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DISCLAIMER

The findings of this report are not to be construed as an
official Department of the Army position unless so designated by
other authorized documents. Coments, suggestions, or inquiries
should be addressed to:

Coninander
• USA Concepts Analysis Agency

ATTN: Director , Systems Force Mix
8120 Woodmont Avenue
Bethesda, MD 20014
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PRECIS

1. The RAID TRACK Assessment (RAIDTRAC) Model described in this
report Is an outgrowth of raid planni ng activity carried out as a
part of the air defense studies conducted by the US Army Concepts

-• 

- • Analysis Agency. The model is basically conceived of as a simula-
tion study support tool , but may be used for stand alone analysis.• It provides the analyst wi th a fast running, deterministic , compu-
tational methodology for the assessment of the viability of raid

• tracks through airspace defended by high—to—medium altitude air
defense (HIMAD ) units.

2. The model is structured to address issues of concern to ana-
lysts involved In HIMAD planni ng or analysts plann ing raids
through HIMAD defended areas. The assessment quantifies: (1) the
coverage achieved by a prescribed air defense deployment; (2) the
coverage effectiveness (i.e., intercepts) against a prescribed
raid track and (3) estimates of the assets requi red to suppress
the air defense engaging along the track. The model thus provides
a quantitative basis for the selection of candidate HIMAD deploy-
ments against specific raid tracks, condidate raid tracks for spe-
cific HIMAD deployments and candi date air defense suppression mis-
sions associated with such raid tracks. The resultant selections
among the candi dates may then become i nput to a formal , large-
scale simulation or serve as stand—al one results.

3. The model Is structured for assessment of ground HIMAD tech-
nology designed for sector (less than ful l circle) coverage, with
a capability for multiple (rather than sequential ) engagement of
targets.

• 4. The speed of the model is achieved by using once—through ana-
lytic techniques rather than event or time—stepped techniques and
by providi ng high speed (low resolution) line pri nter graphics
rather than slower (high resolution) pl otter graphics.

• 5. Specific recommendations are i ncluded for refinement of the
model to increase its ease of use and to extend its appl ication to
include short range air defense (SHORAD) and airborne intercept.

iii

_ _ _ _ _ _ _ _ _  
_____ __ Ii ~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~ 0~ ~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~ 
-

CAA-TP—77-5

ACKNOWLEDGEMENTS

The author grateful ly acknowledges the encouragement given to the
model ing effort by .LTC B. P. Manderv-tIle , Jr. and the counsel to
proceed to documentation offered by Mr. Saul Penn. Programing
assistance in several troublesome areas was affably provided by
CPT R. Read, Dr. J. Dockery and Mr. Heral d I4ohr. Particularly

• appreciated has been the detailed and thoughtful review of the
report conducted by Mr. Penn. The effort has greatly benefited by• the contributions of these individuals and to all ~ thanks and
appreciation.

lv

• • - — - • ~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l~ a.~h~~~ ~~~~~~ -



-~~ -m~~ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -~~~~ -

[ CAA-TP-77-5

~i CONTENTS
~ I

Page

PRECIS ii i
-

~ CHAPTER
- 

1 Introduction 1-1

Nature of the Problem 1-)
Nature of the Solution 1-3
Anticipated Benefits 1-3

2 Model Utilization 2-1

Qual ifications 2-1
Scenario 2-3
Interaction Levels 2-4
Optional Outputs 2-28

3 Model Mechanization 3-1

Organization 3—1
Code Block Descriptions 3-1
Program Code Listing 3-8
Program Data Listing 3-8
Job Day File 3-8

4 Model Refinement 4-1

Introduction 4-1
Enhanced Coverage Display 4-1
Simplified Raid Track Specification 4-1

• Raid Sortie Specification 4—2
• Iterative Capability 4-3
• Target Utility Measures 4-3

Counterair Assessment 4-4
SHORAD Assessment 4-4

APPENDIX

A Program Code Listing A-ig - B Program Data Listing B-i
C Glossary C-i
D Distribution D-l

i i ~~~~~~~~~~~~ . • . - 
_

v

—



- - 
“~~~~~~~

CAA-TP-77-5
FIGURES

FIGURE Page

2—1 Model Interaction Level s 2—6 -•

2—2 HIMAD Unit List Display 2—7
2—3 HIMAD Unit Deployment Display 2—8
2—4 Target List Displ ay 2-10
2—5 Target Array Display 2-11
2—6 HIMAD Unit Coverage Display 2-13
2—7 HIMAD Launcher Coverage Displ ay 2-14
2—8 Raid Track Line Segments 2-17
2-9 Track Specification to Model 2-18
2—10 Track Point List Displ ay 2-20
2—11 HIMAD Unit Intercepts Display 2—21
2—12 HIMAD Launcher Intercepts Display 2-22
2-13 Track Intercepts Sumary Display 2-24• 2—14 HIMAD Suppression Estimate Di splay 2-26
2—15 Intercept Range Table Di splay 2—31
2-16 Intercept Sector Matrix Display wi th Overmark   2-32
2—17 M~p Symbology Selection Display 2—34
2— 18 undary Segment List Display 2—35
3_ I 1e1 Organization by Code Blocks 3—23 Day File 3-9

TABLES

TABLE Page

2—1 Target Type Codes  2-9
2—2 Assessment Issues Addressed by Model Displays .  2-29

I
vi

S-- - --— --~~~~~~-~~~~ •- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~ -——~~~~ ~~~~~ • - -- •~~~ -o-~ ~~~~~~~~~~~~~~~~~~



- -

CAA-TP-77-5

A COMPUTER MODEL FOR THE ASSESSMENT OF
RAID TRACKS THROUGH HIMAD DEFENDED AIRSPACE

(RAIDTRAC Model )

• CHAPTER 1
INTRODUCTION

1—1. NATURE OF THE PROBLEM. a. The Qual itative Process

(1) Raid track selection in support of air defense evalua-
tion has been conducted to date on a qual itative basis. The loca-
tions of air defense units have been plotted on a map of the de-
fended area. Raid tracks are then placed as overlays on this map
and adjusted by visual inspection to mi nimi ze the encounters of
the raidi ng aircraft wi th the air defense, whi le ac hi ev i ng the
access to the targets prescribed by the raid scenario. The pros
cess Is limi ted by the requirement to visually estimate which
HIMAD will enter-into play . The present model considers this pro~
cess as appl ied to the ground HIMAD technology designed for sector
(less than full circle) coverage and wi th a capability for multipl e
(rather than sequential ) engagement of targets. The estimate is
complicated by the fact that intercepts by systems employing this
technology are infl uenced both by the raid aircraft altitude and
the beari ng of the raid aircraft wi th respect to the individual
HIMAD un its.

(2) The visual estimate must first take into account that
the HIMAD i ntercept range is a function of the altitude of the
ai rcraft. For raids which ingress at a fixed altitude , the value
of intercept range is the same throughout the region . When raids
change altitude during i ngress, the Intercept range is di fferent
for each altitude. Visualizing these di fferent i ntercept ranges
complicates the estimate of i ntercept conditions , particularly in
the areas where the transition in fl ight altitude occurs.

(3) The visual estimate must then take i nto account the
beari ng of the target wi th respect to the sector covered by the

• system. If the target is wi thin the prima ry i ntercept sector,
intercept is possible by all launchers of the HIMAD unit. If,
however , the target lies outside of this sector, then the sector
orientation must be adjusted to bring the target wi thin the sec-
tor. As the amount of necessary adjustment becomes larger, the

4 shift results in the unit losing those launchers which do not
share the sector wi th the target. In the limi t, the shift will be
such that no unit launchers share the sector with the target, and
engagement is not possible . From the standpoint of visual
inspection of the tracks and unit it may be difficult to assess
when this limi ti ng condition has been reached.

1—1
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(4) The pri ncipal graphic technique for deal ing with this
visual estimate of intercept range and sector coverage, is the use
of a template scaled to the range of interest and the angle of the
in tercept sector. The template is positioned at the location of

— the HIMAD unit and oriented to the azimuth of the sector coverage.
It is then possible to more accurately estimate if an intercept
will occur by noting either an Intersection of the track wi th the
template or an intersection as the template is rotated about the
uni t location.

(‘4 The template procedure can be repeated, as necessary, at
each HIMAD un it l ocation in the vicinit y of the track and the
cases of intercept tabulated or otherwi se noted. Typically, this
process will be repeated for a number of track possibilities be-
fore a final selection of track(s) Is made.

b. Shortcomings of the Process. This process has a number of
shortcomings, as described in the followi ng, which led to develop-
ment of the RAIDTRAC Model detailed in the report.

(1) A shortcoming arises from the essential ly graphical na-
ture of the track evaluation process. The numerous HIMAD units1
locations and sector coverage , as well as the target array they
defend, must be manually plotted. This presents opportunities for
errors in plotting and errors in assigning identifying symbology
to the HIMAD un its and targets.

(2) A shortcoming ari ses from the positioning of the tem-
plate which defines the sector within which intercept must take

• place. Positioning of the template at the site location and ad-
justment of the orientation , as necessary, to assess the intercept
condi tion can introduce errors , particularly in marginal (tangen-
tial ) conditions of i ntercept.

(3) A shortcomi ng ari ses from the need to repeat the graphi-
cal workload for exami nation of each al ternate raid track or each
new depl oyment of air defense units . For the case of iteration of
a raid , a new overl ay of the track must be prepared and the as-
sessment of the HIMAD intercept conditions must be repeated. For
the case of redeployment of the HIMAD uni ts , the unit locat ions
and thei r associated primary target lines (PTL), defini ng the azi-
muth orientation of the sector, must be replotted.

(4) These shortcomi ngs, while manageable, do create a pres-
sure for economizing on the number and scope of the alternative
scenarios considered. The model described herein is meant to re—
l ieve the analyst of much of the detailed effort i nvolved in ex-
amination and tabulation of the HIMAD intercept condi tions. This

1-2
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reduction of the graphical workload should encourage more syste-
matic and expans~ve consideration of raid tracks and air defensedeployment conditions.

1— 2. NATURE OF THE SOLUTION , a. The manual graphical process of
raid track assessment has been replaced wi th an automated process.
The automated process model s, i n a more precise form, eac h of the
manual steps and, in addition , provides for assessment of air de-
fense suppression as it woul d apply to cleari ng a ra~ i corridor
aligned along the raid track under consideration.

b. The process is organized around the concept of user Inter-
action with the model . Three l evels of i nteraction are provided.
At Interaction Level 1 the user is concerned with HIMAD coverage,
at Interaction Level 2 the user is concerned with the intercept
conditions along the raid track, and at Interac tion Level 3 the
user is concerned wi th estimating the air defense suppressio.z re-
quired along the raid track. For each interaction , the user
specifies i nput to the model and receives output. The l eve’.. are
organized such that interaction at one l evel presupposes interac-
tions have occurred at the l ower levels. That Is , there has been
a specification of input appropriate to the l ower l evels to sup-
port the higher interaction level . For example , cons idera tion of
H IMAD supp ress ion (Leve l 3) presupposes selection of HIMAD deploy-
ment (Leve l 1) and selection of a raid track (Level 2).

c. Using the interaction capability , either singly or in ap-
propriate combinations , the user may generate i ndividual or para-
metric studies of HIMAD deployments , raid tracks through the HIMAD
units and/or HIMAD suppression. The i nteractions provide both the
necessary computati ons and a conven ient record of the analyses
undertaken. The model thus expedites the systematic consideration
of al terna tives and the c ho i ce of f inal va l ues for Insertion Into
the associated large—scale simulations (e.g., COMO) or for use as
free—standi ng , nonsimulation results.

1-3. ANTICIPATED BENEFITS. The principal benefit to be deri ved
from the use of the Raid Track Assessment Model is the quantita-
tive data which are made available to answer or evaluate the fol-
lowi ng issues.

a. Air Defense Coverage Issues

o Are there any unacceptable gaps in the air defense co—
verage?

o Are there any weak points in the air defense coverage ,
such that loss of a single site would open an unacceptable gap in

• the air defense? -

1-3
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o Has the desired level of redundancy in air defense been
- achieved around vital areas?

• o What are the likely routes available to raid aircraft
against prescribed targets?

• b. Raid Track Vulnerability IsSU!!

o What number or percentage of the deployed HIMAD can en~gage on the track? -

o What number of missiles or average number of missiles
per HIMAD unit can engage on the track?

o What is the depth of the HIMAD defense (number or per-
centage of air defense units) for a particular target?

c. Air Defense Suppression Issues

o Which HIMAD units should be attacked?

o In what order should HIMAD units be attacked?

o How many air defense suppression aircraft are required
• to carry out the suppression mission?

o How are i ncremental changes in the number of targets (or
• percentage of the target array) to be attacked related to the num-

• ber (or percentage of) air defense suppression required?

• 

• 

d. Issue Sets. It is anticipated that the answers to the
questions above will be sought for sets of tracks and air defense
deployments. The sets of results will provide families of data
and permit detailed comparison of track and/or deployment fee—
tures.

1-4
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CHAPTER 2

• 
~

- MODEL UTILIZATION

2—1. QUALIFICATIONS. A niiiiber of qual ifications have been in-
voked in the design of the model which have a di rect bearing on
the way in which data are utilized and presented. The qual i fica-
tions are presented In the followi ng paragraphs. Refinements to

— 

— the model which relax some of these qual ifications are presented
in Chapter 4.

a. Raid Track

(1) Only one track (corridor) Is addressed during any one
exercise of the model . (Refinement presented in paragraph 4-5.)

(2) The raid track is considered to consist of one or more
l ine segments, forming a ma in track and a series of spur tracks
off the main track l eading to the individual targets.

(3) The sequence in which the main and spur track segments
are specified determines the sequence in which the targets are
attacked. Arti ficial main and spur track segments are used to

• maintain track continui ty but do not enter into the intercept cal-
culations. (Refi nements presented in paragraphs 4-3 and 4—6 .)

b. Raid Aircraft

(1) The raid track is explicitely defined by the user. In
the case of the raid pl anner , this i s the actual track to be

- eval uated. In the case of the air defense pl anner this is an es-
timate of the track likel y to be employed to breach the overal l

• defense.

• (2) The model assumes a mass raid (target rich) condition ,
such that the number of aircraft traversing any track segment• saturate the HIMAD defense -In that region. (Refinement presented
in paragraph 4-4.)

(3) Raid aircraft fly down tracks at al titudes which corre-
spond to preselected flight profiles over the defended area . Pro-
vis ion  is made to store three such profiles , repesenting various

• 
•t combinations of al ti tudes at which the raid aircraft traverse the

division , corps and rear areas. The model analyzes intercepts
• ~~• based upon this explicit knowledge of raid aircraft al titude and

implicit knowledge of other significant aircraft factors (radar
cross-section , speed, formation and maneuver), as incorporated in

• 

1 
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the val ues of HIMAD intercept range which are given as a fumctlon
• of al titude.

c. Air Defense Systems

(1) The location of each HIMAD unit and the orientation of
its PTL Is explicitely defined by the user. In the case of the
raid piannev , the l ocations are estimates of the deployment of the
defense. In the case of the air defense planner the locations are
the actual deployment to be eval uated.

(2) The model assumes that each HIMAD intercepts at the
first opportunity, that i s, at the maximum intercept range for the
altitude invol ved.

(3) The model assumes (as noted earlier) a mass raid (tar—
• get-rich) environment and commits all available mi ssiles of the

HIMAD unit to the intercept. (Refinement presented in paragraph
4-4.)

(4) ~~~~ HIMAD unit PTL -Is adjusted in azimuth to permit
intercept on a track segment wi th the maximum possible number of
launchers.

(5) A HIMAD unit, once adjusted (in PTL) to intercept on one
track segment, is considered totally commi tted and not available
for further intercepts on other segments.

(6) The model assumes that the HIMAD launchers are deployed
equidistant in azimuth across the angle of the intercept sector.

(7) The model assumes that the raid Is timed so that all
raid aircraft pass through the defense before reload of the sys—
tems can take place (there Is thus no opportunity for a unit to
repeatedly engage Ingressing raid aircraft).

(8) Engagement of egressing raid aircraft Is not considered.

(9) The model is not intended to account for SHORAD or coun-
• terair effects. (Refi nement presented in paragraphs 4-8 and 4—9. )

(10) The model is based on the concept of sector coverage
but can be expanded to ful l circl e coverage ‘“ Jesired.

d. HIMAD Suppression

(1) Only those HIMAD which engage along the track are at-
tacked. The suppression is carri ed out al ong each track segment
in sequence.

2—2
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(2) A mix of air defense suppression aircraft is assumed
• available for suppression. Both the proportion of the mix and the

total number of aircraft available are specified as a user input
to the model • No al lowance is included in the model for attrition

• of these aircraft, in the course of carrying out their mission.

e. Model Graphics

(1) Scaling. -The map—like graphics provided by the model
are scaled to displ ay an area 500 km (east-west) by 250km (north-
south) In 5km intervals on a single printer page. The user speci-
fies the lower coordinate limit of each scale. The coordinates
are l imi ted to a maximum of four digits. Conversion of standard
geographic reference system coordinates (e.g., UN) to conform to
thi s l imit must be made by the user.

(2) Symbol Set Limitations. Use of the printer symbol set
imposes two l imi tations on the model graphics.

- • 

(a) First, the graphics have been proportioned to fit on a
single line printer page. This has requi red scal ing the defended
region to fit in its east-west dimension wi thin the 130+ character
spaces on a line printer line. The north-south dimension is re-

• quired to fit wi thin the 50+ lines per printer page. A scale of
5km per character has been selected as being most effective for
the displ ay of the information of interest wi thin the constraints

• of the page size. This results in displ ay of a defended area of
500 km east-west by 250 km north-south. The printer page size
limitation coul d be removed by displ ay of the model output on a
plotter, where a higher resolution coul d be readily achieved , but
at a significant increase in displ ay generation time. (Refinement
presented in paragraph 4—2.)

(b) Second, • the use of the printer symbol set to di splaythe map information produces a distortion of angle information ,
since the X—axis increment per symbol is l ess than the V-axis in-
crement per symbol . This precludes reading-off angles relating to
sector coverage or track segment orientations; but does not affect
the validity of position-oriented information (i.e., target l oca-
tions, track segment end-points). The angle l imitation may be

• l i fted by preparation of a special ly calibrated protractor which
employs a non-linear scale for angle read—off.

2-2. SCENARIO. a. The model is used to eval uate the interaction
of a particul ar air defense and a particular air threat wi th re-
spect to a particul ar target array. The particularities to be
addressed are provided by a scenario which brings together reall s—
tic estimates of air defense and a ir threat for a particular time

j 
• 
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frame. From the scenario Is derived: the size and deployment of
the HIMAD; the number, type, and location of military assets they
defend, and the intentions of the air threat, both wi th respect to
the target array and the associated air defense.

b. The use of the model is illustrated by a scenario. The
number of HIMAD units and their deployment is hypothetical but
considered illustrative of an area defense of six on—line dlvi—
sions, two corps areas 3nd a rear theater area. In the interests
of clarity, only a portion of the defended assets are i ncluded in
the illustrations of model outputs, namely: four rear area tar-
gets, four corps area targets and four divisions area targets.

2—3. INTERACTION LEVELS. a. Concept. The model is intended as
a flexible analytical tool to be employed in an iterative manner
to generate a family of results from which a preferred result may
be extracted. To illustrate this flexibility, the use of the
model is described in terms of three levels of interaction, which
may be used selectively to devel op parametric vari ations of the
air defense issues of interest. The three i nteractIon levels are:

Level Air Defense Issues

1 HIMAD Coverage

2 Raid Track Intercepts

3 HIMAD Suppression

Interaction at a higher l evel presupposes that lower level inter—
• actions have occurred or will occur simul taneously with the higher

level (i.e., air defense suppression analysis (Level 3) presup—
poses specification of HIMAD unit locations (Level 1) and a raid

- 
• track (Level 2)). Each of the three i nteraction levels provides

for three user activities:

-

~ • an Input to the model

• an analysis of the model outputs

• a decision as to whether the outputs are acceptable
and, if not, revising the i nputs In anticipation of
achievi ng more acceptable results.

