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FOREWORD

This report documents the CDC version of the SIMWEST computer programs devel-

oped by Boeing Computer Services Company under NASA Contract DEN3-42, "An

Expanded System.Simulation Model for Solar Energy Storage". The SIMWEST codes

were originally developed for simulation of wind energy storage systems. The
current version of these codes also includes solar-photovoltaic energy systems

modeling. This project was conducted under the sponsorship of the Division of

Energy Storage Systems, DOE, under the direction of Dr. G. C. Chang, and was

administered by the NASA-Lewis-Research Center Thermal and Mechanical Storage

Section, with Mr. L. H. Gordon and Mr. R. H. Beach as Project Managers.

This report is in two volumes.

I. CDC User's Manual

II. CDC Program Descriptions

The Boeing principal investigator for this project was Dr. A. W. Warren. Major

contributors in the development of SIMWEST were Dr. R. W. Edsinger, Dr. J. D.

Burroughs, and Dr. Y. K. Chan.
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1.0 INTRODUCTION

This volume describes the computer programs for the CDC version of SIMWE.ST

released in March 1979. Each '% a following sections contain a verbal

program description with macro flow charts, and source code listings for each

major program entity. Section 2.0 describes the model generation precompiler

program (EASY) which creates a Fortran model for the system to be simulated.

j Section 3.0 describes the simulation program (NONSIM). This is the executive
program that exercises the Fortran model generated by the model generation

program. Section 4.0 describes the file maintenance program (FILOAD). Section

5.0 describes the printer platter program (NSMPPT) which is a post processor

for the simulation program. The component library source listings are given in

Section 7.0 of Volume I, CDC user's Manual.

I

i
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2.0 MODEL GENERATION PROGRRM DESCRIPTION

2.1 INTRODUCTION

The Model Generation program accepts program commands which describe the sys-

tem model in terms of standard components. Each standard component is repre-

sented by a subroutine. The program then constructs a FORTRAN model which

consists of a series of calls to these subroutines. In addition to generating

the FORTRAN source code for the system model, the Model Generation program

produces a line printer drawn schematic diagram of the system and a list of the

input data required to complete the model description.

Upon completion of model generation, the FORTRAN source code is compiled and

the resultant object code is available as input to the simulation program. The

model source code may be punched onto cards for storage or manipulation by the

system analyst. The model object code is also stored on a parmanent file. In

this way a given model ca,^ be used for several simulation runs without having

to regenerate the model for each analysis.

2.2	 PROGRAM STRUCTURE

Figure 2.2-1 contains a macro flow diagram of the Model Generation program.

This flow diagram shows the principle tasks of the program. For each task, a

statement number in the main program is given along with the name of the

principle subroutine that accomplishes the task.

The first task upon starting program execution is to obtain the current list of

all standard components. The SIMWEST program was designed to be independent of

the number or type of star,uard components. All that is required of the

standard components is that their inputs, outputs, and table quantities be

arranged according to certain rules discussed in Section 6.0, Volume 1.

The sequence of performing the subsequent tasks is very model dependent. As

each task is identified and performed, data describing the system model are

DCS 40262-2	 3



FIGURE 2.2-1 SIMWEST MODEL GENERATION PROGRAM - MACRO FLOW DIAGRAM
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accumulated on a random access temporary file. This file, TAPE7, contains a

list of inputs for each component ih the system model. As inputs are satisfied

by model connections, their names are modified to indicate the source of the

input information. A list of model component names, CMPMOD, is kept in core.

In addition to the component name, this list contains codes indicating the

location of the component on the model schematic, the symbol to be used for the
component and the number of inputs the component requires.

Once the END OF MODEL command is received, the data accumulated for the model

is processed to generate the model source code and the model schematic diagram.

The following sections describe each of the major tasks shown in Figure 2.2-1.

Source listings for all subroutines are included in Section 2.3.

2.2.1 Command Interpretation

The second task performed by the program is to begin the interpretation of data

cards which contain the system model description commands. Figure 2.2-2 con-
tains a macro flow diagram of the command interpretation process.

As each command card is read, it is printed to provide a record of progress

through the model description. The model description is given as a series of

°phrases". These phrases are identified in each card image by the routine,

NXTPH, which locates one of the allowable phrase delimiters: comma, 1,1,
equals, [=], left or right parenthesis, [()], or three or more blanks. When

the end of a card is reached, a blank phrase is returned by NXTPH which causes a

new command card to be read.

Each phrase is first tested against the set of command phrases, shown in Table

2.2-1. If a match is obtained between the first ten characters of the input

phrase and one of the command phrases, the program branches to statement 400.

At statement 400,.tests are performed for unfinished tasks such as component

definition that mu r ' be completed, or the end of the direct FORTRAN input task.

I
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TABLE 2.2-1 MODEL. GENERATION PROGRAM COMMAND PHRASES

i

PHRASE USE

ADD PARAMETERS Direct addition of parameters to model

ADD STATES Direct addition of states to model

ADD TABLES Direct addition of tables to model

ADD VARIABLES Direct addition of variables to model

DIAGNOSTIC CONTROL Control diagnostic printout to model

END OF MODEL Specify end of model description

FORTRAN STATEMENTS Specify start of FORTRAN statements

INPUTS Specify input components

LIST STANDARD COMPONENTS Request listing of standard components

LOCATION Specify component location on schematic

MODEL DESCRIPTION Specify start of model description

PRINT Requested printed model output

PUNCH Request printed and punched model output

BCS 40262-2	 7
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Once any unfinished task has been completed, a branch is made at statement 420

to the new task.

If the input phrase is not identified as a command phrase, its first two

characters are compared to the list of standard component names, at statement

325. If the phrase is identified as a standard component, the program proceeds

to either the new component routine, NEWCOM, or the component input routine,

INCOM, depending on the current task.

If a particular command phrase requires additional modifying phrases, these

phrases will be located on the command card and examined as to their suita-

bility as a part of performing the requested task. For example, the INPUTS

task will check for modifying port numbers or physical quantity names associa-

ted with the input component. The "suitability" of a phrase will be determined

by assuring that it is numeric, a physical quantity name, etc. depending on the

specified task.

2.2.2	 LOCATION Command Execution

The LOCATION command introduces the definition of a new component into the

system model. This command must be followed by a numeric phrase that specifies

the component location on the model schematic diagram. Failure to furnish a

numeric location number causes a warning to be printed and the component will

not appear on the model schematic.

If the previous command involved the specification of a component LOCATION, or

INPUTS, the input quantity list for that component is stored before examining

the next phrase as a valid location number.

22.2.3 New Component Name Examination

The next phrase following the location number phrase should contain the name of

a standard component. When this occurs, the subroutine NEWCOM is called.

8	 BCS 40262-2
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If

If the name is not that of a standard component, a warning message will be

printed and the program,will continue on with command card interpretation.

i
3	 A flow diagram of the NE14COM subroutine . is shown in Figure 2.2-3. The main
3

purpose of the NEWCOM subroutine is to get copies of the input and output lists
3 

for the specified component. Master copies of these lists are stored on input

file TAPE78 for all standard components. However, if a component has already

appeared in the model description, an input list for that component will be

stored on local file TAPE7. This copy of the input list must be used since it

may contain information regarding previous connections.

Additional tasks performed by NEWCOM include storing the symbol number, loca-

tion number, and number of inputs, in the component name. These three integer

numbers are stored in the last six characters of the component's name by means

of the PUTCOD routine. The PUTCOD routine allows up to 5 integer values to be

stored in a single 10 character word. These integers may assume values between

± 2047. The routine GETCOD is used to retrieve these values. Figure 2.2-4

shows how the ten characters of each model component's name are used.

The PUTCOD routine is also used to store each model component's identification

number, IDCOMP, in the LOCATION sequence array, SEQA. Components are assigned

consecutive identification numbers as they first appear in a model descrip-

tion. These numbers define the sequence of component names in the model

component name list, CMPMOD, and are used as the record numbers for -.he com-

ponent input lists on the mass storage file TAPE7. The sequence array, SEQA,

stores the component identification numbers in the sequence that is specified

by the components' LOCATION statements. In some cases this sequence may differ

from that of first appearance in the model description. The LOCATION statement

sequence specifies the sequence that each model component subroutine is to be

called in the system model.

I
F
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2.2.4	 Inputs

The INPUTS command proceeds one or more instructions specifying those com-

ponents which provide inputs to the component which has just been located.

Component interconnections are made in the routine INCOM. Connections are

recorded in the lists of inputs which are generated for each component as they

are introduced into the model. The source of an input is indicated by replac-

ing the standard physical quantity input name with the output quantity name of

the source. Characters 4 through 7 of this name identifies the source com-

ponent.

Figure 2.2-5 gives a macro-flow diagram of the INCOM routine. Upon entering

the INCOM routine, input and output name lists are obtained for the upstream,

i.e., input component. If this is the first appearance of this component, the

input list is obtained from the input file TAPE78, via the routine COMDAT. If

the component had previously appeared in the model, it will have an input list

on local file TAPE7, which will be used. The next phrase after the upstream

component name is then examined. There are three valid possibilities for this

phrase. It can be blank or another standard component name in which case the

default option of connecting all matching physical quantities at a pair of

ports is taken. If this phrase is numeric, it is assumed that ports are being

specified and all matching quantities at those ports are connected, via the

routine PORTCN. If the phrase is alphanumeric and matches an output quantity

of the upstream component, only the specified physical quantities are connec-

ted. Before returning from the INCOM routine, the input list . for the upstream

component is stored on TAPE7.

2.2.5 END OF MODEL Command Execution

The END . OF MODEL command indicates the end of the model. description. This

command initiates the model generation process by the ENDMOD subroutine. The

ENDMOD subroutine generates the FORTRAN source code for the system model rou-

tines EQMO, DATAIN, and BLOCK DATA MODEL and forms the model input requirements
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list. The principle sources of data for the ENDMOD routine are: (1) the

collection of input name lists for each model componen t., stored on TAPE7;

(2) the list of model component names, CMPMOD; and (3) the location sequence of

the model components, stored in SEQA. These lists describe all connections

that have been made between. standard components, the component names, and their

location sequence in the model description. Figure 2.2-6 gives a macro flow

diagram of the ENDMOD subroutine.

The subroutine COMORO is called to assure that the model equations are in

explicit form. This is done by forming a binary connection matrix for the

system model. Only those inter-component connections that involve variables

are considered. For the model to be explicit, no component can receive an

input from a variable which is calculated by a component occuring after it in

the calculation sequence. Since states are not calculated by the component

subroutines, (only their rates are), their values do not change within the EQMO

routine and they can be used as inputs to any component in the model. If any

direct FORTRAN STATEMENTS appear in the model, they are assumed to be dependent
on all preceding components in the sequence. The COMORO routine calls the

subroutine ORDER to test if the connection matrix is in lower triangular form,

indicating an explicit system model. If this is not the case, ORDER will

attempt to put the connection matrix in lower triangular form by rearranging

the sequence of component subroutine calls. If a successful rearrangement can

be made, a notice of those components whose sequence was changed will be

printed. If the system model contains an implicit loop which cannot be removed

by rearranging the component sequence, a warning will be printed, pointing out

those components that form the implicit loop.

Once the sequence of model component calls has been established by COMORO, the
source code for the subroutine calls is generated by the routines CALLCP and

ENDCOM for standard components. This source code is temporarily stored on

TAPE12. Lists of the state., variable, and parameter names contained in the

model are also generated at this time and added to TAPE8, TAPE11, and TAPE10,

respectively. These tasks for all system model components and any direct

4
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FORTRAN STATEMENTS, are completed when statement number 90 of ENDMOD is

reached.

The source code statements for EQMO are next written onto TAPES. The subrou-

tines COMCEN and TABCEN are used to generate common statements for the model

i
states, variables, parameters, and tables. The calls to standard components

?	 are transferred from TAPE12 to TAPE9 and the VARSET and RATSET entry point

statements are added to TAPE9 to complete the source code for EQMO.

At ENDMOD statement number 700, the generation of subroutine DATAIN begins.

The statements in DATAIN provide default values for the integrator error con-

trols and the value of .99999 for all model parameters. If tables are present

in the models, the routine TABDAT generates the common /CTABLE/ containing the

single array TABLES which is used to load tabular data into the model. TABDAT 	 1

also loads the arrays, TABNAM, MAXDIM, and LOCTAB with the table names, maximum

dimensions, and pointers that are used in the table data input process.

At ENDMOD statement; number 860, TAPE12 is rewound and the start of the Input

Requirement List for the model is placed on it. Subroutine TABCAL is called to

place the table information in this list. A call to the table input routine

TABIN is added to TAPE9, completing the DATAIN subroutine source code genera-

tion.

The BLOCK DATA MODEL routine source code is then added to TAPE9. The routine

COMEQU is called once for each of the state, variable, and parameter name

lists. This routine generates additional name arrays and equivalence state-

ments whenever the number of names in a list exceeds 130. This is necessary to

accommodate a compiler limitation of only 19 continuation cards in a single

data statement. The NAMARY routine is used to transfer the state, variable,

and parameter names from Tapes 8, 11, and 10 into source code data statements

on TAPE9. The final task of the ENDMOD subroutine is to add the parameter and

state names of the model to the Input Requirement List on TAPE12.

16	 BCS 40262-2



2.2.6 FORTRAN STATEMENTS Command Execution

The FORTRAN STATEMENTS command allows FORTRAN source statements to be inserted

directly into the system model. When this command phrase is encountered, a

component name of FORT is added to the model component name list. Subsequent

lines of instructions are then placed on the source File, TAPES. The first

phrase of each subsequent line of instruction is compared with the SIMWEST

command phrases. When a recognizable command is encountered, the direct FOR-

TRAN mode terminates and the word FORT is written onto TAPE9 to mark the end of

i
	

that block of FORTRAN statements. The recognized command is then executed.

Tests are included in the ENDMOD and COMORD routines to provide special dand-

ling of any "FORT" components. If the ENDMOD routine encounters a FORT com-

ponent while generating calls to standard components, it transfers the FORTRAN

source statements from TAPES to TAPE12, thus placing them in the proper

sequence in the model equation subroutine, EQMO. If the COMORD routine

encounters a ,FORT component while generating the model connection matrix, it

specifies that inputs are provided to the "FORT" component by all previous

components in the model sequence. This assumption assures that any inputs

available to the FORTRAN statements in the given model sequence will also be

available if the model component sequence is rearranged to remove implicit

expressions.

2.3 MODEL GENERATION SOURCE LISTINGS

Compilation listings of the source code for the model generation program fol-

lows. Several subroutines such as NXTPH and KOMSTR are used in several of the

programs and will be found in the source listings for the FILOAD program

(Section 4.3). The names of the model generation . routines, listed in alpha-

betical order, are as follows:



BLOCK DATA LINE

CALLCP LISTSC

COMEQU. NAMARY	 ,i

COMGEN NAMGEN

COMORD NEWCOM
I

CONNCT ORDER

EASY PORTCN

ENDCOM SCHEMA

ENDMOD SYMBOL

HLINE TABCAL

IJBIT TABDAT

IJBITI TABGEN

i	 INCOM

i

VLINE
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BLOCK DATA
COMMON/CDC' INP/OCINPT (10 ) /COCOUT/OCOUT P ( I0) /COCCR I/©CCR IT( 10 )
COMMON/COC/NOCINtNOCOUTtNOCTNOCM009NOCCRlLOC©C9I0CANlIXOC
DATA OC INPT/ 100* { IH ^/ r OCOUTP/I.00* UH V
DATA NOCIN/O/INDCQUTi0/aNQC/—I/,PNOCMDD/--1/-PNCCCR/Q/gLOCOC/--1/
lilOCAN/0/vIXOC/I/
END

A



CCALLCP
SUBROUTINE CALLCP(CQMNA

C VERSION 2.
C PURPOSE: TO INITIATE CALL
C	 CALL SEQUENCE: COMNAM
C	 NOCOMP
C	 SOURCE
C	 ISOUR

4r NOCOMPrSOURCE7ISOURrIVRSETYDUTPUT)
REVISED: DEC 15 1975

GENERATION FOR STD. ECS COMPONENTS
— COMPONENT NAME
-- COMPONENT NUMBER
— SOURCE CODE ARRAY
— SOURCE CODE ARRAY POINTER

C	 IVRSET ARRAY CONTAINING VARSET4RATSET INFORMATIO
C

	

	 OUTPUT — WORK ARRAY FOR OUTPUT TABLE NAMES
COMMON/CIO/IREADrIWRITErIDIAG/CTAB/NOTABrTABNAM(l )
COMMON /CORDER/NOX9NOVrNOP
DIMENSION IVRSET(1)vSOURCE(8)
1rCALLSi2)?OUTPUT(l)tXDOT12)
DATA NEW CMP/IOHNEW COMPNT/rCOMMA/IOHi
DATA BLNK/10H
DATA GALLS/20H	 CALL	 (	 /TXDDT/20HvXDDT(	 )%INTB	 ) /

C --->	 SAVE NCI, OF VARIABLES AND STATES BEFORE COMPONENT IS FORMED
1=4*NOCOMP-3

CALL PUTCOD(IrIVRSETrNOV)
1=4*NOC©MP-1
CALL PUTCOD{IpIVRSETrNOX)
WRITE(12271)COMNAM

71	 FORMAT(*C*/*C*j20Xz*COMPONENT *,A4/*C*)
C --->	 LOAD SOURCE WITH CALL XX(

DO 100 I=I ,,8
IF(I.LE..Li GO TO 80
SOURCE(l`e=BLNK
CEO TO 100

80	 SOURCE I1)=CALLS(I)
100 CONTINUE

C --->	 LOAD STANDARD COMPONENT SUBROUTINE NAME
CALL STRMOV(COMNAMvli2rSOU5lZE:12)
ISOUR=15

C °--->	 GET LIST OF TABLES FOR COMPONENT
CALL COMDAT(COMNAr4-#4-HTABSQNTABiDUTPUT)

C ----->	 TEST IF TABLES ARE REQUIRED BY SUBROUTINE
IF(NTAB-LE-0) GO TO 300

C --->	 ADD TABLE ARGUMENTS TO CALL SEQUENCE.
IF(IDIAG.GT.60)WRITE(IWRITErIOI)(OUTPUT(I)91=lrNTAS)

101	 FORMATi* CALLCP—TABLES*/1lXa6A10))
C --->	 SCAN REQUIRED TABLES

DO 200 I=19NTAB
C ----->	 CONSTRUCT TABLE NAME

ANAME=O UTPUT(I)
CALL STRMOV (CQMNAMv l z 4v ANAME v4 )

C --°>	 ADD TABLE NAME TO TABLE LIST
NOTAB=NOTAB+I
TABNAM(NOTAB ) =AN.AME
1F(I.GT-l) CALL LINE(OsSOURCE91SOU€ 7 COMMArlr l2)
CALL LINEE09SOURCErISOURIAN.AM.E,7x12)

200 CONTINUE
C -->	 GET LIST OF OUTPUT QUANTITIES FOR COMPONENT
300	 CALL COMDAT(COMNAM^p4HOUTP,NOUTiOUTPUT)

IFtI.DIAG.GT .60)WRITE(IWRITE7303)IOUTPUT&.I}sI=19NOUT).
303	 FORMAT(* CALLCP—OUTPUTS*/(lXf6Al0))
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C --°-->	 SCAN OUTPUT QUANTITIES
DO 400 1= 1,NOUT

C w--->	 CONSTRUCT OUTPUT QUANTITY SPECIFIC NAME
CALL NAMGEN(OUTPUT(I):COMNAMtANAME)

C ---->	 GET 10TH CHARACTER IN STD. NAME TO DETERMINE IF QUANTITY
C IS A STATE OR A VARIABLE

CALL GETT(OUTPUT(I)vIOrTYPE)
C	 TEST FOR STATE OR VARIABLE

IF(TYPE.NE.SLNK) GO TO 320
C _--->	 INCREMENT VARIABLE COUNTER

NOV=NOV+1
WRITE( 11a305)ANAME

305	 FORMAT(A10)
GO TO 330

c --->	 INCREMENT STATE COUNTER
320	 NOX=NOX+1

WRITE(8=305)ANAME
330	 IF(NTAB.G'T.0.0R.I.GT.1) CALL LINE(0tS0URCEsISOURsCOMMAr14I2)
C --->	 ADD OUTPUT NAME TO CALL SEQUENCE

CALL LINE(OsSOURCE:IS©UR:ANAMEj7:12)
IF(TYPE.EQ.BLNK) GO TO 400

G --- >	 CONVERT CURRENT NO. OF STATE TO BCD
ENCODE( 3,340s NO) NOX

340	 FORMAT(I3)
C --->	 LOAD CURRENT STATE NO. AS RATE SUBSCRIPT

CALL STRMGV(NOs1=3sXDOTs7)
C ---->	 LOAD CURENT SKATE NO. AS INT SUBCRIPT

CALL STRMOV(NDvl939XDOTv16)
CALL LINEC09SOURGEsISOUR,XDOTs19s12)

400 CONTINUE
IF(IDIAG.GE .5O)WRITEIIWRITEs4O5)SOURCE

405	 FORMAT(* CALLCP—SOURCE*f(1Xt6A10))
C °-->	 SAVE NO. OF VARIABLES AND STATES AFTER COMPONENT IS FORMED

I=4*NOCOMP-2
CALL PUTCOD(IyIVRSET'NOV)
I=4*NOCOMP
CALL PUTCOD(I,IVRSET,NOX)
IF(IDIAG.EQ.55)WRITE(IWRITEs401)tIVRSETOI)g2=1sN000MP)

401	 FORMAT(* CALLCP—IVRSET*/3(2XPO2O))
RETURN
END
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CCOMEQU	 1:
SUBROUTINE COMEQUENAMErN)

C VERSION 1.0	 REVISED: AUG 28 1975
C PURPOSE: CREATE EQUIVALENT NAME ARRAYS TO ALLOW DATA STATEMENTS
C	 TO LOAD NAME LISTS EXCEEDING 130 NAMES.
C CALL SEQUENCE: NAME — NAME OF ARRAY TO BE EXTENDED
C	 N	 — NUMBER OF NAMES IN LIST
C DESIGNED BY: J.D. BURROUGHS	 AUG 1975
C --->	 CALCULATE NO. OF EXTENSIONS REQUIRED

NEXT=(N—I)/130
IF(N EXT.LE.0)RETURN

C --->	 ADD AN EQUIVALENCE STATEMENT FOR EACH EXTENSION READ.
DO 100 I=1rNEXT
J=1.30*1+1

C ---	 CALCULATE NO. OF WORDS IN EXTENSION
K=N—J+1
IF(K.GT.130)K=130
WRITE(9981)NAME*I:KFNAMEsJsNAMEiI

81	 F qRMAT(6X,*DIMENSION *yA5112t *(*fI3r*)*/
1 6Xl*EQUIVALENCE(*tA5:*( *9I54*)rTsA5iI2s *)*)

100	 CONTINUE
RETURN
END
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CCOMGEN
l	 SUBROUTINE C04GEN(NoCNAME9NUNIT9IUNIT)

C VERSION 39	 REVISED: JULY 12 1977
C PURPOSE: GENERATE COMMON S TATEMENT GIVEN NAMES OF VARIABLES
C	 STORED IN THE COMMON
C CALL SEQUENCE: N	 •- NO. OF VARIABLES IN COMMON
C	 CNAME — COMMON NAMED (2 CHARACTERS)
C	 NUNIT — FILE N0. CONTAINING NAMES
C	 IUNIT — FILE NO. TO WHICH SOURCE CODE IS TO
C	 BE WRITTEN.

DIMENSION SOURCE(8),RNAMESt3001
DATA INTEGJ6HIJKLMN/
REMIND NUNIT

C ----	 CALK.. NOm OF EXTENSIONS TO COMMON STATEMENT REQ D
INT= 0
NEXT=(N--1)0156+1
DO 400 J=19NEXT

C —	 COMMON EXTENSION COUNTER
K=J--1

C ---	 NUMBER OF NAMES PER EXTENSION
NAMES=N—K*156

C ---	 LIMIT NO. OF NAMES PER COMMON TO 156
NAMES * INO(NAMES,156)

C —__	 GENERATE COMMON STATEMENT
C --->	 FORM COMMON NAME

SOURCE [I1=10H	 comm
SOURCE(2)=10H0N / i
CALL STRMOV€CNAME,192•SOURCEl151
DO 100 I =318

100	 SOURCE(l)=10H
ISOUR=18

C ----?	 SCAN NAMES
00 200 I=1,NAMES
READ(NUNIT,105)ANAME

105	 FORMAT(8A10)
C —

	

	 TEST FOR INTEGER NAMES
IF(ISCANEANAME,2s1lINTEGs1,6QK).EQ.0)GO TO 110
INT= INT+ 1
RNAMES(INT)=ANAME

110	 IF(I.GT.1) CALL LINE(O,SOURCE,ISOURs1`f,,1,IUNIT)
CALL LINE t 0 9 SOURCES I.SOUR, ANAME27v 1UNIT )

C	 TEST FOR DIMENSIONED QUANTITIES
200	 CONTINUE

WRITE (I UNIT,105)SOURCE
400	 CONTINUE
C ------	 TEST IF INTEGER NAMES OCCURED

IF€INT.EQ.OIRETURN
SOURCEI0=10H	 REAL
D0 500 I=218

500	 SOURCE(I)=10H
C ---	 SCAN INTEGER NAMES

ISOUR=12
DO 600 1=19INT
IF(I.GT.1)CALL LINE €.O,SOURCE4IS0UR,1HvglvIUNIT)
CALL LINE(O,SOURCE,ISDUR,RNAMES(I)$7vlUlIIT)

600

	

	 CONTINUE
WRITE(IUNIT9105)SOURCE
RETURN
END

=	
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CCOMORD	 1I
SUBROUTINE COMORD(CMPMOOvNOCOMPaINPUTS)

C VERSION, 3.	 REVISED: .JAN 6 1977
C PURPOSE: ORDER COMPONENTS SO THAT MODEL EQUATIONS ARE EXPLICIT
C CALL SEQUENCE: CMPMOD — ARRAY CONTAINING NAMES OF MODEL COMPONENTS
C	 NOCOMP —• NUMBER OF COMPONENTS IN MODEL
C	 INPUT — INPUT NAME ARRAY WORK SPACE
C DESIGNED BY: J.D. BURROUGHS	 JULY 1975

COMMON/CSEQ/NSEQsSEQA(1)/CIO/IREAD,IWRITEsIDIAG
DIMENSION CMPMOD(1)TINPUTS(1)7CO4ARR(667)rISEQ(200)plW1(200)
1 vIW2(200):W1(200)pW2(200)

EQUIVALENCE(W1rIWl)w1W2i,IW2)
C ---->	 TEST IF ALL COMPONENTS HAVE SEQUENCE NUMBERS

IF(NSEQ.GE-NOCOMP)GO. TO 100
C =--_-----__—= ASSIGN SEQUENCE NOS. TO UNSEQUENCED COMPONENTS
C ----->	 SCAN ALL MODE. COMPONENTS

DO 85 I=14NOCOMP
C ---w >	 SKIP FORTRAN COMPONENTS

IF(CMPMOD(T).EQ.4HFGRT)GO TO 85
C ---}	 GET LOCATION CODE

CALL GETCO0(3'CMPMOD(I)tLOG)
IF(LOC.GT.0)GO TO 85

C	 INCREMENT SEQUENCE NO. COUNT
NSEQ=NSEQ+l
CALL PUTCOD(NSEQ%SEQAsI)

85	 CONTINUE
C =====w-----__ ZERO CONNECTION ARRAY
100	 NWORDS=MINO(NOCOMP*NOCOMP/604,1s60)

DO 120 I-IfNWORDS
120	 CONARR(I)=0.
C ---_--___--_ FORM CONNECTION ARRAY
C ---->	 SCAN MODEL COMPONENTS IN CURRENT SEQUENCE

COMP=10H
DO 400 I=1sNSEQ

C --->	 GET COMPONENT NUMBER
CALL GETCOD(IrSEQA9ICOMP)

C --->	 TEST FOR FORTRAN COMPONENT'S
IF(CMPMOD(ICOMP).EQa4HFORT)GO TO 360

C °-->	 GET NUMBER OF INPUTS TO ITN COMPONENT
CALL GETCOD(51CMPMOD(ICOMP)sNINPUT)

C --- >	 SKIP COMPONENTS WITH ZERO INPUTS
iF(NINPUT.LE.0)GO TO 400

C =____—___--- GET INPUT LIST FOR ITH COMPONENT
CALL READMS(7sINPUTSsNINPUTtICOMP)
COMPS=10H

C --->	 SCAN INPUTS
00 300 K=1vNINPUT

C	 TEST TO IGNORE STATE INPUTS
IF(KOMSTR(INPUTS(K)wl0s1 t 1HS91).EQ.0)GO TO 300

C ----->	 GET NAME OF COMPONENT PROVIDING INPUT
CALL STRMOV(INPUTStK)v4,4sCOMP,1)

C —	 TEST TO SKIP PARAMETERS
IF(COMP.EQ.10H	 )GO TO 300

C •---->	 TEST TO SKIP SEARCH FOR SEQUENTIAL INPUTS FROM SAME COMPONEN
IF(COMP.EQ.COMPS)GO TO 300
COMPS=COMP
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I

___=====ww=	 'C =

	

	 SCAN COMPONENTS TO LOCATE SEQUENCE NO« OF INPUT
DO 200 J = I tNSEQ
CALL GETCODLJtSEQAzJCQMP)

C ------>	 COMPARE EACH C OMPONENT WITH INPUT, COMPONENT
IF(KOMSTR ( COMP2lt 49CMPMOD(JCOMP) 9 1?.EQQO ) GO TO 280

i 200	 CONTINUE	 1
f	 WRITE(IWRITE,201)COMP?CMPMOD{ICOMP)

201	 FORMAT(/5X 9 15H*** WARNING ***75Xp*CAN T IDENTIFY	 *:A4?*	 AS A
1VALID INPUT COMPONENT TO 	 *tA4/)
GO TO 300

C --->	 SET I J BIT = 1
280	 CALL IJBITI(CONARRtlgJ9NSEQ)

'	 300	 CONTINUE
GO TO 400	 1

C -----___—	 FOR FORTRAN COMPONENTS — REQUIRE ALL PREVIOUS COMPONENTS
360	 00 3BO J=.IYI

CALL IJBITI(CONARR,T4J'NSEQ)
380	 CONTINUE
400 CONTINUE
C =__--_-_----= LOAF} SEQUENCE VECTOR

DO 420 I=17NSEQ
420	 ISEQ(I)=I
C	 ______—__ ORDER COMPONENTS

CALL ORDER(NSEQoISEQPCQNARR,IWIsIW29IERROR,IB9IE)
IF(IERROR.NE .0)GO TO 600

C ---->	 TEST FOR SUCCESSFU L ORDERING
NWORDS=NSEQ/5+1

C =_______---_= SAVE COPY OF SEQUENCE ARRAY
DO 300 I=I,NWORQS
W1(I)=SEQA(I)

500	 CONTINUE
C --->	 SET REARRANGEMENT COUNTER

IREARR=O
C ---->	 SCAN COMPONENTS

DO 540 I =I,NSEQ
C --->	 TEST IF SEQUENCE HAS BEEN MODIFIED

IF(ISEQ(I).EQeI)GO TO 540
G ^---->	 INCREMENT REARRANGEMENT COUNTER

IREARR=IREARR¢1
C --->	 GET COMPONENT NUMBER

CALL GETCOD(ISEQ(I)gW19JCOMP)
C --->	 SAVE COMPONENT NAMES OF THOSE COMPONENTS WHOSE SEQUENCE HAS

W2(IREARR)=CMPMOD(JCOMP)
CALL PUTCOD(I,SEQAs3COMP)

540	 CONTINUE
C --->	 TEST IF REARRANGEMENT OCCUREO

IF(IREARR.LE.0)RETURN
WRI:TE(IWRI.TE9,551)(W2(I),I=1,IREARR)

551	 FORMAT(/5X,14H*** NOTICE ***85X:*THE SEQUENCE OF THE FOLLOWING COM
IPONENTS HAS BEEN ALTERED TO FORM AN EXPLICIT MODEL*//2O(2X2A4)//)
RETURN
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SCAN -COMPONENTS THAT CAUSED IMPLICIT LOOP
640	 J=0

DO 620 I =IBvIE
CALL GETCOD(IW2(IlipSEQA,JCOMP)
J=J+1

C ---_?	 SAVE NAMES OF COMPONENTS IN IMPLICIT LOOP
W1[J }=CMPMOD WCOMP)

620	 CONTINUE
WRITE(IWRITEl621)(W1LI)gI=1sJ)

62L	 FORMAT{/5K¢15H*** WARNING *** t 5X 2 *THE FOLLOWING COMPONENTS FORM AN
1 IMPLICIT LOOP, *//24(2XtA4)//)

RETURN!
END



CCONNCT
j	 SUBROUTINE CONNCT(P.AGE,NPAGEtLOCtINPUTS*NOINvCOMTABsNOCOM.P)

C VERSION 2.	 REVISED: DEC 15 1975
C PURPOSE: FORM CONNECTING LINE BETWEEN TWO SPECIFIED COMPONENT
C	 SYMBOLS AND LABEL IPPUTS
C CALL SEQUENCE: PAGE — 13X56 ARRAY CONTAINING HOLLORITH
C	 REPRESENTATION OF A PAGE
C	 NPAGE — CURRENT PAGE NO.
C	 LOC	 — LOCATION OF SYMBOL TO WHICH LINE IS
C	 TO BE DRAWN
C	 INPUTS - ARRAY OF INPUT QUANTITY NAMES
C	 NOIN — NOm OF INPUT QUANTITY NAMES

E	 C	 COMTAB — TABLE OF ALL COMPONENT NAMES AND
C	 THEIR LOCATIONS
C	 NOCOMP — NO. OF COMPONENTS

COMMON/CIO/ IRE AD%IWRITE?IDIAG
DIMENSION PAGE(13456)7INPUTS(l)iCOMTAB(1)

C --->	 RECEIVING COMPIONENT LOCATION LINE NO.
LOCL_IN=7*((LOC-1)/10)+4

C --->	 RECEIVING COMPONENT LOCATION COL. NO.
LOCCOL= ( MOD (LOC—1 v l0 )+1) * 13-6
IF(IDIAG-EQ.30)WRITE(IWRITE,13)(INPUTS(I),I=19NOIN)

13	 FORMAT(* CONNCT—IidPUTS*/(1X26A10))
C --->	 SCAB COMPONENTS LIST TO LOCATE INPUT COMP.

DO 100 I=ItNOCOMP
IF(KOMSTR(INPUTS,494vCOMTAd(I)91).EQ.0)GO TO 120

100 CONTINUE
CALL STRMOV(INPUTS24141INLINv1)
WRITE(IWRITE*101)INLIN'LOC

101	 FORMAT(/5Xt32H *** WARNING #** CAN T LOCATE ,A4g
I	 AS AN INPUT COMPONENT TO LOCATION *tl4)

C ---> RETURN IF INPUT COMPONENT ISN T IN COMTAB LIST
GO TO 540

C ^---->	 GET LOCATION OF INPUT COMPONENT
120	 CALL GETCDD(3,COMTAB(I),ILOC)
C --->	 DETERMINE PAGE OF INPUT COMPONENT

IPAGE=( ILOC/100)*100
C ----->	 COMPARE INPUT COMP. PAGE TO CURRENT PAGE

IFiIPAG.E.NE.NPAGE)GO TO 420
C ---->	 CONVERT GENERAL PAGE LOC TO LOCAL PAGE LOC

i	 ILOC=ILOC—IPAGE
C --•—>	 CALC. LOCO LIFE AND COL. NO. FOR INPUT COMPONENT

ILIN=7* ( (ILOC-1)/10)+4
ICOL=(MOD(ILOC--1 v 10)+1)*13 -6

C	 TEST FOR INPUTS FROM DOWNSTREAM COMP.
IDS=O
IF(KOMSTR(INPUTS98$la1H xl).NE.0)IDS=1

C --->	 TEST IF RECEIVING COMP, AND INPUT COMP. ARE ON SAME LINE
IF(ILIN—LOCLIN)200,130i22 0

C --->	 SAME LINE. TEST IF LEFT OR RIGHT
130	 IF(ICOLeGE.LOCCOL)GO TO 140
C --->	 SAME LINE AND INPUT IS TO LEFT
135	 INCOL=ICOL+6

IRCOL=LOCCOL-5
ITC=IRCOL-7
ITL=2—LOCLIN
GO TO 160

4
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C --->	 SAME LINE AND INPUT IS TO RIGHT
140	 INCOL=ICOL-5

IRCOL=LOCCOL+b
ITC=IRCOL+1.
ITL= LDC LIN+2

C --->	 ADD HORIZONTAL LINE
160	 IF€IDS.N.E.01GO TO 500

CALL HLINE(PAGE,ILINIINCOL,IRCOL)
GO TO 500

C.---->	 INPUT IS ABOVE, TEST IF LEFT OR RIGHT
200	 IF(ICOL—LOCCOL)300,240y320
C --->	 ABOVE AND SAME COLUMN
240	 INLIN=I LIN++

IRLIN=LOCLIN-4
ITC-LOCCOL+3
ITL=I--IRLIN
GO TO 280

C --->.	 INPUT IS BELOW. TEST IF LEFT OR RIGHT
270	 IF( IDOL--LOCCOL)340p260ir360
C --->	 BELOW AND SAME COLUMN

60	 INLIN=I LIN-4
IRLIN=LOCLIN+3
ITC=LOCCOL-8
ITL=IRLIN+i

C w--->	 ADD VERTICAL LINE
280	 IF(IDS.NE.0)GO TO 500

CALL VLINE(PAGE71COL:INLINiIRLIN)
GO TO 500

C --->	 INPUT IS IN UPPER LEFT QUAD,
300	 IF( IDS.NE.0) GO TO 135

LIN = ILI N+1.
INCOL=ICDL+6
IRCOL=LOCCOL-1
ICO=IRCGL
INLIN=LIN
IRLIN=LOCLIN-4
ITC=LOCCOL-9
ITL=.I-=IRLIN
GO TO 40.0

C	 INPUT IS IN UPPER RIGHT QUAD.
320	 IF(IDS.NE.0)GO TO 240

LIN=LOC L I N-1
I NCO L=I COL-1
IRCOL=LOCCOL+6
ICO=INCOL
INLIN=ILIN+3.
IRLIN=LIN
ITC=LOCCOL+7
ITL=1-I RLIN
GO TO 400

C ----5	 INPUT IS IN LOWER LEFT QUAD.
340	 IF(IDS.NE.0)GO TO 260

1-IN=LOCLIN+1
INCOL=I COL+l
IRCOL=LOCCOL--5
ICO= INC OL
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ITC=IRCOL--6
ITL=IRLIN+1
GEC TO 400

C	 INPUT IS IN LOWER RIGHT QUAD..
360	 IF(IDS.NE .0)GO TO 140

LIN= I LI N-1
I NCO L=I C OL-5
IRCOL=LOGCOL.+1
ICO=IRCOL

F	 INLIN=LIRA
{	 IP,LIN=LOCLIN+3

I C=IRCOL+2
ITL=IRE_ IN+l

}	 C ---->	 ADD VERTICAL LINE SEGMENT
400	 CALL VLINE.(PAGESI:COvINLIN.aIRLINI
C --->	 ADD HORIZONTAL LINE SEGMENT

1	 CALL PILINE WAGE ? LIN%INCOL,IRCOL)
GO TO 500

f	 C --->	 INPUT IS FROM ANOTHER PAGE.
i	 C ------	 TEST TO PREVENT OFF PAGE SYMBOL FROM FALLING OFF PAGE

420	 IF(LOCLIN+7.GT.56.OR.LOCCOL-16.LT.I)GO TO 440
G --->	 GENERATE EXTERNAL PAGE SYMBOL

CALL Pi.ITT(PAGE(liLOGLIN+3),LOCCOL-5a1H/I
CALL PUTT(PAGE(IFLOCLIN+4)tLOGCOL-7?1HA)
CALL STRMOV{7H******/91779PAGE(IPLOCLIN+5)rLOCCOL-15)

C --->	 PLACE EXTERNAL PAGE NO. IN EXTERhr kL PAGE SYMBOL
IPAGE=IPAGE/100
ENCODE(8t421tIPAGE)IPAGE

421	 F0RMAT(5H*PAGES I2 ip lH,*)

I	 CALL STRMOV(IPAGE=1vB,PAGE(loLOCLIN+6),L.00CO€.-16)
CALL STRM(]VL 6H****** r 1 s 6 ? PAGE (I t LOCLIN+7) s LOCCOL-15 )

'	 440	 ITC=LOCCOL-16
ITL=LOCLIN+8

C --->	 ADD TEXT TO INPUT LINE
500	 K=I SIGN (I,ITL)

ITL=IABSCITL)
IF(NOIN.LT.1)GO TO 540

C ---	 PREVENT LABELS FROM FALLING OFF SIDES OF PAGE
IFtITC.LTa1)ITC=1
IFEITC.GT .123)ITC=123

C -----	 TEST FOR LABELS GOING OFF TOP OR BOTTOM OF PAGE
f	 IDS=ITL+K* (NOIN-11
{	 C	 REVERSE DIRECTION OF COLUMN! TO PREVENT LOSS OF LABELS

IF( IDS. LT.1.OR.IDS.GT .56)K=—K
C --->	 SCAN INPUTS FROM INPUT COMP.

DO 52.0..I.=IYNOIN.
C ---	 TEST TO ASSURE THAT LABELS STAY ONE PAGE

j	 IF(ITL.LT.I.OR.ITL.GT .56)G0 TO 540
C ----->	 ADD INPUT !NAMES TO PAGE

CALL STRMOV(INPUTS(I):1:7:.PAGE(1i.ITL)xITC)
C --->	 INCREMENT PRINT LINE EITHER UP OR DOWN

ITL=ITL+K
520 CONTINUE
540 NOIN -O

RETURN
ENS}
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K = 150
K = 150

K=200
K = 200
K = 200
K = 200
K = x:00
K 200
K : 200
K = 200

K = 63
K = 63

K = 63
K = 63

K = 15

IVRSET(I)
CONARR(I)
ISEQ(I)
IW1(I)
IW2(I)
CMPMOD(1)

ININDEX(1)
SEQA€I)

K=1*5/4 (ENDMOD)
K=(60*I)**.5 (COMORD
K=I	 (COMORD)
K=I	 (COMORD)
K=I	 (COMORD)
K=I
K=I-1

K=5*I

MSI(I)	 K= (I-3)/6
CMPNTS(I ) K=I--1

DINPUT(I) K=I-1
UINPUT(I) K=I-1 (INCOM)

ROUT(I) K=T-1
UOUT (I )	 K=1--1 ( INCOM )

TABLE(I)	 K=I	 (FILOAD)

K = 100 TABNAM(I) K=T	 (FILOAD)

K =	 63 OCINPT(I) K=I

K =	 63 OCOUTP(I) K=I
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CEASY
:	 PROGRAM EASY(INPUT=100,OUTPUT=1,00tTAPE5= INPUT rTAPE6=OUTPUT

Y ,TAPE7=IOO,TAPEB=100,TAPE9=IOOrTAPE10=100,TAPE11=lOCrTAPE12=100,
2 TAPE4=100,TAPE78=100,PUNCH=IOOFTAPE3=PUNCH)

C VERSION 4.	 REVISED JUNE 27 1977
	 I

C	 PURPOSE: TO GENERATE FORTRAN SOURCE OF ECS MODEL IN THE
C	 FORM REQUIRED BY THE NONSIM PROGRAM-
C LIMITATIONS,: ARRAY DIMENSIONS IMPOSE THE FOLLOWING LIMITS
C	 LIMITED QUANTITY	 CURRENT VALUE	 ARRAYS IMPOSING THE LI

CC STANDARD COMPONENTS
E c
I C

C STD, COMPONENTS PER MODEL
C
C

C
C
C
C
C
C
C INPUTS FOR ANY STD. COMP.
C
C

.0 OUTPUTS FOR.ANY STD * COMP.
I	 C

C

j	 C TABLES PER STDU CORP.
G
C TABLES PER MODEL
C

C OPTIMAL CONTROLLER .INPUTS
C
C OPTIMAL CONTROLLER OUTPUTS
C
C	 OPTIMAL CONTROLLER CRITERIA	 K = 63	 OCCRIT(I) K=I
C
C	 DESIGNED BY: J.D.BURROUGHS	 DATE: MAY 1974

COMMON/CMSI/MSI(897)/CIO/IREAD:IWRITE,IDIAG/CORDER/NOX,NOV9NOP
1/CTITLE/TITLE(7)/CSEQ/N SEQ,SEQA(40)/CTAB/NOTABvTABNAM(100)
COMMON/COCINP/GCINPT ( 6.3)/COCOUT/OCOUTP (63) /F-OCCR I/OCCRIT (6 3)
COMMON/ COC/NDCIN,NOCOUT,NOC,NOCMOD,NOCCR9L000CIIOCAN,IXOC71UOC
DIMENSION ICOM(8)TCMMNDS(21):SOURCE(8)fDINPUT(64),DOUT164)
DIMENSION CMPNTS(151),CMPMOD(200),ININDEX(201)
DATA NOCOMP./O/,ITAS&/.6/,:IP.UNCH/0/
DATA BLNK/SOH	 /,ICMMAX/21/
DATA CMMNDS/21OHLOCATION INPUT'S 	 FORTRAN STEND OF MODXXXXXXXXXX

1MODEL DESCPRINT XXXXXXXXXXPUNCH DIAGNOSTICADD STATESADD VA
2RIABADD PARAMEADD TABL'ESLIST STANDO.C. INPUTO.C. aUTPUO.C. ORDERO.
3C. MODE LO.C. CRITED.C. ANALY/
IDIAG=p
IREAD =5
IWRITE=6

A	 WRITE(IW RITE,11)
11	 FORMAT(kHlvlOX,*INPUT COMMANDS*/)



Y

C --->	 OPEN STANDARD COMPONENT FILE
CALL OPENMS(78vMSIs897tl)

C --->	 OPEN MODEL COMPONENT INPUT FILE
CALL OPENMS(7tININDEX9201r0)

C --->	 OBTAIN STD. COMPONENT DAMES FROM PERMANENT FILE
CALL READMS(78,ICPMAXs1s6HCMPNTS)
CALL READMS(78 T CMPNT S,ICPMAXa6HGMPNTS)
DO 20 I=2sICPMAX

20	 CMPNTS(I-1)=CMPNTSCI)
ICPMAX=ICPMAX-1

C --w-w->	 READ DATA CARD
100.	 READ (IR EAD7101)ICOM
101	 FORMAT(8A10)

IF(EOF(IREAD))62609200
200	 WRITE(IWRITEs20l.)ICDM
201	 FORMAT(/* COMMAND CARD 	 *78A10)
C --- 7	 DIAGNOSTIC PRINTS

IF(IDIAG.E.Q.10)WRITF(IWRITET205)(CMMNDS(I),I=1vICMMAX)
205	 FORMAT(* COMMANDS*/IOCIX,A10))

IF(IDIAG.EQ.20)WRITE(IWRITEs207)(CMPNTS(I)WCMPNTS(I)BI=IrICPMAX)
207	 FORMAT(* STD. COMPONENTS*/4(1X,AI0,IXs020))

ENDFILE IWRITE
C --->	 INDEX FOR DATA CARD COLUMN

INDEX=1
C --->	 LOCATE NEXT PHRASE
300	 CALL NXTPH(ICOM ?INDEX ,PHRS)
320	 IF(PHRS.EQ.BLNK) GO TO 100
C --->	 SEARCH COMMAND LIST

CALL LCMPH(PHRS,CMMNDSsICMMAX,1sNTASK)
C --^--->	 NTASK = NEW TASK INDICATOR

IF(NTASK-ME.0) GO TO 400
C -->	 TEST FOR DIRECT MODEL MODES AND D.C. INPUTS

GO TO(3259325250009325,325v325,325v3259325s325,
1 510095200153OOi54OD7325s7OOOt7OOO97OOOr7OOOt7000,
2 7000)7ITASK

C --->	 SEPERATE STANDARD COMPONENT NAME FROM SPECIFIC COMPONENT NAM
325 COMP=BLNK

CALL STRMOV(PHRSs1s2sCOMP,1)
C ----->	 SEARCH COMPONENT NAME LIST

DO 326 ICOMP=I,ICPMAX
IF(KOMSTR(CMPNTS(ICDMP)v1,2 9 COMP:I).EQ.O}GD TO 328

326	 CONTINUE
ICOMP=O
GO TO 330

328	 IF(ITASK.EQ.1) GO TO 1200
GO TO 2000

330	 WRITE( I WRITE 035)COMP
335	 FORMAT(/5Xs34H *** WARNING *** CAN T IDENTIFY vA10i*AS A STANDAR

1D COMPONENTp*)
IF`(ITASK.EQ.2)GO TO 300
ITASK=6
NEWC=O
GO. TO 300

C ---->	 NEW COMMAND IDENTIFIED
400 LTASK=ITASK

ITASK=NTASK
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IF(LTASK.EQ.3)WRITEt9l401)
401	 FORMAT(*FORT*)
C --->	 TESTS FOR UNFINISHED BUSINESS

IF(LTASK-EQ.1.OR.LTASK.EQ-2) GO TO 410
C	 BRANCH TO NEW TASK
420	 GO TO(100082000,5OOt4000r4OOOt520v6OOOg100y5900g140QA

1 300$ 3oo t300t30Qir63QQ*3Odl300*300g3OO73OOT
2 7100)=ITASK

410	 IF(ITASK.EQ.2) GO TO 300
GO TO 3000

G -_-- --- -- -_-_--------- FORTRAN STATEKENTS 	 ITASK = 3
500	 NOCOMP=NOCOMP+3.
C ---	 ADD COMP. N0, TO COMPONENT SEQUENCE LIST

NSEQ=NSEQ+1
CALL PUTCOD(NSEQsSEQABNOCOMP)
GMPMOD(NOCOMP)=4HFORT
GO TO 100

C ________________ -- MODEL DESCRIPTION	 ITASK 6
520 NEWC=Q

NOV=O
NOX=O
NOP =0
NocomP =Q
NSEQ=O
NOTAB=O
NOCI.N=O
NOCOUT=0
[HOC=-1
NOCMDD=-1
NOCCR=Q
LOCOC=-1
IOCAN=O
IXOC=1
REWIND 8
REWIND 10
REWIND 11

C ---->	 LOAD TITLE
DO 530 I=1s7

530	 TITLEL0=10H
I=INDEX+1
J=80-INDEX
CALL STRMOV(ICOMvIjJjTITLE41)
GO TO 100

C ---->	 INITIATE NEW COMPONENT
C ->	 GET COMPONENT LOCATION NUMBER
C =-------------=--=== LOCATION	 ITASK - I
1000 CALL NXTPH(ICOMPINDEX?LOCNO)

CALL NUMERC(LOCNO)fRETURNS(1100)
GO TO 300

1100 WRITE(IWRITEr1101)LOCNO
1101 FORMAT(/5X t 18H *** WARNING	 lAlOv* IS NOT A VALID LOCATION NU

1MBER*)
CALL STRMOV(L0CNO,1.,l0,,PHRSol)
LOCNO=I0H-100
GO TO 320
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1200 IF(NEWC-EQ-11GO TO 1220
CALL NEWCOM(PHRS^CMPNTS?ICOMP9LOCNO1CMPMQD3NOCOMPr
1DINPUTTNDINPUT9DOUTioNDOUTVIDCOMP)
OCOMNAM=PHRS
NEWC=1
GO TO 300

1220 WRITE(IWRITEx1221)DCOMNAMsPHRS
1221 FORMAT(t5Xg28H *** WARNING *** COMPONENT :A10 9* DEFINITION WASH

1T COMPLETED BEFORE STARTING THE DEFINITION OF COMPONENT *,AID)
ITASK=S
GO TO 3000

C DIAGNOSTIC CONTROL	 ITASK — 10
1400 CALL NXTPH(ICOM91NDEXsPHRS)
C ---	 CHECK FOR NUMERIC IPUT 9 SKIP INPUT IF WOT NUMERIC

CALL NUMERCE.PHRS)9RETURNS(300)
C	 CONVERT TG INTEGER

CALL BCDREL.( PHRSsPHRS)
IDIAG=PHRS
GO TO 300

G --------==--=w=--= _Ww INPUTS	 ITASK = 2
G ---	 TEST TO ASSURE THAT COMP. HAS BEEN IDENTIFIED.
2000 IF(LTASK-EQ.6)G0 TO 300
C --->	 ADD INPUTS TO COMPONENT

CALL INCOM(ICOM9PHRSpINDEX*NDINPUTvDINPUT:NDOUT9DOUT9
1 DGOMNAM,GMPMQD9NOCOMP7ICOMP)

GO TO 320
G ---->	 STORE INPUT LIST FOR COMPONENT
3000 IF(IDCOMP.GE.I.AND.IDCOMP.LE.NDCOMP-AND.NDINPUT•GT.0)

1 CALL WRITMS(79DINPUT=NDINPUT*IDCOMP)
NEWC=O
GO TO 420

C =_—__----_--_--_----- END OF MODEL 	 COMPILE	 ITASK = 495
C --->	 FORM MODEL SUBROUTINES
4000 GALL ENDMOD(CMPMOD9NOCOMP9DOUT)

GO TD(30bv3OOt3OOv3OOv62OO93OOi6000910Dt59GQtl4OOv
1 30093007300v3009300)9ITASK

C --->	 WRITE FORTRAN ONTO SOURCE FILE
5000 , WRITEt9Y101)ICOM

GO TO 100
G =-----------______—_= ADD STATES	 ITASK — 11
C ---->	 ADD STATES TO MODEL
5100 WRITE(89101.)PHRS

NOX=NOX+1
GO TO 300

C —___--=—===M--==-_— ADD VARIABLES 	 ITASK — 12
C --->	 ADD VARIABLES TO MODEL
5200 WRITE(119101)PHRS

NOV=NOV+1
GO TO 300

G ---------------=--= ADD PARAMETERS 	 ITASK = 13
C ---->	 ADD PARAMETERS TO MODEL
5300 WRITE(10g101)PHRS

NDP=NOP+1
GO TO 300
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C _____,=w___4=__==—_ ADD TABLES	 ITASK = 14
	

A

C --->	 ADD TABLES TO MODEL
C --->	 GET TABLE DIMENSION IN NEXT PHRASE
5400 CALL NXTPH(ICOM,INDEX,TABDIM)
C w—^>	 TEST TO ASSURE THAT TABLE DIMENSION IS NUMERIC

CALL NUMERC(TABDIM)*RETURNS(5420)
C	 CONVERT TABLE DIMENSION TO INTEGER

CALL BCDRELCTABDIMxTABDIM)
I=TABDIM
CALL PUTCOD(BiPHRS,I)
NOTAB=NOTAB+1
TABNAM(NOTAB)=PHRS
GO TO 300

5420 WRITE(IWRITEr5421)PliRS,TABDIM
5421 FORMAT(/5X,2911 *** WARNING *** TABLE NAME iA?,

1* MUST BE FOLLOWED BY A NUMERIC. DIMENSION RATHER THAN *,A7)
PHRS=TABDIM
GO TO 320

C --->	 SET INDICATOR TO PUNCH SOURCE DECKS
C __________________— PUNCH 	 ITASK =9
5 900 IPUNCH=1
C _____—__= —_--__—__ PRINT ITASK = 7
C --->	 DRAM SCHEMATIC DIAGRAM
6000 CALL SCHEMA(CMPMODsf4OCOMP,DINPUT,DOUT)
C -->	 PRINT INPUT REQUIREMENTS LIST

REWIND 12
WRITE(IWRITE,6161)

6161 FORMAT(IHI )
6170 READ(12,101)SOURCE

IF(EOF(12))6200,6180
6180 WRITE(IWRITE,6l81)SOURCE
6181 FORMAT(IX27Al0,A2)

GO TO 6170
C _-->	 PUNCH SOURCE FILE
6200 IF(IPUNCH.NE.1)GO TO 100

REWIND 9
6220 READ( 9 s101)SOURCE

IF(EOF(9))100s6250
6250 WRITE(3t101)SOURCE

GO TO 6220
626.0 STOP

	

 LIST STANDARD COMPONENTS 	 ITASK = 15
6300 CALL LISTSC(ICPMAX?CMPNTSaDINPUT,DOUT)

GO TO 300
C --__— __—___—.___—.. Q.C. COMMANDS ITASK -- 16,17x18,19,20,22
C --->	 INTERPRETE OPTIMAL CONTROLLER INPUTS
7000 CALL OCINTR(ITASKPPHRS)

GO TO 300
C	 -------— Q.C. ANALYSIS ONLY	 ITASK = 21
C --->	 SET ANALYSIS ONLY FLAG
7100 IOCAN=1

GO TO 300
END
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C ENDC OM

SUBROUTINE ENDCOM( AINPUTrCOMNAMrSOURCErISOURrNOCOMP•?NSEQ)
C VERSION 2,	 REVISED: DEC 15 1975
C PURPOSE: TO COMPLETE A COMPONENT DESCRIPTION IN THE ECS MODEL.
C CALL SEQUENCE AINPUT — LIST OF INPUT QUANTITY NAMES
C	 COMNAM — SPECIFIC COMPONENT NAME
C	 SOURCE -- BUFFER ARRAY OF SOURCE CODE
C	 ISOUR — INDEXTO NEXT CHARACTER? IN SOURCE SUFFER
C	 NOCOMP — MODEL COMPONENT NO.
C

	

	 NSEQ — MODEL COMPONENT SEQUENCE NO.
DIMENSION AINPUT(1)rSOURCE(B)
COMMONfCIO/IREADrIWRITE91DIAG
COMMON /CORDER/NOXiNOVrNOP
DATA COMMAA10Hr	 /rRPAR/10H)	 frBLNK/'IOH
CALL GETCODL5rCOMNAMrNINPUT)

C --	 TEST FOR COMPONENTS WITH NO INPUTS
IF(NINPUT.LE-O)GO TO 110
CALL READMS(7rAIAEPUTrNINPUTrNQCOMP)

C --->	 SCAN INPLITS
DO 200 I=I :NINPUT

C ---->	 TEST 4TH CHARACTER TO DETERMINE IF INPUT SOURCE HAS BEEN SAT
CALL GETT(AINPUT#Il%4rCHAR)
IF(CHAR.NE .BLNK; GO TO 100

C --->	 NOT STAISFIED -- TYPE INPUT AS A PARAMETER
C --->	 FORM UNIQUE NAME BY ADDING COMPONENT NAME

CALL NAMGEN(AINPUT(I):COMNAMrA?NPUT(I)I
C ---->	 INCREASE PARAMETER COUNTER

NOP=NOP+l
C

	

	 ADD NAME TO PARAMETER NAME LIST
WRITE(10vll)AINPUT(I)

11	 FORMAT(AIO)
C --->	 ADD INPUT TO COMPONENT CALL SEQUENCE
100	 CALL LINE~(02SOURCEtlS0UR:COMMAr17I2)

CALL LINE(OrSOURCEtISOURrAINPUT(I)r7vl2I
200	 CONTINUE
C --->	 COMPLETE CALL SEQUENCE WITH )
110	 CALL LINE(0vSOURCErlSOURsRPARrlvl2)

IF(IDIAG.GE .50)WRITE(IWRITEii0l)SOURCE
101	 FORMAT(* ENDCOM—S0URCE* /(IXv6Al0I)
C --->	 WRITE LINE ON SOURCE FILE

WRITE(12r201)SOURCE
201	 FORMAT(8A10)
C --->	 GENERATE STATEMENT NUMBER

NO=NSEQ+9000
C --->	 WRITE CONTINUE STATEMENT ON SOURCE FILE

WRITE(12r205)NO
205	 FORMAT(lXrI4RlXr*CONTINUE *)

RETURN
END
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CENDMOD
SUBROUTINE ENDMOD(CMPMODsNOCAMP:OUTPUT)

C VERSION 4.1	 REVISED JUNE 28 1977
C PURPOSE: COMPLETE THE GENERATION OF ECS MODEL SUBROUTINES EQMO DAT
C CALL SEQUENCE: CMPMOO — ARRAY CONTAINING DAMES OF MODEL COMPS.
C	 NOCOMP — COMPONENT COUNTER
C	 OUTPUT — INPUT—OUTPUT —TABLE NAME ARRAY WORK SPACE
C	 DESIGNED BY: J.D.BURROUGHS	 DATE: JULY 1974

COMMON/CORDER/NOXsND V, NQP/CTITLE/TITLE(7) 3CSEQ/NSEQ$SEQA#I)
1 /CTAka/NOTABlTABNAMQI)/COC/NOCIN?NOCOUT9NOC9NOCMODlNOCCRwLOCCOC,
2 IOCANzIXOC

COMMON/CIO/IREAD4IWRITErIDIAG
DIMENSION IVRSET(160)tXSOUR(8)sGT(2)QCMPMOD£1)sOUTPUT(1)
DATA GT/20H	 GO TO(	 /7EC5/10HECS
DATA CYCLES/12H'. CLES	 /9DLINES/12HOLINES	 /s

I RESET/ 12HRESET
REWIND 12
REWIND 9

C	 GET PERMANENT FILE NAME
CALL REAOMS(78?PFNA(4E9196HPFNAME)
IF(IDIAG.EQ.21)WRITE(IWRITEg21)ECMPMOD(I) ,PI= 19NOCOMP)

21	 FORMAT(* CMPMOD */10(1XsA10))
C ---->	 COMPLETE OPTIMAL CONTROLLER SPECIFICATION

CALL OCEND(NOCDMP*CKPMODPOUTPUTI
IF(NOCOMP.LE.0)GO TO 90

C ----?	 CHECK COMPONENT SEQUENCE FOR IMPLICIT EQUATIONS
CALL COMORD(CMPMODsMOCOMP90UTPUT)

C --->	 SCAN MODEL COMPONENTS IN SEQUENCE OF LOCATION STATEMENTS
DO 80 I=1,NSEQ

C --->	 GET COMPONENT NO, IN LOCATION SEQUENCE
CALL GETCOD(I,SEQA91COMP)

C --?	 TEST FOR DIRECT FORTRAN COMPONENTS
IF(CMPMOD(ICOMP).EQs4HFORT)GO TO 60
IF(I.EQ.I)WRITE(12931)

31 FORMAT16X,*IF(CPUS.EQ.CPUSEC)GO TO 9000*v/6Xv*lTEST=0*,
1/6X,TIF(RESET.GT .O.)IIEST =1*9 /6X9*CPUS=CPUSEC *9 /6X9*ICNT=O*v
2/6X,*IMPL=0*s/1X9*9000 CONTINUE*)

C ----?	 TEST FOR O.C. IF YES CALL OCCALL
IF(KOMSTR(CMPMOD(ICOMP)s1s292HOCa1).EQ.0)GO TO 72

C --->	 INITIATE COMPONENT SUBROUTINE CALL. GENERATION
CALL CALLCP(CMPMOD(ICOMP)iICOMPsXSOURtISOUR4IVRSET90UTPUT)

C ---->	 COMPLETE COMPONENT SUBROUTINE CALL GENERATION
CALL ENDCOM(OUTPUTsCMPMOD(ICOMP)'XSOUR9ISOUR*ICOMPPI)
GO TO 80

C	 TRANSFER DIRECT FORTRAN FROM FILE 9 TO FILE 12
60	 READ (9s 61) XSOUR
61	 FORMAT(BA10)
C -->	 TEST FOR EOF

IF(EOF(9))80c70
70	 IF(KOMSTR(XSOURr1z4i?4HFORTs1).EQ.0)GO TO 74

WRITE(12s61)XSOUR
GO TO 60

72	 CALL OCCALL(CMPMD':9NOCOMPtI9IVRSET:OUTPUT)
74 IF(I.EQ.1)WRITE(i2v31)

80	 CONTINUE
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90	 REWIND 9
C---	 ACID PARAMETERS CYCLFStDLINES*RESBT
C

WRITE(1001)CYCLESIDLINESsRESET
81 'I=ORMAT(AIG)

NOP=MOP+3
C =======_=>	 FORM SUBROUTINE EQMO

NOXP=MAXO(NOXT1)
WRITE(9s91)TITLE4PFNAMEsNOXPtNOXP

91	 FORMAT(6X9*SUBROUTINE EOMO(TIME=TSTEP,INDP)*/*C*/*C*29Xa7AIO/*C*/
1*C --->	 THIS SUBROUTINE WAS PREPARED BY THE EASY PRECOMPILER*
2/*C*925XP*USING *tAlOv* COMPONENTS*
2/6X t',cGMMON/CXDOT/XDGT (*s I4 ! *) /LINT/ I NT(* r I4 ? *) *
3/6Xi*COMMON/CSIMUL/DUM(6)?TINC,TMAXFDUM2(6)*
3/6X9*COMMON/CIMPL/IMPLYICNTtITEST/COVRLY/ADUM(3),C.PUSEC*s
4/6X9*COMMON/COST/CCO(.9)*)

IF(NOX,LTp1) GO TO 1-05
C	 FORM /CX/ COMMON

WRITE(903)
93	 FORMAT(*C --->	 STATE VARIABLES*)

CALL COMGEN(NOX,2HCXs8s9)
105	 IF(NOV. LT.I.) GO TO 120
C --->	 FORM /CV/ COMMON

WRITE (9 s 1111
III	 FORMAT (*C --->	 VARIABLES*#

CALL COMGEN(NOVv2HCVs11a9)
120	 IF(NOP.LT.1) GO TO 140
C --°—>	 FORM PCP/ COMMON

WRITE(99121)
121	 FORMAT(*C	 PARAMETERS*)

CALL COMGEN(NOP,2HCPvIOs9)
C —°•—>	 GENERATE TABLE COMMON IN EQM0
140	 CALL TABGEN
C ---->	 GENERATE O.G. COMMONS

IF(IOCAN.GT .0 KALL OCCOM
WRITE (9:1511

151	 FORMAT(*C ----->	 MODEL EQUATIONS*)
C --->	 TRANSFER CALL SEQUENCE FILE ONTO PROGRAM FILE

REWIND 12
350	 READ 112 9 61 )XSOUR

IF(EOF(12))400s370
370	 WRITE(9r61)XSOUR

GO TO 350
G	 WRITE RETURN AND ENTRY VARSET AT END OP SUBROUTINE
400	 WRITE(9r401)
401	 FORMAT(6Xs*CALL IMPLIC(CYCLESsDLINES)*Y/6X2

1*IF(CYCLES.LT .I.)GO TO 9900*,/6X ! *IF(IMPL6LT.4)GOT0 9000*=
2/6X $ *IMPL=1*v/1Xs*9900 CONTINUE*7/6Xi*RETURN*s/6X?
3*ENTRY VARSET*)

C ---?	 IVR = 2 FOR VARIABLES. IVR = 0 FOR STATES.
IVR=2

C _--}	 TEST THAT THERE ARE VARIABLES IN MODEL
IF(NOV.LE.0) GO TO 620

C ---	 TEST FOR MORE THAN 244 VARIABLES
IF(N0V.GT.244lWRI.TE(9g4ll)IVR
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411	 F0RMAT[6Xv*IF(INDP-(;T.244)GO.TO 1000*711)
C --->	 LOAD XSOUR WITH GO TO(
4201 XSOUR(1)=GT(1)

XSOUR(2)=GT(2)
QO 500 I=3,,8

500

	

	 XSOUR(I)=10H
IXSOUR-13
NGT= O

C --->	 SCAN COMPONENTS
DO 600 I=ITNOCOMP

C --->	 GENERATE STATEMENT NO- CORRESPONDING TO EACH COMPONENT
ISN=9000+I

C --_—>	 CONVERT iSN TO BCD FORMAT
ENCODE(4i5017 ISN) ISN.

