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1. 1N7R0DUC710N RND 0VERV1EW 

7h15 pape r  c 0 n c e r n 5  t h e  deve10pment  0 f  a fam11y 0 f  h19he r  
t eve1 1an9ua9e5 wh1ch a r e  t 0  5 e r v e  a5 t he  t a r 9 e t  1an9ua9e5 
f 0 r  t h e  dec0mp11 a t 1 0 n  0 f  a55em61 e r  c0ded m0du1 e5 0f  5ma11 
c 0 m p u t e r  0 p e r a t 1 n 9  5y5 tem5.  7he ma1n 0 6 j e c t 1 v e  15 t h e  
de519n 0 f  a mach1ne 1ndependen t  ]an9ua9e  t 0  5 e r v e  a5 t h e  
nuc1eu5 0 f  t h e 5 e  h19he r  1eve] 1an9ua9e5,  each 0f  eh1ch  uJ1]1 
have  t 0  p055e55 c h a r a c t e r 1 5 t 1 c 5  un14ue t 0  t he  0 p e r a t 1 n 9  
5y5tem f 0 r  wh1ch 1 t  wa5 de519ned.  7he w0rk  1 n v 0 ] v e d  1n t he  
deve10pment  0 f  t h e  nuc1eu5 ]an9ua9e  15 p a r t  0 f  a r e 5 e a r c h  
e f  f 0 r t  1 n t e n d e d  t 0  5h0w t h a t  a55em61er c0ded 5y5tem5 
p r09 ram5 f 0 r  a 5 p e c 1 f 1 c  c•a55 M 0f  mach1ne51 can 6e 
c0nc15e1 y r e p r e 5 e n t e d  1n a h 1 9 h e r  1 eve1 1 an9ua9e and t h a t  
t h 1 5  h19he r  1eve1 r e p r e 5 e n t a t 1 0 n  can 6e ea511y m0ved f r0m 
0ne mach1ne 1n M t 0  an0ther•. 1 t  15 0u r  p r 1 m a r y  pu rp05e  he re  
t 0  d e 5 c r 1 6 e  t h e  ma1n f e a t u r e 5  0 f  t h 1 5  nuc1eu5 1an9ua9e and 
p r e 5 e n t  50me r•ea50n5 uJhy t h e 5 e  f e a t u r e 5  have 6een 1nc1uded 
1n t h e  1an9ua9e.  

7he maj0  F 0 6 j e c t 1 v e 5  1 n f 1 u e n c 1 n 9  t h e  de519n 0 f  t he  
nuc1eu5 1an9ua9e a re :  
R. )  7he 1an9ua9e 15 t 0  c 0 n t a 1 n  0n1y t h 0 5 e  d a t a  and c 0 n t r 0 1  
5 t r u c t u r e 5  wh1ch w1]1 6e ea511y r e c 0 9 n 1 2 e d  1n t he  a55em61er 
c0ded p r09 ram,  and 5evera1 a d a 1 t [ 0 n a 1  5 t r u c t u r e 5  wh1ch uJ[]1 
6e u5efu1 1n p r 0 v 1 d 1 n 9  a h19he r  1eve1 F e p r e 5 e n t a t 1 0 n  0f  t he  
a55em61er c0de u ;1 th0u t  r e 4 u 1 r 1 n 9  c0mp1ete p r09 ram r e -  
0 r 9 a n 1 2 a t 1 0 n .  (7hu5,  1n a 5en5e,  t h e  d a t a  5 t r u c t u r e 5  and 
c 0 n t r 0 ]  mechan15m5 t0  6e t r a n 5 1 a t e d  a re  an 1 m p 0 r t a n t  f a c t 0 r  
1n t h e  d e f 1 n 1 t 1 0 n  0 f  t h e  nuc1eu5 1an9ua9e . )  
8.  ) P r09ram5 re5u1  t 1 n 9  f r0m t h e  de00mp11 a t 1 0 n  p r 0 c e 5 5  
5h0u1d 6e r e a d a 6 ] e ,  and 5h0u1d adm1t a 51mp1e and n 1 c e ] y -  
ne5 ted ,  c 0 n t r 0 1  5 t r u c t u r e .  
C . )  7he nuc1eu5 1an9ua9e 5h0u1d 6e p 0 r t a 6 1 e ,  e x t e n d a 6 1 e ,  
and c0mp11a61e 6y a f a 1 r 1 y  51mp1e c0mp11er .  7 h a t  15, t he  
c0r¢,p11er 5 h 0 u ] d  6e 5evera1 0 r d e r 5  0 f  ma9n1tude  1e55 c0mp]ex  
t h a n  a 5ma11 0 p e r a t 1 n 9  5y5tem.  

1 M 1 5  a c 1:•a55 0 f  mach1ne5 c h a r a c t e r 1 2 e d  
a r c h 1 t e c { Q r a 1  c h a r a c t e r 1 5 t 1 c 5  115 ted  1n Rppend1x R. 

6y the 
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7he d a t a  and c0n t r01  5 t r u c t u r e 5  t h a t  have 6een 
1 n c 0 r p 0 r a t e d  1 n t 0  t he  1an•ua8e have 6een 5e1 e c t e d  
emp1r10a ]1y  - 0n t h e  6a515 0f  0ur  expe r1ence5  1n manua] 1y 
r e - w r 1 t 1 n 2  58veFa1 5ma1 1 5y5tem5 r 0 u t 1 n e 5  f 0 r  t h e  18M11 30 
and •the CDC8500, and 0ur  d15cu5510n5 w1th  5y5tem5 
pr09rammer5 a t  Purdue .  An 1ndex 100p and a 51mp1e cyc1e 
c 0 n 5 t r u c t  a re  the  0n1y tuJ0 5 t r u c t u r e 5  ava11a61e f 0 r  t he  
5 p e c 1 f 1 c a t 1 0 n  0f c0de repet1t10n (5ee 5ect10n 11.C). 7he 
9ene ra ]  n-way dec1510n 60x: can 6e hand1ed v1a a 1a6e1]ed  
ea5e 5 t a t e m e n t ,  0 r ,  1n t he  ca5e 0f n=2, 6y t h e  1 f  . . .  ...~then 
, , ,  e15e 5 t a t e m e n t  (11.0), 

1n an e f f 0 r t  t 0  re5 t~ -1c t  t he  u5e 0f  t he  J 0 t 0  a5 much a5 
p055]..61 e, ex1t, / [ .e~pat,  and ca5e c 0 n 5 t r u c t 5  were 1n1F0duced 
1 n t 0  t he  1an9ua$e ( 1 1 . 8 . 1 ) .  1n add1 t10n ,  t he  p a u c 1 t y  0 f  run  
t1me 0ve rhead  r e 4 u 1 r e d  t 0  hand1e p r 0 c e d u r e 5  perm1t5  t he  u5e 
0f p a r a m e t e r ] e 5 5  p r 0 c e d u r e 5  t 0  f a c 1 1 1 t a t e  11nked pr09ramm1n:~ 
1n the  neat  and 0 r d e r 1 y  fa5h10n p r0v1ded  6y m05t a55em61er 
]an9ua9e5  w1th  n0 0ve rhead  w h a t 5 0 e v e r ~  N e v e r t h e 1 e 5 5 ,  we a re  
dea11n9 u~1th a1 ready  ex15t1n~9 pr09ram5,  and 0u r  p r1mary  
m15510n 15 the  dec0mp11at10n 0f t h e 5 e  pr09ram5,  and n0t  
~the1r re-0r9an12at10n. 7heref0re, uJe fe1t 1t uJ15e t0 reta1n 
the..AF~.10, a1 th0u9h  ,.ue 1 n t e n d  f 0 r  1 t5  u5e t 0  6e 11m1ted •0 
:51 tua t10n5  n0t  ea511 y }-,and] ed 6y t h e  0 t h e r  c 0 n t r 0 1  
5 t r u c t u r e 5  (11.8. L~). 

7he nuc1eu5 1an9ua9e 15 a t y p e - 1 9 n 0 r a n t  1an9ua9e hav1n9 
6u t  tuJ0 very.  51n~1e da ta  5 t r u c t u r e 5 :  (1) t h e  51n91y-  
d1men510ned a r r a y ;  and (2) an n~1 5 t 0 r a 9 e  ce111 5 t r u c t u r e  0f  
v a r 1 a 6 1 e - 1 e n 9 t h  61 t  5 t r 1 n 9 5 .  7he 1en9 th5  0 f  the5e  61 t  
5 t r 1 n 9 5 ,  and hence the  f0 rma t  0f  t he  n-ce11 5e4uence,  a re  
.5pec1f1ed v1a a 5pec1a1 1~Ep.L{E d e c 1 a r a t 1 0 n  ( 1 1 1 . 8 ) .  

1t 15 0ur 1nterrt10n that the pr0ce~5 0f dec0mp1]1n9 
a55em61er c0ded m0du1e5 1n a h19her  1eve1 1an9ua9e 6e 0n1y 
p a r t 1 a 1 1 y  au t0mated  (5ee 5 e c t 1 0 n  1V).  We 6e11eve t h a t  
a t t e m p t 5  t 0  au t0mate  t h15  p r0ce55  •t00 fav• 6ey0nd c0ntF01 
f]00J and v a v 1 a 6 ] e  u5a9e ana1y515,  t h e  c0a1e5c1n9 0f 
r e 9 1 5 t e r / c 0 r e  c0mpu ta t10n5 ,  a n d  100p and p r 0 c e d u r e  
r e c 0 9 n 1 t 1 0 n ,  t 0  6e 1mprac t1ca1 .  H0wever,  we h0pe t h a t  0ur  
r e 5 e a r c h ,  a1 th0u9h  n0t  d 1 r e c t e d  t 0wa rd  a c0mp1ete 
au t0ma t10n ,  may A1ve u5 a 6 e t t e r  1nd1ca t10n  0f  exac•1y h0w 
f a r  15 "t00 f a r  

1 R 5t0ra9e ce11, a5 r e f e r e n c e d  he re1n ,  may 6e t h 0 u 9 h t  0f a5 
a w0rd 0r  a 6 y t e ,  uJ1th the  61t  512e 0f e 1 t h e r  dependen t  up0n 
1mp1ementat10n.  ••[•he 1an9ua9e r e 4 u 1 r e 5  t he  5pec1f1cat10n 0f  
e 1 t h e r  w0rd  0r6~f.$~9. 1n f r 0 n t  0f  a11 d e c 1 a r a t 1 0 n 5  t h a t  e f f e c t  
5 t 0 r a 9 e  a 1 ] 0 c a t 1 0 n ,  
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11. 7HE C0N7R0L 57RUC•rURE5 

R. 7he Pr09ram 

Pr09ram5 c0n.••-•.1.•e.,t 0 f  dec1 a r a t 1 0 n  61 0ck5,  5c0pe 61 0ck5 
(5e4uence5 0f  e x e c u t a 6 1 e  5 t a t e m e n t 5 ) ,  and a d e f 1 n 1 t 1 0 n  610cL~. 
(5ee 5 e c t 1 0 n  11.D.  f 0 r  f u r t h e r  d e t a 1 1 5 ) .  7he :~.c0pe 610ck 
rnere1y p r0v1de5  a p a r t 1 t 1 0 n 1 n 9  0 f  a pF09ram f 0 r  r e a d 1 6 1 1 1 t y ,  
6u t  1t  d0e5 n0t  p r0v1de  f 0 r  name 1ndependence 0 r  any 0 t h e r  
5 t r u c t u r a 1  1ndependence n0rma11y a 5 5 0 c 1 a t e d  w1th a •610ck• 
7hu5,  t he  nuc1eu5 ] a n 9 u a 9 e  15 e55ent1a1 ] y  n0 t  a 6 ] 0 c k  
0 r 1 e n t e d  1an9ua9e 1n t h e  5en5e 0 f  AL60L 60 0r  P L / 7 .  

Pr0#jram5 w111 6e a61e t 0  c0mn•1un1ca•te w]. th each 0 t h e r  and 
w1th  • the 5y5tem v1a a p r 0 c e d u r e  ca111r,9 mechan15m., and a 
c0mm0n p001 0 f  5 t 0 r a 9 e  51m11ar t 0  t h e  C0MF•00L 0f  J0V1AL• [5h 
63] . 

