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I. Use as a Terminal 

T h e G D P 2 can b e used to communicate w i t h the P D P - 1 0 much like a n y o t h e r 
d i s p l a y t e r m i n a l . T h e user should k e e p in mind, h o w e v e r , s e v e r a l d i f f e r e n c e s : 

1 ) T h e k e y b o a r d is attached to the P D P - 1 1 , and only if the P D P - 1 1 m o n i t o r is 
w o r k i n g can communication to the P D P - 1 0 be established. 

2 ) T h e G D P 2 has a G r a p h i c s k e y b o a r d , which has more k e y s than a normal k e y b o a r d ! 
a n d is t h u s u s e d slightly d i f f e r e n t l y . 

3 ) T h e p r e s e n c e o f p r o g r a m s on the P D P - 1 1 makes it useful to d e s i g n a t e c e r t a i n 
k e y b o a r d c h a r a c t e r s (the M e t a characters) to be r e a d b y the P D P - 1 1 s o f t w a r e 
a n d n o t p a s s e d o n t o the P D P - 1 0 . 

4 ) T h e p r o c e s s i n g p o w e r of the P D P - 1 1 makes possible certain f e a t u r e s ( e . g . t h e 
i n t r a - l i n e e d i t o r ) not possible w i t h M non-intelligent M terminals. 

T h e s e d i f f e r e n c e s a r e e x a m i n e d on the following pages. 

1 . S y s t e m S t a r t - U p 

If t h e P D P - 1 1 monitor is i n o p e r a t i v e , it may be reloaded via t h e P D P - 1 1 c o n s o l e 
s w i t c h e s . S t a r t i n g t h e P D P - 1 1 at address 1 7 3 0 0 0 will load t h e monitor a n d a 
c h a r a c t e r s e t f r o m t h e P D P - 1 0 . N o t e that this t y p e of r e s t a r t , called a b o o t s t r a p 
r e s t a r t , will a b o r t a n y r u n n i n g p r o g r a m on the P D P - 1 0 and start a n o t h e r t o r e l o a d t h e 
P D P - 1 1 . M i n o r s y s t e m crashes can sometimes be fixed b y a soft r e s t a r t at a d d r e s s 
1 0 0 4 , o r a h a r d r e s t a r t at address 1 0 0 0 . If D D T (the d e b u g g i n g p a c k a g e ) has b e e n 
l o a d e d , it c a n b e r e s t a r t e d at address 1 0 0 2 (if D D T is not p r e s e n t , this a d d r e s s wil) d o 
a h a r d r e s t a r t ) . T h e s e d o not affect the P D P - 1 0 . All of t h e a b o v e r e s t a r t s c a n b e 
d o n e f r o m t h e k e y b o a r d p r o v i d e d that the P D P - 1 1 is running (see t h e s u b s e c t i o n o n 
M e t a C h a r a c t e r s ) . 
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2 . T h e G r a p h i c s K e y b o a r d 

T h e G r a p h i c s k e y b o a r d has t w o t y p e s of k e y s : f o u r special keys m a r k e d S h i f t  
T o p , C o n t r o l , a n d M e t a , and the f i f t y - e i g h t o t h e r k e y s (called encoded k e y s ) . T h e 
s p e c i a l k e y s o p e r a t e like the Shift k e y o n an o r d i n a r y t e l e t y p e ; w h e n d e p r e s s e d t h e y 
c a u s e n o i m m e d i a t e action, but t h e y change the i n t e r p r e t a t i o n o f a n y e n c o d e d k e y s 
s t r u c k w h i l e t h e y a r e d e p r e s s e d . 

T h e special k e y s usually h a v e the following i n t e r p r e t a t i o n s : Shift is u s e d o n l y t o 
g e t u p p e r - c a s e alphabetic characters. ( T h e Shift L o c k switch can b e u s e d t o g e n e r a t e 
all u p p e r c a s e l e t t e r s . ) T h e T o p k e y is used to get the u p p e r s y m b o l w h i c h a p p e a r s o n 
t h e e n c o d e d k e y s . ( N O T E : T h e Shift k e y does this on most o t h e r terminals, b u t o n this 
k e y b o a r d S h i f t applies o n l y t o alphabetic characters.) The' M e t a k e y indicates t h a t t h e 
c h a r a c t e r is t o b e i n t e r p r e t e d b y the P D P - 1 1 s o f t w a r e and not p a s s e d t o t h e P D P - 1 0 . 
T h e C o n t r o l k e y is u s e d like C o n t r o l on t e l e t y p e s , i.e. it indicates a special c o n t r o l 
f u n c t i o n t o b e p e r f o r m e d , not necessarily a printing character. 

T h r o u g h o u t this manual, t h e term M e t a C h a r a c t e r will b e used t o d e n o t e t h e 
c h a r a c t e r g e n e r a t e d b y striking an e n c o d e d k e y while the M e t a k e y is d e p r e s s e d . 
I n d i v i d u a l c h a r a c t e r s in this g r o u p are d e n o t e d M e t a - A , M e t a - B , etc. L i k e w i s e w e h a v e 
M e t a - C o n t r o l c h a r a c t e r s w h e n b o t h M e t a and C o n t r o l are d e p r e s s e d . ( I n this c a s e , 
M e t a is d o m i n a n t , i.e. t h e character is i n t e r p r e t e d b y the P D P - 1 1 . ) A n d , o f c o u r s e , w e 
c a n t a l k a b o u t T o p c h a r a c t e r s , C o n t r o l characters and Shift c h a r a c t e r s . All o f t h e s e 
a r e k e y s t h a t c a n b e held d o w n while striking an e n c o d e d k e y . T o p - S h i f t c h a r a c t e r s 
a r e j u s t T o p c h a r a c t e r s - t h e shift is ignored. T o p and Shift are usually i g n o r e d if 
M e t a is d e p r e s s e d , a l t h o u g h the P D P - 1 1 programs can (and sometimes d o ) f i n d o u t if 
t h e y w e r e d e p r e s s e d . 

A f e w o f t h e e n c o d e d k e y s are b y their v e r y n a t u r e C o n t r o l c h a r a c t e r s , a n d It is 
n o t n e c e s s a r y t o d e p r e s s C o n t r o l to use them as such. T h e k e y s , w i t h t h e i r C o n t r o l 
c h a r a c t e r e q u i v a l e n t s , a r e g i v e n b e l o w . 

K e y E a u i v a l e n t Function 
B R E A K C o n t r o l - S S t o p o u t p u t 
C L E A R C o n t r o l - Q Restart o u t p u t 
F O R M C o n t r o l - L F o r m f e e d 
V T C o n t r o l - K Vertical tab 
R E T U R N C o n t r o l - M Carriage r e t u r n 
L I N E C o n t r o l - J Line f e e d 
C A L L C o n t r o l - C I n t e r r u p t p r o g r a m 
T A B C o n t r o l - I Tabulation 
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3 . M e t a C h a r a c t e r s 

A s m e n t i o n e d , M e t a characters and M e t a - C o n t r o l characters are not sent t o t h e 
P D P - 1 0 . T h e y a r e u s e d to specify parameters or request action b y P D P - 1 1 s o f t w a r e . 
B e c a u s e it m a y b e n e c e s s a r y t o use M e t a characters t o communicate w i t h s e v e r a l 
d i f f e r e n t p a r t s o f t h e monitor as well as various user p r o g r a m s , a c o n v e n t i o n has b e e n 
a d o p t e d o n t h e use of M e t a and M e t a - C o n t r o l characters to avoid c o n f u s i o n . 

M e t a - C o n t r o l characters are used to put the k e y b o a r d in v a r i o u s m o d e s . E a c h 
m o d e is g e n e r a l l y associated w i t h one f e a t u r e of the monitor or user p r o g r a m . ( F o r 
i n s t a n c e , a m o d e to control the scroller, a mode to control the Intra-lrne e d i t o r , e t c ) 
E a c h m o d e has associated w i t h it a g r o u p of Meta characters w h i c h causes c e r t a i n 
a c t i o n s . ( F o r e x a m p l e , M e t a - S can be used to set the s i z e of the scroller t e x t w h e n 
t h e k e y b o a r d is in scroller mode.) 

C h a n g i n g t h e k e y b o a r d mode with M e t a - C o n t r o l characters associates specific 
a c t i o n s t o v a r i o u s M e t a characters. T h e same M e t a character may h a v e d i f f e r e n t 
e f f e c t s d e p e n d i n g o n w h a t M e t a - C o n t r o l mode is c u r r e n t l y in e f f e c t . U s e r p r o g r a m s 
m a y e s t a b l i s h their o w n M e t a - C o n t r o l characters (with associated M e t a c h a r a c t e r s ) . 
N o t e t h a t t h e r e a r e special M e t a characters that n e v e r change in meaning. T h e y a r e : 

M e t a - B R E A K Call D D T . If t h e r e is no D D T l o a d e d , this has n o 
effect. 

M e t a - \ Soft restart . This is useful f o r s t o p p i n g r u n a w a y 
programs since it r e t u r n s control t o t h e m o n i t o r 
y e t does not harm the user p r o g r a m o r t h e 
display. 

M e t a - C A L L Hard restart . T h e monitor d e s t r o y s e v e r y t h i n g 
except itself. Useful if y o u r p r o g r a m is h o p e l e s s l y 
tangled. 

M e t a - * B o o t s t r a p restart . T h e P D P - 1 0 is called in t o 
reload the monitor (this takes a b o u t 3 0 s e c o n d s ) . 
Necessary if y o u r p r o g r a m w i p e d out b o t h itself 
and the monitor. 

M e t a - Z Clears the k e y b o a r d number (see n e x t s u b s e c t i o n ) 
M e t a - D A S H Indicates negative k e y b o a r d n u m b e r 
M e t a - 0 , M e t a - 9 E n t e r i n g k e y b o a r d numbers to t h e M e t a - r o u t i n e s 

A t s t a r t - u p t i m e , all M e t a characters are set to h a v e no action ( e x c e p t f o r t h e 
s p e c i a l M e t a c h a r a c t e r s ) and the following system M e t a - C o n t r o l c h a r a c t e r s a r e 
a v a i l a b l e : 

M e t a - C o n t r o l - S Scroller control 
M e t a - C o n t r o l - K K e y b o a r d control 
M e t a - C o n t r o l - E Intra-line editor 
M e t a - C o n t r o l - G Graphics control 
M e t a - C o n t r o l - I I n p u t / o u t p u t control 

T h e M e t a c h a r a c t e r s associated w i t h these modes are p r e s e n t e d later. 
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4 . K e y b o a r d N u m b e r s 

W e m e n t i o n e d b e f o r e that M e t a characters could be used t o set p a r a m e t e r s in t h e 
s y s t e m . It is t h u s n e c e s s a r y to h a v e some w a y to s p e c i f y numerical v a l u e s f o r t h e 
p a r a m e t e r s . T E C O a n d S O S users k n o w that o f t e n numbers can b e a s s o c i a t e d w i t h 
o n e - l e t t e r c o m m a n d s b y t y p i n g that number just b e f o r e the command. A similiar 
g e n e r a l f e a t u r e is available in the G D P system. 

T y p i n g a s e r i e s of M e t a digits prior to a M e t a character will cause t h e n u m b e r t o 
b e p a s s e d t o t h e M e t a r o u t i n e that processes the character. S o m e M e t a r o u t i n e s 
i n t e r p r e t t h e n u m b e r as octal , others as decimal. 

T h e r e a r e t w o o t h e r M e t a characters used w i t h the k e y b o a r d n u m b e r s : M e t a - Z 
c l e a r s t h e k e y b o a r d n u m b e r s (useful w h e n y o u make a mistake while e n t e r i n g t h e 
n u m b e r s ) , a n d M e t a - D A S H causes the following number to be n e g a t e d . 

F o r e x a m p l e , s u p p o s e y o u w a n t to set the number of characters o n a line t o 5 0 . 
Y o u r e a d in this manual that M e t a - C in Scroller mode (set b y M e t a - C o n t r o l - S ) s e t s t h e 
n u m b e r o f c h a r a c t e r s o n a line and that it uses a decimal v a l u e . T h u s y o u t y p e M e t a -
C o n t r o l - S , M e t a - 5 , M e t a - 0 , and M e t a - C . T h e M e t a - C o n t r o l - S puts y o u in s c r o l l e r m o d e , 
M e t a - 5 , M e t a - 0 sets t h e k e y b o a r d number to 5 0 (or 4 0 if r e a d in octal b u t t h e o c t a l 
v a l u e will b e i g n o r e d ) and M e t a - C causes the number of characters t o b e c h a n g e d . 
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5 . S c r o l l e r M e t a C h a r a c t e r s 

N o r m a l l y , w h e n using a G D P as a terminal, a user t y p e s commands t o t h e P D P - 1 0 
a n d t h e P D P - 1 0 e x e c u t e s them. This dialog is distinguished as a series o f t e x t lines o n 
t h e s c r e e n . T h e t e x t is scrolled b y the graphics monitor in the same w a y as a n o r m a l 
t e r m i n a l : t h e t o p line d i s a p p e a r s f o r e v e r w h e n a new line is n e e d e d at the b o t t o m a n d 
t h e r e is n o r o o m . T h e monitor d o e s , h o w e v e r , s u p p o r t multiple scrollers w h i c h c a n b e 
s e l e c t i v e l y d i s p l a y e d f o r multiple conversations and e x t e n d e d screen c a p a c i t y . 

T h i s s e t o f commands ( e n t e r e d w i t h a M e t a - C o n t r o l - S ) c o n t r o l t h e s c r o l l e r . 
C o m m a n d s t h a t r e q u i r e a p a r a m e t e r use the decimal k e y b o a r d n u m b e r u n l e s s 
o t h e r w i s e i n d i c a t e d . If multiple scrollers are desired, the number o f a l t e r n a t e s c r o l l e r s 
s h o u l d p r e c e d e t h e M e t a - C o n t r o l - S . T h u s , to create 1 9 additional scrollers ( f o r a t o t a l 
o f 2 0 s c r o l l e r s ) t y p e M e t a - C o n t r o l - l - 9 - S . Y o u may create up t o 9 9 additional 
s c r o l l e r s . It is not a d v i s a b l e to change the number of additional scrollers w i t h o u t d o i n g 
a h a r d r e s t a r t ( M e t a - C A L L ) but y o u may t y p e M e t a - C o n t r o l - S w i t h n o p a r a m e t e r at 
a n y t i m e a n d it will n o t change the number of scrollers. 

T h e f i r s t t h r e e M e t a commands below affect the s e l e c t i o n , and c o n t r o l o f t h e 
s c r o l l e r s . N o t e t h a t at all times t h e r e is a " c u r r e n t " scroller f o r w h i c h t h e r e m a i n d e r o f 
t h e M e t a c o m m a n d s a p p l y and o n which all P D P - 1 0 c o n v e r s a t i o n a p p e a r s . 

P a g e set, Set the c u r r e n t scroller to the k e y b o a r d n u m b e r . S t o p 
d i s p l a y i n g the p r e v i o u s scroller and start displaying the c u r r e n t s c r o l l e r . 
T h e k e y b o a r d number must be from 0 to the maximum n u m b e r o f 
scrollers d e f i n e d b y the M e t a - C o n t r o l - S . 

G e t p a g e , S e t t h e c u r r e n t scroller to the k e y b o a r d n u m b e r a n d d i s p l a y 
this s c r o l l e r . T h e p r e v i o u s scroller is not t u r n e d o f f so m a n y o f t h e m 
m a y b e d i s p l a y e d w i t h this command. 

O f f , S t o p displaying the scroller determined b y the k e y b o a r d n u m b e r . 
T h i s d o e s not affect the current scroller. 

Scale, S e t scale to octal k e y b o a r d number. This m a y r a n g e f r o m 0 
( q u a r t e r scale) t o 1 7 octal (3.5 times normal). T h e normal scale is 1 0 
octal . S e e A p p e n d i x C for o t h e r scale values. 

Intensity , S e t intensity to octal k e y b o a r d n u m b e r . T h e i n t e n s i t y m a y 
r a n g e f r o m 0 (which y o u can't see) to 1 7 octal (which is t h e n o r m a l 
i n t e n s i t y ) . 

X position, Set X - p o s i t i o n of u p p e r - l e f t margin of the scrolled c h a r a c t e r s 
(initial v a l u e - 4 7 5 ) . 

Y position, Set Y - p o s i t i o n of u p p e r - l e f t margin of the scrolled c h a r a c t e r s 
(initial v a l u e 4 7 5 ) . 

L i n e s , S e t n u m b e r of lines that can be d i s p l a y e d in t h e scroller (initially 
5 6 ) . 

M e t a - 0 

M e t a - A 

M e t a - I 

M e t a - X 

M e t a - Y 

M e t a - L 
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M e t a - C C h a r a c t e r s , Set number of characters per line (initially 9 8 ) . 

M e t a - U Units, S e t n u m b e r of t a b units per line (initially 9 8 ) . N o t e t h a t this 
p a r a m e t e r helps control the number of characters p e r scroller line. T h e 
c h a r a c t e r s p a r a m e t e r is simply the number o f c h a r a c t e r s t h a t m a y 
a p p e a r o n a line. T h e units p a r a m e t e r d e t e r m i n e s t h e n u m b e r o f 
p o s s i b l e locations that a tab may start f r o m . F o r t h e s t a n d a r d f i x e d 
w i d t h c h a r a c t e r s set, the number of units equals t h e n u m b e r o f 
c h a r a c t e r s . W h e n using variable w i d t h character s e t s , c h a r a c t e r s m a y 
e n d a n y w h e r e on a line and considerably m o r e t a b c h a r a c t e r s e r e 
n e e d e d t o line u p the t a b stops. 

