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• down scheme is based on both independent functional operation and suscept-
ibility to future change. The use of state-of-the-art structured prozraa-
ming techniques has enabled this design method to be effectively executed.

Additionally, a load time option resolution utility has been developed
t~~ii ted, which results in greater execution efficiency and improved

utiliEatton of computer memory resources. This feature has been interfaced
with a general purpose input processor software package, resulting in
simplified user input ‘which can conveniently undergo slight alterations
during a imiltiple flight run. The complete system is under the juri sdiction
of an automated control card procedure facility, which controls execution
of all portions of the model, and reduces the number of control cards
which imist be prepared by the user to a minimom.ç~

This report provides instructions for operating the model and presents
detail.Sd descriptions of the entire software configuration and each of its

• compoñe~t$~ References are made to existing documentation covering parti-
cular ariáá, in cases where such text is available.
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FOREWORD

A missile system computer model ‘which incorporate s a simplified three
degree of freedom trajectory representation has been produced by the
Strategic Systems Department (K) , as part of he development of a general
purpose, surface-launched tactical weapon system sfimslation capability ,
which was undertaken during the fiscal year 1977.

The design and development of the necessary software was performed
by Mr. Wayne E. McLaughlin of the Operation Sciences Branch of the Computer
Progra~~~ng Division (K-fl) . The specifications for the model, inclu~1ing
its associated modular structure, were comesmicated ’ to K-7~, ~y Mr. Fr~ank L.Stevens , Mr. Samoel R. Hardy, and Mr. John S. We~.se1~, of~ the, Aeroaechanics
Branch of the Exterior Ballistics Division (K-21).

Released by:

RALPH A. NIEMANN, Head
Strategic Systems Department
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SICTION 1. D~ RODL~ TION

Th development of a general purpose tactical surfac e-to—air missile
system siamlation capabi lity at the Naval Surface Weapons Canter , Dahlgren
Laboratory, Dthlgren, Virginia , has bean in prog ress during the last
tmo years . One portion of this effort has been production of a model
which encompasses the so-called 3-degree-of-fre edom trajec tory for ilation .
The requisite mathematical foriaslas for the 3DOF model were defined by the
Aeroballistics Division of the Strateg ic Syst~~~ Department (K-21) and are
documented in reference 1. The associated co~~ zter software has been
developed for the CX 6700 computing system at NSi~~/DL, under the Scope
3.4 operating system, by the Operation Sciences Branch of the Computer
Pr ogr ing Division (K —f l ) .

This rep ort describes the functional operation of the various software
routines involved, provides an in-depth look at their composition, and
supplies instructions concerning model use. ~ tere appropr iate , references
are made to existing documents which may be consulted when more detailed
information is desired.
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SECTION 2. SYSTEM DESIGN

2,1 Obj ectives. A generalized set of requirements to be fulfilled by the
model were established early during the development phase:

1. Modularity. The model should be constructed in a modular manner ,
with the modules corresponding to functional portions of the siau-
lation which seemed susceptible to future modification. These
changes could involve modeling the same program element in greater
detail, or using ~i slightly different approach to obtain the same
quantity or quantities.

2. Execution efficiency . The program should use as little computer
• time and memory space as possible, during execution.

3. Si~~lified use. The input of data values should be accomplished
in an expedient manner. The amount and complexi ty of control
cards to be prepared by the user should be kept to a miniu.

2.2 Configuration.

2.2.1 Program Structure. State-of-the-art structured programeing techniques
were employed toward achieving the modularity requirement for the sionilacion.
Of major importance are those discussed in sections 2.2.1.1 and 2.2.1.2.

2.2.1.1 Stepwise Refinement. Structured programeing involves, among other
things, the application of a process cal led “stepwise refinement”, which
consists of designing a program in a “top down” fashion. That is, a
system I. divided up into a relatively small number of generalized func-
tional events which are executed in sequential order , cal led the “top” or
“executive” level. Each of these independent “modules” is then broken up
into another relatively small number of less general and independent routines,
which comprise the “ second” level of the development. Successive application
of the technique to each level of the design produces the next lowest level,
until the most detailed level desired is obtained.

This method of designing a program automatically imposes a modular
structure on the result. Among the advantages gained by thu technique
is that the types of changes mentioned in section 201 can be accomplished
more easily.

2.2.1.2 Progriai Desian Language. Program design language (PDL) is an
automated tool ‘which, when used in conjunction with stepwise refinement, ~~~~~
produces a formatted design document of a structured program. The design
phase of the sienlation chiefly consisted of the preparation of a PDL

• document (reference 2), which describes th , flow of the sienlation in
detail. This was then used as a guide when the actual source code was

• written.
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Instructions on how to prepare input to the PDL processor can be
found in reference 3 (PDL referenc e guide). Execution of the processo r
as implemented at NSWC/DL is discussed in section 4 of this dOcument .

2.2.2 Input Processor. All input quantities to the simulation are entered
prior to the start of execution, by loading PORTR.AN BLOCK DATA subprograms
containing DATA specification statements (reference 4) which initialize each
variable to its desired value. These subprograms are created just prior
to executton by a general purpose input processor developed by the Ballistic
Sciences Branch of the Computer Programeing Division (K-71). This soft-
ware package requires, a priori , an initialization file, which defines the
input data scenario for the particular case being run, and a default file,
which furnishes a default value for each input item. Consequently, the
input actually submitted can be restricted only to variables for which it
is desired to change the default value. Other features of the processor
include free form input format and the capacity to make multiple runs using
a dynamically maintained , cumulative default file.

Both data bases are generated prior to the simulation. The exact
• structure of each is detailed in reference 5, which -also provides instruc-

tions on how to prepare input for the processor. The creation, interfaces,
and mainten ance of these dat a bases , as used by the simulation model , are
described in subsequent sections of this document (2.2.4, 3.1, 4.2 and 4.3).

2.2.3 Load Time Option Resolution. The model was designed with a built-
in capability for performing some functions in more than one way. Section
3.1.1 contains the list of these options and the choices available for
each, as of model installation. Reference 1. contains the mathematical
formulation for and descriptions of each option.

It was desired to have some method of resolving the options selected
for the run at load time (prior to the start of execution), in order to
avoid loading routines into memory which would never be executed Additioratly,
faster execution speed would be achieved by the elimination of sections of
code which ‘would serve only to choose among different methods of performing
a particular function, and would have to be executed prior to the invocation
of the function, each and every time it is performed. This was accomplished
through the use of the SUBST parameter on LDSET loade r control cards
(reference 6), appropriately inserted into the job control card sequence.
This effectively enables one FORTRAN subroutine to be substituted for an-
other during program execution, without having to load the unused subroutine
into memory. This substitution is automatically made every place that a
CALL to the pre-empted subroutine occurs in the program source code.

It was then of crucial importance that each version of a particular
function be contained in its own subroutine sequence , but this is an almost
natural consequence of the stepwise refinenent design process (sect 2.2.1.1).

• Additionally, some effort was directed toward the identification of those
program elements for which the option capability might be desired at some
future time. The results are reflected in the ultimate program design.

3



2.2.4 Interfaces. Figure 1 illustrates the interfaces resulting from
the assembly of the elements described in sections 2.2.2 and 2.2.3 into a
complete system. The MSS option processor is a brief FORTRAN program
which processes the input siienlation option overrides (sect 2.2.3) , and
causes the creation of a corresponding initialization file for the input
processor (sect 2.2.2) and a procedure of control cards for executing the
program , with any required LDSETs inserted (sect 2 • 2.3). Th~ input pro-
cessor (INPUTP) then uses the initialization file, default file, and any
default data overrides input to generate the required FORTRAN BLOCK DATAs ,
which are then compiled. The resultant object code is loaded into memory,
along with the necessary simulation modules from the user library ~~ SLIB),
following which program execution is initiated, under the direction of the
control card procedure .

The control card procedure itself is driven by the system BEGIN/REVERT
utility (riference 8). This facility provides a means of executing a
sequence of control cards contained on a local file by issuing a single

• directive (the BEGIN coumiand). The simulation system itself is operated
by another series of BEGIN/REVERT procedures, whose use is described in
section 3 of this document , and whose configuration is described in section
4.

a
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SECTION 3. SYSTEM OPERATION

3.1 Scenario Definition. The tendency for a model user to make repeated
runs using a f ixed scenario (option combination) while changing various
input quantities prompted a division of the ~ys tern operation into two

• phases: (1) defining the scenari4 and (2) actually executing the program.

Defining the scenario involves creating the control card and initial-
• ization files , described in section 2.2.4, and retaining them on the CX

6700 permanent file system. A third permanent file is created during the
scenario definition phase for the following reason. The FORTRAN BLOCK
DATAS generated by the input processor (sect 2.2.2) consist of two separate
subprograms as a direct consequence of the division of input data into
simple variables and tables (reference 5). If the tables block data for
the whole scenario were compiled in toto as the result of a user override
corresponding to a single table, an inordinate amount of computer time
would be used. Therefore, an option to restrict the tables block data
output to just the tables for which user overrides were received is included
in the input processor software, and is automatically selected during
execution of the simulation model. This necessitates the availability of
a compiled version of the tables block data consisting of the default values
for the scenario, to be loaded into memory prior to program execution.
Another tables block data, consisting of tables overridden by the input,
can be created and loaded prior to execution, effectively re-tn~-~ializing
the proper storage locations which contained the default values. Thus,
the desired input (table) configuration is achieved.

The begin/revert procedure (reference 8) which causes the creation
of a scenario is executed by the following control cards:

ATTACH, PROFIL , MSSBRPROCS , ID NS2 .

BEING,~~ SOPT , I—infile,L=outfile,PFL leadchar, ID userid.

where

infile — name of the local file containing input to the option
processor (sect 3.1.1).

outfile name of the local file to which listable output is to
be written.

leadchar up to 10 characters to be used as the leading characters
of the permanent file name for each of the three files
which will be catalogued.

userid — the user identification to be associated with the per-
manent files catalogued. (This is the same ID parameter
as is described in reference 7, chapter 5).

