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I. INTRODUCTION

This report documents a set of analog operators written aa macros
to be used in the Advanced Continuous Simulation Language (ACSL). Tne~e~
macros are compatible with the Electronic Associates, Incorporated (EAI)
ECSSL hybrid compiler .

The Systems Simulation Directorate of MIRADCOM has a contract with
EAt to expand ECSSL’s capability. A part of the expansion is to provide
ECSSL with the ability to directly generate an analog program design
from an ACSL digital computer program . That is, ECSSL can take an
ACSL program as its literal input and generate an analog computer
representation of the ACSL program . To ensure compatibility, ECSSL must
be able to generate analog representations of all the pertinent ACSL
operators. ECSSL also recognizes analog operators that do not exist in
the standard versions of ACSL. The ACSL macros discussed in this
document are implementations of these special , analog—oriented operators.

Many of the algorithms for these operators are in the original form
used by EAI [1]; however , the counters , limited mode controlled integrator ,
and resolver macros have major changes while still other operators have
minor changes. Ed Mitchell and Joe Cauthier of Mitchell and Gauthier
Associates, the authors of ACSL , have been of major assistance in both
developing the algorit hms and interfacing the algorithms with ACSL.
Of course the responsibility for the proper operation of these macros
lies with the writer of this report.

The following paragraphs contain a functional description of each
operator , the reasoning behind the algorithm for an operator where an
explanation is believed to be appropriate , flow diagrams where needed
and a description of the verification tests for each algorithm. There
is also a general discussion section describing certain aspects of macro
design , imp lementation and usage.

H. GENERAL DISCUSSION

There are a number of special programming rules that should be
followed when using or programming these macros. (Macro programming in
general is discussed in Reference (21.) Comments applicable to the
macros in general are mentioned here. Restrictions peculiar to a
particular macro , such as regions of validity, integration step size,
etc., are described in the section for that macro. Special ACSL internal
functions and variables needed in the macro code are elaborated upon in
this section . System control statements needed to run an ACSL program
on the CDC 6600 and CYBER 74 are shown .

4 ’

S -~~ -.~S ~~~~~~~~~~~ .—.~~ — ~—--~-- --. .— .——- ~.—- S—— S —~



~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ --- _ __ _

A. Macro Implementation and Usage

In the following sections where a listing of macro coding on
cards is shown, it becomes apparent that the code has been pushed to the
left side of the cards, that is, the coding starts in Column 1 and most
of the code contains no blanks. This was done to minimize the amount of
computer memory needed to store the macros during program compilation
and execution. For the same reason, there are no comment cards. The
memory allocation of the user ’s ACSL program code is automatically
minimized by the ACSL compiler.

An input variable in a macro argument list can take the form of a
constant, a logic expression or arithmetic expression , as well as, a
variable name. ACSL takes the macro input list as invoked by the user
and inserts this in replacement of the original associated variable
names in the macro program code. This occurs when the user ’s program
code is being compiled into FORTRAN code. For example, suppose an ACSL
program is as follows:

PROGRAM ACSL EXAMPLE

BADCTR (LYO , LY1, LY2, LY3, LYCO I+J—1 , LXUP , LXCI)

END $ ‘OF PROGRAM ’

where the macro called is

MACRO BADCTR (LYO ,LY1 ,LY2 , LY 3 ,LYCO ,NIC ,LXUP ,LXCI)

K = (NIC)*l0

MACRO END

The user has inserted an arithmetic expression for NIC. The FORTRAN
code generated by the ACSL compiler will replace the macro code

K (NIC)*l0

4
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by

ZZ... = (K+J_1)*lO

where ZZ... is the global name assigned to the local macro variable K
(A local variable is not an input or output of the macro.). It should
be noted that all local variables must appear in a MACRO REDEFINE
statement .

Creating macros out of the algorithms required the use of the ACSL
system variables ZZICFL and ZZRNFL and the ACSLLIB function

ZZFST (DtJ1’ff1Y) .

ZZICFL is a logical va r i ab l e  t h a t  is set to “TRUE” when the  ACSL
Execu t ive  is in the I N I T I A L  s e c t i o n  of an ACSL program , o therwise  it is
set to ‘ FALSE” . ZZICFL is used to determine the appropriate time to set
init ial conditions. ZZRNFL is a logical  v a r i a b l e  t ha t  is set to “FALSE ”
except between the t ime the run t ime command REINIT Is invoked and the
t ime the ACSL Execulive finishes execution of the INiTIAL section .
ZZRNFL Is used to initialize the macro variables to the values existing
at the end of the last r u n .  ZZFS T is an ACSLLIB FORTRAN real function
whose argument  is a dummy va r i ab le .  I t  t -Ssent  i - i l  l v  has a value of 1.0
d u r i n g  the f i r s t  i n ter m e d i a t e  in~ egrat  ion s tep of a m u l t i s t e p  in t eg ra t ion
.I lgori thm and has app rox ima te l y a va lu e  of 0.0 o t h e r w i s e .  All  macro
algorithms that are executed only once per major integration step do so
when Z7.FST has a value of 1 .0. For examp le , the log ic macros are
executed only once per major integration step. This corresponds to the
analog logic operations changing states once per analog clock cycle.
Because Z7FST is a FORTRAN function , it can always be used despite
i n t e r n a l  changes to ACSI.. However , the two logical variable names
Z Z I C F I ,  and ZZRNF L are s u b j e c t  to ACSI, c o m p i l e r  changes .  i f  changed ,
they  would cause e r r o n e o u s  resti l ts . It should he noted that  these
s p e c i f i c  macros are t h e  onl y ACSL p rog ramming  t e a t ur e s  avai lable  to the
user t h a t  could be a f f e c t e d  in t h i s  m a n n er .  I t  has also been assumed
(and is t rue  in the present  ve r s ion  of ACSI. ) t h a t  when ZZRNFL is “TRUE ”
during a call from the I N I T I A L  sect ion to t h e  I ) E R I V A T I V E  sec t ion  of the
program ZZ I CFL is  u s e  “TRUE ” .

The FORTRAN log ical operator ANI) can he used with Integer variables
and integer const ants under t he  Cl)C SCOPE and NOS / RE sys tems . This  is
not  t he  case w i t h  many o t her  computers. Rut  A CSI. I .I l l  has i t s  own FORTRAN
i n t e g e r  f u n c t i o n

AND (A ,B)

which contains an Installation dependen t  a l g o r i t h m  t h a t  can p e r f o r m  an
AND with integers. Hence , ACSL macros in Sections IV and V that use
AND w i t h  i n t e g e r s  shou ld  f t i n c t  ion on any computer system using ACSI..
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Output argument variables that are logical are so declared inside
the macro. However, if the user calls the macro in the form

LYMODE (LX)

rather than

MODE (LY=LX),

LY must also be declared logical in the user ’s program . Cood programming
practice dictates that all known logical variables in the user ’s program
be so declared by the user. By declaring logical output variables inside
a macro, a programmer ensures that if one macro calls another macro that
has a logical output argument , which is essentially unseen by the user ,
then the argument will be properly declared.

When the ACSL run time command REINIT is invoked , no changes are
made to any of the outputs of a macro. The initial condition code is
skipped and the correct transition from the last simulation run to the
next run results. However , these macros will not be properly initialized
for a third run where a REINIT command does not precede a START command .
For example, a run time command sequence will run correctly, as follows

START . . .REINIT. . .START. . . R E I N I T .  - .START

but the third run in the following run time command sequence will not ,

START. . .REINIT. . ......... START

The difficulty is that special consideration must be given to analog
hardware since it does not run in a REINIT mode. Digitally it is
possible to make the analog macros initialize correctly under REINIT
conditions, but not without proper consideration by the user of burden-
some details the macros are specificall y designed to relieve . In sum-
mary, the outputs of the analog macros will transition properly for the
situation where a REINIT command is used between two s i m u l a t i o n  runs ,
but the initial conditions on the macros will not change to the proper
new values to allow follow—on runs that are not preceded by a REINIT
statement. The one except ion to this is the LMMINT macro in Section XII.
LMMINT functions properly tinder any run time command sequence containing
a REINIT.

Analog logic usually contains al gebraic ioops. Consequently the
resulting ACSL code for such analog logic will have to be embedded in
PROCEDURAL statements, It is not always a straightforward task to get
the ACSL compiler to accept such code. An example is shown in Section IV
where two BCDCTR statements are embedded in a PROCEDURAL. Embedding
just one of them in a PROCEDURAL was not acceptable to the ACSL compiler.

6
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B. Interact ive and Rat cli ,Ioh ( :ont  ro I St at enients

Figure  1 conta ins t he NOS/RE i n t e r a c t  ly e  t e r m i n a l  commands
f o r  the  CYBER 74 sy~;tem which wi l l  t emp i Ic and e xe c u t e  an ACSL program.
F igure  2 contains the NOS/RE jute rae t i ye t e r m  i mu I commands fo r  t he
CYBER 74 svs t cm vii ich w i l l  cemp i t  e an A ( 5 1 .  p r o g r a m  and gene ra t e  an
abso lute  t i l e  wh i cli in turn vii I p r o d u c e  h a r d  copy P l o t s  on t h e
Tektronix 4014 .  F i g u r e  3 cent a ins [lie SCOPE job cent rol cards to run
ha tch  jobs on t h e  Ch)C 6600.

R , INPIrI’ ‘ in  F igu r e t~ I and ~ I t he interact I ye command to read the
user ’s ACSI. program t r om t he  t - .u u ’~~ r e a d e r  and name t lie resultin g local
file ‘ INPt T’l’ ’

I I I .  AMODPI

Tb is m a c r o  is used by t l ie - i t t  1 ~~~~ reso I vt I’ mac ros to out  p u t  an
an g le  wh I cli I I es i i ’  t l ie  l i l t  t ’  t - v . t  I — - 

. 4 g I vcu tin y I n i p u t  aug 1 e . I t  is
a I so used t o  p l ’ov  i 4 i , - a I i at ~.r i , t l~ I t ’ t h a t  & t t n  g e n e r a t e  an angle as i t
w o u l d  he out put n ont .1 , ‘ u i t  t u i u i e t i t ~ i t - ~~;e 1 \-c r . ‘l’lic st andat-d t’orm is

A~t OI i I ’  1 ( 1 1 1 . 1 1 —  I l l S

whore III is t i n  . ing  he I. r. id l i i  ) lu t vt -eu  — it , ‘I- i • I ‘u ’ i s  a l og i c a l  v a r i a b l e
and ThIS is the input iutg lc (rid jatis) . l ” i , ~t u r t ’  -~4 illustrates the above
fo r  t lit’ c, ts - wi t e  re Tl lS  i - u r. imp in  i r i s ’  - ‘lOR is  t ho out p u t  t is  w o u l d
he seen I rent a cons  I u u t i t i t i t ;  i t ’ I  ve t ’ . l-rinn F I gut - c  4 one C t if l  see that THR
can e~~ liv he gent’ r u t  t’d I roni t h ut’ .\Mt Dl’ out put s liv I I i  pP ing the si gui on
Til when I V  i s  FA1,S[. I n  i L - n ’  l y e  1 lit’ , u l t ~er it h u t  used or AMOI)P 1 the fol-
l ow i n g  shot ,  1( 1 he no t  ott  I r~ n i l I i  ~ t u r i /~

a )  For ‘ h ’ h I ~ 0 , LV i ’ \ l  ~I -: , ‘ I l l S  i n , 5,t~~ l ’ l l S < 7 i i  , ‘t c
‘ I ’ l ~l ’ I ~ , (1 ‘ I l l S - n , I- ‘ I l l S ’  ~ • e tc .

h) When LV is ? l ~I’[ , ( ‘ F I IS — ’l’Il) i.’n i t ~ t in  ev en i n t e g e r .  When LV is
FAI SI ’ , (‘ l’lIS I l I l/ , ’ t j~~ I I )  , 4 ~~, I  l o t  t’c’ r .

c ) ‘I’he ru I ore  wh e ’u i  ‘I ’l l  I I u ’ i u i u u l  • I V  c i  n he det  e rrn I nod I rom h

For ThI S ’ 0 t h e  c r i t e r i ~’ri I or ;is~~I t~iu l o t ’  a v a l u e  oi ‘I’RI IE or FALSE to LV
s t i l l  holds.

Figure 5 il l  tis t r;i I et ; [ tie aug I ~ ‘~~; used in  t l i t ’ I o l  low lu g equat  ion for
1’H

‘Fit = — ,_‘ ,i * I NI ’  ( - 4 / I t  )

7
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where

— TI-IS (modulo 2s)

and INT determines the integer portion of its argument . This can also
be written as

TH = 6 — ii * T N T ( c n / n )

where

iS = TI-IS (modulo ‘ii) .

Using Figure 5 and knowing that

a = THS(modulo 2iu) It can be determined that

for THS > 0,

INT ( THS/ iu ) = odd integer in III and IV
even integer in I and I I  and

for TI-IS < 0,

INT(THS/it) = even intege r in Ill and IV
odd integer in I and II.

Therefore

TI-i THS(modulo ii) — n*[ INT(T}IS/’n) (module 2)) -

If N is defined as follows,

N = INT(T }IS/71 )

then

TI-I = THS — N* tr — 1T(N_2*INT(N/2))

= TI-iS — 2n * ( N — E N T ( N / 2 ) ) .

It has been stated from observations of Figure 4 that LV should be
TRUE or FALSE depending on whether (TIIS-TH)/2n is even or odd.
From above

(THS—TH)/2it = N — INT(N/2).

Therefore LY can be found by the following

(N—INT(N/2)) (modulo 2) 0, LY = TRUE
1, LY = FALSE

8
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Fi gure 6 is a l i s t i n g  of the AMO[)PI macro . Note t ha t  the i n t r i ns i c
func t ions  M O D ( . . . )  and I N T ( . . . )  must  he declared  in t ege r.  No t e s t ing
was done of this macro alone’, hut it  was checked out t h rough  the  tes ts
f o r  the resolvers .

IV. BCDCTR

The macro m o d e l s a  b i n a r y  coded dec ima l counter w i t h  a 4 — b i t
r eg is te r .  The s t andard  form is

RCDCTR(LY O , 1.1 1 , l.Y2 , l,Y i , LYC ) = LXI , I,X2 , LX3 , LXUP , LXCI , RST)

LYO through LY3 are out  p i t t  log i c var I ;ih it ’s wh ose v a l u e s  (TRUE or FALSE)
correspond t o  I he’ s t a t  t ’S ( h i  g h i or low)  of [l i t ’ f o u r  f l i p—f  lops in t h e
reg i st e r .  I.Y0 , 1,1 I • I ,Y ..~ , and h , Y ’ r t ’ l i re s t ’nt  1 , 2, 4 , and 8 , r e s p e c t i v e l y .
I.XO, LX ! , I , X2 , l x  I t ire  log ic;ul var i t i t t l e s  or express  ions whose va lues  cor—
rt’spond to t h e  in  it ial stat ~‘s ol’ t l i t ’ I our  I i i  p — f  lops in t h e  reg i s t e r  or
to t he’ s t a t  u ’s i n t o  wIt i~’h i  t i l e ’ I l i p — I l  OI4S e’l iti nt~t ’ w l t t ’n t I r e iog i cal variable
or log ical express i on  RS ’I ’ h~’coi nes I’I ~I ’}-  . ‘I ’hi ~’ I t i l t  ~‘r is essen t i al l~’ t h e
reset operat foil capah i i i  lv many tuna leg  ma ch i  ties have .  LXUP and LXC I
are log ical  i n p u t  v a r  j i b  I t ’ ;  or express  i ons .  I I  I .X [I P is  TRUE the  regis-
te r  adds one to  t h e  coun t  f o r  ever ~’ m a j o r  i n t e g r a t i o n  s t ep  d u r i n g  which
LXC L is TRUE.  I f  I .X U P is FAl SE [l ie  reg i s t e r  s uh t  r ac t s  one f rom the
count  on every ma j or j u t  eg r at  ion s t ep  thu r I ng wh i cii I ,XC I is TRUE.  The
log i ca l  o u t p u t  v a r i ab l e  I , YC ()  is  [l i t ’  t ’ ; i r r v — ov e r  ou t p u t  - I t  w i l l  be TRUE
I or one m aj o r  i n t e g r al  ion st u-p whi t -never  [ t ie r e g i s t e r  i s  count  ing up and
cont  a ins  n i n e  ( h i t  pat  t u - r n  1001) or when t lie r e g i s ter  is c o u n t i n g  down
and c o n t a i n s  zero ( h i t  pa t  t c - r n  0000) . T i tus  reg 1st  cr 5 can he cascaded
by connec t  ing t he co o I one ru-g 1st u [ ( 4  t l i t ’  CI of t lie next

Figure  7 cont  a ins  a t I ow d i a g r a u n  ot IIC I WTR . F i g u r e  8 is an ACSL
l i s t  ing  of BCDCTR where- (lit’ ANI) ( ) is au AC SI,I,111 FORTRAN
fu n c  t ion and mits t, he dcc Ia  rod h i t  c ’g t ’  r - Re It’ r u -n c  i ng the  f l o w  d i a g r a m ,
if Z Z F S T (K )  is less than 0 .5  or Z Z R N F I .  i s  ‘FRI4 E , t h e n  the rest  of the
macro code is bypassed . h enc e ’ • t hu is unti e ro is 

~ 
rformed oni l ‘

~
‘ once per

m a j o r  In t e g r a t  ion s t ep  and w In-u t  t h t u -  RI ’; I NIT runt t ime command is invoked ,
no values are changed . I t ’ Z Z I C F L  i s  t R I T E , th en K , the present integer
number r e p r e s e n t a t i o n  in  [l it ’ r e g i s t e r , is  set to  t h e  e q u i v a l e n t  value
represented by LXO t h r o u gh I , X I and 1, 11 1 • t h e  l o c a l  v a r i a b l e  fo r  1,YCO , is
i n i t i a l  ized to  FALSE. The macro t hen  j u m p s  t o  a p a r t  of t he  code that
Is expla ined  helo~ . I t  loc i I l o g i ca l  var  t a b l e  NAI ILE is FALSE , the macro

• jumps to the  las t  l i n e  o I code , w h i c h  sets  N AIII ,E t o  the  va lue  in LXC I
Th i s  causes NAR LE to  be-come TRLTE one major i n t e g r at  ion step a f t e r  LXCI
f i r s t  becomes TRUE.  The one integrat ion step lag Is p u r p o s e f u l l y added
to ensure proper  c o u n t i n g  whe’n r c g ist - r s  tire t-ascaded t o g e t h e r .  When
RST is TRUE t h e  p r o g r a m  branches as w lit ’ui Z Z I C F I .  is  TRUE . However ,
s e t t i n g  I.H ! to F A l S E  when RST is TRITE does s o m e t h i n g  s p e c i a l .  I t  ensures
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that LYCO is set TRUE (instead of LYO through LY3 and K being reset
again after RST has already caused them to be reset) if LXUP is TRUE
and K is 9 or if LXUP is FALSE and K is 0. If LXUP is TRUE, K is
incremented by one ; if LXUP is FALSE, K is decremented by one. KP is
the previous decimal representation in the register. LYCO is set FALSE
to keep LYCO from being TRUE for more than one major integration step
(clock pulse) while LXCI is TRUE. If K is equal to 0 and LXUP is FALSE,
or if K is equal to 9 and LXUP is TRUE ; then LIII is checked . If LHI is
FALSE LYCO is set TRUE; if LIII is TRUE LYO through LY3 are set to rep-
resent 0 or 9 and K is set to 0 or 9, depending on whether LXUP is
FALSE or TRUE, respec tively. LIII is set equal to LYCO later in the code ,
thus causing a lag of one major integration step between LYCO and LV.
This ensures that LYO through LY3 and K are reset the integration step
after K is equal to 0 or 9. If K is neither 0 nor 9 then LYO through
LY3 are calculated by AND’ing K with integers 1, 2, 4, and 8, respec-
tively. KP is set to K , LIII is set to LYCO , and NABLE is set to LXCI.
Note that LYCO cannot be subs t i tu ted  into the argument list for RST
when invoking the BCDCTR or BTNCTR macro. However , RST can be se t equal
to LYCO in a logical expression .

Figure 9 is a l i s t ing  of the  ACSL tes t  program fo r  BCDCTR. Two
BCD registers are cascaded toge ther .  The reset  f e a t u r e  of the macro is
also exhibited . The test ensures that the macro counts up and down
properly with LYCO (actually LXII and LYH) switching at the appropriate
time. Also checked is the functioning of the macro when the REINIT run
time command is invoked . The BCDCTR macro is called twice in the
DERIVATIVE section and represents two BCD registers cascaded together.
The logical variables LXO through LX3 represen t a number in the ones
unit place , and var iables LYO through LY3 represent  a number in the tens
unit place. The constants A0 through A3 and BO through B3 defined in
the INITIAL section are the initial conditions and reset values for
LXO through LX3 and LYO through LY3, respec tively. A0 through A3 repre—
sent 8 and E0 through B3 represent  80. LXUP and LXCI are func t ions  of
time as def ined in the  DERIVATIVE sect ion via  the  LSW anc1 CLOCK
(Section VI)  macros. LXH , the  car ry—over  oucput  h i t  for  the ones p lace
number , is AND ’ed w i t h  LXC I to form the  car ry—over  enablement input to
the tens place number .  LVII is the  c a r r y — o v e r  o u t p u t  f o r  the  tens p lace
number.  LHICH is the  logical  input  to bo th  r eg i s t e r s .  In i t s  equat ion
in the DERIVATIVE sec t ion  LH T CH becomes TRUE when e i the r  the two
counters conta in  99 and are  coun t ing  up or the two counters  show 00 and
are count ing down . Whenever LHICH becomes TRUE the  cascaded counters
are reset to 88. Note that the cascaded counters and the LHICH expres-
sion are embedded in a PROCEDURAL (where LHIC.H is the input and LVII is
the output) due to an algebraic loop. LHIGH is calculated outside
the BCDCTR argument lists because it contains LXII. In the DYNA}IIC
section , NUMBER, the numerical value for the cascaded counters, is
calculated for display purposes.
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In the run t ime commands the variables to he p r i n t e d  are l i s t e d  in
a PREPAR statement. Dump is set t o  fRUE so a debug p r i n t ing is made
from the TERMINAL section. TSTP, the simulation stopping time , is se t
to 40 sec and NDBU (’ is set to 5 so t h a t  most of the  v a r i a b l e s  fo r  the

i r s t  f i v e  i n t e g r a t i o n s , c o u n t i n g  m i n o r  i n t e g r a t i o n  s teps , are  p r in ted .
PROCED ‘GO ’ when invoked  w i l l  s t a r t  t h e  s i m u l a t i o n  and p r i n t  the  d a t a
ic ’c or d in g  to  the PREPAR list. The REIN I’I ’ com m and is invoked , TSTP is

~ t ’t to  240 sec and PROCEE) ‘GO ’ is a g a i n  invoke d . F igu re  10 shows the
p r i n t e d  r e s u l t s .  The v a r i a b l e  NUMBER has repea ted  va lue s  due to the
CLOCK input in th€- equat ion fo r  LXC I

V. BINCTR

The macro mode I s ,i h I u t t i  rv c o u n t  e’ r w i t  h i a 4 — h it reg is t e r .  The
standard form is

BINC 1’R(T VU , L V I . lv2 , I i  I , l YCO = I,XO , I,Xl , LX2 , LX I , LXUP ,
I N C  I , R S’I ’ ) -

LYO through LV 3 tIre o u t  pu t I oi~ i i l  v u  r i al’ los wt i~~~ t ’ v i i  Ut ’s (TRU E or
FALSE)  cor r e spoui d  t o  t h e  st  . i t ~~’~ (ht ig lu or l o ~~) 01 t h e  t o u r  I 1 i p — f  lops  in
the  regis t or . I\’() , Ii I • I -~~ 2 , and 1,1 1 r ep  ru ’s - i i  t 1 • 2 , 4 , and 8 respec—
t lv e i v.  l ,X 0 , l . X I  I N . ’ , , in i d  L~ I t i r e  l u F i c i l  v a r  l , i h l t - s  or  e x p res s i o n s
whose  v a l ue’s t o  r r e sj r o u r d  t - t h i t ’ i n  i t  I a I s t a t  C’S o t  t lie f t ~~i r I l i p — f l o p s  in

ho reg is  I t ’  r ‘t ’ [ l i t ’ S i t  ‘ t l i t ’  I I I p— I I 
~ 

‘ I i ; i t t gu ’ t o wtie ’u t  I l ie ’ l o g i c a l
v,ii’ i;t hle or u ’x~~re’ ss t o u t  R S ’I ’ h u t  ens-s ‘ I R F E .  I t s ’  l i t  t or  i s  ess t ’f l t  h al lv the
r u - s e t  op e r at  Io u i  c ’; ip t i h  i t  i t  v m i i i ’ -  an t i  I ~~~~ u n t i t - h i  i t s ’ s I i , i v t ’ . I . X UP and I.XCI
arc log ie .il inp u t v , i r i i ! - l t ’ s  on ’ ( ‘x p i  ‘S s I O u s .  I t  I XI I’ I ’ ;  ‘I ’R UF [ lit ’ reg i s t e r
adds onto [ I)  [ l i t ’  c - e i u u i t  t ’ v t ’ i V  (lid j 0 i ’  i i i t i ’ ;~ r , i t  j o u r  s l i p  d u r i n g  w h i c h  L X C I  is
‘I’RUE. It h.XITP i . I-’AI SI; t l i t ’  i t t - i  s t e r  s i i h t  r :s’t  s em- I rom [l ie  ‘ei int  on
c-ve ry  m a j or i u i t u - g r i t  i ou  st u p  d u u r  l u g  w l i j d i  h .X ( ’l is ‘I ’CT ’ T’ . T he l~~y l c ’ . i I
uu t pu i t  v a r i a b l e -  l . 1 ’ )  I :  [ I i i ’  i ’, ui ’ n ’v~~t ’ v o u -  o u t p u t . I t  w i l l  become ’ I R I C b r
one ma j o r  m t  ec, r , i t  iou )  s t op  wI t  ,~ - t ’ v c ’r t l i t ’ m g i  st  u ’r i s  cou nt lu g  t ip  anti
co n t a i n s  b i l l e t - n  ( h i t  p . i t t u ’ u i i  I I I  H i w i n - u  t l ~~’ i t ’ ; ’, i s t , ’ u I S  c t ~u I n i t  i u i g
down and c o n t a i u i s  ,~( -r ( )  ( h i t  p i t  [ u - r n  ( 1( 1 ( 1( 1) .  ‘T ’ l u i s  i t ’ ; ’ I - i  • - n s  can
; ‘ , t s c t i de’d h~’ c o n ne c t  in g  [ l ie ’ Cl ) oI one u t ’ 1st  e’r t o  t l i t ’ ( I i l l  t h i t ’  u i , ’’, t  —

F i g u r e  I I  con t ;i i ui s a I low ti l a g u im o t  BIN(’’ I R m d  F ig u r e  1,’ I S  t in
ACS1 , I St ing  of RI NC ’l ’R - ~~~~‘ t i o n  I V  , [ l i t ’  IICDC1’R dc -si ’ r I pt  ion , has a
na r ra t  i vu . out [ lie ’ I low dl - i g i  ,iiui . l ’ I i u ’ I we c l i i ; ’ , r ;ini s i T t ’ (‘S St ’ul t I i  I I v t lie ’
sa me.

