refer-
ence line aft of the c.g. and any sight
line

e
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Table I (Cont'd)
Parameter Definition
Analysis Parameters

Performance Index A time variant figure-of-merit based
on angular, range and energy penalty
functions (detailed in reference 4)

Conversion Coefficient An ACM state adaptation of the per-
formance index (detailed in this mem-
orandum)

ACM State Maneuver conversion model state
(detailed in reference 1)

ANALYSIS METHODS

5. The primary analysis methods employed in this report are the maneuver
conversion model (detailed in reference 1) and the performance index model
(reference 4). The maneuver conversion model characterizes an ACM engagement
as a realization of a semi-Markov process with state conversion probabilities and
time in state distributions. The performance index model is a continuous state
continuous time stochastic process. A secondary analysis method, the conversion
coefficient, combines the continuously varying measurement of the performance
index and the state definitions of the maneuver conversion model to yield a third
continuous time process. This third model, although suffering from discontinuities
at state boundaries, is also being investigated for applicability to ACM evaluation.
These models are used in combination because of their complimentary nature and
the fact that the same conclusions follow from the three methodologies. Even
though the maneuver conversion model includes a no-history Markov assumption
and the performance index and conversion coefficient models assume a continuous
time dependence, no conflict between results has yet been observed, nor is any
expected. It is anticipated that for field application the analysts can select any of
the methodologies for planning and evaluating a group of ACM flight tests. The
methodology will primarily be chosen on the basis of off-line computational
capability as well as the mathematical sophistication of the intended data usage.
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ANALYSIS PROGRAMS

GENERAL

6. An analysis capability has been developed to define pertinent information and
identify significant conclusions for air combat maneuvering engagements up to four
fighter aircraft versus four tacget aircraft. Computer programs are available
which calculate analysis data for specific aircraft pairs, fighter or bogie section
analysis data for two-on-one engagements, and a stochastic analysis program for
two-on-one engagements which is extendable to many versus many. The primary
modes of analysis in these programs are the characterization of the semi-Markov
parameters of the maneuver conversion model and a one dimensional evaluation of
the stochastic process during the performance index model, together with
stochastic data for the conversion coefficient and an expression of the expected
paths for a statistical sample. The resulting numerical techniques are being used
by the authors to support further theoretical development. For example, in
reference 4, a feedback sequence leading to the development of a predictor model
is discussed. Achievement of this predictor model requires a theoretical
characterization of the underlying probability space for which the performance
index and conversion coefficient are natural realizations. Identification of this
underlying probabilistic structure is the goal of the ongoing investigations.

PAIRED ANALYSIS

7. The first step in the analysis is the computation of analysis parameters for
fighter-to-adversary pairs in the engagement. The NAVAIRTESTCEN implementa-
tion of the paired analysis computer program is given in appendix A. Input is taken
as the aircraft and interaircraft data of table I. These data are directly available
from tests conducted at the ACMR in Yuma, Arizona, but can also be computed
from use of radar data and onboard tape. Required inputs to the program are given
in table II. These inputs are assumed to be at 1 second intervals from initialization.
The beginning of the engagement can be taken analytically (such as at first visual
contact) or mathematically (such as a fixed interaircraft range). Because of the
inconsistency of results initialized at first visual contact, the latter is
recommended.

P —————rL e
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Input Required for Paired Analysis Program

Table I

Input Definition Notes
TITLE A 50-character identifier of the engagement
ES1 Fighter aircraft specific energy (1)
ES2 Target aircraft specific energy
AOT Fighter-to-target angle off tail
ATA Fighter-to-target antenna train angle
R Fighter-to-target interaircraft range
RMAX1 Fighter offensive maximum range (2)
RMAX2 Fighter defensive maximum range
ROPT1 Fighter optimum missile launch range
ROPT2 Target optimum missile launch range
RO1 Target zero penalty range
RO2 Fighter zero penalty range
RG1 Fighter range at which guns tactics begin to

dominate fight
RG2 Target range at which guns tactics begin to

dominate fight
EDEV1 Fighter energy relevance term
EDEV2 Target energy relevance term
FG1 Fighter interenvelope gun penalty
FG2 Target interenvelope gun penalty
ATAOF Antenna train angle for offensive state (3)
AOTOF Angle off tail for offensive state
ATAWEP Antenna train angle for weapons envelope
AOTWEP Angle off tail for weapons envelope
RIWEP Weapons envelope minimum range
R2WEP Weapons envelope maximum range
RNUT Range beyond which the fight is considered

neutral for the maneuver conversion model
NFILES The number of data files to be input
IPRINT Print Option 1 for terminal output

5 for printer output
IGRAF Graph Option 1 for terminal output
5 for printer output

NOTES: (1) As a function of time

(2) Defined in reference 4
(3) Defined in reference 1
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8. The program computes and graphs the paired analysis data. An example data
run is given in appendix B. Data output is defined in table III, and output data are
placed on disk file for further use.

Table II

Output From Paired Analysis Program

Output Definition Notes

TIME Assumed 1 second interval beginning

at 1
RANGE Interaircraft range from table II (1)
AOT Angle off tail from table II
ATA Antenna Train Angle from table II
NRG #1 Fighter aircraft ES1 from table II
NRG #2 Target aircraft ES2 from table II
DIR ANG Normalized Directional Angle (2)
NRG FN Energy function for performance index

: calculation

RNG FN Range function for performance index

calculation
PERF Performance Index
INDEX
STATE ACM State (3)

NOTES: (1) Output only on printer (print option 5). Not included in appendix B
output.
(2) Defined in reference 4.
(3) Defined in reference 1.