501	 FORMAT(I4)
C --_>	 INDEX FOR THE NO.. OF VARIABLES (STATES) BEFORE COMPONENT WAS

CALL GETCOD(ITSEQAlICOMP)
J=4*ICOMP—IVR-1
CALL GETCOD (.J a IVRSET 2 NO )

C ---..}	 INDEX FOR THE N09 OF VARIABLES (STAVES) AFTER COMPONENT WAS
J=4* ICOMP—IVR
CALL GETCOD.(JIIVRSET,NI)

C --->	 TEST TO DETERKINE IF ANY VARIABLES (STATES) WERE FORMED
iF(N1.LE.N0) GO TO 600
NO=NOfl

C	 SCAN THE CEO. OF VARIABLES (STATES) FOR THIS COMPONENT
00 520 J=NOtNI
NGT=NGT+1

C ---	 TEST IF 2ND LEVEL OF GO TO IS REQUIRED
IF(NGT.LE.244)GO TO 515
CALL LINE(09XSOUR9IX50URi6H)QINDP9679)
WRITE(9v61)XSOUR
WRITE(91511)1VR

	

-	 511	 FORMAT{*1000*7I14* INDP=INDP-2440
XSOUR(11=GT(1)
XSOUR(2)=GT(2)
DO 505 K=30

505	 XSOUR (K) =1OH
IXSOUR=13
NGT=O

515	 IF(IXSOUR.NE .13) CALL LINE(0vXSQUR ' IXSOUR%lH ?tiv 9)

	

_	 C ----?	 PLACE STATEMENT NO. IN COMPUTER GO TO STATEMENT
CALL LINE(02XSOURsIXSOURTISN%4?9)

520	 CONTINUE
600	 CONTINUE
C	 COMPLETE GO TO( STATEMENT

	

F	 CALL LINE (07XSOURgI)(SOUR46H)TINDP?6w9)
WRITE(9T61)XSOUR
IF( IVR. LE.0) GO TO 700

620	 IVR=O
WRITE(9T601)

601	 FORMAT(6X:*ENTRY RATSET*)
C ---->	 TEST THAT THERE ARE STATES IN THE MODEL

IF(.NOX.LE-0) GO TO 700
C —	 TEST IF 2ND LEVEL OF GO TO IS REQUIRED FOR RATES
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IF (NDn.GT• 24 1 f. ) WRITE (9 s411.) IVR
3	 GO TO 420

C.	 __= ==>	 FORM SUBROUTINE DATAIN
C	 COMMON AND DIKEMSION STATEMENTS
700	 WRITE(9s701)TITLE
701	 FORMAT(6X,*END*/////6X,*SUBROUTINE DATAIN*/*C*/*C*79Xs7A10/*C*/

1*C -----^>	 THIS SUBROUTINE WAS PREPARED BY THE EASY PRECOMPILER*/
26Xs*COMMON/CORDER/NOX,N qV,NOP*)

C — ->	 TEST IF STATES ARE PRESENT IN MODEL.
IF(NOX.LT.1) GO TO 715

C ------3	 FORM STATE . RELATED COMMONS
WRITE(99711)(NOX,I=17101

711	 FORMAT(*C ---->	 STATE RELATED COMMONS*/
16X,*COMMON/CX/X(*'I4,*)/CXDOT/XDOTL*,I4s*)/CXIC/XIC(*,I4t,*)*/
25X, *1 /CXIC1/XICI(*„I.4,*)/CXIC2/XIC2 ( *9I4,*)/CXIC3/XIC3(*sI41r*)*/

35XY*2 /CINT/INT(*,I49*)/CNAMEX/NAMEX(*ol4 i *)/CNAMER/NAMER(*,I4,*)*
I	 4/5X, *3 / CNTRLS/AN71PRNTiMODEtERROR(*sI4!*)*f

C -->	 CALCULATE THE AMOUNT OF WORK SPACE REQ D.
715 NO=NOX*(2*NOX+7)

`	 IF(N0.LT.1000)N0=1000
WRITE(9x719 bN0

719	 FORMAT(6Xs,*COMMON/CWORK/CWORK(*,I5,*)*)
C --->	 TEST IF VARIAaLES ARE PRESENT IN MODEL
740	 IF(NOV.LT.11 GO TO 780

WRITE (9,741)NOV,NOV *NOV
74.1	 FORMATE *C ---->	 VARIABLE RELATED COMMONS*/ .

16X,*COMMON /CV/V(*vl41*)/CNAMEV/NAMEV(**I4, *) /COLD/VOLDE*,I41*)*)
C --->	 TEST IF PARAMETERS ARE PRESENT IN MODEL
780	 IF(NOP.LT.1) GO TD 800

WRITEf9s781?NOP,NOP
781	 FORMAT(*C --->	 PARAMETER RELATED COMMONS*/

16X:*C0MMON /CP/P(*,I4r*)/CNAMEP/NAMEP(*9I4,*)*).
C --->	 LOAD NO. OF STGTE-► VARIABLE, AND PARAMETERS INTO COMMONS
800	 WRITE(9,821)NOX,NOVvNOP
821	 FORMAT(*C --a-->	 SET NO. OF STATFSsVARIABLES, AND PARAMETERS*/

16X,*NOX=*,I4/6Xs*NOVA=*vI4/6X,*NOP=*ol4)
IF(NOX.LE.0) GO TO B50

C

	

	 LOAD STATE ERROR AND PARAMETER DEFAULT VALUES INTO COMMONS
WRITE(9s831)

831	 FORMAT( *C --- >	 LOAD STATE ERROR DEFAULT VALUES*/
16X,*DO 100 I-1,N qX*/6Xf*ERROR(I)=.1*)
IF(PFNAME.EQoECS)WRITE(91833)

833	 F0RMAT(6X F *CALL GETT(NAMEX(I) s1s KAR)*/6X,*IF(KAR.EQ.IHT)ERROR(I)=1
3.*/6X,*IF(KAR.FQ.IHPI)ERROR(I)=.00.5*)
WRITE(9041)

841	 FORMAT(*100	 CONTINUE*)
850	 IF(NOP.LE.0) GO TO a60

WRITE.(99851)
851	 FORMAT(*C --->	 LOAD PARAMETER DEFAULT VALUES*/

16X,*DO 300 I=ItNOP*/*300	 P(I)=.99999*/
26X,*WRITE(6,301)*/*301	 FORMATIIH1)*)

8.60	 REMIND 12
C ---->	 START FORMATION OF INPUT REQUIREMENTS LIST

WRITE(12,861)TITL.EsNUCOMP,NOTA6,NOP,NOXsNOV
861	 FORMAT(//l0X,7A10//5X,*THIS MODEL CONTAINS *,I4 9 * COMPONENTS*/

.,



15X f *WITH: * 9 14,y* TABLES*r2X *I4:* PARAMETERS*72XP14** STATES AND*
	

1

22X:I4r* VARIABLES.*
2//10X0*INPUT DATA REQUIREMENTS LIST*/)
MAXT=O
IF(NOTABsLE«Q)GQ TO 864
CALL TABCAL

C	 COMPLETE DATAIN SUBROUTINE —= START BLOCK DATA MODEL
C ---	 CALCULATE TOTAL STORAGE REQUIRED BY MODEL TABLES

DO 862 1=1,NOTAB
CALL GETCOD(5gTABNAl4(I):N)
MAXT=IMAXT+IABS (N )

862	 CONTINUE
C ---	 TESTS TO PREVENT DIMENSIONS < I.
864

	

	 NOVP=MAX0(N0V*1)
NOPP=MAXO(NDP,1)
MAXTP=MAX0(MAXTt1)
NOTABP=MAXO(NOTABg1)
WRITE(9s865)NDXP*NOVPtNOPP*MAXTP*NOTABP*NOTABPrNOTABP

865	 FORMAT{6Xv*RETURN*/6Xx*END*////
16Xx*BLOCK DATA MODEL*/*C ---->	 MODEL NAME COMFMONS*/
26X**COMMON/CNAMEX/HAKEX(*9I49*)/CNAMEV/NAMEV€*914,
3*)/CNAMEP/NAMEP(*:I4t*)*/5XR *l /CTABLE/TABLES(*tI4a*)/CTABNA/TABNAM

55X:*2/CMAXDI/NOTABYRAXDIM(**I3**)/CLOCTA/LOCTAB(*7132*1*)
C ---->	 CREATE EQUIVALENCE STATEMENTS IF NEEDED TO ALLOW DATA
C --->	 STATEMENTS TO LOAD TAME LISTS EXCEEDING 130 NAMES

CALL COMEQU(5HNAMEX*NOX)
CALL COMEQU(5HNAMEV*NOV)
CALL COMEQU(5HNAMEPsNOP)

C =—====== ADD FLIGHT CONDITION PARAMETER VALUES (ECS APPLICATION)
IF(PFNAME.EQ.ECS)WRITE(9t866)

866	 FORMAT(6X**COMMON/AKISS/PAMB*TAM89PRAM:TRAMYALT*AMN*)
C --->	 TEST FOR O.C. IF YES CALM OCBLKD

IFt!OCAN.GT.0)CALL QCBLKD
C --->	 GENERATE NAME DATA STATEMENTS

WRITE(9,867)
867	 FORMAT{*C --->	 MODEL DATA STATEMENTS*)
C --->	 GENERATE STATES VARIABLE $ AND PARAMETER NAME DATA STATEMENTS

CALL NAMARY(5HNAMEX%5*NOXQ8)
CALL NAMARY(5HNAMEV*59NDV'11)
CALL NAMARY(5HNAMEP*5pNOPp10)

C —•-->	 CALCULATE NO. OF WORDS IN TABLES
C ---	 GENERATE TABLE NAMES * MAX DIMENSIONS ?	LOCATIONS

CALL TABDAT
C ===---= ADD FLIGHT CONDITION PARAMETER VALUES (ECS APPLICATION)

IF(PFNAME.EQ.ECS)WRITE(9p868)
868	 FORMAT(6Xv*DATA PAMB*TAMBsPRAMiTRAMIALT*AMN/14.69,519.914.69s519.*

1 0.90./*)
C =__----__= TABLE INITIATION FOR ALL MODELS

WRITE(99869)MAXTP
869	 FORMAT(6X'*DATA TABLES/*,I5x9H*1099999//6X**END*///)

IF(NOP.LE.0) G© TO 960
C --->	 ADD PARAMETERS AND STATES TO INPUT REQUIREMENTS LIST

NUN I T=10
N 1=N OP
WRITE(12081)
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881	 FORMAT (///14Xr*PARAMETERS REQUIRED*//
1 13X t *COMPONENT * r5Xt *PARAMETER*/
215Xr*NAME*r10Xr*NAME*)

900	 REWIND NUNI
Comps=10H
DO 940 I=IYN1

C —=—	 SCAN PARAMETER ( STATE) LIST
READ (NUNITrg01 ) ANAME

901	 FORMATCA71
CALL. STRMOV ( ANAMEv 1+ w4,COMPrz)

C	 COMPARE CURRENT COMPONENT NAME WITH PREVIOUS NAME

j	
IF(COMPS .EQ.COMP) GO TO 920
WRITE ( 120111

911	 FORMAT(1H D

COMPS=COMP
920	 WRITE(124921)COMPrANAME
921	 FORMAT(15X:A4r9XrA7)

'	 940	 CONTINUE
960	 INNOX . LE=.0) RETURN

IF(NUNIT.EQ.8) RETURN
s	 N UN I T=E3E	

N1=NOX
WRITEr (12 1,961 )

961	 FORMAT(//./1BXa*STATES*f

I2Xr *( INITIAL CONDITIONS AND ERROR CONTROLS REQUIREDW/
213X ^ *COMPONENT*, 6Xi*STATE*/15Xr*NAME* s 1OX a *NAME*)

GO TO 900
END



CHLIN E
SUBROUTINE HLINE(PAGEDLINETINrIR)

C PURPOSE., ADD A HORIZONTAL CONNECTION LINE TO ECS SCHEMATIC
C CALL SEQUENCE. PAGE — I3X56 ARRAS" CONTAINING HOLLORITH
C	 REPRESENTATION OF A PAGE
C	 LINE — 

LINE 
NOd FOR HORIZONTAL LINE

C	 IN -- INPUT COMPONENT COL. LOCATION
C

	

	 IR — RECEIVING COMPONENT COL.. LOCATION
DIMENSION PAGE(13956)

C ----}	 IS INPUT COMP. ON LEFT OR RIGHT
IF(IN.GE.IR ) GO TO 100
POINT=10H>
Il=IN
I2=I R
GO TO 200

C ---	 INPUT IS ON RIGHT
100	 POINT=IOH<

I.1= I R
!Z=IN

C	 ->	 PLACE POINT ON RECEIVING END OF LINE
200	 CALL PUTT$ PAGE (I a LINE) ? IR s PO INT)
C --_>	 ADD NO.. OF SYKBOLS REQ D. TO SPAN COLUMNS

00 300 I=IlvI2
G ----->	 TEST TO PREVENT OVERWRITING POINTS

IF(KOMSTRIPAGE(I,LIUE)sIvlvlH<pi).EQoO)GO TO 300
IF(KOMSTRtPAGE(lsLINE)slalplH>Fl)- eQm0)GO Ta.300

C ---}	 ADD HORIZONTAL LIME SYMBOL
CALL PUTT(PAGE(IPLINE)FIvlH=)

300 CONTINUE
RETURN
END
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CIJBIT
FUNCTION IJBIT(A:IsJ,N)

C VERSION 1.	 REVISED: AUG 7 1975
C PURPOSE: SET IJBIT EQUAL TO THE I J ELEMENT IN BINARY ARRAY A
C CALL SEQUENCE: A N X N BINARY ARRAY
C	 I — ROW INDEX
C	 J -- COLUMN INDEX
C	 N -- COLUMN DIMENSION OF ARRAY
C DESIGNED BY: J.Do BURROUGHS	 JULY 1975

DIMENSION All)
IBIT=I+ tJ-1)*N

€	 IWORD=(IBIT-I)/60+1
LBIT=MOD(IBITr6O)
I I=1
ASHIET=SHIFT(A(IW©RDZ*LBIT)
IJBIT=ASHIFT.AND.I1
RETURN
END
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CIJBIT3
SUBROUTINE IJBITI(AfIrJrN)

G VERSION I.	 REVISED: AUG 7 1975
C PURPOSE: LOAD 1 IN I J LOACTION OF N BY N BINARY ARRAY A.
C CALL SEQUENCE: A -- N X N BINARY ARRAY
G	 I - ROW INDEX
C	 J - COLUMN INDEX
C	 N -- COLUMN DIMENSION OF ARRAY
C DESIGNED BY: J.D. BURROUGHS	 JULY 1975

DIMENSION A(l)
IBIT=I+(J-I)*N
IWORD=[ IBIT--1)/60+1
LBIT=60-MOD(IBITr6O)
11= I
I2=SHIFT(IlwLBIT)
A(IWORD =A(IWORD)ROR.I2
RETURN	 -IEND	 -i

44
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C TNCO M
SUBROUTINE INCOM(ICQMtPHRSvINDEXiNDINPUT9,DINPUT9NDOUTv

IDOUTrDCOMNAMotMPMODvNOGOMPtICOMP)
C VERSION 3«	 REVISED: ,DUNE 27 1977
C PURPOSE- PERFORM INPUT-OUTPUT.CONNECTIONS BETWEEN STD. COMP54
C CALL SEQUENCE: ICOM — COMMAND STRING ARRAY
C	 PHRS — CURRENT PHRASE (UPSTRE*AM COMP. NAME UPON ENT
C	 INDEX — COMMAND STRING CHARACTER INDEX
C	 NDINPUT NO. OF INPUTS FOR DOWNSTREAM COMP.
C	 DINPUT — LIST OF INPUT QUANTITY NAMES FOR DOWNSTREAM
C	 COMPONENT
C	 NDOUT	 NO. OF OUTPUTS FOR DOWNSTREAM COMP.

.1 C	 ROUT	 — LIST OF OUTPUT QUANTITY NAMES FOR DOWNSTREAM
C	 DCOMNAR— SPECITIC COMPONENT NAME OF DOWNSTREAM COMP.
C	 GMPMOD LIST OF COMPONENTS IN CURRENT MODEL
C	 NOCOMP — NO. OF COKP. IN CURRENT MODEL
C	 ICOMP -- UPSTREAM CyOMP. TYPE

COMMON /CIO/IREADtIWRITE*IDIAG
DIMENSION ICOM(B)tDINPUT(1)*QOUT(1),UINPUT(64)tUOUT(64)tCMPMODf1?

C --->	 NO. OF CONNECTIONS INDICATOR
I	 NOCON=O

C --->	 SAVE UPSTREAM COMPONENT NAME
r	UCOMNAM=PH.RS

C --->	 GET LIST OF UPSTREAM COMP. OUTPUTS
CALL COMDAT(UCOMNAMt4HOUTP*NUOUT4ULUT3

C --->	 SCAN COMP. IN CURRENT MODEL
{	 DO 100 I=I,NOCOMP

C --°>

	

	 TEST TO SEE IF UPSTREAM COMP. HAS BEEN DEFINED
IF(KOMSTRCCMPMOD(Iiw1v4 * UCDMNAM,r1}.EQ•OIGO TO 120

100	 CONTINUE
C ---->	 GET STD. INPUT LIST FOR UPSTREAM COMP.

CALL COMDAT(UCOMNAM*4HINPTrNUINPUTtUINPUT)
C --->	 STORE COMP. LOC.=-100, COMP TYPE * NiO. INPUTS FOR UPSTREAM CO

CALL PUTCODt37UCOMNAM,--100)
CALL PUTCODI5 000MMAMtNUINPUTI

C --->	 INCREMENT MODEL COMP. COUNT
NOCOMP=NOCOMP+1

C --->	 ADD COMP. NAME TO CURRENT MODEL LIST
CMPMOD{ NOCOMP ) =UCOME4AM
IUCOMP=NOCOMP
GO TO 140

C _-->	 GET INPUT LIST FOR EXISTING COMP.
120	 IUCOMP=I

CALL GETCOD(5tCMPMOD(I).,NUINPUTl
C --->

	

	 TEST FOR COMPONENT DRIVING ITSELF
IF(KOMSTR(UCOMNAMgl,4tDCOMNAMv l).EQ.O)GO TO 130

C --- >	 GET INPUT LIST FROM FILE 7
UINPUT(I.)=3HZZZ
IF(NUINPUT.GT`o0 )CALL RCADMS (7sUINPUToNUINPUT:IUCOMP )
GO TO 140

C '---->	 LOAD UPSTREAM INPUTS FROM DOWNSTREAM INPUTS LIST
.130	 DO 135 I=1tNUINPUT
135 UINPUT M=DINPUTt1)
C --- >	 DEFAULT ON PORT DESIGNATION IS BLANK ( UNIVERSAL PORT)
140	 UPORT=IH

DPORT=IH

a



MODE=1
CALL NXTPH(ICOMtINDEXtPHRS)
IPHRS=1
IF(KOMSTR(PHRSr ltl rlH. t 1)-EQ.0)GO TO 500

C ^--->	 TEST FOR NUMERLCr I.E. ?CRT NUMBER
CALL NUMERC(PHRS)rRETURNS(180)

C --->	 SAVE NUMERIC PORT NOm
MODE=l
UPORT=PHRS

i	 CALL NXTPH(ICOMrINDEXrPHRS)
IF(KOMSTR(PHRSt1t).t1H	 71).EQ .0)GO TO 160

C ..--•.>	 TEST FOR NUMERICr	 I-E- POR T NUMBER.

CALL NUMERC(PHRS)Y RETURNS (160)
C ----->	 SAVE DOWNSTREAM PORT NO.

DPORT=PHRS
IPHRS=O
GO TO 420

160	 WRITE(IWRITEt161)PHRSsUCOMNAM
161	 FORMAT ( f5Xt18H **# RARNING ***	 : A109*IS NOT A VALID PORT DESIGNAT

ZION FOR INPUT COMPONENT	 *7 A4 7 *o	 ERRONEOUS CONNECTIONS MAY OCCUR
2*)

GO TO 420
C ---->	 SCAB! UPSTREAM OUTPUTS
180	 DO 200 I=1tNUOUT

IF(KOMSTR(UCUT(l)tlt3rPHRS 7 1}-EQ.0)GO TO 220
200	 CONTINUE

GO TO 500
C --->	 SAVE OUTPUT NAME
220	 UOUTNAM =UOUT (I )

MODE -0

CALL NXTPH(ICOMtINDEXrPHRS)
CALL NUMERC(PHRS)tRETURNS(240)

C	 SAVE UNSTREAM PORT NO.
UPORT=PHRS
CALL NXTPH(ICOMFINDEXtPHRS)

C --->	 SCAN DOWNSTREAM'{ INPUTS
240	 DO 260 I=1tNRINPUT

IF(KOMSTR(DINPUT(I)vl2 34PHRS t ).).EQ.0)GO TO 280
260	 CONTINUE

WRITE (IWRITE.r261)PHRSrDCOMNAM
261	 FORMAT(f5X 7 18H *** DARNING	 tAlOi*IS NOT A VALID INPUT QUANTIT

lY OR PORT DESIGNATION FOR COMPONENT 	 *jA4)
GO TO 560

280	 DINNAM=DINPUT(I)
CALL NXTPH(ICOMrINDEXtPHRS)
CALL NUMERCIPHRS)sRETURNS1300)
OPORT=PHRS
IPHRS=O

C --->	 SEARCH FOR MATCH BETWEEN NAMES	 PORT NO. GIVEN ABOVE
300	 DO 380 aI=ItNDINPUT
C --->	 TEST FOR NAME MATCH

IF(KOMSTR(DINPUT(I)Ylt3tffINNAMr1).NE.Q)GO TO 380
C	 BYPASS PORT TEST IF PORT NOT SPECIFIER

IF(DPORT.E.Q^IH }GO TO 320
C --->	 DOWNSTREAM PORT TEST

IF(KOMISTR(DINPUT(I)s9rliDPORT91).NE.0)GO TO 380
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C —..—>	 SCAN UPSTREAM OUTPUTS
320	 00 360 J=1*NUOUT

TEST FOR NAME MATCH
IP( KOMSTR(UOUT(J)sIv3¢UOUTNAMt1k.NE.0)GO TO 360

C	 —>	 TEST IF PORT IS SPECIFIED
2	 IF(UPORT.EQ-lH )GO TO 400

C --- >	 TEST FOR PG'.T !MATCH
IF(KOMSTR(UDUT(J)t9t1tUPORT91).EQ.0)GQ TO 400

360	 CONTINUE
380	 CONTINUE

GO TO 560
C --->	 SATISFY SPECIFIC INPUT
C ---->	 GET UPSTREAM AND DOWNSTREAM PART NOS
400	 CALL GETT(UOUT(J)79wUPORT)

CALL GETT(DINPUT(I)v9tDPORT)
CALL NAM GENtUOUT(J)aUCOMNAMsDINPUT(I))

C ---3	 TAG INPUT AS FROM AN UPSTREAM SOURCE
CALL STRMOVilH t1tZv0INPUTLI)t8)
NOCON=I
IF(MODE.EQ.0)GO TO 440

C	 SATISFY ALL OTHER INPUTS USING OUTPUTS OF SPECIFIED PORTS
420	 CALL PORTCN(DINPUTvNDINPUTIUOUT9NUOUTtDPORTvUPORT¢UCOMNAM4NOC©N9

I 1H ?
C --->	 SATISFY UPSTREAM INPUTS

CALL PORTCN(UINPUTtNUINPUTtDOUTvNDOUTtUPORTtDPORTtOCOMNAMpNOCONT
I 1HD )
GO TO 560

440 UPORT=IH
DPORT=IH
IF(IPHRS-EQ.1)GO TO 180
CALL NXTPH(ICOM71NDEXtPHRS)
IPHRS=I
GO TO 180

500	 IFLMODE.EQ.0)GO TO 560
C ---°>	 REGULAR CONNECTION ROUTINE
C --->	 SCAN DOWNSTREAM, INPUTS

DO 540 I=1tNDINPUT
C --->	 TEST IF INPUT IS SATISFIED

IF(KOMSTR(DINPUT(Ilv4sITIH t l).UE.0)GO TO 540
C ---->	 SCAN UPSTREAM OUTPUTS

DO 520 J=1tN000T
C --->	 TEST FOR NAME MATCH

IF(KOMSTR(DINPUT(I),1 t 3vUGUT(J)tl)•EQ.0IGO TO 400
520	 CONTINUE
540	 CONTINUE
560	 IF(NOCON. LEoO)WRITEIIWRITE9571)UCOMNAMtDCOMNAM
571	 FORMAT(/5Xt2lH *** WARNING	 NO t A4 4 * OUTPUTS MATCH UNSATISFIE

10 *:A4s* INPUT'S*)
C --->	 STORE UPSTREAK INPUT LIST

IF(NUINPUT.GT .0)CALL WRTTMS(77UINPUTtNUINPUTtIUCOMP)
IF(IDIAG.L,E.70)GO TO 600
WRITE(IWRITE,801)(UINPUT(I)tI=IPNUINPUT)

'	 801	 FORMAT(* INCOM--UINPUTS*/(1Xt6A10))
WRITE(IWRITE?803)(U(IUT(I)11=1?NUOUT)

i
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803	 FORMAT(* INCOM—UOUT* /(IXt6AI0))
WRITE(IWRITE78051(DINPUT(I)sI=I*NDINPUT)

805	 FORMAT(* INCOM—QINPUT*/[lXv6AZ0))
WRITE(IWRITEi807)(DOUT(Iltl=IRNDOUT)

807	 FORMAT(* INCOM —DOUT* I(iX.?6AI0))
G --->	 TEST IF NEXT PHRASE HAS BEEN USED
600	 IF(IPHRS.EQ.0)CALL KXTPH(sCOM9INDEXtPHRS)

RETURN
END
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CLINE
SUBROUTINE LINELMODEfSOURCEtISOURgTEXTrNYNTAPE)

C PURPOSE: TO CONTROL THE FLOWOF SOURCE TEXT AND GENERATE
C	 CONTINUES AS NEEDED TO STAY }WITHIN COLUMNS 1 — 72
C CALL SEQUENCE: MODE	 — NfODE=O —y NEW LINE IS STARTED BEC,INING WITH
C	 MODE=1 —> TEXT IS SPLIT TO FIT EXACTLY 7--72
C	 ISOUR — NEXT CHARACTER FOR WRITING
C	 TEXT — NEW TEXT STRING
G	 N	 -- NO. OF CHARACTERS TO ADD
C

	

	 NTAPE — FILE TO WRITTEN TO
DIMENSION SOURCE€8)
DATA X/10H	 X	 /IBrLNK/I.OH

C --->	 TEST FOR END OF LINE
IF(IS0UR+N.LE.73) GO TO 300
IF(MODE.NE.47 GO TO 400

C ---->	 NEW LINE REQUIRED
C	 WRITE CURRENT LINE

WRITE(NTAPE 1 101 ) SOURCE
101	 FORMAT(BA10)
C --->	 GENERATE CONTINUE SYMBOL

SOURCE(1)=X
00 200 I =2vS

200	 SOURCE(I)=BLNK
ISOUR=7

300	 CALL STRMOV(TEXTtliNtSOURCErISOUR1
ISOUR=ISOUR+N
RETURN

C --- >	 MODE=1 SPLIT TEXT BETWEEN CUR^ENT AND NEXT LINE
400	 NO=73—ISOUR
C ---->	 COMPLETE CURRENT LINE

CALL STRMOV(TEXT=lvNOaSOURCEpISOUR)
WRITE(NTAPErIOI.)SOURCE
SOURCE(1)=10H	 X
DO 420 I =2t8

420	 SOURCE(I)=10H
C --->	 NO. CHARACTERS LEFT IN TEXT

L=N—NO
C ---°>	 NEXT CHARACTER IN TEXT TO MOVE

NO=NO+l
CALL STRMOV(TEXT$NO9LaSOURCEs7)
ISOUR=L+7
RETURN
END

It
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CLISTSC
SUBROUTINE LISTSC(ICPMAXrCHPNTSYAINPUT$OUTPUT?

C VERSION 2.	 REVISED: OCT 8 1576
C PURPOSE: PROVIDE A LIST OF STANDARD COMPONENTS AND THEIR
C	 INPUTSx OUTPUTS: AND TABLES
C CALL SEQUENCE: ICPMAX — NO. OF STANDARD COMPONENTS
C	 CMPNTS — LIST OF STANDARD COMPONENT NAMES
C	 AINPUT — WORK SPACE FOR INPUT NAMES
C

	

	 OUTPUT -- WORK SPACE FOR OUTPUT NAMES
COMMON/CIO/IREADIIWRITETIDIAG
DIMENSION CMPNTS(1)zAINPUT(I.)rOUTPUT(1):TABLE(10)
;ALL REAOMS(78:PFNAMEr1,6HPFNAME)
WRITE (I WRITE :101)PFUAME

101	 FORMAT[1H1914X ' *LIST OF STANDARD *,AIOt* COMPONENTS*)
C ---]	 SCAN STD. COMPONENTS

DO 560 I=IvICPMAX
WRITE(6s521kI,C14PNTS[I)

521	 FORMAT(///15X 4 *COMP(3NENT NO.*yl3 1 *	 NAME _ *9A2 //
13Xf*INPUTS*vBXT*OUTPUTS*yl6Xv*TABLES*/
22t* NAME PORT	 *)s* NAME	 INDP. VAR® MAX. DATA*)

C ----->	 GET INPUT 4 0UTPUT f AND TABLE NAMES
CALL COMDAT(CMPNTS(I)s4HINPT,NI,AINPUT)
CALL COMDAT(CMPNTS(II94HOUTP7NO,OUTPUT)
CALL COMOAT€CMPNTS(I)44HTABSsNT:TABLE)
MAX=MAX0(NI4NOQNT)

C	 SCAN LONGEST LIST OF NAMES
DO 560 J=ItMAX

C --->	 BLANK NAMES
AIN=10H
OUT=10H
TAB=10H
ID=10H
IP=10H
OP=10H
IV=10H
ST=10H
IF(J.GT.NI)GO TO 530
AIN=AINPUT(J)
CALL GEST(AIN49slP)

530	 IF(J»GT.NO )GO TO 535
OUT=OUTPUT (J )
CALL GETT(OUT4940P)
CALL GETT(OUT,10sST)

535	 IF(J.GT.NT)GO TO 540
TAB=TABLE(J)

C ---]	 GET TABLE DIMENSION
CALL GETCOD(54TAB,ID)
IV=1H2
IF(ID.GT.0)GO TO 540
III= I.H1
ID=TABS (ID)

540	 WRITE(IWRITE,541)AINaIP,OUT,OP7STiTAB,IV,ID
541	 FOR€tiAT( 2X,A64A178X,A67Al21X,AI97X,A6,5XtA1s9X•I3)
560	 CONTINUE

WRITE(IWRITE,5631
563	 FORMAT{1H1)

RETURN
END
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SUBROUTINE NAMARY(CNAMEACHARvNvNUNIT)

C VERSION 1.,2	 REVISED: AUG 22 1975
C PURPOSE: FORM A DATA STATEMENT THAT CONTAINS A GIVEN LIST OF NAMES
C CALL. SEQUENCE: CNAME — NAME OF THE ARRAY TO BE INITIALIZED
C	 NCHAR — NO. OF CHARACTERS IN ARRAY NAME
C	 N	 — NO. OF NAMES TO BE.PLACED IN DATA STATEMENT
C	 NUNIT — UNIT CONTAINING LIST OF NAMES
C DESIGNED BY: J * Do BURROUGHS	 MAY 1974

DIMENSION SOURCE$8)
C --->	 TEST FOR EMPTY SET

IF(N.LE * O) RETURN
REWIND NUNIT

C -----	 CALCULATE THE Nam OF DATA STATEMENT EXTENSIONS REQD.:
NEXT=(N°-I)/130+1

C —	 SCAN DATA STATEMENT EXTENSIONS
DO 400 J=1 vNEXT

C ---	 EXTENSION COUNTER

h'

K-J-1
C ------

	

	 NO. OF CHARACTERS PER EXTENSION
N30=10*(N—K*130)

C ----

	

	 LIMIT NO. OF CHARACTERS PER DATA STATEMENT TO 1300
IF(N10.GT.1300)N10=1300

C -----

	

	 CALL. FIRST AND LAST WORD IN LIST OF DATA STATEMENT
ISTART=K*130+1
I STOP=I S TART+N 10/ 10-1

C —°>	 GENERATE DATA STATEMENT
SOURCE(l)=10H	 DATA
ISOUR=12
00 100 1=2,8

100	 SOURCE(I)=10H
C --->	 LOAD ARRAY NAME

CALL LINE(09SOURCE91SOURvCNAME4NCHARv9)
C --°-

	

	 TEST IF DATA STATEMENT EXTENSION IS REQUIRED
IF(K.LE®O)GO TO 110

C ----

	

	 ENCODE DATA EXTENSION NO.
ENCODE(27105:K)K

105	 FORMAT(I2)
C ---	 ADD EXTENSION NO. TO DUMMY ARRAY NAME

CALL LINE(0vSOURCEjlSOUR7K9299)
110	 CALL LINE(02SOURCE91SOURvI.H/7lv9)

ENCODE(4vI2ljN10)Nl0
121	 FORMAT(I4)
C --->	 LOAD NO. OF CHARACTERS IN DATA STATEMENT

CALL LINEC09SOURCEvISOUR'N1074v9)
CALL LINE(04SOURCEvlSOURv1HHilt9)

-->	 SCAN NAPES
DO 200 I=ISTARTvISTOP
READ I NUN ITrI.25 )ANAME

125	 FORMAT(A7f3H	 )
C -->	 LOAD NAMES INTO DATA STATEMENT

CALL LINE(lvSQURCE%lSOURvANAMEvl0j9)
200	 CONTINUE

CALL LINE(1*SOURCE,ISOUR:1HOv1ti9)
WRITE(9:2011SQURCE

201 FORMAM A10)
400	 CONTINUE

RETURN
END
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C NAMG EN
SUBROUTINE NAMGEN(SQURNMvCOMNAMsQUANAM}

C PURPOSE: GENERATE UNIQUE NAMES FOR ALL MODEL VARIABLES PARAMETERS
C CALL SEQUENCE= SOURNM -- SOURCE NAME
C	 -COMNAM COMPONENT NAME
C	 QUANAM — QUANTITY NAME
C	 TRANSFER SOURCE NAME TO QUANTITY NAME

QUANAM=SOURNM	 !'I
C —>	 ADD COMP. NAME TO COL. 4 TO 7

CALL STRMOV(COMNAMrl*4vQUANAMv4)
C--	 TEST COL. 9 FOR PORT NUMBER

IF{KOMSTR(QUANAM=9 t l,IM vl).EQ.WRETURN
C --->	 TEST IF COL. 2 OR COL. 3 IS TO BE USED FOR PORT NOo

I=3
rF(KOMSTRfQUANAM:2vl i lH rl. .EQ.0)I=2

C ----?	 PLACE PORT NOS. IN COL. I
CALL STRMOV(QUANAM79vlyQUANAMpi)
RETURN
END
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CNEWCOM
SUBROUTINE NEWCOM I COMNAM-CM PNTS .T COMP ALOn-CMPMOD-NOCOMP

1A^NPUTYNINPUTtAOUT9NI
C VERSION 2.
C PURPOSE' INTRODUCE NEW
G CALL SEQUENCE: COMNAM
C	 CMPNTS
C	 ICOMP
C	 ALOC
C	 CMPMOD
c	 NOCOMP
c	 AINPUT
C	 NINPUT
C	 A13UT
C	 NOUT
c	 IDCOMP

3UTPIDCOMP)
REVISED: JAN 12 1976

COMPONENT INTO ECS MODEL
COMPONENT NAME
LIST OF STD4, COMP. NAMES
LOCATION OF STD. COMP. NAME IN LIST
COMPONENT LOCATION NO.
LIST OF COMPo IN CURRENT MODEL
NO. OF CORP. IN CURRENT MODEL
STD. NAMES OF INPUTS FOR COMP.

- . NO. OF INPUTS To COMP.
- STD. NAMES OF OUTPUTS FOR COMP.
- NO. OF OUTPUTS FOR COMP.
- COMP- NO- IN CURRENT MODEL

c	 DESIGNED BY: J.DwBURROUGHS	 DATE: JULY 1974
COMMON /CIO/IREAD91WRITEYIDIAG/CSEQ/NSEQtSEQA(I)
DIMENSION CMPNTS(I)rCMPHODSI)tAINPUT(I)uAGUT(l)

C __>	 CONVERT LOCATION NO. FROM HOLLORITH TO INTEGER
CALL BCDRELIALOCtALOC)
LOCNO=ALOC

C

	

	 GET SYMBOL NO. FOR . COMPONENT AND PUT IN LOCATION 4
CALL GETCOl?t59CtlPNTS(ICOMP)tISYMB)
CALL PUTCOD(4vCOMNAKvISYMB)

C	 TEST THAT I 
OR 

MORE COMP. EXIST IN MODEL
IF(NOCOMP9LE.0)G0 TO 200

C	 SCAN EXISTING COMPS. IN MODEL
DO 100 I=ItNOCOMP

C	 TEST THAT NEW CORP. NAME IS UNIQUE
IF(KOMSTR(CMPMOD(I)vlv4i,.CC.MNAMvl).EQ-O)GO TO 300

100	 CONTINUE
C __>	 NEW NAME IS UNIQUE
C	 GET STD. INPUT LIST FOR COMP.
200	 CALL COMDATECOMNAMt4HINPTINIMPUTvAINPUTI
c	 ADD LOC. N09 AND NO * OF INPUTS TO COMP. NAME

CALL PUTCOD(3vCDMNAMPLOCNO)
CALL PUTCOD(5wCOMNAnpNINPUT)

C	 ADVANCE COMP. COUNT
NOCOMP=NOCOMP+l

c	 ADD NEW NAME TO MODEL COMP. NAME LIST
CMPMOD(NOCOMP)=CDMNAM

C	 ADD COMP. NO * TO COMPONENT SEQUENCE LIST
NSEQ=NSEQ+l
CALL PUTCODtNSEQvSEQArNQCOMP)
IDCOMP=NOCOMP

C	 GET LIST OF STD. OUTPUTS
220	 CALL COMDAT(CMPNTSIICGMP)v4HOUTPvNGUTgADUT)

RETURN
C --- >	 TEST LOCATION NO. FOR COMP- THAT HAVE RECEIVED INPUTS BUT HA
C	 BEEN DEFINEDO
300	 CALL GETCOD(3iCMPMOD(I)vLN)

IF(LNOLE.0)GO TO 400
WRITELIWRITE00I)COM.NAM

301	 FORMAT(/5X729H *** WARNING	 COMPONENT vA4v* HAS ALREADY BEEN
IDEFINED*)
GO TO 420



'I

i

I

C -->	 ADD LOCATION NO. TO COMP. NAME
400	 GALL PUTCQD(3 tCMPMW(I) * LOCNO ^
C ----	 ADD SYMBOL. NUMBER TO COMPONENT NAME

CALL PUTCbD( 4vCMPMOD(l) t ISYk B)
C _--}	 ADD COMP. NOd TO COMPONENT SEQUENCE LIST

NSEQ=NSEQ+l
GALL PUTCQD(NSEQgSEQA*I)

420	 COMNAM=CMPMOD(I)
C	 GET NO. QE INPUTS

CALL GETCOD(51COMNAMrNINPUT)
C ---->	 GET INPUT LIST FROM FILE 7

AINPUT ( 1)=3HZZZ
IF(NINPUT •GT.,O)CALL READMS(7 $ AINPUT9NINPUT%rIl
IDCOMP=I
GO TO 220
END



!	 CORDER
SUBROUTINE ORDERENVtICDvAvIWIvIW2%IERRORII'BTIE)

C VERSION 1.	 REVISED: AUG 4 1975
C PURPOSE 00 GENERkTE A SEQUENCE VECTOR THAT REORDERS VARIABLES
C	 SO THAT CONNECTION MATRIX IS LOWER TRIANGULAR.

I C CALL SEQUENCE: NV	 — SYSTEM ORDER
C	 ICO	 — SEQUENCE VECTOR
C	 A	 SYSTEM CONNECTION MATRIX
C	 IW1	 -- NTH ORDER VECTOR — PROCESS CODE
C	 IW2	 — NTH ORDER VECTOR r- PROCESS SEQUENCE
C	 TERROR — ERROR FLAG: 0 = SYSTEM WAS REDUCED TO LOWER
C	 TRIANGULAR FARM.
C	 I = SYSTEM CAN NOT BE REDUCED T
CTRIANGU'LAR FORM
C	 IB	 — FIRST WORD IN IW2 POINTING TO LOOP COMP,
G	 IE	 -- LAST WQRD IN IW2 POINTING 'T0 LOOP COMP.
C DESIGNED BY. F PATH 	 JULY 1975

DIMENSION, ICO(1)vlWl(1)iIW2(1)$A(1)
NCO=O
TERROR=O

C	 SET ELEMENT COUNT IN PROCESS SEQUENCE VECTOR TO ZERO
NTW2=0

C	 INITIALIZE PROCESS CODE FOR EACH ELEMENT TO —1 (NQ PROCESS)
DO 10 . I L i NV	

i10	 IW1(I)=—1
C	 FIND FIRST NON PROCESSED ELEMENT
15	 DO 20.I=1:NV

IF(IW1(I).LT.0)GO TO 30
20	 CONTINUE
C	 IF ALL ELEMENTS PROCESSEDP RETURN

RETURN
C	 PUT NON--PROCESSED ELEMENT INTO PROCESS SEQUENCE VECTOR AT BOTTOM
30	 NTW2=NTWZ+l

IW2(NTW2) =1

C	 SET PROCESS CODE TO 0 (PARTIAL PROCESS)
I.WIEI) =0

C	 CHECK FOR DEPENDANCE ON OTHER ELEMENTS
JS=O

40	 JS=JS+1
C	 IF ALL ELEMENT DEPENDANCIES CHECKEDs PROCESS IS COMPLETE

IF(JS.GTmNV)GO TO 70
K=IJBIT(AiIxJSiNV)

C	 IF NO DEPENDANCE (K=O) KEEP LOOKING
IF(K.EQ.0)GO TO 40

C	 IF DEPENDANT ON ELEMENT ALREADY PROCESSED (CODE=I) KEEP LOOKING
C	 IF DEPENDANT ON ELEMENT NOT PROCESSED (CODE= — I) START PROCESSING
C	 ON THAT ELEMENT.
C	 IF DEPENDANT ON ELEMENT PARTIALLY PROCESSED (CODE =O) SEQUENCING
C	 IS IMPOSSIBLE. SET ERROR FLAG AND START ERROR REPORT.

IF(IW1(JS))50i60i40
50	 I=JS

GO TO 30
60	 IERROR=L
C	 LOOK FOR JS IN IW2. THIS IS BEGINING OF DEPENDANT LOOP

DO 65 K=1YMTW2
IF(IW2(K).EQ.JS)GO TO 66

_i

i
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j	 65 CONTINUE
66 IE=K

.	 C SET END OF LOOP POINTER
I E=N TW2

C RETURN DUE TO ERROR
RETURN

C PROCESS FOR ELEMENT COMPLETE — UPDATE PROCESSED ELEMENT COUNT
70 NCO=NCO+l
C SET SEQUENCE VECTOR POSITION TO INDICATE ELEMENT

ICO(NCOI=I
C SET PROCESS CODE FOR ELEMENT TO COMPLETE (CODE--I)

IWI(I)=1
C DECREMENT PROCESS SEQUENCE POINTER

NTW2 =NT WZ-- I
G IF ALL PROCESSED — RETURN

IF(NCO.EQ.NV)RETURN
C IF NO ELEMENT LEFT IN PROCESS SEQUENCE VECTOR S GO LOOK FOR FIRST
C NON—PROCESSED ELEMENT.

IF(NTWZ e LE.O )GO TO 15
C CONTINUE PROCESSING BOTTOM ELEMENT IN PROCESS SEQUENCE VECTOR
C WHERE IT WAS INTERRUPTED.

JS=i
I =IW2 (NTW2 )
GO TO 40

i

END



I

C PORTCN
SUBROUTINE PORTCN(AINPUTaNINPUTvOUTPUTtNOUTlIPOPTvOPQRTiOUTNAMQ

1 NOCON, STREAM )
C PURPOSEt CONVECT ALL HATCHING PHYSICAL QUANTITIES AT SPECIFIED
C	 PORTS ON TWO COMPONENTS.
C CALL SEQUENCE: AINPUT — INPUT QUANTITY NAME LIST
C	 NINPUT — NCI. OF INPUTQUANTITIES
C	 OUTPUT -- OUTPUT QUANTITY N4ME LIST
C	 NOUT — NO. OF OUTPUT QUANTITIES
C	 IPORT -- INPUT PORT NO.
C	 OPORT — OUTPUT PORT NO.
C	 OUTNAM OUTPUT COMP * NAME
C	 NOCON	 NO CONNECTION FLAG
C	 STREAM -- SOURCE INDICATOR. BLANK = UPSTREAM SOURCE
C	 U DOWNSTREAM SOURCE

DIMENSION AINPUT(1)wOUTPUT(1)
C	 SCAN INPUT LIST

DO 200 I=IFNINPUT
C	 TES7 IF INPUT IS SATISFIED

IF(KOMSTRiAINPUT(I) F4g141H :l).NE.0)GO TO 200
C —?	 BYPASS PORT TEST IF INPUT IS UNIVERSAL PORT

IF(KOMSTR(AINPUT(l)y9plg1H t l).EQ.0)GO TO 130
C	 BYPASS TEST IF SPECIFIED PORT IS UNIVERSAL PORT

IF(IPORT.EQ.1H )GO TO 100
C ---->	 COMPARE PORTS

IF(KOMSTR(AINPUT(1)t9 i lvIPORTvlA.NE.0)GO TO 200
C --->	 SCAN OUTPUTS
100	 DO 120 J=1vNOUT
C -->	 TEST FOR PHYSICAL QUANTITY MATCH

IF(KOMSTR( AINPUT (I)R1p3 9 OUTPUT(J)al).NE.0)GO TO 120
C	 BYPASS PORT TEST IF SPECIFIED PORT IS UNIVERSAL PORT

IF(OPORT.EQ61H )GO TO 140
C ----}	 BYPASS PORT TEST IF OUTPUT lS UNIVERSAL PORT

IF(K0MSTR(OUTPUT(J)a9j1A1H $1).EQ.O&GO TO 140
C ----}	 TEST FOR PORT MATCH

IF(KOMSTR(OUTPUT(J)v9 R l i OP qRTvl).EQ.0)GO TO 140
120	 CONTINUE

GO TO 200
C .....°?	 SATISFY INPUT
140	 CALL NAM GEN ( OUTPUT (3) z DUTNAM I A ItgP UT (I) )
C ---?	 PLACE SOURCE INDICATOR 114 NAME

CALL STRMOV(STREAMvlvltAINPUT(I)g8)
NOCON=1

200	 CONTINUE
RETURN
END
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CSCHEMA
SUBROUTINE SCHEMA(CKPMODtNOCOMPtINPU'TS,NAMES)

C VERSION 2,	 REVISED: SEPT 10 1975
C PURPOSE. PRODUCE A SCHEMATIC DIAGRAM ON THE LINEPRINTER
C	 OE THE ECS MODEL
C CALL SEQUENCE: CMPMOD — LIST OF COMPONENTS IN MODEL
C	 NOCOMP -- NO. OF COMP. IN MODEL
C	 INPUTS - WORK ARRAY FOR INPUT NAMES
C	 NAMES — WORK ARRAY FOR LABEL NAMES
C DESIGNED BYE .]^Da SuRRaUGHS	 DUNE 1974

COMMON /CIOIIREADrIWRITEgIDIAG /CTITLE/TITLE(7
DIMENSION [SAGE(13g56) zCMPMOD(I)tINPUTS(I) vNAMES(1I
MAXPAG=O
NPAGE=O

C ---w-->	 BLANK PAGE AND LOAD LOCATION NUMBERS
100	 LOC=NPAGE
C --_..>	 LOCATION NO. LINE COUNTER

LOCL=4
C --->	 SCAN ALL LINES ON PAGE

DO 160 1 =1 s56
C --->	 BLANK ENTIRE LINE

ADO 120 .J=I s 13
120	 PAGE (J:I)=10H
C YY4-->	 TEST IF LINE CONTAINS LOCATION NUMBERS.

IF{I.LT.LOCL)GO TO 160
C —>	 INCREMENT LOCATION NO. LINE COUNTER

LOCL=LDCL+7
LOCCOL=•-8

C --->	 SCAN COLS. AND LOAD LOCATION NOS.
00 14.0 J=1a10

C --~->	 INCREMENT LOCATION NO.
LOC=LOC+l
LOCCOL=LOCCOL+13
ENCODEC4s139?LOCNOILOC

139	 FORMATCI41
CALL STRMOVCLOCNGvlv49PAGE(191)7LOCCOL)

140	 CONTINUE
160	 CONTINUE
C ---->	 PLACE COMPONENT SYMBOLS ON PAGE
C --- >	 TEST THAT MORE THAN 0 COMP. EXIST IN MODEL

IF(NOCOMP.LE..0)GO TO 602
C ---	 SCAN COMPS. IN MODEL

DO 300 1=19N000MP
COMNAM=CMPMOD(l)

C ----	 SKIP FORTRAN COMPONENTS
IFCKOMSTR(COMNAMvlv4,4HFORT t l).EQ.0)GO TO 300

C ---	 GET LOCATION NO. FROM COMPS NAME
CALL GETCOD(3iCOMNARPLOC)

C ----->	 DETERMINE PAGE INN.
LOCPAG=( LOC/1001*100

C --->	 DETERMINE MAX. NO. OF PAGES REQ D.
MAXPAG=MAXO(MAXPAGQLQCPAG)

C —a	 DETERMINE MAX. NO. OF PAGES REQ De
MAXPAG=MAXO(MAXPAGaLOCP AG)

C --->	 TEST IF COMPONENT IS ON CURRENT PAGE
IF(LOCPAG.NE.NPAGE)GO TO 300
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C --„—>	 CONVERT GENERAL PAGE LOCATION TO LOCAL PAGE LOCATION
LOCPAG=LOC-,LOCPAG

C --- > 	 TEST TO ASSURE LQC NO * IS ON PAGE
IF#LOCPAG.LT * I.OR.LOCPAG.GT.80)GO TO 260

C -_>	 ADD SYMBOL TO CURRENT PAGE FOR COMPONENT
CALL GETCOD(4vCOMNAMvISYMB)
IF(IDIAG.EQ * 22) WRITE( IWRITE*251)COMNAM9COMNAMsISYMB

251	 FORMAT(* SCHEMA *rAl.07lX8O20pIl0)
CALL SYMBOLIPAGEaCOMNAMTISYMStLOCPAG)

C --->	 FORM TABLE OF COMPONENT NAMES (ON ONLY FIRST PASS)
GO TO 300

260	 WRITE(IWRITE:261)LOCsCOMNAM
261	 FORMAT(/5Xr31H *** ItARNING	 LOCATION NO. r149

1 * FOR COMPONENT * P A4r* HAS LAST TWO DIGITS OUTSIDE THE ALLOW'ASL
ZE RANGE OF 1 TO 80.*/18X4
3*N0 SYMBOL WILL BE PLACED IN SCHEMATIC FOR THIS COMPONENT**)
LOC=-100	 -

300	 CONTINUE
C	 ADD CONNECTING LINES AND NAMES TO SCHEMATIC
C	 SCAN MODEL CONPONENTS
400	 DO 500 I=1gNOCOMP
C — -

	

	 BYPASS DIRECT FORTRAN INPUT COMPONENTS
IF(ICI:3MSTR(CMPMOD(I)v14474HFORTs1).EQ.0)GO TO 500

C	 GET LOCATION NOo
CALL GETCOD(3sCMPMODII)rLOC)

C -----	 DETERMINE PAGE NO.
LOCPAG=(LOC/100)*100

C --->	 CONVERT LOC TO LOCAL PAGE LOCATION
LOC=LOC—LOCPAG

C --->	 PEST TO ASSURE LOG NO. IS ON PAGE
IF(LOC.LT.I.OR.LOC.GT .80)LDCPAG=-1

C	 SKIP INPUTS TO QUANTITIES ON OTHER PAGES
IF(LOCPAG.NE .NPAGE)GO TO 500

C ----->	 GET NO. OF INPUTS TO COMP.
CALL GETCOD(52CMPMOD(I)9NINPUT)

C __>	 BYPASS COMP. WITH NO INPUTS
IF(NINPUT.LE.0)GO TO 500

C --->	 GET INPUTS LIST
CALL READMS(79INPUTS9NINPU79I)

C --->	 INITIALIZE NO. INPUTS COUNTER CURRENT INPUT COMP. NAME
420 NOIN=O

MORE =O
INCOM=TH**** **

3

IF(IDIAG.EQ.30)WRITE{IWRITE9423)CMPMOD(I)r(INPUTS(J)rJ-l9NINPUT)
423	 FORMAT(* SCHEMA —INPUTS *'Al0/10(1X9Al0))
C --->	 SCAN INPUTS

DO 480 J=1,NINPUT
C --->

	

	 TEST IF INPUT IS FROM CURRENT COMP. I.E. PARAMETER
IF(KQMSTR{INPUTS(J)v4sl¢1H 91).EQ.0)GO TO 480

G — ?	 IS THIS A NEW INPUT SOURCE
IF{KOMSTRiINCOMr4a4s INPUTS (J)r42.EQ.0)GO TO 440

C ---	 BYPASS NAME LGAD IF 2ND COMPONENT APPEARS
IF (MORE *NE.O )GO TO 460

C --->	 SAVE NEW SOURCE NAME
INCOM=IN PUTS IJ)
MORE=1
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C	 ADVANCE INPUT COUNT
440 NDIN=NDIN+3

NARES(NOIN)=INPUTS(.)
INPUTS (J ) IOH
GO TO 480

460 MORE=2
484 CONTINUE
G --.--^	 IS THERE A CURRENT INPUT COMPONENT

IF(NOIN.LE.WGO TO 500
CALL CONNCT[PAGEg IVF,^AGEiLOCpNAt4E-SPMDIN!pcmpmoDg1VOCOMP)

C •4---	 DO MORE COMPONENTS PROVIDE INPUTS
1F(MORE.EQ.2 1GO TO 420

500 CONTINUE
C ---} ..	 PRINT PAGE
602 NAME=NPAGEl160

WRITE(IWRITEt6O5)TITLEpNAMEiPAGE
605	 FORMAT{IHlt29X47AI0924X**PAGE*vl3/(2Xg13AI01)

TEST FOR LAST PAGE
IF(NPAGE.GE.MAXPAG)RETURN
NPAGE=NPAGE+100
GO TO 100
END



CSYMBOL
SUBROUTINE SYMBOL(PAGEvCOMNAnTISYMBtLO0

C VERSION 1.2	 REVISED: OCT 17 1975
C PURPOSE: ADD GOMPQNENT SYMBOLS AND NAMES TO ECS MODEL SCHEMATIC
C CALL SEQUENCE: PAGE -- 13X56 ARRAY CONTAINING HOLLERITH
C	 REPRESENTATION OF A PAGE
C	 COMNAM — NAME OF COMPONENT TO BE ADDED TO PAGE
G	 ISYMB — SYMBOL TYPE NO.
C	 iLOC	 — LOCATION OF SYMBOL ON PAGE
C DESIGNED BY: J.D.BURROUGHS	 JUNE 1974

COMMON/CI®/IREADIIWRITE=IDIAG
DIMENSION PAGE(13:56)

C	 LOCATION LINE NQ.
LOCLIN=7*-((.LOC—x.)/10)+3

C --->	 LOCATION COLUMN NO.
LOCGOL=( MOD€ LOC-1,102+l)*13-10

C ---->	 ADD COMPONENT NAME TO PAGE
CALL STRMOV(GOMNAM9174,PAGE(1#LGCLIN),LOCCOL+3)
IFC I DIAG. EQ.2Z )WRITEt IWRITE, 22 )COMNAM I ISYMB s LOC

22.	 FORMAT(* SYMBOL *vA10r2I1O)
C ---3	 TEST FOR SYMBOL TYPE
C
C	 SYMBOL NUMBERS LESS THAN 64 SHOULD NOT BE USED DUE TO
G	 GSORT REPLACING OOB WITH 558 WHEN CALLED BY FIL OAD.
C

IF(ISYMB.EQ.10O)GO T'0 ZOO
IF(ISYMB.EQ.ZOQ)GO TO 400
IF€ISYMB.EQ.300) GO TO 300
IF(ISYMB.EQ.40Q)GO TO 500

C --->	 DEFAULT SYMBOL — SQUARE
LOCLIN=LOCLIN--2

G ---->	 TOP AND BOTTOM LINES
CALL STRMOV(10H'*********,1g10, PAGE (1tLOCLIN),LOCCOL)
CALL STRMOVC10H**********s1,10,PAGE€1PLOCLIN+5)9LOCCOL)

C --->	 SIDES
DO 100 I=1,4
CALL PUTT(PAGE(1rLOCLIN+I)VLOCCOL91H*)
CALL PUTT€PAGE(IsLOCLIN+I):LOCCOL+9a1H*)

100	 CONTINUE
RETURN

C --->	 COMPRESSOR SYMBOL
200	 L=LOCCOL

K=2
ICOL=L+1

205 LOCLIN=LOCLIN-5
DO ZZO 1-1,10
L©CLIN=LOGLIN+1

C ---->	 TEST TO PREVENT TOP OF SYMBOL FROM GOING OFF TOP OF PAGE
IF(LOCLIN.LT .I)GO TO 208

C ---->	 'LEST TO PREVENT BOTTOM OF SYMBOL FROM GOING OFF PAGE
IF( LOCLIN.GT.50RETURN

C	 STRAIGHT EDGE OF SYMBOL
CALL STRMOV(1H*l1,19PAGE(1,LOCLIN)tL)

C	 SLOPING EDGE OF SYMBOL
CALL. STRMOV(1H*s1g1vPAGE(lvLOCLIN)tICOL$
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C	 TEST TO REVERSE SLOPE of RIGHT EDGE
2.08	 IF(IaEQ.5IGO TO 215

1COL=ICD L+K
GO TO 220

215	 K =—K
220	 CONTINUE

RETURN
C ---->	 TURBINE SYMBOL
300	 L=LOCCOL+9

K=-2
ICOL=L-1
GO TO 205

C --->	 CIRCLE SYMBOL
400	 LOCLIN=LOCLIN-2

CALL STRMOV(10H	 tltl0vPAGE(lrLCtCLIN)9LOCCOL)
CALL STRMOV(10H	 vlil3:PAGE(ltLOCLIN+5)tLOCCOL)
K=l
L=LOCCOL}1
ICOL=L+7

C ----->	 ADD SIDES TO SYMBOL
DO 420 I=194
LOLL IN= LOC LI N+l

C ---->	 LEFT EDGE OF SYMBOL
CALL STRMOV(1H*slslgPAGE(19LOCLIN)?L)

C --->	 RIGHT EDGE OF SYMBOL
CALL STRMOV(1H*sl'1,PAGE(ItLOCLIN)9ICOL)

C --->	 REVERSE SLOPE OF EDGES
IF(IaEQ.2)GO TO 415
L=L—K
ICOL=ICOL+K
GO TO 420

415 K=—K
420	 CONTINUE

RETURN
C ----	 OPTIMAL CONTROLLER SYMBOL
500 LOCLIN=LOCLIN-2
C --->	 TOP AND BOTTOM, LINES

CALL STRMOV(10H OOOQ00OO Y19l0sFAGE(lrL0CLINb9LOCCOL)
CALL STRMOV(10H 00000000 91s109PAGE(l%LOCLIN+5lwL0CCOL)

C ---->	 SIDES
DO 520 I=194
CALL PUTT(PAGE(19LOGLIN+I)gLDCCOLtIMO)
CALL PUTT(PAGE(liLOCLIN+I)gLOCCDL+971H0)

520 CONTINUE
RETURN
END
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CTABCAL
SUBROUTINE TAOCAL

C PURPOSE: GENERATE TABLE INPUT REQUIREMENTS LIST ON FILE 12	 i
COMKONICTAB/NOT'AB 2TA.RNAM(1 )
WRITE(12illl

11	 FORMAT[16X,*TA9LES REQUIRED*//
12X?*COMPONENT TABLE	 NO, INDEP.	 MAX. DATA*/
24Xt*NAME*t7Xt#NAIVE* % 5X ? *VARIABLES	 ALLOWED*?
COMPS=10H	

ICOOP=COMPS
C -p--?	 SCAN TABLES.