6
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Any or all of the I, L, PFL, or ID parameters can be omitted , in
which cases the defaults of INPUT, OUTPU~~ null (no leading characters),
and NS2 are used. Upon succeisful completion of the scenario definition
phase the output file will contain a report which lists default values for
all associated input data.

3.1.1 Option Processor. The content s of the three scenario-defining
permanent files mentioned in section 3.1 are determined by the input sub-
mitted to the option processor program (sect 2.2.4). This input file,
which corresponds to the “I” parameter of the BEGIN coninand (sect 3.1),
must contain BCD card images of the following form:

columns 1—10: option name (left-justified , AlO format)
columns 21—30: selection (left—justified , AlO format)

The following options were available to the initial version of the
model. The relevant selections are listed for each, with the default

• selection in the first position. The characters in parentheses which may
follow each option or selection are what must actually be present in the
input f ield , when a difference exists.

option selections

fire control (FIRE CONT) computed , nominal
midcourse guidance (MIDCOURSE) coninand, internal
target tracking initialization intermediate (INTERNED) ,

• (RADAR INIT) actual
homing maximum, minimum
trajectory output (OUTPUT) edited, unedited
imu gyros strapdown, inertial

The nominal fire control selection causes the model’s pre-launch fire
control solution algorithm to be bypassed , and enables the fire control
solution to be input. In general, edited trajectory output means a less
lengthy output listing which is a subset of what would be generated by the
unedited selection. The actual quantities which are printed depend on the
midcourse guidance mode (con.n*nd or internal) and which trajectory guidance
phase (boost, midcourse, or terminal) is undergoing execution at the time
of output. These can be identified, however, by consulting the PDL design
document (reference 2). Discussions concerning the use of and mathematical
formulation for the remainder of the options and their corresponding
selections can be found in reference 1.

Up to 50 card images may be input to the option processor. The input
- • file may contain multiple selections for the same option, but the last

selection encountered is the one used to define the scenario. The default
selection is used for options which are not specified. The program per-

• forms syntax checking operations on the input to detect illegal options ,
illegal selections, and illegal option-selection combinations. Any of

7
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these types of errors causes a diagnostic message to be written to the
output file , and further processing is inhibited. If no errors are found ,
UPDATE correction sets (reference 9) required for each of the three per-
manent files necessary for defining the scenario are written. These files
consist primarily of *DEFINE directives which are subsequently used by the
system UPDATE utility, in conjunction with special “decks” on the source
library (Figure 1, Sect 2.4) to produce the desired permanent files. A
more complete discussion concerning the correction sets, source library
“decks” , and the portion of the begin/ revert procedure MSSOPT which controls
this file generation process , is presented in section 4 of this document.

3.1.2 Target Trajectory File. As mentioned in reference 1, target trajectory
data to be used by the simulation is previously generated and stored on a
permanent file to be accessed by the program at execution time. It is
therefore the user’s responsibility to establish this file. The file’s
record format must be as follows: time in secynds, ~ position components
(X, Y, Z) in feet, and 3 velocity components (X , 1, Z) in feet/sec. These
7-computer-word (CX) records must be in binary format (e.g. written by a
standard FORTRAN unformatted WRITE), and contain equally-spaced increments
of time. The permanent file name (reference 7) used for this file must
consist of 10 or less characters, and the associated user ID must agree
with the one used in the ‘BEGIN’ conmiand of section 3.1.

3.2 Simulation Execution. Model execution is accomplished, using BEGIN/
REVERT , by the following control cards :

• ATTACH, PROFIL, )~ SBRPROCS, ID NS2.
BEGIN ,MSSINIT, PVL leadchar , TTRAJ—tgtfile , ID—userid.
BEGIN, )~~SINP, Iainf ile , L”outfile.

where

leadchar the leading (up to 10) characters of the (3) permanent
files created when the scenario was defined.

tgtfile — the name (up to 10 characters) of the permanent file con-
taining the target trajectory data.

userid a the user identification associated with all (4) permanent
files described by the PFL and TTRAJ par ameters.

infile — the name of the local file which contains the user input.
• The exact stru cture of thi s file, which need consist only

of default data overrid es, is described in reference 5,
where a sample set up is also provide d.

outfile the name of the file to receive the listed output . This
• file will contain a listing of the input data, as generated

by the input processor , and the results of the simulation. *

• A sample printed portion which reflects the char acterist ics
of this file is pre sented in appendix A.

8
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A non-null charac ter string should always be provided for the TTRAJ
para meter. Any of the rest (PVL ,ID,I ,L) can be omitted, causing th de-
faults to be us d. The defaults are, in order, null (no leading characters -)
NS2, INPUT, and OUTPUT.
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SECTION 4. SYSTEM COMPONENTS

4. l• PDL Design Document. The modular -design of the program is contained
[n this document, which is reference 2. The standards adopted for its con-
struction are listed in the introductory segment titled “document conven-
tions”.

The source file responsible for the generation of the PDL document
exists in UPDATE format (re ference 9) on a permanent file named “NSSPDLUPDATE”,
which is backed up by the file of the s~~~ name on the NS1~~/DL device set
NUP076 (reference 10) . A copy of the document may be obtained by executing
the PDL processor (PDLA) with the following control cards:

• ATTACH,OLDPL,MSSPDLUPDATE ID-NS2.
UPDATE, F.
ATTACH, PDLA.
PDLA (COMPILE , PL 100000)

4.2 Execution - Control1in~ Begin/Revert Procedures.

4.2.1 Scenario Definition Procedure ()~ SQ~T1. Figure 2 diagrams the
scenario definition process in detail. Table 1 lists the associated begin!
revert procedure of control cards, MSSOPT. Lines which begin with “1*”
are conments. Following execution of the option processor (lines 3-5) a
test is made for the local file INERI , whose existence signifies that a
syntax error was detected while processing the user option overrides input.
If an error condition exists , lines 8-9 are executed causing the error
message written by the option processor to be listed on the output file
following which the procedure is exited (tine 10). Otherwise, the initiali-
zation and control card permanent files are created by updating the proper
deck on MSSOURCE as directed by the correction sets written by the option
processor (OPINIT and OPCNTC) (lines 17-18) , and cataloguing the resultant
COMPILE files (lines 19-20) . Note that the leading characters specified
by the PFL parameter (sect 3.1) are concatenated with ‘INITFILE ’ and
‘PROCFILE’ to form the respective permanent file names used during the
CATALOG operation. The remainder of the procedure creates and catalogs
the default table block data (sec 3.1). The correction set file DTBLKD,
written by the option processor , causes an initialization file (SDIU11)
to be written by the system UPDATE utility (line 24). This file differs
from the initialisation file just catalogued (INITPF) only in the symbolic
subprogram name used to identify the tables block data (reference 3).
This is necessa ry to avoid the duplicat, entry point error condition which
would occur late r when the block datas were loaded during the model axe-
cution sequence. Using this file and the default file data base (SIMU13),
the input processo r writes the default table block data source (SI*123)
(line 27) which is compiled by line 30 and the object code (DEFTAB) cat .-
logu.d by line 31. •

10
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TA~L~ 1

BEGIN/REVUT flO~~WU 1SSOIT

1—PISSOPT (.I INPUT~ .L OUTPUT~ PFL., .ID—NS2)
2-i. ATTACH AND EXECUTE PISS OPTION PROCESSOR.
3—ATTRcH~ PISSPROC~ 1D NS2.
4 P ~ P (OFF)5—PISSPROC (CI, .1)
6 ’• TEST FOR ERRORS.
7—IF (FILEs INERR,NOERR)
8 REW I ND, INERR.

• 9 COPY(IIIERR,.L)
10 REVERT.

• I1 ENDIF(IIOERR)
12 ’. CREATE AND CATALOG INITIALIZATION AM!) CONTROL CARD FILES .
13—REWIND~OPDIIT~ OPCNTC.
14 REQUEST, INITPF,.PF.

F • 15 REQUEST~ CNTCPF’
,

I 6—ATTACH , OLDPL~ PISSSOURCE, ID-NS2.
17—UPDATE~O~D’8~ I—DPINIT,C IPIITPF~LO.
18—UPDATE,Q~D~8~ I—OPCIITC,C CI4TCPF,L 0.
19—CATALO6~ IN!T PF ,PFL .IN ITF I LE ~ ID— .ID~ RP 999.
20—CATALOG ’ CI4TCPF~ PFL _PROCF ILE , ID-. ID~ RP—999.
2I RETURN,PISSPRDC,OPINIT,DPCNTC, IN ! TPF,CNTCPF.
22 ’• CREATE AND CATALOG DEFAULT TABLE BLOCK DATA
23—REWIPID ,DTILKD.
24—UPDATE.Q~D’8~ I.DTBLKD,C SINUII ~LO.25 ATTACH~ INPUTP, ID—NIH.
26 ATTACH,SINU13~ MSSDEFAULT, ID-NS2.27—INPUTP (SIPIU5—HDR , SINU6 St. ~ PARII, TABLES—YES)
28—REWIMD~SIPIU23.
29—REQUESTs DEFTAB, .PF.
30=FTN (I—51MU23,A,L 0, B DEFTAB)

• 31=CATALO6~ DEFTAB, PFL_DEFAULTTABLE~ ID—. ID,RP 999.32—RETURN,OLDPL,DTBLKD, !NPUTP ,DEFTAB.
33xrRETURtI,SIMUI9,SINU17,SIPIU3,SIMU2,SIP9J21,S!P1U23,51M013,SIMU1I,HDR.

• 34—REVERT.
35 EX1T ’S.
36—REVERTs ABORT.
37—’DATA HDR
38 IITLE
39-DEFAULT TABLE BLOCK DATA GENERATION

a
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The REVERT card (line 34) provides an exit from the procedure following
normal (successful) execution, while the REVERT, ABORT directive (liii. 36)

• allows information regarding any fatal error condition to be passed to the
calling procedure (user’s control cards, sect 3.2). This exiting convention
is used by all begin/revert procedures associated with the sitmilation.

Lines 37-39 cause the local file RDR to be created by BEGIN/REVERT,
• for use as input to INPUT? (line 27), there by identi fying the rep ort sub-

sequently generated. This listing, written to the output file , contains
default values for all input items associated with the scenario .

