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FOREWORD

Los Angeles Aircraft Division of Rockwell International personnel developed the
Mission Damage Effectiveness Model computer simulation under Contract
No. I 265R 1 75900 issued by Armament Systems Incorporated , Anaheim , California. The

‘.~~work was performed between Apnl 1975 and August 1976. Marvin Gove, Analysis Branch , - -

NWC (Naval Weapons Center). acted as contract àdministrátór for the documentation of the j
program under NWC Contract N0O I 23-76.C-0 159.

• 1

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 purp ose of the user and analyst manuals is to provide a cun~ent 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 Internationa l personnel responsible for the computer program develop-
men t and documentation.

NOTE

This technical report was prepared by the Survivability Assessment Subgroup of
the Join t Technical Coordinating Group on Aircraft Survivability in the Join t
Logistics Commanders’ organization. Because the Services’ aircraft survivabi lity
developmen t 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 purpo se of the report Is to exchange data on all *

aircraft survivability programs, thereby promoting in terservice 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 area should be better able to determine
technical voids and areas of potential duplication or proliferation.
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INTRO DUC~1ON

The a t t r i t ion  of large numbers of fixed and rotary wing aircraft dur ing the Southeast
Asia conflict has tocused attention on the requirement to provide design features that  wil l
enhance th e survivabi l i ty  of these systems , curtailing the losses in hostile engagements.
Implement i n g the design features , whether  in ini t ia l  design or the more costly retrofi t
programs , usually impacts aircraft weigh t and cost. Because of these impa cts . trade studies
are required to develop a priorit ized 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 he
attacked , threat weapons to he encountered , re fueling , recovery at an air base , or certain
events selected b~ the user.

M I SDE M evaluates the capability and effectiveness of an aircraft system throughout a
mission scenario provide d by the user. A schematic illustrating where MISDEM fits into the
total mission e ffectiveness analysis procedure is displayed in Figure I .  M I SDEM 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
optio ns of aircraft survivability features would be subjected to trade-off studies using
models such as GVA P, GPBP , SHOTGEN . MAGIC , and (‘OVART (JTCG/AS approved
programs). An end-game simulation such as ATTACK would then be utilized to produce
th reat eft ’ectiveness 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’ harde ning various aircraft subsystems to the weapon effects
produced by nuclear weapons. The model , as presen ted here , has been extended to include
nonnuclear weapons effect capability. The approach is an extension of concepts developed
by the WSEIAC (Weapon System Effectiveness Industr y Advisory Committee ) . 1 The basic - 

-theory of MISDEM has been described by Rockwell International. 2 ’3 ’4

A~ Foice ~~~snis Commantt Weapon System Eff.ctiveness Industry Advisory Committ ee (WSEIAC). Final Report
of Taik Group II, Andirwa AFB, DC January 1%5 , (AFSC-TR45-2 (Volume II)).

2RockwsII Internatinnal (Los Angeles AIrcraft Divjajon~ De,c,~~ion of an Impmved Effectiveness Model,
November 1973, (TFD 7462).

3Rockwell International (Los Angeles AIrcraft Dlv1~ on) Minion/Damage Effectiveness Model, 1974, (NA~74-62).
4Rockweu International (Los Angeles AIrcraft Division). Minion/Damage Effecgiveneu Model (Sample Ca / ,  for

Joint TechnIr al Coordinating Group/Aircraft SurvivabSity, Survlrabalty Asieg nent Subgroup. May 1974. (NA-74-358).
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INPUT RE QUI REMENTS

DESCRIPTION OP

SORTIE (EVENT S)
MISOEM ANALYST

ONE -ON-ONE
THREAT

- EFFECTIVENESS IP)
MIUIOPEJDAMAGE DETERMIN ATION

DESCRIPTION OF EFFECTIVENESS OF MISSION
SYSTEM “ ‘b’ .-.

~~~~~~~ EFFECTIVENESS
FUNCT I ONS

OFFENSIVE
EFFECTIVENES S

-______________ AGAIN ST TARGETS

DESCRIPTION OF
ALTERNATE MOO E~

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
syste m) . The aircra ft system must be defined in terms of identifying electronic “black box ”
fu nctions and mechanical functions that must he perfo rmed at specified times during the
mission (e.g.. terrain following radar , IR target acquisition , engine must operate, and
weapo n must launch ). Each combination of electronic and mechanical functions detine

• system modes of operation. The optimum mode would be to have all functions available and
operating. However, due to enemy damage inflicted on the airc ra ft 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
pl us dead reckoning instead of utilizing inertial navigation with a radar update. Thus.
MISDEM is particularly adapted to analyzing aircraft systems that are multi ply 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. 5

5lolnt Technical Coordinating Gioup/Alpcssft SuivivabSIty. MIS.DAM CbmpuN~ .~ mdøio ’c Y r d I, User’s Maraisi,
by G. L Gasisn and 3 C Slyer, Rockwsl IninraatlonaL Los Angeles AIreraft DM~~IL Washington ftC, ITCG/AS~ (In
p,oeea~. (JTCG/A&7~~S.OO3, pubkati on UNCLASSIFIED.) - -
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Eac h delens is c event requires the inpu t of th e eff ’ect i~encss of the eflefll) S d ef en sis  e
s~ slem against each air cr aft component/subsyst em for each mode of operat ion. A fter  cact i
def ens ise e~ ent , MI SI)I ’ ~1 evj luates the various mission-related subsy stem s to def in e  • 1;r cr att
sy ste m sti r s ivahilit~ for tha t  e~ cu t  I and th e systems capa hi l i t ~ for p erfor m ing .11 th e n ex t
event. The st i r vivahi l i t ~ and ca p ahu h t ’ - ‘nethodologv also includ es the loss of fu nct io n s due
to r el iability factors.

The offensive event s requ ire the input of our weapon effecti ven ess for each target t~ pe
_~I each possible mode of deliver , (a degraded mode of de liver y may be th e use of f i xe d

sigh ts instead of the lire control cOl ilpuIe r ) .  After  each o f f e n s ive  event,  target kill
probability is ev a luated to def ine  aircra ft wsfem effectiveness for tha t  es ent t h i s  number  is
combined wi th  those of pre ceding offensive events to define a cumt i lat  ‘c mission
effect iveness update.

Thus. MI Sh )E~l Aet ’p s hooA on th e health and effectiveness of an aircra ft system
throughout the course of its mission. Outpu t consists of sy stem and subsy stem survival
probabil i t ies and the probabilities of ’ the system operating in each mode. r li e import ant
calculations performed wi th in  the model include the  t rea tment  of mu l t ip l e  warheads (th e
effectiveness inj ’uts for the defensive es ents are one—on-one simulat ion resul ts  from a model
other than ML SD 1 M and the rigorous accounting of et ’fect iveness contributions from
alternative modes of operation.

The basic s t ruc ture  of M I SDEM re pl ires the air craf t  ss stem be ing stu died to he div i ded
into two complement ary elem ents the electronic and the vehicle func t ions .  The M I SI ) F M
program is run separat ely for the electronic and the vehi cle . u t i l i i ing  diff erent inputs  fo r
each.

M I SDE M computes the progressive degrada tion in vehicle tligh t s ta tus  and electron ics
mission effectiveness r esulting from failure s due to rel iabi l i t y  and !or enemy air  defense
actions . The electronics are described h~- the so hsvstem networks req u ired for each mode of
operation for each offensive!defensive sub func t ion ,  The status of the electronic s is measured
in term s of the probability of ’ each s stenis state , where each state represents a spe c if ic com-
bination of operational and non-operat ional subsystems. Ta rge t kill probabiliti es and mode
operationa l probabilit ies for each electronic system state are computed and ou tpu t  as
MISDEM steps f’rom one mission event to the next  in chronological sequence. This consti-
tutes the electronics mode of operation of M ISD E M . In the vehicle m ode , t here is hu t  one
subsystem , namely the vehicle. The program output consists ol’ probabilities of three v eh icle
modes: normal flight , abort , and down,

A typical applica tion would involve both the electronics and the vehicle : the entire
program would he run separately for th e electronics and vehicle . u t i l i i ing  the dif ferent
MISDEM operating modes for each. Each is thus Jlmi’,i through th e mission. Results of ’ the
MISDEM run for the two cases could su bsequently he combined by the user in a higher
order analysis. As an example,  the expected targe t kill prob ability could he computed as the
product of ’ probabil i t y of arrival (obtained in th e vehicle mode) and expected target kill
prohahilit~ (obtained in the electronics mode) .

4
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Execution of ’ the MI SDEM simulation , which consists of two parts (Program I an d
Program 2). requir ed dif ferent  int erpretat ion and ty pes of data t’or the electron ics and
vehicl e modes. ‘1 he required input  data are somewhat diff erent , even though in sonic cases
the same variable names are used.

MATHEMATICAL MODEL

THEORETICAL OVERVIEW

Ba sically . the funct ion of the model is to propagate the probability dis tr ibut ion of the
states of a system. This is done in a recursive (step-wise ) fashion. The recursion formula t’or
each state is the Law of ’ Total Probabil i ty:

K
1
~j n  = E (P1I~n )x (P

~~
) ( 1 )

where

= probability associated with the state of interest at event n

= pr obabil i t y  associated with one of K mutua l ly  exclusive states at event
n-I (preceding)

~j f i ,n = conditional probability of state j at event n , given a prior system state i

In vector notation:

P t [Pt 1 1 P 1i i  ~ l f K  P 1

!j,n = S ‘ (
~j / i .n ) 1

~j ,n — l

:

~K P1(/) ~K/2 ••• BK/K ~K

• where
vector containing probabilities of all states at the nth event

~~ /i n~ 
transition mat rix for the nth event, a matri~ of transition probabilities
(conditional probabilities )

!j,n-l = probabilit y vector at event n-I

5
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Once an init ial  probability vector is defined, the probability vector at any later event is
simply determined by successive multiplications with all transiti on matrices in the f l u t e
interval.

The major portions of the computer simulation are for the calculation of the transition
probabiliti es and the generation of the states. -

There are two different sets of algorithms in MISDEM for transiti on probabilities
corresponding to two def initions 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.e., they may be operable
for several time increments before failing). It is possible that  some subsystems can be
included in both m odes 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 si tuat ion he is interested in
studying.

The common motive in each application is to simulate the loss of significant aircra ft
functions as a resul t of exposure to damage possibilities, described in probabilities (disc rete
or continuous ) associated with threat encounters (events ) during a mission.

— 

ELECTRONICS MODE

Genera l

I n 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 stat es. The
measure of effectiveness is the number of targets killed. The average target kill l)rob ahil ity
for each target reflects the multipl e alternate delivery methods , their individual effectiveness

-
• (

~k) and their probabilities of use (related to the system state probabi lities t.  The
probabilities of operatio n with various combi n ations of subsystems are also outputs of the
model. -

Outputs of the Program

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

E1’(N) = n~~ I 1~k,n (2 )

6
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where 1’k i i  is the expected kill pr obuhiht~ in a single event. Th is output paramete r is th e
p r i mar y m easure of ’ mission effectiveness. The expected kill  probab ility at a given event is

J(’AP
= E ~k .J ~ ~j n  (3)

J = l  H
where

J = weapon delivery mode sequence number

= prob abili ty of ’ the J th mode sequence in the ut Ii ev e n t

= kil l  probabilit y in J th  delivery mode sequence

J ( ‘AP = number  of ’ mode sequences

‘l’his out put param et er is of inter e st  as an int ermediate result. The probabilit y of ’ the J t h
mode St’tftk ’flCe in the n th  event is.

K ,11.15
E ‘~,..i 

(4)
j =  I

where

P 1 = prob abili t y of state i. which supports mode sequence .1

K max = number of stat es

Modes and Equi pment

‘ri me behavior of ’ the aircraft system at each event is dictated by the f~mn e t i on , ’
equip lnen t list that is input  by t im e user. The function / equipment list defines the equipment
(subsystems) necessar for the execution of ’ each function. I t may he possible to carry out a
si ngle f ’un e f ion with several different combinations of subsystems. For example, there mna ~
be three wa) s to deliver unguided iron bombs onto a target by using different combinations
of ’ radar information, barometer readings , on hoard computer , and iron sights depend ing on
the informat i on  supplied by the subsystems that  are working. Each combination of ’
subsy stems that  allows a mission function to he performed is considered a m ode of ’
operation (as opposed to the more general electronics mode and vehicle mode applied to
ways of using th e M I SI ) F M model ) . Thus, the user spevifies for each mission f\m n ct i o n the
possible modes of ’ operation and , where needed, the et ’t’ectiveness ot ’ the sy stem when
operating in each mode. It is assu med that  the ti ser will i den t i f y  the best mode for a
function as the one wi th  the highest et ’t’ectiveness and all other modes av ailable for
perfo rming tha t  f ’unction will he of lesser effectiveness (i.e. . degraded modes ot’ operation) .[
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Electronics response to a singl e event generally consists of a number of’ functions (e.g..
detect threat, employ ECM (electronic countermeasure) , etc I. and for every function , one of
several modes is employed (e~g., jamming, decoy, chaff , cic) . The selection of the mode is
determined by the system state. Each response to an event consists of mode sequence (one
mod e f’rom each t’unct ion) .  The ensemble of’ all possible mode sequences is generated at each
event , and a probability is computed h’or each , based upon system state probabilities as
shown in Equat ion (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 , it ’ turned on) and those tha t  are not. For example , a
simple system might have just two subsystems (pilot , engine): then at zero (t ak e of f ’) t ime
both subsy stems are working (i.e .. viable) and the ini t ia l  system state would he defined h~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
pri ority which ensu res th at each viability vector gets associated with the highest p r ior i ty
mode among those whose equipment requirements are satisfied. A probabil i ty t’or every
system state is computed based upon subsystem surv ival probabil ities and t i me mathemat ica l
roles for combing them. The probability assigned to a mode sequence is simply th e sum of ’
the probabili ties 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 un i t y  (except as the use r may sacrifice sonic accuracy for computer r u n n i n g
time redu ction ) .

The computation of the system state probabilities constitutes the basic funct ion of ’ the
program, They are computed ‘at each event in a recursive fashion (see Figure 3) ut i l iz ing the
state ~rohahihit ies from the prev ious event , and computing the new ones based upon
conditional probabilities of transition (“TRANS”) related to reliability failure rates and

— subsystem P~ (probabilities of survival) associated with threat warhead encounters , for a
given vaIu~ of CEP (circular error probable) of guidance.

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

(0 I I 0 0 I I j
M

where
“I”  denotes a viable su bsystem
“0” denotes a subsystem that is not viable

“M” equals nu mber of subsystems

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

- 
i The init ia l  st a te  may well he

( I I I I I I I I  (the pert ’ect state for a 7 component system )

in which ease tile ini t ia l  pr ob abili ty vector is:

P~ 0

= 
0

:
~,

0~
• 
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where the fi rst state ( a t  the top) is time perfect state and states of ’ 2 t lmr ough K represent
s\-stcni operation with various components down or off. The maxImum valu e of K for this
s~- stc imm would he 2~

,

The only way a subsystem becomes not viable is that  it is damaged to failur e by natural
(reliab ility ) or induced (enemy warhead ) damage.

Tiansifion Algon thms

In a perfect system with  no failures , the transition matrix is the identity matr ix
(“ 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 I .) Tile method for t u e  computat ion of’ the transition probability is an ‘application
of ’ combinatorial  ana l y s i s  to th~ probabil i t ies of f’ailures of the several subsystems.

UN~ ORRELATLi D FAILURES.  When the subsystem faiiure s are uncorre lated , the
state transition probability is the product of the subsystem fa ilure probabilities. As an
example, consider the following transition and its probabil i ty:

Example of Uncorre lated Transition Probability Generation

Failure probabilities ~l ~q 3q 4q çt~~q 7
Subsystem ordinal number k I 2 3 4 5 (~ ~
System state i 1 0 0 1 1 0 1

System st a l ej  1 0 0 0 l 0 0

Transition probability ~~ p 1 ‘1 ‘ I ‘q 4’ P c’ 1

where

=

(Once a subsystem has failed , the probabilit y 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 reliabili t y ( in the transition ) as a
mulLi p ly i ng  factor. Thus, 

~k is composed of two factors : d k (rel iabil i ty )  and v~ (survival of
thre:it damage) .

10
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RELIABILITY.  The tactor d k, representing su bsystem rel iabi l i t y  in time t ransi t ion , is
obtained from

d k = exp (-At ÷ MTBF ) I - At/ MTHF + At72MT BF ( 5 )

where

At is the elapsed suhsyste nm time between the last event and time current event

MTBF is tile mean time between failures

K I L L  PROBABILITY. The factor vk represents subsystem survivabil i ty ill tile
transit ion , which is time sanme as tile subsystem conditional survival of ’ an encounter occurring
in that interval start ing after t~1_~+ and ending prior to t a-. Damage that  develops completely
during the time interval At is referred to as quick damage. This is characteristic of ’ electronic
damage. I Damage tha t  does not develop completely unt i l  after subsequent daimiage exposure
is termed slow threat damage and is characteristic of vehic le damage (crack propagation ,
fluid leakage , and tire propagation ) . This type of damage mechanism is handled by tile
vehicle mode of ’ M I SDE M. 1

THREAT WEAPO N GUIDANCE ERRORS. The kill  computations in til e program
provide for var i a t ions  in thr eat  weapon le tha l i ty  caused by aircraft cotiilt erili easu res 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 (‘EP are used to assign probabilities to the data base of ’ component
survival probabilities generated by tile OflC-Ofl- Ofl~~ ef ’fectiveness models.

The data base is generated externally to MI SDEM by selecting a simulation that can
handle a representative array of fragment or projectile sources. For til e pro ximity -fti ,ed
missile warhead, a typical approach for modelling missile-target encounter condi tions would
he to select an array of ’ offset trajectories (see Figure 5) centered about a representative
mean trajectory. Each of these trajectories is then analy zed by an end—game fuzing model to
determine tile exact burst point location in aircraft coordinates.

Figu re 6 shows the offset distribution for a (‘EP of 100 feet, and the probability
associated with a 1 00- to 200-foot offset that is applied to the calculation of system state
transition probability in the ‘TRANS” block of each event (Figu re 3),

The probability of aircra f ’t damage is computed by integrating (over the limits ot’each
— zone) the hivariate normal distribution with zero mean. The standard deviation (sigma ) is

derived from the threat weapon CEP as follows:
L 

o CE P / l .1 78  ((i)

II ~ I I
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The result of the integration of the hivariate normal distribution over l imits R k and R k+ i
— ( R k+I > R k ) is:

1 -
~ 1 ,, 1

= cxp (R k — / 2 a-) - exp (R k + l  — I — ~—) (7 )

The transition pro b ability associated with sucim an event is then compLited as:

= 
k~~~l 

Pj 1~ (g iven burst point k )  x P (burst point k) (8)

over aH L burs t points described in Figure 4. One factor in P(burs t point I )  is P~~55 which is
applied to all bursts in a given zone . The other factor is the probability of the burst
occurring at one of ’ the I points in thu t  zone. This probability is just 1 ÷ 1, reflecting an
assum ed circular symn metr i c trajectory distr ibution.

CORRELATED FAILUR E S.  Another major type of damage mechanism th a f is treated
by MISDEM is associated with nuc lear weapons (neutro n and gamma radiation , blast and
thermal effects) . In this case , the nl L it Ua l shielding of ’ one component by another is assumed
negligible and the predominant correlation of su bsystem failure is: if component “A” is
killed , all subsystems with  lesser nuclear hardness are also killed. The transition probabi lity
algorithm makes USC of ’ a lethal radius as a measure of ’ vulnerabi l i ty  of eaCh suh sy ste nm , and
uses the probability distr ibution of’ weapon miss distance normal ly distributed with zero
mean to deduce the probability of ’ a given set of subsystem failures. Figure 7 shows the Ill iss
distance den sity function in r (radius ) (the Raylei gh marginal density ) ,  The subsy stem let imal
rad ii are indicat ed ~n time 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 ~1rohahility that the miss distance exceeds rk+ I hut does not ex ceed r~ (equal to the
integral of ’ the miss (listance density function with lower limit rk+l  and upper limit r~ ,
designated q~ ). An implicit  assumption here is that tile warhead damage ef ’fect is a
mo notonic decreasing function of distance from the warhead , The following is an example
of tile computation of P~ i n a case where the least hardened subsystem fails ,

Failur e probabilitie s:

I . Natura l (reliability ) q7q6q5q4q 3q 2q 1

2. Unnatural  (threat ) q~q~ q~~4q’1q’iq’1q’0

Subsystem ordinal number k = 7 6 5 4 3 2 I

System state i I 0 0 I I I I

System state j 1 0 0 0 I 1 0

Transition probability P,j, s~ = p~y l .  I •q~ p~ p~ (qj q’0 + q~ . 1)  
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Figure 5. Warhead Bu rst Point Selection.
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S JOINT NORMAL ERROR DISTRIBUTION
• ZERO MEAN
• CEP 100 FT

P Il00<R<2001 - ,44
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Figure 6. Offset Zone Pro bability (Example).

The rationale for time f ’ina i step is as f ’ollows :

I .  Since subsystem 2 survived tile unnatural  ( threat )  hazard , tile probabilities ot all
subsystems of ’ greater hardness ~3 timr ough 7) surviving are determine d by reli ability only.
Therefore , in the ex ample P7 = I-q7 , subsystems 6 and 5 are not viable and are assigned a
tra nsition probability of I .  Subsystem 4 has failed natur ally : consequent ly, the transition
probability is noted as one of ’ failure . Subsystems 3 and 2 are treated file same as
subsystem 7 .

2. Subsystem I ( the  least hard ) has a failure probability composed of the s~ m of the
probab ilities of two mutually exclusive events,

a. The probability of threat induced kill , expressed as q ’~ (the probabilit y of ’ time
miss distance being within  the letha l radii for subsystem I hut more t iman the radius for
subsystem 2) times time prob ability of the natural  f’aiiure or survival of the subsystem ,

+ P 1. This may he expressed as q ’ ‘ ( q 1 + P 1 ) hut since P 1 = I - q 1. timis may be
shorte ned to q’1 (1 )  or simply ~l ’l ’

I S
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h. The probability that the subsystem failed t’ron m nat u ral ca uses, q i : and the
miss distance was greater than the greatest lethal radius , (lb. Since these are indepen-
dent events their  probability must he expressed as (q lqo ).

As a more complicated example , consider tile following:

Subsystem ordinal number k 7 6 5 4 3 2 I

System state i 1 1  I I I 0 I

Systenm stat e j 1 1 0 1 0 0 0

Transition probability P~1~ = (p7 (p 6(q5(p4 (q3( l  (q 1 (q~ )+q’1 )
q )+q’~) +0) +0) +0)÷O)

In ttus form, a computer algorithm for Pjj1 start s to become evident , The q~ damage
term is always present , successive reliability f’actors are incorporated until all subsystems are
accounted for and successiv e damage term s (q~ ) are added unti l  th~ leading zeros i n the j
state are exhausted.

The algorithm is presented in Figure 8. A flag is set to I after the leading zeros are
exhausted , in order to change tile algorithm to eliminate the additive q ’. In addition , it’ the
last event was not n uclear , the al gorithm reverts to a reliabili ty-onl y trans ition.

The determination of the subsy stem lethal radii is based on two factors , i llustrated in
Figure 9: ( I )  weapon danmage effect , a characte ristic of the warhead and geometry alone,
measured in pounds per square inch ( for blast ), calories per square centim eter (t ’or ther mal ) .
rads per second (t ’or gamma) , and neutrons per square centimeter (for neutrons ) :  and - -

( 2) subsystem damage threshold , a characteristic of the sub system alone, measured in the
same units  as weapon damage effect.

The definition of subsystem lethal radius is the maximum value of the lethal radii
computed for all damage mechanisms , and diffe rs in general from one subsystem to time next
due to differences in subsystem damage thre sholds. The algorithm which selects this unique
le thal radius for each and every subsystem is diagrammed in Figure 10. The lethal radius i~u pdated on every Mth pass through the last block in the figure, whe re M is the number of
subsystems.

16
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Figure 7. Nuclear Miss Distance Distribution Model.
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FOR EACH DAMAGE M E C H A N I SM

READ MISS DISTANCE VS
DAMAGE LEVEL CURVE

FOR EACH SUBSYSTEM

LINEAR INTE RPOLATE INPUT
C U R V E  TO O B T A I N  L E T H A L  R A D I U S

(SUBROuTINE TWODNZ - FIGURE 49)

COMPARE NEWLY OBTA I NED LETHAL
RADIUS WITH STORED VALUE .
SELECT MAX I MUM VALUE AND STORE

MO RE SUBSYSTE MS FO R TH IS — NO MORE SUBS Y STEMS FO R
DAMAGE MECHAN I SM THIS  DAMAGE MECHAN I SM

MORE DAMAGE MECHAN I SMS NO MORE DAMAGE
MECHAN I SMS

Figure 10. Compute Lethal Radius.

The next step in reordering subsystems is illustrated in Figure 11 . The output of the
algorith m is a lethal radius RM(k), and an order number IZ(k) for each subsystem number
(k) assigned in order of decreasing lethal radius. The program selects the fi rst subsystem ,
then tests the next subsystem to determ ine if it has a la rger lethal radi u s. I f 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 argu m ent 1.
Therefore , the order number of subsystem 2 is now 1, because it is larger : and the order
numbe r of subsystem I is now 2. Having selected the largest lethal radius for argument I ,
the computer then tests the third , fourth , etc., (to the end) against the first ; and if any are
larger than the firs t , addi tional switches take place. This process of pair-wise comparisons is
repeated (using the outer do-loop) to load RM (2) and lZ (2 )  with the subsystem having th e
largest lethal radius among those other than RM ( I )  (which is never tested again), and is

20
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ther efore secoimd largest. Time process is repeated unti l each positio ,m in KM and It ~irra S a l L ’
h u e d .  The It arta~ contains the vulnerability order number for each original SUI T S) S I L ’111
number. l ’hus . the subsystem s - iahi lmt  ics are reordered by means of thi.’ 1/ array bet ’ore th e
transit ion prob abil i t y is computed .

The weapon miss dishlnce density fu l m c t ion  is ,i Product of probabilities of ’ two raimdon m
var iahle~ U r ti x

l .  Pr/tl~r) conditional miss density (conditioned on the event that  the warhead Was
delivered to th e target neighborhood) being a funct ion of ’ the weapo n guidanc e accurac

a ( including deceptive countermeasure etTects) in terms of (‘l~P.

P~ d ir )  
~~ 

C\~~ (~~2 2 t i -) ’ (I . 4r /C l~P 2 )expt -. 7r 2 ( ‘l - P 2 )

The i’rohahili t - that the miss e~cecds r~ is:

• 
/Pr d ~r~ dr 

/~~~ex~ (-r 2/2 ij 2 ) dr

Rearranging the l imits  to introduce a negative sign under the in tegra I to put the li m I eg r avmd in
the standard t’orm ot’ e’-~du produces:

1

P
TId

(r) = / .(r 0 2 ) CX P ( r 2 / ~n 2 ) di exp i-r ~/ 2 o 2 )

~~ - Pd = I Tr ohab i li t  of delivery , being a product of ’ probabil ities of (,issunie d )
inde pcn dei mt events:

a. Proh~hilit~- of ’ weapo n launch (a func t io n  of detecti on and launch dela~ s. as
affected by denial and confusion countermeasures)

b. Probability of ’ in— f light reliability (guidance , control and fiui in g , i imd ep en dcnt
of counternm easuresl

c, Probability of no catastrophic guidance denial due to destruction of a portion
of ’ the guidance system.

The expect ed imu n its er of rounds delivered is SPI t , where S is the maximum numbe r ol
rounds possible, The expect ed number is called N,

To reduce th e nun m l ’er of progra m iter ations required for simulating a mission, the
effects of severa l (N) weapons encountered j i m a single threat encounter can he combined
into a single effect , assuming the single weapon imm is s density fu nctions are identical.
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1’he deriv ati on is as follows N shots are i ’lace~I in s i lL -h a s~ ,i~ th a t all N lie outside 1k + 1
(called region A I. I fl ) and at least one lie s ins id e i k (called region -

~~ ) I. ‘ndi .’i t hese L OUd it ions .
(on l~ ‘I subs~- stenms itt imbe red K oi less are kill ed - l ’liL ’ pi ot ’ahilit ~ ol titis ot’cumng is P (a ll I I I
AU R att il at k ’ast one in A)

1T (a ll in At IB ) s P (at least one in A given all in At  I B)
P (a lt in A tIf l )  ~ I t  • P (none in A given alt in Atm ) I
P (aLt in AL I B ) 

~~ I L  - P (al t in It given afl in AL 111)1
— P (a lt in AL t R )  

~ I t  — P (alt in it and alt in ‘~t 1l t ) P (alt in At ~) 1
P (alt in A ( I t t )  • P (a ll in H and all in AL I B )
P (alt ii m A ( I 8) - p aIl in 8)
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- I _ .

But 
SPd

P (all in AUB ) ~ HP (i th round in AUB ) = exp (-SPd r~~ 1/2 o2 )

r and SPd
P (all in B) ~ - 

HP (ith round in B) = exp (-SPdr~ /20 2)
Thus

~i ’k , i ~ exp (-SPdr~~ 1 /2 ~~2 ) - exp (-SPdr~ I 2o~
2 ) (9 )

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

The index i denotes the dependence of’ these pa rameters 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 differen t defensive avionics subsystems viable. Figu re I 2 summarizes the
ele m en ts of the su bsyste m n uclea r kill p robabi l ity com pu tatio n.

State Generation

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

= I f ’or all n
j = I

where

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

n is t he even t n u m ber

is t h e probabili t y associate d with the state j

Therefore , a requirement for defining states in the model is that they he 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 necessa ry 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. , u n til M zeros have been
used.

For each state generated , t wo data items are developed in the program: ( I )  its
probability and (2 ) the mode sequence that the system would exhibit, given that the system
had that state.

23 
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Figure 12. Subsystem Nuclear Kill Model.

Mod e Sequence Identification

A sanmpk system con figuration is presented in Table I .  The system , as defined for an
electronics mod e M I SDEM run , is composed of thirteen suh systenms or components. Some
of the components listed may not always he subject to quick killing (v iz , engines, pilot , fuel
systems and hydraulic components). However , assume for this illustration that we are
interested only in assessing the systems susceptibili ty to XK -ki lI  so that the questionable
components do become considere d in the electronics mode.

Table 2 is the input which defines, for the four functions to he performed I’or event I ,
the modes and equipments used by the system. Four functions are possibte in the example:
flight , de tectio n , evasion , and countermeasu res. For the tlight tbnction , 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.

24 .1
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For the normal flight control system m ode , subsystems I , 2 , and 4 through I 2 must he
viable : however , ii ’ this con dition is not met , the next m ode is examined by the computer ,
for which only the electromechanical subsystems are required. The first two number
col umns 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. , viabil i ty )  ot’ the first (‘unction and mode, The program
pertor l: -s a cataloging operation in which all significant candidate systems states (one/zero
con f igurati ons) are generated one at a time and each is tested against the mode structure to
ide ntify the best mode sequence ascribable to each and every state. In series with the
viabi lity test is the mission descriptor test. Each function/mode may require cert ain
environmental  or arbitrary program controls placed upon it by the user. This requirement , a
-r or F (True or False), shows up in the last column. If , as in function 2, mode 2, passive
(e.g., infrar ed) surveillance , a clear air mass is required (indicated by a T in the last column ) ,
this luncti on cannot he pert’ormed in event I , since the corresponding value in the event
description (F in the last column) indicat es that  the weather does not cooperate. Conse-
quent ly,  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 I by the computer.
The fi rst (best ) mode sequence is generated by the perfect system state (all ones in the state
vector (not shown)) . AU distinct flow paths are normally geneTated . 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 ja mm er being out) .

Table I .  Sample System (‘onfiguration.

Fqu ipment MTBF

I Left engine 1000.00
2 Right engine 1000.00
3 Sensors/ECM 1000.00
4 Comnm/nav/ computer / instr / di sp lay s 1 000.00
5 Pilot 1000.00
6 Fuselage fuel system 1 000.00

- - 7 Wing fuel system 1 000.00
8 Left master cylinder 1000.00
9 Righ t master cylinder 1 000.00

10 Rudder actuator 1000.00
I I  Horizontal stabilizer actuator 1 000.00
12 Aft hydraulic j ower pac k 1 000.00
13 Electro-mechanical backup flight control system 1000.00

25
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Table 2. Mode Sequence Logic For Event 1,

- . Equipment Missionhmn ctmon/mod e desc npt m on descriptor

I I 1 2 Flight functions 0000000000000 0 0 F
1 2 2 I Normal flight control system 1 1 0 1 1 1 1 1 1 1 1 1 0  0 0 F
1 3 2 I Back-up flight control system 1 10 1 1 1 1 0 0 1  10 1 0 0 F
1 4 5 5 Aircraft down 0000000000000 0 0 F
0 99 0 0 0000000000000 0 0 F
2 1 2 2 Threat detection 0000000000000 0 0 F
2 2 3 1 Passive surveillance 001 1 1 00000000 2 4 T
2 3 3 1 Visual mode 0000 1 00000000 2 4 T
2 4 4 1 No detection and no maneuver 0000000000000 0 0 F
0 99 0 0 0000000000000 0 0 F
3 I 3 2 Evasive maneuver 0000000000000 0 0 F
3 2 4 1 Normal mode l l O l l l l I l l l l O  0 0 F
3 3 4 1 Limited g-mode 1101 11 100 1 lOt 0 0 F
0 99 0 0 0000000000000 0 0 F
4 1 4 2 Countermeasures 0000000000000 0 0 F
4 2 5 5 Jam mod e OOlI000000000 0 0 F
4 3 5 5 Jammer out 0000000000000 0 0 F
0 99 0 0 0000000000000 0 0 F

999 0 0 0 0000000000000 0 0 F

NOTE: Event description——ev ent I is defensive; .v.nt occurred 0.19 hours site, t.ksoff; event detcription
is SAM miss ile encounter F.

Each mode sequence in Table 3 is tested and, if unique, is assigned a unique number.
Th is is done i n orde r 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,

Figu re 13 shows how the state is tested against mission and subsystem requirements of
each subfunct ion, starting with the firs t mode in each case. When satisfaction is found in a
mode (fo r 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 n ew mode seq uence array is test ed agai n st 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 numbe r as indicated (Table 3).

26 .1
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Table 3. Sample Mode Sequences Identified.

Mode sequence Subfunctiona l flow

Flight functions
Normal flight control system

Threat detection
No detectio n and no maneuver

Countermeasures
Jam mode

Subsystems used
Left engine
Right engine
Sensors/ECM
Comm m ay/corn put erf i n st  r !displavs
Pilot

-

- - Fu selage fu el syste m
Wing fuselage
Left master cylinder
Right master cylinder
Ru dde r act u ator
Horizontal stabilizer actuator
At’t hydraulic power pack

2 Flight functions
Normal flight control system

Threat detection
No detection and no maneuver

Countermeasure s
Jammer out

Etc.

VEHICLE MODE 
-

thitputs, States, and Mode Logic 
-

In this mod e, the program computes the probability of arrival of the vehicle at each of
a succession of events (threat encounters , targets , home base. etc. ). The probabilit y of
arrival is defined as the probability that th e aircraft did not go somewhere else (as a result of
an abort) nor go down prior to reaching that event.

I..

I
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Figure 13. Define Mode Sequence and Subsystems Used.
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F I G U R E  13

D E F I N E  (NEXT)  MODE SE Q UENCE , TENTMT I VE PATH
NO., AND SUBSYSTE M LIST FOR CURRENT STATE

[DEFINE (NEXT) EARLIER MODE SEQUENCE~~

YE S
SELECT TENTA T I VE ____ 

I S T H I S  THE
MODE SEQUENCE NO. 151 MODE SEQUENCE?

NO

- I S  C U R R E N T  FLOW NOPATH I D E N T I C A L  TO _________

EARLIER MODE SEQ?

‘
~:

-
~ YES

.1 ASS I GN CURRENT STATE NUMBER TO
“

