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SUMMARY

This manual is a guide to the APACHE (Version IV) for the IBM 7090.
It has been written to aid system programmers who wish to study the logic
and organisation of the program.
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Ictroduction

This system Programmers Manual is intended as a guide to
the internal structure and logic of the Apache program. It is
not intended to be an exhaustive detailed description.

The guide is relevant to APACHE Version IV level 1.

Section 1 gives a short summary of the hardware used at
the Euratom data processing centre. Detailed information of
the conversions carried out on the ADIOS system are available
on request.

Section 2 is a first introduction to the structure of
Apache, giving in a summarised form a description of the work
carried out by each Link, and the execution paths which are
followed.

Section 3 is for reference and contains a condensed
description of each routine, first in alphabetical order by
routine, then with a significant words index. It is hoped that
the latter will we useful to any programmer wishing to change
some aspect of Apache in that he can see immediately the
routines that treat that subject.

Secticn 4 is a more detailed description of the main
logic sections of APACHE. Here we have tried to explain the
resscns behind the treatment, as well as giving a guide to the
mechanics of the programming.

Section 5 describes the parts of the program that every
instellation will probsbly have 1o change to adspt the Apache
System to their use. e.g. tape numbers, descrirtiocn of patch
panel. Listings of the relevant parts ¢f the program are given
so that changes csn be made by installations which do not have
the Apsache Symbolic tape.

Section & and Section 8 describe the tables &nd tepe
records that ere used throughout the Aracne tc pass information
from one link tc snother. Section 7 describes the infeormstion
words and the descriptive codes used.

Section 9 gives the format of the punched cards produced
by Apache to be used with the converted ADICS system and
SATANAS .
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Section 10 lists all diagnostics which may be printed
out on or off line. The list includes diagnostics due to errors
in the internal structure, and diagnostics which inform the
writer of an Apache problem of errors in his input statements.

Section 11 shows a problem example passed through the
7090 with the console switches 1 and 5 ON. This causes extra
information, which is labelled on the listing, to be printed
out at different stages of the execution.

Section 12 is for reference and shows the inter-relation
of routines; 12.1 is a listing of the CHAIN TABLE as used for
APACHE version IV level 2 and shows the routines called by
each chain; 12.2 is a list of all routines with their transfer
vectors; 12+.3 is the inverse of 12.2, that is a list of all
routines with the routines that they are called by; 12.3 lists
the names of secondary entries to routines referred to their
main entry.



Addenda

Level 2 corrections

Flow Chart LINK 33

The blocks "BETA GIVEN", "ZBETA, CALCULATE VALUE OF BETA" are
placed between the blocks "WRITE TABLE VETT ON INTERMEDIATE
TAPE" and "OPTION NOADIR"

Section 6.9

TPOM(4,J) becomes:
decrement : Total summers with impose of summer

address : Total summers available

TPOM(5,J) becomes:
decrement : Total summers used as networks

address : Total summers used.






1. HARDWARE






1«1 DIGITAL

The APACHE system has been used at the EURATOM data
processing centre on an IBM 7090.
It reqires the use of seven tapes: input, output,

binary cards output and four intermediate tapes, two on one
channel and two on another.

1.2 ANALOG
1.2.1 PACE

The APACHE was written primarily for the EAI analog
computer, PACE 231R, but can be used for other analog computers
(see 5¢1)o

The EURATOM scientific data processing center is equiped
with three PACE 231R consoles. The capacity of the installation
is:

238 operational amplifiers
135 integrators
90 summers
103 invertors

510 potentiometers
450 automatic setting
60 hand setting

74 independent multipliers
48 high accuracy
16 servo control

10 electronic

5 XY paper recorders

2 eight channel paper recorders
1 punched tape, input-output system (ADIOS)
1 punched card, input-output system (ADIOS - IBM 026)

semi automatic patching system (SATANAS)

—
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The APACHE program has been used in this installation
for up to three consoles. It is written for a maximum of six

consolese.

1.2.2 CRESSIDA (Couplage Reversible Statique Digital Analogue)

The Cfessida system consists of an IBM 026 perforator
coupled to an ADIOS (Automatic Digital Input-Output System),
and enables punched cards output from the digital computer
to be used as input to the analog computer.

The ADIOS is originally a punched tape input-output
system for the PACE 231R. Besides tape, it has a direct entry
push button system, and a typewriter for output.

The coupling with the IBM 026 has been designed in such
a way that punched cards, prepared by the APACHE, are read by
the 026, and the information sent as signals to the ADIOS
where it is interpreted and used to:

a) control the ADIOS modes

b) control the modes of the analog computer

c) set the pots

d) interrogate elements and send back the output voltage value
to the 026 where it is punched on cards.

A sequencer controls the timing of the operations for
the ADIOS and 026. Control switches allow the ADIOS and 026
to be used independently for their original functions. The
punched cards are an optional output of the APACHE and are
described in 9.1,

1+2.3 SATANAS (Semi-AutomaTic ANAlog Setting)

The SATANAS consists of a matrix of light indicators over
which can be placed a panel of the PACE 231R.

The SATANAS cards (see 9.2) contain the x y coordinates of
each pair of holes in the panel which must be connected. These
cards are read by the IBM 026 previously mentioned and through
memories and transcodifiers the indicators corresponding to
these coordinates are illuminated.



2. CONDENSED DESCRIPTION OF CONTROL LOGIC (LINK BY LINK)






2.1 System Flow Chart
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2.2 LINKS

The Apache Monitor
LINK 10

This Link is executed only in case of cold start, or
re-start after a system failure.

It sets up the tape allocation and, if input is on-line,
it performs a card-to-tape operation.

LINK 11

This Link is executed after the processing of an Apache
program is completed, or in case of machine errors.
It processes control cards and gives control to LINK 1.

The Compiler

LINK 1

Reads the Apache program from the input tape and constructs
the SYMBOL TABLE (6.1).

Recognises DICTIONARY STATEMENTS (BETA, REF, CONSOLE
SELECT, AVAILABLE CONSOLES, MULTIPLIER, VARIPLOTTER, RECORDER,
OMIT, PRINT, DO) and SELECTORS (COMMENTS, PARAMETERS,
VARIABLES, EQUATIONS, IMPOSE, OMIT, CHECK, PATPAN, EDIT, END).
The selector EQUATION applies also to COMPARE, SWITCH, DFG
and RESOLVER which are considered in that context as
NON-DICTIONARY statements. (See flow chart)

If the first statement of an APACHE program is not a
SELECTOR then the selector COMMENT is automatically assumed.

Constructs the relevant ID-RECORDS (8.1). If some
COMPOSITE-VARIABLE was defined, generates the corresponding
equation.

If requested gives control to the CHECK program (LINK 6),
the PATPAN program (LINK 7) or the APACHE EDITOR (LINK 8).
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LINK 2

For each equation of the APACHE program constructs the
corresponding W-RECORD (see 8.2),

In addition processes the following statements:

AVAILABLE CONSOLES
OMIT

IMPOSE

CONSOLE SELECT
VARIPLOTTER
RECORDER

DO

PRINT

If a differential equation is of order greater than one,
the corresponding differential auxiliary equations are generated.
If simulation is requested gives control to LINK 22
otherwise to LINK 21.

LINK 21

Performs the transformation of equations to standard form
and constructs the corresponding EQM-RECORD.
(4e2 and 8.3)

If necessary generates non-linear auxiliary equations.

All initial conditions of variables appearing on the LHS
of an equation are also computed.

The execution time of this LINK varies greatly, depending
on the order in which the programmer writes the algebraic
equations.,

This can be explained by the following example. Suppose
the following algebraic equations appear in an APACHE program:

= eee +y+ )
= e oo +Z+ o e 0
seee + W + oo

3

2 N < M
|
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Since the compiler processes one equation at a time, the
IC of X cannot be determined before the IC of Y is, etc. The
computation of all the IC's would then require four re-executions
of LINK 21 (at the 1st the IC of w is computed, at the 2nd
the IC of z, etc.); whereas only one pass would have been
required if the equations were written in the following order:

3

eee + W + o0

=...+Z+..o

M N

=co.+y+oo.

See also LINK 342.

LINK 31

Attributes the invertors to the variables using a process
of minimisation for the following types of equations:

a) Linear

b) Differential

c) Zero

d) Comparators

e) Manual switches

In other cases attributes an invertor according‘to a
prefixed scheme (L4.3).

Attributes to each variable the sign with which it will
be output from its main element.

Constructs tables of MULTIPLICATION TERMS (6+3) and writes
them on tape for LINK 321,

Constructs and inserts equations for invertors.

LINK 32

Loads into the memory the information relative to the
panels of the 231R PACE, using the subroutine PANEL as constructed
by LINK 7 (5¢3).
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LINK 321

Loads tables of MULTIPLICATION TERMS. Treats records OMIT,
counts available analog elements and constructs table TPOM. (6.9)
Treats all records IMPOSE, placing information relative to
IMPOSE in SYMBOL TABLE and MULTIPLIER TABLES, (6.4).

LINK

Calculates number of multiplier "boxes" of all types
required and controls agains number available. Continues
construction of MULTIPLIER TABLES.

Calculates BETA if not given.

Controls gains of the equations and reduces entries to
combinations of pot, gain 1 and gain 10. (L.el4)

Allocates a console number to each variable, taking
account of AVAILABLE CONSOLES and CONSOLE SELECT. Counts the
number of elements required, and controls against totals of
available elements in TPOM (L4e5. 6.6).

If consoles are filled before all variables are allocated
a console number, LINK 4 is called.

LINK 1

Sets the strategies for addressing (L4e6, 5¢5).

Attributes the integrators by partition if required.

Lengthens the equation records by the addition of the
analog record. (8e.4) Writes in record information relative to
IMPOSE and partition of the integrators.

LINK 2

By successive passes of the equation records, allocates
to each variable the address of an element on the 231R panel,
with a criterion of proximity of the elements. (5.5) the time
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of execution of this link varies greatly with the order in
which the equations are written, as for LINK 21, though the
optimum order here is exactly the reverse of the optimum

order for LINK 21. The programmer is advised to arrange his
equations in the optimum order for LINK 342 if the addressing
phase of the APACHE is to be used, and to arrange his equations
in the optimum order for LINK 21 only if the addressing phase

is not required.

LINK

Following phase of addressing for recorders, variplotters
and IC pots of resolvers. If there has been any preceding
error calls the output listing link, LINK 4. Otherwise calls
next link.

LINK 36

Concluding phase of addressing. Allocates invertor
addresses, identifies necessary trunks and gives trunk
addresses.

If option SATAC calls LINK 361, if option SATAL, LINK 3613,
if no option, no errors, LINK 362, if no option, but errors,
LINK Lo

LINK 361

Passes the equation records onceto count the number of
times each variable is used, from this calculates the number
of TIEPOINTS. In a second pass the SATANAS CARDS are punched.
(Le7, 9.2)

LINK 3613

Carries out the same work as 361 except that instead of
SATANAS CARDS a list of PATCH-PANEL CONNECTIONS is writtene.



LINK 362

Completes ANALOG RECORDS for the output listing.

Constructs equations for buffer invertors and trunks. Signals
signs of equations in EQM record.

LINK

Writes the main output list of the APACHE program, that
is the lists of parameters and variables, equations and
cross-references.

It is executed even in case of program errors.

Punches as output the following decks of cards:

POT SETTING
READ-OUT
NETWORK (941)

THE CHECK FPROGRAM
LINK 6

Performs the static-check of an APACHE program (L4.8).
The values of the voltages read out by means of the READ-OUT
cards are compared with values calculated, using the

NETWORK cards as description of the circuit.

The Simulator

LINK 22

Performs the same operations as LINK 21 except that for
each equation a 7090 program is generated and written onto an
intermediate tape.
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Auxiliary equations are not generated.
The output tape of LINK 2 is saved so that it is possible

to re-enter LINK 21 of the compiler if compilation is also

requested.
The SYMBOL TABLE is also saved to be used by LINK 24 for

integration.

LINK 2

All 7090 programs generated by LINK 22 are assembled in
order to obtain a single subroutine for the computation of
derivatives, which is needed by the integration routine (4e9)e

PRINT statements are also compiled in order to obtain an
output-routine which is called after each integration step.

A digital 1ntegrat10n of the problem is then performed
using the routine INT.

Control is given to LINK 21 if an APACHE compilation is
also requested or to LINK 11 to process the next APACHE
program.

PATCH PANEL (PATPAN)
LINK

From input cards containing coded information describing
the 231R panels in use, prepares and punches a subroutine
PANEL which is used as a normal subroutine and called by
LINK 32.

LINK 7 is called by the selector PATPAN (5.3).

(1] RW INT, Adams-Moulton, Runge-Kutta Integration 704 FORTRAN
SAP Language Subroutine SHARE distribution 602.
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THE APACHE EDITOR

LINK 8

Is executed whenever the APACHE system is modified. It
updates the APACHE MASTER TAPE and constructs a FORTRAN INPUT
TAPE which contains the modified version of APACHE.

Control is then given to the FORTRAN MONITOR in order to
obtain the new APACHE SYSTEM TAPE.

See L4.10 for a detailed description of the editing
processe.
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2¢3 PFlow Charts of links
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3.1 Summarised descriptions of routines in alphabetical order
by routine




PAGE L5

ACCUNT
ACOMPL
ACOUNT
ACTW
ADDA
ADR
AFSIS
AFTER
AGENT
AIMP
AMPUSC
AMRIC
ANR

APCHW1

APR

ARRIV
ARRIX
ARRPOT

ARRPOX

DUMMY ROUTINE

ATTRIBUTES AUXILIARY ELEMENTS TO LEFT HAND SIDE VARIABLE

COUNTS AMPLIFIERS WITH ASSOCIATED POTS AND AUXILIARY NETWORKS

MODIFIES ADDRESSES . SERVICE ROUTINE

ADDS AND SUBTRACTS INTEGERS « SERVICE ROUTINE

FINDS ADDRESS OF A FORTRAN SYMBOL . SERVICE ROUTINE

INSERTS GP-CODE IN SYMBOL TABLE

INSERTS IN A LIST A VECTOR OR ANOTHER LIST

GENERATES NON-LINEAR AUXILIARY EQUATIONS

IMPOSE FOR AMPLIFIERS

SUPPLIES SATANAS COORDINATES FOR AMPLIFIER OUTPUTS

FINDS AND OCCUPIES INVERTOR OF DFG 10 SEGMENTS

OBTAINS THE ADDRESS OF THE NEXT ELEMENT IN A TWO DIMENSIONAL LIST

PRECEDING OR SUCCEEDING ELEMENT IN A LIST . USED WITH T

>

INDS THE
BLE VETT

OE}%%NS THE ADDRESS OF THE PRECEDING ELEMENT IN A TWO DIMENSIONAL

SUPPLIES SATANAS COORDINATES OF QUTPUTS
SUPPLIES OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
SUPPLIES OUTPUT AND INPUT SATANAS COORDINATES FOR POTS

ﬁgPE%é;S OUTPUT AND INPUT CONNECTIONS OF POTS FOR PANEL CONNECTIO



AST
ATERMI

ATRAN

ATRIN

ATTINV
AUXREC
AUXT

AVC

AVER
AZLS
BASCO

BDC

BFIND
BLANK

BLDI

BRECHT

BUILD
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LOADS AMPLIFIER INFORMATION FOR TABLE VETT

FORCED ATTRIBUTION OF AMPLIFIERS TO LEFT HAND SIDE VARIABLE

m

C EXPRE GEN S 090 0G
EXPRESS EME IES E
T VAR ES TE 0

Irv

ERAT
NTAR
WHIC

b= B

RAM EQUI
SUPPLIED
PERANDS

I<<m

A R
ENT R
LoC E

X
m

T
NTERMEDIATE TAPE THE COMPILED EQUATIONS . USED WI

ASSIGNS INVERTORS WHEN REQUESTED

SUPPLIES EQM-RECORD FOR NON-LINEAR AUXILIARY EQUATIONS
RECOGNISES IF A VARIABLE IS AN AUXILIARY VARIABLE
Eg?RES THE CONSOLE NUMBERS GIVEN IN THE AVAILABLE CONSOLES STATEM
CALCULATES MEAN VALUE

ZEROS WORD IN SYMBOL TABLE

SUPPLIES BASIC COORDINATES FOR EACH ANALOG ELEMENT

EONVERTS FLOATING POINT BINARY NUMBER INTO BCD INTEGER OR FLOATIN

CONVERTS VALUE OF BETA READ FROM RECORD INTO FLOATING POINT

RECORD PACKING ROUTINE

wn—
wnr
<
I>(h
mO
x

%T FORM VECTOR WHEN SuBLI

LE IF ALREADY STORED .

o>
moo

TRANSFORMS A SFQUENTIAL VECTOR INTO A LIST FORM VECTOR
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BUPPA
CANAP
CANAP2
CHAIN
CIMP
cLcm
CLETS2

CMCOIL

CMGAIN

CMSW

CNFR
CNTRCD
CNVRT
COLLIN

CoLLIX

COMCON

COMMN

COMPDO

CONSTRUCTS THE NAME OF THE MEAN VALUE OF A PERTURBED VARIABLE
CONVERTS ANALOG ELEMENT CODES FROM ANALOG TO APACHE NAME
CONVERTS ANALOG ELEMENTS CODES FROM APACHE TO ANALOG NAME
APACHE SYSTEM CHAIN ROUTINE

IMPOSE FOR COMPARATORS

CONSTRUCTS THE COLUMN HEADER WORDS OF SIGNS MATRIX

SEARCHES A VARIABLE IN SYMBOL TABLE

BOOLEAN COMPARE . SERVICE ROUTINE
STORES SIGNALS FOR OPTION CARDS
CONVERTS CARDS IMAGES TO A BCD RECORD

MAKES CONNECTION BETWEEN MAIN ELEMENT AND ITS INVERTOR

SUPPLIES CONNECTION BETWEEN MAIN ELEMENT AND ITS INVERTOR FOR PAN
EL CONNECTIONS LIST

FOR MAIN ELEMENT INCREASCS TOTAL OF OUTPUTS REQUIRED BY ONE IF EN
TERS AN INVERTOR



COMPOT
coMuscC

COMUX

CONDIN

CONDIX

CONMOL

CONMOP

CONSM

CONSP

CONTAM

COOR
copPy
COPYCT
CORD
CORDI1
CORVE

CRITI
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CONTROLS GAINS TO COMPARATOR CONTACTS
SUPPLIES SATANAS COORDINATES FOR COMPARATOR OUTPUTS

SUPPLIES COMPARATOR OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST

MAKES CONNECTIONS RELATIVE TO IC CIRCUIT

sup

LIE%IES CONNECTIONS RELATIVE TO IC CIRCUIT FOR PANEL CONNECTIONS

g ELEMENT IN EB-RECORD .

g% TRUNK FOR MAIN ELEMENT IN EB-RECORD .
gL OF OUTPUTS OF A VARIABLE WHICH ARE ENTRIES TO SERVO

SNELEMENT IN EB-RECORD .
SUPPLIES BASIC COORDINATES FOR EACH ANALOG ELEMENT

TAPE COPYING ROUTINE USED IN EDITOR

READS AND COPIES THE CHAIN TABLE IN EDITOR PHASE

SORT ROUTINE

ORDERS ANALOG ELEMENT TABLE VETT

ORDERS VECTORS OF ANALOG ELEMENTS FOR TABLE VETT

COMPARE ROUTINE FOR ROUTINE SORT
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CSEL
CTPOM
CTS
CVRT
DAN
DAUX
DBCV

DEFINE
DFG
DFGUSC
DFGUX
DIAGN
DLAST
DNEXT
ELIST
EMFAB
END
ENDMS
ENDMS 3
ENTDFG

ENTDFX

GENERATES POT SETTING , READ OUT 4 NETWORK CARDS

CONTROLS IN TABRLE TPOM IF GIVEN ELEMENT AVAILABLE

LOADS INPUT ONTO INPUT TAPE IF ON-LINE

CONVERSION OF INTERNAL CODES

DO STATEMENT PROCESSOR

DUMMY ROUTINE USED IN SIMULATOR

CONVERTS BCD NUMBERS INTO FLOATING POINT NUMBERS

DEFINES A PART OF A LIST AS A NEW LIST

DFG STATEMENT PROCESSOR

SUPPLIES SATANAS COORDINATES FOR DFG OUTPUTS

SUPPLIES DFG OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
DETECTS WRITING ERRORS IN PROGRAM STATEMENTS

EXTRACTS THE N-TH ELEMENT PRECEDING THE CURRENT ONE IN A LIST
EXTRACTS THE N-TH ELEMENT FOLLOWING THE CURRENT ONE IN A LIST
CONSTRUCTS LIST HEADERS FOR CONSTRUCTION OF TABLE VETT
CONSTRUCTS TABLE TTD FOR ELECTRONIC MULTIPLIERS

END OF LIST TEST

PRINTS ON-LINE END OF EDITOR MESSAGES

PRINTS ON-~LINE ENDVOF EDITOR MESSAGES

SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR DFG

§¥PPLIES DFG FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LI




ENTHAM

ENTHAX

ENTQSA

ENTQSX

ENTSER

ENTSEX

ENTSHW
ENTSX

ENTTODV

ENTTDX

EONA
EONERR
ERASEL
ERASES
EREAD
ERR

ERR2
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SUPPLI
ONNECT
SUPPLIES INPUT SATANAS COORDINATES FOR SWITCIH

SUPPLIES SWITCH INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST

EE?EE%ES FIXED AND INPUT SATANAS COORDINATES FOR ELECTRONIC MULTI
SUPPLIES ELECTRONIC MULTIPLIERS FIXED AND INPUT CONNECTIONS FOR P
ANNEL CONNECTIONS LIST

FINDS ANALOG ELEMENT IN ANALOG ELEMENT TABLE VETT

ERROR ROUTINE FOR OMIT

ERASES A LIST

ERASES A PART OF A LIST

TAPE READING ROUTINE FOR EDITOR

ERROR SIGMAL FOR ROUTINE RSTI

ERROR SIGNAL FNR ROUTINE BLD}
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ERRADI1 ERROR IN CODY NN PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERRAD2 ERROR IN COD2 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERRCD1 ERROR IN COD3 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERRCD2 ERROR IN ADR1 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERRIT ERRJOR SIGNAL FOR ROUTINE PYTAG

ERRNUS ERROR ROUTINE FOR OMIT

ESR SEARCHES ENTRY PSEUDO-OPERATION IN FAP PROGRAMS FOR EDITOR

EST LOADS ELECTRONIC MULTIPLIER INFORMATION FOR TABLE VETT

EWB SELECTS FOR EACH TYPE OF ELEMENT ROUTINE TO CONSTRUCT TABLE VETT
EXITA APACHE SYSTEM EXIT ROUTINE

FDUMP APACHE SYSTEM DUMP ROUTINE

FFGI STORES SIGNAL IN WORD . SERVICE ROUTINE ., (NOT USED)

FEG2 STORES SIGNAL IN WORD . SERVICE ROUTINE . UNOT USED)

FIMP IMPOSE FOR DFG

FLAG GIVES GP-CODE FOR NON-LINEAR AUXILIARY VARIABLES

FMPY TETE?%msogngenggEéégIBEgELOPMENT CF THE MULTIPLICATION OR THE D
O SRR RES PR SN ECERRNL TR, M ELeent o it
FST LOADS DFG INFORMATION FOR TABLE VETT

FTDC CONVERTS FLOATING POINT BINARY NUMBERS INTO FLOATING POINT BCD

FTDIC CONVERTS FLOATING POINT BINARY NUMBERS INTO BCD INTEGERS




GHST
HMFAB2
HMOUT
HTOL
HUBRSOR
ICOUNT
IDEQ

IDNTFY

INDEX

INPSC
INT
INVUSC
I0ST
ISPEQ
1US
JOIN
KST
LCMP

LCPY
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LOADS RESISTANCE AND CAPACITY INFORMATION FOR TABLE VETT

COUNTS TOTAL OF HIGH ACCURACY MULTIPLIERS REQUIRED

TRANSFERS INFORMATION IN TABLE THAM FOR HIGH ACCURACY MULTIPLIERS
SHIFTS MEMORY AREA HIGH TO LOW . SERVICE ROUTINE

SORTS TABLE HUBB USED FOR HIGH ACCURACY MULTIPLIERS

COUNTS INVERTORS

EXTRACTS KTYPE-CODE

T
L

Fl

1 ES AND GI
1 RECOGNISES
S W-RECORDS

OO

EN
NS
ul

e =

S%%ﬁgLATES THE NUMBER OF WORDS BETWEEN TWO ADDRESSES . SERVICE RO
PROCESSES PRINT STATEMENTS FOR SIMULATOR

INTEGRATION ROUTINE USED IN SIMULATOR

SUPPLIES SATANAS COORDINATES FOR INVERTOR OUTPUTS

LOADS INPUT AND OUTPUT TRUNK INFORMATION FOR TABLE VETT

GIVES KTYPE-CODE TO DFG , SWITCHES , COMPARATORS , RESOLVERS
SUPPLIES INTER-AMPLIFIER CODE FOR USE IN SATANAS

USED BY ROUTINE AFTER TO JOIN TWO ELEMENTS OF TWO DIFFERENT LISTS
LOADS REFERENCE AND GROUND INFORMATION FOR TABLE VETT

LIST COMPARE

DUPLICATES A LIJIST



PAGE 52

LELLAZ

LGP
LINO

LINOI

LOADER
LOOK

LSCAN

LSHR
LST
LTOH

LZP

LZP2

MELEM
MPLIMP
MST

MULTCD

A RMS A TWO DIMENSIONAL ARRAY INTO A TWO DIMENSIONAL LIST F(

TRANSFO
RM ARRAY
EXTRACTS GP-CODE FRQM SYMBOL TABLE

PERFORMS INDIRECT STORE . SERVICE ROUTINE

REPLACES

EPLA IC , MAX VALUE OR SCALE FACTOR CELL IN SYMEOL TABLE wWIT
NEW VALUE

LOADS COMPILED EQUATIONS AND BUILDS SUBROUTINE DAUX FOR SIMULATOR
SYMBOL TABLC LOOK-UP ROUTINE

COUNTS THE NUMBER OF VARIABLES WHICH APPEAR IN A BRANCH OF A LIST
FORM EQUATION

LOGICAL SHIFT SERVICE ROUTINE
LOADS LIMITERS INFORMATION FOR TABLE VETT ( NQOT USED )

SHIFTS MEMORY AREA LOW TO HIGH . SERVICE ROUTINE
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TESTS IF A VARIABLE IS OUTPUT ON A GIVEN CONSOLE

PROCESSES THE IMPOSE STATEMENTS WHICH DEFINE A TYPE OF MULTIPLIER

LOADS SERVO MULTIPLIER INFORMATION FOR TABLE VETT
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NAME

NEBB
NST
NUAMP

NUMUSC

OMITA

OMITG

OMITN

ORV

PAL

PANEL

PARAD

PARADI

PARSE

PERT

PHEAD
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XTRACTS THE NAME OF
« CONVERTS ALL FLO
CD NUMBERS

omm

EXTRACTS THE NAME OF A PARAMETER OR VARIABLE FROM THE SYMBOL TABL

ODUMMY ROUTINE
LOADS TIEPOINT INFORMATION FOR TABLE VETT
IDENTIFIES WHETHER AMPLIFIER IS SUMMER OR INTEGRATOR

3¥PPLIES TOTAL OF QUTPUTS AVAILABLE ON PATCH PANEL FOR EACH ELEME

OMIT FOR AMPLIFIERS

GENERAL OMIT ROUTINE

OMIT FOR TIEPOINTS

ORDERS VECTORS OF ANALOG ELEMENTS FOR TABLE VETT
INDIRECT CLEAR AND ADD . SERVICE ROUTINE

LINK 7 CONTAINS DATA OF ALL PATCH PANELS OF INSTAL
INE CODE

f"ﬁ

ONSTRUCTED BY
ATION IN MACH

VALUE ,» MAX]IMU

k{g]
O
[t
<

ES T
E

>»T

LUES O
TEP

T £
U ND

)>'U

-

T

VALU
TE

wnp

E
ND

~mm

T
U
T

mxO
Mm O
— T
ZPrvo
—-rC

ST
\
ONS
SEARCHES PARAMFTERS IN SYMBOL TABLE

RECOGNISES IF A VARIABLE IS A PERTURBED VARIABLE

FOR SIMULATOR WRITES LABELS CORRESPONDING TO AN QUTPUT LINE AS SP
ECIFIED IN PRINT STATEMENT
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PINCO SUBTRACT ROUTINE FOR ADDRESSES « SERVICE ROUTINE

PINTA SYSTEM ERROR DYAGNOSTIC ROUTINE

PLACE PLACES NEW INFORMATION IN AN ELEMENT OF A LIST

POTA TRANSFORMS EQUATIONS TO THE STANDARD FORM

PREMG PRINTS ON-LINE ERROR MESSAGES AND RESTART PROCEDURES FOR EDITOR
PREPR S%?g%é;gﬁTPﬁhBTG?aegEggggNS§$Ig§0CESSOR o IDENTIFIES ITEMS OF THE
PRIGI COMPLETES EB-RECORDS

PRIGO ﬁe%g¥béTgﬁ ZS$AEOSEOEETPUTS REQUIRED FROM A MAIN ELEMENT OR ITS |
PRINT ON-LINE PRINTING ROUTINE

PRINTT DUMMY SUBROUTIME FOR SIMULATOR

PRIOEM PRINTS ON-LINE IO-MESSAGES AND RESTART PROCEDURES FOR EDITOR

PST LOADS POTENTIOMETER INFORMATION FOR TABLE VETT

PSYMBE APACHE SYSTEM TEST

PUNCH WRITES ON TAPE POT SETTING , READ OUT , NETWORK CARDS

PUNCHC PREPARES SATANAS CARDS

PUNP WRITES FAP ROUTINE PANEL ON TAPE

PYTAG gé“?S ON PATCH PANEL UNUSED ANALOG ELEMENT NEAREST TO A GIVEN ELE
QIMP IMPOSE FOR HIGH ACCURACY MULTIPLIERS

QSFAB CONTROLS TOTAL OF QUARTER SQUARE MULTIPLIERS REQUIRED



QST

QS

€S2

RCRDER

READ

REFSER

RES

RESCAP

RESCP

RESET

RESFAB

RESTA

RES]

RESZ2

RETI

RETURN

RFC

RICALT

RICALW
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LOADS HIGH ACCURACY MULTIPLIER INFORMATION FOR TABLE VETT
IMPOSE FOR QUARTER SQUARE MULTIPLIERS

IMPOSE FOR QUARTER SQUARE MULTIPLIERS

PROCESSES RECORDER STATEMENTS

READS BCD CARDS FROM INPUT TAPE

SUPPLIES SATANAS COORDINATES FOR REFERENCE AND GROUND
PROCESSES RESOLVER STATEMENTS

COUNTS CAPACITTES AND RESISTANCES

COMPUTES IC OF VARIABLES OUTPUT FROM RESOLVERS
CONNECTS THE CELLS OF THE LIST PROCESSING STORAGE
CONTROLS TOTAL OF RESOLVERS REQUIRED

%UPPLIES AND WRITES REFERENCE AND GROUND IN PANEL CONNECTIONS LIS

[MPOSE FOR RESOLVERS

IMPOSE FOR RESOLVERS

CHOOSES AMPLIFIER TO BE USED AS AUXILIARY NETWORK

RETURNS TO A FIXED ADDRESS IN MAIN PROGRAM IN CASE OF ERROR
GROUPS COMMON FACTORS IN EQUATIONS REDUCED TO THE STANDARD FORM

aLACES INVERTORS AND TRUNKS IN THE EB-RECORDS AS DECIDED BY CONTA
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RICHEL
RICHIN
RIPINT
RISY
RLA
RNEL
RNLST

RRH

RSH

RSTH

RSYMR

RUTLET

RUTWR

SATAM

SATAX

SBST

SCARTO

ADDING ROUTINE o SERVICE ROUTINE

ADDING ROUTINE . SERVICE ROUTINE

ATTRIBUTES THE INTEGRATORS BY PARTITION

OBTAINS THE RIF-TABLE CELL CORRESPONDING TO3 A GIVEN VARIABLE
ORCERS ANALOG ELEMENT TABLE VETT

FINDS TYPE OF ANALOG ELEMENT IN TABLE VETT

FINDS LIST HEADER FOR TABLE VETT

EBE% ?S THE ADDRESS OF THE ROW OR COLUMN HEAD IN A TWO DIMENSIONA

SHIFT SERVICE ROUTINE

S L

CONNECTS CELLS OF LIST PROCESSING STORAGE WHEN SUBLISTS ARE NOT P
RESENT . USED FOR TABLE VETT
SEARCHES INFORMATIOWN RELATIVE TO A GIVEN VARIABLE IN SYMBOL TABLE

%E%géNG ROUTINE FOR INTERMEDIATE TAPES . USED BY LINKS 36 361 36
NG ROUTINE FOR INTERMEDIATE TAPES . USED BY LINKS 36 361 361

SATANAS COORDINATES OF FIXED CONNECTIONS FOR AMPLIFIERS
CAPACITIES

T

g?NNECTIONS AND CAPACITIES FOR AMPLIFIERS IN PANEL

EBSTITUTES THE CURRENT VALUE FOR A SIGMA OR Pl RECURRENCE PARAME

S
TER

CONTROLS VALUE OF COEFFICIENTS



SCST
SEARCH

SECMEA

SECMEX

SETIC
SETTAP
SHL
SIGMAP

SIGN

SIMIN

SIPLUS

SKIP

SLIST

SLISTH

_SLTRA

SMFAB

SMOUT
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LOADS SWITCH AND COMPARATOR INFORMATION FOR TABLE VETT

IDENTIFIES AND GIVES E-CODE TO A GIVEN SEQUENCE OF CHARACTERS

SU PLIES INPUT SATANAS COORDINATES FOR TERMS ON RIGHT HAND SIDE 0
F LINEAR EQUATION

SUPPLIES INPUT CONNECTIONS FOR TERMS ON RHS OF LINEAR EQUATIONS F
OR PANEL CONNECTIONS LIST

PLACES THE COMPUTED IC IN SYMBOL TABLE

ALLOCATES TAPES

SHIFT SERVICE ROUTINE

DEVELOPS SIGMA AND PI EXPRESSIONS

APPEARING IN LINEAR EQUATIO

S OF
H NEE

RTORS AND TRUNKS IN THE EB-RECORDS AS DECIDED BY CONMO
RTORS AND TRUNKS IN THE EB-RECORDS AS DECIDED BY CONMO

TAPE SKIPPING ROUTINE FOR EDITOR

;INE A LIST AS A SUBLIST OF AN ELEMENT WHICH IS ALREADY A SUBL

S
HEAD

HEiéNES A LIST AS A SUBLIST OF AN ELEMENT WHICH [S NOT A SUBLIST

SUB LIST HEAD TEST

E ELIMINARY STAGE OF CONSTRUCTION OF TABLE TSM FOR SERVO MULTIPLI

TRANSFERS INFORMATION IN TABLE TSM FOR SERVO MULTIPLIERS
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SMPVOC

SMVAR

SMIR

SM2R

SM3R

SNEXT

SORT

SPCH

SPLIT

STAEBLE

STAM

STATN

STAVA

STMV

STORE

STRING

STRSET

SUMJON

SUMJOX

COMPLETION OF CONSTRUCTION OF TABLE TSM FOR SERVO MULTIPLIERS

SYMBO%

TABLE LOOKUP FOR VARIABLES AFFECTED BY IMPOSE OF A TYPE Of
MULTIPLIER

P
IMPOSE FOR SERVO MULTIPLIERS

IMPOSE FOR SERVO MULTIPLIERS

ATTRIBUTES SERVO MULTIPLIERS

SEE DNEXT AND DLAST . LIST PROCESSING

SYMBOL TABLE SORT

USED BY SUBROUTINE SYMBOL TO DETECT SPECIAL CHARACTERS

RECORD SPLITTING ROUTINE

FINDS GP-CODE IN SYMBOL TABLE FOR VARIABLES IN MULTIPLIER TABLES
WRITES A LINE IN PANEL CONNECTIONS LIST

CXTRACTS STATEMENT NUMBERS

PREPARES NAME OF VARIABLE FOR PANEL CONNECTIONS LIST

STORES IN SYMBOL TABLE VARIABLES AFFECTED BY A TYPC OF MULTIPLICR
STORES PARAMETERS AND VARIABLES IN SYMBOL TABLE

TRANSFORMS A LIST INTO A SEQUENTIAL VECTOR

SETS ADDRESSING STRATEGIES

ggPPLIES SATANAS COORDINATES FOR AUXILIARY NETWORKS AND RESISTANC
SUPPLIES CONNECTIONS FOR AUXILIARY NETWORKS AND RESISTANCES FOR P
ANEL COMNNECTIONS LIST N ND R



SWGAIN

SWUSC
SWUX
SYMBOL
SYRES

TAB

TADB2
TCMY
TCM2
TDEQT
TDECZ2
TDEC3
TDECYH
TDECS
TOVUSC

TDVUX

TEST
TEX

TIDEN
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%?g OLS GAINS TO SWITCH CONTACTS . ENTRY TO COUNT ROUTINE FOR SW

SUPPLIES SATANAS COORDINATES FOR SWITCH QUTPUTS

SUPPLIES SWITCH OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
PROCESSES PARAMETERS AND VARIABLES

SEARCHES A VARTABLE IN SYMBOL TABLE
g0¥8T%gc6§E8Yp88LT2gEESvg$9UTINE CALL FOR TYPES OF ANALOG ELEMENT

CONSTRUCTS REFERENCE TABLE FOR ALL ANALOG ELEMENTS

CONSTRUCTS COMPARATOR TABLE FOR COIL

CONSTRUCTS COMPARATOR TABLE FOR CONTACTS

ADD AND SUBTRACT ROUTINE FOR USE WITH TABLE TPOM

ADD AND SUBTRACT ROUTINE FOR USE WITH TABLE TPOM

ADD AND SUBTRACT ROUTINE FOR USE WITH TABLE TPOM

ADD AND SUBTRACT ROUTINE FOR USE WITH TABLE TPOM

ADD AND SUBTRACT ROUTINE FOR USE WITH TABLE TPOM

SUPPLIES SATANAS COORDINATES FOR ELECTRONIC MULTIPLIER OUTPUTS
Eg ?E&ESL%E CTRONIC MULTIPLIERS QUTPUT CONNECTIONS FOR PANEL CONN
BOOLEAN COMPARE . SERVICE ROUTINE

PREPARES MESSAGE FOR WRITING OF PANEL CONNECTIONS LIST

E AS % g% TABLE ALL N 9R AT1 ON RELATIVE TO PARAMETERS

TRACT
ND VA
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TIEPQ

TIEUSC

TIEUX

TIMP
TNEWT?2
TRAN
TRB
TREE

TRUKIN

TRUKIX

TRUTI
TST
TSW
TT1

TYPE

UsCIX

UXDIF

SUPPLIES SATANAS COORDINATES OF QUTPUT AND INPUT FOR TIEPOINTS

TIEPOYNT INPUT AND QUTPUT CONNCCTIONS FOR PANEL CONMECT

IMPOSE FOR ELECTRONIC MULTIPLIERS

SEARCHES A VARTABLE IN SYMBOL TABLE

CONSTRUCTS PSEUDO INSTRUCTIONS IN FAP FROM TABLE VETT
EQUATES TWO SYMBOLS . SERVICE ROUTINE

TRANSFORMS EQUATIONS INTO LOGICAL TREE FORM

SUPPLIES SATANAS COORDIWATES FOR CONNECTION BETWEEN MAIN ELCMENT
AND/OR ITS INVERTOR AND INPUT TRUNK

SUPPLIES CONNECTIONS FOR INPUT _TO TRUNK FROM MAIN ELEMENT OR INVE
RTOR FOR PANEL CONNECTIONS LIST

STORES TRUNKS FLAG IN SYMBOL TABLE

TESTS IF AN QOPERATOR IS PLUS OR MINUS

CONSTRUCTS TABLE FOR SWITCHES

CONSTRUCTS THEVCOLUMN AND ROW HEADERS OF THE SIGNS MATRIX

GIVES NL-CODE FOR NON-LINEAR AUXILIARY VARIABLES

SUPPLIES SATANAS COORDINATES OF QUTPUT FOR ELEMENTS NOT TIEPOINTS
;TCONNECTIONS FOR ELEMENTS NOT TIEPQINTS FOR PANEL

GENERATES DIFFERENTIAL AUXILIARY EQUATIONS



vADD

VAR

VARN

VCOM

VECT

VEREB

VERNA

VFL

VHAM

VHAMD

VHAMM

VLIN

VLV

voC1

VP X

vasa

VRPLOT
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DETERMINES THE ADDRESS OF THE IC OF A VARIABLE
EXTRACTS FROM SYMBOL TABLE THE IC AND SCALE FACTOR OF A VAKIABLE
ASSOCIATES A NUMBER WITH EACH VARIABLE IN THE SYMBOL TABLE

EINES IF THE VARIABLE ENTERING A COMPARATOR COIL NEEDS AN 1IN

PREPARES VECTORS FOR EACH TYPE OF ANALOG ELEMENT FOR TABLE VETT
FINDS THE INVERTOR ASSIGNED TO A GIVEN VARIABLE

DETERMINES THE AVAILABLE INVERTOR NEAREST TO A GIVEN ELEMENT
EXTRACTS VECTOR FROM LISTS FOR TABLE VETT

E?ggglNATES THE ROUTINES VHAMM AND YHAMD FOR HIGH ACCURACY MULTIP

D OUTPUT VARIABLES OF HIGH ACCURA

ZZ

UT VARIABLES OF HIGH ACCURA

STORES THE ERROR LEVEL

%ONTENTS OF 1C , MAX VALUE OR SCALE FACTOR CELLS FRO

STORES IN SYMBOL TABLE THE VALUE OF PARAMETRIC EXPRESSIONS

SIGN OF INPUT AND OUTPUT VARIABLES OF QUARTER SQUAR

PROCESSES VARIPLOTTER STATEMENTS
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VSM

VSMN

VSMS

vTDV

VvV
WFORM
WLPD
WMNS
WRITE
WRNV
WRQIN
WRTST
Wi
XCMAT
XCRIC

XCRIX

XENTRY

XGAINS

« DETER lNES THE SIGNS 0OF
TIPLIERS USED IN DIVISION

p vl
wn—

GENERATES INFORMATION FOR CROSS-REFERENCES FOR OUTPUT LIST
USED BY ROUTINE WWF IN CONSTRUCTION OF SIGNS MATRIX

LIST PROCESSING ERROR ROUTINE

MESSAGE WRITING ROUTINE

TAPE WRITING ROUTINE FOR EDITOR

APACHE SYSTEM TEST

WRITES INVERTOR EQUATIONS

APACHE SYSTEM TEST

CONSTRUCTS AM FLEMENT OF THE SIGNS MATRIX

PUTS COMPARATOR EQUATIONS INTO SIGNS MATRIX

SUPPLIES COIL ARD INPUT SATANAS COORDINATES FOR COMPARATORS

PLIES COMPARATOR COIL AND INPUT CONNECTIONS FOR PANEL CONNECT]

UPPLI
MS LIST

C,(h

COMPONENT POTS AND GAINS ., ASSIG
ISTANCES



XNSA
X0CEL
XOCEX
XREWIN
XSMAT

XSRIC

XSRIX

XYZR
YAMP2
YCOMP
YCRIC
YHAM
YITKCR

YITKR

YKERR
YOCEL

YPASS

YPR

YQs2
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CONSTRUCTS STATEMENT NUMBERS