The followi ng paragraphs describe the specific user activities
involved for each of the three i nteractiö~i levels.
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b. Interaction Level 1 - HIMAD Coverage. The user activities
associated wi th Interaction Level 1 are flow di agranmied in Figure
2—1(a) and di scussed in the followi ng paragraphs.

(1) Enter HIMAD, Target and Raid Al titude Profile.

(a) The user specifies the HIMAD deployment for the re-
gion , identifying for each HIMAD unit the followi ng characteris-’
tics:

• coordinates of position

• principal area defended (division , corps, rear)

• azimuth of PTL

• number of launchers available

For the scenario under consideration , these data are as shown in
Figure 2—2. The figure illustrates the HIMAD Unit List di splay,
as provided by the model . As read from left to right the display
tabul ates the HIMAD unit reference number (NR), X—coordinate CX) ,
V—coordi nate (Y), principal area (AREA) defended (D=divislon , Cx
corps, R rear), azimuth of the PTL tPTL) and number of launchers
available (NLHR). A map display, the HIMAD Unit Deployment, is
also provided by the model , as shown in Figure 2~3. The map dis-
play contains two basic sets of information, the location (*) and
reference number (e.g., 36) of the i ndividual HIMAD units (AD) and
the boundary points (+—symbols) which divide the area into the
division , corps and rear areas. The displ ay provides an overall
picture of the pattern of the depl oyment and provides a quick
check on the accuracy of the unit location data points since inac-
curately plotted units shoul d be apparent as a departure from the
i ntended pattern. In Figure 2-3, the HIMAD units are deployed in
a lattice—like area defense of the division , corps and rear areas.

(b) The user also Identifies the target array in the de-
fended area. The followi ng characteristics are identified for
each target:

• coordinates of position

• type of target (see Table 2-1)

• area where located (division , corps, rear)

2-5
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(a) Interaction Level 1 - Air Defsnsa Coverage

Ex.mins
Un it

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(b ) Interaction Level 2 - Ra id Track Int erce pts

c~f~~~~~~~~~~~~~~~~ O

Cc) Interact ion Level 3 - Air Defense Suppr assion

Figure 2-1. Model Interaction Levels
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PTA —A OUTPUT

NP X V AREA PTL NLHR

AD 1 450.0 410.0 D 90.0 5
AD 2 450.0 380.0 D 90.0 5
AD 3 450.0 350.0 0 90.0 5

• 
- AD 4 450.0 320.0 D 90.0 5• AD 5 450.0 290.0 D 90.0 5

AD 6 450.0 260.0 D 90.0 5
• AD 7 450.0 230.0 D 90.0 5

AD 8 410.0 410.0 C 90.0 5
AD 9 410.0 380.0 C 90.0 5
*010 410.0 350.0 C 90.0 5
4011 410.0 320.0 C 90,0 5
AD12 410.0 290.0 C 90.0 5
AD13 410.0 260.0 C 90.0 5
AD14 410.0 230.0 C 90.0 5
ADI5 370.0 410.0 C 90.0 5
4016 370.0 380.0 C 90.0 5
*017 370.0 350.0 C 90.0 5
AD18 370.0 320.0 C 90.0 5
AD19 370.0 290.0 C 95.0 5
4020 370.0 260.0 C 90.0 5 -

4021 370.0 230.0 C 90.0 5
4022 330.0 410.0 P 90.0 5
4023 330.0 380.0 P 90.0 5
AD24 330.0 350.0 P 90.0 5
4025 330.0 320.0 P 90.0 5
4026 330.0 290.0 P 90.0 5
*027 330.0 260.0 P 90.0 5
*028 330.0 230.0 P 90.0 5
*029 290.0 410.0 P 90.0 5
4030 290.0 380.0 R 90.0 5
4031 290.0 350.0 P 90.0 5
4032 ?90.0 320.0 R 90.0 5

• 41)33 290.0 290.0 P 90.0 S
4034 290.0 260.0 P 90.0 5

• 41)35 290.0 230.0 P 90.0 5
AD36 250.0 410.0 P 90.0 5

—

- 
41)37 250.0 380.0 P 90.0 5
4038 250.0 350.0 P 90.0 5
4039 250.0 320.0 P 90.0 5
4040 250.0 290.0 P 90.0 5
*041 250.0 260.0 P 90.0 5
4042 250.0 230.0 P 90.0 5

Figure 2—2. HIMAD Unit Li st Display
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445
440
435
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• 405- - 403
fr . *   395

•  •  390
•   305
- 31•AD 30•A0 ~3 A 0  • 16.60 09 A0 300
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- • 370
•  365

• • 360
-  - •  355
• 3A~ 40 31~ 8D 24~ &D • ~7 4 ~ ~~~~~ 330

• • • 345
•   340

-   • 335
-  - - 330
•  • • • 325
• 39.60 32nD fl~03 320

- • 315
*  - 310

-  • 305
• 300

- 40•A0 33•AD 26~A0 • 10•A0 12 A0 .. . 
• 203
•  . 2e0

• .  . 275
• • • 210
- • • 265

* 41.40 34~ 0D fl•4~ • 20 A0 13 A 0  . 260
- . • 255
• • * 230

- * • 245
• . . • . 240

• - . 233
230

• 225
220
215
Pb
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Figure 2—3. HIMAD Unit Deployment Display
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Table 2-1. Target Type Codes

• Target Type Code Target Type

AB Al r Base

HQ Division HQ

HH Higher HQ

PL POL Dump

PM Pershing Missile

LP Lance Platoon

A8 8-In FA Bn

A5 l55imi FA Bn

—1 SP

RS Reserve Unit

CR CRC

EW - EW/CRP

For the scenario under consideration these data are as shown in
Figure 2—4. The figure illustrates the Target List display pro-
vided by the model. As read from left to right, the di splay tabu-
lates the target refe rence number (NR) , X ’.coordi nate CX ) ,  Y~coor~dinate CV ) ,  type of target (TYPE) and area (AREA) where located.
A map display , the Target Array, is also provided by the model as
shown in Figure 2—5. The map readily indicates the location (*)
and type (e.g., AB) of the targets and their distribution in the
division, corps and rear areas. The target array displ ay may be
conveniently used to i nvestigate and establish the location of the
raid track (see paragraph 2—3c).

(c) The user identifies from a preselected set, the altitude
• 

• profile the raid aircraft will use in crossing the defended air-
space. The profile defines the altitude used by the raid ai rcraft
over the division , corps and rear areas, and is used by the model
to establish the intercept range for the HIMAD located in these
areas. The preselected profiles, for illustration , might be:

2-9
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PTA—P OUTPUT

NP X V TYPE A REA

1(5 1 480.0 375.0 45 0
1(5 2 485.0 325.0 A P 0
1(5 3 465.0 365.0 HO D
1(5 4 465.0 310.0 HO 0
1(5 5 410.0 350.0 LP C
1(5 6 410.0 290.0 LP C
TG 7 390.0 340.0 u N  C
1(5 8 390.0 300.0 PL C
TG 9 335.0 350.0 EW P
TG 1O 320.0 290. 0 NH P
1611 310.0 340.0 AB P
1(512 290.0 300.0 48 P

Figure 2—4. Target List Di splay
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PTA—? OUTPUT
PRFSEL.HIP4

3 2 . 3 4 5 60 1 2 3 6 5 6 1 e 6 0  I 2 3 4 5 6 l 3 9 0 1 2 3 4 5 6 7 e 9 0 1 2 3 4 5 6 7 5 9 0 1 ? 3 6 5 6 ? 5 9 0

450
443
440
435
430
425
420
415
410

- • 405
• • 400

* • . • 395
• 390

• . • 365
• ••*••S*••*••.., 3A0• . • 01.45 • 373
- . * 370
• * O3~ H0 • 365
• • • 360• . *  355• 09~1W. e5.l~P 350• * . 345• 31•4o • oi .i*~ . . 340

, 335
• . 330• • 02.60. 325• 320
* . 315

* • • 04•l-f0 * 310. • . • 305* 12.40 • 05.PL • * 300• * • 295
• IO HH • 06•LD 290

• • .
• •  250

275
* • * 270

• • • * 265
• 200

• . • • 235
• • . 250

• * * * 245
• • . 240
• • . 235

230
225
220
215
210
205
200

Figure 2-5. Target Array Display
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• HHH - high over the division , corps, and rear areas

• LLL — low over the division , corps, and rear areas

• HOP - hop (high ) over the division (SHORAO) and low
over the corps and rear areas

Further information on the profiles as displayed by the model is
described in paragraph 2—4d.

(2) Exami ne HIMAD Unit Coverage. The user examines the pat—
tern of HIMAD unit coverage , displ ayed by the model for the se-
lected deployment and the selected raid altitude profile. The
di splay (Figure 2—6) depicts the defended region subdivided into
5km square cells. The di splay i ndicates the number of HIMAD units
which can bring at least one l auncher (4 missiles per launcher) to -:

engage within the cell. The blank areas indicate cells where no
basic coverage exists. The displ ay al so provides two addi tional
sets of informatiofl: the location , reference number and type of
each of the targets in the area and the points which divide the
area into division , corps and rear areas. For large numbers of
closely packed targets, the target symbology will become cluttered
and largely undecipherable. In this instance, provision is made
to delete the target symbol information from the di splay by a
change in the map symbology selection (see paragraph 2—4f). Under
these circumstances, an overl ay wi th the target information must
be separately prepared.

(3) Exami ne HIMAD Launcher coverage. The user exami nes the
pattern of HIMAD Launcher Coverage displ ayed by the model . The
coverage corresponds to the particular altitude profile selected,
in this instance a hi gh prof i le , as indicated by the symbology HHH
at the top of the coverage displ ay. This di splay (Figure 2—7),
uses an alphabetic code to i ndicate the number of launchers (4
mi ssiles per l auncher) which can engage wi thin the area of the
cell. A table to convert the alphabetic code to its numeric val ue
is inset on the right top of the display . The number of launchers
in each cel l is derived di rectly as the sum of the number of
launchers associated wi th the units shown on the HIMAD Unit Cover-
age displ ay. Again , the blank areas i ndicate cells where no basic
coverage exists. In this instance , the target information shown
on the HIMAD Unit Coverage display has been deleted.

(4) Basic Coverage. The HIMAD Unit and Launcher Coverage
• displays (Figures 2-6 and 2—7) depict basic coverage. That is ,

the coverage available when the unit PTL line is coincident with
the centerl ine of the l auncher complex . This condition represents
the preferred orientation of the unit to meet the postulated threat.
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078 -3 OUTPUT

j 2 3 S 6
O i l  7~~~4 5 6 7 5 ~~~ q 1 2 3 4 3 6 7 P 3 0  I ? 3 4 5 6 7 0 9 0 1 2 3 ’ 5 6 7 5 9 0 1  2 3 4 5 6 7 8 9 0

450
“5
440

I I I I I 1 435
~I1 flI Ill 11) III III 430
111 III Ill III III III 425

1 1 1 1 1  11111 11111 11111 1 1 111 11111 420
111 1 1 11111 11111 111 1 1 1 1 111 11 111 415

42 0
• ~1lI12 111 1 1 2 — 1 1 1 1 2  1 111 12 .11112 III1I ?• 403
• 111222 11122 2 .11227 111222 -11222 101222* 400
• 111222 III ~ 22 -1122? 111222 *11222 011222 . 395
• 22222 22222 .22222 22222 .22222 22222 390
• 2222? 72222 .22222 22222 *22222 22222 305
- 111222 111222 *11222 111222 300
• 111223 111223 -11223 111223 .11223 01 85 • 375
• 11122 3 131223 .11223 111223 *112 • 370
• 111222 111222 .11222 111222 .112 03•HO 722 365
• 22222 22222 .22222 22222 -222 222 360
• 22222 2 .22222 *22222 22222 355
• 111222 II 09~~W .I12E2 I 05.I~ 350
• 211 72 -1122 *11223 111?23• 345
• 11122 lIno 23 -1122 07.0*1 23 .11223 111223- 340
- 10122 22 .1122 22 -11??? 111222 335
• 22222 22222 .22222 22222 *22222 • 330
• 22222 22222 .22222 22222 .22222 02•A8* 325
• 111222 103222 320
- 11172 3 111223 *11223 111223 *012 223 315
• 11122) 111223 .11223 111223 .112 04 H0 223* 300
* I 111222 •1122 22 .112 222 305
• 12•AH 27222 .2222 00•PL 22 .22222 22222- 300
• .2222 -22222 22222 295
* 111222 I0.iøO .11222 I 06~ l 290
• 111223 •11223 I ‘11223 111223* 205
* 111223 113273 .11223 111223 .11223 111223 280
- 111222 100722 .01222 111222 -01222 111222 275
- 2222? 22222 .22222 22222 .22222 22222 270
• 22222 22272 .22222 2222? .2222? 22222 265
- 11122 2 1112 22 .10222 111222 260
• 111223 111223 .11223 111223 .01223 111223 755
• 111223 III??) *21223 111223 .11223 110223 250
• 111222 111222 *1122? 11122? •11222 111222 245
- 22222 22222 .22222 22222 .22722 22222 240
• 27222 2fl72 .22222 72222 .22222 22222 235

230
223??? 103272 111222 Ill??? 111272 011222 225
11111 2 1 1 1 1 1 2  11 1 1 12 11111? 111 1 12 111 1 12 220
1 1 1 1 1 1  111111 111111 1 1 1 1 1 1  1 1 1 1 0 1  1 1 1 1 1 1  215
11 1 1 1  1 1 1 1 1  11111 11111 11111 11111 200
11111 1 1 1 1 1  11111 11 1 11 11111 11111 203

200

Figure 2—6. HIMAD Unit Coverage Display
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078—4 OUTPUT
50 1. 040404

2 4 5 6 LT0 V*LU!
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05050505050S05050S,.05oc050S050S0c4OS0~ 050SP~05050S050S050Sfl5050505050S0S05050505050SD30305O50505O5,50 - - -

450 * I
445 8 2
440 C 3

• C F 0 £ 0 F 435 0 4
(00 0FF OFF 000 FF0 OTt 430 0

• FOE 000 000 0FF 0(0 FF0 425 0
((((F 0(001 (0000 0(0(0 0(0(0 FOOt E 420 6
E~O0F (0(00 000FF 0000t (00FF (00FF 423 04

4 2 0  I
- 0F000J ((FOCi •0000H ((OtFi .0(000 £0000 3- 405 .1 19
- 000JJ -I ((Fij i •FFN’*~ ((F iji *00010404 ((FiJi. 400 K 32
• 000JJJ ((FiJ i .0004310 000JJJ .0(0040 000JJJ. 395 1 ~2
- JJJJj JJJJJ .00*000 J.JJJJ •0**o4H JJJJj. 390 ~ 33
- JJJ JJ j JJJJ .4*0*60 iii ii .0000*0 iii ii . 395 N 14

• 
* 000JJJ FOtJJJ •CCH*40 ((Fij i .... 300 P 25
• 0OTjJP E00JJ0 CC04000 FE(JP •CC0406 (((u P- 375 • 97
• ((( u p  000Ji9 •CC04004 000JJP *CCI0404 (((u P. 370 15
• ((Fiji ((FiJi CCNHH 000uji -C0000. ((( iii . 365
- JuJiJ  iJJJJ •H0400404 JJJii .04*10*84 JJJiJ• 360
• JjJ )J j j jJJ .0040040 JJJJJ *004044*0 JjJjJ. 355
• 000iJ -I ((FiJi .0(0*91 ((Eu 350
• LEtu P 000JJP •(0$*lM 000JJP -E(H$40 000JJP. 345
• F0FJJ P (((u P -00iJM (((ii! ’ -((JuN 000.IJP. 340
* 000JJJ Ott JJJ •EFJJJ £EFJJJ •EEJJJ LEE JJJ. 335
• JJJJJ JJJJJ •JJJJJ JJJ JJ .uiiui JJJJJ . 330
• JJJJJ JJJ JJ JJJJ J JJJJ -J •JJJ JJ JJ4ui . 325
* 000JJJ (EOJ J 320
* 000JJP 000JJP *((JJN 000JJP •0FiiP 000JJN* 315
• 0((J.IP (((JJD *001204 000JJP *0FJJP (0(1204. 310
• 000JJ J ((FuJ i - (0 121 F((JJ .J •((JuJ 0 (0213-  305
- JJJ JJ JJJJJ -11111  JJJJJ •JJJJJ 11121 . 300
* JJJJJ JJJJJ .11111 JJJJJ •JJJJJ 11111 293
• 000JJJ 000JJJ .00111 000Ji 290
* (OTJJP (((JJM .00110 EECJP •(EJJ0 0001100* 205
* 00(JJP 000000 .00000 000JJP .000*404 DDOIII00 280
• 0E(JJJ 0000)40 .000(0 000JJJ .0(0404+4 DDOIII* 275
• JJJJ ) 00000 .00(00 JJJJJ *00404+444 11111 . 270
• JJJ J j  000-040 .00000 JJJJJ * 41010+004 11111 . 265
- 000JJJ CCC001I .00000 FOtuu 260
- 000JiP CCC0010 -50005 (F0JJP .CCO+-+N 00(1100 255
* FOTJJP CCCHI-404 .8*660 000JJ P •CCO$40 000JJN* 250
- 000JJJ CCC440144 *8*660 000jui •CC+*+0 EE0~JJ. 245
• IJJ JJ 004400 .66666 JJJJJ .00000 jJjjJ* 240
* JJJJJ 000+10+ .66660 JJJJj .04-1*1010 uuiju- 235

230
000JJJ  (000004 FF0666 ((FuJi (((04+40 000JJJ 225
00000J (0F0FH £00006 0000(u 000((H ((tOFu 221
FF0001 (00000 (00000 (FOOTE 0(0(00 00(000 215
0(0(0 (00FF (((00 00000 0(0(0 (0(00 21*
((((F (FOOt 0(000 ((0(0 00000 ((000 205

200

Figure 2-7. HIMAD Launcher Coverage Di spl ay
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Under raid conditions , however , there will be early warning data
on the specifi c di rection of the threat. Given these data, there
will , typically, be time to shift the PTL to the di rection of the
threat, but, not sufficient time to reposition the launcher sets.
As the P11 is moved, with the launcher set centerline remaining
fixed , indiv idual launcher sets will drop out of the radar set

• pattern and become unassignabl e to targets.

(5) Decide Coverage Acceptability . The user must decide if
the coverage shown is adequate. in making this determination, the
user may interpret the HIMAD Unit Coverage display as offense-ori-
ented and the HIMAD Launcher Coverage display as defense—oriented.
The number of HIMAD units is a measure of the threat posed by the
defense to the attackers. A basic response available to the at—
tackers is one of suppressing the HIMAD units by denying them the
use of their radar, as differentiat’~d from a di rect attack on thelaunchers. This makes the number of units, not the number of
launchers , a pri nci pal measure of concern to the offense. The
defense on the other hand , is primarily concerned wi th engagement,
and each launcher provides four opportunities for engagement.
More spec i f ical ly, the defense is concerned wi th the opportunities
for engagement throughout the region (cell—by—cell) and this mea-
sure is provided directly by the HIMAD Launcher Coverage di splay.

(6) Revise Inputs. If the coverage is considered to have
unacceptable gaps or tnadequ~te depth or inadequate intensity wi threspect to specific areas, individual HIMAD units may be rede-
pl oyed, adjustments made in individual unit PTL’s or both. The
user then revises the input accordingly and repeats the steps of
this interac tion level , resulting in adjusted basic coverage di s-
pl ays. The iteration of the interaction is then continued wi th
revised inputs and resultant coverage, until an acceptable depl oy-
ment is established . The user may then proceed to the net level
of Interaction——a consideration of possible raid tracks through
the defense.

c. Interaction Level 2 - Raid Track Intercepts. The user ac-
tivities associ ated wi th Interaction Level 2 are fl owcharted in
Figure 2—1 (b) and di scussed in the fol lowi ng paragraphs.