Fi gu re 1 1 i s  t h e  II I N C ’ I ’R  t e s t  l r ~ Cra n i  1 1 s t  iu i g  — it c-h o cks  t h e
ope r a t  1 (In ot  j u t s  t one r eg  i s  t en ’ . T h e  t est pr  i ma r  i i  v e -nsur es  t he m acro
c o u n t s  up and clown pr op u ’  r I v w i t  ii I ,\ ‘ ( ‘o sw i t  cit  I u ig i t  I he- ;t ppr opr  i a t e -  t ime -
The r eset  capah I I  i t  y i s  a I ; t t  t t ’st u-ti

II 
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The BINCTR macro is called in the  DERIVATIVE section . The con—
stants  BO through B3 def ined in the INITIAL section are the in i t ia l
conditions and reset values for LYO through LY3, respectively. BO
through B3 represent 8. LXUP , LXCI and LRST are functions of time as
defined in the DERIVATIVE section via the LSW macro . ln the DYNAMIC
section , NUMBER , the numer ica l  value  in the regis ter , is calcula ted for
display purposes.

In the run t ime commands tile va r iab les  to be p r i n t e d  are l is ted in
a PREPAR s t a tement .  TSTP , the  s i m u l a t i o n  stopp ing t ime , is preset in
the INITIAL section to 38 sec. The f i r s t  ten i n t e g r a t i o n  steps are
pr in ted  fo r  most of the  program va r i ab l e s  by s e t t i n g  NDBUG = 10.
PROCED ‘GO ’ when invoked w i l l  s t a r t  the s i m u l a t i on  and p r i n t  the  da ta
according to the PREPAR list . The REINET command is Invoked , TSTP is
set to 45 sec and ‘GO ’ is again invoked . Figure 14 shows the printed
data f rom the  s imula t ion run . Note  t h a t  f o r  T = 3.0 sec LXCI and LXUP
go TRUE and FALSE , r e s p e c t i v e l y ,  in the  m i d d l e  s t e p  of the  RK 2 in t e—
grat ion  a l g o r i t h m  and are -  printed at the  end of an i n t e g r a t i o n  s t ep .
However LYO t h r o u g h  I,Y 3 and LYCO change va lues  ou ’i lv d u r i n g  the  f i r s t
step of a RK2 a l g o r i t h m  so t h e - i r  p r i n t e d  va l tu t ’s  w i l l  show a change two
in tegra t ion  steps a l t e r  t h e  one where  l.XC I aui d LXEJ P has a p r i n t e d
value change .

VI. CLOCK

The macro models a clock p u l s e  t r a i n .  The s tan d a r d  fo rm is

LY = CLOCK ( R ) .

LY is a logical variable and R is u s u a l l y  a rt ’, i l  c o n s t a n t  d e f i n i n g  the
t ime step between pul ses. 1X i s  del inc -ti a;- follows

LY - F. for tht- inde’pe’nde-nt variabl e (usually time)

~ nR , n = 0,1 ,2...

LY = .1. for the inde’pe-nde’nt variable uR

The macro is l i s t e d  in Figure 15. Thu - c l o ck  p u l s e s  arc getierated by
ca l l ing  the  d i f f e r e n t i a t o r  macro  (Sect  ion X) w i t h  t h e  LPULSL macro
(Sec t ion  X I I I )  as the Input argument.

Figure  16 is the  AC SI. t e s t  program l i s t i n g  f o r  t he  CLOCK , I.PULSE ,
MODE , SWITCH and LSTEP macros .  CLOCK is Invoked in the DERIVATIVE
section with its o u t p u t  v a r i a b l e  being 1.11 and its input being PERIOD ,
which is set to 2.0 sec by a CONSTANT statement In the INITIAL section .
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In the run time commands the variables to be printed are listed in
a PREPAR statement. Dump is set to TRUE so a debug printing is made
fr om the  TERMINAL section . TSTP , the simulation stopping time , is set
t o 40 sec and NDBUG is set to 5 so that mos t el t h e variables for the
ttrst five integrations , counting minor integration steps , are printed .
PROCED ‘GO ’ when invoked w i l l  s t a r t  t he  s i n i u l t u t  ion and p r i n t  the  da ta
~u-cording to the PREPAR list. The R E I N I ’ I ’  command is invoked , TSTP is
set to 240 sec and PROCED ‘GO ’ is a g a i n  invoked . F i g u r e  10 shows the
printed results. The variable NUMBER h,is repeated values due to the
CLOCK input  in the  e q u a t i o n  f o r  L X C T .

V. BINCTR

The macro mode is a h i  uta rv t-oun  t e- r w i t  Ii a 4—h i t  r e g i s t e r .  The
st a n d a r d  f o r m  is

I’I I N C T R ( I , YO , h ,’u’I • l,\’ 2 , l,V 1 , l,YCO = I.XO , I,X I , LX2 , LXI . LXUP ,
IN C h , R S’I’) -

LYO thr ough IV 3 are- ( l i l t  pci t l o g i c a l  v i  r I tili It ’s wI i o t ~e ’ ~‘a liii’ s (TRUE or
FALSE) correspond t o  t hit ’ St It t’S ( h i  g Il o r  h ow l o t  t lie ’ I on r I I I p — f  lops In
the regist e-r. I.V0 , I I I , h i , ’ , and I , ’I I r u - p r e s e n t  1 , 2 , 4, and 8 r e sp e c —
t ivelv - 1,Xt) , I X  1 , I , X ~ , .uuid l,X I ir e - 1 og i c , m  I v , i  i j i b  I c ’s or express  ions
whose value ’s corr t ’sp ouid t o  [ l i t ’ m i t  LtI states ol [ l i t ’  t o u r  1 li p—fl ops in

li e ’ r eg i s  t t’r or t lit’ s t , i t i  ‘s [ l i t ’  I l i p— I l op s  ch ange t o wh en t Ire log i cal
v a r i a b l e ’  or t ’x p r u ’ s s l o u l  RS’I’ hec ’onie’s ‘l’lWI- . t I n ’  l . i t  t e r  i s  e ssent  i t i l l y  t he
reset  op er at  ion t  c ’ . i l ) ah  i i  i t  v m i u i v  , u u i , i I  og ni ; uchi  i i t t ’s  hi tiv u- . I,XtTP t i nd  I X C I
a re  l o g i ca l  i n p u t  va r  L u hl , ’s or i ’x p u ’e s s i t iu l . . I t  I X!!!’ i s  TRITE t h e  register
adds on - t o  [hit ’ c o u n t  t cvi’ rv ma j i u r  h i t  c-grit it ’ll st ep (In ring whi i cli LXC I is
T R U E .  It l,XtIh’ is h ” A I.SE ( l i t ’  r e g i s t e r  s u u t t r ;u c t s  one f r o m  the- count on
evc u ’V m aj o r  i t t t e ’ g r t i t  l o u t  s tep  d u u r i u i g  wi t  l u h i  I N t ’l i s  TRI T E.  T h e  l o g i c a l

¶ ou t p u t  v a r i a b l e  I ,YC ()  is t I nt- c , i r r v — t , v u ’ r  ou t  p u t t  . I t w i l l  become TRUE f o r
one mti j or i i t t  t’grtit i on  St t’~~ w I u t ’in ’vu ’  i’ t lie ’ m g  1st or is cowi t i ng up and
c o f l t t i  i n s  f i f t e e n  ( h i t  p _ i t  t e r n i  I l l  I )  ~~i whi t-ui t he- register ~s counting
d own tin e!  u ’ o n t , i i n s  z e ro  ( h i t  p t t t  [u- c u r 1)000) . ‘ I ’ I iu u s  r e g i s t t ’n ’s ca n he
ca st ’ ade’d by col inet ’ t I uig t he Ct )  ol one r u - g i s t  or  [ i ’  t lit’ C I  of t lie next

h~igu r e  11 c o n ta i n s  a I how d i ; i g r t i u n  ot  hI l N C’I ’R and F i g u r e  1,! is an
At ’Sl , listing of RI NCT R . Sect ion I V • t l ie II CI ) (”I ’R the se  r I Pt ion , has a
u t_ i r rti I i V(~ on [ l ie  f l o w  d l  a gram . ‘h Is’ [W I ’  d i ,igr:ims at  t ’ t -ssen t i a liv he
same.

Figure II Is the R I N C ’ i ’R  It- st pu’o gr ; u i n  l i s t  lu g  — i t  chu-ck s the ’
opt’ rat Ion ol  j list one reg 1st or - ‘I’iie I c-s I pr  I ma r II v ensures t h e  mt’ ro
couin t  s tip and down prope- r I v w i t  Ii I itt ) sw i t  cli i at t he ’ ;Ippr opr  l a t e  t ime -
‘l’ht’ rt-st- t ctip;ih II it y is a Iso t c-st t’d

I I
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The BINCTR macro is called in the DERIVATIVE section . The con—
stants BO through B3 def ined  in the INITI AL section are the in i t ia l
conditions and reset values for LYO through LY3, respec t ively. BO
through B3 represent 8. LXUP , LXC I and LRST are functions of time as
defined in the DERIVATIVE section via the LSW macro , in the DYNAMIC
section , NUMBER , the numerical value in the register , is calculated for
display purposes.

In the run time commands the variables to be p r in t ed  are l is ted in
a PREPAR statement . TSTP , the simulation stopping time , is preset in
the INITIAL sect ion to 38 sec. The f i r s t  ten in tegra t ion  steps are
pr in ted  fo r  most of the  program va r i ab les  b y s e t t i n g  NDBUC = 10.
PROCED ‘GO ’ when invoked w i l l  s t a r t  the  s i m u l a t i o n  and p r i n t  the data
according to the PREPAR list. The REINIT command is invoked , TSTP Is
set to 45 sec and ‘GO’ is again invoked . Figure 14 shows the printed
dat - i  f rom the s i m u l a t i o n  run . Note t ha t  f o r  T = 3.0 sec LXCI and LXUP
go TRUE and FALSE , r e s p e c t i v e ly ,  in t he  m i d d l e  s tep  of t h e  RK2 inte-
gration algorithm and arc  printed at the  end of an i n t e g r a t i o n  s tep .
However LYO th rough  LY 3 and LYCO change va lues  onl y d u r i n g  the  f i r s t
step of a RK2 al g o r i t h m  so t h e i r  p r i n t e d  v a l u e s  w i l l  show a change two
integrat ion steps a f t e r  the  one where I.XC I and LXUP has a pr in ted
value change .

VI. CLOCK

The macro models a clock pulse  t r a i n .  The s tandard  f o r m  is

LY = CLOCK (R) .

LY is a log ical var iab le  and R is u s u a l l y  :i rea l  c o n s t a n t  d e f i n i ng  theF t ime step between pulses .  I~Y i s  de f i n e - t i  as l o ll o w s :

LY = .F. for the independent variable (usually t ime)

~ nR , n = 0 ,1,2...

Li .T. fo r  t he  i n dep en d e n t  v a r i a b l e  = nR

The macro is listed in Figure 15. The- clock pulses are generated by
calling the differenti ator macro (Section X) with tire I~PULSE mac ro

- - (Section X III) as the input argument.

Figure 16 is the ACSI~ test program listing for the CLOCK , LPULSE ,
MODE , SWITCH and LSTEP macros. CLOCK is invoked in the DERIVATIVE
section with its output variable being LY1 and its input being PERIOD ,
which is set to 2.0 sec by a CONSTANT statement In the INITIAL section .
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In the run t ime commands tIn,’ data to he p r i n t e d  are l i s ted  in a
PRE PAR s t a t e m e n t .  NDBU C is set to  8 . T h i s  causes  t h e  pr int ing of
most  of the simulation variables for [hue ’ I irst t-ight integration steps
int’l uding the minor m t  c-grilL ion St u p s  t or a nun it 1st c-p integrat ion
algorithm. TSTP . the slmu l~t t  ion  s t o p p i n g  t into , i s  se-i, to 2.0 st-C . The
START command causes t ilt ’ ~l e ’ I ua I r u n n  i ui g of t he’ s imut 1 at ion. In t he
DYNAMIC st-ct Ion of the ’ progrIni [lit’ s iu mi lt it ion  is stopped by the TERN’I’

V macro when the inth t- p t -nde-nt var  i t i b  I t ’ , t iuiie • exce eds  TS’l’P - The P R I N T
command cau l s t -s t lit’ pr lot ing ot  t h e  c l i  t a in  [he ’ l’REI’AR st  t i  t emen t e’ve-ry

V c-ommun icat ion inte rva I , C l  N’!’ . C I NI ’  is J e t  i nod to be’ 1 se-c’ in  t h e
IN IT IA !  sect ion . The R F I N I i ’  coni n iti Ut 1 1 s I nvokt ’tI t ind TSTP is reset t o
8 s ’ ’  - The .c irnu l , i t l out is ruin ,u~~,i iii ant I t lit ’ r e - s t i l l  i ng  da t_ a p r i n t  t d .
F i guii ’c 17 c- o n t t i i n s  t In- t t , l t  , i t r t ’n i  [ l i e ’  t w o  sj m u l a t  ion  runs  ~is p r i n t e d  on
a l i n e ’  pr I n t e l - . Th e ’ d .itti u t ’ I or [lie I,i’LTI,SE , MOI)h- , SWI’I’Chl and 1~STEP
m,ie’ ruts • as we’ ii as • I o r [Is’ C l O C K  mat ’ ro -

V I I ,  CPTR

Th e’ mat ’ rd i iiul e le I , l  i t ’ l l  [ i n u o u i s  ~~ l ii’ to n e ’e’ t ting el l a r  l’e’so I ver
The st and:i rd I o u

_
ill i s

(TTR (N , I , ‘I ’ll , 1 \ — K , ‘l t I l R r ’I ’ , ‘ l ’ h l l t : ’t

where’

‘lii = ‘1 11110 1’ e l I  ~ ‘ I ’ l l  I C  (~~s w t , u u l d  he ch i t  P u t  I t’i’fli ,i ru ’solvor)

X = R *C( ’IS ( ‘I’ ll )

t I = R * S l N ( i ’ l l )

1,1 = .‘l’R1Th-~., - - ‘I’ll ii , ( I i i -  I ) ii ‘ I ’ l l - - ‘oi l  I it

( I — i u i i ) ii ‘ I ’ l l ’ (— I—4ni ) it

= . l ” Al ,~~I~ — , ( - ‘i n — -  I )  i ‘I ’ l l  ( - ‘i i i  - I’) ii

( — 4 i t )  ii III ‘(I — 4ur ) ii

n = ~i p o st  t lv i ’  j u i t  i t - e r

• A l l  ang les and aug Ic ’  d c - r i  v , u l  i vt -s .1cc- I i  r i d I i n s  md r i d  f an s  per second .

F I g u r e  18 i s  a I low d i a g i ’auii o l  Cl”I ’R ~i utd  F i g u r e  l~
) is a CPTR l i s t i n g .

CPTR Is calt ’u u I ~ite-d u-vt’ r v hit eru nc ~d late’ • . 1 5  WI ’ Ii .u • e-ve’rv ma jor tnt egra—
I on s top  so t Itt-re’ is no ti e -i-i l I t ’  c l u e ’, ’ k ‘/,Z FS’l’ - ‘I’ll is ou t  pu t  I rom a

resolver must 1 to b e t w e en  I lie’ I m u  Is u I  ‘ II itc~ ma !  t t i  how large the
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actual angle THS becomes. However the i n i t i a l  condi t ion THI C should be
able to be input without the ‘1ii r es t r i c t ion. But to obtain correct
values for LY , THS must be integrated wi th  an in i t ia l  condit ion , THICP ,
that lies within ±ii . Hence when ZZICFL is TRUE macro AMODPI reduces
THIC to a trigonometrically equivalent angle within fli and returns this
value in THICP. This is exactly wha t an analog programmer must do to V

set the initial condition on a resolver. When ZZRNFI, is TRUE , THICP is
set to the value of THS at the end of the last run. THDOT is integrated
to obtain the actual angle THS (except for the difference between THIC
and THICP). It is to be noted that in Figure 19 THICP is enclosed in
parentheses in the statement

THS = INTEG (THDOT ,(THICP))

to let the ACSL Executive know the initial condition for this state
variable must be calculated . The ACSL PTR macro changes the polar
coordina tes R and T hIS to the rec tangular coord ina t e - s N and I. ANODPI
conver ts THS to THP , its equivalent value- wit h in ii . [‘s ing LI and
THP , TB can be derived from the ACSL RSW operator, in Sect  iout III th ere
is a discussion of the pr ocess for obtaining TH.

Figure 20 is t he  CPTR test program list ing. (‘h”I’R i s  invoked  In
the DERIVATIVE section . R is stt to i.() in  t he  I N I T I A l ,  s e c t i o n  b y a
CONSTANT statement. THDOT and THIC are  ~ e’t to  1.745 rad/se - and (1 .l74’
rad , respectiv ely. LYG is a function of 1,1 that takes on the value ’ of
1.0 or 0.0 when LY is TRUE or FALSE , respectively. In the I)YNAMIC
sec t ion THG , THDOTG and THICG are d e f i n e d  as b e i n g  TH , TIIDOT and THI C
expressed in degrees , where RADEC is the c onversion factor from radians
to degrees as speci f ied in t h e  I N I T I A L  sect i on .

Figure 21 contains t h e run t ime commands en t e r e d  on the ’ Tektronix
4014 to obtain plots and deferred printer output. The At,’SL system
symbols PRN and CMI) are set to 9 and P 15 , respec t  i v t ’ l v .  The former
genera tes a separa te f i l~’ named ‘PRINT ’ t h a t  contains all t h e run time
commands entered on the ’ Tekt ron ix and a l l  t h e  chat a ge’nt’r~’tt e’d hv t h e
PRINT and DISPLY run t ime ’  commands.  The’ l a t t e r  d e e ’ hart- s t h a t  t h e
log ical u n i t  on w h i c h  d i sp l ay  da t a  are- written is t h e  sant e l o g i c a l  u n i t
f rom which  the  run t i m e  commands are- rea ch - ‘l ’it is  l o g i c a l  on i t  co r responds
in hardware to the T e k t r o n i x  scr t -eu h  i f  t h e  user  f i r s t  cot ers  on t hue
Tekt ronix , ‘CONNECT INPUT , OU TP U T ’ . l ’RN I’l , i ’  i s  set FM,SK anti CALPL [ is
set TRUE since p l o t s  are t o  he produc t - ti out [l ie  Tektronix. T ’I ’I ,Ch ’I , i s
set TRUE since a t I t  le ’ on t lie p l ot s  is t o  he ’ macIt ’ h~’ u s i n g
“SET TITLE = ‘ - . . ‘ ‘ . T, N , I , TUG and IXC w i l l  h ave their values
stored every c o m m u n i c a t i o n  i n ter v a l t h r o u g h  t h e  i’RE~’AR s t a t e m e n t .  By
invoking the START command the  t e st  program is -x e ’e ’uted w i t h  the
values  for  THDOT , R and T U I C  as set In t h e  INITIAl section of the
program. The simulation stopping t ime’, ‘l’S’t’P , Is reset to 15 sec in a
run time SET command . Figu res 22 and 21 show plots of X and Y and THC
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and LYC as generated l i v  the ’  P1,0’!’ command . THDOT is reset to —1.745
rat /sec  and the  progr am is r u i n  ag a i n .  Figures 24 and 25 show the
resul t ing  p lots of X and Y and ‘l’HG and LYC . These tes ts  check the
op era t i on  of the CPTR nu a c ’ro f t c  p o s i t  ive  and negative step inputs in
THDOT . The two D l S l ’ l . Y  i ”nimiisi s re-suit in d a t a  disp layed on the screen
as wel l  as recorded on t h e  ‘ P R I N t ’ f i l e ’ . The P R I N T  s t a t emen t  causes
recording of dat a  o nly  on t I t i ’ ‘ J ’ R J N ’l ’ ’ l i l t ’ . When the ’  Tektronix plotting
sess ion is comp l e t e - t Ile’ ‘PR! NI’’ file is hatched to a p r i nt e r  (not shown
here).

VIII. CRA

The- macro  nte ) e lt ’ I s ,u F t  Se,  1 Vt ’ r u sed  in the ’  con t i nu ous  rot at ion of
axe ’s mode’ . liii’ s t i r ~ l , u  I’ d 1 oct is

V CRi~ (X , I , ‘E U , LV P , V , ‘l’HP {) ’j ’ , ‘j ’ H E C )

whe’ re

Thl = 
,~ ThIl)O’l- cit + ‘I’l l I C ( , i s  wOu u h d  he ’ o u t  t p i t  I I rem i re-so lver~

N = t I *C0S (‘I’ll) — V*5 I N (‘I’ll)

Y = ~~ IN ( ’I ’hl ) + V*COS (’I’hl ’)

LY — I R i ’ l  . , — ‘ t  I ’ l l - n ,, 4 u — - l )n ‘ I ’ l l - ( 4 u t +- l ) t u

(i-6n Iii ‘I ’ ll ‘ ( —  I — 4 n ) u

= . F .\l~~ F .  • ( - ‘i n —  ~) i t  ‘ I ’ lI ~ ( - ‘i n —  I ii ,

( ( — ‘iii l i i  ‘ I ’ l l  - ( I — 4 i i )

n = a p o s i t  i Vt’ i ui t 
~‘C~’

A l l  a n g l e s  ai tul  angel I ar rat c’s arc ’ iu i r i d  i t i n s  and r ;id i , in s  pe -r  second

Figure 2h i s  a I l u . w  ul iagt tim itt CRA and Fi gu r e 27 is a listing of
CRA . The onl y d i i  f t - r e n e ’e h t ’t w e ’e-n L i t  i s  ma c ro  anti (~i”~R is that RA , the
a n a l o g  macro (See- t ion  X V I  I )  l o t  [hit ’ re’t t i t  ion  eti  , i X c ’S is ~ se ’d i n s te a d  of
the ACSI, Ri’!’ m a c r o .  ( t ’n s c ’q i i eu t  t I v • I l i e ’  F t .  i~1 t r is re it- r re-ti teu S e c t  ion VII
f o r  a d i s c u i s s  l o u t  ot  ( In ’  ( R , -\ i l  ci ’i ’ i t h u n u .

