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FOREWORD

Los Angeles Aircraft Division of Rockwell International personnel developed the
Mission Damage Effectiveness Model computer simulation under Contract
No. 1265R175900 issued by Armament Systems Incorporated, Anaheim, California. The

. work was performed between April 1975 and August 1976. Marvin Gove, Analysis Branch,
NWC (Naval Weapons Center). acted as contract administrator for the documentation of the
program under NWC Contract N00123-76-C-0159.

The work was sponsored by the JTCG/AS as part of a 3-year TEAS (Test and
Evaluation Aircraft Survivability) program. The TEAS program was funded by DDR&E/
ODDT&E. The effort was conducted under the direction of the JTCG/AS Survivability
Assessment Subgroup, as part of JTCG/AS Project SA-6-02, Trade Studies.

The purpose of the user and analyst manuals is to provide a current documentation of
the methodology and easy update maintenance for future program applications on a
page-by-page basis.

G. L. Gallien and S. C. Silver, with the program managership of R. L. Moonan, were
the key Rockwell International personnel responsible for the computer program develop-
ment and documentation.

NOTE

This technical report was prepared by the Survivability Assessment Subgroup of
the Joint Technical Coordinating Group on Aircraft Survivability in the Joint
Logistics Commanders’ organization. Because the Services' aircraft survivability
development programs are dynamic and changing, this report represents the best
data available to the subgroup at this time. It has been coordinated and approved
at the JTCG subgroup level. The purpose of the report is to exchange data on all
aircraft survivability programs, thereby promoting interservice awareness of the
DOD aircraft survivability program under the cognizance of the Joint Logistics
Commanders. By careful analysis of the data in this report, personnel with
expertise in the aircraft survivability arca should be better able to determine
technical voids and areas of potential duplication or proliferation.
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INTRODUCTION

The attrition of large numbers of fixed and rotary wing aircraft during the Southeast
Asia conflict has focused attention on the requirement to provide design features that will
enhance the survivability of these systems, curtailing the losses in hostile engagements.
Implementing the design features, whether in initial design or the more costly retrofit
programs, usually impacts aircraft weight and cost. Because of these impacts, trade studies
are required to develop a prioritized listing of survival enhancement features that increase
mission effectiveness. The priority list will identify those features that provide the greatest
increment to improved effectiveness, and provide the data base from which a bound can be
established on the amount of hardening that is effective from a mission-cost standpoint. The
data base will also permit a determination of the best mix of hardening features when a
budget constraint is imposed.

The MISDEM (Mission/Damage Effectiveness Model) is a simulation of an aircraft (and
its subsystems) experiencing a time-series of events. The events may include targets to be
attacked, threat weapons to be encountered, refueling, recovery at an air base, or certain
events selected by the user.

MISDEM evaluates the capability and effectiveness of an aircraft system throughout a
mission scenario provided by the user. A schematic illustrating where MISDEM fits into the
total mission effectiveness analysis procedure is displayed in Figure 1. MISDEM performs a
statistical bookkeeping function, aggregating the detailed results of systems and operations
analyses carried out for various threat elements and target combinations. The generation of
the inputs may require the user to exercise several other simulations. For example, various
options of aircraft survivability features would be subjected to trade-off studies using
models such as GVAP, GPBP, SHOTGEN, MAGIC, and COVART (JTCG/AS approved
programs). An end-game simulation such as ATTACK would then be utilized to produce
threat effectiveness numbers to be input to MISDEM. The output of the model is several
scalar effectiveness parameters which the user/analyst must assemble and combine to make a
determination of mission effectiveness for his particular problem.

The model was developed initially to analyze the impact on system survivability and
mission effectiveness of hardening various aircraft subsystems to the weapon effects
produced by nuclear weapons. The model, as presented here, has been extended to include
nonnuclear weapons effect capability. The approach is an extension of concepts developed
by the WSEIAC (Weapon System Effectiveness Industry Advisory Committee).! The basic
theory of MISDEM has been described by Rockwell International.?+3+4

1 Air Force Systems Command Weapon System Effectiveness Industry Advisory Committee (WSEIAC) Final Report
of Task Group IL Andrews AFB, DC. January 1965, (AFSC-TR-65-2 (Volume II)).

2Rockwell International (Los Angeles Aircraft Division) Description of an Improved Effectiveness Model,
November 1973, (TFD-74-62).

3Rockwell International (Los Angeles Aircraft Division). Mission/Damage Effectiveness Model, 1974, (NA-74-62).

‘Rockvell International (Los Angeles Aircraft Division). Mission/Damage Effectiveness Model (Sample Case), for
Joint Technical Coordinating Group/Aircraft Survivability, Survivability Assessment Subgroup, May 1974, (NA-74-358).
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INPUT REQUIREMENTS

DESCRIPTION OF
SORTIE (EVENTS)
MISDEM ANALYST
ONE—-ON-ONE
THREAT
EFFECTIVENESS (P,)
s MISSION/DAMAGE DETERMINATION
DESCRIPTION OF EFFECTIVENESS OF MISSION
SYSTEM —
E EFFECTIVENESS
FUNCTIONS —
OFFENSIVE
EFFECTIVENESS
AGAINST TARGETS
(]
DESCRIPTION OF
ALTERNATE MODES
OF OPERATION

Figure 1. Schematic of Mission Effectiveness Analysis.

Figure 2 is a brief summary of the basic inputs and outputs to the MISDEM simulation.
The mission scenario consists of a time/event series, in which the events are either offensive
(aircraft system against the enemy) or defensive (enemy defensive system against the aircraft
system). The aircraft system must be defined in terms of identifying electronic “*black box™
functions and mechanical functions that must be performed at specified times during the
mission (e.g., terrain following radar, IR target acquisition, engine must operate, and
weapon must launch). Each combination of electronic and mechanical functions define
system modes of operation. The optimum mode would be to have all functions available and
operating. However, due to enemy damage inflicted on the aircraft or system breakdown,
some subsystems may not function and the aircraft must operate in a degraded mode. An
example of a degraded mode of operation would be the pilot’s use of a visual navigation fix
plus dead reckoning instead of utilizing inertial navigation with a radar update. Thus,
MISDEM is particularly adapted to analyzing aircraft systems that are multiply vulnerable,
although singly vulnerable systems are readily handled by the probabilistic nature of the
model. In the situation where several functions are lost during the mission, the user may
elect to abort the mission and determine the probability that the aircraft can be recovered.®

SJoint Technical Coordinating Group/Aircraft Survivability. MISDEM Computer Smulation, Vol 1, User's Manual,
by G. L Gallien and 8 C Silver, Rockwell International, Los Angeles Aircraft Division. Washington, DLC., JTOG/AS, (in
process). (JTCG/AS-76-S-003, publication UNCLASSIFIED.)
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Each defensive event requires the input of the effectiveness of the enemy’s defensive
system against each aircraft component/subsystem for each mode of operation. After cach
defensive event, MISDEM evaluates the various mission-related subsystems to define aircraft
system survivability (for that event) and the systems capability for performing at the next
event. The survivability and capability methodology also includes the loss of functions due
to reliability factors.

The offensive events require the input of our weapon effectiveness for each target type
of each possible mode of delivery (a degraded mode of delivery may be the use of fixed
sights instead of the fire control computer). After each offensive event, target Kkill
probability is evaluated to define aircraft system effectiveness for that event: this number is
combined with those of preceding offensive events to define a cumulative mission
effectiveness update.

Thus, MISDEM &keeps book on the health and effectiveness of an aircraft system
throughout the course of its mission. Output consists of system and subsystem survival
probabilities and the probabilities of the system operating in each mode. The important
calculations performed within the model include the treatment of multiple warheads (the
effectiveness inputs for the defensive events are one-on-one simulation results from a model
other than MISDEM) and the rigorous accounting of effectiveness contributions from
alternative modes of operation.

The basic structure of MISDEM requires the aircraft system being studied to be divided
into two complementary elements: the electronic and the vehicle functions. The MISDEM
program is run separately for the electronic and the vehicle, utilizing different inputs for
each.

MISDEM computes the progressive degradation in vehicle flight status and electronics
mission effectiveness resulting from failures due to reliability and/or enemy air defense
actions. The electronics are described by the subsystem networks required for cach mode of
operation for each offensive/defensive subfunction. The status of the electronics is measured
in terms of the probability of cach systems state, where each state represents a specific com-
bination of operational and non-operational subsystems. Target kill probabilities and maode
operational probabilities for ecach electronic system state are computed and output as
MISDEM steps from one mission event to the next in chronological sequence. This consti-
tutes the electronics mode of operation of MISDEM. In the vehicle mode, there is but one
subsystem, namely the vehicle. The program output consists of probabilities of three vehicle
modes: normal flight, abort, and down.

A typical application would involve both the electronics and the vehicle: the entire
program would be run separately for the electronics and vehicle, utilizing the different
MISDEM operating modes for each. Each is thus flown through the mission. Results of the
MISDEM run for the two cases could subsequently be combined by the user in a higher
order analysis. As an example, the expected target kill probability could be computed as the
product of probability of arrival (obtained in the vehicle mode) and expected target kill
probability (obtained in the electronics mode).
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Execution of the MISDEM simulation, which consists of two parts (Program | and
Program 2), required different interpretation and types of data for the electronics and
vehicle modes. The required input data are somewhat different, even though in some cases
the same variable names are used.

MATHEMATICAL MODEL

THEORETICAL OVERVIEW

Basically, the function of the model is to propagate the probability distribution of the
states of a system. This is done in a recursive (step-wise) fashion. The recursion formula for
each state is the Law of Total Probability:

K
Bo= 3. @ D0l ) (1

where

-
1}

in probability associated with the state of interest at event n

-
[}

S probability associated with one of K mutually exclusive states at event
n-1 (preceding)

Pj/i n = conditional probability of state j at event n, given a prior system state i

In vector notation:

& * i
Py | P/ Py e Py Py |

) . P>
P _-) -
e R o *1* | =®jjin) Pin-1

Pk _PK“ PK/2 vee PK/KJ LPK

—t

where
.

Pj n = vector containing probabilities of all states at the nth event

—
(P.,. ) = transition matrix for the nth event, a matrix of transition probabilities
ilin i e
(conditional probabilities)
N
Pj n-1 = probability vector at event n-1
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Once an initial probability vector is defined, the probability vector at any later event is
simply determined by successive multiplications with all transition matrices in the time
interval.

The major portions of the computer simulation are for the calculation of thc transition
probabilities and the generation of the states.

There are two different sets of algorithms in MISDEM for transition probabilities
corresponding to two definitions of the system state vector for the electronics mode and
vehicle mode, respectively.

The main characteristic that divides system components into each mode is their
longevity after being damaged. Electronics mode subsystems include those components that
die fast (viz, in the time increment before the next event can happen), while the vehicle
mode subsystems are those that die slowly after being damaged (i.c., they may be operable
for several time increments before failing). It is possible that some subsystems can be
included in both modes depending upon the level of Kill to be examined by the user. Thus,
fuel cells can be an electronics mode subsystem when catastrophic KK kills are considered
and could be included as a subsystem in the vehicle mode when enemy damage causes a leak
that results in total loss of fuel several time increments later. The user must define his
electronics and vehicle subsystems in a manner that satisfies the situation he is interested in
studying.

The common motive in each application is to simulate the loss of significant aircraft
functions as a result of exposure to damage possibilities, described in probabilities (discrete
or continuous) associated with threat encounters (events) during a mission.

ELECTRONICS MODE
General

In this mode, the program computes an average value of the system payoff variable
(measure of system effectiveness) where the average is taken over all system states. The
measure of effectiveness is the number of targets killed. The average target kill probability
for each target reflects the multiple alternate delivery methods, their individual effectiveness
(Px) and their probabilities of use (related to the system state probabilities). The
probabilities of operation with various combinations of subsystems are also outputs of the
model.

Outputs of the Program

The expected number of targets Killed, given N targets assigned, is:

N
ET(N) = n2=:1 Pen )

-
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where Py |, is the expected kill probability in a single event. This output parameter is the
primary measure of mission effectiveness. The expected kill probability at a given event is:

JCAP
Py © b ™ PeaxPiy 3)
J=1
where
J = weapon delivery mode sequence number

Py, = probability of the Jth mode sequence in the nth event

pk,] = Kill probability in Jth delivery mode sequence

JCAP = number of mode sequences

This output parameter is of interest as an intermediate result. The probability of the Jth
mode sequence in the nth event is:

Kinax
Pin= 'El PiJ (4
J =

where

Pi ] probability of state j, which supports mode sequence
Kmax = number of states

Modes and Equipment

The behavior of the aircraft system at each event is dictated by the function/
equipment list that is input by the user. The function/equipment list defines the equipment
(subsystems) necessary for the execution of each tunction. It may be possible to carry out a
single function with several different combinations of subsystems. For example, there may
be three ways to deliver unguided iron bombs onto a target by using difterent combinations
of radar information, barometer readings, on board computer, and iron sights depending on
the information supplied by the subsystems that are working. Each combination of
subsystems that allows a mission function to be performed is considered a mode of
operation (as opposed to the more general electronics mode and vehicle mode applied to
ways of using the MISDEM model). Thus, the user specifies for each mission function the
possible modes of operation and, where needed, the effectiveness of the svstem when
operating in each mode. It is assumed that the user will identify the best mode for a
function as the one with the highest effectiveness and all other modes available for
performing that function will be of lesser effectiveness (i.e., degraded modes of operation).
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Electronics response to a single event generally consists of a number of functions (c.p.,

detect threat, employ ECM (electronic countermeasure), etc). and for every function, one of

several modes is employed (e.g., jamming, decoy, chaff, etc). The selection of the mode is
determined by the system state. Each response to an event consists of 2 mode sequence (one
mode from each function). The ensemble of all possible mode sequences is generated at each
event, and a probability is computed for each, based upon system state probabilitics as
shown in Equation (4).

System States

The system state is defined as a viability vector which is a list of the subsystems that
are viable (i.e., capable of being used, if turned on) and those that are not. For example, a
simple system might have just two subsystems (pilot, engine); then at zero (takeoff) time
both subsystems are working (i.e., viable) and the initial system state would be defined by
the viability vector (1,1). The subsystems are identified by their position in the vector
according to the ordering (pilot, engine). if the pilot is lost, the system state is defined by
the vector (0,1). In all, four vector configurations (system states) are possible for this
system: (1,1), (1,0), (0,1), and (0,0). Inherent in the input function/equipment list is a
priority which ensures that each viability vector gets associated with the highest priority
mode among those whose equipment requirements are satisfied. A probability for every
system state is computed based upon subsystem survival probabilities and the mathematical
rules for combing them. The probability assigned to a mode sequence is simply the sum of
the probabilities of system states associated with that particular mode sequence. Since
exactly one mode sequence can occur at each event, the sum of the mode sequence
probabilities is unity (except as the user may sacrifice some accuracy for computer running
time reduction).

The computation of the system state probabilities constitutes the basic function of the
program. They are computed at each event in a recursive fashion (see Figure 3) utilizing the
state nrobabilities from the previous event, and computing the new ones based upon
conditional probabilities of transition (“TRANS™) related to reliability failure rates and
subsystem Py (probabilities of survival) associated with threat warhead encounters, for a
given value of CEP (circular error probable) of guidance.

In the program, the viability vector is represented as a binary number:

(011001 1}
N——

M
where
“1" denotes a viable subsystem
“0" denotes a subsystem that is not viable
“M" equals number of subsystems

Viability is defined (implicitly in the program logic) as “capable of supporting a system
function, if turmed on”.
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Figure 3. Conventional Damage Transition Algorithm.

The initial state may well be

£ ) T 2 R ) [ ) (the perfect state for a 7 component system)

in which case the initial probability vector is:
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where the first state (at the top) is the perfect state and states of 2 through K represent
system operation with various components down or off. The maximum value of K for this
system would be 27,

The only way a subsystem becomes not viable is that it is damaged to failure by natural
(reliability) or induced (enemy warhead) damage.

Transition Al&rilhms

In a perfect system with no failures, the transition matrix is the identity matrix
(“*ones™ on the main diagonal and *“‘zeros” elsewhere) and the state probability vector does
not change throughout the mission. (This can be demonstrated easily by applying
Equation 1.) The method for the computation of the transition probability is an application
of combinatorial analysis to the probabilities of failures of the several subsystems.

UNCORRELATED FAILURES. When the subsystem failures are uncorrelated, the

state transition probability is the product of the subsystem failure probabilities. As an
example, consider the following transition and its probability:

Example of Uncorrelated Transition Probability Generation

Failure probabilities 9924939495997

Subsystem ordinal number k 1234567
System state i 1001101
System state j 1000100

Transition probability Pj/i By 1 la4'ps 1y

where
P = Tak

(Once a subsystem has failed, the probability of recovery is zero because no repair is
assumed during the mission.)

This process is represented by an algorithm that is documented by Air Force Systems
Command (footnote 1) (the logic flow is shown in Figure 3).

The transition algorithm for this case has subsystem reliability (in the transition) as a

multiplying factor. Thus, Py is composed of two tactors: di (reliability) and vi (survival of
threat damage).

10
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RELIABILITY. The factor d, representing subsystem reliability in the transition, is
obtained from

b bl
dk = exp (-At = MTBF) = | - At/MTBF + At /2MTBF~ (5)

where
At is the elapsed subsystem time between the last event and the current event

MTBEF is the mean time between failures

KILL PROBABILITY. The factor vg represents subsystem survivability in the
transition, which is the same as the subsystem conditional survival of an encounter occurring
in that interval starting after t,,.1+ and ending prior to tp- Damage that develops completely
during the time interval At is referred to as quick damage. This is characteristic of electronic
damage. [ Damage that does not develop completely until after subsequent damage exposure
is termed slow threat damage and is characteristic of vehicle damage (crack propagation,
fluid leakage, and fire propagation). This type of damage mechanism is handled by the
vehicle mode of MISDEM. |

THREAT WEAPON GUIDANCE ERRORS. The kill computations in the program
provide for variations in threat weapon lethality caused by aircraft countermeasures by
having the user input the degraded weapon effectiveness.

As shown in Figure 4, the modes in a defensive event are identified with input values of
threat CEP. These CEP are used to assign probabilities to the data base of component
survival probabilities generated by the one-on-one effectiveness models.

The data base is generated externally to MISDEM by selecting a simulation that can
handle a representative array of fragment or projectile sources. For the proximity-fuzed
missile warhead, a typical approach for modelling missile-target encounter conditions would
be to select an array of offset trajectories (see Figure 5) centered about a representative
mean trajectory. Each of these trajectories is then analyzed by an end-game fuzing model to
determine the exact burst point location in aircraft coordinates.

Figure 6 shows the offset distribution for a CEP of 100 feet, and the probability
associated with a 100- to 200-foot offset that is applied to the calculation of system state
transition probability in the “TRANS” block of each event (Figure 3).

The probability of aircraft damage is computed by integrating (over the limits of each
zone) the bivariate normal distribution with zero mean. The standard deviation (sigma) is

derived from the threat weapon CEP as follows:

o = CEP/1.178 (6)

e e e e == ‘
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The result of the integration of the bivariate normal distribution over limits Ry and Ry
(Rg+1 > Ry is:

Pmiss(K) = exp (Rg2/202) - exp (Rg412/2 02) N

The transition probability associated with such an event is then computed as:

L

Pj/i = kf;:l Pj/i (given burst point k) x P (burst point k) (8)

over all L burst points described in Figure 4. One factor in P(burst point 1) is Ppy,icc which is
applied to all bursts in a given zone. The other factor is the probability of the burst
occurring at one of the L points in that zone. This probability is just 1 + L, reflecting an
assumed circular symmetric trajectory distribution.

CORRELATED FAILURES. Another major type of damage mechanism that is treated
by MISDEM is associated with nuclear weapons (neutron and gamma radiation, blast and
thermal effects). In this case, the mutual shielding of one component hy another is assumed
negligible and the predominant correlation of subsystem failure is: if component “A" is
killed, all subsystems with lesser nuclear hardness are also killed. The transition probability
algorithm makes use of a lethal radius as a measure of vuinerability of each subsystem, and
uses the probability distribution of weapon miss distance normally distributed with zero
mean to deduce the probability of a given set of subsystem failures. Figure 7 shows the miss
distance density function in r (radius) (the Rayleigh marginal density). The subsystem lethal
radii are indicated on the abscissa: the subsystem ordinal numbers have been assigned in
decreasing order of lethal radius. The probability of Kill of exactly the first k subsystems is
the probability that the miss distance exceeds r4) but does not exceed rg (equal to the
integral of the miss distance density function with lower limit rg4 and upper limit ry,
designated q). An implicit assumption here is that the warhead damage effect is a
monotonic decreasing function of distance from the warhead. The following is an example
of the computation of P_,-/i in a case where the least hardened subsystem fails.

Failure probabilities:

1. Natural (reliability) 4796959493929
2. Unnatural (threat) (1'7(\'(,q'5t1:;(13q'2t]'|q'()
Subsystem ordinal number k = 7654321
System state i 1001111
System state j 1000110
Transition probability P;; = pyl- l-qzp3piajag +aje1)
12
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Figure 5. Warhead Burst Point Selection.
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Figure 6. Offset Zone Probability (Example).

The rationale for the final step is as follows:

1. Since subsystem 2 survived the unnatural (threat) hazard, the probabilities of all
subsystems of greater hardness (3 through 7) surviving are determined by reliability only.
Therefore, in the example p7 = 1-q7, subsystems 6 and 5 are not viable and are assigned a
transition probability of 1. Subsystem 4 has failed naturally; consequently, the transition
probability is noted as one of failure. Subsystems 3 and 2 are treated the same as
subsystem 7.

2. Subsystem 1 (the least hard) has a failure probability composed of the sum of the
probabilities of two mutually exclusive events.

a. The probability of threat induced kill, expressed as q'| (the probability of the
miss distance being within the lethal radii for subsystem 1 but more than the radius for
subsystem 2) times the probability of the natural failure or survival of the subsystem,
qp * P). This may be expressed as q' * (q) + P}) but since P| =1 - q1. this may be
shortened to q'j(1) or simply q}.
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b. The probability that the subsystem failed from natural causes, qy: and the
miss distance was greater than the greatest lethal radius, (. Since these are indepen-
dent events. their probability must be expressed as (qlqb).

As a more complicated example, consider the following:

Subsystem ordinal number k = 7654321

System state i 1111101

System state j 1101000

Transition probability P;/; = (pz(p6('q5(p4((13(l (qy(qp)+a’))
+q3)+q3) +0) +0) +0)+0)

In this form, a computer algorithm for Pj/i starts to become evident. The qb damage
term is always present, successive reliability factors are incorporated until all subsystems are
accounted for and successive damage terms (q}) are added until the leading zeros in the j
state are exhausted.

The algorithm is presented in Figure 8. A flag is set to | after the leading zeros are
exhausted, in order to change the algorithm to eliminate the additive q'. In addition, if the
last event was not nuclear, the algorithm reverts to a reliability-only transition.

The determination of the subsystem lethal radii is based on two factors, illustrated in
Figure 9: (1) weapon damage effect, a characteristic of the warhead and geometry alone,
measured in pounds per square inch (for blast), calories per square centimeter (for thermal),
rads per second (for gamma), and neutrons per square centimeter (for neutrons): and
(2) subsystem damage threshold, a characteristic of the subsystem alone, measured in the
same units as weapon damage effect.

The definition of subsystem lethal radius is the maximum value of the lethal radi
computed for all damage mechanisms, and differs in general from one subsystem to the next
due to differences in subsystem damage thresholds. The algorithm which selects this unique
lethal radius for each and every subsystem is diagrammed in Figure 10. The lethal radius is
updated on every Mth pass through the last block in the figure, where M is the number of
subsystems.

16
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Figure 7. Nuclear Miss Distance Distribution Model.
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Figure 9. Subsystem — Lethal Radius Model.
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Figure 10. Compute Lethal Radius.

The next step in reordering subsystems is illustrated in Figure 11. The output of the
algorithm is a lethal radius RM(k), and an order number 1Z(k) for each subsystem number
(k) assigned in order of decreasing lethal radius. The program selects the first subsystem,
then tests the next subsystem to determine if it has a larger lethal radius. If it does, the
lethal radius and the order number of the first subsystem are assigned to argument 2, and
the lethal radius and the order number of second subsystem are assigned to argument 1.
Therefore, the order number of subsystem 2 is now 1, because it is larger; and the order
number of subsystem 1 is now 2. Having selected the largest lethal radius for argument 1,
the computer then tests the third, fourth, etc., (to the end) against the first; and if any are
larger than the first, additional switches take place. This process of pair-wise comparisons is
repeated (using the outer do-loop) to load RM (2) and IZ (2) with the subsystem having the
largest lethal radius among those other than RM (1) (which is never tested again), and is

20
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theretore second largest. The process is repeated until each position in RM and 1Z arrays are
filled. The IZ array contains the vulnerability order number for cach original subsystem

number. Thus, the subsystem viabilities are reordered by means of the 12 array before the
transition probability is computed.

The weapon miss distance density function is a product of probabilities of two random |
_ variables (Py/g x Py

L. Ppgtr) = conditional miss density (conditioned on the event that the warhead was
delivered to the target neighborhood) being a function of the weapon guidance accuracy
{including deceptive countermeasure etfects) in terms of CEP.

Pr/a(n) == exp (-02/20) 2 (1.4e/CEPDexp(- 712 /CEP2)

0

The probability that the miss exceeds ry is:

@©

/Al‘r/d(r) dr = ~Lexp (+2/20%) dr
“rk e

Rearranging the limits to introduce a negative sign under the integral to put the integrand in |
the standard torm of etdu produces:

k

Pr/\i(n = [«(r/ad) exp (-rz,’loz) dr = exp (-rlf 203)
©

2. Pd = probability of delivery, being a product of probabilities of (assumed)
independent events:

a. Probability of weapon launch (a function of detection and launch delays, as
aftected by denial and confusion countermeasures)

b. Probability of in-flight reliability (guidance, control and fuzing, independent
of countermeasures)

¢. Probability of no catastrophic guidance denial due to destruction of a portion
of the guidance system.

The expected number of rounds delivered is SPd, where S is the maximum number of
rounds possible. The expected number is called N.

To reduce the number of program iterations required for simulating a mission, the
effects of several (N) weapons encountered in a single threat encounter can be combined
into a single effect, assuming the single weapon miss density functions are identical.
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Figure 11. Assign Vulnerability Index Numbers,

AR

The derivation is as follows: N shots are placed i such a way that all N lie outside ry 4
(called region AUB) and at least one lies inside 1y (called region A) Under these conditions,
(only) subsystems numbered k or less are Killed. The probability of this occurring is P (all in
AUB and at least one in A)

= P (all in AUB) x P (at least one in A given all in AUB)

= P(llin AUB) X [ 1 - P (none in A given all in AUR)|

= P(allin AUBY X {1 - Pall in B given all in AURB)Y)

=P allin AUB) x [ 1 - P (all in B and all in AUB)Y/P (all in AUB)|
= P(all in AUB) - P (all in B and all in AURB)

=Pl in AUB) - P (all in B)
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sPd
P Gallin AUB) * TP (ith round in AUB) = exp (-SPdrf41/2 02)
l=

_SPd o
P (all in B) ='"Pl (ith round in B) = exp (-SPdr /207)
l =

d'k,i = exp (-SPdrﬁﬂ /2 oiz) - exp (-SP’dr& /Zoiz)

The approximation lies in the use of the expectation of the number of rounds.