SECTION ANALYSIS

9. The section coefficient data are computed by a second program as given in
appendix C. The program was written for two versus one engagements and requires
two output files generated by the previous program. These output files are for the
two fighter~to-target pairs. The program computes the section performance index,
section coordination, coordination consistency, the conversion coefficient, and the
ACM state by the two~on-one state definitions of reference 1.
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Section Performance Indices

10. The section performance indices are computed by the magnitude sum method
(the vector sum method of reference 4). Section coordination and coordination
consistency are computed as per reference 4.

Conversion Coefficient

11. The conversion coefficient was introduced to compensate for difficulties
arising in the tactical interpretation of the section performance index. Specifi-
cally, as more aircraft are introduced, the section performance index becomes less
responsive to tactical extremes because of mathematical "washout." That is,
alternate signs in the performance index cancel to yield a numerically neutral fight
which is often not representative of the tactical situation. For example, a precise
interpretation of the "daisy chain" shown in figure 1 cannot be realized
mathematically. The individual fighter-to-target performance indices cancel
mathematically, yet tactically the fighter section is advantaged.

FIGHTER BOGIE FIGHTER

Figure 1
Air Combat "Daisy Chain" for Two-On-One Engagements

12. The situation as shown in figure 1 favors the fighter section if none of the
aircraft are in a weapons envelope because of two very important reasons:

a. The forward fighter has a friendly observer looking over his rear quarter
(the rear fighter). :

b. In an attempt to close to the weapons envelope, the target aircraft in the
middle will be flying a flight path which is in a large part determined by
the first aircraft whose maneuvers can be made known to the rear aircraft.
The situation will last only a short time with a smart pilot in the center
aircraft and will quickly lead to "bogie switching," (a term applied to the
situation) where the target (center) aircraft switches his offensive press to
the other fighter.
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13. The extension of the maneuver conversion model given in table IV covers this
point adequately. (Rule 2 applies to the "daisy chain" of figure 1.)

Table IV(I)

Rules for State Evaluation of a Two-On-One Engagement

1.

2.

6.

The section is OFFENSIVE WEAPON when at least one member is in offensive
weapon state and the other is higher than a fatal defensive state.

The section is CFFENSIVE when at least one member has an offensive position
and the other is higher than a fatal defensive state.

The section is NEUTRAL when both members are in neutral state.

The section is DEFENSIVE when at least one member is in defensive state and
the other is either neutral or defensive.

The secfion is FATAL DEFENSIVE when at least one member is in fatal
defensive state and the other has less than offensive weapon state.

The section is in a TRADE OFF state when one member of the section is in
offensive weapon state and the other is in a fatal defensive state.

NOTE: (1) Taken from reference 1.

14. The conversion coefficient introduced in this memorandum is an attempt to
modify the performance index to cover the "daisy chain" situation and increase
responsiveness. It is computed along the lines of table IV as follows:

a. The conversion coefficient is equal to the section performance index when
both of the paired performance indices are less than 30 in absolute value
(corresponding to conditions 3 and 4 of table IV).

b. The conversion coefficient is equal to the section performance index when
both paired performance indices have the same sign (corresponding in part
to conditions, 2, 3, and 4 of table IV).

c. The conversion coefficient is equal to the section performance iiidex when
the paired performance indices are both greater than 75 in absolute value
and opposite in sign (corresponding to condition 6 of table IV). These are
flagged as a trade-off situation.
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d. The conversion coefficient is not equal to the section performance index
; when the paired performance indices are opposite in sign and one is greater
than 30 but less than 75. In this case, the conversion coefficient is
computed as follows:
2, )
75

CONCO = l=’I1

8| (1)

where PI] is the positive value of the paired performance indices. This
weights the positive (offensive factor) but degrades to a neutral value as a
defensive fatal situation evolves (corresponding to condition 2 of table IV).

e. The conversion coefficient is not equal to the section performance index
when the paired performance indices are opposite in sign with ‘one greater
than 75 in absolute value and both greater than 30 in absolute value. In this
case, it is computed as follows:

it IO L

. 2
b' CONCO = PI; (l-m) (Tl) (2)

where PI, is the paired performance index greater than 75 in absolute value
and is the other paired performance index. This weights the offensive
weapons and defensive fatal states (corresponding to conditions 1 and 5 of
table IV).

15. The conversion coefficient combines the best features of the maneuver
conversion model with the performance index model but suffers in discontinuities
due to equation changes at specified points. Care must be taken in further
extensions of the conversion coefficient to include not only the case of the "daisy
chain" (figure 2 shows a two versus two "daisy chain") but also other potential
situations which cannot readily be described functionally such as the
"floating diamond" in figure 3.

A e Lt SRR

L-#—"Nm
F FIGHTER Q0GIE FIGHTER BOGIE
Figure 2
Air Combat "Daisy Chain" for Two~On-Two Engagements
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BOGIES

FIGHTER FIGHTER

Figure 3
Air Combat "Floating Diamond" for Two-On-Two Engagements

Maneuver Conversion Model

16. The computation of the two-on-one ACM state is taken directly from table IV
as obtained from reference 1.

Output of Section Analysis Program

17. An example output of the section analysis program is given in appendix D. The
data are self-explanatory. These data are additionally output onto disk for use in
the stochastic analysis program.

STOCHASTIC ANALYSIS

18. The stochastic analysis program takes the output data from both previous
programs for a large sample of data. Because of the number of data points and
calculations required, the program requires segmentation to fit most computers
(the program given in appendix E takes in excess of 250K storage). Pertinent
features of the program are:

a. A file of data management options which allows the user to selectively
compute and output data as documented in appendix E.

b. A frequency distribution recovery subroutine using the techniques
developed by Ultrasystems (reference 5).

5) Dr. R. Curry and Dr. R. Egbert, Investigation of Distribution Recovery
Techni Operations Research and Economic Analysis Development Department,
trasystems, Incorporated, Newport Beach, California, 11 Feb 1974.

