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I. INTRODUCTION

(U) A preliminary review of the Continental United
States (CONUS) alr defense problem was completed in this
portion (Phase I) of the Strategic Weapon System Study
1975-1981. This review included the Soviet alr-breathing
threat, the exlisting capabilities and proposed improve-
ments to the U.S. air defense system and the primary
issues pertinent to the analysis of alternative U.S. air
defense postures.

(U) In this review, air defense is defined to include
only those warning, surveillance, control and weapon
systems which are associated with defense against bomber
aircraft, air-to-surface missiles, and sea-launched cruise
missiles. It does not include systems designed to pro-
vide warning or defense against ballistic missiles such
as Ballistic Missile Early Warning System (BMEWS) or
SAFEGUARD.

(U) This report presents a discussion of alr defense
issues, obJectives and alternative postures; a review of
the characteristics of the aerodynamic threat to the
United States in the 1970s; a description of the current
alr defense systemj; and a description of some proposed
improvements to the existing system.
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the tanker force. A bomber can be converted to a probe-
and-drogue tanker and vice-versa in about 4 to 8 hours.
The wingtip system requires special equipment on the
tanker and refueling aircraft (factory installed), and it
is believed that all BADGER receive part of the required
refueling equipment in the factory. Conversion would
then take 4 to 12 hours.

‘TT39~é§ria1 refueling is a routine part of heavy
bomber training. The BISON tankers, presently about halfl
of the BISON force, are used to refuel the BISON bombers
and the refuelable BEAR aircraft.

ESA Lt is belleved that refueling plays a very
minor role in medium bomber operations. At present, 1t
is also believed that, even though over 100 BADGER are
equipped to receive fuel (one—-fifth the BADGER force),
only 20 or so are configured as tankers. The BLINDER is
generally thought to be refuelable, that is, refueling
probes have been observed on all versions of the BLINDER.
However, there is no evidence of any aerial refueling
activity by operational units. If there could be a
refueling program for the BLINDER initiated in the future,
it is felt that modified BADGER aircraft would serve as
probe-and-drogue type tankers.

Range Capabilities

The radius and range capabllities of the
heavy and mediudm bombers are given in Table 1 for refueled
and non-refueled missions and for a variety of payloads.
The maps shown in Figs. 2 and 3 indicate the radius and
range capabilities of the heavy and medium bombers, respec-—
tively, employed against North America. The distances are

15
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Table 2\%.)\iiE
CHARAC

TOP SEGRETF

SOVIET LRA AIR-TO-SURFACE MISSILE
RISTICS AND PERFORMANCE? (U)

Type Missile

Length (ft)

Wing Span (ft)

Wing L.E. Sweep (deg)
Gross Weight (1b)
Warhead Weight (1b)
Power Plant

Guidance

Accuracy (nmi)
Maximum Range (nmi)
Maximum Speed (Mach)
Launch Aircraft
Launch Altitude (ft)

Launch Speed (kts/Mach)
Maximum Altitude {(ft)
Launch Reliability (%)
Flight Reliability (%)
Overall Reliability (%)
10cC

AS~-3 KANGAROO AS-4 KITCHEN AS-5 KELT
Cruise Boost-Cruise Cruise
46 37 31
30 11 15
58 71 58
25,000 14,000 5,000
4,500-5,500 2,200 1,000-2,000
Turbojet Liquid Rocket Liquid Rocket
Preprogrammed Autopilot| Inertial Preprogrammed Autopilot
with Command Override with Command Override
1-3 1-2 1-2
350 300 120
1.6 T0 2.0 5.0 TO 4.0 AT 80,000 ft 20.80 TO 1.2

BEAR B & C (1 MSL)
36 ,000-39,000

430/0.75
55,000

90

85

75
1960-1961

BLINDER B (1 MSL)

Up to 47,000 ft depending
on aircraft speed at
Taunch

Up to 860/1.5
80,000

90

85

75

1968

BADGER & (2 MSLs)
30,000-35,000

440/0.77
35,000
920

85

75

1965

a1 though the
AS-1 and the
land targets.

d.

Possible Improvements

AS-3, AS-4, and AS-5 are the only ASMs designed primarily for LRA use, the 55 nmi
100 nmi AS-2, which were designed primarily for naval use, can aiso be used against

in Soviet LRA

CapabiTlities

“~F8> The Soviet Union is not believed to be developing
It is felt that such a develop-—

but if the Soviets would
the program would probably be

a follow-on heavy bomber.
ment is unlikely during the 1970s3;
introduce a new heavy bomber,

detected and identified 3 to 4 years before an initial
operating capability.

~S89Jt is well known that the Soviet Union is actively
involved in a supersonic transport program (TU-144).
a program could provide the technology,

facilities,

new bomber in the post-1975 period.
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Table 3 . SOVIET CRUISE MISSILE
SUBMARINE PERFORMANCE (U)

Speed Patrol Capabilities Noise Leveis
Cruise/Maximum Submerged/Endurance (nmi) Days on | Radius Patrol At Speed LdF‘_‘A:P,
Surface Snorkel |Maximum Cruising | Station (nmi) | Duration (knots) | Band{dB).
Nuclear Powered
{(SSGN)
E-1 20 - 26 - 30 4300 60 . 6 60
15 6500 60 13 72
o] 8600 60
E-T1 20 - 25 - 30 4300 60 6 60
15 6500 60 12 72
0 8600 60
Diesel Powered
($s8)
J 10/19 7.0/8.5 15712 3.0/150 30 1800 60 Undetermined
15 2700 60
0 3600 60
W-Conversion 10/18 5.5/5.5 12712 2.5/150 20 1200 40 5 60
Snorkel
{both Long 10 1800 40 5 45
Battery
Bin and Twin 0 2500 a0
Cylinder)
\TGQ\Further timing characteristics are indicated
below:

® Reaction time (time from fire order to first
missile launch, assuming submarine on alert,
preselected targets, continuous computation of
firing data, and missiles checked out and ready
for launch) - 20 to 40 min.

® Launch timing (time on surface before launch,
3 min). The E classes of submarines can launch
2 missiles almost simultaneously.

® Salvo time (launch all missiles first to last):!

W=CONV (2 or 4 missiles) 1 to 3 min
E-I (6 missiles) 5 min
E-~II (8 missiles) 7 min
J (4 missiles) 1 to 3 min-

*TSA.§ome estimates are approximately twilce as long.

25
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b. Soviet Cruise Missiles

General

ng\yhere are presently approximately a total of
350 S8SS-N-3 SLCMs carried by submarines. The intelligence
community generally believes that the SLCMs would be used
primarily against naval forces, although they are capable
of striking coastal targets.

Cruise Missile Characteristics

\TSQ\The characteristics of the SS-N-3 are given
below:
Surface-launched type cruise.
IOC - 1961.
Warhead weight - 1100 to 2200 1b (HE or nuclear).l
Propulsion - Turbojet with RATO boost.

Guidance — Inertial with active radar terminal
homing vs ships; simple inertial vs land targets;
may have IR homing, device as alternate or backup.
Profile/Range (see Fig. 6 for some schematic
trajectories).

Low Trajectory: 1000 to 2000 ft; the maximum
operational range is 250 nmi.

Low/Medilum Trajectory:

(a) Low mode, steady at less than 2000 ft till
lock on, terminal descent 15 to 20 nmi from tar-
get; operational range is 150 to 250 nmi; may
develop to 300 nmi.

(b) Medium mode, missile flies at 10,000 to
15,000 £t for 150 to 200 nmi. After lock on
target, missile probably acts like low tra-
Jectory missile.

High Trajectory: 30,000 to 40,000 ft, similar
to medium trajectory, but at higher altitude,
faster, and greater range, out to 450 nmi.

rTTSQ\Eossible yields are 3-100 KT or 1.2 MT.
26
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IV. FY 19771 CONUS AIR DEFENSE SYSTEM

A INTROBUCTION

1(U) Secretary of Defense approved budget.
33
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V. PLANNED IMPROVEMENTS

A. GENERAL
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FIGURE 26 (U) . Command and Control Structure ( U)
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C. CAPABILITY OF PROJECTED CHANGES TO IMPROVE CONUS
AIR DEFENSE

1. General

2(U) See.-Chapters II and III.
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PREFACE

(U) This report presents the results of the Cost
Analysis panel during the first phase of the Strategic
Weapons System Study.

(U) The report is divided into three chapters. Chap-
ter I presents an introduction to the report establishing
the purpose and scope of the analysis. Chapter II describes
the methodology that was employed and Chapter III presents
the results of the cost analysis activity. The appendices
describe the cost model, the input values, examples of
the cost of alternative U.S. weapon system and planning
forces and the cost estimates for the USSR strategic
forces.
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I. INTRODUCTION

(U) In this study, force structure cost analysis is
the estimation of the costs of probable resource impact
of' alternative strategic force proposals. These re-
source implications are expressed as financial require-
ments to the Department of Defense in terms of Total
Obligatiomal Authority (TOA) by fiscal year in current
year dollars. It is emphasized that the purpose of cost
analysis activity 1s to estimate the relative or com-
parative costs of alternative forces, not to estimate
accurate and precise costs suitable for inclusion into
the DoD budget cycle process.

~_—T37~;n the current force planning environment, the
Offices of the Secretary of Defense and Joint Chiefs of
Staff have generated a number of alternate force
structures to serve as a basis for establishing future year
force and financial requirements. Figure 1 displays the
range of projected TOA budget levels represented by the
OSD and JCS planning activities in terms of high, medium,
and low annual and five-year total obligational authority
requirements for the total DoD and the strategic direct
mission area. Totals for the Strateglc Offensive, De-
fensive, and Control and Surveillance sub-mission areas
are also shown in Fig. 1.

(U) The force structure cost analysis in this study
estimates the effects of alternate forces on the total
obligational authority requirements for only the strategilc

1 AN
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force mission area. Within this mission area, interest is
also focused on the three sub-mission areas, namely,
Offense, Defense, and Control and Surveillance.

(U) The structuring of cost elements and cost
categories used in the recent 0SD and JCS planning exer-—
cises 1s an integral part of the methodology of this
cost analysis. o

(U) This structure not only indicates what weapon
system or program elements are assigned to which sub-
mission or mission area, but also implies the assoclatlon
of cost categories and/or cost elements for each system,
allocatlon techniques, and the aggregation of costs to
sub-mission and mission. Due to this structuring, 1t
should be noted that base and individual support, training
(formal); command, and logistics support functions are
all consldered sub-mission areas of the General Support
Program. How these general functional support areas
would fluctuate as a result of changes 1n the strategic
sub-mission areas has not been addressed in this study.
Hence, only those costs associated with each weapon system
or program element have been included in the costs for
that system as well as the costs of each sub-mlssion and the
strategic mission, It is also important to note that
costs of nuclear materials assoclated with the Atomic
Energy Commission are not included in this study.
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II. METHODOLOGY

(U) The general approach to estimating the total
obligational authority requirements of strategic forces
used by the Cost Analysis Panel involved three steps:

Step 1. A polnt of departure which includes forces,
time, and total obligational authority
requlrements wlth its implied structuring
of cost categories and cost—estimating
relationships was established.

Step 2. Cost input data on candidate weapon system
options of interest to strategic weapon study
panel members were obtained.

Step 3. Using data and procedures established in
Steps 1 and 2, estimates were made of total
obligational authority requirements of
alternative strategic force structures or
combinations of strategic weapon systems.

Chapter II 1s organized into three parts, each of
which elaborates on one of the steps discussed above.

A. POINT OF DEPARTURE

(U) The illustrative force of the 0SD Tentative
Fiscal Guidance was selected as the point-of-departure
force because it is currently the basic source document
used at the beginning of the planning process within the
O3D, JCS, and DoD environment. 0OSD cost analysts estimated
TOA requirements for FY 1972 through FY 1976 based on the
illustrative forces for FY 1971 through FY 1979 using a
computerized cost model, the "electric FYDP", to assist
in the computing.
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(U) The cost model contains a combilnation of through-
puts, estimating relationships, and cost factors for each
strategic weapon system arrayed 1n a manner to facllltate
estimating TOA requirements of alternate quantiltles of
any weapon system or comblnation of weapon systems. Out -
puts of the model include RDT&E, Investment, and Operations
cost by fiscal year for each weapon system with appropriate
sub-mission and misslon totals.

(U) The cost categorles, cost elements, and cost
estimating relationships for the strategic force part of
the electric FYDP were used 1n this study effort for
estimaring TOA requirements for the alternate forces. The
computational procedures used l1n the cost model are dis-
cussed in detall 1n Appendlx A; the input values requlred
for running the cost model are listed in Appendlix B.

(U) Two graphs portraying the outputs of the model
for an 1llustrative force are shown 1in trags. 2 and 3.
They summarize the estimated TOA for the strategilce
mission through FY 1981 by major cost category--i.e.,
RDT&E, Investment, and Operations--and by sub-milssion--
1.e., offense, defense, and control and survelllance.

(b)(1)









(b)(1)

B. CANDIDATE WEAPON SYSTEMS

(U) The study team reviewed strateglic weapon system
candidates currently 1n the system concept formulatlon
Phase of development or beyond and developed a list of
high potential new weapon system options. Some of these
new system candidates were 1ncluded 1n the alternate
strategic forces studled and thelr cost streams8 over time
were added to time-phased TOA requirements of the fiscal
guldance forces to form new total strategle force costs.
(See Appendlx D and Part B of Chapter III.) Other new
force improvement options that were not included in any of
the six forces but were evaluated by the SWS team may
be found i1n Appendlx C.

(U) Individual strategic weapon system cost model
input values were obtained from the electrlc FYDP input
listing and other Flscal Guilidance documentation to the
extent possible. Occasionally, an advanced strategic
system candldate of Interest was not considered 1n the
Fiscal Guidance. In these cases appropriate weapon system
cost model 1l1nput values were. obtalned through an official

9
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service channel such as the Army DASSO for the SAM-D or
the Ailr Force JSOP cost input/output listing for FY 1972
through FY 1979 for the Improved Manned Interceptor (F-15),
‘AWACS, and WS-120A weapon systems, the SAC/SAMSO joint
task force study for MINUTEMAN rebasing options, and ASD
documentation for the LABP.

(U) All cost model input data were reviewed by panel
members primarily to insure consistency of computational
ground rules, Uncertainties inherent in estimates of new
systems costs preclude high degrees of accuracy in the
absolute values of cost estimates. However, the use of
a single set of cost input values, cost categories, cost
elements, force deployment and procurement schedules will
permit comparisons of relative TOA requirements for
alternate force structures. Since the cost ground
rules used in this study are based on those used to
establish the Fiscal Guidance, the resultant cost estimate
need not agree precilsely with estimates obtained from
another source such as the Joint Forces Memorandum. Any
two cost estimating systems may do a good job of discrimi-
nating between the costs of alternate force structures
while differing in absolute value of total cost estimates
when compared to each other.

(U) Figures 4, 5, and 6 display the type of informa-
tion available from the outputs of the cost model for the
B-1A, SAFEGUARD, and ULMS system options. Each figure
shows RDT&E, Investment, and Operations TOA requirements
by fiscal year (FY) for FY 1972 through FY 1981. The
shaded area and the horizontal axis on the right of the
figures display the force levels of each weapon system
available for operational use by year. It is interesting

10
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to note that large quantities of obligational authority
are required from up to five to ten years in advance of
deployment of significant quantities of operational units.

c. ALTERNATIVE FORCE STRUCTURES

(U) Total obligational authority requirements for
alternative force structures or combinations of strategic
weapon systems were estimated for the strategic portion of
six plaﬁning forces resulting from recent (March through
August 1970) JCS and OSD analyses using the cost model
discussed above,. Figure 7 summarizes TOA requirements for
the illustrative force for FY 1972 through FY 1981. A
detalled reporting of the forces and costs of the six
forces is included in Appendix D to this volume. These
forces and costs were used as a bulilding block for
establishing offensive and defensive force options. TOA
regquirements for the offensive and defensive force options
generated by the Strategic Weapons Study Team were then
estimated and results of that analysils are contained in
Part B of Chapter III,

(U) Because of the possibillities of cost overruns due
to estimating uncertainties and the introduction of the
Fiscal Gulidance, a considerable amount of attention has been
focused on various methods available for insuring that force
costs in any fiscal year are kept within specified fiscal
constraints. In general, annual force funding require-
ments can be reduced by one of the following methods:

(1) Extending the RDT&E cycle directly reduces

annual RDT&E funding requirements and in some
cases could also reduce total RDT&E funding
requirements if the original cycle 1s based on
accelerated development time assumptions which

result in inefflicient uses of resources. Ex-
tending the RDT&E cycle also delays the time

14
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(2)

(3)

4)
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at which the weapon system will be available
for use by DoD and also delays TOA requirements
for investment and operations cost funding.

Extending the production cycle will reduce
annual procurement fundling reguirements and
could reduce total procurement funds required

to the extent that cost reductions are realized
from the effects of a slower rate of production
on initial tooling and facilities requirements.
It should be noted that in certain cases where
there are already in existence capacities for
high rates of production, slowing the produc-—
tion rate could increase per unit costs! thereby
cancelling some of the positive effects of slow-
ing the production rate. Extending the produc-
tion cycle also reduces the quantity of opera-
tional weapon systems available for use during
the weapon build-up phase and delays the time

at which full operational capability is reached.
Operational cost funding is, therefore, also
delayed.

Phasing-out an existling system reduces or
eliminates the operating and recurring invest-
ment costs associated with that system. It
also denles the DoD use of that system.

Other means of reducing funding requirements
are to reduce force activity levels (e.g., re-—
duction of missile test shots, or of aircraft
annual flying hours) and accept lower troop
proficiency levels. Also cutting back on test
articles in an RDT&E program reduces annual and
total RDT&E costs and posslibly reduces the
gquality of the final product,. Finally, trans-
ferring large portions of the active forces to
a reserve or national guard status would also
reduce funding requirements if reduced pro-
ficiency and readiness levels are acceptable.

1(U) This assertion assumes that average per unilt costs
increase due to fixed cost spreading or inefficient use
of a large production facility, and the cost increase
is passed on to the customer (e.g., through cost-plus
contracting).

15
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(U) There are probably many other methods of reducing
strategic force costs available to the ingenious analyst,
but each method probably implies some permanent or
temporary degradation in force capability. Options which
yield large annual funding reductlions for small degrada-
tions in force capabilities are, of course, preferred
options.

(U) The results of a sensitivity analysis of strategic
force total TOA requirements to arbitrary increases in
B-1A, SAFEGUARD, and ULMS investment cost estimates are
displayed in Fig. 8. The analysis indicates that cost
overruns can have a disruptive influence on force costs,
and some form of force cutback or program delay may be
necessary to keep force costs within fiscal guidance
levels in the face of major cost overruns.

17






ITI. RESULTS

(U) Results will be presentd in two majJor parts.
The first part presents estimated total obligational
authority for existing and potential strategic weapon
systems for each element of the strategic offensive triad,
the SAFEGUARD system, and other strategic offensive and
defensive forces. The second part presents the results
of analyses of offensive and defensive total force options
as they relate to various budget levels including the
fiscal guldance issued by the Office of the Secretary of
Defense (0SD).

A. INDIVIDUAL WEAPON SYSTEM OPTIONS

(U) Results are presented in this section for various
combinations of weapon systems or force packages. The
bomber, land-based missile, sea-based missile, SAFEGUARD,
other defensive forces, and offensive control and sur-
veillance force packages are summarized as follows:

Step 1. A graph of total obligational authority
requirements by fiscal year for FY 1972
through FY 1981 is shown for the existing
elements (l1.e., weapon systems currently
in the inventory) of each force package.
The maximum and minimum plots shown are the
estimated TOA of the forces which were
extracted from six planning forces resulting
from recent OSD and JCS analyses. Appendix
D to this volume is dedicated to a more )
detailed reporting and cost analysis of the
strategic part of those planning forces.

19
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Forces corresponding to the maximum and
minimum of TOA requirements are shown on
the vottom of each graph along with the
particular planning force from which they
were extracted.

Step 2. Simlilar maximum and minimum plots and
associated force level data are shown for
all force improvement options 1lncluded in
the planning forces.

Step 3. A plot of TOA requirements by fiscal year
and associated force level data 1is shown
for the addltional candidate force improve-
wwent options whilch were evaluated by the
various panels of the strateglic weapons
study group, but which were not 1lncluded. in
the slx OSD and JCS planning. forces.. These
force lmprovement options are labeled SWS
forces on the figures to distinguish them
from OSD and JCS planning forces.

Step U4 Finally a bvpar chart is displayed which sum-
marizes 5- and 1l0-year total TOA reguirements
Tfor the exlsting elements and force improve-—

ment optlons of all force packages. A brilef
discusslon of each of the force packages
follows.
1. Bomber .orces
(B)(1)
20
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B. STUDY FORCE OPTIONS

(U) Estimated TOA requlrements for strategic offen-
sive and defenslve force options are defined by the study
team as they relate to various budget levels presented
in this section of the report.
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(DAL) package containing arbitrary amounts of funds for
the developments of an area defense system and an expanded
civil defense program is added to the Low and High AD
prackages with the 12 site SAFEGUARD deployment to indicate
that this option is well beyond any current funding con-

siderations for both 5-year periods.
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COST MODEL DESCRIPTION

(U) A computer program was developed to aid the Cost
Analysis Panel in performing the calculations necessary
to estimate the total cost of various strategic forces.
The total cost of a strategic force 1s an aggregation of
the total cost of several individual weapon systems, each
of which comprises the cost of RDT&E, Investment, Operat-
ing and Support. The cost estimating equations used by
the model to determine the cost of elements within these
cost categories are of three general types.

(U) The first type takes the form of a constant equa-
tion. This type is used to throughput the total RDT&E cost
and to add a constant sum to the Investment and Operating
categories.

(U) The second type of equation i1s exponential. It is
essentially a total cumulative cost curve from which the
aircraft procurement, missile procurement, and military
construction costs of the Investment category are derived.
An occasional weapon system has more than one component
that make up the cost of alrcraft procurement, missile
procurement, or military construction. The model has been
programmed to compute the costs of these components using
this same exponential equation form. Only the sum of the
components within each class is given as output.

(U) The third type of equation is linear and 1s used
to derive all the support costs as well as the aircraft,
missile, and other procurement recurring costs.
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(U) Listed in the table below are the cost elements
the RDT&E, Investment, Operating, and Support categories
that are of interest. Corresponding to each is the type
of cost estimating equation incorporated into the program
for computing their costs. Following the table is a more
detailed description of each equation type and of the pro-
cedures included in the computer model for deriving total
weapon system costs and total strateglic forces costs.

Table A-1
Any Year

RDT&E Thruput Type 1
Aircraft Procurement Type 11
Missile Procurement Type 11
Military Construction Type 11
Aircraft Procurement--Recurring Type III
Missile Procurement--Recurring Type III
Other Procurement--Recurring Type 111
Investment Thruput Type 1

Total Investment Type 1
Operating and Maintenance Type I1I1
Military Personnel Type 111
Operating Thruput Type 1

Total Operating

Total Direct
Base Operating Support Type 111
Training Support Type II1
Logistic Support Type III

Total Support
TOTAL WEAPON SYSTEM

58

UNCLASSIFIED



UNCLASSIFIED

Type T
(U) This type indicates a throughput value. That is,

the item 1is not computed in the program but is treated as
a final estimate.

Type IT
(U) The cost elements corresponding to this type are
estimated using an equation of the form:

b

= b _
Cy = & (X3 - X5 4)

i
where

C. = the total cost of gquantity (Xi - Xi—l) for any
vear 1 ranging from 1972 to 19813

a = the unit cost at quantity 1;

Xi = the cumulative procurement quantity through the
end of year i, 1 = 1972 to 1981; and

b = the exponent.

(U) The exponent b is calculated within the program
by taking the quotient of the logarithm of 2 «+ k and the
logarithm of 2, where k 1s the learning curve slope.
Algebraically, b = log (2k)/log 2.

(U) The model also calculates the Xi's, the cumula-—
tive procurement quantities. The value of Xi for any
given year, i, (1972 < i < 1981) is obtained by summing
the yearly procurement, pJ, for all years up to and in-
cluding year i. This can be expressed algebraically by
the equation:
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(U) Computer inputs that are required for Type II
equations are:

a, the first unit cost (in millions of dollars);
k, the learning curve slope; and
pj, @he procurement quantity for year J,
J = 1971 to 1981.
p1971 is considered to be the prior buy--the number of
that particular element already procured by 1972.

Type TIIT

(U) This type indicates that the cost of the element
is derived by multiplying a cost factor by the average of
year end forces. In generalized form the equation is:

c - . (y; + vq_7)
i 2

where

Ci = the total cost in year i, 1 rangling from 1972

to 1981
f = the cost factor corresponding to the element
being estimated; and
Y: = the force level in year i, i ranging from 1972
i
to 1981.

(U) Necessary inputs for Type III equations are:

f, the cost (in millions of dollars) per unit of
a given cost element; and

Vi the number of units in the force structure in
yvear i, 1 = 1972 to 1981.

(U) Upon completion of the computations necessary to
arrive at the total cost of each weapon system, the com-
puter prints out, 1n the sequence indicated in Table A-1,
the cost of each element, in millions of dollars, for
years 1972 to 1981l. Included also are the total Investment,
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total Operating, and total Support costs as well as the
total Direct (sum of all RDT&E, Investment, and Operating
cost) and total Weapon System costs.

(U) The final table of output shows the aggregation
of RDT&E, Investment, Operating, Direct, Support and
Grand Total costs, for each of the 10 years between 1972
and 1981, of all the weapon systems within the specified
strategic force.

61

UNCLASSIFIED



UNCLASSIFIED

62

UNCLASSIFIED



APPENDIX B

WEAPON SYSTEM ESTIMATING RELATIONSHIPS

APPENDIX B



COST MODEL INPUT VALUES

(U) Tables B-1 through B-23 display the detalled
input values for all weapon systems in the strategic
forces discussed in Appendix D. Force level, procurement,
and construction funding schedules of a particular force
structure are shown for all weapon systems. These values,
however, change when the force structure changes.

(U) A detailed explanation of the computation proce-
dures for using these values is included in Appendix A,
and force cost estimates resulting from their use are
shown in Appendix D.
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Table C-1 . COSTS OF ALTERNATIVE STRATEGIC
\N\NEAPON SYSTEMS (U)

(Total Obligational Authority in Millions of Dollars)
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COSTS OF ALTERNATIVE STRATEGIC PLANNING FORCES
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A. ILLUSTRATIVE FORCE

“~=>-The illustrative force of the 0OSD Tentatlve Fiscal
Gulidance was used by OSD to generate filscal guidance to
the JCS and the Services for formulating force plans for
PY 1972 through FY 1976. Tables D-1 through D-5 contaln
the detalled force and cost informatlion for the i1llustrative
force.

TSJ)_Selected systems which generate large outlays of
funds dQue to thelr development and introductlon into the
Inventory are the Alr Force's B-1 aircraft system, the
Navy's Undersea Long-range Missile System (ULMS), and the
Army's Safeguard ABM defense system. Other systems worth
noting are (1) the decline of the B-52 force, (2) the 1in-
troduction of the MINUTEMAN (B)(1) » ana
(3) the funds assolcated with the POSEIBBh converslion program
of 31 boats.

B. JOINT FORCES MEMORANDUM--CONSTRAINED FORCE

\TTSQ\Ihe initial response by the Joint Chiliefs of Staff
to the OSD Fiscal Guldance Memorandum was the development
of the JFM-constrained force. The constraint that was
1mposed upon the development of the force was that of
funds. The total funding presented in the flscal guldance
was to be retalned by Service total and by mlission cate-
gories.

\TQSQ‘Tables D-6 through D=10 present the force units
and estimated TOA for the JFM-constrained force. The major
changes 1in thls force compared to the illustrative force
were:
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(b)(1)

(2) The phase-out of units already in the inven-
tory were slowed down, 1if not completely
avolded. This retention of units was present
in 211 of the sub-missions.

(3) The ULMS IOC data was retained in FY 1979, but
the rate of deployment was reduced.

(4) The B-~1 system IOC date was moved 2 years
forward to FY 1977.

(5) Three new systems were introduced into the
inventory: namely, the AWACS in FY 1976, the
IMI P-15 1in FY 1976 and the SAM-D in FY 1979.

C. JOINT FORCES MEMORANDUM--ALTERNATE FORCE

‘TTS%-The Joint Chilefs of Staff also responded with an
alternative force whilch retained the funding constraint
by service total, but allowed funding transfers between
major missions.

TESL Tables D-11 through D-15 present the force unilts
and estimated TOA for the JFM-alternate forece. The results
indicate a decline in strategic force costs compared to
the JPM~-constrained force which was offset primarlly by
an 1increase 1n General Purpose Forces funding levels.

‘FESL~?he major changes in this force, when compared
to the constrained force, are:
(1) B-1 procurement was reduced by one ailrcraft
per year in FY 1974 and 1375 but increased in
FY 1976. The delivery schedule slips by three

months, and FY 1973 RDT&E funding regulrements
are reduced.
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(2) ULMS initial operational date is delayed one
year.

(3) POSEIDON boat conversions proceed at the JCS
recommended rate, which is less than in the
constrained force.

D. JOINT FORCES MEMORANDUM-~-DECREMENTAL FORCES

“XT89-The Joint Chiefs of Staff also responded to the
OSD Fiscal Guidance with the JFM decremental force. The
decremental force was designed to effect significant DoD-
wide budget decreases.

‘Tﬁﬂ&_@ables D-16 through D-20 present the force unlts
and estimated TOA for the JFM decremental force. The results
indicate a decline in strateglc force costs compared to
the fiscal guidance, JFM constrained, and JFM alternate
forces representing a part of the intended total DoD bud-
get decline of $1.0 billion per year for each military
department.

220 _The major changes in this force, when compared to
the JFPM--alternate force, are as follows:

(1) The SAFEGUARD system deployment was reduced
from 12 sites to 8 sites. '

(2) The B-52 C&Fs would be reduced from nine to
five sqQuadrons by FY 1973 and phased out by
FY 1979. The B-~52 G&H's would be reduced
from 17 to 14 squadrons in FY 1970 with an
appropriate reduction in the HOUNDOG missiles
force in PFPY 1979.

(3) Numerous other dollar reductions result from
the phase out of all TITAN missiles by FY 1972,
cancellation of certain MINUTEMAN III guldance
improvements, phase out of all five U.S.
BOMARC squadrons, reduced F101/106 fighter
interceptor forces, reduced NIKE-HERCULES
batteries with a corresponding reduction in
the Army Air Defense Command Posts, a one-
year sllppage in the I0C of the new Air Force
Alrborne Command Post, and a reduction in the
force level of AEW&C (EC-12l1l)aircraft.
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E. JOINT FORCES MEMORANDUM, DECREMENT B

‘TTSQ.After the JCS responded to the initial OSD fiscal
guidance with a Joint Forces Memorandum contalning the
constrained, alternative, and decremental forces, the
OSD requested that the JCS design two more planning forces
and that they reflect an additional decrement from the
total DoD budget of $2.0 billion per Service per year.

The 0OSD-imposed ground rules for designing the first force
(i.e., Decremental Alternative A) reqguired that the strategic
force remain within the original fiscal guidance. The
strategilc forces and TOA requirements for Decremental
Alternative A are, therefore, identical to the JFM
constrained force (described previously) which was designed
under the same ground rules. The Decremental Alternative B
strategic force was based on the assumption that the Naval
Fleet Ballistic Missile System part of the strategic force
would remain within the original fiscal guidance (i.e.,
unchanged from the JFM constrained force) whereas any

other part of the strategic forces could be changed to
achieve the required total DoD decrement. Tables D-21
through D-25 present the force units and their estimated
TOA for this force.

TEIY_The major changes in this force when compared to
the JFM Decremental forces, are as follows:

(1) The B-52 C&Fs would be phased out by
FY 1973 and the B-1lAs IOC would be delayed
2 years to FY 1979. SRAM and KC-135 force
levels would also be reduced reflecting the
smaller bomber force.

(2) The SAFEGUARD system deployment was reduced
from 8 to 4 sites.

(3) More of the NIKE-HERCULES missiles are kept
in this force, but the plans to acquire the
IMI-F-15 and SAM-D systems are dropped and
only RDT&E money 1s provided for the AWACS
system.
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F. JOINT FORCES MEMORANDUM, JOINT STRATEGIC OBJECTIVES
PLAN

"TTS&ighe JSOP forces differ from the previous five
forces because they were not subject to fiscal constralnts,
but were derived by the JCS, based on considerations of
U.S. strategic objectives.

THRE), Tables D-26 through D-30 present the force units
and their estimated TOA for this force.

TPESe. Compared to the previous five forces, the JSOP
forces are characterized by:
(1) Earlier IOCs for new weapon systems such as
the B-1A, ULMS, and AWACS.

{(2) Retention of greater quantities of existing
systems such as the B-52 and NIKE-HERCULES.

(3) Higher force levels for new systems such as
MINUTEMAN III, SRAM, and SCAD.