(1) Enter Track Data. In this step, the user Qefines the
track the aircraft take through the defended airspace. The pro—
cess of track specification can be described as occurri ng in three
sub—steps.

(a) In the fi rst sub-step the user ~~amines the target
array to be attacked by the raid force. The array may be in—

• r specteu as part of the symbol information included in the HIMAD
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Unit and Launcher Coverage Displays (Figures 2i.6 and 2 7), or by
direct inspection of the Target Array Di splay (Figure 2—5).

• (b) In the second sub—step the user establishes a main
-

- raid track , starti ng outside the FEBA and extendi ng through the
target array as shown in Figure 2—8. The main track is drawn as
one or more straight line segments each of which may approximate a
least squares fit to portions of the target array, considered as a

• scatter diagram. The user positions the main track to avoid the
areas of higher air defense intensity as much as possible. For a
wel l constituted defense, however, it wi ll be difficul t to choose
a preferred path. The choice in this case woul d probably be that• of the shortest route_uito minimize exposure time and thereby m m —
imize the opportunity for the defense to accumul ate intelligence

• • about the raid. To further circumscribe the raid , parallel lines
are constructed on both sides of the track (see Figure 2—8) repre-
senting the overal l corridor limi ts in which the raid will take
pl ace. The corridor width is based on a conservative estimate of
the distance aircraft can depart from the track and still be pro~• tected by the air defense suppression conducted as part of the
raid. The width can be varied as experience wi th the air defense
is developed.

(c) In the third sub—step the user defines the spurs off
the main raid track which take the aircraft into the targets. The
spurs are taken at some convenient turnoff angle with respect to
the main track , as shown in Figure 2—8. The definition of the
track spurs is important, since each spur becomes a line segment
of the track and must be accounted for in the track specification

• to the model. To accommodate the spurs, which leave the main
track and stop, an artificial spur is i ntroduced in each case to
bri ng the free end of the spur back to the main track. The tech-
nique is illustrated in Figure 2—9. Each of the dotted segments
is identified to the model by its end points and its artificial
status identified by use of a “backtrack” flag, which allow s the
model to ignore the segment for computational purposes, while
main taining the integrity of the track segment sequence. The user
identifies for each segment of the track the followi ng character-
istics:

• reference number and type of target, if any, asso-
ciated with an end point,

• track segment backtrack i ndicator.
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Figure 2—8. Raid Track Line Segments
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Figure 2—9. Track Specification to Model
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For the scenario under consideration, the track data are as shown
in Figure 2-10. As read from left-to—ri ght, the di splay tabulates
for each Track Point the reference number DIR), the X—coordinate
(X), Y—coordlna-te (0- 1) ,  the presence (1) or absence (0) of a conti-
nuity indicator (BKTRK), the target reference number (TGNR), if
any, associated with the point, and the target type (TGTY) corre—
sponding to the target reference number.

(d) Wi th the use of the artificial line segments is be-
comes possible to arrange the raid track segments in any order,
and thereby reflect the sequence in which targets are to be at-
tacked. Deep targets, for e ample, can be attacked by one wave
before shal low targets are attacked by a second wave by specifying
the line segments to the deep targets and then using the backtrack
indicator to bring the track back to the area of the shallow tar-
gets. Turn—off s to these targets can then be specified. This tim-
ing aspect is significant from an intercept standpoint. Inter—
-epts are computed on a fi rst opportunity basis. A deep raid pre-
ceding a shal low raid may cause the intercepts to accumulate on
the deep raid track segments, leaving the shal low raid targets
less well defended. A shal low raid preceding a deep raid may
shift the intercepts to the shallow track segments and leave the
deep targets less wel l defended.

(2) Examine HIMAD Unit Intercepts. The user ~~ami nes theHIMAD Unit Intercepts displ ay for the intercepts along the raid
track completed by the model . The disp lay format (Figure 2-11) is
that used earlier in that it depicts the defended region , as sub—
divided into 5km square cells. The di splay shows the raid track
points including both main track and spur track segments, al ong
with target information. The line segments connecting the track
segment points are added manual ly, at the option of the user, to• increase the clari ty of the di splay. On each segment (appr~~i-mately at the midpoint) is shown the number of HIMAD units inter-
cepting on the segment. Further details of the intercept on each
segment are prov ided in the Track Intercept Summary di splay de-
scribed In paragraph 2-3c(4).

(3) Exami ne HIMAD Launcher Intercepts. The user e~ami nes
the HIMAD Launcher Intercepts displ ay for launcher intercepts
al ong the raid track. This displ ay (Figure 2—12), is the inter—
cept counterpart of the HIMAD Launcher Coverage displ ay, in that
it shows the number of launchers intercepting along each track
segment.

2—1 9
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PTA—C OUTPUT

NR X Y BKTR$( TGNR TGTY

TP 1 540.0 370.0 0 — MT
TP 2 510.0 355.0 0 — MT
IP 3 480.0 375.0 0 1 *5
IP 4 510.0 355.0 1 — MT —

IP 5 485.’) 325.0 0 2 *8
TP 6 510.0 355.0 1 — MT
ID 7 490.0 345.0 0 — MT
IP 8 465.0 365.0 0 3 HO
TP 9 49 0 . 0  345 .0  1 — MT

TP 10 480.0 340.0 0 — MT
IP 11 465.0 310.0 0 4 HO
TP 12 480.0 340.0 1 — MT
TP 13 440.0 320.0 0 — MT

• 1~ 14 410.0 350.0 0 5 LP
TP 15 440.0 320.0 1 — MT
T~ 16 410.0 290.0 0 LP
TP 17 440.0 320.0 1 — MT
TP 18 400.0 320.0 0 — MT
TP 19 390.0 340.0 0 7 HH
ID 20 400.0 320.0 1 — MT
TP 21 390.0 300.0 0 8 P1

[ 
TP 22 400.0 320.0 1 — MT
IP 23 360.0 320.0 0 — MT
TP 24 335.0 350.0 0 9 EW
IP 25 360.0 320.0 1 — MT
TP 26 340.0 320.0 0 — MT
TP 27 320.0 290.0 0 10 liii

• TP 28 340.0 320.0 1 — MT
TP 29 330.0 320.0 0 — MT

• TP 30 310.0 340.0 0 11 *8
TP 31 330.0 320.0 1 — MT
iP 32 300.0 320.0 0 — MT

TP 33 290.0 300.0 0 12 *8

Figure 2—10. Track Point List Di splay
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445

• 4)0
430
4,5
421*
415
4)0

•   405
-  ‘00-  -  39S
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•  31*5
— 3~1*
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Figure 2—11. HIMAD Unit Intercepts Di splay
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1*70.6 OUTPUT
PQFSEL’t4t4i4

2 3 4 5 t L1O V*LUE
0 ) 2 3 4 1 * 6 7 8 °  0 ) 2 3 4 5 6 7 0 1 * 0 1 2 3 4  5 6 7 0 0 0 1 2 3 4 5 6 7 * 9 0 1 2 3 4 5 6 7 8 9 0

450 a
445 8 2
4-40 C 3
635 0 1*
430 ~ 5
425 r 6

F 420 0
415 o

L 410 1 — -
* * 405 J 19
• * 400 1*
- * 395 I. L2- - 390 13- - - 385

F 

~~~~~~
• * • 285
- * 280
• * • 275- - 270
* * • * • 265
• * 260
• 255
- • 250- - 245

• 240
• • - 235

230
225
220
2)5
2)0
?85
200

Figure 2—12. HIMAD Launcher Intercepts Di splay
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(4) Examine Intercept Sunin~~y. The user e amines the Track
Intercepts Summary display. This displ ay (Figure 2—13) gives de—
tails of each intercept, in segment order. The data of particular
interest to the user are enclosed wi thin the rectangular blocks.
Within block A are the data associated with the Identification of
the intercept , that Is , a reference number 1NR~ of the intercept,
the target number (IGIIR ) and target type (IGTV) associated with
the segment in which the intercept occurs (MT under TGTY refers to
an intercept on main track segment), the track segment on which
the Intercept occurs ( SGMT) and the reference number (AD ) of the
intercepting HIMAD Unit. Wi thin Block B are the coordinates (XI,
Yl ) at which the intercept occurs. Wi thin Block C are the data
associated wi th the intercept conditions , that is, the P11 azi-
muth, adjusted as necessary to permit intercept (ADJPT), the num-
ber of launchers which engage (NLHR) and the cumulative number of
mi ssiles (C IJMMSL) whi ch engage on the track, up to the present
intercept point. The remaining col umns of information provide

-: i ntermedi ate resul ts of the intercept calculations for reference
purposes as follows: the slope (M) and V-intercept (YO) of the
l ine segment on which the intercept occurs, the coordinates of the
unit (XS, YS) conducting the intercept, the range to the target at
intercept CR), the original PTL of the HIMAD Unit (PTL), the angle
between the line connecting the unit and the target and the posi-
tive X-axis (ARCTAN), the angle between this line and the positive
V—ax is (AZ!), the angle between this line and the PTL (AZD) and
the angle through which the PTL must be moved to permit intercept
(PTLCHG).

(5) Decide Intercept Acceptability

(a) The user must decide if the pattern of intercepts as
shown is acceptable. The air defender is concerned that the pat—
tern represents the best possible defense. The attacker is con-
cerned that the pattern represents the best possible evasion of
the defense.

(b) There can be, however , appreciable vari ation in this
intercept pattern, due to the sector coverage characteristics of
the HIMAD, depending upon the structure of the raid track ( i .o~.,the disposition of the main track and spur tracks). For raids
which make limi ted e~cursions to ei ther side of the track , a Con-
servation of Defense principl e may be considered to be in effect,

• namely, that the total number of intercepts remains appro imately
constant and is redistributed depending upon the structure of

• raid. Put another way, deeply raiding aircraft penetrating along
the main raid track could encounter reduced opposition if a pre-
ceding attack by aircraft striking shal low targets causes missile
exhaustion before reload is possible. The exploi tation of this
effect is the task of the user.
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(6) Revise Inputs. If the pattern of intercepts is unac-
ceptable or If alternative tracks are suggested which will favora-
bly alter the intercept distribution , then revi sed inputs are pre—
pared. The user continues to iterate the steps of this interacti-

-
~ 

- onlevel until an acceptable pattern of engagement Is achieved.
- . The user may then proceed to the next level of interaction--a con-

sideration of possibi’ities for HIMAD suppression.

d. Interaction Level 3 - HIMAD Suppression. The user activi-
ties associ ated wi th Interaction Level 3 are flowcharted in Figure
2-1(c) and di scussed in the followi ng paragraphs.

(1) Enter Suppression Data. The user identifi es both the
total number and mix of air defense suppression assets available
to clear the raid track. In the present model , the mix is speci-
fled In terms of the proportions of each of three types of air
defense suppress ion assets, namely: stand-off (ARM) aircraft,
ground attack (rocket) aircraft and decoy (unarmed remotely-pil-
oted) aircraft. The assets, as input for the model for the sce-
nario under consideration , are shown as Part 1 of the HIMAD Sup-
pression Estimate displ ay described in the followi ng paragraph.

(2) HIMAD Suppression Estimate. The user examines the HIMAD -

•

Suppression Estimate as di splayed by the model. The estimate (Fig-
ure 2-14) is organized in three parts.

(a) In Part I of the di spl ay the characteristics are given
for each of the three aircraft types (Ad , AC2, AC3. For each
aircraft type there is a specification of the number of the par-
ticular air defense suppression weapon carried (WPNR), the single
shot kill probability of the weapon (WPPR) and the desired cumul a-
tive kill probability to be achieved using the weapon against a
single HIMAD unit (ADPR). It will be noted that for AC3, the un-
armed remotely piloted aircraft , the “kill” mechanism is that of
depleting the resources of the HIMAD Unit engaged by successfully
decoy-i ng each of the unit missiles. As a consequence, the WPNR ,
WPPR and ADPR data are not di spl ayed for AC3. Part 1 also in-
clu des an additional line of information identified as PERAD.
This line indicates the number of aircraft of each type, computed
by the model being required to kill an individual HIMAD Unit to

• the probability specifi ed in ADPR. In the case of AC3, the val ue
is set equal to the maximum number of missiles per unit. These
values are used later in the cal culation of the overal l suppres—

• sion estimate.
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PTA — P OUTP u7
PRFSCI. 14+4

PART I

AC I 6C2 AC3

WPOFP 2 4
W PPR •250 .300
60CR •900 .900

PEPAD 5 6 20

PART 2

PCI NP AC PCT
I AC ) AC? 6C3 TI UP AD

(Pd. 32) (C . 50) (PC. 25) (PC. 25) (TT* 6C.(O0) (00. 215

30 9 4 4 38 .180 9
20 53 6 6 27 .270 14
30 13 6 6 27 .270 14
40 18 9 9 36 360 19
50 49 24 24 99 .990 52
60 54 27 27 108 3 .080 57
10 54 27 27 108 3.080 57
80 67 3) 33 135 5.350 II
90 SI 40 40 162 1 62Q 85

300 94 47 47 109 3.890 300

PART 3

PCI MR AC 4-CT
TOMSR 2 AC I 8C2 *C3 TI. 01) 60
(‘4-2369) (CC. 50) (PC 25) (PC. 25) (TTLAC .l00) (P4. 21)

10 38 9 9 36 .360 19
20 36 18 II 72 .120 38
30 49 24 24 99 .990 52
40 54 27 2? 108 3.080 5?
80 54 27 27 108 1.31*0 57
40 81 40 40 162 3.620 85
70 81 40 40 162 ).b2~ 85
SO 90 45 45 300 1.800 95
90 1*4 47 41 11*9 1.890 100
100 94 47 47 31*9 5.1*90 500

Figure 2—14. HIMAD Suppression Estimate Display
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• (b) Part 2 (and Part 3) of the HIMAD Suppre~sion Estimate
provides two basic sets of information , with respect to achieving

• access to (stated percentages of) the target array. First it In-• dica-tes the number of air defense suppression aircraft by type
(Ad , AC2, AC3) and total number of aircraft (TL) which are re-
qui red to suppress the air defense units defending the stated per-

* 
centage of the target array (PCI TGMSR 1). The di splay al so In-

- dicates the fraction (or multiple) of the available aircraft
this number of aircraft represents (see AC UR column). The (N)
val ue under PCI TGMSR 1 indicates the total number of targets.

- 
The (PC) val ues under the aircraft columns are the percentage of

• each aircraft type used. The (lILAC) val ue Is the total number of
aircraft available. Second, the di splay indicates the percentage

- of the HIMAD units suppressed (PCI AD) in achiev ing access to the
• • stated percentage of the target array. The (N) val ue under the

PCI AD column is the total number of HIMAD units carrying out in-
tercepts.

The first and last columns of Part 2 of this di splay thus pro-
vide trade-off information on the percent of targets accessed ver-
sus the percent of HIMAD suppressed in achieving this access. For
exampl e, ii ~ attack 60 percent of the targets woul d requi re 54
stand-off attack aircraft, 27 ground attack ai rcraft and 27 decoy

• aircraft and woul d suppress 57 percent -of the HIMAD. The aircraft
utilization (ACUN) in this instance is 1.080, that is , 8 percent
more aircraft than the 100 specified as available , are required to
carry out the suppression.

Cc ) Part 3 of the HIMAD Suppression Estimate displ ay pro-
vides similar information except that percent of the target array
is replaced by a weighted measure of the target array (TGMSR 2).
Targets are weighted by their distance down the track. Deep tar-
gets now have greater value than shal low targets. This measure
attempts to compensa te for the , typically, unequal geographic di s-
tribution of targets, wi th the preponderance of targets shal low on
the track and only a few deep on the track. By way of example ,
and as a compari son wi th Part 2, to attack 60 percent of the

-

• wei ghted target array woul d requi re 81 stand-off 3ttack aircraft,
40 ground attack aircraft and 40 decoy aircraft and woul d suppress *

8 percent of the HIMAD . The aircraft utilization (ACUR ) in this
instance is 1.62, that is , 62 percent more aircraft than that
specified as available are requi red to carry out the suppression.

* (3) Decide HIMAD Suppression_Estimate Acceptability . The
user must decide how effective the suppression has been against
the HI~AD as relatea to the amount of the target array opened toI attack. If the necessary numbers of aircraft are not available
the user has several options availaD le. He i~ay elect to change
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the mix of suppression aircraft; he may decide to limi t the attack
to some percentage of the target array; or he may decide to delete
targets and associated track spurs to consolidate the attack,
thereby reducing the number of HIMAD units in play.

(4) Revise Inputs. As necessary, the user modifies the in-
• put, either wi th respect to the mix of suppression aircraft, the

number of targets associated wi th the raid track, or both. The
steps of the interaction level are then iterated until an accept-
able application of suppression assets are achieved.

e. Hol istic View of Interaction.. The model has been described
in terms of discrete, sequential steps of interaction. This is a
simpl ification for purposes of exposition. In actual use, changes
may be made at several level s of interaction at once , to accom-
pl i sh an analysis more broad in scope than that presented by way
of illustration. As an operating entity, the model accepts the
inputs associated wi th the three level s at one time and generates
all outputs in a single computation process. Depending upon the
interest of the user , the inputs at any level of interaction may
be fixed and the model iterated wi th respect to the remaining
level (s). For example, an air defense planner might hold the
track fixed (Level 2), the air defense suppression fixed (Level
3), and vary the HIMAD deployment (Level 1). A raid planner might
hold the deployment fixed (Level 1), the raid track fixed (Level
2), and vary the suppression assets (Level 3). Vi ewed holi sti-
cal ly, the model provides eight di spl ays of information considered
essential to the understanding and resolution of the issues asso-
ci ated wi th raid track assessment itemized in the Introduction
(Paragraph 1-3). The relationshi p of each of these issues to each
of these di splays is summarized in Table 2-2.

2-4. OPTIONAL OUTPUTS. The model automatical ly provides the map
and summary outputs associated wi th the interaction level s de-
scribed in the preceding paragraphs. In addi tion , there are
available , on request, outputs which displ ay the Input data.
These outputs are provided so that the user may have a convenient
reference to the input information. The user m’y, however , elect
to di scontinue receiving any or all of these displays as the work
with the model progresses. A total of seven such outputs are
ava i lab le , as described In the followi ng sections.

a. HIMAD Unit List. This di splay lists the HIMAD characteris-
tics input by the user. The di spl ay has been previously di scussed
(paragraph 2—3.b(1)(a)) and shown in Figure 2—2.

b. Target List. This displ ay lists the target characteristics
input by the user. The display has been previously di scussed
(paragraph 2-3.b(1)(b)) and shown in Figure 2—4.
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d. Intercept Range Table. This displ ay (Figure 2-15) is a
• table which shows the HIMAD intercept ranges input by the user for

the division , corps and rear areas for each of three flight pro -
files (h igh, low and hop). These intercept range val ues are de-
tennined by the user from performance curves for the HIMAD which
relate interceft range to altitude. The particular val ues are
those which correspond to the altitudes at which the raid aircraft
will fly as they transit the division , corps and rear areas. It
should be noted that the HIMAD performance curves for Intercept

• di stance are stated for particular conditions of aircraft size,
formation and movement as wel l as prevailing ECM conditions. As
such , they implici tly attribute these conditions to the raid under
assessment. The range val ues shown in the di splay are quantized
by the model into units of 5 km, to match the resolution of the
map di splay. The input is considered preset, as a HIMAD technology
characteristic , not subject to user manipulation as part of the
analysis process.

e. Intercept Sec%~or Matrix. This di splay (Figure 2-16) shows
the square (20 x 2O)~matrix repeatedly used by the program to
generate the HIMAD Uhit Coverage ar~d HIMAD Launcher Coverage dis-
pl ays. The numbers are positioned in the matrix so that the Se-
lection of all the elements wi th a particular number forms (ap-
proximately) a sector 22.5 degrees in width. Recafl that the ma-
trix is actually square and that the angle shown in the figure is
di storted by the line printer. An intercept sector, of say 90
degrees , may thus be formed by selecting the elements correspond-
ing to four (4x22.5 900) consecutive numbers (with appropriate
adjustments where the numbers revert from 16 back to 1). The PTL
of the sector is taken into account by selecting the sequence of
four numbers which orient the sector in the di rectIon of the PTL.
The figure illustrates the situation of a 90 degree sector ori-
ented to a PTL of 90 degrees by selection of numbers 5 through 8.

• The i ntercept range associated wi th the sector is accounted for by
- • interpreting the matrix as a series of concentric ri ngs (squares)

rang ing out from the center, each ring being 5 km in width , corre-
sponding into the resolution of the coverage di splays. The 20x20- • array thus contains 10 rings. Ri ng 10, for exampl e, consis ts of
the numbers on the periphery of the matrix , and represents a range
of 50-54 km, while Ri ng 1 consi sts of the 4 zeros at the center of
the matrix , with a range of 5 km. The matrix is employed in this
manner to determine the sector coverage of each HIMAD unit. The
pattern of ‘dlements thus obtained is transferred to the coverage
disp lays positioned on the HIMAD unit location.
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Figure 2-15. Intercept Range Table Di splay
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RTA—E OUTPUT

0 0 0 0 0 1 2 2 2 2 3 3 3 3 4 0 0 0 0 0
0 0 0 0 1 1 2 2 2 2 3 3 3 3 4 4 0 0 0 0
o 0 0 1 1 1 1 2 2 2 3 3 3 4 4 4 4
o 016 1 1 1 1 2 2  2 3 3 3 4 4  0
0 1 6 16 16 1 6 1 1 1 2 2 3 3 4 4 4  5

16 16 16 16 16 Ij  1 2 2 3 3 4  ~‘ 5 5 5
15 15 16 16 16 16 16 1 1 2 3 4 4 5 5 5 6
15 15 15 15 15 16 16 1 1 2 5 5 6 6 6 6

15 15 15 15 15 15 15 16 0 0 a 6 6 6 6 6 6 ~• 
15 15 15 15 15 15 15 15 0 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

14 14 14 14 14 14 J4 14 0 0
14 14 14 14 14 14 13 13 0 0 7 7 7 7 7 7
14 14 14 14 13 13 13 12 12 11 0 8 8 8 7 7 7
14 14 13 13 13 13 13 12 12 11 10 9 9 8 8 8 7

13 13 13 13 13 12 12 12 11 11 10 10 9
o 13 13 13 13 12 12 12 11 11 10 10 9 9 9 8
o o 13 12 12 12 12 11 11 11 10 10 10 9 9 0
o 0 0 12 12 12 12 11 11 11 10 10 10 9 9 9 9 0 W 0
0 0 0 0 12 12 11 11 11 11 10 10 10 10 9 9 0 0 0 0

• 0 0 0 0 0 12 11 11 11 11 10 10 10 10 9 0 0 0 0 0

Overmark illustrates use of matrix values (bounded by solid
line) to approximate an intercept sector (dashed line) extending
out 50 km (to edge of matrix) at PIL azimuth of 90 degrees.

Figure 2-16. Intercept Sector Matrix Display wi th Overmark
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Since the coverage of units may overlap, provision Is made to sum
the coverage in map cells where this occurs. It should be noted
that the matrix , with its limi ted representation of the actual
intercept sector, is only used for mappi ng purposes. The calcula—
tion of intercepts, as shown in the Track Intercept Summary, is

• - done analytically in a subroutine to the main program.

f. Map Symboloqy Selection. This di splay (Figure 2-17) is a
table which shows the symbols set information selected by the user
to be print-ed in the map di splays. The symbols sets available for
pri nting are:

• HIMAi.) Unit Locations (Units)

• Targets Locations (TGTS)

• Track Points (TRKPTS)

• Boundary Segments ( BDYSGM )
• The model makes six passes in producing map di splays and the sym—

bol ogy is separately specified for each pass. A “1,’ entry indi-
cates the symbol set is to aprar, a ~‘0” entry that it is not to
appear. The basic idea is to limi t the amount of information dis-
played to that which the user can most effectively use. The se-
lection is indicated as part of the user input data (see paragraph
3—4e). —

g. Boundari Segment List. This displ ay (Figure 2-18) lists
the boundary segment information input by the user. For each seg-
ment, the list indicates the segment number and the coordinates of
each end of the segment (Xl, Yl , X2, Y2). The present design of
the model only al lows for specification of either horizontal or
vertical segment~ - The segments del ineate the division , corps,
and rear areas to orient the user to the region under analysis.

J 
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RTA—G OUTPUT

- 
t4APNR DAT A SET

UNITS TOTS BDYLNS TRKPTS

-
- i 1 0 1 0

- 
2 0 1 . 1  0

3 0 1 1 0

-
; 4 - 0  0 1 0

-~ 5 0 1 1 1

— 6 0 1 1 1

Figure 2- 1.7. Map Symbology Selection Display
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PTA—F OUTPUT

MR Xl VI X2 Y2

AS 1 200 410 500 610
AS 2 430 380 500 380
PS 3 430 350 500 350
AS 4 350 320 500 320
AS 5 430 290 500 290
AS 6 430 260 500 260
AS 7 200 230 500 230
AS 8 200 230 200 410
AS 9 350 230 350 410
AS 10 430 230 430 410
AS 11 500 230 500 410

Figure 2-18. Boundary Segment List Di splay
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CHAPTER 3

MODEL MECHANIZATION

3—1. ORGANIZATION. The program is organi zed into blocks of
FORTRAN code and associated subroutin#s as shown in Figure 3—1.
The program first carries out the computations of HIMAD coverage
and HIMAD intercepts al ong the raid track. The program net iter—
ates through a map generation sequence, wi th each iteration pro-
duc ing one of six map outputs descri ptive of the input, coverage
and intercept conditions. The model net produces a tabular Sum-
mary of the intercept conditions and then proceeds to compute and
print the estimate of the HIMAD suppression associ ated wi th the

• raid track. An overview description of the model code blocks
which carry out these operations is given in the followi ng para—
graphs.

-
• 3—2. CODE BLOCK DESCRIPTIONS, a. Block 000 — Declare Vari ables.

This block is used to declare the type and size of arrays and to
assign val ues to vari ables. The arrays are sized to handle up to
the following number of elements.

• HIMAD Units 60

• Targets 20

L • Track points 40

b. Block 100 — Read—In Control Data. This block Is used to
read into the model all the data val ues which are preset, that is,
not subject to user manipulation as part of the analysis process.
Six types of input are involved as follows:

(1) Target Types. A single punched card is used to identify
the symbol s used for the twel ye target types on the map di spl ay

• ( see Table 2—1 for list).

(2) Area Types. A single punched card is used to identify
the symbols used for the three area types (0 for Division , C for
Corps, R for Re - ’).

(3) Quantized Intercept Range Table. A three—card set is
used to identify the quantized intercept ranges associated with
the three flight profiles (HHH, LII, HOP) used in the model .

3-1
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START _______ _______ _______ _______ _______• 
c~~ :~~~ 