~~~ 
THIS MODE SEQUENCE NUMBER

I t  I

- .  Figure 14. Assign Mode Sequence Numbers.
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The vehicle mode is pr imarily used for the study of slow damage mechanisms and the
determ in ation of the aircraft aborts that ret u rn to base for repairs. The mission time/ event
series needs to be reorgani zed at -this point into relative m ission time units. Events which
wil l influenc e the probability of arrival of the vehicle are the defensive events (viz , the
exposure of the aircraf t to AAA , SAM , or air-to-air threats ) . The number of mission t ime
units i n 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 amou nt of clock-time. As an example , a mission that con tai n s four defensive
even ts, 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 uni t  events. These events
would be separated by a consta nt time difference , ~ t. Due to the coding of the program , the
analyst is restricted to us ing 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 t ime uni ts  should be utilized , For example , for five defensive events , eight
mission time un its would he used (three of the “empty ” events would be assigned zero
effectiveness).

Figure 1 5 illustrat es a mission with eight events, with two of the m possibly leading to
m ission aborts. Normally, point 8 would represent recovery at an airhase. For example ,
points I through 3 and 5 through 7 might be threats , and point 4 migh t be the target and
turnaround point. The usual calculation of arrival probability is accomplished for the
normal path by a single run of MISDEM. Any of the points I through 7 may also he used as
starting points in separate MI SDEM calculations of arrival probability along abort routes. By
examining the output  for the initial events composing the mission, th e user may want to, on
the basis of a p re-selected threshold value of the probability of arrival , declare that th e
mission would have been selected to result in the normal mission being aborted. The
time /event series designated Ia . I b , etc.. described abort routes A and B. The user defines
events and modes of equip ment 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 attacki ng 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 airc ra ft 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 dow n) based upon threat
damage accumulated (and propagated) prior to the time of the current event. Unless it is in
the no rmal 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 depe ndent on the probabilities of damage subsequent to exposure . Slow
damage mechanisms are assumed to operate, so that the effects of encounters may occur
many ~ t later . The time convention used is that a defensive event is the time at which the ‘

th reat exposure is initiated (not concluded), and is the time from which damage effects are —

referenced.
.L hi
I
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Figure 15, Schematic Scenario for Vehicle Mod e, Eight Events.

I-or each event,  there is a cumul at ive probabilit y distr ibution of possible tim e s— of—flight
( t )  r emaining relai i~e to t he start of the e\posurt ’. These times are expressed in m ission ti ffle
units .  ilies’ probabilit i es are sometimes known t emp iric ally for  specitic tim e s, such .15

~ sccoi~ds ( K K —ki ( l’ l , 30 se~ø~ds ( k—kil l ) , Ct c . , and may he u sed to const ru ct the prob~ b iht~
dist ribution ~a requir ed inpu t )  throughout th e mission durat ion -  Depending upon th e user

— ( input )  mode logi c , an aircraft max - he classi fi ed US down whenever t ~~- I ( t  is Illeasured in
missi&m units an~ is alway s an integer ) .

In addit ion,  th e aircra ft max - he classi fied as aborted when a pot~ nt ia l lv  I U I S S I O I 1 -

l imiting failure is detected . The t ime that this  detection occurs is Ialwled r and is called
- 

- 
abort detection time. I t is distributed analogously to I and is si milarly .lssocLlte d wi th  .1
threat encounter and measured in mission units. Figure I t~ illustrates that logic for
classifying aircra ft . An exampl e of ’ the two distr ibutions for a single encounter Is Pre s~’nted
in Table 4 . The probability of aircraft fii i lure as a function of mission time units  is obtained
by cumulating the effects of the defensive events as the mission progresses. The .tbort
probability as a fu nction of mission time units t’ollowing a defensive event is supplied by the
user. Interp retation of the abort probabilities is as follows: considering the third time unit
following exposure , the probability of ’ the aircraf ’t f ’ail ing 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 exposu re , is 0.9 . However, the damage bui ld 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 fi rst mission time unit  following t’xposure~ abort detection probability
for time 2 is O.t~, and by ti me 4 the crew would always detect the need to abort the mission.
since the ai rcra ft failed in three time units following exposure .

[ 3~l 
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FOR EVENT

-- YES

AIRCRA FT DOWN

NO

NO
AIRCRAFT NORMAL ttr <I?

YES

AIRCRAFT ABOR T

plo
LAST EVENT?

YES

END

Figure 16. Simple Example of M ode Logic for Vehicle Case.

As shown in Table 4, the abort detection time distribution has been made a function of
t , to enable simu lati ng an y correlation between da mage and its detectability. The fligh t 

- 

-

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.

32 . 1
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Table 4. Fligh t Failur e Time and Abort 1)ett ’ction
rime Probabi l i ty Functions.

Abort detection l ime . r
1:ailLlre Probabilit y I I 4t im e, t for I l_ — - I

Proba hilit~ fo r r gi~en t

002 1.0 1.0 f 1.0 1.0
2 004 0.5 1.0 I 1.0 1.0
3 0.05 0.3 0.~ I 0.9 1.0
4 100 0.2 0.4 0.7

I lic ts~ o t Ime s t i  and r ) form a doublet that is used as the state variab le to compare to
fai lure and abort t im e requirements.  I h e  %I lSI ) I - ~l s imulat ion allocat es a stat e probabil i ty
for each e~ent for all combination s of I and r. Th e stale probabili t y is then distr ibuted to
modes according to th e user ’s mod e logic which defines the failure and abort tim e
re qil ire n lents for each functional mode.~ -~ repre sentativ e example of mode logic is go en in
Table 5.

Ll t i l i , in g a m ission wit h four ntksion time increments . onl\ two binary hit ts  art’
required to allow description of the four  t ime requirem ents. flit’ binar y numb ers and their
rep resentat i~e con str at t i ls  are :

- 00 represents no constraint on the s stem.

2. 01 indicate s that  one tim e increment must remain iii th e nu ssion before s~ Stt ’IU
failure or th e need to abort is detected -

3. 10 repr es~’n t s t~~ o t ime increments  must remain.

4. I I  is thre e remaining t ime incr eine iits .

Therefore , a 01 in the detectio n t ime column (r )  ot Table 5 means that  one t ime un i t
remains befo re the need to abort is detected , and a 11 in the failure time column UI
indicates iliret’ uni ts  of flight t im e remain befo re sY stem failur e . The N1I SDE~ I progr ams
generate all combinations of the state vector s and compares tl i t ’ni for each e~ent wi th  th~
mode requirements  defined N~ the user. I ach st ate sector that meets or exceeds the mode
requirement becomes .issociated wi th  that  mtxle. I - ach event must end w i t h  all iero s as th e
requirement t i c - ,  the most degraded m ode) so the probability densi t ~ properti es for each
t’vcnt can he maint ained . The probabilities of occurrence for each state are accrued tø C3ch
mod e and event where they sati stv the requirement. Table S is further explained as follows

1- ~t’nt L There are no failure or detection time requirements , so no ones appear in
the time requir ement s . h i t ’ location of ones in this  array is analogous to th e location of
ones in the output  format for the electronic sample cast ’. ,ts in Table I , where
‘I-quipn lent l)escription ” is replaced by “Time Requirements”.
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Event 2. The first two normal modes require that the time of detection exceeds
the previous eve n t duration , so that the vehicle will have arrived at the current event
without detect ing a need to abort . All tim e requirements , from the most to the leas t
stringent , must be specified for each mode to keep out probability mass belonging to

- 

- more-degraded modes. The next mode is also a normal mod e, since , even though the
damage is detected within the previous event (detection time remaining = zero), the
crew determines that the fligh t time remaining equals the mission time remainin g
(three units) . In the next two modes, the flight time is less than the m ission time , so
the crew elects to abort . When the fligh t time remaining after the event is reduced to
zero , the ai rcraft 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 aircra ft , in
event 5 , has no better abort route than the normal mission route , the abort mode is
abolished .

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

Time requirements

Failure DetectionEvent Event descnption Mode time , time ,
(bi nary ) (binary )

t T

1 First defensive even t Norm al 0 0 0 0
2 Second defensive event Normal A 0 0 1 0

Norm ai B 0 0  0 1
Normal C 1 1 0 0
Abort A 1 0  0 0
Abort B 0 1  0 0
Down 0 0  0 0

3 Third defensive event Normal A 0 0 1 0
Normal B 0 0  0 1  

-~~~

Normal C 1 0  0 0
AbortA 0 1  0 0
Down 0 0  0 0

5 Fourth defensive event Normal A 0 0 0 1
Norm ai B 1 0  0 0
Normal C 0 1  0 0
Down 0 0  0 0

6 Landing event Norm al A 0 0 0 1
Norm ai B 1 0  0 0
Norm ai C 0 1  0 0
Down 0 0  0 0
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Transition Algorithm

I- ach element of th e transition matri x is , as in electronic mode , a conditional
probabilit y of ’ transition from a prior state (now a doublet t~, r i ) to a current state U~. Tj ).
rIte cause of a transition is not necessarily subsystem failure , but rather progressive loss of
flight t ime or abort detection t im e (relative to th e current  event t ime ) .

An example will show a transition that  is not due to decrease of absolute flight t ime or
abort time , ant1 hence is not tIne to aii~ threat action. Consider the fol lowing transition :

t T
(binar y ) (hin , ir v

System state i 0 1 0 I
System state 0 0 0 0
l’rans ition pro bab il i ty P1 I t imes

The transit ion pr oL )ahil ity is un i ty  because the prior remaining fligh t and detection time
(due to all Pri or damage exposures) is refl ected in state i . and must be decrem entt ’d by omi t’
mission time unit  at the t im e of ’ state j. There are no other possib ilities.

A more complex example will  show a transition tha t  refl ects a decrease in absolut e
flight and detection ti m e:

t 1’
(binary ) (b inary )

- 
l ‘ System state i I 0 I 0

Sy stem state j 0 0 0 0
Transit ion probability P 1 -

~ 
P1-i I ) t lines P~1( I . I I

where

ft P 1( I ) = P ( t = h = P ( t — l  ~~0)
- I 

~d~” l) P(r l i t  = I) P(r-I 0/t - 1=0 )

t , r art ’ the t imes ~ i flight and detection associated with (lie prec eding event (and
measured fro m that t ime )

P14 I ) is the probability that t = I

~d ( I  , I )  is the conditiona l ~rohahiIity that r I given that I

The transition cannot occur as a result of ’ the time advance alo ne, since it would re sult in a
tra n sition to the state (t i, r~) ( I  , I I. rIt e only way this transition can take place is that  (lit’
damage exposure j ust concluded resulted in a t = I and a r = I.  so that ( - 1 1 = 0. And
the pr ohahility P( t I and r = I )  ~ P(t = I )P( r l/ t  I 1 by the deflnit ion 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 ,‘> 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 I , or Ti ~~ 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 fl igh t or detectio n time has increased :. -

(an impossible transition ) . All of these state pairs that survive are subje cted to one of four
trans ition probability formulae depending on the magnitudes of the decreases in t and i in
the tr ansition. The derivations of these transi t ion probabilities are given in Table 6.