M e t a - J J u m p , S e t s t h e n u m b e r of e x t r a lines to jump w h e n t h e scroller fills a n d 
must b e rolled u p (initially 0) . 

M e t a - S Scale, S e t the scale parameter as in M e t a - A , b u t also s e t t h e L i n e s , 
C h a r a c t e r s , and Units parameters t o values a p p r o p r i a t e f o r t h e n e w scale. 
T h i s command is the e a s y w a y to change the s i z e of scrolled t e x t . 

M e t a - N N o r m a l , R e s e t all o f the a b o v e parameters to their d e f a u l t v a l u e s . F o r 
t h e s t a n d a r d f i x e d w i d t h character set, Scale is set t o 1 0 ( o c t a l ) I n t e n s i t y 
is set t o 1 7 (full o n ) X position is set to - 4 7 5 . Y position is set t o 4 7 5 . 
L i n e s is set to 5 6 . Characters is set to 98. Units is set to 9 8 . J u m p is 
s e t t o 0 . 

M e t a - F O R M C l e a r all scrolled lines except the current line. 

M e t a - C L E A R L i k e M e t a - F O R M , e x c e p t that the c u r r e n t line is also c l e a r e d . 

M e t a - R R e t r i e v e , R e t r i e v e the nth line c u r r e n t l y being d i s p l a y e d in t h e s c r o l l e r , 
g o t o E D I T m o d e , and insert the t e x t up to the c a r r i a g e r e t u r n in t h e 
c u r r e n t line. If t h e first character of the r e t r i e v e d line is a p e r i o d , a n 
a s t e r i s k o r an S O S line n u m b e r , those characters are not c o p i e d . If n < 0 , 
r e t r i e v e t h e nth line b e f o r e the c u r r e n t line. If n « 0 t h e n a C o n t r o l - U is 
s e n t t o t h e P D P - 1 0 and the current line is r e t r i e v e d in e d i t m o d e . 
( U s e f u l if y o u discover the line y o u are t y p i n g is in e r r o r . ) 
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6. K e y b o a r d M e t a C h a r a c t e r s 

T h e s e c o m m a n d s control t h e K e y b o a r d functions. T h e y are initialized w i t h a 
M e t a - C o n t r o l - K . 

M e t a - L Local, Place t h e terminal in local mode for n o n - M e t a c h a r a c t e r s o n l y . N o 
c h a r a c t e r s are sent to the P D P - 1 0 . 

M e t a - N N o r m a l , R e s e t action for n o n - M e t a characters to normal m o d e . U s e f u l 
w h e n e x i t i n g Local mode. M e t a - N causes all n o n - M e t a c h a r a c t e r s t o b e 
s e n t t o t h e P D P - 1 0 . 

M e t a - C C l e a r , C l e a r all the Meta characters of their actions. T h i s is u s e f u l 
b e c a u s e e a c h M e t a - C o n t r o l mode adds to the active M e t a c h a r a c t e r s . 
C o n f l i c t i n g characters are replaced but old M e t a c h a r a c t e r s w i t h n o 
e q u i v a l e n t in the n e w mode remain active. 

M e t a - W S p a c e W a r , T u r n on Space War mode. In this m o d e , t h e k e y b o a r d 
i n t e r r u p t s t w i c e f o r each k e y s t r o k e , once w h e n t h e k e y is d e p r e s s e d , 
and o n c e w h e n it is released. 

M e t a - P P e a c e , T u r n - o f f S p a c e - W a r mode (default) . 

M e t a - K K e y b o a r d lock, T h e k e y b o a r d number will b e O R ' e d w i t h all f u t u r e 
k e y b o a r d i n p u t . A p p e n d i x A s h o w s the bit p a t t e r n r e c e i v e d f o r a k e y 
s t r o k e . W i t h the p r o p e r value to O R in, this routine can c a u s e f u t u r e 
c h a r a c t e r s t o be t r e a t e d as t h o u g h some of t h e special k e y s w e r e 
d e p r e s s e d w h e n the c h a r a c t e r w a s t y p e d . 

M e t a - 0 E s c a p e , If t h e k e y b o a r d number is z e r o , t u r n o f f e s c a p e c h a r a c t e r 
s e n d i n g . If n t y w e r o (the default state) t h e n s e n d e s c a p e c h a r a c t e r s t o 
t h e P D P - 1 0 w i t h each control character. 
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M e t a - I I n s e r t , I n s e r t all following text characters at the p r e s e n t c u r s o r p o s i t i o n . 
C h a r a c t e r s to t h e right of the cursor are p u s h e d right t o r e m a i n a h e a d 

7 . I n t r a - L i n e E d i t o r * ^k^i^^^ ' " ^ k 

N o r m a l l y , all n o n - M e t a characters e n t e r e d t h r o u g h t h e k e y b o a r d a r e s e n t 
i m m e d i a t e l y t o t h e P D P - 1 0 . W h e n the intra-line editor is e n a b l e d ( w i t h a M e t a -
C o n t r o l - E ) , t h e line b e i n g t y p e d is kept in a P D P - 1 1 b u f f e r so that editing m a y b e d o n e 
o n t h a t line b e f o r e it is sent . A t the conclusion of editing, t h e e n t i r e line is s e n t t o t h e 
P D P - 1 0 a n d a n o t h e r line may be e n t e r e d . 

T h e e d i t o r commands are modeled after the S O S intra-line edit c o m m a n d s , b u t 
p r o v i d e e a s i e r e d i t i n g in conjunction with the graphics s y s t e m : 

1 ) W h e n e d i t i n g is t e r m i n a t e d (e.g. b y t y p i n g a carriage r e t u r n ) , t h e line is s e n t 
e x a c t l y as it t h e n a p p e a r s on the s c r e e n , so t h e r e can be no c o n f u s i o n as t o t h e 
r e s u l t o f t h e editing. 

2 ) T h e a v a i l a b i l i t y o f M e t a characters permits a clear distinction b e t w e e n t e x t a n d 
e d i t o r c o m m a n d s . 

T h e e d i t o r is t u r n e d o n b y t y p i n g M e t a - C o n t r o l - E . T e x t is t h e n e n t e r e d n o r m a l l y . 
T h e e d i t o r will maintain t w o c u r s o r s : the first cursor delimits t e x t w h i c h has b e e n s e n t 
t o t h e P D P - 1 0 f r o m t e x t that is being held in a P D P - 1 1 b u f f e r . T h e s e c o n d c u r s o r ( t h e 
p o s i t i o n - c u r s o r ) m o v e s a b o u t in the P D P - 1 1 b u f f e r . A n y text that is t y p e d is e n t e r e d 
in t h e b u f f e r at t h e p o s i t i o n - c u r s o r location. E a c h text c h a r a c t e r t y p e d c a u s e s t h e 
p o s i t i o n - c u r s o r t o m o v e o n e place to the right. A t any time while e n t e r i n g t e x t , t h e 
u s e r m a y u s e t h e editing commands below to make corrections to w h a t has b e e n 
t y p e d . W h e n t h e line is c o m p l e t e , a break character (usually a c a r r i a g e r e t u r n ) is 
t y p e d , c a u s i n g t h e line t o b e sent to the P D P - 1 0 followed b y the b r e a k c h a r a c t e r 
i t s e l f . 

(MOTE: T h e " b r e a k " characters are a subset o f the control c h a r a c t e r s . B r e a k 
c h a r a c t e r s c a u s e transmission of the edit line followed b y t h e c h a r a c t e r itself . 
N o n - b r e a k c o n t r o l characters are sent immediately t o the P D P - 1 0 w i t h o u t 
a f f e c t i n g t h e edit line. 

A l l e d i t o r commands e x c e p t backspace ( B S k e y ) are single M e t a c h a r a c t e r s . S o m e 
c o m m a n d s m a k e use of t h e k e y b o a r d n u m b e r , d e n o t e d b e l o w as n. " T e x t , " w h e n u s e d 
b e l o w , r e f e r s t o n o n - M e t a , n o n - C o n t r o l characters, i.e. w h a t is usually t o b e e n t e r e d 
i n t o t h e line. 

M e t a - S p a c e M o v e right, M o v e c u r s o r n characters to the right. 

M e t a - B S M o v e left, M o v e cursor n characters to the left. 

M e t a - T A B M o v e far right, M o v e cursor t o t h e right e n d of t h e line. 

M e t a - R E T U R N M o v e far left, M o v e cursor to the left e n d o f t h e line. 
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o f t h e i n s e r t e d text . This command is t u r n e d o f f b y t h e n e x t e d i t o r 
c o m m a n d . ( N O T E : Y o u are normally in o v e r - w r i t e mode. E x c e p t a f t e r a 
M e t a - I c o m m a n d , all e n t e r e d text is e n t e r e d at the c u r s o r p o s i t i o n , 
r e p l a c i n g a n y characters t h e r e p r e v i o u s l y . ) 

M e t a - D D e l e t e right, Delete n characters right of the cursor. T e x t o n t h e r i g h t 
side o f t h e d e l e t e d characters is m o v e d left. 

B S D e l e t e left, Deletes n characters left of the position c u r s o r . T e x t t o t h e 
right of t h e cursor is m o v e d to the left. D o not c o n f u s e this c o m m a n d 
w i t h M e t a - B S . 

R E T U R N D o n e , This is not really an editor command, but a b r e a k c h a r a c t e r . It will 
c a u s e t h e e n t i r e line being edited (regardless of the p o s i t i o n c u r s o r 
location) to be sent to the P D P - 1 0 , followed b y a R E T U R N c h a r a c t e r . A 
n e w line m a y t h e n be e n t e r e d and edited. N o t e that transmission o c c u r s 
f r o m t h e position of the left cursor. This is usually the b e g i n n i n g o f t h e 
line, b u t not a l w a y s (e.g. see the M e t a - B command b e l o w ) . 

M e t a - S S k i p , This command causes the cursor to skip to the nth o c c u r r e n c e o f 
t h e n e x t c h a r a c t e r that y o u t y p e . A f t e r the M e t a - S , t y p e o n e n o n - M e t a 
c h a r a c t e r and the cursor will jump to the p r o p e r position. 

M e t a - K Kill, T h i s is the same as M e t a - S e x c e p t that all c h a r a c t e r s f r o m t h e 
c u r r e n t c u r s o r position up to the new cursor position are d e l e t e d . 

M e t a - E E x i t , T u r n o f f the editor. 

M e t a - Q Q u i t , D e l e t e the b u f f e r and sends a l i n e - f e e d . 

M e t a - B B u r s t , This command sends all characters up to the c u r r e n t c u r s o r 
p o s i t i o n b a c k to the P D P - 1 0 . T h e s e characters are d e l e t e d f r o m t h e 
b u f f e r . 

M e t a - U D e l e t e e v e r y t h i n g , Delete all characters. Position c u r s o r at left e n d o f 
b u f f e r . 

M e t a - ) D e l e t e all right, D e l e t e all characters to the right of the c u r s o r . 

M e t a - ( D e l e t e all left, Delete all characters to the left of the c u r s o r . 

M e t a - L I N E R e t r i e v e , This command r e t r i e v e s the last e d i t e d line and p u t s it in t h e 
b u f f e r f o r f u r t h e r editing. 

u> 
\ 

taw K \? 
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8 . G r a p h i c s M e t a characters 

T h e s e c o m m a n d s a r e f o r altering the Graphics p r o c e s s o r d i s p l a y list. T h e y a r e 
i n i t i a l i z e d w i t h a M e t a - C o n t r o l - G . Y o u can alter w h a t is d i s p l a y e d , and w h a t is n o t . 

M e t a - B Blank, R e m o v e scroller f r o m display list. 

M e t a - U Unblank, P u t scroller back into display. 

M e t a - R R e m o v e , R e m o v e user graphics from display list. 

M e t a - P P u t , P u t t h e u s e r graphics back into display list. 

M e t a - H Halt, Halt t h e e n t i r e display process. 

M e t a - G G o , S t a r t t h e d i s p l a y running again. 

M e t a - D Display, U s e d w h e n the display is halted. T h e display will b e d r a w n o n c e , 
t h e n " K e y b o a r d N u m b e r " of times after which it will halt again. 

M e t a - C C S R s e t , T h e graphics will h a v e a n e w C S R d e t e r m i n e d b y t h e o c t a l 
k e y b o a r d n u m b e r . W r a p around and clock s p e e d d o u b l i n g c a n b e 
e n a b l e d o r disabled. O n some graphics, t h e r e is a f e a t u r e called " s h i f t * 
w h i c h will shift t h e display t o the left o r right. T h e f o l l o w i n g t a b l e 
s h o w s t h e bits f o r each function and the equivalent octal v a l u e s . 

Bjt Q c t a i 

2 4 
3 1 0 
4 2 0 
5 4 0 

Function 

Clock divide 
W r a p around 
Shift right 
Shift left 
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9. I n p u t / O u t p u t M e t a characters 

T h e f o l l o w i n g commands control input and o u t p u t . T h e y are initialized w i t h a 
M e t a - C o n t r o l - I . 

M e t a - 0 O u t p u t , R e s e t all o u t p u t conditions to the P D P - 1 0 . 

M e t a - T Input, R e s e t all input conditions from P D P - 1 0 . 

M e t a - P P a r i t y , Uses k e y b o a r d number for parity control . If t h e k e y b o a r d 
n u m b e r is z e r o , t h e n all characters sent f r o m the P D P - 1 0 a r e t r e a t e d as 
7 - b i t A S C I I and the high bit is ignored. If the k e y b o a r d n u m b e r is n o n 
z e r o ( t h e d e f a u l t s t a t e ) then the full 8 - b i t b y t e s e n d f r o m t h e P D P - 1 0 is 
u s e d . 

M e t a - A N e w A S L I , Switches y o u to the alternate A S L 1 . T h u s , if t h e g r a p h i c s h a s 
t h e capability of communicating w i t h t w o c o m p u t e r s , it will n o w 
communicate w i t h the o t h e r . If t h e r e is no o t h e r c o m p u t e r , this will h a v e 
n o e f f e c t . 
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II. G D P H a r d w a r e 

T h i s s e c t i o n quickly describes the h a r d w a r e and low level p r o g r a m m i n g o f t h e 
G D P w h i c h is n e c e s s a r y f o r users w h o wish to take full a d v a n t a g e o f t h e G D P s y s t e m . 
F o r m o r e d e t a i l , s e e t h e G D P p r o g r a m m e r s guide. 

1 . V e c t o r s and C h a r a c t e r s 

A t t h e b a s e l e v e l , t h e user will w a n t to display a list of v e c t o r s . V e c t o r s a r e 
r e p r e s e n t e d b y a pair of t w o ' s complement integers, each o n e r e p r e s e n t i n g t h e D e l t a -
X a n d D e l t a - Y c o m p o n e n t o f the v e c t o r . V e c t o r s in the G D P are a l w a y s r e l a t i v e , t h e 
n e x t v e c t o r b e g i n s w e r e the p r e v i o u s one left o f f . A b s o l u t e s e t - p o i n t s ( c u r s o r 
p o s i t i o n i n g ) can b e p e r f o r m e d w i t h Control Words, t o b e discussed later. V e c t o r s a r e 
d r a w n in a C a r t e s i a n plane w h o s e coordinates are in the r a n g e o f - 5 1 2 t o + 5 1 2 
( d e c i m a l ) a l o n g b o t h axis. T h e center of the screen is t h e r e f o r e at ( 0 , 0 ) . T h e s c r e e n 
is a d j u s t e d t o h a v e 1 0 0 points p e r inch. 

B e c a u s e c o r e is s o m e w h a t limited, t h e r e are t h r e e formats available f o r s t o r i n g 
v e c t o r s , a l l o w i n g t h r e e packing densities. L o n g format uses t w o full P D P - 1 1 w o r d s t o 
d e s c r i b e e a c h v e c t o r , t h e first w o r d holds the D e l t a - Y c o m p o n e n t , t h e n e x t w o r d t h e 
D e l t a - X c o m p o n e n t . L o n g f o r m a t is used for drawing long v e c t o r s ( t h o s e l o n g e r t h a n 
1 - 1 / 4 i n c h : 1 2 7 units) o r w h e n y o u cannot tell b e f o r e h a n d h o w long t h e v e c t o r s will 
b e . N e x t t h e r e a r e medium v e c t o r s . Medium format stores each c o m p o n e n t in o n e 
b y t e : t h e D Y in t h e low b y t e , the D X in the high b y t e . Medium v e c t o r s a r e limited in 
l e n g t h t o plus o r minus 1 2 7 . Short v e c t o r s allow the greatest packing b y p u t t i n g e a c h 
v e c t o r in o n e b y t e ; t h e D Y c o m p o n e n t resides in the l o w e r 4 bits , t h e D X in t h e u p p e r 
4 b i t s . S h o r t v e c t o r s a r e limited in length t o plus or minus 7 . T h e y are most u s e f u l 
f o r c u r v e a p p r o x i m a t i o n s , w a v e f o r m s , and character descriptions. 