4.2.2 Slamlatio n Execution Procedures. As indicated in section 3.2, there —

are two begin/revert procedures which most be executed when the model is
exercised. The following discussions provide a detailed descri ption of
each.

• 4.2.2.1 1~ SINIT. The procedure MSSINIT (table 2), which is executed first ,
• performs operations which need only be done one time regardless of how many

times the simolation itself is run . These tasks pri mari ly consist of
accessing the permanent files required , by mean~ of the ATTACH function.
Among the files accessed are (lines 3-5): the input processor (INj u ry) ,
the user library of sitma lation modules Q~~SLIB) , and the NS1~ /DL system
library (SYSLIB). Line 6 places )~ SLIB and SYSLIB in the “global library
set” (reference 6), which enables the system loader to satisfy external
references (e.g. subroutine CALLs ) with routine s on these libraries.
Line s 7-9 access the three permanent files established during scenario
definition: initialization (5114011), procedure (1~ SE~~C), and default
table block data (DEFDAT) . The P?L parameter, concatenated with the re-
mainder of each per manent file name , and the ID parameter identify the
previousl y established scenar io of interest.

The target trajectory file (TAPE1) and the default file data base
(SDW13) are accessed by lines 10 and 11, while line 12 ensures that
local files used by the input processer will not be already known to the
job, when this usage later occurs.

4.2.2.2 )~ SINP. The procedure )~SINP (table 3) executes the input pro-
cessor, (INPUTP) (line 4) compiles the resultant block datas (lines 5-12)
which reflect input variable overrides, issues the BEGIN coimsand for the
control card procedure BS which actually executes the siailation (line 13),
and re-begins itself in the event of another input “case’ (reference 5)
(lines 15-17). The general form of the procedure ?~ S is as follows:

• p~ $ (*~~~~~yjy ~j~~)

any LDSET5 needed by the scenario

I
13
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TABLE 2
U

BEGIN/REVERT PROCEDURE NSSINIT
.

1—PISSINI T(PFL—, TTR AJ — , •ID-NS2)
2—’. ACcESS PERMANENT FILES NEE DED FOR EXECUTION
3—ATTACHe INPUTP~ ID MTH.
4—ATTAcH,PISSL!B~ ID—I4S2.
5—ATTAcH , SYSL lB.
6 LIBRARY(PISSLIB~ SYSLIB)
7—AT TAcH,SIpIUIl,PFL..DsITFILE , 1D •ID.
e—ATTAcH~P1SSEXEC~ PFL _PROCFILE , ID—. ID .
9—ATTAcH,DEFDA T~ PFL_DEFALJLTTABLE~ ID-.ID.

10—ATTAcH ,TAPEI~ TTRAJ~ ID-•ID.
1 l—ATTAcH~SIMU13~ MSSDEFAULT~ ID—N52.
I2—RETURN~SINUI9’ SIMU1?~ SIMU3, SIMU2.
13.REVERT.
14 EXI T~S.

• - 15—REYERT,ABORT.

.
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• TABLE 3

BEGIN/REVERT PROCEDURE )~ SINP
.

1—11551 lIP (.1—INPUT , .L—OUTPUT)
2-RE TURft ~ S IPI U2 I , SIPIU23.
3—REWIND’L6021 ,L6023.
4—INPU TP (SIMUS—.I , 5111U6 CL)

5—IF (FILE~S!P1U21,GENS)6— RE WIN D~ SIMU 21.
7—
8 END IF (GEMS)
9—IF (FILE~SIMU23~6ENT)
10— REWIP4D,SIPIU23.
11— FTN (I—S111U23,A,L—O,B—L6023)
12—END!F(GENT)
13—BEG! N~ MSS~ PIS5EXEC, L .L.
14 ’• EXECUTE ANOTHER CASE IF NECESSARY.
15—IF(—FILEtSIPIU2,I4XTCAS)
16— BE6IN~NSSINP, I—CI~L—•L.
17—END! F (NXTCAS)
18—REVERT.
19—EXIT~S.
20—REVERT , ABORT.



——----__________

LOAD(DEFDAT)
WAD(U 02l)
LOAD(LG023)
LIBLOAD~~~SLIB,)R~EXEC)
EXECUrEQ,~EXEC,*L)
REVERT.
EXIT,S.
REVERT, ABORT.

The procedure consists of the “load sequence” (reference 6) necessary
for model execution. The LIDSET cards (if any are present) indicate which
substitutions are required. The default tables block data (DEFDAT) is
loaded next followed by the file L0023 which, if non-vacuous, contains
default table overrides which will be loaded over the corresponding entities
of DEFDAT. The file LGO21 initializes the simple variables appropriately,
following which the entry point )~ EXEC is loaded from the user library
)ESLIB, as indicated by the LIBLOAD directive. Since IIIEXEC is the main
executive for the model , the resultant load file will contain all routines
needed to run the desired scenario. Finally, execution is initiated via
the EXECUTE coimeand. Figure 3 provides a diagra meatic representation of
the sequence of events leading up to program execution.

43 Source Library.

4.3.1 Library Structure. The source decks for all portions of the model
reside, in UPDA1’E format , on the permanent file 1~ SSOURCE under the pro-
granmer ID 1152. The file is backed up by the identically named file on
the device set 11UP076. At this writing, no magnetic tape backup for the
device set exists. The arrangement of the *DECKS on the library is given
below; each element is discussed in a section to follow (4.3.2 - 4,3.8) :

co on decks (4.3.2)
subprogram source decks (4.3.3)
initialization file deck (4.3.4)
control card deck (4.3.5)

• default file deck (4.3.6)
option processor source (4.3.7)
begin/revert procedures source (4.3.8)

4.3.2 Co~~~gi Decks. Labelled comson blocks are the means used to globalize
model variables. Each comaon block is associatsd with an UPDATE co~~~n
deck on the source library in a one-to-one fashion.

Among the variables which reside in co on are those which are inputs
to the model. The camson statement is a necessary vehicle of co~~rnication
between th. block datas constructed by the input processor and the routines
of th. program. Consequently, the co on decks whose coamon blocks con-
tain input variables are gro~~.d together, and appear first on the source
library. This is a motually exclusive arrangement , i.e. no co~~~n block

16 - 
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contains both an input variable and a non-input variable. The UPDATE
comdeck name for each “input” comeon deck is formed by suffixing the
characters “-I” to the com~ n block name.

The comeon decks corresponding to global quantities which are not - -

inputs appear in the source library inmediately after the input co~~~n
decks. They are characterized by an UPDATE comdeck name identically equal
to the co~~~n block name, with no characters appended. Table 4 lists , in
alphabetical order according to PDL (reference 2) global variable name,
all global variables in the model, associating each PDL var iable name with
the symbolic name used in the program, and provides the co~~~n deck name
of the co~~~n block to which each variable belongs. Unless otherwise
stated , the type of each variable is derivable from the standard FORTRA14 _ -

implicit typing according to initial character (A-a, O-Z for reals , I-N
for integers). • 

-

TABLE 4
GLOBAL VARIABLES

Symbolic name Co~~~n
PDL Variable Name in pgm deck

accelerou~ter_bias BIAS (3) ACCEL
• accelerometer_bias_error ACBIAS LMUERR-t

accelerometer_cross_axis_coupling CAC(3, 3) ACCEL
accelerometer_cross_axis_coupling_errOr ACCAC IMUERR-I
accelerometer_g_sensitive_cross_axis_coupling GSCAC (3,3) ACCEL
accelerometer_g_sensitive_cross_axis_coUp ling

_error ACGCAC IMUERR-I
accelerometer_scale_factor SCFACT (3) ACCEL
accelerometer_scale_factor_error ACSF IMUERR-I
additional _output _frequency ADDØF ØUT IND
additional_output_time ADD~T ØUTIND
alpha_missile ALPIIAM MFCST-I
alpha_targe t ALPHAT TPCST-I
alpha_vc ALVC NCVEL-I
alp_q ALPQ ALPS-I
alp_rd ALPED ALPS-I
alp_O ALPO ALPS-I
altitude drag_s isa IADRAG MrDQU-I
-altitude_drag_table ADTABLE (20) )ffDQU-t
ambient_pressure_ratio AZ4BPR AZ4BPR
angle_of_attack ATTCK ANGS
angle_of_attack_table ATTABLE (20) AATACK-t
angle_of_sideslip SSLIP ANGS
angular_signal_processing_noise ASP TN ISEI I
aniso.lastic_compliance_drift_rate WC(3) IMUGY 

•
anisoelas tic_compliance_drift_rate_error ACDRIFT IMUERR I

18
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Symbolic name Come~n
PDL Variable Name in oam deck
attack _angle_size IASIZE AATACX-I -

•

autopilot_time_constant ATC ATC
asi sth_launch_angle AZLAUN LANGLES
asimeth_pointi ng_error AZPERR LERR-I
beta_missile BETAN MF’CST-I
beta_target BETAT TFCST-I
body_fixed_acceleration BA(3) BFAOC
body_pitch_angle BPANG BODYANG

• body_roll_angle BR.ANG STATEV
body_seeker _matrix ABS(3 ,3) BSMAT
body yaw_angle BYANG BØDYANG
boost_drag_table BDTABLE (40) BDRAGQU-I
boost_end_time BENDT BENDT-I
boost_guidance_gain BØ~GG BO QU-I
boost_thrust BTH1UJST BTHRUST-I
burnout _trim_table BTTABLE (20,20) BLQUAN-I
burn_out_time TBØ TB -I
center_gravity_difference CGD CGD
center_gravity _fac tor CGFACT CGFACT
center_of_gravity CC CC
center_of_gravity_burnout CGB CGB-I
center _of_gravi ty_launch CCL CGL-I
center_of_gravity_table CGTABLE(25) MASQUAN-I
coefficient_exceeded_flag CEXPLAC (logical) CEXFLAG
c~~~*v~d.d_pitch_acceleration CPITCR GUIDEC
comeanded_roll_acceleration CROLL GUIDEC
co~~~ndedjaw_acceleration CYAW GUIDEC
computation_body_matrix AC(3,3) CBMAT
computed_acceleration RC(3) DV
computed_missile_position PulC(3) STATEV
computed_missile_velocity VMU(3) STATEV
corrected _density RHOC C RDEN
C_El CBI NPIP-I
C 32 CB2 MPIP-I
defended_ship_x_coordinate XDSHIP THREAT-I
defended_ship_s_coordinate ZDSHIP THREAT-I
deg_rad DEGRAD CNSTS-I
delta_egl DTEG1 DEFFC-I
delta_.g2 DTEG2 DEFFC-I
delta,ko DELKO )~AC-Idelta_kl_msx DELK1MX I~AC-Idelta_k2 DEU(2 *tAC-I
delta ri DELTARI DELTAS• dalta_zi DELTAXI DELTAS
delta_si DELTAZI DELTAS
density_error DEER ATQUAN-I