8. H1d1nA~1he~.A0~t0~ 

7he de51 re  t 0  c 0 n 5 t r u c t  a 1an9ua9e t h a t  adm1t5 0n1y 
pr09ram5 w1th  a 51mp1e and n 1 c e ] y - n e 5 t e d  c0n t r01  5 t r u c t u r e  
r e 5 u 1 t e d  1n t h e  dec1510n t 0  pu rp05e1y  11m1t t h e  way5 1n 
wh1ch t h e  A 0 t 0  c0u1d 6e emp10yed at  t h e  50u rce  1eve1. We 
were n0 t  c0mp1ete1 y 5ucce55fu1  1n dea11n9 w1th  t h 1 5  pr06]em 
(5ee ff. 6e10w),  6u t  we have c 0 n 5 1 d e r a 6 1 y  reduced  the  need 
f 0 r  t h e  ~ 0 t 0  6y •h1d1n9• 1t  6eh1nd c 0 n 5 t r u c t 5  1 n t r 0 d u c e d  
5 p e c 1 f 1 c a 1 1 y  t 0  a1d 1n 5uch cam0uf1a9e.  7he5e 5pec1a1 
c 0 n 5 t r u c t 5  a r e  t he  e x 1 t ,  t7~e]~Aat~, parameter1  e55 .£r0~Ce~d.~U..[-9, 
and t he  •••...•ca5e. D e 5 c r 1 p t 1 0 n 5  0f  t he  f 1 r 5 t  tw0 0f  t he5e  
c 0 n 5 t r u c t 5  15 p r e 5 e n t e d  he re .  t he  ca5e c 0 n 5 t r u c t  15 
d15cu55ed 1n 5 e c t 1 0 n  0, and the  #22..c~,1~.edu.Ce 15 c 0 v e r e d  1n 
5ec•t 10n 0. 

1. Ex1 t  - 7he 1dea f 0 r  t h e  e x 1 t  c 0 n 5 t r u c t  0v191na11y  came 
fr0m 8L155 [1•1u 7 1 a ] ,  6u t  t h e  v e r 5 1 0 n  c u r r e n t ] y  u5ed 1n t h e  
nuc:1eu5 1an9ua9e ha5 6een 51mp11f1ed . 7he ex1 t  c 0 n 5 t r u c t  
may 6e u5ed t 0  e f f e c t  an ex1 t  f r0m v a r 1 0 u 5  1eve1::.:, 0 f  t h r e e  
n e 5 t a 6 1 e  c 0 n 5 t r u c t 5  1n t h e  nuc1eu5 1an9ua9e, t h e  ~[.0F, .c.y..c].e, 
.~nd t h e  ca5e.  (E-x1t f r0m a .F2K0.~2..edduCA 15 c0ded w1th  a r -e tu rn  
5 t a t e m e n t .  ) 

•1-he tw0 f0rm5 0f  ex1 t  p r0v1ded  a re  

< e x 1 t >  : : =  ex1 t  
1 A ~  < 1 d e n t 1 f 1 e r >  

1•he u5e 0f  t he  1den t1 f1e r "  
ran9e  1den t1 f1e r •  [RH 7 2 ] .  

1n t he  e x 1 t  c 0 n 5 t r u c t  15 a5 a 

1n a d d 1 t 1 0 n  t 0  1mpr0v1n9 pr09ram reada611 1 t y ,  t h e  
1 d e n t 1 f 1 e r  may a150 5e rve  t 0  1 n d 1 c a t e  t h e  c0n t r01  5 t r u c t u r e  
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f r0m 1uh1ch t h e  eX1t 15 t 0  6e t a k e n .  F0 r  examp1e: 

0U7ER: f 0 r  1 e 1 ~ , . .  

2NNER: c••yc 1 e: 
• , . ;  L~e~ea[; 
ex1 t  1NNER; 

end 1NNER; 
ex1t 0U7ER; 
m . n  

end 0U7ER•; 

7he ex1 t  5 t a t e m e n t  cau5e5 a t r a n 5 f e r  0f  c 0 n t r 0 1  0u t  0f  t h e  
de519na ted  5 t r u c t u r e • t 0  t h e  f 1 r 5 t  5 t a t e m e n t  t h a t  f0110w5 t h e  
end 0f  t h a t  5 t r u c t u r e .  

1#hen t h e  1 d e n t 1 f 1 e r  15 0m1 t ted ,  e x 1 t  15 t a k e n  [r0m t h e  
1nne r -m05 t  5 t r u c t u r e  c0n ta1n1n~  t h e  ........ e x 1 t .  When t h e  
1 d e n t 1 f 1 e r  15 1nc1uded,  1 t  15 e x p e c t e d  t 0  match t he  ran~e 
1 d e n t 1 f 1 e r  p reced1n~  t h e  f 1 r 5 t  w0rd ( f 0 r ,  .c2..c1e, 0 r  ca5e) 0 f  
0ne 0f  t he  c 0 n t r 0 1  5 t r u c t u r ~ 5  c0nta1n1n.~ t he  e x 1 t .  C0nt r01  
15 t h e n  t r a n 5 f e r e d  t 0  t h e  f 1 r 5 t  5 t a t e m e n t  f01 10w1n~ t h a t  
5 t r u c t u r e .  

2. Repeat  - 7he r e p e a t  5 t a t e m e n t  may 6e u5ed 0n1y w1th1n a 
cyc1e  5 t r u c t u r e .  7he £e~30eat cau5e5 pr09ram c0n t r01  t 0  
c 0 n t 1 n u e  w1th  the  f 1 r 5 t  5 t a t e m e n t  0 f  t h e  de519na ted  cyc1e .  
1 t  may 6e unc0nd1t10na1 0 r  c0nd1t10na1 (t~e~eat unt11 
< r e 1 a t 1 0 n >  ) .  1n t h e  1 a t t e r  ca5e,  t he  r~e~p~at cau5e5 an ex1 t  
f r0m t h e  de519na ted  cyc1e when t h e  < r e 1 a t 1 0 n >  t a k e 5  0n t h e  
va1ue 7RUE. When u5ed w1th  a •ran9e 1den t1 f1e r •  (5ee 
1 , E x 1 t ) ,  t h e  Eepea t  cau5e5 a t r a n 5 f e r  0 f  c0n t r01  t 0  t h e  
f 1 r 5 t  5 t a t e m e n t  0f  t he  named cyc1e .  When the  ran~e  
1 d e n t 1 f 1 e r  15 n0t  p r e 5 e n t ,  c0n t r01  15 t r a n 5 f e r e d  t 0  t h e  
f 1 r 5 t  5 t a t e m e n t  0 f  t h e  1nne r -m05 t  ~ % A ~  

7he ~ e p e a t  c 0 n 5 t r u c t  15 4 u 1 t e  u5efu1 1n c0d1n9 n e 5 t e d  
cyc1e5  when t he  5 t a t e m e n t 5  1n t h e  1nne r  100p a re  a150 t h e  
6e91nn1n9 5 t a t e m e n t 5  0 f  t h e  0 u t e r  100p. 1n the  a65ence 0f  
t h e  repea~,  add1t10na1 cyc1e5 w0u1d 6e needed t 0  hand1e 5uch 
n e 5 t e d  100p5, un1e55 t he  ~ 0 t 0  wa5 emp10yed. 

3. R5 p r e v 1 0 u 5 1 y  1 n d 1 c a t e d ,  we uJere n0 t  c0mp1ete1y 
5ucce55fu1  1n 0ur  a t t e m p t  t 0  6an15h t h e  m05t p r1m1t1ve  and 
u n r e 5 t r 1 c t e d  f0rm 0f  t he  # 1 2 -  7he ma1n rea50n  f 0 r  t h15  
f a 1 1 u r e  15 t h a t  we a re  n0 t  p r1mar11y  c0nce rned  w1th  wr1 t1n•  
new pr0~ram5,  6u t  r a t h e r  w1th  dec0mp1]1n9 a 1 r e a d y  e x 1 5 t 1 n 2  
pr09ram5 1n t h e  nuc1eu5 ]an9ua•e.  8a5ed 0n 0u r  emp1r1ca1 
ev1dence ,  5uch pr09ram5 are  11ke1y t 0  c 0 n t a 1 n  numer0u5 
c 0 n t r 0 1  5e4uence5 wh1ch w0u1d 6e 4 u 1 t e  d 1 f f 1 c u 1 t  t 0  c0de 
e 1 t h 0 u t  t h e  u5e 0 f  t h e  A 0 t 0 .  Examp1e5 0f 5uch 5e4uence5 
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•1. R6n0rma1 ex1t5 fr0m a 610c:k 0r pr-0cedur~e. 
2. Ce~-ta1.n c0de 5e4uence5 re4u1F1n.,8 h0de :5p11t~t1n;~ 0< 
,1,h1..~1e 0 0 n 5 t r - u c t 1 0 n  w1 th  a d d 1 t 1 0 n a ]  f1a95  f 0 r  c 0 n t r 0 1  
f10Lu de519n.~t10n5 
3. C0de u.,h1ch u5e5 a nav19at10r~ vec~t0m" t 0  dete1~-m1ne 
t h e  5e4uence 0f  e x e c u t 1 0 n  0 f  pr0~r.~rn m0du1~:5. 5uch 
c0de 15 0 f t e n  cha rac te~ -12ed  6y t h e  need f,~-,t~- a 51n~1e 
p a t h ,  .n21]-~Ketk~.Cn1..9. ~ t r a n 5 f e r  1n5truct10n. ]•he. .~t.~.:Lt~c, 
f 1115  t h 1 5  need 6 e t t e r  t h a n  any 0 t h e r  c:0ntF01 5 t r u c ~ t u r e  
that~ ha5 6een 0 f f e r e d  1r, 1~t5 p1ace.  

7he A0.t•••3... a150 p r 0 v 1 d e 5  t h e  0n1y mean5 0 f  t r a n 5 f e r  0u t  0 f  
a -%c.0p.9~%]~0c6- 7he 5c0F~.~}6.]j~LE[~ [ ex1 t  u.~a5 a6and0ned 1n f a v 0 r  
0f t h e  ~0.t.p~ f 0 r  t h e  pu rp05e  0 f  f0r-,2:1n•j e x p 1 1 c 1 t  F e f e r e n c e  t 0  
t h e  tar~,.%-et 0 f  t h e  ~.0t0.  

We a re  n0 t  p r e p a r e d  t 0  a r2ue  w h e t h e r  0r n0 t  any 0f  t h e  
a 6 0 v e - d e 5 c r 1 6 e d  c 0 n t r 0 1  5 t r u c t u r e 5  a re  nece55a1--y 0r- even 
d e 5 1 r a 6 1 e  1n a pr,::<~ram0 ] •he p01n t  15 t h a t  t h e y  e x 1 5 t ,  have 
6eer~, de6u99ed,  and, f 0 r  0u r  pu rp05e5 ,  t h e y  mu5t 6e, dea1 t  
,.u1th a5 eff1c1ent1y a5 p055161e.  We fee1 that th15 may 6e 
6e5t  acc0mp115hed 6y r e t a 1 n 1 n  2 t h e  ~.c~tp 1n 0u r  1an9ua~,~e, 
a 1 t h 0 u 2 h t  u~e h0pe. t h a t  1 t 5  u5e uJ111 6e. 11m1ted t,::, 51tua~t10n.~:.5 
t h a t  ame n0 t  ea511y hand1ed ,.u1th t he  0 theF  c0n5tF,•0t5 0f  t he  
1 an9Ua8e. 

9• - •  . . . . . . . . . . . . .  E un#:#m ent.a ] . . . . . . . .  ......... . . . . . . . . .  ...... . . . . . . . .  . . . . . . . .  

Dec1510n 8 0 x  

We [ n d 1 c a t e d  e a r 1 1 e r  t h a t  t h e  c 0 n t r 0 1  mechan15m5 u5ed 1n 
the pr-0~rarn5 t0 6e dec0rnp11ed ,.u0u1d p1ay a 5u6.~5t,m~rt1a1 r01e 
1n t h e  5 e 1 e c t 1 0 n  0 f  t he  c:0ntr01 5 t r u c t u r e 5  t 0  6e 1nc1uded 1n 
t h e  nuc1eu5 1an~.;ua~e. 1n t h e  p r09 ram5  exam1ned 50 f.--~4r, 
t h r e e  •type5 0 f  t~und.~menta1 c 0 n t r 0 1  mechan15m5 5 t a n d  0u t :  (1) 
51n81e entry, k - e x 1 t  100p5  (k21)  ; (2) n-J.uay •dec1510n 60xe5" 
( n ~ 2 ) :  and (3) p r -0cedure5 .  1n t h 1 5 : 5 e c t 1 0 n ,  uJe w111 c 0 n f 1 n e  

0ut.- d15cu5510n t 0  t h e  f 1 r 5 t  tvJ0 0f  •the5e n~,echar~,1:.-~n~,5. 7he 
.EF~0C.ed.~:~t~e 15 d15cu55ed 1n deta11 1t-, 5ect1c:,n D. 