C h a r a c t e r s m a y be d r a w n as well as v e c t o r s . C h a r a c t e r s are r e p r e s e n t e d b y 
t h e i r A S C I I v a l u e s , p a c k e d o n e character per b y t e . T h e display b u f f e r f o r d r a w i n g 
c h a r a c t e r s is f i r s t initialized b y w r i t i n g the control w o r d to signal that c h a r a c t e r s a r e 
t o b e d r a w n ( t h e c o n t r o l w o r d is L C M D 1 ) and t h e n w r i t i n g t h e character 2 0 0 ( o c t a l ) in 
t h e l o w b y t e o f a full w o r d . This character establishes the f o r m a t and s o m e o t h e r 
p a r a m e t e r s o f t h e c u r r e n t character set. It should b e t h e first c h a r a c t e r in t h e 
c h a r a c t e r s t r i n g ( a n d n e v e r in a high b y t e as this w o u l d signal a control w o r d ) . 
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2 . C o n t r o l W o r d s 

I n o r d e r t o indicate w h e t h e r characters or v e c t o r s are to b e d r a w n t h e r e a r e 
C o n t r o l W o r d s . C o n t r o l W o r d s are also used to specify several o t h e r characteristics as 
w e l l ( f o r e x a m p l e signaling the e n d of the display list). C o n t r o l w o r d s are r e p r e s e n t e d 
b y a full w o r d w i t h a high b y t e of octal 2 0 0 . This is a v e r y large n e g a t i v e n u m b e r a n d 
t h e u s e r is w a r n e d n e v e r to w r i t e v e c t o r s of this magnitude as t h e y will b e m i s t a k e n 
f o r c o n t r o l w o r d s . T h e r e are also h a l f - w o r d control w o r d s , w h i c h o c c u p y o n l y o n e 
b y t e , b u t a r e r e c o g n i z e d o n l y w h e n reading a short format v e c t o r list. 

C o n t r o l w o r d s a r e available f o r controlling the following: 

- V e c t o r intensity ( 1 6 levels) 
- G r o s s intensity changes - (visible/invisible) 
- F o r m a t (long, medium, short) 
- Scale ( 1 6 scales f r o m 1 / 4 scale to 3 - 1 / 2 scale) 
- Indicate w h e t h e r v e c t o r s or characters are to be d r a w n 
- S e t S t a t e - Do all the a b o v e at one shot 
- E n d of list indicator 
- S e t c u r s o r position (X o n l y , Y o n l y , or b o t h X and Y ) 
- I n t e r r u p t - e x e c u t e a s o f t w a r e routine 

F o r f u r t h e r detail s e e A p p e n d i x C 
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3 . I n s t r u c t i o n s 

T h e G D P is a lot like a minicomputer in itself although t h e instruction set is r a t h e r 
s m a l l . It has o n l y 4 instructions: 

- E x e c u t e ( d r a w ) a display list ( X Q T ) 
- J u m p unconditionally ( J M P ) 
- J u m p t o a s u b r o u t i n e ( J M S ) 
- I n t e r r u p t ( I N T R ) 

T h e f o r m a t o f t h e s e instructions is s h o w n in A p p e n d i x D. T h e y a r e c o m p o s e d o f 
a n a d d r e s s a n d a t w o bit " o p - c o d e " to indicate which of t h e f o u r o p e r a t i o n s is d e s i r e d . 
N o t e t h a t t h e a d d r e s s must a l w a y s point to a w o r d b o u n d a r y since t h e l o w e s t bit is 
u s e d in t h e o p - c o d e . 

T h e X Q T i n s t r u c t i o n is w h a t causes v e c t o r s and characters t o b e d i s p l a y e d . Its 
o p e r a n d is t h e a d d r e s s o f a display list consisting o f v e c t o r s , c h a r a c t e r s , a n d c o n t r o l 
w o r d s . T h e list e n d s w i t h a terminator control w o r d . 

T h e J M P i n s t r u c t i o n m e r e l y jumps unconditionally t o a n e w location d e t e r m i n e d b y 

its o p e r a n d . 

T h e J M S i n s t r u c t i o n w o r k s just like the P D P - 8 J M S . T h e o p e r a n d of t h e J M S is a n 
a d d r e s s o f a b u f f e r o f instructions, but w h o s e first w o r d is vacant. W h e n t h e J M S 
i n s t r u c t i o n is e x e c u t e d , t h e G D P places the return address in this first w o r d , a n d 
e x e c u t i o n b e g i n s o n t h e second w o r d in the b u f f e r . T h e p r o p e r w a y t o e n d a g r a p h i c s 
s u b r o u t i n e is t o p u t a J M P instruction in the last w o r d w i t h an o p e r a n d a d d r e s s 
p o i n t i n g b a c k t o t h e first w o r d . W h e n the G D P jumps to the first w o r d a t r i c k y t h i n g 
h a p p e n s . T h e a d d r e s s placed in t h e first w o r d will always h a v e 0 in t h e t w o e n d bits 
( o p - c o d e s ) b e c a u s e a d d r e s s e s are always e v e n and the highest address p o s s i b l e is f a r 
less t h a n 1 0 0 0 0 0 octal. This is t h e r e f o r e a J M P instruction! S o , w h e n w e J M P b a c k t o 
t h e f i r s t w o r d w e J M P again back to the r e t u r n address, and thus r e t u r n f r o m t h e 
s u b r o u t i n e . N o t e that s u b r o u t i n e s are nestable but cannot b e r e c u r s i v e w i t h o u t s o m e 
a d d i t i o n a l s o f t w a r e h e l p (the r e t u r n address w o u l d b e o v e r - w r i t t e n o n t h e f i r s t 
r e c u r s i o n ) . 

L a s t l y , t h e r e is I N T R . In certain cases y o u may w a n t t o e x e c u t e a P D P - r l l 
s o f t w a r e r o u t i n e at a c e r t a i n place in the display list. T h e I N T R instruction is p r o v i d e d 
f o r t h i s . T h e o p e r a n d of t h e I N T R is t h e address of the s o f t w a r e r o u t i n e ( n o t a n 
i n t e r r u p t v e c t o r ) . B e f o r e t h e s o f t w a r e routine ends it must set t h e G O bit in t h e 
G r a p h i c ' s C S R ( s e e A p p e n d i x F ) so that the G D P will continue and p r o c e s s t h e n e x t 
i n s t r u c t i o n . Y o u s h o u l d r e t u r n w i t h the R T I instruction ( B L I S S routines must b e o f t y p e 
I N T E R R U P T ) . 

F i n a l l y , t h e G D P will r e c o g n i z e the standard control w o r d s m e n t i o n e d p r e v i o u s l y 
w h e n it is e x e c u t i n g t h e s e f o u r instructions. 
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III. G D P Monitor T r a p s 

T h e G D P m o n i t o r consists of a collection of routines to manage t r a f f i c a m o n g t h e 
P D P - 1 0 , t h e P D P - 1 1 , and the G D P 2 p r o c e s s o r , and to make life easier f o r t h e P D P - 1 1 
p r o g r a m m e r . M o s t of t h e following discussion will be d e v o t e d to a p r e s e n t a t i o n o f t h e 
v a r i o u s r o u t i n e s , w i t h notes on h o w t h e y can be useful. A s y o u r e a d t h e f o l l o w i n g 
p a g e s , y o u will notice that most of the Meta characters d e s c r i b e d in S e c t i o n I a r e 
m e r e l y calls o n t h e s e r o u t i n e s . 

1 . S y s t e m C o m m u n i c a t i o n 

U s e r p r o g r a m s are loaded into P D P - 1 1 m e m o r y along side the m o n i t o r , b u t n o 
l i n k a g e o f s y m b o l s b e t w e e n the t w o is possible. Thus the user must call o n t h e 
m o n i t o r w i t h t h e T R A P instruction. T h e addresses of the monitor r o u t i n e s a r e s t o r e d 
in t h e T R A P t a b l e and w h e n a T R A P instruction is e n c o u n t e r e d , t h e monitor uses t h e 
o p e r a n d o f t h e i n s t r u c t i o n as an index to the table, looks up the p r o p e r a d d r e s s , a n d 
d o e s a n o r m a l s u b r o u t i n e call. T h e r e is also a capability for u s e r - d e f i n e d r o u t i n e s t h a t 
e m p l o y t h e E M T instruction. In this case, the monitor builds a table of u s e r r o u t i n e s 
a n d E M T i n s t r u c t i o n s associated w i t h them. E x e c u t i o n of an E M T is h a n d l e d b y t h e 
m o n i t o r f r o m t h a t point on. N o t e that a user routine called via the E M T linkage (as 
w i t h all u s e r r o u t i n e s including the user's main p r o g r a m ) should r e t u r n w i t h an R T S P C 
a n d n o t a R T I o r R T T . 

H e r e a r e f o u r t r a p s w h i c h can be used to access the T R A P and E M T t a b l e s , if y o u 
s h o u l d h a v e t h e u r g e . 

^ . , C A ^ W 
O b t a i n i n g the address of the T R A P table. 
R O - T h e address of the table (in particular, t h e a d d r e s s o f t h e 
r o u t i n e associated w i t h T R A P 0). 
This traf>/ is not g u a r a n t e e d to w o r k all of the time b e c a u s e y o u r 
p r o g r a n / m a y be running w i t h m e m o r y - m a n a g e m e n t in w h i c h c a s e 
t h e r ^ f u r n e d value will be in terms of the G r a p h i c s M o n i t o r ' s 
a d d r e s s space which y o u r p r o g r a m cannot access. 

T R P A D D - T R A P 0 
U S E 

R E T U R N 

N O T E 

E M T A D D - E M T 0 
U S E 

R E T U R N 

N O T E 

O b t a i n i n g the address of the E M T table. 
R O - T h e address of the table (in particular, t h e a d d r e s s o f t h e 
r o u t i n e associated w i t h E M T 0). 
T h e r e t u r n e d address may not a l w a y s b e valid f o r t h e s a m e 
r e a s o n g i v e n in the last t r a p : the addressing s p a c e o f y o u r 
p r o g r a m and t h e monitor may not be the same. 
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E M T S E T - T R A P 3 4 
U S E 
P A R A M E T E R S 

R E T U R N 

Places a user routine in the E M T table 
R O - Holds address of routine 
R l - Holds desired E M T number (don't use z e r o , t h e m o n i t o r is 
a l r e a d y using it). 
R O - Set to one if successful. C l e a r e d if R l is t o o l a r g e f o r t h e 
E M T t a b l e (in which case no action is taken). 

E M T S Z - T R A P 1 4 1 ^fc&IFK 
U S E S e t s i z e of E M T table (initially 1 6 ) . ' 
P A R A M E T E R S R O - Holds n e w s i z e ( n o n - z e r o , please, o r t h e monitor w o n ' t h a v e 

r o o m f o r its o w n E M T ) . 
A C T I O N O l d t a b l e d e s t r o y e d , new allocated. 
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2 . T h e A c t i v i t y List , 1 ^ yjifak/w'*'* 
W h e n n o t h i n g else is running ol( the P D P - 1 1 , the routine A C T R T N is. T h i s r o u t i n e 

r u n s t h r o u g h t h e A c t i v i t y List at low p r i o r i t y looking for things to d o . A high p r i o r i t y 
i n t e r r u p t p e r f o r m s t h e minimum amount to e n s u r e that no data o r vital s y s t e m f u n c t i o n 
is lost a n d t h e n it q u e u e s the rest of the interrupt actions in the A c t i v i t y List . O n c e a 
r o u t i n e is p l a c e d in t h e A c t i v i t y List , it will be e x e c u t e d w h e n A C T R T N g e t s a r o u n d t o 
it. A l t h o u g h t h e A c t i v i t y list is meant primarily for the monitor , t h e user m a y also 
p l a c e r o u t i n e s in it. A f t e r the routine is e x e c u t e d its e n t r y is r e m o v e d f r o m t h e list. 
T h e f o l l o w i n g t r a p s will f ind little use w i t h most users but are o f f e r e d a n y w a y : 

A C T V A T - T R A P 6 5 
U S E Place a routine in the activity list. U p to 3 d i f f e r e n t r o u t i n e s 

a l l o w e d . T h e routine detects attempts to put t h e same r o u t i n e 
a d d r e s s in twice and ignores request. 

P A R A M E T E R S R O - Holds address of routine. This routine s h o u l d e n d w i t h a 
R T S P C . 

R E T U R N R O remains the same if successful, o t h e r w i s e R O set t o z e r o . 

A C T R T N - T R A P 1 4 5 j 
U S E R e t u r n i n g t h e monitor to the idle state. 
A C T I O N / S o f t r e s t a r t . This is equivalent to t y p i n g M e t a - \ . N o t e t h a t t h e 

/ m o n i t o r will not r e t u r n to y o u after y o u e x e c u t e this t r a p . 
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3 . E r r o r T r a p p i n g 

T h e m o n i t o r handles all e r r o r s that c r o p up f r o m a n y s o u r c e . W h e n an e r r o r 
o c c u r s , t h e s c r o l l e r is d i s p l a y e d (in case it was t u r n e d o f f ) , the user d i s p l a y is r e m o v e d 
(it is n o t n e e d e d ) , and a t h r e e letter e r r o r message is placed in t h e s c r o l l e r . T h e 
m o n i t o r t h e n g o e s into an infinite l o w - p r i o r i t y loop. This means that essential h i g h -
p r i o r i t y a c t i o n s (like r e f r e s h i n g of graphics) will continue, but all n o n - e s s e n t i a l actions 
( l i k e t h e line clock r o u t i n e s and I / O w i t h the P D P - 1 0 ) will be p r e v e n t e d . N o t e t h a t , 
s p e c i a l M e t a c h a r a c t e r s will b e accepted so the user may do o n e of 4 things w i t h t h e 
e r r o r : M e t a - \ t o s o f t r e s t a r t , M e t a - C A L L to hard r e s t a r t , M e t a - B R E A K t o e n t e r D D T , 
a n d M e t a - * t o b o o t s t r a p r e s t a r t . T h e following table s h o w s the p o s s i b l e e r r o r 
m e s s a g e s , t h e i r -meanings, and possible causes. 

E r r o r M e a n i n g C a u s e 

E R R D e v i c e e r r o r Some piece of h a r d w a r e attached t o t h e P D P - 1 1 
did an i n t e r r u p t w i t h no a d d r e s s in mind. It 
t r a p p e d to w o r d z e r o . 

N X M N o n - e x i s t e n t m e m o r y A r e f e r e n c e w a s made to a location t h a t d o e s n o t 
exist in the P D P - 1 1 . This is also c a u s e d b y a 
w o r d access to an o d d address. 

A n o n - e x i s t e n t instruction w a s e x e c u t e d . 

T h e B P T instruction was illegally e x e c u t e d . T h i s is 
also caused b y setting t h e T - b i t in t h e P r o c e s s o r 
Status. 

T h e I O T instruction was illegally e x e c u t e d . 

T h e p o w e r failed (but r e t u r n e d since y o u a r e a b l e 
to read the screen). 

A n o n - e x i s t e n t monitor t r a p w a s e x e c u t e d . 

A n illegal graphics i n t e r r u p t was e x e c u t e d . 

A block of data f r o m the P D P - 1 0 c o u l d n o t b e 
allocated due to insufficient c o r e . 

A message from the P D P - 1 0 w a s b a d l y 
transmitted and its c h e c k - s u m didn't a d d u p . 

I L G Illegal i n s t r u c t i o n 

B P T B r e a k p o i n t t r a p 

I O T I / O t r a p 

P W R P o w e r fail 

N S T N o s u c h t r a p 

I N T G r a p h i c s i n t e r r u p t 

N E C N o t e n o u g h c o r e 

C K S C h e c k - s u m e r r o r 



G D P M o n i t o r T r a p s 1 9 S p a c e A l l o c a t o r 

4 . S p a c e A l l o c a t o r 

T h e s p a c e allocator manages all core in the P D P - 1 1 . P r o g r a m s m a y r e q u e s t 
b l o c k s f r o m e i t h e r o f t w o t y p e s of space: p r o g r a m or graphics. G r a p h i c s s p a c e is c o r e 
in t h e D o u b l e P o r t M e m o r y , which must be used for display lists. P r o g r a m s p a c e is all 
o t h e r m e m o r y (if t h e P D P - 1 1 has all Double P o r t M e m o r y and no Single P o r t M e m o r y , 
b o t h t y p e s o f s p a c e are allocated from the same physical core) . N o t e t h a t w h a t e v e r 
t h e c o r e c o n f i g u r a t i o n , t h e Graphics Monitor uses the first 4 K of m e m o r y a n d t h e 
C h a r a c t e r s e t s r e q u i r e a p p r o x i m a t e l y 1 . 5 K of graphics space. T h e s p a c e a l l o c a t o r 
r o u t i n e s u s e a " f i r s t - f i t " algorithm f o r allocating space. T h e r e are also t r a p s f o r d e 
a l l o c a t i n g c o r e w h i c h r e q u i r e the address of the block to be d e - a l l o c a t e d . 

G E T S P C - T R A P 1 
G T G R S P - T R A P 3 6 

U S E A l l o c a t i n g m e m o r y . Use G E T S P C for p r o g r a m s p a c e a n d G T G R S P 
f o r graphics space. 

P A R A M E T E R S R O - N u m b e r of w o r d s needed. 
R E T U R N R O - A d d r e s s of b u f f e r . R O will be z e r o if no space a v a i l a b l e . 
N O T E T h e allocator may occasionally g i v e a f e w e x t r a w o r d s t o p r e v e n t 

f r a g m e n t a t i o n of memory. 

B I G S P C - T R A P 2 
B G G R S P - T R A P 3 7 

U S E 

R E T U R N 

G I V S P C - T R A P 3 
U S E 
P A R A M E T E R S 
N O T E 

A l l o c a t e s the largest b u f f e r c u r r e n t l y available. U s e B I G S P C f o r 
p r o g r a m space and B G G R S P f o r graphics space. 
R O - T h e address of the largest b u f f e r . If no s p a c e is a v a i l a b l e 
t h e n R O will be z e r o . 
R l - T h e s i z e of the b u f f e r in b y t e s . 