10
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c. A moment generating routine calculating the classical moments of
distributed functions with a given frequency distribution (reference 6).
d. An integration routine for integration of equally spaced functions using a
combination of Simpson's rule and Newton's three-eighths rule

(reference 7).

e. A general plot routine for use of the line printer in plotting developed at
the NAVAIRTESTCEN.

19. The purposes of the stochastic analysis program are to:

a. Compute the frequency distributions of the continuous variables in time for
section data and paired data.

b. Compute the first 4 moments of these frequency distributions.

c. Compute the maneuver conversion/conversion probability matrix for
aircraft séctions and pairs.

d. Compute the time in state frequency distributions for the maneuver
conversion model.

e. Compute the first 4 moments of these frequency distributions.

Stochastic Analysis Program Output

20. Full output of the stochastic analysis program is too voluminous to present
here. Selected output for the test run and significant analysis information is,
however, included for documentation. The test run, while representing actual
engagement data, is for purposes of illustrating analysis methodology only.
Separate reports are being written covering test data analysis and conclusions.

Continuous Variable Frequency Distributions and Moment Data

21. Frequency data output at 5 second intervals and for selected values of the
performance index are shown in table V for a sample data set. The conclusions to
be drawn from the data set are a function of the frequency value assumed to be
significant. For example, the attainment of an optimal position (either best or
worst) will come much less frequently than the neutral position. In table V, if a
significance level of .001 is used, it can be seen that an optimal position will be
attainable for the fighter section 20-30 seconds into the fight (a performance index
of +100). This value does not occur until 80-90 seconds for the target (a
performance index value of -100). This would indicate an early advantage to the
fighter section and a recommended action to press and exploit the early advantage.

6) H. G. Kendall, The Advanced Theory of Statistics, Vol. I. Hafner Publishing
Company, New York, 1958.

7) System 360 Scientific Subroutine Package (360A-CM-03X) VersionII
Programmers Manual, International Business Machines Report H20-0205-2, White
Plains, N.Y., 1967.

11
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22. For the fringe of a weapons envelope (as shown in table V) at a value of +80 for
the fighter or -80 for the target, a significance level of .003 may be chosen due to
the higher incidence of occurrence. These values again occur at 20-30 seconds for
the fighter section (+80 performance index) and much later, 80~90 seconds for the
target (-80 performance index) with the same conclusions. Further, the data
indicate a loss of this advantage in the later stages of the fight due to the higher
frequency of occurrence of performance indices in the negative range after
90 seconds, suggesting it may be desirable for the fighters to stay engaged for only
short periods (say up to 60 seconds). The defensive disengagement for the fighter
section between 60 and 90 seconds is the tactical defense to the tide of battle
shifting to the bogie. The neutral values (values of performance index near 0) are
included for reference.

23. Table VI shows the statistical summary data for the data of table V. The
variation of the mean as a function of time points again to an early advantage to
the fighter section and loss of that advantage at around 90 seconds into the fight.
The variance shows that events in the latter half of the engagement are more
random in nature (larger relative values of variance). That is, events are less in
control of either the fighter section or the target section, but not a significant
difference. The value of the mean is indicative of the relative worth of the two
sections and the engagements show to be predominantly neutral with a slight
advantage to the fighter section initially and a slight advantage to the target
section later in time. The overall conclusion is that the sections are fairly equally
matched. The third and fourth moments were computed for later analysis and
model building.

24. Figure 4 shows the output of the frequency of occurrence plot as a function of
performance index for the start of the set of engagements. Figure 4(a) shows a
tightly distributed data set in the region of -16 to +20 indicating a neutral start
condition. One or more engagements are seen to start with the fighter section at a
disadvantage as shown in the secondary peak between -30 and -16, and these
engagements should probably be deleted from the engagement set for the neutral
start analysis.

R I R o e 4
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Table VI

Summary Statistics for Section Performance Index Distribution

- e g v ke

Mean Variance of Third Moment Fourth Moment
Time Number Performance | Performance of Performance of Performance

(sec) of Points Index Index Index About Mean | Index About Mean
1 33 6.34 114.37 -636.67 56159.57
6 33 12.80 462.40 -4176.03 757210.59
11 33 14.57 1151.75 -12832.23 3800686.85
16 33 13.90 1570.17 -19020.63 6318563.84
21 33 10.42 1811.55 -17839.51 8065442.44
26 33 12.29 1782.15 -19620.96 7975665.77
31 33 8.27 1491.78 -1178.67 5558583.45
36 33 8.14 1527.16 -5578.23 6023055.01
41 33 13.02 1120.23 -4447.80 3593418.53
46 33 11.47 1198.91 -5504.27 3974260.30
51 32 5.99 807.96 -4006.78 1734312.40
56 32 3.55 847.04 380.94 1840745.63
61 32 4.27 1000.48 1595.19 2757920.97
66 32 4.97 1249.15 -201.43 4090099.35
71 30 8.30 1702.58 -9678.55 7107357.44
76 30 7.00 1850.01 -7680.61 8024471.00
- 81 30 4.25 1800.18 -9594.28 7555697.28
86 30 2.31 2300.12 -5018.21 11336444.27
91 29 -0.77 2242.77 1069.86 11057383.18
96 28 -7.02 1766.26 12959.65 7677819.65
101 27 -8.54 1871.21 15561.02 8432997.65
106 27 -8.12 1624.86 14356.95 6497451.97
111 27 -0.96 1797.02 -1663.24 7357124.42
116 27 -4.89 1983.82 8765.20 8980127.66
121 27 -11.43 1540.44 12607.21 5774302.76
126 25 -6.31 1789.32 9495.46 7541745.63
131 24 -2.79 1934.10 5310.66 8574531.13
136 24 -1.51 1957.46 3766.21 8824056.90
141 21 -1.93 1927.95 9173.04 8660194.07
146 19 -3.53 2064.53 9781.27 9692787.76
151 19 -6.13 1768.54 19825.28 7818620.14
156 18 -7.86 1930.58 21118.76 9156490.34
161 18 -9.46 1879.12 19982.05 8677585.29
166 16 -9.20 2209.73 27797.15 11175677.66
171 14 -10.19 2369.51 27960.52 12478168.37
176 14 -13.59 2179.04 31991.96 11230738.18
181 12 -11.99 2422.24 30528.05 12983093.75
186 10 -16.13 1456.25 18236.56 5761935.46