The index i denotes the dependence of these parameters on the state of the system
from which a transition is to be made. Of course, the significant states of the system in this
case are those with different defensive avionics subsystems viable. Figure 12 summarizes the
elements of the subsystem nuclear kill probability computation.

State Generation

The total probability associated with the system state is 1.0 (i.e., the system must exist
in some state) consequently:

K .
P ‘Pj.n =1 forall n
J:

where

K is the total number of mutually exclusive and exhaustive system states of interest
(i.e., whose probability is of interest)

n is the event number

Pj is the probability associated with the state j

Therefore, a requirement for defining states in the model is that they be mutually
exclusive and exhaustive.

In the electronics mode, each state is a binary M-vector representing subsystem
viabilities. Exclusivity is apparent because each state is a different binary number. To ensure
an exhaustive set be identified, it is only necessary to generate all possible permutations of
ones and zeros in the (ordered) array. This is done by starting with all ones, then
introducing a zero, moving it from one end to the other in the array, then introducing a
second leading zero, letting the other run, then a third zero, etc., until M zeros have been
used.

For each state generated, two data items are developed in the program: (1) its
probability and (2) the mode sequence that the system would exhibit, given that the system
had that state.
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Figure 12, Subsystem Nuclear Kill Model.

Mode Sequence Identification

A sample system configuration is presented in Table 1. The system, as defined for an
electronics mode MISDEM run, is composed of thirteen subsystems or components. Some
of the components listed may not always be subject to quick killing (viz, engines, pilot, fuel
systems and hydraulic components). However, assume for this illustration that we are
interested only in assessing the systems susceptibility to KK-kill so that the questionable
components do become considered in the electronics mode.

Table 2 is the input which defines, for the four functions to be performed for event 1,
the modes and equipments used by the system. Four functions are possible in the example:
flight, detection, evasion, and counteimeasures. For the flight function, one of three modes
must be performed, in order of priority:

I. The normal flight control system must operate (the preferred mode),
2. The backup flight control system must be activated (the second-best mode),

3. The aircraft is disabled.
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For the normal flight control system mode, subsystems 1, 2, and 4 through 12 must be
viable: however, if this condition is not met, the next mode is examined by the computer,
for which only the electromechanical subsystems are required. The first two number
columns are ordinal numbers for the indicated function and mode. The second two numbers
are employed by the user to specify which of the other functions and modes are to be
performed, given the success (i.e., viability) of the first function and mode. The program
perforr:s a cataloging operation in which all significant candidate systems states (one/zero
configurations) are generated one at a time and each is tested against the mode structure to
identify the best mode sequence ascribable to each and every state. In series with the
viability test is the mission descriptor test. Each function/mode may require certain
environmental or arbitrary program controls placed upon it by the user. This requirement, a
T or F (True or False), shows up in the last column. If, as in function 2, mode 2, passive
(e.g.. infrared) surveillance, a clear air mass is required (indicated by a T in the last column),
this function cannot be performed in event 1, since the corresponding value in the event
description (F in the last column) indicates that the weather does not cooperate. Conse-
quently, the computer program is directed to another function/mode by means of the last
two number columns to the left of the function/mode descriptions.

Table 3 presents the first two mode sequences deduced for event 1 by the computer.
The first (best) mode sequence is generated by the perfect system state (all ones in the state
vector (not shown)). All distinct flow paths are normally generated. As a check on the user's
logic, the corresponding required equipments are also output. The second mode sequence is
degraded and results from a loss of subsystems (the jammer being out).

Table 1. Sample System Configuration.

Equipment MTBF
1 Left engine 1000.00
2 Right engine 1000.00
3 Sensors/ECM 1000.00
4 Comm/nav/computer/instr/displays 1000.00
S Pilot 1000.00
6 Fuselage fuel system 1000.00
7 Wing fuel system 1000.00
8 Left master cylinder 1000.00
9 Right master cylinder 1000.00
10 Rudder actuator 1000.00
11 Horizontal stabilizer actuator 1000.00
12 Aft hydraulic power pack 1000.00
13 Electro-mechanical backup flight control system 1000.00
25
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Table 2. Mode Sequence Logic For Fvent 1,

- ’ “quipment Mission

Function/mode (E?scr‘iption descriptor

) A 1 2  Flight functions 0000000000000 { O O F
Pl Lok ) Normal flight control system 1101111111110 [ O O F
| S G Tl Back-up flight control system 1101111001101 0 0 F
L 4 5§ Aircraft down 0000000000000 { O O F
099 0 0 0000000000000 | 0 O F
2 2 2 Threat detection 0000000000000 | O O F
2 S TR o Passive surveillance 0011100000000 | 2 4 T
s S T Visual mode 0000100000000 | 2 4 T
3.4 4.1 No detection and no maneuver | 0000000000000 | 0 0 F
099 00 0000000000000 | O 0 F
3 1 3 2  Evasive maneuver 0000000000000 | O O F
3 2 &1 Normal mode 1101111111110 { O O F
3 3 4 | Limited g-mode 1101111001101 0 0 F
099 00 0000000000000 | 0 O F
4 | 4 2  Countermeasures 0000000000000 | O O F
g PSS Jam mode 0011000000000 | 0 O F
- kit B S Jammer out 0000000000000 { O 0 F
099 0 0 0000000000000 | O 0 F
999 0 0 O 0000000000000 | O O F

NOTE: Event description——event 1 is defensive; event occurred 0.19 hours after takeoff; event description
is SAM missile encounter F.

Each mode sequence in Table 3 is tested and, if unique, is assigned a unique number.
This is done in order that, later in the program, capabilities may be associated with these
sequences by number. The process of identifying and numbering the mode sequences is
repeated for each state supplied by the state generator. The process is shown schematically
in Figures 13 and 14.

Figure 13 shows how the state is tested against mission and subsystem requirements of
each subfunction, starting with the first mode in each case. When satisfaction is found in a
mode (for each subsystem), its required subsystems are loaded into a “subsystems used"
array, and the current subfunction and mode indices are recorded (for the current state) in a
mode sequence array.

Figure 14 shows how each new mode sequence array is tested against its predecessors
and, if new, a new mode-sequence number is assigned to the current state. If it is duplicated
by a predecessor (i.e., is not unique) the old mode sequence number is ascribed to the
current state. In either case, the appropriate mode and subsystem lists are associated with
the number as indicated (Table 3).
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Table 3. Sample Mode Sequences Identified.

Mode sequence

Subfunctional flow

to

Flight functions
Normal flight control system

Threat detection
No detection and no maneuver

Countermeasures
Jam mode

Subsystems used
Left engine
Right engine
Sensors/ECM
Comm/nav/computer/instr/displays
Pilot
Fuselage fuel system
Wing fuselage
Left master cylinder
Right master cylinder
Rudder actuator
Horizontal stabilizer actuator
Aft hydraulic power pack

Flight functions
Normal flight control system

Threat detection
No detection and no maneuver

Countermeasures
Jammer out

Etc.

VEHICLE MODE

Outputs, States, and Mode Logic

In this mode, the program computes the probability of arrival of the vehicle at each of
a succession of events (threat encounters, targets, home base, etc.). The probability of
arrival is defined as the probability that the aircraft did not go somewhere else (as a result of
an abort) nor go down prior to reaching that event.
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Figure 13. Define Mode Sequence and Subsystems Used.
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FIGURE 13

:

DEFINE (NEXT) MODE SEQUENCE, TENTATIVE PATH
NO., AND SUBSYSTEM LIST FOR CURRENT STATE

¥

DEFINE (NEXT) EARLIER MODE SEQUENCE g

YES

IS THIS THE
1ST MODE SEQUENCE?

SELECT TENTATIVE
MODE SEQUENCE NO.

IS CURRENT FLOW
PATH IDENTICAL TO
EARLIER MODE SEQ?

ASSIGN CURRENT STATE NUMBER TO
THIS MODE SEQUENCE NUMBER

Figure 14. Assign Mode Sequence Numbers.
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The vehicle mode is primarily used for the study of slow damage mechanisms and the
determination of the aircraft aborts that return to base for repairs. The mission time/event
series needs to be reorganized at.this point into relative mission time units. Events which
will influence the probability of arrival of the vehicle are the defensive events (viz, the
exposure of the aircraft to AAA, SAM, or air-to-air threats). The number of mission time
units in a mission corresponds to the number of defensive events (e.g., a mission that
contains four defensive events has four mission time units). Each mission time unit contains
a constant amount of clock-time. As an example, a mission that contains four defensive
events, at mission times of 0.1, 0.26, 0.43, and 0.62 hours, and is 1.2 hours in length would
have four mission time units each 0.3 hours in length (1.2/4 = 0.3). Therefore, the actual
defensive events would be lumped into appropriate mission time unit events. These events
would be separated by a constant time difference, At. Due to the coding of the program, the
analyst is restricted to using either four, eight, or sixteen of these reorganized events. If the
mission has a number of defensive events that exceed four or eight, the next larger number
of mission time units should be utilized. For example, for five defensive events, eight
mission time units would be used (three of the “empty” events would be assigned zero
effectiveness).

Figure 15 illustrates a mission with eight events, with two of them possibly leading to
mission aborts. Normally, point 8 would represent recovery at an airbase. For example,
points 1 through 3 and 5 through 7 might be threats, and point 4 might be the target and
turnaround point. The usual calculation of arrival prabability is accomplished for the
normal path by a single run of MISDEM. Any of the points | through 7 may also be used as
starting points in separate MISDEM calculations of arrival probability along abort routes. By
examining the output for the initial events composing the mission, the user may want to, on
the basis of a pre-selected threshold value of the probability of arrival, declare that the
mission would have been selected to result in the normal mission being aborted. The
time/event series designated la, 1b, etc., described abort routes A and B. The user defines
events and modes of equipment functioning for these time/event abort routes in a manner
similar to that utilized for the initial events comprising the normal mission (i.e., event 2a for
abort A might be attacking an alternate target because the aircraft lost its radar bombing
capability, needed for event 4, at event 3). The abort route simulation differs from the
normal path simulation only in the initial values of the aircraft state probabilities.

The logic reflected in the model is as follows. At each event the aircraft may be
deemed to be operating in one of three modes (normal, abort, or down) based upon threat
damage accumulated (and propagated) prior to the time of the current event. Unless it is in
the normal mode, it is not normally counted as arriving. The central task of the computer
program is to compute the arrival probabilities associated with the normal mode at each
event. The probabilities of abort and down modes are also outputs of the model. The model
probabilities are dependent on the probabilities of damage subsequent to exposure. Slow
damage mechanisms are assumed to operate, so that the effects of encounters may occur
many At later. The time convention used is that a defensive event is the time at which the
threat exposure is initiated (not concluded), and is the time from which damage effects are
referenced.
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Figure 15. Schematic Scenario for Vehicle Mode, Eight Events.

For each event, there is a cumulative probability distribution of possible times-of-tlight
(1) remaining relative to the start of the exposure. These times are expressed in mission time
units. These probabilities are sometimes known (empirically) for specific times, such as
5 seconds (KK-Kill), 30 seconds (K-kilD), etc., and may be used to construct the probability
distribution (a required input) throughout the mission duration. Depending upon the user
(input) mode logic, an aircraft may be classified as down whenever t <1 (t is measured in
mission units and is always an integer).

In addition, the aircraft may be classified as aborted when a potentially mission-
limiting failure is detected. The time that this detection occurs is labeled 7 and is called
abort detection time. It is distributed analogously to t and is similarly associated with a
threat encounter and measured in mission units. Figure 16 illustrates that logic for
classifying aircraft. An cxample of the two distributions tor a single encounter is presented
in Table 4. The probability of aircraft failure as a function of mission time units is obtained
by cumulating the eftects of the defensive cvents as the mission progresses. The abort
probability as a function of mission time units tollowing a defensive event is supplied by the
user. Interpretation of the abort probabilities is as follows: considering the third time unit
following exposure, the probability of the aircraft failing during this time increment due to
accumulated damage is 0.05; and the probability of detecting the need to abort the mission
in the same time unit following exposure, is 0.9. However, the damage build up that results
in a failure time t = 3 would produce a probability of 0.3 that the crew would detect the
need to abort in the first mission time unit following exposure; abort detection probability
for time 2 is 0.6, and by time 4 the crew would always detect the need to abort the mission,
since the aircraft failed in three time units following exposure.
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FOR EVENT  |g—

YES
AIRCRAFT DOWN Ay <w

NO

F—J AIRCRAFT NORMAL Ar <12

YES

AIRCRAFT ABORT

NO

LAST EVENT?

YES

Figure 16. Simple Example of Mode Logic for Vehicle Case.

As shown in Table 4, the abort detection time distribution has been made a function of
t, to enable simulating any correlation between damage and its detectability. The flight
failure time and abort detection time distribution function are the only means used in the

vehicle mode to define the effects of damage. Subsystem failures are simulated only in these
terms.
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Table 4. Flight Failure Time and Abort Detection
Time Probability Functions.

Abort detection time, 1

l-iuilun' Pmpubility | > 3 4
time, t fort
Probability tor r given t
1 0.02 1.0 1.0 1.0 1.0
2 0.04 0.5 1.0 1.0 1.0
3 0.05 0.3 0.6 0.9 1.0
4 1.00 0.2 0.4 0.7 1.0

The two times (t and 7) form a doublet that is used as the state variable to compare to
failure and abort time requirements. The MISDEM simulation allocates a state probability
for cach event for all combinations of t and 7. The state probability is then distributed to
modes according to the user's mode logic which defines the failure and abort time
requirements for cach functional mode. A representative example of mode logic is given in
Table 5.

Utilizing a mission with tour mission time increments, only two binary bitts are
required to allow description of the four time requirements. The binary numbers and their
representative constraints are:

1. 00 represents no constraint on the system.

2. Ol indicates that one time increment must remain in the mission before system
failure or the need to abort is detected.

3. 10 represents two time increments must remain.
4. 11 is three remaining time increments.

Therefore, a 01 in the detection time column (7) of Table 5 means that one time unit
remains before the need to abort is detected, and a 11 in the failure time column (1)
indicates three units of tlight time remain before system failure. The MISDEM programs
generate all combinations of the state vectors and compares them for cach event with the
mode requirements defined by the user. Each state vector that meets or exceeds the mode
requirement becomes associated with that mode. Each event must end with all zeros as the
requirement (i.c., the most degraded mode) so the probability density properties for ¢ach
event can be maintained. The probabilities of occurrence for cach state are accrued to ¢ach
mode and event where they satisfy the requirement. Table S is further explained as tollows:

Event 1. There are no failure or detection time requirements, SO no ones appear in
the time requirements. The location of ones in this array is analogous to the location of
ones in the output format for the electronic sample case, as in Table 1, where
“Equipment Description” is replaced by “Time Requirements™.
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Event 2. The first two normal modes require that the time of detection cxceeds
the previous event duration, so that the vehicle will have arrived at the current event
without detecting a need to abort. All time requirements, from the most to the least
stringent, must be specified for each mode to keep out probability mass belonging to
more-degraded modes. The next mode is also a normal mode, since, even though the
damage is detected within the previous event (detection time remaining = zero), the
crew determines that the flight time remaining equals the mission time remaining
(three units). In the next two modes, the flight time is less than the mission time, so
the crew elects to abort. When the flight time remaining after the event is reduced to
zero, the aircraft has landed or crashed.

The other events are similar, and moving toward the end of the mission, the criterion
for continuing to fly the mission when damage is discovered, is relaxed. When the aircraft, in
event 5, has no better abort route than the normal mission route, the abort mode is
abolished.

Table 5. Representative Example of Mode Logic for Vehicle Case.

Time requirements
Event Event description Mode Fz}ilure Det_ection
time, time,
(binary) (binary)
t T
1 First defensive event Normal 00 00
2 Second defensive event Normal A 00 10
Normal B 00 01
Normal C 11 00
Abort A 10 00
Abort B 01 00
Down 00 00
3 Third defensive event Normal A 00 10
Normal B 00 01
Normal C 10 00
Abort A 01 00
Down 00 00
5 Fourth defensive event Normal A 00 01
Normal B 10 00
Normal C 01 00
Down 00 00
6 Landing event Normal A 00 01
Normal B 10 00
Normal C 01 00
Down 00 00
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Transition Algorithm

Each clement of the transition matrix is, as in electronic mode, a conditional
probability of transition from a prior state (now a doublet tj, 1) to a current state (t;, Tj).

The cause of a transition is not necessarily subsystem failure, but rather progressive loss nt
flight time or abort detection time (relative to the current event time).

An example will show a transition that is not due to decrease of absolute flight time or
i - abort time, and hence is not due to any threat action. Consider the following transition:

t T
(binary) (binary)

System state i 01 01
System state j 00 00

Transition provability Pisi 1 times |

The transition probability is unity because the prior remaining flight and detection time
(due to all prior damage exposures) is reflected in state i, and must be decremented by one
mission time unit at the time of state j. There are no other possibilities.

A more complex example will show a transition that retlects a decrease in absolute
flight and detection time:

t T
(binary) (binary)
System state i 10 1 0
System state ) 00 00
Transition probability Pj/; Pp(l) times Pyt D

where
P'(I) =P(t=1)=Pt-1 =0)
Pd(l. D=P(r=1/t=D)=P(r-1=0/t-1=0)

t, 7 are the times of flight and detection associated with the preceding event (and
measured from that time)

P,( 1) is the probability that t = |

Pd (1, D is the conditional probability that 7 = 1 given that t = |

The transition cannot occur as a result of the time advance alone, since it would result in a
transition to the state (. 1y = (1, 1). The only way this transition can take place is that the
damage exposure just concluded resulted inat=landar=l,sothatt-1=7-1=0. And
the probability P(t =1 and 7= 1= Pt = )P(r =

1/t = 1) by the definition of conditional
probability.
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The whole transition algorithm is shown in Figure 17. A state-pair is introduced at the
top, and tested to reject unwanted states and save computation time. Unwanted states
include: (1) states for which 7 > t (considered invalid, since if an aircraft is forced down, the
crew is sure to have detected the need by that time), (2) states for which either t; or 1; < 0,
in which case the aircraft was aborted or down in the last event (there is no need to carry
them forward), and (3) states for which the current flight or detection time has increased
(an impossible transition). All of these state pairs that survive are subjected to one of four
transition probability formulae depending on the magnitudes of the decreases in t and 7 in
the transition. The derivations of these transition probabilities are given in Table 6.
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T, >ti0R Tj i
L J YES

IF Jt, SOORT <0
t.>t,-1 0R T > -
J

NO

NO

Lm

e Skl [B ]

t T=Tj

Lm x
— o 2 [} faen)] e

et 4«1
J

o -[Pf(t)] . [E* |{Pd (t.r)l]

Pj/i = [Pf(l)][ Pd(t.f)] i —

Figure 17. Transition Algorithm for “Vehicle” Mode.
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List of Abbreviations and Symbols

(Mathematical Model)

Abbreviation

Equivalent in

et e sn::::(eilon Definition Units
CEP CEP()) Circular error probable (for threat weapon)
dy PMM(M) Reliability of kth subsystem in transition
At DELTAT Elapsed subsystem time since last event hours
E1 (N) ET Expected number of targets killed (N assigned)
1Z2(k) 1Z(1) Vulnerability index associated with subsystem k
JCAP ICAP Number of mode sequences
K JCOUNT Number of states !
k M Subsystem ordinal number
Lm MLTH Mission length after first exposure
L(m',r) CURVE(L)) Designation for nuclear damage mechanism ty pe Depc}:ds
onm
MTBF MTBE(M) Mean time between failure hours
N NONE Number of events
P; PI(LJK) State probability for prior event
Pj‘,, PKD State probability for current event
Pj,'i.n TRANS Transition probability, state i to state j
P PJ(JCOUNT) Probability of state j (associated with mode
sequence J)
Pyn PCAP()) Probability of Jth mode sequence in nth event
Py PK(1) Kill probability in Jth delivery mode sequence
PK.n SUM Expected kill probability (all mode sequences) at
event n
Piniss(k) PMISS(K,LIK) Probability of threat miss in zone k (conven-
tional)
qk PCKILL(M,L,K) Complement of Py (conventional threats)

39




SR st u Heo b i

JTCG/AS-76-8-004

List of Abbreviations and Symbols (contd)

(Mathematical Model)

Equivalent in

Abbreviabti(lm simulation Definition Units
or symbo skl
qk QPRM(M,LJK) Probability of threat miss in kth zone (nuclear)
Ik RM2 Lethal radius for kth subsystem (nuclear) feet
Rk R(K) Inner radius of zone k (conventional) feet
RM(k) RM(J) (Maximum) lethal radius for subsystemk [ feet
(nuclear events)
SPd FAQJ) Expected number of threat weapons arriving in
the neighborhood of the target essentially simul-
taneously (nuclear case)
o SIGMA Standard deviation of miss distribution feet
t NONE Time-of-flight due to a particular threat
exposure
T NONE Abort-detection time due to a particular threat
exposure
4 LMAT(L) Current time of flight remaining
T LMAT(L) Current abort-detection time remaining
Vk PCSURV(M,L.K) | kth subsystem survival probability

M:ﬂ; gemma dot (rade/sec)
m=Z neutrons (neutrone/eq cm)
m=3: blest (Ibs/eq in)

m =4: therme! (caloriea/sq in)
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SCHEMATIC FLOW DIAGRAMS

This section describes the program architecture, logic, and arithmetic sequence.

OVERVIEW

As shown in Figure 18, the MISDEM program has two parts called Program | and
Program 2. The reason for separating the programs is that Program 1 is needed to help the
user set up Program 2. Program 1 defines all the possible mode sequences that can be
obtained from the input mode sequence logic. (This would be very tedious for the user to
do manually.) Program | also defines a unique mode sequence number (tape output).
Program | processes one event at a time until event data are exhausted. The user reviews the
output and assigns capabilities (offensive and detensive) to each mode sequence number for
every event. Program 2 first computes state probabilities reflecting survivability parameters
from the last event. These are selectively summed (using the tape input) to obtain mode
sequence probabilities. These are then used to compute expected target Kill probability (all
modes) or system survivability parameters (depending on event type) based on the input
capabilities for the current event.

Program 2 also supplies the state probability distribution at ecach event, which may be

used to initialize the state probability for an abort tlight path (in a separate application of

MISDEM).

In a typical application to a mission, Programs [ and 2 would be run first in the
electronics mode, and second in the vehicle mode. Probability of target Kill from the first
run would be multiplied by arrival probability from the second run to obtain the expected
target kill probability.

PROGRAM ORGANIZATION
Figures 19 and 20 show the principal computation and logic steps in the program in

somewhat greater detail than Figure 18, and list all input and output parameters, but leave
out all initialization and tape control steps in the interest of simplicity and clarity.

DETAILED FLOW DIAGRAMS

Figures 21 through 49 are detailed schematic diagrams of the simulation program.
Figures 21 through 29 describe Program 1, and Figures 30 through 49 describe Program 2.
Explanatory text is provided in the “Simulation Model™ section for each block of code
shown here.
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| INPUTS: EQUIPMENT LIST (EACH MISSION)
; MODE SEQUENCE LOGIC (EACH EVENT)
i EVENT DESCRIPTION (EACH EVENT)

v

e e e —— ———

PROGRAM EELECT NE XT EVENiF

ETERMINE MODE SEQUENCES FOR ALL STATES

B
L_—"—_—_?_—_—_———J

MODE
SEQUENCE
NO. VS
STATE NO.

(ALL :
PR
EVENTS) INT MODE SEQUENCES & SUBSYSTEMS USED (ALL EVENTS)

OUTPUTS:

v
[useRr)

INPUTS : CAPABILITIES {WEAPON/TARGET KILL PROBABILITY
(EACH (EACH MODE SEQUENCE): | THREAT EFFECTIVENESS PARAMETERS
EVENT)

r
PROGRAM |
[sececT Next evem_jd———

-
COMPUTE STATE PROBABILITIES (EACH EVENT)

|

|

}

' ¥
.

i COMPUTE MODE SEQUENCE PROBABILITIES (EACH EVENT)
|

|

|

DETERMINE SYSTEM SURVIVABILITY PARAMETERS
(EACH DEFENSIVE EVENT)

e e e s e A

OR
COMPUTE OFFENSIVE EFFECTIVENESS PARAMETERS I
(EACH OFFENSIVE EVENT)

PRINT OUTPUTS (ALL EVENTS):
ELECTRONICS CASE:
MODE SEQUENCE PROBABILITIES
TARGET KILL PROBABILITIES (CURRENT AND CUMULATIVE)
VEHICLE CASE:
AIRCRAFT ARRIVAL, ABORT, AND DOWN PROBABILITIES
CUMULATIVE ARRIVAL PROBABILITIES

Figure 18. MISDEM Program Simplified Flow Chart. I
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‘ START ’

READ-IN SYSTEM DESCRIPTION:

SUBSYSTEM NAME, MTBF, NUCLEAR DAMAGE THRESHOLDS FOR
UP TO FOUR DAMAGE MECHANISMS (GAMMA DOT, NEUTRON,
BLAST, AND THERMAL), AND THE SUBSYSTEMS DELETED (FLAGS),

©—

|

READ-IN NEXT EVENT DESCRIPTION:

EVENT NUMBER, TIME OF EVENT, EVENT TYPE (OFFENSIVE OR
DEFENSIVE, ELECTRONICS OR VEHICLE MODE, AND NUMBER OF
DAMAGE MECHANISMS - IF DEFENSIVE NUCLEAR), WEAPON
DESCRIPTIQN, AND MISSION DESCRIPTOR DEFINING ENVIRONMEN-
TAL CONDITIONS AT THE TIME OF THE EVENT.

READ-IN MODE SEQUENCE LOGIC TABLE

SUBFUNCTIONS, MODES, SUBSYSTEMS REQUIRED, ENVIRONMENTAL
USE RESTRICTIONS, AND MODE SELECTION SEQUENCE LOGIC FOR
CURRENT EVENT,

.

GENERATE A CURRENT STATE

GENERATE A STATE (A BINARY M-VECTOR). ASSIGN NUMBERS TO
THE STATES IN THE ORDER IN WHICH THEY ARE GENERATED.

TEST FOR DELETED AND CRITICAL SUBSYSTEMS
TRANSFER CONTROL TO PREVIOUS BLOCK OF CODE IF EITHER
OF TWO CONDITIONS EXIST:
(1) THE STATE REQUIRES A SUBSYSTEM WHICH HAS BEEN
DELETED
(2) THE STATE REQUIRES A FAILURE IN A CRITICAL
SUBSYSTEM

OTHERWISE PROCEED TO ASSIGN A STATE NUMBER TO THIS
STATE AND DETERMINE ITS MODE SEQUENCE.