• I

t 
I

~.1
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1’. > t  O R T . > t ,I I j  j

IF t . � 0 OR T , < o ES

t . > ~. -I  OR T~ > T 1— I
J

NO

NO t . � t . - I
J 1

YES I ~~~ 
~ 
]

1620
NO 

~
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Figure 17. Tr nsition Aigorlthm for “Vehicle” Mode.
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List of Abbreviations and Symbols

- 
- ( Mathematical Model)

- - E qwvaknt inAbbrev iation sililulalioli t )efin it ion Uni t s
or symbol model

(‘EP ( ‘EP(J) (‘ir cu lar erri ’i probable (fo r thr ea t weapon )

PMM~ M) Kef , ahif i t ~ ..I k th suhss stem in tr a nsition

DEE i x  I I~fapsei.I suhs~ stem t ime ~i iI ~e f ast event ho urs

~~ 
(N) El’ Es pecied IIUIIIbt ~I of t a rgets killed (N assigned )

l/~k) I/l I ) Vulner ab i l i ty  index as~~ciated with subsystem k

JCAP WA? Nu mber of mode sequeiict’s

K JCOUNT Number of states

k M Subsystem ordinal number

MLIII  Mission length af t er f i rs t  exposure

U ,n . r )  CtIRVE (l. J )  Des gnatioii for nuclear damage mechanism t~ pe Depends
Oil 1i1

MTIIF MTBF(M) Mean t ime between failure hours

1 .  N No N E Number of events

P1 PI(I JK ) Stale probability for prior event

• 
!~,n PJ( l ) State probability for current event

TRANS Transition probability , state i t o  state j

Pi j  PJ(JCOUNT) Probability of state i (associated with mod e
- 

_ 
sequencei)

PCAP(J) Probability of ith mode sequence in nth event

~k ,J PK(J) Ki ll probability in ith delivery mode sequence

SUM Expected kill  probability (all mode sequences) atevent ii

Pmiss(k
~
) PM I SS( K ,IJK ) Prob abilit y of threat miss in ione k (conven.

ti onal )

PCKIL UM , L,K) Complement of’ Pk (conventional th reats )

39 
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List of Abbreviations and Sym bols (contd )

(Math ematical Model)

Equivalent inAbbreviation simulation Definitio n Units
or symbol model

qk QPRM(M .I J K ) Probability of threat miss in kth zone (nuclear )

RM2 Lethal radius t’or kth ssbsystem (nuclear ) feet

R K R(K ) Inner radiu s of zone k (conventional) feet

RM(k ) RM (J ) (Maximum ) lethal radius for subsy stem k feet
(nuclear events)

SPd FA (J ) Expected number of ’ threat weapons arriving in
the neighbo rhood of the targe t essentia lly simul.
ta neously (nuclear case )

o SIGMA Standard deviation of miss distr ibution feet

NONE Tizne.of-flight due to a particu lar threat
exposure

1’ NON E Abort-detection time due to a part icular threat
exposure

tJ LM A T( L) Current time of fl ight remaining

LM AT( L) Current abort .detection t ime reniain ing

Vk PCSURV(M,L.K) kth subsystem survival probabilit y

~m
’i

~ 
u,wn. ~~stl ,~~~~~~s)

blu tlb~~~ In)

H 
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SCHEMATIC FLOW DIAGRAMS

This section describes the progra m architecture , logic, and ar i t l inwtic Seqtietlce .

OVERVIEW

As shown in Figure 18 , th e MIS DEM program has two part s called Program I and
Progra m 2. The reason for separatin g the programs is that Program I is needed to help the

— use r set up Program 2. Program I defines all the possible mod e sequences that can he
obtained t’rom the input mode sequence logic. (This would be very tedious t’or the user to
do manually .)  Program I also detines a unique mode sequence numb er (tape ou tpu t ) .
Progra m I Processes one event at a time unti l  event data are exhausted. The user review s the
output and assigns capabilities (o ffensive and defensive) to each mode sequence numbe r for
every event. Progra m 2 fi rst computes state probabi lities reflecting su rvivab i l i ty parameters
from the last event. These are selectively summed ( using the tape input )  to obtain mode
SC(1UCI1CC probabiliti es. These are then used to compute exl\~’cte l target kill probability (all
modes) or system survivabili t y parameters (depending on event type ) based on the input
capabilities for the current event.

Program 2 also supplies the state probability distribution at each event . wh ich may he
used to ini t ia l i ie  t h e  state pro ba bility for an abort flight path ( in a separate appli cation of .

Ml S l ) t - M ) .

In a typical application to a miSsion. Programs I and 2 would he run fi rs t in the
electronics mode, and second in the vehicle mode. Prohabi lit~ of ’ target kill t’rom the lit-s t
run would be multiplied by arrival probability from t h e  second run to obt a in the expect ed
target kill probability.

PROGRAM ORGANIZATION

Figure s 19 and 20 show the principal computation and logic steps in the program in
somewhat greater detail than Figure 18 4 and list all input and output  parameters . but leave
out all in i t ial i . ’atioii and tape control steps in the interest of simplicity and cIari t~ .

DETAILED FLOW DIAGRAMS

Figures 21 thro u gh 49 are detailed schematic diagrams of the simulation prograni .
Figures 21 through 29 describe Program I .  and Figures 30 through 49 describe Prograni 2.
Explanatory t ext is provided in the “Simulation Model” section for cacti block of code
shown here .

41
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(u~~ R)

( INP UTS:  EQU IPMENT L I S T  (EACH M I S S I O N )
MODE SE Q UENCE LO GIC ( EACH EVENT )
EVE N T DESCR IP T I O N  (EAC H E V E N T )

MODE r’- 
S EQUENCE I PROGRAM ISEL ECT NEXT EV E~~~4
NO, VS I LDETE RM IN E MODE SEQUENCES FOR ALL STAT ESJ .1 1

STATE NO . L.. 
—

EVENTS) 
(PRINT MODE S E Q U E N C E S  & SUBSYSTEMS USED (ALL EVENT~~\
~ OUTPUTS : J

— [USER)

(INPUTS : CAPABILITI ES J WEAPON/TARGET KILL PROBABIL ITY
( (EACH (EAC H MODE SEQUENCE): 1 THREAT EFFECTIVENESS PARAMETERS

~~EV ENT)

COMPUTE STATE PROBABILITIES (EACH EVENT)

— 

COMPUTE MODE SEQUENCE PROBABILITIES (EACH EVENT)

DETERMINE SYSTEM SURV IV A B I L I T Y  PARAMETERS

L 
~~

STATE
PROBABILITIES ,
(ALL EVENTS) / PRINT OUTPUTS (ALL EVENTS):

I E L E C T R O N I C S  CASE :

I MODE SEQUENCE PROBABILITIES

I TARGET KILL PROBABILITIES (C URRENT AND C U M U L A T I V E )
VEHICLE CASE:

\

\

~~~ A I R C R A F T  A R R I V A L , ABORT , AND DOWN PROBAB I L I T I ES
CUMULAT I VE A R R I V A L  P R O B A B I L I T I E S

Figure 18. MISDEM Program Simplified Flow Chart.
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( START~~~) REF ERENCE

READ-IN SYSTEM DESCRIPTION .

SUBSYSTEM NAME . MTBF, NUCLEAR DAMAGE THRESHOLDS FOR
UP TO FOUR DAMAGE MECHANISMS (GAMM A DOT. NEUTRON ,

— BLAST. AND THERMAL). AN D THE SUBSYSTEMS DELETED (FLAGS) .

READ—IN NEXT EVENT DESCRIPTION:

EVENT NUM BE R , TIM E OF EV ENT , EVENT TYP E (OFFENSIVE OR
D E F E N S I V E . ELECTRONICS OR VEHICLE MODE , AND NUMBER OF 22
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

SU8FUNCTIONS, MODES. SUBSYSTEMS REQUIR ED, EN/IRONMENTAL 23

USE RESTRICTIONS . AND MODE SELECTION SEQUENCE LOGIC FOR
CURRENT EVENT.

GENERATE A CURRENT STATE

GENERATE A STATE (A BINARY M-VECTOR). ASSIGN NUMBERS TO 24 & 26
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:

(I) THE STATE REQUIRES A SUBSYSTEM WHICH HAS BEEN 26
DELETED

(2) THE STATE REQUIRES A FAILUR E IN A CRITICAL
SUBSYSTEM

OTHERWIS E PROCEED TO ASSIGN A STATE NUM BE R TO TH IS
STATE AND DETERMINE ITS MODE SEQUENCE.

cb
Figure 19. Program I Organization.
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REFERENCE
F IGURES

DETERMINE MODE SEQUENCE
ASSOCIATED WITH EVERY SURFUNCTION AND MODE (SaM) 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
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 GENERATE D. IT IS TESTED FOR
UNIQUENESS. A NEW (OR OLD) MODE SEQUENCE NUMBER IS 27

ASSIGNED TO EACH STATE NUMBER AND STORES ON TAPE UNIT 4
TO BE USED IN PROGRAM TWO.

NO
IS THIS THE
LAST STATE?

YES

NO 
IS THIS THEC LAST EVENT?

YES

STOP

Figure 19. Program I Organization (contd.).
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r R E F E R E N C E
~~~START j  FIGURES

1

READ-IN SYSTEM DESCRIPTION:

SUBSYSTEM NAME . MTSF . NUCLEAR DAMAGE THRESHOLDS FOR 30
UP TO FOU R DAMAGE MECHANISMS (GAMMA DOT. NEUTRON ,
BLAST . AND THERMAL) . SET TURN—ON AND TURN-OFF TIMES AND
THE SUBSYSTEMS DEL ETED (FLAGS).

-

®--

~~~~~

READ-IN NEXT EVENT DESCRIPTION:

EVENT NUMBER , TIME OF EVENT , EVENT TYPE (OFFENSIVE OR 31
DEFENSIVE, E LECTRONIcS OR VEHICLE MODE. AND NUMBER OF
DAMAGE MECHANISMS - IF DEFENSIVE NUCLEAR), WEAPON
DESCRIPTION AND MISSION DESCRIPTOR.

COMPUTE LETHAL RADIUS

FOR THE CURRENT EVENT READ-IN WEAPON DAMAGE EFFECT 32
LEVE L VS. MISS DISTANCE CURVES FOR EACH DAMAGE TYPE,
AND FIND THE LARGEST LETHAL RADIUS FOR EACH SUBSYSTEM.

1 —

ASSIGN VULNERABILITY INDEX NUMBERS

FOR THE CURRENT EV ENT, COMPARE SUBSYSTEM LETHA L RADI .
DEFINE THE RANK NUMBER OF EACH SUBSYSTEM IN ORDER OF 33
DECREASING LETHAL RADIUS. STORE THIS VALUE FOR EACH
SUBSYSTEM FOR USE IN TRANSITION ALGORITHM IN THE NEXT
EVENT.

I
COMPUTE SUBSYSTEM RELIABI LITY IN TRANSITION

COMPUTE THE TIME THE SUBSYSTEM WAS TURNED ON DURING 34
THE PERIOD SINCE THE LAST EVENT , AND CALCULATE THE
CONDITIONAL SURVIVAL PROBABILI TY USING THE EXPONENTIAL
PROBABI LITY LAW.

cb
Figure 20. Program 2 Organization.
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B REFERENCE
FHIUR~~

RESHUFFLE RELIABILITY ORDER (AFFECTS ELECTRONICS

MODE ONLY)

USING THE VULNIRABIUTY INDEX PROM 7145 LAS? EVENT,
REORDER THE RELIABILITY VALUES IN TERMS OF THIS INDEX.

GENERATE A PR IOR STATE

FOR THE CURRENT EVENT, GENERATE A SINiLRY M.VECTOR 35 5 44
R EPRESENTING ONE OF THE STATES THAT EXISTED AT THE
LAST EV ENT. FROM WHICH A TRANSITION IS TO BE CONSIDERED.

TEST FOR DELETED AND CRITICA L SUBSYSTEMS

TRANSFER CONTROl. TO PREVIOUS SLOC~ OP CODE IF ANY OF 37
THESE TESTS FAIL THESE TESTS ARE IDENTICAL TO 7)4035 IN
PROGRAM ONL

RESHUFFLE SUBSYSTEM ORDER (AFFECTS ELECTRONICS MODE
ONLY)

USING THE VULNIRASIUTY INDEX PROM THE LAST EVENT.
REARRANGE THE ONES AND ZEROS IN THIS (PRIOR) STAT! IN
ORDER OF DECREASING VULNERABILI TY.

GENERATE A CURRENY STATI

FOR THE CURR ENT EVENT. GENERATE A BINARY M.VECTOR 
~~ & ~~REPRESENTING A POSSIBLE CURRENT STATE. INTO WHICH A

TRANSITION IS TO BE CONSIDERED. - -

TEST FOR DELETED AND CRITICAL SUBSYSTEMS
35

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

Figure 20. Program 2 Organization (contd.).
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C RE F ERE NCE
(~) 

FIGURES

RESHUFFLE SUBSYSTEM ORDER (AF FECTS ELECTRONICS
MODE ONLY1

35
USING THE VULNERABILITY II4DEX FROM THE LAST EVENT,

REARRANGE THE ONES AND ZEROS IN THE CURRENT STATE IN
ORDER OF DECREASING VULNERABILITY.

COMPUTE THE SYSTEM STATE TRANSITION PROBABILITY

SELE CT ONE OF THREE TRANSITION ALGORITHM$ DEPENDING
ON MISDEM MODE AND EVENT TYPE:
ELECTRONICS MODE: QUICK CONVENTIONAL THREAT AND 40 & 42

RELIABILITY OR QUICK NUCLEAR THREAT AND
RELIABILITY

VEHICLE MODE: SLOW THREAT DAMAG E 41

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

COMPUTE STATE PROBABILITIES

MULTII’LY THE CURRENT STATE TRANSITION PROBABILITY BY
THE PRIOR STATE PROBABILITY AND ADD WITH ALL SUBSEQUENT
PRODUCTS INVOLVING THIS CURRENT STATE GENERATED BY THE
DO LOOP STARTING AT GENERATE A PRIOR STAT ! . WHEN ALL
PRIOR AN~~ CURRENT STATES HAVE BEEN PROCESSED IN THIS
LOOP. THE (FINAL) VALUES OF THESE SUMS ARE THE CURRENT
STATE PROBABILITIES DEFINED BY EQUATION 1.

NO ISTHISTHE LAST
D CUR R ENT STATE?

YES

NO 5 71445 THE LAST
PRIOR STATE?

YES

E

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

ALL THE STATE PROBABILITIES ASSOCIATED WITH A MODE 45
SEQUENCE NUMBER ARE SUMMED. THIS IS REPEATED FOR ALL
MODE SEQUENCES. EACH OF THESE SUMS REPRESENTS THE
PROBABILITY OF A MODE SEQUENCE IN TIlE 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
DEFENS IV E EVENTS ONLY)

SELECT ONE OP THREE KILL ALGORITHMS DEPENDING ON MISOEM
MODE AND EVENT TYPE:
ELECTRONICS MODE: QUICK CONVENTIONAL KILLS OR QUICK 41

NUCLEAR KILLS 49

VEHICLE MODE: SLOW KILLS 48

Q
~~~No<~~~~~T~~~~~~~~~~~~~~~~~~

Figure 20. Program 2 Organization (contd.) .
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Figure 2 1. MI SDEM Program I - System Description Inputs.
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FIGURE 21

AA

READ EVENT DESCRIPTION

MORE EVENT NO

DESCRIPTIONS?

YES
END TAPE

AND

REWIND
DETERMINE IF EVENT IS
OFFENSIVE OR DEFENSIVE

STOP

FIGUR E 23

Figure 22. MI SDEM Program I — Event Description Inputs.
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PIO%JRE 22
N 4

.4 FOR A SU.FUIYCTN ON
J

.4 F O R A N ODE 1
NUVD O R T I N A I  RD OF S& ~ STUN BE G S FOB CIJBBCNT

/ U V IV R C T I O R  RAID

4
gI

~ 
NOR A SUBSYST EM NUMBER

______________ 
I NCBEMEYIT TIlE TEMP O RARY 1 F I L L  Till REST OF

S ARRAY SUBSYSTEM INDER TIlE ARRAY

PLACE A ZERO
IN BINAR Y

NO

AIYRA Y S UB SYSTEM

P L A C E  A ORE YR TIlE
TE MP BINARY ROT ARRAY

IS T Il lSNO TIlE LU S T

~~ SUBSYSTEM
NUMB E R ?

YES

CO PY ALL TEM PORARY VALUES IN t O NEW . PERMANENT
ARR A Y IND ENI ED NY SOIFUNCTION AND MODE

4,
WR ITE SURFO NCTIO NAI FLOW

— YES
ION

SIPFUNCTIONS� ID 

I:: 

~~~~U C OHS

IN IT IAL IZE 1001
p 

- SEQUENCE VA B IAN L IS NO

I W RIT E ERROR

+ MESSA GE

FIGURE 24

STOP

Figure 23. M ISDEM Program I — Read and Write
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FIGURE 23

Be

SET NUMSER OF ZE RO S • 0

EdO NUM5(R or
Z ERO S c l ?  )

SPECIFY LOCATI ON OF
LEFT MOST ZERO AS NO. I

CC

SET ZERO AT
INDICATE D LOCaisos

NO NUMBER OF
Z E R O S < 2 1

SPEC I FY LOCATION OF
ZERO N0 2 NEXT TO ZE RO NO. I

DO

SET ZERO AT
INDICATED LOCAT ION

•S

NUMBER or V I S

Z E R O S R 8 ?

SPECIFY  LOCATION OF
ZERO NO. 8 NUT TO ZERO NO. 7

JJ

SET Z E RO Al’
IN DICATED LOCATI ON

FIGUR E 25

Figure 24. M ISDEM Program I — Initialize for }Mode Sequence Identification
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FIGURE 25

F OR A SUB~~~INt l ION

FOR IT MODE

ARE MODE
NO MISSIO N

REQ UIREM ENTS
S A T I S E  E D ?

Y E S

A RE
SUBSYSTEM

REQUIREM ENTS NO
MET BY CURR ENT

STATE?
STORE DESIGNATE D
SU8FUNCT ION & MODE

YES

RECORD COMPON ENT REQ UIREMENTS
IN ‘ SUBSYSTEM S ElSE 0 ARRAY

RECORD CURRENT SUB IUNCT ION •\ND MODE
INDI CES IN ‘‘MODE -SEQ UENC E - \ E I~~\ N

STORE DESIGNAT E D SUR FE INCT ION

AND MODE

MORE
SL IBTUNC TI ONS 

s DESR.N .\TILT

NO ‘tUB ISI N I T I

NO MORE ‘.AME A ’t N Y Ni~ I-N I
N 

- SE IRFUN CT IUN S S U B I I IN I  I I I S Y ’

MORE MODES FOR THIS
SUBEUNCT ION

YE S
NO MORE MODI ’t
FOR THIS SUIS I L I N C I I

FIGURE 27

Figure 26. M ISDEM Program I — Define Mode Sequence
and Subsystems Used.

54



‘~~~~TDS~~~~~~~~~ ~~~~~~ ~~~~~~~~ 
-
~~~“ ‘ ~~~~~t----- c:-- -— — . __

~~~ 
—

- —~~~~~~~~~-

1~.

.ITCG/A&76-S-004

I
-

~~ FIGURE 26

I DEFINE (NEXT) MODE SEQUE NCE , TENT ATIVE MODE SEQ
NO ., AND SUBSYSTEM LIST FOR CURRENT STATE

t 
_ _ _ _ _ _

-

~ 

[DEFINE (NEXT) EARLIER MODE SEQUENCEI4 
—

L~~~ C;E=
I
_~~~~

ES 

1ST MODE SEQUENCE?

NO

IS CURRENT FLOW 
NO

- PATH ID ENTICAL  TO
E A R L I E R  MODE SE Q?

YES

_ _ _ _ _ _  
A S S I G N  C U R R E N T  STATE N U M B E R  TO

i 

THIS MODE SEQUENCE NUMBER

- FIGURE 28
il Figure 27. MISDEM Program I — Assign Mode Sequence Numbers. 
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Figure 28. MISDEM Program I — Reposition Zeros in
State Binary Vector, (KW).

1 ’

A

56 1

~

- - - --- -- _~~~--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~ - --t: — T -
~~~~~

- 
~

—‘- - 
~~“ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1- _

ti
JTCG/AS-76-S-004

FIGURE 28

fri

_ _ _ _ _ _ _ _ _

[

0DE~~~~~UNCTI0NAL FLOW 1
MORE MODES

NO MORE MODES

r VEHICLE MODE j ELECTRONIcS
_ _ _ _ _ _ _ _ _ _ _  * MODE

WRITE ACTUAL I WRITE

AND APPARENT I ~~~~FLIGHT TIMES USED

MORE MODE SEQUENCES
NO MORE MODE SEQUENCES

WRITE MODE
SEQUENCES
FOR USE IN
PROGRAM 2

Figure 29. MISDEM Program 1 — Write Mode Sequence and Subsystems Used.
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Figure 30. MISDEM Program 2 — System Description Inputs.
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Figure 31. M1SDEM Program 2 — Event Description Inputs.
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FIGURE 33

Figure 32. MISDEM Program 2 — Compute Lethal Radius.
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FIGURE 34

Figure 33. MISDEM Program 2 — Assign Vulnerability
Index Numbers.
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Figure 34. M I SDE M Program 2 Compute the Reliabi lity of Every
Subsystem and Reshuffl e Reliabil ity Order.
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Figure 35. MI SDE M Program 2 Generate a
Prior State of the System.
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1 • Figure 37. MISDEM Program 2 — Generate Current
State of the System.
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Figure 39. MLSDEM Program 2 — Quick Conventional Damage.
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Figure 40. M I SDEM Program 2 - Slow Threat Damage .
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Figure 42. MISDEM Program 2 — Compute State Probabilities
and Reset Current State Vector Zeros. ,
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Figure 43. MISDEM Program 2 Reset Prior State Vector Zeros.
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Figure 44. MISDEM Program 2 - Compute and Write
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Figure 47. MISDEM Program 2 — Slow Kills.
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GIVEN VALUE

IS LESS
THAN THIS GIVEN GIVEN VALUE IS
NUMBER IN UPPER AND LOWER EQUAL TO T H I S

I - TABLE LI M IT S SEA RCH NUMBER IN TABLE

F — FOR INTERVAL
IN WHICH

GIVEN VALUE

L IES

GIVEN VAL UE LIES -
WITHIN TABLE ,
CALCULATE INTER POLATION 

G IVEN VALUE G I V E N  VALUE IS
— FACTOR 

IS GREATER GRE A TE R THAN
THAN TH IS UPPER LIMITS OF TABLE
NUMBER IN
TABLE _____________ _____________

S E T  RES ULT S EQ UAL TO
UPPER LI M IT

INTERPOLATION FACTOR — 0

DO LINEAR INTERPOLAT I ON

FOR ALL PARAMETERS

REQUESTED

4
RET URN

FIgure 49. MISDEM Program 2-Linear Interpolation Routine (Subroutine TWO DNZ).

H
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SOURCE LIST IN G

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.

I
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JTCG/AS-76-S-004

SIMULAT iON SOUR CE DECK

c •... ~ *s.ss *..*s.s..s..**s.ssss...sssss..s...*s.$..s.*$.*...$..*s*ss*ss
C
C MISSION DAM AGE EFFECTIVENESS MODEL — PROGRAM ONE
C MI SDEM — PGM 1
C
c •*s * *s * * *s * * * * *s s s s * * * * * *s *s s s a*s s~~*ees*ssss * *s *s * * * *sesees*ss *se* * *ss

DIME NSION CN(3) ,CNAM E (8 ,23 ),OEF (3) .DNAME (8) ,FNAME (10,27, lO),
H) MT (4 1 ,J E S U O , 2 7 , 2 5 ) , J I . J ( 2 3 ,2 5 ) , K S ( L O ,2 7 ) , K u ( 2 3 ) , k w (23 ) , LEF ( L O i ,

2
3 ,L QUO,2 7 ) , M D( 10 ,27 ) ,MI ( 2 3 l ,MM ~ ( i O ,21) , MQ( 10,27 ) ,OFFi 3) , w EA PN (7 )

- 
- INTE GER S2 I JN ( 256)

L 9GICA L ND ,MDT
EQUI VALE NCE ( L M A ( t , t , j ) , L M A T ( L , t , I ) )
-)A TA BLK / 4H / ,OFFF4HOFFE ,4HNSIV ,4HE F ,DEF/4I4OE~ E,4HNSIV ,

I S  * 4IIE /,OUT 1’2HNO/
C
Cl I N IT I A L IZ E

1 ’ , C
- 

‘ 
‘ N L1~ 27

IC N8 z8
L40a 10
ICE 12 23
11227
INCE 120
00 20 Ia I , L C E T

N 

DO 211) J21,LCN8
C NA M E( J , I Ia B I K

20 CON TIN UE
R E A D I 5 , 9 5 0 ) NZ T , M C R , M P P ,MAV

C -

C2 READ AND W R I T E  SYSTEM DESCRIPTION
C

W R IT E (6 , 96 3 1
WR 1T E(6 ,  910 )

- 
- 

‘ 1 00 40 IS L , LCE I
R EAO (5 ,980 )  N, ( O NAME (J ) ,J a l , LCN 8 ) ,T B FN, IH D M T ( M PRM ) ,M PRM Z 1,4 ) , ONOF F
IF( M.EQ.999 ) GO TO 60
WRI T E ( 6 ,9 9 0 1M , ( D I IANE (J ) , J i 1 , L CN8 ) , T B F M , I I -D MT ( M PRN ) , M PR M * L ,4 1 , OMOF FI

I IF (M.GT.LCEI .O~~.M.1T .I) GO TO 50
IF IN .GT. I NC EIUNCEI.M
IF (ONOFF .EQ.OUT ) ML ( 1 ) 2 0
00 40 J 1,LCN8
CNAM E( J ,j )a DNA ME (J )

40 CONTINUE
READ ( 5 ,98 0)  M

p IF(M .EQ. 999 ) ~O TO 60
50 WR IT Ed6,1000)

STOP
60 CONTINUE

REW IND 4
70 CONTINUE

- — 79
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JTCG/AS-76-S-004 
N,

C
C3 READ AND ~~ I TE EVE~ T DESCRIP T ION
C

REA O(5 ,10 1O, EN02 840 1 IEVE NT ,T 2 ,NC , (W E A P N( I I , I . 1 , T hMDT
WR Z T EL 6 , 127 0 P
DO 71 Ns1,3
CN IN) OFF(N)
IF (NC .NE.0) CN IN )*DEF IN )

71. CONTINUE
W RI TE (6,jO20) LEV E NT , (CN(N ),N21 ,3 ), 12, (WEAPN (I),fz1 ,7), NOT
IF (NC.ME.7) WRITE (6,I.)60)

IF (NC .EQ .7) WRITE (6,10651
C - I

C’e R EAD SUB FUNCT IONAL F LOW FOR EVENT AND GEN ER ATE SUBSYSTEM
C RE QUIREMENTS VEC TOR
C

00 250 12t ,L40
DO 240 Kz l , L l ,
MD ( I ,KIa .FALSE .