14



T™M 77-2 SA

395 ejeQg Jdwexy sup-uO-O0M]
10} S30[d UOIINQIAISI(J XSPU] SOURWI0FIdG
¥ aa31g

juamaBe8uy jo jae3g
(e)¥ am3Big

Spu0d3g G2

St 3Tdnlebr 4 3L

*no : 1 Il 3delabA ¥ 3kl
+ . . . + . R4 0y *S2- 00" te-
- . *

B R e L S e T TR PSP
B e et L

- +
N Ye eessee + (0OC"D-
5 e . . .o + 800670
’ D : 4 seee o + 2100°0
: 4 5 . - B + #0670
o . & s « + 2€00°0
£t i H - . + 0re0°o
el & 5 . o + £$00°0
L o % : + 950670
g, o X * . + ¥S00°0
- . oo + i 3 .
s . . + = »
= . . + =) »
i o 2 » -+
- - . + o * 56
- - oo + = =4 : »
4 - ) + M7 *
. - - o - w
S - . + X *
3 . . + “ o
= . + 3 -
i . . + 2 A4 -
= - . + - »*
. > + 2 -
¢ . . - A »
- . + gl
. & % - -
. - - + ” -
. . % - . -
Z . D) - 2 i
- . . + 5 -
. % 3 - -
= . - + & *
- - . + 2 *
. 7 * ” -
" ¥ = - . .
* . - + = d
. ° « *, -
2 . . + ] %
% . . . i >
- . . + 3 *
A @ % - . . .
¥ . . - 3 *
~ o . . 4 o
¥ B . -
= * P - -
. ¥ - - -
Wi - i -
« & » -
. > S o o .
L tea_weea_seaa_ nesa_seaa_sess_seaa_sves_ssna_sens_ o = .o -
e sava_esse_teae_sese_eses_vess_sesenas_nseen o

R 4 P o 45




TM 77-2 SA

33g evie( a[dwexy auQ-uQ-oMmJ,
103 S30[d UOIINQLIISI(J XSPU] IOURWIOFIAJ
p a3y

Spuodag 081 Spuod3g .8
(P)¥ @an3iy (@)% @m3ry

J0 3C ADNING3ed i1 37gdlseA b 3kl c1 3"SLlski 5 3wl

3ANT 30NuleD=8349 I1 3N9ulEkA ¥ SHL 1 FN@ulakis » Spd

ne 0 - L 09~ CURGOTTA £ Oe- -

- +* + -

R R i R i R i e Y
- + Fl00°0 - +
e + St00°0 . +
‘ee + SI00°0 ® +
* ee + S£100°0 # .
e + &100°0 2 .+
- - + 0z00°0 . o
> - + 1200°0 e o
= . + 2200°0 te - -
¥ - + #200°0 T e . *
. - + S§200°0 % * *
- . « 9200°0 - . -
= - + L200°0 S -
= - « 8200°0 * e ‘ - +
= e + 0£00°0 . - . +
* - + 1£00°0 2 . . +
- . + 2€00°0 - - +
* - e + EEDOD°D -3 . - EY =)
. - e + $E00°0 & . . + —
) - + S€00°0 n . . +
. . e + 280070 1) - -
- Y * » BEOODTO - . - +
* . . + 6£00°0 x . .
= ° . + 0%00°0 % - - +*
"y . + 2¥00°0 X . -+
= - . + E£¥00°0 * . . +
- . . + ¥#00°0 - . . -+
. . o + S¥00°0D s . - -
% . & + 9v00°0 s -
. . + E900°0 > . o -
- - . + €%00°0 5 . . +
- . . + 0S00°0 - . . -+
- . * + 1S00°0 s . - -
- . . + 2600°0 5 - . -
“ . + #500°0 o - -
5 . - + SS00°0 ¥ . . -
- ) > + 9500°0 - . . -
3 . . + i500°0 o . . -
12 3 . + E€S00°0 2 . . .
% - . « 0%00°0 o . - .
X . . + 1%00°0 y: .o - -
- . . + N0 - . . -
8 . . + ES00°0 ¥ . . -
= .o . + r200°0 % .o . .
= . .o + 3%00°0 * .. . .
g - + I%00°0 - . . -
. ’ + E€900°0 - .o .o .
. oo + 6300°0 B evccce -
s o + 0200°0 " .
* scccce +« 2200°0 ): -
. + €200°0 e »
e ahaseaas_eses_sses_sass_ssee_sess_sscel o $200°0 aSAR e R RS e, b6y See K e




—»

T™ 77-2 SA

25. Figure 4(b) shows the output of the frequency of occurrence plot as a function
of performance index for a time 25 seconds into the engagements. As discussed in
paragraphs 21 and 22, it can be seen that for a significance level of 0.003, the
distribution of performance indices lies between -54 and +82 which contains the
fringe weapon envelope case for the fighter section (+80), but not the target (-80),
indicating a decided advantage for the fighter section in this time frame. Thus,
the neutral starts have shifted to a fighter section advantage during the initial
engagement period.

26. Figures 4(c) and 4(d) show the reversal of this trend later in the engagement.
In figure 4(c), the frequency distribution at 87 seconds into the engagements shows
that both the fighter section and the target section have weapon opportunities
available. Figure 4(d), taken for 180 seconds into tke engagements, shows a very
skewed distribution which includes weapon opportunities for the target aircraft
but none for the fighter section. This reflects the breakdown of the fighter
section integrity as engagement time accumulates and the resulting dominance by
the bogie. At this point, the fighters are essentially uncoordinated and the more
maneuverable bogie is selectively engaging the most vulnerable fighter of the
section.

