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D e l e t e : P R O C E D U R E [ b h : B T r e e H a n d l e , k e y : D e s c ] ; 
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A B T r e e s t o r e s a n d r e t r i e v e s E n t r i e s in a f i l e s y s t e m . A e n t r y c o n s i s t s of a k e y a n d a v a l u e . R e t r i e v a l i s b a s e d o n t h e k e y , a n d r e t u r n s t h e 
v a l u e . T h e u s e r c a n i n s e r t , l o o k u p o r d e l e t e e n t r i e s . H e c a n a l s o E n u m e r a t e e n t r i e s s t a r t i n g at a p a r t i c u l a r k e y a n d g e t t i n g c a l l e d w i t h 
s u c c e s s i v e e n t r i e s un t i l t h e c a l l r e t u r n s f a l s e . T h e r e i s n o p r o v i s i o n f o r d e l e t i n g the f i l e o n c e it i s c r e a t e d ; R e l e a s e o n l y c l o s e s it. 

A B t r e e s t o r e s o r d e r e d E n t r i e s . If o n e a t t e m p t s a l o o k u p o n a n o n - e x i s t e n t e n t r y , o n e g e t s a v a l u e l e n g t h of - 1 , a n d a n e n u m e r a t e retur n s 
e n t r i e s in n u m e r i c a l o r d e r ( a l l b a s e d o n t h e k e y ) . T h e o r d e r i n g p r o p e r t y i s v i t a l i n t e r n a l l y , s i n c e a b i n a r y s e a r c h i s g o i n g o n to f i n d t h e 
e n t r y of i n t e r e s t . 

I n i t i a l i z e B T r e e a l l o w s t h e u s e r to s u p p l y h i s o w n o r d e r i n g of i t e m s in t h e B T r e e , by s u p p l y i n g r o u t i n e s w h i c h d e f i n e g r e a t e r t h a n a n d 
e q u a l f o r t h e k e y s . I n i t i a l i z e B T r e e n e e d n e v e r b e c a l l e d if t h e u s e r i s c o n t e n t w i t h t h e d e f a u l t o r d e r i n g , w h i c h i s a s i m p l e c a r d i n a l 
c o m p a r e of t h e e l e m e n t s o n e b y o n e ( r u n i n g ou t of e l e m e n t s i s s m a l l e r ) . A u s e r w h o b u i l d s a t r e e w i t h o n e a l g o r i t h m a n d s e a r c h e s it w i t h 
a n o t h e r g e t s w h a t h e d e s e r v e s . N o r m a l l y t h e p a c k a g e o p e r a t e s in a " s a f e " m o d e , w h e r e it w r i t e s o u t c h a n g e s a s t h e y o c c u r . It i s 
p o s s i b l e to c h a n g e t h i s m o d e to k e e p a d i r t y c a c h e , a n d w r i t e it o u t o n l y o n c l o s i n g t h e f i l e , w h i c h g o e s q u i c k e r a l l o w s n o r e c o u r s e o n a n 
a b o r t , if I n i t i a l i ze s p e c i f i e s N u l l P r o c , t h e d e f a u l t s w i l l b e u s e d . 

It i s i m p r o p e r f o r t h e u s e r to s t o r e a n e n t r y w i t h a z e r o l e n g t h k e y . E n u m e r a t i n g o n s u c h a k e y d u m p s t h e w h o l e t r e e . 

B u g ; T h e d e f i n i t i o n of L o o k u p i s no t g o o d : 
a ) it d o e s n ' t te l l y o u t h e l e n g t h of t h e v a l u e 
b ) it h a s n o v^ay to c h a n g e t h e e n t r y 
c ) it i s a w k ' w a r d a t b e s t - t h e r e m u s t b e a " f o u n d " b o o l e a n . 

B u g : T h e c u r r e n t i m p l e m e n t a t i o n m a y g e t h o r r i b l y l o s t if y o u c h a n g e t h e t r e e d u r i n g t h e c o u r s e of a n e n u m e r a t i o n , a n d t h e n t r y to 
c o n t i n u e t h e e n u m e r a t i o n . 

B u g : T h e e n u m e r a t i o n a c t u a l l y r e t u r n s p o i n t e r s r i gh t in to t h e p a g e s o f t h e t r e e . It v^ou ld b e q u i t e d e s i r a b l e to c h a n g e t h e v a l u e p a r t of 
t h e e n t r y , s a y d u r i n g a n e n u m e r a t i o n o r a l o o k u p , a n d to h a v e t h a t r e f l e c t e d in to t h e f i l e . S o l o n g a s t h e e n t r y d o e s no t c h a n g e l e n g t h , 
t h e r e i s n o c o n c e p t u a l d i f f i cu l t y h e r e . U n f o r t u n a t e l y , t h e c u r r e n t i m p l e m e n t a t i o n h a s n o w a y of n o t i c i n g t h a t t h e p a g e h a s b e c o m e d i r ty , 
a n d wi l l " c l e v e r l y " a v o i d r e w r i t i n g t h e p a g e , t h e r e b y p r e v e n t i n g t h e c h a n g e f r o m h a p p e n i n g ( u n l e s s s o m e o t h e r c h a n g e m a r k e d it d i r t y 
l a t e r ) . 
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V A r r a y : T Y P E = P O I N T E R T O D E S C R I P T O R F O R A R R A Y O F W O R D ; 
E n t r y : T Y P E = P O I N T E R T O E n t r y R ; 
E n t r y R : T Y P E = R E C O R D [ k : K e y , v : V a l u e ] ; 
K e y : T Y P E = D E S C R I P T O R F O R A R R A Y O F W O R D ; 
V a l u e : T Y P E = D E S C R I P T O R F O R A R R A Y O F W O R D ; 
I n d e x : T Y P E = C A R D I N A L ; 
n u l l l n d e x : C A R D I N A L = 1 0 0 0 0 0 B ; 

l n i t i a i i z e : P R O C E D U R E { V A r r a y ] ; 
I n s e r t : P R O C E D U R E l V A r r a y , n d e x , E n t r y ] ; 
L o o k u p : P R O C E . D U R E [ V A r r a y , l n d e x ] R E r U R N S [ E n t r y R ] ; 
D e l e t e : P R O C E D U R E [ V A i r a y , I n d e x ] ; 
R e p l a c e : P R O C E D U R E [ V A r r a y , l n d e x , E n t r y ] ; 

G e t A n o t h e r : S i G N A L R E T U R N S [ V A r r a y ] ; 
M e r g e r : S I G N A L R E T U R N S [ v : V A r r a y , v O n R i g h t : B O O L E A N ] ; 
D e l e t e P a g e : S I G N A L ; 

l t e m s : P R O C E D U R E [ V A ! r a y ] R E T U R N S [ C A R D I N A L ] ; 

E N D . 

V A r r a y s t o r e s in a c o m p a c t w a y a v a r i a b l e n u m b e r of v a r i a b l e l e n g t h i t e m s , k e y e d off a n i n d e x n u m b e r . I n d e x n u m b e r s s t a r t a t 0 a n d 
r u n t o l t e m s - 1 . Y o u m a y i n s e r t , l o o k u p , d e l e t e , o r r e p l a c e a t a n y i n d e x . S t r u c t u r a l l y , a V a r r a y i s a P o i n t e r to a D e s c r i p t o r for a n A r r a y 
of W o r d , a n d a n y c l i e n t c a n c r e a t e t h e s t r u c t u r e . It m u s t b e i n i t i a l i z e d b e f o r e u s e . A n I t e m c o n s i s t s of t w o p a r t s , a k e y a n d a V a l u e . 
E a c h pa r t o f e a c h i t e m is d e s c r i b e d by a a r r a y d e s c r i p t o r , b o t h for i n s e r t i o n and l o o k u p . No c o p y is i m p l i e d b y a l o o k u p : t h e 
d e s c r i p t o r p o i n t s d i r e c t l y in to t h e a r r a y . I n s e r t i o n a n d d e l e t i o n i m m e d i a t e l y r e n u m b e r a l l of t h e s t o r e d i t e m s . L o g i c a l l y , r e p l a c e i s a 
d e l e t e f o l l o w e d b y a n i n s e r t , bu t b y d o i n g it a l l a t o n c e y o u a v o i d a n ill a d v i s e d a t t e m p t to m e r g e the p a g e ( s e e t h e M e r g e s i g n a l 
b e l o w ) . I n s e r t i o n s o c c u r a f t e r t h e i n d e x , s o y o u m u s t i n s e r t a t -1 to pu t in t h e f i r s t e n t r y . 

T h e r e a r e t w o i n t e r e s t i n g e v e n t s w h i c h t r i g g e r s i g n a l s : t r y i n g to i n s e r t s o m e t h i n g w h i c h w o n ' t f i t , a n d t r y i n g to d e l e t e s o m e t h i n g 
w h e n t l ie v A r r a y i s p re t t y e m p t y . 

If w o n ' t fit, t h e i m p l e m e n t e r s i g n a l s G e t A n o t h e r , w h i c h t h e c l i e n t c a n r e s u m e w i t h a n e w v A r r a y fo r t h e o v e r f l o w . 
If t h e buf fer g e t s r a t h e r e m p t y , t h e i m p l e m e n t e r s i g n a l s M e r g e r . If t h e c l i e n t R e s u m e s w i t h a n e w b u f f e r , t h e n t h e i m p l e m e n t e r w i l l 

try to m e r g e t h e c u r r e n t v A r r a y w i t h t h e n e w b u f f e r . If s u c c e s s f u l , t h e i m p l e m e n t e r wi l l s i g n a l D e i e t e P a g e . It i s p o s s i b l e to m e r g e 
w i th a f o l l o w i n g o r a p i e c e e d i n g b u f f e r ( v O n R i g h t - T R U E o r F A L S E ) bu t i n e i t h e r c a s e , t h e m o d i f i c a t i o n w i l l o c c u r to t h e r i g h t m o s t 
b u f f e r . If t h e c l i e n t r e s u m e s w i t h N I L , t h e s h o r t a r r a y vAW r e m a i n . 
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T o k T y p e : T Y P E = { Z E R O , L P , R P , L B , R B , C O M M A , E O F , S E P , L C , R C . C O L O N , 
H O L E , D I V , S T R , I D , R A R R . A S S , P R O G , F C N , S E Q O F , O P T , D E L E T E , S E Q O F C , M A P P L Y , U N A R Y , P L U S . M I N U S , Z A R Y , 
G 0 B B L E , P F U N C , T ! L D E , P A L T , P F U N C 1 , S E Q U E N C E , C A T L , W i L D , r A i L , I T E R , S C R E E N , E Q U A L } ; 
N o d e T y p e : T Y P E = { Z E R O , I D , S T R , H O L E , L I S T , C A T , M A T C H , A P P l _ Y , F C N , A S S , P R O G , F A I L , S E Q O F , O P T , S E Q O F C , D E L E T E , 
M A P P L Y , 
U N A R Y , P L U S , M I N U S , Z A R Y , G O B B L E , P F U N C , P A L T , P F U N C 1 , S E Q U E N C E , C A T L , W I L D , P A T T E R N , I T E R , T I L D E , E Q U A L , E N V , 
C L O S U R E . U N D E F I N E D } ; 
S T y p e : T Y P E = { z e r o , u n k . s t r i n g , p r o c , p a t p r o c } ; 

N o d e : T Y P E P O I N T E R T O N o d e R e c o r d ; 
p N o d e : T Y P E = P O I N T E R T O N o d e ; 
N o d e R e c o r d : T Y P E M A C H I N E D E P E N D E N T R E C O R D [ 

T y p e : N o d e T y p e , 
D e s : D e s R e c o r d , 
V a r : S E L E C T O V E R L A I D N o d e T y p e F R O M 
- b a s e 

ID = > [ n a m e : S y m b o l ] , 
S T R = > [s t r : S t r i n g R e c o r d ] , 
Z A R Y = > [ z a r y : S y m b o l ] , 
P F U N C = > [ p f u n c : S y m b o l ] , 
F A I L , W I L D , H O L E , U N D E F I N E D = > N U L L , 
- i n d u c t i v e 
U N A R Y =:> [ u n a r y : S y m b o l , u e x p : N o d e ] , 
P F U N C 1 - > [ p f u n c i : S y m b o l , p e x p : N o d e ] , 
L I S T = > [ l i s t h e a d l i s t t a i l : N o d e ] , 
C A T , C A P L , E Q U A L = > [ le f t . r igh t : N o d e ] , 
M A T C H = > [d i v .pa t t : N o d e ] , -- a c t u a l l y >, f o r h i s t o r i c a l r e a s o n s 
P A L T = > [ a i t i .a l t2 : N o d e ] , - a l t l , a l t 2 l i s t s 
A P P L Y , M A P P L Y , G O B B L E , I T E R = > [ o b j e c t . t a r g e t : N o d e ] , 
F C N = > [ p a r m s . f c n : N o d e ] , 
A S S = > [ I h s . r h s : N o d e ] , 
P R O G = > [ p r o g 1 , p r o g 2 : N o d e ] , 
S E Q O F , S E Q O F C = > [ s e q o f : N o d e ] , 
O P T = > [ o p t : N o d e ] , 
S E Q U E N C E =-- > [ f rom, to : N o d e ] , 
D E L E T E =: > [ d e l e t e : N o d e ] , 
P L U S , M I N U S = > [ a r g 1 , a r g 2 : N o d e ] , 
P A T T E R N =: > [ p a t t e r n : N o d e ] , 
T I L D E = > [no t : N o d e ] , 
E N V = > [ v a l , n e x t : N o d e ] , 
C L O S U R E = > [ e x p , e n v : N o d e ] , 
E N D C A S E 

] ; 

S y m b o l : T Y P E = P O I N T E R T O S y m b o l R e c o r d ; 
S y m b o l R e c o r d : T Y P E = R E C O R D [ 

n a m e : S T R I N G , 
tok : T o k T y p e , 
t y p e : S T y p e , 
v a r : S E L E C T O V E R L A I D S T y p e F R O M 
z e r o , u n k , s t r i n g = > [ v a l . N o d e ] , 
p r o c :=> [ p r o c : P R O C E D U R E [ S y m b o l , N o d e , N o d e ] H E T U R N S [ N o d e ] ] , 
p a t p r o c :=> [ p a t p r o c : P R O C E D U R E [ S y m b o l , S t r e a m , N o d e ] R E T U R N S [ N o d e ] ] , 
E N D C A S E 

] ; 
S t r i n g T y p e : T Y P E = { s i m p , c a t } ; 
S t r i n g : T Y P E = P O I N T E R T O S t r i n g R e c o r d ; * 
S t r i n g R e c o r d : T Y P E R E C O R D [ 

v a r : S E L E C T O V E R L A i D S t r i n g T y p e F R O M 
s i m p = > [ s t a r t , l e n g t h : C A R D I N A L ] , 
c a t = > [n I , n 2 : N o d e ] , 
E N D C A S E 
] ; 



D e s R e c o r d : T Y P E ^ R E C O R D [ 
g : B O O L E A N , -- m a r k bit f o r g a r b a g e c o l l e c t o r 
e : B O O L E A N , if T R U E , t h i s n o d e h a s b e e n e v a l ' e d 
s : S t r i n g T y p e , - if S T R , w h i c h t y p e 
b: B O O L E A N , if T R U E , t h i s S T R h a s b e e n b a l a n c e d , 
f i : F i i e l n d e x - if t ype = s i m p ( 0 i s d e f a u l t ) 

] ; 
F i i e l n d e x : T Y P E = [ 0 . . 6 4 ) ; 

R e g i s t e r : T Y P E = C A R D I N A L ; 
S t r e a m : T Y P E = P O I N T E R T O S t r e a m R e c o r d ; 
S B S i z e : C A R D I N A L - 4 0 ; 
S t r e a m R e c o r d : T Y P E ^ R E C O R D [ 

- t h i s c a n b e l o o p h o l e d in to s t r i n g 
l e n : C A R D I N A L , -- n o . of g o o d c h a r a c t e r s in buf f 
c p : C A R D I N A L , 

-- n e x t c h a r a c t e r a v a i l in buf f ( c p - l e n - > e m p t y ) 
buff : P A C K E D A R R A Y [ C S B S i z e ) O F C H A R A C T E R , 
n o d e : N o d e , - s o u r c e s t r i n g ( N i L < - > e m p t y ) 
p o s n : C A R D I N A L -- n e x t c h a r in s o u r c e s t r i n g 
- if n o d e i s a c a t t h e n it i s r i gh t l i n e a r a n d le f t m o s t s u b - s t r i n g i s of l e n g t h g r e a t e r t h a n p o s n . 

] ; 
- t h e b u f f e r i s r e d u n d a n t , b e c a u s e i ts c h a r a c t e r s c a n a l s o b e f o u n d in t h e l e n c h a r a c t e r s s t a r t i n g a t p o s n . 

N u m L i n e s : C A R D I N A L = 3 5 ; 
N u m P a g e s : C A R D I N A L = 3 5 ; 
s S i z e : C A R D I N A L ^ 5 0 0 ; 
U n b o u n d : U N S P E C I F I E D = C o n t r o l D e f s . C o n t r o l L i n k T a g [ u n b o u n d ] ; 
c d e b u g : B O O L E A N = F A L S E ; 

P B u g : S I G N A L [ e s t : S T R I N G ] ; 
S E r r : S I G N A L [ e s t : S T R I N G ] ; 
R E r r : S ! G N A L [ e s t : S T R I N G ] ; 
E n d D i s p l a y : S I G N A L ; 
I n t e r r u p t : S I G N A L ; 

- d e f i n e d in p i . m e s a 
I s D e b u g : P R O C E D U R E R E T U R N S [ B O O L E A N ] ; 
F i x u p : P R O C E D U R E [ N o d e ] R E T U R N S [ N o d e ] ; 

-- d e f i n e d in p a r s e . m e s a 
P a r s e S e t u p : P R O C E D U R E ; 
D i s t : P R O C E D U R E [ N o d e ] R E T U R N S [ N o d e ] ; 
E r r o r M s g : P F t O C E D U R E [ S T R I N G , S T R I N G ] ; 
E f r o r M s q l : P R O C E D U R E [ S T R i N G , U N S P E C I F I E D ] ; 
S e t C u r r e n t N o d e : P R O C E D U R E [ N o d e ] ; 

-- d e f i n e d in e v a l . m e s a 
E v a l : P R O C E D U R E [ N o d e , N o d e ] R E T U R N S [ N o d e ] ; 
Z E v a l : P R O C E D U R E [ N o d e ] R E T U R N S [ N o d e ] ; 
f \ ^ap : P R O C E D U R E [ N o d e , P R O C E D U R E [ N o d e ] ] ; 
L e n g t h L i s t : P R O C E D U R E [ N o d e ] R E T U R N S [ C A R D I N A L ] ; 

- d e f i n e d in s u p . m e s a 
S u p S e t u p : P R O C E D U R E ; 
S u p R e s e t : P R O C E D U R E ; 

- d e f i n e d in R o u t e Z . m e s a 
V / r i t e R o u l i n e : P R O C E D U R E [ S y m b o l . N o d e , N o d e ] R E T U R N S [ N o d e j ; 

- d e f i n e d in s t r i n g . m e s a 
S t r i n g S e t u p : P R O C E D U R E ; 
S t r i n g C l e a n u p : P R O C E D U R E ; 
M a k e S t r i n g : P R O C E D U R E [ S T R I N G , N o d e ] ; 
M a k e S T R : P n O C E D U R E [ S T R I N G ] R E T U R N S [ N o d e ] ; 
C o e r c e : P R O C £ D U R E [ N o d e ] R E T U R N S [ N o d e ] ; 
M a k e N U M : P F t O C E D U R E [ L O N G I N T E G E R ] R E T U R N S [ N o d e ] ; 
M a k e l n t e g o r : P R O C E D U R E [ N o d e ] R E T U R N S [ L O N G I N T E G E R ] ; 
S t r i n g C o n c a t : P R O C E D U R E [ N o d e , N o d e ] R E T U R N S [ N o d e ] ; 
L a y O u t B i t s : P F - ^ O C E D U R E [ N o d e ] ; 



D o T r a n s f e r : P R O C E D U R E ; 
T r a n s f e r : P R O C E D U R E [ N o d e ] ; 
S t r i n g D e b u g g i n g : P R O C E D U R E ; 
S t r i n y G C : P R O C E D U R E ; 
E n d S t r i n g G C : P R O C E D U R E ; 
G e t S i n : P R O C E D U R E R E T U R N S [ C A R D 1 N A L ] ; 
F i l e R o u t i n e : P R O C E D U R E [ S y m b o l , N o d e , N o d e ] R E T U R N S [ N o d e ] ; 
S u b : P R O C E D U R E [ M o d e , L O N G I N T E G E R ] R E T U R N S [ C H A R A C T E R ] ; 
S u b s t r i n g : P R O C E D U R E [ M o d e , L O M G I N T E G E R , L O N G I N T E G E R ] R E T U R N S [ N o d e ] ; 
N e w S t r e a m : P R O C E D U R E [ N o d e ] R E T U R N S [ S t r e a m R e c o r d ] ; 
I t e m : P R O C E D U R E [ S t r e a m ] R E T U R N S [ C H A R A C T E R ] ; 

-- d e f i n e d in s t o r e . m e s a 
A l l o c : P R O C E D U R E [ N o d e R e c o r d ] R E T U R N S [ N o d e ] ; 
F r e e T r e e : P R O C E D U R E [ N o d e ] ; 
C h e c k N o d e : P R O C E D U R E [ N o d e ] ; 
I n d e x N o d e : P R O C E D U R E [ N o d e ] R E T U R N S [ C A R D I N A L ] ; 
I n s e r t : P R O C E D U R E [ S T R I N G , T o k T y p e . P L D e f s . S T y p e , 

P R O C E D U R E [ S y m b o l , N G d e , N o d e ] R E T U R N S [ N o d e ] . 
P R O C E D U R E [ S y m b o l , S t r e a m , N o d e ] R E T U R N S [ N o d e ] ] 
R E T U R N S [ S y m b o l ] ; 

L o o k u p : P R O C E D U R E [ S T R I N G ] R E T U R N S [ S y m b o l ] ; 
R e s e t C u r s o r : P R O C E D U R E ; 
S t o r e S e t u p : P R O C E D U R E ; 
S t o r e R e s e t : P R O C E D U R E ; 
S t o r e C l e a n u p : P R O C E D U R E ; 
M R S : P R O C E D U R E R E T U R N S [ R e g i s t e r ] ; 
R R S : P R O C E D U R E [ R e g i s t e r ] ; 
R : P R O C E D U R E [ p N o d e ] ; 
R 2 : P R O C E D U R E [ p N o d e , p N o d e ] ; 
R 3 : P R O C E D U R E [ p N o d e , p N o d e , p N o d e ] ; 
I g n o r e R R S : P R O C E D U R E ; 
C o p y T r e e : F ^ R O C E D U R E [ N o d e ] R E T U R N S [ N o d e ] ; 
P r e o r d e r : P R O C E D U R E [ N o d e , P R O C E D U R E [ N o d e ] R £ T U R N S [ B 0 O L E A N ] ] ; 
P o s t o r d e r : P R O C E D U R E [ N o d e , P R O C E D U R E [ N o d e ] R E T U R N S [ B O O L E A N ] ] ; 
S n a p s h o t : P R O C E D U R E ; 
G a r b a g e R o u t i n e : P R O C E D U R E [ S y m b o l . N o d e , N o d e ] R E T U R N S [ N o d e ] ; 
G e t S p e c i a l N o d e s : P R O C E D U R E R E T U R N S [ N o d e , N o d e , N o d e ] ; 
P a r s e T r e e : P R O C E D U R E [ N o d e ] ; 
G e t C o r e : P R O C E D U R E [ C A R D I N A L ] R E T U R N S [ P O I N T E R ] ; 

-- d e f i n e d in s t a t . m e s a 
S t a t S e t u p : P R O C E D U R E ; 
E m p t y : P R O C E D U R E [ N o d e ] R E T U R N S [ B O O L E A N ] ; 
L e n g t h : P R O C E D U R E [ N o d e ] R E T U R N S [ L O N G I N T E G E R ] ; 
S k i p : P R O C E D U R E [ N o d e , L O N G I N T E G E R ] ; 
L i n e a r S T R : P R O C E D U R E [ N o d e ] R E T U R N S [ N o d e , L O N G I N T E G E R ] ; 
D e t a i l : P R O C E D U R E f N o d e ] ; 
F i x R e p : P R O C E D U R E [ N o d e ] R E T U R N S [ N o d e ] ; 
S u b S t r e a m : P R O C E D U R E [ S t r e a m , L O N G I N T E G E R ] R E T U R N S [ C H A R A C T E R ] ; 
S k i p S t r e a m : P R O C E D U R E [ S t r e a m , L O N G I N T E G E R ] ; 
L e n q t h S t r e a m : P R O C E D U R E [ S t r e a m ] R E T U R N S [ L O N G I N T E G E R ] ; 
C o n v e r t S t r e a m : P R O C E D U R E [ S t r e a m ] R E T U R N S [ N o d e ] ; 
S u b S t r i n g S t r e a m : P R O C E D U R E [ S t r e a m , L 0 N G I N T E G E R . L O N G I N T E G E R ] R E T U R N S [ N o d e ] ; 

E N D . 



D I R E C T O R Y P L D e f s : F R O M " P L D e f s ' 

R o u t e D e f s : D E F I N I T I O N S ^ B E G I N 

R o u t e l S e t u p : P R O C E D U R E ; 
R o u t e 2 S e t u p : P R O C E D U R E ; 
K e y R o u t i n e : P R O C E D U R E [ P L D e f s . S y m b o l , P L D e f s . N o d e , P L D e f s . N o d e ] R E T U R N S [ P L D e f s . N o d e ] ; 
R o u t e 3 S e t u p : P R O C E D U R E ; 
E N D . 



D I R E C T O R Y 

F i l e S y s t e m D e f s : F R O M " F i l e S y s t e m D e f s " ; 

V M D e f s : D E F I N I T I O N S ^ B E G I N 

F i i e l n d e x : T Y P E =: [ 0 . . 6 4 ) ; 

C a r d i n a l : P R O C E D U R E [ i n : L O N G I N T E G E R ] R E T U R N S [ C A R D I N A L ] ; 
F S : P R O C E D U R E R E T U R N S [ F i l e S y s t e m D e f s . F i l e S y s t e m ] ; 
V M S e t u p : P R O C E D U R E ; 
V M C I e a n u p : P R O C E D U R E ; 
G e t S C h a r : P R O C E D U R E [ L O N G I N T E G E R , F i i e l n d e x ] R E T U R N S [ C H A R A C T E R ] ; 
S e t S C h a r : P R O C E D U R E [ L O N G I N T E G E R , F i i e l n d e x , C H A R A C T E R ] ; 
G e t S t r i n g : P R O C E D U R E [ L O N G I N T E G E R . C A R D I N A L , F i i e l n d e x , S T R I N G ] ; 
S e t S t r i n g : P R O C E D U R E [ L O N G I N T E G E R , F i i e l n d e x , S T R I N G ] ; 
O p e n : P R O C E D U R E [ S T R I N G ] R E T U R N S [ F i i e l n d e x , L O N G I N T E G E R ] ; 
C l o s e : P R O C E D U R E [ F i l e l n d e x ] ; 
O p e n R V V : P R O C E D U R E [ S T R I N G ] R E T U R N S [ F i i e l n d e x , L O N G I N T E G E R ] ; 
C l o s e R W : P R G C E D U R E [ F i l e l n d e x , L O N G I N T E G E R ] ; 
E N D . 



D I R E C T O R Y 
P L O e r s : F R O M " P L D e f s " , 
D i s p D e f s : F R O M " D i s p D e f s " , 
S y s l e m D e f s : F R O M " S y s t e m D e f s " , 
l O D e f s : F R O M " l O D e f s " , 
S t r e a m D e f s : F R O M " S t r e a m D e f s " , 
R o i i t e O e f s : F R O M " R o u t e D e f s " , 
I n l i n e D e f s : F R O M " I n l i n e D e f s " , 
S t r i n g D e f s : F R O M " S t r i n g D e f s " ; 

w r i t t e n by M o r r i s a n d S c h m i d t 
m o d i f i e d by W a d i e r f o r l a z y e v a l , 7 / 1 3 / 7 9 

-- f u n c t i o n s r e t u r n a l a z y v a l u e , w h i c h i s 
a . a l is t w i t h e x p r e s s i o n s f o r i ts h e a d a n q ta i l ( a n y n e c e s s a r y p a r t s a r e in c l o s u r e s ) 

-- o r b. a c o m p l e t e l y e v a l u a t e d e x p r e s s i o n 
-- in e i t h e r c a s e t h e e bi t i s s e t . . 

-- p a r a m e t e r s a n d r e t u r n e d v a l u e s of p r o c e d u r e s a r e r e g i s t e r e d o n l y 
-- if t h e y a r e u s e d fo r a c c u m u l a t i n g i n t e r m e d i a t e a n s w e r s . 
~- a p a r a m e t e r v a r i a b l e i s no t r e g i s t e r e d if it i s o n l y s e t to a c o m p o n e n t of 
-- i tse l f , o r t h e Z E v a l of a c o m p o n e n t of i t se l f , e . g . v a l Z E v a l [ v a l . i i s t a i l ] . 
- a l l o t h e r n o d e v a r i a b l e s a r e a l w a y s r e g i s t e r e d . 

e v a l : P R O G R A M I M P O R T S P : P L D e f s , D i s p D e f s , S t r e a m D e f s , R o u t e D e f s E X P O R T S P L D e f s - B E G « N 

T o k T y p e : T Y P E = P L D e f s . T o k T y p e ; 
N o d e T y p e : T Y P E ^ P L D e f s . N o d e T y p e ; 
N o d e : T Y P E = P L D e f s . N o d e ; 
S y m b o l : T Y P E = P L D e f s . S y m b o l ; 
R e g i s t e r : T Y P E = P L D e f s . R e g i s t e r ; 
G l o b a l E n v : N o d e <- N I L ; 

F a H , M T S t , N a i l : N o d e ; 

A p p l y : P R O C E D U R E [ v a l , f u n c : N o d e ] R E T U R N S [ re t : N o d e ] = 
-- a p p l y f u n c to v a l 
-- a s s u m e s v a l i s no t e v a l u a t e d , bu t f u n c i s 
B E G I N 
C K ; 
I F f u n c . T y p e - U N A R Y O R f u n c . T y p e = Z A R Y T H E N 

ret ^ f u n c . u n a r y . p r o c [ f u n c . u n a r y , Z F - v a l [ v a l ] , f u n c . u e x p ] 
E L S E I F f u n c . T y p e = C L O S U R E A N D f u n c . e x p . T y p e = F C N T H E N 

B E G I N 
r r : R e g i s t e r = P . M R S [ ] ; 
n e v : N o d e ^ N I L ; 
P . R [ ( g n e v ] ; 
n e v ^ E x t e n d E n v [ f u n c . e n v , f u n c . e x p . p a r m s , v a l ] ; -- b i n d p a r a m e t e r s 
ret E v a l [ f u n c . e x p . f c n , n e v ] ; 
P . R R S [ r r ] ; 
E N D 

E L S E I F f u n c . T y p e = C L O S U R E A N D f u n c . e x p . T y p e = P A T T E R N A N D Z E v a l [ v a l ] . T y p e = S T R T H E N 
ret <- M a t c h [ v a l , f u n c . e x p . p a t t e r n , f u n c . e n v ] 

E L S E I F f u n c . T y p e = L I S T T H E N 
B E G I N 
rr: R e g i s t e r = P . M R S [ ] ; 
r 1 , r 2 : N o d e ^ N I L ; 
P . R 2 [ @ r 1 , @ r 2 ] ; 
I F f u n c . l i s i h e a d N I L T H E N 

re t <- Na i l 
E L S E 

B E G I N 
re t ^ P . A l l o c [ [ L I S T „ L I S T [ 

r1 <r p . A i l o c [ [ A P P L Y „ A P P L Y [ v a l , f u n c . l i s t h e a d ] ] ] , 
r2 ^ P . A I I o c [ [ A P P L Y „ A P P L Y [ v a l , f u n c . l i s t t a i ! ] ] ] ] ] ] ; 

r e t . D e s . e ^ T R U E ; 
E N D ; 

P . R R S [ r r ] ; 
E N D 

E L S E I F Z E v a l [ v a l ] . T y p e = L I S T A N D f u n c . T y p e = S T R T H E N 



B E G I N s u b s c r i p t ( l i s t m a y b e in l a z y f o r m ) 
rr: R e g i s t e r P . M R S [ ] ; 
i: L O N G I N T E G E R ^ P . M a k e l n t e g e r [ f u n c ] ; 
n e g : B O O L E A N <r F A L S E ; 
P . R [ @ v a l ] ; 
I F i 0 THFZN P . R E f r [ " Z e r o s u b s c r i p t " ] ; 
I F i<0 T H E N B E G I N i e - i ; n e g ^ T R U E E N D ; 
U N T I L i = 1 

D O 
I F v a ! . T y p e # L I S T T H E N P . P B u g [ " M a l f o r m e d l i s t " ] ; 
I F v a l . l i s t h e a d = N I L T H E N P . R E r r [ " S u b s c r i p t t oo b i g " ] ; 
v a l <r Z E v a l [ v a l . l i s t t a i l ] ; 
i ^ i - 1 ; 
E N D L O O P ; 

I F v a l . T y p e # L I S T T H E N P . P B u g [ " M a . ! f o r m e d l i s t " ] ; 
I F v a l . l i s t h e a d --̂  N I L T H E N P . R E r r [ " S u b s c r i p t too b i g " ] ; 
re t I F n e g T H E N Z E v a l [ v a l . l i s t t a i l ] E L S E Z £ v a l [ v a L l i s t h e a d ] ; 
P . R R S [ r r ] ; 
E N D 

E L S E P . R E r r [ " B a d a p p l i c a t i o n " ] ; 
E N D ; 

B i n a r y : P R O C E D U R E [ v i , v j : N o d e , p: N o d e T y p e ] R E T U R M S [ a n s : N o d e ] = 
" r e t u r n o a p p l i e d to v i a n d vj 
- p i s o n e or P L U S , M I N U S , G A T 
-- p a y s s p e c i a l a t t e n t i o n to c a s e s w h e r e v i o r v j a r e l i s t s 
-- d o e s n ' t a s s u m e vi a n d vj a r e z e v a l e d 
B E G I N 
-- T h i s r o u t i n e r e g i s t e r s i t s p a r a m e t e r s , s o c a l l e r s n e e d n ' t , 
rr : R e g i s t e r P . M R S Q ; 
r l , r 2 : N o d e < - N I L ; 
P . R 2 [ ( a r 1 , @ r 2 ] ; 
n Z E v a l [ v i ] ; [] <- Z E v a l [ v j ] ; 
I F v i . T y p e - S T R A N D v j . T y p e = S T R T H E N 

B E G I N 
S E L E C T p F R O M 

f - ^LUS =:> 
R E T U R N [ P . M a k e N U M [ P . M a k e l n t e g e r [ v i ] + P . M a k e l n t e g e r [ v j ] ] ] ; 

M I N U S = > 
R E T U R N [ P . M a k e N U M [ P . M a k e l n t e g e r [ v i ] - P . M a k e l n t e g e r [ v j ] ] ] ; 

C A T = > 
R E T U R M [ P . S t r i n g C o n c a t [ v i , v j ] ] ; 

E N D C A S E = > P . P B u g [ " N o n P l u s , M i n u s o r C a t to B i n a r y " ] ; 
E N D 

E L S E I F v i . T y p e = S T R A N D v j . T y p e = L I S T T H E N 
I F v j . l i s t h e a d = N I L T H E N 

a n s ^ Na i l 
E L S E 

B E G I N 
a n s ^ P . A I I o c [ [ L i S T . , L I S T [ 

r1 P . A I I o c [ [ p „ P L U S [ v i , v j . l i s t h e a d ] ] . 
r 2 ^ P . A I I o c [ [ p „ P L U S [ v i , v j . l i s t ta i l ] ] ] ] ] ; 

-- P L U S h e r e a c t s l i ke a l o o p h o l e f o r M I N U S a n d C A T 
E N D 

E L S E I F v i . T y p e = L I S T A N D v j . T y p e = S T R T H E N 
I F v i . l i s t h e a d = N I L T H E N 

a n s <- Na i l 
E L S E 

B E G I N 
a n s ^ P . A I I o c [ [ L I S T , , L I S T [ 

r1 <- P . A I I o c [ [ p „ P L U S [ v i . l i s t h e a d , v j ] ] ] , 
1-2 ^ P . A ! l o c [ [ p „ P L U S f v i . l i s t t a i l , v j ] ] ] ] ] ] ; 

E N D 
E L S E I F v i . T y p e - L I S T A N D v j . T y p e = L I S T T H E N 

I F v i . l i s t h e a d - N I L A N D v j . l i s t h e a d = N I L T H E N 
a n s ^ Na i l 

E L S E 
B E G I N 



I F v i . l i s t h e a d =: N I L 0^ v j . l i s t h e a d N I L T H E N P . R E r r [ " L i s t l e n g t h s d i f f e r " ] ; 
a n s <- P . A I I o c I [ L I ^ Y „ L I S T [ 

r1 ^- P . A ! l o c [ [ p , , P L U S r v i . l i 3 t h e a d , v j . l i s t h e a d ] ] ] , 
r2 ^ P . A I i o c [ [ p „ P L U S [ v i . ! i s t t a i l , v j . l i s t t a i l ] ] ] ] ] ] ; 

E N D 
E L S E P . R E r r [ " B i n a r y o p e r a t i o n o n i m p r o p e r a r g u m e n t s " ] ; 
a n s . D e s . e e T R U E ; 
P . R R S [ r r ] ; 
E N D ; 

C K : P R O C E D U R E = B E G I N 
I F S t r e a m D e f s . C o n t r o l D E L t y p e d O T H p H 

B E G I N 
S t r e a m D e f s . R e s e t C o n t r o l D E u ; 
P . l n t e r r u p t ; 
E N D ; 

E N D ; 

E m p t y S t r i n g : P R O C E D U R E [ n : N o d e ] R E T U R N S [ B O O L E A N ] = B E G I N 
R E T U R N [ n T y p e = S I R A N D p . D e s . s = s i m p A N D n . s t r . l e n g t h 0 ] ; 
E N D ; 

Z E v a l : P U B L I C P R O C E D U R E [ n : N o d e ] R E T U R N S [ a n s : N o d e ] 
-- e v a l u a t e n o d e in g l o b a l e n v i r o n m e n t 
- • it p r o b a b l y c o n t a i n s a c l o s u r e 
- t h e a n s w e r s h o u l d o v e r v / r i t e t h e n o d e (^ ins = n ) 
B E G I N 
I F n . D e s . e T H E N a n s ^ n 
E L S E 

B E G I N 
n 1 : N o d e ; -- d o n ' t r e g i s t e r n l b e c a u s e E v a l a l w a y s r e g i s t e r s i ts a r g 
n 1 ^ P . A I l o c [ n t ] ; 
a n s <- E v a l [ n 1 , N I L ] ; 
n t ^ a n s t ; 
a n s e n ; 
E N D ; 

E N D ; 

E v a l : P U B L I C P R O C E D U R E [ n , e n v : N o d e ] R E T U R N S [ a n s : N o d e ] = 
-- e v a l u a t e n o d e in g i v e n e n v i r o n m e n t 
B E G I N 
I F n . D e s . e T H E N R E T U R N [ n ] E L S E 
B E G I N 
rr : R e g i s t e r - P . M R S [ ] ; 
r 1 , r 2 : N o d e ^ N I L ; 
l o p : N o d e <- N a i l ; -- n o t N I L , s o P o p l a r d e b u g g e r c a n p r in t 
r o p : N o d e ^ N a i l ; 

E r r o r P r o c e s s : P R O C E D U R E [ m e s s , e s t : S T R I N G ] R E T U R N S [ p r o c e e d : B O O L E A N ] = 
B E G I N m: N o d e ^ N I L ; 
D i s p D e f s . W F 2 [ " % s : % s , i n : * n " , m e s s , e s t ] ; 
D i s p D e f s . P r i n t [ P . A I I o c [ [ C L O S U R E , , C L O S U R E [ n , N I L ] ] ] ] ; 

-- c l o s u r e i s to k e e p f r o m c a l l i n g Z E v a ! d u r i n g p r i n t 
P . R [ @ m ] ; 
D O 

m ^ R o u t e D e f s . K e y R o u t i n e [ N I L . P . M a k e S T R [ " $ " ] , N I L ] ; 
I F m . T y p e = F A I L T H E N P . E n d D i s p l a y 
E L S E I F E m p t y S t r i n g [ m ] T H E N R E T U R N [ F A L S E ] 
E L S E I F E Q [ m , " p r " ] T H E N R E T U R N [ T R U E ] 
E L S E I F E Q [ m , " l e f t " ] T H E N D i s p D e f s . P r i n t [ l o p ] 
E L S E I F E Q [ m , " r i g h t " ] T H E N D i s p D e f s . P r i n t [ r o p ] 
E L S E 

B E G I N 
m<- P . D i s t [ m ! 
P . S E r r = > 

B E G I N 
D i s p D e f s . W F O [ " S y n t a x E r r o r D n " ] ; 
L O O P 
E N D ] ; 



m E v a l [ m , e n v ] ; 
D i s p D e f s . P r i n t [ m ] ; 
E N D ; 

E N D L O O P ; 
E N D ; -- E r r o r P r o c e s s 

P . R 2 [ @ n , @ e n v ] ; 
P . R 2 [ @ r j , @ r 2 ] ; 
P . R 2 [ @ l o p , @ r o p ] ; 

B E G I N E N A B L E B E G I N 
P . R E r r = > I F E r r o r P r o c e s s [ " R u n - r ! m e e r r o r " , e s t ] T H E N R E T R Y ; 
P . P B u g > I F E r r o r P r o c e s s [ " P o p l a r B u g ! ! " , e s t ] T H E N R E T R Y ; 
P . l n t e r r u p t = > I F E r r o r P r o c e s s [ " * * * l n t e r r u p t * * * " , " " ] 
T H E N R E S U M E 
E N D ; 

D E : P R O C E D U R E = 
B E G I N 
lop ^ E v a l [ n . a r g 1 , e n v ] ; 
r o p ^ E v a l [ n . a r g 2 , e n v ] ; 
E N D ; 

F n c l o . s e : P R O C F D U R E [ n 1 : N o d e ] R E T U R N S [ N o d e ] = 
B E G I N 
I F e n v = N I L T H E N R E T U R N [ n 1 ] 
E L S E R E T U R N [ P . A I I o c [ [ C L O S U R E „ C L O S U R E [ n 1 , e n v ] ] ] ] ; 
E N D ; 

C K ; 
D O 
S E L E C T n . T y p e F R O M 
C L O S U R E = > 

B E G I N 
e n v «- n . e n v ; 
n n . e x p ; 
L O O P ; 
E N D ; 

ID = > 
a n s <r Z E v a l [ L o o k [ n . n a m e , e n v ] ] ; 

H O L E , P F U N C , Z A R Y , F A I L . S T R , W I L D => 
a n s * - n ; 

P A T T E R N = > 
a n s ^ P . A I I o c [ [ C L O S U R E „ C L O S U R E [ n , e n v ] ] ] ; 

F C N = > -- " x : E " 
B E G I N 
I F n . p a r m s . T y p e - E Q U A L T H E N 

- h a n d l e a n e q u a l i t y a s s e r t i o n 
B E G I N 
E l i m E q : P R O C E D U R E [ n : N o d e ] 

R E T U R N S [ B O O L E A N ] = 
B E G I N 
I F n . T y p e = E Q U A L T H E N n t ^ n . le f t t ; 
R E T U R N [ T R U E ] ; 
E N D ; 

lop ^ P . A I I o c [ [ A P P L Y „ A P P L Y [ n . p a r m s . r i g h t , n ] ] ] ; 
n . p a r r n s t ^ n . p a r m s . l e f t t ; 
0 ^ E v a l p o p , e n v ] ; 
P . P r e o r d e r [ n , E l i m E q ] ; 
E N D ; 

a n s ^ P . A I I o c [ [ C L O S U R E „ C L O S U R E [ n . e n v ] ] ] ; 
E N D ; 

