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An engineering simulator

by GEORGE F. FORBES
Litton Industries
Woodland Hills, California

INTRODUCTION

The engineering simulator

These notes are for the Mod IV Engineering Simulator
as used on the IBM 7040. The simulator is a digital
differential analyzer designed primarily for ease of
programming.

Most items included have been checked out and
actually used. The original version of this paper served
as a user’s manual.

Applicability
The system may be used for three distinct purposes:

1. To simulate anything describable by differential
equations

2. To compute solutions to mathematical problems

3. To test proposed differential equations before
completion of the special computer designed to use
them.

MIDAS type computer systems

This system differs from the various MIDAS type
systems available, in that it uses the problem oriented
approach of the digital differential analyzer as devel-
oped in the author’s text. We are primarily interested in
the engineering approach in which the computer repre-
sents an engineering model rather than a computed
solution. The program system is considered a tool
immediately usable by anyone who has used digital
differential analyzers, rather than a digital means of
simulating analog equipment or solving analog type
problems.

BRIEF form

The BRIEF form of integrator is intended for
maximum programmer convenience at the expense of
flexibility and computer running time. The form re-
quires only integrator name, initial integrand, and input
sources and usage. Sequence list is standard, and
iteration size of the independent variable may be
specified.

A standard tabulation interval may be specified in
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terms of the independent variable. All integrator data
are tabulated. FIRST and LAST integrator must be
specified in the sequence.

The BRIEF form may be intermixed with various
other standard and special forms.

In the example following, PI/18 is a remark only.
Whenever a blank space occurs after data, all following
items become remarks.

Form

BRIEF NAME, YSTRT, INPUT

Example

SEQUEN {(FIRST,FACTOR,DEGREESINE,CCSINE,LAST) AAAANDON2
INDEPB 0,91 BRIEFN20
TAB 5.72958 PI/8 BRIEFNIN
BRIEF SINE 0.0, {{LUSINE,DY),{ INDEP,DX)} BRIEF040
BRIEF COSINE 1.0, ISINE+MDY), LINDEP,DX)} BRIEFNSNH
BRIEF FACTOR 457.2958,U( INDEP,OX)) BRIEFOGN
BRIEF DEGREE 40.0, (L LFACTOR,DY)) QRIEFOTO

The BRIEF form was designed with maximum bias
in favor of ease of programming. However, it lacks
flexibility and is inefficient computerwise, so other
integrator forms have been made available. The system
described below is based on three compromises in
decreasing order of importance.

1. Ease of use by DDA programmer

2. Expandability and flexibility of the basic system

3. Efficient use of the IBM 7040 using the Macro-Sap

system.

The programmer is expected to be acquainted with
DDA techniques but not with the IBM system. Famil-
iarity with the IBM installation will improve efficiency,
but the system is intended to be independent of all
factors except those related to DDA methods.

Intregrator forms for data fill

Sequence

The sequence of integration is specified in the follow-
ing way:

SEQUEN  (NAMEA,NAMES,NAMEC ,NAMEU,NANEE)
SEQUEN  (NAMEF ,NAMEG. NAMEH,NAMET yNANE Jy NAMEX }

PAAAONONN
PAAANDOLD

An integrator will not be processed unless it is listed
in the SEQUEN list.
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Figure 1 — Schematic for brief form problem

Integrator names may have up to and including six
letters or numbers. The first character must be a letter.
The name must include at least one vowel. The letter O
should be avoided because it tabulates too nearly like
the numeral O.

SHORT form

This form contains minimum flexibility. It permits
filling the integrator type, integrator name, mode, initial
integrand value, heading words, the input sources, and
their use. The decimal point must always appear in the
integrand but never in the mode. (See mode section for
mode usage.)

The standard form is:

SHORT TYPE, NAME, MODE, YSTRT, (HDG1),

(HDG2), SCALE PNAME — 00
, ((NAME1, D—), NAME2, D),

ce-etc---) PNAME — 01

ETC

As an example: (where scale is not used)

StIRT SIMPLE+INTEG4+10y1.35, (ALPHA 1y (RADLIAN) O,
ETC CEINTEGL,OX 1}y (L INTEGC »DY) 4 { INTEGS, MDY )Y

PINTEGAND
PINTEGaN)

An unlimited number of inputs may be used. This
form is used for all routine applications. It is not
suitable when initialization of slope is needed, because it

does not include access to the DZ. When such access is
needed, the SHORTZ form should be used. If mode 2 is
used a unity DX input will occur. When no input is
coded, use ((0,0)).

HDG1 and HDG?2 are 6-letter alphanumeric words.
If less than six characters are used, the missing charac-
ters become spaces at the end of the word. In use, both
words will run together as a single word or phrase.

The SHORT form with initialization

SHORTZ Form

This form differs from the SHORT form only in that
it contains provision for initializing DZ. This is neces-
sary when feedback connections occur and when tran-

sient effects make the slow start system impractical.
(See INDEP form.)

The MEDIUM form
MEDIUM Form
This form contains, in addition to the provisions of

the SHORTZ form, access to KF, KDX, and SPRL.
The standard form is:

SIMPLE ¢ INTEG4,031.35¢.135,0.0,0.0,0.0,(ALPHA },(KADIAN) PINTEG4ND

MEDTUM
ETC 209 LUINTEGL DX ) o LINTEGC DY) o ( INTEGS s MDY) ) PINTEG4N]
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Example: Same case as in SHORTZ example.
(SCALE not used.)

PINTEG400

MEDIUM  SIMPLE,INTEG4,0,1.35,.135,0.0,0.0,(ALPHA )
PINTEG401

ETC , (RADIAN),0, ((INTEGL,DX), (INTEGC,DY),(INTEG4,MDY))

The LONG form without headings
LONG Form

This form contains additional provisions, mostly
related to servos and limiting devices. None is used in
the example.

The DETAIL form
DETAIL Form

This form contains complete access to all parts of the
integrator memory. It should rarely be used.
Other forms may be constructed to suit.