~~~~~ ud;1n H~th: HJ~ H ~~ a: H~-

- 
I ______

Subr~ut1ns J Subfaut1ul~ilDSYOPT TR~1cP

I ~~TSTPTI. J

[j~iJ~
B1ock 465 J
Loed Nspn: I
Int.rcsct~j
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~~~~
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~~~~~ !~~~~~~~

J”usm I 
Bl k;15 II~L•;.70I
h oc k S®
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• Lo.d ~IIps:

Sy~~o1ogy

$
Subroutine I

M~PSYI~F

S-lop

I !~i~ I 
-

~~ F -

I Subroutthe

L

Figure 3-1. Model Organization by Code Blocks
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(4) Alpha-to—Numeric Conversion Table. A single punched
card is used to identify the conversion table which appears as an
inset in the HIMAD Launcher Coverage (Figure 2-7) and HIMAD
Launcher Intercepts (Figure 2—12) displ ays .

(5) Intercept Sector Templ ate. A mul ti-card set is used to
identify the intercept sectors at various azimuths of PTL for use
in the mapping of the HIMAD Unit Coverage (Figure 2—6) and HIMAD
Launcher Coverage (Figure 2-7) displ ays.

(6) Boundary Segments. A multi-card set is used to identify
the X and V coordinates of the boundary segment end points which
divide the defended region into division , corps and rear areas.

c. Block 160 - Read-In User Data. This block Is used to read-
In data prepared by the user for the purposes of analysIs. Eight
types of user input are involved as follows:

(1) Raid Ai rcraft Data. A single punched card is used to
ind icate

• fl i ght profiles (e.g. selected from those available high
(HHH), low (LLL) or division hop(HOP))

• total number of air defense suppression aircraft
available

• mix (in percentages) of three types of air defense
suppression aircraft available.

(2) Suppression Data. A two—card set is used to indicate
the characteri stics of the two armed types of armed aircraft used
for HIMAD suppression . Each aircraft type carries the other and
to a single weapon type matched to the performance characteristics
of the aircraft. One card is used for each aircraft to indicate:

• single shot probability of kill for weapon type carried

• number of weapons carried

• • cumulative probability of kill of HIMAD to be achieved
by weapon

The third aircraft type, the remotely pi l oted vehicle , is con—
sidered unarmed. The model empl oys these aircraft solely to de-
plete the missile stock of a HIMAD unit and e pends 20 aircraft
per HIMAD unit In making the suppression cal culations.

3.3
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(3) Graphics Scale Data. A single card Is used to Indicate
the lower val ues of the x scale and y scale to be used in the map
graphic outputs.

(4) Optional Display Selection. A single card is used to
indicate which of the optional model outputs are desired. The
selection is indicated by setting a flag to “1” If the output is
desi red or ~~ If It is not. The available optional di splays, as
described in paragraph 2—4, are as follows.

• HIMAD Unit List

• Target Li st

• Track Point Li st

• Quantifie d Interce pt Range Tab le

• Intercept Sector Matrix

• Map Symbol ogy Selection

• Boundary Segment List

(5~ Map Symboloqy Selection. A six-card set Is used to in-
dicate which of the four available sets of map symbols are to ap-
pear in the map displ ays. One card is used for each map and the
selection is indicated by setting a flag to “1” if the symbols are
desire d , or “0” if they are not. The available symbol sets are as
follows :

• HIMAD units

• Targets

• Boundary segments

• Track points

(6) HIMAD Unit Data. A set of punched cards Is used to
identify the HIMAD deployment. One card is used for each HIMAD
unit to indicate:

• unit reference number

• V-coordinate

• X-coordinate

3-4
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• Defended area (divisio n, corps , rear)

• PTL azimuth

• number of launchers at ready

(7) Target Data. A set of punched cards is used to identify
the target array. One card -Is used for each target to Indicate:

• target reference number

• X—coordlnate

• V—coordinate

• target type (12 types)

• area (division , corp s , rear)

(8) Track Points. A set of punched cards is used to iden—
tify the end points of the line segments which make up the raid
track. The track is considered to be made up of a main track and
spur tracks which branch of f the main track to take the aircraft
to the individual targets. The track is defined by a sequence of
points which divide the track into continuous segments. One
punched card is used for each track point to indicate:

• Point reference number

• X coordinate

• V coordinate

• Reference number of target associated with point, If any

• • Type of referenced target, if any

• Backtrack Irdicator

d. Block 250 — Pri nt-out Optional Displays. This block tests
to determine if the user requires any of the optional model out-
puts. If any outputs are requi red, the block performs a cal l to
the subroutine OSYOPT to generate the outputs.

e. Block 300 - Compute Track Intercepts

(1) This block carries out the track intercept cal culations
by a series of calls to three subroutines. The cal l to the first

3-5
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subroutine (TRK ICP) initiates testing of all track segments
against all HIMAD units. The subroutine det~rm ines whether a line
segment comes wi thin a circle corresponding to the HIMAD unit In-
tercept range (i.e., an intercept prospect). The intercept range
used is based on the aircraft altitude , determined in turn from
the fl ight altitude profile for the defended area over w~iich theaircraft is flyi ng. Recal l that the user indicated a defended
area (division , corps, rear) for each HIMAD unit and al so selected
the fli ght altitude profile. Where an intercept prospect is noted
for a particular unit on a particular track segment, a prospect
flag is set for that HIMAD unit indicating the track segment in—
volved. The coordinates of the point of intersection are also
stored.

(2) Upon completion of the intercept prospect cal culitions ,
the block passes control to the second subroutine (TSTPTL). This
subroutine examines all the intercept prospects Identified in the
first subroutine and determines whether the intercept prospect can

• be exploi ted. The determination based upon the orientation of the
target wi th respect to the intercept sector of the HIMAD unit.
The Intercept sector is set to a wi dth of 90 degrees in the pre-
sent design but vnay be adjusted to other val ues by suitable
changes to the code in TSTPTL. For prospects which occur wi thin
the basic coverage intercept secto r, -intercept by all system
l aunchers is possible. For prospects outside the basic sector,
the sector orientation is changed and the number of launchers
available for intercept are reduced. Final ly, for prospects which
require a sector reorientation beyond the system limi ts, no
launchers are available and the HIMAD unit cannot expl oi t the op-
portunity. For those intercept prospects which can be exploited
(worked), the subroutine cal culates any changes necessary In the
sector orientation and al so cal culates the resultant number of
launchers available for i ntercept. A “worked” flag is set to in-
dicate when the HIMAD unit is committed to an intercept and on
which segment the intercept takes pl ace.

(3) Upon completion of the intercept processing, the block
passes control to a third subroutine (ICPCNT). This subroutine
examines each worked flag to 1de~tif~’ the segment on which theIntercept occurred . The subroutine counts and stores the total
number of intercepts which have occurred on each segment. A sepa-
rate count Is made of the iumber of units and the number of
launchers wh ich intercept on eac h segment. This completes pro-
cessing by the block .

f. Bloc k 400 - Control Map Generation. This block controls
the generation of the six map displ ays produced by the model. The
b loc k pro duces eac h map , in turn , by routing the model processing
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through the appropriate blocks of codes. (Blocks 425, 465, 475 ,
and 500.) As each map Is produced, the program returns to this
block for routing instructions for the next map, until all six

— maps have been produced. The block routinely clears the data as-
-
~~ soci ated wi th the last map before going on to the next map.

(1) Block 425 - Load Maps: Sector Coverage. This block is
• the first of four blocks used -to insert data into the arrays which

produce the map displ ays. The block uses the intercept sector
matrix to transfer the intercept sector of each HIMAD to the map
arrays. The transfer is carried out for each HIMAD unit and the
coverage is summed in those cells where overl ap occurs.

(2) Block 465 - Load Maps: Intercept Counts. This block
loads the map arrays wi th the counts of the intercepts which occur
along the individual raid track segments as determined in the
ICPCNT subroutine. The counts are positioned appro imately midway
al ong the segment. On the first pass through the block , the map
is loaded wi th the count of unit intercepts on eac h segment. On
the second pass, the count of launcher intercepts is l oaded.

(3) Block 475 - Load Maps: Suppress Zero Cells. This block
suppresses the contents of all map cells wi th zero entries (I.e.,
a lack of coverage), to simplify the appearance of the map. The
block accomplishes this by generating a character version of the

• (numeric) map arrays and in the process substitutes a blank symbol
for all map cells wi th a (numeric) zero entry.

(4) Block 500 - Lead Maps: Symbol oqy. This block tests to
determine the symbol sets which are to be included in each map
displ ay. The symbols available are HIMAD and target locations ,
boundary segments and track points. The block then performs a
cal l to the subroutine (MAPSYM) to generate the desired symbology.
The choice of symbology is a user input.

(5) Block 600 - Print—out Maps. This block prints out the
map displ ays. The print-out function is activated six times, one
fcr each map displ ay.

H 
g. Block 700 - Print-out Track Intercept Sumary. This block

prints—out the details of the track i ntercepts computed by the
subroutines called by Block 300. The data are presented in track
segment order. In addition , the block makes a calculation of the
cumulative number of missiles (not launchers ) commi tted to inter-
cept on the track up to each intercept point.

• h. Block 800 — Process Suppression Estimates. This block
makes a cal l to the subroutine ADSEST. This subroutine cal cula~es
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and displays the estimate of air defense suppression. The esti-
mate is calculated in the form of trade-of-f. The calculation de—-

— tennines the number of suppression aircraft (of a specific mix )
needed to clear access to various percentages of the target array.
The subroutine computes the percentages of the target array twice,
using two separate measures of the target array. One measure is a
simple count of the number of targets in the array. The other
measure weights each target by Its distance down the raid track
and sums these val ues as a weighted count of the target array.
The subroutine then displays the two separate sets of trade—off
data, corresponding to the two definitions of the target array.

3—3. PROGRAM CODE LISTING. A listing of the program code is
shown In Appendix A. The code executes on a COC 6600.

3-4. PROGRAM DATA LISTING. A listing of the model Inputs used to
generate the di splays appearing as figures In this report is shown
in Appendix B.

3—5 . JOB DAY FILE. The machine utilization (COC 6600) associ ated
wi th compilation and execution of the program to produce the out-
puts Illustrated in this report Is summarized in the job day file
shown in Figure 3—2.
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- Mr. sco et ~.*s. RELE,5E4 s 03/OS/u-
13.30 -*5.C0JjC45 r.on~ ,.1
13.30.45.IPR 00005568 Wo RDS — r h o  IUPUT • oc no

Ii 13.30.45.COJJC.T24 CONMELLY -)3.3O.45.T*Sl(ttNCO795O5,~ W•.•~•.TRt5) CONPIELLY
-

• 13.30.47.FTh.
13.31,36. 5.655 CP SECONDS COWPIIAT ION T IM E
13.31.31.LG0.
13.31.43. CM LWA .1 .100630P. LOAOE I USED 113300R
13.31.49. STOP -
13.31.49. 2.030 CP SECONDS E?ECI’TION TIME

00013120 WORDS — FILE OUTPUT • DC 40
I3 31.49.MS _ 14336 WORDS I ?SOAR MAX
13.31.49.FL 100100 WORDS MARIMU” CORE UTILIZED• 13.31 .49.CPA 0.494 SEC. .154 S CR
13.31.49.10 4.459 SEC. .098 S 10
13.31.49 CM 192.91R KUS . .642 9
13.31 .69.55 MA INFRA M E CHARGES 1.496 TOT.
13.31.49. ~ • ~ ‘ NOTE • ~
13.31.49.CH*RGES FOR CARDS RE AD/~’UNCHEO AND
13.31 .49.LIM(S PRTD NOT INCLUOEO. *00 01.00 FO~

• 13 31.49.EACH TAPE/DISK MOUNTED. MIN CHARGE Of
13.31.49.85.00 APPlIES TO CENTROL SITE BATCH.

• 13.31 .49.ANO 11.00 10 REMOTE BATC14.
P 13.3I.49 PP 20.296 SEC. DATE 03/31/Ti

13.31.49.EJ END Of JOe, *7

I

Figure 3-2. Job Day File
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CHAPTER 4 
—

MODEL REFINEMENT

4’l. INTRODUCTION. Model devel opment tends to become a seif—gen—
crating activity. Experience with the design and use of the model
continually generates ideas for refinements which appear to have
merit and deserve impl ementation. The present model Is no excep—
tion. However, a cut—off in development at the present level of
capability, which provides a basic tool for HIMAD studies, Is
appropriate. For the record, then , several refInements are pro
posed to enhance the present capability and to include the contri-
bution of the other elements of air defense, namely SHORAD and
counterair. These refinements are discussed in the followi ng
paragraphs.