- READ (5 ,L070)LF (I),LLFIK),LQ (I ,K),LLQ II, K ) ,IFNAN E II,K, J ),Ju1 ,1O),
* M Q ( 1 , k ) , M M Q ( I , K ) , M D ( I , K ) , ( 1 M A T U , K , J ) , J 2 1 , I N C E U

L 0
00 90 J * 1,LNCEI

£ F( L MA T( I , K ,J ) , E Q .O ) G0  TO 100
80 L*L ’ L

IF ILMA T( I ,K ,J ) . EQ.L ) GJ TO 90
L MATT ( L )— 0
GO TO 80

90 LM ATT IL) 1 -‘

GO TO 140
100 J2L~ 1

IF (J.GT.INCEI)GO TO 140
DO 110 LzJ ,INCEI

113 LMA TT (L )~~O
L40 00 150 L * L , INCEI
1.53 L M A ( I , K , L )  L NA TT ( L )  .1

C
C5 WR I TE SUBFUNCTION*L FLOW
c

IF(NC.NES7) - J
IW RITE (  6, 1080)LFU) ,LLF I K) ,LQU ,K), LLQ( I, K) ,  I FNANEU,k,J )  ,Jz1, 10),
* M Q I I , K ) , M M Q I I , K ) , M O ( t , K ) , ( L M A T ( J , K , J ) , J 2 t , I M C E L )

L F( NC.EQ .7) W RI T E 6 ,1385) L F ( I ) , L L F ( K ) , L Q ( L , K ) , L L Q I E , k ) ,
* (FNA NE( i ,K ,J ) ,J a 1,13 ) , ( L ,4ST I I , I( ,J ) ,J .1 , INC EI)  -~~~

IP(LLF IK ) .EQ.99 ) G3 TO 230
IF ILF ( I)  .EQ.999) GO TO 260
G0 T0 240

230 L E E ( I ) * K — 1
GO TO 250

240 CONTINUE •1
250 CONT INUE 1 -

~

(.L40 +t -

REAO (5 ,1070 ) N
IF(M.EQ. 999 ) GO TO 260
WRITE (6,1090)
STOP

80 1 ~
_ _  
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JTCG/AS-76-S.004

C
C 6 INI TI AL IZE FOR MODE SEQUENC E IDENTIF ICATION
C

260 LE I—1
LQSVL — O
IL QS
NZ-O
00 290 J 1,L40
00 290 K 1,L1

I. K S ( J , K ) — 0
DO 290 I 1,172
JES ( J ,K, Il~ 0

290 CONTINUE
DO 330 Iz l , LCE I
K W ( I  1*0

I - 300 CONTINUE
00 310 JCO UNT~ 1,256
I J N (JC OUNT )~~O

313 CONTINUE
JC OUIlTaO
JC AP .0

C
C7 GENERATE Fi NA L STAT E OF THE SYSTEM — BINARY VECTOR KW
C

I I 330 CONTINUE
- 00 340 1 1,INCEI

KW ( I 121

340 CONTIN UE
I. IF( NZ. L T . t ) GO TO 400

IL 1—1
• 1  350 KW ( LL I ) .0

L F( NZ .LT.2 )G O TO 400
LI 2 LI 1+ 1

360 KW ( LL2 ) *O
IF( NZ .L T.3 )GO TO 400
LI 3 L 1  2+ 1

370 KW ( LL3 ) *0
IF( NZ.LT.4 )GO TO 400
1L4 LL3+ 1

38,0 KW ( L 14 1 0
IF INZ.LT. 5)GO TO 400
115.114+ 1 N

390 KW IL L5 ).0
tF (NZ.LT.6 1  GO TO 400
LL6 — LL 5 +1

391 kW 1L161.0
IF INZ.LT.7 ) GO TO 400
117— 116+ 1

392 KW (I17).O
IFINZ.LT.8 ) GO TO 400
IL 8— IL 7+ 1

393 K W ( LL 8 I— 0
400 CONT INUE

81
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C
C8 TEST FOR SUPPRESSED SUBSYSTEMS
C - -

00 4 10 M M - L . I P 4 C E I
IF (N I(MM) .NE.0)GO TO 410
I F ( K W ( M M ) . E Q . I I G O  TO 720

410 CONTINUE
IFINC.EQ.7)GO TO 405
IF I MCR.EQ .O)GO TO 402
IF(KW( MCP).EQ.O)G0 TO 720

432 IF(MPR .E Q .0)GO TO 404
IF (KW(MP R ).EQ .0)GO TO 120

404 LF (MAV .EQ .0)GO TO 405
Z F ( K w I M A V I . E Q , 1) PGO TO 720 -~~~

405 C’)NTINUE
JCOUN T -JCOIJNT’l ‘

C
C 9 DEF INE MODE SEQUENCE AND SUBSYSTEMS USED
C

DO 530 I—t, LCE I
— 

53C KU (I)—O
LT EST—1
00 640 1 * 1 ,LE
LE Q— LEE (L )
DO 540 KT 1,LE Q

540 KS(I ,K)sO
IF(1 .E Q .LQSVI.OR.LTEST .EQ.1) GO TO 550
GO TO 640

550 00 630 K*1,IEQ
IFI K..GE.II QS.OR .LTEST.EQ.1) GO TO 560
GO TO 630

563 IF ( .N OT . MDT.A NO . MOIL ,K ) )  GO TO 580
GJ TO 590 -

580 LQSVL*MQ (I .KI
LIQS~ MMQ( L,KILT EST.0
IF( LQSV L .EQ.L )  GO TO 630

- ‘ G0 T0 640 - 

-

593 LTEST I
00 600 M 1, I N C E L
IF ( KW ( M I . L T .LMA (I,K ,M l - ) GO TO 620

630 CONTINUE
DO 610 M 1,INCEI
LF ( I (W ( M ) . G T . L ~lA ( I,K, M) .OR .KW ( M ) .EQ. 0 )  GO TO 610
IF (KW (M ) .EQ .LMA (L,K,M ) .AND .KW (M).EQ .1) KUI M ) 1

610 CONTINUE

IQSVL (.Q(L,K )
LLQS LIQ(L,I( ) - -

I TE S T O
620 IF( LQS VL .GT.L )GO TO 640
630 CONTINUE
640 CONT INUE

J JCAP’s l

82
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C

t C i O  A SSIGN MODE SEQUENC E NUMBERS
C
650 J~ J— ~

IF (J.NE.O) GO TO 680
JCAP— JCA P +1
J~ JC A P
DO 660 1 2 1,LE
LE G— LE El I)
00 660 K 1.LEQ
J ES IL, K ,J ) * K S ( L , K )

660 CONTINUE
00 670 IU=1,INC EI

- , J UL IU ,J F* K U I I U)
670 C O N T I N U E

GO TO 700
680 00 690 1 z 1,LE

LE Q LEE (L )
DO 690 K~ 1,LEQ
I F ( J E S ( L , K , J ) . M E . K s ( L , K ) J  GO TO 650

690 CONTINUE
700 CONTINUE

- I- - - IJ N( JCOU NT) J
C
CU RE POS IT ION ZEROS IN STAT E BINARY VECTOR 1KW )
C

720 IC (NZ .LT .1.OR.NZ .GT.81G0 TO 790
G~ TO (770,7 60,750.74),730,?28 ,726,7241, NZ

72 4 KW (118) 1
L18 LL8 + 1
IF ((LI 8—8 ) .LE. (LNCEE-NZ)) GO TO 393

726 KW (LL T ) 1
• 117—117+1

IF ((LL ?—7J .LE .UNC EI—NZ )) GO TO 392
728 KW (LL6 ) 1

116—116+1
IF ((Lt 6— 6) .LE. (INCE I--NZ)) GO TO 391

730 KW ( 1 L5 ) 1
I I  LL5 L15’I

I F ( ( 1 L 5 — 5 ) . L E . ( I N C E I — N Z ) ) G O TO 390
740 K W I L L 4 ) 1

LL4 *LL4I’ l
IF ((LL4—4).LE. (IP4CEI—NZ))GO TO 380

J t - •  iSO KW (LL 3 ) 1
LL 3 LL3 +t
IFIIL L3— 3 ) .LE .IIN CE I—NZI )GO TO 370

760 KW (1L2 ) 1
I - 1L2 LL2+ 1

IF ((11 2—2 ) .LE .IINCEI— NZ PIGO IO 360
TiC KW (LL Il—1

LLL LLI+ 1
IF ((111—1).LE.(LNCEI—NZIIGO TO 350

790 CONTINUE
N Z P 4I+1
IF (NZ.LE.Nl T1~~O TO 330

5 NZSO 
-

83
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C
C 12 WRITE MODE SEQUENCE AND SUBSYSTEMS USED
C

00 820 Jzj ,JCA P

WRI TEI 6,1170)
W R IT E ( 6 , 1 1 4 0 )  J
00 800 1 z 1,LE
IEG— LEE (I)
00 800 K—1, LE Q
IF (JES(1 ,K,J) .EQ .O) ~) TO 800
WRI 1E (6,1150) (FNAME( 1,K ,1 ),1 1,lO)

800 CONTINUE
IF (NC.NE .7) WPITE (6,1180)
IF (NC.E Q.7) WRITE (6 ,1185)
00 810 M * 1 , I N C E I
IFL JU (M ,J ).NE .1) GO 1) 810
W R ITE Io, 1190) ICNAME(K ,M ),K.1,LCN 8 )

810 CONTINUE
820 CONTINUE

C
C1 3 WR I TE MODE SEQUENCE ON TAPE FOR USE IPI PROGRAM 2 - -

C
WR (TE (4 ,1280) (IJN(I JK),I JKsI ,JCOUN T )
GO TO 7O

840 END FIlE 4
R E W I N D  4
STOP 

N

C
Ci~+ DEFINE FORMATS
C

950 FORMA T I1OI 3 )
960 FOR MAT (26H1 SYSTE M CONF IGURATION )
970 FORMA T (j.HO ,8X,9HEQU IPM ENT ,25X, 4HMTBF ,7X ,THTHOM(L h 6X,7HTHDM(21 ,

*7x ,7HTHDM (3),8X,7H THDM (4)/56X ,3HG O ,IIX,1I4N ,12X ,IHB ,15X ,IHT/I1X )
980 FORMA T( I 3,1X ,844,F10.Z/4E12 ,5,T65,A2 )
990 FORMA T (1H ,IX ,(3,2X ,844 ,F1O.2 ,2X ,4 (E12 .5 ,2X),3Z,A2)
1300 FORMAT (50H0 TOO MANY I NPUTS OR M IS OUTSIDE ALLOWABLE RANGE )
1010 FOR )~AT II 3 ,IX ,Ft.2,1X,13 , 1X ,7A4,2X ,L1.)
1020 FORMAT (1IW ,5X ,9HEVENT NU.,12 , IX ,3H IS ,3A41 5X ,ISMEVENT OCCURRED

*F6.2, N

*20)1 HOUR S AFTER TA KEOFF/ 5X ,2LHEVENT DESCRIPTION IS ,7A4/5X,1t)
1060 FORMAT (1HO,7X,16HSUBFUP4CT t QN~ MODE,32X ,21HEQUIPMENT DESCRIPTION ,12

- * X ,I8HM ISS ION )ESCRI PTOR /IX )
10 65 FORMA T (IHO , TX ,I6HSU8FUNC TION/ MODE ,32X,35I4FLIGHT *NO DETECTION TIM

*E RE MAINING )
1070 FORMAT (413 ,tX,1044,1X,213 , LX ,L 1F23 13 ) 

N

1080 FORMAT( 1X,213,2X ,2I3 ,ZX,10A4,186,213,12X ,L1,T59 ,2311)
1085 FORMA T (IX,2I3,2x ,2I3,2x ,10A4, T59,23I1)
1C90 FORMAT ( 29H0 TOO MANY I NPUTS FOR F ARRAY )
1140 I -OR MAT ( IHO , L1 X , I 3 )
1150 FO R M A T ( L H •4 5X,10A4 )
1170 FO R MAT( jH  ,5X,16HMQDE SEQUENCE NO,16X,18HS)J BFUNCT IQNAL FLOW )
1180 FO RMA T ( 1H0 ,5SX,1 5 HSU85Y5T ~ pI5 USED/tX )
1185 FORMA T (1H0,58X ,3IIIACTJAL AND APPARENT FLIGHT TIME )
11 90 FORMA T (1H •60X,8A4)
1270 FORMAT 123H1 EVENT DES CRIPTION)
12 80 FORMA T(251 3 ) .1

END

84 1 -
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C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C
C MISSION DAMAGE EFFECTIVENESS MODEL — PROGRAM TWO

- C MISDEM — PGM 2
C

— C **e*******************************************************************
DIMENSION CEP (50),CN(3),CLJRVE(4,3O),DEF(3) ,DNAM E (8),FA(5O),

1. FTDNN(1 6,16) ,FTFP4NU6),GRAPII (30),HDMT (4),I5uB (4),ET(23),ITT (23 )
2 ,IV ( 23),IZ (23),JZ (23),KW(23), Kww (23),MI(23) ,MTBF (23),OFF (3),
3 PCAP (50),PCKILL (23 , 1O,27),PCSURV(23 ,L0 ,27),PI (256),PJ(256),
4 PK (50),PM1 23),PMMU 3 ),PM ISS (27,256),PTDP4I1o ,16),PTFN(16),
5 Q0 (256),QPR M(23 ,256),R (10I,RA (23),RESUL (2),RM(24),THDM (23 ,4),
6 TIMEF(23 ) ,TIMEN (23 ),WEAPN (7)
INTE GER*2 1 JN125 6) —

LOGICAL NOT
* DATA OFF /4HOFFE ,4HNSU ,4HE /,DFF/4HDEFE,4HNSIV,4HE ~,OUT/2I4NO/

C
Cl INI T IALIZE 

—( I  C
LCN8-8
ICE 1— 23
L72 40
INCE I O

- 00 30 1at ,LCEI
- MTBF II)aO .O

* i i  PM( fl—O ,O
1. MI(I )—1

fYI 1)—I
I Z (I )—I

I . 00 20 MPRMZ1,4
II) THDM ( I , M PRM ) 0

20 CONTINUE
- 30 C O N T I N U E

READ (5,1110) NZT,MC R,MPR,MAV ,MLTH,N AB ORT
C
C2 READ AND WR I TE SYSTEM DES CRIP TION

p C
WRITE 16,1120 )

~~* WRITE (6,1130)
DO 50 1 1,LCEI
READ (5,1140 ) N ,(DNAME (J),J.1 ,LCNB),TB FN,IH DM TIMP RM ),MPRM *t,41 ,TMN

‘
- 

- 1, TMF ,ONOFF
IF (M .EQ.9 99) GO TO 70

N N  W R I T E  (6,1150) M ,(DNAME (J) ,J*1 ,LCNB ),TBFM, (HDM T (MPRM),MPRM 1,4)
IF (M.GT .LCEI .OR .M.LT.t1 GO TO 60

- i . IF (M.GT. INCEI) INCE I—I
IF (ONOFF.EQ .OUTI Mt (I).0
00 40 MP R M~ 1N~4-

- _
r 

THDM (I,M PRNP .HDMT (MPRM )
40 CONTINUE

MTBF (L).TBFM
TIMEN ( i )— TMN

- - 
- TEMEF (Il.TMF

t .  50 CONTINUE
READ (5,1140 ) M
IF IN.EQ.999) GO TO 73

60 WRITE (6,1160)
STOP

70 CONTINUEc 85
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C
C 3 I N I T I A L I Z E
C

E T—0.0
11— 0
T lsO.0
REW IND 4
REWIND 3

C
C~. INITIALI ZE
C

80 C O N T I N U E
00 85 M—I,1 NC E I
RN (N 1—0. 0

85 CONTINUE
C-
C5 READ AND WRITE EVENT DESCRIPTION
C

READ (5,t170,E t4O—1j00) IEVENT ,T2,NC,(WEAPPUI),f .1,7),MDT
WRITE (6,1230) 

N —

00 90 P4-1,3
CN (N)—OFF (N)
IF (NC.NE.0) CN INI—OEF (N)

90 CONTINUE
WRITE (6,1180 ) IEVEN T , ( C N( N ) , P 4— 1 , 3 ) , T 2 , ( W E A P N ( I ) , I—1, 7 ) ,M DT
DO 1.00 Ls I , INCE L
12(1 )aL

100 CONTINUE
IF INC.EQ.O.OR .P4C.EQ.s sOP. NC.EQ.7) GO TO 200

C
- ~

- C6 COMPUTE LETHAL RAD I I AND ASSIGN INDEX
C

DO 120 I 1,NC
— 

. READ (5,1240) NPOINT
N2s2*NPOI NT -

READ 15.1.220) ISUBII ) .ICURVE( I ,J),J— j,N2)
(S— I SUB ( I)
DO 120 M *1,INCEI
DO 110 IJ—t ,N2
GRAP H (IJ )—CURVE(I,I J ) N

110 CONTINUE
CALL TWODNZ (THDN(M ,ISI,1,GRAPH,NPOINT ,2,RESUL )
RA (N $~~RE SUL. I 2$
RM(M )~~AMAXt (RA (MI ,R14(M ) 3

120 CONTINUE
INE—INCEI+1
RMLINE )—O.0
00 140 L0O-1 ,INCEI
IN I T LOO+1
00 130 J IP4IT ,LNE
IF (RM(J) .LE.RMILOO)) GO TO 130
STOPE—RM ( J)
RM IJ )—RM( 100)
RN 1100)—STORE
I TORE .(Z(L0O)
I Z (100)—I Z I J I
IZ (J)—I TORE - ,

13C C O N T I N U E
140 CONTINUE

WRITE (6,1250 ) IRN(M) ,M—L ,IP4E )

86
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C
C~ COMPUTE SUBSYSTEM RELIABILITY IN TRANSITION
C

200 C O N T I N U E
DO 230 M—1 ,IN CEI
PM (M)*1.O
IF (MI(M ) .E Q.0$ GO TO 230
IF (T2 .LE.TIMEN (M $1 GD TO 230
IF (T2.GE .TIME F (M) l GO 10 210
DELT A T— T2—T 1
iF (T1.LE.TIMEN(M )) DEL TAT T2—TIMEP 4IM )
GO 10 220

210 DELTAT z O.0
IF (TIMEF (M ) .GT.T1) DELTA T T IMEF (M)— T1

220 PM (M)= 1.0—OELTAT/MTBF (M )+DELTA T**2/12 .O*M TBF (M)**2)
230 CONTINUE

TIzTZ
DO 240 L—1 ,IPICEI
JV= IV(L)
PMM ( L 1— PM (JV )

240 CONTINUE
C
C8 IN IT IAL IZE STATE AND STATE PROBABILITIES
C

P42-0
Ni 1=0
DO 250 Ia1,LCEI
KW ( I )0

250 CONTINUE
DO 260 J 1,L72
PCAP (J )z O .3

260 CONTINUE
JCAP -0
(F ( I EVE P4T .NE.1 )  GO 13 290
ICOUNT—1
DO 270 M=1,INCEI
1 1(M)—I

j
- 

- ITT(M )= 1
IF ( M I ( M ) . EQ .1 )  GO TO 270
IT ( M ) = 0

P I T T ( M ) — 0
270 C O N T I N U E

C
C9 ABORT FLOW CONTROL
c

1! - IF ( NABOR T,NE.0 ) GQ TO 275
GO TO 278

1’ ClO INITIALIZE ABOR T STATES
H C

275 IF (I EVENT .NE .I) GO TO 290
— 

- READ(3 )JEVENT,J COUNT, ( pJ (L) ,L—1,JCOtJN T)
1 .  IF (JEVENT. NE .NA BORT IGO TO 275

00 277 I—l, J CO UPIT
P I(I )— PJ (I ) -

f 2 7 7  PJ (I).O.0
GO TO 3OS

N 87
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C
C li I N ITI ALIZE NORMAL STATES

C 
-

~~~

278 DO 280 1*1,256
P1 IL )= 1.O
PJ (L )=O.O

280 CONTINUE
GO TO 310

290 00 300 I=1 ,JCOUNT
P 1 ( I ) — P J ( I )
pJ ( f )z ()•( )

3C0 CONTINUE
305 CONTINUE

ICOUNT-0
C
C 12 GENERATE A PRIOR STA TE OF THE SYS TEM ( IT )
C

310 IF (NABORT.EQ.0)GO 10 315
GO TO 320

315 C O N T I N U E
IF(I EV ENT .EQ.1)GO 10 440

320 CONTINUE
DO 330 I—1,INCE I
IT (I)—1

330 CONTINUE
IF (NZ.LT .1) GO TO 4t3 

-

~~~

11 1 1
360 IT ( I I1) *0

IF (NZ.LT.2) GO TO 413
112—11 1+1

37C IT (I12)— 0
IF (PIZ.LT.3) GO TO 410
113 II2 +1

380 IT (1I3)sO —

IF (P41.11.4) GO TO 413
I14 I13+ 1

390 IT I I I4 I *0
IF (P11.11.5) GO TO 410
1 15 114+ 1

400 IT (115)—0
IF (NZ.LT.6)GO TO 410
(16—1 15 +1

405 11(1161—0
IFIPIZ .LT.7)GO TO 410
117— 116+ 1

406 11( 1173-0
IF(NZ .LT .8)GO TO 410
118 117+I

407 IT ( I 1 8 $ 0

NI

88 
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C
C 13  TEST FOR DELETED OR CRITI CAL SUBSYSTEMS
C

- 
- 410 CONTINUE

00 420 MM-1,IPI CEI
IF ( M I ( M M) .E Q . 1)  GO TO 420
IF (IT (NM ) .E Q .1) GO T3 840

420 CONTINUE
IF (NC.E Q.7) GO TO 425
IF (MCR .EQ .O)GO TO 422
IF (IT (MCR ) .EQ.O) GO TO 840

422 LFIMPR .EQ.0)GO TO 424
IF (IT (MPR ) .E Q .O) GO T) 840

424 IF (MAV. EQ.O )GO 10 425
I F ( ( T ( M A v I . E Q .Q $  GO 13 840

425 ICO UNT =I COUN T+1
C
C F.. RES HUFFLE SUBSYSTEM ORDER
C

DO 430 L 1,INCEI
JV =I V (L)
L TT (L1 1 1 (JV )

430 CONT IN U E
440 JC OUNT O

C
C 15  GENERATE A CURRENT STAT E OF THE SYSTEM (1(W)
C

450 CONTINUE
00 460 I -1 , INCEI
KW (II s 1

460 CONTINUE
IF (N ZI.LT .1) GO TO 540
111:1

490 KW ( L L 1 ) = O
IF (P411.11.2) GO TO 540
112— 111 +1

500 K W(1L 2 )— O
IF (P111.11.3) GO 10 540
113 112. L

510 KW (113 )—0
IF (NZ1 .LT.4) GO TO 540
114—113+ 1

520 KW (L L 4I=O
IF (P111.17.5) GO TO 540
115—114+ 1.

530 KW ( 1 L 5 $* O
IF (N Z1.LT.6)GO TO 540
116=115+1

5 35 KW (1L6 )sO
IF (NZ1.LT.7 )GO TO 540
LL7 LL6I- 1

536 KW (LL T) 0
IF (NZI.LT.8)GO TO 540
LL8 LL7 +L

531 KW (1L81 0
540 CONTINUE

I 
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C
C1 6 TEST FOR SUPPRESSED SUBSYSTEMS 4

C
00 550 MM*1,INcEI
IF (MI(MM).EQ.11 GO TO 550
IF (K~~(MM).EQ.1) GO TO 710

550 CO~4T INUE
• IFiNC .EQ.7)GO TO 555
• IF(MCR.EQ.OJGO TO 552

IF( KW ( MCR ) .EQ.O) GO TO 710
552 IF(MPR.EQ.0)GO TO 554

IF( Kw (MPR) .EQ.0)GO TO 710
554 IF(MAV.EQ .0)GO TO 555

IF( Kw ( MAV ) .EQ .0) GO TO 710
555 JCOUNTzJCOUNT+ I

C
C 17 RESHUFFLE SUBSYSTEM ORDER
C

00 560 Lal,INCEI
JV~~IV( L~KWW (L)zKW (JV)

560 CONTINUE
C
C i8 COMPUTE THE SYSTEM STATE TRANSITION PROBABILITY
C

IF (II.NE.6) GO TO 1500
C
Cj9  QUICK CONVENTIONAL THREAT DAMAGE AND RELIABILITY
C

SUMTRK sO. 0
00 620 K—1,KMAX
SUMTRA~0.0DO 610 L~ 1,LMA X
TR AN SzI.0
DO 600 M~~1,INCEI
PC SURV~ M ,L,KJ = 1.0 — PCKILLIM,L,K)
IF (ITT (M)—KWW (M)) 570,580,590

570 TR AN S~0.O
GO TO 620

580 IF (ITT(M).EQ.O.0) GO TO 600
TR4NS=PC SURV(M ,L ,KI *PMM( N) STRANS
GO TO~ 600

590 TRANS=(1 .0— PCSURV (M,L,K)*PMM(M)I*TRANS
6CC CONTINUE

SUMTRA=TRANSISUMTR A
610 CONTINUE

SUMTRK .(SUMTRA/IMAX )*PMISS (K,ICOUNT),SIJMTRK
620 CONTINUE

TR AN S=SUMTRK
GO TO 700 - .