-
• 

I derivative_array DV(l7) DV
doppl.r_velocity D PVEL DOPVEL

— 19
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Symbolic name Coninon
PDL Variable Name in ~am deck
drag_coef ficient CD DRAGCF
drift_matrix D(3 3) DRMAT
dynamic_pressure Q DYNPR.ES
earth radius ERRAD ATQUAN-I
EG_L1 EGL1 DEFPC-I
EC_L2 E,~L2 DEFFC-I
EC_O EGO TGP AR-t
BC 1
EG_2 EGTABLE(3) DEFFC-I
EG 3
elevation_launch_angle ELLAUN LANGLES
elevation_pointing_error ELPERR LERR- I
estimated_flight_time ESTIME ESTIME
estimated_target_position TTAIAT(3) ETP
E2_H E2H DEFFC-I
filtered_pitch_acceleration FPITCH FILTACC
filtered_roll_acceleration FROLL FILTA~Cfilteredyaw_acceleration FYAW FILTACC
GBØ_l GBO1 TCPAR-I
CB _2 GBO2 TGPAR-I
glint_noise_constant GLC TNØISEI-I
gravity_constant C CNSTS-I
gyro_constant_drift_rate wO(3) IMUCY
gyro_constant_drift_rate_error GCDRIFT IMUERR- I
gyro_drift_angle GDANG(3) STATEV
gyro_drift_rate GDRATE(3) DV
gyro_initialization_error GYIERR LERR-I
gyro_mass_unbalance_drift_rate WM( 3 , 2) IMUGY
gyro_mass_unbalance_dr if t rate error GMUDR D4UERR I
gyro_mass_unbalance_spin_axis_error GMUSAP IMUERR-I
g_bias GBIAS GBIAS
G_B0 GBO TPNCV

• G_Bl GB1 NCVEL-I
homing_handover_tine TSW TSW
homing_lover_bound 111.3 MINHØM-I
homing_upper_bound HUB MINH~M-I
horizontal _range HRAN GE HRANGE
a_p Ho MPIP-I

11W TGPAR-I
inertial_acceleration AI(3) INERACC
inertial_body_matrix A(3~3) I~MAT
inertial_velocity_matrix AV(3,3) IVMAT
initial_computatiou_body_roi,_vector ACLV (3) flIACRV
initial_estimated_flight_tim. EPTINT TEFT-I
initial_predicted_missile_position flEN~ 1(3) PVM-I
initial_predicted_targst_po.itLon PUNST(3) PVT-I
initial_smoothed_iraissile_v.loci ty SMVELM(3) PVM- I •

20 

-

— —~ ~~~~~~ ~~~~~~~~~~ 
- —

~~~~~--~ —~



~~~L~JP.~i1L~~~~~~~i 1 -• L 1L[T

Symbolic name Common
PDL Variable Name in p~~~ deck

initial_smoothed_target_velocity SMYELT(3) rn-i
input_az imuth_launch_angle AZLAUNI NFC-I
input_elevation_launch_angle ELLAURI NFC-I
input_estimi~ted_f light_time ERTIISI ~~C—I• input_g_W G~~I NFC-I
input_homing_handover_time TS~I NFC-I
input_integration_step_size STHP~~ INSIZE-I
input_predicted_intercept_point PRZDIRI(3) NFC-t
integration_step_counter IIIT$TRP STEPCNT
input_t_bs TESt NFC I
input_vax_i VAXOI NFC I
integration_step_size STEPSZE STEPSZE
KR_i Kill (real)
KH_2 KI12 (real)
K_PB IC.FB (re al ) NCVEL-I
K_GB KGB (real) CAP-I
K_GO KGO (real) CAP-I
K_mach KMACH KMA.CH
K_table TABLEK(7,3) TEFT-I
K_Vi KV1 (real) )~AC-I
K_V2 KV2 (real) )~ AC-I
last_commanded_pitch_acceleration PITCHL LASTCØI
last_commanded_yaw_acceleration YAWL LASTC~M
launch time TLAUNCR TLMJNCH-I
launch _trans formation _matrix TL(3, 3) TLMA T
launch_trim_table LTTABLE (20, 2OXreaI.) BLQUAN-I
launch_velocity VLAUNCH VLAUNCH-t
mach_drag_ size MUSIZE MDQUAZ1-t
mach_drag_table MDTABLE(40) (real) MDQUAN-t
mach_number MAICHRO (real) MACHNO
mach_trim_factor FACTMr M&TRQU-I
mach_trim_size ~~SIZE MATROU-t
mach_trim_table MrTABLE(20) (real) MATRQU-I
mass_time_table TXrABLE(25) MASQUAN-I
maximum_normal_force_coefficient • FCNMAX - - FCNMAX
inaxiaim_seeker_gimbal_angls . SGMAX - 

~
- -, - SGMAX-I

maximum_tar get_angular_noise - - - TANMAX - TNOISEI-I -~
measured _acceleration AN(3) - -~~~~~~

- , MEASACC
midcourse _filter _consta nt FCMID - - -  - -~2 PC)~ D-I
midcourse_guidance_update_rate GURNID GURNID-I
midcourse_trajectory_update_rate TURN MTUR-I
missile_angular_noise ANON 1I$ISE-I
missile_position P14(3) STATEV
missile_range _noise RANM )t~OISE-t
missile_target_range T)~ ANGE T)~ .ANGE
missile_target_unit_vector TIIJV(3) TMUV
missile_tot al_velocity VMI’*I
missile_velocity VM(3) STATEV
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Symbolic name Common
PDL Variable Name in pgm deck _
ncvel_flag NCVFLAG (logical) NCVFLAG
noisy_missile_position PNN(3) NOISEM
noisy_target_position PTN(3) NOISET
nominal_roll_angle RØLLNOM NOMROLL-I
non_limited_acceleration (yaw & pitch) YAWNL, PITCHNL NLIMACC
normal_ force_coef fictent FCN FCN
n_boost_midcourse NBMID NBMID-I
n_terminal NTERN NTERN-I
pitch_line_of_sight_rate PLOS LSRATES
pitch_load_factor PLDF LDFACT
pitch_normal_force_coefficient PNFC NORMFC
pitch_seeker_gimbal_angle PSGA SGANC
pitch_seeker_look_angle PSLA SLANG
pitch_velocity_compensation PVC VELCOMP
polar_target_position PTPOS (3) PTPOS
power_off_drag_table POTABLE (40,20) MTDQU-t
predicted_intercept_point PREDIN( 3) PREDIN
prelaunch_radar_cycling_rate PLCYCLE PLCYCLE-I
previous _r ange RPREV RPREV
proportional_navigation_pitch_acceleration PNPITCR PNACC
proportional_navigation_yaw_acceleration PNYAW PNACC
Q_0l04 Q0l04 Q0104
rac_pitch _acceleration RACPIT RACACC
rac_roll_acceleration RACROL RACACC
rac_yaw_acceleration RACYAW R.ACACC
rad_deg RADDEG CNSTS-I
range _glint_noise RGLN TNOI SEL I
range_noise_constant RNC TNOISEI-I
range_signal_processing_noise RSP TNOISEI t

• reference _area RAREA R.AREA I
rocket thrust RTRRST RTHRST
RV_2 RV2 RV2
32_H R2H DEFFC-I
seeker_field_of_view SFV SPy-I
simelat ion_time TIME STATEV
smoothed missile_position PMSM(3) SNTRAJ
smoothed_missile_velocity V~~M(3) SMTRAJ
smoothed_target_position PTSM(3) STTRAJ
smoothed_target_velocity VTSM(3) STTRAJ
speed_of_sound SSOUND SSOUND
starting_simulation_time SSTIME SSTIME-I
state_variables ST(l7) STATEV
sustain_drag_table SDTABLE(40,20) )frDQU-I
sustain_start_time SUST )crDQU-I
sustain thrust STHRUST STHRUST-I
8 1  81 ~I~AC—t
8:2 82 *AC-I
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Symbolic n e  Common
PDL Variab le Na in ~am deck

• target_acquisition_flag TACQF TACQF
target_acquisition_tins TACQ TER*~target_angular_noise TANOI TNOISE
target_missile_body_axis (vector) RB(3) THRAXtar get_range_noise TRNOI TNOISEtarg et_time_at_launch TLTIME THREAT-Itan_pressure _size ITPSIZE AITIOQU-Itau_pressure _table TPTABLE(50) Alfl’OQU-Itau_tab ie TATABLE(50) AUT*QU Iterminal_guidance_mode ~~DETG )~ DETG
terminal_guidance_tj~e TGT TERMQ

• - terminal_guidance_update TCUR TOUR-Itgliai~l TGLIM1 LIlfrG-Itgltm_2 TGLIM2 LD1TG-I
therm.lnoise_constant TNC T)~ ISEI-Ithrust_conversion THCONV THRST-Ithrust _dtfferen àe THDIF THDIFthrust _table THTABL E(20) THRST- Ithrust_time_table TTTABLE(20) THRST-Itb_max THMAX MAXHOM-Ith_l, th_2 , th_3, th_4, th_5 TH(5) MINROM—Itins_to_go TOO TOO
tm_indicator TMIND TMINDtotal _attack _angle_bur nout TABO TABO
total_attack_angle_launch TALE TALEtrajectory_output_frequency TRAJOF OUTDIDtrajectory_output_time TRAJOT 

