
THE DESCRIPTION AND CONTROL OF CHANGING PICTURES 

Gregory F 
Department of E l e c t r i c a l Engi 

U n i v e r s i t y o f C a l i f o r n i 

Abs t rac t 

DALI (D isp lay A lgo r i t hm Language I n t e r ­
p r e t e r ) is a spec ia l -purpose programming 
language ex tens ion f o r the c r e a t i o n and 
c o n t r o l o f changing p i c t u r e s . DALI p i c ­
t u res are composed of elements c a l l e d 
p i c t u r e modules. These are analogous to 
procedura l a c t i v a t i o n s or processes, and 
con ta in a r b i t r a r y even t -d r i ven procedures 
c a l l e d daemons. 

I n t r o d u c t i o n 

DALI (D isp lay A lgo r i t hm Language 
I n t e r p r e t e r ) is a h i g h - l e v e l language 
extens ion f o r the c r e a t i o n and c o n t r o l o f 
changing p i c t u r e s , p a r t i c u l a r l y p i c t u r e s 
e x h i b i t i n g complex s t a t i c and dynamic 
i n t e r a c t i o n s among t h e i r e lements. P r i o r 
work on t h i s sub jec t has been performed 
in the development of computer graph ics 
programming systems, e .g . | j l , 2, 3] . 
DALI d i f f e r s s t r o n g l y from such systems 
in t h a t a DALI p i c t u r e is not a passive 
data s t r u c t u r e . I ns tead , a DALI p i c t u r e 
is a s t r u c t u r e of a c t i v e elements akin to 
"p rocesses" , con ta i n i ng u s e r - w r i t t e n 
procedures c a l l e d daemons which are exe­
cuted in changing the p i c t u r e . The se­
l e c t i o n of daemons to run and the choice1 

of t h e i r order of execut ion is de f ined by 
a set o f schedu l ing r u l e s , b u i l t i n t o the 
language, which are based on l o w - l e v e l 
f u n c t i o n a l r e l a t i o n s h i p s among daemons. 
A pr imary advantage of the DALI approach 
i s m o d u l a r i t y : each p i c t u r e element l o ­
c a l l y descr ibes i t s own behav io r , i . e . , 
manner of change. 

Objects Def ined by DALI 

^ n e base language extended by DALI 
w i l 1 be assumed here to be LISP. DALI 
adds to the base language four pr imary 
types of o b j e c t s : o u t p u t s , daemons, 
p i c t u r e modules (o r j u s t modules), and 
p i c t u r e f u n c t i o n s . 

Outputs are l o c a t i o n s where data can 
be s t o r e d , and are p r i m a r i l y used f o r 
communication. Outputs d i f f e r from 
"normal " s torage l o c a t i o n s in tha t a 
change in value of an output can be de­
t ec ted as an event by one or more a c t i v e 
ob jec t s ( i . e . , daemons). 
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Daemons are parameter less procedures 
executed in response to some event . A 
t y p i c a l event is a change in the va lue of 
one or more ou tpu t s . Since a daemon can 
a l t e r the va lue o f ou tputs in response to 
a change in o ther outputs , computed 
changes can be propagated through the 
e n t i r e p i c t u r e . A daemon which can 
change a g iven o u t p u t ' s value is sa id to 
spec i f y t ha t ou tpu t ; and a daemon which 
runs when a g iven output changes va lue is 
sa id to watch tha t ou tpu t . 

P i c t u r e modules are o r g a n i z a t i o n a l 
u n i t s which con ta in daemons, o u t p u t s , and 
o ther p i c t u r e modules in a h i e r a r c h i c a l 
f a s h i o n . The o b j e c t s conta ined in a p i c ­
t u r e module are sa id to be owned by tha t 
module. P i c t u r e modules also con ta in a 
l o c a l envi ronment, a mapping from i d e n t i -
f i e r s to values used on ly by the daemons 
owned by a module. 

P i c t u r e f u n c t i o n s are valued proce­
dures w r i t t e n by the user . A p p l i c a t i o n 
o f a p i c t u r e f u n c t i o n c rea tes , in l i e u o f 
a normal p rocedura l a c t i v a t i o n , a p i c t u r e 
module which remains in ex is tence u n t i l 
e x p l i c i t l y de l e ted . The created p i c t u r e 
module is the va lue of an a p p l i c a t i o n of 
a p i c t u r e f u n c t i o n . A p i c t u r e module 
created by a daemon is owned by the 
daemon's owner; t h i s c reates a h i e r a r c h i ­
ca l s t r u c t u r e analogous to the t r e e o f 
procedure a c t i v a t i o n s created in languag­
es such as CONNIVFR [4] and OREGANO [5J . 