Figure 19. Program | Organization.
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REFERENCE
FIGURES

DETERMINE MODE SEQUENCE

ASSOCIATED WITH EVERY SUBFUNCTION AND MODE (S&M) IN THE
MODE SEQUENCE LOGIC IS ANOTHER S&M WHICH IS TO BE TESTED
NEXT IF THE MISSION DESCRIPTION DOES NOT SATISFY THE
ENVIRONMENTAL USE RESTRICTIONS. OTHERWISE, THE STATE 2%
IS TESTED AGAINST THE SUBSYSTEMS REQUIREMENTS OF THE
CURRENT S&M. IF IT PASSES THIS TEST, THE STATE IS NEXT TESTED
AGAINST THE HIGHEST MODE IN THE NEXT SUBFUNCTION. IF IT
FAILS THIS TEST, THE STATE IS NEXT TESTED AGAINST THE NEXT
MODE IN THE CURRENT SUBFUNCTION. THIS PROCEDURE IS
CONTINUED UNTIL THE MODE SEQUENCE HAS BEEN COMPLETED.

ASSIGN A MODE SEQUENCE NUMBER

AS EACH MODE SEQUENCE IS GENERATED, IT IS TESTED FOR
UNIQUENESS. A NEW (OR OLD) MODE SEQUENCE NUMBER IS
ASSIGNED TO EACH STATE NUMBER AND STORES ON TAPE UNIT 4
TO BE USED IN PROGRAM TWO.

27

IS THIS THE
LAST EVENT?

Figure 19. Program 1 Organization (contd.).
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‘ START '

READ-IN SYSTEM DESCRIPTION:

SUBSYSTEM NAME, MTBF, NUCLEAR DAMAGE THRESHOLDS FOR
UP TO FOUR DAMAGE MECHANISMS (GAMMA DOT, NEUTRON,
BLAST, AND THERMAL), SET TURN-ON AND TURN-OFF TIMES AND
THE SUBSYSTEMS DELETED (FLAGS).

@,__.‘

READ-IN NEXT EVENT DESCRIPTION:

EVENT NUMBER, TIME OF EVENT, EVENT TYPE {(OFFENSIVE OR
DEFENSIVE, ELECTRONICS OR VEHICLE MODE, AND NUMBER OF
DAMAGE MECHANISMS — IF DEFENSIVE NUCLEAR), WEAPON
DESCRIPTION AND MISSION DESCRIPTOR.

IS EVENT
DEFENSIVE/MNUCLEAR?

COMPUTE LETHAL RADIUS

FOR THE CURRENT EVENT READ-IN WEAPON DAMAGE EFFECT
LEVEL VS, MISS DISTANCE CURVES FOR EACH DAMAGE TYPE,
AND FIND THE LARGEST LETHAL RADIUS FOR EACH SUBSYSTEM.

ASSIGN VULNERABILITY INDEX NUMBERS

FOR THE CURRENT EVENT, COMPARE SUBSYSTEM LETHAL RADI!,
DEFINE THE RANK NUMBER OF EACH SUBSYSTEM IN ORDER OF
DECREASING LETHAL RADIUS. STORE THIS VALUE FOR EACH
SUBSYSTEM FOR USE IN TRANSITION ALGORITHM IN THE NEXT
EVENT,

)

COMPUTE SUBSYSTEM RELIABILITY IN TRANSITION

COMPUTE THE TIME THE SUBSYSTEM WAS TURNED ON DURING
THE PERIOD SINCE THE LAST EVENT, AND CALCULATE THE
CONDITIONAL SURVIVAL PROBABILITY USING THE EXPONENTIAL

PROBABILITY LAW,

Figure 20. Program 2 Organization.
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RESHUFFLE RELIABILITY ORDER (APFECTS ELECTRONICS
MODE ONLY) 3

USING THE VULNERABILITY INDEX FROM THE LASY EVENT,
REORDER THE RELIADILITY VALUES IN TERMS OF THIS INDEX.

@)—n

GENERATE A PRIOR STATE

FOR THE CURRENT EVENY, GENERATE A BINARY M-VECTOR Bau
REPRESENTING ONE OF THE STATES THAT EXISYED AT THE
LAST EVENT, FROM WHICH A TRANSITION IS TO BE CONSIDERED.

TEST FOR DELETED AND CRITICAL SUBSYSTEMS

TRANSFER CONTROL TO PREVIOUS BLOCK OF CODE IF ANY OF 37
THESE TESTS FAIL. THESE TESTS ARE IDENTICAL TO THOSE IN
PROGRAM ONE.

RESHUFFLE SUBSYSTEM ORDER (AFFECTS ELECTRONICS MODE
ONLY)

USING THE VULNERABILITY INDEX PROM THE LAST EVENT,
REARRANGE THE ONES AND ZEROS IN THIS (PRIOR) STATE IN
ORDER OF DECREASING VULNERABILITY,

O e

GENERATE A CURRENT STATE

FOR THE CURRENT EVENT, GENERATE A BINARY M-VECTOR 38 & 42
REPRESENTING A POSSIBLE CURRENT STATE, INTO WHICH A
TRANSITION IS TO BE CONSIDERED.

37

TEST FOR DELETED AND CRITICAL SUBSYSTEMS

TRANSFER CONTROL TO PREVIOUS BLOCK OF CODE IF ANY OF
THESE TESTS FAIL. (SAME AS PREVIOUS TEST).

Figure 20. Program 2 Organization (contd.).
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RESHUFFLE SUBSYSTEM ORDER (AFFECTS ELECTRONICS
MODE ONLY)

USING THE VULNERABILITY INDEX FROM THE LAST EVENT,
REARRANGE THE ONES AND ZEROS IN THE CURRENT STATE IN
ORDER OF DECREASING VULNERABILITY.

D

COMPUTE THE SYSTEM STATE TRANSITION PROBABILITY

SELECT ONE OF THREE TRANSITION ALGORITHMS DEPENDING

ON MISDEM MODE AND EVENT TYPE:

ELECTRONICS MODE: QUICK CONVENTIONAL THREAT AND
RELIABILITY OR QUICK NUCLEAR THREAT AND
RELIABILITY

VEHICLE MODE: SLOW THREAT DAMAGE

FOR THE CURRENT STATE, COMPUTE THE TRANSITION
PROBABILITY, USING THE APPROPRIATE ALGORITHM.

COMPUTE STATE PROBABILITIES

MULTIPLY THE CURRENT STATE TRANSITION PROBABILITY BY
THE PRIOR STATE PROBABILITY AND ADD WITH ALL SUBSEQUENT
PRODUCTS INVOLVING THIS CURRENT STATE GENERATED BY THE
DO L.OOP STARTING AT “GENERATE A PRIOR STATE®. WHEN ALL
PRIOR AND CURRENT STATES HAVE BEEN PROCESSED IN THIS
LOOP, THE (FINAL) VALUES OF THESE SUMS ARE THE CURRENT
STATE PROBABILITIES DEFINED BY EQUATION 1.

18 THIS THE LAST
CURRENT STATE?

IS THIS THE LAST
PRIOR STATE?

Figure 20. Program 2 Organization (contd.).
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COMPUTE MODE SEQUENCE PROBABILITIES

ALL THE STATE PROBABILITIES ASSOCIATED WITH A MODE
SEQUENCE NUMBER ARE SUMMED. THIS IS REPEATED FOR ALL
MODE SEQUENCES. EACH OF THESE SUMS REPRESENTS THE
PROBABILITY OF A MODE SEQUENCE IN THE CURRENT EVENT.

COMPUTE MISSION EFFECTIVENESS (OFFENSIVE
EVENTS ONLY)

COMPUTE THE EXPECTED TARGET KILL PROBABILITY BY MULTI-
PLYING THE MODE SEQUENCE PROBABILITY BY ITS ASSOCIATED
(INPUT) TARGET KILL PROBABILITY (FOR THE CURRENT EVENT)
AND SUMMING OVER ALL MODE SEQUENCES. THIS STEP IS
EQUIVALENT TO EQUATION 2.

DETERMINE SYSTEM SURVIVABILITY PARAMETERS
(DEFENSIVE EVENTS ONLY)

SELECT ONE OF THREE KiLL ALGORITHMS DEPENDING ON MISDEM
MODE AND EVENT TYPE:

ELECTRONICS MODE: QUICK CONVENTIONAL KILLS OR QUICK
NUCLEAR KILLS

VEHICLE MODE: SLOWKILLS

IS THIS THE
LAST EVENT?

Figure 20. Program 2 Organization (contd.).
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| INET LA I2E PROGRAM VARIABLES I

‘ !

i / READ INPUT OPTIONS ; !‘
& \

e .

[ READ SYSTEM DESCRIFTION ;

LAST
OESCRIPTION
WRITTEN ?

i
i1
‘5, LF THIES SURSYSTEM ELEMENT NUMBER 15
: GRUATER THAN CURRENT COUNT, REPLACE
| WITH THAT NUMBER
1
3 ]
. IE O SUBSYSTEM IS EXCLUDED FROM
;‘ CONSTDERATION, FLAG 1T
1‘ v
3
i
.
: toraL Numpgr | STORE BY SYSTEM:
: DAMAGE  THRESHOLD INFORMAT ION
! OF SUBSYSTEMS < 22, SUBSYSTEM NANE
i
: TOTAL NUMBER OF SUBSYSTENS = 24
4
4
é / READ NEXT CARD ;
B
? NO
| g
i
|
1
3 WRITE ERROR
g YEs
§ " MESSAGE
1
|
i
|
{
{
i FIGURE 22
:
| Figure 21. MISDEM Program 1 - System Description Inputs.
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FIGURE 21

3 / READ EVENT DESCRIPTION /

MORE EVENT NO
DESCRIPTIONS?

END TAPE
AND
REWIND

DETERMINE IF EVENT IS
OFFENSIVE OR DEFENSIVE

FIGURE 23
Figure 22. MISDEM Program 1 — Event Description Inputs.
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FIGURE 22

FOR A SUBFUNCTION

of
»f For A suBsYSTEM NUMBER |

IS THE SUBSYSTEM
NUMBER BLANK?

1S ARRAY
INDEX EQUAL
JO LAST SUBSYSTEM
NUMBER?

INCREMENT THE TEMPORARY
ARRAY SUBSYSTEM INDEX

FILL THE REST OF
THE ARRAY WITH ZEROS

PLACE A 2ERO

IN BINARY
REQUIREMENTS
ARRAY DUES THE
TEMPORARY
ARRAY SUBSYSTEM
INDEX MATCH
THE SUBSYSTEM

NUMBE R?

PLACE A ONE IN THE
TEMP BINARY RQT ARRAY

IS THIS

AL THE (AST

SUBSYSTEM
NUMBER?,

ARRAY INDEXED BY SUBFUNCTION AND MODE

COPY ALL TEMPORARY VALUES INTO NEW, PERMANENT

)

WRITE SUBFUNCTIONAL FLOW

LAST

YES

NO AND
NUMBER OF

NO AND SUBFUNCTION?
NUMBER OF SUBFUNCTIONS = 10
SUBFUNCTIONSS 10

YES END OF

INITIAL)ZE MODE
SEQUENCE VARIABLES

i

FIGURE 24

SUBFUNCT 1ONS
1

Figure 23. MISDEM Program 1 — Read and Write

Subfunctional Flow.
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FIGURE 23

I SET NUMBER OF Z2EROS = 0 l

NUMBER OF YES
ZEROS <17
SPECIFY LOCATION OF
LEFT MOST 2ERO AS NO. |
—
SET ZERO AT
INDICATED LOCATION
NUMBER OF YES
ZEROS < 27
SPECIFY LOCATION OF
ZERO NO. 2 NEXT TO ZERO NO. |
00 —————
\ 4
SET ZERO AT
INDICATED LOCATION
@
@
NUMBER OF YES

ZEROS <87

SPECIFY LOCATION OF
ZERO NO. 8 NEXT TO 2ERO NO. 7

-

SET ZERO AT
INDICATED LOCATION

vy

FIGURE 28

Figure 24, MISDEM Program | — Initialize for
Mode Sequence Identification
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FIGURE 28

f[fon A SUBFUNCTION

l
;[ FOR A MODE —]

ARE MODE
MISSION
REQUIREMENTS
SATISFIED?

SUBSYSTEM
l REQUIREMENTS

MET BY CURRENT
STATE?

STORE DESIGNATED
SUBFUNCTION & MODE

RECORD COMPONENT REQUIREMENTS
IN "'SUBSYSTEMS USED' ARRAY

v

RECORD CURRENT SUBFUNCTION AND MODE
INDICES IN ""MODE-SEQUENCE' ARRAY

y

STORE DESIGNATED SUBFUNCTION
AND MODE

MORE
SUBFUNCT | ONS

IS DESIGNATED
SUBFUNCTION

NO MORE SAME AS CURRENT
SUBFUNCTIONS SUBFUNCTION?

MORE MODES FOR THIS
SUBFUNCT I ON

NO MORE MODES
FOR THIS SUBFUNCTION

v

FIGURE 27

Figure 26. MISDEM Program 1 — Define Mode Sequence
and Subsystems Used.
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FIGURE 26

l

DEFINE (NEXT) MODE SEQUENCE, TENTATIVE MODE SEQ
NO., AND SUBSYSTEM LIST FOR CURRENT STATE

v

DEFINE (NEXT) EARLIER MODE SEQUENCE |g——

IS THIS THE

SELECT TENTATIVE ;
1ST MODE SEQUENCE?

MODE SEQUENCE NO.

IS CURRENT FLOW
PATH IDENTICAL TO
EARLIER MODE SEQ?

ASSIGN CURRENT STATE NUMBER TO
THIS MODE SEQUENCE NUMBER

FIGURE 28
Figure 27. MISDEM Program 1 — Assign Mode Sequence Numbers.




IS NUMBER OF
ER0S <) ORDE?

CURRENT NUMBER OF ZEROS =

INCRENENT
LOCATION OF
26R0 NO. B

INCREMENT
LOCAT 10N OF
2ERO NO. 7

HAS 2ERO
NO. 8 GONE
AS FAR TO
END OF LINE
AS POSSIBLE?

NAS 26RO
NO. 7 GONE
AS FAR TO
END OF LINE
AS POSSIBLE?

[—’...

v

INCREMENT
LOCATION OF
2ERO NO. |

Figure 28. MISDEM Program 1 — Reposition Zeros in
State Binary Vector (KW).

END OF LINE
AS POSSIBLE?

FIQURE 20
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FIGURE 28

*l FOR A MODE SEQUENCE

WRITE MODE SEQUENCE

.

WRITE MODE SUBFUNCTIONAL FLOW

MORE MODES
y NO MORE MODES
‘ VEHICLE MODE ELECTRONICS
MODE
WRITE ACTUAL WRITE
AND APPARENT SUBSYSTEMS
FLIGHT TIMES USED

MORE MODE SEQUENCES

NO MORE MODE SEQUENCES

WRITE MODE
SEQUENCES
FOR USE IN

PROGRAM 2

AA
Figure 29. MISDEM Program 1 — Write Mode Sequence and Subsystems Used.
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START

[ INITIALIZE PROGRAM VARIABLES J

T
| / READ INPUT OPTIONS _7

| f READ SYSTEM DESCRIPTION /

LAST DESCRIPTION
WRITTEN?

WRITE SYSTEM DESCRIPTION

TOO MANY
INPUTS OR
2ERO SUBSCRIPT?

YES

GREATER THAN CURRENT COUNT, REPLACE
WITH THAT NUMBER

3

1F SUBSYSTEM 1S EXCLUDED FROM
CONSIDERATION, FLAG IT

v

STORE BY SYSTEM:

DAMAGE THRESHOLD INFORMATION 1
TOTAL NUMBER TIME THAT SUBSYSTEM IS TURNED ON
OF SUBSYSTEMS <22 TIME THAT SUBSYSTEM 1S TURNED OFF

r 1F THIS SUBSYSTEM ELEMENT NUMBER 1S

TOTAL NUMBER OF
SUBSYSTEMS = 2

READ NEXT CARD

END OF
SYSTEM
DESCRIPTION
?

WRITE ERROR
YES MESSAGE

e

rmmmzz EVENT RELATED VARIABLES ]

REWIND_
TAPES TO
BEGINNING

FIGURE 31 ‘

Figure 30. MISDEM Program 2 — System Description Inputs.
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FIGURE 30

AA

READ EVENT DESCRIPTION ']

REWIND
TAPES

MORE EVENT
DESCRIPTIONS?

IS EVENT
NUCLEAR/

g NO
DEFENSIVE?

FIGURE 32

Figure 31. MISDEM Program 2 — Event Description Inputs.
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FIGURE 31

'

ﬂ FOR EACH DAMAGE MECHANISM

Y

READ MISS DISTANCE VS,
DAMAGE LEVEL CURVE

v

FOR EACH SUBSYSTEM

v

LINEAR INTERPOLATE INPUT CURVE
TO OBTAIN LETHAL RADIUS
(SUBROUTINE TWODNZ — FIGURE 49)

v

COMPARE NEWLY OBTAINED LETHAL RADIUS
WITH STORED VALUE, SELECT MAXIMUM
VALUE AND STORE

MORE SUBSYSTEMS FOR NO MORE SUBSYSTEMS FOR
THIS DAMAGE MECHANISM THIS DAMAGE MECHANISM
MORE DAMAGE MECHANISMS NO MORE DAMAGE
MECHANISMS
FIGURE 33

Figure 32. MISDEM Program 2 — Compute Lethal Radius.
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FIGURE 32

— FOR EACH “THIS” SUBSYSTEM

y

r_—. FOR EACH "NEXT" SUBSYSTEM

YES

IS “NEXT™ LETHAL
RADIUS < “THIS®

LETHAL RADIUS?

SWITCH POSITIONS OF “THIS® AND
“NEXT” IN ORDER TO STORE
MAXIMUM LETHAL RADIIIN
DESCENDING ORDER AND ASSIGN
VULNERABILITY INDEX NUMBERS

MORE “NEXT” SUBSYSTEMS

' g

MORE “THIS” SUBSYSTEMS

* NO MORE “NEXT™ SUBSYSTEMS

NO MORE “THIS™ SUBSYSTEMS

WRITE LETHAL RADII

FIGURE 34

Figure 33. MISDEM Program 2 — Assign Vulnerability

Index Numbers.
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FIGURE 33
" —

FOR EACH SUBSYSTEM

[nmuuv SET RELIABILITY = q

WAS SURSYSTE

DELETED OR ves
NOT YET TURNED (1GNORE THIS
oN? SUBSYSTEN)

WAS SURSYSTEN
TURNED OFF BEFORE
CURRENT EVENT?

Yes

INITIALI2E
a -0

At = TIME SINCE LASY EVENT

WAS SURSYSTEM TURNED
ON AFTER LAST
EVENT?

AL = TINE OFF LESS
PREVIOUS EVENY TiME

At = CURRENT TIME LESS
TINE ON

?

RELIANILITY = () - At/NTOE + At /2emTer?)

MORE SUBSYSTENS NO MORE

SUBSYSTENS

ASSIGN VULNERABILITY INDICES TO
RELIABILITY NUMBERS FOR USE IN
TRANSITION

[_ INITIALIZE STATE & STATE PROBARILITIES _]

NO ves

freiviacize vommar stares) [ inimiaciae asonr staves |

Py

FIGURE 38

Figure 34, MISDEM Program 2 - Compute the Reliability of Every

Subsystem and Reshuffle Reliability Order.
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MIGURE 3

l INIVIALIZE PRIOR STATE (OUNTER « O ]

SET NUMBER
OF ZEROS = |

1 R |

Ssl ZERO NO. )
AT INDICATED
LOCATION

NO

- S S

SET NUMBER
OF 2EROS = 2

00—

SET ZERO NO. 2
AT INDICATED
LOCAT I ON

SET NUMBER
OF ZEROS « 8

N

R

|

KX

MIQURE %

Figure 35. MISDEM Program 2 - Generate a
Prior State of the System.
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FIGURE 36
W _—.l

[mmmze CURRENT SYATE VECTOR = | I

NUMBER OF YES
ZEROS <1?
SET NUMBER OF
ZEROS = |
-—
SET ZERO NO. 1 AT
INDICATED LOCATION
NUMBER OF YES
ZEROS <27
SET NUMBER OF
2EROS = 2
NN'———————-'{
SET ZERO NO. 2 AT
INDICATED LOCATION
[
[ J
[ ]
NUMBER OF YES

ZEROS <87

SET NUMBER OF
ZEROS = 8

—]

SET ZERO NO. 8 AT
INDICATED LOCATION

|

vy

FIGURE 38

Figure 37. MISDEM Program 2 — Generate Current

State of the System.
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FIGURE 38

QUICK
CONVENTIONAL
THREAT

DAMAGE ?

FIGURE 40

t[ FOR A STATE J J
! { FOR A STATE | I
_’L FOR A SUBSYSTEM l

SET RESULT SET RESULT SET RESULT SET RESULT
5
% = =0 K

! v v )
!

[MULTIPLY RESULT BY PREVIOQUS RESULﬂ

MORE_SUBSYSTEMS
MORE STATES | W

MORE STATES J}
luo MORE STATES J

NO MORE SUBSYSTEMS

NO MORE STATES |

vV

Figure 39. MISDEM Program 2 — Quick Conventional Damage.
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FIGURE 39

SLOW
THREAT
DAMAGE 2

FIGURE 41

P, k. ORIT wx
] ] j ) VES
IF zisoon?iso

t; > t,=1 OR T >Ti-l

P
jti

NO

lPd (l.T)}]

Pm - [Pf(t)][ Pd((.‘f:)] <

g

END
FIGURE 41

Figure 40. MISDEM Program 2 — Slow Threat Damage.
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FIQURE a0

REORDER SUBSYSTEM STATE

v

INITIALIZE Pj/; w )

' ER]

| von eacw sumsvsen

IS SUBSYSTEM

TRANSITION EQUAL,
DOWN, OR
uP?

SET FLAG = |
Far & of
ves|] 0/i T Qg0
SET FLAG = 0
NUCLEAR KILLS POSSIBLE
Fii =P x (I~dk)
oo — (SUBSYSTEM KILLED;
AFFIX RELIABILITY FACTOR)

SUBSYSTEM RESURRECTED;
INPOSSIBLE EVENT
SET P/ =0

r—.VV

SET FLAG = |

P -P
/i iZi

(SUBSYSTEM SURVIVES)
x d

k

(SUBSYSTEM STILL
KILLED)

ADD NUCLEAR SUFFIX

NUCLEAR KIL
ADD NUCLEAR

. -
e

LS STILL POSSIBLE;
SUFFIX
.
+q k'

(NUCLEAR KILL
NOT POSSIBLE)

MORE SUBSYSTEMS

FIGURE a2

* REMAINING SUBSYSTEMS ARE
AFFECTED ONLY BY RELIABILITY

SUBSYSTENS

Figure 41. MISDEM Program 2 - Quick Nuclear Damage and
Reliability and Non-Defensive Transitions.
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FIGURE 41

VV ————

u

2EROS

1S NUMBER OF YES

| OR >8?

NO

CURRENT NUMBER OF 2EROS =

INCREMENT
LOCATION OF
ZERO NO. 8

END OF LINE
AS POSSIBLE?

S§

r—....

INCREMENT

ZERO NO. 7

LOCATION OF

—

HAS ZERO
NO. 7 GONE

AS FAR TO
END OF LINE
AS POSSIBLE

>

INCREMENT
LOCATION OF
ZERD NO. 1

HAS ZERO

NO. | GONE

NO AS FAR TO
END OF LINE
AS POSSIBLE?

l VES

MM
ADD ANOTHER
2ERO
ANYMORE
L ZEROS TO ADD?

FIGURE 43

Figure 42. MISDEM Program 2 — Compute State Probabilities
and Reset Current State Vector Zeros.
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FIGURE 42

JJ

S e g e aaia
L
IS NUMBER OF Ba » s ¥ el
2ERQS-_ 1 OR >8? Y g
NO
CURRENT NUMBER OF ZEROS =
8
— - 000 r—————ﬂ !
(NCREMENT INCREMENT INCREMENT
LOCATION OF LOCATION OF LOCATION OF |
ZERC NO. 8 ZERO NO. 7 ZERO NO. ) ‘»
|
B
| |
HAS JERO 1
NO. | GONE |
Bl AS FAR TO |
END OF LINE END OF LINE END OF LINE |
AS POSSIBLE? AS POSSIBLE? AS POSSIBLET [

ADD ANOTHER
2ERD

FIGURE 44

Figure 43. MISDEM Program 2 — Reset Prior State Vector Zeros.
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FIGURE 43

WRITE
OUTPUT
STATE
PROBABILITIES
ON UNIT 3

READ MODE
SEQUENCE
PROBABILITIES
ON UNIT 4

—| FOR

EACH CURRENT STATE

k]

ADD STATE PROBABILITIES BY
MODE SEQUENCE NUMBER

MORE

CURRENT STATES

NO MORE CURRENT STATES

COMPUTE ARRIVAL PROBABILITY
(SUM OF FIRST 3 MODE PROBABILITIES)

!