~UTINDtrajectory_update_tIme TITrINE TUIDIE
transition_time TRTIME TRTIME-Itrue_target_position PTT(3) TRPOS
true_target_velocity VTT(3) TRVELtsw_haw TSWHAW TSb1HAW-IT2_0 T20 TGPAR-tT2 1 T2l TEFT-IT2_2 T22 TEFT-t
T_BSl TBS1 TGPAR-IT_192 TBS2 TGPAR-IT_1S TBS TES
T_GS TGS TGS-I
T_H TIRI
T_VNR TVNR CAP-I
VAX_0 - 

v*xo TPNCVVAX_i VAX1 TGPAR-tVAX_2 - 

VAX2 TGPAR-I
I

S
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Symbolic n Co~~~n
PDL Variable Name in nam deck

weight_burnout 1K TBO I4ASQUAN-I
weight_lbs WEIORT w~icirrweight

__
table - 

WTABLE(25) MASQUAN I
yaw_line_of_sight_rate YLOS LSRATES
yav_~loed~f actor YLDF LD!ACI
yaw_normal_force _coefficient YNFC NORMFC
yaw_seeker_gimbal_angle YSGA SGAZIG
yaw_seeker_look_angle YSLA SLANG
yaw_velocity_compensation YVC VELCOMP -•

4.3.3 Source Code Subroutine Decks. Decks contain ing the source code for the
model’s routines occur together on the source library, with each subprogram
contained in a separate deck . The UPDATE *DECK n~~~s are identical to the
FORTRAN subprogram symbolic names, in all cases . There also exists an exact
correspondence between PDL (reference 2) “segments” and simulation model
subprograms , which is given by table 5. The order of the entries in table S
watches the order of the PDL segeents in reference 2, ‘which in turn coincides
aith the order of the decks on the source libra ry.

The structured programming constructs ‘which constitute the Program
Design Language (reference 3) have been simulated in FORTRAN (reference 11),
and were used when the sour ce code was written. The lines of code are

• indented to denote the nesting of structures, thereby producing aligumsut
with the PDL design document (re ference 2).

The compilation object code output of these decks is used to generate
the user library of simulation modules (sect 4.2.2), which ii catalogued U

the permanent file MESLIB, ID—NS2. The actual library generation process
is performed by the CDC EDITLIB user library generation utility (see
reference 7).

TABLE 5

• PDL SEGMENTS
vs.

SUBROUTINE SYMBOLIC NAMES

PDL Se~~~ t 1 $~W~OiLc~ Name

Main x.cutivs routine
Establish a fi re control solution ESTABFC
Input nominal fire control solution UIPUTFC
Compute fir. control solution C NPFC
Compute estimated flight tim. C IPEP’ T
Calculate launch angles CALCLA

~~~~~~~~~~

— ~~~~~~~ ~~~~~~~~
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PDL Segment Name Symbolic N e
Compute terminal guidance parameters TGPARM
Maximum homing handover time ~iArrsw
Minimum homing handover time MINrSw
Determine trajecto ry initial conditions
Launch initialization LMJNCHI
Compute drift matrix D DMATRIX
1)111 sensor error levels D8ISEL
Convert smoothed estimates to launch coordinates CONSLC
Kinematic executive KINEXEC
Kinematic initialization KINIT
Kinematic command boost phase KCBOOST
Kinematic internal boost phase KIBOOST
Kinematic command midcourse phase KCMID
Kinematic internal midcourse phase KD(ID
Kinematic terminal guidance phase KTERN
Compute short integration step SUSTEP
Initiate kinematic command trajectory BEGINC
Initiate kinematic internal trajectory BEGINI
Command boost-midcourse 1141 IMUCBM
Internal boost-midcourse tHU Di1j~~~~
Terminal IMU
Kinematic autopilot KAUrO

• Interpolate for autopilot t ime constant TAUAP
Measured acceleration MACC
Strap down gyro drift rates STGYDR
Gyro drift rates GYDR
Computed acceleration along Dill axes IACC
Boost drag coefficient CDBOOST
Midcourse-terminal dr ag coefficient CDI~~DT
Kinematic missile response to steering commands KSAERO
Normal force coefficients CNOEN
Maximum normal force coefficient CNMAX
Kinematic angles of attack and sideslip KAJNG
Interpolate for total attack angle launch ALPTL
Interpolate for total attack angle burnout ALPTBO
Kinematic gravity free accelerations GFACC
Inertial accelerations DIRAC~Table search swca
Runge Kutta integrat ion RKUTrA
Kinematic command missile trajecto ry KCTRAJ
Kinematic internal missile trajectory XITRAJ
Kinematic terminal missile trajecto ry KTTRM
Command midcourse trajectory update check TUCBM
Interna l boost-midcourse trajecto ry update check TUIBM

- - • Boost guidance commands BOOSTGC
- i Midcourse guidance commands MIDGC

Midcourse PIP MIDPIP
• Midcourse commands in RAC axes MIDRAC

25

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

__________________ - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ SS5~~S • - 5 5 5 .



- ~~ 5 - - ~~~~~~~ — 
1

PDL Segment Name Symbolic Name
Trans form to IRU axes and filter co~~~nds TRP’ILT
Midcourse seeker gimbal angles
Check for target acquisition TAQ~~Target missile relative body axes vector TMVECT
Terminal guidance update TD)ØJ
Termina l phase seeker parameters TURK
Body to seeker trans formation matri x ABS AISMAT
Terminal guidance commands TWIG C
Non-constant velocity compensation terms NC~~T test for non-constant velocity compensation TTNVC
Compute and filter prop ortional navigation Commands CF PNC
Computation to body transformation matrix AC ACHAT
Trans form guidance commands to body axes TGCU
Kinematic inertial body tr ansfo rmation matrix A ANATRIX
Kinematic inertial velocity tr ansfor mation matrix AV AVMAIT
Obtain estimated target position and velocity from
radar ESTTRAJ

Convert to polar coordinates POLAR
Convert to rectangular coordinates RECT
Target noise quantities TARNSE
Add tracking noise ADEt SE
Smooth noisy target trajectory S?~ 0TRT
Intermediate filter initialization FILTII
Actual filter initialization FILTIA
Predicted position PPOS
Obtain estimated missile position and velocity from

• radar ESMTRAJ
Smooth noisy missile trajectory S)*OTII4

• Smoothed position and velocity SPY
Determine true threat trajectory DT~HRT
Atmospheric quantities AT)ØS
Kinematic thrust and mass prop erties KIWi
Thrust
Interpolation INTERP
Kinematic mass properties 1(MASS
Output launch quantities OLAUNCH
Compute output freq uency indicators OFRE Q
Edited kinematic command boost-midcourse trajectory
output *(IKCBMrH) EI1CCBZC

Unedited kinematic command boost-midcourse trajectory
output *(UKCB)n~H) UNKCBMI

Edited kinematic internal boost-midcourse trajectory
output *(g1CI3~çfl~) Jj•~ A r

• r.r3 f’~~~

*(entry points for headings) •
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PDL Seiment Name S,~~~!4c ~~~~
Unedited kinematic internal boost-midcourse tra-
jectory output *(Ifl(I~ fl’!A)

Edited kinematic terminal trajectory output *(E~ICTTIj ) EEtTT
Unedited kinematic terminal trajectory output
*(~flhJ~ Th) UP*TT

Command boost-midcourse additiona l output *(Ca(ADDR) CIMADD
Internal boost-midcourse additional output *(1J~~~Et) IIMAZID
Terminal additional output *(TERADDH) TDI4ADI)

*(entry points for headings)

4.3 4 Initialization File Dsck (INITuK). The initializatio n file deck
(*DE~~ INITEK) is used during the scenario definition phase (sect 4.2.1)
for dynamically constructing the initialization file required by the
input processor . This file is actually the “compile file” output produced
by UPDATE (Q mode, INITEK alone is written to compile file ) when the deck
is subjected to a correction set (*IE~ ,T) compris.d of *V~~tIU directives(reference 9) which was written by the option processor as indicated by

• the input scenario. Correction sets to be applied to this deck exist on
the local files OPINIT and DTBTZD following successful execution of the
option processor (fig. 2 , sect 4.2.1). A *VIPDII directive will be present
on both files for each non-default option which the user has selected .
The file DTBIKD will contain an additional *DEF’Xfl dixestive (*DIFDIE DTAB)
which causes a different tables block data symbolic n to be used during
the default tables block data generation, for the reason given in section
3.1, but the two files are otherwise identical.

The *DEFDIR names used for each non-def ault option are identical to
the character string used as input to the option proces sor to select the
option, and appear as the -non-default selection for each option in the
chart presented in section 3.1.1.

As detailed in reference 5, the initialisation file defines the input
data environment for the scenario by assigeing jg ~~~ El!! to 

~~iM!!!
specifying 