Figure’ 28 I~ tI n’ CRA I t - s t  ~u r o g r . I m  l i s t  i u u g .  S i n c e- the- CP’rR test
program is  id e-n t  I t t  I t ’~ t he’ CRA t e St  p r o g r a m , e’Xe’ c ’pt for sui’ust I tot ing
U and V f o r  K , IS  i n p u t s  I 0 [ l i e ’  ma cro  • [ l i e ’ t i s t - r  is  r o f t ’r r e d  to  Sect Ion V I I .
Fi gure 29 contains [hit- r u in  t I tt ’ comun ~in ih s  c- nt  u - r e d  on t h e ’  T e k t r o n i x  4014
to obtain plot ; tunel tie’ Ie’rre’d p1 Iii  [or out  p u t t  . ‘I ’ Ii c ’se I t - s t s are
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identical  to those desc r ibed  in Sec t iein  V I I .  Figures 30 and 31 show
plots of X and Y and THG and LYC fo r  THDOT input  as a step w i t h  a
magnitude of 1.745 rad/sec . Figures 32 and 33 contain plots of X and Y
and THG and LYG for a —1.745 rad/sec step in THDOT. THIC was 0.1745 rad
and U and V were 1.0 t h r o u g hout  t e st i n g .

IX. CRTP

The macro models a e’ontinuous rectangular Ii’ polar resolver. The
standard form is

CRTP (~~, TH , THDOT , l,I=X , I )

where

-
~

R = X + 1

TB = ATAN 2 (Y , X)

THDOT ~~- TB

LY .TRUE. , — ‘;‘- ‘l’H-  ii , (4n—1 )~ -‘- I’ II’ (4rt+l ~u

(l—4n) it T H ” ( — l — 4 n ) n

= .FAL SE . , (4n— ’l)n’ TB’ ( 4 n — 1 ) u ,

3—4n)n “I’ll ‘(I— 4ut )~’

n = ,i p o s i t  ive ’ i f l t e ’g e r .

All ang les and angu I a r ra t i ’ s  a re- i n  r a t  i t t  115 a i tch rtid I tins pu’ r set ’ end -

R and TB art’ cal cu I;it i-ti on hot hi m.i j t ’  r , i n t l  m i nor  i tt [c -c rat ion  s t eps .
THDOT is only cal cul ,ite’d eve’ r v ma jit r jut e’g r a t  ion  st e’p s in c - c ’  some of the
in teg ra t  ion a l ger i t  hms - t v _ i  i l i  1) 1 t ’ in  ACS I , i ’ ,in I it t  op r a t  c - backwa r d in t ime
on minor  m t  e-gra [ ion st e -ps  - The- mt- I hot t  for f I t i d i n g  THI)OT is t h a t  used
in t h e  AC SI. mac ’ r ib I ) E R I V T  ( . . . ) . tuttl e -c-c l CRTI’ t ’tu h i s  [l i t ’  ,\C SI .h , !  B FORTRAN
subroutine ZZXDOT [ci pt-r I tirm t l i t ’  ac t ui ’ il cal cut I at ion j u i st as !)ERIVT dc’es.
Fiirt hermo re t he- t I ll It-ri-u t , ’ t ’ in ‘I’ll he- I w et -u i  ma j or i i t t t - pr t i  t ion Steps t aflflot
equal or cxc eu-ti I - 1 4 1 6 i ’ u ,h w i t  h I he’ a I p it  r i t  tim om p I oye-d in  CRTP -

Figure 34 is - ì  I low tliag r ,im of CRTI’ and Figure 15 i s .’i l i s t i n g  of
CRTP - Re’feru’nc In g  tin- I low d i  tigram , I he’ A C SI ,  mae -r e RIP c on v er t s  t h e
rectangular coordinates X and I to [lie’ polar coordinates B and lBS. If
INS was changing us a cent m u o n s  and mcunoten iral ly increasing or
decreasing funct ion , [hit-n it wout l ci I t ’~’k stim e-t hi in g  l i k e  t h e  curves shown
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in Figure 36. Because TH and LI are t he  outputs of at~ analog resolver ,
they would be as shown in Figure 3h for ~i’HS. It is those variables
that the remainder of the ti l gorithtm must provide. If the’ function
ZZ FST is near Zo r(’ THI)u 11’ is t i n t  ca I iii a ted , bii t TB is  . It can be seen

rem F i g u r e  36 t hia t t l i t ’ e l i  I I e re nt ’ o bet We e-n ‘I ’hI S t i n t  ‘I ’ll L • [l i e  v a l u e  ci f
‘I’HS a t  the end of t lie l a s t  iutti j or i i t t  e’p r a t  ~ou1 St ep,  is I a rge’r than ii rad
o n ly  when t he r e  is a d i s c ’ont  i n u i t y  in  ‘i l l S  ( j f  i t  is  asst imt ’ d t h a t  t he
r o t a t i o n  of t ile’ ~~ i) j il t (X ,’u’) wi l l  not t’hiange more’ tItan ~i rae! per ma j o r
i n t e g r a t i o n  s tep )  . I t  N and I are  cen t  i n uou s  f u n e ’ t i c u n s  t h i s  as sump t  ion
can be made good by ;ippropr i , i t  t’ c’hoice ’  cit the- m t  e’gr at  ion s t ep  s i z e - .
The d i s c o n t i n u i t y  in ‘( ‘itS cci 1111 ’ ide’s i l l  I ito wit hi t h e  switching of LV as
shown in Figure lb. I t th e -  e’’rre’t’t c hit ice’ of LI is mad e in i t  ial ly  , the
va I tie of LV c’t i f l  a I w,i vs he - dot  e rut ine,d by sw i t cli i ng its value wheule’vt-r
a d i  scent  i n t u i t  v in  ‘I l l S  , t ’ e’ttr s . WIiu’ui ;~y,l’s’l’ is near zero  the  d ii  f t -r e ’nce’
be tween  THS t int  TI l l ,  is lit -c kt’el (F I get Fe’ !V ~ ) t ci see it i t is ii

(ac tua l 1 y 3 ,  1 ‘i16) rail . I t  s it , 1,1 is sc~- I t ch i e -d  I rem OLDL’I’ , its value at
t he  end of th e- l u s t  m u  j t i r  m t  t ’ ; ’, r,it i on  s t e - p .  ‘t h e  macro then jumps to
the ’ bottom 01 t h e ’ ‘ o tt ’ whi c ’ r t’ ‘I’ll is set Ii i ‘i llS de-~tou ieh itlg on wh e t h e r
LI is I’RPE or I” ,-\,l .Si ’.. Nti t e I h i , i [  ‘1 111 t i t l e !  01,1)1,1 t i r e -  no t  c’hange d to  ThiS
tuiid 1,1 iS  WOO lii lii i i t t  I v l i t ’ c lo ne ’  s h u t ’ Z XDt) ’l ’ needs THL to he the  value
elf TEI S ,i t the ’  t ’t t d i t t  [lit’ 1 ~i ~ t uti ,i l’ r j l l  t t ‘ ;‘, r , i t  i Ott St t’~~ - A l s o , OI,DLY
wc t i l t  get  i ’ h u , u u i p i ’ t I  more  t h i a t t  O i l e d’ p i t ’ h a  ~u l i l t  et ’, r , t  t i s i t  ~— t c- p wIt h-li t’ou l ci
t’a usc’ it to  h a v e ’ t hue -  w , ’t ’ u u t ’ , v u  l i i i ’ . W h i e u i  ‘ i i - ~- T I t ;  u i e ’ ; i r  out ’  in  v a l u e -  and
ZZRN FL is TRUE, LY Is set to  the v a l u e  in OL DI ,Y and Till , the input angle
to ZZ~~OT , is set to the v a l u e ’ in  T}’l,. The macro thea  jumps to the
ZZXDOT call to  reinit i aliz e - 7Z XI) O T . Ol,l)T,Y , T~~, and TB are calculated
as shown in Figure 34. When ZZF ST is near  one , Z Z R N F L  is FALSE , and
ZZICFL TRUE, then LY is set TRI’E and Til l is  set equal  to THS and the
macro j umps to ZZXD OT. If ZZJCFI, is FAI.SF then TIIS Is checked for a
discontinuity. If there is no discontinuit y Till is set equal to THS
and the macro jumps to thie ZZXT)OT call to -alculate TUDOT ; if there
Is a d iscon t inui ty,  LI is switched from the value In OLDLY and THI is
calculated as shown in Figure 36 In order to preserve the proper sign
on THDOT. The call to Z7,XDOT is then made’ t a  calculate THDOT. THDOTL
and TL are not used. THDTIC is the initial condition and is set to
0.0 through a CONSTANT stateme-nt. I)l,PI,Y Is reset to the va l ue in LY.
‘rflL Is set equal to ThIS e x p li c it l v  u” u ’ f l  though ?ZXI”Oi’ sets TilL equal
to Till. ZZXDOT is reliab l e- except whiu’n

i’ll I = ‘I l l S  + S t N  ( b .  _~~~
, !,,~ , ‘Il l. )

Then i’Il1~ w il l  have ’ [hue w u t t i u p  v i  I O u ’ t b iu  t lie ’ i t & ’ ~t t  c i  l c i i  l i t  ion  of 1111)01,
hence- ThIt, is exp i I c ’ it l v  ~ e t  t o  ‘I lls. III is st-I t o  ‘ ‘l’hIS depending on
the  v a l t u e  of 1,1.

I
V 

F i g u r e ’  37 is a 1 ist i rig cit t h e ’ AC SI, t e’st ~tr ogr;um I or CR11’. In the
I) ERI V iV I ’ I VE se’e’t ion t h e -  N in t l  I i n p u t s  t o  CR ’I ’l’ i t o  , ‘ , u l t ’u i l a t o d  f r om
Ch ’TR. S i n c e ’  CP ’I ’R Isis i u i p u , t s  t t t  R ( sot  [i t  I . 1) i t t  t he’ 1 N I 1 ’ I A I ,  section)
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and THD , the angular  ra te , then CRTP should outpu t values in R and
T}IDOT that are similar to 1.0 and THD. Similarly, THS , the angular
output of CPTR , should match TH. THD is a step func tion of magnitude
K (radians) if LSTEP is TRUE and is a sine wave of magnitude K (radians)
and f requency W ( r ad/ sec )  if LSTEP is FALSE . THI C as d e f i n e d  in the
INITIAL section is the initial condition (radians) for the CPTR inte-
gration of THD. LYG has a value of 1.0 if LY is TRUE and a value of
0.0 if LY is FALSE. THDG , THSG , TIIG an’,l THDOTG are THD, THS , TB , and
THDOT expressed in degrees or degrees per second. The run time commands
entered on the  Tektronix for hard copy plots and printer output of the
test results are shown in Figure 38. LSTEP is set FALSE to input THD
as a sine wave . THIC is set to —14.31 , the appropriate initial condition
for a cosine wave of magnitude K/ W where K is set to 1.431 rad and W
remains 0.1 rad/sec . TSTP , the simulation stopping t ime , is set to
70 sec to ensure a full cycle ’ of the Thil) sine wave. The input sine
wave tests the CRTP logic for ting le changes due to  X and Y that are not
monoton ica l ly  increas ing or d e c r e a s i n g .  The p rogram is execu ted
through the START command . The PLOT command is used to generate p1ots
o f fliP , THDOTG , LYC , THDG anti TBSP as shown in Figures 39, 40 and 41 .
Figures 39 and 41 are  Ident ie ’,uI in TBSP antI TUG and tire approximatel y
t h e  same in THDC and THDOT C . The- run I inu e command

PRINT ‘A L L ’

records data specified in the PREPAR statc-ment onto the u p R IN T u f ile
which can be hatched to a I i nc  p r i n t e - r l a t er .

K is reset to 1.745 and TIIIC is re-se-t to  —17. 45 and thie program
is run again. Fi gures 42 , 43 and 44 show p lo t r e s ult s  f o r  THC . THDOTG ,
LYC , THDC and TBSP. The basic difference- b e t w e e n  t h i s  t e s t  and t he
las t  is the  s t a r t  ing q u a d r an t  of flIP . Those t e s t s  were’ made to ensure
CPTR and CRTP handle di ffere’nt start ing qu ad r a n t s  c o r r e c t l y .

LSTEP is set TRUE , TH 1C is sot t o  0.0 and TSTP is set to 20.0 sec
to run a step func’ t ion in TI l l)  f o r  a te’st with ting le changes due to X
and I increasing monoton i c al  l v .  Meits rosuil t i n g  f r o m  t h te ’ se’ t e s t s  f o r
Till’., TBDOTC , X , Y , TUS( : and LIP a rt ’ shown in  F i g u r e -s 45 , 46 and 4 7 .
K Is set to  — 1 . 7 6 5  t o  p e r f o r m  t e s t s  w i t h  n u o n o t o n  i c a l  l v  de ’c re ;is ing  ang le
changes due- to X au tul  I . Fi gures  48 , 49 and 50 tire plots of Till’,, THDOTG ,
X , I. TBSP anti LI for those’ t e s t s .

K is set to 1 .5708 and —l - 5708 [i t  [u - s t  f o r  any changes in TH due
to it be ing  ve ry  itt- ar m o l t  i p l e s  i t t ’ eu (  1 . 1 4 1 6)  r ,’id , t h a t  is , the  p o I n t s
where LV Is being s w i t c h e d .  No occ’urrt -ne ’c-s of t h i s  sor t  happened as
can be seen In Figure ’s  51 and 52 , w h i i ’h iure- p lot s of THC and THDOTG for
the two different val ue s of K.
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The operation of CRTP through a R E I N 1 T  run  t i m e  command was tested
by running the program with ‘I’STP set at  2.2 sec , invoking a REINIT ,
resetting TSTIt to 6.1 and again exocuting the program . Both runs were
l a ter  p r i n t e d  an d compared I or t he’ c ’ e t r u c i t  [ rtlns it i o n  through the time
REINIT was invoke-U . Thu is [e’st she’we’eh t h a t value-s immediately before
and a f t e r  t h e  RETNI’l’ command w o re - t h e ’ s t i n t ’  tine 1 tht-refore thle test was V

succ - e s s f u l .

X. DIFF

The mad ’ ret n i u t ch e I s , u I c c , i i ’ d i l  I c ’ r~’ i t t  Ia [or . The ’ st a n dtu rd form is

LY = I ) I F F ( i , X ) .

I ,\’ i s  .1 log  ie ’ ;u I v ar  j a b !  o . l , N is au t v  l e t ~ - h i  I ex p r e s s io n .  1.1 is TRUE for
one ~-a 1 t’U I at  ion m t  e’rva I (~‘t Oc ’ k per  h id  ‘‘n [lie ’ tun a I i ’g ) I 0 1 l o w i n g  Ihe t ime
t h a t  I N change-s f r o m  F \ l , S h -  t o  F E t E .  I , ’i ’ , I t i’s no t  h te ’e ’o me ’ TRU E i g t i i n  w h i l e
1.X remains ‘ I R I ’ E .  It Is t o  h te ’ t i t l e d  t b - i t  t h u s i s  a I c ’ , i i h i u t g  edge ehi ff e-r—
ont  i a t c ’r o n l y ,

Fi gure ’ 53 is  I low ~i , t t ’, t’,iuit i t  I l l  I - i ’  , i u t d  I” I ~u i t i t  is a 1 1st in g  ci t
01FF. h-’i guirt- S i  is  h - l  i e ’vi ’d t o  l i t ’ se ’ l I — u ’xp l~- u i u . t [ e ’ r v  e x i t -p t  whu e’ri ZZICFI_
is  TRUE antI ZZRNI”I, is F A l S E .  Uh v i i t u i s l  v I I  s h u i t u t i e l  hiu- h ” Al .SE f o r  t h i s
ca s t’ , b u t t  1 , N I .  h ai l  I i ’  h tu ’  n i c h e ’ l ”A L SK i l  set I ’  e ’ u i S u i u ’ c ’ I l u , u [  I I won t  ‘l ’Rl’ E fe’r
[ lie’ c t us t ’  c ’I  I N ht ’ j t i c  I’Rl ’F u t  ‘c u t ’  t hu ts

l-’igutr e ’ 55 e’itut t ti i uus a I 1st m c ’ , o l  t h e ’  1)1 h F ’ M’~ I t i - s t  p r o g r a m  and  r u n
t i me- c’ouiu mani l s .  I N  i s  n t , t e l e ’ ‘t R I T E  or  I” . \ l S E  is ~i l im i t h e n  c - I  t i nto by

_ u I t  c - m a t  u — I  v ad d i u ig , i n i l  s u i h t  u ’ , u i ’ I I ng S i l l ’  n i _ i t ’ i t s  I u~~t uii o u t ’ m itt hu t r and

- ‘ c ’ h e’c’ k i ng to  se e’ if [ l i e -  r e - s i t  I t  s . 1 rd  , i r r  i i  ‘: j t u t , I t  c - i  v ‘ it lu r t i n t ’  d r  ze ru
I tlS td’ ,lcI ci t’ i u l s u - r t  l u g  I X  iS t I i i ’  i t i h ) u t l  i t  ‘ t i f l u i ’ i u t  i t t  P h  I - I ’ , i t s  u ’ q u i v a l t - n t

.~l t r i ’Ssiui fl w,es insert c’e l [ i i  lie - I p c h u t e - k s t  h t r i i p l ’ u  u u l , I c ’ I c ’ c t ~~ t - r . i t  ion. N1)BUC
s sot [ ii  8 t it  fuus l te ’i ’ t t b u t ’ ‘ i t t ’  r,i I i t  ui P h  I’l ~ ( h i  i’ctu i ’hi l i i i  oruni ’d l a t e ’

i n t ’ ’ s ’ , r ; i t  io n s t  e’ps . ‘15 1 1’ . t hut - ,~ i iu uui  l i t  c ’ i i  s t  - ‘ j ’ 1~ i u i c  I inc . is i-a t  [ i t

e, . t ;  se’s. ‘l iii- s imutlat i o n  is rt ic liv ii u ’ , ’ c t k  i u u i ~ (lie I .\EI ’ c ’i’mn utinul . REIN IT
i s coin mat i d e -e l  . 1 5 1 1 ’  i s  u c ’ S u  t t i e  l U _ i t t i ’  ‘ , i f l ct t Itu’ It r ’ i t t ’, t’auiu i s  run  a g a i n .
Bot h ruuul s a r c  pr  I u i t  s t  , V h t  ,,, 0 t 1 1 i t , ’ ( I ~~ I Iii ’ I’R h’ I’AE st u t  c-mt-it t as shown
I u 1” I t ’ , u i  r(— V

,~~

XI. DLVFF

‘l i i i ’  m a cr o  m o u l e ’ h s  ;u i l u ’ l t i v  I t i p I lo s t . ‘ l ’ h u ’ st.uiida rd l o r n i  is

1,1 = t ) I , Y F F (  IX)

LV is  a I og le a I v , i r  j a b  I c ’  inch I X  i s  , u u u v  I leg i i i  1 c ’ \ r u ’ i ’ss i out . LI fol lows
[lit’ v.i l tie - i t t  LX w i t  Ii , u i t t ’ 1 , 1 ’ c l  ‘t u tu ’ c ’ .u I c  i l  u t  i c e u t  i u [  •‘r v , i I (e’ le ’e ’k period
out t hu e uii.u I c e ~ ’,) .
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FIgure 57 is a fl ow diagram for DLYFF and Fi gure  58 is the macro
listing for DLYFF. Fi gure 59 is the test program listing with run t ime
commands. In the test program DERIVATIVE section LX is determined by
whether a function composed of STEP macros is near zero or one. In the
run time command section NDBUC is set to 8 and the prelgram is run twice
with a REINIT statement between runs. Thte resulting output , in accord-
ance with the PREPAR statement , is she wn in Figure 60. It should be
noted that the one calculatiel n interval lag seen In LI appears to he
two intervals. This is due to LY being print ed TRUE at the end of 3 sec ,
even though It was TRITE between 2.0 and 3.0 se-c as the  N i )R I VJG p r i n t o u t
of the first 8 integration s teps  would  show .

XII. LMMINT

The macro models a l i m i t e d  mode’ co n t r o l  led integrator. The
standard form is

y = L?’~’t INT(YD , IC , I I , LU , I , !,, [I L)

where YD is the  der i v 3t  iV e ’ express ion and

IC = V (o) — same re-st t i e ’ t i ot i  on I C ~is t ho 1 NTE G s t a t  ement

LI and LO are log ical variabl e -s or expressions of a r b i t r a r y  comp l e x i t y
deno t ing  t h e  mode. liii’ t rut Ii [t u b  It’ is

( . 1  LI) ~-l0l) E

T F EESE’l’
F F O P E R A t E  where  T TRUE
T T OPERATE tu e1 F = FALSE
F ‘1 11 01,1)

LL is the lower I i n u i t  t~~l V ti u t c l I I I ,  is t I l e ’  upper lim i t  on I

Fi gure 61 is a f l o w  el i a g r a m  f o r  l,MM I N I ’  and I-’i g u i r o  h2 is t he  macro
l i s t i n g  f o r  LMM INT . T h e  f o i l  ow i tug ci ’umme’u i t s p t u r a  l l e ’I  [l ie  f l o w  d i a g r a m .
YDOT is set equa l  to  YD so i f  11) is tin sxprt’ssioul it will he calculated
only once. If ZZFST is n u t  l e s s  t h a t ’u 0.5 and if 7,ZRNFI, and ZZICFL are
FALSE , then V is i’hec ked for tu va lu te-  t hat hi sS o u t s  ide (LL , UL) . When
Y does l i e  o u t s i d e  (1,l~, t li~) t lit-n MODE , t h e  log i c a l  v a r i a b l e  used to
zero the derivative of STATE , is c’ait-u ul ,it e ’d . If the derivative YDOT is
of such a s ign as to d r i v e  1’ further Into [hi,- l inii t then MODE is set

- 
I TRUE. With MODE TRUE; the de ’rivative of S’l’ATF,, as ca l t -u l a t e d  by the

ACSL RSW f u n c t i o n , is zero t o  inhibit dri ving I te irther In to  the l i m i t .
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Whe’fl YDOT is etf suue ’ lu a s I t t  tus t ee  ~‘:ttu st’ \‘ tet t’onie of f a l i m i t , MODE w i l l
ht ’ F ’AI,SE, thus c a u s i n g  the ’ STATE d e r i v a t  ive to be ’ set to YDOT . MODEl ,
the reset mode logical variable , is c a l c u l a t e d . I f  MODEl , MODE or the
log u c , u l  t’xpre ’ssidln ( (I,F) .ANI) . . Nt) ’l ’ . ( 1 , 1 ) )  i~ T R U E  [l ion the  d e r i v a t i v e  of
SFAFF; is set t i e  0.0 by R SW .  I I  ~b ) I ) I - V l is ‘t RU E , l C h > I ’ , t h e  variable used
t i e  b i a s  V hat-k t i e it s in it l al va l eut ,’ I d ’, is  st ’[ [0 STATE. Y is calculated
u s i n g  STATE , 1CP , and ICPI t  - Whien ZZh”ST (YDI~) is I e ’sS t h a n  0.5 the macro

icell , i t e -s STATE using the previous  RSW and y is Evaluated . It is to be
not c-cl t h a t  whe - n /7. F’S F is I e’ss t han I ) .  S [lie u u i t t e ’ ret lust ’s whiat over value
f o r  MODE t h at was e~u I c u i l  a[ e’ul in  t h e  f i r s t  it i t t’rulue’dI i a t e  i n t e g r a t i o n  of
t h i s  u l utu j c ’r  i u l [  e-gu ’~it  [ot t 5101) 1 ct  e he ’t t ’ r u u i l i i i  I l i e ’ il e ’r i v a t  [ye of STATE , no
r n _ u t  t u ’ r wh i t  s i gui t’ h i , i t i ~’ e ’s t u t i v t ’ ~ee ’ c ’ c u i ’u’ e’d iii ‘ii ) duu’ i uig [lie’ interim. If
:~1RNFl . is TR I ’K I ‘l ’ I i -~ se ’t I c e • I CI ’ l ’  i s  set le t  STh’I’E, arid FLAG is set
t i e  1.  I i  V Y / V I C F I ,  i s  TEl l- ’ t h o u  Ht t l )E is  se ’t } , AI , Sh , , , t t nd  i f  FLAG has a
v,u lute’ c c l ’ 0 (whi ie ’hi it w i l l  1 e r  [l ie ’ I i  t’s[ ii ,i ss t hr e tutghu t h e  INITIAL
S~~i ’t ie ett ) t hue ut I CP is c ’ .u I c e l l  - it eel . [T~~ i n s, I CI ’ i t i s t  t ’t ucl  of IC f o r c e s  the
j o l t  i i i v , u l u i u ’  ‘‘ I I t i e l i e ’ iii [ h u e ’ ec~t e ’ti  j u t t e r v a l  ( 1.1 , ,  UI - )  (A l i m i t e d

, i n , u I - ’c i u u t  i ’ s  r a t  e u ’ s i  1 1  u t c t t  ‘‘u t  p u t t  v, i liie ,’s ,ihciv ~’ or h i e h e e w  i t s  l i m i t s
l e S t  1 1 1 0 5 5  0 ?  [ h u e  Va liii’ t ‘t  wI t  i i ’ll t lie I . C.  p u t t  i s  set  . ) The ’ m a c r o
t huc ’tt l r , uuc ’h ui- s I i ’  ~, iIe i l - c t  i ’ ‘i , i t ic t S I , \ I ’E .