27. Engagement dominance can be taken from the cumulative probability of
occurrence of performance indices at various times during the engagements as
shown in figure 5 for the times corresponding to figure 4. Mathematically, the
fighter section will dominate if a positive value of performance index has a
cumulative probability of greater than 50%. Practically, however, the split should
be greater than 51/49 or more like 70/30. As shown in the figures, and taking the
split in the value of cumulative probability at zero performance index, no
tendency to dominate is present in either the fighter section or the target aircraft
over the entire engagement time. There is, however, a mathematical tendency
for the fighter section to dominate early in the fight and to lose this advantage to
the target aircraft later in the fight. This is consistent with the trend isolated by
the time history of expected values discussed in paragraph 23. While no
combatant controlled the entire engagement, the initial engagement dominance by
the fighter section is a decided advantage since the fighter section will incur the
majority of early shot opportunities.
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Maneuver Conversion/Conversion Probability Matrix

28. Table VII shows the program output of the conversion probability matrix for
the sample data set as computed by the methods described in reference 1. The
table shows the probability of converting from the states listed down the left to the
states listed across the top. For example, in the first line of the table, the
probability of converting from offensive weapons to offensive state is 1.0 or all of
the offensive weapons states in the engagement set reverted eventually to
offensive state. The trade off state was not observed in the data set under
investigation. That is, there was no simultaneous occurrence of one fighter being
in the offersive weapons state and the other fighter being in the fatal defensive
state.

Table VII

Conversion Probability Matrix for Two-On-One Example Data Set

Section | Offensive Fatal
State Weapons | Offensive | Neutral | Defensive | Defensive | Trade Off

Offensive
Weapons » 1.0000 0.0000 0.0000 0.0000 0.0000
Offensive 0.1293 * 0.5918 0.2517 0.0272 0.0000
Neutral 0.0000 0.5583 * 0.4417 0.0000 0.0000
Defensive 0.0000 0.3426 0.5556 * 0.1019 0.0000
Fatal
Defensive 0.0000 0.4000 0.0000 0.6000 * 0.0000
Trade Off 0.0000 0.0000 0.0000 0.0000 0.0000 *

29. Several other points may be noted from table VI. From neutral, the fighter
section had a higher probability of converting to the offensive state (56%) than to
the defensive state (44%) indicating a slight advantage to the fighter section.
Further, the conversion from offensive state to offensive weapons state occurred
13% of the time, while the conversion from defensive state to fatal defensive state
occurred only 10% of the time. These numbers, while representing a slight
advantage to the fighter section are nowhere near engagement dominance figures.
Further, they must be modified by the time in state distributions as summarized in
table VIIL

20
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Table VIII

Time in State Summary for Two~On-One Example Data Set

Third Fourth
Mean Variance of Moment about | Moment about
Section Number Time in Mean Time_in | Mean Time_in | Mean Time in
State of Points | State (sec) | State (sec”) State (sec”) State (sec’)
Offensive
Weapons 18 2.93 4.39 9.74 68.59
Offensive 142 14.52 141.52 2329.60 96707.36
Neutral 153 18.13 206.64 3876.30 197143.09
Defensive 97 15.30 136.32 1862.18 77235.03
Fatal
Defensive 16 2.56 5.08 14.96 96.76
Trade Off . 0.00 0.00 0.00 0.00

30. As shown in table VIII, the mean time spent in the offensive state is somewhat
less than the mean time spent in the defensive state for roughly the same variance
(same degree of consistency), thus offsetting the partial advantage to the fighter

.section. The nonparametric frequency function fits for time in offensive, neutral,

and defensive states displayed the log normal characteristic referred to in
reference 2. Figure 6(a) shows the time in state distribution for the offensive
state.

31. Time in state distributions for the offensive weapons and defensive fatal states
are multimodal and means do not compare directly. Figure 6(b), the time in state
distribution of the offensive weapons state for the fighter section, is characterized
as a bimodal distribution which approximates the log normal form. Figure 6(c), the
time in state distribution of the fatal defensive state for the fighter section, is
characterized by a trimodal distribution which approximates the log normal form.
The primary difference in the two states is probably characterized by the pilot
tactics employed in two-on-one engagements. The first peak in figure 6(b)
probably represents a transient or "flash through" computation in the neighborhood
of one second, while the second peak (at 8.5 to 9 seconds) represents the tracking
solution. The fatal defensive state (figure 6(c)) shows both these peaks, together
with an intermediate peak which is probably due to 'bogie switching' as discussed in
paragraph 12. The target aircraft, being threatened, in some instances would not
complete the tracking solution, but hold the state for some finite time (around
5 seconds), fire a missile, and then switch. No such pressures to switch states are
incumbent upon the fighter section in a two-on-one engagement. This interme-
diate short duration peak could be termed the 'survival sting' peak. This logic
would lead to the supposition that a trimodal distribution for offensive weapons and
defensive fatal states would be present in all engagements with multiple bogies and
multiple fighters. The above observations are based upon a small data base and
must be verified by further data samples.
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32. The above discussion exhausts the conclusions that can be drawn directly from
the estimated values of the maneuver conversion parameters. Further analysis, for
example, the complete characterization of the underlying probability space and the
estimation of the expected trade off ratio (the ratio of the probability of a win to
the probability of a loss), requires the methodology described in reference 8. Since
the techniques are adequately described in reference 8, they will not be repeated
here.

33. At this point in the analysis, the semi-Markov process of the maneuver
conversion model is defined, and when integrated with the weapon employment
parameters, the full range of ACM measures of effectiveness including exchange
ratios, survivability and dominance indices, etc., can be computed. These terms
are treated in detail in references1 and 8. The stochastic process of the
performance index is only partially defined and is still in the developmental phase.