SUPPLIES SATANAS COORDINATES FOR RESOLVER OUTPUTS

SUPPLIES RESOLVER OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
READ WRITE ROUTINE USING BUFFERS

PUTS SWITCH EQUATIONS INTO SIGNS MATRIX

%gEELIES SATANAS COORDINATES FOR INPUTS TO RECORDERS AND VARIPLOT

ZWn
O

g ?%éﬁg E%g?RDER AND VARIPLOTTER INPUT CONNECTIONS FOR PANEL CON
OBTAINS [INFORMATION ABOUT A GIVEN VARIABLE . SERVICE ROUTINE
ATTRIBUTES AMPLIFIERS 7O RIGHT HAND SIDE OF EQUATION

ATTRIBUTES COMPARATORS

SEARCHES IN COMPARATOR TABLE

ATTRIBUTES HIGH ACCURACY MULTIPLIERS

FINDS INPUT OR OUTPUT TRUNKS OF A GIVEN VARIABLE

EN REQUEST OF AN OUTPUT TRUNK BLOCKS THE CORRESPONDING INPUT TRUM

ERROR SUBROUTINE FOR ADDRESSING
OCCUPIES AN ANALOG ELEMENT USING ROUTINE PYTAG

AS%ggULATES TYPES OF ELEMENTS TO BE ATTRIBUTED IN EACH ADDRESSING

ATTRIBUTES POTS AND METWORKS FOR RIGHT HAND SIDE VARIABLES

ATTRIBUTES QUARTER SQUARE MULTIPLIERS
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YRCD
YRES
YRPIC

YRV

YRW
YRW2
YRW3
YRWY
YSM2
YSRIC
YSW
YSYW
YTOM
YTK2
YVP
YYy
IBETA
ZCDIV
ZCOMP

ZCTP

ATTRIBUTES RECORDERS
ATTRIBUTES RESOLVERS
ATTRIBUTES IC POT FOR RECTANGULAR RATE RESOLVERS

¥NUSED ANALOG ELEMENT OF A GIVEN TYPE IN ANALOG ELEMENT

READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 341}
READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 342
READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 343
READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 343
ATTRIBUTES SERVO MULTIPLIERS

SEARCHES IN SWITCH TABLE

ATTRIBUTES SWITCHES

STORES ADDRESSING INFORMATION IN SYMBOL TABLE

ATTRIBUTES ELECTRONIC MULTIPLIERS

ASSIGNé TRUNKS

ATTRIBUTES VARIPLOTTERS

LOGICAL OR OF A MASK TO A GIVEN ADDRESS . SERVICE ROUTINE
CALCULATES VALUE OF BETA WHEN NOT GIVEN

FOR ZERO FUNCTIONS REDUCES TO 1 GAINS WITH IMPOSE GAINI

COUNTS COMPARATOR AND ASSQOCIATED POTS AND INVERTORS

COUNTS AVAILABLE ANALOG ELEMENTS AND CONSTRUCTS TABLE TPOM



ZC1

7€2
2C3
2c5
ZC7
ZEM3
ZEXTR
IHAM3

ZHMD

ZHQD
ZHRT
ZQINV

ZQS3

IREC
IRES
ZsC

I5CX

ISW

ISHWS5
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? ggggx OF AMPLIFIER AND ASSOCIATED ELEMENTS . CALLS ACOUN

CONTROLS ALL COUNT ROUTINES FOR MULTIPLIERS AND RESOLVERS
COUNTS SERVO MULTIPLIERS AND ASSOCIATED INVERTORS

COUNTS SIGN INVERTORS FOR OUTPUTS OF MULTIPLIERS

GIVES NUMBER OF NEXT POSSIBLE CONSOLE FOR COUNT

COUNTS ELECTRONIC MULTIPLIERS AND ASSOCIATED INVERTORS
COUNTS MULTIPLIERS WITH EXTERNAL VARIABLE ON ARM
CONTROLS COUNT ROUTINES FOR HIGH ACCURACY MULTIPLIERS
%8HNTS LIERS USED FOR MULTIPLICATION OR DIVIS
UNUSED ROUTINE FOR HIGH ACCURACY MULTIPLIERS

UNUSED ROUTINE FOR HIGH ACCURACY MULTIPLIERS

GENERATES INVERTOR EQUATIONS

LIFIER AND 1

APACHE SYSTEM TEST
DETERMINES THE SIGN OF INPUT AND OUTPUT VARIABLES OF RESOLVERS
SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR RESOLVERS

gP %S RESOLVER FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIN

S LI
N IS
COUNTS SWITCH AND ASSOCIATED POTS

COUNTS INVERTORS ASSOCIATED WITH SWITCHES
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ZYF1 ATTRIBUTES DFG

LYF2 ATTRIBUTES DFG

ZICW COMPLETES EB-RECORDS

ZZDFG COUNTS DFG AND ASSOCIATED INVERTORS

ZZPN SYSTEM ERROR DIAGNOSTIC ROUTINE FOR LINKS 36 AND 361
ZZRECO COUNTS RECORDER CHANNELS

ZZRES COUNTS RESOLVERS AND ASSOCIATED INVERTORS AND POTS
1ZVvP COUNTS VARIPLOTTERS

22ZLST PUNCHES SATANAS CARDS

22ZPX SYSTEM ERROR DTAGNOSTIC ROUTINE FOR LINK 3613

1211 COMPLETES EB-RECORDS

12211CE CONSOLE FULL DIAGNOSTIC ROUTINE USED IN LINKS 36 361 3613
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3,2 Summarised descriptions of routines
KWIC index by significant word
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WORDS INDEXED
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ALGEDRAIC DEVEI OPMENT

ALGEBRALC EQUATINNS

ALGEBRATIC CQUATIONS

AMPLIFIELR

AMPLIFILR

AMPLIFIER

AMPLIFIER

AMPLIF IER

AMPLIFIER

AMPLIFIERS

AMPLIF IERS

AMPLIFIERS

AMPLIFIERS

AMPLIFIERS

AMPLIFIERS

AMPLIFIERS

AMPLIFIERS

AMPLIFIERS

ANALOG

ANALOG

ANALOG

ANALOG

ANALOG

ANAL OG

ANAL OC

ELEMENT

ELEMENT

ELEMENT

ELEMENT

ELEMENT

ELEMENT

CLEMENT

PERFORML THE ALGEBRAIC OEVECLOPMENT OF THE MULTIPLICATION OR THE DIVISION OF TWO EXPRESSIONS

FOR STMULATOR PROCESSES LEVEL LERO OF AN EQUATION o SEPARATES PARAMETERS FROM VAR[A?LES o
COMPUTES THE VALUE OF COCFFICIENTS . COMPUTES [C AND SCALING FACTOR FOR AUXILIARY V RéABLES
COMPUTES 1C TNR ALGFBRAIC EQUATIONS . GENERATES PROGRAM CORRESPONMDING TO THE EQUATION
PROCESSES LEVEL ZERO OF AN ECUATION . SEPARATES PARAMETERS FRUM VARIABLES . COMPUTES THE
VALUF OF COFFFICIENTS . COMPUTES IC AND SCALING FACTOR FOR AUXILIARY VARIABLES . COMPUTES IC
FOP. ALGEPRATIC EQUATIONS :

SUPPLIES SATAMAS COORDINATES FOR AMPLIFIER DQUTPUTS

LOADS AMPLIFIER INFURMATION FOR TABLE VETT

IDENTIFIES WHFTHER AMPLIFIER IS SUMMER OR INTEGRATOR

CHOOSES AMPLIFIER TO BE USED AS AUXILIARY NETWORK

CONTROLS COUNT OF AMPLIFIER AND ASSOCIATED ELEMENTS . CALLS ACOUNT ICOUNT RESCAP
'EgULTlPLIERS WITH ASSOCIATED AMPLIFIER AND INVERTORS AND CONSTRUCTS TABLE
COUNTS AMPLIFIERS WITH ASSOCIATED POTS AND AUXILIARY NETWORKS

IMPOSE FOR AMPLIFIERS

FORCED ATTRIBUTION OF AMPLIFIERS TO LEFT HAND SIDE VARIABLE

OMIT FOR AMPLIFIERS

SUPPLIES SATANAS COORDINATES OF FIXED CONNECTIONS FOR AMPLIFIERS INZLUDING CAPACITIES

SUPPLTIES FIXED CONNECTIONS ANO CAPACITIES FOR AMPLIFIERS IN PANEL CONNECTIONS LIST

ATTRIBUTES AMPLIFIERS TO RIGHT HAND SIDE OF EQUATION

RIES OF AMPLIFIERS TO COMPONENT POTS AND GAINS . ASSIGNS AUXILIARY NETWORKS , ENTRY

COMTROLS AND MODIFIES GAINS TO AMPLIFIERS , ASSIGNS DIFFERENT VALUES OF CAPACITIES
SUPPLIES BASIC COORDINATES FOR EACH ANALOG ELEMENT

CONVERTS ANALOG ELEMENT CODES FROM ANALOG TO APACHE NAME

SUPPLIES BASIC COORDINATES FOR EACH ANALOG ELEMENT

ORDCRS AMALOG ELEMENT TABLLC VETT

FINDS ANALOG ELEMENT IN ANALOG ELEMENT TABLE VETT

FINDS ON PATCH PANEL UNUSED ANALOG ELEMENT NEAREST TO A GIVEN ELEMENT

ORDERS ANALOG ELEMENT TABLE VETT

FMPY

LzP2

LZP

AMPUSC

AST

NUAMP

RETI

zca

2QS3

ACOUNT

AT MP

ATERMI

OMITA

SATAM

SATAX

YAMP2

XENTRY

XGAINS

BASCO

CANAP

COOR

CORD1

EONA

PYTAG

RLA

0L #HVd



ANAL OG
ANALOG
ANALOG
ANAL OG
ANALOG
ANALOG
ANALOG
ANALOG
ANALOG
ANALOG

ANALOG

ARITHMETIC EXPRESSIONS

ELEMENT

ELEMENT

ELEMENT

ELEMENT

ELEMENTS

ELEMENTS

ELEMENTS

ELEMENTS

ELEMENTS

ELEMENTS

ELEMENTS

ATTRIBUTED

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

FINDS TYPE OF ANALOG ELEMENT IN TABLE VETT

PREPARES VECTORS FOR EACH TYPE OF ANALOG ELEMENT FOR TABLE VETT

OCCUPIES AN ANALOG ELEMENT USING ROUTINE PYTAG

SEARCHES UNUSED ANALOG ELEMENT OF A GIVEN TYPE IN ANALOG ELEMENT TABLE VETT
CONVERTS ANALOG ELEMENTS CODES FROM APACHE TO ANALOG NAME

LOADS INFORMATION COMMON TO ALL ANALOG ELEMENTS FOR TABLE VETT

ORDERS VECTORS OF ANALOG ELEMENTS FOR TABLE VETT

ORDERS VECTORS OF ANALOG ELEMENTS FOR TABLE VETT

CONSTRUCTS SYMBOL AND SUBROUTINE CALL FOR TYPES OF ANALOG ELEMENTS TO BE USED FOR TABLE VETT
CONSTRUCTS REFERENCE TABLE FOR ALL ANALOG ELEMENTS

COUNTS AVAILABLE ANALOG ELEMENTS AND CONSTRUCTS TABLE TPOM

H

COMPILES ARITHMETIC
SUPPLEMENTARY ENTRIE
OPERANDS OF THE EXPR
ACCUMULATES TYPES OF ELEMENTS TO BE ATTRIBUTED IN EACH ADDRESSING PASS

ATTRIBUTES AUXILIARY ELEMENTS TO LEFT HAND SIDE VARIABLE

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

THE INTEGRATORS BY PARTITION
SERVO MULTIPLIERS

QL OF OUTPUTS

FOR EACH CESSARY TAKING
UNKS .« PUTS ADDRESSIN BLE

! e$
HIGH ACCURACY MULTIPLIERS

POTS AND NETWORKS FOR RIGHT HAND SIDE VARIABLES
RECORDERS

QUARTER SQUARE MULTIPLIERS

AMPLIFIERS TO RIGHT HAND SIDE OF EQUATION

IC POT FOR RECTANGULAR RATE RESOLVERS
COMPARATORS

SWITCHES

VARIPLOTTERS

RNEL

VECT

YOCEL

YRV

CANAP2

COMMN

CORVE

ORV

TAB

TAB2

2CTP

ATRAN

YPASS

ACOMPL

RIPINT

SM3R

TIEPO

YHAM

YPR

YRCD

YQs2

YAMP2

YRPIC

YCOMP

YSHW

YVP

b IOV



ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTES

ATTRIBUTIO

AUXILIARY

AUXTLIARY

AUXILIARY

AUXILIARY

AUXILTIARY

AUXILIARY

AUXILIARY

AUXILIARY

AUXILIARY

AUXTILIARY

AUXILIARY

AUXILIARY

AUXILIARY

AUXILIARY

BASIC COOR

BASIC COOR

BETA

BETA

CAPACITIES

N

ELEMENTS

EQUATIONS

EQUATIONS

EQUATIONS

NETWORK

NETWORKS

NETWORKS

NETWORKS

NETWORKS

VARTABLE

VARIABLES

VARIABLES

VARTABLES

VARTABLES

DINATES

DINATES

ATTRIBUTES ELECTRONIC MULTIPLIERS

ATTRIBUTES RESOLVERS

ATTRIBUTES SERVO MULTIPLIERS

ATTRIBUTES DFG

ATTRIBUTES DFG

FORCED ATTRIBUTION OF AMPLIFIERS TO LEFT HAND SIDE VARIABLE
ATTRIBUTES AUYILIARY ELEMENTS TO LEFT HAND SIDE VARIABLE

GENERATES NON-LINEAR AUXILIARY EQUATIONS

SUPPLIES EQM-RECORD FOR NON-LINEAR AUXILIARY EQUATIONS

GENERATES OIFFERENTIAL AUXILIARY EQUATIONS

CHOOSES AMPLIFIER TO BE USED AS AUXILIARY NETWORK

COUNTS AMPLIFTERS WITH ASSOCIATED POTS AND AUXILIARY NETWORKS
SUPPLIES SATANAS COORDINATES FOR AUXILIARY NETWORKS AND RESISTANCES
SUPPLIES CONNECTIONS FOR AUXILIARY NETWORKS AND RESISTANCES FOR PANEL CONNECTIONS LIST

RIFS OF AMPLIFIERS TO COMPONENT POTS AND GAINS . ASSIGNS AUXILIARY NETWORKS , ENTRY

RECOGNISES IF A VARIABLE IS AN AUXILIARY VARIABLE

GIVES GP-CODE FOR NON-LINEAR AUXILIARY VARIABLES

FOR SIMULATOR PROCESSES LEVEL ZERQ OF AN EQUATION . SEPARATES PARAMETERS FRDM VARIABLES .,
COMPUTES THE VALUE OF COEFFICIENTS . COMPUTES IC AND SCALING FACTOR FOR AUXILIARY VARIABLES .
COMPUTES IC FOR ALGEBRAIC EQUATIONS . GENERATES PROGRAM COIRESPONDING TO THE EQUATIONS
PROCESSES LEVEL ZERO OF AN EQUATION . SEPARATES PARAMETERS FROM VARIABLES . COMPUTES TH
VALUE OF COEFFICIENTS . COMPUTES IC AND SCALING FACTOR FOR AUXILIARY VARIABLES . COMPUTES IC
FOR ALGEBRAIC EQUATIONS

GIVLS NL-CODE FOR NON-LINEAR AUXILIARY VARIABLES

SUPPLIES BASIC COORDINATES FOR EACH ANALOG ELEMENT

SUPPLIES BASIC COORDINATES FOR EACH ANALOG ELEMENT

CONVERTS VALUE OF BETA READ FROM RECORD INTO FLOATING POINT

CALCULATES VALUE OF BETA WHEN NOT GIVEN

COUNTS CAPACITIES AND RESISTANCES

YTDM

YRES

YSH2

IYF1

IYF2

ATERM]

ACDMPL

AGENT

AUXREC

UXDIF

RETI

ACOUNT

SUMJON

SUMJOX

XENTRY

AUXT

FLAG

LIP2

LZP

TYPE

BASCO

COOR

BFIND

IBETA

RESCAP

gL ®Va



CAPACITIES

CAPACITIES

CAPACITIES

CAPACITY

CARDS

CARDS

CARDS

CARDS

CARDS

CARDS

CARDS

CARDS

CARDS

CARDS

CARDS

CHAIN TABLE

COMPARATOR

COMPARATOR

COMPARATOR

COMPARATOR

COMPARATOR

COMPARATOR

COMPARATOR

COMPARATOR

COMPARATOR

COMPARATOR

SUPPLIES FIXED CONNECTIONS AND CAPACITIES FOR AMPLIFIERS IN PANEL COMNECTIONS LIST
SUPPLIES SATANAS COORDINATES OF FIXED CONNECTIONS FOR AMPLIFIERS INCLUDING CAPACITIES
CONTROLS AND MODIFIES GAINS TO AMPLIFIERS , ASSIGNS DIFFERENT VALUES OF CAPACITIES
LOADS RESISTANCE AND CAPACITY INFORMATION FOR TABLE VETT

STORES SIGNALS FOR OPTION CARDS

CONVERTS CARDS IMAGES TO A BCD RECORD

GENERATES POT SETTING , READ OUT , NETWORK CARDS

ERROR IN CODY ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERROR IN COD2 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERROR IN COD3 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERROR IN ADR! ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

WRITES ON TAPE POT SETTING , READ OUT , NETWORK CARDS

PREPARES SATANAS CARDS

READS BCD CARDS FROM INPUT TAPE

PUNCHES SATANAS CARDS

READS AND COPTES THE CHAIN TABLE IN EDITOR PHASE

ORDERS COMPARATOR TABLE CuBB

CONTROLS GAINS TO COMPARATOR CONTACTS

SUPPLIES SATANAS COORDINATES FOR COMPARATOR OUTPUTS

SUPPLIES COMPARATOR OQUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST

LOADS SWITCH AND COMPARATOR INFORMATION FOR TABLE VETT

CONSTRUCTS COMPARATOR TABLE FOR CONTACTS

CONSTRUCTS COMPARATOR TABLE FOR COIL

DETERMINES IF THE VARIABLE ENTERING A COMPARATOR COIL NEEDS AN INVERTOR

PUTS COMPARATOR EQUATIONS INTO SIGNS MATRIX

NVERTOR OR TRUNK FOR MAIN ELEMENT IN EB-RECORD . USED FOR LINEAR COMPARATOR

SATAX

SATAM
XGAINS
GHST
CNTRCD
CNVRT
CSEL
ERRADI1
ERRAD2
ERRCD1
ERRCD2
PUNCH
PUNCHC
READ
IZILST
CcoPvyCcT
CMGAIN
COMPOT
CoMusC
COMuUX

CONTAM

SCsT
TCM2
TCMY
VCOM

XCMAT

¢l 3OVd



COMPARATOR

COMPARATOR

COMPARATOR

COMPARATORS

COMPARATORS

COMPARATORS

COMPARATORS

COMPARATORS

COMPARATORS

CONSOLE

CONSOLE

CONSOLE

CONSOLE

CONSOLE

CONVERSION

CONVERTS

CONVERTS

CONVERTS

CONVERTS

CONVERTS

CONVERTS

CONVERTS

CONVERTS

CONVERTS

COUNT

COUNT

SUPPLIES COMPARATOR COIL AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
SEARCHES IN COMPARATOR TABLE
COUNTS COMPARATOR AND ASSOCIATED POTS AND INVERTORS

IMPOSE FOR COMPARATORS

GIVES KTYPE-CODE TO DFG , SWITCHES , COMPARATORS , RESOLVERS
SUPPLIES COIL AND INPUT SATANAS COORDINATES FOR COMPARATORS
ATTRIBUTES COMPARATORS

STORES THE CONSOLE NUMBERS GIVEN IN THE AVAILABLE CONSOLES STATEMENT
TESTS IF A VARIABLE IS QOUTPUT ON A GIVEN CONSOLE

CALCULATES TOTAL OF OUTPUTS REQUIRED FROM A MAIN ELEMENT OR ITS INVERTOR ON ANY CONSOLE
GIVES NUMBER OF NEXT POSSIBLE CONSOLE FOR COUNT

CONSOLE FULL DIAGNOSTIC ROUTINE USED IN LINKS 36 361 3613

CONVERSION OF INTERNAL CODES

CONVERTS FLOATING POINT BINARY NUMBER INTO BCD INTEGER OR FLOATING
CONVERTS VALUE OF BETA READ FROM RECORD INTO FLOATING POINT

CONVERTS ANALOG ELEMENT CODES FROM ANALOG TO APACHE NAME

CONVERTS ANALOG ELEMENTS CODES FROM APACHE TO ANALOG NAME

CONVERTS CARDS IMAGES TO A BCD RECORD

CONVERTS BCD NUMBERS INTO FLOATING POINT NUMBERS

CONVERTS FLOATING POINT BINARY NUMBERS INTO FLOATING POINT BCD
CONVERTS FLOATING POINT BINARY NUMBERS INTO BCD INTEGERS

THE SYMBOL TABLE . CONVERTS ALt FLOATING

CONTROLS GAINS TO SWITCH CONTACTS . ENTRY TO COUNT ROUTINE FOR SWITCHES

CONTROLS COUNT OF AMPLIFIER AND ASSOCIATED ELEMENTS . CALLS ACOUNT ICOUNT RESCAP

g COIL = 1 AND COMPENSATES FOR ANY DIFFERENCE IN THE SCALING FACTORS OF THE

XCRIX

YCRIC

ZCoMP

CIMpP

CMCOIL

CMSW

ISPEQ

XCRIC

YCOMP

AVC

MELEM

PRIGO

C7

L1111k

CVRT

B8DC

BFIND

CANAP

CANAP2

CNVRT

bDBCV

FTDC

FTDIC

NAME

SWGAIN

ZC1
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COUNT
COUNT
COUNT
COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

CROSS-REFERENCES

DFG

CONTROLS COUNT ROUTINES FOR HIGH ACCURACY MULTIPLIERS
CONTROLS ALL COUNT RCUTINES FOR MULTIPLIERS AND RESOLVERS
GIVES NUMBER OF NEXT POSSIBLE CONSOLE FOR COUNT

COUNTS AMPLIFIERS WITH ASSOCIATED POTS AND AUXILIARY NETWORKS

LE WHICH ARE ENTRIES TO QUARTER SQUARE HIGH ACCURACY OR

wnip

COUNTS TOTAL OF OQUTPUTS OF A VARIABLE WHICH ARE ENTRIES TO SERVO MULTIPLIERS
6E ;EELQUHBER OF TRUNKS NECESSARY FOR A MAIN ELEMENT AND ITS INVERTOR . STORES THE TOTAL IN
COUNTS TOTAL OF HIGH ACCURACY MULTIPLIERS REQUIRED

COUNTS INVERTORS

COUNTS CAPACITIES AND RESISTANCES

COUNTS SERVO MULTIPLIERS AND ASSOCIATED INVERTQRS

COUNTS HIGH ACCURACY MULTIPLIERS USED FOR MULTIPLICATION OR DIVISION . CONSTRUCTS TABLE THAM

ULTIPLIERS WITH ASSOCIATED AMPLIFIER AND INVERTORS AND CONSTRUCTS TABLE

COUNTS COMPARATOR AND ASSOCIATED POTS AND INVERTORS

COUNTS AVAILABLE ANALOG ELEMENTS AND CONSTRUCTS TABLE TPOM
COUNTS SIGN INVERTORS FOR OUTPUTS OF MULTIPLIERS

COUNTS ELECTRONIC MULTIPLIERS AND ASSOCIATED INVERTORS
COUNTS MULTIPLIERS WITH EXTERNAL VARIABLE ON ARM

COUNTS RESOLVERS AND ASSOCIATED INVERTORS AND POTS

COUNTS INVERTORS ASSOCIATED WITH SWITCHES

COUNTS SWITCH AND ASSOCIATED POTS

COUNTS DFG AND ASSOCIATED INVERTORS

COUNTS RECORDER CHANNELS

COUNTS VARIPLOTTERS

GENERATES INFORMATION FOR CROSS~REFERENCES FOR OUTPUT LIST

FINDS AND OCCUPIES INVERTOR OF DFG 10 SEGMENTS

ZHAM3
€2
ey

ACOUNT

CONMOP

CONSP

FPG

HMFAB2

ICOUNT

RESCAP

ZC3

ZHMD

2Qs3

IComMP

cre

ZC5

LEM3

ZEXTR

ZZRES

ISWS

ISW

ZIDFG

ZIRECO

zve

vvy

AMRIC
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DFG

DFG

DFG

DFG

DFG

DFG

DFG

DFG

DFG

DFG

DFG

oo

Do

DO

DO

DUMMY

DUMMY

- DUMMY

DUMMY

£-CODE

E-CODE

EB-RECORD

EB-RECORD

EB-RECORD

EDITOR

DFG STATEMENT PROCESSOR

SUPPLIES SATANAS COORDINATES FOR DFG OQUTPUTS

SUPPLIES DFG OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST

SUPPLIES DFG FIXEO AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR DFG

IMPOSE FOR DFG

LOADS DFG INFORMATION FOR TABLE VETT

GIVES KTYPE-CQDE TO DFG » SWITCHES , COMPARATORS , RESOLVERS
ATTRIBUTES DFG

COUNTS DFG AND ASSOCIATED INVERTORS

ATTRIBUTES DFG

SUBSTITUTES THE CURRENT VALUE OF THE RECURSIVITY PARAMETER IN A STATEMENT SUBJECT TO A DO LOOP

DO STATEMENT PROCESSOR

gF THE DO PARAMETERS , INITIAL VALUE , MAXIMUM VALUE , AND STEP . USED FOR
gITIAL VALUE , MAXIMUM VALUE , AND STEP . USED FOR

DUMMY ROUTINE
DUMMY ROUTINE USED IN SIMULATOR
DUMMY ROUTINE
DUMMY SUBROUTINE FOR SIMULATOR

RATOR OF EQUATIONS . RECOGNISES AND COMPUTES

IDENTIFIES AND GIVES E-CODE TO A GIVEN SEQUENCE OF CHARACTERS

gVERTOR OR TRUNK FOR MAIN ELEME&T IN EB-RECORD . USED FOR MULTIPLIERS NOT

SUBSTITUTES AN INVERTOR OR TRUNK FOR MAIN ELEMENT IN EB-RECORD . USED FOR SERVO MULTIPLIERS

NVERTOR OR TRUNK FOR MAIN ELEMENT IN EB-RECORD . USED FOR LINEAR COMPARATOR

TAPE COPYING ROUTINE USED IN EDITOR

DFG
DFGUSC
DFGUX
ENTDFX
ENTDFG
FIMP
FST
ISPEQ
ZYF1
LIDFG
IYF2
COMPDO
DAN

PARAD
PARADI1

ACCUNT
DAUX
NEBB
PRINTT

IDNTFY

SEARCH

CONMOL

CONSM

CONTAM

COPY

9/, WV



EDITOR

EDITOR

EDITOR

EDITOR

EDITOR

ERLITOR

EDITOR

EDITOR

EDITOR

ELECTRONIC

ELECTRONIC

ELECTRONIC

ELECTRONIC

ELECTRONIC

ELECTRONIC

ELECTRONIC

ELECTRONIC

ELECTRONIC

ELECTRONIC

ELECTRONIC

EQM-RECORD

ERROR

ERROR

ERROR

ERROR

ERROR

READS AND COPIES THE CHAIN TABLE IN EDITOR PHASE

PRINTS ON-LINE END OF EDITOR MESSAGES

PRINTS ON-LINE END OF EDITOR MESSAGES

TAPE READING ROUTINE FOR EDITOR

SEARCHES ENTRY PSEUDO~OPERATION IN FAP PROGRAMS FOR EDITOR
PRINTS ON-LINE ERROR MESSAGES AND RESTART PROCEDURES FOR EDITOR
PRINTS ON-LINE [O-MESSAGES AND RESTART PROCEDURES FOR EDITOR
TAPE SKIPPING ROUTINE FOR EDITOR

TAPE WRITING ROUTINE FOR EDITOR

n>D

LE WHICH ARE ENTRIES TO QUARTER SQUARE HIGH ACCURACY OR

CONSTRUCTS TABLE TTD FOR ELECTRONIC MULTIPLIERS

SUPPLIES ELECTRONIC MULTIPLIERS FIXED AND INPUT CONNECTIONS FOR PANNEL CONNECTIONS LIST
SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR ELECTRONIC MULTIPLIERS

LOADS ELECTRONIC MULTIPLIER INFORMATION FOR TABLE VETT

SUPPLIES SATANAS COORDINATES FOR ELECTRONIC MULTIPLIER OUTPUTS

SUPPLIES ELECTRONIC MULTIPLIERS OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
IMPOSE FOR ELECTRONIC MULTIPLIERS

DETERMINES THE SIGN OF INPUT AND OUTPUT VARIABLES OF ELECTRONIC MULTIPLIERS
ATTRIBUTES ELECTRONIC MULTIPLIERS

COUNTS ELECTRONIC MULTIPLIERS AND ASSOCIATED INVERTORS

SUPPLIES EQM-RECORD FOR NON-LINEAR AUXILIARY EQUATIONS

ERROR ROUTINE FOR OMIT

ERROR SIGNAL FOR ROUTINE RSTI

ERROR SIGNAL FOR ROUTINE BLD}

ERROR IN CODV ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERROR IN COD2 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

COPYCT

ENDMS

ENDMS3

EREAD

ESR

PREMG

PRIOEM

SKIP

WRITE

CONMOP

EMFAB

ENTTDX

ENTTDYV

EST

TDVUSC

TDVUX

TIMP

vTDVv

YTDM

ZEM3

AUXREC

EONERR

ERR

ERR2

ERRAD1

ERRAD2

L. #IDVL



ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERRORS

GAIN

GAINS

GAINS

GAINS

GAINS

GAINS

GAIN]

GP-CODE

GP-CODE

GP-CODE

GP-CODE

GROUND

GROUND

ERROR IN COD3 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7
ERROR IN ADR1 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7
ERROR SIGNAL FOR ROUTINE PYTAG

ERROR ROUTINE FOR OMIT

SYSTEM ERROR OIAGNOSTIC ROUTINE

PRINTS ON-LINE ERROR MESSAGES AND RESTART PROCEDURES FOR EDITOR
RETURNS TO A FIXED ADDRESS IN MAIN PROGRAM IN CASE OF ERROR
STORES THE ERROR LEVEL

LIST PROCESSING ERROR ROUTINE

ERR SUBROUTINE FOR ADDRESSING

SYSTEM ERROR DIAGNOSTIC ROUTINE FOR LINK 3613

SYSTEM ERROR DIAGNOSTIC ROUTINE FOR LINKS 36 AND 361
DETECTS WRITING ERRORS IN PROGRAM STATEMENTS

g COIL = 1 AND COMPENSATES FOR ANY DIFFERENCE IN THE SCALING FACTORS OF THE

CONTROLS GAINS TO COMPARATOR CONTACTS
CONTROLS GAINS TO SWITCH CONTACTS . ENTRY TO COUNT ROUTINE FOR SWITCHES
CONTROLS AND MODIFIES GAINS TO AMPLIFIERS , ASSIGNS DIFFERENT VALUES OF CAPACITIES

EgRIES OF AMPLIFIERS TO COMPONENT POTS AND GAINS . ASSIGNS AUXILIARY NETWORKS , ENTRY

FOR ZERD FUNCTIONS REDUCES TO 1 GAINS WITH IMPOSE GAIN}

FOR ZERD FUNCTIONS REDUCES TO 1| GAINS WITH IMPOSE GAIN1

INSERTS GP-CODE IN SYMBOL TABLE

GIVES GP-CODE FOR NON-LINEAR AUXILIARY VARIABLES

EXTRACTS GP-CODE FROM SYMBOL TABLE

FINDS GP-CODE IN SYMBOL TABLE FOR VARIABLES IN MULTIPLIER TABLES

LOADS REFERENCE AND GROUND INFORMATION FOR TABLE VETT

SUPPLIES SATANAS COORDINATES FOR REFERENCE AND GROUND

ERRCD1
ERRCD2
ERRIT
ERRNUS
PINTA
PREMG
RETURN
vLv
WLPD
YKERR
zz1PX
ZIPN
DIAGN

CMCOIL

COMPOT
SWGAIN
XGAINS

XENTRY

001V
ICDIV
AFSIS
FLAG
LGP
STABLE

KST

REFSER

8. VL



GROUND

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

HIGH ACCURACY

IC

IC

IC

1C

IC

IC

IC

SUPPLIES AND WRITES REFERENCE AND GROUND IN PANEL CONNECTIONS LIST
s%ﬁ%éﬁgLE WHICH ARE ENTRIES TO QUARTER SQUARE HIGH ACCURACY OR
SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR HIGH ACCURACY MULTIPLIERS

SUPPLIES HIGH ACCURACY MULTIPLIER FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
TRANSFERS INFORMATION IN TABLE THAM FOR HIGH ACCURACY MULTIPLIERS

SORTS TABLE HUBB USED FOR HIGH ACCURACY MULTIPLIERS

COUNTS TOTAL OF HIGH ACCURACY MULTIPLIERS REQUIRED

IMPOSE FOR HIGH ACCURACY MULTIPLIERS

LOADS HIGH ACCURACY MULTIPLIER INFORMATION FOR TABLE VETT

mES THE SIGNS OF INPUT AND OUTPUT VARIARLES OF HIGH ACCURACY MULTIPLIERS USED FOR

COORDINATES THE ROUTINES VHAMM AND VHAMD FOR HIGH ACCURACY MULTIPLIERS

S SIGNS OF INPUT AND OUTPUT VARIABLES OF HIGH ACCURACY MULTIPLIERS USED FOR

ATTRIBUTES HIGH ACCURACY MULTIPLIERS

COUNTS HIGH ACCURACY MULTIPLIERS USED FOR MULTIPLICATION OR DIVISION . CONSTRUCTS TABLE THAM

CONTROLS COUNT ROUTINES FOR HIGH ACCURACY MULTIPLIERS

UNUSED ROQUTINE FOR HIGH ACCURACY MULTIPLIERS

UNUSED ROUTINE FOR HIGH ACCURACY MULTIPLIERS

MAKES CONNECTIONS RELATIVE TO IC CIRCUIT

SUPPLIES CONNECTIONS RELATIVE TO IC CIRCUIT FOR PANEL CONNECTIONS LIST

REPLACES IC , MAX VALUE OR SCALE FACTOR CELL IN SYMBOL TABLE WITH NEW VALUE

COMPUTES IC OF VARIABLES OUTPUT FROM RESOLVERS

PLACES THE COMPUTED IC IN SYMBOL TABLE

RESTA

CONMOP

ENTHAM

ENTHAX

HMOUT

HUBSOR

HMFAB2

QIMP

QST

VHAMD

VHAM

VHAMM

YHAM

ZHMD

ZHAM3

ZHQD

ZHRT

CONDIN

CONDIX

LINOY

LZP

LZP2

RESCP

SETIC

6L #Vd



IC

IC

IC

1C

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

INTEGRATOR

INTEGRATORS

INVERTOR

INVERTOR

INVERTOR

INVERTOR

INVERTOR

EXTRACT

DETERMI

EXTRACT

ATTRIBU

IMPOSE

IMPOSE

IMPOSE

PROCESS

IMPOSE

IMPOSE

IMPOSE

IMPOSE

IMPOSE

SYMaoL

IMPOSE

IMPOSE

STORES

IMPOSE

FOR ZER

IDENTIF

ATTRIBU

FINDS A

MAKES C

SUPPLIES CONNECTION BETWEEN MAIN ELEMENT AND ITS INVERTOR FOR PANEL CONNECTIONS LIST

FOR MAIN ELEMENT INCREASES TOTAL OF OUTPUTS REQUIRED BY ONE

S FROM SYMBOL TABLE THE IC AND SCALE FACTOR OF A VARIABLE

NES THE ADDRESS OF THE IC OF A VARIABLE

S THE CONTENTS OF IC , MAX VALUE OR SCALE FACTOR CELLS FROM SYMBOL TABLE

TES IC POT FOR RECTANGULAR RATE RESOLVERS

FOR AMPLIFIERS

FOR COMPARATORS

FOR DFG

ES THE IMPOSE STATEMENTS WHICH DEFINE A TYPE OF MULTIPLIER

FOR HIGH ACCURACY MULTIPLIERS

FOR QUARTER SQUARE MULTIPLIERS

FOR QUARTER SQUARE MULTIPLIERS

FOR RESOLVERS

FOR RESOLVERS

TABLE LOOKUP FOR VARIABLES AFFECTED BY IMPOSE OF A TYPE OF MULTIPLIER
FOR SERVO MULTIPLIERS

FOR SERVO MULTIPLIERS

IN SYMBOL TABLE VARIABLES AFFECTED BY A TYPE OF MULTIPLIER IMPOSE
FOR ELECTRONIC MULTIPLIERS

0 FUNCTIONS REDUCES TO 1 GAINS WITH IMPOSE GAIN)

IES WHETHER AMPLIFIER IS SUMMER OR INTEGRATOR

TES THE INTEGRATORS BY PARTITION

ND OCCUPIES INVERTOR OF DFG 10 SEGMENTS

ONNECTION BETWEEN MAIN ELEMENT AND ITS INVERTOR

IF ENTERS AN INVERTOR

gVERTOR OR TRUNK FOR MAIN ELEMENT IN EB-RECORD . USED FOR MULTIPLIERS NOT

VAR

VADD

08 ¥DVd

voCl

YRPIC

AIMP

CIMP

FIMP

MPLIMP

QIMP

Qs1

QSs2

RES1

RES?2

SMVAR

SMIR

SM2R

STMV

TIMP

ZCD1V

NUAMP

RIPINT

AMRIC

COLLIN

COLLIX

COMCON

CONMOL



INVERTOR

INVERTOR

INVERTOR

INVERTOR

INVERTOR

INVERTOR

INVERTOR

INVERTQOR

INVERTOR

INVERTOR

INVERTOR

INVERTOR

INVERTOR

INVERTOR

INVERTORS

INVERTORS

INVERTORS

INVERTORS

INVERTORS

INVERTORS

INVERTORS

INVERTORS

INVERTQRS

INVERTORS

INVERTORS

SUBSTITUTES AN INVERTOR OR TRUNK FOR MAIN ELEMENT IN E8-RECORD . USED FOR SERVO MULTIPLIERS

NVERTGR OR TRUNK FOR MAIN ELEMENT IN EB-RECORD . USED FOR LINEAR COMPARATOR

« STORES THE TOTAL IN
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SUPPLIES SATANAS COORDINATES FOR INVERTOR QUTPUTS
CALCULATES TOTAL OF OQUTPUTS REQUIRED FROM A MAIN ELEMENT OR ITS INVERTOR ON ANY CONSOLE

N ELEMENT OR ITS INVERTOR AND INCREASES

DETERMINES IF THE VARIABLE ENTERING A COMPARATOR COIL NEEDS AN INVERTOR
FINDS THE INVERTOR ASSIGNED TO A GIVEN VARIABLE

DETERMINES THE AVAILABLE INVERTOR NEAREST TO A GIVEN ELEMENT

WRITES INVERTOR EQUATIONS

GENERATES INVERTOR EQUATIONS

ASSIGNS INVERTORS WHEN REQUESTED

COUNTS INVERTORS

PLACES INVERTORS AND TRUNKS IN THE EB-RECORDS AS DECIDED BY CONTAM

PLACES IMVERTORS AND TRUNKS IN THE EB-RECORDS AS DECIDED BY CONMOL AND CONSM
PLACES INVERTORS AND TRUNKS IN THE EB-RECORDS AS DECIDED BY CONMOL AND CONSM
COUNTS COMPARATOR AND ASSOCIATED POTS AND INVERTORS

COUNTS SERVO MULTIPLIERS AND ASSOCIATED INVERTORS

COUNTS SIGN INVERTORS FOR OUTPUTS OF MULTIPLIERS

COUNTS ELECTRONIC MULTIPLIERS AND ASSOCIATED INVERTORS

COUNTS DFG AND ASSOCIATED INVERTORS

QUARTER
TE

S sSQ
OR QUAR S

RE gULTIPLIERS WITH ASSOCIATED AMPLIFIER AND INVERTORS AND CONSTRUCTS TABLE

UA
R SQUARE

CONSM

CONTAM

FPG

INVUSC

PRIGO

RICALW

SIGN

TRUKIN

TRUKIX

VCOM

VEREB

VERNA

WRQIN

ZQINV

ATTINY

ICOUNT

RICALT

SIMIN

SIPLUS

LCOMP

3
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INVERTORS

INVERTORS

KTYPE~CODE

KTYPE-CODE

LEVEL ZERO

LEVEL ZERO

LINEAR

LINEAR

LINEAR

LINEAR

LIST

LIST

LIST

LISY

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

COUNTS INVERTORS ASSOCIATED WITH SWITCHES
COUNTS RESOLVERS AND ASSOCIATED INVERTORS AND POTS
EXTRACTS KTYPF-CODE

GIVES KTYPE-CODE TO DFG , SWITCHES , COMPARATORS , RESOLVERS

SUPPLIES INPUT SATANAS COORDINATES FOR TERMS ON RIGHT HAND SIDE OF LINEAR EQUATION
SUPPLIES INPUT CONNECTIONS FOR TERMS ON RHS OF LINEAR EQUATIONS FOR PANEL CONNECTIONS LIST

sES THE SIGNS OF ALL VARIABLES APPEARING IN LINEAR EQUATIONS AND DECIDES WHICH NEED AN

INSERTS IN A LIST A VECTOR OR ANOTHER LIST

OBTAINS THE ADDRESS OF THE NEXT ELEMENT IN A TWO DIMENSIONAL LIST

FINDS THE PRECEDiNG OR SUCCEEDING ELEMENT IN A LIST . USED WITH TABLE VETT
OBTAINS THE ADDRESS OF THE PRECEDING ELEMENT IN A TWO DIMENSIONAL LIST

éf%F8%¥¥ A SEQUENTIAL VECTOR INTO A LIST FORM VECTOR WHEN SUBLISTS ARE NOT PRESENT . USED FOR

TRANSFORMS A SEQUENTIAL VECTOR INTO A LIST FORM VECTOR
DEFINES A PART OF A LIST AS A NEW LIST

CONSTRUCTS LIST HEADERS FOR CONSTRUCTION OF TABLE VETT
EXTRACTS THE N-TH ELEMENT PRECEDING THE CURRENT ONE IN A LIST
EXTRACTS THE N-TH ELEMENT FOLLOWING THE CURRENT ONE IN A LIST
END OF LIST TEST

ERASES A LIST

ERASES A PART OF A LIST

LIST COMPARE

ISK5

LIRES

IDEQ

ISPEQ

LZP

LZP2

CONTAM

SECMEA
SECMEX

SIGN

AFTER

ANR

APCW1

APR

BLDY

BUILD

DEFINE

ELIST

DLAST

DNEXT

END

ERASEL

ERASES

LCMP

2@ dADbvVd



LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LISTS

LISTS

LOGICAL TREE

M-CODE

MAIN ELEMENT

MAIN ELEMENT

MAIN ELEMENT

MAIN ELEMENT

MAIN ELEMENT

MAIN ELEMENT

MAIN ELEMENT

MAIN ELEMENT

DUPLICATES A LIST

TRANSFORMS A TWO DIMENSIONAL ARRAY INTO A TWO DIMENSIONAL LIST FORM ARRAY

COUNTS THE NUMBER OF VARIABLES WHICH APPEAR IN A BRANCH QF A LIST FORM EQUATION

PLACES NEW INFORMATION IN AN ELEMENT OF A LIST

CONNECTS THE CELLS OF THE LIST PROCESSING STORAGE

FINDS LIST HEADER FOR TABLE VETT

OBTAINS THE ADDRESS OF THE ROW OR

CONNECTS CELLS OF LIST PROCESSING

DEFINES A LIST AS A SUBLIST OF AN

DEFINES A LIST AS A SUBLIST OF AN

SUB LIST HEAD TEST

COLUMN HEAD IN A TWO DIMENSIONAL LIST
STORAGE WHEN SUBLISTS ARE NOT PRESENT . USED FOR TABLE VETT
ELEMENT WHICH IS ALREADY A SUBLIST HEAD

ELEMENT WHICH IS NOT A SUBLIST HEAD

SEE DNEXT AND DLAST . LIST PROCESSING

TRANSFORMS A LIST INTO A SEQUENTIAL VECTOR

LIST PROCESSING ERROR ROUTINE

USED BY ROUTINE AFTER TO JOIN TWO ELEMENTS OF TWO DIFFERENT LISTS

EXTRACTS VECTOR FROM LISTS FOR TABLE VETT

TRANSFORMS EQUATIONS INTO LOGICAL TREE FORM

EXTRACTS M-CODE

MAKES CONNECTION BETWEEN MAIN ELEMENT AND ITS INVERTOR

SUPPLIES CONNECTION BETWEEN MAIN

FOR MAIN ELEMENT INCREASES

gVERTOR OR

TOTAL

TRUNK

TRUNK

TRUNK

ELEMENT AND ITS INVERTOR FOR PANEL CONNECTIONS LIST

OF OUTPUTS REQUIRED BY ONE IF ENTERS AN INVERTOR

FOR MAIN ELEMENT IN EB-RECORD . USED FOR MULTIPLIERS NOT

FOR MAIN ELEMENT IN EB-RECORD . USED FOR SERVO MULTIPLIERS

FOR MAIN ELEMENT IN EB-RECORD . USED FOR LINEAR COMPARATOR

CALCULATES TOTAL OF OUTPUTS REQUIRED FROM A MAIN ELEMENT OR ITS INVERTOR ON ANY CONSOLE

LCPY

LELLA2

LSCAN

PLACE

RESET

RNLST

RRH

RST1

SLIST

SLISTH

SLTRA

SNEXT

STRING

WLPD

JOIN

VFL

TREE

MULTCD

COLLIN

coLLIX

COMCON

CONMOL

CONSM

CONTAM

FPG

PRIGO

¢8 FOVL



MAIN ELEMENT

MAIN ELEMENT

MAIN ELEMENT

MAIN ELEMENT

MAX VALUE

MAX VALUE

MEAN VALUE

MEAN VALUE

NETWORK

NETWORK

NL-CODE

NON-LINEAR

NON-LINEAR

NON-LINEAR

NON=-LINEAR

OMIT

OMIT

OMIT

OMIT

OMIT

ON-LINE

ON-LINE

ON-LINE

ON-L INE

ON-LINRB

ON—-L INE

6[N ELEMENT OR ITS INVERTOR AND INCREASES

?2$LIES CONNECTIONS FOR INPUT TO TRUNK FROM MAIN ELEMENT OR INVERTOR FOR PANEL CONNECTIONS

ATTACHES TO EACH VARIABLE THE SIGN WITH WHICH IT OUTPUTS FROM ITS MAIN ELEMENT
REPLACES IC , MAX VALUE OR SCALE FACTOR CELL IN SYMBOL TABLE WITH NEW VALUE
EXTRACTS THE CONTENTS OF IC , MAX VALUE OR SCALE FACTOR CELLS FROM SYMBOL TABLE
CALCULATES MEAN VALUE

CONSTRUCTS THE NAME OF THE MEAN VALUE OF A PERTURBED VARIABLE

GENERATES POT SETTING , READ OUT , NETWORK CARDS

WRITES ON TAPE POT SETTING , READ OUT , NETWORK CARDS

GIVES NL-CODE FOR NON-LINEAR AUXILIARY VARIABLES

GENERATES NON-LINEAR AUXILIARY EQUATIONS

SUPPLIES EQM-RECORD FOR NON-LINEAR AUXILIARY EQUATIONS

GIVES GP-CODE FOR NON-LINEAR AUXILIARY VARIABLES

GIVES NL-CODE FOR NON-LINEAR AUXILIARY VARIABLES

ERROR ROUTINE FOR-OMIT .