P i c t u r e f u n c t i o n s are de f ined by an 
a p p l i c a t i o n of the f u n c t i o n DEFPIC, as in 

(DKFPIC name (argument l i s t ) body) , 

where name is the i d e n t i f i e r naming the 
p i c t u r e f u n c t i o n . The argument l i s t de­
f i n e s the l o c a l environment of the module 
c reated by the p i c t u r e f u n c t i o n . The 
body is a l i s t o f f u n c t i o n a p p l i c a t i o n s 
which are eva luated as pa r t of app l y i ng 
the p i c t u r e f u n c t i o n . 

The s t r u c t u r e created by app l y i ng 
p i c t u r e f u n c t i o n s , c r e a t i n g daemons, 
e t c . , i s c a l l e d the p i c t u r e s t r u c t u r e . 
P i c t u r e s t r u c t u r e s can be diagrammed as 
shown in F igures 1 and 2. The conven-
t ions used a re : p i c t u r e modules are 
cross-hatched c i r c l e s , outputs are smal l 
open c i r c l e s , and daemons are l a rge r open 
c i r c l e s ; modules are connected to the 
modules they own by s o l i d l i n e s and to 
the daemons they own by do t ted 
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outputs are connected to daemons which 
change t h e i r values by short s o l i d l i n e s ; 
and dashed arrows lead from each output 
to a l l daemons which run when t h a t output 
changes value. 

Examples 

Several examples of simple p i c t u r e 
fu n c t i o n s w i l l now be presented. 

The p i c t u r e f u n c t i o n RELP, which 
appears below, captures the notion of 
" r e l a t i v e p o s i t i o n " i n the f o l l o w i n g 
sense: it causes an output's value to be 
maintained as the sum of two other 
outputs' values. 

(DEFPIC RELP (P1 P2 "OUT" SUM) 
(CONTIN (OUCH SUM (+ ,P1 ,P2)) )) 

The p i c t u r e s t r u c t u r e created by applying 
RELP is shown in Figure 1. 

FIGURE 1 
The above DEFPIC "declares" RELP t o 

be a p i c t u r e f u n c t i o n which takes two 
arguments: P1 and P2; these must be out­
puts, due t o the way i n which RELP uses 
them. Applying RELP creates a module 
whose l o c a l environment holds P1, P2, and 
SUM; t h i s is i n d i c a t e d by t h e i r presence 
i n the argument l i s t . The designator 
"OUT" i n d i c a t e s that at the time of 
RELP's a p p l i c a t i o n , SUM i s t o be i n i t i a l ­
ly bound to a newly created output w i t h a 
value of NIL. 

RELP's a p p l i c a t i o n of CONTIN creates 
a daemon which watches PI and P2, running 
when e i t h e r or both change value. When 
t h i s daemon runs, i t w i l l apply OUCH 
(Output value CHange) to change the value 
of the SUM output to the sum of the v a l ­
ues of the outputs assigned to PI and 
P2. (Vector a r i t h m e t i c is assumed.) The 
commas (,) appearing in the CONTIN daemon 
are s y n t a c t i c sugar f o r an a p p l i c a t i o n of 
the f u n c t i o n OVAL, which, a p p l i e d t o an 
output, returns the value of t h a t out­

put. In a d d i t i o n to c r e a t i n g the daemon, 
CONTIN also runs the body of the daemon 
once before r e t u r n i n g , thus i n i t i a l i z i n g 
SUM. 

The designator "OUT", i n a d d i t i o n t o 
i n d i c a t i n g an i n i t i a l i z a t i o n of SUM, also 
i n d i c a t e s t h a t the value of SUM can be 
obtained from the created p i c t u r e module 
a f t e r RELP has returned. This access of 
RELP's l o c a l environment i s performed by 
the f u n c t i o n OUT, abbreviated by a pre­
f i x e d exclamation p o i n t (!). Thus, f o r 
example, 

(RELP DISP1 !(RELP DISP2 PT)) 

creates a "chain" of r e l a t i v e p o s i t i o n s 
two elements long. 