.[. 00~.9..~£uc~t~u.Ce.9... 
-1•he 100p 5 t r u 0 t u r e  t y p e  may 6e c 1 a 5 5 1 f 1 e d  f u r t h e r  1 n t 0  

• t1u0 5 u 6 - t y p e 5  acc0rd1n,,~ t 0  t h e  r e p e a t  c0n~tr0] u5ed.  1n 0ne 
t y p e  0 f  100p, t h e  ran9e  and 1nc remen t  0 f  a c 0 u n t e r  ( 0 r  
1ndex)  15 5 p e c 1 f 1 e d  and t h 1 5  1nf0rn•1at10n 15 u5ed t 0  c:0ntr01 
100p r - e p e t 1 t 1 0 n .  1r• t h e  0th~.~r 100p t y p e ,  t he  1091ca1 va1ue  
0f  a r e 1 a t 1 0 n  15 u5ed exp11c1•t1y t 0  c0ntr-01 100p ac : t1v . [ t y .  

1 t  15 1 m p 0 r t a n t  t 0  n 0 t e  t h a t  n0 ef f , : : , r t  15 6e1n$ made t 0  
d 1 5 t 1 n 9 u 1 5 h  100p5 uJ1th 1 e x 1 t 5  f r0m t h 0 5 e  tu1th .j ( 1 ~ j )  
e x 1 t 5 .  1n a d d 1 t 1 0 n ,  t h e  p 0 5 1 t 1 0 n  0 f  t h e  1 t e r a t 1 0 n  t e 5 t ( 5 )  
1n51de t h e  100p 15 1 r r e 1 e v a n t .  R5 10n9 a5 t h e  a p p r 0 p r 1 a t e  
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. 5 t r u c ~ u r e d  100p e5cape  c 0 n 5 t r u c t 5  (5ee p r e v 1 0 u 5  .5ect10n)  a r e  
a d m 1 t t e d  1 n t 0  t h e  1an$ua9e ,  t h e  d12,t1n0•t10n 6et•,een t h e  100p 
.5 t~-u: : tur85 de5cr1k,~:d a60ve 1.5 5 u f f 1 c 1 e n t  f 0 r  0 u r  p u r p 0 5 e 5 . :  

L00p  5 1 r u 0 t u r e . 5  c 0 n t r 0 1 1 e d  6y a c 0 u n t e r  at-e r e p r e 5 e n t e d  
6y a ~..~f0r 5 t a t e m e n t  0 f  t h e  f0rm 

f 0 r  <1dent1f1er.~-=. ~- <expr•e:=,510n> 5t.e]0 <expre.5.510n> unt11 
• <expre5.510n> ••••.d0: 

end 

F111 0 t h e r  100p 5t~4~0t0re.5 may 6e r e p r e 5 e n t e d  51mp1y a5 

c2~L-J e : . . .  e nd 

1•he 4 u e 5 t 1 0 n  0f  t h e  ea5e 0f  rec09n1t10n 0f  t h e 5 e  tw0 6a51c 
100p c0n.5tru0t5 1.5 5t111 0pen~ a1th0u9h the1r pre5ence can 
6e d e m 0 n 5 t r a t e d  1n t h e  e.~<amp1e5 0f  5y5 tem c0de t h a t  0Je have 
exam1ned0 

7 h e r e  1.5 ] 1 t t 1  e 4ue.5t 10n t h a t  50me c 0 n v e n 1 e n t  
r ~ e p F e 5 e n t a t 1 0 0  0 f  t h e  n•-0Jay d e c 1 5 1 0 n  60x 15 d e 5 1 r a 6 1 e  1n a 
h1$heF 1eve1 1an9ua9e .  7he key  4 u e 5 t 1 0 n  c 0 n c e r n 5  t h e  f0 rm 
wh1ch t h 1 5  r e p r e 5 e n t a t 1 0 n  15 t 0  t a k e .  7w0 d 1 f f e r e n t  f0Fm5, 
t h e  j ump ta61 e and t h e  ca5e 5 t a t e m e n t ,  a r e  t h e  m05t 
f r e 4 u e n t 1 y  u.5ed 1n 0t1ner 1an2ua9e5 (.5ee, f0r examp1e, [5a  
89,  0n NEL1F4C], [C0 8 9 ] ,  [111u 7 1 a ] ,  [CH 7 1 ] ,  and [Ra 7 2 ] .  L0e 
have ch0.5en t h e  1a6e11ed ca5e 0 0 n . 5 t r u c t  [0H 7 1 ] :  

ca55e~..~ <expre.5.510n> •••1n {<1a6e1.5> < 5 t a t e m e n t  1 1 5 t > } +  1 
e1.5e: < 5 t a t e m e n t  11.5t> end 

~.uher~e 

and 
< 1 a 6 e 1 5 >  : : =  {<~1a6e1> : }~  

<1a6e1> : : =  < c 0 n 5 t a n t >  2 

F1ere, t h e  5 e 1 e c t 1 0 n  e x p r e 5 5 1 0 n  15 e v a 1 u a t e d ,  and c 0 n t r 0 1  15 
pa55ed t 0  t h e  5 t a t e m e n t  115 t  1a6e11ed  6y t h e  r e 5 u 1 t 1 n  2 
v a 1 u e .  1 f  n0 .5 ta temen t  115 t  15 50 1a6e11ed ,  t h e  5 t a t e m e n t  
115 t  1a6e11ed 6y e15e 15 e x e c u t e d ,  

1{ . . .  }.+ 1nd1ca te .5  t h a t  t h e  c 0 n t e n t  0 f  t h e  6 r a c k e t 5  0 c c u r 5  
0ne 0r  m0re  t1mer•-•,. 
{ . . . .  }~ 1nd1ca te .5  t h a t  t h e  c 0 n t e n t  0 f  t h e  6 r a c k e t 5  0 c c u r 5  

.;.1er0 0F m0re t1me:.~.. 
2 A < c 0 n 5 t a n t >  may 6e a 519ned  num6er 0 r  a (c0mp11e t1me) 
04u1va1 enced  1 d e n t 1  f1eF .  



$16P1~ N0t1ce5 14 1974 ~a~u~/ 

7 h e r e  a re  a num6er 0 f  r ea50n5  f 0 r  ch0051n9 t h e  1a6e1~ed 
ca5e 5 t a t e m e n t  0ve r  t h e  .1ump t a 6 1 e  and t h e  0 t h e r  v a r 1 a t 1 0 n 5  
c 0 n 5 1 d e r e d .  6]e 5ha]1 115t  0n1y a f e ~ ,  

1. 7he u5e 0 f  t h e  jump t a 6 1 e  p1ace5 a heav1e r  hu rden  
0n t h e  pr09rammer t h e n  d0e5 t 6e  u5e 0 f  t h e  1a68].1ed 
ca5e 5 t a t e m e n t  5h0wn a60ve.  Re9ard1e55  0f  t h e  ~ay 1r, 
,#h1ch the .jump ta61 e 15 c 0 n 5 t r u c t e d ,  1t 15 the 
pr09rammer~5 r-e5p0n51611•y t 0  c 0 n v e r t  t h e  d a t a  t0 6e 
u5ed 1n t}-1~. 5 e 1 e c t 1 0 n  p r0ce55  t 0  t he  c 0 r r e c t  1 n t e 9 e r  
va1ue (m0du10 t h e  512e 0f  t he  jump t a 6 1 e ) .  
2. 7he 1 a6e11 ed . . . . . .  ca5e 5 t a t e m e n t  m0re a c c u r a t e ]  y 
r •ef1ect5 t h e  a c t 1 v 1 t y  t h a t  15 m05t 0 f t e n  ae..~c,01ated 
uJ1th t h e  n--L0ay dec1510n 60x,  name1 y, t h e  5e1 e c t 1 0 n  0f  
0ne 1tem f r0m a f 1 n 1 t e ,  u n 0 r d e r e d  :5et 0f  e1ement5.  
3. 7he u5e 0 f  t h e  1 a6e] 1 ed ca5e 5 t a t e m e n t  5h0u1 d 
y1e1 d a m0re reada61 e pr09ram, a5 uJe1 ] a5 a pr09ram 
that 15 m0re 11ke1y t0 6e c0rrect after 1t5 1n1t1a] 
c0d1n9, and after each m0d1 f10a~10n t 0  a ca5e 
5 t a t e m e n t .  F0r  examp]e,  ,.ue need n0 t  w 0 r r y  a60ut  
5,.u1tche5 9 e t t 1 n 9  0ut  0f  0 r d e r ,  0 r  ca5e5 6e1n9 added 0r  
de] e t e d .  R5 ha5 6een 5h0u.,n [RM 71] t h a t  t he  cy.9~...L~ , 
•[0r, and ca5e 5 t r u c t u r e 5  de5c r16ed  a60ve a re  1ndeed 
5uff1c1ent t 0  ena61e t h e  c0d1n9 0f e v e r y  f10,1,charta61e 
pr09r-am. We ant1c1pate that, when c0m61ned Lu1th the 
ex1t and the repeat c0n5truct5, they uJ111 pr0ve t0 6e 
6 0 t h  a d e 4 u a t e  and c 0 n v e n 1 e n t  00n : - . t ru0 t5  1n any 5y5tem5 
1mp1ementat10n 1an9ua9e. 

0.  P r 0 c e d u r e 5  

8 0 t h  t h e  .1EL-.0EeLL~]uCe and "1:.he .ELr~9~KE.9m, P, a re  c0mpr15ed 0f  
t h r e e  d 1 f f e r e n t  type5, 0f  610ck5. 

1) 0ne 0r  m0re d e c 1 a r a t 1 0 n  610ck5 each c 0 n t a 1 n 1 n 9  
1nf0rn•fat10n t 0  6e--•-••••--••••••---••-••----• 1n t h e  p r 0 c e d u r e 5  10ca1 t 0  P 
(1 f any) 
11) 0ne 0 r  m0re 5c0E[e ..................... 6] 0ck5 ea0h c 0 n t a 1 n 1 n 9  
e x e c u t a 6 ] e  c0de 
111) 0ne d e f 1 n 1 t 1 0 n  610ck c 0 n t a 1 n 1 n 9  t h e  d e f 1 n 1 t 1 0 n 5  
0 f  a1] p r 0 c e d u r e 5  t h a t  a re  r e f e r e n c e d  1n P. 

E x e c u t 1 0 n  0f  a p r 0 c e d u r e  15 t e r m 1 n a t e d  v1a t h e  ............ r e t u r n  
5 t a t e m e n t .  N e 1 t h e r  r e 0 u r 5 1 v e  n0 r  r e - e n t r a n t  p r 0 c e d u r e 5  a re  
5 u p p 0 r t e d  1n t h e  n u c ] e u 5  1a9ua9e.  

1n t h e  nuc1eu5 1an9ua~e, a1] p r 0 c e d u r e 5  a re  f u n c t 1 0 n  
p r 0 c e d u r e 5  w1th  51de e f f e c t 5  ( t h e y  may a 1 t e r  t h e  va1ue 0 f  
any p a r a m e t e r  pa55ed,  and t h e y  a150 may 6e a5519ned a un14ue 
va]  ue up0n r e t u r n ) .  7he va]  ue 0 f  t h e  p r 0 c e d u r e  may 6e 
de f£ned  6y t h e  •var1a61e ( 1 d e n t 1 f 1 e r ,  9 r0up  v a r k a 6 ] e ,  0 r  
a r r a y  de519nat0r•) 5 p e c 1 f 1 e d  1n t h e  r e t u r n  5 t a t e m e n t ( 5 )  0 f  
t he  p r 0 c e d u r e .  1 f  t h e  v a r 1 a 6 1 e  15 0mm1tted,  t h e  p r 0 c e d u r e  
va1ue 15 a55umed t 0  6e 1 r r e 1 e v a n t  t 0  t h e  ca111n9 pr09ram.  