F i g u re- I c  I S  I li V i i i  i I - s t  I t r ’ i t i n i  I 1 s t  i u u ~~. ‘U hi t ’~~ u I  h e l l d e r i v t i t ive
I i  l .~1~I I N i  j u t  ( h u e ’  I ) I V R t V A I l \ l .  Si V i t  i o u  i s  a S l u t d ’ w a v e ’ w i t h  m a g n i t u d e  A and
f ’ r t s i u u i ’ u i c v i t e i l l I ‘~I~t ’I’S t a i l !  sc ’i iS  d e l  m e d  l i i  I l i t ’ I N I l I A I ,  se’i’ t i o n .  S i nc e ’
I w i l l  lie , i ~‘ ces  H u e ’ es, a s  ot  I I I V L ’ t t  i Niche ’ A / ( ’ l ’W O P I * W C P S )  , [lie ’ 1C is se’t
,u ’ e ’ i c t ’c l i r i s l v  l i t  t h u  J ’ V 1  F l,\I ‘ ‘ i  l i e n ,  I I .  , u t t c l  l i i i’  C cle’ t’ iute ’d in  the ’
Ni I T Al Sc ’s I l ou t  is — j  . u u u c l  + ,~ — 1 , 1  i i n c h  I h ’ ~ ~‘a t t ss  1 , 1  t i t t i l  I T  t e e  he ’ TRI T E

i t t ’ EAI,SE di ’pt ’nul i i t t ’, c e n  i i  ( l i - v , u r u ’ I . 1) c - u ’ 0_ i) — t I C , lI d  , u u’ u d VI) are
u l st ~el I ‘ i e - p r u se’t t t 1 . 1  . I I  .iu iul I h u e ’ l~ -1~I I N I t h o u ’  I v , u t  I vc i r g e u u m ’n t  f o r  p l e c t  [ ing
Pulrllttse - s . I” I~ ’ e  i i  - - e ‘t I s  u I I ‘:1 i i i  y, i - I I he ’ t i n  I l u te ’ i’icnu ni ,iut el s t’u [o r o d  out

V t hi s ‘l’e - k t r c ’ t u i x  t O t  
V
i t , e V l - t , i j t i  h u T  e c 9 e v  g l u t s  i l  t he ’ u ’ c ’ sut l t s , as w e — I l

as gt ’ u le - r , u t  it t ’ .~ , i  ‘ l’ E t ’ ~ I ‘ l i l t ’  I c e  I c e -  l i t  t ’r c ’ u i t  l i i i i t t u  I i u t ~, p r i u t t t - r .
A u- i - ‘ i ’  I ~‘, ;  ‘ ‘ I  I’~ I - I N I I ’ c ’ ‘ I  t t ~ i t  I V - S c  ‘ I  c - u s c ’  i t  I i ‘ h u t ’ ’ - I, t I i i ’ Rh-i I N IT  a i ’ t i t i l l s

u u n u h e ’ r [ l i e ’  I im i t  — Ii l e t  s t u d  t , ‘‘ :,  - I i t t o i c ’s - I it - e u c t e r  t i e  c c it t d l i i  i t t  ot S clii

[ h ut ’  I’ c ’ k t r i e n i s ; . \ l  I’l t ’ I ;  u-~~- t TEl l’ un it g E N I ’ l , ’l’ i s  ~~e ’t  I” V”i l V S E .  Tic got  
V

pl o ts w i ( h u  t i t l e ’ ’; . ‘ I N t’l i s  - s t  I E I l ’  , u u i t t

S I t I I I  I F  = ‘ ...

i s  i n v t t k , ’ eT . I 511 ’ , ( l ie ’ S l i i i  I t ?  l o u t  sI ~e h c t t j u u u ’ i tt u e was  Sc ’t [ c c  0 4 4  st~t~
li i ’  s i u u c u i l , i t  j e S t  i s  t’ i uui  V i i  ( l ie ’ S I \ R  I c i ’ t u u i u i , u t u c l  , i u i e l  St  i e p h ) t ’ih V i , t  [hu e ’ i-ERM-r

f ldc r e t  ri [ l i e ’  I c i  ~t t  i t  i i ~ i I °u \ \ ‘l  I I - S e c  t j e c t i .  ‘Ii i ’

~,\\‘E ‘R\~ I: ’

c , emt n , u u i u l  s t v e ’ s  ( I i i ’ iii ii j u l  t’uu uu i ‘ i i i i t  i e ’ t u s  ( e e l  h u e - u ’w i’-d ’ t l u c y wou tlil he’ lt)St
;uI ti -r .‘u R E I N I ’ l ’  c ’ o r u i u n , u u u c l )  s ee  I l i i ?  I lui ’v ~~, i i u  l e e ’ Fi ’St  e c u ’sil I _ u t  t ’u ’ I i c r ’  ic t hi t ’ r
t ests . E E I N I . I V  is j t i v e ’ k c ’ e l  , i t t u l  l ’ S F I ’  i s  i e ’u- i c ’ t  ( i t  I . (t s e c  . l t t s t e ’ t i u l  of

.1
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p lo t t i ng  and printing these reins separatel y NRWITC is set TRUE so that
the file comtaining the values of all the variables on the PREF list
is not rewound between runs , thereby accumulating all of the data from
the runs as a unit to be plotted and pr inted together. The ACTION
command causes NDBUC to be set to 8 when time is 2.191 sec . After
TSTP is set to 3.6 Sec the ACTION is cleared. The simulation variables
are pr inted for the next eight integration steps to see exactly when
LIG and LTC switch their values to ensure that the U’~’1lN ’I ’ macro is
changing modes at the ri ght point in time . ‘I’he simulation is run by
the START command fo l lowed  by a RE I N I ’I ’  comnuand fel r ‘fSTP values of
0.44 , 1.6 2 .9  and 3.6 sec tce sate -h the m a c r o  in its various modes ‘~ith
R E I N I T  invoked . The las t  run  f o r  t h is s e r i e s  tel tests starts at 3.6 sec
and ends at 5.0 set’ . N R W I T C i s set FALSE and V . ID , LId and LTd are
plotted with the PLOT command as shiowru in  F i g u r e s  65 , 66 and 6 7 .  The
PRINT command causes the variables in [hue PREItAR statenic’nt to he
w r i t t e n  to the  ‘PRINT ’ f i l e  wh ich  is l a t e r  hnt e’lte~el t i a line printer
fo r  l i s t i n g .  The proper  opt - ra t  ion of  l2’~1l N T  u n d e r  R E 1 N 1 t  c o n d i t  ions is
checked by s i m p ly  s a y i n g  START w i t h o u t an a c c o m p a n y i n g  R E I N I T .  TSTP is

V set to 5.1 se-c and the  d a t a  are’ p r i n t e ’d . (No d a t a  a re  shown in this
d o c u m e n t . )  The initial COlleh it ~ (lf l5 were’ c o r r e c t  l v  e s t a b l i sh ed f or  I at
the simulation starting time- of 3.6 sec ( [ l i e  list t ime ’ a i < E I N I T  command
was i n v o k e d . ) .  The

RESTOR ‘ BASE’

s t a t emen t  res tore ’s  in t he s iru uu l a t  ion  [tie’ ic r i s ,  1 1 1 : 1 1  jul it la l e’eitttl it ions,
A is set to 6. 2 8 ) 2  ~~e t h a t  [Ito ou t pu t  I (tot’s uni t I i uii i t t i e r t Il is run .
TSTP is set to  5.0 and STARr  c ’ u ufl i f l ie - ute ’ss r u t i t t u  l u g  ( h u e s I mi t  l i t  I ou ~. PLOT
commands t h a t  a g r a p h  of I m d  ‘i l )  he ’ rn t u c i e ’  - ‘i’ hut ’  r ’ suu  1 t is  showul j u t
Fl gore 68. LId a n d  1, ’I’G a ri t us  be I c1 re- uu u ld , u r -  [t i c ’ u’efo re’ not shown .

XIII, LPULSE

A t r a i n  c e f  I c t i ’ , i c , u l  l c u i l  se ’s  can  be ’ e ’ uie ’ r , t t u - e h u s  log th e ’ l ,l ~t~I,SI
macre, . The I rttle’pe’ndi ’ui v ;e r I t b  I c ’ , do I - i i i  It -r 

, i s  uist ’ ul t o  d r I y e - i t  . I t

is to be not t’d thi ;i t i t t  : u u u  il I cl i i’, i I,il (~SSI, i uli p I inS ul t ;it 551 antI in  d i g i t a l
regions in a h y b r i d  i m p I e ~me~u u t , i t  i i cu i  I l u c ’ i t l t c ,i , i , u t  ion S t o l e  S i z e ’  may a f f e c t
the answers in t h a t u-u [etc e lu - ti ’ s ,’ s t c j l c ’ i ee u i d  i ’,uuu5 e’ t h e  put~ se’ to s t a y  on
i n d e f i n i t e l y .  Th e- i t u t t p r t t  w i l l  , u I w , i v s  Ice’ h i g h  (e -qu:u h to  TR IT E)  at t h e
beg i n n i n g  of t lie - f i r s t  c u - u  l u - i t t  a I on l i t  e u  v . u  I (s hock pe’r jcu (l on t hte analog)
t h a t  f o l l o w s  [lie e ’xac ’ t t u t r u t — t i l t  [ i me’ . ‘ l ’ h u e ’ st ;iutel a rd f o r m  is

LV = I,PUI.SE (Lx , p. w)

The result , LI , is a I tig [cal p u t  se [ r;u iii (TRUE icr FM,SE) s t a r t  ing at
V t he  f i r s t  c - a l c u l a t  ion m t  e r v u - u l t b i ; i [  c q i u u 1s or e-xct ’e ’ds t z . Period is

p and width is w. Figu re ’  69 i s  [ hit ’ th u - u - r u  l i s t  l i i i ’  of I , h t l ’ l , S E .  Figu re 16

a
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is t h e  t t ’s[ p r o gr a m  l i s t  L o g  t o : ’  l , h t l T l , S h ” . i i.! is  t h e output from LPU LSE
as ifl V elkt ’d itt t I l e ’ DEE I \ ‘A’I I ‘~‘h1 S e c t i c i t l  . f lue ’ v i  r i ab le ’s  t z , p and w are
~~e’t  by a C O N S t A N t ’  s [ ; u t e ’ u u u e ’u l t  i i i  [ l i e ’ I N I I 1 A I  S e c t  j e e l t  [ci  2 . 0 , 4 . 0  and
1.0 s i ’s , l c s l c c i [  i ’c’O I \ ’ . the , r’ e ’ s u I t ~~ c c l (lie t e s t  i r e ’ shown iii F i g u re  1 7 .
S e c  (, ion V I  tIe ’i-~ ’ u’ i l e t ’s  t hu e ’ ruin t i muu e ’ i ’ e u uti t i i , t ui ets t i e r  I t ie ’ I c-s t

XIV , LSTEP

‘I ’hit ’ l ,S ’l ’EI t un ac ’ r e t  T e r c e e h u m e e s  i c li , tuut’ , c ’ I i c u i u u  F A l S E  t i e  ‘I ’ R [T h ’ i n  I he ’
c u l u t  p u t t  u - u t  i SlI c e ’ i t  it ’ll \ ‘ , u  I t i c ’ e e l  t In ’ i i u c h e ’pi ’ u i & Ie ’ u u t  v , u r  j i b  I t ’ ‘I’ . ‘ l I m e ’  st-indard
I -  u ut is

1,1 = LS ’r r h ’  ( I  ~/V

I V  = FAI , S l ’~ ‘r t

LI = ‘I ’Rl ’ E I t

l i c e ’ l u g  I St eli I r i  e I l i e  I i i  st  c i  I c i t  I , u  I i ‘mu I i t t  c l v i  I I, s I e e e ’k pt -c  lo c h
ru ( l i t  , i t i , i l e t ; ’)  t h u t  c c l i i i I s  i t  i . i c e i I u - V

F i g u i t’ c i t )  is I ,  u i , S e ’ i , ’ I i s ?  i t s ’  c c l  1,1 1 1 . 5 1  - I - h i l t ’ s l i e  i s  I hi t ’ t e s t

~‘u ’i ’c , u’,i t uu I 1 s t  l ut i ’ , I c r  I S  l I t ,  \ ‘  I t i w i t  l i t  l Im e ’ l ) E R I V A 1 l V I ,  S e c t  i i ’u t I2t’” is
[ l i e ’  i l i l p u i t  e e l  ‘ m t i t s , l i ’ i I  t ’ \ l c u  , ‘ s s i c t u t  ~u i v e e t v I u i u ’ . , e u i l~ I l i e ’ I _ S i l t  nsic u’ ui . ‘I’wci
rui n ; mr s uui ,~~h c ’ w i l l ’ ( h u e  ( c — -i t  ‘u ‘ u t  i t t , t e e ’ si ’ e ’ c e n c l  rtuu i ‘ u - I  l i t  i t t ~ -, w i t h

E l  151  I e ’ i e icttii , u t u i h .  ( S e ’ I i ’it \ ‘ T  I i ’’ . u t l i - , I ui ’ r e i n  I t i l e ’ c ’ c ’ i t u t t m , i t t t l s . )  ‘T h e’
si i I t i s u - u - h e  t w i t  I t t  I” I ‘, u i t  c ’ I I -

X V. MODE

R e - I  e r c ’ n c e -  I ’ ’ I In’ , i u c i  l e e s , !  1 i u ’, i i  i i i , e i l e ’ ’ . u ’  1ev co i t u s  u I  t h i s  pse ’u iuhc i
s m i t t  mt ii t m t ctpe ’r m ( ‘ i ,  ‘ l ’tue ’ ‘ 1  uuuch , m ru I e u m u u  I

l ’ t’ = ~1 u I ~l I i  t -~ ’, )

I t  l i _ i s  uu c t  m i ’ . u u t i u u i ’ i t t  ui  u - i t t  e l i - H u t  t ’SSI  i m , u t e h i ’ u u ’ i ’ u u t , u t  lo ut ;iutth is always
F\ V I  V t [ V ~~• E c i t  t u u u l i e s ,  I m u m l i l  T I _ i l  i t  l i C i t  , I I t s  4S ’ I ’ t  u t  c e u i t ; l E I b - ’ w h i t -u i  ( hue-
tt ,munc’ u l u uuc e ch e ’  i s  i t t  i t 1 t c u i ?  i e ’ u i

m u ’s, = C I h ~ , 5 ’t ’t t , E l ’N , S ,~ l , I .~ IS S I i , E I  5 l . lt S . I ,~ 1 ‘ u  (1 1’

[‘i g t l u ’ u ’  71 is a I I u - I  I e u ’ i t t  l iii ’ n u , i c  t e e  ~I u u Iil . I i g u n ’  I (i i s  [ h u e ’ I c-st
p r o g r , i u iu  1 is? i u u g .  i ’ i ’ +  i s  I hue’ t e e m ?  l imit ~‘ i !  i , i t t t c ’ I t i ’ u u l  ‘luil il’ is i u t v e i k t ’d
i i i  I I m i ’  I 1ERI  \ ‘A I I  VI  ‘ u - ’  I i i e u t  — i i ;  I I u u ’  i t uuuu u ur u v  I u i ; e u i t  v , i  r I m I d  u ’ t ic t l i ) 1) l ’  . 4
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Two runs are made’ w i t  ii [h u e ’  c ’S( p r u e g r u t t u  • ( h i t -  se-cori d s t a r t  ing w i t h  a
REINIT command (Sect Ion V I chest ’ r i la-s t Iii’ run  I, ime- commands. ) The
res ult is shown in F i g u r e  1 7 .

XVI. MONO - 
-

The mu - it-re t mode-Is ,u l i e s ,  i i ’ m e i u i c cu - : t , c l c l c ’ . b i t ’ u - u - I  ,tnltLuu ’ ct i s  V u-

LV = M ON O (R , I,X ’

where 1.1 is .m le tg it ’, m l v u -m r l i t t l e ’;  I X  I t ;  u ~‘ m r j O l t ’ , t o u ’ i c a l  e’xpre-ss ion ,
cc constant ; m e t  N is a re -m I  u u ’ ttst , mt u l • c ’t - , t e n (  s s h - t m  c t n  v _ u r i u - i i u l e’ dot  i n iu l g
he’ p e r  ieid i t ?  [ lie ’ me t t l e —u - I , iht I t ’ . I I  l u--u- TR ( ’F I ’ ’ t ’ . i  p e r  f e c1 c c l  R se,’coutds

foe) lowing the t I tu - u - e ’ t h a t  I X  b e t  e e t t t t ’s I S l E .  Alt c r t h i s  pt-ri ce d 1,1 be’e ’ e i t t i c ’ t’,

FALSE cml c—i - i s T X  I s  St  i l l  ‘FEtE . It ’ t’X s , , e e ’ S  l” ,\ I  ~f thu r i is, (hue pe-r I c e el ,
LI still re—mu -u i n s  I N i t - lie n (lii- re -st u I  I l i t  1 c e ’ I ’ Ic e d . F i  s , i i t e ’  72 i s  .u I low
ej i , m n au n f o r  MON O , i i i e h  l ’ j t ’ t u r t ’  11  i s  a I is t t i l t ’ e e l  t im e m a u l , ’. ‘ e e l  I i e w i u t g
the I l ow c h i i g r , i m  l e t wtu e’ r i ’ ‘/7  1( 1-1  i s  15 ( 1 • I V i s u - ; ,  t c q u t i l  to I,X . I t
LI is t ’R UI ’  Oh ,DT , [lie ’ \V , l t i k  c i  t w hu ~-u i II 1 ir st s’, - i i t I S l E i i i  t h i s  p e r i o d ,
is set to T. ( N O t E :  I t  i s  i m p  1 e i t  I v  , i ’ ; s u i ’ i c , l  j u t  ( h i  i s  fi l e ru t  t h i t  [ l i t ’
i n d ep e n d e n t  v , i r i , I h u l e  i t _ m s  I t t - u -  d l e ? , u m u I ?  H t i e ’ . ‘ I ’ . )  Si - l e t i , - l , ,u~ l ug thi e-
macro thte A C SI .  K x t ’c ’utt j y e  b t ’ , i u i e S i c ’t- ; ( S V u - , ? t ) l . I ) l , \  • I I t t ’ \‘ , m l i l t ’ t e e n  t lie’
previo u s 1,1 , to  I I .  W h u m ’ u i  Y 1 I ’ I ’ l  i s  ! \ I S l  I X E  IS  se- I e d i t h t i ’ I X  sit i t
l ,X is an expre - s s iou l  i t  ‘w I I  I h i v e ’ t e e  I ce - - v t  l o u t  eel u c t e l v e l s e ’ pe ’r m u - m o r i e
e’ a I l  . I I ’ ( 11, 111, 1 i s  I”AI SE I,XI t It ; e~ h u i , e b e , I .  I f  I X P  is I , ,, \ l . S!, , I V  i s  t- , e t

Ic e FALSE , ()I,E)LI is set e e l u i . u  I I c e  I ,\ ’ a u u c l  ? h u e ’  i ’ u . u i ’ u ’ ’ i t ;  t e ’rn t i u l u - i t  i i ! . It I,XP
is TRI F, 01,1)1 i s  u- i t t I c e ‘I , I I  ii; V , e V I  l i i  T E l l , i l l  I . e i s  set t u e LI and  [h u e
macro is t e r r u u i n i t  c i t .  I t  t )I h ) lV\ i t  t E l l , I i t - ,  ituilel r u s t  ‘d I t’e tu u l  1)1,1)’]’ t e ’ S e e ’
i t  t h e  pt~r i -_ cd , R • h i s  Is - c - ut  c ’ s  c u t e 1 .  I I l iii’ p er  le ec h h i t s  hce ’ e ’tt  e ’x e ’ e’e ’e,he d
h X P  l i-i t’ hue ’c ’k e ’ c I . t u t e l  I i r . t u i c  h i i i i  e 5 , ~~~ i ’ ~ i t ,  I c e ’ ? e m  S - I I I l i e ’ It t— ni c c c l  huti s n ot
be’em e ’xcc ’t ’e l e’ cl , 1,’i is ’s’ ( _ V 5 1 1  — i u h I i l , ’l i u - ; u-~~l ( i t  t, ~ , u u t i h  I hue ’ mu - u e’ree is

terminat ed. I? / , Z I ” S ’ F ( u i I  l ) I ~ I j~ u- I t - u - s  ( l i m i t 0. u te n 27.55Ff, i s  ‘SI’E , [h ie ’
mu -ic roe c ’~~e he  i s  sk l ) I e u ’ ul

F i g uu re ’ 74 is  ~u I i  u - u - ?  h i s ,  o t  I In ’  I t  u , t I ’ u c ~~~~~ t i ~~ . u u u e l  , i s S t e e ’ l u - i ?  c-el r u i n  t i m e ’
e h r i v e V ca r d s  I c r  ‘h i N t ) . I X , t h u  l~~e~’ i i  m l i u t l e m u (  I c e  ~i u ~ iu , it- ; e u l c u i l a t o d  in

t h e ’ D F _ R I V A ’ I ’ J V E  S e t ’ ?  t i l l  w t u e-u e i t t  e ’ ” j e r e  s s l c ’ l i  u - I  1 0 5 1  5 1 1 °  c e l i e V l ’ a t d e r s  le t ’ i u t g
g r e a ter  t h u -j u l  0. rt e t c  h ee l  c h e ’ (  i r u i h i u l t i; i , h i e i I t t - u  I X  i i ;  I S l E or FAl SE .  I n  the-
I N I T I A L  s l u t  l e n , S j~~~V 

~u -u  t t e e  ‘.0 u - e u  ( l i i  e e u m g h m  t h e ’ u~~’ c c l  [ h i t ’ CONSTAN t
statement , ‘t hu Mu lN i ) is itt ~~e ’I’, , ’ ct  itt ( h ue ’  D E R I V A t I V E  Sc’c ’(  i i t t l  w i t  h i 1,1 u - is
i t s  o u t p u t .

In t he- run  I im e ’ m ’icntm;iu iets F~’ ’I’ l’ , th e e ’ s i uis t l , ut l e c u t  s t e e p p i t ig  time- , is
set tic 7. 0 sec . ‘r h e- s I mci l i t  i ’ ’ uu I s i t  I n u t  i’d w it hi [ hu t ’  STAR ’I’ c’ ommand and
is termin ated l i v  t I m e -  1 b’t~I I  mic ro I t - u t  ccl iut ( l ie ’ prc ’gru -um DYNAM IC sc,’ e ’t ion .
The’ PRINT e ’ u iinun ,u nel I i s ?  s ( It o v u - t n  i ; i h l c - , u -  u s  t h l e ’ t , i [ i ’ it  liv [h ue ’ 1’RI’l’AR sI;m t ement
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The R E I N I T  e’o mm an ch is j i t v t i k e ’ et • E S t l e  i s  n~-se’ t [ci [2 . 0  see , t he simu lat ion
is executed and the variable- s in  t h i ~ PRE h ’AR st -ute’m e ,’nt arc p r i n t e d  a g ai n .
FIgure 75 is the data output from the line printer. The monostable
period and lelg is ccit t p u t u-ire- cie rr e-c t u - u i u t l he mu - it’ cci p e r f c rm ed as it should
u n der  th e ’ REIN IT c’ond It ion .