FOR

EACH MODE SEQUENCE

3

READ--IN CAPABILITY VALUES ASSOICATED
WITH THIS MODE SEQUENCE

. 3

WRITE OUTPUTS
ELECTRONIC MODE

OFFENSIVE EVENTS: MODE SEQUENCE NUMBER

DEFENSIVE EVE

VEHICLE MODE

MODE SEQUENCE PROBABILITY
TARGET KILL PROBABILITY

NTS: MODE SEQUENCE NUMBER
MODE SEQUENCE PROBABILITY
THREAT CEP
EXPECTED NUMBER OF ARRIVING
THREAT WARNEADS

MODE SEQUENCE NUMBER
MODE SEQUENCE PROBABILITY
PROBABILITY OF ARRIVAL

Figure 44.
Mode Sequ

v

FIGURE 46

MISDEM Program 2 — Compute and Write
ence Probabilities.
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FIGURE 44
SET EVENT TYPE TO INDICATE '
CURRENT EVENT IS OFFENSIVE 1

NO
FIGURE 46

YES

REINITIALIZE VULNERABILITY INDEX
ARRAY TO SUBSYSTEM ORDINAL
NUMBER ARRAY

COMPUTE PRODUCT OF MODE
SEQUENCE PROBABILITY AND
KILL PROBABILITY

v

SUM ALL PRODUCTS OVER ALL MODE
SEQUENCES TO OBTAIN EXPECTED
KILL PROBABILITY FOR THIS EVENT

)

WRITE CURRENT TARGET KILL PROBABILITY

]

ADD CURRENT EXPECTED KILL
PROBABILITY TO PREVIOUS STORED
VALUE TO UPDATE THE CUMULATIVE
EXPECTED NUMBER OF TARGETS
KILLED

WRITE CUMULATIVE TARGETS KILLED !
AA i

Figure 45. MISDEM Program 2 — Compute Offensive
Events Mission Effectiveness. !
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FIGURE 45

FIGURE 47

. FIGURE 48

NO

] [7 READ & WRITE OFFSET TRAJECTORY RADII 4]

v

READ AND WRITE SUBSYSTEM KILL PROBABILITY
FOR ALL SUBSYSTEMS AND ALL OFFSEY TRAJECTORIES

SELECT A STATE Nu
» S A STA MBER I
N | 13

: Y
: [INITIACIZE MISS PROBABILITY FOR LARGEST RADIUS TO 1.0 | :
[ converr cer To stanoaso oevrar«o«gg] ‘ :
l COMPUTE TEST VALUE FOR RADIUS OF ZONE (DEN 175) ]
¢ _—_..me A ZONE Re\nm]
S RADIUS k¢
YES r -
iR ;og:u;;\>§\o~?1rtnn IN
3 TEST RANG s OBARILITY
NO g

SET SECOND TERM IN MISS PROBAB'LITY EQUAL TO ZERO {
TO AVOID UNDERFLOW ]

COMPUTE ZONE MISS PROBABILITY = FIRST TERM
MINUS SECOND TERM |

} DECREMENT MISS PROBABILITY FOR LARGEST RADIUS BY
CURRENT MISS PROBABILITY

L——'——l REINITIALIZE FIRST TERM = SECOND I(RNJ

NO LAST STATE
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AN

Figure 46. MISDEM Program 2 — Quick Conventional Kills.
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FIGURE 46

READ FLIGHT TIME AND ABORT-DETECTION TIME PROBABILITY
DISTRIBUTION FUNCTIONS FOR TIME VALUES BEGINNING WITH 1.0

COMPUTE DISCRETE PROBABILITIES OF FLIGHT TIME BY
SUBTRACTING VALUES OF THE DISTRIBUTION FUNCTION AT TIMES
SEPARATED BY ONE MISSION TIME UNIT

COMPUTE DISCRETE PROBABILITIES OF ABORT-DETECTION TIME BY
SUBTRACTING VALUES OF THE DISTRIBUTION FUNCTION AT TIMES
SEPARATED BY ONE MISSION TIME UNIT

AA
Figure 47. MISDEM Program 2 — Slow Kills.
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FIGURFE 46
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1 SUBROUTINE TWODNZ

1 CALCULATE SUBSCRIPT OF FIRST
Ji VALUE IN INDEPENDENT VARIABLE COLUMN

E | |
; l’ S ik AL SET RESULTS i
E LESS THAN EQUAL TO i
i LOWER LIMITS LOWER LIMIT
!" OF TABLE? OF TABLE ;
!
:
E | DEFINE SUBSCRIPTS FOR :
2 UPPER AND LOWER VALUES
e IN RESULT INTERVAL ;
GIVEN VALUE
1S LESS
THAN THIS GLVEN GIVEN VALUE 1§
NUMBER IN UPPER AND LOWER EQUAL TO THIS
TABLE ELMEESSQRARCH NUMBER [N TABLE
FOR INTERVAL
IN WHICH
GIVEN VALUE
{ LIES
GIVEN VALUE LIES
WITHIN TABLE, -
CALCULATE INTERPOLAT | ON b s GIVEN VALUE 1S
‘- FACTOR IS GREATER GREATER THAN
THAN THIS UPPER LIMITS OF TABLE
NUMBER IN
TABLE
< SET RESULTS EQUAL TO
UPPER LIMIT

| inverpoLaTION FACTOR < 0 l

DO LINEAR INTERPOLATION
FOR ALL PARAMETERS
REQUESTED

. RETURN
t.a

Figure 49. MISDEM Program 2-Linear Interpolation Routine (Subroutine TWODNZ2).
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SOURCE LISTING

OVERVIEW

This section contains a listing of the FORTRAN statements that make up the
simulation program source deck and test decks for the electronics mode and for the vehicle
mode.
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SIMULATION SOURCE DECK

RERERERE R R KRR RS KR R R E R R SRS RS E R EER R RN R R R R R R E R SR S SRR R C RS R e G R e S

C
C
C MISSION DAMAGE EFFECTIVENESS MODEL - PROGRAM ONE
c MISDEM - PGM 1
C
c

FERE SRR EREREXE R R KR R R RRE E R RE R RRE R EE R R L RE E R R R SR SRR R RS SRR R E RS R E &

DIMENSION CN(3)CNAME(8,23),DEF(3)DNAME(8),FNAME(10,27,10),

1 HIMT(4) 2 JES(10427+25) ¢ JU(23+25) eKS(1042T7)4KU(23)eKW(23),LEE(10),
2 LF(LO)oLLF2T7),LLQELD +27) ¢LMA(L0¢27+23)9LMAT(10427+23),LMATT(23)
3 JLQUL0427)4MD(10427) yMI(23)9MMQUL0427),MQUL0427)+0FF(3),WEAPN(T)
INTEGER*2 I JN(256)

LIGICAL MD,MDT

EQUIVALENCE (LMA(Lolol)oLMAT(lol,1))

DATA BLK/4H / +OFF/4HOFFE s 4HNS IV, &4HE / +DEF/ &HDEFE  4HNS IV,
* 4HE /+0UT/2HNOQ/

C1 INITIALIZE

L1=27

LCN8=8

L40=10

LCEI=23

L72=17

INCE (=0

00 20 I=1,LCEI

MICI)=1

DO 29 J=1,LCN8

CNAME(J, 1 )=BLK
20 CONTINUE

READ(5¢950)NZT 4MCRy MPR 4 MAV

C2 READ AND WRITE SYSTEM DESCRIPTION

WRITE(64960)
WRITE(64970)

DO 40 I=1,LCEI
READ (5¢980) Mo (ONAME(J) ¢J=1oLCN8) ¢ TBFMy (HOMT(MPRM) ¢MPRM=1, &) ONOFF
IF(M.EQ.999)GO TO 60
WRITE(69990) My (DNAME(J) 9 J=1,LCNB) o TBFM, (HFOMT(MPRM ) MPRM=1,4),0NOFF
IF(M.GT.LCETI.OR.M.LT.1) GO TO S0
IF(M.GT. INCEI) INCEI =M
IF (ONOFF .EQ.OUT)IMI(I)=0
DO 40 J=1,LCN8
CNAME( Jo I )=DNAME(J)

40 CONTINUE
READ(5,980) M
IF(M.EQ.999) 50 TO 60

50 WRITEL6,1000)

sToP

60 CONTINUE
REWIND 4

70 CONTINUE
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READ AND WRITE EVENY DESCRIPTION

READ(5¢L010END=840) TEVENT T2 ¢NCy (WEAPN(I)oI=1,7),MOT
WRITEL1641270)
DO 71 N=1,3
CNI(N)=OFF(N)
IFINC.NE.O) CNIN)=DEF(N)
CONT INUE
WRITE(641020) [EVENT, (CN(N)sN=1430y T2, (WEAPN(I)oI=1,7)s MDY
IFINC.NE.T) WRITE(6,1)60)
IFINCL.EQ.7) WRITE(6,1065)

READ SUBFUNCTIONAL FLOW FOR EVENT AND GENERATE SUBSYSTEM
REQUIREMENTS VECTOR

D0 250 1=1,L40

D0 240 K=1,L1

MO(I K)=.FALSE.

READ (S ¢ LOTOILF(ID o LLFUKD) yLQUEI oK) yLLQUI,K)y (FNAME(IoKyJd)yJ=1,101),
* MQUCI oK) ¢yMMQUT oK) o MD(ToK)y (LMAT([oKoJ)oJ=1y INCEL}
L=0

DO 90 J=1,INCEI

IF(LMAT(I KyJ) +EQ.0)GO TO 100
L=Le]

TF(LMAT(I4KsJ)EQ.LIGD TO 90
LMATT(L) =0

GO TO 80

LMATT(L)=1

GO TO 140

J=Lel

IF(J.GT.INCEIIGO TO 140

DO 110 L=J,INCEI

LMATT(L) =0

00 150 L=1,INCEI

LMA(TI,KeL) =LMATT(L)

WRITE SUBFUNCTIONAL FLOW
IF(NC.NE.T)

LWRITE(6+410800LFUI)oLLFIK) oLQUEoKIoLLQUIZK) ¢ (FNAME(T¢KoJ)od=1,10),

* MQI oK) +MMQUI oK) oMOCT oK)y (LMAT{ToKyJ)od=1, INCEI)
IFINC.EQ.T) WRITE(641085) LFII)oLLFIK)oLQEI K),LLQII,K),
®  (FNAME(T¢Ked)oJ=1,1D) o (LMAT(I,KeJ)eJ=1,INCE])
IF(LLF(K) «EQ.99) GI TO 230

IF(LF(I) «EQ.999) GO TO 260

GO TO 240

LEE(T)=K-1

GO TO 250

CONTINUE

CONTINUE

I=L40¢1

READ(5.1070)M

IF(M.EQ.999) GO YO 260

WRITE(6,1090)

sTop
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300

319

350

360

310

380

390

391

392

393
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INITIALIZE FOR MODE SEQUENCE IDENTIFICATION

LE=I-1
LQSVL=0
LLQS=0
NZ=0

DO 290 J=1,L40
00 290 K=1,L1
KStJKI=0

DO 290 I=1,LT72
JES(JoKy1)=0
CONTINUE

DO 300 [=1,LCEI
KWl V=0
CONTINUE

DO 310 JCOUNT=1,256
TJN(JCOUNT) =0
CONTINUE
JCNUNT=0

JCAP=0

GENERATE FINAL STATE OF THE SYSTEM - BINARY VECTOR KW

CONTINUE

DO 340 I=1,INCEI
KWw(I)=1

CONTINUE
IF(NZ.LT.1)GO TO 400
LLl=1

KWiLL1)=0
IF(NZ.LT.2)G0 TO 400
LL2=LL1+1

KW(LL2)=0
[F(NZ.LT.3)GO TO 400
LL3=LL2¢]

KW(LL3)=0
IF(NZ.LT.4)GO TO 400
LL4=LL3+]

KW{LL4)=0
IF(NZ.LT.5)GO TO 400
LLS=LL4e]

KWILLS5)=0
IF(NZ.LT.6) GO TO 400
LL6=LLS+]

KW(LL6)=0
IF(NZ.LT.7) GO TO 400

LL7=LL6*]

KW(LLT)=0

IFINZ.LT.8) GO TO 400
LLB=LLT+1

KWiLL8I=0

CONTINUE




410

402
404

405

540
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56Q
580

590

630

610

620
630
640

JTCG/AS-76-5-004

TEST FOR SUPPRESSED SUBSYSTEMS

DO 410 MM=]1,.INCEL
IF(MI(MM),NE.O)GO TO %10
IF(KW(MM).EQ.1)GD TO 720
CONTINUE

IFINC.EQ.T)GO TO 405
TF(MCR.EQ.0)GO TO 402
[FIKW(MCR).EQ.0)GO YO 720
[F(MPR.EQ.0IGD YO 404
[F(KW(MPR).EQ.01GO TO 720
IF(MAV.EQ.0)GO TO 405
IF(KW(MAV).EQ.D)G0 TO 720
CONTINUE

JCOUNT =JCOUNT+]

DEF INE MODE SEQUENCE AND SUBSYSTEMS USED

00 530 I=1,LCEI

KU(I)=0

LTEST=1

DD 640 L = 1,4LE

LEQ=LEE(L)

D0 540 K= 1,LEQ

KS(LK)=0
IF(L.EQ.LQSVL.OR.LTEST.EQ.1) GO TO 550
GO TO 640

DO 630 K=1,LEQ
IF(K.GE.LLQS.OR.LTEST. EQ.1) GO TO 560
GO TO 630

[F(.NOT.MOT,AND.MD(LyK)}) GO TO 580

GO TO 590

LQSVL=MQ(L,K)

LLQS=MMQ(L.K)

LTEST=0

IF(LQSVL.EQ.L) GO TO 530

GO TO 640

LYEST=1

D0 600 M=1,INCEIX

TE(KM(M) LT LMACL KoM} ) GO YO 620
CONTINUE

D0 610 M=1,INCEI

L IF(KWIM) GT.LMA(Ly Ko M) «OR.KW(M) .EQ.O0) GO TO 610

IF(KW(M)EQ.LMA(L,K,yM) «AND.KW(M).EQ.1) KU(M)=1
CONTINUE

KS(L¢K)=1

LQASVL=LQ(L,K)

LLQS=LLQ(L, K]}

LTEST=0

IF(LQSVL.GT.LIGO TO 640

CONTINUE

CONTINVE

J=JCAP+]
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ASSIGN MODE SEQUENCZE NUMBERS

J=Jd-1

IF(J.NE.O) GO TO 680
JCAP=JCAP+]

J=JCAP

DO 660 L = 1,LE
LEQ=LEE(L)

DO 660 K=1,LEQ
JESILyKyJ)=KS(L,K)
CONTINUE

DO 670 1U=1,INCEI
JU(TUJ)=KULIV)
CONTINUE

GO TO 700

DO 690 L = 1,LE
LEQ=LEE(L)

DO 690 K=1,LEQ
IF(JES(LIKyJ)eNELKS(L,K)) GO TO 650

CONTINUE
CONTINUE
TJNCJCOUNT) =J

REPOSITION ZEROS IN STATE BINARY VECTOR (KwW)

1€(NZ.LT41.,0R.N2.GT.8)G0 TO 790

GO TO (TTO¢T760¢750074)+730,728,7264724)4¢ NZ
KWwiLLB)=1

LLB=LLE+]

[F((LLB-8).LE. (INCEI-NZ)) GO TO 393
KW(LLT)=1

LLT=LLT¢l

[F(CLL7-7).LE.{INCEI-NZ)) GO TO 392
KWiLL6) =1

LL6=LL6+]

IFCLLL6-6).LE. (INCEI-NZ)) GO TOD 391
KW(LLS)=1

LLS=LLS+]
IF((LL5=5).LE.(INCEI-NZ))GO TO 390
KWiLL4) =]

LL4=LLG4+]

IF((LL4-4).LE. (INCEI-NZ))GO TO 380
KWiLL3)=1

LL3=LL3+]

IFE(LL3-3).LE. (INCEI-NZ))IGO TO 370
KW(LL2)=1

LL2=LL2¢1

IF((LL2-2).LE. (INCEI-NZ))GO TO 360
KWiLLl)=1

LL1=LL]1+1
[F(CLLL-1).LE.CINCEI-NZ}IGO TO 350
CONT INUE

NZ=NZ+1

IFINZ.LE.NZTIGO TO 330

NZ=0

83




JITCG/AS-76-5-004

cl2 WRITE MODE SEQUENCE AND SUBSYSTEMS USED

DO 820 J=1,JCAP

WRITE(6,1170)

WRITE(6,1140) J

D0 800 L = Ll,LE

LEQ=LEE(L)

DD 800 K=1,LEQ

[F(JES(L,KyJ).EQ.O0) GI TO 800

WRITE(6,1150) (FNAME(L.K,I )s1=1,10)
800 CONTINUE

IFINC.NE.7) WRITE(6,1180)

IFI(NC.EQe7) WRITE(6,1185)

DO 810 M=1,INCEI

IF(JU(MyJ).NE.1) GO TD 810

WRITE(691190) (CNAME(K,M),K=1,LCNB)
810 CONTINUE
820 CONTINUE

C

c13 WRITE MODE SEQUENCE ON TAPE FOR USE IN PROGRAM 2

(%
WRITE(4,1280) (TJIN(IJUK) o IJK=19JCOUNT)
GO0 YO 70

840 END FILE 4 i

REWIND 4 {
STOP ‘

C

Cit DEF INE FORMATS

C

950 FORMAT(1013)
960 FORMAT (26H1 SYSTEM CONF [GURATION)
970 FORMAT(1HO,8Xy9HEQUIPMENT 25Xy SHMTBF TXoTHTHOM(L )y 66Xy THTHOM( 2),
®TX ¢ THTHDM(3) ¢8X9 THTHOM (&) /56X 9+ 3HG Dy 11X o LHNy 12Xe 1HBy 15Xy 1HT//1X)
980 FORMAT(I341Xs8A4yFl0.2/4EL12.5¢T659A2)
990 FORMAT(1H ¢1X9[392X9B8A49F10.202Xe4(EL2.5+2X)e3XeA2)
1700 FORMAT (50H0 TOO MANY [NPUTS OR M (S OUTSIDE ALLOWABLE RANGE)
LOLO FORMAT(I3 1XsFEa291X9I3,1XyTAGy2XoL1)
1020 FORMAT(LHUs5X ¢ YHEVENT NOes[2¢y1Xs3HIS 3A475Xs 1SHEVENY OCCURRED ,
‘FboZ'
*20H HOURS AFTER TAKEOFF/5Xy2lHEVENT DESCRIPTION IS o 7A4/5X,L1)
1060 FORMAT (LHO,7X,16HSUBFUNCTIGON/MODE +32X,21HEQUIPMENT DESCRIPTION,12
e Xy l8BHMISSION JESCRIPTOR/1X)
1065 FORMAT(1HOy T7X 16HSUBFUNCT [ON/MODEy32Xy35HFL IGHT AND OETECTION TIM

*E REMAINING)
1070 FORMAT(4TI3,1X,10A%,1X,213,1X,L172313)
1080 FORMAT(1X¢213¢2X¢201342X410A%4T864213,12X4L1,759,2311)
1085 FORMAT(LXy213¢2X¢203,2X,10A4, 159.2311)
1C90 FORMAT (29HO0 TOO MANY INPUTS FOR F ARRAY)
1140 FORMAT(1HOs11X,1I3)
1150 FORMAT(1H ,45X,10A%)
1170 FORMAT(LH »5Xs16HMODE SEQUENCE NOy 16X, 18HSUBFUNCT IONAL FLOW)
1180 FORMAT(1HO¢58X,15SHSUBSYSTEMS USED/1X)
1185 FORMAT(LHO¢58X ¢31HACTUAL AND APPARENT FLIGHT TIME)
1190 FORMAT(1H ,60X,8A4)
1270 FORMAT (23H1 EVENT DESCRIPTION)
1280 FORMAT(2513)

END
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LRI R R L R R D Ty L T T R T e Y

C

C

C MISSION DAMAGE EFFECTIVENESS MODEL - PROGRAM TwO
c MISDEM - PGM 2

C
C

PEARRE B R E AR AR R EE AR RE R ERK SR AR E XA R SR E R R EE S S E KR R R R R EE R R R EEE R E RS kR kR &

DIMENSION CEP(S0)+CN(3) CURVE(4,30),DEF(3) ,DNAME(8),FA(SO),
FTYDNN(164+16) ¢FTFENNI{16)9GRAPH(30) ¢ HOMT (&), ISUB( &), IT(23),1TT(23)
2IVE23) o 12(23)4J2(23)9KW(23)KWW(23),MI(23) ,MTBF(23),0FF(3),
PCAP(50) yPCKILLI23,10+27)+PCSURV(23¢10+27),P1(256),PJ(256),
PK(50) yPM(23) PMN(23) 4PMISS(274256)PTDN(16416),PTFN(16),
Q0(256) yQPRM(23,256) yRUL10)¢RA(23)4RESUL(2)+RM(24),THDM(23,4),
TIMEF(23),TIMEN(23) ,WEAPN(T)

INTEGER®2 TJN(256)

LOGICAL MOT

DATA OFF/4HOFFE ¢ 4HNSIV o 4HE / +DEF /&HDEFE, 4HNS IV, 4HE /+0UT/ 2HNO/

VS WN -

cl1 INI TLALI ZE

LCN8=8
LCEI=23
L72=40
INCEI=0 :
DO 30 I=1,LCEI
MTBF(1)=0.0
PM(1)=0.0
MI(I)=1
Iviti=ti
1zen =1
NO 20 MPRM=1,4
THOM( [ yMPRM) =0
20 CONTINUE
30 CONTINUE
READ (S¢1110) NZT,MCRy MPRyMAV,MLTH,NABORY

c2 READ AND WRITE SYSTEM DESCRIPTION

WRITE (6,1120)
WRITE (6,1130)
DO 50 I=1,LCEI
READ (5511400 Mo (DNAME(J)yJ=1,LCNB) o TBFMy (HOMT (MPRM)oMPRM=1¢4), TMN
1 ¢ TMF yONOFF
IF (M.EQ.999) GO TO 70
WRITE (641150) M, (DNAME(J) ¢ J=14LCNB) ¢TBFMy (HOMT (MPRM) ¢ MPRM=1,4)
IF (M GT.LCEI.OR.M.LT.1) GO TO 60
IF (M.GT.INCEL) INCEI=I
IF (ONOFF.EQ.OUT) MI(I)=0
D0 40 MPRM=1,4
THOM(I yMPRM) =HDMT(MPRM)
40 CONTINUE
MTBF (1 )=TBFM
TIMEN(T) =TMN
TIMEF( 1) =TMF
50 CONTINUE
READ (5,1140) M
IF (M.EQ.999) GO TO T
60 WRITE (6,41160)
sTop
70 CONTINUE




(s ¥a N gl
N

80

90

100

110

120

JTCG/AS-76-5-004

INITIALIZE
ET=0.0

“11=0

T1=0.0
REWIND &
REWIND 3

INITIALIZE

CONTINUE

DO 85 M=1,INCEI
RM(M1=0.0
CONTINUE

READ AND WRITE EVENT DESCRIPTION

READ (5,1170,END=1100) IEVENT,T2,NC,{WEAPN(I)yI=1,7),MOT
WRITE (6.1230)

00 90 N=1,3

CN(N)=0FF (N)

IF INC.NE.O) CN(N)=DEF (N)

CONTINUE

WRITE (6,1180) IEVENT, (CNIN)yN=143),T2,(WEAPN(I)y I=1,T7),MDT
DO 100 L=1,INCEI

IZ(L)=L

CONTINUE

IF (NC.EQ.0.OR.NC.EQe5 +OR, NC.EQ.7) GO TO 200

COMPUTE LEYHAL RADII AND ASSIGN INDEX

DO 120 I=1,NC

READ (541240) NPOINT
N2=2*NPOINT

READ (5,1220) ISUBILI), (CURVE(I¢J)yJ=1,yN2)
[S=ISUB(I)

DO 120 M=1,INCE!L

D0 110 IJ=1,N2
GRAPH(IJ)=CURVE(I,1J)

CONVINUE

CALL TWODNZ (THDM{MoIS) o1y GRAPHNPOINT,2,RESUL )
RA(M)=RESUL (2)
RM(M)=AMAXL (RA(M) yRM(M) )
CONTINUE

INE=INCEI+1

RM{INE)=0.0

DO 140 LOO=1,INCE!

INIT=L00+1

00 130 J=INIT,INE

IF (RM{J).LE.RN(LDO)) GO TO 130
STORE=RM( J)

RM{J)=RM(LOO)

RM{LOO)=STORE

ITORE=1Z(LOO)

IZ(LO0)=12( )

IZ(J)=ITORE

13C CONTINUE

140 CONTVINUE

WRITE (6,1250) (RMI{M),M=1,INE)
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COMPUTE SUBSYSTEM RELIABILITY IN TRANSITION

CONTINUE

DO 230 M=1,INCEI

PM(M)=1.0

IF (MI{M).EQ.0) GO TO 230

IF (T2.LE.TIMEN(M)) GO TO 230

IF (T2.GE.TIMEF(M)) GO TO 210
DELTAT=T2-T1

IF (TL.LETIMEN(M)) DELTAT=T2-TIMEN(M)
GO 7O 220

DELTAT=0.0

IF (TIMEF(M).GT.T1) DELTAT=TIMEF(M)-T1
PM(M)=1.0-DELTAT/MTBF(M)*DELTAT*%2/(2,0%MTBF(M)*%2)
CONTINUE

T1=T2

D0 240 L=1,INCE!