516PLAN N0t1ce5 15 1974 January" 

R5 15 t h e  ca~5e cu1th 5c0pe 610ck5 ,  10ca1 p r 0 c e d u r e 5  
p r 0 v 1 d e  n0 name 0 r  5 t r u c t u r a 1  1ndependence re1a~t1ve t0  t h e  
0 u t e r  p r 0 c e d u r e 5  and p r 0 9 r a m 5 1 n  Luh1ch t h e y  a re  d e c 1 a r e d .  
F•0r examp1e, 1 t  15 n0 t  pc,55161e f 0 r  an 0 u t e r  p r 0 c e d u r e  10 
.jump 1 n t 0  t h e  rM. dd1e 0f  an 1nner  p r 0 c e d u r e ,  6ut  t he  1 a t t e r  
may t r a n 5 f e r  1 t•-1t 0 t h e  m1dd1 e 0f  ar• 0 u t e r  p r 0 c e d u r e ,  
re~;ard1e55 0 f  t h e  0r191na1 p01n t  0J Ca1 1. H0pe fU11y ,  t h15  
W111 6e a f e a t u r e  t h a t  U.,111 6e U5ed 0n1y 5 p a r 1 n 9 1 y  , 1 t  a t  
a1~, 1n t1ne pr09r~arn5 t h a t  Lue dec0mp11e. 

7he 1ack 0f  name and 5 t r u c t u r a 1  1ndependence ha5 ena61ed 
u5 t 0 1 m p 1 e m e n t  p r 0 c e d u r e 5  ~u1th n0 run  t1me 0 v e r h e a d  e x c e p t  
f 0 r  t he  p a 5 5 1 n 9 0 f  p a r a m e t e r 5 .  7he p a r a m e t e r 1 e 5 5  p r 0 c e d u r e  
15, t h e r e f 0 r e ,  a c0nven1en t  and e f f 1 c 1 e n t  mean5 f 0 r  
r e p r e 5 e n t 1 n 9  9 r0up5  0f  5 t a t e m e n t 5  wh05e e x e c u t 1 0 n  15 
r e 4 u 1 r e d  at  5evera1 d1 [ f 8r8r•1t p1 ace5 1r1 a pr09r~.~rn. 
Fac ] .11 t1e5  f 0 r  5uch repr~e5enta10n a re  ava11a61e 1n a35e1~n61y 
1an9ua,9e5, m05t 0 f  cuh].ch have an 0pe ra110n  c0de f 0 r  " 6 r a n c h  
and 5 t 0 r e  1n5truct10n r e 9 1 5 t e r  °• u.1h10h ena61e5 a00e~,5 t0  a 
5 t a t e m e n t  9 r0up  ~5h11e at  t he  5ame t1me 5av1n9 t he  a d d r e 5 5 0 f  
1he nex t  5e4uent] .a1 1 n 5 t r u c t 1 0 n  f 0 r  t he  5u65e4uen t  r e t u r n .  

E.:•• ••.•..[..19• e .~F--1.53,~1 9 0m9.~3 £.. 5-t~ J-..~:rrt ~t 0.•t ..... 

0ne 0 t h e r  c 0 n 5 t r u c t  0f  t he  nuc1 eu5 1 an9ua9e,  t h e  
a551~nrr~e.n.t - 5 t a t e m e n t ,  d e 5 e r v e 5 0 0 m m e n t  he re  6ecau5e 0f  1 t 5  
un14ue r 0 ] e  1n t h e  exp re5510n  5 y n t a x  0f  t h e  nuc1eu5 1an9ua~,e 
(5ee Rppend1x A) .  1-he tw0 m 0 5 1 1 m p 0 r t a n t  a 5 p e c t 5  0f  t h 1 5  
r•01 e a re :  

11 e" f t handParent51 dehe510 f 2ed•t he a5519nn~,er1~k exp r  e~e~] °n50perat 0 r  rnay a~-,~aear 0n t he 

2. P a r e n t h e 5 1 2 e d  a5519nment 5 t a t e m e n t 5  may 6e u5ed a5 
0F.,erand5 1n expr•e5510n5. 

7he va1ue 0f  t he  a5519nmer, t 15 t h e  c 0 n t e n t  0 f  t he  5 t 0 r a 9 e  
10ca•t10n 1 n t 0  wh1ch t h e  va1ue 0f  t h e  r 1 9 h t  hand 51de 1:5 
5 t 0 r e d .  7he d e 5 t 1 n a t 1 0 n  0f  t he  a5519nmen~t 15 e 1 t h e r  t h e  
10ca•t10n 0f  t he  .[~23~:1..~42.;[0. C 0r  t h e  a d d r e 5 5 9 1 v e n  6y t he  va1 ue 
0[  t he  c a 1 0 u 1 a t e d  r, xp re5510n  1n $ t 5  .J~e[~£~:~. ~ 7he5e 
featurem. ,  c0rn61ned u.,1tk, t he  5 y n t a c t 1 c  5 t r u c t u r e  0f t6,::: 
],an, 9ua9e,  and t he  r,••,0nad1c 0 p e r a t 0 r 5  .•10c (10c:at10n 0 [ ) ,  and 

( 1 n d 1 r e c t  r e f e r e n c e )  y1e1d a 5 u c c 1 n c t  h19he r  1eve1 
r e p r e 5 e n t a t 1 0 n  c:,f 5e4uence5 0f  •1 e n 9 t h y  a r 1 t h m e t 1 c  and 
r,•,a5P.:1n9 c a 1 c u 1 a t 1 0 n 5  at  t he  mach1ne c0de 1eve1. 

1 7he ~ ~ E ~ .  0 f  an a5519nment 5 t  a tement  may 6e a 
de51 .9na t0 r  0 r  a p a r e n t h e 5 1 2 e d  e x p r e 5 5 1 0 n .  R d 9 . ~ 1 ~ . 1 ~  may 
6e an 1 d e n t 1 f 1 e £ ,  an #3~.EA2 r e f e r e n c e ,  a ~ 1 2 ~  3 c0mp0nent  
r e f e r e n c e ,  a pa r t1a1  ce11 r e f e r e n c e ,  0 r  a ••10c r e f e r e n c e .  
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~:1~1.;Y9[0~..].£: [ h e  1F2,H1130 D15k 0 p e r a t 1 n 9  5y~5~tem c:0de 5e4uence  

[....0 F~WRREA 
0R 0291 0 
A D2985 
5]••0 D23:90+1 
A 02980  
A D2280+1 
570 E:,2280+1 

ha.5 a 1 a r ~ e t  1ar~t9u,~e r e p r e 5 e n t a t 1 0 n  

(D2280+1)  ~.- ((023•.•,0+1) .e- Fk1F~RER ..... D2910 + D2985)  
+ 1 ) 2 9 6 0  + . ( ~10cD2280 + 1 )  

. . . . . . . . .  

7he pr061em 0 f  t h e  aut0mat1c• r e c 0 9 n 1 t 1 0 n  0f t h e  d a t a  
t y p e 5  a n d . 5 ~ t r u c t u r e 5  u~-,ed 1n t h e  a5.c-.em61er 1an9ua9e c0de 15 
a r e 5 e a r c h  "t0pJ c 1n 1t:5 0wn r 1 9 h t .  Even t h e  m,~mua1 
r e c 0 ~ j n 1 t 1 0 n  0f t y p e 5  and 5"P. rL~0tUre5 1:~-~ 0 f t e n  a f 0Vm1da61e  
t a 5 k .  F:4t t h 1 5  p 0 1 n t ,  We are w1111n9 t 0  5 p e c u 1 a t e  t h a t  t h e  
51n ,91y -d1men510ned  and t y p e 1 e 5 5  a r r a y  15 t h e  m05t 
c0rnp 1 1 c a t e d  5 t  ru,:::t u r e  t h a t  need 6e re,:5,::,$n12ed 6y an 
au t  0ma~t1c pr  09r~arr~ 5 t r u c t u r e  ana1 y 2 e r .  7 h e r e f 0 r e ,  t h e  
,:::ur~en-t v e r 5 1 0 n  0 f  t h e  ~ a r 9 e t  1ar~<~ua$e 5 y n t a x  15 e 5 5 e n t J a 1 1 y  
t ype~-~1[~:n0ran1:, a1 ~t h0u;~;h 1 t  d0e:.=•. 1n01 ude fac11J, t 1 e 5  1"0r 
hand]1r~:~ 1nterna1, 1n1:e9er, .:~r,d 5tr1n~ c0n5tant;•--., a:--, we]1 ,~-~:~ 
:~,pec1a1 p 0 1 n t e r  var1,~61 e5. 7he c u r r e n t  :5yn~ax 15 a1 5,-:, 
v 1 r t u a 1 1 y  :5 t ru0~ tu re1e55 ,  1nc1ud1n9  0n1y f a c 1 1 1 t 1 e 5  f0r t h e  
dec1 ar~at10n and rnar~<tpu1 .~t10n 0f :51n21 y~" d:1.men:---.1 0r~ed and 
t y p e 1 e 5 5  art~-ay~,; and f 0 r  9 r 0 u p 1 n 9  t09~e the r  1 n d 1 v 1 d u a 1 1 y  
rtamed .~-.5tr1n85 0 f  6.[1:5 1r~t0 a 51mp1e 5~tF~uctuve ca11ed  a ~r..4~dP~ 
(5ee 121.  8,  f 0 r  a 6 r : [ e f  d1:5cu5~,10n 0 f  a .91--.~:2.~:1E~.)- 

[4.  Der::: 1 a r - a • 1 0 n : •  =, 

7he p u r p 0 5 e  0f. t h e  dec1av~at10n ~5 •t0 1 n t r 0 d u c e  a n a m e ,  

5pec]. f y 1 t 5 u~5e ( a5 a 2.~.~C~=-~e~:j~4r~e~, /V~r5.9.~.1 e t  c. ) , and 
(F:,055161y) t 0  5 p e c 1 f y  1 t 5  1r•,1t1a] va1ue  7 h e r e  a r e  f 0 u r  
t y p e 5  0f dec1ar~,;.~t10n5 1n t h e  n u c 1 e u 5  1an$ua9e :  d e c 1 a r a t 1 0 n 5  
f.0v 5Jrnp1e vat . -1a61e5,  a r r a y  v a r 1 a 6 1 e 5 ,  £4~t~9-.Udf-~. va r1a61  e5,  and 
F, r 0c6du r -e5 .  

R11 56~np1e v a r 1 a 6 1 e 5 ,  9 r 0 u p 5 ,  array~5,  and p r 0 c e d u r e 5 ,  
mu5t 6e d e c 1 a r e d ,  .;.:md t h e 5 e  ,~1ec1arat10r~,5 mu5~. a p p e a r  w 1 t h 1 n  
50me dec1ara~ t10n  610ck  0 f  t h e  P r09 ram 1n wh1c:h t h e y  a r e  t 0  
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68 u5ed.~ 7he 5c0pe 0 f  t h e  d e c 1 a r e d  1tem 15 t h e  e n t 1 r e  
pr09Fam 1n wh1ch the  dec1arat•10n 0 c c u r 5 ,  6ut  an 1tem mu5t 6e 
,dec1ared 6ef0re 1t 15 referenced0 

We reca11 t h a t  ne1ther t h e  5~0pe~ 610ck n0 r  t he  pE0Eedur~e 
p r0v1de  any name 1ndependence 1n t h e  nuc1eu5 1an9ua.2e. 
7 h e F e f n r e ,  an 1 d e n t 1 f 1 e r  a ] r e a d y  d e c 1 a r e d  at  50me p01nt  1n a 
p r09 ram may n0 t  6e r e - d e c 1 a r e d  10ca11y any1uhere 1n t h a t  
pr09ram 0r 1.n a pr0cedure that 15 10ca1 t0 the pr09ram, 
7h15 re5tr1ct10n may 6e .jud9ed a5 50me,~hat 1nc0nven1ent fr0m 
a pr09rarnm1n9 p01n t  0 f  v1em, 6ut  1 t  d0e5 51rnp11fy t h e  
c0mp11at10n p r 0 c e 5 5 .  F u r t h e r m 0 r e ,  t h e  r e - d e f 1 n 1 t 1 0 n  f e a t u r e  
15 n0t  a t  a11 u5efu1 1n the  a u t 0 m a t 1 c  dec0mp11at10n 0 f  
a55em6] e r  1 an9ua9e p r09 ram5.  7he pu rp05e  0f a11 01u1n9 
d e c 1 a r a t 1 0 n  610ck5 6e tween any pa1F 0f  pr0~;vam 5 t a t e m e n t 5  15 
501 e1 y t 0  ena61 e t h e  p r09rammer  t0  1 0ca1 12e 1tem 
d e c 1 a r a t 1 0 n 5  t 0  ea5e t h e  5 t r a 1 n  0n h15 mem0ry and t 0  mahe 
t h e  pr0~U~<ram m0Fe r e a d a 6 ] e .  