U N A R Y = > -- e . g . , " w r i t e x " 
a n s P . A i i o c [ [ U N A R Y „ U N A R Y [ n . u n a r y , E v a l [ n . u e x p , e n v ] ] ] ] ; 

-- to b e r e a l l y l a z y , t a k e e v a l of u n a r y p a r a m e t e r o u t 
P L U S , M I N U S = > - " m + n " , " m - n " 

B E G I N 
D E ; 



a n s ^ B i n a r y [ r 1 <- E n c ! o s e [ ! o p ] , r 2 ^ E n c l o s e [ r o p ] , n . T y p e ] ; 
E N D ; 

S E Q U E N C E = > - - " m - - n " 
B E G I N 

D E ; 
B E G I N 
f r o m : L O N G I N T E G E R ^. P . M a k e l n t e Q e r [ i o p ] ; 
Lo: L O N G I N T E G E R <- P . M a k e l n t e g e f [ r o p ] ; 
i n c : L O N G I N T E G E R = I F f r om< to T H E N 1 E L S E - 1 ; 
I F f r o m to T H E N 

a n s ^ P . A l l o c [ [ L I S T . , L I S T [ 
l op , 
N a i l ] ] ] 

E L S E 
B E G I N 
a n s ^ P . A I I o c [ [ L I S T „ L I S T [ 

l op , 
P . A I I o c [ [ S E Q U E N C E , . S E Q U E N C E [ 

P . M a k e N U M [ f r o m -\ i n c ] , 
r o p ] ] ] ] ] ] ; 

E N D ; 
E N D ; 

E N D ; 
A P P L Y - " x / f " 

B E G I N 
lop E n c l o s e [ n . a f g 1 ] ; 
r op E v a i [ n . a r g 2 , e n v ] ; 
I F r o p . T y p e = C L O S U R E A N D r o p . e x p . T y p e = F C N T H E N 

- h a n d l e ta i l r e c u r s i o n a s a s p e c i a l c a s e 
B E G I N 
e n v ^ E x t e n d E n v [ r o p . e n v , r o p . e x p . p a r m s , l o p ] ; 
n ^ r o p . e x p . f c n ; 
L O O P ; 
E N D 

E L S E a n s A p p l y [ l o p , r o p ] ; 
E N D ; 

M A P P L Y = > - " x / / t " 
B E G I N 
D E ; 
I F l o p . T y p e # L I S T T H E N P . R E r r [ " N o n - l i s t b e f o r e / / " ] ; 
I F i o p . l i s t h e a d = N I L T H E N 

a n s ^ Na i l 
E L S E 

a n s ^ P . A I I o c [ [ L I S T „ L I S T [ 
r1 E n c l o s e [ P . A I I o c [ [ A P P L Y „ A P P L Y [ l o p . l i s t h e a d , r o p ] ] ] ] , 
r2 <r E n c l o s e [ P . A I I o c [ [ M A P P L Y „ M A P P L Y [ l o p . l i s t t a i l , r o p ] ] ] ] ] ] ] ; 

E N D ; 
G O B B L E - " x / / / f " 

B E G I N 
D E ; 
I F l o p . T y p e # L I S T T H E N P . R E r r [ " N o n - l i s t b e f o r e / / / " ] 
E L S E I F l o p . l i s t h e a d N I L T H E N P . R E r r [ " [ ] b e f o r e / / / " ] 
E L S E 

B E G I N 
L i s t 2 : P R O C E D U R E [ a . b : N o d e ] R E T U R N S [ N o d e ] = 

- r e t u r n a l is t w i t h a a n d b a s e l e m e n t s 
B E G I N 
R E T U R N [ P . A I I o c [ [ L l S T „ L I S T [ a , P . A I ! o c [ [ L I S T „ L l S T [ b , N a i l ] ] ] ] ] ] ] ; 
E N D ; 

a n s ^ N I L ; P . R [ @ a n s ] ; 
a n s Z E v a i [ l o p . l i s t h e a d ] ; 
lop ^ Z E v a l [ l o p . ! i s t t a i l ] ; 
U N T I L l op . l i s thec id N I L D O 

I F l o p . T y p e # L I S T T H E N P . P B u g [ " M a l f o r m e d L i s t " ] ; 
a n s ^ A p p l y [ L i s t 2 [ a n s , Z E v a l [ ! o p . l i s t h e a d ] ] , r o p ] ; 
l op ^ Z E v a i [ l o p . l i s t t a i l ] ; 
E N D L O O P ; 

E N D ; 



E N D ; 
I T E R " x % f " 

B E G I N 

a n s <r N I L ; P . R [ @ a n s ] ; 
lop E n c l o s e [ n . a r g 1 ] ; 
r o p <- E v a l [ n . a r g 2 , e n v ] ; 

D O 
a n s <- l op ; 
lop ^ A p p l y [ ! o p , r o p ] ; 
I F l o p . T y p e = F A I L T H E N E X I T ; 
E N D L O O P ; 

a n s t- Z E v a l [ a n s ] ; - i n c a s e r o p f a i l e d i m m e d i a t e l y 
E N D ; 

A S S - " x e E " 
B E G I N 
e : N o d e <- e n v ; 
- P a r s e r h a s c h e c k e d t ha t s i s a n I D 
a n s ^ E v a l [ n . r h s , e n v ] ; 
D O 

I F e = N I L T H E N 
B E G I N n . l h s . n a m e . v a l ^ a n s ; E X I T E N D ; -- a s s u m e g l o b a l 

I F e . v a l . u n a r y = n . l b s . n a m e T H E N 
B E G I N e . v a l . u e x p ^ a n s ; E X I T E N D ; 

e ^ e . n e x t ; 
E N D L O O P ; 

E N D ; 
T I L D E = > - " ~ E " 

B E G I N 
a n s ^ E v a l [ n . n o t , e n v ] ; 
a n s e I F a n s T y p e = F A I L T H E N M T S t E L S E F a i l ; 
E N D ; 

P R O G = > - " E 1 ; E 2 " 
B E G I N 
[] <r E v a l [ n . a r g l . e n v ] ; 
n n . a r g 2 ; 
L O O P ; 
E N D ; 

M A T C H - " E 1 > E 2 " 
B E G I N 
a n s <- E v a l [ n . d i v , e n v ] ; 
I F a n s . T y p e # F A I L T H E N B E G I N n ^ n .pat t ; L Q Q § E N D ; 
E N D ; T 

P A L T = > " E 1 | E 2 " 
B E G I N 
a n s ^ E v a l [ n . a l t 1 , e n v ] ; 
I F a n s . T y p e = F A I L T H E N B E G I N n <r n .a l t2 ; L O O P E N D ; 
E N D ; 

C A T = > -- " E 1 E 2 " 
B E G I N 
D E ; 
a n s ^ I F E m p t y S t r i n g [ l o p ] T H E N r o p 

E L S E I F E m p t y S t r i n g [ r o p ] T H E N l o p 
E L S E B i n a r y [ r 1 ^ E n c ! o s e [ l o p ] , r 2 ^ E n c l o s e [ r o p ] , C A T ] ; 

E N D ; 
L I S T :=> " [ x , . . . ] " t h e h e a r t of l a z y e v a l ! 

I F n . l i s t h e a d ^ N I L T H E N a n s n - n a i l 
E L S E -- c l o s e e l e m e n t s a n d r e t u r n , v^ i thout e v a l u a t i n g 

a n s ^ P . A I I o c [ [ L I S T , , L l S T [ 
r1 *- E n c l o s e [ n . l i s t h e a d ] , 
r 2 <- E n c l o s e [ n . l i s t t a i l ] ] ] ] ; 

C A T L = > - " x „ y " 
B E G I N 
lop <- E v a l [ n . l e f t , e n v ] ; 
I F l o p . T y p e # L I S T T H E N P . R E r r [ " T h e o p e r a t i o n ,, i s a p p l i e d to a n o n - l i s t " ] ; 
I F l o p . l i s t h e a d - N I L T H E N 

B E G I N 
a n s < - E v a ! [ n . r i g h t , e n v ] ; 
I F a n s . T y p e # L I S T T H E N P . R E r r [ " T h e o p e r a t i o n ,, i s a p p l i e d to a n o n - l i s t " ] ; 



E N D 
E L S E 

B E G I N 
a n s ^ P . A I I o c [ [ L I S T „ L I S T [ 

r1 ^ E n c l o s e [ l o p . l i s t h e a d ] , 
r 2 E n c l o s e [ P . A H o c [ [ C A T L „ C A T L [ 

l op . l i s t t a i l , 
n . r i g h t ] ] ] ] ] ] ] ; 

E N D ; 
E N D ; 

E Q U A L - > - " E 1 - E 2 " e q u a l i t y c o m m e n t 
B E G I N -- t h i s w i l l o c c u r o n l y in c h e c k i n g m o d e 
D E ; 
I F ~ E q u a l [ l o p , r o p ] T H E N P . R E r r [ " E q u a l i t y C h e c k " ] ; 
n t ^ n . le f t t ; - a v o i d m u l t i p l e c h e c k s 
a n s <r l o p ; 
E N D ; 

E N D C A S E = > P . P B u g [ " U n k n o w n t y p e " ] ; 
a n s . D e s . e T R U E ; 
P . R R S [ r r ] ; 
R E T U R N ; 
E N D L O O P ; 
E N D ; 
E N D ; 
E N D ; - E v a l 

M a p : P U B L I C P R O C E D U R E [ I : N o d e , p: P R O C E D U R E [ N o d e ] ] = 
B E G I N 
-- M a p r e g i s t e r s I, s o c a l l e r n e e d n ' t 
rr : R e g i s t e r <- P . M R S Q ; 
P . R [ @ I ] ; 
F O R I ^ I, Z E v a l [ l . l i s t t a i l ] U N T I L l . l i s t h e a d - N I L D O 

I F I . T y p e # L I S T T H E N P . P B u g [ " M a l f o r m e d L i s t " ] ; 
p [ Z E v a i r i . l i s t h e a d ] ] ; 
E N D L O O P ; 

P . R R S [ r r ] ; 
E N D ; 

E Q : P R O C E D U R E [ n : N o d e , s : S T R I N G ] R E T U R N S [ B O O L E A N ] - B E G I N i: C A R D I N A L ; 
I F P . L e n g t h [ n ] # s . l e n g t h T H E N R E T U R N [ F A L S E ] ; 
F O R i IN [ 0 . . s . i e n g t h ) D O 

I F s [ i ] # P . S u b [ n , i ] T H E N R E T U R N [ F A L S E ] ; 
E N D L O O P ; 

R E T U R N [ T R U E ] ; 
E N D ; 

E q u a l : P R O C E D U R E [ ! x , r x : N o d e ] R E T U R N S [ r e s : B O O L E A N ] = 
B E G I N 
D O 

I F I x . T y p e # r x . T y p e T H E N r e s ^ F A L S E 
E L S E I F I x . T y p e - L I S T T H E N 

B E G I N 
I F I x . l i s t h e a d - N I L T H E N r e s <- r x . l i s t h e a d - N I L 
E L S E I F r x . l i s t h e a d - N I L T H E N r e s ^ F A L S E 
E L S E I F ~ E q u a l [ Z E v a i [ l x . l i s t h e a d ] , Z E v a l [ r x . l i s t h e a d ] ] T H E N 

r e s ^ F A L S E 
E L S E B E G I N 

Ix <r Z E v a ! [ l x . l i s t t a i l ] ; 
rx <r Z E v a l [ r x . l i s t t a i l ] ; 
L O O P ; 
E N D 

E N D 
E L S E I F I x . T y p e - S T R T H E N 

B E G I N 
rr: R e g i s t e r ^ P . M R S Q ; 
a , b : P L D e f s . S t r e a m R e c o r d ; 
a . n o d e «- b . n o d e ^ N I L ; 
P . R 2 [ @ a . n o d e , @ b . n o d e ] ; 



a «• P . N e w S t r e a m [ l x ] ; 
b P . N e w S t r e a m [ r x ] ; 
D O 

I F a . n o d e = N I L T H E N r e s <- b . n o d e - N I L 
E L S E I F b . n o d e - N I L T H E N r e s <- F A L S E 
E L S E I F P . l t e m [ @ a ] - - P . l t G m [ @ b ] T H E N 

r e s <- F A L S E 
E L S E L O O P ; 
E X I T ; 
E N D L O O P ; 

P . R R S [ r r ] ; 
E N D 

E L S E P . R E r r [ " l l l e g a l e q u a l i t y c h e c k " ] ; 
E X I T ; 
E N D L O O P ; 

E N D ; 

E x t e n d E n v : P R O C E D U R E [ e , b v , v a i : N o d e ] R E T U R N S [ n e v : N o d e ] = 
- v a l i s n o t e v a l u a t e d ; e , b v f u l l y e v a l u a t e d 
B E G I N 
r r : R e g i s t e r = P . M R S Q ; 
n e v ^ e ; 
P . R [ @ n e v ] ; 
I F b v . T y p e - I D T H E N 

n e v ^ P . A I I o c [ [ E N V „ E N V [ 
P . A H o c [ [ U N A R Y „ U N A R Y [ b v . n a m e , v a l ] ] ] , 
n e v ] ] ] 

E L S E 
D O 

I F b v . T y p e # L I S T T H E N P . R E r r [ " M a l f o r m e d f u n c t i o n " ] ; 
I F Z E v a l [ v a l ] . T y p e # L I S T T H E N P . R E r r [ " N o n - l i s t b e f o r e / " ] ; 
I F b v . l i s t h e a d - N I L T H E N 

B E G I N 
I F v a l . l i s t h e a d - N I L T H E N E X I T ; 
P . R E r r [ " T o o m a n y p a r a m e t e r s fo r f u n c t i o n " ] ; 
E N D ; 

I F v a l . l i s t h e a d - N I L T H E N P . R E r r [ " T o o f e w p a r a m e t e r s fo r f u n c t i o n " ] ; 
I F b v . l i s t h e a d . T y p e ID T H E N P . R E r r [ " M a l f o r m e d f u n c t i o n " ] ; 
n e v P . A I ! o c [ [ E N V „ E N V [ 

P . A I I o c [ [ U N A R Y , , U N A R Y [ 
b v . l i s t h e a d . n a m e , 
v a l . l i s t h e a d -- e v a l u a t e d a t a c c e s s t i m e -

n e v ] ] ] ; 
v a l <- Z E v a l [ v a l . l i s t t a i l ] ; 
b v ^ bv . l i s t t a i l ; 
E N D L O O P ; 

P . R R S [ r r ] ; 
E N D ; 

L e n g t h L i s t : P U B L I C P R O C E D U R E [ n : N o d e ] R E T U R N S [ i : C A R D I N A L ] = B E G I N 
I F n . T y p e ~ = L I S T T H E N P . P B u g [ " L e n g t h L i s t e x p e c t s a l i s t " ] ; 
i 0 ; 
W H I L E n . l i s t h e a d - - N I L D O 

i <- i + 1 ; 
n <- Z E v a l [ n . l i s t t a i l ] ; 
E N D L O O P ; 

E N D ; 

L o o k : P R O C E D U R E [ n : S y m b o l , e : N o d e ] R E T U R N S [ N o d e ] - B E G I N 
F O R e ^ e , e . n e x t U N T I L e - N I L D O 

I F e . v a l . u n a r y = n T H E N R E T U R N [ e . v a l . u e x p ] 
E N D L O O P ; 

I F - ( n . t y p e - s t r i n g A N D n . v a l . T y p e # U N D E F I N E D ) T H E N P . R E r r [ " U n d e f i n e d v a r i a b l e " ] ; 
R E T U R N [ n . v a l ] ; 
E N D ; 

M a t c h : P R O C E D U R E [ s u b j e c t , p a t t e r n , e n v : N o d e ] R E T U R N S [ s t r u c : N o d e ] - B E G I N 



r r : R e g i s t e r = P . M R S Q ; 
s : P L D e f s . S t r e a m R e c o r d ; 
H o i e P a s s e d : S I G N A L [ h o l e S t r i n g : N o d e ] = C O D E ; 
M 2 : P R O C E D U R E [ p : N o d e , d i s c a r d i n g : B O O L E A N . e n v : N o d e ] R E T U R N S [ a n s : N o d e ] = 

- T h e s t a t e of s i s a n imp l i c t i i i pu t a n d o u t p u t of M 2 
B E G I N 
rr: R e g i s t e r e P . M R S Q ; 
C K ; 
a n s ^ N I L ; P . R 3 [ @ p , @ e n v , @ a n s ] ; 

D O 
I F p . T y p e - P A T T E R N T H E N p e p . p a t l e r n 
E L S E I F p . T y p e - ID T H E N p ^ Z E v / a l [ L o o k [ p . n a m e , e n v ] ] 
E L S E I F p . T y p e = C L O S U R E T H E N 

B E G I N e n v p . e n v ; p ^ p . e x p E N D 
E L S E E X I T ; 
E N D L O O P ; 

S E L E C T p . T y p e F R O M 
P F U N C - > B E G I N 

s y m : S y m b o l = p . p f u n d ; 
a n s s y m . p a t p r o c [ s y m , @ s , N I L ] ; 
a n s . D e s . e T R U E ; 
E N D ; 

P F U N C 1 = > B E G I N 
s y m : S y m b o l - p . p f u n d ; 
a n s <r E v a l [ p . p e x p , e n v ] ; 
a n s <~ s y m . p a t p r o c [ s y m , @ s , a n s ] ; 
a n s . D e s . e ^ T R U E ; 
E N D ; 

M A T C H , A P P L Y , M A P P L Y , G O B B L E , I T E R - > B E G I N 
a n s ^ M 2 [ p . d i v , d i s c a r d i n g , e n v ] ; 
I F a n s . T y p e # F A I L A N D - d i s c a r d i n g T H E N 

B E G I N 
a n s ^ P . A H o c [ [ p . T y p e „ M A T C H [ a n s , p . p a t t ] ] ] ; 
I F a n s . d i v . D e s . e T H E N a n s ^ E v a l [ a n s , e n v ] ; 
E N D ; 

E N D ; 
T I L D E - > B E G I N 

s T . P L D e f s . S t r e a m R e c o r d <- s ; 
P . R [ @ s 1 . n o d e ] ; 
a n s M 2 [ p . n o t , T R U E , e n v ] ; 
s ^ s 1 ; 
a n s ^ I F a n s . T y p e = F A I L T H E N M T S t E L S E F a i l ; 
E N D ; 

D E L E T E = > B E G I N 
a n s <- M 2 [ p . d e l e t e , T R U E , e n v ] ; 
I F a n s . T y p e # F A I L T H E N a n s ^ M T S t ; 
E N D ; 

S T R - > B E G I N 
s 1 : P L D e f s . S t r e a m R e c o r d <- s ; 
11, i: L O N G I N T E G E R e Q; 
I I ^ P . L e n g t h [ p ] ; 
P . R [ @ s 1 . n o d e ] ; 
U N T I L i = I I 

D O 
I F s . n o d e - N I L O R P . l t e m [ @ s ] # P . S u b [ p . i] T H E N 

B E G I N a n s ^ F a i l ; E X I T E N D ; 
i <- i + 1 ; 
R E P E A T 
F I N I S H E D - > 

I F d i s c a r d i n g T H E N a n s ^ M T S t 
E L S E B E G I N 

a n s <r P . S u b S t r i n g S t r e a m [ @ s 1 , 0 , i ] ; a n s . D e s . e ^ T R U E ; 
E N D ; 

E N D L O O P ; 
E N D ; 

W I L D = > B E G I N 
I F s . n o d e = N I L T H E M a n s ^ F a i l 
E L S E B E G I N 



1 0 

I F d i s c a r d i n g T H E N a n s <- M T S t 
E L S E B E G I N 

a n s ^ P . S u b S t r i n g S t r e a m [ @ s , 0 , 1 ] ; 
a n s . D e s . e e T R U E ; 
E N D ; 

[] <r p . j t e m [ @ s ] ; 
E N D ; 

E N D ; 
H O L E = > B E G I N 

a n s P . A ! l o c [ M T S t t ] ; e m p t y s t r i n g , to b e o v e r w r i t t e n 
a n s . D e s . e <- F A L S E ; 
S I G N A L H o i e P a s s e d [ a n s ] ; 
E N D ; 

C A T , P L U S , M I N U S , L I S T , C A T L = > B E G I N 
I F p . T y p e = L I S T A N D p . l i s t h e a d - N I L T H E N 

a n s p 
E L S E I F p . T y p e - L I S T 

A N D p . l i s t t a i l . l i s t head - N I L T H E N 
B E G I N -- n o t r e a l l y b i n a r y 
a n s ^ M2 fp . i e f t , d i s c a r d i n g , e n v ] ; 
I F a n s . T y p e # F A I L A N D - d i s c a r d i n g T H E N 

B E G I N 
a n s <- P . A I I o c [ [ L I S T „ L I S T [ a n s , N a i l ] ] ] ; 
a n s . D e s . e <- a n s . l e f t . D e s . e ; 
E N D ; 

E N D 
E L S E B E G I N 
h o l e N o d e , s t r u c 2 : N o d e <- N I L ; 
P . R 2 [ @ h o l e N o d e , @ s t r i i c 2 ] ; 
a n s ^ M 2 [ p . l e f t , d i s c a r d i n g , e n v ! 

H o i e P a s s e d - > 
B E G I N 
h o l e N o d e ^ h o l e S t r i n g ; 
R E S U M E 
E N D ] ; 

I F a n s . T y p e # F A I L T H E N 
B E G I N 
I F h o l e N o d e = N I L T H E N s t r u c 2 M 2 [ p . r i g h t , d i s c a r d i n g , e n v ] 
E L S E B E G I N -- u n a n c h o r e d m a t c h a l l o w e d 

i: C A R D I N A L ^ 0 ; 
s i , s 2 : P L D e f s . S t r e a m R e c o r d *- s ; 
P . R [ @ s 1 . n o d e ] ; 

D O 
s t r u c 2 ^ M 2 [ p . r i g h t , d i s c a r d i n g , e n v ] ; 
I F s t r u c 2 . T y p e # F A I L T H E N 

B E G I N 
I F d i s c a r d i n g T H E N E X I T ; 
h o I e N o d e t P . S u b S t r i n g S t r e a m [ @ s 1 , 0 , i ] t ; 
a n s <-Eval [ a n s . e n v ] ; 
E X I T ; 
E N D ; 

I F s 2 . n o d e - N I L T H E N E X I T ; 
[] ^ P . l t e m [ @ s 2 ] ; 
s ^ s 2 ; 
i ^ i + 1 ; 
E N D L O O P ; 

E N D ; 
I F 3 t r u c 2 . T y p e - F A I L T H E N a n s - F a i l 
E L S E I F d i s c a r d i n g T H E N a n s ^ M T S t 
E L S E B E G I N 

a n s ^ P . A i l o c [ [ p . T y p e „ C A T [ a n s , s t r u c 2 ] ] ] ; 
I F a n s . l e f t . D e s . e 
A N D a n s . r i g h t . D e s . e T H E N 

a n s ^ E v a l [ a n s , e n v ] ; 

E N D ; 
E N D ; 

E N D ; 
E N D ; 
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S E Q O F - > B E G I N 

p a n s : P O I N T E R T O N o d e @ a n s ; 
t a n s : N o d e ; 
s 1 : P L D e f s . S t r e a m R e c o r d ; 
P . R 2 [ @ t a n s , © s l . n o d e ] ; 
a n s ^ F a i l ; 

D O 
s 1 <- s ; 
t a n s <r M 2 [ p . s e q o f , d i s c a r d i n g , e n v ! 

H o l e f ^ a s s e d = > B E G I N h o l e S t r i n g . D e s . e T R U E ; R E S U M E E N D ] ; T l i e 
u s e r p r o b a b l y d i d n ' t m e a n to p u t a t t h e e n d of a s e q , bu t w h a t c a n w e 
d o ? 

I F t a n s . T y p e - F A I L T H E N B E G I N s <- s i ; E X I T E N D ; 
I F d i s c a r d i n g T H E N a n s ^ M T S t 
E L S E I F p a n s t . T y p e = F A I L T H E N p a n s t ^ t a n s 
E L S E p a n s t B i n a r y [ p a n s t , t a n s , C A T ] ; 
p a n s . D e s . e ^ T R U E ; 
I F p a n s . T y p e = S T R A N D p a n s . D e s . s = c a t T H E N p a n s <- @ p a n s . s t r . n 2 ; 
- T h i s l a s t s t a t e m e n t s h o u l d e n c o u r a g e r i g h t l i n e a r t r e e s . 
E N D L O O P ; 

E N D ; 

S E Q O F C = > B E G I N 
p a n s : P O I N T E R T O N o d e @ a n s ; 
t a n s : N o d e ; 
s i : P L D e f s . S t r e a m R e c o r d ; 
P . R 2 [ @ t a n s , @ s 1 . n o d e ] ; 
a n s <- F a i l ; 

D O 
s i ^ s ; 
t a n s <- M 2 [ p . s e q o f , d i s c a r d i n g , e n v ! 

H o i e P a s s e d - > B E G I N h o l e S t r i n g . D e s . e <- T R U E ; R E S U M E E N D ] ; 
I F t a n s . T y p e = F A I L T H E N B E G I N s s i ; E X I T E N D ; 
I F d i s c a r d i n g T H E N a n s M T S t 
E L S E B E G I N 

p a n s t ^ P . A l l o c [ [ L I S T „ L I S T [ t a n s , N a i l ] ] ] ; 
p a n s . D e s . e ^ T R U E ; 
p a n s ^ @ p a n s l i s t t a i l ; 
E N D ; 

E N D L O O P ; 
E N D ; 

O P T = > B E G I N - ( o p t i o n a l p a r t ) h a s s i n g l e p a t t e r n a s p a r t 
s i : P L D e f s . S t r e a m R e c o r d s ; 
P . R [ ( ^ s 1 . n o d e ] ; 
a n s M 2 [ p . o p t , d i s c a r d i n g , e n v ] ; 
I F a n s . T y p e - F A I L T H E N B E G I N a n s M T S t ; s ^ s i E N D ; 
E N D ; 

P A L T - > B E G I N 
s i : P L D e f s . S t r e a m R e c o r d ^ s ; 
P . R [ @ s 1 . n o d e ] ; 
a n s ^ M 2 [ p . a ! t 1 , d i s c a r d i n g , e n v ] ; 
I F a n s . T y p e = F A I L T H E N B E G I N s ^ s i ; a n s t- M 2 [ p . a l t 2 , d i s c a r d i n g , e n v ] E N D ; 
E N D ; 

F A I L = > a n s <- F a i l ; 
E N D C A S E = > P . R E r r [ " U n f < n o w n p a t t e r n t y p e " ] ; 

P . R R S [ r r ] ; 
E N D ; 

h o l e N o d e : N o d e ^ N I L ; 
s t r u c <- N I L ; 
s <- P . N e w S t r e a m [ s u b j e c t ] ; 
P . R 3 [ @ s t r u c , © h o l e N o d e , © s . n o d e ] ; 
s t r u c ^ M 2 [ p a t t e r n , F A L S E , e n v ! H o i e P a s s e d = > B E G I N h o l e N o d e h o l e S t r i n g ; R E S U M E E N D ] ; 
I F h o l e N o d e # N I L T H E N 

B E G I N 
h o l e N o d e t P . C o n v e r t S t r e a m [ © s ] t ; 
s t r u c <- E v a l [ s t r u c , e n v ] ; 



E L S E I F s . n o d e # N I L T H E N s t r u c ^ F a i l ; 
s t r u c . D e s . e ^ T R U E ; 
P . R R S [ r r ] ; 
E N D ; " M a t c h 

[ F a i l . M T S t . N a i l ] P . G e t S p e c i a l N o d e s [ ] ; 
E N D . 



" T o a v o i d W F in T h r e e W a y C o r e 

D I R E C T O R Y 
C o n t r o i D e f s : F R O M " C o n t r o i D e f s " , 

l O D e f s : F R O M " l O D e f s " U S I N G [ W r i t e C h a r ] , 
S t r i n g D e f s : F R O M " S t r i n g D e f s " U S I N G [ A p p e n d C h a r . S l r i n g T o D e c i m a l ] , 
V M D e f s : F R O M " V M D e f s " , 
I n l i n e D e f s : F R O M " I n l i n e D e f s " , 
D i s p D e f s : F R O M " D i s p D e f s " ; 

N W F : P R O G R A M I M P O R T S i O D e f s , S t r i n g D e f s , V M ; V M D e f s E X P O R T S D i s p D e f s = 
B E G I N 

U n b o u n d : U N S P E C I F I E D - C o n t r o i D e f s . C o n t r o i L i n k T a g [ u n b o u n d ] ; 
l ^ o n g C A R D I N A L : T Y P E = I n l i n e D e f s . L o n g C A R D I N A L ; 

p r o c A r r a y : A R R A Y [ 1 .. 2 6 ] O F P R O C E D U R E [ U N S P E C I F l E D , S T R I N G ] ; 
s a v e P r o c A r r a y : A R R A Y [ 1 .. 2 6 ] O F P R O C E D U R E [ U N S P E C } F I E D . S T R I N G ] ; 
VVC: P R O C E D U R E [ C H A R A C T E R ] ^ l O D e f s . W r i t e C h a r ; 
T h e S t r i n g : S T R I N G ; 
T e m p : C A R D I N A L ; 
f i l l c h a r : C H A R A C T E R <r • ; 

n p a r a m : A R R A Y [1 5 ] O F U N S P E C I F I E D ; 

W F E r r o r : P U B L I C S 1 G N A L [ S T R I N G , C A R D I N A L ] = C O D E ; 

W F G : P R O C E D U R E [ s : S T R I N G , c : C A R D I N A L ] = 
B E G I N 
f o r m : S T R I N G <- [ 1 0 ] ; 
n , z , i , p n u m : C A R D I N A L ; 
c h : C H A R A C T E R ; 
f: C A R D I N A L ; 
p: P R O C E D U R L [ U N S P L C I F I E D , S T R I N G ] ; 
p a r a r n : A R R A Y [1 .. 5 ] O F U N S P E C I F I E D ; 

F O R i IN [1 .. c ] D O p a r a m [ i ] ^ n p a r a m [ i ] ; E N D L O O P ; 
p n u m ^ 0 ; 

B E G I N 
F O R i IN [0 . . s . l e n g t h ) D O 

S E L E C T s [ i ] F R O M 
' % = > B E G I N 

i i + 1 ; 
p n u m <- p n u m + 1 ; 
f ^ 0 ; 
W H I L E s [ i ] = O R s [ i ] IN [ '0 .. ' 9 ] D O 

f o r m [ f ] <- s [ i ] ; i ^ i + 1 ; f ^ f + 1 ; E N D L O O P ; 
f o r m . l e n g t h f; 
-- s [ i ] i s a c o n t r o l c h a r a c t e r , a n d f o r m i s t h e s tu f f b e t e e n % a n d s [ i ] 
c h ^ s [ i ] ; 
I F c h IN [ 'A .. ' Z ] T H E N c h ^ c h + 4 0 B ; 
I F c h l N [ ' a . . ' z ] T H E N B E G I N 

p ^ ( p r o c A r r a y [ L O O P H O L E [ c h , C A R D I N A L ] - 1 4 0 B ] ) ; 
I F L O O P H O L E [ p , U N S P E C I F I E D ] - - U n b o u n d T H E N p [ p a r a m [ p n u m ] , f o r m ] 
E L S E W C [ c h ] ; 
E N D ; 

I F c h = ' % T H E N B E G I N 
W C [ ' % ] ; 
p n u m ^ p n u m - 1 ; 
E N D 

E L S E I F p n u m > c T H E N G O T O b a d ; 
E N D ; 

' * - > B E G I N 
i ^ i + 1 ; 
S E L E C T s [ i ] F R O M 

' N , ' R , ' n . ' r - > W C [ 1 5 C ] ; 
' B , ' b = > W C [ 1 0 C ; 
T , ' t = > W C [ T I C ] ; 
' F , T - > W C [ 1 4 C ] ; 
IN [ ' 0 . . ' 9 ] - > B E G I N — o c t a l c o n s t a n t , e x a c t l y 3 d i g i t s 

I F s [ i + 1] IN [ '0 .. ' 9 ] A N D s [ i + 2 ] IN [ '0 . . . ' 9 ] T H E N B E G I N 
z ^ L O O P H O L E [ ' 0 ] ; 



n ^ { L O O P H O L I E [ 3 [ i ] . C A R D I N A L ] - z ) * 6 4 ; 
n«-n - M L O O P H O L E [ s [ i + 1 ] , C A R D I N A L ] - z ) * 8 ; 
n ^ n + L O O P H O L E [ s [ i + 2 ] , C A R D j N A L ] - z ; 
W C [ L O O P H O L E [ n ] ] ; 
i ^ i + 2 ; 
E N D 

E L S E S I G N A L W r - E r r o r [ " B a c l c h a r a c t e r to W F " , c ] ; 
E N D ; 

E N D C A S E = > W C [ s [ i ] ] ; 
E N D ; 

E N D C A S E - > W C [ s [ i ] ] ; 
E N D L O O P ; 

I F p n u m < c T H E N G O T O b a d ; 
E X I T S 
b a d = > S I G N A L W F E r r o r [ " W r o n g # of p a r a m e t e r s to W F " , c ] ; 
E N D ; 

R E T U R N ; 
E N D ; 

S e t C o d e : P U B L I C P R O C E D U R E [ c h a r : C H A R A C T E R , p: P R O C E D U R E [ d : U N S P E C I F I E D , f o r m : S T R I N G ] ] = 
B E G I N 
I F c h a r IN [ 'A .. ' Z ] T H E N c h a r ^ c h a r + 4 0 8 ; 
I F c h a r - I N [ ' a .. ' z ] T H E N S I G N A L W F E r r o r [ " I n v a l i d S e t C o d e " , 0 ] ; 
p r o c A r r a y [ L O O P H O L E [ c h a r , C A R D i N A L ] - 1 4 0 B ] ^ p; 
E N D ; 

R e s e t C o d e : P U B L I C P R O C E D U R E [ c h a r : C H A R A C T E R ] -
B E G I N 
i : [ 1 . . 2 6 ] ; 
i - L O O P H O L E [ c h a r , C A R D I N A L ] - 1 4 0 B ; 
p r o c A r r a y [ i ] s a v e P r o c A r r a y [ i ] ; 
E N D ; 

W r i t e T o S t r i n g : P U B L I C P R O C E D U R E [ s : S T R I N G ] = 
B E G I N 
W C <r G o T o S t r i n g ; 
T h e S t r i n g <- s ; 
E N D ; 

G o T o S t f i n g : F ^ R O C E D U R E [ G h : C H A R A C T E R ] = 
B E G I N 
S t r i n g D e f s . A p p e n d C h a r [ T h e S t r i n g , c h ] ; 
E N f ) ; m 

o s t r i n g : P R O C E D U R E [ d : C A R D i N A L , s : S T R I N G , i : C A R D I N A L , b : C A R D I N A L . p : C A R D I N A L ] R E T U R N S [ C A R D I N A L ] = 
B E G I N 
z : C A R D I N A L ; 
j : C A R D I N A L <- p; 
I F d > - b T H E N j <- o s t r i n g [ d / b , s , i + 1 .b ,p ] 
E L S E s . l e n g t h ^ 1 + 1 ; 
z ^ d M O D b; 
s [ j ] ^ I F z l N [ 1 0 . . 1 5 ] T H E N ( z - 1 0 ) + ' A E L S E z + ' 0 ; 
R E T U R N O + 1]; 
E N D ; 

l o s t r i n g : P R G C E D U R E [ d : L O N G I N T E G E R , s : S T R I N G , i : C A R D I N A L , b : C A R D I N A L . p : C A R D I N A L ] R E T U R N S [ C A R D I N A L ] 
B E G I N 
z : C A R D I N A L ; 
z z : L O N G I N T E G E R ; 
j : C A R D I N A L ^ p; 
I F d > - b T H E N j <- l o s t r i n g [ d / b , s , i + 1 ,b ,p ] 
E L S E s . l e n g t h ^ i + 1 ; 
z z <- d M O D L O N G [ b ] ; 
z ^ V M . C a r d i n a l [ z z ] ; 
sO ] ^ I F z IN [ 1 0 .. 1 5 ] T H E N ( z - 1 0 ) + ' A E L S E z + ' 0 ; 
R E T U R N O + 1 ] ; 
E N D ; 

n s t r i n g : P R O C E D U R E [ d : I N T E G E R . s : S T R l N G . b : C A R D I N A L ] -
B E G I N 
c : C A R D I N A L ; 



i: C A R D I N A L e 0 ; 
I F d < 0 T H E N B E G I N 

s [ 0 ] ^ ' - ; 
c t- - d ; 
i ^ i + 1 ; 
E N D 

E L S E c e d ; 
[ ] t- o s t r i n g [ c , s , i , b , i ] ; 
E N D ; 

I n s t r i n g : P R O C E D U R E [ d d : P O I N T E R T O L O N G I N T E G E R . s : S T R l N G . b : C A R D I N A L ] 
B E G I N 
d : L O N G I N T E G E R ; 
c : L O N G I N T E G E R ; 
i: C A R D I N A L <- 0 ; 
d d d t ; 
l F d < O T H E N B E G I N 

s [ 0 ] ^ ' - ; 
c - d ; 
i i + 1 ; 
E N D 

E L S E c d ; 
[ ] <- l o s t r i n g [ c , s , i , b , i ] ; 
E N D ; 

B R o u t i n e : P R O C E D U R E [ d : U N S P E C I F I E D , f o r m : S T R I N G ] -
B E G I N 
s : S T R I N G [ 2 0 ] ; 
[] <- o s l r i n g [ d , s , 0 , 8 , 0 ] ; 
p i i n t i t [ 3 , f o r m ] ; 
E N D ; 

D R o u t i n e : P R O C E D U R E [ d : U N S P E C I F I E D , f o r m : S T R I N G ] = 
B E G I N 
s : S T R I N G ^ [ 2 0 ] ; 
n s t r i n g [ d , s , 1 0 ] ; 
p r i n t i t [ s , f o r m ] ; 
E N D ; 

X R o u t i n e : P R O C E D U R E [ d : U N S P E C I F I E D , f o r m : S T R I N G ] = 
B E G I N 
s : S T R I N G ^ [ 2 0 ] ; 
[] ^ o s t r i n g [ d , s . 0 , 1 6 , 0 ] ; 
p r i n t i t [ s , f o r m ] ; 
E N D ; 

C R o u t i n e : P R O C E D U R E [ d : U N S P E C I F I E D , f o r m : S T R I N G ] -
B E G I N 
c h : C H A R A C T E R ^ d ; 
s : S T R I N G ^ [ 2 0 ] ; 
s [ 0 ] ^ c h ; 
s . l e n g t h ^ 1 ; 
p r i n t i t [ s , f o r m ] ; 
E N D ; 

U R o u t i n e : P R O C E D U R E [ d : U N S P E C I F I E D , f o r m : S T R I N G ] -
B E G I N 
s : S T R I N G ^ [ 2 0 ] ; 
[] ^ o s t r i n g [ d , s , 0 , 1 0 , 0 ] ; 
p r i n t i t [ s , f o r m ] ; 
E N D ; 

{ R o u t i n e : P R O C E D U R E [ d : U N S P E C I F I E D , f o r m : S T R I N G ] - B E G I N 
s : S T R I N G <r [ 2 0 ] ; 
l n s t r i n g [ d , s , 1 0 ] ; 
p r i n t i t [ s , f o r m ] ; 
E N D ; 

L R o L i t i n e : P R O C E D U R L [ d : U N S P E C I F I E D , f o r m : S T R I N G ] = 
B E G I N 
D: nu rn I n l i n e D e f s . L o n g N u m b e r ; 
p: P O I N T E R T O n u m I n l i n e D e f s . L o n g N u m b e r ; 



i,j,k: I N T E G E R ; 
a : C A R D I N A L ; 
f o r m f o r m ; 
P d ; 
D p t ; 
i ^ D . l o w b i t s ; 
I F i < 0 T H E N B E G I N a <- 1 ; i ^ i - 1 0 0 0 0 0 B E N D E L S E a 0 ; 
j D . h i g h b i t s ; 
k ^ 0 ; 
I F i < 0 T H E N k ^ 2 ; 
j <- D . h i g h b i t s * 2 + a ; 
I F ] < O T H E N B E G I N 

j j - 1 0 0 0 0 0 B ; 
k <- k + 1 ; 
E N D ; 

f i l l c h a r <- ' 0 ; -- kludge 
I F k - O T H E N B E G I N 

I F ] - O T H E N W F 1 [ " % b ' M ] 
E L S E W F 2 [ " % b % 5 b ' M , i ] 

E N D 
E L S E V V F 3 [ " % b % 5 b % 5 b " . k , j , i ] ; 
f i l l c h a r <~ ' ; - unkludge 
E N D ; 

p r i n t i t : P R ( 3 C E D U R E [ d : U N S P E C I F I E D J o r m : S T R I N G ] = 
B E G I N 
l a d j : B O O L E A N t- F A L S E ; 
w : C A R D I N A L ; 
k: I N T E G E R ; 
s : S T R I N G ^ d ; 
j : C A R D I N A L ; 
I F s = N I L T H E N B E G I N W C [ ' { ] ; V V C [ ' N ] ; W C [ ' i ] ; W C f L ] ; W C [ ' } ] ; R E T U R N E N D ; 
I F f o r m . l e n g t h > 0 T H E N B E G I N 

I F f o r m [ 0 ] - T H E N B E G I N f o r m [ 0 ] ^ ' 0 ; l a d j T R U E ; E N D ; 
w <r S t r i n g D e f s . S t r i n g T o D e c i m a l [ f o r m ] ; 
E N D 

E L S E w <- s . l e n g t h ; 
-- w i s f i e l d w i d t h 
k <- w - s . l e n g t h ; 
k <r M A X [ 0 , k ] ; 
I F - l a d j T H E N T H R O U G H [ 1 . .k ] D O W C [ f i l ! c h a r ] E N D L O O P ; 
F O R j IN [0 .. M I N [ w , s . l e n g t h ] ) D O W C [ s [ j 1 ] E N D L O O P ; 
I F l ad j T H E N T H R O U G H [1 . .k] D O W C [ f i l l c h a r ] E N D L O O P ; 
E N D ; 

W F O : P U B L I C P R O C E D U R E [ s : S T R I N G ] -
B E G I N 
W F G [ s , 0 ] ; 
E N D ; 

W F 1 : P U B L I C P R O C E D U R E [ s : S T R I N G , a : U N S P E C I F I E D ] = 
B E G I N 
n p a r a m [ 1 ] a ; 
W F G [ s , 1 ] ; 
E N D ; 

W F 2 : P U B L I C P R O C E D U R E [ s : S T R I N G , a , b : U N S P E C I F I E D ] = 
B E G I N 
n p a r a m [ 1 ] a ; n p a r a m [ 2 ] ^ b; 
W F G [ s , 2 ] ; 
E N D ; 

W F 3 : P U B L I C P R O C E D U R E [ s : S T R I N G , a . b . c : U N S P E C I F I E D ] = 
B E G I N 
n p a r a m [ 1 ] t- a ; n p a r a m [ 2 ] ^ b; n p a r a m [ 3 ] <- c ; 
W F G [ s , 3 ] ; 
E N D ; 

W F 4 : P U B L I C P R O C E D U R E [ s : S T R I N G , a , b , c , d : U N S P E C I F I E D ] = 
B E G I N 
n p a r a m [ l ] ^ a ; n p a r a m [ 2 ] ^ b; n p a r a m [ 3 ] <- c ; n p a r a m [ 4 ] <- d ; 
W F G [ s , 4 ] ; 



E N D ; 

-- I N I T I A L I Z A T I O N C O D E 
F O R T e m p IN [1 . . 2 6 ] 

D O 
s a v e P r o c A r r a y [ T e m p ] ^ p r o c A r r a y [ T e m p ] U n b o u n d ; 
E N D L O O P ; 

S e t C o d e [ ' b , B R o u t i n e ] ; 
s a v e P r o c A r r a y [ L O O P H O L E [ ' b , C A R D I N A L ] - 1 4 0 B ] ^ B R o u t i n e ; 
S e l C o d e [ ' c , C R o u t i n e ] ; 
s a v e P r o c A r r a y [ L O O P H O L E [ ' c , C A R D I N A L ] - 1 4 0 B ] ^ C R o u t i n e ; 
S e t C o d e [ ' d , D R o u t i n e ] ; 
s a v e P r o c A r r a y [ L O O P H O L E [ ' d , C A R D i N A L . ] - 1 4 0 B ] ^ D R o u t i n e ; 
S e t C o d e [ ' i , I R o u t i n e ] ; 
s a v e P r o c A r r a y [ L O O P H O L E [ ' i , C A R D ! N A L ] - M O B ] ^ I R o u t i n e ; 
S e t C o d e [ ' l , L R o u t i n e ] ; 
s a v e P r o c A r r a y [ L O O P H O L E [ ' l , C A R D I N A L ] - 1 4 0 B ] <- L R o u t i n e ; 
S e t C o d e [ ' s , p r i n t i t ] ; 
s a v e P r o c A r r a y [ L O O P H O L E [ ' s , C A R D I N A L ] 1 4 0 B ] <r p r in t i t ; 
S e t C o d e [ ' u , U R o u t i n e ] ; 
s a v e P r o c A r r a y [ L O O P H O L E [ ' u , C A R D I N A L ] - 1 4 0 B ] ^ U R o u t i n e ; 
S e t C o d e [ ' x , X R o u t i n e ] ; 
s a v e P r o c A r r a y [ L O O P H O L E [ ' x , C A R D i N A L j - 1 4 0 B ] X R o u t i n e ; 
E N D . 