As a result of the above factors total strategic
TOA requirements for JSOP strategic forces are the highest
of the six forces discussed in this appendix.
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Table D—'lm ILLUSTRATIVE FORCE -~ STRATEGIC
FORCE STRUCTURE (U)

(Extrapolated)
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Table D-2 N ILLUSTRATIVE FORCE - STRATEGIC RDT&E (u)
(Total Obligational Authority)(Millions of Dollars}™*
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Table D-3 7’55)\ ILLUSTRATIVE FORCE - STRATEGIC INVESTMENT (U)
(Total Obligational Authority)(Millions of Dollars)*
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Table 0-4\l"54* ILLUSTRATIVE FORCE -STRATEGIC OPERATIONS (U)
(Total Obligational Authority)(Millions of Dollars)*
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Table D—S\('&L,\ JLLUSTRATIVE FORCE - STRATEGIC TOTAL (V)
(Total Obligational Authority)(Millions of Dollars)*
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Table D—m\ JOINT FORCES MEMORANDUM--CONSTRAINED FORCES
STRATEGIC FORCE STRUCTURE (U)

(Extrapolated)
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Table D-7 UTSM JOINT FORCES MEMORANDUM CONSTRAINED FORCES
STRATEGIC RDT&E (U)

(Total Obligational Authority) (Millions of Dollars)*>
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Table D—BN JOINT FORCES MEMORANDUM CONSTRAINED FORCES
STRATEGIC INVESTMENT (U)

(Total Obligational Authority) (Millions of Dollars)*
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Table D-9"T$s¢*~ JOINT FORCES MEMORANDUM CONSTRAINED FORCES
STRATEGIC OPERATIONS (U)

(Total Obligational Authority) (Millions of Dollars)*
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Table D-10 (TS JOINT FORCES 'MEMORANDUM--CONSTRAINED FORCES
STRATEGIC MISSION--TOTAL COSTS (U)

(Total Obligational Authority)(Millions of Dollars)*
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Table D-11 m\ JOINT FORCES MEMORANDUM--ALTERNATIVE FORCES
STRATEGIC FORCE STRUCTURE (U)
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Table D-12TT™9~ JOINT FORCES MEMORANDUM--ALTERNATIVE FORCES
STRATEGIC RDT&E (U)

(Total Obligational Authority){(Milldions of Dollars)*
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Table D-13 TFsa _ JOINT FORCES MEMORANDUM--ALTERNATIVE FORCES
STRATEGIC INVESTMENT (U)

(Total Obiigational Authority)(Millions of Dollars)*
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Table D—'IJN\ JOINT FORCES MEMORANDUM--ALTERNATIVE FORCES
STRATEGIC OPERATIONS (U)

(Total Obligational Authority)(Millions of Dollars)*
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Table D-15FS9— JOINT FORCES MEMORANDUM--ALTERNATIVE FORCES
STRATEGIC MISSION--TOTAL COSTS (U)

(Total Obligational Authority)(Millions of Dollars)*
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JOINT FORCES MEMORANDUM--DECREMENTAL FORCES
STRATEGIC FORCE STRUCTURE (U)

(Extrapolated)
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Table D-17"TFS>.. JOINT FORCES MEMORANDUM--DECREMENTAL FORCES
STRATEGIC RDT&E

(Total Obligational Authority)(Millions of Dollars)™*
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Table D-18TF6J). JOINT FORCES MEMORANDUM--DECREMENTAL FORCES
STRATEGIC INVESTMENT (U)

(Total Obligational Authority){Millions of Dollars)™*
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Table D—Tgm. JOINT FORCES MEMORANDUM-~-DECREMENTAL FORCES
STRATEGIC OPERATIONS (U)

(Total Obligational Authority)(Millions of Dollars)¥*
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Table D—ZON JOINT FORCES MEMORANDUM--DECREMENTAL FORCES
STRATEGIC MISSION - TOTAL COSTS (U)

(Total Obligational Authority)(Millions of Dollars)*
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Table D-21 m. JOINT FORCES MEMORANDUM DECREMENT B
STRATEGIC FORCE STRUCTURE (EXTRAPOLATED) (U)
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Table D-22 . JOINT FORCES MEMORANDUM DECREMENT B
STRATEGIC ROT&E (U)

(Total OGbligational Authority){(Millions of Dollars)=*
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Table D-;zi"("ris.)....‘r JOINT FORCES MEMORANDUM DECREMENT B
STRATEGIC INVESTMENT (U)

(Total Obligational Authority)(Millions of Dollars)=*
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Table D-24 m JdJOINT FORCES MEMORANDUM DECREMENT 8
STRATEGIC OPERATIONS (U)

(Total Obligational Authority)(Millions of Dollars)=*
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Table D-25 TTS>> JOINT FORCES MEMORANDUM DECREMENT B
STRATEGIC MISSION-~TOTAL COSTS (U)

(Total Obligational Authority)(Millions of Dollars }*
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Table D—ZGT'FSQ? JOINY FORCES MEMORANDUM--JOINT STRATEGIC
OBJECTIVES PLAN STRATEGIC FORCE STRUCTURE (U)
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Table D-27 TTS3w JOINT FORCES MEMORANDUM--JOINT STRATEGIC
OBJECTIVES PLAN STRATEGIC RDT&E (U)

(Total Obligational Authority)(Millions of Dollars)*
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Table D-28 T*§Q+ JOINT FORCES MEMORANDUM--JOINT STRATEGIC
OBJECTIVES PLAN STRATEGIC INVESTMENT (U)

(Total Obligational Authority)(Miilions of Dollars)*
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Table D-29 ("I‘S.)._i’.I JOINT FORCES MEMORANDUM--JOINT STRATEGIC
OBJECTIVES PLAN STRATEGIC OPERATIONS (U)

(Total Obligational Authority)(Millions of Dollars)*
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Table D-30 (TS JOINT FORCES MEMORANDUM--JOINT STRATEGIC
OBJECTIVES PLAN STRATEGIC MISSION--TOTAL COSTS (U)

(Total Obligational Authority)(Millions of Dollars)*

120

FOR SECREF




APPENDIX E

COSTS OF USSR STRATEGIC OFFENSIVE AND
DEFENSIVE FORCES
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1971 1972
ATTACK FORCES

} Heavy Bombers 6.3 - 0.4 0.2 - 0.4 o]
Missile Submarines 1.2 - 1.6 1.0 - 1.5 0
Land Based ICBMs 3.4 - 4.0 3.4 - 3.6 3
Peripheral Weapons (MR/IR) 1.6 - 2.5 1.7 - 2.5 1
Joint Support Costs 0.1 — 0.1 0.1 - 0.1 0
: TOTAL ATTACK 6.6 — 8.6 6.4 - 8.1 [

DEFENSE FORCES
Interceptors 2.5 - 3.1 2.3 - 2.8 1
Surface-to—Air Milssiles 3.0 - 4.1 2.8 - 4.0 2
Anti-Ballistic Missiles 0.3 - 0.5 0.3 - 1.0 0
Air Defense Surv. & Cont. 6.9 - 1.3 0.9 — 1.4 1
Anti- Satellite 0.1 - 0.1 0.1 - 0.1 o}
TOTAL DEFENSE 6.8 — 9.1 6.4 - 9.3 6
TOTAL STRATEGIC FORCE COST 13.4 - 17.7 |12.8 - 17.4 |12
Note: This summary of Soviet cost projections constitutes t

mates by the Intelligence Community for the period 1971 thro






1971 1972 1973
INTERCEPTOR AIRCRAFT

Fresco (Mig-17) (950) $ 179 (800) $ 151 (600) $ 113
Farmer (Mig-19) (250) 52 (200) 41 (150) 31
Fishpot (SU-9) (750) 251 {700) 234 (675) 22€
Flashlight (Yak) {150) 30 (125) 25 (100) 20
Firebar (Yak 28) (350) 116 (350) 116 (350} 116
Fiddler (TU-2B) (125) 190 (125) Le (125) 46
Flagon A (SU-2) (475) 686 (600) 720 (725) 567
Foxbat (Mig-2?) (25) 781 (755 742 (125) 674
Non~Unit Related Costs 295 189 151

TOTAL INTERCEPTORS (3075) $2580 | (2975) $2264 |(2850) $1944

SURFACE-TO-AIR MISSILES (SAM)

SA-1 Launchers (3255) $ 345 | (2400) $ 259 | (1550) $ 173
SA-2 Launchers (4800) 1285 | (4500) 1207 |[(4200) 1125
SA-3 Launchers (880) 364 (880) 311 (880) 311
SA-5 Launchers (1290) 966 | (1530) 1044 | (1800) 907
Non-Unit Related Costs 1 1 1

TOTAL SAM (10,225) $2961 | (9310) $2822 | (8430) $2517

ANTI-BALLISTIC MISSILE
INSTALLATIONS (ABM)

Early Warning Radar (4) $ 81 (6) $ 68 (6) $ 93
Regiorial Radars (inc. Moscow) (2) 123 (2) 118 (2) 377
Moscow ABM Cmd. Spt. Costs (o) 6 (0) [ (o) 6
ABM Launchers (Moscow) ABM-12 (6h) 84 (64) 8l (64> 8L
ABM Launchers (Short) Z-12 (0) o] (0) o] (0) o]
ABM Launchers (Long) Z-22 (0) (o} (0) o] (o) 109

TOTAL ABM (RAD&LNCHR) COSTS $ 294 $ 276 $ 669

AIR DEFENSE SURV. & CONTROL
SYSTEMS (INCL. SUB-CONTROL)

Radar Sites (Ground) (850) $ 304 (850) $ 304 (850) $ 304
Alr Defense Districts (9) 13 9) 13 (§°D)] 13
Air Defense Zones (40) 48 (40) a8 (42) 50
Alr Defense Sectors (57) L2Y 47> 33 (40) 29
Sub-Control Radar Stations (130) 23 (145) 26 (160) 29
Moss AWACS Aireraft (s) 18 (10) 22 (15) ik
Non-Unlt Related Costs 431 468 5h1
TOTAL AIR DEFENSE COSTS $ 878 $ 914 $ 980
ANTI-SATELLITE INSTALLATIONS
Detection & Tracking Radars (8) 45 (8) 45 (8) 45
Anti-Satellite Launch Sites (0) 46 (o) 46 0y u6
TOTAL ANTI-SATELLITE INSTALL. 91 91 91
TOTAL 'STRATEGIC DEFENSE COSTS $6804 $6367 $6201
2Force quantities show on-site operational launchers: <costs are based on t

and ABM-Z-2, but one missile per launcher for ABM-Z-1,






1971 1972 1973
INTERCEPTOR AIRCRAFT
Fresco (Mig-17) (1050) % 250 (900) ¢ 214 (700) $ 167
Farmer (Mig-19) (300) 79 (250) 65 (200) 52
Flshpot (8U-9) (800) 323 {750) 303 (725) 292
Flashlight (Yak) (175) 4s (150) 38 (125) 32
Firebar (Yak-28) (400) 160 (400) 160 (400) 160
Flddler (TU-2B) (150) 293 (175> 80 (17%5) 80
Flagon A (SU=?) (500) 771 (650) 828 775) 673
Foxbat (Mig-7?) (50) 777 (100) 957 (175) 953
Non~Unit Related Costs 371 229 187
TOTAL INTERCEPTORS (3425) $3069 | (3375) $2874 | (3275) $2596
SURFACE-TO-AIR MISSILES
SA-1 Launchers (3255) $ 417 | (3255) $ 417 | (3255) & 417
SA-2 Launchers (5340) 1655 | (5340) 1618 | (5340) 1620
SA-3 Launchers (1120) 717 | (1240) 608 | (1240) 523
SA-5 Launchers (1650) 1276 | (1890) 1302 | (2160) 1309
SA-Z~1 Launchers (0) o (0) o (0) 31
Non-Unit Related Costs 1 hs 1
TOTAL SAM (31,365 $4066 |(11,725) $3964 |(11,995) $3901
ANTI-BALLISTIC MISSILE
INSTALLATIONS (ABM)
Early Warning Radars (6) $ 139 {(7) $ 151 (8) $ 188
Regional Radars (Moscow) (2) 121 (2) 81 (3) 62
Regional Radars (Other) (o) 46 (0) 327 (€] 596
Moscow ABM Command & Support (0) 13 (0) 13 0) 13
ABM Launchers (Moscow) ABM-12 (64) 108 (64) 108 (64) 108
ABM Launchers (Short) z-12 Q) [o] (0) o] ) 109
ABM Launchers (Long) Z-22 (0) 109 o) 289 (o) 740
TOTAL ABM (RAD&LNCHR) COSTS $ 536 $ 969 $1816
AIR DEFENSE SURV. & CONTROL
SYSTEMS (INCL. SUB-CONTROL}
Radar Sites (Ground) (0) % 506 (0) $ 506 (0) $ 506
Alr Defense Districts (11) 23 (11) 23 (11) 23
Air Defense Zones (40) 60 {40y 60 (u2) 62
Air Defense Sectors (66) 59 (57> 51 (57) 51
Sub-Control Radar (155) 42 (170) he (185) 50
Moss (Flat Jack) & O/L AWACS (15) 4o (25) 49 (30) 33
Non-Unit Related Costs 599 687 775
TOTAL AIR DEFENSE COSTS $1329 $1k22 $1500
ANTI-SATELLITE INSTALLATIONS
Detectlon & Tracking Radars (8> 57 (8> 57 (8) 57
Anti-Satellite Launch Sites (4) 46 (6) 22 (8) 2¢
= TOTAL ARTI-SATELLITE INSTALL] 103 79 8¢
TOTAL STRATEGIC DEFENSE COSTS $9103 $9308 $989¢

%Force quantities show on-site operational launchers:

and ABM-Z-2, but one missile per launcher for ABM-Z-1.

costs are based on
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WEAPONS SYSTEMS EVALUATION GROUP
400 ARMY NAVY DRIVE
ARLINGTON. VIRGINIA 22202

21 September 1970

MEMORANDUM FOR CHAIRMAN, JOINT CHIEFS OF STAFF

SUBJECT: SIMEX Prototype Development

I. FOREWORD

(U) The abstract of WSEG Report 155 is contained in Section II below. Detailed
WSEG comments on the study are contained in Section IIL

1L ABSTRACT

(U) Title: WSEG Report 155, "SIMETTE, SIMEX Prototype Development (U), "
September 1970.

(U) Conducted by: WSEG Fox: JCs

This study is responsive to the requirements contained in DJSM~1250~69, 11 August
1969,

(U) Purpose: The primary purpose of this study is the development of a prototype
Exchange and Interaction module as a test bed for SIMEX, and as a working simula-
tion to address the multisystem interaction problems of a two-sided global nuclear
war. In addition, computer and Data Management System (DMS) requirements and
a Battle Plan Generator (BPG) algorithm for SIMEX are examined furxther.

(U) Methodology: Using the detailed requirements provided by WSEG Report 149,
the study designed a simulation model to include all principal interactions in a two-
sided nuclear war. The model was made in a modular mannexr so that many highly
aggregated subsections could be replaced if further development of SIMEX were
pursued. Where available, routines and logic from existing models wexe incorpora~
ted directly into SIMETTE. Generally, the model was designed to place no con-
straints on possible forces, command structure, or doctrine which might need to be
simulated in future studies. Further investigation was made of possible tcomputers
and a DMS for SIMEX, and a limited allocation model was developed for use in a BPG.



(U) Principal Findings:

1. Where the scope of game-dependent factors has been a limiting factor
in study credibility, SIMETTE is unique in comparison with other models as a
high confidence tool for the study of exchanges and interactions.

2, The SIMEX concept and design are reconfirmed as technically feasible,

3. The allocation method for the BPG is rapid in execution and compatible
with the principal operational constraints. ‘The acceptable quality of its results
and its compatibility with more refined allocation methods make it an effective
departure point for cases where a high degree of refinement is desired in weapon
allocation.

4. When compared with comparable CDC equipment, the IBM System 360
series of computer equipment is preferred for SIMEX because of greater core
capability with a built-in growth potential.

5. The use of SIMSCRIPT, and the associated use of process logic in the
design, extend the utility of SIMETTE because of the resulting flexibility and
modularity.

6. An extensive input preparation effort is required in using the SIMETTE
model for problems of large scope. This factor emphasizes the requirement for
an automated Data Management System to fully exploit the capability of the model.
The principal candidate DMS for SIMEX remains ADEPTS/TDMS.

7. The prototype is capable of application to current problems, provided
the number of game objects is restricted, for example, by localizing the game.

IIl. WSEG COMMENTS

(U) This study represents the first nine months of work outlined in Plan 3, WSEG
Report 149, "SIMEX Simulation Exchange, " October 1969. It is responsive to the
tasks specified in that plan; however, resource limitations precluded extensive
testing of the simulation model, and treatment of footprint constraints for the BPG.

(U) The allocation program developed for the BPG is a technique for rapidly ob-

taining reasonably optimal weapons allocation while simultaneously considering
constraints.

1I



(U) Work on the SIMETTE model further demonstrates the feasibility of the
simulation concept of SIMEX.

(U) The study includes further analysis of computer requirements for SIMEX
and recommends a specific family -of computers, optimum for SIMEX purposes.
Althcugh acceptable from this point of view, any computer selection made would
have to consider other potential uses for the computer.

(U) The SIMETTE design includes the capability to trace the history of effects
on strategic elements, even in cases where such effects were unintended. This
permits detailed analysis of occurrences of particular interest, a feature not
available in other large-scale simulations where details of the interactions of
the simulation model are most frequently lost in highly aggregated reports of
results.

((8)] SIMETTE appears to have utility to simulate various nuclear effects on
targets, weapons, sensors, command and control, as well as offensive and de-
fensive weapons interactions in a two-sided nuclear exchange. 7To gain a better
insight into its potential for solving current problems, WSEG will exercise and
evaluate SIMETTE further in accordance with DJSM-563-70, 17 April 1970.

(U) It is recommended that this study be forwarded to potential users of the
simulation, to include JSTPS, JSIPS, NORAD, SAC, and the Services.

st kol

' 4
ARTHUR W. OBERBECK
Lieutenant General, USA
Director
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I. INTRODUCTION

A, General

Weapons Systems Evaluation Group (WSEG) Report 125 recom-
mended development of a large, two-sided, global nuclear exchange
simulation model as a means of studying the multisystem interaction
problem. WSEG Report 149 documented the requirement specifications
and development costs of the requisite set of simulation procedures,
designated SIMEZX.

The three key segments envisioned for SIMEX were an automated
battle plan generator (BPG) to develop the strike plans for model inputs
for various scenarios; an Exchange and Interactions (E&I) module which
simulates the exchange and interactions of opposing forces; and, third,
a highly capable data management system (DMS) in which the former
two segments would be embedded.

This study is a continuation of work toward SIMEX with effort
devoted to each of the three key segments described above, with prin-
cipal emphasis placed on completion of the development of a prototype
E&I model, SIMETTE.

B. Study Objectives

This study had as its goals:

°® Completion of the development of the E&I model prototype,
SIMETTE, to include operational codes and documentation

e Continuation of the design effort on the BPG to include the
development of the allocation algorithms with selected con-
straints to be used for SIMEX

- Continuation of effort on the selection of the DMS for SIMEX

I-1
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[ A recommendation, with justification, of the proposed ob-
ject computer and required ancillary equipment for the
ultimate SIMEX

SIMETTE, a prototype of the E&I module of SIMEX, was under -
taken to demonstrate the concepts proposed for SIMEX, to serve as a
foundation on which more detailed development could be based and to
serve as a useful intermediate study tool itself. The operational proto-
type would thus be both a test bed for SIMEX and a working simulation
for application to multisystem interaction problems.

Fundamental to the SIMETTE effort was to have been the rep-
resentation of offensive and defensive forces, sensors, command and
control (C&C), and nuclear effects (direct and cumulative) in a two-
sided exchange. Representation of these elements and their associated
decision functions were considered necessary to examine the interac-

tions between them in a dynarmic manner.

C. Report Organization

This report of SIMETTE E&I model prototype development and
related developments in the SIMEX system comprises six volumes.

Volume I, Main Paper, includes discussions of SIMETTE model
capabilities, demonstration case results, and required computer use
capacity. The latter includes extrapolations to larger equipment sys-
tems and/or expanded problem applications. The results of supple-
mental effort in the choice of a preferred DMS and a computer for the
SIMEX system and progress in BPG development effort is also
summarized.

A summary of development effort results and study findings com-
pletes the Main Paper.

Volume II, User's Manual, discusses input data requirements
and creation sheet formats for SIMETTE. Detailed instructions for
completing creation sheets as well as sample forms are also included.

Volume III, SIMETTE Computer Programs and Methodology, is
a technical discussion of the subroutines which comprise the main

simulator, preprocessor, and postprocessor programs. An analytical

1-2
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discussion of missile defense logic (ABM and SAM defenses) is also in-
cluded in this volume.

Veolume IV, SIMETTE Operator's Manual, contains computer
operators instructions for SIMETTE model execution on the IBM sys-
tem 360/50 computer. An extraction of SIMETTE error listings is
also included.

Volume V, SIMETTE Program Listings, includes simulator,
preprocessor, and postprocessor program listings as well as data
listings.

Volume VI, Related SIMEX Effort, contains related SIMEX
development effort on a DMS, a computer for the SIMEX system, and
an allocator program for offensive BPG. The latter includes program
capabilities, test case results, instructions for run preparation, and
relationship with similar purpose programs, particularly various
efforts developed in the Weapons Employment Study (WEPS) project
(WSEG Report 148).

I-3
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II. SUMMARY

The development effort described in this report resulted in a pro-
totype E&I model, SIMETTE, which is to be used both as a test bed for
SIMEX as well as a working simulation of multisystem interactions. This
report includes the codes for the operational SIMETTE as well as the re-
quisite documentation and operating instructions for its use. The demon-
stration case results, as documented in Section IV of the Main Paper,
confirms the technical feasibility of the SIMETTE design as a test bed for
SIMEX as well as lends credence to its use as a working simulation.

The SIMETTE model consists of three principal parts. These in-
clude a preprocessor, simulator, and postprocessor. These parts com-
prise nearly 11,000 SIMSCRIPT statements. The test case, employing
a mix of weapon and delivery vehicle types, nuclear effects and site types
along with operating system programs, used the available 512,000 bytes
of IBM systermn 360/50 core. It is estimated that the 1,048,000 byte memory
of the 360/50 computer can handle 800 moving objects and 500 fixed sites.

The results of the test cases executed demonstrated the technical
capability of the SIMETTE model for considering:

® Full two -sided exchanges (2 offenses and 2 defenses)

[ ) Multiplicity of system types including land and sea-based

ballistic missiles, area and terminal ABM, bombers,
SAM's and manned interceptors (MI's)

) Multisystem interactions, planned and inadvertent

® Extensive nuclear effects including blackout and dust

In addition, the full spectrum of missile/defensive ABM engage-
ments and interactions was demonstrated together with aircraft/MI
and SAM.

I1-1
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Even with a small population of game elements in the demonstra-
tion test cases, run results indicated a significant number of game en-
tities as well as the intended targets were influenced to varying extents
by weapon bursts.

Specific instances of interactions of an unplanned nature that oc-
curred in the demonstration test cases are as follows.

) Damage to threat objects other than that object intended to

be the objective target in an ABM engagement. (An ABM
round scored a direct hit on a RV and damaged a nearby

inflight decoy also.)

° An ABM burst intended for an incoming RV damaged a
friendly ABM inflight toward another threat object.

) Dust erosion of incoming RV's was evidenced a number of
times.

) A weapon burst destroyed two collocated targets and had

measurable overpressure effects on five other targets some
distance away. The same burst produced a fireball which
partially occluded three widely dispersed radars.

In the course of work toward development of an automatic BPG,

a computerized weapons laydown allocator employing a marginal return
method of allocation was coded and run for a variety of test cases. The
allocator includes optional range and cross—targeting constraints, vari-
able damage inflicted limits, variable offensive weapons expenditures,
and intermediate results reporting. Test run experience confirmed the
predictions made in WSEG Report 149 both as to rapid program execution
even for sizable weapon/target combinations and in the allocation method
compatibility with the principal operational constraints. In this regard,
the program should be compatible with the FOOTCALL program developed
in WSEG Report 148 (WEPS project) which employs a marginal return
method of allocation of MIRV's.

Experience with SIMETTE development as well as the reported
experience of DCA in their development work on ADEPTS/TDMS served
to reconfirm preferred employment of this system as the principal can-
didate DMS for SIMEX use.

II-2
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Continuing examination of the IBM ystem 360 series of computers
and CDC series (6400 and greater) indicated that the preferred computer
for SIMEX to be the IBM 360 series because of its availability, large
memory, and operational software. The recently announced IBM System
370 series is an attractive alternative and is advantageous for near-
future term expansion because of compatibility with the 360 series,
larger core capacity, and improved execution speed.

The limited test experience to date of the prototype E&I model,
SIMETTE, provided a graphic illustration of the model's capability for
revealing inadvertent interactions between game elements in the context
of a general nuclear war scenario. Also demonstrated was its capa-

bility to:

[ ] Represent game elements as individual entities
® Represent direct and cumulative nuclear effects
[ ) Represent secondary nuclear effects (dust erosion, black-

out, etc.)
e Enable replaceability of algorithms including
—_ Weapon effect propagation
- Weapon and supporting system characterization
- Decisionmaking channeling

o Represent extensive scope of multisystem interactions

SIMETTE is immediately applicable to interaction problems in
which the number of entities is restricted. This can be accomplished
by localizing a problem, as in end-game applications, or by applica-
tions in which the level of conflict simulated is reduced.

Practical limitations of applying the prototype to large global
problems because of the absence of a capable DMS and a computer with
sufficient core memory are therefore removed as a barrier to the use
of SIMETTE in many problems of current interest.

Practical experience gained in these applications of the prototype
when combined with current estimates of study requirements will assist
in refinement of the establishment of priorities for the evolutionary
development toward SIMEX capabilities as well as coantribute to the solu-

tion of the multisystem interaction problem.

II-3
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II1. SIMETTE DESCRIPTION

A. General Structure

SIMETTE is an event-stepped Monte Carlo prototype of the E&I
module envisioned for SIMEX, a large, two-sided global nuclear ex-
change simulator, representing both offensive and defensive forces,
which is described in WSEG Report 149, The prototype was built to
demonstrate the concepts proposed for SIMEX and to serve as the
foundation on which the more detailed structure of SIMEX would be
based. Since most of the logic structure proposed for SIMEX has been
embodied within SIMETTE, it should be applicable to the multisystem
interaction problem through simulation of nuclear exchanges, Current
development of SIMETTE on an IBM 360/50 computer will facilitate
expansion of the model through the use of larger and faster members
of the compatible 360 family. SIMSCRIPT 1.5, well adapted to an
event-stepped simulation model, is used as the program language.

The operational concept of SIMETTE, Exhibit III-1, shows the
relationship of the E&I model and its ancillary preprocessor and post-
processor. Input data, both user provided on the creation sheets de-
scribed in Volume II and various technical tables, is converted to
punched card format and read into the preprocessor where it is proc-
essed and converted to the format required for model input. An error
check of the data is performed and a printout of all data and possible
errors are made for users' examination to increase the probability
of a successful run. Further, the preprocessor provides a record of
all input and initialization data to the postprocessor to assist in post-
game analysis.

The E&I model, using the game inputs provided by the preproc-

essor, conducts the simulation., The occurrence of game significant

II1-1
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events, whether scheduled externally through input data or generated
internally by interactions, is recorded along with the game time of
their occurrence in a history file. The postprocessor, using the pre-
processor reference data and the history file, will then generate sum-
mary reports and may be used to provide additional reports for a more
detailed diagnostic examination of the game. The TRACE subroutine,
providing diagnostic functions as called by the option of the user, rep-
resents a key feature of the design. Other principal characteristics of
the design are (1) the use of process logic which enables modular re-
placement of systems by the addition (or substitution) of characteristic
operational parameters and (2) the design's fundamental capability to
scan all outcome-dependent game elements at the time of occurrence
of critical events. This section presents a description of the various

elements of the E&I model, the preprocessor, and postprocessor.

B. Description of the Model

The model represents most of the significant elements involved
in the two-sided multisystem interaction. These and their interrelation-
ships are shown in Exhibit ITI-2. All moving vehicles, such as missiles,
aircraft, ASM's, and decoys, are uniquely represented and flown along
four-dimensional paths to permit evaluation of interactions with sensor
volumes and nuclear effects. The following is a brief description of

the system and concepts included within the model.,

1. Offensive Command and Control

The user inputs the offensive command and control (C&C)
environment and actions by specifying the scenario and creating the
offensive strike plans. The model will accept varied launch times and
windows for both bombers and missiles. There is no retargeting capa-
bility incorporated in the model at this time.

A command structure is represented and messages may
pass from sensors to command sites and from command sites to weapon
sites. Message transmission depends on the command site state—
dead or alive. The time for transmission is simulated by input distri-

butions or a single value to represent either internal or external delays.
II1-3
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Alternate sites can be represented and used if the primary command
site is destroyed. The condition of communication links between com-

mand sites is not played.

2, Offensive Missiles

Representation of land and sea launched ballistic missiles
employs the concept of paths, path segments, and a further refinement
to individual legs of the segments. Given specific launch and target co-
ordinates, the preprocessor generates an elliptical path to be flown for
each missile-target pair with adjustments made for a rotating earth.

As presently designed, the path is partitioned into three distinct seg-
ments: boost, exoatmospheric coast (ballistic trajectory), and reentry
(see Exhibit III-3). The boost segment is represented as a straight line
from launch to burnout utilizing constant acceleration to achieve the
requisite velocity.

Missile burnout is represented by the termination of the
boost segment, and deployment of reentry vehicles and decoys initiates
the exoatmospheric coast segment. SIMETTE is capable of represent-
ing single RV's, multiple RV's (MRV's), multiple independently tar-
geted RV's (MIRV's), and both exoatmospheric and endoatmospheric
decoys. The exocatmospheric coast segment consists of the represen-
tation of ballistic trajectories flown by the individual vehicles from de-
ployment by the parent missile to a point short of atmospheric reentry.
These are elliptical trajectories following Kepler's Laws. The booster
or parent missile is not represented in the exoatmospheric coast phase
unless entered as a decoy or decoys.

MRV's are flown as a cluster through the exoatmospheric
segment and are deployed in a circular pattern about the centroidal tar-
get point. The input dispersion figure is used to determine the radial
distance from actual ground zero (AGZ), and the individual RV's are
equally spaced around the circumference of that circle. A random draw
is then made to determine the orientation of the cluster pattern impact
points.

The boost segment for a MIRV bus is computed for a nomi-

nal target within the footprint. RV's are created at the termination of
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the boost phase and each RV-~target pair determines the specific bal-
listic trajectory to be flown by that RV.

Decoys may be deployed in conjunction with single RV's,
MRV's, and MIRV's in any combination specified by the user. Specifi-
cation of two dispersion parameters, time and distance, will permit
random distribution of decoys about the basic RV trajectory. The time
parameter is the standard deviation of a normal distribution about the
RV used to initiate the decoy flight path ahead of or trailing that of the
RV. The distance parameter is the circular error iorobable (CEP) of a
circular normal distribution that establishes a radial distance for the
decoys perpendicular to the RV flight path.

The final segment of the offensive missile path is reentry,
and it is further subdivided into three straight line legs: initial reentry,
deceleration, and a terminal constant velocity leg to point of burst. The
subdivision of the reentry segment into these three legs is to allow for
the variation of the altitude regime in which deceleration will occur.
Application of equations of reentry physics, considering the parameters
of reentry angle, velocity, and ballistic coefficient, are used to deter-
mine this altitude regime. In some instances the third leg, constant
velocity to burst point, would not be used since the RV may not have
decelerated to its terminal velocity by the time it reaches the scheduled
burst altitude. The point of burst is determined by user input height of
burst (HOB) over target and computed AGZ. The HOB is as specified
(i.e., altitude distributions are not played).

All of the above path computations are accomplished in the
preprocessor and stored for call-up when that specific launch event is
scheduled to occur. The initial computation will be the Monte Carlo
determination of AGZ coordinates utilizing input CEP for the specific
missile-RV-combination applied to the desired ground zero (DGZ) éo-
ordinates. The missile paths generated, therefore, are based on these
computed AGZ's. If no reentry angle is given, the preprocessor will
compute a minimum energy trajectory. The user may alternately spec-
ify the reentry angle to create lofted or depressed trajectories.