D e - a l l o c a t i n g m e m o r y . 
R O - A d d r e s s of b u f f e r to be de-allocated. 
D e - a l l o c a t e d graphics b u f f e r s are held f o r o n e clock tick b e f o r e 
t h e y are available for re-allocation. This e n s u r e s t h a t t h e G D P is 
f i n i s h e d displaying t h e contents of t h e b u f f e r . W h e n f r e e i n g 
g r a p h i c s b u f f e r s , the first w o r d of t h e b u f f e r is i m m e d i a t e l y 
d e s t r o y e d b y the monitor. T h e user is t h e r e f o r e a d v i s e d n o t t o 
use t h e first w o r d of a display b u f f e r f o r the e n t r y p o i n t o f a J M S 
i n s t r u c t i o n . 

S O M S P C - T R A P 4 
U S E T h i s r o u t i n e allows the user to r e t u r n the t o p p a r t o f a p r e v i o u s l y 

allocated b u f f e r . 
P A R A M E T E R S R O - Holds address after which space n o longer n e e d e d . 

R l - Holds address of start of b u f f e r . 
A C T I O N C o r e will b e r e t u r n e d unless the amount o f space is miniscule. 
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5 . U t i l i t y T r a p s 

T h e s e t r a p s handle t h e miscellaneous functions of r e g i s t e r s a v i n g , m a c h i n e 
i n d e p e n d e n t a r i t h m e t i c , and machine e n v i r o n m e n t information. 

S A V E 1 - T R A P 6 
U S E S a v i n g the registers. 
P A R A M E T E R S R l t h r o u g h R5. 
A C T I O N R l t h r o u g h R5 are s a v e d o n the stack. 

R E T U R 1 - T R A P 1 4 
U S E R e s t o r i n g the registers from the last S A V E 1 . 
R E T U R N S R l t h r o u g h R 5 . 
A C T I O N R l t h r o u g h R 5 are r e s t o r e d from the stack. 
N O T E T h e p r o g r a m m e r must be careful to insure that t h e s t a c k is at t h e 

same " d e p t h " w h e n restoring as it was at s a v e time. 

M U L T - T R A P 5 1 
U S E 
P A R A M E T E R S 

R E T U R N S 

A C T I O N 

T o multiply t w o 1 6 - b i t numbers yielding a 3 2 - b i t r e s u l t . 
R O - Multiplier. 
R l - Multiplicand. 
R O - T h e high 1 6 bits of the result. 
R l - T h e low 1 6 bits of the result. 
If t h e M U L instruction exists, it is used. If t h e r e is n o M U L 
i n s t r u c t i o n , t h e E A E is tried. If no E A E e x i s t s , t h e multiplication is 
d o n e w i t h a s t a n d a r d looping p r o g r a m . In all cases, t h e r e s u l t s a r e 
t h e same. 

D I V I D E - T R A P 5 2 
U S E x T o d i v i d e a 3 2 - b i t number b y a 1 6 - b i t n u m b e r y i e l d i n g a 1 6 - b i t 

r e s u l t and a 1 6 - b i t remainder. 
P A R A M E T E R S R O - T h e high 1 6 bits of the n u m e r a t o r . 

R l - T h e low 1 6 bits of the n u m e r a t o r . 
R 2 - T h e denominator. 

R E T U R N S R O - T h e quotient. 
R l - T h e remainder. 

A C T I O N If t h e D I V instruction exists, it is used. If t h e r e is n o D I V 
i n s t r u c t i o n , t h e E A E is tried. If n o E A E e x i s t s , t h e d i v i s i o n is d o n e 
w i t h a s t a n d a r d looping p r o g r a m . In all cases, t h e r e s u l t s a r e t h e 
s a m e . 
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W H A T - T R A P 5 
U S E T h i s is a capabilities t r a p . It tells y o u t h e e n v i r o n m e n t o f t h e 

P D P - 1 1 y o u are on. 
R E T U R N S R O - A set of flags telling y o u the n a t u r e of the P D P - 1 1 : 

Bits Meaning 
0 - 2 A m o u n t of core in units of 4 K 
3 A m o u n t of graphics core (0s8K, U 1 6 K ) 

N o t e that machines with 1 6 K of graphics c o r e must h a v e 
it placed on a 1 6 K b o u n d a r y . This means that s o m e o f it 
is unusable either because the monitor is o c c u p y i n g it o r 
because the high part is u n - a d d r e s s a b l e . 

4 - 5 Location of graphics core in units of 8 K 
6 - 7 T y p e of P D P - 1 1 ( 0 * 1 1 / 1 5 , U l l / 4 0 , 2 * 1 1 / 4 5 ) 
8 If 1 , indicates the presence of an E A E (on an 1 1 / 1 5 ) , a n 

E I S (on an 1 1 / 4 0 ) or an F P P (on an 1 1 / 4 5 ) 
9 If 1 , indicates the presence o f a tablet 
1 0 If 1 , indicates the presence of an A S L I at location 3 1 0 

(nominally to the A I / 1 1 ) 
1 1 If 1 , indicates the presence of an A S L I at location 3 2 0 

(nominally to C m m p ) 
1 2 If 1 , indicates the presence of M i c r o s t o r e 
1 3 If 1 , indicates the presence of M e m o r y M a n a g e m e n t 
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6. L i n e C l o c k T r a p s 

T h e r e is a line clock that i n t e r r u p t s the monitor 60 times a s e c o n d . T h i s i n t e r r u p t 
a l l o w s s y n c h r o n i z a t i o n of v a r i o u s s y s t e m actions. W h e n time becomes available a list 
o f r o u t i n e s called t h e clock q u e u e is e x e c u t e d . B o t h the s y s t e m and users can p u t i n t o 
a n d c l e a r s p e c i f i c a d d r e s s e s in this list. T h e queue can hold 8 r o u t i n e s o f w h i c h t h e 
s y s t e m is n e v e r is using m o r e than t w o . W h e n a user r o u t i n e is called, r e g i s t e r R O 
h o l d s t h e c u r r e n t s y s t e m 1 6 - b i t time. This 1 6 - b i t time is simply a o n e - w o r d c o u n t e r 
O f t h e i n t e r r u p t s . A t 6 0 i n t e r r u p t s per second, this w o r d will o v e r f l o w and g o b a c k t o 
z e r o e v e r y 1 5 minutes ( a p p r o x i m a t e l y ) . T h e r e f o r e , t h e 1 6 - b i t time is useless as a n 
a b s o l u t e t i m e - o f - d a y b u t it does g i v e a relative time. N o t e that a n y o f t h e r e g i s t e r s 
m a y b e d e s t r o y e d d u r i n g r o u t i n e execution. T h e user should r e t u r n w i t h a R T S P C . 
N o t e a l s o t h a t a n y r o u t i n e in t h e clock q u e u e will b e called at e a c h tick until it is 
s p e c i f i c a l l y r e m o v e d f r o m t h e q u e u e . 

L I N T 1 M - T R A P 4 6 
U S E 
R E T U R N 

O b t a i n i n g t h e line time. 
R O - T h e 1 6 - b i t time. 

L 1 N P U T - T R A P 4 7 
U S E 
P A R A M E T E R S 
R E T U R N 

P u t t i n g a routine into clock service. 
R O - A d d r e s s of routine to be e n t e r e d . 
R O - Set to o n e if successful, set to z e r o if no s p a c e a v a i l a b l e . If 
t h e r o u t i n e is already in q u e u e then L I N P U T r e t u r n s successful b u t 
d o e s n ' t e n t e r the routine a second time. 

L I N C L R - T R A P 5 0 
U S E R e m o v i n g p r e v i o u s l y put routine. 
P A R A M E T E R S R O - A d d r e s s of routine. 
R E T U R N R O - S e t to z e r o If the address is not f o u n d w i t h i n t h e list o f 

r o u t i n e s . O t h e r w i s e , R O is left alone. 
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7 . O u t p u t t o t h e P D P - 1 0 

A l l o u t p u t to t h e P D P - 1 0 passes t h r o u g h a communications line c u r r e n t l y 3 0 0 
b a u d ( 3 0 c h a r a c t e r s / s e c o n d ) . The PDP-11 monitor has a built- in multiplexing s y s t e m 
f o r s e p a r a t i n g 7 - b i t c h a r a c t e r information and 8 - b i t image data. E v e n t u a l l y t h e P D P -
1 0 will also h a v e a c o r r e s p o n d i n g multiplex s y s t e m . C u r r e n t l y t h e P D P - 1 0 m o n i t o r 
r e c o g n i z e s a special e s c a p e character. The character following the e s c a p e c h a r a c t e r 
will b e u s e d t o a f f e c t changing mode, and forcing the monitor to i n t e r p r e t a c o n t r o l 
c h a r a c t e r e v e n w h e n in e x t e n d e d character set mode. E x t e n d e d c h a r a c t e r set m o d e o n 
t h e P D P - 1 0 causes all 7 - b i t codes to pass as text characters e x c e p t t h e e s c a p e 
c h a r a c t e r . O f c o u r s e , e s c a p e f o l l o w e d by escape will always be i n t e r p r e t e d as e s c a p e 
( t h a t is t h e e s c a p e octal code will be passed to p r o g r a m ) . The multiplexing o n t h e 
P D P - 1 1 is t r a n s p a r e n t t o t h e user; the user simply makes calls o n t h e c h a r a c t e r a n d 
i m a g e m o d e o u t p u t t r a p s and the PDP-11 monitor p e r f o r m s all the multiplexing. D a t a 
t o b e s e n t t o t h e P D P - 1 0 is p r o c e s s e d on a first come first s e r v e d basis using o n e 
l a r g e b u f f e r t o hold d a t a until it can be shipped. This b u f f e r is initially 2 5 6 b y t e s l o n g 
b u t it c a n b e c h a n g e d w i t h t h e following trap. 

O U T S E T -
U S E 

T R A P 1 6 1 

P A R A M E T E R S 

A S L I - T R A P 4 3 
U S E 

P A R A M E T E R S 

A C T I O N 

F o r r e - s e t t i n g output state, 
set t o that at restart time. 
R O - N e g a t i v e 1 to keep the c u r r e n t 
b u f f e r s i z e is set to R O . 

All o u t p u t is s t o p p e d . O u t p u t s t a t e is 

b u f f e r s i z e , o t h e r w i s e t h e 

-fl^ faM ^ ^ 
F o r changing the address of the A S L I . T h e A S L I is t h e 
communication device to the P D P - 1 0 . E a c h A S L I has an a d d r e s s in 
P D P - 1 1 m e m o r y and the monitor maintains a " c u r r e n t " A S L I b y its 
a d d r e s s . M a n y A S L I s may be attached to the P D P - 1 1 and this t r a p 
will tell the monitor to use a d i f f e r e n t one. 
R O - T h e address of t h e A S L I interrupt v e c t o r in P D P - 1 1 m e m o r y . 
T h e Unibus address of the A S L I will be o b t a i n e d b y adding 1 6 5 0 0 0 
(octal) to the i n t e r r u p t v e c t o r address. N o t e that t h e first A S L I is 
usually at 3 0 0 , the next at 3 1 0 , then 3 2 0 , etc. 
R l - T h e s p e e d bits for the o u t p u t o n t o the A S L I ( n o r m a l 3 0 0 
B a u d s p e e d uses the value 1 0 0 0 octal). 
R 2 - T h e s p e e d bits for input f r o m the A S L I (normal 4 8 0 0 B a u d 
s p e e d uses the value 3 0 0 0 octal). 
T h e A S L I change will not take place until the n e x t call t o O U T S E T 
( o r t h e n e x t r e s t a r t ) . 
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8 . C h a r a c t e r M o d e O u t p u t 

F o u r r o u t i n e s a r e available f o r placing characters into t h e o u t p u t b u f f e r . O n c e 
t h e c h a r a c t e r is p l a c e d in the b u f f e r , the s y s t e m will get a r o u n d to o u t p u t t i n g it w h e n 
it h a s t i m e . 

S L P O N E - T R A P 3 1 
U S E F o r o u t p u t t i n g a 7 - b i t A S C I I character. 
P A R A M E T E R S R O - Holds character in the low b y t e . 

C O N O U T - T R A P 3 5 
U S E F o r o u t p u t t i n g an escape control character. T h a t is, t h e e s c a p e 

c h a r a c t e r ( C o n t r o l - P ) is sent followed b y the c h a r a c t e r in R O . 
P A R A M E T E R S R O - Holds character in the low b y t e . 

S L P R T N - T R A P 3 2 
U S E F o r o u t p u t t i n g a 7 - b i t A S C I I o r control c h a r a c t e r . T h i s r o u t i n e 

checks to see if the eighth bit is set. If not t h e n r o u t i n e S L P O N E 
is e x e c u t e d ; o t h e r w i s e , the eighth bit is cleared and t h e r o u t i n e 
C O N O U T is called. This routine is useful f o r o u t p u t t i n g c h a r a c t e r s 
f r o m t h e k e y b o a r d since the k e y b o a r d uses this f o r m a t a f t e r 
t r a n s f o r m i n g the k e y b o a r d character to A S C I I . 

P A R A M E T E R S R O - T h e 8 - b i t character to o u t p u t . N o t e that f o r c o n t r o l 
c h a r a c t e r s such as Carriage R e t u r n , L i n e F e e d , B a c k S p a c e , a n d 
o t h e r s , y o u must t u r n on the high bit in t h e b y t e in o r d e r t o s e n d 
it c o r r e c t l y . T h u s , a C a r r i a g e R e t u r n is a 2 1 5 (octal) , a n d n o t 1 5 
(octal) . 

N O T E C h a r a c t e r 2 2 0 is sent as 2 0 and 2 0 as 2 2 0 . This is n e c e s s a r y f o r 
i n t e r f a c i n g the escape character. 

S T R S L P - T R A P 4 5 
U S E 

P A R A M E T E R S 

A C T I O N 

S e n d i n g a string of characters to the P D P - 1 0 . 
R O - T h e address of an A S C I Z string (an A S C I I s t r i n g t e r m i n a t e d 
w i t h a b y t e of z e r o ) . 
E a c h c h a r a c t e r in the string is passed to the P D P - 1 0 w i t h S L P R T N . 
T h u s S T R S L P can b e used t o send messages l o n g e r t h a n o n e 
c h a r a c t e r and is more convenient than calling S L P R T N f o r e a c h 
c h a r a c t e r . 
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E F C S - T R A P 1 6 3 
U S E C o n t r o l sending of escape character. 
P A R A M E T E R S R O - Z e r o to indicate that no escape c h a r a c t e r s h o u l d b e s e n t 

b e f o r e control characters. N o n - z e r o to s e n d the e s c a p e c h a r a c t e r 
( C o n t r o l - P ) b e f o r e control characters. N o t e . that t h e e s c a p e 
c h a r a c t e r mode does not affect C o n t r o l characters f o r image m o d e 
( n e x t subsection). 
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9 . I m a g e M o d e O u t p u t 

T w o w o r d s of d a t a are n e c e s s a r y to specify an image message. T h e first w o r d is 
a h e a d e r t h a t a l w a y s p r o c e e d s the message to be sent , and the s e c o n d w o r d s p e c i f i e s 
w h e r e in c o r e t h e m e s s a g e is f o u n d . T h e low b y t e of the h e a d e r w o r d (all w o r d s a r e 
s e n t l o w - b y t e h i g h - b y t e b y t h e o u t p u t routine) is simply a message I D n u m b e r . T h e 
P D P - 1 1 m o n i t o r r e s e r v e s t h e right to f r e e l y use message ID's b e t w e e n 1 a n d 7 7 o c t a l . 
T h e h i g h b y t e g i v e s t h e n u m b e r of w o r d s in the message, less t h e h e a d e r w o r d . T h i s 
v a l u e s h o u l d n e v e r g e t much larger than about 2 0 o r 3 0 . T h e e n t i r e m e s s a g e has t h e 
f o l l o w i n g f o r m a t : 

H e a d e r W o r d : Bits 0 t o 7 : message I D number. 
Bits 8 to 1 5 : n, the number of w o r d s in message. 

M e s s a g e D a t a : n w o r d s of data (n may be z e r o ) . 
C h e c k s u m : O n e b y t e of d a t a , which is minus the sum of all b y t e s in t h e h e a d e r 

and message data. ( T h e P D P - 1 0 checks this t o make s u r e t h a t t h e 
m e s s a g e w a s r e c e i v e d c o r r e c t l y . ) 

I M G R T N - T R A P 3 3 
U S E F o r sending an image message to the P D P - 1 0 . T h e e n t i r e m e s s a g e 

is immediately copied into the o u t p u t b u f f e r . 
P A R A M E T E R S R O - L o w b y t e holds the message ID. High b y t e holds t h e s i z e o f 

t h e m e s s a g e in w o r d s . If the s i z e is z e r o , t h e n o n l y t h e m e s s a g e 
h e a d e r is sent (i.e. the p a r a m e t e r in R l is i g n o r e d ) . 
R l - Holds address o f message. Beginning at t h a t location t h e 
n u m b e r o f w o r d s specified in the h e a d e r will b e s e n t . N O T E : 
f o l l o w i n g t h e header w o r d and the d a t a w o r d s o f t h e m e s s a g e , a 
o n e b y t e checksum is sent (minus the sum o f all t h e b y t e s t h a t a r e 
sent in h e a d e r and data w o r d s ) . 
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1 0 . I n p u t F r o m t h e P D P - 1 0 

A l l i n p u t f r o m t h e P D P - 1 0 is via a 4 8 0 0 baud ( 4 8 0 c h a r a c t e r s / s e c o n d ) line. T h e 
m o n i t o r s e r v i c e s all c h a r a c t e r s f r o m the P D P - 1 0 . U p to 1 0 0 8 - b i t c h a r a c t e r s c a n b e 
b u f f e r e d until t h e s y s t e m has time f o r servicing them. T h e s e r v i c e r o u t i n e can b e u s e d 
t o s e n d c h a r a c t e r s t o t h e scroller (the default state) o r i n t e r p r e t t h e m as a m e s s a g e ; 
a n d , in a d d i t i o n , t h e user can directly take control of the service r o u t i n e t o r e a d d a t a 
c o m i n g f r o m t h e P D P - 1 0 . 