M O D U L E H I S T O R Y 
C r e a t e d b y S c h m i d t . J u l y 1 9 7 7 

C h a n g e d b y S c h m i d t , A u g u s t 1 9 , 1 9 7 7 8 : 0 6 P M 
R e a s o n ; to d e l e t e vvf5 - w f 9 , pu t in s e t w r i t e p r o c e d u r e , a n d a d d a t e s t f o r a N I L s t r i n g 

C h a n g e d b y S c h m i d t , A u g u s t 1 9 , 1 9 7 7 8 : 2 3 P M 
R e a s o n : d e c o n v e r t f r o m d b o s s 

C h a n g e d b y M i t c h e l l . J u n e 1 3 , 1 9 7 8 9 : 4 8 P M 
R e a s o n : C o n v e r t to M e s a 4 . 0 

C h n a g e d b y S c h m i d t , J u n e 2 6 , 1 9 7 8 1 1 : 2 1 P M 
R e a s o n ; a d d % i , % l to h a n d l e 3 2 - b i t i n t e g e r s 



D I R E C T O R Y 
P L D e f s : F R O M " P L D e f s " , 
D i s p D e f s : F R O M " D i s p D e f s " , 
I m a g e D e f s : F R O M " I m a g e D e f s " , 
l O D e f s : F R O M " l O D e f s " , 
S t r i n g D e f s : F R O M " S t r i n g D e f s " , 
M i s c D e f s : F R O M " m i s c d e f s " , 
F i l e S y s t e m D e f s : F R O M " F i l e S y s t e m D e f s " , 
S y s t e m D e f s : F R O M " S y s t e m D e f s " ; 

p a r s e : P R O G R A M I M P O R T S D i s p D e f s , P : P L D v e f s E X P O R T S P L D e f s - B E G I N 

T o k T y p e : T Y P E = P L D e f s . T o k T y p e ; 
N o d e T y p e : T Y P E - P L D e f s . N o d e T y p e ; 
N o d e : T Y P E P L D e f s . N o d e ; 
S y m b o l : T Y P E - P L D e f s . S y m b o l ; 
R e g i s t e r : T Y P E - P L D e f s . R e g i s t e r ; 

p r o g s t r : P L D e f s . S t r e a m R e c o r d ; 
c u r r n : N o d e ; 
T o k T o k , P e e k T o k : T o k T y p e ; 
T o k V a l , P e e k V a l : U N S P E C I F I E D ; 
n c h a r : C H A R A C T E R ; 
s t e n t , l i n e c n t , c h a r c n t : C A R D I N A L ; 
F a i l , M T S t , N a i l : N o d e ; 
s a v i n p u t : P L D e f s . S t r e a m R e c o r d ; 
c h e c k i n g : B O O L E A N F A L S E ; -- s e t b y C h e c k R o u t i n e , u s e d b y B i n a r y E x p a n d F u n c t i o n B o d y 
-- d i s t : p r o g E O F 
-- p r o g : s t m t { S E P p r o g } | s t m t S E P 

s t m t : v a r A S S s t m t | e x p 
-- C h o i c e E x p : T h e n E x p { P A L T T h e n E x p } 
-- T h e n E x p : B i n a r y E x p { R A R R B i n a r y E x p } 
-- B i n a r y E x p : B i n a r y E x p { ( D I V | M A P P L Y ] G O B B L E ] I T E R ] P L U S ] M I N U S ] C A T L ] S E Q U E N C E ] E Q U A L ) P r e f i x E x p } ] B i n a r y E x p 
P r e f i x E x p 
-- P r e f i x E x p : U N A R Y P r e f i x E x p ] P F U N C 1 P r e f i x E x p ] M I N U S P r e f i x E x p ] T I L D E P r e f i x E x p ] S i m p i e E x p { S E Q O F ] S E Q O F C ] O P T ] 
D E L E T E } 
-- S i m p i e E x p : S T R ] I D ] Z A R Y ] P F U N C ] S C R E E N ] W I L D ] F A I L ] H O L E ] L B R B ] L B p r o g R B ] L C s t m t R C ] I D C O L O N { -
P r e f i x E x p ; } p r o g ] L B p r o g R B C O L O N { = P r e f i x E x p ; } p r o g 

] L P s t m t R P 

C o n v e n t i o n : p e e k t o k i s t h e f i r s t t o k e n f o r e a c h of t h e r o u t i n e s , e . g . 
p e e k t o k - S I R f o r t h e B a s e 

C h e c k R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , p r o g , n 2 : N o d e ] 
R E T U R N S [ a n s : N o d e ] = 

B E G I N 
rr: R e g i s t e r ^ P . M R S Q ; 
C h : P R O C E D U R E [ n : N o d e ] R E T U R N S [ B O O L E A N ] -

B E G I N 
I F n . T y p e - F C N A N D n . p a r m s . T y p e = E Q U A L T H E N 

B E G I N 
[ ] ^ P . L v a l [ n , N I L ] ; 
E N D ; 

R E T U R N [ T R U E ] ; 
E N D ; 

C h 1 : P R O C E D U R E [ n : N o d e ] R L T U R N S [ B O O L E A N ] = 
B E G I N 
I F n . T y p e - E Q U A L T H E N 

B E G I N 
D i s p D e f s . V V F O [ " M i s s e d E q u a l i t y C h e c k * n " ] ; 
D i s p D e f s . P r i n t [ n ] ; 
E N D ; 

R E T U R N [ T R U E ] ; 
E N D ; 

P . R [ @ p r o g ] ; 
I F p r o g . T y p e # S T R T H E N P . R E r r [ " i n p u t to c h e c k n o t s t r i n g " ] ; 
c h e c k i n g ^ T R U E ; 
p r o g ^ D i s t [ p r o g ! U N W I N D = > c h e c k i n g F A L S E ] ; 
c h e c k i n g <- F A L S E ; 
[ ] ^ - P . E v a l [ p t o g , N I L ] ; 
P . P r e o r d e r [ p r o g , C h ] ; 
P . P r e o r d e r [ p r o g , C h 1 ] ; 
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a n s <- N a i l ; 
P . R R S [ r r ] ; 
E N D ; 

D i s t : P U B L I C P R O C E D U R E [ p : N o d e ] R E T U R N S [ N o d e ] = B E G I N 
-- t h i s i s t h e k i c k o f f r o u t i n e • c a l l o n l y o n c e 
- p i s t h e n o d e to w h i c h h a s t h e s t r i n g t o b e c o m p i l e d 
n : N o d e ^ N I L ; 
r r : R e g i s t e r <- P . M R S Q ; 
p r o g s t r P . N e w S t r e a m [ p ] ; 
P . R 3 [ @ p r o g s t r - . n o d e , © n , @ s a v i n p u t . n o d e ] ; 
s a v i n p u t ^ p r o g s t r ; 
c h a r c n t e s t e n t ^ l i n e c n t ^ 1 ; 
n c h a r ^ ' ; 
G e t T o k ; s e t u p p e e k v a l s 
n e P r o g Q ; 
I F P e e k T o k - = E O F T H E N P . S E r r [ " P a r s e r e x p e c t e d E O F " L ] ; 
P . P r e o r d e r [ n , C h e c k P a t t e r n ] ; 
P . R R S [ r r ] ; 
R E T U R N M ; 
E N D ; 

C h e c k P a t t e r n : P R O C E D U R E ^ : N o d e ] R E T U R N S [ B O O L E A N ] - B E G I N 
t: P L D e f s . N o d e T y p e ; 
t ^ n . T y p e ; 
I F t = P A T T E R N T H E N R E T U R N [ F A L S E ] ; -- n o s o n s a r e s e a r c h e d 
I F t - P F U N C O R t = P F U N G 1 O R t = S E Q O F O R t = S E Q O F C O R t - O P T O R t - W I L D O R t = H O L E T H E N P . S E r r [ " P a t t e r n 
o p e r a t o r no t s u r r o u n d e d by { } " L ] ; 
R E T U R M [ T R U E ] ; 
E N D ; 

P r o g : P R O C E D U R E R E T U R N S [ r e s : N o d e ] - B E G I N 
rr : R e g i s t e r P . M R S Q ; 
r e s ^ N I L ; 
P . R [ @ r e s ] ; 
r e s S t m t Q ; 
I F P e e k T o k - S E P T H E N B E G I N 

G e t T o k ; 
I F P e e k T o k - - E O F T H E N r e s ^ P . A I I o c [ [ P R O G „ P R O G [ r e s . P r o g Q ] ] ] ; 
E N D ; 

P . R R S [ r r ] ; 
E N D ; 

S t m t : P R O C E D U R E R E T U R N S [ i : N o d e ] - B E G I N 
rr : R e g i s t e r <- P . M R S Q ; 
i <- C h o i c e E x p Q ; 
P . R [ @ i ] ; 
I F P e e k T o k - A S S T H E N B E G I N 

I F i . T y p e # ID T H E N P . S E r r [ " M i s s i n g ; o r a s s i g n m e n t to n o n - v a r i a b l e " L ] ; 
G e t T o k ; 
i ^ P . A I I o c [ [ A S S „ A S S [ i , S t m t [ ] ] ] ] ; 
E N D ; 

P . R R S M ; 
R E T U R N [ i ] ; 
E N D ; 

-- t h i s p a r s e s l e f t - a s s o c i n s t e a d of r i gh t a s s o c . 
C h o i c e E x p : P R O C E D U R E R E T U R N S [ N o d e ] - B E G I N 
i,i: N o d e ^ N I L ; 
r r : R e g i s t e r <- P . M R S Q ; 
P . R 2 [ @ i , @ i ] ; 
I F P e e k T o k - P A L T T H E N 1 <- c u r r n 
E L S E i ^ T h e n E x p Q ; 
W H I L E P e e k T o k = P A L T D O 

G e t T o k ; 
j <- T h e n E x p Q ; 
i ^ P . A I I o c [ [ P A L T „ P A L T [ i , j ] ] ] 
E N D L O O P ; 

P . R R S [ r r ] ; 
R E T U R N [ i ] ; 
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E N D ; 

T h e n E x p : P R O C E D U R E R E T U R N S [ N o d e ] - B E G I N 
N o d e N I L ; 

rr : R e g i s t e r e p . l V i R S [ ] ; 
P . R 2 [ © i , @ j ] ; 
I F P e e k T o k - R A R R T H E N i ^ c u r r n 
E L S E I ^ B i n a r y E x p O ; 
W H I L E P e e k T o k = R A R R D O 

G e t T o k ; 
j <- B i n a r y E x p Q ; 
i ^ P . A I I o c [ [ M A T C H „ M A T C H [ i , j ] ] ] 
E N D L O O P ; 

P . R R S [ r r ] ; 
R E T U R N [ i ] ; 
E N D ; 

B i n a r y E x p : P R O C E D U R E R E T U R N S [ i : N o d e ] = B E G I N 
l o o p : B O O L E A N ^ T R U E ; 
rr : R e g i s t e r ^ P . M R S f l ; 
p: P L D e f s . T o k T y p e ^ P e e k T o k ; 
i ^ I F p = D I V O R p - M A P P L Y O R p = G O B B L E O R p - I T E R O R p - P L U S O R p - C A T L O R p - S E Q U E N C E O R p = P L U S O R p 
- C A T L O R p - S E Q U E N C E T H E N c u r r n E L S E P r e f i x E x p Q ; 
P . R [ @ i ] ; 
W H I L E l o o p D O 

l o o p T R U E ; 
S E L E C T P e e k T o k F R O M 
D I V = > B E G I N 

G e t T o k ; 
i ^ P . A I I o c [ [ A P P L Y „ A P P L Y [ i P r e f i x E x p [ ] ] ] ] ; 
E N D ; 

M A P P L Y - > B E G I N 
G e t T o k ; 
i ^ P . A I I o c [ [ M A P P L Y „ M A P P L Y [ i , P r e f i x E x p ( ] ] ] ] ; 
E N D ; 

G O B B L E = > B E G I N 
G e t T o k ; 
i ^ P . A I I o c [ [ G O B B L E „ G O B B L E [ i , P r e f i x E x p ! ] ] ] ] ; 
E N D ; 

I T E R = > B E G I N 
G e t T o k ; 
i ^ P . A I I o c [ [ I T E R „ I T E R [ i , P r e f i x E x p [ ] ] ] ] ; 
E N D ; 

P L U S - > B E G I N 
G e t T o k ; 
i P . A I I o c [ [ P L U S „ P L U S [ i , P r e f i x E x p [ ] ] ] ] ; 
E N D ; 

M I N U S = > B E G I N 
G e t T o k ; 
i <r P . A I I o c [ [ M I N U S „ M I N U S [ i , P r e f i x E x p [ ] ] ] ] ; 
E N D ; 

C A T L = > B E G I N 
G e t T o k ; 
i ^ P . A I I o c [ [ C A T L „ C A T L [ i , P r e f i x E x p [ ] ] ] ] ; 
E N D ; 

S E Q U E N C E - > B E G I N 
G e t T o k ; 
i ^ P . A I I o c [ [ S E Q U E N C E „ S E Q U E N C E [ i . P r e f i x E x p [ ] ] ] ] ; 
E N D ; 

E Q U A L => B E G I N 
G e t T o k ; 
I F c h e c k i n g T H E N 

i <r P . A I ! o c [ [ E Q U A L „ E Q U A L [ i , P r e f i x E x p [ ] ] ] ] 
E L S E [] P r e f i x E x p H ; 
E N D ; 

E N D C A S E - > B E G I N 
-- c h e c k to s e e if t h i s i s a c a t 
-- t h e l ist b e l o w m u s t b e k e p t u p to d a t e . 
-- It i s t h o s e t h i n g s in F i r s t [ P r e F i x E x p ] 
p P e e k T o k ; 

• I F p - ID O R p - S T R O R p = U N A R Y O R p - P F U N C 1 O R p - L B O R p = L C O R p - L P O R p = 



T | , p E O R p = M I N U S O R p = Z A R Y O R p = P F U N C O R p = S C R E E N O R p - H O L E O R p = W I L D 
Q^np ^ F A I L T H E N i ^ P . A I i o c [ [ C A T „ C A T [ i , P r e f i x E x p [ ] ] ] ] 
^ ^ ^ P l oop F A L S E ; 

E N D L O O P . 

P . R R S f r r ] ; 
R E T U R N [ i ] ; 
E N D ; 

P r e f i x E x p : P R O C E U | j H E R E T U R N S [ i : N o d e ] - B E G I N 
s : S y m b o l ; 
r r : R e g i s t e r ; 
I F P e e k T o k = U N A R y T H E N B E G I N 

G e t T o k ; 
s ^ T o k V a l -
R E T U R N [ P A | | o c [ [ U N A R Y „ U N A R Y [ s , P r e f i x E x p [ ] ] ] i ] ; 
E N D ; 

I F P e e k T o k = P F U N r i T H E N B E G I N 
G e t T o k ; 
s ^ T o k V a l -
R E T U R N [ P A | | o c [ [ P E U N C l „ P F U N C 1 [ s , P r e f i x E x p [ ] ] ] ] ] ; 
E N D ; 

I F P e e k T o k - T I L D E T H E N B E G I N 
G e t T o k ; 
R E T I J R N [ P ^ } | o c [ [ T I L D E „ T ! L D E [ P r e f i x E x p [ ] ] ] ] ] ; 
E N D ; 

I F P e e k T o k - M I N U ^ T H E N B E G I N 
G e t T o k ; 
i ^ P . M a k e R U M [ 0 ] ; 
r r ^ P M R S n -
P - R [ @ i ] ; 
i ^ P . A I I o c f r j v l l N U S . , M I N U S [ i , P r e f i x E x p [ ] ] ] ] ; 
P . R R S [ r r ] ; 
R E T U R N ; 
E N D ; 

i <- S i m p l e E x p H ; 
W H I L E P e e k T o k = S p O O F O R P e e k T o k - S E Q O F C O R P e e k T o k = O P T O R P e e k T o k - D E L E T E D O 

I F P e e k T o k S E Q O F T H E N B E G I N 
G e t T o k ; 
I ^ p . A I I o c [ [ S E Q O F „ S E Q O F [ i ] ] ] ; 

E N D 
E L S E I F P e e k T o k = S E Q O F C T H E N B E G I N 

G e t T o k ; 
i ^ p . A l l o c [ [ S E Q 0 F C „ S E Q O F C [ i ] ] ] ; 
E N D 

E L S E I F P e e k T o k - O P T T H E N B E G I N 
G e t T o k ; 
i ^ p . A ! l o c [ [ O P T „ O P T [ i ] ] ] ; 
E N D 

E L S E I F P e e k T o k = D E L E T E T H E N B E G I N 
G e t T o k ; 
i ^ p . A l l o c [ [ D E L E T E „ D E L E T E [ i ] ] ] ; 
E N D ; 

E N D L O O P ; 
E N D ; 

S i m p i e E x p : P R O C E D U R E R E T U R N S [ t : N o d e ] - B E G I N 
p a n s : P O I N T E R T O N o d e ; 
S E L E C T P e e k T o k F R Q M 
S T R = > B E G I N G e t T o k ; R E T U R N [ T o k V a l ] ; E N D ; 
I D = > B E G I N 

r r : R e g i s t e r P . M R S [ ] ; 
G e t T o k ; 
t ^ P . A I I o c [ [ I D „ I D [ T o k V a l ] ] ] ; 
P . R [ @ t ] ; 
I F P e e k T o k = C O L O N T H E N t ^ F u n c t i o n B o d y [ t ] ; 
P . R R S [ r r ] ; 
R E T U R N ; 
E N D ; 

Z A R Y => B E G I N G e t T o k ; R E T U R N [ P . A } l o c [ [ Z A R Y , . Z A R Y [ T o k V a l ] ] ] ] ; E N D ; 
P F U N C = > B E G I N G e t T o k ; R E T U R N [ P . A I I o c [ [ P F U N C „ P F U N C [ T o k V a l ] l ] ] ; E N D ; 



S C R E E N = > B E G I N G e t T o k ; R E T U R N [ c u r m ] E N D ; 
H O L E - > B E G I N G e t T o k ; R E T U R N [ P . A I ! o c [ f H O L E „ H O L E [ ] ] ] ] ; E N D ; 
W I L D - > B E G I N G e t T o k ; R E T U R N [ P . A I I o c [ [ V V I L D „ W I L D [ ] ] ] ] ; E N D ; 
F A I L - > B E G I N G e t T o k ; R E T U R N [ F a i l ] ; E N D ; 
L B - > B E G I N 

rr: R e g i s t e r ^ P . M R S [ ] ; 
G e t T o k ; 
I F P e e k T o k - R B T H E N B E G I N 

G e t T o k ; 
R E r U R N [ N a i l ] ; 
E N D ; 

t ^ P . A I I o c [ [ L I S T „ L l S T [ P r o g [ ] , N a i l ] ] ] ; 
P . R [ @ t ] ; 
p a n s ^ © t . l i s t t a i l ; 
W H I L E P e e k T o k - C O M M A D O 

G e t T o k ; 
p a n s t ^ P . A I I o c [ [ L I S T „ L I S T [ P r o g [ ] , M a i l ] ] ] ; 
p a n s «- © p a n s . l i s t t a i l ; 
E N D L O O P ; 

I F P e e k T o k - = R B T H E N P . S E r r [ " M i s s i n g ' ] ' " L ] ; 
G e t T o k ; 
I F P e e k T o k = C O L O N T H E N t ^ F u n c t i o n B o d y [ t ] ; 
P . R R S [ r r ] ; 
R E T U R N ; 
E N D ; 

L P - > B E G I N u s e d s o l e l y for p a r e n t h e s i z a t i o n 
G e t T o k ; 
t ^ P r o g Q ; 
I F P e e k T o k - = R P T H E N P . S E r r [ " P a r s e r e x p e c t e d ' ) ' " L ] ; 
G e t T o k ; 
R E T U R N [ t ] ; 
E N D ; 

L C - > B E G I N 
G e t T o k ; 
t <- P r o g Q ; 
I F P e e k T o k - - R C T H E N P . S E r r [ " P a r s e r e x p e c t e d ' } " ' L ] ; 
G e t T o k ; 
R E T U R N [ P . A H o c [ [ P A T T E R N , , P A T T E R N [ t ] ] ] ] ; 
E N D ; 

E N D C A S E ; 
P . S E r r [ " P a r s e r d i d no t r e c o g n i z e S i m p l e E x p r e s s i o n " L ] ; 
E N D ; 

F u n c t i o n B o d y : P R O C E D U R E [ b v : N o d e ] R E T U R N S [ b : N o d e ] = 
B E G I N 
G e t T o k ; 
I F P e e k T o k - E Q U A L T H E N 

B E G I N 
rr: R e g i s t e r - P . M R S Q ; 
t e s t V a l : N o d e ^ N I L ; 
b ^ N I L ; 
P . R 2 [ @ t e s t V a l , @ b ] ; 
G e t T o k ; 
t e s t V a l <r P r e f i x E x p Q ; 
I F P e e k T o k # S E P T H E N P . S E r r [ " M i s s i n g ; a f te r : = " ] ; 
G e t T o k ; 
I F c h e c k i n g T H E N 

b v <r P . A I I o c [ [ E Q U A L „ E Q U A L [ b v , t e s t V a l ] ] ] ; 
P . R R S [ r r ] ; 
E N D ; 

b ^ P . A I I o c [ [ F C N „ F C N [ b v , P r o g Q ] ] ] ; 
E N D ; 

G e t T o k : P R O C E D U R E - B E G I N 
w k : S T R I N G <- [ 1 0 0 ] ; 
i: C A R D I N A L ; 
s y m : S y m b o l ; 
got : B O O L E A N ^ F A L S E ; 
c : C H A R A C T E R ; 
l o o p : B O O L E A N ^ T R U E ; 
u c : B O O L E A N ; 
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T o k T o k ^ P e e k T o k ; 
T o k V a l <- P e e k V a l ; 
W H I L E l o o p D O 

l oop ^ F A L S E ; 
W H I L E n c h a r = ' O R n c h a r = l O D e f s . T A B O R n c h a r - l O D e f s . C R D O 

[] G e t N C h a r Q 
E N D L O O P ; 

S E L E C T n c h a r F R O M 
O C - > P e e k T o k ^ E O F ; 

= > B E G I N St: N o d e ^ N I L ; 
rr : R e g i s t e r = P . M R S Q ; 
P e e k T o k <- S T R ; 
P e e k V a l ^ M T S t ; 
P . R 2 [ @ P e e k V a l , @ s t ] ; 
i ^ 0 ; 
D O 

I F i = w k . m a x l e n g t h T H E N 
B E G I N 
w k . l e n g t h ^ I; 
St ^ P . M a k e S T R [ w k ] ; 
P e e k V a l ^ P . S t r i n g C o n c a t p e e k V a l , s t ] ; 
i ^ 0 ; 
E N D ; 

w k [ i ] G e t N C h a r Q ; 
I F w k [ i ] - O C T H E N 

P . S E r r [ " S t r i n g r a n off e n d , p r o b a h l y o m i t t e d q u o t e " L ] ; 
l F w k [ i ] = T H E N 

B E G I N 
w k . l e n g t h i; 
St ^ P . M a k e S T R [ w k ] ; 
P e e k V a l <- P . S t r i n g C o n c a t [ P e e k V a l , s t ] ; 
E X I T ; 
E N D ; 

I F w k [ i ] = ' t T H E N 
w k [ i ] <r U s u a l [ G e t N C h a r Q ] ; 

i ^ i + 1 ; 
E N D L O O P ; 

P . R R S [ r r ] ; 
E N D ; 

I N [ ' 0 . . ' 9 ] - > B E G I N 
w k [ 0 ] n c h a r ; 
i ^ 1 ; 
W H I L E i < w k . m a x l e n g t h D O 

w k [ i ] <- G e t N C h a r Q ; 
I F w k i - 0 0 T H E N E X I T ; 
I F w k i - I N [ ' 0 . . ' 9 ] T H E N E X I T ; 
i ^ i + 1 ; 
E N D L O O P ; 

I F i > = w k . m a x l e n g t h T H E N P . S E r r [ " N u m b e r t oo l o n g f o r p a r s e r " L ] ; 
w k . l e n g t h <- i; 
P e e k T o k ^ S T R ; 
P e e k V a l ^ P . M a k e S T R [ w k ] ; 
go t ^ T R U E ; 
E N D ; 

" - > B E G I N -- s i n g l e q u o t e , j u s t l i ke " e x c e p t t e r m i n a t e d diff . 
i * - 0 ; 
W H I L E i < w k . m a x l e n g t h A N D ( G e t N C h a r Q IN [ ' A . . ' Z ] O R n c h a r IN [ ' a . . ' z ] O R n c h a r IN [ ' 0 . . ' 9 ] O R n c h a r = '. O R 
n c h a r = ' 1 ) D O 

w k [ i ] ^ I F n c h a r = ' t T H E N U s u a l [ G e t N C h a r [ ] ] E L S E n c h a r ; 
i <- i + 1 ; 
E N D L O O P ; 

I F i > = w k . m a x l e n g t h T H E N P . S E r r [ " S t r i n g too l o n g f o r p a r s e r " L ] ; 
w k . l e n g t h ^ i; 
P e e k T o k <- S T R ; 
P e e k V a l ^ P . M a k e S T R [ w k ] ; 
go t ^ T R U E ; 
E N D ; 

'( = > P e e k T o k ^ L P ; 
' ) - > P e e k T o k ^ R P ; 
' [ P e e k T o k ^ L B ; 
' ] - > P e e k T o k <- R B ; 
' { - > P e e k T o k <- L C ; 



' } = > P e e k T o k <- R C ; 
': - > P e e k T o k C O L O N ; 

- > P e e k T o k ^ T I L D E ; 
' % = > P e e k T o k <- I T E R ; 
' @ - > P e e k T o k ^ S C R E E N ; 
V - > B E G I N 

[] r- G e t N C h a r Q ; 
I F n c h a r - - ' / T H E N B E G I N 

F ^ e e k T o k ^ D I V ; 
g o t ^ T R U E ; 
E N D 

E L S E B E G I N 
Q ^ G e t N C h a r Q ; 
I F n c h a r - - ' / T H E N B E G I N 

P e e k T o k ^ M A P P L Y ; 
go t e T R U E ; 
E N D 

E L S E P e e k T o k <r G O B B L E ; 
E N D ; 

E N D ; 
' , - > B E G I N 

Q ^ G e t N C h a r Q ; 
I F n c h a r - ' , T H E N P e e k T o k ^ C A T L 
E L S E I F n c h a r - ' ! T H E N B E G I N 

P e e k T o k ^ S E Q O F C ; 
E N D 

E L S E I F n c h a r - - ' , T H E N B E G I N 
P e e k T o k ^ C O M M A ; 
g o t ^ T R U E ; 
E N D ; 

E N D ; 
'! = > P e e k T o k ^ P A L T ; 

- > B E G I N 
Q ^ G e t N C h a r Q ; 
I F n c h a r - = ' . T H E N P . S E r r [ " U n k n o w n c h a r a c t e r ' . ' " L ] 
E L S E B E G I N 

- Q ^ G e t N C h a r Q ; 
I F n c h a r - - '. T H E N P . S E r r [ " U n k n o w n c h a r a c t e r ' . ' " L ] 
E L S E P e e k T o k <- H O L E ; 
E N D ; 

E N D ; 
' + = > P e e k T o k ^ P L U S ; 
' * - > P e e k T o k ^ D E L E T E ; 
'> = > P e e k T o k ^ R A R R ; 
' # = > P e e k T o k ^ W I L D ; 
'; = > B E G I N 

s t e n t <- s t e n t + 1 ; 
P e e k T o k ^ S E P ; 
E N D ; 

'<- = > P e e k T o k A S S ; 
' - - > P e e k T o k < - E Q U A L ; 
' - - > B E G I N 

Q ^ G e t N C h a r Q ; 
I F n c h a r = ' - T H E N B E G I N 

Q ^ G e t N C h a r Q ; 
I F n c h a r ~ = ' - T H E N B E G I N 

P e e k T o k ^ S E Q U E N C E ; 
go t <- T R U E ; 
E N D 

E L S E B E G I N 
D O 

c G e t N C h a r Q ; 
I F c - O C O R c - l O D e f s . C R T H E N E X I T ; 
I F c - - ' - T H E N L O O P ; 
c ^ G e t N C h a r Q ; 
I F c = 0 0 O R c - l O D e f s . C R T H E N E X I T ; 
I F c - - ' - T H E N L O O P ; 
c G e t N C h a r Q ; 
I F c = '- O R c = O C O R c = l O D e f s . C R T H E N E X I T ; 
E N D L O O P ; 

l o o p T R U E ; " 
g o t <- T R U E ; 



E N D 
E N D 

E L S E B E G I N 
P e e k T o k ^ M I N U S ; 
go t ^ T R U E ; 
E N D ; 

E N D ; 
' ? - > P e e k T o k ^ O P T ; 
'! = > P e e k T o k r - S E Q O F ; 
I N [ ' a . . ' z ] , I N [ ' A . . ' 2 ] - > B E G I N 

i ^ 0 ; 
u c i- F A L S E ; 
W H I L E n c h a r IN [ ' a . . ' z ] O R n c h a r IN [ ' A . . ' Z ] O R n c h a r IN [ ' 0 . . ' 9 ] D O 

vvk[ i ] e n c h a r ; 
u c ^ u c O R n c h a r I N [ ' A . . ' Z ] ; 
i <- i + 1 ; 
[ ] ^ G e t N C h a r Q ; 
E N D L O O P ; 

w k . l e n g t h ^ i; 
s y m e P . L o o k u p [ w k ] ; 
I F s y m - N I L T H E N E 1 E G I N 

I F - u c A N D i > 1 T H E N P . S E r r [ " U n k n o w n p r im i t i ve f u n c t i o n n a m e " L ] ; 
P e e k T o k I D ; 
P e e k V a l <- P . l n s e r t [ w k , I D , s t r i n g , P L D e f s . U n b o u n d , P L D e f s . U n b o u n d ] ; 
E N D 

E L S E B E G I N 
P e e k T o k «- s y m . t o k ; 
P e e k V a l <- s y m ; 
E N D ; 

g o t ^ T R U E ; 
E N D ; 

E N D C A S E = > P . S E r r [ " U n k n o w n c h a r a c t e r " L ] ; 
I F - g o t T H E N Q ^ G e t N C h a r Q ; 
E N D L O O P ; 

E N D ; 

S e t C u r r e n t N o d e : P U B L I C P R O C E D U R E [ n : N o d e ] = B E G I N 
c u r r n n ; 
E N D ; 

G e t N C h a r : P R O C E D U R E R E T U R N S [ C H A R A C T E R ] - B E G I N 
I F n c h a r = l O D e f s . C R T H E N s a v i n p u t ^ p r o g s t r ; 
n c h a r ^ P . l t e m [ @ p r o g s t r ] ; 
I F n c h a r - l O D e f s . C o n t r o l Z T H E N 

W H I L E ( n c h a r ^ P . l t e m [ @ p r o g s t r ] ) - = l O D e f s . C R D O E N D L O O P ; 
c h a r c n t ^ I F n c h a r = l O D e f s . C R T H E N I E L S E c h a r c n t + 1 ; 
I F n c h a r = l O D e f s . C R T H E N l i n e c n t ^ l i n e c n t + 1 ; 
R E T U R N [ n c h a r ] ; 
E N D ; 

E r r o r M s g : P U B L I C P R O C E D U R E [ s t r , s t r 1 : S T R I N G ] - B E G I N 
c : C H A R A C T E R ; 
D i s p D e f s . W F 4 [ " L i n e : % d S t m t : % d C h a r : % d , % s " L , l i n e c n t , s t c n t , c h a r c n t , s t r ] ; 
I F s t n - = N I L T H E N D i s p D e f s . W F I [ " % s " L , s t r 1 ] ; 
D i s p D e f s . W F O [ " * n " L ] ; 
D i s p D e f s . W F O [ " I n c o m m a n d " L ] ; 
W H I L E s a v i n p u L n o d e - = N I L D O 

c ^ P . l t e m [ @ s a v i n p u t ] ; 
I F c - l O D e f s . C R T H E N E X I T ; 
D i s p D e f s . W F I [ " % c " L , c ] ; 
E N D L O O P ; 

D i s p D e f s . W F O [ " * n " L ] ; 
E N D ; 

E r r o r M s g l : P U B L I C P R O C E D U R E [ s t r : S T R I N G , a : U N S P E C I F I E D ] - B E G I N 
1: I N T E G E R ^ a ; 
D i s p D e f s . W F 4 
D i s p D e f s . W F I 
E N D ; 

" L i n e : % d S t m t : %d C h a r : % d , % s " L , l i n e c n t , s t c n t , c h a r c n t , s t r ] ; 
d " L , i ] ; 

U s u a l : P R O C E D U R E [ c : C H A R A C T E R ] R E T U R N S [ C H A R A C T E R ] = B E G I N 



j : C A R D I N A L ; 
S E L E C T c F R O M 
' = > R E T U R N ' ] ; 

= > R E T U R N ; 
' t = > R E T U R N ' t ] ; 
I N [ U . ' 9 ] = > B E G I N 

j ^ ( c - ' 0 ) * 6 4 ; 
j ^ j + ( G e t N C h a r Q - ' 0 ) * 3 ; 
j ^ j r ( G e t N C h a r Q - ' 0 ) ; 
R E T U R N [ L O O P H O L E [ j ] ] ; 
E N D ; 

E N D C A S E - > R E T U R N [ n c h a r - 1 0 0 B ] ; 
E N D ; 

P a r s e S e t u p : P U B L I C P R O C E D U R E = B E G I N 
S e t C u r r e n t N o d e ( N a i l ] ; 
Q ^ P . ! n s e r t [ " c h e c k " L , Z A R Y , p r o c , C h e c k R o u t i n e , P L D e f s . U n b o u n d ] ; 
Q ^ P . l n s e r t [ " f a i l " L , F A I L , u n k , P L D e f s . U n b o u n d , P L D e f s . U n b o u n d ] ; 
E N D ; 

[ F a i l , M T S t , N a i ! ] <- P . G e t S p e c i a l N o d e s Q ; 
E N D . 



D I R E C T O R Y 
P L D e f s : F R O M " P L D e f s " , 
V M D e f s : F R O M " V M D e f s " , 
D i s p D e f s : F R O M " D i s p D e f s " , 
I m a g e D e f s : F R O M " I m a g e D e f s " , 
l O D e f s : F R O M " l O D e f s " , 
S t r i n g D e f s : F R O M " S t r i n g D e f s " , 
I n l i n e D e f s : F R O M " I n l i n e D e f s " , 
M i s c D e f s : F R O M " m i s c d e f s " , 
F i l e S y s t e m D e f s : F R O M " F i l e S y s t e m D e f s " , 
S t r e a m D e f s : F R O M " S t r e a m D e f s " , 
S y s t e m D e f s : F R O M " S y s t e m D e f s " , 
T i n j e D e f s : F R O M " T i m e D e f s " , 
D i s p i a y D e f s : F R O M " D i s p i a y D e f s " , 
E t h e r R e p o r t D e f s : F R O M " E t h e r R e p o r t D e f s " , 
R o u t e D e f s : F R O M " R o u t e D e f s " . 
O s S t a t i c D e f s : F R O M " O s S t a t i c D e f s " , 
B T D e f s : F R O M " B T D e f s " , 
S e g m e n t D e f s : F R O M " S e g m e n t D e f s " ; 

p i : P R O G R A M I M P O R T S D T . D i s p D e f s , D L T D i s p l a y D e f s , l O D e f s , S t r i n g D e f s , F i l e S y s t e m D e f s , I m a g e D e f s , P : P L D e f s , V M : V M D e f s , 
T i m e D e f s , S y s t e m D e f s , S t r e a m D e f s , S e g m e n t D e f s , E t h e r R e p o r t D e f s , R o u t e D e f s , B T D e f s , I n l i n e D e f s E X P O R T S P L D e f s 
S H A R E S S t r i n g D e f s = B E G I N 

T o k T y p e : T Y P E - P L D e f s . T o k T y p e ; 
N o d e T y p e : T Y P E = P L D e f s . N o d e T y p e ; 
N o d e : T Y P E = P L D e f s . N o d e ; 
S y m b o l : T Y P E - P L D e f s . S y m b o l ; 
R e g i s t e r : T Y P E - P L D e f s . R e g i s t e r ; 
c d e b u g : B O O L E A N = P L D e f s . c d e b u g ; 

tt: N o d e ; 
d e b u g : B O O L E A N <- c d e b u g ; 
e d f i l e : S T R I N G ^ [ 3 0 ] ; 
I M a x : C A R D I N A L = 2 ; 
• S t a c k : A R R A Y [ 1 . . I M a x ] O F N o d e ; 
n u m n o d e s : C A R D I N A L ; 
A b o r t : B O O L E A N ^ F A L S E ; 
M T S t . F a i l . N a i l : N o d e ; , 

f o r A m b u s h K e y S t r e a m 
c o m S t r e a m , k e y S t r e a m : S t r e a m D e f s . S t r e a m H a n d l e ; 
s a v e d K e y S t r e a m G e t : P R O C E D U R E [ S t r e a m D e f s . S t r e a m H a n d l e ] R E T U R N S [ U N S P E C I F i E D ] ; 
c h a r W a i t i n g : B O O L E A N ; 
f i r s t C h a r : C H A R A C T E R ; 

A m b u s h K e y S t r e a m : P R O C E D U R E = 
B E G I N 

-- P o i n t s to w h e r e the s y s t e m s t o p p e d r e a d i n g t h e c o m m a n d l i ne . 
c o m f h : S e g m e n t D e f s . F i l e H a n d l e - S e g m e n t D e f s . N e w F i l e [ " c o m . c m " L , S e g m e n t D e f s . R e a d , S e g m e n t D e f s . O l d F i l e O n l y ] ; 
c h : C H A R A C T E R ; 
c o m S t r e a m ^ S t r - e a m D e f s . C r e a t e B y t e S t r e a m [ c o m f h , S e g m e n t D e f s . R e a d ] ; 

B E G I N 
- - s k i p o v e r f i r s t w o r d 
F O R c h ' x , c o m S t r e a m . g e t [ c o m S t r e a m ] U N T I L c h = ' 

D O 
I F c o m S t r e a m . e n d o f [ c o m S t r e a m ] T H E N G O T O n o M o r e ; 
E N D L O O P ; 

F O R c h ^ ' , c o m S t r e a m . g e t [ c o m S t r e a m ] W H I L E c h = ' - S k i p l e a d i n g b l a n k s , if a n y . 
D O 
I F c o m S t r e a m . e n d o f [ c o m S t r e a m ] T H E N G O T O n o M o r e ; 
E N D L O O P ; 

c h a r W a i t i n g e T R U E ; 
f i r s t C h a r c h ; 
E X I T S 

n o M o r e = > B E G I N c o m S t r e a m . d e s t r o y [ c o m S t r e a m ] ; R E T U R N E N D ; 
E N D ; 

k e y S t r e a m ^ S t r e a m D e f s . G e t C u r r e n t K e y Q ; 
s a v e d K e y S t r e a m G e t ^ k e y S t r e a m . g e t ; 
k e y S t r e a m . g e t <- A m b u s h e d G e t ; 



E N D ; 

A m b u s h e d G e t : P R O C E D U R E [ S t r e a m D e f s . S t r e a m H a n d l e ] 
R E T U R N S [ c : U N S P E C I F I E D ] -
B E G I N 
I E C h a r W a i t i n g T H E N 

B E G I N 
C h a r W a i t i n g e F A L S E ; 
c ^ f i r s t C h a r ; 
E N D 

E L S E c *- c o m S t r e a m . g e t [ c o m S t r e a m ] ; 
I F c o m S t r e a m . e n d o f [ c o m S t r e a m ] T H E N 

B E G I N 
c o m S t r e a m . d e s t r o y [ c o m S t r e a m ] ; 
k e y S t r e a m . g e t ^ s a v e d K e y S t r e a m G e t ; 
E N D ; 

E N D ; 

D a y T i m e R o u t i n e : P R O C E D U R E [ s : S y m b o l , n 1 , n 2 : N o d e ] R E r U R N S [ N o d e ] = 
BEGIN O P E N T i m e D e f s ; 
s t r : STRING ^ [ 4 0 ] ; 
A p p e n d D a y T i m e [ s t r , U n p a c k D T [ C u r r e n t D a y T i m e [ ] ] ] ; 
R E T U R N [ P . M a k e S T R [ s t r ] ] ; 
E N D ; 

S e t D i s p l a y S i z e R o u t i n e : P R O C E D U R E [ s : S y m b o l , n 1 , n 2 : N o d e ] R E T U R N S [ N o d e ] 
B E G I N 
n : C A R D I N A L - V M . C a r d i n a l [ P . M a k e l n t e g e r [ n 1 ] ] ; 
D L 1 . S e t S y s t e m D i s p l a y S i z e [ n , n ] ; 
R E T U R N [ N a i l ] ; 
E N D ; 

D e f a u l t N a m e : P R O C E D U R E [ s t : S T R I N G ] = B E G I N 
- a d d .pi if n o p e r i o d i s in f i l e n a m e 
i: C A R D I N A L ; 
F O R i IN [ C . s t . l e n g t h ) D O 

I F 3 t [ i ] - ' . T H E N R E T U R N ; 
E N D L O O P ; 

S t r i n g D e f s . A p p e n d S t r i n g [ s t , " . p l " L ] ; 
E N D ; 

I n t e r a c t i v e : P R O C E D U R E [ s t r : S T R I N G ] = B E G I N 
prog, t t : N o d e ^ N I L ; 
w k : S T R I N G ^ [ P L D e f s . s S i z e ] ; 
i: C A R D I N A L ; 
S e t u p Q ; 
F O R i IN [ 1 . . I M a x ] D O 

I S t a c k [ i ] ^ N a i l ; 
E N D L O O P ; 

D O 
E N A B L E B E G I N 

U N W I N D = > B E G I N D 1 . W F 0 [ " X X X * n " L ] ; R E T R Y E N D ; 
l O D e f s . R u b o u t = > B E G I N D 1 . W F O [ " X X X * n " L ] ; R E T R Y E N D ; 
P . E n d D i s p l a y = > R E T R Y ; 
P . l n t e r r u p t - > B E G I N 