An example of the expandability of the current SIMETTE

logic structure would be the representation of Fractional Orbit
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Bombardment System (FOBS). FOBS representation would require use
of an orbital trajectory with a terminal deboost phase. With user speci-
fied orbital altitude, the requisite orbital velocity would be computed
and used as the required burnout velocity. For the reentry segment,
angle and velocity would have to be specified in addition to the ballistic
coefficient. The existing computational routines would then be used to
describe the reentry legs. Exhibit III-4 summarizes the ballistic

missile submodel.
3. Bombers

Bombers are flown from their launch bases to targets and
subsequent post-strike recovery bases. As in the case of offensive mis-
siles the entire bomber mission from launch through post-strike recov-
ery constitutes his path, and it is partitioned into major segments (see
Exhibit III-5). A segment could cover the departure from launch base
to a refueling point and another, the transit to the H-hour coordination
line (H-HCL). Further, subdivision of these segments would contain
the detailed legs of the bomber profile between path points and represent
climb out, initial departure legs, and refueli;qg track on through arrival
at H-HCL. Judicious aggregation of legs into segments permits spe-
cific segments to be used numerous times for different missions. Be-
tween the specified end-points of each leg, great circle routes are flown
at constant velocity. If the end points specify different flight altitudes,
a constant rate of climb or descent is assumed between the end points.
In the absence of an automated BPG, a user specified four-dimensional
flight path (latitude, longitude, altitude, and time) is required for the
model to be able to determine and schedule interactions such as pene-
tration of sensor and SAM volumes. Further, the position of bombers
and all other vehicles must be known at all times so that the effects of
nearby nuclear weapons bursts may be evaluated.

Bombers are capable of launching ASM's and decoys as well
as drop bombs. Since ASM's and decoys will be flown, their desired
flight paths must also be specified. Flight paths of ASM's and bombs
will terminate in creation of nuclear bursts. For bombs, the time in-

terval from release to burst permits representation of free-fall,
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retarded drop, laydown, or delayed fuzing options. The terminal points
of ASM and bomb flight paths represent DGZ and the altitude of the final
pPath point will specify burst height. As in the case of offensive missiles,
the preprocessor will apply a CEP computation for the specific weapon
system to determine AGZ.

Bomber defensive capability against manned interceptors
(MI's) can be represented in the model. A specified missile inventory
is attributed to each bomber, along with a probability of kill (Pk) and an
employment doctrine. At the time of intercept a Pk determination would
be made against the interceptor. The probability of achieving successful
refueling is included in an overall mission success probability. Recovery
at a post-strike base or destruction ends game play for a specific bomber.
Bomber electronic countermeasure (ECM) and chaff are not now included
within the game. Elements of the bomber submodel are shown in Ex-
hibit III-6.

4. Sensors

Sensors provide the stimuli to defensive C&C and subsequent
defensive reactions. When a vehicle first penetrates a sensor's maxi-
mum range volume, the initial detection range and time are computed.
Subsequent elapsed times to accomplish designation, track, intercept
track, and discrimination are specified by the user. Except for initial
sensor volume penetration, the accomplishment of these sensor functions
causes messages to be transmitted to defense C&C for appropriate deci-
sion and action. The model will observe the occurrence of nuclear bursts
within the sensor volume and compute the degradation of such bursts on
sensor performance. The effects on sensor performance of active ECM
employment by the offensive forces is not represented.

The input sensor volume serves effectively as a filter. Only
those objects and bursts within a sensor's volume are considered when
computing interactions with that sensor. The time and place of entry
into this volume is computed and made an event. When a vehicle enters
the volume, a time of exit or impact is computed and a future event is
created and its time noted. Additionally, time and range of initial de-

tection are computed using the object's radar cross-section, input
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threshold signal/noise (S/N) ratio required for detection, and attenua-
tion effects of nuclear bursts. Once detected, the object passes through
the other sensor states representing the radar capability.

Exoatmospheric decoys are removed from game play at the
point of maximum deceleration during reentry. This essentially coin-
cides with the maximum thermal pulse experienced and therefore per-
mits discrimination at that point, Endoatmospheric decoys, however,
reenter the atmosphere along with the RV's and are not discriminated.
The only difference between this type decoy and the RV will be the
absence of a warhead.

The object can leave the detected or tracked state if nuclear
attenuation intervenes between the object and the sensor. If this oc-
curs, the object drops back to the undetected state and must repeat the
sensing process if the sensor memory time (rnaxi;num blackout interval)
is exceeded.

As input, the sensor can be saturated when it tracks N ob-
jects., When the N + 1 object is detected, the sensor will drop, but
not forget, the object evaluated as the least threat. When the sensor
has tracking capability available, it will resume track of the dropped
object assuming it is still in its volume.

Friendly forces are not "seen" by the sensor, and do not
use up radar capability. This is based on the assumption of perfect

identification friend or foe (IFF) capability.

5, Defensive Command and Control

Command and control (C&C), acting on the stimulus of in-
formation concerning potential threat objects provided by sensors, is
the driving force for the defensive portion of the model. For Ml's and
SAM's, defense doctrine is based on user specified decision parameter
values of resource allocation such as l-on-1 or 2-on-1. As a result
of extensive automaticity of projected ABM systems, doctrine for ABM
defenses are determined through a decision variable which varies ac-
cording to dynamic changes in the game. The factors that make up the
decision variable include remaining defended value, threat density,

guidance status, residual defense assets, and time available to intercept.
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The ABM missile defense C&C is provided impact prediction in the
form of value threatened by a particular object. This value is the value
of the DGZ assigned the threat object by the strike plan.

The defensive C&C structure, with lines of succession for
primary decision authority within that structure, will be user specified.
If a sufficient number of alternate C&C sites are specified, integrity of
the command structure can be maintained in the event of destruction of
one or more elements. Communications, essential to support the C&C
function, are represented by variable internal delays at both sending
and receiving sites as well as an external delay between the communi-
cating sites. The condition of the cormmunications lines is not played.

Within the C&C logic for ABM defense (shown schematically
in ExhibitIII-7), exists the capability of rank-ordering incoming threat
RV's. Such ordering is permitted by the use of a matrix of residual
threatened target value for all targets within the defended volume.
Before commitment of a defensive missile from a specific site, inter-
cept geometry limitations and the relative capability of the various
sites within the command are considered. Further consideration is
given to site or guidance system saturation, residual weapon inventories,
and the latest time at which an intercept can be completed (i.e., the
time at which the RV exits from the ABM performance volume). Mini-
mum altitude of intercept, as dictated by warhead yield and damage
limiting criteria, will further constrain commitment decisions.

For the air breathing threat (shown schematically in Exhibit
III-8),the MI's are launched on receipt of threat designation and vectored
to the closest loiter point or points in the direction of the threat. Upon
receipt of sensor track information, an intercept is initiated if within
the capability of one or more interceptors and depending on doctrinal
guidance. If the bombexr flight path changes during the course of inter-
cept, thus changing the intercept geometry beyond the fighter range,

reassignment of the intercept to other fighters may be made.

6. Defensive Forces

Two types of ABM's, one short range and one long range,

are played for each side. The performance factors, such as velocity
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and flyout curves, are coded into the program. Range, however, is
specified by an input maximum performance volume, allowing for dif-
ferent coverage capabilities. The ABM!'s will be capable of exoatmos-
pheric and endoatmospheric intercepts. The time and position of inter-
cept are calculated from the defense missile flyout curves and the RV

" path; the ABM path is represented by straight line segments. After the
decision to launch has been made, the desired point of intercept is com-
puted. This is modified by spherical error probable (SEP) information,
and the ABM flies to the actual point of burst. Each ABM site possesses
only one type of missile, clustered so that a single performance volume
applies to all missiles at that site.

The intercept capability of Ml's is constrained by fuel con-
siderations derived from speed and fuel consumption rates for cruise
and combat conditions in conjunction with fuel capacity and reserve re-
quirements. The fighter aircraft are flown to the intercept point where
a Pk determination of the fighter-bofnber interaction is made. If
neither is killed, a reengagement would be made if sufficient fighter fuel
and ordnance remained. Multiple pass capability is provided by inclu-
sion of ordnance for several passes and specifying reengagement time.
Interceptors will be returned to base for recycling when ordnance loads
are depleted or when fuel considerations so dictate. Variable recycle
time is available. Modification or removal of the fuel constraint may
be played in the advent of hot pursuit, where fuel is the constraining
factor for reengagement and where a bomber is not killed on the first
intercept. Return to an alternate base or continuation to fuel exhaus-
tion are alternates that are specified by user input doctrine.

SAM's are flown against air breathing threats in a manner
similar to ABM. However, because SAM!'s are in general a terminal
defense, only time urgency is considered a governing factor in SAM
commitment. Further, only intercepts at the maximum SAM perform-
ance contour and at a half-way contour are considered for a particular
site. Thus, a limited shoot-look-shoot doctrine is available. However,
the user can specify N intercepts at each contour.

Once the decision is made to launch SAM's, the model com-

putes the desired point of intercept, modifies this with SEP information,
I11-17
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and then flies the SAM to the actual point of burst. Both nuclear and
non-nuclear warheads are permitted for SAM's., Launch and in-flight
reliabilities are considered prior to launch. When a site has committed
all its resources, it is removed from the game in order to save compu-

tational time,

7. Nuclear Bursts

Nuclear bursts are created at the end of the designated path
for each warhead deployed. Prompt effects from neutron, gamma, and
X-ray emissions are modeled using attenuating factors from existing
models. Typical burst emissions, such as for a 1 MT burst, are scaled
using standard scaling factors. Atmospheric attenuation is utilized in
effects computations. Energy spectra variations are subsumed in the
game parameters and enhanced warheads can be represented.

Geographical filters will be used to limit the space examined
for possible object-effects interactions. The vulnerability thresholds
of the various objects will be compared with the dosage received. If
exceeded, the object is killed. If not exceeded, the object will file its
dosage. A user specified decay rate can decrease the filed dosage as a
function of time. If a further dose is received, the cumulative dosage
will be compared to threshold values to determine if a kill has been
made. There is no consideration of combined effects at this time—each
is treated separately.

Other nuclear effects played, pressure front, fireball, dust
cloud, and beta patch, are modeled as expanding volumes with decreas-
ing effects. Standard-size volumes are scaled to the actual yield. The
volumes interact with objects, or, in the case of the beta patch, with
sensors, and subsequent damage to the objects are assessed. Salvage
fuzing, yield degradation as a function of sublethal exposure to damag-
ing effects, and a variable probability of successful fuzing are not

represented in the prototype.

C. Input Preprocessor

The preprocessor eliminates or simplifies much of the labor re-

quired to translate game inputs from a convenient form for the user into
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a form acceptable by the SIMETTE model. In its initial implementation,
it will accept input only in card image format, and that format must
match the input creation sheets which are designed for the model and
are described in this volume. It will not currently accept data from
established sources unless s{uch data are reformatted. However, the
preprocessor has been designed to facilitate the later incorporation of
such improvements as translation routines, data libraries, etc.

The primary purpose of the preprocessor is to construct, and
Place on external storage equipment, that data needed to run the SIMETTE
model. From the users point of view, these data consists of site data
(missile sites, airfields, sensors, and C&C structure), performance
and operational characteristics of vehicles and weapons systems, and
mission plans. For bomber missions, specific flight plans must be in-
put including those of ASM's and decoys. For ICBM's, the flight path
is computed based on specified launch and target sites. In addition to
the numerous unit conversion operations (e. g., degrees into radians),
whenever possible the preprocessor derives input numbers required
by the model from simpler and more convenient user-supplied data. It
also constructs numerous cross-reference tables from user-generated
input data.

As a separate job step, before the model is executed, the user has
an opportunity to look at his data after it has been checked by the pre-
processor and to correct any errors detected. Because of this check,
the user has a much higher expectation of success when the SIMETTE
model is actually run.

Even though preparation of a full-sized game will require consid-
erable time and effort by the user, his labors are greatly reduced by
the preprocessor even in its initial form. Also, once the initial data
has been collected for such things as site and performance character-
istics, these become a part of the data file, and preparation of subse-

quent games should be much easier.

D, Output and Report Generation

A master history file will maintain a record of all game signifi-

cant events, interactions, and the time of their occurrence. In relation
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to vehicles, the following events will be recorded: launch; path points;
penetration of various game volumes such as sensors, dust clouds, and
defended volumes; intercepts; effects interactions; and kills. All nu-
clear bursts will be recorded. Messages recorded are launch orders,
change of sensed status, and damage or loss of game entities.

From data available in this history file, report formats can be
constructed to suit user needs. A representative report, shown in
Exhibit III-9, will be available in SIMETTE to cover a summarization
of weapons and delivery vehicle histories giving planned number and
vield, attrition due to defensive or nondefensive causes, and successful
detonation and yield. An unresolved category is ‘included to account for
those vehicles still in process at the point in time for which the report
is made, since they may be produced at selected points in game time
in addition to the final reports, to provide a degree of understanding of

game evolution.
E. TRACE

The TRACE function was developed as a diagnostic tool for the
operator/analyst team in debugging the computer program and offers
the user the opportunity to examine specific events in great detail.

The TRACE function primarily acts as a monitor within the model and
causes a complete printout for designated subroutine functional steps
when those subroutines have been called and are operating in the sim-
ulation. Virtually all of the principal subroutines have designated
TRACE flags that may be set. These may be designated to operate for
any length of time desired, the entire game or only a specific portion
thereof (by designating start and stop times). There may also be a
lirnit set to the number of tirmes this selected routine will be printed
out. Any number of these TRACE flags may be set during a particular
simulation run, each with its own specific values for duration and num-
ber of events to be recorded.

An example of this would be setting TRACE flag for the prompt
effects routine where a detailed examination of possible interactions and
kills due to these effects is desired. For each nuclear burst that occurs

in the game, the prompt effects routine is called up, and each time it is
III1-20
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called, the TRACE flag will cause a printout to be made. All sites
or moving objects considered by this routine will be identified by
a single line of printout when that site or object receives no in-
cident flux of neutron, gamma, or X-ray. Where a dosage of any
or all of these effects is received (lethal or nonlethal) values will
be printed.

Liacking a fully automated DMS which would be readily called on
to retrieve specific data from the history file without preparation of
an elaborate program for postprocessor report generation, the TRACE
function offers an intermediate study tool to examine selected position
of the history file. Although a large volume of computer printout may
have to be examined in detail to extract this information, it does offer
a current analysis tool in looking at the details of the multisystem
interactive process prior to the availability of a fully automated DMS.
When a run indicates an area of interest or gquestions that should be
examined in greater detail, that particular game may be rerun with the
appropriate TRACE flags set to span the period of interest. All of the
pertinent detailed interaction information will then be available for
analysis.

The TRACE output comes from two basic sources within the

model:

[ ) Event routines which represent vehicle movement, sensor
observations, nuclear bursts, and messages; these events
characterize the overall processes and chronology of the
game

® Utility routines that perform the detailed computations and

logical processes to support the event routines
The specific details of invoking the desired level of TRACE output is
described in the User's Manual, Volume IV. Exhibit III-10 shows a
summary of the types of data available from the TRACE output. For
further details and formats, the user is referred to Program Listings,
Volume V.
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EXHIBIT III-10 SUMMARY OF TRACE SUBROUTINE OUTPUT

) Traces events and utility routines

) Invoked by user-specified routines

e Provides detailed game history during user-
specified game intervals

EVENT VEHCL — MOVEMENT OF A VEHICLE

TAII. NO.

OPERATION, e.g., takeoff, free flight, drop bomb, etc.

STARTING POINT (x, y, z)

ENDING POINT (x, y, =)

DURATION OF MOVEMENT

NUCLEAR EFFECTS HISTORY
NEUTRONS, GAMMA, X-RAY, OVERPRESSURE AND
ABLATION (if appropriate)

WHICH SENSORS HAVE VEHICLE IN VIEW

WHICH DEFENSIVE WEAPONS TARGETED AGAINST VEHICLE

EVENT OBSER — OBSERVATION PROCESS OF A VEHICLE BY A
SENSOR

SENSOR SITE NO.
VEHICLE BEING OBSERVED
STATUS OF OBSERVATION, e.g., acquired, target tracked,

occluded, etc.
TIME PROCESS WILL BE COMPLETED
ENTRY & EXIT TIME FOR SENSOR VOLUME

EVENT BURST — NUCLEAR DETONATION

TAIL NO. OF GENERATING VEHICLE

LOCATION & TIME OF BURST

TYPE OF WARHEAD PRODUCING BURST (gives yield)
PHASE, i.e., prompt, overpressure, fireball, or dust cloud
DURATION AND ENDPOINT OF PHASE

EVENT MSGE — MESSAGES REPRESENTING COMMUNICATION
FUNCTIONS
LMSGE — LAUNCH MESSAGES
SITE NO. ISSUING THE LAUNCH ORDER

LAUNCH SITE NO.

LAUNCH WINDOW OR TIME OF LAUNCH

PROCESS CODE OF LAUNCH OPERATION, i.e., delay,
site failure, initiate vehicle, etc.
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EXHIBIT I11-10 CONTINUED

EVENT MSGE — Continued

SMSGE - SENSING MESSAGES (communication of sensing
status to C&C)
SENSOR SITE NO.
VEHICLE BEING SENSED
ASSOCIATED OBSER EVENT
OBSERVATION STATUS REPORTED

DMSGE — DAMAGE MESSAGES
VEHICLE OR SITE KILLED
ORIGIN OF VEHICLE OR NEXT HIGHER SITE
TYPE OF KILLING EFFECT, i.e., radiation, overpres-
sure, etc.
MULTIPLE OF KILIL THRESHOILD
MULTIPLE OF KILL THRESHOLD FROM LAST EXPOSURE

IMSGE - INITIALIZING MESSAGES (used to establish initial in-
ventories of Bombers and Fighters at their airfields)
AIRFIELD SITE NO.
EQUIPMENT TYPE
NO. IN INITIAIL INVENTORY

NON-EVENT TRACE — UTILITY ROUTINES
PRINTOUT OF INDIVIDUAL COMPUTATIONS AND LOGICAL
PROCESSES

FOR EXAMPLE,

KINEM —~kinematics of vehicle or Burst movements
LOCATION AT SPECIFIC GAME TIME

DUST —details of vehicle erosion when penetrating a dust cloud
CLOUD LOCATION, SIZE & MASS
DISTANCE TRAVELED THRU CLOUD
AMOUNT OF EROSION
TIME THRESHOLD EXCEEDED (if appropriate)

111-24
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IV. DEMONSTRATION TEST RESULTS

A. Introduction

The program test case results discussed in this section are orga-
nized in two parts. The two-sided exchange capability of SIMETTE is
described, followed by descriptions of multisystem interactions and re-
lated examples. The scenaric of the former examples may be charac-
terized as thin in terms of the total inventory of game elements but
sufficiently varied in system type to have enabled an extensive exercise
of offense/defense interaction with each game element considered as an
individual entity. The scenario game conditions were global in terms of
geographic deployment and movement of offensive systems.

The low density of inventory game elements insufficiently demon-
strated multisystem interactions, a characteristic of SIMETTE which
received particular emphasis in its design and development. To dem-
onstrate this aspect of program capability and the attendant capability
for revealing fratricide, multiple kills and special nuclear effects (dust
ablation, radar blackout, etc.), specific cases were run centering atten-
tion on a licalized portion of game geography, relatively dense in game
elements. In the illustration of dust ablation and blackout effects, attack
timing was perturbed so that the particular effect could be highlighted to
better study algorithm behavior.

In the course of these runs, unplanned interactions were revealed
(offensive and defensive fratricide; multiple kills), which significantly
demonstrated the intended capability of the program design to monitor

and record inadvertent interactions.

Iv-1
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B. Two=Sided Global Exchanges

Demonstration test case runs of two-sided exchange included
ICBM's, bombers, defensive systems, and support elements (radars and
command sites). Elements comprising the test case are summarized in
Exhibit IV-1. Although an extensive variation of systems was employed,
total numbers were kept small so as to minimize possible pertubations that
might arise with a more extensive inventory of game elements, and to focus
attention on the fundamental algorithms (launch and decision orders, vehicle
movements, nuclear effects propagation, and defensive radar functions).

As shown in Exhibit IV-1, the forces comprising the two-sided ex-
change between Red and Blue consisted of ICBM!'s (one with MIRV warheads
and a decoy), manned bombers (ASM's and gravity bombs), ABM's, ABM
and Air Defense acquisition/guidance radars and command sites, manned
interceptors and SAM's. The latter were maintained in a "HOLD FIRE"
mode in order to fully exercise the engagement of manned bombers by MI's.
Also included in the game were the requisite primary and alternate (where
applicable) basing sites for weapon delivery systems,

The chronology of game events for two model runs are listed sepa.-
rately in Exhibits IV-2 and IV-3. In case 1, (Exhibit IV-2), the exchange
of offensive forces, the radar functions required for ABM engagement, and
ABM engagement of reentry threat objects behaved normally, The MI's
were not scrambled due to defense dependency upon sensor (radar) inputs—
the bombers underflew the radar coverage and were not detected.

To correct this radar coverage was lowered for the case 2 run,
bombers were detected, and MI's were scrambled. The results of the run,
summarized in Exhibit IV-3 contained extensive MI action (commencing at
game time, 12.06. 56) including allocation to loiter points, commitment to
intercept, intercept, bomber kill, and MI recovery. The scheduled launch
time for the Blue ICBM was changed from 0,00,04 in case 1 to 11. 00, 08
in case 2. This delay in launch time permitted its prelaunch destruction at
0.32,52 in case 2 and cancellation of the scheduled launch.

These examples also illustrate an ICBM through boost phase, the

creation of individual objects (RV's and decoys) and resulting specific

Iv-2
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EXHIBIT 1v-1 DEMONSTRATION CASE EXCHANGE FORCES

Inventory
Site /Entity Designation
Red Blue

Ballistic Missile Launch Site (Silo) R/B ICBML 1 1
Ballistic Missile R/B ICBM 12 1
Reentry Objects

® Warheads R/B ICBMW 5 1

® Decoys R/D ICBMD 1 [o}
ABM Launch Site R/B ABML 1 1
ABM R/B ABM 1 2
Bombex Primary Base R/B BMBFLDP 1 1
Manned Bomber R/B BMB 8b 8b
Gravity Bomb R/B GRVB 1 1
ASM R/B ASM 1 0
Manned Interceptor Base

e Primary R/B FTRFLDP 1 1

e Alternate R/B FTRFLDA 1 0
Manned Interceptor R/B FTR 10 5
Air Defense Radar® R/B ADR 1 1
ABM Radar® R/B ABMR 1 1
Air Defense Command Si.1:et1 R/B ADCS 1 1
ABM Command Sited R/B ABMCS 1 1
SAM Launch Site R/B SAML 1 1
SAMS® R/B SAM 2 2

EMIRV'ed payload consisting of five warheads and one decoy.

b . . P
Of eight bombers on each side, one was on alert status, remaining
seven nonalert.

©Dual purpose radar function (air defense and ABM) was employed in
this test case.

dDual purpose decision function (air defense and ABM) was employed

in this test case.

®SAM's were placed in "HOLD FIRE" mode in order to fully exercise
the MI/bomber engagement submodel.

Iv-3
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CHRONOLOGY OF EVENTS: TWO-SIDED EXCHANGE
(CASE 1)

TIME EVENT DESCRIPTION
0. 00,04 Launch BICBM——» RBMBR FLD.
0.01.33 Launch RICBM—— (6 TGTS.)
0,02,25 RICBEM—» 5 RICBBW 4+ 1 RICBMD
RICBMW(l) —= BBMBRFLDP
RICBMW(2)—» BICBML
RICBMW(3)—— BFTRFLDP
RICBMW(4)—» BABML
RICBMD(5) ——»BSAML
RICBMW(6}——»BADR
0.19.34 RABMR SEESBICBM
0.21.19 BABMR SEES RICBMW(1)
0.21.23 BABMR SEES RICBMD(5)
0.21.25 BABMR SEES RICBMW(2)
0.21.28 BABMR SEES RICBMW(4)
0.21.29 BABMR SEES RICBMW(3)
0.21.31 BABMR SEES RICBMW(6)
0.25.28 Launch RABM —» BICBMW
0.27.27 Launch BABM ——» RICBMW(1)
0.27.47 Launch BABM ——» RICBMIX5)
0.28.29 RABM INTERCPTS/KILLS BICBMW
0.31.02 BABM INTERCPTS/KILLS RICBMW(1)
0.31.19 BABM INTERCPTS/KILLS RICBMD(5)
0.32, 30 RICBMW(6) STRKS/KILILS BADR
0.32.49 RICBMW(4) STRKS/KRILLS BABML,
0.32.50 RICBMW(3) STRKS/KILLS BFTRS/FTRFLDP
0.32.52 RICBMW(2) STRKS/KILLS BICBML
1.00,.08 Launch BBMBR — RICBML
1.06.54 Launch REMBR ——» ADR BBMBRFLDP
9.52,51 RBMBR Launches —» RASM ADR
10.00.21 RASM STRKS BADR (Previously Killed by RICBMW(6)
10.40.23 RBMBR Launches RGRVBMB —»BBMBRFLDP
10.40, 33 RGRVBMB STRKS/KILLS BBMBRFLDP
13,08.55 BBMEBR lLaunches BGRVBMB —»RICBML
13.14.55 BGRVBMB STRKS/KILLS RICBML
IV-4
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CHRONOLOGY OF EVENTS: TWO-SIDED EXCHANGE
(CASE 2)

TIME EVENT DESCRIPTION
0.01. 33 Launch RICBM ——— (6 TGTS)
0.02.25 RICBM ~——— 5 RICBBW + 1 RICBMD
RICBMW(l) ———————» BBMBRFLDP
RICBMW{(2) ~———————a BICBML
RICBMW(3) ~————— BETRFLDP
RICBMW(4) ——————» BABMIL,
RICBMD(5) ——————» BSAML
RICBMW(6) ~————» BADR
0.21.19 BABMR SEES RICMBW(1)
0.21.23 BABMR SEES RICMBD(5)
0.21.25 BABMR SEES RICBMW{2)
0.21.28 BABMR SEES RICBMW(4)
0.21.29 BABMR SEES RICBMW(3)
0.21,.31 BABMR SEES RICBMW{(6)
0.27.27 Launch BABM ~—————# RICBMW(1)
0.27.47 Launch BABM ———» RICBMD(5)
0.31.02 BABM INTRCPTS/KILLS RICBMW(1)
0.31.19 BABM INTRCPTS/KILLS RICBMD(5)
0. 32, 30 RICBMW(6) STRKS/KILLS BADR
0.32.49 RICBMW(4) STRKS/KILILS BABML
0.32.50 RICBMWI(3) STRKS/KILILS BFTRS/FTRFLD
0.32.52 RICBMW(2) STRKS/KILLS BICBMSITE
1.00.08 Launch BBMBR ——» RICBML
1.06.54 Launch RBMBR ——— BADR
9.52.51 RBMBR Launches RASM —» BADR
10.00.21 RASM STRKS BADR (Previously Killed)
10.40.23 RBMBR Launches RGRVEMB ——» BEMBRFLDP
10,40, 33 RGRVBMB STRKS/KILILS BBMBRS/BMBRFLDP
V-5
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(CONTINUED)

TIME EVENT DESCRIPTION
11.00,08 (Scheduled Launch BICBM: (DEAD))
12,.06.56 RADR SEES BBMBR
12.06.56 Launch 4 RFTR ——  » Loiter Points
12.07,03 RADR INTRCPT TRK on BBMBR
12,07.03 VECTOR 2 RFTR————»BBMBR
- 12.07.03 VECTOR 2 RFTR —»Loiter Points
12.19.54 2 RFTR Arrive Loiter Point
12,22,28 I1st REFTR 1lst PASS — BBMBR (NO KILL)
{2nd Pass Schld. at 12.26.28)
12.22.28 2nd RFTR 1lst Pass—» BBMBR (KILL)
12,.22.28 1/2 RFTR ReVectored — I.oiter Points
12,28.52 2 RFTR Arrive Loiter Points
13.03.35 END LOITER 2nd ASSGND RFTR ——» RFTRFLDP
13.06, 48 END LOITER lst ASSGND RFTR —— RF TRFLDP
13,17.05 2nd ASSGND RFTR Arrives RFTRFLDP
(Refuel/Remain Alert)
13,20.17 1st ASSGND RFTR Arrives RFTRFLDP
13,34,57 END LOITER 2 UNASSGND RFTR RFTRFLDP
13,.47,55 2 UNASSGND RFTR Arrive RFTRFLDP
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detonations. Bombers launch ASM's against distant targets and drop
gravity bombs. ABM launches result in threat target destructions and
fighters engage the bomber, fire and miss, recycle for a second pass,

and a second fighter succeeds in his intercept of the bomber threat.

C. Illustration of Selected System Interactions

1. Introduction

The "thinness" of forces comprising the exchange demon-
stration test case precluded extensive interactions between game entities
from occurring to any significant extent. Therefore, examples of inter-
actions were extracted from selected test cases and submodel runs,

These included the effects of dust ablation on ballistic reentry objects,
interruption of radar track functions as a result of fireball blackout from
a weapon burst, fratricide and multiple kills.

In the first two instances, dust and blackout effects, the attack
was deliberately timed to enhance the desired effect. In the case of fratri-
cide and multiple kills the interactions were unplanned and inadvertent,
and as a result provided a significant demonstration of SIMETTE's capa-
bility for monitoring and recording these kinds of effects.

These examples are presented in the following sections with
a description and sufficient game-relevant data to understand the condi-
tions and circumstances of the interaction only. No attempt has been

made to describe a complete scenario or game run.

2, Dust Ablation of Reentry Objects

Selected results of four dust submmodel runs are illustrated in
Exhibit IV-4. In each case a ballistic reentry object was timed to pene-
trate the dust/debris cloud from 25 MT and 4 MT weapon bursts at vary-
ing times after detonation as a means of checking variations in dust/debris
cloud volume and density. Inspection of the exhibit shows these variations
to be as expected, i.e., increasing cloud volume and decreasing cloud den-
sity with increasing time for the same yield and smaller but more dense
cloud volume with lesser yield. Also, the total ablation decreases at in-

creasing times of penetration as should be the case.

| Iv-7
UNCLASSIFIED



Q3HISSYIONN

8-~Al

EXHIBIT IV-4 EFFECTS OF DUST ABLATION OF BALLISTIC
REENTRY OBJECTS

Burst Yield Penetration Time Dust Cloud Dust Cloud
Case No. (MT )1e After Burst Volume Density
(hrs-min-sec) (n.mi.3 x 104) {g/n.mi.3 x 1096)
1 25 0.00. 49 3.1025 77.37
2 25 0.05.49 13.997 12.77
3 25 0.09.49 28.357 4.58
4 4 0.05.49 1.0851 26.27

2Kill threshold > 5 g/cm® total ablation.
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3. Effect of Blackout on Radar Performance

A chronology of events relating to interruption of radar ac-
quisition/track functions as a result of nuclear induced fireball blackout
was extracted from a game run and is summarized in Exhibit IV-5., In
this example, a high altitude nuclear detonation of an ABM round aimed
at a reentry threat object (No. 1) interrupts the track of a second, later
arriving threat object by the indicated affected radar site (site 99), wuntil
such time as the threat object exited the occlusion zone (6. 55.43 in game
time). The program automatically monitors and records all sites whose
viewing volumes are partially occupied by the blackout patch. In this par-
ticular case, the geometry of the situation was such that only the ABM
radar site 99 experienced interruption of threat object track; ABM radar

sites 98 and 100 were unaffected.

4, Fratricide {(Friendly ABM's)

Exhibit IV-6 comprises the chronology of events of an ABM
fire unit engaging independent threat reentry objects which enter the fire
unit's engagement capability contour at roughly the same game time. A
total of four ABM's Nos. 1 and 4 were scheduled against threat object No.
1; and ABM's Nos. 2 and 3 against threat object No. 2.

The first ABM (ABM No. 2) scheduled against threat object
No. 2 aborted at launch; a second ABM launch attempt (ABM No. 3) at this
threat object was successful, However, this ABM received a lethal effect
while in flight from an ABM burst (ABM No. 4) aimed at threat object No.
1. Note that threat object No. 1 was previously killed by ABM No. 1, pre-
cluding the necessity of a nuclear detonation by ABM No. 4. A self-
destruct event would normally have precluded the burst event of ABM No. 4
but was disallowed for this particular run. However, had ABM No. 1 failed
to kill object No. 1, the ABM No. 4 would have proceeded normally to its
planned intercept point and detonated to provide this fratricide example.

The net result of the engagement was:

e Two independent threat objects acquired and tracked by an
ABM radar
° The scheduled launch of four ABM's—two at each object
Iv-~9
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FIREBALL BLACKOUT-—-ZONE OF RADAR
OCCLUSION (Interruption of radar functions
by nuclear detonations at high altitude)

G € .Time Event Description
(hrs.min.sec)
(<£6.47.41) Acquisition, track, and intercept track of
threat object No. 1
6.47.41 Threat object No. 2 enters site 97 viewing
volume
6.47.43 Site 98% acquires threat object No. 2
6.54.21 Site 99% acquires threat object No. 2
6.54. 36 Launch of ABM at threat object No. 1
6.54.59 Threat object No. 2 exits viewing volume of
site 98%
6.55, 05 Site 100% acquires threat object No. 2
6.55. 25 Detonation of ABM aimed at threat object
No. 1
6.55.25 ABM burst fireball formation; occupies view-
ing volumes of radar sites 91, 92, 94, 97,
99%, 100%, 101
6.55. 33 Threat object No. 2 exits viewing volume of
gite 97
6.55.35 Threat object No. 2 occluded from radar
site 99%
6.55.43 Threat object No. 2 exits occlusion cone (site
99%*); reacquired by site 99
6.55.51 Threat object No. 2 exits viewing volume of
sites 99* and 100%
7.05.25 Fireball blackout occlusion dissipates
Note: Starred (%) sites are ABM-related radars; unstarred radar

sites are early warning or air defense radars. The model
records and monitors all radars whose viewing volumes are
occupied by a blackout path, regardless of effect on a par-
ticular type of radar.