Jv=IviL)

PMMIL)=PM(JV)

CONTINUE

INITIALIZE STATE AND STATE PROBABILITIES

NZ=0

NZI=0

DO 250 I=1,LCEI

KW(I)=0

CONTINUE

D0 260 J=1,LT72
PCAP(J)=0.0

CONTINUE

JCAP=0

IF (IEVENT.NE.1) GO TO 290
ICOUNT=1

DO 270 M=1,INCEI

IT(M)=1

ITT(M) =1

[F (MI(M).EQ.1) GO YO 270
[T(M)=0

ITTI{M)=0

CONTINUE

ABORY FLOW CONTROL

[F(NABORT.NE.OIGO TO 275
GO TO 278

INIVIALIZE ABORY STATES

IF (I EVENT.NE.1) GO TO 290

READ(3)JEVENT, JCOUNT,{PJ(L) yL=1, JCOUNT)
[F(JEVENT.NE.NABORTIGD TO 275

DO 277 1=1,JCOUNT

PILI)=PJLI)

PJ(1)=0.0

GO 70 305
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INITIALIZE NORMAL STATES

00 280 L=1,256
PItL)=1.0
PJIL)=0.0
CONTINUE

GO 70 310

N0 300 1=1,JCOUNT
PI(I)=PILT)
PJI(1)=0.0
CONTINUE

CONT INUE
ICOUNT=0

GENERATE A PRIDR STATE OF THE SYSTEM (IT)

IFINABORT.EQ.0)GO TO 315
GO TO 320
CCNTINUE

IF(IEVENT.EQ.1)GO TO 40
CONTINUE

DO 330 I=1,INCEI
IT(1)=1

CONT INUE

IF (NZ.LT.1) GO TO 410
[ri=1

IT(II1)=0

IF (NZ.LT.2) GO TO 410
[I12=111+¢1

ITt112)=0

IF I(NZ.LT.3) GO TO 410
113=112¢+1

IT(I13)=0

IF (NZ.LT.4) GO TO 410
I14=113+]

[T(114)=0

IF (NZ.LT.5) GO TO 410
115=114¢+1

IT(IIS5)=0
IF(NZ.LT.6)G0O TO 410
[16=115+1

IT(I116)=0
IFINZ.LT.7)GO YO 410
117=116+1

IT(ILIT7)=0
IF(NZ.LT.8)G0O TO 410
118=117+¢1

IT(LI8)=0
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C
€13 TEST FOR DELETED OR CRITICAL SUBSYSTEMS
C
k 410 CONTINUE
E 00 420 MM=1,INCEIL
IF (MI(MM).EQ.1) GO TO 420
3 IF (IT(MM).EQ.1) GO T 840
420 CONTINUE
IFI(NC.EQ.7) GO YO 425
IF(MCR.EQ.0)GO TO 422
IFCITIMCRI.EQ.O0) GO TO 840
422 IF(MPR.EQ.O0)GO TO 424
[FI(IT(MPR).EQ.O0) GC TJ 840
424 IF(MAV.EQ.0IGO TO 425
[FIIT(MAV).EQ.O0) GO VI 840
425 ICOUNT=ICOUNT+1
C
Cly RESHUFFLE SUBSYSTEM ORDER
C
DO 430 L=1,INCEI
Jv=IviL)
ITT(L) =IT(JV)
430 CONTINUE
440 JCOUNT=0
C
C1s GENERATE A CURRENT STATE OF THE SYSTEM (KW)
c
450 CONTINUE
DO 460 I=1,INCEI
KWi{l)=1
460 CONTINUE
[F (NZI.LT.1) GO TO 540
LLl=1
‘490 KWiLL1)=0
IF (NZI.LT.2) GO TO 540
LL2=LL1+]
500 KwiLL2)=0
IF (NZJ.LT.3) GO TO 540
LL3=LL2¢1
€10 KW(LL3)=0
IF (NZI.LT.4) GO TO 540
LL4=LL3+]
520 KW(LL4)=0
IF (NZ1.LT.5) GO TO 540
LLS5=LL4+]
30 KWILLS)=0
[FINZI.LT.6)G0 TO 540
LL6=LL5+]
€35 KwiLL6)=0
IF(NZI.LT.7)GO TO 540
LL7=LLG6¢]
536 KWILLT7)=0
IFINZI.LT.8)GO TO 540
LL8=LL T+
537 KW(LLB)=0
540 CONTINUE
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TEST FOR SUPPRESSED SUBSYSTEMS

DO 550 MM=1,INCEI

IF (MI(MM).EQ.1) GO TO 550
IF (KW(MM).EQ.1) GO TO 710
CONTINUE

IFINC.EQ.7)GO TO 555
IF(MCR.EQ.0)GO YO 552
IF(KW(MCR).EQ.0)GO TO 710
IF(MPR.EQ.O0)GO TO 554
IF(KW(MPR).EQ.0)GO TO 710
IF(MAV.EQ.0)GO YO 555
IF(KW(MAV).EQ.0)GO TO 710
JCOUNT=JCOUNT+1

RESHUFFLE SUBSYSTEM ORDER

DO 560 L=1,INCEI
Jv=IviL)
KWW(L)=KW(JV)
CONTINUE

COMPUTE THE SYSTEM STATE TRANSITION PROBABILITY

IF (I1.NE.6) GO TO 1500

QUICK CONVENTIONAL THREAT DAMAGE AND REL IABILITY

SUMTRK=0.0

DO 620 K=1,KMAX

SUMTRA=0.0

DO 610 L=1,LMAX

TRANS=1.0

DO 600 M=1,INCEI

PCSURVIM,LyK) = 1.0 - PCKILL{MyL ,K)
IF (ITT(M)-KWW(M)) 570,580,590
TRANS=0.0

GO T0O 620

[F (ITT(M).EQ.0.0) GO TO 600
TRANS=PCSURV(M,L ¢K) *PMM{ M) *TRANS

GO 70-600
TRANS=(1.0-PCSURV(M,L,K)*PMM(M) ) *TRANS
CONTINUE

SUMTRA=TRANS+SUMTRA

CONTINUE

SUMTRK=( SUMTRA/LMAX)*PMISS(K,ICOUNT) ¢SUMTRK
CONTINUE

TRANS=SUMTRK

GO YO 700

IF(II.NE.7) GO TO 630
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€20 SLOW THREAT DAMAGE
c
TRANS = 1.0
NTEN=0 i
1TFEN=0 E

LINCEI =INCEI/2 |
D0 1510 L=1,1INCEL I3
[F(KWWIL)oEQ.L INTEN=2%% ((INCEI /2)=-L ) ¢NTEN

1510 [FUITT(L)SEQ.L)ITFN=2¢ % ((INCEI/2)-L)+ITFN 1
NTON =0 i
1TON=0
JINCEI =L INCEL+1
DO 1520 L=JINCEI ¢ INCEI
PF(KWW(L)<EQ.1INTON=2% % (INCE[~L) ¢NTON

1520 [FCITTC(L)EQ.L)ITON=2##(INCEI~L)¢ITDN
NTTF=NTFNeL
ITYE=1TENeL
NTTD=NTON¢1 :
ITTO=1TON®1 1
IF(ITTD.GT. ITTF.OR.NTTD.GT«NTTF)IGO TO 1605
[F(ITTFuLlEl.OR.ITTO.LE.L) GO TO 1605
IF(NTTF.GT.(ITTF=1).OR.NTTD.GT.(ITTD-1))GO TO 1605
GO TO 1610

16C5 TRANSL=0
GO YO 1720

1610 TRANS130
IFINTTF=(ITTF=1)11670,1620,1620

1620 IF(NTTO-(ITYD=-1))1630,1625,1625

1625 D0 1627 [=NTTF MLTH
SUMPTD =0
DO 1626 J=NTTD,I

1626 SUMPTD=PTDN(1,J)¢SUMPTD

1627 TRANSL=PTEN(1)*SUMPTD¢ TRANS1
GO 10 1720

163C DO 1631 [=NTTF,MLTH

1631 TRANSL=PTEN(I)*PTON(I,NTTD) +TRANSI
GO TO 1720

167C TF(NTTD-(ITTD-1)11680,1675,1675 f

LE€15 DO 1676 J=NTTD,NTTF :

1676 TRANS1 =PTON(NTTF,J) ¢TRANS] i
TRANS1=PTEN(NT TF ) «TRANS 1 1
GO YO 1720 |
168C TRANSL=PTENI(NTTF)*PTON(NTTE ,NTTO) ,

1720 TRANS=TRANS1*TRANS
GO TO 700
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QUICK NUCLEAR DAMAGE AND RELIABILITY
(ALSO NON-DEFENSIVE TRANSITIONS)

o000
»N
—

630 TRANS=1.0
NF =]
IF(11.€Q.0) GU YO 640
TRANS=QO(ICOUNT)
NF =0
640 CONTINUE
DO 690 M=1,INCEI
IF (ITT(M)-KWW(M)) 650+660,670
€50 TRANS=0.0
GO Y0 700
660 IF (ITT(M).EQ.0) GO TO 680
NF =]
TRANS=TRANS ®*PMM( M)
GO YO 690

67C TRANS=TRANS*(]1.0-PMMI(M))
68C [F (NF.EQ.0) TRANS=TRANS+QPRM(M, ICOUNT)
69C CONTINUE

C
c22 COMPUTE THE STATE PROBABILITIES
: C
g 70C PIJLJCOUNT )=TRANS*PI(ICOUNT) ¢PJ(JCOUNT)
1 C
c23 RESET CURRENY STATF (Kw) ZERO LOCATIONS
C

TLO IF (NZIeLT.laORJNZI.GT.8) GO TO 820

GO TO (800+780¢760,740¢720¢715¢714,713)¢N2I
M3 KWiLL8)=]

LL8=LL8¢]

[FCCLLB=B).LE. (INCEI-NZID)IGO TO 537
T14 KWILLT)=)

LL7=LLTel

TFCCLLT-T).LE. (LINCEI-NZL))IGO TO 536
715 KW(LL6)=)

LLo=LLo6¢L

TF(LLL6-6).LEL. (INCEI-NZI))GO TO 535
12C KWiLLS)=1

LLS=LLSe])

IFCELLS-5).LE. (INCEI-NZI))GO YO 530
74C KW(LL4)=1

LLo=LL4e+]

IFULLL4A-4).LE. (INCEI-NZIVIGO YO 520
160 KWiLL3)I=]

LL3=LL3¢)

[F(ELL3-3).LE. (INCEI-NZT))GO TO 510
780 KWiLL2)=]

LL2=LL2¢1

[FLLLL2-2).LEL.(INCEI=-NZI)IGO TO 500
8CO KwiLLl)=]

LLL=LL1e¢1

TFOCLLL=1).LE. (INCEI-NZI))IGO TO 490
820 CONTINUE

NZI=NZl¢]

[F (NZI.LE.NZT) GO TO 450

NZI=0

Sm—
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ABORY FLOW CONTROL

[F(NABORT.EQ.0)GO YO 835
GO TO 840

CONTINUE

IF (IEVENT.EQ.1) GO TO 970

RESET PRIOR STATE (IV) ZERO LOCATIONS

IF (NZ.LT.1.0R.NZ.GY.8) GO YO 950
GO TO (930,910+890,870,850,845,844,843) NZ
IT(rrg)=1

[18=([8¢1
IFC(T18-8).LE.(INCEI-NZ)IGO TO 407
IT(LI7)=1

1I7=117¢1
IFUCIIT-T).LE.(INCEI-NZ)IGO YO 406
IT(I16)=1

116=116¢1
[FLLLL6-6).LE.LINCEI-NZ)IGO YO 405
[Iv(IIS)=1

[I5=115¢1

IF(LTIS-5).LE. (INCEI-NZ))GO TO 400
IT(1I4)=1

[l4=114¢]

IF(LI14~-4).LE. LINCEI-NZ)) GO TO 390
IT(II3)=1

[13=113+]

IF{ULTI3-3).LE.{INCEI-NZ)) GO TO 380
[Tr2)=1

112=112¢+1

IF((I12-2).LE.(INCEI-NZ)) GO TO 370
IT(1il)=}

IT1=111¢1

IFCCITI1-1).LE. (INCEI-NZ))GO YO 360
CONT INUE

NZ=sNZ¢l

IF (NZ.LE.NZT) GO TO 320

NZ=0

CONT INUE

WRITE OUTPUT STATE PROBABILITY TAPE

IF(NABORT.NE.O)GO TO 979
JEVENT=[EVENT
WRITE(3) JEVENT  JCOUNT, { PJLL) 4L =1,JCOUNT)

COMPUTE THE MODE SEQUENCE PROBABILITIES

READ (441280) (LJINCTJIK) »1IK=1,JCOUNT)
JCAP=0

DO 980 [JK=1,JCOUNT

J= LINCTIK)

PCAP(J)=PCAP(J)¢PILITUK)
JCAP=MAXO(JCAPJ)

CONVINUE
PARIVE=PCAP (1) +PCAP(2) +PCAP(])

93
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READ AND WRITE OUTPUT MODE PROBABILITIES AND CAPABILITES

00 1000 J=1,JCAP

READ (5,1260) CEPLJ)FALI) PKLJ)

IF (NC.EQ.O0) GO YO 990

IFINC.NE.T) WRITE (6412700 JoPCAPLJI)CEP(J) FALY)
[FINC.EQ.T7) WRITE(G6,1275) J,PCAP(J)
GO YO 1000

WRITE (6411900 J,PCAP(J),PKLI)
CONYINUE

IF(NC.NE.T7) GO TO 9030
WRITE(6,9020)PARIVE
FORMAT(LX,*PARIVE = *,E12.5)

IF EVENT IS OFFENSIVE ,COMPUTE ET - MISSION EFFECTIVENESS

11=0

IF (NC.NE.O) GO TO 1030
DO 1010 J=1,INCEI
Ivtdi=y

CONTINUE

SUM=0.0

00 1020 J=1,JCAP

SUM= SUMePCAP(J) *PK( J)
CONT INUE

WRITE (6,1200) IEVENT, SUM
€ T=€ TeSUM

WRITE (6,1210) ET

GO YO 80

[F EVENT IS ODEFENSIVE OETERMINE SYSTEM SURVIVABILITY PARAMETERS

IFINC.EQ.7) GO YO 2500
[l=1

00 1040 1Q=1.INCEI
IVEIQ)=12(1Q)

CONTINUE

IF (NC.NE.6) GO TO 1070
=6

T T s g o S g 1 T 0




c3

1050

1C60

€32
2500

2120

2129
2129

2140
2130
2l22

JTCG/AS-76-5-004

QUICK CONVENTIONAL KILLS

READ (5,1290) LMAX KMAX o(R{K)oK=])oKMAX)
WRITE (6:1300) (RIK)K=] ,KMAX)

D0 1050 M=1,INCEL

00 L0S0 L=l,LMAX

READ (5,1310) (PCKILLIM LK) yK=] ,KMAX)
WRITE (8¢1320) MeL o (PIKILLIM L K)oXK=] KMAX)
KMAX]1=aKMAX=]

00 1060 [JK=1,JCOUNT
PMISSIKMAX, 1 JUK)=1.0

J=1JN( 1JK)

SIGMA=CEP(J)/]1.173

DENUM=2,0¢SIGMA®®2

DENL 75=175.0*DENUM

EX1=1.0

DO 1060 K=l ,KMAX]

EX2=0.0

RM2=R(K) **2

IF (RM2.LT.DENL75) EX2=EXP(-RM2/DENUM)
PMISS(Kol UKD =EXL-EX2

PMISSIKMAX y T UK)=PMISSIKMAX, I JK)=PMISSIK, 1K)
EXl=EX2

CONT INUE

GO YO 80

SLOW KILLS

=7
D0 2122 t=1,MLTH
READ (5421200 FTENNCLD) o (FYONN(L 30y JnloNLTH)
FORMAT(17F3.2)
[FF=1-]
TFil.EQ.) GO 7o 2125
PTEN(IL) = (FTENNCTI-FTFNNLIFF))
GO YO 2129
PTENCI I=FTENNL L)
CONTINUE
00 2130 J=1,MNLTH
JFF=y=-1
IF(JJEQ.1)GO TO 2140
PTYON(T 2J)=FTONNCL,J)~FTONNLL,JFF)
GO Y0 2130
PTON(I,J) = FYDNNLL,J)
CONT INUE
CONTINUE
GO YO0 80

95
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c
Ci3 QUICK NUCLEAR KILLS
C

07C CONTINUE
00 1090 {JK=1¢ JCOUNT
QO(tJK1=0.0
$= LINLIIK)
SlGHl'CEP(J.Il-l73
DENUM=2.0¢S1GMA®®2
DENL75=175. 0*DENUM
Ex1=0.0
RM2sRMEL) %2
IF {RM2.LT.0ENLTS) EXI'EXP(‘RNZIDENU“'
QO“JK"EKI“F‘!J)
DO 1080 M=1,INCEI
QPRH(H.[JK"0.0
RMM2sRM{ M) *¢2
RMML 2=RM (Me 1) 432
IF (RNHZ.LE.RHNIZ.OR-RHHIZ.GEoDEN‘75l GO 0 1080
EINI‘EXF(-ﬂHHIZIDENUﬂl
EXH-0.0
IF (RMM2,.LY.DENLTS) EXM=EXP (-RMM2/DENUN)
OPlﬂlﬂvlJKl'EXHI“FA(J“EKH.‘FI(J'

1080 CONT [NUE
1090 CONTINUE

GO T0 80
1100 REWIND 4
REWINO 3
sTaop
34 DEF INE FORMATS

1110 FORMAT (1013)
1120 FORMAT (26H] SYSVEM CONFIGURATLON)
1130 FORMAY llHOoSKoQNEOUanENYoZSK.QNNTBF'1Ko7HTHON!ll'bxoYNTﬂﬂﬂ(Zl'7l

lo?HTHOﬂ(!!.BX;?HTNDNlO!ISbKoSHG OvlliolHN|IZKnlHBvl5l.lﬂY/Ill'
1140 FORMAT (lSplXoblb.FlﬂoZIQEIZ-SoZXoZFb.Zo2X'A2§
1150 FORMAT (1H .lXpl3-2!03!40Fl°.2.2l.4(EIZ.SQZXD)
1160 FORMAT (50H0 YOO MANY INPUTS OR M 1S OUTSIDE ALLOWABLE RANGE)

LL 70 FORMATY |‘3vtvaboZleol3oll'7‘~olloll)
1180 FORMAY ( LHO » 5X ¢ 9HE VENT NOe ¢ 129 1 X¢3HLS v3‘§/5x'lsﬂEVEﬂ‘ OCCURRED »F
16.2¢ 20K HOURS AFTER TlKEUFF/SloleEVENT DESCRIPTION IS cTAG /5XsL 1

2)
119¢ FORMAY (1HO0, 10X e3HJ », 132X IHPCAPLI) w, EL1 2454 2Xo THPKLJ) =, E12.5)
120C FORMAT (l“°'l°l|~°HEFFECTlV£NESS FOR OFFENSIVE EVENT NUMBER 3¢ 1X¢

12H15,E12.5)
1219 FORMAT { 1HO + 10Xy 36HCUMULAT LVE MISSION EFFECTIVENESS 1S +E12.5)

1220 FORMATY ll3.2!-6512.5/6!5!.6511.5'i
1230 FORMAT (23H1 EVENT DESCRIPTION)

1240 FORMAT (13)
1250 FORMAT (LMO 77 5%BHRM ARRAYI(IQX.4(E!2.5v2X)))

1263 FORMAY (3E12.5)
1270 FORMAY (1HO 410X y3HJ =y 1342XIHPCAP (J) 2eEL2.5¢2 X
12X, THFALJ) =,E12.5)

SHCEPLJI) =¢EL12.5
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L27% FORMAT( LHOoLOX¢3HJ =, 132X 9HPCAP(J) =,E12.5)
1280 FORMAYT (2513)

1290 FORMAT (213,10F7.0)

1300 FORMAT (1HO¢2X ¢ 31HCOMPONENT PROBABILITIES OF KILL/
1 17TH COMP# ELEVS R=,10(F8.0,1X))

1310 FORMAT (B8E10.%)

1220 FORMAT (216+204X,EL0.4))

cs

c6
c?

10

20

30
40

50
60

70
ac

END

SUBROUTINE TWOONZ (XGoyNIZoZ1oNXyNZoANSL)
TWO OIMENSIONAL LINEAR INTERPOLATION ROUTINF

DIMENSION Z1(1), ANSL(1)
IXL=(NIZ-1)*NXe)

[F GIVEN VALUE IS LESS THAN LOWER LIMITS OF TABLE, SET RESULTS

EQUAL TO LOWER LIMIT

IF (XG-Z1(IXL)) T70.,70,10
LL=tXLel
LU=] XL eNX~1

SEARCH FOR INTERVAL IN WHICH GIVEN VALUE LIES
D0 20 J=LL,LV
IF (XG=21(J)) 30,80,20
CONT INUE

IF GIVEN VALUE IS GREATER THAN UPPER LIMIY OF TABLE, SETY

RESULTS EQUAL TQ UPPER LIMIY

J=IXLeNX~-]
GO YO 80

GIVEN VALUE WITHIN TABLE, CALCULATE INVERPOLATION FACTOR
RAT=(Z1(JI=XG) 7€Z1 LIV -210J=1))
JP=J=(NIZ-1)*NX

00 LINEAR [NTERPOLATION FOR RESULTS
N0 60 K=1,N2

CHECK FOR ZERO SUBSCRIPY
IF (JP.EQ.1) GO TO 50
ANSLIK)=Z1(JP)=RAT*(21(JP)~21(JUP~-1))
GO YO 60
ANSL(LY)=21(1)
JP=JPeNX
RE TURN
J=IxtL
RAT=0.0
GO Y0 40
ENO
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ELECTRONICS MODE TEST DECK
e % 0 o
1 ELECTRONICS A 10.
2% 10.
2 ELFCTRONICS R 20.
19%. 20,
S99
1 «17 6 23MM QUAD, POSITINN & Y
1 1 1 2 MILITARY FUNCTICON A
IR NORMAL MODE
1
1 3 5 5 COMPLFETE FATLURF
069 N 0
2 1 2 2 MILITARY FUNCTION B
2.2 5 5 NORMAL MODE
2
& JFGRANFD MNDE
0SS H» ¢
999 2 2 o
2 «20 6 23MM QUAD, POSITION & T
1 1 1 2 MILITARY FUNCTION A
) T SRR S | NORMAL MODE
1
: S St G COMPLETE FAILURE
0S9 " 0
2 1 2 2 MILITARY FUNCTYION B
L Z 5% NORMAL MODE




0

999

—

Ll el o

~N

NN

o

999

- &

P et Pt

S9

0

%

w

0

«30 6 23MM QUAD,

1
2

5

5

0
0

2
1
5

w N

n

~N
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DFGRADED MNDE

POSITION &

MILITARY FUNCTION A

NORMAL MODE

COMPLFTE FAILURE

MILITARY FUNCTION

NORMAL MNDE

DEGRADFD MNDE

N MARK 82 SNAKFY:
MILITARY FUNCTION

NORMAL MODE

COMPLETE FAILURF

]

MILITARY FUNCTION 8

NORMAL MODE

99

> ]

(5]
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999
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999
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% 8 NDEGRADED MODE
n o
n 0

«4) & 23MM QUAD, POSITION &
1 2 MILITARY FUNCTION A

2 X NORMAL MQODE
o L CNMPLETE FAILURE

n 0

2 2 MILITARY FUNCTION B
oS NORMAL MODE

> -5 NEGRADED MONE

Yy ¢

n o

«50 0O LAND AT BASE
MILITARY FUNCTION A

ot
~N

5 5 NORMAL MODE

100
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b n

ELECTRONICS A

ELECTRONICS R

ol)
19.
1%
19,
2 100.
0. De
ol Y.
«20
19.
19
19.
2 130.
Ne de
ol e
« 30
19,
1.
19,
2 190,
. e
ol J.
«30
49
19.
10.
1%
2 13C.
C. %.
ol .
40

6 23MM QUAD,ONSITION &
i.

5 23MM QUAD,LPOSITINN &
l.
l.
1.
1000,

6 23MM QUAD,POSITION 4
1.
l.
1.
1000,

N MARK 82 SNAKEYE

7.9

N0

0.6

6 23MM QUAD,POSITION ¢
1.
l.
1.

1000,

O LAND AT BASFE
2.0
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VEHICLE MODE TEST DECK — PROGRAM |

: VEn ACTUALLY GOOD FOR 2 OR 3 OT 10000, |

2 VEH ACTUALLY GOOD FOR DELTA T 10000. |
3 VEH APPARENTLY GODD FOR 22R3 OV 10700. §
4 VEH APPARENTLY GOTD FOR DELTA T 10000.

999
1 .10 7 23MM QUAD, POSITION 4 T
1 1 1 2 FLIGHY FUNCTION O 0 F
-2 9% 5 NORMAL MODE - 0 OF
099 2 0

999 % O 0O

2 «20 7 23MM QUAD, POSITION 4 i
1 1 1 2 FLIGHT FUNCTION 9 QF
255 NORMAL MODE A 0 0 F
; 3 5 5 NORMAL MODE B 0O OF
: 4 5 5 NORMAL MODE C D
1 g 5 95 ABORT MCDE A 9 0O F
} 6 59 ABORY MODE 8 h N F
f TR DOWN U Q €
0S9 n O

999 9 5 0

102
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2

999

Ladl® 3

L i

-}

999

N P e g & -

2

999

« 30
| S |
2 S
3 5
4 5
5 S
6 S

99
Q n
<40
L.k
> 5
3 5
4 5
s 5
99 n
0 N

.59
) S |
S
3 5
4 5
5 5§

9 0
0 O

~nN

wn

o
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T 23MM QUAD, POSITION &

FLIGHT FUNCTION
NORMAL MODF A
NORMAL MODE B
NORMAL MODE C
ARORT MODE A

NNWN

T 23MM QuAD, PASITION &

FLIGHY FUNCTION
NNRMAL MODE A
NNRMAL MNDDE B
NORMAL MODE C

DOWN

T LAND AT BASFE
FLIGHT FUNCTION

NORMAL MDOE A

NORMAL MODE R
NNRMAL MCDE C

NOWN

2 O 9O o

o
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VEHICLE MODE TEST DECK —~ PROGRAM 2

g L SN WE

-3

VEH ACTUALLY 500D FOR 2 OR 3 OT

2 VFH ACTUALLY GOO) FOR NDELTYA T

3 VEH APPARENTLY GNOD FOR 2)R3 T

4 VEH APPARENTLY

999
1 19 T 23w
10.
02100100100100

04 5717919201090
05 397 69 90109
100 20 40 70100

2 20 T 23MM

19,

10.

19,

19.

1.

10,
02109100100100
04 57100100100
N5 3% 63 90100
100 27 40 70100

3 «30 T 23MM

10.

10.

1.

19%.

19.
0219291997190100
04 50100100100
05 397 60 90100
100 20 497 70107

GOOD FOR DJELYA T

QUAD, POSITION 4
1.

QUADy POSITION 4
l.
l.
1.
l.
l.
1.

QUAD, POSITION &
l.
1.
1.
l.
1.

10000.
10000,
10000.
10000.

0.
0.
0.

D

1.
l.
l.




N

5 4N T 23MM QUAD, PNSITION &

1N, l.
1). j 7
1N, ) S
10, g4
021€719910010N

04 50102100100
05 33 69 90100
100 29 47 70100
6 «59 7 LAND AT BASF

12. B
17 1.
1Je 1.
1% L
02127100190100

04 59100100100
05 32 60 90100
100 29 4% mM10n

105
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SIMULATION MODEL

This section discusses the manner in which calculations are performed within the
computer routines. The blocks of code are headed by comment cards. These comment cards
are also the titles of the schematic diagrams (Figures 21 through 49), which facilitate
cross-referencing. Following the discussion of the code is a subsection entitled User
Information, which describes restrictions, simulation errors, and limitations affecting input.
This is followed by a description of abbreviations and symbols for the simulation model.

PROGRAM 1

Program 1 consists of only one routine. The purpose of this routine is to define and
number all possible mode sequences for all events resulting from all possible states of the
system. The mode sequence numbers are an array that is stored on an intermediate device
for use in Program 2.

The statements

S LR CE R SRR AR RS ES R R R REE R E R S RGN EER SR RN E R R SRS RS E R FE SRR G EE RS R ke S

C
C
C MISSION DAMAGE EFFECTIVENESS MODEL - PROGRAM ONE
C MISDEM - PGM L
C
c

PEREES SRR EEERE R ER KR SRR ERE E R RE R R GE R R AR R RS ERE R R ER R R RE R R E R R SRS r S SR

DIMENSION CN(3) ¢CNAME(8423),DEF(3)oDONAME(8),FNAME(10,27,10),

1 HOMT(4) 4 JES(10927+25) ¢JU(23925)eKS(L10¢2T)oKU(23)9KW(23)oLEE(10),
2 LFCLO)yLLFU27),LLQULD427) yLMA(L0¢2T7423)¢LMAT(10,27,23),LMATT(23)
3 JLQU10,27)oMD(10,27) yMT123)oMMQLL10427),MQLL0+27),0FF(3)yWEAPN(T)

INTEGER*2 [ UN(256)

LIGICAL MD,MDT

EQUIVALENCE (LMA(Lolol) LMAT(Lols1))

DATA BLK/4&H / +OFF/QHOFFE  4HNS IV 4HE / +DEF/4HDEFE, 4HNS IV,
* 4HE /+0UT /2HNO/

are used to allocate storage by use of the DIMENSION statement, to reserve two integer
storage locations for each of the 256 INTEGER*2 words, to declare the variables MD and
MDT as logical with four storage locations allocated for each, to define storage that is to be
shared by two or more entities by use of the EQUIVALENCE statement, and to define the
initial values for various variables by use of the DATA statement.