Now a p i c t u r e f u n c t i o n w i l l be de­
f i n e d which manages a hardware d i s p l a y 
f i l e entry causing a v i s i b l e l i n e t o b e 
drawn. This p i c t u r e f u n c t i o n , defined 
below as LINE, takes two arguments, both 
of which are outputs c o n t a i n i n g p o s i ­
t i o n s , and draws a l i n e connecting i t s 
arguments' values. 

(DEFPIC LINE ( P I P2 "AUX" LINEID) 
(SFTQ LINEID (MAKE-ENTRY ,P1 ,P2)) 
(AS-NEEDED 

(CHANGE-ENTRY LINEID ,PI ,P2) ) 
(ONC DELETF 

(DESTROY-ENTRY LINEID)) ) 

The p i c t u r e s t r u c t u r e created by an ap­
p l i c a t i o n of LINE is shown in Figure 2. 

FIGURE 2 

"AUX", i n LINF's argument l i s t , i n ­
dicates t h a t LINEID is an A u x i l i a r y iden­
t i f i e r which i s to be r e t a i n e d i n the 
l o c a l environment f o r use by daemons. 
LINEID holds a d i s p l a y - f i l e - e n t r y i d e n t i ­
f i e r returned by MAKE-ENTRY, which 
creates the d i s p l a y f i l e e n t r y . The ap­
p l i c a t i o n o f AS-NEEDED creates a daemon 
l i k e CONTIN but does not i n i t i a l l y run 
that daemon. The created daemon watches 
PI and P2 and w i l l apply the f u n c t i o n 
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CHANGE-ENTRY t o a l t e r t h e d i s p l a y f i l e 
e n t r y whenever n e c e s s a r y . The a p p l i c a ­
t i o n o f ONC ( f o r O N C o n d i t i o n ) c r e a t e s a 
daemon w h i c h i s r u n a s p a r t o f t h e p r o ­
cess o f d e l e t i n g a LINE module; t h i s dae­
mon a p p l i e s t h e f u n c t i o n DESTRCY-ENTRY t o 
d e a l l o c a t e t h e d i s p l a y f i l e e n t r y . 

A r e l a t i v e l i n e can now b e d e f i n e d 
as f o l l o w s ; 

(DEFPIC RELINE (BASE DELTA) 
(LINE BASE !(RELP BASE DELTA)) ) 

RELINE c r e a t e s n o daemons; i t e f f e c ­
t i v e l y d e l e g a t e s t h e a u t h o r i t y t o h a n d l e 
t h e c r e a t i o n o f t h e r e l a t i v e l i n e t o t h e 
modules i t c r e a t e d . Such d e l e g a t i o n need 
n o t b e t o t a l . A s a n example, c o n s i d e r 
t h e p i c t u r e f u n c t i o n WATCHP3 below: 

(DEFPIC WATCHP3 (P1 P2 P3 
"AUXO" FILTER) 

(CONTIN 
(COND ((SAFE? ,P3) 

(OUCH FILTER ,P3)) 
( T (DRASTIC-ACTION)) ) ) 

(L I N E PI P2) 
( L I N E P2 FILTER) 
( L I N E FILTER P1) ) 

The "AUXO" argument l i s t d e s i g n a t o r 
makes FILTER an A U X i l i a r y i d e n t i f i e r , 
l i k e "AUX", b u t i n i t i a l i z e s FILTER t o 
c o n t a i n a n o u t p u t o f v a l u e N I L . 

WATCHP3 draws a t r i a n g l e c o n n e c t i n g 
i t s t h r e e argument o u t p u t s P I , P2, and 
P3, p r o v i d e d t h a t P3 has some r a n g e o f 
" s a f e " v a l u e s a s checked b y t h e p r e d i c a t e 
SAFE?. I f P3's v a l u e i s n o t " s a f e " , t h e 
daemon p e r f o r m s some " d r a s t i c a c t i o n " . 
I t s h o u l d be n o t e d t h a t t h e CONTIN daemon 
o f WATCHP3 r u n s o n l y when t h e v a l u e o f P3 
changes; changes t o t h e v a l u e s o f P 1 and 
P2 do n o t cause t h i s daemon t o r u n , b u t 
i n s t e a d a r e r e s p o n d e d t o d i r e c t l y b y dae­
mons i n t h e LINE modules c r e a t e d b y 
WATCHP3. 