~~~~~~ 
and 

~~~~~~~~~~~~ 
and defining the co~~~n block structuià àU

the block datas to be constructed . The deck UIITDK performs these speci-
fications as required, but uses UPDATE *IF DIF, *IF -DIP, and *END~~-

• directives to control parts of the deck which should/should not be written
• 

- 
to the compile file, according to the non-default Options contained in

- - 
• the scenario.

There are generally two option-input data relationships which require— 

compil. file control:
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(1) an input variable is specifically required as the resul t of
a non-default option being selected.

(2) the selection of a non-default option obseletizes a parti-
cular input variable.

Relationship (1) is represented on INITDK by a *IF DIP , optname ... *ENDIF
directive pair , ~there optnams represents the *DEFINE name associated with
the (non-default ) option , and the text between the pair of directives is
the informat ion to be placed on the initializat ion file when the option is
selected. Rslatlooshtp (2) is rep resented by a *1? -DIP , optnaae •.. *ENDIP,
where the text surr ounded by the direc tive pair is not required by the
initialization file when the option has been selected. If neither relation-
ship is present (the information is always required by the initializa tion
file), the text is not contained between any *IF DIP ... *ENDIF pair .

The foregoing selectivity scheme for constructing the initialization
file dictates the following guideline s when the input data envi ronme nt for
a (conceivably new) option under consideration is being defined:

(1) “opt ion boundar ies” m ist not be crossed by the simple
• variables of one of the designated “classes” (see reference

5). That is, all variables in a class mist exhibit re-
lationship (1) to each non-default option, relationship (2)
to each non-default option , or neither.

(2) “option boundaries” mist not be crossed by any of the co~~~n
blocks containing input variables and, consequently, by any
of the “input” co~~~n decks on the source library .

4.3.5 Control Card Deck (CNTCDS). The control card deck (*DEcK ctrrcDs)
is used durin g the scenario definition phase for construct ing the begin/
revert procedure )~S which ultimately executes the program. The generalstructure of this proced ure is listed in section 4.2.2.2. -

The routines of the simalation (source code subroutine decks) are
coded with subroutine CALLs corresponding to the default selection for
each opt ion. No linkage to the subrout ine sequences of non-de fau lt options
is established. Consequently, the procedure 1455 mast contain LESET. which
cause the necessary substitutions to be made in the calling sequence , for
each non-default option contained in the scenario. The general form of

• the LESIT constructed is:

LDSET(SU8ST.a~~b1/a5 b5/ .  . ./a ,—b,)

where a~ — symbolic name of the pre-emepted subroutine (entry point )

b 1 — symbolic nm of the subroutine (entry point) to b. sub-
stituted for a~

for i .l , 2, ..., n.
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• The following list indicates the substitutions which are made for each
non-default option selection:

• Pre-empted Substituted entry
Selection entry point(s) point(s)
nominal fire control estabfc inputfc
actual radar track filter filtii filtia

initialization
minimmam homing maxtsw mints~,
internal midcourse kcboost kiboost
guidance kcmid kimid
unedited output and edkibnt unkibint
internal midcourse ekibuth ukibuth
guidance (Co-selected)
unedited output edktt unktt

edktth unktth
unedited output , edkcb..t unkcbut
internal midcourse guidance ekcbsth ukcbnth
not selected
inertial Dill stgydr gydr
gyros

The procedure IISS is created by *DECK CNTCDS in exactly the same
manner as the initialization file is produced by *DECX INITD~ (sect 4.3.4).An UPDATE correction set Consisting of *DEFINE directives is produced by
the option processor and written to the local file OPCNTC (see fig. 2 ,
sect 4.2.1). This *IDENT is then applied to CNTCDS and the compile file
output consists of a procedure (named )~ S) containing any LDSKTS required
by the scenario .

The *DEFINE n~~~s associated with the non-default options as specified
by the directives written to OPQITC are identical to those used for the
other two correction set files (OPINIT and DTBLKD), and are identified in
section 4.3.4. The deck (CNTCDS) itself thus contains *1? DIP, optnaas
*ENDIF and *IF -DIP , optn s ... *I1IDIF directive pairs surrounding the
LDSET card images, which cause th. generation of an appropriate control
car d procedure compile file.

4,3.6 Default File Deck (~~~L1). The default file, a required data base
of the input processor, is independent of the scenario chosen; consequently,
th. same “worst case” file asy be used each time the processor is executed.
However, a default value meat be present on the file for every quantity

• which is on the input list associated with at least one option selection
(default or not).

29 
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The copy of the data base used by the input processor exists as the
lCD perm ent file )~SDEFAIJLT (1D 1152), with the default file deck (*DECK
DIVDC) serving as its source . The file itself is structured according to
the specificat ion listed in reference 5. The contents of the file are
listed in appendix B of this document. The permanent version is created
by updating VSPDK (Q mede) while specifying the D and 8 options on the
UPDATE call card (reference 9), and catalogui ng the resultant COMPILE file.

4.3.7 Ontion Processo r Source (M SSPROC). The deck MSSPROC is the source
for the FORTRAN program which serves as the option processor. The permanent
file )45SPROC (ID.’NS2) is the catalogued object code binary obtained by
updating and compiling this deck , and is used in th is form by the begin !

- 

- 
revert procedure MSSOPT duri ng scenario definition .

• The exact func tions performed by this program are discussed in section
3.1.1. The progr ing techniques used can be obta ined by consulti ng a
compilat ion listing.

4.3.8 Begin/Revert Procedures Source (BRPROCS ). The permanent file
MSSUPROCS (ID.NS2) contains the begin/ revert procedure s )~ SOPT, MSSINIT,
and I45SINP (sect 4.2) which control the operation of both phases of the
system (scenario definition and simmalation execution) .

The deck BRPROCS contains the source for these procedures . The
permanent file version may be re-created by updating the deck (Q, D, 8
options selected) and cataloguing the compile file thus obtained.

3
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Appendix A 
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Simulat ion Out put

This appendix provides selected portions of the output produced by
executing the mudel using a scenario which consisted of the unedited output