DO 100 I=l:NOTAB
C	 GET TABLE NAME

CALL STRMOV(TABNAM(13t1t7tANAMEvl)
C	 GET MAXIMUM DIMENSION FOR TABLE

CALL GE TCOD(3vTABNAM(1)tN)
NI=TABS (N)

C -°->	 GET SPECIFIC COMPONENT NAME
CALL STRMOV(ANAMEi4t4=COMPvl)
IF(COMP.EQ.COMPS) G0 TO 60
WRITE(12011

51	 FORMAT( IH )
COMPS=COMP

60	 NI=N1-3
C ---?	 TEST FOR SINGLE OR DOUBLE INDEP. VARIABLE TABLE

IF(NwGT.0) GO TO 70
N=1
GO TO a0

70	 N=2
80	 WRITE(12781)COMPtANAMEtNtNI
81	 FORMAT (4X9A4t5XtA7v6XtlltlOXtI4)
100 CONTINUE

RETURN
END
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CTABDAT
SUBROUTINE TABDAT

C VERSION 3.	 REVISED MAY 4 1976
C PURPOSE: GENERATE DATA STATEMENTS FOR MODEL TABLE DATA INPUT CONTROL
C	 DESIGNED BY: JmD.BURROUGHS	 DATE: MARCH 1973

COMMON/CTAB/NOTAB$TABNAM(l)
DIMENSION SOURCE(8)

C =____= --_— SET NUMBER OF TABLES IN MODEL
WR.ITE(9:91)NOTAB

91	 FORMAT(6X,*DATA NOTA9/*r139*/*)
IF(NOTAB.LE.O)RETURN

C ------_—°-->	 LOAD TABLE NAME DATA
SOURCE(1)=10H	 DATA
SOURCE(2)=10H TABNAK/
ISOUR=19
DO 100 I=3?8

100	 SOURCE(I)=10H
C	 CALL. NO. OF CHARACTERS IN TABLE NAME LIST

N10=10*NOTAB
ENCODE(4110lvN10)N10

101	 FORMAT(I311HH)
C ---]	 ADD NO. OF CHARACTERS TO DATA STATEMENT LINE

CALL LINE(0:SOURCEsISOURsN1094,9)
ANAME=10H

C ----?	 SCAN TABLES
00 200 I=lvNOTAB
CALL STRM0V(TABNAM(I)tlt78ANAMEx1)

C _-->	 ADD TABLE NAME TO LINE
CALL LINE(laSOURCEtISOURrANAMEilO99)

200	 CONTINUE
CALL LINE(laS(3URCEvlSOUR%lH/tiv9)
WRITE(9s201)SOURCE

201	 FORMAT(BA10)
C ---------->	 LOAD TABLE DIMENSION DATA

SOURCE(1)=10H	 DATA
SOURCEM= 10H MAXDIM/
ISOUR=19
DO 220 1=3s8

220	 SOURCE(I)=10H
C ---->	 SCAN TABLES

DO 240 I=l9NOTAB
C --->	 GET MAX. TABLE DIMENSION

CALL GETCOD(5tTABNAMiI)rN)
N=IABS(N)

C --->	 CONVERT TO DISPLAY CODE
ENCODE(5 x,231:N) N

231	 FORMAT(I441Hw)
IF(I.GE.NOTAB)CALL STRMOV(1H/91vlvNv5)

C --->	 ADD MAX. DIMENSION TO LINE
CALL LINE(OiSOURCEvISOURtNi5,9)

240	 CONTINUE
WRITE (99201 )SOURCE
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i
C _..-___._..._}	 LOAD FABLE LOCATION DATA

SOURCE E 1)=10H	 DATA
SOURCE(2)=10H LOCTAB/
ISOUR=19
DO 300 I=3*8

300	 SOURCE(I1=10H
L0G=1

C	 SCAN TABLES
DO 320 I-1tNOTAB

C ----}	 CONVERT TO DISPLAY CODE
ENCODE(59231,N)LOC
IF{I.GE.NOTAB}CALF. STRMOV(1H/vlvlvNv5)

C -•---}	 ADD TABLE LOCATION NO. TO LINE
CALL LINE(07SOURCETISOURA00)

C	 GET MAX. DIMENSION OF TABLE
CALL GETCOD[5 ? TABf4AM( t) vN)

C---}	 CALL. THE NEXT TABLE STARTING LOCATION
LOC=LOC}IABSIN)

320	 CONTINUE
WRITE(9p20l)SOURCE
RETURN
END

i
I
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CTABGEN
SUBROUTINE TABGEN

C PURPOSE: GENERATE THE TABLE COMMON FOR ECS MODEL
C CALL SEQUENCE: NTAB - TOTAL NO. OF TABLES REQ D BY MODEL
C METHOD: THE NAMES OF THE FABLES AND THEIR DIMENSIONS ARE STORED
C	 IN TABNAM. THE NAME IS STORED IN THE FIRST 7 CHARACTERS
C	 OF EACH WORD AND THE DIMENSION IS STORED IN THE LAST 2
C	 CHARACTERS VIA THE ROUTINE FUTCOD,

COMMONICTAB/NQTABtTABNAM(l)
DIMENSION SOURCE184 SOTAB(2)
IF € NOTAB.LE.0 )RETURN+
WRITE(9r10)

10	 FORMAT(*C	 TABLES*)
SOURCE(1)=10H	 COMM
SOURCE(2)=10HONICTABLEA
1^D 1, 00 1 =30

x40	 SOURCE (I)=l0H
ISOUR=22

C ----

	

	 SCAN ALL TABLES Its THE MODEL
DO 200 1=11NOTAB

C ----?	 GET TABLE DIMENSION
CALL GETCOD(5:TABNAK(Ils'0
N=IABS(N)

}	 C ---	 GET TABLE NAME
CALL STRMOV€TABNAM(l)wli7ySOTAB=1)

f	 C ---?	 CONVERT DIMENSION TO BCD
j	 ENCODE(6.v105sN)N

105	 FORMAT(l,H(sI3v2H)vl
C ----

	

	 REMOVE COMMA IF LAST TABLE
IF[I.GE.NOTAB)CALL STRMOVUH g1A1tN96)
::ALL STRMOV(Nvls6fSOTABt8)

C

	

	 ADD TABLE DAME TO SOURCE LINE
CALL LINE(0vSOURCEs1SOUR*SQTAB7l.3,4)

200 CONTINUE
WRITE(9:201)SOURCE

201 FORMAT(SA10)
RETURN
END



GVLINE
SUBROUTTNE VLINE ( PAGE r IC,OL, IN * IR )

C PURPOSE: PAGE -- 13X56 ARRAY CONTAINING HOL.LORITH
G	 REPRESNETATION OF A PAGE
C	 ICOL -- COLUMN NO. CAF LINE
G	 IN — LINE NO. OF INPUT COMPONENT
C	 IR —• LINE NGs OF RECEIVING COMPONENT

DIMENSION PAGE(13156)
C	 IS INPUT ABOVE OR DEL©W

	 u

IF( IN.GE.IR )GO TO 100	
f

C ww_	 INPUT IS ABOVE
POINT=IOHV
I1=IN
k2=IR
GO TO 200

C -•—w>	 INPUT IS BELGW
100 POINT=10HA

I1=IR
I2=IN

C ___a	 PLACE POINT OU RECEIVING END OF LINE
r	 200	 GALL PUTT(PAGE(1sIR)s;COL9POINT}

G —,—?	 ADD NO. OF SYKBOLS RE.Q D. TO SPAN LIMES
DO 300 I=11 P I2

C _--°>

	

	 TEST TO PREVENT OVERWRITING POINTS
IF(KOMSTRCPAGE(I.,I)YICOLvl *LHA 9 1).EQ.0)GO TO 300
IF(KOMSTR{PAGE(I:I)r.ICOL ,1IaI.HV91).EQ.Q)GO TO 300
CALL PUTT(PAGEC1sIlwICOLs1HIb

300 CONTINUE
RETURN
END
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3.0 ANALYSIS PROGRAM DESCRIPTION

3.1 INTRODUCTION

The Analysis program accepts program commands which .describe analyses to be

performed on the given system model. Each analysis is then performed on the

-nonlinear system model that was crewed by the Model Generation program. Each

analysis resides in an overlay which is brought into core to perform the

requested analysis. The system model is placed in the root of the overlay

structure since it is accessed by all of the analyses. The core requirements

of the program have thereby been held constant as numerous analyses have been

added to the program's capabilities. However, program core requirements do

vary as a function of model size, growing as the square of the number of states

in the model.

3.2 PROGRAM STRUCTURE

Figure 3.2--1 contains a macro flo g diagram of the SIMWEST Analysis program.

This flow diagram shows the principle tasks of the program. For each task, a

statement number of the main, (NONSIM), program is given along with the name of

the principle program that accomplishes that task.

The sequence of performing.the various tasks depends on the analysis and data

requests. As each analysis is performed, its outputs are generated on the

lineprinter.

3.2.1 Overlay Structure

Figure 3.2--2 contains a diagram of the overlay structure of the Analysis

program. The main program, (NONSIM), the system model, (EQMO, DATAIN, MODEL

A and standard component subroutines), and other frequently used routines reside

in the main overlay, (0,0). Table 3.2 =1 provides a brief description of each

overlay.
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FIGURE 3.2-1 SIMWEST ANALYSIS PROGRAM — MACRO FLOW DIAGRAM j
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TABLE 3.2-1	 OVERLAY DESCRIPTIONS

Overlay Main Program
Level Name 'Description

(0JO NONSIM Contains system model. and frequently used
routines such as eigenvalue-calculation
routine, EGVL3.

(1,0) INIT Program initialization

(2,0) INTERP Interprets data input and analysis request
commands

(3 1 0) GFBTCH Algebraic -Function scan

(4,0) SI'BTCH Nonlinear simulation

i	
(4,1) NRKV Runge-Kutta integration

(4,2) DIFSUB Gear integration

(5,0) LABTC Linear Analysis and Eigenvalue Sensitivity

(6,0) SMBTOH Stability Margin

(7,0) TFBTCH Transfer Function

(10,0) SSBTC Steady State Calculation

(11 2 0) RLBTCH Root Locus Calculation

1
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The INTERP program is brought into core to interpret each input data card.

Those program commands that involve only data storage or modification are

performed by INTERP or one of the other routines in the (2,0) overlay. When an

analysis request command is encountered, INTERP returns control to the main

program which calls in the appropriate analysis overlay.

3.2.2 Command Interpretation

Figure 3.2-3 contains a macro flow diagramdiagram of the Analysis program command

interpretation process. Each input data card is read and printed to provide a

record -of the progress through the analysis requests. Phrases are identified

on each card by the routine NXTPH. When a blank phrase is encountered, a new

card is read. Each phrase is tested against the three types: command phrases,

program names, and program values. If one of these types is recognized, the

proper action is taken. If the phrase is not one of these types, a test is made

for an outstanding task. An outstanding task consists of such multiphrase

tasks as defining state names, inputting parameter values, specifying initial

conditions, etc. If there is no outstanding task, the warning message "CAN'T

INTERPRET xxxxx" is printed and the program goes on to the next phrase.

3.2.3 Temoorary Files

Two temporary files TAPE25 and TAPE30 are used by the Analysis program. TAPE25

serves as a temporary buffer for steady-state and simulation plot data. The

plot data for each report interval is stored on TAPE25 until all report inter-

vals for the steady-state analyses or the simulation analysis have been comple-

ted. Upon completion of the steady-state or simulation analysis, information

describing the number of plots, report intervals, and plot scales are placed on

TAPE30 and the plot data itself is transferred from TAPE25 to TAPE30. For

other analyses such as root locus or transfer functions, the plot data is

placed directly on TAPE30 upon the completion of the analysis.

Upon completion of all analyses for a particular run, TAPE O is processed by a

separate program (NSMPPT) to generate lineprinter^ plots.



This code is located

in the I M RP Subprogram
HEAD AND PRiN-rREAD AND
COMMAND CARD IMAGiw^	

PRINT
COMMAND
CARD

120
NXT?"

LOCATE
LOCA'f 11;NEXT M. SA5^	 NEXT

PHRASE

IS	 YES
PHRASE
BLANK?

LCMPF3iS
PHRASE	 'YES.

Tr=$T FOR COMMAND	 C IMAND '
PHRASE	 PHRASE

YES
TESTF0* R PROGRAM
NAME

tNQ

4

YES
EST .FOR PROGRAM

VALUE

BRANCH TO
/ NEW COMMAND

27 0'	 228	 -230	 232 ^ ^ ^

LOAD NEW
PROGRAM NAME.

LOAD NEW
PROGRAM VALUE

!S
TH S AN	 YES.

STFORt1NFlNlSHEF]	 OUi^iA^VgfNG
TASK	 TASK

TASK NO

BRANCH

OUTS:}" AN OI NG
TASK

X90	 420 	 430	
^^'



3.3	 ANALYSIS PROGRAM SOURCE LI^iTIi^lGS

Compilation listings for the simulation program follows. Some subroutines

such as NXTPH and LCMPH are used in several of the programs and will be found in

the source listings  for the FILOAD program (Section 4,, 3) . There are f i ve

subroutines which are only called by the model EQMO or the library components.

These are listed after the simulation program source. The names of the simula-

tion routines, in order of appearance, are:

BLOCK DATA	 PLINIT
CODGEN	 PLOTAB
CODLOD	 PREC2
DIFSUB	 QNWT2
DIFSU2	 RKINIT
DISPLA	 RLBTCH
DTTIM	 ROTCAL
EGVL3	 SCALE
EQVCL	 SETIN
EVAL2	 SHELLX
EVCHB	 SIBTCH
EVORDR	 SLVEQ
FSHELL	 SMBTCH
GANMAR	 SS3TC
GFBTCH	 SSBTCH
Iii IT	 STABMX
INPUTS	 STEPI
INTERP	 TABIN
LABTC	 TFEVAL
LABTCH	 TFBTCH
LPRINT	 THSB2
LUEQS	 TITLE
NAMES	 TRNFCN i

NATFRQ	 VALUES
NONSIM	 VARMOD
NRKV	 VAROUT
NRKVS	 XFR

µ

i
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G BL.00KDA
.. BLOCK DATA

C VERSION 3.	 REVISED: APRIL 30 1976
COMMON /CSIMULJIPRIN*IPRATEpIDUTsNPTStUPTMAXvINDMAXYiINC:TMAX

I iIN0EX:IPL0T7lDF-NT(4)
COMMO N/CPRON/PRONAM(B 3 /GPROV/PVALUE ( 27):°C SMPAR/SMPARCIO) aICIND(2 9
COMM OU/CCOMM11COM Its) a I PHRS p IlNDEXX
COMMON /GSC;ALE/SCALE(5x4a6)w&VAR(5 r2*6BaNPLTS(b)
COMM fjN/CIO/IREADr I WRIT E 7 IDIAG
COMMON/CPRINT/PRTHAMC ID) Y LPRT( IO )
GDMM ON/COVR LY /INST a LOKSS gLGKSI M I CPUS EC
REAL	 IDENTAVAR=PRONI MISMPAR
DATA IPRINgIPRATErIO OT IT INC Y TMAX/Owl tl.v.lal.f
DATA IDENT/4*10HTIME
DATA lNDEXp IPLUT/0 rl/ t INDEXX/0/
DATA PRONAM/B*IDH	 /oSMPAR/S*IOH
DArA PVALdJE/-1.aI.^--1sa0Qs3 ^sU..al oa ^a3^ Y ^Ly^I .r.I rIQ(I.s--^ pal.. x54r

^^{^.p^ryZrpt7m9^l.^.r^a► p^ra^.^maQr=f^.lVr/
DATA UPTMAX/I/r INDMAX/505/
DATA NPLTS/3*I.p3*G/rNVAR/30*lGH	 /:SCALE/120*0.1
DATA 1:CIND/2*D/
DATA 1READwIWR,ITLjJDIAG/5,66.0/
DATA PRTNAM/I 0*-'l0 -( 	 /s LPRT/10*0/
DATA INSIaLDKSSYLOKSIM/3*1/rCPUSEC/O./
END

,,  
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CCODGEN
SUBROUTINE CODGECN( . IDENTiICrICODE ) iRP-TURNS(RlI

C PURPOSE: GENERATE INTEGER IDENTIFICATION CODES GIVEN ALPHANUMERIC
C CALL SEQUENCE: IDENT = ALPHANUMERI C IDENTIFIER
C	 IC	 = INITIAL CONDITION INDICATOR
C	 ICODE = INTEGER CODE NUMBER
C	 RI	 = RETURN TAKEN WHEN IDENTIFIER CANT BE FGUND
C CODs SCHEME: THE SEVENTH COLUMN IS USED TO DESIGUATE WHICH GROUP
C	 THE QUANTITY BELONGS. THE FOLLOWING CODE IS USED:
G	 STATE VARIABLES	 = 0
C	 STAT;L DERIVATIVES = 1
C	 STATE I.C.*S	 = 2
C	 VARIABLES	 = 3
C	 PARAMETERS	 = 4
C

	

	 I.CODE	 = 0 IS USED F13R 71ME
COMICGN/GNAMEX/NAKEX(I.)/CNAMErRINAMER(I)ICNAMEV AME;V(I)/CNAfIEP/

I. NAME.P M
•	 COMA! ^^'CI^kDERBhIR^C sEdE^^Im NdI^

REAL IISENT,mAMEXiNAMERiNAMEVtNAMEPiNTIMEYBLAtiK
DATA NTIME/10HTIME	 d vBLANK/l0H	 f
IF (I DI:NT.EQ .BLANK) GO TO 260

C TEST FOR TIME CODE
IF(IDENT.NE ..NTIME) GO TO 80
I.CO D E=0
RETURN

C SEARCH STATE NAMELIST
30	 CALL LCMPH(TDENT,NAMF-XvNOXSIvlCODEI

IF(ICODE .EQ.0) GU TO 40
IF(IC.EQ . 0) RETURN
GO Ta 255

C SEARCH VARIABLES NAMELIST
90	 CALL LLMPH(IDEN'T,NAMEVYNOVTI$ICODE)

IF(ICODE.K.0) 60 TO 225
C SEARCH ELATES NAMhLIST

CALL LCMPIIIIDENTgNAMERiNOXtivlCQDE)
IF(ICODE.ENE.0) GO TO 235

C SEARCH PARAMETER NAMELIST
CALL LCMPH ( I DENT j NAMEP ,b (iPv Im ICODE )
IF(ICODE.NE . 0) 60 TO 24

C I DENTI F I'.; R CAFE*T BE RECOGNI ZEU.
xCODE.--1
RETURN RZ

225	 ICOD E=I CODE+3000000
RETURN

235	 ICODE=ICODE+3.000000
RETURN

245	 ICODE=ICODE+4000000
RETURN

255	 IGOD E=ICODE+200000.0
RETURN

260 ICODE=---I.
RETURN
END



CCO9 LOO
SUBROUTINE CODLDDlNAME*NrlNITAL)

C PURPOSE: LOAD NAME, ARRAYS WITH DEFAULT NAMES.
C CALL SEQUENCE: NAME = N X I NAME ARRAY*
C	 N	 = FAO., OF NAMES IN ARRAY.
C	 INITAL = INITIAL CHARACTER WORD.

REAL NA.MELN)
C	 SCAB NAMES.

Do 100 1=11N
G BLANK UUT NAME.

i,*A.ME(I)=IOH
G PUT INITIAL CHARACTER IN TST CHARACTER OF NAME.

.ALL €'UTT [NAME (I) v I a Iii ITAL )
C CONVERT I TO BCD.

ENCODkl IO rllt NUM) I
Ii	 FORMAT(110)

K=2
C SCAN CHARACTERS. OF NUM FOR NUMERIC VALUE.

Dq 50 U=IrIO
C GET JTH CHARACTER OF NUM.

GALL GETT(NUMpJ.yKAAR)
C TEST FOR BLANK CHARACTERS AND SKIP THESE.

IF(KAR.EQ.10H	 ) GO TO 50
C LOAD NON-BLANK CHARACTERS CONTAINING NUMERIC INTO NAME.

CALL PUTICNAMELI),KTKA R)
K=K+l

50 CONTINUE..
100 CONTINUE

RETURN
END
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cDIFSUB
6VERLAY(NONSIMv4r2)
PROGRAM DIFSUB

C PURPOSE: PERFORM NUMERICAL INTEGRATION USING GEAR ALGORITHIM
C VERSION 2»3	 REVISED: MARCH 23 1976

COMMONfCTIME/TIRE/CX/X €1)/ERMESS/IFATALrIERR
COMMON/CSIMULTDUM(6} YTINC$TMAX
COMMON/CORD ERNS IM vNOV s NOP
COAM0#/CWORK/W$1)
COMMON /CDIFS/JSTART=KINlTsTP

C	 IF FIRST CALL — INITIALIZE PARAMETERS
IF(J START.Nk. 0) GO 70 9
TIMG-TIME
HMAX=TINC
HMlN=AAIN1(1.E-5 7 TINC,/10000. )
H =HKIN*100`
MAX©ER=6
MCP S= I.E-05
ND=NSIM
M1=l
m2=&-ND+l
M3 =M 2+12 *NE3
M4=M3+ND
M5=M4+ND
DO 5 1=12USIM

5	 W(M3-1+I)=ANAX1l1. vA8S(Xll)) )
GALL XFR(XvW7US114)

G	 CHECK IF NEXT STEP [WOULD INCREASE TIME PAST TP
9	 TIME=TIMD

10	 GALL DIFSU2(NSIM T TIMDYWEMI) t WE M2):H * HMIN*HMAXsEPSsW(M3) t WIM4) s
lKINITvJSTART ? MAXDER 7 W(H5) vND)
IFIKINIT.LE.0) GO TO 30
IF(TIMD .6E.TP)60 TO 15
GO TU 9

15	 HE=i TP—T IMD) /H
HEJ =HE
GALL XFR(WvXwNSIA)
DO 19 I=123START
DO 17 J=IYNSIM

17	 X(J)=X(J)+W(I*NSIM+J)*HEJ
19	 HEJ=HEJ*HE

TIME=TP 
TURN ON ERROR MESSAGES IN MODEL

.IERR=I.
CALL EOMO(TIMEsHTO)

C --- ----,---- TURN[ OFF ERROR MESSAGES IN MODEL
IERR =0
GO TO 100

30	 CONTINUE
WRITE$6731)TIME9H%JSTART

31	 FORMAT(/l5Xs*DROPPED BACK TO RUNGE—KUTTA METHOD FOR 100 STEPS AT: s
1TIME=*tGI.3.5v* STEP SIZE=*rG13.5v* ORDER =*v I3)

DO 32 I=1*NSIM
J=M4-1+1

32	 W(J)=W(J)/WlM3-1+I)
WRITE(6:33) (MCM4-1+1),pl=ItNSIM)

33	 FORMAT(/'50Xs*RELATIVE ERRORWIOLG13.5) )
WRITE(6s34) (W (M3-1+1) sI=lvNSIM)
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34	 FORMAT[t30Xv*MAX STATE 9 (MIH=lJ v SINCE LIST Tli*C INTERVAL*/
I ^.O^G13.^)1	 A.

KIM T--G
.)START =0
CALL XFR(WvXvNSlM)

100 CONTINUE
B%D
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CDIFSU2
SUBROUTINE DIFSU21N$T,YvSAVE,H,HMII!vHMAXiEPStYMA.X,ERRORY

X	 F.FLAG x JSTART 9 M AXDEF& v PW v ND )
C VERSION 21	 REVISED= JAN 7 1976
C N THE NUMBER OF FIRST ORDER EQUATIONS
L	 MAY BE DEGREASED ON LATER CALLS IF NUMBER OF ACTIVE EQUATIONS REDU
C	 BUT IT MUST NOT BE INCREASED WITHOUT CALMING WITH .)START = Oo
G ND	 FULL DIMENSION OF STATE VECTOR
C T	 INDEPEMDE11T VARIABLE
C Y 8*N VECTOR CONTAINING DEPENDENT VARIABLES AND SCALED DERIVATIVES
C	 Y(I+(J-1)*ND) CONTAINS J TH DERIVATIVE OF Y(l) $ SCALED BY H**J/J
C	 ONLY Y(1) NEED BE PROVIDED BY CALLING PROGRAM ON FIRST ENTRY
C
G	 IF INTERPOLATION TO NON MESH POINTS IS DESIREE) Al T+E AND CURRENT
C	 STEP SIZE IS H9LET S = E/H AND COMPUTE (YI)(T+E) = SUM Y(I+J *N)*S*
G	 FROM J=O TO J---NQ
C SAVE AT LEAST 12*N LOCATIONS
C H STEP SIZE TO BE ATTEMPTED ON THE NEXT STEP.
G	 IF VALUE PROVIDED BY THE USER DOES NOT CAUSE A LARGER ERROR THAN N
C	 IT WILL BE USED. THE USER IS ADVISED TO USE A SMALL. STEP FOR FIRST
C HMIN MILD STEP SIZE
C HMAX MAX STEP cIZL
C EPS ERROR TEST CONSTANT. SINGLE STEP ERROR ESTIMATES DIVIDED BY YMAXZ
C	 BUST BE LESS THAN EPS IN EUCLIDEAN NORM.
C YMAX (N) ARRAY CONTAINING MAX SO FAR. NORMALLY SET TO 1 BEFORE FIRST E
C ERROR (R) ARRAY CONTAINING ESTIMATED ONE STEP ERROR
C KFLAG A COMPLETION CODE
C	 +1 STEP WAS SUCCESFUL.
C	 —1 STEP TAKEN WITH H = MIN BUT REQUESTED ACCURACY NOT ACH
C	 —2 MAXIMUM ORDER SPECIFIED WAS FOUND TO BE TOO LARGE
C	 --3 CORRECTOR COMMERGENCE COULD NOT BE ACHIEVED FOR H.G7.HMI
C	 —4 REQUESTED ERROR IS SMALLER THAN CAN BE HANDLED
C JSTART AM INPUT INDICATGR
C	 --1 REPEAT THE E. AST STEP WITH A NEW H
C	 G PERFORM THE FIRST STEP
G	 +1 TAKE A NEW STEP CONTINUING FROM THE LAST
C	 JSTART IS SET TO NQ, THE CURRENT ORDER OF THE METHOD AT EXIT.
C	 NQ IS ALSO THE ORDER OF THE MAXIMUM DERIVATIVE AVAILABLE.
C	 IT BUST BE LESS THAN b OR 7 FOR ADAMS OR STIFF METHODS RESPECTI
C MAXD: R THE MAXIMUM DERIVATIVE THAT SHOULD BE USED
C Ply 	A BLOCK OF AT LEAST N**Z FLOATING POINT LOCATIONS.

COMMON /CX/X(1) /CXDDT/XDOT(1)
DIMENSION Y(1) 7 YMAX[1)sSAVEZ I),ERROR[1),PWEI),

1	 A(8)IPERTS17(7,3)
DATA PERTST /2.Q,4.5,7.333110.42,13.7,17.15PI..@,

1	 3.096.019.167,12.5vl5..9811.0,1.Oj
1	 I. a1. vO.5,0.1667,0.0413310.008267s1o0/
DATA AM / --1.0/
IRET =1
FP Z= 1. E-15
KFLAG = I
IF ( JSTART.LE.0) 60 TO 140

100 DO 110 J=1aK
JJ=( J—I.) *ND
LEO 110 1 = Iva

110 SAVE(JJ+I)=Y{JJ+1)
HOLD = HNEW
IF ( H.EQ.HOLD) GD TO 130

t

E

-	 BCS 40262-2
	

81



120 RACUM =H/HOLD
IRETI = 1
GO TO 750

130NQOLD=NQ
TOLD = T
RACUM = 1.0
IF (JSTART.GT.0) GO TO 250
GO TO 170

140 IF (JSTART.EQ--1) GO TO 160
NQ = I
N3 = MD
N1 = N*10
.N2 = N1. + 1

N .5	 NI t 1 0
NS=S*fiD
N9=9*NO
NE=N(7^2#1
N6 = N5 + 1
CALL XFR(YYXtN)
GALL EQMO(TvHvUl
DO 150 1 = I TH

150 Y(NO+I) = XDQT$I)*H
HNFW = H
K = 2
CO TO 100

160 IF (NQ. EQ.NQOLU) JSTART = 1
T - TOLD
NQ = NQOLD
K=NQ+1
GO TO 120

170 IF (NQ.GT.6) GO TO 190
GO TO (221,222r223:224,225Y226)jNQ

190 KFLAG = -2
RETURN

221 A(1) _ -1.
,60 TO 230

222 AM = 6060 2525 2525 2525 2525B
A(3) =	 6061 2525 2525 2525 252503
GO TO 230

223 A (1) = 6060 3505 6427 2135 0564B
A(3) = A(1)
A(4) = 6063 2135 0564 2721 3506E
GO TO 230

224 A{ 1) = 6061 0243. 6560 5,075 3412E
A1 3) = 6060 2314 6314 6314 6315E
A(4) = 6062 1463 1463 1463 1463E
A(5) = 6065 2702 4365 6050 75343
GO TO 2.30

225 A(1) = 6061 0774 2064 2443 4016B
A(3) =	 6060 1334. 3761 0321 2215B
A(4) = 6061 30122 5372 3116 3664B
A(5) = 6064v 0774 2064 2443 40168
A ib) = 6070 0415 0510 7003 5713E
GG TO 230

226 A(1) = 6061 1360 2471 3602 47138
A(3) = 5060 0505 0505 0505 05055
A(4) = 6061 1252 5252 5252 52533
A(5) =	 6053 1515 1515 1515 1515B
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A( 6) = 6066 1717 .1717 1717 1717B
AM = 6072 3266 2155 3043 77328.

}	 230 K = UQ + 1
IDOUS = K
ENQ2 = .5/FLQ.AT(NQ + 1)
ENQ3 = .5/FLLAT(NQ + 2)

ENQl = 0.5/FLOAT(NQ)
}	 PEPSH = EPS

EUP = (PERTST(NQ, Z)*PEPSH)**Z
E = (PERTST(NQ, I)*PEPSH)**2
EDWN =(PERTST(NQg3)*PEPSH)**2
IF (EDWN.EQ.O D GO TO 780
BND = EPS*ENQ3/ FLGA7LN)

240 IWEVAL = Z
GO TO [ 250 r 680 )vIRET

250 T = T + H
DO 260 J — Z r K
DO 260 J1 = JsK

J2 = (K —J1 + J — 2)*ND
J3=JZ+ND

DD 260 1 = IvN
260 Y(J2+I)=Y(J2+Il+Y(.l3+11

DO 270 I = l s N
s	 270	 ERRORIT) = 0.0

DO 430 L = 1,3
'	 CAL.L XFR(Y ? XpN)t

GALL EQMO (T: H T O )
}	 CALL XFR(XDOT,SAVE(N2l,N)

IF (IWEVAL. LT .11 G0 TO 350
GO TO 310

290 N 11 = N3 + 1
N12 = N*%!l — N3
DO 300 I = I I N12 su11

300 PW (I) = 1.0 + PWM
IWEVAL = --1

'	 CALL LUEQSLPWyKKsrltKvPW(NE)sNtOsNDslvl-PFPZtJl)
IF(JI.EQ-0) GO TO 350
GO TO 440

310 00 320 I = lim
320	 SAVLCNB+I) = Y(Il

DO 340 J = 17N
R = EPS* AMAX1(EPS,A8S(SAVE(N8+J)))
Y(J) = YM * R
D = A(I)*H/R

X31=^J-1)*N0
l	 CAL€. XFR(Y,X,M)

GALL EQMO (TvHiQl
GALL XFR(XDOTsSAVE(N6)vN)

DO 330 I - 3 a N
i	 330	 PW(N13.+I) = (SAVEIN5+1) -- SAVE(Nl+l))*D

340	 Y(J) = SAVE(NB+J)
GO TO 290

350 CONTINUE
370 00 380 I = I,N
380	 SAVF(N5+1) = Y(ND+I) -- SAVE€NI+I)*H

_.	 CALL SLVEQ(PRiSAVE(N8+1)tSAVE(N6)2.PWEetE)sNvlvNDvNsNfFPZ.YJI)
410 NT = N

i	 ^



'.L

Y(I)	 = Y(I) + .A(l)*SAVE(N8+I)
i v(ND+t) = Y(ND+I) — SAVE(N8+I)

ERROR(l) _ ERROR(I) + SAVE(Na+l)
IF	 iABS(SAVE(N8+1)).LE.(BND * YMAXI	 ))) SIT W NT — I

420 CONTINUE
IF (NTOLE.0) GO TO 490

430 COXTIRUE
440T= T	 --!)

IF	 (H. LE. (HMI,N*1.00001) ).AND. (( IWEVAL — 2) .LT. -fib) GCS TO 460
IF (IWEVAL.NE.0) RAC-UM = RACISM *0425
IWEVAL = 2

j IRET1 = 2
GO TO 750

460 KFLAG = --3
1-70 DO 480 J=I vK

J J= (J—I) *ND
DO 480 1=1wN

480 Y(JJ +I) 	= SAVE(Jd+l)
H = HOLD
NQ = MQ OLD
JSTART = NQ
RETURIO

490 €3 = Q. 0
DO 500 I = ItN

500 D = D + $ERROR(I)/YMAX(I))**2
IWEVAL = 0
IF (D.GT.E) GO TO 540
IF (K.LT.3) GO 10 520
00 5.10 J = 3xK
JJ=(J-- I) *ND

DO 510 I = 11N
510 Y(JJ+I)	 = Y(JJ+I)	 + A(.4)*ERROR(I)
520 KFLAG = +1

I MEW = H
IF (IDOUB.LE.1) GO TO 550
IDOUS = IDOUB — I
IF (IDOUB.GT.1) GO TO 700
DO 530 I = 18it

530 SAS"E(N9+1) = ERROMI )
GO T13 700

540 KFLAG = KFLAG —.2
IF (H. LE. (HMIN*)..0000l)) GO TO 740_
T = TOL€3

{ IF ( KFLAG.LE.--S) GO TO 720
550 PR2 = (D/E) **ENQZ*1.2

PR3 = I. E+20
IF ((NQ.GE.MAXDER) .OR. (KFLAG.LE.---I.)) 	 GO TO 570
D =.0.0
DO 560 I = 19M

560 D = D + (€ERRQR(I) — SAVE(N9+1))/YMAX(I))**Z
PR3 = (D/E.UP)**ENQ3*1.4

570 PRA. = I..E+20
IF (NQ. LE..1) GO TO 590
D -- 0.0
.!J=(K-1) *ND
DO .580 1 = 1:r N

580 D = D + (Y(JJ+I)/YMAX(I))**2
PR1 = (D/EDW14)	 ENQ1*1.3
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590 CONTINUE
IF (PR2.LE.PR3) GO TO 650
IF (PP,3.;L.T.PRV GO TO 6f>o

,600 R = l.0/AMAX1(PRlr l.E-4) -

NEWQ = NQ — I.
s	 610 TDOU6 = to
I	 IF ((KFLA.G-EQ.1) aAND. (R.LT. 11.1))) GO TO 700 	 1

IF (NEWQ. LE.NQ) GO TO 630
.(J=N EWQ-O'ND
DO 620 I W lad

62.0	 Y(JJ+I) = ERROR(l)*A(K)OFLOAT(K)
63O K=NEWQ+

IF (KFLAG.EQ-11 GO TO 670
RACUK = RACUM*R
IRETI. = 3
GCE TU 750

640 IF (NEWQ.EQ.NQ) GO TO 250
lqQ = NEWQ
G© TO .170

650 IF (PR2.GT.PRl) GO TO 600
NEWQ = NQ
R = l.0/AMAXI(PR2sl.E--4)
GO TO 610

660 R = l.O/AMAX11PR3,1bE--4)
NEWQ = NQ + l
GO ' TO 610

670 IRET = 2
R = AMlml(R,HMAY6A&S(H))
H = H*R
H14 EW = H
IF (NQa.EQ.NEWQ) GO TO 680
NQ = NEWQ
GO TO 17G

680 R1 = 1.0
DO 690 J = 21K

RI. = R1*R
JJ= { J— l) *NQ	 {

00 640 I = lgN f

690	 Y(JJ+I) = Y(JJ+I)*R1
lDOUB = K

700 DO 710 I = 17N
710

	

	 YMAX(I)	 AMAXI(YMAX(l),AB €Y(I.)))
JSTA RT = NQ
RETURN

720 IF (NQ.EQ " l) GO TO 780
CALL XFR$Y$XF?i)
CALL EQMO(T,H:O)
CALL XFR(XDOTISAVE(NZ),N)

+s





GDISPLA
SUBROUTINE DISPLA(IO3SP.L,YgIPHRStMODEvICOL)

G PURPOSE INTERPRETS INPUT DATA PHRASES THAT DESCRIBE GRAPHIC DISPLAY
C GALL SEQUENCE: IDSPL.Y = DISPLAY NUMBER.
C	 IPHRS = PHRASE TO BE INTERPRETE€3..
C	 MODE . = MODE = 172,3 INDICATES THAT VSTYRAN"GEsOR
C	 XRANGE RESPECTIVELY WAS THE LAST INTRUCTION .
C	 TCOL = SET EQUAL. TO THE CQL.UMM NUMBER IN SCALE.

COMM ON/CSCALE/SGALZ 5f4w6) ,04EVARC5s2=6) INPL.TSt6)
REAL NVAR,IPHRSYLIST(3)
DATA LISTI30HVS	 YRANGE	 XRANGE

C CURRENT NUMBER OF PLOTS/DISPLAY.
-1 iPLT=mPLTS(I D5PLY)

C SEARCH FOR COMMAND WORD-
CALL LGHPH(IPHRSgLlSTT3:1,IC©DEJ
IF(.I.CODE.LEd.0) GO TO 20

C SAVE ICUDE IN NODE AND BRANCH TO SET ICCGL IF REQUIRED.
MODE=ICQDE
GO TO (100 1 2Ea0, 300 )11CODE

C TEST FOR NUMERIC PHRASE.
zo	 CALL NUMERCC IPHRS) #RETURNS (60)

IF(MODE.LE.2) GO TO 40
C CONVERT X SCALE FROM A TD G FORMA`'.

`	 CALL a CDREL(SCALLiNPL,T tICDLvIDSPLY)tIPHRS)
ICOL=4
RETURN

` s	 C CONVERT Y SCALE FROM A TO G FURMAT.
LALL BC DREL ( SCALE (NPLT ¢I COL T IDSPL.Y) i IPHRS )
ICDL=2
RETURN

60	 IFCMODE.EQ.1) GO TO SCE
Q	 NPLT=MINQ(NPLT+I ,;5)

NPLTS(IDSPLY)--RPLT
i	 C LOAD Y AXIS NAME.

NVAR(NPLTt1vIDSPLY)=IPHRS
GO TO 90

C LOAD X AXIS NAME.
80	 NVAR(NPLY,2vI.DSPLY)=lPHRS
90	 MODE =--1
1010	 RETURN
C SET aOLUMN INDICATOR TO I FOR YRANGE.
200	 IC:DL=l

RETURN
C SET COLUMN INDICATOR TO 3 FOR XRANGE.
300 ICO L.=3

RETURN
END

Ij
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^iG!]TT IM
SUBROUTINE DTTIM (A)

G
G	 GET THE CURRENT DATE AND TIME
c

DIMENSION A(I)
A(l] = DATE(Ii
A(2} = TINE(l)
RETURNEND



C EGVL3
SUBROUTINE EGVL3(Avff.,E tEliTA*IBg1CtID,YDWtFPZrNAvMA)

C	 SUBROUTINE TO COMPUTE EIGENVALUES OF A
C	 INPUTS ARE "r

C	 A THE SYSTEM MATRIX RHICH IS UNALTERED 5Y THIS PROGRAM
C	 NA THE ORDER OF THE SYSTEM
C	 MA THE ROW DIMENSION OF THE MATRIX A
C	 FPS, THE PRECISIBN TNUICAIIDR
C

C	 ON SUCCESSFUL COMPLETION ( TERROR=O)
C	 ER CONTAINS, TNtE REAL PARTS OF THE EIGENVALUES
C	 ET COATAINS THE IMAGINARY PARTS OF THE EIGEkVALUES
C

C	 DIMENSION INFURMATION
C	 B IS A NA**2 VkCTOR
C	 lA:IBvIC:YDvDW ARE NA LENGTH WORK VEG`FDrRS
C

C	 THIS PROGRAM WAS DESIGNED AND CODED BY A. FREDERICK FATH OF
C	 BOEING COMPUTER SERVICES, SEATTLEy WASHINGTON. THIS VERSION
C	 WAS COMPLETED DURING APRIL 1975.
G

DIMENSION, A(1tiAY1^m^REI?rEI^I )aSEI]sIRQ^T )^IB^t^^ZGL1BsIU^ I^rseD^{i?
TERROR.=O
CALL PREC2(ATBIDWs1AsIB,IC91DyNSM3,NA¢MA)
CALL THS5Z(Bv?C, IDsNA7MAD
CALL EVCHB(B,ERvkI,ICTFPZ^NSM7MATIERROR)
RETURN
END



C iEQVCL
SUBROUTINE EQVCL(NNDIMgAvIPERMtNIX P ISTACK t IEQUIVYLOC)A

C
C
C.
C.	 PROGRAM. TO DETECT AND ISOLATE EQUIVALENCE GLASSES UNDIER
C	 REACHABILITY WITHIN A GRAPHw GIVEN A CONNECTION MATRIX OF
C	 THE GRAPH- THE OUTPUT IS AVAILABLE IN STACK AND EQUIV.

C
G	 DESIGNED BY E, MCCREIGHT, NOVEMBERr 1969.
C	 INFORMATION SCIENCr--S LABORATORY
C	 BOEING SCIENTIFIC RESEARCH LABORATORIES
G	 SEATTLE, WASHINGTOO

DIMENSION A(NDIMvNDIR)tISTACKENDIM)rLDC(NDIM)tIEQUIVINDIM)
DIMENSION IPERM(NDIK)

C,	 INITIALIZE THE VECTORS WHICH INDICATE THE EQUIVALENCES DISCOVERED
C,	 AND THE ROWS COMPLETELY OR PARTIALLY PROCESSED.
C

ISTKP=l
IEQCP=N
00 80U3 I=ITN

8003 LOCI)-0
C,
C	 TRY TO MAKE EACH ROW 13 SUCCESSION THE ROGT OF A DEPENDENCY TREE.

8000 CONTINUE
C
C	 HAS THIS ROW ALREADY BEEN PROUSSED

IF (LOCEI).EQ.-I) GO TO 8100
C
C
C	 START AT THE LEFT DF THE ROW AND WORK TO THE RIGHT.

6004 J=l
LOC(I)=ISTKP
IEQUIV(I)=l

C
C	 READ ACROSS THE ROW. WHEN YOU COME TO. A NON ZERO ENTRYv BREAK
C	 OUT.
C

8005 IXl=IP.ERM(I)
DO 8010 K=JrN
IF (A(IXIjIPERH(K)).EQ.O.f)0) GO TO 8010

C,

G	 DID WE DISCOVER I TO BE EQUIVALENT TO ITSELF WE ALREADY KNEW
C	 THAT.
C

8020 IF LK.EQ.1) GO TO 8010

C	 DID WE DISCOVER I TO POINT TO SOME ROW WHICH WE HAVE ALREADY AT
C	 LEAST PARTIALLY PROCESSED THIS IMPLIES THAT I IS EQUIVALENT TO
C.	 THE LOWEST ROW TO WHICH THAT ROW IS EQUIVALENT Y IF THAT ROW IS
C	 STILL IN THE STACK.
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C
IF (L.00(K?.NE.0) GO TO 8050

C
C	 DID WE DISCOVER I TO POINT TO SOME RU4 WHICH HAS NEVER BEEN
C	 UNDER CONSIDERATION IF SOg INTERRUPT EVERYTHING AND CONSIDER IT
C	 NOW.
G

ISTA CSC (I S€KP) =I
ISTKP=ISTKP+1
I=K
GO TO 8004-

C
C	 FIND THE LOWEST ROW TO WHICH ROW K IS EQUIVALENT. IF THIS LOWEST
G	 ROY IS SWILL IN THE STACKr SEE IF IT IS THE LOWEST ROW IN THE S€—
C	 ACK TO WHICH WE KNOW ROW I TO BE EQUIVALENT.
C

b05O IF (LOC (K) .GT.0) &0 TO 8051
KI=IEQUIV(K)
IF (LOG(KI) .LE.G) GO TO 8010
GO TO 8052

b051 Ki=K
8052 IF (LOCLKl).G.E.LOC(IEQUIV(I))$ GO TO 8010

IEQU IV (I) =Kl
8010 CONTINUE

C
G	 THE READ ACROSS ROW• I IS COMPLETE. INDICATE THIS.
C
5015 LOCI)=-1

c
C	 TRY TO' MOVE BACK TOWARD THE ROOT ROW. IF THIS IS THE ROUT ROWw
C	 THEN SELECT A NEW ROOT ROW AND MOVE THIS ROW TO THE OUTPUT QUEUE.
C

8014 IF (ISTKP.EQ.1) 60 TO 6090
I.STKP=ISTKP-1

C
C
C	 SET UP ROY I WITH ITS NEW EQUIVALENCE AND TEST WHETHLR THE EQUIV -
C	 ALENCE IS TRIVIAL.
C

8016 K2--IFQUIV(1)
8019 IRV=I.

IF [IEQUIV(I).EQ.,I) GO TO 8091
C
G
C	 SEE IF THE BEST EQUIVALENCE NOW KNOWN FOR ROOF I IS IN FACT BETTER
C	 THAN THE BEST KNOWN EQUIVALENCE FOR I*S FATHER AS WELL. IF SO,
C	 RECORD IT IN THE VECTOR L.OWST.
C

K1=ISTACK(ISTKP)
IF (LOC(lEQUIV(Kl)).LT.LOC(K2)) GO TO 801E
IEQUIV (KI_)=KZ

8018 CONTINUE
C
C	 NOW COMPUTE THE TRANSITIVE CLOSURE OF THIS NEW EQUIVALENCE CLASS.
C

DO 6017 K1=IvN
IF (IEQUIV(KX).EQ.I) IEQUIV(KI)=KZ

8017 CONT IMUE
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c
8024 J=I+ l

x=ISTACK €ISTKP)
IF J.GT.N1 GO TO 8015
GO TO 8095

C
C
C	 ENTER THE CANONICAL ELEMENT OF AN EQUIVALENCE CLASS INTO THE
C	 QUEUE OF SUCH ELEMENTS. IF THE QUEUE IS EMPTY 9 INITIALIZE IT.
C	 OTHERWISE ENTER OUR NEW ELEMERT AT THE TAIL.
C
8090 IRV=2
8091 ISTACKtIEQCP)=1

IEQCP=IEQCP-1.
GO TO [80240100 17 IRV

C
C	 END OF MAIN LOOP.
C
8100 IF(I.GE.N) GO TO 8104

I=T^-^l
GO TO 8000

8104 CONTINUE
C
C	 NOW TRANSFORM THE EQUIVALENCE CLASSES TO FATH NORMAL FORM=
C	 CONTIGUOUS PARTITION BLOCKS IN OUTI, WITH THEIR SIZES IN GUT2.
C
C	 FIRST FORD A CHAIN FOR EACH EQU1VAa—ENCE CLASS.
C

DD 8105 I=19N
8105 LOCI )=0

DO 8110 1=19tH
J=IEQUIVII)
IF (J.EQ.1) GO TO 8110
LOCE I)=LOCU S

LOC( J) =I
as 1.1 O CONTINUE

C
C	 NOW PROCEED THROUGH THE EQUIVALENCE CLASSES LISTED IN THE QUEUEp
C	 ENUMERATING EACH EQUIVALENCE CLASS INTO THE QUEUE STACK S AND
C	 COUNTING EACH CLASS INTO QUEUE EQUIVo
C

IDIX=1
mIX=I.

8111 IF (IEQCP.EQ.N) GO TO 8120
IEQCP=IEQCP+1
I=ISTACK ( IEQCP)
J=LOC(I )
ISTACK(IOIX1=1
IEQUIV(N.IX)=1

8115 IDIX=lolx+i
IF (J.EQ.0) GO TO 8114
ISTACK(IDIX)=J
IEQUIV(NIX)=IEQUIVfNIX1+1
J=LDC(J)
GO TG 8115

5119 NIX=Nlx+l
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GO TO 8111
8120 CONTINUE

NIX=NIX--x
RETURN
ENO
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CLVAL2
SUBROUTINE EVAL2(XTpNvFUNvPaRMSPF)

C VERSION 3d	 REVISED= JUNE 4 1476
C PURPOSE; EVALUATE MODEL RATES AND CALCULATE THEIR RMS VALUE
C CALL SEQUENCE: XT — STATE VECTOR
C	 N	 — TOTAL NUMBER OF STATES
C	 FUN — FUNCTION TO EVALUATE RATES (EQMO)
C	 F	 -- ( NOT USED)
C	 RMS — RMS VALUE OF RATES
G	 F	 — RATES IRESIDULES)

COMMON /CXSXtl)OCXDOTlXDOT(1)/LINT/ENT(I)/CTIME/TIME
DIMENSION XTd1)vF(1)
J=0
UU 100 I=I,N
1F(INT(I).EQ.0)GG TO 100
U=J+l
X(1)=XT(i)

100 CONTINUE
CALL FUNI TIMEsT1MEp1)
RMS = 0.
J=0
DO 110 I=19N
1F$INT9I).EQ.G)GD TO 110
J=3+1
F(J)=XDGT(I)
RMS = RMS+F(J)*FW)

110	 CONTINUE
RMS = SQRT(RMS)
RETURN
EM,D °



GFVCHB
SUBROUTINE EVCHB(AiEVRvEVIrICrFPZ$NSMeMM71ERROR)

C SUBROUTINE TO CALCULATE EIGENVALUES OF MATRIX A,
C AND RETURN THE REAL PARTS IN EVR AND THE IMAGINARY PARTS Iii EVI.
G IC IS THE BLOCKING INFORMATION VECTOR INDICATING THE IRREDUCIBLE
G BLOCKS CONTAINING THE EIGENVECTORS OF A.
C NSM. 1S THE. NUMBER OF SUCH BLOCKS.
C MM IS THE ROW DIMENSION Mr A
G QR ALGORITHM FROM COMPUTER J.2 VOL- Il i NUM.lr
G MAY 1963r PP. 112--114 2 	ALGORITHM 32 BY GRADrREDISHtBREBNER
C MODIFIED TO PREVENT SHIFT CYCLING.
C FPZ IS FINITE PRECISION ZERO
C

THIS PROGRAM WAS DESIGNED AND CODED BY A. FREDERICK FATE OF
C BOEIftG COMPUTER SERVICES t SEATTLE4 WASHINGTON.	 THIS VERSIUN
C WAS COMPLETED DURING APRIL 1975.
C

DIMENSION A(MMr1)aEVR(1)9EVI(1)v1C(1)
JT=I
ICOUNT =0
IERROR=O
DO 350 IT=19a*SM
IF(IT.EQ.II GO TO 320
JT=IC(IT-1} +1

320 KT=IC(IT)--JT+l
IF(KT-NE.I.) GO TO 340
EVR(JT)=A{JTrJTI

Ell I (JT) =0.
GO TO 350

340 IA=JI
NA=KT

9 SHIFT=0*
N=IA+NA-1
MAXSI=NA*10
IF(A(NvN) .NE.O.) GO TO 1
IF(NA.LE.2) GO TO I
IF(A (N—IgN--1).NE.O.) GO TO I
IF(A (N-1 7 N) -Nr.O.) GO T13 1
SH

/
I

^^
FT=A(NTN--1)

1 X=o.
DO 5 K=IA7N
IF(K.NE.IA) GO TO 2
M=IA
GO TO 3

2 M=K-1
3 DO 5 I=MQ.N
5 X=X+A(Kll) **Z

E=SQ RT (X )
ARB=Ef (N--IA )
E=E* FP Z
M=N
HS =0
NSOLD=O

151 IP=1
IF(M—I,.GE.I.) OLOI=ABS(A(MYM-1) D+I..
IF'(M-2.GE.1) OLD2=ABS(A(M-17M--2) )+1.

10 K=M--1MI=K
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I=K
IF(K--IA+l) 99:11772

12	 IF{M-2.EQ.,0) GO TO 13
IF{ASS(A(M?K) ).LE.E) GO TO 11

16 I=1-1
IF(AbS(A(K T l)).LE.E3 GO TO 17
K=I
IF(K.GT.IA) GO TO 16

17	 IF[K.EQ.Mi) GO TO 13
IF(IP.EQ.2) GO TO 153
IF(ABS(A(MpMl)).LT.QLDlJ GO TO 155
IP=2

153 IF(A5SLA(M1 i Ml-1J ).LTwOLDZ) GO T4 l£54
IP=1
IFiMS.LT.NSOLD+4) 60 TO 157
NSOLD=NS
S=AR B
R=G.
GO TO 1.56

155 0LDl=ABS (A(M 9 Mi) )
154 OLD2=ABS(A(M1aM1—l))
157 CONTINUE

S=A(M t M) +A (MltMl )+SHIFT
R=A(M:M)*A(MlgMl)—AtMiMll*A(MltMI+SHIFT**2*.25

156 A(K+29K)=D.
I=K+I
X=A(KmK)*(A(KvK) —S)+R+A(Kvl )*A (I 2K)
Y=A(I,K)*(A(K,K)+A(I,I)--S)
Z=A(K+Zai)*A(IrK)
SHIFT=O.
NS =U S+l
ICOUNT=IGUUNT + (M —K) **2
DO 29 I=K 7 m l
11=1+1
I2=1+2
13=1+3
IF(I.EQ.K) 60 O IS
X=A(IvI--1)
Y=A (I I: I —1 )
IF(12.LE.M) GO T6 19
Z=00
GO Tu 1.8

19	 Z=Ai I2.&I-1.)
18 S=SQRT(X**2+Y*^2+Z**2)

SR=S
IF(X.LT.G.) GO TO 20
S =—S

20	 IF(I.EQ.K) GO TO 21
A(1, 1-1)=S

21 IF(SR.GE.E*I.E-05) GO TO 30
IF(13.GT.14) GO TO 29
GO TO 28

30 AL=I.—XAS
S=X—S
X=Y/ S
Y=Z/ S
00 23 J=IPM
S=A(Ia.))+A(I1aJ)*X
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IF(I2.GT.M# GO TO 22
S=S+ALI2vJ)*Y

22 S=S*AL
A(Ivd)=A( I.$J) _S
A( Il i 3,)=A(117J)—S*X
I.F 1 12-GT.M) GO TO 23
A(I2tJ)=A(I2„J)--S*Y

23 CONTINUE
L=I2
IF(I.LTMMI.) GO TO 24
L=M

24 DO 26 J=KYL
S=A I J!p I J +A ( J v I I ) *X
IF(I2.GT.M) GU T€t 25
S=S+A t J v 12) *Y

25 S=S*AL
AIJgI)=A(J,I)—S

_	 A[J^11.)=A(J^rII.)—SAX
IF(I2.GT.M) 60 TO 26
A(J ? 121 =A(Jv 12) 5*Y

26 CONTINUE
IF(13.GT,M) GO TO 29
S=—A (13 712) *Y*AL

2R	 Ad I3vI)=S
A(I3vII.)=S*X
At 13v12)=S*Y+ACI3v 12)

29 CONTINUE
IF(NS.GT.MAXST) GO TO 6
GO TO 10

I.I.	 EVR(M)=A(M,H)
EVI(M)=0.
M=K
GO TO 151

13 R=(A(KpK)+A(MTM))/2.
S=(A(M7M )—A(K:K))/2.
S=S*S+A(KvH)*A1HvK)
1F (S ¢LT. G.) GAO TO 14
S=SQRT(S)
EVRlK)=R—S
EVR(M)=R+S	 j
E'VI(K)=O.
EVI(M) =O.