Iv-10
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FRATRICIDE (FRIENDLY ABM'S)
(Chronology of Game Run Events)

Conditions: Two threatening reentry objects were within the engage -
ment capability contour of an ABM f{fire unit.

Game Time
(hrs.min.sec)

Event Description

Reentry Object 1

Reentry Object 2

6.54.07

6.54.15

6.54.19

6.54.21

6.54.28
6.54.29

6.54.33

6.54.42

6.54.50
6.54.52
6.55.23

6.55. 39

Enters Radar Site 99
Sense Volume

Threat Track by
Site 99

Intercept Track by
Site 99

Launch of ABM No. 1

Liaunch of ABM No. 4

ABM No. 1 Intercepts,
Detonates, Delivers
Lethal Dose

ABM No. 4 Reaches
Intended Intercept
Position; Detonates

Enters Radar Site 99
Sense Volume

Threat Track by
Site 99

Intercept Track by
Site 99

ILaunch Abort of
ABM No. 2

I.aunch of ABM No. 3

ABM No. 3 Receives
Lethal Effect from
ABM No. 4 Burst

(Scheduled Intercept
by ABM No. 3)

Iv-11
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e Intercept and kill of object No 1 by the first ABM round fired

) Abort of the first ABM scheduled for launch at object No. 2

[ Detonation of the second ABM (ABM No. 4) aimed at (dead)
threat object No., 1

[ ) Receipt of a lethal dose by ABM No. 3 (inflight toward threat

object No. 2) generated by ABM No. 4

5. Multiple Kills by ABM

One of the principal requirements specified for the SIMEX
E&I simulator was the capability to monitor and record effects and in-
fluences on other game entities as well as the objective target. An ex-
ample of this is the multiple kills of reentry threat objects by an ABM
burst when only one object had been the intended target. In the game
run example extracted and summarized in Exhibit IV-7, reentry threat
object No. 1 was the intended candidate for interception by a single ABM
round. Run results revealed that two other reentry objects in the vicinity
of the burst received lethal neutron doses as well as the intended target
of the ABM round, object No. 1. Of particular interest is the fact that
one of the unintended targets (object No, 3) actually received a larger
neutron flux than the intended target. Further examination of the results
indicated that the ABM detonated a small distance from its planned inter-
cept position, and as a result, was inadvertently in closer proximity to
threat object No. 3.

6. Side-1 ICBM Mission 12

In one example, Mission 12, an ICBM carrying two warheads
(vield, 500 KT each) and three decoys, was targeted against a Side-2 ABM
complex (ABM launch site 48). Both warheads were to arrive almost si-
multaneously. Exhibit IV~-8 summarizes the resultant events of interest
as a function of game time. The first arriving warhead detonated some
distance off intended target (site 48, range 2.1 n.mi. ); however it generated
sufficient blast overpressure on the intended target to constitute a lethal

effect according to the conditions employed.

Iv-12
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EXHIBIT IV-7 EXAMPLE OF MULTIPLE KILLS BY ABM

Reentry Threat 12 2 3
Object

7 5

Neutron Flux 1.3 x 10! 8.95 x 101 2.07 x 10

Accumulation

Overkill®

{Multiples Over 521.6 35.8 8280.8
Threshold)

®Threat object No. 1 was the intended target of the ABM round.

bThreshold neutron flux accumulation > 2.5 x 1014.

IVv-13
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CHRONOLOGY OF SIDE-1 ICBM MISSION 12
(Multisystem Interactions)

Game Time
{(hrs.min.sec)

Event Description

5.59.33

6.27.04

6.27.04

6.27.14

6.27.27

6.27.27

6.28. 32

Mission 12, ICBM launched/targeted against
SIDE-2 ABM complex (2 WHDS + 3 decoys)

WHD No. 1 (500 KT vyield; aimed at ABM
launch site 48) surface bursts

WHD No. 2 receives 5.4 x 1020 neutrons
(range = 0.85 n.mi.) (Kill threshold =2 x 10
neutrons)

14

SIDE-2 ABM launch site 48 receives 5.49 psi
overpressure; range = 2.1 n.mi. (Kill thres-
hold = 4.0 psi)

SIDE-2 ABM guidance radar site 99 receives
1.52 psi; range = 4.5 n.mi. (Kill threshold
= 1.5 psi)

SIDE-2 ABM launch control facility 141 re-
ceives 1.52 psi; range = 4.5 n.mi. (Kill
threshold = 2.5 psi)

Overpressure front dissipated

Iv-14
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Although this detonation was too far removed to produce any
appreciable radiation effects on its intended target, it did produce
5.4 x 1020 neutrons on the second warhead at a range of approximately
0. 85 n.mi. This particular type of warhead had a specified kill thresh-
old of 2 x 1014 neutrons and was therefore a victim of fratricide, This
illustrates SIMETTE's capability of recognizing and evaluating multi-
system interactions,

Also recorded was a lethal blast overpressure effect on an
ABM guidance radar site (No. 99) at a range of 4. 5 n.mi. from the burst
and a measurable but nonlethal overpressure effect at an ABM LCF col-
located with the radar. Finally, 1 minute and 28 seconds after the burst,

the blast overpressure front was recorded as dissipated.

7. Side-1 ICBM Mission 25

Drawing from the two-sided exchange test case referenced
above, another example of multisystem interaction can be seen in
Mission 25 of SIDE~1. As in Mission 12, this payload consisted of two
warheads (500 KT yield each) and three decoys., The two warheads were
both targeted against a primary bomber field of SIDE-2. This field had
an initial inventory of eight bombers, of which five were launched be-
tween 6.25,09 and 6.26,02. The three uncommitted bombers remained
on the ground.

Mission 25 was launched at 5,.59. 33 game tirne with the first
warhead detonating at 6. 30, 38, at an altitude of 1, 500 feet above ground.
The detonation produced a flux of 5 x 1017 neutrons at the airfield which
was more than fatal compared to the kill threshold of 5 x 1013 (associated
with the aerospace ground equipment (AGE) and related equipment at the
base). This environment was also fatal to the three bombers located at the
base with specified kill thresholds of 3 x 1013 neutrons.

A fighter base with a complement of five interceptors was
located approximately 3 n.mi., from the bomber field, This airfield re-
ceived 1.4 x 10 neutrons which was sufficient to destroy its AGE whose
threshold was set at 1 x 1013_ The fighter aircraft stationed at the base
had a threshold of 2 x 1013 and were therefore not killed by neutrons.

Iv-15
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However, they also received 80 rads of gamma radiation which exceeded
their established kill threshold of 50 rads. Thus, the detonation of a single
warhead from Mission 25 killed not only its primary target but achieved
a secondary kill of a nearby fighter base and its associated equipment,

The complete chronology of Missgion 25 is shown in Exhibit
IV-9., Note that the second warhead of this mission, detonated at
6. 30.51, fails to achieve any kills due to the success of the first warhead.
This results from the computational procedure incorporated into SIMETTE
that once a site or object is considered dead from any source, no further

effects are computed.

D. Sizing Considerations

SIMETTE is designed to accommodate an unlimited number of ob-
jects. The number of objects that can be submitted to a game run is con-
strained only by the size of core memory available., Test case results
have enabled estimates to be established for problem sizes that can be
run on currently available computers.

Core memory is used for the simulation program itself, static
test case data, data which is dynamically used and generated during the
game, and the operating software system required by the computer.
Static test case data consists of descriptions and parameters needed to
define sites such silos, radars, command headquarters, etc. Dynamic
core is used to hold path legs for missions in progress, bursts records,
sensor and C&C messages, and path information for active defensive
missions, Dynamic core requirements depend upon the number of ob-
jects in the game and the scenario timing, i,e., more dynamic core is
required when there are many missions active than when there are only
a few active missions,

The test cases were run on an IBM 360/50 computer with 512, 000
bytes of memory. The 360 operating system requires about 146, 000 bytes,
and the simulation program requires about 216, 000 bytes. The largest
test case played required about 69, 000 bytes for static data. This case
consisted of specifications for 162 sites, and type parameters for 30 war-

head types, 12 radar types, 14 missile site types, 8 airfield types, 26

’
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CHRONOLOGY OF SIDE-1 ICBM MISSION 25

Game Time
(hrs.min.sec)

Event Description

5.59.33

6.25.09
6.25.23
6.25.36
6.25.49
6.26.02
6.30. 38

6.30.51

Liaunch ICBM Mission 25 against SIDE-2
bomber field (64) (2 warheads and 3 decoys)

Launch bomber No. 1 from base 64
Launch bomber No. 2 from base 64
Launch bomber No. 3 from base 64
Launch bomber No. 4 from base 64
Launch bomber No. 5 from base 64

First warhead detonates against bomber field
site 64 (500 KT vyield; 1,500 feet altitude)

Bomber base site 64 receives 5 x 10]"7

neutrons (Kill threshold = 5 x 1013
neutrons¥)

3 bombers on ground also killed (threshold
= 3 x 1013 neutrons)

Fighter base site 70 receives 1.4 x 1013
neutrons (Kill threshold = 1 x 1013
neutrons®)

5 fighters on ground receive 80 rads gamma
radiation (Kill threshold = 50 rads)

Second warhead detonates —no additional kills

*Kill threshold associated with AGE and associated eguipment.
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C&C types, 71 types of vehicles, and 16 volume types, This test case then
left the remaining core of only 81, 000 bytes available for dynamic storage.
This was sufficient to play 10 bomber missions and 16 missile missions.
Larger problems may be run on the IBM system 360/65 available
at the NMCSSC which has 1, 024, 000 bytes of memory. Extrapolation of
test results indicates that a problem consisting of about 800 moving ob-
jects and 500 fixed sites could be accommodated on this larger machine.
Adaption of the simulator to this larger machine will be rather straight-
forward because of software compatibility in the 360 series computers.
Also a possibility exists for using the 360/91 at the Applied Physics
Laboratory which could handle an even larger problem in its 2, 048, 000
byte memory.
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V. APPLICABILITY OF SIMETTE

A, Prototype Capabilities and Liimitations

The purpose of the original SIMEX study was to recommend tech-
niques for the evaluation of multisystem, multicountry offense/defense
interactions. This study recommended a comprehensive E&I simulation
model supported by a BPG to facilitate preparation of the large volume
of data necessary to run such a model and a DMS to handle the reference
data files for the BPG and to analyze the results of E&I runs. The com-
ponents of the SIMEX system are described in detail in WSEG Report 149.

Prior to the full development of SIMEX, it was decided to proceed
with a prototype development of the E&I model to verify the validity of
the approach and to gain insights into the problems associated with such
a development. This prototype is called SIMETTE.

As a prototype, SIMETTE does not contain all of the features and
functions of the more sophisticated SIMEX model. However, it does
incorporate a majority of the basic elements of such a model and, as
such, has numerous capabilities not found in other models currently
available. Some of these features are:

® Global, strategic multicountry nuclear exchange model

- Individual representation of all objects (reentry vehicles,

bombers, ABM's, MI's, etc.) and sites (missile silos, radars,
airfields, etc.)

- Nuclear effects representation

—_ Prompt radiation: gamma, X-ray and neutron

— Overpressure against fixed and moving targets

- Dust clouds for vehicle ablation

—_ Sensor blackout (cookie~cutter occlusion cone or full
attenuation computations)
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3 Nuclear effects evaluation
- Compute effects received by each object/site in

vicinity of the detonation

—_ Cumulative effects (with time decay as appropriate)
- Comparison with individually specified kill thresholds
° Command and control structure for offense and defense may

be modified as attrition is experienced

e Simplified communications model between active sites
and C&C

Y Sensor driven defense with individual representation of sites,
radars, and vehicles associated with ABM, SAM, and MI
defenses

In addition, some of the desirable features of SIMETTE cannot be
stated in a positive manner, For example, nuclear effects are not con-
strained to a specific target but any object within range of the effects.
Radar blackout from a nuclear detonation is not treated as a degradation
factor but is dependent on the particular object/radar/burst geometry
and timing. There are numerous '"filters" incorporated into the model
to exclude undesirable or illogical operations. The filters are of a phys-~
ical as well as logical nature. For example, the model does not attempt
to track a MI with an ABM or ballistic missile early warning system
(BMEWS) type of radar.

There are also features of SIMETTE related to its design rather
than how it operates. In particular:

e Modular design and implementation to facilitate modification

and expansion.

™ In the absence of a DMS and BPG envisioned for SIMEX, a

preprocessor has been added to simplify and edit check the
user supplied input data. A postprocessor has been added
to extract summary reports from the game's history file.

e The game "size" is independent of the model. How big a

game can be run is dictated solely by the size of the avail-

able core memory to contain the program and data. On the
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other end of the size spectrum, a game could be run con-

sisting of a single defensive unit (or target) and a single
threat,.

During the development phase of SIMETTE a sufficient number of
test cases and submodel runs were conducted to demonstrate that the
prototype has the capability to:

Represent dust clouds resulting from surface or near-surface
bursts and, when reentry objects penetrate such clouds, they
are eroded and may be killed as a result.

Represent ionized radiation clouds (fireballs) from nuclear
detonations that may preclude a radar from acquisition/

track of an object (friend or foe).

Record fratricide or bonus kills whenever planning inad-
vertently places more than one object/site in the vicinity of
nuclear detonation,

Achieved kills due to radiation effects and overpressure in
addition to dust erosion.

Coordinate the ABM, SAM, and MI defensive elements through
the C&C structure.

Represent successfully all of the game elements and their

interactions within a single model.

SIMETTE, as a prototype, does not contain all of the features and
functions intended for the full E&I model of SIMEX. Some of the addi-
tional features that would be desirable in SIMEX are:

Active ECM and chaff

Degradation of performance as a function of cumulative en-
vironment (e. g., salvage fuzing)

Electromagnetic pulse (EMP) from nuclear bursts

FOB's and satellite systems (weapons and sensors)
Exclusion corridors for friendly offense/defense (ABM)
SAM/MI interface and coordination

Discrimination of real threats from decoys and associated

errors in interpretation
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) Errors in evaluation of defensive action (e. g., a threat is
declared dead but is still alive and conversely, declared
alive but dead)

Multiple levels of detail in representation of nuclear effects

) Multiple levels of detail in the kinematics of moving objects
such as more refined ICBM trajectory

® More refined and detailed command, control, and communi-
cations submodel

° A BPG to ease preparation of inputs

) A DMS to handle data files and analyze game results

Of the items in the above list, the most critical in applications of
large scope are the last two. All models of this type, whether it be
SIMETTE or some other available model, suffer from two major defi-
ciencies regardless of how well they perform. First, the preparation
of game inputs is primarily a manual process requiring large amounts of
manpower and time with its associated tedium and errors. Secondly, no
matter how many summary or detailed reports are produced, there is
never the exact data available to the user to readily identify the various
cause and effects relationships in his particular game. This is not to say
that such reports are unnecessary, but they constitute only the first step
of a thorough analysis.

The key to alleviating these deficiencies is a comprehensive DMS
to store, retrieve, and update the data files needed by the BPG and to
receive the game's detailed output for retrieval and selective analysis
by the user. No model in the class of SIMEX or SIMETTE can realize
its full potential and efficiency until it has been supplemented by a DMS,

It is recognized that the addition of a DMS could be an expensive
and time consuming step. However, by using a systems that is currently
available such as TDMS (recommended for SIMEX) and pursuing an evo-
lutionary approach, its incorporation could be accomplished with a mod-
erate level of effort. The most logical step in such an evolutionary
approach would be to use the DMS to support the preprocessor and/or
postprocessor of SIMETTE., It could be used initially as a simple repository

of data for subsequent recall and reuse. Gradually, as time and resources
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permit, it could assume more and more of the pre- and postprocessor
functions until they were completely embedded within the DMS. This
condition would then provide an ideal framework within which to develop
a BPG, should such a system be required, but would in no way be a
commitment to such a development.

Further, SIMETTE has been planned and designed to accommodate
growth and expansion. In fact, most of the features listed above for
SIMEX have been recognized since the beginning of the project and, thus,
SIMETTE has been designed specifically to accommodate their addition
even though they are not now included. Because of this preplanning and
the modular design, many of these features can be added with minimal
time and effort.

Recognition that multi-system interactions could influence retalia-
tory capability in an environment created by offensive and defensive bursts
prompted the introduction of a SIMEX design as a means to study the prob-
lem. As demonstrated by the limited results summarized in a previous
section, SIMETTE has the capability for revealing interactions which
indicate a substantial influence on engagement outcomes and which no other
reported analytic technique is capable of considering. As a result,
SIMETTE has immediate application to many current problems of interest
not fully analyzable by other methods in terms of scope or detail. Appli-
cations intended to reveal the influence of multisystem interactions would
provide insight into meaningful problems, as well as serve to verify the
utility of SIMETTE as an operational tool. Selected examples of these

applications are discussed in the next part.

B. Applications

SIMETTE was designed as a means for simulating the exchange
and interactions between the offensive and defensive forces of opposing
sides in all levels of nuclear war up to and including global general war.
Unique to the design is its capability to monitor and record multisystem
interactions. Particular emphasis in the design also included consider-~

ation of:
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- Game clements as individual entities
® Secondary nuclear effects (dust erosion, blackout, etc,)
® Replaceability of algorithrms including
— Weapon effect propagation
- Weapon and supporting system characterization
- Decigionmaking channeling

As with other large simulations, SIMETTE shares a common limi-
tatiop —input data preparation, a task which would require a significant
expenditure of time and man-effort for problems of large scope without
the aid of an operating DMS, However, this limitation is substantially
removed without compromising program capability for problems in which
geographic considerations are lirmited or a reduced inventory of system
elements is provided as input.

Development and test experience indicates that the prototype,
SIMETTE, can be used to study current problems of interest. This dis-
cussion identifies the types of problems that the prototype could be applied
to.

Problems to which SIMETTE can be applied include asseasment of:

- The survivability through boost/launch phase of offensive

elements (ICBM’s and manned bombers) defended by ABM
in a2 geographically bounded locale and subjected to varying
attack levels, penetration tactics, attacking system charac-

teristics, ete.

'y Penetration requirements (tactics, numbars, and composition)
of an offensive attack on an I{b)“) defended
by a "thick" ABM defense.

[ Manned bomber penetration requirements (defense suppres-

slon, tactics, penaids, timing, etc.) in an intensively defended
area, emphasizing varying defense cormmand/control represen-

tations and a diversity of defensive weapons.
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Defense effectiveness of a "thin" ABM defense under "light"

attack in a global scenario,

In the {irst two cases defended elements would be subject to the

following possible mechanisms:

Attrition due to direct weapon |effects damage by attacking
warbeads

Attrition due to secondary effécts resulting in warhead
detonations {such as dust erosion)

Defensive capability to limit damage by attacking warheads
to the offensive forces in the first case and the(b)(1)_ -
in the second case .

I
Defensive contribution to the muclear environment in the de-

fensive battle space which mayl' have either a direct or an
1

indirect effect upon the defended elements

Degradation of defensive battle space due to the evolving

nuclear environment

A basic scenario could be developedifor gsuch a study as discussed

above and would consist of:

Enemy missile missions including ICBM's with single war-
heads, multiple warheads andldecoys directed against the
defengive elements and defended elerments.

Offensive missions planned tosdepart from the defended area
toward objective targets

Site locations and systems parameters of offensive and de-

fensive elements within the delrfended area

In the cited cases, scenario variatidns would focus on all or part of

the following factors as appropriate:

Timing alterations of the offensive attack in all examples
Timing alterationa of the offensive launch in the trans-
attack period

Varying attack dengity as a function of elapsed time interval

("compressgsed" versus "ﬂtrunﬁ-out" attacks, etc.)

V-7

UNCLASSIFIED




UNCLASSIFIED

® Penetration tactics (warhead/decoy mixes; stand-off/pin-
down attacks; attack partition between objective targets and
defense suppression; etc.)

e Offensive/defense coordination to include defensive ABM

{or AD) holds as a function of time windows, geographic
fly-out contours or a combination of both

e Command/control network characterizations (dispersed/

autonomous/ centralized/close control)

All moving elements in the game, enemy offensive, friendly offen-
sive and defensive, would be subject to direct weapon effects, dust
erosion or unintended fratricide effects as influenced by the specified
timing and tactics governing their employment.

The number of moving objects that can be handled by SIMETTE is
limited only by the size of available core memory. Application of
SIMETTE to a missile defense study is therefore possible because steps
may be taken to constrain the use of memory by objects participating in
the game. This constraint may be accomplished in two ways, either or
both of which contribute to the feasibility of conducting the study within the
bounds of available computers. First, the geometry of concern would in-
clude only the specific number of objects and sites contained with the de-
fended area and the enemy missions against that area. Secondly, artifacts
can be introduced which will contribute to a reduction of storage requirements.

For example, offensive vehicles are of interest only in their ability
to depart safely from the defended area. Offensive bomber missions can
therefore be submitted to a game run with only the number of flight path
legs necessary to achieve takeoff and departure from the defended area.
The remaining flight path legs need not be entered and thereby not require
the additional memory storage. Likewise, offensive missile missions
could be terminated at the conclusion of the boost phase which can be pre-
sumed to be outside of the defensive battle space. With a minor modifica-
tion to the preprocessor the enemy attacking missile missions may be
launched from a position instead of a site, thereby eliminating the need to

hold the site specification data in memory.
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SIMETTE game runs of limited scenarios will provide valuable
insights as to resulting interactions not available by other means.
However, care should be exercised when extrapolating results to
global implications. Excursions of game scenarios may be designed
and run to establish some measures for extrapolation.

These or similar immediate applications can reveal a depth of
under standing not available by existing methods of analysis. Further-
more, they can provide practical experience to assist in refinement of
the establishment of priorities for the evolutionary development re-

quired to achieve SIMEX capabilities.

V-9
UNCLASSIFIED




UNCLASSIFIED

V1. PRINCIPAL FINDINGS

Where the scope of game -dependent factors capable of consideration
has been a limiting factor in study credibility, the SIMETTE prototype
is unique in comparison with other computer models or analytic tech-
nigques as a high confidence and multipurpose tool for the study of ex-
changes and interactions. This is supported by the documented design

logic and demonstrated test case results.

The SIMEX concept and design is uniquely suited for the study of multi-
system interactions and exchanges in general nuclear war situations and
is reconfirmed as technically feasible. This is supported by the experi-
ence of a demonstration test case executed by the prototype Exchange
and Interactions (E&I) model, SIMETTE.

The computerized allocation method for BPG demonstrated in this study
is rapid in execution and highly compatible with the principal operational
constraints. Although off-optimal in payoff efficiency, its flexibility
rapidity, and compatibility with operational constraints lends extensive
practicability for its application in many circumstances. The acceptable
quality of its results and its compatibility with more refined and rigorous
allocation methods makes it an efficient departure point for cases where

a high degree of refinement is desired in weapon resource allocation.
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Although slightly less capable than comparable CDC equipment from

the viewpoint of execution time, the IBM System 360 sgeries of computer
equipment is preferred as the computer for SIMEX because of greater
core capacity with a built-in growth potential for the system 360 series
compared to comparable CDC equipment. Inasmuch as the dynamic core
storage requirements of the simulator is extensive and a potential lim-
iting factor in the utility of SIMEX for large problems, core capacity

was the principal factor in computer preférence selection.

The use of SIMSCRIPFPT as the program simulation language and the
associated use of process logic in the simulator design extends the long -
term utility of SIMETTE in applications to general war-related studies
because of the resulting flexibility and modularity. This current and
long -term utility to problems of large scope is limited only by:

° The extent to which supporting algorithms for emulating
weapon effects and system operability are rigorously
characterizable

) The extent to which parallel development of an automated
data management system (DMS) and battle plan generator
(BPG) is realized

e The extent to which supporting computer and ancillary equip-

ment is made available for SIMEX applicable problems

This study effort indicated that a lengthy and extensive input preparation
effort would likely be required in game runs of problems of large scope.
This factor and the massiveness in scope of the possible categories of
run output (that a user may require) empha'size the requirement for an
automated DMS in order that model capability can be fully exploited.

The principal candidate DMS for SIMEX remains as ADEPTS/TDMS.

In the absence of an automated DMS system and computer with adequate
core memory, the prototype is capable of application to current prob-
lems of interest in which the number of game objects is restricted and

still provide a degree of understanding not now available by other com-
putational methods.
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As indicated by the experience of this effort, the investment in the design
of SIMEX and development of SIMETTE can provide immediate benefits.
Several courses of action on the use of SIMETTE suggest themselves
as progressive evolutionary steps, in the following order of priority.
® Apply SIMETTE to current studies of interest to identify
possible solutions to multisystem interaction problems
[ Allow some evolutionary growth of SIMETTE to support
the immmediate needs of study requirements
) Support the application of SIMETTE by using an available
DMS for game run analysis and data file maintenance as a

prototype endeavor
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I. INTRODUCTION

The purpose of this volume is to acquaint potential users with the
data requirements of the prototype model and establish the instructions
for input data preparation. A familiarity with model capability will be
of assistance in understanding the material contained in this volume.

A narrative description of the model will be found in Volume I, Main
Paper, of this report and should be read prior to exarmination of the
instructions for data preparation contained in this volume. Technical
descriptions and the algorithms of the subroutines which comprise
SIMETTE are to be found in Volume III, SIMETTE Computer Programs
and Methodology, of this report.

This volume contains instructions for completing the Code Descrip-
tion Tables and for preparation of input data forms. Exhibits of the re-
quired creation sheets are also included. Completion of Code Description
Tables, presented in Section II, is essential before attempting to pre-
pare the input data forms discussed in Section III. The Code Description
Tables are organized in a series of classes, subclasses, and types to
take advantage of associations based on common entity descriptive
attributes. Once filled out, these tables should be consistently used by
all those involved in preparation of the input data forms.

The organization of the input data forms are such as to provide
logical grouping into the general categories of site related data, vehicle
(moving objects) performance specifications, warhead specifications,
nuclear vulnerability for all sites and vehicles, and vehicle path and
path-related information. The instructions in Section III provide the
detailed instructions for preparation of the data forms and indicate the

cross referencing of data between these forms.

I-1
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II. CODE DESCRIPTION TABLES

Class and type codes are used in SIMETTE to identify groups of
entities having common characteristics. The purpose of such groupings
is to permnit a single listing of the common characteristics of like entities.
Thus, only unique characteristics such as the location of an airfield need
be associated directly with the entity's name. The one time definition of
the common characteristics for each given type entity significantly re-
duces user labor in preparing input data forms,

The entities covered by class and type codes are vehicles, bursts,
and sites, The general class codes are:

100 series--vehicles

200 series--bursts

500 sexries--missile sites

600 series--airfields

700 series--sensor sites

800 series--command centers

900 series- (D)(1)

1000 series--other rn_.ilita?y ;gets

The specific class codes such as 101 (offensive land based rmissiles)
are used for addressing subclasses of entities.

Exhibits II-1, II~-2, and 1I-3 give the code description tables for
vehicles, bursts, and sites respectively. Type codes are listed in each
of the tables under the class or subclass headings. Series numbering
of the type codes can only be repeated for each general class code, as
shown in the exhibits, The class and subclase codes, because of their
association to the computer program, cannot be modified by the user,

On the other hangd, the type codes can be arbitrarily defined or rearranged

as long as they are used consistently on the data input forms. The
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numbers and descriptions given in the exhibits for the type codes are
only illustrative of how they might be defined for a two-sided strategic
war. Before filling out the SIMETTE data input forms, the user should

list and describe in the code description tables, all type codes to be

used for a given simulation run, These tables should then be referred

to by all people filling out the input forms for the given simulation run,
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EXHIBIT II-1 VEHICLE CODE DESCRIPTION

Class Type Description
101 Offensive Missiles, Land
1 Blue ICBM, Mod 1
2 Blue ICBM, Mod 2
3 Blue ICBM, Mod 3
4 Red ICBM, Mod l
5 Red ICBM, Mod 2 (FOBS)
6 Red ICBM, Mod 3
7 Red ICBM, Mod 4
102 Offensive Missiles, Sea
8 Blue SLLBM, Mod 1
9 Blue SI.BM, Mod 2
10 Blue SL.BM, Mod 3
11 Red SLBM, Mod 1l
12 Red SLBM, Mod 2
13 Red S1.BM, Mod 3
103 Air Defense Missiles
14 Blue SAM, Mod 1l (High Altitude)
15 Blue SAM, Mod 2 (Low Altitude)
16 Red SAM, Mod 1
17 Red SAM, Mod 2
104 Anti~Ballistic Missiles (ABM's)
18 Blue ABM, Mod 1 (Short Range)
19 Blue ABM, Mod 2 (Long Range)
20 Red ABM, Mod 1 (Short Range)
21 Red ABM, Mod 2 (Long Range)
105 Manned Bombers
22 Blue Bomber, Mod 1
23 Blue Bomber, Mod 2
24 Blue Bormber, Mod 3 (Supersonic)
25 Red Bomber, Mod 1
26 Red Bomber, Mod 2
27 Red Bomber, Mod 3 (Supersonic)
106 Manned Interceptors
28 Blue Interceptor, Mod 1
29 Blue Interceptor, Mod 2
30 Blue Interceptor, Mod 3
31 Red Interceptor, Mod 1
32 Red Interceptor, Mod 2
33 Red Interceptor, Mod 3
I1-3
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Class

107

108

109

Type
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(CONTINUED)

Description

Reentry Vehicles

Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Red
Red
Red
Red
Red
Red
Red
Red

RV,
RrRv,
RV,
RV,
RV,
RV,
RV,
RV,
RV,
RV,
RV,
RV,
RV,
RV,
RV,
RV,

Small, Mod 1 (Single)
Small, Mod 2 (Cluster)
Small, Mod 3 (MIRYV)
Medium, Mod 1 (Single)
Medium, Mod 2 (Cluster)
Medium, Mod 3 (MIRV)
Large, Mod 1l (Single)
Large, Mod 2

Small, Mod 1 (Single)
Small, Mod 2 (Cluster)
Small, Mod 3 (MIRV)
Medium, Mod 1 {(Single)
Medinum, Mod 2 (Cluster)
Medium, Mod 3 (MIRV)
Large, Mod 1 (Single)
Large, Mod 2

Penaids (Offensive Missile)

Blue Exocatmospheric Decoy
Blue Endoatmospheric Decoy
Red Exoatmospheric Decoy
Red Endoatmospheric Decoy

Air-to-Surface Missiles (ASM's)

Blue ASM, Mod 1
Blue ASM, Mod 2
Blue ASM, Decoy
Red ASM, Mod 1
Red ASM, Mod 2
Red ASM, Decoy

Free-Fall Bombs

Blue Bomb, Small, Mod 1 (Low Altitude CEP)
Bomb, Small, Mod 2 (High Altitude CEP)
Bomb, Medium, Mod 1 (Low Altitude CEP)
Bomb, Medium, Mod 2 (High Altitude CEP)
Bomb, Large, Mod 1 (Low Altitude CEP)
Bomb, Large, Mod 2 (High Altitude CEP)
Red Bomb, Small, Mod 1 (Low Altitude CEP)
Red Bomb, Small, Mod 2 (High Altitude CEP)
Red Bomb, Medium, Mod 1 (Low Altitude CEP)
Red Bomb, Medium, Mod 2 (High Altitude CEP)
Red Bomb, Large, Mod 1 (Low Altitude CEP)
Red Bomb, Large, Mod 2 (High Altitude CEP)

Blue
Blue
Blue
Blue
Blue
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EXHIBIT II-2 BURST CODE DESCRIPTION

Class Type Description

201 Offensive Missile Warheads

Blue WD, Small, Mod 1
Blue WD, Small, Mod 2
Blue WD, Medium, Mod 1
Blue WD, Medium, Mod 2
Blue WD, Large, Mod 1l
Blue WD, Large, Mod 2
Red WD, Small, Mod 1
Red WD, Small, Mod 2
Red WD, Medium, Mod 1
10 Red WD, Medium, Mod 2
11 Red WD, Large, Mod 1
12 Red WD, Large, Mod 2

VO W -

SAM Warheads

13 Blue WD, Mod 1
14 Blue WD, Mod 2
15 Red WD, Mod 1
16 Red WD, Mod 2

ABM Warheads

17 Blue WD, Mod 1
18 Blue WD, Mod 2
19 Red WD, Mod 1
20 Red WD, Mod 2

Air-to-Surface Missile (ASM) Warheads

21 Blue WD, Mod 1
22 Blue WD, Mod 2
23 Red WD, Mod 1
24 Red WD, Mod 2

Bomb Warheads

25 Blue WD, Mod 1
26 Blue WD, Mod 2
27 Blue WD, Mod 3
28 Red WD, Mod 1
29 Red WD, Mod 2
30 Red WD, Mod 3
II-5
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EXHIBIT II-3 SITE CODE DESCRIPTION
Class Type Description

501 Offensive Missile Sites (L.and-based)

Blue, Land, Soft .
Blue, l.and, Hard
Red, L.and, Soft
Red, IL.and, Hard L d

W N

502 Offensive Missile Sites (Sea-based)

Blue, Sub Mod 1
Blue, Sub Mod 2
Red, Sub Mod 3
Red, Sub Mod 4

[0 BENRo N |

503 Defensive Missile Sites (SAM)

9 Blue SAM, Short Range
10 Blue SAM, Long Range
11 Red SAM, Short Range
12 Red SAM, Long Range

504 Defensive Missile Sites (ABM)

13 Blue ABM, Short Range
14 Blue ABM, Long Range
15 Red ABM, Short Range
16 Red ABM, Long Range

601 Bomber Airfields

Blue Main Base - Full Support
Blue Dispersion Base - Limited Capability
Red Main Base - Full Support
Red Dispersion Base - Limited Capability

W -

602 Interceptor Airfields

Blue Main Base ~ Full Support
Blue Dispersion Base - Limited Capability
Red Main Base - Full Support
Red Dispersion Base - Limited Capability

o~y

701 Farly Warning Sensors

Blue EW Aircraft
Blue EW Missiles
Red EW Aircraft
Red EW Missiles

W

II-6
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EXHIBIT 1I1-3

Class

702

703

Type

W~ o n

PNV WN=

UNCLASSIFIED

(CONTINUED)

Description

ABM Radars (Detection and Control)

Blue Long Range
Blue Terminal
Red Long Range
Red Terminal

Air Defense Radars (Detection and Control)

Blue GCI1
Blue AWAC
Blue SAM
Red GCI
Red AWAC
Red SAM

Offensive Command Centers (Land-based)

Blue Missile LLCF

Blue Bomber CP

Blue Offensive Headquarters
Blue National Command Center
Red Missile LCF

Red Bomber CP

Red Offensive Headquarters
Red National Command Center

Offensive Command Centers (Sea-based)

Blue Missile LCF
Red Missile LCF

Defensive Command Centers (Air Defense)

Blue Interceptor Base CP
Blue SAM CP

Blue Air Defense Division
Blue Defense Region

Blue Defense Headquarters
Red Interceptor Base CP
Red SAM CP

Red Air Defense Division
Red Defense Region

Red Defense Headquarters

Ir-7
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EXHIBIT II-3 (CONTINUED)

Class Type Description
804 Defensive Command Centers (ABM)
21 Blue ABM CP, Short Range
22 Bluve ABM CP, Long Range
23 Blue Miassgile Defense Division
24 Red ABM CP, Short Range
25 Red ABM CP, Long Range
26 Red Miasile Defense Division
901 (b)(1) _
1 Blue, Config. 1
2 Blue, Config. 2
3 Red, Config. 1
4 Red, Config. 2
1001} Other Military Targets
1 Blue(b)(1)
2 Blue
3 Blue
4 Red
5 Red
6 Red
1II1-8
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ITT. INPUT INSTRUCTIONS

A General

The input data required for a SIMETTE model run are to be
entered on 26 distinct forms developed to simplify the task of

collecting and recording the data. The type forms and instruc-—
tions for completing them are presented in this volume in a
sequence that is convenient for the model user. However, be-~

fore the completed forms are submitted to be key punched, they
must be ordered according to the sequence shown in Exhibit III-1.
This is necessary since the punched cards must be entered into
the computer for the preprocessor program in the indicated se-—
quence. The five form codes followed by asterisks in Exhibit
ITI-1 all utilize the same Form N, but it is necessary for key
punching to list separately each of the five kinds of nuclear
vulnerability data represented by these codes.