The p r e v i o u s examples i l l u s t r a t e n o 
mechanism by w h i c h o u t p u t s can be p a s s e d 
back t h r o u g h m u l t i p l e l e v e l s o f p i c t u r e 
f u n c t i o n i n v o c a t i o n . For example, t h e 
o u t p u t c r e a t e d by HELP i n RELINE -- t h e 
computed e n d p o i n t of t h e l i n e -- may be 
o f i n t e r e s t t o RELINE 1s c a l l e r . T h i s 
o u t p u t p a s s i n g i s a c h i e v e d v i a a n o t h e r 
argument 1 i s t d e s i g n a t o r ; "OUTU", f o r 
OUTput U n i n i t i a l i z e d . "OUTU" o p e r a t e s 
l i k e "OUT", i n t h a t t h e v a l u e s o f t h e 
i d e n t i f i e r ( s ) i t d e s i g n a t e s a r e r e c e i v a ­
b l e b y u s i n g t h e f u n c t i o n OUT ( ! ) ; b u t 
"OUTU" does n o t i n i t i a l i z e i t s d e s i g n a t e d 
i d e n t i f i e r s , i n s t e a d a l l o w i n g t h e n t o b e 
a s s i g n e d v a l u e s b y t h e p i c t u r e f u n c t i o n 
body. A RELINE p a s s i n g i t s computed end-
p o i n t back u s i n g "OUTU" can be coded as 
f o l l o w s : 

(DEFPIC RELINE1 (BASE DELTA "OUTU" EP) 
(SETQ EP !(RELP BASE DELTA)) 
( L I N E BASF EP)) 

Thus t h e f r a g m e n t 

(RELINE D1 !(RELINF1 D2 PT)) 

c r e a t e s a 2-element c h a i n o f r e l a t i v e 
l i n e s i n w h i c h t h e embedded HELP daemons 
a r e d i r e c t l y c o n n e c t e d . T h i s i s shown i n 
F i g u r e 3 , w h i c h shows t h e p i c t u r e s t r u c ­
t u r e c r e a t e d b y t h e above f r a g m e n t . 

FIGURE 3 

The A c y c l i c Daemon S c h e d u l i n g R u l e s 

The DALI daemon s c h e d u l i n g r u l e s 
d e f i n e w h i c h daemons a r e t o b e r u n and 
t h e o r d e r i n w h i c h t h e y a r e t o b e r u n . 
Here we w i l l d e a l o n l y w i t h s c h e d u l i n g 
r u l e s f o r a s p e c i a l case: t h e s i t u a t i o n 
when i n t e r - d a e m o n r e l a t i o n s h i p s a r e 
a c y c l i c , i . e . , n o daemon can change a n 
o u t p u t v a l u e and i n so d o i n g cause i t s e l f 
t o be r u n a g a i n a t some f u t u r e t i m e . 
U n r e s t r i c t e d — i n p a r t i c u l a r , c y c l i c — 
r e l a t i o n s h i p s can b e h a n d l e d i n DALI i n a 
manner t h a t l e a d s t o i t e r a t i o n , o r 
" r e l a x a t i o n " ; t h i s more g e n e r a l s i t u a ­
t i o n i s d i s c u s s e d i n [ 6 ] , The a c y c l i c 
r u l e s d e s c r i b e d h e r e f o r m t h e b a s i s o f 
t h e t r e a t m e n t o f t h e c y c l i c c a s e , and 
o c c u r i n v e r y many s i t u a t i o n s o f i n t e r ­
e s t . 

Some d e f i n i t i o n s a r e needed p r i o r t o 
t h e p r e s e n t a t i o n o f t h e a c y c l i c daemon 
s c h e d u l i n g r u l e s : 

A daemon A is t h e f a t h e r of a 
daemon B i f and o n l y i f A s p e c i f i e s 
an o u t p u t w a t c h e d by B. 

A daemon A is an a n c e s t o r of a 
daemon B i f and o n l y i f t h e r e e x i s t s 
a sequence of daemons D ( 0 ) , 
D ( l ) , . . . ,D(n) such t h a t D(0)=A, 
D ( n ) = B , and f o r e v e r y i i n t h e r a n g e 
0 < i < n + l , D ( i - l ) i s a son o f D ( i ) . 

