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l. O  I N T R O D U G TI O H 

T h e  t e c h ni c al m a n u al d es cri b es  i n  d et ail  t h e  str u ct ur e  a n d  c o di n g  of 
t h e l:! e n di x AI. G O Pr o gr a m mi n g S yst e m,, C o m pl et e  d es cri pti o n  of  t h e A L O O 
l a n g u a g e, a n d  t h e o p er ati n g•. i nstr u cti o ns ar e c o nt ai n e d  i n  t h e  ot h er 
m a n u als  p ert ai ni n g  t o  t h e Al. G O S yst e m.  K n o wl e d g e of t h e  c o nt e nts of 
t his  m a n u al  is  n ot  n e c ess ar y  t o  l e ar n  or  us e  t h e  s yst e m.  T his  t e c h ni-
c al  m a n u al  is  pr o vi d e d  f or  r ef er e n c e  p Ur p os es  pri m aril y. T h e i nf o n n a-
ti o n  c o nt ai n e d h e r ei n is  s uffi ci e nt  f or G- 1 5 m a c hi n e  l a n g u a g e 
pr o gr a m m ers t o u n d el "!ft a n d·t h e d et ails  a n d  m a k e a n y s p e ci al  c h a n g es  t o 
t h e s yst e m f or  t h eir o w n s p e ci al  p ur p os es.  T h e  us er is. c a uti o n e d, 
h o w e v er, t h at  a n y  m o difi c ati o ns  w hi c h  ar e  m a d e b y a n  i nst all ati o n  a n d 
w hi c h ar e  n ot  s u g g est e d  or  r e q uir e d b y B e n di x  m a y l e a d t o, i n c o m p at a-
bilit;:r wit h t h e  St a n d ar d AI. G O S yst e m. 

T his m a n u al c o nt ai ns  t hr e e  pri m ar y  s e cti o ns.  T h e  first is a  n arr ati v e 
d es cri pti o n  of  t h e  l o gi c  a n d fl o ~ of  t h e Al. G O S yst e m.  T h e  s e c o n d  is 
a  s et of. fl o w  c h arts  f or  e a c h  p a c k a g e,  a n d fi n all::r, listi n gs  of .:. h e 
c o m m a n ds a n d  c o nst a nts  i n st a n d ar d P P R f o m at.  Cr oss  r ef er e n c e  a m o n g 
t h e  s e cti o ns  of  t his m a n u al, a n d  a m o n g  t h e  ot h er  m a n u als  of  t h e A L G O 
S yst e m  is  n e c ess ar y  f or  c o m pl et e  u n d erst a n di n g of·t h e d et ails. 

A d diti o ns  a n d  i m pr o v e m e nts  ar e  a  c o nti n ui n g s er vi c e t h at  B e n di x  pr o-
vi d es  t o  c o nst a ntl y  i n cr e as e  t h e  p o w er of A L G O. T h er ef or e,  it  is 
n e c ess ar y  t o p eri o di c all y i ns ert n e w  a n d  c h a n g e d  i nf or m ati o n  i n  t h e 
c o m m a n d a n d c o nst a nt listi n gs t o i ns ur e  c urr e nt d o c u m e nt ati o n. T h e 
n e w i nf or m ati o n i a pr o vi d e d b y B e n di x  t o g et h er wit h i nstr u cti Q ns f or 
m a ki n g t h e c h a n g e. 
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2. 0 Efil T O R P R E- L O A D E R 

M a g a zi n e  o n e  is  t h e  E dit or  f or  t h e  A L G O S yst e m.  T h e  pr e-l o a d er  of 
t his  m a g a zi n e  pr e p ar es  t h e  m e m or y  of  t h e G- 1 5 f or  t h e  a ct u al  E di t or 
pr o gr a m.  T h e  pr e-l o a d er  is  r e a d  i nt o  li n es 0 4, 0 3,  0 0  a n d  0 2.  Li n e 
0 2,  w or d  0 0  is  t h e  pr o gr a m  st arti n g  l o c ati o n. 

Aft er  t h e  pr e-l o a d er  is  r e a d  i nt o m e m or y, t h e  c o m p ut er  t y p es  o ut  M O D E ? 
T his  q u er y  is a ns' W 8r e d fr o m  t h e  k e y b o ar d b y a  l  t a b @, l  t a b  D D D t a b 
@ or  a 2 t a b @. 

A  2 t a b @ i n di c at es  t h at  t h e  s cr at c h  p a d  will  b e  p a p er  t a p e.  Li n e 
0 4, w hi c h is  t h e l o a d er  t o  t h e  E dit or,  is  t h e n  tr a nsf err e d  t o  Li n e 0 5, 
w or d 0 0  a n d  t h e  E dit or  pr o gr a m is t h e n  r e a d  i nt o  m e m or y.  U p o n  t y p e- o ut 
of  a 1. TI T L E  t h e  c o m p ut er  is r e a d y t o  a c c e pt  i nstr u cti o ns  fr o m  t h e 
k e y b o ar d. 

A  l  t a b @ i n di c at es  a  m a g n eti c  t a p e  s cr at c h  p a d.  At  t h e  t er mi n ati o n 
of  t h e  t y p e-i n  t h er e  is  a  t y p e- o ut  of  S E T M A G S W ~  l  a n d  t h e  c o m p ut er 
h alts.  Aft er  t h e  c o m p ut e  s wit c h  is  c y cl e d  a  s e ar c h  f or  cl e a n  t a p e 
b e gi ns.  T h e  s e ar c h  r o uti n e  us es  li n es  0 0  a n d  0 2  a n d  s e ar c h es  i n  t h e 
f oll o wi n g  m a n n er.  It  l o o ks f or w ar d f or  fil e  c o d es.  A c o u nt er is  k e pt 
a n d  d e cr e m e nt e d  u ntil  it  g o es  t o  z er o.  E a c h tilll e a  fil e  is  d et e ct e d 
t h e  c o u nt er  is  r es et  t o  its  i niti al  v al u e.  W h e n  t o e  c o u nt er  is  z er o  a 
r e v ers e  s e ar c h  is  i niti at e d.  As  s o o n  as  a  fil e  is  f o u n d  t h er e  is  a 
d el a y,  a  n e w  c o u nt er  s et  a n d  a  r e a d  m a g n eti c  t a p e  st art e d. ' W h e n t h e 
c o u nt er  b e c o m es  z er o  a  fil e  c o d e  is writt e n f oll o w e d  b y  a n  I D  bl o c k 
w hi c h is  i n  li n e  t hr e e.  T his  I D  bl o c k  is  c o m p ati bl e  wit h  t h e  M a g n eti c 
f a p e  S er vi c e  R o uti n e.  S e e  A p pli c ati o ns  Pr oj e ct 6 1. 

At t h ~ c o n cl usi o n  of  t h e writi n g of  t h e  I D  bl o c k,  a  fil e  n u m b er  is 
t y p e d o ut  i n di c ati n g  t h e  fil e  of  t h e E dit a ~ o ut p ut. A fil e  n u m b er of 
o n e  is t y p e d  o ut  u nl ess  o n e  of  t h e  f oll o wi n g  o c c urs. 

A) T h e  l ast i nf o n n ati o n o n  t h e  m a g n eti c  t a p e w as a n  I D  bl o c k 
a n d  n o  ot h er i nf o n n ati o n f oll o w e d  it.  I n  t his  i nst a n c e  a 
fil e  n u m b er  of  t h e  e xisti n g  I D  bl o c k  will  b e  t y p e d  o ut. 

B)  If  t h e o p ~r at or t y p es  a  1  t a b  D D D t a b @ w h e n t h e  D D D is 
t h e  n u m b er  t h e  o p er at or wis h es t o  h a v e  i n  t h e  I D  bl o c k, 
t h e D D D t a k es  pr e c e d e n c e  o v er  ( A). 

At  t h e  c o n cl usi o n  of  t h e  a b o v e  t h e  E dit or will b e  l o a d e d, 

1.  TI T L E will t y p e  o ut  a n d  t h e  c o m p ut er  is  r e a d y  t o  a c c e pt  i nstr u cti o ns 
fr o m t h e  k e y b o ar d. 
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3. 0 P: D J T O R ( F n cl-.: w. c !) 

J.l 

li e n or nl I > es crirti n n of J o: di t or 

T h e  f u n cti o n  of t h e E dit or ii'! t o pr o c e 1 H 1 d e cl ar ati o mi a n d p orti. o ns of 
st At e m e nts as  t h e y nr e e nt er e d b y t h e  t y pist.  I n  a d diti o n,  o b vi o us  i n p ut 
err ors ar e d et e ct e d a n d r e p ort e d. 

T h e  i n p ut  t o  t h e  E dit or is a n  A L O O s o ur c e pr o gr a m vi a al p h a n u m eri c t y p e-
writ er.  T h e  o ut p ut is t h e  p arti all y  pr o o ess e d d at a i n  o n e of t w o b asi c 
f or m ats. S e e F o n n ats l a n d 2. I n  b ot h f or m ats, bit e T 2 9 t hr u T 2 5 or t h e 
o d d ' W Or d c o nt ai n a n I D c o d e, a n d, bit e T 2 4 t hr u r1 6 or t h e o d d w or d c o nt ai n 
t h e bi n ar y e q ui v al e nt of t h e e ntr y n u m b er t y p e d. 

I n pl "fl p ar ati o n f or a  g e n er al  i n p ut  t h e  c o m p ut er  e x e c ut es a c arri a 1r e r et ur n 
a n d t y p es t h e  n e xt e ntr y n u m b er.  A 1.'l a g wr d is e nt er e d  i nt o 2 3 0 1 a n d  li n e 
1 9  is  cl e ar e d.  As  e a c h  i n p ut  c h ar a ct er is t y p e d, it i e t e at e d f or ", 1 1 1• 

T hi s  c h ar a ct er will c a us e  a n iJll m e di at e t er mi n ati o n of t h e e ntr y a n d  t h e 
E dit or  will  r ei niti at e g e n er al i n p ut.  C h ar a ct ers  w hi c h a r e n ot ", 1 " ar e 
e nt er e d  i nt o  li n e 2 3 a n d s u bs e q u e ntl y i nt o  t h e l o w er e n d of li n e  1 9. W h e n 
t h e  e ntr y  is  t er mi n at e d b y a t a b @li n e 1 9  is tr a nsf e n- e d t o  li n e  1 8. 
Li. n e 1 9  is  cl e ar e d,  t h e fl a g r es et i n  li n e 2 3, t h e  n e xt  e ntr y n Wll b er is 
t y p e d b y  t h e  c o m p ut er  a n d t y pi n g is  g at e d  f or  t h e  n e xt  i n p ut. 

Si m ult a n e o usl y  t h e  i nf o n n ati o n  i n  li n e  1 8  is  pr o c ess e d.  B e gi n ni n g  at  w or d 
6  a n d  c o nti n ui n g  b y f o ur- w or d i nt er v als t h e  c o nt e nts  ar e  t est e d  f or z e r o. 
W h e n a  z er o is f o u n d  t h e  n u m b er of w or ds e nt er e d 1s t h e n d et e n ni n e d. O n e 
c h ar a ct er  at  a  ti m e  is  pi c k e d  u p  o ut  of  li n e 1 8, t e at e d f or  s p e ci al  c h ar-
a ct ers  d efi n e d  b el o w a n d is us e d  i n  b uil di n g w or ds of o ut p ut. T h e v ari o us 
f o nr a of  o ut p ut w or ds ar e  dis c uss e d  l at er  i n  S e cti o n 3. 6. As t h e w or ds of 
o ut p ut  ar e  c o m pl et e d,  t h e y  a:r e  st or e d  i n  li n e  1 7 b e gi n ni n g w 1 t h w or d u 5. 
W h e n t h e  li n e  is  fill e d  a  c h e c k s u m is  pl a c e d  i n w or d u 6  c a usi n g  t h e  li n e 
t o s u m t o  z er o  a n d  a  n u m b er  b e gi n ni n g wit h 1  is  pl a c e d  i n  w or d u 7 r e pr e-
s e nti n g  t h e  li n e  of  o ut p ut.  T his  n u m b er  is  i n cr e m e nt e d o nl y f or  t h e 
m a g n eti c t a p e  s cr at c h  p a d  m o d e.  Li n e  1 9  is  c o pi e d  i nt o 1 6, li n e  1 7 is 
c o pi e d  i nt o li n e 1 9 a n d is r e c or d e d  o n  p u n c h e d p a p e r t a p e  or m a g n eti c  t a p e. 
W h e n t h e  o ut p ut is c o m pl et e d,  li n e  1 6  is  c o pi e d  i nt o  li n e  1 9  a n d p r o c ess-
i n g  c o nti n u es. 

C h ar a ct er  Pr o c essi n g 

T h e  E dit or  pr o c ess es  a  p arti c ul ar  e ntr y  i n t h e f oll o wi n g m a n n e r: 

E a c h  c h ar a ct er  is  t est e d  f or  a  c arri a g e r et ur n or  s p a c e  a n d if s o, is 
i g n or e d. 
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3. 2 

It n eit h er,  it is c o n v ert e d t o l o w er c a e e b y r e m o v al  of  t h e s e v e nt h bit 
ot t h e ei g ht.- bit c h ar a ct er. It is t h e n t est e d f or  o n e ot t h e f oll o wi n g 
s p e ci al c h ar a ct ers: 

1.  C ol o n ( w hi c h i n l o w er c a e e i e a s e mi- c ol o n) 
2. E q u al si g n 
. 3. T a b 
4. O p e n P ar e nt h esi e 
S. S p a c e 

A n y c h ar 1 1 et er ot h er t h a n  t h e  a b o v e s p e ci al c h ar a ct er e is u e e d t o b uil d a n 
i d e ntiti er. T h e l e ast ei g ni.t'i c a nt si x bi t a ot e a c h c h ar a ct er 1 1 1 r et ai n e d. 
T h e i d e ntifi er is t e mi n at e d w h e n o n e of t h e a b o v e  s p e ci al c h ar a ct er e is 
f o u n d. A n y pr o gr m n m e d i d e ntifi er w hi c h c o nt ai ns  m or e  t h a n fi v e c h ar a ct ers 
i ci. 1 1 b e pr o c ess e d i n its e ntir et y b ut o nl y t h e first fi v e c h ar a ct ers will 
b e  r et ai n e d. 

A c ol o n  aft er  t h e  first  i d e ntifi er i n di c at es t h at  t h e e ntr y is a l a b el e d 
st at e m e nt.  T h e  E dit or will i ns ert a bit  i n Ti of f o n n at 1, i g n or e t h e 
l a b el  i d e ntifi er,  r e m o v e t h e  c ol o n  fr o m  t h e  s p e ci al  . c h ar a ct er  list  a n d 
will r est art  t h e  c h ar a ct er  pr o c essi n g.  S e e  S e cti o n 3. 1. 

T h e E dit or  a n al y z es  t h e  i d e ntifi er b y c o m p aris o n  wit h  a  st or e d  t a bl e t o 
d et e n ni n e if  it is a  st at e m e nt  or a d e cl ar ati o n. 

St at e m e nts F or m at 1 1 2 w or ds pl us  st at e m e nt. 

A st at e m e nt  is  si g n all e d  if t h e i d e ntifi er  is  o n e  of  t h e wr ds i n  T a bl e  1. 
T h e c orr es p o n di n g  c o d e  fr o m  t h e  T a bl e is pl a c e d  i n  t h e  St at e m e nt T y p e ( S T) 
p ositi o n. A n I D  c o d e ( 0 0 0 0 0) is  pl a c e d  i n  t h e  I D  c o d e  p ositi o n.  T h e 
T a bl e  3. 1 c o nt ai n ~ i n  t h e )r d a n d  6t h c ol w n ns o nl y  t h e  s p e ci al  c h ar a ct ers 
w hi c h c a n  c a us e  t h e  s el e cti o n  of  a  p arti c ul ar  st at e m e nt  t y p e. S P•s p a c e, 
T•t a bs. 

1st S T C o d e S T S T  C o d e 

D O 0 0 0 0 0 1 S P R E T U R N 0 0 1 0 0 1 T S P 
I F 0 0 0 0 1 0 S P ( • Assi g n m e nt " 0 0 1 0 1 1 • S P 
F O R 0 0 0 0 1 1 S P B E X }I N 0 0 1 1 0 0 T 
G O T O 0 0 0 1 0 0 S P T A B S 0 1 0 0 0 0 S P ( 
R E A D 0 0 0 1 0 1 S P  ( C A R R. 0 1 0 0 0 1 S P ( 
S T O P 0 0 0 1 1 0 T S P P E RI O O O 0 1 0 0 1 0 S P ( 
W RI T E 0 0 0 1 1 1 S P  ( B E L L S 0 1 0 0 1 1 S P ( 
P RI N T 0 0 1 0 0 0 S P  ( E N D 0 1 0 1 0 0 T 

T A B L E 3. 1 
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3. 3 

F or  e x a m pl e,  if  a  t a b i.Jllr n e di at el y f oll o ws  a n  i d e ntifi er,  o nl y  S T O P, R E T U R N, 
B E GI N or  E N D is t est e d f or  st at e m e nt  t y p es.  If  n o n e  of  t h es e,  a n E RI D R is 
pri nt e d;  si mil arl y  f or  o p e ni n g  p ar e nt h esis. If " ~ " is  t h e f oll o wi n g s p e ci al 
c h ar a ct er,  a n  assi g n m e nt  st at e m e nt  is  a ut o m ati c all y  ass u m e d.  If  a  s p a c e 
f oll o ws  a n d t h er o is  n o  m at c h wit h t h e  p ossi bl e  c a n di d at es, t h e i d e ntifi er 
is  ass u m e d  t o  b e  a  d e cl ar ati o n.  If  it  d o es  n ot  m at c h  t h e  p ossi bl e  c a n di d at es 
f or  d e cl ar ati o ns,  t h e n  it  is  ass u m e d  t o  b e  a n  assi g n m e nt  st at e m e nt.  S e e 
S e cti o n 3. 3. 

If  t h e  st at e m e nt  t y p e  is  T A B S, C A R R., P E RI O D S or  B E L L S, t h e  E dit or  c o nti n u es 
s c a n ni n g  u ntil  a  cl osi n g  p ar e nt h esis  is  e n c o u nt er e d.  T h e  n u m b er  c o nt ai n e d 
wit hi n p ar e nt h es es  is  c o n v ert e d  t o bi n ar y a n d  pl a c e d  i n  t h e  R E P p ositi o n  of 
F o m at  1. 

If t h e  t y p e  is  R E A D or  W RI T E, t h e E di t or will s c a n  f urt h er  f or  t h e  pr es e n c e 
of  o p e ni n g  p ar e nt h esis, " P " a n d  cl osi n g  p ar e nt h esis  i n di c ati n g  p a p er  t a p e 
i n p ut  or  o ut p ut. 

If  t h e  st at e m e nt  t y p e  is  E N D, t h e  E dit or  d e cr e m e nts  t h e  l e v el  c o u nt er  w hi c h 
st arts wit h 1  a n d  is  i n cr e m e nt e d  w h e n e v er  a  P R O C E d ur e or  F U N C Ti o n d e cl ar a-
ti o n  is  e n c o u nt er e d.  S e e  S e cti o n J. 3. 2. W h e n t his  c o u nt er  is d e cr e m e nt e d 
t o  z er o,  t h e  E dit or  c e as es  t o  pr o c ess  a n y  f urt h er  st at e m e nts  a n d  e nt ers 
t h e  c o m pl eti o n  p h as e.  S e e  S e cti o n J. 4. 

At  t h e  c o n cl usi o n  of  st at e m e nt  a n al ysis,  t h e  n u m b er  of  c h ar a ct ers  pr o c ess e d 
i n  m a ki n g  t h e  i d e ntifi c ati o n,  e x cl u di n g  l a b el  i d e ntifi ers,  is  e nt er e d  i nt o 
t h e  C C p ositi o n,  a n d  t h e  n u m b er  of w or ds o c c u pi e d b y t h e  st at e m e nt  is 
e nt er e d  i n  t h e W C p ositi o n  of  F or m at  1.  T h e  8- bit  c h ar a ct ers  f or mi n g  t h e 
st at e m e nt  ar e  a p p e n d e d t o F or m at  1  a n d  t h e  e ntr y  is  p ass e d  o nt o  li n e  1 7 
f or  o ut p ut. 

D e cl ar ati o ns F o n n ats 2  t hr u  8 

A d e cl ar ati o n  is  d et er mi n e d  if  t h e  i d e ntifi er  is f oll o w e d b y  a  s p a c e  a n d 
is  o n e  of  t h e  w or ds  i n  T a bl e 3. 2. T h e  c orr es p o n di n g  c o d e  fr o m  t h e  T a bl e 
is  pl a c e d  i n  t h e  I D  p ositi o n  of  F or m at  2. 

If  t h e  i d e ntifi er  d o es  n ot  m at c h  a n y  e ntr y  i n  T a bl e 3. 2, a n  assi g n m e nt 
st at e m e nt  is  ass u m e d.  S e e  S e cti o n ). 2. 

P R O C E d ur e l x x x x F O R M At 0 0 1 1 0 
F\J N C Ti o n l. x x x x C O N S T a nt 0 0 1 1 1 
LI B R Ar y 0 0 1 0 1 D A T A 0 1 0 0 0 
S U B S Cri pt O O Oll l N P U T P A R A M 0 0 0 0 1 

O U T P U T P A R A M 0 0 0 1 0 

T A B L E 3. 2 
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Aft er  t h e  d e cl ar ati o n  t y p e  is d et e: mtl. n e d, t h e  E dit or  s c a ns  f or  o n e  of  t h e 
f oll o wi n g  s p e ci al  c h ar a ct ers,  dis c ar di n g a n y s p a c es  e n c o u nt er e d:  o p e ni n g 
p ar e nt h esis,  cl osi n g  p ar e nt h esis, c ol'IIJ!l a a n d  t a b. A n y ot h er  c h ar a ct ers  ar e 
us e d  f or  b uil di n g  i d e ntifi ers  i n 6- bit c o d es,  r et ai ni n g  t h e  fi v e  m ost  si g-
nifi c a nt  c h ar a ct ers.  N ot e  t h at  al p h a b eti cs,  n u m eri cs  · a n d ot h er  c h ar a ct ers 
c a n  b e  i n cl u d e d.  F urt h er  pr o c essi n g  d e p e n ds  o n  t h e  d e cl ar ati o n  t y p e 
d et ail e d  b el o w.  T his  i d e ntifi er  is  pl a c e  i n  p ositi o n L 1 t hr u L 5 of  t h e 
of  t h e  pr o p er  f or m at. 

Oft e n  a  d e cl ar ati o n  e ntr y  m a y c o nt ai n  s e v er al  i d e ntifi ers.  Us u all y  f or 
e a c h i d e ntifi e r, a  s e p ar at e F o n n at 2 is  us e d.  T h e  Fr a cti o n al  E ntr y  N u m b er 
p ositi o n  c o nt ai ns  a  c o u nt  of  m ulti pl e  i d e ntifi ers  i n  a  si n gl e e ntr y. A 
m a xi m u m of  1 6  m ulti pl e  i d e ntifi ers  c a n  o c c ur. 

J ~J.l Titl e F o n n at 3, 2  W or ds 

T h e first  i n p ut  is  ass u m e d  t o b e t h e  titl e,  I D  c o d e  1 0 0 0 0  is  e nt er e d,  E N 
c o d e 1, a n d L 1 t hr u L 5 c o nt ai ns  t h e  Titl e.  It  is  p ass e d  o n  t o  o ut p ut. 

J.J. 2 Pr o c e d ur e F o n n ats 2  a n d 3, 2 W or d Gr o u ps 

F or  e a c h  pr o c e d ur e  or  f u n cti o n,  a  l e v el  c o u nt er  is  i n cr e m e nt e d,  st arti n g 
at  1.  T his  c o u nt er  is  r e pr es e nt e d b y D O C X i n T a bl e ). 2 a n d f o n ns p art  of 
t h e  I D  c o d e.  0  is  pl a c e d  i n T 6 of  F or m at 3. 

T h e  c h ar a ct er• =•  is  a d d e d  t o  t h e  s p e ci al  c h ar a ct er  list  a b o v e. 

If  t h e  s p e ci al  c h ar a ct er  is  a t a b, t h e e ntr y is t e n ni n at e d, F or m at 3 is 
p ass e d  t o  t h e  o ut p ut  li n e. 

If  t h e  s p e ci al  c h ar a ct er  is  o p e ni n g  p ar e nt h esis,  t h e F o n n at 3 c o nt ai ni n g 
t h e  pr o c e d ur e n a m e is  p ass e d t o o ut p utJ  pr o c essi n g  c o nti n u es  o n t o a n 
i n p ut  p ar a m et er. 

If  s p e ci al  c h ar a ct er is " ~ ", t h e F o n n at 2 wit h I D  c o d e  of  0 0 0 0 1  is  p ass e d 
t o  o ut p ut  f or  t h e  c urr e nt  i n p ut  p ar a m et er.  If  t h er e  is  n o  i n p ut  p ar a-
m et er  pr e c e di n g t h e• ~•, a n e r r o r is  c a us e d.  If  t h e  i n p ut  p ar a m et er  is 
pr es e nt,  pr o c essi n g  c o nti n u es  o nt o  a n  o ut p ut  p ar a m et er. 

If a,• is  s p e ci al  c h ar a ct er,  pr o c essi n g  c o nti n u es wit h eit h er  i n p ut  or 
o ut p ut  p ar a m et ers  d e p e n di n g  o n  c urr e nt  p ar a m et er,  aft er  p assi n g  c urr e nt 
f or m at t o o ut p ut. 

F o n n at 2  f or  o ut p ut  p ar a m et er  h as  I D  c o d e  0 0 0 1 0. 
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If ") ", fi n al  o ut p ut  is  p ass e d  o n. A t a b  t er mi n at es t: dit or pr o c essi n g 
o 1· t. his e n \,r _ v. 

3, 3.J FlJ N C Ti o n F o: n n at J, 2  W or ds 

A 1  bit  is  pl a c e d  i n T 6 of  F or m at J. F urt h er  pr o c essi n g  is  i d e nti c al  t o 
P R O C E d ur e. S e e S e cti o n J.J. 2. 

3, 3, 4 LI B H Ar y F or m at 4, 2  W or ds 

T h e  "( "  t er mi n at es  t h e  i d e ntifi er  w hi c h  is  pl a c e d  i n L 1 t hr u 1 5 of  F or m at 
4, a n d  pr e c e d es  a  7- di git  h e x a d e ci m al  n u m b er  w hi c h  i d e ntifi es  t h e r o utir e. 
T h e  )r d a n d 4t h  c h ar a ct ers  c o nt ai ni n g  t h e  st arti n g  l o c ati o n  i n  a  li n e  ar e 
e xtr a ct e d,  c o n v ert e d  t o  bi n ar y,  a n d  pl a c e d  i n  S S L.  Z er os  r e pl a c e  t h e  )r d 
a n d  4t h  c h ar a ct ers  of  t h e h e x n u m b er  w hi c h  is  pl a c e d  i n  t h e  f or m at  as  t h e 
c h e c k s u m, 

T h e 1 1 ) " t er mi n at es  t his  p art  of  t h e  e ntr y  a n d  p ass es  F or m at 4 t o  o ut p ut. 
Pr o c essi n g  c o nti n u es. 

T h e It It , r es ets  t o  pr o c ess  a n ot h er  li br ar y  d e cl ar ati o n. 

T h e  t a b  e n c o u nt er e d  aft er  a n  i d e ntifi er  c a us es  a n E R R O R, ot h er wis e t er-
mi n at es  pr o c essi n g, 

3,J. 5 S U B S Cri pt F or m at 5, 2  W or ds 

A "( "  si g nifi es t w o s u bs cri pts  s e p ar at e d  b y  a  c o m m a f oll o w e d b y  a 
cl osi n g  p ar e nt h esis, 

A ", " f oll o wi nr: a n o p e n  p ar e nt h esis  s e p ar at es  s u bs cri pt  p airs,  A t w o 
w or d r,r o u p is  b uilt  f or  e a c h  s u bs cri pt  e nt er e d  w h et h er  or  n ot  p air e d, 
T h e  1st  of  t h e  p air  is assi g n e d a n i n d e x r e gist er  n u m b er  a n d  m o v e d  t o 
o ut p ut.  A ") "  t er mi n at es  t h e  2 n d  of  a  p air  of  s u bs cri pts,  T h e  2 n d  of 
t h e  p air  is  m o v e d  t o  o ut p ut. 

A ", " o u Lsi d o p ar e nt h esis  r es ets  f or  a n ot h er  s u bs cri pt  pr o c essi n g,  a n d 
m o v es F or m at 5 t o  o ut p ut, 

A  t a b  t er mi n at es  pr o c essi n g. 
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E a c h  s u bs cri pt  i d e ntifi er  is  assi g n e d  a n  i n d e x  r e gist er  n u m b er.  P air e d 
s u bs cri pts  will  al w a ys  b e  gi v e n  i n d e x  n u m b ers  i n  a  c ert ai n  s e q u e n c e.  A n 
e v e n  i n d e x  n u m b er  is  assi g n e d  t h e  first  i d e ntifi er  of  a  p air  a n d  a n  o d d 
i n d e x  n u m b er  t o  t h e  s e c o n d  of  a  p air.  T h e  t w o  i n d e x  n u m b ers  ar e  i n 
c o ns e c uti v e  or d er.  Si n gl e  s u bs cri pt  i d e ntifi ers,  t h os e  n ot  e n cl os e d  i n 
p ar e nt h es es,  ar e  assi g n e d  i n d e x  n u m b ers  i n  c o ns e c uti v e  or d er,  u nl ess  a 
n u m b er  is  s ki p p e d  d u e  t o  a  p air  of s ut:s cri pts. If  t his  is  t h e  c as e,  t h e 
first  si n gl e  s u bs cri pt  i d e ntifi er  f oll o wi n g  a  p air will b e  assi g n e d  t h e 
i n d e x  n u m b er  w hi c h w as s ki p p e d.  T h e  m a xi m u m n u m b er  of  i n di c es  is 2 0 
r e gist ers, 

T h e  i n d e x  n u m b ers  ar e  d et er mi n e d  i n  t h e  f oll o wi n g  w a y.  A  w or d  i n m e m or y 
c o nt ai ns  t w e nt y • 1 n bits.  E a c h  bit  r e pr es e nts  a n  i n d e x  r e gist er  n u m b er 
fr o m 2 t o 2 1 i n  s u c c essi o n.  W h e n a  s u bs cri pt  i d e ntifi er  is assi g n e d a n 
':l, n d e x n u m b er, a • 1• bit  c orr es p o n di n g t o t his  n u m b er  is cl e a r e d t o z, r o, 
s o  t h at  t h e  s a m e  i n d e x  n u m b er  will  n e v er  b e  assi g n e d  t o  m or e  t h a n o n e 
s u bs cri pt. 

3,). 6 F Oll M At F or m at 6, 6 W or ds 

T h e•(•  si g n als  t h e  st art  of  f or m at  g e n er ati o n,  a n d  t h e  e n d  of  t h e f o n n at 
n a m e,  E a c h  n u m eri c  pr o c ess e d  i n  t his  p ar e nt h es es  is  a c c u m ul at e d,  t h e 
al p h a b eti c  c h ar a ct ers  d et er mi n e  t h e  t y p e  of  o ut p ut  c h ar a ct er f o n n at, 
Ill e g al  al p h a b eti c  c h ar a ct ers  c a us e  E R R O R.  T h e  f or m at is  g e n e r at e d, A 
si g n f o n n at c h ar a ct er  is  a ut o m ati c all y  t h e  first  f or m at  c h ar a ct er, w h et h e r 
or rt ot d e cl ar e d, 

T h e ") " t e n ni n at es  f or m at  g e n er ati o n  b y  a d di n g  a n  e n d  c o d e  t o  t h e f o n n at, 
If  t h e a c c U!lllll at e d n u m b er  of  di gits  e x c e e ds 1 5, a n  E R R O R o c c urs,  ot h er-
wis e,  t h e  t ot al  n u m b er  is  e nt er e d  i nt o  T D p ositi o n.  A  c o u nt  is  k e pt  of 
t h e  n u m b er  of  di gits  pri or  t o  t h e  d e ci m al  p oi nt  a n d  is  e nt er e d  i n  D B D 
p ositi o n  of  F or m at  6.  F or m at 6 is  p ass e d  o n  t o  o ut p ut 

T h e II n , r es ets  f or  a n ot h er  f or m at. 

T h e  t a b t e n ni n at es pr o c essi n g  • 

3,). 7  D A T A  . f o n n at 7,  2 W or ds 

T h e "( " t er mi n at es  t h e  D A T A n a m e wii c h is  pl a c e d  i n  F or m at  7  wit h  a n  I D 
c o d e " Ol O O O. 

T h e •, " i nsi a e t his  p ar e nt h es es s e }'. > ar at es t h e H m gt hs of a m atri x ai 1· u:r. 
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T h e ") "  c a us es  t h e  n u m b er  c o nt ai n e d  i n  p ar e nt h es es  t o  b e  pl a c e d  i n  t h e 
si z e p ositi o n of F o n n at 7.  If  t w o  n u m h ers  ar e  i n  p ar e nt h es es,  t h eir 
rr o d u ct is  e nt er e d  i nt o  t h e  si z e  p ositi o n.  T h e f o n n at is  m o v e d t o o ut-
p ut. 

T h e If  " 

' 
o utsi d e  of  p ar e nt h es es  r es ets  f or  a n ot h er  d at a  arr a y, 

T h., t a b t er mi n at es  pr o c essi n g. 

J. J. 8 C O N S T a nts F o n n at  7, 2  W or ds 

Pr o c essi n g  of  t h e  c o nst a nt  d e cl ar ati o n  is  si mil ar  t o  t h at  of  D A T A. 
H o w e v er, aft er  a  cl osi n g  p ar e nt h esis F o n n at 7 wit h  a n  I D  c o d e ,. 0 0 1 1 1 
is  m o v e d  t o  o ut p ut  a n d  a  diff er e nt  br a n c h  is  t a k e n. 

T h e  E dit or  disr e g ar ds  a n y  i nf or m ati o n  w hi c h  m a y h a v e  b e e n  e nt er e d  f or 
t h e  n e xt  e ntr y a n d r et y p es  t h e  s a m e  e ntr y  n u m b er,  g at es  n u m eri c  t y p e-
i n a n d w aits  o n  i n p ut  of  t h e  first  c o nst a nt  of  t h e  arr a y.  T h e  c o nst a nt 
c a n b e  e nt er e d  as  fi x e d  p oi nt i nt e g er, mi x e d  fr a cti o n  or  i n  fl o ati n g 
p oi nt  f or m,  I n a n y c as e  it  is  c o n v ert e d t o t h e  fl o ati n g  p oi nt  bi n ar y 
r e pr es e nt ati o n  a n d  p ass e d  t o  o ut p ut,  T his  is  r e p e at e d,  i n d e xi n g  t h e 
e ntr y  n u m b er,  u ntil  t h e  n u m b er  of  c o nst a nts  d e cl ar e d  i n  p ar e nt h es es  h as 
b e e n  e nt er e d.  If  t his  is a n o d d  n u m b er,  a  fi n al  w or d  of  z er os  is  p ass e d 
t o  o ut p ut,  T h e  E dit or  t h e n  r et ur ns  t o  f urt h er  pr o c essi n g  of  t h e O O N S T a nt 
d e cl ar ati o n.  S e e  S e cti o n  J.J. 7. 

C o m pl eti o n  P h as e F or m at 8, 4 W or ds 

T h e  c o m pl eti o n  p h as e  is  e nt er e d  w h e n  t h e  l e v el  c o u nt er  is  d e cr e m e nt e d 
t o  z er o.  S e e  S e cti o ns  J. 2,  J.J. 2,  F o ur  w or ds  i n  F o n n at 8 ar e  c o n-
str u ct e d  a n d  m o v e d  t o  o ut p ut.  E a c h  p air  of  w or ds  c o nt ai ns 5 1 1 i n  t h e 
e ntr y n u m b er  p ositi o n, 1 4 a n d 1 5 r es p e cti v el y  i n  t h e  F. E. N.  ( Fr a cti o n al 
E ntr y N u m b er)  p ositi o n,  t h e l arr, est p ossi bl e  e ntr y  n u m b ers.  T h e  I D 
of  t h e  first  p air  is  t h e  st at e m e nt  I D.  T h e  st at e m e nt  t y p e  p ositi o n 
c o nt ai ns  t h e  E N D c o d e,  S e e  T a bl e  J. 1.  T h e  I D  i n  t h e  2 n d  w or d  p air  is 
( 0 1 0 0 1)  t h e u n a m bi g u o us E n d  of Pr or,r o m c n d e. T h e i n d e x  r e gist er  assi g n-
m e nt  c o d e,  S e e  S e cti o n 3, 3, 5, is  e nt er e d  i nt o  t h e  l ast  w or d  a n d  t h e 
f or m at  is  p ass e d  t o  o ut p ut, 'l h e fi n al  i nf or m ati o n  i n  li n e  1 7  is  p u n c h e d 
or  r e c or d e d  o n  m a g n eti c  t a p e  a n d  t h e  E dit or  p h as e is c o m pl et e d, 
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J, 5 E dit or  Err or  R o uti n e 

T h e err or  r o uti n e  r et ur ns  c arri a g e,  t y p es " E R R O R ", cl e ars  li n e 1 9, s ets 
fl a g  i n 2): 0 1, ri n gs  b ell,  t y p es  o ut  t h e  e ntr y  n u m b er  of  t h e  st at e m e nt 
or  d e cl ar ati o n  i n  w hi c h  t h e  err or w as l o c at e d,  a n d  g at es al p h a n u 1 1 1 eri c 
t y p e-i n. 

W h e n t h e  err or  r o uti n e  fi n ds  a n  err or  i n  a  d e cl ar ati o n,  p art  of  t h e 
d e cl ar ati o n  mi g ht  alr e a d y  h a v e  b e e n  tr a nsf err e d  t o  t h e  o ut p ut st o r a g e 
li n e,  W h e n t h e  pr o gr a m m er  t y p es i n t h e  d e cl ar ati o n  c orr e ctl y,  t h at 
p art  of  t h e  d e cl ar ati o n  w hi c h  w as  p ut  i n  t h e  o ut p ut  st or a g e  li n e  is 
r e p e at e d wit h t h e  s a m e  e ntr y  n u m b ers.  P a c k a g e  N o.  2  ( R a.t or- G at or) will 
r e c o g ni z e  t h es e as b ei n g r e p e ats a n d  i g n or e  t h e m, 
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J. 6 F or m ats  of  O ut p ut  of  E di t or 

H A R A C T E R 3 E T C E T C  E T C 

F O R M A T 1 

T his  is  t h e  b asi c  f or m at  f or  st at e m e nts, 

S T 
R E P 
LI 
c c 
W C 
C h ar a ct ers 

St at e m e nt  T y p e  ( S e e  T a bl e  J.l) 
R e p etiti o n  f or  B E L L S, T A B S, C A R R., P E RI O O O 
L a b el  I n di c at or  O ( N o  l a b el)  1  ( L a b el). 
C h ar a ct er  C o u nt 
W or d C o u nt 
T h e  a ct u al 8- bit c h ar a ct ers  e nt er e d  f or  t h e 
st at e m e nt. 

T J. 2 T 6 

E N'I R Y N U M B E R I F E N 

F O R M A T 2 

T his  is  b asi c  f or m at  f or  d e cl ar ati o ns. 

I D 
F E N 

L 1  t hr u L 5 

I d e ntifi c ati o n  of E N'I R Y T Y P E.  S e e  T a bl e  J. 2, 
Fr a cti o n al E ntr y N u m b er.  S e e  S e cti o n 3. 4. 
A n i d e ntifi er  of 5 - 6  bit  c h ar a ct ers. 
T h e  h at c h e d  ar e a  is  s p e cifi e d  f or  p arti c ul ar 
d e cl ar ati o ns.  If  n ot  us e d  it  is  fill e d wit h 
z er os. 
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I D E N 

F ., 0 if P R O C E D U R E 

s l if F U N C TI O N 

0  l  O 1 E N 

0  O O O O O O O O F 

L 3 

F O R M A T 3 

S e e  S e cti o n 3. 3. 2 

F E N O O O O O O O O 0 

0 

0  0  0  0  0  S U B R O U TI N E O O O C H E C K O O O S U M O O O O O O 0 

0 0 0 0 0 0 0  0 S S L 0  0 0  0 0 0  0 0  0  0  0 

F O R M A T 4 LI B R A R Y 

S S L = S u br o uti n e  St arti n g  L o c ati o n. S e c ~i o n 3. 3. 4 

T 2 5 T 1 6 T 1 2 T 1 0 T 5 T 2 

0 u O 1  1 E N  F E N 0 I R N 0  0 L 1 

L 1 ½ L 3 L 4 L 5 0 

F O m- 1. A T 5 S U B S C RI P T 

I R N, I n d e x  R e gist er  N u m b er,  S e e  S e cti o n 3, 3. 5 
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0  0  1  1  0 E N F E N  O O O O O O O O U L 1 

1  0  0 F OI M A T I N BI N A R Y 

F OI M A T I N  BI N A R Y 

F O R M A T I N BI N A R Y 

C  T D 0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

F O! M A T 6 F O R M A T 

C = 1  if  a  c arri a g e  r et ur n  e nt ers  i nt o f o: n n at. 
T D =  T ot al n u m b er of  di gits.  S e e  S e cti o n 3. 3. 6, 

D B D = N u m b er of  di gits  b ef or e  d e ci m al, 

T 2 5 T 1 6 T 1 2 T 4 

I D I E N  F E N SI Z E 

I L 1 1 2 1 3 1 4 

0 

D B D  0 

T 2 

1 ° I Li I 
1 5 j o 

F OI M A T 7 C O N S T A N T, D A T A 

SI Z E Si z e  of  c o nst a nt  or  d at a  arr a y.  S e e  S e cti o n  3, 3, 7, 
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0  0  0  0  O  l  1  1  1  1  1  1  1  1  1  1  1  O O 1  O 1  O O O O O O 0 

0  0  0  0  0  0  0  0  0  1  0  1  1  1  0  1  1  0  1  0  0  0  0  0  0  0  0  0  0 

0  1  0  0  1  l  1  1  1  1  1  1  1  1  l  l  1  1  O O O O O O O O O O 0 

I N D E X R E GI S T E R A S SI G N M E N T O Oil E 0  0  0  0  0  0  0  K 0 

F O.I M A T 8 C O M P L E TI O N 

T h e  first  p air  is  a  F or m at 1, wit h  a  t a b  c o d e  i n  t h e  C h ar a ct er- 1 
p ositi o n. 
T h e  s e c o n d  p air  is  a  s p e ci al  E N D of  pr o gr a m  t y p e. S e e S e cti o n 3. 4. 
Ks l  if  I n d e x  R e gist er  N u m b er is  z er o. 
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u. O R A T O R- C A W R ( P a c k a g e 2) 

G e n er al  D es cri pti o n 

T h e  f u n cti o n  of  t h e  R at or- C at or,  s h ort  f or  G e n er at or  All o c at or, is t o 
a c c e pt  as  i n p ut  t h e  o ut p ut  fr o m  t h e  E DI T O R, t o  r e pl a c e  s y m b oli c  i d e nti-
fi ers wit h all o c at e d  m e m or y a d dr ess es  f or  v ari a bl es  a n d  c o nst a nts,  t o 
r e pl a c e  st at e m e nt  l a b els wit h r ef er e n c e  n u m b ers,  a n d  t o  s e p ar at e  st at e-
m e nts  i nt o  b asi c  u nits  c all e d  el e m e nts.  T h e  o ut p uts  fr o m  t h e  R A'I D R- C A T O R 
ar e  s ets  of  el e m e nts,  bl o c ks  of  pr o gr a m  c o nst a nts,  d e cl ar e d  c o nst a nts, 
a n d  f o m ats  i n  t h e  or d er  of  t h eir  assi g n e d  m e m or y l o c ati o ns.  T h e  o ut p ut 
als o  c o nt ai ns  a  list  of  li br ar y  r o uti n es  d e cl ar e d. 

T h e  E DI T O R o ut p ut  is  r e a d  i nt o  li n e  1 9,  a n d  tr a nsf err e d  t o  li n e  1 6  f or 
pr o c essi n g.  L o c ati o ns  1 8. o o  t hr u  1 8. 9 9  ar e  us e d t o h ol d  c o nst a nt  arr a ys, 
G- 1 5 f o m ats  p ass e d  o n  fr o m  t h e  E DI T O R, a n d  f or  pr o gr a m  c o nst a nts.  W h e n 
t h es e  l o c ati o ns  ar e  fill e d,  a  li n e  b al a n c er  is  pl a c e d  i n  w or d  1 8. u 6, 
c o ntr ol c orrr n a n ds i ns ert e d  i n u 5 ar xl. u 7  a n d  t h e  li n e  is  p u n c h e d  or  r e c or d e d 
o n  m a g n eti c  t a p e. 

T h e  el e m e nts  of  t h e  s e p ar at e d  st at e m e nts  ar e  i ns ert e d  i n  li n e  1 1  b e gi n ni n g 
wit h u 5 a n d  w or ki n g d o w n t o  a n d  i n cl u di n g  l o c ati o n 4 5. W h e n f ull,  a  li n e 
b e.l a n c er is  pl a c e d  i n  u 6,  c o ntr ol  c o m m a n ds i n u 7 a n d 4 4, a n d  t h e 6 4 w or ds 
ar e  r e c or d e d  or  p u n c h e d. 

4, 1 D es cri pti o n  of  T a bl es  a n d  Lists 

T h e  assi g n m e nt  of  m e m or y a d dr ess es  t o  v ari a bl es,  a n d  r ef er e n c e  n u m b ers 
t o st at e m e nt  l a b els  d e p e n ds  o n  i nf o: n n ati o n  t h at  is  s e c ur e d  fr o m  t a bl es. 
T h es e  t a bl es  ar e  c o nstr u ct e d  fr o m  d at a  ori gi n ati n g  i n  d e cl ar ati o ns, 
c o ntr ol  st at e m e nts  a n d  l a b els. 