For the user, the forms are ordered in this volume so that
the dinput data is requested in a logical order. The basic
ordering of forms is as follows:

[ ) Site related data

® Vehicle specifications

L] Warhead specifications and nuclear vulnerability
L4 Vehicle movement related data

General and specific instructions for each form are pre-
sented in the next section.

The rest of this section is devoted to presenting instruc-
tions that are common to all forms.

III-1
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To avoid confusion between certain letters and numbers, the

following symbols should be used:

Letter Number
@D 0
I 1
2 2
S 5
G 6

When the same letters or numbers are repeated in column, the
user may underline the entry or portion of entry to be repeated and
then draw a line from the underlined item down through the last row
in which it is repeated. The line should be terminated with an arrow-
head. The following are two examples;

RICBM 501 700
| 502 —1_
503

Various descriptive and identification codes, including the class
and type codes described in Section II are called for in the forms, All
are strictly numeric (all numbers) except for the unique name codes
assigned to sites, sortie segments, and paths. The name codes can be
alphanumeric. That is, they can use either letters, numbers, or a
combination of letters and numbers. For instance, RICBM 501 might
be the code name given to the five hundred and first red ICBM launch
site, No other entity in the game run would be given this same code
name so that each time it is used it would refer only to that entity,

It is not necessary to fill in all the columns assigned to a name
or any other code, However, since a space left blank is equivalent to

a zero entry, it is important to start numbering from the right-most

column, For instance:

olz|ol|lo 2|10]0 two hundred

may be
ojof|z2]o0 written 210 twenty
o|0O0]|]O]| 2 2| two

III-2
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If a name does not use all columns assigned to it, then the left-

most columns should be left blank. For instance:

R A B M 1 1 0
H

In all cases, where an entity name is repeated on several data forms, it
is essential that the same narme orientation (same blank spaces) be

maintained within the assigned columns. For instance:

would be interpreted by the computer as two different name entities.
Periods or dots are used in columns for two purposes. One pur-
pPose is to separate an entry into distinct parts such as degrees, minutes,
and seconds of latitude. The other purpose is to act as a decimal point.
In either case the column containing the dot is to be left blank. The user
cannot introduce nor remove any dot in the forms. Where no decimal

point is available, then the number entered in a field will be an integer.

III-3
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EXHIBIT III-1 FORM SEQUENCE FOR KEYPUNCH

S equence Number

Form Code

1

H o= O 0 N0 AW

= O

—
[3Y]

13
14
15
16
17
18
19

20
21

oP
C
WS
SS
NR¥*
MS
NM*
AS
NA #
cs
NC*

Vi

vz
V3
V4
NV

II-4

Title

Run Options

Volume Specifications

Warhead Specifications

Sensor Site Specifications

Radar Site Nuclear Vulnerability
Missile Site Specifications
Missile Site Nuclear Vulnerability
Airfield Specifications

Airfield Nuclear Vulnerability
Command Site Specifications

Command Site Nuclear
Vulnerability

Vehicle Specs.,: Booster, RV, &
Decoy

Vehicle Specs.: Fighter

Vehicle Specs.: Bomber and ASM
Vehicle Specs.: ABM and SAM
Vehicle Nuclear Vulnerability
Game Reference Times

Bomber Windows from H-HCL

Missile Launch Windows from
E-hour

Site Value Data
Site Data

UNCLASSIFIED

e



UNCLASSIFIED

EXHIBIT III-1 (CONTINUED)

Sequence Number

22
23
24
25
26
27
28
29
30

*Uses form N

Al
A2
A3

[>T - B < - R |

Form Code

Title

Command & Control Structure
ABM Denial Zone Definition
Self-Defense Areas

Bomber Missions

Bomber Sortie Data

Missile Missions

Missile Path Generation
Loiter Points

Trace Flag Values

second letter must be inserted by user.

ITI-5
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B. Form Instructions

SIMETTE Form A - Site Data

Form Purpose: This form identifies, locates and describes

each site to be treated in a given simulation run. Identifying
codes permit indexing more detailed site characteristics on re-—
lated input forms. This includes indexing characteristics of
equipment located or based at the site. If a site contains a
radar or defense missiles with non-uniform coverage in azimuth,
then a reference axis permits proper orientation of the cover-
age volume. Also, if vehicles such as bombers, fighters, SAMs
or ABMs are based at the site, then an initial inventory of
each type vehicle can be indicated. For those sites commanding
one or more radars used for ABM guidance, insert the maximum
number of guidance channels in the initial inventory £field of

the command site.

General Instructions: All names assigned to sites must be

unique alphanumeric designations. Codes for owner country,
site class and type, equipment type, and value table identifier
must be selected carefully to avoid improper indexing. If more
than one type of equipment will be located at a given site dur-
ing the play of the game, then a unique site name must be de-—
fined for each different type of equipment that will be
associated with the site. Dummy collocated sites are also re-

quired if the site reports to more than one command center.

Specific Instructions:

Columns Heading

4-11 Name Enter a unique alphanumeric code to
identify each specific site.

I1I1-6
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Columns

13-21
23-32
34-38
40-45
47-49
51-57
59-61

Heading

Latitude

Longitude

Altitude

Volume
Reference
Axis

Owner
Country

Site Class/
Type

Equipment
Type

UNCLASSIFIED

Instruction

Enter degrees, minutes, and seconds of
latitude, N if north or S if south, for
each site location.

Enter degrees, minutes, and seconds of
longitude, E if east and W if west,
for each site location.

Enter site altitude in feet above mean
sea level.

Fill in only if the site has a radar or
defense missile with non-uniform cover-
age in azimuth. A volume having iden-—
tical coverage patterns in all vertical
slices requires no orientation. The
volume reference axis is the true azi-
muth (measured clockwise from north)
desired for the first slice of the

volume type defined in Form C. The
volume type associated with the sensor
site is designated in Form SS. The

volume type for the missile site is
given in Form MS.

Enter numeric code to designate the
country that owns the site. Any number
of countries can be played.

Indicate the class and type of site by
inserting the appropriate numeric code
for each from the Site Code Description
Table.

Indicate by numeric code the type of
vehicle or sensor positioned at the

site. For vehicles select the appro-
priate code from the Vehicle Code Des-—
cription Table. In the case of a

fighter or bomber base, codes for all
vehicle types that can be based or
operated from that site should be list-
ed even if no initial inventory dis in-
dicated. This is required if it is
desired to land and recycle various
types of aircraft at the site. A sepa-
rate line entry and different unique
site name is meeded for each type of
equipment listed for a site. For sen-—
sors repeat the site type code for the
equipment type code.

IT11I-7
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Columns

62-64

67-69

Heading

Initial
Inventory

Value
Table
Identifier

UNCLASSIFIED

Instruction

Enter the number of units of the speci-
fied type of equipment initially lo-
cated at the site. For command sites,
enter the number of guidance channels
available to the ABM or SAM radars un-
der the site's command. This number
must be associated with the first site
upward from the radar in the command
structure with decision level of 2
(entered on Form Al).

Use a numeric code to identify value
table in Form SV that defines the

value history of the site. If the site
cannot be defended by ABMs, then no
identifier is required.

ITI-8

UNCLASSIFIED



UNCLASSIFIED

osfecfofucpufss frfecfec]i o TesesesTonToo! ]or]se[selce eclieocfedfeeuesefaefvefoefeefiefoefsfer] s fe oo T o s I e [ ¢
wr. vv o o . o . " _ b B
: M il ol |9 . of . ] ] et
T . 5 i . . . of . ¥l &
Ll L bk L |
L T : ST T =N
L H
M 1 . : mu\l . . _ | o . AES
i ﬂ 1 REIRRIRAC T THTTE Tols
H 1 E - |- 1
RREEN , N ] o$ e REEEAR i i
R 1 ; - - T R
R j | 1HEE , | NI Tk o AN
; J » & . . . .ﬁ ”11 ,‘ v|e
[ AR VRRN AN NNR 1 ENERRA ANRAN s RNCHRCRNAR | ANCRRCHN
1 . 11 o | e o el 1 E HE
: ! DR FREEE | JHECERC LR N
[HNERRSARENANI . EERECEN RRAGEN: HREREE
[Ty ! § T BERED CRRCEN  BRAI "
il i I L[] ] BECHAR L TR
35l T 1T G SBECE: BRNEEN ;
T 4 1 = e . . 1 LI
53 : £ o . . g
TTT L ! 1 L BEE £
55l I .T 1 T i AEER . m[ Bl § [+«
17 lm . ol . . . il | F 1y
1 . : . . . . 4 .‘L 1
oo ec[sc]cd oo Jrfecefcfoc foo]so]ssfs] fas] [os] Jfs [ o ce e e eelne e fec]s | dostferferfisfod]o [ ] [o[5[ [ o2
sajiap| fiopany) adh] adAl  sse) Aoy (sw o Sapl {128)) (RS o v oo Top) § (385 o il e 3p) aweN
s0eL eiiu] wauEinb3 g Py » 0
amep QN — Im;<ou=”“_”.”_”_§l 3 M
NIV e ———— P} ———
o —_—0 abeg _
v Wiod " 1LLINIS
viva s

ITII-8-a
UNCLASSIFIED



UNCLASSIFIED

(THIS PAGE DELIBERATELY LEFT BLANK)

ITI-8-b

UNCLASSIFIED



UNCLASSIFIED

SIMETTE Form SV - Site Value Data

Form Purpose: This form defines the initial value and time

change of this value (if any) for each site capable of being de-

fended by ABMs. The value indicates the relative weight placed
on the defense of each site. It is used as a parameter in the

weapon assignment routine for ABMs.

General Instructions: Values to be used range from O to 1

with the most valuable site or sites to be defended having the
largest value. Sites having no value should be omitted or as-
signed a value of O. Since the model in its present stage of
development, does not automatically reduce site values as offen-—
sive and defensive assets are expended, a decrease in site value
should be input in such a manner as to reflect the average ex-—
penditure of assets that would occur in the specific game scen-
ario timing. Therefore, if a site becomes less valuable as the
battle progresses because of the expenditure of vehicles (e.g.,
bombers, ICBMs, ABMs, SAMs, etc.) located at or related to the
site, then the initial site value can be decreased in time
steps. Any number of time value points can be used by continu-
ing down the rows. In other words, after the three points in

a given row are used, then a fourth point to sixth point may be
used in the next row, etc. If no changes to the initial wvalue
are made, the site value will remain constant at the initdial
value. If 1t 18 not desired to play preferential defense of
sites, then all sites should be assigned a value of one ini-
tially and no changes should be made with time. In this case
all sites can use the same value history table, i.e., a singu-
lar value identifier. For those value tables cross referenced
by Form A3, the value entries will be automatically dincreased
by an increment of 6,5 for each ABM or SAM self-defense zone

in which the corresponding sites are located.

ITII-9
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Specific Instructions:

Columns

4-6

9-13
17-25
27-31
35-49
53-67

Heading

Identifier

Initial
Value

Time

Value

Time/
Value

Time/
Value

Instruction

Enter the numeric code to identify
value history table that follows, The
code must be related to one or more
sites defined in Form A.

Enter an initial site value from 0 to
1.

Specify a time in hours, minutes, and
seconds after the start of the game for
which it is desired to decrease the site
value.

Indicate the site value (0 tol) desired
at the specified time. This value must
be less than the initial value to show
expenditure of site—-related resources
as the battle proceeds.

Specify a second time/value point, if
required, to show a change of value.
If a second point 1is not defined, then
the value given for the first point
will apply throughout the remainder of
the game.

Specify a third time/value point if re-
quired to show a further step change
in value.

I11I-10
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SIMETTE Form Al - Command and Control Structure

Form Purpose: This form defines the functional C&C for all

offensive and defensive military sites to be played in the game. In
particular it permits play of alternate C&C centers in addition to the
normal chain of command and flow of information, If sensor or weapon
sites are isolated from the command structure by the destruction of
the next higher and all alternate C&C centers, then these sites are ef-
fectively removed from game play. In this instance, the sensor sites
will be prevented from communicating data on the threat to the weapon
sites and the weapon sites will be prevented from launching their

weapons,

General Instructions: For a weapon site, only command centers

required for or capable of assigning the site's weapons should be speci-
fied in the C&C structure for the site, For a sensor site, the C&C
structure defined for it should be such that threat data is channeled to
the highest surviving command authority requiring the threat data and
capable of assigning the defensive weapons., This means that related
sensor and defense weapon C&C structures should have common higher

and alternate command centers.

Specific Instructions:

Columns Heading Instruction

4-11 Site Name Enter the same alphanumeric code name as
listed in columns 4-11 on the Site Data Form A,

14-21 Next Higher Enter the alphanumeric code name for the next
higher command site, This is the command
site to which the site listed in columns 4-11
normally reports,

24-67 Alternate List the order of succession to command in the
C&C Center: C&C structure for the site listed in columns
First 4-11 should the next higher and subsequent
Through command sites be destroyed. These entries
Fifth implicitly assume the existence of a support-~
ing communications network,
71 Decision Enter the level of C&C authority for the site
Authority listed in columns 4-11 for making pertinent
Lievel decisions, A "0" indicates that the site makes
III1-12
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Columns

71
(Cont,)

Heading

UNCLASSIFIED

Instruction

no pertinent decisions, A "2" indicates sec-
ondary decision authority. Since sensor and
weapon sites cannot have decision authority
in the game, enter a zero for them, Com-
mand sites can be collocated with sensor or

weapon sites if it is desired to have local de-
cision authority.

IIr-13
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SIMETTE Form AS - Airfield Specifications

Form Purpose: This form specifies launch parameters associated

with bomber and fighter airfields, It further provides time constraints

for recycling fighter aircraft,

General Instructions: The four entries in columns 29-57 deal

with flightline aborts, addressing the probability of aborts and the time
required to return the aircraft to an operational status. The threshold
value listed establishes a lower bound to recovery time. The mean

time listed in columns 39-47 is the mean of the distribution chosen plus

the threshold value as indicated in the diagram below.

| T = Threshold
Hp = Mean for the distribution chosen
“R = Hp + T: This is the mean for the

recovery time listed in
columns 39-47,

\4—- T —Dlh- “D—.

R —>

Specific Instructions:

Columns Heading Instruction
4-7 Class Enter the numeric class code from the Site
Code Description Table for the airfield,
9-11 Type Enter the type code from the Site Code
Description Table for the airfield,
14-18 Takeoff Enter the elapsed time in minutes and seconds
Time from receipt of a launch order until the first

aircraft is airborne. A fully alert status is
assumed,

I1I-15
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Columns

21-25

29-33

36-37

39-47

49-57

Heading

Fighter
Turnaround
Time

Flightline
Abort -
Probability

Recovery
Time
Distribution -
Dist, Type

Mean

Threshold

UNCLASSIFIED

Instruction

Enter the average elapsed time in minutes and
seconds required to combat service each
fighter aircraft., It is computed from landing
to subsequent takeoff, Repair of combat dam-
age is not considered.

Enter the probability, 0 to 1.0, that the as-
signed aircraft will not be available for launch
for reasons other than combat damage.

Enter the numeric code for the distribution
type chosen to describe recovery time follow-
ing a flightline abort, 0 = constant, 2 =
Poisson, 5 = negative exponential.

Enter the mean recovery time in hours, min-
utes, and seconds required to return the
aborted aircraft to an operational status.

Enter the minimum time in hours, minutes, and
seconds required to return the aborted aircraft
to operational status.

III-16
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SIMETTE Form MS — Misgssile Site Specifications

Form Purpose: This form provides launch performance para-—

meters associated with each type of offensive and defensive

missile site.

General Instructions: The four entries in columns 29 to

57 deal with launch failures, addressing the probability of a
launch failure and the time required to return failed missiles
to an operational status. The threshold value listed estab-
lishes a lower bound to recovery time. The mean time listed in

columns 39-47 is the mean of the distribution chosen plus the

threshold value as indicated in the diagram below.

T = Threshold
M = Mean for the distribution chosen
MR = Hp t T: This is the mean for the

recovery time listed in
columns 39-47,

|
I {
ey

Specific Instructions:

Columns Heading Instructions

4-7 Class Enter the numeric class code from the
Site Code Descript on Table.

9-11 Type Enter the numeric type code from the
Site Code Description Table.
15-17 Launch Enter the elapsed time in seconds from
Sequence time an order is given by the Launch Con-—
trol Facility (LCF) until first missile
motion. For defense missiles, this is

also the minimum time between successive
launches from a given site.

20-22 Decision Enter the elapsed time in seconds fron
Process the receipt of a luanch message by the
LCF until the LCF gives the order to launch
ITT-18
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Columns Heading Instructions

26-30 Site Enter the probability, O te 1.0,
Failures - that the assigned missile will not
Probability be operationally available for

launch,

33-34 Recovery Enter the numeric code for the dis-
Time tribution type chosen to describe
Distribution - recovery time following a launch
Dist. Type fajilure. 0 = constant, 2 = Poisson,

5 = negative exponential.

36-44 Mean Enter the mean recovery time in

hours, minutes, and seconds. The

mean is ur as described above in
the general instructions.

46-54 Threshold Enter the minimum time in hours,
minutes, and seconds reqguired to
return the failed missile to an
operational staus.

58-59 Missiles For defensive missile sites, enter
Per Salvo the number of missiles fired in

each salvo. For ABM gites 1 will

always be entered. For SAM sites

a variable number may be entered.
No entry will be made for offen-—
sive missile sites.

62—-64 Volume Enter a numeric code for the
Type volume type designated for the
maximum intercept contour of de-
fensive missile sites. This code

will cross—-reference to Form C
which describes the physical
bounds of all game volumes.

66-71 Minimum Enter minimum altitude (feet) for
Altitude the volume type referred to above.
This will be the altitude of the
volume center above the site refer-
encing this volume type.
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SIMETTE Form SS — Sensor Site Specifications

. . Form Purpose: This form provides the operating character-—
istlcs necessary in the game play for each class and type of
sensor represented.

General Instructions: The time factors listed for the
functions of designation, target track, intercept track, and
discrimination are time elapsed intervals required from com-
pletion of a prior sensor function until the listed Ffunction
occurs. The last three columns of the form address the radar
performance in terms of initial detection. For a given target
cross—section and specified signal-to-noise threashold, the
range is that at which the probability of dinitial target detec—
tion is 0.50.

Specific Tnstructions:

Columns Heading Instruction
4-7 Class Enter numeric sensor site class code from
the Site Code Description Table.
9-11 Type Enter numeric sensor site type code from
the Site Code Description Table.
l4-16 Volume Type Enter numeric code that corresponds to the
appropriate volume description in Form C
for sensor coverage. This volume is used

for triggering sensor events when a ve-
hicle pemetrates it.

18~-21 Maximum Enter the maximum sensor range in nautical
Viewing miles. This value will be used for filter-
Range ing purposes.

23-25 Maximum Enter the maximum number of target vehicles
Guidance that the sensor can simultaneously guide
Capability defense missiles against.

28-30 Time Enter time after initial detection in sec—
Factor - onds required by sensor to designate tar-—
Designation get as a threat object. Designation is

not used for ABM and SAM radars. Enter
zero for them.

32-34 Time Enter time after completion of designa-
Factors - tion in seconds required by sensor to
Threat Track establish track on threat object.

36-38 Time Enter time after completion of threat
Factors -~ track in seconds required by semsor to
Intercept establish accurate track to permit inter-—
Track cept,

III-21
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Columns

40-42

45-47

50-55

57-60

62-65

67-71

Heading

Time
Factors -
Discrimina-
tion
Maximum
Blackout
Interval

Radar
Frequency

Radar
Perform-
ance -
Range

Radar
Perform-
ance -
X Section

Radar Per-
formance -
S/N
Threshold

UNCLASSIFIED

Instruction

Enter time after completion of designation in
seconds required by sensor to identify object
as either a threat or decoy.

Enter maximum time in seconds that radar
can be blacked out without having to re-
establish threat track.

Enter radar frequency in megahertz,

Enter the range in nautical miles at which the
probability of initial target detection is 0.50.

Enter the radar target cross-section in square
meters,

Enter the signal-to-noise threshold in db for
initial target detection.
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SIMETTE Form CS — Command Site Specifications
Form Purpose: This form identifies all classes and types
of command sites to be considered in the game. In addition,

it specifies the threshold values to be used in ABM assignment,
the denial zone override threshold for self-defense, and ABM
(or SAM) preference of usage.

General Instructions: All classes and types of command
sites to be considered in the game must be listed. A thresh-
0ld value will be assigned only to the type of the immediate
or next higher command level for each ABM site. Form Al gives
the next higher command site name for each ABM site, and Form
A specifies the class and type of command site for each command
site name. No threshold value should be listed for any of the
other class and type command sites. For command site types
assoclated with ABM denial zones, enter the threshold value
that will cause zone override in the interest of self-defense.
Assign an ordered sequence by vehicle type codes, for the pre-
ferred use of ABM interceptors.

Specific Instructions:

Columns Heading Instruction

47 Class Enter the numeric code for the class
of command site. Use 801 for an offen-—
sive command center and 802 for a de-
fensive command center.

9-11 Type Enter the appropriate numeric code from
the Site Code Description Table for the
type of command site within the partic-
ular class.

14-18 Threshold Specify a threshold value from 0 to 2
Value for the appropriate ABM command site
types. The higher the value used, the

more restrictive will be the assignment
of ABMs from the missiles site corres-—
ponding to the type command site. The
purpose of the threshold wvalue is to
control a single threat object in a
shoot—-shoot—-shoot mode. It is also in-
tended to further conserve ABMs by not
engaging objects which threaten targets
of little value or which show little
promise of being killed. The product
of the following four factors:
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Columns

14-18
(Contd)
21-25
28-30
32-34
36-38
40-42
44 46

Heading

Threshold
Value

Denial Zone
Override
Threshold

lst ABM
Preference

By Type
Code

2nd ABM
Preference

3rd ABM
Preference

4th ABM
Preference

5th ABM
Preference

UNCLASSIFIED

Instruction

(1) relative time urgency ranging from
1 to 2,

(2) relative proportion of remaining
interceptors ranging from O to 1,

(3) potential relative threatened value
saved ranging from 0O to 1, and

(4) single shot kill probability rang-
ing from 0O to 1,

for a given pairing of candidate inter-

ceptor site and threat object is com-

pared against the threshold value. I1f

the product is a maximum for the deci-

sion cycle and exceeds the threshold

value, then an interceptor is launched

from the site against the threat object.

Specify a threshold value for the appro-
priate ABM or SAM command site type

with which an interceptor denial =zone

is associated. If a threat object is
aimed at a target whose value table cur-—
rently exceeds this threshold, then the
zone will be overriden and the dintercept
performed.

Enter the first choice of ABM (or SAM)
system, by vehicle type code, to be
used in intercepting threatening ob-—
jects, subject to physical performance
constraints.¥®

Enter the second choice of ABM system
to perform an intercept if the first
choice cannot engage the threat.

Enter the ABM vehicle type code to be
used if the 1lst and 2nd choices are
unable to engage.

Enter the ABM vehicle type code to be
used if the 1lst, 2nd and 3rd choices
are unable to engage.

Enter the ABM vehicle type code to be
used if the 1lst, 2nd, 3rd and 4th
choices are unable to engage.

*If more ABM systems are present in the game than are specified
by the explicit preference entries, they will be assumed to be
of equal preference.
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Columns Heading Instruction
49-70 Optional Comments entered here will not be used
Comments within the model but will appear in the

master input listing for assistance in
post—game analysis.
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SIMETTE Form C - Volume Specifications

Form Purpose: This form defines the limiting volumes within

which defense sensors may detect and track threat objects and those
within which defense missiles (SAM's and ABM's) may intercept the
threat objects. These are limiting volumes, not necessarily nominal
ones, Actual detection and intercept points may occur well within the
volumes. The volumes are defined by specifying surface points for a

number of azimuth slices emanating out from the sensor or missile site.

General Instructions: The origin point of each azimuth slice

corresponds to the site location for which the volume is being generated.
Virtually any convex volume surface can be described for a site by using
enough surface points per slice and enough slices per volume. The vol-
ume's orientation with respect to a particular radar or defense missile
site is accomplished by the volume reference axis specified in Form A
for the site name, Where the volume is uniform with respect to azimuth
(i.e., any azimuth slice would have the same surface points), only two
vertical slices are required to define the volume, The first vertical
slice could be at 0° azimuth and the second at 360° azimuth, Further,
if the volume is a hemisphere, then only two surface points at elevation
angles of 0° and 90° are required for each of the two azimuth slices.
The characteristics used to define a volume may be anything the
user desires, The importance of a volume is that nothing happens out-
side of that volume. Thus, if the user wishes to specify a missile strike
volume giving at least a 90 percent chance of kill, he may do so. How-

ever, no intercepts will be attempted outside that volume,

Specific Instructions:

Columns Heading Instruction
3-5 Volume Enter a unique numeric code for each volume
Type type.
7-8 Slice No. Number each vertical slice in a clockwise

direction, Any number of slices (2 or more)
may be used to describe the volume.
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Columns

10-11

13-21

23-31

32-38

40-55

57-72

Heading

No. of
Points

Azimuth

Elevation

Range

Elevation
and Range

Elevation
and Range

UNCLASSIFIED

Instruction

Enter the number of surface points used to
define the limits of the particular vertical
slice. Any number of points (2 or more) may
be used to define a slice,.

Enter the azimuth in degrees, minutes, and
seconds of the particular vertical slice, The
first vertical slice defining the left boundary
(if any) of a volume should be set at O degrees,
0 minutes, and 0 seconds azimuth. All other
slice azimuths will be measured in a clockwise
direction relative to this first slice.

Enter the elevation angle in degrees, minutes,
and seconds from origin to surface point of a
particular vertical slice. Elevation angle is
measured from the horizontal, It is positive
(0O to 90°) in the up direction and negative (0O to
-909) in the down direction. Start with lowest
elevation surface point and move upward.

Enter the range in nautical miles from origin
to surface point on the particular vertical slice,

Enter the elevation and range coordinates of
the next surface point in the upward direction
on the particular vertical slice.

Enter the elevation and range coordinates of
the next surface point (if any) in the upward
direction on the particular vertical slice. If
more than three points are needed to define a
slice, continue on subsequent lines, leaving
the volume type blank (columns 3-5).
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SIMETTE Form V1 - Vehicle Specs: Booster, RV, and Decoy

Form Purpose; This form provides the requisite characteristics

for offensive missile boosters, RV's, and decoys.

General Instructions: The last three entries in columns 60-71

address the distribution of a nurmber of objects of the same type about
the basic RV trajectory. Entries here will apply to the dispersion pa-
rameters for clustered MRV's and decoys, For MRV's, the time pa-
rameter does not apply and should be left blank, For MRV's, the
distance parameter establishes a radial distance normal to the basic
RV trajectory. The MRV's are uniformly spaced on the circle gener-
ated by this radial distance, and the MRV pattern is randomly oriented
in azimuth, For decoys, the time parammeter is the standard deviation
of a normal distribution about the RV used to initiate the decoy ahead
or trailing the RV. The distance parameter is the CEP of a circular
normal distribution that establishes a random radial distance for the
decoys perpendicular to the RV flight path. The two parameters there-
fore essentially define a cylindrical distribution of decoys about the RV

trajectory. Each MIRV, however, is to be treated as a separate RV,

Specific Instructions:

Columns Heading Instruction

4.7 Class Enter the numeric class code from the Vehicle
Code Description Table,

9-11 Type Enter the numeric type code from the Vehicle
Code Description Table,

13-17 Probability Enter the probability, 0 to 1.0, that the ve-

of Successful hicle will perform its requisite functions suc-

Operation cessfully. For a booster, it is the probability
of successful operation, given a successful
launch, For RV's and decoys, it is the proba-
bility of successful deployment and operation
to the end of its programmed flight. This
figure does not include burst reliability.

19-23 Maximum Enter the vehicle's maximum velocity in feet
Velocity per second, This entry is used only as a
filter, It should be larger than the expected
velocity,
IIT-30
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Columns

25-29

31-38

40-47

49-51

54-58

60-61

63-65

67-71

Heading

Radar X -
Section

Shape/
Erosion
Coefficient

Ballistic
Coefficient

Warhead
Type

CEP

No. of
Objects

Dispersion
Time

Dispersion
Distance

UNCLASSIFIED

Instruction

Enter the nominal radar cross-section of the
vehicle in square meters.

Enter the value of the shape/erosion coefficient
in grams per kilojoule for the erosion of the
vehicle's ablative material, This is used in
reentry and dust cloud penetration calculations,.

Enter the ballistic coefficient of a reentry body
in pounds per square foot.

Enter the numeric warhead code from the
Burst Code Description Table for the warhead
carried by the RV, This code will cross-
reference to Form WS for warhead
specifications.

Enter the CEP in feet for RV's and endoatmos-
pheric decoys. There should be no entry for
boosters and exoatmospheric decoys. There

is currently no consideration made in the model
for random wvariation in height of burst,

Enter the number of objects of the same type
that are deployed about the basic RV trajectory.
This field is used only for decoys and MRV's,

Enter the time parameter (standard deviation
for a normal distribution) in seconds discussed
above in the general instructions, to establish
the distribution of the decoy vehicles about the
RV and along its trajectory. This field is not
to be filled out for MRV's.

Enter the distance parameter (CEP for decoys
and fixed distance for MRV's) in nautical miles,
discussed above in the general instructions, to
establish the circular normal distribution of
decoy vehicles in a plane normal to the RV
trajectory or the radial distance of the MRV's
about the basic trajectory.