MODEL VALIDATION

34. The question of model validity may be addressed at two levels. The first level
is consistency of conclusions drawn from the differing analytic techniques. The
above discussions demonstrate this consistency for the data set under considera-
tion. The authors believe that the two models are equally right or equally wrong.
Thus, validation is reduced to determining if either model characterizes ACM
correctly. An indication of this validity has already been obtained by noting the
consistency of the common conclusion set with the intuitive evaluation of the
participating aircrews. A formal mathematical validation may be obtained by
comparing the tactical measures (listed in reference 1) as estimated from the
computer solution of the semi-Markov process and as estimated directly from the
data sample. Although this has not been done for this data sample, a valid
comparison has been described in reference 8.

8) R. A. Oberle and W. R. Nunn, Evaluation of Air Combat Maneuvering
Engagements, CNA Study No. 77-3, (to be published).
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CURRENT RESEARCH

35. The above discussion summarizes some of the early research into the
evaluation of test range ACM engagements. Work is continuing toward the
development of a completely mathematical characterization of such engagements.
Specifically, the investigations are directed toward a complete characterization of
the underlying probability structure for which the performance index and
conversion coefficient are natural realizations. The numerical techniques discussed
above not only provide tactically significant data interpretation techniques but also
serve as the initial technical tools to support the ongoing research. Further
numerical techniques which are expected to be useful for data interpretation
include a full nonparametric covariance and increment analysis along with selected
distribution fitting analyses. The current research emphasis centers around a
characterization of the performance index as a solution of a stochastic differential
equation. It is expected that such a characterization will identify a few stochastic
parameters that will serve to replace the mass of numerical calculations currently
necessary as well as identify the theoretical connection between the maneuver
conversion and the performance index models.
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PAIRED ANALYSIS PROGRAM
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L PFINDX_

FILESPFIND® -03713-75 10222 AM.

100 FERRMES

200 FILE  S=RANDYUNIT=PRINTER BRCKUIFP DIk

200 FILE  4=REFUNIT=DLEX

400 FILE Z=RACM.UnIT=D13k

SO0 FILE 2=CNIT«UMIT=DII-

S00 FILE  1=TRMHL«UNIT=FREMOTE

YOO INTESER ¥

300 REAL &

200 DIMEMTION TITLE (SO

A0 DIMEMIION ISTAT (SO

1000 DIMENIION STRTS (SO0

1100 DIMEMIION BEYSO0Y s AR SO0

1200 DATA BLAMKDOTs STAR ©A4" "™ "e "My "K"
1200 DARATA ~LUZ "+~

1400 DATA OFWEPOFF s DEFsHUT«DEFRAT "W s "0 " s "D s "N s “F* »

1410 C~

1420 C~ DATA FOR ACM STATE CALCULATION W=O0FFENSIVE WERPON STRTE
1430 C-~ O=0FFENZIVE STATE

1440 C~ N=NEUTRAL ITHTE

1450 C- U=DEFENSIVE ITRTE

1450 C-~ F=DEFENZIVE FRTAL STATE
1470 -

1430 C-

1500 DIMENZION RCSON s K (SO0 s FRNG(SDD s DRCSO0 s PI (SO
1500 DIMEMZION ES1 (S0
1700 DIMENIION ES2 <5007
1200 DIMENIION AOT (SO00>
1200 DIMEMZION ATA (S00»
1850 IFIL=1
1360 PRINT 433
1370 433 FORMAT (SXs "HOW ™MAMY FILES AM 1 LODKING RT™»
1930 PREAD«1,~» NFILES
2000 KOUNT=1
2100 RERDC3s 77 RMAX1+RMAX2, ROPT1sROPT2sRO1sRO2+RSFLsREZIEDEVIEDEY2,
i 2110 C-
3 2115 -FG1«F2yATAOF s ADTOF s R1WEP s REZWEP s RNUT y ATAWEPR s ROTHWEP
2120 C- SEE TFEAT FOR EXPLANATION OF THESE MUMBERS
2130 C-
! 2200 PRINT 434
! ! 2300 434 FOFMAT (SXs "WHEFE DT vOU WANT DATA QUTs 1=HEREs, S=PRINTER".
i 000 ="OTHERS=NONE"»
! 3100 READ(1s~» IPRINT
1 2200 PRINT 435
3300 435 FOSMAT (SXy "WHERE DO vDU WANT A GRAPHs 1=HERE, S=FPRINTER".
2400 ~"OTHERZ=NONE")
3500 READCLs 2y [GRAF
2510 36 CONTIHUE
3512 KOUMT=1
3515 READ(2s 7 My cRC(IdaI=1oMr e (2100 I=1oMr e CES2CIV s I=1oNYs
3520 ~ANT(D «I=1eM2 s (RATRIV e I=1sM
2530 REARDZe111ly CTITLE«IdeI=is3S00
2940 111 FORMAT(S0AL
3550 121 CONTINUE
540 WRITECL1«1117 CTITLECI'sI=1450
3500 IFCIPRINT.EA,1.0R, IFRINT.ED. B G0 TO 237
Won 60 TO 100
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=300
SAan
1000
4100
4110
1200
FE00
3500
=00
$Tan
1300
3300
1310
13z0
33235
3330
Saan
3010
So0z20
S0z20
S100
S200
3210
5220
S230
S200
S400
S500
S50
S700
300
3900
=000
S050
20510
=070
w020
sl00
=200
5210
2220
“220
=240
=300
5400
2410
2320
=42n
5440
44510
=300
]
Lol
8520
£330
2440
S50