T h e d e f a u l t s t a t e f o r the servicing routine is to i n t e r p r e t the 8 - b i t b y t e s f r o m t h e 
P D P - 1 0 as 7 - b i t A S C I I characters to be sent to the scroller d i s p l a y . W h e n t h e 
c h a r a c t e r 1 ( d o w n a r r o w ) is f o l l o w e d b y the character 0 (null), t h e n a n image m o d e 
m e s s a g e b e g i n s and t h e s u b s e q u e n t characters are no longer sent t o t h e s c r o l l e r . T h e 
u s e r c a n at a n y time e x e c u t e the routine T E N S E T , which clears t h e i n p u t b u f f e r a n d 
r e s e t s t h e link t o s e n d c h a r a c t e r s to the scroller (default mode). 

T E N S E T - T R A P 1 6 2 
U S E 

P\ ̂  
Full r e s e t of the input state from the P D P - 1 0 . 

P A R I T Y - T R A P 4 2 
U S E 
P A R A M E T E R S 

S e t t i n g the p a r i t y mode on input from the P D P - 1 0 . 
R O - If n o n - z e r o t h e n full 8 - b i t characters a r e s e n d t o 
scroller. If z e r o (the default state) t h e n input c h a r a c t e r s 
s t r i p p e d of their high bit b e f o r e being sent t o t h e scroller . 

t h e 
a r e 

L N K T A K - T R A P 4 1 
U S E U s e d to reset the routine which processes b y t e s f r o m P D P - 1 0 . 
P A R A M E T E R S R O - If z e r o t h e n normal monitor handling is r e s t o r e d . O t h e r w i s e , 

t h e a d d r e s s in R O is the new routine to be called f o r e a c h b y t e t o 
b e p r o c e s s e d . 
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B y t e Value 
1 1 
2 0 

3 , 4 Instruction w o r d to e x e c u t e o n P D P - 1 1 
5 , 6 Control w o r d (see b e l o w ) 
7 , 8 Message s i z e , n 
9 to 2 n * 8 Data w o r d s ( p a r a m e t e r s ) 
2 n * 9 Checksum f o r entire message 

T h e Instruction w o r d will be e x e c u t e d after the data is r e c e i v e d . It s h o u l d b e a n 
E M T o r a T R A P i n s t r u c t i o n b u t c u r r e n t l y a n y o t h e r P D P - 1 1 instruction will w o r k . N o t e 
t h a t t h e T R A P i n s t r u c t i o n calls a monitor routine and the E M T instruction calls a u s e r 
s u b r o u t i n e ( s e e E M T S E T , p a g e 1 5 ) . 

T h e C o n t r o l w o r d d e t e r m i n e s w h e r e the input p a r a m e t e r s will g o a n d h o w m a n y 
o u t p u t r e g i s t e r s will b e r e t u r n e d . It has the following format. 

Bits Meaning 
0 and 1 M e t h o d of p a r a m e t e r passing: 

B o h bits o f f f o r B u f f e r passing ( v a l u e « 0 ) 
Bit 0 o n , bit 1 o f f f o r Stack passing ( v a l u e - 1 ) 
Bit 0 o f f , bit 1 o n f o r Register passing ( v a l u e « 2 ) 

2 U s e graphics space f o r b u f f e r allocation if set 
3 R e t u r n registers to P D P - 1 0 if set 
4 - 6 N u m b e r o f registers t o r e t u r n (if bit 3 s e t ) 

I n B u f f e r p a s s i n g , a b u f f e r is allocated from graphics or p r o g r a m s p a c e t o h o l d 
t h e d a t a w o r d s . W h e n t h e Instruction w o r d is e x e c u t e d , R O will hold t h e b u f f e r ' s c o r e 
a d d r e s s . R e g i s t e r R l will hold t h e number of data w o r d s in message. T h e b u f f e r will 
b e a l l o c a t e d f r o m p r o g r a m o r graphics space unless bit 2 of t h e C o n t r o l w o r d is s e t in 
w h i c h c a s e t h e b u f f e r will b e t a k e n o n l y f r o m graphics space. F o r S t a c k p a s s i n g a 
b u f f e r m u s t also b e allocated t o hold the data w o r d s . P r i o r t o I n s t r u c t i o n e x e c u t i o n 
t h e d a t a w o r d s will b e p u s h e d d o w n o n the stack. B o t h B u f f e r a n d S t a c k p a s s i n g 
r e q u i r e a t least o n e d a t a w o r d . F o r B u f f e r and Stack passing, if n o s p a c e is a v a i l a b l e 
f o r t h e b u f f e r t h e n an e r r o r will b e issued on the s c r e e n (see s u b s e c t i o n o n E r r o r 
T r a p p i n g ) . R e g i s t e r passing does not r e q u i r e a space allocated b u f f e r , and t h e n u m b e r 

1 1 . M e s s a g e s f r o m t h e P D P - 1 0 U > | ^ ) 1 Ik< 

M e s s a g e s f r o m t h e P D P - 1 0 consist of input data, some action t o p e r f o r m o n it , 
a n d r e t u r n r e s u l t s . T y p i c a l l y t h e action to be done is a call to a monitor t r a p o r a u s e r 
s u b r o u t i n e . T h e m e s s a g e can t h e n b e v i e w e d as a s u b r o u t i n e call w i t h i n p u t 
p a r a m e t e r s a n d r e t u r n e d values. O f c o u r s e , the p a r a m e t e r s and r e t u r n v a l u e s a r e 
o p t i o n a l . T h e i n p u t p a r a m e t e r s may be s t o r e d in o n e of f o u r places: in p r o g r a m s p a c e , 
in g r a p h i c s s p a c e , o n t h e stack, or in the registers. T h e s u b r o u t i n e i n v o c a t i o n c o n s i s t s 
o f a o n e - w o r d i n s t r u c t i o n that will be e x e c u t e d once the data is s t o r e d . T h e r e t u r n 
r e s u l t s c o n s i s t o f s h i p p i n g some of the P D P - 1 1 registers back t o t h e P D P - 1 0 a f t e r t h e 
i n s t r u c t i o n is e x e c u t e d . All of these options are selected in t h e message h e a d e r . T h e 
m e s s a g e s l o o k like t h i s : 
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o f d a t a w o r d s can b e f r o m z e r o to six. A f t e r the Instruction is e x e c u t e d , t h e v a l u e s o f 
t h e h a r d w a r e r e g i s t e r s are s a v e d so that o n e message may pass i n f o r m a t i o n t o t h e 
n e x t t h r o u g h a n y o f six r e g i s t e r s . 

If bit 3 of t h e C o n t r o l w o r d is set, t h e n , after t h e I n s t r u c t i o n e x e c u t i o n , a 
m e s s a g e w i t h I D = 2 2 and s i z e specified b y bits 4, 5 , 6 of t h e C o n t r o l w o r d will b e s e n t 
t o t h e P D P - 1 0 ( s e e I M G R T N , p a g e 26). If the Instruction e x e c u t i o n d o e s not c h a n g e 
t h e r e g i s t e r s , t h e n t h e v a l u e of t h e registers after the Instruction e x e c u t i o n o f t h e 
p r e v i o u s m e s s a g e will b e sent. This is because the values of the r e g i s t e r s a r e s a v e d 
f r o m m e s s a g e t o m e s s a g e . 

A s a n e x a m p l e , s u p p o s e that t h e P D P - 1 0 p r o g r a m w a n t e d t o k n o w if t h e r e w a s a 
4 0 0 0 w o r d b u f f e r o f p r o g r a m space available on the P D P - 1 1 . T h e p r o g r a m w o u l d 
s e n d t w o m e s s a g e s t o t h e P D P - 1 1 : t h e first w o u l d e x e c u t e a G E T S P C ( T R A P 1 ) t o 
a l l o c a t e 4 0 0 0 w o r d s . I n p u t t o this message w o u l d be o n e r e g i s t e r : R 0 = 4 0 0 0 . O u t p u t 
w o u l d b e o n e r e g i s t e r : t h e results of the T R A P telling if it w a s successful. T h e P D P - 1 0 
p r o g r a m n o w k n o w s w h e t h e r t h e b u f f e r is available, but if it is, the b u f f e r must b e d e 
a l l o c a t e d b e f o r e it can b e u s e d , so a second message must e x e c u t e a G I V S P C ( T R A P 3 ) 
t o r e l e a s e t h e s p a c e . N o input is n e e d e d f o r this t r a p since the a d d r e s s o f t h e b u f f e r 
is still in R O f r o m t h e last message (the G E T S P C ) and, c o n v e n i e n t l y , that is j u s t w h a t 
G I V S P C r e q u i r e s as i n p u t . T h e t w o messages w o u l d look like this: 

B y t e 
1 

Value Meaning 
This is the start of message 1 

2 0 
1 0 4 4 0 1 
3 2 

3 , 4 
5 , 6 

This is octal for T R A P 1 : G E T S P C 
This stores input in r e g i s t e r s , 
and requests 1 register 
T h e message s i z e 
T h e p a r a m e t e r to G E T S P C 
Checksum 

7 , 8 
9, 1 0 
1 1 

4 0 0 0 . 
2 5 3 

N o w t o d e a l l o c a t e t h e b u f f e r : 

1 2 
1 3 

1 
0 

This is the start of message 2 

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

2 
0 
1 6 1 

1 0 4 4 0 3 This is octal f o r T R A P 3 : G I V S P C 
Input is in r e g i s t e r s , no r e t u r n v a l u e 
N o input 
Checksum 

N o t e t h a t if y o u a r e using the G L S T E R package t h e n y o u d o n ' t h a v e t o 
a b o u t c o m p u t i n g t h e checksum. 
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1 2 . L o a d i n g P r o g r a m s and D a t a 

B l o c k s o f d a t a to b e loaded into P D P - 1 1 core use the following r o u t i n e s . T h e 
l o a d e r has t w o s t a t e v a r i a b l e s which save the addresses of the p r o g r a m and g r a p h i c s 
s p a c e s e c t i o n s t h a t h a v e b e e n loaded. N o t e that L I N K 1 1 creates messages t h a t u s e 
t h e s e t r a p s t o allow load time relocation of programs and d a t a . T h e r e f o r e n o u s e r 
p r o g r a m n e e d s t o use t h e s e t r a p s . T h e y are only p r e s e n t e d f o r c o m p l e t e n e s s . 

L O A D R - T R A P 7 
U S E 
P A R A M E T E R S 

A C T I O N 

F o r loading relocatable data or p r o g r a m s , using b u f f e r e d m e s s a g e s . 
R O - S e t b y message handler to point to s t a r t of b u f f e r p a s s e d 
f r o m the P D P - 1 0 . N o t e that the message h a n d l e r d e t e r m i n e s 
w h e t h e r o r not to use graphics o r p r o g r a m space f o r t h e b u f f e r . 
This information is used in determining w h i c h s t a t e v a r i a b l e t o s e t . 
T h e s t a t e variables are u p d a t e d 

L O A D A - T R A P 1 0 
U S E 

P A R A M E T E R S 

A C T I O N 

F o r loading absolute locations of P D P - 1 1 c o r e using b u f f e r e d 
m e s s a g e mode. 
R O - Set b y message handler: the address of the d a t a . 
R l - S e t b y message handler: the number of w o r d s in t h e b u f f e r . 
T h e first w o r d of the b u f f e r is the absolute address t o load t h e 
d a t a . T h e remaining w o r d s are the successive d a t a w o r d s t o b e 
loaded. 
T h e d a t a w o r d s are loaded last to first. This f e a t u r e is u s e f u l 
w h e n loading graphics data w h e r e t h e display list must a l w a y s 
h a v e a t e r m i n a t o r . 

R E L O C A - T R A P 5 4 
U S E R E L O C A is used just after calls on the r o u t i n e L O A D R . R E L O C A is 

called using a b u f f e r e d message f r o m the P D P - 1 0 . T h e b u f f e r is 
automatically r e m o v e d f r o m core w h e n the routine finishes. 

P A R A M E T E R S R O - Set b y message handler: the address of the r e l o c a t i o n b u f f e r . 
R l - S e t b y message handler: the s i z e of the relocation b u f f e r . 

A C T I O N T h e first w o r d of the b u f f e r is a control w o r d indicating w h a t k i n d 
o f relocation to p e r f o r m . If bit 7 is o f f , t h e last p r o g r a m s p a c e 
b u f f e r will be relocated. If bit 7 is o n , t h e last g r a p h i c s s p a c e 
b u f f e r will be relocated. If bit 1 5 is o f f , the r e l o c a t i o n will b e 
d o n e r e l a t i v e to the last p r o g r a m space module. If bit 1 5 is o n , 
t h e relocation will be done relative to the last g r a p h i c s s p a c e 
module. T h e second w o r d of the b u f f e r is a r e l a t i v e a d d r e s s o f 
t h e start of relocation. T h e remaining w o r d s of t h e b u f f e r a r e a 
bit p a t t e r n to d e n o t e which successive w o r d s t o r e l o c a t e as in t h e 
f o l l o w i n g p s e u d o - p r o g r a m : 
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I N T E G E R A d d r e s s , B i t w o r d , Bit; 
I F B i t 7 o f W o r d l T H E N A d d r e s s <- L A S T - G R A P H I C S - S P A C E - A D D R E S S 

E L S E A d d r e s s <- L A S T - P R O G R A M - S P A C E - A D D R E S S ; 
A d d r e s s «- A d d r e s s + W o r d 2 ; 
F O R B i t w o r d «- (each successive w o r d of b u f f e r ) D O 
B E G I N 

F O R Bit <- ( e a c h bit in B i t w o r d (right to left)) D O 
B E G I N 

I F Bit T H E N 
I F B i t l 5 of W o r d l T H E N 

M e m o r y [ A d d r e s s ] 4-
M e m o r y [ A d d r e s s ] + L A S T - G R A P H I C S - S P A C E - A D D R E S S 

E L S E 
M e m o r y f A d d r e s s ] <-

M e m o r y f A d d r e s s ] + L A S T - P R O G R A M - S P A C E - A D D R E S S ; 
A d d r e s s <- A d d r e s s + 2; 

E N D ; 
E N D ; 

L O A D T R - T R A P 1 1 
U S E S e r v e s as an "end block" for loads. Usually called using r e g i s t e r 

p a s s i n g message. This starts the user p r o g r a m that has just b e e n 
l o a d e d and relocated in the P D P - 1 1 . 

P A R A M E T E R S R O - Holds t r a n s f e r address. 
R l - Holds flags: bit 1 5 signals relocation of t h e t r a n s f e r a d d r e s s 
b y o n e of the state variables. Bits 0 and 1 d e t e r m i n e w h i c h s t a t e 
v a r i a b l e t o use (if t h e y are equal to 1 , the last p r o g r a m s p a c e 
a d d r e s s is u s e d , and if t h e y are equal to 2 , the last g r a p h i c s s p a c e 
a d d r e s s is used). If bit 1 5 is o f f , t h e address is t a k e n as an 
a b s o l u t e address and is not relocated. Bit 7 s a y s that t h e s t a t e 
v a r i a b l e s should be cleared, signifying a L O A D T R has o c c u r r e d . If 
t h e s t a t e variables are z e r o and Bit 7 of R l is set t h e n n o t r a n s f e r 
t a k e s place. 

A C T I O N T h e user's main p r o g r a m is called w i t h a J S R P C . It s h o u l d r e t u r n 
w i t h an R T S P C 
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1 3 . I n t r a - L i n e E d i t o r 

M o s t o f t h e actions o f t h e E d i t o r h a v e b e e n p r e v i o u s l y d e s c r i b e d in S e c t i o n I. 
T h e E d i t o r has t w o t r a p s . 

B R K S E T - T R A P 1 4 6 
U S E S e t t i n g u p a control character b r e a k t a b l e . T h e 2 6 c o n t r o l 

c h a r a c t e r s (plus some o t h e r s ) may o r may not cause b r e a k s (i .e . 
b u r s t s of the input b u f f e r to the P D P - 1 0 ) . C u r r e n t l y , C o n t r o l - C , G , 
J , K, L , M , U , Z , and A l t m o d e will b r e a k . A single bit in a b r e a k 
t a b l e will cause a control character to b r e a k . This r o u t i n e s e t s u p 
such a b r e a k table. 

P A R A M E T E R S R O - Bits 0 to 1 5 are for A S C I I b r e a k c h a r a c t e r s 0 t o octal 1 7 . 
T h e initial value is 3 6 2 1 0 octal. 
R l - Sets the A S C I I break characters f r o m octal 2 0 t o octal 3 7 . 
T h e initial v a l u e is 6 0 4 0 octal. F o r e x a m p l e , if bit 5 o f R O is o n , 
t h e n C o n t r o l - E will "break"; and if bit 0 of R l is o n t h e n C o n t r o l - P 
will " b r e a k " . N o t e that bits are n u m b e r e d right t o left f a r P D P -
l T s . (This is the r e v e r s e of numbering f o r P D P - 1 0 Y ) 

E T A S E T - T R A P 4 0 
U S E A l l o w s t h e user p r o g r a m to r e t r i e v e the finished edit b u f f e r . 
P A R A M E T E R S R O - If z e r o t h e n r e s t o r e normal sending o f the edit b u f f e r t o t h e 

P D P - 1 0 ( r o u t i n e S L P R T N ) . O t h e r w i s e R O holds a d d r e s s o f r o u t i n e 
t o s e r v i c e each character. 