1n t h e  rema1nder  0f t h 1 5  5 e c t 1 0 n ,  we ~,111 c 0 n f 1 n e  0u r  
a t t e n t [ 0 n  t 0  t h e  51mp1 e var1a61 e and a r r a y  dec1 a r a t 1 0 n 5 ,  
51nce t h e  p r 0 c e d u r e  d e c 1 a r a t 1 0 n  15 5 t r a 1 9 h t - f 0 r u . , a r d  and t h e  
.9r0up~ d e c 1 a r a t 1 0 n  15 c 0 v e r e d  1t3 t he  nex t  5 e c t 1 0 n .  

0ccur-. 1n any 0ne 0f 

dec1arat10n 115t (p]aced 
ce1 1 

51mp1e v a r 1 a 6 1 e  dec1ara t10 tn5  may 
t h r e e  f0 rm5.  

1 ) a5 an e1 ement 0f  t h e  
6 e t e e e n  c0mma5) cau51n9 an un1n1 t1a112ed  5 t 0 r a 9 e  
t 0  6e a 1 1 0 c a t e d ;  
2) a5 a d e c 1 a r a t 1 0 n  115t e1ement 0 f  t he  f0 rm 

< 1 d e n t 1 f 1 e r >  = < e x p r e 5 5 1 0 n >  1 
wh1ch cau5e.~ a 5 t 0 r a 9 e  ce11 1 n 1 t 1 a 1 1 2 e d  t0  t he  va1ue 
0 f  t h e  e x p r e 5 5 1 0 n  t 0  6e a 1 1 0 c a t e d ;  
3) a5 a d e c 1 a r a t 1 0 n  115t e1ement 0 f  t h e  f0 rm 

<1dent1f1er> = < e x p r e 5 5 1 0 n >  1 
,.uh1ch cau5e5 t h e  v a ] u e  0f  t he  e x p r e 5 5 1 0 n  t 0  6e u5ed 
uJhevever t h e  1 d e n t 1 f 1 e r  appear5  1n t h e  p r09 ram;  

R r r a y  d e c 1 a r a t 1 0 n 5  may 6e 1n 0ne 0f  tuJ0 f0 rm5:  
1) a5 a d e c 1 a v a t 1 0 n  115t e1ement 0 f  t h e  f0rm 

< 1 d e n t 1 f 1 e r > [ < u n 5 1 2 n e d  c 0 n 5 t a n t > ]  
wh1ch cau5e5 n = (va1ue 0f  t h e  un519ned c0n5 tan t . ]  
u n 1 n 1 t 1 a 1 1 2 e d  ce115 t 0  6e a 1 1 0 c a t e d  t0  t h e  1 d e n t 1 f 1 e r ;  
2) a5 a d e c ] a r a t 1 0 n  115t e1ement 0f  t h e  f0 rm 

< 1 d e n t 1 f 1 e r > [ < u n 5 1 9 n e d  num6er>]  = 

1 1n t h e  ca5e 0f  t h e  51mp1 e v a r 1 a 6 ]  e, t h e  r e 4 u 1 r e d  
d e c 1 a r a t 1 0 n  1 5  v1 e,~ed a5 an 1 m p 0 r t e n t  de6u991n9 a1d, 
e 5 p e c 1 a 1 ] y  f 0 r  1aF9e pF09vam5. 
1 7he va1ue 0f  t h e  5uch an e x p r e 5 5 1 0 n  mu5t 6e c 0 m p ] e t e ] y  
de te rm1na61e  at  c0mp11e t1me. 
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( < c 0 n 5 t a n t  t 0 p 1 e > ) 2  
wh1ch cau.~e5 a 0 n e - 0 n e  a5519nment  0 f  t h e  rn~n c 0 n 5 t a n t  
t u p 1 e  e1ement5 t 0  ~he f1r5t m ce115 a110cated t 0  t h e  
n - c e ] 1  a r r a y .  

51mp1e vav1a61e  d e c 1 a r a t 1 0 n  3) and a r r a y  d e c 1 a r a t 1 0 n  2) 
have 6een added t 0  t h e  1an9ua9e f 0 r  dec0mp11a•t10n and 
pr09r•amm1n9 c0nven1ence ,  •51nce 5uch e4u1va1 ence and 
1n1t1a1 12at10n feature5 ar-e pr0v1ded 1n m05t a55em61 y 
] an9ua9e5.  

7u.,0 1mp1 e m e n t a t 1 0 n  dependen t  •• 1 en9th•• c h a r a c t e r 1 5 t 1 c 5  
(w0rd  and 6~t.e) mu5t 6e 5 p e c 1 f 1 e d  f0r" each e1ement (51mp1e 

v a r L a 6 1 e ,  array_ 0r- ~.r20u~E) t h a t  15 d e c 1 a r e d .  7he5e ena61e  
t h e  u5eF t 0  1 n 5 t R u c t  t h e  c0mp11 e r  t 0  c 0 n 5 e r v e  5 t 0 r a 9 e  
wheneve r  p0~5161e 6y a ~ 1 9 n 1 n 9  un1t.~ 0 f  5 h 0 r t e r  1en9 th  
(#2~te) t 0  t h 0 5 e  p r09ram e1ement5 5uch a5 5ma11 1 n t e 9 e r 5  and 
c h a r a c t e r 5  ,.uh1ch d0 n0 t  r -e4u1re t h e  10n9er  (w0rd)  5 t 0 r a 9 e  
5 t r u c t u r e .  1n t he  M 1 c r 0 d a t a  1621 1mp1ementa t10n 0f  t he  
nuc1eu5 1an9ua9e,  •the ~ 15 8 6 1 t 5  and t h e  w0rd  15 16 6 1 t 5  
1n 1 e n 9 t h .  

M0re r e f 1 n e d  p a r t 1 t 1 0 n 1 n 9  0f  p r09 ram 5 t 0 r a 9 e  ce115 may 6e 
acc0mp115hed v1a  t he  u5e 0 f  t h e  5pec1a1 ~[L0u~U~E d e c 1 a r a t 1 0 n  
d e 5 c r 1 6 e d  6e10w. 

~-~-- f~E9u~D Vav1a61 e5 

7•he 2LE9u~J3 d e c 1 a r a t 1 0 n  may 6e u5ed t 0  f a c 1 1 1 t a t e  t h e  
nam1n9 and 0 r 9 a n 1 2 a t 1 0 n  0 f  c 0 1 1 e c t 1 0 n 5  0 f  pav t1a1 w0rd5  
wh1ch may have fr•e4uent u5e 1n a p r09 ram.  7he u5e 0 f  a 
~ r 0 u E  can ena61e t he  5 t 0 r a 9 e  0 f  5evera1 mem0ry 0 6 j e c t 5  0f  
d 1 f f e r e n t  1en9 th  1n a c 0 n t 1 9 u 0 u 5  610ck .  

R 9 r0up  v a r 1 a 6 1 e  15 a p 0 1 n t e r  t 0  a 
5e4uence 0f  paFt1a1 5 t 0 r a 9 e  ce11 5. 
5p.ec1f1ed 1n t h e  Ar0u.1~ v a r 1 a 6 1 e  115t  
dec1 a r a t 1 0 n :  

named and 0 r d e r e d  
6 r 0 u ~  v a r 1 a 6 1 e 5  a re  

p a r t  0 f  a r~j~L9~ E 

< 9 r 0 u p  d e c 1 a r a t 1 0 n >  : : =  

u;here 
< 9 r 0 u p  v a r 1 a 6 1 e  > : : =  < 1 d e n t 1 f 1 e r >  

1<avraY d e 5 1 9 n a t 0 r >  

F 0 r  examp1e, t h e  d e c 1 a r a t 1 0 n  0 f  a ~v~0~L~ E ref1ect1n9 t h e  
f 0 r m a t  0 f  t h e  18H1 1 90 D15k 0 p e r a t 1 n 9  5y5 tem 1 n p u t / 0 u t p u t  

2 R .~..c0n5tant_.tu~u~1[e 15 a p a r e n t h e 5 1 2 e d  115t  0 f  5 t r 1 n 9  0r 
numer1c c 0 n 5 t a n t 5  wh1ch a re  a551~ned 1 e f t  t 0  r 1 9 h t  t 0  t h e  
ce115 0 f  t h e  5 p e c 1 f 1 e d  a r r a y  a5 1n a F0R7RRN DR•7R 5 t a t e m e n t .  
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C0mmand 0n a 1 8 - 6 1 t  mach1ne m19ht  a p p e a r  a5 

.9.tL9~::~[~ 1000 [RD0RE55 ( 1 8) , RRER (5) , FUNC710N ( 3 ) , M0D1F1ER f. 8 ) ] 
F1LE1CC., 7EHP00 [6 ]  

Par~t1a]  5 t 0 r a 9 e  c:e11 a5519nmen t5  a r e  made f r0m 1 e f t  t 0  
r-~19h1 1n t h e  c0rnp0nent  1 1 5 t .  7he num6eF 0 f  5 t 0 r a 9 e  ce115 1n 
t h e  0 6 j e c t  rr,,~c:h:~r~; needed t 0  5 t 0 r e  t h e  c0mp0nen t5  0 f  t h e  
9 r 0 u p  1•5 dec1ded  6y t h e  c0mp11er  a5 1t m0ve5 1 e f t - t 0 - r 1 9 h t  
Ldhenc:v0r p055161e ,  rn0r-e t h a n  0ne c0mp0nent  may 6e a:.~519ned 
1:0 a 51n91e 00mpu~ter 0e. 11, 6u t  0 v e r 1 a p p 1 n 9  a p a r t 1 a 1  ce11 
.-~5519r, m8nt 6et,.ueen tw0 ce1 ]5  15 n0 t  p e r m 1 t t e d .  7he a60ve 
~x~ar~np]e Lu0u1d e / f e c t  t h e  a 1 1 0 c a t 1 0 n  0 f  5even 9F0up5 0 f  
f0r~mat 10C•C, and t h e  a5.519r, rnent 0 f  t h e  p 0 1 n t e r 5  t 0  t h e 5 e  
9r-c,,..4p5 t 0  t h e  .9.r:,9[.:{.~ 2 v a r 1 a 6 1 e 5  F1LE10C, and 7EMF~CC:[1] t h r u  
•[EHF•CC[6]. 1n -the a60ve examp1e, "the c0mp11er  Lu0u1d a5519n  
t,.u0 1,5~-61t ~u0rd5 t 0  each 10CC 9 r 0 u p .  RDDRE55 w0u1d 0 c c u p y  
t h e  f1r~5t 0 f  t h e 5 e  tw0 ,.u0r-d5, and t h e  0 t h e r  t h r e e  c0mp0nen t5  
w0u1d 0ccupy• t h e  .~..~.ec0r-,d [u0rd.  

R e f e r e n c e 5  t 0  t h e  enmp0nen t5  0 f  a 9 r 0 u p  a r e  0 f  t h e  f0 rm 

F1REA 0f  F•1LE1CC, F1DDRE55 0 f  7EMPCC[3] 

•7•he par••t1a1 Ce115 0f  a 9r0Up may 6e a5519ned  1n1 t1a1  Va1Ue5 
1n t h e  deC1ar~at:]..0~1 5eC t10n  0 f  a p r0~ ram,  0F 6e r -e fe renCed  1n 
t h e  :5C0pe 610Ck 0 f  t h e  p r09 ram,  v1a  r e f e r e n c e 5  ( 5 u 6 5 e 4 u e n t  
1:0 t h e  £•:-.0.up. d e c 1 a r a t 1 0 n )  t 0  "the .~%..(2uF2 c0mp0nen t5  a5 5h0wn 
6~ L4 0X/~2:. 