XVII. RA

The- mac roe pe’ r fcc rms a not at [ccii c cl .u st’s . Th e’ st attdu-i rd form is

RA ( X , ’i’ = I  , ~~
‘ , t’h I ’)

w hu e -re ’

N 1 ’* ’ i c S i ’tTh ‘ \ ‘*5~ N i t  I l l

I l * S l ~~~ I l l )  + \ ‘ ‘ t 1 5 )  I ’ l l )

I l l  = [lie ’ ut ig  h e ’ i i i  r ~I in s

h ” i gui r e- 7ic is - u I i u - ; t  i i i s ,  e e l  t i e ’ u u l . u e ’ u  c c . I t l i t ;  u t _ u ,  iV e~ ;~‘ , u s  e l i c t ~k t _ cl ‘‘c it
s i m u i l  t , u u t e ’ e t u i s l  ~ w i t  hi [hue ’ (‘S,\ 11.1c m u ’ is e u  ‘v i , e u u t ; t v c h c ,s c iV i l e e ’ ch i n  Se-ct ioul VIII.

XVIII. SHIFT

‘ l I l t ’  u i m . uc ’ t , ’ i uue e e l , ’ l  u - u - .m ‘u — h i t  sh u i I t  i t ’ u- ’, Iu - u - t i t  . I m c -  s t , i i i i t u - m u ’ ih t d l r m  i s

S i ll F’I’(I 10 , 1 1 1  . 1 12 , 1 V 1 5 1 1 , 1 \ S l I  • I N S  I )

\s ’ ) t e ’ t ’ t ’ 1,11 ) . I I I , I ‘i 2 , 1 1 1  m u  e ’ ( l i i ’  l i e u - i , ml e t l i t  t i l l  ~‘a r  l i t t l e ’ s  e ’ cer ’u’ e’s p e t nc l j t tg  t o
( l i e ’ I ou r i l  l I e — I  l e e l e s  i i i  t h u c ’  u e s ,  i u - (  e r  m m u e t  r t ’ I e I ’ c - t ; e ’ u u (  I . 2 ,-~ ,S, re -S lut -st l vi’ l v .
N I i ’ i s un  h u t  t i t c l V  1 0 t i c  I ‘ e ) u - ’t  u u - l i t e t i c l  l i i i , , t e ‘ , i  he it I’ ’ 1 t e n ’ n t  w l u  i c ’hu
re l t ’ _~~t -5 t t t 5  ( l i e ’ c i ’ u - i l l i u u j l  i t  ‘t i l e - . I V X S l t  m m m c l  I \ S h  a t e ,  l i e 1 ’ h u h
va n i , i b l l e -t ; i t ? ’  h i ’ i ’ l c ’ i t  t t , I e u e u - c , l e e t i i ; . t I n  i e ’ u -’ j ’ u - t c ’ t  ‘- ; I u j I ( s  i t s  b i t  li ,mt[e ’ t’tt
l e t  [ l i e ’  b e l t  ( 1 1 0 1 X S I  , I l l  lAO , 1.12 I I • IA I IA!) e \ u l v  ti s i j i e r  j f l t c ’ —

Sl u t  i c _ c u t  515 1 e t u i n i u i i ’  w h i t - h i  t \ S t )  i s  151 1 • sI h u t ’ u i ,.’ l s t ’  ( t i e ’ pr e ’ u --u - c ’ u c t  s t a t e’ is
I e l

l”i c u r t —  77 i ’ c eu c t u - i  his a I l u e t , ’ ~I i , it ’m’ ,m mni e e l  S I t  I I ’ . I i g u r e ’  ‘5 i s  . u u u  ,\ ( ‘Sl,
l i s t  i u e s, c c ? ’ S t t l b ” I ’ . t n t  ( I i i  I I e ’w  u l i , i ’ u , m e u t  I I  ‘: 1 5 1 ( K )  i s  le st - . [hiatt 0.5 tin
/ Z R N I ” I  i S  TRUE I l i e - t i  t im e ’  f l i . t t ’ t ’ t ’  , , e ~h , ’ i s  le ~ lt ,t 55 e ’e h .  I l t i d e e ,  ( h i s  ni _ i c ’ n e  [~
e ’,~i ’i’ ui t & ’ t I te n t h v uel ic ’t’ l ee _ n lti u - i l eer’ h i t  i ’ g t , i t  iou sI c~he t umi d wl ui ’u t I hue ’ R h - 1 N 1 I ruin

h is’ e ’eeruurTnu - u r uc l  u s  i m u v u e k i - c I  od e e m  h u e ’s i r e ’ c ’I u . I n u ) ’ c - cl  — I I  7.2’ I C E I ,  is ‘I’RIIF
1.10 t h r o u g h h I )  i r e ’  i u i i t  h u h  I t c h  1ev  A N I ) ’ i i u s, N I ( ’ w i t l u  I ,!, ”c , S , re ’spee - t —
iv i ’h v. It Z’/ICEI. is FAlS E wit I,X SII i t t  t ’ A I , S l ’  I hu e ’ nt-st e e l  [hut- mac-roe c- ode
is ski pped . It” l XS ll it; 1511’ t Ime ’  r t i , i ~~ ; t i , r V  is iI u l l I u ’ e I  I t t  t hu.’ I c-ft liv
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one hi t . LLYO t h r o u g h 1.1,1 1 , [l u t e cl i  d Va h u ue’ S I or t Ile’ rt’ u- ’ is ter be fore a
shi f t occu r r ed , are se- I t o  1,I() thirc eug hi 1,1 ’), re’spective l y.

Figure 79 is a l i s t  lug  of th ie c ACSL test program fel r SHIFT . In the
DERIVATIVE scot ion LXSI u - mu c h l , X 5h i  , u r e - n h m c le ’ I m u i m s t  ions  e f  t ime’ using the
STEP macro . N IC is  set e ’qul u - i  I t e e  15 in [hi t’ IN I’FIAI, sect ion v Ia u -u
CONSTANT st,m t c-me-nt . 5111 h-i’ is u’ode ’ tI i n  l ime’ 1)ERJVA1 ’IVE S e c t  I O f l  with the
same v a r i a b l e - names u - ms Use d uhov e ’ .

I n  the ’ run  t i me c oemmu-i tic _ Is t he vu-u r it ch I c ’s I c e  l ie ’ print i_’d a re’ l ist e’d
In a PREPAR statem ent . TS’l’It , th e ’ s iuiuuil.m t i on  s t o p p i n g  t i m e , is set to
S sc-c - h it’ s imu lu - it tein is st ~u u [c- el u- i nc_h (ho restu it i ulg du -u t u - m  p r i n t  eel in
accordance wit hl t hue ’ l ’RKI’ AR st u - i t  eu uu e ’n l . ‘Fl ue’ RE IN I I ’  command is invoked ,
TSTP is sot to ii sc’s anti [lie’ s irnuilu - it ie iul i .s ruti u - u 5 u - u  i l l  w i t h  a printout
cli d a t a  u - ms b c- fore- . l- ’i gure’  80 s, [v t -S [l i t ’  r t ’ s m i h  t s u -ms ceu tp ui t on a line ’
print er.

XIX. SRTEFF

Thie mac’rci mod e-Is .m I I i h t — I I ‘p i i i  i t s  se- i  • l’ e ’ s t ’ t  , t r ic ’,ge’r u- co d

F enabl e modes - ‘Flit’ st , i tu tl , i rel I d c r u u l  [ t t

LV = SR T E I ” F ’ ( I , I C , I S , I , R , I , I ’ )

l . I C is the ’ Iot ’ic c’~~ I i r e ’ u - s i i t l u  , t t  I hu c’ m i l l  I l l  s I d e ’ c c ?  t h u  1 1 1 1 1 — I  ltlh ) .

The’ ii lp— [u icp c hange ’s ’ 1 i t  i ’  e ’ uilv w l t c ’ ii  I lie ’ l i e 5 ,  h e ’ e x p r e ss j u e t i  I.E is ‘tNt’S.
‘flit’ I dig  i c ’ vu - u r i u - m h I c’  I i  is ce ‘ I l l  t i c  I I c c l  1ev [lii’ I c es, h e  c ’x p  u c t-i s i e m s  1,5 utte l
l _ R u - i s  shown in  [ tic’ Ice  I I tew I us I rut (hi L .u hi IC ’ ’

I’ III IV

I I I /F I \ is m mi j c ’ hi , u tt u - ’ i ’ ,l
‘I’ F’ 1’

I I ’
‘I’ I ‘I’/F’ h .\ u b m , i l i i ’ c ’ u - u -  SI u t e’

Fi gum re ’ Ml u ’ c ’ u i t , I t i t - , ,u I h ew e t i m g r . i u u e  e e l  SR’I’l’l’h-’. Vu - c urt ’ 5,’ is u -I l l  ACSI,
l i s t i n g  of SS T Eh” l ’ . R i - t i m  t ’ i i ’  i l u s ,  (Iii’ I h u e w  e h i . i i u ’ u - u m n , I I  2 / 5 5 1’ (01.1)1.1) is
l ess than () S on ‘/ZHNEl, i s  ‘FRI ’S  ( l i e  mat ’ u se c o d e ’ i s  h e v p u - i s s c ’cI . ‘tInts [ii Is
m a c n e  i s  e ’X e’ c ’U t  i i ?  u c I t I V e ’ t t t ’ i ’ h i t  n t _ i j i ’r h i l t  e g r , u t  h u e n t  S t  e’p. If Z Z I C F I .  is
TRU E , 1.I Is s e t  e ’( I u i u - I I  I , e 1 , 1 1 ’ ,i rtil e ’ d e t i ( i ’ d I s  L n,Il)slt-m’ rt ’eI t o  the last
i.xecui table st it ome n [ in (hi t ’ m u - h e  ne c . I I I I ,  i t ;  EAI,S S I lie ’ res t  e m I  [ lie’ code

- 
I is ski pped. The’ re - u - u - f  c c l  ( h u e -  h e r . u u t e ’ h i u i g  sI u - u - i i 1- . t u t  u c c r w a r t l l v  I m p l e m e n t s  the

t r u t h  tab I t ’  l e e r  1.1 . Ih teWt ’ ve ’ r t h e n ’  is [lie su uh t I et t v of [ l i e ’ h i t s ,  Ic sequence
h t - lng  I m p o r t a n t .  F I u u , u  I I v  ( 1 1,0) ’ 

• (hut’ 1 m e v  i u u u t 5  v i  l u t e ’  e e l  1, IS  Si’[ equa l
to LY In pre ’par ;lt m u  I cu r l iii- n e x t  le , m ~;t ; t h ur i e u igl u.
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Figure 8 1 Is a l i s t  lug  t m t  t h e ’ c ’u - c _ S l ,  t e s t  p rogram f o r  SRTEFF.  In
the DERIVATIVE section LE , ER , 1,5 are - rriu -idt ’ functions of t i m e  v ia  the
STEP mac ro. SRTEFF Is th u- n i n v o ked .  l , I C  is d c - f i n e d  in t he  I N I T I A L
sect ion t h roug h t huo use of the ’ CONS1’AN’I’ st u- i t ome - i t t

In  t hit- ruin I I tin - c’cimnuu -u tids t h e ’ vu - in i i  h I  c’S t i c  be’ pr in  It’d u-Ire’ listed in
u-i I’REPAR St u - u t  e ’meit [ - T5’FE’ , [ h u e  s i urni h ,~t limit s [ t m p p  hut s , I i me’, is set to
q See’ . ‘I’hc S’I AR’h ’ ec iru imu -in d c’,tuise ’s  I hit’ S i nuti lu - il i ceo t u e  lie ’s, itt u-inch the ’  r -su I t —
ing th;ut.i p r i n t  eel 1(1 u - ue ’e’emrt l at i c -e w i th u t h u t -  h ’R h-: I t AR St .mt e’nie’fll . The R E i N  IT
cemmmand Is t lien use’tl wit ft i’STI’ be I rig ru -se ’ t ic e I . e  see ’ . ‘[‘hue ’ s imu hit ion
is run a g a i n  w i t h  u - u pri ut t o e l t ccl ’ du-u tu - i u - i s  hme l eire’ . Fi gure -  84 c e en t a l n s  the
dat u pr int ocut leer t i te’ Se ’  t wee r u u u t s

XX . SRTFF

i’htt’ mu -ic’ ri d n i ue c d e ’ I t - i a I I i ll—I li mp itt It s Se ’ [ , rt ’st -t  and t r i gger modes
( t i u m  enab  h e ’ O ct 0 1  ree l ) - ‘hIt s St  , u n t e h u - m  t’ el I u m u ’ uuu i s

I V  = SR’h’FI” (1.15 • I S  • IN )

1, 15  i s  a l e e s ,  i s  t x l m t e s s  l t e n d  I on I Iii ’ hi t i, i l st it e ’ e e l  ( hi t ’ I h i 1 e — I l  c m l i . The
l c e g i t ’ u - m I v u - i r h u - t h l l e’ I V  is s u e m i t  u _

e e l  h u h  1ev t he -  l o ris t ’\ t e u e s s i e m n s  1.5 u - m cI SR u-is
slueewu’u i i i  [he ’  I e e l  I ow i t i c  I m a u l  hi  I ,m t e l c’

- 
1,5 h R  El 

-

I” F ‘I’! I” IA ’  I s  mitt , ’ Ii, i t t
I F’ ‘I ’

‘I’ I- ’

I I ’ I / I ’  I ’ ) c h t , d n i s , e u- ; St  i t

‘flit— I h e w  eh i , m ’, ru- muci l i e n  SR I II , i t - ;  t I m e  t ; , m e u u e ’ i - u -  ( l i i i  l i e u  SR’l’FFF .
Fl gui re- MI , c ’x s  c - p t  t h t u - u t I hue ’ ne i t ;  u -  s i n e ’ , k I c - u  ( h u e ’ u--i l ‘ i i i ’  c c l  t hue ’  v ar  l u - t b  t o
II: . Fi gu re- S m  Is i i i  u - \ ( ’SI I 1 s t  i O u - ’ e e l  5 5 1 1 , 1 .  I l u e ’ I est  ~i t e m g n u - un i  Ion

u- ’ S I  I l l ’  it - u - I h u e ’ 5 , i t t m c ’  e t t l i ’  u t i-u - i ’e h  I t e r  55111 ’ ( I - ’ g u n  e ’ 5 - I ) .  ‘ e~ u u - tnt exp Ian~ut ion 
V

m l  t h e ’  ni u -mc ’re e , ‘ c m e h c  m i d  [lii ’ t u t u - I  p n e ’ 5 t  in i c u l i ’ i t - ;  l~c , ? e , u t e, i_ h t e e  S e c t  j o l t  X I X .
I” t g u m rt -  lib t ’ e m t t t , i i t u t - , ( hue ’ t i -s t  c h i t  , m I i s l  h i t s ,  I e d t  55111” .

X XI. SWITCH

T I u c  m i s  r et  n u t m c t .  ‘ I t - ;  I hue ’ aw it u ’tu i t i c  l e e r  . m s ju t s , he i npuu t /s ing li- out puit
i t t  v i c e  . ‘l’ I~t ’ s t d u t d ar d l  I ce rn  i t - u -

I = S w l I ’ C I l  ( I X , X l
I

1 2 1
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where

V = X if LX is TRUE

‘1 = 0.0 if LX is FAI ,SE

and Y and X are taken  to  hi ’ u - u r c ’ u - m l v a r i , i t c l o  u - mo d u -i re-al c’xpression ,
respect ively .

Fi gure 87 is the  ACSI , u.’ode f or  S W I T C H . The’ RSW m a s r o  is used w i t h i
one argument  being 0.0. The’ t es t  p r o g r u - u m  i s  shown in Fi gure 16. INPUT , V

the switched input , antI LX u -ire- de fitte’d in  t h e  l )E R I V A T 1V E  s e c t i o n .
SWITCH is invoke-cl wit It tile’ cm u [  11111 he- i it s, \‘ .

~ . ‘I’hte ’ m i t  I into celmlflandS se-I
c o n s t a n t s , p r i t i t and plot du - i [u - i u - in tel com tt niel t ’xe’ c ’ut  i t l u i  of  thw simu lat io ti .
The PREPAR state’me’uit c e e n t u - u  juts the’ var j,ul’e l c’s t i c  be’ pr  j n t e ’el u- u s a f ur u c t  ion
of t i m e . NDRUC i s  u - u - s t  tim 8. This cu-iumst ’s [Itt’ p ri n t ins, ci f m eest of tht’
program var iabl es leer  I ho first c - I gh [ i i t t  e ’ gr ;i t  i ce t i  ste-ps . ‘1 5F F , I he
s mmul at tout St ~~~~ in s ,  t I nut- , is s e t  t e e  2 s e t ’ - ‘l ’hi c’ S I A R l t ’omn uu -cnd cu -lo ses
the  s i m u l a t  ion tee lee’g ii t u - i t t i h  [hue ’ rc ’su il I jut s , d : u t u - m  i r e ’ l e t ’ i t t t e ’d i i i  u -m t- tc t rdu -mnse-
w I tht t hue htREhtA R s t a t  em it-ti t . ‘F lue ’  551 N I ‘I ’ c ’ t euu un i . u t t e l  i s  [ lie-it used w i t  Ii ‘l’S’l’P
b e i n g  reset te l  8 5e’e ’ . I R e ’  s i u n u u t u - i t  i e ’u i  i s c ’’ e ’ c ’ t i ?  ed . i s , . m  i n  u - in tl  c_ S i tu - i  u - i r e ’
p r i n t e d . Fi gu re ’ 17  shows Y e , I X  a u t e h  1 5 1 5 1  I l u - u - t e l  ,u s  I uuu )e ’t i u i f l s  ee l t Unit ’ .

XX II. TIMER

The m.ie’ rem m em d c ’ Is in I uu [  c _ ’ n y u - u I I j u ut ’  u’ ( I  Sc- , U’ i t  e’o’,uot c i’ ) .

standu -urc l form is

TIMER( 1,Y , 1,150 = N h ’ , I . X ( ’ I  • 5, 1,5 1

N IC is ,in ir t [ e’gi’r e x p r e s s  i c eu t spec ’ I I  v h i ’  t i l e ’ ui t inuh e t ’u e e l t e t u  l u - u - c u- ; I h a t  w i  h I
he counted . IS , u- i Ic e gi s c ’ c , I t u e ’ s s i e e u i , s t a r t s  [ h u t -  I i n t e r’ e e l  I. IV , [h ue’
logic output vu-u r iii ’ It ’ , w II I (hue -ut u - c ’ I S I S m d  t tic ’ c ’ c muu nu t st ur t ins, wit Ii a
va lute e’qua I 1 c m N IC  l u - i  el i _ c ’ ni ’ nue - ue  I I ~ , i e ’ I i  I I ‘ ‘ i ’  ( l i e ’ 1 ‘c i ’ e ’ ” i ’  t e S s  l c e t t  I ,XC I

is ‘FRUE on ( l i e ~ I h r - i l  m i n ~’u u - u - i t  p c d l  . m u i u , I  j c t  i- il e ’s , t  i l  l o u t  St 0~~. 1,1 r t ’ t u m n t s

t u e  FALSE t h t e ’  r u - u  I t ’ u i l , i I  i u e u u  l u t l  e’u ’V , i  I u t l e n I li e’ c c i t t ’  whu e - ri- I hi t ’ c ount re-u -ui ’hue’s
zero . h,YCO , u-i I t s-i c - c c i t t  pu i( \ ‘ e u  i, i helt ’ , is IRI S I e ’u c e ite ’ ni,u I e~r i u i t t ’g r a t  lien

Step (s I oc_’k pt’r i t ed i eu i I lie ’ , unt u - u I c e , ’ )  j e t’ b e ’  t’ l e e  I V ui -lit r’ut i n s ,  t i e  h A l  SI- t hu-it
is , 1,YC() is ‘tRI t E wh it -u i (hut’ c i e u i u t t  is zene e . Aue~’ I m u ’  t hi ,u ( (hu e’ log ic ’
exprt-ssion l,R i t t  151 1, 1) ’ ni ’tcm r uts I t ’  F ’AI SI” ,m nd ( j u t ’ es c u mu t t ’u’ i s  u’~ se ’t t i e
N I C .

FI gure  88 i- e e t l t u - i i n s  u - i I I c e w  el i . i g n i u u i  c d l  T I M E R . I ’ i s ,u i t’ c ’ Sd) is u-un ACSI,
l ist  Ing of T I M E R .  Re ’fe- r t -u l i ’ h u t s ,  ( l ie I I c m W  cl i .ug r.mu n , II Z’/,FS’F (Kh’) Is I e-ss
than 0. 5 or ZZRNFI. i s  i ’Rl lh- I l i t ’  u u uu - t e ’ r ue  e ’ c u d  i - is I e v h mu - i  SSOit  , ‘h ’hu is mu-ic rd is
execu ted onl y once- per mu - u j e e r  in t l i’gu ’u - mt lout s( e ’p  u - uuc h whit -it (li e- REINI1’

command is Invoked no vu - i l ut-s . i n i ’  c ’ h i u - u i ig t ’i I . I t ‘I,?. I 551. c c l IS is TRUE t h e n
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LV ,m nd STARTI) , th t e ’ l e e c u - u l  start clown count logic variables arc’ set to
FALSE. Also KP , the l o c a l  iui te ’ger variu -ih ie thua t keeps t r a c k  of t he
p rev ious  value for the down count , is set equal to NIC . If STARTD and
t .S are  FALSE , b r .mn ch ’u i n ,. ’, is u - is ,eb ove ’ . It c-i tho r S’I’ARTI) or 1,S is TRUE ,
S’I ’ARTI) and 1.Y u - i re ’  set t ee  T R I t E .  I f  1,XC I is FA l SE [ho re-mu -u nder of the
mat ’ ret is ski pped ; if ‘h’RUE K , tI lt ’ p re-sc-ti I vu - u l u te ’  leer  t h e  de wn coun t  , is
tie-c re-me-itt e’d liv one’ - I I K is e q u u - m  I to ze’ nil [l i en  I,YC() i s  se- i 1’RIIE
S’l’ARTI) is set FALSE u-i ntl KI’ i s  r e -se t t e e  N I C ;  II K is not equal to ze ’r c e
KI~ is se’t to K u - inte l  [h i t ’ mu - mt - n - _ c is t’uitle’ ch . lA’CO st u v t-u- ‘l’RtJ S fee r c_mn l v  otie
c u - i t ool u-it jte fl iui t e’ rvu-i I by se’[t I it s , i t  l e e FALSE u - it the ’ I reet i t  of the mu - i c  ro .
IS Ru -ms t i e  lee ‘I ’Rt lE  lien tent ’,’ t e n t ’  e ’ , u h c ’ t u l . u I  i c e l i  i u t t e ’rv ;m I l e e r  d tm wn t’ou n t  i ng
int-e STAR t]) w i l l  lee si ’( V I S I t - I ,  uu m i [ I I  K hees’iemes Ze ’ re m .