D 1 . W F 0 [ " * * * * I n t e r r u p t * * * * * n " L ] ; 
R E T R Y ; 
E N D ; 

F i l e S y s t e m D e f s . F i l e D o e s N o t E x i s t = > B E G I N 
D 1 . W F O [ " F i l e D o e s No t E x i s t - T r y A g a i n * n " L ] ; 
R E T R Y ; 
E N D ; 

P . P B u g - > B E G I N 
P . E r r o r M s g [ " P o p l a r B u g ! ! " L , e s t ] ; 
R E T R Y ; 
E N D ; 

P . S E r r = > B E G I N 
P . E r r o r M s g [ " S y n t a x E r r o r - " L . e s t ] ; 
R E T R Y ; 
E N D ; 



P . R E r r - > B E G I N 
D 1 . V V F 1 [ " R u n - T i m e E r r o r - % s * n " L , e s t ] ; 
R E T R Y ; 
E N D ; 

A N Y - > B E G I N 
D 1 . V y F O [ " M y s t e r i o u s P o p l a r B u g ! l ! * n " ] ; 
R E T R Y ; 
E N D 

E N D ; 
[ ] ^ S y s t e m D e f s . P r u n e H e a p [ ] ; 
R e s e t Q ; 
P . R 2 [ © t t , @ p r o g ] ; 
F O R i I N [ 1 . . I M a x D O 

P . R [ @ I S t a c k [ i ] ] ; 
E N D L O O P ; 

I F s t r - N I L T H E N B E G I N 
I F p r o g ~ - N I L A N D p r o g . T y p e - S T R A N D P . L e n g t h [ p r o g ] < w k . m a x l e n g t h T H E N P . M a k e v S t r i n g [ w k , p r o g ] ; 
n ^ I O D e f s . R e a d E d i t e d S t r i n g [ w k , R E S t r i n g , T R U E ] ; 
D 1 . V ^ F 0 [ " * n " L ] ; 
E N D 

E L S E B E G I N 
S t r i n g D e f s . A p p e n d S t r i n g [ w k , s t r ] ; 
s t r ^ N I L ; 
E N D ; 

I F S t r i n g D e f s . E q u i v a l e n t S t r i n q [ w k , " u n " L ] T H E N B E G I N 
P o p l Q ; 
P r i n t T o p ; 
L O O P 
E N D 

E L S E I F S t n n g D e f s . E q u i v a l e n t S t r i n g [ w k , " r e s e t " L ] T H E N E X I T 
E L S E I F S t r i n g D e f s . E q u i v a l e n t S t r i n g [ w k , " ? " L ] T H E N B E G I N 

D 1 . W F 0 [ " A n y P o p l a r s t m t , r e s e t f o r r e s e t , u n f o r b a c k u p , E S C fo r l a s t c o m m a n d , * n " L ] ; 
D 1 . W F O [ " p e r c e n t f o r t h e d e b u g g i n g i n t e r f a c e , qu i t to r e t u r n to t h e O . S . * n " L ] ; 
D 1 . W F O [ " $ f i ! e to r u n f i l e * n " L ] ; 
L O O P ; 
E N D 

E L S E I F S t r i n g D e f s . E q u i v a l e n t S t r i n g [ w k , " % " L ] T H E N B E G I N 
p r o g ^ N I L ; 
M a i n Q ; 
E X I T ; 
E N D 

E L S E I F S t r i n g D e f s . E q u i v a l e n t S t r i n g [ w k , " q u i t " L ] T H E N B E G I N 
A b o r t ^ T R U E ; 
E X I T ; 
E N D 

E L S E I F S t r i n g D e f s . E q u i v a l e n t S t r i n g [ w k , " m o r e " L ] T H E N B E G I N 
[] -̂ D 1 . T o g g l e M o r e [ ] ; 
P r i n t T o p ; 
[] D 1 . T o g g l e M o r e [ ] ; 
L O O P ; 
E N D 

E L S E I F w k [ 0 ] - ' $ T H E N B E G I N 
F O R i IN [ 0 . . w k . l e n g t h - 1) D O 

w k [ i ] <- w k [ i + 1 ] ; 
E N D L O O P ; 

w k . l e n g t h <- v ; k . l e n g t h - 1 ; 
D e f a u i t N a m e [ w k ] ; 
p r o g ^ P . M a k e S T R [ w k ] ; 
p r o g <- P . F i l e R o u t i n e [ N I L , p r o g , N I L ] ; 
I F p r o g . T y p e = F A I L T H E N L O O P ; 
R e s e t Q ; 
P . R 2 [ @ t t , @ p r o g ] ; 
F O R i IN [ 1 . . I M a x ] D O 

P . R [ @ I S t a c k [ i ] ] ; 
E N D L O O P ; 

E N D 
E L S E I F w k . l e n g t h - 0 T H E N L O O P 
E L S E p r o g ^ P . M a k e S T R [ w k ] ; 
I F I S t a c k [ 1 ] . T y p e - F A I L T H E N i S t a c k [ 1 ] ^ M T S t ; - k l u d g e 
P . S e t C u r r e n t N o d e [ I S t a c k [ 1 ] ] ; 
tt ^ P . D i s t [ p r o g ] ; 
I F t t . T y p e - A S S T H E N [ ] ^ P . E v a l [ t t , N i L ] 



E L S E B E G I N 
P u s h l { P . E v a l [ l t . N I L ] ] ; 
P r i n t ! o p ; 
E N D ; 

E N D L O O P ; 
C l e a n u p Q ; 
E N D ; 

M a i n : P R O C E D U F ^ E = B E G I N 
w k : S T R I N G ^ [ P L D e f s . s S i z e ] ; 
p r o g : N o d e ^ N I L ; 
c : C H A R A C T E R ; 
D O 

I O D e f s . V V r i t e C h a r [ ' % ] ; 
c l O D e f s . R e a d C h a r Q ; 
S E L E C T c F R O M 
' t . ' T = > B E G I N 

D 1 . W F O [ " T o g g ! e d e b u g , n o w " L ] ; 
d e b u g - d e b u g ; 
I F d e b u g T H E N D 1 . V V F O [ " T R U E * n " L l E L S E D 1 . W F 0 [ " F A L S E * n " L ] ; 
E N D ; 

' q , ' Q = > B E G I N 
D 1 . W F 0 [ " Q u i t [ C o n f i r m ] " L ] ; 
I F D 1 . C o n f i rm [ ] T H E N B E G I N 

D 1 . V / F 0 [ " ^ n " L ] ; 
R E T U R N ; 
E N D ; 

D 1 . W F 0 [ " * n " L ] ; 
E N D ; 

' a , ' A = > B E G I N 
D 1 . W F 0 [ " A b o r t [ C o n f i r m ] " L ] ; 
I F D 1 . C o n f i r m [ ] T H E N I m a g e D e f s . A b o r t M e s a Q ; 
E N D ; 

' , ' p , ' P => B E G I N 
I F c - = ' T H E N D 1 . W F 0 [ " P r o g r a m : " L ] ; 
D 1 . W F 0 [ " " L ] ; 
I F p r o g - - N I L T H E N P . M a k e S t r i n g [ w k , p r o g ] ; 
I O D e f s . R e a d L i n e [ w k ] ; 
S e t u p O ; 
p r o g ^ P . M a k e S T R [ w k ] ; 
D 1 . V \ / F 0 [ " S t a r t : * n " L ] ; 
I F P . L e n g t h [ p r o g ] - - O T H E N tt ^ P . D i s t [ p r o g ] ; 
P . R [ @ t t ] ; 
P . P a r s e T r e e [ t t ] ; 
E N D ; 

E N D C A S E = > D 1 . W F 0 [ " T V L ] ; 
E N D L O O P ; 

E N D ; 

P r i n t T o p : P R O C E D U R E -
B E G I N 
D L C I e a r S c r e e n Q ; 
[] D 1 . T o g g l e M o r e [ ] ; 
I F i S t a c k [ 1 ] . T y p e = S T R T H E N 

B E G I N 
D 1 . P r i n t S t r i n g [ I S t a c k [ 1 ] ] ; 
D 1 . Y / F 0 [ " * n " L ] ; 
E N D 

E L v S E D 1 . P r i n t [ I S t a c k [ 1 ] ] ; 
[ ] <- D 1 . T o n g l e M o r e [ ] ; 
E N D ; 

I s D e b u g : P U B L I C P R O C E D U R E R E T U R N S [ B O O L E A N ] = B E G I N 
R E T U R N [ d e b u g ] ; 
E N D ; 

P u s h ! : P R O C E D U R E [ n : N o d e ] - B E G I N 
i: C A R D I N A L ; 
F O R i D E C R E A S I N G IN [ L . I M a x ) D O 

I S t a c k [ i + 1 ] ^ I S t a c k [ i ] ; 
E N D L O O P ; 

I S t a c k [ 1 ] <- n; - t h i s i s t h e t o p of s t a c k 



E N D ; 

P o p I : P R O C E D U R E - B E G I N 
i: C A R D I N A L ; 
F O R i IN [ 2 . . I M a x ] D O 

I S t a c k [ i - 1 ] ^ I S t a c k [ i ] ; 
E N D L O O P ; 

L S t a c k [ I M a x ] ^ N a i l ; 
E N D ; 

R E S t r i n g : P R O C E D U R E [ c : C H A R A C T E R ] R E T U R N S [ a : B O O L E A N ] = B E G I N 
a c - l O D e f s . C R ; 
E N D ; 

C o u n t D e p t h : P R O C E D U R E [ n : N o d e ] R E T U R N S [ B C O L E A N ] = B E G I N 
n u m n o d e s <- n u m n o d e s -i- 1 ; 
R E T U R N [ T R U E ] ; 
E N D ; 

S t a r t u p : P R O C E D U R E = B E G I N 
D E I . S e t S y s t e m D i s p l a y S i z e [ 0 , 0 ] ; 
D L 1 . S e t S y s t e m D i s p l a y S i z e [ 3 5 , 3 5 ] ; 
I F I n l i n e D e f s . B I T A N D [ L O O P H O L E [ 1 7 7 0 3 5 B , P O I N T E R ] t , 1 ] =r 0 T H E N S p a r e l i s d o w n 

B E G I N 
I m a g e D e f s . M a k e l m a g e [ " P o p l a r . I m a g e " L ] ; 
[ ] ^ E t h e r R e p o r t D e f s . R e p o r t [ [ 3 . 2 0 0 B , [ 0 , 3 ' 2 B ] ] , 

- m y s o c k e t o n M a x c 
L O O P H O L E [ O s S t a t i c D e f s . O s S t a t i c s . U s e r N a m e ] , 
( O s S t a t i c D e f s . O s S t a l i c s . U s e r N a m e . l e n g t h + 2 ) / 2 ] ; 

A m b u s h K e y S t r e a r n Q ; 
E N D ; 

D 1 . W F 0 [ " P o p l a r V e r s i o n 0 . 2 W e l c o m e s Y o u * n " L ] ; 
E N D ; 

S e t u p : P R O C E D U R E = B E G I N 
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E L S E P . R E r r [ " r e v e r s e e x p e c t s a l is t o r s t r i n g a s i n p u t " L ] ; 
P . R R S [ r r ] ; 
E N D ; 

R e v : P R 0 C E D U R E [ 3 : S t r e a m ] R E T U R N S [ N o d e ] - B E G I N 
w k : S T R I N G <- [ P L D e f s . s S i z e ] ; 
i,j,k: C A R D I N A L ; 
i 4- w k . m a x l e n g t h ; 
W H I L E s . n o d e - = N I L A N D i > 0 D O 

i 4 - i - 1 ; 
w k [ j ] 4- P . l t e m [ s ] ; 
E N D L O O P ; 

k 4 - 0 ; 
F O R j IN [ i . . w k . m a x l e n g t h ) D O 

w k [ k ] 4- w k [ j ] ; 
k 4- k + 1 ; 
E N D L O O P ; 

w k . l e n g t h k; 
R E T U R N [ P . M a k e S T R [ w k ] ] ; 
E N D ; 

R u n R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , p r o g , n 2 : N o d e ] R E T U R N S [ t t : M o d e ] - B E G I N 
- z a r y 
rr : R e g i s t e r 4- P . M R S Q ; 
I F p r o g . T y p e - = S T R T H E N P . R E r r [ " l n p u t to R u n m u s t b e s t r i n g " L ] ; 
tt 4- P . D i s t f p r o g ] ; 
P . R [ @ t t ] ; 
tt 4- P . E v a l [ l t . N I L ] ; 
P . R R S [ r r ] ; 
R E T U R N [ t t ] ; 
E N D ; 

S u b s t R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , i n p u t n o d e , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] - B E G I N 

m a t c h : P R O C E D U R E R E T U R N S [ B O O L E A N ] - B E G I N 
pa t : P L D e f s . S t r e a m R e c o r d <- p a t t e r n ; 
i np : P L D e f s . S t r e a m R e c o r d 4- i n p u t ; 
W H I L E i n p . n o d e - = N I L D O 

I F p a t . n o d e - N I L T H E N R E T U R N [ T R U E ] ; 
I F P . l t e m [ @ p a t ] - = P . l t e m [ @ i n p ] T H E N R E T U R N [ F A L S E ] ; 
E N D L O O P ; 

I F p a t . n o d e = N I L A N D i n p . n o d e = N I L T H E N R E T U R N [ T R U E ] ; 
R E T U R N [ F A L S E ] ; 
E N D ; 

r r : R e g i s t e r - P . M R S Q ; 
l e n p a t t e r n . k : L O N G I N T E G E R ; 
i n p u t , p a t t e r n , s a v : P L D e f s . S t r e a m R e c o r d ; 
ou tpu t . t : N o d e 4- N I L ; 
I F i n p u t n o d e . T y p e - = S T R T H E N P . R E r r [ " S u b s t t a k e s a s i n p u t a s t r i n g " L ] ; 
s a v 4- i n p u t 4- P . N e w S t r e a m [ i n p u t n o d e ] ; 
P . R 3 [ @ o u t p u t , @ t , © i n p u t . n o d e ] ; 
P . R [ @ s a v . n o d e ] ; 
o u t p u t 4- K e y R o u t i n e [ N I L , P . M a k e S T R [ " r e p l a c e m e n t s t r i n g : " L ] , N 1 L ] ; 
I F o u t p u t . T y p e - F A I L T H E N P . l n t e r r u p t ; 
t 4- K e y R o u t i n e [ N i L , P . M a k e S T R [ " p a t t e r n s t r i n g : " L ] , N I L ] ; 



I F t . T y p e - F A I L T H E N P . l n t e r r u p t ; 
p a t t e r n 4- P . N e w S 1 r e a m [ t ] ; 
a n s 4- M T S t ; 
P . R 2 [ @ p a t t e r n . n o d e , @ a n s ] ; 
l e n p a t t e r n 4- P . L e n g t h [ t ] ; 
I F I e n p a t t e r n = O T H E N P . R E r r [ " P a t t e r n m u s t b e n o n - e m p t y " L ] ; 
k 4 - 0 ; 
W H I L E i n p u t . n o d e - = N I L D O 

I F m a t c h Q T H E N B E G I N 
14- I F k > 0 T H E N P . S L ! b S t r i n g S t r e a m [ @ s a v , 0 , k ] E L S E M T S t ; 
t 4- P . S t r i n g C o n c a t [ t , o u t p u t ] ; 
a n s 4- P . S t r i n g C o n c a t [ a n s , t ] ; 
P . S k i p S t r e a m [ @ i n p u t , l e n p a t t e r n ] ; 
s a v 4- i n p u t ; 
k 4- 0 ; 
E N D 

E L S E B E G I N 
[] 4- P . l t e m [ @ i n p u t ] ; 
k 4- k 4- 1 ; 
E N D ; 

E N D L O O P ; 
t 4- I F s a v . n o d e - - N I L T H E N P . S u b S t r i n g S t r e a m [ @ s a v , 0 , k ] E L S E M T S t ; 
a n s 4- P . S t r i n g C o n c a t [ a n s , t ] ; 
P . R R S [ r r ] ; 
t N D ; 

T i m e s R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , n , n 2 : N o d e ] R E T U R N S [ N o d e ] - B E G I N 
-- z a r y 
I F n . T y p e - - L I S T O R P . L e n g t h L i s t [ n ] - - 2 T H E N P . R E r r [ " T i m e s e x p e c t s a l is t of l e n g t h 2 " L ] ; 
R E T U R N [ P . M a k e N U M [ P . M a k e l n t e g e r [ P . Z E v a l [ n . l i s t h e a d ] ] * P . M a k e l n t e g e r [ P . Z E v a l [ n . l i s t t a i l . l i s t h e a d ] ] ] ] ; 
E N D ; 

T o C a s e : P R O C E D U R E [ i n p u t n o d e : N o d e , t o l o w e r : B O O L E A N ] R E T U R N S [ a n s : N o d e ] - B E G I N 
rr: R e g i s t e r <- P . M R S Q ; 
k: L O N G I N T E G E R ; 
i n p u t , s a v : P L D e f s . S t r e a m R e c o r d ; 
t ,z: N o d e 4- N I L : 
s : S T R I N G 4- [ 2 ] ; 
c : C H A R A C T E R ; 
I F i n p u t n o d e . T y p e - - S T R T H E N P . R E r r [ " t o l o v y e r a n d t o u p p e r t a k e a s i n p u t a s t r i n g " L ] ; 
s a v 4- i n p u t 4- P . N e w S t r e a m [ i n p u t n o d e ] ; 
a n s 4- M T S t ; 
P . R 3 [ @ a n s , @ t , @ i n p u t . n o d e ] ; 
P . R 2 [ @ s a v . n o d e , @ z ] ; 
k 4- 0 ; 
s . l e n g t h 4- I ; 
W H I L E i n p u t . n o d e - - N I L D O 

c 4- P . l t e m [ @ i n p u t ] ; 
I F ( t o l o w e r A N D c IN [ ' A . . ' Z ] ) O R ( - t o l o w e r A N D c IN ra. . 'z ] ) T H E N B E G I N 

t 4- I F k > 0 T H E N P . S u b S t r i n g S t r e a m [ @ s a v , 0 , k ] E L S E M T S t ; 
s [ 0 ] 4- L O O P H O L E [ l n l i n e D e f s . B I T X O R [ L O O P H O L E [ c , C A R D I N A L ] , 4 0 B ] ] ; 
z 4- P . M a k e S T R [ s ] ; 
14- P . S t r i n g C o n c a t [ t , z ] ; 
a n s 4- P . S t r i n g C o n c a t [ a n s , t ] ; 
s a v 4- i n p u t ; 
k 4 - 0 ; 
E N D 

E L S E k 4- k + 1 ; 
E N D L O O P ; 

14- I F s a v . n o d e - - N I L T H E N P . S u b S t r i n g S t r e a m [ @ s a v , 0 , k ] E L S E M T S t ; 
a n s 4- P . S t r i n g C o n c a t [ a n s , t ] ; 
P . R R S [ r r ] ; 
E N D ; 

T o L o w e r R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , i n p u t n o d e , n 2 : M o d e ] R E T U R N S [ N o d e ] = B E G I N 
R E T U R N [ T o C a s e [ i n p u t n o d e , T R U E ] ] ; 
E N D ; 

T o U p p e r R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , i n p u t n o d e , n 2 : N o d e ] R E T U R N S [ N o d e ] - B E G I N 
R E T U R N [ T o C a s e [ i n p u t n o d e , E A L S E ] ] ; 



E N D ; 

V / r i t e R o u t i n e : P U B L I C P R O C E D U R E [ 3 : S y m b o l , i n p u t , n a m e : N o d e ] R E T U R N S [ N o d e ] = B E G I N 
- u n a r y 
f n a m e : S T R I N G > [ 1 0 0 ] ; 
n s : P L D e f s . S t r e a m R e c o r d ; 
r r : R e g i s t e r ; 
i: L O N G I N T E G E R ; 
f h : V M D e f s . F i l e l n d e x ; 
I F i n p u t . T y p e - - S T R T H E N P . R E r r [ " l n p u t to Vv^rite r o u t i n e mUvSt b e s t r i n g " L ] ; 
I F n a m e . T y p e - - S T R T H E M P . R E r r [ " F i l e n a m e f o r w r i t e r o u t i n e m u s t b e s t r i n g " L ] ; 
I F P . L e n g t h [ n a m e ] > - 1 0 0 T H E N P . R E r r [ " F i l e n a m e t o o l o n g ( > 1 0 0 ) " L ] ; 
P . M a k e S t r i n g [ f n a m e , n a m e ] ; 
[ fh , ] <- V M . O p e n R W [ f n a m e ] ; 
i 4 - 0 ; 
n s 4- P . N e w S t r e a r n [ i n p u t ] ; 
r r 4- P . M R S Q ; 
P . R [ @ n s . n o d e ] ; 
W H I L E n s . n o d e - = N I L D O 

V M . S e t S C h a r [ i , f h , P . l t e m [ @ n s ] ] ; 
i 4- i - I - 1 

E N D L O O P ; 
V M . C ! o s e R W [ f h , i ] ; 
P . R R S [ r r ] ; 
R E T U R N [ N a i l ] ; 
E N D ; 

Z i p R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , n o d e , o t h e r : N o d e ] R E T U R N S [ a n s : N o d e ] - B E G I N - / z 

- u n a r y 
rr : R e g i s t e r - P . M R S Q ; 
r 1 , r 2 : N o d e 4- N I L ; 
n l , n 2 : N o d e ; 
I F n o d e . T y p e - = L I S T O R P . L e n g t h L i s t [ n o d e ] - = 2 T H E N P . R E r r [ " z i p e x p e c t s a l i s t of l e n g t h 2 " L ] ; 
P . R 2 [ @ r 1 , @ r 2 ] ; 
n 1 4- p . Z E v a l [ n o d e . l i s t h e a d ] ; 
n 2 4- P . Z E v a l f n o d e . l i s t t a i l . l i s t h e a d ] ; 
I F n l . T y p e # L I S T O R n 2 . T y p e # L I S T T H E N P . R E r r [ " z i p e x p e c t s a l is t of l i s t s " L ] ; 
I F n I . i i s t h e a d - N I L T H E N 

a n s 4- P . Z E v a l [ n 2 ] 
E L S E I F n 2 . l i s t h e a d - N I L T H E N 

a n s 4- P . Z E v a l [ n 1 ] 
E L S E 

a n s 4- P . A H o c [ [ L I S T „ L I S T [ 
P . Z E v a l [ n 1 . l i s t h e a d ] , 
P . A l l o c [ [ L ! S T „ L I S T [ 

P . Z E v a l [ n 2 . l i s t h e a d ] , 
P . A I I o c [ [ A P P L Y „ A P P L Y [ 

r1 4- L i s t 2 [ P . Z E v a l [ n 1 . l i s t t a i l ] , P . Z E v a i [ n 2 . l i s t t a i l ] ] , 
r 2 4- P . A i l o c [ [ Z A R Y , , Z A R Y [ s y m ] ] ] - z i p - - ] ] ] ] ] ] ] ] ] ; 

P . R R S [ r r ] ; 
E N D ; 

[ F a i l , M T S t , N a i l ] 4- P . G e t S p e c i a l N o d e s Q ; 
E N D . 



" s t a t . m e s a l a s t e d i t e d b y M o r r i s , O c t o b e r 2 7 , 1 9 7 8 1 1 : 4 7 A M 
D I R E C T O R Y 
D i s p D e f s : F R O M " D i s p D e f s " , 
P L D e f s : F R O M " P L D e f s " . 
l O D e f s : F R O M " l O D e f s " , 
I n l i n e D e f s : F R O M " I n l i n e D e f s " , 
M i s c D e f s : F F t O M " M i s c D e f s " , 
F i l e S y s t e m D e f s : F R O M " F i l e S y s t e m D e f s " , 
f - i l e P a g e U s e D e f s : F R O M " F i l e P a g e U s e D e f s " . 
S y s t e m D e f s : F R O M " S y s t e m D e f s " , 
V M D e f s : F F ^ O M " V M D e f s " . 
S t r i n g D e f s : F R O M " S t r i n g D e f s " ; 

S t a t : P R O G R A M I M P O R T S D i s p D e f s , P : P L D e f s , S y s t e m D e f s , V M : V M D e f s E X P O R T S P L D e f s - B E G I N 

N o d e : T Y P E = P L D e f s . N o d e ; 
S y m b o l : T Y P E = P L D e f s . S y m b o l ; 
S t r i n g : T Y P E - P L D e f s . S t r i n g ; 
S t r e a m : T Y P E - P L D e f s . S t r e a m ; 
R e g i s t e r : T Y P E - P L D e f s . R e g i s t e r ; 
L o n g C A R D I N A L : T Y P E - I n l i n e D e f s . L o n g C A R D I N A L ; 
c d e b u g : B O O L E A N - P L D e f s . c d e b u g ; 

n u m n o d e s , n u m c a t . n u m f i l e . n u m s i m p . s p a c e s i m p , n u m l i s t : C A R D I N A L ; 
m a x l e n g t h : L O N G I N T E G E R ; 
B a l : P O I N T E R T O A R R A Y O F N o d e ; 
n i e a v e s : C A R D I N A L ; 
b i n : C A R D I N A L ; 
M i n C o e r c e S i z e : C A R D I N A L - 3 0 0 ; 
M T S t . E a i l . N a i l : N o d e ; 
d n u m : C A R D I N A L - 1 5 0 ; 
l e n : L O N G I N T E G E R ; 
d e f a u l t B a l : A R R A Y [ 0 . . d n u m ) O F N o d e ; 

E m p t y : P U B L I C P R O C E D U R E [ n : N o d e ] R E T U R N S [ B O O L E A N ] = 
B E G I N 
D O 

I F n . T y p e # S T R T H E N P . P B u g f " N o n - S t r i n g " L ] ; 
I F n . D e s . s - s i m p T H E N R E T U R N [ n . s t r . l e n g t h = 0 ] ; 
- n . D e s . s = c a t 
I F - E m p t y [ n . s t r . n 1 ] T H E N R E T U R N [ F A L S E ] ; 
n 4- n . s t r . n 2 ; 
E N D L O O P ; 

E N D ; 

L e n g t h : P U B L I C F ^ R O C E D U R E [ n : N o d e ] R E T U R N S [ i : L O N G I N T E G E R ] = 
B E G I N 
i 4- 0 ; 
D O 

I F n . T y p e # S T R T H E N P . P B u g [ " N o n - S t r i n g " ] ; 
I F n . D e s . s = s i m p T H E N R E T U R N [ i - H n . s t r . l e n g t h ] ; 
i 4- j + L e n g t h [ n . s t r . n 1 ] ; 
n 4- n . s t r . n 2 ; 
E N D L O O P ; 

E N D ; 

- u s e d in S u b s t r i n g a n d C o n v e r t S t r e a m o n l y 
S k i p : P U B L I C P R O C E D U R E [ n : N o d e , i : L O N G I N T E G E R ] = B E G I N 
a : C A R D I N A L ; 
i i : L O N G I N T E G E R ; 
s : S t r i n g ; 
- a d v a n c e n ' s p o s i t i o n b y i c h a r s 
- e q u i v a l e n t to T H R O U G H [ 1 ..i] D O [] 4- N e x t [ n ] E N D L O O P , b u t m u c h f a s t e r 
I F n . T y p e - - S T R T H E N P . P B u g [ " m u s t b e S T R " L ] ; 
I F n . D e s . s - s i m p T H E N B E G I N 

a 4- V M . C a r d i n a l Q ] ; 
s 4- © n . s t r ; 
s . l e n g t h 4- I F a > = s . l e n g t h T H E N 0 E L S E s . l e n g t h - a ; 
s . s t a r t 4- s . s t a r t + a ; 
E N D 



E L S E I F n . D e s . s = c a t T H E N B E G I N 
ii 4- L e n g t h [ n . s t r . n 1 ] ; 
I F i i > i T H E N S k i p [ n . s t r . n 1 , i ] 
E L S E B E G I N 

" t h i s f r e e i s p o s s i b l y t h e m o s t d a n g e r o u s F r e e T r e e 
P . F r e e T r e e [ n . s t r . n 1 ] ; 
n t 4- n . s t r . n 2 t ; 
S k i p [ n , i - i i ] ; 
E N D ; 

E N D 
E L S E P . P B u g [ " u n k n o w n S T R t y p e " L ] ; 
E N D ; 

L i n e a r S T R : P U B L I C P R O C E D U R E [ n : N o d e ] R E T U R N S [ N o d e , L O N G I N T E G E R ] = B E G I N 
i: C A R D I N A L ; 
rr : R e g i s t e r ; 
b , n s : N o d e 4- N I L ; 
I F n - N I L O R n . T y p e - - S T R T H E N R E T U R N [ n , 0 ] ; 
I F n . D e s . s ~ - c a t O R n . D e s . b T H E N R E T U R N [ n , L e n g t h [ n ] ] ; 
I F n . s t r . n l . D e s . s - - c a t T H E N B E G I N - - m a y a l r e a d y b e in d e s i r e d f o r m 

rr 4- P . M R S Q ; 
b 4- n ; 
n s 4- n . s t r . n 2 ; 
l en 4- L e n g t h [ n . s t r . n 1 ] ; 
P . R l @ b ] ; 
W H I L E n s . D e s . s - c a t A N D n s . s t r . n 1 . D e s . s - = c a t D O 

I F c d e b u g T H E N P . C h e c k N o d e [ n s ] ; 
b 4- n s ; 
l e n 4 - l en + L e n g t h [ n . s t r . n 1 ] ; 
n s 4- n s . s t r . n 2 ; 
E N D L O O P ; 

I F b . s t r . n 2 . D e s . s - c a t T H E N [ b . s t r . n 2 , ] 4- L i n e a r S T R [ b . s t r . n 2 ] ; 
l en 4- l e n + L e n g t h [ b . s t r . n 2 ] ; 
P . R R S [ r r ] ; 
n . D e s . b 4- T R U E ; 
R E T U R N [ n , l e n ] ; 
E N D ; 

r r 4- P . M R S Q ; 
P . R [ @ n ] ; 
n i e a v e s 4- 0 ; 
P . P r e o r d e r [ n , C o u n t L e a v e s ] ; 
-- n i e a v e s m u s t b e 1 o r h i g h e r 
B a l 4- I F n i e a v e s > = d n u m T H E N P . G e t C o r e [ n l e a v e s * S I Z E [ N o d e ] ] E L S E B A S E [ d e f a u l t B a I ] ; 
b in 4- 0 ; 
-- t h e n o d e s in B a l n e e d not b e r e g i s t e r e d a s t h e y a r e p o i n t e d to b y n 
l e n 4- 0 ; 
P . P r e o r d e r [ n , I n s e r t L e a v e s ] ; 

b in m u s t b e 1 o r h i g h e r 
n 4- P . S t r i n g C o n c a t [ B a l [ b i n - 2 ] , B a l [ b i n - 1 ] ] ; 
I F b in > 2 T H E N F O R i D E C R E A S I N G IN [0 . . b i n - 3 ] D O 

n 4- P . S t r i n g C o n c a t [ B a l [ i ] , n ] ; 
E N D L O O P ; 

I F B a l - - B A S E [ d e f a u l t B a l ] T H E N S y s t e m D e f s . F r e e S e g m e n t [ B a l ] ; 
P . R R S f r r ] ; 
n . D e s . b 4- T R U E ; 
R E T U R N [ n . l e n ] ; 
E N D ; 

C o u n t L e a v e s : P R O C E D U R E [ n : N o d e ] R E T U R N S [ B O O L E A N ] - B E G I N 
I F n . T y p e - = S T R O R n . D e s . s = c a t T H E N R E T U R N [ T R U E ] ; 
- n i s a f i le S T R o r s i m p S T R 
n i e a v e s 4- n i e a v e s r- 1 ; 
R E T U R N [ F A L S E ] ; 
E N D ; 

I n s e r t L e a v e s : P R O C E D U R E [ n : N o d e ] R E T U R N S [ B O O L E A N ] - B E G I N 
I F n . T y p e - - S T R O R n . D e s . s - c a t T H E N R E T U R N [ T R U E ] ; 
- n i s a f i l e S T R o r s i m p S T R 
l e n 4- len + L e n g t h [ n ] ; 
B a l [ b i n ] 4- n ; 



b in 4- b i n + 1 ; 
R E T U R N [ F A L S E ] ; 
E N D ; 

D e t a i l : P U B L I C P R O C E D U R E [ n : N o d e ] - B E G I N 
i i : L O N G I N T E G E R ; 
I F c d e b u g T H E N B E G I N 

- p r i n t ou t i m p o r t a n t t h i n g s a b o u t S T R S 
I F n - N I L O R ( n . T y p e - - S T R A N D n . T y p e ~ = L I S T ) T H E N R E T U R N ; 
n u m n o d e s 4- n u m c a t 4- n u m f i l e 4- n u m s i m p <- s p a c e s i m p 4- n u m l i s t 4- 0 ; 
m a x l e n g t h 4- 0 ; 
ii 4- I F n . T y p e = S T R T H E N L e n g t h [ n ] E L S E 0 ; 
P . P r e o r d e r j n . s t r s t a t ] ; 
D i s p D e f s . W F 4 [ " L e n % i , m a x L e n % i , n N o d e % u , C a t % u , " L , © i i , © m a x l e n g t h , n u m n o d e s . n u m c a t ] ; 
D i s p D e f s . W F 4 [ " F i l e % u , S m p % u , s p S m p % u , n e s t % u , " L , n u m f i l e , n u m s i m p , s p a c e s i m p , C a t D e p l h [ n ] ] ; 
D i s p D e f s . W F 2 [ " S F % u , n i i s t % u * r i " L , s p a c e s i m p + 2 * ( n u m c a t + n u m f i l e + n u m l i s t + n u m s i m p ) , n u m l i s t ] ; 
E N D ; 

E N D ; 

s t r s t a t : P R O C E D U R E [ n : N o d e ] R E T U R N S [ B C O L E A N ] - B E G I N 
i i : L O N G I N T E G E R ; 
I F c d e b u g T H E N B E G I N 

I F n . T y p e - L I S T T H E N n u m l i s t 4 - n u m l i s t + 1 
E L S E I F n . T y p e = S I R T H E N B E G I N 

n u m n o d e s 4- n u m n o d e s -t- 1 ; 
I F n . D e s . s = c a t T H E N n u m c a t <- n u m c a t + 1 
E L S E B E G I N 

ii 4- L e n g t h [ n ] ; 
m a x l e n g t h 4- | F ii > m a x l e n g t h T H E N ii E L S E m a x l e n g t h ; 
I F n . D e s . s - s i m p T H E N B E G I N 

n u m s i m p <- n u m s i m p + 1 ; 
s p a c e s i m p 4- s p a c e s i m p + n . s t r . l e n g t h ; 
E N D ; 

E N D ; 
E N D ; 

E N D ; 
R E T U R N [ T R U E ] ; 
E N D ; 

C a t D e p t h : P R O C E D U R E [ n : N o d e ] R E T U R N S [ C A R D I N A L ] = B E G I N 
i,j: C A R D I N A L ; 
I F c d e b u g T H E N B E G I N 

I F n - N I L O R n . T y p e - = S T R O R n . D e s . s - = c a t T H E N R E T U R N [ 0 ] ; 
i 4- C a t D e p t h [ n . s t r . n 1 ] ; 
j 4- C a t D e p t h [ n . 3 t r . n 2 ] ; 
R E T U R N [ I F i > j T H E N i + 1 E L S E j + 1 ] ; 
E N D ; 

R E T U R N [ 0 ] ; - - p a c e c o m p i l e r 
E N D ; 

F i x R e p : P U B L I C P R O C E D U R E ^ : N o d e ] R E T U R N S [ N o d e ] - B E G I N 
- r e t u r n s a r i g h t - l i n e a r S T R n o d e 
i i : L O N G I N T E G E R ; 
rr : R e g i s t e r 4- P . M R S [ ] ; 
a : N o d e 4- N I L ; 
p a n s : P O I N T E R T O N o d e ; 
P . R [ @ n ] ; 
I F c d e b u g T H E N P . C h e c k N o d e [ n ] ; 
l E n = N I L T H E N n - n 
E L S E I F n . T y p e - L I S T T H E N B E G I N 

a 4- n ; 
W H I L E a . l i s t h e a d - - N I L D O 

a . l i s t h e a d 4- F i x R e p [ a . l i s t h e a d ] ; 
a 4- a . l i s t t a i l ; 
E N D L O O P ; 

E N D 
E L S E I F n . T y p e - S T R A N D n . D e s . s - = s i m p T H E N B E G I N 

[n, i i ] 4- L i n e a r S T R [ n ] ; 
I F ii < M i n C o e r c e S i z e T H E N B E G I N 



n 4- P . C o e r c e [ n ] ; 
E N D 

E L S E B E G I N 
a 4- n ; 
P . R ( @ a ] ; 
p a n s 4- @ n ; 
W H I L E a . D e s . s = c a t D O 

ii 4- L e n g t h [ a . s t r . n 1 ] ; 
I F ii < M i n C o e r c e S i z e A N D a . D e s . s - - s i m p T H E N a . s t r . n l 4- P . C o e r c e [ a . s t r . n 1 ] ; 
p a n s 4- @ a . s t r . n 2 ; 
a 4- a . s t r . n 2 ; 
E N D L O O P ; 

ii 4- L e n g t h [ a ] ; 
I F ii < M i n C o e r c e S i z e A N D a . D e s . s - - s i n . p T H E N p a n s t 4- P . C o e r c e [ a ] ; 
E N D ; 

E N D ; 
P . R R S [ r r l ; 
R E T U R N [ n ] ; 
E N D ; 

S u b S t r e a m : P U B L I C P R O C E D U R E [ s : S t r e a m , i : L O N G I N T E G E R ] R E T U R N S [ C H A R A C T E R ] - B E G I N 
R E T U R N [ I F s . n o d e - N I L T H E N O C E L S E P . S u b [ s . n o d e , i + ( s . p o s n - s . l e n + s . c p ) ] ] ; 
E N D ; 

L e n g t h S l r e a m : P U B L I C P R O C E D U R E [ s : S t r e a m ] R E T U R N S [ L O N G I N T E G E R ] - B E G I N 
R E T U R N [ I F s . n o d e - N I L T H E N 0 E L S E L e n g t h [ s . n o d e ] - ( s . p o s n - s . l e n + s . c p ) ] ; 
E N D ; 

C o n y e r t S t r e a m : P U B L I C P R O C E D U R E [ s : S t r e a m ] R E T U R N S [ a n s : N o d e ] = B E G I N 
I F s . n o d e - = N I L T H E N B E G I N 

a n s 4- P . C o p y T r e e [ s . n o d e ] ; 
S k i p [ a n s , ( s . p o s n - s . l e n + s . c p ) ] ; 
E N D 

E L S E a n s 4- M T S t ; 
E N D ; 

S u b S t r i n g S t r e a m : P U B L I C P R O C E D U R E [ s : S t r e a m . i J : L O N G I N T E G E R ] R E T U R N S [ N o d e ] = B E G I N 
R E T U F ^ N [ I F s . n o d e - N I L T H E N M T S t E L S E P .SubS t r i ng [ s . node , ( s . posn -s . l en + s . c p ) + i , (s.posn-s. len + s . c p ) -t-
E N D ; 

— Pattern Procedures 

W o r d R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , n : 8 t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] = B E G I N 
s : P L D e f s . S t r e a m R e c o r d 4- n t ; 
c : C H A R A C T E R ; 
a : L O N G I N T E G E R 4- Q; 
D O 

I F n . n o d e = N I L T H E N E X I T ; 
c 4- S u b S t r e a m [ n , 0 ] ; 
I F c N O T IN [ ' A . . ' Z ] A N D c N O T IN [ ' a . . ' z ] T H E N E X I T ; 
[] 4- P . l t e m [ n ] ; 
a 4- a + 1 ; 
E N D L O O P ; 

a n s 4- I F a = O T H E N F a i l E L S E S u b S t r i n g S t r e a m [ @ s , 0 , a ] ; 
E N D ; 

T h i n g R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , n : S t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] = B E G I N 
s : P L D e f s . S t r e a m R e c o r d 4- n t ; 
c : C H A R A C T E R ; 
a : L O N G I N T E G E R 4- 0 ; 
D O 

I F n . n o d e = N I L T H E N E X I T ; 
c 4- S u b S t r e a m [ n , O j ; 
I F c N O T IN [ ' A . . ' Z ] A N D c N O T IN [ ' a . . ' z ] A N D c N O T IN [ ' 0 . . ' 9 ] T H E N E X I T ; 
[] 4- P . l t e m [ n ] ; 
a 4- a + 1 ; 
E N D L O O P ; 



a n s 4- I F a = 0 T H E N F a i l E L S E S u b S t r i n g S t r e a m [ @ s , 0 , a ] ; 
E N D ; 

I n t e g e r R o u t i n e : P R O C E D U R E [ s y m : S y m b o l . n : S t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] --: B E G I N 
c : C H A R A C T E R ; 
s : P L D e f s . S t r e a m R e c o r d 4- nt; 
s i g n : B O O L E A N 4- F A L S E ; 
a : L O N G I N T E G E R 4- 0 ; 
c 4- S u b S t r e a m [ n , 0 ] ; 
I F c O R c • f T H E N B E G I N s i g n 4 - T R U E ; a 4- a + 1 ; [] 4- P . l t e m [ n ] E N D ; 
D O 

I F n . n o d e = N I L T H E N E X I T ; 
c 4- S u b S t r e a m [ n , 0 ] ; 
I F c - I N [ ' 0 . . ' 9 ] T H E N E X I T ; 
[] 4- P . l t e m [ n ] ; 
a 4- a 4- 1 ; 
E N D L O O P ; 

a n s 4- I F a = 0 O R s i g n A N D a = 1 T H E N F a i l E L S E S u b S t r i n g S t r e a m [ @ s , 0 , a ] ; 
E N D ; 

N u m b e r R o u t i n e : P R O C E D U R E [ s y m : S y m b o l . n : S t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] = B E G I N 
p e r : B O O L E A N 4- F A L S E ; 
c : C H A R A C T E R ; 
s : P L D e f s . S t r e a m R e c o r d 4- nt; 
s i g n : B O O L E A N 4- F A L S E ; 
a : L O N G I N T E G E R 4- 0 ; 
c 4- S u b S t r e a m [ n , 0 ] ; 
I F c = O R c = '4- T H E N B E G I N s i g n 4 - T R U E ; a 4 - a 4- 1 ; [ ] 4 - p . i t e m [ n ] E N D ; 
D O 

! F n . n o d e = N I L T H E N E X I T ; 
c 4- S u b S t r e a m [ n , 0 ] ; 
I F c - I N [ ' 0 . . ' 9 ] A N D ( c - = O R ( c = '. A N D p e r ) ) T H E N E X I T ; 
p e r 4- p e r O R c = ' . ; 
[] 4- P . I t e m [ n ] ; 
a 4- a 4- 1 ; 
E N D L O O P ; 

a n s 4- I F a = 0 O R s i g n A N D a = 1 T H E N F a i l E L S E S u b S t r i n g S t r e a m [ @ s , 0 , a ] ; 
E N D ; 

I t e m R o u t i n e : P R O C E D U R E [ s y m : S y m b o l . n : S t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] = B E G I N 
p e r : B O O L E A N 4- F A L S E ; 
c : C H A R A C T E R ; 
s : P L D e f s . S t r e a m R e c o r d 4- nt; 
s i g n : B O O L E A N <- F A L S E ; 
a : L O N G I N T E G E R 4- O; 
c 4- S u b S t r e a m [ n , 0 ] ; 
I F c = '- O R C r = ' 4- T H E N B E G I N s i g n 4 - T R U E ; a 4- a 4- 1 ; [] 4- p . i t e m [ n ] E N D ; 
D O 

I F n . n o d e - N I L T H E N E X I T ; 
c 4- S u b S t r e a m [ n , 0 ] ; 
I F c - I N [ ' 0 . . ' 9 ] A N D c - I N [ ' a . . ' z ] A N D c - I N [ ' A . . ' Z ] A N D ( c ~ = r ' . O R ( c = ' . A N D p e r ) ) T H E N E X I T ; 
p e r 4- p e r O R c = ' . ; 
[] 4- P . l t e m [ n ] ; 
a 4- a 4- 1; 
E N D L O O P ; 

a n s 4- I F a = 0 O R s i g n A N D a = 1 T H E N F a i l E L S E S u b S t r i n g S t r e a m [ @ s , 0 , a ] ; 
E N D ; 