ERROR ROUTINE FOR OMIT

OMIT FOR AMPLIFIERS

GENERAL OMIT ROUTINE

OMIT FOR TIEPOINTS

LOADS INPUT ONTO INPUT TAPE IF ON-LINE

PRINTS ON-LINE END OF EDITOR MESSAGES

PRINTS ON-LINE END OF EDITOR MESSAGES

PRINTS DN-LINE ERROR MESSAGES AND RESTART PROCEDURES FOR EDITOR

ON~LINE PRINTING ROUTINE

PRINTS ON-LINE IO-MESSAGES AND RESTART PRDCEDURES FOR EDITODR

RICALMW

TRUKIN

TRUKIX

VLIN

LINO}

voci

AVER

BUPPA

CSEL

PUNCH

TYPE

AGENT

AUXREC

FLAG

TYPE

EONERR

ERRNUS

OMITA

OMITG

OMITN

CcTs

ENDMS

ENDMS3

PREMG

PRINT

PRIOEM

e V4



OPERATOR

62E8EéFéESPﬁEEHg%XEE E;%gggSESNEASHegqE%gNB_éEgogggRATOR OF EQUATIONS . RECOGNISES AND COMPUTES IDNTFY
OPERATOR TESTS 1F AN OPERATOR IS PLUS QR MINUS TST
OPTION STORES SIGNALS FOR OPTION CARDS CNTRCD
OUTPUT LIST 86¥§G%TEI§$OM SYMBOL TABLE ALL INFORMATION RELATIVE TO PARAMETERS AND VARIABLES NECESSARY FOR TIDEN
OUTPUT LIST GENERATES INFORMATION FOR CROSS-REFERENCES FOR OQUTPUT LIST vvv
PANEL CONNECTIONS SUPPLIES OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST ARRIX
PANEL CONNECTIONS SUPPLIES OUTPUT AND INPUT CONNECTIONS OF POTS FOR PANEL CONNECTIONS LIST ARRPOX
PANEL CONNECTIONS SUPPLIES CONNECTION BETWEEN MAIN ELEMENT AND ITS INVERTOR FOR PANEL ZONNECTIONS LIST coLLix
PANEL CONNECTIONS SUPPLIES COMPARATOR OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST COoMuUX
PANEL CONNECTIONS SUPPLTES CONNECTIONS RELATIVE TO IC CIRCUIT FOR PANEL CONNECTIONS LIST CONDIX
PANEL CONNECTIONS SUPPLIES DFG OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST DFGUX
PANEL CONNECTIONS SUPPLIES DFG FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST ENTDFX
PANEL CONNECTIONRS SUPPLIES HIGH ACCURACY MULTIPLIER FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST ENTHAX
PANEL CONNECTIONS SUPPLIES QUARTER SQUARE MULTIPLIERS FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST ENTQSX
PANEL CONNECTIONS SUPPLIES SERVO MULTIPLIER FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST ENTSEX
PANEL CONNECTIONS SUPPLIES SWITCH INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST ENTSX
PANEL CONNECTIONS SUPPLIES AND WRITES REFERENCE AND GROUND IN PANEL CONNECTIONS LIST RESTA
PANEL CONNECTIONS SUPPLIES FIXED CONNECTIONS AND CAPACITIES FOR AMPLIFIERS IN PANEL CONNECTIONS LIST SATAX
PANEL CONNECTIONS SUPPLIES INPUT CONNECTIONS FOR TERMS ON RHS OF LINEAR EQUATIONS FOR PANEL CONNECTIONS LIST SECMEX
PANEL CONNECTIONS WRITES A LINE IN PANEL CONNECTIONS LIST STAM
PANEL CONNECTIONS PREPARES NAME OF VARIABLE FOR PANEL CONNECTIONS LIST STAVA
PANEL CONNECTIONS SUPPLIES CONNECTIONS FOR AUXILIARY NETWORKS AND RESISTANCES FOR PANEL CONNECTIONS LIST SUMJOX
PANEL CONNECTIONS SUPPLIES SWITCH OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST SWUX
PANEL CONNECTIONS SUPPLIES ELECTRONIC MULTIPLIERS OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST TDVUX
PANEL CONNECTIONS PREPARES MESSAGE FOR WRITING OF PANEL CONNECTIONS LIST TEX
PANEL CONNECTIONS SUPPLIES TIEPOINT INPUT AND OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST TIEUX
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PANEL

PANEL

PANEL

PANEL

PANEL

PANEL

PARAMETRIC EXPRESSIONS

PARAMETRIC EXPRESSIONS

CONNECTIONS

CONNECTIONS

CONNECTIONS

CONNECTIONS

CONNECTIONS

CONNECTIONS

PARTITION

PATCH

PATCH

PATCH

PATCH

PATCH

PATCH

PATCH

PERTURBED VARIABLE

PERTURBEO VARIABLE

Pl

Pl

PANEL

PANEL

PANEL

PANEL

PANEL

PANEL

PANELS

POT SETTING

POT SETTING

POTS

POTS

POTS

POTS

LIES CONNFECTIONS FOR INPUT TO TRUNK FROM MAIN ELEMENT OR INVERTOR FOR PANEL CONNELTIONS

wo
-0

SUPPLIES OUTPUT CONNECTIONS FOR ELEMENTS NOT TIEPOINTS FOR PANEL CONNECTIONS LIST
SUPPLIES COMPARATOR COIL AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
SUPPLIES RESOLVER OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST

SUPPLIES RECORDER AND VARIPLOTTER INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
SUPPLIES RESOLVER FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
6REQE§F6§SPA§RME%XEE E;%ggg 8N§ RATOR OF EQUATIONS . RECOGNISES AND COMPUTES
STORES IN SYMBOL TABLE THE VALUE OF PARAMETRIC EXPRESSIONS

ATTRIBUTES THE INTEGRATORS BY PARTITION

ERROR IN COD1 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERROR [N COD2 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERROR IN COD3 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

ERROR IN ADR1 ON PATCH PANEL DESCRIPTION CARDS FOR LINK 7

SUPPLIES TOTAL OF QUTPUTS AVAILABLE ON PATCH PANEL FOR EACH ELEMENT

FINDS ON PATCH PANEL UNUSED ANALOG ELEMENT NEAREST TO A GIVEN ELEMENT

CONSTRUCTED BY LINK 7 CONTAINS DATA OF ALL PATCH PANELS OF INSTALLATION IN MACHINE CODE
CONSTRUCTS THE NAME OF THE MEAN VALUE OF A PERTURBED VARIABLE

RECOGNISES IF A VARIABLE IS A PERTURBED VARIABLE

SUBSTITUTES THE CURRENT VALUE FOR A SIGMA OR Pl RECURRENCE PARAMETER

DEVELQPS SIGMA AND Pl EXPRESSIONS

GENERATES POT SETTING , READ OUT , NETWORK CARDS

WRITES ON TAPE POT SETTING , READ OUT , NETWORK CARDS

COUNTS AMPLIFTERS WITH ASSOCIATED POTS AND AUXILIARY NETWORKS

SUPPLIES OUTPUT AND INPUT CONNECTIONS OF POTS FOR PANEL CONNECTIONS LIST

SUPPLIES OQUTPUT AND INPUT SATANAS COORDINATES FOR POTS

&

DUCES ENTRIES OF AMPLIFIERS TO COMPONENT POTS AND GAINS . ASSIGNS AUXILIARY NETWORKS , ENTRY
SISTANCES

NCE

TRUKIX

USCIX

XCRIX

X0CEX

XSRIX

LsCX

IONTFY

vPX

RIPINT

ERRAD]

ERRAD2

ERRCD1

ERRCD2

NUMUSC

PYTAG

PANEL

BUPPA

PERT

SBST

SIGMAP

CSEL

PUNCH

ACOUNT

ARRPOX

ARRPOT

XENTRY
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POTS

POTS

POTS

POTS

PRINT

PRINT

PRINT

PRINTINMNG

PRINTS

PRINTS

PRINTS

PRINTS

QUARTER

QUARTER

QUARTER

QUARTER

QUARTER

QUARTER

QUARTER

QUARTER

QUARTER

READING

READ ING

READING

READING

READING

SQUARE

SQUARE

SQUARE

SQUARE

SQUARE

SQUARE

SQUARE

SQUARE

SQUARE

ATTRIBUTES POTS AND NETWORKS FOR RIGHT HAND SIDE VARIABLES

COUNTS COMPARATOR AND ASSOCIATED POTS AND INVERTORS

COUNTS SWITCH AND ASSOCIATED POTS

COUNTS RESOLVERS AND ASSOCIATED INVERTORS AND POTS

PROCESSES PRINT STATEMENTS FOR SIMULATOR

FOR SIMULATOR WRITES LABELS CORRESPONDING TO AN QUTPUT LINE AS SPECIFIED IN PRINT STATEMENT

SIMULATOR PRINT STATEMENT PRE-PROCESSOR . IDENTIFIES ITEMS OF THE STATEMENT AND GIVES
DIAGNOSTICS

ON-LINE PRINTING ROUTINE

PRINTS ON~LINE END OF EDITOR MESSAGES

PRINTS ON-LINE END OF EDITOR MESSAGES

PRINTS ON-LINE ERROR MESSAGES AND RESTART PROCEDURES FOR EDITOR
PRINTS ON-LINE I0-MESSAGES AND RESTART PROCEDURES FOR EDITOR

LE WHICH ARE ENTRIES TO QUARTER SQJQUARE HIGH ACCURACY OR

SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR QUARTER SQUARE MULTIPLIERS

SUPPLIES QUARTER SQUARE MULTIPLIERS FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
CONTROLS TOTAL OF QUARTER SQUARE MULTIPLIERS REQUIRED

IMPOSE FOR QUARTER SQUARE MULTIPLIERS

IMPOSE FOR QUARTER SQUARE MULTIPLIERS

DETERMINE THE SIGN OF INPUT AND OUTPUT VARIABLES OF QUARTER SQUARE MULTIPLIERS

ATTRIBUTES QUARTER SQUARE MULTIPLIERS

EULTIPLIERS WITH ASSOCIATED AMPLIFIER AND INVERTORS AND CONSTRUCTS TABLE

TAPE READING ROUTINE FOR EDITOR

READING ROUTINE FOR INTERMEDIATE TAPES . USED BY LINKS 36 361 3613 362
READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 341}
READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 342

READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 343

YPR
zComMp
isw
ZZIRES
INPSC
PHEAD

PREPR

PRINT

ENDMS3

ENDMS

PREMG

PRIOEM

CONMOP

ENTQSQ

ENTQSX

QSFAB

Qs1

Qs2

vasQ

Y¥Qs2

2Qs3

EREAD

RUTLET

YRW

YRW2

YRW3
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READING

READS

READS

RECORD

RECORD

RECORD

RECORD

RECORDER

RECORDER

RECORDER

RECORDERS

RECORDERS

REFERENCE

REFERENCE

REFERENCE

RESISTANCE

RESISTANCES

RESISTANCES

RESISTANCES

RESISTANCES

RESOLVER

RESOLVER

RESOLVER

RESOLVER

RESOLVERS

RESOLVERS

READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 343

READS AND COPTES THE CHAIN TABLE IN EDITOR PHASE

READS BCD CARDNS FROM INPUT TAPE

CONVERTS VALUE OF BETA READ FROM RECORD INTO FLOATING POINT

RECORD PACKING ROUTINE

CONVERTS CARDS IMAGES TO A BCD RECORD .

RECORD SPLITTING ROUTINE

PROCESSES RECORDER STATEMENTS

SUPPLIES RECORDER AND VARIPLOTTER INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
COUNTS RECORDER CHANNELS

SUPPLIES SATANAS COORDINATES FOR INPUTS TO RECORDERS AND VARIPLOTTERS
ATTRIBUTES RECORDERS

LOADS REFERENCE AND GROUND INFORMATION FOR TABLE VETT

SUPPLIES SATANAS COORDINATES FOR REFERENCE AND GROUND

SUPPLIES AND WRITES REFERENCE AND GROUND IN PANEL CONNECTIONS LIST

LOADS RESISTANCE AND CAPACITY INFORMATION FOR TABLE VETT

COUNTS CAPACITIES AND RESISTANCES

SUPPLIES SATAMAS COORDINATES FOR AUXILIARY NETWDRKS AND RESISTANCES

SUPPLIES CONNECTIONS FOR AUXILIARY NETWORKS AND RESISTANCES FOR PANEL CONNECTIONS LIST

ggRIES OF AMPLIFIERS TO COMPONENT POTS AND GAINS . ASSIGNS AUXILIARY NETWORKS , ENTRY

PROCESSES RESOLVER STATEMENTS

SUPPLIES SATANAS COORDINATES FOR RESOLVER OUTPUTS

SUPPLIES RESOLVER OQUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST

SUPPLIES RESOLYER FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST

agLE WHICH ARE ENTRIES TO QUARTER SQUARE HIGH ACCURACY OR

GIVES KTYPE-CNDE TO DFG 4, SWITCHES , COMPARATORS , RESOLVERS

YRW4

COPYCT

READ

BFIND

BLANK

CNVRT

SPLIT

RCRDER

XSRIX

ZZRECO

XSRIC

YRCD

KST

REFSER

RESTA

GHST

RESCAP

SUMJON

SUMJOX

XENTRY

RES

XOCEL

XO0CEX

ZSCX

CONMOP

ISPEQ
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RESOLVERS
RESOLVERS
RESOLVERS
RESOLVERS
RESOLVERS
RESOLVERS
RESOLVERS
RESOLVERS
RESOLVERS
RESOLVERS
RIF-TABLE
SATANAS
SATANAS
SATANAS
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES
SATANAS COORDINATES

SATANAS COORDINATES

COMPUTES IC OF VARIABLES OUTPUT FROM RESOLVERS

CONTROLS TOTAL OF RESOLVERS REQUIRED

IMPOSE FOR RESOLVERS

IMPOSE FOR RESOLVERS

ATTRIBUTES IC POT FOR RECTANGULAR RATE RESOLVERS

ATTRIBUTES RESOLVERS

DETERMINES THE SIGN OF INPUT AND OUTPUT VARIABLES OF RESOLVERS

CONTROLS ALL COUNT ROUTINES’FOR MULTIPLIERS AND RESOLVERS

COUNTS RESOLVERS AND ASSOCIATED INVERTORS AND POTS

SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR RESOLVERS

OBTAINS THE RIF-TABLE CELL CORRESPONDING TO A GIVEN VARIABLE

SUPPLIES INTER-AMPLIFIER CODE FOR USE IN SATANAS

PREPARES SATANAS CARDS

PUNCHES SATANAS CARDS

SUPPLIES SATANAS COORDINATES FOR AMPLIFIER OUTPUTS

SUPPLIES SATANAS COORDINATES OF QUTPUTS

SUPPLIES OUTPUT AND INPUT SATANAS COORDINATES FOR POTS

SUPPLIES SATANAS COORDINATES FOR COMPARATOR OUTPUTS

SUPPLIES SATANAS COORDINATES FOR DFG OUTPUTS

SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR DFG

SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR HIGH ACCURACY MULTIPLIERS
SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR QUARTER SQUARE MULTIPLIERS
SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR SERVO MULTIPLIERS
SUPPLIES INPUT SATANAS COORDINATES FOR SWITCH

SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR ELECTRONIC MULTIPLIERS
SUPPLIES SATANAS COORDINATES FOR INVERTOR OUTPUTS

SUPPLIES SATANAS COORDINATES FOR REFERENCE AND GROUND

RESCP
RESFAB
RES1
RES2
YRPIC
YRES
ZRES
2c2
ZZIRES
ZscC
RISY
1us
PUNCHC
ZZILST
AMPUSC
ARRIV
ARRPOT
CoMUSC
DFGUSC
ENTDFG
ENTHAM
ENTQSQ
ENTSER
ENTSW
ENTTDV
INVUSC

REFSER
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SATANAS

SATANAS

SATANAS

SATANAS

SATANAS

SATANAS

SATANAS

SATANAS

SATANAS

SATANAS

SATANAS

SATANAS

COORDINATES

COORDINATES

COORDINATES

COORDINATES

COORDINATES

COORDINATES

COORDINATES

COORDINATES

COORDINATES

COORDINATES

COOURDINATES

COORDINATES

SCALE FACTOR

SCALE FACTOR

SCALE FACTOR

SCALING

SCALING

SCALING

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SELRVICE

FACTOR

FACTOR

FACTORS

ROUTINE

ROUT INE

ROUTINE

ROUTINE

ROUTINE

ROUTINE

ROUTIHE

SUPPLIES

‘SUPPLIES

SUPPLIES

SUPPLIES

SUPPLIES

SUPPLIES

SUPPLIES
TRUNK

SUPPLIES

SUPPLIES

SUPPLIES

SUPPLIES

SUPPLIES

REPLACES

EXTRACTS

EXTRACTS

MODIFIES

ADDS AND

SATANAS COORDINATES OF FIXED CONNECTIONS FOR AMPLIFIERS INCLUDING CAPACITIES

INPUT SATANAS COORDINATES FOR TERMS ON RIGHT HAND SIDE OF LINEAR EQUATION

SATANAS COORDINATES FOR AUXILIARY NETWORKS AND RESISTANCES

SATANAS COORDINATES FOR SWITCH OUTPUTS

SATANAS COORDINATES FOR ELECTRONIC MULTIPLIER OUTPUTS

SATANAS COORDINATES OF QUTPUT AND INPUT FOR TIEPOINTS

SATANAS COORDINATES FOR CONNECTION AETWEEN MAIN ELEMENT AND/OR ITS INVERTOR AND INPUT

SATANAS COORDINATES OF OUTPUT FOR ELEMENTS NOT TIEPOINTS

COIL AND INPUT SATANAS COORDINATES FOR COMPARATORS

SATANAS COORDINATES FUR RESOLVER QUTPUTS

SATANAS COORDINATES FOR INPUTS TO RECORDERS AND VARIPLOTTERS

FIXED AND INPUT SATANAS COORDINATES FOR RESOLVERS

IC + MAX VALUC OR SCALE FACTOR CELL IN SYMBOL TABLE WITH NEW VALUE

FROM SYMBOL TABLE THE IC AND SCALE FACTOR OF A VARIABLE

THE CONTENTS OF IC , MAX VALUE OR SCALE FACTOR CELLS FROM SYMBOL TABLE

ADDRESSES . SERVECE ROUTINE

SUBTRPACTS INTEGERS . SERVICE ROUTINE

FINDS ADDRESS OF A FORTRAN SYMBOL . SERVICE ROQUTINE

BOOLEAN COMPARE . SERVICE ROUTINE

STORES SIGNAL IN WORD . SERVICE ROUTINE . (NOT USED)

STORES SIGHAL IN WORD . SERVICE ROUTINE . (NOT USED)

SHIFTS MEMORY AREA HIGH TO LOW . SERVICE ROUTINE

SATAM

SECMEA

SUMJON

SWUSC

TDVUSC

TIEUSC

TRUKIN

USCITE

XCRIC

XOCEL

XSRIC

1sC

LINOV

VAR

voCct

LZP2

Lze

CMCOIL

ACTW

ADDA

ADR

CNFR

FFG2

FFGI

HTOL
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SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVICE

SERVO

SERVO

SERVO

SERVO

SERVO

SERVO

SERVO

SERVO

SERVO

SERVO

SERVO

SERVO

SERVO

ROUTINE

ROUTINE

ROUTINE

ROUTINE

ROUTINE

ROUTINE

ROUTINE

ROUT INE

ROUT INE

ROUTINE

ROUTINE

ROUTINE

ROUTINE

ROUTINE

CALCULATES THE NUMBER OF WORDS BETWEEN TWO ADDRESSES . SERVICE ROUTINE

LOGICAL SHIFT SERVICE ROUTINE

PERFORMS INDIRECT STORE « SERVICE ROUTINE

SHIFTS MEMORY AREA LOW TO HIGH « SERVICE ROUTINE

INDIRECT CLEAR AND ADD . SERVICE ROUTINE

SUBTRACT ROUTINE FOR ADDRESSES . SERVICE ROUTINE

ADDING ROUTINE . SERVICE ROUTINE

ADDING ROUTINE . SCERVICE ROUTINE

SHIFT SERVICE ROUTINE

SHIFT SERVICE ROUTINE

BOOLEAN COMPARE ., SERVICE ROUTINE

EQUATES TWO SYMBOLS . SERVICE ROUTINE

OBTAINS INFORMATION ABOUT A GIVEN VARIABLE . SERVICE ROUTINE

LOGICAL OR OF A MASK TO A GIVEN ADDRESS . SERVICE ROUTINE

SUBSTITUTES AN INVERTOR OR TRUNK FOR MAIN ELEMENT IN EB-~RECORD . USED FOR SERVO MULTIPLIERS
COUNTS TOTAL 0OF OUTPUTS OF A VARIABLE WHICH ARE ENTRIES TO SERVO MULTIPLIERS
SUPPLIES FIXED AND INPUT SATANAS COORDINATES FOR SERVO MULTIPLIERS

SUPPLIES SERVO MULTIPLIER FIXED AND INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
LOADS SERPVO MULTIPLIER INFORMATION FOR TABLE VETT

PRELIMINARY STAGE OF CONSTRUCTION OF TABLE TSM FOR SERVO MULTIPLIERS

TRANSFERS INFORMATION IN TABLE TSM FOR SERVO MULTIPLIERS

COMPLETION OF CONSTRUCTION OF TABLE TSM FOR SERVO MULTIPLIERS

IMPOSE FOR SERVO MULTIPLIERS

ATTRIBUTES SERVO MULTIPLIERS

IMPOSE FOR SERVO MULTIPLIERS

DETERMINES THE SIGN OF INPUT AND OUTPUT VARIABLES OF PLUS OR MINUS SERVO MULTIPLIERS

VSMS . DETERMINES THE SIGNS OF INPUT AND OUTPUT VARIABLES OF

INDEX
LSHR

LINO

LTOH

PAL

PINCO

RICHEL

RICHIN

RSH

SHL

TEST

TRB

XYZR

YYY

CONSM

CONSP

ENTSER

ENTSEX

MST

SMFAB

SMOUT

SMPVOC

SM2R

SM3R

SMIR

VSMS

VSM
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SERVO

SERVO

SERVO

SIGMA

SIGMA

SIGN

SIGN

SIGN

SIGN

SIGN

SIGN

SIGN

SIGNS

SIGNS

SIGNS

SIGNS

SIGNS MATRIX

SIGNS MATKIX

SIGNS MATRIX

SIGNS MATRIX

SIGNS MATRIX

SIGNS MATRIX

SIMULATOR

SIMULATOR

STMULATOR

DETERMINES THE SIGN OF INPUT AND OQUTPUT VARIABLES OF NORMAL SERVO MULTIPLIERS
ATTRIBUTES SERVO MULTIPLIERS

COUNTS SERVO MULTIPLIERS AND ASSOCIATED INVERTORS

SUBSTITUTES THE CURRENT VALUE FOR A SIGMA OR Pl RECURRENCE PARAMETER

DEVELOPS SIGMA AND Pl EXPRESSIONS

ATTACHES TO EACH VARIABLE THE SIGN WITH WHICH 1T QUTPUTS FROM ITS MAIN ELEMENT
DETERMINE THE SIGN OF INPUT AND QUTPUT VARIABLES OF QUARTER SQUARE MULTIPLIERS
DETERMINES THE SIGN OF INPUT AND OUTPUT VARIABLES OF NORMAL SERVO MULTIPLIERS
DETERMINES THE SIGN OF INPUT AND QUTPUT VARIABLES OF PLUS OR MINUS SERVO MULTIPLIERS
DETERMINES THE SIGN OF INPUT AND OUTPUT VARTABLES OF ELECTRONIC MULTIPLIERS
DETERMINES THE SIGN OF INPUT AND OUTPUT VARIABLES OF RESDLVERS

COUNTS SIGN INVERTORS FOR OUTPUTS OF MULTIPLIERS

EES THE SIGNS OF ALL VARIABLES APPEARING IN LINEAR EQUATIONS AND DECIDES WHICH NEED AN
SIGNS OF INPUT AND OUTPUT VARIABLES OF HIGH ACCURACY MULTIPLIERS USED FOR

NES THE SIGNS OF INPUT AND OUTPUT VARIABLES OF HIGH ACCURACY MULTIPLIERS USED FOR
gggsgluﬁlE?PETERgoggégE?NVSTvléTgNVSMS « DETERMINES THE SIGNS OF INPUT AND QUTPUT VARIABLES OF

CONSTRUCTS THE COLUMN HEADER WORDS OF SIGNS MATRIX

CONSTRUCTS THE COLUMN AND ROW HEADERS OF THE SIGNS MATRIX

USED BY ROUTINE WWF IN CONSTRUCTION OF SIGNS MATRIX

PUTS COMPARATOR EQUATIONS INTO SIGNS MATRIX

CONSTRUCTS AN ELEMEMT OF THE SIGNS MATRIX

PUTS SWITCH EQUATIONS INTO SIGNS MATRIX

WRITES ONTO AN INTERMEDIATC TAPE THE COMPILED EQUATIONS . USED WITH THE SIMULATOR

DUMMY ROUTINE USED IN SIMULATOR

PROCESSES PRINT STATEMENTS FOR SIMULATOR

VSMN

YSM2

Ic3

SBST

SIGMAP

VLIN

vasQ

VSMN

VSMS

vTDV

IRES

ZCS

SIGN

VHAMM

VHAMD

VSM

cLCcTy

LAR)

WFORM

XCMAT

WWF

XSMAT

ATRIN

DAUX

INPSC
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SIMULATOR
STMULATOR

SIMULATOR

SIMULATOR

STMULATOR

SIMULATOR

SORT

SORT

SORT

SPECIAL CHARACTERS
STANDARD FORM
STANDARD FORM
STATEMENT NUMBERS
STATEMENT NUMBERS
STATEMENTS
STATEMENTS
STATEMENTS
STATEMENTS
STATEMENTS
STATEMENTS
STRATEGIES

SUMMER

SWITCH

SWITCH

SWITCH

INTEGRATION ROUTINE USED IN SIMULATOR
LOADS COMPILED EQUATIONS AND BUILDS SUBROUTINE DAUX FOR SIMULATOR

9]

R SIMUL E
OMPUTES
OMPUTES

R

I

OR VARIABLES .
£ ARY VARIABLES .
QUATIONS

R EVE
VAL FFI
FO

A

OO
—— >

T PRO
H ALy
C R A

rmo

ESSES LEVEL FROM
OF COEFFICI AUXIL1
GCEBRAIC EQUA THE €
FOR STMULATOR WRITES LABELS CORRESPONDING TO AN OUTPUT LINE AS SPECIFIED IN PRINT STATEMENT

CFS’RINT STATEMENT PRE-PROCESSOR . IDENTIFIES ITEMS OF THE STATEMENT AND GIVES

DUMMY SUBROUTINE FOR SIMULATOR

SORT ROUTINE

COMPARE ROUTINE FOR ROUTINE SORT

SYMBOL TABLE SORT

USED BY SUBROUTINE SYMBOL TO DETECT SPECIAL CHARACTERS
TRANSFORMS EQUATIONS TO THE STANDARD FORM

GROUPS COMMON FACTOURS IN EQUATIONS REDUCED TO THE STANDARD FORM
EXTRACTS STATEMENT NUMBERS

CONSTRUCTS STATEMENT NUMBERS

DETECTS WRITING ERRORS IN PROGRAM STATEMENTS

PROCESSES PRINT STATEMENTS FOR SIMULATOR

PROCESSES THE IMPOSE STATEMENTS WHICH DEFINE A TYPE OF MULTIPLIER
PROCESSES RECORDER STATEMENTS

PROCESSES RESOLVER STATEMENTS

PROCESSES VARIPLOTTER STATEMENTS

SETS ADDRESSING STRATEGIES

IDENTIFIES WHETHER AMPLIFIER 1S SUMMER OR INTEGRATOR

%NVERTOR OR TRUNK FOR MAIN ELEMENT IN EB-RECORD . USED FOR LINEAR COMPARATOR
N

SUPPLIES SWITCH INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST

SUPPLIES INPUT SATANAS COORDINATES FOR SWITCH

INT
LOADER

LZP2

PHEAD

PREPR

PRINTT

CORD

CRITI

SORT

SPCH

POTA

RFZ

STATN

XNSA

DIAGN

INPSC

MPLIMP

RCRDER

RES

VRPLOT

STRSET

NUAMP

CONTAM

ENTSX

ENTSH
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SWITCH

SWITCH

SWITCH

SWITCH

SWITCH

SWITCH

SWITCH

SWITCHES

SWITCHES

SWITCHES

SWITCHES

SWITCHES

SWITCHES

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

SYMBOL TABLE

LOADS SWITCH AND COMPARATOR INFORMATION FOR TABLE VETT

CONTROLS GAINS TO SWITCH CONTACTS . ENTRY TO COUNT ROUTINE FOR SWITCHES
SUPPLIES SATANAS COORDINATES FOR SWITCH OQUTPUTS

SUPPLIES SWITCH OUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST

PUTS SWITCH EQUATIONS INTO SIGNS MATRIX

SEARCHES IN SWITCH TABLE

COUNTS SWITCH AND ASSOCIATED POTS

égh%IETEQUATIONS OF COMPARATORS OR SWITCHES INTO SEVERAL EQUATIONS CORRESPONDING EACH TO A
GIVES KTYPE-CODE TO DFG , SWITCHES , COMPARATORS , RESOLVERS

CONTROLS GAINS TO SWITCH CONTACTS . ENTRY TO COUNT ROUTINE FOR SWITCHES
CONSTRUCTS TABLE FOR SWITCHES

ATTRIBUTES SWITCHES

COUNTS INVERTORS ASSOCIATED WITH SWITCHES

INSERTS GP-CODE IN SYMBOL TABLE

LEROS WORD IN SYMBOL TABLE

EERESS IN SYMBOL TABLE OF VARIABLE IF ALREADY STORED . IF NOT STORES NEW VARIABLE IN

UMBER OF TRUNKS NECESSARY FOR A MAIN ELEMENT AND ITS INVERTOR , STORES THE TOTAL IN

mzZ

EXTRACTS GP-CODE FROM SYMBOL TABLE
SYMBOL TABLE LOOK-UP ROUTINE
REPLACES IC , MAX VALUE OR SCALE FACTOR CELL IN SYMBOL TABLE WITH NEW VALUE

%g: THE SYMBOL TABLE . CONVERTS ALL FLOATING

EXTRACTS THE NAME OF A PARAMETER OR VARIABLE FROM THE SYMBOL TABLE

SEARCHES PARAMETERS IN SYMBOL TABLE

SEARCHES INFORMATION RELATIVE TO A GIVEN VARIABLE IN SYMBOL TABLE

SCST

SWGAIN

SWUSC

SWUX

XSMAT

YSRIC

ISW

CMSW

ISPEQ

SWGAIN

TSW

YSW

ZSW5

AFSIS

AZ2ZS

BRECHT

CLETS2

FPG

LGP

LOOK

LINOY

NAME

NAME 1

PARSE

RSvYMB
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SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYMBOL

SYMBOL
SYMBOL

SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYM8BOL
SYMBOL
SYMBOL
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTFM
SYSTEM

SYSTEM

TABLE

TABLE

TABLE

TABLE

TAPLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

PLACES THE COMPUTED IC IN 5YMBOL TABLE
SYMBOL TABLE LOOKUP FOR VARIABLES AFFECTED BY IMPOSE OF A TYPE OF MULTIPLIER

SYMBOL TABLE SORT

FINDS GP-CODE IN SYMBOL TABLE FOR VARIABLES IN MULTIPLIER TABLES

STORES

STORES

IN SYMBOL TABLE VARIABLES AFFECTED BY A TYPE OF MULTIPLIER IMPOSE

PARAMETERS AND VAR[ABLES IN SYMBOL TABLE

SEARCHES A VARIABLE IN SYMBOL TABLE

CONTROLS TOTAL OF OUTPUTS FOR EACH ELEMENT AND ATTRIBUTE SSARY TAKINS
ACCOUNT OF TRUNKS . PUTS ADDRESSING INFORMATION FOR TIEP E
86;§G$T31§¥0M SYMBOL TABLE ALL INFORMATION RELATIVE TO PARAMETERS AND VARIABLES NECESSARY FOR

SEARCHES A VARIABLE IN SYMBOL TABLE

STORES

ASSOCIATES A NUMBER WITH EACH VARIABLE

EXTRACTS FROM SYMBOL TABLE THE IC AND SCALE FACTOR OF A VARIABLE

EXTRACTS THE CONTENTS OF IC , MAX VALUE OR SCALE FACTOR CELLS FROM SYMBOL TABLE

STORES

STORES

APACHE

APACHE

APACHE

SYSTEM

APACHE

APACHE

APACHE

APACHE

SYSTEM

SYSTEM

TPUNKS FLAG IN SYMBOL TABLE

IN SYMBOL TABLE THE VALUE OF PARAMETRIC EXPRESSIONS

ADDRESSING INFORMATION IN SYMBOL TABLE

SYSTEM CHAIN ROUTINE

SYSTEM EXIT ROUTINE

SYSTEM DUMP ROUTINE

ERROR DIAGNOSTIC, ROUTINE

SYSTEM TEST

SYSTEM TEST

SYSTEM TEST

SYSTEM TEST

ERROR DIAGNOSTIC ROUTINE FOR LINKS 36 AND 361

ERROR DIAGNOSTIC ROUTINE FOR LINK 3613

IN THE SYMBOL TABLE

SETIC
SMVAR
SORT
STABLE
STMY
STORE
SYRES

TIEPOD

TIDEN

TNEWT2

TRUTI

VARN

VAR

voC

vPX

YSYW

CHAIN

EXITA

FDUMP

PINTA

PSYMB

WRNV

WRTST

ZREC

IZPN

112PX
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TAPE WRITES ONTO AN INTERMEDIATE TAPE THE COMPILED EQUATIONS . USED WITH THE SIMULATOR ATRIN
TAPE TAPE COPYING ROUTINE USED IN EDITOR copy
TAPE LOADS INPUT ONTO INPUT TAPE IF ON-LINE CTs
TAPE TAPE READING ROUTINE FOR EDITOR EREAD
TAPE WRITES ON TAPE POT SETTING , READ OUT , NETWORK CARDS PUNCH
TAPE WRITES FAP ROUTINE PANEL ON TAPE PUNP
TAPE READS BCD CARDS FROM INPUT TAPE READ
TAPE TAPE SKIPPING ROUTINE FOR EDITOR SK1pP
TAPE TAPE WRITING ROUTINE FOR EDITOR WRITE
TAPES READING ROUTINE FOR INTERMEDIATE TAPES . USED BY LINKS 36 361 3613 362 RUTLET
TAPES WRITING ROUTINE FOR INTERMEDIATE TAPES . USED BY LINKS 36 361 3613 362 RUTHR
TAPES ALLOCATES TAPES SETTAP
TAPES READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 341 YRW
TAPES READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 342 YRW2
TAPES READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 343 YRW3
TAPES READING WRITING ROUTINE FOR INTERMEDIATE TAPES USED BY LINK 343 YRWY
TIEPOINT LOADS TIEPOINT INFORMATION FOR TABLE VETT NST
SRR 0T OTRbnRE OUFEYE A58 AT REREA B FOR BUEES LESPRANT,HUEL YiREgSnRy Tavve rieeo
TIEPOINT SUPPLIES TIEPQINT INPUT AND QUTPUT CONNECTIONS FOR PANEL CONNECTIONS LIST TIEUX
TIEPOINTS OMIT FOR TIEPOINTS OMITN
TIEPOINTS SUPPLIES SATANAS COORDINATES OF OUTPUT AND INPUT FOR TIEPOINTS TIEUSC
TOTAL OF QUTPUTS FOR MAIN ELEMENT INCREASES TOTAL OF OUTPUTS REQUIRED BY ONE IF ENTERS AN INVERTOR COMCON
TOTAL OF OUTPUTS %8%E¥§OL?EAhU8$IgBIgggsogFRésgﬁSEQQLE WHICH ARE ENTRIES TO QUARTER SQUARE HIGH ACCURACY OR CONMOP
TOTAL OF OQOUTPUTS COUNTS TOTAL OF OQUTPUTS OF A VARIABLE WHICH ARE ENTRIES TO SERVO MULTIPLIERS CONSP
TOTAL OF OUTPUTS SUPPLIES TOTAL OF OUTPUTS AVAILABLE ON PATCH PANEL FOR EACH ELEMENT NUMUSC

TOTAL OF OQUTPUTS CALCULATES TOTAL OF OUTPUTS REQUIRED FROM A MAIN ELEMENT OR TITS INVERTOR ON ANY CONSOLE PRIGO
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TOTAL OF QUTPUTS

TOTAL OF OUTPUTS

TPOM

TPOM

TPOM

TPOM

TPOM

TPOM

TPOM

TRUNK

TRUNK

TRUNK

TRUNK

TRUNK

TRUNK

TRUNK

TRUNKS

TRUNKS

TRUNKS

TRUNKS

TRUNKS

TRUNKS

TRUNKS

TRUNKS

FINDS WHETHER ENTRY TO ELEMENY COMES FROM MA

TOTAL OF QUTPUTS FOR MAIN ELEMENT OR INVERTO&N FLEMENT OR 1TS INVERTOR AND INCREASES
CONTROLS TOTAL OF OUTPUTS FOR EACH ELEMENT AND ATTRIBUTES TIEPOINT WHEN NECESSARY TAKIN
ACCOUNT OF TRUNKS . PUTS ACDRESSING INFORMATION FOR TIEPOINTS IN SYMBOL TABLE NG

CONTROLS 1IN TABLE TPOM [F GIVEN ELEMENT AVAILABLE
ADD AND SUBTRACT ROUTINE FOR USE WITH TABLE TPOM
ADD AND SUBTRACT RWQUTINE FOR USE WITH TABLE TPUM
ADD AND SUBTRACT RCUTINE FOR USE WITH TABLE TPOM
ADD AND SUETRACT RQUTINE FOR USE WITH TABLE TPOM
ADD AND SUBTRACT ROUTINE FOR USE WITH TABLE TPOM
COUNTS AVAILABLE ANALOG ELEMENTS AND CONSTRUCTS TABLE TPOM

gVERTOR OR TRUNK FQOR MAIN ELEMENT IN EB-RECORD . USED FOR MULTIPLIERS NOT

SUSSTITUTES AN INVERTOR OR TRUNK FOR MAIN ELEMENT IN EB-RECORD . USED FOR SERVO MULTIPLIERS

NVERTOR OR TRUNK FOR MAIN ELEMENT IN EB-RECORD . USED FOR LINEAR COMPARATOR

IES SATANAS COORDINATES FOR CONNECTION BETWEEN MAIN ELEMENT AND/OR ITS INVERTOR AND INPUT
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ON REQUEST OF AN QUTPUT TRUNK BLOCKS THE CORRESPONDING INPUT TRUNK