15	 M=M--2
GO TB 151

I4	 S=SQRT(—S)
EVR(K)=R
EVR(MI. =R
EVI(K)=S
EV1(M)=—S
60 TO 15

b	 WRITE(6v7) MAXST
d	 FORMAT(*0 NO CONVERGENCE AFTER NUMBER OF QR ITERATIONS =*vl6)

I ER.R OR=I.
99 CONTINUE
350 CONTINUE

RETURN
LN o

4
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CEVORDR
SUBROUTINE EVORDR(EVRvEVlrlDjNLIN)

C PURPOSE: ORDER EIGENVALUES TO HAVE INCREASING NEGATIVE
G	 REAL PARTS.
C CALL SEQUENCE: EVR -- NLIN X I. ARRAY REAL PARTS OF EIGENVALUES
C	 EVI — NLIN X I ARRAY IMAG.. PARTS OF EIGENVALUES
C	 10 — NLIN X I WORK ARRAY
C	 NLIN — SYSTEM ORDER
C DESIGNED BY: J o D. BURROUGHS 	 FEB 1974

DIMENSION EVR1 ),pEV1<(I)^JCD(I.)
C	 *** ORDER EIGENVALUES

LALL FSHELL.(EVRtIDINLIN)
CALL SHELL? ( EVI v IDiNLIN)

C	 *** REVERSE EIGENVALUE ORDER
HLlN l=NL1N+1
NL IN 2=NL INIZ
00 100 I=I.v NLIN2
I2=N LINI.—I
EVRS= EVR (I )
EVIS=EVIII)
EVR ( 13 =cVR (12)
EVI(i)=EVI(I2)
EVR(I2)=EVRS

100 EVI(12)=EVIS
I=1

120 IF(EVI(I)) 160v1807140
1401 I=I+2

GO TO 200
160 EVl(l)=AbS(EVI(I))

1=1+1
EVI( 1)=—Ai3S(EVI(I) )

18Q .I=I+Z
200 IF(I aLT.NLIN) GO TO 120

RETURN
END

i
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CFSHELL
SUBROUTINE FSHELL ( IARRAY4KEYth)

C PURPOSE:	 ORDER AN ARRAY TO HAVE INCREASING MAGNITUDE AND
C FORM KEY FOR, ORDERING RELATED ARRAY.,

r	 C CALL SEQUENCE:	 IARRAY — N X I ARRAY OF VALUES TO BE SORTED
C KEY	 — N X I ARRAY OF KEYS FOR SORTING DEPENDENT

r	 C ARRAY
C N	 — NUMBER OF ELEMENT'S TO BE SORTEDs

DIMENSION IARRAY(I) tKEY(I)
00 10 I=IPN

10 KLY(I)=I
M=N

20 M=M/2
IF(M)30g30r40

30 RETURN
40 K=N--M

DO 7D J=13,K
I=g

50 II=I+M
IF ( IARRAY (.I) —IARrtAY (II)) 7'Og7Gr 60

60 LIMBG=IARRAYE I )
IARRAY(I)=IARRAYIII)
IARRAY(II)=LIMBO
LIMBO=KEY(I )
KEY( I)=KEY( II )
KEY(II)=LIMBO
I=I—M
IF(1)70v7Gi 50

70 CONTINUE
GG TO 20
END



C GANMAR
SUBROUTINE GAMMARiN9SIMsIACTsPARAtl(MAXVIPOLEsGMDSPYsAvRAT'IUs

I DWORKp IATIByIGsIDrPULE Y EVRsEVIsXDi3TDirP(3LES) sRETURNS(RI..)
C VERSION 2.	 REVISED: DEC 23 1975
C PURPOSE= CALCULATE STABILITY MARGINS OF ONE OR MORE MODEL PARARETEPS
C GALL SEQUENCE.' NSIM -- MODEL ORDER
C	 IACT — ARRAY OF SM PARAMETERS LIQENTIFICATION CODES)
v	 PARA	 ARRAY OF SM PARAMETERS (HOLLORITH NAMES)
C	 KMAX	 NUMBER OF SM PARAMETERS
C	 IPQLE — SPF I FIES IF STABILITY MATRIX MUST BE CALC.
G	 tIPOLE = 0 == CALCM)
C	 GMDSPY — ARRAY CONTAINING SM ANALYSIS RESULTS
C	 NAM`	 DESCRIPTION	 LOCATION
G	 A	 — NSIM X NSIM WORK ARRAY /CWORK/A(1)
C	 RATIO -T NSIM X NSIM WORK ARRAY /CWORK/AINN)
C	 DWORK -- NSIM X I. WORK ARRAY	 /CWORK/Atnl)
C	 IA	 — NSIM X I WORK ARRAY	 /GWORK/ACNZI
C	 IB	 NSIM X I WORK ARRAY	 /CWURK/A(N3)
C	 IC	 — NSIM X I. WORK ARRAY	 /CWORK/A(N4)
C	 ID	 — NSIM X I WORK ARRAY	 /CWORK/A(N5)
G	 POLE — NSIM X I WORK ARRAY	 /CWORK/A(N6)
C	 F-vR	 -- NSIM X I WORK ARRAY 	 /CWORK/A(N2)
C	 EVI	 — NSIM X I WORK ARRAY	 /CWORK/AV%3)
C	 XQOTO — NSIM X 1 WORK ARRAY	 /GWORK/A(NI)
C	 POLES — NSIM X I WORK ARRAY	 /CWWORK/AtN 4)
C	 RETURN RI. -- RETURN TAKEN IF NOMINAL SYSTEM IS UNSTABLE
C DESIGNED BY: J.D. BURROUGHS 	 JAN 1969

REAL EEVft(l), E%flil)s GM13SPYII)tRMAG(20)sFREQ(20)sXDOTQEI)
COMPLEX PULES Q 1l y POLE (l. )
COMPLEX OMEGAsOME&AItOMEGA2sOMEGA3sR
DIMENSION IACT(101sA(l)sRATIO(I)
DIMENSION (3WORKCI)tlAtl)glB(I)sICtl)vID(l)
REAL PARA(IO)
DATA IPOM/IOH+—+—i--E----+ /sIBLNK/IGH
INDE-XF(il.aI2sMll=Il+(I2-11*Ml
IF(IPOLE.GToO) Gil TO 29

C ======== FORM STABILITY MATRIX AND CALC. EIGENVALUES
GALL STABMX(NSI.M2XDOTOtICOUNTgRATIOtAvNvO)
CALL EGVL3(ArRATIO,EVR A ENI,IAl l a 4 ICyID T OWORKs 1.E—I4sNvu)
DO 10 1-17N

10 POLE(I:I=CMPLX(EVRtI)sEVI(I))
WRITE(6*21)

21 FORMA.TtIHO/27X 9 2OHNOMINAL SYSTEM POLES)
C ====—___ CALC. NATURAL FREQUENCIES AND DAMPING RATIOS

CALL NATFRQ(EVR*EVl.:RATIOsDWORKsNtNiPOLES)
WRITEt6 9 Z867) N

2861 FORMAT(	 2SX713,2Xt*EIGENVALUES*-/13Xa *REAL *a!Xs*IMA&INARY*4
16Xs*NATURAL FREQ,. *s5X $ *DAMPING RATIO*)

00 2668 I=I., NPOLES
J=IBLNK
IFIEVItI)«GToO.) J=IPOM

2868 WRIT'E(6rZS69)I I EVR(I) $ JsEVI(I) sRATI:O`(I) vDWORK(l)
2869 FORM ATt3Xvl3s3XvGlZ,6t2XsAZsGIZ.6v4Xg2Gl6.6)

IPOLE=2
FMAX=O.

C ======= DETERMINE MAXIMUM NATURAL FREQUENCY OF SYSTEM
DO 25 1=12M
POMAG=CABS(POLE(l))
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lF(P0MAG.,GT-FMAX) FMAX=POMAG
25 CONTINUE

C =______ SET FMAX = TWICE MAX. NAT. FREQ.. OF MODEL
C

	

	 €T)-IIS LIMITS RANGE OF SEARCH FOR ZERO PHASE)
FMAX=Z.*FMAY

C =__--_°- = TEST FOR UNSTABLE SYSTEM
00 41 I=1rN
xF(^V11{11^.GEp p.) GO TO 28

41 CONTINUE
GO T€3 29

28 CONTINUE
WRITE(69 27.)

27 FORMAT (1HOv 2OX t 4OH***WARNING * NOMINAL SYSTEM IS UNSTABLE)
RETURN P-1

G =___-- _= START STABILITY MARGIN ANALYSIS-
3	 29 K=O

C ==- --= ASSUME DIVERGENT WITH SM PARAMETER = 0
30 IZERU=O

K=K+1
CALL VAROUT(IACT(K)$P)
GMDSPY(lNDEXF(K s la KMAX)) =P

G --= t =-= w SKIP ANALYSIS FOR 5M PARAMETERS WITH 0 NOMINAL VALUES
IF( P,EQ.O.) i6D TO 2010.
WRITE(6 * Z0ll) PARA(K)sP

2011 FORMAT(IH012OXt*NOMINAL VALUE OF PARAMETER * * A8a3H = vG12.6//)
C =___--_= SAVE NOMINAL VALUEE OF SM PARAMETER

GAI NO=P
C =________= SET SM PARAMETER = 0

CALL VARMOD(IACT(K)IO.)
C =___--__- CALC. STABILITY MATRIX AND EIGENVALUES

CALL STABMX( NSIM:XDOTOI:ILOUN.T:RATIOYA*NrO)
CALL EGVL3(AtRAT107EVRYEVItIAvIBticvlavDW©RKtIoE-147NPN)
DO 165 I=IvN

165 POLES(I}=CMPLX(EVR(I)'EVI(I))
C =____-_= CHECK SYSTEM STABILITY WITH SM PARAMETER = 0

125 DO 170 I=IvN
IF(EVR(I).GE.O.) GCS TO 175

170 CONTINUE
WRITE(6s171)	 PARACK)

171 FORMAT(lH0s40X t *THE SYSTEM IS STABLE WITH *vA8s5H = 0.)
C ____-__= SET LOWER STABILITY BOUND = D AND FREQ = 1111
C	 !DEFAULT VALUE WHEN STABLE)

_	 GMDS PY (TNDEXF (K t 2t KMAX)) =O i*
GMDSPY(INDEXF(Kt3tKMAX))=1111.

C	 =r--== STABLE WITH Ski PARAMETER = Q
IZERO=1
GO TD 180.

C = ----__ TEST FOR POLE ON IMAGINARY AXIS WHEN SM PARAMETER = 0
175	 lF(EVR(I).GT-0)&O To 180
G =- -__--= POLE ON IMAGINARY AXIS WHEN SM PARAMETER = 0
G== - -

i
= 

Y
L
`
OAD SM PARAMETER VALUE AND FREQUENCY.

RMAG (lJ=0s
FRED(1)=EVI(I)
INDEX= I

C. =•--^_== POLE ON IMAGINARY AXIS WITH SM PARAME E'ER =0
- IZER O=-1

180 WRITE(69ZO30) PARA(K)
2030 FORMA7(30X,*POLES WITH *,A8 9 5H = 0*)
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C	 CALC. NATURAL ,FREQUENCIES AND DAMPING RATIOS
LALL NATFRQ(EVPtEVI,RATIBiDWORKwNvNPOLES)
WRITE(6Y2867) N

C =__-----= PRINT EIGENVAL.UES WITH SIB PARAMETERS = 0
DO 2870 I=3,, NPEILES
J=IBLNK
IF(EVT(l).GT.o.) J=IPOM

2870 WRITE(672h69)1rEVR(I),JTEVI(I),RATI0(I),DWORK(I)
I F (I ZERO. EQ. —I) GO TO 210
INDEX=O
OMEGA2=(0.,0.J

G = ___--= EVALUATE TRANSFER FUNCTION MAGNITUDE Amb PHASE AT 0 FREQ.
CALL TFEVAL{ OMEGA2,POLESvP .OLE * N, R,L:FLAGzIQUAD2vPHASE2)
IF(REA.L(R)) 210Y200p200

C -___	 REAL DIVERGENCE INDICATEO
200 INDEX=1

RMAU [ 1)=$.ICAs;S (R)
FREQ(1)=0.

210 GMEGA=(0a,.01)
OMEGA2=OMEGA

C	 ______ EVALUATE TRANSFER FUNCTION AT .01 FREQ"
CALL TFEVAL(OMEGAZiPOLES*POLEvN7R,L.FLAG„IQUAD29PHASE2)

C	 SEARCH FOR PHASE ANGLE QUADRANT TRANSITION
l	 C	 GEOMETRIC SEARCH TECHNIQUE

220 OMEGA=1..2*OMEGA
C =___---= END SEARCH AT 2*MAX. NOMINAL NATURAL FREQ.

IF(AIMAG(OMEGA).GT.FMAX) GO TO 400
21:5 CONTINUE

CALL TFEVAL (OMEGA I POLES, POLEYN P R, LFLAG, IQUAD Y PHASE)
IF(IABS(IQUAD--IQUAD2)-2) 2309225x300

C ;______. CHANGED MORE THAN I QUADRANT g REDUCE STEP SIZE AND
C	 CONTINUE GEOMETRIC SEARCH

225 OMEGA=.41667*©MEGA

f
GO TO 213

C	 CONTINUE GEOMETRIC SEARCH
230 PHASE2=PHASE

OMEGA2=0NEGA
IQUA02=IQUAD
GO TO 220

C =_	 -- ZERO CROSSING O.CCURED, START DICHOTOMOUS SEARCH
f	 300 OMEGAS;=OMEGA

PHASEI=PHASE
j	 IQUADI=IQUAD

C =______ _= DICHOTOMOUS SEARCH FOR ZERO PHASE
DO 340 1=1130
OMEGA3=.5*(OMEGAI+OMEGA2)
CALL TFEVAL(OMLGA3,POLES,POLE iNt Rs LFLAG,IQUAD3,PHASE3)

C =_==___=_ TEST FOR CONVERGENCE
IF(LFLAG) 320020010

C =___	 = CONVERGENCE OCCUREO, SAVE STABILITY MARGIN AND OSCILLATION
C	 FREQUENCY

310 INDEX=INDEX+-
RMAG (INDEX) =3: mdCADS(R)
FREQ(INOEX)=AIMAG€OMEGA3)
GO TO 230

320 IF (I QUAD3 .Eft..IQUADI) GO TO 330
0MEGA2=0MEGA3
GO TO 340
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330 OMEGAS.=UMEGA3
IQUADI=IQUAD3

340 CONTINUE
WRITEL6v351)

351 F ORMAT(.1H0v447H***WARNING *_* 	 FAILED TO C04VERGE TG ZERO PHASE)
GO TO 230

C OUTPUT LEAST UPPER AND GREATEST LOWER GAIN LIMITS
400 IF( INDEX.EQo0) GO TO 500

GAMiAX= 1. E36
GAM IN=--I.. E36
MAX=D
MIN =0
IMAX=Q
IHIN-O

j	 C =_—_--_-	 SCAN STABILITY 14ARGINS THAT WERE LOCATED AND LEAST UPPER
C BOUND AND GREATEST LOWER BOUND.

DO 450 I=17INDEX
IF(RMAG(I).LT»1..) GO TO 430 JI
lF(RMAG(13.GT.GAMAX) Gil TO 450
GAMAX=RMAG[Y)
OMMAX=FREQ (I )
MAX=1
IMAX=I
GO To 450

430 IF(RHAG(I).LT.GAMIN) GO TO 450
GAMIN=RMAG (I )
OMMIH=FREQ(I)
MiIN=1
Zvi I^=I

450 CONTINUE
IF (MAX.NE.1. ) GO TO 405
GAMNL=GAP(AX*GAINO

C =___ —___=	 PRINT UPPER STABILITY MARGINS
WRITE(6 * 540) GAINLIGAMAX70MMAX

540 FORMAT(I.H0 1 10X * 18HUPPER GAIN LIMIT =:GII.4i 5Xt
1.	 28H( UPPER GAIL! LIMIT)/NOMINAL =rGI.I.4s 5X a 11HFREQUE%CY =g GI1.4.4
2	 7H R.P.S.)

C ==—=--w---=	 LOAD SUMMARY ARRAY
GMDS PY( INDEX F (K * 4s KMAX ) ) =GAMAX
GMDS PY (INDEXF (K 4 5, KMAX)) =OMnAX

560 CONTINUE
GO TO 407

_ 405 +GMIDSPY(INDEXF(K:4,KMAX))=(11.1.
GMDSPY( INDEXF(Ks5vKMAX)) =(.]111.0

WRITE(6,4063
406 FORMAT(1H0410XT*N© UPPER LIMIT HAS LOCATED*)
407 IF(MIN.NE-I) GO TO 470

GAINL=GAMIN*GAINO
C =_------	 PRINT LOWER STA51LITY MARGINS

WRITE(6s410) GAINLiGAMINsOMMIM
_ 410 FORMAT(1HO 7 1OXv ISH LOWER GAIN LIMIT = 9 G11.4 $ 5Xv

I	 28H(LOWER GAIN .LIMIT)/NGM(INAL =,G1.1.4n5Kv1LHFREQUENCY =IG11.45,
2	 7H R.P. S.)

C --= —___--	 LOAD SUMMARY ARRAY
GMDSPY( INDr ':^F (K 8 2= KMAX)) =GAMIN
GM0SPY(INDh:%F(Kv3vKMAX)) •=OMKIN

j GO TO 475
470 IF(IZERO.EQ.1) GO TO 475
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GMOSPY(INDEXFkK,2sKMAX))=llll.
GMOSPY{ 1NDEXF{Ks3pKMAX)) =llll.
WRITE16jr473)

473 FORMAT (lH0 ? l0Xj*NC3 LOWER LIMIT WAS LOCATED)
475 IF( MlN+MAX . EQ.INDEX) G13 TO 600

G

	

	 LIST OTHER NONCRITICAL STABILITY LIMITS
VZRITE( 6948l)

481 FORMAT(1HOs3OXv29HOTHER NONCRITICAL GAIN LIMITS)
DO 485 I=IYINDEX
IFf f 1.E^l.IMAX).QR.(I.EQ.I^dIrN}} GO TO 485
WRITE(8s484) RMAGII)sFREQ{11

484 FORMAT i1HQv 20Xs22rf(GAIM LIMIT)INOMINAL =sG11.%5X'
I 11HFREQUENCY =, 6ll.4)

485 CONTINUE
60 TO 600

500 WRITE(6i501)
501 F©RMAT( yL-'0210X4 *NO LIMITS 

WERE 
LOCATED*}

J=2
IF(ILERO.EQ.1) J=4
130 502 1=315

502 GMDSPYilNOEXF (KvlvKMAX)) =1111.
600 CONTINUE

G =--__—	 RESTORE Srl PARAMETER 10 N014INAL.. VALUE
GALL. VARMOD$IACTLKisGAING)

C =-- r --= TEST IF ALL Sh PARAMETERS HAVE BEEN EVALUATED.
2000 IF(K.LT.KMAX) GO TO 30

RETUM
2010 DO 2020 J=2,5
2020 GMDSPY(INDEXF(KsJ2KMAX))=0.

GO TO 2000
END
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CGFBTCH

OVERLAY GFBTCH*3s0)
PROGRAM GFBTCH

C VERSION 3.	 REMISED: APRIL 30 1976
COMMON /CP/P(I.)fCX/Xtl)/CXDDTf.XDOT(I.)/CXIC /XIC(I.)
COMMON/CORDER/NSIM*NDV7NDP/COVRLY/INST'9LOKSS9LOKSIM
COMM ON/CPo'_W/DEP EN i INDEPIvINDEP2 2 DUI41( 5)
COMMGR/CPROV/XMIMITXMAXI.:XMIN27DELTA29CURVES9DUNZ(15)
COMM014 /C[CORK/GOSPLYi50*2ilD)/ERMESS/IFATALtIERR
C:DMMON/C NTRLS/ANTYPE 9 IPRIN 7 I MODE 9 ERROR (1)
COliMrJN/C7 IME/I 1ME
COMMON /CPLOTS/ iNDPLT9INDWR7IOPT(30)9PLOTID( 5)9PTITLE( 8)7

+	 1P©PT(10)
REAL	 XOPT(1)
EQUIVALENCE (X0PT(1)9IOPT(I.))
REAL DEPEN'1NDEP17INDEP2
TIME=O.
DATA IBLNK /LOH
IF(INST.EQal3)GO TO 4050
CALL CODGEN(INDEP2109IND2)7RETURNS(4000)
ICUR =IFIX(CURVES)

ZOO® CALL CODDENCOEPENtOlIDEPEN)*RETURNS(4020)
CALL CGDGEN(INDEPI.,0 9 INDI) 9 RETURNS(4040)
CALL VARGUT(IND27XDUM2)
IF(ICUR.LT'.1) ICUR=I
IF(ICUR.GT.10) ICUR=10
YM INI=I, -o E36
YMAXI=—I..E36
CALL VAROUT(INDI9XDUM)
NPTS=50
fJELTA= (XMAXI—X 41Nl )/49.
DO 2135 I=19NSIM
XDOT(I)=G.

2135 X(I.)=XIC(I)
IOPT (3) = IBLNK
IOPT(4) = IBLNK
CALL DTTI:M 11OPT (3) )
ISET=I.

C

	

	 TURM OM ERROR MESSAGES IN MODEL
IERR=l
CALL EQMO(TIME TIME 9ISET)
XDUMI=XMIN2—DELTA2
IF(ICUR.GT .1) GO TO 2130
WRITE(672131)DEPENIPINDEPI9PTITLEQIOPT(3)910PT(4)

2131 FORMAT(40Xa46H /*/*/*/ GENERAL FUNCTIMI ANALYSIS
If/55X 9 A8:4HVS 9A8f/26X98AI0/f54X$2Al2/)
GO TO 2137

2130 WRI.TE(6,,2134) DEPENtIPiDEPI.9INDEP27PTITLEgIGPT(3)9113PT(4)
2134 FORMAT(40X946H f / f f GENERAL FUNCTION ANALYSIS /^/^f^d 9

1"5OX 7A€j4HVS sABtZH+ * AS //26XvbAI.0//54X92Al2/)
2137 00 2139 J=1 9 I CUR

XDUMI=XDUMI+DELTA2
IF(ICUR.GT.I IWRITE (6921.32) Jv INDEP2 7XDUMI.

2132 FORMAT{*D CURVE NO.*,I394X 'A893H = 9G12.5)
IF(ICUR.GT.I.) CALL SETIFN(IND29XDUMI)
XOPT (J+15) = XDUMI.
DO 2133 I=17NPTS
GDSPLY(T72gJ)=XMINI+$ I—a.)*BELTA
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CALL SETlN(INDlvGDSPLYiIv23J))
CALL VAR0UT(IDEPENvGDSPLY{I * 1.:.1) )
1.F(GDSPLY(I i lvJ).GT.YMAXI) Y14AXI=GDSPLY(I*1.:J)
IF(GDSPLY(I * 1vJ).LT.YMIHI) YMlNl=GDSPLY(ItltJ)

2133 CONTINUE
WRITE(6v2l3a) (INDEP1i (GOSPLY(I+(K--11*1.0*

12*J)*1'=I*1.0) ti)EPEN T (GOSPLY(I+(K I)*10vl,J)p1=.1 * 1.0)s
2 K=1.853

2138 FORMATEIH iA8ilH:vI0G12.5)
2139 CONIIHUE

C
C	 SET PLOT PARAMETERS
C

IF ( INDPLT +EQ. 0 1 GO TO 3500
IOPT(l) = I
IOPTM = IOPTM + 1
XOPT 45! = DEPEM
XOPT ( o) = INDEPI
XOPTi ll = INDEP2
DO 3100 I=6,13

3100 IOPT (1) = 0
IOPT E 1.43 = NPTS

IOPT[15) = ICUR
WRITE 1301 IOPT*PLOTID*PTITLE
WRITE (30) ( ((G©SPLY(IiJiK)*I=ItNPTS)tJ=IYZ)T-A.=IvICUR)
INDWR = 1

3500 CONTINUE
CALL VARMOD(INDI $ XDUM)	 ^-
IF(ICUR.LE.1) GO TO 2150
CALL VARMOD(lND2sXDUM2)

2150 WRITE€6 * 2151 )
2151 FDRMAT (///// )

GO TO 6000
4000 WRITE ( 6 t 4001) INDEP2
40031 FORMAT(//10Xs3IH*** WARNING *** CA B*T IDLNTIFY*1.X*A107RX4

125HAS A VALID SCAN PARAMETER//)
CALL COUGEN(DEPENjOvIDEPEN)tRETURNS64020)

4010 CALL COD6EN(INDEP120 i lNO1) *RETURNS$4040)
WRITE(b ^ c151. )
GO TO 6000

4020 WRITE(6v4001) DEPEN
GO TO 4010

4040 WRITE(6 * 4001) INDEPI
WRITE(6,2I51)
GO TO 6000

4050 ICUR=g
GD To 2000

0000 CONT INUE
G	 _	 TURN OFF ERROR. MESSAGES IN MODEL

IERR=O
END
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C INI=T	 4.

OVERLAY(INIT1 11 0)
PROGRAM IN.IT

G VERSION 1.2	 RF-VISED_ MAY 15 1975
C PURPOSE: TO INITIALIZE INTEGRATOR CONTROLsPARAMETER NAME-YSTATE
C	 NAME, RATE NAME4 VARIABLE NAME ARRAYS TO DEFAULT VALUES
C DESIGNED BY: J oa. BURROUGHS	 FEB 1974

COMMON /CORDER/NOXsN0VvN0P/CINT/INT{1,)
COMMON/CNAMEX/NAM XCI)/CNAMER/NAMER(I)/CNAMEV/NAMEV{I )/CPIAMEP/

1 NAmEP(g)/cXIL/Xlc(l)
COMA Ot VC^ATRLS/AkTYPEIIPRINTvMODEsERROR(l)
COMM ON/CNDRKN/NN vH t 7)
REAL	 NAMEXvNAMERsNAMEVsNAM_EP

C INITIALIZE INT ARRAY
DO 10 l=lvNQX
ERROR(I)=.l
XICtil=4.

16 I.NT t I D =l
C LOAD STATE NAME ARRAY WITH 500195002q....
C	 CALL CODLOD t NAMEX, N0Xp iHS 1
C LOAD RATE NAME ARRAY WITH R00l ,2 8002 a ®o..

LALL C0DLOD(NAMERyNOXy lHR)
C LOAD PARAMETER NAME ARRAY WITH P001,P002jmm.
C	 CALL CO0LOD(MAHEPaNOP41HP)
C LUAD VARABLE NAME ARRAY WITH V0017V002,..,.
C	 GALL 	 COGLOD (NAMEVrNUVY lHV)
C CALCULATE INDICES FOR WORK STORAGE

Nth=N OX*NDX+l
Mt 1)	 +koox*wox

^ 	 IF{I^{I.leLT.l.68)N6gl=7.b8
DO 100 1=2,7

100 NtI)=N(1-1)+MOX
CALL PLINIT

i END



C INPUTS
SUBROUTINE I3PUTS(A,NaMeNMAX)

C VERSION I..	 REVISED: MAY Z2 1975
C PURPOSE: ALLOW FREE FIELD INPUT OF ARRAY DATA
C CALL SEQUENCE: A	 - ARRAY TO RECEIVE DATA
C	 N	 -- NUMBER OF ROWS IN ARRAY
G	 M	 -- NUMBER OF COLUMNS IN ARRAY
C	 NMAX — ROW DIMENSION OF ARRAY A
C METHOD: THE FOLLOWING COMMANDS ARE RECOGNIZED
C	 Z = ZERO ALL ELEMENTS OF ARRAY
C	 I = SET ALL ELEMENTS OF ARRAY TO I.E36 ( INFIUITY )
C	 C = INPUT DATA TO BE GIVEN BY COLUMN
c	 R = INPUT DATA TO BE GIVEN BY ROW
C	 D = INPUT DATATO BE GIVEN BY DIAGONAL
G	 FOLLOWING THE COL= R©w, DIAGp COMMANDS THE ROW AND COLUMN LOCATTON
C	 AT WHICH DATA LOADING IS TO START MUST BE GIVEN. THESE VALUES
C	 ARE FOLLOWED BY ELEMENT VALUES. EACH COMMAND, ROW NO. j COL. W0.2
C	 OR ELEMENT VALUE MUST BE SEPERATED BY ONE OF THE STANDARD DELIMITE
C	 STANDARD DELIMITERS ARE: THRLE OR MORE SPACES; COMMA, EQLI.AL SIGN;
C	 LEFT OR RIGHT PARENTHESIS.
C DESIGNED BY: J.D.BURROUGHS	 MAY 1975

COMMON/CGC MM/ICOM ( 8) g IPHRS, INDEX
DIMENSION ICOHL(5),A(l-
DATA ICOHL/50HL	 I	 C	 R	 f3	 /

G ---->	 SET DEFAULT MODE TO COLUMN INPUT
MODE =3

G =_—__= MODE = MODE OF INPUT INDICATOR. I. = ZERO ARRAY
C	 2 = SET ARRAY TO I..E36g 3 = COLUMN INPUT, 4 = ROW INPUTg
C	 5 = DIAGONAL INPUT.

I=1
J=1
ISTA1=2

C =—_-----= ISTA.T = INPUT STATUS INDICATOR. 0 = ROW NO. NEEDED; I = LOL
C	 2 = READY FOR DATA VALUES
100	 INDEXS=INDEX
C --->	 LOCATE NEXT PHRASE

CALL NXTPH(IC0M,INDEX,IPHRS)
IF(IPHRS.NE.IOH	 )GO TO 200

C ---?	 READ NEXT CARD
READ(5,I2I)1COM
IF(EOF(51) 5209140

121	 FORMAT ( BA 10 )
140	 WRITE(62141)ICDM
141	 FORMAT(/20H COMMAND CARD •---- >, 5X, S A l0 )

INDEX= L
GO TO 100

C ----->	 TEST FOR-NUMERIC PHRASE.
2010	 CALL NUMERC (IPHRS) p RETLIRMS( 300 )
C: ---->	 NUMERIC PHRASE DETECTED

CALL KDREL(VALUE:IPHRS)
IF E I STAT w-1) ZI O 9 220 * 240

L10	 I=VALUE
ISTAT=i
GO TO 100

220 J =VALUE
ISTA T=2
GO TO 100

C --- >	 TESTS TO LIMIT INPUT TO GIVEM ROW AND COLUMN DIMENSIONS
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240	 TFtT.GT.N.OR.J.GT.M}GO TO 100
K=l+N SAX* (J- I. )
A(K)=VALUE.

C	 INCREASE INDICES DEPENDING Ord INPUT MODE
IF (M 0DE--4) Z8 0 „260 ? 270

260 j=J+l
GO TO I.00

270 J= J+l
280	 I=I+1

GO TO 100.
C	 >	 ALPHA PHRASE DETECTED
.300	 CALL LCMPHf IPHRSp ICONL F5r3 TMODE3

T̂ F(H qOE..EQ.0)GO TO 500
c	 >	 RES70RE_ INDEX TO PREVI US PHRASE SINCE ALPHA PHRASE IS NOT R

IF[MODE-Z)340ip380v31O
310 ISTA T=0

t	 Gq TG 100
C --?	 zERO ARRAY MODE
340 NM=NMAX*M

DO 360 I=ItNM
361I	 Af I) =0,.

GO TO 100
C --->	 SET ARRAY T€3 I..E36 (INFINITY)
380 NM=NMAX*M

00 400 I=1rNH
400	 A (I) =I. E36

GO TO 100
500 INDEX=IN DEXS
520 RETURN

ENO
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CINTERP
OVERLAY(INTERP=ZxG)

PROGRAM INTERP
C VERSION 4„	 REVISED: JULY 6 1977
C	 PURPOSE:
C	 READSTPR INTS AND INTERPRETS INSTRUCTIONS FROM DATA CARDS
C	 CALL SEQUENCE:
C	 IREAD — READ UNIT NUMBER
C	 IiNST — INSTRUCTION NUMBER
C DESIGNED BY: J.D. BURROUGHS	 FEB 1974

DIMENSION AINT(z)
COMMON /CNTRLS/INSTO Y IPRINTilMODE,ERROR(I_ )
COMMOM /CGVRLY/lUSTvLOKSSiLQKSIMaCPUSEC/CIS!/IREAD:IWRITErIDIAG
COMM DN/CXI.0/XIC { I) /CWDRK/WGRK 4 I) /CP/P [ l) /C INT/IM T (I) /CX/X c i )
COMMON /CXICl/XICI(I)/CXIC2/XIGZ(I.)/CXIC.A/XIC3(]L)
COMMON/CNAMEX/NIAMLXI I)/CNAMER/NAMER(1)/CNAMEV/NAMEV (I)/CNAMEP/

I NAMEPI L)
COMMON/CUNlI TX/NUN ITX (I)/CUN ITR/NUN ITR ( I.)/CUNI TV/NUMITV (I) /CUN I TP/

I NUNITPEY)
COMMON/CSCALE/SCALE(5v426)aNVAR(5121e)aNPLTS(6)
CaMMGN /CSMPAR/SHPAR(10)?ICING(2)
COMMON/CDRDER/N4OXvNGV ' NDP/CTIME/ TIME
COMMONfCPRINT/PRTNAM,1IO) 1LPRT( $0 )
COMMON /CPRON/PRONAM(8)/CPROV/PVALUE(27)
COMMOM /CPLGTS/ IRDPLTaINDWRvlQPT(30)gPLOTI0( 5),PTITLEC 8)p

+	 I POPT ( I0 )
COMMON/CCOMM/ICUM(b) $ IPHRS $ INDEX
COMMON/COLDIM/NX T NU I NBS sMCxNRSrNRC, IXDC$ IUOC, IDC:AN t IPOINT (25 )
COMMONI/C:TABRA/TABNiAM$ II/CMAXDI/NDTAB T MAXDIM(I)/CLOCTA/LBCTABi I)
COMM ON/C TABLE/TABLES (I )
REAL	 IPHRS t ICOML(59) ,NAMEXtRAMERINrAMEVviVAMEPINUNITXINUNITRs

I. NUNITV,MLWITP
REAL NVAR:IBLNK9IPROGNEB)'PRONAM:IPROGV(27)sSMPARTIC
EQUIVALENCE (AINT*INT)
DATA IC:LMAX/59/vNDNE/I0HNONE	 f
DATA IPNMAX/8/,IPVMAX/27/

C: ____—_ _— _______= PROGRAM COM14ANDS
DATA IC13ML /590HDEFINE STADEFINE RATDEFINE PARUEFIME VARINITIAL CO
I.PARAMETER DISPLAYI DISPLAY2 DISPLAY3 DISPLAY4 DISPLAYS DISPLA
2Y6 SCANT SLAN2 XIC—X XIC—XICI. XIC--XIC2 XIC XIC3 XI
3LI—XIC XIC2--XIC XIC3 —XIC ALL STATESNO STATES INT coNTROERR©R CO
4MTSIMULATE LINEAR ANAEIGEN SENSSTABILITY TRANSFER FSTEADY STAROOT
5 LOCUSPUfaCH X SM PARAMETPLOT TABLEPRINT VARITITLE	 PLOT ID
6PLOT ON PLOT OFF SC4020	 CALLOMP RL MANUAL RL AUTO SCSI MAN
7UAL Sl AUTO SCSS MANUAL SS AUTO SCTF MANUAL TF AUTO SCBODE ^^I
8CHOLS NYQUIST PRINTER PLDESIGN O.CO.C. DATA SAVE O.C. PLOT ALL
9 TTABLE

DATA IBLNK/I0H	 f s IC/10HIC
G	 PROGRAM MA14ES

DATA IPROGN/BOHDEPEN	 INDEPI,	 INDEP2	 EIGEN PARATF INPUT T
IF OUTPUT SS PARAMETRL PARAMET/

C	 PROGRAM VALUES
DATA IPRDGV/270HSTARTI.	 STOPI.	 START2	 D,ELTA2	 CURVESZ

].PRINT CONTPRATE OUTRATE INT MODE TING TMAX FREQ M
2AX FREQ MIN SS START SS STOP SS POINTS SS ITERATIRL START RL
3 STOW RL POINIS REAL MIN REAL MAX IMAG MIDI IMAG MAX D.C. MOD
4ELO.C. ORDERINITIAL TI/

C --- TE.ST FOR CPU SECOND MEASURE
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IF(CPUSEC.EQ«0-)GO TO 80
	

A

CALL SECOND(CPSEC)
GPDEL=CPSEC—CPUSEC
WRITE (6,71)GPDEL

71

	

	 FORMAT(/IOX,GI3.6,* CPU SECONDS WERE REQUIRED FOR THE PREVIOUS ANA
ILYSx6*/)

80	 NAMPRT=INST
IMOD E=PVALUE (9 )

90	 INS10=O
IF(INDEX„GT.O.AND.INDEX.LT .(31)GO TO 120

C = __ _ =--====w-= READ AND WRITE ONE CARD -_- -- -__
100 READ (IREA D,101) ICON

IF(ECF(5)) 5000,1lI.
101	 FORMAT(SA30)

III WRITE( 6,1.05) ICOM
1 05	 FORMAT (/20H COMMAND CARE] ---> t 5X, flAlG )
C	 --->SET CHARACTER .SCAN. INDEX

INDEX= l
C----}LOCATE NEXT PHRASE
120	 CALL NXTPH(IC0M,lNDEX,IPHRS)

r	 C	 }READ NEXT CARD IF BLANK PHRASE
140	 IF(IPHRS.EQ.IBLNK) GO TO 100
C------>SEARCH COMMAND LIST

CALL LCMPH(IPHRS:ICOML$ICLMAXtIPINST)
C._.°.----->COMMAND IDENTIFIED

IF(INST.LE.0) GO TO 160
C======—=== BRANCH TO NEW COMMAND ------_____-

k	 GO TO (200p20OlZO0,2001200120012109220t230p2329
I	 234=236v 500y 5OGl24-Ov250s260 4 270 7 za0T2904
2	 300,3.I0v32Ol200,Z00950075OO25002500*500,
3	 500150D192€ v330i,200936Gr550,560157Ov58Oy
4	 59O960096lUt620,630,640,65G,66G,670,680,
5	 69o.F700,710a72Or82Og,60019007960,9.80) 	 _	 9INse

C=========== SEARCH PROGRAM NAME LIST =--_, T__==
E	 160 CALL LCMPH(IPHRS4IPROGNrlPN?4A-^'s$,INST)

C---?PHASE NOT PROGRAM NAME
IF(INST.LE.0) GO TO 170

G -->GET NEXT PHRASE
CALL NXI PHL ICOMv INDEX, IPHRSJ

C — 	>LOAD PRUGRAM NAME	 f
PRONAMLINST)=IPHRS

-	 IF(INST.NE.7- A!' D - lNST.NE.8) GO TO 165
IF(I PHRS .EQ. NONE)PRONAM( INST) =IS LNK

C —	 >GET NEXT PHRASE
CALL NXTPH(ICOM -rINDEX,TPHRS)
ICINN INST-6)=0
IFIIPHRS-NE-IC) GO TO 168

C	 --->SET INDICATER .EQ. I
ICIND ( INST-6) =1

165 INSTO=O
GO TO 120

16.8 INSTO=O
GO TO 140

C======= SEARCH PROGRAM VALUE LIST ---___---
170 CALL LCMPH(ItHRS,IPROGVpIPVMAXg1,INST)

C	 >PHRASE.NGT PROGRAM VALUE
IF(INST.LE.0) G© TO 176

C--^.w.,---.?GET NEXT PHRASE
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CALL NXTPH(lC0MjlNDEXv1PHR5)

S1i,

C-- --- >IEST 1ST CHARACTER FaR NUMERIC
CALL %UNERC(IPHRS)vRETURNS(176)

G	 >GONVER4 A TO G FORMAT
CALL BCaREL(PVALUE(1NST) vIPHRS) I

GO TO 165
176 WRITEt6,177) IPRDGV{INST)vIPHRS
177 FORMAT(//l0Xs15H**+- WARNING #**4 3XgAl0 8 22HCAt*T BE SET EQUAL TO :7

1 All v23H	 VALUE MUST BE NUMERIC /1) i
GO TES 168

G	 —:+ HECK FOR ©UTSTAMDING COMMAND }I
. 178 IF(INSTO.LE.0) GD TO 180

C===-- ===	 BRANCH TO OUTSTANDING CO P[MA ND	 =_ ---_- _-- I
GO TO (41074204430v440*450*46U$48Ov48Ot480s460v

I	 4tSQ? 46Ov5OOv5ODp240425G-y26Ov270p28Ov290g
2	 3007310s320t52Oi53Oy500l5OOt500y5DOt500r
3	 5DOt5GOv5QG954Qp940,545y550756OV50OT5007
4	 50075 00150045001500V500,5001,50025oof5o0g
5	 5qQv50O9500l5t1095D0, t00,dQC)v9b0,9F3fl) ,INSTO

180	 WRITE(bvl8l)IPHRS
161	 FORMAT(//15Xv34H*** WARNING ***	 CAN=T INTE.RPR4T ?Alit//)

GO TO 120
C ->SET INSTO 10 I114I3ICATE A NEW OUTSTANDING TASK
200	 INST 0=IMSI

MODE=- 1
GO T4 120

210	 IDSP LY=I
215	 NPLTS(IDSPLY) =U

GO TCl 200
220	 IDSPLY=2

GO TO 215
230	 IDSPLY=3

GO TO 21:5
232 IDSPLY = 4

GO TO 215
234 IUSPLY = 5

60 TO 215
236 IDSPLY = 6

GO TO 215
G_.._-->TRANSFER X TG XIL

240 CALL XFR(X#XIC,NOX)
LOOS lM= LOKSS

245 WRIIE;(i59263CP)(IvNAMEXII)IXICCI)aI=IvNGX)
2630 FORMATtlHLr4OX :7H/*/*/*/s3X f *INITIAL CONDITIGINS/GPERATIN& POINT*r

1 3X 9 7H/*/*/*/9// 5(14slH 2AS23H = vG10.4))
WRITE(69247)

247	 FORMAT(//"/)
GO TO 165

C =—	 .-- --_	 TRANSFER XICl TO XIC
250 CALL XFR(XIClvXIC9NGX)

GO TO 245
G	 TRANSFER X1:C2 TO XIC

264 CALL XFR 6XIG2aXlCvNOx)
GO TO 245

C	 ._._--_.. --	 TRANSFER XIC3 TO XIC
270 CALL XFR{XIG3gX1CvNGXD

GO TO 245
G ____.__ _---	 TRANSFER XIC TO XIC1
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280 CALL XFR(XICIXICIINOX)
GO T 0 165

C =__	 -----_ TRANSFER XIC TO XIC?
290 CALL XFR (XICtXIC2.YNDX.)

GO TO 165
C ---_--____— TRANSFER XIC TO XI.C3 ----- —

300 CALL XFR(XiCvXIG3iNOX)
WTO165

C = _—_ =—_—_-- ALL STATES ------__—__
3.10 DO 315 I=I*NOX
315 INT(I) =1

GO TO 165
C =_—_— ---- NO STATES

320 DO 325 I=I,NOX
325 INT(I)=O

GU TO 165
C	 >LOAD SMPAR WITH BLANKS

330 D0 335 T =1a 10
335 SMPAR ( l)=IBLNK

338	 !NSTO=INST
ITNO=3.

340 MODE= t)
GO TO 120

G	 ---LOAD PRTNAM WITH BLANKS
360	 DO 365 1=1v10

LPRI (I) =-1
365	 PRTtNAM(T)=IBLiNK

GO TD 338
C	 >DEFINE STATES TASK
41+0	 CALL UAMES(IPHR T NAMEX I NUNITXt NOX * ITNOyMCGE )

GO TO 120
C.—>DEFINE RATES TASK
420	 CALL NAMES ( IPHRSyNAMER*MUNITRYNOX9ITHOtMODE)

't 	GO TO 120
G —>DEFINE PARAMETERS TASK
430	 CALL NAMESIIPHRS¢ilAMEPtNUMITPwWP:ITND?MODE)

GO TO.120
C	 >DEFINE VARIABLES TASK
440	 CALL NAMES [ I PHRS I NAMEV vN ITViNO V, ITNO=MODE )

GO TO 120
C--->INITIAL CONDITIONS TASK
450	 CALL VALUESCIPHR5ANAMEX,HOXyXIClITNOYMIODE)

GO TO 120
C —>PARAMETER INPUT TASK
460	 CALL VALUES  IPHRS 3, NAMEP$EGPsPr ITRO-9MODE)

GO TO 120
C -->DISPLAX TASK
4aQ CALL DISPLA(I©SPLYlIPHRSsMODEgICOL)

GO TO 120
C —^--- >RETURN TO MAIN PROGRAM WITH INST SET TO INDICATED TASK
500 INSTD=O

IFINAMPRT.EQ.I ) GO TO 5005
GO. TO 6000

C -->LOAD INTEGRATOR CONTROLS
520 CALL VALUES(IPHRS,NAMEXaNOXsAINT71TNO,MODE)

C— >CONVERT REAL TO INTEGER
IF(MODE . EQwO) INTQITiNO ) =AINTilTNO)
GO TO 120
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C---°-->LDAD ERROR CONTROLS
j	 530 CALL VALUES (I PHRS i NAMEXvNDX i ERROR i ITNOI MODE )

GO TO 120
t -,- ?L©AD STABILITY MARGIN PARAMETER NAME

540 CALL NMMES(IPHRSiSMPARgNUNIT*I.OPITN(IIMODE)
542 ITNG =I TNO+l

GO TO 340
C — LOAD PRINT VARIABLE NAMES

545 CALL NAMESiIPHRS,PRTNAMTNUNITvIOaITMOgmQoE)
C _.- -. — DETERMINE I W®. CODES FOR PRINT QUANTITIES

IF(MODE.NE .1)GO TO 542
CALL GODGEN (PRTNAM d 1TNO) i0 aLPRT( ITtIG I) r RETURNS ( 5461
GO TO 54 -

546 WR1TE(6v5471PRTNAM(lTNO)	 1
547 FORM AT(d/20X i 31H^** WARNING	 CAN T IDENTIFY93XPA10

IB*AS A VALID PRINT VARIABLE*//)
GO TO 542

I	 C

G	 SET PLOTTING OPTIONS
C.
L-_--___-__- TITLE --_--_---------
550	 CALL TITLE (IC0MslNDEX9PTITLEvb0)

GO TO 562	 =,
C --------_---- PLOT ID
560 CALL TITLE (ICQM i INGEX:PLOTIDv 48)
562 INDEX= O

GOTU 90
C

	

	 PLOT III-__---_-
570 INDP LT = I

CALL ONSW(l)
GO TO 165

C -_--- _-	 PLOT OFF
580 IN©PLT = 0

GO TO 165
C -_--_----- SC4020 =-----_--

590 IUPT (2-9) = 0
GO TO 165

C -_- _____ CALGGMP
:	 600 IOPT (2511 = 1

GO TO 165
G =____,____- RL MANUAL SCALES -_-----

610 IPOPT(L) = 1
GO T U 165

L	 RL AUTO SCALES ---_-__-
620 IPOPI(I.1 = 0

GO TO 165
C _____---	 -- S.I MANUAL SCALES

630 IPOPT(2) = I.
GCE TO 165

C N-__.__ SI AUTO SCALES
640 IPOP T(z l . = 0

GO TO 165
C -_--_----- SS MANUAL SCALES =_---- -_•-

650 IPOPT(3) = I.
GO TO 165

C	 SS AUTO SCALES	 -- _--
660 IPOPT(3) = 0

GO TO 165
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G ---- _---- TF MANUAL SCALES ---------_
670 IPOPT(4) =.I

GO TO 1.65
C	 TF AUTO SCALES --	 --

6AD IPOPT(4•) = 0
GO TO 165

C ---_,___--- BODE
690 IPOPT€5) = I

IPOP116) =0
IPOPT(7)=G
GO TO 165

G =----	 —_ NICHOLS
700 IPOPT(7) = 1

1POPT€ 61=0
IPOPT(5)=€^

!	 GO TO L65
C — -- ---_	 NEYQOIST ------__

710 IPOPT(61 = I
IPOPT(7) vD
IPOPTL5) =0
GO TO 165

C	 PRINTER PLOTS-
720 IOPT €3E0) = l

CALL ONSWL2)
INDP LT=I.

!	 GO TO 165
C	 —	 READ O.C. DATA TASK
800 CALL OCDATA

s	 GO TO 165
G _-__--- ----- RESIGN O.C. TASK
C _...—	 TEST THAT MOD _L IS DIMENSIONED FOR D.C. DESIGN
820	 IF ( IOGAN.EQ-2)GO TO 500

WRITE( 62$25)
825 FORMAT ( //15Xsl5H*** WARNING ***i3Xv*WORK SPACE WAS NOT PROVIDED IN

1 MODEL FOR OPTIMA, CONTROLLER DESIGM*// $
GO TO 165

SAVE ©.C4 TASK
900 LALL OLSAVE

GO TO 165
PUNCH X TASK

920	 WRITE(31921)
921	 FORMATE*INITIAL CONDITIONS*)

WRITE(3v922) ( NAMEXII ) vX(1)11=IVNOX)
922 FOkMAT(4(A7t*^,G10.4,*v*) )

GO TO 165
C _____________= PLOT TABLES TASK	 --
940 GALL LCMPH E IPHRS # TABNAM T NOTAB * LI NTAB )

1F(NTAB..LE..0)GG TO 950
C	 CALL TABLE PLOTTING ROUTINE,
945 CALL PLOTAB(NTAB)

CALL ONSW (1)
GO TO 1.20

950	 WRITE(6gg51)IPHRS
a	 951	 FORMAT( //15Xv 15H*** WARNING *4^*v3X : A10p* IS NOT VALID TABLE NAME*
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GO TO x'45
TABLE TASK =_--__^___-_-------

480 BACKSPACE IREAD
CALL TAB IN C TABLES I TABNAM sMA,XDIK * LOCTAB,NGTAB )
INDEX=4
GCS TO 90

C.r._..,._ >END OF FILE ENCOUNTERED
5 000 ITV ST=—I
5005 WRITE(6,5O101 tllNAMEX[I) rI=I4.NDX)
5010 FORMAT(//lHls50X-pllHSTATE NAMES//lG(1 tlXYAB))

WRITE(6,50201 (1 ,oNAMER(I) PI=lYNOX)
5420 F0R9AT(//50Xsl0HRATE NAMES//l0(l4,1XTA8 )h

WRITEL6v5O30) LIvNA14EVtl) xl=lpNOV
5030 FORMATE//50X i l4HVARIABLE NAMES//l0(14ylXvA8) )

WRITEd6s54501 (lvNAMEP(Il i.Ptl),I=17NOP)
5050 FORMAT (► /49X a *' ARAMETER VALUES */ /5 t 142 lXi A8 v

12H=.gGll.5)3
C	 SCAN FOR UNINITIALIZED PARAMETERS

J=0
©O 5 100 I=ltNOP
IF(P(l).HF—.a99999)GO TO 5100
J=J+l
WORK (J) =NAMEP ( l

5100 CONTINUE
IF(J GToO)WRiTE(615101)(WORK(I)vI=124)

5101 FORMAT(//"/15X,155*** WARNING ***v .5Xi*UNINITIALlZED PARAMETERS*
I //10(3XsA842X))

6000 CONTINUE
TIME --P'VALUE(27)
WRITE (6 * 6001)

6001 FORMAT(I HI)
GET CURRENT CPU TIME

CALL SECCiWD[CPUSEG)
END

116 :BCS 40262-2



i
I
`	 l

I

^I

CLABTC
GVER LAY(LABTCH:5 0 )
PROGRAM LABTC

C PURPOSE: PROVIDE 13VERLAY INTERFACE TO PASS WORK STORAGE
C	 ARRAYS TO LINEAR ANALYSIS ROUTINES LABTCW AND ESBTCH
C. DESIGNED BY^ J®n•. BURR4lTGHS 	 FEB 1974
C VERSION I.	 REMISED: JUNE 9 19T'5

COMMON/CORDER/NSIM sNOY:NOP
COM,M ON/CPRON/DUHl(.3) v ESPAR,DUM2t4)
C(2MM FjN/`CGVRLY/l i'4ST r LOO SS a LOKSXM
COMM qK/CWORK:/A (1)
COMMON /CWORKN/NN*NlvN2rN3rN4-rN5vN6,N7
REAL ESPAtR

r	 lF(INST.EQ.28)GO TO 100
CALL LABTGH(NSlMvE5PARrArA INN) rA1430YAW)'AIM3)*A(k4lvA(N;5}-A(N6)

1,A(Nt),AIN2),A(N3)tA&N4) 3,A€N5),A(N6)sA(N7)iA(Nl) rA(Ni))
GO TO 6000

.IO.D

	

	 CALL Eg}3TCHCNSIMiESPARYAvA(N.N),ALNi)rA[NZ)YALN3)?A(N4)rA{N5)$Al(N6)
ItA(N7) f ACN2) xA(N3),A(N ,ri-) aA( .N5) s?A(N6) PACN7):A(Nl) rA(Nl) )

6 000 CONTINUE
END
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CLASTCH
SUBROUTINE LABTCH(t4SIMpESPAR7AvRATIOiDWORKriA ylBiXCYIDIIAPIIBPT
1 EVRrEVIsWNwBAMPRsEVRPsEVIPilRATIOsXBOTD)

C VERSION 3.1	 REVISED: OCT 11 1976
C PURPOSE: PERFORM LINEAR ANALYSIS. AND EIGENVALUE SENSITIVITY
C	 ANALYSES4
C CALL SEQUENCE: NSIM — MODEL ORDER
C	 ESPAR — EIGER SENSITIVITY PARAMETER
C	 NAME	 DESCRIPTIOk	 LOCATION
C	 A	 NSIM X NSIM WORK ARRAY	 /CWORK/A(l)
C	 RATIO — NSIM X NSIM WORK, ARRAY	 /CWGRK/A(NRi)
C	 DWORK — NSIM X I	 WORK ARRAY /GWORK/ACMI)
C	 IA	 -- NSIM X I	 WORK ARRAY	 /GWORK/A(M2)
C	 IB	 — NSIM X I	 WORK ARRAY /CWORK/A CN3 )
C	 .IC	 -- uSIM X I	 WORK ARRAY	 /CWORK/A(N4)
C	 ID	 — Nsim X I	 WORK ARRAY	 /CWORK/A f N5 )
C	 IAP — NSIM X I	 WORK ARRAY	 /CWORK/ACNE)
G
C	 IBP -- NSIM X 1	 WORK ARRAY	 /CWORK/A (N7)
G	 EVR -- NSIM X I.	 WORK ARRAY	 /:WORK/ACNZ)
C	 EVI — NSIM X I	 WORK ARRAY	 /CW0RK/AlW3 )
C	 WN	 -- NSIIA X I	 WORK ARRAY	 /CWORK/A(N4)
G	 DAMPR - NSIM X I	 WORK. ARRAY	 /cwbAK /A(N5)
G	 EVRP ---NSIM x 	 WORK ARRAY /CWORK/A L N6)
C	 EVRI — NSIM X I	 WORK ARRAY	 /CWORK/A ( RPM' )
C	 IRATIO— NSIM X 1	 WORK .ARRAY	 /CWORK/A (Nl )
C	 XBOTO — NSIM X I	 WORK ARRAY	 /CWURK/ACNI.)
C DESIGNED BY: 3.D. BURROUGHS	 FEB 1974

COMM11A / CX1 C /XIC (l ) /CINT/ INT i I )
COMM&N /CNTRLS/ANTYPE 9IPRINT9MODEsERROR(I )
COMMON /fLNAMEX/NAREX (I) /CNAMER/NAMER (I )
REAL NAME.XtNAMERiESPAR
DIMENSION DWORKCI.3sIA (I)slB(1)9IG(I)sID(1),IRATIO(l)
REAL EVRi.I)PEVI$1)TXDDTOCI)TAtl)rRATI©(l)
DIMENSION WN ( I) a.DAMPR(1)
DIMENSION EVRP( I ) T EYlIP C I.) s IAP (I.) , IBP (I )
DATA IFOM/10H+—+—+—+- +--f
DATA I.ASTRX/5Q2H )/TIBLNK/JOIE
IMDEk2(I l,12 T H1) =I1+( 12-1)*Ml

C	 *** LINEAR ANALYSIS CALCULATIONS
2800 WRITEL6*2802)
2802 FORMAT(IHI/4OXs7H/*/*/*/ 9 3X9*LINEAR ANALYSIS*v3Xv7H/*/*/*//)

WRITE16 9 2aG9) iI T NAMEX 4I) iXIC(I) r ERRORC I) 9INT( I) s1=1sRlSIM)
ZE09 FORMAT(/

I7X,5HSTATEs6X 9 *OPERAlIN6 PERTURBATION INTEGRATOR*
2/8Xr *NAME*g8Xt*POINT*9 3x s#$IZE*, 8X9 *CDNTRDL*/
2 ( 15sIXsAI.ClxC7l4.5s&12:.3x19) )

C ======== CALCULATE SYSTEM STABILITY MATRIX
CALL STABAXIMSIMTXDC?TOYICOUNT9RATIOrAsNLIN91)
WRIT E- 1 by 2813) { 1 vNAMEX ( 1) 9X[)OTG (I) a 1 =1 TNS ACM )

2813 FORMAT (///5OX ?*RATES AT OPERATING POINT*/5(14TlH Y A893+H = :G11.5))
=- = TEST IF ANY NONLINEAR ELEMENTS WERE DETECTr )

IHIGOUNT-EQ.0) GO TO 2850
WRITE!6w284. 91. ICOUNT .

2849 FORMAT(///5X 9 I492?69I.0IHELEMENTS OF /RATIO/ DIFFER FROM I BY 10/,. T
THESE ELEMENTS ARE PRECEDED BY AN IN THE STABILITY MATRIX )
DO 2842 I=14 NLIN
DO 2842 J=I.PNLIM

.



J?-= INDEX2(I r J jNLIN.)
IF(AhS[RATIOtJZl--1.)-GT-.l) WRITE;6r7-841) 17JvRAT3OIJ2)

2841. FORMAT(2(jXr*RATli3[* 8 12r* 9 * 9 72 9 *) =*9GI2.6)
2842 CONTINUE

C ==—w=—_=---= PRINT STABILITY MATRIX
2850 K=0

DG 2855 I= 1 ? 24SIM
IF (INN [ I) o EQ .4) GQ TO 285
K=^+l
WN(K)=NAMEX(I)

2b55 CONTINUE
WRITE(6s285I)[WN(K)TK=IINLIN)

2851 FORMAT(/// 47X ? *STABILITY MATRIX*/(Tl0s 1.0[2X2A7 9 3X,% ; )
00 2952 I= ltkLI3l
DO 2553 K=ItNLIN
IRATIO(K)=IBLNK
IF(ABS(RATIO(INDEY2[1 7 KgNLIN)3--1.}pGT..1F IRATIO[K)=IASTRX

2653 CONTINUE
2852 WRITE[6x2a43)WN[I)?CIRATIOLdItA(.+tJ-L)*NLIN)=J=IvNLIN)
2843 FORMAT (1X 9 A7r (TIO* Y0 C LX 9 AlvG1O.4)) )

C ======== CALCULATE EIGENVALUES AND NATURAL FREQUENCIES
2863 GALL EGVL3(AaRA1lO,EVR$EVI9IATI39lClIDOWORK9I.E°-140LIN$NLIN)

CALL NATFRQCEVRvEVI?WNiDAMPR9NLIN9NPOLES)
WRITE(6 * 2867) NLIN

2867 FORMAT(/'/ 2BX9I392X$*EIGENVALUES*/13X:*HEAL*p9XvIlMAGINARY*F
I 6X9 *NATURAL FREQ.*=5Xs*DAMPING RATIO*)
DO 2869 1=1,NPOLES
J=IB LNK
SF(EVI (I).GT.O.) J=IPOM

2868 WRITE(6r2869)I?EVR(I)sJ9EVICI)tWN(I)iDAMPR(I)
2869 FORMAT(3X?1313X2Gl2*642X7A2?GI2.6t4Xi2GI6.6)

WRITE(6,28711
2871 FORMAT(/////)

RETURN
G

	

	 *# CALCULATE EIGENVALUE SENSITIVITY ***
ENTRY ESBTCW

C =-_--_---- DETERMINE EIGEN PARAMETER CODE
CALL GO'DGENtESPARit d 9 INDEP) ?RETURNS(4OOO)

C = _-----= GET NOMINAL VALUE OF EIGEN PARAMETER
CALL VARGUT(INDEPIPARAMO)
IF(PARAMB.NE .O.) GO TO 2950

G ==---_-= DEFAULT PERTURBATION = .l IF NOMINAL VALUE OF EIGEN
C	 PARAMETER = 0

DELTA=..l
GG TO 2955

C =- —_--- PERTURB EItvEN PARAMETER BY 5 OF NOMINAL
2950 DELTA=PArlAMO*,,05

CALC. N(IMINAL. STABILITY MATRIX AND EIGENVALUES
2955 CALL STABMX(NSIgigXDOTO9IC©UNTaRATI(3vAiFNLIN20)

CALL EGVL3(ABRATICiEVRgEVI9IA?IB9ICvl D9DWORK9 3..E—l4lNLlNvNLIN)
C =____.__._. - ORDER EIGENVALUES V0 DECREASING REAL PARTS

CALL EV€1R0R(EVRvLVI9lDvNLIN).
._._C =___	 _ PERTURB EIGEN PARAMETER

2980 PARAM=PARAMO+	 DELTA
CALL VARM OD ( IN[DEP i PARAM )

C ==— - = CAL.G. PERTURBED STABILITY MATRIX AND EIGENVALUES
CALL STABMX(NSIM 9 XDOTOTICOUNTsRATID AgLMLIN90)
CALL EGVL3(AtRATI©iE:VRP?EVIP9IAP$IBPBIC,FDgDWORKiI.E-149NLINiNLI.N)

r
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GALL EV0RDR (EVRP ?EVIP x Iii sNLIN )
DELTA=ADS(PARAMO/DELTA)

C ----------- CALC. EIGEN SENSITIVITY
DO 3 000 I.=I t NLIN
RATIO[ I)=E- R(1)
RATIO(INOEX2(192rNLIN))=EVl(I)
RATI OE INDEX2(Ix 5 7NLI_N))=EVRP LI )
RATIO(IMpEX2EI xb vNLIN))=EVIP(I)
IF E EVR M -EQ.0.,) GO TO 2991

G	 GALC. SENSITIVITY OF REAL PARTS
RATIO (INDEX2 (I t 3xNLIN)) =DELTA*E)...--EVRP E I) /EVR E I) )
GO TO 2933

2991 IF (E VRP (I) . EQ .0.) GO TO 2992
RATIO (INDEX2( 17  jHLIbl))=I..E36
GO TO 2993

2992 RATlO(INDEX2( Ip3jNLIN))=0.
2993 IF(E VI( I) -EQ- U,) GO TU 2994

C =___-____- CALL. SENSITIVITY OF IMAG, PARTS
RATXD(INDEX2EIx4wNLIN)) DELTA*EI..-EVIP(I)/E^VI(I) )
GO TO 3000

2994 IF E E'VIP { I ). EQ-0.) GO TO 2995
RATIO6INDEX2(Ix4gNLIN))=1.E36
G© TO 3000

2995 RATIO(lNDEX2(Is4xtLIN))=0.
3000 CONTINUE

WRITE(6x3020) ESPARYPARAMOiPARAM
3020 FORMATEI.HI /2GX:7H/*/*/*/23Xr*EIGEHVALUE SENSITIVITY*93X47H/*/!!/*/

I p3X IA8g * PERTUR6ED FROM * ?G12.6 1* TO *xGlk.6///13Xr*NOMlNAL EIG
2ENVALUES*vllX:p*SENSITIVITY MEASURE*,I.OXx*PERTURBED EIGENVALUES*/
'I rZX$3( I.OX:*REAL*r7X T*IMAGINARY*) /)

L =_--- -= PRINT RESULT'S
WRITE(6x3025)(I:(R,ATI04I+EJ°-11 LIN)xJ=Zs6)s I=Ii Ni_IN)

3025 FORMAT(3XII316GI5..6)
CALL VARMOD( INDEP4PARAnO)
WPITE(6x2871 )
RETURN

4000 WRITE (6 7400E) ESPAR
4001 FORMAT(//10Xj31H*** WARNING *** CAN*T IDENTIFYi IX*A8vl.Xq

143HAS A VALID EIGENVALUE SENSITIVITY PARAMETER//)
WRITE(b$287l)

' 0	RETURN
iL-ND

120
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C LPR IHT
SUBROUTINE LPRINT(IPRINTTTIME)

C VERSION 3.	 REVISED: MAY S 1976
C PURPOSE: PROVIDE GENERAL LINEPRINTER OUTPUTS.
C CALL SEQUENCE: IPRINT — PRINT CONTROL VARIABLE"
C	 TIME -- CURRENT TIME,
C	 IPRINT VALUE	 QUANTITIES PRINTED
C	 O OR I	 STATES, RATES $ AND TIME
G	 2	 ST'ATES9 RAT'ESs VARIABLESt AND TIME
C	 3	 STATES! RATES 4 VARIABLES: (PARAMETERS AT TIME wO ONLY)
C	 4	 STATESY RATES: VARIABLESY PARAMETERSy AND TIriE
C	 5	 VARIABLES SPECIFIED IN PRTNAM ARRAY

COMMON/CNAMEXINAMEX(I I/CNAMER/NAMER( I) /CNAMEV/NAMEV{ I)
COMM ON/CNAM E P/NAN EP t I. )
COMMON/CX/X (I.)/LXDOT/XDOT(I) /CV/V (I.) /CP/P (I )
CGMMiWCORDER/NOXiNOV 9NOP
COMMCN/CPRINT/PRTNAM(I®) BLPRT(10)/CDIFS/JSTARTaKINITs,TP
DIME14SION OUTPUT (10)

C ---->	 TEST FOR LIST OPTION
IFEIPRINT.EQ.5)GO TO 300

G

	

--->	 PRINT STATES
WRITE(6vll)TIME * (IpNAMEX(I) ? X(I) xI=I YNOX)

I.I.	 FORMAT(//IOX,*TIME = *pGIO.4s30Xv*STAT'ES*/5QI4vlXvA8y2H= VG11.5))
C	 >	 PRINT RATES.