1II1-31

UNCLASSIFIED



VEHICLE SPECS.. BOOSTER, RV, & DECOY

SIMETTE we | FORM VI

Page——of 2 June 1970
Puobabilityol  Mesinum e Dispersin~—
Successful Velocity XeSechion Shage/Ersion Wamead CEP No.of  Time Distance
Class Tyve Operation (feet/sec) ) Costficiont Ballistic Coefficient ~ Type (feet)  Objects  (sec) ()
s(6] 7[a]a]iefult] va Jaef EEE a[so] ] %] =] | esfec]si] 'L nivzinvusrsv
» . [ ] . J i
I » . L] L] r i
_* ® - L] » [ ] *
. TTHT qaln W T
£l L] L] » B .

2e-TIII

v
* L]
“le
I A |
1
<=

A3idISSYIONN

QIHISSYIDONN

. A . L]
N i . L] L3 .
TH TTH - T -
] :_ L] . ] I .
’— . . L] . r_ ] .
: . L . . T I .
TH TTH T T
L] . L] L L

1
1 1
-
*
|
T

TR R == = === = = ===




UNCLASSIFIED

SIMETTE Form V2 - Vehicle Specs: Fighter

Form Purpose: This form specifies the capabilities and in-flight
Form AS,

which gives Airfield Specifications, describes the fighter ground delays.

characteristics for each type of fighter played in the game,

Straight-line paths from base to loiter or intercept points are played

for the fighters,

fuel consumption,

and fighter vs, bomber P

No wvariations are currently considered for speed,

with altitude.

k
General Instructions: None.
Specific Instructions:
Columns Heading Instruction
4-6 Equipment Enter vehicle equipment type code from
Type Vehicle Code Description Table for the MI to
be described.
9-12 Probability Give probability of in-flight aircraft abort on
AOCM Per operational combat mission for reasons other
Sortie than combat damage.

15-19 Fuel Enter the normal total fuel capacity in pounds
Capacity for a combat mission,

22-25 Combat - Enter the average combat rated speed in knots
Average to be used during engagements,

Velocity

27-30 Combat - Enter the average combat rated fuel consump-
Fuel Rate tion in pounds per hour to be used during

engagements,

33-36 Cruise - Enter the average cruise speed in knots to be
Average used during periods when the fighter is not
Velocity actively committed to a specific engagement,

38-41 Cruise - Enter the average fuel consumption in pounds
Fuel Rate per hour to be used in cruise conditions,

4447 Average Enter the average elapsed time in minutes
Time from the weapon release point on one pass to
Reengage arrival at the weapons release point on a sub-

sequent pass against the same bomber,

50-51 Arms Loads Enter the weapons load of the fighter in terms

of the number of firing passes normally pro-
vided by such load. For example, if engage-
ment doctrine calls for expenditure of two
missiles per pass and a total of four missiles
are carried, then two arms loads would be
specified.
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Columns Heading Instruction
54-57 Pk Vs, Enter the average probability of kill for the
Bomber fighter against the bomber for the arms load
expended on a single intercept pass. Each
reengagement would have the same P, . This
P, includes aircraft armament system relia-
bﬁity, probability of detection and conversion,
and single-shot probability of kill for each
weapon employed in a single arms load
expenditure.
60-63 Fuel Enter the normal fuel reserve in pounds re-
Reserve quired over home station,
66-70 Radar Enter the nominal radar cross-section in
X - Section square meters for the fighter.
I11-34
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SIMETTE Form V3 - Vehicle Specs: Bomber and ASM

Form Purpose:

This form specifies the capabilities and in-flight

characteristics for each type of bomber, ASM, bomb, and decoy played

in the game.

Form AS (Airfield Specifications) describes bomber de-

lays on the ground, and Forms T (Bomber Missions) and B (Bomber

Sortie Data) describe paths for bombers, bombs, ASM's, and decoys.

General Instructions: None,

Specific Instructions:

Columns

4-7

14-18

21-22

25-29

32-35

Heading

Class

Type

Bombers
Only —
Pk vs.
Fighter

Bombers
Only —
Arms L.oads

Probability
of Successful
Operation

Velocity -
Maximum

Instruction

Enter the numeric class code from the Vehicle
Code Description Table for the specific class

of vehicle whose performance is being described:
bomber, ASM, bomb, or decoy.

Enter the numeric code from the Vehicle Code
Description Table for the specific type of ve-
hicle whose performance is being described.

Enter the probability of the bomber defensive
system killing the attacking interceptor air-
craft., A singular Py, independent of inter-
cept geometry, is currently used, This entry
and that in columns 21-22 are used to describe
the bomber defensive capability against MI's
through the use of defensive missiles.

Enter the number of arms loads of defensive
weapons attributed to each type bomber. An
arms load is defined as the weapons expended
at a single firing, and the specification of
number of arms loads therefore limits the
maximum number of intercepts that could be
countered by the bomber.

Enter the probability, 0 to 1.0, that the vehicle
will operate successfully to completion of its
mission. For the bomber, mission comple-
tion would constitute the last scheduled launch
of a bomb or ASM. It does not account for
combat attrition,

Enter the maximum permissible speed of the

vehicle in knots. This acts as an error filter
for data presented in Form B and as an inter-
action filter in the game.
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Columns

37-40

43-47

- 50-54

57-59

Heading

Velocity -
Minimum

Radar
X - Section

ASM Only -
CEP

ASM Only -
Warhead
Type

UNCLASSIFIED

Instruction

Enter the minimum permissible speed of the
vehicle, This again acts as an error filter
for data presented in Form B,

Enter the nominal radar cross-section for the

vehicle in square meters., There is no attempt
to use the cross-section as a function of view-

ing aspect or sensor frequency at present.

Enter the CEP in feet for the ASM's and bombs
at point of detonation.

Enter the numeric code from the Burst Code
Description Table for the type warhead car-
ried by the ASM or bomb,
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SIMETTE Form V4 - Vehicle Specs: ABM and SAM

Form Purpose: This form provides operational data for the

ABM and SAM., Their flyout performance curves have been incorpo-

rated in the data base for use in intercept computations,

General Instructions: Give singular values for Pk and SEP. The

initial model design does not consider intercept range or geometry
variations in these two factors., Further a spherical distribution of

miss distance is assumed,.

Specific Instructions:

Columns Heading Instruction
4-7 Class Enter the numeric vehicle class code. Use
104 for an ABM vehicle and 103 for a SAM
vehicle,
9-11 Type Enter numeric vehicle type code from the
Vehicle Code Description Table,

14-18 Probability Enter the probability, O to 1.0, that the
of Successful missile will be successfully launched.
Operation

21-25 Maximum Enter the maximum velocity for missile in
Velocity feet per second, This value will be used for

filtering purposes,

28-35 Shape/ Enter the value of the shape/erosion coefficient
Erosion in grams per kilojoule for the erosion of the
Coefficient vehicle's ablative material. This is used in

the dust cloud penetration calculations,

38-40 Warhead Enter the numeric warhead type code from
Type Burst Code Description Table.

43-47 Expected Pk Enter the expected probability, 0 to 1.0, that
the defense missile will kill a typical threat
vehicle., This value will be used in the weapon
assignment routine,. If no warhead type is
specified in columns 38-40, then the expected
Pk will also be used as an actual single-shot
P, and a random draw will be made to deter-
mine kill or no kill. This permits the user to
represent nonnuclear warheads or nuclear
warheads too small to contribute significantly
to the nuclear environment. The use of P
values whenever possible will greatly increase

the efficiency of the game,
1II-39
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Columns Heading Instruction
50-54 Spherical Enter the SEP in feet for the miss or burst
Error distance from the target,
Probable
57-61 Radar X - Enter the nominal cross-section for the de-
Section fense missile in square meters,
II1-40
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SIMETTE Form WS - Warhead Specifications

Form Purpose: This form provides warhead characteristics

essential to nuclear effects computations for all RV, defensive missile,

and bomb warheads,

General Instructions: The three entries in columns 26 to 42 are

linear scaling factors used to modify basic product distribution in the
computation of neutron, gamma, or X-ray effects. An entry greater
than 1,0 would indicate enhancement of that effect, while an entry less
than 1.0 would indicate suppression, An entry of 1.0 in these sections
will result in a standard product distribution to each of these effects,

To simplify input, a blank entry is interpreted as 1.0,

Specific Instructions:

Columns Heading Instruction

4-6 Type Enter the numeric type code of the warhead
from the Burst Code Description Table,

9-13 Probability Enter the probability, 0 to 1,0, that the fuzing
of Successful and firing circuitry will function and initiate
Initiation the prescribed nuclear burst. This figure is

that expected in a benign environment and does
not take into consideration kill or degradation
of the warhead through exposure to nuclear
effects before burst.

16-22 Yield Enter the warhead design yield in megatons,

26-42 Product Scal- Enter the linear product scaling factors, de-
ing Factors - scribed above in general instructions, to
Neutrons, account for the enhancement or suppression
Gamma, of neutron, gamma, and X-ray products for
X-Ray the particular weapon.

45-70 Optional Comments entered here will not be used within
Comments the model but will appear in the master input

listing for assistance in postgame analysis.
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SIMETTE Form N - Nuclear Vulnerabilities

Form Purpose: This form provides the necessary data for com-

putations of nuclear vulnerability for all game significant entities, Kill
thresholds ascertain the levels of exposure to the various effects at
which the entity is killed. The decay parameters will be used to adjust

over time the accumulation of multiple sublethal exposures,

General Instructions: The kill thresholds listed for the various

nuclear effects and ablation are those critical levels above which the
vehicle, site, or sensor will be either physically destroyed or degraded
to the point where its internal components are rendered inoperable. The
latter could apply to an intercepted RV that is not physically destroyed
by an ABM burst but whose fuzing and firing components have been
rendered inoperable as a result of effects encountered, Subsequent
detonation of the RV warhead would therefore be precluded,

This form is used to enter nuclear vulnerability data for radar
sites, missile sites, airfields, command sites, and vehicles, It is
necessary, however, for keypunching to enter each of these five dif-
ferent kinds of data on separate sheets, Thus, no sheet should have

more than one type of classification code appearing in columns 1 and 2,

Specific Instructions:

Columns Heading Instruction

1-2 Enter one of the following classification codes
to indicate which entity type the vulnerability
data apply to:

Code Entity Description

NV All vehicles, i,e,, offensive and de-
fensive missiles, reentry wvehicles,
penaids, ASM's, bombers, bombs,
and interceptor aircraft,

NM Offensive and defensive missile sites,
NA Bomber and interceptor aircraft
airfields
NR Sensor sites (radar)
NC Command and control sites
I11-44
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Columns

4-7

9-11
14-21
23-29
31-35
37-42
44 48
52-57
59-64
66-71

Heading

Class

Type

Kill
Thresholds
Neutrons
Kill
Thresholds
Gamma

Kill
Thresholds
X—-Ray

Kill
Thresholds

1

Overpressure

Kill
Thresholds
Ablation

Decay
Parameters
Neutrons

Decay
Parameters
Gamma

Decay

Paramenters

X—-Ray

UNCLASSIFIED

Instruction

Enter the numeric class code from the
Code Descriptoin Tables.

Enter the numeric type code from the
Code Description Tables.

Enter the number of neutrons per square
centimeter, divided by 10° to obtain kill
from neutron flux.

Enter the gamma kill threshold, in rads.

Enter the number of calories per square
centimeter to produce a kill from X-Rays.

Enter the overpressure in poinds per
square inch required to kill

Enter the number of grams per square cen-—
timeter of ablative material that must be
eroded from wvehicle surface to kill it.
This factor will only be enetered for re-—
entry vehicles and missiles

Enter the decay parameter value for neu-—
trons. This is used to determine the
rate at which the cumulative damage ef~
fect of neutrons on the target vehicle
decays with time. The fraction of the
effect after an elapsed time of At hours
iga equal to e=2t*D where D is the decay
parameter. For D equal to zero (0),
there is no decay in the cumulative
dosage effect with time. For D equal to
90, immediate and complete decay of the
effect is assumed. For D equal to -1,
the effect 1is not considered at all.

Enter the decay parameter value for
gamma rays. It is determined in the
same way as explained for neutrons.

Enter the day parameter value for X—-Rays.
It is determined in the same way as ex-—
plained for neutrons.
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SIMETTE Form R - Game Reference Times

Form Purpose: This form provides reference times essential in

game play for launch release and coordination of the offensive forces of

. each country,

General Instructions: All times given will be referenced to game

- start time and will be entered as hours, minutes, and seconds after
game start, A separate line entry will be used to establish L, E, and
H-hour reference times for each country involved in the exchange. It

is necessary to specify these times for the retaliatory attack as well as
the preemptive attack since NCA decision time and doctrine for response
are not modeled. This will provide user control of both the preemptive

and retaliatory scenarios.

Specific Instructions:

Columns Heading Instruction
4-6 Country Enter the numeric code for the country from
Code which the offensive weapons systems (bombers

and missiles) are being launched,

10-18 L-Hour Li~-hour is defined as a launch reference time
for bomber forces and would be the time after
game start that bombers would be cleared for
launch, L-hour would differ for each side and
be dependent on whether that country were en-
gaged in preemptive or retaliatory launch of
the bomber force, ZFor the preemptive launch,
timing could be such as to permit simultan~
eous, initial detection of both the bomber and
missile forces by enemy sensors, A retalia-
tory L-hour would be a function of initial de-
tection of an impending attack and doctrine

. for bomber launch in such a case,.

22-30 E-Hour E-hour is defined as a launch reference time
for offensive missiles and would be the time
after game start that release is given for the
launch of the missiles force., E-hour would
differ for each side and be dependent on
whether a preemptive or retaliatory launch of
the missile force is involved. For the pre-
emptive attack E-hour could be coordinated
with L-hour as described above, For the

of

II1-47
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Columns

22-30
(Cont,)

34-42

46-72

Heading

H-~-Hour

Optional
Comments

UNCLASSIFIED

Instruction

retaliatory case E-hour would be predicated
on the initial detection of an incoming attack,
NCA decision titme, and doctrine governing
release of the offensive missile force,

H-hour is defined as a reference time from
which bomber window times at H-HCI, are
measured, For the preemptive attack it is

a constraint to preclude premature penetra-
tion of enemy defenses and coordination of
bomber attacks over target. For the retalia-
tory attack it is a constraint to ensure proper
coordination of bomber attacks where initial
launch times of the bomber force are such
that proper coordination over target would
not be ensured if there were no constraint
imposed on departure times from H-HCL.,

Comments entered here will not affect the
use of game reference times within the model
but will appear in the master input listing for
assistance in postgame analysis,
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SIMETTE
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SIMETTE Form W - Bomber Windows from H-HCIL,

Form Purpose: This form will provide for adjustment of bomber

flight path timing to ensure coordination over target. The windows will
specify time spans during which specific sorties will be cleared to pro-
ceed en route to their target, Delayed arrival time at H-HCL may re-

quire bombers to hold until the next window start time occurs,

General Instructions: All window start times will be referenced

to the H-hour given in Form R for each country whose bombers are
being considered. For example, with an H-hour designated in Form R
as 6 hours after game start, and a window scheduled to start 1 hour and
10 minutes after H-hour (7 hours and 10 minutes after game start), the
window start time would be listed as 01_10,00 on the form. It is not

necessary to use more than one window,

Specific Instructions:

Columns Heading Instruction
3-6 Window Enter a numeric code for identification and
Identifier cross-reference with that listed in columns
13-16 of Form T.
9-17 First Enter the starting time for the first time pe-
Choice - riod during which the bomber is permitted to
Start Time cross the H-hour coordination line (H-HCL.).
19-27 First Enter the duration of the window in hours,
Choice - minutes, and seconds,
Duration
31-71 Second Enter the start time and duration for subse-
Choice - guent windows if required,
Third

Choice -~
Start Time
and Duration

II1-50
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SIMETTE Form T - Bomber Missions

Form Purpose:

This form uniguely defines each bomber mission

in terms of availability time for takeoff and the names of path segments

to be flown from launch to recovery, Dividing the bomber flight paths

into segments consisting of one or more legs permits the segments to

be used as building blocks for bomber missions which have common

path segments,

General Instructions: None,

Specific Instructions:

Columns Heading

3-11 Availability
Time From
L-Hour

13-16 Window
Identifier

19-71 Bomber
Sortie
Segment
Names

Instruction

Enter the time in hours, minutes, and seconds
that bombers are expected to be available for
takeoff after L-hour as defined on Form R.
The availability times listed constitute the
launch schedule for the bomber sorties,

Enter the numeric code to cross-reference
the set of windows listed in Form W that
establish time periods during which bombers
will be cleared to depart the H-HCL.,

Enter the alphanumeric code names in sequence
for all segments of the bomber path from base
of departure to post-strike recovery base.

Each of the segments, consisting of one or
more legs, are defined in Form B and may be
common to several bomber sorties. If more
than six entries are needed to define a mis-
sion, continue on the next line, leaving col-
umns 3-16 blank,
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SIMETTE Form B - Bomber Sortie Data

Form Purpose: This form will provide a detailed four-dimensional

description of the flight paths (latitude, longitude, altitude, and time)
for all bombers and bomber-launched weapons, Aggregation of detailed
path legs into sortie segments will permit utilization of the same seg-~
ments by more than one bomber where such common flight segments
would not be critical to game play or outcome, thus saving time in

bomber path layout,

General Instructions: All names assigned for sortie segments,

starting and ending sites, and weapons launched should be chosen to
give a unique alphanumeric designation, Names used for the base from
which a bomber departs, its post-strike recovery base, and target
names for ASM or bombs should correspond to the alphanumeric names
used to describe those facilities in the Form A - Site Data, The flight
path for an ASM may be a singular straight line path from point of
launch to the target or may consist of discrete path legs to describe a
variable, preprogrammed profile (turn point coordinates, altitudes,
and times) to the target, As with a bomber profile, either would con-
stitute the sortie segment for the ASM, Form B is organized to per-
mit pairing of data: segment designation in row Bl, followed by a
description in rows B2, of the path legs making up that segment, More
than six path legs can be used in a sortie segment bv skipping over a

Bl row and continuing with path leg descriptions in the next B2 rows,

Specific Instructions:

Bl: Sortie Segment

Columns Heading Instruction

4-11 Name Enter the unique alphanumeric code name to
identify the sortie segment. For bombers it
will be the name associated with the aggrega-
tion of path legs described in rows B2 for the
segment, For bomber-launched weapons
(ASM's, decoys, or bombs), the name is that
assigned in B2, columns 58-65, when that
weapon is launched,
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Columns Heading Instruction
13-15 Equipment Enter the appropriate numeric code from the
Type Vehicle Code Description Table for the ve-

hicle type (bomber or bomber-launched
weapon) whose segment is being described
in the subsequent B2 section,

18-25 Site Names - Enter the unique alphanumeric code name for
Starting the point at which the sortie segment begins,

For bombers this will be the airfield of origin
or the terminal point of a previous segment,
For a bomber-launched weapon no entry will
be made, since there is no unique name asso-
ciated with the point at which the weapon is
launched. The position, altitude, and time of
launch are uniquely defined on the path leg in
B2 on which the weapon is launched, For
intermediate points, i,e., end of one segment
and start of the next, an entry is optional, If
used, it must match in sequence the data
specified on Form T.

27-34 Site Names - Enter the unique alphanumeric code name for
Ending the end point of the sortie segment, The

descriptive parameters of this point (latitude,
longitude, and altitude) will be those given for
the last path leg in the following Section B2
except where it is a recovery base., For
ASM's and bombs the end point will be the
alphanumeric name of the designated target,

B2: Path lLegs

Columns Heading Instruction

4-5 Proc, Code Enter the numeric process code from the fol-
lowing list that describes what functional op-
eration is taking place for the bomber or
bomber-launched weapon on that leg:

2., Proceed en route

. Refuel

. Hold at H-HCL

. Launch operation of ASM, decoy, or bomb

. Turn active ECM equipment on

N0 U kW

. Turn active ECM equipment off

Process code 1, for takeoff, and 8, for land-
ing, will be added automatically to each mis-~
sion, Procedure codes 6 and 7 are ucsed to

I11-55

UNCLASSIFIED



Columns

4-5
(Cont.)

10-19

21-30

32-37

39-47

Heading

Move, Type

Latitude

Loongitude

Altitude

Elapsed
Time

UNCLASSIFIED

Instruction

designate points in the vehicular path when
active ECM becomes a pertinent factor. Al-
though active ECM is not currently incorpo-
rated in the model to degrade defense sensor
performance, the switching codes are desig-
nated and available for later use. For the
case where two or more weapons (ASM's,
decoys, or bombs) are launched at a given
point, procedure code 5 would be used in
columns 4-5 and zero time legs entered to
identify the second and subsequent weapons
launched at that geographic location, A single
weapon launch can be designated at the end
of a path leg with procedure code 2 by simply
filling in columns 50-65,

Enter one of the following numeric movement
type codes that specifies the vehicle's move-
ment on the leg:

3. A great circle path at constant speed
4, A constant bearing path at constant speed

Enter the latitude in degrees, minutes, and
seconds north (N) or south (S) for the end
peoint of each path leg., It is unnecessary to
enter the latitude or longitude for the last
path leg of a segment where that segment
terminates at a named site such as a post-
strike recovery base for bombers or named
targets for ASM's and bombs, The alpha-
numeric code entered in Bl Ending identifies
this point,

Enter the longitude in degrees, minutes, and
seconds east (E) or west (W) for the end point
of each path leg,

Enter the altitude in feet above mean sea level
for the end point of the path leg except where
the end point is used to specify the burst point
of a bomber-launched weapon. In this case,
give the desired height of burst in feet above
the target, Where the altitude at the end point
differs from that at the start, a uniform rate’
of climb or descent will be used across the

entire leg to accomplish this altitude change.

Enter the elapsed time (en route time) for
each path leg in hours, minutes, and seconds,
A constant velocity will be calculated for the
vehicle over the leg based on the leg length
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Columns

39-47
(Cont.)

50-52

54-56

58-65

Heading

Weapon
L.aunched -~
Class

Weapon
Launched -
Type

Weapon
Liaunched -
Sortie Name

UNCLASSIFIED

Instruction

and the elapsed time, Do not enter a finite
elapsed time for procedure codes 4, 5, 6, or
7 as these are considered zero length and
zero time legs, For procedure code 4, the
time held at H-HCL, will be dependent on
bomber arrival at that point and the release
window available (see Form W),

For weapons launched by the parent bomber,
enter the appropriate numeric vehicle class
code to indicate the class as an ASM, decoy,
or bomb. This column is also used to indi-
cate a warhead burst at the terminal point of
an ASM or bomb segment, Therefore, the
numeric burst code, 201, should be entered
for burst events,

Enter the appropriate numeric vehicle type
code for bomber-launched ASM's, decoys,

or bombs. For creation of nuclear bursts
enter the numeric type code for the particular
ASM or bomb warhead.

For each ASM, decoy, or bomb launched,
enter a unique alphanumeric name to identify
that weapon., This name would then appear
in a subsequent section Bl (columns 4-11)
with a B2 section to fully describe the flight
path of that weapon. No name will be entered
for a warhead burst,
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SIMETTE Form D -~ Missile ILLaunch Windows From E-~Hour

Form Purpose:

This form specifies times during which there

will be no restrictions imposed on the launch of specific offensive mis-

siles, These data further permit constraints to be applied to launch

timing to ensure coordination over target,

General Instructions: All window start times will be referenced

to the E-hour given in Form R for each country whose offensive mis-

siles are being considered. This time will be expressed as hours,

minutes, and seconds elapsed from E-hour, It is not necessary to use

more than one window,

Specific Instructions:

Columns

3-6

19-27

31-71

Heading

Window
Identifier

First
Choice -
Start Time

First
Choice -
Duration

Second
Choice to
Third
Choice -

Start Time
and Duration

Instruction

Enter the numeric code for identification and
cross-reference with that listed in columns
13-16 of Form E,

Enter the starting time for the first time pe-
riod during which free launch of the missile
is permissible,

Enter the duration of the window in hours,
minutes, and seconds.

Enter the start times and duration for subse-
quent windows if required,
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SIMETTE Form E - Missile Missions

Form Purpose:

This form identifies the first available time of

launch for each offensive missile and cross-references the free launch

times given in Form D to the missile paths of Form P,

General Instructions: None,

Specific Instructions:

Columns

3-11

13-16

19-26

30-71

Heading

Availability
Time From
E-Hour

Window
Identifier

Path Name

Optional
Comments

Instruction

Enter the time in hours, minutes, and seconds
from the E-hour of Form R that the missile is
intended to be launched,

Enter the numeric code identifier for the de-
sired windows in Form D to set free launch
times. Although a window identifier must be
specified for each missile path, it need not be
a different identifier, i.e., one window identi-
fier may be common to several missile paths
for the same country.

Enter the alphanumeric code name identifier
of the missile path used in Form P,

Comments entered here will not be used
within the model but will appear in the master
input listing for assistance in postgame
analysis,
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SIMETTE Form P - Missile Path Generation

Form Purpose: This form provides the data essential to develop
the flight path from launch to target for ICBM's or SLBM's and their
deployed RV's and decoys,

General Instructions: A single line entry on this form provides

data necessary for generation of the missile path from launch site to
target for a single RV or decoy or cluster of such objects deployed by
the offensive missile, To represent deployment by that missile of other
RV's or decoys directed against additional targets, subsequent rows of
data will be entered., In such cases, it is unnecessary to repeat the
first three fields of data: path name, booster type, or launch site,

The specification data override, column 52, and the four subse-
quent sections would be used only to override the same data listed for
that particular type vehicle in Form V1. This would be used when the
specific mission dictated variation from the standard CEP, number of
objects deployed, or dispersion parameters, The last three entries in
columns 60-71 address the distribution of a number of objects of the
same type about the basic RV trajectory. Thus, entries here will apply
to the dispersion parameters for clustered MRV's and decoys,.

For MRV's, the time parameter does not apply and should be left
blank, The distance parameter for MRV's establishes a radial distance
normal to the RV flight path, The MRV's are uniformly spaced on the
circle generated by this radial distance, and the MRV pattern is ran-
domly oriented in azimuth,

For decoys, the time parameter is the standard deviation of a
normal distribution about the RV used to initiate the decoy ahead of or
trailing the RV, The distance parameter is the CEP of a circular
normal distribution that establishes a random radial distance for the
decoys perpendicular to the RV flight path,

These two parameters, therefore, essentially define a cylindrical

distribution of the decoys about the basic RV trajectory.
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Specific Instructions:

Columns

3-10

12-14

16-23

25-32

34-36

38-43

45-49

52

54-58

Heading

Name

Booster Type

IL.aunch Site

Target Site

Reentry
Object Type

Burst Height

Reentry
Angle

Spec, Data
Override

CEP

Instruction

Enter a unique alphanumeric name to identify
each missile path,

Enter the numeric code from the Vehicle Code
Description Table for the booster flying this
missile path, Each booster must also be
described in Form V1,

Enter the unique alphanumeric name for the
missile launch site defined in Form A,

Enter the unique alphanumeric name for the
intended target site, This must correspond
to the name listed in Form A so that target
parameters will be available to the model,

Enter the numeric code from the Vehicle Code
Description Table for the reentry object to

be deployed at the end of the boost segment,
Each reentry vehicle must also be described
in Form V1.

Enter the desired height of burst in feet above
the target.

Enter the desired reentry angle of the vehicle
in degrees and minutes, This can be used to
simulate lofted or depressed trajectories, If
no entry is made in this section, a minimum
energy trajectory will be computed for the
object,

If there is a need to modify any of the data in
columns 54 to 71 of this form from that listed
in the comparable sections of Form V1, enter
a 1 in this column. As described in the gen-
eral instructions above, this permits deviation
from standard data for a specific mission pro-
file. No entry in this column will indicate
that there is to be no change in that data for
this mission. An example of a change could
be an increase in the CEP and reduction in

the number of objects as required by a maxi-
mum range profile from the nominal values
given in Form V1,

Enter the CEP in feet for RV's and endoat-
mospheric decoys. There should be no entry
for boosters and exoatmospheric decoys,
There is currently no consideration made in
the model for random variation in height of
burst for air bursts.
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Columns

60-61

63-65

67-71

Heading
No. of
Objects

Dispersion
Time

Dispersion
Distance

UNCLASSIFIED

Instruction

Enter the number of objects of the same type
that are deployed about the basic RV trajectory.

Enter the time parameter (standard deviation
for a normal distribution) in seconds, dis-
cussed in the general instructions, to estab-
lish the distribution of the decoy vehicles
about the RV and along its trajectory. This
field is not to be filled out for MRV's,

Enter the distance parameter (CEP for decoys
and fixed distance for MRYV's) in nautical
miles, discussed above in the general instruc-
tions, to establish the circular normal distri-
bution of decoy vehicles in a plane normal to
to the RV trajectory or the radial distance of
the MRV's about the basic trajectory.
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SIMETTE Form L - Loiter Points

Form Purpose: This form establishes loiter points to which

fighter aircraft may be assigned from a given fighter airfield,

General Instructions: For each combination of fighter airfield

and aircraft type given in row L1, enter the three-dimensional param-
eters in rows IL.-2 for the set of desired loiter points, Where the pos-
sibility of temporary basing or recycling of more than one fighter air-
craft type exists from an airfield, loiter points applicable to all aircraft
that might operate from the airfield would be specified, In this case a
separate, unique name would be assigned to the airfield for each type
fighter both here and in Foxrm A -~ Site Data, This is necessitated by
the model requirement for a unique site identification for each vehicle
or equipment type associated with it, and therefore multiple basing ca-
pability for a given airfield requires that unique names be assigned to

that airfield, one for each type of fighter aircraft.

Specific Instructions:

Columns Heading Instruction

1.1

5-12 Site Name Enter the unique alphanumeric name of the
fighter airfield with which the loiter points of
rows 1.2 are associated.

15-17 Equipment Enter the fighter aircraft numeric code from
Type the Vehicle Code Description, The site name
and equipment type entries should conform to

the unique combination listed in Form A. This

is discussed in the general instructions above.

1,2
5-13 Liatitude Enter the latitude in degrees, minutes, and
and seconds, north or south, for the loiter point,
34-42
15-24 Longitude Enter the longitude in degrees, minutes, and
and seconds, east or west, for the loiter point.
44-53
26-30 Altitude Enter the altitude above mean sea level
and nominally specified for the fighter assignment
55-59 at the loiter point,
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SIMETTE Form OP - Run Options

This form provides the user a range of selectable

options primarily concerning the doctrine to be used in the fighter game,

Additional options address nuclear effects and sensor attenuation sub-~

modules and total game run time,

General Instructions:

for each option in a given simulation run.

No more than a single entry can be made

Except for the simulation

length option, lack of a user entry will result in a default choice for

that option,

Furthermore,

a preferred choice will be used where more

than one entry is filled in by the user on a multiple choice option,

Specific Instructions:

Columns

4-12

14-22

24-25

27-28

Description

Total length of the
simulation

Fighter scramble on
early warning —
Max, allowable
azimuth difference
between threat ve-
hicle and loiter
point

Fighter scramble on
early warning —
Number of loiter
points to be used
per threat vehicle

Fighter scramble on
early warning —
Number of fighters
assigned to each
loiter point

Instruction

Enter maximum game time in hours,
minutes, and seconds to be allowed for
the simulation run, If this space is
left blank or set equal to zero, the pre-
processor will stop and no run will be
made,

Enter the maximum allowable azimuth
angle in degrees, minutes, and seconds
between fighter base to threat vehicle
azimuth and fighter base to loiter point
azimuth, Fighter will not be scrambled
to a loiter point where this angle is
exceeded, If no entry is made, then
152 will be used for maximum azimuth
difference,

Indicate maximum number of loiter
points to which fighters will be scram-
bled against a given threat vehicle, If
this space is left blank, then a value

of 2 will be used for the maximum num-
ber of loiter points.

Enter the maximum number of fighters
that can be assigned to each loiter
point for a given threat vehicle, If
left blank, a value of 2 will be used
for maximum number of fighters,
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Columns

30-35

37-38

40-41

43, 44,
and

47, 48

50,51,
and
52

UNCLASSIFIED

Description

Fighter assignment
rules—Max, range
from fighter to
threat vehicle for
assignment

Fighter assignment
rules —Max, number
of fighters assigned
to each threat
vehicle

Fighter assignment
rules — Alternate
basing of fighters
permitted?

Fighter assignment

rules —Fighter in

engagement but

short on fuel:

43 —Always break-
off

44 —-Reengage only
if 1-on-1

45—Always reengage

Nuclear effects

options:

47 —Accumulate ef-~
fects on dead
sites

48 — Do not accumu-
late effects on
dead sites

Sensor attenuation:
50~No attenuation
51 —Total blackout
in occlusion cone
52 —Full attenuation
computation

Instruction

Specify maximum range in nautical
miles from fighter to threat vehicle
for which the fighter can be assigned
to intercept the threat vehicle., If
left blank, a value of 500 nautical
miles will be used for the maximum
range.