COUNTS

THE NUMBER OF TRUNKS NECESSARY FOR A MAIN ELEMENT AND ITS INVERTOR . STORES THE TOTAL IN
SYMBOL TABLE

L
PLACES IMVERTORS AND TRUNKS IN THE EB-RECORDS AS DECIDED BY CONTAM

PLACES IMVERTORS AND TRUNKS IN THE EB-RECORDS AS DECIDED BY CONMOL AND CONSM
PLACES INMVERTNRS AND TRUNKS IN THE EB-RECORDS AS DECIDED BY CONMOL AND CONSM

SARY TAKING

STORES TRUNKS FLAG IN SYMBOL TABLE
FINDS INPUT OR OUTPUT TRUNKS OF A GIVEN VARIABLE

ASSIGNS TRUMKS

RICALW

T1EPO

CTPOM

TDECY

TDEC2

TDEC3

TDECY

TDECS

ZCTP

CONMOL

CONSM

CONTAM

I10ST

TRUKIN

TRUKIX

YITKR

FPG

RICALT

SIPLUS

SIMIN

TIEPO

TRUTI

YITKCR

YTK2
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VALUE OF COEFFICIENTS
VALUE OF COEFFICIENTS

VALUE OF COEFFICIENTS
VARIPLOTTER
VARIPLOTTER
VARIPLOTTERS
VARIPLOTTERS
VARIPLOTTERS

VETT

VETT

VETT

VETT
VETT
VETT
VETT
VETT
VETT
VETT
VETT
VETT
VETT
VETT

VETT

VETT

vETT

CONTROLS VALUE OF COEFFICIENTS

PROCESSES VARIPLOTTER STATEMENTS

SUPPLIES RECORDER AND VARIPLOTTER INPUT CONNECTIONS FOR PANEL CONNECTIONS LIST
SUPPLIES SATANAS COORDINATES FOR INPUTS TO RECORDERS AND VARIPLOTTERS
ATTRIBUTES VARIPLOTTERS

COUNTS VARIPLOTTERS

FINDS THE PRECEDING OR SUCCEEDING ELEMENT IN A LIST . USED WITH TABLE VETT
LOADS AMPLIFIER INFORMATION FOR TABLE VETT

?% A SEQUENTIAL VECTOR INTO A LIST FORM VECTOR WHEN SUBLISTS ARE NOT PRESENT . USED FOR

LOADS INFORMATION COMMON TO ALL ANALOG ELEMENTS FOR TABLE VETT
ORDERS ANALOG ELEMENT TABLE VETT

ORDERS VECTORS OF ANALOG ELEMENTS FOR TABLE VETT

CONSTRUCTS LIST HEADERS FOR CONSTRUCTION OF TABLE VETT

FINDS ANALOG ELEMENT IN ANALOG ELEMENT TABLE VETT

LOADS ELECTRONIC MULTIPLIER INFORMATION FOR TABLE VETT

SELECTS FOR EACH TYPE OF ELEMENT ROUTINE TO CONSTRUCT TABLE VETT
LOADS DFG INFORMATION FOR TABLE VETT

LOADS RESISTANCE AND CAPACITY INFORMATION FOR TABLE VETT

LOADS INPUT AND OUTPUT TRUNK INFORMATION FOR TABLE VETT

LOADS REFERENCE AND GROUND INFORMATION FOR TABLE VETT

LOADS LIMITERS INFORMATION FOR TABLE VETT ( NOT USED )

LOADRS SFRVO MULTIPLIER INFORMATION FOR TABLE VETT

LOADS TIFPOINT INFORMATION FOR TAGLE VETT

LZP2

LZP

SCARTO

VRPLOT

XSRIX

XSRIC

YVP

ZLIVP

APCHW)

AST

8LD1

COMMN

CORD1

CORVE

ELIST

EONA

EST

EW8

FST

GHST

10ST

KST

LST

MST

NS T
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VETTY
VETT
VETT
VETT
VETT
VETT
VETT
VETT
VETT
VETT
VETT
VETT
VETT

W-RECORDS

WRITES
WRITES
WRITES
WRITES
WRITES
WRITES
WRITES
WRITING
WRITING
WRITING
WRITING

WRITING

ORDERS VECTORS OF ANALOG ELEMENTS FOR TABLE VETT

LOADS POTENTIOMETER INFORMATION FOR TABLE VETT

LOADS HIGH ACCURACY MULTIPLIER

INFORMATION FOR TABLE VETT

ORDERS ANALOG ELEMENT TABLE VETT

FINDS LIST HEADER FOR TARLE VETT

FINDS TYPE OF ANALOG ELEMENT IN TABLE VETT

CONNECTS CELLS OF LIST PROCESSING STORAGE WHEN SUBLISTS ARE NOT PRESENT . USED FOR TABLE VETT

LOADS SWITCH AND COMPARATOR INFORMATION FOR TABLE VETT

CONSTRUCTS SYHBOL AND SUBROUTINE CALL FOR TYPES OF ANALOG ELEMENTS TO BE USED FOR TABLE VETT

CONSTRUCZTS PSFUDO INSTRUCTIONS

PREPARES VECTORS FOR EACH TYPE

EXTRACTS VECTNPR FROM LISTS FOR

SEARCHES UNUSED ANALOG ELEMENT

IN FAP FROM TABLE VETT

OF ANALOG ELEMENT FOR TABLE VETT

TABLE VETT

OF A GIVEN TYPE IN ANALOG ELEMENT TABLE VETT

EACHBS? RATOR OF EQUATIONS « RECOGNISES AND COMPUTES

WRITCS ONTO AN INTERMEDIATE TAPE THE COMPILED EQUATIONS . USED WITH THE SIMULATOR

FOR SIMULATOR WRITES LABELS CORRESPONDING TO AN OUTPUT LINE AS SPECIFIED IN PRINT STATEMENT
WRITES ON TAPE POT SETTING , READ OUT , NETWORK CARDS

WRITES FAP ROUTINE PANEL ON TAPE

SUPPLIES AND WRITES REFECRENCE AND GROUND IN PANEL CONNECTIONS LIST

WRITES A LINE IN PANEL CONNECTIONS LIST

WRITES INVERTOR EQUATIONS

CETECTS WRITIMG ERRORS IN PROGRAM STATEMENTS

WRITING POUTINE FOR INTERMEDIATE TAPES . USED BY LINKS 36 361 3613 352

PREPARES MESSAGE FOR WRITING OF PANEL CONNECTIONS LIST

TAPE WRITING ROUTINE FOR EDITOR

MESSAGE WRITING ROUTINE

ORV

PST

QST
RLA
RNLST
RNEL
RSTY
SCST
TAB
TRAN
VECT
VFL
YRV

IDNTFY

ATRIN
PHEAD
PUNCH
PUNP
RESTA
STAM
WRQIN
DIAGN
RUTWR
TEX
WRITE

WMNS
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WRITING

WRITING

WRITING

WRITING

READING WRITING

READING WRITING

READING WRITING

READING WRITING

ROUT INE

ROUTINE

ROUTINE

ROUT INE

FOR

FOR

FOR

FOR

INTERMEDIATE

INTERMEDIATE

INTERMEDIATE

INTERMEDIATE

TAPES

TAPES

TAPES

TAPES

USED BY

USED BY

USEL BRY

USED BY

LINK

L INK

LINK

L INK

341

342

343

343

YRW

YRW2

YRKW3

YRWY

00t @VI
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L. LOGIC OF MAIN SECTIONS
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4.1 THE APACHE LIST PROCESSING

lio1+1 General

One way of storing information in the core storage is
that of putting it sequentially in adjacent cells.

With this method, to insert or delete an element we must
change the physical position of a part of the information,
and this operation could imply a long processing time which
depends on the volume of information. This method of storage
is successful if the relationship between the different
elements is sequential, that is, if their relative position
is able to show the existing relationship. It would be rather
difficult to show by a sequential storage the concept of
subordination, although it is possible.

Another way of storing information is that of making
the concept of relationship between two elements independent
of the physical position in which they are stored. In this
case, together with the element of information itself, the
locstions of the preceding as well as of the succeeding
element are also stored. This technique permits easy locating
of the different elements of information and fast addition
of information.

The method is referred to as list processing. In the
APACHE System list processing is used whenever it is necessary
to process large amount of information of variable length
which need to be often modified, as:

a. while constructing the SYMBOL TABLE. (LINK 1)
b. while transforming equations to standard form. (LINK 21)

c. while construncting the cross-references table. (LINK L)

Le1e2 List and Sublist

In the Apache List Processing System one element of
information is stored in two neighbouring locations: one
contains the element itself, the other contains the addresses
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of its preceding and succeeding elements.

A number of elements stored in this way is called a LIST.
An element of the list may have a subordinate 1list which, in
general, is a specifier of the element. A subordinate list is
called a SUB-LIST. Elements of a sub-~list may also have sub-
listse.

Le1e3 Structure of a list

As explained above an element of a list is made of two
words of storage:

1. Control word (location A)

Bits Contents

S { 1 Last element of the list
0 Other elements

1 { 1 This element has a sublist
0 This element has no sublist

2 { 1 First element of the list
0 Other elements

3-17 8. The element is the first

of a sublist: Address of
the element succeeding
the element to which the
sublist is attached

be. The element is the first
of a main list: zero

Ce The element is not a. nor

b. address of the preceding
element.

18-20 not used
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Bits Contents
01-35 a. The element is the ast
of a list: zero

De The element is not the
last: address of the
succeeding element

», Information word (location A-1)

Bits Contents
S-35 Information
Example:

1. List with no sublist.

A1-1 Information
A
1 1 0 A2
A-1 Information
2p
2 0 A1 Ai
A_-1 Information
5
3 L A2 0

2. List with sublists

List
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List Sub-1list 1
B
A? 2 A1 B1 1 1 A3 B2
Sub-list 2
A B C
3 0 A2 Ah 2 0 B1 C1 1 5 Bﬁ

B
AL;L;.AlO3)4B2‘O

Le1s4 Storage Allocation

In the Apache System a fixed portion of the core storage
is reserved for list storage and processing. This is located
in the COMMON and called BLIST. In addition the address of the
control word of the first element of each main list which is
defined is stored in a sequential table ALIST. In this way it
is possible to refer to a given list by knowing the relative
location of ALIST which contains the address of its first
element.

Le1.5 The list processing subroutines

A description of the principle routines used in the list
processing.

Le1eHel Construction of a list

SUBROUTINE RESET

This subroutine is used before any list operation is
started. It constructs an empty list which occupies the whole
storage assigned (BLIST).
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SUBROUTINE BUILD (A(1), A(N), K)

This subroutine constructs a 1list whose first address is
found in ALIST(K). The information is taken from the vector A
and each word 1is considered one information word of the list.

Example

N=3, K=5
CALL BUILD (2(1), z(3), 5)

Result:

L,-1 z(1)

L, T0 [L, ALIST (5) [O] o [o] L,
L,-1 Z(2)

L o[ L, [L,

Ly~1 Z(3)

L 4| L, |0

Note: the subroutine BUILD may. also be used as a function.
In this case the value of the function will be the

address of the last element of the generated List.

Example:

A = BUILD (Z(‘l), Z(B)’ 5)
after execution A = L3

SUBROUTINE DEFINE (A1, A2, K)

Given a list M two elements of which are E1 and E2
with addresses A1 and A2 respectively, and E2 comes logically
after E1, this subroutine constructs the 1list K with all
the elements of the list M from E1 to E2. These are deleted

from the 1ist M.,



Example

Address E1
Address E2
First address 1list K in ALIST (7)
First address 1list M in ALIST (3)

CALL DEFINE (L2, L4, 7)

List M (before execution)

Ly

Lg

List M (after execution)

L

L2
Ly

1| 0 L
TE
0 L2 L
0 L3 L5
ol | 6|
L Lﬁ, §)

11 O L
0 L1 L6
0
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List K (after execution)

L2 110 L3
L3 0 L2 Lh

ALIST (3) L

ALIST (7) L
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SUBROUTINE AFTER (E, A(1), A(N))
SUBROUTINE FORE (E, A(1), A(N))

If E is an element of a given List, the subroutine AFTER
inserts between E and 1ts succeeding element the N new elements
whose information word is found in the vector A. The subroutine
FORE performs the same operation between E and its preceding

elemente.

Example:

original List (list number 10)

L1 1 0 L2
ALIST (10) L1
L2 0 L1 L3
Ly L1 L, 0
CALL AFTER (L,, A(1), A(2))
Resulting list
L, 1 0 L,
L, o] T, Lu_
ALIST (10) L,
. A(1)
L o L, L5
. A(2)
5 [O] &, | Ls
L3 L L 0
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CALL FORE (L,, 2(1), 2(1))

Resulting List

Z(1

Lg 1 0 L

L, o] I L,

L, ol L, Lu ALIST (10) Lg
INE

L, o] L, L,
A(2

L5 0 LLL Li

L3 n L57 0

SUBROUTINE INSLA (E, L1, L2)
SUBROUTINE INSLF (E, L1, L2)

If E is an element of a given list, and L1 and L2 are two
elements of another list, L2 coming logically after L1, the
subroutine INSLA inserts between E and its succeeding element
the elements L1 to L2 of the second list. The subroutine
INSLF performs the same operation between E and its preceding
element. In both cases elements L1 through L2 are deleted from
the second list.
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Example:
L L2 S1 82
Before execution
L2 L1 Li 82 S1 S3
Ly [(Bp | Dy S5 [ S2 | Sy
L, L, Ly 8, S, S;
Ly L, 85 5,
CALL INSLA (L2, S2, Si)
L, L, s, Sy
After execution
L, L, 5, S5 5,
5, L, 5,
54 5, 5,
w53 Ls
L, S, L,
L, L, L
oL Ly
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Let1e5.2 List processing

FUNCTION DNEXT (I,E)
FUNCTION DLAST (I,E)

IT E is an element of a given List the value of the
function DNEXT is the information word of the I-th element
succeeding E, the value of DLAST is the information word of
the I-th element preceding E.

Each time DNEXT is called, after the execution the cell
CNEXT in the COMMON storage contains the address of the control
word of the resulting element. After the execution of DLAST
the cell CLAST in the common storage contains the address of
the control word of the resulting element.

Example:

List
c(1

L1 1 0 Lg_
c(2

L2 0 L1 L3
c(3

L3 0 L2 L
cly

Lu L L3 0

A = DNEXT (2, L2)

Result:
A =c(u)

CNEXT = Lh

B = DLAST (1, CNEXT)
Result:

B = C(3)

CLAST = L3
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FUNCTION SLTRA (E)

If E is an element of a list and it has no sublist then
the value of the function is zero. If it has a sublist, the
value of the function is the address of the control word of

the first element of the sublist.

Example:
L1 0 0 L2
L, 2] L, 5, 5, 1 ;3 5,
L3 L L, 0
A = SLTRA (L1) =0
A = SLTRA (Lp) = S,

FUNCTION END (E)

If E is not the last element of a list the value of the
function is # 0. If B is the last element the value of the

function is zero.

Lelehe3 Erasure of lists

SUBROUTINE ERASEL (I)

The 1list I is erased. This means that it cannot be referred
to any more. The storage occupied by the List I is made

available for a new list.
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L2 TRANSFORMATION OF EQUATIONS TO STANDARD FORM

L4e2.1 The STANDARD FORM

The standard form of an equation is defined as follows:

VARIABLE
DER (VARIABLE) = 3

. PARAMETRIC EXPRESSION,; # VARIABLE {
ZERO (VARIABLE)

i=1

The first operation performed in order to obtain the
standard form of an equation is that of reorganising the
physical structure of the equation itself in order to permit
a quick and powerful processing using list-processing. This
operation is done by assigned a hierarchical value to each
arithmetic operator or parenthesis which appears in the
equation. This value is called LEVEL-VALUE,

The level-value is determined as follows:

a) The equals sign (=) has by definition a level-value equal
to zero.

b) The equation is scanned from left to right and each
consecutive pair of operators is taken into consideration
in turn. ("operators" for this purpose includes, besides the
arithmetic operators, parenthesis open and close,
beginning of equation, and end of equation).

To each pair corresponds an increment or decrement of the
level-value as shown in Fig. 1.
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Next Beginning or
Presen operator end of ( ) + */ _
operator statement
Beginning or
end of
statement +3 +1 +0 0
( +2 0 9 1 +1
) =5 -2 | -2 -1 -3
z -1 +2 | 0 |0 +1 -1
*/ -2 +1 =1 [-1 0 -2
= Y +3 +1 +2
FIG. 1

B.g. for the equation:
X = (A+B) * (Y+2) - (C/(W+T)+D) * S

the consecutive pairs of operators would be:

Present operator Next operator Increment in Level-value
level-value

Beginning of = +0 0
equation
= ( +3 3
( + +0 3
+ ) +0 3
) * -1 2
* ( +1 3
( + +0 3

and s80 One
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Note that if A is a standard expression of level L, (A)
is one of level L+2 and it is not a standard expression.

A given level is said to be satisfied if it contains
only standard expressions. The standard form of an equation is
obtained by the application of the following rules:

a&. The LHS is transformed into one of the following forms

1. VARIABLE
2. DER (VARIABLE)
3, ZERO (VARIABLE)

be. The RHS is reduced to a standard expression of the minimum

possible level.

c. Each term of the standard expression is transformed
into the following form

+ PARAMETRIC EXPRESSION s VARIABLE

(In this connection note that an arithmetic expression
which contains at least one variable is considered a variable.
For example (A+X)/Y 1is a single variable).

d. If no parametric expression results, one is supplied whose

value 1is 1.

e. If no variable is present the variable REF is supplied.
This is also supplied in cases in which the resulting term

is of the form

+ PARAMETRIC EXPRESSION/VARIABLE
which is transformed to
+ PARAMETRIC EXPRESSION #* REF/VARIABLE

f. Terms containing NULL parameters are deleted. If all
terms are NULL the entire equation is deleted.

g. Terms which have the same variable are grouped together.
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4s2.2 TIhe TREE

The diagrams shown in Fig. 2 are éalled trees. For our
purpose the type of tree in Fig. 2b has been chosen because
it was more suitable for processing by means of the Apache
list processing. The construction of the tree is performed
in the following way:

a) An empty main list is constructed

b) The eguation is scanned from left to right and the level-

values determined as explained in 4.2.2 a) and b)

c) Every time the level-value is increased by one unit a
"dummy element" is placed in the next available position
of the list in process and an empty sublist is attached
to this "dummy element".

Example
X = (Y+2) »= C

Scanning from left to right:

Present operator Next operator Increment in Level=-value
level-value

Beginning of

equations = +0 0
= ( +3 3
( + +0 3
+ ) +0 3
) * -1 2
* end of -2 0o

equation
we begin, with in the main list:
MAIN LIST (level 0O)
X
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at this point there is an increment in level-value of 3 so we
put a "dummy element" in the next available position of the
main 1list and attach a sublist (level 1), fill in a "dummy
element" and attach a sublist (level 2), fill in a "dummy
element" and attach a sublist (level 3). We continue to fill
in elements in sublist (level 3) until there is another change
of level-value. At this point we have:

Main 1list Sublist Sublist Sublist
(1evel 0) (1evel 1) (level 2) (level 3)

X

N+ g

At the matching of ) with & there is a decrease in level-value
of 1. To represent this we must move back one level to the
sublist of level 2. The organisation of the equation is thus:

N+

Note that parentheses are never placed in the tree.

The general rules for the placing of dummy elements in
the tree are:

1) If the level-value increment is positive, "dummy elements"
are put in the next available position of the list in

process before the level-value is increased.
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2) If the level-value increment is negative, "qummy elements"
are put in the next available position of the list which
is arrived at gfter the level-value has been decreased.

We illustrate a more complicated example

AsX =B (Y+Z) - C » T

Scanning from left to right:

Present Next Increment Level-
operator operator in level- value
value

a) Beginning

of equation * +2 2
b) * = -2 0
c) = » +2 2
d) . ( +1 3
e) ( + 0 3
f) + ) 0 3
g) ) - -2 1
h) - * +1 2
i) . end of -2 0

equation

which gives us, stage by stage:

Main list Sublist Sublist Sublist
(level 0) (level 1) (level 2) (level 3)

a) ®———

J

b) @——

"
R
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These two stages illustrate the general rules for the
placing of the variables in the tree, equivalent to the
rules for the placing of the “dummy elements" stated in 1)
and 2) above.

3) When the level-value is increased, any variable coming
between the pair of operators which have caused the
increase is written in the sublist arrived at after the
level value has been increased.

l4) When the level-value is decreased, any variable coming
between the pair of operators which have caused the
decrease is written in the sublist in process before
the level-value is decreased.

c) CE —
D —
A
*
T X

D —
O—
B
*

da) &—
e) ® ‘
A
) *
= X

|

@D
®——
B
*
®

N+F<J



—
A
*
= X
®—
@—
B
*
- @—.
Y
+
yA
h)  &——
@—
A
*
T X
@ —
@ —
B
*
- & ——
| ¥
6—_‘-\ ;
C
*
i) @—
@
A
%
= X
®—
@
B
|
- & ——\
I Y
&— Y
yA
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The construction of the tree, in the Apache System, is
performed by the subroutine TREE.

Le2.3 Processing of the tree

By definition, if an equation is of level L the expressions
of level L which it contains are all standard expressions;
and since the level-value is increased each time a higher
hierarchy operation is encountered, the processing starts
at the highest level-value reached minus one. The transformation
is then performed in the following way

a. All expressions of the same level are processed in one pass,
b. Even levels are processed as follows:

1. Each multiply operator produces the algebraic development
of the producte.

2. The first divide operator is not processed. Each subsequent
division, if any, is performed by multuplying the dividend
by the divisor of the first fraction.

3. When all the operations have been performed the result is
a standarc¢ expression.

L. The level is satisfied when it contains only standard
expressions.
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Examples:

veee + ASB/X#(Y+Z)/W + ¢use

)
K=1 2K 2K+1

A ®— - J—— L
\ . l A A A
B * l * *
/ / B B B
X X / * / *
* ™ Y Y
&—— b — X oo +
Y | Y . *
+ / + B B
7/ z Wz L B
w W 2 8 i/
an— |
X
*
W
FIG. 5
coee + A ®BX % (Y+2) + ceee
— & — &—
A e &—
. l A A
X * 3
! ™ * X X
e .
. Y i Y Y
+ | + | +
! Z | y/ A
' | | | .
\ f
) ' ' X
| | | . | *
I i
) | | ) Z
1 1
2 2

level-value 2K=1 2K 2K+1 K=1 2K 2K+1

FIG.6

c. Processing of odd levels does not imply any algebraic
development but consists merely in the elimination of
the higher even level which becomes redundant after having
been processed.
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Examples :

ﬁ.Autnutv‘+Autﬂntna —X..W

ﬁT@ ~N ® - - --
+
E CEME >+ SO MEN e
2 ﬁ@ N ® - -
<
A e —_—— -~ _ _
o
+

2K

2K-1

2K+1

2K

2K-1

level-value

7

FIG.

eee + AX X X (Y+Z) + ...

$+.utvatv;+.atvatna
ﬁAutvatv;+Au¢vntna
@

H

2K~1

2K 2K+1

2K-1

level-value

8

FIg.
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d. Steps b. and c. are repeated alternately until level 1 is

satisfied.

The equation at this point is not in the standard form

because:

1. Parameters and variables are not separated.

2. Terms which have the same variables have not yet been
grouped.

3, If the LHS was an expression the LHS variable has not
yet been isolated.

L. REF has not been added where needed.

Two subroutines are used to process the tree. The
subroutine POTA reduces the RHS of the equation to a
standard expression of level 1 and transforms the LHS to a
standard LHS. The subroutine LZP (Level Zero Processor)
obtains the standard form of the equation as explained in

Ll-02c1 )

Le2.4 Parametric Expressions

During the generation of W-RECORDS in LINK 2 (see 8.2)
PARAMETRIC EXPRESSIONS are recognized and coded as a single
item. The value of the expression is recorded in the SYMBOL
TABLE (see also IDNTFY and 7.3} Parametric expressions are
only recognized as such when they are enclosed in parentheses,

This feature has the following advantages:

1. Avoids development and regrouping of the same expression

Example:

(A+B)*X would otherwise give A*X+B*X which would then be
rewritten as (A+B) X after the tree had been processed.

2. Avoids undesired variables being generated as the result

of a division
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Example :
(A+B/C)#X/Y would otherwise give A*X/Y + B*X/(Cx*Y)

3. Permits the analog programmer to influence the standard
form of the equations.

Le3 Minimisation of invertors

Le3s1 General

The aim of LINK 31 is to arrange the signs of the
equations which will make up the analog circuit in such a
way that the number of invertors is as near as possible to

an absolute minimume.

Le3.2 Invertors necessary for technical reasons

For technical reasons assoclated with the analog computer
certain variables will have to be given invertors and these
are assigned before attempting to arrange the signs of the
equations. These cases are as follows:

1) Linear equation with feedback of same sign as output of
element, invertor given to output variable.

2) Normal servo-multiplier, variable entering cup has both
signs.

3) Quarter square multipliers; multiplication - invertor
needed for both factors; division - invertor needed for

quotient and denominator.

L) High accuracy multipliers, as for 3) above.

5) Comparators and switches, if same variable enters on two
contacts it will have positive and negative signe.

6) Resolvers; rectangular, the radius requires an invertor,
polar, the x and y entries need both signs.
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Be3e3 Programmed invertors

The analog programmer can impose the sign with which a
variable is output from its main element, by using PLUS and
NINUS, and can impose an invertor on a variable, by using INV.
(See Programmers Manual page 19). These imposed signs are
taken into consideration in the signs matrix.

Le3e4 Signs Matrix

Le3ehe1 General

Using the list-processing_method described in 4.1 a
two-dimensional matrix is constructed containing all the
linear equations of the problem.

These equations are entered with their signs appearing
as they would on the analog computer, that is a linear,
differential, or ZERO equation has the L.H.S. variable
changed in sign as it would be changed by the amplifier, a
comparator or switch keeps the algebraic signs as there is
no sign-changing in the element.

For the construction of the matrix the signs of the RHS
are entered as written, the sign of the LHS is put negative
for variables output from amplifiers. The matrix is arranged
in rows by equation and columns by variables, with any column
containing only terms of the same variable,

Le3el;e2 Construction of matrix

Each element of the matrix is as follows:

S 3 18 21
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PR address of preceding element of the same row.

SR address of succeeding element of the same row.

PC . address of preceding element of the same column.
SC address of succeeding element of the same column,

G = 2 if this is the first element of a line or column (in
this case PR or PC give the address of the header word
for this line or column)

G = 4 if this is the last element of a row or column (in this
case PR or PC is zero)

2
1]

6 if the two conditions occur together.

Header word for row

S 1 2 3 18 21

S S1 U FR

S = 0 positive sign
= 1 negative sign
FR address of first element of the row
S1 = 0 if the row has not been treated
S1

il
no

if the row has been treated (i.e. has been assigned a
sign)- '

Header word for column

S 1 2 3 18 21

S S1 NC U FC

S, S1 as above

NC number of column

FC address of first element of the column

U = 0 if the column has not been treated

U =4 1if it has been treated and has been assigned an invertor
(i.e. both signs of the variable are available)

U =6 if it has been treated and has not been given an invertor

U =5 when there is a programmed impose of sign PLUS or MINUS
for this variable. '
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control word for column header

NE Co

co eddress of the corresponding column header word
NE number of variables which make up the column

L.3.5 Processing of signs matrix

The routine SIGN uses an algorithm to arrange the signs
of the rows and columns of the matrix so that the number of

invertors required is as near as possible to a minimum.

L.3.6 Attribution of invertors to non-linear equations

These are left until last so that the signs can be given
taking account of the distribution of signs already fixed.

1) DFG : the input and output signs are to follow the same
relation as given in the original equation

2) Servo-multipliers, positive and negative : an invertor is
given to the second factor if the input and output signs

are not consistent
3) High accuracy multipliers, division : to the numerator if

it is negative and has not already an invertor.

L) Electronic multipliers : multiplication, to the second
factor if the signs are not consistent; division, to the
denominator if it is negative, to the numerator if the

signs are not consistent.

5) Variplotters : all entries must have the sign as programmed.

4Le3.7 Signals in SYMBOL TABLE

In the SYMBOL TABLE is put information about the sign of
the IC of variables, the output sign of a variable, and a
signal if an invertor is required. Special signals for ZERO
functions, corresponding to feedback and GAIN 1 are also inserted.
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L.4 Control of Gains and Reduction of Amplifier Entries to

Patchable Components

Le4e1 General

This work is carried out in LINK 331. This LINK receives
the equations reduced to their standard form and with all
physical values of the coefficients and the scaling factor
attached to each variable codified in the EQM-record (8.3).
The first task is to calculate the scaled coefficients, taking
account of BETA for differential equations, these values are
then stored in EQM. Using these scaled coefficients, if the
scaled equations were decodified from EQM they would be
algebraically correct but would not necessarily be in a form
which corresponds to the representation of the equation on
the patch panel. To obtain this each entry must be broken
down into components which correspond to the patching possi-
bilities, that is for amplifiers gains of 1 or 10 combined,
or not, with a pot, and gains of 1 for comparators and switches.

This breaking down into components can be performed in
many ways, the system which was chosen for the standard APACHE
is explained below.

L.4.2 Control of gains

Before attempting to reduce the gains into components
their value must be controlled and if too large reduced where
technically possible.

Control Criteria (see also 5.6.1)

AMAX = 30 (maximum value of gain allowed for algebraic
equations)

AMHG = 10 (maximum value of gain allowed for implicit
equations)

AMIN = ,0005 (minimum value of gain below which a diagnostic

will be given)
MCAP =3 (value of smallest external capacitor to be used
for integrators is 1/1OMCAP)
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JPOWER = 10 (maximum value of gain allowed for differential
equations is AMAX #* 10MPowER)

The methods of reduction used are explained in the
opogrammners Manual Appendix F.

For differential, algebraic, and zero equations this
work is carried out in XGAINS. The gains to the coil of
comparators are scaled and controlled in CMCOIL. The gains
to the contracts of switches and comparators are controlled
with COMPOT. All zero equations are processed before XGAINS
by ZCDIV. Any entries coming from a servo-multiplier are
given a gain 1 to eliminate the need for a buffer amplifier.
All entries with an IMPOSE GAIN 1 are reduced to gain 1 if
possible, otherwise a diagnostic is given.

Le4ye3 Reduction of entries to components

In XENTRY each term of an equation which requires more
than one of the components (entry resistance 1, entry
resistance .1, resistance 1+pot, resistance .1+pot) to make
up its gain is split into two or more terms according to the
table below.

COEFFICIENT = C COMPONENTS
C < AMIN POT x GAIN 1 (with warning diagnostic)
C <1 POT x GAIN 1
C <2 POT x GAIN 10
C=2 GAIN 1 + GAIN 1

2 <C <10 POT x GAIN 10
C =10 GAIN 10

10 < C < 11 POT x GAIN 1 + GAIN 10
C =11 GAIN 1 + GAIN 10

11 < C < 20 POT x GAIN 10 + GAIN 10
C =20 GAIN 10 + GAIN 10

20 < C < 21 POT x GAIN 41 + GAIN 10 + GAIN 10
C =21 GAIN 1 + GAIN 10 + GAIN 10

21 < C < 30 POT x GAIN 10 + GAIN 10 + GAIN 10
Cc

= 30 GAIN 10 + GAIN 10 + GAIN 10
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The record EQM for each equation is modified accordingly,

EXAMPLE
EQM
d = 1 Jd =2 Jd =3
e s | e o)
var;(able 1C of X sg;l}i(ng EQM (N+1,J)

Suppose that the scaled coefficient is 20.32. The entry in
EQM becomes:

P.C x 2_6% .32 EQ¥ (N,J)
X 1.C X ch%iﬁg EQM (N+1,J)

P.C X 35055 10 EQM (N+2,3)
X I.C X chi;g EQ¥ (N+3,J)

oG x 201%2 10 EQN (N+4,J)
X I1.C X ch%igs EQN (N+5,J)

For each eguation a total is made of the number of pots,
nanuzl pots, entry resistsnces of 1, entry resistances of .71.

The standsrd PACE amplifier has three entry resistances
of .1, three entry resistznces of 1. The total of resistamces
for an equation is controlled against this standsrd. If ome
rore resistance of <1 or one more resistance of 4 is meeded,
a signal is put in BQM (99,2) (7.10) indicating that am
externzl resistance is te be used as input. If more tham one
extra resistance is needed the number of auxilisry amplifier

networks is czlculated and put in BQR (3%9,2). For use im the
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gection of Link 331 which counts the elements, the number
of manual pots, normal pots, and auxiliary networks are
gtored in the EQM record for each equation.

4.5 Accounting of elements ana distribution between consoles

L.5.1 General

The allocation of a consocle number to each variable is
carried out in LINK 331 and involves a count of the elements
required to patch the problem and a comparison with the
totals of elements available, stored in table TPOM (6.9),
taking into consideration either the consoles selected by the
analog programmer, or if no console select has been made, the
consoles available. If no AVAILABLE CONSOLES has been provided,
any console for which panel information exists is considered
available.

In any case in which the number of elements available
is not sufficient, a diagnostic is given (see Programmers
Manual Appendix G) and the addressing skipped, the output
link, LINK 4, being called.

he5+.2 Precedence of impose

If there has been an IMPOSE of a specific element a
preliminary pass of the equations is made in which only
the IMPOSE elements are counted into TPOM. This is necessary
because, counting IMPOSE elements together in one pass with
non-IMPOSE elements, a console may be filled before all the
IMPOSE elements on that console are counted. All the
subroutines for the count are common to IMPOSE and non-IMPOSE
passes, they distinguish the passes with the switch ITRO.

4.5.3 Distribution between consoles

The count of the elements into TPOM is carried out with

the following criteria.
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If CONSOLE SELECT is given, all elements of the relative
equations are counted on the selected console except for
multipliers. If no CONSOLE SELECT, or CONSOLE SELECT O, is
present the count begins 6n the first available console in
the order in which they are given in the AVAILABLE CONSOLES
card (7.9). The number of the working console is always
saved in ICON.

Multipliers and resolvers are considered a special case
in that they have multiple inputs which may come from various
consoles. Multipliers and resolvers are counted when their
"arm" variable appears on the left hand side of an equation
and are placed on the same console as the "arm" variable
when possible, if not, on the first available console which
has a free element. Every multiplier in a concatenation of
multipliers is counted when the "arm" variable of the first
multiplier in the chain is found on the left hand side of
an equation.

External variables (i.e. variables which never appear
on the left hand side of an equation) are not counted.
Multipliers which have an external variable as "arm" variable
are counted after all the equations have been passed.

For each linear equation the left hand side element
together with any entry pots, invertor, auxiliary networks
and resistances and capacitors is considered as an indivisible
block which must be placed on the same console. Switches and
capacitors are also considered as a block with their entry
pots.

L.5.4 General organisation of LINK 331

The chain is organised in general plan in two sections
the first treating the control of the gains (L.4) and the
second accounting of the elements (4.5).

The first section uses KTYPE to process the equations
according to their type. All linear, switch and comparator
equations are controlled for gains. CONSOLE SELECT and BETA
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ape 8180 processed. After the first section all non-auxiliary
squations pass to the second section which at entry tests if
there has been a diagnostic "console full" (IFULL = 1). If so,
section 2 is skipped. IFULL is also put on when option NOADDR
;s requested as section 1 1is necessary for the output listing
ynile section 2 is not.

The switch ITRO is put equal to 1 for the impose pass and
o for the non-impose pass. LSEN is put equal to 1 for the
rirst pass of the equation (can be non-IMPOSE pass if no
IMPOSE present) and 2 for the second pass (always non-IMPOSE).
If ITRO = 1 the equations are repassed, with ITRO = 2.
Putting LSEN = 2, section 1 is skipped.

4.6 ADDRESSING

641 General

The addressing aims at an efficient distribution on the
panel of the analog elements which are needed to make up the
circuits to simulate the given equations. To each variable
and coefficient of the equations must be attributed from some
position on the panel one or more analog elements. This
attribution is carried out with the following criteria:

1. Any IMPOSE of a named element always takes precedence
2. The different types of elements are assigned in an order
of precedence which is fixed in the routine STRSET (5.5)
3. There are "strategies" for the distribution and association

of variables which are fixed in STRSET.

L.6.2 Impose

For the IMPOSE, LINK 321 carries out the processing of
the IMPOSE commands. For each variable which has a valid
IMPOSE the name of the imposed element is put in the SYMBOL
TABLE entry for that variable, and the imposed element blocked
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in the table VETT (6.5). In the addressing links any variable
with an IMPOSE is skipped as already treated.

The addreésing proper using criteria 2 and 3% is carried
out in LINKS 341, 342 and 343.

L.6.3 Partition of integrators

Link 341 calls the routine STRSET. Depending on the choice
set in STRSET (see 5.5 for description of how to change the
codes in STRSET) the integrators may be attributed by partition
in this link taking precedence over all other elements, or
they may be left to be attributed in LINK 342 with the other
elements.

A pass is made of all the equations and the records
lengthened by adding the addressing records EBB, EB1, MEB1,
and EB2, (section 8.4). The records will eventually be filled
with the information relative to the addressing which will be

printed on the output listing.

L.6.4 Use of strategies

The "strategy" of attribution used in the standard APACHE
is that of proximity of entries, that is each elenent of the
RHS is taken as near as possible to the element on the LHS.

. This means no RHS variable can be assigned an element
until the LHS variable has been assigned an element. In the
standard APACHE elements are assigned in the first place by‘the
partition of the integrators (u.6.3), and afterwards
automatically to variables appearing on the RHS of an equation
where the LHS variable has already been given its element. If
partition of the integrators is not used some LHS variable is
forcibly assigned an element to provide a starting point for
the addressing.

Successive passes of the equations are made, using tapes
in flip-flop. It is obvious that the execution time of the
addressing will vary very much depending on the order in which
the equations are written.
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For each pass of the addressing the elements indicated
in STRSET for that and all preceding passes are assigned
where possible. Each succesrive pass is called when it is not
possible to assign any more of the types of elements indicated,
this can occur before all indicated elements are assigned because
M‘the‘inter—connected nature of the equations.

when all passes of the addressing have been finished
and there remain some variable not yet assigned an element,
a "strategy" of forced attribution is used. The first LHS
varieble with no assigned element is assigned the first
gvailable element of the type required in the elements vector
VETT (5.3 and 6.5). Any variable never appearing on the LHS
of an equation is called an EXTERNAL variable, and is never
assigned an element.

LINK 343 completes the work or 342 for RECORDERS,
VARIPLOTTERS and I.C. pots of RATE RESOLVERS. If an error has
occurred LINK 4 is called.

L.6.5 Completion of addressing

The first part of LINK 36 attributes all the invertors
for sign-changing as well as those used as buffers for
multiplier outputs. The invertors of the high-accuracy
multipliers have already been attributed in the previous
phases. The number and type of the invertors attached to
any variable is signalled in the SYMBOL TABLE.

The second part of the link reviews and completes the
analog records. It requires one pass of the equation tape.

1) Depending on the sign called for in the equation the name
of an analog element may be substituted by the name of its
invertor

2) If an input of an equation comes from another console, the
name of the trunk relative to the input variable is
substituted for the analog element name of the variable,

3) In the EQM record the sign of the I.C. is made to
correspond with the sign given to the LHS of the equation.
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L4) The EB record for multipliers and resolvers is modified
to allow for the double entries of the two polarities.

Le7 SATANAS

L.7.1 SATAC option

If the options SATAC or SATAL are not used LINK 36 ends
with a control that any variable with GAIN 41 1is used only once
as an input.

Link 361 is called by the option SATAC, and requires two
passes of the equation tape for every available console.

Le7.2 Tiepoints

In the first pass is counted the number of times each
variable and its inversion are requested as input on the
console being examined. For each variable the totals (RE and
RI) of requests are compared with the number of outputs of
the relative analog elements and, if necessary, tiepoints
are attributed, and their order number stored in the SYMBOL TABLE.

Le7.3 SATANAS cards

At the second pass the SATANAS cards are written on tape.
Equation by equation, for each connection 18 written a pair
of coordinates in the order : abscissa, ordinate of input;
abscissa, ordinate of output. The connection may represent
a patch cord or a plug. For plugs a code is added which
distinguishes between integrator and summer plugs (grey and
orange). Codes are also added for external tiepoints and
capacities, (see section 9.2).

The order in which the connections for each equation
are developed is:
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rixed connections for invertor (e.g. bottle plug for 20 seg

node of DFG).
connection main element - invertor

1e

2e
invertor - input trunks

main element - input trunks
3, Fixed connections for main element (e.g. bottle plugs, I.C.,
auxiliary networks)
4. Connections to elements of RHS of the equation
The development of the connections is carried out using

coordinates as follows:
a) Basic coordinates

Prefixed for each element in the coded information used to
form the subroutine PANEL (5.3) and stored in the vector

VETT (6.5)
b) Relative coordinates

Represent the relative distance of the output or input under
consideration from the basic coordinate of the element. Each
output or input hole of an element has a prefixed order
number.

¢) Absolute coordinates

The algebraic sum of the basic and relative coordinates.
This is punched on the SATANAS cards.

The routines of LINK 361 which process the connections
can be divided into two categories; those which treat inputs
and those which treat outputs.
The first searches the coordinates of the input holes
of the element corresponding to the LHS of the equation.
The second searches the coordinates of the outputs corresponding
to the RHS of the equation. Each pair of absolute coordinates

is punched.



- 142 -

L4.7.4 Panel connections output list

The option SATAL calls LINK 3613 which follows the same
logic as LINK 36 (see preceding paragraphs). Its final output
is a list of panel connections giving in printed form the
same information as would be punched on the SATANAS cards,
except that the exact input and output holes to be used for

each element are not specified.

4e7.5 Completion of records for output listing

LINK 362 which follows the SATANAS section can be
considered as the final phase of the addressing, after which
all information necessary for the output listing is complete.

The equation tape is passedonce and for each equation
the analog records referring to both LHS and RHS are
completed, and equations are constructed for trunks fed from
the LHS element or its invertor.

For resolvers and servo-multipliers the equations for
buffer invertors are also constructed. For resolvers and
multipliers the records are returned to the standard form.

At the same time all signs in the EQM record are reviewed,
completing the work begun in LINK 36.

L.8 STATIC CHECK

4.8.1 Production of POTSETTING, NETWORK and READ~QOUT cards

The preliminary stage of the STATIC CHECK is a pass of
the APACHE program for the problem which is to be set up on
the analog computer, using the option CARDS. This option,
after the output list has been written by LINK 4, calls
LINK 5.

LINK 5 passes the equation records once for each console,
picking out the equations relevant to the current console and
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sriting on separate tapes the POTSETTING, READ-OUT and NETWORK
cards. After all consoles have been processed, all cards are
copied onto the binary card output tape (see SETTAP, 5.2).

mhus the packs for each type of card are subdivided into

packs for each console. The format of the cards is explained -

in 9e1.

L.8.2 STATIC CHECK procedure on analog computer

To make use of the APACHE STATIC CHECK an installation
must have a converted ADIOS system as described in section 1¢2+2.

The panel is wired with the help of the SATANAS cards
(4.7 and 9¢2). The pots are set using the POT SETTING cards.
The analog computer is put in I.C. mode and the pack of
READ-CUT cards passed through the modified 026-ADI0OS. The
card punched with the element names interrogates the elements,
and each element name and its read-out value is punched on the
following blank card.

The pack of READ-OUT cards and the corresponding NETWORK
cards are made up into a problem deck as explained in the
Programmers Manual (page 77) using the options CHECK or CHECKE
Note that the complete pack of read-out cards is included,
though only'the cards with the read-out values are processed
by LINK 6.