WRITE(6213)(I,NAMER(I)xXDOT(I)tl=IYNCXI
13	 FORMAT(/57X,*RATES*/5(I4slXvA8v2H= YG1I.5))
G	 >	 TEST FOR VARIABLES OPTION.

IF(IPRINT.LE-I)RETURN
C __>	 PRINT VARIABLES..

WRITE(6715)(IiNAMEV(.I)sV(I)iI=IYNOVI
15	 FORMAT( /57X9*VARIABLES*/5(I4vlXvA892H=
C ---_	 TEST FOR PARAMETER PRINT OPTIONS

IF (I PRINT,..LE.2) RETURi
IFIIPRI,iT.LE.3.AND.TIME.GT .O.)RETURN
WRITE(69I.7) (1 9NAMEP(I),P(I) RI=lti%GP)

17	 FORMAT(/57Xs*PARAMETERS° /5(l47lXrA8y2H= vG11.5) )
RETURN

C --M---->	 SCAM CODES AND GET CURRENT VALUES.
300 N=O

00 320 I=1410
c —	 9	 TEST FOR LAST VARIABLE

IF(LPRT(I).EQ.-1)GQ TO 310
CALL VAROUT(LPRT(I)90UTPUT(I))
N=I
GO TO 320

310	 OUTPUT( 11 =0.
320 CONTINUE
G --- —>	 TEST FOR NO LIST QUANTITIES IDENTIFIED

IHN .LT.I)RETURN
C ------>	 PRINT HEADING WHEN KINI T = O.

IF (KINIT..EQAO)WRITE(6F 34.3) (P,RTNAM(I) ,1=1$N)
343	 FORMAT(/4Xi;TIME*93XsIO(3XpA8ilX))
C --- _>	 PRINT LIST VALUES.
360	 WRITE(69363)TIME9(OUTPUT(I)ml=l9N)
363	 FORMAT1 lXvGl0 ®4a 10&12.5 )

RETURN
END

ii

f^

BCS 40262-2	 121

C



i

i

C.LUEQS

	

	 4

SUBROUTINE LUEQ.S(AiBvCvIArNAsNRaMATMBIMC?FPZ,YERROR)
C VERSION 2.0	 REVISED= OCT 6 1975
L	 SOLVES FOR B WHERE A*B=C
C	 INPUTS ARE;
C	 A	 THE MULTIPLIER MATRIX
C	 C	 THE RIGHT HAND SIDE ' OF THE EQUATION
C	 NA THE ORDER OF THE MATRIX A
C	 N8 THE NUMBER OF COLUMNS OF MATRICES B AND C
C	 MA THE ROW DIMENSION OF A
C	 M. B THE ROW DIMENSION QF B
C	 MC THE ROW DIMENSION OF C
C	 FP'Z THE PRECISION INDICATOR
C
C	 ON SUCCESSFUL COMPLETION (IERROR=O)
G	 B THE SOLUTION MATRIX
C	 A THE LU DECOMPOSITION OF A
C	 IA VECTOR OF ROW PERMUTATIONS OF THE LU DECOMPOSITION IN A
C
C	 DIMENSION INFORMATION
C	 IA VECTOR OF LENGTH NA
C	 MB AND MC MUST BE AT LEAST NA
C
C	 QQTES;
(;	 IF NB IS 0 7 ONLY THE LU DECQAPOSITION OF A IS COMPUTED.
C
C	 THIS PROGRAM WAS DESIGRLD AND CODED BY A. FREDERICK FATH OF
C	 BOEING COMPUTER SERVICESY SEATTLE* WASHINGTON. THIS VERSION
C	 WAS COMPLETED DURING APRIL 1975. 
G

DIMENSIONS A(MAvl)4B(MBvl)sC(.MCvl)tlA(lI
ERR=FPZ*50.
IERROR=O
00 10 I=1,NA
IA (I) =I

10	 CONTINUE
NAI =Nk—I
IF(NA•.LE.I) GO TO 46
00 45 I-12NA1
11=1+1
I,2=I— I

G	 SEARCH FOR PIVOT
SM = O .

DD IS J=ITNA
IF(ABS(A(J ? I)).LT.SM) G© TO 18
IR=J
SM ABS( A(JyI))

16 CONTINUE
C	 INTERCHANGE ROWS

IF(I.oEQ,.IR) GO TO 23
DO 20 .1=1-rNA
SM A( Iv J)
A(I,J)=AtlRvJ)
A(IR 4 J) =SM

20	 CONTINUE
J=IA(I)
IA(I)=IA(IR)
IA(IR)=J

122
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OL u ac	 coMPUrE c u N F L
23	 IFIA(171 3241100124
24	 A(I%l) I-/A(IyI)

DO 25 J=117HA
A(J .,I)=A(Jtl) *A(IT I )

25	 CONTINUE
G	 COMPUTE ROW OF U

IF(I-EQ.1) GO TG 35
DO 30 J=117NA

SUM=A [ I x J l
SB=ABS(SUM)
DES 28 K=).rI2

SA=A(I,K)*A(K1J)
IF(ABS(SA).G7.SB) SB=ABS(SA)
SUM=SUK—SA

i	 28	 ^Cc Cc^U`J^^'ZIV uC
r- 	 f T y ^}	 y ^q y^IF (A.BS (SUM) . LT. kRR*S B) S UM= o

30	 A(I1J8--SUM
c	 COMPUTE UNNORMALIZED COLUMN OF L
35 DO 45 J=IIYNA

SUM=A(JrII)
SB^:A^iS(5i)M) .
DG 38 K=l,I
SA=A(JrK) *.A(K1I).)
IF(.ABS(SA).16T.SB) SB=ABS(SA)
SUM=.SUM-SA

38	 CONTINUE
IF(ABS(SUM)PLT.E€tR*SB) SUM=Ce
A(Jr Il)=SI R

45	 CONTINUE
46	 IFEAINA 1 NA) 347,100947
47	 A(MA-aNA)=Io/AkNArNAf

CALL SLUEQ(AsB,CvlAiNAvNBrMAYMBtMCtFPZ*IER'kDR)
RETURN

),GQ WRIT'E(6vl0l)
101 FORMATi (27HO	 MAIRIX IS SINGULAR **)

TERROR=1
RETURN
END
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CNAMES
r

	

	
SUBROUTINE NAMES(IPHRS,NAI F-tNUNITYNOwITN07MODE)

	 .4 i

C PURPOSE= LOADS ALPHANUKERIC NAMES OF QUANTITIES IDENTIFIED BY
G	 DEFINE STATEMENTS.
C CALL SEQUENCE: IPHRS = ARRAY CONTAINING NEXT PHRASE TO BE EXAMINED.
C	 NAME = ARRAY TO BE LOADED WITH NAMES OF
C	 DEFINED QUANTITIES.
c	 NUNIT = ARRAY, TO BE LOADED WITH UNIT NAMES
C	 OF DEFINED QUANTITIES.
C	 NO	 NUMBER OF DEFINED QUANTITIES.
C	 ITNO = POSITION OF GIVEN QUANTITY IN NAME ARRAY.
C	 MODE =.MODE. OF OPERATION INDICATOR.
ti.	 MODE	 0 W14EN ITN. HAS BEEN LOADED"
G	 MODE = 1 WHEN NAME HAS BEEN LOADED.

DIMENSION NAME(NO) rNUNIT(ND)
REAL IPHRSaNAMEwNUNIT

C TEST FOR NUMERIC FIRST CHARACTERO
CALL NfUMERC( IPHRS) ,RETURNS(100 )
GO TO 200

C TEST THAT ITNO IS WITHIN ALLOWABLE. RANGED
-too	 IF(ITKO.LT.l.OR*ITNO.GT.N©) GO TO 12X1

IF(MODE.tAE.0) GO TO 110
C LOAD NAME

DAME(ITNO)=IPHRS
MODE=1
RETURN

C LOAD UNITS NAME«	 ( ALL NAMES WILL 8E PUT IN WORD 1 FOR NOW.)
110 NUXI TU ) =IPHRS

RETURN
120	 WRITE(6,l21) ITNOsIPHRS
121	 FORMAT(15Xjl5H*** WARNING ***,I$,40H EXCEEDS THE ALLOWABLE INDEX R

IANGE FOR vA1013 H. THIS QUANTITY WILL NOT BE DEFINED)
RETURN

C CONVERT IPHRS TO I FORMAT.
200	 CALL BCDREL. (FLNO, I PHRS )

ITNO =FLNLr
MODE =O
RETURN
END



F
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CNATFRQ
SUBROUTINE NATiFRQIEVRrEVI^rlnlHiDAMPRINL.INyt4POLES)

C PURPOSEZ TO BIRDER EIGENVALUES WITH MOST POSITIVE REAL. PARTS FIRST,
C	 CALCULATE NATURAL FREQUENCIES AND DAMPING RATIOSr
G	 AND TO ELLIMINATE THE ROOTS WITH NEGATIVE IMAGINARY PARTS.
C CALL SEQUENCE- EVR = REAL PARTS OF EIGENVALUES CNLIN ARRAY ON ENTRY

r	 C	 NPOLES ARRAY UPON RETURN. )
C	 EVI = IMAGINARY PARTS OF EIGENVALUES
C	 WN = NATURAL. FREQUENCY ARRAY
C	 DAMPR = DAMPING RATIO ARRAY.
C	 NLIA = SYSTEM ORDER.
C

	

	 NPOLES = NUMBER OF POLES WITH IMAGINARY PARTS >= 0.
DIMENSION! EVR(1)rEVI(l)iWN(1}rDANPR(1l
NPOLES=O

C ELLIMINATE ALL POLES WITH NEGATIVE IMAGINARY PARTS.
DO 50 2-1rNLIN
IF(EVI(I].LT.Gl GO TO 50
NPIILES =NPGLES+l
EVR(NPOLES)=EVR(I)
EVI(NPOLxS)=EVI(I)

50 CONTINUE
C SORT REAL PARTS OF POLES INTO ASCENDING ORDER.

CALL FSHELLtEVRrWNr29P0LES}
C SORT IMAGINARY PARTS TO CORRESPOND TO REAL PARTS.

CALL SHLLLX(LVIrWNvNPOLES)
C REVERSE EIGENVALUE SEQUENCE. (PUT INTO DSCENDING ORDER)

NLINI=NPOLES+1
NLIN2=NPOLES/2
DO 100 I = Ir NLIN2
I2=NLINI-I
kVRS=EVR (I )
EVIS=EVICT)
EVR(I)=EVR(I2)
EVI(I)=EVI(I2)
EVR(I2)=EVRS

100 IEVI(12)=EVIS
C CALCULATE NATURAL FREQUENCIES AND DAMPING RATIOS.

DO 200 1=11, NPOLES
WN (I)=SQRT( EVR ( I) *EVR (I 3 +EVI (I ) * EVI (I) )
DAMPR(11=0.
IF(WN(1)-WAE..0o) DAM PR(I) = -EVR€IJlWit(I)

200 CONTINUE
RETURN
END

It .
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CNONSI j,,(E }
	 CIVERLAY(NONSIM760)

PROGRAM NONSIMCINPUT=100,GUTPUT=200, f TAPE5=IMPUT,TAPF6-rJUTPUT r
1 TAPES=600, PUNC H=10O,TAPES=PUNCH,TAPE30=10OO,TAPE25= 1000)

C VERSION 3.	 REVISED APRIL. 30 1976	 •
C PURPOSE: MAIN PROGRAM FOR THE BATCH VERSION OF.NONSIM.

COMMON` CGVRLY/INSTiLOKSSTLOKSIMrCPOSEC
COMMGri/CPROV/XMINIAXMAX12XMIN2,DELTA2sCURVES,PRINTtP'RATEvOUTRATit

I AMOBELTINCITMAX,FMAXtFRIN,XSTARTvXSTQP,SPCIINTrSSLIMiRSTART,?.STOPS
2 RPUINTrRLMIN:RLMAXrIMMIN,IMMAX,GCMQD,OCORDvTZERD

'j	 COMMON/CPRON/OEPEN xINIDEP I r INDEP2,ESPARYNINPUTv NBUT i INDEP: RLPAR
C OMMON/CSMPAR/SMPAR(LO) x ICIND (2)
COMMON/CORD ERMSIM,NQV ,N OP/CWC3RK N/NN s NE (7)
COMMDM/CS IM UL/I. PRIM, IPRATE , TOUT, NiPTS,NPTMAX,1NDM AX,TIKC2 t TMAX2,

I. INIOEX,IPLO7 7 IUENT (4)
REAL IDENT
EUUIVALENGE (NSIM,NDX)
COMMON /CPLUI -S/ INDPLT,lNDWRjl0PT(30),PLOTIO( 5),PTI.TLE( B),

	

+	 IPOPT{LO)
REAL	 SMPAR,DEPENIINDEPlilMDEP2,ESPARiNINiPUT,NOUT,INDEPIRLPAR

C CALL USER FURNISHED INPUT ROUTINE.
CALL DATAIN

r	 CALL OVERLAY(4HINlT,1,0)
INST=i

C INTERPRETATION ROUTINE TO READ INSTRUCTIONS.
IOU	 CALL OVERLAY(6HINTERP,2,Qr6HRECALL)

IF (INST.LE.U) STOP
C BRANCH TO SPECIFIED ANALYSIS.

50 TO cloollioovioolioQAaUQ,10U,10Q,1001100,100,

	

1	 100,100 7 200 2 200,1 00 ,loo,I.00,a0o, I.00, loo r

	

2	 IOQ,IOQ,loot1QQ,1o0,300,40Q24OGv5QO2600,

	

.^	 7Ck0p$Ga,42U91C^0^8^"s#^xa+[x^,I{'xi],ZDQx1QC5,1fT^Ux
	4	 LQQa100g1 [30a1U0r10QsIC3Qa3G0 ,aGGaI00,7EfiQt

	

5	 100, l00v l00 v l IO, lL00 Q, lQO, l0Q) 	 , INST
C GENERAL FUNCTION OF ONE INDEPENDENT VARIABLE.
200 CALL OVERLAY(6HGFBTCH,3, 0)

GO TO 1.00
300 1F(LOKSIM.EOdil G9 TO 310

WRITL{6001 )
301

	

	 FORMAT( //T5Xjv15H*** WARNING ***,5X t *SIMULATION WILL NGT BE RUN DUE
I. TO FAILURE TO REACH VALID STEADY STATE*//)
GO. TO 100

310 IPRIN=PRINT
IPRATE=PRATE
LOUT=OUTRAT
TINtC 2=TINC	 -
TMAX2=TMAX
GALL OVERLAY (6HSIBTCH:4v0l
LOKSS=1
GO TO 100

400	 CALL OVERLAY[6HLABTCH,5,Q)
GO TO 100

420 CONTINUE
GO TQ 100

500 CALL OVERLAY[6HSM5TCHT6,0)
GO TO 100

600	 CALL OVE.RLAY(6HTFBTCH77i0)
60 TO 100

i
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700	 CALL OVERLAY(6HSSBTCH ,#l0 Bv0)
f	 GO TO 100

B00	 CALL OVERLAY[6HRLBTCHjllBVo)
GO TO 100

^	 C =______.,...,_,.._....__._.._	 _ DESIGN O.C. 
c ---^-^-_	 -- GENERATE LINEAR SYSTEM MODEL 	 PROGRAM 0
10DO CALL OVERLAY{6HNONSIM1,12BO)
C ___ _	 _^^___._	 ^.. GENERATE OPTIMAL CONTROLLER	 PROGRAM OC
C	 CALL OVERLAY[6HNONSIMT13BO)

..GO TO 100
END

i

i

i
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CURKV
OVER LAY C NONSIM, 4 t 1)
PROGRAM NRKV

G PURPOSE: PERFORM INTERATIQN USING RUNGE--KUTTA ALGORITHIM
C VERSION Io	 REVISED: JULY 11 1975

COMM O!d/CXIx ( l) /CXDOT/XDOT ( 3) /CTI ME/TIME/CORDER/NSIM t NU V t NGP
COMMA /CWDRK/AII)/GWORKkWNN 7 kl ?N2vH3wH4 jN5jH6vN7
C.q MMUN/CNTRLS/ANTYPEtIPRINT,IMDDEsERROR(l)
COMMOil/'CSIMUL/IPRINy`IPRATE ? IOUT t NPTS t NPTMAX t INDMAX t TINC: t TMAX
COMMON/NRKVS3A ZDIAGrAHMINKiPAHSTRTtINTFLGsMAXNYMFAILIs MSTEPZ,PISTABL
L0MM0N/CDIFS/JSTART:KlNlTtTP
IFCKINIT .EQ.0) CALL RKIN IT
CALL NRKVS(TP y NSIM2A(NN)xALItl) t o(&42)gA(a'63)aA(k%4) t A(145)vAC 6)p

AA(NT) )
END
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CNRKVS
SUBROUTINE NRKVS(TPiNVrXXwXS7DS7ZrZZ7DHIST7XHISTiECNT)

C VERSION 2.1	 REVISED_ MARCH 23 1976
COMMON/CX/X (1)/CXDOT/XDGT(1) /CTIME/TIh4E/CGRDER/NSIMflNGVI NGP
COMMON/CNTR.LS/ANTYPE.7 IPRINTY IMDDE r ERROR (1)
COMMCAri/CSIMUL/I PRIN T IPRATE r IOUTYhPTS 2NPTMAX r INDMAX,TINC I TMAX
COMM.ON/NRKVS3/IDIAGiAHMINM7ANSTRT,INTFLGrMAXNrMFAILI t MSTEP2 tlSTABL
COMM Dhk/CuIFS/JS TART v KINITJFRMESS/IFATAL9IERR

DIMENSION XX(.I.)r XS(I)rDS{1)rZ( I.)sZZ(I.)rDHIST(I)rXHIST{I.}rECNT(l)
LOGICAL REJECT,RETkN
DATA XRHQrDRHO/.99,.75/sArg,L/.4566021173.276145912.7327480/
ERR=I. E-5

C

C
G	 INITIAL1 -ATION FOR FIRST CALL TO THIS PROGRAM.
C	 ASSIG MENTS ARE MADE SO AS.
C	 TO USE EITHER SIMPSD"S RULE OR RUNGE KUTTA FORMULAS
C
C	 CHECK FOR NV EXGEEDIN6 DIMENSIGN SIZE
C

RETRN = .FAL_iE.
I	 ITERCT=0

IF (KI NIT.GT.0) GO TO 200
K1NIT = I.
REJECT = .FALSE-

108 DO 120 1=17 .N V
DHIST(I) = 0. 0
EGNT(I)=0.
XX(I) = X^I)
XHIST(I) - AMAXICABS[XII))7ERROR(I))
IF (XHIST(l)) 1107110ri20

110 XHIST(I) = 1.0
120 CONTINUE

I S=TIME
TK=TP—TS
IF(TR)11r10911

10 CALL EQMO(TIME7TINCv0)
RETURN

11 CONTINUE.
E#*

C

	

	 SET STAB ILI TY CONTROLS
AHMAX=I. L+37

13 JLMAX.=100
TSTBL -4.
TSTB L2=2n
RTDN =.75
RTUP1 =..25
RTUP2 =.75
JDELAY=5

_	 JHIST =D
14 JLOCAL =0

C**** .
C	 INITIAL STEP AND MINIMUH STEP — SET BY USER OR PRO-GRAM

ZF(.AHSTRT) 12271ZZ7l21
121. AHS = AHSTRT

GO TO 123
122 AHS =.o l*ABS (TP—TS )

i
t

i
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123 IF(AHMINM)I25r125vIZ4
124 AHMIN = AHMINH

GO T{3 200
IZ5	 AHMIN=AM1141(I...E--51TINC/10&0 e.)
C

G

G	 INITI.AL.IZA'riON FOR SUBSEQUENT CALLS TO THIS PROGRAM
C	 CONTINUATION OF AM INTEGRATION AFTER A NEW 	 j
C	 PRINT TIME (TP) IS SET
C****	

fC	 EVALUATE DERIVATIVES AT STARTING POINT
C

200 ENDT = TP	 f
CALL EQKO(TIMEYTING90)

C****
Du 210 I.=IINV
XX(I)=Xtl)

210 Ds(I) = XDOT(I)
TR = TP--TS

3

IREJ EC = 0
TTEST = TS
TEST= .005*A3S(TR)
NSTEP = 0
NSTEP2= 0
NFA I LI = 0

C
C 

y^y^ ^{ yWyy yy ( ) ,{ y y y ^y y y { yyy y y .yy y y ,y 5 yam{ • yy'Y"P'FY "I`TT`7'7"!`^t'̂ ỳ+Y"1"T'F •hTT'TT'T •F4`7- '1"•FM'T'7"i''Y`TT •'C'Y`T`TTT`RTT ' k` •1 T•F'!"'T"l^T'Ly

C
C	 RUNGE IKUTTA FORMULAS
C	 A ONE STEP, FOLLOWED BY A TWO STEP I INTEGRATION IS PERFORMED
C	 THE INCREMENTS TO THE DEPENDENT VARIABLES ARE FOUND IN Z,ZZ
C****
C	 DO ONE STEP OF LENGTH H

300 AH =AMlXl(AHS,A3S(TR))
H=SIGN(AHvTR)
H2= .5*H
Hb= H2/3.
TIME = T5+ H2
DO 302 I=12NV
XS(I)WXxtli

302 X(I)=XS(I)+-H2*DS(I)
CALL EQMQ(TIME}TENCs0)
DO 304 1=1 f MV
Zll)= DS(l)+2.*XD0T(I)

304 X(l) = XS(I)+HZ*XDOTi-)
CALL EQMO(TlMEvTlNC,O)
TIME =TS +H
DO 305 1--I,NV
Z(I) = Z(I)+• 2.*XDGT(I)

306 X(I)=  XS (I) +-H*Xi3 DT ( I )
CALL EQMG(TIME.,TINC90)
H4=.25*H
HIZ=H4/'3.,
TIME=I"S+. H4
00 310 I=3 AmV
Z(I)=H6*(L(I)+•XDDT(I)}
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C

C DO FIRST HALF STEP OF LENGTH Hf2
310 X (I)=XS(I)+H4*DS(I)

CALL EQMfJ(TIM.EvTINCv 0)
DO 314 1=1rNV
ZZ M =DS.(1)+2.*XDCIT(II

314 X[I)= XS(Z)+H4*XDCIT(I)
CALL EM(TIMErTINCO)	 ^
TIME =TS+HZ
DO 316 I=XrNV
ZZ(I)=ZZ(I)+2..*XDOT{I)

316 X(I)= XS(l)+H2*XDOT(li
CALL EQMC(TIMErTINC2011

C****
C

C SET UP SECOND HALF STEP
C

DO 320 I=1,,NV
ZZ(I)=ZZ(1)+XDOT(I)
X(I) = XS(I)+H12*ZZ(I)

320 XS(I)=X(I)
GALL EQMO(TIMEITINC7G)

C****
C
C DO SECOND HALF , STEP OF LENGTH Ht2
C
G****

TIME=TIM-E+H4
DO 322 I=ITNV
X(.I)=XSLII+H4*XDDT(.()

322 ZZ(I)=ZZ (I)+XDCjT (1)
CALL EQXO(TlMEvTINCv0)
DO 3Z4 I=T,NV
ZZ(I)=ZZ(I)+2..*XDOT(I).

324 X(I)= XS (I)+H4*XDDT(I)
CALL EQXO(TlMErTINCrGl
TIME=TS+H
DDO.

t
326 I=I

I
,NV

yy f-	 yy
Zz t l j=zz (I) +Z.*XDOT (.IG)	 -

k	 326 X(I)= XS(I)+H2*XDOT(I)
CALL EQMO(TIMEgTINCrD)
GO 330 I=Iv NV

3-;-o0 ZZ(I)=Hit*{ZZ(I)+XDDT(I))

C NOW GO TO ERROR CHECKING SEQUENCE
G***#******ak#*?I#k**^k^Kk#?IIxr k#X#^k#k^^c*a'F^F
C
C ERROR CHECKING SEQUENCE.
C IN THIS SECTIONwTHE SIZE STANDARD IS UPDATEDrTHE ERRORS ARE
L COMPUTEDiTHE WORST ERROR IS COMPUTEDpAND DECISIONS ARE MADE
C AS TO HON TO PROCEED.

-	 500 TERR= 0m
RECIP = I./AH
IERCT=O
DO 508 I=1,NV
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CHNG=AMXx1(ABS[ZCI))vASS(ZZ(I)))
Z(I)=(7-LM- Z(1))/15.
IN CHNG—ERROR (I)) 504 * 504 i 506

504 DHIST[1)= 0.
GO TO 505

506 DHIST (I) = AMAX1 { CHNG*RECIP x DRH(3*DHIST[ I) )'
C****
C	 SIZE STANDARD

ERRSTD=AMAXI(DHISTCI)*AHtXHISTEI))

C	 ERROR FOR EACH EQUATION
RERR=ABS[ZCI)/LERRSTD*ERRS)
RERR=AKINIiRERR:Z(1)*5O./ERRQR(1)

C****
C	 WORST ERROR FOR ALL EQUATIONS

IF (TERR.GT. RERR } AGO TO 50B
T£RR=RERP,
IERC T=?

5DS CONTINUE
C****
C

i	 C***
C	 NOW PROCESS ITEST TO DLCIDc WHAT TO DO WITH THIS
C	 INTEGRATION CYCLE
C
C	 IF TERR.LE.1 THEN THIS STEP IS SMALL

IF[TERR.. LE.. X.) GO TO 512
C	 REDUCE JHIST

IFIJHIST) 5111510=509
509 JHIST=JHIST-1

C	 IF TERR..GT.TSTBL THEN INVOKE STABILITY
510 IF(TERR..LT.TSTbL) GQ TO 519

C

	

	 ONLY IF PREVIOUS STEP WAS SMOOTH
IF(JLOCAL.EQ..D) GO TO 511

:.	 C
C	 WE ASSUME WE IiAVE EXCEEDED THE
C	 RANGE OF STA81:LITY. TIGHTEN CONTROLS.
C

AHMAX =AH*RTDR
TSTBL =1. +.5*TSTBL
RTDN. =.75*RTDN+.2421875
RTUP1 =.5*RTUP1
RTUP2 =1..-RTUP3
JL.00AL=[3
JHIST =0
IF[JDELAY.LT.ZO) JOELAY=JDELAY+Z

C	 CHECK FOR REJECTION
511 IF(TERR-10.) 520t520,515

G****
C	 STEP ACCEPTED — NEXT STEP INCREASED

512 IF i . ABS [ TR} —AH.) 5"21.,521., 51.3
513 IF(REJECT) GO TO 600

AHS=AMINlE Z.Ow i 1.+C*TERR) /(A+B*TERR))*AH
C

	

	 INCREASE JL.00AL AND JHIST [BOUNDED)
IF(JLCiCAL.GT.JLMAX) GO TO 514
JL13CAL=JLOCAL+3.
_1141f fiT __lHTN.T+ ].



C	 BOUND AHS
51:4 TF(AHMAX.GE.AHS) GO TO 600

C	 CHECK FOR AHMAX TO INCREASE
TEMP = AHS
AHS =AHMAX
.IFWLOCAL.LT.JDELAY) G q TO 600

C	 INCREASE AHMAX USING RTUP PARAMETERS
AHMAX =TEMP*RTUP1+AHMAX*RTUP2
JLOCAL=0
GO TO 600

C****
G	 STEP REJECTED

515 REJECT = .TRUE.
LCNT(IERGT)=F-CNT(lER(:T)+l
:IREJEC = IREJEC +1
IF{AHS,GT.AHM1N^) GO TO 518
NFAI LL =NFAILI. + l
IF(NFAILl *GT.1? GO TO 516
TF I.= TS

516 TF2=TS
GO TO 700

518 AHS=AMAYI.[AHMIH AMAXI.[.5.[TERR*A+B)/iTERR+C))*AHI
GO TU 300

C****
C	 STEP ACCEPTED — NEXT STEP DEGREASED
G	 IF TERR.GTp2 ERROR 15 MODERATELY SEVERE

X 19 IF(TERR.LT.TSTBL2) GO TO 520
IF(JDELAYoLT.20) J DELAY=JDELAY+l

520 AHS=AMAXI. (AHMINf v ((TERR*A+B) / (TERR+C) ) *AH)
IFCJLQCAL.EQ.0) GU TO 522
JLOCAL=O

C	 CHECK FOR AHMAX TO DECREASE
IF(JDELAY.LE.10) GO TO 522
AHMAX =AHMAX*ftTDN+-AHS* (14—RTDNJ
RTUPI =RTUPI.*.875
RTUP2 =1.—RTUPI.
JHIST =0

522 IF( ABS (TR).---AH) 521. t 521. a 600
521 RETRX =.TRUE.

C****
C
C	 ****^****#sic*^k^*^k****^*^.^**.^^x*^K*^*^*a^***a^***^^^^x**
C	 SYSTEM UPDATE SECTION.
G	 AT THIS POINT A STEP HAS BEEN AGGEPTED tUPDATE THE SYSTEM
G	 VARIABLES AND PREPARE FOR A NEW STEP UNLESS TPA HAS BEEN
C

	

	 REACHED OR A DIAGNOSTIC MESSAGE IS REQUIRED.
600 REJECT = .FALaSl'--.
610 DO 620 I=LtNV

^(1;;)=zZ(I)+L(I)
X(11=z(I)+Xx(X)
XXII) = X(I)

620 XHIST11 A= AMAXl( ABS(X(I)) sXRHO*XHI:ST[ I) )
TIME=TS+H
TS=TIME

C --	 -- TURN ON ERROR MESSAGES IN MODEL
622 IERR = I

CALL EQMO(TIMEATlNCTD)
C	 —	 TURN OFF ERROR MESSAGES IN MODEL

r.
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IERR	 0
C*** IF GEAR INTEGRATOR MODE IS SPECIFIED RETURN AFTER 100 STEPS

ITERCI=ITERCT+1.
IF(IMODE..EQ.I..AND..ITERCT.GT .100) RETURN

624 00 630 I=lt NV
630 DS(I)=XDOT(I)

NST E P=NSTEP+i
C
CCHECK FOR SMOOTH OPERATION

IF(JHIST.LT .20) GO TO 63a
C

	

	 YES LOOSEN STAaILITY COtWROLS
JHIST =0
TSTB L =.5*TSTBL+Z.

i RTUP2 =.5*RTUPZ+."- 75
RTUP 1 =I..--RZ 42
RTDN =..75*RTI N+oI.875
IF(J0E-LAY.GT.5) JOELAY=.IDELAY-2

C
63-^ IF(I€II.AG.EO.01 GO TO 636

IF(NSTEP.LE.MAXN)	 GG TO 730
636 I.F(TP—EXDT)638,640*638

_	 638 TP=ENDT
IF(EHDTe.EQ.TS) RETURN
RETRY[ = oFALSE.

640 TR= TP— TS
IRE.I EC = 0
IF(RETRX) RETURN
NSTEP2 = UST EP2 t I.
IF(N STEP 2.LT.MSTEP2) GO TO 300
IF LABS[TS—TTEST)—TEST) 710010!644

644 TTEST =TS
NSTEP2= 0
GO TO 300

°_	 G

/G'''^
	 TT'MT'1F'Y'MT"I•T'1`TT'f"1F's'T'Y"r`FTMTT'TT"ir7T^+M'm^1"T'L"F'1!"1T'Y'ri 'L"MT'*9 •'1`T'S"'Y'T'T

L/

C	 DIAGNOSTIC SECTION.
L'	 THREE LEVELS OF DIAGNOSTICS ARE POSSIBLE, TWO OF
C	 WHICH CAUSE AN ERROR RETURN
C
C****
G
C	 I..IF AN ERROR TEST IS NOT SATISFIED AT MINIMUM STEP,
C	 A MESSAGE IS PRINTED, THIS IS ALLOWED TO HAPPEN
C	 AT MOST MFAI.L1. TIMES AT WHICH TIME
C	 THE ERROR RETURN IS MADE

700 WRITE{6,702} TS,RERR
702 FORMAT( IH0,23HERROR CHECtk FAILURE AT , E14.8, IOX, 23HERROR IND ICATO

IRS F©LLOwrl, i I.H F9..3,9F9•3) )
IF(NFAI.LI..LE.MFAILI) GO TO 610
WRITE (6r 704)

704 FORMAT{IHG,5IHEXCESSIVE ERROR LHECK FAILURES AT MINIMUM STEP SIZE)
WRITE(6p706} T5,( C(1},I=3 PdV^

706 FORMAT( I.H0,26HINTEGR.ATI©N TERMINATED AT wE14.81
150H WITH THE FOLLOWING DEPENDENT VARIABLE EVALUATIONS, (/8EI.4.8) )

E	 WRITE(6,708)TFISTF2
f	 708 FORMAT(IH0 1 51HFIRST ERROR FAILURE AT MINIMUM STEP FOR INDEP VAR =^
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I.E16.8/52H	 LAST ERROR FAILURE AT MINIMUM STEP FOR INDEP VAR =*F16.
28)
60 TO 900

c

j
I

C 2., IF AN INTEGRATION TAKES MSTEP2 STEPS IN A SMALL
C FRACTION OF THE CURRENT PRINT INTERVAL (TEST IS
G THE VARIABLE SET TO THIS FRACTION) IT I5 LIKELY
C THAT EXCESSIVE COMPUTER TIME WILL BE CONSUMED

.	 C BEFORE THE PROBLEM TS COMPLETEDIPTHEREFOR
C THE ERROR RETURN IS MADE
C

710 kRI IT'E (6 * 712) MST'EP2gTTESTITS
712 F0RMAT(TH0r31HINT&6RATlUW PROCEDURE REQUIRED 1 13 1 6H STEPS/IH0927HF

IROM INDEPENDENT VARIABLE =vE14.8028H	 TO INDEPENDENT VARIABLE =xE
214.8/lHOr40HC0MPUTATION CONSIDERED PROHIBITIVLY SLOW)
WRITE(6r7O6) T52(X(I) aI=1vNV)
IF (UFAILI .NEs.0) WRITE (6s7O0) TFlvTF2
60 TO 900

C
G 3. AS A DEBUGGING AID,A DIAGNOSTIC MAY BE PRINTED
C EACH STEP, HOWEVERrNO MORE THAN	 MAXN	 OF THESE
C CAN BE PRINTED IN EACH PRINT INTERNAL. THIS IS TD

PREVENT THE IMADVERTENT	 GENERATION	 OF
C EXCESSIVE OUTPUT.
C

730 CONTINUE
WRITE(6r742)NSTEP,IRrc,lECPTS,H,AHMAXiTERR,RERR

742 FORMAT (I.H v 214 1 4E1.4.5 i	 8F8.2q/, (1H 1.0X g I5F6..2) )
GO TO 636

^	 G
G WHEN PROCEDURE STOPS BECAUSE OF ERROR t SET TIME TO TMAX + RETURN

_ 900 TIME =TMAX+l
RETURN

r	 -. END



t	 CPLINIT
SUBROUTINE PL7CNIT

G
C INITIALIZE FOR PLOTTING
C

COMMOM ICPLOTSI INDPLTvlNDWR,I0PT(30)9PLOTID( 5) F PTI.ILE(	 8),
+ IPOPT(IU)	 .
COMMON 1CSCALEI SiCALF(5s 4,6)*NVAR(5$2,6),NPLTS(6)
DIMENSION DFLTID(5):
DATA BLNK 110H
DATA DFLTID r50H NONSIM PL(3TS.

G
REWIND 30
INDPLT = 0
INDWR = 0
DO 10 1=1,30

10 IOPT(l)	 = 0
DO 20 1=1.15

20 PL.LITI.D(I) = DFLTID ( I )
Da 30 I=1, 6

.30 .PTITLEI1) = BLNK
DO 40 I=IirlO

40 IPOPT(I)	 = 0
IP©PTQ5) = I
DO 50 1 =1,6

50 NPLTS( I) = 0
RETURN
END
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4	 ,, II

1 ^
C P LOTAB

x

SUBROUTINE PLOT'AS (NTAB )
C VERSION 1.	 REVISED MAY 18 1976
C PURPOSE.- PLOT  'f ABULAR DATA
C CALL SEQUENCE:	 NTAB -- I.Do NO, OF TABLE TO 6E PLOTTED
C	 NTAB = -1 INDECATCS ALL TABLES ARE TO BE PLOTTED
C RESIGNED BY- J.B. SURRUUGHS 	 MAY 1976

COMM ON{CPLUTS/SNDPLTx INDWRv IOPT(3a) q PLOTID(5 )' PT'ITLE(B) * IPUPT I LO)
CONtM ON/CTABNA/TABNAM (1) /LMAXD I /NDTAB 7 MAXDIM (I) /CLOCTA{L GCTAB( 1)

1 /CT.ABLE/ ABL.ES (l)
REAL XOPyt3U)
EQUIVALENGE(XOPT(1)ylOPT(1))
DATA IBLNK/10H	 {

C ==-----_-- TEST IF ALL TABLES ARE TO BE PLUTTLD
IF(?4T'AB.EQ.-l)GO TO 100

C	 ---- PLOT ONE TABLE
ll=NTAB
N=NTAS
GO TO 204

C ------------ PLOT ALL TABL r-S
100	 11 =1

N=NOTA3
C	 SCAN TABLES TO BE PLOTTED
1.OQ Dq 4000 1=I1:N

IOPT(3)=1BLNK
IOPT(4)=lBLNK

C ---	 GET GATE AND TIME
CALL DTTIM(IOPT(3))

C	 GEC -STARTING LOCATION OF TABLE DATA
LOC=LOCTAB(l )

G	 SELECT UEIVERAL FUNCTION PLOT OPTION
IGPT (I,) r1

C	 ---r--- ADVANCE CASE NO,. COUNTER,
lO PT(2)=IOPTd2) %A l

G	 LOAD TABLE NAME
X0PT [5) =TA8NAM(I)

C -~-	 -- PRIMARY INDEPENDENT NAME
XDPT C&)=7HPRIMARY

C	 - SECONDARY INDEPENDENT NAME
XDPT (T)= 7HSEGONU
DO 3100 d=B .,13	 -

3100 IOPT (J) =G
C —	 -- NUMBER OF PRIMARY POINTS

NX=TAB.LES(L0C+1)
IOPT (14) NX

C ---- ------	 NUMBLR OF SECONDARY PLANTS
NZ=TA5LES(LOG+2)
1Ft^4Z..LE.1)NZ-^

C	 LIMIT NO. OF SECONDARY POINTS TO 15 DUE TO IQPT DIMENSIONS
NZLIM=MINO(NZ^.t53
IOPT (15) =NZ.LIM

LOAD SLCONDARY INDEPENDENT VARIABLE TABLE
DO 3200 J= IsNZLIM

32DO XDPT (J+l5)=TABLES ( LDG+2--s-j )
WRITE( 30) lOPTvPLOTI0vPTITL F-
LIN D EP=LLIC+NL+Z

C	 SCAN SECONDARY POINTS -_-----^ -_--
WRI T E (3€1) t ( TABLES (LOC+J*NX+MZ+Z+K) a K=I Y NX) s [TABLES (L INDE P+K) v
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CPREC2

l	 SUBROUTINE PREC.Z(A.tB BglAtIB T ILvlD t NSMIPNrM)
C	 SUBROUTINE TO PRECONDITION: A MATRIX A BY REDUCING IT TO
C	 UPPER BLOCK TRIANGULAR FORM AND SCALING
C	 A IS . N :ORDER MATRIX,AND IS.-UNCHANGED BY PR£C2
C	 B IS N ORDER MATRIX WHICH CO NTA.INS PRECONDITIONED MATRIX
C	 ON _OUTPUT
C	 DilAvIB71Cr AND ID ARE WORK VECTORS OF DIMENSION GREATER THAN i^k
C	 ON OUTP'UTT IA CONTAINS THE ORDER OF THE VARIABLES F IB
C	 CONTAINS THE NUMhER OF VARIABLES IN EACH IRREDUCIBLE SUBBL.OGK
L	 NSM IS OUTPUT ^NDTLATINGe NUMBER OF BLOCKS ON THE DIAGONAL.
C	 IC CONTAINS LOCATI04NS OF LAST ELEMENTS IN DIAGONAL SUBBLOCKS
C	 D CONTAINS SCALD FACTORS ASSOCIATED WITH REARRANGED VARIABLES.
C
C	 THIS PROGRAM WAS DESIGNED AND CODED BY A. FREDERICK FATH OF
C	 BOEING COMPUTER SERVICESx SEATTLE $ WASHINGTON. THIS VERSION
C	 WAS COMPLETED DURING APRIL 1.975.
C

DIMENSION A(Mvl)r6(Mvl)vdillxlA(I)vIB(I.)7IC(I.)vID(l)
C	 APPLY MC CRE.IGHT ALGORITHM FIND UPPER BLOCK TRIANGULAR FORM

DO 130 I =I, N
1303 IL[I)=I

CALL: EQVCL(N,MvAilCANSMvlAvlBvlD)
C	 SCALE IRREDUCIBLE BLOCKS ON. DIAGONAL

IK=G
DO 140 I=I YNSM
IL=1^(I)
IC (I } =I3C^ IL
D(IK-i-IL)=1m
IF(IL-LE.1.) GO TO 140
DO 135 K=1 1 1L
KK=I A (I K+K )
06 1 35 L=1 r I L
LL=IA(K+L.)

135 B(KvL)=A(KKvLL)
CALL SCALE(BjD(IK+l) rIL,M)

140 IK=I K+I L
C.	 APPLY SCALE FACTORS TO ENTIRE MATRIX

DO 142 1=17N
142 0(l)=l./D(I)
143 11=1

Do. 150 I=1gNSM
JJ=I I--1* Iac I)
DO 149 J=11,PJJ
L= IA(J.)
DO 149 K=I, N
KK=IA(K)

_	 IF (K. GE,.11) GO TO 145
B(J*K)=0.
B(Jy K? =cy.^.

GO TO 149
145 IF(K.NE.J) GD TO 147

B(JsK)=A(L,KK)
GO TO 149

147 B(JvK)=A[LiKK)*D(K)/D(J)
149 CONTINUE

•	 3.50. I1=.).1-^I..
RETURN
END
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CQNNT2
SUBROUTINE QMWTZ(XvNrNRYFUN2PITOLrITMAXrIPERsM.rRrRMSyA.lp,3s	 *'

1 ERRORINSIM)
C VERSION 3.	 REVISED= .TUNE 7 1976
C PURPOSE-	 SOLVE SYSTEM OF NONLINEAR ALGEBRAIC EQUATIONS.
C 0 = F(X)
C CALF. SEQUENCE:	 X	 — SOLUTION VECTOR UPON RETURN.	 INITIAL GUESS
C UPON ENTRY.
C N	 - NUM6ER OF VARIABLES .
C NR	 -- DIMENSION OF JACOBIAN MATRIXs AJ
C FUN	 — NAME OF SUBROUTINE CO"TAINING NONLINEAR FUNCT
C EVALUATION.
C P	 PRINT INDICATOR

r	 C P = 6	 CAUSES PRINT EACH ITERATION OF STATES
j	 C RATES* Ali D ITERATION INFORMATIOM-

C P = 7	 JACOB.IAN MATRIX IS ALSO PRINTED EACH
C ITERATION.
C TOL	 -- CONVERGENCE TOLERANCE.
C ITMAX — 14AXIMUM NUMBER OF ITERATIONS
C IPER	 — INTERGER WORK-ARRAY — LENGTH = N
C M	 -- INDICATOR THAT AJI CONTAINS INITIAL CALC. OF J
C M = I INDICATES THAT JACO'BIAK HAS BEEN CALC.
C R	 — VECTOR OF FUNCTION VALUES FOR CURRENT VALUE O
C RMS	 -- ROOT MEAN SQUARE OF :Rh	

C A.1	 — JACOBIAN MATRIX
C B	 — WORK VECTOR OF DIMENSION 	 N**2 + 2*N
C ERROR — VECTOR GIVEN RELATIVE ERROR SIZE FOR THE VARI
C USIM	 - TOTAL SYSTEM ORDLR (INCLUDING FROZEN STATES)
C DESIGNED BY CLAUDE GAGNON 	 FEB 1970

COMM ON/CINT/INT(I)JCTIME/TIME
DIMENSION AJiNRrllrR( I. )sX(I)xB(Nal)tIPER(I)tERROP.Cl)
EXTERNAL FUN
DATA RTsDX/0.5s.000001/

C INITIALIZE
IREC =0
IT=O
IP=P
IS=O
Si=a .

NS= l
ITMX =TABS ( IT14AX )
IF(ITMAX.LE.0) NS=2

C ----	 COMPUTE INITIAL NORM OF X
DO 5 I=IrN

SI=SI+XU}**2
5 CONTINUE

IF ( S I.N E.O.) GO. TO
DO 7 I=IrNSIM
IF[INT(I)aEQ-GlGD TO 7
S 3.=S I+ERROR I I f**2

7 CONTINUE 
SI=SI*L.E4

G ---	 EVALUATE FUNCTION AT X
9 CALL EVAL2{XvNSIM7FUNrPrRMSsR}

ICL=1
C -----	 TEST FOR JAC©BIAN PRINTOUT

IF(IP.LT06.)GO TO 10
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CALL LPRINT(2:TIME)
1F(IP.NE,.7)GU TO 10
WRITE(6v1301)

1001 FORMAT(150X F *INITIAL JACUBIAN*)
DO 1005 1=1,N
WRITE(6r1003) Ir (AJ(I,J )vj=I smj

1003 FbRMAT(1Xv13v(T5j10 (2XjG10.4)) )
1005 CONTINUE

10 CONT INUE
C ------ 0	 TEST IF INITIAL JACOBIAN IS GIVEN

IF(M.NE.0) GO TO 33
C _._

	

	 INITIALIZE ARRAY OF X CHANGES
DO 15 I=I,NSIM

15	 b(IrN+1)=1.
C --	 CALCULATE COMPLETE JACOBIAN
20	 J=0

DO 29 JI=I.,NSIM
IF(INT(JI).EQ.Q)GO TO 29
J=JAI
XSAVE=X(J)
DELTA=SIGa(ERROR(J1) rB (J1 T N+I) )
X(J) =X(.) )+DELTA
CALL EVALZIX Y MSIMrFUNvPvRMSJAC.,AJ(I Jl)
ICL=ICL+l
X(J) =XSAVE
DO 30 I= i,N
AJ(I rJ)=(Ad(I7J1—R(i))/DELTA

30 CONTINUE
29 CONTINUE

C ----- 0	 TEST IF PRINT OF ITERATION INFORMATION IS REQUESTED
IFE.IP.NE .7).GO TO 33

WRITE(6i1006)
1006 FORMkT(/50Xa*RECALCULATED JACOBIAN*)

DO 1007 !=Il k
WRITE(e$1003)IT(AJ(1,J)vJ=1rN)

1007 CONTINUE
C _____________---_ MAIN ITERATION LOOP

33 DO 80 K=I r 10
IF(IT+K.GT.ITMX)RETURN
IF(RMS.LE.TOL) RETURN!
STD=RMS

C --- D	 FORM VECTOR OF RESIDUALS
DO 35 I=IvN
d(1fN+2.)=-R(1)

`i

kF.

DD 34 J—I.,tv
B(IvJ)=AJEI,rJ)

34 CONTINUE
35 CONTINUE

C ----	 SOLVE FOR CHANGE IN X USIAi -ml JACOBIAPS AND RESIDUALS
CALL L-UEQS(B;.B(I * N+I)aB(IPN+2'Jr1PER$N * 1vNrN,i vI-E-169IERROR)

C ---- 0	 CALCULATE NORM OF CHANGE TO X
52=0 .,
DO! 40 1=17N
a{Ir^^2)=R(I^"...
	 S2=S 2-+B (I sN+I) *#Z

40 CONTINUE
RATIO=SQRT(S2/SI)

C	 CALCULATE FRACTION OF STEP TO TAKE
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C=AM IN I (E/RATIO rl. )
FRAC=G
IH=O
F=E
IF(NS»EQ.1) GO TO 44

C	 ADJUST CHANGE VECTOR AND MAKE TRIAL STEP
44 DO 4EI I=3., N

B(I Yl)=X(I)+B(I,N+I,)
48 CONTINUE

C	 EVALUATE FUNCTION AT TRIAL POINT
CALL EVAL2(ByHSIM,FUN,rPsRMS,R)
IC L= ICL+1

C ---- 0	 . IF RESIDUALS INCREASE, GO TO 5U WHERE SMALLER STEP WILL BE T
IF[RMS-GE.STD) GO TO 58

C ---- 0	 ACCEPT STEP, UPDATE STEP SIZE PARAMETERS
IREC=O
IS=IS+l
TF(IS.LT.2) 160 TO 60
IS=O
TEWE+.I
I,FITE.LE.2.) E=TE
GO To 60

C	 HALVE STEP SIZE
58 G=RT

FRAC.=FRAt;*RT
IS=O

C	 ADJUST STEP SIZE PARAMETERS
TE=E-0.05
IF(TE.6E..09) E=TE
IH=IH+^.

G -----	 TRY REDUCED STEP SIZE 3 TIMES
IF(IH.LT.3) GO TO 44

C	 IF FAILURE AFTER 3 TIMES, RECALCULATE JACOBIAK
TF(IREC.EQ.I)GO 10 59
IREC=l
IT=IT+K-1
CALL EVALZ(XjNSIM,FUNgP=RMSTR)
GO TO 20

C	 IF STILL HO IMPROVEMENT, TAKE STEP ANYWAY TO GET AWAY FROM
C	 BAD POINT.
59	 IREC=O

FRAC=FRAC*2.
C --^-	 TAKE. STEP

60 D=S2#FRAC**2
S2= I..-FRAC

G	 UPDATE NORM OF X
S3=0.
DO 65 1=1IN
X(13 =Btivl)
S3=S3+X(1)*X(I)
TI.=R (I)°-B(17N+2)*S2
DO 64- J=111

C	 0	 MODIFY JACOBIAN VIA NEW FUNCTIGN INFORMATION
AJ(ItJ)=AJ(I,J)+TL*B(J,N+l)Iii

64 CONTINUE
65 CONTINUE

S 1=A MAX I (Sl I S3)
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J=IT+K
G ----	 TEST FOR PRINT REQUEST

2	 IF(IP,LT.6}G0 TO 70
WRITE (6 r 200) J v RikTI O, F r FRAG

200 FORMATt11/17H ITERATION NUMBER13167H RATIO. OF LENGTH OF FULL NEWTO
X14 STEP TO LENGTH OF INITIAL VECTOR = E18.10/24H MAXIMUM ALLOWED RA
XTIO =El8.1G,10X %,31HFRAGTTON aF NEWT€1N STEP TAKEM E18.I01

RN=RMS*RMS
WRITE[6v210) IGLIAR

210 FORMAT03H NUMBER OF FUNCTION EVALUATIONS =l4v5X,25HRESIDUAL SUM 0
XF SQUARES =El8,.I0/k

CALL LPRINT[2-tTIME)
IF(IP.NE.7)GC T2 70
WRITE { 6 1 100S )

1008 FORMAT(/50Xp*MODIFIED JAGOBIAN*)
DO 1009 I=l, N
WRITE(:6r1003)Ir.(AJ[lsJ) tJ=LzMI.

1009 CONTINUE
70 IF(J.GE.ITMX! RETURN
80 CONTINUE

G	 END OF ITERATION LOOP
C	 TEST IF ERROR IS WITHIN TOLERANCE

IF(RMS.LE.TOL) RETURN
:LT=l T+I0

G ---

	

	 TEST IF NUMBER OF ITERATIONS EXCEEDS GIVEN MAXIMUM
IF(IT.GE .ITMX) RETURN
IF(RMS.LE._0.-*ST0l GEC TO 33
GO TO 20
E-A0
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CRKINIT
SUBROUTINE RKINIT
COMMON/CX/X (I I /CXDDT/XDGT(I ACTT ME/TIME/CURD ER/N SIM s NQV r NDP
COMM L%/CWORK/A I I) /CWCRKH/Nth jr941 7N 2 j M3 044 v,45 = N6 047
COMM GTE/CNTRLS/AN`i "Y PEt I PRINTr IMODE v ERROR ( l )
COMMA/CSIM UL/I PRI Nr!P RATE Y IGUT r NPTS »tiPTMAX I I NDMAX r T!NC r TMAX
CQMMON/NRKVS3/IDIAGrAFiMINMvAHSTRIrI'NTFLG:MAXPIrMFAI! I Ps ISTEP2YISI'ABL,
C0MR ON/CDlFS/JSTARTrKINIT
I.DIAG »O
AHMIN4 = 0.
AHSTRT = G.
INTFLG=O
ISTABL=1
MAXN =100
MFA I Ll=i 0
MSTEP2=100
RETURN;
LND
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CRLBTCH
OVERLAY( RLBTCHIIZItD)
PROGRAM RLBTCH

C VERSION 3.	 REVISED- APRIL 30 1976
C PURPOSE	 CONTROL AND DISPLAY CALCULATION OF ROOT LOCUS

LOMMDN/CGRDER/NSIM yN.QV YNOP
a C0MM Old/CPRON/D0Hl[ 7) s RLPAR

COMM ON/CPRDVG'DUM2(17) s START vSTOP 9 ROOTS 7 itLSCL ( 4)

COMM QN/CGVRLY/IiNST 1 LGKSS v LOKSIM
COMHON/CWORK/A (l )
COMMON /CWORKN/NNvNlvNZvN3,N4jN5gN6sN7
COMMON /CXIC/XIG(I )/CINI'/INT(I )
COMMON /CN.TRLS/ANTYPE r IPR IT Y MODE R ERROR I L)

COMMON/CSMPAR/SMPARC IG) Y ICSSY ICPL
REAL NAHL-X,rRLPAR,SMPAR
COMMON/CNAMEX/NAMEX(1)
COMRON . /CPLOTS/ lNDPLTvlNDWRsI01PT(30) Y PLOTID(	 5) Y PTITLEA 8)v

-^ 1POPT110)
DIMENSION YOPT(1)
tQUI VALENCE (YOPT# I) T IOPT (I.) )
DIMENSION RLARRY(1000).
DATA ICN/IOH Y IC	 /YIBLNK/IOH

' CALL CDDGENERLPARTILRLYIPARAM)YRETURNS(4000)
ICX=IBLNK
IF(ICRL.EQ..1)	 ICX=ICN

C PRINT DERCAL ARRAY
IOPT (.3)	 = I BLNK
IOPT (4) = IBLNK
CALL OTT IM L IO

P

P (31)
f

T
^^

I
ryF(INST. EQ.35) GO Y 9 282(1

WRITE (b 7 2809) PTI7LEYIQPTE31$IOPT(4),
+	 (itilAMEX(I)IXIC(I)IERROR(I)vINT(I)sI=IINSIM3

2809 FORMAT(50X,30H/*/*/*/ 	 ROOT LOCUS
2 26X :8AL0"54X92Al2//
17Xs5HSTATEv6Xa*OPERATING 	 PERTURBATION	 INTEGRATOR*
2/BXi*NAME*t&X4*PRINT*Y9X Y *SIZE*v BX:*CONTRDL*/
2 (I5 8 1XvAl0jGl4.5aGI2.3 Y I9) )

C INITIALIZE STABILITY MATRIX CALCULATION MODE INDICATOR
ITES T=0
GO TO 2$30

C --	 SET MODE INDICATOR TO PREVENT RECALCULATION OF A MATRIX
2320 ITEST=3

`	 C INITIALIZE ROOT LOCUS DISPLAY ARRAY INDEX
2 830	 INDEX=l
C INITIALIZE AUTOMATIC SCALE RANGE PARAMETERS

XMIN=I..E36
XMAX —.I .. Lab
YMIN=I.E36
YMAX= Io L36
CALL VAROUT[IPARAM,PARAMO)

" DE LTA-O .
NROOTS=ROOTS

. IF(NROQTS.GT.1) [DELTA=(STOP--STARTJ/(NR0GTS--1)f	
C ---	 TEST TO PREVENT START FROM EQUALLING NOMINAL VALUE

IF(START ED)aPARAMD)START--PARAMO+[DELTA
t	 `..	 C PARAMETER SCAN VALUE
r	 -. 2850; PARAM= START

_	 ?	 C ROOTINGS COUNTER
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KOUN T=O
IF( INDEX.GT.I.OR.PKRAMO. EQ.O.) GO TO 2860
KOUN T=--I
PARR M=PARAMO

2660 CALL VARMOD(IPARAM7PARAM)
C SAVE PARAMETER VALUE

RLAR,RY(INDEX+1) =PARAM
C DETERMINE PLOT SYMBOL INDICATOR

SYMB =5.
IF(PARAM.EQ-PARAMO) SYMB =6w
IF(PARAM.EQ.0) SYMB=7.