4 2 .  ENHANCED COVERAGE DISPLAY . a. Proposal. The HIMAD Unit
Coverage display (Figure 2—6) and HIMAD Launcher Coverage displ ay
(Figure 2-7) as presently produced by the model provide numeric
and alpha val ues, respectively, In each cel l of the di splay to
ind icate the level of coverage achieved. This requi res a cel l—by—
cel l inspection of the displ ay to comprehend the information In
all its detail. It is proposed to preprocess the coverage infor—
matlon and present a displ ay shaded to various degrees, to reflect
the various coverage levels. This will provide a more readily
interpretable displ ay and more clearly indicate the variability in
the defense posture.

b. Criti que. The change i nvolves the use of a printer line—
feed hold command which will permit more than one symbol to be
printed per displ ay cell. The number and type of symbols per cell
is chosen to produce a filling of the cel l space wi th character
strikes , which is visual ly sensed as a darkening of the cell. The

• effect -Is graduated so that the shading reflects operationally
significant increments in the defense. Some experimentation with

• 
• the shading effect will be needed, but the technique is well un-

derstood and available for applicati on.

4—3. SIMPL1FIED RAID TRACK SPECIFICATION, a. Proposal. As pre—
sently structured, the model requires the user tö complitely spec..
ify each point along the track. This i nvol ves determining the end
points for each segment of the main track and each spur track. It
also requires specification of the track segments included for
contint!i ty (i.e., setting the 11backtrack” Indicator). A substan—
tial simpl ification in this procedure coul d be achieved by limi t-
ing the user Input requi rement to specification of the main track,
combined wi th a specification of the targets to be attacked. The
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• targets woul d be identified by target reference number In the
order in which they are to be attacked. This technique ~~uld
eliminate most of the specification of track point X and V coordi’nates required by the present specification scheme.

b. Critique. There are several implementation al ternatives
associated wi th this proposal . In order of increasing complexity
they are:

(1) Al ternatIve 1. User adds to the target identification
the number of the main track segment and the X (or Y ) coordinate
of the point on this segment from which the raid aircraft turn—off
to attack the target. The X (or Y) coordinate Is then used in
conjunction with the slope of the segment to compute the corre-
sponding V (or X) coordinate. This turn—off coordinate pair, In
conjunction with the coordinate pair of the target, define the
spur to the target, and provide the information necessary to set
the continuity indicator for the back—track segment.

(2) Al ternative 2. User adds to the target identification
the main track segment from which the raid aircraft turn—off to
the target. In this alternative, the point of turn—off from the
segment Is selected by the model using a turn off point algorithm.
This establishes the point of turn—off from the main track, and
the calculations proceed as in Al ternative 1.

(3) Alternative 3. User specifies the targets in order.
The model then uses a track number algorithm to sel ect the par—

• ticul ar track segment for turn—off and a turn—off point algorithm
to select the point of turn—off from this segment. The calcula-
tions then proceed as in Al ternative 1.

4—4. RAID SORTIE SPECIFICATION, a. Proposal. The model in itt.
present form assumes a mass raid (target rich) environment and

• allocates all available mi ssiles to each intercept opportunity.
There is no need to maintain unit—by—unit missile availability
counts since each engagement is assumed to total ly deplete the
missile stocks as far as the raid in progress is concerned. There
may be situations however , where this assumption resul ts In Un—

• realistical ly large numbers of missiles being committed to the
• protection of targets. It Is proposed therefore to modify the

model to specifiy the number of raid aircraft sorties per target
• and thereby more real istically model the number of missiles com-

mi tted per intercept opportunity.

• b. Critique. There are a number of ways of mechanizi ng this
lim itation, two of which will be indicated.
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(1) Alternative 1. User specifies the number of raid air-

craft sorties for each target. The model compares this number
wi th the number of missiles available for intercept and chooses
the lesser number as the quanti ty summed into the count of mis”
siles expended.

(2) Al ternative 2. User specifies a table of the number of
raid aircraft sorties by target type. The table val ue Is then

• 

* 
automatically appl ied by type to each target in the array and the
calcu1ations proceed as in Alternative 1.

4’.5. ITERATIVE CAPABILITY. a. Proposal. As presently struc-
tured, the model accepts one set of user Inputs at a time, and

• presents the resul ts for this input. A substantial increase in
flexibility coul d be achieved by making provision for multiple
sets of i nput data and mu l t i p le outputs. Included in these out—
puts would be one or more summaries of the data across the set of• all inputs. Such summaries would expedi te the parametrIc analysis
and provide compact records of the resul ts.

b. Critique. The changes i nvol ved are minimal , but questions
arise regarding selection of the variations in input which would
be most appropriate to the users needs. That Is to say the Inputs
to be considered and the order of their consideration is not
readily apparent. To provide a generalized input set capability

• would be possible but woul d involve development of an input sped-
fication language of substantial proportions. Al ternately, the

• model coul d automatically carry out parametric variations of a
• single set of user inputs. It woul d appear to be better to wait

on a period of working level experience wi th the model . This
woul d give insight into the preferred sequences for variation of
the input parameters and preferred formats for displ ay of the re-
sults across families of variations.

4—6. TARGET UTILITY MEASURES. a. Proposal. The present model
generates a HII4AD—Suppresslon Estimate (paragraph 2’3.d(2)). This
displ ay provides trade—off data between number of air defense sup-
pression ai rcraft and targets accessed by suppressing the defense.
Two basic measures of the targets are provided in setting—up this
trade-off. One measure counts the number of targets and works
wi th percentages of this count in the calculation of the number of
suppression aircraft requi red. The other measure weighs each tar—
get by its distance down the track and works wi th percentages of
the sum of these target-distance products In the cal cul ation of
the number of suppression aircraft. The proposal would replace
both these measures by a user specified utili ty for each target or

: type of target. The required suppression assets could then be
calcula ted using the sum of the target utilities.
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b. Critique. The concept of utility Is well understood In
principal , but consistently hard to apply in practice. There Is
reluctance to do much more than partition entities Into those

-
~~ which have priori ty and those which do not have priority.

47• INTERACTIVE GRAPHICS. a. Proposal. Both the logical
• structure and projected mode of usage of the model are compatible

with operation of the model from a graphics terminal. It is pro—
posed therefore, in the l ong term, that the model be adapted for
use with an interactive graphics terminal .

b. Critia.~~ Such an interactive capabil ity would substan”
tially expedite the assessment process by putting the user in more
direct contact wi th the assessment process. The user would be
able to choose any aspect of the assessment process, which the
immediately prior resul ts suggest as being the most fruitful ave-
nue for further investigation. To implement this capability it
woul d be necessary to develop an Interface package which would
pass commands for model outputs from the terminal to the model and
route graphics commands corresponding to the model outputs to the
terminal for displ ay. The reproduction facili ty associated wi th
the terminal coul d be used to provide hard copy documentation of
terminal displ ays , as desired.

4”’8. COUNTERAIR ASSESSMENT. a. Proposal. The present model
excludes consideration of the contribution of counterair to the
regional air defense. In the present calculation, air defense
suppression aircraft proceed against the HIMAD units without expe

• riencing any opposition from counterair. It is proposed to intro ’
duce an analytical representation of counterair as an attri tion
factor against suppression aircraft.

b. Critique. The inclusion of counterair will introduce con
slderation of ground controlled intercept and air engagement tac-
tics into the devel opment of the model inputs. This could be a
substantial conceptual undertaki ng and may or may not be reducible
to relatively simpl e computational procedures. Work has been done
by Project Successor (Redstone Arsenal , Huntsville, AL) on a
stand-alone model for assessment of counterair attrition, but no
evaluation of its contribution in the context of this proposal has
been made.

4—9. SHORAD ASSESSMENT. a. Proposal. The present model does
not consider the contribution of SHORAD. It is proposed to intro—
duce an analytical representati on of SHORAD as an attrition factor
against the suppression aircraft.
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b. Cri tique. The Inclusion of SHORAD, as it functional ly
complements the HIMAD, is a logical extension of the air defense -

assessment capability provided by the model • A deterministic for—
mulation of the play, could be derived from the results of exist—
ing COMO simulations.
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APPENDIX A

PROGRAM CODE LISTING

p~oos.i. oi.s *p t .#i~ opv.i rn~ ..a..z. •,,at,n 13.31.47

1 POOGRAM RTA MK2 I 1V U1.OuTPUTI
C
C •............•........................•...•.....

• C SLOCK 000 — D(CLAOE VARI*IL~ S
S C ..t.fl......s..t..........4....•t.t...•...e..e..

C
DIIE GE S AOICPI6O)
DIME N SION *DJPTL(60)
DIMENSION *0P1169.21

• 10 DI M ENSIO N 4001(2)
IPITEGEP
IM’EO~ P *0WK0160)
O IMENs I ON *U*I100.50)
DIME NCION 421 160)

15 DIMENSION *20 (60) -DIMENS I ON 41C1*N 460) .
DIME NS I ON *51t(101.50)
1’)TEGEP 1051120) ,00Y1120) .ep*2 (20).epy !121)
I”TEGE’ 1175K140) •20 INTEGER CU ISL (60)
IPCT EGE ° 0007(7)
IP9TEGE D ICP*D(60)
DI,.ENSION I CPO ST(60)
DIMENSION IU*lt00.S0)

25 DIMEN S I ON f S l t t u I O O . 5 0 )
PEIL 527(2,50)

• • DIMENSION P4IU C43~DI M EN SION ‘4 )0(60)
REM. NUN O(10 )

30 DI ME NSION PPfl70 3)
DIMENSION P7L160) 

-DIME N SION P1LCHG(60 )
DIME NSION RNGI6 O) -INTEGD RN GII3 .4)

35 1’.lEGE 56*0(40)
IP TE GEM 564)0(40) -DIMENSION 5001(40.2)
DI M EN SION SGSUM(40)
DI MENS I ON SLOPE (40)

40 INTEGE R SYMSELI6.4)
INT EG E R 76*0*460)
IN TEG ER TGT 1P(60)
D IMENSION TGP T(20 p2 )
DI MENS I ON 16410(40)

45 D IM ENSION 1077140!
P INTEGF ~ TPT G I4O )

DI M ENS I ON TYP1 Gi 112.2)
0I~ ENSION 170*0*44)
DIME NSION TYP O ( 2 )

50 INTEGER TNPLTI2O ,20)
I’ITEGE S VITSEG (40)
INTEGER WPNR ( 2 )
DIMENS I ON W000(2)

A-i
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010GE~~ •T~~~ P ~~~~~~ OPT.I ~~~ *.ê’421 03/31/77 13.31.47

DIMENSION 71CR (40)
55 DIMENSION XI (601

DIMENSI ON 71(60)
• IN TEG E R XSCLI6 )

C -INTEGE P *Dt.YOT.ENDSET .TNPLTV ,SECTLO.SECTHI.*O.Y0.
40 A

-
~~~ C

0I~~* 4410(5 ,1445,1$4t.D42.lH3,)b44 .144S,1I46,1H7.ItPS,1KS/
DA TA SLANK / IH /

I- ’ DATA 641U.AR /)Il$/
45 DATA PPC US /l$4./

bATA ~pINT
0*1* TYPAD #14(4,1)84/

C
CALL 0*TE)* DAtt )

70 C
NSI TES.NTPTS.NSGMTSANtOTS’4(5PT5AN*PN~~ NI CP.M3S7.NNSL.IEL*0.0

C
DO 20 ‘1.2
DC, 20

75 KFY (l.J)IRLANC
20 C PCI IMIE
C

00 *0 I I.6~401C011).0
$0

*0 C MTIII4IE
C

DO 60
VRTS(G(I)~ 0

05 60 C NTIM~
C
C •... ......t...... .....•...•.....M.•..a *Ie•••• ~~~e•••••••t U••t••R••ø•e
C SLOCS ISO — REA D—IN NO01L CONTROL D*I*
C

40 C -C READ — I” TOT TYPES. -
PEsO I00,(~ TYPTG T1 l.J l.1 t.2l.I .1.12l

100 RONMAT (9K.12(3X.2*1,Ik) )
C RE AD—I N AREA TYPES. - - -

45 RE aD *05.(?Y PIRA(II, I.I.4P
105 F004IAT (15.4(45.41))
c READ—lw PRIWIU TYPES ~t84 04)84(117(0 INTERCEPT 084(01 DAlI.

• 00 120 I ’l.3 -• READ 1IO,PacTYPII).)RNDy4I.J),J.t,3)
100 11$ P0041*? 112X.A3 ,3 (3 1 . I2 ) )

120 C
C lEAD—IN *1044* TO NIR~~RI(~ CONVERSSON TABLE USED ~It 4( AU4R—OUTPUT .

REAOI3O.( (KE?(S.J) ,I~ l,2).J.1.I7)130 P000*1 (55.17(11,A2 ,l2))
115 C READ— IN AU I NTERCEPT SECTOR TE*LA?E.

00 140

A-2
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PROGRAM 074552 7~/74 OPT-I FIN 4.6.420 03)31/lI 13.30.47

R EAD 13 5, (TMO Lfl I . J i ,J .j ,211
135 P01)1*? (170.2012)
(40

N 110 C READ—IN POINTS DEF ININ G DIVISION.  CORPS , *484 lEAR AREA SO(PI DAR IES
01) (55 1.1.30 -REA D 150.ENO5ET. R 0 5 I ( I ) . R P Y I U ) . 0 P 5 2 ( I ) . I O T 2 U

150 FOR MAT (25. 12.4(7X.13 ) )
IF I ENOSET.EO.99 1 GO 10 161

(I S
155 C NIlME
c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• C R&OCK (60 — RE AD—IN USER DATA • .. . ...... ... ... ... ....... ... .. .fl. .. .......n .....
( 20 C READ—IN ANALYSIS PARAMETERS. -160 REaD (43.PQPSEL,TTLAC,(MIXAC(I,,I.1,3)

183 FORMAT 4195.I2 .4(9*.I31)
00 165 I~ I.2 -READ 164 .W PNRU).*PPRII) 4*DPR( t )

12S 14.4 P010*? )19*.1).2195.F5.3 )
IF’S C NTI ’VCE
C READ—I N 4(A~SCALE DATA.REID 164.ALO.7L~

• ( 46  EC’RMAT (35,Z(65,I3 )
• • 130 C (51*0111)4 I—SCALE VALUES POP MAP DISP LAYS.
• 00 147 1.1.6

*5(1(1) .410/100. (1—1)
• - 167 C- NTIN! ’ IE

C CDNP UTF UPPER VALUE FOR V—SCAL E.
(35 Y~ :•YLO•250 -C READ—IN O~1IONAL DISPLAY5 REQUIRED.REA D 170.(DOPT( ~~~, I *1.7)

• 170 FORMAT (1195.11))
C READ—IN SF) ECT ION OF SYSOOL INEOSN*,T 1ON TO APPEAR IN )4AP DISPLAYS.

• - 140 DO 173 1.1.6 
-

172. ISYNSEI II,J) .J.1.4)
172 P004157 (4(95,11)1

- I 173 CO.~TIN.E 
-C EAO~ I.~ INO IVIDUAL AD Slit DATA .-

- 145 DO 140 1.1.100• READ 175. ENDSET. (AO01(I .J).J.l,2).AOARA(Il.
A PTL( IhNLNRPI )

( 75 FO R M AT (25.I2.1* ,F5.I45*.F5.1.ll*.Il,R*.FS.1.65,I1)
IF (E PIOSET.EO.99) GO TO 115

150
(O R C •‘T IN) IE
C RE A D — I N  I ND IVIDUAL T GT DATA .
105 00 195 1.1.100 

- -READ (90. ENO SET, I T G P T I I . J . J . ) , 2 ) . l G t y P l l ) . I G A R $ ( I )
• 155 190 FORMA T 125 . )2,7 5 ,F %.1 .5K. F 5. 1 .95 .12 .$I .111

IF (E ND SE T .EO.99 60 10 200
NiOTS.NTGTS.I

• 195 C NTIN’IE
C READ—IN POINTS WH ICH DIV IDE TRACK INTO LINE SEGMENTS .

— — —
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PROGRAM 07*012 74/14 OPT I FIN 4.6.421 •3~ 3(/77 13.31.47

160 200 00 210 1.1,100 •
0F40 205,END SCT,(500I(I.J) .J.1.2) .BKTRN(I ) .I0010 (I ) .

A T GT Y ( I )
205 FORMAT I 2 X, I2 . ? ) I ,? ( 5 5 .F 5 . I , ) . I X . I I . 2 ( S 5 . A 2 ) )

IF (ENOSET.EG.99 ) 00 TO 215
(65 NTP IS.N? PT S.l

210 C ‘T I M E
C F1STAOL I SM I NDE X P00 NUIIIER OP TRICK SEGMENTS.
2(5 NSOII TS.NTPTS—l

C UT INI E
170 C 

•4 
C BLOCK 250 — PR INT—OU T OPTIONAL DISPLAYS (INPUT DAY S) AS 0100 ... 
C

175 C TEST IF AM Y OPTIONAL DISP L AYS HAVE BEEN REOIESTEO .
00 250 1.1.5

M0cY .NO SY’DODT I I I
250 C # T I N I I E

IF INOS T .EO.0)  00 TO 300
(0 0 C

CA) I D’YOPT (ADAT(.PRPT YP.MNGT .YNPLY .YGPY.05 100,?64(0.
A TVP T GT • TYPABA.PRFSEL.AOPT.AOAI*.
8 OIL .14MB, 1140 .NS I TES.NTG?S.N DPT S*TG1Y,
C TG TYP .TGAR A .Doc? .SYNSEL.SGPT,NTPTS.

lOS 0 )IPII I.RPY).0P02 .OPY2)
C

• ..... . .. ... .... ..........n... ..... .. .

C P LDC K 300 — COMPUTE TRACK IN TCRCEP7S
190 C • .. . 

• C -300 CAL L T U K I CP (RKTR k ,P4 S 1T ES .VRT SEG ,AOP7 .SL0PE . TI~ P.
A RY4G, *ZI ,ARCTSN,AOICP,XI .71

- • B RNGT,PRFSEL .*OARA.SGPtI
145 CALL ‘C TPTL I AZI .PTL .A 20.PI LC ~IG.AOJP?L ,’4.)0.ADWKD.

A ADICP .ARCTAN.NSIT (S.ADPT .XI,YI) -
CALL ICPCNY IADWKO .SGAO,SGLNP ,NSGMTS .NSITES,NLNG)

C
C BLOCK 400 — CONTROL NAP GENCRAT ION

200 C
C EST*0L ISN (NOE S FOR MAP COUNT .
400
C CLEAR INT EG ER AND CHA R ACTER MAP ARRAYS TO INITIAL VALUES.

DO 4(0 1.1.100
203 DI’ 4)0 J~t.30I L H Q ) I .J ) . I

ALNQ( I .JI)0LANG
I S I T I ) I . J ) . 0
ASVT(I.J).IL A40

2 (0  4( 0  C OT IMPE
C ROUTE M AP PRC~CSSIN 1.

00 10 1501.500.425,425 .4651’4651 N0P’O

A-4
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PROGRAM P TA MI 2 74/74 OPTUI PTN 4.6.420 03/31,77 13.30.47

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .... .. ... .n... ..fl ... ..n.. ......fl. o•*•..*

C BL OCK 825 — LOAD MAPS I SECTOR COVERAG E
215 C

C (.080 60 SI TES ONE —BY—ONE .
425 OF) 4*2 I.I.NSITES
C (STAR) 15)4 INDE S FOR TENPL *IE TRANSFER 080(01.
430 PQ.RF4GflPRF 51L.ADARA (I) (/5

220 C QUANI I IE AD SITE C0000INAT ES IN TO 51114 CELL C0000INAItS FOB USE
C IN ILN Q— ARRAY. -SO. IA O P 1 I I . I I . ~0LD I /5  .1

Y0.IY#II—ADPT (I,211/5.1 -
C COMPUTE COORDINATE S OF REFERENCE POINT IN 1140—ARRAY -

225 C AS 04.401)4 FOR TRANSFER OP SITE INTERCEPT SECTOR FROM TEMPLATE TO
C A RRAY.

ADT.XQ—RQ
707.70—GO

C OUANT I’C P71 0? AD SITE INTO 22.5 DEG INTERVALS FOB USE W IT H
230 C INT E RC E PT SECTOR TEMPl ATE .

AQRTL .PTP_ (I)
PT (Q~AOPfl. /22.971 -

C IDENTIFY I,.OICIES OF SECTORS TO BE RE AD FROM TEMPLATE OASEO ON
C A7IMU TH OF QUANT I7ED OTt .

235 SECTLO.PTLO
S€rTHI.PTLO.3

C ESTA B LISH) I)4ITS FOR TEMPLATE SCAM.
N 1.11—00
N2.0Q.I0

240 C TRAN S ER SITE INTERCEPT SECTOR FROM TEMPLATE TO 11MB—ARRAY
C *440 ISITE— ARRA Y.

DO 46) J*NI .N2
YJT YQT .J—l
IF YJT.LT .1 .O4..YJT.GT.S0 I GO TO 461

245 DO 460 K .NI.N 2
5KT~XGT*R— 1
1F (SKT .LT.1 .OQ.BKT .Gi, I00) - 00 TO 469
IF 4PTLO .G1 ,14 .AND.TMPLT (J .K).LC.3) • GO TO 450
IF (TMPLT (J ,l4 ( .GE.SECTLO .AND.TMPST(J .Kl .LE.SECfl(Il

250 A - 00 T0 440
GO TO 460

450 I~ ITMPLT (J,K).EQ.0 I GO TO 460
T$PL7y.TMPLT(J,K).*6
IF (TMPLTV .GE .SECTLO.ANO.TMPLTV •LE .SECTHII

253 A 60 10 440

- - 
OC TO 4 O

*40 1LM8(XKT.Y J t ) f IL HR(B KT. T J TI*N L HR4I )
ISITEIXKT ,YJ T) .ISITE(0 5T,Y.IT)•l

• 460 C ‘ITIN IPE
240 461 C “T IN )I E

• 462 C N YIN U E
00 TO 473

C •.... ~~•... -
C BLOCK 465 - LOAD MAPS ) INTERCEPT COUNTS

265 n.. *...... .... .n.. ~~~~~~~~~~~
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P9000*14 PTAMK 2 74/74 OPt.1 FiTS 4.4*420 03/31~ 77 13.30.47

463 Do *79 I .I.NSGM T S
C INSERT INTERCEPT COUNTS INTO AL40~ ARR AY AND A SITE —A R R O Y S.

*SGAV .)SGPT (1.I,11.SGPT(I.1l )fl.0.S• YSO AV .) SGP T I I . I . 2 ) . S G P T ) I . 2 l  )/2*0.S
27)1 C

5Q. ) SS GA V—X1OI/5 . 1
YO.IYHI—YSGAV)/5 .l

C -
J .I G A D ) l ) / J 0 . I

275 IF (J .E0.1) • 00 70 466
• ASIT)B0—l,YOI*4(UM0IJ)

C
466 K.SGAD (l).1—10•(J—l)

IF (J.E0.I.AND.K.EQ.l) GO TO 467
• 750 ASIT (50.Y0)80RJMB(MI

- C -
46? J ’GLMe(Il/lI .I -

IF (J .E0.~~ ) GO TO 460
A&I4 R 4X O~ I .YOlMBU N S( JI

2e5 C
460 K SGt .H 0 ( I l . 1 — l 0 ~~4J — 1)