N0 0 t h e r  t y p e  5pec1 f1ca•t10n5 0 r  dec1 a r a t 1 0 n 5  ave 
ava11 ,•=..,61 e 1n 511••1PL•. 7ype  5pe01 f 1 c a t 1 0 n  can,  a t  50me 
expen5e ,  a110u., t h e  c0rnp11er t 0  r e p 0 r t  0n p055161e  m15u5e 0 f  
the 1,::~r]9ua9e, 6u•t t h 1 5  a d v a n t a 9 e  15 5ma11 C0mpared t 0  t h e  
] 1m11:at. 10r~15 and r~e:~.tr1Ct10r,5 t h a t  t y p e 5  1mp05e, e5peC1a11 y 

u..,her~1 d,~.~C0n~,p1]1n.~.~; 15 1rYV01Ved. 

1V.  1NPU 7 / 0U1-PU f 

1 r ~ p u t / 0 u t p u t  1~:5 h.~nd1ed 1n .5 t r1n9  f0 rm 0n1y .  
0 u t p u t  5 t a t e m e n t  15 

7he" 1 n p u t /  

.......... x 1 0 ( < d e v 1 c e >  , <addre~-~:.=-,> , < f u n c t 1 0 n >  , <m0d1f1er-> ) 

1n 9 e n e r a 1 :  t h e  p a r a m e t e r 5  0 f  x10 a r e  r e f e r e n c e : 5  t 0  t h e  
00mp0neFrt.1~, 0 f  a 9 r 0 u p  var•1a61 e c 0 n t a 1 n 1 n 9  t h e  6 1 t  5 t r 1 n 9 5  
u.,h1ch d e f 1 n e  t h e  1 / 0  dev1ce ,  t h e  f 1 r 5 t  w0rd  a d d r e 5 5  0f  t h e  
. ] rea  0 f  t h e  d a t a  t r a n 5 f e r ,  and t h e  f u n c t 1 0 n  :t0 6e p e r f 0 r m e d .  
1n 0rdf2:r t 0  p r 0 v 1 d e  ma::<1rnum f1e> :16111 t y  1n hand11n9  1 / 0  f 0 r  
t h e  mach1ne5 1n t h e  c1 a55 M, t h e  c0de 9 e n e r a t e d  [ 0 r  t h e  •••x10 
1n5truc.~t10r~ p r 0 v 1 d e 5  an 1 n t e r f a c e  6e•tuJeen t h e  h 0 5 t  mach1ne 
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1 / 0  f a c 1 1 1 t 1 e 5  a1~1d the  r e 4 u e 5 t e d  f u n t 1 0 n  f 0 r  t he  5y5tem 
6e1n9 m0ved t 0  t he  h05 t  me~ch1ne0 E55ent1a11 y~ t h 1 5  
1 n t e r f a c e  c0de u5e5 the  1r, fc, rma t10n  1n t he  hard,.ue~re 5~t~tu5 
re~;1.~ter-5 0f  t he  h05 t  m,~ch1r~e t 0  51mu1ate t h e  5et t1n~:  0 f  t he  
c0r-r-e5p0nd1n9 r e 9 ] . 5 t e r 5  [ 0 r  t h e  5 0 u r c e  mach1ne. 7he 80L.1k-08 
mach1ne r e 9 1 5 t 0 r 2 ,  ,~re r e p r e 5 e n t e d  1n mem0ry c0115 1n t h e  
h05 t  mach1ne. 

0n1y  5 t r 1 n 9 5  0£ c h a r a c t e r : 5  may 6e t r a n 5 m 1 t t e d ,  and t he  
t ra r ,5m15510n may 6e 0n a c h a r a c t e r  6a515 ( u n d e r  pr09re~m 
c 0 n t r 0 1 )  c,r 0n a ~rec0rd~ 6a515 ( u n d e r  t h e  c 0 n t r 0 1  0[  the. 1 /  
0 d e v 1 c e . )  1n t h e  1 a t t e r  ca5e,  t he  num60K" 0f  c h a r a c t e r 5  t 0  
6e t r a n 5 m 1 t t e d  15 u5ua1 1y c0n~t~1ned 1n t h e  f 1 r 5 t  uJ0rd 0f  t h e  
6uffet~- p 0 1 n t e d  t 0  6y t h e  <addre~-,5:::. p a r a m e t e r  0 f  t h e  1 / 0  
c•.a11. 70 he1p u / [ t h  c 0 n v e r 5 1 0 n  f r0m 1nte:~;er t 0  5 t r 1 n 9  and 
6ack ,  tw0  6 u 1 1 t - 1 n  pr0C8dUk-e:5 1NCH ( f 0 r  1 n t e 9 e r  t 0  c h a r a c t e r  
c 0 n v e r 5 1 0 n )  •and CH1N (f0~- 0 h a r . ~ c t e r  t 0  1n~te.:~;er) c0nver .510n 
w111 6e ava11a61e.  

V. 14DD1710NRL F Ef4••1•URE115 

7he [01 1 0w1n9 a re  c u r r 8 n t  1 y unde r  c0n::-~-,1 d e r a t  10n [ 0 r  
1mp1ementa•t10n 1n t he  1an,,8ua~.;e: 

1. R / a c 1 1 1 t y  t 0  perm1t  t h e  1nc1 u510n 0 [  a55em61 e r  
1an9ua9e c0de 1n 11ne 1n the  h17.•;her 1eve1 1an9ua,,~:e 
c0de.  
2. R 51mp1 e macr0  5u6:-=~.t1tut10r, fac11 1 t y  51m11ar t 0  
t h a t  0f  5R[• [1..a 69 ] .  

We d0 n0t  a n t 1 c 1 p a t e  t h a t  t he5e  f e a t u r e 5  w111 6e u5efu1 
1n t he  dec0mp11 1n9 pr0ce5.5.  H0u.,~:ver., t h e y  u.,111 6e he1 pfu1 
t0  th05. e u.,h0 u5e t he  nuc1eu5 18r~,5ua:R;e t 0  ,#r ] . te  neu., c0de (e. 
9. , [0r" Lur1t1n;~ 6u11 t - 1 n  func~t10n:5 and f 0 r  me.nua11 y 
c0mp1e~t1n9 t h e  dc~.0,:~:,rnp11 a t 1 0 n  u.~0rk) . 

V1.  7HE R0LE 0F 7~1-1E NUCLEU5 L.F1N6Ut46E 

7he nuc1eu5 1an;,]~ua~6e 1r5 t 0  5 e r v e  a5 a p r a c t 1 c a 1  veh1c:1e 
[ 0 r  t h e  4u1ck 1mp1ementa t10n 0[  a1r-eady ex15t]~.r~; 5ma1 1 
c:0mputer 0pera~t1n~ 5y5~tem5 0n mach.1.ne5 t#1th n0 0pera~t~n~; 
5y5tem 5 0 f t w a r e .  0 u r  u1 t1ma te  ~:,:3,~41 15 t0  pr0,::.h.40~2 a h18.:her 
1eve1 1an9uaF, e uJh]ch car•, 6e u5ed w1th  (p055161y )  50rn~:2: 
e x t e n 5 1 0 n 5  t 0  r8~-UJ01~-k an a 1 r e a d y  ex15t1n~, 0perat : ] .n9 5y5tem 
50 t h a t  t he  h19he r  1eve1 ver~,1,~-,n, uJhen c0mp11ed, can 5 e r v e  
a5 the  0pera t1n8 :  5y5tem 0n a n 0 t h e r  mach1ne. 0u1- 5ucce55 1n 
Lu0rk1n~ t 0 w a r d  th1::-.-, ~ ;0a1 Lu111 de, pe.nd, t 0  a v e r y  1 .:5r;~e: 
e x t e n t ,  1n h0w u.1e11 ~.ue a re  a61e t 0  501ve t h e  110 and 5y5tem 
c0mmun1cat10n pr061 em5. 1.L10rP. 1n t h05e  ttu0 a rea5  15 1n 
pr0,9re55. 
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1n add1 t10n ,  tuJ0 0 t h e r  pr061em5 c105e1y re1a•ted t0  the  
a60ve, 6ut 0f C0n~1dera61e 1mp0~rtance 1n the1r 0wn r19ht, 
mu5t 6e dea1t w1th cav8fu]]y. 
R0 LL1e a n t 1 c 1 p a t e  t h a t  the  p r0ce55  0f  acc0m0dat1n9 the  
1an9ua9e t0  5pec1 f1c  hardware  may n e c e 5 5 1 t a t e  the  add1t10n 
0f  a num6er 0f  mach1ne d.ependent 0 p e r a t 0 r 5  c0vre5p0nd1n9 t0  
th05e  0 r d e r  c0de5 0f  t he  50urce a55em61er 1an9ua9e wh1ch are  
n0t  ea511y expre55ed 1n tet-rn5 0f  the  nuc1eu5 1an9ua9e. 5uch 
a 1an9ua9e e x t e n t 1 0 n  c0u1d 6e acc0mp115hed 1n at  1ea5t tuJ0 
~0ay5: 

1. 8y add1n9 the5e 0 p e r a t 0 r 5  d 1 r e c t 1 y  t0  the  5yn tax  
0f t he  1an9ua9e at  t he  de51red 0 p e r a t 0 r  p recedence  
1 eve1 , 
2, 8y add1n 2 9106a1 1unct10n5 wr1tten 1n te~-m5 0f the 
nuc1 eu5 1 an9ua9e u;h1ch 51mu1 a te  the  ac t10n  5pec1 f1ed 
6y the  0 r d e r  C0de 1n 4Ue5t10n.  7he5e 9106a1 f u n c t 1 0 n 5  
c0u1d De def1ned 1n a c0mm0n area t h a t  w0u1d 6e 
acce55161e t0 a11 pr09ram5 1n the 0perat1n9 5y5tem. 

F3. We u.,111 a150 need t0 6e a61e t0 51mu1ate the act1v1ty 0f 
certa1n harduJare re915ter5 and 1nd1cat0r5 1n the r, uc1eu5 
1 an9ua9e ex ten510n .  7h15 c0u1 d 6e d0ne 6y add1n9 new 
d e c 1 a r a t 1 0 n 5  t 0  the  5yn tax ,  0v, e4u1va1en t1y ,  6y de519nat1n9, 
9106a1 va r1a61e5  1n the  c0mm0n a r e a ,  c0 r re5p0nd1n9  t0  the5e 
r e 9 1 5 t e r 5  and 1 n d 1 c a t 0 r 5 .  

We h0pe t0  au t0mate  the  dec0mp11at10n 0f t he  0 p e r a t 1 n 9  
5y5tem a5 much a5. 15 p r a c t 1 c a 1 1 y  p055161e, R J.u0r-k1n9 
dec0mp11er  w r 1 t t e n  6y 8.-~vry H0u5e1, a Purdue Ph. 0. 
cand1da te ,  u.,111 6e u5ed t0  p r0duce  c0mp1ete and au t0mat1c  
0 0 n t r 0 ]  f10u.t and va r1a61e  u5a9e ana1 y515 f 0 r  t he  pv09vam5 t 0  
6e dec0mp11ed, and t0  au t0mat1ca11y  c0a1e5ce re91 .5 te r  and 
c 0 r e / r e 9 1 5 t e r  manJ.pu1 a t10n5 1n t0  51n91 e h19her  1 eve1 
5 t a t e m e n t 5  whenever  p055161 e. 7h15 dec0mp11er a1 v•eady 
p e r f 0 r m 5  50me 100p and 100p 1ndex r e c 0 9 n 1 t 1 0 n  f unc t10n5 ,  and 
1.u0rk 15 under  ,•fay t 0  1nc1ude p r 0 c e d u r e  r e c 0 9 n 1 t 1 0 n  and 0 t h e r  
f e a t u r e 5  a5 uJe11. 7he c0de 9 e n e r a t 0 r 5  0f the  dec0mp11ev are 
c u r r e n t 1  y 6e1n9 chan9ed t0  p r0duce  c0de f0r- t h e  nuc1 8u5 
1 an9ua9e, and a c0mp1 ] 8F f0r- the  nuc1 eu5 1 an9ua9e 
1mp1ementat10n 0n t he  H1cv0da ta  1621 15 6e1n9 de6u99ed, 