L.8.3 General principle of APACHE STATIC CHECK

The option CHECK or CHECKE calls LINK 6 which processes
the network cards and the readout cards with the read-out
values of the elements.

The APACHE STATIC CHECK considers each element as a
separate entity and checks the element by taking the values
of the entries as read out and from these calculating an
expected value of output for the element. This expected value
is then compared with the read output of the element. As, in
the APACHE, to each element (except pots) corresponds an
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equation, checking element by'element corresponds to checking

equation by equation.

Le8.4 Processing of STATIC CHECK

The network cards are all transfered into a storage vector
T3, with table T4 as control, containing information on the
limits of each console in T3. The read-out cards are stored
in storage vector T1 with a pair of words for each element,
the first containing the element name and console number, the
second its read-out value. Table T8 contains information on
the limits of each console in T1. After all cards have been
read and stored processing begins.

Each element name (except pots) is taken in turn from T4
and the network of the equation in which it appears on the
left hand side found in T3. The relevant network is copied
into the working area T5. From the network each right hand
side element is identified, found in T4, and its read-out
value copied into the working area T6.

Where the inputs from the input elements pass through
pots the expected output value of the pot is calculated as
the read output value of the input element multiplied by the
pot setting. This value is compared with the actual read-out
value.

To check the left hand side element its expected output
value is calculated from the read input values (the form of
the calculation depending on the type of element) and
compared with the output actually read.

Warning diagnostics are given whenever the difference
between the calculated output and the read-out output is
beyond a pre-set tolerance (see section 5.6.2 for tolerances).
The value of read-out outputs is also checked against given
upper and lower limits for saturation and significance, and
- warning diagnostics given where necessary.

.If the option CHECK has been used the output listing
contain§ complete information for each equation, if CHECKE
is used only equations which have had diagnostics are printed

out.
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49 SIMULATOR

lyo 9o 1 Integration Routine as part of APACHE

when simulation is requested by means of the options
SIMULA or SIMULC the normal procedure of APACHE is followed
up to the end of LINK 2. LINK 22 is then called instead of
LINK 21. LINK 22 carries out the same work as LINK 21 with
gome informations for the simulator, then calls LINK 24
ghich contains the integration routine. At the end of LINK 24
if SIMULA was requested control is returned to the APACHE
YONITOR (LINK 11) or if SIMULC was requested control is returned
to LINK 21 with the output tape of LINK 2 which was saved by
LINK 22. Then LINK 21 carries on as from LINK 2 in the normal

procedure.

4.9.2 Routine of integration

The integration routine used in the APACHE SIMULATOR is
the FORTRAN version of the subroutine RDWDE2F [1]. This requires
the following information:

a) a subroutine DAUX for the calculation of the derivatives.

b) an indicator for the method of integration to be used,
to be chosen from:
Runge-Kutta fixed step

Predictor-Corrector fixed step
Predictor-Corrector variable step

c) the following parameters if the variasble step method is
used:

E upper limit of the error
E lower 1limit of the error
A

value above which a relative error is
considered and below which an absolute

error.

[1] Share distribution 602
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hmax maximum integration step
hmin minimum integration step
factor for increasing or decreasing the

integration step

d) initial value of the integration step.

Le9e3 Supply of Information to integration routine

The method by which APACHE passes to the integration
routine the necessary information listed under 4.9.2 paragraphs
b) to d) is explained in the Programmers Manual section 3.20.

Le9.3.17 Routine DAUX

In LINK 22, with a method analogous to that of LINK 21,
the equations are reduced to the standard form (4e2) and the
SYMBOL TABLE constructed (6.1). In the normal APACHE procedure
though a program statement corresponding to each equation is
generated it is destroyed once it has been used. In LINK 22
instead, these statements are saved and put together to form
the subroutine DAUX. An important point to note is that, while
in the normal APACEE the order of the equations has no effect
on the calculated results, the routine DAUX must be written
with the algebraic equations in a precise order. That is, no
variable must appear on the vright hand side of an algebraic
equation unless it has already been calculated on the left
hand side of a preceding equation. To construct the routine
DAUX use is made of the fact that in calculating the initial
conditions APACHE implicitly orders the equations, since no
J.C. of an algebraic equation can be calculated until sll the
I.C.'s of the right hand side have been calculated. This means
that a programmer using APACHE with simulation may write his
equations in any order, as they will be ordered automatically
by APACHE in constructing DAUX, while if using the integration
routine with_DAUX written directly in FOETRAN he must himself
order theiequations in DAUX. Also the equations have been
reduced to their simplest form saving integration time.
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.9.3.2 Print Routine

All the statements PRINT (see Programmers Manual section

%go.u) are compiled and united into a subroutine which is

called at every integration step.

4,10 EDIT

1)

2)

3)

Purpose

This program was written to eliminate as much as possible

the incovenience of handling punched cards when dealing

with large FORTRAN CHAIN JOBS. All program links are

written on a magnetic tape once, and all further modifications
are performed by updating this tape rather than rewriting

the entire decke.

The EDITOR

The EDITOR program accepts as input a magnetic tape
(referred to as MASTER TAPE) on which are stacked all the
routines composing the program and a table of the routines
(Chain Table).

It tekes the information from this MASTER TAPE and uses it
to built a new tape which is called the FORTRAN INPUT TAPE.
This tape has all the links together with their subroutines
in the form accepted as input by the FORTRAN SYSTEM. This
FORTRAN INPUT DATE is then processed by the FORTRAN SYSTEM
and the final tape, referred to as the APACHE SYSTEM TAPE,
is produced.

The MASTER TAPE

The MASTER tape is composed of three files as described
below.

The CHAIN TABLE file

]
The CHAIN TABLE is a set of cards (*) describing the chain

(*) Since each record of the tape corresponds to a card, for

practical reason we refer to card format rather than to
records.
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job. (see 12.1) For each link, the link number, the tape assignmept
and a list of all subroutines requested by this 1link are given,
The order in which the link specifications are given is the

same as that in which they will be loaded on the input tape.

The first card of the CHAIN TALLE must be a CHAIN TABLE card.

The format is shown below:

1 7 13 19 61 67 73 80
* CHAIN TABLE
11 t1 SB11 SB12 cssccscces SB19 SB110
SB‘I11 SB112....SB1n1
12 t2 SB21 SB22 cesvsesesne SB29
SB210 SB211....SB2n2
1 t an SBn LN X W ] SBn
n n 1 2 nn
where:
1i : link number
ti : tape assignment

SBIj : name of the j-th subroutine requested by 1link I.

All items must be left adjusted in relation to columns 1+K*6
(K=0,1«++11). The routine names are written on each card
starting from column 13; each card may contain from 1 to 10
routine names, where if less than 10 names are put on any card
the blanks can only appear on the right hand side of the card.
Continuation cards must not be punched in columns 1-12. The
subroutine names must be in alphabetical (BCD) order.
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The MAIN PROGRAMS file
/-f . \ > 1} 3 .
ile contains the main programs of the different links.

mhis T
Their order must correspond to the one stated in the chain

table. The programs can be either symbolic (FORTRAN or FAP)
or binary, and each program must be preceded by a CHAIN card
with the following format:

1 7 13 73 80
* CHAIN (1, t,)

The LIBRARY file
This file contains all the subroutines called by the progranm

in alphabetical (BCD) order. Each subroutine appears only once
regardless of the number of links which use it.

The subroutine can be either symbolic (FORTRAN or FAP) or
binary. In the case of 8ymbolic programs the first card of

the deck must be one of the following

1) * FAP (Monitor Control Card)
2) SUBROUTINE eeses (FORTRAN statement)
3) FUNCTION eeeoees ( " " )

Diagram A shows an example of the MASTER DECK.

The UPDATE file

If after the MASTER TAPE has been generated, it is desired to
mnodify any subroutine or main program, this modification can
be performed by the EDITOR PROGRAM.

These modifications comprise what is referred to as the UPDATE
FILE. This file is of the same form as the deck of cards used
to produce the MASTER TAPE, except that only one end-cf-file
is needed.

The UPDATE file is given as input to the EDITOR PROGRAM. It

is possible to modify any file of the master tape provided

that the following rules are observed:
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a) If the CHAIN TABLE has to be modified the entire
CHAIN TABLE must be supplied.

b) Modifications to each file must appear in the order
in which the files appear on the MASTER TAPE.

c) If the MAIN PROGRAMS file has to be modified, the
updating requests must appear in the order stated
in the CHAIN TABLE.

d) Modifications to the LIBRARY file must appear in
alphabetical order.

e) The first EOF encountered on the UPDATE file ends
the updating phase.

Updating can be carried out by two methods:

a) Using the UPDATE file, as described, as data after
the EDITOR pack as shown in diagram A.

b) More simply, as the constructed APACHE SYSTEM TAPE
already contains the EDITOR in the form of a chain
link by taking the UPDATE file as a normal APACHE
program and using the selector EDIT.

In this case the UPDATE deck is made up as follows:
1) Identification card
2) Selector EDIT

3) UPDATE file
L) E.O.F,

Operating Remarks
The EDITOR is a FAP program working under the standard

FORTRAN Monitor. The editor program produces

a) A new MASTER TAPE on A5 if updating is requested.
b) A FORTRAN INPUT TAPE on AL if one is requested.

Tape definitions

Al} New FORTRAN INPUT TAPE if requested
A5 New MASTER TAPE if requested
B5 014 MASTER TAPE



B3

B1
B2
B6
A1
A2
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APACHE SYSTEM TAPE if the selector EDIT is used.
On this tape the FORTRAN MONITOR will build the
new APACHE SYSTEM TAPE after the editing phase.
Scratch

Scratch

Scratch

FORTRAN MONITOR

EDITOR + UPDATE FILE (or UPDATE FILE when the
selector EDIT is used).

in on-line message is given when the NEW FORTRAN INPUT TAFPE (AkL)
must be redefined as A2 to produce a system tape. After this

is done the EDITOR gives control to FORTRAN which compiles

the program on the new FORTRAN INPUT TAPE. Before beginning
compilation an on-line message is given to mount B3. The

new SYSTEM TAPE will be produced on this unit.

Sense Switches

SSW 1 SsW 2 OPERATION PERFORMED
UP UP PRODUCE A NEW MASTER TAPE ON A5 AND
PRODUCE A FORTRAN INPUT TAPE ON A4
Up DOWN PRODUCE A NEW MASTER TAPE ON A5
DOWN UP PRODUCE A FORTRAN INPUT TAFE CON AL
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5. SYSTEM PARAMETERS
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5e General

The immediate changes that an installation would want to
nake would be the adaption of the standard APACHE to its
" 4igital and analog computers.

The parts of the APACHE system which directly depend on
the configuration of the hardware have been designed to be
easily modifiable. How to carry out the modifications is

gescribed in this section.

5,2 TAPES

SETT.

e————

In the table of tape numbers, each installation must put
the numerical definition of the tape which corresponds to the
comment, always keeping the table in the same order.

QUTPUT TAPE (BINARY) Tape on which binary cards are written

INTERMEDIATE TAPE Any scratch tape

INTERMEDIATE TAPE Any scratch tape

INTERMEDIATE TAPE Any scratch tape

QUTPUT TAPE Tape on which output listings are written
INPUT TAPE Tape on which inputs are made.

The table of symbolic tape names in common must not be altered

in any waye.

Q

IN

As explained in the Programmers Manual, the APACHE SYSTEM
TAPE is to be loaded on tape unit B3. Installations which prefer
to use another unit can change the unit name in the routine
CHAIN. The name of the tape in the pseudo instruction

S TAPENO B3B.

must be changed.
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The library version for FORTRAN 2 VERSION 2 has been
(TSH)

slightly modified as can be seen from the list.
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53 PATPAN, PATCH PANEL CODING

CONSTRUCTION OF PANEL
’____—-———____—__—

Installations wishing to change the panel description as
at present used by APACHE must prepare a pack of input cards
giving the coded description of their panels. An explanation
of how to prepare this pack is given after.

This pack is given as input to the APACHE system as if it
were a normal problem. The selector PATPAN calls LINK 7 which
develops the coded description of each element into a two-word
information. These double words are ordered in the table VETT
which has, as guide, table TV. The input cards are controlled
for compatibility and correct coding, any error found will
be signalled by an off-line diagnostic.

If no errors are found, on the tape with symbolic name
NS2TPE (see subroutine SETTAP for actual tape number) will be
written a subroutine PANEL (FAP) which contains as pseudo-in-
structions the tables VETT and TV. This subroutine must be
punched and assembled, and by using the EDITOR the binary cards
substituted for the present PANEL on the APACHE SYSTEM tape.
PANEL is called by LINK 32,

CODED DESCRIPTION OF ANALOG ELEMENTS

Each installation must prepare cards as explained below
for the description of their panels.
The cards are of two types:

type 1 each card corresponds to an element shown on the panel
type 4 each card gives the number of "boxes" available for a

certain type of element.

For example, a card of type 1 would correspond to each
servo-multipliers position of the panel which is wired, a card
of type 4 would give the number of servo-multipliers '"boxes"
available, a second card of type 4 would give the number of
quarter-square "boxes" available. As the "“boxes" are movable
and interchangeable, both types of information are necessary

for a complete description of available elements.



Type 1 cards

General description

Column
1

2 - 6

-

8 -10

11 =13
14

15

16 -18
19 =23

Type of
perforation

1
Alphanumeric

Numeric
Numeric
Numeric
Numeric
Numeric
Numeric
Alphanumeric
or numeric
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Information

Iy

given

Type of card

APACHE name of the element (left
justified)

Console number

Abscissa (right justified)
Ordinate (right justified)

COD1

COD2

COD3 (right justified)

ADR1 (left Justified)

Abscissa and ordinate fix the position of the element on

the panel, they are calculated by counting the holes from the

top left hand corner of the panel, starting from 0,0.

¥ w N - 0

1234

O O O 0O o0o|O
O O O O o

O 0 O

o[o]o

5
o)
0 00O
o)
©0o0oO0
o)

O O O O oo

O 0O

The abscissa and ordinate of the hole marked would be 3,2.
If the SATANAS cards are required, the co-ordinates of the
elements must follow the convention used by APACHE. The co-
ordinate values are those on the complete panel description
as used by the standard APACHE, file 8 of the tape which you
have been sent.
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If SATANAS cards are not required any panel hols incorpo-
rated in the element can be used as the basic point for the
co_ordinates .

pescription of codes, element by element

AMPLIFIER
coD1 ‘ 0 Integrator
1 Summer
2 Invertor (taken from DFG etc.)
When COD1 = 0,1
CcoD2 o Element whose network can be used
1 Element whose network cannot be used
When COD1 = 2
o) taken from DFG
1 taken from RESOLVER
2 taken from HAM
3 taken from DFG and RESOLVER
COD3 N N = number of outputs
ADR1 00000 when COD1 = 0,1
NAME NAME = APACHE name of element from which

the invertor is taken (DFG etc.)

CAPACITOR (measured in u F,eg 1 * 10™2)

COD1 Value of capacitor

CoD2 Sign of the exponent of 10 (0 = +, 1 = =)
COD3 Value of the exponent, base 10

ADR1 00000

COMPARATOR

COD1 o)

COD2 Number of relays (N=1 or 2 for APACHE)
COD3 000

ADRA 00000
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DFG -

Every couple of DFG 10 segments is described by two cargs,
The first DFG is to be considered the '"leading" element.

COD1 o Not sharing ampli. with RESOLVER
1 Sharing ampli. with RESOLVER
cob2 0 |
COD3 000 DFG 10 segments not associated with anothep
DFG 10 segments
1 : Leading element of a pair of DFG 10 segments
2 Second element of a palr of DFG 10 segments
ADR1 NAMEA APACHE name of the second DFG of the pair
(cop3=1)

NAME2 when COD3 = 0,2
APACHE name of the amplifier associated
with the leading DFG.

HAM

COD1 0] If not possible to perform square or
square root.

1 If possible to perform square and square

root.

COD2 N1 no. of amps which are not independent

COD3 N2 no. of amps which can be independent

ADR1 NAME APACHE name of the ampli. which can be
used when HAM is not occupied.

POTENT JOMETER

COD1, COD2, COD3, ADR1 all punched zero.

MANUATL, POTENTIOMETER
cop1, COD2, COD3, ADR1 all punched zero.
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RECORDERS (panel position)

coD1 N N = number of channels (N = 8 for APACHE)
cop2, COD3, ADR1 all zero

REFERENCE (and EARTH)

coD1 0 Normal reference

1 Adjacent to servo-multiplier

2 Special (value 90 or 25)

3 Static test reference
coDn2 0] Negative reference

1 Earth

2 Positive reference
COD3 000 when COD1 = 0,1

N N = 25,90 (voltage) when COD1 = 2
ADR1 NAME when COD1 = 1, name of adjacent servo-

multiplier
00000 if cop1 = 0, 2, 3.
RESISTANCE (measured in M )
COD1 Value of resistance
COD2 Sign of the exponent of 10 (0 = +, 1 = =)
COD3 Value of the exponent, base 10,
ADR1 00000
SERVOMULTIPLIER (panel position)
COoD1 0 Position cannot be used by RESOLVER
COD1 ' 1 Position can be used by RESOLVER
CoD2 N N = number of products (3 or 5)
COD3 000
ADRA 00000 COD1 = O
NAME COD1 = 1, name of ampli associated with

the resolver.



MANUAL SWITCHES

COD1 o
cob2 N
COD3 000

ADRA1 00000

TIME DIVISION

COD1 N1
Ccob2 N2
COD3 000
1
ADR1 00000

TIEPOINTS
COD1 o
1
COoD2 N1
N2
COD3 o
N
ADR1 00000
NAME

TRUNKS

COoD1 o
COoD2 o
COD3 N
ADR1 NAME
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N = number of contacts (N = 3 for APACHE)

Number of divisions possible (N1 = 1 for
APACHE)

Number of multiplications possible (N2 = o
for APACHE)

Only multiplication possible

Division possible

Grouped tiepoint (type ROJ)
Distributed tiepoint (type TPO5)

N1 = total number of holes in group (COD1 =(
N2 =0, 1, 5, 6. For distributed tiepoint
gives number of series. i.e. TPO, TP1, TP5,

or TP6. (COD1 = 1)

COD1 = O

N = number of holes available (COD1 = 1)
CoOD1 =0

APACHE name of the next tiepoint in the
series (COD1 = 1). The last in the series
carries the name of the first.

N = number of console linked
APACHE name of the trunk linked on the
console indicated in COD3,.
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VARIPLOTTER
cop1, COD2; COD3, ADR1 all zero.

Type 4 cards

These cards give the total of '"boxes! available for each
type of element which can be inserted in the analog computer.

General description

Type of Information
Column perforation given
9 n Type of card
8§ - 10 Numeric Code of type of element
11 - 13 Numeric Number of boxes of this type

of element available
(31 Alphsebetic Can be used for name of type
of element. Not significant)

Code of type of element

001 Servo-multiplier with 5 outputs

002 Servo-multiplier with 3 outputs

005 Quarter-square

006 TDM (Time division)

007 HAM

008 DFG (10 segments, 20 segments counted as two elements)
009 Resolver

010 Variplotter

011 Recorder

CONSTRUCTION OF THE INPUT PACK

Control cards

Cards of type 1 and type 4 should be presente.
Each pack of cards of one type has as first and last card:
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col. 1 1 or 4 depending on type
cols 2 - JO punched with zero

The pack of type 1 is divided into sub-packs for each console

by cards:

col. 1 1

cols. 2 - 3 MC

col. 7 Number of console

The last card of the completed pack (vefore the EOF) must be :
col. 1 - 2 punched with 9

The selector PATPAN must be placed at the beginning of the
pack, preceded by an identification card with s in col. 1.

INPUT PACK

Col.1 Col.7 Col.4 o
* PANEL FOR OUR INSTALLATION
PATPAN
10000000 e cavceessscssescsccsscssccasssnasl
1MC 1

Cards with coded description of elements of console 1
(type 1), in any order.
1MC 2

Cards with coded description of elements of console 2
(type 1)

1MC N

Cards with coded description of elements of console N
(N less than or equal to 6) (type 1)

1000......I..................‘...........o

LLOOOOE)..........-.....oooooooooooooooo.oo

Cards with total of "boxes" available (type L)
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L;OOOO-..............
""'0.0ooooo...o-oo

99
EOF
+ END APACHE

EOF

This pack 1is
given as input to the APACHE SYSTEM
as though

it were & normal problem
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5.4 QPTIONS

The use and effect of the OPTIONS is explained in sectiop
51 of the Analog Programmers Manual. The option cards are
processed by the routine CNTRCD called by LINK 11. Indicating
bits for each OPTION requested are stored in the cell PRMAIN
(in COMMON) as follows:

BIT VALUE OPTION REQUESTED
35 1 NOADDR
34 1 SATAL
33 1 SATAC
32 1 SIMULA
31 1 CARDS
30 1 CHECKE
29 1 FPC
28 1 VPC
1

27 SIMULC
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5.5 STRATEGIES

How to change codes in STRSET

STRSET is called by Chain 341. It sets the codes for the
strategies of the addressing (L4.6).

Programmed switch NRIP

NRIP = 1, integrators assigned by partition.
NRIP = O, integrators assigned by proximity of entries,
or forced attribution if necessary.

For the standard APACHE NRIP = 1

Matrices PE and PU

The matrices PE(I,J) and PU(I,J), (I =1, 10 : J = 1,2) are
in the common of chains 341, 342 and are given values in STRSET.

The index I indicates the number of the pass of addressing.
J =1 and J = 2 are to be considered as a continuous 72 bit word,
where each bit refers to a type of element as listed in the
table below:

ELEMENT

o
H
—

Ampli used as integrator
Ampli used as summer
Ampli used as high gain

Servo-multiplier normal
Servo-multiplier plus
Servo-multiplier minus

W 0o~ OV & W - m
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BIT ELEMENT
10 Quarter square used for multiplication
11 TDM used for multiplication
12 TDM used for division
13 DFG 10 segments
14 DFG 20 segments
15 Resolver polar position
16 Resolver rectangular position
17
18 Resolver rectangular rate
19 Potentiometer
20 Manual potentiometer
21 Switch, 3 output, 1 input
22 Switch, 1 output, 3 input
23 Comparator, 2 outputs, 1 input
2L Comparator, 1 output, 2 input
25
26
27
28
29
30
31
32
33
3 HAM used for multiplication
35 HAM used for division
S
J 1
= 2
2 3
L

For each pass I a bit indicates which types of elements
are to be taken into consideration for that pass; once an
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element has been indicated by a bit it will be considered for
attribution in that and all succeeding passes. The bit is
placed in PE or PU according as the element is to be attribut-

ed by proximity of entry or output.

STRSET in the standard version of APACHE has the follow-

ing indicators set:

FE
700030074000, 000000000000 (1,1),(1,2)
037747400003, 700000000000 (2,1),(2,2)

PU
000000200000, 000000000000 (151),(1,2)

which correspond to:

PASS STRATEGY ELEMENT

1 Proximity of entry Integrators
Ampli used as high gain
Summer
DFG (10 and 20 segments)
Switch '
Comparator

2 Proximity of output Potentiometers

2 Proximity of entry Servo-multiplier
Quarter square
TDM
Resolvers
HAM

3 Forced attribution All
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5.6 TOLERANCES
5.601 (_}A.I_Nﬁ

The values used for the control of gains to the amplifiers
in the standard APACHE are given and explained in section L.4. ‘
Any installation wishing to change these parameters may
do g0 by changing the values set at the beginning of TLink 331.

The following restrictions must be observed:

< AMAX < 30
< AMHG < 30
< MCAP

< MPOWER

O O O O
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STORAGE NOT USED BY PROGRAM

STORAGE LOCATIONS FOR VARIABLES APPEARING IN COMMON STATEMENTS
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STORAGE LOCATIONS FOR VARIABLES APPEARING IN DIMENSION AND EQUIVALENCE STATEMENTS
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LOCATIONS FOR OTHER SYMBOLS NOT APPEARING IN SOURCE PROGRAM
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5,62 ANALOG ELEMENTS

In the STATIC CHECK (LINK 6) for each element a
comparison is made between the output calculated from the
read input values, and the output actually read. The difference
is controlled against a given tolerance for that type of element,
and if it exceeds it a diagnostic is given.

The output of each element is also controlled against an
upper limit (saturation level) and a lower limit (significance
level). The tolerance values are pre-fixed in LINK 6 in the
table TOLERT, the values are the actual tolerance values of

the elements multiplied by 10h.
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NO ERROR IN ABOVE ASSEMBLY.
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6. SYSTEM TABLES
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6.1 SYMBOL TABLE

The SYMBOL TABLE (SYMB) contains all information relevant
to the variables and parameters. It is constructed in LINK 1
and information is added during the whole course of the
elaboration of a problem.

SYMBOL TABLE as constructed in LINK 1

» -
Number of CODE see A Control
words in name GP below word
= N
N Alphabetic name of variable,
words split. (see B below)

Value of parameter, IC of

for each variable
—

parameter

Maximum value of variable

Scale factor of variable
(REF = 1)

for each

Minimum value of variable - variable

A. Each bit 24-35 when = 1 indicates that the following
conditions are present:

24 NULL

25 MANUAL

26 Composite variable

27 EXACT

28 TEST

29 not significant

30 not significant

31 Minimum value given

32 Maximum value given

33 Variable: IC given
‘ Parameter: value given

3l Variable

35 Parameter
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B Names of variables and parameters are written in the
following way:

BC3 will have N = 1
222303606060

A(5) will have N = 4
216060606060
746060606060

- 203500000001
346060606060

Note that numbers are written in floating point and are
distinguished by having 1 in bit 35. (Names of variables and
parameters have a maximum of 5 characters)e.

When a bit is present in bit 26 of the control word,
(i.e. composite variable), after the name will be one word
containing a symbolic name for the composite variable which
will be of the form:

$00...0M blank

where M is a number, different for each composite variablee.
The area occupied by the split name + the symbolic name will
be (N+1) words. ‘

The SYMBOL TABLE is also used to store information
regarding variables which are object of an IMPOSE of a type
of multiplier, and variables which have an IMPOSE GAIN 1.
These are stored in the following way:

Control word

Bits
3=17 Length of the name = N
18-23 GP-code of the imposed type of multiplier, or zero
if impose of GAIN 1.
2L = 0 if 18-23 not equal to O

= 1 if GAIN 1
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Alphabetic name of variable split (as above)

Following word is zero if this is the last variable with an
impose of the types mentioned above, if not the last it will
contain the SYMBOL TABLE address of the next variable with an
impose.

These entries in the SYMBOL TABLE do not have a
corresponding reference in the RIF table (6.2).

SYMBOL TABLE as used to contain addressiﬁg information

This description applies to variables only, parameter
entries are not changed.

In the addressing phase the information, IC value, maximum
value and scale value, 1s no longer required, and these three
words are used to store information relative to the addressinge.

IC word

Bits

S-5 NCOD2 (see 7+11)
6-8 NCOD1 (see 7.11)
G=11 number of console on which the variable has its

main element,
12-20 analog name of the element

21 sign of the variable (1 = -, O = +)

22 signal for inversion of polarity

23 } for multiplier entries

24 = 1 if main element has invertor

25 = 1 the variable enters in a high-accuracy

multiplier and is automatically inverted.
26-35 Numeration of variable corresponding to columns
of sign-matrixe.
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Maximum value word

S Sign of IC

1 -3 Signals from which output of servo, quarter square or

comparator the variable exitse.
4 = 1 if main element has output going to trunk
5 = 1 if invertor of main element has output going
to trunk

6 -8 Code indicating type of invertor named in bits 9-17

9 - 17 Analog name of buffer invertor

18 - 20 Number of trunks associated with sign invertor

21 - 23 Number of trunks associated with main element

2L, - 26 Code indicating type of invertor named in bits 27-=-35
27 - 35 Analog name of sign invertor

Minimum value wora

SATANAS information

S-8 Number of outputs of inverted variable which come
directly from invertor

9-17 Number of outputs of variable which come directly
from main element

18 = 1, tiepoint needed for invertor

19-26 Analog name of tiepoint associated with invertor

27 = 1, tiepoint needed for main element

28-35 Analog name of tiepoint associated with main element.

6.2 Reference to SYMBOL TABLE (RIF)

To facilitate research in the SYMBOL TABLE a reference
table RIF is constructed by LINK 1. This contains the addresses
of each control word in the SYMBOL TABLE, and in the decrement
the length of the corresponding entry. This table is sorted
in the order:
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1« Length of name
2. Names of same length in alphabetical order

i.es A(3), Z, B, A(4) becomes
B, 2, A(3), A(4)

In LINK 31 the sign of the variable is placed in bit S.
Bits 1, 2 indicate type of invertor:

O no invertor

1 if buffer invertor
2 INV
5 assigned by minimisation

6.3 Multiplication terms tables

These tables are constructed in LINK 31 and after being
used in the minimisation of the invertors are written on tape.
They are reloaded into the COMMON by LINK 321 and used by
LINKS 321, 33, 331, 342.

The tables list all variables produced by multiplication,
division, or polar or rectangular resolution. They are used as
a guide to control the IMPOSE and to construct the multiplier
tables. The variables are represented by their address in the
SYMBOL TABLE.

(In the following descriptions multiplication is to mean
multiplication or division unless a difference is specified).

Servo multipliers
LINK 31

Constructed in areas FTRN(i), REC(i)

FTRN(1i) REC(1i)

*|xsyl x y

Length IDX
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LINKS 321, 33, 331
Only the first half of the table is loaded.

RUBB (i)

X %y X

? console number (331)

I, if sign invertor is required (31)

2 when x has been considered as an entry variable
to multipliers (331)

1 when X *= y has been considered as an entry variable
to multipliers (331)

Quarter square multipliers

LINK 31
BLIST (i) BLIST (1i+100)
X ®y b'd y
= 0 multiplication
= 1 division
Length IDQ

LINKS 321, 33, 331
Only first half of table is loaded

QUBB (i)

X*sy x

N

4
I

console number (331)

2 when X has been considered as entry variable to
multipliers (331)

1 when x * y has been considered as an entry variable
to multipliers (331)
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Electronic multipliers

LINK 31
BLIST (1+200) BLIST (i+300)
xey x y mult.
x/y x N y div.
Length JDX t division

LINK 324, 35, 331

TUBB1 (i) TUBB2 (i)
X8y b 4 y malte
2 | Xy ] x 4 ¥ div.

{
number console (331) Y pivision (31)

as above

High accuracy multipliers

LINK 31
BLIST (i+400) ’ BLIST (i+900)
X%y b 4 4 y multe.
x/y x 2 y dive
Length IDH

LINKS 321, 33, 331

HUBB1 (i) HUBB2 (i)
X8y b 4 i y multe.
A x/y A X 2 y dive.

number console (331)

as above
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(In LINK 331 this table is sorted in the order multiplication
and division, second power witn fourth power used, square roots,
second power with fourth power not used. Only multiplication
and division are accepted by the APACHE in its present form).

Resolvers
(The resolvers are included with the multipliers as they

occupy servo positions on the panel)

LINK 31
BLIST (i+1700)

0 R X Polar

L |THETA Y R, THETA = X, Y

Each resolver needs two words in the table to specify it.

X R Rectangular

Y - THETA X, Y = R, THETA

t—u,o for rate, 0,0 for position

Length IDR

LINKS %21, 33, 331

RESUBB (i)

console number -

signals as above +

2 when arm variable has been considered as input variable
to other multipliers

1 when output variable has been considered as input
variable to other multipliers
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6.4 Multiplier Tables

The area for the tables is initialised in LINK 321, which
enters in the tables all multipliers assigned to a specific
element with an IMPOSE. |

In LINK 33 the tables for servo-multipliers and electronic
multipliers are completed. In LINK 331 the quarter squares and
resolvers are added to the servo-multiplier tables and the
high-accuracy multiplier tables are completed. '

In all the tables each pair of voices corresponds to one
analog element,each element having at least one entry.
Specific elements given with an IMPOSE are entered as stated,
all other multiplier terms taken from the multiplier tefms
tables (6.2) are filled into the framework of the tables in the
most efficient way, that is, using the least number of analog
elements taking account of the "arm" variables of the multiplication
terms. The console number is taken into account only for the
"arm" variable, as explained in 4.5.

Servo multipliers, Resolvers, Quarter sqguares

(As these elements use the same panel areas, they are grouped
in one table)

Tables TSM1 (i) and TSM2 (3

General form of TSM1 (i)

Bits: _
S=4 name of analog element
5-7 Console number
8 = 0 servo with 5 entries
= 1 servo with 3 entries
9-10 = 00 normal servo

H

01 + servo

10 - servo
O polar resolver
1 rectangular resolver

11

il
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12-14 000 initialisation
001 servo-multiplier
010 quarter—square
110 resolver position
111 resolver rate

15 output F for servo position

16 output A

17 output B

18 output C

19 output D

20 output E

21=35 SYMBOL TABLE address of variable entering “arm"

of servo-multiplier

Blank for quarter squares

SYMBOL TABLE address of factor equivalent to
THETA for rectangular resolvers

Blank for polar resolvers

Length of table + 1 = KTSM
Length of area filled in by IMPOSE + 1 = IKTSM

In LINK 321 for each IMPOSE the complete information
is filled in and controls for compatibility made.

In LINK 33 the table is completed for servo multipliers
but without console number and analog element name.

In LINK 331 the console number is filled in, and quarter
squares and resolvers added to the table.

In LINK 342 an analog element name is assigned to the .
non-IMPOSE entries,

TSM2 (i) is used as a working area.
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Electronic multipliers

Tables TTD1 (i), TTD2 (i)

General form:

TTD1 (i)

Bits

S-4 name of analog element

5=-7 console number

8-14 not significant

15 = 0 multiplicatior mode
= 1 division mode

16 output G

17 output H

18-35 SYMBOL TABLE address of variable entering "arm"

TTD2 (i)

18-35 For division mode, address in SYMBOL TABLE of
denominator ‘

Length of table + 1 = KTTD
Length of area filled by IMPOSE + 1 = IKTTD

In LINK 321 for each IMPOSE the complete information is
filled in and controls for compatibility made.

In LINK 33 the table is completed but without console
number and analog element name.

In LINK 331 the console number is addede. ,

In LINK 342 an analog name is assigned to each electronic
multiplier.

High-accuracy multipliers

Table THAM1 (i) THAM2 (i)
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General form:

THAM1 (i)

Bits

S-4 name of analog element
5=7 console number

8-9 not significant

10 output B

11 output A

12 used for multiplication
13 used for division

14 used for 2nd power

15 used for root

16 used for uth power

(14, 15, 16 are not used in the present version of APACHE)

17 not significant

18-35 SYMBOL TABLE address of variable on “arm"
THAM2 (i)

18-35 SYMBOL TABLE address of output variable from B.

6.5 Comparator Tables

These tables are constructed in LINK 31 and used in LINKS 321
33, 331, 342.

LINK 31

€.g+« COMPARE (-A+B), Z1 = -Y1
COMPARE (-C+D), Z4 = Y3, Y4
COMPARE (-A+B), Z2, Z3 = Y2

would produce the following entries in the tables:
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COIL (i) TAC (i) CTAC2 (i)
(= CUBB1) (= CUBB2) (= CUBB3)
-lA |+] B yA - 1
Z2 73 +| Y2

-] C + D YA + Y3l +| Y4

Note that the coil table is half the length of the
contacts tables. The length of the coil table is IDC.

LINK 321

A fourth table is added in TCP1, containing the order and
the console number of the comparator assigned with an IMPOSE
and whose description is in a parallel position in the tables
CUBB2 (TAC1) and CUBB3 (TAC2).

LINK

The tables are cleared of all except entries corresponding
to IMPOSE. The entries are pushed-up to eliminate blank entries.

LINK 1

The comparator table for non-IMPOSE entries is recon-
structed, taking account of console number. Where possible
contacts having the same coil are put together. The console
number is put in the tag of CUBBZ2.

LINK 2

Addressing information is filled in in TCP1 parallel with
the CUBB tables.
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6e6 Switch Tables

, These tables are contructed in LINK 31 and used in
LINKS 321, 331.

LINK 31

E.gs SWITCH, X1 = Y1
SWITCH, X2 = Y2, Y3
SWITCH, X3 = Y4, Y5, Y6

SWITCH, X4, X5 = Y7

TAS1 (1) (= SUBB1) TAS2 (1) (= SUBB2)

X1 + T

X2 | x| Y2 + Y3

X3 +| Yh + Y5 | +| Y6
- xu X5 +| ¥7°
-1 X6 ox7| X8 Y8

Note the sign_bit = 1 in TAS1 indicates multiple outputs,
single input

LINK 321

For switches with IMPOSE the console number is put én

the tag of SUBB1 (= TAS1), other information is put in the
SYMBOL TABLE.

LINK 331

The table is used as a control for the count. The console
number for non-IMPOSE variables is put in the tag of SUBB1.
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6.7 DFG Tables
" Tables for the DFG are constructed in LINK 31

LINK 31

BLIST (i + 1500) BLIST (i + 1600)

eogo DFG’, X = Y

LINK 521

A new table is constructed and all DFG with IMPOSE filled
in. The table is in TCP2 with length index KCP.

Bits
S = 1 occupied as 20 segments or twice as
10 segments
1 = 1 18t entry blocked
2 = 1 2nd entry blocked
3=5 console number
6-13 analog element name
14-17 not significant
18 = 1 cannot be used as 20 segment, both
10 segment available
19 = 1 cannot be used as 20 segment, only
1x10 segment available
20 = 1 can be used only for 20 segments.
LINK 1

Length of IMPOSE part of table = IKDF
Length of non-IMPOSE part of table = KDF
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During the count, entries are made in the table for
non-IMPOSE DFG's with the console number and appropriate
signals. DFG's entered with IMPOSE are filled up if they
have entries free and the console number agrees.

6.8 Analog element tables

All information relative to the analog elements and the
patch panels is stored in two tables, NBOX and VETT, with TV
as a guide table for VETT,

The method of entering the information is explained in
5¢3+ The information is developed into the table form by
LINK 7.

NBOX

Each word in the table corresponds to a type of element
which is mobile, that is, it can be inserted in different
positions to correspond with different panel positions.

In the decrement is the total available of that type of

element
NBOX (1) Servo multipliers (5 entry)
(2) Servo multipliers (3 entry)
(3) Not used
(L) Not used
(5) Quarter-square multipliers
(6) Electronic multipliers
(7) High accuracy multipliers
(8) DFG
(9) Resolvers
(10) Variplotters
(11) Recorders
TV

The matrix TV is dimensioned (60,6) where the columns
refer to the console of the same number.,
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In each column, each pair of words refers to a type of
element and acts as a guide to the table VETT.

STV (1,J)
Bits
S=5 Hollerith alphabetic character referring to
type.of element (see list below)
6=11 Hollerith blank (= 60)
12-14 Console number (= j)
15=20 Not significant
21-35 Address in VETT of first abscissa word of i'B
type of element
™ (i+1, 3)
S5-3 not significant
=17 number of elements of this type in VETT
18-20 not significant
21-35 address in VETT of first ordinate word of ith
type of element
Hollerith character Type of element
™v (1, J) A Amplifiers
™ (3, J) M Servo multipliers
Quarter squares
Resolvers
™V (5, j) not used
™ (7, J) T Electronic multipliers
™ (9, j) F DFG
v (11,5) not used
™ (13,3) P Potentiometers
™ (15,3) J Manual potentiometers
™ (17,3) S Switches
TV (19,3J) C Comparators
™V (21,5) X Variplotters
TV (23,3) N Tiepoints
TV (25,3J) K References
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™v (27,3) H Resistances
™ (29,J) G Capacities
™ (31,3) I Input trunks
™ (33,J) 0 Output trunks
™V (35,3) E Recorders
™V (37,3) not used
™ (39,3) Q , High accuracy multipliers
™V (41,35)
etc. not used

VETT (1400, 6)

The information contained on the panel description cards
is translated into a pair of words for each element, one called
the abscissa word and containing the value of the abscissa of
the basic panel coordinate, the other called the ordinate word
and containing the value of the ordinate of the basic panel
coordinate of the element.

N. B. As each element occupies a pair of words in VETT, no

more than 700 elements can be included for each console.

Each column of the matrix corresponds to a console and
each column is sorted by type of element. Each type of element
is then sorted into abscissa words and ordinate words and
the abscissa words ordered by increasing order number of the
element.

Connection between the abscissa and ordinate words of
a pair is maintained by a relative address in the address
part of each abscissa (or ordinate) word numbering the
position of its corresponding ordinate (or abscissa) word in
the section of VETT which refers to that type of element.

Abscissa word - general form
Bits

S put = 1 in addressing phase when element is
occupied, put = 1 with OMIT
1-2 information varying with type of element



3-5

6-13
14=-20
21-27
28-35
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console number

order number of the element

information

value of abscissa coordinate

relative address of the associated ordinate

word

Ordinate word - general form

S5-20
21-27
28-35

Amplifiers

Abscigsa word

15
16
17
18
19
20

Ordinate word

S-8

9
10=17

information

value of the ordinate

relative address of the associated word

0
_s_s_s_;_s_s_so_sd

not
=0

network free

network occupied

integrator

summer

used as summer

used as high gain

used as invertor

invertor associated with DFG
invertor associated with resolver
invertor associated with high accuracy
multiplier

used
network can be used as auxiliary network

order number of the invertor if bit in 18,

19,

or 20 of abscissa word



Comparator

Ordinate word

S
1

Switch
Ordinate word

S
1
2

DFG
Abscissa word
S

1

2
18
19

20

Qrdinate word
18

19,20
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if J contact occupied
if K contact occupied

if left contact occupied
if centre contact occupied
if right contact occupied

occupied as 20 segment or twice as 10
segment

1st entry 10 segment occupied

2nd entry 10 segment occupied

used by IMPOSE

cannot be used as 20 segments, only one

10 segment available (OMIT = 86 or 24)
cannot be used as 10 segments (OMIT = 22)

cannot be used as 20 segments but can
be used as 2#%10 segments (OMIT = 66)

as 19,20 of abscissa



Capacity, Resistance
Ordinate word

S=4
5
6-11

Trunks
Abscissa word

15-20

Ordinate word

S=7
8

9-11

12-20

Reference
Abscissa word

15
16
17
20

Ordinate word
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value of capacity of resistance (e.g. 1)
sign of exponent (e.ge =)
exponent base 10 (e.ge. 1)

put together with 12-20 of ordinate word
gives SYMBOL TABLE address of input
variable (added in LINK 36)

number of corresponding input/output trunk

= 1 if trunk is attached to invertor of
variable (added in LINK 36)

console number of corresponding input/output

trunk

see 15-20 above

=1 =100 volts

= 1 ground

=1 +100 volts

=1 test reference

number of associated servo multiplier
sign of special value (1 = -)
special value (25 or 90)



Tiepoints
Abscissa word

1
2

15
16
17
18

Qrdinate word

§-7

8-11

8-13
12 or 14-17
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if tiepoint with distributed outputs (e.g. TFO)
if this is first of distributed series

if TPO

if TP1

if TP5

if TP6

]
A a4 a4 o

for distributed series gives number of
successive output (See Appendix D, Programmers
Manual for numbering of distributed tiepoints)
represents outputs of four output type

tiepoints

represents outputs of six output type tiepoint
are filled with 1's for L4 or 6 output tiepoints,
respectively

Potentiometers, Manual Potentiometers

Abscissa word

1
2

Ordinate word

S-7

1 if earthed pot
1 if isolated pot

order number of amplifier to which it is
nearest.