T h er e  ar e  ni n e  t a bl es  c o nstr u ct e d b y t h e  R A T O R- C A T O R. T h e  first  s e v e n 
r e q uir e t w o G- 1 5  l o c ati o ns  f or  e a c h  e ntr y.  T h e t w o l o c ati o ns  ar e 
s e p ar at e d  b y S O w or ds wit hi n  t h e  s a m e  c h a n n el,  e. g. if t h e  first  e ntr y 
is  i n 1 5. 0 3, t h e  c orr es p o n di n g  w or d  is  i n 1 5. 5 3, T his  all o ws  pr o c essi n g 
ar xl. d e cisi o n- m a ki n g  t o  o c c ur o n t h e  first li Or d of  t h e  p air,  a n d  t h e 
p ossi bl e  pi c k u p  of  t h e  s e c o n d w or d i n  t h e  s a m e  dr u m  r e v ol uti o n.  T h e 
s e v e n  t a bl es  h a v e  e ntri es  of  t h e f or m 

Ot h er  I nf or m ati o n 

r 



w h er e L 1 t hr u L 5 is  t h e  s y m b oli c  i d e ntifi er  i n  t h e s a m e f or m at as 
d es cri b e d  i n  t h e  E DI T O R, s e e S e cti n n ), 6.  T h e  r e m ai ni n g  bits  i n  t h e 
s e c o n d wr d c o nt ai n  c o d e d i nf or ni ati o n r el ati n g t o t h e p arti c ul ar  t a bl e 
i n v ol v e d. 

4. 1.l V A RI A B L E T A B L E 4 9 e ntri es,  2  w or ds  p er e ntr y. L o c at e d 1 5 0 0- 1 5 4 8 a n d 
1 5 5 0 t hr u 1 5 9 8. 

T h e  V ari a bl e  t a bl e  c o nt ai ns  s y m b oli c  i d e ntifi ers  a n d  c orr es p o n di n g 
a d dr ess es  of  all  si m pl e  v ari a bl es,  d at a  a n d  c o nst a nt  arr a ys. 

F o n n at of  t h e  2 n d  W or d 

SI Z E A D D R E S S 

A D D R E S S is  t h e  i nt er pr eti v e  a d dr ess  assi g n e d  f or  t h e  o bj e ct pr o gr a m. It 
is  a n  i nt e g er  fr o m  7  t o  9 9 9.  If  t h e  v ari a bl e  is  a  D A T A or C O N S T A N T arr a y, 
it  is  t h e  a d dr ess  of  t h e  first  l o c ati o n  of  t h e  arr a y.  T h e  G- 1 5  a d dr ess 
w hi c h  c orr es p o n ds  t o  t h e  i nt er pr eti v e  a d dr ess  is  f o u n d  b y  a d di n g  t o  t h e 
first  di git  t h e  c h a n n el  b as e  0 9,  a n d  usi n g  t h e  l ast t w o di gits  as  t h e G- 1 5 
w or d  l o c ati o n wit hi n t h e  c h a n n el.  T h us 4 3 5 i n  i nt er pr eti v e  m e m or y c orr es-
p o n ds t o G- 1 5 l o c ati o n 1 3. 3 5, 

SI Z E  is  fill e d  wit h  z er o es  if  t h e  v ari a bl e  is  n ot  a  D A T A arr a y.  Ot h er wis e 
it c o nt ai n o t h e  n u m b er  of w or ds of  t h e  arr a y  . 

. ,. l . 2 F O R M A T T A B L E 8 e ntri es,  2 =r ds p er e ntr y, l o c ati o n 1 2 2 0- 1 2 2 7  a n d  1 2 7 0-
1 2 7 7. 

E a c h e ntr y i n  t h e  F or m at  t a bl e c o nt ai ns t h e !l y m b oli c i d e ntifi er  a n d  t h e 
a d dr ess  of  t h e  first  w or d  of  t h e r ·,,·- w or d f o n n.it, gr o u p.  O n e  p er m a n e nt 
e ntr y i n  t h e F O R M A T t a bl e  is  t h e  : 1.,•, t.i n g p oi nt f o: n n at ( F L). 

F or m at  of  t h e  2 n d  W or d 

0 1 
A D D R E S S 0 
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4, 1. 3 P R O C E D UII B P A R A M E T E R LI S T  J O  e ntri es,  2  w or ds  p er  e ntr y,  l o c ati o n  1 3 0 1-lJJ O 
a n d  1 3 5 1- 1 3 8 0. 

T h e Pr o c e d ur e  P ar a m et er  List  c o nt ai ns  a  list  of  all  t h e  i n p ut  a n d  o ut p ut 
p ar a m et ers  a n d  t h eir  ass o ci at e d  a d dr ess es  f or  all  pr o c e d ur es  a n d  f u n cti o ns, 
T his  t a bl e  is  cl e ar e d w h e n e v er t h e  E N D st at e m e nt  f or  a  pr o c e d ur e  ( n ot  a 
f u n cti o n) is e n c o u nt er e d. 

F o n n at s a m e  as L. 1. 1 

L. 1. L llI B R A R Y A N D DI C TI O N A R Y T A B L E 2 0  t w o- w or d  e ntri es  l o c at e d 1. h 2 0-l u 3 9 a n d 
i.;. 7 0- 1 4 8 9. 

T his t a bl e  c o nt ai ns  t h e  i d e ntifi ers  a n d  st arti n g  a d dr ess  of  li br ar y  s u b-
r o uti n es,  It  als o  c o nt ai ns  t h e  f oll o wi n g  si x  k e y wr ds w hi c h  c a n  b e 
c o nsi d er e d  as  b uilt-i n  s u br o uti n es,  T h e y  ar e  h a n dl e d  si mil ar  t o  t h e 
d e cl ar e d  li br ar y  r o uti n es, 

N a m e  O P C o d e 

K E Y B D  0 8 
S QJt T 5 9 
A B S 5 w 
(li br ar y d e cl ar e d S y) 

F or m at of 

T 2 9 T 2 2 

O P A D D R E S S 

N a m e 

N E G 
L O G 
E X P 

2 n d  W or d 

T 1 2 

0 

O P C o d e 

5 u 
5 v 
5 7 

0 

O P is  a  n u m b er  us e d  t o  d esi g n at e  t h e  o p er ati o n  c o d e  i n  t h e  o bj e ct  pr o gr a m, 
F or  r o uti n es  d e cl ar e d  i n  t h e  LI B R Ar y d e cl ar ati o n  O P ~  5 y i n h e x a d e ci m al 
n ot ati o n. 

T h e  li br ar y  a n d  di cti o n ar y  t a bl e  als o  c o nt ai ns t h e w or ds  B E GI N a n d  E N D 
w hi c h ar e  e n c o u nt er e d  as  st at e m e nt  p ar e nt h es es,  I n  t his  c as e  t h e  f or m ats 
of t h e 2 n d w or ds ar e  r es p e cti v el y 

p 
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0 1 1 0  1  0  0 I O  O  O I L 1 I 

4. 1, 5 S U B S C RI P T T A B L E 2 0 t w o- w or d e ntri es,  l o c at e d 1 4 0 0- 1 4 1 9 a n d 1 4 5 0- 1 4 6 9. 

f or 
E N D 

'I b e s u bs cri pt  t a bl e  c o nt ai ns  t h e  s y m b oli c  i d e ntifi ers  f or  s u bs cri pts  a n d 
t h e  i n d e x  r e gist er n u m b er assi g n e d, 

F or m at  of  2 n d  W or d 

0 I\ R E G N O I O  O  O I 1 1 I 
R E G N O is  t h e  i n d e x  r e gist er n u m b 9r assi g n e d  b y  t h e  E DI T O R, 
S e e  S e cti o n 3. 3. 5, 

4, 1, 6 L A B E L T A B L E 2 0 t w o- w or d e ntri es,  l o c at e d  1),) 1- 1 3 5 0  a n d  1). 8 1-l) u O. 

T h e l a b el  t a bl e  c o nt ai ns all l a b el  i d e ntifi ers  us e d i n 0 0  T O st at e m e nts 
a n d t h eir  cr oss  r ef er e n c e n u m b ers. It  is  cl e ar e d w h e n e v er t h e E N D 
st at e m e nt  of  a  Pr o c e d ur e  is  e n c o u nt er e d. 

F or m at of  2 n d  W or d 

R N 

R N is  a  r ef er e n c e  n u m b er  w hi c h  is  us e d  f or  cr oss  r ef er e n c e  p ur p os es.  T hi a 
r ef er e n c e  N o.  is  us e d  t o  l at er  i d e ntif y  t h e  l a b el e d st at elll 8 nt i n  P k g, # 3. 
T h e R A T O R- C A T O R d o es  n ot  assi g n  a d dr ess es  t o  c o m m a n ds t h at  ar e  c o nstr u ct e d 
fr o m  t h e A L G O st at e m e nts,  T his  assi g n m e nt is d o n e b y t h e L Y Z E R- L A T O R. 
S e e  S e cti o n 5. 0. Si n c e  t h e  R A T O R- C A T O R r e m o v es  all  s y m b oli c  i d e ntifi ers, 
it  r e pl a c es  t h e  s y m b oli c  l a b els wit h cr oss-r ef er e n c e n u m b ers w hi c h c o n n e ct 
t h e  l a b el  i d e ntifi ers wit h a d dr ess  t o  b e  assi g n e d  b y  t h e  L Y Z E R- L A T O R, " A " 
is a bit  p ositi o n  c o nt ai ni n g  a 1 if t h e  l a b el  h as  b e e n e n c ollllt er e d illll 1 1 8 d-
i at el y pr e c e di n g  t h e  st at e m e nt  t h at  it  l a b els, 
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4, 1. 7 P R O C E D U R E T A B L E, 1 0 t w o- w or d e ntri es  L o c at e d 1 4 4 0- 1 4 4 9 a n d 1 4 9 0- 1 4 9 9. 

F or m at  of  2 n d  W or d 

T 2 9 T 2 2 T 1 4 T B T 6 T 3 

P L C R N N P 
I 

OI FI O 0  0 
1 1 1 I 

T his t a bl e  c o nt ai ns n a m es of  all t h e  pr o c e d ur es  or  f u n cti o ns of a  pr o gr a m. 

P L C is  t h e  p ar a m et er  list  c o u nt er.  T his n u m b er d esi g n at es t h e l o c ati o n  of 
t h e  first  p ar a m et er  i n  t h e  Pr o c e d ur e  P ar a m et er  List,  S e e  S e cti o n 4, 1.J. 

ml is  a  r ef er e n c e  n u m b er  f or  t h e  st arti n g  c o m m a n d l o c ati o n of t h e  pr o c e d ur e 
or  f u n cti o n.  S e e  S e cti o n 4, 1. 6, -

Fis  t h e  f u n cti o n  fl a g  bit  diff er e nti ati n g  b et w e e n  t h e t- w o t y p es  of 
pr o c ess es, F =l f or  F U N C Ti o ns, a n d F = O f or  P R O C E d ur es, 

N P i s  t h e  n u m b er  of  i n p ut  a n d  o ut p ut  p ar a m et ers, 

4. 1. 8 P R O C E D U R E L E V E L T A B L E 4 t\,' 0- w or d e ntri es  i n  c o ns e c uti v e  l o c ati o ns. 
L o c ati o n 1 5 u o- 1 5 u 7, 

T his  t a bl e  is  a n  a u xili ar y  t a bl e  us e d  t o  b uil d  t h e  Pr o c e d ur e  T a bl e, 
L o c ati o n 1 5 9 9  is  a  r e q uir e d  z er o. 

F o n n at  of  2 n d W or d 

P L C 0 

R ef er  t o f o n n at d es cri pti o n  i n 4, 1, 7, 

4, 1. 9 LI B R A R Y- C H A N N E L LI S T  8  si n gl e  w or d  e ntri es.  L o c ati o n 1 4 u o- 1 4 u 7, 

F or m at  of  si n gl e  w or d 

T 2 2 T 1 2 

~  0 1 A D D R E S S 0 0 1 
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A D D R E S S is  a  m ulti pl e  of  1 0 0  a n d  i n di c at es  t h e  c h a n n el  i n .tli c h t h e  li br ar y 
r o uti n e  is  st or e d,  e. g.  A D D R E S S = 0 8 0 0 i n di c at es  t h e  G- 1 5  c h a n n el  1 7,  S e e 
S e cti o n  4. 1. 1.  T h e  l o c ati o n  i n  t h e  list  is  i n di c at e d  b y  t h e  r o uti n es  c h e c k 
s u m. 

4. 2 C o nstr u cti o n  of  T a bl es  a n d  Lists 

All  t a bl es  ar e  i niti ali z e d  d uri n g  l o a di n g.  T h e R A.I D R- C A T 0 R r e a ds  s u c c essi v e 
bl o c ks  of E DII D R o ut p ut,  p erf or ms  s u m  c h e c ki n g  of  t h e  bl o c k  a n d  tr a nsf ers 
it  t o  li n e  1 6  f or  f urt h er  pr o c essi n g  st arti n g wit h mr ds  u 4  a n d u 5 a n d 
w or ki n g  d o w n, t m w or ds at a ti. m e ar e  h a n dl e d,  T h e  e ntr y  n u m b er  is  c o m p ar e d 
wit h t h e  pr e vi o us  e ntr y  n u m b er.  If  n ot  gr e at er,  a s wit c h is  s et t o disr e-
g ar d  t his  e ntr y.  T his  m a y  o c c ur  w h e n a n  i n p ut t o t h e E DI T O R is  i n c orr e ctl y 
e nt er e d  at  first  a n d  c orr e ct e d  i m m e di at el y  o n  t h e  n e xt  li n e.  S e e  S e cti o n 
J. 5. 
N e xt  t h e  I D  c o d e  is  i ns p e ct e d.  If  it  is  n ot 0 0 0 0 0, it  is  t h er ef or e  a 
d e cl ar ati o n  a n d  is  us e d  t o  f or m  a  s wti c h t o e nt er  o n e  of  s e v er al  s u br o uti n es 
t o  h a n dl e  t h e  p arti c ul ar  t y p e  of  d e cl ar ati o n,  T h es e  s u br o uti n es  n o n n all y 
e xtr a ct  i nf or m ati o n  fr o m  t h e  e ntr y  t o  c o nstr u ct  t h e  t a bl es  a n d  lists 
d es cri b e d  a b o v e.  A  d es cri pti o n  of  t h e  b asi c  o p er ati o ns  p erf o n n e d  b y  e a c h 
s u br o uti n e  f oll o ws. 

4. 2. 1  Titl e  I D = 1 0 0 0 0. 

4. 2. 2  Pr o c e d ur e  I D = l x x x x 

T h e  pr o c e d ur e  i d e ntifi er L 1 t hr u 1 5, a n d  bit  T 6 ( F = 0 f or  titl e  a n d  pr o-
c e d ur e)  of  t h e  s e c o n d  w or d  is  e xtr a ct e d  fr o m  t h e  i n p ut  p air  a n d  u nit e d 
wit h  t h e  P ar a m et er  List  C o u nt er  ( P L C)  a n d  pl a c e d  i nt o  t h e  Pr o c e d ur e 
L e v el  T a bl e.  T h e  p ositi o n  i n  t his  t a bl e  is  d et e n ni n e d  b y  t h e  l e v el  of 
n esti n g  of  t his  pr o c e d ur e.  T his  l e v el  is  d esi g n at e d  b y  a  l e v el  c o u nt er 
a n d  is  a d d e d  t o t h e b as e  a d dr ess  of  t h e  Pr o c e d ur e  L e v el  T a bl e.  T h e 
first e ntr y i n t his  t a bl e  is  al w a ys  t h e  TI T L E of  t h e  pr o gr a m.  It  · a ut o-
m ati c all y  h as  l e v el  1.  T h e  t a bl e  c a n  h ol d  u p  t o  4  l e v els  n esti n g 
e x cl u di n g  t h e  TI T L E e ntr y. 

4. 2, 3  F u n cti o n  I D = l x x x x 

T h e  F U N C Ti o n d e cl ar ati o n  is  h a n dl e d  i d e nti c al t o t h e  P R O C E d ur e d e cl ar ati o n. 
Bit  T 6 = 1.  S e e  S e cti o n  4. 2. 2. 
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4. 2. 4 Pr o c ess  P ar a m et ers  I D = O O O Ol or  0 0 0 1 0. 

T h e t w o- w or d i n p ut  gr o u p  ass o ci at e d wit h t h es e  I D  n u m b ers  ar e t h e i n p ut 
a n d  o ut p ut  p ar a m et ers .f or a  pr o c e d ur e.  T h e  R A'I O R- C A T O R e xtr a cts  t h e 
i d e nti.fi er ( L 1 t hr u L 5), all- o c at es a n  a d dr ess  f or  t his  p ar a m et er  a n d 
pl a c es  t his  e ntr y  i nt o  t h e  Pr o c e d ur e  P ar a m et er  List.  T h e  l o c ati o n o.f t his 
e ntr y wit hi n t his list is d et e n ni n e d b y t h e  c urr e nt  v al u e o.f t h e P L C. T h e 
P L C is  i n cr e m e nt e d  b y  1. 

4. 2. 5 S u bs cri pt  I D = O O Oll. 

T h e  i d e nti.fi er  a n d  i n d e x  r e gist er  n u m b er  is  e xtr a ct e d  fr o m  t h e  i n p ut  p air 
a n d  is  pr e c ess e d  i nt o  t h e  S u bs cri pt  T a bl e. 

4. 2. 6 Li br ar y  I D = O Ol Ol. 

T h e  i n p ut  c o nsists  of  .f o ur =r ds. T h e  c h e c k  s u m di git  is  pi c k e d  u p  fr o m 
t h e  t hir d  w or d  ( S e e  f or m at 4, S e cti o n J. 6) a n d  is  us e d  t o  i ns p e ct  t h e 
c o nt e nts o.f t h e  c orr es p o n di n g w or d i n t h e Li br ar y Cl! a n n el List,  S e e  S e cti o n 
4. 1. 9. T h at  is, i.f t h e  dii p.t w er e 3, t h e n  t h e  t hir d w or d ·i n t h e Li br ar y 
C h a n n el List  is  i nt err o g at e d.  If  t h at  w or d  is  z er o,  t h e  " n e xt  a v ail a bl e 
c h a n n el  n u m b er "  f or  t h e  s u br o uti n e  is  s e c ur e d  a n d  pl a c e d  i n  t h e  i n t err o-
g at e d  p ositi o n  i n  t h e Li br ar y C h a n n el  List. I.f it  is  n ot  z er o,  or if j ust 
assi g n e d,  c h a n n el  n u m b er  is c o m bi n e d l dt h t h e  S u br o uti n e  St arti n g  L o c ati o n 
( S S L),  t o  f or m  t h e  c o m pl et e  a d dr ess  f or  t h e s u br o uti n e. T h e Li br ar y 
i d e ntifi er  a n d  t h e  s u br o uti n e  O P c o d e ( 5 y O O O O O) ar e  c o m bi n e d wit h t his 
a d dr ess  a n d  ar e  pr e c ess e d  i nt o t h e Li br ar y  a n d Di cti o n ar y T a bl e,  S e e 
S e cti o n 4. 1. 4. 

4. 2. 7 F or m at  I D = O Oll O, 

T h e  t hir d,  f o urt h  a n d  .fift h w or ds of  t h e  i n p ut  c o nt ai n  t h e  a ct u al f or m at. 
T h es e  al o n g wit h t h e  si xt h  w or d  c o nt ai ni n g  c o ntr ol  i nf or m ati o n  f or  t h e 
O P p a c k a g e,  ar e  p ass e d  t o  t h e  C A T O R ltli c h  all o c at es  s p a c e  f or  t h e  f or m at, 
pl a c es  it  i nt o  t h e c o nst a nt p o ol  i n  li n e  1 8, a n d gi v es  t h e  a d dr ess o.f 
t h e  first w or d o.f t h e  f o n n at. T his a d dr ess  is  c o m bi n e d wit h t h e  f or m at 
i d e ntifi er  a n d  is  pr e c ess e d  i nt o  t h e  F or m at  T a bl e,  S e e  S e cti o n 4. 1, 2. 

4, 2, 8 C o nst a nts  I D = O Olll, 

T h e  e ntr y  n u m b er  is  e xtr a ct e d  a n d t y p e d, T h e  a d dr ess  of  t h e  first  c o nst a nt 
of  t h e  s et  is d et e ?'l 1li n e d b y  t h e  C A T O R a n d  is  t y p e d.  T h e  a d dr ess  is  c o m-
bi n e d wit h t h e i d e ntifi er a n d  is  pl a c e d i n t h e  V ari a bl e  T a bl e,  S e e 
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S e cti o n  4, 1. 1.  T h e  si z e  is  e xtr a ct e d  a n d  us e d as  a c o u nt er,  T h e  c o nst a nts 
f oll o wi n g  ar e  p ass e d  o nt o  t h e  G A T O R f or  st or a g e  a n d  t h e  c o u nt er  is  d e cr e-
m e nt e d b y 1, W h e n t h e  c o u nt er  is z e r o, pr o c essi n g of  t h e  c o nst a nts  e n ds. 
If  a n  o d d  n u m b er  of  c o nst a nts w er e i ns ert e d,  o n e  fi n al wr d of  z er o i n t h e 
t w o- w or d i n p ut  gr o u ps  is  n e gl e ct e d. 

4, 2. 9 D at a I D z, 0 1 0 0 0, 

T h e  si z e  is  e xtr a ct e d  fr o m  t h e  i n p ut  p air  a n d  s e nt  t o  t h e  G A T O R w hi c h 
all o c at es  s p a c e  (i n  t h e  hi g h  e n d  of  m e m or y)  f or  t h e  d at a  arr a y,  T h e 
a d dr ess  of  t h e  first  all o c at e d  el e m e nt  of  t h e  d at a  arr a y  is  c o m bi n e d 
wit h t h e  i d e ntifi er  a n d  t h e  si z e  a n d  is  pr e c ess e d  i nt o  t h e  V ari a bl e 
T a bl e.  S e e  S e cti o n  4. 1. 1.  T h e  i d e ntifi er  a n d  a d dr ess  ar e  t u P e d. 

4. 2. 1 0  E n d  of  Pr o gr a m  S e e  F or m at  8,  S e cti o n J. 6 

T his  i n p ut  si g n als  t h e  e n d  of  t h e  pr o gr a m.  T h e  E n d- Off  r o uti n e  is  e nt er e d. 
T his  r o uti n e  p u n c h es  o ut  or  r e c or ds  o n  m a g n eti c  t a p e  all  p arti all y  fill e d 
d at a  a n d  p erf or ms  ot h er  b o o k k e e pi n g  o p er ati o ns. 

4, 3 Pr o c essi n g  of  St at e m e nts 

St at e m e nts  ar e  i d e ntifi e d  b y  a n  I D  c o d e  of  0 0 0 0 0.  T h e  diff er e nt  t y p es 
of  st at e m e nts  ar e  d et er mi n e d  b y  t h e  S T  c o d e,  S e e  F or m at  l  i n  S e cti o n 
J. 6. I n  g e n er al  st at e m e nt  pr o c essi n g  pr o c e e ds  as  f oll o ws. \ m e n a n e w 
st at e m e nt  is  e n c o u nt er e d  t h e  n e xt  c h ar a ct er  l o c ati o n  c o u nt er,  c all e d  t h e 
bit  c o u nt er  is  l o a d e d wit h 1 8,  si g nif yi n g  t h at  t h e  first  8- bit  c h ar a ct er 
of  t his  st at e m e nt  o c c urs  i n  bit  1 8  of  t h e  c urr e nt w or d. T h e  bit  c o u nt er 
a n d  w or d  c o u nt er  f or  li n e 1 6, d et er mi n e  u ni q u el y  t h e  n e xt  c h ar a ct er. 
T h es e  c o u nt ers  ar e  us e d  i n  t h e N e xt C h ar a ct er  R o uti n e  w hi c h  g ets  t h e 
f oll o wi n g c h ar a ct er  a n d  s uit a bl y  a dj usts  t h e  bit  a n d w or d c h ar a ct er, 

T h e  l a b el  i n di c at or  (fl a g)  is  i nt err o g at e d,  If  t h e  st at e m e nt  is  l a b ell e d, 
t h e  l a b el  is  pi c k e d  u p.  A c ol o n  t er mi n at es  t h e  l a b el.  T h e  L a b el  T a bl e 
is  s c a n n e d  f or  t his  i d e ntifi er.  If a bs e nt, t h e n e xt r ef er e n c e  n u m b er 
( R N) is  assi g n e d.  T h e  l a b el  is  t y p e d  o ut  f oll o w e d b y t h e  assi g n e d 
r ef er e n c e  n u m b er. T h e l a b el  i d e ntifi er,  t h e r ef er m c e n u m b er,  a n " A " bit 
is  t h e n  pr e c ess e d  i nt o  t h e L a b el T a bl e,  S e e  S e cti o n 4. 1. 6, If  it  is  i n 
t h e  t a bl e,  o nl y  a n • A " bit  is  i ns ert e d. T h e =t at e m e nt t y p e  is  e xtr a ct e d 
fr o m  t h e  i n p ut =r d a n d  is  c o m bi n e d wit h t h e  r ef er e n c e  n u m b er  a n d  is 
pl a c e d i n t h e el e m e nt  list  f or o ut p ut t o  t h e  L Y Z E R- L A T O R. 

- 2 2  -



T h e ei e m e nt list ( 1 1. 4 5 t hr u  n. u o }  c o nsists  of  si n gl e w or d e ntri es, 
A n e ntr y o o nt ai ns t h e all o c ~t e d a d dr ess  of  a  v ari a bl e,  i n d e x  r e gist er 
n u m o ors, lt 1l o p er ati o n  s y m b ol  s u c h as *, =, -, •t a b•, or  c o ntr ol irt-
f o n n ati o n 1J U c h as st at e m e nt t y p e.  S e e  T a bl e 4. 1. T h e el e m e nt list 
c o nt ai ns n o s y m b oli c  i nf o n n ati o n. 

N e xt  a br a n c h is m a d e o n  t h e  st at e m e nt  t y p e  c o d e,  w hi c h  d et er mi n es  a 
st at e m e nt. m o d e f or f urt h er  pr o c essi n g  of  t his  st at e m e nt,  T h es e  m o d es 
d et er mi n ~ w hi c h  t a bl es  ar e  t o  b e  s e ar c h e d, 

M otl e 

O N o n n al s e ar c h  t o  m at c h  i d e ntifi ers 
2 S e ar c h  S u bs cri pt  t a bl e,  t h e n  n o n n al  s e ar c h 
J S e a r c h L a b el  T a bl e  o nl y 
4 S e ar c h  Pr o c e d ur e  T a bl e  o nl y 
~  S e ar c h  F or m at  t a bl e  o nl y 
6 S e ar c h  Li br ar y  a n d Di cti o n a nr t a bl e  o nl y 

T h e  d e cl ar ati o ns I F, R E A D, W RI T E, or A S SI Clr n E N T s et  m o d e 0,  D e cl ar a-
ti o n F O R s ets 1 1 1 o d e 2  a n d  a  First  I d e ntifi er  fl a g, G O T O e ets m o d e 3; 
D O s ets  m o d e 4; P RI N T s ets  m o d e 5; S T O P, R E T UJ N, T A B S, C A R R, P E RI O D, 
B E L L S e et  m o d e 6. 

T h e ~t at e m e nts ar e  t h e n  pr o c ess e d  c h ar a ct er  b y  c h ar a ct er.  Fi v e  cl ass es 
of c h ar a ct ers  ar e  c o nsi d er e d:  al p h a b eti c,  n u m eri c,  s e p ar at or- o p er at or, 
h oll o w p oi nt, a n d • d o n ot hi n g•. T h er e ar e  t hr e e  m o d es  f or  c h ar a ct er 
pr o c essi n g: i niti al,  al p h a n u m eri c, n u m eri c, T h e 1 5 c o m bi n ati o ns  d et er-
mi n e  t h e  d et ail e d  f u n cti o ns  t h at  o c c ur.  R ef er  t o fl o w c h arts f or t h e 
v ari o us  d et ail e d  o p er ati o ns.  Bri efl y,  h o w e v er;  if t h e stri n g  of 
c h ar a ct ers  is  a  d e ci m al  n u m b er,  it  is  c o n v ert e d t o bi n ar y, all o c at e d 
st or a g e,  st or e d  i n  o ut p ut  c o nst a nt  ar e a,  a n d  t h e a d dr ess pl a c e d  i n  t h e 
el e m e nt  list. 

If  t h e  stri n g  of  c h ar a ct ers  is  a n  i d e ntifi er,  t h e  a p pr o pri at e t a bl es 
ar e  s e ar c h e d  d e p e n di n g  o n  t h e  st at e m e nt  m o d e.  If  a  v ari a bl e  is  i n 
t h e  t a bl e,  t h e  a d dr ess  is  p ass e d  o n t o t. h e el e m e nt li Bt. If  a  v ari a bl e 
is  n ot  i n  t h e  t a bl e,  it  is  all o c at e d  a  st or a g e  l o c ati o n. T h e i d e nti-
fi er  a n d  a d dr ess  is  t y p e d, a n d t h e  a d dr ess  is  p ass e d  o n  t o  t h e  el e m e nt 
list, If t h e  stri n g is a n o p er at or  s u c h  as a, or +,  or  n e g,  et c.  a 
c o d e  f or  t h e  o p er at or is p ass e d  o n  t o  t h e  el e m e nt  list;  si mil arl y,  f or 
s e p ar at ors  s u c h  as(,),  o p e n  a n d  cl osi n g br a c k ets ~ 

T h e  e n d  of  e a c h  st at e m e nt  is  si g n all e d  b y  a  t a b  c h ar a ct er,  T his 
c h ar a ct er  is  p ass e d  t o  t h e  al e m e nt  list  f or  L Y Z E R- L A T O R us e. 
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T a bl e 4, 2 c o nt ai ns  t h e  d et ail e d  c o d es  of i nf or m ati o n i 1 1 t h e ' "l e m e nt 
list. 

T A B L E 4, 1 T A B L E 4, 2 

C o d es  f or  St at e m e nt  T y p es Fr o m R at or 

0 0 0 0 0 0 0 1 0 - 2 1 0 0 0 0 0 
I F 0 0 0 0 0 2 0 > - 2 2 0 0 0 0 0 
F O R 0 0 0 0 0 3 0 < - 2 3 0 0 0 0 0 
G O T O 0 0 0 0 0 4 0 ... - 3 5 0 0 0 0 0 
R E A D 0 0 0 0 0 5 0 - 3 1 0 0 0 0 0 
S T O P  0 0 0 0 0 6 0 * - 4 w O O O O O 
W RI T E 0 0 0 0 0 7 0 I - 4 6 o O O O O 
P R ~ T 0 0 0 0 0 8 0 

! x p o n 
- 5 6 0 0 0 0 U 

R E T U R N  0 0 0 0 0 9 0 5 7 0 0 0 0 0 
E N D O O O U 1 4 0 s qrt 5 9 0 0 0 0 0 
A S SI G N M E N T O O O O O v O n e g 5 u O O O O O 
C A R R 0 0 0 0 1 1 0 l o g 5 v O 0 0 O O 
T A B S 0 0 0 0 1 0 0 a u br o u ti n es 5 y- A D D R- O O 
B E L L S 0 0 0 0 1 3 0 K E Y B D 0 8 0 0 0 0 0 
P E RI O D S  0 0 0 0 1 2 0 T A B S 6 o o o o o o 
B E GI N 0 0 0 0 0- w O C A R R 6 1 0 0 0 0 0 

P E RI O D S 6 2 0 0 0 0 0 
B E W 6 3 0 0 0 0 0 
A B S 5- w O O O O O 
'r A B - 1 0 0 0 0 0 0 
( O v O O O O O 
) O w O O O O O 
r.: O x O O O O O 

J 
O y O O O O O 
O z O O O O O 



5. 0 L Y Z E H- L AI D R ( P a c k a g e 3) 

G e n er al D es crj pti o n 

T h e f u n ctf o n of  t h e L y z er- L a t or,  s h ort  f or A n al y z er- Tr a ns l a  t or, is 
t o  a n al y z e t h e el e m e nt Ust fr o m  p a c k a g e  2,  g e n er at e  a n d  tr a nsl at e 
c o m m a n ds j nt o  t h e  o bj e ct  pr o gr a m l a n g u a g e, a n d  pl a c e  t h e m  o n  t h e 
dr u m j _ n t h e  p os:I t:I a ns fr o m w hj c h  t h e y  ar e  e x e c ut e d  at  r u n ti m e. I n 
a d djti o n, all f o n n ats a n d  c o nst a nts  ar e  pl a c e d  o n  t h e dr u m. 

T h e L y z er us es t hr e e  t a bl es  or Usts f or  its  pr o c essi n g, T h e fi rst 
1: 1 st j s  c all e d  t h e :I n p ut Ust, T his b t h e  st or a g e  of t h e c h a r a ct e rs 
s e nt  fr o m p a c k a g e N o,  2,  T h e  first  e ntr y  is  i n  w or d  l o c ati o n n u m b e r 
1 a n d  t h e  l ast  e ntr y f o w or d l o c at:l o n n u m b er 6 1. (:I n Ll n e 1 8). 

T h e  s e c o n d Ust :Is  c all e d  t h e Lj list.  T his Ust :Is  us e d  f or 
st or ar, e of  c h ar a ct ers w h:l c h h a v e  b e e n  p:l c k e d  u p  fr o m  t h e  :I n p ut  list 
a n d h a v e  n ot  b e e n pr o c ess e dJ ( L. 1 n es 2 2 1 0 8).  A n ot h er us e of t his 
1: 1 st is  t h e st or a g e of  f ut ur e  c o m m a n ds  a n d " b e g:l. n " st at e m e nts t o 
b e  p a ir e d wit h f ut ur e  " e n d II st at e m e nts  . 

T h e  l ast Ust us e d :Is c all e d  t h e  l a b el  t a bl e,  ( w or ds  u 0 t hr o u g h 
u 7 :I n l:l n es 1 3 t hr o u g h 1 7). T h:ls t a bl e  is U B e d f or  r ef er e n c e t o 
t h e st arti n g l o c ati o ns  of  l a b el e d  st at e m e nts  a n d  pr o c e d ur es.  U p 
t o 4 0 l a b els  c a n  b e  :I n cl u d e d. 

C o nst a nts a n d f or m ats  ar e  pl a c e d  o n  t h e dr u m as  t h e y a r e  r e c ei v e d 
fr o m p a c k a g e 2, 

El e m e nt L:lst I n p uts 

T h es e :l n n uts c o m e  :I n  s:l xt y- o n e  w or d  bl o c ks  fr o m  t h e  R at or- C at or 
p a c k a g e,  E a c h st at e m e nt :I n t his s:l. xt y- o n e w or d  bl o c k :l.s s e p a r at e d 
b y  a  t a b,  E a c h b e g:l n a n d  e n d  st at e m e nt  :Is  s e p ar at e d b y a  t a b, 
E a c h  st at e m e nt  c o n t a:i ns as t h e f:l rst  el e m e nt  a w or d wl u. c h d es cri b es 
t h e t y p e of  st at e m e nt, T h e L y z er  l o o ks  at  e a c h  of  t h e  st at e m e nts 
a n d d et er m: 1 n es b y t h:l.s st at e m e nt t y p e  c o d e w h at t o  d o wlt h t h e 
st at e m e nt. 'l b e r est  of  t h e  w or ds j n t h e  st at e m e nt  c a n  b e dt h er 
a d d r ess es of v arj a bl es, c o nst a nts,  or  o p er at ors. A n o p er at or  is 
d es cr:l b e d as b ei n g a q u a nt H y of  t h e f or m: +, -, *, /, + (sj _ g n H y-
:l n g e x p o n e nt:! a- U o n), •, < , >, or  it  c a n  m e a n a n o p er ati o n  s u c h 
as s q u ar e  r o ot  (s qrt), sj _ n e, c osi n e,  or  s o m e  ot h er  s u br o ut:l n e 
t y p e  o p er at or, As e a c h  st at e m e nt :ts i d e nt. 1fi e d,  t h e  pr o p er 
s u br o u t:I n e j _s s el e ct e d  t o  pr o c ess t h e f oll o wi n g el e m e nts i n t h e 
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s. 1 

st at e m e nt.  F or  t h es e st at e m mts diff er e nt  c o m m a n ds  ar e  g e n er at e d 
j n t h e  I vr z er w h:l c h will b e  p ass e d  t o  t h e L a.t or v:\ a lf o e 2) a n d 
t h er e  f urt h er  pr o c ess e d  t o  f or m  t h e fj n al c o m m a n d.  T h es e c o m m a n ds 
w: 1 1 1 b e  s e q u e nti all y  p ut  o n  t h e  dr u m st artf o g l n li n e 9, or  w hi c h-
e v er  li n e j s s p e cifi e d fr o m  t h e R a t or- C a  t or  p a c k a g e.  W h e n  a 
r ef er e n c e n u m b er of  a  l a b el e d  st at e m e nt 1 s e n c o u nt er e d,  it js t y p e d 
f oll o w e d  b y  t h e  a d dr ess  of  t h e  c o m m a n ds  f or  t h e  st at e m e nt. 

T h e Assj _ g n m e nt St at e m e nt 

T h e Assj _ g n m e nt St at e m e nt  c o d e l s a V ( S e e  t a bl e  4, 1). W h e n t h:!. s 

c o d e  is  d et e ct e d,  c o ntr ol :ls gi v e n  t o  t h e  assi g n m e nt  s u br o uti n e. 
E a c h  o p er at or  e n c o u nt er e d js c o m p ar e d a g ai. nst t h e  pr e c e di n g o p e r at o r 
t o  s e e  j _f  t h e  pr e c e d e n c e f a gr e at er  or  l ess  t h a n.  ( R ef er  t o  A L G O 
Pr o gr a m mj n g M a n u al).  If  t h e  pr e c e d e n c e : 1s l ess  t h a n,  or  e q u al  t o 
t h e  pr e c e di n g  o p er a  t or,  t h e n  t h e  el e m e nt  p r e c e d: L n g t h e  c urr e nt 
o p er at or w:! 1 1  b e  pr o c ess e d. T h e f oll o wi n g j s  a n  e x a m pl e  of  a n 
assj g nr n e nt  st at e m e nt:  C ~ A + B, T h e s e v e n  el e m e nts  p ass e d  fr o m 
t h e  R at or- C at or  p a c k a g e  t h at  t h e  I vr z er w;lll pi c k u p  ar e  of  t h e 
f oll o wi n g  f or m:  a  c o d e  f or  assi g n m e nt  ( v)  f oll o w e d  b y  a n  a d dr ess 
f or 1 1C 1 1 , a n  e q u al sj g n, a n  a d dr ess  f or " A ", a pl us  si g n,  a d dr ess 
f or " B " a n d  t h e n  a  t a b.  W h e n  t h e  assi g n m e nt  c o d e  is  e n c o u nt er e d, 
z er o wi 1 1  b e  p ut i nt o t h e  assi g n m e nt  i n di c at or  a n d  t h e  n e xt  el e m e nt 
l o o k e d  at. T his is  a n  a d dr ess,  t h er ef or e  it will n ot  b e  o p er at e d 
o n  at  t his  ti m e. T h e n e xt  el e m e nt is a n  e q u al  si g n.  T his is 
c o m p ar e d a g ai nst t h e  l ast  o p er a  t or, n o n- e xist e nt 'i n t hj.s assi g n m e nt 
st at e m e nt,  t h er ef or e,  t h e pr or,r a m l o o ks f ort h er a n d  p ass es  t h e 
a d dr ess  of 1 1A 1 1 a n d  f:i n all y  f:i n ds  t h e  pl us s:l g n.  T h e  pr e c e d e n c e 
of  t h e  pl us s:i g n js gr e at er  t h a n  t h at  of  t h e e q u al si g n, t h er ef or e, 
it :i.s n ot  a ct e d  u p o n  at t hf a t:i m e  a n d  t h e pr o gr a m l o o ks  f urt h er 
a n d f:i n ds  t h e  a d dr ess " B " a n d f:i n all y  t h e t a b w h:i c h  h as  t h e l o w est 
pr e c e d e n c e  of  all.  At  t his p oi nt it  m ust  g o  b a c k a n d pr o c ess 
t h e  st at e m e nt, F:lrst it l o o ks  t o s e e jf " a n yt hj n g j n t h e 
a c c u m ul at or  is  of  v al u e,  a n d at t h:i.s U m e n ot hi n g ::I n t h e - a o c u m ul a t o r 
is of  v al u e,  t h er ef or e,  t h e pr o er a m d o es  n ot  st or e  it, T h e l ast 
a d dr e.ss, B, :is p:i c k e d  u p  a n d  cl e ar  a n d  a d d 1 1 8 1 1 :i s g e n er at e d, a n d 
st or e d :i nt o t h e U st  t o  b e  p ass e d  t o  t h e ~t or. T h e  pr o gr a m 
l o o ks  at  t h e  pr e c e di n g  o p er at or  a n d fj n d:i n g j _t a  pl us,  g e n er at es 
a  c o m m a n d t o a d d 1 1A 1 1 • T h u s  f ar  t w o  c o m m a n ds  h a v e  b e e n b uilt, 
cl e ar  a n d  a d d 1 1 8 1 1

, a d d 1 1A 1 1
• T h e  pr e c e di n g  o p er at or js i ns p e ct e d. 

It is a n e q u al s:i g n, t h er ef or e,  a  st or e c o m m a n d j _s g e n er at e d,  S o 
t hr e e  c o m m a n ds ar e b utl t  - - cl e ar  a n d a d d 1 1B 1 1 , ~ d d 1 1A ", st or e i n 
· " C ", a n d  t h e  st at e m e nt :is c o m pl et e,  At t Ms p oi nt c o ntr ol  is 
gi v e n  b a c k  t o  t h e  m ast er  pr o gr a m  t o j _ n v esti g at e t h e  n e xt  el e m e nt. 
E a c h  assi g n m e nt  st at e m e nt :l.s i n v est:i. g at, e d i n  a  si mil ar  w a y.  P us h 
d o w n lists  ar e  us e d :i n t his  pr o c ess  of g oj n g  a h e a d  a n d c or ni n g b a c k. 
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5. 2  T h e  Pri nt  St at e m e nt 

T h e Prj nt St at e m e nt  is  si mi.l ar  t o  t h e assj g n m e nt st at e m e nt.  It  us es 
t h e s a m e s u br o ut:i n e,  ei c c e pt  t h at  a n  i n dj c at or f or a p d nt w:ill b e 
s et j nst e a d of  t h e  z er o  as j n t h e assj g n m e nt f o di c at or. T h e  pri nt 
st at e m e nt j s  of  t h e  f or m,  c o d e  f or  pri nt  f oll o w e d  b y  a d dr ess  of  a 
f or m at  i n  p ar e nt h es es,  t h e n  a n  e q u al s:I g n, t h e n t h e v arj a bl e  or 
e x pr essi o n t o b e prj. nt e d, W h e n  T h e  L y z er  pr o c ess es t h e pri nt 
st at e m e nt j t w:i 1 1 f or m all  c o m m a n ds  t h at  ar e  n e c ess ar y  t o  e v al u at e 
t h e  e x pr essi o n  b ut w:ill n ot  b uil d  t h e  st or e  c o m m a n d,  At  t his 
p oi nt  t h e  i n di c at or  st at e m e nt  t y p e will b e  c h e c k e d  a n d  a  pri nt 
c o m m a n d w:i 1 1  b e  b u:i lt. 

5, 3 T h e F or  St at e m e nt 

" F or "  St at e m e nts  ar e  of  t h e  f or m  -- a  "f or "  c o d e,  f oll o w e d  b y ej t h er 
t h e  a d dr ess  of  a  v ari a bl e,  or  t h e  n u m b er  of  t h e :i n d e x r e g:i st er 
d e cl ar e d  as  a  s u bs cri pt,  t h e n  a n  e q u al s:i g n, f oll o w e d  b y  t h e  b as e, 
o p e n:i n g p ar e nt h es:ls, d:iff er e n c e, cl osi n g p ar e nt h esjs, lj. mit, a n d 
c o n cl u d e d  b y  a  t a b.  T his  St at e m e nt  g o es  t hr o u g h  t h e a!'lsj _ g n m e nt 
st at e m e nt  s u br o ut:i n e.  H o w e v er,  a s p e c:l al "f or "  st at e m e nt  i n dj c at or 
will b e  s et.  N o  c o m m a n ds  ar e b ujlt b e c a us e  n o  arit h m eti c 
o p er at:i 0 ns ar e  all o w e d.  W h e n  t h e  t a b  is  fi n all y  e n c o u nt er e d t o 
c o n cl u d e  t h e  st at e m e nt  t h e  "f or " J. n d:l c at or is  s e ns e d  a n d  t h e 1 1f or 1 1 

st at e m e nt s u br o ut:i n e is us e d  t o  f or m s p e c:l al l o o pi n g  c o m m a n ds. 
T h os e c o m m a n ds  g e n er at e d  ar e  of  t h e f oll o wi n g f or m.  If  t h e  el e m e nt 
i n cr e m e nt e d  b y  t h e  "f or "  st at e m e nt j s  a n l n d e x r e gf at er, t h e  pr o gr a m 
f or ms a n d  s e n ds t h e c o m m a n ds  f or s ettj n g t h e  b as e,  s etti n g  t h e 
d:iff er e n c e, a n d s etti n g t h e li m;it :i n t h e i n d e x r e gjst er, T h e n it 
f or ms  t h e  c o m m a n ds  t o  j n cr e m e nt  t h e  i n d e x  r e g:ist er  a n d  br a n c h  o n 
i n cr e m e nt ati o n. T h es e  l ast t w o c o m m a n ds  ar e  p ut  .i nt o  a  list  w hi c h 
will  b e  pi c k e d  u p  aft er  t h e  f oll o wi n g  st at e m e nt js pr o c ess e d, 
( p ossi bl y  a  c o m p o u n d  o n e  br a c k et e d  b y B e gi n a n d  E n d).  If  t h e 
el e m e nt  t o  b e  us e d is a  v ar:i a bl e,  a n d  h as  n ot  b e e n  d e cl ar e d  as  a 
s u bs cr:i pt,  t h e n  t w o c o m m a n d n ar e b u:i l t,  Cl e ar  a n d  A d d  t h e  B as e, 
a n d  st or e  i n  t h e  v arj a bl e  a d dr ess.  T h e n  t h e I.i Y z er f or ms  t h e 
c o m m a n ds,  Cl e ar  a n d  A d d  t h e  v ari a bl e,  a d d  t h e d:iff er e n c e, st or e 
b a c k  i n  t h e v arj a bl e, s u btr a ct  t h e li mit a n d  br a n c h  o n  mi n us. 
T h es e c o m m a n ds ar e  st or e d :i nt o t h e  list  a n d w:i. 1 1 b e  pi c k e d  u p 
aft er  t h e  f oll o wi n g  st at e m e nt  is  pr o c ess e d. 