Special forms
Independent Variable
INDEP Form

This form is used to-set up a special slow start
system. Actually, it consists of several integrators. This
device is a convenient method of avoiding DZ initializa-
tion. Slow start cannot be used when real time is
required.

The standard form is:

INDEP A, RCP, C, XINCRM,

SCALE PINDEPO00OO

The internal sequence for INDEP form is automati-
cally set at the beginning of the cycle and need not be
programmed.

RCP will be reciprocal of A. A will be a decimal,
usually 0.1, 0.01, 0.001, or 0.001. XINCRM is the
maximum increment size of the independent variable.
The first nonzero increment will be approximately A
times XINCRM. The independent variable rate will
decay exponentially to XINCRM.

Example:

INDEP 0.01,100,041.0.0,145,5CH06 PINDEPONN

When constant rate is needed,
A=0.0,RCP=00,C=1.0

When slow start is used;
A=A,RCP=1/A,C=1.0

When S-slow start is used
A=A RCP=1/A,C=A

When tabulating, XINCRM is in integrator NCR2
(maximum increment size)

When tabulating, RCP is in integrator NCR1.
(It decreases to approach zero.)

Interval trigger
INTRVL Form

This form is used when an integrator is to be used to
cause something (an EFFECT) to happen at equal
intervals of some variable. The standard form is:

INTRVL TYPE, NAME, MODE, YSTRT,

EFFECT, FOUND, HDG1 PNAME — 00
, HDG2, INTERVAL ((INPTA,

DY), (INPUTB, DY) - -etc--) PNAME — 01

ETC

The EFFECT, integrator dump (IDUMP), and the
integrator type (BCKTRK) are used in the illustrative
example:

PTHETANND

KTRK¢THETA 30 40,0, TDUMP,1C o (THETA) » (DUMPER) 412,00,
INTRVL  BC . o0 ' o1Cy * PTHETAODT

ETC ({THETA1,DY )}

This example will cause the entire problem to be
tabulated if the accumulated DY input changes by an
amount greater than two units of the variable. Available
integrator types and effects for use with this form are as
follows:

Type BCKTRK — In testing the variable, the back-
track system is used to anticipate
the next iteration and cause nearly
exact effect intervals (MOD IIIB).

Type NBCKTR — The back-track system is not used.
Effect will occur when the interval
is matched or exceeded. (MOD
II1A.)

(NOTE: ROUND is a no-decimal-point decimal, inte-
gral number that specifies the number of sig-
nificant figures used in the round-off test. The
number in INTERVAL is the required deci-
mal interval value.) .

EFFECTS

TBCHA — Change to alternative A printout system.
(ALTENA)

TBCHB — Change to alternative B printout system.
(ALTENB)

TBCHC — Change to alternative C printout system.
(ALTENC)

TBCHD — Change to alternative D printout system.
(ALTEND)

TBCHE — Change to alternative E printout system.
(ALTENE)

TBPRNA, TBPRNB, TBPRNC, TBPRND, TBPRNE
— Trigger tabulation system when in corresponding

alternative. TBPRNA in MOD IITA.
IDUMP — Trigger integrator dump system. (See

Table I-3.
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STOP — Stop computation and signal operator

that run is over.

NOTESA — Trigger printout of remarks filled under
remarks forms, NOTESA, NOTESB,
etc. (See NOTES on Remarks form
instructions.)

REINIT

Use Mode 4 for general remarks related to the interval
test.

— See below.

Use Mode 10 for special remarks related to the specific
effect.

Use Mode 20 to disable after first effect.
INIT — Initialize and restart.

The modes have special meanings as follows:

0 — No effect
4 — Print out integrator name and general remarks
10 — Print out integrator name and special remarks

20 — The INTRVL form will cause the effect only
once.

Interval trigger with reset
INTRVL Form with Reset

The INTRVL form may be used with a reinitializing
refinement, which can cause reinitialization or some
other change in the problem.

When the affirmative test occurs, then information is
transferred from some part of one integrator to some
part of another. That is, a pair of integrators, source
and destination, are used in transferring numbers.

The standard form is:

INTRVL TYPE,NAME,MODE,YSTART +EFFECT ,ROUND,HDG1,HDG2 ¢ INTERVAL, PNAMENOOO
ETC LCINPUTL,DY) (L INPUT2,0Y ) y—=mm (SRCL+0+DS2) »{SRC2,04052)) NAMEQONNY

This causes information to be transferred from work-
ing Y of SRC1 and SRC2, respectively, to initial Y of
DST1 and DST2.

As an example, REINIT is the effect that permits
setting up a new case on the basis of the answer
obtained from the old case:

INTRVL  BCKTRK MISSDI40,0.0,REINIT,10,{MISS C)o(ORRECTI,{12.00y PMISSDINO
ETC (LINYEGL.DY ) { INTEGC 404 INTEGT} ¢ { SINEAD,O,SINCH)) PMISSRIN]

In the example, integrator MISSDI, when the inte-
grand variable goes through four units, with integrand
input from INTEG1, the REINIT is triggered. REINIT
places the contents of integrand INTEGC in the initial
value location of integrand INTEG7. It places the
contents of integrand SINEAD in the initial value
location of integrand SINCH. The major application of
the REINIT effect is in the classical double-end-point
problem where we make successive tries on the evalua-
tion of a definite interval.

Tabulation
TABULN and NTGRTB Form

The tabulation system is programmed with the use of
two basic commands, “tabulate” and “integrator tabula-
tion.”

One command selects the alternative used and spec-
ifies tabulation groupings. The other command spec-
ifies the items to be tabulated.

The system automatically supplies the headings and
tabulations in the corresponding locations.

The second command is used once for each line
desired. The first command is used once for each
alternative system to be used. The method of selecting
alternatives is listed in the effects section.