V11. R F1NRL• W0RD 

1t  15 1mp0r tan t  t 0  rea112e t h a t  t he  nuc1eu5 1an9ua9e 15 
1n tended a5 t he  t a F 9 e t  1an9ua9e f 0 r  dec0mp11at10n and n0t  
51mp1y a5 a 5y5tem5 pr09ramm1n9 1an9ua9e. 1t 15 t h e r e f 0 r e  
4u1 te  51mp1e 1n 5 t r u c t u r e ,  e5pec1a11y ,1,1th r e 5 p e c t  t0  the  
da ta  5 t r u c t u r e 5  t h a t  have 6een 1 n c 0 r p 0 r a t e d  1n t0  1 t5  5yntax0 
Neve r th1e55 ,  1t  15 h0ped t h a t  r e 5 e a r c h  d 1 r e c t e d  t0ward  the  
deve1 0pmen•t 0f  5uch a h19her  1 eve1 1 an9ua9e m19ht a1 50 
c 0 n t r 1 6 u t e  t0  a 6 e t t e r  unde r5 tand1n9  0f t he  c0de and da ta  
5 t r u c t u r e 5  m05t 0 f t e n  emp1 0yed 6y exper1enced  5y5tem5 
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pr0~r-ammer5. 1n a d d 1 t 1 0 n ,  t h 1 5  t~-e5ea~-ch may a150 5hed 50me 
118ht  u.p0n 7he an5u..1eF5 t0  50me 0•f t h e  4 u e 5 t 1 0 n 5  dea11n9 w1th  
5uch 5 u 6 ~ e c t 5  a5: 

(1) t h e  p r a c t 1 c a 1  pF061 em.5 0f  tFan51 a t1n9  a pF09~am 
,.u1th ~0..1~j3~5 t 0  0ne ~.u1th0ut them; 
(2] t h e  ex•t enda61 ] 1 t y  and t r-an5 fer~a61 ] 1t~y 0f  t h e  
5 y n t a x  0 f  ,-:.~r~1y 1 ~n9ua9e 5,1m11 at•- t 0  t he  nuc1 r~u5 
1 an2ua9e ; 
1:.•3) t h e  r•e1 a t 1 v e  n~,e~1t5 0 f  .A01f~. ver~.u~, j ~ . t 0 - 1  e5:5 
5y5tem5 0r -1ented p~09ramm~1n9 1an9ua9e5;  
(•.4) t h e  2er~,er~a1 p0r-ta611 1 t y  0 f  5ma11 c0mpu1e~- 
0pet•-at 1 n 2 : 5 y ~ t  ern5. 

7h15,  1n 1t5e1 f., 5h0u1d 6e 0 f  c 0 n 5 1 d e r a 6 1 e  va1ue  1n a1] 
eff0r•••5 t0,.uard t he  deve10pment  0 f  h19he~- 1eve1 1an9ua9ee. f0r- 
5y5tem~5 1mp1ementa t10n  6y he1p1n9 u5 t 0  9a1n r, eJ2~ 1n519h t5  
1n•0 •he F e 1 a t 1 0 n 6  6et,2,een pr-09Famn•,1n9 1an9ua9e2., pr-09ram 
5 t r u c t u r e 5 ,  and 0 p e r a t 1 n 9  5y5 tem5.  

1 am 1nde6•ed t0 P~0fee,50r5 V1c~t0r 8. .5chne1der" and .J0hn 
[£. P0rne~-an2 f0r•• t he1~- many he1 pfu1 c0mment5 and 
5 u 9 9 e 5 t 1 0 n 5 .  1 ,~0u1d a150 11ke t 0  t h a n k  my c011ea~ue [1. 
0enn1.~ H1ckuna5 f0r- h15 a55•5 tance  1n t h e  u5e 0f  t he  
7 r a n 5 1 a t 0 r  k1r1t1n9 5y5 tem eh1ch he ha5 deve1 0ped a t  PuFdue. 
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RPPEND1X R 

RR0H1~[~EC7URRL CHRRR07ER1571C5 0F 7HE CL•R55 0F HR0H1NE5 H 

1) 6 y t e  0 r 1 e n t e d ,  ~,e4uent1a1 CPU tu1th a 11m1ted 1 n 5 t r u c t 1 0 n  
5et  

21:1 0ne 0r  m0re 0perand r e 9 1 5 t e r 5 ,  a pr09ram c 0 u n t e r ,  and 
~....:ar10u5 1ndex re91:•5ter5 and c0nd1t10n  1 n d 1 c a t 0 r 5  

3) 0ne•5 c0mp1ernen~t 10$1ca1 0pe ra t10n5  

4•} tuJ0•5 c0mp18men~t a r 1 t h m e t 1 c  0peFat10n5 

5) c0nd1t10na1 ~ t ran5fer5  a n d / 0 r  5~4].p 1 n 5 t r u c t 1 0 n 5  

$) a pr09ram 1nter7u10t f a c 1 ] 1 t y  0f  a t  ] e a 5 t  1 1eve1 

7) 1 n 5 t r u c t 1 0 n 5  f0r" acce551n9 hardwaFe 5 t a t u 5  w0~d5 

8) 6a51c 1 /0  1 n 5 t r u c t 1 0 n 5  f0r" 6 y t e - 6 y - 6 y t e  0v cyc]e-5• t8a]  7 /  
0 
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RPPEND1X 8 
LRN6UR6E 5YN7RX 

:1:n t h e  f0~11,::,u.,1n9.~ t h e  5~y~F~taX f0k- <0ame>~ <num6er~>,  < e 4 u 1 d > ,  
<pr~0,:::1d>, < f u n c 1 d > ,  9 r p 1 d > ,  and  <a~-~-a1d> ,m-e a:55urr,m:J t 0  6e 
kn0<un. 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

:e: ~: ~: :+: :+: 1~1R7N C0MP0NEN75 :+::~::+:~: 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

< [ n t e 9 e r >  : := <n0m6eF~> /5RVNUM 

<1 den1:1 f 1 eK~> : : . . . .  .<name> /5F-1VNF:1M 

<pr091.~am> : : =  /P6H5f~R < 6 e 9 1 n >  <pF09r-arn 6 1 0 c k >  
< e n d >  /P6HE:ND 

< 6 e 9 1 n >  : := :  .[~e.~.:~:.K~ 1 <n.~n~e> : 1L..F.18ELP < 6 e 9 1 n >  

<F, F09Fam 610ct. :> :",= < 5 c 0 p e  610c6:> < d e f 1 n 1 t 1 0 n  6 1 0 c k >  
1 -<.~:~,c0pe 61 0 c k >  

< 5 c 0 p e  6 1 0 0 k >  : :  ..... <5 ta~ temen~ 115~>  
1 ..~:~<-~:.J~2~L-~4 / E N 7 0 C L  < d e c  1 ara~t 1 0n 61 0c1.<> ~end 

/EX7DC:L ; <;-.~c0pe 6 1 0 c k >  

< d e f 1 n ~ 1 0 n  h10,:::k> : : =  <:F, m0cedL~-e c1ef1r•,1•t:]..0n> 
1 .<def1n1~1, : : ,n  61c, ck>  < p r 0 c e d u r e  d e f 1 n 1 ~ 1 0 n >  

< e n d >  : : =  ~.~.end 1 -~;~;~f~ <r~,arne> 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

:+: ,~: ~: * .~: 5E00NDF1RY C01~1:::~0NE-N~ 5 * :+: * :+: :~: 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

<5~a1 :emen t  1~.5~t> : := :  <:~.,1atem,~,r~J~> ; /Ct•R57F 
1 <::-~:,tat,.-:,rnent 115~t> < 5 t a t e m e n t >  ; /C:1~R5f~F 

< d e c 1 a r a ~ t 1 0 n  610c1.<> ::••= <d~2:c1ar-,~t10n> 
1 < d e c ]  aF,~t:~L0n 61 0ck:> ; /0L.RL.7H < d e c ]  a K a t 1 0 n >  

•11••he 0 a p 1 1 a 1 1 2 e d  1. den~1 f1e~ : - ,  p r e . c e d e d  6y  5 1 a 5 h e 5  ar-e t h e  
r~,ame~. 0 f  t h e  F 0 u t 1 n e . 5  def.1.r ,1n9 t h e  ~ u 1 e  0 f  t r a n 5 1 a t 1 0 n "  f0r• 
the pm0duc910n 1:0 wh1ch they aFe attached. 7h.~5 def1n1t10n 

15 ;~1~,,,~<~n 6•• ~the a55ern61er-  ] a n 9 u a 9 e  c 0 d e  <h,9t 15 9eneF .9<ed  6y  
1he n,~:m~ed <~0ut].n,:~ 1t•] t h e  1 ar~,9ua9e 00mp11 eF.  F0F m 0 r e  
de1a11:~.., r e f e . r  t 0  [ 5 0  6 9 ] .  7~he 5pec1f10a•10n 0 f  t h e  Ku1e5  
,:.:,f t F ~ a n 5 1 a t 1 0 n  1n Lhe ~9r~ammar 15 n 0 t  y e t  c 0 m p 1 e t e .  
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< d e c 1 a r a t 1 0 n >  ::= < p r 0 c e d u r e  d e c ] a r a t 1 0 n >  
< ] e n 9 t h >  <9r0up  d e c ] a r a t 1 0 n >  
<1en9 th>  < tup1e>  

< p r 0 c e d u r e  d e f 1 n 1 t 1 0 n >  : : =  < p r 0 c e d u r e  head1n9> 
<pr09ram 610ck> <endprc> 

<endpr0> ::= end /PR0END 
1" end <pr0c1d> /PRNEND 

< p r 0 c e d u r e  head1n9> : : =  Rr0ceduv:e <p r0c1d>  ; /PR0DEF 
1 p r 0 c e d u r e  <pr0c1d> /PR00EF 

( < f0 rma]  pa rame te r5>  ] ; /5RVFC7 

< f0 rma ]  pa rame te r5>  ::= < 1 d e n t 1 f 1 e r >  /RD7FC7 
1 <f0rma1 pa ramete r5>  , < 1 d e n t 1 f 1 e r >  /RD7FC7 

~ , 2 * * * * 2 2 , 2 2 2 2 , 2 2 2 , 2 2 ,  

• 2 * *~  DECLRRR71VE ELEMEN75 * * * ~ *  
2 , 2 * * * * 2 2 , 2 2 * * * * * 2 * * 2 2  

< tup1e>  : : =  < t u p 1 e  e1emerM:> 
1 < tup1e>  , < tup1e  e1ement> 

< t u p ] e  e ]ement>  : : =  < 1 d e n t 1 f 1 e r >  /VRRDEF 
< a r r a y  de519na t0 r>  /RRRRD5 
< 1 d e n t 1 f 1 e r >  = /1VLNRM <51mp]e expre5510n> 

/6ENVRL 
[ < 1 d e n t 1 f 1 e r >  e /E0UNRM <51rnp]e expre5510n> 

/5E7EQU 
1 < a r r a y  de519na t0 r>  = ( /6E78R5 

< c 0 n 5 t a n t  tup1e> ) /6ENR57 

< c 0 n 5 t a n t  t u p ] e >  : : = • < c 0 n 5 t a n t  tup1e  e1ement> /RRRR1N 
[ < c 0 n 5 t a n t  t u p ] e >  , < c 0 n 5 t a n t  t u p ] e  e ]ement>  

/RRRR1N 

< c 0 n 5 t a n t  t up1e  e ]ement>  : : =  < c 0 n 5 t a n t >  
< 5 t r 1 n 9 >  
< 1 n t e 9 e r >  /MUL5RV 2 < c 0 n 5 t a n t >  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * *  PR0CEDURE RND RRRRY DECLRRR710N5 * * * * *  

< p r 0 c e d u r e  d e c ] a r a t 1 0 n >  : : =  p r 0 c e d u r e  < 1 d e n t 1 f 1 e r >  
/PRCNRM 

1externa1 /5E7EX7 p r 0 c e d u r e  < 1 d e n t 1 f 1 e r >  
/PRCNRM 

1 < p r 0 c e d u r e  dec1a ra t10n>  , <1dent1f1er•> 
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1PR0Nk4M 

<1en9 th>  : : =  ~2~.E 15E78Y7 
1 ~U~E.~ 15E7WRD 

< a r r a y  d e 5 1 9 n a t 0 r >  ::= < 1 d e n t ] [ 1 e r >  1RRRNR1 
[ <un519ned c 0 n 5 t a n t >  /5E7L711 ] 

~ : ~ ~ ~ ~  

~***~ 6R0UP 5PEC1F1CR710N ~**~ 
********************* 

< 9 r 0 u p  d e c 1 a r a t 1 0 n >  : : =  ~E~YE < 1 d e n t 1 f 1 e r >  17YPNRM 
[ <c0mp0nent  115t> 17YPL7H ] 
<9r0,Jp var1a6]e 115t> 