=700

ST CONTINUE

WRITECIPRINT1003y «TITLECI s I=1+500
1003 FORMATOIHL« 10535081

WRITE CIFRINT 443> RMALL e RMAHS s FOPT Lo POPT 2 RO1s 0022751 s R3S
~CDEV A EDEY S FRL s FEZsATHOF « AOTOF s ATAUWER « AOTHEF s RZWER s RIWEP « RMUT
444 FORMAT (104 "INPUT COMSTANTI FOR THIZ RUM". -

10 FIGHTER JFFEMIIVE MAS RAMGE"F1l0,1+" TARGET ="+F10,.1s~
=104 FIGHTES OFT MIZTILE RANMGE "eF18, 1" TARGET ="eF10.1s~
=100 FIGHTER MINIMM AMHSE C5UM) "aFL10, 14" TARGET ="+F10.1s~
=10 " FIGHTER SN SHVYELORPE &M3x “"aF10.1e" TAFGET ="3F10.1y~
-10<e" FIGHTER ENERGY RELEWENCE "eF10.4s" TARSET ="sF10.4y 7
105" FIGHTER INTER-EMVELOPE FEMAL"«F10.4+" TARSET ="sF10.4s -
—10¥e "OFFENIIVE ATA="F10,1." A0T="+F10,1s~

=104 "0FF WERP ATA="+F10.1+"ADT="F10,1,~

104« "OFF WEP FMAZ="eF10,1e"PMIMN="sF10,1-

~104s "FIGHT MUETRAL BEVOND"sF10.1+" RANGE")
IFCIPRINT.ED. 13 WRITE (1,300

IFCIPRINT.ED. Sy WRITE (S»301)

301 FORMAT ¢Sx, “TIME ®ANGE AOT ATA NRGS1  NRG2  DIR ANG™,
-* MRA FH RNG FN PERF INDEX  STATE™ :

30 FORMAT (S¥s " TIME DIR ANG  HRG FN RS FH",ax.
-“PERF INDEX"s"  STATE™S
C- COMPUTE ACM STATE
;:_

100 DO 10 I=1sN

STATE « 15 =HUT

IF C(ATACD> .LE. ATADF . AND. AOT <17 . LE. AOTOF» STATE (1) =0FF

IF (ATACIY . LE. ATAWEP . AND. AOT <1 . LE. AOTWEP ., AND. R (1) . GE. R1WEP. AND.
-R¢I) . LE.RZWEP) STATE (1 =0FWEP

IFCATACID) . BE. (130.-AOTOF: . AND. AOT <1 . 5E. <150, -ATATJFY)> 3TRTE(I’=DEFI

IF¢ATH (1) . BE, (180.-AOTWEPY . AND.AOT (I . GE. €130, -ATAWEP) . AND.
-R(I) GE.RIWEP.AND. R (D> . LE.PSWEF) STATE C(I>=DEFAT
IFRD .GT.RNUTY STATE I =NUT

- COMPUTE MORMALIZED DIRECTIONAL ANGLE

[ R}

DACI) =100, (130, -/AOTCIY+ATAI ¥ ~120,).
IFCDACI» +0r 15:25,25

o
- BRANCH O DIRECTIONAL ANGLE PLUS FOR OFFENSIVE FIGHTER
o MINUS FOR DEFENSIVE FIGHTER

15 CONTIMUE
PMAY =RMAX2

°0eT=ROPT2

Ra=R02

RG=RG2

EDEY=EDEY2

FB=EG2

53 T3 45

25 SMAX=RMAXL

e0=T=ROPTY

R0=%01

P3=RG1

EDEV=EDEVL

FE=EG1 . ’

45 1F (RG.EN, “OPT,OR. R, 50,0, 0R. F5,ED. 0.0 51 TO 3%
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-71n

w720
S720
LS

=30

Euﬂﬂ
Tian

oo
S0
JA00
SN0
2100
32007
=300
3400
3500
2a00
2700
2200
2300
2000
a200
2300
a0
2400
3300
2350
2350
3570
2530
2500
I700
az00
2300
1on0no
10100
10200
10210
10220
10220
10200
10400
10500
10200
10700
1uz00
10300
11000
11100
t1200
11200
11400
t1sun

SA
C=  BIGIN COMPUTATION OF FERFOPMAMCE IMDEX
SLTR=EGA ARG /RMAX ) @ CCRG=-FOFT) “EMAX® (RE-R0) /RMAY) 62
30 T S5
35 FITR=0,
S5 "= I
B= (4-RIETH MY
Tz Hq=R0 SRR
[=Csri-3, ¢ ((R=-RG) “ROPTee2)
c=FITReA RMAxe (EoCelir 002
FENGOIY=ESL, Sl #3000, SEXKP(-12, ¢
EID=EZ1{I»-E320]
ESE=C(ETL (I +ES24I0 #2,

D=Z=EZD-EZR
GEE=(Z.eR I -RMAX-ROPT ~ (RMAX-ROPT)
CFF=CDTVeENP (=4, oBREEee2)

ECH=1. 7 {1, +EDEVeEXP (~=a,.31eR (1) “ RO )
Kl =1,+(ECH+EFF-1.)eDES

IFDRCIN+00 171812

17 KdI>»=1,.-K 1>

13 CONTINUE
PICIY=DRCIYeK (I el , -FRNG (I
IFCIPRINT.ER.1.0R. IPRINT.EQ.S> 30 TO 936
30 T 10 g )
326 CONTINUE

IF (KOUNT.ED. 452 WRITECIPRINTS1003> C(TITLE (KK)YsKK=1:50>

IF (KOUNT.ER. 45.AND. IPRINT.EQ.5> WRITE(S»301>
IF (KOUNT.ED, 45.AND. IPRINT.EQ. 1> WRITE(1,30
IF (KOUNT.EQ. 45y KOUNT=0

KOUNT=KOUNT+1

IFCIPRINT.EQ.S) WRITE(Ss273) IH»RCIDsAOTCID sATARCII SES1CI)SES2CIDy

“DACIY oK (DD s FRNGCID s PT (12 s STATECID)