• 15CC IF (II.NE.7) GO TO 630

90
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C.
C20 SLOW THREAT . DA MAGE
C

T RA NS • 1.0
NTFN.O
I TFN’0
I INC E •INCE 1/2

~fl 1510 L— t.II NCE I
IF 1Kb. WIL I.E Q.1) NTFN.2** UINCEI /2  )— L I .NTFN

1510 JF ( 1TT (L).EQ .1)ITFN .2**I (INCFI/2)—L )+ITFN
MTDN~ 0
I TO NaO
J I NC E I • I I NC E I ~ 1
00 1520 L~ JINCE I,INC EI

• ~F 1 KW W ( L I . E Q . 1 I N T D N 2** 1INCEI—L) .NT0N
L~~2 0 IF( !  T T ( L) . E (J . 1 ) IT D N 2’~~( INC EI—L ) + ITDN

NITF aNTFN,1
ITT F—IT FN +1
NT TO aN TO N+ I
I TTD. I TDN~ 1• IFIITTO .GT.ITTF.OR.NTTD.GT .NTTF )GO TO 1603
I F f l T T F . 1 E . L . C 1 R .( T T O .L E . 1 )  GO TO 1605
IFINT TF .GT.(ITTF—L).OR .NTTO.GT.UTTO—1I )GO TO 1605
GO TO 1610

16C5 TR AN SI.0
GO TO 1720

1610 T RA NSt~ O
IF 1NTTF —l I T T F — L I  1670,1620,1620

1620 IFIP4TTD— ( ITTD—1I ) 1630,1425,1625
• 1625 DO 1627 Ia NTTF ,MITH

SUMPTD—0
• DO 1626 J NTTD,1

1626 SUMPTO= PT DN( I,J).SUMPT O
1627 T RANS L=PTFNU)SSUMPTD.TRANS I

GO TO 1720
163C 00 1631 I=NTT F,MLTH
1631 TR ANS1~ PTFN ( I I * PT DN(2 ,NT T D) 4TR AN S1

GO TO 1720
167C IF (NTTD— ( I TTD—1) $1680, 1675, 1675
1675 DO 1676 J NTT D,NTTF
1676 TR AN S 1—PT DN(NTTF,J )~~T RA NSl

TRA NSI PTFN(NT TF I*TRA NSI
GO TO 1720

168C TR AN$I UPTFN(NT TF I*PTDN ( NTT F ,NTT DJ
1720 TRAN S TRANSL ST RA NS

GO TO 700

9’
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C
• C 21 QUICK NUCLEAR DAMAGE AND RELIABILITY
• C (ALSO NON—DEFENSIVE TRANSITIONS)

C
630 TR ANS=1.O

PIFuI
IF (II.E Q.OI GO TO 640

• TRANSaQOIECOUN T)
NF.0

640 CONTINUE
00 690 N•1,INCE!
IF (ITT (M)—KWW (M) ) 65~~,b60,670

650 TR ANS—0.0
GO TO 700

660 IF (ITT (M).EQ.O) GO T~) 680
PIFu1
T RAP4 S. TRANS *PMM( NI

• G0 T0 690
67C TR ANS .TRANS* (1.0—PMMIMi
680 IF (NF.EQ.0) TRANS-TRANS .QPRM(N ,ICOUNT )
69C CC~P4T INUE

C
C 22 COMPUTE THE STATE PROBABILITIES
C

7CC PJIJCOUM T )-TRANSSPI(ICOUNTI PJIJCOUNT)
C

• C 23 RESET CURRENT STATF 1KW ) ZERO LOCATIONS
C

710 IF (NZI.LT.L.OR.NZI.GT.8) GO TO 820
GO TO (800,78O ,760,740,720,715,714,713),NZ I

fl3 KW ILL8 Iu I
LLB LL8+1
IF ((L18—8).LE. (INCEI—MZI))GO TO 537

114 KW (LL7).1
IL (‘11 7+1
IF ((L17—7).LE. I INCE 1—PI ZI 1)60 TO 536

• 115 KW (LL6IaL
116—116+ 1
IF ((L16—61.LE. (INCEI—NZII)GO TO 535

72C KWILLS)•L
LLS—1L5+1

• IF ((LL5—5).IE.(INCEI—NlEI)GO TO 530
74C KW (LL4)’1

LI 4’ LI 4+ 1
IF ((LL4—4$.LE.(INCEI—MZI))GO TO 520

760 KWILL3)’1
IL 3. LI 3+ 1
IF ((L13—31.LE.(INCEI—N11))GO TO 510 . .

783 KW (L12).1
LLZ—L12+1 ——
(FIt 1L2—21.IE. (INCEI— ~4ZII)GO TO 500

8C0 KW (L.L1I’1
• LL I—LL I+1

IF((LLI—1$ .LE. (INCEI—NZIHGO TO 490
820 CONTINUE

NZt.NZI +1
IF (NZI.LE.NITI GO TO 450
P411.0

•~ I
92

i I
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C
C2’. ABORT FLOW CONTROL
C

IF (NABORT.E0.0)GO TO 835
GO TO 840

835 CONTINUE
IF IIEVENT.EQ.1) GO TO 970

C
C25 RESET PR IOR STATE (IT) ZERO LOCATION S
C
840 IF (NZ.LT.1.OR.NL.GT.B) GO TO 950

GO TO (930,910,890,170,85O ,84S,844,$43), Ni
843 ITII(8)’L

I I 6’ 11 8+ 1
IFUII8— 8).LE.(INCEI—NZ)IGO TO 407

844 tT (117)=1
117—11 7+1

• IF ((II7—7).LE .(INCEI—P4ZI$GO TO 406
845 ITIII6 )—1

116—1 1 6+1
IF ((Itô—6).LE.(IP4CEI—NZ)IGO TO 405

850 ITUI5I—1
(15—11 5+~
IF ((IIS—5).LE.IINCEI—NZI)GO TO 400

870 £T (1I4)’1
• 114— 114+1

IF (1114—4).LE.IINCEI—NZ)) GO TO 390
890 1 T (1131—L

113 113 +1
1F4 1 1 1 3 — 3 ) . L E . ( I NC E (— N Z ) I  GO TO 380

910 (TI (121.1
112= 112 +1
IF ( ( I I2 — 2 ) . I E . ( 1 NC E I — ~4 Z ) )  GO TO 370

530 ITIIU )—1
111—111+1
IFI (1I1-L) .IE.UNCEI—N Z))GO TO 360

• 550 CONTINUE
NZsP4ZG1
IF (NZ.IE.NZ~~) GO TO 320
NZ 0

570 CONTINUE
C
C26 WR ITE OUTPUT STATE PROBABILITY TAPE
C

IFINABORT.NE .0)GO TO 979
• J EVE NT—IE V EN T

WRITE (3)JEVENT ,JCOUNT,IPJ (L),L=1,JCOUNT )
C
C27 COMPUTE THE NODE SEQUENCE PROBABILITIES
C

• 579 READ (4,1280) 1 IJN( UK) ,(JK=t,JCOUNT)
H JCAP’0

00 980 I JK—1, JCOUNT
J.IJN( IJKI

• PCA P (J)’PCAP (J)+PJ (1JK I
JCAP .NAXOIJCAP,J )

58C CONTINUE
PARI V€ sPCAP (1).PCAP (2)+PCAP (31

93 
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C
C26 READ AND WRITE OUTPUT NODE PROBABILITIES ANO CAPABILITES
C

DO 1000 J.1,JCAP
READ (3,1260) CEP (J$,FA IJ).PK(JI
IF IP4C. EQ.0) GO TO 990
IP (NC .NE.7) WR ITE (6,12101 J,PC*P(J),CEP(JI,FA (J)
!F(NC.EQ.7) WRITE(6,1215$ J,PCAP(JI
GO TO 1000

990 WRITE 16,1190) J,PCAPI J ),PK(J)
1C00 CONTINUE

IF(NC.NE.7) GO TO 9030
• WRITE (6,9020)PAR (VE

9C20 FO *NAT ILX ,’P&R IVE •
C
C29 IF EVENT IS OFFENSIV E,CONPUTE ET - M I S SIO N  EF F E C T I V E N E S S

C
• 903C 11.0

IF (NC.NE.0) GO TO 1030
DO 1010 J’I,INCEI
IV (J )aJ

1)10 CONTINUE
SUM O.O
DO 1020 J.1,JCAP

• SUM. SUM.PCAPIJIePK JI
1020 CONTINUE

WRITE (6,1200) IEVENT,5(iM
E T—E T•SUM

• WRITE (6,1210) ET
GO TO 80

C
C

~~~ IF EVENT IS DEFENSIVE DETERMINE SYSTEM SURVIVABILITY P*R ANETFRS
C
C
1030 IF (NC .EQ.7) GO TO 2500

11.1
00 1040 IQ.1,INCEI
(VI I Q I . I l ( I Q )

1040 CONTINUE
IF IP4C.NE.6) GO TO 1070
(1=6

94 J
I

.

~~~1 

1 A ’
• —~~——~ — — ~~~~~~~ -—~~~ - 5-— — - — - - - -5. — - --5 — - —.~— -- - ~~~~~ .— — —

~~~~~ 
—~:_~ ~~~~~~~~~



-
“

-5 -
~~~~~~~~

-—
~~~~~~~ - --~~~-

F :t~- -  —~~~~~ . ,.• —~~~~~. S - - S~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

JTC~3/AS.76-S 0O4

C
C31 QU ICK CONVENTIONAL KILLS
C

READ (5,1290) (NAX,KMAK, (R(K),K.t,KNSX)
WR ITE (6,1300) (R(K),K—1,KMAX )
00 1050 M.L,(NCE(
00 1050 L.L,1~~AX
READ 15,1310) IPCKILL(N ,L,K) ,K.t ,KNAX $

1030 WRITE (6,1320) M,L,(P KILL (M,L,KI,K.1,KMAX I
KNAX I.KMAX 1
00 1060 !JK I,JCOUNT
PM(SS(KNAX,(JK).1.O
J.IJNIIJK$
SIGM&.CEPIJ$/1.178
DENUM.2.0*SIGMA**2
DEPIL 75.1 75. O~DENUM
EXl’L.0
DO 1060 K.L,KNAXI
EZ2.0.0 -

IF (RN2.LT.DENI7SI EZ2—E * P ( —RM2/OENI.IM)
PMISS( K, !J K ) .EX L—EX 2
P M IS S ( K M AX ,( J K Pa P NI S S I K M A X , J J K)— P$ I S S ( k , I J K $
E*1.EX2

LCÔ Q CONTINUE
GO TO 80

C
C3~ SL OW KILLS
C

• 2500 II—?
00 2 122 l=1,ML TH
RE*015,2120) FT FNP4( 1), (FTDNN(1 ,JI,J.L,MLTH I

2120 FORMAT 1UF3.2$
1 F F — I — I
IF~~I.EQ.L) GO TO 2125
PTFNIII • (FTFPIN (II-FTFNP4 (IFF))
GO TO 2129

2123 PTFN (II.F TFNM (t)
2129 CONTINUE

00 2130 J.1,NLTH
JFF.J— 1
IF (J.EQ.1)GO TO 2140
PTDN(I,J I—F TDNN( I, il—F TOPIPII I,JFF I
60 TO 2130

2140 PTDN (l,J) • PTDN P4( I,J)
2130 CONTINUE
2122 CONTINUE

GO TO 80

I ’
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C
C 3 3  QUICK NUCLEAR KILLS

C
LC?C CONTINUE

00 1090 IJKSL,JCOUNT
QQ( (JK )0.O
jai (JNIIJK)
SIGI4A CEP(JI/ l .t l$
DEP4UMII2.0*SIGMA**Z
DENt 75 175. 0*DENUM
EX1’0.0
RN2 .RM( 1)**Z
IF I RMZ.LT,DENLTS) EX1

E*PI_~~ 210E
1
~~
M)

— QQI (J KI* EXL F~~~
J)

00 1080 M.1,INCEI
QPRNIM,IJKI .0.0
RMM2I.RP4IN)**Z
RMML21’ P~4 ( M I)*~2
(F (RNMZ.U.RMMI2.0R MML2.GE.DI~

4tlSI GO TO 1060

EXMI E XP I—R MM1 2/DENUMI

EXM 0.O
• IF (RMM2 .LT.OENITS’ ~~~~~~~~~~~~~~~~~~~~~

QPRN IN,IJK l_ EXMl** 1j E*M*0~~~~~
1080 CONTINUE
1C 90 CON TINUE

GO 10 80
1100 REWIND 4

REWIND 3
STOP

C
DEF INE FORMATS

C
1110 FORMAT ( 1013)
1120 FORMAT 4 26111 SYSTE M CONFIGURAT ION)

1130 FORMAT (lHO,Sx,$NE
QU1pM T,25K,4)4MT~~~~

TKu

t,7HTHDM(31,8X,7HTH0M 1156Ku3 O,ll*,tHN,L2x,1HB,15x,t$T/’I~~

1140 FORMAT (13,Ix,,A4,
ct0.114E12,5,2*,2F6h1221

1150 FORM AT 1111 ,IX,I3,2X.8A4,F10.2,2X,4
t2 5

~
2X

~~

1160 FORMAT ( 50110 TOO MANY INPUTS OR N (S OUTSIDE ALLOWABLE RANGE )

1170 FORMAT (t3,Lk,F6.2,I*,13,L*, 4 2 X t
~~

1180 FORMAT ( LHO,5k,9HEVENT P4O. ,12,1X ,31115 ,)*4,SX, 1511EVENT OCCURRED ,F

16.2~ 
iON HOURS AFTER 

TAKEOFF/5X,ZIHEVENT DESCRIPTION IS ,7A4 /SX,LL

2)
1190 FORMAT (tHO ,t0X,311J 

.,I),2~~,9HPCA~~
J) .,EIZ.S,2X,7HP~~

J$ .,E12.3)

1200 FORMAT (tp(O,IOX,40HEFFECTIVE~~~
SS FOR OFFENSIVE EVENT 

P4UMBER,13,1*,

12P41S,Et2.5)
12t~ 

FORMAT 1114O,tOX,36HCUMULAT I~~ 
MISSION EFFECTIVENESS IS 

.812.51

1220 FORMAT (,3,2x,6Et2.5l415*,6~~~~~
SU

1230 FORMAT (2311 1 
EVENT DESCRIPT ION)

1240 FORMAT 113 )
1230 FOR MAT ( 1110 /~~3X ,8HRM ARRAY FIt4X ,4I 2,5,2

~~~~
1263 FORMAT (3812.31

1270 FORMAT (LHO ,10X,311J 
.,13,Z*,9P4PCAP (J) •,812•5,2~~

,~~~ 
FIJI * ,E12.3,

tZK,7HFAI J) .,f12.5)

96
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127! FORMAT ( LHO,L0*,311J •, I 3 , 2 X , 9 H P C A P ( J )  ,812.31
1260 FOR MAT (25(3)
1290 FORMAT 42I3,IOFT.0)
1300 FORMAT (IHO,2X ,3LHCOMP ONFP4T PROBABILIT IES OF KILL!

1 1711 CONPI ELEV6 R= .10(F8.O,1*))
1310 FORMAT (8810.4)
1320 FOR MAT (216,2(4X.E10.4)l

END

SUBROUTINE TWOOP4Z (XG,NIZ,Z1,NX, P~j,ANSL$
C
Cl TWO OIMENS (ONAL LiNEAR INTERPOl ATION ROUT (NF
C

DIMENSION Z 111) , AN SI (1I
IXL .IN1Z—IISNX +t

C? IF GIVEN VALUE IS LESS THAN LOWER LIMITS OF TABLE, SET RESULTS
C EQUA L TO lOWE R LIM IT

IF (XG—Z1IIXL )) 70,70,10
10 IL.IXLeL

LU .IXLIPU—1
C~ SEARCH FOR INTERVAL (N WHICH GIVEN VALUE L IES

• 00 20 J—LL,LU
IF (XG—Z 1(J)) 30,80,20

20 C O N T I N U E
• C ’ IF GIVEN VALUE IS GREATER THAN UPPER LIMIT OF TABLE, SET

C RESULTS EQUAL TO UPPE R LIMIT
J’IZLtNX—1
GO TO BO

C~ GIVEN VALUE WITHIN TABLE, CALCULATE INTERPOLAT ION FACTOR
30 RAT— (ZI (J)—XG ) /(lI (J)—Z L (J—tl)
40 JP=J— (NIZ— 11*NX —

CE DO LINEA R INTERPOLATION FOR RESULTS
00 60 K—1 ,Nj

C? CHECK FOR ZERO SUBSCRIPT
- - IF (JP.EQ.1) GO TO 50

ANS1IK )=Z1IJP)—RAT * (Z1 (JP)—Zt (JP—1 ))
GO TO 60

30 *NSI (I)— ZII1I
60 JP=JP +NX

RETURN
70 J—IXL
8C RAT.0.0

GO TO 40
ENO

97
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ELECTRONICS MODE TEST DECK

2 ) 0 V~
1 ELEC TR O NICS A 13.L z .  10.
2 EL~~CTRPIICS R 20.

1). 20 .
999

1 .1) 6 23M M QUAD, POS IT IO N 4 T
1 1 1 2 MI l ITAR Y FUNCT!O’1 A 0 0 F

1 2 2 1 ‘~J~ P MAt MODE 0 0 F
I
1 3 5 5 CO MPIFT C FAi lU~~F 0 ~~ 

F

0 9 9  ‘1 0

2 1 2 2 M IIVTA RY FUNCTIO’~1 B ‘~
. f) F

2 2 5 ~ ‘400MAL MODE 0 0 F
2
2 3 5 5 )FGQAOFO MODE 0 0 F

~~~~

- I 999 3 ) 0

2 .20 6 23MM QUAD, POSITION 4 T
1 1 1 2 M ILITARY FUNCTIOII A 0 0 F

1 2 2 1 NORMAl MODE 0 0 F

1 3 5 5 CO MP LETE FA ILUR E 0 0 F

099 ‘ o
2 1 2 2 M I L T T f~RY FUNCTIO~ B 0 0 ~

2 2 5 5 M0R M~~L MODE 0 0 F

98
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2j 2 3 3 5 DFG RA DEO MODE 1) 0 F

f l5 9  
~ 0

999 0 0 0

3 .30 6 23MM QUAD , POSYTION 4 7
1 1 1 2 M I L I T A R Y  FUNeTIOl A 0 0 F

1 ? 2 1 NORMA l ‘400E 1) I) F
1
1 3 S S COMPIFTE F4ILIJ~~F ~ 0 F

~~~59 0 0

2 1 ‘ 2 MIL IT ARY FUNCTION B 0 0 F

2 2 5 5 NORMA l MODE 0 0 F
2
2 3 3 ~ DFr,QA DFD HOOF 0 1) F

0 9 9  ) 0 —

999 (1 0 0

4 .‘)  0 M A R K  82 SN A K Y~ F
1 1 1 2 M I L I T A Q Y  FUNCTIO N A 0 0 F

1 2 2 1 NORMAL MODE 0 0 F
I
1 3 5 5 COMPIFTE F4I1tJ~~F 0 F

0 59 0 0

2 1 2 2 M ILI TARY FUNCTION B 0 0 F

2 2 5 5 NORMAL MODE 0 0 F

99 

~~~~ •_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—- . - . 

•
•~~• ~~~~~ 

_
u
_ 



F— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
-
~~

-- • — ~~~~~~~~~~~~~~~~~~~~~~~~~~ ,_.. ~~~~ ~~~~ - -
. -,..---

~~~
----—-- ~~~~~~~~~~~~~~ —- ~~~~j

—-5 - - -- • --5 -——- -—-•- - - - - - 5  - --5

JTCG/AS-76-S-004

•.1

2
2 3 5 5 DEGRADE D MODE 0 0 F

1)99 0 1)

999 3 0 0

5 .4) 6 23MM QUAD, POSITION 4 T
I 1 1 2 M I L IT A R Y  FUNCTImI A 0 1) F

1 2 2 1 NORMAL MODE 0 0 F
1
1 3 5 3 COMPLETE FA!11R E 0 0 F

099 0 0

2 1 2 2 M I L I T A R Y  FUNCTION B 0 0 F

2 2 5 5 NORMAL MODE ~ o ~2
2 3 5 5 DEG RADED MODE 5 5 T

~~gq, ) 
~

999 3 (3 1)

6 .50 (3 LAND AT BASE T
1. 1, 1 2 M IL ITARY FUNCTION A

1 2 5 5 NORMA l MODE 1) 0 F

0 5 ~ 3 0

999 0 (3 0

- J
100
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2 ) 1 0 )  n
1 EL EC TRON ICS ‘~ 10.

.1 .6
2 FLEC TQ0N T~~S A 20.

.1 .61 ,  gqq

1 .1) 6 23MM QUAD ,’OSIT!ON 4 t
10. 1.
1:1. 1.
tO. 1.

1 2 100. 1C’0O .
0. 0.
.t

2 .20 6 23MM QUAD,POS7T(ON 4
10. 1.
1). 1.
10. 1.

1 2 1)0 . 100~~.
0. 3.
.1 (3.