A p i c t u r e i s s a i d t o b e a c y c l i c 
i f and o n l y i f i t c o n t a i n s n o daemon 
w h i c h i s i t s own a n c e s t o r . 

The a c y c l i c daemon s c h e d u l i n g r u l e s 
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a r e : 

R u l e 1 

R u l e 2 

R u l e 3 

Rule 4 

( s e l e c t i o n ) A daemon w i l l be r u n 
i f and o n l y i f one o r more o f t h e 
o u t p u t s i t wa t c h e s i s OUCHed; 
once r u n , i t does n o t r u n a g a i n 
u n t i l such an OUCH o c c u r s a f t e r 
i t s e x e c u t i o n has t e r m i n a t e d , 
( n o n i n t e r r u p t i o n ) Once a daemon D 
b e g i n s e x e c u t i o n , no daemon an­
c e s t r a l l y r e l a t e d t o D may r u n 
u n t i l D t e r m i n a t e s o f i t s own 
a c c o r d . 
( a n c e s t o r s f i r s t ) I f daemons A 
and B a r e t o be r u n , and 
a n c e s t o r o f B , t h e n A i s 
f o r e B. 
( c l o s u r e ) I f two daemons 
b e r u n and t h e y a r e n o t 
i n a n c e s t r y , t h e y may r u n 
o r d e r . 

A i s a 
r u n he-
a r e t o 

r e l a t e d 
i n any 

T h ere i s a s i m p l e method f o r i m p l e ­
m e n t i n g t h e a c y c l i c daemon s c h e d u l i n g 
r u l e s on a s i n g l e - p r o c e s s o r s y s t e m . Each 
daemon i s a s s i g n e d a n u n c h a n g i n g i n t e g e r 
p r i o r i t y a t i t s c r e a t i o n a c c o r d i n g t o t h e 
f o l l o w i n g r u l e s : (X) t h e p r i o r i t y o f t h e 
a p p l i c a t i o n program, c o n s i d e r e d a s t h e 
" r o o t daemon" a n c e s t r a l t o a l l o t h e r dae­
mons, i s 0; ( 2 ) t h e p r i o r i t y o f a daemon 
i s one g r e a t e r t h a n t h e l a r g e s t o f i t s 
f a t h e r s ' p r i o r i t i e s . Whenever an o u t p u t 
i s OUCHed, each daemon w a t c h i n g t h a t o u t ­
p u t i s i m m e d i a t e l y p l a c e d o n a g l o b a l 
daemon queue i n o r d e r o f i n c r e a s i n g dae­
mon p r i o r i t y . The r u n n i n g o f daemons 
t h e n c o n s i s t s o f r e m o v i n g t h e daemon a t 
t h e head o f t h e queue f r o m t h e queue and 
r u n n i n g i t , r e p e a t i n g t h i s u n t i l t h e 
queue i s empty. 

The s c h e d u l i n g r u l e s above a c h i e v e 
two v e r y i m p o r t a n t g o a l s : 

( 1 ) Daemons can be c o n s i d e r e d as 
d e f i n i n g i n v a r i a n t r e l a t i o n s h i p s between 
t h e i r watched and s p e c i f i e d o u t p u t s . 
T h i s i s c r i t i c a l t o m a k i n g DALI p r o g r a m s 
o p e r a t e i n a c o m p r e h e n s i b l e manner. I t 
means, f o r example, t h a t w h e r e v e r and 
whenever a RELP module is used, t h e SUM 
o u t p u t can r e l i a b l y b e used i n p l a c e o f a 
c o m p u t a t i o n o f t h e sum o f t h e module's 
i n p u t s . T h i s g o a l i s p r i m a r i l y g u a r a n ­
t e e d b y t h e a n c e s t o r s f i r s t r u l e . 