5, 4 T h e 1 1If 1 1 St at e m e nt 

T h e o p er at or j n a n 1 1if 1 1 st at e m e nt w:i 1 1  b e  a n  e q u al,  gr e at er  t h a n, 
or  l ess  t h a n.  T h es e  ar e  of til e f or m: 1 1jf " st at e m e nt  c o d e,  f oll o w e d 
b y  a  v arj a bl e,  or  e x pr essi o n  f oll o w e d  b y  t h e  o p er a  t or  ( e q u al,  l ess 
t h a n,  or gr e at er t h a n)  f oll o w e d  b y  a n ot h er  v ari. a bl e  or  e x pr essi o n, 
a n d  c o n e l u d e d  b y  a  t a b.  T h e  c o m m a n ds  f or m e d h erri w:i 1 1  b e  t h os e 
n e c ess ar y  t o  e v al u at e  t h e  e x pr essi o n  at  t h e  l eft  a n d  ri g ht  of t h e 
o p er at or  a n d  t h e n  eit h er  s u btr a ct  or  I n v ers e  S u btr a ct t h e fjrst 
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v arj a bl e,  or  e x pr essi o n  a n d  eit h er  br a n c h  o n m:i n us or  n o n- z er o 
d e p e n dj n g  o n  t h e  o p er a  t or.  F or  t h e  br a n c h c o m m a n d, a d w n m y is 
s e nt  t o  t h e L a.t or a n d t h 1s d u m m y st or e d  o n  t h e dr u m. H o w e v er, 
t h e c o m m a n d  c o u nt er w h:l c h is  us e d  t o  p ut  t h e  c o m m a n ds j n t h e:lr 
pr o p er  l o c ati o ns  o n t h e dr u m is  st or e d  a w a y  a n d  at  a  f ut ur e 
ti m e w h e n  t h e  br a n c h  a d dr ess  is d et e n n:l n e d, t his n e w a d dr ess  is 
f or m e d wjt h t h e  br a n c h j nstr u ct:i o n a n d  p ut :l n t h e  pr o p er  pl a c e  o n 
t h e  dr u m. 

5. 5 T h e 1 1D o 1 1 St at e m e nt 

T h e 1 1d o 1 1 st at e m e nt  m e a ns  t o  g o  t o  a  s u br o u l,J n, .• , H h:l c h  is  c all e d a 
pr o c e d ur e,  o p er at e t h:\ s  pr o c e d ur e,  a n d  c o m e b a e k t o  t h e m a:I n  pr o-
gr a m. T h e t w o c o m m a n ds g e n er at e d  t o  d o t his ar e 1 M ar k- Pl a c e  a n d 
Tr a nsf er. T h e 1 1d o 1 1 st at e m e nt  w:\ 1 1  b e  of  t h e  f or m:  " d o 1 1 st at e m e nt 
t y p e  c o d e,  f oll o w e d  b y  a  r ef er e n c e  n u m b er  t o s:\ g nj _f y w hi c h  of  t h e 
pr o c e d ur es  t o  g o  t o. T h e ]- Or z er pi c ks  u p  t h e  r ef er e n c e  n u m b er,  us es 
it  t o  l o o k  i nt o  a  l a b el  t a bl e t o d et er n d n e  w h et h er t h e pr o c e d ur e 
h as  b e e n  pr o c ess e d.  If it h as  n ot  b e e n  pr o c ess e d,  t h e  pr es e nt 
c o m m a n d  c o u nt er  is  pl a c e d i n a l o c at:I o n  i n  t h e  l a b el  t a bl e w hi c h 
c orr es p o n ds  t o t hJ.s pr o c e d ur e.  If  t his  pr o c e d ur e  h as  b e e n  pr o c ess e d 
t h e st art:\ n g l o c ati o n  will  b e pi c k e d u p  fr o m  t h e  l a b el  t a bl e. A n 
u n c o n diti o n al  br a n c h  c o m m a n d will b e  f or m e d. 

5. 6 T h e 1 1G o T o 1 1 St at e m e nt 

T h e " g o  t o "  st at e m e nt :Is v er y s:\ m:ll ar t o  t h e 1 1d o 1 1 st at e m e nt  e x c e pt 
t h at j t  g e n er at es  o nl y  a n  u n c o n d:i t:i o n al  br a n c h  c o m m a n d,  T h e 1 1g o  t o " 
us es  t h e  s a m e l orii c as t h e 1 1d o 1 1 s t a t, c, m e nt e x c e pt  t h at  n o  m ar k-tr a nsf er 

:is ~ e n er at e d. 

5. 7 T h e " R e a d  a n d  Writ e "  St at e m e nts 

5. 8 

W h e n  t h es e  st at e m e nts  ar e  e n c o u nt er e d  a  c o m m a n d  f or  "r e a d "  or 1 1wr:l t e 1 1 

i s blrllt f oll o w e d  b y  a 1 1s et  b as e  a n d lj mit of  i n d e x r e gjst er n u m b er 
t w e nt y-t w o ",  w h:l. c h j _s a s p e c:i al j _ n d e x r e gist er  us e d  f or t hr. "r e a d 
a n d writ e " st at e m e nts, T h e b as e :ls s et  t o  t h e st art.i n g· e. d <lr e es a n d 
t h e  li mit  is  s et  t o  t h e st art:\ n g a d dr ess  pl us  t h e di m e nsj o n of  t h e 
arr a y  or  v ari a bl e w ht c h is  t o  b e  r e a d  or wrj _ t t e n. 

T h e " B e gi n " P ar e nt h es: 1. z ers 

T h er e  ar e t w o t y p es  of 1 1b e gl n " p ar e nt h esi z ers, a  pr o c e d ur e b e gj n, 
a n d  a  st at e m e nt  p ar e nt h esi z er.  W h e n  t h e 1 1b e g:l n 1 1 of  a  pr o c e d ur e 
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j s f o u n d,  t h e  l a b el  t a bl e is s et wj t h  t h e  a d dr ess  of t hj s " b e gi n "• 
If t hf o l o c ati o n of  t h e  l a b el  t a bl e js alr e a d y  s et,  t his  m e a ns 
t h at  t h e  pr o c e d ur e  h as  alr e a d y  b e e n  c all e d  f or,  a n d  a  l o c atj o n of 
a c orrr n a n d w hf o h h as  t o  b e  alt er e d  is  i n t h e t a bl e.  A  n e w  u n c o n di-
ti o n al br a n c h  t o  t h e  c urr e nt  l o c ati o n  is  st or e d j n j _ts pr o p er 
l o c atj o n  o n  t h e  dr u m, 

T h e ot h er  t y p e  of 1 1b e g:i n 1 1 j s a  st at e m e nt  p ar e nt h esi z er.  O n  t h e 
c o dj n g  s h e et t hj s w.i 1 1  l o o k  li k e  a 1 1b e g 1. n 1 1 f oll o w:l. n g a  st at e m e nt. 
T h es e  ar e  us e d f oll o w.i n g a n 1 1if 1 1 or  a 1 1f or 1 1 st at e m e nt,  a n d  t h e y 
wj 1 1  b e  t er mi n at e d  b y  a n  e n d  p ar e nt h esi z er i n s o m e f oll o w: 1. n g 
st at e m e nt,  T h es e 1 1b e gf os 1 1 wjll b e  st or e d i nt o a  list  a n d  w h e n a n 
e n d w h:i c h w:i 1 1  p air wj t h t h 1s b e gj n  is  e n c o u nt er e d,  t h e II f or " or 
1 1j f " st at e m e nt's c o m m a n ds  w hi c h  h a v e  b e e n  h el d  f or f ut ur e us e 
w.i. 1 1 b e  st or e d  o nt o  t h e  dr u m  at t his tj _ m e i n t h eir pr o p er  l o c ati o n. 

5, 9 E xt er n al  C o ntr ol  St at e m e nts 

C arrj _ a g e r et ur ns,  t a bs,  b ells, a n d p eri o ds  ar e  s p e ci al  c o m m a n ds 
w hi c h  c a us e  e xt er n al o p er atl o ns, T h es e  will  b e  of t h e f or ms a 
c o d e  f or c arr:i a g e, b ell,  t a b,  or p eri o d, f oll o w e d  b y t h e n u m b er 
of t.i. m es t h es e s p e d. al o p er atj  o ns  ar e d esir e d, A c o m m a n d  c o d e 
c o nt a:i ni n g  t h e  n u m b er  of  o p er ati o ns  is  b uilt. 

5. 1 0 T h e L a b el e d  St at e m e nt 

5, 1 1 

W h e n t h e  L y z er  l o o ks  at  t h e  st at e m e nt  t y p e  c o d e lt als o  i n v est:l. g at es 
t o  s e e  j _f  a  r ef er e n c e  n u m b er f a assi g n e d  t o t his st at e m e nt.  If 
t h er e  is  a  r ef er e n c e  n u m b er,  m e a ni n g  t h e  st at e m e nt  w as  l a b ell e d, 
t h e n  t h e  c urr e nt  c o m m a n d  a d dr ess  h el d :i n t h e  c o m m a n d  c o u nt er  is 
p ut :I nt o t h e  l a b el  t a bl e. W h e n a 1 1g o t o " is  e n c o u nt er e d,  t h e 
pr o p er  br a n c h  c o m m a n d  c a n  b e  f or m e d.  H er e  us e j _s m a d e  of  t h e 
s a m e l o g:l c  as  w as  us e d  f or  t h e  " b e gi n "  st at e m e nt.  If  t h er e w as 
a  '' g o t o "' t hj s  l a b el  alr e a d y  c all e d  f or,  t h e n  a pr e v 1 o usl y 
assi g n e d a d dr ess  will  b e f o t h e  l a b el  t a bl e  a n d  a  p at c h w.i 1 1  h a v e 
t o  b e  m a d e  o n  t h e dr u m t o  c o m pl et e  t h e  ol d  br a n c h i nstr u ctl o n, 
Als o,  o n  a  l a b ell e d  st at e m e nt,  t h e  L y z er- L at or prf ots o ut  t h e 
b e g:i n nf o g l o c atf o n a n d e n di n g l o c ati o n f or  t h e  l a b ell e d  st at e-
m e nt,  aft er pr:i nti n g til e r ef er e n c e  n u m b er  of  t h e  l a b el. T his will 
b e  t y p e d  o ut  w h e n  t h e  st at e m e nt j _s c o m pl et e d.  A n  e xtr a  c o m m a n d 
( s n a ps h ot)  :i.s  f or m e d  at  t his  t:ir n e. 

T h e  " St o p "  St at e m e nt  a n d  t h e 1 1R et ur n 1 1 St at e m e nt 

T h e  L y z er b uil ds a 1 1St o p " C o m "' a n d or  a  " R et ur n t o M ar k " c o m m a n d 
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5. 1 2 

w h e n e n c o u nt erj n g t h es e  st at e m e nts. 

S u bs cri pt e d V ari a bl es 

T h e  a d dr ess  of  a  v ari a bl e  c a n b e s u bs crl pt e d.  T h es e wj 1 1  b e  of  t h e 
f or m: o p e nj n g br a c k et,  t h e s u bs crj _ pt or s u bs c d pts,  f oll o w e d  b y  a 
cl osj n g br a c k et.  T h e  s u bs crj  pt  c a n  b e  a sj m pl e or  c o m pl e x  s u bs cri pt. 
A s:l m pl e s u bs cri pt f a d es crj b e d  as b e:I n g  o n e w h k h :i n v ol v es  o nl y 
t h e  s u bs cri pt.  F or  j _ nst a n c e,  if  a  v ari a bl e  h as  I  as  a  s u bs cri pt, 
t his  w o ul d  l o o k U k e a d dr ess  of t h e v arj a bl e,  or j _f t h er e w as a 
p alr of s u bs c d pts, it  w o ul d  b e  t h e  a d dr ess  of  t h e  v ari a bl e, I, J. 
If j _ t  w as  a  c o m pl e x  s u bs crj  pt j t  w o ul d  b e  of  t h e f or m, a d dr ess  of 
v arj a bl e, I + D, J + D. T h e  L y z er  a d ds  t o  t h e  a d dr ess  of t h e 
v arj a bl e a n y- n u m eri c q u a nt:iti es  mt hi n  t h e  s q u ar e  br a c k ets,  pl us 
t h e i n d e x r e gist er  or r e gist ers w hi c h  t h e  s u bs cri pts  d es:!. g n at e. 

5- 1 3 T h e  " Pr o c e d ur e "  C all 

W h e n a pr o gr a m m er d esir es  t o  us e  a  pr o c e d ur e  h e wrj t es  a  pr o c e d ur e 
c all.  T h e  pr o c e d ur e  c all  c o m es  fr o m  t h e H a t or- C a  t or j n t h e  f or m: 
r ef er e n c e  n u m b er  of t h e pr o c e d ur e, o p e nJ n g p ar e nt h esjs, a d dr ess es, 
t h e nrst a d dr ess f a t h at  of t, h e c urr e nt  i n p ut  p ar a m et er,  t h e 
s e c o n d  a d dr ess j s  t h at  of  t h e  f or m al  i n p ut  p ar a m et er  us e d :I n t h e 
d e cl ar at:i o n of  t h e  pr o c e d ur e.  T w o a d dr ess es  o c c ur  f or  e a c h  of 
t h e  j n p uts sr e c:I fi e d. A n e q u al  s.i g n s e p ar at es t h e i n p uts  fr o m 
t h e  o ut p uts.  T h e  o ut p uts  ar e  als o  p a:l.rs  of  a d dr ess es.  T h e first of 
t h e p a:ir is  t h e  a d dr ess  of  t h e  f or m al  o ut p ut  p ar a m et er,  t h e  s e c o n d 
of  t h e  p air js t h at  of  t h e  c urr e nt  o ut p ut  p ar a m et er. 1 h e s erj es 
m. 1 1  b e  t er mi n at e d w:i t h  a cl os:I n g  p ar e nt h esj s. T h e  L y z er  will 
f or m  t h e  c o m m a n ds,  " Cl e ar  a n d  A d d "  t. h e j n p ut, 1 1St or e 1 1 i n  t h e  i n p ut 
p ar a m et er  l o c a t:I o n,  f or  e a c h  of  t h e :i n p ut p ar a m et ers.  W h e n  t h e 
i n p uts  h a v e  b e e n  pr o c ess e d  a  m ar k  pl a c e  c o m m a n d w: 1 1 1 b e  g e n er at e d 
f oll o w e d  b y  a n  u n c o n dj U o n al tr a nsf er  t o  t h e  s u b- pr o c e d ur e. Aft er 
t h e  e q u al sj g n t h e  c o m m a n ds  " Cl e ar a n d A d d "  t h e  f or m al  o ut p ut  a n d 
" St or e " :i n t h e  c urr e nt  o ut p ut,  ar e  g e n er at e d. 

5. 1 4 L A T O R ( P a c k a g e J) 

T h e f u n ct:l o n of  t h e  L at or :is t o tr a nsl at e  t h e  c o m m a n ds b uj _lt b y  t h e 
Iif z er :I nt o  t h e  o bj e ct  pr o gr a m  l a n g u a g e,  a n d  pl a c e  t h e m  o n  t h e dr u m 
i n t h eir  c orr e ct  l o c a  t:i o ns. 

C o m m a n ds ar e  r e c ej v e d  fr o m  t h e lif z er i n  gr o u ps  of  J.  t o 5 c o m m a n ds 
v:i a 1: 1 n e  2 3  a n d A R, a n d  ar e  tr a nsl at e d  i. n  s e q u e n c e, u ntJl all 
c o m m a n ds  ar e  tr a nsl at e d  at  w hi c h t.i m e a r et ur n c o m m a n ds t ar e d b y 
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t h e I q z er is  e x e c ut e d. 

C o m m a n ds b uilt  b y  t h e l q z er ar e  t est e d  f or arj t h m e t:i c c 0 1 T 1 1 1 1 a n ds. 
If t h e c o m m a n ds  ar e arjt h m eti c t h e f o d e x r e gj s t ers, jf a n y,  ar e 
e xtr a ct e d,  a n d  t h e a d dr ess j _s c o n v ert e d  t o  0- 1 5  c h a n n el  a n d  w or d. 
If  t h e  o p er a n d  a d dr ess js z er o,  t h e  o p er a n d  is  t h e  n a m e d j n d e x 
r e g:! st. er, a n d  a s p e d al ar:I t h m eti c c o m m a n d j s  ass e m bl e d.  If 
t h e  o p er a n d  a d dr ess  is  n ot  z er o, a c o n v e ntj  o n al a d _ t hr n et:l. c 
p:t c k- u p or  st or e c o m m a n d i s  ass e m bl e d. 

T h e c o m m a n ds ar e st or e d  o n  t h e  dr u m  as  t h e y  ar e  ass e m bl e d.  Aft er 
st or:l n g e a c h  c o m m a n d  a  t est :Is m a d e t o s e e :If t h e  pr o gr a m  h as  e x-
c e e d e d  t h e  all o w a bl e  m e m or y.  If  s o,  a n  err or  al ar m j _s s o u n d e d. 
If  t h e  m e m or y  h as  n ot  b e e n  e x c e e d e d  a  t est f a m a d e  t o d et er m:I n e j _f 
t hf a js t h e  l ast  c o m m a n d l n t h e H n e a n d jf s o  a  tr a nsf er  c o m m a n d 
t o t h e Drst c o m m a n d j n t h e  n e xt H n e is  ass e m bl e d  a n d pl a c e d o n 
t h e dr u m. Aft er st orj _ n g a  c o m m a n d  o n  t h e  dr u m U n e 2 3 js t e st e d 
t o d et er m:l n e j _f  a n y  m or e  c o m m a n ds  ar e  t o  b e  tr a nsl at e d,  a n d  if s o, 
t h e  tr a nsl at:i o n  pr o c e e ds,  if  n ot,  t h e  r et ur n  c o m m a n d :l.s e x e c ut e d. 

All  c o m m a n ds  tr a nsl at e d  a n d  ass e m bl e d  b y  t h e L at br u s e t his s a m e 
r o ut:l n e t o  pl a c e  t h e  c o m m a n d o n  t h e  dr u m. 

If  t h e  c o m m a n d  is  n ot  a n arlt h m eti c c o m m a n d, lt is  t est e d t o s e e 
if  it 1s :l. n a 1 1n x e d f or m "  c at e g or y  _( e x a m pl e  - k e y b o ar d,  l o g,  et c.) 
if  s o  t h e  c orr e ct  fi x e d  f or m  c o m m a n d :l.s pi c k e d  u p  fr o m a t a bl e  a n d 
st or e d  o n  t h e  dr u m,  if  n ot,  a n  N  n u m b er s w:I t c h  distri b ut es  o n  t h e 
t y p e of  c o m m a n d.  T h e  a p pr o p d at e d u m mi e s ar e pj c k e d u p  a n d c o m b:l n e d 
wit h  t h e  a d dr ess  a n d/  or l n d e x r e g:ls t ers  w h er e  n e c ess ar y  a n d  t h e 
pr o p er c o m m a n d is  ass e m bl e d. 

Tr a nsf ers  ar e ,r e c e:I v e d  i n  a d:I ff er e nt  e n tr y  p oi nt  of  t h e L a t or, 
w h er e  t h e a n pr o prf at e d u m m y is  pi c k e d  u p  a n d  a d d e d  t o  t h e  c h a n n el 
a n d  w or d t o ass e m bl e  t h e  c o m m a n d. 

T h e  a d dr ess  c o n v ersj  o n s u br o utl n e t ests  f or  t h e s p e d al a d d r ess es 
of  z er o,  o n e, t w o, or  t h e  a c c u m ul at ors,  a n d  s u p pli es  t h e  pr o p er 
G- 1 5 a d dr ess  f or  t h es e  q u a nt:I ti es. Ot h er  a d dr ess es  ar e  c o n v ert e d 
as d es cr:l b e d j n s e cti o n 4. 1. 1. 

T h e "s n a ps h ot "  s u br o utj n e  t y p es  t h e  r ef er e n c e  n u m b er  a n d  ass e m bl es 
a  c o m m a n d c o nt a ~ n:l n g t h e a d dr ess  of  t h e  l a b el e d  st at e m e nt  pl us 
t h e  a d dr ess  of  t h e  s n a ps h ot  c o m m a n d. 
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N Ul'. Erl.I C 1/,, L U E S O F' Si'. M WI.. 5 U S E D 

Fr o m L y z er 

St or e 8 y O O O O O 

C A D - 3 9 0 0 0 0 0 
A D D - 3 5 0 0 0 0 0 
Cs u - 3 7 0 0 0 0 0 
S u b-I n v. - 3 1 0 0 0 0 0 
S u b - 3 2 0 0 0 0 0 
M ul - 4 w 0 0 0 0 0 
Di v-I n v. - 4 6 0 0 0 0 0 
Di v - 4 3 0 0 0 0 0 
e x p o n 5 7 0 0 0 0 0 
s qrt 5 9 0 0 0 0 0 
n e g 5 u O O O O O 
l o g 5 v O O O O O 
s u br o u ti. n es 5 y- A D D R- O O 
G at e l n p ut 5 8 0 0 0 0 0 
T a bs 6 0 0 0 0 0 0 
C arr 6 1 0 0 0 0 0 
P eri o ds 6 2 0 0 0 0 0 
B ells 6 3 0 0 0 0 0 
A bs 5 w O O O O O 
Prj nt 6 7 0 0 0 0 0 
P u n c h 7 z O O O O O 
R e a d 8 1 0 0 0 0 0 
R et ur n 5 6 0 0 0 0 0 
St o p 5 5 0 0 0 0 0 
S T- B R el # 8 7 0 0 0 0 0 
S T- D 1 1 8 8 0 0 0 0 0 
S T- L  " 8 9 0 0 0 0 0 
S T- B A c e B y O O O O O 
S T- D " 8 z O O O O O 
S T- L " 9 0 0 0 0 0 0 
I n cr e m e nt 7 2 0 0 0 0 0 
M ar k Pl a c e 7 5 0 0 0 0 0 
Tr a nsf aft er  I n c O O O w O O O + C C 
U n c o n d. tr a n df O O O O O O O + C C 
Tr a ns.  N o n- z er o O O O v O O O + C C 
Tr a ns.  n o n- n e g O O O u O O O + C C 
A c c u m.  1- 8 o o o o 6 0 0- 0 0 0 2 2 0 0 
C o nst.  s  0- 1- 2  0 0 0 2 6 0 0 O O O ~ u O O 0 0 0 2 y 0 0 
A c c u m 0 0 0 3 2 0 0 

T A B L E 5. 1 
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6. 0  O P P A C K A G E 

6. 1 

G e n er al  D es cri pti o n  of  O P P a c k a g e 

T his  r o uti n e  is  a  si n gl e  pr e cisi o n  fl o ati n g  p oi nt  i nt er pr eti v e  r o uti n e 
c o nt ai n e d  i n  li n es  0 0- 0 8,  w or ds  0 0- 0 6  of  li n e 9, a n d  w or ds  u O- ul  li n es 
9- 1 8. 

Li n e 5 is  us e d  f or  e x e c uti o n  of  s u br o uti n es. 

I nt er pr eti v e  m e m or y is  n u m b er  0 0 7- 9 9 9,  1 0 0  w or ds  e a c h  i n  li n es  9- 1 8, 
e x cl u di n g  9, 0 0- 9. 0 6,  t h e  i nt er pr eti v e  m e m or y is  c o nti n u o us. 

S u bs cri pts  ar e  assi g n e d  i n d e x  r e gist er  l o c ati o ns,  2 2  i n d e x  r e gist ers 
(tt u m b er e d 2  - 2 3), 2 i n  e a c h  li n e  ( w or ds  u 2- u 7,  li n es  8- 1 8). 
T w o i n d e x  r e gist ers,  2 2  a n d  2 3,  i n  li n e  1 8,  ar e  n ot  a v ail a bl e  f or  us e 
b y  s u bs cri pts. 

T h e a c c U 1 1 1 ul at or is M Q r e p e at e d  i n  b ot h  si d es,  c o m pl e m e nt e d  if 
n e g ati v e, 

C o m m a n d Pi c k- u p  a n d  I nt er pr et ati o n 

F o ur  c o m m a n ds ar e  pi c k e d  u p  i n  li n e  2 2  a n d  r e- arr a n g e d  s o  t h at  t h e 
c o m m a n ds c a n  b e  pr e c ess e d  i nt o  a n d  e x e c ut e d  fr o m  A R.  T h e  tr a nsf er 
c o m m a n d t o  pi c k  u p  f o ur  c o m m a n ds is  i n cr e m e nt e d  a n d  pl a c e d  i n  li n e 
2 2  s o  t h at  n o n n all y  e v er y 5t h c o m m a n d e x e c ut e d  pi c ks  u p  f o ur  n e w 
c o m m a n ds i nt o  li n e  2 2. 

A R is  t est e d  f or  si g n.  If  t h e  c o m m a n d is  p ositi v e  it  is  e x e c ut e d 
at  w or d  ti m e  ul.  If  t h e  c o m m a n d is  n e g ati v e, 5 bits  ar e  e xtr a ct e d 
t o  c o m bi n e wit h a d u m m y t o  f or m  a  pi c k u p  c o m m a n d of  a n i n d e x r e gist er, 
All  n e g ati v e  c o m m a n ds c a us e  I n d e x  r e gist ers  t o  b e  c o pi e d t o li n e  2 3. 
T h e  pr e c e di n g  p orti o n,  A R si g n  t est,  et c., will b e  r ef err e d  t o  i n 
t h e  f oll o wi n g  dis c ussi o n  as " n e xt ", 

N e g ati v e  c o m m a n ds ar e  t est e d  f or  a  bit i n t h e  T 2 9  p ositi o n  b y  s hift-
i n g  l eft  i n A R a n d  t esti n g  f or  o v erfl o w.  All  n e g ati v e  c o m m a n ds wit h 
a  l e a di n g  bit  ar e  s p e ci al  c o m m a n ds,  a n d  ar e  i d e ntifi e d  b y  a 5- bit 
O P c o d e  s c al e d 2-l'f, All  ot h er  n e g ati v e c o m m a n ds ar e i n d e x e d 
arit h m eti c  c o m m a n ds. 

I n d e x e d  arit h m eti c  c o m m a n ds ar e  c h e c k e d  f or  a  bit  i n  T 2 8.  T h e  pr e-
s e n c e  of  a  bit  i n di c at es  a n  i n d e x e d  pi c k- u p  c o m m a n d,  t h e  a bs e n c e 
of  a  bit  i n di c at es  a n  i n d e x e d  st or e  c o m m a n d.  Bits  T 2 7  a n d T 2 6 i n-
di c at e  w hi c h  i n d e x  r e gist er  or  r e gist ers  ( o d d  or  e v e n  or  b ot h)  t o 
a d d t o t h e  b as e  a d dr ess.  T h e  c orr e ct  p air  of  i n d e x  r e gist ers  h as 
alr e a d y  b e e n  c o pi e d  t o  li n e  2 3.  T h e  c o m bi n e d  c o m m a n d a n d i n d e x 
r e gist ers  ar e  c h e c k e d  f or " Li n e c arr y " a n d  m o difi e d  arit h m eti c 
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c o m ~ a n ds ar e  ass e m bl e d  a n d  e x e c ut e d. 

A d t h m et:i. c c o m m a n ds ar e  e x e c ut e d  d:i.r e ctl y,  a n d  ar e  of  t h e  f or m 
( C H W D) t o  A R, wjt h N N us e d  t o s p e c H y t h e  t y p e of arit h m eti c 
c o m m a n d.  S e e  f or m  of C Ol!ll'\ a n ds, P a g e h 3. 

St or e  c o m m a n ds  c o p y ejt h er h alf  of M Q j nt o C H W D. 

Arit h m eti c c oJ 1 1/ 1 1 a n ds 

T h e  c o nt e nts  of  C H W D (t h e  o p er a n d)  is j n A R. T h e  a c c u m ul at or is 
b ot h  h al v es  of M Q, c o m pl e m e nt e d i.f n e g ati v e, a n d  is  s o m eti m es  r e-
f err e d  t o  as A M Q. 

Cl e ar  a n d  A d d  ( N N = 8 2) 
A R js c o pi e d  d:ir e ctl y  t o  t h e  a c c u m ul at or,  a n d t h e n e xt j nstr u cti o n 
is  e x e c ut e d. 

A d d ( N N: 7 u) 
If A M Q :is z er o,  c o ntr ol  g o es  t o  cl e ar  a n d  a d d.  If  A R is z er o, 
c o ntr ol g o es t o 1 1n e xt ".  If  b ot h  A R a n d A M Q ar e  n o n- z er o, i:. h e 
l ar g er n UJll b er j s  s hift e d  1  bit  t o  t h e rj g ht  a n d  t h e  s m all er 
n u m b er j _s s h:i ft e d  t o  t h e  s a m e  b:i n ar y  s c al e  f a ct or  as  t h e  l ar g er 
n u m b er  ( u p  t o  2 1  bits s h:ift o nl y). 

T h e  t w o  n u m b ers  ar e  a d d e d,  a n d  t h e  s u m is n or m al:l. z e d.  If  t h e  s u m 
:is z er o, A M Q :is cl e ar e d  a n d  c o ntr ol g oJf t o " n e xt ". If t h e s u m is 
n ot  z er o,  a  r o u n d- off  is  a d d e d  ( 1  x 2- ), If  t h e  r o u n d- off c a us es 
o v er  fl o w,  t h e s urri :l.s s et  t o  1/ 2  a n d  t h e  e x p o n e nt is d e cr e m e nt e d b y 1. 

If  t h e  n u m b er :is i n li mits  (If  t h e  b:i n ar y  e x p o n e nt,  e x c ess 1 2 8, is 
p os:it:i v e a n d  l ess  t h a n 2 5 6) t h e s u m a n d  e x p o n e nt  ar e  c o m b:i n e d  i n 
A R a n d  c o ntr ol  g o es  t o  cl e ar  a n d  a d d.  If t h e n u m b er is n ot  i n 
li mits,  t h e  e x p o n e nt  is  t est e d  f or si g n. A n e g at 1 v e e x p o n e nt 
m e a ns  t h e  n u m b er  is  t o o  l ar g e,  a n d  c o ntr ol  g o es  t o  t h e e r r o r al a r m, 
w:i t h O Z J n A R. If  t h e  e x p o n e nt  is  p osi tj v e,  t h e  n u m b er  is t o o s m all 
t o  b e  r e pr es e nt e d  b y  a fl o at.f o g p oi nt  n u m b er. A M Q is cl e ar e d t o 
z er o  a n d  c o ntr ol  g o es  t o  " n e xt ". 

Cl e ar  a n d  S u btr a ct ( N N., 7 8). A R ls c o pi e d t o A M Q w:i t h c h ar a ct er:\ sti c 
3, c h a n g:i n g t h e s:I. g n of t h e o p er a n d. 

R e v ers e  S u btr a ct  ( N N = 6 6).  T h e sj g n of A M ~ is c h a n g e d,  a n d  c o ntr ol 
g o es  t o  A d d. 
S u btr a ct  ( N N = 6 8).  T h e  si g n  of A R is  c h a n g e d,  a n d  c o ntr ol g o es t o 
A d d, 
R e v ers e  Di vi d e ( N N• 7 6). T h e  o p er a n d  is t o b e d:i v: 1 d e d b y t h e c o n t e n  ts 
of  t h e  a c c u m ul at or. 



A M'-! :t e t e at e d f or z er o, a n d if z er o,  c o ntr ol  g o es t o t h e  err or 
al ar m w:lt. h O U l n A R ( d:l v:! d e b y z er o  is  ill e g al). A R i s t est e d 
! or : z er o, a n d :l.t z er o, A M Q : Ls cl e ar e d  a n d  c o ntr ol g o es t o " n e xt ". 
If t h e A R h n ot  z er o, it :l a dj v:!. d e d b y ( A M Q) s e al.f o g t h e q u oti e nt 
2-,. T h e e x p o n e nt is c orr e ct e d  i n . A R, a n d  c o ntr ol  g o es  t o  t h e 
n or m al:l z at:l. o n s e q u e n c e us e d b y t h e A d d :l. nstr u ct:! o n. 

r u v:t d e ( N N• 7 0). A R a n d . A M Q ar e i nt er c h a n g e d, a n d c o ntr ol g o es t o 
r e v ers e d:l vi d e. 

M ulti pl y ( N N• 8 8), A M Q is m ulti. pli e d b y A R. 
A M Q is cl e ar e d  a n d  c o ntr ol  g o es  t o  " n e xt ". 
m:l n u a 1 2 8 is pl a c e d  i n A R a n d  c o ntr ol g o e s 
t:l. o n s e q u e n c a a s :I n  A d d. 

If t h e  pr o d u ct is z er o  , 
T h e s u m o! t h e e x p o n e n t a 

t o  t h e  g e n er al n or m ali z a-

P o ai t:l v e C o m m a n ds 

St or e I T h e  c o nt e nts  of A M Q ar e  c o pi e d  t o C H W D, a n d  c o ntr ol g o e s 
t o " n e xt ", 
N e g at e: A M Q js c o pj e d  t o A R, a n d  c o ntr ol g o es t o Cl e ar a n d  S u btr a ct. 
A bs ol ut e: T h e al g n is r e m o v e d  fr o m . A M Q a n d  c o ntr ol g o es t o t h e  n e xt 
i nstr u cti o n. 

S q u ar e  R o ot: If t h e  o p er a n d  is n e g at:l v e, c o ntr ol  g o es 
al ar m w H h O V :l n A R, T h e ! Q U ar e r o ot  :I. a o bt a:l n e d u a:l n g 
m et h o d, w:i t h  2  d:I v: 1 s:l. o ns g, 1 v:l n g t h e r e q ufr e d a c c u r a c y. 
a p pr o d m ati o ns ar e  m a d e w h:l. c h m:l ni mi z e t h e  err or, 

t o t h e  e r r o r 
N e wt o n's 
l nit:l al 

L o g a dt h m, E x p o n e nti al: T h e l o g  a n d e x p o n e n U al a u br o ut:l n e st o r e d 
i n  l:l n e  7  is c o p:l. e d t o  li n e 5 f or e x e c ut: 1 o n,  T h e  b a a e us e d is t h e 
n a p:\ er:\ a n  e,  T h e  m et h o d  u e e d :I e t h e  s a m e a s :I. a u e e d :I n I n t er c ar d 
s:i n gl e pr e cisf o n. 

R et ur n: T h e m ar k l e v el  c o u nt er :l a :l n cr e m e n t e d  a n d t h e t r a nsf e r c o m-
m a n d :Is pi c k e d  u p  fr o m t h e m ar k li et, T h e tr a nsf er c o m m a n d is 
pl a c e d  i n A R a n d  e x e c ut e d  at w or d ti m e Ul, 

K e y b o ar d:  T y pi n g j s g at e d a n d c o ntr ol :I s tr a nsf err e d  t o t e et r e a d y 
i n Li n e 1 9, s o t h at  e a c h  r el o a d  str u c k w ~ll c a us e a s wit c h i n t h e 
pr o gr a m, 

If  n o  h oll o w  p oi nts ar e str u c k, t h e  n u m b er :ts a n  i nt e g er w. 1 t h  n o 
d e ci m al  s c al e  f a ct or. 



If  o n e  h oll o w  p oi nt  is  str u c k,  t h e  n u m b er js tr e at e d  as  a n j nt e g er, 
wj t h  a d e ci m al s c al e  f a ct or  d et e n ni n e d  b y  t h e dj ff er e n c e  b et w e e n 
t h e n u m b er  of  di gits j _ n U n e 1 9  a n d lj n e  2 3. 

If t w o h oll o w  p oi nts  ar e  str u c k,  t h e n u m b er js tr e at e d  as  a n j nt e g er 
wj t h a  d e ci m al  s c al e  f a ct or  c al c ul at e d  fr o m t h e fj r st  2 dj gj ts  t y p e d. 

If  t hr e e  h oll o w p o 1. nts ar e  t y p e d,  c o ntr ol  g o es  t o  t h e  err or al ar m 
w hi c h  t y p es . 6 4 a n d  r et ur ns  t o  t h e  k e y b o ar d j _ nstr u ctf o n. 

T h e j nt e g er :Is  c o n v ert e d t o bj n ar y a n d  n or m al:l. z e d.  T h e  d e ci m al 
s c al:i n g b r e m o v e d  b y m ultj p] yt n g b y  c o m bj n at:l o ns  of  1 0- 7  a n d  1 0 
u nt: 1. 1  t h e r e m a:i nj n g s c al e  f a ct or hi z er o,  at  w hi c h  t:l m e  c o ntr ol 
g o es  t o  t h e  g e n er al n or m a U z a t:I o n  r o u t:I n e  as i n A d d. 

T h e t ot al  n u m b er  of dj _ gits t y p e d  m ust  n ot  e x c e e d 1 4. N o  t est  is 
m a d e  o n  t ot al  di gits  t y p e d, 

St o p: T h e st o p c o!lll'll a n d ·is a  G- 1 5  h alt,  W h e n t h e C o m p ut e s wit c h 
is  c y cl e d,  c o ntr ol  g o es  t o  " n e xt ". 

Tr a nsf er  t o C H W D: C H W D t hr o u g h  W D +J ar e  c o pi e d  t o  li n e  2 2. W D is 
r e d u c e d  m o d 4 t o e, w hj c h c a n  h a v e  v al u es  fr o m 0- 3, A  s wit c h  is 
m a d e  o n  e. 

If  e is z er o,  all 4 c o n a n a n ds c a n  b e  e x e c ut e d  b ef or e 1 1r e-l o a di n g 1 1 

l:l n e 2 2, ( W D + 4) is  i n cr e m e nt e d  b y  4,  a n d U n e 2 2 ' S r e arr a n g e d 
s o t h at t h e first  c o m m a n d  is  i n  A R, ; m d t h e n e xt 3 c o m m a n ds  ar e 
i n  2 2. 1,  2 2, 0  a n d  2 2,J  r es p e ct: 1. v el y, t h e i n cr e m e nt e d  tr a nsf er 
c o m m a n d :l.s i n  2 2, 2,  0 o ntr ol  g o es  t o t h e t est  f or n e g at:l v e i n 
" n e xt ". 

If  e  is  o n e, o nl y J c o m m a n ds will b e  e x e c ut e d  b ef or e r el o a d:l n g 
li n e  2 2. ( W D + 4) is  i n cr e m e nt e d  b y 3 a n d t h e tr a nsf er  c o m m a n d is 
pl a c e d  i n  2 2. 2  T h e  fJrst  3 c a n m a n ds ar e  r e arr a n g e d  t o  b e  2 2,l, 
2 2. 0,  a n d  2 2.J  a n d  c o ntr ol :l.s tr a nsf err e d  t o  " n e xt ", w hf o h w: 1. 1 1 
pr e c ess  li n e  2 2 a n ~ pi c k  u p  2 2.l  as t h e f:lrst c o m m a n d  t o  b e 
e x e c ut e d. 

If  e :Is t w o  or t hr e e, ( W D + 4) is  i n cr e m e nt e d  b y  2  or  l a n d  li n e  2 2 
f a pr e c ess e d  t h e  pr o p er  a m o u nt t o p ut  t h e  tr a nsf er c o m m a m a n d 
ot h er  c o m m a n ds j _ n pr o p er  s e q u e n c e.  W h e n ( W D + 4) is  i n cr e m e nt e d,  t h e 
N N n u m b er  of  t h e  c o m m a n d  is  als o  m o difj e d,  s o  t h at  o n  s u bs e q u e nt 
e x e c uti o ns  of t h e tr a nsf er  c o m m a n d, t h e s w:I t c h  o n  e will n ot  b e 
m a d e, s:l n c e e  is  k n o w n  t o  b e  z er o. 

- 3 6 -



Tr a nsf er  n ot  z er o 1  C H W D t hr o u g h W D ~ 3 ar e  c o pi e d  t o  li n e  2 3,  a n d A M Q is 
t est e d  f or  z er o.  O nl y  t h e  m a ntiss a  of  t h e  fl o ati n g  p oi nt rr u m b er is  t est e d, 
s o  t h at if fl o ati n g  p oi nt  z er os wit h l ar g e  e x p o n e nts  ( as  f o u n d  o n 
I nt er c o m 5 0 0) ar e  e n c o u nt er e d,  t h e y  will  t est  z er o.  If A M Q is  n ot 
z er o,  li n e  2 3  is  c o pi e d  t o  li n e  2 2  a n d c o ntr 9l g o es  t o  r e g ul ar  tr a ns-
f er,  If A M Q is  z er o,  c o ntr ol  g o es  t o  " n e xt ", 

Tr a nsf er n ot  N e g ati v e:  C H W D t hr o u g h W D +J ar e  c o pi e d  t o  li n e 2 3, If 
t h e  i n d e x li mit h as  n ot  b e e n  e x c e e d e d, (if I D0 is  cl e ar), li n e 2 3 
is  c o pi e d  t o  li n e  2 2  a n d  c o ntr ol  g o es  t o  t h e  r e g ul ar  tr a nsf er.  If 
t h e li mit h as  b e e n  e x c e e d e d  (I D 0 n ot z er o) c o ntr ol  g o es  t o 1 1n e xt 1 1 • 

Pri nt: T h e  f or m at  is  c o pi e d  t o  li n e 2 3, 2 3, 1 t hr o u g h 3 is  t h e  a ct u al 
G- 1 5  f or m at  a n d  g ets  c o pi e d  t o  li n e 2, 2 3, 0  is  a  k e y  w or d  w hi c h  c o n-
t ai ns  t h e  t ot al  di gits  s c al e d  2- 6  a n d  t h e  n u m b er  of  di gits  b ef or e 
t h e d e ci m al s c al e d 2- 2 5, If  t h er e  is  a  c arri a g e  r et ur n  i n  t h e f or m at, 
T 2 9  is  s et  t o 1. 

T h e bi n ar y s c ali n g  of  t h e  c o nt e nts  of  A M Q is  r e m o v e d  b y  nr ulti pl y-
i n g  b y  2 d e ci m al s c al e  f a ct ors,  t h e  first  i n 8 p o w ers  of  l C a n d 
t h e  s e c o n d  i n  si n gl e  p o w ers  of 1 0, T h e  r e m ai ni n g bi n ar y s c ali n g 
is  s hift e d  off,  a n d  if  t h e  r es ulti n g  fr a cti o n  is  l ess  t h a n  o n e  t e nt h, 
it is m ulti pli e d b y 1 0 a n d  t h e d e ci m al s c al e  f a ct or  is  d e cr e m e nt e d. 

A r o u n d- off  of 1/ 2 x 1 0- S is  a d d e d -t o t h e  fr a cti o n. If o v erfl o w 
o c c urs  t h e n u m b er is  s et  e q u al  t o  . 1  ( B C D) a n d  t h e d e ci m al s c al e 
f a ct or i S' i n cr e m e nt e d.  If  o v erfl o w  h as  n ot  o c c urr e d,  t h e  n u m b er  is 
c o n v ert e d  t o  B C D fr a cti o n. 

T h e  D e ci m al  s c al e  f a ct or  is  c o m p ar e d  wit h  t h e n u m b er of  di gits 
b ef or e  t h e  d e ci m al  i n  t h e  f or m at. 

If  t h e  n u m b er e x c e e ds t h e d e ci m al pl a c es all o w ~ i n  t h e f o n n at, a n 
Fis  t y p e d  f oll o w e d  b y  a  s p a c e.  T h e  n u m b er  is  t h e n  c o n v ert e d a n d 
t y p e d  i n  fl o ati n g  p oi nt f o n n at, f oll o w e d  b y  a  c arri a g e  r et ur n  or 
t a b  as  i n di c at e d  i n  t h e  f or m at  k e y , nr d, 

If  t h e  n u m b er  is  wit hi n  t h e f or m at li mit ~ it  is  s hift e d  t o  fi x  t h e 
d e ci m al  p oi nt  a n d  is  pl a c e d  i n  li n e 1 9 f or  t y p e o ut,  O nl y  t h e 
n u m b er  of  di gits  c all e d  f or  i n  t h e  f or m at  ar e  c o pi e d  t o  li n e 1 9, 
T h e m a xi m u m n u m b er of  di gits  c o pi e d  t o li m 1 9 is l h. H o w e v er, 
o nl y S of  t h es e di gits c a n  b e  n o n- z er o. 

R e a d,  Writ e:  T h e  r e a d  a n d  writ e  c o m m a n ds ar e  b ot h  tr a nsf ers  t o 
i nt er pr eti v e  s u br o uti n es.  T h e  c urr e nt  c o nt e nts  of  li n e  2 2  ar e 
h el d  i n  t e m p or ar y st or a g e i n  li n e 6 w hil e t h e i nt er pr eti v e c o m m a n ds 
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ar e  b ei n g  e x e c ut e d.  B ot h  c o m m a n ds ar e  al w a ys pr e c e d e d b y  S et 
R e gist er  c o m m a n ds f or  I  2 2  a n d  2 3.  I n d e x  r e gist ers  2 2  a n d  2 3  ar e 
n e v er  us e d  b y  t h e  o bj e ct  pr o gr a m,  t h e y  ar e  r es er v e d  f or  us e  b y  t h e 
i nt er pr et er.  T h e  B as e  of  I R  2 2  is  s et  t o  t h e  st arti n g  r el ati v e 
n u m b er  of  t h e  d at a  arr a y  t o  r e a d  or  writ e.  T h e li mit of  I R  2 2 
is  s et t o t h e  st arti n g  r el ati v e n u m b er pl us  t h e  di m e nsi o n  mi n us 
o n e.  T h e b as e  of  I R  2 3  is  al w a ys  s et t o z er o. 