The commands are as follows:

PALTENAID

PALTENAN]
PALTENAG?2

TABULN
NTGRTB
NTGRTS

ALTENA,DATLNS,PGELNS
AeBeCeDsEeF oG
AsB4C1DIEeF oG

For example: (Two alternative systems in use)

PALTENADO

PALTENAC]
PALTENBNY
PALTENBM1
PALTENBOZ

TABULN
NTGRTB
TABULN
NTGRTSB
NTGRTB

ALTENA,1.0,35.0

INTEGA ¢ INTEGD, SINETCOSALCNT 4 INDEPCONST
ALTENS 42,0,430,0
INTEGA,INTEGBs INTEGC »INTEGDSINET,COST
SINEAL+COSALySBETA,CBETALCNT, INDEP,CCNST

ALTENA, ALTENB, ALTENC, ALTEND, and
ALTENE are selected through the INTRVL command

DTLNS  Number of data lines (decimal)
PGELNS Number of page lines (decimal)

REMARKS Form

REMARKS related to the nature of the
problem being run may be made as follows:

DDA

PNOTESOOL
PNOTESND2
PNOTESNON3
PNCTESINS

NOTES 1 5 INSERT HERE REMAKKS RELATED Tt

8C
BCl 5,THE PROBLEM BEING RUN.
8Ci S
BCY 5

Each line holds exactly 30 characters, including
blank spaces. A total of 150 characters is permitted.
Example:

NOTES  8Cl S5¢THIS IS THE OPERATION MANUAL T PNOTESAN]
BCI 5,EST PROBLEM FOR USE [N THE INS PNOTESNN2
BCI 5, TRUCTION MANUAL. PREPARED RY Vv PNOTESNN3
8Cl 5¢. ASPENSON AND G. FNRBES. 3766 PNOTESONG

If all five lines are not used, the system will print out
nonsense in the missing lines.

The notes will follow the system identification on the
page before the heading for the start of tabulation.

The supplementary notes differ only in that NO-
TESA, NOTESB, NOTESC, etc. are used in place of
NOTES. The effects, (NOTESA, NOTESB, NOTESC,
etc.) occur in the INTRVL form only. See interval
section.
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For example:

PNOTES AL
PNOTESAO2
PNOTESAD3
PNOTESAO4

NOTESA BCI
BC1 5+ TEGRAND CONTAINING AN ABSNLUTE
BCI S5y VELGCITY EXCEEDING SPECIFIED
BC! SeLIMITS,

5,THIS IS AN FRROR DUt TC THE (N

Integrator types
(Charts on B- pages following)

ACCUM This type is used only for accumulating
DZ. It has no output and no DX
inputs. The SHORT form is usually

used with this type.

This type is used only for multiplica-
tion by a constant. It has no DY
inputs. It may be used for single preci-
sion add of DZ, however, a servo adder
should be used for double precision
adding of DZ. (Form SERVAD).

This type performs a simple integration
without adding the second-order term
to the output. Both DX and DY inputs
are processed.

This type is used only when there are
both DX and DY inputs. The second-
order term, minus (Delta X) (Delta
Y) /2, is added to the R but not to the
Y. In general, it should be used with all
integrators having both DX and DY.

This type divides DX/Y before adding
to R. That is, the output will be DX/Y
rather than YDX. The DZLMT must
be filled with some maximum accept-
able value of DX/Y to limit the divi-
sion by zero) infinity.

CONST

SIMPLE

2NDORD

AMBLE

NBCKTR This type makes an interval test and

inserts a signal when affirmative.

NBCKTRA plus provision for chang-
ing next increment to prevent over-
shoot.

BCKTRK

NOTE: If binary Z-line is desired, operator will insert
new end card in the binary deck. This changes all
operation modes to minus.

SLEW DZ = Sign ((R—Y)) DX
SGNSER DZ = (SIGN(Y)) DX

The mode code

The mode position in the integrator form is used for
special capabilities and alternatives that may, in general,
be applied to most types of integrator or device. A list
of modes is given below. If two are to be used at the
same time, add octally. The number filled is an octal
number. Note that the mode number contains no octal
point.

MODE BIT
(Octal Number) NUMBER
Minus is reserved for binary scaled runs.
1 The output of integrator
INDEP is used as a DX input 35
2 The contents of KDX is used
as a DX input 34
4 Used with INTRVL form to
obtain general remarks 33
10 Used with INTRVL form to
obtain special remarks 32
20 Used with INTRVL form to
limit the effect to only once 32
40 Used with INTRVL form to
cause sheet eject after remarks 30
1000000 The output is multiplied by
the contents of KF 17
2000000 If |DZ| > DZLMT, then set
|DZ| = DZLMT with sign
of DZ 16
4000000 Limit DZ so that SPR1 =
DZ = SPR2 15
10000000 Limit Y so that SPR1 = Y
= SPR2
(Y is retained but not used) 14
20000000 DZ has the sign of DX.
(DZ = |Y| DX) 13
40000000 DZ is zero if SPR1 =Y =<
SPR2, otherwise DZ =YDX 12
100000000 DZ is DX if SPR2 =Y =
SPRL, otherwise DZ = 0 11
200000000 Signal if |DZ| = DZLMT 10
400000000 Signal if not SPR1 = DZ =
SPR2 9
1000000000 Signal if not SPR1 = Y =
SPR2 8
2000000000 Stop and integrator dump if
|DZ| = DZLMT
(use as 2200000000) 7
4000000000 Stop and integrator dump if
SPR1 = DZ = SPR2
(use as 4400000000) 6
10000000000 Stop and integrator dump if
SPR1 = Y = SPR2
(use as 11000000000) 5

Appendix I

Sample test problem

The sample test problem is designed to give an
operational example and to provide an accuracy check
on the various methods and factors involved. An
analysis of errors is not presented here. A tabulated
error of within one iteration is considered adequate for
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engineering use on the basis that the nature of feedback
delays prevents the effective value being tabulated any
closer.