F i g u m r e ’ o) ()  i s  .m l i t - i t iu tg e e l the ’ ACS1~ [c- st p n u e g r u - m m  t i er TIMER. In the
t ) l ’ R I \ ‘AI ’  I VS Sc ’ , ’ I it’ll I X (’ I • 1.5 , iu ie (  I S  u - U t ’ n t u - i t t t’ t u n i c ’ I hens of t jute’ t hro eu g h
[hit ’ l i S t ’ , m I  I h it ’ S I ’ l l ’  uti l e ri m . lii t t i e ’ I N  I I  l t d .  s e c t  i c d ni N I C  is c_ It ’ d ’ l u - u r e d  u-un
i n t e g e r in t l  S t - I  t i e  7 1 h u r u e u i g l m  I hue ’ cisc - c c l  .i C O N S I A N I u - ; t  i t t - m t - n t .  The
l ’ t ~~1 l R  f l u - u n ’  is . u l s , ’ p u t t  i n c  [ h u e -  I ) F , R I V , \ I ’ I V I - ’. s u e t  l i m i t .

h u t  [ l ie ’ l’ u t u i  I l in e ’ c ’ e e u c u m u u . e u u , I , ;  t l i e ’ v , m  n i  , m h m  h e ’s I c ’ l et ’ p r  h i t  c-el u - ire- 1 iste’d in
u - u P R E I C ,\R ~ I , t t e ’ucl t ’t i t . 15 F F , I l u e~ s i m m u l , u t  out s t e e h e l e l u t l ’, I i tlie ’, i s  se’t it )

5 u - i c e ’ . ‘Flue ’ s h t i e u i t , u I  ~ e e i i  is u - i l  . i i ’ l e ’ t h  musl t h e ’  r t ’ scu l [ j u t s ,  d,i [,i prit ite ’eI in
, i ct ’e ere l u - m m i c ’ c’ w i t  hi I h i , ’ F R I ’ l ’ \ S  ‘-it i l  t ’n u u e ’ m u l  . ‘ t h e ’ RE [ N I  ‘I ’ e ’ u em ui ut uu - m u t t l is invie ked
.uuud I’S II’ i s  n e t - s t L u ’ 2 I.~) s e e ’ . NIWI 5 I s  s e t  t e e  ‘e ,uutd wtue n t Ime - START
c - ie m m , u n c ,I i s  . m g . i  i i i  I t i ’ , ’e e k t ’ c h a l i s t  i n s ,  c ’ I  u u l e e s l  oI [hu e ’ S i uuu u l ,it ion  v a r i a b l e’s
‘~‘ i l  I tee m u c h ,  I c r  ( l ie ’ I l i s t  ‘e h U e ’ g t ’ , i [  jiS t Stt ’l ’S  c c l  t h is sj n t u l , m ( ion run .

l i t  m u - i r e -  m I s c ’  pr’ i t i l  u - I ,ue ’u u u n i h  b u t ’ , I c e  ( hue  I’RI ’]~A R s t . m l e m s - u t t 1ev a g a i n  invelking
I h ut’ l’RIN’I sl it e’me ’u u l . l ” l u - ’, u i l e ’ ‘I I shicew s l Iut - I l ute ’ l e r i t t t t ’ r ’  l i s t  iui g leer  t h e -se
Iw o  s imiil u t i emi t  reiu iti In c lu sts I l i e ’ 51) 51t - S p e t i t  i c e u t ’I

‘I
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‘1
AT LAC H. p .’ A C F I L . [ ) C M A C F I I  •T )~

u ,r tC-~,I ‘.. Y ” ,

~ T T ,A C~~.o Cdj ,  ,mJ ( ’ A (’
~~c i  , y u e — I ) C A C (

IICSL. l~ I”- P t ’ T
PFTS ’

~~ e .tu r Ct, .~ 4 A C ~ It
F I I~~C 

(mvh.u- J t F  • P
J~T TA C ’~.~~C~~I,L Il~ ,~~i(;L,( S i t , l u -  • T P~~l~C:u ( ’ c l SY S
X FQ
I, f~S FT . l , T P ~~~~~L L l n P~i~~~F l  ~,~~rii-
L 0 A u~ = I V (“ ~
Ic,u-CC,0= l (“ 0 1’~
PFTt ’ i~”c . A C c L L  li”
L ( ~~ 0~~ ’

F i g u r e  1. NOS/BE intel ai-ti ve termina l command s to
c o m p i l e ’  and e x e c u t e  a mu -acr e t e s t  program .

1w . T Pu -.PI’ T
A T T ( u (’~u .r~’ A C F  l b . . I)C~”A CF j~ .1  c~ 1,(~~C ’~1 , y’~,
4 T T A C ~~ .A C cL . l ’ ( A (  ~ I • ,~~ I i C ,~I(’ ”s( SY~
AC S( .1~~ T~” $ u - I P T
Pr  TI l ’~ ; .~~Cc L .~~i~çc y t
F I P~1 . ~‘u- ( e~ ILl • ‘e ’ “

It TT Ii C~c .  
~C~~I A  I t~i ,r iC~~Cc I I 1’’ .! e ’~~5C ‘u -I ’ i” I  e,-

ei ’ T TA C ’ ’,,~~1t ) T t ! t t . T t ~I’ Tc ) I c T e e f l l 4 , h i u - . , T 1)t u) T , (Y ~~?
I.~u-’ u ’ii ‘F. ~T •~ 

C- 0° •

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t f l S F ’T.L !1~~~ 1’~l L I u .~~ 5
I ~~u~4 f l ! , 1’O
Pc e O ( 0 — i  ( 0 i ~’

C~ TAL t -” .L(’O mt ~ k’ ,~j’u,u- (l 1ct , ‘~r ,, • f p u ’ u u ”, y ~ e u

PF T I u.~~. . I [  (ITt I • A (, ’-,I_ I j O , h  ‘‘0°

Figure 2 , NOS/BE interact ive l e r m in a l  c ommands to
o b t a i n  u-in a b s o l u i t e  f i l e , l, Cfll t , of a macro t e s t
program to  r u in t e s t s  fo r  a macro on the Tektronix
6014.
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0000000000000000000000
HOMOD .CM77000.
ACC T (PN3MERRIMAN ,PBCS ,cC ,OP=A3,JN.O~ MC)
ATTACH (MACF IL ,DCMACF II, ID~ DCACSL SY S)
ATTACH (A CSL ,DCACSL , TD=DCA CSLS YS )
ACS L ( 1  INPUT)
RETIJRNci ACSL,MAC FIL.
FTN( I~ COMPILE ,R 2)
MAP ,OFF .
ATTAC H (ACSLL 18 ,DCACSLI IA , ‘ID=DCACS ISYS)
LDSF T (LIA ACSL LIB,PR(SETZ INOEF )
LOAD .LGO .
NOG0,LGOB.
RET URN,ACSLL IB .
LGOA.
E X I T .
00000 00 0 00 0000 0000 000 0

Figure 3. Scope job control cards for batch jobs
ten the (‘DC 6600.
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~L~~~~~~~~~~~~~~i:: iiiiii ~iTIIIIII _
TIME

TRUE

-J

FALSE -

‘- f g u r e  4.  flutput from AMOImrI and a cont inuous
resolver f or ramp inpu t.
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MACRO A M O D P I (T h , L Y ,T Hc )
MA CRO REDEFINE M,N
LOGICAL LV
INTEGE R M,N, MOD~~INT
N= INT ( (T l - I S )/3 .14 16 )
M=N-N/ 2
T H=T HS— FL OAT ( P4 ) 0 6 .2 8 3 2
I.V=MOD (M,2) .E(i.0
MA CPO END

Firure 6. listl n g of AMODPT macro.
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T

Si

ZZRIFI.
C I

K .M AXO (MINO (I ,ZZ L ~~ ( LXS ,i .SI
V •ZZL~~ (LXi ,2,O).ZZL ~~ (LX2 ,4.S)

ZZI CFL •ZZL SWI L X3 , S,S)) ,Sl
L141• .F

T

F T F 1’

3 tSAS L~ AST iXUP

k •K P—i

LYCO ’,F ,

LYl .LYZ~ F 1 ~
i~YS-L Y 3- ,T LII I 

NOT LXUP
K-S

F F

4 [YCO - .T.

LYS.L YI .. I K
V LY2.LY3 F. LIII

k 1  F

F 4

I 3 2
F

-Lx c I LNI LYCS LYI.*NDIK .2).UE S
EUD NAIL S LY2 ANO IK ,4).Nt .I

LY 3-ANO(K .11.15 .5

! ‘ i t u i l e  7. n i cc ~~~ d L ’ugram for  BCDCTR.
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MACRO 6CDC TR(LYO .LY l ,L Y2 .LV 3 ,LYCO ,LXO ,LX1 ,LX ~~,L X3 ,L~ tiP ,LXCI , PST)
MA CRO REDE FINE K ,KP ,Lp4I , NABL t.
LOGICAL LYI),L Yl ,LY2 ,LY 3 .L ’FCO ,LH I ,NARLE
1- ITEGER K ,Kl-~,AND ,MINO , MAX 0 ,ZLLcW
MA CRO RELA -IEL Ll ,L2 ,L3 ,L’..LS,L~,,Li,L 8,L9,Ll0
PR(,CEDURAL(L YO ,LYI ,LY2 ,LY) ,LTCO LXO .LXL. L *2 ,L*3 ,LXUP ,LXC I ,RST)
I F’ (ZZFSTOc).LT .O.5)GO TO 1,2
l F(ZZRNFL) ’~O TO 12
LF ’ (ZZ ICFL ) GO TO 16
1F(.NOT.NA ’~LE)GO TO 13
I F (.NOT.(RST))GO TO L i
Ll’e ..K5MA X0(MIN O (9,7ZL SW (LXO ,1,O )•ZZL SU (LXl.2 ’O)~~ZZLSW(LX2 ,4 ,O),ZZLSW (...
Lx 1.8.O) ) .0)
Li4[~~.F’ALSE.
GO TO L 10
Li • .KzK P—1
IF’ (L*UP) 11 1(P.l
LlO. .LYCO= .FALSE .
IF(.NOT .(lK.L (.O).AND ..NOT.L~ UO))GO TO L4
IF (L HI)GO TO 18
L9..LYCO .TRUE .
GO 10 Li
Lit . .LYO .T~ UE .
L Y 1 .FALSE.
LY?T .FALSE .
LY 3~ .T RUE
I~~ 9
uO 10 15
L4 ..IF (.NOT .((K.GE.9). A PeU. LXUP)) GO TO 17
LF( .NO T .LMI )GO TO L9
LYO z .FALSE .
LV l x .FALSE .
LY2~~.FALSE .
LY3 Z .FAL SE .
I~=0
GO 10 15
17. .LYO ANI ) (I~ .1) .NE.O
Lf l zA N D( K , ? )  .NE.O
L Y2ZAND (II,4) .NE.O
LY3~ AND (K ,R ) .NE.O
L5. .$~P K
LHIXLYCO
13. .NABL E2I. XC!
L2..CONTIN IJE
E
MACRO END

FIgure 8. LIsting of the BCDCTR macro .
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PROGRAU RCDCT~ TE ST
— PP O V IBF S ENV IQ ON MFPT FCI~ HC1)C1I~ MOD [iL F

l~ I T I A L
1,,( ICA L [ X C I  • t i l l’ , 1)I,JM , A (I • LI

, A ? , . LYI ” • ~O •
. ‘~~

‘
~ ‘ - ‘ -I • IS’N • ( , I I G H

L O 1 - T C A L  (‘ u p_il)
C c ” ,S TA N T  DUN = .~~A L SF . . A~

e = • FAI  ‘,f~ , A l  .F’A Lcr .
A? = .FA L S F . • -~~ = • T t ~(i[ . • i-I t) • .F A L S F .

, ,FAtSE . • ‘-~~~ • F’ AL S F . , 13 • .TPUE .
C O N S T A N T  T S T P  “‘ i . • ) e i p ” P = .~~AL SE .
C I’c . T E P v A L C I NT  1 .0

V ALC .OP ITI-%l ILL ,

~~~TF P~ P’,s T P = I
M A X T E Q V A L  MA * ~ 1.0

EP~[)

DYN AMIC
P’u ( I h I M E P  = A MAXI( A M !NI (91 .. RS~e ( 1 X O , 1 . .0 .)  • I~S t , i ( L X l . 7 . , f l . )

• RSW(LX2,4.,O.) • RS* (LX1.P .,0.)
• RSW (LYO,IO.,O.) • ~SW( L .Y1. ?O .,0.)
• PSW ILY2 .40 .,O.) • Pc~~ (L Y 3 , R0 . ,O . ) ) ,  0 .)

OERI VAT IV F
l id = LSw fT .LT .3P ., C L o C $ ( 3 . O ) . A N D . ( T . e T ~~2. 0 ) ,  C L 0 C ~~( 2 . 0 ) )
LX1:~ = L SW (T •~-T . 3l~.. .F ALSE. , •TPUF .)
Plu- OC EO UPA L ( L Y t ~:1~ 4 I G M )
a C O C T P ( IX O .  L X I .  1*?. 1*3.  IX P -= A O .  A l .  A? ,  A 9 ,  LX I iP ,  L X C I ,  LkIGPI )
1-~Cr~C T P ( L Y C .  Lv i .  t Y 2 .  1v3 .  L Y I — = B 0 ,  h I .  P2, P3 , LXU P . L X I ~.A NO.

I X C I , 1~-’T~~~
)

lf ’IC ’~4 = LX ~l .AN(l . ~(4l’YO.ANfl .LY)) .ANO . LX$-)P F .Ol~. •J’vOT.lLyO
OP .t VI . (IP .L V ? .02 .LY 3 . O P .L XUP ) )

END S “ P ROCE DI QAL ”
END

T F PMT (T •C e T .  T S T P )

T E R M I N A l
IF(DUM P CALL O FA I G

END
END
000 0 000 00 000 000 000 0000
P~~EPA P T , P ’ 4 U M R EP .L FC T , 1 X u r P ,1YH, LXH.L I ~ I6H
SET i)t i ” P: .TPUE .
S ET T S T P=4 0 . , P . I ) H IJ C ,= c
PROCED C-f l
S T A .-c
P’ u -IN T “ A L L ”
EP~DS”0F GO”
GO ‘ PEINIT  S SET T ST P=?’ . f l .  s r.o
S T OP
0 000000 00 000 00 00 00 00 0 II
0 00 000 0000 0000 0000 0 0 0 0

Figure 9. ACSL test progra m and associated run
time cottn~ands for BCDCTR .
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ZZFS11KI
‘- Si

T
S

K-N*KSlNINSII,ZlL~~~(L XS,I .5)
•ZZ L~~~(LXI .2.S).ZZL (LX 2 ,4 ,SI

ZZ ICFI, ~
LHI• .F .

F 
SA lL E 

T IXUP K’KP.I
1 7

k-KP-l

LYCO -.F.

IY I • LY2• VT . Vf LII I T 
~ lAID

LY S- LY3 -T.  NOT l.XUP
k—IS 7

F

4 LYCO • .T .

FV 
LIIILYS LYI... T K

LYZ LY3- .F. FlAi l .
K-I y 7 ~~ IIr

F

3
LYI-AUOlK .l ) .NE S

LNI .LYcI LYI.ANOIk .Z).Nl,SAND NA ILI - L X C I kP~K 
LY2.ANDIK ,4).N1 .I
LY3-AiD (K ,i.Nl .S

Ngure U. Flow dti~ rart of RT ’~~T R.
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MACRO B I N C T R I L Y O , L Y 1 , L Y 2 . L Y 3 , L Y C O , L X O , L X L , L X d , L X 3 , L X U P , L X C I , R S T )
MACRO REDEFINE K,KP,LPI1,NABLL
LOGICAL LY O , LY 1 . L Y 2 . L V 3 , t -V C O, L H I ,NA RL E
1)-~1EGER K,KP ,ANO ,MII’40,MAAO ,ZLLSW
MACRO RELABEL L1,L2,L3,L4,LS,L~,,L7,L8,L9.L10
PR0CEOURAL (LY0 .LY1.LY2 ,LY3,L1CO L~ 0.1X1 ,L*2 ,LX3 ,LXUP ,L*CI.RST)
IF(ZZFST (K).LT.0.5)GO 10 12
I F ( Z Z R P - IFL ) C, O TO 12
IFIZZ ICFL )C.O TO Lb
IFl .N O T .NA BLE )GO TO L3
LF (.NOT.(RST))GO TO LI

V Le...K .MAXO (M INO (9,LZLSW( LXO ,L ,O )4ZZLSWI LX1 ,2 ,O )4ZZLSW( LX2 ,4 ,0)+ZZLSW (...
L X 3 , B , O ) ) . 0 )
LI.) IT • F AL SE
(-.0 TO 110
LI .,K.PcP—I
IF  (1 XIJP ) K I
L I O . . 1Y C 0 .FA L SE .
IF(.NOT . ((K.LE .0).ANO ..IuIOI.L~~UP))6O TO 14
IF(LPIHGO TO L8
L’_ i~ .LYCO .TRUE .
GO TO Li
LB. .1 Y 0 .  TOLIE
LY 12 .TRUE .
LY ? z.TPUE .
LY3 z.TRUE .

(0 TO LS
L4 1.IF(.NOT . ( (K.GE.15) .AND.L~~UP ))(,O TO Li
IF (.NOT .LHT )GO TO 19
L’VO * .FALSE .
L Y~~~.FA LS( .
L ’v 2x .FALSE .
LY3r.FALSE.
K T O
GO TO L5
L7 ..LYQ AN I) (K,1 ) .NE.O

LY?sAP~D (K,4).NE .0

V 15. .KPTK
L’4~~=LYCO
L3 .,NABLE LA C I

E’~ )
MACRO END

$

-‘ 1 ,i~u i r e 12.  l i s t I n g  o f the BT~4CTR macro.
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PROGRAM R I P _ i C T R  TEST
ii P~u- OVI ( ) ES ENV IPONN ENT FOR AIN C TR MOOULF

IP..I T IAL
L0(~ICAL t X C I  , LXUP • DIJ’4P • P0 • R i

• • • LPST • 15W
CONSTANT p30 = .F e L S E . • ~ 1 = .FAL SF . , s •FALSE .

• = .TI UF. , I0 ST= .FA( - S E . , i~~rp =
DUMP = .F’AL~~E.

CI N TE RVAL C INT 1.0
A LG ORI TMM !AL (~ = 4
PISTEPS P-tSTP = I
MAX T E RVAL N A X T  = 1.0

EP~O

D Y N A M I C
NUM~3EP = A M A X 1 ( A M I N 1 (1 S . .  PSW ((YO,j ..O.) • PSw(LY1 ,? .,0.)

I-~Sb.(LY2, 4.,U. ) • l_ iS ,I (1Y3 ,)i.,O.)), 0.)

D F R I V A T I V E
L3~cT = (S W f T  .F’D. “1.. •T)~I’f. , •FA L SF .)
L X C I  = L SW (T • ;T . 2.0. • T~? t ( ~~. .FAI S F . )
L* UP = L5W(T •GT . 20.. .~ A~ Sf ., .IPIJF .)
- 4 I N C T u - (L Y O .  L V I .  LV? . 1v3 . LY C O = -‘40. -H . 4’4?. ~~~. IXUP , LX C ! ...

• L~u - S T )
FP.D

T4-P’4T (T •(~1. TSTP
fP~ 4)

T E R M I N A L
IE(OUMP ) CAL L s i - .

Et,D
EP-’D
00 00 00 00 00 0000 00 0 00 00
PPEPAP T.N UU~ F P. LX C T . t XI ’ P .1YC), l . QS T
SET P-4 f)PI~(~, = 10
Pi_ iOCED C,O
S T A R T
PRIP-_iT “ALL”
E P-.Dc”OF C,0”
GO~~PFI N I T ~~SE T TSTP :4S.5H~
STOP
00 00 000000 000 0 0 00 00000
000000000000u)0000000nO

FIgure 13. ACSL tesr  program and associated run time
commands for BTNCTR .
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LINE I NUNRER LXCI IxUP LYCO LRST
0 0. 8 .0000E.O0 F T F F
1 I.0000E.00 8.0000E.00 F T F F
P 2.0000E .O0 8.0000E .O0 F T F F
3 3.0000E.O0 8.00001.00 1 T F F
4 ‘..0(’OOE.QO 8.0000F.O0 7 1 F F’
~ 5.00001.00 9.00001.00 T T F F
f~ ~.OO00(.00 1.00001.01 1 7 F F’
7 7.00001.00 1.10001.01 T T F F
P ~.OOO 0E.O0 1.200’)F.0I I I F F
9 9.00001.00 ).300fl1,0i T I F’ F
10 1.0000E.0I 1.40001.01 1 1 F F
11 1.10001.01 1.50001.01 T I T F
12 1.20001.01 0. 1 T F F’
13 1.30001.01 i.0O O 0~~.O0 I I F F
14 1.4000E .01 2.00001.00 T I F F
15 1.500°E.0I 3.0000f’.OO T I F F’

16 1.60001.0) 4.00001.00 T T F F
17 i.i000t .Oi 5.00001.00 1 1 F F
is I.~~000t.01 b .O0O4~E.00 I T F F
19 1.90001.01 i .OQOOF .00 I T F F
20 2.0000F.0I 5.00001.00 T I F F
21 2.10001.0) 9.0000F.O0 I F F F
-22 2.20001.0) 8.00001.00 T F F F
23 2.3000t.Ol 7.00001.00 T F F F
24 2.40001.01 f~.00O0E.O0 I F’ F F
2S 2.SOOC’€.OI ~.O000C.00 I F F F
26 2.60001’.OI 4.0000F’.00 T F’ F F’
27 2.70001.01 3.00001.00 1 F F F’
2-~ 2.P000E.O1 2.OoOOF .OO I F F F
2 .  2 . 90 00 1 .01  1.0000t.C ’0 T F F F’
30 3.00001.0) C . I F T F
31 3. lOO C r ,O1 l .SCOCF .0i T F F T

~2 3.20001.01 ,,.000f l F .O0  I F’ F F’
.s3 3. 30001.01 7 .00001.03 T F F F
34 3.40001.01 6.00001.00 1 F F F
3c 3.S0001 .Ol 5.000(’f .OO T F’ F F
36 3.6000E .0I 4.0~~OflF ,00 I F F F
37 3.7000t.0i 3.000(11.00 T F F F
38 3.80001.01 2.0000E.00 I F’ F F
39 3.90001.01 1.00001 .00 1 F F F

LINE T N I ’MBER 1 (C) LxtJ0 LYCO LR$T
0 1 .90001.01 I.0000E .00 I F F F
1 4.00001.01 0. T F T F
2 4.100(1.0) 1.50001.01 1 F F F
3 ~.?00OE .01 1.40001.01 1 F F F
4 - .30O0~~.O ) ).3ØOflh.0l I F F F
5 4.40001.01 ) . 7 ’O l i •C ’ i T F F F
6 4.c004)E.OI 1. t ” 3 4 .u) I I F F F
7 ‘i .~-0(1G~~.G1 1 .c ’~~r ’ ..~l I F F’ F

STOP

FIgure 14. Test results for BINCTR.
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MA CRO CLOCK (LY ,R )
01FF (LY= L PULS E(O .O ,p ,  ( R ) / 1 O . O ) )
MACRO END

Fi gure 15. Listing of CLOCK macro .

PROGRAM CLKAPLSA M O DAS W ASTP TEST
‘S PROVID ES ENVIRONMENT FOR CLOCK , LPULSE , •‘

MODE , SWITCH , ANO LSTEP TESTS
INITIAL

LOGICAL DUMP
L OGI CAL L X • 1Y5
CONSTANT X 1.0 ‘ PERIOD 2.0 • TZ • 2.0

. P = 4 .O , W I .O
CONSTANT DUMP .FA LSE., TSTP a ISS , RMP~ ~ 1.1—30

V 
CINT E RVA L CINT 1.0
ALGORIT HM lAb 4
NSTEPS PISTP I
M AXTERVAL MA XT 1 I s O

END

DYNAMIC
DER IVATIVE

INPUT a ST€P (1.O)
Lx z S TE P I I.0)  — S T E Pt 3 . O  .GT . 0.5
CLOCK ( LY1 PERIOD )
LPULSE (LY2TTZ ,P ,W)
MODE IL Y3aX)
S W I T C ) - 4 ( V 4 = L X , T N P U T )
L YS (.NOT .(LST (P (3.O).AND.LSTEP (5.O))),OR.LSTEP (7.O)

END

TF PNT IT •GT. TSTP )
END

TERMINAL
IF (OUMP )CALL DEPUG

END
END
0000000000000000000000
PREPAR T , L Y 1 . 1Y 2 , L Y 3 ,Y 4 . I N PU T ,L X , LY 5
SET NOBUG = 8
SET TSTPa2.OSSTARTSPRINT “ALL”%RE1NIT~ SE T TST P~ P.OISTART~ PPINT “ALL”
STOP
000000000000 000000000 0

V 
0000000000000000000000

Figure 16 . ACSL test progra m for the CLOCK , LPULSE , MODE ,
SWITCH and LSTEP mcaros.
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ZZ R NFL ~
‘>___ .

( 
THICP=THS

F

ZZI CF L AMODPI(TH ICP LY THIC)

F

[ IHS=I t THOO Idt+T H1CP I
1’

~~~~~~~ 
PIR(X .Y= BT HS )

AM ODP I (T H P L V IHS )

TH~RSW(LY +THP ,-THP )

4,

4”j c ’t i re 18 . F lo w  dj a p r a m  for CPTR.