G STORE SYMBOL INDICATOR IN DISPLAY ARRAY
RLARRY(INDEX+2)=SYMB

C SAVE INDEX FOR STARTING POINT OF CURRENT SET OF ROOTS
INDEXS=INDEX

C PRINT PARAMETER INDICATOR AND ROOTS
WRITE(6 p360) RLPAR7ICXxPARAM

9880 FORMAT(//22X7A87A4773H = 7GIZ.6)
INP ARAM. cQ.PARAMO) WRITE(672882)

2882 FORMAT(*+	 NOMINAL VALUE*)
CALL ROTCAL.(NSIM=	 INDEX*ITESTIRLARRYvXMIDtgXMAXirYMINYYMAXs

1 AFAINN),AENI)pA(N2l rAC N3)-sA(N4) 7A( N5)-rA(N2)?ACN3)rA(444)7A€N5Dm
2 A(Ml)

C	 CAUSE ITEST TO TAKE ON VALUES 072r3t37.......
IF(ITEST.EQ.2) ITEST=3
IF(ITEST.EQ.0) ITEST=2

2975 IF(KOLWT.LE.--1) GO TO 2850
C ADVANCE ROOTING COUNTER

KOUN T=KOUNT+1.
IF(K©UNT.GE.NRq OTS) Gq TO 3020
PAR. M=PAkAM+DELTA
GO TO 2860

RESTORE PARAMETER TO NOMINAL VALUE
3026 CALF. VARMOD (I PARAM 7 PARAMO )

C
C	 SET PLOT PARAMETERS.
G

IF ( INDPLT .EQ. 0 ) GO TO 6000
IOPT [1. ) = 3
IOPT (2) = I qPI M + I
YOPT(5) = RLPAR
DO 150 I=6711

150 YOPT'(I?	 0..0.
IF ( IPOPT(1) .EQ. 0 ) GO TO 2GO
YOPT( 6) = RLSGL(l)
YOPT( 7) = RLSCL(z)
YOPIT ( 9) = RLSCL131
YOPT(10) = RLSCL(41

200 CONTINUE
NPTS. = INDEX-1
IOPT(I.2) = NPTS
WRITE (30) IOPT7PLDTID:PTITLE
WRITE (30) (RLARRY[I),I=17NPTS7
INDWR	 I. .
WRITE( 6,401.1)

4011 FORMAT(/////)
GO ` TO 6000

4000 WRITE(6 7 4001) RL'PARsICX
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4001 FORMAT (//IOXr31H*** WARNING	 CAN.*T 1DENTIFYa 1XpA8 T A4v lX?
'	 1 3IHAS A VALID ROUT LOCUS PARR METERM

'hikeITC(674O111
6GOia CONT ZMUE

END

r
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CROTCAL
SUBROUTINE ROTCAL(NSI,MIINDEXfITESTiRLARRYrXMIN*XMAX:YMINtYMAXt

I ArRATIGiDWORKsIArIBricrIDrEVRPEVItWNrDAMPRFXD11TCI)
C VERSION 2.	 REMISED: OCT 5 1976
C PURPOSE---GALCULATE STABILITY MATRIX AND IT*S EIGENVALUES AND RETURN
C	 ALL EIGENVALUES WITH IMAGINARY PARTS >=0.
C CALL SE.QUEKCE
C NSIM = TOTAL NONLINEAR SYSTEM ORDER.
C INDEX = STARTING LOCATION IN ARRAY RLARRY FOR RETURNED DATA,
C ITEST = 1NDICATOR FOR MODE OF OPERATION FOR STABMX ROUTINE.
G	 (THIS MUST BE 0 12r OR 31
C RLARRY = ARRAY OF ROOT LOCUS DATA.
C	 FIRST WORD = NO. OF POLES
C	 SECOND WORD = PARAMETER VALUE
C	 THIRD WORD = SYMBOL DESIGNATOR
C	 NEXT N WORDS = REAL PARTS OF POLES (N = NO. OF POLES)
C	 NEXT N WORDS = IMAGINARY PARTS OF POLES
C	 THIS PATTERk IS REPEATED FOR EA(:H SET OF POLES
C LIMITATIONS
C	 1. THE DIMENSION OF THE LOC AL ARRAY IJK LIMITS THE MAXIMUM NUMBER
C	 OF ELEMENTS OF A THAT CAN BE EFFECTED BY A ROOT LOCUS PARAMETER
C	 TO 400.. IF MORE ELEMENTS ARE EFFECTED: A SLOWER METHOD IS USED
C	 TO CALCULATE A.
C 2. ICOUNT + IJK ARE LOCAL VARIABLES THAT ARE REQ*D ON SUBSEQUENT
C	 CAL LSr THUS PRECLUDING OVERLAYING THIS rROUTIME DURING ROOT LOCHS
C	 CALCULATIONS.

DIMENSION RLARRY(I)r IJK( 400}
DIMENSION EVRtl)tIAt1),IB[11t IC[11tID€11tXDCTOd11vDWORKII)
DIMENSION EVI(1)rA[I1,RATIO(l)
DIMENSION WN(1) -jDAMPR(I)
DATA IPOM/4H+-+—/x IBLNK/4H 	 I

C	 CALCULATE STABILITY MATRIX
CALL STABMX(NSIM*XDOTDtICDUNTBIJKrA?NLINvITEST)

G CALCULATE LIGENVALUES
CALL EGVL3(ArRATIG i EVRrEVI,IAIIBrICrIDrDWOPi;r l-E—I4sNLINYNLIN)
CALL laATFRQEE:VR,EVIrW:4tDAMPRYULINiNPOLESI

C	 STORE NO. OF POLES
RLARRY( INDEX) =HPGLES

C	 INITIALIZE REAL + IMAGINARY PART INDICES
IR=INDEX+3
II=IR+NPOLES
WRIT E(6-,2867) NLIK

2867 FORMAT(/	 28Xr13,2X,*EIGEMVALUES*/13Xr*REAL*79X7*IMAGINARY*r
16Xr*NATURAL FREQ.*:5Xr*DAMPINPG RATIO*)

C STORE: REAL + IMAGINARY PARTS OF POLES
DO 200 1=17N:POLES
DUM=EVRII)
RLARRY(IR)=DUM
IR=I R+I.
IF(DUM.LT .XMIN) XM.IN=DUM
IF(DUM.GT.XMAX) XHAX=DUM
DUM= EV I [ I)
RLARRY [ I I) =DUM
I 1=1 1+1
IFIDUM.LT .YMIN) YMIN= DUM
IF(DUM.GT.YMAX) YMAX=DUM
1=IB LNK
IF(EVI(I1.GT.O.) J IPOM



f

I

if

2868 WRI7E(6s,2869)IYEVR(II I tEVIEI) vWN(I) „DAMPR(I)
2-8b9 FORMAT(3X:I3y3XrGl2.6*2XvA2,GIZ,6l4Xv2GI6.6)

200 CONT INUE
INDEX=I I
RETURN
END

4

t

r i
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CSCALE
SUBROUTINE SCAL.E(ArT.r9:M)

C	 SUBROUTINE TO SCALE AN IRREDUCIBLE MATRIX A.
C	 T IS AN M DIMENSIONAL VECTOR CONTAINING THE DIAGLWAL.
C	 COMPONENTS OF THE TRANSFDRMATI ON MATRIX
C	 N IS THE ORDER OF A
C	 M IS THE ROW DIMENSIDO OF A
C
C	 THIS PROGRAM WAS DESIGNED AND CODED BY A. FREDERICK FATH OF
G	 BOEING CUMPUTER SERVICES $ SEATTL,E Y WASHINGTON. THIS VERSION	 I,
C	 WAS COMPLETED DURING APRIL 1975.
G

DIMENSION A(.'Irl):Ttl)

iT=D.
DO 5 1=17M

I	 5	 T(I)=Z..
I	 6	 IT=I T+l	 1

IF (IT-GEa.M) GO TO 40
f	 TMI=cl.

C	 FORM ROW AND COLUMN E--NORMS

F	
r DO 30 K=1 sN

SR=O.

f
SS=O .
DO 10 J = I PN

IF(J.EQ.K) GO TO 10
SS=S-%+AtJ,K)**2
SR=S R+A (K J) **2

10 CONTINUE
SS =S QRT (SS/SR )

C	 DETERMINE COMPONENT MULTIPLIER
TM=SQRTCSS)
IF(ABS(TM-1.).G7.TMI) 7'MI=ABS(TM--1.)

C	 ADJUST A MATRIX AND TRANSFORMATION T
TF(K-fit) 12820120

12	 T(K)=T(K)*TM
DO 15 J=19N
IF(J.EQ..K) GO TO 15
A(K,J)=A(KvJ) *TM
AIJ,K)=A(J,K) /TM

15 CONTINUE
GCS TO 30

i	 20	 DO 22 .J 	 NI
22	 T(J)=TtJ)/TM

DO 25 I=37Nk
A(I?N)=A(IvN)/TM

25 A(N-#l.) =A(Nv )*TM
30 CONTINUE

IF(THI.GT ..I) GO TO 6
40 CONTINUE

RETURN
END

L

d
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CSETIN
SUBROUTINE S.ETIN(IvVAR.)

C PURPOSE: TO MODIFY THE CURRENT VALUE OF A STATE VARIABLEi PARAMETER,
C	 ETC. AND TO EXECOTE THE MODEL TO OBSERVE THE RESULTS OF
C	 THE MODIFICATION.
C CALL SEQUENCE : I = IDhNTIFICATION CODE.
C

	

	 VAR = NEW NUMERIC VALUE OF QUANTITY IDENTIFIED BY COD
COMM 13NECX/X (1)/CXDQT/XDOT(I) /CVO/ V € l) /CP/P (I) /CXTC/XI C (l )
COMMON/CTIME/TIME

C. TEST FOR TIME
IF(I.NE.0) GO TO 10
TIME=VAR

5	 CALL_ EQMO(O.x0.Y0)
RETURN

C TEST FOR STATES
10	 IF(I..LT.I.GR.I.GT..1000000) GO TO 20

X(I)=VAR
GOTO5

C TEST FOR VARIABLES
20	 IF(I.LE.3000000.0k.I.GT.4000000) GO TO 30

J=1-3000000
V(J)=VAR
GALL. VARSET(O.,O.7J)
RETURN

C TEST FOR RATES
30	 IF(I.LE.1000000.OR.I.GT.2000000) GO TO 40

J=I--1000000
XDOT (J) =VAR
CALL RATSETIG-0.2J)
RETU RTC

C TEST FOR PARAMETERS
40	 IF[I.LE.4000000.0R.I.GT.5000000) RETURN

P (I-4000000) =VAIN
GO TO 5
END

t
r
k



CSHELLX
SUBROUTINE SHF-LLX(DARRAYvKEYvN)

C PURPOSE: REORDER ELEMENTS OF SINGLE DIMENSION ARRAY
C	 BASED ON THE INDEX ARRAY KEY.
C CALL SEQUENCE: DARRAY -- ARRAY TO BE REGRDERED
C	 KEY	 - INDEX ARRAY
C

	

	 N	 -- NUMBER OF ELEMENT'S IN ARRAY
DIMENSION DARRRAY(I) * KEY( .)
IFIRST=I

TO DO 20 I=IFIRSTIX
IF(KEY(Z) 120,20p40

20 CONTINUE

30 KEY(I)=-KEY(I)
RETURN

40.IFIRST=I
TEMP =DARRAY (I )
CG TO 60

50 DARKAY(I)=DARRAY(IK)
I=IK

60 IK=KEY (I )
KEY (I) =-I K
IF(IiC--IFlRST)50v 0t5G

70 DARRAY(I)=TEMP
Go TO 10
END
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CSIBTCH

OVER LAY ISI.BTCH,4g0 )
PROGRAM SISTCH

C VERSION 3.1	 REVISED= OCT 7 19-16
COMMON/CORDER/NS IM MO V INOP
COMMON/CPROV/DUMI(8) rAMODErDUM2(15)
GCtMMDN /CX/X( 1)/'GX DOT /X.D(3T(1) /CI MTZINT$ 1)/CXIC/XICdI.I
COMMON /CNTRLS/ANTYPETIPRINTtIMODE,ERROR(I-) 	

ICOMMON /CSIMUL/IP€AIM„IPRATE,ItsUT,NPTSvtiPTMAXrINDMAXrTINC:TMAX
I. ?INDEX:IPLOT,IDENT(4)

COMMON/CPRINT/PRTHAM f I O): LPRT( 10 )fCDIF.S/JSTARTyKItilT YTP
MEAL IDENT
COMM ON/CTIME/TIME/ERM2 SS/IFATA Li I ERR
COMMON /C WORK/ DSP LY (I. )
COMMON /r-SCALE/ SCALE^5r4w0 wNVAR€ 5v2:6) vNPLTS(6)
COMMON /CPLOTS/ INJPLT$INDNR?IOPT(30)rPLOTID( 5),PTTTLE( B) q

+	 IPOPT(iol
DIMENSIaN iVAR(5:Zr6) rIVRCOlD(31)
DIMEN81 ON VRCGD (31)
DATA IBLK /10H
IMOD E=AMGDE
IPLQT-I.
ICOUNT=O
DO 5 1=1.131

5 VRCOU(i) = (,.0
I0PT (3) = 15LK
IOPT ( 4) = IBLK
CALL DTTZM (lUPT(3))
IOPT (2) =T6PT( 2) +1
WRITEf6r2708)IPRATE,TOUT;IMODExTINCrTMAX,PTITLE7(IOPT(I)sI=2a4)

2708 FORMAT ( 45X, 41H/*/*/*/ SIMULATION ANALYSIS	 //2uX7
1 IMPRINT RAPE=,I3,3X?13HDISPLAY RATE=,I3 7 3Xr 5HMGDE=p
2 I3v3Xr 5HTINC= r i61Z.5r3Xr 5HTMAX-a G12.5//Z6XsBAI0//
3 15X,*CASE [t O-*vI4r27X:ZAl2/)

IPOUT-I OUT*IP RATE
IPRCNT=U
IN-rjEX=1
IS ET=O
IF ( INDPLT .EQ- 0 ) GO TO 67

C
C	 FIND CODE NUMBERS FOR THIS SIMULATION.
C
G	 NVAR °- PARAMETER DAMES FOR EACH PLOT
G	 IVAR -- POINTERS INTO IVRLaD FOR EACH PARAMETER
C	 IVRCOD - UNIQUE CODE NUMBERS USED IN THIS SIMULATION 	 i
C

NCOD.ES = I
NOISP = 0
IVRCOD(I.) = 0
DO Fry J=1,6
IMAX = NPLTS(J)
IF ( IMAX .EQ. 0 ) GO TO 65
NDFSP = J
130 60 1=1,IMAX
CALL GODGM (NVAR( Igl irJlrD„IVF)r RETURNS(10)

10 CALL CODGEN (NVAR( Is2,J)9Q7IV2), RETURNS(ZO)
20 CONT INU.E

DO 30 K =1 YNCODES
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I	

;

IF	 IVfZCOD(K) -NE. IVI. I GO TO 30
IVAR(Ix1 7 J) - K
GO TO 40

30 CONTINUE
NCODES = NCDDES + i
IVRCOD(NCCODES) = IVI
IVAR(IylJ) = NCODES

40 CONTINUE
DG 50 K=I,-NCODES
IF ( I.VRCOD(K) -NE- IV2 ) GO TO 50
IVAR(I ,, 2 7 J)	 K,'
GO TO 60

50 CONTINUE
NCODES = XPDES I
IVRC0DtNC0DE.5)	 .TV2
IVARilv2vJ) = NCODES

60 CONTINUE
65 CONTINUE
67 CONTINUE

C
C	 INITIALIZE FOR SIMULATION

DO 70 I=I,NSIM
X[I)=XIC(.I)

70 XDOT(I) =O.
JSTA RT=O
K.INI T--0

C	 TURD ON :ERROR MESSAGES IN MODEL
IERR-I.	 -

..CALL EQM0(TzMEpTl:AXwISET)
C --	 -- TURN OFF ERROR, MESSAGES IN MODEL

IERR=Q
IF(IPRIXmGT.0)CALL LPRINT(IPRINtTIME)
IF ( INDPLT ..EGA. 0. ) GO TO 77
DO 75 K=I vNCODES
CALL VAROUT (IVRCO0(K)wVRCQD(K))

75 LGNTINUE
WRITE. (25) VRCCD

77 CONT lNUE
C
C	 INCREMENT COUNTERS AND SAVE PARAMETER VALUES IF REQUIRED.
C.

80 CALL STEP1(TIMEvTINC)
ICOUNT=ICOUNT+1
IPRCNT=IPRCNT+1
IF(ICOUNT.LT.I©UT) GO TO 130
I COUNT=O
IF ( INDPLT aEQ. 0 ) GO TO 105
INDEX=INDEX+l
DO 100 K=.lMCODES
CALL VAROUT (IVRCOO(K),VRCOD(K)&

100 CONTINUE
WRITE (Z5) VRCOD

.105 CONTINUE
IF(IPRCNT.LT.IPOUT) GO TO 130
IPRCNT-.D
IF ( IPRIN .GY. 0 ) CALL LPRINT (IPRINYTIME)
GO TO 130
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1103 CONTINUE
i	 WRITE ( b, IZO )

120 FORMAT [!/l3.H vlQ(I.H*):7HW4RHlNG* 10[lH*),666 THE AUMBER OF DATA P
+DINTS EXCEEDS AVAILABLE STORAGE FOR ONE R.UN- 720 (I.H*)/f
+28X, 40H THE DATA TO THIS POINT WILL BE PLOTTED.///)

INDEX = INDEX — I.
GCS TO 140

130 CONTINUE
IF(TIME. LT .TMAX ---0000I) GO TO 84

140 CONTINUE.
WRITE (6, 294-3. )

2941 FORMAT(/////)
G
C	 WRITE PLOT DATA..
C

IF ( INOP'LT EQ. G ) GO TO 200
IDPT EI) = 2
IDPT (5) = NDISP
DO 150 1=11NDTSP
IOPT(j 1) = NPLTS(I)

150 Cq NTINUrE
I0PT1121 = INDEX
IOPT (13)	 -MCGDES
IOPT[14) = IPOPT(2)
IDPT(15) = NWORK
WRITE (30) IOPT,PLOTID,PTITLE
WRITE (30) SCALEiNVAR,TVAR

4	 REWIND 25
DO 180 I=141140EX
READ (25) VRCOD
WRITE (30) VRC©D

180 COOT INN E
KEW I ND 25

}	 INDWR = I.
200 CONTINUE

END

{
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GSLVEQ
SUBROUTINE SLVEQ(A,B,C,IA.,NA, NR,MAQMB,MGaFPZ,TERROR)

G	 SOLVES A*B=C WHEN LUEQ5 HAS ALREADY BEEN CALLED FOR THE GIVEN A
C	 A AND IA MUST BE THE SAME AS RETURNED FROM THE PREVIOUS GALL.

DIMENSION A(MAYl)YS(:MArl)sC(MC*l)rlA(l)
IERRDR=G
.ERR=FPZ*504
IF(NB .EQ »01 RETURN
NA I=NA-1L

G	 PERMUTE ROWS OF C
ISO 7 G . I=11NA
K=IA(I)
©Q 70 J=ItNB

70	 btl,Jl=G(K,,J)
IF(NA.LL.J.) GO, TO 76

G	 SOLVE FORWARD SUBSTITUTION
DO 75 J =1,fei'&
DO 75 I=Z:NA
SUM=B(I,J)
S8=AbS (SUM)
IK=I -1
DO 74 K =lvIK
SA=A(ITK)

^
*

y
B-(KvJl	

(gyp A^yC 1C A)},
lF

Fq
( ABS,(SA ).GT .SB) SS—ABS(S

74 SUM--SUM-SA

IF(ABS[SUMI.L.T.ERR*SB) SUM=O.
75	 8 lij)=SUIT

C	 SOLVE BACK SUBSTITUTION
76 DO 77 J=IYNB

B(NA : J ) = 5(NA,J)*A (NA,NA)
77 CONTINUE

IF(NA.LE.1) RETURN
DO 64 I=I,NAI
J=NA I
Ji=J +x
DO 64 K=IvNB
SUM=B(J ,K)
SB=ABS ( SUM)
90 62 L= JlvMA
SA=A (J s L) *B (L r K.)
IF(ABS (SA).UT.SS) SB=ABS(SA)

62 SUM=SUM 5A
IF(ABS( SUM) .LT.ERR*5B) SUM=O.

64	 B(.1:KI=SUM A(J,J)
RETURN
END



CSMBTGH
GVERLAY(SM9TCHv670)
PROGRAM SMBTCH

G VERSION Z.	 REVISED: DEC 8 1475
C PURPOSE= CONTROL STABILITY MARGIN CALCULATION

GOMM OIL/CORDER/NSIH„NOV t NQP
COMMON/CSMPARIPARAMCIO)tICINGL2)
COMMON /CXIi- /XIC(I )/CINT/INT(1 )

GOMMUt 1CNTR LS/ANTYPE 71 PRINT,MDD E t ERROR C I )

COMMON/CNAM EX/NAMEX (1)
COMMON /CWDRK/A L 1.)
COMMON /CWDRKN/NNtN1tN?-7N33PN4tN5pN6tH7
DIMENSION LI.CH L 3.0) ,sGHDSPY t50 )
IPOLE=O
Kl=O

C	 GENERATE CODES CORRESPONDING TO SM PARAMETERS
X30 2820 1-1110
CALL CODGEN(PARAM(I)?OYLICH(l))tRETURNS(2810)
IF(LICHLI ).aLT.1) GO TO 2:830
GO TO ZB15

2810 WRITE(6v261I.)PARAM(I)
2811 FQRMAT(1//l0X:31H*** WARNIMG 	 CAN*T IDENTIFYt1XrA891Xt

I. 38HAS A VALID STABILITY MARGIN PARAMETER//)
2815 KI=K7.+1
2820 CONTINUE
2.630 CONTINUE

IF(KI.LE.0) GO TO 2930
WRITEt6 t 291$) (.PARAM(1)71=1sK1)

2918 FORMAT(IHi f50X77H/*/*/*/ t 3X t*STABILITY MARGIN ANALYSIS*13X7
17H/*/*/*//1I0X v 14HFOR PARAMETERS 4 3X 7 10A II )

WRITE(6p28D9)(ItNAMLX( I)*XIC (l)tERROR(I)tINTLI)ti=IiNSIM)
2809 . FORHAT(/

17Xt5HSTATE,6X t *OPERATING PERTURBATIOR INTEGRATOR*
218X7 *NAM E*tBXs*POINT*,9Xv*SIZE*88X1*CONTROL*/

j	 2 (15jlXrAl07Gl4.5jGlZs3tI9))
G =__-==-=—= CALCULATE STABILITY MARGINS

2920 GALL GANMAR(NSIM7LICHgPARAM4KI.tIPOLExGMDSPY7AvA(NN)gACNI)Y
I A(N2) tA(N3) t €e(N4) tA(N5) tACN6) to (N2) tA(N3) tA(NI) t o (N4)) s
I RETURNS(3000)

WRIT E(6, 29Z L )

2921 FORjMAT.(/r'/t 28X? *SUMMARY OF STABILITY MARiVIN STUDY*/
192H PARAMETER NOMINAL VALUE	 LOSER MARGIN	 LOWER FREQ.
2 UPPER MARGIN	 UPPER FREQm )

WRITE(6 t 2923) (PARAM(I) t (GMDSPY(I+(J-1) *Kl) t•) =l ir5)t
1 I=1 3,K1)

2923 FllR4, AT(2X,A8T4XtG13.-4-t4G17.4)
2930 WRITE.16729311
2431: FORMAT(/ 	 )

GO TO 6000
3€ 00 GO TO 2420

6000 CONTINUE .
END



CSSBTC
OVERLAY (SSBTC.Hr R0w0 )
PROGRAM SSBTC

C PURPOSE: PROVIDE OVERLAY INTERFACE TIC PASS WORK STORAGE
C	 AREAS TU STEADY STATE. ROUTINE SSBICH
G DESIGNED BY- J.D1 ,aURROUGHS	 FEB 1974

COMMON/'CWORK./A(1 )
COMM ON/CGVR LY/INST v LDKSS , LOI-%S I?i
C0MMCA/CGRDER/lg S'LM 2NaVvHQP
GOMM ON/C PROM/DU X41(6 ) , INDEPr DUM2
C.O Mid ON/CPRCiV/DUM3 (5 ) r PRINT g QrUM4(T) rXSTART rXSTDP Y PDINI S i LIMIT t

1, DUM5L3}
COMMON /C1+ DRKN/NNrN].rNZvN3rN4rN5rN6t-N7
REAL INDEP
CALL SSBTCN{IRDEP , XSTART:XSTOP*POIHTSFLIMIT ? NSIMiPRINTg

7^ b^A(NN3^AlAf^^. ) ^A(M2 } , A{X13 } rA{ Nit} ^A { ^d[5}xA(t^^.lxA(^3}^rl^{N I.}31^ $ ^i4}r

2 A(.145) rA(H&) } aRETURNS(100)
LOK.S S=i
GO TO 6000

100 LOKS S=O
60DO CUWTINiUE

END
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ySSBTCH
SUBROUT14E SSRTGH (INDEP-F XSTAftT yXST0P jr POINTS TrLlMITvNSTMfPRINT:

I ArRATIG IOSPLYtOWORKtlAsI.Bs ICrID. 7EVR 7 EVIrXDOTOrWN7DAMPP I XICSAV) A
2 RETURNS(RI)

C VERSIOlq 3.2	 REVISED= DC'T D 1976
C PURPOSE. CONTROL CALCULATION AND DATA DISPLAY FOR STEAD'S
C	 STATE ANALYSIS.
G CALL SEQUENCE: IUDEP — SS PARAMETER (HOLLERITH NAME)
C	 XSTART — SS START
C	 XST®P	 SS STOP
C	 POINTS — SS POINTS
C	 LIMIT — SS ITERATIONS
G	 NSIM — MODEL ORDER
C	 PRIAT	 PRINT CONTROL
C	 NAME	 DIMENSIOM	 LOCATION
C	 A	 — NSIM X NSIM	 /CWORK/0,(1)
C	 RATIO — NSIM X NSIM	 /CWGRK /A {NN )
G	 DS PLY -- NSIM X NSIM	 /CWORKIA ( I) ( NOT USED)
C	 DWORK -- NSIM. X I 	 /CWGRK.fA (N I. )
C	 IA	 —. NS ICM X I	 /cWGR K/A 04 1)
C	 IB	 — NSIM X I	 /CW0R.K/AEm3)
G	 T 	 - NS IM X 1	 /GW[)RK/A {N4)
C	 ID	 — NSIM X. I	 /CW0 RK/A (145)
C	 EVR	 -- NSIM X I.	 /CVQRK/A(N2 )
C	 EVI	 — NSIM X I	 /CWORK/AtN3)
G	 XDOTO — NSIM X I	 /CWORK/A (Nl)
C	 WN	 — NSIM X I	 /Cl40RK/A {N4)
G	 DAMPR — NSIM X 1	 /CWO RK/A 0145)
C	 XICSAV — NSIM X 1	 /CW0RK/AtN&l
C RETURN RI.	 -- RETURN TAKEN IF SYSTEM IS UNSTABLE

DESIGNED BY-- J.D. BURROUGHS	 FEB 1974
C VERSION 2.	 REVISED.- SEPT 10 1975

EXTERNAL EQMO
COMMON /CX/X(1) /CXDEIT/XDGTCI)/GINT/ INTCI.) /CXIC/XIC(1)
COMMON /CNTRLS/ANT'YPE 7 IPRINT * IMODE s ERROR( I )
tOMM ON/CNAMEX/NAM EX (I) PGNAM ER/NA MER ( 1) 	 02-1;
COMMON /CSIMVL/ IPRIN7IPRATE7IOUTYNPTS7NPTHAXaINDMAXrTINGsTMAX

1 BTNDEXrIPLOTvlDENT(4)
COMMON/ CTIM E/TIME.
COMMEiM/CPRINT/PRTNAM(10)aLPRT(IO)
COMMON/CSMPAR/SMPAR(10 )l ICSSrICRL
COMMON /CSCALE/ SCALE(5r4r6 ) 7NVARZ 5,276 ) rNPLTS(6)
COMMON /CPLUTS/ IN0PLT7INDWR:IOPT(30 ) ,pPL0T'I0( 5)rPTITLE(' Or

+	 IPDPT( ID)
DIMENSION DSPLY(l)
DIMENSION IVARL5r2r6) 7IVRC (ID (31)
DIMENF-TON NVRDMYC 5,2v.6)
REAL NVrAR 7NVRDMY
D'IMENS, :nl SSAVE1311
DIMENSI ON DWORK ( I.) 7IA(I) vlB ( I) r1C( . I) nA(I) rRATIQC I) rXIGSAVII) r

1 ID( 1 2 ? E VR E-li v EVI ( 1)7XDQTOEI. ) 7 WNEI ) r DAMPR $ I.)
REAL	 NAMEXrNAMER gINDEPvSMPAR
REAL LIMIT
DATA lLN/4HvIC . /rIB.LNK/l0H	 /7IPOM/I.DH+—+—+—+—+—/
REWI ND 25

r	 (. iVM QATP rnni=c Fni7 Pi nTTr-n n llA?JTTTT^=C

t

i



INDEX=0
======— = = IF SO STEADY STATE PARAM ETER s SKIP PLOY'(' ING

IF ( IND.L,Ts-O ) GO TO 70

G	 FIND CODE NUMaERS FOR THIS STEADY STATE

G	 NVAR — PARAMETER NAMES FOR EACH PLOT
G	 IVAR — PCINTERS INTO IVRLOD FOR EACH PARAMETER
C	 IVRCOD -- UNIQUE CODE NUMBERS USED IN THIS SIMULATION
C

NCODES = I
NDISP = D
IVRCOD(1) = IND
DO 65 J=1,6
IMAX = XPLTS (J)
IF t IMAX .EQ . CP ) GO TO 65
NDIS€? _ j
00 60 I=I,IMAX
:ALL CODGEN (AVAR( I Y AjJ ),Or IVI) s RETURNS ( ZO )

20 CONTINUE
00 30 K=I TNCODES
IF ( IVRCOD[ K) .HE. IV1 ) GO TO 306
IL VAR(xs1sJ) = K
GO TO 40

30 CONTINUE
NCUDES = NCOD^LS + I
IVRCOD(NCODES) = IVI.

IVAR (I * lvJ) = NCODES
40 CONTINUE

IVAR(I,2,J) = 1
GU CONTINUE
65 CONTINUE
70 CONTINUE

G
C ===--=--= GENERATE LINEAR STABILITY MATRIX
C

CALL STABMX(NSIMPXDOTCttlCOUNT?RATIU.sA,.NLIiI;O)
C ====-- == CONVERT .PRINT CONTROL TO INTEGER

2160 IPRINT= PRINT
C ==— —_—= SET OUTPUT AND LIMIT CONTROLS

IPRIN	 XQRINT
ITLIM=ii-`IX (LIMIT)
IF(POINTS.LT.?.) POINTS=2.
I?OINT-TFIX ( POINTS )
IF(IPO[If.4T.GT.INDMAX) YPOINT=INDMAX

C ========= SAVE INITIAL OPERATING POINT
GALL XFR(XICvXICSAV,mSIm)
IF (I.ND,GE.0) GO TO 2168

G __ -__- P RINT TITLE IF NO SS PARAMETER WAS GIVEN
WRITE(6Y2166)ITLIM

2166 FORMAT(1H1 /30X,7H/*/*/*/v3X,*STEADY STATE ANALYSaS*,3Xw7H/*/*/*/
Il/3OX,*A MAXIMUM OF * i l4,* . ITERATIONS CAN BE USE€*/)
GO TO 3100

2168 ICX=184NK
IOPT (2) =IOPT (2) +1

C ===--=	 TEST IF. SS PARAMETER IS STATE
IF(ICSS.EQ.1) ICX=IGN
IOPT (3) = IBLNiK
I.OPT (4) = IBLNK
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CALL DTTIM tIOPT(3))
======== PRINT TITLE WITH SS PARAMETER

WRITE (6r2170) INDEP I lGXvXSTARTs^XST0PrITLlMvPTlT'LLrIOPTf2) 7 IOPTf 31 r
I I.OPT,'(4}

2170 FORMA: (45Xg4:I.Hf*/*/*/ STEADY STATE ANALYSIS
L //3 0XvaHVARIEQ rA6rA4r5HF°ROM ?G109414N TO G10.4r
2 4Xr*A MAXIMUM OF *v149
3 * ITERATIONS CAN BE USED PER ANALYSIS*//2.6Xr8A10//
4 15X r*CASE NOo* r I4:27Xr2Al2 )

1350 DELTA=CXSTOP-XSTART}/1IPOItIT-1)
INDEX=1
IPLOT=l
PARAM=XSTART
CALL VAROUT(INDsPARSAV)

3000 LALL VARMODEIAiD7PARAM)
GD 3020 1=14NSIM

3020 XLI)=XIG(I)
WRITE.(6r30501 INDEPrICXsPARAM

3050 FORMAT14HO	 P A€s rA40H = rG12.6)
C ======== SEI STEADY SIA TE CALCULATION FLAG = I (SUCCESS)
3100 ISS= Z
-4120 P=SPRINT

I.TMAX=—IABS(ITLIM)
C =_...._—_--= CALCULATE INITIAL JALGr3IAN OF SYSTEM

IF(INDEX.GT .I)CALL STABMXCNS,IMvXDDTOTIC©UNTgRATIOTAiNLINs©)
C ======== TRANSFER X 1a DAMPR AND COMPRESS OUT FROZEN STATES

J=0
Do	 I =1 rN51M
IF(11AT(.I).EQ.0}GQ 10 3130
J=J+1
DAMPR(J)=X(I)

3 130 CONTINUE
C ========= CALL U MLINEAR SIMULTANEOUS EQUATION SOLVER

CALL QNWT2(DAMPRttiLlNtMLIitsEQMO?P9.OQQIaITMAXriCtiyIB$RMSsA7
1 RATIOsERROR,NSI.M)

C =_ - -_----= TRANSFER STEADY STATE TO STATE VECTUR X AND UNCLIMPRESS
J=0
DO 3145 I=1rNSIM
IF(INTfI).EQ.0)VO TO 3140
J=J+1
X(I)=DAHPR{J)
60 TO 3145

3140 X(i) =XICSAV(I )
3145 CONT IN UE
C =------ TEST FOR SUCCESSFUL STEADY STATE CALCULATION

IF (P.NE.-I) GO TO 3170
C ========= SET STEADY STATE FLAG = 0 (FAILURE)
3150 IS5=0

WRITE(6v3160)
3160 FORMA -f(/5Xrl5H*** WARNING ***r5X v*CONVERGENCE CRITERIA NOT SATISFI

1EA. S©L^ITIOH MAY BE INVALID*/)
GO TO 4000

C =-- . -= TEST IF SS PARAMETER WAS SPECIFIED
300 IF(IND.LT.0) G-U TO 4000

IFILTLIM-EQ-0) INDEX=IPOINT
C =_====__= TEST TO ASSURE THAT RATES ARE PRINTED.

IF(IPRINT.EQ.5)CALL LPRINT(ZrTIMEk
CALL LPRINTEIPRIQTrT1ME)
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C_^__^._^ —_ _....	 SAVE PLOT DATA
IF+{ INDEX «GT. INDMAX ) GCS TO 110
IF ( INDPLT .EQ. 0 ) GO TO 130 	

1;.=

00 105 K-I.YNL'ODES
CALL VAROUT (IVRCQDtrU RSSAVE.(K))

1(30 CONTINUE
WRITE (25) SSAVE
GO TO 130

110 CONTINUE
WRITE (6Y120)

120 FORMAT (If/ I.H rl0E3.H*) r 7HWARNI,NG Y 10 (IH*) rb6H THE NUMBER OF DATA P
+DINTS EXLEEDS AVAILABLE STURAGE FOR ONE RUN. 720(I.H*)!!
+28Xr4GH THE DATA TO THIS POINT WILL BE PLDTTED.///)
GO TO 2763

130 CONTINUE
IF(lNDLX.LT.TPOINT) GO 5O 2706

G __._—____ RESTORE SS PARAMETER TQ ORIGINAL VALUE
2783 CALL VARMODEINDrPARSAV)

C =---==__—= RESTORE OPERATING POINT TO ORIGINAL VALUE
(^A,LL XFR(XICSAV?XICrNSIM)

`

	

	 WRITE(6rZ871)
C
C	 WRITE PLOT DA`(A.
C

IF(IND.LT'_O.OR.INDPLT.EQ.O )GO TO 200
L ======- = TRANSFLR PLOT DATA TO PLOT TAPE -- TAPE.30

IGPT (1) 4 5
IOPT (5) = ND1SP
DO 150 1=17NOISP
IOPT(5+1) = NPLTS(I)

150 CONTINUE
IOPT(12) = INDEX
IOPT (13) = MCODES
IOPT[14) = IPCjPT(-i)
DO 155 K=1,NUISP
DO 153 I=I.r.5
NVRDMY ( lr1.7K) = NVARtxrl*K)

153 CONTINUE
00 155 I =lx5
AVRDMY ( Ir2rK) = INDEP

155 CONTINUE
WRITE (30) IOPT,PLOTIDrPTITLE
WRITE (30) SCALErNVRDNY4IVAR
REWIND 25
DO 180 I = 11 INtDEX
READ (2'a) SSAVE
WRITE (30) SSAVE

180 CONTINUE
REWIND 25
INDWR = 1

200 CONTINUE
IF [ I SS.E:Q .G) RETURN RI

C
RETURN

4000 IF(IPRINT.EQ.5)CALL LPRIKTd27TIME)
CALL LPRINT(IPRINTiTIMiE)

C =—_---_—_-- SET XIC = STEADY STATE OPERATING POINT
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GALL XFA( XrXlCtHSIM)
G =_- _-= GENERATE LINEAR STABILITY MATRIX

GALL STABMX(NSIMrXDDTGiricouNTPRATIUrAvMLIUvO)
G ========= CALCULATE EIGENVALUES
2862 GALL EGVL3(A7RATIGaEVRsEVIllAvIBrIC71D,3DWORKiI.E-l4tNLINiNLIN)

GALL NATFRQfEVRpEVItWftwDAMPR*NLrNa'4POLES)
G =_--=----W PRINT EIGENVALUES

WRITE.t6r2r &71 HLIN
2867 FORMATE////45H SYSTEM EIGENVALUES AT THIS OPERATING POINT

I	 ///28Xr 13r2Xr*EIGENVALULS*/13Xs*REAL*:9Xr*IMAGINARY*
1 1 6X:*NAI URAL FREQ-* r5Xj *DAMPlkS RATIO*)

DO 2868 1=11APOLES
J=IB LNK
IF(EVI(I).GT-0.1 J=IPOM

2868 WRII'-r-[6:2869)IvEVR(I)rSrEVltl)vWMEI)YDANiPtZ(IIE
2,569 FDRMAT(3Xrl3,j3XrGl2.6t2X,A29GI2.6r4XvZGl6..6)

WRIT[-t6s287I)
2871 FORMAT(/////)

GO TO 278.E
G ===-^_- ADVANCE PLOT INDEX AND 5S PARAMETER

2706r INDEX=INDEXfl
PARAM=PARAM+DELTA
GO TO 3000

4100 WRI.TE(br4101) INDEP
4101 FORMATW10:.rilH*** WARNING	 GAN*T 1DENT'IFYr lXrA8r3.X9

I 33HAS A VALID STEADY STATE PARAMETER//)
WRIT Et6r2871^
RETURN R1
END

F
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CSTAf3MX
SUBROUTINE STABMX(NSIN W XDDTOvICGUNT P RATIOvArMLIN ITEST)

C VERSION 30	 REVISED: APRIL 30 1976
C PURPOSE CALCULATE STABILITY MATRIX
C GALL SEQUENCE
C ITEST = MODE OF STABILITY MATRIX CALCULATION
C	 ITEST = 0 SKIP RATIO MATRIX CALCULATION
C	 ITEST = I CALCULATE RATIO MATRIX + STAalLITY MATRIX
^.	 ITEST 2 CALCULATE STABILITY MATRIX + COMPARE WITH
C	 PREVIOUSLY CALCULATED A MATRIX
C	 ITEST =. 3 CALCULATE ONLY THOSE ELEME14TS OF A MATRIX
C	 AS INDICATEG PAY THE CODES STORLD IN RATIO
C	 ITEST = -1 SAME AS ITEST = O. (THIS CGNDITICK OCCURS
G	 WHEN MORE THAN 400 /A/ ELEMENTS CHANGE DURING
C	 ITEST = 20)

REAL XDOTCIII),RATI:O(A)tA(l)rX(I)tXDOTIIJ
INTEGER INTII)
COMMON fCX/XfCXDDT/XDOT/LINI/INT,OCXIC/XI.0 (I)/ERMESS/IFATAL.,Ii^RR
COMMf GNfCN TRLS/ANTYPE I I PR INT,MODE , ErRRGR (I,) PC TI MEf TIME
EQUIVALENCE(RAT,IRAT;
IiiDEXFI T lj I2,M1) =I I+(I2-1)#Ml

C __--	 SET X = XIC (OPERATING POINT)
00 2810 1=17mslM

2810 x(I)=xIC(1)
IFtITEST.GE.2) GO TO 2613

C =—	 ---= TURN CN ALL INTEGRATORS FOR INITIAL FUNCTION EVAL,.
DG 2812 I=I., NSIM
IF[IatiT(I).EQ.0) IqTIl)=2

2812 CONTINUE
C W ____ ___— EVALUATE MODEL. RATES
C ------	 TURN ON ERROR MESSAGES IN MODEL
2613 TERR=1

LALL EQMO(TIPE, TIME ? 1)
C ------	 TUBA' OFF ERROR MESSAGES Its MOREL

I ERR =D
C =_______ SAVE NOMINAL MODEL RATES

DO 2815 I=l,NSIM
2815 XDO TQ t I) =XDOT (I )

IF(ITEST-2) 2816F281822900
2816 ULIX=NSIM

C ========= RESTORE FROZEN STATES AFTER INITIAL FLWCTION EVAL. ANN
C	 DETERMINE THE ORDER OF THE MODEL

DO 2614 I=I vNSIM
IF(INT(I) .NE.2) GO TO 2814
INT{1}=0

2814 CONTINUE
2818 K1=0

ICOUNT=0
SCAN COLUMNS OF STABILITY MATRIX

DO 2B45 J=1,NSIM
C ========= SKIP FROZEN STATES

IF(INT(J).NE_G) GO TO 2820
K1=K l+l
GO TO 2845

C ======= PERTURB THE JTH STATE
2820 X(J)=X(J)+ERROR[J)

C --====__ EVALUATE MODEL RATES
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CALL EQMrJiTlMEsTIME.1)
K2=0

C	 SCAN ROWS OF STABILITY MATRIX
D.O za30 I=11NSIN

C	 SKIP FROZEN STATES
IF(IUI'(I).NE.0) GO T(I 2821
K2=K2+-1
GO TO 28.30

2821 J2=INDEXF (I-KZ* J-K 1rNLIN )
IF U TEST -NE. 2) GC TO 2825

C ______-____ CALCULATE STABILITY MATRIX ELEMENT
XDUM=(XDGT$ I)-XDDTO(I)) /ERROR(J)

COMPARE 10 PREVIOUSLY CALCULATED VALUE
IF(XDUM.EQ.ACJ2)) GO TO 2b30
1GOUNT=ICGIJNT+l
IF( ICOUNT.GT,.400) GO TO 2823

C -___-	 GENERATE CODE IDENTI.FYIR.G THOSE ELEMENTS THAT CHANGE
IRAT=1+1000*J+100G0&U*J2
RATIO (ICOUNT)=RAT
A(J2)=XDUM

	

r	 GO TO 28 30
282-3 I TES T=--1

CALCULATE STABILITY MATRIX ELEMENT
2$25 A (,32 I= (XDQT € I)—XDGIO (1 I) /ERROP, (J )
2830 CONTINUE

IF[I3'EST-NEti.1) GO TO ZB46
C =--===-

r t 
-

V r 
L N

J)
EARIT'^ EVALUATION USING 1./2 S17-E P_RTURBAT IrN

X(J) ==;[ +.5*ERROR[J)

CALL EQMQ (TIME, TIME! 1)
K2=0
D
O 

2€S4
!

4I=I 
fr

,NSIM
y^ 	 yypp

	

. I	 1FII.NT^TT1 .NE.0) GO TO 2835
K2=K2+1

	

k	 !	 GO TO 2844
2835 XDUM=$XDOTI I)-aXDaTO(I))/ERROR(J) *2o

	i	 J2=lNDEXF(T—K2jJ—Kl vNLlM)
IF(A(J2))2B37s284Ot2837

2837 RATI Ot J2) =XDUM/A ( J 2)
IFiABS(RAiIQ€.l2)-3.).GT. 	 .1) ICOUNT=ICOUNT+1
Gq TO 2844

2840 RATIO(J2) = I *
2544 CONTIROE
ZB46 LOO T INUE

X(J)=XILti n
2-845  LONTINUE

RETURN
G =_=.___== CALCULATE [ LY THOSE ELEMENTS OF STABILITY MATRIX THAT
C	 ARE CHANGING.

2900 K1=ICGUNT
K2.=0

2410 I F (K I. LE. O) RETURN
DETERMINE ELEMENTS OF STABILITY MATRIX TL BE EVALUATED

C	 FROM CODES STORED IN RATIO.
RAT=RATIO(K3. )
J2=I RAT/1000000
J=IR AT/1000—J2*1000
l=lRAT—J 2*1000000•--J*x.000
K1--K I I

1

	

--	 i
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IF(JQEQ.KZ) GO TO 2920	 ± ^
K2=J
X(J)=X(J)+ERR0R(J)
CALL EQM@(TIMEvT7ME-yl)
X(J) =XICLIJ)

C =— ------ CALCULATE STABILITY 'MATRIX ELFME-NT
2920 A4.^^)=[Y^I^CsT[I}--XDt2^O[I^}^ERRfl^$,^$

GO To 2910
END

f

x r^



SUBROUTINE STERI(TIME¢TINC)
C VERSION 4.	 REVISED: SEPT 17 1976.
c	 PURPOSE; CALL INTEG€UITION SCHEME SELECTED BY MODE VARIABLE
C CALL SEQUENCE : TIME	 CURRENT TIME
G	 TINC	 TIME STEP TO BE TAKEN TO NEXT REPORT INTERVAL
C DES16NEO BY x J.D. BURROUGHS	 FEB 1974

COMMON/CORD ER/ NSIM $ f° UV l I+ DPICXJX (I) PCXUDT/XDDT(I )
COMMON/CNTP,LSPTNSTRYIPRINTIMODEvERROR(l)

COMMON/CWORKEA $1) i'C1r ORKN/NN vNI a N Zsr NB v N4 i N5 t N61 N7
COMMON/CTIME/TIMJCS;IMULf€ UM [7) s TMAX/CMAMEX/NAMEX(1)
CCIMMON/CDIFS/JSTARf rKINlTvTP

SET NEXT PRINT TIME
T P=T IME+TINL

5	 GO TU(50071009600)vMGDE
NRKVS INTEGRATOR

100 LALL OVERLAYt5HNR1(VSv4jl$6HRECALL)
IF(TIME.GT.TMAX) WRITE(t>vlol) II,NA^iEX(I) rA(^7-^I--ID sI=I^ SIM)

101 FORMAT(//47Xv*ItNETEGRATOR STEP SIZE LIMITING COUMTS*/
15(I4vlXfA8s2H= 1&11.5).)

KINI.T= I
IF[MODE.ECG.1-MO.TIME.LT.TP--.00COIIGO TO 505

RETURN
C	 START SEAR INTEGRATION WITH INITIAL CALL TO NRKVS

500	 IFEKINIT.EQ.0) GO TO 100
GEAR INTEGRATOR

505	 CALL OVERLAY(6HNO1N5IMs442v6HRECALL)
IFEKI.NIT.NE .0) RETURN

GO TO 100
C ---___--_-_-_-_--- FIXED STEP INTEGRATOR

600 DT2=TINC*.5
f CALL EQM6 (TIME ? TlNCv 0 )

00 601 I=I a NS IM
AEI)=X(I)+DT2*XDQI(I)

601	 X(l) =X(I )+TINC*XDDT(I )
TIME=TIAk+TINC
CALL EQMC(TIMEPTINC70)
DO 602 I=ItNSIM

612	 X(I )=A(I)+DT2$XDQT(I)
RETURN
END
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SUBROUTINE TABINCTAB,TABNAMvMAXDIMYLOCTABpNOTAB)
C VERSION 2.o 1	 REVISED: JAN T 1976
C PURPOSE.-	 PROVIDE FREE FIELD READ OF TABULAR DATA FOR EITHER
C SIN6LE OR DOUBLE TABLE LOOKUPS
C CALL SEQUENCE: TAB	 — ARRAY INTO WHICH DATA WILL BE LOADED

TABNAMi -- ARRAY OF ALLOWABLE TABLE NAMES
C MAXDIM — ARRAY OF MAX, DIMENSIONS FOR TABLES
C LOCTA;B — ARRAY OFF TABLE LOCATIONS IN ARRAY TAB
C NOTAB	 — NO e OF TABLES IN MODEL
C METHrifft^ ' TA6LE-DESCRILPTI©N TS IN THE FOLLOWING FORMAT
C CARD I	 TABLE	 TABLE DAME	 NX	 NZ
C CARD 2*	 SECONDARY INDEPENDENT VARIABLE TABLE
C CARD 3*	 PRIMARY INGEPENDZNT VARIABLE TABLE
C CARD 4*	 OEPENDENT VARIABLE TABLE
C *USE AS MANY CARDS_ AS DESIRED, DUST START TABLE WITH
L' A NEW CARD. MUST GIVE NZ F NX7 ANO NX NZ POINTS RESPECTIVELY
C IN EACH TABLEW
G NX — NO. OF POINT; IN PRIMARY IND. VAR. TABLE
C AZ — 1i0. OF POIk%TS IN SECONDARY IND. VAR. FABLE
C DATA ITEMS ARE FREE FIELD- ITEMS MUST 6E SEPERATED BY EITHER
C 2 UR MORE BLANKS ,CEIMMA, EQUALS , bR LEFT OR RIGHT PARENTHESIS

COMMON/CIG/IREADv IWRITE, IDIAG
DIMENSION GARD(6),TAB(I)vTABNAM(1)7MAXt)114(1)rLOCIAB(i)

10 NX=O
NZ=G

k MODE =O
WRIT E(IWRIT'E.20I

2G FGRMAT(////)
C ---->	 READ DATA CARD
100 READ(IREAD,101)CARD
lial FORMAT(BA10)

TF (EGF( TREAD) .NE.€9) GO TO 6,520
C SET CHARACTER INDEX

INDEX=1
C	 ---	 LOCATE NI.XT PHRASE
120 CALL NXTPH(CARD,INDEX,PHRS)
C	 TEST FOR BLANK PHRASE

IF(PHRS.EQ.I.GH	 860 TO IGO
C ----	 TEST OPERATING MODE

IF(MODE.NE.O )GO TO 130
C ___--___________________ MODE=O == CHECK FOR 	 TABLE

CALL hURERC ( PHRS) v RETURNS (.122)
GO TO 100

122 1F(PHRS.WE.5HTABLE)GO 10 6500
MODE=I.
GO TO 120

130 IF(MO13E.GT.l)GO TO 140
G _____,__ --	 ___________.._ MODE=1 == STORE TABLE NAME

CALL NUH ERC ( PHRS) v RE TURNS (I60 )
C --- _?	 NUMERIC PHRS

GO TO 6300
C --->	 CONVERT BCD TG REAL
C ===,-	 MODE .GT. I
140 CALL f4UMERC ( PHRS) v RETURNS ( 6200 )

CALL GCDREL(PHRS4 PHRS)
G >	 BRANCH TO TASK INDICATED BY MODE.
160 GO tO(1Q00,2000,30OO,4©0QP5000,6000)IMGDE

4i



LODE=l -- STORE TABLE NAPE
10LO CALL LCMPHIPHRSpTABNAMPROTABtlsNTAB)

lF(NTABoLL,.0)GO TO 11030
C	 >	 STARTING LOLATION FOR TABLE DATA

L.00=L©CTA50iTAB )
---->	 LAST WORD ADDRESS FOR TABLE DATA .

AMAX=l4AXD lH (NTAB )+LQC-1
TAB(LGC)=PHRS
MODE=Z
GO To 120

1100 WRITE(lWRITEvII0l)PHRS
1101 FORMAT( 17H *** WARNING	 9AlOt

I*IS NOT A VALID TABLE NAME FOR THIS MODELo DATA WILL BE IGNORED*)
GO TO 10

C	 MODE=2	 STORE NO. POINTS IN PRI. IND. TABL
ZODO TAB(LO( +l)=PAIRS

NXMAl=PHRS
MODE=3
CALL l#XT PH ( CARD j I NfJEX ! PHRS )
GO TO 140

C	 MGDE.=3 _— STORE NO. POINTS IN SEC. IWD. TABLE
3000 LOC=LGC+2

TAB( LOC) =PHRS
NZMAX=PHRS

C	 —	 TEST IF THERE IS A SECONDAY INDEPENDENT VAR.. TAksLE
IF(NZMAX.LE.0 GO TO 30ZU
MODE=4
GO TG 3040

3020 MODE=5
NZMAX=0

3040 ITAB=LOC
IF C LDC+NXMAX+NZ MAsX+N MAX*MAXu r l%. NZMAX) .LEeMAX) GO TO 100
LIM=MAX0IMiNTAB)-3
WRITE ( IWRI,TE, 3041) NXMAXv NZMAX 8 LI M

3041 FORMAT(17H *** WARNING *** i 14v* PRIMARY AND *vl4v
1* SECONDARY INDEPENDLNT VARIABLE POINTS EXCEEDS THE ^x
2I4v* WORU STORAVE LINT FOR THE*/21X,

3*FOLLOWING TABLE. 	 SOME DATA WILL BE LOST.*f )
GO TO 100

C ---__-------__--_--- LODE=4 —=	 STORE SECONDARY IND. FEAR. TABLE
4000 NZ=NZ*l

IF(NZ..GT.NZMAX) GO TO 4040
4020 ITAB=ITA6+1
C ----]	 LIMIT DATA TG TAB ARRAY .MAX.

IF(ITAB.LE.MAX)TABtI.TA8) =PfiRS
GO TO lZG

404 .0 MODE=5
C ----=— =r-=== =_==	 - MODE =5	 STORE PRI. IND. VAR, TABLE
5000 u= X+I

IF:NX,LE.NXMAX)GCa TO 4020
MDDE-b
NX=0
NZ =0

r	 C	 MODE-6 -- STORE DEPENDE14T VAR. TABLE
6000 ITAB —I TA i3+1

IF(ITAB.LE.MAX)TAB(ITAB)=PHRS
NX=NX+I
IF(NXaLT. MAX)G© TO 120
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NX=O
Nz=ltiz+l
IF(NZoLT.NZMAX)GO TO 120k	

G __>	 TABLE READ IN COMPLETE — PRINT
i	 6020 WRITE(1WRI.TEa.6021)1AB(LOG-2)

602). FORMAT(20Xs-TABLE -,A7/)
G ----J

	

	 TEST If THERE ARE 2 INDEPENDENT VAR.
is (NZ_MAX.LE.0){GO TO 6100
WRITE (IWRITEs6031)

6031 FORFRATtl0X T -SEC0NDAtRY INDEPENDENT VARIABLE TABLE*/)
ITAB =LOC
WRITE (IWRITEg60li7l) (TAB(ITAB+1) sl=I,MZMAX)

6041 FORMAMU13XIG10.4))
6100 WRITE(IWRITEvi5l0A.)
6101 FORMAT(/10Xa -PRIMARY INDEPENDENT VARIABLE TABLE-/)

ITAB=LOG+NLMAX
WR.ITECIWRITE. 1 6041) (TAB(ITA5+1) vI=lv.NXMAX)
ITAB =LOC+NXMA X+NZMAX
NZ=O
WRITE( IWRITEp6lZl)

6121 FOR4ATE /1Gng*ilEPEbaDE T VARIABLE TABLE-/)
6140 WRITE(IWRIIF-76 41) (TAB(ITAB+I) vl=Ty*&XMAX)

NZ=14 Z+ L
IF(NZ.GE .NZMAX) GO 70 6400
IT AB =ITbB+NXHAX
GO TO 614q

6200 BACKSPACE TREAD
WRIT E(IEWRIT h $ 62 01) CARD

b201 FoRMAT(50H -*- WARNI N;6 -- NON–NUMERIC. DATA ON THIS CAR.0 —> P 8AI.0
111Tn'g-WILL READ NEXT TABLE*/)

GO T'33 6620
6300 WRI.`[E(IWRlTEa63.G1)CARD
6301 FGRMAT(48h1 -t-- WARNING	 NON–ALPHA NAME ON THIS CARD-->?

18A10/17Xm *WILL IGNORE THIS CARD-/)
GO TO 100

6400 WRITE (1WRITE,20.) .
GG TO 10

6500 6ACKSPACE IREAD
C	 GHELK THAT ALL TABLES HAVE BEEN ?INPUT
6520 00 6540 .I=IgNOTAb

LGC=LOCTAB(T)
IF(KOMSTR('TAB M(I)vlv7vTAB(LOC) al).EQ.0)GO TD 6540
WRITE(IWRITF,6531)TABNAM(I )

b531 FORMAT(//35H --$ WARNING+ -- 	 DATA FOR TABLE ,A72
1* HAS NUT BEEN INPUT-/)

6540 CONTINUE
RETURN
END
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CTFEVAL
SUBROUTINE T FEVAL C OMEGA Y POLESs POLF tNvRi LFLAG i IQUAD: PHASE l

C VERSION 2.	 REVISED= DEC 23 1975
C PURPOSE: EVALUATE TRANSFER FUNCTION COMPLEX VALUE AT SPECIFIED
C	 FREQUENCY.
C CALL SEQUENCE: OMEGA - SPECIFIED FREQUEACYt R.M,S. (COMPLEX)
C	 POLES - SYSTEM EIC? ENVALUES WITH SH PARAMETER = 0
C	 POLE - SYSTEM EIGENVALUES WITH NOMINAL SM PARAMETER
C	 N - SYSTEM ORDER
C	 R	 - OPEN LOOP TRANSFER FUNCTION (COMPLEX)
C	 LFLAG - ZERO PHASE FLAG. LFLAG = Q s- PHASE>TQL.
C	 LFLAG = I — PHASE<TOL..
G	 IQUAD -- TRANSFER FUNCTION QUADRANT
C	 PHASE — APPROXIMATE PHASE ANGLE, RADIANS.
C DESIGNED BY= J..U. BURROUGHS	 FEB 1969

COMPLEX POLES(N)rPOLE(N) TOMEGA4R
DOUBLE PRECISIbN RR7RIvNRvDR:DIrRRIrRR2rRR3,pA1
COMMON /CWORK/RRIR17NRiDRiDliRRIrRR2sRR3rNI
Rat=1 .00
Utz =O .DO

C =--_-_--_- CALC. ONE MINUS THE COMPLEX PRODUCT OF (FREQ-CLOSED LOOP
C	 POLES) / (FREQ-OPEN LOIEP POLES)

DO IGO I=I^9i
t,R=DbLE( —REAL(POLE(I)) )
NI=DisLE(AlMAG(OME;'VAI —AIMAG(POLE(I l l-)
DR=DBLEi--REAL(POLES(I) ))
DI=DBLE(AIMAG(OMEGA)—AIMAG(POLES(I)))
RR k-- GABS ( OR)
RP.2=bABS(DI )
IF(RRI.EQ.O.DG.AND.RR2.EQ.G.DO)GO TO 100
IF(RRIeLT.RR2)i60 TO 54

25 RRI=I.D0+tDI/DR)**2
RR2= (NR/DR+NI*Di/UR**2)/RRI
RR3=( —NR*DI/DR**2+NI/ DR) /RRI.
RRI=RR RR2—RI*RR3
RI =RR*RR3+RI*RR2
RR=RRI
GO T© IUO

50 RRI=NR
NR=N I
NI =--RR I
€ R.1=DR.
DR=D I
Dl=—RRI.
GO TO 25

I00 CONTINUE
R (1. a 0. )—CMPX•L (SNGL (RR) sSNGLI RI) )

PHASE= lw5r70 796
C=----- , == CALCULATE. APPROXIMATE ?CHASE ANGLE

`IF(REAL(R).NE.O.)PHASE=AIMAG(R)/REALIR)
LFLA U=O

C ========= TEST FoR ZERO PHASE. TOLERANCE = ..0DO01 RADIANS
IF(ABS(PHASE).LT. .00001	 ) LFLAG=I.

C ==---=== DETERMINE QUADRANT OF TRANSFER FUNCTION
rr-tQr-et aal_r -iy ri_I an -n .2rnn

l^



RETURN
300 IQUAD=.4.

RETURN
END



CTFBTCH
OVERLAY (TFBTCH j, 70)
PROGRAM TFBTCH

C VERSION 3.l	 REVISED: OCT 7 1976
C PURPOSE: CONTROL THE CALCULATION OF TRANSFER FUNCTIONS.
C DESIGNED BY: J.D. BURROUGHS 	 FEE 1974

COMMON/CuRDLRt msIM $NOVvmOP
I.I f MCi/CPRON/ DUMI(4)rNINPUI!RNOUIvDUMZ(2)
COMM€ON/CPROV/DUM3 (11) s FMAXrFMI-Nv OUM4(T1
COMMON /CXI C/XI C (l ) /C INT/ TNT (1)
COMMO,19 /CNTRLS/ANTYPE ir IPRINT-sMUDE-P ERROft (l )
COMMON /CWQRK/GAIN(50)vPHASE(50)vFREQ(50)rITITLE(91?XMIN(2)9

I XMAX(Z) vYHlNt2) vYMAX[2)
(:OMM bN/CNAM tX/'NAMEX(1. )
COMMON /LWORKN/%NvNled29N3 vN4vM5vt46vN7
COMMON /CPLOIS/ INUPLTvINfjWRsIOPTl30)$PL0TID( 5)vPT'ITLE( S)v

+	 IPOPT(10)

REAL	 XOPT (l )
EQUIVALENCE EXOPT(I) v IOPT[ I) )'

	

	 -QUI VALENLE (A tGA IN )
REAL NAMEXrNIMPUTtNOUT
DIMENSION JTYPEiZ)aA(1)
DATA JTYPE/1a 3/
DATA IBLNK /4H
NPTS = 50

C	 GENERATE IDENTIFICATIEH CODES FOR TF INPUT AND
C	 TF OUTPUT PARAMETLL-RS

CALL COUGEN[NIMPUTr49INPUT')xRETURNS(4000)
GAI.L CODGEN (NQUT a 0,IQUY) rP.ETURNS (4020 )
IOPT (3) = IBLKK
IOPT (4)	 IaLNK
CALL DTTIM (IOPT(3))
WRITE(673020)MINPUTiNOUTvPTITLEv IOPT(3) rIiIPT(4$

.-	 3020 FORMAT(40Xv48H/*/*/*/ 	 TRANSFER FUNCTION ANALYSIS
I //5IXr5HFROM vA8 74H TO vA8//Z6Xv8AI0//54Xv2AI2)

C ==_ ______ PRINT OPERATING POINT AND PERTURBATION SIZE
WR.ITt^(^r280^)[I:NAMEx(I)v?^.7EC(I)rEF^RGRf,IbslWiT{I)pZ=IrN51^4)

2809 FORMAT(//
17Xv5HSTATEv6Xv*OPERATING PERTURBATION INTEGRATOR*/
28Xr*NAML*vbXt*PAINT*v9Xi*SIZE*r8Xs*CONTRQL*/
2 (I5glX?A10v6l4.5v&12o3vl9))

C =___---- CALCULATE TRANSFER FUNCTION GAIN AND PHASE
CALL TRNF-Ct1(INPUTrIGUTvNSIM R ULI€ tGAINrPHASEvFitEQvAvA(NN)vA(NI)s

I A(N2)vA(N3lvA(N4)vA(N5)vA(Nb)rAEN3),A(N4)rA(N6).tA(N1))v
1 RETURNS ( 3390 )

JPLOT=1
C =_--	 PRINT RESULTS IF MANUAL SCALES WERE NOT SPECIFIED.