( 2 ) Daemons o p e r a t e i n a s t a b l e en­
v i r o n m e n t . T h i s i s t a k e n h e r e t o mean 
t h a t t h e o n l y d a t a v a l u e changes w h i c h 
o c c u r d u r i n g t h a t daemon's e x e c u t i o n a r e 
p e r f o r m e d by t h e daemon i t s e l f . T h i s 
e n s u r e s t h a t d e s p i t e t h e f a c t t h a t DALI 
i s a m u l t i p l e - e n v i r o n m e n t , 
" m u l t i p l e - p r o c e s s " s y s t e m , each i n d i v i d u ­
a l daemon can be w r i t t e n as i f i t were 
r u n n i n g o n t h e s i m p l e s t p o s s i b l e s i n g l e 
p r o g r a m c o u n t e r machine l a c k i n g any f o r m 
o f m u l t i p l e p r o c e s s i n g o r i n t e r r u p t s . 
Races, h a z a r d s , and o t h e r s y n c h r o n i z a t i o n 
w o r r i e s a r e d e f i n e d o u t o f e x i s t e n c e f r o m 
t h e s t a r t . 
T h e " s t a b l e e n v i r o n m e n t " and 
' r e l a t i o n s h i p " g o a l s a r e as much a v i r t u e 
as a n e c e s s i t y : a s y s t e m l i k e DALI, whe-

E n v i r o n m e n t S t r u c t u r e 

The s t r u c t u r e o f t h e e n v i r o n m e n t i n 
w h i c h a DALI daemon o p e r a t e s is composed 
o f f o u r p a r t s : t h e p r i m i t i v e e n v i r o n m e n t , 
t h e g l o b a l e n v i r o n m e n t . t h e l o c a l 
e n v i r o n m e n t 
e n v i r o n m e n t 
a r r a n g e d in 
4. 

and t h e t e m p o r a r y 
These a r e c o n s i d e r e d t o b e 
a s t a c k , a s shown i n F i g u r e 

FIGURE 4 

The p r i m i t i v e e n v i r o n m e n t consists 
o f t h o s e i d e n t i f i e r - t o - v a l u e mappings 
w h i c h a r e f i x e d f o r a l l t i m e i n t h e base 
l a n g u a g e ; i t w o u l d t y p i c a l l y i n c l u d e t h e 
i d e n t i f i e r " + " i n i n t e r p r e t e d L I S P , 
t h i s e n v i r o n m e n t i s n u l l . 

The g l o b a l e n v i r o n m e n t c o n t a i n s 
i d e n t i f i e r - t o - v a l u e mappings w h i c h a r e 
d e f i n e d b y t h e u s e r , and a r e g e n e r a l l y 
s t a t i c f o r t h e d u r a t i o n o f a n e x e c u t i o n 
of a p r o g r a m . The names of p r o c e d u r e s 
g e n e r a l l y l i e h e r e . I n LISP, t h i s e n v i ­
ronment i s u n s t r u c t u r e d ; i n a l a n g u a g e 
w i t h s t a t i c b l o c k s t r u c t u r e , such a s AL­
GOL, t h e g l o b a l e n v i r o n m e n t w o u l d be 
s t r u c t u r e d i n a c c o r d a n c e w i t h t h e s t a t i c 
b l o c k s t r u c t u r e . 

A s e p a r a t e t e m p o r a r y e n v i r o n m e n t i s 
a s s o c i a t e d w i t h each module, and r e t a i n s 
i t s c o n t e n t s a c r o s s daemon e x e c u t i o n s . 
The t e m p o r a r y e n v i r o n m e n t c o n t a i n s p u r e l y 
t e m p o r a r y s t o r a g e f o r use b y daemons; i t 
is empty when a daemon b e g i n s e x e c u t i o n , 
and i s e m p t i e d when t h e daemon f i n i s h e s 
e x e c u t i o n . Here we assume a s t a c k - s t r u c -



t u r e d t e m p o r a r y e n v i r o n m e n t ; some modi f i -
c a t i o n o f t h i s o r g a n i z a t i o n w o u l d b e ne­
c e s s a r y i f FORTRAN, w h i c h i s n o t 
s t a c k - s t r u c t u r e d , were t h e base l a n ­
guage. 