Figure 1a through 1g presents the schematic of the
sample test programs. Table I-1 is the data list, Table I-
2 is the run tabulation, and Table I-3 is the integrator
dump.
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REM
SEQUEN
SEQUEN
SEQUEN
SEQUEN
SEQUEN
SEQUEN
SEQUEN
SEQUEN
SEQUEN
SEQUEN
SEQUEN
SHORTY

TABLE I-1
Test Problem — Card Listing

THIS IS THE OETAIL TEST PROBLEM FOR MOD IITA SIMULATOR TAAAAAAAA

(PIJPIRJUNITYACMUN, INTCHB, INTDP,INSTP)

(ACMDX, INTPRA, INTPRB)

(LNCCNVyRCPCONy LNCSIMyRSPSIMy XOREC,RECDX 9 ACMC1)
(LNAMN,RCP2NO ¢ XDREC2yRECDX2¢4ACMAL yRCPSIMsACMRCP)
(THETA,COSTH,SINTH,OTH1 ,DTH2,ACMTH)

(ODUD3DER +D2DER yDIDERyDOFWe ACU4yALMU)

(LNSER sAMSRV ¢ACMLN)

{SRV11,SRV12,ACM11,ACM]12)

(INTRES)

(FACT1,FACTORyDEGREE ¢+ SINE»COSINE)

(LAST)

ACCUM,ACM11,+040.Cy—FROM—y SERVO—-,SCPOO0,

EIC ((SRV11l,MDY))

SHORTY

ACCUM,ACM12¢9090e09—FRCM-9 SERVO=4SCPO0,

ETIC ((SRV12,MDY))

SHORTY

ACCUM,ACMAL 0y 1090 X/X Tho(EST 2 ),

ETC 0o {(XDREC2,DY)+(RECDX24DY))

SHORT

ACCUMJACMC14091.0¢( XZ% T)Ho(EST 1 ),

EIC Co((XDREC+DY),(RECDX,DY))

SHORT

ACCUM,ACMDX909100e09{ CORRE)»(CT X )40,

ETC (UINDEP,DY))

SHORT

ACCUMJACMLN9090.09¢ DIFF )9 (LCG X ),

ETC Col(LNCONV4DY) o {LNSER,MDY))

SHORT

ACCUM4ACMRCP 40+4040¢( RECIP)s»( OILFF ),

ETC Co((RCPSIMyMDY), (RCP2ND,DY))

SHORY

ACCUMJACMTH9040.0s( THETA)( DIFF )90y

ETC ((DTH1,D0Y)(DTH2+DY) o { THETA,MDY))

SHORT
ETC
SHORT

ACCUMsACMU+090.04 (ACCUMU) o (LATE U)+SCPOO

2 ((DU,DY))

ACCUNyACMUN 040409 (PI/PI )4 (—UNITY),SCPOO,

ETC ((UNITY,MDY)(PIR,DY))

SHORT
ETC
TABULN
NIGRTB
TABULN
NIGRTB
NTIGRTSB
NTIGRTB
SHORT

ACCUMACU4 90900, (ACCUMU) »(LATE W)4SCPL7

y {(DOFW,0Y))

ALTENA,1.0,30.0
ACMUNACMDX s ACMC19ACMAL y ACMRCP¢ACMTH,y ACMLN
ALTENB92.0930.0
ACMUNoACMDXyACMC19ACNMAL JACMRCP ¢ACMTH, ACMLN
LNCONVoRCPCON,RECCX,RECDX2yRCP2NDyRCPSIM,CNT
XOREC s XDREC2 ¢ LNAMN9COSTHyDTH2 ySINTHy DTHI
2NDCRDyAMSRVy091C009( CCORRE) y(CT X 5),

ETC SCMO5,((LNSERyMDX) s ( INDEP+DY))

BRIEF
ERIEF
BRIEF
BRIEF

FACT140.0CLlo{(INCEP,DX))

SINEsO0.0s ({CUSINEDY)y(FACTL1,DX))
COSINEsy1.09({SINEsMDY) y(FACT1,0X))
FACTOR 57,2958, ( (FACTL1,0X))

el o o o omf o wmf | ot o

e e e e

-

- =4 -

AAAGC000
AAACCOL0
AAAQ0020
AAAQ0Q30
AAACOQ040
AAAQCO41
AAACCOS50
AAAQOOS55
AAACCQO56
AAAQ0059
AAACQOOQ60
ACM11C00
TACM11001
ACM12000
TACM12001
ACMAL1000
TACMA1001
ACMC10CO
TACMC1001
ACMEX000
TACMDXO001
ACMLNOGC
TACMLNGCCL
ACMRCPCO
TACMRCPO1L
ACMTHOOO
TACMTHOO1
ACMULO001
TACMLGO02
ACMUNGOO
TACMUNQOL
ACU40001
TACU40002
ALTENACO
ALTENAOL
ALTENBOO
ALTENBC1
ALTENBO2
ALTENBO3
AMSRV0OO
TAMSRVQO1
BRIEFC20
BRIEFC40
BRIEFC50
BRIEFC60
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TABLE I-1 (cont)

PRIEF DEGREE20Co({(FACTCK,,DY} )

SHORT ACCUMyCNT3G90e09( TTERA),( CCUNT ) 4SCMTo s LINTY,LY))
SHCORT ZNDUOKDyCOSTHUgUeUel SINE ) o(THETA ) 4SCM15,

E1C ((THETAZMDX) o (SINTH,DY))

SHOR T 2NDCRLU gD LUER 90 90+GCe (2ND DE) 9 (R OF ) ySLPCH
ETC +((D2DER4DY )y (DULDX))
SHORT 2NDCRD ¢ D2DER§UsC 09 (3RC D) ok CF vi)oSTPL3
ETC »((D3CER DY) s (DU,OX))

SHORY CUNST,D30ERs 0924090 4TH DE)o(K GF w) 9 S5CMC4
€E1C »{((DU,OX))

SHORT ZNDORUZyOUFW 9090 Cy (LST DEMy (R GF wW)oSCPL1
EIC +((DULOX) 4 (DIDERLDY))

2NDORD9DTHL 9091 CHo{CCSINE )
ETC ((SINTH,DX){(CCSTHLLY))

SFCORTY SNDORDsDTHZ2,, 0400 (

ETC ({COSTHaMOX) o (SINTH4CY))
SKECRY CONST DUsCeVale( DERIV)Iy U GF U )4sSCMCS
ET1C 4{{(INLEP,DX))