IF( .=MIN.GE .FMAX)WRITE(bv 3320) i (FREQ[ I+(K--1.) *IG) rI = I-r $o) v
1 (GAIN(I+LK-11*10)rI=171.0) 9( PHASE(I+(K--I:)*10)vI=1r1.0)rK=195)

3320 FORMAIM*0 FREQ.vRPS:*YI061245/7Xr^GAINe4--r10G12.5/6Xr*PHASE:*:
I IOG12.5))
IF ( FMIM aGE. FMAX ) GO TO 400
FREQ [I) = FMIN
FREQ CNPTS) = FMAX

C	 CALCULATE RESPONSE OVER SPECIFIED RANGE
CALL RESPON(INPUT ,IGUT, NSIMvNLINvGAINiPHASEiFREQvArA(NN)7A(NI)v

I A(fill)vACN3]rA(N4)mA(N5)iA(Nb)7AIN31rACN4)QA(N6)vA(NI))v
1 RETLRMS ( 3390 )

t
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WRIT Es(6x3320)((FREQ(x^(X—x3*10)x1=1sYO)r
I. (GAIitCI+(X—L)*10)il=ltlD)*(PHASEEl+(K--L)*10)rI=l,10)YK=1,15) 	

4 I

400 CONTINUE
WRI.TE(673321)

3321 FGRMAT (/0///)
C
C	 SET PLOT PARAMETERS..
C

IF t INDPLT REQ. 0 ) GO TO 6000
IOPT(1) = 4
IOPT (2) = IGPT(2) + 3.
IOPT(5) = IPOPT(3)
!OPT( 6) = IPOPT( 6)
IOiPT( 71	 IPQPT(7)
IOPT ( 8) = NPTS
XOPT(91 = NINPUT
?(OPT (10) _ NOUT
DO 300 1=11x19

300 xoPT(I) = 0
C =___--_—__-- WRITE PLOT DATA ONTO TAPE30

WRITE (30) IOPTgPLOTIOsPTITLk
WRITE (30) (FREW(I) xl=IvNPTS) x (GAINI T),1=1,NPTS) r

+ (PHASE(  I ) y I=lr%lPTS)
INDWR	 I
GD TO 6000

3390 CONTINUE
WRITE€6 3321)
GO TO 6000

4000 WRITE(6s4001) NINPUT
4401 FORMAT[/fI€AX=31H*** WARNING *** CAN*T IDENtTIFY7lX7A8vlXr

144HAS A VALID TRANSFER FUNCTION INPUT PARAMETER//)
CALL CO€ DEN (NbUTs 0 v IOUT) ? RETURNS ( 4020)
WRITEt 6, 3321. )
GO TO 6000

4020 WRITE(6 7 402I.) NOUT
4021 FORMAT (//IOX 1 31H*M* WARNIN=G *** CAN*T IDENTIFYx 3XpA8x lXv

145HAS A VALID TRANSFF -1 FUNCTION OUTPUT PARAMETER//)
WRITE(6r3321)

6000 CONTINUE
END



CTHSB2
SUBRUUTINE 1HlSB2(A*ICvlA:NmM)

C SUBROUTINE TO TRAnSFURM UPPER BLOCK TRIANGULAR MATRIX INTO
C HESS'ENBURG FORM USING DIRECT REDUCTION WITH PIVOTING. 	 THE
G MATRIX A IS REPLACED fiY ITS UPPER HESSENBURG FORM AND THE
G TRANSFORMATION ELEMENTS ARE STORED IN A BEL04 THE FIRST
C SUBDIAGONAL. PIVOT INFORMATION IS STORED IN IA.
C IL IS THE VECTOR PASSING THE BLOCKING INFORMATION FROM THE
C PRECONDITIONING ROUTINE PREC2.
C METHOD USED IS ONE USING ELEMENTARY LINEAR TRANSFORMATIONS.
C
C THIS PROGRAM WAS DESIGNED AND COOED BY A. FREDERICK FATH OF
C BOEING COMPUTER SERVICES R SEATTLEp WASHIAGTON. 	 THIS VERS1014
C WAS LOMPLETED DURING APRIL 1975.
C

DIMENSION A(Msl.)jlA(I),IC(ll
DOUBLE PRECISION SUM
X30 10 I=17M

10 CONTINUE.
IF(N.LlE.Z) RcTUPIN
NA=IL(L)
IB =1
K=2

C DETERMINE MAXIMUM SIGMA
1.5 VM=O,

IT'=K
xF(NA.LTm&+l) &G TO 32
00 17 I= KtrNA
IF(A5S€A'(I$K-1) ).LE.VM)	 GO TO 17
VM=ABSfA(l ,zK — I.) )
IT=I

17 CONTINUE
C INTERLHANGE ROWS AND COLUMNS

J=IA (K)
IA(K)=IA(IT)
IA(iT)=J
IF(K.E4mI1) GO TO 22
00 2.0 J=ITN
VM=A(KpJ)
A(K,J)=A(IT2J)

20 A(ITvJ)=VM
DG 2.I. I=I *NA
VM=A(I,sK)
A(IvK)=Atl,IT)

21. A(MT)=VM
C COMPUTE TRANSFORMATION VARIABLES

22 IF(A (KPK—I.))	 30932-330
3G KK=K+l

VM=lo0A(KjlC-1)
DO. 31 J=KK, aA

31 A.(JvK I)=A(J,,K—I) *VM
G €:OMPUTE NEW H AND SIGMAS

32 K=K+I.
KK=K-).
IK-I
II=2
IF(KK.LE.».NA)	 GO TO 321

7
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IB=T 80+1
NA=IC(18D

3ZI 00 36 I=ITNA
IF(I.LE.IC(IK2) GC TO 322
II=IC (IK)+?-
IK=I K+l

32-2 IF(K«GT.NA) GC IC 34
SUM=AE I .t KK )
DG 33 J=KINA

33	 5UM=SUM+A(IvJ#*A(JtIM- 1)
A(IpKKJ=SUM

34	 IF(I.LTe3) &0 TG 36
L-I—I
IF(L..GT..KK) L=KK
'F(II,.GT*L) G1, TO 36
SUM=A(IpKKk
UG 35 J=11?L

35	 SUM=SUK —Ai x p J--I) *A (J: KK )
A(ITKK)=SUS!

36 GONT INU=i
IF(K—N) 15232150

5C RETURN
END

.1
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CTITLE
SUBROUTINE TITLE (CARD?IN7TITL,NT)

C VERSION 1.	 REVISED: MAY 15 1975
C
C	 PURPOSE — TO LOCATE AND CENTER A TEXTUAL TITLE.
C
C	 CARD — INPUT CARD IMAGE
C	 IN CHARACTER AT WHICH TO START SEARGO
C	 TITL — RESULTING TITLE.
G	 NT — NUMBER OF CHARACTERS IN TITLE FIELD
C

DIMENSION CARDII),T'ITL (b )
DATA SLNK /1OH	 !
DATA COMMA f 1 OH i	 ! g EQUAL / IOH=	 f

C
C	 FIND FIRST NON—BLANK CHARACTER.
L

00 10 1=131,280 
IR = I
CALL GETT(LARDrliCHAR)
IF ( CHAR .EQo CUMMA ) GG TO 10
IF I CHAR .EQ. EQUAL. ) GO TO 10
IF f CIGAR .NE. BLHK ) GO TO 20

10 CONT IMUc
RETURN

20 CONTINUE
C
C	 FIND LAST CHARCT ER.
c

12 = 81
DO 30 I=IN18O
I2= 1.2 - -I,
CALL GETT(CARDvI2QCHAR)
IF ( C!iAR, .ME. BL NK ) GO TO 40

30 COIN 114UE
40 CONTINUE

C
C	 KOVE TITLE INTO TITL ARRAY.
C

NW = ( NT--1.) ! 10 + I
DO 50 1=15401
TITL. EI) = BLNK

50 CON I INUE
me = 12 -- 11 + 1
JI = (NT—NC9 ! 2	 1
.#2 = J1 +roc — I

DO 60 I=Jlo J2
CALL GEM CARDvK7CHAR^
CALL PUTTLTIT'L v lwCHAR)
K = K + I

60 CONTINUE
RETU
END

BCS 402G2-2	 177



C TRN FCN

G

P

SUBROUTINE TRNFCR(INPUT,XOUTrMSIH,NLIN,GAIN,PHASEsFREQr
i A:RA.TIa,XBOCOrDWBRKilAvlBPICYIDFEVRiEV17POLESBPOLESI)TRETURNSIRI)

C VERSION 3..1	 REVISE33. OCT 5 1976
C--->PUR POS E :
C	 CALCULATE THE TRANSFER FUNCTION FROM SPECIFIED I4VPUT TO
C	 OUTPUT POINTS IN MOD7 :L.
C CALL SEQUENLE: INPUT — TF INPUT IDENTIFICATION CGDE
C	 TOUT — TF OUTPUT IDENTIFICATION CODE
G	 usim -- MONLINEA R SYSTEM ORDER
C	 NLIN — LINEAR MODEL ORDER (WITHOUT FROZEN STATES)
C	 GAIN — 50 X I GAIL! ARRAY
C	 PHASE — 50 X I PHASE ANGLE ARRAY
C	 FRED. -- 50 X I FREQUENCY ARRAY
C	 NAME	 DESCRIPTION	 LOCATION
c	 A	 — NLIN X NLIN WORK SPACE 	 /G'rdORK/A(1)
G	 RATIO -- NLIN X NLIN WORK SPACE	 /CWORK/A(NN #
C	 XDOTU —.NLIN X I WORK SPACE	 /CWBRK/A(NI)
C	 DWGRK -- NLIN X I. 	 WORK SPACE	 /CWlORK/A(N2 )
C	 IA	 — NLIN X I.	 WORK SPACE	 /CWORK/A(N3)
C	 Iii	 -- ALIN X I WORK SPACE	 /CWORK/A(N4)
C	 IC	 -- NLIN X 1 WORK SPACE	 /CWGRK/A(N5 )
C	 -	 ID	 -- NLIN X I	 WORK SPACE	 /CW0RKfAlN6 )
C	 EVR	 — NLIN X I WORK SPACE	 /CWDRK/A(N3)
C	 EVI	 — NLIN X I.	 WORK SPACE	 /CWGRK/A(N4 )
C	 POLES — NLIN X 1 WOkK SPACE 	 /CWGRK/A(N6)
C	 POLESI — NLIN X I. WORK SPACE	 /CWORK /A (NI )
c	 RETURN Rl -- RETURN TAKEN WHEN ALGEBRAIC LDGP EXISTS
C	 BETWEEN TRANSFER FUNCTION INPUT AND OUTPUT
C- DESIGNED BY: J.0. BURz^OUGHS 	 FEB 1474

COMMON/ aLNTRLS/ANTYPEtIPRTNIIMDDE,ERROR(1)/€,TIM7/TIM,E
COMMON /CX/X(L)/GXDOT/XDOT(?)/CINT/INT(l)/CXli;/XIC{1)/CP/'P(1)
DIMENSION OWORK ( 1)TIAt1),IB(1),ICII) , IPil)
DIMENSION PClL.ES(1)^PCILESI{1),AC3;,D?^,7I O{I)
REAL GAIN(3.),Pl4ASE(1)vEVR(1):EVI(llvFREQ(I)$XGCII'0(1)
COMPLEX PCLES,POLESI,TRANSyOMEGA
IN:^EXZ{ Ii,,),M } =I-^ (J-1) ^M
NPT!,-5a

C------.?CALCULATE STABILITY MATRIX AT OP * POINT
CALL STABMX(NSIM,XDOTQ,ICOUNT,RATIO,A.,NLINIO)

C---->GACLULATE EIGENVALUES AND LOAD INTO COMPLEX ARRAY
CALL EGVL3[A p RATIDsEVRtEVI , IA,IBrICgID , EDWORK:I.E l4rNLIN : NLIN)
DO 100 1=10LIN

100 POLES(I)=GMPLX(EVR[1JvEVI(I))
IAL=Cj

—>UPDATE XD07
:ALL EQMG(TIME,TIMEvll

C—......._.._>DETERMlNE I-0 VALUES AT OP. POINT
CALL VAXGUT (I GUT s OUTQ )
CALL VARGUT (INPUT ,AINPVT)

C—	 ?PERTURB INPUT
AIN=AINPU li —. 1

C	 >INPIJT W PLRTURBED VALUE (EVALUTlE EFFECT ON MODEL)
CALL SETIN(INPUT,AIN)
CALL VIIR GUT (IOUT, OPT )

C----->RESTORE INPUT TO AINPUT
CALL VARMGD (INPUT yAINPUT )

C	 -->PRI RAT WARN IPA&
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IF(QU
^y

T
O

:
yf

 rEt^-0UT)GO TO 350
ALGAIN= ( OUTG—OUT )*lbr
IA L=I.
WRITE(6r255) ALGAIN

255 FORMAT(!/I.GX 9 46H *** WARNING	 ALGEBRAIC LOOP WITH GALA) OF r
I G12.6r* EXISTS BETWEEN INPUT AND OUTPUT*/
2 *	 THIS TRANSFER FUNCTION CAN NOT BE DETERMINED*)
RETURN RI.

C--	 >INACTIVE STATE COUNTER
350 K1=0

G	 --->CALCULA'iE A WITH 1/0 LOOP [IF '--I. GAIN CLOSED
BO 700 J=I TN.SIH
IF(ZNT(J).NE»0) GO TO 450
KI=K 3L+l

C	 >SCAN STATES
GO TO 700

C---- >PERTURB STATE
450 X(J)=XIC(J)+ERROR(J)

C	 >EVALUATE MODEL.
CALL EQMQ(TIME?TIME?I.)

C -->READOUT 1/0
CALL VAROUT(IOUT70UTPUT)
CALL VAREUT(INPUT*AINPUT)
AIN = AINPUT—OUTPUT+GUTO

C----->MODIFY INPUT BY —1*. ANY CHAN"-.E THAT HAS BEEN OCCURRED IN GUTPUT9
C-- >AND EVALUATE MODEL

LALL SETIN(INPUTgAIN)
C --->INACTI VE STATZ COUNTER

K2=0
C -	 >SCA-kF RATES

DO 600 I=1,14SIM
IIF(INT

y
(I).NE.Q) GO TO 500

KZ=K2+I.
GO TO 600

C----->LALCULATE A ELEMENT
500 A(INDEX2(I—K2,J—KI.xtVLIX))={XDCT(I)—XDOTO[I))/ERROR(J)
600 CONTINUE

C -->RESTGRE INPUT TO AINPUT
CALL VARMOD (INPUTrAINPUT )

C—	 >RESTORE STATE TO UP. POINT VALUE
k(J) =XI.C(J)

700 CONTINUE
C —>CALC.ULATE EIGNEVALUES WITH —1 CLOSED AND LOAD INTO CGMPLEX
C	 ARRAY P©LESI

CALL :-GVL3(A9 RATIO rEVRrEVI,IArIBBICsXDDTGrDWORKiI.E--I4,NLINaNLIN)
DO 750 I=I,NLIN

750 POLES.I(I)=GMPLX(EVR(I) $EVI(,I)
FREQ (50) =—I.F-36
FREQ(I)=1.E36

C	 DETERMINE FREQUENCY RANGE TO SCAN
DO aOQ I=I,*NLIN
IF(CABS(POLES(I))rLT.FREQ(I.)) FREQ(I)=CABS(POLES(I))
Ir(CABS(POLES (I))4GT.FREQ(50)) FREQ(5G)-CABS(POLES(I))

800 CONTINUE
FREQ (50)=10.*FREQ(50)
FREQ (I.) =. I.*FR rLQ (I )

C

	

	 ENTRY POINT FOR MANUALLY SELECTED FREQ, RANGE
ENTRY RESPON

.,
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1	 x^tF^^^t1),.^.^..o.) Fair^t^.)=a^z
RAT=EXPEALOGiABSEFR4EQ(50)/FREQCI)))/(NPTS--1))
OMEGA=GMPLX (0 . r FRED (i) )I	

GALL. FRL-Q«. RESPONSE FRGf NOMINAL  A?^^D MODIFIED , SYSTEM POLES
DO 1000 I=I, r NPTS
TRAMS=I :^^ g0 a )
FREQ (1) =AIM AG(OMEGA)
DO 900 J lvf4LIN

900 TRAMS=CGMEGA—POLESI.(3))d(OMEGA--POLESCJ))*TRAMS
TRANS=TRANS — (1.0 . )
GAIN(I)=CABS(TRANS)
INREAU TRANS) ..EQ. G...AND.A1 1MAG (TRANS I.FQ.0.) iGG TO 950
PHASE( 1) =5Ta 2957Et*ATAN2(AIMAG( TRANS) ,REALETRAMS) )
Gia TO 1000

950 PHASE(I)=O.
1000 OMEGA=RAT*OKEGA

RETURIA
END



C VALL)ES	
i

SUBROUTINE VALUES€ IPHRS,:NAME$NGvV4LUEt.ITNOPMODE-).
C PURPOSE: LOADS iWERIC VALUES OF QUANTITIES IDENTIFIED BY DEFINE
M	 STATEM61 l S.	 -	 _	 -

C CALL. SEQUENCE: IPHRS = ARRAY CONTAINING NEXT PHRASE TO BE EXAMINED
C	 NAME = ARRAY CONTAININ& NAMES OF DEFINED QUANTITIES.
C	 NO	 DUMBER OF DEFINED QUANTITIES.
C	 VALUE = ARRAY INTO WHICH NUMERIC VALUES ARE TO B E LOA
G	 I.TNO = POSITION OF GIVEN QUANTITY IN NAME ARRAY.
C	 MODE = MODE OF. OPERATIMI,^.
C	 Mau = 0 A NAME CAN*T BE IDENTIFIED.
C	 MODE = 2 NAME HAS BEEN IDENTIFIED.

DIMENSION NAMi (N0) xVAL,UE (NO )
REAL IPHR.S INAME

C TEST FOR NUMERIC FIRST CHARACTER.,
GAOL NU,MERC(IPHR.S) xRETURNS4501
(ICJ TO 200

C SEARCH NAMELIST FOR NAME CONTAINED IN IPHRS.
50	 CALL LCMPH(IPHRSvNAMEvNOvlvITNG)

IF(ITNO.LE®0) GO TG 100
C AAML FOUND AT LOLAIIGN ITNO.

MODE=2
RETURN

G NAME NOT FOUND.
100	 WRITE(6vl0I.) IPHRS
101.	 FGAMAT[ 15Xv 33H*** WARNING 	 CAN*T IDENTIFY 2AIGr

I 23H VALUE WILL BE IGNORED)

4	 MODE=—I.
RETURN

C TEST MODE TO ASSURE THAT NAME HAS BEEN IDENTIFIED.
200	 IF(MOOE-NE.Z) GO TO 300
C CGNVERT NUMERIC, VALUE CONTAINED IN IPHRS FROM A TO G FORMAT.

CALL BC.DR EL (VAL UE (ITfQG) s.IPFiiRS )
MU DE =0
RETURN	 I

-	 300	 WRITE(6p301)IPHRS
301	 FORMAT(15X701H*** WARNING	 A VALID PARAMETLR NAME MUST PR.ECAiDE

1 THE NUMERIC VALUE: 9A10)
RETURN
ENi D

1
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C VARMO D
	 'i

SUBROUTINE VARM013(liVAR)
C PURMISE: TG MCDIFY THE GURRENT VALUE OF A STATEVVARIABLEo
C	 PARAMETERg LTC. GIVEN THE I&TEGER IDEiRTIFICATION GORE
C	 FOR THE QUANTITY.
C CALL SEQUENCE: I	 = IDEPITIFICATIO14 CODE.
C.	 VAR = NEW NUMERIC VALUE BEING INPUT.

COMM ON/CX/X (L )/CXDOT/XDClT ( 1) /CV/V (I) /CP/P (I) /CX.Y(;/Xl C (1)
COMMON/G T IM E /TINE

C TEST FOa PARAMETER CODE
IFtS.LE,400GD(JO.0a.I.GT.5000000) GO TC 10
PE T--4000000)=VAR
RETURN

C TEST FOR IC CODE
Its	 IFEI .LE.2000000.GR.I.GT'.3000000) GO TO 20

XIC (I--2000000) =VAR
RET URA!

C TEST FOR VARIABLE CODE .
20	 TF(I.LE..3000660.DR..I.GT.4000G00) GO TO 30

V (I-300(3000) =VAR
RETURN

G TEST FOR STATE CODE
30	 .IF(T.LT^ l.QR .I.GT.1.0U00©Q) GO TO 40

X4I)=VAR
RETURN

C TEST FOR RATE CODE
40	 IF (i .LE-1000000.OR.I.GT.2000000) GO TO 50

X0QT (I—I GZ&0 0 0) =VAR
RETURN

C TEST FOR TIME CODE
50	 IF( I.EQ.0) Yl?iE=VAR

RETURN
END



CVAROUT
SUBRQUTINE VAROUYLliVAR)

C PURPOSE. TD RETRIEVE. THE NUMERIC VALUES OF STATESwVARIAGLESi
C	 PARAMETERSVETC. GIVEN THE INTEGER IDENTIFICATION CODE
G	 FOR THE QUAINTIlY DESIRED.
C CALL SEQUENCE-- I = IDENT IFICATIOX CODE.
c	 VAR = NUMERIC VALUE RETURNED.

COMMO /CX/Xcl)/CXDUI'/XD0TCI)/CV/Vtl)/CP-/Plcz)/GXIC/XIC(l)
COMM ON/CTIME/'TACME

C TEST FOR TIME CODE
IF(I-AlE..b) GO TO 10
VAR=TI:ME
RETURN

C TEST FOP, STATE CODE
10	 IF(I.LT-l.0R•I,GT-1000000) GO TO 20

VAR=X(I)
RETURN,

C Ti;-,ST FOR VARIABLE CODE
20	 IF(I.L.E.3000000.UR.I.GT.4000000) GO TLi 30

VAR=V (I--3000000 )
RETURN

C	 TEST FGR RATE LGDE
30	 IFtl.LE.3LOOODOO.0R.I.GT.20000001 GO TO 40

RETURN
C	 TEST FOR PARAMETER CODE
40	 IF(I.LE.4000000.OR.I.GT..5000000) GO TO 50

VAR= P (I--4000000 )
RETURN

G TEST FOR IC CODE.
50	 IF(I.L.E.2000000.OR.I.GT.3000000) GO TO 60

VAR-XIC(I-2000000 )
RETURN

C	 CODE NGT IDENTIFIED. SET VAR TO LARGE NUMBER.
60	 VAR=I..E36

RETURN
END



&.XFR
SUBROUTINE- XfiR(XvY 3, )
DIMENSION X (N) rY(N )

Do 100 I=Itm
100 YEIj=X(I)

RETU F"
END



4.0 PERMANENT FILE MAINTENANCE PROGRAM DESCRIPTION

4.1 INTRODUCTION

The Permanent File Maintenance program (FILOAD) is used to load and modify

standard component input-output descriptions which are kept on the permanent

file, WMPF. This program is used only when it is necessary to modify the

input, output, or table list of an existing standard component or when a new

standard component is to be added to the system.

4.2 PROGRAM STRUCTURE

Figure 4.2-1 contains a macro flow diagram of the Permanent File Maintenance

program. Statement numbers in the main (FILOAD) program are given for each of

the program's five principle tasks. The sequence of performing these tasks

depends on the program commands. As each command is read it is printed on the

lineprinter to provide a record of progress through the set of commands.

4.2.1 Command Interaretation

The command interpretation process for the FILOAD program is shown on Figure

4.2-2. Each phrase is tested against the five possible command phrases: LIST

STANDARD COMPONENTS, PURGE, NEW FILE, DUMP FILE, and SYMBOL. If one of these

phases is identified, branching occurs from statement 300 to a location that

performs these tasks.

The LIST STANDARD COMPONENTS command sets a flag, (LIST-1), which causes the

input, output, and table lists of any new or modified components to be printed

upon the completion of processing all input commands. The PURGE command causes

the name of the purged component to be removed from the list of standard

component names, CMPNTS. This results in the removal of all name lists associ-

ated with that component from the WMPF file, when the degas process is per-

formed at the end of the run. The SYMBOL command causes the symbol number
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following. a standard component name to be added to characters 9 and 10 of that

name via the PUTCOD routine.

4.2.2 Name List Loading

If a phrase is not a command phrase, characters 3 through 6 are compared to the

three acceptable input name list types; INPT, OUTP, and TABS. If one of these

three types is not recognized, a warning message is printed and a flag (LOAD=O)

is set to prevent data from being loaded onto the WMPF file. If a recognizable

name list type occurs, the component name is obtained from characters 1 and 2

of the phrase. This component name is compared to existing component names.

If it is an existing component name, the specified name list for that component

is modified. If the component name does not match an existing component name,

the new component name is added to the list of library components and a notice

is printed that a new component has been added. Default input, output, and

table name lists of zero length are then added to the WMPF file to assure that

all three lists exist for all components. This is necessary to prevent REARMS

errors in the Model Generation program for components that might otherwise not

have table name lists. The name list contained in the input data is then read

and loaded onto the WMPF file.

The name list data is not in a free field format. The number of names must

match that giver in the phrase following the input list name, and the format of

the name data must match that given in Section 7.0 of Volume 1. Errors in

	

formatting name list data can cause erroneous lists to be loaded. These will 	
i

lead to errors in connections to the affected component.

4.2.3 File Degas Procedure

The WRITMS routine leaves previous versions of stored items Zin the permanent

file as "dead space" whenever the new version is of a different length than the

original. In order to remove this dead space, the FiLOAD program creates a new

copy of the WMPF file on local file TAPE79 upon the completion of each run.
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TAPE79 is loaded by copying the input, output, and table name list for each

component listed in the list CMPNTS, from WMPF. During this copy, the name

lists for any purged components are deleted. Upon successful completion of the

run, TAPE79 is copied onto WMPF.

4.2.4 Permanent Files

The random access permanent file WMPF is referred to in the FILOAD program as

TAPE78. This -File contains an input, output, and table name list for each

standard component and a list of all standard component names.

4.2.5 Darning Messages

Table 4.2-1 lists the three warning messages that can be generated by the

FILOAD program. These messages are preceded. uy: ***WARNING***. If either

messages 1 or 2 are printed, the name list associated with these warnings will

not be loaded. Other correct name lists for that or other components will be

loaded.

4.3 FILOAD PROGRAM SOURCE LISTINGS

Compilation listings of the source code for the FILOAD program follows. Some

of the subroutines are also used in the other programs. The names of the

FILOAD routines, listed in alphabetical order, are:

BCDREL KOMPAR

COMDAT KOMSTR

CSORT LCMPH

DUMPPF NUMERC

FILOAD NXTPH

GETCOD PUTCOD

GETT PUTT

ISCAN STRMOV
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TABLE 4.2-1 PERMANENT FILE MAINTENANCE PROGRAM

WARNING MESSAGES

1. CAN'T IDENTIFY xx AS A STANDARD COMPONENT

The phase xx following the command PURGE or SYMBOL is not an existing

standard component name. Check spelling of xx.

i

2. IN xxxxxxxxxx zzzz ISN'T A RECOGNIZED NAME LIST TYPE.

NAME LIST WILL NOT BE LOADED.

Characters 3 through 6, zzzz, in the phrase xxxxxxxxxx should be one

of the name list types: INPT, OUTP, or TABS. Check spelling of

xxxxxxxxxx.

3. xxxxxxxxxx ISN'T A VALID NUMBER OF NAMES FOR NAME LIST.

NAME LIST WILL NOT BE LOADED.

A numeric phrase giving the number of naves in the following name

list must follow the component name list type phrase.

,i



CBCOREL
SUBROUTINE BCDREL(VALUEvPHRS}

C PURPOSE: CONVERT BCD NUMERIC INFORMATION INTO REAL FORMAT
C CALL SEQUENCE: VALUE -- REAL NUMERIC VALUE ON RETURN
C	 PHRS — LEFT ADJUSTED BCD CHARACTERS ON INPUT,
C ---?	 SCAN CHARACTERS RIGHT TO LEFT TO LOCATE FIRST NON—BLANK

DO 100 I=110
J=11—I
CALL GETT(PHRS=JsCHAR)
IF(CHAR.NE .10H	 } GO TO 120

100 CONTINUE
C ----?	 CALC. NO. OF BITS OF LEFT CIRCULAR SHIFT REQ D
120	 J=6*J

VALUE=SHIFT LPHRS ' J )
C ----^	 CONVERT BCD —> READ

DEC0DE(10i 1019VALUE)VALUE
101	 F©RMAT(G10.0)

RETURN
END



CCOMDAT
SUBROUTINE COMDAT(COMNAMsTYPE OiNAMES)

C PURPOSE: OBTAIN LISTS OF INPUTS, OUTPUTS $ OR TABLES REQUIRED
C	 FOR A SPECIFIED STANDARD COMPONENT
C CALL SEQUENCE: COMNAM — STANDARD COMPONENT NAME
C	 TYPE	 — TYPE OF LIST REQUESTED E.G. INPT20UTPlTABS
C	 N	 — NUMBER OF NAMES IN LIST
C	 NAMES — NAMES OF QUANTITIES
C METHOD: LISTS ARE STORED ON A RANDOM ACCESS PERMANENT FILE AND
C	 ACCESSED VIA THE MASS STORAGE I/O FEATURES OF FTN.
C	 FOR EACH STANDARD COMPONENTS 3 LISTS WILL BE CREATED	 'I
C	 WITH THE INDEX NAMES: XXINPTs XXOUTP ' XXTABS WHERE XX	 I

C	 REPRESENTS THE STANDARD COMPONENT NAME, THE FIRST WORD
C	 IN EACH 41ST WILL CONTAIN THE NUMBER OF FORDS IN THE LIST
C	 PLUS 1.

COMMON/CIC/IREAD,IWRITE:IDIAG
DIMENSION NAMES(1}
COMMON/CMSI/MSI(1)

C --->	 FORM INDEX
A IND EX=10H
CALL STRMOV(COMNAM9lv2?AINDEX,1)
CALL STRMOV(TYPE,19442AINDEX93)

C --->	 READ FIRST WORD IN RECORD
CALL READMS{78sNp1,AINDEX)

C ---->	 READ N WORDS
IF(N.LT.1)N=1
CALL READMSl78,NAMES$N'AINDEX)
IF(N.LE.1) GO TO 200

C --->	 SHIFT WORDS OVER ONE TO ELLIMINATE N0. OF WORDS STORED IN 1S
DO 100 I=2,N
NAMES(I-1)=NAMES(I)

100 CONTINUE
N=N-1
IF(IDIAG.EQ.80)WRITE(IWRITEIIOII(NAMES(I)2I=1,N)

101	 FORMAT(* COMDAT—NAMES*/(6A10))
RETURN

200 N=0
IF(IDIAG.EQs80) WRITE 6 IWRITE920),}

201	 FORMAT(* COMDAT—N=O*)
RETURN
END
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CCSORT
SUBROUTINE CSORT ElAiNN)

C**#*4:*
C	 PURPOSE
C	 CSORT SORTS THE ELEMENTS OF A SINGLE —DIMENSION SINGLE
C	 PRECISION ARRAY IN ASCENDING—CHARACTER fDISPLAY CODE) ORDER,
C	 WITH A SORT OPTION THAT PLACES BLANK CHARACTERS FIRST IN THE
C	 ALPHAMERIC SEQUENCE.
C	 THE SHELL.ALGORITH IS USED.
C	 USAGE
C	 DIMENSION IA(J)	 WHERE- J=IABS(N )
C	 CALL CSORT{IA,N)
C	 INPUT PARAMETERS
C	 IA — INPUT ARRAY TO BE SORTED IN PLACE
C	 N -- IABS(N) IS NUMBER OF ELEMENTS IN ARRAY IA
C	 N.LT.O PERFORM NORMAL SORTP SEE ABSTRACT
C	 N.GT.O PERFORM MODIFIED SORTv SEE ABSTRACT
C	 OUTPUT PARAMETERS
C	 IA — THE INPUT ARRAY IS SORTED IN PLACE
C	 USER ERROR
C	 WHEN N.EQ.O! CONTROL IS RETURNED TO THE CALLING PROGRAM
C	 WITHOUT SORTING.
C******
C

INTEGER IA(l)
EQUIVALENCE (ITEMP,KHRI)
DATA IBLANK/5500000000000000000OB/

C	 * VALIDITY CHECKS
IF (NN.EQ.OA GO TO 990
N = IASS(NN)
IF (NN.LT.0) GO TO 300

C	 SWITCH CHARACTERS
KHR1 = IBLANK
KHR2 = 0
L IM = 10*N

200 K2 = 1
DO 210 J=1,LIM
N2 = LIM—K2+1
I = ISGAN (KHR1,1,1 4 IA,K2,N2,Ml )
IF (I.EQ.0) GO TO 220
CALL PUTTfIAsItKHR2)
IF (I.GE.LIM) GO TO 220

210 K2	 I+I
220 IF (KHR1.EQ.0) GO TO 990

C

	

	 SORT THE ARRAY
300 M=N
320 M = M/2

IF (M.LE-0) GO TO 400
K — N—M
00 340 J =I tK
I = J

330 11 = I+M
CALL KOMPAR (IA(I):YA(II),ITEMPA
IF (ITEMP.LE.0) GO TO 340
ITEMP = IA (I )
IA(I) = IA(II)
IA(II) = ITEMP

.I
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I = I-M
IF (I.GT.0) GO TO 330

340 CONTINUE
GO TO 320

C	 * SWITCH CHARACTERS BACK
400 IF.(NN.LT.0) GO TO 990

KHR1 = 0
KHR2 = IBLANK
GO TO 200

490 RETURN
END
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CDUMPPF	 4

SUBROUTINE DUMPPF(CM-PNTSYIGPMAXPMSIrTYPESgAINPUT).
C VERSION 1. REVISED: MAY 21 1976
C PURPOSE: DUMP PERMANENT FILE ONTO TAPE 9 IN INPUT FORMAT
C CALL SEQUENCE.' CMPNTS _ COMPONENT NAME LIST
C	 ICPMAX — NUMBER OF COMPONENTS
C	 MS1	 — MASS STORAGE INDEX ARRAY
C	 TYPES - DATA TYPE NAMES
C	 AINPUT — NAME ARRAY WORK STORAGE ARRAY
C DESIGNED BY: J.D. BURROUGHS 	 DEC 1975

DIMENSION CMPNTS(IliMSI(1)sTYPES(3)tAINPUT(1.)
WRITE(9sll)

11	 FORMAT(*NEW FILE*)
C --	 LOAD FILE NAME

CALL READMS(78:PFNAMtEr1.96HPFNAME)
WRITE(9i65)PENAME

65	 FORMAT(*FILE NAME=*sAl0)
C -->	 SCAN. ALL COMPONENTS

00 640 1=12ICPMAX
C	 LOAD COMPONENT NAME

PINDEX=IOH
CALL STRMOV(CMPNTS(I)p192rPINDEXg1)

C 	 SCAN THREE TYPES OF LISTS REQ D FOR EACH COMPONENT
DO 620 J=1.73
CALL STRM0V(TYPES(J):ip4tPINDEX'3)

C —>	 READ LISTS FROM FILE 78
CALL READMS(78vMAX219PINDEX)
CALL READMS(787AINPUTsMAX7PINDEX)
MAXMI=MAX-1

C	 WRITE INPUT LIST NAME AND NUMBER OF INPUTS (OUTPUTS)
WRITE (9 s 101) PINDEXit4AXMi

101	 FORMAT(A7g* = *914)
C —SM-> 	 VEST FOR TABLE INPUTS

IF(J.EQ.31GO TO 200
C	 INPUT AND OUTPUT LIST TYPES

IF(MAX.GT .1) TRITE (9 F 111 ) ( AINPUT (I() t K=2 ? MAX P
111	 FORMAT(8A10)

GO TO fit 0
C	 —>	 TABLE INPUT FORMAT
200	 IF(MAX-LE.I.IGO TO 620

DO 240 K=Z,MAX
CALL GETCOD€5sAINPUT(K)%IDIM)
DIM=IDIM

C -->	 WRITE TABLE NAME AND MAX. DIMENSION
WRITE(9t201)AINPUT(K)gDIM

201	 FORMAT(A3,Ft.0)
240 CONTINUE
620	 CONTINUE
C --->	 TEST FOR SYMBOL NUMBER

IF{KOMSTR(CMPNTSdI?v9m242H ,I).EQ.0)GO TO 640
C	 GET SYMBOL NUMBER FROM COMPONENT NAME

CALL GETCOD(5:CMPNTS,(I) s ISYM8 )
WRITE(9v63I1CMPNTS(l vISYMB

631	 FORMAT(*SYMBOL: * tA2t* _ *,I5)
640	 CONTINUE

RETURN
END

BCS 40262.2	 195



4

s

F

II

C FI LOAD
PROGRAM FI LOAD { INPUT= 100?OUTPUT=200$T APE 5=1NPUTYTAPE6=OUTPUTv
1 TAPE3?TAPE78vTAPE79tTAPE9)

C VERSION 4.	 REVISED JUNE 24 1977
C PURPOSE: THIS PROGRAM ADDS INPUTgOUTPUTaAND TABLE NAME LISTS
C	 TO THE EASY PROGRAM PERMANENT FILE.
C METHOD: DATA IS READ FROM TAPES AND LOADED INTO THE PERMANENT FILE.
C	 THE DATA FORMAT IS: FIRST PHRASE =RECORD NAME*
C	 SECOND PHRASE = NO. WORDS IN RECORD
G	 THE INPUT AND OUTPUT NAME LISTS INPUT
C	 DATA IS FIXED FIELD WITH A 8AI0 FORMAT*
C THE TABLE LIST INPUT DATA IS AlOvG5*O
C	 FORMAT.
C	 THE NUMERIC INPUT SPECIFIES THE MAXIMUM
C	 TABLE DIMENSION * NEGATIVE VALUES

1	 C	 INDICATE SINGLE INDEPENDENT VARIABLE TABLES.
'	 C DESIGNED BY: J.D.BURROUGHS	 MAY 1974

DIMENSION NAMES(100^?MSI(897)tCMPNTS(151)$AINPUT(63)9OUTPUT(63)7
1 TABLE(16):MSI2(897)?ICOM(B)?TYPES(3),CMMNDS(6)?ICMMOD(I51)
COMMON/ CID/IREADlIWRITE?IDIAG
EQUIVALENCE (ICMPI,CMPNTS)
DATA COMNAM/10H	 /9TYPES/30HINPT	 OUTP	 TABS

1/
DATA CMMNDS/60HLIST STANDPURGE	 DUMP FILE SYMBOL	 NEW FILE F
11LE NAME
DATA TYPE/10H	 /?LIST/O/9ICPMOD/C/aICMMAX/6/,ICPMAX/-1/

}	 IREAD=5
IWRITE=6
IDIAG=O

C ---->	 OPEN MASS STORAGE FILE
CALL OPENMS(78?MSIa89781)
CALL OPENMS(79vMS12aB97?1)

C ---->	 READ COMMAND CARD
100	 READ(37101)ICOM
101	 FORMATt8A10)

IF(EOF(3))500,120
120	 INDEX=1
C ---}	 LOCATE NEXT PHRASE

CALL NXTPH(ICOM?INDEX:PINDEX)
IF(PINDEX.EQ-10H	 )GO TO 100

C ----->	 SEARCH COMMAND LIST
CALL LCMPH(PIN0EX:CMMNDStICMMAX21sNTASK)

C	 }	 BRANCH TO 300 IF COMMAND IS IDENTIFIED
IF(NTASK.NE .0)GO TO 300

C --->	 TEST IF COMPONENT DAME LIST HAS BEEN READ
IF(ICPMAX.LT.0)GO TO 400

C --->	 GET LIST TYPE
130	 CALL STRMOVIPINDEX?3g4'TYPE?1)
C ---->	 COMPARE TYPE TO 3 ACCEPTABLE TYPES

CALL LCMPH(TYPE?TYPES7391vlTYPE)
C --->	 TEST IF TYPE WAS IDENTIFIED

IF(ITYPE.EQ.0)GO TO 160
LOAD=1

C -->	 GET COMPONENT NAME
CALL STRMOV(PINDEXpl%2vCOMNAMs1)
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C —M--

	

	 BYPASS SEARCH IF COMPONENT COUNT C 1
IF(ICPMAX.LT .1)GO TO 136

C ---->	 SEARCH COMPONENT NAME LIST
DO 132 NCOMP=I9ICPMAX
IF(KOMSTR(CMPNTS(NCOMP)*1929COMh4AM91) .EQ .0 ) GO TO 140

132	 CONTINUE
C -->	 NEW COMPONENT
136	 ICPMAX=IGPMAX+I

NCOMP=ICPMAX
C ----->	 ADD COMPONENT NAME TO LIST

CMPNIS(ICPMAX)=COMNAM
WRITE(69137)COMNAM

137	 FORMAT(3X9A4 9 *WILL BE ADDED AS A NEW COMPONENT*)
C	 LOAD NAIVE ARRAYS WITH DEFAULT VALUES OF 0 NAMES

VALUE=COMNAM
DO 138 I=193

C	 ADOTYPE NAME TO COMPONENT NAME
CALL STRM0V(TYPES(I)91949VALUE93)
NAMES(I)=I
CALL WRITMS(789NAMES919VALUE)

138	 CONTINUE
C	 BYPASS SEARCH IF MODIFIED COMPONENT COUNTER = 0
140	 IF(ICPMOD.EQ.0)GO TO 146
C ---->	 TEST IF COMPONENT HAS BEEN MODIFIED BEFORE

DO 144 I=lvICPMOD
J=ICMMOD (I )
IF(KOMSTR(COMNAM 9 1 9 2 9 CMPNTS(J)91).EQ.0)GO TO 150

144 CONTINUE
146	 ICPMOD=ICPM(OD+1
C

	

	 ACCUMULATE COM'P. NOS. OF COMPONENTS MODIFIED
ICMMOD(ICPMOD)=NCOMP

C --->	 GET NEXT PHRASE WHICH CONTAINS NO. OF ITEMS IN LIST
150	 CALL NXTPH(ICOMt INDEX9PHRS)
C --->	 TEST FOR NUMERIC FIRST CHARACTER

CALL NUMERC(PHRS)'RETURNS(180)
C --->	 CONVERT HOLLORITH TO INTEGER

CALL BCDREL(VALUE9PI4RS)
N=VALUE
GO TO 200

.160	 WRITE(6s161)PINDEX9TYPE
161	 FORMAT(/22H *** WARNING	 IN 9A892X9A69

1*ISN T A RECOGNIZED NAME LIST TYPE. NAME LIST WILL NOT BE LOADED*
1)
LOAD= 0
GO TO 150

ISO	 WRITE(6918I)PHRS
181	 FORMAT(/16H *** WARNING ***9A109

1*I.SN T A VALID NUMBER OF NAMES FOR NAME LIST
2*NAME LIST WILL NOT BE LOADED*-)
GO TO 100

200 N=N+1
IF(N.LE.1) GO TO 220
IF(TYPE.EQ.TYPES(3)iGO TO 210

C ---->	 READ NAMES FROM TAPES
READ(39101)(NAMES(I)4I=29N)
GO TO 220

BCS 40262--2 197



^i

C _-->	 READ TABLE NAMES
210	 DO 215 1=24N

READL3,211)NAMES(I)sDlM
211	 FORMAT(ABtG7.0)

IDIM=DIM
CALL PUTCOf}	 AAMESMvIDIM)

215	 CONTINUE
220	 IF(NsLT.1)N=1

NAMES(I)=N

C --->	 WRITE NAMES ON MASS STORAGE PERMANENT FILE
IF(LOAD.EQ.i)CALL WRITMS(789NAME SINtPINDEX)
GO TO 100

C ----> COMMAND INTERPRETATION 
300	 GO TO(310a320t400l320it700:750).rNTASK
C =-----------------_—_= 	 LIST STANDARD COMPONENTS —_— NTASK =1
310	 LIST=1

GO TO 100
C	 PURGE	 NTASK — 2	 OR	 SYMBOL =—	 NTASK — 4
320	 IF(ICPMAX.LT.D)GO TO 400
C ---->	 GET COMPONENT NAME
330	 CALL NXTPH(ICOM?INDEXoCOMNAM)

IF( COMNAM. EQ. IQH	 )GO TO 100
C --->	 LOCATE NAME IN COMPONENT NAME LIST

DO 336 NCOMP=I,ICPMAX
IF(KOMSTR(CMPNTS(NCOMP) ' Iv2tCOMNAM P 1).EQ.0)GO TO 338

336	 CONTINUE
NCOMP=O
G© TO 360

338	 IF(NTASK.NE.2)GO TO 350
C ---3	 MOVE COMPONENT NAMES OVER ONE TO OVERWRITE PURGED NAME

DO 340 I=NCOMP,ICPMAX
340	 CMPNTS(I)=CMPNTS(I+I)
G ---7	 REDUCE NO. OF COMPONENTS

` I CPM AX=ICPMAX-1
GO TO 330

350	 CALL NXTPH(ICOMTINDEX,SYMB)
CALL BCDREL(SYMBsSYMB)
ISYMB=SYMB
CALL PUTCOD(5'CMPNTSbNCOMP),ISYr46)
ICPMOD=ICPMOD+1
ICMMOD(ICPMOD)=NCOMP
GO TO 330

360	 WRITE(6s361)COMNAM
361	 FORMATU33H *** WARNING	 CAN T IDENTIFY 7A4v

I*AS A STANDARD COMPONENT*)
GO TO 330

C --_>	 GET COMPONENT NAME LIST FROM FILE 78
400	 CALL READMS(78$ICPMAX,1:6HCMPNTS)

CALL REARMS(78fCMPNTSsICPMAX96HCMPNTS)
C ---?	 SHIFT NAMES OVER 1 WORD TO ELLIMINATF NO. OF WORDS

DO 420 I=24ICPMAX
420	 CMPNTS(I-1)=CMPNTS(I)

ICPMAX=ICPMAX-1
IF(NTASK.LE.0)GO TO 130
GO TO(130s330s720v3309130)rNTASK



C -->	 LIST COMPONENTS MODIFIED IF LIST=I
500 MAXCOM=ICPMQD

IF(LIST.NE.1)GO TO 600
C __—}	 IF NO COMPS. MODIFIED9 SKIP LISTING

IF(MAXCOM.LE.0)GO TO 600
C ---->	 SCAN COMPONENTS SPECIFIED

00 560 I=19MAXCOM
J=I
J=ICMMOD(I)
COMNAM=CMPNTS(J)

520	 CALL GETCOD(5sCOMNAMsISYMB)
WRITE(69521)I9COMNAM9ISYM8

521

	

	 FORMAT(//*COMPONENT N0.*9I3,* 	 NAME = *sA2 ' *	 SYMBOL NO. _ *,I3/
1* INPUTS*,p7X9*OUTPUTS*96X9*TABLES*97X:*DIMENSION*)

C --->	 GET INPUT90UTPUT 9 AND TABLE NAMES
CALL COMDAT(COMNAM94HINPT9NI9AINPUT)
CALL COMDAT(COMNAM94HOUTP9NO90UTPUT)
CALL COMDAT(COMNAM94HTABS9NT9TABLE)
MAX=MAX 0 (N 19 NO 9 NT 91)

C --->	 SCAN LONGEST FIST OF NAMES
DO 550 J=19MAX

C --->	 BLANK NAMES
AIN=10H
OUT=10H
TkB=10H
ID=10H
Ir (J.LE.NI)AIN=AINPUT(J)
IF(J.LE«NO)OUT=OUTPUT(J)
IF(J.GT.NT)GO TO 540
TAB=TABLE(J)

C --->	 GET TABLE DIMENSION
CALL GETCOD(59TAB9I0)

540	 WRITE(69541)AIN,QUTsTAB9I0
541	 FORMAT (2X9A1093X9A$Og3X'A695X7I4)
550 CONTINUE
560	 CONTINUE
C --->	 DEGAS MASS ST(1RAGE FILE
C ---->	 IF NO COMPONENTS EXIST: CAUSE ABEND TO PREVENT DEGASSING
600	 AIN=-1.

IF(ICPMAX.LE.0)I=SQRT(AIN)
C ---

	

	 SORT COMPONENTS INTO ALPHABETICAL ORDER
CALL CSORT(CMPNTS9ICPMAX)

C ----->	 SCAN ALL COMPONENTS
DO 640 T=I9ICPMAX

C	 LOAD COMPONENT NAME
PINDEX=IOH
CALL S`RMOV(CMPNTS(I)s1929PINDEXg1)

C --->	 SCAN THREE TYPES OF MISTS REQ D FOR EACH COMPONENT
DO 640 J=193
CALL STRMOV(TYPES(Jh91949PINDEX43)

C

	

	 READ LISTS F1? FM FILE 78
CALL READMS{789MAX919PINDEX)
CALL READMS(789AINPUT,MAX9PINDEX)

C --->	 WRITE LISTS ONTO FILE 79
CALL WRITMS179vAINPUTvMAXfPINDEX)

640 CONTINUE

It
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C ----->	 SHIFT COMPONENT NAMES OVER 1 WORD
J=ICPMAX
DO 660 I=1,ICPMAX
CMPNTS( J+1)=CMPNTS Lek.)

660	 J=J-1
C ---->	 ADD N0. OF COMPONENTS + I AS FIRST WORD IN LIST

ICMP1=ICPMAX+1
C --->	 STORE COMPONENT NAME LIST

CALL WRITMS{799CMPNTSPICMP1,6HCMPNTS)
C	 STORE PFNAME

CALL READMS(784PFNAMEilv6HPFNAME)
CALL WRITMSE799PFNAME,196HPFNAMEI
STOP

C ========= NEW FILE __— NTASK = 5
700	 ICPMAX=O

GO TO 100
C =---__-_--- DUMP FILE —_= NTASK = 3
720	 CALL DUMPPF( CMPNTS-xICPMAX Y ISI tTYPES sAINPUT )

GO TO 100
C =_-----__= FILE NAME --- NTASK = 6
750	 CALL NXTPH(lCOM9INDEX:PFNAME)

CALL WRITMS(784PFNAME91a6HPFNAME)
GO TO 1,00
END

200
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CGETCOD
SUBROUTINE GETCOD(NtIARRAY=ICODE)

C PURPOSE: RETRIEVE A 4 DIGIT CODEv VALUE OF CODE MUST BE BETWEEN -^-
C	 2047 , STORED 5 CODES/WORD, FROM AN ARRAY OF PARAMETER
C	 CODES. THIS ROUTINE IS USED TO REDUCE THE STORAGE REQUIRED
C	 TO STORE THE I/O CODE LISTS FOR EACH ANALYSIS MODULE.
C CALL SEQUENCE: N LOCATION OF CODE IN ARRAY IARRAY B CODES/WORD .
C	 IARRAY	 INTEGER ARRAY WHICH RECIEVES CODE NUMBER.
C	 ICODE VALUE OF CEDE INPUT TO ROUTINE.

DIMENSION IARRAY(l)
DATA MASK/77776/

C DETERMINE WHICH WORD IN ARRAY CONTAINS THE NTH CODE.
TWORD=(N--1 )/5+1

C DETERMINE THE NUMBER OF BITS TO SHIFT CODE TO RIGHT MOST 12 BITS.
ISHIFT-(MOD(N-195)°4)*12

C SHIFT CODE BITS TO RIGHT HAND POSITION.
ICQDE=SHIFT(IARRAYCIWORD)TISHIFT)

C MASK OUT UNWANTED BITS TO LEFT OF CODE.
ICODE=MASK.AND.ICODE

C TEST SIGN BIT..
IFEICO0E.LT.2046) RETURN

C RESTORE 1 BITS FOR NEGATIVE CODE.
ICODE=ICODE-OR..N.MA.,'K
RETURN
END
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GETT
IDENT GETT
ENTRY GETT

+ VFD	 18 /OHGETt42/3
GET BSS Z I
GETT EQU GET

SB4 bQ-1 a INITIALIZE MULTIPLE OF 14 COUNTER.
SA4 Al-B4
SA2 X4 PUT I IN X2.

LOOP SB4 B4+1 COUNT MULTIPLES OF 10.
SX2 X2-10 « SUBTRACT 10 FROM 1.
ZR X2 3 0K . IF X2 PLE. Ot EXIT FROM LOOP.
PL X2 t I,00P . LOOP UNTIL NO MORE MULTIPLES OF 10 IN I.

OK SA4 X1+84 . LOAD WORD CONTAINING ITH CHAR. OF S.
PiiX7 6 .
SA5 SIX
SX2 X2¢9 X2 = POSITION Its S WORD.
PX2 BO=X2 PACK X2
0X2 X2*X5 MULTIPLY BY SIX
S82 X2
LX4 B2tX4 . LEFT ADJUST ITH CHARACTER.
SA5 MASK2
BX6 X4*X7 . MASK OUT REMAINDER OF WORD.
BX6 X5+X6 . FILL X6 WITH BLANKS.
SA4 Al+2
SA6 X4 . STORE IN T.
EQ B09B09GET

MASK2 DATA 005555555555555555558
SIX DATA 200000000000000000068

END
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ISCAN
IDENT ISCAN

WRITTEN BY TOM BAKER$ EDT SUPPORT	 PHONE 655-6509	 12/1/70

F

THIS IS A COMPLETE REWRITE OF THE OLD SYSTEM ROUTINE.
DIFFERENCES — 9 TO 15 TIMES FASTER

— CALLS NO SUBPROGRAMS (USED TO CALL KOMSTR)
— HAS A SPECIAL LOOP FOR THE CASE WHERE THE

STRING 2 SET IS ONLY ONE CHARACTER

CALLING SEQUENCE J2=ISCAN(S1tI1sN14S29I2,N2vJ1)
S1-- STARTING ADDRESS OF THE FIRST STRING
11 — CHARACTER POSITION IN S3 OF FIRST CHARACTER TO BE COMPARED
N1 — THE NUMBER OF CHARACTERS IN S1 TO BE COMPARED, 	 IF N1

IS NEGATIVEv THE SCAN IS RIGHT —TO —LEFT IN S1.
S2 — STARTING ADDRESS OF THE SECOND STRING
12 -- CHARACTER POSITION IN S2 OF FIRST CHARACTER TO BE COMPARED
N2 — THE NUMBER OF CHARACTERS IN S2 TO BE COMPARED.	 {
J1 — OUTPUT: CHARACTER POSITION IN SI WHERE A MATCH WAS FOUND
J2 — OUTPUT S CHARACTER POSITION IN S2 WHERE A MATCH WAS FOUND	 °`I
J I=J 2 =0	 NO MATCH WAS FOUND
JI=J2=-1	 INPUT ERROR

ENTRY ISCAN
VFD 30/OLISCANs30/7

ISCAN	 BSSZ I.
MX0 52B
SX6 A0 SAVE AD OF CALLING PROGRfi,M
SA6 SAVEAO
SAO Al SET UP AO FOR USE BY ISCAN
SA2 AO+1 FtTCH THE FIRST STRING STARTING
SA2 X2 CHARACTER	 POINTER	 (11)	 l
SA4 AO+4 FETCH THE SECOND STRING STARTING
SA4 X4 CHARACTER POINTER	 (I2)
ZR XZsERROR I1 MUST BE A NON—ZERD
NG X2,ERROR POSITIVE NUMBER	 f

SA5 A0+2 1

SA2 A O+5
SA5 X5 GET THE VALUE OF N1
SA2 X2 GET THE VALUE OF N2
ZR X4=ERROR 12 MUST BE A NON—ZERO
NG X41ERROR POSITIVE NUMBER
ZR X5yERROR NI MUST NOT EQUAL ZERO
ZR X2tERROR N2 MUST BE A NON—ZERO
NG X2sERROR POSITIVE NUMBER

A LEGITIMATE REQUEST HAS BEEN MADE — PROCEED	 1

SB1 X5 B1 CONTAINS THE VALUE OF N1
SB4 X2 B4 CONTAINS THE VALUE OF N2
MX1 73B X1 CONTAINS A MINUS ONE
AX5 77B FILL X5 WITH THE SIGN BIT OF N1
BX5 —X1—X5 X6 CONTAINS A ONE WITH THE SIGN OF N1
SB6 X6 B6 CONTAINS A ONE WITH THE SIGN OF N1
SB7 6 B7 WILL BE USED TO CONTROL THE LEFT
PL. X6*S1 SHIFT OF STRING ONE — 6 BITS AT A

BCS 40262-2
	

203



X6*X3
B5,X6
X4—X6
SIX
X6*X5
B5:X6
W152P
AO+1
X4
X4+B3
B09X4
B51X6
AO
X6#X2

859X6
B5=X6
XI
X6+B5

DX6
UX6
IX6
SA5
DX6
UX6
SA6
SA4
SA4
SX4
PX6
NX6
SAI
FX6

#
UX6
LX6
SB5
SAI

B09X6P X6

^aa..

TIME IF NI I° +VE7 54 BITS IF —VE
A PACKED UNNORNA"IZED DECIMAL TEN
A FLOATING POINT TENTH

B3 CONTAINS A MINUS ONE

I2--I AS A PACKED UNNORMALIZED NUMBER

NUMBER OF WORDS STARTING POINT IS
PAST THE LOCATION OF S2

CALCULATE STARTING ADDRESS OF THE
SECOND STRING AND STORE IN W1S2

X6 CONTAINS THE NUMBER OF WORDS THAT
THE STARTING POINT IS PAST THE
LOCATION OF S2 AS A PACKED
UNNORMALIZED NUMBER

CALCULATE THE
CHARACTER POSITION MINUS ONE
OF THE FIRST CHARACTER IN S2.1
MULTIPLY IT BY SIX, AND STORE THE
RESULTING BIT SHIFT COUNT
IN WIS2P

FETCH THE FIRST STRING STARTING
CHARACTER POINTER (I1)

11--1 AS A PACKED UNNORMALIZED NUMBER

FETCH LOCATION OF S1
NUMBER OF WORDS STARTING POINT IS
PAST THE LOCATION OF S1

XI CONTAINS THE FIRST WORD IN Sl
TO BE CHECKED

X6 CONTAINS THE NUMBER OF WORDS THAT
THE STARTING POINT IS PAST THE
LOCATION OF SI AS A PACKED
UNNORMALIZED NUMBER

CALCULATE THE
CHARACTER POSITION MINUS ONE
OF THE FIRST CHARACTER IN S1

LEFT TO RIGHT SCAN OF SI WAS
REQUESTED9 CALCULATE INITIAL VALUF
OF S1 POSITION IN WORD INDEX
AND SET UP B5 FOR INITIAL
SHIFTING OF FIRST SI WORD

RIGHT TO LEFT SCAN OF S1 WAS
REQUESTED9 CALCULATE INITIAL VALUE
OF SI POSITION IN WORD INDEX

SB7
	

54
S1
	

SA3
	

TEN
SA2
	

TENTH
SB3
	

XI
S X4
	

X4+B3
PX4
	

BO9,X4
N)(6
	

B5,tX4
FX6
	

X6*X2
#

UX6
	

B57Xo
SA5
	

A O+3
LX6
	

B5pX6
IX7
	

X5+X6
n
	 SA7
	

WlS2
^y
	

P X6
	

B0?X6
#

DX6
	

X6*X3
UX6
	

B59X6
IX6
	

X4-X6
P X7
	

BOPX6
SB2
	

B2--82
LT
	

B69B09SM
DX5
	

X7#X5
IX7
	

X3—X7

SB5
	

X5
E 
	

S
MX4
	

73B
DX5
	

X7*X5
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Ux!)
SB5
IX7
GE
SB5

S	 MXO
LXI
MX6
SB3
EQ
SX5

SMXI	 LXI
S82
IX7
B X3

SA2
SA4
SA2
SB3
LX2
SB5
SB3

SMX2	 LX2

S85
BX4
SB3
BX4
ZR
EQ

LT

tip If X-')

X5-48
X6—X4
B5,BO2S
B5+60
66B
BSrX^.
73B
B3+B4
B300 iS21.0
10
B7?Xl
B2+B6
X 7+X 6
-XD*Xl

WIS2
WI.S2P
X2
X4
B3sX2
B5—B5
B3-60
6

B5+1
—XO*X2
B3+6
X3—X4
X42MATCH
B4,651ES2S

B3vB0aSMX2

NZ	 X7,SMXl

SA1	 Al+B6
BX7	 X5
LT BOtB6,SMX1
LXI 6
EQ SMX1

S21C	 SA2 W1 S2
SA4 WIS2.P
SA2 X2
SB3 X4+6
LX2 B3sX2
SB5 B4

BCS 40262-2
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SA2 A2+1
SB3 --60
EQ SMX2
EQ B201,NM

AND SET UP B5 FOR INITIAL
SHIFTING OF FIRST S1 WORD

SET UP CHARACTER MASK

X6 CONTAINS A MINUS ONE
IF STRING 2 IS ONE CHARACTER LONGr

GO TO SPECIAL LOOP

FETCH NEXT (OR FIRST) CHARACTER FROM
Slv INCREMENT S1 CHARACTER POSITION
INDEX9 DECREMENT S1 POSITION IN
WORD INDEXt ISOLATE NEXT CHARACTER
IN S1

FETCH S2 POINTERS

PREPARE TO EXTRACT FIRST CHARACTER
FROM S2 STRING

SHIFT NEXT CHARACTER IN S2 STRING TO
RIGHTMOST POSITION IN X2,
INCREMENT S2 CHARACTERINDEns
EXTRACT NEXT CHARACTER FROM S2
INCREMENT S2 POSITION IN WORD INDEX
AND COMPARE THE TWO CHARACTERS

IF THE CHARACTERS MATCHs GO TO MATCH
IF THE END OF THE S2 STRING HAS BEEN
REACHEDs GO TO ES2S

IF THERE ARE MORE CHARACTERS IN THE
CURRENT S2 WORD TO BE COMPAREDi
GO BACK TO SMX2 AND WORM ON THE
NEXT CHARACTER IN S2

OTHERWISEv GET THE NEXT WORD? IN S2
INITIALIZE THE POSITION IN FIORD
INDEX AND GET BACK TO WORK ON S2

IF ALL THE CHARACTERS IN S1 HAVE
BEEN CHECKEDs GO TO NM (NO MATCH)
OTHERWISE Y CHECK TO SEE I F THE
CURRENT WORD IN XI HAS ANYMORE
CHARACTERS LEFT TO CHECK. IF SO$
GO GET THE NEXT CHARACTER. IF NOT$
GET THE NEXT WORD IN S1q INITIALIZE
THE POSITION IN WORD INDEX AND
RETURN. NOTE THAT IF THE SCAN IS
RIGHT TO LEFTY AN EXTRA SHIFT IS
REQUIRED THIGH NEUTRALIZES THE
SHIFT AT SMX1.