Indicate the maximum number of
fighters that can be assigned to each
threat vehicle, If left blank, a value
of 4 will be used for maximum num-
ber of fighters

If fighters are to be permitted to land
and recycle at other than home bases,
then put an "X" in column 40, If re-
cycling is permitted only at home
bases, put an "X" in column 41, If
both columns are left blank or if both
are filled in, then no alternate basing
of fighters will be permitted,

Enter an "X" in the column for the
action the fighter is to take during an
engagement when it runs low on fuel
(i,e., the time at which the fighter has
just enough fuel to return to base), If
all columns are left blank, then the
fighter will always break-off, If more
than one column is marked, then the
lower numbered column marked will
be the action taken,

Enter an "X" in the column for the ac-
tion desired as to the accumulation of
nuclear effects on dead sites, If both
columns are left blank or if both are
filled in, then no accumulation of ef-
fects on dead sites is played.

Enter an "X" in the column for the ac-
tion desired for the play of sensor
attenuation from nuclear bursts, If
all columns are left blank, then full
attenuation computation is made. If
more than one column is marked, then
the higher number column marked will
be the action taken,
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Columns

54-56

58-62

UNCLASSIFIED

Description

Defended Country
Code

Game Duration

Enter the country code for which an
active defense has been structured
in the game. This 1is to be used for
end—game applications only.

Enter the time in minutes and seconds
required to fly offensive missiles
out of the battle zone of the de=-
fended country for an end-game
application. If columns 54-56 left
blank, this field will be ignored.
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SIMETTE Form TF ~ Trace Flag Values

Form Purpose: This form provides the user with the capa-—-
bility of turning trace information on or off for selected rou-
tines for the entire game or only a specific portion thereof.

General Instructions: A single line entry on this form
provides the time and numeric code that defines individual sim-
ulation events and subroutines that will or will not produce
trace information. Also for the speicified time, the number of
repetitions each routine supplies information is defined.

A numerical code is used to specify trace for each simu-

lation event and subroutine or function. The trxace numerical
code is:

EXOGENOUS EVENT ROUTINES

1 - ORDER 4 — VDATA
2 — PDATA 5 — CDATA
3 - BEGIN 6 — TFLAG

ENDOGENOUS EVENT ROUTINES

21 - BURST 25 - BVHCL, FVHCL, MVHCL
22 - IMSGE, LMSGE, SMSGE 26 - BLARV
23 - OBSER 27 — DMSGE
24 — STOP 28 — WVHCGL
29 - SMSGE

SUBRQUTINES AND FUNCTIONS

31 - BLAST 46 — REPORT 60 — DISCR
32 - CsC 47 - SEC 61 -~ FAR
33 - DENS 48 - SENSE 62 — FILT FIRBL
34 - ALTB 49 —~ TRANS 63 - KCRD
35 - DIST 50 - VOLUME 64 — NPATH
36 - DRAW 51 - AMAX 65 - NUC
37 - DUST 52 - AMIN 66 — REASGN
38 — EFFECT 53 - APEX 67 - RFCRD
39 - ERROR 54 - ATTEN 68 - SCLS
40 - INTERP 55 - AZ 69 - SES
41 - AMOD 56 - CLAS 70 - TABL
42 - KINEM 57 - COMMUN 71 - TOF
43 — NETWRK 58 ~ FDEFND 72 - TREE
44 — PROMPT 59 - MDEFND 73 -
45 - REMOVE
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At the input time, columns 5 to 13, the first index and
second index columns 15 to 25, stipulates the routines of trace

interest. For instance, if trace is desired from all routines,
first index = 1 and second index = 73 or if trace is asked of
only one routine, say DMSGE, then first and second index is set
te 27. The trace flag value, columns 27 to 31, denotes 1f trace
is or 1is not to be suppressed for those routines specified by
the first and second index flags. A trace flag value of zero
will suppress trace. A non-—-zero trace flag value defines the

number of times each specified routine will prod ce trace.

If only selected printout is desired at any given time, two
distinct trace flag cards are usually required. One, to '"turn
on" those routines of interest and a second card to suppress
information from the remaining routines.

For normal use, trace information from messages and vehicle
events usually provides the user with sufficient data to analyze
the game. If other routines are to be traced, the user should
expect huge quantities of printout.

Specific Instructions:

Columns Description Instruction

5-13 Time Enter the time in hours, minutes, and
seconds of desired interest.

15-19 First index Enter the numeric code that defines the
event or subroutine that is or is not to
be traced. If a series of routines are
desired to be traced, first index is the
lowest numeric code wvalue for the par-
ticular series of interest.

21-25 Second index Enter the numeric code that defines the
last event or subroutine that 1is or is
not to be traced. If the user is con-
cerned with only one sgubroutine, second
index equals first index. If a series of
routines are to be traced, second index
is the highest numeric code wvalue for
the particular series of interest.
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Columns Description Instruction

27-31 Trace flag wvalue Enter the number of times the rou-
tines defined by the first and
second index flags are to be prin-

ted. A value of zero will suppress
printout for the designated rou-—
tines.

34-72 Special flags of system trace that

should not be used by the user.

NOTE:

If a given game data deck has already been rum through the pre-
processor program and the user wishes to change the TRACE out-
put options without rerunning the pre-processor, this may be
accomplished with the addition of a few data cards. There is
no creation sheet for these cards and they are not part of the
pre—-processor input. These cards must be placed directly be-—
hind the game run deck described in Volume IV, SIMETTE Opera-—
tor's Manual. The data card format for direct TRACE output
control is shown below. The terms FIRST INDEX, SECOND INDEX,
and TRACE FLAG VALUE have the same meaning as defined for the
Form TF.

2 3456 7 8 910 11 12 13 14|15 16 17 18 19|20 21 22 23 24| 25

TIME FIRST SECOND TRACE
(Hr/Min/Sec) INDEX INDEX FLAG
o VALUE

The program will read the first card at game time 0:00. If no
card is present, further reads are terminated. The TIME entry
on the first card tells the program when to read the second
card, the second card tells when to read the third card, etc.
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SIMETTE Form A2-ABM Denial Zone Definition

Form Purpose: This form permits the definitionmn of a zone
or flyout carridor within which ABMs under the designated com-
mand site are not allowed to perform an intercept. The zone

may override for self-defense if the value of the target

threatened by the object to be engaged exceeds the override
threshold entered on Form CS.

General Instructions: The SIMETTE model permits the defi-
nition of zones within which specified ABM systems are not
allowed to perform intercepts. These zones may be "turned on

and off" at various points in game time to coordinate thedir use
with the planned friendly flyout schedule. The zones must be
oriented along the north-south axis between two designated
latitudes. In plan view, the zones are trapezoidal in shape

as dillustrated below:

Latitude (front of =zone)

Eastern—most

-
—

bearing
Western—~most

bearing
I Latitude
\\\;—/// I (Back of zone)
|
J 1
Western—-most Eastern—-most
Longitude Longitude

Denial zone, plan view.
The top of the zone is a plane, tilted at an elevation angle
from a specified height at the '"back" of the zone. (If the
friendly offensive missiles are flying north, then the back is
defined as the southern latitudinal boundary. If the missiles
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are flying south, then the back is the northern latitudinal
boundary). Thus, in three dimensions, the denial zone would

be:

ELEVATION
ANGLE ~o

—>1

HEIGHT

1l

Denial Zone, three dimensional.

Other than the requirement that the front and back boundaries
be latitudinal l1lines, the only restriction on zone definition
is that it must not contain either the north or south poles

within its boundaries.

Specific Instructions:

Columns Heading Instruction

4-11 Site Name Enter the name of the command and con-
trol site (normally an LCF) that has
been listed as the next higher (Form
A2) of the ABM (or SAM) missile site(s)
to which the zone applies.
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Columns Heading Instruction
14-19 Lgtitude Enter the latitude (in degrees and
From minutes, North or South) of the back

of the zone.

21-26 Latitude Enter the latitude (in degrees and
To minutes, North or South) of the front
of the zone.

29-35 Western—-Most Enter the longitude (in degrees and
Longitude minutes, East or West) along the back
latitude that defines the western-—
most corner of the zone.

37-42 Western—-Most Enter the bearing (in degrees and
Bearing minutes) relative to north of the

zone side from the western-most lon-
gitude. (The bearing may indicate

an expanding or narrowing zone from
back to front.)

45-51 Eastern—-Most Enter the longitude (in degrees and
Longitude minutes, East or West) along the back
latitude that defines the eastern-—
most corner of the zone.

53-58 Eastern—-Most Enter the bearing (in degrees and
Bearing minutes) relative to north of the

zone side from the eastern-most lon-

gitude. (The bearing may indicate an

expanding or narrowing zone from back
to front.)

61-62 Elevation Enter the elevation angle (in degrees)
Angle of the top plane of the zone. The
angle is measured at the back of the
zone relative to the local horizontal.

64—-66 Height Enter the height (in nautical miles)
from the ground to the edge of the
zone top along the back latitude.

68-71 Window Enter the identifier of the window
Identifier times specifying when the zone is to
be idn effect. For those intervals of

time when the zone is not in effect,
intercepts by the associated ABM sys-—
tem will be unconstrained. (The win-
dow identifier referenced here must
have a corresponding entry on Form D.)
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SIMETTE Form A3 - Self-Defense Areas

Form Purpose: The form provides the data necessary for
the model to determine if a threatening object is aimed at a
site within an ABM self-defense area and may, therefore, over-—

ride any intercept denial zone. This is accomplished by list-—
ing the ABM missile launch sites that are located within the
area associated with each value table identifier. The wvalue

table identifier is, in turn, associated with one or more sites
whose values it represents through the data entered omn Form A.

General Instructions: The easiest method of describing
the entries mnecessary for this form is to construct a simple
example. Assume that there are two ABM missile fields, MF 1
and MF 2, with self-defense areas as shown below:

MF 1 Self-Defense Area

MF 2 Self-

Defense Zone

The additional sites within the areas are shown by an "X" and
are assumed to have the same intrinsic value. If all of the
sites in the area marked A (including MF 1) are associated

with value table identifier 1, then the Form A3 entry for that
table would 1list ABM site MF 1 only. Similarly, for the value
table associated with sites in area C only MF 2 would be listed.
For the value table associated with sites in area B, both MF 1
and MF 2 would be 1listed. If at any time during a run of the
simulator an object is aimed at a site in area A, the threat
will be preferentially engaged as long as interceptors remain

at MF 1. For a threat aimed at a site in area B, it will be
preferentially engaged as long as interceptors remain at eilther
MF 1 or MF 2. For the value table identifiers of sites mnot

contained in any self-defense areas, no entry is mnecessary on
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Form A3. Also, if a value table is associated with more than
seven ABM sites, the entry may be continued on the next line
by leaving the value table identifier field blank.

Specific Instructions:

Columns Heading

5-8 Value Table Enter the value table 1dentifier num-

Identifier ber.

10-17 ABM Launch Enter the name of each ABM launch site
19-26 Site Name located within the area associated

28-35 with the value table identifier. Make
37-44 entries in any order from left to right.
46-53 A blank entry ends the card reading
55~-62 operation. For more than seven entries,
64-71 continue on the next line leaving the

value table identifier field blank.
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FOREWORD

This volume presents the general structure of the SIMETTE
model and the methodology which is the basis for missile defense simu-
lation. Each of the major computer routines of the SIMETTE system
is described. The descriptions include routine usage, program meth-
odology, and functional flow charts, Furthermore, inputs, outputs, and
functions and subroutines called are characterized. Volume V lists the
computer instructions in SIMSCRIPT and the documentation tables for

data entries required by the simulation algorithms,

xiii
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I. GENERAL STRUCTURE

A, Introduction

The SIMETTE system consists of three parts:

[ ] Preprocessor
) Simulation
® Postprocessor

The preprocessor converts user and other furnished data into the
input form required by the simulation program., The preprocessor ac-
cepts the user provided data described in Volume Il - Users Manual,

It also accepts technical tables for use by functional subroutines such as
atmospheric data and nuclear effects attenuation tables.

The simulation emulates cause and effect relationships between
game input events and the subsequent internally caused events, For
each event the program adjusts the simulated world, The randomness
of equipment failures, time delays, and kill probabilities is emulated
by use of Monte Carlo procedures,

The postprocessor converts simulation output to a form that en-
hances wvisibility into the results of a simulation run,

Exhibit I-1 illustrates the general structure for the composite of
computer programs of the SIMETTE system., The preprocessor is
fed user and technical data, and develops initial conditions and exoge-
nous events for use by the simulator, In addition, indexing data is
delivered for use by postprocessing routines, The simulator programs
operate on the preprocessed data and deliver the results of a game run
to a postprocessor, The postprocessor then associates game results
with preprocessor indexes and develops summary outputs for enhanced

visibility.

I-1
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GAME INPUT TECHNICAL DATA

PREPROCESSOR

READ, MODIFY, CROSS INDEX, WRITE
THRoUghput technical data
OPTioN Switches
VOLume SLices
warhead BURST specifications
SENSoR specifications
Miasile SITE types
AIRFiclD types
COMManD center types
Vehicle type SPECifications
Game REFerence Times
launch WiNDoWS timing
Site VALue Definitions
physical SITE data
Bomber MISSions
Bomber SORTies
Missile MISSiona
Miswile PATH segments
LOI'TceR points
FILAG Switches

SUBROUTINES
AZimuth computation
random DRAW distributions
INIAGE un rape
«onVERT to radians
Compute Actual Ground Zero
TRANSform to local coordinates
KINEMatics
wrbital TRAJectory

INDEX DATA FOR

—ad POSTPROCESSOR

INITIAL
CONDITIONS

E——— ARRAYS

READ AT TIME = 0

SIMETTE SIMULATION

EXOGENOUS
EVENTS

tin a time
ordered list)

ORDERSs to launch

Pathas to fly DATA

BEGINning comman
structurc

Volume DATA

Trace to FLAG
outpui

alternate Command
DATA

READ AT

EXHIBIT 1-1

SIMETTE STRUCTURE AND INFORMATION FLOW

INDICATED TIME

ENDOGENOUS EVENTS

vuclear BURST

BLast and dust ARriVals

Launch, Damage, Sensor and Internal
MeSsaGE sending and receiving

OBSERvation of threat

Bomber, Missile, Fighter and
Weapon VeHiCLe changes of
processes

MAJOR FUNCTIONS AND SUBROUTINES
Attenuation MODifier
APEX of a command tree
BLAST effects
PROMPT effects
COMmUNications delay
Fighter DEFeND algorithm
Miasile DEFeND algorithm
DISTance to volume surface
DISCRiminate by altitude
random DRAW distributions
DUST cloud erosion
nuclear EFFECTs=s on entities
FIReBall size
KINEMatics of vehicle motion
NonNuclear EFFects
NUClear burst definition
REasSiGN fighters
SEE and no see threats
SEXNSE volume penetration
Time Of Flight of sam, abm
TRANSform from earth to local
command hierarchy TREE search
VOLUME penetrations and exit
EVTAP writes out events
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B. Basic Concepts

The simulation proper is structured around the basic concepts
explicit in the SIMS CRIPT language, SIMETTE is an event sequenced
program that operates to change the status of a world that is described
in terms of entities, attributes, and sets,

The events of SIMETTE are of two kinds:

- EXOGENOUS (causation due to circumstances outside of

the simulated world)

® ENDOGENOUS (causation due to circumstances internal to

the simulated world)

The data structure of SIMETTE allows the simulated world to be

described in terms of:

e Entities (individuals)
[ Attributes (descriptive values for each entity)
- Sets (groups of individuals)

The simulation operates according to the dictates of

® Initial conditions for all permanent entities

- A time ordered list of exogenous events

° An internally maintained time ordered list of endogenous
events

The simulation first reads the initial conditions data (provided by
the preprocessor) to define the state of the world to be simulated at the
beginning of simulation procedures. The program then reads the first
exogenous event and adjusts the world according to the programmed
logic associated with the event,

The program alsc causes endogenous events to be scheduled for
future consideration and adjusts the state of temporary and permanent
entities, The causation of events to be scheduled is performed by the
SIMSCRIPT system programs that place an upcoming event in a calen-
dar position commensurate with all other upcoming events. Endogenous
events are considered along with exogenous events, each at their proper
ftime,

As time moves forward, the next event in the calendar is chosen

for processing.

I-3
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C. Events

The exogenous events of SIMETTE are:

ORDER = Initial ORDERs from higher headquarters to launch
offensive vehicles or to position manned interceptors
or bombers

PDATA = Path and mission DATA that define the flight of a vehicle
and subsequent launch of weapons

BEGIN = Develops BEGINning command structure and adjusts
initial conditions arrays as necessary

VDATA = Reads in Volume surface DATA
TFILAG = Sets Trace FLAGs for output of events and programs
CDATA = Reads in alternate Command structure DATA
The endogenous events of SIMETTE are:
BURST = Nuclear detonation (BURST)

BLARYV = Blast front ARriVes at entity, or vehicle arrives at
dust cloud

LMSGE = Sending and receipt of a L.aunch MeSsaGE
SMSGE = Sending and receipt of a Sensor MeSsaGE

DMSGE = Sending and receipt of a Damage MeSsaGE for possible
destruction of an entity

IMSGE = Internally useful MeSsaGE used for simulation operations
OBSER = OBSERvation of an entity by a sensor system

BVHCL = Bomber VeHiCLe enters its next assigned process
MVHCL = Missile VeHiCLe enters its next assigned process

WVHCI, = Weapons VeHiClLe (including SAM, ABM, gravity bomb)
enters its next assigned process

FVHCL = Fighter (manned interceptor) VeHiCLe enters its next
assigned process

STOP = STOP and report

D. Data Structure

The data of SIMETTE consists of entities and attributes.' Entities
are of two types: permanent and temporary, Permanent entities are

allocated computer storage for the entire game, These entities are of

1 R . .
The tables shown in Volume V define all of the attribute values, entities,
and sets used in SIMETTE,

I-4
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the generally useful variety and provide data that are needed at all
timmes during the simulation. Temporary entities represent individuals
that have transient existence, ZEntities of both types may be grouped

together into sets.

1. Permanent Entities

Permanent entities are as follows:
VS PEC = Vehicle type SPECifications
BSPEC = Burst SPECifications for each type of warhead detonation
MSITE = Missile SITE type specifications
ASPEC = Airfield SPECifications
SSPEC = Sensor type SPECifications
CSPEC = Command Site type SPECifications
ISITE = Integer values for each physical SITE
FSITE = Floating point (real) values for each physical SITE
CONTR = Process CONTRol attributes
In addition to the above, there are miscellaneous tables and
arrays for system constants, atmosphere tables, option switches, vol-
ume surface coordinates, communications delays, tables for attenuation
of nuclear effects, system parameters, and pointer tables, All of these
are addressed by computer logic in terms of entity names and attribute

names or indices.

2. Temporary Entities

In SIMETTE, many individuals are transient in nature,
For example, vehicles are created, exist for a time, and (perhaps when
a nuclear detonation occurs) are destroyed, Dynamic storage algorithms
are provided by SIMSCRIPT for storage and retrieval of this type of
data. When computer storage is no longer needed for a particular en-
tity, it may be used by another, Temporary entites are of two forms:

° Event notices--~data associated with an event, These data
are dynamically stored in the endogenous events list, (Event
notices are always ranked by time.)

[ Temporary entities-all of the other dynamically stored

data

I-5
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All temporary entities may be ranked within a set by an assigned attri-

bute value.

Event notices are listed in the previous Subsection I,C, The

remaining temporary entities are described below,

PATH =

POINT =

CRECD or
CREC2 =

FPREC

fl

NOTE

I}

PLACE =

Data that describe a segment of a vehicle (or burst)
flight path, In the path segment data record, the proc-
ess for the vehicle to perform during or at the end of
the segment is named and the address of the next seg-
ment for the vehicle to fly is indicated. If a subsidiary
vehicle is to be launched (for example, a bomb or air-
to-surface missile), the address of the new vehicles!
path segment entity is indicated, The technical param-
eters for movement of vehicles according to different
equations of motion, and for the size and position of
nuclear "fireballs" are attributes of the PATH entity,

Range and elevation of a point on a volume surface. (The
entity POINT is filed in a set for an azimuth slice owned
by a particular volume, and is rank-ordered by eleva-
tion angle,

Temporary entity for recording command membership,

CRECD is also used in the defensive algorithms to repre-

sent enemy threats posted at a command site, When

used in missile defense algorithms the entity is rank-

ordered in two ways:

—_ By the amount of available time to launch a missile
interceptor

- By the time of flight of a missile interceptor to the
threat intercept point

Temporary entity that contains the address of the first
path segment in path sets

Note of assignment of fighters to bombers or of fireball
occlusions of an observed threat being viewed by a
sensor.

Stores the place of a site in a command hierarchy.

3. S ets

In SIMSCRIPT programs, the construction of sets allows

addressing of several temporary entities as a group. The entities con-

tained in a set may be rank-ordered within a set by any defined attribute

of the entity.

The sets used in SIMETTE are as follows:

I-6
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EVENTS = Endogenous events, rank-ordered by time of event
occurrence
ASGN = Assignment notes for MI's assigned to a bomber, or for
notes about sensor observations being occluded by a
nuclear environment
COMM = Entities (of all types) that report to a command site
COPY = The group of observation records that define the observed
status of a single vehicle being viewed by several sensors
FREC = The group of first addresses of paths, This set allows
simulation logic to choose among several sets of path
segments,
STAC = The group of entities in a limb of a command hierarchy
tree
VOL = Set of points (elevation and range) that describe the edge
of a volume azimuth slice
E. SIMETTE Operations
1. General

The operations of SIMETTE can be explained by following

a simplified series of events and processes that could occur, In this

section lists of statements are presented to illustrate SIMETTE from

four points of view, These are:
.

2.

An offensive launch order is transmitted from higher
headquarters,

An object pierces the field of view of a sensor,

A nuclear detonation occurs.

Defense responds to sighting of a threat object,

An Offensive L.aunch QOrder is Issued

The following statements discuss events that could occur

upon issuance of an exogenous (or endogenous for defense missile logic)

order to launch,

The launch order is converted to a message and sent to the
receiving site,

After a delay due to internal processing at the sender site,
transmission time, and delay for processing at the receiver

site, a launch process is invoked,
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The launch will occcur if:
- The site is alive and operational
- Site/missile maintenance is not being performed (if
maintenance is being performed, the launch order is
reinvoked after a time interwval)
— The system launch window is opened (if the window
is not opened, the launch order is reinvoked at the
next opening)
—_ The vehicle and site pass reliability tests performed
on a Monte Carlo basis
If launch can occur, a wvehicle is created (a record is gen-
erated and stored in computer memory to represent the
vehicle),
The path process segment data for the vehicle to fly is
connected to the vehicle,
The vehicle begins flying (according to the dictates of its
path segment record, and the first vehicle event is caused
to occur; i.e., launch).
As dictated, the vehicle moves from one process segment
to the next,
If the process code so indicates, the vehicle will launch
subsidiary vehicles, The subsidiary is created and attached
to the proper path process segment.
At the end of some path segment for the vehicle (or its sub-
sidiary), a nuclear detonation may occur. If the burst oc-
curs, a BURST record is created and attached to a path
record that defines the growth, movement, and other char-
acteristics of the burst, Also a BURST event is caused’to
occur.
As each vehicle moves from one path process segment to
another, traversals of sensor volumes of view are predicted.
At the instant of piercing, sensor observation processes

are invoked,

I-8

UNCLASSIFIED



UNCLASSIFIED

) As each vehicle moves from one path process segment to
another, traversal of rising and expanding dust clouds are
predicted, along with encounters with blast fronts,

. If the vehicle encounters dust or blast fronts, damage proc-

esses are invoked,

3. Vehicle Enters a Sensor Field of View

The following statements discuss the possible sequence of
events from the sensor point of view, following the event of an object
piercing a sensor volume,

° When a vehicle (offensive object) penetrates a sensor vol=-
ume, a "dummy" observation record is created and an
event of possible future observation is caused,

° The instant of actual observation is computed according to
charcteristics of the nuclear environment, radar, and ve-
hicle; and an observation event of the acquisition type is
caused,

) At the instant of "actual" observation (acquisition) a radar
sensor message is transmitted to the appropriate command
site and a series of further observation processes is
caused at their appropriate time, These are: designate,
track, track for intercept, discriminate, and exit field of
view,

® Observation records for a single vehicle piercing more
than one sensor field of view are grouped together in a set
knownm as COPY, (This allows logic of defense to be im-
posed on an object blacked out from view by one sensor,
but not another.)

L] Threats may be occluded while in a sensor volume by fire-
balls and other nuclear effects that result from weapon
bursts,

® For each vehicle/burst occlusion that occurs within a sensor
volume, a set of notes is created that relates sensor, bursts,
and vehicles to times that occlusions occur, (This logic
computes time of "see' or "no see'" of objects being viewed

by a sensor,)

-9
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A Nuclear Detonation Occurs

The following steps illustrate a trail of logic that would be

followed when a nuclear detonation occurs.

A burst entity is created,

A path record is created to describe the growth, movement,
and radar sensing signal attenuative characteristics due to
the burst,

The path record is attached to the burst entity.

A burst observation record is filed with pertinent sensors
so that sensor logic can address information to compute
times of occlusion of threat objects, -
Sensor occlusion logic is invoked and notes of occiusion
are created and filed for sensor/vehicle observations,
Stationary entities (sites) are searched out and if they are
inside a critical radius, they are given doses of prompt
nuclear emissions,

Positions of moving entities are calculated, and if they are
inside a critical radius, they also are given doses of prompt
nuclear emission,

Damage from prompt nuclear effects is accrued to affected
entities (with consideration of recoverability of the entity
from previous doses) and démage messages are sent,

A prediction is performed to find vehicles that will enter
dust clouds, For vehicles that enter dust clouds, an ero-
sion event is caused. The erosion event occurs at the time
a vehicle would be killed or at the instant the vehicle exits
the cloud.

A prediction is performed to find vehicles that encounter
blast fronts, At the instant of encounter, a blast arrival
event is caused,

For sites, the prediction of blast front arrival is also per-

formed, and a blast arrival event is caused,
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Damages accrued from the various nuclear effects to each
entity are compared to the corresponding vulnerability
thresholds for the entity. If one or more of the thresholds
is exceeded, the entity is killed,

Defense Responds to Threats as Observed

As a result of receipt of a sensor message signifying a

threat object, a computation is performed to define defense

battle spaces that the threat will pierce,

A threat object record is generated and is posted at the

apptropriate command site(s).

The rank-ordered position of the new threat is computed

according to the importance of the new threat relative to

all other threats,

The rank-ordered list is reviewed each time the following

occurs;:

— A new threat appears

— A launch initiation takes place

—_ An intercept occurs

After review of all threats in the rank-ordered list, defense

resources are assigned, For ABM defense, the review

considers:

—_ Remaining time available to launch an interceptor

— The ability of other defenders to parry the threat

— The number of interceptors remaining at each launch
site

- The value of the threat as secen by defense

—_ The modified value of the threat as adjusted by a
time versus value function

Launch orders for defensive launches are sent by the de-

fense command to the appropriate launch site,

Defense resources are decremented for each launch of an

interceptor missile,

Radar tracking channels available are decremented or in-

cremented as they are used or become available,
i-11
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For manned interceptors (MIl's) engaging bomber threats,
the following logic is invoked:
* MlI's are sent to strategic orbit points (loiter points) on
early warning
) When track of bombers is established, engagement logic
is invoked
— MlI's are rank-ordered by least time to intercept
- According to policy, a number of aircraft are as-
signed to engage the bomber
) The results of the engagement are computed according to a
kill probability formulation
— Both survive
— Bomber killed
— Fighter killed
- Both killed
° Depending on the results of an engagement, current fuel on
board interceptors, armaments remaining, proximity of

home (or alternate) base, MI's mavy:

- Reengage
—_ MIi's may be sent to home (or alternate)
— Sent to a loiter point
— MI's may be flown to fuel exhaustion
] If indicated, new interceptors may be assigned to the bomber,
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II. PROGRAM DESCRIPTIONS

A, Discussion and Methodology/Flow Charts

This section contains a discussion of each major computer pro-

gram in SIMETTE, FEach discussion includes:

o The prograrm name and acronym meaning
) Discussion of usage of the program
° A list of inputs
-_ Formal parameters and arguments
- Data derived from storage
Y A list of outputs
— Formal results
—_— Adjustment to stored data entities that are created,
destroyed, caused, and canceled
° Subroutines and functions called
—_ Major subroutines and functions relevant to under-
standing of program context are listed.
— FORTRAN library functions and subroutines are not
shown ,
— Subroutines such as ERROR, TRACE, REMOVE, etc.,
are generally not listed.
) Methodology
— A narrative description of the important functional
operations of subroutines is included to allow insight
into the methodology incorporated in SIMETTE,
) Flow chart

The flow charts aimed toward functional understanding
of the routines are presented, The programs, listed

in Section V, are written in a high-level language—
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SIMSCRIPT —allowing detailed trace of logic flow to

be performed by noting the "GO TO" and IF statements,
Extensive commentary and preambles are included in
the program listings to further assist in following the

content of computer programs.

Unclassified parameters are used in the nuclear effects and black-

out computations that are included in the program, These parameters

were used for model checkout purposes and, in some cases, should not

be used for computation of actual nuclear effects,
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FUNCTION ALTB (II)
Find ALTernate Base

Discussion of Usage

Function ALTB returns the identification number of the air base
site closest to a manned interceptor. The input to the subroutine is the
address of an interceptor. The site index number returned identifies a

site that meets the following conditions:

- The site is alive

- The site has the same type of equipment as the manned
interceptor

® The site is in the same command as the interceptor

If no site can be found that meets the above conditions, a zero

is returned.

Input Arguments

II = Address of manned interceptor
Qutput
II = Index of closest site (if none found, II = 0)

Subroutines and Functions Called

APEX = Searches out highest member site of a command
FAR = Computes the distance between a manned interceptor
and a site
TREE = Searches out entities in a command tree structure
Methodology

The program locates air bases within the same command as the
manned interceptor and performs conditional tests of site adequacy to
the needs of the fighter. For each air base that passes the above condi-
tions, the distance from the aircraft to the site is computed and the pro-
gram returns control to the calling routine with the index number of the

site that is closest. If no sites are found a zero is returned.
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| ENTER ALTB ]

v

Extract Vehicle Type and Origin Base ID

v

Find Highest Member of Command to Which
Vehicle Belongs (Call APEX)

v

_H Loop on First (Next) Airfield Site

¢ None
Any Sites Found in Same Command? RETURN
(Call TREE) With Zero

+ Yes
—< Is Site Alive? >

v

<—<' Is Site of Same Class as Aircra.:ft?>

v

<—< Is Site Equipped for Aircraft: >

v

| Compute Distance from MI to Site (Call FAR) l

v

Ye
% Is Distance Less than Previous?>—i|7 Save Site ID ]

| ' No |
{ All Sites Considered? >

v

[ RETURN with Site Closest to A/C |

LOGIC FLOW CHART — FUNCTION ALTB
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SUBROUTINE AMOD(II, NN)
Attenuation MODification

Discussion of Usage

Subroutine AMOD determines a time interval during which a vehi-
cle cannot be seen by a radar because of interference due to a nuclear
burst. Several other parameters are also computed for sensing algo-
rithms. In this version of AMOD, a linear relationship for attenuation
as a function of distance within a cone of restricted vision is used to
find the signal/noise ratio of a sensor whenever the ratio is below a
designated blackout threshold.

Input Arguments

II = The address of an entity (OBSER record address) subject
to sensing

NN = Address of a NOTE that contains relationship information
about a burst, vehicle, sensor interaction
Output

Update of the NOTE regarding the burst, vehicle, sensor interac-

tion are as follows:

NPAR1 = Range of vehicle from sensor at entrance into a nuclear
bursts "cone of occlusion"

NPARZ2 = Range of a vehicle from sensor at exit from a nuclear
bursts "cone of occlusion'

NPAR3 = Attenuation rate of change when vehicle enters cone
(set to 9999 if vehicle is blacked out when at start of
vehicle process)

NPAR4 = Attenuation rate of change when vehicle exits cone (set
to -9999 if vehicle blacked out at end of vehicle process)

NTIMZ2 = Time blackout starts
NTIM4 = Time blackout ends

Subroutines and Functions Called

KINEM = “omputes position of vehicle at any time during a path
- zgment
TRANS = Computes line -of-sight values from sensor to vehicle

and burst (azirmuth, elevation, and range)
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SUBROUTINE AMOD (Continued)

ATTEN = Computes attenuation along line-of-sight due to nuclear
effects
Methodology

During the movement of a vehicle through a region where sensing
attenuation occurs (coned occlusion) because of interference from a nu-
clear burst, the rate of change in attenuation is assumed to be a positive
constant until full blackout occurs. Upon leaving blackout, the rate-of-
change is assumed to be a negative constant until the vehicle leaves the
interference region. These rates of change and times at which blackout
starts and ends are computed by AMOD based upon a line-of-sight attenu-
ation calculations (ATTEN).

First, the vehicle position at the start of sensing interference is
determined. The line-of-sight attenuation valid for this position is then
calculated and compared against a threshold value to determine whether
or not blackout exists. If the vehicle is in blackout at this time, the
starting rate-of-change in attenuation is set to 99999, and the start of
blackout is taken to be the same as the time the interference begins.

I1f the attenuation is below the threshold, the time blackout starts (the
threshold value is attained) and initial rate-of-change in attenuation a ¢
calculated, assuming attenuation to be a linear function of time.