A C T I O N W h e n t h e user is finished editing the b u f f e r , it will b e p a s s e d , 
c h a r a c t e r b y c h a r a c t e r , to this r o u t i n e . T h e c h a r a c t e r p a s s e d will 
b e in R O . 
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1 4 . C h a r a c t e r s 

T h e r e a r e 256 c h a r a c t e r s in the graphics character set. T h e f o l l o w i n g t a b l e 
s h o w s t h e c o n v e n t i o n s u s e d : 

C h a r a c t e r C o n v e n t i o n a l use 
0 Null character. This character displays nothing and d o e s n o t 

c h a n g e any position or state. 
1 - 1 7 7 S t a n d a r d A S C I I characters. N o t e that some of t h e s e c h a r a c t e r s 

a r e null, such as the tab. T h e s e characters are h a n d l e d s p e c i a l l y 
b y t h e o t h e r characters below. 

2 0 0 Initialization character. This c h a r a c t e r , w h i c h m a y not a p p e a r in 
t h e o d d b y t e of a w o r d because it will make graphics think t h a t 
t h e w o r d is a control w o r d , initializes the status f o r t h e o t h e r 
c h a r a c t e r s in the set. F o r e x a m p l e , it must t u r n i n t e n s i t y o n f o r 
c h a r a c t e r sets that assume intensity on at t h e s t a r t o f e a c h 
c h a r a c t e r . It may also set the scale, intensity , and v e c t o r f o r m a t . 
This c h a r a c t e r will be the first o n e in the scroller. 

2 0 1 - 2 4 7 A v a i l a b l e for user defined characters. 
2 5 0 - 3 6 7 U s e d f o r tabulation. N o t e that each character set has a d i f f e r e n t 

n u m b e r of t a b stops and accordingly, uses a d i f f e r e n t n u m b e r o f 
t h e c h a r a c t e r s from 2 5 0 to 3 6 7 . T h e use e x p a n d s d o w n w a r d f r o m 
3 6 7 so that a character set that only uses 8 of t h e s e (as d o e s t h e 
s t a n d a r d f i x e d w i d t h set) will use 3 6 0 to 3 6 7 . In this c a s e , t h e 
c h a r a c t e r s 2 5 0 to 3 5 7 are also available f o r u s e r d e f i n e d 
c h a r a c t e r s . 

3 7 0 S t a r t - b l i n k . All characters after this, up to a s t o p - b l i n k o r t h e e n d 
of t h e display, will blink on and off e v e r y q u a r t e r o f a s e c o n d . 

3 7 1 S t o p - b l i n k . 
3 7 2 - 3 7 4 R e s e r v e d f o r e x p a n s i o n . 
3 7 5 C a r r i a g e - r e t u r n with l i n e - f e e d . This is e f f e c t i v e l y a c o m b i n a t i o n 

o f c h a r a c t e r s 1 5 and 1 2 and is used b y the monitor in t h e s c r o l l e r . 
3 7 6 C u r s o r . This character will be placed at t h e last p o s i t i o n in t h e 

scroller. Its v e c t o r description should start and e n d in t h e s a m e 
place. 

3 7 7 C a r r i a g e - r e t u r n w i t h l i n e - f e e d and c u r s o r . This is e f f e c t i v e l y a 
c o m b i n a t i o n of characters 1 5 , 1 2 , and 3 7 6 and is u s e d b y t h e 
m o n i t o r in the scroller. 

C a r r i a g e r e t u r n s a r e p e r f o r m e d using a S E T X control w o r d . Since t h e m o n i t o r 
m u s t b e a b l e t o d y n a m i c a l l y change the value of the carriage r e t u r n p o s i t i o n , t h e S E T X 
c o n t r o l w o r d must a l w a y s b e at the same position in all characters w i t h a c a r r i a g e 
r e t u r n ( c h a r a c t e r s 1 5 : s t a n d a r d carriage r e t u r n , 3 7 5 : carriage r e t u r n w i t h line f e e d , 
a n d 3 7 7 : c a r r i a g e r e t u r n w i t h line f e e d and cursor) . T h e S E T X control w o r d is t h e f i r s t 
w o r d o f t h e c h a r a c t e r and t h e s e c o n d w o r d is the X position o f the left m a r g i n . 
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1 5 . T a b s 

W h e n a t a b c h a r a c t e r is r e c e i v e d b y the scroller ( A S C I I c o d e 1 1 , ) t h e P D P - 1 1 
m o n i t o r s u b s t i t u t e s a n o t h e r character f o r the t a b . This character v a r i e s d e p e n d i n g o n 
t h e d i s t a n c e t o t h e n e x t t a b s t o p because the character d r a w s an invisible line t o t h a t 
s t o p . T o d e t e r m i n e w h i c h c h a r a c t e r to s u b s t i t u t e , the following p r o c e d u r e is u s e d . 
V a r i a b l e w i d t h c h a r a c t e r s must h a v e the character's w f d t h in s c r e e n units s p e c i f i e d f o r 
e a c h c h a r a c t e r . This n u m b e r must b e s t o r e d in the m e m o r y w o r d i m m e d i a t e l y 
p r e c e d i n g t h e c h a r a c t e r s " v e c t o r description" (tabs should not h a v e this v a l u e ) . 
B e s i d e s c o n t a i n i n g c h a r a c t e r descriptions and a character dispatch t a b l e , a c h a r a c t e r 
s e t m u s t also s u p p l y t w o d a t a w o r d s located immediately b e f o r e t h e d i s p a t c h t a b l e 
w h e n t h e c h a r a c t e r set is loaded. T h e first data w o r d d e n o t e s that t h e c h a r a c t e r s e t 
is v a r i a b l e w i d t h if z e r o . If n o n - z e r o , then t h e character set is f i x e d w i d t h . T h e o t h e r 
d a t a w o r d s p e c i f i e s t h e first tab character. N o w , the last t a b c h a r a c t e r is a l w a y s 
c h a r a c t e r 3 6 7 (all c h a r a c t e r numbers are octal values). If the lowest t a b c h a r a c t e r is 
3 6 0 , t h e n w e h a v e t h e usual 8 t a b characters. If the lowest t a b c h a r a c t e r is 2 5 0 t h e n 
w e h a v e 8 0 t a b c h a r a c t e r s ( 8 0 distances that w e can tab). F o r t h e d e f a u l t f i x e d w i d t h 
c h a r a c t e r s e t o n l y 8 t a b s a r e n e e d e d , since t h e r e a r e o n l y 8 possible d i s t a n c e s t o t h e 
n e x t t a b c h a r a c t e r . T a b s a r e a l w a y s p e r f o r m e d b y d r a w i n g invisible v e c t o r s , L e t u b e 
t h e n u m b e r o f c h a r a c t e r Units already in a scrolled line (or edit b u f f e r ) , a n d let t b e 
t h e n u m b e r o f d i f f e r e n t t a b locations, then ((u M O D t ) + S t a r t i n g - T a b - C h a r a c t e r ) is t h e 
t a b c h a r a c t e r c h o s e n f o r t a b b i n g to the next character position. 

C o n s i d e r a f i x e d w i d t h character set w i t h each character 1 0 s c r e e n units w i d e . 
S i n c e t h e r e a r e 8 p o s s i b l e distances t o the next t a b position, 8 t a b c h a r a c t e r s a r e 
n e e d e d . S u p p o s e t h e c h a r a c t e r is made w i t h medium v e c t o r s (the s t a n d a r d c h a r a c t e r 
s e t h a s s h o r t v e c t o r s ) . T h e t a b characters f o r such a character set w o u l d b e : 

C H R 3 6 0 : . B Y T E 1 0 , 0 
C H R 3 6 1 : . B Y T E 1 0 , 0 

C H R 3 6 7 : . B Y T E 1 0 , 0 
1 0 0 0 0 0 5 T e r m i n a t o r 

F o r a v a r i a b l e w i d t h c h a r a c t e r set that allows characters t o e n d o n a n y r a s t e r 
p o s i t i o n , 8 0 t a b s a r e n e e d e d (assuming that t a b stops a r e 8 0 r a s t e r units a p a r t o n t h e 
s c r e e n ) a n d t h e y w o u l d b e : 

C H R 2 5 0 : . B Y T E 1 , 0 
C H R 2 5 1 : . B Y T E 1 , 0 

C H R 3 6 7 : . B Y T E 1 , 0 
1 0 0 0 0 0 j T e r m i n a t o r 
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1 6 . C h a r a c t e r S e t s 0 

W h e n t h e s y s t e m is b o o t s t r a p r e s t a r t e d the P D P - 1 0 sends the m o n i t o r t o t h e 
P D P - 1 1 f o l l o w e d immediately b y the character set. T h e name " G R A P R G S T " is t h e 
s t a n d a r d c h a r a c t e r set name. If a user is logged o n , and he has a file b y t h e n a m e 
" G R A P R G S T " , t h e n this file will be sent to the P D P - 1 1 as the c h a r a c t e r set . If t h e 
u s e r d o e s n o t h a v e a " G R A P R G S T " , then the s y s t e m character set " S Y S . G R A P R G S T " 
will b e l o a d e d . T h e s t a n d a r d character set, G R A P R G S T , is f i x e d s i z e ( 1 0 s c r e e n u n i t s 
h i g h b y 1 0 s c r e e n units w i d e w i t h 7 screen units b e t w e e n each line). T h e r e a r e 
c u r r e n t l y t w o o t h e r c h a r a c t e r sets on [ A 6 3 0 K S 0 0 ] : B O D O N L G S T and N G R 2 0 . G S T . 
T h e s e a r e b o t h v a r i a b l e w i d t h character sets. W h e n e v e r the s y s t e m is H a r d r e s t a r t e d 
at a d d r e s s 1 0 0 0 , t h e c u r r e n t character set is p r e s e r v e d (the space allocator d e s t r o y s 
all o t h e r b u f f e r s ) . 

W h e n p r o c e s s i n g a c h a r a c t e r , the graphics p r o c e s s o r r e q u i r e s a c h a r a c t e r 
d i s p a t c h t a b l e . If a c h a r a c t e r has value n, then t h e v a l u e c o n t a i n e d in a d d r e s s 
( D i s p a t c h - T a b l e + 2 * n ) is used to process the character. If this v a l u e is e v e n ( b i t 0 
e q u a l s 0 ) , t h e n t h e v a l u e is the address of a v e c t o r description o f t h e c h a r a c t e r . If t h e 
v a l u e is o d d , t h e n bit z e r o is i g n o r e d and the resulting e v e n address must p o i n t t o a n 
i n t e r r u p t r o u t i n e . T h e o n l y distinction that the P D P - 1 1 monitor makes b e t e e n ' V e c t o r -
d e s c r i b e d 1 1 c h a r a c t e r s and " i n t e r r u p t " characters is that i n t e r r u p t c h a r a c t e r s a l w a y s 
h a v e z e r o w i d t h . T h e graphics monitor sets aside the t o p 2 5 6 w o r d s o f g r a p h i c s 
m e m o r y f o r t h e c h a r a c t e r dispatch table. T h e user n e e d not k n o w this a d d r e s s , 
h o w e v e r , b e c a u s e t h e f o l l o w i n g traps are available to change values in this t a b l e . 

C H R S E T -
U S E 

T R A P 1 5 3 

P A R A M E T E R S 

R E T U R N 

A l l o w s user to make single changes t o the c h a r a c t e r d i s p a t c h t a b l e 
a n d thus define n e w characters. Y o u may also r e t r i e v e an e n t r y in 
t h e dispatch table. 
R O - Holds the address of t h e n e w character. If R O is z e r o , t h e n 
t h e null character is used. If R O is n e g a t i v e t h e n d o not r e p l a c e 
t h e c h a r a c t e r ; o n l y r e t u r n address of character. 
R l - Holds the character to b e c h a n g e d , d e l e t e d , o r e x a m i n e d . 
R O - T h e value that was p r e v i o u s l y in the dispatch t a b l e . 

C H R L O D - T R A P 1 5 6 
U S E 

P A R A M E T E R S 

A C T I O N 

T h i s r o u t i n e facilitates loading of a n e w character s e t . 
R O - T h e address of the n e w character set. 
R l - T h e address of the n e w dispatch table. 
T h e n e w character set (in the format p r e v i o u s l y d e s c r i b e d ) is 
l o a d e d and the old o n e is deleted. 
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T h e m o s t likely m e t h o d of passing a character set t o t h e P D P - 1 1 is b y l o a d i n g a 
c o m p l e t e l y n e w d e s c r i p t i o n f r o m the P D P - 1 0 . T h e p r o g r a m S I L 0 S [ A 6 3 0 K S 0 0 ] is a 
c h a r a c t e r s e t e d i t o r that p r o d u c e s a r e a d y - t o - l o a d P D P - 1 1 f o r m a t as f o l l o w s : 

1 ) C h a r a c t e r set v e c t o r descriptions and a n y " i n t e r r u p t " c h a r a c t e r s . 

2 ) W i d t h i n d i c a t o r . This is n o n - z e r o f o r a f i x e d w i d t h c h a r a c t e r set a n d 0 f o r a 
v a r i a b l e w i d t h o n e . 

3 ) T a b l o c a t i o n v a l u e . This is the character number of the first t a b c h a r a c t e r s . F o r 
t h e s t a n d a r d f i x e d w i d t h set , it is 3 6 0 (octal). 

4 ) T h e d i s p a t c h t a b l e . This must b e a 2 5 6 w o r d block of c h a r a c t e r a d d r e s s e s . A l l 
a d d r e s s e s must b e g i v e n a reasonable value ( r e p e a t t h e null c h a r a c t e r f o r 
u n d e f i n e d e n t r i e s ) . 

5 ) C o d e t o l o a d t h e c h a r a c t e r s e t : 

S T A R T : M O V * D i s p a t c h T a b l e , R l ; R O a l r e a d y holds r e l o c a t i o n v a l u e 

N o t e t h a t f o r c o n v e n i e n c e , several o t h e r functions can be d o n e w h e n t h e n e w 
c h a r a c t e r s e t is initialized. F o r e x a m p l e , the number of lines in t h e s c r o l l e r , units p e r 
l i n e , a n d o t h e r r e l a t e d information could be set. S I L O S g e n e r a t e s code t o u p d a t e all o f 
t h e s e p a r a m e t e r s a f t e r t h e n e w character set is loaded. 

T R A P 
R T S 
. E N D 

1 5 6 
P C 
S T A R T 

5 This is C H R L O D 

; E n d of p r o g r a m : t r a n s f e r t o S T A R T 
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1 ) L i n e f e e d . E a c h o c c u r r e n c e of a line f e e d terminates the c u r r e n t line a n d a n e w 
b u f f e r is f e t c h e d . 

2 ) C h a r a c t e r o v e r f l o w . W h e n e v e r the number of characters in a line e x c e e d s t h e 
m a x i m u m , a c a r r i a g e r e t u r n / l i n e feed is inserted and a n e w b u f f e r is f e t c h e d , 

3 ) U n i t o v e r f l o w . W h e n e v e r the number of Units in a line e x c e e d s t h e m a x i m u m a 
c a r r i a g e r e t u r n / l i n e f e e d is inserted, and a new b u f f e r is f e t c h e d . This is d o n e t o 
m a k e e a c h line finish at the same place for variable w i d t h c h a r a c t e r s e t s . 

T h e f o l l o w i n g r o u t i n e s are available for affecting the scroller. 

S C R R T N - T R A P 1 2 0 
U S E E n t e r i n g 8 - b i t characters into scroller. 
P A R A M E T E R S R O - L o w b y t e of R O holds the A S C I I character t o b e e n t e r e d . 

S T R S C R - T R A P 4 4 
U S E E n t e r i n g a string of characters into the scroller. 
P A R A M E T E R S R O - T h e address of an A S C I Z string (an A S C I I s t r i n g t e r m i n a t e d 

w i t h a b y t e of z e r o ) . 
A C T I O N E a c h character in t h e string is d i s p l a y e d w i t h S C R R T N . T h u s , 

S T R S C R can b e used to display messages longer t h a n 1 c h a r a c t e r 
a n d is m o r e convenient than calling S C R R T N f o r each c h a r a c t e r . 

C L E A R - T R A P 1 3 4 
U S E R e m o v e s all scrolled characters f r o m the display. T h e s c r e e n is 

c l e a r e d . 

F O R M - T R A P 1 0 4 
^ U S E W o r k s like a C L E A R e x c e p t that the " c u r r e n t " line is left in t h e 

d i s p l a y . 

1 7 . T h e S c r o l l e r ' ' y 

U n l i k e a h a r d c o p y t e l e t y p e in which a continuous r e c o r d of o u t p u t is k e p t , t h e 
g r a p h i c s m o n i t o r maintains a display list of characters r e t u r n e d f r o m t h e P D P - 1 0 . T h i s 
d i s p l a y list is c o m p o s e d of lines of characters begining at the t o p o f the s c r e e n . A s 
n e w lines a r e e n t e r e d at the b o t t o m of the screen the lines on the t o p a r e r e m o v e d . 
C h a r a c t e r s a r e e n t e r e d into t h e " c u r r e n t " line using the routine S C R R T N . A s e a c h 
c h a r a c t e r is e n t e r e d into the c u r r e n t line, the number of units is k e p t in o r d e r t o t a b 
p r o p e r l y ( s e e s u b s e c t i o n o n T a b s ) . A new line, that is a n e w b u f f e r , is allocated f o r 
o n e o f t h r e e r e a s o n s : 
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T h e r e a r e eight basic p a r a m e t e r s to the scroller. T h e following t a b l e s h o w s t h e 
d e f a u l t v a l u e s f o r t h e s t a n d a r d f i x e d w i d t h character set. 