P’A CRO C PT R (X ,~f ,TH,LY.I~,THOOT ,T HIC)
MA CRO PEDEFINF THS,T HP.THICP
MACRO RELABEL L1.12
PPOCFflUQ~ 1 (T H1CP~ T HIC)
1 FC , NOT .7 ? R ~ F1) GO TO t,. 1
TM I CP=T I— S
GO TO 12
Li ..IF (.NOT.z zirFL)(iO T~ 12

- 
‘ 

AM OD P I (TH JC P ,LY THIC)
1?. SCONT IN~JE
END
T HS= INTEG (THDO T ,(T I’ I ICQ) )
PTR(X. Y~ P.T~tS)
A MOOPI (IMP ,LY =TH S)
TH = PSW ( LY , .T PIP,—TH P)
M ACRO END

F igu r e  19 . 1,t s t1n ) ~ of CPTR macro .
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PROGRAM CPTR TEST
-
V 

5’ PROVIDES ENVIRONMENT FOR CPTR TEST “

I N I T I A L
LOGICAL DUMP
CONSTANT THIC = 0.1145, DuM P a .FALSE., TST P 5, • • •

, THOOT = 1.145. P 1. , RADIO = 57.3
CZ NT ERVAL CZNT = 0.!
A LGORITH M IAL( = 4
NSTEPS NSTP = 1
MAX T E RVAL MAXI = 0.1

END

DYNAMIC
V DERIVATIV E

CPTP ( X  ,Y .T H, LY= P ,IHDOT ,T HIC)
LYG RSW(LY . 1.0, 0.0)

END

THG TH~~QADEI~1)40016 = T)-4DOT~~RADEG
THICG = TH1C•RA DEO
TE RMT (T .GT. T ST P)

END

TERMINAL
IF(DUMP)CALL D E R IJG

END
END
0000 000 000 0000 0000 0000

Figure  20. ACSL test program for CPTR.

StY PRNa9,CMD~DIS
SET PRNP L T~ .FAL S E.,CA LPLTb .TRUE..T TLCPt u.TRUE .V 
PREPAR T .X ,Y ~ THG, LYG
SET TITLE” 17 APRIL 78~ CPTR TESTER” ,TS TP~ iS.
STARTSPLOT “ XH I” —lS . ,X ,V

• PLOT T I4G,LYG
DISPLY T~-4 IC6,TP4D OTG,T P4O,X, Y ,P,R
SET TH DOT ’—1. 74SSSTA RTSPIOT S ’Xt l l .sa iS .,X ,Y
PLOT TMG,LYG

V DISPLY THICG,THDOTG,T I-46,X , Y ,T,R
PR INT “ A LL ”
STOP

j FIgure 21. ACSL run time commands on the TEKTRONIX 4014.
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CPTR TESTER

1.00 - l.OO
/t~~~~~~A A / 1  A A  A f t  ft

,,,,,
,,, - B

0,60 — 0.60

0,20 — 0,20 -

x

—0,20 — —0.20 -

—0.60 — —0.60 —

-1,00 - -1.00
0.00 300 6.00 9,00 12,00 15,00

I

Figure 22. X and Y for iimm’ = 1.7 4 5  r ad/ sec .
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CPTR TESTER
2.00 - 1.00 4 B

A

1.20 — 0,80 -

0.40 - 0.60

0
C,

• 3..
C,z
I-

—0.40 - 0.40 -

—1.20 - 0.20 -

—2.00 - 0.00 - I __I —I _I
0.00 3.00 6.00 9.00 12,00 15.00

T

V 

Figure 23. TW’ and 1,YC~ for THI)OT = 1.745 rad/5ec .
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-1

1,00 - 1.00 -

A

0.60 0,60 -

0.20 0.20
B

K

—0.20 ’ -0,20

-0.60 -0.60 -

-1.00--1.00 
I

0,00 3.00 6.00 900 12.00 15.00
I

Ftgure 24. X and V for THT)OT • l . 74 S radf see .

L.. 
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0 AND ®COINCIDE
CPTR TESTER DOES NOT DUE TO

INTEG STEP INCREMENT
___ ______ 02.00 — 1.00 ________

/

1.20 - 0.80 —

0.40 - 0.60 -

0 C,
• > A

C, -
~I

I-

—0 .40 0.40 -

—1.20 0.20 -

—2.00-0.00 . I I ‘ © I
0.00 3.00 6.00 9.00 12.00 15.00

T

F igure 25. THC and LY(’~ f or THDOT • — 1 . 7 4 5  rad/sec .
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I
ZZ R N F L TH ICP~THS

F

I
ZZI CFL AMODPI(THICP.LY THIC)

-p

F

THS= I ’IHDOId t+THICP I
R A X .Y~U.V .IHS

AMODPI (THP.LY THS)

TH~R~~ (LY .tTHP .—IHP)

CENO J

F igtire ~6. Fl OW d l ag r a m for  (:R.A .

MAC RO C P A ( X , Y ,T M , 1Y , U ,v ,TMDOT ,TH TC )
~

A CPO REDEFINE TMS ,T HP,T HTCP
MACRO RELABEL 11,1.2
PPOC(flt; P A L ( T H I C P = 1I — I I C )
IF(.NOT.77PP~F1)GO TO 11
THICP T’~
GO TO 12
LI..IF~ .NOT.ZZICF1UO TO 12
AMODP I (1)-4ICP.LY=TI--’IC)
12..CONTTNUE
END
THS=INTEr,(THDOT, T 14 ICP 1)
RA (Y .Y=U,V,THS)
AMOOPI (T)4P,IY TI4S)
TI4ZPSW (Ly,.THP,—T HP)
MA CRO END

Figure 27. Listing of URA MM’Rfl.
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PROGRAM CPA AND PA TEST 
——— -u —PROV IDES ENVIRONMENT FOR CRA • PA TEST

I N I T I A L  V

LOGICAL DUMP
CONSTANT THIC a 0.1745, DUMP a .FALSE. , TSTP ~ S.

• THDOT 1.745. U a , V • 1,
• RA D(G = 57.3

C I N T ERVAL CI NT = 0.1
ALGORITHM IALG a 4
NSTEPS NSTP = I
P4A XTERVAL MAXT a

END

DYNAMIC
DERIVA TIVE

CPA (X,Y ,TH ,LY U ,V ,TWDOT ,THIC)
LYG RSW ( L Y , I.O~ 0.01

END

THG = TH*RAOEG
TH!CG = TH IC~PADE6
TMOO TG z THDOT.RADEG
TE RMT (T •G1. T ST P)

END
TERMINAL

IF (DUMP)CALL DEPUG
END
END
00000000000000 0000000000
00000000000000 00000000

Ft~~ure  28 . A CSL t e s t  p rogram f o r  CRVA .

SET PRNa 9,CMD=DIS
SET PRNPLT .FALSE .,CALPLT* .TRUE .,TTLCPL..TRUE
PREPAR T,X ,Y ,THG ,LY6
SET TIT L E~ ”17 APRIL 78—CR* • PA TESTER” ,TSTp~ 15.START SPLOT “X141”a15.,X ,y
PLOT THG,LYG
DISPLY TM ICG,THOOTG ,THG ,X .Y ,T,U ,V
SET THDOTa—1.7 45SSTARTSpLOT “XHI’e.lS.,X ,y
PLOT THG ,LYG

• DISPLY THICG .THDOTG,THG ,X ,Y ,T,U ,V
STOP

Figure 29. ACSL run time commands on the TEKTRONIX 4014.
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—__

CRA - RA TESTER

2.00 — 2.00 -

B

1.20 - 1.20 -

0.40 — 0.40

* 3.-

—0.40 — —0.40 -

-1.20 - -1.20 -

A

—2. — — 

0.00 3.00 6.00 9.00 12.00 15.00
T

FIgure 30 . X and Y fo r  11)001 - L745 rad/sec .
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- V—-— -‘ V - V  
- -

~~~

CRA - RA TESTER
2.00 — 1.00

1.20 — 0.80 —

0.40- 0.60 

A

—0.40 - 0.40 — B

—1 20 — 0.20 —

___ _____ 1 1 ____—2 00 — 0.00 
3.00 6.00 

T 
9.00 12.00 15.00

Figure 31. TI-I T) and LYC for THDOT = 1.745 rad/sec.
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2.00 - 2.00- V

CRA . RA TESTER
1.1585 = cos 10° + sin 10°

,
/ ~~0.842 = cos 100 — sin 10~ 1 4142

c~ r~1.20- 1.20~~
(

8

0.40- 0.40-

K

—0.40- —0.40-

-1.20- -1.20 -

cos (? +~ j1 4) = v’~~sin (0 +45)
II — sin 0 V’2 sin (0 — 45)

—2.00 - —2.00 -
0.00 3.00 600 9.{)0 12~00 1500

T

Figurt- ~2 . X and V I or 1111)0 1’ = — I .745 r ad/ sec  -
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CRA - RA TESTER
2.00 - 1.00

1.20 0.80 -

i

0.40 0.60 -

A
C,
3.-

C, -j
I
I-
—0.40 0.40 -

—1.20 . 0.20 —

—2.00 — 0.00 _______ I I I ______________

0.00 3.00 6.00 9.00 12.00 15.00
T

Figure 33. TIIC and LY(’~ for THDOT 
= —1.745 rad/sec .
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I RTP(R.THS X.Y) I
ZZ FST (THS) I THS—T N L~ F

<0.5 ~~1T

F I

—I 
~~~~~~~~ 

I~~ 

T ZZRN :L LY= .NOT .OLDLY 1

LY= .TAUE- j 
T zzicF i.

F

F THS—T I4L I T LY= M0I.OLOLY
THI-THS ~ IHI=THS+SIGN (6.2t32.THL)

______ 

‘

~~~1

OLDLY LY 
________ CALL

TH L=THS zzx oolmioolTHL,TL .IHDOIL=niiTHoIIc)

[ 
IH~THS

~‘j TH~—THS

END

Figure 34. Flow diagram for CR11’.
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MACRO C RTP ( R ,T H ,THDOT , LY .X ,Y )
MACRO REDEFINE THS,TH I,OLDLY ,TH1,TL ,THDOTL ,T HDTIC
MACRO RELARE L LI ,L2,L3,L4 ,15’L6,L’7
LOGICAL LY ,OLDLY
CONSTANT T HDTIC~ 0.O
RT p (R,TIs S =x , Y )
PR OCEDURAL (TH , THDOT ,LY THS)
IF (flFST (THS),GE.0.51G0 To Li
IF(ABS(T HS—THL ) .GE.3.1416)LY .NOT.OLDLY
G~ TO L2
L1 ,,IF (.NOT.ZZRNFL)GO TO 13
LYaDIDLY
T Hi = T ML
Go TO L4
L3.,IF (.NOT.ZZICFL)GO TO 15
LY= .TRUE .
GO TO L6
L5..IF(ABS (THS—THL ).GE.3.1416)r,O TO Li
1€. .TI-II=THS
Go 10 14
Li~ .LY .PIOT .OLDL Y
T HIzT HS.S I(N (6.2832,THL )
L4 ,.CALL Z7XOOT ( IHDOT ,T HL,T L ,T MDOTL =T HI,THDT IC)
OLDLY=L Y
THL IITMS
.2. .THaTHS
IF ( .NOT.LY) TH=—THS
END
MACRO END

F i g u r e  35. Listing of the CR11’ macro .
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THDOT >0 THS +2n THI

V 

TRUE
3.-
-J

FALSE 

THDOT <0

_

TIME

T R U E
1 

THS — 2 ~~= THI __________________

-I

FALSE 

FIgure 36. Illustration of 111 , LV and IllS for a cont inuous
monotonicallv increas ing and decreasing TI-IS and how TI-fl
Is calculated for the f li st v a l u e  of TUS past a disconti—
n u i t y  In crder to obtain t he  cor rec t  sign for THPOT.
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PROGRAM CPTP TEST 
PROVID ES EWVI ROP jM FNT FOR CPTP TEST

INI TIA L
LOGICAL DUMP , L6T EP
C0P~STANT UIJP-4P= .FALSE. , T S T P • ~5. , TI~IC — 17. 45

• PAO(G = 67.3 • LsTEP..TRUE. , W — 0.1
• N 1.745

C IN T E R V A L  C INT 0.1
A LGOR1TI~M IALG 4
NSTF PS NSTP 1

~Ax TERVA L NAXT • 0.1
END

DYN AMIC
DERI VATIVE

RSW LS TF P , K.STEP (0 .0), K .SI N (W .T )l
cPTP (x .Y.T-,S,Lx=1. ,T~i0.THZr)
CPTP (P. TM, T ~1DOT ,LY ,Y I
LYG 2 RSW (L~~, 1.0. 0.01

END

IkOC. = THO..~*DFG
= THS e~~~OF6

Ti- C. = T i-e pA rEr i
Ti-IJOTG = THflOT .PA !IFG
TE P U T(1 • (‘~T .  TS IP)

END

TE RM IPV ~.iL

IFIOUN P)CALL DEPUG
E NT)
F ND
000 0000 0 0 0 0 0 00 00 0 0 0 0 0 0

Figure 37. ACSL test program for CRTP .
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V V V

SET PRN 9.CMD DIS
SET PPNPLT ..FALSE .,CALPLTz .TRIJE .,TTLCPL .TRUE .
SET TITLE ”Q AUG 78—CRTP TESTER”
PREPAR T ,X,Y ,T$DQTG ,T-iG ,R,TP~SG ,TI-4DG,LYG
SET LST (P..FALSE .,THIC _ 14 .31.K 1.431,TSTP 7O.
STARTSPIOT “XhI” 70.,THG ,THOOTG
PLOT TPIG .LYG
PLOT Th DG,THSG
PRINT “ALL ”
SET K 1.745,TI4IC3—17.4SSSTARTSPLOT “XHI”.70..TIIC-,ThDOTG
PLOT ThG .LYG
PLOT THOG,TIISG
SET LSTEP .TPLJE. ,T H!C-u0.O ,TSTP 2 O. SSTA RT S PLOT “XHI”.~ O.,T~l6 ,T HDOTG
PLOT X , Y
PL OT T HSG .LYG
SET K=—1 .74SSSTARTSPLOT “XHI” ?0. ,TH G,THDOT C.
PLOT X .Y
PLOT TP4SG ,LYG
SET K=1 .57O 8SSTA RT S PLOT “ X HI” 520 . ,II-46,THDOT(
SET P~~— 1 .S7O8SSTAPTSPIOT “XP41” =20. ,THG,THDO IG
SET TSTP 2 .2SSTARTSPRINT “AlL”
PEINITSS ET TST P~ b. 135TA R T~ PR !NT “ A lL”
STOP

F I g u r e  38. ACSL run t ime coimnands on the TEKTRONIX 4014.

a 
66 

- ~~~~~~~~~~~~~~~~~~~~~ .~~~~ • ~~~~~~~ . ~~~~~. 

- V



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

CRIP T ESTER

2.00- 1.00 -

1A ~ H - . ,
~~I ~i

’ It \ ~~~~~ 
~~ - ~~- ~. 

—

•\t~r Cu
1.20- 080 - / \ \~~~~

0.40- 020- // 
\ / \ ~~~~~ I - 

1’~

~~ -40- 

\ 
.~~~~~~~~

. ,  

/
_9990 

/

0-120- -0.80-

H /

—2.00 - —1.00 I I I
0.00 14.00 28.00 42 00 S6.00 70 ‘

I

t i gtir~’ I~1 . 1’II( . t i i~! T I I I ~~~I~ 1 r  t I I I ~ . -
- ~~ ~~~~~ ~~ -
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-‘

CRTP TESTE R
2.00 1.00 

B 
— — _ _ _ _ _ _ _ _ _ _

1.20 0,80 -

A

0.40 0.60 -

Na
- C,

C,
I
I-

—0,4 0  0.40 -

—1.20 0.20 -

—2.00 - o.oc — I
_ — I _j._, — I

0.00 14.00 28.00 42.00 56.00 70.00
I

Figure 40 TIIG and T.Yr. for TI-TI ) = 1. 431 s ln ( 0 . l*T )  raci/sec.
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‘ V

CRTP TESTE R
1.00 - 2.00

0,60 - 1.20 —

A

0.20 - 0.40 —
N N
o 0

C,
O
I I
I-

—0.20 ‘ —0.40 -

B

—0.60 ‘ —1,20 -

—1 00 - —2,00 I I I
0.00 14.00 28.00 42.00 56.00 70,00

T

V 
Ficure 41. THPg and THSC for TIlT) = 1.431 sin(0.l*T) rad/sec .
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CRIP TESTER

2.00 ‘ 1.00 - 
A

1.20 0.60 -

0.40 0.20 -

a

-0.40 ~-0.20 -

-1,20 - -0.60 -

100 I I I I
—2.00 - — - 

14.00 28.00 42.00 56.00 70.00

T

Figure 42. IHC and TIT T)OTC f o r  TII4~ = 1.745 sln(0.1*T) rad/sec .
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CRTP TESTER
2.00 . 1.00 ______ 

V

B

1.20 - 0.80

A

0.40 - 0.60

Na
C,
3.-

C, -j
I
I-

—0.40 - 0.40

—1.20 0.20

—2.00 . o,oo I I
0.00 14,00 28.00 42.00 56.00 70.00

T

F i g u r e  43. THC and LYG for TI-lI) 1.745 sin(O.1*T) rad/sec.

I
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CRTP TESTER 
V

100 - 2.00 —

B

0.60 - 1.20 —

‘
4

0.20 - 0.40

N 2 A

C,
0
I I

I-

-0.20 ’ -0.40 -

-0.60 -

—1 .00 - —2.00 _-_ I I I I

0.00 14.00 28.00 42.00 56.00 70.00
T

Figure  44.  — THDG and TIISC for THI) = 1.145 SIN (O .1*T) r ad /sec .
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- -----V.- -- ~~~~ ~,V _ V. V~ ’V.~~~_~ V V- V~~~~~V_ V— V

CRTP TESTE R
2,00 — 1.00

4 1.20 - 0.80

A

0.40 - 0.60
N
a

N
0 -

C,
I—

I 2

I
—0.40 0.40

I—
.

—1.20 0.20 -

—2.00 — 0.00 - 1 I I I
0.00 4.00 8~00 12.00 16.00 20.00

T

Figure 45 — ThG and T}IDOTC for TI-ID = 1.745*STEP(O.O) red/sec .
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CRTP TESTER

4 

~~~~~~~~~~~~~~~~~~~~ 17
-0.20 - -020 -

-0.60 - -0.60 -

- 
~1.OO~~-1.Ot’ I I

0,00 4.00 8.00 12.00 16.00 20,00

- T

Figure 46. — X and Y for TI-ID =_ 1 .745*STEP(O .0) rad/sec.
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r .V VV-_’ ’V V-’-- V - V - .V----V------ --- - V . - V V V - - V - - ---~~~~

CRTP TESTER
2.00 1.00 —

1.20 0.80 —

0.40 - 0.60

—0.40 0.40 —

— 1. 20 -  0.20 —

—2,00 - 0.00 — I 1 — I 1 __________ I
0.00 4.00 8.00 12.00 16.00 20 00

T

Figure 47. — T}ISG and LYC for THD = L745*STEP(O .O) rad/sec.
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CRTP TESTER
2.00 - 0,00

/ B A  A t
1.20 - —0.20

0.40 —0.40
N
0

N
0

C,
I-C,

I
I

—0.40 - —0.60 A

—1.20 —0.80 -

—2.00 —1.00 I I I I I
0,00 4.00 8.00 12.00 16.00 20.00

T

Figure 48. TI-IC and THDOTC for TI-lI’) — -1 . //,5*STEP(O.O) rid/sec .
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____ -— — V. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -— — V . --

CRTP TESTE R
1.00 - 1.00 -

0.60 - 0.60

0.20 - 0.20 -

x

—0.20 —0.20 -

-0.60 - ,60

0.00 4.00 8.00 12,00 16.00 20,00

I

Figure 49. — X and Y for  TI-I D = ~.1.745*STEP(O.O) rad/sec.
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CRTP TESTER
2.00 1,00 — _________

B

/ I
-( 1.20 . 0.80 -

0.40 • 0.60
N
0

C,
- 3.-.C, -J
I,,
I
I-

—0.40 0.40

—110 0.20 -

I I I I ______
0,00 4.00 8.00 12.00 16.00 20.00

T

Figure 50. — THSC and LYG for THI) - _L/45*STEP(O.O) rad/sec.
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CRTP TESTER
2.00 — 1.00 —

1.20 - 0,80 -

A

0.40 - 0.60
N

N
0

- C,
I-.

C,
I
I—

I—
—0.40 0.40

/

—1.20-0 .20 -

— 2 . 0 0 — 0 . 0 0  I I I
0.00 4.00 8.00 12.00 16.00 20.00

T

Figure 51. - THC, and THDOTG for TI-ID 1.5708*STEP(0.0) rad/scc.
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CRTP TESTER
2.00 - 0.00 -

120 -0.20 -

0.40 - —0.40 B

-0.40 —0 .60 
A

—1.20 - —0.80

—2.00 _ 1.00 I I I I
0.00 4.00 8.00 12.00 16.00 20.00

I

Figure 52 . — TI-IC and THDOTG for TI-TI) _ 1 . S708*STFP(0.0) rad/sec .

80

4 
- 

-
V
. 

.: ~~~ . 
-

V ~~~~~~~~~~ — .~~~~ V V 
.V.



r V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -
~~~~~

V 
ZZFSI (IXL ) T

— 0.5

F

ZZR?4FL I

F

Z ZI C F I .  1’ LY .FALS E.
LXL ~ .FALS E.

F

[ LY ~ t LX ) .A N0. .NOT .LX L

4

I ixi ~ ix 
]

~~~~~
N0
~ I1

Figure 53. — Flow diagram for DIFF.
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P.4 A CPO flIFF’ ( L Y . L X )
M~~CPO ~ IT f l FF !N~ LXL
LC G I C - ~L L~~L.LY
P .1 A CP~) L ( F LA P E L  L~~.L2
P ’ 0C -(~~L ( L ’ I : L X)

T I c?Lr~~1 (LxL) .LT.o . c)r-o l O L l
IF ??~~’,FL)c.O IC L I
I F ( . N O T . 7 7 I C F t . ) C 0  TO ~~~
LY~~.FA L~~F.
LXL ~ .F t~L
C~O TO Ii
L? ..L Y~~(1 X) .A~~)..I~OT .LXt
LXL LX
LI • .CO~\ ’ 1 I~ -UF
F’ NP
V A C RO £~ .fl

F i g u r e  ‘
~~-. . — I.Istfng of DIFF macro .
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PROGRAM 01FF TEST
“ -  ~~~ ‘V 1 fl[S ENVIRON M ENT FOP 01FF TEST

IN I T I AL
LOC ,ICAL Oi’~~~P

LCr~1C~ L LX . Lv
CCN~~T $ N 1  ( P P - P r • F A ~~~~~~•,  TcTP = I .  , RMP1 1.E— 30
CINTFR V~ L C I NT  1.0
A 1CO~~IT i - M tA LC .
NSTF P S P - SI P = I
W A X T E P V A L  P-~~ CT r

END

f lf p  I VAT lyE
LX = S T V P I ) . f l )  — ST~ P(’..O) . S T E P ( ~ ’ .0 )  — S T E P ( Q . 0)  • r T .  O . S
rIv F( 1y cTcp (I.)) — ~TEP (~..O) • S1EP~~c .O ) — STEP(q .O) .GT. 0.5)

P 0

liTR ’ - ’T (T •CT. TS’IP)
END

YE RM I NA I
IF CI,MP CALL DEOI IC ,

FT P - f l
END
0 0 0 0 0 0  C~ 00 0 0  C u C (~ COO t ’  0 C C
P~~fp ~~~ 1.1 -X . L ’ VV SET !~~ - T  C r 0
S~’T ~~~~~~~~~~~~~~~~~~~~~ •‘AL L.’.~i r T N 1 T s S E T  T S T P = I O . S I A P T c o ~~1NT ‘A L L” ~~S TO P
O 0 0 0 O O 0 0 O C C O ~j 0 O C ’ c ”~rlc~’0 0 O 0 0 0 0 Q 0 Q 0 0 O 0 Q G C C C ~( ’ - O

Figure 55. — ACSL test program and run time co~~ ands for DIFF.
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L I N E  T LX LVo 0. F’ F
1 1.0000E .OO I F
2 2 . O C O i F . 0 O  I I

V 
3 3 . O 0 O ~)U. 0O T F
4 4 • 0 0 0 0 C , 0 0  F F
S S . 0 O 0 ~ f ,Q0 F’ F
~~ f~~. O O O 0E . 0 O  I F

LINE T LX LV
C) ~

X .0( )0 O1 ,Ofl T F
I 7 . O C O O E.OO T T
? P-

~~ . OO O U F . O 0  I F
3 9 .0000 E ,C0  F F
4 l .O~I0f ’ W . 0 1  F F
. l .1000E. .0 1 F F

Figure jf . — Test result s for DIFF.
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V~_ V V ~~ V -V - V - — -V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V 

~~~~~~~~

ZZFST (OL OX ) T
‘~0.5

7

F

4

ZZRNFL T

?