1 .30 6 23 MM QUA D, PO S I Y I O N  4 7
1). 1.
1). 1.
13 I

— 1 2 b r . 1000.
(3. (3.
.1 3.

4 .,30 C’ MARX 82 SNA K EYE F
1.0

0.6
5 .4) 6 23MM QUAO,POSI TION 4 7

13. 1.
10. 1.
1). 1.

1 2 1)0. 1000.
C. 3.
.1 0.

6 .40 LA ME’ A~ BA SE T

3.3

L •~~~~ - -  •

1!
- Hi
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VEHICLE MODE TEST DECK - PROG RAM I

4 1 1 1
1 VE*I A CTUALLY GOOD FOR 2 OR 3 IT 10000.

2 VCH ACTUA LLY GOOD FOR DELTA 7 10000 .

3 V EH AP PAR ENTLY GOO D FOR 23P3 DI 10300.

4 V~ H A P PAR.FMT LY GOOD FOR DELTA T 10000. 
-

999 - i

1. .10 7 23M M QUAD, POSITION 4 T
1 1 1 2 FLIGHT FUNCT ION ~ 3 F

1 2 5 5 NORMAL MODE • 0 0 F

099 0 C) •
~~

999 -) ‘) 0

2 .2(3 7 23M M QUAD , POSIT ION 4 T
1 1 1 2 FLIGHT FUNCTION (3 0 F

1 2 5 5 NORMAL MODE A 0 0 ~3
1 3 5 5 NORMAL MODE B o 0 F
4
1 4 5 5 NOR MAL MODE C ‘3 ~ F
1 2
1 5 5 5 ABO RT MODE A (3 0 F
I
3. 6 5 5 ABO R T MODE B n ‘~ F
2
1 7 5 5 DOWN 0 O F

099 (3 0

999 3 0 0

302
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3 .~~0 7 23MM QUAD , POSIT ION 4 T
1 1 1 2 FLIGHT FUNCT ION 0 C) F

1 2 5 3 NO RMA L HOOF A o (3 F
3
1 3 ~ ~ NOR MA L MODE B C’ 0 F
4
1 4 5 ~ NORMAL MODE C 0 1) F
3.
1 5 3 S ARO R I MODE A 0 0 F

1 6 5 ‘5 )
~~WN 0 C ’ F

(‘ 9’~ ‘ 0

99q 3 “ 0

S .40 7 23M M UUAD , P0~ ITInN 4 T
1 1 1 2 FL IGH T ~U NCT TON 0 (3 F

— I ‘ S 5 NORMAL MODE A C) (3 F
4
I 1 5 5 NORMA L MODE B (3 0 F
I
1 4 S S NORMA L MODE C 0 0 F

I S S S 1OWN 0 0 F

(
~~99 C) C’

999 C) (3 (I

6 .5) 7 LANO AT BA5F I
1 1 1 2 ~I tGHT FUNCT ION ~ 0 F

1 S S NORMAL MO1C 
~ 0 (1 F

4

1 3 5 6 NORMAL MODE B 1) 0 F
I
1~ 4 S S NORMA L MODE C 0 0 F
2
1 3 6 ‘5 IOWN 0 0 F

5 .  0 9 9  ‘3 fl

999 3 0 0

103
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VEHICLE MODE TEST DECK - PROGRAM 2

4 1 1 1 4 0
1 ~FI1 A CT UA LLY ~OOD FOR 2 D~ 3 (3T 10000.

0. 1.
2 VF H AC TUA LLY  GOO) FOR DE LTA I 10000 .

0. 1.
3 VEM AP PAR~~NTLY GOOD FOR 2)R3 11 13000.

0. 1.
4 VEIl APPA RENTLY GOOD FOR IELTA 7 10000.

0. I~.999

1 .1) 7 23MM QUAD, POSI’ ION 4
3.0. 1. -~~~

02100 100100100
04 5)1(30100100
05 3) 6) 903.0(3

3.00 20 40 703.00
2 .2’) 7 ?3MM QUAD, POSITION 4

II. 1.
10. 1.
11. 1.
1’). 1.
1). 1.
1~~. 1.

02100 100 100100
04 5(31(3013(3130
05 33 63 9010C’
100 ‘3 40 70100

3 .30 7 23MM QUAD, POSIT IO N 4 5

10. 1.
3..

3.’,. 1.
1.

10. 1.
0210010(310010(3
04 50100100100
OS 3) 60 90100

100 23 4 )  70103 - -

-j

I
- I

• 1  
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6 .6’) 7 23MM QU AD, POSITION 4
1’). 1.
1). 1.

1.
tO. 1.

021C) 1301
04 5flIO)100ion
05 33 6(3 90100

100 2~ 4 )  703.00
6 .5 )  7 LA ND AT BASF

V 1). 1.
‘~~~~~~ 1). 1.

13. 1.
1’. 1.

O2t0)103l0n1nr~
04 301001C)0100
05 3’) 6’) 903.01

7) 43 733.0’)

I L
I 

~~~
-
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SIMULATION MODEL

This section discusses the manner in which calculations are p ’rformed within the
cotnputer 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 descnhes restrictions , simulation errors, and limitations affecting input.
This is followed by a description of abbreviations and symbols for the simulation model.

PROGRAM I

Program I 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

c ..,.. *.. .*.s....s.ess*..**....**,..ss..e..e*s*esae ..as..s.e.
C
C MISS ION DAMAGE EFFECTIVENESS MODEL — PROGRAM ONE

C MISDEM — PGN I.
C
c •se..s.a.s*.ssaa.s s*~~s*s** ..*.....***** ss..*.*s...e.*,.s.s.$.s...... s.

OIME NS ION ~N (3) ,CNAME (8,23 ),DEF (3),DNANE (8hFNAME ( 10,27, 10),
1 1)MT (4),JES(tO,27,25),Ju(23,25),KS(LO,27),KU (23),Kw (23),LEE (10),
2 LFUO) ,LLF(27) ,LLQ (l3,27) ,IMA (I0,27,23),LMAT (10,27,23),LMATT (231
3 ,tJ,)It3,27),MD(j0,27),M1123),MM QI1O,27),MQIIO,27),OFF (3),wEAPN(7)

~NTE G ER*2 IJN( 256)
LOG ICAL M0, MOT
EQUI VALE NCE (LMA (1,1,1) ,L4AT (1,1,1))
)A TA BLK/4M /,OFF/SHOFFE,4HNSIV,4HE /,DEF/414OEFE,4HNS!V,

*4HE /,OUT/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 MI) and
MDT as logical with four storage locations allocated for each, to define storage that is to he
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
C l  INI T IA LIZ E
C

11-27
LCN8-8
140- 10
ICE! —23
1 72— 7

106 1
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are used to define variable names for the dimensional constant. LI is the maximum number
of modes (in all subfunctions) of the mode logic (see Figure 21). L40 is the maximum
number of suhfunctions. 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

INCEI-0
DO 20 I-t,LCEI
MIII ) 1
00 2) J 1,LCN8
C NAME ( J,I RIK

20 CONTINUE

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

READIS,950 ) NZT ,MCR ,M PR ,NAV

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 MAy) .

5 These four inputs are discussed at length in the User Information subsection.

The statements

C
C2 READ AND WRITE SYSTEM DESCRIPTION
C

WRITE(6,960)
WQI TE (6 ,g 7 0 )
00 40 !1,LCEI
REAO (5,980) M, (DNAME(J) .J 1,LCN8),TBFN, (HONT (MPRMI,MPRM .1,4),ONOF F
tF(M.EQ.999)G0 TO 60
WR!TEt6,99O)M,(DNAMEIJ),J.1,LCN8),T$FM,(~ DMT (MpRM,,MpRM .1,4),OMOF F
IF (M .GT.LCEI.OR.M.LT.1) GO TO 50
IF (M.GT. INC El ) INCEI—M
IF(ONOFF.EQ.OUTIMI 111-0
DO 40 J 1,LCN8
CNAMEI J,t )—D NAM E(J I

40 CONTINUE
RE AD I5,9801 M
IFIM.EQ.999) 30 10 60

50 WRITE (6,1000)
S TOP

60 CONTINUE
I
~~~~)

~~ 107
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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
Lnput 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
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 LCFI) 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 L(’El.
Program control ts 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 c’ONTINUE” statement and program execution will
flow as described in the next set of statements.

The statement

REWIND 4

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

C
C3 REA D AND W RITE EVE’4 T DESCRIPTION
C

REAO(5,LO1O,END—840) IEVE PIT,T2,NC, (WEAPN (Il,I—L ,7),MDT
WRITE ( 6, 1270)
DO 71 P4 1,3
CNINI.OF F (NI
IFINC.NE.0) CNIN)—DEF (N )

71 CONTINUE
WRITEIo,1020) IEVENT , (CNIN ),Na1,31, 12, (WEAPN(I),I.t,7), NOT

108 - -
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are used to read and write the event de~~ription (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.

IF INC.4E.7 W R I T E I 6 , t 3 6 0 )
IFCNC .EQ .7) WRI T E (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
C~. READ Si.jBFUNCTIONAL FL~~ FOR EVENT AND GEN ER ATE SUBSYSTEM
C RE QUIREMENTS VECTOR 

—
C

DO 250 1 1,140
00 240 K-1 ,L1
MD (I,k)— .FALSE .
REAr~(5,LO7fl)1F (l),LLF (IU ,LQ (t,k),LLQ (l,K), (FNAMEII,k ,J ),J 1,[o),

S

1-0
00 90 J 1,INCEI
IFIL NATII,k,J).EQ.OIGD TO 100

80 1.111
!FILNA T(I,k,J).EQ.LIGD TO 90
LMATT ( 11-0
GO T0 80

90 LMA YT ILI I
GO TO I4O

100 J— L+l
IFIJ.GT.INCEI )GO TO 1~ 0
00 110 L—J,INCEI

113 LMATT(1).0
143 DO 150 L.L,INCEI
15~ L4A (I,k,L) •LMATT ILI

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
C5 WR I TE SUSFUNCTIONAL FLOW
C

IFINC.NE.7)
1WRITE (6,1080)LF (II,LL~ I K),LQII,ut),tLQ (I,KI,IFNAME (t,K,J),J.1,I3),
S NQ( I ,K) ,MMQ(I,K) , t4Q(I, i~) ,* LNAT( I ,K,J ) ,Ja 1,I$C EI)
EFINC.EQ .7) W RI TE (6.1385) LF( I ),L1c(kI ,LQ (I,K),LLQU,K),

* (FNAME (1,K,J),J—1,1)I,(LMAT (I,K,J),J.1,!NCEI)

109
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IFILIFIK) .EQ.99) G3 TO 230
IFILFU ) .EQ.999 ) GO TO 260
G0 T0 240

230 LEEII) ak— 1
GO TO 250

240 CONTINUE
2 50 CONTINUE

1 L40+1
READI5 ,t O7O )M
IF(M.EQ.999) GO TO 260
WR ITE(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. It’ 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
C c INI T IALIZE FOR MODE SEQUENCE IDENTIFICAT ION
C
260 LE -I—1

LQSVLaO
LL QS-0
N Z O
DO 290 J 1,140
00 290 K 1 , L 1
kStJ,K)zO
DO 290 1-1,172
JES( J,K, I )0

290 CONTINUE
03 330 L-1,LCEI
KW (1)—0

300 CONTINUE
00 310 JCOUNTaI,256
IJN( JC OUNT)a0

31) CONTINUE
JC OUNT O
JCAP-O

are used to initialize all variables used in the mode sequence identification process which
start s in the next block of code. I -

.1
& 110 1
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The statements
C
Cl GENER ATE FINA L STA t E OF THE SYSTEM — 8INARY VECTOR KW
C
330 CONTINUE

00 340 Ia1.,INCEI
I(W(I)—j

340 CONTINUE
IF (NZ.LT.IIGO TO 400
Lit— i

350 KW ( L L I )—O
IF (NZ.LT.2)GO TO 400 —f ’ LL 2—LL1.t

360
‘ 5  IF(NZ.LT.3160 TO 400

LL3 1L2+ t
313 ~W ( LL3 ) — O

IF(NZ.LT.4)GO TO 400
114 1L 34 1

380 KW (LL4) 0
IFINZ.LT.5)GO TO 400
LLS LL4+t

390 KW (LLS) 0
tF(NZ.LT.61 GO TO 400

F LL6 LLS+1
391 KW (1L61 0

IFINZ.LT.7) GO TO 400
117—116+1

392 XWILLT)s0
IFINZ.LT.8) GO TO 400
118*117+1

393 KW (118)—o
400 CONTIN UE

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.

The statements

C
C 8  TEST FOR SUPPRESSED SUBSY STEMS
C

00 410 MN—t ,INC EI
£ FINI ( MM) .NF.O )GO TO 410
I F ( kw ( M~4 ) .EQ . t )G O TO 720

410 CONTINUE
IF (NC .EQ.TIGO TO 405
IFINCR .EQ.O)G0 TO 402
IFIIcW ( MCR) .EQ.OIGO TO 720

402 IF(MPR .EQ.O)GO TO 404
IF*KW(MPR).EQ.O)GO TO 720

404 IF (MAV.EQ .OIGO TO 405
IF(KW (MAV).EQ.~ )GO TO 720405 C~)NTINUE
JCOUNT zJCOUNT+1

c ~
Ill 
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are used to reject (i.e., to withhold from further use) a state if it requires either:

1. A subsystem be viable that has been deleted (by the Ml flag)

2. A subsystem (one of three) be failed that is critical to all significant modes (the fsubsystems are labeled MCR, MPR, and MAy).

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

C
C~ DEFINE MODE SEQUEN E AND SUBSYSTEMS USED
C -

~~

00 530 1 1,LCEI
53 KU I I I— O

L TEST*t
00 640 1 1,LE
LEQ— LEE( L)
00 540 K- t~~LEQ

540 KS ( L . ,K ) - O
IF( L .€Q. LQSV L.O R. LT EST .EQ.1) GO TO 550
( 0 T 3 640

553 00 630 K 1,LEQ
1F (K.GE.ILQS.OR.LTEST.EQ.i) GO TO 560
GO TO 63O

563 IF( .NOT. MOT.AN D. MO ( L ,K))  GO TO 580
33 T0 590

58C IQSVL—MQ(L,k)
LLQS.MMQ(L,K)
LTEST O
IFILQSVL.EQ.L) GO TO $30
GO TO 640

590 LTESTZ1
DO 600 M-j,IPICEI
IF (KW(M).LT.LMA (L,K,MI I GO TO 620

630 CONTINUE
DO 610 M—1 ,IP4CEI
IF (KWIMI.GT.LMAU. ,I(,M) .t3R.IIWIMI.EQ.0) GO TO 610
IF (KW(MI.EQ.L ~4AIL,K,M) .4N0.KW(M).EQ.t) KUIM)— 1

610 CON T INUE
- KS(L,K)—1

LQSVL LQ (L,I()
IL OS —1 LQ ( 1, K)
L T EST O

620 IF(LQSVL.GT.IIGO TO 640
630 CONTINUE
640 CONTIN UE

J*JCA P,t

5~L
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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 I and I. 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 I after each
successful mode. LTEST O is a flag denoting failure of the MD test, which results in
rejection of further tests on the current subfnnction 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

C
ClO ASSIGN MODE SEQUENC E NUMBERS
C

• 650 J J— 1
IF (J.NE.0) GO TO 680

- - JCAP—JCAP+ 1
J* JCAP
00 660 1 - 1,LE
LEG— LEEIL )
00 660 K 1,LE Q
JES(L,K ,J) KS(L,K)

660 CONTINUE
• 00 670 IU=t ,INCEI

JUUU,J —KuuU
670 CONTINUE

GO TO 700
680 00 69 0L— 1 ,L E

LEQ—LEE (L) -

00 690 K 1,LEQ
IF (JESIL,K,J).ME .KSIL,K)) GO TO 650

690 CONTIN UE
- 

- 7C0 CONTINUE
IJN( JCOUNT )— J

are used to assign a mode sequence number (I) to the current state number (JCOUNT). This
is done by comparing the new iS array against its immediate predecessor, identified by the
variable JES. If identical, the decremented J number is assigned to the current JCOUNT. 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 ICAP value, which has been

113
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Li
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
subsequent portions of the program.

The statements

C
Cli RE POSIT ION ZEROS IN STAT E BINARY VECTOR 1KW )
C

720 IC (NZ.LT.1.OR.NZ.GT.8)&Q TO 790
GO TO (770 ,760,750,74) .730 ,728,726,724) , Ni

724 KW ILL B) i
L18 LL8+i
IF((LL 8—8 ) .LE.( INCEI- NZ)) GO TO 393

726 KW ( 1 L7)—1
LL T LL7+i
IF( 11L7— 7) .L E. I INC EI—NZ ))  GO TO 392

728 KW (LL6)—i
LL6 1L 6+ 1
IF((LL6 6 ) e L E . (Z N C E I ’ NZ ) )  GO TO 391

730 KW ( LL5 ) i
LL5 LL5+ 1
IF((1L5—5).LE.CINCEI—NZ))GO TO 390

140 KW ( LL4 ) 1
LL4 LL4+1
IF( ( 1L4-4) .LE.( INCE I—NZ ) IGO TO 380

750 KW(1131 1
LL3 LL3+ i
IF ((L13—3).LE .IINCEI—MZ))GO TO 370

760 KW(ILZI—t
LL2 LLZ+ 1 -

IF I (1L 2— 2) .LE.(INCE I—NZ))GO TO 360
TiC KW (1Li)—I

LLL LL I#i
IF ((L 11—1).LE. (INCE I—MZ))GO TO 350

790 CONTINUE
NZ NL+l
IF(Ni.1E.NZT)~ O TO 330
NZ=O 

-

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 preceding three blocks
of code.

The statements

C
C 12 WRITE MODE SEQUENCE AND SUBSYSTEMS USED
C

00 820 J 1,JCAP
WRITEI6,1170)
WR ITE(6,1140) J
DO B O O L - 1 , L E

114
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LEQ LEE ( L )
DO BOO K—i,LE Q
IF(JES (L,K,J).EQ.0) ~) TO 800WRI TE (6, 1150) (FMAME(1,K,I ),I—t,t0)

800 CONTINUE
IF(NC.NE.7) W R ITE (6 , 1180)
IF(NC.EQ.7) WR ITE (6 , 1185)
00 810 ‘l—1 ,INCEI
EF(JU(’ l ,J) .NE.i)  GO T) 810
WRITE(6,1190) (CNAME (K,M),K—i ,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
C 13 WR ITE MODE SEQUENC E ON TAPE FOR USE IN PROGRAM 2
C

• W R ITEI4 ,1280)  IIJNIIJK) ,1JK 1,JCOtJNT )
GO TO 70

840 END FILE 4
R EWIND 4
S T~3P

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 conta ining the mode sequence number is rewound and Program I stops.

The statements

C
CI’ DEFINE FORMATS
C

950 FORMAT (10I3)
- 

- 960 FO RMAT ( 26111 ~VST E N C O N F I G U R A T I O N )
910 FORMAT (j.HO,8X,9HEQIJIPMENT,25X, 4HMTBF,TX,7HTHDM (L ),6X,THTHDM(2),

‘7X ,THTHDM (3),8x ,7111110M(4)/56x ,311G D ,11x,IHN ,izx,IHB ,15x ,1HT/I1x)
980 FOR I4AT (13,1X ,8A4,FIO.2/4E12 .5,T65,A2 )
990 FORM&T *IH ,1X , l3 ,2X ,8A4 ,V~10.2,2X ,41E12 .5,2X),3x ,A2)
1000 FOR MAT 1 50H0 TOO MANY I NPUTS OR M IS OUTSIDE ALLOWABLE RANGE )
1310 FOR UAT (13 ,1X ,F6 .2 ,IX ,I 3,iX ,7A4,2X ,LL )
1020 FORMAT (1HU,5X,9HEVENT NO .,-12,1X,3111S ,3A4/ 5X .I5HEVENT OCCURRED

SF6.2,
*2011 HOURS AF TER TAK EO FF/ 5X ,2 IHEVENT DESCRIPTION IS ,7A4~5X,L1 )

1060 FORMAT ( IHO,7X,16HSUBFUNCT IOMF MODE,32*,2IHEQUIPMENT DESCRIPTION,12
* X ,I8HMISSION ) ESC RI PTOR I IX )

106 5 FOR MAT ( IHO , TX ,I6HSUBFUNCT ION/ NOOE ,32X,3 5HFLIGHT AND OFTECTION TI M
*E REMAINING )

1 -  1010 FORMAT (413 ,IX,10A4,IX ,213,1X,l l ,2313)
L 1080 FORMAT (1X ,2 13 ,2X ,2I 3 ,2X ,10A4 ,T86 ,2I3,12X ,Li,TSq,2311)

• ~

- 
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1’385 FO RMA T ( LX ,2I  3 ,2X ,2 I3 ,2~ ,10A4, T59,2311)
1C90 FORMAT ( 29110 TOO MANY INPUTS FOR F ARRAY )
1140 t - ORMAT ( IHO , I LX , I3 )
115C FOR MAT(1H ,45X,10A4)
1170 FORMAT(1H ,5X,L6HMODE SEQUENCE PIO,16X,I8HSUBFUNCT IONAI FLOW)
1180 FOR MAT ( 1HO ,58X ,15HSUB SY STEMS USE D/tX)
1185 FORMAT(IHO,58X,31HACTJAL AND APPARENT FLIGHT TIME )
1190 FORMAT (1H ,60X,8A4)
1270 FORMAT (23H 1 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 contro’ the inputs and perform a)) logic and
computations except for an interpolation that is performed by the subroutine.

The statements

C ** *******S**************S*****S***S*S*S**S*****S****$S$S**S***S*******
C
C MISSION DAMAGE EFFECTIVENESS MODEL — PROGRAM TWO
C MISDEM — PGN 2 -‘

C
C *5*5*5  ***S********************S********************************S******

DIMENSION CEP (50),CN(3),CLJRVE(4,30),DEF(3),DNAME(8), FA (5O),
I FTDNN(16 ,16) , FTFNN( 16) ,GRAPH(30) ,HDMT (4 ) , ISUB(41, IT (23) , ITT (23 )
2 ,IV (23),IZ(23),JZ(23),KW (23),KWW (23),MI(23) ,MT BF(23),OFF (3),
3 PCAP(50),PCKILL (23,1O,27),PCSURV (23,tO,27),PI(256),PJ (256),
4 PK(50),PM(23),PMN(23),PMISS(27,256),PTDN(16,16),PTFN(16),
5 QO (2561,QPR M (23,256),R(1O),RA(23),RESUI(2),PM(24),THDM (23,4), —

6 TIMEF (23),TIMEN (23),WEAPN (1)
INTEGER*2 IJN( 256)
LOGICAL NOT
DA TA OFF/4HOFFE,4HNSIV,4HE F,DEF/4HOEFE,4HNSIV,4HE F,OUT/2HNO/

11
116
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are used to allocate storage by use of the dimension statetneni to reserve two integer stota ~e
locations for each of the 256 INTEGER 2 wonis, declare the variable Ml)T as logical with
four storage locations allocated for each, and define the initial values for various varia bles b~use ot the data statements.

The statements

C
CI INI TIALIZE
C

1CN8 8
1CEI 23
172 40

are used to detine variable names for the dimensional constants. LCN8 is the maximum
number of equipm ent name segments. LCEI is the maximum number of subsystems in the
equipment configuration, used as a check (later in the program) on program input. 172 is
the maximum number of mode sequences generated by Program I for an~- event.

• ‘ [he statements

I NC EI— 0
00 30 I t ~t.CE1M T B F ( I ) a O . 0
PM( I ) * O .O
Mt(l )— 1
I V II )— I

, —  l ilt I-.!
00 20 NPRMaI,4
T HDN( I ,M PRM) 0

20 C O N T I N UE
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 hag for all

1. subsystems to “on”, to initialize the event and subsystem counter arrays and to !ert~out all
damage threshold storage locations for all subsystems.

The statement

READ (5, 1110) NZT ,MCR ,MP P ,MaV,MITH,NABORT

is used to read the tIrst input data card. These variables arc used for control of state
generation (through NZT), state probability generation (through MCR, MPR. and MAVI,
mission length (MLTHI. and event abort control (NABORT~.