S p a c e R o u t i n e : P E O C E D U R E [ s y m : S y m b o l , s t r i n g : S t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] = B E G I N 
c : C H A R A C T E R ; 
c 4- S u b S t r e a m [ s t T i n g , 0 ] ; 
I F c r. ' O R c rr l O D e f s . T A B T H E N B E G I N 

a n s 4- S u b S t r i n g S t r e a m [ s t r i n g , 0 , 1 ] ; 
0 4- P . i t e m [ s t r i n g ] ; 
E N D 

E L S E a n s 4- F a i l ; 
E N D ; 

D i g i t R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , s t r i n g : S t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] r= B E G I N 

c : C H A R A C T E R ; 



c 4- S u b S t r e a m [ s t r i n g , 0 ] ; 
I F c IN rO..'9] T H E N B E G I N 

a n s 4- S u b S t r i n g S t r e a m [ s t r i n g , 0 , 1 ] ; 
0 4- P . l t e m [ s t r i n g ] ; 
E N D 

E L S E a n s ^ F a i l ; 
E N D ; * 

S m a l l L e l t e r R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , s t r i n Q : S t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] B E G I N 
c : C H A R A C T E R ; 
c 4- S u b S t r e a m [ s t r i n g , 0 ] ; 
I F c I N [ ' a . . ' z ] T H E N B E G I N 

a n s 4- S u b S t r i n g S t r e a m [ s t r i n g , 0 , 1 ] ; 
n 4- P . ! t e m [ s t r i n g ] ; 
E N D 

E L S E a n s 4- F a i l ; 
E N D ; 

B i g L e t t e r R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , s t r i n g : S t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] = B E G I N 
c : C H A R A C T E R ; 
c 4- S u b S t r e a m [ s t r i n g , 0 ] ; 
I F c IN [ ' A . . ' Z ] T H E N B E G I N 

a n s 4- S u b S t r i n g S t r e a m [ s t r i n g , 0 , 1 ] ; 
[1 4- P . i t e m r s t r i n g ] ; 
E N D 

E L S E a n s 4- F a i l ; 
E N D ; 

L e t t e r R o u t i n e : P R O C E D U R E [ s y m : S y r n b o l , s t r i n g : S t r e a m , n 2 : N o d e ] R E T U R N S [ a n s : N o d e ] = B E G I N 
c : C H A R A C T E R ; 
c 4- S u b S t f e a m [ s t r i n g , 0 ] ; 
I F c IN [ ' A . . ' Z ] O R c IN [ ' a . . ' z ] T H E N B E G I N 

a n s 4- S u b S t r i n g S t r e a m [ s t r i n g , 0 , 1 ] ; 
[] 4- P . l t e m [ s t r i n g ] ; 
E N D 

E L S E a n s 4 - F a i l ; 
E N D ; 

L e n R o u t i n e : P R O C E D U R E [ s y m : S y m b o l , s t r i n g : S t r e a m . c o u n t : N o d e ] R E T U R N S [ a n s : N o d e ] = B E G I N 
- l e n ( n ) s k i p s n c h a r s 
n , a : L O N G I N T E G E R ; 
n 4- P . M a k e l n t e g e r [ c o u n t ] ; 
a 4- L e n g i h S t r e a m [ s t r i n g ] ; 
I F a < n T H E N a n s 4- F a i l 
E L S E B E G I N 

a n s 4- S u b S t r i n g S t r e a m [ s t r i n g , 0 , n ] ; 
P . S k i p S t r e a m [ s t r i n g , n ] ; 
E N D ; 

E N D ; 

B l a n k s R o u t i n e : P R O C E D U R E [ s y m : S y m b o l . s l r i n g : S t r e a m . c o u n t : N o d e ] R E T U R N S [ a n s : N o d e ] = B E G I N 

rr: R e g i s t e r 4- P . M R S Q ; 
s : P L D e f s . S t r e a m R e c o r d 4- s t r i n g t ; 
-- b l a n k s ( n ) s k i p s n b l a n k s , f a i l s o t h e r w i s e 
n , m : L O N G I N T E G E R ; 
m 4- n 4- P . M a k e i n t e g e r [ c o u n t ] ; 
W H I L E n > 0 D O 

I F s t r i n g n o d e = N I L T H E N E X I T ; 
I F S u b S t r e a m [ s t r i n g , 0 ] - = ' T H E N E X I T ; 
[] 4- P . l t e m [ s t r i n g ] ; 
n 4- n - 1 ; 
E N D L O O P ; 

I F n > 0 T H E N a n s 4 - F a i l 
E L S E a n s 4- S u b S t r i n g S t r e a m [ @ 3 , 0 , m ] ; 
P . R R S [ r r ] ; 
E N D ; 

S t a t S e t u p : P U B L I C P R O C E D U R E = B E G I N 
- p a t t e r n r o u t i n e s 



p . l n s e r t 
P . l n s e r t 
P . l n s e r t 

4- P . l n s e r t 
4- P . l n s e r t 

P . l n s e r t 
• P . l n s e r t 

4- P . l n s e r t 
4- P . l n s e r t 
4- P . l n s e r t 

P . l n s e r t 
P . l n s e r t : 

E N D ; 

" w o r d " L , P F U N C , p a t p r o c , P L D e f s . U n b o u n d , V V o r d R o u t ; n e ] ; 
" t l l i n y " L , P F U N C , p a t p r o c , P L D e f s . U n b o u n d . T h i n g R o u t i n e ] ; 
" i n t e g e r " L , P F U N C , p a t p r o c , P L D e f s . U n b o u n d , I n t e g e r R o u t i n e ] ; 
" n u m b e r ' T , P F U N C , p a t p r o c , P L D e f s . U n b o u n d , N u m b e r R o u t i n e ] ; 
" i t e m " L , P F U N C , p a t p r o c , P L D e f s . U n b o u n d , I t e m R o u t i n e ] ; 
" d i g i f ' L , P F U N C , p a t p r o c , P L D e f s . U n b o u n d , D i g i t R o u t i n e ] ; 
" s m a l l l e t t e r ' L , P F U N C , p a t p r o c , P L D e f s . U n b o u n d , S m a l l L e l t e r R o u t i n e ] ; 
" b i g ! e t t e r " L , P F U M C , p a t p r o c , P L D e f s . U n b o u n d , B i g L e t t e r R o u t i n e ] ; 
" l e t t e r " L , P F U N C , p a t p r o c , P L D e f s . U n b o u n d , L e t t e r R o u t i n e ] ; 
" s p a c e " L , P F U N C , p t a t p r o c , P L D e f s . U n b o u n d , S p a c e R o u t i n e ] ; 
' • | e n " L , P F U N C 1 , p a t p r o c , P L D e f s . U n b o u n d , L e n R o u t i n e ] ; 
" b ! a n k s " L , P F U N C I , p a t p r o c , P L D e f s . U n b o u n d , B l a n k s R o u t i n e ] ; 

[ F a i l , M T S t , N a i l ] 4- P . G e t S p e c i a l N o d e s Q ; 
E N D . 



-- s torage.Mesa 

D i R E C T O R Y Sys temDefs :FROM " S y s t e m D e f s " , 
S to rageDefs :FROM "S to rageDe fs " ; 

Storage: P R O G R A M I M P O R T S SystemDefs E X P O R T S StorageDefs 
PUbL iC B E G I N 

A l i o c a t e : P R O C E D U R E [ s i z e : C A R D I N A L ] R E T U R N S p O I N T E R ] = 
B E G I N RETURN[Sys temDefs .A l loca teHeapNode[s ize ] ] ; E N D ; 

F r e e : P R O C E D U R E [ p : P O I N T E R ] = 
B E G I N SystemDefs .FreeHeapNode[p ] ; E N D ; 

END. 



" s tore .mesa last edited by Morris, October 3 0 , 1 9 7 8 1:34 P M 
D I R E C T O R Y 
P L D e f s : F R O M " P L D e f s " , 
VMDefs: F R O M " V M D e f s " , 
DispDefs: F R O M "D ispDe fs " , 
ImageDefs: F R O M " ImageDe fs " , 
iODefs: F R O M " l O D e f s " , 
MiscDefs: F R O M "m iscde f s " , 
Al toFi ieDefs: F R O M " Al toFi leDefs" , 
F i leSystemDefs : F R O M "F i l eSys temDe fs " , 
F i l ePaneUseDefs : F R O M " F i l e P a g e U s e D e f s " , 
Ini ineDefs: FTtOM " In i ineDefs" , 
S t feamDefs : F R O M "S t reamDe fs " , 
Sys temDefs : F R O M " S y s t e m D e f s " , 
Str ingDefs: F R O M "S t r ingDefs " , 
SegmentDefs : F R O M "Segmen tDe fs " ; 

s t o r e : P R O G R A M I M P O R T S DispDefs, MiscDefs , P .PLDe fs , Str ingDefs, Sys temDefs , VM: VMDefs, Ini ineDefs E X P O R T S P L D e f s 
B E G I N 

Node: T Y P E = PLDefs .Node; 
pNode: T Y P E = PLDefs .pNode; 
Symbol : T Y P E = PLDefs .Symbo l ; 
Register: T Y P E = PLDefs .Regis ter ; 
cdebug: B O O L E A N = PLDefs .cdebug ; 

MaxNodes: C A R D I N A L 2 5 6 * ( 6 0 / 3 ) ; - 60 pages 
nSyms: C A R D I N A L = 250; 
R S i z e : C A R D I N A L = 500; 
RS Index : C A R D I N A L ; 
sptr: C A R D I N A L ; 
P leaseGarbageCol lec t : B O O L E A N = F A L S E ; 
NeverActLial lyFree: B O O L E A N <- F A L S E ; 
NeverGarbageCol lect : B O O L E A N ^ F A L S E ; 
A lwaysGarbageCol lec t : B O O L E A N ^ F A L S E ; 

FreeL is t : Node; 
FreeCount : C A R D I N A L ; 

O F : A R R A Y PLDefs .F i le lndex O F B O O L E A N ; -- Garbage bits for Fi le ind ices 
Regis terStack: A R R A Y [ 0 . . R S i z e ] O F pNode; 
SymbolAr iay: A R R A Y [ 0 . . n S y m s ] O F PLDe fs .Symbo lReco rd ; 
NocleArray: P O I N T E R T O A R R A Y O F PLDefs .NodeRecord ; 
C h e c k O K : B O O L E A N ; 
ZeroOK: B O O L E A N ; 
Fa i lRecord : PLDefs .NodeRecord ^ [FAIL, [TRUE,TRUE„FALSE,] ,FAIL[ ] ] ; 
Fa i l : Node = ©Fa i lReco rd ; 
MTStReco rd . PLDefs .NodeRecord <- [ S T R , [ T R U E , T R U E , s i m p , F A L S E , 0 ] , S T R [ [ s i m p [ 0 , 0 ] ] ] ] ; 
MTSt : Node = © M T S t R e c o r d ; 
Nai iRecofd: PLDefs .NodeRecord [ L I S T , [ T R U E , T R U E , . F A L S E , ] , L I S T [ N i L , N I L ] ] ; 
Nail: Node = ©Na i lReco rd ; 
Undef inedRecord: PLDefs .NodeRecord ^ [UNDEFINED,[TRUE,TRUE„FALSE,],UNDEFINED[]] ; 
Undef ined: Node = ©Unde f inedRecord ; 

SaveCurmap : A R R A Y [ 0 . . 15] O F W O R D ; 
Curmap: P O I N T E R T O A R R A Y O F W O R D = L O O P H O L E [ 4 3 1 B ] ; 
cntr: C A R D I N A L ; 
oldnl: C A R D I N A L ^ 60000; - invalid val 

-- A node may disappear if it is in ones procedure f rame 
-- (in a local variable or parameter list) and user-subrout ine is cal led. 
- Nodes reachable from the symbol table, parse tree, ar îd the speci f ic 
-- Al loc call which caused the G C will be found. 
- T h u s a node need be registered only if it is a partial evaluation. 

A l l o c : P U B L I C P R O C E D U R E [ r : PLDefs .NodeRecord ] R E T U R N S [ n : Node] = B E G I N 
-- r must be a well formed NocleRecord 
IF F reeL is t = NIL O R AlwaysGarbageCol lec t T H E N GarbageCo l lec t [@r ] ; 
n ^ FreeL is t ; 
F reeL is t ^ ( L O O P H O L E [ n , P O I N T E R ] + 1) t ; 
n t r; 
n.Des.e F A L S E ; 



n.Des.b ^ F A L S E ; 
FreeCount ^ FreeCount - 1; 
SetCursorAmt[MaxNocles - F reeCount ] ; 
END; 

C h e c k N o d e : P U B L I C P R O C E D U F T E [ n : Node] = B E G I N 
p: C A R D I N A L <- LOOPl - iOLE [n ] ; 
I F c d e b u g T H E N B E G I N 

I F n = N I L T H E N P . P B u g [ " C h e c k N o d e - n i 3 N I L " L ] ; 
IF (p < L O O P H O L E [ @ N o d e A n a y [ 1 ] , C A R D I N A L ] O R LOOPHOLE[@NodeAr ray [MaxNodes -1 ] , C A R D I N A L ] < p) AND 
- C h e c k O K T H E N B E G I N 

I F n ~ = F a i l A N D n - = MTSt AND n - N a i l T H E N P .PBug [ "CheckNode - n is not valid " L ] ; 
E N D ; 

IF n.Type = Z E R O AND - Z e r o O K T H E N P . P B u g [ " C h e c k N o d e - n has type z e r o " L ] ; 
END; 

E N D ; 

C o p y T r e e : P U B L I C P R O C E D U R E [ n : Mode] R E T U R N S [ n e w : Node] = B E G I N 
new <- NIL; 
new <- AHoc[nt ] ; 
IF new.Type = S T R T H E N B E G I N 

IF new.Des .s = cat T H E N B E G I N 
rr: Register ^ M R S [ ] ; 
R [ @ n e w ] ; 
new.str.n1 <- CopyTree[new.st r .n1] ; 
new.str .n2 ^ CopyTree[new.st r .n2] ; 
R R S [ r r ] 
E N D ; 

END; 
E N D ; 

-- be sure to avoid dangling references! ! ! ! 
F r e e N o d e : P R O C E D U R E [ n : N o d e ] R E T U R N S [ B O O L E A N ] = B E G I N 
p: P O I N T E R n; 
IF n = NIL T H E N R E T U R N [ T R U E ] ; 
IF cdebug T H E N CheckNode[n ] ; 
M iscDefs .Zero [p ,S IZE[PLDefs .NodeRecord ] ] ; 
(p + 1)t <- FreeL is t ; -- this is a loophole 
FreeL is t ^ p; 
F reeCount <- F reeCount + 1 ; 
R E T U R N [ T R U E ] ; 
E N D ; 

F r e e T r e e : P U B L I C P R O C E D U R E [ n : Node] = B E G I N 
-- beware of dangling re ferences! 
- he sure n in cal ler in not registered 
- the only time this may be safely used is in n in the result of a CopyTree (Start) 
- and n in not saved in any other Node 
Postorder [n,FreeNode] ; 
E N D ; 

G a r b a g e C o l l e c t : P R O C E D U R E [ s p e c : Node] = 
B E G I N 
i: C A R D I N A L ; 
IF NeverGarbageCol lect T H E N P . P B u g [ " R a n out of node s p a c e " L ] ; 
spec.Des.g ^ F A L S E ; 
FOR i iN[1 . .MaxNodes) D O 

NodeArray[ i ] .Des.g ^ F -ALSE; 
E N D L O O P ; 

FOR i IN PLDefs .F i le lndex DO G F [ i ] ^ F A L S E E N D L O O P ; 
P.St r ingGC[] ; 
Mark[spec] ; 
IF - Never Actual lyFree T H E N B E G I N 

- this procedure builds a free list to be used by al loc 
--it recla ims storage so is dangerous 
P.DoTransfer [ ] ; 
FreeL is t <- NIL; 
FreeCount 0; 
ZeroOK ^ T R U E ; 
F O R i D E C R E A S I N G IN [1 . .MaxNodes) D O 



IF -NodeArray[ i ] .Des.g T H E N (1 ^ FreeNode[@NodeArray[ i l ] 
E L S E IF NodeAr ray [ i ]Type -~ S T R T H E N P.Transf8r [@NodeArray[ i ] ] ; 
E N D L O O P ; 

F O R i IN [1..62] DO 
IF - G F [ i ] T H E N VM.C!ose[ i ] E N D L O O P ; 

ZeroOK ^ F A L S E ; 
IF cdebug THEM D ispDefs .WFI [ " G C : %d are f r e e * n " L , F r e e C o i m t ] ; 
P .Trans fer jspec ] ; 
END; 

P .EndSt r ingGCH; 
IF F reeL is t = NIL T H E N P . R E r r [ " R a n out of node s p a c e ' T ] ; 
END; 

G a r b a g e R o u t i n e : P U B L I C P R O C E D U R E [ s : Symbol,n 1,n2: Node] R E T U R N S [ N o d e ] = B E G I N 
zary 

GarbageCol lec t [n1] ; 
R E T U R N [ N a i l ] ; 
E N D ; 

G e t C o r e : P U B L I C P R O C E D U R E [ n : C A R D I N A L ] R E T U R N S [ p : P O I N T E R ] B E G I N 
i: C A R D I N A L ; 
p <- SystemDefs.Ai locateSegment [n] ; 
i <- Sys temDefs .SegmentS ize [p ] ; 
IF cdebug T H E N DispDefs .WF2["Wanted %d, got % d * n " L . n , i ] ; 
I F ! < n T H E N P .PBug [ "Ou t of c o r e " L ] ; 
END; 

G e t S p e c i a l N o d e s : P U B L I C P R O C E D U R E RETURNS[Node ,Node ,Node ] = B E G I N 
RETURN[Fa i l ,MTSt ,Na i l ] ; 
END; 

I n d e x N o d e : P U B L I C P R O C E D U R E [ n : Node] R E T U R N S [i: C A R D I N A L ] = B E G I N 
F O R i IN [1..MaxNodes) DO 

IF n = @NodeArray[ i ] T H E N R E T U R N [ i ] ; 
E N D L O O P ; 

R E T U R N [0]; 
END; 

I n s e r t : P U B L I C P R O C E D U R E [ 
n: STRING, tok : PLDe fs .TokType , t: P L D e f s . S T y p e , 
p i : P R O C E D U R E Symibol,Node,Node] R E T U R N S [ N o d e ] , 
p2: P R O C E D U R E [ S y m b o l . P L D e f s . S t r e a m , N o d e ] R E T U R N S [ N o d e ] ] 

R E T U R N S [ s : Symbol ] = B E G I N 
-- these are never freed 
sym: S T R I N G -̂ SystemDefs.AHocateHeapStr ing[n. length] ; 
Str ingDefs. AppendStr ing[sym,n] ; 
SymbolArray[sptr ] ^ IF t = proc T H E N [sym,tok,proc,proc[p1]] 

E L S E I F t = patproc T H E N [sym,tok,patpfOC,patproc[p2]] 
E L S E [sym,tok,str ing,str ing[Undefined]]; 

s <- © S y m b o l Array [sptr]; 
sptr ^ sptr + 1 ; 
IF sptr > nSyms T H E N P . S E r r [ " T o o many symbol table e n t r i e s ' T ] ; 
R E T U R N [ s ] ; 
END; 

L o o k u p : P U B L I C P R O C E D U R E [ s : S T R I N G ] R E T U R N S [ S y m b o l ] = B E G I N 
i: C A R D I N A L ; 
F O R i IN [1..sptr) DO 

IFStr ingDefs.Equa!St r ing[SymbolArray[ i ] .name,s] T H E N RETURNr@Symbo lA r ray [ i ] ] ; 
E N D L O O P ; 

R E T U R N [ N i L ] ; 
END; 

Mark : P R O C E D U R E [ s p e c : Mode] - B E G I N 
i: C A R D I N A L ; 
f: Node; 
-- this procedure marks all access ib le nodes 
-- it looks at all nodes in the symbol table and all nodes in the Regis terStack 
-- a node not in one of those two p laces will be unmarked 
- spec is a spec ia l node, usually in a s tack f rame 
MT: P F ^ O C E D U R E [ n : Node] R E T U R N S [ B O O L E A N ] =̂  B E G I N 



IF n.Des.g T H E N R E T U R N [ F A L S E ] ; 
n.Des.g ^ T R U E ; 
IF n.Type:::: S T R AND n.Des.s = simp T H E N 

B E G I N 
IF n.Des.fi - 0 T H E N P.LayOutBi ts [n ] ; 
GF[n.Des. f i ] ^ T R U E ; 
E N D ; 

R E T U R N [ T R U E ] ; 
END; 

I F c d e b u g T H E N D ispDefs .WFI ["Marking, %d registered, " L , R S I n d e x - 1 ] ; 
C h e c k O K ^ T R U E ; 
Preorder [spec,MT] ; 
C h e c k O K <~ F A L S E ; 
F O R UN [ L . sp t r ) DO 

IF SymbolArray[ i ] . type = string T H E N Preorder[SymbolArray[ i ] .val ,MT]; 
E N D L O O P ; 

F O R i IN [ I.. R S I n d e x ) DO 
Preorder [Regis terStack[ i ] t .MT] ; 
E N D L O O P ; 

IF - c d e b u g T H E N R E T U R N ; 
-- now check free list 
f <r FreeL is t ; 
W H I L E f - = NIL DO 

I F f . D e s . g T H E N D ispDefs .WFI ["Marked but on free list % b * n " L , f ] ; 
f ^ { L O O P H O L E [ f , P O I N T E R ] + 1) t ; 
E N D L O O P ; 

E N D ; 

M R S : P U B L I C P R O C E D U R E R E T U R N S [ R e g i s t e r ] = B E G I N 
R E T U R N [ R S I n d e x ] ; 
E N D ; 

N o n Z e r o : P R O C E D U R E [ p : P O I N T E R , m: C A R D I N A L ] R E T U R N S [ B O O L E A N ] - B E G I N 
i: C A R D I N A L ; 
F O R i IN [0..m) DO 

IF (p + i)t - = 0 T H E N R E T U R N [ T R U E ] ; 
E N D L O O P ; 

R E T U R N [ F A L S E ] ; 
E N D ; 

P a r s e T r e e : P U B L I C P R O C E D U R E [ t o p : N o d e ] = B E G I N 
i: C A R D I N A L ; 
Preorder[ top,PN]; 
F O R I IN [L .sp t r ) DO 

IF SymbolArray[ i j . type - = string T H E N L O O P ; 
D ispDefs .WFI [ "%-10s: *n " L,Symbol Array[i ] .name]; 
E N D L O O P ; 

END; 

P N : P R O C E D U R E [ n : Node] R E T U R N S [ B O O L E A N ] = B E G I N 
D ispDefs .WFI [ " % n * n " L , n ] ; 
R E T U R N [ T R U E ] ; 
E N D ; 

P o s t o r d e r : P U B L I C P R O C E D U R E [ n : Node.p: P R O C E D U R E [ N o d e ] R E T U R N S [ B O O L E A N ] ] = B E G I N 
- this proc appl ies p recursively to node n and in postorder all nodes access ib le from it 
-- p's return value is ignored 
I F n = NIL T H E N R E T U R N ; 
IF cdebug T H E N CheckMode[n] ; 
S E L E C T n.Type F R O M 
Z A R Y , F A I L , I D , P F U N C , W I L D , H O L E => NULL ; 
S T R r = > IF n.Des.s = cat T H E N B E G I N Po3torder[n.str.n1 ,p]; Postorder[n.str.n2,p] END; 
U N A R Y Postorder[n.uexp,p] ; 
P F U N C 1 :=> Postorder[n.pexp,p] ; 
S E Q O F , S E Q O F C = > Poslorder[n.seqof ,p]; 
O P T =>Postorder[n.opt,p] ; 
D E L E T E => Postorder[n.de}ete,p]; 
P A T T E R N = > Postorder[n.pattern,p]; 
L I S T B E G I N Postorder[n.! isthead,p]; Postorder[n.l lsttaii,p] END; 
C A T . C A T L => B E G I N Postorder[n.left.p]; Postorder[n.right,p] END; 
M A T C H =:> B E G I N Postorder[n.div,p]; Postorder[n.patt,p] E N D ; 
P A L T => B E G I N Postorder[n.alt1 ,p]; Postorder[n.alt2,p] E N D ; 



A P P L Y , M A P P L Y , G O B B L E . I T E R - > B E G I N Postorder[n.object.p] ; Postorder[n.target,p] E N D ; 
F C N > B E G I N Postorder[n.parms,pl ; Postorder[rufcn,p] E N D ; 
A S S - > B E G I N Postorder[n.!hs,p]; Postorder[n.rhs.p] END; 
P R O G => B E G I N Postorder[n.prQg1,p]; PostGrder[n.prog2,nl E N D ; 
S E Q U E N C E . E Q U A L =:> B E G I N F^ostorder[n.from,p]; P o s t o r d e r ^ . t c p ] E N D ; 
P L U S . M I N U S ^ > B E G I N Postordor[n.arg1 ,p]; Po3torder[n.arg2,p] END; 
T I L D E => F^ostorder[n.not,p1; 
E N D C A S E - > P .PBug [ "Unknown v a r i a r t f L ] ; 
[1 - P [n ] ; 
E N D ; 

P r e o r d e r : P U B L I C P R O C E D U R E [ n : Node,p: PF^OCEDUREfNode ] R E T U R N S [ B O O L E A N ] ] = B E G I N 
-- this proc appl ies p recursively to node n and in preorder ail nodes access ib le from it 
-- if p returns fa lse node n's descendan ts are not searched 
DO 
I F n = NIL T H E M R E T U R N ; 
IF cdebug TF IEN CheckNode[n ] ; 
! F - p [ n ] T H E N R E T U R N ; 
S E L E C T n.Type F R O M 
Z A R Y , F A ! L , I D , P F U N C , W I L D , H O L E , U N D E F I M E D n-_> R E T U R N ; 
S T R => IF n.Des.s = ca t T H E N B E G I N 

Preorder [n .s t r .n l ,p ] ; 
n ^ n.str.n2; 
END 

E L S E R E T U R N ; 
U N A R Y , P F U N C 1 => n n.uexp; 
S£QOF,SEQOFC.OPT,DELETE,PATTERN,TILDE = > n ^ n.seqof; 
I J S T . C A T . C w V F L . M A T C H . P A L T , A P P L Y A ' I A P P L Y , G O B B L E , I T E R , F C k L A S S , P R O G , S E Q U E N C E , P L U S , M I N U S , C L O S U R E . E N V , F . Q ^ ^ 
B E G I N 

Preorder[n. l isthead,p]; 
n <r n.listtail; 
END; 

E N D C A S E => P .PBug [ "Unknown var ian t " ] ; 
E N D L O O P ; 
END; 

R: P U B L I C P R O C E D U R E [ n : pNode] = B E G I N 
Reg is te rS tack [RSIndex ] <- n; 
R S I n d e x ^ R S I n d e x + 1 ; 
IF R S I n d e x > R S i z e T H E N P.REr r [ " In te rna l overflow - register s t a c k " L ] ; 
END; 

R e s e t C u r s o r : P U B L I C P R O C E D U R E = B E G I N 
i: C A R D I N A L ; 
oidnl ^ 60000; -- invalid val 
F O R i l N [0..15] DO 

Curmap[ i ] <- SaveCurmap[ i ] ; 
E N D L O O P ; 

END; 

R R S : P U B L I C P R O C E D U R E [ : : Register ] = B E G I N 
R S I n d e x r; 
END; 

R 2 : P U B L I C P R O C E D U R E [ n 1 ,n2: pNode] = B E G I N 
Reg is te rS tack [RSIndex ] ^ n 1 ; 
Reg is te rS tack [RS index + 1] ^ n2; 
RS Index ^ R S I n d e x + 2; 
IF R S I n d e x > = R S i z e T H E N P.RErr [" Internal overf low - register s t a c k " L ] ; 
END; 

R 3 : P U B L I C P R O C E D U R E [ n 1 , n 2 , n 3 : p N o d e ] = B E G I N 
F^egisterStack[RSIndex] ^ n l ; 
Reg is te rS tack [RS index + 1] e n2; 
Reg is te rS tack fRSIndex + 2] ^ n3; 
R S I n d e x ^ R S I n d e x + 3 ; 
IF R S I n d e x > =: R S i z e T H E N P.RErT[" ln terna l overflow - register s t a c k " L ] ; 
E N D ; 

S e t C u r s o r A m t : P R O C E D U R E [ v a i : C A R D I N A L ] r: B E G I N 
nl,i: C A R D I N A L ; 
nl ^ (val + (MaxNodes /28 ) ) / (MaxNodes /14 ) ; 



IF oldn! = nl T H E N R E T U R N ; 
oldnl nl; 
Curmap[0] ^ Curmap[15] MT717B\ 
F O R I IN [ I . .14] DO 

Curmap[ i ] ^ IF (14-1) < nl T H E N 
!n l ineDefs .BITOR[Curmap[ i ] ,107777B] 
E L S E ln l ineDefs .BITAND[Curmap[ i ] ,1740018] ; 

E N D L O O P ; 
END; 

C A R D l N A L F r o m L I : P R O C E D U R E [ x : L O N G I N T E G E R ] R E T U R N S [ C A R D I N A L ] B E G I N 
t: RECORD[lovv/, high: C A R D I N A L ] = L O O P H O L E [ x ] ; 
RETURN[t.lov>/]; 
END; 

S n a p R o u t i n e : P R O C E D U R E [ s : Symbol,n1,n2: Node] R E T U R N S [ N o d e ] = B E G I N 
SnapSho t [ ] ; 
R E T U R N [ N a i l ] ; 
END; 

S n a p s h o t : P U B L I C P R O C E D U R E = B E G I N 
f: Node; 
i: C A R D I N A L ^ 0; 
j : C A R D I N A L ; 
n: P O I N T E R ; 
f <r F reeL is t ; 
W H I L E f - = NIL DO 

i i + 1 ; 

IF NonZero[p + 2 ,S IZE[PLDefs .NodeRecord ] -2 ] T H E N D ispDe fs .WFI [ " Is non zero % b B * 
f ^ (p + 1)t; 
E N D L O O P ; 

D ispDefs .WF2[ "Out of %d, %d are on free l i s t *n "L ,MaxNodes-1 ,i]; 
Mark[NIL] ; 
i <-0; 
F O R ] IN [1..MaxNodes) DO 

IF NodeArray[ j ] .Des.g T H E N i i + 1 ; 
E N D L O O P ; 

D ispDefs .WF2[ "%d marked*nVM file s ize = %d by tes *n "L , i , P.GetSin [ ] ] ; 
END; 

S t o r e C l e a n u p : P U B L I C P R O C E D U R E = B E G I N 
s : S T R I N G ; 
i: C A R D I N A L ; 
F O R i IN [L . sp t r ) DO 

s <- SymbolAi ray[ i ] .name; 
I P s - - NIL T H E N Sys temDefs .FreeHeapSt r ing [s ] ; 
E N D L O O P ; 

P .Rese tCursor [ ] ; 
END; 

S t o r e R e s e t : P U B L I C P R O C E D U R E = B E G I N 
R S I n d e x ^ 1 ; 
END; 

S t o r e S e t u p : P U B L I C P R O C E D U R E = B E G I N 
p :POINTER; 
i: C A R D I N A L ; 
S to reReset [ ] ; 
sptr <- 1; 
F reeL is t NIL; 
FreeCount ^ MaxNodes; 
F O R i D E C R E A S I N G IN [1 .. MaxNodes) DO 

p ^ @NodeArray [ i ] ; 
M iscDefs .Zero [p ,S IZE[PLDefs .NodeRecord ] ] ; 
(p + 1 ) t F reeL is t ; -- this is a loophole 
FreeL is t p; 
E N D L O O P ; 

] <- l nse r t [ " snap"L ,ZARY,p roc ,SnapRou t i ne ,PLDe fs .Unbound ] ; 
] ^ l nse r l [ " ga rbaQe"L ,ZARY,p rocGarbageRou t i ne ,PLDe fs .Unbound ] ; 
1 l nse r t [ " symbo l "L ,ZARY,p rocSymbo IRou t i ne ,PLDe fs .Unbound ] ; 

SetCursorAmt [0 ] ; 



Curmap[0] Curmap[16] ^ MTI11B\ 
F O R i IN [1..14] DO 

Curmap[ i ] 104001B; 
E N D L O O P ; 

C h e c k O K ^ Ze roOK ^ F A L S E ; 
E N D ; 

S y m b o l R o u t i n e : P U B L I C P R O C E D U R E [ s : Symbo l .n l .n2: Node] R E T U R N S [ a n s : N o d e ] = B E G I N 
-- zary 
t: P L D e f s . S T y p e ; 
n: Node ^ NIL; 
i: C A R D I N A L ; 
rr: Register P . M R S [ ] ; 
ans <- Nail; 
P . R 2 [ @ a n s , @ n ] ; 
F O R i l N [L . sp t r ) DO 

t ^ SymbolArray[ i ] . type; 
IF t - = string T H E N L O O P ; 
n <- P .MakeSTR[SymbolAr ray [ i ] .name] ; 
ans ^ P.AIIoc[ [LIST„LIST[n,ans]] ] ; 
E N D L O O P ; 

P . R R S [ r r ] ; 
END; 

NodeArray <- P.GetCore[MaxNodes * S !ZE [PLDe fs .NodeReco rd ] ] ; 
F O R cntr IN [0..15] DO 

SaveCurmap[cn t r ] <- Curmap[cnt r ] ; 
E N D L O O P ; 

E N D . 



D I R E C T O R Y 
VMDefs: F R O M " V M D e f s " . 
P L D e f s : F R O M " P L D e f s " , 
DispDefs: F R O M " D i s p D e f s " , 
lODefs: F R O M " ( O D e f s " , 
Ini ineDefs: F R O M " In i ineDefs" , 
MiscDefs : F R O M " M i s c D e f s " , 
Sys temDefs : F R O M " S y s t e m D e f s " ; 

string: P R O G R A M I M P O R T S VM: VMDefs, DispDefs, P :PLD8 fs , Sys temDefs , MiscDefs, Ini ineDefs E X P O R T S P L D e f s = B E G I N 

Node: T Y P E = PLDefs .Node; 
Symbol : T Y P E = PLDefs .Symbo l ; 
Str ing: T Y P E := PLDefs .S t r ing ; 
St ream: T Y P E PLDefs .S t ream; 
Register : T Y P E - PLDefs .Regis ter ; 
L o n g C A R D I N A L : T Y P E = In l ineDefs .LongCARDINAL; 
cdebug: B O O L E A N PLDefs .cdebug ; 

Str ingSize: L O N G I N T E G E R 177777B; 
s in : C A R D I N A L ; 
Bit: A R R A Y [ 0 . . 15] O F C A R D I N A L rr [ 
1B ,2B ,4B ,10B ,20B .40B , 1008,2008, 
400B,1000B,2000B, ' iOOOB,10000B,20000B,40000B,100000B] ; 
St i inqBitMap: P O I N T E R T O A R R A Y O F C A R D I N A L ; 
RangeSi / .e : C A R D I N A L = 384; 
Range : P O I N T E R T O A R R A Y [ 0 . . R a n g e S i z e ) O F R a n g e R e c o r d ; 
R a n g e R e c o r d : T Y P E =: R E C O R D [ 

old,new: C A R D I N A L 
] ; 

inx: C A R D I N A L ; 
S l r ingGarbageCoi lec t : B O O L E A N ^ T R U E ; 
St r ingChanged: B O O L E A N ; 
MinFi ieStr ingSize: C A R D I N A L = 256; 
Mir iCatSize: C A R D I N A L =-- 100; 
MinCoerceSize : C A R D I N A L = 100; 
LayMax: C A R D I N A L ; 
Dof: PLDe fs .DesReco rd = [ F A L S E , F A L S E , s imp, F A L S E . 0 ] ; -defau l t 
- one may not assume that for cat S T R s n l is of non-zero length; it may be empty 
MTSt: Node; 

AppendDigits: P R O C E D U R E [of: L O N G I N T E G E R ] = 
-- of will be non-ncg 
B E G I N 
ii: L O N G I N T E G E R ; 
Check [1 ] ; 
I F o f < 1 0 T H E N 

B E G I N 
VM.SetSChar[s in,0,VM.Cardinal [of ] + '0 ] ; 
s in s in + 1 ; 
R E T U R N ; 
END; 

AppendDjgi ts[Gf/10]; 
ii of - ( {of710)* 10); 
VM.vSetSChar[.sin,0,VM.Car-dinal[ii] + '0 ] ; 
sin sin -f- 1 ; 
END; 

Check : P R O C E D U R E [ i : L O N G I N T E G E R ] = B E G I N 
-- There is s p a c e for i more cha rs in VMFile 
IF sin -H i > = St r ingSize T HEN P . R E r r [ " T o o many str ings in memory for p rog ram"L ] ; 
END; 

Coe rce : P U B L I C P R O C E D U R E [ n : Node] R E T U R N S [ a n 3 : Node] = B E G I N 
- n is a S T R - make su re it is represented a s a simple string in memory 
- i.e., convert from file or cat to simp 
rr: Register; 
ns : PLDefs .S t reamRecord ; 
ii: L O N G I N T E G E R ; 
j ,m: C A R D I N A L ; 
I F n = NIL OR n.Type - rr S T R T H E N P . P B u g [ " c o e r c e wants s t r i ng "L ] ; 
IF n.Des.s = s imp AND n.Des.fi =0 T H E N R E T U R N [ n ] ; 



rr ^ P .MRSO; 
ii -̂ P .Leng ih [n ] ; 
Check [ i i ] ; 
ns ^ NewStream[n] ; 
P .R [@ns .node ] ; 
m VM.Cardinal [ i i ] ; 
F O R j IN [0..m) DO 

VM.Se tSChar [s in + j , 0, ! tem[@ns] ] ; 
E N D L O O P ; 

ans ^ P.A i loc [ [STR,Def ,STR[ [s imp[3 in ,m] ] ] ] ] ; 
sin ^ s in + m; 
St r ingChanged ^ T R U E ; 
P . R R S [ r r ] ; 
E N D ; 

Fi leRout ine: P U B L I C P R O C E D U R E [ s : Symbol ,name,n2: Node] R E T U R N S [ N o d e ] ^ B E G I N 
RETURN[CommonF i leRo i i t i ne [name, F A L S E ] ] ; 
END; 

CFi leRoLit ine: P U B L I C P R O C E D U R E [ s : Symbol ,name,n2: Node] R E T U R N S [ N o d e ] = B E G I N 
RETURN[ComrnonF i !eRout ine [name, T R U E ] ] ; 
END; 

CommonFi leRout ine: P R O C E D U R E [ n a m e : Node, c o e r c e : F 3 0 0 L E A N ] R E T U R N S [ a n s : N o d e ] = B E G I N 
fname: S T R I N G [100]; 
rr: Register P .MRS[ ] ; 
fi: PLDefs .F i le lndex; 
len: L O N G I N T E G E R ; 
IF name = NIL O R name.Type - = S T R T H E N P . R E r r [ " F i l e name must be s t r i ng "L ] ; 
IF P.Leng lh [name] > 100 T H E N P . R E r r [ " F i l e name too long (>100)"L ] ; 
ans <r NIL; 
P . R [ @ a n s ] ; 
MakeString[f name,name] ; 
[fi, len] <- VM.Open[fname]; 
IF fi rr 0 T H E N ans ^ P.AI Ioc [ [FAiL , .FAIL[ ] ] ] 
E L S E IF len>177777B T H E N P . R E r r [ " F i l e to big (>64K bytes) " ] 
E L S E B E G I N 

ans ^ P.AI Ioc[ [STR.[ , ,s imp, , f i ] ,STR[[s imp[0,VM.Cardinal [ len] ] ] ] ] ] ; 
IF coerce O R ans.str. length < M inCoerceS ize T H E N ans ^ P .Coerce [ans ] ; 
E N D ; 

P . R R S [ r r ] ; 
END; 

Item: P U B L I C P R O C E D U R E [ s : Stream] R E T U R N S [ c : C H A R A C T E R ] = B E G I N 
" the string in s must have been l inearized!!! 
-- i.e. at worst, it is a right linear tree of cat nodes. 
IF s.node = NIL T H E N R E T U R N [ O C ] ; 
c s.buff [s.cp]; 
s.cp<"S.cp + 1 ; 
IF s .cp = s.len T H E N LoadBuf f [s ] ; 
END; 

LoadBuff : P U B L I C P R O C E D U R E [ s : St ream] = 
B E G I N 
n: Node <- s.node; 
slength.bite: C A R D I N A L ; 
W H I L E n.Des.s = cat DO - i te ra te only to d iscard empty str ings 

IF s.posn # n.str.nl .str.length T H E N 
B E G I N n^n .s t r . n l ; E X I T E N D ; 

s.node<-n+-n.str.n2; 
s.posn <- 0; 
E N D L O O P ; 

- n is simp 
slength^n.str . length; 
IF s.posn = siength T H E N - n must have been sirnp at start 

s.node<-NIL 
- now old nodes have be throv/n away if necessa ry 
- siength is s ize of n 
E L S E B E G I N 

bite MIN[slengtfvs.posn, P L D e f s . S B S i z e ] ; 
s .cp ^ P L D e f s . S B S i z e ; -- pretending it's a str ing 
VM.GetStr ing[n.str.start +s .posn, bite, n.Des.fi, L O O P H O L E [ s ] ] ; 



s.posn <-s.posn + bite; 
s.cp<-0; 
END; 

END; 

Makelnteger: P U B L I C P R O C E D U R E [ n : Node] R E T U R N S [ c n L L O N G I N T E G E R ] = B E G I N 
! , ] : C A R D I N A L ; 
a.b: L O N G I N T E G E R ; 
s : Str ing; 
wk: S T R I N G ^ [20]; 
IF n.Type - = S T R T H E N P .REr r [ "Expec t i ng integer a s a s t r ing"L ] ; 
i FP .Leng th [n ] = 0 T H E N P .REr r [ "S t r i ng is not a number "L ] ; 
IF P.Lengthfn] >20 T H E N P .REr r [ "Number too big (>20 d ig i ts ) "L ] ; 
s <- @n.str ; 
j ^ O ; 
cnt <- 0; 
IF n .Des.s = s imp T H E N B E G I N 

VM.GetString[s.3tart,s. lengtl i ,n.Des.f i ,wk]; 
I F w k [ 0 ] = ' - T H E N ] <r 1; 
F O R i IN [j..s.length) DO 

IF wk[i ] - I N ['0..'9] T H E N P .REr r [ "S t r i ng is not a number "L ] ; 
cnt ^ cnt *10 + (wk[ i ] - '0); 
E N D L O O P ; 

END 
E L S E IF n.Des.s = cat T H E N B E G I N 

a ^ Makelnteger[s.n 1]; 
b ^ Makelnteger[s.n2] ; 
T H R O U G H [ 1 . .VM.Cardinal [P.Length[s.n2]] ] DO 

a *- a * 10; 
E N D L O O P ; 

cnt ^ a + b; 
END 

E L S E P .PBug [ "unknown v a r i a n f ' L ] ; 
I F ) = 1 T H E N cnt ^ -cnt; 
E N D ; 

MakeNUM: P U B L I C P R O C E D U R E [ i : L O N G I N T E G E R ] R E T U R N S [n: Node] = 
B E G I N 
rr: Register; 
n <r P .AI Ioc [ [STR,Def ,STR[ [s imp[s in , 0] ] ] ] ] ; 
n.str.start ^ s in ; -- shoudn' t be necesary , G O bug 
rr ^ P .MRS[ ] ; 
P . R [ @ n ] ; 
I F i < O T H E N B E G I N 

i <- - i ; 
VM.SetSChar [s in , 0 , ' - ] ; 
s in ^ s in -f- 1 ; 
END; 