High Accuracy multipliers

Abscissa word

1
2

15
16

= 1 output B blocked
= 1 output A blocked

= 1 used as multiplier
= 1 used as divider



Ordinate word

S-7
15-17

18-20
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order number of associated invertor
number of associated invertors which can
be used independently

number of associated invertors which cannot
be used independently

Servo multipliers (Panel positions)

Abscissa word

15
16

17
18

19

Ordinate wogg_

S-7
15-20

For resolvers:

8
9

10-17

Bits

0 5 outputs

1
1

- =k =k b

3 outputs

can be used as resolver position

15-19 are used for partial OMIT
resolver cannot be used in position mode
resolver cannot be used in rate mode
resolver cannot be used in polar mode

18% cutput not available

an output not available

order number of associated amplifier
represent the outputs FA B C D E

1

I.C. pot has been attributed

O I.C. pot is normal pot

1

I.C. pot is manual pot

order numbér of IC pot for rectangular
rate mode (added in LINK 343)

Electronic multipliers

Abscissa word

20

1
1

if used for division
if cannot be used for division
(OMIT = 72)
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Ordinate word

1 output G blocked (OMIT = 76)
1 output H blocked (OMIT = 74)

19
20

6.9 Analog elements, available and used, matrix (TPOM O, 8

This matrix is used for the accounting of -the elements
(4e5). It consists of 8 columns each of 30 words. The first 6
columns refer to the 6 possible consoles, the eighth is a
working area. (The seventh is not used). The significance of
each word in a column is shown below:

I TPOM (I,J)
DECREMENT ADDRESS
1 Total integrators used Total integrators
as integrators available
2 Total integrators used Total integrators used

as summers

3 Total integrators used
as invertors

4 Total summers used &s Total summers available
networks for integrators

5 Total summers used Total summers used
as networks for summers

6 Total summers used
as summers

7 Total summers used
as invertors

8 Total invertors Total invertors available
used
9 Total networks used Total networks from

from unusable amplis unusable amplis available
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DECREMENT = TOTAL ADDRESS = TOTAL
REQUIRED AVAILABLE

11 DFG
12 DFG (1%10 segment only’)
13 DFG (2%10 segment only)
14 DFG (1%20 segment only)
15 Potentiométers
16 Manual potentiometers
17 Switches
18 Comparators
19 Variplotters
20 Resistance (1 Mf)
21 Resistance (. 1 M)
22 Capacity (1 uF)
23 Capacity (. 1 uF)
24 Recorder channels
25 _
c6 Servo multipliers (5 outputs)
27 Servo multipliers (3 outputs)
28 Electronic multipliers
29
30 High accuracy multipliers

The totals available are filled in in LINK 321, counting

from whe panel description and taking account of the OMIT.
In'LINK 2334 the totals required are counted and filled in.
The addressing phase uses the required totals as a control.
If in LINK 331 the elements available are found not
sufficient, the matrix TPOM is printed out, together with

a diagnostic number. (See Programmers Manual, Appendix G)
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7. INTERNATL CODING AND INFORMATION WORDS







7.1 ID-code
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ID is the first word of the ID-record (8.1). It contains
two codes, the ID-code which defines types of statements, and
the KTYPE-code (7.2) which defines types of equations.

The ID-code is in the decrement of ID.

ID-Code Type of
Statement
1 COMMENTS
L. EQUATIONS
5 IMPOSE
6 BETA
7 REF
8 CONSOLE SELECT
9 MULTIPLIER
10 VARIPLOTTER
11 RECORDER
12 AVATILABLE CONSOLES
13 OMIT
19 END
20 PRINT
22 DO

The following ID-codes are used for internal identification

and have no corresponding ID-record

ID-Code Type of
Statement
2 PARAMETERS
3 VARIABLES
14 PATPAN
15 EDIT
21 CHECK

These statements are selectors and are never written onto

intermediate tape.
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The ID word is also used to carry other signals:

Zero equations

Bit 29 =1 Zero equation generated for division

For Comparator

Tag = C coil equation

#Z 0 contact equation

For switch

Tag = 0 general equation
#Z 0 contact equation

7.2 KTYPE-code

KTYPE is contained in the address part of ID, bits 31 - 34.
The subroutine extracts and converts it to an integer.

KTYPE Type of equation

Algebraic
Multiplier
Implicit (ZERO)
Differential

DFG (10 segments)
DFG (20 segments)
Switch

Compare

0~ O & W N

Resolver (polar)

—
O v

Resolver (rectangular)

-
-

Invertor
Trunk

-
N
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T3 E-Code

The E-code is used by LINK 2 and LINK 21 to identify the
operands and operators which appear in an equation.

E-code Description
1 Variable
2 Parameter
3 (
b )
5 +
p _
5 .
8 /
9 Derivative (DER)
10 ZERO function
11 =
12 Auxiliary variable
13 : Mean value of a perturbed variable
14 Parametric expression
15 Constant
16 SIGMA
17 PI

7.4 M-=code

Identifies the type of multiplier defined by a MULTIPLIER
statement or by an IMPOSE statement.

M-code Type of multiplier

SMN

SHP

SMM

TDM (multiplication
DM (division)

HAM (multiplication)
HAM (division)

QSQ (multiplication)
QSQ (division)

W o~ OVt F W -



75 NL-Code
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Determines which type of non-linear auxiliary equation
is to be generated depending on the corresponding M-code.

NL-code Type of equation
1 Multiplier
2 Division by means of TDM, QSQ or HAM
3 Division by means of a High gain

7.6 GP-Code

amplifier.

The GP code is placed in bits 18-23 of the first word,
(control word), applying to each variable in the SYMBOL TABLE
(6.1), and defines the type of element from which the variable
is output. It is inserted by LINK 1. Shifted left six positions

it gives an integer code as follows:

GP-code (decimal)

Type of element

OO Fw N~

-~J

11
12
13
10
15
16
17
18

Integrator

Summer

High gain

Invertor

Servo multiplier normal
Servo multiplier plus

Servo multiplier neg.

Quarter square (multiplication)
Electronic multiplier (multiplication)
Electronic multiplier (division)

DFG (10 segments)

DFG (20 segments)

Resolver polar position

Resolver rectangular position
Resolver polar rate



..267..

GP-code Type of element
20 Potentiometer
21 Manual potentiometer
22 Switch (1 entry, 3 outputs)
23 Switech (3 entries, 1 output)
24 Comparator (1 entry, 2 outputs)
25 Comparator (2 entries, 1 output
26 Variplotter
27 Tiepoints
28 Reference
29 Resistance
30 - Capacity
31 Trunk (input)
32 Trunk (output)
33 Recorders
35 High accuracy multipliers (mult.)
36 High accuracy multipliers (div.)
L1 Quarter Square (division)
7.7 CHLK

The number of each link is stored in CHLK777 in COMMON
at entry to each linke.

7.8 LE7777

Signals of error levels are stored in LE7777 in COMMON.
" The error levels describe the path of execution as shown
in the system flow chart (2.1) and inform LINK 4, the
output link, now much information has been prepared for the
output list.

LE7777
LE7777

LINK 331 and therefore scaled coefficients in EQM must be
calculated by LINK 4.

2 no addressing performed
3 exit to LINK 4 before
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7.9 CW

CW contains the list of available consoles as written on
the AVAILABLE CONSOLES card, or is zero if no AVAILABLE CONSOLES
card is included in the problem.

Example
AVAILABLE CONSOLES 1,3,2

CW=}1]3%312|0]0]0
S 35

7.10 EQM (99,2), VALMA

The information obteined in LINK 331 on the auxiliary
elements needed by amplifiers is passed on to the addressing
phase in the word EQM (99,2) for each equation.

(Referred to as VALMA).

The information contained in the word is shown below:

Bit
2 = 1, auxiliary networks required
3 = 1, external capacity required
L = 1, panel capacity to be used
57 = I, where the value of the capacity required 1_IuF
8 = 1, 1Ml resistance on panel required for input
resistance
9 = 1, .,1Mfl resistance on panel required for input
resistance
J10-16 not significant
17 = 1, integrator which does not require I.C. i.e.
ZERO used for division
18-21 not significant
22-26 = N, number of auxiliary networks required

27-35 not significant
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711 NCOD1, NCODZ2

The codes NCOD1, NCOD2 are used throughout the addressing
to distinguish the different types of analog element, NCOD2
indicates the general type of element (e.g. amplifier), NCOD1
indicates the special case of the general type (e.g. summer).
The codes are formed using the GP-code (7.6) as base

GP-code NCOD1 NCOD2

(decimal)
1 0 01 Integrator
2 1 01 Summer
3 2 01  High gain
i 3 01 Invertor
5 0 02 Servo multiplier normal
6 1 02 Servo multiplier plus
7 2 02 Servo multiplier minus
11 0 03 Quarter square (mult.)
12 0 oL Electronic multiplier (mult.)
13 1 oL Electronic multiplier (div.)
14 0 05 DFG (10 segments)
15 1 05 DFG (20 segments)
16 0 06 Resolver polar position
17 1 06 Resolver rectangular position
18 2 06 Resolver polar rate
20 0 o7 Potentiometer
21 0 08 Manual potentiometer
22 0 09 Switch (1 entry 3 outputs)
23 1 09 Switch (3 entries, 1 output)
24 0 10 Comparator (1 entry, 2 outputs)
25 1 10 Comparator (2 entries, 1 output)
26 0 11 Variplotter
27 0 12 Tiepoint
28 0 13 Reference
29 0 14 Resistance
30 0 15 Capacity



GP-code
(decimal)

31
32
33
35
36
44

O ~ O 0O 0 O

16
17
18
20
20
21
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Trunk (input)

Trunk (output)

Recorders

High accuracy mult. (mult.)
High accuracy mult. (div.)
Quarter square (division)
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8. TAPE RECORD FORMAT
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TAPE RECORD FORMAT

The transmission of information between the different links
of the system is obtained by mean of the COMMON storage and
intermediate magnetic tapes.

The format of tape records is explained below.

8.1 ID-RECORD

All the statemen&s of an Apache program are composed of
at least one record ( which identifies and describes them.
This is the ID-Record. It is generated by LINK 1.

Format:

L 3 ]
1D, NUMB, N, (REC(I), I = 1,N) (**)

where

ID ¢ contains the following information:
Bits 3 - 17 : ID-code (see 7.1)
26 : if 1 the corresponding equation was
generated by LINK 1
29 : if 1 indicates that the equation is
implicit and there is some feedback
through a multiplier or that the equation
is a multiplier which is feedback in an
implicit (ZERO) equation.
31 : 34 : KTYPE-code (7.2)
35 : if 1 the equation has already been
reduced to standard form.
Tag : Contains signal for SWITCH and COMPARATOR
(see 7.1) -

(*) By the word -record- is always meant a logical record.

(**) The record format is described with the FORTRAN notations.
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NUMB : contains the statement numbers.

N "¢ is the

length of the array REC

REC ¢ contains the description of the statement.
Initially in REC is found the statement as written

by the

programmer.

The contents of REC are then modified for the follow-
ing statements:

EQUATIONS -
OMIT -

IMPOSE -

CONSOLE SELECT -
RECORDER -

VARIPLOTTER -

Standard form as found in the output list.

REC(1) : Analog Element
REC(2) : Console number
REC(3) : OMIT code

REC(1) : Analog Element
REC(2) : Console number
REC(3).....REC(N) : Name of the variable

REC(1) : Console number

Original record is of the form:
REC(1)e..++REC(N) : Address in SYMBOL TABLE of
variables '

in LINK 343 the record is tripled in length

by adding:

REC(N+1).e++ .REC(2N) : Analog name of recorder
used

REC(2N+1).....REC(3N): Analog name of element
from which variable is
output.

In Link 331 the console nﬁmber of the recorder

is placed in the tag of REC(1)ese++REC(N)

Original record is of the form:
REC(1) : X, s

REC(2) : x,

REC(N-1) : X,

REC(N) Py

in Link 343 the record is tripled in length
by adding:
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REC(N+1) : Analog name of variplotter for X, ¥,
REC(N+2) : Zero, not significant

REC(2N-1) : Analog name of variplotter for S S
REC(2N) : Zero

REC(2N+1) : Analog name of element from which
X, is output

REC(2N+2) : Analog name of element from which
¥, is output

REC(3N-1) : Analog name of element from which
Xn is output

REC(BN) : Analog name of element from which
Y is output

8.2 W-RECORD
This Record appears after the ID-Record of all EQUATIONS
elaborated by LINK 2, except for RESOLVER equations which

are immediately attributed an EQM-Record.

Format:

W, (W(I),I=1,NW),NwW1,(W1(I),I=1,NW1),(w2(I),I=1,NW1),(W3(I),I=1,NWw1)
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NW -~ length of W

Nw - length of W1, NW2 and W3

W - contains the split form of the contents of REC of the
corresvonding ID-Record ) '

W1 - contains, for each operand or operator of W, its
corresponding E-code (7.3) and, for variables and
parameters, its address in the SYNMBOL TABLE

nw2 - for each cell of W1 contains the number of cells
occupied by the corresponding item in W

W3 - as W1 except that it contains also the address of the

corresponding W1

8.3 EQM-Record

This Record is substituted for the W-Record created by
LINK 2. It is generated by LINK 21.

Format:

MON, ((EQM(I,J), I=1, MON), J=1,3)

" where:

MON - Actual row-dimension of EQM

EQM - describes the standard form of the equation as follows:

for I =

EQM(I,1)
EQM(I,2)
EQM(I,3)

for I

EQM(I,1)
EQM(I,2)
EQM(I,3)

193959 eee,MON

address of the variable in the SYMBOL TABLE
IC of the variable

Scale Factor of the variable

2’)-'.,6,0.0,MON-1

: physical value of coefficient
: scaled coefficient

pot setting
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The values EQM(I,2), EQM(I,3) for I even valued are
generated in LINK 331, or in LINK 4 if 331 is not executed.

I =1 prefers to the LHS of the equation
I >1 refers to the RHS of the equation

8.4 ADDRESSING RECORDS

These recqrds are added for each equation in LINK 341
and information is filled in in the successive links.

EBB

Decrement  Address in SYMBOL TABLE of the variable on the left
hand side of the equation

Bit 33 = 1 if all variables in this equation have been attributed

an analog element.

Bit 34 = 1 if the auxiliary elements of the left hand side
element are attributed.

Bit 35 = 1 if the L.H. variable has been attributed an element.

EB1(I), I=1,30

EB1§1) the analog name of the element attributed to the L.H.S.

variable

EB1§22 analog name of invertor (if any) associated with LHS
variable

EB1 analog name of I.G. pot (if any)

EB1§Q} analog name of panel resistance or EXTRN if external
resistance (if any) needed for input resistance

EB1§52 analog name of panel capacitor or EXTRN if external
capacity (if any) needed for integrator

EB1(6) analog name of buffer invertor neeeded for output of

servo-multiplier or quarter-square.

EB1(T I=1 9)

Analog name of amplifiers (if any) ceding network to be used
as inputs for analog element in EB1(1).
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MEBILI I=1,30

In parallel with EB1 contains console number relative to

analog elements.

((EB2(1,J), J=1, IM), I=1,2)

IM number of terms on R.H.S.

EB2§1,J2 analog name of element attributed to Jth term of

R.H.S.

EB2(2,J)

Bits S-29 analog name of potentiometer, if necessary, attributed
to coefficient of I term of R.H.S.

Bit 30 significant when L.H.S. element is an amplifier
O for gain 1

1 for gain 10

Bits 31-35 significant when L.H.S. element is an amplifier

using auxiliary networks, indicates the entry to be used
by the J°0 term of the R.H.S.
= 1 when entry of main element attributed to L.H.S.
is to be used

= n when entry of auxiliary network is to be used,
where n(= 2, 17) refers to the auxiliary networks
listed in EB1(I), I=15,30
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9.  CARDS FORMAT
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9.1 Cards prepared by LINK 5

9¢1¢1 COLUMNS 71 - 72 = 73

The pot setting, network and read out cards punched by LINK 5
have in the address part of the binary word punched in columns
70 = 71 - 72 a type of card code which is used by LINK 6.

CODE SIGNIFICANCE
0 card non-significant for LINK 6
1 response card of read-out cards
2 network card
3 end of network cards, first card of read-out
card
L the following card is the first of a

different console (for all types aof cards)
In the decrement part of the word is a progressive count

which starts from 1 for each type of card and for each console.
In the tag is the number of the relevant console.

9,12 Pot setting cards

The cards are punched in a code analogous to the ADIOS
punched tape code. They contain the ADIOS name of each pot
used and its setting.
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ADIOS code as punched on cards

ROW

SYMBOL

2 3 4 5 6 7 8 9

1

>

>

>

M

>

>

Te}

>

X

I~

X

X X X X

Lo oS

>

>
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SYMBOL ROW
12 3 4 5 6 7 8 9
X X X X
Y X X X
Z X X X X
CS X X X X
RT X X X X X
PS X X X X
ST X X X X X
IC X X X X
HLD X X X X X
OoP X X X X X X
CR X X X X X
RCY X X X X X
TAB X X X X
SET X X
CHK X X X
RD X X X
PC X X X X X X
+ X X X X
- X X X X X

A single punch in row 12 is an automatic signal for the
modified 026, the card is released and the next read.

The cards are used in conjunction with the ADIOS-CRESSIDA
system (1.2.2) to set potentiometer values. The pack of pot
setting cards begins with a visual recognition card "POT SETTING".
The cards are divided by console and mode select cards into
blocks corresponding to each console.

Q9+1+3% Network Cards

The cards are to be read column binary. The pack of network
cards begins with the visual recognition card "NETWORK", which
is repeated at each change of console.



Cﬁ'B -~ &
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12 - 7 - 9 punch
Checksum

Network description
8ee 9.1.1

Label

Network description
The beginning of each equation is signalled by a code

word of tne following form.

18

L

X

) o Y 2 NUMB

where NUMB is the statement number as in the ID-record

X is present only for trunks and gives the console of origin.

YZ is a type of circuit code.

YZ

01

02

03

05

o7
10
11
12
13
1%
17

Type of circuit

I.C. circuit for integrator used for DER or ZERO
(not division)

Algebraic, inversion, ZERO used for division, or
check circuit for integrator corresponding to I.C.
circuit above

Servo multiplication (normal)

Electronic multiplication

Electronic division

High accuracy multiplication

High accuracy division

Quarter square multiplication

Cecmpare

Switch

Trunk

DFG

Quarter square division

Servo multiplication (minus, plus)
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The code word is followed by the circuit description
in the order; output element, (pot), input element, (pot),
input element etc.

Examples

I.C. circuit: A10 with I.C. pot P10

1. Code word 400001 (NUMB)
2 A10 021010060606

(note the element name is always filled up with blanks and
shifted 3 right)
3. 2 P10 SETTING 2L.7010001750

(note that 2 indicates a pot, and the pot name occupies
only 6 positions, the address contains the setting)

L. 100000400144
£
Gain 1 Sign value

REF(-ve) REF

If the I.C. were connected directly to the REF only 1/. 24.
and 4/. would be punched

Algebraic Circuit: A13 entries A2,%P10%1, A32#%10, setting P10=,3456

1/ 400002 NUMB
2/ 021010360606
3/ 2147010003456
L/ 121020460606 note gain 1 = 1 in bit 2
5/« 021030260606 note gain 10 = 0 in bit 2

9.1.4 Read-out Cards

The cards are punched in the code analogous to the ADIOS
paper tape code as listed in 9.1.2.

The pack of read-out cards begins with a visual
recognition card "READ OUT'". The cards are divided by console
and mode select cards into blocks corresponding to each comsvle.



- 286 -

The read-out cards are in pairs: an element name card, -punched
by LINK 5, and a response card, blank except for identifications
when produced by LINK 5, on which the converted ADIOS-CRESSIDA
system (see section 1.2.2) punches the element name together
with its read out value,

The format of these cards is shown below:

Console select card

Col. 1 7/9 punch
Cols. 2-9 console select in ADIOS code
Col. 10 Release

Col. 70-71 See 9.101
Col. 7L4-80 Label

Read-out card

Col. 1 7/9 punch

Col. 3-8 Element name with Adios control codes
Col. 21-26 Same

Col. 39-L44  Same

Col. 56 Release

Cols. 70-71 See 9141

Col. 73-80 Label

Response Card

As punched by LINK 5 :

Col. 1 12/7/9 punch
Col. 2 Release
Cols. 70=71 See 9¢141
Col. 73-80 Label

Added by ADIOS-CRESSIDA

Col. 8- Element name, read out value with sign, and
Adios control codes

Col. 26- Same

Col. Ll- Same
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9.2 SATANAS Cards

The Satanas cards are prepared by LINK 361. The cards
are punched in group of four columns corresponding to X, Y and
X', Y' of the two holes to be joined.

Rows 5 and 9 are always perforated, giving signals for
the synchronisation of the Satanas apparatus with the modified
026.

The coordinates on the panel range from 00 to 74 and are
represented by the codes listed below, using rows 12, 11, 0O, 1,
2, 3 and 4. The X coordinate has no extra punch, the Y coordinate
has row 6 punched, the X' coordinate 7, and the Y' coordinate
6 and 7. Where the four coordinates define a bottle plug an
additional punch 8 in X, Y, X' or Y' defines the colour and
illuminates a signal lampe.

X + punch 8 = green bottle plug
Y + punch 8 = orange bottle plug
X' + punch 8 = grey bottle plug
Y' + punch 8 = red bottle plug

The pack begins and ends with a visual recognition card
punched horizontally.



Satanas coordinates codes

00 +-01234
01 -01234
02 + 01234
03 01234
oL +- 1234
05 =~ 1234
06 + 1234
07 1234
08 +-~0 234
09 -0 234
10 + 0 234
11 0 234
12 +- 234
13 - 234
14 + 234
15 23L
16 +-01 34
17 =01 34
18 + 01 34
16 01 34
20 +- 1 34
24 -1 34
22 + 1 34
23 1 34
24 +-0 34
25 =0 34
26 + 0O 34
27 0 34
28 +- 3
29 - 34
30 + 3L
31 34
32 +-012 4
33 <012 4
3+ 012 4
35 012 4
26 +- 12 4
37 - 124
38 + 12 4

39
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L8 +-01
50 + 01

6Ly +-0123
65 -0123
66 + 0123
67 0123
68 +- 123
69 - 123
70 + 123
71 123
72 +-0 23
73 -0 23
74 + O 23
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10, DIAGNOSTICS AND OFF LINE WITH RELEVANT ROUTINE







ATRIN
PREMG
IBETA
TIEPO
ZZCw
LK. 321
PREMG
PREMG
C2

LK., 331

TEXT OF DIAGNOSTIC

ANALOG CODE WRONGLY WRITTEN
ANALOG ELEMENT ALREADY OCCUPIED

APACHE DIAGNOSTIC SUPERVISOR. PROGRAM CANNOT BE
ERRORS DETECTED WHEN PERFORMING SECTION 1. E
APACHE DIAGNOSTIC SUPERVISOR. PROGRAM CANNQOT BE
ERRORS DETECTED WHILE PERFORMING SECTION 2.
APACHE LIST PROCESSING ERROR WHILE PERFORMING SE
LIST TABLES OVERFLOW. IT CAN BE DUE TO
~ T0O MANY INTERDIPENDENT SYMBOLS
- THE DEVELOPEMENT OF AN EQUATION BECAME T0O
- INSUFFICIENT STORAGE FOR CROSS REFERENCES
- SYSTEM FAJLURE

ATRAN3 ERROR

BAD MAIN PROGRAMS FILE ON MASTER TAPE
CALCULATED BETA = X

CANAP IN TIEPO. VAR. X

CANAP2 IN ZZCW. VAR. X

CARD AVAILABLE CONSOLE MISSING

CHAIN LINK NR. N MISSING

CHAIN LINK TO UPDATE NOT LISTED IN CHAIN TABLE
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CONTINUED BECAUSE OF
ND OF JOB.
CONTINUED BECAUSE OF
END OF JOB.
CTION N.

LARGE

TABLE

CLOSED LOOP IN MULTIPLIERS OR RESOLVERS, NO ADDRESSING.

CONSOLE FULL AT EQUATION N DIAGNOSTIC NUMBER (MERR)

IN

IN

IN

IN
IN

IN

IN

ERROR IN TABLE TSM

TABLE TTD

TABLE TSM FOR IMPOSE

TSH FOR NON-IMPOSE

TABLE TCP2

TABLE THAM

TABLE TSM FOR IMPOSE

TABLE CuBB FOR IMPOSE

MERR ROUTINE GIVING SIGNIFICANCE
ERROR SIGN
1 ZCc)
2 C3
3 Zc3
4 ZC3
5 ZC3
6 C3
7 ZC1
30 ZEM3 ERROR
31 ZEM3
32 ZEM3
33 ZEM3
34 ZEM3
40 2Qs3 ERROR
41 ZQS3
42 ZQS3
43 2QS3
Ly ZQS3 ERROR
46 ZGQS3
50 ZZDFG
52 ZIDFG
53 ZIDFG
Sh4 ZZDFG ERROR
55 LZDFG
63 LHMD
67 ZHMD ERROR
68 ZHAM3
69 IHAM3
70 ZZRES ERROR
1} ZZRES
12 LZRES
13 ZZRES
74 IZRES
75 ZZRES
76 ZZRES
80 ZCOMP
81 LCOMP
82 ZCOMP
83 ZCOMP ERROR
8y ZCOMP
87 ZCOMP



PAGE 292

LK. 331

1112t
LK. 321
LKe 321
LK. 321
LK. 331
TIEPO

PRIOEM
LK. 331
LK. 33

PARAD
PARAD]

LK. 321
TIEPO
LzZpP

LZP2
LZP2

LZP
LZp2
POTA
CSEL
CSEL
LKe31
PINTA

M VOVOVOO
<7 MO OUNEWUN=O

»O mX
0
]

NCE OF THE ERROR SIGNALS NOT EXPLAINED
RS MANUAL APPENDIX G.

W

W

W

GAIN ERROR IN TABLE SuBB

W

W

{

R

1 R RESOLVER WITH (IMPOSE/NON-IMPOSE)

CONSOLE FULL
EXTERNAL

CONSOLE FULL ==+ ADD
CONSOLE NOT ALLOWED
CONSOLE NUMBER GREATER THAN 6

CONSOLE NUMBER NOT GIVEN (=0)

CONSOLE SELECT FOR NON-AVAILABLE CONSOLE

CVRT IN TIEPO. VAR. X

DEPRESS START KEY TO RETRY.

DFG WITH INTERNAL SCALE X

DIAGNOSTIC NUMBER (MERR)} FOR MULTIPLIERS OR RESOLVERS

N OT OO NNONNNN
v Zr OZ VLEZLVLILIL

S
P
T
€
R

ESSI

MERR ROUTINE GIVING ASSCCIATED
ERROR SIGNAL DIAGNOSTIC
101 SMFAB BEYOND TABLE DIMENSIONS
102 EMFARB BEYOND TABLE DIMENSIONS
103 HMFABZ2 ERROR IN SIGNALS IN TABLE
104 SMPVOC BEYOND TABLE DIMENSIONS
105 SMPVOC NO MORE SM BOXES AVAILABLE
106 EMFAB NO MORE EM BOXES
107 QSFAB NQ MORE QS BULXES
108 LINK 33 NO MORE HAM BOXES
109 RESFAB NO MORE RESOLYER BOXES
110 SMFAB ERROR IN SIGNALS IN TABLE
DO STATEMENT CONTAINS EITHER UNDEFINED OR NOT PREVIOUSLY DEFINED
CHARACTERS
DO STATEMENT CONTAINS EITHER UNDEFINED OR NOT PREVIOUSLY DEFINED
PARAMETERS

DOUBLE OR INCOMPATIBLE IMPOSE
EONA IN TIEPO. VAR. X

EQUATION N CONTAINS A NON-LINEAR VARIABLE HHléH IS FEECBACK WITH GAIN 1
IN A HIGH GAIN AMPLIFIER. CONDITION CANNOT BE IGNORED.

EQUATION N CONTAINS A NON-LINEAR VARIABLE WHICH IS FEEDBACK WITH GAIN 1
IN A HIGH GAIN AMPLIFIER. CONDITION CANNOT BE IGNORED.

EQUATION N DEFINES AN IC FOR A VARIABLE WHICH WAS ALREADY GIVEN ONE.
THIS MAY RESULT IN UNCORRECT SIMULATION. CONDITION IGNORED.

EQUATION N DELETED BECAUSE OF NULL CONDITION

EQUATION N DELETED BECAUSE OF NULL CONDITION

EQUATION N DELETED BECAUSE OF NULL CONDITION

EQUATION N ILLEGAL SETTING FOR POT X = No SETTING ASSUMED = .9999
EQUATION N ILLEGAL MULTIPLIER CODE '
EQUATIONS WITHOUT VARIABLES * ADDRESSING AND INVERTERS OMITTED

ERR. IN ATTRIB, TRUNKS
CON START SI ESCE
PER PROSEGUIRE SWu ON
(ERROR _IN ATTRIBUTION OF TRUNKS)
(WITH START PROGRAM EXIT)
(TO CARRY ON SWITCH 4 ORN)



PINTA

LK. 321
BF IND
IDNTFY
AGENT

Z1PN

LK. 31

LK. 1N
PREMG
ATRIN
CMCOIL
CMCOIL
COMPOT
XENTRY
XENTRY
XENTRY
CNTRCD
LK. 33
XENTRY
PRIOEM
PREMG
LKe N
LK. 1
CTS
LK. 2
LK. 2
POTA

ERRe. IN RICERCA INVERS. VAR. X
PER PROSEGUIRE SWu ON
CON START S1 ESCE
(ERROR IN SEARCH FOR INVERTOR VARIABLE X)
(TO_CARRY ON SWITCH 4 ON)
(WITH START PROGRAM EXIT)

ERROR IN CARD OMIT

ERROR IN DBCV FOR BETA,
ERROR NOT DETECTED BY VALIDITY CHECK IN STATEMENT N

BETA PUT =1,

ERROR WHILE GENERATING AUXILIARY EQUATIONS (ST.NR.
A SYSTEM FAILURE
- A MACHINE ERROR
ERRORE No N VAR. X PRIMO M. X
(ERROR NO. N, VARIABLE X, LHS VARIABLE OF EQUATION IS X}
N VARIABLE X SIGNIFICANCE
1 VARIABLE ERROR IN CANAP IN LK. 361
2 VARIABLE ERROR IN CANAP FOR ARRIV
3 VARIABLE ERROR IN EONA FOR ARRIV
b VARIABLE TIEPOINT NOT ATTRIBUTED
5 VARTABLE ERROR IN CANAP FOR BASCO
6 VARIABLE ERROR IN EQONA FOR BASCO
7 VARIABLE ERROR IN EONA FOR COLLIN
9 LHS VARIABLE ERROR IN CANAP FOR PRIGI
10 VARIABLE ERROR _IN CANAP2 FOR PRIGI
12 EB2(POT) RESISTANCE
13 TIEPOINT ERROR IN EQNA FOR TIEUSC
| TIEPOINT TIEPQINT NOT SPECIFIED
15 TIEPOINT TIEPOINT SPECIFIED
16 VARTIABLE ERROR IN CANAP2 FOR TRUKIN
17 VARIABLE ERROR IN EONA FOR USCITE
ERRORS IN STATEMENTS OF PROBLEM CAUSE ONE OR MORE VARIA
TWICE AS LEFT HAND SIDE OF EQUATION
ADDRESSING AND INVERTERS QMITTED
EXECUTION ERROR. HPR X,Y. UNIT 2

EXPECTED CHAIN LINK NOT ON MASTER TAPE
FTRN OVERFLOW

GAINS
GAINS
GAINS

COIL #X, TO MAKE HIGHEST GAIN =1.
COIL #X/Y, XX/YY TO COMPENSATE SCALING.
OF ENTRY TO COMPARATOR OR SWITCH TOO HIGH.

GAINS
GAINS RE
GAINS RE
IDENTIFI
I.C. POT
I.C. POT
ILLEGAL
TLLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
TLLEGAL
ILLEGAL
ILLEGAL

RE

DUCED BY FACTOR X.
DUCED BY FACTOR X.

DUCED BY FACTOR X. HIGH GAIN EQUATION.

CATION CARD MISSING. CONDITION IGNORED.
SETTING GREATER THAN 1,
SETTING GREATER THAN 1,

CARD IN BINARY DECK. TAPE N

CHAIN TABLE OR MAIN UPDATING REQUEST

CHARACTER IN DATA OR BAD FORMAT

CHARACTER IN FORMAT STATEMENT

CHARACTER ON CARD. CORRECT AND PUSH START.

DO-S NESTING

DO STATEMENT (NO. N)

END OF EVEN PROCESSING

INTEGRATOR CHANGED TO HIGH GAIN.
COMPENSATED BY CHANGE IN CAPACITOR.

POT COUNTED FOR ADDRESSING.
POT COUNTED FOR ADDRESSING.
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N).IT CAN BE DUE TO

BLES TO APPEAR

(RESOLVERS)
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PREMG
MPL IMP
POTA
IDNTFY
IDNTFY
LK. 2
LK. 2
LKe 2
LKe 2
LK, 2
LK. 2
RCRDER
IDNTFY
VRPLOT
RES
CMSW
LK. 321
LKe31
LK. 01
LK. 31

LK. 31
LK. 31

XENTRY
LK. 11}
LK. 11
IDNTFY
LK. N
XENTRY
XENTRY

IDNTFY
ENDMS3

ENDMS

LK. 8
PREMG
LK. 2
LK. 8
YTK2

ILLEGAL FAP PROGRAM ON MASTER

ILLEGAL IMPOSE CARD FOR MULTIPLIERS (ST. NO. N)
ILLEGAL LEFT HAND SIDE

ILLEGAL MATCHING IN CHECK VALIDITY, STATEMENT N
ILLEGAL MATCHING IN END VALIDITY CHECK, STATEMENT N
ILLEGAL MULTIPLIER STATEMENT (ST.NO. N}

TLLEGAL PRINT ORDER {ST.NO. N)

ILLEGAL #AVAILABLE CONSOLES® CARD (ST.NO. N)
ILLEGAL #CONSOLE SELECT# CARD (ST.NO. N)

ILLEGAL #IMPOSEs CARD (ST.NO. N)

ILLEGAL #0OMIT» CARD (ST.NO. N)

ILLEGAL =RECORDER#® STATEMENT, NO. N

ILLEGAL #SIGMA+ OR #PI« REFERENCE IN STATEMENT N

ILLEGAL #VARIPLOTTER# STATEMENT NO. N

ILLEGAL USE OF PUNCTUATION IN STATEMENT NO. N

ILLEGAL USE OF PUNCTUATION OR UNDEFINED SYMBOL IN STATEMENT NO. N
IMPOSE ON NOT ALLOWED ELEMENT

IMPOSE SIGN ON RESOLVERS IGNORED

INCORRECT DO-S NESTING

INPUT VARIABLE EQUAL OQUTPUT VARIABLE IN ONE OR MORE COMPARE STATEMENTS +«
ACORESSING OMITTED

INPUT VARIABLE EQUAL QUTPUT VARIABLE IN ONE OR MORE DFG STATEMENTS +
ADDRESSING OMITTED

INPUT VARIABLE EQUAL QUTPUT VARIABLE IN ONE OR MORE SWITCH STATEMENTS «
ACDRESSING OMITTED

INTEGRATOR EQUATION WITH GAINS BEYOND TOLERANCE.

170 CHECK LIGHT TURNED ON BY LAST READ INSTRUCTION ON TAPE N

I/0 CHECK LIGHT TURNED ON BY LAST WRITE INSTRUCTION. TAPE N.

=X- WAS NOT DEFINED AS A SYMBOL (STATEMENT N)

LIST EXCEEDS LOGICAL RECORD LENGTH. TAPE N.

MANUAL POT VALUE GREATER THAN 10, COUNTED AS GAIN 10 FOR ADDRESSING.

MANUAL POT VALUE LESS THAN TOLERANCE VALUE OF .0005, COUNTED AS GAIN 1

FCR ADDRESSING.

MAX LENGTH OVERFLOWED IN STATEMENT N

NEW #APACHE MASTER TAPE IS ON UNIT N, SAVE IT WITH FILE PROTECT. DEPRESS
START KEY TO GIVE CONTROL TO FORTRAN,

NEW #=APACHE MASTER TAPE IS ON UNIT N, SAVE IT WITH FILE PROTECT. RESET
AND SAVE TAPE ON A2 FOR SUBSEQUENT MONITOR RUNS. NOW APACHE IS
GIVING CONTROL _TO FORTRAN MONITOR TQO FORM A NEW #APACHE SYSTEM T
INPUT TAPE _ON THIS RUN ON UNIT N. HENCE CHANGE AL TO A2. DEPRESS
START KEY TO BEGIN RUN.

NO CONTROL CARD FOR THIS PROBLEM

NO CONTROL CARD FOR SOME UPDATING REQUEST

MO ENCING STATEMENT SUPPLIED FOR A DO LOOP
NO ENTRY PSEUDO-OPERATION FOR A FAP PROGRAM
NO MORE AVAILABLE OUTPUT TRUNKS ON CONSOLE N
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PRIGI = NO MORE AVAILABLE POTS ON CONSOLE N

PRIGI NO MORE AVAILABLE REFERENCES ON CONSOLE N
REFSER NO MORE AVAILABLE REFERENCES ON CONSOLE N
LKe 321 NO MORE PLACE FOR HAMS

LKe 321 NO MORE PLACE FOR SERVOS

LKe 321 NO MORE PLACE FOR TIME-DIVISION

LK. 321 NO MORE SM-BOXES AVAILABLE - CONSOLE FULL
LKe 321 NON EXISTANT ANALOG ELEMENT

LKe 321 NON EXISTANT VARIABLE

LKe 321 NORMAL IMPOSE ON PARAMETER

ZZRECO NOT ENOUGH RECORDERS.

IvP NOT ENOUGH VARIPLOTTERS.

LKe 11 PHYSICAL RECORD SIZE EXCEEDS BUFFER SIZE. TAPE N.

XENTRY POT VALUE GREATER THAN TOLERANCE VALUE OF 30, COUNTED AS GAIN 10 FOR
ADDRESS ING.

XENTRY POT VALUE LESS THAN TOLERANCE VALUE OF .0005, COUNTED AS GAIN 1 FOR
ADDRESSING.

LKe 331 PRINT OF TPOM
PREMG PROBABLE MACHINE ERROR
LK. 31 PROBLEM WITHOUT EQUATIONS & ADDRESSING AND-INVERTERS OMITTED
LK. 321 PROGRAM ERROR - IMPOSE IGNORED
LKs 11 PUSH START TO GIVE CONTROL TO FORTRAN MONITOR
POTA *ERASABLE TERM NOT FOUND. SUB POTA ST. 15(+)1
POTA #ERASABEL TERM NOT FOUND., SUB POTA ST. u47(+)1
POTA #*EXPECTED SIGN NOT FOUND. SUB POTA ST. 37 OR 5u4
LK. 8 «ID APACHE SYSTEM TAPE SETTING
- XEQ

- AT PAUSE LOAD APACHE SYSTEM TAPE

* ON_UNIT B3 WITHOUT FILE PROTECT.

. AFTER END_TAPE_STOP UNLOAD TAPE

. ON UNIT B3, SET FILE PROTECT AND SAVE REEL

POTA #«ILLEGAL OPERATOR WHILE PROCESSING EVEN LEVEL.SUB POTA ST. 6(+)1
POTA #NO BEGINNING OF LIST PROVIDED.SUB POTA ST. 2{(+)1}

XREWIN =« E,O0.F READNG UNIT N

XREWIN #« END-OF-TAPE,UNIT N

XREWIN ## INCORRECT CALL ING SEQUENCE FOR SR. X

XREWIN =& REODUN. READNG UNIT N

XREWIN =#EOF OR REDUNDANCY TABLE OVERFLOW

XREWIN »#NON-EXISTANT UNIT REQUESTED FOR

LK. 6 #se ABOVE ELEMENTS APPEAR TQ BE SATURATED

LK. & sas ABOVE ELEMENTS ARE OPERATING BELOW SIGNIFICANCE
LK. 6 «#xs ABOVE ELEMENTS ARE OPERATING OUT-OF-TOLERANCE
LK. &6 sxs ABOVE ELEMENTS NOT READ BY ADIOS

LK. 6 sss CHECKSUM ERROR IGNORED

LK. 6 sex CXX OUTPUT BETWEEN 100 AND 999.99
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FIRST DIGIT LOST

«ss CXX OUTPUT GREATER THAN 999.99.
w#s% NOT DEFINED ON NETWORK CARDS

6
6
6

LKe
LK.
LK.
YKERR

##n TABLE ASSEMBLY PARAMETER ~LNTS5- EXCEEDED

LA 22}

NG SIGNIFICANCE
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PINTA

POTA
LK. 1
LK. 11
VSM
LK. 2
LK., 22
PREPR
LIP

LZP2

LZpP

LZP2

POTA
LZP
LZP2
PREMG
XENTRY
RES

LZP
LZP2
STRING
SETIC

LK. 01
LK. 01

LK. 21

LK. 24
LK. 1
LK. 01
LK. 11
ICNTFY
IDNTFY
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#sse ERRORE N, Ny RIF DELLA VARIABILE INCRIMINATA = X, RIF CELLA
VARIABILE PRIMO MEMBRO = X
(ERROR NO. Ny RIF WORD FOR RELEVANT VARIABLE= X, RIF WORD FOR THE LHS
VARIABLE OF EQUATION= X)
N ROUTINE GIVING
ERROR SIGNAL SIGNIFICANCE
14 VERNA DIFFICULTY ATTRIBUTION INVERTOR
118 YITKR ROR TTRIBUTION TRUNKS
119 YITKCR ERROR IN ATTRIBUTION TRUNKS

#UNEXPECTED END OF LIST. SuUB POTA ST. 62

REDUNCANCY ENCOUNTERED IN READING TAPE N

REDUNCANCY WRITING TAPE N.

SIGN OF SERVO MADE EQUAL TO I.C. SIGN FOR VARIABLE X

SIMULATION OMITTED BECAUSE OF ABOVE ERRORS

SOME I.C. CANNOT BE COMPUTED. SIMULATION COMITTED.

SOME PRINT STATEMENT IS INCORRECTLY WRITTEN. SIMULATION OMITTED.

STATEMENT N AN ALGEBRAIC EXPRESSION WHICH CANNOT BE COMPUTED
CIENT STORAGE

N GEBRAIC EXPRESSION WHICH CANNOT BE COMPUTED
c TS AGE
L
R

(%)

F

C

0
STAT CON
0

wn

TAINS

INSUFF1
TAINS AN AL
INSUFFICIEN
DUCES A TAB CONDI
RRECTLY. ER R WHI

Z0
(1]
>m
[ »]
xC
—1>
——
) g
P»O
Z
<

E W
L OR CCu

TORA
OVERFLOW.
S MAY O

%)
-
>
—
mom om o
—
mZ OmZ mZ mZ

20

S

PROCU
OR

0

F

0

F
PRO
co
R E
CORREC

—_—— ===t C= C

mo

CONDI
R WHI

>»m
cD
xC
[nd
——
o gy
P»O
o2
<

OW.

LED occu

ECUATIONS.
STATEMENT N CONTAINS A SYNTAX ERROR
STATENENT NyWHEN DEVELOPED,CONTAINS TCO MUCH TERMS (MORE THAN 200)
STATEMENT N,WHEN DEVELOPED,CONTAINS TOO MUCH TERMS (MORE THAN 200}
SUBROUTINE X MISSING
SUMMER WITH GAINS BEYOND TOLERANCE.