The statements

c
cl INITIALIZE
c

L1=27
LCN8=8
L40=10
LCEl =23
L72=7
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are used to define variable names for the dimensional constant. L1 is the maximum number
of modes (in all subfunctions) of the mode logic (see Figure 21). L40 is the maximum
number of subfunctions. LCN8 is the maximum number of equipment name segments. L72
is the maximum number of mode sequences (or flow paths). LCEI is the maximum number
of subsystems in the equipment configuration, used as a check (later in the program) on
program input.

The statements

INCE =0

D0 20 [=1,LCEI

MI(I)=1

DO 29 J=1,LCN8

CNAME( Jo 1) =BLK
20 CONY INUE

are used to initialize subsystems counter (INCEI) to zero, to set the on-off flag to “on" and
to insert blanks in all the subsystem name locations.

The statement

READ (S5 +950)N2T yMCR o MPR , MAV

is used to read the first input data card. These variables are used for control of state
generation (through NZT) and state probability generation (through MCR. MPR and MAV).
These four inputs are discussed at length in the User Information subsection.

The statements

c2 READ AND WRITE SYSTEM DESCRIPTION

WRITE(6,960)
WRITE(6,970)

D0 40 I=1,LCEl

READ (5+980) Mo (ONAME(J) ¢J=14LCNB )y TBFMy (HOMT(MPRM) MPRM=1, &) ONOFF

[F(M.EQ.999)GD YO 60

WRITE(69990) My (IDNAME(J) ¢ J=1 yLCNB) ¢ TBFM, ( FOMT (MPRM ) yMPRM=1,4),0ONOFF

[F(M . GT.LCEI.,OR.M,LTe1) GO TO 50
[F(M.GT.INCEI) INCEI =M
[F (ONOFF .EQ.OUTIMI(T)=0
DO 40 J=1,LCN8
CNAME( Jo [ ) =DNAME( J)

40 CONTINUE
READ(5,980) M
IF(M.EQ.999) 50 TO 60

50 WRITE(641000)

stToe

60 CONTINUE
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are used for input/output of the system description. The first two lines write the headings in
preparation for the output. The next statement starts a loop which allows for the maximum
input of 23 subsystem definitions. Each subsystem definition consists of the equipment
name, mean time between failures, nuclear damage thresholds and a logical flag (ONOFF)
which can be used to suppress a subsystem (prevent its being considered further). If the |
system number that is input is equal to 999, the program switches control out of the loop ¥
(i.e., *“60 CONTINUE") signifying that there are no more inputs of this type. However, if a 1
system configuration is input, the program proceeds to write out information. The next i"
statement is used to check for blanks (subsystems left out) or too many subsystems (relative

to LCED in the input data. If either one of these conditions exist, program control is

transferred to an error message which is written out and the program stops. The next

statement updates the counter which keeps track of the total number of subsystems input.

The next statement is used to set a flag if a subsystem is being suppressed. The next three

statements store the subsystem name by a reference index number corresponding to LCEL

Program control is then transferred to the beginning of the system configuration loop to

read the next subsystem description. Should the program go through the loop 23 times and

never transfer control to the statement which says “60 CONTINUE", the program will read

another card. If this card contains another system description, the program will write an

error message and stop; however, if the input contains a 999" for the subsystem number,

control will be transferred to the “60 CONTINUE™ statement and program execution will

flow as described in the next set of statements.

The statement

REWIND &

is used to rewind the tape to the beginning on which the mode sequence number array is to
be written.

The statement
70 CONTINUE
begins the event description loop.

The statements

c3 READ AND WRITE EVENY DESCRIPTVION

READ(5¢10104END=840) TEVENT,T2,NC, (WEAPN(I)yI=1,7),MDT
WRITE(641270)
DO 71 N=1,3
CNIN)=OFF (N)
[FI(NC.NE.O) CN(N)=DEF(N)
71 CONTINUE
WRITE(6,1020) IEVENT, (CN(N)¢N=1430y T2, (WEAPN(I)yI=1,7), MDT
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are used to read and write the event description (one of many); event number, time, type
(defensive or offensive), weapons description, and mission descriptor defining the
environmental conditions at the time of the event.

IFINC.NE.T7) WRITE(6,1)60)
IFINC.EQ.7) WRITE(6,1065)

are used to select between mode logic output table headings corresponding to electronics
modes (NC = 0 to 6) or vehicle mode (NC = 7).

The statements

C

Ch READ SUBFUNCTIONAL FLOW FOR EVENT AND GENERATE SUBSYSTEM
C REQUIREMENTS VECTOR

C

DO 250 1=1,L40

D0 240 K=1,L1

MO(I K)=,.FALSE.

READ IS yLOTOILF (I o LLFUKD oLQUI oK) yLLQUIZ K)o (FNAMEL L KyJ)yJ=14101,
. MQUT oK) oMMQUT oK) oMD(ToK) o (LMAT(19KyJd) oJd=1y INCEI)
L=9

DO 90 J=1,INCEI

IF(LMAT(I,KyJ).EQ.O0)GD TO 100

80 L=Lel
TFILMAT(I +KyJ)«EQ.LIGD YO 90
LMATT(L) =0

GO TO 80
90 LMATT(L)=1

GO TO 140
100 J=Lel

IF(JGTLINCEINGO TO 140
D0 110 L=J,INCEI

110 LMATT(L)=0

140 0O 150 L=1,INCEI

159 LMA(I,KeL) =LMATT(L)

are used to read the subsystem requirements, specified in terms of subsystem ordinal
numbers, and then to derive the subsystem requirements binary vector for each subfunction
and mode, and store it in the LMA array.

The statements

C
Cs WRITE SUBFUNCTIONAL FLOW
C
IF(NC.NE.T)
LWRITE(641080MILFUTD o LLFIK)oLQUI oK) LLQUEK) o (FNAME(T KoJ)oJd=1,s10),
¢ MQUI oK) oMMQU I oK) gMDUT K)o (LMAT(IoKoed)od=1, INCEI)

IFINC.EQ.T7) WRITE(6,1085) LF(I) o LLFIRIoLQETIK)oLLQIEI,K),
®  (FNAME(ToKod)oJd=191d) o (LMAT(I¢KoJ)oJ=1,INCEI)
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IF(LLF(K) «EQ.99) G) TO 230
IFILF(I) «EQ.999) GO TO 260
GO TO 240

230 LEE(1l)=x~-]
GO TO 250

240 CONTINUE

250 CONTINUE
I=L40¢1
READ(S,1070)M
IF(M<EQ.999) GO YO 260
WRITE(6.,1090)
STOP

are used to write the input subsystem requirements in binary form, along with subfunction,
mode and mode logic, as shown in Figure 23.

The process of reading, generating the LMA vector, and writing as discussed in the
previous two paragraphs continues until one of two things happen. If the event input list has
been exhausted, control will be transferred to the statement 260 CONTINUE". However,
if the number of inputs exceed the dimensional values, the program will write an error
message and stop.

The statements

c
Cs INITIALIZE FOR MODE SEQUENCE IDENTIFICATION
C
260 LE=I-1
LQSVL=0
LLQS=0
NZ =0

00 290 J=1,L40
00 290 K=1,L1
KS{J,K)=0
DO 290 [=1,L72
JES(J,Ky1)=0
290 CONTINUE
DO 300 I=1,LCEI
KWi(l)=0
300 CONTINUE
DO 310 JCOUNT=1,256
TJNCJCOUNT) =0
317 CONTINUE
JCOUNT=0
JCAP=0

are used to initialize all variables used in the mode sequence identification process which
starts in the next block of code. l
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The statements

¢

c7

c
330
340
350
360
370

380

390

391

392

393
4920

[aNaNal
@

410

402

404

GENERATE FINAL STATE OF THE SYSTEM - BINARY VECTOR KW

CONTINUE

DO 340 I=1,INCEI
KW(I)=1

CONTINUE
IF(NZ.LT.1)GO TO 400
LLl=]

KW{LL1)=0
IF(NZ.LT.2)GO TO 400
LL2=LL1+1

KW(LL2)=0
[F(NZ.LT.3)GO TO 400
LL3=(L2¢]

KWiLL3)=0
IF(NZ.LT.4)GO TO 400
LL4=LL3+)

KWi{LL4)=0
IF(NZ.LT.5)GO TO 400
LLS=LL4¢1

KW(LLS5)=0

IF(NZ.LT.6) GO TO 400
LL6=LLSe]

KHi{LL6)=0

IF(NZ.LT.7) GO TO 400
LLT=LLb6r])

KW(LLT)=0

IFINZ.LT.8) GO TO 400
LLB8=LL7+1

KWiLL8)=0

CONTINUE

The statements

TEST FOR SUPPRESSED SUBSYSTEMS

DO 410 MM=]1,INCEL
IF(MI(MM).NE.OIGO TO %10
IF(KW(MM).EQ.1)GO TO T20
CONTINUE

[F(NC.EQ.7)GO TO 405
IF(MCR.EQ.0)GO TO 402
[F(KW(MCR).EQ.0)GO YO 720
[F(MPR.EQ.0)GDO TO 404
IF(KWIMPR).EQ.0)GO TO 720
IF(MAV.EQ.0)GO TO 405
IFIKWIMAV).EQ.2)1GO TO 720

405 CONTINUE

JCOUNT =JCOUNT+#1

work in conjunction with a later block of code to generate a set of current state (binary)
vectors KW, limited by the current number of zeros (NZ) in the array.
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1. A subsystem be viable that has been deleted (by the MI flag)

2. A subsystem (one of three) be failed that is critical to all significant modes (the

subsystems are labeled MCR, MPR, and MAV).

The second test applies only to the electronic mode (NC = 0 to 6). Note that no number is

assigned to a rejected state.

The statements

o000
w

538

540

550

560

58¢C

5990

620

610

620
630
640

DEF INE MODE SEQUENCE AND SUBSYSTEMS USED

DO S30 I=1,LCEI
KULI)=0

LTEST=1

DO 640 L = 1,LE
LEQ=LEE(L)

DO 540 K= 1,LEQ
KS(L,K)=0

IF(L.EQ.LQSVL.OR.LTEST.EQ.1) GO TO 550

GO YO 640
D0 630 K=1,LEQ

[F(K,GE.LLQS.OR.LTEST. EQ.1)

GO TO 630

GO TO 560

G TO 590
LQSVL=MQ(L,K)
LLQS=MMQ(L,K)
LYEST=0

IF(LQSVL.EQ.L) GO TO 530

GO TO 640

LYEST=]

DO 600 M=1,INCE!
IF(KM(M) LT LMALL KoM )
CONTINUE

DO 610 M=]1,INCEI
TF(KWIM) GT.LMALL, Ko M)
IF(KM(M) cEQ.LMA(L,K,M)
CONTINUE

KS(L¢K)=]

LQSVL=LQ(L,K)
LLQS=LLQ(L,K)

LTEST=0
IF(LQSVL.GT.LIGO TO 6640
CONTINUE

CONTINUE

J=JCAP+]

GO TO 620

+DR.KWIM).EQ.0) GO TO 610
«AND.KW(M).EQel) KU(M)=1
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are used to generate the KS and KU binary arrays which define subfunction/mode numbers
used and the subsystem numbers used, respectively, by the current state. LE and LEE are
the number of subfunctions and modes (per subfunction) defined, which limit the outer
(subfunction) and inner (mode) do-loops ending at 640 and 630, respectively. LQSVL and
LLQS are the subfunction and mode numbers which are assigned for subsequent testing of
the KW. LQSVL and LLQS are initially 1 and 1. They are later assigned the values MQ,
MMQ if the mission descriptor (MD) test fails, and are assigned the values LQ, LLQ if the
LMA test (subsystem requirements) is successful. The LMA test takes place in the inner
do-loop on M, ending at 600. The KU array and KS array are loaded with a 1 after each
successful mode. LTEST=0 is a flag denoting failure of the MD test, which results in
rejection of further tests on the current subfunction and mode. When LMA test fails, the
very next mode is required, so LTEST is set to 1, preventing the selection of the next
subfunction. As a result of these processes, the KU (M) array is the union of all subsystem
requirements of the mode sequence.

The statements

C10 ASSIGN MODE SEQUENCE NUMBERS

850 J=y-1
IF(J.NE.O) GO TO 680
JCAP=JCAP+1
J=JCAP
D0 660 L = 1,LE
LEQ=LEE(L)
D0 660 K=1,LEQ
JESILoKeJ)=KS(LyK)
660 CONTINUE
DO 670 1U=1,INCEI
JU(TUJI=KU(IV)
670 CONTINUE
GO TO 700
680 DO 690 L = 1,LE
LEQ=LEE(L)
00 690 K=1,LEQ
IF(JESILoKyJDeNEL.KSIL,K)) GO TO 650
690 CONTINUE
7C0  CONTINUE
[INCJCOUNT) =y

are used to assign a mode sequence number (J) to the current state number (JCOUNT). This
is done by comparing the new JS array against its inmediate predecessor, identified by the
variable JES. If identical, the decremented J number is assigned to the current JOOUNT. If
not, the next earlier KS is tested (i.e., J is decremented again). This is continued, if no
match is found, to the first KS. If it still is not matched, the tentative JCAP is adopted as
the J value. Thus, in the testing against all previous KS, any match stops the process at some
J, which then gets ascribed to the current JCOUNT, along with the associated JES and JU
(the final array representing subsystems used). But if it fails, the JCAP value, which has been
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saved as a potential value of J from the beginning of the test, is finally authorized.
Incidentally, JCAP tracks the largest value of J, and is used as a limit on do-loops in
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subsequent portions of the program.

The statements

ciu
20
124

726

128

730

740

150

760

T7C

790

are used to increment the locations (LL1, LL2, etc.) of the (up to) eight possible zeros
within the KW array after each state has been “pushed” through the preczding three blocks

REPOSITION ZERDS IN STATE BINARY VECTOR (KW)

I€(NZ.LT.1.0R.N2.GT.8)G0 TO 790

GO TO (TT70¢760,750,74),730,728,726,724)4 N2
KWiLLB)=]

LLA=LLS8+]

IFC(LLB-8).LE, (INCEI~-NZ)) GO TO 393
KW(LLT)=1

LL7=LLT7¢]

IF(LLL7-T).LE. (INCEI~-NZ)) GO TO 392
KWi(LL6) =]

LL6=LL6+]

IF(CLL6-6).LE. (INCEI~-NZ)) GO TO 391
KW(LLS)=]

LLS=LLS+]
IFCILLS-5).LE.(INCEI-NZ))IGO TO 390
KW(LL4) =1

LL4=LLG+]

IF((LL4~4).LE. (INCEI-NZ))GO TO 380
KW(LL3)=1]

LL3=LL3+]

IFC(LL3~3).LE. (INCEI-NZ))GO TO 370
KW(LL2)=1

LL2=LL2¢1 .
IFI(LL2-2).LE. (INCEI-NZ))GO TO 360
KWwitLLl)=1

LL1=LL]1¢]

IF(CLLLI-1).LE. (INCEI-NZ))GO TO 350
CONTINUE

NZ=NZ+¢1

IFINZ.LEJNZTIGO TO 330

NZ=0 3

of code.

The statements

WRITE MODE SEQUENCE AND SUBSYSTEMS USED

DO 820 J=1,JCAP
WRITE(6,1170)

WRITE(641140) J
DO 800 L = 1,LE
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LEQ=LEE(L)

00 800 K=1,LEQ

IF(JES(L,KyJ).EQ.O0) GI TO 800

WRITE(6,1150) (FNAME(L,K,I )ol=1,10)
800 CONTINUE

[F(NC.NE.7) WRITE(6,1180)

IFINC.EQe7) WRITE(6,1185)

DO 810 M=1,INCEI

[FLJU(MyJ).NE. 1) GO TD 810

WRITE(6+1190) (CNAME(K,M)oK=1,LCN8)
810 CONTINUE
820 CONTINUE

are used to print the modes and subsystems associated with each mode sequence number.
This is accomplished by means of the JES and JU arrays, associated with, J.

The statements

C
cl3 WRITE MODE SEQUENCE ON TAPE FOR USE IN PROGRAM 2
C
WRITE(4,1280) (T1JINC(TIJK) 41JK=14JCOUNT)
GO YO 70
840 END FILE 4
REWIND 4
sTQe

write the mode sequence number array on unit 4. Control is transferred back to statement
*“70 CONTINUE” where another event is processed. When all events have been processed.
the tape containing the mode sequence number is rewound and Program 1 stops.

The statements

Cls DEF INE FORMATS
C
$50 FORMAT(1013)
960 FORMAT (26H1 SYSTEM CONFIGURATION)
970 FORMAT(1HO,8Xy9HEQUIPMENT 25Xy 4HMTBF 4 TXo THTHOM( 1)y 6Xy THTHDOM( 2)
ETX o THTHDM(3) ¢8Xo THTHOM (4D /56X ¢ 3HG Dy 11X o 1HNy 12Xe LHBy 15Xy IHT//1X)
980 FORMAT(I3,1Xy8A4,FLl0.2/4E12.5,T65,A2)
990 FORMATH(LIH o1Xo0392XeBA4,F10.202Xee(EL12.592X)e3XeA2)
1700 FORMAT (SOHO TOO MANY [INPUTS OR M (S OUTSIDE ALLOWABLE RANGE)
LOLD FORMAT(I3 41X oFEa29lXel3,1XeTAG,2X,L 1)
1020 FORMAT(LHOy5X ¢ 9HEVENT NOoy [291X93HIS +3A4/5X,15HEVENT OCCURRED ,
.F602'
*20H HOURS AFTER TAKEOFF/S5X92LHEVENT DESCRIPTION IS ,T7A&/5X,L1)
1060 FORMAT (1HO 77X ¢16HSUBFUNCTION/ MODE ¢32Xy21HEQUIPMENT DESCRIPTION,12
= Xe18HMISSION JESCRIPTOR/1X)
1065 FORMAT(LHOy TX ¢16HSUBFUNCTION/MODEy32Xy3SHFL IGHT AND OETECTION TIM
*E REMAINING)
1079 FORMAT(413,1X¢10A441X,213,1X,0L172313)
1080 FORMAY([X.Z[3:ZX.2[302X'lOACQTOOOZl3012Xol1.'59.23l[)
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1085 FORMAT(LX9213¢2X92[3,2X,10A%, 159,2311)
1C90 FORMAT (29HO TOO MANY INPUTS FOR F ARRAY)
1140 FORMAT(1HO,11X,13)
115C FORMAT(LH ,45X910A%)
1170 FORMAT(1H ,5X,16HMODE SEQUENCE NO9¢16X,18HSUBFUNCT IONAL FLOW)
1180 FORMAT(1HO0¢58X15HSUBSYSTEMS USED/1X)
1185 FORMAT{1HO0,58X y31HACTUAL AND APPARENT FLIGHT TIME)
1190 FORMAT(1H ,60X,8A4)
1270 FORMAT (23H1 EVENT DESCRIPTION)
1280 FORMAT(2513)
END

define the formats used by Program 1 to read and write the inputs and outputs.

PROGRAM 2

Program 2 consists of a main routine and one subroutine. The purpose of Program 2 is
to use the mode sequences defined in Program 1 in conjunction with input capabilities (own
system and threat) to compute the mode probabilities and system effectiveness and
survivability parameters.

Main Routine

The purpose of the main routine is to control the inputs and perform all logic and
computations except for an interpolation that is performed by the subroutine.

The statements

SR IR EEAE XL NRR RS X R E R R R XK E R R R R R XK AR KN E R R E R R RE X R R RR KRS EREE KRk KLk Sk &

c
C
c MISSION DAMAGE EFFECTIVENESS MODEL - PROGRAM TwO
c MISDEM - PGM 2
C
C

PERRERERERE R R KRR KRR KX XK ERR AR KR EREX SR EE B EE R X KR K E R AR EE R AR K ERE AR R EE R Kk &

DIMENSION CEP(50) ¢CN(3) yCURVE(4,30)+DEF(3) yDNAME(8),FA(S50),
FTDNN(16916) s FTFNN(16) yGRAPH(30) ¢ HOMT (4 ), ISUB(4), IT(23),1TT(23)
oIVE23) o1Z2(23)¢J2123)4KW(23) KWW(23),M1(23) ,MTBF(23),0FF(3),
PCAP(50) yPCKILLI23,10+27)9PCSURV(23+10+27)oP1(256)+PJ(256),
PK(50) yPM(23) yPMM{23) 4PMISS(274256)+PTDN(16+16)+PTFN(16),
Q0(256) yQPRM(23,4256) yRI10) ¢ RA(23)sRESUL(2)sRM(24)THOM( 2344),
TIMEF(23) yTIMEN(23) WEAPN(T)

INTEGER*2 TJN(256)

LOGICAL MDT

DATA OFF/4HOFFE ¢ 4HNSIV ¢ 4HE / +DEF /4HOEFE, 4HNS IV, 4HE /+0UT/ 2HNO/

CWVMESEWUN -
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are used to allocate storage by use of the dimension statement to reserve two integer storage
locations for each of the 256 INTEGER*2 words, declare the variable MDT as logical with
tour storage locations allocated for each, and define the initial values for various variables by
use of the data statements.

The statements

C

c! INITLALIZE

C
LCN8=8
LCEI=2)
LT12=40

are used to define variable names for the dimensional constants. LCN8 is the maximum
number of equipment name segments. LCEI is the maximum number of subsystems in the
equipment configuration, used as a check (later in the program) on program input. L72 is
the maximum number of mode sequences generated by Program 1 for any event.

The statements

INCEIL=0
00 30 [=1,LCEL
MTBF ([)=0.0
PM{1)=0.0
ME(T)=1
tvir) =t
It =1
NO 20 MPRM=],4
THOM( [ yMPRM) =0
20 CONTINUE
30 CONTINUE

are used to initialize the subsystems counter (INCEI) to zero, to set all MTBF values and
probability of reliable operation values equal to zero, to set the on-off flag tor all
subsystems to “on’’, to initialize the event and subsystem counter arrays and to zero-out all
damage threshold storage locations tar all subsystewms.

The statement

READ (S5+1110) NZT MCR¢ MPR,MAV MLTH,NABORY

is used to read the first input data card. These variables are used for control of state
generation (through NZT), state probability generation (through MCR, MPR, and MAV),
mission length (MLTH), and event abort control (NABORT).
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The statements

c2 READ AND WRITE SYSTEM DESCRIPTION

o

WRITE (641120} ]
WRITE (6,1130) ,
00 50 l=1,LCEl
READ (5o1140) My (DNAME(J)¢J=1¢LCNB ), TBEM, (HOMT (MPRM )4 MPRM= 1441, THN |
L+ TNF JONOFF
IF (N.EQ.999) GO TO 70
WRITE (6411500 My (DNAME(J) 4 J=1,LCNB) (TBE M, (HOMT (MPRM) (MPRM=1,4)
IF (M.GT.LCEI.OR.M.LT. 1) GO TO 60
TF (M.GTLINCEE) INCEI=]
IF (ONOFF.EQ.OUT) NI(1)=0
DO 40 MPRM=1,4
THOM (I (MPRM) =HDNT ( MPRM )
40 CONTINUE
MTBF L1)=TBFN
TIMEN( 1) =TMN
TIMEF( 1) =TNF
SO CONT INUE
READ (5,1140) M
IF (M.EQ.999) GO TO T2
60 MRITE (6,1160)
sToP
70 CONT INUE

are used for input/output of the system description. The first two lines write the headings in
preparation for the output.

The next statement starts a loop which allows for the maximum input of 23 subsystem
definitions. Fach subsystem definition consists of the equipment names, MTBE, nuclear {
damage thresholds and a logical flag (ON OFF) which can be used to suppress a subsvstem
(prevent its being considered further). If the system number that is input is equal to 999,
the program switches control out of the loop (i.e., *“70 CONTINUE") signitving there are no
more inputs of this type. However, if a system configuration is input, the program proceeds
to write out information. The next statement is used to check for blanks (subsystems left
out) or too many subsystems (relative to LCED in the input data. If either of these
conditions exist, program control is transferred to an error message which is written out and
the program stops. The next statement updates the counter which keeps track of the total
number of subsystems input.

The next statement is used to set a flag if a subsystem is being suppressed. The internal
do-loop which follows stores the damage threshold information with the subsystem index.
The next three statements take the MTBF, the time on and time off information and stores
them by the subsystem index.
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Program control is then transferred to the beginning of the system configuration loop
to read the next subsystem description. Should the program go through the loop 23 times
and never transfer control to the statement which says ‘70 CONTINUE”, the program will
read another card. If this card contains another system description, the program will write
an error message and stop. However, if the input contains a “999” for the subsystem
number, control will be transferred to the “70 CONTINUE" statement and program
execution will flow as described in the next set of statements.

The statements

c
C3 INITIALIZE
(4

ET=0.0

11=0

T1=0.0

initialize the values of expected number of targets killed, the previous event type, and event
time.

The statements

REWIND 4
REWIND 3

rewind the tapes on units three and four so that they will start at the beginning.

The statements

c
cH INITIALIZE
(%
80 CONTINUE
00 85 M=1,INCEI
RM(M)=0.0
85 CONTINUE

begin the event description loop and zero out the lethal radius storage locations for all
subsystems.

The statements

c :
Cc5 READ AND WRITE EVENT DESCRIPTION

READ (S5+1170,END=1100) IEVENT,T2,NC,(WEAPN(I),I=1,T7),MOT
WRITE (6,1230)

00 90 N=1,3

CN(N)=0FF (N)
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IF (NC.NE.O) CNUN)=DEF (N)
90 CONTINUE
WRITE (6,1180) [EVENT, (CNIN) yN=1¢3),T2,(WEAPN(I),I=1,7),MDT

are used to read and write the event description (one of many): event number, time, type
(defensive or offensive), weapon description, and a mission descriptor defining the environ-
mental conditions at the time of the event.

The statements

DO 100 L=1,INCEI
f[zeLi=t
100 CONTINUE

are used to copy the subsystems ordinal number into the vulnerability index array as initial
values which are changed later, only if there is a nuclear event.

The statement
IF (NC.EQ.0.OR.NC.EQ.5 .OR. NC.EQ.7) GO TO 200

transfers control to a later section of the program if the event is not an electronics mode
nuclear-definsive event.

The next set of statements

COMPUTE LETHAL RADII AND ASSIGN INDEX

(s ¥aNal
[e2]

DO 120 [=1,NC
READ (5,41240) NPOINT
N2=2*NPOINT
READ (5012200 ISUB(I)s (CURVE(IsJ)yJI=LyN2)
IS=ISUB(I)
DO 120 M=1,INCEI
D0 110 [J=1,N2
GRAPH(IJI=CURVE(L,I N
110 CONVINUE
CALL TWODNZ (THOM(MyIS)+1yGRAPHyNPOINT,2,RESUL)
RA(M)=RESUL (2)
RM(M)=AMAXL (RA(M) yRM(M) )
120 CONTINUE
INE=INCEI+]1
RMUINE)=0.0
DO 140 LOO=1,INCEI
INIT=L00¢1
00 130 J=INIT,INE
IF (RMUJ).LE.RM(LOO)) GO YO 130
STORE=RM( J)

120

——




JTCG/AS-76-S-004

RM{J)=RM(LOO)
RM(LOO)=STORE
LTORE=1Z(LOO)
[Z(LO0I=1Z(J)
IZ(J)=1TORE
13C CONTINUE
140 CONVINUE
WRITE (6,1250) (RM(M),M=]1, INE)

wiil be discussed in two parts in order to clarify their use. These statements are used for
nuclear defensive events only.