AppendDigits[ i ] ; 
n.str.length ^ sin - n.str.start; 
St r ingChanged <- T R U E ; 
P . R R S [ r r ] ; 
END; 

M a k e S T R : P U B L I C P R O C E D U R E [ s : S T R I N G ] R E T U R N S [ n : N o d e ] = B E G I N 
IF s.length = 0 T H E N R E T U R N [ M T S t ] ; 
Check[s . !ength ] ; 
VM.SetStr ing[s in, 0, s ] ; 
n <- P.AI loc [ [STR,Def ,STR[ [s imp[s in ,s . length] ] ] ] ] ; 
s in <- s in + s. length; 
St r ingChanged ^ T R U E ; 
E N D ; 

MakeStr ing: P U B L I C P R O C E D U R E [ s : S T R I N G . n : Node] = B E G I N 
i: C A R D I N A L ^ 0; 
ns : PLDe fs .S t reamRecord ; 
rr: Register ^ P .MRS[ ] ; 
ns <- P.NewStream[n] ; 
P .R [@ns .node ] ; 
W H I L E ns.node - = NIL DO 

IF i > = s.maxlength T H E N P .REr r [ "S t r i ng too big for makes t r ing"L ] ; 
s[ i ] ^ P. l tem[@ns] ; 



i ^ i + 1 ; 
E N D L O O P ; 

s.length i; 
P . R R S [ r r ] ; 
END; 

NewStream: P U B L I C P R O C E D U R E [ n : Mode] R E T U R N S [ s : PLDe fs .S t reamRecord ] = B E G I N 
-- assume S T R w / c a t node is non-empty 
- the value returned node must be registered by cal ler : 
IF n = NIL OR n.Type - = S T R T H E N P .PBuq [ "NewSt ream expec ts a S T R " L ] ; 
IF n.Des.s - cat AND P.Length[n] = 0 T H E N n NIL 
E L S E IF - n . D e s . b T H E N [n,] ^ P . L i n e a r S T R [ n ] ; 
s ^ [ len: 0, cp: 0, buff:, node: n, posn: 0 ] ; 
LoadBu f f [@s ] ; 
END; 

S impConcat : P R O C E D U R E [ i , j : Node] R E T U R N S [n: Node] - B E G I N 
- i, j are S T R s , i .Des.s = simp AND j .Des .s = simp 
a, in: C A R D I N A L ; 
s : Str ing; 
g,h: C A R D I N A L ; 
g <- i.str.length; 
h ^ j.str. length; 
I F g = O T H E N R E T U R N [ j ] ; 
I F h = O T H E N R E T U R N [ i ] ; 
a j.str.start + g; 
IF i.Des.fi Des.fi AND a =̂  j.str.start T H E N 

n <- P.Al iGc[[STR,[ , ,s imp,, ] .Des.f i ] ,STR[[s imp[ i .str .start ,g -4-h]]]]] 
E L S E IF i.Des.fi - 0 AND a = sin AND h<MinCatSize T H E N - c a n just bang onto end 

B E G I N 
- too smal l , make a new S T R 
wk: S T R I N G = SystemDefs.Ai locateHeapStr ing[h] ; 
B E G I N E N A B L E UNWIND > Sys temDefs .FreeHeapSt r ing [wk] ; 
Check [h ] ; 
s ©j .s t r ; 
VM.GetString[s.start,h, j Des.f i .wk]; 
VM.SetSt r ing[s in ,0 , wk ] ; 
sin ^ s in - I - h; 
St r ingChanged ^ T R U E ; 
n ^ P.AIIoc[[STR,Def,vSTR[[simp[i .str .start ,g-J-h]] ] ] ] ; 
SystemDefs .FreeHeapStr ing[wk] ; 
END; 
END 

E L S E IF g -r h < MinCatSize T H E N B E G I N 
too smal l , make a new S T R 

wk: S T R I N G r= SystemDefs.Al locatekleapStr ing[MAX[g,h] ] ; 
B E G I N E N A B L E UNWIND = > Sys temDefs .FreeHeapSt r ing [wk] ; 
Check [g + h ] ; 
in ^ s in ; 
s @i.str; 
VM.GetString[3.start,g, i .Des.f i .wk]; 
VM.SetStr ing[s in ,0 , wk ] ; 
sin ^ s in -f- g; 
8 ^ @j.str; 
VM.GelStf ing[s.start ,h, j .Des.f i .wk]; 
VM.SetStr ing[s in, 0, wk ] ; 
s in <- s in + h; 
St r ingChanged ^ T R U E ; 
n <- P.A i loc [ [STR,Def ,STR[ [s imp[ in ,s in- in ] ] ] ] ] ; 
SystemDefs.FreeHeapStr ing[vyk] ; 
END; 
END 

E L S E n ^ P.Ai loc[ [STR,[ „cat „ ] ,STR[[cat [ i , j ] ] ] ] ] ; 
E N D ; 

Sk ipSt ream: P U B L I C P R O C E D U R E [ s : S t r e a m , i n x : L O N G I N T E G E R ] B E G I N 
n: Node; 
ii: L O N G I N T E G E R ; 
- d iscard buffer 
s.posn ^ s.posn - (s . len-s.cp) ; 
s .cp <- s. len <~ 0; 
W H I L E s.node - NIL D O 



n <- s.node; 
IF n.Des.s = simp T H E N B E G I N 

ii «- n.str.length; 
s.posn <- s.posn + VM.Cardinal [ inx] ; 
IF s.posn > ii T H E N P .PBug [ "bad str ing length s k i p " L ] ; 
IF s.posn ~ ii T H E N s.node ^ NIL; 
R E T U R N ; 
END 

E L S E IF n.Des.s = cat T H E N B E G I N 
ii <r P.Lenglh[n.str .n1] ; 
IF s.posn + i n x > r r ii T H E N B E G I N 

inx <~ inx - ( i i -s.posn); 
s.posn <r 0; 
s.node s.node.str.n2; 
E N D 

E L S E B E G I N 
s.posn ^ s.posn + VM.Cardinal [ inx] ; 
R E T U R N ; 
E N D 

E N D 
E L , S E P .PBug [ "unknown str type - sk ips t ream"L ] ; 
E N D L O O P ; 

IF inx > 0 T H E N P .PBug [ " sk ip past e n d " L ] ; 
LoadBuf f [s ] ; 
E N D ; 

St r ingConcat : P U B L I C P R O C E D U R E ^ , j : Node] R E T U R N S [n: Node] ^ B E G I N 
I F i . T y p e # S T R OR j . T y p e S T R T H E N P . P B u g [ " B a d c o n c a F ' L ] ; 
- try to avoid making C A T node 
IF i .Des.s = s imp T H E N 

B E G I N 
IF j .Des .s = sirnp T H E N RETURN[S impConca t [ i , j ] ] ; 
IF j .s t r .n l .Des.s = s imp AND 

j.str.length + j .s t r .n l .s t r . lengt lKMinCatSize T H E N 
R£TURN[P.AI !oc[ [STR.[ „cat , . ] , 

STR[ [ ca t [S impConca t [ i , j .str.n1], j .str.n2]]]] ] ] ; 
END; 

IF j .Des .s = s imp T H E N 
B E G I N 
-- i .Des.s = ca t 
IF i .str.n2.Des.s = s imp AND 

j.str.length + i.str.n2.str.!ength<MinCatSize T H E N 
RETURN[P.AI Ioc[ [STR, [ „cat „ ] , 

STR[ [ca t [ i . s t r .n1 , SimpConcat [ i .s t r .n2, j ] ] ] ] ] ] ] ; 
END; 

RETURN[P.AI Ioc[ [STR,[ „cat„ ] ,STR[[cat [ i , j ] ] ] ] ] ] ; 
E N D ; 

Sub : P U B L I C P R O C E D U R E [ n : Node.inx: L O N G I N T E G E R ] R E T U R N S [ C H A R A C T E R ] = B E G I N 
i: C A R D I N A L ; 
len: L O N G I N T E G E R ; 
DO 

IF n - NIL O R n.Type - = S T R O R inx < 0 T H E N P .PBug [ "bad s u b " L ] ; 
IF n.Des.s = simp T H E N B E G I N 

IF inx > = n.str.length T H E N P . R E r r [ " b a d length - s u b " L ] ; 
i <- VM.Cardinai [ inx] ; 
RETURN[VM.GetSChar [n .s t r . s ta r t + i, n.Des.fi]]; 
END 

E L S E IF n.Des.s - cat T H E N B E G I N 
len ^ P.Length[n.str .n1]; 
-- recurs ion 
IF len > inx T H E N n <- n.str.n l 
E L S E B E G I N 

n ^ n.str.n2; 
inx ^ inx - len; 
E N D ; 

END 
E L S E P.PBug[" inva l id s t r " L ] ; 
E N D L O O P ; 

END; 

Subs t r ing : P U B L I C P R O C E D U R E [ n : Node, ii, j j: L O N G I N T E G E R ] R E T U R N S [ans: Node] = 



B E G I N 
-- ii if the first char , is the last char returned 
rr: Register P .MRS[ ] ; 
n s 1 , ns2 : Node ^ NIL; 
str: Str ing; 
P . R 2 [ @ n s 1 , @ n s 2 ] ; 
s t r @ n . s t r ; 
I F i i > r : ] j T H E N a n s < - M T S t 
E L S E IF ii = 0 AND P.Length[n] :r jj T H E N ans <- n 
E L S E IF n.Des.s - s imp T H E N B E G I N 

i, j: C A R D I N A L ; 
i ^ VM.Cardinal[ i i ] ; 
j <- VM.Carclinal[ j j ] ; 
IF j > str.length T H E N P .PBug [ "SubS t r i ng out of b o u n d s " L ] ; 
ans <-P.AIloc[[STR,[,,simp„n.Des.f i ] ,STR[[simp[str.start +1, j- i ] ] ] ] ] ; 
-- d isable this for a whi le 

IF F A L S E AND ans.Des.f i # 0 AND ans.str. length<MinFileStr ingSize T H E N 
B E G I N 
wk: S T R I N G ^ [256] ; 
VM.GetStr ing[ans.str .start , ans.str. length, n.Des.fi, wk ] ; 
Check[ans.st r . length] ; 
VM.SetStr ing[s in, 0, wk ] ; 
ans.Des.f i <-0; 
ans.str .start *• s in ; 
s in ^ sin + ans.str. length; 
St r ingChanged <- T R U E ; 
E N D ; 

E N D 
E L S E IF n.Des.s = ca t T H E N 

B E G I N 
kk: L O N G I N T E G E R ^ P.Length[str .n1] ; 
IF kk < = ii T H E N ans SubString[str.n2,i i -kk, j j -kk] 
E L S E IF jj<kk T H E N ans ^ SubStr ing[s t r .n1, ii, jj] 
E L S E B E G I N 

ns1 ^ SubStr ing[str .n1, i i ,kk]; 
ns2 SubStr ing[str .n2,0, j j -kk]; 
a n s ^ P .S t r ingConcat [ns1 , ns2] ; 
E N D 

E N D 
E L S E P .PBug [ "unknown v a r i a n f L ] ; 
P . R R S [ r r ] ; 
E N D ; 

- Str ing Garbage Col lect ion 

Mask: P R O C E D U R E [ w 1 , b 1 , w 2 , b 2 : C A R D I N A L ] = B E G I N 
O N E S : C A R D I N A L rr 177777B; 
i: C A R D I N A L ; 
top: C A R D I N A L ; 
I F w 1 > w 2 0 R (w1 =w2 A N D b 1 > b2) T H E N P .REr r [ "b i t map b a d " L ] ; 
top ^ IF w1 = w2 T H E N b2 E L S E 15; 
F O R i IN [b1..top] DO 

Str ingBitMap[w1] <- ln l ineDefs.BITOR[Str ingBi lMap[w1] ,Bi t [ i ] ] ; 
E N D L O O P ; 

I F w l rr w2 T H E N R E T U R N ; 
F O R i I N { w 1 . . w 2 ) D O 

StringBitMap[i ] ^ O N E S ; 
E N D L O O P ; 

F O R i IN [0..b2] DO 
Str ingBitMap[w2] ^ ln l ineDefs.BrrOR[Str ingBitMap[w2],Bi l [ i ] ] ; 
E N D L O O P ; 

E N D ; 

Bi tSet : P R O C E D U R E [ i : C A R D I N A L ] R E T U R N S [ B O O L E A N ] = B E G I N 
w,b,m: C A R D I N A L ; 
w i /16 ; 
b ^ i M O D 16; 
- is the bit b in word w set? 
m ^ Bi t [b] ; 
RETURN[ ln l ineDefs .BITAND[St r ingBi tMap[wJ,m] - = 0 ] ; -- if set will be true 



END; 

LavOu lB i t s : P U B L I C P R O C E D U R E [ n ; Node] := B E G I N 
i: C A R D I N A L ; 
i1,i2,j1,j2: C A R D I N A L ; 
s : Str ing; 
IF - S t r i n g G a r b a g e C o l i e c t O R -S t r i ngChanged T H E N R E T U R N ; 
IF n n NIL OR n.Type - r-. S T R OR n.Des.s - s imp T H E N R E T U R N ; 
s ^ ©n .s t r ; 
11 e s . s t a r t / 1 6 ; 
12 e s . s t a r t M O D 16; 
i ^ IF s.length > 0 T H E N s.start + s.length - 1 E L S E s.start; 
j1 <- i /16 ; 
1 2 ^ i M O D 16; 
Mask[i1. i2, i1, j2]; 
IF LayMax < i T H E N LayMax <- i; 
- IF i > r r sin T H E N P , P 8 u g [ " i > s i n " L ] ; 
E N D ; 

S t r i ngGC: P U B L I C P R O C E D U R E = B E G I N 
Str ingBitMap ^ P.GetCore[ {s in + 1 5 ) / 1 6 ] ; 
Range ^ P .Ge tCore [RangeS ize * S ! Z E [ R a n g e R e c o r d ] ] ; 
MiscDefs.Zero[Str ingBi tMap,(s in + 15 ) / 16 ] ; 
LayMax <- 0; 
E N D : 

EndS t r i ngGC: P U B L I C P R O C E D U R E rr B E G I N 
SystemDefs .FreeSegment [St r ingBi tMap] ; 
Sys temDefs .F reeSegment [Range ] ; 
E N D ; 

DoTransfer : P U B L I C P R O C E D U R E = B E G I N 
i j : C A R D I N A L ; 
run: B O O L E A N ; 
--1 is the old subscr ipt , j the new one 
RanQe[0] [0,0] ; 
inx <- 1; 
IF - S t r i n g G a r b a g e C o l l e c t O R -S t r i ngChanged T H E N R E T U R N ; 
I F c d e b u g T H E N D i s p D e f s . W F I [ " S O I d e : % u , " L . s i n ] ; 
run <- F A L S E ; 
j ^ 1; 
F O R i IN [1. .LayMax] DO 

IF Bi lSet [ i ] T H E N B E G I N 
I F - r u n T H E N B E G I N 

Range[ inx ] ^ [i,j]; 
inx «- inx + 1; 
IF inx > := R a n g e S i z e T H E N P . R E r r [ " T o o many smal l s t r i ngs "L ] ; 
run <- T R U E ; 
END; 

IF i # j T H E N VM.Se tSCha i [ j , 0, VM.GetSChar [ i ,0 ] ] ; 
j -̂ j + 1 ; 
E N D 

E L S E run <- F A L S E ; 
E N D L O O P ; 

Ranye [ i nx ] ^ [LayMax + 1,j]; 
inx inx + 1; 
- IF LayMax >= sin T H E N P .PBug [ "Layou t touched bit > old s i n " L ] ; 
s in <- j ; 
I F c d e b u g T H E N D ispDe fs .WFI [ "SNewe % u , " L . s i n ] ; 
S t r ingChanged <- F A L S E ; 
END; 

-- put in new va lues 
Trans fe r : P U B L I C P R O C E D U R E [ n : N o d e ] = B E G I N 
s : Str ing; 
j ,d : C A R D I N A L ; 
IF -S t r i ngGarbageCo l lec t O R inx < r= 2 T H E N R E T U R N ; 
IF n r: NIL OR n.Type - = S T R OR n.Des.s - = simp O R n.Des.fi # 0 T H E N R E T U R N ; 
s ^ @n.str ; 
i <- 1; 
-- note that this is l inear sea rch 
W H I L E i < inx D O 



IF s.start < Range[ j ] .o id T H E N E X I T ; 
j + 1 ; 

E N D L O O P ; 
IFs .s ta r t + s.length > St r ingSize ThlEN P .PBug [ "bad string i n d e x " L ] ; 
IF j > =z inx T H E N P.PBug[ " t rans fer cant happerV'L] ; 
- this run begins at Range[j-1].old 
d e s.start - Range[ j -1] .o ld; 
s.start e Range[ j -1] .new + d; 
IFs .s ta r t + s.length > St r ingSize T H E N P .PBug [ "bad sthng i n d e x V L ] ; 
END; 

Str ingDebugging: P U B L I C P R O C E D U R E = B E G I N 
END; 

Str ingSetup: P U B L I C P R O C E D U R E rr B E G I N 
- must follow vmsetup 
sin e 1 ; 
[] P . lnser t [ " f i l e "L ,ZARY,proc ,F i leRout ine ,PLDefs .Unbound] ; 
0 ^ P . lnse r t [ " c f i l e "L ,ZARY,p roc ,CF i ieRou t ine ,PLDefs .Unbound ] ; 
St r ingChanged ^ F A L S E ; 
E N D ; 

Str ingCleanup: P U B L I C P R O C E D U R E = B E G I N 
E N D ; 

Ge tS in : P U B L I C P R O C E D U R E R E T U R N S [ C A R D ! N A L ] = B E G I N 
R E T U R N [ s i n ] ; 
E N D ; 

[,MTSt,] ^ P.GetSpec ia lNodesO; 
E N D . 



-- sup .mesa last edited by morris, November 7, 1978 2:43 P M 
D I R E C T O R Y 
P L D e f s : F R O M " P L D e f s " , 
Sys temDefs : F R O M " S y s t e m D e f s " , 
Ini ineDefs: F R O M " In i ineDefs" ; 

s u p : P R O G R A M I M P O R T S P i P L D e f s , Sys temDefs E X P O R T S P L D e f s = B E G I N 

TokType : T Y P E = PLDefs .TokType ; 
NodeType: T Y P E = PLDefs .NodeType; 
Node: T Y P E = PLDefs .Node; 
Symbol : T Y P E = PLDefs .Symbo l ; 
Register: T Y P E = PLDefs .Reg is ter ; 

P B u g : P U B L I C S I G N A L [ S T R I M G ] = C O D E ; 
S E r r : P U B L I C S IGNAL fes t : S T R I N G ] = C O D E ; 
R E r r : P U B L I C S IGNAL fes t : S T R I N G ] = C O D E ; 
EndDisplay: P U B L I C S I G N A L = C O D E ; 
Interrupt: P U B L I C S I G N A L = C O D E ; 

L is tRecord : T Y P E = RECORD[o ld ,new : Node, pref: L O N G I N T E G E R . n u m b e r : B O O L E A N ] ; 
List: P O I N T E R T O A R R A Y O F L is tRecord ; 
lin: C A R D I N A L ; 
asc i i : B O O L E A N ; 
Nail: Node; 

S o r t R o u t i n e : PROCEDURE[sym:Symbo i , i npu t , f unc : Node] R E T U R N S [ N o d e ] = B E G I N 
asci i F A L S E ; 
RETURN[sor t [ input , func ] ] ; 
END; 

A S o r t R o u t i n e : PROCEDURE[sym:Symbo l , i npu t , f unc : Node] R E T U R N S [ N o d e ] = B E G I N 
asci i T R U E ; 
RETURN[sor t [ input , func ] ] ; 
END; 

so r t : P R O C E D U R E [ i n p u t , f u n c : Node] RETURNS[ ] :Node ] = B E G I N 
- zary 
rr: Register <- P .MRS[ ] ; 
i.m: C A R D I N A L ; 
j ^ NIL; 
P .R2 [@j ,© inpu t ] ; 
i <r P.LengthList [ input] ; 
I F i < r : 1 T H E N ] ^ input 
E L S E B E G I N 

input ^ P.FixRep[ input ] ; 
List ^ P.GetCore[VsiZE[L is tRecord] ] ; 
lin ^ 0; 
F O R m IN [0..i) DO 

List[m].number ^ F A L S E ; 
E N D L O O P ; 

P.Map[ input ,SR]; 
-- setting up simple random number generaor 
TreeSort [ l in ] ; - sort the list 
] ^ P.AIIoc[[LIST„LIST[List[ l in-1].old,Nai l ] ] l ; 
IF lin > 1 T H E N F O R i D E C R E A S I N G IN [0.. (!in-2)] DO 

j P.AIIoc[ [LiST„LIST[List [ i ] .o ldJ] ] ] ; 
E N D L O O P ; 

SystemDefs .FreeSegment [L is t ] ; 
END; 

P . R R S [ r r ] ; 
R E T U R N O ] ; 
END; 

S R : P R O C E D U R E ^ : Node] = B E G I N 
rr: Register P .MRS[ ] ; 
ns: PLDe fs .S t reamRecord ; 
List[l in].old <- n; 
IF n.Type := L I S T T H E N n f -n . l i s thead; 



List[ l in].new e n; 
IF List [ l in] .new.Type - - S T R T H E N P .REr r [ " so r t expec ts a list of s t n n g s " L ] ; 
ns P.NewStream[List [ l in ] .new]; 
P . R [ @ ns.node] ; 
List[ l in].number F A L S E ; 
I F - a s c i i T H E N 

B E G I N 
c: C H A R A C T E R ; 
neg: B O O L E A N e F A L S E ; 
n: L O N G I N T E G E R <- 0; 
c <- P . l tem[@ns] ; 
I F c =̂  T H E N B E G I N neg T R U E ; c <- P. l tem[@ns] E N D ; 
IF c = 0 0 T H E N G O T O NotNum; 
UNTIL 0=^ DC DO 

IF c NOT IN ['0..'9] T H E N G O T O NotNum; 
n ^ n *10+ (c-'O); 
c <" P . l tem[@ns] ; 
E N D L O O P ; 

IF neg T H E N n -n; 
List[ l in].number T R U E ; 
List[l in].pref ^ n 
E X I T S 
NotNum => N U L L ; 
END; 

IF -L is t [ ! i r i ] .number T H E N 
B E G I N 
s: S T R I N G ; 
ns ^ P.Nev^Stream[List[ l in] .new]; 
s - LOOPHOLE[@L is t [ l i n ] . p re f - 2 ] ; 
s[2. ^ P.Item @ n s ] ; 
s[3- <- P.Item ^@ns]; 
s[0 ^ P.Item @ n s ] ; 
s[1 <r P.Item @ n s ] ; 
END; 

lin ^ lin + 1 ; 
P . R R S [ r r ] ; 
END; 

T r e e S o r t : P R O C E D U R E [ N : I N T E G E R ] = B E G I N 
t: L i s tRecord ; 
siftUp: P R O C E D U R E [ l o w , high: I N T E G E R ] = 

B E G I N k, son : I N T E G E R ; 
k low; 
DO 

I F 2 * k > h i g h T H E N E X I T ; 
I F 2 * k + Oh igh O R L e s s T h a n [ 2 * k + 1-1, 2*k-1 ] T H E N son ^ 2 * k E L S E son «- 2 * k + 1 ; 
IF L e s s T h a n [ s o n - 1 , k-1] T H E N E X I T ; 
t <- L is t [son-1] ; L is t [son-1] ^ L is t [k-1] ; L ist [k-1] <- t; 
k ^ son; 
E N D L O O P ; 

END; 
i: I N T E G E R ; 
F O R i D E C R E A S I N G IN [1. .N/2] DO siftUp[i,N] E N D L O O P ; 
F O R i D E C R E A S I N G IN [1..N) DO 

t^- L is t [1-1] ; L is i [1-1] List[ i + M ] ; List[ i + 1-1] ^ t; 
s i f tUp[L i ] 
E N D L O O P ; 

END; 

. L e a s T h a n : P R O C E D U R E f i , ] : I N T E G E R ] R E T U R N S [ B O G L E A N ] = B E G I N 
res: I N T E G E R ; 
rr: Register; 
n 1 . n2; PLDe fs .S t reamReco rd ; 
c1 ,c2 : C H A R A C T E R ; 
IF List i i ] .number AND List[ j ] .number T H E N B E G I N 

IF List[i].pref < List[]].pref T H E N R E T U R N [ T R U E ] 
E L S E R E T U R N [ F A L S E ] ; 
END; 

IF -L is t [ i ] .number AND -L is t [ j ] .number T H E N B E G I N 
res ^ USC[List [ i ] .pref,List [ i ] .preT]; 



I F r e s - : = 0 T H E N R E T U R N [ r e s = - 1 ] ; 
END; 

rr ^ P .MRS[ ] ; 
n l . node n2.node e NIL; 
P . R 2 [ @ n L n o d e , @n2.node] ; 
n1 e P.NewStream[Lis t [ ! ] .new]; 
n2 e P.NewStrearn[List [ j ] .n8w]; 
DO 

c1 e P. l tem[@n1] ; 
c2 P. l tem[@n2] ; 
I F c l > c 2 T H E N B E G I N 

res 1; 
E X I T ; 
E N D ; 

I F c 1 < c 2 T H E N B E G I N 
res ^ - 1 ; 
E X I T ; 
END; 

I F c 1 = 0 0 T H E N B E G I N 
res 0; 
E X I T ; 
E N D ; 

E N D L O O P ; 
P . R R S [ r r l ; 
R E T U R N [ r e s = -1 l ; 
END; 

U S C : P R O C E D U R E [ a , b : L O N G I N T E G E R ] R E T U R N S [ I N T E G E R ] = B E G I N 
- unsigned compare, treat a and b as L O N G C A R D I N A L S 
- return -1 if a<b, 0 if a = b, 1 if a>b 
i: In l ineDefs .LongCARDINAL ^ L O O P H O L E [ a ] ; 
j : In l ineDefs .LongCARDINAL <- L O O P H O L E [ b ] ; 
IFi>j T H E N R E T U R N [ T ] ; 
I F K j T H E N R E T U R N [ - 1 ] ; 
R E T U R N [ 0 ] ; 
END; 

U S o r t R o u t i n e : PROCEDURE[sym:Symbo l , i npu t , f unc : Node] R E T U R N S [ a n s : N o d e ] = B E G I N 
- unary 
rr: Register ^ P .MRS[ ] ; 
n: Node; 
ans ^ NIL; 
P . R [ @ a n s ] ; 
ans -̂ ASortRout ine[sym,input, func] ; 
IF ans. l isthead - NIL T H E N R E T U R N ; 
n ^ ans ; 
W H I L E n.listtail.listhead - = NIL DO 

IF Equal[n. l isthead,n.l isttai l . l isthead] T H E N nt ^ n.listtailt 
E L S E n ^ n.listtail 
E N D L O O P ; 

P . R R S [ r r ] ; 
END; 

F a c t o r R o u t i n e : PROCEDURE[sym:Symbo l , i npu t , f unc : Node] R E T U R N S [ a n s : N o d e ] = B E G I N 
- unary 
rr: Register ^ P.MRSQ; 
key, n: Node; 
target: P O I N T E R T O Node; 
C h : P R O C E D U R E [ n : Node] = 

B E G I N 
IF n . T y p e # L I S T AND n . l i s t h e a d . T y p e # S T R T H E N P.REr r [ " I l l ega l input to fac to r " ] ; 
END; 

ans <r NIL; 
P . R [ @ a n s ] ; 
P.Map[input,Ch]; 
ans ^ n ^ SortRout ine[sym,input, func] ; 
UNTIL n.!isthead = NIL D O 

key ^ n.l isthead.l isthead; 
n.listhead ^ P.AIIoc[[L!ST„LIST[key, 



P.Ai loc[ [LIST\.L!STtn. l is thead. i is t ta i l ,Nai l ] ] ] ] ] ] ; 
target @n.listhead.listtail. l isttail; 
n^n.l isttai l ; 
W H I L E n. l i .sthead#N!L AND Equalfkey.n. l isthead. i isthead] DO 

targett P.Ai loc[ [LIST,.LIST[n. l is thead.! is t ta i l ,Nai l ] ] ] ; 
target <- ©target . l is t ta i l ; 
n t ^ n.listtailt 
E N D L O O P ; 

E N D L O O P ; 
P . R R S [ r r ] ; 
E N D ; 

E q u a l : P R O C E D U R E ^ , ] : Node] R E T U R N S [ r e s : B O O L E A N ] =: B E G I N 
rr: Register <- P .MRSQ; 
a,b: PLDe fs .S t reamReco rd ; 
IF i.Type - = S T R O R j .Type - = S T R T H E N P .REr r [ "uso r t only compares l ists of s t r i ngs "L ] ; 
a.node ^ b.node NIL; 
P .R2 [@a.node ,@b.node ] ; 
a ^ P.Nev/Stream i] ; 
b <~ P.NewStreamD]; 
DO 

IF a.node r_- NIL T H E N B E G I N res <- b.node = NiL; E X I T END; 
IF b.node = NIL T H E N B E G I N res <- F A L S E ; E X I T E N D ; 
IFP . I t em[©a ] - = P. l tem[@b] T H E N 

B E G I N res ^ F A L S E ; E X I T E N D ; 
E N D L O O P ; 

P . R R S [ r r ] ; 
E N D ; 

S u p S e t u p : P U B L I C P R O C E D U R E - B E G I N 
[] ^ P . !nser t [ "so r t "L ,ZARY,proc ,Sor tRout ine ,PLDefs .Unbound] ; 
[] P . l nse r t [ "uso r t "L ,ZARY,p rocUSor tRou t i ne ,PLDe fs .Unbound ] ; 
[] ^ P . l nse f1 [ "aso r t "L ,ZARY,p rocASor tRou t ine ,PLDefs .Unbound ] ; 
[] ^ P . lnser t [ " fac to r "L ,ZARY,proc ,Fac to rRout ine ,PLDefs .Unbound] ; 
SupResetQ; 
E N D ; 

S u p R e s e t : P U B L I C P R O C E D U R E = B E G I N 
E N D ; 

[,,Nail] <r p .GetSpecia lNodesQ; 

END. 



D i R E C T O R Y 
VMDefs: F R O M " V M D e f s " , 
P L D e f s : F R O M " P L D e f s " , 
DispDefs: F R O M "D ispDe fs " , 
lODeLs: F R O M " l O D e f s " , 
Ini ineDefs: F R O M " In i ineDefs" , 
F i leSystemDefs : F R O M "F i l eSys temDe fs " , 
F i lePageUseDefs : F R O M " F i l e P a g e U s e D e f s " , 
Sys temDefs : F R O M " S y s t e m D e f s " , 
Str ingDefs: F R O M "S t r ingDefs " ; 

V M : P R O G R A M I M P O R T S P .PLDe fs , F S y s : F i leSystemDefs , F P U : F i l ePageUseDefs , S T : Str ingDefs, Ini ineDefs E X P O R T S VMDefs 
B E G I N 

Fi le index: T Y P E = VMDefs.Fi le lndex; 
bSize: C A R D I N A L = 512; 
NPages : C A R D I N A L = 128; 
nbuf: C A R D I N A L = 14; 
F i lePage: T Y P E = R E C O R D [ f : Fi le index, p: [0. .256)] ; 
A C : T Y P E = { d e a d , a l i ve} ; 
InP: A R R A Y [0..nbuf) O F R E C O R D [ m o d : B O O L E A N , act ive: A C , fp: F i l ePage ] ; 
St i ingAi ray: A R R A Y [C.nbuf ) O F P A C K E D A R R A Y [ C . b S i z e ) O F C H A R A C T E R ; 
FTab le : A R R A Y Fi leindex O F F i lePageUseDefs .F i leHand le ; 
RVVFable: A R R A Y Fiielnciex O F B O O L E A N ; 
fs : F i ieSystemDefs .F i ieSystem NIL; 
bptr: C A R D I N A L ; 
lastvai: F i lePage; 
lastinx: C A R D I N A L -̂ 60000; 
Cu iMap : P O I N T E R T O A R R A Y O F U N S P E C I F I E D = L O O P H O L E [ 4 3 1 B ] ; 

C a r d i n a l : P U B L I C P R O C E D U R E [ i n : L O N G I N T E G E R ] R E T U R N S [CARDINAL ] = B E G I N 
IF in<0 O R in > 177777B T H E N P.PBug[ " in teger too b ig" ] ; 
R E T U R N [ L O O P H O L E [ i n , nurn lnl ineDefs.LongNumber]. lowbits] ; 
END; 

G e t S C h a r : P U B L I C PP^^OCEDURE[in: L O N G I N T E G E R , fi: F i le index] R E T U R N S [ C H A R A C T E R ] - B E G I N 
n,p,b: C A R D I N A L ; ' . 
p <- Card ina ! [ i n /bS ize ] ; 
n <r- Cardlnai [ in MOD bS ize ] ; 
- p is page # [0 . .NPages) , n is char on page [0. .bSize) 
b <r GetPage[ [ f i , p]]; 
RETURN[ (S t r ingAr ray [b ] ) [n ] ] ; 
END; 

F S : P U B L I C P R O C E D U R E R E T U R N S [F i ieSystemDefs .F i ieSystem] = 
B E G I N R E T U R M [ f s ] END; 

S e t S C h a r : P U B L I C P R O C E D U R E [ i n : L O N G I N T E G E R , fi: F i le index, c : C H A R A C T E R ] = B E G I N 
b,n p: C A R D I N A L ; 
p Card ina l [ i n /bS ize ] ; 
n ^ Cardinal [ in MOD bS ize ] ; 
- p is page # [0 . .NPages) , n is char on page [0. .bSize) 
b GetPage[ [ f i , p]]; 
Str ingArray[b] [n] ^ c ; 
lnP[b].moci T R U E ; 
END; 

V M S e t u p : P U B L I C P R O C E D U R E = B E G I N 
i: C A R D I N A L ; 
F U R i iN Fi le index DO 

FTab !e [ i ] ^N IL ; 
E N D L O O P ; 

I F f s = NIL T H E N B E G I N 
fs ^ FSys .Loa in [ ' a ,N IL ,N IL ,N IL ] ; 
FTable [0 ] ^ FSys .Open [ f s , "Pop la r .VMF i l e$ "L , FSys.OpenMode[create ] I FSys .F i l eA l readyEx is ts => R E S U M E ] ; 
RY;Tab ie [0 ] ^ T R U E ; 
END; 

F O R i IN [0..nbuf) DO 
lnP[i] ^ [ F A L S E , d e a d , [ 6 3 . 255] ] ; 
E N D L O O P ; 

bptr <- 0; . 



lastvai t- [63, 255] ; 
END; 

V M C I e a n u p : P U B L I C P R O C E D U R E = B E G I N 
i: F i le index; 
F O R i IN Fi le index DO 

I F F T a b l e [ i ] # NIL T H E N 
FPU.CIose [FTab le [ i ] ] ; 

FTab le [ i ] ^N IL ; 
E N D L O O P ; 

FSys.LogouL[ fs ] ; 
fs ^ NIL; 
END; 

O p e n : P U B L I C P R O C E D U R E [name: S T R I N G ] 
R E T U R N S [f: F i le index, len: L O N G I N T E G E R ] 
B E G I N 
free: F i le index; 
Ip: L O N G IN l E G E R ; 
bp,ps: C A R D I N A L ; 
free F indFree [name] ; 

We open the file in write mode to keep core from bitching if we later dec ide to write it. 
I F F r a b l e [ f r e e ] = N I L T H E N 

FTable [ f ree] <~ FSys .Open[ fs ,name, FSys.OpenMode[wr i te ] 
I FSys .F i l eDcesNo tEx i s t - >CONTINUE] ; 

IF FTable [ f ree] = NIL T H E N R E T U R N [ 0 , 0 ] ; 
RWTable [ f ree ] ^ F A L S E ; 
[Ip, bp, ps] ^ FPU.Measure [FTab le [ f ree ] ] ; 
R E T U R N [ f r e e , lp*ps + bp]; 
END; 

F i n d F r e e : P R O C E D U R E [name: S T R I N G ] R E T U R N S [free: F i le index] = 
B E G I N 
i: F i le index; 
free 63 ; 
F O R 1 IN [1 ..62] - f i x if F i le index ever changes 

DO 
IF FTab le [ i ] NIL T H E N free<-i 
E L S E IF ST.Equ iva len tSt r ing [name,FPU.Name[FTab le [ i ] ] ] T H E N B E G I N free 1; R E T U R N E N D ; 
E N D L O O P ; 

IF f ree = 63 T H E N P . R E r r [ " T o o many fi les open(>62)"L] ; 
END; 

O p e n R W : P U B L I C P R O C E D U R E [name: S T R I N G ] 
R E T U R N S [f: Fi le index, len: L O N G I N T E G E R ] = 
B E G I N 
free: F i le index; 
ip: L O N G I N T E G E R ; 
bp,ps: C A R D I N A L ; 
free <- F inc iFree[name]; 
I FFTab le [ f r ee ] = N I L T H E N 

FTab!e[ f ree] ^ FSys .Open [ fs ,name, FSys.OpenMode[create ] 
! FSys .F i l eA l readyEx is t s > R E S U M E ] ; 

RWTable [ f ree ] ^ T R U E ; 
[Ip, bp, ps] ^ FPU.Measure [FTab le [ f ree ] ] ; 
R E T U R N [ f r e e , lp*ps + bp]; 
END; 

C l o s e : P U B L I C P R O C E D U R E [f: F i le index] = 
B E G I N i: C A R D I N A L ; 
IF RWTab!e [ fJ T H E N R E T U R N ; - must be c losed by C l o s e R W 
I F F T a b ! e [ f ] # N l L T H E N F P U . C I c s e [ F T a b l e [ f ] ] ; 
F O R i IN [0 . .nbuf )DO 

IFInP[ i ] . fp. f = f T H E N lnP[i] ^ [FALSE.dead , [63 ,255 ] ] ; 
E N D L O O P ; 

IF lastval.f = f T H E N lastvai ^ [63,255] ; 
FTable[ f ] ^ NIL; 
END; 

C l o s e R W : P U B L I C P R O C E D U R E [f: F i le index, s ize: L O N G I N T E G E R ] = 
B E G I N i: C A R D I N A L ; 
IF FTable[ f ] = NIL T H E N R E T U R N ; 



F O R i IN [0..nbuf) DO 
IFInr^[i].fp.f :.f T H E N 

B E G I N 
IF lnP[i].mod T H E N - file must be.O 

FPU.VVritePage[ 
F T a b l e p l . 
inP[iJ.fp.p, 
BASE[S t { ingAr ray [ i ] ] ] ; 

lnP[i] ^ [FALSE.dead , [63 .255 ] ] ; 
END 
E N D L O O P ; 

FPU.SetLeng th [FTab le [ f ] , 
Cardinal 

FPU.C Iose [FTab le 
s i z e / b S i z e ] , Card ina l [s ize MOD bSize] ] ; 

IF lastval.f = f T H E N lastvai ^ [63,255]; 
FTable[ f ] ^ NIL; 
END; 

G e t P a g e : P R O C E D U R E [ p : F i lePage] R E T U R N S [ C A R D 1 N A L ] = B E G I N 
- return the buffer # with page p in it 
i: C A R D I N A L ; 
IF lastvai = p T H E N R£TURN[last inx] ; act ive w a s already set to al ive 
F O R i IN [0..nbuf) DO 

I F p = lnP[i].fp T H E N B E G I N 
!nP[i ] .act ive <- al ive; 
lastvai p; 
lastinx <- i; 
R E T U R N [ i ] ; 
E N D ; 

E N D L O O P ; 
-- net in ce re , must go get it 
DO 
CurMap[(bptr MOD 14) + 1] <- l r4 ineDefs.BITAND[CurMap[{bptr MOD 14) + 1 ] ,107777B] ; 
bptr *r (bptr f 1) MOD nbuf; 
IF lnP[bptr] .act ive = alive T H E N lnP[bptr].act ive ^ dead 
E L S E E X I T ; 
E N D L O O P ; 
IF lnP[bptr].mod T H E N 

FPU.Wr i tePage[ 
FTable[ inP[bptr ] . fp. f ] , 
lnP[bptr].fp.p, 
BASE[St r ingAr ray [bp t r l ] ] ; -- ex tends if necessa ry 

FPU.ReadPage [FTab le [p . f ] , p-P, BASE[St r ingArray[bpt r ] ] 
! FPU.EndOfF i l e = > C O N T I N U E ] ; 

- If file page isn't there, who ca res about content? 
CurMap[(bptr MOO 14) + i ] <- ln l ineDefs.BITOR[CurMap[(bptr MOD 14) + 1 ] ,70000B] ; 
lnP[bptr] ^ [FALSE,a l i ve ,p ; 
i a s t v a C p ; 
lastinx <r bptr; 
R£TURN[bpt r ] ; 
END; 

G e t S t r ing : P U B L I C P R O C E D U R E [ s t : L O N G I N T E G E R , len: C A R D I N A L , f: F i le index, s : S T R I N G ] - B E G I N 
ii: L O N G I N T E G E R ; 
i,b,p,p1 ,p2,n1 ,n2,k,m: C A R D I N A L ; 
IF len > s.maxlength T H E N P .PBug [ "bad Ge tS t r i ng "L ] ; 
s.length ^ len; 
ii St f len - 1 ; 
p i Car rJ ina i [s t /hS i7e ] ; 
p2 «- Card ina l [ i i / bS ize ] ; 
n l ^ Cardinal [s t MOD bS ize ] ; 
n2 Cardinal[ i i MOD bS ize ] ; 
b ^ Ge tPage [ f, p i ] ] ; 
k ^ 0 ; 
m * - I F p 1 p2 T H E N n2 E L S E b S i z e - 1 ; 
F O R i IN [n1..m] DO 

s[k] <r Str ingArray[b] [ i ] ; 
k ^ k + 1 ; 
E N D L O O P ; 

I F p 1 = p2 T H E N R E T U R N ; 



F O R p IN (p1 .. p2) DO 
b ^ GetPage[ [ f . p]]; 
F O R i I N [ 0 . . b S i z e ) D O 

s[k] ^ Str ingArray[b] [ i ] ; 
k <- k + 1; 
E N D L O O P ; 

E N D L O O P ; 
b ^ GetPage[[ f , p2] ] ; 
F O R i IN [0..n2] D O 

s[k] Str ingArray[b] [ i ] ; 
k k + 1; 
E N D L O O P ; 

E N D ; 

S e t S t r i n g : P U B L I C P R O C E D U R E [ s t : L O N G I N T E G E R , f: Fi le index, s : S T R I N G ] = B E G I N 
ii: L O N G I N T E G E R ; 
i,b,p,p1,p2,n1,n2,k,m: C A R D I N A L ; 
IF s. length - 0 T H E N P . P B u g [ " Attempt to store empty s t r i ng "L ] ; 
IF - R W T a b l e [ f ] T H E N P . P B u g [ " Attempt to write read-only f i l e "L ] ; 
ii St -r s.length - 1 ; 
p1 <" Card ina i [ s t /bS ize ] ; 
p2 Card ina l [ i i / bS jze ] ; 
n1 <- Cardinai[3t MOD bS ize ] ; 
n2 ^ Cardinal[ i i MOD bS ize ] ; 
b ^ GetPaqe[ f, p1] ] ; 
k ^ 0; 
m ^ IF p1 = p2 T H E N n2 E L S E bS ize - 1 ; 
F O R i IN [n1..m] DO 

String Array [b][i] *- s [ k ] ; 
k -4- 1; 

E N D L O O P ; 
lnP[b].mod ^ T R U E ; 
I F p 1 = p 2 T H E N R E T U R N ; 
F O R p IN (p1 .. p2) DO 

b ^ GetPage[ [ f ,p ] ] ; 
F O R i IN [0 . .bS ize) D O 

Str ingArray[b][ i ] <- s [ k ] ; 
k ^ k + 1; 
E N D L O O P ; 

lnP[b].mod <- T R U E ; 
E N D L O O P ; 

b <- GetPage[[ f , p2] ] ; 
F O R i IN [0..n2] D O 

Str ingArray[b][ i ] <- s [ k ] ; 
k ^ k -4- 1 ; 
E N D L O O P ; 

lnP[b].mod ^ T R U E ; 
E N D ; 

E N D . 