~~~ IF ) J .E Q . l . A N O . K . E Q . l )  GO TO *70
• ALNR ( SQ,Y0 ) .MPlS(Kl

470 C NT IN)’E B GO TO 500
290 C ~fl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C BLOCK 415 — 10*0 MOPS ) BLAMP CELLS• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- C TRANSL YTE NUMERIC VALUE OF CELLS IN ILNR ARRAY TO CHARACTERS
C AND INSERT IN C000ESPOND I NG CELLS OF ALH R—ARRIY. •

295 475 DII 400 1.1.100
( 00 4411 .1.1.50

IF IILHI(l,J1 .EQ.OI GO TO 400
N.ILMR(I, J)
IF IN—IS ) 410,475,47?

300 407 ALIIPII.J).KEY (3.16)
- • GO TO SRO

~~~ 

474 ALI~R (I.J).KEy)I,N)400 C •I TIMIE
C TRAN SL iTE~~UMER(C VAL JE OF CELLS (N ISITE—A000Y TO cHARACTERS

7 305 C AND IM ’ERT IN COBPES004SOING CELLS Of ASIT—AR RAY. •
• 00 49’ (.1.100

0” ~95 .1.1.50
- • IF (ISITE(I.JI .EO.0I GO TO 4915

N.ISITE (I.J).I
- 

• 3(0 IF lN—10( 6914.444,4913
493 AV I T SI .J1 .Pt US

00 70 490
• 494 ASIT(1.J).NUMOIN) 

-
•

493 C

~15 C
C ...... ... .... fl ... ..... ...... .... ..... .... ...... ...... ...

• C RLOCK 500 — LOAD MAPS , SYM0OLOGY
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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PROGRA M D1IMK2 74~ 74 OPT.l FiN 4.6.420 03/31171 13.30.47

C - -
320 300 CALL MIP5YM (SYNSEL,MAPNR.N5(r(S .NTGTS,NePT5,MTPYS.

A N)IMR.DOLLAR,000NI.RLANK,TGTY,*LD.YI4I.ALHR.*SIT ,
O ADPI,TYPAO .SGPT .TGPT.TYPIGT,ADVKD ,TGTY ~.C RPXI.BPYI,0 P12,0RY24

C
375 C

C BLOCK 600 — POINT—OUT MAPS
r •.n..... .. . 
C
600 IF )MIPNO.EO.4.OR .WAPNP.EQ.6) GO TO 655

330 C POINT OUT £517—ARRAY.
PRINT 610.MAPN R , AD ATE.PRFTYP (PRFS (L)

6(0 FORMAT )lHl.lQA.~MOCA—SMS .,43X..RT A— ..1I.
- • A • OUTPUT•,400.AIO/62*..PQFSEL.’.*31/l

PRINT 630.(XSCL(I) ,I.1.61
- • 335 830 FORMA T )13*.51I2.181l.I2/l4X.

A 5(e0 1 2 3 4 5 6 1 0 9 .)..O.,145,50,.05.),.OA)
00 6511 .1.1,50

NP.YI-I I —S 4 .1—1 )
PRINT 640. )ASIT (l.J).t.1.100).NR

340 640 FORMAT 1141 .IOOAL.1 3)
650 C ‘-ITIAILIE

PRINT 605.710
GO TO 400

C PRINT OUT LIMB ARRA Y .
345 455 POINT A 6R.M*PNB . ADA TE,PRF TYPIPRFSEL I

660 FOPMAT (1HI.102. ’M0CA— SMS.,43X.~R1A— ..T1.
* • OUTPUT’.402.A10,6211..PRFSEL.’

• PRINT 670.(XSCLII)•I.1 .6)
610 FORMAT (13*.5I121101)1I2.

350 A
• B S)•0 I 2 3 4 5 6 7 0 9 .)..0.,I40.50(.O5~l..0.)00 69’ .1.1.50

N3.YHI— S’IJ— ll -
PP)NT 6A0.IALHRII,J),1.1.IOGI,NR.(KEY (I.JI.I.1,21

6*0
690 C JT IN’IE

P~ 4NT 603,710
ABS FORMAT (1141.13)

IF IMA PI4R .LT.6) GO TO 400
360 C

L C
C ALOC K 700 — P R INT — OUT TRACK INTERCEPT SUMMARY
C ... fl ..... t 

363 POINT 700.ADATE.POFTYP)PRFSEL)
700 ffl RMAT4INI .I0l .~ M0CA—SM5 ’.431.•RtA— 7 OUTPU TS ,40I.AIO/

A 620.~PRFSEL.~.A3//)- P0IN~ 7(0710 FORMAT (10.’NR•,1Z..TGN R.,I$.~ TGT Y .21,
310 4 ‘SGMT A .30 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
• B ‘YS~ .60.AR~,5X.

• 
- - A-7

0 
• • • •
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CAA-TP—77—5

P000P*M PTA MK Z 74/74 007.1 F I N 4,6.420 03,3(171 j3 .31,47

C .AR C T &MP.4I , •A? I~~,5B, A2D’.3*,
0 .,YLCHS.,20. .ADJP TL. .IB, .$I HR . , IX. .CWWIS l./ /)

00 700 I.l.NSOMTS
375 DO 17)’ J 1.NSIT ES

IF IADWKDIJI.NE.II GO TO 770
• NI CP .MI CP. I

NVS L .$SISL .4.I&l0 (.11
PRINT 759.NICP,TG*44I1 .11 .TGTYII.1I.I .1.1.J,

3A0 I SlOPE (AOWICD IJP).YICPIAOMMDIJII . )A0PTIJ.Ll.L.1.21,
B RNGIJ ),*IlJP.Y1I.~l.PTL)J) .ABCTAN ( Jl,
C *ZI)J I.AZ0IJl. PTLCHG,J I.AOJPTL) J ldB. A* IJ ) .
o MASt.

• 750 FORMAT )20,I2.lB,*2.3X ,A0.3X .I2.~ —~ • 12.2) .12.20.
385 A

O
£ FLAG . 1

170 C I -T I.~I.E
IF IIPtAG.EQ.S) 00 TO 700

3910 PRINT 775
- 

- 175 FORMAT I/I
lEt

iRK C I,TINIE
C ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(95 C BLOCS 000 — PROCE SS SUPPRESSION E S T I M A T E
C ~• 0 

CM ). ~DSEST )Ml1 *C .SGPT. L000,V0PP.WPAO .ITL*C.ACMPO,
A TGTY .NSITES .NSGMIS.AOATE.PaFIYP.OIF SEL .SGAO.IKYRM )

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •• fl•*•tt•tfl ••*••• St•fl •.•.

400 KSO C NT IIA JC
STOP
(NO

A-8
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CAA-TP-77-5

3)JPROUIINE DSYOPT 74/74 001.1 FT’S 4.6.420 O3#31/7? jJ.3 .41

I C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
3UAR 0 TINE OSYOPT IADATE .PRFTYP ,0MGT ,TMPLT ,TGPT,OKTRIC,TGA .

A T,PTOT.TSPARA .PRFSE(.,*DPT,ADAR*. -B PTL ,N LMR . IL MB,N SI T ES .NT G TS.NRPTS.TG TY,
S C TGTYP.TGARA,000T,SYMSEI. .SGPT.NTPTS.

0 BPBI.BPYI .0002.BPY2) 

DI”ENS TON PRFTYPI3~ ,TGPTI20,2) .TYPTGTII2 . ),TYPARAI4), 
-A *001(60.2) .PT LI 6O ) .SGP T (40,2) .TG40140) .TGTY A4)

LU INTEGER RNGTI 3 .4),TMPI_7420,75) ,NU-l4.160) . 
-A 1140(100,50) .TGTYP(601 .TGAR*l60) .T.A.DOPTVfl .

8 SYM5EL(6.8) .AOABAI6O).0KT9K180),
C GPXS (201,BPYS 420) ,B00242$).!072120)

C IDENTIFY 0 TIONAL DISPLAYS TO 0€ PPINTEO—OUT.
15 00’ 120 100.!,?

IF (009T(l001 Jlt .I) GO TO 000
Go TO ( 150.170,179,300.400.500.6001 160

I 10 C ‘I T INIIE
— 120 C “TI F U E

20 RF TU RN

• C PRINT—OUT IUA 11ITIZE0 INTERCEPT RANGE DATA.
150 PRINT 160,ADAT! - • -160 F 0RMA T I 1 I - 4 3 , I O X , .M0 CA— SKS. .430. PR TA~O OUTPUT• •400,Al0#Fl

25 PRINT 162 • -162 FORMAT )4(/I,44B..~PFTYP~.90.’D.~9*..C..9*..R..2(/ll00 169 1.1.3
PAIN T 165,PPP iYP)I).(BNGT)1,J),J.(.3)• 163 FORMAT )450,83.20.3(01.12)//)

30 169 CONTINUE
GO TO (00

C P0111 )1—01)1 INTERCEPT SECTOR TEMPLATE.
ITO OPIN T l71.AOATE
171 - EORMA T)I441.iOX. .MOCA_SMS ..431,.RTA_E OUT’UT ’ .400.A1D,

35 8 10 4 / ) )
DO 173 1.1,20• PR INT I? ?,  ) T N P L T ( 1 , J ) . J I .20 )

177 FORMAT 1 4-00, 75) 12.1 l) )
175 C

• 40 00 TI) 100
C pB~11i T_ t)~ T TOT OAOI.
119 PR INT 180 .ADATE
(00 F T R M A T ) IH I .100 . ..OCA—SMS. ,43*,.BTA—0 OUTPUT • ,400,A lO//

• P EI N T LOS -45 IRS FORMA T 5oA. .s*..6x. .x. .6o, .Y.,5x. .TYpt. .2B, .AaE8..~~I / p )• 0’) 195 I~ l.NTGTS
T . T G T T P ) I (
8.76*5*)!)
P R I N T  190. I . ( T O P T I I .J l  .J~l.2) .I TYP TGTIT .J) , J .L,2) ,

SO A T Y P A R A ) A I
1110 FO R MAT I4 9k .~ TG• . 12.2X.2)2* .F5.l).40.2A1.40.AI )• 195 C - T I N U E

00 10 100

A-9
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CM- TP-77-5

SUPR OUTI NE OSYOP T 14/74 001.1 FTN 4.6.420 03i31l77 t3.30.47

C P911141-OUT AD SITE DATA.
Li 55 300 PRINT 3I0,AOATE

310 FORMAT (1191 ,I 00, .MO CA— SMS ,430, .PT A—A OUTPUT• ,400.
A AI R/ / l

PRINT 315
315 FORMAT (50*, ANR. ,1B,S*5.6X, .Y . 5*.SAREA..

• 60 A 2*.’PTL~ .20, 0&HR’//)
00 330 I.1.NSITES

• • A.A DAP A II )
PRINT 320.I.4ADPT(l.J),J~~.2l,

A TYPARAIA I.PTL(El•.LHRII )
65 320 FORMAT (490,.A0.,I2.20,2(20.F5.11.40, AI,30,F5.1.3*.

A II)
330 C IITDR)E

- 00 70 100
• C P R INT — OUT TRACK SEGMENT POIN TS.

70 400 P INT 42G .AOATE
420 FOPMAT IIHI.I0*..MDCA—SMS’,430..RTA—C OUTPUT S .

• I 400.Al0.4(/) I
PRINT 440

440 FOIRNAT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~75 A 6A.~~TGNB• .1*. 0TG TY . 2 I / ) 4
DI) 44.11 t.L.MTPTS • -• PRINT 4 6 0 . I . ( S G P T I I . J I , J . 1 , 2 ) , 0 K T R K ( 1) , T G *4 I 1 , T G T T ( 1 1

460 FORMAT I420, STP. .1l. 12 .2(5*.PB.1) .9*.II.2 19*,A2) )
400 C ‘T1Nt lE

00 GO T0 101
C PR INT—OUT NAP SYMBOL SELECTI0+1~500 PRINT 510 .AOAT(
510 F ORMAT I I u 0 . 1 0 0 . .M OC A—SpSS ,430. SRT *— G OUTPUT ,

A 40 0 . A 1 G , 4 1 / l l
45 POINT 5211

520 FORMAT )440. ’MAPNR , 16*, .OATA SET //S4*,~UN1T5•.40,A •TGTS•
00 55* 1.1.6 • - •

POINT S40.I.ISYMSEL (I,J),$1,4)
— 90 540 FORMAT I460,II.1*.4100.IIl//)

550 C tTl*411E ;
IFI A0.0 -00 70 100

C PRINT—OMIT AREA BOUNOAPY LINES.
95 600 PRIN T 620 .ADAT E

624’ P00.4? IIHI.IOB..MOCA.-SMS.,43*..RTA—F OUTPUTS .
I 400.*I0.4(/))

PA INT 640 • • - -
640 rOR IA T I450.’NR..70..01..9*..Y1’.00,.*2.,A*,.Y2.,P(/ll

200 00 660 ( I.NOPYS - -PRIN T 650. I,BPKIIII .BPYIIII.0PX2(II .0PYEII(
650 FO R7A T I4 2*. •8S• .I0 ,1 2 .4I 7 *.13) I
460 CO’ ’lNt)F

GO TO IOO - -
103 CNn

A-b
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CAA-TP-77-5
4

SU0ROUTINT TP $IICP 74174 001.1 PON 4.6.420 03/31/7? 13.30.47

I C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SI ’PR O’ TI NE TR K ICP I4I K TR K ,NSI T C S.V RT5E6, AD0T .5LORC.Yl ~ P,

• A ~~~,AZ1,ARCTAN .AD~CP,XI.YI,N~~~TS,I 0 BNGT,PRFSEL .ADAPA. 59 ’T)
0 5 C

• INTE GER OKTR K 44OI. V RTSEG )40) . AD ( CP I AOI.
A RMGTS3 ,41.PAPSCL .ADARA (60) - -F DIMENSION ADPT (60,2I.SLOPE)40).YICPI4OI ,RNSI6OI.AZl (61).
A A RC T AN(60I .*I (6 0)  .Y I  140 1 .5007 140,21

20 C EBAMI NT EACH TRACK SEGMENT IN YUAN FOR INTERCEPTS.
• 0° 200 I.1.NSGMTS

C SET SEGMENT INTERCEPT FLAG TO ZERO. -
- C 7351 If SEGMENT POINTS DECLARED IS UNAVAI LA 0LE PCI INTERCEPT

C ANALYSIS. -
15 - 04’ (BKTRK(L .tI.EQ .II 00 TO 200

C FOP AV A IL A I.E POINTS. ESTABLISH FOR BOTH K AND Y WHICH VALUES
C ARE HI GH ER (SN. yI4 I AND WHICH YALUES ARE LOWER At. . TI.).

S.SGPT(I, lP
-- 

- 
• 9’SGPTOI.Z0
- 20 0P=SGPTII.1.II

YP=SGPT4I.1.21
IF Il—A PI 205,207,2(0

1 205
- I XL.$ -25 GO TO ZIS

C 511 FL%G TO INDICATE TRACK SEGMENT IS VERT ICAL .
• 207 VPTSEG(1).I

210 ow.*
I •

30 2 15 IF 47—VP) 220.225.225• 220 YHAYP
• 11 .7

- G0 T0 226
225 7$.?

• 33
226 IF )VOTSE G (11 . E0 . l l  - GO TO 250

- C C0MRUTF SLOPE AND V—INTERCEPT OF TR ACK LINE SEGMENTS.
• SL OPE ( I I . (Y P — YI ,400 — kI

711011) .7—SLOPE ) II
- 40 250 C NTIMIC
-

• C YES ? AD SITES TO FIND THOSE WHICH INTERSECT LIN E SEGMENT. EBCLUOE
• C SITES ‘4NICH HAVE BEEN II.RE IOT BEEN- C FOUND TO INTERSECT EARL I ER SEGMENTS.

00 270 J.1.NSIT7S
43 (F IAOICP(J) .NE .OI GO 10 270

0’.AOPT)J.I)
YS.AOPTIJ.2)

C ESTA BLIS H INTERCEPT RANGE FOR SITE.
IF )VRTSEG( II.EO.II GO TO 255

‘0 RNO)J). R44GT4PRFSEL,ADARA IJI ) :1
• 

- COMPUTE COEFFICIENTS OF QUAD IATIC EOUAT 1OM WHOSE SOLUTIONS ARE
INTERSECTIONS BETWEEN L I NE SEGMENT AND CIRCLE OF AD INTERCEPT

C ROUN OAR Y. FOR VERTICAL SE GME NTS (SLOP E I N F I N I T E ) ,  TRANSFER TO

I ~
-

- 

A l l  
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• CM-TP-77-5

SUBROUTI NE TOYICP 74/74 OPT.I YTN 4.6.420 03/31/7? 13.36.47

C SP E CI AL CAl CULATIO N.
35 A .) . S L O P E ( I I • 2 •

— 9. 2 .IBS—SLOPFII) .(VICPII)—Y Sl )
C.lS.2.)YICP(II—Y5l”2 .RMO (J)”2

C EVALUATE COEFF ICIENTS TO DE TERMI NE IF SOLUTION IS REAL (INTERSECT
C FOISTS) OP IMAGINARY (ND (MTEPSECTIO’lS). -•

60 Ic (4•A ~C.GT.PA•2) GO TO 210
C FOR 54*1 SOLUTION , COMPUTE INTERSECTION POINTS.

OlE .SQPT ( R Sf?—4 ~ A SC )
A l l . )  R . D E I / I 2 • A )
017.1 B—O€ )/(2~A )63 C FIND 111I!POECTIOIS NEAR E ST FIRST POINT OF SEGMENT (F OI ST INTER CEPT

C 0000R Y ’NUTY.
S I I D . X I I — B
*110.012—B

GO TO 252
70 U I I J ) . B I I

GO TO 253
232 ZT)J).012 

- •

253 Y I I J I . S L O O E ( I ) . A I ( J I . Y I C P ( I )
GO TO BR

75 C COMPUTE INTERSECTION POINTS FUR SPECIAL CASE OF A VERTICAL TRACK
C YEG MEN T .
255 IF IRNGIH•2.LT .IBS— *l• 2) GO TO 270

0 *11.11.8
80 DY .SORTIRNGIJI•.2—11S B) 2)

IF IS—YS ) 255.257.257
V I (J ) 08 OY
*7IIJP1IRB.0

• ADCTAN(JP1— 90.0
85 00 10 256

257 Y (IJ) 75•DY
0. 171

ARCTAM (J). 90.0 •
C TFST 10 F’ ABLISI4 IF INTERSEC T I ON LIES bETWEEN SEGMENT (NC POINTS

90 C (~D ON POPTIORI OF LINE WHICH EBTFI4DS BEYOND END POINTS.
230 IF (04(i) .GE.OL.AND.0I 4.1) .LE.XHI GO TO 239

GO TO 270
759 IF IY IIJ).GE .Y1..AND .YII4I.LE .YNI 2*0,270
C ‘Ft INr’ICATOR TO REC000 THAT OPPORTUNITY FOP INTERCEPT 07 SITE .1
F ON SEO”ENT I.
260 AI’TCP(J )SI
270 C TINJE
2PI) C N TIN UC

RE
100 (‘3