A s eri es  of  I n d e x e d  cl e ar  a n d  a d d at xi I n d e x e d  st or e c o m n a n ds is 
us e d  t o  fill  or  p u n c h  t h e  arr a y.  T a p e  is  r e a d  or  p u n c h e d  e v er y  1 0 0 
w or ds  •  T h e  t a p e  is  n ot  c h e c k-s u m m e d b ef or e  p u n c hi n g.  7 . 2 i n c h es 
of  l e a d er  is  p u n c h e d  b et w e e n  bl o c ks. 

S p e ci al C cr n m a.r xis S e e  T a bl e  6. 1 

All  s p e ci al  c o m m a n ds ar e  n e g ati v e,  a n d  h a v e  a  l e a di n g  bit. ( T 2 9 = 1), 
T hi s p e ci al  c o m m a n ds ar e  i d e ntifi e d  b y  a 5- bit O P c o d e, E, s c al e d 
2- 7. T h e  i n d e x  r e gist ers  i n v ol v e d  h a v e  b e e n  c o pi e d  t o  li n e  2 3, 

I n d e x  R e gist er  Arit h m eti c  B • 9  f or  o d d  I. R, 

B c 2 5 f or  e v e n  I. R. 

T h e  b as e  of  t h e  i n d e x  r e gist er i s t o  b e  us e d  as  t h e  o p er a n d  i n  a n 
arit mi eti c c o m m a n d. T h e  v al u e  of  t h e  b as e  is  e xtr a ct e d  as  a n 
i nt e g e r s c al e d 2- 1 8, a n d  is  n or m ali z e d  a n d  c o m bi n e d  wit h  t h e 
pr o p er  e x p o n e nt.  T h e  c o m bi n e d  n u m b er i s st or e d  i n  2 0, 0 0 a n d a 
c o n v e nti o n al  arit h m eti c c o m m ar xi, usi n g  2 0. 0 0  as  t h e  o p er a n d  a d dr ess, 
is  ass e m bl e d  a n d  e x e c ut e d. 

S et  R e gist er: B a O.  T h e r el ati v ~ n u m b er  t o  b e  s et i n t h e  i n d e x 
r e gist er i s c arri e d  1 0  bits  s c al e d  2-ll, 

A st or e  c o m m a n d is  ass e m bl e d fr a n t h e  w or d  a n d  c h a n n el  k e ys  c o nt ai n e d 
i n  t h e  c o m m a n d.  T h e  r el ati v e r n u n b er is  e xtr a ct e d  a n d  s hift e d t o 
2- 1 5 • If  t h e  I n d e x  R e gist er  i d e ntifi e d  is  n ot  a  B as e  r e gist er,  t h e 
r el ati v e  n u m b er  is  st or e d  dir e ctl y, If t h e i: e gist er i s a  E as e 
r e gist er,  t h e  r el ati v e  n u m b er  is  c o n v ert e d  t o g h a n n el a n d W or d, ar xi 
a  c o m p osit e m u n b er c o nsisti n g  of t h e w or d  x  2

8
-,  t h e  r el ati v e 

n u m b er x 2-ltl, a n d t h e  C h a n n el x 2- 2 3 a n d 2- 2 is  st or e d i n t h e 
I n d e x  r e gist er. 

St or e  i n  I n d e x  R e gist er: E c 2 7. A M Q is  t o b e st or e d i n a n 'i n d. e r 
r e gist er. 
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If  A M Q is  z er o,  c o ntr ol  is  tr a nsf err e d  t o  S et  R e gist er,  If A M Q is 
n ot z er o, its  m a g nit u d e  is  t est e d.  If  t h e  c o nt e nts  e q u al  or  e x c e e d 
1 0 2 4, c o ntr ol  g o es  t o  t h e  err or  al ar m wit h O W i n  A R.  If  A M Q is  l ess 
t h a n 1 0 2 4 it  is  s hift e d  t o  b e  s c al e d  as I Ul i nt e g er  ti m es 2- 1 8, a n d 
c o ntr ol  is  tr a nsf err e d  t o  S et  R e gist er. 

I n cr e m e nt:  B = 2.  T h e  b as e  is  i n cr e m e nt e d  b y  t h e  diff er e n c e  a n d 
h el d,  T h e  i n cr e m e nt e d  b as e  is  t est e d  f or  e x c e e di n g  t h e  li mit, 

If  t h e  li mit  is  e x c e e d e d  t h e  b as e  v al u e  is  s et  t o  z er o,  a n d  1 1:t 
is  s et  f or  d et e cti o n b y t h e  Tr a nsf er  o n  i n d e x c o m m a n d w hi c h  al w a ys 
f oll o ws. 

If  t h e  li mit  is  n ot  e x c e e d e d  t h e  b as e  is  c o n v ert e d  a n d  st or e d 
usi n g  t h e  s et  r e gist er c o m m a n ds, II\) is  cl e ar e d  f or  d et e cti o n  b y 
t h e  tr a nsf er  o n  i n d e x  c o m m a n d. 

M ar k  Pl a c e:  B = 1 3.  A  tr a nsf er  c o m m a n d t o  t h e  pl a c e  m ar k e d  is  ass e m-
bl e d.  T h e  m ar k  l e v el  c o u nt er  is  d e cr e m e nt e d  a n d  t est e d  f or  z er o. 
If  t h e  m ar k  l e v el  is  z er o, 8 m ar ks  ar e  alr e a d y  b ei n g  h el d,  a n d  c o ntr ol 
g o es  t o  t h e  err or  al ar m  wit h  0 Y  i n A R. If  t h e  m ar k  l e v el  is  n ot  z er o, 
t h e ·iiss e m bl e d tr a nsf er  c o m m a n d is  pl a c e d  i n  t h e  m ar k  list  at t h e 
c urr e nt  l e v el. 

T a bs,  C arri a g e  R et ur ns:  B = 1 6. T h e n u m b er  of  T a bs  or  C arri a g e 
R et ur ns  is  n e g at e d  t o  A R.  Mi n us  z er o  is  pl a c e d  i n  b ot h  h al v es  of 
I D a n d a  s hift  is  i niti at e d  d uri n g  t h e  o d d  w or d  ti m e  t o  s hift  a  bit 
i nt o ! Di _, T h e  r es ult  is  a n w n b er s c al e d  2- n  w h er e  N  is  t h e  n u m b er 
of  c arri a g e  r et ur ns  or  t a bs. T h e c o m m a n d ( wit h  t h e  l e a di n g  bit 
s hift e d  off)  is  a  si n gl e  t a b  or  c arri a g e  r et ur n  f or m at  c o d e  f oll o w e d 
b y  a n  e n d  c o d e.  T h e  f or m at  is  pl a c e d  i n  li n e  2,  2- n  is  pl a c e d i n 
1 9. u 7, t y pi n g  is  i niti at e d,  a n d  c o ntr ol  g o es  t o " n e xt ". 

P eri o ds: B = 1 7.  T h e  n u m b er  of  p eri o ds  is  e xtr a ct e d t o A R.  P eri o ds 
ar e  t y p e d  o n e  at  a  ti m e,  d e cr e m e nti n g  A R f or  e a c h  p eri o d  t y p e d. W h e n 
A R is  z er o,  c o ntr ol  g o es  t o • n e xt ". 

B ells:  B = 1 8. T h e n u m b er  of  b ells  is  e xtr a ct e d  t o A R, t h e  b ell is 
c hi m e d  e v er y  7 dr u m c y cl es  u ntil  N b ells  h a v e  b e e n  r u n g,  C o ntr ol 
t h e n  g o es  t o • n e xt ". 

S u br o uti n es  B = 1 9. l' h e c h a n n el  c o nt ai ni n g  t h e  s u br o uti n e  is  c o pi e d 
t o  li n e 0 5, T h e  st arti n g  l o c ati o n  of  t h e  s u br o uti n e  is  m ar k e d,  a n d a 
r et ur n  t o  li n e 0 5 c ol'llJll 8 1l d tr ar wf er ~ r o ntr ol t o  t h e  s u br o uti n e, 

S n a pii h ot  B = 1 0,  ( dis a bl e d) 
B = ll. ( wit h B P) 

A  dis a bl e d  s n a ps h ot  tr a nsf ers  c o ntr ol  t o " n e xt w. 

- 3 9 -



A s n a ps h ot wit h B P ( as  ass e m bl e d)  t ests  t h e  p u n c h  s wit c h. If t h e 
p u n c h  s wit c h  is off, c o ntr ol  g o es  t o  " n e xt''•  If  t h e  p u n c h  s wit c h is 
o n,  t h e  c o m m a n d is pl a c e d i n 1 9. u 7 a n:l t y p e d u.si n g a  f or m at  w hi c h 
t y p es  t h e  B C D l o c ati o n  n u m b er c o nt ai n e d  i n  t h e  s n a ps h ot  c o m m a n d, 
C o ntr ol  is  t h e n  tr a nsf err e d  t o  t h e  pri nt c o m m arri, wit h  a  k e y  w or d 
i n 2 3, 0 0 w hi c h  will  i ns ur e  t h e  t y p e o ut  of  t h e  n u m b er i n  fl o ati n g 
p oi nt. 

6, 2 Err or  Al a m 

6.J 

W h e n c o ntr ol  g o es  t o  t h e  err or al a n n,r e a d y is s et;  t er mi n ati n g a n y 
i n p ut- o ut p ut  i n pr o gr ess. T h e  c o nt e nts of A R ar e  t y p e d,  wit h  a 
••• D D •• f or m at f oll <: M e d b y  a  c arri a g e r e mr n. A r et ur n t o m ar k i n 
li n e  l  is  t h e n  e x e c ut e d. G e n er al.l y a  h alt  is  m ar k e d  o n e ntr y t o 
t h e  err or  S. R., ar xl. w h e n t h e  c o m p ut e s wit c h is  c y cl e d t h e t y p e o ut 
i s r e p e at e d.  I n  t h e  c as e or t h e  k e y b d  err or, ( 3 h oll o w p oi nts), 
t h e k e y b d  i nstr u cti o n  is  m ar k e d,  e o  t h at  t h e k e y b d s u br o uti n e is 
r e- e nt er e d aft er t h e  err or  t y p e o ut. 

M a n u al M o d e 

T h e m a n u al  m o d e is  e nt er e d b y t y pi n g s ci', T h e  m a n u al  m o d e is a n 
i nt er pr eti v e  s u br o uti n e,  s o  t h e  c urr e nt  c o nt e nts  of li n e 2 2 a r e 
t e m p or aril y st or e d  i n  li n e 8. A k e y b o ar d  c o m m a n d is  e x e c ut e d, 
f oll o w e d b y a  tr a nsf er  o n  z er o.  If  z er o  is  t y p e d  ( or  j ust  t a bs), 
t h e  ori gi n al  c o nt e nts or li n e  2 2  b ei n g  h el d  i n li n e 8 ar e  r est or e d, 
a n d  c o ntr ol  g o es  t o 1 1n e xt 1 1 • 

I F A M Q is n ot  z er o,  a  t est  o n  t h e  p u n c h  s wit c h  is m a d e. If  t h e 
p u n c h s wit c h is  o n, A M Q is  st or e d  i n  0 9 0 0  pl us  I n d e x  R e gist er  2 2, 
a n d  c o ntr ol  g o es  b a c k  t o  t h e  k e y b o ar d  c o m m a n d, m a n u al m o d e, 

If  t h e  p u n c h  s wit c h  is  n ot  o n,  t h e  i nt e g er  p orti o n of A M Q is  st or e d 
i n  t h e  b as e  r e gist er of I. R,  2 2,  a n d  A M Q is  t est e d  f or  n e g ati v e. 
If A M Q is  n ot  n e g ati v e, t h e m ar k l e v el. a a n d e xtr a ct ors ar e  i niti ali z-
e d, ar xi a  tr a nsf er  t o  0 9 0 0  pl us  I. R.  2 2 is e x e c ut e d,  Si n c e  l o c ati o n 
0 9 0 0 al w a ys c o nt ai ns  a  tr a nsf er  t o t h e b e gi n ni n g of t h e  pr o gr a m, 
s etti n g  I, R.  2 2  t o  z er o  will  e n a bl e  a  r est art. Arr y n u m b er  t y p e d 
i nt o A M Q gr e at er  t h a n  z er o  b ut  l ess t h a n o n e will c a us e  a  r est art 
of  t h e  pr o gr a m. 

If A N Q is  n e g ati v e,  a  cl e ar  a n d  a d d  0 9 0 0  pl us  L R.  2 2  is  e x e c ut e d, 
a n d  c o ntr ol  is  tr a nsf err e d  t o  a  m a c hi n e  l a n g u a g e  s u br o uti n e  t o  t est 
f or  a  s n a ps h ot c o m m ar xi. If 1 5 bits  of  t h e  c o nt e nts  of A M Q ar e  t h e 
s a m e as t h e 1 5 st a n d ar d bit.:i of  t h e  s n a ps h ot  c o m m a n d, it is ass u m e d 
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t h at  t h e  c o nt e nts  of A M Q is  a  s n a ps h ot  c o m m a n d.  N ot e  t h at  t his  m e a ns 
t h e  c h a n c es  of  t h e  c o m p ut er  mist a ki n g  a  n u m b er  f or  a  s n a ps h ot  ar e 
a b o ut  l  i n 3 2, 7 6 8. If  t his  is  t h e  c as e  it  will  b e  i m p ossi bl e t o i n-
s p e ct  t his  l o c ati o n  i n  t h e  m a n u al  m o d e. 

If A M Q c o nt ai ns  a ·s n a ps h ot  c o m m a n d a  bit  is  a d d e d  t o  t h e  br e a k p oi nt, 
a n d  t h e  c arr y,  if a n y, e xtr a ct e d.  T his  eff e cti v el y  c h a n g es  t h e  st at us 
of  t h e  S n a ps h ot  c o m m a n d.  T h e  m o difi e d  s n a ps h ot  c o m m a n d is  st or e d i n 
its  pr o p er  l o c ati o n  ( 0 9 0 0 pl us I 2 2) a n d  c o ntr ol  g o es  t o  t h e  k e y b o ar d 
i n  m a n u al  m o d e. 

If A M Q d o es  n ot c o;. t ai n  a  s n a ps h ot,  it  is  t y p e d  i n  Fl o ati n g  P oi nt 
n ot ati o n,  a n d  c o ntr ol  g o es  t o  t h e  k e y b o ar d  i n  m a n u al  m o d e. 

M a g a zi n e 4 c o nt ai ns  2  s e p ar at e  r o uti n es,  t h e D u m p r o uti n e  a n d  t h e 
O p er ati n g  p a c k a g e. 

T h e  D u m p R o uti n e  l o a ds  t h e  s u br o uti n es  a n d  pr e p ar es  t h e  m e m or y w h e n 
n e c ess ar y, 

T h e D u m p R o uti n e  first  s u ms  s e v er al  w or ds  i n  li n e 4 t o  d et er mi n e 
if  M a g a zi n e 3 is  i n  m e m or y.  If M a g a zi n e 3 is  i n  m e m or y,  c b ntr ol 
g o es  t o  t h e  M e m or y Pr e p ar ati o n  R o uti n e.  If  M a g a zi n e 3 is  n ot  i n 
m e m or y,  c o ntr ol  g o es t o a  B P s wit c h.  If  t h e  c o m p ut e  s wit c h  is  o n 
G O, c o ntr ol  g o es  t o  t h e  p u n c hi n g  r o uti n e.  If  t h e  c o m p ut e  s wit c h 
is  o n  B P,  c o ntr ol  g o es  t o  t h e  O p er ati n g P a c k a g e l o a d er w h e n t h e 
s wit c h is  c y cl e d. 

6. 4 M e m or y Pr e p ar ati o n  R o uti n e 

W or ds 0 9. 0 1- 0 6  ar e  fill e d wit h a p:.i.rt of  r e a d  r o uti n e.  0 9. 0 0  is 
fill e d  wit h  a  tr a nsf er t o t h e  st arti n g  l o c ati o n  of  t h e  pr o gr a m. 
Li n es  1 7  a n d  1 8  c o nt ai n  p a c k a g e 3 a n d  ar e  cl e ar e d.  T h e  s u br o uti n e 
t a bl e  is  c h e c k e d  f or  z er o.  If  t h e  s u br o uti n e  t a bl e  is  n ot  z er o,  t h e 
s u br o uti n e  l o a d er  s ki ps  t o  t h e  s u br o uti n es  a n d  s e ar c h es  u ntil  it 
fi n ds  t h e  r e q uir e d  s u br o uti n e  or  is  o ut  of  s u br o uti n es.  As  e a c h 
s u br o uti n e  c all e d  f or  is  l o a d e d,  t h e  c orr es p o n di n g  w or d  i n  t h e 
s u br o uti n e  t a bl e  is  cl e ar e d.  If  t h e  c orr e ct  s u br o uti n e  is  n ot  f o u n d 
o n  t h e  m a g a zi n e,  a  t y p e- o ut  is  c o pi e d t o li n e  1 9  w hi c h si g n als t h e 
o p er at or  t h at  a  s u br o uti n e  is  missi n g,  c y cli n g  t h e  c o m p ut e s wit c h 
s e n ds  c o ntr ol  b a c k  t o  t h e  r e a d  t a p e  of t q e s u br o uti n e  l o a d er. 

If  or w h e n t h e  s u br o uti n e  t a bl e  is  z er o,  c o ntr ol  g o es  t o  a  B P s wit c h. 
If  t h e  c o m p ut e s wit c h is  o n  G O,  c o ntr ol  g o es t o t h e  P u n c hi n g  r o uti n e. 
If  t h e  c o m p ut e s wit c h is  t o  B P,  c o ntr ol g o es t o  t h e  o p er ati n g  p a c k a g e 
l o a d er w h e n t h e  c o m p ut e  s wit c h is c y cl e d. 
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6. 5 

6. 6 

P u n c hi n g  R o uti n e 

T h e  r o uti n e  p u n c h es  l e a d er  a n d  t h e  o bj e ct  pr o gr a m  l o a d er  w hi c h  h a d 
b e e n  st or e d  i n  li n e 7. 

T h e n o n- z er o  li n es  i n  t h e  i nt er pr eti v e rr e m or y ar e  p u n c h e d,  st arti n g 
wit h  li n e 1 8, d e cr e asi n g  u ntil  a  cl e ar  li n e or li n e  9  is  e n c o u nt er e d. 
P u n c hi n g  t h e n  st arts  at  li n e  9  a n d  c o nti n u es  p u n c hi n g  li n es  u ntil 
a  cl e ar  li n e  is  e n c o u nt er e d,  u nl ess  li n e  9  is  t h e  l ast  li n e. ( All 
li n es  w o ul d  h a v e  t o  b e  n o n- z er o il t his  is  t h e  c as e).  E a c h  li n e i s 
b al a n c e d  t o  z er o wit h ar, e x e c uti o n  c o m m a n d i n l 9. u 6, s o  t h at  o n 
r e a di n g i n, 1 9. u 6 is  e x e c ut e d il t h e  e ntir e  li n e  s u ms  t o  z er o.  O n 
t h e  l ast  li n e  p u n c h e d  t h e  e x e c uti o n  c o m m a n d is  m o difi e d  s o  t h at 
c o ntr ol  g o es 't a c k t o t h e  o bj e ct  pr o gr a m  l o a d er  at  a  diff er e nt  pl a c e. 

Aft er all t h e  r e q uir e d  li n es  h a v e  b e e n  p u n c h e d, ( mi ni m u m 2, m a xi m u m 
1 1) s uffi ci e nt  tr ail er  is  p u n c h e d  a n d  c c ntr ol  g o es  t o  t h e  o p er ati n g 
p a c k a g e  l o a d er. 

T h e  o p er ati n g  p a c k a g e  l o a d er  c h e c ks  t o  s e e if a n y s u brr uti n e a h a v e 
b e e n  r e a d, If a e y s u br o uti n es  h a v e  b e e n  r e a d, _,t h e  m a g a zi n e  is 
r e w o u ni t o  t h e  b e gi n ni n g  a n d  t h e  o p er ati n g  p a c k a g e  is  l o a d e d.  If 
n o  s u br o uti n es  h a v e  b e e n  r e a d,  t h e  o p er ati n g  p a c k a g e is l o a d e d 
dir e ctl y. 

T h e  O bj e ct  Pr o gr a m  L o a d er 

T h e  O bj e ct  Pr o gr a m  L o a d er  is  p u n c h e d  b ef or e  all  o bj e ct  pr o gr a ms. 
T h e  l o a d er  i niti ali z es all t h e t e m p or ar y l o c ati o ns  o n  t h e  dr u m,  a n d 
aft er  l o a di n g  t h e  o bj e ct pr o gr a m, c h e c ks  t o  s e e if t h e  o p er a ti n g 
p a c k a g e  is  i n m e m or y b y s u m mi n g al 1 t h e  r e q uir e d  li n es.  If  t h e 
o p er ati n g  p a c k a g e i s i n m e m or y, c o ntr ol  g o es  t o  t h e m a n u a 1 m o d e. 
If it i s n ot i n m e m or y, " L o a d N o. 4 " is t y p e d. 
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1. 

2. 

3, 

F O R M O F I N T E R P R E TI V E C O M M A N D S 

P ositi v e  C o m m a n ds ar e  e x e c ut e d  i m m e di at el y. 

N e g ati v e  C o m m a n ds ar e  c h e c k e d  f or  a  l e a di n g  bit,  If  t h e  l e a di n g 
bit  is  n ot  pr es e nt  it  is  a n  i n d e x e d  arit h m eti c c o m m arrl. 

N e g ati v e  C o m m a n ds wit h  a  l e a di n g  bit  ar e  s p e ci al,  a n d ~ h e t y p e 
of  c o m m a n d is  d esi g n at e d b y  a 5- bit  O P c o d e s c al e d r 1 • ( S e e 
T a bl e). 

P ositi v e  C o m m a n ds 

Str ai g ht  Arit h m eti c 
U,\I D +l. 6 4 + 2 0 P, 0, C H. 2 8 

C H is  t h e  r el ati v e  a d dr ess  di vi d e d b y  1 0 0 pl us 9 
W D is  t h e  r e m ai n d er 

O P I s  ar e  as  f oll o ws 

C A  Cl e ar & A d d 
A D A d d 
C S  Cl e ar & S u btr a ct 
R S  R e v ers e  S u btr a ct 
S V  S u btr a ct 
R D R e v ers e  Di vi d e 
D V  Di vi d e 
M U M ulti pl y 

Str air; ht St or e 
W. \ ~ TI, 8 5. 1, 2 4 , C H 

N e g at e 
U. 0 1. 7 8. 1. 2 4. 2 8 

A bs ol ut e 
U, 0 0, 3 9, 1. 2 4, 2 8 

S Q R T 
w. u 3. us. 1. 2 4. 2 1 

a d dr ess 1 5 6 c 1 0, 5 6 

O P 
0 9 
O S 
0 7 
0 1 
0 2 
o 6 
O J 
0 W( 1 2) 
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6 4 + 2 0 P 
8 2 
7 4 
7 8 
6 6 
6 8 
7 6 
7 0 
8 8 



R et ur n 
U.JJ.JJ. 0. 2 1. 3 1 

K e y b o ar d 
u. u o. u 2. o. 0 8. 0 5 

L o g arit h m 
u. u o. 1 1. 0. 0 7. 0 5 

E x p o n e nti al 
u. u o. C X >. 0. 0 7, 0 5 

3t o p 
u. 8 5. 8 5, 0, 1 6 . 3 1 

Tr a nsf er 
u. WI >t. 4. 2 6. 0. c H. 2 2 

Tr a nsf er  n ot  z er o 
U. W D + 4,ll. O. C H. 2 3 

Tr a nsf er  n ot  n e g ati v e 
U. W D + 4.l O. o. c H. 2 3 

Tr a nsf er  o n  i n d e x  li mit 
U, W D + 4, 1 2. 0, C H. 2J 

Pri nt 
U. W D + 4. 4J. O. C H. 2 3 

C H W Dis  t h e  a d dr ess  of  t h e f o n n at 

R e a d 
u. 0 1. 5 9. 0. 0 9. 2 3 

Writ e 
U, 8 3. 5 9. 0. 0 8. 2 3 

N e g ati v e  C o m m a n ds 

I n d e x e d  Arit h m eti c 

A x 2- 4 + ( W D +  l)  x  2- 1 2 +  ( 6 4 + 2 0 P) x 2- 2 0 +  I' x 2- 2 3 + C x 2- 2 7 

A u 4 f or  b ot h  e v e n  a n d  o d d  I n d e x  R e gist ers  ( S u bs cri pts) 
A = S f or  e v e n  r e gist er  (s u bs cri pt) 
A = 6 f or  o d d  r e gist er  (s u bs cri pt) 
I' = (I n d e x  R e gist er- 2) ~ 2, i nt e g er  p orti o n o nl y 
C = r el ati v e  a d dr ess ~ 1 0 0, i nt e g er  p orti o n  o nl y  W D • r e m ai n d er 
S u bs cri pts  ar e  assi g n e d i n d e x es 2- 2 1 



E x a m pl e: 
Cl e ar  a n d  A d d L o c ati o n 8 5 0 m o difi e d  b y  i n d e x r e gist er 3. 

A: 6 C o m m a n d is -. 6 3 3 5 2 1 0 
I 1 = 0 
C- = 9 
0 P c 0 9 

I n d e x e d  St or e 

A• x 2- 4, W D + 1 x 2- 1 2 , I 1 x 2- 2 3, C x 2- 2 8 A' • A- 4 

E x a m pl e:  St or e  i n  l o c ati o n 8 5 0 m o difi e d  b y  i n d e x  r e gist ers 6 1 7 
C o m m a n d is -. 0 3 3 0 0 4 8 

S p e ci al, all c o nt ai n -. 8 0 0 0 0 0 0 • S, a n d  B x 2- 1 7, Bis  t h e 1 10 1' c o d e 1 1 

I n d e x  R e gist er  Arit h m eti c 
B as e  of  i n d e x  r e gist er is t o  b e  o p er a n d. 

E x a m pl e C A 1 7 

S et  I n d e x  R e gist er 

-. 8 0 0 4 8 5 2 

B  •  0 

S + I 1 x 2- 2 3 + r el x 2- 1 1 + C x 2- 2 8 

B  • 2 5 f or e v e n s u bi, cri pt 
B •  9 f or  o d d  s u bs cri pt 

r el  is  i nt e g er  v al v e  t o  s et  i nt o  r e gist er 
v al v e  of c c 

e v e n  b as e 1 ~ 
diff er e n c e 0 
li mit 1 

o d d  b as e 1 9 
diff er e n c e 4 
li mit 5 

e x a m pl e:  s et t h e diff er e n c e  r e gist er  of  I 9  e q u al  1 0 

-. 8 1. 4 o o 6 4 

St or e i n I n d e x  R e gist er B a 2 7 

S a m e as  s et  r e gist er  e x c e pt  r el• 0 1 a d d  B x 2- 1 7 

e x a m pl e:  st or e  t h e  a c c u m ul at or  i n  t h e  b as e  r e gist er  of i n d e x 1 3 

-. 8 0 0 X 8 VJ 

I n cr e m e nt: B  •  2 

S + B + I'  x 2- 2 3 
pl us  o nl y  if  o d d  a c c u m ul at or a d d 1  x 2- 7 
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e x a m pl e:  i n cr e m e nt  I  1 7 

-. 8 2 0 1 0 Y O 

M ar k Pl a c e B  • 1 3 

s + B + W D X 2- 9 + C H X 2- 2 4 

e x a m pl e: m ar k l o c. 1 3 5 

-. 9 1 8 6 8 1 0 

T a bs B  • 1 6 

S + B + N x 2- 2 8 + . 6 2 

e x a m pl et 5 t a bs 

-. Y 2 o 8 0 0 5 

C arr's B .. 1 6 

S + B + N x 2- 2 8 + . 2 2 

e x a m pl e: 4 C. R•s 

-. U 2 o 8 0 0 4 

P eri o ds B •  l 7 

S + B + N X 2- 2 8 + 0 3 2 

e x a m pl e: 9 p eri o ds 

-. V 2 0 0 0 8 0 9 

B ells  B •  1 8 

S •· B + N x 2- 2 8 

e x a m pl e: 1 2 b ells 

-. 8 0 0 9 0 C M 

S u br o uti n es B c 1 9 

s + B + c H x 2- 2 4 + w n x r 9 

C H•  1 0 W D • 3 5 

N is Hr or t a bs 

N i s Nr  of C- R' a 

C H is li n e of S. R., W D is  st arti n g  l o c. 
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~ x a m pl e: S R St or e d  i n  c h a n n el 1 8, st arts  at  w or d  0 1 

-. 8 0 8 9 8 2 0 

S n a ps h ot  B P  B • 1 1 
n o B P B,. : g 

s + B + Dr x 2 2 8 
+ D 2 D 3 x 2-

( ass e m bl e d  w/ B P) 

D 1 D 2 D 3 is  B C D l o c. 

e x a m pl e: S n a ps h ot  is  at  l o c ati o n 2 5 6 

-. 8 2 0. 5 8 5 6 
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7 . O  U P D A '! E R L O A D E R 

M a g a zi n e  fi v e  is  t h e  U p d at er  of tl " e Al g o  s yst e m. T h e 
l o a d er  of  m a g a zi n e  fi v e  pr e p ar es  t h e G- 1 5 m e m or y f or 
t h e  U p d at er  pr o gr a m. 

T h e l o a d er is r e a d i nt o t h e  c o m p ut er  a n d  M O D E ?  is 
t y p e d  o ut. T h e n, d e p e n di n g  o n  w h at  t h e· E dit or  o ut p ut 
is, t h e  o p er at or  t y p es  eit h er  2  t a b  s  or  l  t a b  D D D t a b 
s. 

A  2  t a b  s  s ets  a  s wit c h  i n di c ati n g t h e E di t or  o ut p ut  t o 
b e  u p d at e d  is  o n  p a p er  t a p e. l h e l o a d er'  r e a ds  t h e  first 
bl o c k  of tl " e U p d at er  pr o gr a m i nt o li n e  1 9  a n d  tr a nsf ers 
c o ntr ol  t o  1 9: 0 0. 

Al  t a b  D D D t a bs  s ets  a  s wit c h  i n di c ati n g  t h e  E dit or 
o ut p ut  t o  b e  u p d at e d  is  o n m a g n eti c t a p e,  st arti n g  at 
t h e  i d e ntifi c ati o n  n u m b er  D D D. F oll o wi n g t h e  t y p e-i n, 
t h e c o m p ut er  t y p es  o ut  S E T M A G s w .. 1 a n d  h alts.  T h e 
o p er at or  aft er  c h e c ki n g  t h e m a g n eti c t a p e  u nit  is  1, 
c y cl es  t h e  c o m p ut e  s wit c h. T h e l o a d er  s e ar c h es f ol " W ar d 
f or  cl e a n  t a p e,  t h e n  it  r e v ers e  s e ar c h es  a n d  r e a ds  e v er y 
I D  bl o c k  f oll o wi n g  a  fil e  i n  a n  att e m pt  t o  l o c at e  t h e 
l ast  i d e ntifi c ati o n  bl o c k. T his i d e ntifi c ati o n  bl o c k  is 
t h e s a n e as  t h e  M a g n eti c T a p e s er vi c e  R o uti n e  A P 6 1.  W h e n 
t h e  l ast  i d e ntifi c ati o n  bl o c k  is  f o u n d  its  i d e ntifi c ati o n 
n u m b er  is  i n cr e m e nt e d  b y  o n e  a n d t h e i d e ntifi c ati o n  bl o c k 
is  br o u g ht  f or w ar d,  writt e n  o n  cl e a n  t a p e  a n d  its  i d e nti-
f yi n g n u m b er  is  t y p e d  o ut.  N e xt,  t h er e  is a s eri es of 
r e v ers e  s e ar c h es  a n d  r e a ds u ntil t h e  E di t or  o ut p ut,  wit h 
a n i d e ntifi c ati o n n Ul 1i:i er c orr es p o n di n g  t o  t h e  D D D t y p e d 
b y  t h e  o p er at or is l o c at e d.  T h e  pr o gr a m  r e a ds  a n d  st or es 
i n m e m or y t h e E dit or  o ut p ut, bri n gs it f or w ar d t o t h e n e w 
i d e ntifi c ati o n  bl o c k  a n d  writ es  it  o n m a g n eti c t a p e.  It 
i s c h e c k e d f or p ossi bl e  r e a d  or writ e err or. Ii' it is 
i n c orr e ct  R E C O R DI N G E Ril > R ill ~ e d o ut, ot h er wis e t h e  first 
bl o c k of t h e U p d at er l o a d er i B r e a d  i nt o  li n e  1 9 a n d c o n-
tr ol  tr a nsf err e d  t o 1 9: 0 0. 



8. 0  A L G O U P D A'I E R 

G e n er al  D es cri pti o n  of  U p d at er 

T h e  U p d at er  d el et es, c h a n g esJ or  i ns erts  st at e m e nts ar uJ./ or 
d e cl ar ati o ns  t o  t h e  e dit or  o ut p ut  i n  t h e  Al g o  s o ur c e  l a n-
g u a g e. 'Ill e titl e  a n d li br ar y d e cl ar ati o ns  of  t h e  ori gi n al 
pr o gr a m  ar e  n ot p e n nitt e d t o  b e  c h a n g e d  b y  t h e  U p d at er. 
T h e  U p d at er  w as  writt e n  usi n g  m ost  of  t h e  s u br o uti n es us e ~ 
i n  t h e  E dit or.  T h e  U p d ati n g  is c b n e b y u s e  of t h e e ntr y 
n u m b ers  of  t h e  st at e m e nts  t o  d esi g n at e i. ni c h st at e m e nt  or 
d e cl ar ati o n  is  t o  b e  m o difi e d. 

I niti all y t h e  U p d at er  r e a ds  i n  ol d  e dit or  o ut p ut  a n d  st or es 
it  i n  li n e  1 6.  It  t h e n  tr a nsf ers  t h e  titl e  a n d  li br ar y 
e ntri es  t o  li n e  1 7  ( t h e  st or a g e  f or  o ut p ut  li n e).  Li n es  1 9 
a n d 2 3 ar e  t h e n cl e ar e d ~ c arri a g e  is  r et ur n e d, b ell s o u n d e d 
a n d  n u m eri c  t y p e-i n  is  g at e d.  A· pr e c essi o n  r o uti n e  is 
st or e d  i n  li n e  1 9  t o  d et e ct if' a n y h oll o w p oi nts  ( 0 ) a r e 
t y p e d. If  n o  h oll o w  p oi nts  ar e  t y p e d,  t h e  n u m b er t y p e d i n 
is  e x p e ct e d  t o  b e  t h e e ntr y n u m b er  f or  a  c h a n g e  or  d el eti o n. 
If  n ot hi n g  is  t y p e d  i n  ( e x c e pt  t a b  s)  t h e n  t h e  r o uti n e 
e xits.  If  t h er e  is  a  f o ur- w or d  pr e c essi o n,  t h e n  o n e o h as 
b e e n  t y p e d  a n d  t h e  n u m b er  t y p e d  r ef ers  t o  a n  i ns erti o n.  If 
t w o  f o ur- w or d  pr e c essi o ns  o c c ur,  t h e  r o uti n e  ass u m es  t h e 
pr o gr a m m er  m a d e  a n  err or  a n d  cl e ars  1 9  a n d 2 3 a n d  st arts 
a g ai n. 

If  t h er e  is  t o  b e  a  c h a n g e  or  d el eti o n,  t h e e ntr y n u m b er 
t y p e d  i n  is  c o n v ert e d  t o bi n ar y a n d  st or e d  i n  t h e e n tr y 
n u m b er  d esir e d  r e gist er  ( 0 9:  7 6).  If  t h er e  is  t o  b e a n 
i ns erti o n  t h e  i nt e g er  p art  of  t h e e ntr y n u m b er  t y p e d  i n  is 
c o n v ert e d  t o  bi n ar y  a n d  i n cr e m e nt e d  b y  1  a n d  st or e d  i n  0 9: 7 6. 
Als o  t h e i ns ert s wit c h ( 0 7: u 7)  is  s et,  T h e  ol d  e dit or  o ut-
p ut  is  i nt err o g at e d,  st at e m e nt b y st at e m e nt.  If t ht. st at e-
m e nt  n u m b er  of  t h e  ol d  o ut p ut  is l ess t h a n  ( 0 9: 7 6),  t h e 
st at e m e nt  is  p ut  i n  t h e  o ut p ut st or a ~ li n e.  If  t h e ol d 
o ut p ut e ntr y n u m b er  is  gr e at er  t h a n ( 0 9: 7 6) a n  err or  is 
gi v e n  a n d t h e r o uti n e  cl e ars  li n e  1 9  a n d 2 3 a n d  st arts a g ai n. 
If  t h e  ol d  o ut p ut  n u m b er  is  e q u al  t o  ( 0 9: 7 6),  li n e  1 9  is 
cl e ar e d,  2 3: 0 1  is  s et wit h a  fl a g, t WJ t a bs  ar e  g e n er at e d, a 
b ell  is  r u n g,  a n d  al p h a t y p e-i n is  g at e d.  E a c h  c h ar a ct er is 
i nt err o g at e d  t o  s e e if  (· ,) is  pr es e nt; if it is,  t w o t a bf' 
ar e  g e n er at e d  a n d  t h e  pr o c e d ur e  is r e p e at e d, W h e n t h e 
c orr e ct  st at e m e nt  h as  b e e n  t y p e d  i n  a n d t e n ni n at e d b y a t a b 

@ li n e  1 9  is  c h e c k e d  t o  s e e  if  t his  is  a  d el eti o n, If it 
is,  t h e  st at e m e nt  or  d e cl ar ati o n  (s)  of  t h e  ol d  E dit or  o ut-
p ut  is  b y p ass e d. 
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If a st at e m e nt  h as  b e e n t y p e d i n.i it  is  i nt err o g at e d  t h e 
s a m e as  t h e e dit or i nt err o g at es st at e m e nts a n d t h e pr o p er 
pr o c essi n g  is  s el e ct e d  a n d  e x e c ut e d.  F or  t his  pr o c essi n g, 
s e e  E dit or  d o c u m e nt ati o n.  At  c o m pl eti o n  of  t h e  pr o c essi n g, 
t h e  i ns ert s wit c h is  t est e d, if it  is  n ot  s et,  t his w a s a 
c h a n g e  a n d  t h e  ol d  e dit or  o ut p ut  is i g n. or e d f or  t his e ntr y 
n u m b er.  If  it  w as  s et,  t his  w as  a n  i ns erti o n  a n d  t h e  ol d 
e dit or  o ut p ut  at  t his e ntr y n u m b er  is  r et ai n e d.  Als o  l  is 
a d d e d  t o  t h e  i n cr e m e nt  r e gist er ( 0 7: 5 1) w hi c h  is  us e d t o a d d 
t o  t h e e nti· y n u m b er  of e v er y st at e m e nt  p ut i nt o t h e o ut p ut 
li n e. 

T h e r o uti n e n o w cl e ars  li n e  1 9  a n d 2 3, c arri a g e  r et ur ns, 
ri n gs b ell, a n d  g at es  n u m eri c  t y p e-i n  f or  n e xt e nt r y n u m b er. 

C o nst a nt  c h a n g es  ar e  h a n dl e d  as  s p e ci al  c as es  i n  t h e  U p d at er. 
If  t h e  c o nst a nt  arr a y  i d e ntifi er  is  d el et e d,  t h e  w h ol e a r r a y 
is  d el et e d.  If  a  c o nst a nt  is  t o  b e  c h a n g e d,  ( 0 9: 7 6) will c o n-
t ai n  a  n u m b er  i n  t h e rlll'l g e of  t h e  ol d  o ut p ut  c o nst a nt e nt r y 
n u m b er a n d  t h e  n u m b er  of  c o nst a nts  i n  t h e a r r a y. E a c h  c o n-
st a nt  will  b e  tr a nsf err e d t o t h e  o ut p ut  li n e  u ntil  t h e  c o n-
st a nt  assi g n e d  t o  t h e  e ntr y n u m b er s p e cifi e d  i n  ( 0 9: 7 6). T w o 
t a bs  o c c ur  a n d  n u m eri c  t y p e-i n  is  g at e d. T h e c o nst a nt c a n  b e 
e nt er e d  i n  i nt e g er,  mi x e d  d e ci m al  a n d  fr a cti o n  or as  fl o ati n g 
p oi nt.  W h e n a  c o nst a nt  arr a y  is  t o  b e  i ns ert e d,  t h e i d e nti-
fi er  d e cl ar ati o n  s ets  t h e  c o nst a nt  m o d e  i n di c at or 'ltii c h s el-
e cts  t h e  g at e  n u m eri c  t y p e-i n  m o d e  f or  t h e  n u m b er  of  c o nst a nts 
t h at  ar e  i n  t h e  arr a y. 

T e n ni n ati o n 

W h e n n ot hi n g  h as  b e e n  t y p e d i n f or  a n e ntr y n u m b er,  t h e  U p d at er 
tr a nsf ers t h e r est  of  t h e  ol d  o ut p ut t o t h e  o ut p ut  st or a g e  li n e 
a n d  t er mi n at es. 
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9, 0  H O U S E K E E P E R 

9, 1 

P a c k a g e  si x  of  t h e A L G O S yst e m  is  t h e  H o us e k e e p er,  It  h as  a  t hr e ef ol d 
p ur p os e: 

1. T o  tr a nsf er  t h e A L G O S yst e m  fr o m  p a p er  t a p e  t o  m a g n eti c  t a p e 
N o.  2. 

2,  T o c orr e ct  a  m a g n eti c  t a p e  m ast er  if  n e c ess ar y. 
J. T o  c orr e ct  a  p a p er  t a p e  m ast er  if  n e c ess ar y. 

U p o n r e a di n g t h e  H o us e k e e p er  i nt o  t h e  c o m p ut er,  t h e  c o m p ut er  t y p es  o ut 
A N Y C O R R E C TI O N S ? T h e pr o gr a m at  t his  p oi nt  m a y  f oll o w  o n e  of  t h e 
f oll o wi. n g  t hr e e  , p at hs: 

Tr a nsf er  S yst e m  t o  M a g n eti c  T a p e 

A t y p e-i n  of N O st arts  a  s e ar c h  f or  cl e a n  t a p e,  T his  is  a c c o m plis h e d 
b y  s e ar c hi n g  f or w ar d  f or  fil e  c o d es  u ntil  n o n e  ar e  f o u n d  wit hi n  a  s p e ci-
fi e d  ti m e  i nt er v al.  W h e n t his  ti m e  i nt er v al  g o es t o z er o  a  r e v ers e  s e ar c h 
a n d  a r e a d y t est  is  s et  u ntil  a  fil e  c o d e  is  e n c o u nt er e d.  M a g n eti c  t a p e 
is  r e a d  a n d  c h e c k e d  t o  s e e  if  it  is  a n  i d e ntifi c ati o n  bl o c k  c o m p ati bl e 
wit h t h e  m a g n eti c  t a p e  s er vi c e  r o uti n e,  A p pli c ati o ns  Pr oj e ct  6 1.  If  it 
is  n ot,  a  fil e  c o d e  is  writt e n  f oll o w e d  b y  a n  i d e ntifi c ati o n  bl o c k.  If 
it is, m a g n eti c  t a p e  is  r e a d  f urt h er  t o  s e e  if  a n y  i nf or m ati o n  f oll o ws 
t h e  i d e ntifi c ati o n  bl o o k.  If  t h er e  is  i nf or m ati o n,  a  r e a d  m a g n eti c  t a p e 
is  st art e d  a n d ' W h e n t h e r e a d ti m es  g o  t o  z er o,  a  fil e  c o d e  is  writt e n, 
f oll o w e d  b y  a n  i d e ntifi c ati o n  bl o c k  w hi c h  h as  a  fil e  n u m b er  o n e  gr e at er 
t h a n  t h e  l ast  i d e ntifi c ati o n  bl o c k.  S h o ul d  t h er e  b e  n o  i nf or m ati o n 
f oll o wi n g,  t h e n  a  r e v ers e  s e ar c h  a n d  r e-r e a d  i n  of  t h e  i d e ntifi c ati o n 
bl o c k  o c c urs,  Aft er  h a vi n g  est a blis h e d  a n  i d e ntifi c ati o n  bl o c k  a n d  st or-
i n g  t h e  fil e  n u m b er,  t h e  c o m p ut er  t y p es  o ut  t h e  n u m b er  of  t h e  m a g a zi n e 
t o  b e  pl a c e d  o n  t h e  p h ot o  r e a d er.  T h e c o m p ut e s wit c h  is  t h e n  c y cl e d 
a n d  t h e  t a p es  ar e  r e a d  a n d  m o difi e d  or  c orr e ct e d.  T his  will  b e  e x pl ai n e d 
i n  d et ail  l at er  o n, 

Aft er  a  m a g a zi n e  of  p a p er  t a p e  h as  b e e n  r e c or d e d  o n  m a g n eti c t a p e, a  fil e 
c o d e  is  writt e n.  T h e  e n d  of  a  m a g a zi n e  is  d et e ct e d  b y  t esti n g  t o s e e if 
a n yt hi n g is b ei n g  r e a d  i nt o  li n e 2 3, A ti m er  is  k e pt  a n d . h e n it g o es t o 
z er o,  t h e  fil e  c o d e  is  writt e n  a n d  t h e  m a g a zi n e  r e w o u n d,  T h e  c o m p ut er 
t y p es o ut  t h e  n u m b er  of  t h e  n e xt  m a g a zi n e  t o  m o u nt. 

' W h e n t h e  s u br o uti n es  a p p e n d e d  t o  m a g a zi n e 4 ar e  r e a d,  a  fil e  c o d e  is 
writt e n f oll o w e d b y t h e  s u br o uti n es.  Aft er  all  t h e  s u br o uti n es  ar e 
writt e n,  a  bl o c k  c o nt ai ni n g  t h e  w or d  2 0 0 0 1 2 3  is  writt e n  w hi c h  t er mi n at es 
t h e  s u br o uti n es.  F oll o wi n g  t his  a n  i d e ntifi c ati o n  bl o c k  is  writt e n  a n d 
M O U N T M A G A ZI N E 5 is  t y p e d  .  M a g a zi n e  N o. 5 is  t h e n  l o a d e d  a n d writt e n o n 
m a g n eti c  t a p e. 
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9, 2 

Aft er  t h e  s yst e m  h as  b e e n  pl a c e d  o n  m a g n eti c  t a p e  a  c h e c k  is  m a d e  b y 
r e a di n g  e a c h  bl o c k writt e n a n d  s u btr a cti n g  fr o m  a  t ot al  c h e c k  s u m.  If 
aft er all  t h e  bl o c ks  ar e  r e a d  a n d  t h e  a h e c k s u m is  n ot  z er o  it will 
r e p e at  t h e  pr o c ess  a n d  if  a  c h e c k  s u m of  z er o  d o es  n ot  o c c ur R E O O R DI N G 
E R R O R is  t y p e d  o ut  a n d  t h e  c o m p ut er  h alts. 