The first set encompasses statements from “DO 120" through ‘120 CONTINUE". The
statements through **110 CONTINUE" are used to read nuclear weapon effect data and
store the information in GRAPH for four damage mechanisms. The CALL TWODNZ applies
a linear interpolation routine to derive the lethal radius associated with each subsystem and
each of the four damage mechanisms.

The two statements following the CALL statement detect the maximum value of the
lethal radius of the subsystem, over all four damage mechanisms.

The second set of statements beginning with INE = INCEI + | are used to reassign the
lethal radii in descending order and to assign a vulnerability index number (12) to each
subsystem, where 1 corresponds to the maximum lethal radius. The lethal radii values are
subsequently printed out.

The next statements

COMPUTE SUBSYSTEM RELIABILITY IN TRANSITION

[aXaXKg)
~

200 CONTINUE
DO 230 M=1,INCEIL
PM(M)=1,.0
IF (MI(M).EQ.0) GO TO 230
IF (T2.LE.TIMEN(M)) GO VO 230
IF (T2.GE.TIMEF(M)) GO TO 210
DELTAT=T2-T1
IF (T1.LESTIMEN(M)) DELTAT=T2-TIMEN(M)
GO 70 220
210 DELTAT=0.0
IF (TIMEF(M).GT.T1) DELTAT=TINEF(M)-T]
220 PM(M)=1,0-DELTAT/MTBF(M)DELTAT®*2/ (2,0*MTBF(M)**2)
230 CONTINUE
Ti=T2
DO 240 L=1,INCEI
Jv=IviL)
PMM(L)=PM(JV)
240 CONTINUE
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are used to compute the reliability of every subsystem which is time dependent. The
reliability equation is:

di = exp (- At + MTBF) = | - At/MTBF + At2/2MTBF2
where
dk represents subsystem reliability in the transition

At is the elapsed subsystem time in the transition

MTBEF is the mean time between failures

The statements

C
c8 INITIALIZE STATE AND STATE PROBABILITIES
C

NZ=0

NZI=0

DO 250 [=1,LCE!L

KWl )=0

250 CONTINUE
00 260 J=1,L72
PCAP(J)1=0.0
260 CONTINUE
JCAP =0
[F (IEVENT.NE.1) GO T3 290
{COUNT=]
DO 270 M=1,INCEI
IT(M)=1
LTT(M) =L
IF (MI{M).EQ.1) GO TO 270
{T(M1=0
ITT(M)=0
270 CONTINUE

initialize the current state binary vector and probability of all mode sequences at zero. If the
event is not the first, program control is transferred to a later part of the program. However,
if it is the first event, the prior state vectors IT and ITT are initialized to all “ones” (except
deleted subsystems) representing a perfect state at takeoff and no other prior states are
considered for this event.

The statements

c9 ABORY FLOW CONTROL

IFINABORT.NE.OIGOD TO 275
GO TO 278
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differcntiate between abort events (used for simulating the first event of an abort mission)
and non-abort events and directs the program control accordingly.

For those first abort mission events, the statements

c
c1o INIVIALIZE ABORT STATES

275 1F (I EVENT.NE.1) GO TO 290

READ(3)JEVENT JCOUNT(PJ(L) yL=1, JCOUNT)
IF(JEVENT .NE.NABORT)GD TO 275
DO 277 I=1,JCOUNT
PILII=PILT)
217 PI(1)=0.0
GO TO 305

read the state probability on tape unit 3 into prior state probability Pl for the event number
indicated by (equal to) NABORT. In addition, the current state probability PJ is initialized
to zero. Program control is transferred to a later section of the program which generates the
initial state of the system.

The statements

c
cll INITIALIZE NORMAL STATES
C
278 CO 280 L=1,256
PI(L)=1.0
PJ(L)=0.0
280 CONTVINUE
GO TO 310

290 70 300 I=1,JCOUNT
PLLL)=PILT)
PJ(1)=0.0

3CO CONTINUE

305 CONTINUE
ICOUNT=0

initialize the non-abort state probabilities for the prior event (PI) equal to one and for the
current event (PJ) equal to zero. Since the event is not an abort event, the prior event
probabilities are set equal to the current event probabilities from the last event, and the
current event probabilities are reinitialized to zero. The prior state counter is also set equal
to zero.

|| 123
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The statements
Cc
Cl2 GENERATE A PRIOR STATE OF THE SYSTEM (IT)
C

310 IFI(NABORT.EQ.0)GO TO 315

GO TO 320
315 CCNTINUE

IF(IEVENT.EQ.1)GD YO ¢40

320 CONTINUE
D0 330 I=1,INCEI
IT(1)=1

330 CONTINUE
[F (NZ.LT.1) GO TO 410
[1l=1

360 IT(II1)=0
IF (NZ.LT.2) GO TO 410
[12=111¢1

37C 1T(L12)=0
IF (NZ.LT.3) GO TO 410
113=112¢1

380 IT(II3)=0
IF (NZ.LT.4) GO TO 410
Il4=113+]

390 IT(1I4)=0

; IF (NZ.LT.5) GO TO 410
115=114¢1

400 IT(LI51=0
IF(NZ.LT.6)GO TO 410
[16=115+1

405 IT(II6)=0
IF(NZ.LT.7)GO TO 410
[17=116¢1

406 IT(IIT7)=0
IF(NZ.LT.8)GO TO 410
118=117¢1

407 1T(II8)=0

are used to place exactly NZ zeros into the prior state vector. This block of code works with
the block of code just prior to Compute State Probabilities, to generate all prior states.

The statements

c
Ci3 TEST FOR DELETED OR CRITICAL SUBSYSTEMS
c
410 CONTINUE
DO 420 MM=1,INCEI
IF (MI(MM).EQ.1) GO TO 420
IF (IT(MM).EQ.1) GO TD 840
420 CONTINUE
IFINC.EQ.T) GO YO 425
IF(MCR.EQ.0)GO TO 422




422
424
425

are used to test for deleted and critical subsystems. This block of code is identical to the one

JTCG/AS-76-5-004

IFCITIMCRILEQ.O0) GO TO 840

[F(MPR.EQ.0)1GO TO 42¢

[FLIT(MPR).EQ.O0) GO Y 840

IF(MAV.EQ.0)GD TO 425
IFILIT(MAV).EQ.O0) GO YO 840
ICOUNT=ICOUNT+1

in Program 1.

460

490

500

510

520

%30

The statements

440 JCOUNT=0

| The statements

GENERATE A CURRENT STATE OF THE SYSTEM (KW)

CONTINUE

DO 460 I=1,INCEI
KW(I)=1

CONTINUE

[F (NZI.LT.1l) GO TO 540
LLl=1

KWiLLl)=0

IF (NZI.LT.2) GO TO 540
LL2=LL1¢]

Ku(LL2)=0

IF (NZI.LT.3) GO YO S¢0
LL3=LL2¢]

KW(LL3)=0

IF (NZI.LT.4) GO TO 5S40
LL4=LL3e)

KWiLL&)=0

IF (NZ1.LY.5) GO TO 540
LLS=LL4¢])

KWILL5)=0
[FINZI.LT.6)G0 TO 540
LL6=LLS+]

Ccly RESHUFFLE SUBSYSTEM ORDER
C
DO 430 L=1,INCEIL
Jvs=lviL)
| IYTL) =1 T(IV)
L 430 CONTINUE

(S reorder the subsystems in preparation for use in the transition algorithm.
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€35 KwiLL6)=0
IF(NZI.LY.T)GO YO S«0
LLT7=LL6e]

536 KW{LLT)I=0
IF(NZI.LT.8)GO TO 540
LL8=LLTel

537 KW(LLB)=0

540 CONTINUE

are completely analogous to the initial state generation and are identically coded.

The statements

Cis TEST FOR SUPPRESSED SUBSYSTEMS

DO 550 MM=]1,INCE!

IF (MI(MM).EQ.1) GO TO 550

IF (KW(MM).EQ.1) GO YO T10
550 CONTINUE

IFINC.EQ.7)GO TO 555

IFIMCR.EQ.0)GD YO 552

IF(KWN(MCR).EQ.0)GO YO 710
552 IF(MPR.EQ.0IGO TO 55¢

IF(KW(MPR).EQ.0)GO YO 710
354 IF(MAV.EQ.0)GD YO 555

IF(KW(MAV).EQ.0)GO TO 710
555 JCOUNT=JCOUNT+1

are completely analogous to the prior state test and are identically coded.

The statements

C
c17 RESHUFFLE SUBSYSTEM ORDER
c

D0 560 L=1,INCEI

Jvs=lviL)

KWW(L) =KN(JV)

560 CONTINUE

are complefely analogous to the prior state subsystem reordering and are identically coded.

The statement

c
cls COMPUTE THE SYSTEM STATE TRANSITION PROBABILITY

p—

IF (11.NE.6) GO TO 1500

3
Qr— g
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allows the first transition algorithm to be used, which applies to electronics mode quick
conventional threat type events. The test parameter is 11, the prior event type.

The statements

9 QUICK CONVENTIONAL THREAT DAMAGE AND RELIABILITY

o000
e

SUMTRK=0,0
DO 620 K=1,KMAX
SUMTRA=0.0
00 610 L=1,LMAX
TRANS=1.0
DO 600 M=],INCEI
PCSURVIMyLyK) = 1.0 - PCKILLIMyLK)
IF (ITT(M)I-KWW(M)) ST0,580,590
S710 TRANS=0.0
GO Y0 620
580 [F (ITT(M).EQ.0.0) GO TO 600
TRANS=PCSURV(MoL oK) ®PMM{ M) ¢ TRANS
GO 70 600
S9C TRANS=({1.,0-PCSURV(M,L,K)*PMM(M) ) *TRANS
€CC CONTINUE
SUMTRA=TRANS+SUMTRA
61C CONTINUE
SUMTRK=( SUMTRA/LMAX)*PMISS(K,ICOUNT ) ¢SUMTRK
620 CONVINUE
TRANS=SUMTRK
GO YO 700
15CC IF(II.NE.7) GO TO 630

compute the transition probability TRANS for the state-pair under consideration. The last
statement transfers control to the nuclear transition algorithm if appropriate. Otherwise, the
prior event is deemed to be a vehicle mode application, which requires the slow threat
damage transition algorithm which follows.

The statements

C
€20 SLOW THREAT DAMAGE
C

TRANS = 1,0

NTFN=0

I TFEN=Q

TINCEI=INCEI/2

00 1510 L=1,IINCEI

TFIKWW(L)EQ.LINTFN=2®® ((INCEI/2)-L ) NTFN
1510 TFCITTIL)LEQ.L)ITFN=2¢®((INCEI/2)-L)*ITFN

NTON=0

[TON=0

JINCEI=IINCE[¢]

D0 1520 L=JINCEL,INCEI

IFIKWWIL)<EQ.LINTON=2¢* (INCEI~L)*NTON

127
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1520 IF(ITT(L).EQ.L)ITON=2¢*(INCEI-L)+ITON

NTTF=NTFNe]
ITIF=1TFNeL
NTTD=NTON+1
ITTD=1TON#1
IF(ITTD.GY. ITTF.OR.NTTD.GT.NTTF)GO TO 1605
IF(ITTF.LE.1.OR.ITTD.LE.L) GO TO 1605
IF(NTTF.GT.(ITTF-1).0R.NTTD.GT.(ITTD-1))GO TO 1605
GO TO 1610

16C5 TRANS1=20
GO YO 1720

1610 TRANS1=0
IF(NTTF-(ITTF-1)11670,1620,1620

1620 TF(NTTO-(ITTD-1))1630,1625,1625

1625 DO 1627 I=NTTF,MLTH
SUMPTD=0

- D0 1626 J=NTTD,I

1626 SUMPTD=PTON(1,J) ¢+SUMPTD

1627 TRANSL=PTFN( 1) *SUMPTD+ TRANS1
60 Y0 1720

163C DO 1631 I=NTTF,MLTH

1631 TRANSL=PTFN(I)*PTON(I, NTTO) +TRANSL
GO TO 1720

167C IF(NTTD-(ITTD-1)11680,1675,1675

L€75 DO 1676 J=NTTD,NTTF

1676 TRANS1=PTON(NTTF,J) ¢TRANSL
TRANS1=PTFN(NT TF ) *TRANS |
GO YO 1720

168C TRANSL=PTFN(NTTF)*PTON(NTTF,NTTD)

1720 TRANS=TRANS]*TRANS
GO YO 700

compute the transition probability for the vehicle mode. The statements through 1520
convert the binary t and 7 values to decimal values. The next four statements change the
time reference from the prior event to the current event. The next six statements eliminate
unwanted states by setting the transition probability to zero. The remaining statements are

as described in the flow chart (Figure 8). The four transition probability equations are given
in Table 6.

The statements

23 QUICK NUCLEAR DAMAGE AND RELIABILITY )
(ALSO NON-DEFENSIVE TRANSITIONS)

c
c
c
C

"
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630 TRANS=1.0
NF =1
IF(I1.€Q.0) GO TO 640
TRANS=QOD( ICOUNT)
NF =0
€40 CONTINUE
DO 690 M=1,INCEI
IF (ITT(M)=KWW(M)) 650,660,670
Ia €50 TRANS=0.0
GO TO 700
660 IF (ITT(M).EQ.0) GO TN 680
NF=1
TRANS=TRANS $PMM( M)
GO TO 690
67C TRANS=TRANS*(1.0-PMM{M) )
68C IF (NF.EQ.0) TRANS=TRANS+QPRM(M, [COUNT)
69C CONTINUE

compute the transition probability for the electronics nuclear events and non-defensive
electronics events. The flag NF = 1 in the third statement indicates that nuclear damage is
not considered. This is revised immediately if the prior event was electronics-nuclear, but is
reset to 1 when the first surviving subsystem is encountered. For non-nuclear events, only
reliability effects occur.

The statements

c
c22 COMPUTE THE STATE PROBABILITIES
52
70C PJUJCOUNT)=TRANS*PI(ICOUNT) ¢+PJ(JCOUNT)

accumulate (add) the probabilities for all transitions into the same current state. This sum is
the current state probability. This is repeated for all current states as the state do-loop is
executed. The equation is:

K ,
’ Pj. n= 3 (Pj/i,n)"(P"")
The statements

c
c23 RESET CURRENY STATE (Kw) 2ERO LOCATIONS
C
710 IF (NZ1.LT.1.0R.NZI.GT.8) GO TO 820
GO TO (800+780,760¢7409720+ 7157147130 ¢NZI
713 KW(iLL8)=1
LL8=LLB+]
[FCOLLB=-8).LE. (INCEI=NZI}IGO TO 537

129 -4
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114 KWiLLT)=1

LL7=LLT+]l

TF(LLLT-T).LE.(INCEI-NZI))GO TO 536
715 KWlLL6I=]

LL6=LL6¢L

IFL(LL6-6).LE. LINCEI-NZI))GOD TO 535
12C KWlLLS)=1

LLS5=LL5+1

IF(LLLS-5).LE. (INCEI-NZI))GO VO 530
14C KW(LL4)=1

LL4=LL4+]

IF(ILL4-4).LE. (INCEI-NZIYIGO TO 520
160 KW(LL3)=1

LL3=LL3¢+]

IF((LL3-3).LE. (INCEI-NZI))GO TO 510
180 KW(LL2)=1

LL2=LL2+]

[F(ILL2-2).LE. (INCEI-NZI))IGO TO 500
8CO Kw(LL1l)=1

LL1=LL1+1

IF((LLI-1).LE. (INCEI-NZI)IGO TO 490
820 CONTINUE

NZI=NZI¢1

IF (NZI.LE.NZT) GO TO 450

NZI=0

work in conjunction with an earlier block of code called ‘‘Generate Prior State” to do just
that. The role of these statements is to increment the location of the right-most zero in the
state vector until it has gone as far as it can to the right and then increment the next zero
location, etc. If all zeros have been moved as far as possible to the right, another zero is
brought into play. However, if the added zero exceeds the number provided by the user
(NZT test), the process of generating states is arrested and the program continues.

The statements

c2h ABORT FLOW CONTROL

IF(NABORT.EQ.0)GO TO 835
GO TO 840

835 CONTINUE
IF (IEVENT.EQ.1) GO TO 970

control state generation for first events. If the event is not an abort and is the first event,
there is only one initial state, and the prior state generation is bypassed. If the event is an
abort, the normal state generation process is continued.
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The statements

C25 RESET PRIOCR STATE (IT) 2ZERO LOCATIONS

840 IF (NZ.LT.1.0R.NZ2.GT.8) GO YO 950

GO YO (930+910+890,870,850,845,844,843), NZ
843 IT(II8I=1

118=118+1

IF((T18-8).LE.(INCEI-NZ)IGO TO 407
844 IT(IIT)=1

II7=117¢+1
: IF((ITIT7-T).LE.(INCEI-NZ))GO TO 406
845 IT(LII6)=1

116=116¢1

[IF((I16-6).LE.(INCEI-NZ))GO TO 405
850 IT(IIS)=1

[I5=([5¢1

IF((115-5).LE. {INCEI~-NZ))GO TD 400
870 IT(114)=]

I114=114¢1

IF((I14-4).LE. (INCEI-NZ)) GO YO 390
890 IT(II3)=1

[13=113+1

IFILII3-3).LE.(INCEI-NZ)) GO TO 380
910 IT(II2)=1

112=112+1

IF((I12-2).LE.({INCEI-NZ)) GO TO 370
$30 IT(IIl)=1

[Il=111¢1

IFCCIT1-1).LE. (INCEI-NZ))IGO YO 360
S50 CONTINUE

NZ=NZe¢l

IF (NZ.LE.NZT) GO TO 320

NZ=0
G70 CONTINUE

S AR & - I S > e W W

! arc analogous to the “Reset Current State Zero Locations” block of code and is identically
1 coded.

‘:ﬁ The statements

———————er e e e

|

{ c

1 C26  WRITE OUTPUT STATE PROBABILITY TAPE

3 c

IF(NABORT.NE.O)GO TO 979

JEVENT=IEVENT

WRITE(3) JEVENT o JCOUNT, (PJC(L) oL =1, JCOUNT )

prepare a record of state probabilities on a normal mission, which may be employed to
initialize an abort mission. The variable JEVENT is used to denote a normal mission event
B number so that the IEVENT variable may be used on an abort mission without ambiguity.

J 131 '




JTCG/AS-76-8-004

The statements

C27 COMPUTE THE MODE SEQUENCE PROBABILITIES
C
STS READ (4+1280) (IJNCTJKD o 1JK=14JCOUNT)
JCAP=0
DO 980 [JK=1,JCOUNT
J=[IN(TJK)
PCAP(J)=PCAP(J)¢PILTUK)
JCAP=MAXO(JCAP,J)
S8C CONTINUE
PARIVE=PCAP (L) ¢«PCAP(2) ¢+PCAP(3)

are used to read in the mode sequence number array from program one and then distribute
all state probability into variables PCAP(J) (representing probability of the Jth mode
sequence). The distribution is made in accordance with the mode sequence number (J)
array, whose subscript is the state number. PARIVE is the sum of probabilities of the first
three mode sequences. In a vehicle mission, this sum is printed out (later). The mode
sequence probability equation is:

jmax
Pin= Z_ Pin

The statements

c28 READ AND WRITE OUTPUYT MODE PROBABILITIES AND CAPABILITES

D0 1000 J=1,JCAP
READ (5+1260) CEP(JDIFALJ)PK(J)
IF (NC.EQ.O0) GO YO 990
IFINC.NE.T) WRITE (641270) Jo,PCAP(J)+CEP(J)FALY)
[F(NC.EQ.7) WRITE(641275) JsPCAP(J)
GO TO 1000

990 WRITE (6,1190) J,PCAP(J)PK(J)

1C00 CONTINUE
[F(NC.NE.T7) GO TO 9030
WRITE(6,9020)PARIVE

9C20 FORMAT(LX,*PARIVE = *4E12.5)

are used to write the mode sequence probabilities, and read and write offensive and
defensive capabilities as appropriate to the event type and MISDEM mode. If the current
event is not a vehicle simulation, an additional set of statements are executed. For offensive
events, the output effectiveness equations are:

JICAP .
PRm= T, PrixPyq :
N
EfN)= T P,
n=

132
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The statements

c .
€29 IF EVENT IS OFFENSIVE ,COMPUTE ET - MISSION EFFECTIVENESS
c
903C 11=0
IF (NC.NE.O) GO TO 1030
DO 1910 J=1,INCEI
IViJ)=y
1310 CONTINUE
SUM=0.0
00 1020 J=1,JCAP
SUM= SUMePCAP ( J) *PK( J)
1620 CONTINUE
WRITE (6,1200) IEVENT, SUM
ET=E TeSUM
WRITE (6,1210) ET
GO TO 80

are used to set the prior event type variable 11 to zero in preparation of the next event, and
remains so unless the current event is not. If offensive, the vulnerability indices are
initialized equal to subsystem ordinal number, and cumulative expected number of targets
killed is updated and printed out. If the event is not offensive, control is transferred to the
next block of code.

The statements

c
C
Co IF EVENY IS DEFENSIVE DETERMINE SYSTEM SURVIVABILITY PARAMETERS
c
C
1030 IF(NC.EQ.7) GO TO 2500
11=1
00 1040 IQ=1,INCEI
IVEIQ)=12(1Q)

1040 CONVINUE
IF (NC.NE.6) GO TO 1070
=6

are used to set prior event type equal to 1 and vulnerability indices equal to the rank order
dictated by this current nuclear/conventional defensive-electronics event.

The statements

(¥
c3l QUICK CONVENTIONAL KILLS
c
READ (5¢1290) LMAX KMAX 4 (R(KD)gK=1yKMAX)
WRITE (6+1300) (R(K)oK=1,KMAX)
D0 1050 M=1,INCEI
00 1050 Ls=1,LMAX
READ (5,1310) (PCKILLIMoLoK)oK=]1,KMAX)

133
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1050 WRITE (6,1320) MeLo(PIKILLIM,L K)o K=1,KMAX)
KMAX]1=KMAX-1
DO 1060 [JK=1,JCOUNT
PMISS(KMAX, [ JK)=1.0
J=1JIN( TJK)
SIGMA=CEP(J)/1.178
DENUM=2.0%SIGMA*#2
OENL 75=175. 0*DENUM
EX1l=1.0
DO 1060 K=1,KMAX]
EX2=0.0
RM2=R(K) ¢*2
[F (RM2.LT.DENLTS) EX2=EXP(-RM2/0ENUMI

PMISS(KelJKD=EXL-EX2
PMISS(KMAX [ JK)=PMISSIKMAXy [IK)}=PMISS(K, 1JK)

EX1=EX2
1060 CONTINUE
GO YO 80

are used first to load all subsystem Kkill probabilities associated with KMAX miss distances
and LMAX offset angles, for use in computing the conventional weapon transition
probability in the next event. The statements after 1050 are used to compute the
probability of a threat warhead miss in a circular zone whose inner radius is R(K). The three
equations used in this block of code are given below. The standard deviation (sigma) is
derived from the threat weapon CEP as follows:

o=CEP/1.178
The result of the integration of the bivariate normal distribution over limits Ry and
Rk+1 > Ry is:

Piss(K) = exp (Rk2 [2a2)- exp(RE +1/2 0?)

The transition probability associated with such an event is then computed as:

K
Pi/i = kg] Pj/i (given burst point k) x P (burst point k)

The statements

[
c °2 SLOW KILLS
c

2500 11=7

DO 2122 I=1,MLTH

READ (5921200 FTFNN(I)y (FTONN(ToJ)eJ=1oMLTH)
2120 FORMAT(LTF3.2)

[FF=[-1

IF(I.EQ.L) GO 70 2125
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PYFN(I) = (FTENN(ID-FTFNNCIFF))
GO TO 2129
PYEN(I)=FTFNNLT)
CONTINUE
00 2130 J=1,MLTH
JFF=J-1
IF(J.EQ.1)GO TO 2140
PTONCI yJ)=FTONN(IoJ)-FTONN(I,JFF)
GO0 Y0 2130
PTON(I¢J) = FTDNN(IL.J)
CONT INUE
CONTINUE
GO YO 80

are used first to read in the flight time and abort detection time distribution functions. The
statements after 2120 are used to compute the discrete probabilities of flight time and abort
detection time for all values up to and including the duration of the mission MLTH. The
flight time algorithm ends at 2129: the abort detection time algorithm ends at 2130.

C

The statements

c33

C

1C7C

1080
1€90

QUICK NUCLEAR KILLS

CONTINUE

DO 1090 [JK=1,JCOUNT
QO(1JK)=0.0

J= [UN(1JK)
SIGMA=CEP(JN/1.1T708
DENUM=2,0*SIGMA*#*2
DEN175=175. 0®*DENUM
EX1=0.0

RM2=RM(1)**x2

IF {RM2.LT.DEN1T7S) EX12EXP(-RM2/DENUNM)
QO(TJK)I=EXL**FA(J)

DO 1080 M=1,INCEI

QPRM(M,y1JK) =0.0

RMM2=RM(M) *%2

RMML2=RM (M+ 1) &%

[F (RMM2.LE.RMM12,0R.RMM12,GE.DEN17S) GO TO 1080
EXM1=E XP(=RMM] 2 /DE NUM)

EXM=0.0

IF (RMM2,LT.DENLT7S) EXM=EXP(=-RMM2/DENUM)
QPRM (M [ IK) =EXMLERFALJ) ~EXM®RFA(J)

CONT INUE

CONTINUE

GO T0 80
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are used to compute the probability of a nuclear weapon miss in the circular zone whose
outer radius is RM (M). Since the miss is assumed normally distributed, the miss probability
is negligibly small beyond a few standard deviations. This fact is used in setting up a test for
RM to avoid underflow in the subtraction of two vanishing numbers in the fourth statement
from the bottom. The equation for miss probability is:

q'k,i=

exp (SPdrf 4 1/2 6;2) - exp (SPArf /2 0,2

The following statements are used to rewind the tapes and stop the execution of the

program.