A-12
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CAA-TP-77-5
-f

SIJPBOUTINE TSTP TL 74/14 OPT.l F?N 4.1 420 03/31/7? 53.30.47

I C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
S(1000 -TI NE TSTPYL (*21 .P TL .A2D.PT1.CMG . AOJPTI., l0.Hp,

A ADWIID, AD I CP.ARC TAN,NS1T! S,AVRT.AI.YI )
e .e,. ......... .. ., ... .. ... .. .. .... ... ...... ... ......... ... .. .... .... •..,.n.

5 I )TEGT~ AD WK O I 5O ) .AO IC P ( 60 )
DIMENSIO N AZI (601, PTL 160) .120160 1 ,PT LCHG I601 .AOJ PSL(60I.

a NLHR ( A O I . A R c I A M ( 6 0 , 4
• P AGPTI6O.21.BI(60),7I(60,

C -10 C EK AM I ME EA CH SITE IN TURN FOR AN INTERCEPT OPPORTUNItY .
00 270 J.l.NSI TES

OF (ADICP(J(.EO.GI 00 TO 270
C COMPUTE A7IPUY H OF LI NE CORMECTIN G AD SITE WITH POINT OF

• C ft4TC0’ECTTON .
15 7(11.71 (J )—AOP T(J.2 )

10.0! IJ )—*CPT(J.5)
IRC TANI .1) .ATAN2 (70 , 001 .57,296
IF ( APCTAA(J)—96.01 101.IS0,1?I

(00 47I(J).90.0—APCTAN (J)
20 GO TO 130

120 A7I (J) 360 .B—IAPCTAN (J)— 90.B)
C COMPUTE DIFF(RE ’.CE BETWEEN AD SITE PTL INC INTERCEPT AZIIWd TN .
C ADJUST PTL ANO 440 LA(NCOF0S BASED ON OIPPIRENCE.
130 470(J).A70(J)—PTt(J) • -23 IF 1*85(8251.1 ) 1 .G t .1 3 5 ,1 .A ND .A BS ( A ZO ( J l l .LT.224.9P

A 00 T0 266
IE IA0SIA ZQ(J ) I .LC.135. l I  GO TO j i e
IF (*20(J) ) (40.150.161

040 877(J). 4340.0*820(41 1
30 G0 T0 170

ISO GO TO 170
I A )) 47 r l ( J ) . ~~l36 0.O ~ A ZD ( J ) )
110 IF (ABS)AZDIJ)).LE .45.1 GO TO 262

(F I A ZO ( J I ) 260.262.203
35 26) PT ) CH G4J AA Z D (J ) .4 S .0

GO TO 264
262 PT) CHG(J) .B .0

GO TO 264
263 PT) CHG(J) .AZO( J ) —4S.0

40 764 ADJPTL (J).PTL (JI,PTLCNO J
IF I AOJPTL)J).Lt .ll.0) IDJPTLIJ).360.0.-ADJPTL (JI

On 263 3.1.5 -
IF (ABS (PTI.CHGIJ),22.S).L(.(S.1—,l)) N IHOIJI AK

265 C ~-TI .-UE
45 C SET IN ”IC A T OR TO RECORD THAT SITE HAS WORKED THE OPPOR TUNITY

4 C IDENTI F IED AND ITS ASSETS ARE NO LONGER AVAILABLE.
IO. R D(J ) .AOI CP (J )

GO TO 210
C BESE T ‘ITT INTERSECTION OPPORTUNITY FLAG TO ZERO.

50 2(76 AOICP (JI.0
270 C NTIN IIE

RETURN
El-’-)

A-13
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CAA-TP—71-5

~~ 74/74 OPT.1 17)4 4.6.420 03/31/7 ? (3.3$.47

C .. .........fl.fl.fl....8.A.8 ~~...AAA•*•••••~~•, 8fl • A•8•S•88f W *f l

• SUPPO’ TINE (d ENT (AOMI(O.SOAO.SILI .NOOMTS.N$ITCS.NIHR I
L C

INTEO(~ AOWKDI4I I .50*0 (411 .SULHR I BI I
5 DIMEN S I ON NLHR(6I)

C INITI A LIZ E ARRAYS.
00 ( ( 0  1.1.40

50*0 (11.0
5(4 HR (11.4

10 110 CO ’ITIN )E
C COMPUTP MPB( R OF SITES 1NTEUCEPTIMS ON EACH SEGMENT AND - 

-

C C000ESDOO40ING NURSER OF LAUNCHERS .
DI’ 520 1.5,N500473

• DI’ (24 ’ J . ) .N S(TE5 4
- • (5 IF )AO WKO IJ ) .N(.Il GO 10 120

S G A O I ( l ~~SGAO l I I ’ 1
SOl HR ) I ) . S G L H R (Z l . l&M P (J l

r • 
170 C ‘ITI ’AIIE

OF T URN
20 (NI’

ii

A-14
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A CAA-TP-77-5

SUBROUTINE MAP SYM 74/14 OPT.I FY14 4.*.4~5 03,31/77 13.30.47 
•

•

I C ....o.. .......... ..... ........ •.... •••e•••••••••••• e••••.. ..•• 
- 34 • SURRO ’ TINE NAPSYM )SYNSa. WAPNR .NSITE5,NTGT S.WEpY-s,NTPTS . —

A NIIMR .OOLLAP ,POINT .BLINS.TGTY.*LO.YNI,ALMP,*SIT,
B IDPT,TYPAO .SGP1.TGpj .TYPTGT,ADMPO.YGTYP.

5 C RP*1.BPy1,Bp*2.Apy2(
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

DIMENSION A L ’ 4 t ( l O O . 5 O ) , A 5 I ~~I ) O O , 5 O ) , I ’ O 7 Y 4 4 Q ) .
A 1DR1460.Z, . SG P T I A O . 2 )  ,TG P T (20 .21 ,TY PT G T(12.2) ,
II TYPAD (2I

-4 10 1 ITEG1’. ADWKO(60I, STMS4i (6.4).TGTYP)~0).2 B P X I ) 2 0 ) , B P Y I ( ? 0 ) . 0 P 0 2 4 2 B ) j P 7 2 4 2 0 )4 - BEOL NUU0( I OI  -I N TEGE R AO. Y O .OB .D Y ,000 , D y Q . B LO, YH I  
4DATA UK TPI / 1+07/ . PLUS / )H./

(5 C IDENTIFY M *P SY*400L S TO Of INSER TED IN DISPLAY.
00 12R 000.1,4

• IF 4SYMSE L ( NAPNR . IGO) . 44E . ( )  GO TO lOG
GO TO I2OS. 300 .4~ O,5~~ ) 100

(00 C “114-It
20 120 C N T I N I I E  

4• RRTUDN 
-C INSERT AD ‘ITt SYNOOI.OGY.

200 00 280 1~ I.NS!TES
)r (NAPP4R .LE.4I 220.2(0

25 2)0 (F (AOWKD(I).EO .a) GO TO 200
22)) *U .(AD*TII.I)—BLO( ,5.I

VQ.(YHI—AOPT(I,2l),5.1
C• C CLEAR WIN DO W IN COVERAG E ARRAYS FOR SITE LABE LS.

30 IF (MAP NR .E Q.3.O q.NAP )40.E Q.4) 230.256
230 x~ .AD~4

YC .TO—2
DI’ 240 4.1,7
0” 240 0 ),3 

-35 A) HR4(000 .J).)yQR.K)).RLANK
I ’ ll)  )000•Jl • (Y QR .K) ) .40.AN I(

240 C ‘IIN)~E750 J.)/l0.I

4)) AS~ TI *O—2.YQ).$4 (JN OIJ )
C 

‘.I.I—IO• IJ— Il
AL’- .R(00—l,yQ).+U40(K)
A SIT480—l ,YO).N U MR ( KI

4% C
A( M0 ( 0O.YQ~~.P OINy

F

so *c1T(IO.hyOI .TyPAD~~ )

Al -.B(*Q.2 .YQ).TYPAD(2I
A~ ?T(IQ.2,7OJ .TYPA D)2)

A-15
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-~ CM-TP-77—5

SIJPO0UTXNE M AP SYM 74/74 OPT.l FIN 4 .6.420 03/31/7? ~3.3I.47

C
55 200 C NTINIE 3 60 TO 190

C INSERT TAROET SYNBOLOSY.
300 0)1 300 IAI, NTGTS
C -

Afl.IT GPT(I.$)—BI,9~F5*I60 Y0.(YM(—TGPT (I.2)ld1 .l

C CLEAR WINDOW 1~I COVERAGE DISPLAYS FOR TOT LABEL.
I~ INAP NR .(O. 3.O q.M *PNR.FVi.4 330 , 330

330 *0 RXG—4 -

65 10 ~~~~~00 344’ .1.1.7
- - DO 34(1 K.I ,3  

-ALH R (000. J. T QR. 1 .BLANK
- ASI TI500. J. YQB.III .R1.ANI(

• 10 340 C “T I ’fl ’C
• 350 4.1/10. 1 -

- 
I *LHR (XQ .2 ,YO).N UHO (J(
- A5~T(BO—2,YOl.NUSlR4J)
• C

15 K . ! . 5 — 1 0 1 ( J — ( )
• A IH R(XO—1 .y Q) . *JMS (K )
- *S I T (BG—l ,YOl . NU MSI K I
- C

- , Al ‘N(BO .YOp.POIN T
00 A ’I T ( XQ.YQI .P O I NT

C -8L40(XQ.I.YO).Ty PTGY4TOTYP (Il .1)
AY TuO .l,YGI.TYPTGT TGTYP4II .Il

C
OS AL”R (XQ.2,70) .T7PTGT (TGTYPIII .2)

A’IflBQ.2.YQ) .TYPTGT (TGTYP(I( ,Z)

• 300 C N T IN ’ I€ S GO TO 100 -
C INSERT ROu’~OAPT SEGMENT STIWIOL OGY.

90 400 Dl’ 4011 I~ l,NOPTS
• C

0,.8P12 (Il—0POII()
OS.OPYZ(I,—OPYI(I)

95 
C 

IF (DII 402.404.404
C
402 *P. O R 0 2 ( I (  S GO TO 406
4(14 (P.4011(I)

100 40* F OY 400.410.410

400 TP.OPY2II) I GO TO 412• 4)0 Y~.RR Y l4I)
- C

105 4(2 *‘l.(BP—*LQ)/S.l
VU. IYHI.4P 1/5.1

-

t 
I
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CAA-TP-77-5

I

SUBROUTIN E MAPS YN 14/74 091.1 FTN 4.6.420 0313SF?? 13.31.47

C
IITo. IAIS(OA)/5.1
DYU~ IA9S(fl’0 ) /S.1

110 C
(F )010.EQ.l.AHD.O7Q.GT.I) 460.415415 (F ( DIO.O T .I . AND . O YO. E O.I1  420, 830C

420 SY—R .PLUS S GO TO 440115 430 SY’40 44ISTN
440 DI’ 45(1 11.1.0*0

4 ALNR(XQ .Il~ (,YOO .S7HRASIT(*O.IX—I .YQ).SYHR
4S0 C ‘ITI”lE S GO TO 400

(20 C
4*0 S1.0MPLUS

00 47(1 11.1.010
I SYNBI~1 AS ’To))O.yO—IY .1) .qyMO

125 470 C N T I I ) I )E
400 C - TDr’iE B 00 10 (0+)tO C INSERT TRACK PO INT SYMPOI.OGY.
500 oc’ coG (.I .P+TPT S
C

130 I0 . (SG P T) I . 1 ) — Z ) Q ( / S , (
-J I YI ).) Y H I — S 0 P T ( I . 2 ) ) / S . I

C - -(F ISYMS( L (RAP$ 49 . T) . EO . 0 .OR. I G T V (I ) . EO 2HO, ,A 520,540135 C
A1~lP ) X Q , y Q I.p~ IN T
AclT)))O,yQ).POINT S GO TO 500

C
540 I F ( A L H R I 0 Q . Y O ) . E O . PO IN T. *440.& S( , (50 ,yQ) .EO POINT )140 A

*LI~R I AG. TO) 40STN
I* I T ( IO .YQ)40 ST1(

500 C TI”i E
00 10 100(45 (1, 1’ 

—

A-~7
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‘LUSP OUTINE AOISE ST T~.j7 OPT— I FT,~ 4.4.420 03/31/77 (3.36.41

I C ~~~~~~~~~~~~~~~~~~~~~ SU1100’ T INE ADSEST )MIAAC, SGP T, AOP0,WPPR.WPNR.T7I. AC.AOWRO.
A TGTY.N SITES .NS GMTS.A DATE.PRF TYP,PQF SEL ,SGAO,OKTRIu 

S DIMENSION ‘)I0AC)31,NAO)2,I0).NAC (2.lO .4 ,UTLBT(2,101.SGSUM(40),
* *090)2) .WPPR)2),PSFT YP (3 1,TGT Y(4 0) .SGPT I4O.2 )

INTEG E R *0900(60 ) .9 *0 (2 ,1 0)  .PE R AO (3) .5640140) .SGMSR(40).
A • TGM 5 R ) 2 , 4 0 1 . W P N P (Z ) , O K T R K I 4 O )

• INTEGER TT+ AC,TGfl.,T&DSTI.ADTL,PRF5E(,
10 ADft.T(1TL.TGO5fl.0

C Cl EAR 1130*75 Tb ZERO. -

DI’ 60 I I , IöSGNTS
SI’MSR(Il.0

03 40 1.4,2
(5 TG’ISR4J.I).0

40 C PI TI P ,I )E
60 C 411111)11 -
C COMPUT E SEGMENT MEASURE S CUMULATIVE NUMBER OF INTE R CEPTING
C SITES PER ~EG+4ENT .

20 01’ t4o (. I.N SOIRTS
*PII. .AO TL.SG AD ( I I
Sr,FSP I II ~A0TI.

140 C ‘ITINII E
C COMPUTE L000 TIO OF EACH TRACK SE GMENT AND CUMULATIVE LENG TH

25 C FROM 5 40T OF TRA CK tO END OF SEGMENT.
SGCUM .0

00 160 1 1.NSONTS
SGK U MI I ) .O G CU M -Sr.I EN ..SQQTIISGP T(I.( .1 !- .SGPT(I.1)) ’A2

3)) A
(F ( B K T R K I I I . ( O . I )  SOLEN.—SGLEN
SGFUM~ SGCU M.5G& EN

11,0 C “T 1Pn1t
C COMPU Y l- TAPOE T MEASURES.

35 C W CUMU LATIVE NUMWER OF TARG E TS PER SEGMENT
C 17) CUMUL ATIVE TAPGE T —O)S T6NCE MACDUCT PER SEGME NT.

DO 2*0 I .1,NSGNTS
IF I TGT Y (I . ( l .EO. ,2H M TI GO TO 250
TUTL~ TGTL.5 --• 40 tG ISTL.TGQ5TL.I.5O5u.I(fl.0.5

250 TC-”SPl) , f l .TGft
7’5’ SO(2, I).TGO5Tt

21,0 CONTIN u E • -• C COMPUTE WHOL E NUMBER OF ADS ASSETS. 11(1 TYPE. NEEDED PER SIT !.
45 00 320 1.1.2

R(, A O ( I l . I & O G ) ( A O P R ( 1 ) )  / A L O G ( l 1 — W P P R I I ) ) . . W P M R ( H ) . l
32fl C NT 1OU E
C OFT TyP E ‘I ASSE TS NEEDED TO 20.

91400131.20
50 C COMPUTE N,)MBER AND PERCENTAGE 01 XNT EP C EP TS GENERATED AS P A ID

C DEEPENS. 0010 DEPTH IS MEASU RED BY INCREASING INCREM ENTS
- - C OF IA*GET ME ASURES.

00 44(11 (.4.2

A-18
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SU0~ OUT INE ADSEST 14,14 OPT.1 FTN 4.6.420 03~ 31/77 (3.30.47

DO 440 4.1,10 -
55

DO 420 5.1.NSGMTS
00 TO 420

NAO (I.J).SGMSB (KI
PAD) I.J) ( I00 SGMS R IKI I I SGI 4SR (NSG NTS I .0.5

60 60 10 840
820 C “T Ikl ) E
440 C
460 C NTIP1I )E
C CO MPUT E TOTAL NUM BER OF ADS ASSETS NEEDED TO SUPPRESS SITES

65 C ASSOCIATE’) WIT )) GIVE)) PE RcENTA GE INCREMENT OF TARGET
C ME ASU R E.  P E P E AT FOP ROTH TAR GET MEASURES.

00 541) 1.1.2
00 5211 4.1.10

N A C ) I . J .4I .  41*0( 1.4) ’ I P E R A O I I ) ’ M I * A C ( I I .
70 A • PERAOI2) .M1XA CI2) .PERAO (3) MIXAC I3))/100.0 .S

520 C MTII )E
040 C u ,T(I ’I LJ E -
C C OMPUT ’ )IIJ~ RE0 OF ADS ASSETS. GY TYPE. NEEDED TO SUPPRESS SITES
C ASSOCI OTEII *17(4 GIVEN PERCENTAGE INCREMENT Of TARGET

75 C MEASUPI. RE P E AT FOP BOTh TARGET MEASURES. ALSO COMPUTE *05 ASSETS
C UTILI7FO FOR EACH INCPEMENT FOR BOTH MEASURES.

051 1,60 1.1.2
Dli 640 4.1.10

OTt R T ) I . J ( . F L O A T ) 1 1 * C ( l . J . 4 ) ) / T T L A C
• 81) 00 1,20 5.1, 3

NAC(I,J,*) (M II*C (KI’NAC ) 1.4.4)1/100.0.S
1,20 C “TIN IIE
*40 C ‘1114-OlE
660 C “ TI NII E

05 C PR INT— O UT RU PPR T SSIOI-I E 5T IN AT E.
PRI N T 8(0.A DATE .PR FT Y P ) PR F SE L)

RIO FFQMAT (1H1.(0I..MOC A—S1450.421. RTA— 0 O)JTPUT ’,4OA,A10.~
A ‘I(. PRFSEL’.~ .A3 .3(/I)IPORT .1

90 PRINT 815,IPART -
015 F~PMAT (8IX .•PART •.I1 l~ I

PRIN T R20.)WPNR) II .I~ l.2) .(WPPR(II .I~ 1.2).
A ( * D P P I I ) , I . I , 2 ) , ) P E R A O ( I ) . I . I . 3 )

M2fl EORMAT) 571.aAC (..4X .’ACZ’,8*,’AC3 ,2)#l,
90 * 43X,.WP~p..1k.2(6X.Il)/8II,~WPP0•,l*.2I?*.F5.3.l~

O 8~*,.ADPRf ,1X,2(2I.F5.3)/~81(,.PERAD ~.1*,
C 3(SI.12),2(,))

0’) 080 1.1,2
IP IPT . I PAR T . 1

l o p  PRINT 0 8 O . I P A R T , 1 , t G M SP I 1 . N S G M T S ) , t M I 0 A C I L ) . L . 1 . 3 ~ .TTLAC ,
A 5G$4$RINSG$TS)

m4o Fr ,PNAT (4(~ ).6t*,.PART •.u~~
A 21x.~ PCT~.6X,1A*. 2*. •NR’.101, BA.’AC.,7X.’PCT’~
P 250.’TGMSP ‘.0 1.

(05 C 7S..*C 1..9*..AC2’,90, *C3’.S(,’1L ,80.
0 ‘UR ..0Z,’AO’/24I.’)N. ,I4.’I’.4I.’IPC. .I3.’)’,

A -1 9
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SURPC’UTINE *OSE ST 74~ 14 OPT .I FIN 4.6.420 03,31,17 13.36.41

E 4l, .PC.•.I3.’) ~~~~~ PC...13..)*.1X.F •+TTLAC .’.I3.’)..11*,’(N.’.I3.
4 ‘(‘.21/))

110 Dl *0,51 J’l.IO