X C a r r i a g e r e t u r n position. Default - 4 7 5 . 
Y T o p of screen. Default 4 7 5 . 
S C A L E T h e scale f o r graphics. D e f a u l t 1 0 octal . 
I N T E N S I T Y T h e intensity f o r graphics. D e f a u l t 1 7 octal . 
L I N E S N u m b e r of lines allowed in scroller. D e f a u l t 5 6 . 
C H A R A C T E R S N u m b e r of characters p e r line. D e f a u l t 9 8 . 
U N I T S N u m b e r of t a b units p e r line. D e f a u l t 9 8 . 
J U M P N u m b e r of lines, t o j u m p w h e n scroller r e a c h e s 

maximum. Default 0. 

S C R N E W - T R A P 1 1 1 
U S E R e s e t s all of the a b o v e parameters t o the default v a l u e . 

E a c h o f t h e p a r a m e t e r s can b e set individually. T h e following t a b l e d e s c r i b e s 
e i g h t s e p a r a t e r o u t i n e s . T h e n e w p a r a m e t e r value should b e put in R O p r i o r t o calling 
t h e t r a p . 

N a m e T R A P P a r a m e t e r A f f e c t e d 

X C H N 1 1 2 X 
Y C H N 1 1 3 Y 
S C L C H N 1 1 5 S C A L E 
I N T C H N 1 1 4 I N T E N S I T Y 
L I N C H N 1 1 6 L I N E S 
C H R C H N 1 1 7 C H A R A C T E R S 
U N I C H N 1 0 1 U N I T S 
J M P C H N 1 6 J U M P 

F o r s e t t i n g the defaults f o r all the a b o v e 8 p a r a m e t e r s . 
R O - Holds the address of 8 w o r d b u f f e r of v a l u e s t o b e g i v e n t o 
t h e a b o v e 8 p a r a m e t e r s , r e s p e c t i v e l y . L e . first w o r d c h a n g e s 
v a l u e X , and second alters Y , and so o n . 
All s u b s e q u e n t S C R N E W calls will reset t h e 8 p a r a m e t e r s t o t h e s e 
v a l u e s . 

S C R D E F - T R A P 3 0 
U S E 
P A R A M E T E R S 

A C T I O N 
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1 8 . M u l t i p l e S c r o l l e r s >"S- ^ 

T h e m o n i t o r has t h e facility to s t o r e up to 1 0 0 d i f f e r e n t scrollers and s e l e c t i v e l y 
d i s p l a y a n y o f t h e m . A t a n y time, t h e r e is a c u r r e n t scroller f o r w h i c h t h e t r a p s in t h e 
p r e v i o u s s e c t i o n a p p l y . T h e following traps allow the user to control t h e c r e a t i o n a n d 
s e l e c t i o n o f t h e s c r o l l e r s . 

P A G S E T - T R A P 2 0 
U S E F o r setting the number of additional scrollers that t h e m o n i t o r is 

t o handle. 
P A R A M E T E R S R O - T h e n u m b e r of additional scrollers ( f r o m 1 t o 9 9 ) . 
A C T I O N S p a c e is allocated for a current scroller and the r e q u e s t e d n u m b e r 

of additional scrollers. T h e c u r r e n t scroller becomes scroller 0 . 
N O T E It is u n w i s e to e x e c u t e this t r a p more than o n c e w i t h o u t h a r d 

r e s t a r t i n g because s t o r a g e cannot be released f r o m t h e p r e v i o u s 
P A G S E T . 

P A G G E T - T R A P 1 7 
U S E S e l e c t i n g and displaying a scroller. 
P A R A M E T E R S R O - T h e n u m b e r of a scroller ( f r o m 0 to t h e n u m b e r of addition al 

scrollers available). 
A C T I O N T h e r e q u e s t e d scroller is displayed and selected as t h e c u r r e n t 

scroller . N o action is taken if the scroller n u m b e r is invalid. 

P A G O F F - T R A P 7 7 
U S E T u r n i n g o f f the display of a scroller. 
P A R A M E T E R S R O - T h e n u m b e r of a scroller to b e t u r n e d o f f . 
A C T I O N T h e r e q u e s t e d scroller is no longer d i s p l a y e d . If it is t h e c u r r e n t 

s c r o l l e r , it continues to b e so. If t h e scroller n u m b e r is i n v a l i d , 
n o t h i n g is d o n e . 



G D P M o n i t o r T r a p s 4 0 G r a p h i c s D i s p l a y C o m p o n e n t s 

1 9 . G r a p h i c s D i s p l a y C o m p o n e n t s 

T h e m o n i t o r maintains the basic display list f o r t h e G D P . T h e d i s p l a y l o o p is as 
f o l l o w s : 

J M S S c r o l l e r 
J M S E d i t o r 
J M S U s e r 
S E T X Y , 0 , 0 
I N T R R e f r e s h 

D i s p l a y t h e scroller 
D i s p l a y t h e editor 
D i s p l a y f o r the user (may be X Q T ) 
T o k e e p an idle display mostly in the c e n t e r of t h e s c r e e n 
W a k e up the P D P - 1 1 , wait f o r r e f r e s h tick 

F o r an e x p l a n a t i o n of these and o t h e r G D P instructions, see S e c t i o n II o n G D P 
h a r d w a r e . T h e f o l l o w i n g routines are used to affect w h a t is placed into t h e t h r e e 
d i s p l a y l o c a t i o n s . T h e first set controls the scroller position. T h e user m a y t u r n o n 
t h e s t a n d a r d s c r o l l e r , t u r n it o f f , or display his o w n . 

S C R C L R - T R A P 7 1 
U S E T u r n s o f f the Scroller. 
A C T I O N R e m o v e s the instruction in t h e scroller position. (I .e . a j u m p t o t h e 

n e x t location is put in.) 

S C R D I S - T R A P 7 3 
U S E A l l o w s a u s e r - d e f i n e d scroller to be d i s p l a y e d . 
P A R A M E T E R S R O - Holds instruction to put into t h e scroller position. 

S C R U N B - T R A P 1 0 7 
U S E T u r n s o n the s t a n d a r d scroller. 
A C T I O N T h e s t a n d a r d scroller is replaced. 

T h e n e x t set of t r a p s controls the user display. T h e user display m a y b e f i l l e d , 
c l e a r e d , o r r e s t o r e d f r o m t h e last clear. 

U S E C L R - T R A P 7 2 
U S E T u r n s o f f the user display and saves the instruction t h a t w a s 

t h e r e . 
A C T I O N T h e user instruction is r e m o v e d . If it contained an a c t i v e d i s p l a y , 

it is s a v e d . 

U S E R E T - T R A P 1 4 4 
U S E U n d o a U S E C L R . 
A C T I O N R e t u r n s the active u?er display w o r d that w a s c l e a r e d b y t h e last 

U S E C L R . 
N O T E T h e U S E C L R / U S E R E T traps s a v e o n l y a single a d d r e s s s o " n e s t i n g " 

o f s a v e d user display lists does not w o r k . 
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U S E D I S - T R A P 7 4 
U S E Filling t h e user display. 
P A R A M E T E R S R O - T h e v a l u e to be put into the display. T h u s , R O s h o u l d b e a n 

a d d r e s s w i t h the o p c o d e bits f o r a J M S o r X Q T . 

T h e n e x t set o f t r a p s affect t h e editor display. T h e a v e r a g e u s e r s h o u l d f i n d 
l i t t l e u s e f o r t h e s e t r a p s . 

E D C L R - T R A P 7 5 
U S E T u r n i n g o f f the editor display. r , 
A C T I O N T h e e d i t o r position is cleared. O^d^-.JJ^ 

E D D I S - T R A P 7 6 . 
U S E F o r p u t t i n g a value into editor position. 
P A R A M E T E R S R O - Holds t h e v a l u e t o b e inserted into t h e e d i t o r p o s i t i o n . 

i 
i 

I 

{ T h i s last t r a p is u s e d t o o b t a i n the address of the e n t i r e d i s p l a y w h i c h s t a r t s w i t h 
t h e s c r o l l e r w o r d . O n c e again, t h e a v e r a g e user will find r a r e use f o r this t r a p . 

G R A A D D - T R A P 2 7 r~ EX < ' 
U S E O b t a i n i n g t h e address of the Scroller, E d i t o r , and U s e r d i s p l a y s . 
R E T U R N R O - T h e address o f a t h r e e w o r d b u f f e r containing t h e a d d r e s s o f 

t h e scroller d i s p l a y , the editor display, and the u s e r d i s p l a y . 
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2 0 . G r a p h i c s D i s p l a y C o n t r o l v V ' " }y? v 

T h e m o n i t o r n o r m a l l y a t t e m p t s to run the G D P at a 60 H e r t z r e f r e s h r a t e . T o d o 
t h i s , it w a i t s until t h e line clock tells it that a sixtieth o f a s e c o n d has e l a p s e d , a n d t h e n 
s t a r t s u p t h e G D P f o r a n o t h e r cycle. If the display list is v e r y l o n g , t h e G D P c a n n o t 
c o m p l e t e it in this time. In this case, the monitor r e s t a r t s t h e G D P immediately w h e n 
t h e d i s p l a y finishes instead of waiting for the line clock t o "tick". If t h e m o n i t o r 
d i s c o v e r s t h a t t h e d i s p l a y list is longer than 1 / 3 of a second ( 2 0 ticks) t h e n it a s s u m e s 
t h a t t h e d i s p l a y list is g a r b a g e d and forces a r e f r e s h f r o m t h e b e g i n n i n g of t h e d i s p l a y 
list. T h e u s e r c a n c o n t r o l r e f r e s h i n g w i t h the following t r a p s . 

H A L D I S - T R A P 1 3 0 
U S E Halt graphics display after the c u r r e n t r e f r e s h . 
A C T I O N T h e G D P will not be r e s t a r t e d after t h e c u r r e n t r e f r e s h f i n i s h e s . 

G O D I S P - T R A P 1 3 1 
U S E S t a r t graphics display normally. 
A C T I O N T h e normal 6 0 H e r t z r e f r e s h i n g will be s t a r t e d a f t e r t h e n e x t line 

clock tick. 

D I S P I T - T R A P 1 3 2 
U S E C o n t r o l l e d start up graphics. 
P A R A M E T E R S R O - If n e g a t i v e , start 60 H e r t z r e f r e s h cycles a f t e r t h e n e x t tick. 

If p o s i t i v e , display R O r e f r e s h e s at 6 0 H e r t z and t h e n s t o p 
r e f r e s h i n g . 

G R A S T P - T R A P 1 0 0 
U S E Halt graphics display instantly. 
A C T I O N T h e p r o c e s s o r is immediately halted and is not r e f r e s h e d a n y 

m o r e . 
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2 1 . G r a p h i c s I n t e r r u p t s "y^rl 

A g r a p h i c s c o n t r o l w o r d i n t e r r u p t traps to address 1 0 4 . This i n t e r r u p t is 
s e r v i c e d b y t h e m o n i t o r w h i c h e x t r a c t s the 4 bit o p e r a n d and selects a r o u t i n e f r o m a 
1 6 w o r d t a b l e o f r o u t i n e s . T h e graphics display " p a u s e s " during an i n t e r r u p t . W h e n 
t h e r o u t i n e r e t u r n s v i a an R T S P C , the graphics will be c o n t i n u e d f r o m t h e p a u s e d 
s t a t e if R O is n o n - z e r o . T h e i n t e r r u p t routine should b e v e r y s h o r t , a n d s h o u l d n o t 
m a k e calls o n a n y m o n i t o r routines that could cause " r a c e " conditions i.e. s t a r t i n g a n d 
s t o p p i n g g r a p h i c s . T h e f o l l o w i n g table s h o w s the p r e - d e f i n e d meanings o f i n t e r r u p t s 0 
t h r o u g h 7 ( t h e u s e r m a y fill i n t e r r u p t s 1 0 t h r u 1 7 octal). 

I n t e r r u p t M e a n i n g 
0 . Blink O n 
1 Blink O f f 
2 T u r n o n Clock Divide 
3 T u r n o n W r a p A r o u n d 
4 T u r n o n Shift Right 
5 T u r n o n Shift L e f t 
6 C l e a r Clock D i v i d e , W r a p A r o u n d , Shift Right, Shift L e f t 
7 R e s e r v e d f o r monitor 

N o t e t h a t I n t e r r u p t s 0 and 1 (Blink O n and Blink O f f ) must come in m a t c h e d p a i r s 
w i t h t h e items t o b e b l i n k e d laying b e t w e e n them. Blinking is accomplished b y s e t t i n g 
i n t e n s i t y z e r o e v e r y half a second and restoring it to its last intensity a q u a r t e r o f a 
s e c o n d l a t e r . T h e blinking characters 3 7 0 and 3 7 1 (octal) m e r e l y call o n t h e s e 
i n t e r r u p t s . 

I N T R S T - T R A P 1 5 
U S E P u t a r o u t i n e into the i n t e r r u p t dispatch table. 
P A R A M E T E R S R O - Holds t h e number o f t h e r o u t i n e . T h i s v a l u e s h o u l d b e 

b e t w e e n 1 0 and 1 7 octal (codes 0 t o 7 are r e s e r v e d f o r m o n i t o r ) . 
R l - Holds t h e address of i n t e r r u p t r o u t i n e . N o t e that if t h e 
g r a p h i c s p r o c e s s e s an undefined i n t e r r u p t t h e n a n " I N T " e r r o r 
m e s s a g e will a p p e a r o n t h e s c r e e n (see s u b s e c t i o n o n E r r o r 
T r a p p i n g ) . 
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2 2 . G r a p h i c s R e g i s t e r s / ^ ^ 

T h e f o l l o w i n g t w o t r a p s allow y o u to access a n y of the G r a p h i c s R e g i s t e r s . N o t e 
t h a t y o u c a n n o t access t h e s e registers while the G D P is running so t h e s e t r a p s m u s t 
b e c a l l e d d u r i n g an i n t e r r u p t routine or while the G D P is halted. 

O b t a i n t h e value of any of the graphics r e g i s t e r s . 
R O - A bit p a t t e r n of the registers to o b t a i n . T h e low 1 0 bits o f 
R O will indicate which of the 1 0 registers to r e a d . If a bit is o n , 
t h e r e g i s t e r will be read. T h e bits c o r r e s p o n d as f o l l o w s . 

l i t R e g i s t e r Bit Register 
0 C o n t r o l Status Register 6 C h a r a c t e r B u f f e r 
1 P r o g r a m C o u n t e r 7 C h a r a c t e r P o i n t e r 
2 V e c t o r P o i n t e r 8 V e c t o r B u f f e r 
3 I n t e r r u p t Status 9 X Position 
4 S t a t e 1 0 Y Position 
5 C h a r a c t e r Dispatch T a b l e 

R l - T h e address of a b u f f e r in which to place t h e r e g i s t e r v a l u e s . 
N o t e that this b u f f e r need o n l y b e as large as t h e n u m b e r o f 1 
bits in R O since it will be filled sequentially w i t h t h e r e q u e s t e d 
r e g i s t e r s starting at bit 0 of R O . 

L O D R E G - T R A P 6 6 
U S E C h a n g e t h e value of any of the graphics registers. 
P A R A M E T E R S R O - A bit p a t t e r n of the registers to load (see G E T R E G ) . 

R l - T h e address of a b u f f e r of the n e w r e g i s t e r v a l u e s . 
N O T E D o not load the P r o g r a m C o u n t e r , V e c t o r P o i n t e r , o r C h a r a c t e r 

P o i n t e r . 

. G E T R E G - T R A P 6 7 
U S E 
P A R A M E T E R S 

T h e f o l l o w i n g t w o t r a p s are p r o v i d e d to w o r k w i t h the G r a p h i c s C o n t r o l S t a t u s 
R e g i s t e r . Y o u c a n use t h e s e t r a p s to access the C S R while the G D P is r u n n i n g b e c a u s e 
t h e y d o n o t t a k e e f f e c t immediately: t h e y wait f o r the G D P t o p a u s e . 

L O D C S R - T R A P 1 2 
U S E C h a n g e the C S R register of graphics. 
P A R A M E T E R S R O - T h e n e w C S R value (see A p p e n d i x F ) . 
N O T E Y o u may o n l y set the clock divide, w r a p a r o u n d , shift l e f t , a n d s h i f t 

right bits. 

G E T C S R - T R A P 5 3 
U S E O b t a i n i n g the value of the Graphics C S R . 
R E T U R N S R O - T h e Graphics C S R (see A p p e n d i x F ) . 
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2 3 . G r a p h i c s K e y b o a r d 

T h e G r a p h i c s K e y b o a r d can g e n e r a t e 1 0 2 4 characters because of t h e m a n y s h i f t 
k e y s . T h e bit p a t t e r n , t h e r e f o r e , is a 1 0 - b i t field s p r e a d across a 1 6 - b i t w o r d as 
s h o w n in A p p e n d i x A . M o s t user routines will not h a v e to w o r r y a b o u t this f o r m a t 
s i n c e t h e m o n i t o r c o n v e r t s it to A S C I I as soon as possible. T h e r e a r e times, h o w e v e r , 
w h e n t h e u s e r will r e c e i v e t h e character in Graphics f o r m a t and will w a n t t o c o n v e r t it 
t o A S C I I . T h e f o l l o w i n g t r a p is p r o v i d e d : 

K E Y A S C - T R A P 6 4 
U S E T r a n s f o r m k e y b o a r d value to A S C I I . 
P A R A M E T E R S R O - Holds Graphics k e y b o a r d character to be d e c o d e d . 
R E T U R N R O - Holds the A S C I I equivalent. 