<c0mp0nent  115t>  : : =  <c0mp0nent>  /8ND757 
1 <c0mp0nent  f 1 5 t >  , <c0mp0nent>  18N0757 

<c0mp0nent> : : =  < 1 d e n t 1 f 1 e r >  ( <un519ned c 0 n 5 t a n t >  
/5E7EL7 ) 

1 < 1 d e n t 1 f 1 e r >  ( <un519ned c 0 n 5 t a n t >  
/5E78L7 ) ~ < c 0 n 5 t a n t >  /EQU5E7 

< 9 r 0 u p  v a r 1 a 6 1 e  115t> ::= <9r0up va r1a61e>  
1 <# r0up  v a r 1 a 6 1 e  115t> , <9r0up va r1a61e>  

< 9 r 0 u p  va r1a61e>  : : =  < 1 d e n t 1 f 1 e r >  /6RPNRH 
1 < a r r a y  d e 5 1 2 n a t 0 r >  /6RPNNM 

~ * ~  8R51C 57R7EMEN75 ~ $ ~  

<5tatement> ::= <1dent1f1er> /LR8EL5 : <5tatement> 
<~x1 t>  
<repeat :>  
<a5519nment> 
~2,:~.t0 <51mp1 e exp re5510n>  16EN0MP 
m0ve ( <var1a61 e> . ,  <var1a61 e> , 

<un519ned c 0 n 5 t a n t >  ) /6ENMV0 

<ca5e<Pr°cedureret u rn  c 1/EX7PR0au5e> 0a ] <a 1 ] >1 t e r n a t  r e t  urn1ve5><name><e1/L~DEXPC5e c 1 au5e> 
<end0a5e> 

1 <1 f  c 1 a u 5 e -  t h e n  c1au5e - 1 > 
< 5 t a t e m e n t  ] 15 t>~<e15e  c1au•5e> <end• f> 

<<10~£%]ef°r5tathead>/EN7CYLemer1t><5tat: <5t0mentatement1 L5t>1 <endf°r>15t> <endcyc1e> 
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1 -.9:~%~.~ ( < u n 5 1 ~  ~,ned c 0 n 5 ~ t a n f >  , 
<L~n51~;ned c 0 n 5 t a n t >  , 
< u n 5 1 ~ : n e d  c0n-•=,tan•t>., < 5 e c 0 n d a r y >  ) 

uJa:1 t 
<:~.ave c 0 n d 1  t 1 0 n >  
< 0 n  c 0 n d 1 t 1 0 n >  
< 5 e t  c 0 n , J 1 t 1 0 n >  

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

:•: :+: ~: $ :•• ~.1~;7R]~F61r.{8J~F C0P1P0NE1N75 * •+: :~: :+: ~: 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

< 0 n  c 0 n d 1 t 1 0 n >  : : =  0n . < c 0 n d 1 t 1 0 n >  d0  : < 5 t a t e m e n t  1 1 5 t >  
e n d  

<5e- t  c 0 n d 1 t 1 0 n >  ~::= 5 e t  < c 0 n d 1 t 1 0 n >  t 0  < c v a 1 u e >  

<5ave c0nd1t10n> :::= 5 a v e  <c0nd1t10n> 1n <1dent1f1er> 

< e n d f 0 r >  • : = . e n d  / 6 N E F 0 R  
............. 1 .~t~1c~ <1 d e n t  1 f 1 e r - >  / 6 N E N F R  

< e n d c y c 1 e >  : : =  e n d  /6NEC••:•L 
............... 1 e•[•d < 1 d e n t  1 f 1 e r >  /6NE]NCY 

< e n d 1 f >  : : =  e n d  /6NE]1F 
..... . .  1 .-e5-1~--J. <1 d e n t  1 f 1 e r >  / 6 N E N 1 F  

< e n d c a 5 e >  : : =  e n d  / 6 N E C R 5  
............. 1 .~.~......end < 1 d e n t 1  f 1 e r >  / 6 N E N 0 9  

< 1 0  5 t a t e m e n t >  : : .... .•.<10 (<dev:~t 0e>., <add} -~e55>,  <fur~ct1, : ) r~>. ,  
<m0d1 f 1 e f > )  

< f u r -  h e a d >  : : =  ~........f0r /EN7F•0R < 1 d e n t 1 f 1 e r - >  = <expre:-~.~.J.0n:> 
/.c~:;~V8R9 ..9.~Lep. <expr~e5510r~,> / 5 R V 5 - r P  ••••..•••.un•t 11 
<expre5 . .e , ] .0n>  / 5 R V 8 N D  •..d0 / H D L 6 E N  : 

< a 1 t e r n a t 1 v e 5 >  : : =  < a 1 t e r n a t 1 v e 5 >  < 1 a 6 e 1 5 >  / C R 5 8 E L  
< 5 t a t e m e n t  1 1 5 t >  / E X 7 C R 9  

1 < 1 a 6 e ] 5 >  / 0 R 5 5 E L  < 5 t a t e m e n t  1 1 5 t >  / E X 7 C R 5  

< 1 a 6 e 1 5 >  : : =  < c 0 n 5 t a n t >  /L•R8E1•8 : 
1 <1 a6e1 5> < c 0 n 5 t a n t >  1L•AE3EL.8 : 

< r e p e a t >  : :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.t2~.~,.e.~m...t~ ~ - ~ p ~ t -  /E~[N7RP7 ~<t-J~---~je>/RP7NC~un~11 < r e 1  a t 1 0 n >  
/6ENRPU 

1 £~LL:,e~..t~ < n a m e >  1EN7r, R P  ~unt 11 
< r e 1 a•t 10 n> 16ENRPU 
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< p r 0 c e d u r e  ca]1> ::= <pr0c1d> /PRCC~L 
1 <pr0c1d> /PR00~L ( <expre5510n  ] 1 5 t >  ) 

/NUMR~8 

<expre:5510n 115t> : : =  <expre5510n> /RDDRC7 
1 <expre5510n 115t> , <8xpr85:-,1,2,n> /~4DD~C7 

<ex1 t>  ::= ex1 t  /EX17W0 

J ..E~2 <1den~1f1er>.  /EX17NR 

<a5519nmen~t> : : =  < 1 e f t p a r t 1 >  <expre551en> /6N51N[) 
< 1 e f t p a r t 2 >  <e>:pre58,10n>-. /6N51ND 
< 1 e f t p a r t 1 >  <a551#r, me~nt> /0N81ND 
<1 e f t p a r t 2 >  <a:~-5519nrner, t>  ,/6N81ND 

<1e f tpar~ t1>  ::= <d~5519nat0r> =: /6EN87R 
1 < 1 - d e 5 1 9 n a t 0 r >  /6EN57R 

< 1 e f t p a r t 2 >  : : =  ( . 4 e x p y e 5 5 1 0 n > )  = /6EN57R 

< 1 [  c1au5e - ther-, c1au5e -- 1> ::= <1f  c1au5e> <then c1au5e> 

<1[ c1au5e - then c1au5e - 2> ::= <1f c1au5e> <then c1au5e> 

<ca5e c1au5e> ::= ......•.,5a5e /EN70N5 <51mp1e expre5510n> •1.n 

<1 f c1 au5e> : : = 1 f /EN71F < re ]  a t10n>  /6EN1F 

< then  c1au5e> : : =  then  /L.#486N1 

<e15e c1au5e> : : =  e15e /LR86N2 : < 5 t a t e m e n t  115•t> 

~ 9 : ~ ~  

~*~* EXPRE5510N5 *~**~ 

.<~expue551c, n> : :  .... <1f  c1au5e .... t hen  c1au5e •- 2> <expre5:~510r,:> 
............... e1 5e : <expre55£0r ,>  £FE~-~ 

1 <t5:1mp1e expre5510n> 

< r e 1 a t 1 0 n >  : := <51mp1e expre5510n> < r e ] 0 p >  
<:•=,1n•,p1e expre5510n> /9;1MREL 

/c0MvnR 

1 <c0~-,d1t10n> <cva1 ue> 

<51mp1e expre5510n> : : =  < te rm> 
1 + <ter•m> 
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<m1> <tevm> 
<:51mp1e e x p r e 5 5 1 0 n >  + < t e r m >  /RDD 
<•,=.,1mp]e e x p r e 5 5 1 0 n >  - < t e r m >  /5U8 
<:~,1mp1e expre5a,10n> v < t e r m >  /0R 
<:~:,1rnp]e e>::pree,510n> ~.~0~- < tevm> /0R 
<51mp1e e x p r e 5 5 1 0 n >  x0F < t e r m >  /X0R 

<Fe1,~-~p> : .•= < 1L.7 1 ~.1 t /L.7 
> / 67  9 t  / 6 7  
: /E0  .~e.~1 /EQ 
~ /NE ne /NE 
:•-% /6E ]•e /6E  
~ /LE ....... 1e / L E  

<m2> ::= - 

<ter-m> : := <fac1:c:,~-:> 
<term> /- < / a c t 0 r - >  /F1N[) 

<tevrn> ar~c] < f a c t 0 r >  /F1ND 

< t e r m >  • < fact0r - :>  /MUL. 
<tern-D> / < f a c t 0 r >  /01V 
< t e r m >  m0d < f a c t 0 r >  /H0D 

<:fa0•t0r••> ::= <e, h1f~1:0r> 

1 ~ <:5h1ft0r> /N076EN 

<5h1f~t0v> : : .= < 5 e c 0 n d a r y >  
1 <:~5ec0ndary> <5h1 f t 0 p >  <c0n.~5tant> /5F1F7PRC 

< 5 h J f t 0 p >  :•= ••.510 1 5 r 0  1 :-•0..ve. 1 ~:],~. 

<e, ec0r,,:1ary> : :=  <pv1mary>  

<f" unc.t<Pv1mavY>10 n ca11/6EN1ND> 

< f u n c t 1 0 n  ca11> : : := < f u n c 1 d >  /FNCRLL 
1 < f u n c 1 d >  /FNCRL.L 

( < e x p r e 5 5 1 0 n  1 15 t> )  /NUHF1•F5 

<prJ..maF~y> : :=  <de~519nat0r> 
<r~- de:.~1 [(nat 0F~> 
( < e x p r e 5 5 1 0 n >  ) 
<un~19ned c 0 n 5 t a n t >  /L0RDCN 
(<a5519nrnent>.]  

< d e 5 1 9 n a t 0 r >  : :=  •.....•100 < v a r 1 a 6 1 e >  /6ENRDR. 
1 <9rp1d> /L0F1D6P 

< 1 - d e 5 1 9 n a t 0 v >  : : =  < v a r 1 a 6 1 e >  = /6ENRDR 
1 < v a r 1 a 6 1 e >  ( <un519ned c 0 n 5 t a n t >  /LF•f817 

~. <un519ned c 0 n 5 t a n t > / R H 7 8 1 7  ) /V870H5 
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1 <1den~1f1eF~> •0f <5;r0up ~,a~-1a61e> /6P70615 

<<-de:5:]..9na~0r> : :=: <va<1a61 e> /•L0F4D•,,.,,•L 

1 <va~1a6]e> ( <un519ned c0n5tar~t::=. /LF•7•E117 
-~ <Un51~;ned 00n5tar~,~>/R~.H7E~17 ) /M870V8 

1 <1den~1f1e~.-:> ••0f <2~0up v a ~ 1 a 6 ] e >  /615706P 

<var1a6]e> ::= <1dent1f1ef:> /L0RDV 
1 ar~r-a1d /RFtFtF.1~EF [ <expre:5:~=,10n> ] 

< c 0 n 5 t a n ~ >  : : =  <un~51$ned c 0 n 5 t a n t >  
1 <m2> <un519ned  num6e~-> /NE66E[•,J 

<un519ned  c 0 n 5 t a n t >  : : =  <un519ned  num6er> 
J <e4u1d> /L0RDEQ 

<un519ned  num6er> : : =  < 1 n t e 9 e r >  
1 t 15RVHEX 

< c 0 n d 1 t 1 0 n >  : : =  ~.~0f10uJ 1 1 1 

<cva ]  ue> : : = ........0n 1 .9.~:- f- 

<dev1ce>  : : =  <de~,1:yna10~<> 

< a d d r e 5 5 >  : :=:  <de -~19na t0 r>  
J 

<func:t10n> ::= <c{e5:].9nat0r> 

<m0d1f1er> : :: <de519nat0F> 

<5tr--1n~;> : : =  ,1, /5R~,,/57R 
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