D i R E C T O R Y 
ovD: F R O M "Ove rv i ewDe fs " , 
c i D : F R O M " C o r e D e f s " , 
SysternDefs: F R O M "Sys ten iDe f s " , 
Inl ineDefs: F R O M " In l ineDefs" , 
F i lePageUseDefs : F R O M " F i i e P a g e U s e D e f s " , 
F i leSystemDefs : F R O M "F i l eSys temDe fs " , 
P L D e i s : F R O M " P L D e f s " , 
Str ingDefs: F R O M "St r ingDefs" ; 

AF i les : P R O G R A M 
I M P O R T S c rD , S Y : SysternDefs, S T : Str ingDefs, P L D e f s 
E X P O R T S F i l ePageUseDefs , F i leSys temDefs 
S H A R E S c rD 
= B E G I N 

N N : T Y P E C A R D I N A L ; 

Transac t ion : T Y P E = F-OiNTER T O T R ; 

T R : T Y P E = R E C O R D [ 

dmsu : c rD.DMSUser , 

prefix: S T R I N G ] ; 

Fi le: T Y P E = P O I N T E R T O F H ; 

FTI : T Y P E = R E C O R D [ ufh: c rD.UFi leHandle , 

name: S T R I N G ] ; 
F i leHandle: T Y P E = F i lePageUseDefs .F i leHand le ; 
F i leSys tem: T Y P E = F i leSystemDefs .F i ieSystem; 

PageNumber: T Y P E = F i lePageUseDefs .PageNurnber ; 

OpenMode: T Y P E = F i leSystemDefs.OpenMode; 

By tesPerPage : NN = 512; -- bytes 
Readon ly : F^UBLIC E R R O R = C O D E ; 
EndOfF i le : P U B L I C E R R O R - C O D E ; 
F i leA l readyEx is is : P U B L I C S I G N A L ^ C O D E ; 
F i ieDoesNotExist : P U B L I C SIGN.AL = C O D E ; 
l l legalFi leName: P U B L I C E R R O R = C O D E ; 
DiskError : P U B L I C E R R O R [ere: NN] = C O D E ; 

Check : P R O C E D U R E [ere: NN] = 
B E G I N 
S E L E C T ere F R O M 
ovD.ok n r > R E T U R N ; 
ovD.storageNotAvailabiG - > PLDe fs .PBug [ "D i3k error- requested storage could not be ob ta ined"L ] ; 
ovD.notAStamp = > P L D e f s . P B u g [ " D i s k error- f^otAStamp"L] ; 
ovD.badFieidName = > P L D e f s . P B u g [ " D i s k error- in a message h e a d e r " L ] ; 
ovD.badFieldBody - > P L D e f s . P B u g [ " D i s k error- in a message h e a d e r " L ] ; 
ovD.badMailFi ie => P L D e f s . P B u g [ " D i s k error- badMai iF i le "L ] ; 
ovD. tOCNoiFound = > P L D e f s . P B u g [ " D i s k error- V i r fua l izeTOC couldn't f ind your file. {Vi r tualMgr)"L] ; 
ovD.notATOCFi le = > P L D e f s . P B u g [ " D i s k error- V i r tua l izeTOC didn't like your file. (V i r tua lMgr)"L] ; 
ovD. lOCOveiHow = > P L D e f s . P B u g [ " D i s k error- Too many msgs. from Vi r tua l izeTOC, E x t e n d T C C ' L ] ; 
ovD.cMTooBig = > P L D e f s . P B u g [ " D i s k error- Attemp to extend CM beyond cMOCharMapTab leS i ze . "L ] ; 
ovD.cantAccessMai lbox = > P L D e f s . P B u g [ " D i s k error- from Ma i iF i leOps . "L ] ; 
ovD.ftpError = > P L D e f s . P B u g [ " D i s k error- from Opera t i ons "L ] ; 
ovD.nctAMai lFi le > P L D e f s . P B u g [ " D i s k error- from Ma i !F i i eOps . "L j ; 
ovD.badDMSUser = > P L D e f s . P B u g [ " D i s k error- Operat ions, user and password provided didn't w o ! k . " L ] ; 
ovD .messageSyn taxEn or .- > P L D e f s . P B u g [ " D i s k error- Operat ions, error inparsing message to be s e n t . " L ] ; 
ovD.invai idRecipient - > P L D e f s . P B u g [ " D i s k error- Operat ions, couldn't lookup specif ied rec ip ient . "L j ; 
ovD.mai lboxBusy = > P L D e f s . P B u g 
ovD.cantConnect PLDefs.F^Bug 

" D i s k error- Operat ions, attempt to connect to mail server failed for the indicated r e a s o n . " L ] ; 
[ "Disk error- Operat ions, gener ic connect ion fa i lu re . "L ] ; 

ovD.noMessagesMoved - > P L D e f s . P B u g [ " D i s k er ror- Operat ions, AppendMai lToFi ieOperat ion moved no m e s 3 a g e s . " L ] ; 
ovD.cance lCode => P L D e f s . P 3 u g [ " D i s k error- Operat ions, generic cance l led by u s e r . " L ] ; 
ovD.diskError = > P L D e f s . R E r r [ " D i s k error- An I /O data error ( C o r e ) . " L ] ; 
ovD.diskCorrupted = > PLDe f3 -REr r [ "D i sk error- Disk structure is logically inconsistent; run S c a v e n g e r . " L ] ; 
ovD.diskFul l - > P L D e f s . R E r r [ " D i s k error- Deleted some files and try a g a i n . " L j ; 
ovD.f i le lnUse = > P L D e f s . R E r r f ' D i s k error- Attempt to open a file that has already been opened (with another UFi leHandle) , from 
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O p e n F i l e . " L ] ; 
ovD.i l legalFi lename = > P L D e f s . R E r r [ " O i s k error- E i ther (1) bad charac te r (s ) in f i lename, or (2) name too long. From O p e n F i l e . " L ] ; 
ovD.fi leNotEound := > PLDefs.RErr["Di$^}< error- Opening a non-exist ing file for input only. From O p e n F i l e . " L ] ; 
ovD.f i leTooBig ~ > P L D e f s . R E r r [ " D i s k ^rror- Attempt to extend a file beyond max al lowed (from VVritePages) or to open a file that is 
already longer than that max (OpenFi le) " L ] ; 
E N D C A S E =:> P L D e f s . P B u g [ " D i s k error- Mys te ry "L ] ; 
E N D ; 

C lose: P U B L I C P R O C E D U R E [ f h : Fi leHapdle] = 
B E G I N 
f: Fi le = L O O P H O L E [ f h ] ; 
ere: ovD.Er rorCode = crD.CIoseFi lof f .ufh] ; 
C h e c k [ e r c ] ; 
SY .F reeHeapSt r ina [ f . name] ; 
SY.FreeHeapNode[ f ] ; 
E N D ; 

Delete: P U B L I C P R O C E D U R E [fs: F i leSys tem. f i leName: S T R I N G ] = 
B E G I N 
t: T ransac t ion ^ L O O P H O L E [ f s ] ; 
f: c rD.UFi leHandle; 
ere: NN; 
[ere, f] ^ crD.OpenFi le [ t .dmsu, [fileNiame], update]; 
C h e c k [ e r c ] ; 
CheckfcrD.DeleteFi le [ f ] ] ; 
E N D ; 

Login: P U B L I C P R O C E D U R E [type: C H A R A C T E R , serverMachine, name, password : S T R I N G ] 
R E T U R N S [fs: F i leSystem] = B E G I N 

t: T ransac t ion = SY .A I ! oca teHeapNode [S IZE [TR ] ] ; 
t t ^ [ [ [ "Mor r is " ] , [ " J i m " ] ] , " " ] ; 
fs ^ L O O P H O L E [ t ] ; 
E N D ; 

Logout: P U B L I C P R O C E D U R E [fs: F i leSystem] = 
B E G I N 
SY.F reeHeapNode( f s ] ; 
E N D ; 

Measure: P U B L I C P R O C E D U R E [fh: F i leHandle] R E T U R N S [ las tPage .nex tBy teOnPage,pageS ize :CARDlNAL] = B E G I N 
f: Fi le = L O O P H O L E [ f h ] ; 
RETURN[f.ufh.lastFi l8Page, f .ufh.byteFF, B y t e s P e r P a g e ] ; 
E N D ; 

Name: P U B L I C P R O C E D U R E [ f h : F i leHandle] R E T U R N S [ S T R I N G ] = 
B E G I N 
R E T U R N [ L O O P H O L E [ f h . F i le ] .name] ; 
E N D ; 

Open: P U B L I C P R O C E D U R E 
[fs: F i leSys tem, f i leName: S T R I N G , mode: OpenMode] 
R E T U R N S [f: Fi leHandle] = 
B E G I N 
t: T ransac t ion =: L O O P H O L E [ f s ] ; 
fh: F i le ^ SY .A I i oca teHeapNode [S IZE [FH] ] ; 
ere : NN; 
fh.name ^ SY.AI IocateHeapStr ing[ f i !eName. length] ; 
ST.AppendStr ing[ fh .name, f i leName]; 
[ere, fh.ufh] «- crD.OpenFi le [ t .dmsu, [f i leName], read] ; 
IF ere = ovD.fi leNotEound T H E N 

B E G I N 
IF mode = read T H E N E R R O R Fi ieDoesNotExis t ; 
IF mode = write T H E N S I G N A L Fi ieDoesNotExis t ; 
[ere, fh.ufh] <- crD.OpenFi le [ t .dmsu, [ f i leName], update] ; 
END 

E L S E IF ere = ovD.ok AND mode # read T H E N 
B E G I N 
Check[crD.C!oseFi le [ f l i .u fh ] ] ; 
IF mode = create I HEN S I G N A L F i leA l readyEx is ts ; 
[ere, fh.ufh] crD.OpenFi ie [ t .dmsu, [ f i leName], update] ; 
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END; 
Check [e r c ] ; 
f -̂ L O O P H Q U E p h ] ; 
END; 

R e a d P a g e : P U B L I C P R O C E D U R E [fh: Filel-landle, p: PageNumber, b: P O I N T E R ] = 
B E G I N 
f: Fi le = LOoPHOLEph]; 
ere: NN; 
IF p> = (IF f .ufh.byteFF = 0 T H E N f .ufh. lastFi lePage E L S E f .ufh. lastFi lePage -i- 1) T H E N 

E R R O R EndOfF i le ; 
[ere, ] <r c rD ,ReadPages [b , 512, p, f.ufh]; 
Check [e r c ] ; 
E N D ; 

Se tLeng th : P U B L I C P R O C E D U R E 
[fh: Fi leHangle, ias lPage:PageNumber , nex lBy teOnPage :CARDINAL ] = B E G I N 
f: Fi le - LOoPHOLE[fh]; 
IF f . u fh .acc^ss= : read T H E N E R R O R ReadOnly ; 
IF lastPageM.ufh. tastFi lePage 

O R lastPage = f .ufh. lastFi lePage AND nexlByteOnPage>f .ufh.byteFF T H E N - lengthen file by writing junk 
C h e c k [ c r D . W r i t e P a g e s [ L O O P H O L E [ 0 ] , 512*(lastP£ige-f.ufh.lastFilePage) + nex tBy teOnPage, f .ufh. lastFi lePage, f.ufh]] 

E L S E - shorten file 
Check [c rD .UF i leTrunca te [ !as tPage , nex tBy teOnPage, f.ufh]]; 

END; 

Wr i tePage: P U B L I C P R O C E D U R E [fh: F i leHandle, p: PageNurnber. b: P O I N T E R ] = 
B E G I N 
f: Fi le - L O O P H O L E [ f h ] ; 
I F f . u f h . a c c e s s = read T H E N E R R O R ReadOnly ; 
Check [c rD.Wr i tePages[b , 512, p, f.ufh]]; 
END; 

E N D . 



D I R E C T O R Y 
P L D e f s : F R O M " P L D e f s " , 
F i lePageUseDefs : F R O M " F i l e P a g e U s e D e f s " , 
F i leSystemDefs : F R O M "F i l eSys temDe fs " , 
SystemDefs : F R O M "Sys te rnDe fs " , 
Str ingDefs: F R O M "S t r ingDefs " , 
B T D e f s : F R O M " B T D e f s " , 
VMDefs: F R O M " V M D e f s " , 
Inl ineDefs: F R O M " In l ineDefs" , 
BT reeDe fs ; F R O M " B T r e e D e f s " ; 

B T : P R O G R A M I M P O R T S B: BT reeDe fs , P:PLDef3, VM: VMDefs, F i leSystemDefs , S T : Str ingDefs, S Y : Sys temDefs 
E X P O R T S B T D e f s = B E G I N 

Node: T Y P E = PLDefs .Node; 
Symbol : T Y P E - PLDefs .Symbo l ; 
S t ream: T Y P E ^ PLDe fs .S t ream; 
Register : T Y P E = PLDefs .Reg ls ter ; 

Fai l ,Nai l : Node; 

O B T : T Y P E = P O I N T E R T O O B T R ; 
O B T R : T Y P E = R E C O R D [ 

password: C A R D I N A L , 
tree: BTreeDe fs .BTreeHand ie , 
stringPile: VMDefs.Fi le lndex, 
btsin: L O N G I N T E G E R ] ; 

Password : C A R D I N A L = 10067; 
WildNode: T Y P E = P O I N T E R T O Wi ldR; 
W i l d R : T Y P E - R E C O R D [ i g : C A R D I N A L , o: O B T ] ; 

B T O p e n R o u t i n e : PROCEDURE[s :Symbo l , i npu t , n2 : Node] 
R E T U R N S [ n : Node] - B E G I N 

rr: PLDefs .Reg is te r <- P .MRS[ ] ; 
St: S T R I N G ^ [100]; 
o : O B T =: S Y . A I I o c a t e H e a p N o d e [ S I Z E [ O B T R ] ] ; 
file: F i lePageUseDefs .F i leHandle ; 
new: B O O L E A N ^ T R U E ; 
str ingFiie: VMDefs.Fi le lndex; 
btsin: L O N G I N T E G E R ; 
wild: Node ^ P.AIIoc[ [FAIL„FAIL[ ] ] ] ; 
wn: WildNode = L O O P H O L E [ w i l d ] ; 
n e Nail; 
P .R2 [@n,@wi l d ] ; 
©.password Password ; 
P.MakeStr ing[st, input]; 
file ^ F i leSys temDefs .Open[VM.FS[ ] , st, c reate ! 
F i leSystemDefs .F i leAl readyExis ts = > 

B E G I N new ^ F A L S E ; R E S U M E END] ; 
o.tree ^ B.CreateBTree[ f i le , new] ; 
B. lni t ial izeBTree[o.tree, F i r s t G E , E q , T R U E ] ; 
ST.AppencIStr ing[st , " . l eaves " ] ; 
[stringFiie, btsin] ^ 

VM.OpenRW[s t ! F i leSystemDefs .F i ieDoesNotEx is t = > R E S U M E ] ; 
o.stringFile ^ str ingFi ie; 
o.btsin e btsin; 
wn.o <~ o; 
n <- Nail ; 
n <- P.A!Ioc[ 
n ^ P.A!!oc[ 
n ^ P.Ailoc[ 
n ^ P.A!loc[ 
n ^ P.AiIoc[ 
P . R R S [ r r ] ; 
END; 

L IST„LIST 
L ! S T , . L ! S T 
L1ST„LIST 
L1ST„LIST 
LIST„LIST 

P.AIlocL 
P.A! !cc[ 
P.AI!oc[| 
P.Alloc 
P.AIloc 

UNARY„UNARY[P.Lookup [ "c !ose" ] , wild] 
UNARY„UNARY[P.Looku : j [ " fo rge t " ] , wild 
U N A R Y , , U N A R Y 
U N A R Y , , U N A R Y 

P.Lookup 
P.Lookup 

nex t " ] , wild]] 
" s to re " ] , wild] 

UNARY„UNARY[P .Lookup [ " fe t ch " ] , wild] 

, n ] ] ] ; 
] ] , n] ] ] ; 
, n]] ] ; 
] , n ] ] ] ; 
, n] ] ] ; 

E r S t : S T R I N G = "i l legal call on B-tree rout ine"; 

C l o s e R o u t i n e : PROCEDURE[s :Symbo l , i npu t , n2 : Node] 
R£TURNS[Node] - B E G I N 

w: WildNode = L O O P H O L E [ n 2 ] ; 



IF w.o.password # Password T H E N P . R E r r [ E r S t ] ; 
B .Re leaseBTree [w.o . t ree ] ; 
VM.CIoseRVV[w.o.StringFiie, w.o.btsin]; 
SY.EreeHeapNode[w.o ] ; 
R E T U R N [ N a i l ] ; 
END; 

E q : B T r e e D e f s . T e s t K e y s = 
B E G I N 
RETURN[ST .Equa lS t r i ng [S t [a ] ,S t [ b ] ] ] ; 
END; 

F i r s t G E : B T r e e D e f s . T e s t K e y s = 
B E G I N 
a s : S T R I N G = St [a ] ; 
b s : S T R I N G = St [b ] ; 
pointer: C A R D I N A L ^ O ; 
DO 

IF as. length r r pointer T H E N RETURN[bs . l enq th = pointer]; 
IF bs.length = pointer T H E N R E T U R N [ T R U E ] ; 
IF as[pointer]<bs[pointer 
IF as[pointer]>bs[pointer 
pointer*-pointer + 1; 
E N D L O O P ; 

T H E N R E T U R N 
T H E N R E T U R N 

F A L S E ] ; 
T R U E ] ; 

END; 

F e t c h R o u t i n e : PROCEDURE[s :Symbo | , i npu t , n2 : Node] R E T U R N S [ n : Node] = B E G I N 
K: S T R I N G ^ [100]; 
V: R E C O R D [ s t : L O N G I N T E G E R , len: C A R D I N A L ] ; 
w: WildNode = L O O P H O L E [ n 2 ] ; 
IF w.o.password # Password T H E N P . H E r r [ E r S t ] ; 
IF input.Type - == S T R T H E N P .REr r [ " f e t ch expec ts s t r i ng "L ] ; 
IF P.Length[input]>100 T H E N P . R E r r [ " k e y to long (>100)" ] ; 
P.MakeStr ing[K, input]; 
IF B.Lookup[w.o.tree, 

D E S C R I P T O R [ K , ( K . l e n g t h + 1 ) / 2 + 2] , 
D E S C R I P T O R [ @ V , 3 ] ] = 177777B T H E N R E T U R N [ F a i l ] ; 

I F V . s t + V.len<:= 1 7 7 7 7 7 B T H E N 
n *- P .A I Ioc [ [STR, 

[ F A L S E , T R U E , s imp, F A L S E , w.o.str inqFi le] , 
STR[ [ s imp [VM.Card ina l [V . s t ] , V.len]]]] ] 

E L S E B E G I N S : S T R I N G - SY.AI locateHeapStr ing[V. len] ; 

VM.GetStr ing[V.st, V. len, w.o.str ingFi le, s ] ; 
n *- P . M a k e S T R [ s ] ; 
SY .F reeHeapNode [s ] ; 
END; 

END; 

F o r g e t R o u t i n e : P R O C E D U R E [ s : S y m b o l , i n p u t , n 2 : Node] R E T U R N S [ N o d e ] = B E G I N 
K: S T R I N G ^ [100] ; 
w: WildNode = L O O P H O L E [ n 2 ] ; 
IF w.o.password # Password T H E N P . R E r r [ E r S t ] ; 
I F input.Type ~ = S T R T H E N P.REr r [ " fo rge t expec t s s t r i ng "L ] ; 
I F P.Length[input]>100 T H E N P . R E r r [ " k e y to long (>100)" ] ; 
P.MakeStr ing[K, input]; 
B.Delete[w.o.tree, D E S C R I P T O R [ K , ( K . l e n g t h + 1 ) / 2 + 2] ] ; 
R E T U R N [ N a i l ] ; 
END; 

• N e x t R o u t i n e : P R O C E D U R E [ s : S y m b o l , i n p u t , n 2 : Node] R E T U R N S [ N o d e ] = 
B E G I N 
K: S T R I N G *- [100]; 
N: S T R I N G ^ [100] ; 
Grab : BT reeDe fs .Ca l ! = 

B E G I N 
I F S T . E q u a l S t r i n g [ S t [ k ] , K ] T H E N R E T U R N [ T R U E ] ; 
ST.AppendSt r ing [N, St [k ] ] ; 
R E T U R N [ F A L S E ] ; 
E N D ; 
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w: WildNode = L O O P H O L E [ n 2 ] ; 
IF w.o.password n Password T H E N P . R E r r [ E r S t ] ; 
IF input.Type - = S T R T H E N P . R E r r [ " n e x t expec ts s t r i ng "L ] ; 
IF P.Length[input]>100 T H E N P . R E n ["key to long (>100)" ] ; 
P.MakeStr ing[K, input]; 
B.Eni jn ierate[w.o. t ree, D E S C R i P T O R [ K , ( K . l e n g i h + 1 ) / 2 + 2 ] , G r a b ] ; 
R E T U R N [ I F N.length - 0 T H E N Fai l E L S E P .MakeSTR[N ] ] ; 
END; 

S t o r e R o u t i n e : PROCEDURE[s :Symbo l , i npu t , n2 : Node] R E T U R N S [ N o d e ] = B E G I N 
K: S T R I N G *- [100] ; 
V: R E C O R D [ s t : L O N G I N T E G E R , len: C A R D I N A L ] ; 
St: S T R I N G ; 
w: WildNode = L O O P H O L E [ n 2 ] ; 
IF w.o.password # Password T H E N P . R E r r [ E r S t ] ; 
I F - ( i n p u t . T y p e = L I S T AND P.LengthList [ input] = 2 AND inpiit. left.Type = S T R AND input.right.left.Type = S T R ) T H E N 
P .REr r [ " s to re expec ts a list of two s l r i n g s " L ] ; 
IF P.Length[input.ieft]> IOO T H E N P . R E r r [ " k e y to long (>100)" ] ; 
P.MakeStr ing[K, input.left]; 
St *- SY.AIIocateHeapStr ing[VM.Cardinal [P.Length[ input.r ight . lef t ] ] ] ; 
P.MakeStr ing[st, input.right.left]; 
VM.SetStr ing[w.o.btsin, vy.o.stringFiie, s t ] ; 
V.st *- w.o.btsin; 
V.len *- st. length; 
w.o.btsin *- w.o.btsin r st. length; 
SY .F reeHeapS l r i ng [s t ] ; 
IF K.length MOD 2 r: l T H E N K[K. !ength] ^ 0 0 ; 
B.lnsert[w.o.tree, D E S C R I P T O R [ K , (K. length -A 1 ) / 2 + 2 ] , D E S C R I P T O R [ @ V , 3] ] ; 
R E T U R N [ N a i l ] ; 
E N D ; 

S e t u p : P U B L I C P R O C E D U R E = 
B E G I N 
] *- P.Insert " s to re "L ,UNARY,proc ,S to reRou t ine ,PLDefs .Unbound ] ; 
] *- P . lnser t [ " fe tch"L ,UNARY,proc ,Fe tchRout ine ,PLDefs .Unbound ] ; 

*r P . l nse r t [ " c lose"L ,UNARY,p roc ,C loseRou t ine ,PLDefs .Unbound ] ; 
] *- P . lnser t [ " fo rget "L ,UNARY,proc ,ForgetRout ine ,PLDefs .Unbound] ; 
] ^ P . i i i se r t f "nex t "L ,UNARY.proc ,Nex tRout ine ,PLDefs .Unbound] ; 
] P . l nse r t [ "b topen"L ,ZARY,p roc ,BTOpenRou t ine ,PLDefs .Unbound ] ; 

END; 

S t : P R O C E D U R E [x: BT reeDe fs .Desc ] R E T U R N S [ S T R I N G ] = 
B E G I N 
R E T U R N [ L O O P H O L E [ B A S E [ x ] ] ] ; • 
END; 

[Fai l „Nai l ] ^ P .GetSpec ia lNodes[ ] ; 
END. 



" B T r e e . m e s a Las t edit: February 19, 1979 10:05 AM 

D I R E C T O R Y 
Inl ineDefs: F R O M " In l ineDefs" , 
StorageDefs: F R O M "S to rageDe fs " , 
F i lePageUseDefs : F R O M " F i l e P a g e U s e D e f s " , 
BTreeDe fs : F R O M " B T r e e D e f s " , 
BTree2Defs : F R O M " B T r e e 2 D e f s " ; 
B T r e e : P R O G R A M 

I M P O R T S bV:BTree2Def3 ,bB:BTree2Defs ,F i lePageU3eDefs ,StorageDefs 
E X P O R T S BTreeDe fs = P U B L I C B E G I N 

O P E N Sto rageDefs ,F i lePageUseDefs ,BTree2Defs ,BTreeDefs ; 
En t ryTooSmal l :S iGNAL = C O D E ; 
cacheL im i t :CARDINAL = 4; 
C a ! I T r e e : T Y P E = P R O C E D U R E [ p : P a g e , i : l n d e x ] R E T U R N S [ B O O L E y V N ] ; 
N N : T Y P E = : C A R D I N A L ; 
P a g e : T Y P E P O I N T E R T O B T r e e P a g e P e c o r d ; 
B T r e e P a g e R e c o r d : T Y P E = R E C O R D 

[b:Tree,pa:NN,ca:VArray,c:Desc, level :NN, 
cache:Page,age:NN,d i r ty ,de le ted, rekey:BOOLEAN]; 

T r e e : T Y P E = P O I N T E R T O B T r e e R e c o r d ; 
B r r e e R e c o r d : T Y P E = RECORD[vers ion, logPageSize lnBytes ,max iS, t inne, 

rootPA,freePA, lastPA,pageS,depth,entr ies:NN, 
f i le :Fi leHandle,se! f - .BTreePagePecord, 
I sF i rs tB iqger .AreTheyEquaLTes tKeys , 
d i r tyCache,d i r tyTree:BOOLEAN] ; 

nul lPA:NN = 177777B; - f rom coredefs? 
B i t s :ARRAY[0 . . 16 ) O F C A R D I N A L = [1 ,2 ,4 ,10B,20B,40B,1008,2008,4008, 

1000B,20008,40008.100008,20000B,40000B,100000B] ; 

debug: B O O L E A N *- T R U E ; 

C rea teBTree :PROCEDURE[ f i l e :F i l eHand le ,new :BOOLEAN] 
R E T U R N S [ B T r e e H a n d l e ] = 

B E G I N tefnp:Tree; l:NN = 8; 
b :T ree* -A l loca te [S IZE[BTreeRecord ] ] ; 
bt<-[1,1,20,0,nullPA,0,1,Bits[l],177777B,0„ 

BTreePageReco rd [b ,1 „.1 , N I L , 0 , T R U E , F A L S E , F A L S E ] , 
M y l s F i r s t B i g g e r . M y A r e T h e y E q u a l , F A L S E , F A L S E ] ; 

IF new T H E N B E G I N b.file*-file; Bui idARoot[b,NIL] ; E N D 
E L S E B E G I N temp*-AIIocate[b.pageS]; ReadPage[ f i le , 1-1,temp]; 

bt*-tempt; Free[ temp]; b.fiie*-file; b .d i r t yTree* -FALSE; 
b.lsFirstBigger<-MylsFirstBigger; b .AreTheyEqua l * -MyAreTheyEqua l ; E N D ; 

RETURN[LOdF>HOLE[b ] ] ; 
END; 

l n i t i a l i z e B T r e e : P R O C E D U R E 
[bh:BTreeHandle, isF i rs i :B igger ,areTheyEqua! :TestKeys, 
d i r t yCache :BOOLEAN] = B E G I N 
b:Tree = L O O P H O L E [ b h ] ; 
IF (b. lsFirstBigger*- isFirstBigger) = Nul lProc 
T H E N b. lsFirstBigger*-MylsFirstBigger; 

IF (b .AreTheyEqua l * -a reTheyEqua l ) = Nul lProc 
T H E N b .AreTheyEqua l * -MyAreTheyEqua l ; 

b.dir tyCache*-dir tyGache; 
END; 

R e l e a s e B T r e e : P R O G E D U R E [ b h : B T r e e H a n d l e ] = B E G I N 
b:Tree = L O O P H O L E [ b h ] ; 
F lushCache [bh ] ; 
Close[b.f i le] ; F ree[b ] ; 
END; 

F l u s h C a c h e : P R O C E D U R E [ b h : B T r e e H a n d l e ] - B E G I N 
b:Tree = L O O P H O L E [ b h ] ; p:Page; 
UNTIL (p*-b.sel f .cache) := NIL 

DO b.se l f .cache*-p.cache; VVr i teOufPage[p,TRUE]; E N D L O O P ; 
IF b.dirtyTree T H E N B E G I N b.dirtyTree ^ F A L S E ; WritePage[b.f i ie,0,b]; E N D ; 
END; 

A s k D e p t h : P R O C E D U R E ( b h : B T r e e H a n d ! e ] R E T U R N S [ C A R D I N A L ] = 
B E G I N b:Tree - L O O P H O L E [ b h ] ; RETURN[b .en t r i es ] ; END; 



l nse r t :PROCEDURE[bh :BTreeHand le , key :Desc ,va lue :Desc ] ^ B E G I N 
b:Tree - L O O P H O L E [ b h ] ; 
eR :En t r yRe [key , va lue ] ; 
Inser tC iCai lTree = 

B E G I N lnser tP [p , i ,@eR] ; b.entries^-b.entries + 1 ; b .d i r tyTree* -TRUE; R E T U R N [ F A L S E ] ; END; 
IF L E N G T H [ k e y ] - 0 T H E N E R R O R ; 
Star tEnumerate[bh,key, lnser tC] ; 
END; 

Lookup :PROCEDURE[bh :BTreeHand !e , key , va lue :Desc ] 
R E T U R N S [ l e n g t h V a l u e : C A R D l N A L ] = B E G I N 

L o o k u p C : C a H T r e e - B E G I N 
b:Tree = L O O P H O L E [ b h ] ; 
eR:Ent ryR* -LookupP[p , i ] ; 
l eng thVa lue* -LENGTH[eR.v ] ; 
IF b .Ar8TheyEqual [key ,eR.k ] 
T H E N Copy[from:eR.v,to:va}ue] 
E L S E lengthValue*- 177777B; 

R E T U R N [ F A L S E ] ; 
END; 

Star tEnumerate [bh,key,LookupC] ; 
END; 

Nex t ;PROCEDURE[bh :BT reeHand le ,e :En t r y l = B E G I N 
seen:CARDiNAL<-0; 
LookupC:Ca l lT ree = B E G I N 

b:Tree - L O O P H O L E [ b h ] ; 
eR :En t r yR ; 
IF ( s e e n ^ s e e n + 1) = 1 T H E N R E T U R N [ T R U E ] ; 
eR*-LookupP[p, i ; 
IF L E N G T H [ e R . v ] > L E N G T H [ e . v ] O R L E N G T H [ e R . k ] > L E N G T H ( e . k ] 

T H E N S I G N A L Ent ryTooSmal l ; 
Copy[from:eR.v,to:e.v] ; 
Copy[from:eR.k,to:e.k] ; 
e . k * - D E S C R ! P T O R [ B A S E [ e . k ] , L E N G T H [ e R . k ] ] ; 
e . v * - D E S C R I F ^ T O R [ B A S E [ e . v ] , L E N G T H [ e R . v ] ] ; 
R E T U R N [ F A L S E ] ; 
END; 

Star tEnumerate[bh,e.k ,LookupC] ; 
END; 

De !e te :PROCEDURE[bh :BT reeHand le . key ;Desc ] = B E G I N 
Dele teC:Cal lTree = B E G I N 
b-.Tree = L O O P H O L E [ b h ] ; 

IF b.Are rheyEquai [key,LookupP[p, i ] .k ] T H E N 
B E G I N 
DeleteP[p, i ] ; 
IF i = 0 T H E N p . rekey* -TRUE; 
b.entries *-b.entr ies-1; 
b.dir tyTree<-TRUE; 
E N D ; 

R E T I J R N [ F A L S E ] ; 
END; 

IF L E N G T H [ k e y ] # 0 T H E N Star tEnumerate[bh,key,DeleteG]; 
END; 

Enumera te :PROCEDURE[bh :BT reeHand le , key :Desc , c :Ca l l ] = B E G I N 
b:Tree = L O O P H O L E [ b h ] ; 
seen :CARDINAL* -0 ; 
EnumCiCa l lT ree = B E G I N 

eR:Ent ryR* -LookupP[p , i ] ; 
seen ^ seen + 1 ; 
R E T U R N [ I F s e e n = : 1 AND -b .A reTheyEqua l [ key ,eR .k ] 

T H E N T R U E E L S E c [eR .k ,eR .v ] ] ; 
END; 

S tar tEnumerate [bh ,key ,EnumC] ; 
END; 

S ta r tEnumera te :PROCEDURE[bh :BTreeHand le , key :Desc ,c :Ca l lT ree ] 
b:Tree = L O O P H O L E [ b h ] ; 
th is:Page*-SvyaplnPage[b,b.rootPA,b.depth]; 

= B E G I N 



brother:Page*-N{L; 
S i l i i : P R O C E D U R E R E T U R N S [ V A r r a y ] = B E G I N 

RETURN[{bro the t * -SwaplnPage[b,nui iPA, th is . levei ] ) .ca] ; END; 
[] *- EnunierateFromTree[ th is ,key,c 

IbV.GetAnother := >RESUME[S i i l i [ ] ] ; 
bB.GetAnother ^ >RESUMEiSiHi [J ; 
bV .Merge r r=>RESUME[NIL ,TRUE ; 
b B M e r g e r > R E S U M E [ N I L . T R U E 
]; 

IF brother # NIL T H E N 
B E G I N brother.d i r ty*-TRUE; Bui ldARoot[b,brother] ; END; 

IF l temsP[this] = I AND b.deptn # 0 T H E N B E G I N 
b.rootPA*-LookupPA[ lh is ,0] ; th is .de le ted*-TRUE; b.depth*-b.depth-1; b .d i r tyTree* -TRUE; 
END; 

SwapOutPage[ th is ] ; 
END; 

Enumera teF romTree :PROCEDURE[ th ! s ;Page . key :Desc , c ;Ca l lT ree ] 
R E T U R N S [ g o : B O O L E A N ] = B E G I N 
index: lndex; son,brother,r ight:Page; o n R i g h t : B O O L E A N ; 
end:CARDINAL*- l temsP[ th is ] ; low:NN = th is. level-1; b:Tree = this.b; 
deltaiNN; 
S i l l y : P R O C E D U R E R E T U R N S [ V A r r a y ] B E G I N 

de l ta^ lFonBight* - (end>index + 1 ) T H E N I E L S E - 1 ; 
IF index = 0 AND NOT onRight T H E N R E T U R N f N I L ] ; 
brother*-SvvapinPage[b,LookupPA[this, index + delta] , low]; 
(right*-IF onRight T H E N brother E L S E s o n ) . r e k e y * - T R U E ; 
RETURN[b ro the r . ca ] ; 
E N D ; 

F O R index*-FindlndexOnPage[ th is ,key] , index +1 
UNTIL index> = end DO 
IF this.level =0 T H E N go*-c[this, index] 
E L S E B E G I N 

brothereNIL; 
o n R i g h t * - F A L S E ; 
delta*-0; 
son *-SwaplnPage[b,LookupPA[th is , index] , low] ; 
go*-EnumerateFromTree[son,key,c 
^!bB.GetAnother = > . 

RESUME[(b ro ther * -Swap lnPage[b ,nu l !PA, low] ) .ca ] ; 
bV.GetAnother=:> 

RESUME[(b ro ther * -Swap lnPage[b ,nu i iPA, low] ) .ca ] ; 
bB.Merger = >RESUME[Si l l y [ ] ,onRight ] ; 
bV.Merger = >RESUME[Si ! l y [J ,onRight l ; 
bB.De le tePage = >BEGIN r ight .deleted*-TRUE; R E S U M E ; END; 
bV.DeletePage = >SEGIN r igh t .de le ted^TRUE; R E S U M E ; END 

] ; 
IF brother / f NIL T H E N B E G I N 

brother .d i r ty*-TRUE; 
ChangeKeys[ th is , index + delta,brother,onRight]; 
IF delta = 1 T H E N ChangeKeys [ th i s , i ndex ,son ,TRUE] ; 
E N D 

E L S E I F s o n . r e k e y - T R U E T H E N 
ChangeKeys [ th i s , i ndex ,son ,TRUE] ; 

SwapOutPage[bro ther ] ; 
SwapOutPage [son ] ; 
E N D ; 

IF NOT go T H E N E X I T ; 
E N D L O O P ; 
END; 

C h a n g e K e y s : P R O C E D U R E [ t h i s : P a g e , i : l n d e x , s o n : P a g e , r e p l a c e : B O O L E A N ] = 
B E G I N eR-.EntryP; 
this.dirty *- T R U E ; 
IF son.deleted T H E N DeleteP[this, l ] E L S E 

IFson . rekey T H E N B E G I N 
s o n . r e k e y * - F A L S E ; 
eR* -LookupP[son ,0 ] ; 
e R . v * - D E S C R I P T O R [ @ s o n . p a . 1 ] ; 
IF replace T H E N bB.Rep lace [ th i s . ca , i ,@eR] E L S E lnser tP [ th is , i , ( ^eR] ; 
E N D ; 

END; 



F i n d l n d e x O n P a g e : P R O C E D U R E [ p ; P a g e , k e y : D e s c ] R E T U R N S [ m : l n d e x ] = B E G I N 
Bigger:Te3lKeys<-p.b.lsFirstBigger; 
h:lndex; n: }ndex*- l temsP[p] ; t : B O O L E A N ; h e m * - 1 2 8 ; 
D O t e I F m> ̂  n T H E N F A L S E E L S E B igger [key,LookupP[p.m] .k ] ; 

I F ( h e h / 2 ) = 0 T H E N E X I T E L S E rne lF t T H E N m -h h E L S E m-h; 
E N D L O O P ; 

l F N O T t T H E N m e m - 1 ; 
END; 

My l sF i r s tB igge r :PROCEDURE[a ,b ;Desc ] R E T U R N S [ B O O L E A N ] - = B E G I N 
i : C A R D I N A L ; t : C A R D I N A L = M i N [ L E N G r H [ b ] , L E N G T H [ a ] ] ; g : I N T E G E R e O ; 
F O R i IN [0. . t ) UNTIL { g e a [ i ] - b [ i ] ) # 0 DO E N D L O O P ; 
R E T U R N [ g > 0 O R (g --^ 0 AND L E N G T H [ a ] > = L E N G T H [ b ] ) ] ; 
END; 

M y A r e T h e y E q u a l , N u l l P r o c : P R O C E D U R E [ a . b : D e s c ] R E T U R N S [ B O O L E A N ] = B E G I N 
i :CARDINAL; t : C A R D i N A L = L E N G T H [ a ] ; 
l F L E N G T H [ b ] # t T H E N R E T U R N [ F A L S E ] ; 
F O R i IN [0. . t ) DO i F a [ i ] # b [ i ] T H E N R E T U R N [ F A \ L S E ] ; E N D L O O P ; 
R E T U R N [ T R U E ] ; 
END; 

C o p y : P R O C E D U R E [ f r o m : D e s c , t o : D e s c ] = B E G I N i , l :CARDINAL; 
l eMIN[LENGTH[ f rom .LENGTHf to ] ] ; 
F O R i IN [0.. I) D O to[ i ]effom[i ] ; E N D L O O P ; 
END; 

S w a p i n P a g e : P R O C E D U R E [ b : T r e e , p ; N N J : C A R D I N A L ] 
R E t u R N S [ b p : P a g e ] = B E G I N 
p l a c e : P O I N T E R ; back :Page ; n e w . B O O L E A N e p ^ nul lPA; 

reuse:BOOLEAN<-new AND ( b . f r e e P A # 0 ) ; 
I F new T H E N B E G I N 

p e i F reuse T H E N b. f reePA E L S E b . las tPAeb. las tPA + 1 ; 
b . d i r t y T r e e e T R U E ; 
END; 

F O R b a c k e @ b . s e l f , bp UNTIL ( b p e b a c k . c a c h e ) = NIL D O 
I F bp.pa = p AND bp.b = b T H E N B E G I N b a c k . c a c h e e b p . c a c h e ; E X I T ; E N D ; 

-someth ing new in line above--
R E P E A T F I N I S H E D = >BEGIN 

p laceeAnoca te [b .pages ] ; 
I F NOT new O R reuse T H E N ReadPage[b . f i l e ,p -1 .p lace] ; 
b p e A ! l o c a t e [ S I Z E [ B T r e e P a g e R e c o r d ] ] ; 
b p . p a e p ; b p . b e b ; b p . c a e @ b p . c ; b p . d i r t y e P A L S E ; 
b p . c e D E S C R ! P T O R [ p l a c e , b . p a g e s ] ; 
END; 

E N D L O O P ; 
bp. levelej ; bp.ageeb.t imeeb.t i rne +1; 
bp . rekeyenew; bp.deleted e F A L S E ; 
I F reuse T H E N b . f r eePAebp . ca [0 ] ; 
I F new T H E N B E G I N 

bp.dirtye F A L S E ; 
( I F I # 0 T H E N bB.Ini t ia l ize E L S E bV. ln i t i a l i ze ) [bp .ca ] ; 
END; 

I F debug T H E N Check [bp ] ; 
E N D ; 

S w a p O u t P a g e : P R O C E D U R E [ p ; P a g e ] ^ B E G I N 
b:Tree - p.b; bp:Page; b a c k : P a g e e @ b . s e l f ; t:NN; a:NN = p.pa; 
I F p = NIL T H E N R E T U R N ; 
I F debug T H E N Check [p ] ; 
I F p.deleted 

T H E N B E G I N p . c a [ 0 ] e b . f r e e P A ; b . f r e e P A e a ; b .d i r t yT reeep .d i r t yeTRUE; E N D ; 
I F (p.dirty AND -b .d i r t yCache ) T H E N W r i t e O u t P a g e [ p , F A L S E ] ; 
F O R t I N [0 . .cacheLimi t ) DO 

I F back . cache = NIL T H E N B E G I N b a c k . c a c h e e p ; p . c a c h e e N I L ; R E T U R N ; END; 
b a c k e b a c k . c a c h e ; 
E N D L O O P ; 

I F c a c h e L i m i t # O T H E N 
F O R backe@b.se i f , bp UNTIL ( b p e b a c k . c a c h e ) = NIL DO 
teb . t ime-bp .age ; t ep . l eve l + 1 / 8 ; 
IFbp. level< = t T H E N 



B E G I N back .cache* -p ; p .cache*-bp.cache; p*-bp; E X I T ; E N D ; 
E N D L O O P ; 

W r i t e 0 u t P a g 8 [ p , T R U E ] ; 
E N D ; 

VVr i t eOu tPage :PROCEDURE[p :Page , f ree :BOOLEAN] = 
B E G I N 
I F p.dirty T H E N B E G I N 

Wri tePage[p.b. f i le ,p.pa-1,BASE[p.c] ] ; 
p .d i r t y * -FALSE; 
E N D ; 

I F free T H E N B E G I N F r e e [ B A S E [ p . c ] ] ; F ree [p ] ; END; 
E N D ; 

Bu i l dARoo t :PROCEDURE[b :T ree ,b ro the r :Page ] = B E G I N eR:En t ryR ; 
root:Page*-Sv*/aplnPage[b,nul lPA,b.d8pth*-b.depth + 1 ] ; 
I F b ro the r / /N IL T H E N B E G I N 

eR*LookupP [b ro the r ,0 ] ; 
e R . v * - D E S C R I P T O R [ @ b r o l h e r . p a . 1 ] ; 
I nsertP[root, 177777B, @ e R ] ; 
SwapOutPage[bro ther ] ; 
END; 

e R * - [ D E S C R I P T O R [ N I L . 0 ] . D E S C R I P T O R [ @ b . r o o t P A , 1 ] ] ; 
l nser tP [ roo t ,177777B,@eR] ; 
b.rootPA*-root.pa; 
b.dirtyTree * - T R U E ; 
SwapOutPage[ roo t ] ; 
E N D ; 

L o o k u p P A : P R O C E D U R E [ p : P a g e , i : l n d e x ] R E T U R N S [ N N ] = 
B E G I N RETURN[LookupP [p , i ] . v [ 0 ] ] ; E N D ; 

l nse r tP :PROCEDURE[p :Page , i : l ndex .e :En t r y ] = B E G I N p.d i r ty* -TRUE; 
( IF p.level = 0 T H E N bV.lnsert E L S E bB. lnser t ) [p.ca, i ,e ] ; 
E N D ; 

L o o k u p P : P R O C E D U R E [ p : P a g e , i : l n d e x ] R E T U R N S [ E n t r y R ] = B E G I N 
R E T U R N [ ( i F p.level = 0 T H E N bV.Lookup E L S E bB.Lookup) [p.ca, i ] ] ; 
E N D ; 

De le teP :PROCEDURE[p :Page , i : l ndex ]= : B E G I N p.d i r ty* -TRUE; 
( I F p.level = 0 T H E N bV.Delete E L S E bB.Delete) [p.ca, i ] ; 
E N D ; 

l t e m s P ; P R O C E D U R E [ p : P a g e ] R E T U R N S [ C A R D I N A L ] = B E G I N 
R E T U R N [ ( I F p.level = 0 T H E N bV.l tems E L S E bB. l tems) [p .ca] ] ; END; 

C h e c k : P R O C E D U R E [ p : P a g e ] = B E G I N 
b:Tree = p.b; i:NN; n:NN = l temsP[p] ; e :Ent ryR; 
t h i s i s P a g e O n e : B O O L E A N = p ©b.se l f ; 
S E L E C T th is lsPageOne F R O M 

T R U E = > IF p.pa # 1 T H E N E R R O R ; 
E N D C A S E = > IF p.pa NOT IN [2. .b. iastPA] T H E N E R R O R ; 

I F p . c a # @p.c O R L E N G T H [ p . c ] # b.paqeS T H E N E R R O R ; 
I F p.level>b.depth AND NOT p.deleted T H E N E R R O R ; 
IF b.rootPA NOT IN [2. .b. iastPA] AND - ( b . r o o t P A = nul lPA AND p.level = b.depth) T H E N E R R O R 
I F b.freePA>b.lastPA O R b.freePA = 1 T H E N E R R O R ; 
- I F n> = 2 T H E N IF b. lsFirstBigger[LookupP[p,0] .k , 
-LookupP[p ,n -1 ] . k ] T H E N E R R O R ; 

- I F n> = 4 T H E N IE b .AreTheyEqua l [LookupP[p ,n /2 ] .k , 
- L o o k u p P [ p , n / 2 - 1 J . k ] T H E N E R R O R ; 

I F p.level>0 T H E N F O R i IN [0..n) 
D O 
e *• LookupP[p, i ] ; 
IF L E N G T H [ e . v ] # 1 O R e.v[0] NOT IN [2..b. lastPA] T H E N E R R O R ; 
IF L E N G T H [ e . k ] = 0 AND i>0 T H E N E R R O R ; 
E N D L O O P ; 

E N D ; 

E N D . 