273 FORMAT (8K I3:2Xe ISs2(2Ks I3 92(2Ks [5)92X91FB.292XsF7.4»

“F7.34s24sF10.2:5%sA1>

IF CIPRINT.ER. 13 WRITEC1s207 IsDACIIsKCI) s FRNGCIN sPICI) » STATECI)
20 FORPMAT (SXe 14 8XsF7.293%sFB.454XsF6.494%XsF10.29ySXsA1)

10 CONTINUE
KOUNT=1

IFCIGRAF.ER.1.0R. IGRAF.EQR.S» 60 TO 9285
50 TO 33

235 CONTINUE

- BEGIMN COMPUTATION FOR SRAPHICAL OUTPUT

el

MT=1

DD 44 I=1+1

44 ARCIY=FT (1>

WRITECIGRAF, 2222

2222 FORMAT (1H1H

WRITECIGRAF 1003 (TITLECIY s I=1550
WRITECIGRAFs 11140

1114 FOSMAT L25%. "o PERFORMANCE INDEX"y s

=~ 1% "T"s23%s "+ DIRSCTIANAL ANGLE")

WEITE CIGRAF« 211

A0 FOPMAT (1xla "I e 1xe "2 e 71¥e "M s 1 "E" 9 3%y
=M=l O0" e ZHe =30 e 2l " =B0" s FHe " =407 9 2Ky "=20"

=340 "N s 340420 9 ZA 40" s 2R 460" 9 2K 4RO 2K " 100"

29

APPENDIX A




TM 77-2 SA

“Tiedo
“ﬂ’ﬂ(

:11"‘$
£49%0 -

120400
12100

12290
12300
12400
12500
12600
12700
12300
12900
13000
13100
13200
13300
13400
13500
13500
13700
13300
13900
14000
14100
14200
14400
14500
14500
14700
14300
14300
15000
15100
15200
15210
15220
15230
15240
152%0
15260
15270
15280
15290
15300
15400
15410
15420
15430
13440
15450
15460
15470
15500
15600

B0 66 J=10.60
PE ¢.H =DOY

66 CONTIMNUE

™ 666 J=10,60:S

BE (J)=P_LUS

966 CONTINJE i

WRITEXIGRAR» 77> (BEC(D s Ju10s50

77 FORMAT (1Xs E"s 1Xs "C" s 5%Xs S1A

DO 88 I=1sN

D3d 99 J=10,60

RE ( J» sBLANK

99 CONTINUE 5

BE (35> =DOT

BE (A0 =STATE (I

BE (10> =STRTE(I>

IFCDACIY .5T.99.2.0R. DACI) .LT.-99.9> 60 TO 4123
IK=,25¢DR(I>+35.5

BE (1K) =PLUS

50 TO 4133

4123 BE (35 =XXX

4133 CONTINUE

IFRACI) .6T.99.9.0R.ARCIY .LT.~-99.9>60 TO 9376
J=.256ARCI) +35.5 :

BE () =STAR

B0 7O 7654

9376 BE (35 =XXX

7654 CONTINUE

IF (KOUNT.ED.45> WRITECIGRAF» 1003> <(TITLE(KK> sKK=1,50>
IF (KOUNT.EQ.45> WRITECIGRAFs1114)

IF (KOUNT.ER.45> WRITE (IGRAF» 90>

IF (KOJNT.ER.45> KOUNT=0
KOUNT=KOUNT+1

WRITECIGRAF 11> MTs (BECI s J=10:60
11 FORMAT (I14,5XsS1A1)

MT=MT+1

38 CONTINUE

PRINT 411, IFIL

411 FORMAT (SX, "ANOTHER FILE DONE "s I49
WRITE(4,736> N

736 FORMAT (24 14>

WRITEC4, 735> (TITLE(JK)> s IK=1,50)

735 FORMAT (24, S0R1)>

DO 42 I=1sN

IFABS (PICIY)» .GT.29.9 PICIY=0,

42 CONTINUE

WRITE(4,733 (PICI s I=1sMD .
739 FORMAT(SO(2AsIFR,.2s"s"19F6. 270
DO 1141 J=1+n4

IFCETATEC D LEQ,OFWEPY ISTAT () =1
IF(STATEC ) (ED,OQFF» ISTRAT (=2
IFCETATEC L LEQ.NUTY ISTAT(H =3
IFCSTATECJr LED.DEF) ISTATC =4
IFCETATE < LEQ.DEFATY ISTAT (=5
1141 CONTINUE

WRITE(49 730> (ISTAT(IrsI=1,sMN)

730 FORHRT(50(2K-9¢!!-";")‘ll/))
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15525 IFIL=IFIL+1

15250 IFCIFIL.LE.NFILESY 60 TO 26

13700 PRINT 3111

13300 2111 FORMAT (<7 s/ s /54 "REQUIRED FILE KEEPIMNS TO SAVE DATANN

A &
15300 -"LOAD YOUR DATA FILE"."ADD REF"/"SAYE","REMOYE REF,ACM"/
16000 -“MAKE ACM AND REF"/"SAVE"//,//"TH-TA-THATS ALL FOLKS™>
15100 3765 CALL EXIT

15200  EHD

=D QUIKLIT 4.2 ZEC.
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PAIRED ANALYSIS PROGRAM OUTPUT

FOR EXAMPLE DATA SET
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B PFIMD=_
RUMMNIMNG

HOL MAMY FILEEZ AM I LOOKIMS AT

71
WHERE 0O vOU WAMT TATA OUT.
71_ :
WHERE DO vOU WANT A GRAFH,
1.

33

1=HERE

1=HERE,

S=PRINTEROTHER T=HONE

S=PRINTEROTHER Z=HOME
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