SPECIAL ONE CHARACTER STRING 2 LOOP
FETCH THE 52 POINTERS
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BX4
SX5
LXI
SB2
IX7
B X3
BX3
ZR

EQ

NZ

SA1
B X7
LT
LX1
EQ

SAI
SX6
SA6
SA1
SAO
EQ
SA2
SA3

NM

MATCH

SB3
SA1
SA2
SB4
SA3
S X7
S X6
S A7
SAI
SAO
EQ

ERROR SA1
M X6
SA6
5A1
SAO
EQ

SAVEA 0
	

BSS..Z
WIS2
	

BSS

w1S2P
	

BSS

TENTH	 DATA
TEN	 DATA
SIX	 DATA

E ND

SMXIIC

206

—XO*X2
10
B7txl
B2+B6
X7+X6
-x0*X1
X3-X4
X31MATCH

B29B1rNM

X7sSMX11C

A I+B6
X5
BO 9 B6sSMXI IC
6
SMXIIC

AO-1-6
B5--B5
X1
SAVEAO.
XI
849B49ISCAN
AO+1.
A O+4

B2—B6
A 0+6
X2
B5-1
X3
X2+B3
X3+B4
x1

EXTRACT THE S2 CHARACTER

FETCH NEXT (0R FIRST) CHARACTER FROM
S1 9 INCREMENT S1 CHARACTER POSITION
INDEX9 DECREMENT S1 POSITION IN
WORD INDEX9 ISOLATE THE NEXT
CHARACTER IN SI- COMPARE IT WITH
THE S2 CHARACTER AND IF THE
CHARACTERS MATCH $ GO TO MATCH

IF ALL THE CHARACTERS IN SI HAVE

BEEN CHECKEDs GO TO NM INO MATCH)
OTHERWISEv CHECK TO SEE IF THE
CURRENT WORD IN XI HAS ANYMORE
CHARACTERS LEFT TO CHECK. IF SO,
GO GET TI4E NEXT CHARACTER. IF NOT9
GET THE NEXT WORD IN S19 INITIALIZE
THE POSITION IN WORD INDEX AND
RETURN. NOTE THAT IF THE SCAN IS
RIGHT TO LEFTS AN EXTRA SHIFT IS
REQUIRED WHICH NEUTRALIZES THE
SHIFT AT SMX11C.

NO MATCH WAS FOUND
SET J1 AND J2 EQUAL TO ZERO
AND RETURN

RESTORE THE CALLING PROGRAMS
AO REGISTER

A MATCH HAS BEEN FOUND.
JI IS RETURNED AS THE POSITION IN
S1 OF THE MATCH. (JI+I1+B2—B6)
J2 IS RETURNED AS THE POSITION IN
S2 OF THE MATCH, 6J2=I2+65-1P

SAVEAO RESTORE THE CALLING PROGRAMS
X1 AO REGISTER
B1 7 B1 T ISCAN
AO+6 AN ERROR HAS BEEN FOUND IN THE INPUT
73B REQUEST.	 „?. AND J2 ARE RETURNED
x1 AS MINUS ONE.
SAVEAO RESTORE THE CALMING PROGRAMS
X1 AO REGISTER
B19BI71SCAN
1 STORAGE FOR CALLING PROGRAMS AO
1 ADDRESS OF WORD .CONTAINING FIRST

CHARACTER IN S2 TO BE CHECKED
1 POINTER TO CONTROL SHIFT OF FIRST

WORD IN S2 TO PROPERLY POSITION
THE FIRST CHARACTER FOR CHECKING

.1 A FLOATING POINT TENTH
020000000 400000000012	 A PACKED UNNORMALIZED TEN
020000000000000000006	 A PACKED UNN©RMALIZED SIX
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jKOMPAR
IOENT KOMPAR	 (SrTtl)

SUBJECT: COMPASS SUBROUTINE KOMPAR

AUTHORS: ANDERSONx 0. L.	 -	 LA ROWE 7 E.
BCS 6600 METHODS GROUP - 22 FEBRUARY 1971

PURPOSE: TO PERFORM A 60 BIT L-OGICAL COMPARE OF TWO WORDS

USAGE: CALF. KOMPAR	 (S y T v I )

I W	 KOMPAR	 (S7T:I)

^k WHERE
INPUT

S	 = FIRST STRING WORD
T	 = SECOND STRING WORD

OUTPUT

I	 = --1 IF S < T
-	 0 IF S = T
=	 I IF S ? Ti

ENTRY KOMPAR

VFD 36/0LKOMPARr24/3

KOMPAR	 BSSZ I	 ENTRY/EXIT - KOMPAR
SA5 X1	 GET S
MX7 1
SA2 A 1+I
SA2 X2	 GET T
LX5 59
BX3 -X7*X5
LX2 59
BX4 -X7*X2
MX6 59
SAI A I+2
IX7 X3-X4	 LEFT PARTIAL DIFFERENCE
NG X7vK©MPAR1	 IF S < T
BX6 -X6
NZ X7¢KOMPARZ	 IF S ] T

LEFTMOST 59 BITS ARE EQUAL. 	 TEST RIGHTMOST ONES.

IX6 X5-X2
LX6 I

KOMPARI	 SA6 X1	 STORE I
EQ KOMPAR	 RETURN

END
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KOMSTR
IDENT KOMSTR	 .CALL K0MSTR(SA,LA,NArSByLB)

*	 KOASTR	 REVISED TO ECONOMIZE ON FIELD LENGTH, EXECUTION!' DIME.
REVISED BY	 BRUCE BAILEY

BCS SCIENTIFIC SYSTEMS
* COMPARES CHARS LA THRU LA+NA-1 OF SA TO CHARS LS THRU LB+NA-1

# OF SB ALPHANUMERICALLY. RETURNS -- 0 + AS SA LT EQ GT SB..

ENTRY KOMSTR
+ VFD 36/OHKOMSTR,2.4/5
KOMSTR PS

SB1 1
,. SA4 Al+B1

SA2 A4+B1
SA4 X4 LA
SA2 X2 NA
S.A3 Al+4
MX6 0 INIT VALUE
SA3 X3 LB
ZR X49KOMSTR
NG X4 s KOtHSTR
ZR X29KOMSTR
NG X21KOM STR
ZR X3tKOMSTR
NG X3,KOKSTR

INPUT OK — START LOADING REGISTERS.

S87 80+11
SB2 X4 LA
SB6 B7—B1
LT B2jB7aV20

V3.0 SX1 XI+B1 ADR OF FIRST SA WORD
SB2 62—B6 CHAR COUNT (SAC)
GE B2 07$ V10

V20 SB3 B2+B2 2*SAC
SA4 Al+3
SB2 B3+B3 4*SAC
SAl X1 INIT VALUE (XI AND Al)
SB3 B2+B3 6*SAC
SB2 B3-60 6*SAC-60
SB5 X3 LB
SB2 BO—B2 60-6*SAC9 THE INIT VALUE.
LT B5gB7yV40

V30 SX4 X4+91 ADR OF FIRST SB WORD
SS5 B5—B6 CHAR COUNT (SBC^
GE B5,B7vV30

V40 SB7 B5+B5 2*SBC
SB5 B7+B7 4*SBC
MXO 54 INIT VALUE
SB7 65+B7 6*SBC
SA4 X4 INIT VALUE (X4 AND A4)
SB5 B7-60 6*SBC-60
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4
S83 X2 INIT VALUE (NA)
SB5 80—B5 60-6*SBC9 THE INIT VALUES

= SB7 BO+6 INIT VALUE
SB4 BO+54 INIT VALUE

* IN—STACK EXECUTION LOOP.

V50 AX2 XI7B2 SA WORD
SX2 —XO*X2 SA CHAR
SB3 B3—BI
AX5 X4,85 SS WORD
B
B

X
r
5 —Xo*X5^ SS CHAR

.'4 IX7 X2—X5
SB2 B2--B7 SA SHIFT COUNTER,
NZ X77ALMOST

INCREMENT COUNTERS.
EQ B3yBOvKOMSTR IF EQUAL STRINGS.
GE B200vV`60 IF RESET NOT YET NECESSARY,
SA1 Al+Rl, NEXT SA WORD ' ALSO RESET Al.
S62 B4 RESET COUNTER	 a

V60 SB5 B5—B7 SB SHIFT COUNTER
i GE B5,BOvV50 IF RESET NOT YET NECESSARY.

SA4 A4+BZ NEXT SB WORDs ALSO RESET A4.
S.B5 B4 RESET COUNTER
EQ V50 KEEP LOOKING.

ALMOST SX6 BI
PL X77KOMSTR
BX6 —X6
EQ KOMSTR

f
END
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CLCMPH
SUBROUTINE— LCMPH{IPHRSsICOMLtICLMAXsICLMINsLDC}

C PURPOSEt LOCATE PHRASE IN STRING OF COMMAND PHRASES
C CALL SEQUENCE: IPHRS — PHRASE TO BE IDENTIFIED
C	 ICOML. -- LIST OF COMMAND PHRASES
G	 ICLMAX -- MAX. NO. OF COMMAND PHRASES TO SEARCH
C	 ICLMIN — MIN. NO. OF COMMAND PHRASES TO SEARCH
C	 LOC	 — LOCATION OF IPHRS IN ICOML
C	 (LOC = 0 IF PHRASE NOT FOUND)
C DESIGNED BY: J.D. BURROUGHS	 OCT 1973

DIMENSION ICOML (ICLAAX )
IF(ICLMIN.LT .1) ICLMIN=1
IF(ICLMAX.LT.ICLMIN)ICLMAX=ICLMIN

C -_--- ---- ASSURE THAT SEARCH STARTS BETWEEN ICLMIN AND ICLMAX
IF(LOC.LT.ICLMIN .OR.LOC.GT .ICLMAX)LOC=ICLMIN

G ======== SINE STARTING POINT OF SEARCH
LOCS=LDC

100	 IF(IPHRS.NE.ICOML(LOC)) GO TO 300
RETURN

300	 LOC^LOC+1
G ====--- RETURN TO START IF LAST COMMAND PHRASE IS REACHED

IF(LOC.GT.ICLMAX) LOC=ICLMIN
C =--------	 STOP SEARCH WHEN STARTING POINT IS REACHED

IF(LOC.NE.LOCS) GO . TO 100
LOC=O
RETURN
END



211

CNUMERCE	
SUBROUTINE NUMERC(PHRS)rRETURNS(A)

C PURPOSE= TO DETECT WHEN THE LEFT MOST CHARACTER IN A STRING
C	 IS NUMERIC
C CALL SEQUENCE'p PHRS — STRING OF CHARACTERS
C RETURNS(A)	 RETURN TAKEN IF CHARACTER IS NOT NUMERIC

i	 DIMENSION.NUMt2}
DATA NUM720H1234567B90-4+

C ---->	 COMPARE FIRST CHARACTER TO NUMERICS
I= ISCAN{PHRS 7 Iv17NUM r1:l4fM1,)
IF(l.LEdO) RETURN..A
RETURN
END



CNXTPH
SUBROUTINE NXTPH(ICO'nilNDEXiIPHRS)

C PURPOSE: LOCATE NEXT PHRASE IN COMMAND STRING.
C CALL SEQUENCE! ICOM — COMMAND STRING
C	 INDEX — INDEX TO NEXT CHARACTER TO BE EXAMINED
C	 IPHRS — NEXT PHRASE (RETURNED BLANK IF NONE FOUND)
C DELIMITERS.' 3 OR MORE BLANKS-v COMMAv EQUALS= LEFT . OR RIGHT PARENTHES

COMMON/CIO/IREADTIWRITEYIDIAG
DIMENSION ICOM[l)
DATA IBLNK/]--OH
.IPMAXC=10
IC.MAXC=80
IPHRS=IBLNK

RETURN IF AT COLUMN 80
IF(INDEX.GE .ICMAXC)RETURN

C ---	 LOCATE FIRST NON—BLANK t NON—DELIMITER CHARACTER
150	 DO 200 1=1NDEXiICMAXC

CALL GETT(ICOMiltKAR)
IF ( KAR O EQ .lHt. DR-KAR.EQ.IH—.OR.KAR.EQ.IH(.OR.KAR.EQ.lH))GO TO 200
lF(KAR.NE.IBLNK) GO TO 300

zoo	 CONTINUE
INDEX=ICMAXC
IF(IDIAG.GE.100.)WRITE(IWRITEv251)INDEXiIPHRS

251	 FORMAT(14HNXTPHR2 INDEX=7I391XvA10)
C --	 RETURN WHEN REST OF STRING IS EMPTY

RETURN
C ---	 LOCATE NEXT DELIMITER (END OF PHRASE)
300	 ISTART=I

DO 400 I=lSTARTsoICMAXC
CALL GETT(ICOM717KAR)
I F(KAR . EQ.IHI.OR.KAR.EQ.IH =.OR.KAR&EQ.lH(oDR.KAR.EQQlH))GO TO 490
lF(KAR.EQ.IBLNK) GO TO 350
INBLNK=D
GO TO 400

350	 IF(INBLNK.GE-2) GO TO 500
INBLNK=INBLNK+l

400 CONTINUE
INDEX=ICMAXC
GO TO 600

490	 ISTOP=I-1
GO TO 510

500	 ISTOP=I-3
510	 INDEX=I
C --	 TEST TO LIMIT PHRASE TO <= 10 CHARACTERS

IF(ISTOP —ISTART+I,.LE.IPMAXC) GO TO 700
600	 ISTOP=ISTART+IPMAXC-1
C ---	 TEST TO PREVENT PHRASE FROM GOING BEYOUND COL. 60

IF(ISTOP.GT.ICMAXC) ISTOP=ICMAXC,
700	 INBLNK=ISTOP—ISTART+l

LOAD.PHRASE
CALL STRMDVLICOMtISTARTrINBLNKgIPHRStl)
IF(IDIAGoGE-100.)WRITE(IWRITEi80I)INDEXtIPHRS

801	 FORMAT(13HNXTPHR INDEX=rl3,1X.,A10)
RETURN
END
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CPUTCOD
SUBROUTINE PUTCOQ(NxIARRAYtICODE)

C PURPOSE: PLACE A 4 DIGIT CODE $ VALUE OF CODE MUST BE BETWEEN -^--
C	 2047 $ STORED 5 CODES/WORDt FROM AN ARRAY OF PARAMETER
C	 CODES. THIS ROUTINE IS USED TO REDUCE THE STORAGE REQUIRED
C	 TO STORE THE I /O CODE LISTS FOR EACH ANALYSIS MODULES
C CALL SEQUENCE: N	 LOCATION OF CODE IN ARRAY IARRAY 5 CODES/WORD .
C	 IARRAY	 INTEGER ARRAY WHICH RECIEVES CODE NUMBER.
C	 ICOD E	 VALUE OF CODE INPUT TO ROUTINE.

DIMENSION IARRAY(I)
MASK=7777B

C DETERMINE WHICH KURD IN ARRAY IS TO BE MODIFIED.
IWORD= ( N--I)/5+1

C DETERMINE NO. OF BITS TO SHIFT CODE TO LEFT.
ZSHIFT=(4—MOD(N-wls5) )*12

C SHIFT CODE + MASK TO :PROPER BIT LOCATION IN WORD.
ICOD=SHIFT( ICODE $ISHIFT)
MASK=SHIFT(MASKIISHIFT)

C PLACE CODE BITS INTO CORRECT LOCATION IN WORD OF IARRAY.
IARRAY ( IWORD )=( IARRAY ( IWORD ) dAND * .N.MASK) . OR.(ICOD .AND.MASK)
RETURN
END



PUTT
IDENT	 PUTT
ENTRY	 PUTT

+ VFD 18/OHPUTr.42f3
PUT BSSZ I f

PUTT EQU PUT
SB44 SO-1 INITIALIZE MULTIPLE OF 10 COUNTER,	 J

SA4 Al--B4 .	 q
SA2 X4 . PUT I IN X2.

LOOP SB4 B4+1 COUNT MULTIPLES OF 10.
SX2 X2-10 SUBTRACT 10 FROM I.
ZR X2pQK IF X2 oLE. 0 7 EXIT FROM LOOP.
PL X2=LOOP LOOP UNTIL NO MORE MULTIPLES OF 10 IM I.

OK SA4 Xl+B4 . LOAD WORD TO RECEIVE THE CHARACTER*
MX7 6
SA5 SIX
SX2 X2-1
PX2 BO I X2 PACK X2
DX2 X2*X5 MULTIPLY BY SIX
SA3 Al+2
SA3 X3 PUT T IN X3.
S52 X2
BX3 X3*X7 MASK OUT LAST 9 CHAR. OF T.
AX3 32 X3 . SHIFT CHARACTER INTO POSITION.
AY,7 B21X7 SHIFT MASK INTO POSITION.
BX6 —XT*X4 . MASK OUT CHARACTER IN S.
BX6 X3+X6 * OR IN CHARACTER FROM T.
SA6 XI+ B4 . STORE IN PROPER POSITION IN STRING S.
EQ BOiBOrPUT

SIX DATA 200000000000000000068
END
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STRMOV
IDENT STRMOV	 .CALL STRMOViSAvL.AiNAvSBvLB)

STRMOV REVISED TO ECONOMIZE ON FIELD LENGTH ! EXECUTION TIME.
REVISED BY BRUCE BAILEY

BC5 SCIENTIFIC SYSTEMS
MC''ES NA CHARS FROM SA t STARTING IN POSITION LA t INTO SBv
STARTING IN POSITION LBr A CHAR AT A TIME * REQUIRES LAiNAILB
ALL POSITIVE INTEGERS * IF INPUT ERROR: NO ACTION TAKEN.

ENTRY STRMOV

*4	 STORE FINAL SB KORD - CAN BE A REDUNDANT STORE.
V7O	 BX6.	 X4

SA6	 A4
EQ	 B0vB0vSTRMOV

VFD	 36/OLSTRMOVp24/5
STRMOV	 P5

T

v3.0

V2O

V3O

V40

561 1
SAS Al+B1
SA2 A5+B1
SA5 X5 LA
SA2 X2 NA
ZR XSv STRMOV CHECK
NG X5*STRMOV LA AND
SA3 A1+4 LB
SA3 X3
S62 X5 LA
ZR X2vSTRMOV NA FOR
NG X22STRMOV 0 OR NEG
ZR X31 STRMOV CHECK
NG X37STRMOV LB

INPUT OK - START LOADING REGISTERS,

SB7 Bo l l TEMP TO DEC OMPOSE LA AND LB.
SB6_ B7-BI
LT B2vB7*V2O LAoLT611
SXI XI+BI TEMP ADR OF SAv FIRST WORD.
SB2 B2-B6 TEMP CHAR COUNTv SA. 	 (ABBR SAC)
GE 6207vVI0
S63 B2+B2 83-2*SAC
SA4 Al+3
SB2 B3+B3 B2=4*SAC
SAS. XI INIT VALUE (X1 AND Al)
SB3 62+83 B3=6*SAC
SB2 B3-60 B2=6*SAC-60
SB5 X3 LB
SB2 BO-82 82=60-6*SACr THE INIT VALUE.
L7 65^B78V4O LB.LT-11
SX4 X4+61 TEMP ADR OF SBv FIRST WORD.
5135 B5-86 TERP CHAR COUNTi SB (ABBR SBC$
GE B5vB7*V30
SB6 B5+B5 2*SBC
SB7 B6+B6 4*SBC



SB5 B6+B7 6*SBCIP THE INIT VALUE.
SA4 X4 INIT VALUE #X4 AND A41
SB7 B5-60 6*SEC-60
SB3 X2 INIT VALUE (NA)
S56 BO-B7 60-6*SBCz THE INIT VALUE.
MXO 54 INIT VALUE
SB7 BO+6 INIT VALUE

**
** EXECUTION LOOP * IN-STACK. FETCHES AND STORES AS NEEDED.
**

V50 AX2 B2txl MOVE SA CHAR TO POS 10
BX3 --XO*XZ CHAR
LX5 B51,X4 POSITION SB WORD.
S52 B2--B7 DECREMENT SA SHIFT COUNTER.
BX7 XO*X5 0 POSITION 10
SB3 B3 -Bl NB=NB-1
BX6 X7+X3 SA CHAR IN SS WORD.
LX4 B6rX6 REPOSITION SB WORD.

** INCREMENT COUNTERS.
EQ B3,BOwV70 IF NB.EQ«0	 (I.E.?	 DONE)
GE BZIBOYV60 IF RESET NOT YET NECESSARY.
SA1 Al+B1 RESET Al AND XI FOR NEXT SA WORD.
SB2 BO+54 RESET B2 TD 54

V60 SB5 B5+B7 INCREMENT FIRST SB SHIFT COUNTER,
SB6 B6-B7 DECREMENT SECOND SB SHIFT COUNTER.
GE B6tBOrV50 IF RESET NOT YET NECESSARY.
BX6 X4 REVISED SB WORD
SA6 A4 STORE REVISED SB WORD
SB5 B7 RESET B5 TO 6
SA4 A4+B1 FETCH NEXT SB WORD 4 RESET A4
SB6 B0+54 RESET B6 TO 54
EQ V50 RECYCLE
END

216
	

BCS 40262-2



5.0 PRINTER PLOT PROGRAM

Lineprinter plots of simulation results are produced by a postprocessor pro-

gram NSMPPT. This program is executed after the completion of the simulation

program. NSMPPT reads simulation and scaling data from file TAPE30 and pro-

duces the requested line printer plots. Figure 5.1-1 shows the macro flaw

diagram of NSMPPT.

Each unique channel of plot data is stored on file TAPE30. Channels, such as

TIME, which may be used by several plots are stored only once. The format data

describes how the channels are to be combined to form the plots. The individ-

ual channel data are loaded into an array DSPLY. The data for each plot is then

scaled and transformed to hollerith form and placed in the array GRAPHR. Title

and scale information are also placed in this array to form the final plot

configuration.

The contents of GRAPHR are printed on the lineprinter to produce each plot.

5.1 PRINTER PLOT PROGRAM SOURCE LISTINGS

Compilation listings for the NSMPPT program follows. The names of the rou-

tines, listed in alphabetical order, are:

CENTER NSMPPT

GNFPLT PLOTC

GRIDLI QPPLOT

LEFTT QXMXMN

LINPLT RTLPLT

MNMX SIMPLT

NCHAR TNFPLT
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FIGURE 5.1-1 NSMPPT PROGRAM -.MACRO FLOW DIAGRAM

START

10

Read Plot Identification
and Title Data

from Plot File TAPE30

This code is located
in Program NSMPPT

END on EOF

END

Branch
to.Appropriate
Plot Routine

SIMPLT

Read Data from
Plot File TAPE30 .

LINPLT
PLOTC
QPPLOT

Construct Plot from
Plot Data and Write

on Line Printer



F CCENTER
SUBROUTINE CENTER(ARRAYsNAYTITLE)C

C	 CENTERING TITLES
C
C
C	 ARRAY CONTAINS CHARACTERS FOR TITLES OF PLOT

NA = NUMBER OF CHARACTERS IN ARRAY
1 "	 TITLE = ARRAY CONTAINING CENTERED TITLE
C

DIMENSION ARRAY(1),TITLE(1)
DATA BLK/100
DO 1.0 I=19,12
TITLE(l)=BLK

10	 CONTINUE
CALL NCHAR(ARRAY,NAwJSTART:NCH)
IF (NCH.EQ.0) GO TD 200
NN=(12C—NCH)/2+1 f

I I=JSTART°-1
I=NN-1
(VEND=II+NCH

25

	

	 I l=I I+l
I=I+1
CALL GETT(ARRAYiII94R)
CALL PUTT(TITLEPI,AR)
IF (II.LTPNEND) GO TO 27

200	 RETURN
i END
t

k

,k



CGNFPLT
SUBROUTINE GNFPLT (W*I,J,K)
READ (30) DUMMY
IF I EOF(30) D IO NG

10 K F 1.
20 RETURN

END

A

i

^I



CGRIDLI
SUBROUTINE GRIDLI fMDVMAXTAMINTAMAXTSMINlSMAXTNDIVTNSIG)

C
C	 PURPOSE - . TO SELECT. AXIS SCALES F.OR A LINEAR .AXIS.C

C	 AMINFAMAX -- MIN AND MAX VALUES OF THE DATA.
c	 SMINiSMAX MIN AND MAX of AXIS SCALES.
c	 N.DI'V - NUMBER OF GRID DIVISIONS.
c	 NSIG-NUMBER OF SIGNIFICANT FIGURES FOR ANNOTATION.
c

IN = I
IF.( SMIN .NE. 0.0 -OR. SMAX .NE. 0.0 ) GO TO 40

C
c	 SET AXIS INCREMENT TO IT2 OR 5 * I0**N.
C

IF ( ABS (AMIN-AMAX) .LE. I.E--b*AMAX ) AMAX = 1.000001*AMIN
IF ( AMAX .EQ. 0.0 -AND. AMIN -EQ. 0.0 Jr AMAX W 1.E--5
SPAN = ASS (AMAX-°AM1141
STEP = SPAN / FLOAT(NDVMAX)
N = ALOGIO(STEP)
IF ( STEP .LT. 1.0 ) N = N - I
X = STEP / 10.0**N
IF ( X .GT. 2.0 ) GQ TO 10
STEP = 2.0 * 10.0**k
GO TO 30

IO IF ( X .GT. 5.0 ) GO TO 20
STEP = 5.0 * 10.0**N,
GO TO 30

20 STEP = 1010**(N+I)
IN = 0

30 CONTINUE
C
c	 SET SCALE MAX AND MIN.
C

HSTEP = STEP * 0.5
SMIN = AINT(AMIN/HSTEP) * HSTEP
IF ( AMIN .LT. 0.0 ) SMIN = SMIN _ HSTEP
SMAX = AINT ( AMAX/FoST EP) * HSTEP
IF ( AMAX .GT. 04 ) SMAX = SMAX + HSTEP
X = AMOUtABS(SMIN)TSTEP)
IF i X .GT. 0.001*STEP .AND. X .LT. 0.949*STEP 1

+	 SMIN = SMIN -- rlSTEP
X = AMOD( SMAX-SMIN T STEP )
IF ( X aGT. 0.001*STEP .AND. X .LT. 0.999*STEP )

+	 SMAX = SMAX + HSTEP
C
C	 FIND NUMBER OF SUB-DIVISIONS.
C

NDIV = (SMAX--SMIN) f STEP + 0.5
Go TO 50

C
c	 FIND NUMBER OF SIGNIFICANT FIGURES.
G

40 CONTINUE
STEP = ( SMAX - SMIN ) / FLOAT(HDIV)

f
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50 CONTINUE
XMAX = AMAX1(ABS(SMIN),ABS (SMAXk)
NMAX = AL0.G10(XMAX*1.4441)
NSTEP = ALOGIO(STEP) * 1.04001
IF t STEP .LE.. 1.0 -AND. XMAX .GE. 1.0 	 NSTEP = NSTEP
IF ( STEP .GE. 10.0 f IN = 1
NSIG = NMAX - NSTEP + IN
RETURN
END



223

CLEFTT
SUBROUTINE LEFTT(ARRAYiLA)

C
C	 LEFT TITLE
C
C
C	 ARRAY CONTAINS CHARACTERS FOR LEFT TITLE
C	 LA = NUMBER OF CHARACTERS IN ARRAY
C

DIMENSION ARRAY(1)
COMMON/ C LE FTT/LEFT (51)
COMMON/UNIT/IOUTP
DATA BLK/4H	 /iNN/51/

C
C	 BLANK OUT LEFT ARRAY
C

DO 2 I= I !NN
LEFT(I)=BLK

2	 CONTINUE
IF (LA.EQ.0) RETURN

C
C	 CENTER TITLE IN LEFT ARRAY
C

CALL NCHAR (ARRAY vLA9ISTART,NCH)
IF (NCH.LE.NN) GO TO, 25
NCH=NN

25	 CONTINUE
MUV=(NN—NCH)/2
IEND=ISTART+NCH-1
DO 30 I=ISTART= IEND
MUV= MUV+ 1
CALL GETT(ARRAYvIaLEFT(MUV))

30	 CONTINUE
RETURN
ENO
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CLINP LT
SUBROUTINE LINPLT( XaYtNtNTTtTTtNTLtTLtNTBI?TB1tNTBZtTBZtIAUTO)

C
C	 SUBROUTINE TO DRAW PLOT VIA PLOTC
C
G
C	 X = ARRAY OP POINTS FOR ABSCISSA
G	 Y = ARRAY OF POINTS FOR ORDINATE
C	 N = NUMBER OF PRINTS TO BE PLOTTED
C	 NTT = NUMBER OF CHARACTERS IN TOP TITLE
C	 TT = ARRAY CONTAINING TOP TITLE
C	 NTL = NUMBER. OF CHARACTERS IN LEFT TITLE
C	 TL = ARRAY CONTAINING LEFT TITLE
C	 NTB1 = NUMBER OF CHARACTERS IN FIRST BOTTOM TITLE
C	 TB1 = ARRAY CONTAINING FIRST BOTTOM TITLE
C	 NTB2= NUMBER OF CHARACTERS IN BOTH SECOND AND THIRD BOTTOM TITLES
C	 TB2 = ARRAY CONTAINING BOTH SECOND AND THIRD BOTTOM TITLES
C	 TB2(I)1,I=1920 CAN CONTAIN ONLY SECOND BOTTOM TITLE
C	 TB2(I)7I=Z1t4O CAN CONTAIN ONLY THIRD BOTTOM TITLE
C	 IAUTO=O AUTOMATIC SCALING
G	 IAUTO=1 AXIS VALUES PROVIDED IN ZSCALE
C

DIMENSION X( 1)tY(1)*TT(1)tTL(1)tTB1(1)tTB2(1)
DIMENSION TITLES(12)
COMMON/UNIT/IOUTP
IF (N.EQ.0) RETURN

C
C	 CHECK FOR MULTIPLE CURVE PLOT
C

IF (N.GT.0) GO TO 10
CALL PLOTC(I4tXtYtIAUTO)
RETURN

10	 CONTINUE
C
C	 DRAW PLOT WITH TITLES
C

IND1=0
IF (NTT.EQ.0) GO TO 15
CALL CENTER(TT OTTtTITLES)
WRITE(IOUTPs101) TITLES

15	 IF (NTT.EQ.D) WRITE11OUTP00)
CALL LE FTT(TL,NTL)
CALL PL OTC (N. t X t Y t IAUTO )
IF (NTB1.EQ.0) GO TO 20
CALL CENTER(TBltNTBlvTITLES)
WRITE(IOUTPi100) TITLES

20	 CONTINUE
IF (NTB2.EQaD) GO TO 40
NDUM=NTB2
IF (NTB2 *LE. 80) GO TO 30
IN'D1-1.
N2=NTB2-80
NDUM=80

30	 CALL CENTER( TBZtNDUMtTITLES)
WRITE (IOUTP 9 10. 0) TITLES
IF (INDI.NE.I) GO TO 40

BCS 40262-2



CALL CENTER(TB2( 9)wN2fTITLES)
TRITE ( IOUTP,100) TITLES

40	 CONTINUE
RETURN

50	 FORMAT(1H1.)
100	 FORMAM H 76X,1ZA10I
101	 FORMAT(1H1,6Xv12AI0)

END



CMNMX
SUBROUTINE MNMX (AiNtAMINiAMAX)

C
C	 PURPOSE	 TO FIND THE MINIMUM AND MAXIMUM VALUES OF AN ARRAY.
C
C	 A - ARRAY OF VALUES.
C	 N - NUMBER OF ELEMENTS IN A.
C	 AMINvAMAX - MIN AND MAX VALUES FOUND: IF AMIN	 AMAXr THEN
C	 START WITH THE VALUES PASSED IN.
C

DIMENSION A€1}
C
C	 CHECK FOR ORIGINAL VALUES OF MIN AND MAX.
C

IF t AMIN -GT. AMAX ) GO TO 10
IN = 1
IF t N .LT. I } RETURN
GO TO 20

C
C	 INITIALIZE MIN AND MAX.

I	 C
10 CONTINUE

r	 AMIN = AM
AMAX = A€1}
IN	 2
IF ( N .LT. 2 ? RETURN

C
C	 SEARCH.
C

20 CONTINUE
DO 30 I=INyM
IF € AMIN .GT. A€11 I AMIN = A(I)
IF € AMAX .LT. A(.I) ) AMAX = A€I1

30 CONTINUE
RETURN
END
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CNCHAR
SUBROUTINE NCHAR:ARRAYzMAXrISTART:NCH)

	 4

C.
C	 SUBROUTINE TO CALCULATE THE NUMBER OF CHARACTERS IN A CHARACTER
C	 STRING
C
C
C	 ARRAY CONTAINS CHARACTER STRING
C	 NA = NUMBER OF INPUT CHARACTERS
C	 ISTART = NUMBER OF FIRST NONSLANK CHARACTER IN STRING
C	 NCH = NUMBER OF CHARACTERS IN ARRAY SUPPRESSING BEGINNING
C	 AND ENDING BLANKS
C

DIMENSION ARRAY(1)
COMMON/UNIT/IOUTP
DATA BLK/10H	 t
NCH=O
J=0

5	 J=J+1
CALL GETT(ARRAYgJgAR)
IF (AR.NE.BLK) GO TO 10
IF (J.GE.MAX) GO TO 100
GOTO5

10	 ISTART=J
J=MAX+1

1.5	 J-J-1
CALL GETT(ARRAYiJvAR)
IF (AR.NE.BLK) GO TO 20
IF (J.LE.0) GO TO 100
G.O. TO 15

za	 NGH=J-ISTART+1
IF (NCH.GE.0) GO TO 25
NCH=a
GO TO 100

25	 CONTINUE
IF (NCH.GT .120) NCH=120

100	 CONTINUE
RETURN
END



CNSMP PT
PROGRAM NSMPPT COUTPUTITAPE6=OUTPUTiTAPE30.)

C
C	 NONSIM OFFLINE PLOT PACKAGE.
G

COMMON /CPLOTS/ IOPT(30)sPLOTID{ 5) t PTITLE( 8)
COMMON /CWORK/ WORK(31311
COMMON /UNIT/ IOUTP
IOUTP = 6
IERCNT = 0
TEND = 0

C
C	 READ THE OPTION AND TITLE ARRAYS.
C

10 CONTINUE
REAL} (30) IOPTrPLOTl0#PTITLE
IF ( EOF(30) l 500,1x2

12 CONTINUE
C
C	 GENERAL PLOTSC

IF ( IOPT(ll .NE. I ) GO TO 30
CALL `GNFPLT (WORKOOi 2 Q lEND)
IF ( IEND .NE. 0 l GO TO 500
GO TO 10

C
C	 SIMULATION PLOTS.
C

30 CONTINUE
IF ( IOPT(ll .NE. 2 ) GO TO 40
CALL SIMPLT (WORKYIEND)
IF ( IEND .NE. 0 l GO TO 500
GO TO 10

C
C	 ROOT LOCUS PLOTS.
C

40 CONTINUE
IF E IOPT(1) .NE. 3 ) GO TO 50
CALL RTLPLT (WORK,IEN D)
IF ( IEND .NE. 0 ) GO TO 500
GO TO 10

C
C	 TRANSFER FUNCTION PLOTS.
C

50 CONTINUE
IF ( IOPT(ll NE. .4 ) GO TO 60
CALL TNFPLT (WORK,WORK(IOOL )vWURK(200.1)vIENDI
IF ( IEND .NE. 0 ) GO TO 500
GO TO 10

C
C	 STEADY STATE PLOTS.
C

60 CONTINUE
IF ( IOPT(l) .NE. 5 } GO TO 400

r
CALL SIMPLT (WORK9IEND)
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IF E TEND MEo 0 GO TO 500
GO TO 10C

C	 ERROR
C

400 !CONTINUE
IF ( IERCNT -GT. 10 ) GO TO 500
WRITE (61410)

410 FORMAT ( ///lX t 20(lH*) t 86H INCORRECT INTERMEDIATE PLOT DATA HAS BEE
+N DETECTED. CONTINUATION WILL BE ATTEMPTED. t20(lH*)///)

IERCNT = IERCUT + 1
GO TO 10

c
G	 EXIT.
c

500 CONTINUE
STOP
END
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C PLOTO
SUBROUTINE PLOTC(MxXlYrIAUTQ)

C

C SUBROUTINE WHICH CALLS PLOTTING SUBROUTINE QPPLOT
C
C
C M = NUMBER OF POINTS TO BE PLOTTED
G X = ARRAY OF POINTS FOR ABSCISSA
G Y = ARRAY OF POINTS FOR ORDINATE
C IAUTO=O	 AUTOMATIC SCALING
C IAUTO=I	 AXIS VALUES PROVIDED IN ZSCALE
C

COMMON/ZSCALE/XMAXlXMINYYMAX7YMIN
DIMENSION X(l)=Y(ll
DATA NUM /0/
N=M
NUM=NUM+I
L=IABS(M)
IFtM•GT.0) NUM =0
IF(NUM.LT.3j	 GO TO ID
NUM =0
N=L

10 CONTINUE
. IF (IAUTO.EQ.0) CALL QXMXMNCX,YYLtXMAXPXMINsYMAXsYMIN)

CALL QPPLOTCXTXMAXtXMINtYtYMAXvYMIN?N)
RETURN
END



CQPPLOT
SUBROUTINE QPPLOT(TDRTMAXtTMINtXD?XMAK`s'XMINrNUMD)

C
C	 PLOTTING SUBROUTINE
C
C
C	 TO = ARRAY OF POINTS FOR ABSCISSA (Y—AXIS)
C	 TNMAX = MAXIMUM VALUE FOR TD—ARRAY
C	 TMIN = MINIMUM VALUE F®R.TD—ARRAY
C	 XD = ARRAY OF POINTS FOR ORDINATE (X—AXIS)
C	 XMAX = MAXIMUM VALUE FOR XD' ARRAY
G	 XMIN = MINIMUM VALUE FOR XD—ARRAY
C	 NUMO = NUMBER OF POINTS TO BE PLOTTED
C
C
C	 GRAPHR IS A REAL*4 ARRAY CONTAINING PLOT — DIMENSION! = 32X52
C	 GRAPH IS A LOGICAL*1 ARRAY OF DIMENSION 128X52 WHICH IS
C	 EQUIVALENCED TO GRAPHR
C	 GRAPHR(1?1):I=1851 CONTAINS VERTICAL AXIS
C	 GRAPHR(It521t1=8m32 CONTAINS HORIZONTAL AXIS
C	 REST OF GRAPHR CONTAINS BORDERS AND ACTUAL PLOT
G

COMMON/UNIT/IDUTP
COMMON/C LEFTT/LEFT(51)
DIMENSION GRAPHR(14x51)tHAXIS(25)tSCALE(I0)?POINT(12)
DIMENSION FMTR ( 3)tFMTD ( 6)7FMTS(4)tFMTB ( 8)tVAL(2)
DIMENSION TD(l)vXD ( l)tTX ( 2t2)rTXO ( 2)tRANGE ( 2)7DIV ( 2)tDELT(2}
DATA SCALE / l. t l.5t2. 9 3.t4.t5.t6.t8.tlO.t25. !
DATA K /Q/
DATA POINT /IH*:1Hl R lH27lH3 1 lH4,lH5t1H6 t lH7tlH8tlH9 t 1H t1HX/
DATA BLEFTtBRIGHTtHO .RIL /IOH+----	 -PIOH	 ----t

+	 10H ----------
DATA aNVMBER /1OH5432100000/
DATA BLAINK /10H

C
C
	

OUTPUT FORMATS
C

DATA FMTD /60H(lXtAlilX?LPE9.2712AIOtAI)^ 	 (lX7AltlXtF9.lvl2Al0tA

DATA FMTB /80H(4X t lP12E10.2 t lPE9-2/9XtlP12ElO.2)	 (4X90P12F10.
+l t 0PF9.1/9Xi0P12Fl0.1)	 !
NUM=IABS(NUMO)

C
C
	

K IS NONZERO IMPLIES MULTIPLE-- CURVE PLOTS
C

IF(K.NE.0)GO TO 1000
50 CONTINUE

IWT=C
IP=O
IF(NUM0 .LT. 0)IP=1
TX(121)=TMIN
TX(1 t 2) ='TMAX
TX(2t1)=XMIN
TX(2t2)=XMAX
VAL(2)=1.0
VAL E 1)= 1..2
ROUND=.9999

L



C
C	 DETERMINE EVEN SCALES

D q 600 L^'?^ r2

C
RANGE(L)=ABS(TX(Ls2)—TX(Lwl))

C
C	 CHECK FOR CONSTANT VALUE
C

IF(RANGE(L).EQ.0.)RA.NGE(L)=2.*ABS(TX(Lrl))
lF(RANGE(L)ivEQ.O.)RA.NGE(L)=10-
N=A LOG! 0 (RANGE (L I)
IF(RANGE(L).LT«1.)N=N-1
EXPN=VAL(L)*10.**N
DO 100 M=199
K=M
IF(SCALE(M)*EXPN.GE.RANGE(L)*ROUND)GO TO 150

100 CONTINUE
150 CONTINUE

RANGE(L)=SCALE(K)*EXPN
DIV (L)=RANGE (L) /10./VAL (L)
TXMAX=AMAXI(ABS(TX(Ltl))rASS(TX(Lr2)))*ROUND
IF(TX(Lr2)*TX(Lrl).GE.O.)GO TO 300

C
C	 TRY TO CENTER SCALE ABOUT ORIGIN
C

IF(RANGE(L)/2..LT.TXMAX)GO TO 500
TX0(L)=—RANGE(Lll2.
GO TO 6001

300 CONTINUE
C
C	 TRY TO START OR END SCALE AT ORIGIN
C

IF(RANGE(L).LT.TXMAXIGO TO 500
TXO(L)=O.
IF(TX(L?1)oLT.O.)TXO(L)=—RANGE(L)
GO TO 600

500 CONTINUE
C
C	 FIND ORIGIN OF SCALE
C

TXO(L)=TX(Lsl.)—AMODtTX(Lvl)rDIV(L))
IF4TXO(L).GT.TX(Ltl.-)TXO(L)=TXO(L)—DIV(L)

C
C	 INSURE THAT ALL POINTS FALL WITHIN SCALE RANGE
C

IF(TXO(L)+RANGE(L).GE.TX(Lr2)*ROUND)GO TO 600
K=K+I
GO TO 150

600 CONTINUE
C
C	 BLANK OUT PAGE
C

DO 620 1=2113
DO 620 J=1$51
GRAPHR(IrJ)=BLANK

I

I
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620 CONTINUE
DELT(1)=DIV(1)/10.
DELT(2)=DIV(2)/5.c 

C	 DEFINE VERTICAL AXIS AND BORDERS
C

ICENTR-a
I0=IFIX(1.5--TX0(1)/DELT(1) )
I F(I O.LT.I.DR. I O.GT«121) ICENTR=1
IF(ICENTR.EQ.1)10=1
IZERO=O
IF(ICENTR.NE.1)IZER1l=I0/10
XS=TXO(2)+RANGE(2) +DELT(2)
DO 650 J=1,51
CALL PUTT (GRAPHR(2 * J) 9 1,1H )
CALL PUTT (GRAPHR(2xJ)vl21 7 1H D

650 CONTINUE
IF ( IO .LE. 1 .OR. IO .GE. 121 ) GO TO 670
DO 660 J=1=51
CALL PUTT (GRAPHR(2yJ),I.0,1H.)

660 CONTINUE
670 CONTINUE

DO 700 J=1010
GRAPHR(1*J)=XS-JDEET(Z)
CALL STRMOV (BLEFTvlv47GRAPHR(29J)s1)
CALL PUTT (GRAPHR(ZjJ),I0s1H+)
GRAPHR(13,J)=BRIGHT
CALL PUTT (GRAPHR(2,J),l21,1Hf)

700 CONTINUE
C
C	 DEFINE HORIZONTAL AXIS AND BORDERS
C

J0=1FIX(51.5+TX0(2)/DELT(2))
IF(J0aLT.1sOR.J0.GT.r51)ICENTR=Z
IF(.ICENTR.E0.2)JO=51
J=0
DIV(i)=DIV(1)/2.
TS=TXO(11.
HAXIS(1) = TS
DO 750 I=2,13
J=J+1
HAXIS.(I+12) = TS + . J	 DIV(1)
J=J+1
HAXIS(I) = TS + J	 DIV(1)

750 CONTINUE
C
C	 AVOID ROUNDOFF IN CALCULATING ZERO POINT OF SCALES
C

IF(IZERO.GT .0)HAXISlIZER.i) = 0.
lF (IGENTR.NE .2) GRAPHR$1, J0 )=0 .
DO 850 I=2,13
GRA€'HR(I,1)=HORIZ
GRAPHR(I,JO)=HORIZ
GRAPHR(I,51)=HORIZ

850 CONTINUE
DO 900 I=1,121,5
CALL PUTT (GRAPHR(2=1).,I,IH+)

4
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G

CALL PUTT (GRAPHR( 2x. 0) rIslH+)
CALL PUTT (GRAPHR(2x51)jltlt+)

900 CONTINUE
DO 910 I=Illll tlo
CALL PUTT (GRAPHR(2w2),I,1H.)
CALL PUTT (GRAPHR(20),ItlH.)
CALL PUTT tGRAPHR(2*49),I,1H.)
CALL PUTT (GRAPHR(2%50),I,IH.)

910 CONTINUE
IF ( ICENTR .EQ. 0 ) CALL PUTT (GRAPHR(2tJ0)vI0y,ll(0)

C
C	 DEFINE FORMAT STATEMENT ACCORDING TO NUMERICAL RANGE OF DATA
C

TXMAX==AMAX1(ABS(GRAPHR(1i1)),ABS(GRAP'HRf 1,51)) }
NS=ALOGIO(TXMAX)+3.0001
J-3

C
C	 WILL AN *E-x FORMAT BE REQUIRED FOR THE VERTICAL AXIS	 ^I
C

IF (NS.LTs1.OR.NS.GT .8) J=0
DO 920 I=1,3
FMTR(I)=FMTD(I+J)

t	 920 CONTINUE
IF(J.EQ.0)GO TO 950
NR=A LOG I O ( RANGE (2)) +3.00.01
IF(NR.GT .NS)NR=NS

C
C	 INSURE THAT THE FIELD CAN CONTAIN THE LARGEST NUMBER
C

NS=MAXO(lrNRiNS-2)
CALL GETT (NUMBER,NS,IJ)
CALL PUTT (FMTRvl41lJ)

950 CONTINUE
TXMAX = AMAX1 (ABS(NAXIS(l)),ABS(HAXIS(25)))
NS=A LOG 10 (TXMAX) +3.00(} 1
J = 4

C
C	 WILL AN *E* FORMAT BE REQUIRED FOR THE HORIZONTAL AXIS
C

IF (NS.LT.I.OR.NS.GT.8) J=0
DO 970 I=1,4
FMTS(I)=FMTB(I+J)	 j

970 CONTINUE a
IF (J.EQ.0) GO TO 1000
NR=A LOG I O ( RANGE (1)) x-3.0 001

s" .

	

	 IF(NR.GT .NS)NR=NS
C
C	 INSURE THAT THE FIELD CAN CONTAIN THE LARGEST NUMBER
C

NS=MAX0(I,NR,NS-2).
CALL GET'(` (NUMBERsNSv IJ )
CALL PUTT (FMTS1,131IJ)
CALL PUTT (FMTSt20tlJ)
CALL PUTT (FMTS,33,IJ)

1000 CONTINUE
IP=IP+1
IOFF=l j
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1F(IP.GT.I1!OFF=1.P-1
m=0
DO 1500 L=1,NUM
LOC= I P
I=IFIX(1.5+(TD(L)—TXO(1))/DELT(1.))
IF(I.LT.1.OR.I.GT.121:)GO TO 1200
J=IFIX( 51.5 — (XD (L) —TXO(2))/DELT (2) )
IF(JoLT.1.ORmJ.GT.5Z)GO TO 1200

C

C	 CHECK FOR MULTIPLE POINTS
G

CALL GETT (GRAPHRUsJ) 7 to PGRAPH)
IF ( PGRAPH .EQ. POINV IP) ) GO TO 1500
IF ( PGRAPH .EQ. POINT(1) ) GO TO 1500

C
C	 THIS CHECK IS MACHINE DEPENDENT — CDC 6600
C

IF ( PGRAPH .GT. POINT( 2) oAND *, PGRAPH .LE. POINT(10) D LOC = 12
C A L PL UTT (GRAPH0[2 It I PtIINY(LOC)) ^	 f g
GO TO 1500

1200 CONTINUE
IWT=1
M =M+l

1500 CONTINUE
1F(NUM0.LTo0.AND®IP.LT.10)GO TO 2000
K=0

C
C	 WRITE OUT PLOT
C

DO 1700 I=1:51
IF (MOD(i,5).EQ.1) GO TO 1600
WRITE(IOUTP91550) LEFT(I),(GRAPHR(JsI)lJ=2'14)

1550 FORMAT (1.Ys.A1,l0Xa12A1.0tA1)
GO TO 1700

1600 WRITE.(IOUTP ' FMTR) LEFT[I)g(GRAPHR(JTI)7J=1,14)
1700 CONTINUE

WRITE(IOUTP:FMTS) [HAXIS(J)rJ=1v25)
2000 CONTINUE

RETURN
END

If
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CQXMXMN
SUBROUTINE QXMXMN(XwYtNPAMAXYAMINi-OMAXYGMIN)

C
C SUBROUTINE TO DETERMINE MINIMUM AND MAXIMUM VALUES OF ARRAYS

C
C N = NUMBER OF PLOT POINTS
C X = ARRAY OF POINTS FOR. ABSCISSA
C Y = ARRAY OF POINTS FOR ORDINATE
C AMAX = MAXIMUM VALUE IN X--ARRAY
G AMIN = MINIMUM VALUE IN X-ARRAY
G OMAX = MAXIMUM VALUE IN Y-ARRAY
C OMIN = MINIMUM VALUE IN Y-ARRAY
C

DIMENSION X(l),Y(ll
AMAX =-l.E50
AMIN=I.E50
OMAX=-l-E50
OMI N=1.E50
DO	 I	 I=I.YN
AMAX=AMAXl(X(l),,AMAX)
AMIN=AM IN I (X ( 1) TAMINi)
QMAX=AMAXl(Y(I)jtOMAX)
OMIN=AM IN1 (Y (I I POM14.)

I CONTINUE
RETURN
END
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CRTLPLT
SUBROUTINE RTLP LT (ROUT, I END )

C
C PURPOSE -- TO BUILD A ROOT LOCUS PLOT FOR NONSIM.
C
C ROOT — A WORK SPACE INTO WHICH DATA IS READ.
C

COMMON /CPLOTS/ ICPT,ICASETDATE(2)tRLPAR,SCALR(3)tSCALI(3)11
+ INDEXsDUMMYf16)sPLOTID(	 5),PTITLE(	 S)

C
COMMON /ZSCALE/ SMAXR,SMINR,SMAXI,SMINI

C
DIMENSION ROOT(l)
DIMENSION ZBFR(16)
DIMENSION X(1000),YELOOO):GAIN(4,50),IGAIN(4,50)
EQUIVALENCE	 (GAIN(1s1)7IGAIN(1,1))
DATA EP 2 . /I.. OE-4/

C
C READ ROOT ARRAY.
C

READ	 (3.0)	 (ROOT(I),.1=17INDEX)
IF	 (	 EOF(30)	 }	 270,5

5 CONTINUE
C
C FIND MAX AND MIN VALUES.
C

RMIN = 1.0
RMAX = 0.0
`MIN = 1.0
YMAX = 0.0
I — 1

10 CONTINUE
N = ROOT(I)	 + 0.1
CALL MNMX (ROOT (I+3)sN,RMIN,RMAX)
CALL MNMX (ROOT(I+3+N)9NtYMIN7YMAX)
I = I + 2*N + 3
IF f	 I	 .LT.	 INDEX ) GO TO	 10
IF (	 YMIN	 .LT. 0.0 ) YMIN = 0.0

C

i	 C FIND SCALE VALISES¢ IF THEY ARE NOT PROVIDED — REAL.
C

IF (	 SCALRf1)	 .LT. S.CALR(2)	 )	 GO TO 30
20 CONTINUE

S.MINR = 0.0
SMAXR = Os-0
IAUTO = 0
CALL GRIDLI	 (121RMIN sRMAXtSMINRYSMAXRtNDIVRiNSIGR)
GO TO 50

30 CONTINUE
SMINR = SCALR(1}
SMAXR = SCALR(2)
I AUTO = I

50 CONTINUE

i



C
C	 FIND SCALE VALUESr IF THEY ARE NOT PROVIDED -- IMAGINARY.
C

IF ( SCALI(1) aLT. SCALI(2) ) GO TO 70
60 CONTINUE

SMINI = 0.0
SMAXI = 0.0
CALL GRIDLI (12,YMIUI YMAX,SMINxuSMAXI,NDS.VI iNSIGI)
GO TO 90

70 CONTINUE
SMINI = SCALIM
SMAXI = SCALI(2)

90 CONTINUE
EPZR = (SMAXR--SMINR^ * 0.002
EPZI = (SMAXI—SMINI) * 0.002

C
C	 DECOMPOSE ROOT ARRAY AND GUARANTEE SEPARATION OF ROOTS.
C

X(1) = I.E69
Y{1} = I.E69
I = I.
N	 0
NR = 0
INDRT = 0

100 CONTINUE
IF ( I .GT. INDEX ) GO TO 160
NN = ROOT(I) + 0.1
NR = NR + 1
fAINEltNR) = ROOT(I+1)
GAIN(2,NR) = ROOT(I+2)
IGAIN(3,NR) = N + 1
I1 = I + 2
12 = I1 + NN
IF ( GAIN ( 2,NR) .EQ.. 5.0 .AND. INDRT .EQ. I. ) GO TO 120
IF € GAIN(2xNR) .EQo 5.0 ) INDRT = I
DO 110 J=19NN
N = N + I
X(N) = ROOT(IL+J)
Y(N) = ROOT(I2+J)

13-0 CONTINUE
IGAIN(4:NR) = NN
GO TO 150

120 CONTINUE
NK = 0
DO 140 J=I,NN
RR = ROOT(I3+J)
RI = ROUT(I2+J)
IF ( ABS(RR) .LE. EPZ ) RR = 0.0
IF ( ABS€RI) . LE. EPZ ) RI = 0.0
DO 130 K=1,N
IF ( ABS (RR-=X(K)) .GT. EPZR	 ) GO TO 130
IF ( ABS(RI-Y(K)) .ICE. EPZI	 ) GO TO 140

130 CONTINUE
NK = NK + 1
N = N + 1
X(N) = RR
Y(N)	 RI



4
140 CONTINUE

IGAIN(401R) = NK
IF ( NK .LED 0 ? NR	 NR — 1

150 CONTINUE
I = I + 3 + 2 * NN
GO TO 100

C
C	 GENERATE LABELS AND PLOT ON PRINTER
C

160 CONTINUE
ENCODE (80r25OvZBFR) RLPAR

250 FORMAT (23HRQOT LOCUS PARAMETER = *A8r49X)
ENCODE t80r260rZBFR(9)} DATEvICASE

260 FORMAT (2Al2r14Xv15HROOT LOCUS PLOT Y 15X t 8HCASE NQ.s14)
CALL LINPLT (XsYvNvaOtPTITLErlOr10HIMAGINARY r4f4HREALP

+	 l60tZBF'RrI.AUTO)
i	 C

C	 ADVANCE FILM AND RETURN
C

RETURN
270 CONTINUE

IEND = 1
RETURN
END

i

i
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C SIMP LT
SUBROUTINE SIMPLT (DSPLYrIEND)

C
C	 PURPOSE -- TO BUILT A SERIES OF SIMULATION (OR STEADY—STATE)
G	 PLOTSI UP TO FIVE GRIDS PER PLOT.
C

D114ENSION DSPLY{3131},VAR(31)
C

COMMON /CPLOTS/ IOPTaICASE90ATE(2)tNPLT,NGRD(6}9INDEX9NCODES9

	

+	 IMANUL,NWORK,DUMMY(15),PLOTID( 5),PTITLE(8)

C COMMON /ZSCALE/ XMAX7XMIN4YMAX7YMIN
C 

DIMENSION SCALE(5,4x6)tPNAME(5t2r6),NPOS{5,21,6}
C

DIMENSION ZBFR(B)
DATA BLNK /10H

C
C	 READ DATA.
C

READ (30) SCALE,PNAME,NPOS
IF ( ED F{30} } 500,5

5 CONTINUE
C
C	 READ SIMULATION DATA.
C

IL = 0
INDMAX = 3131 I NCODES

100 CONTINUE
I1 = IL + 1
IL = IL + INDMAX
IF ( INDEX .LT, IL j IL = INDEX
INDX = IL — 11 + 1
j=a
DO 130 I=I1,IL
,3 T , + I
READ (30) VAR
IF ( EOF(301 ) 500,110

110 CONTINUE
DO 120 K=1,NCq DES
DSPLY(INDMAX*(K-1)+Jl = VAR(K)

120 CONTINUE
130 CONTINUE

G
C	 INCREMENT OVER THE NUMBER OF PLOTS AND THE NUMBER OF GRIDS.
C

DO 60 IP=I,NPLT
NG = NGRD(IP)
DD 40 IG=1,NG

C
C	 SET SCALE VALUES IF REQUIRED.
C

IAUTO = 0
IF ( IMANUL .EQ. 1 ) GO TO 10
GO TO 20
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10 CONTINUE
IF ( SCALE(IG:I.,IP) .GEs SCALE('IGvZTlP) 4ORA

+	 SCALE U GO T IP) .GE. SCALE(IG t 4 T IP) } GO TO 20
IAUTO = 1
XMAX = SCALE(IGs4gIP)
XMIN = SCALE(IGs3,IP)
YMAX = SCALE(IG72tlP)
YMIN = SCALELIGvliIP)

20 C01 T INU E
C
C	 TITLES AT TOP OF PLOT.
C

IF ( IOPT .EQ. 5 ) GO TO 52
ENCODE (80y50iZ8FRl DAiEfIPsICASE

50 FORMAT (2Al2g12X,18HSIMULATIO(t DISPLAY:I2il2Xt8HCASE NO.7I4)
GO TO 58

52 CONTINUE
ENCODE (8004 1 2&FR) DATErIP-xCASE

54 FORMAT (2Al2vllXt20HSTEADY STATE DISPLAYtl2,13.X,8HGASE NO,914)
58 CONTINUE

G
C	 CALL PRINTER PLOTTERC

INX = INDMAX * (NPOS(IGv2 T IP) —I) f 1
INY = INDMAX * LN,POS(IGvljIP)-1) + I
CALL LINPLT (DSPLY(INX)?DSPLY(INY):INDX,809PTITLER

+	 BtPNAME(IG,1rIP):B,PNAME(IG,2tlP),80:ZBFRpIAUTO)
40 CONTINUE
60 CONTINUE

IF ( IL*1 .LT. INDEX ) GO TO 100
RETURN

500 CONTINUE
TEND = 1
RETURN
END

}
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j	 CTNFPLT
i	 SUBROUTINE TNFPLT tF7GIPIK?

READ (30) DUMMY
	 {

IF I EOF(30) ) l0i20
10 K = 1
20 RETURN
	 i

END
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