The t o t a l e n v i r o n m e n t s t r u c t u r e ex­
i s t i n g when no daemon i s e x e c u t i n g , i l ­
l u s t r a t e d i n F i g u r e 5 a (on a l a t e r p a g e ) , 
i s a b r o a d b u t s h a l l o w t r e e w i t h one tem­
p o r a r y e n v i r o n m e n t f o r each e x i s t i n g mo­
d u l e . D u r i n g any e x e c u t i o n sequence t h a t 
does n o t i n c l u d e p i c t u r e f u n c t i o n a p p l i ­
c a t i o n , t h e t o t a l o n v i r o n m e n t a p p e a r s a s 
shown i n F i g u r e 5b: one t e m p o r a r y e n v i r -
noment e x i s t s , t h a t o f t h e c u r r e n t l y r u n ­
n i n g daemon. When p i c t u r e f u n c t i o n s a r e 
b e i n g a p p l i e d , s e v e r a l t e m p o r a r y e n v i r n o -
ments can e x i s t s i m u l t a n e o u s l y i n a n e s t ­
e d f a s h i o n a s shown i n F i g u r e 5c. T h i s 
o c c u r s because each p i c t u r e f u n c t i o n body 
e x e c u t e s a s i f i t were a daemon. 

From t h e v i e w p o i n t o f p h y s i c a l s t o ­
r a g e a l l o c a t i o n , t h e s i t u a t i o n w i t h t h e 
DALI e n v i ronment s t r u c t u r e i s s i m p l e r 
t h a n t h e above d i s c u s s i o n makes i t ap­
p e a r . W h i l e t h e l o c a l e n v i r o n m e n t s must 
b e a l l o c a t e d o u t o f a heap, t h e y a r e 
c r e a t e d and d e s t r o y e d r e a l t i v e l y s e l d o m 
and d o n o t v a r y i n s i z e d u r i n g e x e c u t i o n . 
On t h e o t h e r hand, t h e much more r a p i d l y 
v a r y i n g t e m p o r a r y e n v i r o n m e n t s can b e 
a l l o c a t e d i n a s i n g l e s t a c k , s i n c e t h e 
o n l y o c c u r r e n c e o f m u l t i p l e t e m p o r a r y 
e n v i r o n m e n t s i s n e s t e d . 

The s h a r p d i s t i n c t i o n DALI makes 
between l o c a l and t e m p o r a r y e n v i r o n m e n t s 
t h u s makes t h e e n v i r o n m e n t a l a s p e c t s o f 
t h e l a n g u a g e - - a l l o c a t i o n o f s t o r a g e 
space and i d e n t i f i e r l o o k u p - - q u i t e e f ­
f i c i e n t . 

C u r r e n t I m p l e m e n t a t i o n 

L i k e any o t h e r p r o g r a m m i n g l a n g u a g e , 
DALI c a n n o t b e c o n s i d e r e d t r u l y " t e s t e d " 
u n t i l a body o f u s e r s have a p p l i e d i t t o 
t h e i r p r o b l e m s . U n f o r t u n a t e l y , n o u s a b l e 
i m p l e m e n t a t i o n o f DALI e x i s t s a t t h i s 
w r i t i n g . A n e x p e r i m e n t a l v e r s i o n o f DALI 
has been programmed u s i n g t h e l a n g u a g e 
MUDDLE [ 7 j on a D i g i t a l E quipment Corpo­
r a t i o n PDP-10 i n t h e P rogramming T e c h n o l ­
ogy Group of M.I.T. P r o j e c t MAC. T h i s 
i m p l e m e n t a t i o n was p r i m a r i l y i n t e n d e d t o 
f i n d o u t i f t h e v a r i o u s p i e c e s o f DALI 
f i t t o g e t h e r i n a r e a s o n a b l e manner, and 
t o g e t a n e s t i m a t e o f t h e s i z e o f t h e 
r u n - t i m e s y s t e m needed; t h e l a t t e r was 
g r a t i f y i n g l y s m a l l , a m o u n t i n g t o a p p r o x i ­
m a t e l y 6500 w o r d s o f f a i r l y " l o o s e " PDP-
1 0 p r o g r a m . However, t h i s i m p l e m e n t a t i o n 
i s a n i n t e r p r e t e r w r i t t e n i n a n i n t e r ­
p r e t e r , and compares f a v o r a b l y i n speed 
o n l y w i t h c o n t i n e n t a l d r i f t . Recent a t ­
t e m p t s a t c o m p i l i n g t h e DALI i n t e r p r e t e r 
have, however, p r o d u c e d s u f f i c i e n t g a i n s 
i n speed t o j u s t i f y t h e c l a i m s t o e f f i c i ­
ency made e a r l i e r i n t h i s p a p e r . 
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