SYMBOL APPEARING IN THE RESOLVER STATEMENT NO. N EITHER IS NOT A
VARIABLE OR IS NOT DEFINED

SYNTAX ERROR DETECTED WHILE COMPUTING STATIC-CHECK VALUES FOR STATEMENT
SYNTAX ERROR DETECTED WHILE COMPUTING STATIC-CHECK VALUES FOR STATEMENT
SYSTEM FAILURE OR MACHINE ERROR WHILE COMPILING STATEMENT N

THE FOLLOWING VARIABLE WAS GIVEN AN I.C. (N1).APACHE COMPUTED A NEW ONE
(N2). (DELTA= N3),

THE FOLLOWING STATEMENT IS INCORRECTLY WRITTEN

THE FOLLOWING SYMBOL DEFINITIONS FORM A SET OF SIMULTANEOUS EQUATIONS OR
SOME UNDEFINED SYMBOL APPEARS IN THEIR RIGHT HAND SIDE

THE J.C. OF TSSOSOLLOHING VARTIABLES WAS NEVER COMPUTED. APACHE ASSUMES

TIME CR STEP UNDEFINED. SIMULATION CANNCT PROCEED.

TO GO TO NEXT PROGRAM DEPRESS SIGN KEY AND PUSH START
TC MUCH NESTED CO-S

TO RETRY THIS PROGRAM PUSH START

TOO MANY LEFT PAR. IN STATEMENT N

TOO MANY RIGHT PAR. IN STATEMENT N
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LK. 31

LK. 01
PREMG
IONTFY
Ke N
" PINTA

LK. 36
LK. 361
LK«3613

LK. 321
TIEPO
ATRIN
XENTRY

ZCcolyv
PRIOEM
PRIOEM
PREMG

Z22PX

TOO MANY VARIABLES lN COMPARE OR SWITCH STATEMENT = ADDRESSING AND
INVERTERS OMITTED

TOO MUCH CARDS FOR THE FOLLOWING STATEMENT

UNCORRECT MASTER POSITIONING ( SUBR. SEARCH)

UNDEFINED LOW ORDER DERIVATIVE OR ILLEGAL REFERENCE TO IT IN STATEMENT N
UNIT ADDRESS NOT FOUND IN IOU

VARIABILE RICHIESTA CON SEGNO DIVERSO DA QUELLO DI USCITA E NON DOTATA
DI INVERSORE.
RIPASSARE CON SWITCHES ON.
CON START SI ESCE, PER PROSEGUIRE Skk ON

(VARIABLE REQUIRED WITH SIGN DIFFERENT FROM THAT OF OUTPUT AND NO
INVERTOR EXISTS)
(REPASS WITH SWITCHES ON)
(WITH START PROGRAM EXITS. TO CARRY ON SWITCH 4 ON)

VARIABLE OUTPUT FROM MULTIPLIER CUP AND WITH GAINY USED MORE THAN ONCE

VARIggLENggTSg}TFggM MULTIPLIER CUP AND WITH GAINY USED MORE THAN ONCE -

VARIABLE OUTPUT _FROM MULTIPLIER CUP AND WITH GAIN) USED MORE THAN ONCE -
SATANAS OMITTED

VARTABLE WRONGLY WRITTEN

YITKCR IN TIEPO. VAR. X

ZERO EQUATION CANNOT YET BE SIMULATED.

ZEROHfgﬂATION WITH ENTRIES GAIN 1 FROM MULTIPLIERS,

SIMULATION OMITTED.
HAS OTHER GAINS TO0O

ZERO EQUATION WITH UNEQUAL GAINS FOR IMPOSED GAINS OF ONE.
20 CONSECUTIVE REDUNDANCIES IN READING TAPE N

S CONSECUTIVE REDUNDANCIES IN WRITING TAPE N
S CONSECUTIVE REDUNDANCIES IN WRITING TAPE Alk.

NUMBERS PRINTED IN RHS MARGIN OF SATANAS CONNECTIONS LIST IN LK. 3613
N SIGNIFICANCE
1 ERROR OF CANAP2 IN COLLIX
2 ERROR QF EONA IN COLLIX
3 ERROR OF CANAP2 IN TRUKIX
y INPUT TRUNK NOT FOUND IN TRUKIX
S ERROR OF CANAP IN ARRIX
6 ERROR OF EONA IN RESTA
7 TIEPOINT NOT FOUND IN ARRIX
8 ERROR OF CANAP2 IN USCIX
9 EXTERNAL RESISTANCE NOT FOUND. SECMEX
10 ERROR OF EONA IN ENTHAX
1n ERROR OF CANAP IN LK, 3613
12 ERROR OF EONA IN SATAX
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11. EXTRA INFORMATION ON OUTPUT LISTING
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111 Use of console switches to obtain extra information

on output listing

There exist in the standard APACHE many WRITE OUTPUT
TAPE instructions which are executed only when Switches 1
and 5 on the console are ON. These are used during testing
to give a write out of tables and useful information at
different points of the execution. There follows a sample
APACHE problem passed with switches 1 and 5 ON with annotations
describing the extra output.

At the beginning of LINKS 31, 321, 33, 331, 342, 343, 36,
361, 362 there is a pause activated by switch 3 on the console.
This can be useful if a qump of the memory is required, or if
the extra information obtained with switch 1 and 5 is only
needed in certain links.,.

11.2 Sample APACHE problem passed with console switches

1 and 5 on
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LINK 1

2.5000E-01).{DELTA= -2.5000E~-01).
SETIC (LINK 21 OR 22)

5.0000E-01).APACHE COMPUTED A NEW ONEIL

LECT, ]

Wk «alOM o« O m=i_J
MO Tl
O & acfQOre e s 8 A~
AXOLI O «(NODZFXxOO
EQOCOIH ll— | JO I OWWZ
b QL XN WO XOO W

~ON M N0 OO —aM

THE FOLLOWING VARIABLE WAS GIVEN AN I.C.(

(x)

CONTROL WORD + 18t. 2nd. 3rd. WORDS AFTER NAME

LINK 31 (SW. 5)

EXTRACT FROM SYMBOL TABLE

w —>oy
o -5 —_
ARTXYTXZ

olelelolelele o]
[olelelelelelole]
QOODOO00
[elelelelolele o]
[ole/ololelole{o]
[elolelolelelele]
[elelelolelolele]
[=l=lelelolelele]
[elele/ololelele]
[elolelelelele o]
[elelololelolole]
COCOODO00

O =N T UNOM
[elelolelelelole]
00000000
[elak 2o Jolele)
0O ITONOO
[elolelolelelole]
—O000000
JOOOOOOC
2 COO0O0CO0
NOGCOOOOO
M~OOOOC OO
(e elolelelelole]

NOVONOOC
O = = o g e
[o/o]lelolelelele]
[olelelolelelole]
OO~ N0
QOOOM—OO
———————0
[elololelelelele]
COCOOO00
[olelolelelele]e]
QOOOCOO0O0
slelelelele lo]

AR~
QOUNN-M M0
—— Q00000
[TaliglVgIValValTelVpeiTel
NI
oOoFFy T3
O~ ANMIFUNOM
(eiolelelolelwle]
[ele/ole/ololele]
[ei=lelelelelele]
[={=lelelalalale]
OONM—000

MULTIPLIER TERMS TABLES, COMPARATOR, SWITCH TABLES

LINK 31 (SW. 5)

000000055072
000000055055

055034055077
055043055055

055077055107

1

1
1

IDX =
JDX
10C
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#% SIGNS OF THE VARIABLES s=s

rm
-

(+ R LINK
(—‘ = T _—31
(-) = X
(+) = Y
(+) T=T
(+) XsY
(+) (2}
VARIABLES REQUIRING INVERTORS

REQ T
MIN X
REQ Y

LINK 31

VARIABLES WHICH HAVE INVERTERS TO SATISFY REQUIREMENTS OF PACE, NO. 2

SERVO MULTIPLIERS. CUP CONNECTIONS

[E) VARIABLE FEEDING POSITIVE POLE OF NORMAL OR + SM CUP (OR NEGATIVE POLE OF - SM) IS OUTPUT OF MAIN ELEMENT
[{1) VARIABLE FEEDING POSITIVE POLE OF NORMAL OR + SM CUP (OR NEGATIVE POLE OF - SM) IS OUTPUT OF INVERTER

(E) Y SMN XsY

MULTIPLIERS OTHER THAN SERVOS

FOR THE FOLLOWING VARIABLES THE OUTPUT OF INVERTER FEEDS POSITIVE POLE OF MULTIPLIER

T TOM  TeT LINK 31

ho¢ SOVd



000005000C00 000000000400 0000063000000

A00  +-0001X LINK 31 (SW. 5)
000000002000 000001000000 ID, NUMB, NA, REC FOR EVERY STATEMENT
+ MON, EQM FOR EQUATION STATEMENTS

000010000000
001000

000004000003 000000002200 000002000000
X=+{+1)aTaT

3
000001055077 177400000003 201400000000
201400000001 000000000000 000000000000
000000055043 177400000002 201400000000
po0o00u000026 000000000000 000002000000
{X)=(X)
3
000001055077
20140G0ARA"
(XeY)=(X)®({Y)
3
000002055034 17546314632,
NoO0OO1IDS55077 177400000003 -
000001055072 177463146316 2014 0uvu. . .

600023000000 000000000000 000001000000
END

CARD AVAILABLE CONSOLES MISSING

G0¢ FVL



90¢ IOVJ

AC MQ S1 KEYS XR 1 XR2 XRY
008888833244 231758635250 000004000001 ~000000000001 99922 99993 02273
TRAP  OCT 10T  OFL SENSE LIGHT 1 2 3 y SENSE SWITCH 1 2 3 4 5 6
OFF OFF OFF ON OFF OFF OFF OFF ON OFF OFF OFF ON OFF
36610 000000000000 000060000000 000000000000 000060000000 000000000000 000060000000 000000000000 000060000000
36620 000000000000 000060000000 000000000000 000060000000 000000000000 000060000000 000000000000 000060000000
36630 000000000000 000060000000 000000000000 000060000000 060000000000 ~106060000000 000000000000 -036060000000
36640 000000000000 256060000000 000000000000 -066060000000 000000000000 316060000000 000000000000 276060000000
36650 000000000000 306060000000 000000000000 -026060000000 000000000000 -056060000000 000000000000 -276060000000
36660 000000000000 236060000000 00000000000 -226060000000 000000000000 -016060000000 000000000000 ~076060000000
36670 000000000000 000060000000 000000000000 24~ “~~ ANN0D00000000 -236060000000 000000000000 000060000000
36700 000000000000 -046060000000 ~- ~~AnS0000000 000000000000 000050000000
36710  000000000nNA -=~~  ANNN50000000
LINK 321 (SW. 1)
DUMP OF TABLES TV AND VETT

77260 0123602245, . TV 37357-36610, VETT 77377-57057 Cwecort 012200021510
77270 012160020507 012140017506 U1c rew. .vs V12040415102 012020415101 012000014100
77300 011760013077 011740012076 011720011075 011700010074 011660205473 011640606472 011620605471 011600405470
77310 011560405467 011540004466 011520003465 011500002464 011460001463 0114840000462 111420042461 11150004 1460
77320 111360040457 011340037456 011320036455 111300042454 111260041453 111240040452 011220037451 011200036450
77330 111160033047 111140032046 111120031045 011100030044 011060027043 111040033042 111020032041 111000031040
77350 010760030037 010740027036 110720023435 11070002234 110660021433 010640020432 010620017431 110600023430
77350 110560022427 110540021426 010520020425 010500017424 110460014023 110450013022 110420012021 010400011020
77360 010366010017 110340014016 110320013015 110300012014 010260011013 010240010012 110220004411 110200003410
77370 110160002407 010140001406 010120000405 110100004404 110060003403 110040002402 010020001401 -210004000400




000000000000

TSM

000000000000

000000000000

000000000000

000000000000

THAM

060000000000

000000000000

SUBB

000000000000

000000000000

LINK 33 (SW. 5)

EXTRACT FROM SYMB

[olelolelelololele]
[elolelelolelelolo]
[elelelelelelelelo]
oCCCCOCOCO
[elololelelelelo]le]
COCCOCOO0OO
[elalslelelele] ol e]
oo

— NN SN O~
[elelololelolelele]
OCCOCOOOOO0O
OCOIFIFIFOO0O
OO IFIFTONOO
QOO0 OOCOOC
TOCOOOO000
QOQOA0OQO
OOSO—C OO0
[oleleleldJolelele]
COCOC=CC OO
[elelalole mlelale)
o

P=UP-ANIM N
OOONNM~M0
[olaljolelelalele]
QSUNINNNINILN
ooV
OO OOC QOO0
[elalelolelolelele]
QOO0 OCOOO0O
[elelelolalolelole]
[elelalolelolalele]
OOCOO0000
OO OOO0OCO
(el

TSM

RUBB

055034055077

QUBB

100000072471

RESUBB

067231067225

TUBB

000000055055

055043055055

THAM

000000000000

000000000000

HUBB

070671070665

071655071651

PAGE 307

ZBETA

175631463150

201400000001

000001000000 400001000000 000000000000

CALCULATED BETA =0.100000E-00

175631463106
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= 000001000000
000000000000

CONSOLE SELECT CON
TOTAL ENTRIES

000000000000 000000000600 000001000000 000000000000

XENTRY, TOTALS: POTS, MANUAL POTS, AUXILIARY NETWORKS, ENTRIES 1, ENTRIES 10 FOR EQUATION X =T ¢« T

000001055077

EQM (1,17) FOR X =T ¢ T

EQM FOR COMPARATOR STATEMENT

QSO
COOOC
oOOOoCC
[olelelela]
[l elelele)
COoOOCOo
OTDOO
COCOO
II3IITTY
_————
[slelolale]
ONONANNN

—— N ——
[elolelele]
[elolelela]
OOOCCT
cocoCc
COOOT
o000
[elelo]elw
g
—_——ph O
OO
NN~ NN

M—te—
OD~OO
—C0s—
NG non
nowncun
[sl=t=t=1=)
—0000
[=1st=r=)=)
0I0IO
o—~000o
CoOCO
TNONO

EQM(1,1) FOR Y = Z(2)

0 CHECK FOR GAINS

000001055072

1.

0.

FOR ADDRESSING

«0005, COUNTED AS GAIN 1

000000000000

POT VALUE LESS THAN TOLFERANCE VALUE OF

TOTAL ENTRIES

000001000000

000001000000

000000000000

000001000000

EXTRACT FROM SYMB

+ AB % Z(2)

™ ooooon0o
[Sl=l=lolal=s}
® ccooooo
DOCOO00
L i=lelalalalale]
[=lalslaToT1o]
Il cooococoo
[=lalalelalels]
~ COQOoOO0
H ooOoco0o0
~— OOCOD00
M coococoo

A

/@~ N O~
[elelolololels]
[elalelolelela)
[=E E X {olals]

SO ITONOO

- O00OOCS

¢ DOCOLOD

- SO00OQO

~— OO~ OOOC
el lalnlela]
CCL—OOCO

£ cococooo

UM ON 0
[FpYaviVel o ot J g Tre]
N—OO00000
SN
WINDNDNUIN
Tl={=l{=l=lolela]
[slelelelelelele]
—O000000
—O0000C0OO
[olelolelolelels]
[elelololelelols)
[elolslelelslelel
(=]

LINK 331 (SW. 5)

RUBB

155034055077

QUBB

100000072471

RESUBB

067231067225

TUBB

000090055055

155043055055

THAM

000000000000

000000000000

HUBB

070671070665

071655071651

TPOM (END OF IMPOSE COUNT PASS)

TCP2

000000000000



000600092000V Uuuvuuuuvuuou IV VIVVIVRVIvN VIVIELY)

0006660000000

= 000001000000

CONSOLE SELECT CON

000001055077

000001055072

[ololelelelote]
ocCCOCOoOO
[wlelelolelele]
[elolelololele]
OOOOO000O
COO0OOCO
COQOOO0O
COOCOUOO
[elelajele ele]

[elelolelelslo]

—OM N0
OCCOOO00O
COOCOO0O
oI 3TCO0
oI FONCO
[olelalelale]e]
(elolelalelelew]
jlelalaleleie)
Crrmm ————
[elaljoleldle]
CO—OCCC:
OCOOOoOC O

- ONM W
NCUMNM~T31M0
fplagtelelelelel)
[@IValValvalValValVplval
nunNIINININ
nNoooOOoOc
[elelalélelololo]
ladelololelelaloe]
~OO0O00000
oOO0COO0O0CO
[olelololelolele]
%0000000

LINK 331 (SW. 5)

155034155077

100000072471

067231067225

000000055055

155043155055

000000000000

000000000000

070671070665

071655071651

TPOM (END OF NON-IMPOSE COUNT PASS)

000000000000
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OCO00O
[elalele el
[rlelelplel]
QOO0
[ole[oleleld
QOO00O0C
DOO00O00O

OOODO00Or
[elolelelelele]
[o]elelelslele
[elelolelelols]
[olalelelolele]

[elelelololo
[=lelolele ol
[elolelolaleld
[elololeleled
[elelolelalels
[elelolelelell
[elelelolole]
[olelelelele]
OO00ODO
QOODO0O
[@lololelole]
[elaleleleles]

nNOO0VOC
NOOMoCC
DODTOT
OOOOOC
[=]elelelald
OO OO
OO0
COoOOOO!
[elalele]lel
CoOCoOo

[e]elelole]

[e]olelole]

nNooL0C
nNcComc
COOC
ODO0OOC
cCcooc
[=laialely
OCODC
OOl
OCO0OC
QOO
QOOCK
OO

NANOO
["alelwl o
[ele ol
[elolely
[l eleld
OOOC
NOO!
[elele]
oCco
oocC
ooC
oocC



155034155077

100000072471

067231067225

155043155055

071655071651

RUB!

o

o

UBB
RESUBB
000000055055

070671070665

000000000060 000000000000
TSM
TUBB
HUBB
000000055065
000000000000 CSUBB
SUBB

55070
55100

050200077733
063400440227
300025437403
002000037372
077400037146
002060037422
-01u0nnnz>

000100604008
160517426542

MQ S1 KEYS
076100000000 000004000001 -000000060001
<169L0659-20

OFL SENSE LIGHT 1 2 3 u SENSE
OFF OFF OFF OFF  OFF
060100077732 002000037365 050000037036 002000037200
0774500400001 -063400440236 -063400440242 002000037203
0774500440122 002000037404 OT7LOOLLOO1S 063400437422
002100037412 063400140334 063400240335 063400LLO336
050000077750 002000037756 053400440271 062000077737
050000040342 -~ BRI AY
DUMP OF SYMB (55107-37360)
-306060606060 000001310012 000000000000 000000000000
212260606060 000001000005 000000002000 000000090000

.....

LINK 331 (SW.5)

on
077400440233
002000037400
077L4O0LTTT2N
053400400000
056000077734
060100077742

011100044003
000000000001

OFF  OFF
063400437422
060000077732
063400440227

00000200005
00000000000
00000000000

& =~

5
OFF ON

077L004TT7T725
002000037363
077400400005

063400440337 -060000077750

J77400100000
050000077732
TTennN2TTTSN

=276060606060
=112526606060

077400200000
060100077743
-075400000000

000001020016
000001000016

~OoNWN

6
OFF

ol #DVd



[plele/alals]

[elololelele)
[elelelelqlel
OCOOO0OC
OCCOOC
OCOOO00
[elelelelele]

[elelelolele]

[elalwielele]
[elelelelo]e]
QOOO0O0O
[elelelelelel
[=le]olololo]
[elelelelels]

[elelelelsls]

[l olele]o]
[e]ele]ololw]
[elelolole o)
[ole]elelele]
[elelelelelo)
[o]llelelala]

[slelslelels]

[elplelelele]
[=lelelolele]
QOQO OO
[elelelolelel
oCQQOCO
OOCOO0O

pdelelelelel

[olelolelo]
[elololele]
[elololele]
NGCOCOO0O
[=lelelele] o)
(=l {elelal el

077000003

000000000000

000000

[elelslelels]

[ole{ololels]
[olelelele o]
[elalelolelel
[elelelolele]
[olelelelele]
[olelelelelel

[elelelelele]

[=]ele]lele o]
[olelelolele]
[l=olelalo]
[elololelele]
[slelelolelel
OO0

[eleelolele]

[e]olelelele]
OCOOC OO

[wlelelelele]

[elelelalels]
[elelelelele]
[alelelalele]
CODOCO
oQODCC
[elelolelels]

gl

—OQCCO

-
m
(]
[ololelalel

COCOO
OO OO

077000007 —

000000000000

EB2

AQO

[olelelels o]

[elelelelole]
[glelelslele]
[elelelolele]
QOOO00O
[olelolele o]
[olelolalele]

[elelololele]

[elelelele o]
[elelolelele]
200000
[olelolelele]
[eleleloelolo]
[elelelalele)

[elelelelele)

[elelelelele]
COCOOO
QOQO00
DOOOOC
[elelelelele]
OOQOO000O

[=]olelelole]

[elelolele el
[a]elolelelo]
QOOO0OO00O
[=lelelvlele]
[elolelolele]
[olelelolele]

—O0O00CO

COO0O

[alelel

[olelelele]
[efelelelely
D000 0C
[oleleloleloe)
[elolelolele]
[olalelolale]

[elelelelels]

[glelololelo]
[ololelelele]
[elelolele o)
[elolelalole]
O0OCO0OOC
OCO0O00O

—O0000O

055000007

LINK 342 (SW. 5)

000000000000

AO1

ADDRESSING PASSES

END
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OO0 O000

o000 0ODO
000 0OD
[ololelelele)
DOOO000C
500000
200000

lelolalela)

20000
20000
YOOOO
Helelelw]
elolelo)
elelela]

[elelela]

Jelelela]

[e]=lalelel
[el=lelalel
falelalele]
100000
20C 000
200000

—O00C00O

[ofelolole]
O000O

055072000007
MO

00000

00000

00000

00000

00000

000000000000

MO

END
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RECORDER RECORD

000001055055 512301606021 512301606022 210000606060 210001606060

000001055077

LINK 36 (SW. 5)
VALMA 000000000000

REC, MON, EQM, VALMA, ADIDRESSING RECORDS

000003000000
000001000000
000002000000

000000000400
000000002000
000000002200

000005000000
+-0001X
000010000000

001000
000004000003

Xe+{+1)aTaT

AOO

[elalelelalal

OO0
[ololele ]
O000C
[olelelels
[elelolel
[elolelelq

[=]elele]

oO0OC
QOOC
[=]eleld
[e]lele]d
[=lelal]
[olele]

oocC

(o]l
QOO!
[el=lel]
[e]=lald
COOC
[olelald

QO00OC

—O0000

s2 FOR EACH CONSOLE

EXTRACT FROM SYMB

ooon~”

EMO

OO0O00000
[=]elelelelele]
[elololelelslo]
[olelelololole]
[elalelelole]lo]
OQOCOOO
QOOO0O0O0O
OCOO0O0OO0O0
[elelele]elele]
OOOOOOO
OOOOOO0O
[elelelelelole]

OoOANMOOOO

00 CNOO0
—— e g g g
[e]ele olelele]
[elele ole/ole]
Or—N— N0
[elelel ) ool
—r———NN

[=lslelelalelal

Lnndealaad N Lg B 2T

ONP-—O 00



{SuM)

LINK 3613

LINK 361 (SW. 5)

ORANGE BOTTLE PLUG (INV)
GRAY BOTTLE PLUG

NOTES

L2 X 2 K
L2 2 2 X J

PATCH PANEL CONNECTIONS
PR AL oo Ti- bt =i
CONSOLE 1
ELEM. OUuTPUT

;;;. cees

INPUT
{1

sEREE
ELEM,
AO3
A03
AQO

#ue COLLEGAMENTI SATANAS #as
#ux CONSOLE | ##as
P Z X X X J

ORANGE
GRAY

EXTRACT SYMB

USCITE

ENTRATE

VARIABLE
+(X)
={X)

RIF
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LINK 3613 (SW. 5)

QOOMOOO
QOOVO0O
[ olelelelelo]
(o ololelelele]
CSO0O0ODO
[ololelelslole)
—OO00OTN
[elelelolelele]
(plelelalslele]
[ele]olelelele]
[elelololeleles)
[elolelelelele]

oNMOOOO
QOOOMOOO
[olelolelelsle]
ONAMOOO
[elelelolele o)
QOO0O0O00
OOOQONO
(olele/ole o)
[elolelolelele]
[elelo/olalJo]
[olelel - Jo
[slelelolelole]

—ONMIFNOM
[elolelelelsls]
COCCOO0O0
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12. INTER-RELATION OF ROUTINES
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APR
ApPC

ARRIV
ARRIX

ARRPOT
ARRPOX
AST

BFIND
BLANK
8LDl

BRECHT
INITBR

BUILD
NLH
BUPPA

CANAP2
CANAP

LENGTH

21
625
45y

13
73
156
115
b1y
3715

523

50¢
241

12

18

67
102
136
166
113
202
107

43
476
1274
102

40

COMMON

34501
3416
34501
34416

77774
25107
55105

41327
34501
551C5

55105
34501
3u501
77461
37357
55105

55105

551C5

77461

77430

TRANSFER VECTOR

o= o
—

= e
[l 72 1%
Z

o
[¥7]

NAME

VADD
CANAP
FTDIC
LSHL

ERR2
LOOK

HWLPD

(TES)

ERRCD2

YRV

BLANK

voCc2
EONA
FTDC
LSHR

SORT

re~Nro
NN D
©

TV O>
>

ERRAC1

YYy

RETURN

LSHL

LINO2
COCR

DBCV

CRITI1

IIPN

RESTA

SUBA

ADR

vocil

LINO3
IZPN

(STH)

CRIT2

EONA COOR

PAL LSHL

L INC PAL

TEST STRING

LSHR voc2

(FIL)

PAL

vOoCc3

LSHR

ATRAN3

LINO2

LSHL

USCIX

YSYW

XEQ

LINOY

voc3 USCITE

TEX TIEUX
CANAP2
VAR RSYMB
VERNA

hee #vd



PROGRAN

cLcTm
CLETS2
CMCOIL
CMGAIN
CMSHW
CNFR
CNTRCD

CNVRT
COLLIN

coLLIx

COMCON
COMNMN

COMPDO
INITCO

COMPOT
COMUSC
COomMux

CONDIN

CCNDIX
CONMOL
CONMOP
CONSHM
CONSP
CONTAM
COOCR

COPYCT
READCT

corPy
DCOPY
CORD1
CORD
CORVE

CcosS
SIN

LENGTH

S5y
4
byl
3
2300
]
56h

332
650

651

66
2¢
i3

134
133
107
561

233
45y
261
302
220
305

55
13¢

201

52
52
105
151

COMMON

37357
37357
55105

551C5

345¢C1

34416

34501

55105

37357
34501
34416
34501

34416
3501
34501
34501
34501
34501
34501
53446

53446

77713

TRANSFER VECTOR

STATN

TEST

--
> -1
=
—T
-=

r< »<
-0 PO
O 20 PO
—_ ON =N

<
o

STATN
voc2
voc2

RISY
LINO

RISY
MELEN
COMCON
MELEM
COMCON
MELEM
PAL
READ

READ

(STH}

SEARCH

(FIL)

LSHR
LSHR
ARRIX
voc3

(STH)

PUNCHC

AT AN
RISY
vocl
RISY
LSHR
CNFR
LSHL
WRITE

WRITE

(FIL)

IDNTFY (STB)

(TSH) (RTN)

vocl LSHL
VOoC1 STAVA
LINO3

(FIL)

ATAN CNFR
CNFR STAM
voC1 SIPLUS
voc2 voc3
YTK2 voC1

voCc2 voc3
(T58) (RLR)

(WLR)

TEST

EONA

LSHL

BASCO

voc2
SININ
LINO3
SIPLUS
LINO3
(BST)

STATN

(EFT)

ZZPN

CANAP2

voc2

PAL
VERESB

SIMIN
vocl
vacz

(STH) (FIL)

(SPH) B8LANK

COOR PUNCHC

222PX STAM

PAL REFSER
RESTA

"YTK2

VERESB

voci RICALT

(BST)

ACCUNT

PAL

EONA

PYTAG

YTK2

VLV

SPLIT

LINO

PAL

L SHL

G2¢ ®OV4



PROGRAM LENGTH

[x]

D

[gl7 ) Talnk <udil T |
-t
N

(g
nmorOomon O
oxx

(2]

DAUX
DBCv
DEFINE
CFG
DFGUSC
DFGUX
DIAGN
DLAST
DNEXT

DUMP
PDUMP

ELIST
EMFAB
ENDMS3
ENDMS
END
ENTDFG
ENTDFX
ENIHAM
ENTHAX
ENTQSQ
ENTQSX
ENTSER

51

2637

66
307
1M
450

333
143
152
161
60
433
36
36
267

51
s
b4
127

210
137
422
37¢
35
317
u7¢

COMMON

55105

TTH O
TTu60

55105

55105
55105
34501
3416
55105
55105
55105

37357
77461
77461

34501
3uu16
350
34416
34501
34416
34501

TRANSFER VECTOR

—
-
wn
-

ADR
(10S)

TRB

NLH
IDNTFY
voCc2
voc2

WLPC
WLPC
(TES)

CNFR
{SPH)
{SPH)

voc2
voc2
PUNCHC
STAM
COLLIN
coLLIXx
LSHR

--
)
nx
——

(WRS)

TEST

(STB)

LAST
SNEXT
EXIT

(STH)
{(FIL)
(FIL)

PUNCHC
STAM
ARRIV
ARRIX
voC2
voc2
voCc2

(REW) CNVRT

(WLR)

(FIL)

ARRPOT ARRIV
ARRPOX ARRIX

ADR vocl
ADR vocl
LSHR CNFR
LSHR LSHL

PUNCHC REFSER

(RCH) (TCO)

ADR

ADR

L SHR voc2
LSHR voC2
PUNCHC ARRIV
STAM ARRIX
ARRIV ADR

(TCO)

(TRC)

LSHL
LSHL
ADR
ADR
PAL

(TRC)

(BSR)

EONA
EONA

COLLIN

(STH)

(WEF)

.ZLPN
227PX

(FIL)

PRINT

PAL
PAL

92¢ #OVd



PRCGRAM LENGTH COMMON TRANSFER VECTOR

ENTSEX 521 34416 LSHR voC2 RESTA STAM ARRIX ADR LSHL PAL coLLIx
ENTSH 170 34501 LSHL PUNCHC ARRPCT ARRIV ADR
ENTSX 165  3uu16 LSHL ARRPOX ARRIX ACR
ENTTDV 170 3u45C1 vOC2 PUNCHC ARRIV ACR
ENTTDX 156  3uu1é voCc2 ARRIX ACR STAM
ECNA M7z 0 RNLST
EONERR 56 77457 {STH) (FIL)
ERASEL 124 551C5
ERASES 55 551C5 CEFINE ERASEL
EREAC 611 53uks PRICEM
READ
ERR2 51 77457 (STH) (FIL) (SPr) EXIT
ERRACI 63 77457 (STH) (FIL)
ERRAC? 63 77457 (STH) (FIL)
ERRCCI 63 TT4ET (STH) (FIL)
ERRCD?2 CETE N (STH) (FIL)
ERRIT 56 77451 {STH) (FIL)
ERRNLS 61 77457 (STH) (FIL)
ERR 51 77457 (STH) (FIL) (SPH) EXIT
ESR 134 53uy6 READ
EST 5 0
EWB 142 0 COMMN RNEL
EXITA 6 0 CHAIN
EXIT
EXIT 23 0 (TES)
EXP(2 b6 77775
EXP(3 136 77773
FOUrP 1¢ 0 PDUNMP
FFG1 T4 0
FFG2 52 0
FIMP 137 77430 AMRIC
FLAG 77 0
i
FMPY 552 551¢C5 CNEXT SLTRA END PLACE BUILD AFTER LCPY INSLA JOIN SLIST
FDIV ERASES

L2¢ FOVd



PROGRAM

FPG
FST
FTCC
FTDIC
GHST
HMFAB2
HMOUT
HTCL
HUBSOR
ICOUNT
I0EQ
IDNTFY

LENGTH

2217
110
k0¢
51
22
k3¢e
617
36
505
201

14

2677

1y
332

1273

256
37
143
130
ys
140
540
1416

Thy

30

162
103

COVNMCN

33501

o O O

37257
37357

37357
37357

55105

k1327

34501

55105

us0

55105
55105

41327
55105

TRANSFER VECTOR

VADD voC3
ERRCD1 ERRCD2

FTDC
LSHR CNFR
LSHR
LSHL LSHR

TDEC2 TDEC1

DAUX

ERRALC2
BLANK
PAL LSHL

ERRCD1 ERRCL2
CNEXT TEST
DNEXT SLTRA

VADD

DAUX (158)

LSHR vec2

RSYMB

CNFR
ACTHW TCEC2

<<
o>
> X
o~y

PHEAD (STH)

BASCO
ERRADI1
PAL INDEX
END BUILD
(RLR)

LINO2

(FIL)

ADR
SLIST

LINO3

XL SH

END
AFTER

RSH

SLTRA

SIGMAP

BUPPA

ADR

82¢ VA



PRCGRAM LENGTH COMMCN TRANSFER VECTOR

LSCAN 264 551C5 ONEXT SLTRA END
L SHR 21 0
LSHL
LST 22 0
LTOH 1 0
LZP2 3037 55105 STATN BRECHT ACR DNEXT PAL AFSIS VAR TESTY (STH)
SLTRA TST END AFTER LSCAN DLAST OEFINE INSLA ERASES
BUILD ERASEL STRING ATRAN1 ATRANZ RFC IDEQ ATRIN RETURN
LZP 224 55105 STATN BRECHT ACR DNEXT PAL VAR SLTRA IST END
stRant Ataane ReCT &Bett RUAKS SRR PURRS TERT, SRS
MELEM 41 0 voCci voc2
MSER
MINV
MPLINP 624 55105 TEST FLAG1 SEARCH STMV STATN (STH) (FIL)
MST 107 0 ERRCD1 FERRCD2
MULTCC 27 0
NAME1 30 0
NANME 57 c eoc
NEBB 1 0
NST 162 0 ERRCC1 ERRCC2 ERRADI
NUAMP 125 34501 vocl LSHL EONA (STH) (FIL) PAL
NUMUSC 323 340 PAL LSHL NUANMP voC2 L SHR voCi1
GMITA 226 0 EONA PYTAG
GMITG 251 0 EONA ERRNUS ECNERR
CMITN 145 c EONA EONERR  ERRNUS
CRV '] 0 CORVE
PAL 2 0
PANEL 21223  36u67
PARADI1 302 55105 TEST PARSE VAR (STH) (FIL) RETURN
PARAD 312 55105 TEST SEARCH VAR (STH) (FIL) RETURN
PARSE 77 55105
PERTY 6 0
PHEAD 273 60435 (STH) (FIL} NAME BLANK
PINCO 5 0
PINTA 2u1 34501 (SPH} (FIL) (STH) EXIT
PLACE 7 0

TN
o
pr
mr

AN
m—n
—~ 0
C=—m
RZR
ZO

62¢ FWV4



PROGRAM LENGTH

" POTA

PREMNG
PREPR
PRIGI

PRIGO

PRINT
PRINTT
PRIOEM
PST
PSYHB
PUNCHC
PUNCH
PUNP
PYTAG
QImp
Qs
Qs2
QSFAB
QsT
RCROER
READ
REFSER
RES1
RES2
RESCAP
RESCP
RESET
RESFAB
RES
RESTA
RETI

4453

475
354
2436

476

162
1
152
67
123
363
mw
302
275
376
17
35
3N
30
243
162
364
112
47
252
21
27
341
450
222
h¢

COMMON

55105

774561
75427
34501

34501

0
0
77461

34501
34501

36467

TT420
T7420
37357

55105
55185
33501
TT430
77430
37357
551C5

551¢C5

37357
551C5
34416

TRANSFER VECTOR

- Oown

b2 -2
I wnOD
- =M

-
OC wmIC M WK rFrr
Z= VZ-4 O

e Cer
om com

(718 ]

O w»nwOx
-

{SPH)
ERRCD1
(STH)
(STH)
(10S)
{STH)
EONA
EONA

CNFR

BLANK

TEST
PYTAG

CNFR

cos

CNFR
SEARCH

EONA

ZM XTI > = Tm
XD w0 D F =i
-4 O - Z -

o o m

[=]
©

(FIL)
ERRCD2
(FIL)
(FIL)
(HRS)
(FIL)
RNLST

(STH)

SPLIT
{TSH)
(STH)

TDECS
SIN

VAR
ZZZPX

RICALW

PAL
ZZZSTP
(8SR)
TRAN

(FIL)

TEST
(RTN)
(FIL)

TDEC1
SETIC

TEST
PAL

PTRAN2

CANAP
voc1
VEREB

voc3

voC1

(RCH)
(EFT)

SEARCH

LSHL

LSHR
ATAN

(sT®)
TEX

voc2

(1CO)
(RWT)

STATN

PAL

SQRT

(WLR)

[y 17, ]
or-—
Z0U-

<Z

-

O N

O2=t
o r
NSO

neEv -~

MELEM

voc3

(TRC)

(STH)

LINO

STATN

RETURN
éSTH)
ONTAM

COMCON

(FIL)

PUNCHC

(STH)

(FIL) RETURN
ADR - INSLA
éFIL) PAL
ONSM CONMOL
voci PAL
(FIL)

oc¢ BOVd



PROGRAN

RETURN
RFC

RICALT
RICALM
RICHEL
RICHIN
RIPINT

RISY
RLA
RNEL
RNLST

RRH
RCH

RSH
XLSH

RST1
RSYMB
RUTLET

RUTKR
SATAM
SATAX
$8s7
.SCARTO
SCST
SEARCH
SECMEA
SECMEX
SETIC
SETTAP

SHL
SHR

SIGMAP
SIGN
SIMIN
SIPLUS
SKIP

LENGTH

1
264
126

72

NOT LEISTED IN CHAIN TABLE
NOT LISTEC IN CHAIN TABLE

542

67
36
50
57
20

7

17
53
674

232
342
i3
ER
57
by
452
470
416
1
17
4

1736
343
Tuy

64
5¢

COMMCN

TTh46
55105
34501
34501

2531

34501
0

0
0
0
0

0
0
34501

34501
34501
34416
551C5
77461

55107
345C1
34416
55105
77450

55105

34501
34501
S53ku6

TRANSFER VECTOR

LCMP
voc3
voCc3

CORC1
LSHR

CNFR

ERRIT
RNEL

ERR

-~ oo
wn o
- L
D =@

NUAMP
CNFR

ERRCD1
LOOK
LSHL
LSHL
NAME

TEST

VEREB
VERES
READ

ERASEL
RISY
RISY

RLA
(STH)

NUAMP

CNFR
CNFR
BLANK

SEARCH

YTK2
YTK2

JOIN
CNFR
CNFR

-
M-
=N
~m
—

ICE
(Rws)
(RWT)
PUNCHC

LGP

PUNCKC
Lz12pex
(STH)

VAR

VEREB
LINO3

CNFR

CNFR
EONA

BASCO
ARRPOX
(FIL)

SBST

LINO3

ICEQ

voc!

BASCO
I27IPX

IIPN
ARRI X

PAL CNFR RSYMB
LINOI PAL LSHL
ARRIV

PAL STAM TEX

ARRPOT ARRIV ADR
ADR

SUBA

voCc2

ARRIEX

LINO

LINQ2

tee FOVE



PROGRAM

SLIST1
SLIST
SLTRA
SMIR
SM2R
SM3R
SMFAB
SMOUT
sMpvec

SMVYAR
GAIN

SNEXT
LAST
SORT
SPCH
SPLIT
SQRT
STABLE
STAM
STATIN
STAVA
STHY
STORE
STRING
STRSET
SUMJGON
SUMJOX
SHGAIN
SWUSC
SWUX
SymaoL
SYRES
TAB2
TAB

LENGTH

n
47
16
51
221
130
502
137
1355
102

n

460
106
546
5k
103
hou
12
142
W
477
722
57
by
376
246
105
104
1147
101
51
126

COMMON

55105

77430
77420
77420
37357
37357
37257
551C5

55105

551C5

55105
17773
373587
3416

34416
55105
55105
55105
25107
3501
34416
37357
33501
3hu16
55105
31357

TRANSFER VECTOR

DNEXT

CNFR
CNFR
CNFR

WLPD

pBeCcyv

LSHR
(STH)

vocl

LSHR LSHL
LSHL
LSHR LSHL

RSYMB PAL
(FIL)

NAME BLANK

SLTRA INDEX

CNFR BASCO
CNFR STAM
LSHL CNFR
LSHR

LSHR

DNEXT TEST
TNEWT2 CLETS2

ast®

-z
v
-

(STH)

LSHL

ACR

PUNCHC
TEX
COoMPOT

SPCH

FST

(FIL)

PAL

ISH

END

PST

END

PARSE

SCST

STATN

VAR

EST

(STH)

ATRAN

NST

(FIL)

STORE

KST

RETURN

GHST

cee DV



PROGRANM

TCH1
TCM2
TDEC
TDEC2
TDEC3
TDECY
TDECS
TDVUSC
TDVUX
TEST
TEX
TIDEN
TIEPO

TIEUSC
TIEUX
TIMP
TNEWT2
TRAN

TRB
XTRB

TREE
TRUKIN
TRUKIX
TRUTI
TST
TSW
1T
TYPE
USCITE

uscix

UXDIF
VACD

LENGTF

224
247
15
22
32
3y
17
113
58
3
42
1
147¢

412
7C
22¢
32
323

722
306
277
107

63
312
124

63
643

526

513
26

COMMON

551C5
551C5

O O O O

3us501
34416

34416

34501

3us01
34416
77430

77453

55105
345C1
34416
34501
TTu61
55105

350
34416

55105

TRANSFER VECTOR

LSHL LSHR CNFR
LSHR CNFR LSHL

voc2
voc2
BOC
vitker (8FR)  OFID ORRe
EONA ZZPN PAL LSHR

(STH) (SL0) (FIL)

BUILL DNEXT PLACE AFTER
voc2 LSHL CANAP2 ZZIPN
voc2 LSHL CANAP2 22ZPX
LSHL voC3 LINC3

LSHR LSHL CNFR

AMPUSC  PAL voCc2 L SHR
SWUSC coMusc vocCt XCCEL
PAL voc2 CANAP2 Z7ZZIPX
LSHR CNFR LSHL vCoC3
TEST SHL SHR IDNTFY

~r o<
- O
Z O
o -t

SLIST
ADR
ADR

POTA
YITKCR
STAVA

o N
M >N
O o
c 0Oz
x O

(WLR)

BASCO
YITKCR

w ro
E wnoO
C TO
x o

PUNCHC
ARRIX

INVUSC
voC3

COMUX

ARRIV

SC
3

~e

Dvu
INO
c1

<

0

NUMUSC

DFGUSC

X0CEX

¢ee VI



PROGRAM LENGTH

VARN

VAR
VAR3

VCOM
VECT
VERES
VERNA

VFL
VHAMD
VHAMM
VHAM
VLIN
VLYV
voC1
voe
voc
VPX
vasaq
VRPLOT
VSHMN
VSH

VSMS
vIDV

46
32

22y
101
151
2N

54
n
262
242
407

3y

27

10
276
358
251
676

3467
473
127

127
251
10¢

73
206

COMMON

55105

345C1
34501

55105
55105
55105
55105
55105

55105
55105
55105
55105
55105

551¢C5
55105
55105

55105
55105
53446
55105
55105

TRANSFER VECTOR

VADD

LSHR
VFL
CNFR
voc)
PINTA
AFCHW1
voC2
CNFR
LSHR
vocl

VADD

LSHR
BLANK
voc1

LSHR
VSMS

PAL
LSHR

(STH)
LSHR
PRIOEM
NAME
NAME

LSHL

voci
LSHR

voci
vocl
XYZR
ACTHW

XYZR
SPLIT
LINO1

XYZR
vocl

LINO
XYZR

(FIL)Y
voC1

BLANK
BLANK

XYZR CNFR voc1

LSHL voCc2 CANAP2
CVRT LSHL PYTAG

LINGI

LINOD

VHAMM voc VHAMD
PAL RRH ANC

VHANMC CNFR voc
TEST SEARCH STATN

PAL LSHL voc2
LINGI

voC1 LINOY
VHAND CNFR voc1

RETURN
HWRNV (STH) (FIL)

(ST8) (WLR)

e DV

LINOI

ZZPN
PAL LINO {STH) (FIL) RISY

LINOY
LINOI

LINOY
(STH) (FIL)

WRNV (STH) (FIL) LINO VSMN

LINOY



PROGRAM LENGTH

WRTST
WWF
XCMAY
XCRIC
XCRIX
XENTRY
XGAINS
XNSA
XO0CEL
XOCEX
XRE

30 MM X < X X
PDOOREOOXED

YCRIC
YHAM

YITKCR
YITKR
YKERR
YOCEL
YPASS
YPR
YQs2

714

61
536
308
342

2045

713
7
n
50

1205

732
262
212
123
347
561

240
522

435
167
267
130
207
257
330

COMMON

55105
55105
55105
3yso
3416
37357
37357

0
3yson
34416

0

55105
35501
3416
55105
25107
25107

27403
25107

234501

34501
25107
2521
25112
25112
25107

TRANSFER VECTOR

PAL
VADD
PAL
CNFR
CNFR
SHR
PAL

LSHL
(10U}

LSHR
CNFR
CNFR
CNFR
SUBA

YCRIC
LINO

LSHL

LSHL
RSYMB

RNLST
LSHR
(STH)
PYTAG
LSHL

SCARTO

63"

(STH)

PAL
LINC

PUNCHC

LSHR

STATN
EXP(2

EXIT

PAL
LSHL
LSHL
ACTwW
PAL

YOCEL
YRV

CNFR

CNER
YKERR

LSHL
EONA

(FIL)

PAL

(FIL)
LSHL
WWF

ARRPOT
ARRFCX

(STH)
EXP(3

LINO
BASCO
ARRIX
PAL
CTPOM
CIMP

CANAP2

L SHR
YOCEL

PAL
LSHL

CHAINB

LINC

T
]

<
xn »
mI
o0

voc1
WFORM
LSHR
ARRIV
ARRIX
(FIL)
SHL

HWHWF

PUNCHC

ADR

YOCEL

LSHR
YKERR

YSYHW

CNFR
PAL
CHAIN
LSHR

EONA

voCc2

L SHL
ADR
ADR

PINCO

LSHL
ARR1V

YSYW
YYY

PAL

LSHR
LINO

CANAP2

PAL

NAME
CNFR
voc2

voc2

ADR

CNFR
ADR

LINO

RSYMB

LSHR

susa

Qs2

BLANK

CORD

LSHL

CORD

YKERR
YSYW

EONA

CANAP2

CANAP2

G6¢e FOVI



PROGRAM LENGTH

YRCD
YRES

YRPIC
YRY
YRW2
YRNW3
YRWY4
YRW
YSM2

YSRIC
YSW
YSYW
YTOM

YTK2

Yvp
YYy
IBETA
C1

Ic2
1c3
ZC5
cr
Icoly
IComMP

ICcTe
ZEM3
ZEXTR
ZHAM3
ZHMD
ZHQD

272
1017

270
222
612
555
4012

122

by
bhy
462

642
7
72
152
430
1272

1522
758
554

10411
323
505

COMNON

25107
25106

25107
25107
25107
251C7
251C7
25107
2511

27403
25107
2531
251C7

34501

25107
7461
37357
371257

37357
37357
37257
37387
37387
37387

27403
37357
37357
37357
37357
37357

TRANSFER VECTOR

(TSB)
(TS8)
(1s8)

LSHL
CANAP2

LSHR
YSRIC
LSHL

=M XW\
-~ mMX
-]

L
R
E
K

<X =<r
ox

YRV
PAL
(158}
RSYMB
ZCc?