THETA)y SCMLD,y

SINE ) {THETA ),SCM15,

SHOR1 SIMPLE s INDEP ¢O91aCol UNL)o(TY ) s SCMCE

ETC ((NCR24,0X) s (LAST,0X))

INTRVL NBCKTR(INSTP 34,01 +sSTUPE+(STUP A)y(T 20CC),2000.0C,
ETC ((PIR,DY))

INTRVL NBCKTRsINTCHB24+0.1+TBCHB464,( TC B J)y{ AT 100}

ETC 910040 ((PIRLDYY))

INTRVL NBCKTRyINTDP 9491 91DUMP,6,(DUMP A)o(T LCCO)»100GC.0y
ETC ((PIR,0Y))

INTRVL NBCKTR, INTPRA94,C0y TBPRNAy 10 (PRINA )4 (AT 10 ),
ETC 100, ({INDEP, DY) )

INTRVL  NBCKTRy INTPRB9O+009 TBPRNB9 10, (PRING
ETC 1CC.0s{ LINDEP,LY))

)o (AT 100).,

INTRVL NBCKTRYINTRESs3440.REINIT10,(PI TOJ Jy{UNITY ),
ETC 10.C9 ( (INDEP+DY )9 (PIOsUNITY))
LGNGH AMBLEJLNAMNYO910Ce090e091e090.0+005( AMBL)

ETC (E X 4 ) 90e09Ce019SCML2y((INDEP4DX) L INCEP,DY)})
SHORTY 2NDGRD o LNCCNV 919001 (RECIPL) o CF X ),

ETC SCM12,((RCPCCN,DY)) )

SHORT SIMPLEJLNCSIMy1yCoOlo(RECIPA)y( CF X ),

ETC SCMLI2,((KSPSIN,DY))

MEDIULM  SIMPLEJLNSER$24Ce09CeCr1e030.CCLl90.04

ETC (AMBLE ) o¢(SERVU ) 9SCM124(( INCEP DY)y {AMSRV,DY})

MEDIUM SIMPLEJNCR19291CCeC9Gea091eCy0.GL0s0.00( RATE ),
ETC (TERM )4 SCPOO+((NCR14MCY))

SHORT CONSTeyNCR249091.00sLINDEP )4+ LINCREM),SCMCE,

ETC ((SMk,DX))

BCI 5, THIS IS THE OPERATION MANUAL

BCI S,TEST PROBLEM FOR USE IN THE IN

BCI S,STRUCTICN MANUAL. PREPARED BY

T

BRIEFGT
NCNTCCCC
CCSTECL
TCCSTHC(
SIUERCH
TOLDERU(C
C2DERCH
TUZDERC(
C3DERUS
TC3DERCH
DCFWCOI
TCCFWOCH
DTHIGCH!
TLTH100¢
DTH200!
TUTH2GO!
CuccCCCi
TCUCCCCOt
NINDEPC!
NINDEPOC!
INSTPC
TINSTPC
INTCHB
TINTCHB
INTOPC
TINTOPC
INTPRA
TINTPRA
INTPRB
TINTPRS
TINTRES
TINTRES
LNAMNC
TLNAMNC
LNCGNYV
TLNCCNY
LNCSIM
TLNCSIM
LNSEROC
TLNSERC
ANCR1GC
NNCR1CC
NNCR20C
NNCRZCC
NCTESC
NCTESC
NCTESC
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TABLE I-1 (cont)

BCI 5,V. ASPENSON AND G. FORBES. Y

BCI S+ CATED AUG, 1964. ISCALE INCL)

SHORT CONSTyNTY 325104 UNI) o (TY )9 SCMO6,((0,0))

SHORT CCNSToPl 9293.1415927,(CCNSTA) 5 INT, P1)ySCP0O2,4((0,0)) T
SHOR Y CONST4PIRy0,043183069, (CCNST ) (REC PI),S5CP0O0, T
EIC ((PI,DX))

SHORTY 2NDORDyRCPCONy0¢0eCly (RECIP2) 4 COF X T
ETC SCM18,((LNCCNVeMDX) o {RCPCON,DY))

SHORTY SIMPLE,RCPSIMy0+0.014(RECIPO)+( CF XS), T
EIC SCM18,((RCPSIMDY), (LNAKN,DX))

SHORT 2NDORDyRCP2ND90+0.01,(RECIP4)o( CF X ), T
ETC SCM18,((LNAMN,DX) s (RCF2ND,DY))

SHORT ZNDORDyRECDX 909001, (RECIP3),( OF X ), T
EIC SCM11,((INDEPDX) s (RCPCON,DY))

SHOR T 2NDORDyRECDX24090.01 4 {RECIP5) 4 OF X ), T
ETC SCM11,((INDEP,DX) ¢ (RCPZND,DY))

SKEORTY SIMPLE RSPSIM,0,Ce0L4(RECIPB)ol GF X ) T
ETC SCM18,({LNCSIMyMDX) s (RSPSIM,0Y))

SHORTY 2NDORD¢SINTH90y 109 (COSINE) o{ THETA) ,SCM15, T
EYC ((THETA,DX) o (COSTH,DY))

MEDIULM SIMPLEsSMR9290eC904C91e090e0190.09(RATE S)y

€E1C (UMMER ) y SCPOOy ( INCRLyMDY) o (NTY, DY)}, {SMRsMDY))

SFOR1 SGNSERySRV114240.0¢=SIGN=4SERVO~4SCPOC, T
ETC (CINDEP,DY),{SRV11,MDY)})

SHORTY SLEWsSRV129240.09=~Y—-R—9ySEKVO—-4SCPOO, T
ETC ((INDEP DY)y (INDEP DY) s { INDEP,DR) 9y (SKV124MOY))

SHORT CCNSToTHETA,0,0.,0C174532925,(DEG-RA) ((LCIANS ) T
ETC 4SCM15,( (INDEP,DX))