If  t h e  c h e c k  s u m  is  z er o,  a  r e v ers e  t o M a g a zi n e 1  o c c urs  a n d  t h e  fil e 
n u m b er  of M a g a zi n e l is t y p e d o ut. 

C orr e cti o n  of  M a g n eti c  T a p e  M ast ers 

A t y p e-i n  of  Y E S will k e y t h e  c o m p ut er  t o t y p e M O U N T C O R R E C TI O N T A P E, 
w hi c h  is  d es cri b e d  i n  d et ail  l at er  o n.  T h e  t a p e is r e a d a n d st o r e d 
,i n li n e  0 7  a n d  t h e n S e cti o n 9. 1 is t oll o w e d. 

9, 3 C orr e cti o n  of  P a p er  T a p e  M ast er 

A t y p e-i n of  Y E S U P D A'I E PI P E R T A P E is  t h e s a m e as  d es cri pti o n  i n 
S e cti o n 9. 2 e x c e pt  a n  u p d at e d  p a p er  t a p e is p u n c h e d  o ut wit h l e a d er 
a n d  tr ail er. 

9. 4 T h e  C orr e cti o n  T a p e 

T h e c orr e cti o n  t a p e is a  t a p e  s e nt  fr o m  B e n di x  C o m p ut er Di visi o n t o  t h e 
us er  t o  c orr e ct  a n y  or  all  c o m p o n e nts  of  t h e A L Cl O S yst e m. 

T h e C orr e cti o n T a p e is  o n e  li n e  a n d is st or e d i n li n e  0 7.  It m a y c o n-
sist  of  a m a xi m u m of 5 2 c orr e cti o ns.  T h es e c orr e cti or u, st art  at  0 0  a n d 
e n d  at u 4, It is i m p ort a nt t o n ot e t h at  t h e  c orr e cti o ns  ar e  i n s e q u e n c e, 
st arti n g  wit h  t h e l o w est bl o c k  t o  t h e  fi n al  bl o c k  t o  b e c orr e ct e d. 

u 7 is us e d  t o  b al a n c e t h e c orr e cti o n  t a p e  t o  z er o. W D u 6 c o nt ai ns a 
c o nst a nt w hi c h d esi g n at es t h e  m a g a zi n e  or  m a g a zi n es  t o  b e  c orr e ct e d.· 
W or d u 5 c o nt ai ns  t h e  n u m b er of t h e c orr e cti o n  t a p e. 

E a c h  c orr e cti o n  o c c u pi es t w o w or ds  o n t h e c orr e cti o n t a p e.  At t h e 
e v e n  l o c ati o ns  st arti n g wit h 0 0  ar e  l o c at e d  t h e  bl o c k n u m b er of t h e 
bl o c k t o b e  c h a n g e d  a n d  t h e wr d w h er e t his c h a n g e  o c c urs. T h es e a r e 
i n h e x wit h t h e  bl o c k  n u m b er o c c u p yi n g t h e t w o m ost si g nifi c a nt di gits 
a n d  t h e  n e xt t w o di gits s p e cif yi n g t h e w or d. T h e  o d d w or ds of  t h e 
c orr e cti 0 n t a p e. ar e t h e  a ct u al  c orr e cti o ns  t o  b e 1 1 1 & d e. 
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Li n e 1 0 of  t h e  H o us e k e e p er  r o uti n e  c o nt ai ns  t h e  c h a n g es t o t h e  A L G O 
S yst e m  t o  us e  t h e  s yst e m  o n  m a g n eti c  t a p e.  T h e  f o n n at  of t h es e c h a n g es 
is  t h e s a m e as  c h a n g es  r e a d  i n  fr o m  t h e  c orr e cti o n  t a p e. 

T h e  c orr e cti o ns as w ell  as  t h e  m o difi c ati o ns e x p r ess e d  i n p ar a gr a p h 5 
ar e  i ns ert e d  i n  t h eir  pr o p er  l o c ati o n  i n  t h e f oll o wi n g f as hi o n.  A 
t a bl e  l o ol v,,. u p is  d o n e.  T h e  e v e n  l o c ati o ns  of  li n e 1 0 a n d 7 i n s e q u e n c e 
ar e  e xtr a ct e d. 

T h e  bl o c k n u m b er is  first  c h e c k e d  t o  s e e  if  t h e  bl o c k  r e a d i n is t o b e 
c h a n g e d.  If  it  is,  t h e n  t h e  o d d  l o c ati o n  of  li n e 7 or 1 0 is  pl a c e d  i n 
b ot h  h al v es  of  a  t w o .. or d r e gist er.  T h e n  t h e  e xtr a cti o n  of  t h e w or d 
ti m e  fr o m  t h e  e v e n  l o c ati o n  of  li n es 1 0 a n d 7 is  a d d e d  t o  a  s et  c o m m a n d 
a n d  e x e c ut e d  o ut  of  A R. 

E x a m pl e : 0 0  0 1 6 5 0 0 0 
0 1 4 x 4 x 2 v z 
0 2  0 x O x O O 0 
0 3  6 x 6 6 6 v z 

Bl o c k  l  w or d  ul 
C orr e cti o n t o ul  bl o c k  l 
Bl o c k 1 3 w or d 1 3 
C orr e cti o n  t o 1 3 of  bl o c k 1 3 

List e d  b el o w  ar e  s o m e of  t h e  c o m bi n ati o ns  f or  t h e  c o nst a nt  i n  u 6  t o 
u p d at e  v ari o us  m ast er  t a p es. 

M a g a zi n e {s)  t o  b e  U p d at e d 
1, 2, 3, 4 
1, 3, 4 
1,  2, 3 
1, 2, 4 
1, 2 
1, 3 
1, 4 
1 
2, 3, 4 
2, 3 
2, 4 
2 

3, 4 
3 
4 
5 
6 
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C o nst a nt i: 1 U 6 
o o o o o zr 
0 0 8 1 Z 0 0 
O O 0l Z 0 0 
0 0 0 5 Z O O 
0 0 3 Z 0 0 0 
o o v z o o o 
0 1 3 Z 0 0 0 
0 7 Z 0 O O 0 
l O Ol Z O O 
l 0 3 Z 0 O O 
l 0 V Z O O O 
1 7 0 0 0 0 0 
2 0 0 Z O O 0 
2 7 0 0 0 0 0 
3 7 0 0 0 0 0 
4 7 0 0 0 0 0 
5 7 0 0 0 0 0 

I 



T a bl e 9. 1 c o nt ai ns  t h e  bl o c k  n u m b ers  of  t h e c orr e cti o n t a p e  c orr es p o n di n g 
t o  t h e  v ari o us li n es  of  t h e  A L G O S yst e m. 

A ct u al  Li n e  of Bl o c k N u m b er f or A ct u al  Li n e  of Bl o c k  N u m b er f or 
M ast er S;i:::st er n C orr e cti o n M ast er  s;i:::st e m C orr e cti o n 
E dit or E dit or 

L D R  Bl o c k  0 1 Li n e  1 0 Bl o c k 0 v 

Li n e 0 4 Bl o c k  0 2 Li n e 0 9 Bl o c k O w 
Li n e 0 3 Bl o c k 0 3 Li n e  0 8  Bl o c k O x 
Li n e 0 0 Bl o c k 0 4 Li n e 0 7 Bl o c k O y 

L D R Bl o c k 0 5' Li n e  0 6  Bl o c k O z 
Li n e 1 5' Bl o c k  0 6 Li n e 0 4 Bl o c k 1 0 
Li n e 1 4 Bl o c k 0 7 Li n e 0 3 Bl o c k 1 1 
Li n e 1) Bl o c k  0 8 Li n e  0 2  Bl o c k  1 2 
Li n e  1 2 Bl o c k 0 9 Li n e  0 1  Bl o c k  1) 
Li n e 1 1 Bl o c k O u Li n e 0 0 Bl o c k 1 4 

R A T O R- C A T O R 

M o d A ut o  L o a d er 

L D R  Bl o c k 1 5' Li n e  1 0  Bl o c k l y 
Li n e 0 0 Bl o c k  1 6 Li n e 1 1 Bl o c k l z 
Li n e  0 1  Bl o c k 1 7 Li n e  1 2 Bl o c k 2 0 
Li n e  0 2 Bl o c k  1 8 Li n e  1)  Bl o c k  2 1 
Li n e OJ Bl o c k 1 9 Li n e 1 4 Bl o c k  2 2 
Li n e  0 6  Bl o c k  l u Li n e  1 7 Bl o c k  2) 
Li n e  0 7 Bl o c k  l v Li n e 1 8 Bl o c k 2 4 
Li n e 0 8 Bl o c k l w Li n e 0 5' Bl o c k 2 5' 
Li n e 0 9 Bl o c k  l x Li n e 0 4 Bl o c k  2 6 

L y z E R L A T O R 

M o d A ut o  L o a d er 

L D R  Bl o c k 2 7 Li n e 0 4 Bl o c k 2 x 
Li n e  1 8  Bl o c k  2 8 Li n e OJ Bl o c k ' c y 
Li n e  1 7 Bl o c k 2 9 Li n e  0 2 Bl o c k 2 z 
Li n e 0 7 Bl' o c k  2 u Li n e  0 1  Bl o c k 3 0 
Li n e  0 6  Bl o c k  2 v Li n e  0 0  Bl o c k 3 1 
Li n e 0 5 Bl o c k 2 w 

S e c o n d  L o a d er 

L D R  Bl o c k 3 2 Li n e  0 8  Bl o c k 3 3 
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r 

O P P A C K A G E 

S el e ct or 

L D R Bl o c k 3 4 Li n e 0 5 Bl o c k 3 7 
Li n e 0 0 Bl o c k 3 5 Li n e 0 7 Bl o c k J 8 
Li n e 0 4 Bl o c k 3 6 

L o a d er 

L D R Bl o c k 3 9 Li n e 0 4 Bl o c k J y 
Li n e 0 0 Bl o c k J u Li n e 0 6 Bl o c k J z 
Li n e 0 1 Bl o c k 3 v Li n e 0 7 Bl o c k 4 0 
Li n e 0 2 Bl o c k 3 w Li n e o 8 Bl o c k 4 1 
Li n e 0 3 Bl o c k J x 

U P D A'l' E R 

L D R Bl o c k 4 2 Li n e 0 9 Bl o c k l z y-
Li n e 0 Bl o c k 4 3 Li n e 0 8 Bl o c k 4 z 
Li n e 2 Bl o c k 4 4 Li n e 0 7 Bl o c k 5 0 
Li n e 3 Bl o c k 4 5 Li n e 0 6 Bl o c k 5 1 
Li n e 5 Bl o c k 4 6 Li n e 0 4 Bl o c k 5 2 

L D R Bl o c k 4 7 Li n e 0 3 Bl o c k 5 3 
Li n e 1 5 Bl o c k 4 8 Li n e 0 2 Bl o c k 5 4 
Li n e 1 4 Bl o c k 4 9 Li n e 0 1 Bl o c k 5 5 
Li n e 1 3 Bl o c k 4 u Li n e 0 0 Bl o c k 5 6 
Li n e 1 2 Bl o c k 4 v Li n e 0 7 Bl o c k 5 7 
Li n e 1 1 Bl o c k 4 w Li n e 0 8 Bl o c k 5 8 
Li n e 1 0 Bl o c k 4 x 

H O U S E K E E P E R 

LI R Bl o c k 5 9 Li n e OJ Bl o c k 5 y 
Li n e 1 1 Bl o c k 5 u Li n e 0 2 Bl o c k 5 z 
Li n e 1 0 Bl o c k 5 v Li n e 0 1 Bl o c k f:I J 
Li n e 0 6 Bl o c k 5 w Li n e 0 0 Bl o c k 6 1 
Li n e 0 4 Bl o c k 5 x 
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C O DI N G S H E E T S 

T h e  n ot ati o n  L D D is  us e d  t o  f a cilit at e f oll o' Wi n g t h e  fl o w  of t h e 
pr o gr a m  f or  t h e  L y z er-I at or. 

T h e  l ett er  L  d esi g n at es  t h e  li n e  n u m b er  as  f oll o ws: 

A -  Li n e 0 0 
B  - Li n e 0 1 
C - Li n e 0 2 
D - Li n e 0 3 
E  -  Li n e 0 4 
F  -  Li n e 0 6 
G -  Li n e 1 7 
H -  Li n e 1 8 

T h e di gits  D D ar e us e d  t o  r ef er e n c e  t h e  tr a nsf ers  a n d  br a n c h es  of 
c o n diti o n al c o 1 1 1 1 1 a n ds. 

Li n es o o, 0 1,  0 2, 0 3, 0 4, 0 6,  1 7, a n d 1 8 c o nt ai n  c o m m a n ds.  Li n es 0 6, 
0 7, a n d 0 8  c o nt ai n c o nst a nts, F oll o wi n g is a vi e w of  t h e  dr u m w hil e 
t h e L y z er-l e.t or ( M a g a zi n e  N o, 3) is  i n  o p er ati o n. 
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0  l  2 3 4 5 6  7  8  9  1 0  1 1 1 2 1 3 1 4 1 5 1 6  1 7  1 8 1 9 

L  L L 1 1 1 1 C L S h I 
y y  y Y, A 0 y N 
z z z Z  T N z L p 

0  0  0 0 ( J s 0 I u 
R  R R  R R T SI D R A G E F O R C O M PI L E D R s T 

A P R O G R A M T s 
A  A . _ N _ 
N  N L  T  L L & 
D D y  s y 

z L z L 
E  L 0 I 0 y 

X  A R s R z 
T T T 0 
R 0 R 

A R 
C 0 
T p 

0 E 
R R 
s A 

T 
I 
N 
0 

L 
I 

C O N S T A N 1 SI L A B E L T A BI ~ 
N 
E 
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G L O S S A R Y O F' T E R M S U S E D I N  A L G E B R AI C A N A L Y Z E R ( M A G 3), 

F L ~ C H A R T S A N D C O DI N G S H E EI' S 

+ - it/ .. < > 
+ - * I - < > 
Si n  C os Ar ct n  S qrt N e g 

Pr o c e d ur e  C all 

E  A d dr  of n e xt o p er a n:i 

E E q ui v al e n c e 

Z  T e m p or ar y  A c c u m ul at or 

A A c c u m ul at or 

A L o c ati o n or V ari a bl e t o  b e  s u bs cri pt e d 

S h W or d pi c k e d  u p f r ~ i n p ut  t a bl e 

LJ T o p of  St or a g e  list 

bt S wit c h  f or  c o ntr ol  of  s u bs cri pts 

b a T e m p or ar y A c c u m ul at or s wit c h 

b
8 

First  p ass  s wit c h 

f z F ut ur e  a d dr ess 

K  C o nst a nt  t o  st a c k  f ut ur e c Olllll a n ds i n  t o p of Lj list 

c. c.  C o m m a n d c o u nt er.  L o c ati o n  f or  st ori n g  b uilt  c o m m a n ds. 

DI M Di m e nsi o n of  a n arr a y 

I N D  I n di c at or  r e gist er 

T E L 0  T e m p or ar y  l o c ati o h 

T- L O C T e m p or ar y  L o c ati o n 
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S T O R  St or a g e  r e gist er  f or  k e e pi n g  tr a c k  of h o w m a n y c o m m a n ds a r e 
b ei n g  t a k e n  fr o m  t h e Lj list. 

C A  " Cl e ar  a n d  A d d " c o m m a n d b uilt 

A D  " A d d " c o m m a n d b uilt 

C S " Cl e ar a n d  s u btr a ct "  c o m m a n d  b uilt 

S U  " S u btr a ct "  c o m m a n d b uilt 

SI  " S u btr a ct  I n v ers e " c o m m a n d b uilt 

M U " M ulti pl y " c o m m a n d b uilt 

b v 1 11 Ji vi d e "  c o m m a n d b uilt 

DI  " Di vi d e  I n v ers e "  c o m m a n d b uilt 

S T  " St or e "  c o m m a n d  b uilt 

M. P.  " M ar k  Pl a c e II c o m m a n d b uilt 

I N C "I n cr e m e nt " c o m m a n d b uilt 

S T- B  " St or e  c o nst a nt  i n  b as e of I x R 1 1 c o m m a n d b uilt 

S T- D  " St or e  c o nst a nt  i n  diff er e n c e  of  I x R " c orr n n a n d b uilt 

S T- L  " St or e  c o nst a nt  i n  li mit of I x R 1 1 c o m m a n d b uilt 

S T- B  " St or e  a c c u m ul at or  i n  b as e : >f I x R 1 1 c o mr,i a n d b uilt 

S T- D  " St or e  a c c u m ul at or  i n  diff er e n c e  of  I x R "  c o m m a n d b uilt 

S T- L 1 1St or e a c c u m ul at or  i n  li mit  of  l x R 1 1 c o m m a n d b uilt 

T R "'.l'r a nsf er " c o m m a n d b uilt 

T N N " Tr a nsf er  n o n- n e g ati v e "  c o m m a n d  b uilt 

T N Z  " Tr a nsf er  n o n- z er o " ~ 0 1 1 1 1\ a n d b uilt 
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I n d e x e d 0  1 
Arit h m eti c 

I n d e x e d  St or e 0  0 
I n d e x  R e gi st er 
Arit h m eti c 1  0 

S et  I n d e x 
R etl st er 1  ( 

.: >t or e I n d e x 
R elli st er 1  0 

I n cr e m e nt 1  0 
M A R K P U C E 1  ( 
T A B S l  l 
C A R E S l  O 
P E RI O O O l  0 
B E ~ l  O 
M a c hi n e  L a n g. 

S u br o uti n e l  ( 
:: S N A P S H O T wit. n 

Br e a k p oi nt 1  0 
S N A P S H O T N U 

Br e a k p oi nt 1  0 

F O R M A T S F O R S P E CI A L C(l,I M A N D S 
I N O P P A C K A G E 

W D + 1  )  0 ( J + 0 ) ( 

( w D + 1 )  0  0  0 0  0  0  0  ( 

0  0  0 0 0 0 0  0 0  0 (  9 0 2' )  0 0  ( 

R E L )  0 0  0  0 0  0  0 0  ( 

0  0 0  0  0  0 0  0 0  0  1  1 0  1  1  0 0  ( 

0  0  0  0 K  0  0  0 0 0 0  0 O l 0  0 0 { 

.i D }  0 0  0 0  1  1  0 l  0 0  ( 

l  O  0  0  l  0 0  0 0  0  l  0  0  0  0  0 0  0 

l  0  0  0 1  0 0  0 0  0  l  O  0  0 0  0  0  0 

l  l  0  0 i o 0  0  0  0 1  0  0  0 l 0 ~  { 
0  0  0  0  0  0 0  0 0  0  1  0  0  1 0 0- 0 

W D )  0 0  0  1  0 0  1 l 0 0  ( 

0  0  ( D, ) 0  0  0 0 0  1 0  l  1  0 0  0 

0  0  (  D  l ) 0  0  0  0 0  1 O l 0  0 0  0 

G- 1 5 W or d 

T A B L E 6. 1 

- 6 0  -

I.) ' (  C ) 0  1 

I  ) 0  { C ) i 

I'  ) (  0 p  ) 0  l 
-

lI • )  0 (  C )  1 
- -

l' ) 0 l C -- 2 _ l 
I' ) ° 0  0 0 0  0  1 

C H ) 0 0 a o _ i 
0  0  0  0 N l 
0  0  0  0 N _'- 1 
0  0  0  0 N - i 
0  0  0  0 N l - ·--

C Y. ) 0  0 0  0  1 

( D 2 ) ( D -i ) l 

( D 2 ) ( D 3  ) 1 



F L O W CII A R T S 

F O R T H E 

AI. G O S Y S T m 

N O T E: R ef er  t o  T e c h ni c al  A p pli c ati o ns  M e m or a n d u m N o. 2 5, 
d at e d 2 7 A u g ust 1 9 5 7, f or  a n  e x pl a n ati o n  of  t h e fl o w 
c h art  s y m b ols. 
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D l 7 6  0 0 0 E DI T O R  L O A D E R 

Dl 7 6  0 0 1 0 2. 0 0 u. 0 1. 0 1. 0. 1 9. 0 2 LI N E  1 9 l O LI N E  0 2 

0 1 7 6 0 0 2 0 2, 0 1 . 0 2. 0 2. 2. 2 1.· 3 1 T R A N S F E R  C O N T R O L  T O  LI N E  0 2 
0 1 7 6  0 0 3  0 2. 0 2 • 0 4 • 0 4 ■  0 . 1 5 • 3 1 R E A D  P A P E R T A P E 
0 1 7 6 0 0 4 0 2 0 0 4 . 0 4. 0 4. 0. 2 8. 3 1 R E A D Y 
0 1 7 6  0 0 5  0 2, 0 5 u. 0 6. 0 1. 0. 1 9. 0 4 L ! N E 1 9  T O  LI N E 0 4 
D 1 7 6 0 0 6 0 2. 0 1 . 0 9. 0 9. 0. 1 5. 3 1 R E A D  P A P E R T A P E 
0 1 7 6 0 0 7 0 2 0 0 9 . 0 9. 0 9. 0 . 2 e. 3 1 R E A D Y 
0 1 7 6  0 0 8 0 2 • I O u. 1 1, 1 2. 0. 1 9. 0 3 LI N E 1 9  T O  LI N E 0 3 
0 1 7 6 0 0 9  0 2. 1 2 . 1 1t. 1- 4. 0. 1 5. 3 1 R E A D  P A P E R  T A P E 
0 1 7 6  0 1 0 0 2, 1 4 . 1 4. 1 4. 0. 2 8. 3 1 R E A D Y 
0 1 7 6 Oil 0 2, 1 5 U 1 1l 6 1 1l 7 1 1 0 1 1l 9 1 1 0 0 LI N E  1 9  T O  LI N E 0 0 
D 1 7 6  0 1 2 0 2. 1 7 . 1 9. 1 9. 0. 1 5. 3 1 R E A D P A P E R  T A P E 
0 1 7 6  0 1 3  0 2. 1 9 . 1 9. 1 9. 0. 2 8. 3 1 R E A D Y 
0 1 7 6 0 1 4 0 2, 2 0 u. 2 1. 0 0. 0, 1 9. 0 2 LI N E  1 9  T O LI  N E  0 2 
0 1 7 6  0 1 5 Z 0 2  • 5 6 - 9 5 8 5 X 2 2 B A L A N C E R 
0 1 7 6  0 1 6 Z 0 2. 5 7 U 2 8 l 9 6 0 C H E C < S U M 

0 1 7 7  0 0 0 M A I N C O N T R O L 

0 1 7 7  0 0 1 0 2, 0 0 u. n 4. o 5. 6, 2 1. n T R A N S F E R C O M M A N D T O  LI N E 1 9 
DI  7 7  0 0 2 

( 

· 0 2 , 0 9 . 1 0. 0 4. 0 1 1 2 8. 2 7 I S C H E C K S U M C O R R E C T 
D 1 7 7  0 0 3 0 2, 0 5 . 0 6, 0 7. o. o o. 2 8 C H E C K S U M T O A R 
0 1 7 7 0 0 4 

➔ i ~  : g r U 1 1 0 8 1 1 0 9 a 3 1 1l 9. 2 9 S U B T R A C T LI N E  1 9 
0 1 7 7  0 0 5 o 0 5 o U 4 o 2 o 2l o 3l Y E S ••• T R A N S F E R C O M M T O LI N E 0 2 
0 1 7 7  0 0 6 0 2 . u ... u. 0 1. 1 0. 4. 0 9. 3 1 A L P H A  T Y P E  LI N E  1 9 
0 1 7 7 0 0 7 0 2. 1 0 . 1 0. 1 0. 0, 2 8. 3 1 R E A D Y 
0 1 7 7 0 0 8 0 2. 1 1 u. 1 2. 1 3. 0 0 0 2, 1 9 LI N E  0 2  T O  LI N E 1 9 
0 1 7 7  0 0 9  0 2. 1 3 u. 1 s. 1 9. o. 2 9. 2 1 C L E A R LI N E B 
0 1 7 7  0 1 0  0 2. 1 9 . 2 1. u 2. o. 2 9. 2 a C L E A R A R 
0 1 7 7  Oil 0 2, U 2 . 2 4. 2 5. 0. 0 0. 2 3 0 0, 2 4 T O 2 3 0 0 0 . o, •  I 

0 1 7 7 0 1 2 0 2. 2 5 . 2 1. 2 a. o. 1 2. 3 1 G A T E N U M E RI C  T Y P E I N 
0 1 7 7  0 1 3 0 2. 2 8 . 2 9. 3 0. 0. 1 1. 3 1 RI N G  B E L L 
0 1 7 7 0 1 4 0 2. 3 0 . 3 3. 3 0. 0, 2 3. 2 7 H A S A N U M B E R  B E E N  T Y P E D  I N 
0 1 7 7  0 1 5 0 2. 3 1 . 3 2. 3 3. 2. 2 3. 2 3 0 0 0 0 0 0 0  T O 2 3, 0 0 O O O O X X X T D A R 
Dl 7 7 O H, 0 2. 3 3 . 3 3. 3 3. 0, 2 5. 3 1 R E A D Y 
0 1 7 7 0 1 7 0 2, 3 4 . 3 6.: 3 7. 0. 2 3. 2 1 X X X T O  I U O O 
0 1 7 7  0 1 8 0 2.: n , Ul o 3 8 o 0 ol 9, 2 7 H A S LI N E  1 9  B E E N  P R E C E S S E D 

· 1 "· ,,, 

0 1 7 7 0 1 9 0 2. 3 9 . 0 0. 1 1. 0. 2 9. 2 8 Y E S••• C L E A R A R 

0 1 7 7 0 2 0  0 2.  3 8 . 1 q. 4 0. 3. o o. 2 9 S U B T R A C T  0 0 0 0 0 0 1  F R O M A R 

Dl 7 7 0 2 1 0 2, 4 0 . 4 1. 4 2. 0. 2 8. 2 7 1 5 I T T H E M A G T A P E M O D E 

Dl 7 7  0 2 2 0 2, 4 2 . 4 4. 4 6. 0. 0 2. 0 0 Y E S,•• S E T M A G I N DI C A T O R 

0 1 7 7 0 2 3 0 2, 4 3 . 3 9. 4 1. ~. o o. 2 9 N O.•• S U B T ~ A(;l 0 0 0 0 0 0 1 F R O M A R 
0 1 7 7 0 2• 0 2 . 4 1 . 4 2. 4 4. 0- 2 8. 2 7 I S  I T T H E P A P E R M O O E 
DI  7 7 0 2 5 0 2, 4 4 U. 4 5. 4 7. 0, 0 4,. 1 9 Y E S••• ll N E 0 4 T O  LI N E 1 9 
0 1 7 7 0 2 6 o z. 4 7 . 0 0, 0 0. 6, 2 1. 3 1 T R A N S F E R C O M M T O  ll N E 1 9 
DI  7 7 0 2 7 0 2, 4 5 . 0 0. 1 1. 0. 2 9. 2 8 N O ••  ,  E R R O R 
0 1 7 7  0 2 8 0 2, 4 6 u. s 1. u 3. o. o o. 2 1 0 0. 4 7 T O 5 0 T O  LI N E B 
O 1 7 7 0 2 9 0 2. U 3 U.  0 0 . 0 6. Q. 2 3 • l 9 LI N E  2 3  T O  LI N E 1 9 
0 1 7 7 0 3 0 0 2. 0 6 . 1 1. 1 4. 4. Q 9. 3 1 A L P H A T Y P E 1 9 
0 1 7 7 0 3 1 0 2. 1 4 . 1 4. 1 4. Q. 2 8.: H R E A D Y 
Dl 7 7 0 3 2 0 2, 1 5 . J S . 1 6 . 0 ■ 2 3 . 3 1  C L E A R 2 W O R D R E G 
0 1 7 7  0 3 3  0 2. 2 1 . 2 0. 2 2. 0. 2 1. 2 1 H A S D D O N O e B E E N T Y P E D I N 
0 1 7 7 0 3 4 0 2,  2 2 . 1 + 2. 4 9. 1. ni,. 3 1 S E A R C H M A G T A P E F O R W 
DI  7 7 0 3 5 0 2. 2 3 w. 2 2. 2 3. 0. 2 1. 3 1 Y E S ■ •  G O  T O D E CI M A L T O BI N A R Y S R 
Dl 7 7 0 1 6 0 2 e 4 9 . s 1.s 2. o. o o. 2s 0 0 0 0 0 6 2  T O A R 
D 1 7 7 0 3 7 n. 5 2 . 5 4. 5 5. 7. 2 8. 2 8 D E C R E M E N T  A R 
D 1 7 7 0 3 8 0 2, 5 5 , 5 6. 5 7. 0, 2 8. 2 7 A R E Q U A L T O  Z E R O 
D 1 7 7  0 3 9 0 2. 5 7 . 6 l e 6 0 ■ 0 e 0 0 ■ 3 1  Y E S ••  S E T R E A D Y 
0 1 7 7 0 4 0 0 2. 1 6 , 1 a. 2 1. o. 1 6, 3 1 H A L T 
0 1 7 7 0 4 1 0 2. 5 6 • s 9.s z. o. 2 e. 3 1 N O,  • R E A D Y 
DI  7 7 0 4 2 0 2. 5 3 . 0 0. 2 2. 0. 0 0. 0 0 G O T O R E A D M A G T A P E 
D 1 7 7 0 4 1 0 2, 6 0 .s o. ei. 1. 0 4. 3 1 R E V E R S E S E A- C H 
0 1 7 7 0 4 4 0 2 , 8 1 . 8l o BI. 0, 2 8 o 3l R E A D Y 
DI  7 7 0 4 5 0 2 1 8 2 w. o a. 1 2. 0. 2 1.: H G O  T O 1 6 D R U M C Y C L E D E L A Y 
D 1 7 7 0 4 6 0 2. o a . 1 0. 1 2. 1, 1 3. 3 1 Rf A D M A G T A P E 
D 1 7 7 0 4 7 0 2.! 2 . 1 5. 1 1. o. o o. 2 e 0 0 0 0 0 3 0  T O A R 
DI  7 7 0 4 8 0 2,  1 7 . 1 e. 2 0. 1. 2 e. 2 8 D E C R E M E N T A R 
Dl 7 7 0 4 9 0 2. 2 0 o 2l o 2 6 o 0 o 2 8 o 3 1 R E A D Y 
D 1 7 7 0 5 0 0 2. 2 7 • 4 0. os, 1. 0 0. 3 0 Y E S, • I N C R E M E N T P N 
0 1 7 7 0 5 1 0 2. 2 6 . 2 7. 3 5. 0, 2 8. 2 7 A R E Q U A L T O  Z E R O 
0 1 7 7 0 5 2 0 2 0 3 5 , 3 1. 2 9. o. o o. 3 1 S E T R E A D Y 
0 1 7 7 0 5 3 0 2. 3 6 , 0 0, 1 7, 0 o O O, O O N O.• G O D E C R E M E N T A R 
0 1 7 7 0 5 4 0 2 . 2 9 . 4 9. ~ 0.l . Q 4. 3 1 R E V E R S E  S E A R C H 
0 1 7 7 () 5 5 0 2. 5 0 .s n. 5 0, o. 2 e. 3 1 R E A D Y 
Dl 7 7 0 5 6 0 2. 5 1 w. 5 2. 6 1. 0. u,. 2 1 P N Z E R O  I 
0 1 7 7 0 5 7 0 2 , 6 1 . 6 4. E:, c;. o. 2 1. 2 1 Y E S,•, I D • B E E N T Y P E D I N 
DI 7 7 0 5 8 0 2 , 6 5 U, 6 6 1 6 7 1 0 1 0' 3 1 1 9 N O.•• LI N E 0 3 T O LI N £ 1 9 
DI 7 7 0 5 9 0 2  , 6 7 .; 7,' > 9, 0. 1 9, 2 8 O D O a z v v T O A R 
Dl 7 7 0 6 0 0 7,. -; q 1 6 1. 5 6. 0 1 2 8. 2 1 I O Ol 8 Z V V o T O  2 1. 0 1 
DI  7 7 0 6 1 0 2 , 5 6 1 t , w , 0 0 1 6 3 , l ■ O l . 3 1  W RI T E" 1 9 C' N M A G T A P E 
0 1 7 7 0 6 2 0 2 , 6 3 1 6 3, 6 3, 0, 2 8, 3 1 R E A D Y 

1 1. 1. 1 



D 1 7 7 0 6 3 0 2. 6 4 .') 0. 0 0. 0. 2 1. 3 1 G O  T O  C O N V E R SI O N  R O U TI N E 
0 I 7 7 0 6 4 0 2, 6 6 , 6 9, 7 0, 0, 2 1, 2 8 Y E S,• 0 0 0  N O  C O N Vt R T E D  T D A R 
D 1 7 7 0 6 5 0 2, 7 0 ■  ' 5 7. 6 5. o. 2 8. 0 ~ O D D  N O  T D Ol, 5 7 

D 1 7 7 0 6 b 0 2. & 2 w. 6 e. 1 2. o. 2 1. 3 1 G O T O  D E L A Y  S R 

0 1 7 7  0 6 7 0 7. 6 P. • 7f'I. 7 1 ■ 0 • 2 6 . 2 8 - N O B L O C K S T O  A R 

0 1 7 7 0 6 8 0 2, 7 1 . 7 3. 7 4. 1. 1 3, 3 1 R E A D ~ A G T A P E 
0 1 7 7 0 6 9 0 2, 7 4 . 7 4. 7 4. 0. 2 8. 3 1 R E' A O Y 
D 1 7 7 0 7 0 0 2 • 7' 5 . 7 6. 7 7. 7. 2 8. 2 8 D E Cff E M E N T A R 
0 1 7 7 0 7 1 0 2. 7 7 • , a. 1 9. 0. z e. 2 1 A R E Q U A L  T O  Z E R O 
0 1 7 7 0 7 2 0 2. a o , 8 1, 7 1 . 0. 0 2. 0 0 N O . ■  S E T I N D [( A T O R. 

D 1 7 7 0 7 3 0 2,  7 9 .s 1. a 3. o. o o. 2 1 I N DI C A T O R  S E T 
D l 7 7 0 7 4 0 2, 8 4 , 8 6. 8 7, l  • I  l, 3 1 Y E S •• R E A D  M A G  T A P E 
0 1 7 7 0 7 5 0 2, 8 7 . 8 9. e e. o. o o. 3 1 S E T R E A D Y 

Dl 7 7 0 7 6  0 2, 8 8 . 9 3. 9 4. 1. 3 0.'. H W RI T E FI L E  C O D E 

Dl  7 7  0 7 7 0 2, 9 4 , 9 6, 8 9, 0, 2 1, 2 7 O D D N O T Y P E D 
DI 7 7 0 7 8 0 2, 8 9 , 0 0, 6 5, 0, 0 0, 0 0 D U M M Y T O  LI N E  O J  T O  LI N E  1 9 

Dl 7 7 0 7 9 0 2, 9 0 . 9 1. 9 6. 0. 2 1. z e 2 1 . 0 1 r o A R 
Dl 7 7 o a o 0 2. 9 6 . 5 7 . 6 5 . 0 , 2 8 ■  0 ' 3  A R T O O J, 5 7 

D 1 7 7 O A! 0 2, 8 3 .,; 1. 6 9, 0, 1 9, 2 6 N O,• O D D  N O  T O  P N 

DI  7 7 0 8 2 0 2. 6 9 W. 7 3. 7 6. 3. 2 3. 3 1 E X T R A C T  w z z z o o o o a 

D 1 7 7 O AJ 0 2, 7 6 , 7 7. 7 8,' 3. 0 0, 3 ~ 0 0 0 8 Z V V  T O  P N 

DI  7 7 0 8 4 O Z, 7 8 , 7 9, 8 5, 0, 2 6, 2 7 P N E Q U A L T O Z E R O 

0 1 7 7 0 8 5 0 2, 8 6 . o o,s'-. O• o o. o o N O,, G O  T O  R E A D  M A G T A P E 

D 1 7 7  0 8 6 0 2 • 8 5 . 8 a. 9 1. o. 2 1. 2 1 D O D N O  B E E N  T Y P E D I N 
0 1 7 7 O B 7 0 2. 9 2 . o o. B 4. o. o o. o o Y E S., D U M M Y 
0 1 7 1' 0 8 8 0 2, 9 1 . 5 7, 9 8. 0, 1 9. 2 1 O D D N O T O  2 1, 0l 
0 1 7 7 0 8 9 0 2  • 9 8 . 9 7, 2 4. 1 1 1 3. 3 1 R E A D M A G. T A P E 

D 1 7 7 0 9 0 0 2, 2 4 . u 3. 1 e. o. o o. 3 1 S E T R E A D Y 

D 1 7 7 Ml 0 2,  1 8 . 2 3. 4s. 1. 3 0.: n 1, 1 RI T E A FI L E  C O D E 
D l 7 7 0 9 2 0 2, 4 6 , u 2. u 2. o. 2 1. 3 1 G O r o o o. u 2 
D 1 7 7 0 9 3 Z 0 2, B z z z 0 0 0 0 

D 1 1 1 0 9 4 Z 0 2, 0 3 8 0 0 0 0 0 0 
0 1 7 7 0 9 5 2 0 2. 9 3 O Z Z Zlll 
D 1 7 1 0 9 6 Z 0 2. 9 5 z z o o o o o 
D 1 7 7 0 9 7 Z 0 2, 9 7 o o z z z z z 
DI  7 7 0 9 0 2 0 2, 9 9 z o o o o o o 
D 1 7 7 0 9 9 Z 0 2, U 5 6 W 0 0 0 0 0 
D 1 7 7  1 0 0  Z 0 2, U 6 X 2 9 2 V Z V 
Dl 7 7 I OI 2 0 2, 5 4 8 U 7 V 4 3 X ... B A L A N C E R 

DI  7 7  1 0 2 z o 2. u 1 Y U Z X U 4 U 

D 1 7 7  1 0 3 Z 0 2, 7 2 2 a w 5 5 4 8 

D 1 7 8 O M "' A G ~ E TI C T A P E I D E N TI FI C A TI O N  B L O C K 

D J  7 8 n n\ 0 1. n n w. n 2, 6 1, 6. 2l. 3 1 T R A N S F E R C O M M T O  1 9, 6 1 

r:i 1 7 6 M 2 0 1, 6 1 . 6'\, 3 9. 0, 2 Q. 2 R C L E A R A R 

0 1 7 8 o o, o;. 3 Q u. 4 n. 4 1. 1. 1 g. z g LI N E 1 9 T O A R 
0 1 7 8 0 0 4 0 3, 4 3 . 4 5, 2 0, 0, 2 A. 2 1 A R E Q U A L T O  Z E R O 

0 1 7 8 0 0 5 0 3  . 2 0 u. 2 <', 3 6. 0, 1 9. 2 0 Y E S,, 1 9. 2 1" 2 5  T O  LI N E  2 0 

DI  7 8 O M o;. 3 6 U, 9 1 S, 9 5. 0, 2 9. 2 ~ C L E A R LI N E 2 3 
DI  7 8 0 0 7 o;. 9' > . 9 7. 1 4. 0. 2 0. 2 ~ 2 0. 0 1 T O 2 3, 0l 

D 1 7 8 n o s 0 3, 1 4 w. 2 6, 5 1, 0. 1 2. 3 1 G A T E N U M E RI C 

0 1 7 8 r, n 9 Ol. Ci l • • 1 ., 1 , Q, 2 0. ; 1 R!: A O V 

0 1 7 8 n l O o;. t.: >' . 5 6 , 1 ' Q 1 0 ■ 2 3 . 2 8  z 3. o n T O A R 

D 1 7 8 0 1  t ()':\. 7 Q ll, 2 4, 2 4, 0. Z A. 2 1 A R T O  L I Nf 2 1 

D 1 7 8 0 1 2 0 3, 2 4 l J, 4 1. 4 4. 0. 2 8. 2 Q A D D A R T O I T S E L F 1 6 T!.., E S 

D 1 7 8  0 I 3 0 1, 4 4 , 4 8. 4 9, 2. 2 8. 2 1 A B S O U T F V A L U E O F A R T O 2 1. 0 0 

0 1 7 8 0 1 4 0 1, 4 Q , 5 1 " 1. ;;, 6. 2 0 , 2 4 2 0, D 2  T O M Q 

D 1 7 8 0 1, 0 3, 5 5 , 5 6. S 9. 4• 2 0. 2 5 2 0.  O J T O 1 0 
Dl 7 8 0 1 6 0 3 ■ S 9  , 6 n, 6 3,l. 2 5. 2fl 1 0 T O 2 0, 0 2 

D 1 7 8  0 1 7  0 3 . 6 3 , 6 5 , 6 6 . 1 . 2 6 ■ 2 6  P N T O A R 
0 1 7 8  0 1 8  0 3 , 6 6 , 6 8. 7 4, 0. Jl. 2 9 E X T R A C T 

DI  7 8  0 1 9 0 3, 7 4 . 7 5. 7 6, 0. 2 8. 2 5 A R T O I D 

D 1 7 8 P. 2'l 0 1. 7 6 . 7 7, 3 0, 1. 2 4, 2 7 M Q E O U A L T O l E R O 

0 1 7 8 0 2 1 0 1. 3 0 . 1 1. u 1. o. 2 e. 2 2 A R T O  2 2, 0 1 
D 1 7 8 0 2 2 nl. Ul . u 2. 2 2. o. 2 3. 2 e 2 3, 0 0 T O . A R 

D l ? B n n ('I ~' ' 7 . 7 4, 0 4. 0, 2 ?. 3 1 A R " 4f G 
I) 1 7 8 n 2• 0'.'.(' 1 4 , n 7, 4 7. n.· n. 2 ~ E X T R A C T 
D 1 7 8 n 2• o,, 4 7 . n 4. U 7.l, 2 6, 3 1 S HI F T 2 BI T S 

0 1 7 8 0 2 6 0' 3. L J 7 u. 2 1 1. 2 2. 0. 1 9. 0 5 1 9  T O  0 5 G O T O 0 2 
D 1 1 8 0 2 7 0 3, 0 5 , 0 7, 1 6. 0, 2 8, 2 8 D U M M Y 
D 1 7 8  0 2 8 0 3. 1 6 w. v 2, o o. o, 1 6, 3 1 H A L T 

D 1 7 8  0 2 9 0 3,  3 1 . o e.is 9. o. z 4,:: n M U L T J P L Y 

Dl 7 8  0 3 0 0 3 • 2 1 . 2 2 , 1 6 ■ 0 ■ 1 7 . : 3 1  RI N G  B E L L 

D 1 7 8 o, 1 0 1. 2 a u. 0 1. 1s. o. 2 3. o 5 2 3 T O 0 5 
Dl 7 8 0 3 2 0 3. 1 5 . & 9. 0l• 0•: 3 1. 2 8 E X T R A C T 

Dl 7 8 0 ?' 3 o;. 0 1 , 6 7, U 6,l• 0 5, 2 9 0 5, 6 7 T O  A R 
Dl 7 8 { 1 3 4 Ol, U 6 . 3 0. 3 1. 0. z a. 2 1 A R E Q U A L  T O  Z E R O 

D 1 7 8 0 3 5 0 3, 1 7 ,; 9. 1 1:,. 0. 2 8. 2 6 Y E S •• D U M M Y 

0 1 7 B 0 3 6 0 1. 3 6 , 4 1. 5 3, 0. 2' 3. 2 7 N O., 2 3, 0l E O U A L T O Z E R O 

0 1 7 8 0 3 7 0 3. 5 3 .ss. 8 3. 1. 2s. 2 e Y E S•• M Q T O A R 

D 1 7 8 0 3 8 0 3, 8 3 . 8 7. 6 8. 3, 0 5, 2 9 0 0 0 0 4 0 0 T O  A R 

DI  7 8 0 3 9 0 3. 6 8 . u 6. 0 9. 0,. 2 6, 2 7 A R E O U A L  T O  Z E R O 
D 1 7 8 ~ 4 0 0 3. 5 4 . 5 6, 1 6. 0. 2 8,. 2 8 D U M M Y 
DI  7 8 0 4 1 0 3. 0 9 . t ( ' l . l l . 0 ■ 2 8 . 2 8  D U M M Y 
0 1 7 8 0 4 2 0 3. I l . 1 2. 1 1. 1. 0 5, 2 4 0 5, 1 2 T O  M Q 

Dl 7 8 0 4 3 0 1. 1 3 . 2 6. 2 9. 0. 0 5. 2 ~ 0 5, 2 6 T O I D 

~  1 7 8 0 4 4 0 3. 2 q . 1 ~.' 3 4, 0. 0 5. 2 0 0 5, 3 3 T O 2 0, nl 

1 1. 1.  2 



,... 