• 4J.J’IO - - - -PRINT *50,44, (PIAC(I.J .K).K’I,4),U7LRT(I .J),PADII,J)

*5(1 FORMAT 1160 , 4 19 1. 13 1  .1*. I 3 .6 1 .F 5 .3 . 6* . I3 )
9*0

1 15 ‘00 C’)IIT”IIJE
RE ~)J QW

• ENO

- 

A-20
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APPENDIX B

P 01.Ak .02.140,03.HH , 04.PL .05.PM .06.LP .0? .A8,08.85.O9.SP. I0 .R 5. 11.C P,1?.E W
C O I .D,02.C .R3 .D .04.T
DOl 0I.HHH .0840,C.40,R.40
002 92.iLL.OM?5. C.25.R.25
003 - 03.HDP.D.40.C.25,R.25 -
E A 1,8 2.C 3.0 8.E S.F 600 7.M B.! 9.JIG.kII,L12.M13.N14.P15,,GT . 15
FbI 0 0 0 0 0 1 2 2 2  3 3 3 3 6 0 0 0 0 0
002 0 0 0 0 1 1 2 2 2  3 ’ 3 3 4 4 0 0 0 0
FG3 0 0 0 1 1 ( 1 2 2  3 3 3 4 4 4 6  0
F04 0 0 1 6 1 1 1 1 2 2  3 3 3 4 4  4 0
FOB 01616 1616 1 1 5 2 3 3 4 4 5 5
006 (616161616 1 5 2 3 3 4 4 6 5 5
00? 1513161616101. 1 3 4 ~ 5 5 ~
FOB 1515I51515I616 I 1 2 3 4 5 6 6
F09 1S)51515I515151A 0 0 5 6 6 6 6
010 1515151515151510 0 0 6 6 6 6
031 1411,14I4I4141414 0 0 7 7 7 7 7 7
012 14I4I4141414I313 0 0 7 1 7 7 7
F I 3  1414I4141 3I 3 13I ’ 2 1110 9 8 7 7 7 7
‘14 141413 1313 13 13 I 71 2 1110  9 B 8 7
95 I31313131312I212111II0I u 9 9 0 8
F16 0 I 3 13 13 13 12 121?11 l I (010  9 9 8 B
F5? 0 0I3I2I21212I111111010I0 9 9 0
038 0 I 0I21212121111111B1G1G 9 9 0
FI R 5 0 0 012 12 111111111010I0 I0  9 0 0
020 - 0 I 0 0 OI2IIIIIII(1QIOI O IO 9 0 0
0901 13 200 71—4)0 X2’SOO 12.410
8902 X0~ 430 71.380 *2.500 Y2.3B0
0903 *1.430 Y1 350 12 508 Y2 350
8904 *1.355 75.320 12’SpO T2’32O
P R Y  *5.430 71.290 X2 500 !2~2900906 13.435 Y1.2*0 *2.500 Y2.26(
BP S? 01.200 71.230 12 500 72.230
091)8 11.200 511.230 12’701 Y2 ’-410
9909 ~5.35(1 11.230 12.350 124410
RPIO *1.430 Yl’230 02’- 30 Y2.410
09(1 11.500 yl.230 02.500 Y2~4I0
0099

PRFSEL.0) 1YL*C.100 U I X A C I -  50 NIPA C ?  25 M I I AC3 . 25
WPNR1.2 WPPRI.I.000 ADPRI’O.900
WPNR 2.4 WPP R2 O. ’00 *0902.0.900

ILO .lflO • YLO .200RNG TUA.3 TMPtT.J TGTL5T.l 5ITL5T .1 1*$CPT54 ( S7MLS’T.( BDYPTS.I
SIIES.I TGTS.O IIOYPTS.J TRKPTS.0
STTES.0 TGT S.1 RDYPT S.I TR KP TS.0
SITES .0 TG TS.1 007915.1 ‘~R$I P T5.O
SITES42 TGTS.0 0079T5.1 7RKPTS.O
51115.0 7575.1 PDYPTS ’I TRKPTS.4
STT ES.0 • TGTS. l OOYP TS.1 TP%P TS~ 1

AD O) 14455.0 V.410.0 4018.1 ‘TL.ORO.O NCHR .5
*002 0.850.1) ~‘38O.0 AREA .I PTL.090.O NCI4R.5
*003 *4450.0 y’35I.0 AR E*.1 pTL 090.0 NCHP .5
*004 A~ 450 .O T 3 20.0 AREA .) P TL .090.0 NCH MA S
A000 0—459.0 y.290.0 ARE * 1 P TL .090.0 NCM R.5
*006 0.450.1) V.260.0 AREA .) PT L .O 90.0 NCHR.5
A DO ? 04400.0 Y.230 .0 AREA.) PTL .090.G NCHR.5
A 000 0.410.0 y’4(0.0 AOEA ’2 PTL.090.0 NCHR .5
*009 8.4(9.0 7 380.0 AREA .2 PTL.090.0 NCMR.5
*0(0 0—419.0 V.350.0 AREA .2 PTL 409O .0 NLHOtS
A O l )  0.4)0.0 TR320.0 AREA .2 PTL.S90.0 NCHR.4
*0)2 5.4(0.0 7.290,0 APCA’2 PTL IIO.0 NCHR*5
A0~ 1 604( 9.0  7.2*0.0 *060.2 PT L.I Q 0.Q NCHR45
*0(4 1.8)0,0 7.230,0 AR EA*2 PTL44 Q O.0 NCHR 5
LOIS S.~~70.O 7.410,0 AR I A *2 PTL .090.O )ICHR.5

B-i
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*0)6 1—370 ,0 51.33 0. 1) ARE A .2 P T L .090 .I NCH R .S
AD)? 0.3 70,0 V.350.0 APEA .2 P’I1 090.0 NCHR.S
*010 60379.0 Y.320.0 *01602 PTL 090.0 NCMP .5
A OI 9 1.3 79,0 V.290.0 AR E A .2 PTL.095.0 NCHR .5
0020 5.370,0 1—2 1,0.0 AR (A.2 PTL .09O .0 NLMP.5
AD?) 0.370,0 1.230,0 *060.2 PIL.090.0 NCHR .5
*022 0.330,0 1.4)0.0 AREA .3 PTL.090.O NCWR.5
*023 0.339,0 7.380.0 *REA .3 PTL.0R0.0 O4CNR.5
*024 5.3)0.0 7.350,0 AREA .) PT L 609O.0 NCH R.5
*025 1.3 39,0 7.3211.0 AR E A .3 PT L .O90.O NC)IR.5
A026 60330.0 r.290.O AREA .3 PTL 609O,0 NCHR.5
*021 1.339,0 1.2*0.0 *91603 PTL.090,O NCHR .5
A02* 0.330,0 1—230.0 ARE A.3 PT L. 090.O NCI-lR.5
*029 0=299.0 74410.0 AREA .3 PTL D9O.0 NCMP .5
*030 l’299.O 51—3 0 0 .0 ARE A .3 P TL .090,0 Nt HR.5
*031 k.299.0 7.350,0 AREA .3 PTL.O90.0 NC$iR.5
*032 0—290.0 7=320.0 *01603 911=090.0 NCHR.5
*033 0.299,0 51.290,0 *1440.3 PTL =091.0 NCHR 5
A D34 0.295,0 7.21,0.0 *RE60 3 PTL .090.O NCIIR.S
*035 0.21)0.0 7.230,0 ARE A.3 PTL .O90,O NCMR.5

60250.0 7.410.O AREA .3 PTL.ORO.O NCHR.5
*037 60250.0 7—380.0 AREA.) PTL.O90.O NCHR.5
A034 X.250.G 1 350.0 AREA .) PT L.090.0 NCHR .5
*039 60259.0 Y.32O.O *1160.3 P11.090.0 NCHP.5
*040 $.25O .O Y ’29 0.0 AREA .) PT L .O90.Q NCI4R.5
*04 1 0.259.1) 0.2*0.0 *R EA .3 PI L .’OR d. O 41) 440.5
AD42 0.290,1 51.2)0.0 *040.3 PTL .09O .0 NLHR .S
*099 - - -TOll ) 04480.0 7 315.0 TYDE.0R A REA— i
1002 04465.0 7.325 ,0 TYP E .07 AR E A . I
1003 60465.0 V.365.0 TY I ’F .02 AREA .)
TGO4 0.4*5.0 7.310,0 1196002 AREA —)
1005 604 19.0 1.350,0 1YP’.06 AREA .?
100(1. 14410.0 0.2*0.0 TYPF.Df, AREA.?
1007 X~390.0 V.340,0 TYP60O’ *040.2
T009 l’390.0 60300.0 1791.04 *0(602
TGOR 5.3341.0 Y.350.O TYPE.)? AREA .3
143 0 0—3 20 .0 51.290,0 T Y PE .O 3 *0(603
T O ) )  603 10.0 60340.0 7v ~E ’03 AREA. )
TG I P 60290.0 7.3 1)0.0 TYPF .0 1 AREA .)
IGRO
1901 1.54 (1.0 60370.0 05755.0 • NT
7902 1.5)0.0 9.355,0 857.11.11 — - MT

• 7903 0.480.1) 9 379.0 BK TRK .Q TGNR ’ 3 TO TY.A 5
1904 60510.0 9.3SS.0 RKT°II I • Ml
TPOS 0.4115.0 7.325,0 8019K—c’ TONR. 2 TGTY .A*
T906 0.5) 9.0 7.355,0 8)1700.1 — MT
TPO? 0—490.0 7.345,0 BKTRE .I — • MT

60465.0 7.3*5.0 91105.1 104460 3 IGTY.HO
IPOR 04490.0 0.345,0 8,1(1)5.1 • MT
T PI O ( .4R9,0 Y’340,0 BKTPK 0 — • MT
1911 0.465.0 0=310.0 BKTPK.Q 76)40. 4 TGIY.H0
TPI2 0.4*0.0 7.340,0 ROtOR .) • Ml

0.440,0 V .320.0 BKTPK60 — - 
MT

19)’. 0.4)0.0 60300.0 BKTPK .II 10140. S TGtV.LP
TR IO 0 440.0 1.370,0 BOTRO.) - • MT
TPIO. 0.4)5.0 51.290,0 RRTRK•0 70110. 4 1617.19
T O )? 5.449,0 V.320 .0 BICT’060 I — MT

• 19)9 0.400,0 1.320,0 0515600 — MT
TP IO P .199.0 V.340.0 05TP609 10040. 7 1017.19)
TP20 11.409,0 V.320.0 811t95’) —
9921 0.399,0 V.300.0 811700.0 100460 8 1017.91
TP 2? 0.400,0 V.3211 .0 957*41~ 1 — Ml
1927 r=36 ( 1,Q 60320.0 80119600 — • • MT
TP24 0.335,0 y.350.8 B57B600 TGNR . 9 TG T YME W
T P2O 0.360,0 v.320,0 8960K.) — MT

B-2
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• TP2* (.349.0 60)20.0 *11100.)) — MT
192 7 60329.0 -f.2#O.0 *0T0600 70)40=10 tG7V.NH
TP2 R 60345.0 7.320,0 *ICTR$(.( . NT

• 7P29 5.335,0 7.320,0 05,05.0 - — MT
1930 0.3)0.0 7.340,0 05195.5 14040.1) 10(1.48
1P31 0.339,0 y.320.0 BKTPE.1 - Ml

• - 1932 0=305.0 y.320.0 80100.0 — - 
Ml

TP33 X.?Q0.0 7.300,0 BKTRE.I’ TGNR *)? TG?Y .Al4
TP99

S
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- 

- - - 
_________________ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 
• 

- 

L - 
-



- ‘
—- -vc ’---- • __’_ ___ -7--- -c’,- -- —, _ -~~__c’ w

CAA-TP-77-5

APPENDIX C

- 

- 

GLOSSARY

- 
• 

A5 155 mIllimeter field artillery battalion

A8 8”inch field artillery battalion

AS air base

AC ADS Ai rcraft

AC1 ADS Aircraft Type 1 (ARM)

AC2 ADS Ai rcraft Type 2 (Rocket)

AC3 ADS Aircraft Type 3 (Decoy)

AD Air Defense (HIMAD) Unit

ADJPTL PTL azimuth adjusted for intercept

ADPR cumulative probability of killing HIMAD unit using
specified weapon type

ADS Air Defense Suppression

ARCIAN angle between line connecting HIMAD unit location with
target Intercept point and positive Xa*axi s

-
~ AZD azimuth difference angle between line connecting HIMAD

unit with target and PTL azimuth of HIMAD unit

AZT angle between line connecting HIMAD unit l ocation with
• target intercept point and positive Y axis

BKTRI( backtrack (indicator)

BS boundary segment connecting points which delimi t op-
erational areas

C Corps (area)

CCMO Computer Model ( model system for simulation of aIr
defense)
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CRC control and reporting center

CUMMSL cumulative number of missiles engaging along track up
to particular track point

division (area)

051 distance (down raid track)

EW early warning/control and reporting center

HH . higher headquarters J -

HHH flight profile high over division, rear and corps
areas

I-4IMAD hlgh”to’medlum altitude air defense

HOP fl ight profile high over division area and low over
rear and corps areas

HQ division headquarters

ICP intercept(s)

ICPS intercepts

km kilometer(s) F

LLL f l igh t  profile  low over division rear and corps areas

LP LANCE platoon

M slope of raid track line segment

msl missile (s)

N number

NLHR number of launchers

NR number

pct percent

PL petrollum, oil and lubricants dump
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PM PERSHING mi ssile

PRFSEL profile sel ected

• PTL primary target line

PTLCHG angle through which HIMAD unit PTL must be moved to
permi t intercept by unit

R rear area; range from HIMAD unit location to target
intercept point

RS unit In reserve
SGMl track segment number (pair)

H SHORAD short.1range air defense

SP special aninunitlon supply point

TG target point

TGMSR 1 target measure type 1 (sum of targets)

TGMSR 2 target measure type 2 (sum of target”distance)

TGNR target reference number

TGTS targets

TGTY target type

IL Total number (of ADS aircraft)

TP track point

lILAC total number of available ADS aircraft

UR utilizati on ratio (fraction/multiple of ADS aircraft
available)

UN universal transverse mercator (map projection )

WPNR number of weapons of a weapon type

WPPR single kill probability of weapon type
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X X-coordinate —

XI X-coordlnate of target intercept point

XS X-coordinate of a HIMAD unit

V V-coordinate

V-intercept of raid track line segment

VI V-coordinate of target intercept point 
- 1

VS V—coordinate of a HIMAD unit
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DISTRIBUTION

Army Addressee Copies

DUSA (OR) 1
WASH DC 20310

HQDA (DAMO-ZD) 1
• WASH DC 20310

HQDA (DAMO-RQA) 1
WASH DC 20310

HQDA (DAMA-WSM) 1
• WASH DC 20310

HQDA (DAMA-RAZ-A) 1
WASH DC 20310 

-

HQDA (DAMA-ARZ-A) 1
WASH DC 20310

HQDA (DAMI-FIT) 1
3 WASH DC 20310

Coninander
US Army Materiel Development

and Readiness Conmiand
ATTN: DRCDE-DA 1

DRCPA 1
5001 Eisenhower Avenue
Alexandria, VA 22333

Coninander
US Army Air Defense School
ATTN: ATSA-CD 1

ATSA-SM-S 1
ATSA-SM-L 1
ATSA-SM-P 1
ATSA-SM-R 1

Ft Bli ss , TX 79916

Coninander
US Army Training and Doctrine Comand
ATTN: ATCD-CF-A 1

ATCD-D/ALPO 1
-
• Ft Monroe, VA 23651
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Army Addressee Copies
• Coninander

US Army Missile Research
and Development Coninand

AlTN: DRDMI-DS 1
DRDMI-TD 1

Redstone Arsenal , AL 35809

Coninander
US Army Combined Arms Center
Development Activity

ATTN: ATCA-CCC-A 1
Fort Leavenworth, KS 66027

- • Project Manager , PATRIOT
ATTN: DRCPM-MD-TP 1
Research Park
Huntsville , AL 35609

Director
H US Army TRADOC Systems Analysis Activity

ATTN: ATAA-TBB 1
White Sands Missile Range, NM 88002

Director 
—

US Army Materiel Systems Analysis
Activi ty

ATIN: DRXSY-A 1
DRXSY-AD 1

Aberdeen Proving Ground, MD 21005

Air Force

HQAF (AFSA ) 2 
1

WASH DC 20310

CINCUSAFE/RC 2 -
•

DALFA
APO NY 09012

HQ TAC 2
ATTN: 4525 CAS/ALFA
Langley AFB, VA 23665
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NATO Copies

SHAPE Technical Center 2
USRADCO, STC
APO NY 09159

Other

Defense Documentation Center 2
ATTN: DDC-TA
Al exandria , VA 22314

The Army Central Library 1
ATIN: Reference Dept.
WASH DC 20310

Local

Chief , AD, ATTN: Library Branch 2
Director, SM 12
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