F

ZZ I CFL I 
LY -LX

F

LY= O L O X

O LDX - . LX

V 

~, END

V 

V

Figure 5i — Flow diagram for DLYFF.
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MACRO DLYFF (LY ,LX )
MACRO REDEFINE 010*
MA CRO RELABEL L1~ L2.L3 

V

LOGICAL OLOX ,LY
PROCEDURAL (LY LX )
IF (ZZFST(OLDX).LT.O .5)G O TO LI
IF (ZZRNFL ) GO TO Li
IF( .NOT.ZZICFL )GO TO 13
LY=L X
GO TO L2
L3 ..LY=OLOX
L2 ,,OLDX=LX
11..CONTINUE
END
MA CRO END

Figure 58. — L i s t i n g  for DLYFF macto.

PROGRAM DLYFF TEST 
PPOVIDES ENV IPONMENT FOP OLYFF TEST ‘a

INITI AL
L OGIC A L DUMP
LOGICAL L X , Lv
CON ST ANT DUMP = .~‘ALSE. , TcT P ~ 15. , PMN • I .E—30
C INTE RVAL C INT = 1.0
ALC,ORIT~ M IAL G 4
NSTEPS NSTP 1
MAX TERVAL MAXT

END

DYNAMIC
DERI VAT iVE

LX = STEP (1. 0) — STEP(4.0) • STEP(6.0) — STEP(9.0) •GT. 0.5
OIVFF LY=Lx

END

IEPMT T .GT. TSTP)
END

T ER M I N A L
V IF DUMP)CALL DEPUG

END
END
00 0000 0 0 0000000000000 0
P5E(PAP 1, L*,L. Y
SET ND8U6z8

V SET TSTP .6.SSTAPTSPPINT “*IL”SR(INITSSET TSTP=l0 .$STAPTI PRIN T “ALI”SSTOP
0000000000000000000000

• 0000000000000000000000

Figure 59. — ACSL test program arid run time cossnands for DLYFF.
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LINE I LX LV
0 0 .  F F
1 1.0000(.00 T F
2 2.0000E.00 T F
3 3.0000E.OO T I
4 4 .0000E.O0 F I
5 5.00 0 0 (.OO  F~ TV 

6 6 . 000 0 E.O O  T F
7 7 .0000E.O0 I F.

LINE I Lx iv
o 7 .0000E .O0 T F

‘
V 1 8 .0000E .OO I I

2 9 .0000E. 00 F T
3 1.0000€ .0 l F T

V 

1.Z000 E.O1 F F

Figure 60. — Tes t resu l t s  for DLYFF .
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IYD0T~~~ I

1 

T 
ZZ FST IY OP)

ZZRN FL 
F 

~ J CALL ZZ ICS (ICPP - ZER
~1

r~~S~TE 
T~~~~~~~~~~~~~~~~~~~~~~

_[
~

IMODE FALSE ( MODE VFALSE.] ~

V 1~~~ ooE - - 1 0  EO.SIGN 
T 

V ‘ LI
(1 . . YDOT)

_ _ _ _  

F

I— VI

MODE 1 0(0  SI GN V UI
u , YDOT)

F

MODE 1 - ( L I ) V A N O V V N O T  (IT)
MODE • MODE ORVMO DE 1 OR ( (LT )V A NDVV NOTV ( L I) )

V 

~~~~~~~~~~~~~~~~~~~~~~~~~ STATE

V - STATE • ICP-ICPP
STATE - INTEG ~nsw ( MODE . o., voot . 0.)

Figure 61.  — Flow d i a g r a m  for  I1-~1INT .

88

I

L _ _ _ _ _ _ _

- ‘ - V 4.
I

V . - - _______—V.-—- _________ ~ V V~~_ —~~~~~~~~~~~~ V , ~~~ — 
. V . — —  - —

-~~~ - — — - .— — -—- ~~~~~~~- — -~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~
— - 

J
V . - -  - - - — — - -

.~~~- V - .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~



- - - - ~~~ . - V ~~~~~~~~~~~~~ - -V-
-

MA CRO LMM INT (Y ,VD ,IC ,1I .LO ,LL ,U1 )
MA CRO RELABEL L1 ,12.L’
M ACRO REDEFINE YDOT, ICP,MODEI,MOr)E, STAT F,ICP p ,FlAr,,7ERO
LOGIC AL MOOE I ,M OOE
INTEGE R FLAG

V 

CO NSTANT 7ERO=O. ,FLAG=O
VDO T= VD
PROCEDURAL (MODE,Y=YDOT ,1I,LO,LL ,J1 ,STAT E,IC)
IF(Z7FST(TCP) .1T .O .5)(~O TO 11
IF (.NOT .7ZPNFL) GO TO 12
FLAG= 1
ICp=v
ICP P= STA TE
L?..CA11 Z Z T C S( I C P P = ZE R O )

I F( .NOT. Z?ICFI)GO TO 13
IF4 FLAG.FC.0)TCP AMA X I (AMIN 1 (IC , (JL ) ,L1 )
M ODE= .F AISE .
GO TO L I
L3..MODFz .FALSE.
IF (v .LE.1L )MOD ( — 1 ..(C.SI~ N (1. ,YOOT)
IF (V .GE .IJL ) MOflE=1. .FQ.SIGW (i. ,YOOT)
MODF 1~~(tI).ANfl ,.NOT.(tT)

• MODE M OD~ .OR.MODE1.OR .(fLT).AND ..NOT 4 (1I))
IF CMODE1 )ICPP=ST A TE
Li . .Y=ST$TE . ICP—ICPP

V 

END
STATE=I NTE G (RSW (MOD~ ,O.,YDOT) SO.)
MA C RO END V

Fi gure 62. — Listing of L?*tINT macro. 
V
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PROGRAM IMMINT TEST 
PROVIDES ENVI RONM ENT FOP IMMIN T TEST “

I N I T I A L
LOG IC AL DUMP
LOGIC A L L I  ‘ I T
CONSTANT DUMP .FALSF. , TSTP 5.0
CO N STANT LI =— ? .  ‘ UI = ~. . WCP S = 1.0 ...

TWOPI =A ,283?, A = 18.
C INTERV AL CINT = 0.01
ALGORITHM IAL G = 4
NSTEPS NSTP I
M AXT ER VAL (4AXT = 0.01
IC =—A/(TWOPI WCPS)

END

DY NAMIC
DERIVATIVE

= A~ S T N ( T W O P I~~WC PS~~T )
LI G STEP (1.0) — STF P(3 .S )  • S T E P (4 . 0 )
LTG = STEP (I .O) — STF’P (2 ,2) • STEP (?.9)
L I  L I G .GT. 0.5
IT LTG .GT. 0.5
LMMI NT (Y A *SIN( TWO PT *WC PS T),IC,LI,LT .II ,UL )

END

TEPØ4 T (T •GT. TSTP)
F’~D

TERMI NAL
IF (DUMP) CALL DERUG

END
END
0000000000000000000000
00000000000000 00000000

Figure 63. — ACSL test program for IJSftNr.

SET PRN 9.CMU=DIS
SET PRNPLT = .F.,CALP LT .T.,TTLCPL .T.
?RE PAR T ,Y ,YO ,LIG ,LTG
SET TITLE= ”LMM IN I TESTER—23 JAM 79”
SET TSTP=0.44SSTARTSSAVE “BASE”SPEINITIS (T TSTPz1.6.NRWITG.,T.
ACTIOPI “VA I~” 2.191,’1VAL” 8,”L0C”3NDBUGISTARTSREINITSSET TSTP~2.9SSIARTV I4E IN ITSSET TSTP=3 .6SACTION .ICLEAe~NSSTARTS REIN ITSSET 1~ TPs5.0SSTART
SET N R W IT G = .F.SPLOT “Xri I”zS.U,Y,V (j

V 

~L0T h G  
V.

~L0T LTG
PR I N T “ALL”
SET TSTP~5.1.DUMP*.T.SSTAR TS I~R INT •IALLN
‘~EST0R “BASE”SSET A=6.2832,TbTP~S.0,DUMP~ .F.bSTARTSPL0T NXNI~e.S.0,y,VD

• PR INT “ALL”
a ~T0P

Figure 64. — ACSL run time coi~nanda for L)*~INT tests sitTEKTRONIX 4014.
a
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LMMINT TESTER

4.00— 20.00—
LIMIT-HOLD L M~ T

LIMIT / /
2.00- 12.00 - I ~~ / \ RE SET -

/1\ II \ /rt~~ \ /
O.0O~~~~4.00~~~~

/ 

~ L

>. 

~~~ / /

V 

-2.00- ~~.OO- 

/
-4.00- -12.00- j, I
-6.00- —20.00- 1 10.00 1.00 2.00 3.00 4 V~~~~~ U~J

Figure 65. — Y and Yl) vs t i rn• (.~ & V ~~~~) f~ r A = I ’ - ~. ’) m d i~~r~; -  I
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LMMINT TESTER
V 1.00-

0.84-.-

I

060 —

C,
-I

0.40-

V 
0.20—

0.00 1.00 2.00 3.00 4.00 5.00

I

F l g ti r - (~6 . - Not ol LW vs t imt (se t ) -
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4.00- 10.00-
LMMINT TESTER

LIMIT
2.00- 6.00- B

HOLD

A
0.00- 2.00-

o RESET

-2.00- -2.00- /
-4.00- -6.00-

-4 00- —10.0-
0.00 1.00 2.00 3.00 4.00 5.00

T

Figure  h8. — I ’ I  o t  s a~ f I .ind II )  vs t (me (see)  for  A=6 .2832 and
WCPS~~l .0  H Z .
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MACRO LPULSE ( LY ,TZ ,P,w )
LOGICAL LV
LY PULSE (TZ , P ,W )  .GT .O.5
MACRO END

Figure 69. — Listing of LPL’LSE macro.

MACRO IST EP( LV ,TZ )
LOGICAL LV
LY =STEP (TZ )  .GT.O.5
MACRO END

Ftgurc 70 . - Listing of LSTEP macro .

MA CRO MO D E(V ,X )
LOGICAL V
Y* ,FA LSE.
MACRO END

Figure 71. — Listing of the MODE macro .
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ZZ FSTW LOLY
<Si

7
F

T ZZ RNFL

7

F

ZZICFL T 
~.v T

7 LY~LX 7 0LDT~T

F F

LXP - LX

OLOLY T T—O LDT T
~ (R)

F F

NOT. T
LXP LY~.F.

7

F

OLDT T

LY. .T.

OL OLY aLY

END

Figure 72. — Flow diagram for MONO .
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MACRO MONO(LY.R,LX)
MACRO RELABEL Ll~L2,L3,L4,15.L6MACRO REDEFINE OLDT,OLDLY,LXP
LOGICAL OIDLY,LY.LXP
PROCEDURAL (L.YzR,LX)
IF(ZZFST(OLDLY).LT.O.~ )GO TO LiIF (ZZPNFL)GO TO LI
IF (.NOT.ZZICFL)GO TO 13
LV =L X
IF( .NOT.LV )GO TO L2
OLDT T
GO TO L2
L3..LXP~ LX
IF (.NOT.OLDLV)GO TO 14
I F (T—OLDT.LT . ( R) ) G O TO L5
L4 .. IF( LXP)GO TO L6
LY = .FA LSF .
GO TO L2
L6..OLDT=T
LS..LV= .TRUE.
L2.,OLDLY LY
L1..CONTIP4UE
FND
MACRO END

Figure  73.  — Lis t ing  of the MONO macro .
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PROGRA M M ONO TE ST
I I —  PROVIDES ENVIRONMENT FOR MONO TFST “

INITIAL
LOGICAL DUMP
LOGICAL LX , LV
CONSTANT LIUMP ~.FALSE., TSTP z ~5• , Ri~N ~ 1.E-30
CONSTANT P 2.
CINTERVAL CINT 1.0
A1(OR!T~ M I A L. = 4
NSTEPS NSTP = I

- MAXTERVAL MA *T = 1.0
END

DYNA M IC
DERIVATIVE

LX = STEP~~~.O) — STEP 2.O) • STEP(f..O) — STEP(8.O)
STEp (q.O) .GT. O.S

MONO (LY R,LX)
FP~D

TFPMTU .GT. TSTP)
END

TERMINAL
IF (OUMP)CALL flE ~~UC-

END
EN!)
00000 00 0 OC OOUOO 000 0000
PPEPAP T. LX. LV
SET TSTP=1.OSSTART%P~UNT “ALL”SPFINII%SFT TSTPz12.SSTART%PPINT “ALL”
STO P
00000000 00000000000000
00000000000000000 00000

Figure 74. — ACSL test program and run time consnands for MONO.

A 98

~~~~~ 

•..~~
.

- ‘~~~~. ..~~ - -. a’

.. . .



LINE T LX L V -
O 0. F F
I I.0000E.O0 T F
2 2.0000E.O0 F
3 3.0000E.OO F T
4 4.0000E.O0 F F
5 5.0000E.OO F F
6 6.0000EiOO T
7 7.0000E.O0 T T
8 8.0000(’OO F I

LINE T LX LV
O 8.0000E.OO F I
I 9.0000E.OO T F
2 1.0000E.O1 T T
3 1.I000E.OI I T
4 I.2000E.0I T T
5 1.3000E.OI I I

Figure 75.  — Test results for MONO

MACRO RA(X ,Y ,U,V ,TI$ )
MACRO REDEFINE C,S
SzSIN TH)
CzCOS (TM)
X=U*C—V*S
YZU•S.V*C
MACRO END

Figure 76. — Listing of the RA macro .
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T ZZ FST(K)
<0.5

F

T ZZRN F L
7

F

K-NIC
ZZICFL T LYO AND(k .1).NE.0

LYI.AND(K .2).NE.0
LY2 AND(k ,4).NE.0

F LY3-A ND(K .S).NE.O

T NOT.
(LXSH )

7

F

LYO-LXSI
LYI - LLY O
LYZ-LLYI
LY3 LLY2

LLYO—LYO
LLY1~LYI

• LLY2 .LY2
LLY3-LY3

END

Figure 77.Flov diagram for SHIFT.
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MACRO SHIFT(LYO,LV1,LV2,LY3,NIC,LXSH,LXSL)
MACRO RELABEL Li~ L2,L3MACRO REDEFINE LLYO,LIY1,LLV2,LLY3,K
LOGICAL LYQ,LYI,LV2,LY3
LOGICAL LLYO,LLV1,LLY2,LLY3
INTEGER x,AND
PROCEDURAL (LYO,LY1,1V2,LY3 NIC,LXSH,L*SI)
IF(ZZFST(K).LT.O.S)GO TO LI
IF (ZZRNFL)GO TO Li -

IF( .NOT .ZZ ICFL)GO TO 12
K=NIC
LVO=AND (K,i).NE.0
LYi~ AND(K,2).NE.O
LV2zA ND O(,4).NE.0
LV3=AND (K,B) .NE.O
GO TO L3
L2..IF(.NOT.(LXSH))r~O TO Li
LYOzLXSI
LV1~ LLV O
LV2=LLV1
LV3=LIV2
L). .LLVO=L VO
LLY1=LY1
LLY2=LY2
LLY3=1V3
L1..CONTINUE
END
MACRO END

Figure 78. L i s t ing  of the SHIFT macro .
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PROGRAM SH IFT TEST
ss PROVIDES ENVIPONMENT FOR SHIFT TEST

IN ITI A L
LOGICAL DUMP
LOGICAL IXSH • LXSI • LYO • Lvi • 1Y2

, L V ~I NTEGE R N IC
CONSTANT DUMP .FALSF., TSTP a ~5• , RP~N ~ I.E—30CO NSTANT N Y C = 15
CINT E RV A L CI NT 2 1.0

ALGORITHM IALG 4
NSTEPS NSTP 2

MA XTERVAL MAXT = 1.1
END

DYNAMIC
DERIVATIVE

LXSI STEP (2.O) — STEP (3.O) • STEP(4.O) — STEP(5.O)
STEP(9.0) .GT. 0.5

LXSH = STEP (1.O) — STEP(6.0) • STEP(7.O) ~GT. 0.5SHIFT (LYO,LYI,LY2,LY3ZNIC,LXSIs ,IXSI)
END

TE RMT (T •GT. TSTP)
END

TERMINAL
IF (DUMP)CALL DEPtJC,

END
END
0000 0000000000000000 00
PREPAR T.LXSI,LXSH,LY3,LV2,LVI,LY0
SET TSTP=S.OSSTARTSPRINT “ALL”SPFINIT$S(T TSTPZI I .OSSTAPTSPRINT “ALL”
STOP
0000000000000000000000
0000 000000000000000000

Figure 79. — ACSL test program and ACSL run time CO1~~afldS for SHIFT.
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T uF~~(oLDY)<S.,

F

T UNNFL

F

UICFL ~ LY—L IC

F

~~~ T ~ OT

/

r 1
LRP-LR

UP LY .T.
7

F -
LNP T 

LY. .F.

F

(.~OT.
L$P).AUD. T

• (.NOT.Lft P) LY.OLDY

F

• LV r.ANO.LR P LY. .UOT.OLDY

F OLDY•LY END

Figure 81. Flow diagram of SRTEFF.
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M ACRO S P T E F F (L Y, L ! C, L S , L R , L E)
M ACRO RELABEL L1oL2,L3
MACRO REDEFINE OLDV,LSP,LRP
LOGICAL OLDY,LY,LSP,LRP
P PO CF r JU RAL (Ly =LTc .Ls , 1p , L E)
IF(7ZFST (OLDV).LT.O.S)GO TO Li
IF (ZZRNFL)GO TO Li
IF(.NOT.ZZICFL )GO TO 13
LV LIC
GO TO L2
L3..IF(.PJ0T.(IE))GO 10 11
LSP=LS
LRP=LR
IF (LSP)L Y .TRUE .
IF (LPP ) L Y . FA LS F.
IF ( (.NOT.LSP) SAND. (.NOTSLPP) )LV=OLDY
IF (LSP .AND.LRP)LY .NOT.OLDY
12. .0LOY~ LY
Li. .CO NT IP~UE
EP~D
MACR O END

Figure 82. L is t i n g  of the SRTEFF macro.
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PROGRA M SRTEFF TEST
as PROVIDES EP4VIPONMENT FOR SRTEFF TEST

INITIAL
LOGiCAL DUMP
LOGICAL LV , LTC • LS • IR • iE
CONSTANT DUMP 2.FALSE., TSTP • 15. , ~~~ ~ l.E—30

I CONSTANT LIC = .FA LSE .
CINTERVAL CINT : 1.5
ALGORITHM IALG 2 4
NSTEPS NSTP 2

P4AXTERVAL NAXT 1.0
END

DYNAMIC
DERIVATIVE

LE 2 S TE P( 1. O)  — STFPIR.0 • STE P( I0 .0 )  ,GT. 0.5
L.P = STEP O.O) — ~TEP (4.O) • STEP(7.O) 

— STEP (l?,0) .GT. 0.5
LS = STEP(0.0) — STEPtJ.0) • ST EP(6 . 0)  — STEPUI.0

ST(P~~13.O) .GT. O.S
SRTEFF (LY=LIC,LS,LR,LF)

END

TER MT (T •GT. TSTP)
END

TERMINAL
IF (DUMP)CALL D(PUG

END
END
0000000000000000000000
PREPAR T .LE.LR.LS.LY
SET TSTP 2~ .OS5TARTS PRINT “ALL”~ R~ INITSS FT TST P~ I4 .•SSTA RTSPRIN T “ALL”
STOP

SPTFF (LY*LIC,LS,LP)
0000000000000000000000
00000000000000 00000000

Figure 83. ACSL test program and associated run time commands
for SRTEFF and SRTFF.
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MACRO SPTFF (LV~LICsLS.LR)MACRO RELABEL L1’L2,L~MACRO REDEFINE OLDV,LSP,LRP
LOGICAL OLDY,LY,LSP ,LPP
PROCEDURAL (LV~LIC.LS,LRIF-(7ZFST OLOY)’.LT.O.S)GO TO LI
I F ( 7 Z R N F L ) G O  TO LI
IF(.NOT.Z7ICFI)60 TO 13
LV ~~LIC
GO TO 12
L3. .LSP=LS
LRP=LR
IF (LSP)LV= .TRu~~.
IF (LRP)LV .FALSE .
IF ( (.NOT .LSP) .AND. (.NOT.LRP ) )LV= OLOY
IF (LSP.ANO.LRP)1Y ~~.NO1 .OLD’Y
L?. .OLDY=LY
LI, SC ON T INUF
END
MAC RO END

Figure 85. - Lis t ing  of the SRTFF macro .
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MACRO SwITCH (V,LX,X)
Y=RSW (LX,X,O.O)
MACRO END

Figure  87. — L i s t i n g  of the  SWIT( H macro .
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z:RNFL T

LYCI.F.

ZZICFL ___________

T 
LY .F.

STARID)

F 1 STARTD- .F. I
[

KP-NIC fST A AT O~.T 
_____________

LY- .T.

K~KP—I

LYCS- .T.

K P K

1’

C END D
• Figure 88. — Flow diagram for TIM!R.
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MACRO TIMER (LV,LYCO,N!C,LXCI,LS,LR)
MACRO RELABEL 11,12,13,14
MACRO REDEFINE KP,STAPTD,~INTEGER KP,~
LOGICAL LY,LYCO,STARTO
PROCEDURAL (LY,LYCO~P1IC,1XCI ~LS~LR)IF’ZZFST(KP).LT,O,5)GO TO Li
IF (ZZRNFL)GO TO Li
LYCO..FALSE.
IF .NOT.(ZZICFL.OR,(LR),O~..WOT.((Ls).op .spARvo)))oo TO 12LYz.FALSE.
L3. .STAPTDm .FALSE.
KP~NICGO TO Li
L2. .STAPTD~ .TRUE.LY~ ,TRUE.
IF(.NOT.(LXCI))GO TO Li
K~kP—i
IF(K.EO,O)GO TO 14
KP =)c
GO TO Li
L4. .LYCO~ .TRUE.GO TO 13
Li. .CONTIP4UE
END
MACRO (NO

Figure 89. — Lis t i ng  of TIM ER macro .
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PR0GI~A$ T IMER TEST
“ PROVID ES ENVIRONMENT FOP TIMER TEST

INITIAL
LOGICAL DUMP
LOGICAL LY , LYCO , IXCI • LS • LR
INTEGER NYC
CONSTANT NYC 2 7
CONSTANT DUMP a.FALSE., TSTP • 15. • RNN l.E 30
CINT EPVAL CIP4T • .0
ALGORIT HM IALG . 4
NST EPS NSTP 1
MAXTERVA L MAXT • 1.0

END

DYNAMIC
DERIV ATIVE

LXCI 2 STEP(L.0) — STEP S,0) • STEP(7.0) .GT. 0.5
LS STEP (I.0) — ST EP(2 .0) • ST EP( I2 .O~ •GT. 0.5
LR STEPtI5.O) — STEP (16.O) .GT. 0.S
TI MER(LY,LYCO=NIC,LXC I ,LS,LP)

END

TE PMT (T .GT. TSTP)
END

TERMINA L
IF (DUMP) CALL DERUG

END
END
0000000000000000000000
PPEPAR T,LV,LYCO,LXCI,L5.LR
SET TSTP=IB.$STARTSPRINT “ALL•’SPFINITcSET
PRINT “ALL”
STOP
0000000000000000000000
0000000000000000000000

Figure 90. — ACST.. test program and run time commands for TIMER.
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