D 1 7 8 0 4 ~ 0 3 • " 4 , 3 6, 9 7, 5 . 2 1. 3 1 T R A N ( O M"' T O  LI N E 0 5 
Dl 7 8 C'! 4 6 0 ~. 1 0 . 2 3.' 3 2.l. 2' 5. 0' 5 N O .. I D T O o ~. 2 3 
0 1 7 8 0 4 7 0,., 2 . 8 7. 4 8, 1 1 0 1 5. 2 5 0 0 0 0 4 M T O  I D 
DI 7 8 0 4 B 0 3 , 4 8 W, 6 4, 9 7,':i, 2 1,' 3 1 G O T O LI N ~ 0 5 

Dl 7 8 0 4 9 O:' , 6 4 W, 6 5, 9 0, 5, 2 1, 3 1 G O T O  LI N E  0 5 
Dl 7 8 0 5 0 0 3 , 8 5 . 8 7, 8 8. 1. 2 6, 2 1 P N E O U A L T O Z E R O 
Dl 7 8  0 5 1 0 3 , 8 8 W, 8 9,. 6 9, 0, 2 8, 2 8 D E L A Y 
Dl 7 8 M Z 0 3 , 6 9 W, 7 0, 7 0, 0, 2 8, 2 8 D E L A Y 
D 1 7 8 0 5 3 0 6  • 7 V w. 7 4, 7 1,/ , S,.,, 2• D G T VI V 9 
D 1 7 8  0 5 4 0' 3, 7 2 . 5 7, 5 8, 0, 1 9, 2 1 1 9. 5 7 T O  2 1. 0 1 
D 1 7 8 0 5 5 0 3, 5 8 , 6 1, 4 0,l, 3 D, 2 8 E X T R A C T 
DI 7 8  0 5 6 o ~.• o , 4 1, 4 2,' 3, 0!,, 2 Q 0 0 0 8 Z V V T O A R 
DI  7 8 O S 7 0: 1 1, 4 2 , 4 4, 4 ~. 0. 2 8, 2 1 A R E Q U A L T O Z E R O 
Dl 7 8 0 5 8 O J, 4 5 . u n. ui;. 1. 2 5, 0 5 l  D  T O 0 5, U O 
Dl 7 8 0 5 q 0 3. U 5 , nl, 5 0, 0.' 3 1, 2 1 E X T R A C T 
D 1 7 8 0 6 0 0 3, 5 0 . ~ 1, 5 6, 1. 2 1, 2 8 2 1. 0 1  T O A R 
0 1 7 8  0 6 1 0 1. 5 6 , 5 7, 6 0.- 3 1 2 2, 2 r > 2 2, 0 1 1 0 A R 
Dl 7 8 0 6 2 0 3, 6 0 , 6 1, B. Q, 2 8, 2 6 A R T O P N 
D 1 7 8 0 6 3 0 3, 7 5 , 7 8, 8 1, 0, 2 8, 2 7 A R E Q U A L T O  Z E R O 
0 1 7 8 0 6 4 0 3, 8 1 , 8 2, 9 6, 0, 2 8, 2 8 Y E S,,. D U M M Y 
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0 1 5 2 0 7 2 0 0. I 5 . 3 4, 1 3. 0, 0l. Ol R E S T O R E 

D 1 5 2  0 7 3 0 0. 1 8 . 2 2, 2 2, 4, 2 1, 3 1 N O •• , T R A N S F E R T D C H E( ~ P A P E R O R M A G 

D 1 5 2 0 7 4 0 0, 3 8 u. 3 9, 1 6. 0, ll, 1 9 LI N E 1 1 T O  LI  N E  1 9 

0 1 5 2 0 7 5 0 0. 1 6 . 2 1, 3 4. 4. 0 9. 1 1 A L P H A T Y P E M O U N T C O R R ~ C TI O N T A P E 

DI  5 2 0 7 6 0 0. 1 4 . 3 4, 1 4. 0, 2 8, 3 1 R E A D Y 

0 1 S 2 0 7 7 0 0, 3 5 . 3 7, 3 6, 0. 1 6.'.il H A L T 

D 1' 2 0 7 6 0 0, 3 6 u. ~ 7, 4l, 0, 2 9, 1 Q R E A D P A P E R T A P E 
0 1 S 2 0 7 0 0 0, 5 2 . 5 2, 5 2. 0, 2 8, 3 1 R E Al 1 V 
D J 5 2 0 8 0 0 0. 5 3 U, 5 4. 9 1, 0, 2 9, 2 8 C L E A R A R 

Dl ' > 2 0 8 1 0 0, 9 1 U, 9 2, U 3, l, 1 9. 2 9 5 U ~ L J N E 1 9 

Dl' 2 0 8 2 o o. u 3 , U 5, 9 4, 0, 2 8, 2 7 A R E O U A L T O  Z E R O 

0 1 5 2 0 8 3 0 0. 9 5 . o n. 1 a. o, o o. o o N O••• R E T U R N T O  T Y P E o ur 
0 1 5 2 0 8 4 o o. 9 4 U, 9 5. 7 5, 0, 1 9. 0 7 LI NI' 1 9 T O LI N £ 0 7 

DI S 2 0 8 5 0 0. 9 6 , 9 8, 9 0, o, n o, 3 1 N D.•• 5 E T R E A. U V 

D 1 S 2 0 8 b 0 0, 9 0 W, 4 7, 2 3, 4, 2 1. 3 1 M A R ~ T R A N S F E R T O 5 E E I F FI NI S H E u 

0 1, 2 0 8 7 0 0, 4  7 . 5 7.,; 9, 0. 0 6. 2 8 I D N U M B E R T O A R 

Dl 5 2 0 8 8 O O. S 9 , 0 3, 4 4, 0, 0l. 2 Q I N C R E M E N T I D N U ~ 6 E R 

0 1 5 2 0 8 0 0 0, 4 4 . 5 7. 7 3, 0, 2 8, 0 b R E S T O R E 

0 I ' > 2 0 0 0 o o. n , 2 5. 6 2, 0, 2 8.ll " J A R T O 1 0 2 5 

0 1 5 2 Ml 0 0. 6 2 , 3 8. 3 8, 4. 2 1. 3] T R A N S F E R T O  LI N E 0 4, 3 8 

0 1 5 2 0 9 1 o o. u o , 3 7, 2 0, 0. nl. 2 8 C O U N T E R T O  A R 

DI S 2 c, q 3 0 0. 2 0 . 2 5, 4 0. 0. 0 2, 2 9 0 l 0 0 0 0 0 T O A R 

0 1, 2 0 9 4 0 0. 4 0 , ; n, ':l 9,(), 2 S, Ol R E S T O R E 

D 1 5 2 0 9 S o o. 3 9 , B b. 4 2, 0, 0 2. 2 7 [ N D, S E T 

0 1 5 2 0 9 6 0 0 . 4 2 . a &. a 1. o. n o. 0 2 N O•,• 5 E T I N D!  ( A T O R 

0 1 5 2 0 0 7 0 0 . 8 7 ,! H. B 7. 4. 2l, 3 1 T R A N S F E R T O  T A B L E. L U O k U P 
D 1 5 2 0 0 8 0 0 . 4 3 , 0(), 0 0, 4. 2 1. 3 1 Y E S .. T R A N S F E R T O T A B L E L U Oi <. U P 

O 1 5 2 0 9 9  0 0 . 4 1 u. 4 2, o e. 0, 2 9. 0 1 C L E ~ R LI N E  0 7 
0 1 5 2 0 0 0 0 0 , O B ,l. 0, 5 2. Q, 1 ~. 3 1 R E A D  P A P E R T A P E 

[) 1 ', ~ e o n C O N 5 T A ~ T 5 A ~ D R O U TI N ~ F O R A L P H A T Y P E O U T S 

D 1 '; 3 0 0 1 0 3 . o o U.  O I. 0 4. 0 • O J.l o LI N E 0 3 T O LI N E 1 9 

DI ~ 1 O M o ~. n 4 , 0 7, 0 8. 4, 0 9. 3 1 A L P HI\ T Y P F Fl  L E 

Dl > 3 n ni O- J. . n ~ . o s. o a. 0. 2 0. 3 1 Nl J M R E R 

DI S) 0 0 4 o, , 0 9 . 1 1. 1 2, n. r, e. 3 1 T Y P E O U T 

D I S 3 r, r, 5 0 1,  1 2 .I 2, 1 2. o. 2 a. 3 1 El >l T O R I D N U Ml: 1 E R 
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Dl 5 3 0 0 6 0 3. 1 3 . 4 5. 1 0. 0. 0 1. 0 2 S E T  I N DI C A T O R 
0 1 5 3  0 0 7 0 3. 7 0 . o o. o o.  l . 2 1. 3 1 G O  T O R E WI N D 
D 1 5 3 0 0 8  Z 1I . u 1 4 0 0 0 0 0 0  T Y P E 
Dl 5 3 D 0 9  Z 1 1 . u 2 - 6 7 2 3 4 2 2  O U T 
Dl 5 3 0 1 0 Z 1 1 , U 3 - 9 U 6 U 5 Z X F O R 
Dl 5 3 0 1 1 z 1 1. u 4 -II U W 9 X 9 W M O U N T 
D 1 5 3 0 1 2 Zll . u s 4 Y 9 U U 6 U C O R R E C T I O N 
0 1 5 3 0 1 3 Z l l . U 6 9 4 V b 7 2 V T A P E 
0 1 5 3 0 1 4 Z 1 1 . u, Y U U 4 U 6 V 
Dl 5 3 0 1 5 Z 1 1, 0 3 4 4 0 0 0 0 0 
Dl 5 3 0 1 6  Z 1 1 . 9 9 o v o v o v o C H E C K S U M 
D 1 5 3 D 1 7 2 1 1. u o - 8 5 9 Y 4 4 5 B A L A N C E R 
0 1 5 3 0 1 8 2 0 3 . U 4 Z 4l Y Z Y 8 FI  L E 
0 1 5 3 0 1 9 Z 0 3. U 5 X 3 9 3 4 V 5 N U 
0 1 5 3  0 2 0  Z 0 3, U 6 - 7 U V Z V 4 V M 
0 1 5 3 0 2 1 Z 0 3. U 7 Y U 9 6 X 9 Y B E R 
D 1 5 3 0 2 2 z 1 0. u 3 5 Z X Wl 0 0 
Dl 5 3 0 2 3 Zl 0, U 4 - x w w w x 2 w 
Dl 5 3 0 2 4 Zl 0, U 5 9 2 4 6 5 Y 4 
DI 5 3 0 2 5 Z l  O 1 U 6 9 4 V 6 7 Z V 
Dl 5 3 0 2 6  z 1 0. u 1 Y U U 4 U 6 V 

Dl 5 4 0 0 0 M A G N E TI C T A P E  I D E N TI FI C A TI O N B L O C K 

0 1 5 4 0 0 1  0 6. 0 0 W, 0 2. 6 1, 6. 2 1. 3 1 T R A N S F E R C O M M. T O LI N E 1 9 
0 1 5 4 0 0 2 0 6. 6 1 1 6 3 1 3 9, 0 1 2 9 1 2 8 C L E A R A R 
Dl 5 4 0 0 3 0 6. 3 9 U, 4 0, 4 3, 1, 1 9, 2 9 LI N E 1 9 T O  A R 
0 1 5 4 0 0 4 0 6, 4 3 . 4 5. 2 0. 0. 2 9. 2 7 A R E Q U A L T O  Z E R O 
D 1 5 4 0 0 5 0 6- 2 1 . 2 2. 1 6. 0. 1 1. 3 1 H O••• R J N G B E L L 

0 1 5 4  0 0 6 0 6, 1 6 w. v 2. o o. o. 1 6. 3 1 R E S T A R T 
Dl 5 4 0 0 7 0 6. 2 0 U, Ul, 3 6, 0, 1 9, 2 0 Y E S,,, LI N E 1 9  T O 2 0 
0 1 5 4 0 0 8 0 6. 3 6 U, 9 5. 9 5, 0. 2 9. 2 3 C L E A R 2 3. o o 
Dl 5 4 0 0 9 0 6, 9 5 , 9 7. 1 4, 0 0 2 0. 2 3 2 0, 0l  T O 2 3. 0l 
0 1 5 4 0 1 0 0 6. 5 1 , 5 1. 5 1. 0. 2 8, 3 1 R E A D Y 
O U 4 0 1 1 0 6. 5 2 , 5 6. 7 9. o. 2 3. 2 8 N U M B E R  T O A R 
0 1 5 4 0 1 2 0 6. 7 9 U, 2 4, 2 4, 0, 2 8, 2 1 R E S T O R E 
0 1 5 4 0 1 3 0 6, 2 4 U, 4 J , 4 4, 0, 2 8 e 2 9 A R T O  A R  1 6 W O R D TI M E S 
Dl 5 4 0 1 4 0 6 , 4 4 , 4 8, 4 9, 2, 2 8, 2 1 E X C H A N G E 
O U 4 0 1 5 0 6 , 4 9 1 5 0 1 5 5, 6, 2 0, 2 4 2 0• 0 2 T O M Q 
D 1 5 4 0 1 6 0 6 . 5 5 , 5 6, 5 9, 4, 2 0, 2 5 2 0. 0 0, 0 1 T O I D 
0 1 5 4 0 1 7  0 6.  5 9 . 6 o, 6 3. 1. 2 s. 2 0 R E 5 T O R E 
Dl 5 4 0 1 8  0 6 . 6 3 . 6 5. 6 6. 1. 2 6. 2 8 P N  T O  A R 
Dl 5 4 0 1 9 0 6 · 6 6 . 6 8. 7 4. 0, 3 1. 2 9 E X T R A C T 

0 1 5 4 0 2 0 0 6. 7 4 • 7 5. 7 6. 0. 2 8. 2 5 A R T O  I D 
D 1 5 4 0 2 1 0 6. 7 6 , 7 7. 3 0. 1 1 2 4. 2 7 M Q E Q U A L T O  Z E R O 
0 1 5 4 0 2 2 0 6. 3 0 • 3 7. u 1. o. 2 0. 2 2 Y E S ■ • •  A R T O 2 2 
Dl', 4 0 2 3 0 6. Ul . u 2. 2 2. o. n. 2 8  2 3, 0 2  T O A R 
Dl ~ 4 0 2 4 0 6. 2 2 1 2 4 1 0 4 1 0 ■ 2 2 . 3 1  A R  N E G 
0 1 5 4 0 2 5 0 6. 3 1 . o s. 5 9. 0. 2•. 3 1 M U L TI P L Y 
0 1 5 4 0 2, 0 6 ■ 0 4  . 0 1. 4 7 1 0 1 3 1. 2 5 E X T R A C T 
0 1 5 4 0 2 7 0 6 0 4 7 . 0 4. U 7.l. 2 6. 3 1 S HI H 
Dl 5 4 0 2 8 0 6 1 U 7 u. 2 0. 2 2. 0. 1 9. 0 5 1 9  T O 0 5 
0 1 5 4 0 2 9 0 6. 0 5 . 0 7. 1 6. 0. 2 8, 2 8 D U M M Y T O A H A L T 
D 1 5 4 0 3 0 0 6. 0 2 w. 0 4. 2 5.s. 2 1. 3 1 M A R K T R A N S F E R T O o s. 
Dl 5 4 0 3 1 0 6 1 U 4 1 U 6 1 U 6 1 0 1'. 3l • ' 3 1 N. C. F R O M A R 
0 1 5 4 0 3 2 0 6. 2 8 u. 0 1. 1s. o. 2 J. os 2 3 T O  0 5 
Df  5 4 0 3 3 0 6. 1 5 . 6 9. 0l.j). 3 1. 2 8 E X T R A C T 
0 1 5 4 0 3 4 0 6. 0I 1 6 7 1 U 6 1 3 ■ 0 5 1 2 9  O O U O O O O T O  A R 
0 1 5 4 0 3 5 0 6 ■ U 6  . 3 0 1 3 7 1 0 1 2 8. 2 7 A R Z E R O 
D J 5 4 0 3 6 0 6  • 3 8 1 4 1 1 5 3 1 0 ■ 2 3 1 2 7  N O •• 2 3 • 0 0 Z E R O 
Dl  5 4 0 3 7 0 6· 5 4 1 5 6. 1 6. 0 1 2 8 1 2 8 D U M M Y T O  H A L T 
D 1 5 4 0 3 8 0 6. 3 7 . 3 9. 1 6. 0. 2 8. 2 8 D U M M Y  T O  H A L T 
D 1 5 ~ 0 3 9 0 6 • 5 3 1 5 5 1 8 3 1 1 1 2 5 1 2 8 I D  T O A R 
D 1 5 4  0 4 0 0 6. 8 3 1 8 7 1 6 8 1 3, 0 5 1 2 9 0 0 0 0 4 0 0  T O A R 
Dl 5 4 0 4 1 0 6. 6 8 1 U 6 1 0 9 1 0 1 2 8 1 2 7 A R E Q U A L T O  Z E R O 
0 1 5 4 0 4, 0 6. 0 9 . 1 0. 1 1. o. 2 e. 2 e Y E S ■ ■ •  D U M M Y 
0 1 5 4 0 4 3 0 6• ll . 1 2. 1 3. 1. 0 5. 2 4 - U 2 6 1 6 V Z T O M O 
D ? _,, 4 0 4 4 0 6. 1 3 1 2 6 1 2 9 1 0 1 0 5 1 2 5 8 0 2 3 3 9 W T O  I D 
D 1 S 4 0 4 5 0 6. z q . 3 1. 3 4. 0. os. 2 0 l Z Z O O O O  T O 2 0 ■ 0 1  

Dl 5 4 0 4 6 O b ■  3 4 . 3 6 . 9 7 . 5 ■ 2 1 .  3 1 T . c.  T O  LI N E  0 5 
Dl 5 4 0 4 7 0 6 ■ 1 0  . 2 3. 3 z. 1. 2s. 0 5 N O.• I D  T O 0 5, 2 3 
Dl 5 4 0 4 8 0 6. 3 2 , 8 7 o 4 8.l. 0 5, 2 5 0 0 0 0 4 0 0  T O  I D 
0 1 5 4 0 4 9 O b. 4 8 W, 6 4. 9 7. 5 0 2 1. 3 1 T . c. T O  LI N E  0 5 
0 1 5 4 0 5 0 O b. 9 7 , 9 8. 9 9 1 0 1 0 5. 2 8 b V 4 X 0 9 Z T O A R 
0 1 5 4 0 5 1 0 6. 9 9 . u o, u 2. 1. 2 4. o 5 M Q T O 0 5. U O 
Dl 5 4 O S 2 0 6. u 2 ■ U 3 ■ U 4 ■ l , 2 5 ■ 2 9  I D  T O l 9. U 3 
Dl 5 4 0 5 3 0 6- 9 8 . u 7. 1 1. 0. 0 4. ll R E V E R S E S E A R C H 
0 1 5 4 0 5 4 0 6. 7 7 . 1 1. 1 1. 0. 2 8. 3 1 R E A D Y 
0 1 5 4 0 5 5 O b. 7 8 . e o. 7 9. 5. 2 0. 3 1 T . c • T O  LI N E 0 5 
Dl 5 4 M b 0 6. 8 5 • 8 7. B B.l. 2 6. 2 7 P N  E Q U A L  T O  Z E R O 
Dl 5 4 0 ~ 7 0 6. 8 8 W. 8 9. 6 9. 0• 2 8. 2 8 D U M M Y 
Dl 5 4 0 5 8 0 6. 6 9 w. 1 0. 1 0. o. 2 e • . 2s D U M M Y 
Dl 5 4 0 5 9 0 6. 7 0 w. 1 1. 1 1. o. 2 e. 2s D U M M Y 
D 1 5 4 0 6 0 0,. 1 1 w. 1 2. n. 5. 2 1. 3 1 T R A N S F E R T O 0 5 
0 1 5 4 0 6 1 0 6- 6 4 w. 6 5. 9 0. 5. 2 1. 3 1 T ~ Al; S F E R T O 0 5 
DI ~ 4 0 6 2 0 6. 9 0 . 9 1. u 2. o. os. 2 e O Z 4 X O V Z T O  A R 
Dl 5 4 0 6 3 0 6. 6 5 . 2 3. 1 1. 1. 0 ~. 2 5 0 0 4 0 0 0  T O I D 
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0 1 5 4 0 6 4 Z 0 6  • 6 7 o o u o n o o 
0 1 5 4 0 6 5 Z 0 6. 8 7 0 0 0 0 8 0 0 
0 1 5 4 0 6 6 2 0 6. 1 2 - U 2 6 1 6 V Z 

D 1 5 4 0 6 7 2 0 6. 2 6 8 0 2 3 3 9 W 
0 1 5 4 0 6 8 Z 0 6 . u o o o n o o n o t::I A L A N C E R 

0 1 5 4 0 6 9 Z 0 6 e 2 3 0 0 4 0 0 0 0 

0 1 5 4 0 7 0 2 0 6 • 9 1 O Z 4 X O V Z 
0 1 5 4 0 7 1 2 0 6. 9 4 Ol 4 XI V Z 
0 1 5 4 0 1 2 2 0 6. 3 3 Z Z 2 0 0 0 0 

0 1 5 4 0 7 3 Z 0 6. 5 7 O Ol 8 2 V V 
0 1 5 4 0 7 4 2 0 6• 0 3 o o v o o o o 
0 1 5 4  0 7 5 Z: 0 6. 0 7 0 0 1 0 0 0 0 
0 1 5 4  0 7 6 Z 0 6.! 7 o o z o o o o 
0 1 5 4  0 7 7 2 0 6• 1 8 u u o o o o o 
0 1' 4 0 7 8 Z 0 6  •  1 9 0 0 0 3 0 0 0 
0 1 5 4 0 7 9 2 0 6. 4 1 o o o e z v v 
0 1' 4 0 8 0 0 6. 9 6 w. 1 3. 9 3. s. 2I. n T R A N S. 1 0  LI N E 0 5 

0 1 5 4  0 8 1 0 6. n w. 1 5. 0 0. 6. 2 1. 3 1 T R A N S.  T O  LI N E 0 6 
0 1 5 4 0 8 2 0 6. 7 5 • 7 8. 8 1 . 0. 2 0. 2 1 A R E Q U A L  T O  Z E R O 

0 1 5 4 0 8 3 0 6. 8 1 . e 2. 9 6. 0 e 2 8. 2 8 D U M M Y 

D 1 5 4 0 8 4 0 6. 8 2 . 0 4. 8 4. 0, 2 2. n N O. u A R N E G• 
0 1 5 4 0 8 5 0 6. 8 4 w. a 6. 9 1.s. 2 1. 3 1 N o ••• T R A N S, 1 0  LI N E 0 5 
O U 4 0 B 6 0 6 0 8 6 . 8 9 o 0 6.l o 2 6. 2 8 P N  T O  A R 

0 1 5 4 0 8 7 0 6· 0 6 . 0 1. o e. 3. os. 2 9 0 0 1 0 0 0 0  1 0 A R 
0 1 5 4 0 B 8 0 6. 0 8 . 1 1. e 2. o. 2 e. 2 6 R E S T O R E 

0 1 5 4 0 8 9 0 6. 9 2 o 9 3. U 3.l o 2 5. 2 8 M O T O  A R 

0 1 5 4  0 9 0 0 6. U 3 o U 4 o 6 2 o O o 2 B o 2 2 A R T O 2 2. 0 0 
0 1 5 4 0 9 1 0 6. 6 2 u. 0 1. e 1. 1. 3 0. 2 4- E X T R A C T 
DI 5 4 0 9 2 0 6. 4 2 e 4 4 e 4 5. o. 2 e. 2 1 A R E Q U A L  T O Z E R O 
0 1 5 4 0 9 3 0 6. 4 5 . u n. u 5. 1. 2s. os Y E S •• M a T O 0 5  • u o 
0 1 5 4  0 9 4 0 6, U 5 . 0 1.! > 0. 0. 3 1. 2 1 E X T R A C T 

0 1 5 4 0 9 5 0 6 0 5 0 . 5 3.s 6. 1. 2 1. 2 e 2 1,  0 1 T O A R 

0 1 5 4 0 9 6 0 6. 5 6 . 5 7. 6 0. 3. 2 2. 2 9 . 1 2. 0 1 1 0 A R 

0 1 5 4 0 9 7 0 6. 6 0 . 6 1. 7 5. 0 e 2 8. 2 6 A R  T O  P N 

0 1 5 4 0 9 8 0 6. 4 6 . 4 1. u o. 0. 1 1. 3 1 RI N G  B E L L 
0 1 5 4 0 9 9 0 6. 8 9 . 0 7. 3 5. 1. 0 5. 3 0 0 0 1 0 0 0 0  1 0  P N 

0 1 5 4 1 0 0 0 6- 3 5 w. es. 9 0.s. 2 1. 3 1 r. c. T O  LI N E  0 5 

0 1 5 4 I 0 1 0 6. 7 2 e 5 7. 5 e. o.l 9. 2 1 I D  T O 2 1, 0l 

0 1 5 4  1 0 2 0 6, 5 8 . 6 1.• 0. 1. 3 0. 2 6 E X T R A C T 

D 1' 4 1 0 3 0 6. 2 7 u. 2 0.' 3 6. 0. os. 2 0 0 5, 2 0 T O LI N E  2 0 

D 1 5 4 1 0 4 Z 0 6 o 4 0 2 U 2 U W V X 

0 1' 4 1 0 5 Z 0 6 e 8 0 B 3 3 6 0 V 6 

D 1 5 4  1 0 6 Z- 0 6, 1 4 9 U 3 3 1 9 Z 

0 1 5 4  1 0 7 2 0 6, 9 3 X Y 6 6 0 V W 

0 1 5 4 ! O B 0 6, 2 5 U e 2 9, U 4, 2, Q 5. 2 3 B RI N G 0 5, 2 3 

0 1 5 5  0 0 0 W R! T E  FI L E  C O D E  R O U TI N E 

0 1 5 5 0 0 1 0 4. 2 3 . 2 ~. 3 1. 2. 1 3. 3 1 R E A D M A G, T A P E 

D 1 5 5 0 0 2 0 4, 3 1 . 3 2. 3 5. 0. 0 2. z e 0 0 0 0 0 0 5 T O  A R 

D 1 5 5 0 0 3 0 4 • 3 5 • 3 6, 3 9. 7, 2 8. 2 8 D E C R E M E N T A R 

D 1 5 5 0 0 4 0 4 . 3 9 , 4('l. 3 4, O, 2 8, 2 7 1 S A R  Z E R O ' 5 

0 1 5 5  0 0 5 0 4 . 3 4 , 3 6, 4 1, 0, 0 0, 3 1 Y E S,, S E T R E A D Y 

0 1 5 5 0 0 6 0 4 , 4 1 , 4 2, 5 1 5, 0, 0 2. 2 7 I S ! N D! C A T O R S E T I 

0 1 5 5 0 0 1 0 4 , 5 7 , 4 2, 2 3, 0, 0l, 0 2 S E T I N DI C A T O R 
0 1; 5 0 0 8 0 4, 5 5 , 5 6, 5 7, 2, 3 0, 3 1 N O,,• W RI T E A FI L E  C O D E 

0 1 5 5 0 0 9 0 4, 5 6 , 4 2, 5 1, 0, 2 9, 0 2 Yf. S,, • C L E A R I N DI C A T O R 

0 1 5 5  0 1 0 0 4 , 5 1 , 5 3, 5 2, 0, 2 0. 3 1 R E T U R N  T O M A R K 

0 1 5 6 0 0 0 T A B L E L O O K U P R O U T ! N E 

0 1 5 6 0 0 1 0 4. 8 7 u. 9 2, 9 5. 0, 0 2. 2 0 S E T S H O R T  LI N E 2 0 

0 1 5 b 0 0 2  0 4 . 9 5 u. v o. 0 0. 0. 0 2. 2 2 S E T S H O R T LI N E n 
0 1 5 6 0 0 3 0 4, 0 0 . 0 3, 0 4, 0, 2 0• 2 8 x x, 0 1. 1, ! 0, 2 6 T O A R 
0 1 5 6 0 0 4 0 4, 0 4 , 0 6, 0 6, 0, 3 1. 3) N E X T C O M M A N ~ F R O M A R 
0 1 5 6 0 0 5 0 4, 0 7 W, 0 9, 0 9, 3, 2 3, 3 1 E X T R A C T F R O M P N,••• ••  • .,, O Olll Zl 

D 1 5 6 0 0 6 0 4, 0 9 , 1 2, 1 5, 0, 2 5, 2 4 o o w w o o o T O  M O 

D 1 5 6 0 0 1 0 4, l S c , 1 6, 4' 3, 0, 2 6, 3 1 S HI F T 8 P L A C E S 

D 1 5 6  0 0 8 0 4, 4 3 , 4 4. 6 1. b. 2 4. 2 1 w w o o o n o T O 2 1. 0l 

D 1 5 6  0 0 9 0 4. 6 1 . ~ 4. 6 5.l. 2 6. 2 1 e a o o o o o T O  2 1• 0 0 

D 1 5 6 0 1 0 0 4. 6 S 1 3 7. 6 8 1 0 1 0 1. 2 8 U B O O O O O T O  A R 

0 1 5 6  Oil 0 4. 6 8 1 6 8. 1 0. 3. 2 1. 2 9 S U B T R A C T 2 1 1 0 0 
0 1 5 6  0 1 2 0 4 ■ 7 0  . 1 1. 4 9. o. 2 e. 2 1 D O E ~ T HI S B L O C K N E E D M O D! F J C A T! O N 

D 1 5 6 0 1 3 0 4 ■ 4 9  . 1 4. 1 e. o. 2 0. 2 e Y E S .. 7 2 , 5 4 ■ 1 - l Q . 2 8  T O A. R 

0 1 5 6 0 1 4 0 4. 7 8 , 0 2, " 1 7. 0, n 4. 2 9 A D D n, o o n o o T O • R 

D 1 5 6 0 1 5 0 4 ■ Q 7  , 9 S. 0 4. o. 2 a. 2 0 R E: S T O R E. 

0 1 5 6 0 1 6 Q 4 .. ll'j 4 u.,; 1. ~ e. 1, 2 9. 2 ~ 1 1). x x T O P N 

0 1 5 6  0 1 7 0 4 ■ 5 8  . 6 1 "). 6l. 0, 2 0 e 2 8 X X ■ 6 4 . l , 2 6 ■ 1 9  T O A R 

D 1 5 6  0 1 8 0 4. 6 3 . 6 5. 0 4. 0. 2 1. 2 9 A D O W W O O O O O T O A R 

0 1 5 6 0 1 9 0 4. 6 4 . 6 7. 6 9. 0, 2 0. 2 8 x x. 0 1. 1. 1 0. 2 6 

0 1 5 6 0 2 0 0 4. 6 9 . 1 1. 1 2. 1. 0 2. 2 9 S U B T R A C T Y 4 0 0 0 0 0 F R O ~ A R 

0 1 5 6 O Z! 0 4. 7 2 . 7 4. 7 6. 0- 2 2. 3 1 A R E W E F J NI S Hf D 

0 1 5 6 0 2 2 0 4. 7 6 . 1,.s o. o. 0 2. 2s N O.•• x x. 0 1. o, 1 1, 2 6 
0 1 5 6 0 2 3 0 4. 8 0 , 8 3, 0 4, 0. 2 8. 2 0 R E: S T O R E 

0 1 5 6 0 2 4 0 4. 7 7 . 7 8, 8 0. 0, 0 2. 2 9 Y E S.,, 1 6 0 0 0 0 0 T O  A R 

DI 5 6 0 2 5  0 4 • 5 0 . 7 9, 0 4, 0, 2 2. 2 8 N O.,• X X, 6 0, 0'.-· 0 7, 2 6 T O A S 
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0 1 5 6 0 2 6 0 4 0 6 0 w.l "! e.· n, 3. 2' 3.: H E X T R A C T O Olllll 

Dl 5 6 0 2 7 0 4. 9 2 . 9 4, 0l. 0. 2 S, 2 4 O Q',. _ 1 W 0( 1 0 T O ~ O 

Dl 5 6 0 2 8 0 4. 0 1 .l b, 2 4, 0, 2 6. 3 1 S HI F T B 8 1 T S 

0 1 5 6 0 2 9 0 4. 2 4 . 2 8. ~' 3. 6, 2 4, 2 1 '• W O O O O O T O 2 1,  Ol 

Dl 5 6 0 3 0 0 4. 5 3 , 1 3 6, 6 6, 1, 2 6, 2 1 s a o o o o o T O 1 1. 0 0 

0 1 5 6 0 3 1 0 4, 6 6 ,' 3 7. 4 6, 0, 0 1, 2 8 ~ a o o o o o T O  A R 

DI > 6 Ol 2 0 4, 4 8 . e o. a 1, 3, Zl, 2 9 S Ul: H R A C T a a o o o o o 

Dl 5 6 0 3 3 0 4. 8 1 ,. 8 3, 8 4, 0, 2 6, 2 7- A N Y ( Qij R E( Tl O N S 

0 1 5 6 0 3 4 0 4- 8 4 , 8 9, 9 8, 0, 2 2, 2 8 Y E S ■ , ,  7 l , 4 6 ■ 0 , 0 7 , 2 8  r o A R 

DI > 6 Ol 5 0 4, 9 6 , 0 2, 0 5, 0, 0 4, 2 9 A D O 0 0 0 0 0 0 2 T O  A R 

DI 5 6 Ol 6 0 4. Q 5 , 0 9 , 0 4 , 0 ■ 2 B , 2 2  R E S T O R E 

DI 5 6 0' 7 0 4, 4 6 U, 4 9, S 2,l, 2 8, 2 6 0 7, x x T O P N 

DI % O ~ B 0 4- 8 2 . a 4, 8f. u 0, 2 2, 2 8 X X o 6 3. J, 2 6• 1 9 T O A R 

DI S 6 0 1 9 0 4,fl b , S J 9, 0 4, 0, 2l, 2 q A D O w w o o o o o 
0 1 % 0 4 0 0 4,, n , 8 7, U 0, 0, 2 2, 2 8 X X , 6 0 , 0 ■ 0 7 , 2 9  T O A R 

DI 5 6 0 4 l 0 4, U O , 0 2, 0 6. 0, 0 4, 2 Q A D D 0 2 0 0 0 0 0 

DI 5 6 0 4 2 0 4, 0 6 , 0 7, 0 4, 0, 2 8, 2 2 R E S T O ~ E 

0 I 5 6 0 4 3 0 4, 8 5 , 1 0, 4 0, 1, 0 2, 2 8 N O,• C H E C ~ S U M T O t o. R 

0 1 5 6 0 4 4 0 4, 4 0 U, 4 1, 4 2, 1. 1 9, 2 9 A D D  LI  N E  1 9 

0 1 5 6 0 4 5 0 4 . 4 2 . 1 0.I 3. 1. 2 a. 0 2 R E S T O R E 

0 1'; 6 0 4 6 0 4. 1 3 . 1 ( > 1 2 0 . 0 ■ 0 2 . 2 8  N U M B E R O F B L O C ~ S T O  A R 

D 1 5 6 0 4 7 0 4. 2 0 1 6 6.ll. o. o z. 2 9 I N C R E M E N T 

D 1 5 6 0 4 6 0 4.ll . 1 6. 1 7 . o. 2 e. 0 2 R E S T O R E 

0 1 % 0 4 9 0 4.} 7 w. o n. 1 0. 2. 0 1. 1 1 W RI T E L J N E O N M A. G a T A P E 

D l S 6 n 5 0 0 4. 1 8 . 1s.i e. o. 2 a.: n R E A D Y 

D I S 6 Oil 0 4,  1 9 ■ 0 0 ■ 4 7 ■ 0 ■ 0 0 , 0 0  D U M M Y 
D 1 5 6 0 1 2 0 4 • 4 7 .l 6,' 5 9.l. Q 2. 2 B N U M B E R B L O C( S T O A R 

D 1 5 6 0 1 3 0 4 . 5 9 . 5 5. 9 3. 1. 0 2. 2 9 S U B T R A C T 0 0 0 0 0 4-l 

DI 5 6 0 5 4 0 4 0 9 3 . 2' 3. 4 4 1 0. 2 8. 2 7- S U B R O U TI N E LI N E ~ 

D 1 1 6 0 5 5 0 4 . 4 4 . 4 5. e, 1. 0. 0 0. 0 0 Y E S••• D U M M Y 

D 1 5 6 0 5 6 0 4, 6 7 w. 2 1. 2 3. 4. 2 1. 3 1 M A R K T R A N S F E R T O Q 4. 2 3 

DI > 6 0 1 7 0 4 1 4 5 . e 9. e q. o. 2 1. 3 1 N O ••• R E T U R N T O ~ £ A O P A P ~ R T A P E 

D l 5 6 0 5 8 0 4 1 3 8 . 7 3 ol 2 o O• O O o 2 8 . X X, 6 7• 0 1 2 8 1 1 0 T O A R 
D 1 5 6 0 5 9 0 4. 5 2 . 7l o 3 7. J. Ol, 2 9 A D D 1 6 0 0 0 0 0 

D 1 5 6 0 6 0 0 4 0 3 7 . 1;.s 9. o. 2 e 1 0 0 R E S T O R E 

D 1 5 6 0 6 1 0 4 . 8 9 . 5 2.s 2. 1. 2 1.; 1 G O T O R E WI N D R O U TI N E 

D 1 5 6 0 6 2 0 4. 2 2 1 2 4 1 2 5. 0. 2 3. 2 8 1 3 o D O T O A R 

0 1 5 6 0 6 3 0 4. 2 5 ■ 2 6 . 3 2 . ' 3 . 0 4 , 2 Q  S U B T R A C T O O O O O Y U 

D 1 % 0 6 4 0 4. 3 2 . 2s. 2 9. o. 2 e. 2 1' I S I T P A P E R T A P E  'Ii 

D 1 5 6 0 6 5 0 4. 3 0 1 3 8. 3 8. 0 1 2 1. 3 1 N O o • C O R R T O M A G,. T A P E 

DI 0 6 0 6 6 0 4. 2 9 o 3 9 ol 6 o 0 o 0 2 o 2 8 Y E S••• 1 9 1 1 8 1 0. 1 0.; 1 f O A R 

0 1'; 6 0 6 7 0 4 . 1 0 . 1 1. 6 2. 0 1 2 8 1 0 4 P U N C H T A ? E C O M M T O 0 4. 1 7 

D 1 5 6  0 6 8 0 4- 6 2 . e. 3. 7 4. 0 1 0 2 1 2' 7 J S ! N O, S E T 

Dl o b 0 6 Q 0 4. 7 5 ., 0 1s o. o. 2 1.; 1 Y E S ••• G O T O T Y P E O U T 

0 1 5 6 0 7 0 0 4 • 7 4 1 9 4 . 7 1 . 0 ■ 0 : 3 1 0 0  N O o o• 

DI 5 6 0 7 1 0 4 • 7 1 . 9 5 0'! 6 0 0 0 0 3, 0 4 u. u o. 5 0, 0. 0 2, 2 2 T O 0 4. 9 5 

D 1 5 6 0 7 2 0 4. q o 1 4' 3 1 7 9. 0 1 0 3. 0('.) 5 0 ■ ? 0 . 4 . 2 1 1 3 1  T O 0 0 . 4 3 

D 1 5 6 0 7 3 0 4 1 7 9 1 9(). 9 1. 0 1 0 3 1 0() 1 1. 5 2. 1. 2 1 ; 3 1 T O 0 1) 1 9 0 

D 1' > 6 0 7 4 0 4. < H . B ' } . 8 8 1 0 • 0 3 ■ 0 1  2 2. 2 2. 3. 1 1. 3 1 T O Ol, 8 0 

DI S 6 0 7 S 0 4. B B . 1 9., 0. 0. 0 2 1 0 4 6 3. 2 1. 0. 0 1. 0 2 T O 0 4 . 1 9 

Dl 5 6 0 7 6 Z 0 4. 0 2 0 2 0 0 0 0 0 

D 1 5 6 0 7 7 l 0 4 ■ 0 3  0 0 0 0 1 0 0 

D 1 5 6 0 7 8 Z 0 4. 2 6 o o o o o v u 

0 1 5 6 0 7 9 l 0 4 o 9 0 0 0 0 0 0 8 0 

D l ~ b 0 8 0 Z Q 4. 9 4 Y 0 0 1 3 5 8 

D 1 5 6 0 8 1 Z 0 4. 9 9 0 4 0 4 0 4 0 C H E C K. S U M 

D 1 5 6 0 6 2 2 0 4 • Ul W U 9 V 4 9 0 B A L A N C E R 

D 1 5 6 0 8 3 Z 0 4 ■ U ' 3  5 V 2 2 X 9 V A N Y 

DI 5 6 0 8 4 Z O ' - ■ U 4  X 9 W W X 3 5 C O R 

D 1 5 6 O B I Z 0 4. VI - U 6 U 6 5 6 4 R E C T 

DI 5 6 0 8 6 Z 0 4, U 6 l Z V 2 7 4 X J O N S 

D 1 5 0 0 8 7 Z 0 4, U 7 - Y U 9 1 U 5 V 

Dl 5 7 0 0 0 M O DI FI C A TI O N S  T O  P L A C E A L G O O N M A G. T A P E 

D 1 5 7 0 0 1 2 1 0. 0 0 0 1 0 2 0 0 0 
D 1 5 7 0 0 2 Z 1 0. 0 1 0 4 Q 4 9 V Z 
Dl 5 7 0 0 3 2 1 0. 0 2 0 l D 7 0 0 0 

Dl 5 7 0 0 4 ZI Q. Q 3 0 9 0 9 9 V Z 

D J 5 7 o n 5 z 1 a. 0 4 ol o w o o o 

DI 5 7 0 0 6 ? J o. o s O Y O Y 9 V Z 

0 1 5 7 0 0 7 2 1 0. 0• 0 1 1 1 0 0 0 

0 1 5 7 0 0 8 z 1 0. 0 1 1 3 1 3 9 Vl 

0 1 5 7 Qf "I Q 2 1 0 1 n e 0 2 3 7 0 0 0 

D 1 5 7 0 1 0 z 1 n. 0 9 - W 0 8 3 3 W X 

0 1 5 7 Oll l 1 0 1 1 0 0 2 2 6 0 0 0 

DI' > 7 0 1 2 ZI 0, 1 1 1 B 2 9 9 V 2 

0 1 5 7  0 1 3 2 1 0.  1 2 0 2 2 V O O O 

D 1 5 7 Ol 4 ZI 0. 1 3 2 V 2 W 8 9 Z 

DI 5 7 0 1 5 Zl 0. 1 4 0 2 2 x o o o 

D 1 5 7 0 1 6 Z l O • 1 5 S V 5 U 2 3 Z 

D l lj 7 0 1 7 Zl 0 ol 6 0 2 5 U 0 0 0 

D l ~ 7 0 1 8 Zl 0. 1 7 X W 5 Y O O O 

D l '; 7 0 1 9 ll O ol B 0 5 0 0 0 0 0 

D 1 5 7 0 1 0 Z J O. J 9 - 0 4 0 5 L J V Z 

0 1 5 7 D 2 1 z 1 0. 2 0 0 9 4 V Cf) O 

0 1 5 7 0 1 2 Z l 0 1 2 1 4 X 4 Y 9 Vl 

1 1. 6, 5 



0 1 5 7 0 2 3 zt o. 2 2 0 9 4 2 0 0 0 
0 1 5 7 0 2 4 2 1 0, 2 3 - ~ o o n u v z 
0 1 5 7  0 2 5 Zl 0. 2 4 1 5 3 9 0 0 0 

D 1 5 7  0 2 6 Z! 0, 2 5 0 0 0 0 0 0 0 

D 1 5 7  0 2 7 Zl 0. 2 b 1 5 2 6 0 0 0 

DI 5 7  0 2 8 2 1 0. 2 1 2 8 2 9 9 V Z 
D 1 5 7 0 2 9 z 1 0. 2 e I 5 2 V O O O 
DI 5 7 0 3 0 l) 0. 2 9 4 S 2 W 8 9 2 

0 1 5 7 0 1 1 2 1 0. 3 0 l 5 2 X O M 

0 1 5 7 r 1 2 Zl n.: 3 1 2 2 5 7 7 1 2 
0 1 5 7 0 3 3 Zl O e 3 2 I 5 4 7 o n o 

0 1 5 7 0 3 4 ZI 0, 3 3 5 9 1 3 6 V 2 

0 1 5 7 0 3 5 2 1 0, 3 4 1 5 5 2 0 0 0 
0 1 5 7 0 3 6 2 1 0, 3 5 1 7 9 4 2 6 4 

D 1 5 7 0 3 7 Zl O el 6 2 0 0 3 0 0 0 
0 1 5 7 0 3 8 2 1 0.: n 0 5 3 6 9 V Z 

0 1 5 7 0 3 9 ZI 0. 3 8 2 7 2 6 0 0 0 

DI 5 7 0 4 0 2 1 0, 3 9 2 9 Z. 9 9 V Z 

0 1 5 7 0 4 1 Z l O e 4 0 2 7 2 V O O O 
D 1 5 7 0 4 2 2 1 0, 4 1 2 X 0 5 8 9 Z 

DI 5 7  0 4 3  Z 1 0 • 4 2 2 7 2 2 0 0 0 

D 1 5 7 0 4 4 2 1 0, 4 3 - Rlll 5l X 7 
0 1 5 7 0 4 5 Z l o. 4 4 2 7 4 9 0 0 0 

0 1 5 7 0 4 6 Zl n e 4 5 - Y YI Y 2 1 Y 
0 1 5 7  0 4 7 Z I Q , 4 6 2 7 3 9 0 0 0 

0 1 5 7  0 4 8 2 1 0, 4 7 0 0 0 0 0 0 0 

0 1 5 7 0 4 9 Z 1 0 • 4 6 3 3 3 X O O O 
0 1 5 7  0 5 0  2 1 0  • 4 9 5 2 5l 9 V 2 
0 1 5 7  0 5 1  Z I O, 5 0 3 3 3 Z O O O 

0 1 5 7 0 5 2 ZI 0, 5I 5 Z 5 Z 3 9 Z 
0 1 5 7 0 5 3 Zl O. 5 2 3 3 4 0 0 0 0 

0 1 5 7 0 5 4 2 1 0, 5 3 - o o o o v v z 

0 1 5 7  0 5 5 Z 1 0 • 5 4 3 3 4 7 0 0 0 

0 1 5 7 0 5 6 2 1 0, 5 5 9 2 2 Y U O O 

D 1 5 7 0 5 7 Zl O e S 6 3 4 1 8 0 0 0 
D 1 5 7 0 5 8 z 1 0.s 1 l 9 1 9 9 V Z 
0 1 5 7 0 5 9 Zl 0, 5 8 3 4 1 Y O O O 

D 1 5 7 0 6 0 Z I 0, 5 9 2 3 2 3 8 9 2 

0 1 5 7  0 6 1 Zl 0 e 6 0 3 4 2 5 0 0 0 
D 1 5 7  0 6 2 Zl 0 e 6l 2 6 2 U B V 2 

D 1 5 7  0 6 3 2 1 0, 6 2 3 4 5 0 0 0 0 
D 1 5 7 0 6 4 Z l D e 6 3 5 1 5 1 8 9 2 

D 1 5 7 0 6 5 Zl 0 e 6 4 3 4 4 5 0 0 0 

D 1 5 7  0 6 6 Z 1 1' 1. 6 5 4 7 4 7 9 V Z 

0 1 5 7  0 6 7 Zl 0, 6 6 3 4 2 7 0 0 0 
D 1 5 7 0 6 8 Z l o. 6 1' - 6 V 2 W V V Y 

DI 5 7  0 6 9 Zl 0, 6 8 3 4 3 9 0 0 0 

D 1 5 7  0 7 0 ZI 0. 6 9 0 0 0 0(' 1 0 0 

D 1 5 7  0 7 1 ZI 0, 7 0 3 4 6 3 0 0 0 
D 1 5 7  0 7 2 2 1 0. 1 1 V V 3 2 V 8 8 

0 1 5 7  0 7 3 2 1 0. 1 2 3 4 0 6 0 0 0 
D 1 5 7  0 7 4 Zl 0. 7 3 6 8 8 6 3 5 5 

0 1 5 7  0 7 5 Z l O • 7 4 3 7 0 X O O O 
D 1 5 7 0 7 6 Z l O • 7 5 O Z O Z 9 V Z 

0 1 5 7 0 7 7 Z l O • 7 6 3 7 1 5 0 0 0 
0 1 5 7 0 7 8 Z 1 0 • 7 1 9 1/ 1 Y 2 9 5 
0 1 5 7 0 7 9 ZI 0, 7 8 3 7 4 X n n o 
OI S 7 O B ~ 2 1 O, 7 9 5 2 5 X 8 9 2 

D 1 5 7  0 8 1 z 1 0. a n 3 7 6l n n o 
0 1 5 7  0 8 2 2 1 0, Rl 6 2 2 6 9 V Z 
0 1 5 7 0 8 3 Zl 0, A 2 3 9 0 0 0 0 0 
D 1 5 7  0 8 4  2 1 0, 8 3 OI 0 1 9 V Z 
0 1 5 7  0 8 5 2 1 0 . 8 4 3 9 1 7 0 0 0 
D 1 5 7  0 8 6 2 1 0, Slj 1 8 0 Y 9 V Z 
0 1 5 7  0 8 7 ZI 0, 8 6 3 9 3 X O O O 

0 1 5 7  0 8 8 ZI 0. 8 7 5 1 1 W 8 9 Z 

0 1 5 7  0 8 9 Z! 0. 8 8 4 2 1 2 0 0 0 

0 1 5 7 0 9 0 2 1 0. a q - 1 6 4 6 6 V Z 

0 1 5 7 0 9 1 ZI 0, 9 0 4 2 3 1 0 0 0 

D 1 5 7 0 9 2 Z l 0, 9 1 X X X Y 5 9 X 

DI S 7 0 9 3 2 1 0. 9 2 4 3 5 2 0 0 0 
D 1 5 7 0 9 4 Zl 0, 9 3 2 Y 2 Y 9 V Z 

D 1 5 7  0 9 5 Z l 0, 9 4 4 7 1 1 0 0 0 

D 1 5 7 0 9 6 ZI 0, 9 5 1 2 1 3 2 6 0 

DI 5 7 0 9 7 ZI 0, 9 6 4 7 6 V Q Q O 

D 1 5 7  0 9 8 Z I 0, 9 7 - o o o z o o o 

D 1 5 7  0 9 9 Z l 0, 9 9 4 9 8 0 0 2 5 

D 1 5 7 1 0 0 z 1 0. u o 1 0 1 0 1 0 0 

0 1 5 8 or n M A G n J N E N U ~ A E R Off( K 

DI 5 8 0 0 1 0l, ? 2 , ? 5, 2 6, 0, 2 3, 3 1 C L E• R 2 W O R E G! S T• R S 

0 1 5 8 0 0 2 0 3, 2 6 ,I J 6, 2 1',l ,r') 7, 2 4 M A G A ZI N E S T O U P D A T E 
0 1 5 8 0 0 3 Q 3. 2 7 , l n, 2 8, 0, 2ti. 3 1 S HI F T  5  BI  T S 

0 1 5 8  0 0 4  0 3 , 2 8 , U 6, 2 9,l, 2 4, 0 7 R E S T O R E 

0 1 5 8 0 0 5 0 3 , 2 9 , 3 1,: n, 1 , 2 4, 2 a B R I N G M A G A Z I N E N U M B E R T O A R 

DI S S 0 0 6 0 3, 3 1 U, 4' 1, 4 0,l , 2 8, 2 9 A D D I T  T O l T S E L F 

ll. 6. 6 



0 1 5 8 0 0 7 0 3 . 4 0 . u 3. 4 1.l.l 0. 2 9 A D D 1 0 Vl 
D 1 5 8 0 0 8 0 3, 4 1 . u 3.,, 2. 1. 2 a. 1t') R E S T O R F. 