SHORT COCNSToUNITY 241409 (CONSTo)s( UNITY)}ySCPOC,((Gs0)) T
SHORT 2NCORD ¢ XDKEC 30510009 CORRE) 4 (CT X 21}, T
ETC SCM11,((RCPCCN+DX)y(INDEP,DY))

SHORT 2NDORD o XDREC2909 100405 ( CORRE)(CT X 3), T
ETC SCM11,((RCP2ND+DX) s {INDEP,DY))

PZE

PZe

PZE

REM ENC BNRYC IS LSED FCR BINARY RUNS

REM END CT IS STANDARD

END CT

NCTESOO4
NCTESCOS
NNTYGOO0OL
PI0CCOCC
PIRCOOCO
TPIRCCOOL
RCPCCNCOC
YRCPCCNOL
RCPSINMCO
TRCPSIMCOL
RCP2ZNOCC
TRCP2NDO1
RECCXCCC
TRECCXCO1
RECCX200
TRECC X201
RSPSIMO1
TRSPSIMO2
SINTHCCC
TSINTHOOL
NSMRCCOO1
NSMRCCOQO02
SRV110CO
TSRV11001
SRv12000
TSRV120C1
THETAQOO
TTHETAQOL
UNITYCCC
XCRECCCO
TXCRECOCL
XCREC200
TXDREC201
2250CC000
2250CC001
2150CCC02
L15599695

L219969997

215969999
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P1/PI =UNITY
RECIPL OF X

CORRECT

+»16048551
«49867409
20058972

«23245811
«33183001
«30088708

+29653311
«24891311
«40079409

+» 35822391
19907662
«50095454

41872263
«16597168
+6007968%

«47877431
14238106
«70032253

«53867698
e12462431
«80012782

«59857964
11079494
«90004871

«bbH48231
«99725980
»10000160

« 71838490
«90667909
«11000028

«77828765
«83118920
«11999959

«83819032
76731003
+12999926

«89868903
« 71204600
«14009897

«95674071
«66465412
15009867

«10186434
«62318044
«16009836

*10785460
58658120
+17009806

«11384487
«S5404450
18009775

11983514
«52492936
«19009744

X 2

-04
-02
03

-04
-02
03

-04
-02
03

-04
-02
03

-0
-02
03

-04
~02
03

-0u4
-02
03

-0
-02
03

-04
-03
o4

-04
-u3
o4

04
-03
04

-04
-03
i

-04
-03
04

-04
-u3
o4

=03
=03
04

=03
=03
04

-03
-03
04

-03
-03
04

CORRECT X
RECIP2 OF X

CORRECT X 3
«20058972 03
49867409 =02
20058972 03
+«30088708 03
«33183001 =02
«30088708 03
40079409 03
24891311 =02
40079409 03
50095454 03
+ 19907662 =02
«50095454 03
+60079685 03
«16597168 =02
60079685 03
«70032253 03
«14238106 =02
«70032253 03
80012782 03
12462431 =02
«80012782 03
90004871 03
+11079494 =02
«90004871 03
«10000166 04
+99725980 =03
«10000160 N4
11000028 D4
+90667909 =03
«11000024 04
«11999959 04
«83118920 -03
+11999959 04
12999928 04
«76731003 =03
«12999928 04
«14009897 04
«71204600 =03
«14009897 Ou
»15009867 04
60465412 =03
«15009867 04
«16009836 04
62318044 =03
«16009836 04
«17009806 04
«58658120 =03
+17009806 04
«1800977 04
55404450 =03
«18009775 04
19009744 04
52492936 ~03
19009744 04

X/X TEST 1
RECIP3 OF X

AMBLE X &
«99653842 (0
«49680389 =02
«20058972 03
«99544284 00
«33083560 ~02
30088708 03
«99524482 00
24831778 =02
«40079402 03
+99533066 00
+19868638 ~02
+50095454 03
«99550919 00
16569773 =02
+60079685 03
«99571208 00
14217864 =02
70032253 03
¢99591463 00
«12446898 ~02
«80012782 03
+99610682 00
«11067211 -02
«90004871 03
+99628529 00
+99626448 ~03
«10000166 O4
«39644947 00
+90585634 -03
«11000028 O4
«99660015 00
«83049777 =03
+11999959 0Ou
«99673842 00
« 76672082 =03
«12999928 04
99686660 00
71153862 ~03
«14009897 04
» 99698330 00
66421206 =03
«15009867 04
*«99709119 00
«62279184 =03
«16009836 04
«99719087 00
«58623691 =03
+17009806 04
«99728345 00
+55373736 =03
18009775 04
+99736966 00
«52465367 ~03
«19009744 O4

TABLE 1-2
Run Tabulation

X/X TEST 2
RECIPS OF X
SINE THETA
227999531 01
+13958610 =01
»17338550 00
49663562 01
«16505718 ~01
. 34205823 00
« 77546481 01
19348208 =01
49990186 00
«10944284 02
«21846862 =01
«64303019 00
«14437037 02
+24029812 =01
76826562 00
«17385796 02
« 24825405 <01
86605765 00
«20898342 02
«26118747 =01
«93998132 00
225042597 02
«27823594 =01
.98550958 00
28832527 02
+28R32046 =01
+10011506 01
+31888156 02
+28989135 =01
+048638584 00
34734433 02
«268945419 ~01
+9416446T7 00
»37260229 02
+28661831 =01
«R6EB274S2 00
40070158 02
«28601250 -01
76737411 00
42995523 02
28644742 -01
«64399487 00
46847638 02
+29011808 =01
.50100762 00
43984237 02
+238797485 ~01
+34275188 00
+51626064 02
»28665393 =01
.17403217 00
54430034 02
«28632491 =01
~¢27501090 =04