and internal midcourse guidance option selections.

The report generated by the input processor (reference 5) is listed
first, followed by the “launch quantities” output which provides values
of initialized missile parameters at the start of the trajectory. Only
the first pages of output generated by the boost, midcourse, and terminal
trajectory phases are included in this appendix. The two types of output
written during the trajecto ry (“t rajectory ” output and “additional” output)
are intermixed, with “additional” output characterized by indented left
margins . Note alignment with the headings which are written only once,
at the beginning of each traj ectory phase.
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XOSNIP IsO DEPENO ED Sh IP X 00000INATE (FlIT )
ZOIHIP S R  OEV(WOEO SHI P 7—COORDINATE (FlIT )
TLTINE 11.0 TAR G ET TINE AT LAUNCH (SIC)

1 NINCISE
M.PH AT 1.3 POSITION SMOOTHING FILTER CONSTANT TOT.
ASP 5.0 ANGULAR SIGNAL P*OCISSING NOISE INRADI
RE TAT 5.0520 VELOCI TY SMOOTH ING FILTER CONSTANT TAT.
GLC U.S GLINT NOISE CONSTANT (NRAD—NM)
T ANNAX I.e NAXINIIN TARG ET ANGULAR NOISE (MEAD)
RCLN 0.1 RANGE GLIN T NOISE (FEET)
RNC 1.1 RANGE NOISE CONSTANT (FEET)
RSP 5.0 RANGE SIGN AL PROCESSING NOISE (FE ET)
TNC II TWERNAL NOISE CONSTANT IHR ADFNN(SO) )

NTUNAT I
TURN 0.~~ MIDC OURSE TRAJECTORY UPDAT E RATE (SIC)

STARTI PE
SSTINE —10.1 STARTING STMtH.$TION TitlE (SIC)

LJUNCH
S I  A7IMUT N POINTING ERROR (DIG)

ELPERR 5.0 ELEVATION POINTING ERROR (DIG)
GYIERR 0.0 GYRO INITIALIZATION ERROR (DIG)
POLLNOM —A5.0 MONINIL ROLL. ANILE (CED)
PEROT 3.5 ROOST END tItlE TSEC)
STEPIN 0.123 INPUT ZNTISR*TION STEP SIZE (SEC)
TI AUNC N 0.2550 LA1NION TSNI (SIC)
VL *UNCSI UO.07 LAUNCh VELOCITY (FT~SGC)

S000UA N ~- -
50000 0.523703 ROOST *U IO*CY GAIN (G SFPIE TFSEC)

HIO OUAN
CR1 S.C (SIC)
CR2 5.51 (SIC(INH )
DEI NS I.iI$~$ ($‘SF(VOl$EC ISO)))
SILEINS 1.0
NStRt 20.0 (SIC)
NI 51120.1 (FT)
1111 —0.04402 (G5S1(YOISIC(SU)0
K’42 5.312% (G4S~ (VO~SEC (SO)))
XVI —1.54402 (A•SIIVOI SIC (SG)))
KV2 5.21072 (G’S~~lYD~~SEC ($0)) )
YCNI O 0.1037 NI000URSE FILTER CONSTANT
$U*N IO 5.25 MIDCOURSE GUIDANCE UPDATE RATE (SIC)
St 2.31101—5 (IIYO)
52 5.517

TENQUA N
ALVC 1.010154
KYI 5.035
EGO 3.333333
EGO 4.0
lOS 21.5 (SIC )
051 1.I
MP S 0.107
*1*0 1.1111111
TGI.IISI I.., (05-5)

S
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T$L1W2 32.0
ALPS 0.24$

TSUR*tE
TGUR 0.123 TE*$INM. GUIDANCE UPDATE RATE (SIC)

SlIVER
IRTI ME 2.0 TRANSITION TIME (SIC)
SGM AX 55.0 MAXI MUM SEEKE R GIM BAl. ANGLE (01$)
SFV 3.5 SEEKER FIELD OF VI EW IDES)

ThRUST
TNCONV 353.0 THRUST CON VERSION (LOS)

LiMOS
Of MM 0.5 DENSITY ERROR (I)
10*00 20333531.0 EARTH RA DIUS (FEET)

MASS
CGL 112.13 CENTER OF GRAVITY — LAUNCH (IN)
cc, 03.55 CENTER Of GR AVITY BURNOUT (IN)
1101.0 135.70 WEIGHT - SURNOUT (LRS)

AUTOPILOT
ITPSIZI I TAO TAILE SI ZE

6111 *1*0
IAOM A$ $ ALTITUDE BRAG T*II.I SIZE
OTWO UST 21420.5 ROOST THRUST (LO S)
TOO 30.00 BURN OUT TINE (SIC)
NOSIZE 35 MACH DRAG TAILE SIZE
SUST 5.33 SUSTAIN START TINE (SIC)
STNRUST 2331.5 SUSTAIN ThRUSt (LOU
RAWE A 0.354 WEFEWENCE AR EA ($0 FT)

KI NAE*0
1*5171 U ANGLE CF ATTAC K 7*011 SIZE
M TS IZ E S MACH TRi ll TAIL E SIZE

III UERM
ACSI*S 0.0 ACCELERO METER PIAS ERROR I G ’S)
ACCAC I.I ACC. CRO SS AXIS COUPLING ERROR IX)
ACGCAC I S  ACC . 0—SEN SITIVE CR. AXIS COUP. ERR. (2)
ACSF 5.0 0CC. SCALE FACTOR ERROR (I)
ACONI FT I I  AHISOELASTIC CORP. OR. RATE ERROR (OIHIG
OCOR IFT 5.0 GYRO CONSTANT DRIFT RAT E ERROR (OfG~ NR)
GMUOR 0.0 GYRO HISS UNP*L. OR. MATE ERROR (01016$)
GNUSAP 0.0 GY RO MASS UHOAL SR. AXIS ERROR (0011*102

OUTPUT
WOWE D I OUTPUT FREDUENCY (S tNT. STEPS) (SO-MID)

WTERM I OUTPUT FRE QUENC Y (0 tNT . STEPS) (TER N)
ISN OUT MO INCUJ OVINHINIT INPUT RAT A NNEISONIC S
ThLREP NO OISELECT1SELECT FULL INPUT REPORT

CONSTANT
0101*0 1.11743723221154 DEGREES TO RADIANS IRAD#OEG)
O 30.17401 GRAVIT Y CONSTANT IFTISIC(SD))
1*0010 57.21311131 RABI*MS TO DEGREES (IE$1*AO)

DEVF C
PI CYCLI 0.23 P*(LAUICW RADAR CYCLING RATE (SIC)
721 21.0 (SIC )
TEE 70.0
EFTIMT 35.0 INITIAL ESTI MATED FLIGh T TIME (SIC)

• 12$ 54.0 (DIG)

S

1-3
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PIN 15111.1 (70)
TSNN*I 3.10 NOISING T IME AU. TIll WAY (SIC )
DTE&1 0.50203 (010170
07102 11.0 (DIG)
£011 53.5 (DIG )

$1.1 (DIG)
7551 21.5 (SIC )
TeSt 7.5 (SIC)
$75 1070.0 (TO)

42.1$ (SIC)
11*51 5.0 (O•S)
VAX? —3.0 IS•S)
£55 $5.0 IDES)
6001 0.0 (05-1)
0001 1.06 (0 S)

N 1511DM
THM * X 33.0 (SIC)

N1SISOSSI
0.3 POSITION SMOOTHING FILTER CONSTANT MIS.

Of TAP 0.0320 VELOCITY $11007141010 FILTER CONSTANT MIS.
ANON 0.0 MISSIL E ANOULIR NOISE (I*A0)
RAlPh 3.3 MISSILE RANGE NOISE (VT )

NONFC
*ZL A UN I 0.0 AZIMUTH L*UNCW ANGI E (DIG)
£LLAUN I $0.0 ELIVATIDIS LAWSON ANGLE SD(S)
ESTINEI 15.0 ESTIMATED FLIGHT TINE (SIC)
75111 03.5343 HOM iNG NAWOO VER TINE (SIC)

TGP1*S
CIII 1.00 (05-5)
TOSI 55.0 (SIC)
111552 5.5 TIRWIM IS. GUIDANCE PARA ME TE RS (G~$)

NIl 5,5 HONiNG LOVER 10010 (SIC )
MUD 15.0 HONING UPPER ROUND (SIC)

VECT OR S
IGTASLE

1.13 5 131$ 4.1
PREPOSI! INITIAL PREOZCTEO MISSILE POSITION I? Tb

1513.0 1*61.5 1.1
1111111$ INITI AL lISOOTNER MISSILE VII. . SF71516)

320.5 iSIS.S 5.0
PREPOST INIT IAL PREDICTED TARGE T POS ITION (FT )

432315.1 21151.5 5.5
SNVEL T INITIAL SWOOTWES TARGET VII.. (FT ISEC)

—2500.0 5.0 0.0
PRIDIJSI PREDICTED INTERCEPT POINT (F?)

110050 5 25051.1 SI
TROLlS

IIST AILI 3 7111*1ST TABLE (L II)
*1400.5 21455.0 1331.0 1151.5 0.5

7,7*01.1 1 70110$? TINE 7*01.1 (SIC)
0.5 3.55 3.35 20.71 30.1$

COTIGh E 4 CENT ER OP SIRVITY TAIL! 1110
112.11 111.41 35.33 35.15

.

1-4
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S

TW TAIL E 4 MASS 71111 TABL E (SIC)
I S  4.41 26.34 30.06

NOTABLE 4 WEIGh T TANL I (I RS)
1313.1 951.43 695.73 615.79

TPTA .E S TAU DYNAMI C PRESSURE TABLE (L$S 1F T($ Q))
150.5 355.0 300.0
701.0 1111.1 2150.1

3330.0 4250.5 6750.0
7*7*05.1 3 TAU TABL E (SIC )

1.0 5.53 5.44
0 .375 0.32 1.23
5.22 0.203 5.17

ACTABLE I ALTITU OI DRAG 7*15.1 (FEET )
0.0 20505.0 41110.1 61115.0 51155.1 110110.0

ATT A05 I It ANGLE CF ATTACK 7*55.1 (010)
0.0 4.0 I S  12.1 16.0 21.1 24.0 20.0 32.1 36.0 *0.0

007*05.1 31 BOOST DRAG TABLE
5.3$? 0.37$ 1.303 1.343 1.31?
0.253 5.253 5.241 5.245 0.244
0.203 0.340 0.425 S.41i0 0.46$
0.407 0.407 5.433 0.447 0.433
0.420 0.405 l IeS 0.312 0.355
0.343 5.339 S.~ 23 1.334 0.334
5.334 1.334 5.334 5.334 5.334

ITTASL E I T*11 TABLE 0105$. FORCE COEF.)
I 0.0 0.0 1.1 2.5 3.9 5.5 6.2 7.1 0.3 10.2
11.3 5.5 0.5 I I  0.5 0.0 0.0 0.5 5.5 0.0
5.0 0.0 1.1 2.5 3.3 3.0 6.1 7.3 5.9 10.2

11.3 5.0 5.1 0.0 5.0 0.0 5.0 0.5 I I  I .e
0.5 5.5 1.7 2.0 4.0 5.2 6.7 5.3 10.7 12.0

14.6 $ 4  0.5 0.5 5.5 5.0 I I  S I  $ 0  0.0
1.0 5.0 1.1 2.9 4.1 5.6 1.6 5.3 11.5 14.3

11.1 0.5 0.5 0.0 0.0 0.5 0.5 0.5 0.0 5.0
5.5 0.7 1.1 2.9 4.3 6.0 0.0 9.5 12.1 14.3

16.4 5.1 l.a I S  0.0 5.5 0.0 5.5 1.1 0.0
0.5 0.5 1.3 3~ 1 4.3 6.1 1.1 7.1 11.3 13.3

13.2 1.5 I.. 0.0 0.5 5.0 0.0 1 $  0.0 0.0