0 1 5 8  0 0 9 0 3. 4 2 . 4'-!. 4 5.' 3, 0 3. 2 9 S U B T R A C T s z x w 1 0 0 
D 1 5 8 0 1 0 0 3. 4 5 . 4 6. 4 7. 0. 2 8. 2 7 I S  I T M A G A Z I N E I 
DI 5 8 DI  I 0 3. 4 8 . 5 2. 5 3. 3. 0 2. 2 9 "'l O. • ~ U B T R A C T 0 0 0 1 0 0 0 
Ol 5 B 0 1 2 0,. 5 3 . 5 4, 5 5, 0, 2 B. 2 7 I S I T M A G A Z I "'l E 2 
DI 5 8 Oil 0 3. 5 6 , 5 2. 5 4, 3. 0 2, 2 9 N O,• S U B T R A C T 0 0 0 1 0 0 0 
D 1 5 8 0 1 4 0 3. lj 4 , S S, 5 7, 0, 2 8. 2 7 I S  I T M A G A ZI N E l 
DI S S 0 1 5 0 3, 5 8 , 5 2, 5 9, 3, 0 2, 2 9 N O , ■  •  S U B T R A c T 0 0 0 1 0 0 0 
D 1 5 8 0 1 6 0: 1, ' S 9 w. 6 0. 6 1. 0. 2 8. 2 7 I S I T M A G A ZI N E 4 
0 1 5 8 Cl ? o, , 6 4 , 5 2, 6 0, 3, 0 2, 2 9 N O,,, S U B T R A C T 0 0 0 1 0 0 0 
0 I 5 8 o m o; . 6 0 ., 1. 7 4. 0., 8. 2 1 I S I T M A G A ZI N, 5 
0 1 5 8  0 1 9 0 3, 7 5 , 5 2 ■  8 2, 3 ■  0 2, 2 9 N O,•• S U B T R A C T 0 0 0 1 0 0 0 
D 1 5 8 0 2 0 0 3 - ~ 2 , 8 3, 8 4, 0, 2 8, 2 7 1 5 I T M A G A ZI N E 6 
0 1 5 8 0 2 1 0 3 ■  8 5 , 0 0, 6 7, 0, 0 0, 0 0 ~ o ••• D U M M Y 
D 1 ~ B 0 2 2 0 1, 4 " 1 . 2 1. 4 q, 0, 0 1, 0 4 Y F S,, ■  I T 1 5 1 
D 1 5 8 0 2 3 0 3, 4 9 , 5 0, 6 8, 0, 0 3, 2 8 0 0 0 0 1 0 0 T O A R 
D 1 5 9 0 2 4 0 3 , 6 8 U, 6 9, 7 9, 0, 2 9,l q C L E A R L I NI: 1 9 
0 1 5 8 C 2 5 0 1, 7 9 . oi;,() 1,, o, 1 0, 3 1 P U N C H T R AI L E R 
Ol 5 8 0 2 6 O S 0 0 6 . 0 8.I 0. 1. 2 a. 2 a O F C R. A R 
Ol 5 8 0 7 7 0 1. 1 0 , 1 4, 7 8, 0. 2 8. 2 7 FI NI S H E D 
0 1, a 0 2 B O'l, 7 8 , e n, 8 1 , o, n o, 3 1 Y E S .. I S E T R E A D Y 
0 1 5 8 0 2 9 Q J. 8 1 . 1 0. 1 0. 0. 2 1. 3 1 G O T O T Y P E O U T 
DI S S 0 3 0 0 3. 5 5 . 3 7. 4 1. 0. 0 2. 0 1 Y E S•• I T I S 2 1 4 0 0 0 0 0 T O Ol. 3 7 
D 1 5 8  0 3 1 0 3. 5 7 . 3 7. 4 7, 0, 0 3, 0 1 Y E S•• JI l S l 2 6 0 0 0 0 0 T O. Ol. 3 7 
Dl 5 8 0 3 2 0 3, 6 3 . 3 7. 4 7, 0. 0 0. 0 1 Y E s •• I T 1 5 4 3 3 0 0 0 0 0 T O. Ol. 3 7 
0 1 5 8 C 3 3 o;. 7 4 , 6 8. 6 9, 0, 0 2. 2 8 Y E S I T I S 5 4 1 0 0 0 0 0 T O A R 
0 { 1) 8 0' 3 4 0 3  • 6 9 , 3 7, 4 7. 0, 2 8. 0 1 A R T O Ol. 3 7 
Dl r:i a 0 3 5 0 3, 8 4 . 8 6. 8 7. 0. r, 3. 2 8 5 8 0 0 0 0 0 T O A R 
D 1 5 8 0' 6 o ~, A' ? . 1 7. 4 7, 0, 2 8. 0 1 5 8 0 0 0 0 0 T O  0 1.  3 7 
0 1 5 8 0' 7 0] , 6 7 . 2 1. 2 4. Q.( } 2. 0 4. 9 6 H r 1 n r; w 
D 1 S B 0 3 8 0 3 • 2 4 - 6 2, 6 5. Q, 0 3. 0 4 3 Y 3 Y 2ll T O 0 4. 6 2 
DI 5 8 0 ~ 9 0 3 - 6 5 . 2 1. 2 1. 4, 2 1. 3 1 R E T U R N T O LI N E 0 4 
DI 5 8 0 4 0 0 3. 2 5 . 0 8, 3 3. 0. 2 6, 3 1 S H I  F T 4 8 1 T S 
0 1 5 8 0 4 1 0 3. 3 3 . u 7. 3 4. 0, 2 5. 0 7 1 0  T O 0 7. U 7 
D 1 5 8 0 4 2 0 3, 3 4 , 3 6. 3 6, 0. 2 5, 2 7 l D Z E R O 
D 1 5 8  0 4 3 0 3  •  3 6 . 4 5, 4 b, O. Ol, 0 2 Y E S •• • S E T I N U J C A T O R 
0 1 5 8 0 4 4 0 3 . 4 6 w, 4 7. 4 8, 0. o 3. 2 a 2 1 8 4 9 0 T O A R 

Dl 5 9 o o n R E A O P A P E R T A P E R O U TI N E S 

D! S 9 C Oi 0 3 . 0 1 . 0 1. 1 e. o. o,. 2 a 0 0 0 0 0 5 0  T O A R 
0 1 5 9 0 0 2 0 1. 1 8 . 2 n. ~ o. n. n ~. 2'll lll 3 1 3 1 T O 2 3. n o 

D! S 9 r'. 1' 1 1 0 3  • 3 0 . 3 2. 1 5. 0, 1 5. 3 1 R F A O P A P E' ? T A P E 
0 1\ 9 0 0 4 O J. 3 5 , 1 6, 7 1, 1, 2' 3, 2 6 2 3. 0 0 T O  P N 
Dl 5 9 0 0 5 0 3 • 7 1 . 2 0. 1 2. 3- 0 3. 3 0 S U B T R A C T 1' 1 3 1 3 1 
~ 1 5 9 0 0 6 0 1. 1 2 , 7 6, 9 1, 0. 2 6, 2 7 P N E Q U A L T O Z E R O 
D 1 5 9  0 0 7 0 1. 9 2 . 9 2. n. o. 2 a. 3I N O •• R E A D Y 
0 1 5 9 0 0 8 0 3 . 9 3 , u o, u o. 0, 2 1 .: n R E T U R N  T O M A R K. 
0 1; 9 0 0 9 0 3 • 9 1 , 9 4. 9 6, 7, 2 8. 2 8 Y E S••• D E C R A R 
0 1 5 9 0 1 0 0 3 . 9 6 , 9 7. U 2, 0, 2 8. 2 7 FI N 1 S H E D ~  
0 1 'i Q 0 1 1 0 3 ■ U 7  . u 4. ui. o. 2 0,' 3 1 Y E S, •• R U U R N 
Ol 5 9 0 1 2 0 3,I J 3 . o o. 1 s. o. o o. o o D U M M Y 
0 1 5 9 Oil 0 3- 0 5 . 1  l, 1 5, 1. 0 3. 0 1 1 6. 2 2. 0. 0 2. 2 8 T O Ol. 1 1 
0 1 1 9 0 1 4 0 3. 1 5 , 1 6. 1 " 7. Q. 0 3, 2 8 0 0 5 9 0 0 0 T O A R 
0 1 5 9 o I 5 0 1, 1 7 .: n. 1 9. 0. 2.s. 0 4 o o s ? o n n T O 0 4, 3 7 
D l 5 9 C'.' ! 6 0 1, 3 9 . 1 2., 2. 1. 2 1. 3 1 R F T U R N T O M A R K 
0 1 5 9 0 1 1 0 2, 0 5 . ~t,. 0 7. Q. 0 2, 2 6 0 0 0 0 0 5 0 T O A R 
0 1 5 9 0 1 8 2 0 2 • 0 6 0 0 0 0 0 5 0 
0 1 5 9 0 1 9  0 2.  0 7 , 1 2, 1 4. 0, 0l. 2 3 1 3 1 3 1 3 1  T O  A R 
D 1 5 9 0 2 0 7. 0 2. J 2 1 3 1 3 1 3 1 
0 1 5 9 O Z! 0 2.  l 4 . 1 6. 1 7. 0, 1 5, 3 1 R E A D P A P E R T A P E 
D 1 5 9 0 2 2 0 2. 1 1 , 2( 1. 2 4, 1. 2 3, 2 6 2 3. 0 0 T O P N 
0 1 1 9 0 2 3 0 2 o l 9 . 2 n. 2 1, o. 2 6. 2 1 P N E Q U A L T O l E R O 
0 1'\ 9 0 2 4 0 2. 2 4 .l 2. 1 8.,. o 2. 3 o 1 3 1 3 1 1[ T O P N 
D 1 " > q 0 2 s 0 ?. 2 7 , ~ t " . 1 ' 3 , 7 ■ 7 . 8 . 2 A  Dl ='( Rf: Mf N T • R 
0 1 1 9 0 2 6 O ? • l 8 . 2 R. 2 A.('l. 2 8.: n Rl ='. 0, D Y 

0 1 " > 9 0 2 7 0 2. 2 Q . 9 8. 9 8, 1, 2 1, 3 1 G O T O Ol. 9 8 
0 1 1 9 0 2 8 0 2 . 1 1 , 1 4, 8 0. 0. 7. 9. 2 7 A R E Ol J A L T O zr n o 
0 1 5 9 0 2 9 0 2, 8 ! . 0 0. 1 1. 0. 0 1. 0 1 R E T U R N 
Dl  5 9 0 3 0 0 2. a o . a 2.s 1. 1. 2 0, 3 1 R E T U R N T D M A. ~ K 

[)] 6 0 0 0 0 W R! T E  A L G O S V 8, 0 U T 1 N E S O S i- J, A G M E T I C T A P E. 

D! S O 0 0 1 0 1. 9 8 .l o, U 6,l. r, 2, 2 8 Y E S ••  • C H, C < $ U M T O A R 
Dl 6 0 0 0 2 0 1,t 1 6 u.• J 7. Q 8.l, 1 9. 2 9 LI N E 1 9  T O A R 
Oli'l- 0 0{' 3 f)l. nfl • l- "l. 1 3 •  l , 2 S, : 1 2 R ~ S T O R ~ 
Dlftl'l ri n 4 0 1. 1 3 , 1 6, "i!'l,l, n Z. 2 ~ N U M R- E q O F 9 L 0((, $ T O A R 
D 1 1, n Cf', 1 ", 0 1. " > n . 6 ~.f > ~. 1, n ?.. 2 Q I N C R F..., F N T 
D l 6 n M 6 0 1 . 6 ~ . 1 6. 4 2, 1. 2 8. 0 2 R ~ S T O A ~ 
Dl h ~ 0 0 7 0 l, 4 2 w. 0 0. 6 9. 2 . ol . 3! ' " RI T E: O N M A G T A P € 

Dl h O 0 0 8 0). 6 9 . 6 9, 6 9. 0. 2 8, 3 1 R E A D Y 
D 1' 0 0 0 0 a 1. 1 0 . 1 1 +. 1 ~. 0. 0 0. 0 0 O U M M Y 
O H, o 0 1 0 0 1  •  7 9 W, 9 4. 0 S, 2. 2 1, 3 1 t- 1 A R ~ 9 4 G O  T O LI N E 0 2 
0 1 6 0 Ol  l Ol. 9 4 , 9 0. as. 0, 0 0. 3 1 S E T R E A D Y 
Dl S O 0 1 2 0 1. 8 8 , 9 6. U 0, 0. nl , 2 8 Z O O C 1 2 3 T O A R 

ll. 6, 7 



D 1 6 0 0 1 3 0 1. u o u. u 1. 2 1. 1. 2s. 1 9 A R T O  LI N E  1 9 
DI M 0 1 4 0 1,  2 7 . 7 1 " 1 1 9 8. 0. 0 2. 0 1 7 4, 7 6, 0 1 0 0 1 0 0 

DI M 0 1 5 0 1  , 8 5 , 5 7, 9 3, 0, 0 6, 2 8 I D  N U M B E R  T O  A R 

D 1 6 0 ~ 1 6 0 1, 9 3 . n' 3, 2 4, 0, 0 1, 2 9 I N C R E,. E N T 

D 1 6 0 0 1 7 0 1, 2 4 , 5 7, 8' 3, 0, 2 8, 0 6 R E S T O R F. 
DI S C 0 1 8 Ol, 8 3 , 8 4. 8 9, 0, 2 9, 2 8 C L E A R A R 

0 1, 0 0 1 0 0 1. ~ 9 . u o. u 4, 0, 2 9, 0 6 C L E A R  0 6. U O 

0 1, 0 o z n Ol, U 4 U, U S, 9 9,.,, 0 6, 2 9 Ll• E 1 9  T O  A R 

0 1, 0 0 2 1 0 1, 9 9 W, U!'l, U 2,l, 2 8, 0 6 A R T O I 9, U O 

0 1, 0 0 2 2  0 1  , U 2 U, U 3, U 5, 0, 0 6, 1 9 LI N E 0 6 T O  Ll  N E  1 9 
Dl S O 0 2 3 Ol , U 5 W, 0 0• 1 0, 2 , Ol, 3 1 W RI T E  1 9  O N M A G, T A P E 

0 1, 0 0 2 4 0 1,  1 0 ,t n, 1 0, 0, 2 8, 3 1 R E A D Y 

0 1, 0 0 2 5 Ol,  1 1 , 1 4. 1 4,' 3, 2 1, 3 1 T, C, T O  LI N E 0 3 

DI S O 0 2 6 0 1, Ul W, U 2, 9 4, 0, 2 8, 2 7 A R E Q U A L  T O l E R O 
0 1, 0 0 2 7  0 1,  7 6 W, U 6, 2' 3, 4, 2 1, 3 1 M A R K T R A N S, T O r. c. S, R 

0 1, 1 0 0 0 R E WI N D P A P E R T A P E  R O U TI N E 

0 1, 1 0 0 1  0 1. 0 0 , 1 1 4, 0 5,(), 0l, 2 4 x x x x x x x T O M O 

0 1 6 1 0 0 2 0 1, 0 5 . 1 2. 1 4, 0, 0 1, 2 8 2 0 0 0 0 0 0 T O  A R 
0 1 6 1 0 0 3 Ol,  1 4 , 1 6,l 7, 0, C' H, 2'\ x x x x x x x T O  2 3, 0 0 

0 1, I 0 0 4 0 1, 1 7 , 1 9, 2 0, 0, 2 2, 3 1 A R: N E G, 
0 1, 1 0 0 5  0 1  , 2 1 , 2 3, 2 6, 0, 1', 3 1 Y E S ... R E A D P A P E R T A P E 

DI 6I 0 0 6 0 1, 2 6 W, 2 6, 3 1, 0, 0 0, 3I S E T  R E A D Y 
0 1, 1 0 0 7 0 1,  3 1 , 3 3, 3 6, 0, 0 6, 3 1 R E V E R S E  P A P E R  T A P E 
0 1, 1 0 0 8 0 1,  3 6 , 4 n, 4 1, 0, 2' 3. 2 a 2 3. o o E Q U A L T O  Z E R O 
0 1, 1 0 0 9 0 1. 4 1 . 1 6 . 4 6 . 3 ■ ! " 1 1 . 2 9  x x x x x x x T O A R 

0 1 1,l 0 1 0 0 1. 4 6 . 4 1.s 1. o. 2 e. 2 1 A R E O U A L T O  Z E R O 
Dlf, 1 0 1 1  0 1, 5 2 .') 4. 0 1:i. 0. 2 Q. 2 4 N O.•• C U A R M Q 

0 1, 1 0 1 2 0 1 , 5 1 • ., z, 0 0. 1. 2 4. 2 7 Y E S.•• M a F. O U A L T O Z E R O 

0 1, 1 0 1 3  0 1. 0 1 . 0,. 0 6. 0. 0 0. 1 1 N O.•• S E T R E A D Y 

D 1, I  0 1 4 0 1. 0 6 . 4 5. e o. 0. 0 2. 2 1 I N C, S E T 

DI S! 0 1 5  0 1, 8 0 . 1 0. 1 0. 0. 2 1. 3 1 N O.• T R A N S F E R T O LI N E" 0 0 
D 1 6 1 0 1 6 Ol, 8 1 . a 2. u J. o, 1 1, 3 1 RI N G B E L L 
DI S! 0 1 7 Ol , U 3 , U 3, U 3, Q. 1 6, 3 1 H A L T 

0 1, 1 0 1 8  0 1. 2 0 . 2 2, 2 3, 0, 0 0, 3 1 N O .. S E T R E A D Y 

D l s 1  0 1 9  0 1, 2 3 , 2 5, 2 5, 0,( 1 6, 3 1 R E V E" R S E P A P E R  T A P E 

D 1 6 1 0 2 0  0 1, 2 5 , 3 2. 1 7. ~, 0l, 2 9 0 1 0 0 0 0 0 T O A R 

0 1 0 3  0 2 1 0 1. 0 9 . o n, o o. J, 2 1, 3 1 T R A N S F E R T O  LI N E  0 3 

0 1, 2 0 0 0 "' A G N E T J C T A P E C H E C KI N G R O U TI N E 

D 1, 2 0 0 1  0 1,  2 2 , 5 8, 7 2, 0, 0 2, 2 9 0 0 0 0 0 0 4  T O  A R 
0 1 6 2 0 0 2 0 1. 1 2 , 1 6, 1 5, 0, 2 8, 0 2 R E S T O R E 

0 1 6 2 0 0 3 0 1, 1 5  , 2 6, 2 9, 0. 0 2, 2 8  0 0 0 0 0 0 7 T O A R 

0 1 6 2 0 0 4 0 1, 2 9 . 4 9, 5 4, 2. 0 4, 3 1 R E V E R S E S E A ~ C H 

0 1 6 2 0 0 5 0 1, 5 4 , 5 4, 5 4, 0, 2 8, 3 1 R E A D Y 
0 1, 2 0 0 6 0 1, 5 5 , 5 6. 5 8, 7. 2 8, 2 8 O E C R  A R 

0 1 6 2 0 0 7 0 1 , 5 8 , 6 0, 2 8, 0, 2 8, 2 7 A R E Q U A L S  0 

0 1' 2 0 0 8 0 1, 2 8 , 4 8, 8 6, 0, 0 2, 2 7 N O, I N D, S E T 
0 1, 2 0 0 9 0 1, 8 7 , 4 5, 0 2, 0, 0 6, 0 2 S E T I N DI C A T O R 

0 1 6 2 0 1 0  0 1, 8 6 , 2 6. 7 3. 0. 0 2. 2 8 N O, 0 0 0 0 0 0 7  T O A R 

0 1 6 2 0 1 1 z ot, 7 3 5 X 4 U 8 V Z B A L A• C E R 

0 1• 2 0 1 2 0 1 • 7 4 . 1 6. 1 1 1:,. 0. 0 0. 3 1 S E T Rf A Q y 

0 1, 2 0 1) Ol. 7 5 . 7 6, 8 4. 7. 2 8. 2 8 D E C R, A R 

0 1 6 2 0 1 4 0 1. 8 4 , 8 6, 9 0, 0, 2 8, 2 7 A R E Q U A L S 0 
0 1, 2 0 1 5 0 1, 9 1  , 0 0, 7 5, 0, 0 0, 0 0 N O ••• O E C R, A R 

0 1 6 2 0 1 6 0 1• 9 0 • l 6,l 8, 0, 0 2, 2 6 Y E S .. , B L O C K S  T O P N 

0 1, 2 0 1 7 0 1.  1 8 . 1 0. 1 9. 1, 0 2, 2 8 C H E C K  S U M  T O A R 
0 1, 2 0 1 8 0 1,  1 9 , 2 1, 3 4, 2, 1 3, 3 1 R E A D M A G, T A P E 

0 1• 2 0 1 9 0 1,' 3 4 , 3 4, 3 4, 0, 2 B, 3 1 R E A D Y 

0 1 6 2 0 2 0 0 1, B , 6 6, 3 8.,, 0 2., 0 D E C R, P N 
0 1, 2 0 2 1  0 1. 3 8 , 4 2. 4 4, 0, 2 6. 2 7 P N E Q U A L S  0 
D 1 S 2 0 2 2 0 1, 4 5 U, 4 6, 1 9, 3. 1 9. 2 9 N O,. S U B T R A C T  1 9 F R O" A R 
0 1 6 2 0 2 3 0 1. 4 4 U. 4 5, 4 0, 3,l', 1, 2 9 Y E S .. S U B T R A C T  LI N E  1 9 

0 1 6 2 0 2 4 0 1, 4 0 , 4 6. 4 7, 0, 2 8. ~ 7- A R E O U A L S 0 
0 1 6 2 0 2 5 0 1 . 4 7 , 4 8, 2 2, 0, 0 6, 0 2 Y E S •• , S E T J N O, 

0 1, 2 0 2 6 0 1, 4 B , 5 4, 5 7, 0, 0 2, 2 8 0 0 0 0 0 0 2 T O A R 

D 1 6 2 0 2 7 Ol, 5 7 . 5 8, 6 1, 7, 2 8, 2 8 D E C R, A R 

0 1, 2 0 2 8 Ol . 6 1 , 6 2. 6 5. 0, 2 8. 2 1 A R  E Q U A L S  0 
D I S 2 0 2 9 0 1, 6 6 , 5 4. 1 5, Q, 1 8, 0 2 R E S T O R E 
0 1, 2 0 3 0 0 1, 6 5 U. b 6, 6 7, o. o z. 1 q LI N E 0 2 T O 1 9 

0 1, 2 0 3 1 0 1, 6 7 , 1 2, 7 7, 4, 0 9. 3 1 A L P H A  T Y P E R E C O R DI N G E R R O R 

0 1' 2 0 3 2 0 1, 7 7 . 1 1. 1 1. 0. 2 8. 3 1 R E A O Y 

0 1 6 2 o n 0 1, 7 8 , 4 S, 5 2. o. 0 6, 0 2 S E T I N DI C A T O R 

DI 6 3 0 0 0 BI N A R Y T O D E CI M A L C O N V E R SI O N 

0 1• 3 0 0 1 0 1. 0 2 .t' JI S. 3 0, 0. 2 3, 3 1 C L E A R  2  W O R E G! S T E R S 
0 1 6 3 0 0 2 ot. 3 0 e 3 5, 5t\, 0, 0 2, 2 5 3 Y 8 0 0 0 0 T O I D 

DI S 3 0 0 3 0 1 , 5 6 . 5 7, 5 9, 0, 0 2, 2 6 I D  N U M B E R T O  P N 

DI 6 3 0 0 4  0 1 , 5 9 . 5 7, 6 0, 1, 2 5, 3 1 DI V ! D E 
0 1, 3 0 0 5  0 1, 6 0 , 6 2, 6 3. 6, 2 4, 2 5 M O T O  I D 

ll, 6, 8 



D 1 6 3 0 0 6 0 1 · 6 3 . 3 1. 3 3. 0. 0 2. 2 ~ V 6 8 0 0 0 0 T O M O 

D 1 6 3 0 0 1 0 1. 3: 3 , 0 6. 3 9. o. 2 4. 3! M U L T J P L Y F O R T H R E E W O R D T l M E S 

D 1 6 3 0 0 8 0 1 • 3 9 w. 4 1. 4 3. 3. 2 3. 3 1 E X T R A C T ••• o z l Z Z l l ■ ■ •  

D 1 6 3 0 0 9 ol. 4 3 , 0 6 ■ 4 9 . Q . 2 4 .  "!l , ~ U L! I Pl Y 

D 1 6 3 0 1 0 0 1. 4 9 W. 5 1. 5 3. 3. 2 3,ll E X T R A C T .•• o n z z z z z ..• 
D 1 6 3 0 1 1 0 1 ■ 5 3  . 0 6. 6 2. 0. 2 " 4. 3 1 '- 1 Ul Tl P L Y 

D 1 6 3 0 1 2  0 1 . 6 2 . 6 3 ■ 6 4 ■ 0 - 2 6 . 2 6  C O N V E R T F D N U M B F R T O A R 
D 1 6 3 0 1 3 0l ■ 6 4  . 0 3. 0 9. 0. 0 1. 0 1 A R F O R M A T T O LI N E 0 3 

0 1 6 4 0 0 0 G E N E R A L H O U S E( E E P E R C O N S T A N T S 

0 1 6 4 0 0 1 l Q 2 I 1 5 0 0 0 0 0 9 1 
Dlf, 4- 0 0 2 l 0 2, 2 3 O O O C 0 7 Z 

D 1 6 4 0 0 3 l 0 2, 5 6 or m n n 1 0 
Dl(, 4 0 0 4 Z 0 2, 5 7 0 0 0 0 0 0 0 S T O R A G E F O R I O N Ut,;.tjt R 

D 1 6 4 0 0 5 2 0 2, 6 2 0 0 0 0 0 6 6 
Dl h 4 0 0 6 l 0 2, 6 7 z z z o n n o 
D 1 6 4 0 0 7 2 0 2. 1 9 0 0 1 8 Z V V 

D 1 6 4 0 0 8  z o 2. 2 0 0 0 0 0 0 ~ 0 

DI M 0 0 9 2 0 2. 2 5 ol n o n n o 

D 1 6 4 0 1 0 z o 2. e & o n n o n n n 

D 1 6 4 Oil 2 0 2. 4 5 o n n o n o o 
D 1 6 4 0 1 2 2 0 2, 1 6 0 0 0 0 0 0 0 

D 1 1 > 4 0 1 3 2 0 2. 1 0 Or " J n O O(lf' J 

0 1 6 4 0 1 4 2 0 2. 5 8 0 0 0 0 0 0 3 
0 1 6 4 0 1 5 Z 0 2, 2 6 0 0 0 0 0 0 7 
0 1 6 4 0 1 6 2 0 2 1 4 8 0 0 0 0 o n o 
D 1 6 4 0 1 7  Z 0 2, 6 6 O O O C'l Ofil 

0 1 6 4 0 1 8 Z 0 2, ! > 4 o n n n n n 2 
0 1 1, 4 0 1 9 Z 0 2 ■ 3 5  ' 3 Y 8 0/'\f 1fi, 

0 1 6 4 0 2 0 l 0 2. 3 1 V 6 R('ll "'lt'\ "l 

0 1 6 4 0 2 1 7. 0 2. U 3 6 U 9 Q nl " "I ") 

0 1 6 4 0 2 2 2 0 2. u• W U X 4 X 4 X 

0 1 1 > 4 o n z o z. u s 6 6 9 b 5 Z Z 

0 1 6 4 0 2 4 Z 0 2. U 6 7 4 X 5 3' 9 

Ol n 4 0 2 5 z o 2. u 1 Y U U 9 9 5 9 

0 1 6 4 0 2 6 2 0 2. 4 1 0llllll 
0 1 6 4 0 2 7 Z 0 2. 5 1 O O Z Z Z 7. 2 
Dl h 4 0 2 8 Z 0 2. , 2 O nl' O Orl 5 

0 1 6 4 0 2 0 z n ?. 4 ? nri O O('I O O 

D 1 6 4 0 3() 0 2. g a . Ol "\ e 6 4. l . 2 6• 1 9 P N T O  1 9 x x 
Dl h 4 o, 1 () 2 • 9 q . U 5,, S 4,l'). 1 0, 2 8 1 0 u s T O A R 

Dl h 4 0 ~ 2 ! 0 2, 9 0 7 Z 1. 6! 5 1,'ll 

0 1 6 4 0 3 3 O ?. • 9 1 , 0('). 0 7, 0. 1 0. ?. 6 1 0 x x T O  P N 

Ol n 4 0 3 4 0 2. 9 6 . o o. B 3,l. 2 6, 1 9 P N T O 1 9 x x 
0 1 6 4 0 3 5 z o z. 9 1 7 Z 2 Y 0 2 W 

0 1 6 4 0 3 6 0 2. 9 8 . o o, s 3.l. 2 6.I 9 p ~ T O I 9. X X 

0 1 6 4 0 3 7 0 2 . 9 9 . 0 0. 6 0. 0. 0 7. 2 6 0 7 x x T O P N 

0 1 6 4 0 3 8 2 0 2. o s o o z z z z z 
0 1 6 4 0 3 9 Z 0 2,  7 1 Y 4 0 0 o n o 
0 1 6 4 0 4 0 Z 0 2, 7 B Y 6 0 o n n o 
0 1 6 4 0 4 1 Z O Z, 5 5 0 0 0 0 0 4 1 
D 1 6 4 n 4 ?. O ?. 3 9 .l Q, 1 6, 0, 1 0, 3 1 P U N C H T A P F 
D 1 6 4 0 4 3 O ?. t q , 6,, 2 1, 0. 0l, 0 2 S F T I N O, 
0 1 6 4 O s 4 Z O: ?, 0 0 0 4 0 0 0 0 0 
D 1 6 4 0 4 5 z o 2. 0 1 0 0 0 0 0 0 0 
D 1 6 4 0 4 6 z o 2. 0 2 0 0 0 0 0 0 0 

DI 6 4 0 4 7 l 0 2 . 0 3 8 0 0 0 0 0 0 
D 1 6 4 0 4 8 Z 0 2 , 6 3 0 0 0 0 0 0 0 
D 1 6 4 0 4 9 0 2 • 7 5 . 0 0. 0 1. 0. 1 1. 2 6 1 1. 0 0 T O P N 

D l 6 4 0 5 0 0 2. 2 1 w. 2 2. 2 a. o. 0 2. 2 a o o o o o z z T O A ~ 

D 1 6 4 0 5 1 z o z. 2 2 o o o o o z z 
0 1 6 4 0 5 2 2 0 2. 3 7 1 4 0 0 0 0 0 

0 1 6 4 0 5 3 2 0 2, 6 8 4l n o n n n 
D lf.. 4 O S 4 Z O ? o U 2 0 2 0 2 0 2 0 C H E C K S U "'! 

DI 6 4 0' 5  1 0 2  . uI - Wl V 7 2 3 8 B A L A N C E R 
0 1 1 > 4 0 5 b 2 0 2. 1 0 w u 4 w n n o 
Olf > 4 0 5 7 Z Q 2. 5 2 O O O OI M 
D 1 6 4 0 5 8 l 0 2, U O - o o o o n 9 9 
D 1 6 4 0 5 9 z o 2. a 1 V Z!I O O X 
D 1 6 4 0 6 0 0 0. 0 6 ,':i ?. 4 6. Q. 1 9. 0 6 1 9 5 7 T O 0 6 5 7 

Dl h 4 0 6 1 0 0. 2 1 , 7 Q, 7 Q,l, 2 1, 3 1 G O T O ol, 7 9 

D 1 6 4 0 6 2 z o o.: n 3 3 0 0 0 n o 
Dl h 4 0 6 3 O O. A 6 . 2 2. 2 2. 1. 2 1. 3 1 G O J O 0 3. 2 2 

D 1 6 4 0 6 4 z o o• 9 9 0 0 9 M 9 0 C H E( K St) M 

Dlfi 4 0 6 5 o o . u 6 . B' S. 8 5.l . 2!. 3 1 G O T O  O 1 8 S 

D lf. 4 0 6 6 z o o. u 1 - S 7 Wl 1 1 4 4 B A L A N Cf R 
Dl 6 4 0 6 7 z o ~. n: ? 7 2 0 0 1 1 2 
D 1 6 4 0 6 B l o ~. ~ 3 - R'l/r,r 1r,('l n 

Dl h 4 r'lf) 9 Z 0 3. n 7 o n nr- n ~ o 
Dl 6 £. 0 1 0 z o 1. 1 1 9() l 6 0':i'.-/ 

D 1fi 4 0 7 1 0 3 • 1 4 . 5 9. os. o. n ?-. 0 4 5 3 5 3 b V Z T O 0 4- 8 9 

Dl,., 4 0 1 2 Z 0 3  •  1 6 0 0 5 9 0 0 0 
Dl M 0 7 3 z o,. 2 0 1 3 1 3 I 3 t 
D 1 F. 4 0 7 4 0 3  • ? 1 . 2 3. 2 e. o. 0 3. 2 a 0() 0 0 0 5] T O A R 

D l A 4 0 7 1:; Z 0 1. ? 3 o n o o o 5- 3 
n 1 At + o n 7fl'l. . 1 7 / ", " Jrr.r, o 

1. 1. 6. 9 



----------

Dlf.. 4 0 7 7 0' • ' 3 8 . 2 1. 4 0. 0. 0 3. 0 4 0 3. 2 1 T O 0 4. 2 1 

DI M 0 7 6 z o ~. 4 3 - 3l 3 2 2 V Z 
D l 6 4 0 7 9 Z O J. 4 4 5l X\II O O 

D 1 6 4 0 8 0 Z O J. 5 0 0 0 0 0 1 1 1 0 

Dl 6 4 0 8 1 2 0 3. 5 1 8 0 3 0 0 0 0 
Dl 6 4 0 8 2 0 3, 5 2 . 6 2. 6 5, 0- 0 3, 0 4 U 5 2l 3 Bl T O 0 4 ■ 6 2  

0 1 6 4 O B J Ol,  6 1 . 3 7. 4 7, 0, 2 8. 0 1 A R T O 0 1, 3 7 

Dl 6 4 0 8 4 Ol, 6 2 , 6 2 o 6 2, 0 ol 6. 3 1 H A L T 
DI M 0 8 5 0 3 , 6 6 . 6 8. 6 9. 0. 0 2. 2 8 0 2. 6 6 T O  A R 

Dl h 4 0 8 6 Z Ol. 7 3 - 0 0 0 0 1 0 0 B A L A N C E R 

DI S 4 0 8 7 0 1. a o , 2 2. 2 2, 3, 2I,ll G O Tll 0 3. 2 2 

DI M 0 8 8 Z 0 3. 8 6 5 8 0 0 0 ~ 0 

DI M c a• 0 ' 3 ■ A 9  ■ 8 3 . 8 3 . l  . 2 1. 3 1 G O T O Ol. 8 3 

DI M M O O J. q o , 5 2, 5 2, 1, 2 1. 3 1 G O T O  O I. 5 2 

D ll, 4 0 0 1 o ~. g 4 U . 9 i ; . 8 6 . O ■ l 9 . 0 7  LI N ~ 1 9  T O LI N E 0 7 

DI M o n Z O J. 9 Q o 3 n 1 0 3 o C H E C K S U M 

D 1 6 4 0 9 3 0 3. U O . u 3 . 3 6 . 0 ■ 2 8 . l O  A R T O I O  Ul 
DI M 0 9 4 Z 0 3 ■ U l  - U Y 2 1 2 7 W 

DI 6 4 O Q 5 Z Ol. 0 3 0 0 1 0 0 0 0 
DI M 0 9 6 Z Ol . 0 4 X X X)I X X X 

Dlf,, 4 0 9 7  2 0 1. 1 2 2 0 0 0 0 0 0 

DI M 0 9 8 Z Ol • 1 6 x x x x x x x 
Dl h 4 0 9 9 Z OI,  3 2 0 1 0 0 0 0 0 
D 1 6 4 I M Z OI  • 3 7 O 0 n o o n o C OI J N T E R 

Dl h 4 1 0 1 Z Ol  • 7 1 1 6 0 ~ 0 0 0 
Dlf,. 4 I 0 2 l Ol. 9 7 O W 4'. H n 4 
0 1 1' 1 4 1 0 3 z o 1. gt, Z 0 0 0I 2 3 

D 1 6 4 1 0 4 2 0 I  , U 7 0 1 0 1 0 1 0  C H E C K 5 U M 

0 1 1, 4 1 0 5 Q J. 9 5 u. u o.; 0. 0. 0 2, 2 2 0 2 ■ 9 6  T H R U u o T O LI N E 2 2 
DI M 1 0 6 Z 0 4 ■ 2 1  9 7 1 W O ~ W 

0 1 6 4 1 0 1 Z 0 2 ■ 7 3  O O O Bl V V 

D 1 5 0 O M P A P E R T A P E L E A D E R  M O D E 

D 1 r y n C O! 0 4 • 2 8 . o S . 3 3 . 0 ■ 1 0 ■ 3 1  P U N C H T A P E 
DI 5 0 0 0 2 0 4 • 3 3 ■ 3 4 ■ ' 3 6 , 7 ■ 2 6 ■ 2 S  O E C R E M E N T A R 

Dl ~ D D ol 0 4, 3 6 . 4 r,. 2 7. 0, 2 8. 2 7 A R Z E R O 
D 1 5 0 0 0 4 0 4 • 2 7 . 2 9. 6 2, 0 o O O.l! V E S 1 1 1 S E T R E A D Y 

1 1, 6. 1 0 
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B E N DI X C Cl 4 P U T E R DI VI SI O N O F T H E :!l E N DI X C ~ TI O M 
5 6:Jl Ar b or Vit a e Str e et, L o a A n g el e e 4 5, C &l.it or ni a 

'l E C H NI C A L A P P LI C A TI O N S N B M CI W(l)tl 4 M O, 7 2 

2 7 M ar c h 1 9 6 1 

TI TI E.: Pr o gr a mi n g n ot es f or  t h e AI O O a y at e m 

P U R P o e E: 'l' b e i nf or m ati o n c o nt ai n e d i n t h i ■  a e a c, r a n d UII! a n a v e r a a e v e r al 
q u esti o ns w hi c h b a v e Q e e n as k e d a m w hi c h m a y a.ri e e c o n c er ni n g 
u a e of t h e AI. G O a y at e m. Ot h er p oi nt• of i nt er e at ar e i n cl u d e d, 

Z Q UI P M EI T AJ'J' B C TII): 0-l ~ & D 4 t Jl)ti o n al.J. 1 M T A• 2 

D' F Z C TI W D A'l' E: 2 7 M ar c h 1 9 6 1 



M E M O R A N D U M N O. 7 2 .. ,::,- 2 7 M ar c h 1 9 6 1 

1, ( Q) W h at f or m  is  r e q uir e d  f or d e ~l ari n g pr o c ess es  w hi c h  us e n o i n p uts 
b ut  us e  o n e  or  m or e o ut p uts T 

( A) T his  q u esti o n  c a n  b est b e a ns w er e d b y us e of  a n e x a m pl e. C o nsi d er 
a pr o c e d ur e c: all e d AI P H A v hii! h us es n-: > i n p uts a n d o nl y  o n e  o ut p ut 
c all ei B E T A. A d u m m y i n p'.lt m ust b e 1 1s e d i n  t h e  d e cl ar ati o n  of 
A L P H A, 

1 5, P R C X: E d ur e AI P! A (.: u N K a B E T A) 

I n  t his e x a m pl e., J U N K n e e d  n ot  b e  m e nti o n e d a g ai n u ntil  t h e  pr o c ess 
c all  at v hi ~ h ti m e a n ot h er d u m m y m ust  b e  us e d. 

3 3. A L P H A ( G A R B • z) 

T h e  a b o v e  e x a m pl e  is al ~ o tr u e t or a F U N C Ti o n. 

2, ( Q) W h at us e  s h o ul d  b e m a d P. of  t h e N E G o p er at or  i n  t h e AI D O 1: y at e m Y 

( A) Mi n us si g ns(-) m ust  n ot b e us e d i m m e di at el y f oll o wi n g  o p e ni n g 
p ar e nt h esis. T h e o p er at or N E G m ust  b e us e d i nst e a d .. 

E x a m pl e: T h e f oll o wi n. g e x pr essi o n  is  t o b e c o m p ut e d, 
2 

x '"' ~  T hi,;s a h o ul d · o e wr:!. tt, e n as 

a n d n ot  as 

1 7, X "' Y ' 2 / ( • 3 * z) 

3. ( Q) W h at r ul e e g o v erri. t h e u. Ml of pr o c es e c all;; as  p art  of a n al g e br ai c 
st at e m er,t.'l 

( A) ~  i ns ur e  r eli a bl e o p e T ati o n of  t h e AI. G O 3 yst e m, pr o c ess c all a 
i n cl u d e d  as  p art  of ar.. & 1s e br & 1 c st at e m e nt s h o ul d b e  t h e first 
el e m e nts  o n tt. e ri g ht of t h e e q u al si g n. M or e  t h a n  o n e pr o c e a a 
c all  s h o ul d n ot b e i n cl u d e d  i n a n al g e br ai c st at e m e nt. If t v o 
pr o c ess c al.is w er e d es.ir e d i n a si n gl e al g e br ai c st at e m e nt, m a k e 
o n e  of t h e pr o c ess c alls a s a pr e c e di n g st at e m e nt a n d us e t h e 
o ut p ut v a.ri a blt!' 1 n t h e f oll o wi n g al g e br ai c.st at e m e nt, 

E]! & m pl e: Pr o c ess I O T A a n d G. At,l, 1 A ar e t o b e us e d  i n a- st at e m e nt. 

I O T A a n d O A M M A b. a v e b e e n  d e cl ar e d. 
5, 
6. 
7. 
8. 
9. 