117
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P~e

C
C? READ AND WRITE SYSTEM DESCRIPTION
C

WRITE 16,11201
WRITE (6,1130)
00 50 t L,LCEI
READ (5,1140) M,SDNAME (J),J—1 ,LCN8), TBFN ,(HOMTIMPRM),MP*M. 1,4),TMN
1. TMF ,ONOFF
(F (M .EQ.999) GO TO 70
W R ITE (6,1150) M,I DNAME (J),JB I,LCNB ) ,TBFM,(H DMT(N PRM ),MPRM .1, 4)
IF IM.GT .LCE(.OR.M.IT. 1I GO TO 60
IF (N.GT. INCEI) INCEI’I -

IF l DNOFF.Ei~.OUT ) P11(11 .0
00 40 MPRM .I ,4
THOM (I ,MPR M PSHDNT (MP RM )

40 CONTINU E
NTBFII)—TBFM
TI MENU).TMN
TIMEFI fl.TMF

SO CONT INUE
READ 15,1140) M
IF tM.EQ.999) GO TO 73

60 WRITE (6,1160)
STOP

70 CONTINUE

art’ used for Input/output of the s~steni descrIption. l’he first two lines wr ite the headings in
prepara*~on lot the output.

[he next statement starts a ioop which allows for the maximum input ot 23 subsystem
detm nmtmon~ [ac h subsystem detinition consists of the equipment names. MTBF. nuclear
dni~.gt’ thresholds and a logical flag (ON OFI ) which c~mn be ~msed to suppress a
(prevent it~ being considered ftirther). If the system number that is input is equal to QQ’~,
the program switches control out of the loop (i c. . “70 ~~~~~~~~~ signifying there are no
tiion’ 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 man subsystems (relative to 1 (‘Fl) in the input data. If either of these
conditions exist, program control is transterred to an error tuetsage which is written out and
the program stops. The nex t statement updates the counter which keeps track of t h e 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 MTIIF, the time on and time off information and stores
them by the subsystem index.

118
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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

1 ‘ 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
C

- E TSO.O
- 11— 0

T1—O,O

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

The statements

• R EWIND 4
REWIND 3I -~

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

The statements

C
C~ I N I T I A L I Z E
C

80 CONTINUE
00 85 14—1 ,INCEI

- i RM ( M)~ O.O
85 CONTINUE

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

The statements

C
C5 READ AND WRITE EVENT DESCRIPTION
C

READ 45,1170,ENO—1tO0) IEVENT ,T 2 ,P4C ,(W EAPP4 ( I) , I~~1,7),MoT
WRITE (6,1230)
00 90 NaI,3

I. CN (N)—OFF(N)

t .
119
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IF INC.NE.O) CN(NI.DEFIN)
90 CONTINUE

WRITE (6,1180) IEVENT, (CN (N),Nal,31,T2,(WEAPN (I), 1 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-
m ental conditions at the time of the event.

The statements

00 100 L 1,INCEI 4
IZ (LI— L

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 IP4C.EQ.0.OR .NC.EQ.S .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

C
C 6 COMPUTE LETHAL RADI I AND ASSIGN INDEX
C

00 120 1 1,NC
READ (5,1240) NPOI NT
N2 2*P4POINT
READ (5,12201 ISUB (I),(CURVEU,JhJat,N2)
I S— I SUB( I)
DO 120 M—l,I NC EI
00 110 1J 1,N2
GRAPH( IJ) CURVE( 1,1 JI

110 CONTINUE
CALL TWOON Z (THDM (M,ISI ,t ,GRAPH ,NPOINT,2 ,RESUL )
RA (M)—R E SUL(21
RM (M)aANAXI (RA (M$ ,R h 4 ( M ))

120 CONTINUE -

INE.INCEI+1
RM (INE 1—0.0
DO 140 LOO—1.I NCEI
tNtl L00+1
00 130 Ja( P4(T, INE
IF (R M (J).LE.RM (LOO)) GO TO 130
STORE RM( JI

120
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RM (Jt—RM (L0O I
RM (LOO) — STOR E
ITORE.IZ(LOO)
(1(1001—I 1(J)
IZ (Jl—I TORE

130 CONTINUE
140 CON TINUE

WRITE (6, 1250) (RM(M) ,M 1 ,INE )

will 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 1 20” through “I 20 CONTINUE”. The
statements through “1 10 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 mtchanisms.

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 + I are used to reassign the
lethal radii in descending order and to assign a vulnerability index number (1 Z) to each
subsystem, where I corresponds to the maximum lethal radius. The lethal radii values are
subsequentl y printed out.

The next statements

C
C COM PUTE SUBSYSTE M RE L IABIL ITY IN T RANS ITION
C

200 CONTINUE
DO 230 M—1 ,INCE I
PM(M).1.0
IF (MI(M).EQ.O) GO TO 230
IF (T2.LE.TIMENIMI) GD TO 230
IF (T2.GE.T(MEFIM) l GO TO 210
DELT AT— T2—Tl
IF (T1.LE.TIMEN (M)) DELTATuT2—TIMEN (14)
G0 T0 220

210 DELTATaO.O
(F (TINEF(M).GT.TI, I DELTATaT1MEF (M )—T1

220 PM (M)—1 .0—OELTAT/MTBF (M)iDELTAT**2/ (2.OSMTBF (MI**2)
230 CONTINUE

Tt—T2
00 240 L-1,INCEI
JV~ IV (LI
PNM( L)-PM(JV)

240 CONTINUE

12 1
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are used to compute the reliability of every subsystem which is time dependent. The
reliability equation is:

dk exp (- ~ t ÷ MTBF) I - &/MTBF + I~t 2/2 MTBF2

where

dk represents subsystem reliability in the transition

~t is the elapsed subsystem time in the transition

MTBF is the mean time between failures

The statements

C
C8 INIT IALIZE STAT E AND STATE PROBAB IL ITIES
C

NZ-0
NZI-0
00 250 t—1, LCE I
XW (I )aO

250 CONTINUE
00 260 J i,L12
PC*P(J).O.O

260 CONTINUE
JCAP ’O
IF IIEVENT.NE.1l GO T) 290
(COUNT.1
DO 270 M—t ,INCEI
L T ( M ) — i
ITT (M) 1
IF (M I (M ).EQ.1) GO TO 270
LT ( M% 0
I TT( 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 IT1’ 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

C
C9 ABORT FLOW CONTROL
C

IF (NABORT.NE.0)GO TO 273
G0 70 278

122

I
5-— — 5-— - - -

~~
- ~~~~~~~~~~~~~~~~~~~~~ - - - 5-— - —---5-—



__ 5.- -—-—-5 - — -- - -~~~~~~ - -
,

~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~ 
— 5- 

‘5-~ ~ _.w—=.-- . •
~‘~-~

‘~ 1

J’TCG/AS-76.S~O04

differentiate 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
C l O INITIA LIZE ABORT STATES

275 IF (I EVENT.NE. 1) GO TO 290
REAO(3)J EVENT ,JCOW 4T ,(PJ (L) ,L .1,JC OUNT)
IF (JEVENT.NE.NABORT )Gri TO 275
00 277 I 1,JCOUNT
PtIfl— PJ (I)

2 17  P J ( 1 ) — 0 . O
GO TO 3OS

read the state probability on tape unit 3 into prior state probability P1 for the event number
indicated by (equal to) NABORT. In addition, the current state probability Pi 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
CU IN I T IA L I Z E  NORMAL STATES
C

278 DO 280 Lal ,256
Pt ( L ) ” i . O
PJ(L 1.0.0

280 C O N T I N U E
GO TO 310

- 
- 

290 ~)O 300 I-1,JCOUNT
PI(U PJ(()- - - 

PJ (I)—O,O
3C3 CONTINUE
305 CONTINUE

L ICOUNT O

initialize the non-abort state probabilities for the prior event (P1) equal to one and for the
current event (Pi) 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 equalL to zero.

-
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The statements

C
C12 GENERATE A PR I OR STATE OF THE SYSTEM (IT)
C

310 IF (NABORT.EQ.O)GO TO 315 -
~~~

GO TO 320
31.5 CCNT INUE

IF (IE VENT.EQ.t)GO TO 440
320 CONTINUE

00 330 I—1 ,INCEI
I T (I)—i

330 CONTINUE
IF (NZ.LT.1) GO TO 413
Ill— I

360 ITIUI)—O
IF INZ.LT.2) GO TO 413
112—111 .1.

37C IT (II2)—O - -

IF (NZ .LT.3) GO TO 410
11 3—1 (21 1

380 TT (113)a0
IF (NZ.LT.4) GO TO 413
114— 113+ 1

390 IT (I14)—O
IF (NZ .LT.5) GO TO 410
115—11 4+1

400 ZT ((151— 0
IF (NZ.LT .6)GO TO 41.0
1I6~ II5.1

405 IT (116)— 0
IFINZ.LT.7)GO TO 41.0
117— 116 .1

406 IT(117)— 0
IF(NZ.LT.8)GO TO 410
118 1I7+1

407 IT (1I8)—O

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
C13 TEST FOR DELETED OR CRITICAL SUBSYSTEMS j
C

410 CONTINUE
00 420 MM 1,INCEI
IF (MI ( MMJ .EQ.11 GO TO 420
IF (IT (MM).EQ.1) GO TD 840

420 CONTINUE
IF (NC.EQ.7) GO TO 425 • 1
IF(MCR.EO.O)GO TO 422 J

124
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ii.
IF (IT I MCRI.EQ.0) GO TO 840

422 tF (MPR .EQ.0)GO TO 424
IF (IT (MPR) .EQ.0) GO T) 840

424 IF (MAV.EQ.0 )GO TO 42~
I F I I T (MAv).EQ.0) GO T3 840

425 ICOUNTSICOUNT ,1

are used to t est for deleted and critical subsystems. This block of code is identical to the one
in Program I.

The statements

C
C I a. RESHUFFLE SUBSYSTEM ORDER

. 1 C
00 430 L -1 ,INCE I
JV .IV (Ll

I
- 

t. 430 CONTINUE
440 JC OUNT O

reorder the subsystems in preparation for use in the transition algorithm.

The statements

C
C1~ GENE RAT E A CURRENT STAT E OF THE SYSTEM (KW )
C

450 CONTINUE
DO 460 I—1 ,INCE (
KW (I)— 1

r i -  460 CONTINUE
it . IF (NZI .LT .L) GO TO 540

ILL-i
490 ~W (L 11)—O

IF (NZ!.LT.2) GO TO 540
ii-. 112—1 114 1

500 KW (L12)aO
IF (NZ I.LT .31 GO TO 540
L13 LL21 I

510 kW (LL3 )~ 0
IF (N i  f.LT.4) GO TO 540
1L4.LL3#1

320 KW (LL4I .0
IF (P4ZI .LT .5) GO TO 540
LLS LL44 I

530 KW ILL5I .0
IF (NZI .LT.6)GO TO 540
116—115 +1

L 125

- - ---5— - - -  - -
~~~~~~~~~~~~~~~~

-5 - - -



-5 -5 — 5-5--5---—-- —5-— 
~
—

~~~

5-5-- 

~

—‘-5- 5-

~~~~~~

--5-= --- 

~~~

-5—

~~

—

~~~

—--—-  —5-- - . -
--

~
--

~~~~~~~~
5---—

rrcG/As.7~ s-oo4

535 ~W (LL6 )— O
IFINL$ .IT.7)GO TO 540
LL?— LL6 ’ l - 

—

536 KW ILL 7 I— 0
IF(NZI.LT.8)GO TO 540
118—117+1

537 kW(LL8)— 0
540 CONTINUE

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

The statements

C
C~~6 TEST FOR SUPPRESSED SUBSYSTEMS
C

00 550 MM —1 ,INC E T
IF IM IIMM).EQ. 1) GO TO 550
IF (KW (MM).E Q .1) GO TO 710

550 CONTINUE
IF(NC.EQ.7)GO TO 555
IF(MCR.EQ.0)GD TO 552
IF (KW (MC R).E Q.0)Go TO 710

552 1F IM PR.EQ.O)GO TO 554
(F (kw (MPR).EQ .O)GO TO 710

554 LFIMA V .E Q.0)GD ‘TO ~~5
IF (KW (MAV ) .EQ.O)GO TO 7i0

555 JCOUNT-JCOUNT .L

are completely analogous to the prior state test and are iden tically coded.

The statements

C
C l 5 -  RESHUFFL E SUBSYSTEM ORDER
C

DO 560 L .i ,(NCEI
JV .I Vt LI
KWW (L) KW(JV )

560 CONTINUE

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

The statement

C
C1 8 COMPUTE THE SYSTEM STATE TRANSITION PROBABILITY
C

IF (II.NE .6) GO TO 1500

— t

126 1

I ,
- 5- - - -  

_ _ _ _ _ _ _ _ _ _ _ _ _

5-—— 5- -~—-~ — — 5-—~~— 
—--5 5 - - —



—5- -5 
-

JTCO/AS.76-S..004

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

The statements

C
C 1~ QUICK CONVENTIONAL THREAT DAMA GE AND REL IABIL ITY
C

SUMTRK.0.0
DO 620 k I,KMA X
SUMTRA .O.O
00 61.0 L 1,LMAX
T*AN S—L.O
DO 600 M .1,INCE I
PC SURV (N,L,KJ • 1.0 — PCKI1L(14,L ,K)
(F (IT T (N I—KWW( M )) 570,580,590

- - 570 T RANSaO.O
60 T0 620

380 (F (ITT ( M).EQ.0.0I GO TO 600
TRANS .PCSURV(M ,L .K )*PM$(M )STRANS
GO TO 600

59C TR ANS.(1.0-.PCSURV(M ,L .K) *PMM(M)I *TRAN Stcc CONTINUE
SUMT RA- TR AN S. S UMTR A

610 CONTI NUE
SUMTRK -I SUMTRA ~L MAX ) *PMISS ( K , ICOUNT I•SUMTRK

620 CONTINU E
TR AN S—SU MTR K
GO TO 700

15CC (F( I I.NE.7) GO TO 630

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

The statements

C
C20 SLO W THREAT DAMAGE
C

TRANS — 1.0
N TFN -0
I TFN.O
II NCEI .INCEI/2
00 151.0 L—L ,IINC E(
IF (KkW(LI.EQ.1INTFN ~ 2S* ((INCE I /2)_1).NTFN

1510 (Ft ITT (L ) .EQ.IUTFN .2SS ((INCEI/21_L I ,ITFN
P4T0P4.0
ITDN.O

( J INCEI—IINCE(. i
00 1520 L-J INCEI,IPICEI
IF I KW W IL I .E Q.IINTON—2* I’ INC E I—I. ) +NTON

t h  127
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.~

j
1520 (Ft I TT (L).E Q .l) ITDN 2**I INCEI—L )+ITDN

NTTF NTFN+1
ITT F— ITFN 4 1
NTTD =NTDN4 1
ITTD —I T DN +1
IF(ITTD .GT .ITTF.OR.NTTD.GT .P4TTF)GO TO 1605
IFUTTF .LE .1.OR .ITTO.LE .1) GO TO 1605
IF(NT TF .GT.(ITTF—1 ).OR .NTT 0.GT .(ITTD—1) )G0 TO 1605
GO TO 161.0

16C5 TR ANS I—0
GO TO 1720

1610 TRANS1aO
IF (NTTF— ((TTF—1 ) 11670,1620,1420

1620 IF (NTTO— (ITTD—1H1630,1625,1625
1625 00 1627 t—NTTF ,MLTH

SUMPTD—O
00 1626 J NTTO,I

1*26 SUMPTO—PTDN (I,J)+SUMPT O
1*27 TR AN SI—PTFN (II*SUM PTO.TRANS 1 ..

GO TO 1720
163C DO 163 1 I—NTTF ,MLTH
1.631 TRANS1—PTFI1 (Il*PTQN (j,PITTO).TRANSL

G0 T0 1720
167C IF (NTTD— (ITTD—1))1680,L675,1675
1*15 00 1676 JaNTTD,NT TF
1676 TRAN SI =PTON (NTTF ,J)+TR4P4SL

TRAPIS1—PTFN (N TTF )*TRAN S1
GO 10 1.720

168C TR AN SI-PTFN (NTTF )*PTDN (NTTF,NTTDI
1720 TRANS=TRANS 1*TRANS

G0 10 700

compute the transition probability for the vehicle mode. The statements through 1520
convert the binary t and r 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

C
C ’i QU ICK NUCLEAR DAMAGE AND RELIABILITY
C (ALSO NON—DEFENSIVE TRANSITIONS)
C

128
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630 TR AN S—1.O
NF-1
IF (II .EQ.O) GO TO 640
TRANS - QOf ICOUN T )

.: NF —O
640 CONTINUE

S DO 690 M 1,(NCEI
IF ((TT (M)—Kww(M ) ) 653,660,670

630 TR ANS •O .O
-

~ GO TO TOO
5- 660 IF IETT (M ).EQ .0) GO T~ 680

TRAN S—IRANS *PMM(M)
GO TO 690

- 67C TR ANS— TRANS* (i.O— PMMI M ))
68C (F (NF .EQ.0I TRANS -TRANS ,QPRM(M ,ICOUNT I

4 i - 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 I when the first surviving subsystem is encountered. For non-nuclear events, only
reliability effects occur.

The statements

- -  C
C 2 2  COMPUTE THE STATE PROBABILITIES

-
~~ i• C

- 

7CC PJ (JCOU ’IT)zTRANSSPI(ECOUN T )+PJ (JCOUNT)

- accumulate (add) the probabilities for all transitions into the same current state. This sum is
I - 

the current state probability. This is repeated for all current states as the st ate do-loop is
I executed. The equation is:

Pj . n = (Pj/i,n)X(Pi,fl)

The statements

C
C2 3 RESET CURRENT STATF 1KW ) ZERO LOCAT IONS
C

- 710 IF (NiI.LT.1.OR.NZI.GT.8) GO TO 820
1 - GO TO (800,780,760,740,720,715,714,7131,NZ I

113 KW (LL8)al
LL8 LL 811

s 

tF((118’BI.LE.(INCEI NZI)IGO TO 537

c-- i
1J 129

_ _ _ _



- 
- 

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ — : T  ‘

~

5-

JTCG/AS-76-S-004

714 KW (1L7) 1
111 117+ 1
IF (( LL7—7 ) .LE.( IN C EI—M Z I ))GO TO 536

715 KW (I.t6)—L
116—116+ 1
IF4 (L16—6).LE. IINCEI—NZI))GO TO 535

12C KW (115)—1
LI 5—115.1
IF( (LL 5—5) .LE .UNCE I—NZ II)GO TO 530

14C KW(1L4 )=1
114=114+1
IF( ( LL4—4 ) .LE.( INCEI-~~Z I I ) G O 10 520

760 KW ( 1L31=1
113—113+1
IF (( 113—3).LE. (INCEI— NZ I ))GO TO 510

780 KW ( L.L2 ) ’ l
IL 2=11 2+ 1
f F 1 1  LL2 -2 ).IE. I INCE!— ~d Z I ) ) G O  TO 500

8C0 KW (ILI )=1
111=111+ 1
LF( ( 1L t—1 ) . I E . ( INCE !— NZf ) )GO TO 490

820 CONTINUE
NZ ( NZ (41
IF (NZI.t.E.NZT) GO TO 450
Ni(— 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

C 
-C24 ABORT FLOW CONTROL

C
LF (NABORT .EQ.O )Go TO 835
G0 T0 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.

.1
A
,
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The statements

C
C2 5 RESET PR I OR STATE l I T )  ZERO LOCAT IONS
C
840 IF INZ.IT.1.OR.NZ.GT.8) GO 10 950

GO TO 1 930,910,890,870,850,845,844,843), NZ
843 11(1(8)—I

1 1 8— 1 1 8 +1
IF( (118—81.LE .(INC€f—N ZUGO TO 407

$44 IT (1I71— t
117—1 (7 +1
IFI (117—7 ) .LE. (INCE I—Nl ) )GO 10 406

845 11 (116 )—i
116—116.1
1F 11116— 6) .LE. ( INCEI—Nl ) )GO TO 405

850 11 1 1 15 )—I
115—11 5 +1
(FIt 115—5).LE . (INCEI—NZ ))GO TO 400

870 IT (114)—1
1 (4—114+1
IF ((1I 4—4) .LE .(INCEI—N Z)) GO TO 390

$90 11111 3 )—i
(13— 113+1
!F (111 3—3).IE .(LNCEI—NZ )I GO 70 380

910 IT ( L (21— 1
112=1 (2 +1.
IF IIII2—2).LE. (1NCE I— 11Z )) GO TO 370

530 (1(111 )—I
1 11—1 1 1 +1
IF (t111—1 ) .LE. (EN CEI—N Z ))GO TO 360

550 CONTINUE
NZ*NZ+1
(F (P4Z.LE.NZT) GO 10 320
4220

cio CON TINUE

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

The statements

C
C26 WRITE OUTPUT STATE PROBABILITY TAPE
C

IF (NABORT.NE .0)GO TO 979
J EVENT — I EVENT
W RI T E( 3 ) J EV E NT ,JCOUNT,IPJ(1),Lal,JCOIJNT )

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
number so that the IEVENT variable may be used on an abort mission without ambiguity.