INTERVAL TEST TRIGGERED 8Y INTEGRATOR == INTDP

RECIP DIFF

RECIPU OF X

SINE THETA
=e27567499 =05
<14010944 =01
.17467342 00
-.40158146 =05
+16456620 -01
+34353513 00
~.71992073 -05
.19394593 =01
+50135130 00
-.99856403 =05
21804089 -01
+6U434464 00
~.11693153 =04
+23990232 =01
«7673R047 00
=.12192502 =04
«24790111 ~-01
+86693006 00
-.13096804 =04
126151392 =01
+94058046 00
-.14278378 =04
427792730 -01
.98581558 00
~. 14866289 -04
28860901 ~01
.10011535 01
~+ 14948606 =04
+29015511 =01
.98608532 00
~. 14856058 ~04
28921319 ~01
«94104970 00
-.14761248 ~04
«28683895 ~01
.86740305 00
- 14775547 ~0u
+28621680 =01
476625022 00
=+14779957 =04
+28625684 =01
<64265528 00
-e149U4ULB29 =04
+28993710 ~-01
+49949298 00
-.14860418 =04
28780575 -01
.34110816 00
~.14836009 -04
.28681327 =01
.17230927 00
=.14833947 =04
28647568 -01
-.17772296 -02

THETA DIFF
RECIP6 OF XS
COSINE THETA

«61768842
14013813
«98478863

«38425152
+ 16460556
+ 93956251

«10910009
«19401873
«86597083

«22576984
«21814106
« 76581652

39164452
«24001881
64271443

«60821041
«24802323
«50058496

«87763967
«26164538
«34288564

+12001825
27807025
«17456041

«15758968
«28675811
+80556248

20046871
«29030500
~¢17306915%5

24866619
«28936182
-«34173146

«30218536
«28698689
=+50007581

«36164386
«286364BH4
=s64461405

42586651
+28640459
-+76809277

«49541935
+2900865%5
=+86826775

«57030611
28795436
-+94208756

«65053072
+28696180
-+98730087

« 73609601
28662421
=+10025250

-05
=01
00

-04
-01
00

-03
=01
00

-03
-0
00

-03
-01
00

-03
-01
090

-03
=01
00

=-02
-01
00

=02
=01
-03

-02
=01
00

=02
-01
00

-02
-01
00

=02
=01
00

-02
=01
00

=02
=01
00

=02
-01
00

-02
=01
00

-02
-01
01

DIFF LOG X
ITERA COUNT
COSINE THFTA

+29338171
«26800000
+ 98478863

+25378307
»38800000
+93956251

+22865095
«49500000
«86597083

«21264008
«59800000
« 76581652

»20168027
+69900000
64271443

19366512
«79900000
+50058496

«18746965
+89900000
« 34288564

«18251033
+99900000
17456041

«17843024
+10990000
«80556248

17499963
«11990000
=+1730591%

17206438
«12990000
=e34173146

«16951717
+13990000
~«50007581

16725974
«15000000
~s64Uu61405

»16527853
«16000000
=+76809277

+16350637
«17000000
~+B6826775

+16190952
«18000000
~+94208756

«16046160
«19000000
=+98730087

»1591u4136
+20000000
=+10025250

-01
03
00

=01
03
00

=01
03
00

=01
03
00

-01
03
00

=01
03
00

=01
03
00

-01
03
00

-01
o4
-03

~01
o4
00

-01
04
oo

-01
o4
00

=01
ou
o0

-01
04
00

-01
o4
00

=01
o4
00

-01
04
00

=01
04
01
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PIR
UNITY
ACMUN
INTDP
INSTP
ACMDX
INTPRA
INTPRE
LNCONYV
RCPCON
LNCSIM
RSPSIM
XDREC
RECDX
ACMCYL
LNAMN
RCP2NU
XDREC2
RECOX2
ACMAL
RCPSIM
ACMRCP
THETA
COSTH
SINTH
OTHL
0TH2
ACMTH
ov

D3DER
D2VER
D1DER
OOFW
ACU4
ACMU
LNSER
AMSRY
ACMLN
SRV11
SRVI2
ACM11
ACM12
FACTL
FACTOR
DEGREE
SINE

COSINE

TITLE
RATE TERM
UNITY
RATE SUMMER
ITERA COUNT
INDEP INCREM
UNITY
CONSTANT: PI
CONST REC PI
CONST» UNITY
P1/P1 =UNITY
OUMP AT 1000
STQP AT 2000
CORRECT X
PRINA AT 10
PRING AT 100
RECIP1 OF X
RECIP2 OF X
RECIPA OF X
RECIPB OF X
CORRECY X 2
RECIP3 OF X
X/% TEST 1
AMBLE X 4
RECIP4 OF X
CORRECT X 3
RECIPS OF X
X/x TEST 2
RECIP6 OF XS
RECIP DIFF
DEG-RADIANS
SINE THETA
COSINE THETA
COSINE THETA
SINE THETA
THETA OIFF
DERIV OF U
4TH DER OF w
3RD DER OF W
2ND DER OF w
1ST DER OF w
ACCUMULATE w
ACCUMULATE U
AMBLE SERVO
CORRECT X 5
DIFF LOG X
=SIGN-SLRVO~
==Y=KR=SERVO~=
=FROM=SERVO~
=FROM=SERVO=-
INTGR FACTL
INTGR FACTOR
INTGR DLGREE

INTGR SINE

INTGR COSINE

TABLE I-3
Integration Dump

Y Y NEW ~ ¥ OLD ox 0z R
18825620 =06 =.19015811 =08 +10000000 ~01 .18825620 =08 23973722
.1 o1 . -39 .1 01 .1 0 .
199999635 02 . -39 .1 -01 .99999634 00 .133280SS
. 0% o1 o1 . -39 -39 .

. o1 . -39 .9999963% 00 .9999963% 00 .00000000
a [T -39 .9999963% 00 99999634 00 .
31415927 01 0000 =39 .1 01 31415927 01 .00000000
31830990 00 .00000000 =39 31415927 01 .10000001 01 .98900207
.1 o1 . -39 .1 01 .1 01 .
111983514 =03  +59604685 =07 o -39 . -39 .