1.1 I I  1.7 2.9 4.1 3.5 7.1 1.1 10.4 12.1
13.1 1.0 0.5 0.5 0.5 !.0 0.0 S I  0.0 0.0
5.5 0.6 1.0 2.0 3.5 5.2 6.6 5.1 1.6 11.2

U.S I I  0.5 0.5 I I  I.e I.• U.S 5.0 I I
1.77*01.1 S LAUNCh TRIll TAIL! (NORM. FORCE COEF.)

0.0 1.1 2.1 3.4 4.5 6.2 1.6 3.0 15.5 U.S
14.0 0.0 5.5 0.5 1.5 1.1 0.0 l.a •.e 5.5
0.5 1.0 2.1 3.4 4.0 6.1 1.6 9.0 15.0 12.5

14.0 0.0 0.5 0.0 0.5 5.0 0.0 1.1 5.0 0.0
5.0 0.1 2.5 3.4 4.9 6.4 5.2 15.2 13.2 13.6

17.1 I.e 5.0 5.0 0.5 1.0 I I  0.5 I.e 5.0
I.e 0.0 t.S 1.4 5.5 6.1 1.2 11.4 14.1 17.1

20.2 S.D 0.5 5.0 0.5 5.5 5.5 5.5 0.1 0.0
0.0 U.S 2.1 3.6 5.0 7.1 5.3 11.? 14.2 16.0

15.6 S I  1.0 0.0 0.0 0.5 0.0 0.0 i.e 0.1
• 5.0 1.1 0.4 3.9 3.3 7.6 5.5 11.5 14.0 16.1

Is.. S.l 5.5 5.5 0.5 5.1 5.5 0.0 •-.S 5.5

B-S
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~.• 1.1 2.1 ~~~~ 3.. ~~~ S.? 15.5 12.5 13.0
17.1 0.0 0.5 5.5 0.0 5.5 0.0 0.0 0.5 0.0
0.0 0.0 1.9 3.2 4.7 6.3 0.0 3.3 U.S 13.3

16.2 0.0 0.0 5.0 I I  0.0 0.5 0.0 0.5 0.0
NOTABLE 33 151CM 55*5 TABLE

5.0 0.1 0.2 0.3 0.4 5.5 4.0
0.15 5.7 5.71 5.0 0.9 1.0 1.03
1.1 1.15 1.2 1.3 1.4 1.3 1.6
1.7 1.1 1.9 7.5 2.1 7.2 2.3
2.4 7.3 7.7. 2.1 3.1 3.3 3.6

MTTABL E I -

0.SI 1.7$ 0.92 1.23
1.62 7.00 1.05 3.55 -F POTABLE 35 POWER OFF DRAG TASLI- - -

.355 .811 .420 .833 .300 .541 .0 .5 .0 .0

.0 .5 .5 .0 .0 .0 .0 .0 .1 .S

.353 .455 .420 .433 .555 .341 .0 .0 .5 .5

.0 .0 .0 .0 .5 .0 .0 .0 .0 .0

.353 .405 .420 .435 .505 .343 .0 .0 .1 .0

.0 .0 .0 .0 .0 .0 .5 .5 .5 .0

.353 .450 .420 .453 .300 .343 .0 .0 .1 .5

.5 .5 .0 .0 .5 .1 .0 .5 .0 .0

.305 .405 .420 .433 .300 •S4$ .0 .5 .0 .0

.1 .0 .5 .0 .0 .1 .5 .0 .5 .5

.811 •4t2 .433 .470 .513 .310 .5 .5 .5 .5

.5 .1 .0 .0 .0 .5 .0 .0 .5 .0

.413 .430 .433 .451 .533 .31, .5 .5 .0 .5

.5 .5 .0 .0 .5 .5 .5 .5 .0 .0

.4*3 .440 .463 .300 .343 .333 .0 .0 .0 .0

.5 .0 .0 .0 .0 .5 .0 .5 .5 .0

.033 .430 .473 .315 .537 .600 .1 .0 .0 .5

.0 .0 .0 .0 .0 .0 .0 .5 .5 .5

.443 .464 .435 .321 .373 .13? .0 .1 .0 .1

.0 .5 .0 .0 .0 .5- - .5 .0 .0 .5

.4.63 .853 .507 .353 .600 .670 .0 .5 .0 .0

.5 .5 .5 .1 .5 .0 .0 .5 .0 .1

.331 .350 .003 .140 .003 .743 .0 .0 .0 .0

.5 .0 .0 .0 .0 .5 .0 .0 .0 .0

.670 .600 .700 .74.0 .711 .530 .0 .0 .0 .0

.0 .0 .0 .0 .5 .0 .0 .0 .0 .0

.715 .730 .742 .700 .035 .560 .S .0 .1 .5

.0 .5 .5 .0 .0 .0 .0 .5 .5 .0

.140 .787 .715 .503 .143 .556 .0 .0 .0 .0

.0 .0 .5 .0 .5 .5 .0 .0 .1 .0

.737 .7*6 .760 .552 .042 .055 .0 .0 .5 .5

.0 .0 .0 .0 .1 .0 .5 .5 .5 .0

.711 .133 .736 .707 .030 .510 .0 .5 .5 .0

.5 .0 .0 .5 .0 .0 .0 .0 .0 .1

.692 .703 .723 .113 .743 .533 .0 .5 .0 .5

.5 .5 .0 .5 .0 .5 .0 .5 .1 .9

.600 .673 .032 .722 .73? .000 .0 .0 .0 .0

.5 .0 .0 .1 .0 .1 .0 .5 .0 .0

.6* .445 .611 .05? .723 .163 .5 .0 .5 .0

.0 .0 .0 .0 .0 .0 .5 .1 .0 .0
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.603 .625 .633 .065 .693 .730 .5 .0 .0 .0

.5 .0 .0 .5 .0 .o .c .5 .0 .1

.505 .911 .613 .035 .670 .703 .5 .5 .0 .5

.5 .0 .0 .0 .1 .0 .0 .0 .U .5

.363 .573 .392 .011 .645 .670 .5 .5 .0 .5

.5 .5 .5 .5 .0 .5 .0 .0 .0 .0

.345 .561 .376 .397 .623 .635 .5 .0 .5 .5

.5 .5 .5 .5 .0 .0 .0 .5 .5 .5

.331 .545 .562 .385 .615 .635 .5 .5- .5 .0

.5 .5 .0 .0 .5 .5 .0 .5 .0 .5

.320 .330 .350 .575 .600 .621 .5 .0 .0 .0

.0 .5 .5 .0 .0 .0 .0 .0 .5 .0

.315 .521 .530 .552 .585 .655 .5 .5 .0 .0

.0 .5 .0 .5 .0 .0 .5 .1 .0 .0

.500 .510 .320 .346 .575 .533 .5 .0 .0 .5

.0 .5 .5 .5 .0 .5 .0 .0 .5 .5

.431 .303 .317 .337 .360 .302 .0 .5 .0 .0

.0 .5 .0 .0 .0 .5 .0 .5 .5 .3

.455 .493 .308 .321 .550 .372 .0 .0 .0 .1

.0 .0 .0 .0 .5 .0 .8 .0 .0 .0

.473 .402 .413 .513 .532 .553 .5 .0 .5 .0

.0 .5 .5 .5 .0 .0 .0 .5 .5 .0

.463 .473 .453 .354 .325 .340 .0 .0 .5 .0

.0 .5 .0 .0 .0 .0 .0 .5 .0 .0

.453 .464 .473 .095 .510 .535 .0 .0 .0 .0

.0 .5 .0 .5 .0 .5 .0 .0 .0 .5

.440 .455 .467 .405 .500 .520 .0 .5 .5 .0

.0 .5 .5 .0 .0 .0 .0 .5 .0 .0

.440 .445 .457 .475 .49* .557 .0 .0 .5 .5

.5 .0 .5 .5 .0 .0 .5 .0 .0 .0
SOTAIL E 33 SUSTAIN DR AG TABLE

.700 .625 .375 .345 .433 .245 .0 .5 .0 .0

.5 .5 .0 .5 .0 .0 .3 .5 .5 .5

.700 .620 .375 .385 .431 .243 .0 .5 .5 .5

.0 .0 .0 .0 .0 .5 .0 .0 .0 .5

.750 .070 .375 .54.5 .433 .243 .5 .0 .5 .5

.0 .5 .0 .5 .0 .0 .0 .0 .0 .0

.750 .670 .575 .540 .433 .245 .0 .5 .0 .0

.0 .0 .5 .0 .0 .5 .5 .0 .5 .0

.750 .670 .375 .515 .433 .283 .0 .5 .0 .0

.0 .0 .0 .0 .5 .0 .0 .0 .0 .0
.100 .120 .310 .500 .431 .243 .0 .0 .0 .0
.0 .5 .5 .5 .5 .0 .5 .0 .0 .0
.700 .620 .570 .34.0 .433 .743 .5 .0 .5 .0
.5 .5 .5 .5 .0 .5 .0 .0 .0 .0
.700 .025 .370 .345 .433 .243 .5 .0 .5 .0
.0 .0 .0 .0 .0 .5 .5 .0 .0 .0
.750 .620 .315 .540 .833 .243 .5 .5 .5 .5
.5 .5 .0 .5 .0 .0 .0 .0 .0 .0
.755 .170 .371 .540 .433 .245 .0 .0 .5 .5
.0 .0 .0 .0 .1 .5 .5 1 .0 .5
.100 .615 .375 .540 .833 .249 .0 .0 .0 .5
.5 .5 .0 .0 .0 .5 .0 .0 .0 .5

5 .700 .625 .375 .540 .433 .245 .0 .0 .0 .5
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..0 .0 .0 .0 .0 .0 .0 .0 .5 .0
.701 .020 .575 .54, .433 .243 .0 .0 .5 .0
.0 .5 .0 .0 .0 .0 .0 .0 .5 .0
.7 00 .625 .575 .54, .433 .249 .0 .1 .0 .0

S
SC 5 •5 55 05  •V SC •5 ~~V .5
.710 .620 .570 .500 .433 .245 .0 .5 .1 .5
.0 .1 .0 .1 .0 .0 .0 .5 .0 .0
.750 .620 .370 .340 .433 .243 .0 .0 .0 .0
.5 .0 .0 .0 .0 .0 .0 .5 .0 .0
.711 .020 .515 .34.0 .433 .203 .0 .0 .0 .0
.5 .5 .0 .5 .0 .0 .0 .S .5 .5
.755 .620 .570 .540 .433 .245 .5 .5 .5 .5
.0 .5 .0 .0 .0 .5 .0 .0 .0 .0
.7S0 .620 .570 .545 .433 .245 .5 .0 .5 .0
.5 .0 .0 .5 .1 .5 .1 .0 .5 .5
.662 .620 .571 .540 .433 .245 .5 .5 .0 .0
.0 .5 .0 .5 .0 .0 .0 .0 .5 .0
•625 .315 .936 .525 .435 .2*0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0 .0 .0 .0 .5
.597 .965 .337 .310 .43S .303 .0 .0 .0 .1
.0 .0 .1 .0 .0 .0 .0 .5 .0 .0
.573 .330 .322 .300 .440 .327 .5 .0 .0 .0
.0 .0 .0 .0 .0 .0 .0 .0 .5 .0
.334 .535 .311 .490 .442 .345 .0 .0 .0 .5
.0 .5 .5 .0 .S .0 .0 .1 .5 .0
.537 .320 .450 .453 .443 .360 .0 .0 .0 .0
.5 .0 .0 .0 .0 .11 .0 .0 .0 .0
.525 .315 .450 .48* .440 .310 .0 .0 .0 .0
.0 .0 .0 .5 .0 .0 .0 .5 .5 .0
.510 .495 .405 .070 •41 5 .‘78 .0 .0 .5 .5
.0 .S .0 .5 .0 .0 .0 .0 .0 .0
.498 .453 .474 .445 .44.5 .387 .0 .0 .0 .0
.0 .0 .5 .0 .0 .0 .0 .5 .5 .0
.408 .401 .467 .46* .443 .393 .0 .5 .1 .0
.0 .0 .0 .0 .8 .0 .0 .0 .0 .0
.475 .073 .464 .430 .444 .331 .0 .0 .5 .5
.0 .0 .0 .5 .0 .5 .0 .0 .0 .0
.446 .061 .430 .430 .443 .453 .0 .5 .0 .0
.0 .5 .0 .0 .0 .0 .0 .0 .0 .0
.456 .431 .435 .442 .437 .414 .0 .0 .5 .0
.0 .0 .0 .0 .0 .5 .5 .5 .0 .S
•1,47 .440 .445 .437 .433 .425 .0 .0 .5 .5
.5 .1 .0 .0 .5 .5 .0 .5 .0 .0
.442 .445 .437 .433 .435 .422 .0 .5 .5 .0

• .0 .0 .0 .0 .5 .5 .5 .5 .0 .5
.437 .433 .434 .434 .434 .423 .0 .5 .0 .5
.0 .0 .0 .0 .0 .5 .5 .0 .0 .5

TA~~.EN 7 FIRE CONTROL T ABLE
—362140.0 —212119.1 —345030.0

—146. 66 -535.6 —431.9
1051332.0 —3011233.0 -4170.0

—73.33 —443.3 —216.13
733.33 15272.3 —6116.3

—1331000.1 112010011.0 14101511.1
1456.6 10344.6 •USfl.1

TN 3 TN VALUES FOR MIII. NOISING OPTION
5.0 3.0 12550.0 7715.5 5.04333

S
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