1100 REWIND 4
REWIND 3

sToP

The statements

G

Cay DEFINE FORMATS

C
1110 FORMAT
1120 FORMAT
1130 FORMAT

(101 3)
(26H1 SYSTEM CONFIGURATION)
(1HO ¢ 8X y9HEQUIPMENT ¢ 25X ¢« &HMTBF  TX o THTHOM(1 ) 46Xy THTHOMI 2D, TX

Lo THTHDM(3) ¢ 8Xy THTHDM(4 ) /56X ¢3HG Do L1X9LHNe 12X¢o LHB ¢ LS5Xo LHT//71X)

1140 FORMAT
1150 FORMAT
1160 FORMAT
1170 FORMAT
1180 FORMAY

(I1391X98A4,Fl0.2/4E12.5¢2X92F60292XeA2)

(1H 91X o0392X¢8A4yF1l0.292X94(EL2.5¢2X))

(S0HO TOO MANY [INPUTS OR M IS OUTSIDE ALLOWABLE RANGE)
(1301 XeF6e291XeI1391XeTA&Ge2X,L1)

(1HO ¢ SX ¢y 9HEVENT NOe« o [291X93HIS 4 3A4/5Xy 1SHEVENT OCCURRED ,F

16.2y20H HOURS AFTER TAKEOFF/SX921HEVENYT DESCRIPTION IS ,TA& /SX,L1

2)
1190 FORMAT
120C FORMAT

{1HO 410X ¢3HJ =9 1342Xs9HPCAP(J) =,EL2.5+2Xe THPK(J) =,EL12.5)
(1HO, 10Xy 4OHEFFECTIVENESS FOR OFFENSIVE EVENT NUMBER,I3,1X,

12HIS4E12.5)

1210 FORMAT
1220 FORMAT
1230 FORMATY
1240 FORMAT
125C FORMAT
1260 FORMATY
1270 FORMAT

12Xy THFA(J) =,E12.5)
1275 FORMAT( LHOp10X¢3HJ =, 13,2X9HPCAP(J) =4El2.5)

1280 FORMATY
1290 FORMAT
1300 FORMAT

1 1TH COMP# ELEV# R=,10(F8.0,1X))

1310 FORMAT
1220 FORMATY
END

define the input and output formats.

(1HO+10Xy36HCUMULATIVE MISSION EFFECTIVENESS IS ,El2.5)
(13¢2X96EL2.5/4(5X46EL2.5))

(23H1 EVENT DESCRIPTION)

(13)

(1HO //5X,8HRM ARRAY/(14X+4(EL12.5,2X)))
(3E12.5)

(1HO » 10X 93HJY =9 1392Xs9HPCAP(J) =4EL2.5¢2Xs BHCEP(J) =,E12.5,

(2513)
(213,10F7.0)
(1HO ¢ 2X ¢ 31HCOMPONENT PROBABILITIES OF KILL/

(8E10.4)
(2016+2(4X0EL0.4))
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Subroutine TWODNZ

The purpose of this routine is to obtain the value of an unknown which lies along a
given curve by the linear interpolation method.

The statements

SUBROUTINE TWOONZ (XGoNIZoZ1oNXoNZyANSL)
TWO OIMENSIONAL LINEAR INTERPOLATION ROUTINE

(2N aKal
l

DIMENSION Z181)s ANSL(1)

are used to pass information in and out of the subroutine and allow storage for the arrays by
use of the DIMENSION statement. The arguments in the calling sequence are identified as
follows:

XB = Given value of independent variable
NIZ = Column in which independent variable is stored

Z1 = Name of array in which the variables are stored. Although the array is actually
a one-dimensional array, it can be considered to consist of two columns, one
for the independent variable and one column for each dependent variable.

NX = Number of values in any column (same for all dependent variables)
NZ = Number of different variables (including the independent vanable)
ANSI = Answer vector

NOTE: Z1 is stored in the following fashion:
ZA(1), Z1(2). .. .ZY(NX), Z2(1). . . .Z2(NX)- - -ZNZ(1). . . .ZNZ(NX).
Z1 is stored in increasing order as a single vector with a one-dimensional
subscript.

The statements

IXL=(NIZ~1) &NXe]l
C2 IF GIVEN VALUE IS LESS THAN LOWER LIMITS OF TABLE, SET RESULTS
C EQUAL TO LOWER LIMIT
IF (XG-Z1(IXL)) TO,70,10
10 LL=IXL¢)
LU=] XL eNX-]
c3 SEARCH FOR INTERVAL IN WHICH GIVEN VALUE LIES

. 00 20 J=LL,LU
IF (X6=21tJ)) 30,80,20

20 CONTINUE
Cu IF GIVEN VALUE IS GREATER THAN UPPER LIMIT OF TABLE, SET
C RESULTS EQUAL TO UPPER LINIY
J=IXLeNX~1
GO TO 80
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Cs GIVEN VALUE WITHIN TABLEs CALCULATE [INTERPOLATION FACTOR
30 RAT=LZ M JI-XGI2C2Z2LN-2100-10)
40 JP=J-(NIZ-1)*NX

Cs DO LINEAR INTERPOLATION FOR RESULTS
D0 60 K=1,NZ
c7 CHECK FOR ZERO SUBSCRIPY

IF (JP.EQ.1) GO TO 50 1
ANSLIK)=Z1(JP)-=RAT*(Z1(JP)-21(JP~1))
GO YO0 60 {
50 ANSL(1l)=Z1(1)
&0 JP=JP+NX
RE TURN
70 J=IxL
8C RAT=0.0
GO TO 40 1
ENO

e

perform the interpolation using a ratio factor. Assuming that the values of the independent
variable are called Vj, i = 1,.. .n, the value of V corresponding to a given value, Tg is found
by the following method:

g-Y
Herrl

where

T <Tg<Tj+
Vr=:R[\G4'|'Vﬂ +\U

There is no extrapolation beyond the values given in the table. When the given value is less
than the smallest value of the independent variable in the table, this smallest value is used:

similarly when the given value is greater than the largest value of the independent variable in
the table, the largest value is used.

USER INFORMATION

Machine Requirements

MISDEM was written for use with the IBM 370/168 computer. This FORTRAN

program contains three external references (EXP, MAXO, and AMAX]1), all of which are

basic ASCII routines. Since MISDEM is almost totally self-contained, it could easily be

| converted for use on other machines with some minor programming changes. Program 2 is
; ! the larger, and occupies approximately 168K bytes of storage to execute as currently :
' dimensioned. Running time for the test (verification) cases required less than one minute for i
both the electronics and vehicle modes combined. |
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These specifications are for running the MISDEM model at an IBM 370/168 facility.
However, the exact requirements are both machine and facility dependent and should be
verified betore running the MISDEM model at a specific facility.

Conversion to CDC Machines

Conversion to a CDC machine is exceedingly simple. In program one, line 4,

replace  INTEGER* 2 1IN(256)
with DIMENSION 1IN(256)

Between lines 70 and 71 the read statement must be changed to read as follows:

READ (5, 1810) 1 EVENT, T2, NC, (WEAPN(D), I=1, 7), MDT IF (EOF(5)) 840, 711
CONTINUE

The changes necessary in program 2 are very similar, starting with the first dimension
statement:

replace  INTEGER* 2 1IN(256)
with DIMENSION LIN(256)

Between lines 85 and 90 the read statement must be changed to:

READ (5, 1170) I EVENT, TC, NC, (WEAPN(1), I=1, 7), MDT IF (EOF(5)) 1100, 87
CONTINUE

Uncontrolled Errors

Machine limitations are probably not significant in most applications. As currently
dimensioned, six decimal places have been allowed for the output probabilities. Input data
are, at present, probably resulting in inaccurate output beyond the third decimal place. As
long as the machine precision exceeds the output parameter precision, there is no ambiguity

or error in the output caused by the machine. Uncontrolled mathematical errors occur only
in the:

1. Approximation in the reliability algorithms

2. Approximation in the multiple nuclear warhead zone miss probability algorithm
3. Assumed unity kill probability of a nuclear warhead within a lethal radius

4. Assumption of subsystem failure independence, as discussed previously

S. Assumption of failure independence between the vehicle and the electronics.
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Controlled Errors Versus Runnﬂ Time

USE OF NZT. In the conventional electronics mode, controllable errors will occur as a
result of suppressing states having (acceptably) low probability. This is accomplished by
setting NZT <M where NZT is the maximum number of allowable zeros (failures) in the
state (binary -M) vector, and M is the number of subsystems. Because the states having a
large number of failures will normally be assigned low probability, their deletion will not
significantly affect the output.

This is not true in the nuclear electronics case. A significant amount of probability
mass will be allocated to states having several vulnerable subsystems failed. This is due to the
tendency of a user te make the damage thresholds common for several subsystems. due to
lack of contrary information. When the nuclear threat is significant, it is because failures
occur. Then the probabilities assigned to group failures are high due to the unity correlation
of failures in the group having the same lethal radius. So the larger the size of such groups.
the larger must be the value of NZT to ensure accounting for significant probability mass.

The use of NZT <M is a way to reduce machine use time in electronics modes:

therefore, its choice is important. The error caused by NZT <M is difficult to predict, but it
can be (in some cases) observed in the output by adding all values of PCAP(J) (mode
sequence probability) at a given event. If the sum falls short of 1.0, the defect is due to
NZT. The cases where this technique works is where states have not been suppressed by the
subsystem criticality (MCR, MPR, MAV) tests {which would otherwise result in an
additional loss of probability mass, that would thereby hide the loss caused by NZT alone).

The variable NZT cannot be used to reduce the running time in the vehicle mode
because it would introduce large errors as follows. If NZT is less than INCE] (the size of the
state vector), the state having all zeros is suppressed. This is the state that causes flight
failure in a single epoch, and could carry a significant probability mass if the damage
mechanisms are relatively quick.

QUANTIZATION ERRORS. The use of a relatively small number of events to
represent a larger number of events in the real world results in time-quantization errors. For
the electronics case, the simulated system is not allowed to change its response to
encounters (i.e., employ a different mode sequence) except at the specified event time,
whereas in the real world, the response could have changed several times in the time interval.
The state probability distribution could be in error at the end of the interval for defensive
events, as a result of the instability caused by the feedback of countermeasures effectiveness
to survivability of countermeasures When precise results are required, the quantization
interval can be decreased to suit. When the mission results are within desired values of the
apparent asymptotic values, the interval need be decreased no further. The running time
increase is directly proportional to the number of events when it is large.

In the vehicle mode, there is a quantization error due to the fact that the scenario
event times may not coincide with the regular intervals required in this mode. One cure for
this is the use of a larger number of events, although the impact on running time is much
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greater than in the electronics case. The running time in the vehicle case is proportional to
2 (4 logy N) for large N, where N is the number of events. Another possible cure for this
problem is manipulation of the input data to provide flight time and abort-detection time
distribution functions at regular intervals, which are then compatible with MISDEM.

USE OF MCR, MPR AND MAV. The use of critical subsystems (MCR, MPR and MAV)
in the electronics case, to reduce running time, suppresses those states having zeros in those
subsystems, and results in a loss of probability mass in those modes not requiring such
subsystems. If these latter modes are not considered significant to the output, the error is
acceptable. The three variables (MCR, MPR and MAV) are identical in function.

Application Notes

DELETION OF SUBSYSTEMS. In the electronics mode, subsystems may be deleted
on a mission basis only, by means of the variable ONOFF in the system configuration data.
This is not applicable to the vehicle mode, which does not use subsystems in its state vector.

CONTROL OF SUBSYSTEM ON AND OFF TIMES. For purposes of computing
reliability in the clectronics mode, the program requires a single turn-on time and a single
turn-off time for each subsystem. The variables TMN and TMF (for time-on and time-off,
respectively) cannot, however, be used to delete subsystems (a function reserved for
ONOFF). In fact, it is necessary that the user select TMN and TMF in such a way that the
subsystems are “on” for every event whose mode sequence logic requires them *“‘up™ tor any
mode (unless the user is willing to accept the error resulting from the inconsistent inputs).

SOURCES OF DATA. There is no known documentary source of data for the
abort-detection time distribution function at present. Some examples of these functions are
given to aid the user in deciding how to select input values of this function. Consider first
the MISDEM application to involuntary aborts. The latter aborts are defined to be
independent of the time the crew detects a need to abort. To model the involuntary aborts,
the input abort-detection time distribution functions could be set to zero for all time. The
abort then occurs whenever the flight time runs out, not before. Alternatively, it may be
assumed that the crew has perfect knowledge of the amount of flight time remaining. In
order to model this situation, the abort-detection time distribution functions would be set
to 1.0 for all time. The abort then occurs in accordance with the mode sequence logic: e.g.,
when the flight time remaining becomes less than the normal mission duration.
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List of Abbreviations and Symbols

(Simulation Model — Program One)

Equivalent in

Abbreviation mathematical Definition Units
or symbol B

AMAX1 IBM utility routine to choose the maximum between
two numbers

BLK A blank which is used to clear the subsystem names in
core

CN(N) Ultimately contains the event-type descriptions “offen-
sive” or “‘defensive”

CNAME(J,1) Permanent storage location for the Ith subsystem name

DEF(N) A word containing the Holerith character
“DEFENSIVE"

DNAME(J)) Temporary storage location for the subsystem names

FNAME Name of the subfunction and/or mode

HDMT(MPRM) I(m’,R) Temporary location for the damage threshold for
designated MPRM damage mechanism (gamma “dot™,
neutron, blast, and thermal)

IEVENT Event number

UK Subscript of LIN representing prior state number

IIN(JK) Mode sequen e number for the indicated system state

INCEI Number of ;ubsystems read-in

U k Subscript «f JU and KU arrays representing subsystem
ordinal nuiber

JCAP Ultimately the number of mode sequences

JCOUNT K Ultimately the number of system states generated

JES(LK,}) Final binary array defining the subfunction and mode
of the Jth mode scquence %

Ju(iu)) Subsystem ordinal numbers used in the Jth mode
sequence

4
KS(L,K) Temporary binary array defining the subfunction/mode

number in the current mode sequence

e e
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List of Abbreviations and Symbols (contd)

(Simulation Model - Program One)

Abbreviation

Equivalent in
mathematical

Definition

Units

or symbol model

KU(IU) Temporary binary array defining the ordinal numbers
of subsystems used for the current mode sequence

KW(I) An array consisting of zeros (0) and ones (1) describing
the state of the system

LCEI Allowable number of subsystems in equipment
configuration

LCNS Dimensional constant. Allowable number of equipment
name segments

LE Number of subfunctions in the current event

LEE(I) Number of modes in subfunction I

LEQ Synonym for LEE, used as do-loop limit

LF Subfunction ordinal number

L1 Maximum number of modes (all subfunctions)

L40 Dimensional constant. Maximum number of sub-
functions

L72 Dimensional constant. Maximum number of mode
sequences

LLF(K) Mode ordinal number for Kth subfunction

LLQ(I,K) Next mode number, if current subfunction and mode
can be accomplished

LLQS Designated value for the next mode in the mode
sequence definition

LL1 Location of current state zero no. |

LL2 Location of current state zero no. 2

LL3 Location of current state zero no. 3

LL4 Location of current state zero no. 4

LLS Location of current state zero 0. 5
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List of Abbreviations and Symbols (contd)

(Simulation Model - Program One)

Abbreviation

Equivalent in

s G mathematical Definition Units

ok i model

LL6 Location of current state zero no. 6

LL? Location of current state zero no. 7

LL8 Location of current state zero no. &

LMA(LK,L) The binary array defining the subsystem numbers (L)
required for subfunction 1 and mode K

LMAT Ordinal numbers of subsystems needed for the 1)
subfunction/mode input to show location of a (1) in
the LMA array

LMATT(L) Temporary storage for LMA

LQ Next subfunction number if current subfunction and
mode equipment requirements are met

LQSVL Designated value for the next subfunction in the mode
sequence definition

LTEST Flow control flag for blocking the selection of the next
subfunction if the equipment requirements are not met

MAV Ordinal sumber of critical subsystem (one of three)

MCR Ordinal number of critical subsystem

ML) Required mission condition for subfunction and mode

MDT Mission descriptor (T or F) specifying mission condi-
tions (cloud cover, visibility, etc.) for the event

MI(MM) Flag for each subsystem, MM, set to one or zero
depending on ONOFF

MM Subscript of M1 representing subsystem ordinal number

MMQ(1,)) Next mode number if current subfunction and mode
do not meet requirement of MDT

MPR Ordinal number of critical subsystem

MPRM m' Subscript for HDMT representing the number of a

damage mechanism
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List of Abbreviations and Symbols (contd.)

(Simulation Model — Program One)

Pl

Equivalent in

A::);e:i':‘(l)" mathematical Definition Units

Y model

MQ(L.K) Next subfunction number if current subfunction and
mode does not meet requirements of the “mission
descriptor”™ MDT

NC A flag which identifies both whether the current event
type is offensive, defensive-nuclear (also identifies the
number of different damage mechanisms), defensive-
conventional, or vehicle mode

NZ Current number of zeros (0) in the KW array

NZT Maximum number of zeros (0) allowed in the KW array
(the maximum allowable by the program is 8)

OFF A word containing the Holerith  characters
“OFFENSIVE"

ONOFF A flag used to include or exclude a subsystem from the
system

ouT Mask word against which the input variable ONOFF is
tested

TBFM MTBF Mean time between failures

T2 Time of current event

WEAPN(7) Description of weapon used, whether event is offensive

or defensive
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List of Abbreviations and Symbols

(Simulation Model — Program Two)

Equivalent in

A::""i';i:;" mathematical Definition Units

S model

CEP(J) CEP Threat circular error probable for Jth mode feet
sequence

CN(3) Contains the holerith characters for the
words OFFENSIVE or DEFENSIVE used in
event output description

CURVE(L]) M) Damage level at radius J for I-type damage
mechanism

DEF(N) Contains the holerith characters for the
word DEFENSIVE

DELTAT At Elapsed subsystem time during transition | hours
used in reliability calculation

DENAME(8) Alphanumeric subsystem name characters

DENUM Denominator of exponent in calculation of feet?
survivability calculation

DEN175 Test value for miss distance used to prevent
underflow in zone miss probability calcu-
lation

ET ET(N) Expected number of targets killed, cumu-
lative

EXM Temporary value for second term in nuclear
zone miss probability

EX1 Temporary value for first term in q' calcula-
tion and in conventional miss probability
calculation

EX2 Second term in conventional miss proba-
bility calculation

EXM1 First term in nuclear zone miss probability
calculation

FA()) SPd Expected number of weapons arriving in
target vicinity for Jth mode sequence

FTDNN(L)) Probability of abort-detection before time J,

given flight time equal to J
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List of Abbreviations and Symbols (contd)

(Simulation Model — Program Two)

Equivalent in

Abbreviation mathematical Definition Units
or symbol saodel

FTFNN(I) Probability of flight time less than |
GRAPH(1)) Damage threshold vs. nuclear weapon mis

data being read into interpolation subroutine
HDMT(1) Gamma dot damage threshold rads/sec
HDMT(2) Neutron damage threshold neutrons/cm2
HDMT(3) Blast damage threshold Ib/in2
HDMT(4) Thermal damage threshold calories/in?
ICOUNT i Prior event state number
IEVENT Prior event number (normal mission)
Il Prior event type:

Il = 0 offensive
1-§ defensive-nuclear
6 defensive quick conventional kills
7 defensive slow kill

I Location of prior state zero no. |
112 Location of prior state zero no. 2
113 Location of prior state zero no. 3
14 Location of prior state zero no. 4
s Location of prior state zero no. §
116 Location of prior state zero no. 6
17 Location of prior state zero no. 7
118 Location of prior state zero no. 8
HINCEL One-half the number of elements in the state

vector (for the vehicle mode only)
K i Prior state number
IIN(LJK) J(i) Mode sequence number for prior state

number JK
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List of Abbreviations and Symbols (contd)
(Simulation Model — Program Two)

ot b

= Equivalent in
Abbreviation mathematical Definition Units
or symbol sodal

INCEI Ultimately, the number of subsystems read
from input data

INE One more than INCEI

INIT “Next” subsystem number, to be tested for
lethal radius against “this” subsystem
number

IS Temporary value of current damage mecha-
nism type

ISUB(I) Temporary damage mechanism type number
for Ith damage mechanism

IT(M) Prior state binary bit (before reordering) for
Mth subsystem

ITDN T Prior event abort-detection time, referenced
to current event time

ITFN t Prior event flight time, referenced to current
event time

ITORE Temporary value of 1Z(L.)

ITT(M) Reordered prior state binary bit for sub-
system M

ITTD Prior event abort-detection time, referenced
to prior event time

IV(L) Prior event vulnerability index number for
Lth subsystem

IZ(L) 1Z(k) Current event wulnerability index number
for subsystem L

JCAP Number of mode sequence read from IJN
tape

JCOUNT Current event state number

JEVENT Event number in normal mission used to

initialize state probability for an abort
mission
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List of Abbreviations and Symbols (contd)

(Simulation Model — Program Two)

Equivalent in

A(l:rbre\::;::l)n mathematical Definition Units

" model

JINCEI One plus one-half the number of elements in
the state vector (for the vehicle mode only)

1A% Temporary value for IV(M)

KMAX Number of different offset zones

KMAXI1 One less than the number of offset weapon
zone radii (conventional weapons)

KW(M) Current state binary bit for subsystem M

KWW(I) Reordered current state binary bit for
subsystem |

L72 Maximum number of mode sequences gener-
ated by program one for any event (40)

LCEI Allowable number of subsystems in the
equipment configuration

LCN8 Allowable number of equipment name
segments

LL1 Location of current state zero no. |

LL2 Location of current state zero no. 2

LL3 Location of current state zero no. 3

LL4 Location of current state zero no. 4

LLS Location of current state zero no. §

LL6 Location of current state zero no. 6

LL7 Location of current state zero no. 7

LL8 Location of current state zero no. 8

LMAT(L) Ordinal number of subsystem required (elec-
tronics mode) or location of “one” in state
vector (vehicle mode)

LMAX Number of different elevation angles associ-

ated with warhead offset trajectory
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List of Abbreviations and Symbols (contd)

(Simulation Model — Program Two)

Abbreviation

Equivalent in

or symbol malll:g:;:lncal Definition Units
LOO “This” subsystem number used in defining
vulnerability index numbers
M K Subsystem ordinal number
MAV Ordinal number of critical subsystem
MCR Ordinal number of critical subsystem
MDT Mission descriptor:
T = scenario constraint imposed
F = scenario constraint not imposed
MI(M) On/off flag for subsystem M
MLTH Lm Mission length measured from initiation of
first threat exposure
MPR Ordinal number of critical subsystem
MPRM m' Damage mechanism type number
MTBF(M) MTBF Mean time between failures hours
NABORT Number of the event at which the abort path !
is initiated !
]
NC A flag: i
NC = 0 offensive event
NC = 1, 2, 3, 4, or § nuclear defensive
event with NC damage mechanisms
NC = 6 conventional defensive event
NC = 7 vehicle simulation event
NF A flag:
NF = 0 nuclear damage is possible
NF = | nuclear damage is not possible
NPOINT Number of points in the miss distance vs.
damage ‘evel table lookup
NTDN f Current event sbort-detection time, refer

enced to current evert time
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List of Abbreviations and Symbols (contd)

(Simulation Model — Program Two)

Abbreviation

Equivalent in

or symbol nm'l]\‘eto‘t::icul Definition Units

NTFN 4 Current event flight time, referenced to
current event time

NTTD Current event abort-detection time, refer-
enced to prior event time

NTTF Current event flight time, referenced to prior
event time

NZ A counter to keep track of current number
of zeros in prior state vector

NZI A counter to keep track of current number
of zeros in current state vector

NZT Maximum number of zeros allowed in state
vector for the mission

N2 Two times the number of lethal radii feet

OFF(N) Contains the Holerith characters for the
word OFFENSIVE

ONOFF Flag used to include or exclude a subsystem
from the system (T = include, F = exclude)

ouT Variable against which input variable
ONOFF is tested

PARIVE Probability of arrival

PCAP(J) Probability of Jth mode sequence

PCKILL(M,L,K) k Probability of Kill of subsystem M given
offset zone K and elevation L (conventional)

PCSURV(M,L,K) vk Probability of survival of subsystem M
(conventional)

P(UJK) P Probability for prior state no. UK

PJ(L) Pin Probability for current state no. L

PK(J)) Py K Weapon delivery Kill probability for Jth

mode sequence
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List of Abbreviations and Symbols (contd)

(Simulation Model — Program Two)

T Equivalent in
Ag:’ s';vr:‘m" mathematical Definition Units
model |
PM(M) dy Probability of reliable operation in transition
(before reordering)
PMISS(K,1JK) Phiss(k) Probability of threat miss distance in
zone K, given state IJK
PMM(M) dy Reliability of each subsystem M in transition
(after reordering)
PTDN(LJ) Probability that abort-detection time is J,
given that flight time is I
PTFN(I) Probability that flight time is I
QO(IJK) q The probability of nuclear weapon miss
distance exceeding the maximum lethal
radius
QPRM(M,1JK) % Probability of nuclear weapon miss in zone
associated with Mth subsystem, given the
1JKth state
R(K) Ry Inner radius of the Kth offset zone feet
RA(M) Temporary value of subsystem lethal radius | feet
obtained from linear interpolation routine
RESUL(2) % Lethal radius output of interpolation | feet
subroutine
RM2 rkz Square of the radius RM(1) or R(k) feet2
RMM12 Square radius associated with second term in feet2
nuclear zone miss probability calculation
RMM2 Square of the radius RM(M) feet2
SIGMA (1] Standard deviation of miss distance whether | feet
nuclear or convention weapon
STORE Tk Temporary value of RM(k) feet
SUM Pgn Average (over all modes) target kill proba-

bility in nth event
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List of Abbreviations and Symbols (contd)

(Simulation Model — Program Two)

Equivalent in

Abbreviation : e ;
mathematical Definition Units
or symbol madel
SUMPTD Ultimately, the probability of abort-
detection time (due to an encounter) greater
than or equal to the current abort detection
time
SUMTRA Ultimately, the sum of all transition proba-
bilities resulting from all LMAX offset
trajectories for one zone
SUMTRK Ultimately, the sum of all transition proba-
bilities resulting from all KMAX offset
trajectories
Tl Time of prior event hours
T2 Time of current event hours
TBFM MTBF Mean time between failures hours
THDM(M,IS) Temporary value of damage threshold for | (See HDMT)
subsystem M, damage type IS
TIMEF(M) Time that subsystem M is turned off hours
TIMEN(M) Time that subsystem M is turned on hours
TMF Time that subsystem is turned off hours
TMN Time that subsystem is turned on hours
TRANS Pi/in Transition probability for state pair under
consideration
TRANSI Temporary value of TRANS in the vehicle
transition algorithm (slow threat damage)
TWODNZ Name of subroutine for two-dimensional
interpolation
WEAPN(7) Description of weapon whether offensive or

threat
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List of Abbreviations and Symbols
(Simulation Model — Subroutine TWODNZ)

T o o

Abbreviation i?::::::;:c‘:l Definition Units
or symbol toaded

J Search subscript

K Subscript used to fill answer vector

JP Current subscript of upper value of result
interval

LL Subscript of lower value in result interval

LU Subscript of upper value in result interval

NX Number of values in any column (same for
all parameters)

Nz Number of different parameters

XG Given value of independent variable

Z1 Name of table to perform lookup on

IXL Subscript of first value in independent
variable column

NIZ Column of independent variable

RAT Ratio factor for linear interpolation

ANS1 Answer vector

TWODNZ Subroutine name and acronym for two-

dimensional linear interpolation
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