1 0. 
1 1. 
1 2, 
1 3, 
l ~. 

I O T A ( A, B = C) 
B E GI N 
C "' A * K E Y B D - B ~ 2 
R E T U R N 
E N D 
G A M M A ( E, F "' G J 
B E GI N 
G = E/ 2 + F 1 2 
R E'r u R N 
E N D 
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T h e st at e m e nt b el o w i n cl u d 1r. g b et h pr o c e d ur es m ust  n ot  b e  writt e n 
x .. I O T A ( w; v " " u) - M ~ 2 ... _ G A ?-! M A ( P, Q = T) 
I n st e a d, t h e  c all c o ul 1 b e 
2 5, G A M M A ( P, Q = T) 
2 6. x = I O T A ( w, v = u} - ~ 1' 2 + T 

4. ( Q) C o ul d  t h e titl e of a pr o gr a m b e t y p e d o ut  d uri n g  o bJ e ct pr o gr a m 
r u n'l 

( A) N o, T h e a ct u al titl e  of & pr o gr e. m i e n ot r et ai n e d f oll o wi n g t h e 
o p er ati o n of P a c k a g e N e, 2 cf  t h e c o m pili n g pr o c ess  d u e  t o  t h e 
c o m pl e xit y  of  t h e AI D O a yst e m. T h er ef or e t h e  titl e c o ul d n ot  b e 
t y p e d o ut  d uri n g  t h e  o bJ e ct pr o gr a m r u n. 

5, { Q) W h at m e a ns of d et e cti o n &.'l ei. ~ orr e cti o ~ s h o ul d b e e m pl o y e d c o n-
c er ni n g s cr at c h t a p e r e a di n g err ors i n P a ~ k a g e N o, 2 a n d P a c k a g e 
N o, 3 ? 

( A)  a)  P a p e r T a p e . S cr at c h P a d 

W h e n P a c k a g e N o, 2 d et e cts a n err or  w h e n r e a di n g t h e o ut p ut 
of P a c k a g e N o, l, it h alts &ri d !!!!I!,! ~• T h e o p er at or 
s b. o ul. d r e wi n d t h ~ s cr at. ~ h t a p e o n e bl o c k a n d c y cl e t h e  c o m-
p ut e s wit dl, If t h e p:.- o gr Bl!'.. c o nti ?l u all y d et e cts a n err or, 
t h e  o p er at or s b o ul. d st et o v er wit b. P a c k a g e N o, 1. 

W h e n P a c k a g e N o, 3 d et e zts a n err or w h e n r e a di n g t h e o ut p ut 
of P a c k a g e N o, 2, it t y p es R a n d h alts, R er e a d t h e t a p e 
as a b o v e,  or  r e p e at. t h. e o p er ati o n of P a c k a g e N o, 2, 

b)  M a g n eti c  t a p e s cr at-: b p a d 

!f P a c k a g e N o, 2 d et e cts a r P. a d err or, it h alts. a n d ~! 
b ell, O y cl e t h e c o m p ~t e s wit c h a n d tt. e bl o c k  will b e r e r e a d. 
_ ttt h e r e a d err or :: o ntir. u e e, ,.t art o v er, 

If P a c k a g e N o, 3 d et e cts a r es d err or,  it t y p es! & Zl 4 b &lt a. 
W h e n t his h a p p e n e,t h e o p er at or  m ust u ~ e t h e u p d at er  t o 
r ~ writ e t h e E di ~ or o ut p ut bl o c. k B (s e e u p d at er i nstr u cti o ns) 
a n d g o  t hr u P a(' k & g e N o. 2 a g ai n, 

6, ( Q) I s t h er e a m et h o d oi l a b eli n g k e:, b o ar d i n p uts t o a n o bj e ct pr o gr a m T 

( A }  S P A C E li mit ati o n e p ~ o ~ ~ bit t h e a ut ol!I B.ti c l a b eli n g ( vi a t y p e writ er) 
of k e y b o ar d 1 n p 1.its •., o t h e o bJ er:t, p 2· o g 1: " a m. H o w e v er, t h e p r o g r a m m e r 
c a n e asil y writ P. h b o w n l. a. b el. e \,si n g AI. G O l a n g u a g e, 

E x a m pl e: 

1 5,  P RI N T ( F O R M. A) " " @ 
1 6.  X = K E Y B D @ 
1 7,  P RI N T  ( F O R M A) 2 @ 
1 8. Y"' K E Y B D @) 
E T C, 
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K E Y B D e ntri es m ust b e m a d e i n t h e  a a m e or d er  i n  w hi c h  t h e y  ar e 
writt e n. 

7. ( Q) W h e n t y pi n g  i n  a n  al g e br ai c  st at e m e nt. w hf o h is  t o o l o n g f or  o n e 
li n e  o n  t h e t y p e writ e ~, c a n  t h e  o p er at or  hit  t h e c a r ri a g e r et ur n 
k e y  or  m ust  h e  r et ur n  t h e  c arri a g e m a n u all y'l 

( A) If, d uri n g  t y p e-i n  i n P a c k a g e N o, 1 1 t h e  t y p e-i n g o e a b e y o n d o n e 
li n e a n d t h e  o p er at or  r et ur ns t h e c arri a g e a n d c o m pl et e a hi e 
t y p e-i n  o n  t h e  s e c o n d  li n e,  t h e c arri a g e r et ur n  c o d e g e n e r at e d 
will  b e i g n or e d u nl ess it  is  i n  t h e mt d dl e of  a n  i d e ntifi er  or 
o p er at or. T h e h y p h e n(-) k e y c a n n ot o e us e d  t o s e p a r at e w o r ds 
at  t h e e n d of  li n es, 

8. ( Q) W h at r ul es  g o v er n  t h e  t y pi n g  o ut  of  a c arri a g e r et ur n or  t a b 
f oll o wi n g t h e  t y pi n g  of  a  fl o ati n g  p oi nt  n u m b er d uri n g t h e 
o bj e ct  pr o gr a m r u nt 

( A) If a n u m b er is. t o o  l ar g e  f or  t h e f or m at u n d er w hi c h it l a t o  b e 
t y p e d,  t h e  n u m b er will  b e t y p e d i n fl o ati n g p oi nt. If t h e r e 1 a 
a c arri a g e r et ur n  i n  t h e  f or m at  w hi c h w as t o o s m al. 11 t h e t y p e-
o ut  will  b e  f oll o w e d b y a c arri a g e r et ur n,  If n ot, t h e fl o ati n g 
p oi nt  t y p e- o ut  will  b e  f oll o w e d b y a t a b.  If ( F L) i a s p e cifi e d 
as t h e f or m at, t h e t y p e- o ut will  b e  f oll o w e d b y a t a b. 

9, ( Q) C o ul d  a  di cti o n ar y  c h e c k b e m a d e at  t h e e n d of P a c k a g e N o, lt 

( A) P a c k a g e N o.  l  s e p ar at es a n d e n c o d es all d e cl ar ati o ns,  c o n v erts 
c o n at a nts, f or ms f or m ats a n d i d e ntifi es  st at e m e nt t y p es. It 
d o es  n ot  i n v esti g at e  i d e ntifi ers  or  o p er a n ds wit hi n t h e st at e-
m e nt a n d t h er ef or e  c a n n ot m a k e a  di cti o n ar y c h e c k. T his c h e c k 
is  o n e  of  t h e f u n cti o ns of P a c k a g e N o. 2, 

1 0, ( Q) B y w h at  m e a ns  ( ot h er  t h e n u p d ati n g) c a n  w e c h a n g e c o nst a nt a i n 
t h e  o bj e ct pr o gr a mt 

( A) I n  or d er  t o c h a n g e a c o nst a nt w h e n t h e  o bj e ct  pr o gr a m is b ei n g 
r u n, t h e o p er at or m ust k n o w t h e l o c ati o n  of t h e c o nst a nt. If 
t h e c c nst ~t is  o n e  of  a n arr a y, t h e  o p er at or c a n d et er mi n e its 
l o c ati o n  i n  t h e f ol:. o wi n g m a n n er. D uri n g t h e s e c o n d p h a e e of 
c o m pili n g ( P a c k a g e N o. 2), t h e  c o m p ut er t y p e d t h e e ntr y n u m b er 
of t h e  c o nst a nt  arr a y  d e cl ar ati o n a n d als o  t h e  l o c ati o n assi g n e d 
t o  t h e  first  c o nst a nt  of  t h e a r r a y. All c o nst a nts i n t h e I Ll "l' a y 
f oll o w  s e q u e nti all y. 

If  t h e c or.st a. nt t o  b e c h a n g e d is  n ot a n el e m e nt  of a c o nst a nt 
arr a y, i. e. t h e c o nst a nt is a n u m eri c v al u e  c o nt ai n e d i n a n 
al g e br ai c  st at e m e nt,  its l o c ati o n is d et er mi n e d b y us e  of  t h e 
f oll o wi n g c o!III D E! nts: 

a) assi g n m e nt st. arts i n l o c ati o n 7, 
b)  4- w or ds ar e assi g n e d f or  e v er y ~ or m a ~. 
c)  1- w or d  is assi g n e d f or e v er y c o nst a nt. 
d)  c o u nt  t h e  n u m b er  of  assi g n m e nts  pr e c e di n g  t h e c o nst a nt t o 

b e  c h a n g e d. 
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e) t his n u m b er pl us 7 is t h e  l o c ati o n  of  t h e c o nst a nt t o  b e 
c h a n g e d. 

C a uti o n:  C o nst a nts  of o, :i., or 2 a n d. :: o nst a nts m o dif yi n g s u b-
s cri pts c a n n ot b e  c h a n g e d e n d s h o ul d  n ot  b e  c o u nt e d  i n d et e r mi ni n g 
c o nst a nt l o = ati o n a 8. 6 t h e y ar e n et assi g n e d l o c ati o ns, 

E x a m pl e: T h e f oll o wi n g  pr o gr a m  is  writt e n. 

l. T! TI E E X A M PI E @ 
2. F O R M A T F O R Ml ( S 3 D P 2 D T), F O R M 2 { S 2 D P) @ 
3. C O N S T A N T C O Nl ( 3) @ 
4. 
4. 1. 6 1 ~  
5. 5 5. 1 2 3 @ 
6. 4 2 @ 
7. : B E GI N @ 
8. X • K E Y B D *l, 3 7 (!) 
9. y  - K E'! B D/ . 3 6 ~  

1 0. P RI N T ( F O R Ml) •  ( * C O Nl [ 0] ) + Y) * 8 @ 
1 1. I . 
T h e pr o gr a m m er wis h es  t o c h a n g e t h e c o n et a. nt 8 i n st at e m e nt 1 0, 
T o fi n d it a l o ~ at 1 o n h e  m ust  c o u nt  t h e n W 1 1 b er of pr e vi o u• a e a 1 g n-
m e nt a a n d a d d 7, 

2 F O R M A T S " 8 
C Ol! 1 B T A N T A R R A Y• 3 
llf. 8 c o nst a nt•  1 
L N, 9 c o nst a nt• 1 

T ot al  1 3 + 7  • 0 0 

O n c e t h e  l o c ati o n  of  t h e c o nst a nt is d et er mi n e d t h e f oll o wi n g 
m et h o d is e m pl o y e d f or c b a n gi n g it d uri n g t h e r u n of t h e o bj e ct 
pr o gr a m. 

a) P ut pr o gr a m i n  t h e m a n u al m o d e ( Ci) c  f)  • 
b) T y p e mi n us ( ·) f oll o w e d b y c o n at a. nt l o c ati o n a n d t a b @. 

( At t hi a p oi nt  t h e  pr es e nt c o nt e nt• of t h e l o c ati o n will b e 
t y p e d o ut i n n o ati n g p oi nt  n ot ati o n. T hi• 1 a • g o o d c h e c k 
t o e e e if t hi e is t h e l o c. at 1 o n t h e o p er at or d e ai ~ a). 

c) P ut p u n c h s wit c h " o n ". 
d) T y p e 1 n n e w l! o n at a nt f oll o w e d b y t a b (!) 
e) T ur n off p'. m.:: h a wi t c h. 
f) T y p e mi n us  ( - )  f oll o w e d  b y  l o c ati o n of c o nst a nt a n 4 t a b ~  

( o pti o n al  f or c h e c ki n g) 
g) T h e c h a n g e d c o nst a nt  will  b e  t y p e d  o ut  t o  t h e o p e r at o r i n 

fl o ati n g  p oi nt f or m. 
h)  R et ur n  t o pr o gr a m. 
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1 1, ( Q) C o ul d  t h e E, i n fl o ati n g p oi nt t y p e- o ut b e d el et e d ? 

( A)  Y e s. T w o G- 1 5 w or d a m ust b e c h a. "l g e ci i n Li n e 0 4 of t h e O p- P a:: k a g e 
{ N o.  4)  f or  t h e d el ~t 1 o n of F fr o m t h e  fl o ati n g  p oi nt  t y p e o ut. 

D e z! m al 
0 4: 8 5 w. u]. 8 2. 0. 0 6. 1 9 
0 4: 6 2  w. 6 4. 0 5. 1. 2 8. 2 8 

H e x 
Y 7 5 2 0 x 3 
W 0 0 5 7 9 W 

T h es e c h a n g e a : ar. b e m a d e vi a  P P R or  t h e  t a p e  c orr e ct or 
r o ut.i n e { A S P 7 2), Li n e 4 is t h e ::. 1t h bl o, k wit h c h e c k 8 1. U!l 

=- 5 x v 7 u 3 X. T h e .: o:-r e cti o ns will n. ot eff e ct t h e c h e c k a 1. 1 1 1 1. 

1 2, ( Q) W h at m et h o d s h o ul d  b e e m pl o y e d t o pr o c e e a s e v er al AI D O pr o gr 8 1 1 1t; 
wit h first t h e  E dit or ( P a c k a g e N-: >, l), .t h e n t h e  R at or/ C at or 
( P a c k a g e N o. 2) a n d fi n all y wit h P a ~ k a g e R 3 a n d 4 T 

( A) a) T h e AI O O s yst e m m,Jst b e  o n  p a p er  t a p e 'fit h p a p er  t a p e 
o ut p ut, 

b) L o a d t h e  E dit or a n d e nt er  t h e i "frst pr o gr a m. W h e n t h e 
first pr o gr a m h & e b e e n  e dit e d,  t h e  E dit or  vill t y p e o ut 
" L O A D N o. 2 ". T h e pr o gr a m m er m a y n o w t y p e (i) ~  !, a n d 
t h e  E dit or will p er mit  t h e t y p e-i n of t h e  n e xt pr o gr a m. 

c) 

d) 

T hi e  m et h o d m a y b e ,:; o nti n u e d ur.t. 1 1 a u t h e pr o gr a ms h a v e 
b e e n  pr o c ess e d b y t h e E dit or. 
L o a d t h e R at er/ C at er wit h c o m p ut e e' A'it,: h o n  br e a k p oi nt. 
W h e n " M O U N T N o. 1 O U T P U T " is t y p e d o ut., t h e pr o gr a m m er will 
m o u nt  o n e  of  t h e  E dit or  o ut p ut  t a p es. T his p r o g r a m vill 
t h e n  b e  pr o c e as e d. W h e n c.: o m pl et. e d, t h e  R at or/ C at or m a y n o w 
b e r el o a d e d o n br e a k p oi nt .. W h. e n e o i nstr u ct e d, t h e p r o g r a m-
m er  will  m o u nt  t h e  n e xt E di t or o ut p 1. 1t. 

T hi a m et h o d III E L Y b e r- o nt. 1 n u e d u ntil all .t h e e dit e d pr o gr a ms 
h a v e  b e e n pr o ~ e a a e d ~ y t h e R at er/ C a.t or, 
L o a d til e L:, z er/ L at or ( P a c k a g e N o. 3) wit h ~ o m p ut e s wit c h o n 
br e a k p oi nt. 

W h e n s o i nstr u. ~t e d, t h e pr o gr a nrr. er will m o u nt  o n e of t h e 
pr o gr a m o ut p uts fr o m t h e  R at or/ C at or. F urt h er pr o c e a ei n g 
will  c o nti n u e  i n  t h e n o nr. al m a n n P.r as  d es cri b e d  i n  t h e AI D O 
O p er ati n g I n atr u cti o n M a n u al. F oll o wi n g t h e  c o m pl eti o n of 
e a c h pr o gr a m (i, e, pr o c ess e d b y t h e L y z er/ L at or a m. t h e  O p-
P a c k a g e, P ar. k a g e N o. 4), t h e L y z er/I A.t or m a y b e l o a d e d o n 
br e a k p oi nt. T h e pr o gr a m m er will  t h e n m o wit t h e  n e xt  R at or/ 
C at er  o ut p ut. 

1 3. ( Q) H o w d o es t h e pr o gr a m m er writ e m a c hi n e l a n g u a g e s u br o uti n es usi n g 
i n p uts a m.f or o ut p uts i n  t h e A W O s yst e m T 

( A)  S u br o uti n es w hi ~. h ~ 1 1: u s e i n p uts  a n d  o ut p uts  (i. e. al p h a n u m eri c 
s u br o uti n e, D e ci m al T a p e c o n v ersi o n  s u br o uti n e, m a g n eti c t a p e 
s u br o uti n e)  m ust  k n o w t w o t hi n gs: 

a) St arti n g l o ~ ati o n of  t h e  st or a g e  f or  t h e  i n p ut  or  o ut p ut. 
b) L e n gt h of  t h e bl o c k of d at a c o mi n g i!l or  g oi n g  o ut. 
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A m et h o d  of  d e n oti n g  t o t h e s u br o utir- e w h at t h e a e v al u es 
a r e c a n b est  b e s h e w n b y a n e. x B!ll >l e. 

I n  t h e f oll o wi n g e: x 8. 1r pl e, t h e pr o gr a m m er wis h es t o e nt e r 
d at a ( n u m eri c  or al p h a n u m eri c) ~:r.t o t h e  c o m p ut er; p e r h a ps 
c o n v ert 1 t i nt o bi m n y fl o ati n g p oi nt. f or m a n d st o r e it  i n 
d at a arr a yf. 

C all  t h e s u br o uti n e I N P'J T wi t. h .:, h e c k s u m 0 2 0 0 0 0 0 a n d 
st a rti n g l c- c. at 0 0. T h e L! B R A R'i d. e c:!,. ar ati o n w o ul d  b e: 

2, LI B R A R Y I N Pl "l' ( 0 2 0 0 0 0 0) 
N o w s o m e d at a st or a g e a. ust als o b e d e cl ar e d. T w o bl o c ks 
of  i nf or m ati o n  ar e r e q uir e d. C all  o n e  bl o c k  of 7 6 w or d. a 
A a n d t h e  ot h er  bl o c k of 1 ~ w or ds B, 

3, D A T A A( 7 6), B { 1 3 0) 
T h e st at e m er.t t c c: all t h e s u br o uti n e  f or  us e  o n  t h e  1st 
bl o c k w o ul d b e 

1 5,  A  [ o].. I N PlJ T ( 7 6) 
T h e st ~ ~ ~ m e nt t u c all t h e  s u br o uti n e  f or  us e  o n t A e 2 n d 
bl o c k  w o ul d  b e 

1 6.  B [ o] = I N P U T ( 1 ~) 
T h e et at e ui e nts writt e n i n  t his m a n n er r es ult  i n t h e l e n gt h 
of  t h e bl o ~ k i n t h e AI. 0 0 a c c u m ul at or M' c) or M Q 1, St o r e 
t his ir.f o:r m ati o n a n d b y \:si n g t h e  f oll o wi n g s e q u e n c e  of 
c o m m a n ds, t h e  l o c ati o n of t h e l at  w or d  of  t h e t a bl e 1 1 
f o u n d. 

All s u br o uti n es o p e ~ at e o ut of li n e 0 5. 

: a > u. 8 2. 8 2. 0. 2 2. 2 8 
: 8 2 u, 8 4. 8 4. 2. 2 8. 2 9 
: 8 4 u. 8 6. 8 6. 0, ?. 9.Jl 
: 8 6 w, 8 c). ~I) , 0. 2 2, l ~-
: 9 0 v. 9 4. 0 3. 0. 0 5. 2 9 
: 9 4 - 7 W O u a) 4 
: 0 3 u. 0 5. 0 5. 0. 3 1. 3 ~ 
: 8 7 w, 8 9, 9 1, 0. 2 2. 2 6 
: 9 1 w, u 5. 0 7. 3, 2 3. 3 1 
: 0 7 w, 0 9. 2 8. 2, 2 6. 2 8 
: 2 8. u. 3 4. 2 9. 2. 2 8. 2 9 
: 2 9 w. 3 1. 3 3. 2. 2;, 2 9 
: 3 3 U,, 3 5, E, 3, 0 5, 2 9 
: 3 4 7 z 0 3 6 y 4 

Pi c k u p N, C, 
S et  o vfl if st o r e 
is it  st or e c o m m a zi d ? 
N o.  G o g et n e xt c o m m a n d 

Y e F > P ut i n P N  1 
C H t o P N, R e at T o I D 
C H t o  A R 
S hit ":, t- o s o u::- c e 
A d d W D ... J u n k 
- J u n k Es  E xit  t o P r o g r a m 

At  t hi e  p oi nt t h e a c c·Jlll ul at or r, o nt ai ns: w, w d, 0 0, 0, C R, O O 
of  t h e l et .,, or,i. Wit b. t hi e i nf or m ati o n a n d t h e st o r e d 
l e n gt h of t h ~ bl o c k., t h e pr o gr e. m m er m A Y writ e hi a m a c hi n e 
l a n g u a g e pr o gr a m a... "l. d e xit k e e pi n g i n mi n d all ct t h e c o n-
diti o ns  f or wri ~i n g m a c hi n e l a n g u a g e s u br o uti n es as o ut-
li n e d  i n  t h e AI. G O O p er atir. g I n etr u ~ti o ns. 
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: 4. ( Q) C a n  d e ci m al  d at a  fr o m  p a p er t a p e b e us e d  wit h AI. G 0 7 

( A)  Y e e.  T hr e e  m et h o ds  of usi n g d e ci m a ~ t a p e  i n p ut  t o  a n AI. G O o bj e ct 
pr o gr a m  ar e  d es cri b e d  b el o w. 
a)  T h e  o bj e ct  pr o gr a m  a c c e pts  d at a  fr o m  t a p e  i n  bi n ar y  fl o ati n g 

p oi nt  f or m,  If  t h e  d at a  is  i n d e ci m al, t h e pr o gr a m m er m a y 
writ e  a  m a c hi n e l a n g u a g e s u br u uti. n e f o:- c cr,,,.i!rti n g it as 
o utli n e d  i n 1 3 a b o v e. 

b) A n ot h ~r m et h c d w o ul d b e t o ti 3, 1:-,t. .!r e a m 5 0 J wit h t h e fl e x 
i n p ut s u br-:i uti n e t o c c n v ert t. h• ~ Cl.: ci m al t a p e t o a bi n ar y 
t a p e a n d. u s e  t h e bi n ar y t a p e as i n p ut  t o  t h e AI. 0 0 o bj e ct 
pr o gr a m. 

c)  A n ot h er  m et h o d  is  d es cri b e d  i n A n e w ~r N o. 1 5, 

1 5. ( Q) C a n. d at a b e  pr e p ar e d  i n d e ci m al fl c ati n g p oi nt  n ot ati o n  o n  p u n c h e d 
t a p e  off  li n e  o n  a  fl e x o writ er a n d r e a d i nt o ~ e m or y b y t h e AI D O 
r e a d st at e m e nt ? 

( A)  Y es. A s p e ci al  us e  of  t h e  D e ci m al  t o Bi n ar y C o n v ersi o n  R o uti n e 
is i n  c o nj u n cti o n  wit h  fl e x o writ er pr e p ar e d d at a.  D at a m a y b e 
pr e p ar e d  i n  d e ci m al  fl o ati n g  p oi nt  n ot ati o n  o n p u n c h e d t a p e off 
li n e  o n  a  fl e x o writ er a n d r e a d  i nt o m e m or y b y t h e AI. G O r e a d st at e-
m e nt.  T h es e  d at a  ar e  t h e n  c o n v ert e d  t o bi n ar y fl ~,i n g p oi nt b y 
t h e  c o n v ersi o n r o ~ti n e. 

D at a  is  p u n c h e d  i n  f o ur- w or d  gr o u ps (i. e.,· c R w or d  t a b w or d t a b 
w or d  t a b  w or d  t a b/)  i n  fl o ati n g  p oi nt  d e ci m al  n ot ati o n, (i. e., 
E E D D D D D S w h er e E E i s t h e  d e ci m al  e x p o n e nt,  D D D D D is t h e d e ci m al 
m a ntiss a, a n d Sis t h e si g n), If  t h e  n u m b er  of  d at a w o r ds  is 
n ot  a  m ulti pl e of ! o ur, a  fill er  w or d (i. e., 0 0 0 0 0 0 0 t a b) is 
p u n c h e d a  s uffi ci e nt  n u m b er  of  ti m es  i n  t h e  first  f o ur- w or d 
gr o u p  i n  or d er  t o m a k e t h e  n u m b er o:f d. at a w or ds a m ulti pl e of 
f o ur.  If  t h e  n u m b er  of  d at a  w or ds  is a m ulti pl e  of  f o ur,  n o 
fill er  w or d is r e q uir e d.  W h e n t h e  l ast  f o ur- w or d  gr o u p  of  d at a 
is p u n c h e c: 1.1 a  st o p  c o d e  is :::, u n ct-, e d i n pl a c e of a "/ ". 

E x a m pl e N o.  l 

Gi v e n  t hr e e  d at a w o r ds, pr e p ar e  fl e x o writ er  t a p e. D at a  t a p e 
is p u n c h e d as f oll o ws: 

C/ R 
0 0 0 0 0 0 0 t a b  E E D D D D D t a b  E E D D D D D t a b g &) D D D D t a b at o p 2 

t: x a m pl e N o.  2 

Gi v e n  ei g ht  d at a w or ds pr e p ar e fl e x o writ er t a p e,  D at a t a p e i a 
p u n c h e d as f oll o ws: 

C/ R 
E B D D D D D t a b  E E D D D D D t a b E E D D D D D t a b E E D D D D D t a b/  C/ R 
E E D D D D D t a b  E E D D D D D t a b E E D D D D D t a b  E E D D D D D t a b st o p 2 

Att a c h e d is a n e x a m pl e  AI. G O s o ur c e pr o gr a m, d at a  i n p ut a n d o ut p ut 
w hi c h dt! m o nstr at es t h e s p e ci al  us e  of  t h e  D e ci m al  t o Bi n ar y C o n-
v ersi o n  R o uti n e. 
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1 6. ( Q) It  h as  b e e n  st at e d  i n  t h e Pr o gr a a mi n g m a n u al t h at e ntr y n u m b ers 
st art  wit h  0 0 1 a n d c o nti n u e  c o ns e c uti v el y  t o  5 1 1. Pl e as e cl arif y. 

( A)  T h e  c o m pil er assi g ns t h e e ntr y n u m b er as t h e pr o gr a m m er e nt ers 
t h e A W O l a n g u a g e pr o u a. m, E ntr y n w n b er a st art wit h 0 0 1 a m c o n-
ti n u e  c o ns e c uti v el y.  T h e  n u m b er  of e ntr y n u m b ers t h at t h e  c o m-
pil er assi g ns f or  a pr osr a m will d e p e n d u p o n t h e c o m pl e xit y of 
t h e  st at e m e nts.  T h e AI. D O c o m pil er h as pr o visi o ns  f or h a n dli n g 
u p  t o  5 1 1  e ntr y  n u m b ers,  h o w e v er,  t his  d o es n ot m e a n t h at t h e 
c o m pil er  will  pr o c ess  5 1 1 at at e m e nts. 



:.: _-:,I 0 R A N D U M N O.  7 2 - 1 0-

AI. D O S O U R C E P R O G R Al-t 

.• :I T L E D E M O N S T R A TI O N O F' F' L E X 
2, I.I 3 R A R Y r Lt X ( 0 2 0 2 0 0 0) ~  

LI B R A R Y R O U TI N E S 

· 3. , O R M A T T A G ( s 5 o P 5 D C) S 
S U B S C RI ,- T I I J S 
O A T A A L P H A( 3 5) S 

1 0. 
1 1 . 
. .::. 

1 3. 
1 4. 
1 5. 
1 6. 
1 7. 
1 8. 
1 9. 
2 0. 
2:. 
2 2. 
2 3. 
2 4. 

5 
5':''- R T 

L O O P 
ri O L D 
L A S T 

1 2 
9 6 4 

2 
3 
4 

S!:: OI N S 
S T A R T: C A R R( 3) S 
R E A D( P) A L P H A S 
1.. 0 ( S) • 

J = 3 4 ~) 
t. O O P: H O L O- A L P H A [ J] Ci) 

• F L E X( A L P H A [ 1)) S 
• F L E X( H O L D) ~  

A L P H A [ J) 
A:. P H A [I) 
l al +\ ' SI 
J• J- 1 S 
I F J > 1 S 
G O T O  L O O P S 
I F' J =I S 
A L P H A [l)• F L E X( A L P H A ( 1)) S 
L A S T: & E L L S( 5) S 
r o R 1- 0( 1) 3 4 S 
P RI N T( T A G) a A L P H A [ 1] ~  

C N O ( S) 

8 6 5 
2 

3 
8 6 4 

4 

. 0 1 2 0 0 1 3 

. 0 2 2 0 0 2 4 

. u 4 7 0 0 4 8 

2 7 M ar c h l ~l 
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D A T A I N Pl 1 1' 

0 0 0 0 0 0 0 5 5 1 4 1 6 1 5 5 1 5 3 6 1 5 5 1 6 6 3 7 I 
5 5 1 8:) 1 0 5 5 1 9 4 &: > 5 5 2 1 0 4 6 5 5 2 2 7 0 9 

~  5 5 2 4 4 6 6 5 5 2 6 3 1 6 5 5 2 8 2 5 8 5 5:J > 2 9 3 
5 5 3 2 4 2 1 5 5 3 4 6:J > 5 5 3 6 9 0 9 5 5 3 9 3 5 9 I 
5 5 4 1 6 7 9 5 5 4 4 1 6 9 5 5 4 6 7 3 9 5 5 4 9li o o 

~  5 5 5 2 1 5 2 5 5 5 4 9 9 5 5 5 5 7 9 2 9 5 5 6 0 9 5 1 
5 5 6 4 0 5 9 5 5 6 7 2 5 3 5 5 1 0 5 3 2 5 5 7 3 &. n } 5 5 7 7 3 5 0 5 5 a > ~ 3 5 S B 4 5 2 6 5 5 8 8 2 5 0 
5 5 9 2 0 6 4 5 5 9 5 9 9 0 5 3 1 0 0 0 5 5 0 1 0 4 2 4 I 
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1 2 © 

1 4 1 6 1. 0 0 0 0 0 
1 5 3 6 1. 0 0 0 0 0 
1 6 6 3 7. 0 0 0 0 0 
1 8: > 1 0. 0 0 0 0 0 
1 9 4 8: >. o o o o o 
2 1 0 4 6. 0 0 0 0 0 
2 2 7 0 9. 0 0 0 0 0 
2 4 4 6 6. 0 0 0 0 0 
2 6 3 1 6. 0 0 0 0 0 
2 8 2 5 8. 0 0 0 0 0 
}) 2 9 3. 0 0 0 0 0 
3 2 4 2 1. 0 0 0 0 0 
3 4 6 3 0. 0 0 0 0 0 
3 6 9 0 9. 0 0 0 0 0 
3 9 3 5 9. 0 0 0 0 0 
4 1 6 7 9. 0 0 0 0 0 
4 4 1 6 9. 0 0 0 0 0 
4 6 7 3 9. 0 0 0 0 0 
4 9 4 0 0. 0 0 0 0 0 
5 2 1 5 2, 0 0 0 0 0 
5 4 9 9 5. 0 0 0 0 0 
5 7 9 2 9. 0 0 0 0 0 
6 0 9 5 1. 0 0 0 0 0 
6 4 o 5 9. o o o o o 
6 7 2 5 3. 0 0 0 0 0 
7 0 5 3 2, 0 0 0 0 0 
7 3 ~ 7. 0 0 0 0 0 
7 7 3 5 0. 0 0 0 0 0 
0 0 8 9 3. 0 0 0 0 0 
8 4 5 2 6. 0 0 0 0 0 
8 8 2, 0. 0 0 0 0 0 
9 2 0 6 4. 0 0 0 0 0 
9 5 9 9 0. 0 0 0 0 0 

1 0 0. 0 5 0 0 0 
. 1 0 4 2 4 

A C TI O N B Y:  All p e rs o n n el  c o n c e r n e d 

P R E P A R E D B Y: E. J, R e c o r ds 

A P P R O V E D B Y:  T. Y a m as hit a 

2 7 M ar c h 1 9 6 1 



TI T L Es 

P U R P O S E, 

T H E R F. M DI X C G 1 PIJ Tffi DI VI SI O N  O F Tfl E R F:)II O! X C O Ri' O R A TI O N 
S 6) 1) A r b o r Vit:i e Str e et,  l, os A nr, el es 4 5, C alif or ni a 

T E C H NI C A L A P P LI C A TI O N ~ M F M O R. A N D U M N O. & J 

O ct o b e r 1 6, 1 9 6 1 

D e c h 1 al t o Bi. n a r y C o n v ersi o n Li br ar y H o uti n e  ( A L G O) 

T o  d es c ri b e  a m et h o d  of  c o n v erti n g d e ci m al ( bi n a r y- c o d e d- d e ci m al) 
d at a  i n A L O O m e m or y t o bi n ar y. T h e  n at ur al  e xt e nsi o n  or  t his 1 a 
t o  pr o vi d e  A L G O t h e  f a cilit y  f or  utili zi n g d e ci m al- p u n c h e d t a p e. 

l!l Q UI A U Jff A F F E C T E D: G- 1 5 D, A L O O 

O ct o b er 1 9 6 1 Q "t &. "'fi V E Ill T E: 

I N Sffi U C TI O N 1 
T hi a pr o gr a m is a li br ar y r o uti n e  t or  A L G O w hi c h p er mits t h e 
c o n v ersi o n ot bi n ar y- c o d e d- d e ci m al  n u m b ers  t o  bi n ar y. 

U S E 1 T h e  r o uti n e  s h o ul d  b e  d e cl ar e d as a  li br ar y  e ntr y  at  t h e  s e c o n d 
li n e ot t h e  A L O O ~ o gr a m, i. e. 

2. LI B R A R Y F L E X ( 0 3 0 2() 1)()) 

flt e r o uti n e  is  e x e c ut e d b y- gi vi n g a  st at e m e nt as b el o w  w h er e  D E C is a 
l o c ati o n c o nt ai ni nr, a. d e ci m al  n u m b er,  a n d  DI N is t h e  l o c ati o n  i nt o 
w hi c h t h e  c o n v ert e d  n u m b er  is  t o  b e  st or e d. 

k.  BI N• F L E X ( D E C) 

. N Ol' E S 1 

1. T h e  c o n v ersi o n  r o uti n e  is writt e n i n 1 1 w o r ds, 
a n d  utili z es  t h e  k e y b o ar d  i n p ut  s u br o uti n e  c o n-
t ai n e d  wit hi n  A L G O p a c k a g e # 4. T h e  c o n v ersi o n 
r o uti n e ass u m es t h at  t h e d e ci m al n u m b er  is  i n  t h e 
A L O O · a c c u m ul at or ( M Q e v e n a n d o d d).  It  fi n ds  t h e 
bi n a r y e x p o n e nt, st o r es it  i n  2 1. 0 1, ti.i n c all a 
t h e k e y b o a r d i n p ut  s u br o uti n e fr o m li n e  0 8 t o  li n e 
O S, e nt e ri n g at  w o r d 6 4. T h e m a ntiss a will' b e 
c o n v e rt e d, a n d  t h e fl o ati n g p oi nt  bi n ar y n u m b e r 
f o n n erl a n d st o r e d i n  t h e A L G O m e m or y. 

2.  T h e  r o uti n e  is  writt e n  t o  b e  e x e c ut e d  fr o m  li n e O S, 
as ar c  all A L O O li br ar y s u br o uti n es.  T h e  l o c ati o ns 
of t h e  b al a n c er  a n d  t h e  c h e c k  s u m ( 0 3 0 0 0 0 0)  ar e 
o pti o n al.  T h e e ntr y p oi nt  is  w or d 0 2; t h e  c h e c k 8\ DII 

( 0 3 0 0 0 0 0)  i n di c at es  t h e  r o uti n es  p ositi o n  as  t h e 
t hir d li hr ar y r o uti n e  bl o c k  o n p a c k a g e # 4. It s h o ul d 
b e  s pli c e d  i nt o  t h e  p a c k a g e f oll o wi. nr t h e Al p h a n U 1 1 eri c 
s u br o uti n e. 
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N O'l' E S 1. ( C o nti n u e d) 

3. Si n c e  t his  r o uti n e  o c c u pi es r u c h a s m all  p art of a 
li n e,  it  is  r e as o n a bl e  t h at a n ot h er  li br ar y  r o uti n es 
a r e d e v el o p e d  t h e y  b e  i n c or p or at e d  i nt o t h e s a m e bl o c k. 

b, A s p e ci al us e of  t h e D e ci m al t o Bi n ar y C o n wrsi o n 
R o uti n e i s 1. n c o nj u n cti o n  wit h  t h e h M dli n g or  Fl e x o-
writ er- pr e p ar e d  d at a,  S u c h d at a m a y b e  p u n c h e d  o n 
t, a p e i n  d e ci m al n o atl n g p oi nt  n ot ati o n  a n d  r e a d i nt o 
m e m o r y b y t h e A Ul O R e a d st at e n: e nt. T h e d at a ar e c o n-
v ert e d  t o bi n ar y n o ati n g p oi n ~ b y  t h e  c o n v ersi o n 
r o uti n e, 

a. T h e d at a is  p u n c h e d  i n n o ati n g d e ci m al n ot ati o n 
( S EJ: <: M M M H M, w h er e S  ls t h e  si g n  w hi c h 1 s p u n c h e d 
w h e n mi n us, E E t h e  d e ci m al  e x p o n e nt  a n d H M M M M t h e 
cj e ci m al  m a ntiss a).  It is p u n c h e d  l n  f o ur- w or d 
gr o u ps ( w o.r d t a b  w or d  t a b  w or d  t a b w or d C R/). 
T h e  n u m b er of w or ds  i n  t h e first gr o u p is t h e 
r e m ai n d er of t h e  t ot al  n u m b er m o d ul o 4 (i. e. t h e 
r e m ai n d er w h e n t h e  t ot al n u m b er is  di vi d e d b y 
f o ur)  •.  All  ot h er  gr o u ps m u at h a v e  f o ur d at a w o r ds, 

b.  T h e  d at a  t a p e  is  r e a d i nt o m e m or y b y a  R e a d st at e-
m e nt.  It  m ust  t h e n  b e c o n ~rt e d t o  bi n ar y. If 
t h e  t a p e  h as  b e e n  p u n c h e d  i n n o: n n al or d er, wit h 
t h e  first  el e m e nt of t h e arr a y p u n c h e d  first,  t h e 
w or ds ar e i n  m e m or y i n r e v ers e  or d er,  A n a d diti o n-
al  a r r a y m ust  b e  a v ail a bl e  f or w or ki n g st or a g e t o 
r e v ers e t h e or d er  of  t h e  el e m e nts  w hil e  d oi n g  t h e 
c o n v ersi o ns.  T h e  f oll o wi n g  s eri es  of  st at e m e nts 
c a n  a c c o m plis h t hist 

k f or i  •  O(l) L  b e gi n 
k +l j  • lri 
k ♦ 2  Al p h a [ j J • Fl e x  ( T e m p ( 1]) e n d w h er e 

Al p h a  a n d  T e m p ar c  d e cl ar e d  d at a arr a; y 1 1 

of L ♦ l  w or ds,  a n d i a n d  j  ar e  d e cl ar e d 
s u bs cri pts. 

A n e x a m pl e  of  t h e  a p pl 1 c ati o n  of t his e xt e nsi o n  t o  t h e 
D e ci m al  t o Bi n ar y C o n v ersi o n  R o uti n e  is gi v e n i n  t h e 
s a m pl e pr o bl e m  w hi c h  f oll o ws. 

S a m pl e  Pr o bl e m 

T his AI.ll O pr o gr a m r e a ds a  bl o c k  of  Fl e x o writ er- p u n c h e d 
t a p e, c o n v erts  t o  bi n ar y, st ori n e t h e d at a  i n  t h e 
pr o p er  or d er,  t h e n  t y p es  o ut t h e arr a y  i n  a  c ol u m n. 

T h e  d at a t a p e, w hi c h c o nt ai ns 1 1 n u m b ers w as p u n c h e d 
o n  t h e  Fl e x o writ er  as f oll o ws: 
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-, 1, 0 0 0 0 
/- 5 1 2 0 0 0 0 
/ , 1 2 0 0 0 0 
s 

- 3 -

- 5 1 4 0 0 0 0 
- s u o o o o 
5 1 3 0 0 0 0 

-, 1 3 0 0 0 0 
, 0 0 0 0 0 0 
5 1 4 0 0 0 0 
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Sll 0 0 0 0 
Sl. S 0 0 0 0 

T h• c 0 1 1 p 1l at 1 o n a n d e x e c uti o n ot t h e e a pl e pr o bl• 
1 a e h o v n o n  t h e n e xt e h e et. 

R El " E R E H CI S I Al g o Pr osr- d, n g a n d O p e:r ati o n M ar m al. 1 

P R! Pil E D Br a ~ 2 ~  
A P P R O R D Br a T. Y a a a hit a 



S A M P L E P R C B L E M 
p 
t « > D E , 2 S 
1. TI T L E r L E X T E a T s 
2. LI B R A R Y r L E X( 0 3 0 2 0 0 0) S 
3. S U B S C RI P T l(J S 
4. D A T A D E C( 1 1 1, II N( 1 1) S 
5. B E GI N S 
6 e S T A R T S C A R R( 2) S 
7. R E A D( P) D E C S 
8. r o R 1 ~( 1) 1 0 K GI N S 

· 9. J• 1 0- 1 s 
1 0 e BI N(J]-r L E X( D E C(I]) E N D S 

· 1 1• ,r O R 1 ~( 1) 1 0 K C U N S 
1 2. P RI N T( n)- e 1 N[ 1] S 
1 3. C A R R( 1) E N D S 
1 4. C A R R( 2) S 
1 5. n o, S 
1 6. G O T O S T A R T $ 
1 7. E N O S 
1 8. 

L O A D N 0. 2 P M o U N T N o. 1 O U'r P U T 

4 8 8 9 
4  8 7 8 

S T A R T 2 

8 
8 7 8 

L O A D N o. 3 
P T Y P E K E Y N ut 4 B E R S 
R E WI N D N o. 3 
8 8 7 8 ~ U N T N o. 2 O U'r P U T 
2 . 0 0 8 0 0 0 9 

L O A D N o. 4 
,. 1 s 

r -s 1 •• ~  

r - s 1 •• 4 0 0 0 0 
r -s 1 •• 3 0 0 0 0 
r -s 1 •• 2 0 0 0 0 
r -s 1 •• 1 0 0 0 0 
r  •. 0 0 0 0 0 
F' 5 1 •• 1 0 0 0 0 
r 5 1 •• 2 0 0 0 0 
r 5 1 •. 3 0 0 0 0 
r 5 1 •• 4 0 0 0 0 
F' 5 1 •• 5 0 0 0 0 

O ct o b er 1 6, l y 6l 

• 
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G- 1 1 r- e c u n. u t " P r e , ■ r 1 d  ll y . ~. ~--• .iil t J < J r. s o n D at e: 

PI OII A M PI DI L E M : Bi n ar-.r C o n v ersi o n f or A L G O Li u 0 5 

I 1 2 3 L p lr 
L k N C s D B P N 0  T E S 

4 5 I 1 0 2 0 3 0 4 l 2 4 2fl M Qt ..: + A R 

I I 1 8 1 1 0 4 0 7 0 7  0 2 3 3 1 Cl e a r 

1 2 1 3 1 4 1 5 0 7 0 9 1 0  0 2 & 2 4 A R - ? K 0 1 

1 1 1 1 1 1  1 1 ♦  

1 0 5 7 5 9 1 0 6 2 5 0 6.li 7---.I D 1 

2 8 2 1 2 2  2 3 : ~ 0 8 1 0 0 2 1 L 3 1 H ult. 
+ 2 4 2 5 2 1 2 7 7 0 8 5 8 7 l 0 6 2 5 0 6. 8 C, ~I Dj 

n 2 1 • 3 1 8 7  0 8  9 7 0 2 L ti M n 1.t. 

-3 2 3 3 3 4 3 5 9 7 9 9 0 0 3 2 6  2 8 P N a ---... A. R 

3 1 3 1 3 1 3 1 0 0 Ol OJ 0 0 6 2 9 0 6. 0l ~ A R + 

4 G 4 1 4 2 4 3 0 3 O S 0 6 0 2 8 2 1 A R ~ 2 1. 0 1 

4 4 4 5 4 1 4 7 0 6 u 0 7 6 4 0 0 8 0 5 Li n e 0 8 ~ n e or; 

4 1 4 1 5 1 5 1 

1 2 1 3 1 4 5 5 ' 
( 9 9) B al a n c e ~ 

5 1 1 7 II 5 1 ( u h) + 0 1 n n o n n r n,• e k ~  .... 

I O 1 1  1 2 1 3 

1 4 II II 8 7 

II II 7 0 7 1 

n 7 3 7 4 7 5 

7 1 1 1 7 1 7 1 

II 1 1 1 2 1 3 

1 4 I S II 1 7 

•• II 8 0 1 1 

1 2 1 3 1 4 II 

• 1 7 II • .. 1 1 1 2 1 3 

'Ill 
1 1,-, .. 

1 1 4 1 5 1 1 


	Table of Contents
	1.0 Introduction
	2.0 Editor Pre-loader
	3.0 Editor
	4.0 Rator-Cator
	5.0 Lyzer-Lator
	6.0 OP Package
	7.0 Updater Loader
	8.0 ALGO Updater
	9.0 Housekeeper
	Coding Sheets
	Glossary of Terms …
	Formats for Special Commands in OP Package
	10.0 Flow Charts for the ALGO System
	11.0 Listing