ZC3
CNFR
LSHR

PAL

CNFR
RSYMB

LSHL
CNFR
(RLR)
(RLR)
(RLR)
(RLR)

CNFR
YOCEL

CNFR
YOCEL
LSHR
CNFR
¢?¥KCR
PAL
LINO
(RLR)
LSHR

ZEM3
LSHR
RSYNB
LSHR
LSHL
CoMPOT
ZC7

susa
LSHR
RSYMB
LSHR
ZC7
CNFR

LSHR
o
CANAP
SuBA

(sT8)

IDEQ
(STB)
(sT8)

LSHR
YKERR

LSHL
RSYMB
LING
YOCEL

NER
STH)
LSHR

(RWT)
PAL

ZHAM3
RSYMB
ICOUNT

STATN
(s
ADDA
RSYMB
IC3
RSYMB
ICOUNT
ZHRT

CANAP2

EGNA
YOCEL

ECNA

(WLR)
(ST8)
(WLR)
(WLR)
EQNA

(STH)
(RLR)

CNFR
LSHL
ZEM3
LSHL
ZC5
TOECS

Yvyy
ADR
RES)
CANAP2

ICEQ
(WLR)
IDEQ
IDEQ
ADR

(STH)
ACTW

ZZIRES
PAL

(FIL)
IDEQ

LINC
ZHAM3
TDECS
LSHL
ICOUNT

LSHL

PAL
YKERR

YOCEL

CNFR
YRPIC
(RWT)
CNFR
PAL

(BST)

TDECS
2Qs3
ICOUNT
LSHR
LSHL

LINO
RES2

LINO

(STH)
(RWT)

LSHL
SM3R

LSHR

YSYHW

PYTAG

EXP(2
CNFR

LSHL
Ic?

CNFR

c?
ZZIRES
2C5
RSYMB
RSYMB

YKERR
LING

YKERR

(FIL)

RSYMB
LINO

CANAP2

LSHR

PAL

RESCAP

(STH)
LINGC

LSHL

2C5
{STH)
ZHMD
LINGC
LINO

Yvyy

(RWT)

{RWT)
Yvyy

YyYy

EONA

LINO

ICOUNT

(FIL)
ICOQUNT

LSHR

(FIL)
ZHQD

YSYW

YSYW

YKERR

CANAP2

CANAP2

ACOUNT

¢S5

TDECS

ZHRT

9¢¢ WHV4



PRCGRAM

ZHRT
ZQINYV

2Qs3
IREC
IRES
1sC
ISCX
ISW5
ISW
IYF1
IYF2
LICW
1210FG
12PN
IIRECO
LZIRES
zve
13130
I1ZPX
1111
21222€
(BST)
{CSH)
(EFT)
(EXE}
(EXEM)
{FPT)
(

——

A=A = DMDOTDE DO DNO LOMO
=HDOMOMMUADCHA == MCXD
COIOMT=NENDNN e TDw

Pt P St ot s

LENGTH

612
564

1070
510
24y
61¢
611
212
376
352
312
546

1147

S5y
364
w17
271
172

ns

231
307
3y
175
7

n
my
36
1072

170

COMMON

37357
551C5

372257
34500
55105
34501
34416
37357
37357
25311
2531
TT4é1
37357
34501
37357
37387
37387

0

34416
TTH61
3u5C1
77776
77634

TT445
TT4€1
TTT4

77521

TRANSFER VECTOR

CNFR

ADR
voCc3

CNFR
(RWT)
LSHR
voc2
LSHL
LSHL
LSHL
YRV
YOCEL
CNFR
RSYMB
(STH)
LSHL
CNFR
TDECS

LSHR
CNFR
(STH)
(105)
{I0H)
(10S)

{RDS}

(10s5)

(108}

(TES)

LSHR

(RWT)
WRQIN

LSHR
(STH)
XYZR
PUNCHC
voc?2
LSHR
TDECS
FIMP
FIMP
PAL
LSHL
(FIL)
(STH)
LSHR
c7

STAM
LSHR
(FIL)
(BSR)
(TCO)
(WEF)

REWSYS

(EXE)

(10w

RSYMB
(st}

RSYMB
(FIL)
voci
REFSER
RESTA
RSYMB
Cc?
PAL
YSYW
LSHL
CNFR

(FIL)

RSYMB
(STH)

(STH)

(RWT)
(RDS)
(TEF)

CHAIN

(EXE)

LSHL
{WLR)

LSHL
(158)
LINO1
COLLIN
STAM
LINO
LSKR
LSHR
YKERR
vocz
LSHR

c?
LSHL
(FIL)

(FIL)

(158)
(RCH)
(RCS)

LINO
(8ST)

TDECS
(RLR)

ARRIYV
TEX
ICOUNT
ZSHW5
CANAP2

CANAP2

TOECS

TDECS

({RLR)
(TCO)
(RCH)}

2C5
(758)

2C7
CNFR

ADR

coLLIX

YSYW

(STH)

cT7

PAL

(sT8)
(TRC)
(EXE)

TDECS
(RLR)

LINO
IDEQ

CONDIN

ARRIX

YKERR

(FIL)

ICOUNT

Cc?

(WLR)
(TEF)

CNFR

ACOUNT

ADR

LSHR
LINC

LING

CNFR

vocCi

2C5

CONDIX

1112

ICOUNT

INDEX

LINOY

ZC5

ADR

Lee Vg



PROGRAM

{1oy)

“Hkbe)
(RWT)

ts5L0)
{SPH)

-4 AN
e Tos NDow
o = hnd

-

LENGTH

24

62

7
15
2617
70

123

102
21

71

CONNON

77613
771776

77750

77750

TRANSFER VECTOR

{TCO)

(109)

(IQH)

(108)

(I0H)

(108)

{LOH)

(TCO)

{TEF)

(REW)

(WRS)

(WER)

(WER)

(RER}

(RDS)

(ETT)

(TRC)

{(TCO)
(WRS)

(TES)

(BUF)

(RDC)

(TRC)

(STC)

(RCH)
(WTC)H

(WRS)

(ROS)

(RCH)

(TES)

{BSR)

(RCH)}

(WTC)

(ROC)

(RER)

(BSR)

{RDS)

(TES)

(RCH)

(RCH}

(HWRS)

(RCH} (EXE)

{EX8)

(EXE) (SET)

(RCH) (EXE)

({EXB)

(WEF)

(REW)

g¢e IOV



= 339 -

123 Called by



PROGRAR

ACCUNT
ACOMPL
ACOUNT
ACTHW
ADDA
ADR

AFCwW1
AFSIS
AFTER
AGENT
AIMP
AMPUSC
AMRIC
ANC
ARRIY

ARRIX

ARRPQOT
ARRPQOX
AST
ATAN

CALLED BY

CNTRCD
342
Zc

3
ZCTP

1

361
ENTHAM
ICNTFY
TIEPC
YRES
VFL
AGENT
FNPY
21

321
USCITE
FIMP
in
CCLLIN
XCRIC
CoLLIX
XCRIX
ENTDFG
ENTDFX
TAB
33

2QS3
2

21
3613
ENTHAX
LCMP
TRUKIN
YSM2

LZP
LCcpy

VLIN
ENTDFG
XSR1C
ENTOFX
XSR1X
ENTSHW
ENTSX

33

22

162
ENTQSQ
Lze
TRUKIX
YTK2

LZp2
LZP

ENTHAM
2sC
ENTHAX
ISCX
SECMEA
SECMEX

CCNDIN

N

3

4
ENTQSX
LIpP2

XCMAT
ZsC

LZP2

ENTQSQ

ENTQSX

XCRIC
XCRIX

CONDIX

EYVa)

7
ENTSER
POTA
XCRIC
ZsSCX

TREE

ENTSER

ENTSEX

RESCP

ICOUNT

EER
AGENT
ENTSEX
SECMEA
XCRIX
LI211E

ENTSH

ENTSX

VLIN

341
ATRIN
ENTSW
SECMEX
XGAINS

ENTTDV

ENTTOX

XYZR

3y2
CTPOM
ENTSX
STRING
XSMAT

SATAM

SATAX

Zc

343
ENTDFG
ENTTDV
SYMBOL
XSRIC

SECMEA

SECMEX

ot FOVd

36
ENTDFX
ENTTDX
SYRES
XSRIX

TRUKIN

TRUKIX



PROGRAM

ATERM]
ATRAN
ATRAN]
ATRAN2
ATRAN3
ATRIN
ATT
ATTINV
AUXREC
AUXT
AVC
AZZS
BASCO
80C
BFIND
BLANK

B8LD1
BRECHT
BUILD
BUPPA
CANAP
CANAP2

CHAIN

CALLED BY

2
SYMBCL
IDNTFY
LZP
ATRIN
Lzp2

y

36
AGENT
1

2

36

361

1

3n

1
ISPEQ
7
AGENT
1
IDNTFY
321
341
TRUKIX
YSN2

1

a3

5

Lzp
Lze2

361
ARRPOT
Lzp

LzZp

LZp

361
32
usCcIXx
YSHW
1
in

LZP2

3613
CONDIN
NAME

21
PHEAD

Lze2
AFTER

3613
343
VEREB
YTDM
10
mn

7

1US
TICEN

24

RCRDER

FMPY

362
YCOMP
YTK2

342
EXITA

SATAM

3
SETIC

LCPy

ARRIV
7
YITKCR
YVP

21

343
(EXEM)

SECMEA

321
STAVA

Lzp

ARRI X
ACOMPL
YOCEL
ZYF1
22

36
YKERR

SUMJON

362
VRPLOT

Lze2

BASCO
ATERMI
YQSs2
ZICHW
24

361

TRUKIN

WRNV

POTA

PRIGI
COLLIX
YRCD

3
3613

USCITE

AUXREC
WRQIN

TREE

TIEPO

PRIGI

YRES

32
362

XSRIC

CNTRCD
WRTST

YRPIC
TRUKIN
YRPIC

321
uy

e VS



PROGRAM

CHAINB
cImvp
CLCTY
CLETS2
CLPSC
CNMCOIL
CMGAIN
CMSH
CNFR

CNTRCD
CNVRT

COLLIN
coLLix
COMCON
COMMN

CONPDC
corpPOTY
corysc
corMux

CALLED BY

2

EF])

n
SYRES
24

In

33

2

N
ARRIX
QSFAR
SECMEA
TIEPO
XCMAT
YQs2
C3
ZREC
n

CTS
38
3613
CONMOP
Ewe

1
SKGAIN
USCITE
usCIx

22
YCOMP

2
CONDIN
RESCAP
SECMEX
TIEUSC
XCRIC
YRES
ZCOoMP
ZICW

ENTQSQ
ENTQSX
CONSP

ZCOoNmP

31

in
CCNDIX
RESFAB
SMFAB
TSW
XCRIX
YRV
2cre
ZIDFG

ENTSER
ENTSEX
PRIGO

331

342
CONTAM
RICALT
SMOuT
USCITE
XSMAT
YR¥W
ZEM3
ZIRES

ZscC
Z5CX

YKERR

36
EMFAB
RICALW
S¥PVOC
usCIx
XSRIC
YRHW2
ZEXTR
2212

361
ENTQSQ
RIPINT
SUMJCN
VCOM
XSR1IX
YSM2
ZHANM2
I2271E

3613
HMFAB2
RISY
SUMJOX
VEREB
XYZR
YSRIC
ZHQD

362
HUBSOR
RUTLET
SWGAIN
VHAMM
YCRIC
YTDM
ZHRT

PRIGI
SATAM
TCM1
vasq
YHAM
YTK2
ZQINV

Zhe Bvd

ARRIV
PRIGO
SATAX
TCM2
VTCvV
YITKCR
zC1
2Qs3



PROGRAM

CONDIN
CONDIX
CONMOL
CCNMOP
CONSM
CONSP
CONTAN
COOR
capy
coPYCT
CORD
CORD1
CORVE
cos
CPCH
CRIT
CRIT2
CSEL
CTPOM
(o £
CVRT
DAN
DAUX
DBCV
DCOPY
DEFINE
DFG

CALLELC BY

361
3613
PRIGI
PRIGC
PRIGI
PRIGO
PRIGI
ARRIV
8

8

31
RIPINT
CRvV
RESCP
5

1

1

5
ACOMPL
10
321
L
INT
BF INC
8
AGENT
2

ZsC
ZSCX

BASCO

XCMAT

BRECHT
BRECHT

ATERMI1
LR

2
LOADER

SPLIT

ERASES

COLLIN TIEUSC

XSMAT
YAMP2
342 ‘343
Lzp LzpP2

USCITE

PRIGI

POTA

TIEPO

VERNA

ene WVa



PROGRAM

DFGUSC
DFGUX
DIAGN
DLASY
ONEXT

ELISY
EMFAB
END

ENDNS
ENDMS3
ENTOFG
ENTDFX
ENTHAM
ENTHAX
ENTQSC
ENTQSX
ENTSER
ENTSEX
ENTSW
ENTSX
ENTTDV
ENTTDX
EONA

CALLED BY

USCITE
USCIX
1
AFTER
1
PCTA
7

33

1
STRING
8

8

361
3613
361
3613
381
3613
361
3613
361
3613
361
3613
321
OMITC
YITKR

AGENT

SLIST

]
SYMBOL

AMRIC
OMITN
YQs2

Lzp
AFTER
STORE

AGENT

ARRIV
PYTAG
YRES

LZp2
AGENT
STRING

FMPY

BASCO
QINP
YRPIC

POTA
FMPY
SYMBOL

LCMP

CCLLIN
RESTA
YSM2

LCMP
TREE

LCPY

coLLIx
SATAX
YTOM

LCPY

.LSCAN

ENTHAM
TIEPO

LSCAN

LZP

ENTHAX
TIEUSC

LZpP

LZpP2

NUAMP
USCITE

LzZP2

POTA

OMITA
YHAM

e Iva



PROGRAM

EGNERR
ERASEL
ERASES
ERR
ERR2
ERRADI
ERRAD2
ERRCD1
ERRCD2
ERRIT
ERRNUS
ESR
EST
EWB
EXIT
EXP(2
ExXP(3
FOIvV
FFG1
FFG2
FImp
FLAG
FLAG!
FLAG2
FLCPY
FMPY
FORE

CALLED BY

CMITC
1
AGENT
RST1
BLC1
AST

7

AST
AST
RNEL
CMITC
8

TAB

7

1n
XGAINS
XGAINS
POTA
321
20
LV

2
AGENT
[
POTA
POTA
[

CVMITN
ERASES
FMPY

KST
10ST
FST
FST

CMITN

8
ZBETA

ZYF1

MPLIMP

Lzp

LzZpP
LzZp

NST

KST
KST

CumMp

IYF2

LZP2

LZP2
LZP2

MST

MST

ERR

POTA

RFC

PCTA

NST PST
NST PST
ERR2 PINTA

SCST

XREWIN

Ghe V4



PROGRAM

FPG
FST
FTDC
FTDIC
GAINI
GHST
HMFAB2
HMOUT
HTOL
HUBSOR
ICOUNT
IDEQ

IONTFY
INDEX
INITDO
INPSC
INSL
INSLA
INT
INTM
INVUSC
1087
ISPEQ
IUS
JOIN
KST

CALLED BY

PRIGI
TAB

y BDC CSEL FTDIC

BCC

AGENT

TAB

33

13

3y

13

2c1 2c3 cs 2COMP ZHAM3
21 33 121 331 4
YRW2 YRW3 YRWY ZBETA zcoMP
2 CMSW CFG UXCIF

22 31 13 343 362

1 2

24

POTA

FMPY LzpP LZP2 POTA

2y

2y

USCITE

TAB

2

AMPUSC SATAM

AFTER FMPY POTA RFC

TAB

ZHMD

ZREC

AGENT

ZHQD
LZpP2

LCMP

ISKW5
RIPINT

STRING

9t EOVI

ZIDFG ZZRES
RUTLET YRHW

17171E



PROGRAM

LAST
LCMP
LCPy
LELLA2
LGP
LINO

LINOY

LING2
LINO3

LOADER
LOOK
LSCAN
LSHL

CALLED BY

DLAST
RFC
AGENT
3N
SATAX
31
coLLIx
WRTST
YRES
ZEM3
n
VSMN
n

n
TIEPO
24

22

Lzp

31
ACOMPL
ENTHAM
PRIGI
SUMJON
USCITE
XSMAT
YRCD
ZC3
ZSCX

FMPY

321
CONDIN
XCMAT
YRPIC
ZHMD
ATTINV
VSMS
ATTINV
ATTINV
TRUT1

2y
LZP2
21
ACOUNT
ENTHAX
PRIGO
SUMJOX
usciIx
XSRIC
YRES
2ct
ZSHW

342
PRIGI
XSMAT
YSM2
ZHQD
RUTLET
vTDV
AZ2S
AZZS
USCITE

BRECHT
POTA
33
ARRIV
ENTQSX
REFSER
SWGAIN
VCOM
XSRIX
YRPIC
2CD1IV
ISW5

3613
REFSER
YAMP2
YSYHW
ZHRT
VCOM
ZRES
FPG
COMCON
USCIX

SEARCH

W
ARRIX
ENTSEX
RUTLET
TCM1
VEREB
YCOMP
YRHW
Zcome
ZZCW

7
RIPINT
YCOMP
YTDM
2Qs3
VHAM

PRIGI
CONMOP

342
ATTINV
ENTSW
SECMEA
TCM2
VERNA
YCRIC
YSM2
ZEM3
ZIDFG

ACOMPL
TIEPO
YHAM
YTK2
ZSWS
VHAMD

RUTLET
CCNse

343
BFINC
ENTSX
SECMEX
TIEPC
VSM
YHAM
YSRIC
ZHAM3
ZZRECO

ARRIV
TIEUSC
YITKR
YyYy
I2DFG
VHAMM

FPG

361
COLLIN
HUBSOR
SMFAB
TRUKIN
WWF
YITKCR
YSYW
ZHMD
ZZRES

ARRIX
VERNA
YOCEL
zc1
ZZRES
VLIN

PRIGO

3613
coLLIx
1US
SMOUT
TRUKIX
XCMAT
YITKR
YTDM
ZHQD

ATERM]
VSM
YQs2
ZCc3

vasQ

RICALT

362
CONDIN
NUAMP
SMPVOC
TRUTI
XGAINS
YPASS
2C
ZHRT

COLLIN
VSMS
YRCD
Zcomp

VSM

RICALW

7

COOR
NUMUSC
STABLE
TSW
XO0CEX
YQs2
Cc2
2Qs3

LhE FVT



PROGRANM

LSHR

LST
LTOH
Lze
LZP2
MELEM
MPLIMP
MST
#ULTCC
NAME

NAME]
NEEB
NLH
NST
NUAMP
NUMUSC
CMITA

CALLED BY

N
ARRIV
ENTQSQ
RESCAP
TIEPC
vVTDV
YOCEL
YTK2
ZHMD
ZZRES
TAB

33

21

22

36

2

TAB

y

1
WRQIN
AGENT
TAB
AFTER
TAB
NUMUSC
TIEPO
L3

21
ARRIX
ENTQSX
RIPINT
TIEUSC
WMNS
YPR
YVP

| ZHQD

2zZpPX

361

~

21
WRTST

CEFINE

SATAM

33
ATERMI
ENTSER
RUTLET
TSW
XCMAT
YQs2
zcl
ZHRT
2222

3613

31

SATAX

N
ATTINYV
ENTSEX
SMFAB
USCITE
XCRIX
YRCO
zc2
2Qs3

CONMOL

362

m
BFIND
FPC
SMPVOC
uscIx
XSMAT
YRES
C3
ZRES

CONSM

3y2
COLLIN
HMFAB2
STABLE
VCCM
YCCMP
YSM2
ZC5
&Y

CONTANM

AUXREC

362
coLLrx
HMOUT
SWUSC
VERNA
YCRIC
YSRIC
c?
95

PR1GO

PHEAD

7
CONSP
HUBSOR
SWUX
VHAM
YHAM
YSHW
ZCoMP
ZYF1

YTK2

SETIC

ACOMPL
ENTHAM
NUMUSC
TCMI
vQsQ
YITKCR
YSYW
ZEM3
ZICw

STAVA

ghe SoVd

ACOUNT
ENTHAX
PRIGI
TCM2
VSM
YITKR
YTDM
IZHAM3
ZZDFG

WRNV



PROGRAM

OMITG
OMITN
ORY
PAL

PANEL
PARAD
PARADI1
PARSE
PCH
PDUNP
PERT
PHEAD
RINCO
PINTA
PLACE
POTA
PREMG
RREPR
RRIGI

CALLED

321
L)

7

22

361
ATTINY
IDNTFY
PSYMB
USCITE
XGAINS
YRCD
zch

32

2

|
PARAD1
5

EF3|
IDNTFY
INPSC
XGAINS
VERNA
FMPY
TREE

8

24

36

BY

24
3613
COLLIN
1US
REFSER
uscIx
XSMAT
YRES
ZC3

SYMBOL

N

YTK2
POTA

3

362
coLLIx
LCMP
RESTA
VERESB
XYZR
YRPIC
ICDIV

FOUMP

TREE

321

'}
CONDIN
Lze
RIPINT
VERNA
YAMP2
YRV
cTe

33

7
CONDIX
LZrP2
RUTLET
VLIN
YCOMP
YSN2
ZYF1

3N
ACOMPL
COOR
NUAMP
SATAX
VSM
YHAM
YSYHW
ZICHW

341
AGENT
ENTHAM
NUMUSC
STABLE
VSMS
YITKCR
YTDM
ZZRES

342
ARRIV
ENTHAX
POTA
STRING
WRTST
YITKR
YTK2

343
ARRIX
ENTSER
PRIGI
TIEPO
WWF
YOCEL
Yve

38
ATERM]
ENTSEX
PRIGO
TIEUSC
XCMAT
YQs2
Yvy

6t IV



PROGRAM

PRIGO
PRINT
PRINTY
PRIOEVM
PST
PSYMB
PTRAN1
PTRAN2
PUCR
PUNCH
PUNCHC

PUNP
PYTAG
QINMP
Qs
Qs2
QSFAB
Qs7t
RCRDER
READ
READCTY
REFSER
RES
RES]
RES2
RESCAP

CALLED 8Y

36

n

24
EREAL
TAB

36
PREPR
PREPR
4

CSEL
ARRIV
REFSER
7
ACONPL
i
E¥A)

a2

33

TAB

2

1

8
CONDIN
2

321
2
i

361 3613
CTSs

INPSC

WRITE

361 3613
ARRPOT CCLLIN
SATAM SECMEA
CONDIN ONITA
YQs2

YQS2

8 cory

ENTSER ZSsC

YRES
YRES

CONDIN
SUMJON

PRIGI

COPYCT

ENTDFG
TRUKIN

REFSER

ESR

ENTHAM
XCRIC

TIEPO

SKIP

04¢ VL

ENTQSQ ENTSER ENTSW ENTTDV
XSRIC zsC )
VERNA YOCEL YTK2



PROGRAM

RESCP
RESET
RESFAB
RESTA
RETI
RETURN
REWSYS
RFC
RICALY
RICALW
RIPINT
RISY
RLA
RNEL
RNLST
RRH
RSH
RSTY
RSYMB

RUTLET
RUTHR
SATAM
SATAX
SBST

CALLEC BY

21

1

33
ARRIX
YPR
ACENT
24

LZP
CCNTAM
PRIGC
LD
CONDIN
RIPINTY
EWB
3y2

3
IONTFY
7

24
RIPINT
IC5
Z20DFG
361
361
361
3613
SIGMAP

21

CCNDIX

ATRIN
2
LZp2

CONDIX

RNLST
7
VLIN

21
STABLE
ZcomMp
ZZIRES
3613
3613

22

ENTSEX

LZP
6

CONMOL

EONA

33
SHGAIN
ZEM3

362
362

ZSCX

LzZP2

CONSM

PYTAG

In
YCOMP
ZEXTR

PRIGI
PRIGI

PARAD
(EXEM)

PRIGI

YITKCR

i
YHAM
ZHAM3

PRIGO

PARAD1

RICALT

342
YRES
ZHMD

POTA

RICALW

343
YRW
ZHQD

PREPR

VERNA

ATRIN
YSHW
ZHRT

STRING

YTK2

HMFAB2
zcl
2QsS3

WLPD

INPSC
ZC3
ISHW5

V8¢ VI



PROGRAM

SCARTO
SCST
SEARCH
SECMEA
SECMEX
SETEL
SETIC
SETR
SHL
SHR
SIGMAP
SIGN
SIMIN
SIN
SIPLUS
SKIP
SLISY
SLIsST
SLTRA
SMIR
SM2R
SM3R
SMFAB
SMOUT
SMPVOC
SMVAR
SNEXT

CALLED BY

YPR
TAB
CMSW
3610
3613

4

21

4

N
2
IDNTFY
n
CONMOL
RESCF
CONMOL
8

FMPY
PQOTA
FMPY
N
321
YSM2
13

33

33
AGENT
ONEXT

IDNTFY

22

CONSM

CONSM

LCPY

LCMP

MPLINMP

Lzp

UXDIF

PRIGI

PRIGI

PCTA

LCPY

PARAD PREPR RCRDER
RESCP

UXCIF XGAINS

XENTRY

TREE

LSCAN LzZp LzpP2

RES

POTA

SIGMAP

STRING

VRPLOT

26¢ FOVc



PROGRAM

SORT
SPCH
SPL
SPLl
SPLIT
SQRT
SR1
STABLE
STAM

STATN

STAVA
STMY
STORE
STRING
STRSET
Suea

SUMJON
SUMJOX
SWGAIN
SWUSC
SWUX
SYMBOL
SYRES
TAB

CALLED w®Y

1
SYMBCL

33
ARR1IX
SUMJCX
2

L2pP2
COLLIX
MPLIMP
SYMBCL
AGENT
Iy
2
YITKCR
361
3613
N
USCITE
usciIx
1

2

7

BRECHT

ARRPOX
ZSCX
N
MPLIMP
TRUKIX

ATRIN

3y2
YRV

COLLIX
222PX
y

POTA

LzpP

3613
YSYW

CONDIX

AGENT
RCRBER

LIP2

ZCcTP

CNTRCD

ENTDFX

CMCOIL
RES

ACOMPL

RCRDER

ENTHAX

CMSH
STRING

ATERMI1

VRPLOT

ENTQSX

CoMpPOT
VRPLOT

RIPINT

ENTSEX

CSEL
XENTRY

YAMP2

ENTTDX

IDNTFY
ICDIv

YCOMP

SATAX

LzpP

YHAM

¢Ge #Vd



PROGRAN

TAB2
TcMl
TCH2
TDEC
TDEC2
TDEC3
TOECH
TDECS

TOVUSC
TDVUX
TEST

TEX
TIDEN
TIEPO
TIEUSC
TIEUX
TIMP
TNEWT2
TRAN
TR8
TREE
TRUKIN
TRUKIX
TRUTI

CALLEC BY

N

3

3N
ACOUNT
ACOUNT
ACOUNT
ACOUNT
ACOUNT
Z5W
USCITE
uscIx
1
CNTRCD
PREPR
ARRIX
24

361
ARRIV
ARRIX
321
SYRES
PUNP

1

21

361
3613
YTK2

3

ICOUNT
ICOUNT
ICOUNT

RESCAP
12DFG

2

DAN
RCRDER
RESTA
y

3613

22

342

RESCAP

ZCc3
ZZRES

21
ICNTFY
READ
SATAX

CAN

33

ZCoMP
Zzvp

22
LCMP
RES
SUMJOX

36

ZEM3

24

LzZp
SIGMAP
ZSCX

361

ZHAM3

y
L2P2
SYNBOL

3613

ZHMD

5
MPLIMP
UXDIF

362

ZHQD ZHRT
AGENT ATRIN
PARAD PARADI1
VRPLOT

hee SOVd

ZQs3

CMSHW
POTA



PRCGRAM

187
T5u
LAA
TYPE
USCITE
UsciIx
UXDIF
VADD
VAR

VAR3
VARN
VCOM
VECT
VERE®
VERNA
VFL
VHAM
VHAND
VHAMM
VLIN
vLv
voci

CALLEC BY

Lzp

3

21
ACENT
ARRIV
ARRIX
2

3

21

RES

24

3

LR

7
CCNNMCL
ATTINYV
VECT
n
VHAM
VHAM
n

1

n
CONTAM
STAVA
VLIN
ZRES

Lzp2

AZZS
22
SIGMAP

CONSM

vasqQ

iN 8]

ENTHAM
TIEPO
vasqQ

POTA

FPG
y
SYMBOL

PRIGI

vVTDV

CMSW
ATTINV
ENTHAX
USCITE
VSHM

LINO1
AGENT

RICALT

COLLIN
MELEM
USCIX
VSMN

TIEPO
ATRIN

SIMIN

COLLIX
NUAMP
VCOM
VSNS

VARN
ICNTFY

SIPLUS

CCMCCN
NUMUSC
VERE®S
vTDV

vocl
LZp

CONMOL
PRIGI
VERNA
WMNS

WHWF
LZe2

CCNMOP
PRIGO
VHAM
HRTST

PARAD

CONSM

PSYMB
VHAMD
YTK2

PARAD]

CONSP
RUTLET
VHAMM

IQINV

GG¢ FOVd



PROGRAM

vac2

voCc3

VPX
vase
VRPLOT
VSM
VSMN
VSMS
VTDV
WFORM
WLPD
WMNS
WRITE
WRNY
NRQIN
WRTST
WWF
XCMAT
XCRIC
XCRIX
XENTRY
XEQC

CALLED BY

362 ATTINV AZ2S COLLIN
CONSP CONTAM CFGUSC DFGUX
ENTSER ENTSEX ENTTOV ENTTODX
SKUSC SWUX TOVUSC TDVUX
VHAMD VSHM KRTST XCRIC
n 36 361 3613
PRIGO PSYMB RICALT RICALW
IDNTFY

3

2

N

VSM

VSM

n

WWF

BUILL DLAST DNEXT SNEXT
N

8 copy COoPYCT

31 VSHM WMNS

ZCQINY

31

3 XCMAT XSMAT

n '

361

3613

in

ATRIN

COLLIX
ENTDFG
FPG
TIEPO
XCRIX
ARRIV
TIEPO

CcMusC
ENTDFX
MELEM
TRUKIN
zsC
ARRI X
TRUTI

CoMuX
ENTHAM
NUMUSC
TRUKIX
ZSCX
COMCON
USCITE

CONDIN
ENTHAX
PRIGI
USCITE
ZICW
CONMOP
USCIX

CONDIX
ENTQSQ
PSYMB
USCIX

CONSP
ZQINV

CONMOP
ENTQSX
RUTLET
VEREB

FPG

9G¢ SOVJ



PROGRAM

XGAINS
XLSH
ANSA
XOCEL
XOCEX
XOPEN
XREAD
XSMAT
XSRIC
XSRIX
XTRB
XYZR
YAMP2
YCOMP
YCRIC
YHAM
YITKCR
YITKR
YKERR

YOCEL

YPASS
YPR
YQs2
YRCD
YRES

CALLED BY

in
IONTFY
1
USCITE
USCIx
é

6

31

261
3613

VCOM VHAM
342

342

321 YCOMP
3u2

362 TIEPO
YTK2

i Iy2
YSM2 YSHW
342 ACOMPL
YTOM IYF2
3y2

342

2

343

3y2

vasqQ

TRUKIN

343
YTOM
YAMP2

VSN

TRUKIX

YAMP2
yve
YCQOMP

VTDV

YTK2

YCOMP
ZYF1
YHAM

ZRES

YHAM
ZYF2
YQs2

YQs2

YRES

YRCD

YRPIC

YRES

YSM2

YRPIC

YSH

L6¢ VL



PROGRAM CALLED BY

YRPIC YRW3

YRV ATERM] YCOMP YRCD YRES YSHW YVP ZYF1

YRW 341

YRW2 342

YRW3 343

YRW4 343 )

YSNH2 342

YSRIC 3 YSHW

YSW 342

YSYM ATERM] YAMP2 YCOMP YHAM YQs2 YRES YSM2 YSH YTOM ZYF1
IYF2

YTCM 242

YTK2 CONMCL CONSM CONTAM PRIGI SIMIN SIPLUS

vvp 343

YYY N ATERM1 YCOMP YHAM YQs2 YRCO YRES YSM2 YSW YTOM
YVP

ZBETA 33

2C 339

zc2 331

zc3 zc2 ZEXTR

zcs zc3 ZEM3 ZHAM3 ZHMD ZHRT 26s3 ZIRES

zc? zc 2c3 ZCOMP ZEM3 ZHMD 2Qs3 ZSW 11DFG ZZRECO ZIRES
zzve

Zcol1v 331

Zcomp 23

zcTe 321

ZEM3 2C2 ZEXTR

g4¢ ¥OVd



PROGRAM

ZEXTR
ZHAM3
ZHRKD
ZHQD
ZHRT
ZQINY
2Qs3
IREC
ZRES
2sC
ZSCX
ZSu
ZSK5
ZYF1
ZYF2
ZICw
ZZI0FG
ZZPN

ZZRECO
ZIRES
zzve
12121¢
ZZILSY
2727PX
22ZSTP
11122

CALLED BY

EE)]
ZC2
ZHAM3
ZHAM3
ZHAM3
31
zZC2
36

n
361
3613
SWGAIN
LSW
342
2y2
362
in
361
VERESB
N
ICc2
3N
361
361
36132
PUNCHC
ZIChW

ZEXTR

ZHQD

ZEXTR
362

ARRIV

ZEXTR

ARRIX

BASCO

coLLIX

COLLIN

ENTHAX

ENTHAM

RESTA

PRIGI

SATAX

SECMEA

SECMEX

TIEUSC

TRUKIX

TRUKIN

uscIx

USCITE

66¢ WOV



PROGRAM

112112¢€
(BSR)
(8ST)
{BUF)
{EFT)
{ETT)
(EXB)
(EXE)
(FIL)

(FPT)

(108)
(I0H)
t10S)
(10U}
(RCH)

(RDC)
(RDS)

CALLED BY

36

n

1
(158)

(WER)
(STB)
(CSH)
1

36
CMSW
ERRAD1
MPLIMP
PRIOEM
SMPVOC
WRTST
ZREC

1

m
(STB)
(CSH)
n

10

n
(758)
(TSB)
1M

CSEL
22

CNTRCE

(158)
(10H)
2

261
CNTRCD
ERRAD2
NUAMP
PSYMB
STAM
XENTRY
IZICW

Z

Y2
{1SB)
(SPH)
CSEL
XREWIN
CSEL
(TSH)
(TSH)
CSEL

CTS
2y

PUNP

(10S)
21
2613
CCMPOT
ERRCD1
PARAD
PUNCHC
STRING
YITKCR
ZIPN
21

343

(STH)
CTS
(10S8)
CTs
(WER)

(BST)

PUNCH

(RER)
22

y

CSEL
ERRCD2
PARAC1
PUNP
TIEPO
YKERR
ZZRECO
22

36

{TSH)
PUNCH

PUNCH

{CSH)

(8ST)
CMSH

(1SB)
2y

EMFAB
ERRIT
PHEAD
QSFAB
TRAN
YRW2
ZZvpP
24
361

(BST)

(BST)

(EXEM)

(RER)
CNTRCD

(WER)
n

8
ENDMS
ERRNUS
PINTA
RCRDER
VERNA
YTK2
I22PX
3
3613

(EFT)

(CSH)

(RER)

(WER)
CONTAM

3217
AGENT
ENDMS3
IDNTFY
POTA
REFSER
VRPLOT
IBETA
12211E
32

362

(108)

(RER)

(TS8)

RUTLET

33
ATRIN
EONERR
INPSC
PREMG
RES
VSM
ZC2

321
y

(I10H)

(SPH)

(TSH)

ICoMP

N

BF IND
ERR
LZP
PREPR
RIPINT
WLPD
ICDIV

33

5

(RWT)

(s78)

09¢ #Vd

ZQINV

343
CMCOIL
ERR2
LZP2
PRIGI
SETIC
WMNS
ZEXTR

33
7

{STH)



PROGRAM

{RER)
{REW)
{RLR)

{RTN)
(RWT)

(SET)

{SLO)

(SPH)

(s78)

(57C)
(STH)

(7C0)

CALLED BY

{158)
n

PRICEM
1

CFG
Z2222E
{RER)
1

36
CNTRCD
ERRCD2
PARADI1
RCRCER
VERNA
YTK2
2ZZPX
n

(TSH)
CSEL
21

Zcome

343
YRW

TRAN

RES

2

261
COMPOT
ERRIT
PHEAD
REFSER
VRPLOT
ZBETA
11221€E
CSEL

CTS

22
CONTAM
ZQINV
CNTRCD
21

36
YRW2

21
RUTWR

21
3613
CSEL
ERRNUS
PINTA
RES
VSM
ZC2

CTs

(RWT)
24
LOADER
ZREC
READ
22

362
YRMW3

CNTRCD

22
UXDIF

22

y
EMFAB
IDNTFY
POTA
RIPINT
WLPD
C01v

PUNCH

{WER)
n
RIPINT
II212E

24
y
YRWY

ENDMS

n
WRQIN

24

7
EONERR
INPSC
PREPR
SETIC
WNNS
ZEXTR

(8ST)

321
RUTLET

L2

ZBETA

ENDMS3

33
YRW

n
AGCENT
ERR
Lze
PRIGI
SMPVOC
WRTST
ZREC

{CSH)

N
YRW

321

ZQINV

ERR

N
YRW2

2N
ATRIN
ERR2
LZP2
PSYMB
STAM
XENTRY
ZICw

(RER)

341
YRW2

33
PUNP
ZREC

ERR2

AGENT
YRW3

33
BFIND
ERRADI1
MPLIMP
PUNCHC
STRING
YITKCR
ZZPN

(SPH)

343
YRW3

33
RIPINT
IZ22E

PINTA

ATRIN
YRWY

331
CMCOIL
ERRAD2
NUAMP
PUNP
TIEPO
YKERR
ZZRECO

{WER)

362
YRWL

34
RUTLET

PREMG

CMSW
ZQINV

343
CMSW
ERRCD1
PARAD
QSFAB
TRAN
YRW2
ZZvP

b9¢ IV



PRCGRAM

(TEF)
(TES)
(TRC)
(Tsal

{TSH)
(WEF)
(WER)
(WLR)

(WRS)
(WTC)

CALLED BY

n
CHAIN
1M

2

4
IBETA
1
CSEL
{S7T8)
1

DFG
I21111¢€
n
(STB)

CSEL
CuMmp
CSEL

"~

21

ZCOMP

CTS
(STH)

RES

CSEL
(STH)

(BST)
EXIT
CTs

22
CONTAM
IQINV
CNTRCD
(EFT)

21
RUTHR

CTsS

(CSH)
(10S)
PUNCH
24
LOADER
ZREC
READ
{WER)

22
UXCIF

PUNCH

(RER)
(sST18)
(BST)
31
RIPINT
IZI11E

EA)
WRQIN

{SPH)

{STH)
(RER)
2N
RUTLET

23
YRW

(sT8)

(WER)
(WER)
331
YRW

N
YRW2

(STH)

3y
YRW2

AGENT
YRW3

(WER)

343
YRW3

ATRIN
YRW4

362
YRWL

CMSW
ZQINV

29¢ ®WOVd
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