‘I
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The statements

C
C27 COMPUTE THE MODE SEQUENC E PROBABILITIES
C

cvq READ (4,1280) (IJN ( IJK),1JK 1,JCOUNT) S .
JCAP O
DO 980 (JK— 1,JCOUNT
J IJN ( IJK)
PCA P(J ) - PCAP IJ )G PJ I IJ K )
JCA P -MAX O ( JCAP,J)

58C CONTINUE
PARIVE sPCAP (1),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 m ode 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:

jm ax

i = l

The statements

C
C28 READ AND WR ITE OUTPUT MODE PROBABIL ITIES AND CAPA BI LE TES
C

DO 1.000 J .1 ,JCAP
READ (5,1260) CEP (JhFA (J) ,Pk(J)
IF INC.E Q.0) GO TO 990
IF INC .NE .7) WRITE (6,1270) J,PCA P (Jl ,CEP (J),FA (J)
1F (NC .EQ.7) WR I TEI 6,1275) J ,PCAP (J)
GO TO 1000

990 WRITE (6,1190) J,PCA PL J ),PK (JI
I C OO C O N T I N U E

IF (NC.NE .7) GO TO 9030
WRI TE( 6 ,9020)PAR I VE

9C20 FORNA T (LX , ’PAR I VE — ‘,E12.5)

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:

JCAP

~K,m 
~~~~~~ 

Pk,J X P J ,n

N .1F1(N) E 
~K,n

n = l  
5-,
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The statements

1 C
C 2 9  IF EVENT IS OFFENS IVE,CC N PUTE El — MISSION EFFECTIVENESS
C
903C 11.0

IF (NC.NE.0) GO TO 1030
00 1010 J 1,INCE I

- I IV (J )— J
1310 CONTINUE

SUN-0.O
DO 1020 J 1,JCAP

51 1 SUM— SUM +PCAPIJ)*PK (J)
1.020 CONT INUE

WRITE (6,1200) IEVENT ,SUM
FT—ET +SUM
WRITE (6,1210) El
GO TO 80

are used to set the prior event type variable II 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
C 5 -o IF EVENT IS DEFENSIVE DETERMINE SYSTEM SURVIVABILITY PAR AMET ERS
C
C
1030 1F (NC .EQ.7) GO TO 2500

lI_ I
00 1040 IQ 1,INCEI
IV ( IQ). IZ ( !Q)

1040 CONTINUE
IF (NC.NE.6) GO TO 1070
II 6

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

The statements

C
C 31 QUICK CONVENTIONAL KILLS
C

*840 (5.1290) LMAX ,KNAX ,(R(k$,K .l ,KM~ K)
WR I TE (6,1300) IR (K) ,K—1 ,KMA*)
00 1050 M .1,(NC((
00 1050 1.1,L’iAX
READ (5,1310) (PCKILL(N ,L,K),K.L,KMAX )

133
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1050 WRITE (6,1320) M ,L,(P:KVLL (N,L ,K),k—1 ,KMAK )
KMA X 1 KMAX— 1
DO 1060 IJK I , JCOUNT
PM1 SS(KMAX , IJK ) 1.0 -‘
J—I JN (IJK )
SIGMA CEPIJU1.178
DENUM 2.0*SIGMA**2
DEN t ?5—175 .0*DENUM
EX1 1.0
DO 1060 Ka1 ,KNAXI
EX2 0.0
RM2 R (kI**2
(F (RM2.L. T.0EN175$ EX2 EXP(—RM2/OENUNI
PMISS(K,I JKI .EX I —EX2
PM! SS(KMAX ,IJKI IIPM ISS (KMAX, IJK )—PM ISS (K.IJK )
EX 1—EK 2

1C60 CONTiNUE
GO TO 80

• 1
are used first to load all subsystem kill 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:

a CEP/l.178

The result of the integration of the bivariate normal distribution over limits Rk and
Rk+l >Rk)is:

Pmjss(K) = exp (Rk2 /2 a-2)-- exp(R~ + ~/2 a2)

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

K
= L P3,’1 (given burst point k) x P (burst point k)

k = 1

The statements 
-.

C
C ~ SL OW KILLS
C -~~
2500 II.?

00 2122 I—1 ,ML TH
READ (5,2120) FTFNN (II ,(FTDNN(1 ,J),J .1,$LTH)

2120 FORMAT(17F3.Z)
LFF I—t -

IF (I.EQ.1) GO TO 2125

134
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PTFN( I )  • (FTF IIN( I)—FTF NN( 1FF))
GO TO 2129

2125 P T F N I I )F T FN N I I )
21.29 CONTINUE

DO 2130 Js1 ,M LTH
JFF.J— I
IF (J.EQ .1)GO TO 2140
PT D N ( I ,J I . FT D N N ( I , J )— F T D N N ( I ,J F F )

• GO TO 2130
2140 PT OP4 ( I ,J )  ~ FTDNN 1I,J)
2130 CONTINUE
2122 CONTINUE

GD TC1 8O

are used first to read in the flight time and abort detection time distribution functions. The
statements after 2 1 20 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.

The statements

C
C33 QUICK NUCLEAR KILLS
C

107C C O N T I N U E
- I  00 1090 1JK 1,JCOUP4T

QO IIJ KI— 0 .0
J— LJ N (I J K)
SIGN A*CE PU U 1. 1 76
DENUM 2.0*SIGMA**2
DENI75—175 . 0*DENUM
EX1=0.0

• fkM2 .RM (1)**2

IF (RM2.LT.OENI7S, EX 1 .EXP (—RM2 /DENUM $
QO( IJK )—Ex I**f* (J)
00 1080 M—1 , INC EI
QPRM (N,IJK) .o ,o
RNM22RM (M)s*2
RMM I2 .RM ($I1)s.2
IF (RMMZ .LE.Rt4)412.OR,RN$1.2,GE.DEN17S) GO TO 1000
EKM1*E X P(—RMM 12 /DENUM)
EXN.0.0
(F (RMM2.LT . 0EN175, EKM— EXP (—RMM 2 /OENUM )
QPRM IM ,t JK)=EXM I**FAIJ)—EXM **FA (J )

1080 CONTINUE
1C 90 CON T INUE

ii -
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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 underfiow in the subtraction of two vanishing numbers in the fourth statement
from the bottom. The equation for miss probability is:

q’k,i = exp (-SPdr~ + 1/2 01
2 ) - exp (-SPdr~ /2 a-~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

C
C 3~4 DEFINE FORMATS
C

1110 FORMAT (1013)
1120 FORMAT ( 26)11 SYSTEM CONFIGURAT ION)
1130 FORMAT (IHO,8X,91,EQUIPNENT ,Z5X,4HNTBF,TK,THTHOMLII,6X,7$THDMI2),7X

1,7 HT HO M( 3 ) , 8X,7 HT HD M(4 ) 156x ,3 1 .f G D,11X,IHN, 12X,IHB ,15X, IHT!F1X )
1140 FORMAT (I3,LX,8*4,F1O.214812.5,2X,2F6.2, 2K,A2)
1150 FORMAT (IH , IX, I3 ,2X ,8A4,F 1O.2.2X ,4(E12. 5.2X ) )
1160 FORMAT ( 50)10 TOO MANY INPUTS OR N 15 OUTSIDE ALLOWABLE RANGE )
1170 FORMAT ( I3 , L X , F 6 . 2 , IX , 13 , 1x , 7A 4 ,2 X , L 1)
11 80 FORMAT (1H0,5X ,9IIEVENT NO., (2,IX ,3HIS ,3A4 /5X ,15HEVENT OCCURRED ,F

16.2,20)1 HOUR S AFTER TAKEQFF/5 K ,21HEVEPIT DESCRIPT ION IS ,7A4 /5X ,Ll
2)

11 90 FORM AT (1HO ,10X ,3HJ — ,I3 ,2X, 9HPCAP (J) — ,E12.5,2X ,7HPK(J) — ,E12.5)
12CC FOR M AT ( IHO ,IOX ,4 O HEFFECT IVENESS FOR OFFENSIVE EVENT NUMBER,13,1X,

12)1 (S ,E12.51
121’) FO RMAT ILHO,LQX ,36 HCUMIJLATIVE MISSION EFFECT IVENESS IS ,E12.5)
1220 FORMAT (E3,2X,6E12.5~4(5X,6E12.5))1230 FORMAT 123)11. EVENT DESCRIPTION )
1240 FOR MAT ( 13 )
1250 FORMAT (1)10 //5X,BHRM ARRAY/(14X,4 (E12.5 ,2X)))
1263 FORMAT (3E12.5)
1270 FORMAT (IHO,10X,3HJ — ,13 ,2X, 9HPCAP(J) — ,E12.5,2X, 8HCEPIJ) — ,E12.5,

12X ,7HFA(J ) — .812.5 )
1275 FORM AT I IHO ,tO*,3HJ •,13,2X ,9HPCAP (J) •,E12.5)
1280 FORMAT 125 (3)
12 90 FORMAT ~2I3,10F7.O)
1300 FORMAT (IHO,2X ,3IHCOMP ONENT PROBABILITIES OF KILL /

1 17H COMPO ELEV 8 R— ,jO (F8.Q,IX ))
1310 FORMAT (8810.4)
1~~20 FORMAT (216,2(4x,E10.4))

END

define the input and output formats.

136
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&ibroutine 1’WODNZ

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 TWODNZ (XG ,NIZ ,11,NX,P~ ,ANS1)
C
C 1 TWO O IM ENS IONAL LINEAR INTERPOLAT ION ROUTINE
C

DIMENSION 11.11), AN SI(1$

are used to pass information in and out of the subroutine and allow storage for the arrays h~use of the DiMENSION statement. The arguments in the calling sequence are identified ~s
- - follows:

XB = Given value of independent variable

NLZ = column in which independent variable is stored

11 = Name of array in which the variables are stored. Although the array is actually
a ont~dime’nsiona) array. it can he 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 dili~rent variables (including the independent variable)

ANSI Answer vector

NOTE: 11 is stored in the following fashion:
Z l ( l ) .  Z l ( 2 ) .  . . .Zl(NX). Z2( 1)... .Z2(NX~- - - ZNZ( I). . . .ZNZ(NX).
Z I is stored in increasing order as a single vector with a one-dimensional
subscript.

The statements

(XL . IN IZ—1 ) SNX41
C2 IF GI VEN VALUE IS LESS THAN LOWER LIMITS OF TABLE, SET RESULTS
C EQUA L TO LOWE R LIMIT

IF ( X G — Z L t I X L $ )  70,70,10
10 LL .t* I. .1

1 U 1  *LIN*—1
C3 SEARCH FOR INTERVAL IN WHICH GIVEN VALUE t I E S

00 20 J LL,LU
IF IK G— lt (J I)  30,80,20

za CONTINUE
C~i IF GIVEN VALUE IS G REATER THAN UPPER LIMIT OF TABLE, SET
C RESULTS EQUAL TO UPPER LIMIT

J* IX L+MX— 1
GO TO SO
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C5 GIVEN VALUE WITHIN TABLE, CALCULATE INT ERPOLATION FACTOR
30 RA T (Z 114 )—X G ) / ( Z 1 ( J ) — Z 1 ( J — 1 ) )
40 JP — J — I N IZ— 1 ) *NX

C 6 DO LINEAR INTERPOL A TION FOR RESULTS
00 60 K 1,Nj

C7 CHECK FOR 1ERO SUBSCRIPT
IF ( -JP.EQ.1) GO TO 50
A NS 1( K$— 11t JP I—R AT * (Z t  IJP)—l1 (JP-1))
GO TO 60

50 AN S I( 1 )— Z 1111
60 JP—J P+NX

RETURN
70 J IXL
SC RAT — O.O

GO TO 40
END

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

R=~~~~~J
1

where

IJ Tg < Ij +

V~= R [ V ~+ i - V 3 J + V ,~

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
both the electronics and vehicle modes combined.
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These specihcat ions are for running the MtSDFM model at an IBM 370/168 facility.
Flowever . the exact requirements are both machine and facility dependent anti should be
verified before running the MISDEM model at a spec i fic facility.

Conversion to CUC Machines

(‘onversion to a (‘LX’ machine is e~ceedingIy simple . In program one , line 4.

replace INTEGER’ 2 IJN(256)
with I)IMI’NSION lJN(2~b)

Between lines 70 and ~ I the read st~iIemt’nt must he changed to read as follows:

RE.-~l) t5 . 1010) I I-VF NI’ , 12 , N(’, (WF .~PN (I )  1= 1 , ~), MDi IF (EOF(~ )) 840. 71 1
CONTINUE

The changes necessary in program 2 art’ ~erv similar , starling with the lu st dimension
statement -

replace INTEGER’ 2 IJN(256)
with I)IMENSLON lJ Nt2~~~

Between lines 8~ and 90 the read statement must he changed to

REAL ) (~~~
. 1170) 1 FVI- Nl , T(’, NC, ~W FAPN~ II, 1=1 , -

~~~ . MDr II: (EOF(~~) 1100, $~
CONTINUE

Uncontrolled Errors

Machine limitations are probably not significant in most applications. As currently
dimensioned, six decima l places have been allowed for the output probabilities. Input data
are, at present , probably resulting in inaccurate output beyond the thini decimal place. As
long as the machine precision exceeds the output paramet er 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

5. Assumption of failure independence between the vehicle and the electronics.
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Controlled Errors Versus Running 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 he assigned low probability, their delet ion will not
significantly affect the output.

This is not true in the nuclear elec tronics case. A significant amount of probability
mass wil l he allocated to states having several vulnerable subsystems failed. This is due to the
tendenc~ of a user to make the damage thresholds common for several subsystems. due to
lack of contrary information. When the nuclear threat is significant. it is hecause fa ilures
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. &~ the larger the size of such groups.
the larger must he the value of NiT 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 import ant. The error caused by NZT < M is difficult to predict. hut it
can he (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
NiT. The cases where this technique works is where states have not been suppressed by the
subsystem criticality (MCR , MPR , MA\’) tests (which would otherwise result in an
additional loss of probability mass, that would thereby hide the loss caused by NiT alone).

The variable NiT cannot be used to r~duee the running lime in the ‘chicle mode
because it would introduce large errors as follows. If NiT is less than INCEL (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-quantizalIon errors. For
the electronics case, the simulated system is not allowed to change its response to
encounters (i.e., employ a different m ode 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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grea ter than in the electronics case. The running time in the vehicle case is proportional to
2 (4 log2 N) for large N - w here N is the number of’ events. Another possible cure lo r this
prohleiit is manipulation of the input data to provide flight time and abort-detect ion time
distribution functions at regular intervals, which are then compatible with MISI)FM.

USE OF MCR, MPR AND MAy. The use of critical subsystems (MCR, MPR and MAVI
in the electronics case, to reduce running t ime, suppresses those states having /eros in those
subsystems , and results in a loss of ” probabi lity mass in those modes not requiring such
subsystems. If these latter modes arc not considered significant to the output , the error is
acceptab le. The three variables (MCR, MPR and MAV) arc identical in function.

Application Notes

DELETION OF SUBSYSTEMS. In the electronics mode, subsystems may he 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 stat e ~ctOr.

CONTROL OF SUBSYSTEM ON AND OFF TIMES. For purposes of computing
reliability in the electronics 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-ot’f,
respectively) cannot, however, he used to delete subsystems (a function reserved f~ r
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” t’or 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-detect ion time distribution function at present. Sonic examples of these functions arc
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 he
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 he
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 he set
to 1.0 for all time. The abort then occurs in accordance with the mode sequence logic : e.g. .
w hen 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 inAbbreviation mathematical Definition Unitsor symbol moilel

AMAX I 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 “ofTen-
sive” or “defensive’S

CNAME(J,I) Permanem storage location for the Ith suhs~-ste rn iiame

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) L(m ’,R) Temporary location for the damage threshold for
designated MPR M damage mechanism (gamma “dot”,
neutron, blast , and thermal)

IEVENT Event number

liK Subscript of UN representing prior state number

LJN(IJK) Mode sequen e number for the indicated system state

INCH Number of ~uhsystems read-in

IU k Subscript f i t ’  and KU arrays representing subsystem
ordinal nui iber

JCAP Ultimately the number of mode sequences

ICOUNT K Ultimately the number of svst~m states generated

.IES(L,K,i) Final binary array defining the subfunction and mode
of the itti mode sequence

JU(IU,J) Subsystem ordinal numbers used in the Jth mode
sequence

KS(L,K) Temporary binary array defining the subfunction/tnode
number in the current mode sequence 

________
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List ot’ Abbreviations and Symbols (contd)

( Simulation Model — Program One)

Equivalent inAbbreviat ion mattiemat ical Definition Unitsor symbo l model

K1J(IU) Temporary binary array defining the ordinal numbers
of subsystems used for the current mode sequence

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

LCEI Allowable number of mbsystems in equipment
configuration

LCN~ Dimensional constant. Allowable number of equipment
name segments

LE Number of subfunctions in the current event

LEE(t) Number of modes in subfunction I

LEO Synonym for LEE, used as do-loop limit

LF Subfunction ordinal number

LI 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 subfunct ion

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

LII l.,ocation of current state zero no. I

LL2 Location of current state zero no. 2

LL3 L.ocation of current state zero no. 3

L14 Location of current state zero no. 4

115 I.,ocation of current state ~em 10. 5
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List of Abbreviations and Symbols (contd)

(Simulation Model - - Program One)

- , Equivalent inAbbrevnu ion mathematicat Definition Unitsor symbol model

LLo location of current state zero no. t~
1L7 Location of’ current state iero no. 7

118 Location of ’ current state zero no. 8

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

LMAT Ordinal numbers of subsystem s needed for the l,J
subfunct ion/mode input to show location of a (I) in
the LMA array

LMATT(L) Temporary storage for LMA

LQ Next subfunction number if current suhfunction and
m ode equipment requirements are met

LQSVL Designated value for the next subI~i,iction in the mode
sequence definition

LTFST Flow control flag for blocking the selection of t he next
suhfunction if the equipment requirements are not met

MAV Ordinal number of critical subsystem (one of three )

MCR Ordinal number of critical subsystem

Ml~ I,i) Required mission condition for suhfunction and mode

MI)T Mission descriptor (1 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 Ml representing subsystem ordinal number

MMQ(I,J) Next m ode number if current suhfunct ion and mode
do not meet requirement of MDI

MPR Ordinal number ol ci itical subsystem

MPRM m’ Subscript for Lll)MT representing the number of a
damage mechanism j
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List of Abbreviations and Symbols (contd.)

(Simulation Model Program One)

- . Equivalent inAbbreviation mnatlw matical Definition Unitsor symbol iimdel

MQII,K) Next su~ tuuetion number if current subfunction and
— mode does not meet requirements of the “mission

descriptor ” MI)T

NC ~ flag which identifies both whether the current event
type is offensive , defensive-nuclear (also identities the
number of’ diff’erent damage mechanisms), defensive—
conventional , or vehicle mode

N/. Current number of ieros (0) in the KW array

NZT Maxim um number of zeros (0) allowed in the KW aria~(the maximum allowable by the program is 8)

OFF A word containing the Ilolerith charac ters
“OFFENSIVE”

ONOEF A flag used to include or exclude a subsystem from time
system

OUT Mask word against which the input variable ONOFF is
tested

TBFM MTI3F Mean time between failures

12 lime of’ current event

W EAPN(7) Description ol’ weapon used, whether event is offensive
or defensive

1.
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List of Abbreviations and Symbols

(Simulation Model - Program Two)

- Equivalent inAbbrevmat 10fl mathematical DefInition Unitsor symbol model

CEP(J) CEP Threat circular error probable for J ib m ode feet
sequence

CN(3) Contains the holerith characters for the
words OFFENSIVE or DEFENSiVE used in
event output description

CURVE(L,J) L(M’,r) Damage level at radius I for I-type dam age
mechanism

DEF(N) Contains the holerith characters for the
word DEFENSIVE

DELTAT At Elapsed subsystem time during transition hours
used in reliability calculation

DEN AME(8) Alphanumeric subsystem riante characters

DFNUM Denominator of exponent in calculation of feet 2
survivability calculation

DENt7S Test value for miss distance used to prevent
underfiow in zone miss probability calcu-
lation

El E’r(N) Expected ntimber of targets killed, cumu-
lative

EXM Tempo rary value for second term in nuclear
zone miss probability

EXI Temporary value for first term in q’ calcula-
tion and in conventional miss probability
calculation

EX2 Second term in conventional miss proba-
bility calculation

EXMI First term in nuclear zone miss probability
calculation

FA(J) SPd Expected number of weapons arriving in
target vicinity for ith mode sequence

FTDNNQ.J) Probability of abort -detection before time J .
given flight time equal to J

I
146 



-.

1.
rrcGIAs..76-s-oo4

List of Abbreviations and Symbols (contd)

(Simulation Model — Program Two)

- - Equivalent inAbbreviation m athemat ical Definition Unitsor symbol model

FTFNN(t) Probability of flight time less than I

GRAPH(IJ) Damage threshold vs. nuclear weapon mis
data being read into interpolation subroutine

HDMT( I) Gamma dot damage threshold rads/sec

HDMT(2) Neutron damage threshold neutrons/cm 2

HDMT(3) Blast damage threshold lb/in2

HDMT(4) Thermal damage threshold calories/in-

ICOUNT i Prior event state number

IEVENT Prior event ntimber (normal mission)

II Prior event type :
II = 0 offensive

1-5 defensive-nuclear
6 defensive quick conventional kills
7 det~nsive slow kill

III Location of prior state /cro no. I

112 Location of prior state zero no. 2

113 Location of prior state zero no. 3

114 Location of prior state zero no. 4

115 Location of prior state zero no. 5

116 Location of prior state zero no. 6

117 Location of prior state zero no. 7

118 Location of prior state zero no. 8

IINCEI One-half the number of elements in the state
vector (for the vehicle mode only)

IlK i Prior state number

IJN(IJK) 1(i) Mode sequence number for prior state
number IlK
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List of Abbreviations and Symbols (contd)

(Simulation Model - Program Two )

. . Equivalent inAbbreviation mathematical Definition Unitsor symbol model

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-
niam type

ISIJB(I) Temporary damage mechaniam type number
for liii damage mechanism

11(M) Prior state binary bit (before reordering) for
Mth subsystem

ITDN 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 lZ(L)

ITT(M) Reordered prior state binary bit for sub-
system M

h i D  Prior event abort-detection time, referenced
to prior event time

lV(L) Prior event vulnerability index number for
Lth subsystem

IZ(L) tZ(k) Cunent event vulnerability index number
for subsystem L

JCAP Number of mode sequence read from tiN
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 inAbbreviation mathematical Definition Unitsor symbol model

JINCEI One plus one-half the number of elements in
the state vector (t’or the vehicle mode only)

IV Temporary value for IV(M)

KMAX Number of different oI’fset zones

KMAX I 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 1

L72 Maximum number of m ode 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

LII Location of current state icro no. I

LL2 Location of current state zero no. 2

113 Location of current state zero no. 3

LL4 Location of current state /e ro no. 4

LL5 Location of current state zero no. S

LL6 Location of current state zero no. 6

L17 Location of current state zero no. 7

LLS Location of current state zero no. 8
— LMAT(L) Ordinal number of subsystem required (d ee-

tronics mode) or location of “one” in state
vector (vehicle mode)

IMAX 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)

- Equivalent inAbbreviation mathematical Definition Unitsor symbol model

100 “This” subsystem number used in defining
vulnerability index numbers

M K Subsystem ordinal number

MAV Ordinal number of critical subsystem

MCR Ordinal number of crit ical subsystem

MDT Mission descriptor:
T = scenario constraint Imposed
F = scenario constraint not imposed

Mh(M) On/off flag for subsystem M

MLTH “rn Mission length measured from initiation of
first threat exposure

MPR Ordinal number of critical subsystem

MPRM m’ Damage mechanism type number

MTBF(M ) MIKE Mean time between failures hours

NABORT Number of the event at which the abort path
is initiated

NC A flag:
NC 0 offensive event
NC — ~, 2, 3, 4, or 5 nuclear defensive

event with NC damage mechanisms
NC s ~ conventional defensive eventNC — 7 vehicle simulation event

NF A flag:
NF • 0 nuckar damage is possible
HF — I nuclear damage is not possible

NPOINT r’,~ ’iber of points in the miss distance vs.
damage ~eveI table lookup

NTDN (‘utremu event -‘bort-deteet mon time, refer-
enced to current t’~~~ “ mmmc

.1
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List of Abbreviations and Symbols (contd)

(Simulation Model -- Program Two)

• . - Equivalent inAbbreviation niath~ematical Definition Unitsom sym 0 model

NTFN t~ Current event flight time, referenced to
current event time

• NTTD Current event abort-detection time, refer-
enced to prior event time

Nfl’F Current event flight time, referenced to prior
event time

Ni A counter to keep track of current num ber
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 (I include. F = exclude)

OUT Variable against which input variable
ONOFF is tested

PARIVE Probability of arriva l

PCAP(J) Probability of ith m ode sequence

PCKILL (M.LK) k Probability of kill of subsystem M given
offset zone K and elevation I (conventional)

PCSURV(M.LK) v~ Probability of survival of subsystem M
(conventional)

PI(IJK) Probability for prior state no. Ilk

P3(L) ~~ Probability for current state no- L

PK(i) 
~kJ Weapon delivery kill probability for Jth

mode sequence
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List of Abbreviations and Symbols (contd)

(Simulation Model — Program Two)

b ‘ Equivalent inA breviatmon mathematical Definition Units
model

PM(M) dk Probability of reliable operation in transition
(before reordering)

PMISS(K,IJK) Pmi~(k) Probability of threat miss distance in
zone K, given state IJK

PMM(M) dk Reliability of each subsystem M in transition
(after reordering)

PTDN(I,J) Probability that abort-detection time is J,
given that flight time is I

PTFN(l) Probability that flight time is I

Q0(IJK) q’ The probability of nuclear weapon miss
distance exceeding the maximum lethal
radius

QPRM(M,IJK) q~ Probability of nuclear weapon miss in zone
associated with Mth subsystem, given the
lJKth state

R(K) Rk Inner radius of the Kth offset zone feet

RA(M) Temporary value of subsystem lethal radius feet
obtained from linear interpolation routine

RESUL(2) r~ Lethal radius output of interpolation feet
subroutine

RM2 r~
2 Square of the radius RM(l)orR(k) feet2

RMMI2 Square radius associated with second term in feet2
nuclear zone miss probability calculation

RMM2 Square of the radius RM(M) feet2

SIGMA a Standard deviation of miss distance whether feet
nuclear or convention weapon

STORE rj~ Temporary value of RM(k) feet

SUM P~,,1 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 -

L mathematical Definition Unitsor symool model

• 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 offse t
trajectories for one zone

SUMTRK Ultimately, the sum of all transition proba-
bilities resulting from all KMAX offset
trajectories

Ti Time of prior event hours

12 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 Pj,i~ ~ 
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)

Equivalent inAbbreviation mathematical Definition Unitsor symbol model

• .1 Search subscript

K Subscript used to fill answer vector

IP 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

ZI 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

ANSi Answer vector

TWODNZ Subroutine name and acronym for two-
dimensional linear interpolation
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