. 78 =01 .1 oL . =39 . -39 .1

.99 -01 o1 . -39 . -39

(19009744 04 .99996948 00 -39 . -39 .
199680316 00 +99999630 00 -39 . -39 .1
.99636936 00 99999619 00 . -39 , -39 .1
52092936 ~03 -.27599890 =06 99999634 00 .52 -03 . 1
52092936 =03 =.27599890 =06 =.5250654% ~03 =.27569473 =06 -+26207787
452562191 =03 -.27657370 =06 .99999634 00 .52561998 -03 .B90TLITL
152562191 =03 =+27657370 =06 =.52561998 =03 =,27627737 -06 =-.33470229
+19009748 04  +99996948 00 =.27569473 =06 -.52395079 -03 =.845A1973
152465367 <03 -.27569331 ~06 .9999963% 00 .52478960 -03 78808508
+99736966 00 82701444 06 -39 . -39 .
+19009744 03 .99996948 00 ,9999963% 00 -.52618250 =03 -.1A722801
128647568 =01 ~+15085796 =04 =,52618250 =03 -.15077818 =04 —.80669564
119009744 04 499996948 00 =.15077818 =0% ~.28655008 ~01 =.34229626
428632491 =01 =.15077880 =04 .9999963% 00 .28639925 ~01 +10040550
54430034 02 =.15735626 =04 . -39 . -39 .
428662621 01 -.15097903 =04 =.52618250 ~03 —-.15081664 ~04 —.60595695

~.14833987 =04 +3B46139% =08 . -39 . -39 .
+17453293 =02 .00000000 -39 .99999634 00 .17453229 =02 +11051087

~.27501090 =04 -.17497233 =02 =~.17453229 ~02 =,14789178 =05 =~.2A49764%

=.10025250 01 =.14752150 =05 17453229 «02 =.17497285 =02 =+13639877

=.10025250 01 =.14752150 =05 =,17497285 <02 .17541454 -02 79210375

=417772296 =02 =+174972RS =02 14789178 =05 =.13345241 =08 =.10185640
73609601 =02 86210217 =05 . <39 . -39 .

ol 00 -39 .99999638 00 .9999963% =01 +38592648
.2 02 . =39 .9999963% ~01 .23999912 01 .42024112
43223568 04 423999023 01 .9999963% ~01 43211410 03 .46683981
+38922754 06 .43210938 03 .99999634 ~Ni 38901005 05 44091909
23366590 08 .38901000 05 .99999634 ~01 .23347054 07 16867905
+10520793 10 .23346960 07 . -39 . 000 -39 .
18009851 03 .9999847¢ -01 -39 . -3 .
52632620 00 -.27722865 -03 .10000000 ~02 .52632820 =03 20763345
19009744 04  .99996948 00 =.52632820 =03 =.10002733 01 -.24B64S10
(15914136 =01 -.12631062 =05 -39 . -39 .
+99683852 0N -.36582351 =05 1 o1 .1 o1 .
<18019473 04 +99993896 00 .1 0 . 01 .1 s
-.18010000 04 -.10 o . -39 . -39 .
-.18010000 04 =.10 01 . <39 . -39 .
. 0 =02 .00000000 =39 .9999963% 00 .9999963% =03 +23154424
457295800 02 .00000000 -39 .99999634 ~03 .57295590 =01 54295017
10318887 03 .57294845 =01 . <39 . -39 00000000
<YTH6U302 00 -.22640824 -03 ,99999636 ~03 .9THTS265 03 56736425
-,22767853 00 -.97475387 =03 ,99999634 ~03 -.22739032 =03 =.23812346

INTERVAL TEST TR1GGERED LY INTEGRATOR == INSTP

-11
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DEGREE

e

A

de

COSINE \ .

d @8 RADIANS

d \
FACTOR SINE N

cos /

180 / i
= 57,2958 [ SINE 6 4 COS 6

DEGREES - 3

Figure 1a — Sample test problem schematic

ACMI11
SRV11 I\ /
SGNSRV
INDEP J
d x (=)
ACMI12
SRV12 I\
SLEWER /
INDEP
dx (=)

Figure 1b — Sample test problem schematic

d SINE 6
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>
du
DOFW
N
>
du 1
w = 4M
DIDER 1 0
W=
s N [
" du
dx wII - 12}‘42 dwl
DU D2DER I
w =0
> > o
du 1
wHI = 24M dw
0.1 D3DER WIII =0
2
II1
d:
Vo 24 v

Figure 1c — Sample test problem schematic

1 DEGREE
INDEP 8 = (£=100)(. 1)
dx 1 DESREE IN RADIANS
THETA ) ' -

" o T de
Tox180 SINTH

d SIN®
[of0 e ;)
DTHI

DTH2

SIN®
A

SIN § / d COS#8 COS 6 /
_7; N \

. 001
LN3SER L

INTEG SERVO
UNSTABLE FOR
X>1000

| INDEP l

14

D 4

dx dx

Figure 1d — Sample test problem schematic
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'S

o2
ax

Figure le — Sample test problem schematic

INTPRA INTPR B

ACMDX
INTERVAL INTERVAL
X NO BACKTRACK NO BACKTRACK
X0 = 100 PRINT AT 10° PRINT AT 10%
2 I — A

| INDEP > 4
J

y

(}()_1/ chc(o-rx
] (%)Zr/ Tad)

wi=

1 x (-)
(z )A / RCPCON\ .
3 v

—
ax
dinx =& o
LNC¢NV T x LNC SIM dx

v

vl

&

(aX) (AY) FORM

Figure If — Sample test problem schematic

SIMPLE FCRM

a
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INDEP
SLOW
START

dx

INSTP INTCHB (NOT USED)

INTERVAL
NO BACKTRACK
CHANGE TO B
AT 100

INTERVAL
NO BACKTRACK
STOP AT 2000

INTDP'
INTERVAL

NO BACKTRAC
UNITY N DUMP AT 10090

PIR

NOTE: (FOR REEDBACK LOOPS)

THE NATURE O THE DDA INVOLVES
A + ONE ITERATION INDETERMINACY
IN THE TABULATION W#HICH DOES NOT
EXIST IN THE ACTUAL COMPU ATION

Figure lg — Saml;le test problem schematic