DIF1ECTORY B T r e e 2 D e f s : F R O M " B T r e e 2 D e f s " ; 
B T r e e 2 : P R O G R A M E X P O R T S BTree2Def3 ^ P U B L I C B E G I N 
O P E N BTree2De fs ; 

N N : T Y P E ^ C A R D I N A L ; 
MinusOne: C A R D I N A L *- 177777B;-- horrible kludge to evade range checker , see R e p l a c e X and C h e c k ( J H M , 6 / 0 / 7 9 ) 
D e s c : T V P E = D E S C R I P T O R F O R A R R A Y O F W O R D ; 
R e a l J o b . T Y P E r r { inser t , rep lace.delete} ; 
\A / ,F ixedOverhead:CARDINAL= 2; 
Ove rheadPer l t em:CARDINAL= 1 ; 
n u l l E R : E n t r y R * - [ D E S C R i P T O R [ N I L , 0 ] , D E S C R i P T O R [ N I L , 0 ] ] ; " 

debug: B O O L E A N *- T R U E ; 

F o r m : T Y P E = RECORD[k : [0 . .2048) ,v : [0 . .32) ] ; 
F o o : T Y P E = P O I N T E R T O A R R A Y [0..3) O F Form; 

lndexOutOTBounds:SIGNAL = C O D E ; 
GetAnother :S IGNAL R E T U R N S [ V A r r a y ] = C O D E ; 
R e K e y : S I G N A L = C O D E ; 
Merger :S IGNAL R E T U R N S [ V A r r a y , B O O L E A N ] = C O D E ; 
De le tePage :S IGNAL = C O D E ; 

l n i t i a l i ze :PROCEDURE[v :VAr ray ] = B E G I N l :CARDINAL; 
F O R i IN fO. .LENGTH[v t ] ) DO v[i]*-0; E N D L O O P ; 
v [ 1 ] * - L O 6 P H O L E [ F o r m [ L E N G f H [ v t ] , 0 ] ] ; 
END; 

l t e m s ; P R O C E D U R E [ v : V A r r a y ] R E T U R N S [ N N ] = B E G I N R E T U R N [ v [ 0 ] ] ; END; 

Lookup :PROCEDURE[ th is :VAr ray , i tem: lndex ] R E T U R N S [ E n t r y R ] = B E G I N 
foo:Foo; startK,endK,startV, lengthK:NN; 
[ foo,, ,startK,endK]*-Unpack[this, i tem]; 
IF item> - this[0] T H E N S I G N A L IndexOutOfBounds; 
startV*-startK + (lengthK*-foo[item].v); 
RETUR.N [ [DESCRIPTOR[@th i s [ s t a r tK ] , ! eng thK ] , 

DESCRIPTOR[@th i s [ s ta r tV ] ,endK-s ta r tV ] ] ] ; 
END; 

lnser t :PROCEDURE[ th is :VArray , i tem: lndex,e :Ent ry ] = 
B E G I N 
IF LENGTH[e .k ]> = 32 O R L E N G T H [ e . k ] + LENGTH[e.v ]>80 T H E N E R R O R ; 
ReplaceX[this, i tem,e, insert ] ; 
END; 

De ie te :PROCEDURE[ th is :VAr ray , i tem: index ] = 
B E G I N ReplaceX[ th is , i tem,@nul lER,de ie te ] ; END; 

Rep !ace :PROCEDURE[ th is :VAr ray , i tem: lndex ,e :En t ry ] = 
B E G I N ReplaceX[ th is , i tem,e,replace] ; END; 

Rep laceX:PROCEDURE[ th i s :VAr fay , i t em: !ndex ,e :En t ry , r :Rea lJob ] = 
B E G I N 
d i d d l e : i N T E G E R = S E L E C T r F R O M rep lace = >0,insert = >1 . E N D C A S E = > - 1 ; 
foo:Foo; oiher:VArray; s h r i n k a g e : I N T E G E R ; 
nextlndex.startLast.start l tem,page,half Page,s izeKey,s izeVa l :NN; 
sizeNew,sizeO}d,start ,extra,used,enditem,i :NN; 
[ foo,next index,startLast,start l tem,endltem]*-Unpack[this, i tem]; 
page*-foo[MinusOne].k;-- Horrible kludge (JHM) 
hal fPage * -page/2 ; 
s i zeNew*- (5 izeKey* -LENGTH[e .kJ ) + (s izeVa!<-LENGTH[e.v ] ) ; 
s izeOld*- IF r r r insert T H E N 0 E L S E endltem-start l tem; 
shr inkage *-sizeOld-sizeNew; 
start *-start!tem + shr inkage; 
ext ra *-hai fPage-w-shr inkage; 
used*-page-star tLast-shr inkage + next Index-1 + OverheadPer l tem + w; 
IF debug T H E N Check[ th is ] ; IF nextlndex<item + 1 T H E N E R R O R IndexOutOfBounds; 
IF used + 4>page T H E N B E G I N 

o t h e r ^ S I G N A L GetAnother; 
F O R i l N [ 0 . . n e x t I n d e x ) D O 

IF foo[i].k<(IF i> r r item T H E N extra E L S E hal fPage) + i 
T H E N B E G I N Move[this,i,other]; 



IF i>item T H E N ReplaceX[this, i tem,e,r IMerger = > E R R O R ] 
E L S E ReplaceX[otner, i tem-i ,e,r IMerger = > E R R O R ] ; 

R E T U R N ; E N D ; 
E N D L O O P ; 

E R R O R ; - o o p s 
END; 

IF shr inkage # 0 T H E N 
Siip[this,this, i tem +1 .item -f 1 -r didclle.startLast + shr inkage] ; 

I F r # d e l e t e T H E N B E G I N 
foo[item -f d idd le ] * [s tar t .s izeKey] ; 
Copy[@e.k [0 ] ,@th is [s tar t ] ,S !zeKey,0 ] ; 
Copy[@e.v [0 ] ,@th is [s tar t + s izeKey] ,s izeVa l ,0 ] ; 
E N D ; 

this[0]*-next lndex -rdiddle; 
IF used<halfPage AND shrinkage>0 T H E N Ba lance[ th is ,used] ; 
IF debug T H E N Check [ th is ] ; 
E N D ; 

Ba lance :PROCEDURE[ th i s :VAr ray ,used :NN] =: B E G I N 
oF-oo;Foo; other:VArray; o n R i g h t : B C O L E A N ; 
page,half Page,next lndex. th isEnd.NN; 
l ,here,nextOther,otherEnd,i ,carry:NN; 
page * L O O P H O L E [ t h is[ 1 ] ,Form].k; 
ha l fPage* -page /2 ; 
[o ther ,onRight ]* -SIGNAL Merger; 
I F other r r NIL T H E N R E T U R N ; 
[ ,next lndex, th isEnd,, ]*-Unpack[ th is,0] ; 
[oFoo,nextOther,o lherEnd, , ] * -Unpack[other ,0] ; 
IF used -r nextOlher<otherEnd T H E N B E G I N 

IF onRight T H E N Move[other,0,this] E L S E Move[this,0,other]; 
S iGNAt l DeietePage; R E T U R N ; END; 

c a r r y * h a l f P a g e 4- w + ( IF onRight T H E N used E L S E 0 ) ; 
--magic to leave the page on the left just over half full 
F O R i IN [0..nexlOther] UNTIL carry + i>(here*-oFoo[i-1].k) 

DO E N D L O O P ; 
IF carry + i< r r here T H E N E R R O R ; 
IF onRight T H E N B E G I N 

other[0]*-i; 
Move[other,0,this]; 
other[0]*-nextOther; 
Si ip[other,other, i ,0,otherEnd + page-here] ; 
other[0]<-nextOlher-i; 
END 

E L S E B E G I N 
l*-nextOther-i; 
Sl ip[this,this,0,l ,otherEnd -* th isEnd-here ] ; 
this[0]*-0; 
Move[other,i,this]; 
th is [0]*- l - rnext index; 
END; 

E N D ; 

Unpack :PROCEDURE[v :VAr ray , i t em: index ] RETURNS[Foo , lndex ,NN,NN.NN] 
B E G I N next:NN - v[0] ; foo:Foo =r L O O P H O L E [ @ v [ w ] ] ; 
RETURN[foo,next, foo[next-1].k. foo[ i tem].k, foo[ i tem-1].k] ; 
E N D ; 

Move:PROCEDURE[ f rom:VArray ,a t : lndex , to :VAr ray ] = B E G I N 
toNext, f romNext, f romEnd,atEnd,toEnd:NN; 
[ , t romNext, f romEnd,,atEnd]*-Unpack[from,at] ; 
[ , ioNext,toEnd,,]<-Unpack[to,0]; 
Si ip[from,to,at,toNext,toEnd-atEnd r f r o m E n d ] ; 
to[0] *-toNext-f f romNext-at; 
from[0]*-at; 
E N D ; 

S l i p :PROCEDURE[ th i s ,o the r : VArray.star t index,newlndex,newData: lndex] = 
B E G I N foo,toFoo:Foo; end Index,end Data,startData,q:NN; 
[ foo,endlndex,endData„star tData]*-Unpack[ th is,star t l r idex] ; 
t o F o o * - L O O P H O L E [ @ o t h e r [ w ] ] ; 
q * L O O P H O L E [ r o r m [ n e w D a t a - e n d D a t a , 0 ] ] ; 
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Copy[@foo[s tar t lndex] ,@toFoo[newlndex] ,endlndex-star t !ndex,q] ; 
Copy[@this [endData] ,@other [newData] ,s tar tData-endData,0] ; 
END; 

Copy :PROCEDURE[ f rom, to :PO iNTER, ien ,a :NN l ^ B E G I N i:NN; 
IF len>256 T H E N E R R O R ; 
I F L O O P H O L E [ t o , C A R D I N A L ] > L O O P H O L E [ f r o m , C A R D I N A L ] 
T H E N F O R i D E C R E A S I N G IN [0.. len) D O (to + i)t * ( f rom + i)r h a ; E N D L O O P 
E L S E F O R i IN [0..1en) DO (to + i)t*-(from + i)t + a ; E N D L O O P ; 
END; 

C h e c k : P R O C E D U R E [v:VArray] = B E G I N 
foo:Foo r r L 0 O P H 0 L E [ @ v [ w ] ] ; 
i :NN; 
IF v[0] > r r L E N G T H [ v t ] T H E N E R R O R ; 
IF foo[MinusOne] .k # L E N G T H [ v t ] T H E N E R R O R ; - Horrible kludge (JHM) 
F O R i IN [O..v[0]) DO IF foo[i].k> rr: fGo[i-1].k O R foo[i].v > foo[i-1J.k - foo[i].k T H E N E R R O R ; E N D L O O P ; 
END; 

E N D . 

A Varray cons is ts of: 
1) the number of iterris (n ) stored in the array. 
2 ) a mumble, descr ibed below. 
3 ) n packed descr ip tors for the i tems, e a c h consist ing of a pointer to the start ing p lace and a length for the key. 
4 ) some empty space perhaps 
5) the i tems themselves, stored backward from the end of array 

T h e length of the value part of the item c a n be deduced from the start of the preceeding item. T h e mumble is a start for a phony i tem so 
it all works without spec ia l end tests . 

T h e Copy routines make the code smal ler by 10% 
T h e use of Entry makes the code smaller by 10% 

A Copy is A[ i ]*-B[ i ] + X f or all i 

A Slip moves entr ies start lndex and beyond from this array to newlndex and newData in array other, copying both index and data. 

A Move appends entr ies.start lndex and beyond from this array to the other array, move updates the entry count, s l ip doesn' t . 



" modified by Wadler for lazy evai , 7 / 1 3 / 7 9 
D I R E C T O R Y 
DispDefs: F R O M "D i spDe fs " , 
P L D e f s : F R O M " P L D e f s " , 
ImageDefs: F R O M " ImageDe fs " , 
Inl ineDefs: F R O M " In l ineDefs" , 
I O D e f s : F R O M " i O D e f s " . 
MiscDefs : F R O M "m iscde f s " , 
Al toFi leDefs: F R O M "A l toF i leDefs" , 
F i leSystemDefs : F R O M " F i l e S y s t e m D e f s " , 
F i l ePageUseDefs : F R O M " F i l e P a g e U s e D e f s " , 
S t reamDefs : F R O M " S t r e a m D e f s " . 
Sys temDefs : F R O M " S y s t e m D e f s " , 
Str ingDefs: F R O M "S t r ingDefs " , 
SegmentDefs : F R O M "Segmen tDe fs " ; 

d i s p : P R O G R A M I M P O R T S lODefs, P : P L D e f s E X P O R T S DispDefs =̂  B E G I N 

TokType : T Y P E = PLDe fs .TokType ; 
NodeType: T Y P E = PLDefs .NodeType; 
Node: T Y P E = PLDefs .Node; 
Symbol : T Y P E = PLDefs .Symbo l ; 
Register: T Y P E = PLDefs .Reg is ter ; 
Str ing: T Y P E = PLDefs .St r ing ; 
S t ream: T Y P E = PLDe fs .S t ream; 
cdebug: B O O L E A N = PLDefs .cdebug ; 
C R : C H A R A C T E R = lODefs .CR; 
W P : T Y P E - P R O C E D U R E [ C H A R A C T E R ] ; 

W C : W P ; 
charCount : C A R D I N A L *- 0; 
DispCnt: I N T E G E R *- 0; 
A s k E n d : B O O L E A N <- T R U E ; 
Conf i rmChar: C H A R A C T E R ; 
L ineLength ; C A R D I N A L = 60; 
MoreFlag: B O O L E A N ; 

P recedence : T Y P E = [0..256); 
Operator: A R R A Y NodeType O F S T R I N G ; 

Cha rsPe rL ine : C A R D I N A L = 72; 
c In : C A R D I N A L ; c u r r e n t indentation of the line to be printed; 
c P o s : C A R D I N A L ; - current character posit ion; 
broken: [0..1]; -- 1 iff l ines at current indentation should be put on multiple l ines 
L ine: A R R A Y [0 . .CharsPerL ine) O F R E C O R D [ b r e a k : B O O L E A N , indent: [0..128), c : C H / \ R A C T E R ] ; 
-- Invariant: 

" L ine[0. . .c ln) .c = S P 
- For i in [c ln . . .cPos)L ine[ i ] .c conta ins charac ters 
- If L ine[ i ] .break then we c a n start a new lino there indented by Line[i] . indent. Th i s indent value us a lways greater than cIn. 
- c P o s < C h a r s P e r L i n e {i.e. we empty immediately when full) 

C l e a r L i n e : P U B L I C P R O C E D U R E = B E G I N 
E N D ; 

C l e a r S c r e e n : P U B L I C P R O C E D U R E = B E G I N 
CharCount *- DispCnt *- 0; 
E N D ; 

C o n f i r m : P U B L I C P R O C E D U R E R E T U R N S [ B O O L E A N ] = 
B E G I N 

DO 
Conf i rmChar *- IODefs .ReadChar [ ] ; 
S E L E C T Conf i rmChar F f lOM 

' Y , 'y, lODefs .CR, '& B E G I N IO0efs.VVriteString[" Y e s . " ] ; R E T U R N [ T R U E ] ; E N D ; 
'N, ' n , lODefs .DEL B E G I N IODefs.Wri teStr ing[" No. " ] ; R E T U R N [ F A L S E ] ; E N D ; 
E N D C A S E => IODefs.Wri teStr ing[" ? ? " ] ; 

E N D L O O P ; 
E N D ; 

D i s p R e s e t : P U B L I C P R O C E D U R E = B E G I N 
DispCnt *- 0; 
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A s k E n d *- T R U E ; 
MoreFlag *• T R U E ; 
W C *• MyWri teProcedure; 
END; 

D i s p S e t u p : P U B L I C P R O C E D U R E = B E G I N 
DispReset []; 
[] *• P . lnser t [ "p r in t "L ,ZARY,proc ,Pr in tRout ine ,PLDefs .Unbo i ind ] ; 
END; 

M y W i i t e P r o c e d u r e : P U B L I C P R O C E D U R E [ c : C H A R A C T E R ] = B E G I N 
b: B O O L E A N ; 
IODefs.VVriteChar[c]; 
CharCount *- IF c = lODefs .CR T H E N 0 E L S E charCount + 1 ; 
IF ~ (charCount>CharsPerL ine OR c = lODefs .CR) O R - A s k E n d T H E N R E T U R N ; 
charCount *- 0; 
DispCnt *- DispCnt + 1 ; 
IF DispCnt > = PLDefs .Nun iL ines - 5 T H E N B E G I N 

IF MoreFlag T H E N B E G I N 
DispCnt *- 0; 
IODefs .WnteGhar [ IODefs .CR] ; 
IODefs.Wri teStr ing["More? " ] ; 
b *- Confirm[]; 
IF Conf i rmChar = ' & T H E N A s k E n d *- F A L S E ; 
I F - b T H E N B E G I N 

iODef s . Wri teChar[ IODef s . C R ] ; 
P.EndDisplay; 
END; 

C learL ine [ ] ; 
E N D 

E L S E B E G I N 
IODefs .Wr i teChar [ IODefs .CR] ; 
IODefs.Wri teLine[" ... mo re . . . " ] ; 
P.EndDisplay; 
E N D ; 

END; 
END; 

ML: P R O C E D U R E ^ : C A R D I N A L ] = 
B E G I N 
IF K c I n r broken T H E N - f lush out line 

B E G I N j : C A R D I N A L ; 
F O R j IN [0 . .cPos) 

DO 
WC[L ine [ j ] . c ] ; ' 
L ! n e [ j ] * - [ F A L S E , , ' ] ; 
E N D L O O P ; 

W C [ C R ] ; 
I F i < c i n T H E N broken <-0; 
c In *- c P o s *- i; 
END 

E L S E B E G I N 
L ine[cPos] .break *- T R U E ; 
L ine[cPos] . indent *• i; 
E N D ; 

END; 

P C : P R O C E D U R E [ c : C H A R A C T E R ] = B E G I N 
L ine [cPos ] . c *- c; 
c P o s *- c P o s + 1; 
IF c P o s = Cna rsPe rL ine T H E N - T ime to f lush line 

B E G I N 
i , j ,k , I: C A R D I N A L ; 
mindent: C A R D I N A L *- 77777B ; 
F O R i IN [cIn + 1 . .CharsPerL ine) D O 

IF Line[ i ] .break AND Line[i]. indent<mindent T H E N 
mindent *- Line[i ] . indent; 
E N D L O O P ; 

F O R i * 0 , i + l UNTIL 
i>cln AND Line[ i ] .break AND Line[i] . indent = mindent O R 1 = Cha rsPe rL ine 

DO 
WC[L ine[ i ] .c ] 



E N D L O O P ; 
W C [ C R ] ; 
IF mindent 77777B T H E N c P o s *- c ln 
E L S E B E G I N 

" We' re now at greater Indentation than before 
- A d d b lanks 
F O R j IN [cln..mindent) DO 

Line[j] ^ [ F A L S E , / ] ; E N D L O O P ; 
j *- c ln *- mindent; 
- sfiift charac te rs to the left 
k<- i ; 

DO 
Line[j ] *- L ine [k ] ; 
j + 
k *- k + 1; 
IF k = Cha rsPe rL i ne T H E N E X I T ; 
IF L ine[k] .break AND Line[k]. indent = c ln T H E N 

B E G I N - f lush again 
F O R I IN [0..j) 

D O 
WC[L ine[ i ] .c ] ' 
E N D L O O P ; 

W C [ C R ] ; 
j *- c i n ; 
E N D ; 

E N D L O O P ; 
c P o s *- j ; 
broken *- 1 ; 
E N D ; 

F O R i IN [ cPos . .Cha rsPerL jne ) DO 
Line[ i ] .break *- F A L S E E N D L O O P ; 

E N D ; 
END; 

P r i n t : P U B L I C P R O C E D U R E [ n : Node] = B E G I N 
B E G I N E N A B L E P.EndDisplay = > C O N T I N U E ; 
i: C A R D I N A L ; 

cln *- c P o s *- broken *- 0; 
F O R i IN [0 . .CharsPerL ine) D O 

Line[ i ] .break *- F A L S E ; 
E N D L O O P ; 

Pr in tExp [n ,0 ,0 ,0 ,FALSE] ;b roken * 1;NL[0]; 
E N D ; 
E N D ; 

Pr in tExp: P R O C E D U R E [ n : Node,in: CARDINAL. Ip , rp : P recedence , de: B O O L E A N ] = B E G I N 
-- Th i s routine never ca l l s Alloc (except in Z E v a l ) 

de is true when inside a c losure, so Dont Eva l l ists 
DO -- to eliminate tail recurs ion 
I F n = NIL T H E N P S [ " N ! L ( e r r o r ) " ] 
E L S E S E L E C T n.Type F R O M 
F A I L , WILD, H O L E = > PS[Operator [n .Type] ] ; 
S T R => 

B E G I N 
- No Al locs done in here, by cal led procedures either! 
ns, n s 1 : PLDe fs .S t reamReco rd ; 
ns *- P.NewStream[n] ; 
ns1 *- ns ; 
W H I L E ns l . node ~ = NIL DO 

IF P. l tem[@ns1] NOT IN ['0..'9] T H E N G O T O NonNum; 
R E P E A T 
NonNum => 

B E G I N 
P C [ " ' ] ; 
W H I L E ns.node ~ = NIL DO 

B E G I N 
c: C H A R A C T E R =: P . l tem[@ns] ; 
S E L E C T c F R O M 
' " , ' t => B E G I N P C [ ' t ] ; P C [ c ] END; 
3 6 0 = > P S [ " t 0 3 6 " ] ; 
lODefs .DEL = > P S [ " t 1 7 7 " ] ; 



iN [ ' . . lODefs .DEL) -::>PC[c]; 
E N D C A S E B E G I N 

P C [ ' t ] ; P C [ c + lOOB]; 
E N D ; 

E N D ; 
E N D L O O P ; 

P C [ ' " ] ; 
END; 

F I N I S H E D => 
IF ns.node ^ NIL OF^ ns.node.str. length = 0 T H E N 

B E G I N P C [ ' " ] ; P C [ " ' ] E N D 
E L S E W H I L E ns.node ~ = NIL DO 

PC[P . l t em [@ns ] ] ; 
E N D L O O P ; 

E N D L O O P ; 
END; 

C L O S U R E = > 
B E G I N 
IFn .env = N ! L T H E N 

Pr in tExp [ r i .exp , in ,0 ,0 ,TRUE] - / z 
E L S E 

B E G I N 
P C [ ' ( ] ; 
in *- in + 1 ; 
P r in tExp [n .exp , in ,O .OJRUE] ; - - / z 
NL[ in ] ; 
P S [ " where " ] ; 
n *- n.env; 
UNTIL n = NIL DO 

P S n.vai .unary.name]; 
P C [ ' = ] ; 
Pr intExp[n.val .uexp, in,0,0,de]; NL[ in] ; 
n * n.next; 
IF n # NIL T H E N P S [ " and " ] 
E N D L O O P ; 

P C [ ' ) ] ; 
E N D ; 

END; 
ID, Z A R Y , P F U N C = > PS[n .name.name] ; 
P A T T E R N ^ > B E G I N 

P C [ ' G ; PrintExp[n.pattern, in + 1,0,0,de]; P C [ ' } ] 
END; 

L I S T => 
IF n.listhead = NIL T H E N P S [ " [ ] " ] 
E L S E 

B E G I N 
P C P O ; 
DO 

Pr in tExp[ ( IF de T H E N n.listhead E L S E P.ZEval [n. l is thead]) , in + 1,0.0,de]; - / z 
n *- ( IF de T H E N n.listtail E L S E P.ZEval[n. l ist tai l ] ) ; - / z 
IF n.Type ~ = L I S T T H E N 

I F d e T H E N - / z 
B E G I N 
P C [ ' . ] ; N L [ i n + 1] ; 
Pr intExp[n, in + 1,0,0,de]; 
E X I T ; 
E N D 

E L S E 
B E G I N 
P S [ " T R A S H E D L I S T T A I L ! ! ! " ] ; 
E X I T 
E N D ; 

IF n.listhead = NIL T H E N E X I T ; 
P C [ ' , ] ; NL[ in + 1 ] ; 
E N D L O O P ; 

pen]; 
E N D ; 

P F U N C 1 , U N A R Y => 
i F r p > 1 2 T H E N 

B E G I N 
P C [ ' ( 1 ; 



P S n .p fund .name ] ; 
P C [ ' ] ; 
NL[ in + 1]; 
Pr intExpfn.pexp. in + 1,12, 0,de]; 

pcni; 
E N D E L S E 
B E G I N 
PS[n .p func1.name] ; 
pen: 
NL[ in] ; 
n*-n.pexp; 
Ip <- 12; 
L O O P ; 
E N D ; 

T I L D E => 
I F r p > 1 2 T H E N 

B E G I N 
P S [ " ( - " ] ; N L [ i n + 1] ; 
PrintExp[n.not, in + 1,12, 0,de]; 
P C [ ' ) ] ; 
E N D 

E L S E 
B E G I N 
P C n ] ; N L [ i n ] ; 
n<-n.not; 
l p + 1 2 ; 
L O O P ; 
E N D ; 

F C N => 
B E G I N 
I F I p > 1 6 O R 0 < r p T H E N 

B E G I N 
P C [ ' ( ] ; 
PrintExp[n.left, in + 1,0,16,del; 
P S r : " ] ; 
NL[in + 1]; 
PrintExpfn.r ight, in + 1,0, 0,de] ; 
P C [ ' ) ] ; 
END 

E L S E B E G I N 
PrintExp[n. left , in, lp,16,de]; 
P S r : " ] ; 
NL[ in ] ; 
n *- n.right; 
Ip ^ 0; 
L O O P ; 
E N D ; 

END; 
C A T , C A T L , M A T C H , P A L T , A P P L Y , M A P P L Y , G O B B L E , I T E R , A S S . P R O G , P L U S , MINUS, S E Q U E N C E . E Q U A L 

B E G I N 
Iprec, rprec: P recedence ; 
S E L E C T n.Type F R O M 

P R O G => B E G I N !prec*-2; rprec *- 2 E N D ; 
A S S => B E G I N Iprec*-16; rprec *- 4 E N D ; 
P A L T = > B E G I N !prec*-6; rprec *- 6 E N D ; 
M A T C H = > B E G I N Iprec*-8; rprec *- 8 E N D ; 
E N D C A S E :=> B E G I N iprec + 10; rprec + 11 END; 

IF lp>lprec O R rprec<rp T H E N 
B E G I N 
P C [ ' ( j ; 
PrintExp[n.left, in +1,0, lprec,de] ; 
NL[ in + 1]; 
PS[Operator [n .Type] ] ; 
IF n.Type = P A L T O R n.Type = M A T C H T H E N in *- in + 1 ; 
PrintExp[n.r ight, in + 1,rprec, 0, de ] ; 
P C [ ' ) ] ; 
END 

E L S E B E G I N 
PrintExp[n. ieft , in, lp, lprec,de]; 
NL 
P S 

in j ; 
ppera to r [n .Type ] ] ; 



IF n.Type = P A L T O R n. Type = M A T C H T H E N in <- in + 1 ; 
n *• n.right; 
Ip *• rprec; 
L O O P ; 
E N D ; 

END; 
O P T . D E L E T E , S E Q O F , S E Q O F C => 

B E G I N 
PrintExp[n.opt, in, lp, 14, de] ; 
PS[Operator [n .Type] ] ; 
END; 

E N D C A S E B E G I N 
P S [ " T R A S H E D NODE! ! ! Type = " ] ; 
P C [ L O O P H O L E [ n . T y p e ] ] ; 
END; 

R E T U R N ; 
E N D L O O P ; 
E N D ; 

P r i n t R o u t i n e : P R O C E D U R E [ s : S y m b o ! , n 1 . n 2 : Node] R E T U R N S [ N o d e ] = B E G I N 
zary 

- print on terminal the entire incoming str ing, a s is 
- must be string coming in 
IF n1 .Type - = S T R THEN P.REr r [ "p r in t requires a string as i n p u f ' L ] ; 
Pr intStr ing[n1]; 
R E T U R N [ n 1 ] ; 
E N D ; 

P r i n t S t r i n g : P U B L I C P R O C E D U R E [ s : Node] = B E G I N 
ns: PLDe fs .S t reamReco rd ; 
ns *- P.NevvStream[s]; 
W H I L E ns.node - = NIL DO WC[P . l t em[@ns ] ] ; E N D L O O P ; 

E N D ; 

P S : P R O C E D U R E [ s : S T R I N G ] = B E G I N 
i: C A R D I N A L ; 
F O R i IN [0..s.!ength) DO PC[s [ i ] ] E N D L O O P ; 
E N D ; 

S e t W r i t e P r o c e d u r e : P U B L I C P R O C E D U R E [ p : W P ] R E T U R N S [old: WP] 
= B E G I N 

old *- W C ; 
W C *- p; 
END; 

T o g g l e A M P r i n t : P U B L I C P R O C E D U R E R E T U R N S [ B O O L E A N ] = B E G I N 
R E T U R N [ T R U E ] ; 
E N D ; 

T o g g l e M o r e : P U B L I C P R O C E D U R E R E T U R N S [ B O O L E A N ] = B E G I N 
R E T U R N [MoreFlag *- - M o r e F l a g ] ; 
E N D ; 

t: NodeType; 
F O R t IN NodeType DO Operator[t] *• " ? ? ? " E N D L O O P ; 
Operator 
Operator 
Operator 
Operator 
Operator-
Operator 
Operator 
Operator 
Operator 
Operator 
Operator 
Operator 
Operator 
Operator 
Operator 

H O L E ] 
C A T ] *- " " ; 
FA IL ] *- " f a i l " ; 
WILD] *• " ^ " ; 
C A T L ] *- " „ " ; 
E Q U A L ] * - " = " ; 
M A T C H ] *- " > " ; 
P A L T ] *- " I " ; 
A P P L Y ] *- " / " ; 
^MAPPLY] *- " / / " ; 
G O B B L E ] *- " / / / " ; 
I T E R ] *- "%%" ; 
FCN] * - " : " ; 
A S S ] * - " * • " ; 
P R O G ] *- " ; " ; 



Operator 
Operator 
Operator 
Operator 
Operator; 
Operate r 
Operator 
Operator, 

S E Q O F ] + " 
S E Q O F C ] + 
D E L E T E ] + ' 
P L U S ] + " + 
MINUS] *-
T I L D E ] + 

' S E Q U E N C E ] 
O P T ] *- " ? " ; 

E N D . 



D I R E C T O R Y 
EtherRepor tDefs : F R O M "E the rRepor tDe fs " , 
NovaOps; F R O M " N o v a O p s " , 
T imeDefs : F R O M " T i m e D e f s " , 
Inl ineDefs: F R O M " In l ineDefs" ; 

E t h e r R e p o r t : P R O G R A M I M P O R T S T imeDefs , Inl ineDefs, NovaOps 
E X P O R T S Et f ierReportDefs = 

B E G I N 
- Report events in common format to logging host. Copied from bcpl version 

- Las t modified May 11. 1979 6:02 PM 

" Th i s source file is intended to be self contained not requiring 
- any declarat ions fi les - hence if Pup definit ions change, this 

file will need to be changed a s well. 

- Standard Pup definitions: 

Byte: T Y P E [0..256); 
Socket : T Y P E = EtherReportDefs.vSocket; 
Port: T Y P E = EtherReportDefs.Port ; 
NetAddress: T Y P E = R E C O R D [ n e t , host: By te ] ; 
PackedT ime : T Y P E = num Inl ineDefs.LongNumber; 

E therPup: T Y P E ^ P O I N T E R T O E the rPupReco rd ; 
E t h e r P u p R e c o r d : T Y P E = R E C O R D 

[ 
eDest: Byte, 
e S r c : Byte, 
eType: W O R D , - 1000B = > Pup 
- the Pup begins here, stuff above is Ethernet encapsulat ion 
length: W O R D , Bytes of pup contents 
transport: Byte, 
type: Byte, 
id: Socket , 
cIPort: Port, 
sPort : Port, 
contents: A R R A Y [0. .300-pupOvWords) O F W O R D , 
checksum: W O R D -- position var ies, fol lows contents 
]; 

pupOvBytes: C A R D I N A L = 22; • - Pup header overhead 
pupOvWords: C A R D I N A L = pupOvBy tes /2 ; 

ptEventReport : C A R D I N A L = 240B; - Event Report 
ptEventReply: C A R D I N A L = 2418 ; - Even t Report Reply 

ptRouteRequest : C A R D I N A L = 200B; - Rout ing table info request 
ptRouteReply: C A R D I N A L = 201B; 

socketRoutelnfo: Socke t = [0,2] ; - Well known socke t 

R T C : P O I N T E R T O C A R D I N A L = L O O P H O L E [ 4 3 0 B ] ; - R e a l T ime C lock 

-- Ether definit ions 
etherPup: C A R D I N A L = 1000B; - Ethernet type = Pup 
etherOvWords: C A R D I N A L = 2; - - E t h e r encapsulat ion overhead 

e P L o c : P O I N T E R T O C A R D I N A L = L O O P H O L E [ 6 0 0 B ] ; - Pos t location 
e B L o c : P O I N T E R T O C A R D I N A L L O O P H O L E [ 6 0 1 B ] ; - i n t e r r up t s 
e L L o c : F^OINTER T O C A R D I N A L ^ L O O P H O L E [ 6 0 3 B J ; - - Load location 
e l C L o c : P O I N T E R T O C A R D I N A L L O O P H O L E [ 6 0 4 B ] ; - Input count 
e l P L o c : P O I N T E R T O EtherPup = L O O P H O L E [ 6 0 5 B ] ; - Input 
e O C L o c : P O I N T E R T O C A R D I N A L = LOOPHOLE[606B] ; - -Ou tpu t count 
eOr^Loc: P O I N T E R T O EtherPup = L O O P H O L E [ 6 0 7 B ] ; - - O u t p u t 
e H L o c : P O I N T E R T O Byte = L O O P H O L E [ 6 1 0 B ] ; " Host address 

etherReset : C A R D I N A L 3; - interface S I O command bits 
etherlnput: C A R D I N A L = 2; 
etherOutput: C A R D I N A L = 1 ; 



R e p o r t : P U B L I C P R O C E D U R E [ 
eventPort: Port, 
eventV: P O I N T E R T O A R R A Y [ 0 . . 1) O F W O R D , - event 
eventVLength: C A R D I N A L 
] R E T U R N S [EtherRepor tDefs .Resul t ] = 

B E G I N 
retryCount: C A R D I N A L = 3; 
t imeOut: C A R D I N A L = 3 *27 ; 
try: C A R D I N A L ; 
r: I N T E G E R ; 
t: NetAddress = Star t lC [0 ] ; - Find my ser ia l number 
but: E the rPupReco rd ; - Packe ts live here 
or igTime: PackedT ime *• LOOPHOLE[T i r r !eDefs .Cur ren tDayT ime[ ] ] ; 
id: Socke t - [origTime.highbits, or igTime.lowbits]; 
sPort : Port; 
pdh: By te * eventPort.host; - Phys ica l Destination Host 

IF ! n l i n e D e f s . B I T A N D [ L O O P H O L E [ t , U N S P E C I F i E D ] , 77777B] = 77777B T H E N 
RETURN[NoEthe rNe t ] ; - No Ethernet interface! 

IF pdh =: 0 T H E N RETURN[Hos t l sO] ; - Don't broadcast ! 

e B L o c t *- 0; - No interrupts p lease 
e H L o c t *- t.host; - Our Irost address 
e P L o c t + 0; 
[] *- Star t iO[etherReset ] ; 

-- S o u r c e port 
sPort .net *• 0; 
sPort .host <- e H L o c t ; 
sPor t .socket *• id; 

F O R try IN [1 ..retryCount] DO 
- If we don't know our network, get some routing info 
IFsPor t .ne t O T H E N 

B E G I N 
routePort: Port <- [0, 0, socketRoute ln fo ] ; 
IF - S e n d P u p [ @ b u f , routePort, routePort. id, 

ptRouteRequest , 0, 0] T H E N 
R E T U R N [ R o u t e R e q u e s t F a i ! e d ] ; 

r *- Rece ivePup [@buf , routePort, routePort, [0,0] , 
ptRouteReply, t imeOut]; 

W H I L E r > 0 - Examine the routing info reply 
DO 
r *- r-2; ^ 
sPort .net *- buf.dPort.net; 
IFeventPor t .net # sPort.net 

ANDeventPor t .net = LB[buf .contents[ r ] ] T H E N 
pdh *• buf .eSrc ; 

E N D L O O P ; 
E N D ; 

- S e n d the event report 
In l ineDefs.COPY[to: @buf.contents, from: eventV, 

nwords: eventVLength] ; 
IF ~SendPup [@bu f , sPort , eventPort , id, ptEventReport , 

eventVLength, pdh] T H E N R E T U R N [ S e n d F a i l e d ] ; 

-- don't wait for response 
- r *- Rece ivePup [@bi i f , eventPort , sPort , id, ptEventReply, 

- t imeOut]; 
- I F r > = 0 T H E N - R E T U R N [ O K ] ; 
E N D L O O P ; 

R E T U R N [ N o R e p l y ] 
E N D ; 

L B : P R O C E D U R E [ x : W O R D ] R E T U R N S [ [0. .400B)] = 
B E G I N y : R E C O R D [ l , r : [ 0 . . 4 0 0 B ) ] = L O O P H O L E [ x ] ; 
R E T U R N [ y . l ] ; 
END; 

S e n d P u p : P R O G E D U R E [ b u f : E t h e r P u p , 
sPort , dPort: Port, 



id: Socke t , 
pupType, vvordLength, d e s k C A R D I N A L ] 

R E T U R N S [ o k : B O O L E A N ] = 
Assume data already in buf. 

-- Returns true IF packet sent O K . 
B E G I N 
i: C A R D I N A L ; 
buf .eSrc *• e H L o c t ; 
buf.eDest *• dest ; 
buf .eType * etherPup; - I'm a Pup in an E ther packet 
buf.length *• wordLength*2 + pupOvBytes; 
buf.transport *- 0; 
buf.type *• pupType; 
buf. id + id; 
buf.dPort *- dPort; 
buf.sPort *• sPor t ; 
buf.sPort.host *- e H L o c t ; 
buf.contents[woi'dLength] *- 177777B; - No checksum* 

[] *- Star t lO[etherReset ] ; - Reset inter face 
e O C L o c t *- wordLength + pupOvVVords + etherOvWords; 
e O P L o c r *• buf; 
e L L o c t <- 0; 
e P L o c t <- 0; 
n *• Start lO[etherOutDut]; - Turn on transmitter 
F O R i IN [1 .30000] DO IF e P L o c t # 0 T H E N E X I T E N D L O O P ; 
R E T U R N [ e P L o c t # 0 ] ; 
E N D ; 

R e c e i v e P u p : P R O C E D U R E [ b u f : E therPup. 
sPort , dPort: Port , 
id: Socke t , 
puoType, t imeOut :CARDINAL ] 

R E T U R N S [ I N T E G E R ] = 
- Filter by sockets , id, and type. 
- Return length in words of data. 
- Return -1 IF no Pup received within speci f ied time. 
B E G I N 
tim: C A R D I N A L = RTGt .+ t imeOut ; - avoid short tim 
status: C A R D I N A L ; 

DO 
[] *- Star t lO[etherReset ] ; - Rese t inter face 
e P L o c t + 0; 
e l C L o c t *• 299; 
e l P L o c t *- buf; 
[J *- Start iO[ether lnput] ; - Turn on receiver 
UNTIL e P L o c t # 0 

DO 
IF L O O P H O L E [ R T C t - t i m , I N T E G E R ] > 0 T H E N - tr icky 

B E G I N - timeout 
[1 *• Sta f t lO[etherReset ] ; 
R E T U R N [ - 1 ] 
E N D ; 

E N D L O O P ; 
status *- e P L o c t ; 
[] *- Star t lO[etherReset ] ; - Rese t inter face; 

IF s tatus = 3 7 7 B AND 
buf.eType = e therPup AND 
buf.eDest = e H L o c t AND - D isca rds broadcasts 
buf .sPort .socket =: sPor t .socket AND 
buf .dPort.socket = dPo! t.socket AND 
(id = [0,0] O R buf .id - id) AND 
buf.type = pupType T H E N 

R E T U R N [(buf.length-22 + 1 ) / 2 ] ; 
E N D L O O P ; - Until good Pup received or t imeOut; 

E N D ; 

S t a r t i O : P R O C E D U R E [ a c 0 : U N S P E C I F I E D ] R E T U R N S [ U N S P E C I F I E D ] 
B E G I N 
code: A R R A Y [0..2) O F C A R D I N A L *-

[061004B, - S I O 



001400B] ; - J M P 0 , 3 
R E T U R N [ N o v a O p s . N o v a J S R [ J S R , B A S E [ c o c i e ] . acO]] ; 
E N D ; 
E N D . 