Next, the vehicle position at the end of the sensing interference is
determined. By an analogous procedure to that described for start of
blackout, the time at which blackout terminates and the ending rate of
change in attenuation are calculated. All of the results that have been
determined are then stored into attributes of the NOTE record for the

vehicle -burst-sensor interaction.
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| ENTER AMOD ]

{

Call KINEM to Find Vehicle Posi-
tion at Start of Interference

]

Call ATTEN to Find Amount of
Attenuation at Start of Interference

v

Blackout Threshold?

— /
JNO

<s Attenuation Greater thak Yes

y

Calculate Blackout Begin Time
Calculate Entrance Rate-of-Change
in Attenuation

Set Blackout Begin Time = Inter- ’
ference Start Time, Set Entrance
Rate-of~-Change in Attenuation to +00|

ol —

Il

A

Call KINEM to Find Vehicle Posi-
tion at End of Interference

b

Call ATTEN to Find Amount of
Attenuation at End of Interference

T

Yes

Is Attenuation Greater than
Blackout Threshold?

{No

Calculate Blackout End Time
Calculate Exit Rate-of-Change
in Attenuation

Set Blackout End Time = Interfer-
ence Stop Time, Set Exit Rate-of-
Change in Attenuation to - o

v

Store Results in NOTE,
RETURN

SUBROUTINE = AMOD
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FUNCTION APEX(JJ,ISTAT)
APEX of Command Structure

Discussion of Usage

For a specified site "JJ," the function searches through a com-
mand structure to locate a primary decisionmaker. Upon user option
the search upward would terminate when a site does not meet or exceed
the operational conditions indicated by a requisite status code. If the
requisite code is zero, any higher site found would be accepted. If the
search cannot locate a primary decisionmaker, it will return with the
highest secondary decisionmaker that can be found. If no decision-
maker can be found, zero is returned. Codes that define the operational
status of a site for comparison to requisite status are found in Table

C-21, Operational Status.

Input Arguments

JJ = Index number for a site looking for its primary
decisionmaker
ISTAT = Parameter to specify minimum acceptable status of a

decisionmaking site

OQutput

APEX = Index number of a primary or secondary decisionmaking
site; if none found, APEX =0

Subroutines and Functions Called

Normal.

Methodology

Each site entity has an attribute that names a site that is next
higher in command. Each successive higher site is interrogated to see
if it meets the criteria of operational status described by an attribute
of the higher site. The chain may be broken by a next higher site that
does not meet the status condition, or the top of the structure is reached.
When a site attribute naming a higher site is zero, no higher command

site is indicated and the search terminates.
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ENTER APEX

Extract From Site JJ, the
Site JN That is Named
Next Higher

!

IN =09 Yes RETURN
- With Site Index = JP
Does Site JN Meet No
Status Requirement?
l Yes
=0 Branch on Decisionmaking | = » RETURN
Capability of Site JN Pri- With Site Index = JN
Not a mar
decision- =2
maker Secondary

Let JP = JN

-

Let JJ = JN

Try to Find I

a Primary
FUNCTION — APEX
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FUNCTION ATTEN(I1,T,X,Y,Z,Z2Z)
Compute Two-Way ATTENuation Factor Along
Line -of-Sight to Target Through a Burst

Discussion of Usage

This function determines the two-way attenuation factor produced
by a nuclear detonation along a line-of-sight between a target and a
sensor. The factor includes attenuation contributed to by fireball, de-
layed beta and gamma, prompt X-rays (secondary effects), and burst

debris.

Input Arguments

11 = Address of an observation record of a burst

T = Time at which attenuation is to be measured
i,.( - Azimuth, elevation, and range of an observed object rela-
Z tive to a sensor

ZZ = Altitude of object

Data from Burst Observation Record

OSENS = Identification of sensor site owning burst

OIDEN = Address of burst entity
811:82%{ _ Location: longitude, latitude, and altitude of burst at
OLOCZ ~ start of the path movement segment

Data from Burst Record

BSTAR = Time of detonation

BPATH = Address of path which describes burst movement and
characteristics

BLOCZ = Height of burst at detonation

BTYPE = Type of burst

lExtracted from General War Antiballistic Missile System Model
(ABM-1 Model), Analytical Manual, Vol. V, Simulation Subsystem,
CSM-AM-68-68, 15 Nov. 1968, NMCSSC.
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FUNCTION ATTEN (Continued)

Data from Path of Burst

i

PPAR!L
PPAR2 = NEO-—Initial fireball free electron density
PPAR5 = RTEQ —-Fireball radius at equilibrium
PPAR6 = TTORD~Time when toroid forms

PPAR7 = RTORD—Radius at time toroid forms (n.mi.)

RO —Initial fireball radius (n.mi.)

Data from Burst Specifications (BSPEC)

- Weapon yield

- Threshold reference altitude for prompt X-ray attenuation

Data from Sensor Specifications (SSPEC)

L) Frequency of radar

Data from Sensor Site

- Location of Sensor
Output
ATTEN = Two-way attenuation factor for line-of-sight between

sensor and target

Subroutines and Functions Called

KINEM = To compute position of burst at indicated time (in
earth-centered coordinates)

TRANS = To compute azimuth, elevation, and range of burst
center relative to sensor

FIRBL = To compute fireball radius

Methodology
The relative positions of the sensor, burst, and vehicle being

sighted, are computed for the indicated time. The radius RB of the
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FUNCTION ATTEN (Continued})

"fireball" is then computed (using function FIRBL) for the indicated
time. L
The program branches according to geometric parameters of the

interaction. The branch decision depends on the following:

- Both sensor and vehicle are within "fireball" effects volume
- Only sensor within effects volume

- Only vehicle within effects volume

- Vehicle and sensor outside effects volume but within cone

of occlusion

The program then computes the attenuation due to:

- Thermal

- Delayed gamma radiation

- Beta

- Burst debris

- Secondary effects of prompt X-rays (for bursts above a

specified altitude)

The contribution of each of the above factors is then added to gen

erate a line-of-sight two-way attenuation factor for the burst-sensor-
vehicle interaction.

If a "cookie cutter'" approach to the attenuation problem is speci-
fied by user input, the value 9999 is returned indicating total occlusion
of any object within the occlusion cone. The occlusion cone is con-
structed based on the total radius of occlusive effects region of the

nuclear detonation.

1The radius of the "fireball"” here is construed to mean the radius of

lingering occlusive effects of a nuclear detonation on sensor visibility.
The actual formulas for attenuative effects, size, and growth of "fire-
balls" are classified. The generalized formulas included in the pro-
grams are for checkout purposes 6nly and are not suitable for actual
estimation of nuclear effects for attenuation of sensor signals.
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| ENTER ATTEN |

Yes

Assume Total Le

Occlusion?

t ATTEN = 9999
and RETURN

No

Compute (for Indicated Time) L.ocation
of Fireball Effects Region, and Vectors
for Fireball-Sensor-Burst Geometry

v

Compute Fireball Radius
and Temperature

!

Set Attenuation Parameters According to
Geometry of Effects Region:

® Only Sensor Inside

e Only Vehicle Inside

® Both Outside

R

According to Altitude Regime of Fireball, HOB
Yield, Geometric Relationship, and Radar
Frequency, Compute ATTEN due to:

Fireball Electron Density and Ion Collision
Delayed Gamma

Burst Debris and Beta Rays

X-ray Secondary Effects

>

v

| RETURN

FUNCTION — ATTEN
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FUNCTION AZ (SLON,SLAT,FLON,FLAT,PATH)
Compute AZimuth (Bearing)

Discussion of Usage

This function calculates the azimuth from one longitude, latitude,

location to another. Azimuth is measured positive clockwise from north.

Input Argurnents

SLON = Origin longitude

SLAT = Origin latitude

FLON = Longitude of point to which azimuth is computed
FLAT = Latitude of point to which azimuth is computed

PATH = 3-—Great circle
4 ~Constant bearing

Qutput
Azimuth (radian measure).

Subroutines and Functions Called

Standard FORTRAN library routines.

Methodology

The program uses the equations of spherical geometry in an earth
centered coordinate system where latitude is measured from the north
pole from zero to pi (0O to ) radians, and longitude is measured from

0 to 2w positive east of prime meridian.
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ENTER AZ

v

Test for Traversal of
North or South Pole and
Adjust Coordinates

- as Appropriate

v

Due North, RETURN

With AZ Set for Due
N, S, or Equatorial

Trivial Case?

v

Great Circle or
Constant Bearing?

Compute Azimuth for

Bearing Constant Bearing Case

l Great Circle

Compute Azimuth for
Great Circle Case

| *

- RETURN

FUNCTION — AZ
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EXOGENOUS EVENT BEGIN
BEGIN Simulation

Discussion of Usage

The BEGIN event is designed to perform various data processing,
conversion, and option switch setting operations at the start of the simu-
lation (i.e., simulation time = zero). The context of the "event'" is that
of an interface between preprocessed data and the simulation proper.
Interfacing computer code can be placed in the BEGIN event to allow for
temporary program changes. In the design of any simulation it is rec-
ognized that operational models require the ability to interface with data
that may be of different format and units especially when certain classi-
fied information must be used.

The BEGIN routine performs some processing functions not appro-
priate to a preprocessor. Included are the following:

[ Create and cause the endogenous event for recursive report

generation and stopping the simulation (EVENT STOP).

) Establish records of command (Command RECorD) for enti-

ties (such as sensor sites, missile sites, etc.) and file these
records in appropriate COMMand sets. This function estab-

lishes command relationships.

Input Arguments

-] Initial conditions data
) Called at simulation time = 0
Output
) Creates and causes the event to stop the simulation and per -

mits on-line recursive reports (note: the recursive report-
ing function is normally relegated to the postprocessor)

) Generates cross indices for command site and set relationships

Subroutines and Functions Called

CLAS = To extract class from the subclass codes
KRCD = To generate a command set record for the site and to
file the record in appropriate command set
ERROR = Prints out error messages
I1-16
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EXOGENOUS EVENT BEGIN (Continued)

Methodology

The program allocates two data words for the event to stop the
simulation and/or recursively printout report data.

In developing command and control sets, a record is generated to
identify the membership of each site in a set owned by its higher com-
mand. These command records are filed in sets for each command
site: the sets thereby identify, by type, all sites reporting to and owned
by command sites.

Data conversions that prove to be necessary interfaces between

simulation and initial conditions data are performed as needed.
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ENTER BEGIN

!

Create a Data Set, and Cause the
Event Stop to be Planted in
the Events List for:

® Recursive Report Option

e Stopping the Simulation

>

Set for First (Next) Site

I

Create a Command Record

'

Find Index of Next Higher
Command Site

File Command Record in
Command Set Owned by Next
Higher Command

No
All Sites?

l Yes

Perform Necessary Preprocessin
on all Initial Conditions Data
i

EXOGENOUS EVENT — BEGIN

B

RETURN
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SUBROUTINE BLAST (I, JJ,K,P,T)
BLAST Pressure Front Computation

Discussion and Usage

The BLAST subroutine, another functional subroutine called by the
nuclear effects logic, computes the overpressure upon a given entity
caused by a particular nuclear detonation at the time the pressure front
reaches the given entity. The entity may be a moving vehicle or a fixed
location site. At the calculated time of blast arrival an event (BLARYV)

is caused.

Input Arguments

II = Address of a burst entity
JJ = Index of a fixed site or address of entity
K = Code for type of entity being affected

1 —Vehicle
#1, fixed site
T = Distance between burst and entity
Output
P = Blast overpressure
T = Time for arrival of pressure front

BLARV = Event notice caused at TIME T as follows:
BLID = Address of burst causing the effect

TAID = Identification of site entity or address of
vehicle being affected

TATY = Code for type of entity being affected
PEOP = Peak overpressure (psi)

Subroutines and Functions Called

TRANS = Translates position in earth coordinates to local
coordinates

ATMOI = Computes atmospheric parameters based on altitude

KINEM = Computes position of a moving vehicle (used here to

generate vectoring parameters)
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SUBROUTINE BLAST (Continued)

Methodology

The BLAST subroutine has two modes of operation:

° For blast front affecting a site at a fixed location

L) For a blast front affecting a moving vehicle
The computation of time for arrival of a blast front at a fixed site is
performed by the formula:

T = Z/R

where: Z = Slant range between detonation point and site
R

Velocity of sound modified by atmospheric density

Explicitly, the parameter R is:

=]

6 -0

R =V ‘/1 2
SA TP,

where: VSA = Velocity of sound at average altitude between site and
detonation
PO = Peak overpressure (psi) at site
PA = Atmospheric pressure in ambient air at average altitude

between detonation and site

The computation of time that a blast front would intersect a mov-
ing vehicle is performed as follows:
® The 3x 3 matrix is produced to relate the vehicle movement
vectors with the point of burst detonation in a rectangular
coordinate system
[ ) According to the altitude regime of the burst, a coefficient

related to temperature of the atmosphere is computed. The

altitude regimes are:

— Less than 11 Km

— Between 11 and 20.4 K
_— Above 20.4 Km
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SUBROUTINE BLAST (Continued)

According to the temperature, (OK) the velocity of the blast front
is computed and the earliest interception time of the blast wave and the
moving vehicle is generated. The location of the vehicle at the time of
interception is then computed (with a call to KINEM), and the slant range
from the detonation point to the vehicle is generated. Once the geometric
relationships between a detonation point and a vehicle or site at the
moment of blast front arrival has been computed, the blast overpressure
can be computed. Blast overpressure is computed according to the yield
of the weapon detonated, the atmospheric density, pressure and tempera-
ture at the altitude regimes of the affected vehicle (or site) and detona-
tion point, and the slant range distance between the detonation point and
the affected object.

In order to reflect different phenomena of nuclear detonation and
atmospheric interactions, different equations for overpressure are ap-
plied for different regimes of the altitude.

After computation of the overpressures, a blast arrival event is

created and caused to occur at the time of the blast front arrival.
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ENTER BLAST

‘

Extract Detonation
Center Coordinates

v

UNCLASSIFIED

. Moving] Compute Vector

Bl.ast Aga1nst Intercept Solution
Fixed Site or £ Ti f Arrival
Moving Entity? . or _.ime o rriva
/Entlty of Front at Entity

Fixed
Site

Compute Time of
Blast Front Arrival
(Relative Positions

are Known)

J’_i

Compute Overpres-
sure for Indicated
Altitude Atmosphere
Regime

v

Arrival After
Current Vehicle
Process?

lNo

Compute Position of
Vehicle at Time of
Vehicle —Blast
Intercept

h 4

Create and Cause
Blast Front Arrival
Event (BLARYV)

RETURN

SUBROUTINE — BLAST
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ENDOGENOUS EVENT BURST
Nuclear BURST

Discussion of Usage

The BURST event determines the next applicable process that a
burst undergoes in the simulation. It calls functional subroutines to
determine and measure the effects of the burst upon other game ele-
ments during the ensuing burst process. When an initial burst event
is placed in the event list (usually as the end result of some Vehicle

process) the data regarding the burst is created and stored in computer

memory.

Input Arguments

- Address of the burst entity record

- Data from entity record
gigg¥ _ Location: longitude, latitude, and altitude of
BLOCZ burst at time of detonation
BPATH = Address of data record that describes the move-

ment, growth, and other characteristics of a
burst

Output
The event for further change (removal) of the burst is caused.

Subroutines and Functions Called

EFFECT = For consideration of the effect of a detonation on
game entities

SENSE = For consideration of effect of a detonation on sensors
RFCRD = For filing the burst in the proper command set
RANDM = For testing if detonation actually occurs, or does not

occur due to warhead failure

Methodology

This event occurs at the end of a given process for a particular
burst entity. Note that the burst temporary entity was first created at

the end of some vehicle process. The burst event also signifies the
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ENDOGENQOUS EVENT BURST (Continued)

start of a new process (if any) that a burst would follow as specified in
the burst control specification records.

The logic of the burst event is in three sections:
Section A —X.ogic applicable to the end of a burst process.

[

L) Section B —Logic involved with determination of the next
process a burst is to follow.

® Section C—Logic associated with the start of a new process

for a burst initiation, or burst expansion, or
removal along with prediction of the effects of

the new burst process such as destruction of
entities or inhibition of sensing (radar) capabilities.
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ENTER BURST

:

Update Location of Burst to Time "Now"

l

According to Burst Process Records,
Remove Burst, or Find Path for
Burst to Follow

l

Call Effect and Sense Logic for Interactive
Occurrences With This Burst

'

Cause Next Process Event for This Burst

:

RETURN

ENDOGENOUS EVENT — BURST
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ENDOGENOUS EVENT BVHCL
Bomber VeHiCLe

Discussion of Usage

This event occurs at the end of a given process for a bomber vehi-

cle. It also signifies the start of a new process, (if any) as prescribed

by the path process (flight plan) data.

a bomber vehicle are:

1. (Not used)

2. Proceed enroute

3. Refuel

4. Hold

5. Bomber launch of air -to-surface missile, bomb, or other
subsidiary vehicle

6. Turn on electronic countermeasure d.evic:e1

7. Turn off electronic countermeasure device1

Input Arguments

Vehicle Event Record

VCLAS
VTYPE
VCOMM
VPATH
VORIG

Code for class of entity

Code for type of vehicle

Address of record for command membership
Address of current path record

Index of originating site

Vehicle Specifications

Probability of successful operation (used at launch initiation)

Path Data (as Specified by VPATH Above)

PPARI1
PPARZ

Velocity throughout path segment
Bearing at beginning of path segment

1 Not implemented.
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ENDOGENOUS EVENT BVHCI (Continued)

PPAR3 =
PPARS5 =
PPAR6 =
PPART7 =
PTYPE =

PPROC =
PNEXT =
PALTN =

PLOCX =
PIL.OCY =
PLOCZ =
PDURA =

Output

Index to hold -at-control-line until window occurs
Code for type of entity to be created (if applicable)
Code for class of entity to be created (if applicable)
Index to launch windows

Code for type of path representation (3 = Great Circle,
4 = Rhumb Line)

Code for type of process (see above)
Address of next path segment for "this" vehicle

Address of alternate path segment for subsidiary
vehicle

Location (longitude) of vehicle at end of segment
Location (latitude) of vehicle at end of segment
Location (altitude) of vehicle at end of segment

Time duration of path process

Location of vehicle adjusted
New path process segment data found (if any)
Vehicle removed (if specified)

Next process event for vehicle caused

o Command records reranked and filed

Subroutines and

Functions Called

NPATH

REASGN
RFCRD
EFFECT

SENSE

REMOCVE

= To search out next path segment data and create
subsidiaries

= To trigger MI logic
= To rerank and file the command membership records

= To predict nuclear effects (lingering) that may occur
to the vehicle during next path process

= To predict possible sensing of vehicle during its next
path process

= To remove the bomber entity if indicated in the cur-
rent path segment record
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ENDOGENOUS EVENT BVHCL (Continued)
Methodology

This event is invoked at the end of each path process segment.

The logic is in three Sections.

) Section A—ILogic applicable to the end of the current path
process segment

[ Section B —Determination of the next path process segment
(Af any)

L Section C —Start of the next path process segment

Section A "moves" the bomber to the end point of the current seg-
ment (which is the beginning point of the next segment), creates new
vehicles if indicated, and calls REASGN to trigger MI defense logic.

Section B finds the data for the new segment for the bomber.

Section C performs the logic associated with the kind of process
indicated in the path process data set (processes 1 to 8 above), calls the
nuclear effects and sense logic to predict interactions, and causes the

bomber vehicle event to occur at the time indicated for the vehicle's

next process.

II-28
UNCLASSIFIED



UNCLASSIFIED
ENTER BVHCL

3

Move Vehicle to End of Previous
Path Segment

y

Find Next Path Segment Data and
Create New Vehicles if Indicated
(Call NPATH), Call REASGN

Compute "T", Duration of Next
Path Segment

v

Branch on Type of Process

Bomber Pass
Reliability
Tests?

D

Release
Weapon
(Create
Per -
formed

by NPATH)

Pro-
ceed

(Dro1a 6

Refuel

Yes

Control
Window
Opened?

ECM ECM
On Off

(8)Lana

Not Implemented

Find Open
Window Time

Remove
Vehicle |
Set Process
Code = 4,
‘ Let "T'" =
Window Time
RETURN

In Current
Version

Call EFFECT

and SENSE

Cause Next
Vehicle
Event at
Time + T

ENDOGENQOUS EVENT -~ BVHCL
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EXOGENOUS EVENT CDATA
Command Alternate DATA

Discussion of Usage

Event CDATA allows alternate command structures to be entered
by exogenous means. This is performed by reading in alternate com-
mand and control site indices for each game site entity.

CDATA can be operated only once during a simulation run.

Input Arguments

For each site, the following information is read:

° Site index

e Number of alternates

) Index of each alternate to the above site
Output

A command record (CRECD) is created which contains the index
number of the alternate command site.

The command record is filed in the set of alternate commands for
the site.

Subroutines and Functions Called

None.

Methodology

The event CDATA reads, for each site, the alternate command
and control site indices, and files the alternates through use of a com -
mand record (CRECD). This record contains the index of the alternate

to be filed in the set of alternatives for the site. The set structure is
COMM (10,J)

where: "10"

J

I}

The set of alternative commands

I

The index of the site having alternate command sites
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ENTER CDATA (Executed at TIME = 0)

!

Loop on First (Next) Site J

v

Read Site Index J and Number of
Alternate Commands K

"

Loop and Read First (Next) Alternative N

v

Create a Command Record (CRECD) and
File in Set for Site J

v

No All K Alternatives?

N=N+1\
¢Yes

No .
SEINES] < All Sites? >
‘ ¢Yes

RETURN

EVENT — CDATA
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FUNCTION COMUN(ILJJ)
COMmUNications Delay

Discussion of Usage

This function computes the communications delay between origin

site "II" and destination site "JJ." The delay is in three parts:
e Internal delay at origin site
° External delay from origin to destination
[ Internal delay at destination

Input Arguments

1T
JJ

Index of origin site

Index of destination site

Origin Site Data

[ The parameter and type of mathematical distribution appro-
priate to internal communications at origin site
* The parameter and type of mathematical distribution appro-

priate to external commmunications delay

Destination Site Data

® The parameter and type of mathematical distribution appro-
priate to internal communications delay at the destination

site
Output
Total message delay

Subroutines and Functions Called

DRAW = Uses a SIMSCRIPT generated pseudo random number
X, 0=X =<1, as an argument for computing a prob-
ability value from an indicated standard mathematical
probability distribution (e.g., normal, poisson, expo-
nential, etc.)
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FUNCTION COMUN (Continued)

Methodology

Internal delay is computed for origin site, according to the pre-
determined characteristics of the origin site. External delay is com-
puted (with information also derived from origin site attributes) and
finally, the internal delay at destination site is computed. Each delay
is independently computed as a random (Monte Carlo) draw from speci-
fied delay probability distribution.

The sum of the three delays is then computed and presented for

output.
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ENTER COMUN

v

Extract Delay Parameters From
Origin Site (Mean Delay and Type
of Distribution for Internal Delay

’

Compute Message Delay for Internal
Delay at Origin (Call DRAW)

v

Compute Message Delay (as above) for
External Delay From Origin
(Sender) Attributes

v

Compute Internal Message Delay (as
above) Using Destination
(Receiver) Attributes

v

Compute Total Message Delay

v

RETURN

FUNCTION — COMUN
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SUBROUTINE DIST(ILX,Y,Z)
DISTance from a Volume Boundary to an Object

Discussion of Usage

This subroutine computes the distance of a point P from a sur-

face of a volume measured along a vector from the center of a local

coordinate system.

Input Arguments

II = Index of volume surface description

X = Azimuth of a point P relative to the local center

Y = Elevation angle of a point P relative to the local center

Z = Range of the point relative to the local center

Qutput

X = Angle out of azimuth if point is out of range of azimuth values
for the volume, otherwise, unchanged from input

Y = Angle out of elevation if point is out of elevation angle bounds,
otherwise, unchanged from input

Z = Distance from volume surface to point P if within azimuth
and elevation bounds; if out of azimuth, Z = -8,500; if out
of elevation (but within azimuth), Z = -9,500

Subroutines and Functions Called

None.

Methodology

The program finds the two volume azimuth slices that bracket the
point P . If bracketed in azimuth, the program finds two volume eleva-~
tion angle values that bracket the point P, If P is bracketed in both
azimuth and elevation, the program continues, The ranges associated
with the 4 azimuth/elevation angle points of the volumeé that bracket P
are then interpolated (in polar coordinate local geometry) to find the
range from the center of coordinates to the volume surface along a line
of sight to the point P, This range to the surface of the volume is then
subtracted from the input range of the point P, This process yields

the distance from the volume surface to the point P .,
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ENTER DIST

'

) No RETURN
Can P-°1n_g ‘r?e Bll'la‘?cketed With -8,500 Code and
in Azimuth? Angle -out-of-Azimuth

l Yes

A RETURN
Can Point be Bracketed ° With -9,500 Code
in Elevation? and Angle-out-of-
Elevation

l Yes

Interpolate Based on Azimuth
and Elevation of Four Points,
to Find Distance From
IL.ocal Center to Surface

'

Subtract Distance From
IL.ocal Center to Surface
From Distance to Point

RETURN
With Distance From Surface

to Point Along Line of Site
From Center of Local

SUBROUTINE — DIST
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ENDOGENOUS EVENT DMSGE
Damage Report MeSsaGE

Discussion of Usage

DMSGE performs the function of allowing printout of data regard-
ing game elements that have suffered nuclear effects, were otherwise

damaged, or became inoperable.

Input Arguments

Event Notice DMSGE

Il

MCLAS
MTYPE = Type of damage message: nuclear or nonnuclear
MORIG = Message origin

MDEST = Message destination

303 —~Damage message

Parameters of DMSGE for Nuclear Effects

MPAR1 = Address of burst causing nuclear effect consequences

MPARZ = Type of effect causing the damage

MPAR3 = Amount of nuclear effect previously experienced by
entity (multiples of killing threshold up to the time of
report)

MPAR4 = Amount of nuclear effect from "this" burst

{multiples of killing threshold)

Parameters of DMSGE for Bomber/MI Engagements

MPAR1 = Address of vehicle doing the killing
MPARZ2 = Class of the killing vehicle:

105 ~Bomber
106 —MI

Qutput
Data in local variables for cumulation of damage and output of

damage history.

Subroutines and Functions Called

None.
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ENDOGENOUS EVENT DMSGE (Continued)

Methodology

Information regarding the damage is stored in local variables, and
the damage message (DMSGE) is destroyed. The information regarding
the damage report is presented for output history files. In future ver-

sions, damage reports may be used to adjust defense algorithms.
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ENTER DMSGE

'

Store Data in Local
Variables

!

Prepare Data for
Output History

'

Write Output

'

Destroy Message

'

RETURN

ENDOGENOUS EVENT — DMSGE
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FUNCTION DRAW(L,A,B,C)

Random DRAW from Specified Distribution

Discussion of Usage

This function provides a random draw from a specified standard

probability distribution.

variable (between 0 and 1) from which the corresponding functional value

A function RANDM is used to provide a random

is computed according to a specified standard probability distribution.

Input Arguments

I = Type of distribution

A = First parameter of distribution
B = Second parameter of distribution
C = Third parameter of distribution

Type=1 Name A B C
0 Constant Value -- --
1 Normal Mean Std. Dev. --
2 Poisson Mean Threshold --
3 Erlang A+ C =Mean Shape Threshold
4 Weibull Scale Shape Threshold
5 Exponential Mean (from Threshold --

threshold)
6 Lognormal Mean Std. Dev. of --
Logs
Output

DRAW = Value computed according to requisite probability

distribution

Subroutines and Functions Called

RANDM =

X,
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FUNCTION DRAW (Continued)

Methodology

The program branches, according to input "I," to the set of state-
ments that modify a random variable X, 0 =< X = 1, according to the
requisite distribution and the pertinent input parameters of that distri-
bution. The random number seed, used by RANDM, is stored by the
SIMSCRIPT system.
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ENTER DRAW

Branch According to Input I,
Which Defines Distribution
Desired: 1If I =0, RETURN

* I1=1 1=2 4' 1=3
NORMAL POISSON ERLANG
I1=4 I =5 I1=6
\ 4
WEIBULL EXPONENTIAL LOGNORMAL

v

RETURN

FUNCTION — DRAW
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SUBROUTINE DUST (II,JJ,A,T)
Vehicle Erosion from DUST Cloud Transit

Discussion of Usage

This subroutine calculates the amount of erosion incurred

by a vehicle transiting a dust cloud.

Input Arguments

IT = Address of dust cloud (burst) entity
JJ = Address of vehicle entity
Output
A = Amount of dust erosion
T = Time at which erosion occurs
BLARV = Event notice caused at time erosion occurs as

follows:

BLID = Burst address

TAID = Vehicle address

TATY = Minus 1 (-1), to indicate dust effects
PEOP = Amount of erosion accumulated

Subroutines and Functions Called

KINEM = To compute the entrance and exit points of a
vehicle penetrating a dust cloud

Methodology

The purpose of this routine is to compute the amount of
erosion experienced by a vehicle transiting a dust cloud
formed by a nuclear detonation om or near the earth's surface.
The routine is called, for a particular vehicle and a parti-

cular cloud.

The first process of this routine is to determine if the
vehicle path projection and the cloud intersect. The vehicle's
movement is defined by its path—process. The cloud movement is

assumed to be in the vertical direction over the point of
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detonation. Required for this is cloud radius as a function of
weapon yield and burst altitude and vertical cloud displacement
as a function of time after burst. The initial fireball radius,
Ro, is given by:

R = 55Y2g3 exp (0.0664520)

where Y is8 the weapon yield in kilotons and Zo is the alticude

of detonation in nautical miles.

The vertical displacement, Z, of the cloud center is given

by:
K (12At) if At <= 1 min.
7z = K ( 6 + 6At) if 1< At < 3 min.
K (15 + 3At) if 3< At < 7 min.
K (36) if At > 7 min.
where At is time elapsed since detonation and, K = 0.734619R0.

The cloud continues to rise, and expand in size until it stabi-
lizes at altitude, seven minutes after detonation. From the
kinematics of the vehicle and cloud movements the time, T, at
which the vehicle and cloud center are at the same altitude is
then determined. If they cross, thenm it is necessary to deter-
mine if intersection occurs. For this, the radius and thick-
ness of the cloud at time, T, [R(T)] are required. The radius,
R(T), is given by: ’

R, + 0.142857 (f, - R D At' 1if At' < 7 min.
R(T) = ©

fR (0.275 At -0.925) if At' > 7 min.

where Ro is the initial fireball radius and the constan't, f

is given by:

R

£, = 0.0132472 (1 Y)2.3 0.4
R (log . )
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As before, At' is the elapsed time from detonation to T. The
cloud thickness, Tc, is given by:

fy; [2.016167 At' - 0.25510 (At')2 +
T - 0.014154 (At')3] if ' < 7 min.
(o]
£, (6.465) 1if At' > 7 min.

where the constant, fH’ is given by:

£. = 0.3 (1 Y) + 0.1
H ( og. . )

Since the time required for a vehicle to transit a cloud
is very short the cloud size in this interval is assumed to be
constant corresponding to the point in time when the vehicle

and cloud center are at the same altitude.

(U) The density of dust within the cloud is next determined

once it has been established that the vehicle intersects the
cloud. This is done by dividing the total mass of the cloud
by its volume at time, T. The total mass of dust in the cloud

is given by:

C [0.001 + 0.855 At' + 0.0135 (At')2] if At < 6 min.
o] if 6 <t < 7 min.
M={C (1.35 - 0.05 At') if 7 <t < 17 min.
10
c [ 0.5 (—)1.5) . if At > 17 min.
S Ag' - 7

where At' is defined above and the constant, C, is given by:
C = 9.06618 x 108 £, Y

where Y is the yield in kilotons and fP the pickup factor is
expressed 1in units of megatons of surface material per mnegaton
of yield.

(U) The total erosion! experienced is then determined

according to:

1
SAMURI Model ILI-44—-a
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A= 7.716 x 10718 p p ¥?2 £ o

where 7.716 x 10718 4g a units conversion constant and

p = average dust density in cloud

D = distance traveled by the vehicle through the cloud
Vv = average velocity of vehicle through the cloud

fE = erosion coefficient of the vehicle based on its

shape and hardness.

If this erosion, combined with the vehicle's previous erosion
history, is not fatal, then a dust event is scheduled at the
time of exit from the cloud to accumulate the total erosion.
If the combined erosion exceeds a used input specified kill
threshold, then the time of kill is computed and a damage

event message as well as a dust event is scheduled.
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ENTER DUST J

A

NO DOES VEHICLE
CROSS CLOUD
ALTITUDE?

YES
v

COMPUTE CLOUD
RADIUS AND THICKNESS

A

NO DOES VEHICLE
PENETRATE CLOUD?

YES

h
COMPUTE DISTANCE
AND AVG. VELOCITY OF
VEHICLE THROUGH CLOUD

h

COMPUTE CLOUDS

MASS, VOLUME
AND DENSITY

N

COMPUTE AMOUNT

OF EROSION

h

YES

IS CUMULATIVE \
< 