W h e n t h e m o n i t o r r e c e i v e s a character from the k e y b o a r d , it O R ' s in a u s e r -
s e t t a b l e m a s k o f bits b e f o r e i n t e r p r e t i n g the character. With this mask, t h e u s e r c a n , 
f o r e x a m p l e , f a k e t h e e x i s t e n c e of a " M e t a - l o c k " which is w h y the t r a p is s o m e t i m e s 
c a l l e d M E T A L K . 

K E Y L O K - T R A P 2 6 
U S E L o c k i n g and unlocking s o f t w a r e bits. 
P A R A M E T E R S R O - This v a l u e will b e O R ' e d w i t h all f u t u r e input f r o m k e y b o a r d . 

If R O is p a s s e d w i t h the value 1 0 0 0 0 0 octal, f o r e x a m p l e , t h e n all 
i n p u t will be as if the M e t a k e y w e r e held d o w n . 

N o t e t h a t t h e user is not e x p e c t e d to handle i n t e r r u p t s in o r d e r t o r e a d 
c h a r a c t e r s f r o m t h e k e y b o a r d . R a t h e r the mechanism of M e t a c h a r a c t e r s s h o u l d a l l o w 
a P D P - 1 1 p r o g r a m t o a d e q u a t e l y interface the k e y b o a r d . T h e first action t o o c c u r 
w h e n t h e m o n i t o r r e c e i v e s a character ( e v e n b e f o r e O R ' i n g in of t h e K E Y L O K ) is a 
c h e c k f o r t h e special M e t a c h a r a c t e r s . T h e s e w e r e p r e v i o u s l y d e s c r i b e d in S e c t i o n I , 
b u t a r e r e p e a t e d b e l o w . 

M e t a - \ Soft restart at 1 0 0 4 
M e t a - B R E A K D D T restart at 1 0 0 2 
M e t a - C A L L Hard restart at 1 0 0 0 
M e t a - * B o o t s t r a p restart 1 7 3 0 0 0 

M e t a - B R E A K is useful o n l y if the following routine has b e e n e x e c u t e d ( D D T 
e x e c u t e s it f o r y o u ) . 

D D T C A L - T R A P 1 3 3 
U S E Pass t h e address of a debugging routine. 
P A R A M E T E R S R 0 - Holds address of d e b u g routine. 
A C T I O N W h e n a M e t a - B R E A K is t y p e d , this routine will b e called w i t h 

J S R P C 
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A f t e r t h e special M e t a - c h a r a c t e r s are checked, the c h a r a c t e r is p a s s e d t o t h e 
k e y b o a r d h a n d l e r . This r o u t i n e is normally S K I R T N (see b e l o w ) but is c o n t r o l l e d b y t h e 
f o l l o w i n g t r a p s : 

S K I S E T - T R A P 7 0 
U S E O b t a i n i n g complete control of the Graphics K e y b o a r d . 
P A R A M E T E R S R O - T h e address of a routine t o b e called w h e n a n y c h a r a c t e r is 

t y p e d . U p o n e n t r y to the r o u t i n e , the c h a r a c t e r (in G r a p h i c s 
f o r m a t ) will be in R O . T h e routine should r e t u r n w i t h an R T S P C . 

S K I N W R - T R A P 6 3 
S K I W A R - T R A P 2 3 

U S E Initialize the k e y b o a r d . 
A C T I O N This r o u t i n e will undo the effect of a S K I S E T , causing S K I R T N t o 

p r o c e s s all characters t h e r e a f t e r . T h e o n l y d i f f e r e n c e b e t w e e n 
S K I W A R and S K I N W R is that S K I W A R will set a bit in t h e s t a t u s 
w o r d that causes an i n t e r r u p t to occur each time t h e bit p a t t e r n 
f r o m t h e k e y b o a r d changes. T h u s in " w a r " m o d e , d e p r e s s i n g t h e 
c h a r a c t e r " A " .will cause an i n t e r r u p t , and releasing t h e k e y " A " 
will cause another interrupt . 

N O T E T h e " w a r " bit is occasionally called the "space w a r " bitj d o n o t 
c o n f u s e the bit w i t h the game of space w a r . A l s o as a side a f f e c t 
to b o t h of the routines: any c u r r e n t l y p e n d i n g c h a r a c t e r is lost. 

T h e f o l l o w i n g r o u t i n e s handle all k e y b o a r d input. Y o u may use t h e m t o f a k e 
c h a r a c t e r s t h a t y o u d o n ' t w a n t the user to h a v e to t y p e (i.e. kicking o f f M e t a - C o n t r o l 
r o u t i n e s ) . 

S K I R T N - T R A P 5 5 
U S E S K I R T N is routine which processes all k e y b o a r d c h a r a c t e r s . 
P A R A M E T E R S R O - Holds the character to be i n t e r p r e t e d . 
A C T I O N If t h e A S C I I c o n v e r s i o n bit is o f f (bit 9 ) , t h e n t h e c h a r a c t e r is 

assumed to be in Graphics format and the low b y t e o f R O is 
c o n v e r t e d to A S C I I using K E Y A S C T o s t o p c o n v e r s i o n t o A S C I I 
simply set bit 9, 

S K I S O M - T R A P 1 2 6 
U S E A l l o w s a b u f f e r of 1 6 bit characters (in G r a p h i c s k e y b o a r d f o r m a t ) , 

to b e p r o c e s s e d . 
P A R A M E T E R S R O - C o n t a i n s the address of the b u f f e r . 

R l - C o n t a i n s number of w o r d s to process. 
A C T I O N E a c h w o r d in the b u f f e r is processed using S K I R T N . T h e b u f f e r is 

r e l e a s e d a f t e r the processing. 
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T h e k e y b o a r d has associated w i t h it a state which includes the k e y b o a r d n u m b e r s , 
t h e n o n - M e t a - c h a r a c t e r handler , the M e t a - C o n t r o l table and the M e t a t a b l e . T h e 
k e y b o a r d n u m b e r s w e r e p r e v i o u s l y discussed in Section I. T h e n o n - M e t a - c h a r a c t e r 
h a n d l e r c a n b e o n e o f t h r e e routines: the default r o u t i n e , S L P R T N , w h i c h s e n d s 
c h a r a c t e r s t o t h e P D P - 1 0 ; t h e local routine which merely echos c h a r a c t e r s ; o r a u s e r 
d e f i n e d r o u t i n e t h a t m a y do as it pleases. 

S K I N O R - T R A P 6 0 
U S E R e t u r n s to normal character processing. 
A C T I O N S e t t h e v a l u e of the n o n - M e t a - c h a r a c t e r handler t o t h e d e f a u l t 

v a l u e : S L P R T N (which sends A S C I I characters to t h e P D P - 1 0 ) . 

S K I L O C - T R A P 2 2 
U S E P u t k e y b o a r d into local mode. 
A C T I O N T h e n o n - M e t a - c h a r a c t e r handler becomes a local r o u t i n e w h i c h 

d o e s not send characters to the P D P - 1 0 but m e r e l y d i s p l a y s t h e m 
o n t h e s c r e e n . 

S K I G E T - T R A P 5 6 
U S E 
R E T U R N 

F o r o b t a i n i n g the address of the character handler. 
R O - T h e address of the n o n - M e t a - c h a r a c t e r handler. 

S K I P U T - T R A P 5 7 
U S E C h a n g i n g the value of the n o n - M e t a - c h a r a c t e r h a n d l e r . 
P A R A M E T E R S R O - T h e address of the n e w n o n - M e t a - c h a r a c t e r h a n d l e r . 
N O T E U p o n e n t r y to the character handler, R O will c o n t a i n t h e A S C I I 

v a l u e of the character just r e a d . T o o b t a i n G r a p h i c s k e y b o a r d 
f o r m a t , use the K E Y L O K p r o c e d u r e t o t u r n on bit 9. T h i s will c a u s e 
t h e monitor not to c o n v e r t input characters w i t h K E Y A S C a n d y o u 
will r e c e i v e t h e Graphics format. A l s o , n o t e t h a t c o n t r o l 
c h a r a c t e r s will come in w i t h bit 7 set t o indicate that t h e y a r e 
c o n t r o l c h a r a c t e r s . T h u s a backspace will b e a 3 7 7 (octal) a n d a 
c a r r i a g e r e t u r n will be a 2 1 5 (to mention a f e w ) . 

T o s u m m a r i z e , most users n e e d o n l y M e t a characters to c o n t r o l p r o g r a m s . S e e 
t h e n e x t s e c t i o n f o r h o w t o set them u p . If y o u need to take o v e r total c o n t r o l o f t h e 
k e y b o a r d ( M e t a a n d n o n - M e t a - c h a r a c t e r s ) use S K I S E T , If y o u w a n t t o i n t e r c e p t all 
n o n - M e t a - c h a r a c t e r s , u s e S K I P U T . 
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2 4 . M e t a T a b l e s 

M e t a t a b l e s a r e t h e principal means of communication b e t w e e n a P D P - 1 1 p r o g r a m 
a n d t h e k e y b o a r d . T h e y contain addresses of routines that will b e called w h e n t h e i r 
a s s o c i a t e d M e t a c h a r a c t e r s are struck. A t s y s t e m s t a r t u p t h e tables a r e c l e a r e d t o 
z e r o s , t h e n t h e s t a n d a r d s y s t e m M e t a - C o n t r o l characters are c o p y e d into t h e M e t a -
C o n t r o l t a b l e . E a c h M e t a - C o n t r o l character has a routine and a set of M e t a c h a r a c t e r s 
a s s o c i a t e d w i t h it. W h e n a M e t a - C o n t r o l character is struck the monitor c o p i e s its 
t a b l e o f M e t a c h a r a c t e r s into t h e mohitor's M e t a table. T h e following is t h e f o r m a t o f 
a M e t a - C o n t r o l c h a r a c t e r table ( w h e r e all characters are in G r a p h i c s f o r m a t a n d n o t 
A S C I I ) . 

T A B L E S T A R T : ; example of table 
C I ; first character 
C 1 A D D R ; address of M e t a character r o u t i n e 
C 2 
C 2 A D D R 

C n ' t h 
C n A D D R 
0 ; this signals the e n d of t h e t a b l e 
M C R O U T ; M e t a - C o n t r o l routine 

N o t e t h a t at t h e e n d of the table is the address of the M e t a - C o n t r o l r o u t i n e . If 
t h e r o u t i n e a d d r e s s is z e r o , no routine will be e x e c u t e d . T h e m e t h o d o f s e t t i n g u p 
M e t a - C o n t r o l c h a r a c t e r s is p r o b a b l y still confusing to t h e r e a d e r . T r y r e a d i n g t h e 
d e s c r i p t i o n s o f t h e f o l l o w i n g t r a p s . T h e mechanism is actually v e r y simple.. . . 

M C I N I T - T R A P 6 2 
U S E 
P A R A M E T E R S 

A C T I O N 

N O T E 

S e t t i n g up a M e t a - C o n t r o l character. 
R O - T h e character (in Graphics f o r m a t ) that will cause t h e M e t a -
C o n t r o l action. E .g. if R O is 1 , t h e n this will set u p M e t a - C o n t r o l - A . 
N o t e that all of the u p p e r case A S C I I letters c o r r e s p o n d t o t h e 
G r a p h i c s f o r m a t letters ( b y coincidence). 
R l - T h e address of the Meta table ( w h o s e f o r m a t w a s s h o w n 
a b o v e ) . N o t e that at the e n d of the M e t a table is a z e r o f o l l o w e d 
b y t h e address of the M e t a - C o n t r o l r o u t i n e ( z e r o if n o n e ) . T h i s 
r o u t i n e will be called e v e r y time the M e t a - C o n t r o l c h a r a c t e r is 
s t r u c k . N o t e also that if the e n d - o f - t a b l e indicator is - 1 i n s t e a d o f 
0 , t h e monitor's M e t a table will b e cleared b e f o r e this o n e is r e a d 
in. 
T h e t a b l e address in R l is put into the the a p p r o p r i a t e M e t a -
C o n t r o l table location in the monitor (as d e t e r m i n e d b y R O ) . 
If R l contains z e r o , then no action will t a k e place w h e n t h e 
particular M e t a - C o n t r o l character is struck and no M e t a c h a r a c t e r s 
will b e set u p . 
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M C L R - T R A P 2 4 
U S E T u r n s o f f all M e t a characters e x c e p t , of c o u r s e , f o r t h e special 

M e t a c h a r a c t e r s . 
A C T I O N This r o u t i n e clears the monitor's M e t a T a b l e of all v a l u e s . T h u s , 

M e t a characters will cause no actions. 

M e t a c h a r a c t e r p r o c e s s i n g is simple. If the monitor's M e t a t a b l e l o c a t i o n 
c o r r e s p o n d i n g t o t h e c h a r a c t e r is z e r o , the character is ignored. O t h e r w i s e t h e v a l u e 
is t a k e n t o b e an a d d r e s s of a routine to call. W h e n processing M e t a and M e t a - C o n t r o l 
c h a r a c t e r s , all r e g i s t e r s will be available for use b y the called r o u t i n e . In p a r t i c u l a r 
t h e r e g i s t e r s will c o n t a i n the following information: 

R O T h e original input character in Graphics k e y b o a r d format. 
R l T h e decimal k e y b o a r d number. 
R 2 T h e octal k e y b o a r d n u m b e r . 

M e t a - C o n t r o l c h a r a c t e r processing is similar, e x c e p t that b e f o r e t h e r o u t i n e is 
J S R - e d t o , t h e u s e r ' s M e t a table is copied into the monitor's M e t a t a b l e . T h i s c o p y i n g 
is t h e o n l y w a y in w h i c h addresses can be placed into t h e M e t a t a b l e . 

A s a final clarification, t h e following is an example of setting u p a M e t a - C o n t r o l 
c h a r a c t e r a n d s o m e M e t a c h a r a c t e r s . S u p p o s e w e wish to set up 3 M e t a c h a r a c t e r s : A , 
B , a n d C . P r e t e n d that t h e s e routines are part of a help s y s t e m so that t h e y a r e s e t 
u p w i t h a M e t a - C o n t r o l - H . S u p p o s e also that w e don't w a n t the user to h a v e t o w o r r y 
a b o u t t h e M e t a - C o n t r o l - H o r e v e n the Meta part of the characters. W e t h e r e f o r e w a n t 
t o " t y p e " t h e M e t a - C o n t r o l - H o u r s e l v e s and w e w a n t to treat all input c h a r a c t e r s as if 
t h e M e t a k e y h a d b e e n held d o w n . T h e user will m e r e l y t y p e A , B , o r C t o call t h e 
r o u t i n e s A H E L P , B H E L P , a n d C H E L P . T h e following code s h o w s it all: 

! In B L I S S - 1 1 : 

R E Q U I R E S X . B 1 1 [ A 6 3 0 G S 0 0 ] ; 

R O U T I N E H E L P « K E Y L O K < # 1 0 0 0 0 0 ) ; ! T h e M e t a - C o n t r o l r o u t i n e 

B I N D M E T A T A B L E - P L I T f ' A " , A H E L P , " B " f B H E L P , " C " , C H E L P , 0 , H E L P ) ; 

R O U T I N E S T A R T « 
B E G I N 

! S e t u p t h e M e t a t a b l e 
M C I N I T ( H H M , M E T A T A B L E ) ; 

! N o w f a k e t h e M e t a - C o n t r o l - H t o set u p the table 
S K I R T f \ K # 1 0 0 0 0 0 + # 4 0 0 • M H H ) ; 

E N D ; 



G O P M o n i t o r T r a p s 5 0 M e t a T a b l e s 

j In M a c r o - 1 1 : 

. R E Q U I R E S X . P 1 1 [ A 6 3 0 G S 0 0 ] 

H E L P : 
M O V 
K E Y L O K 
R T S 

M E T A 8 L : ' A 
A H E L P 
' B 
B H E L P 
' C 
C H E L P 
0 
H E L P 

S T A R T : 

# 1 0 0 0 0 0 , R O 

P C 

M O V 
M O V 
M C I N I T 

# M E T A B L , R l 
* ' H , R O 

; This is the M e t a - C o n t r o l r o u t i n e 
; T h e M e t a bit . 

j This is the M e t a table 

; T h e M e t a table address 
j T h e M e t a - C o n t r o l c h a r a c t e r 

j N o w f a k e t h e M e t a - C o n t r o l - H 

M O V * 1 0 0 4 1 0 , R O j M e t a - C o n t r o l - H 
S K I R T N 
R T S P C 

W h e n r o u t i n e S T A R T is e x e c u t e d it does t w o things. F i r s t , it s e t s u p t h e M e t a -
C o n t r o l - H . T h i s i n v o l v e s telling t h e monitor that w h e n a M e t a - C o n t r o l - H is s t r u c k , t h e 
M e t a t a b l e s h o u l d b e r e a d in (thus enabling the M e t a - A , M e t a - B , and M e t a - C ) a n d t h e 
r o u t i n e H E L P s h o u l d b e e x e c u t e d . T h e second thing that S T A R T d o e s is t o a c t u a l l y 
t y p e a M e t a - C o n t r o l - H . A t this p o i n t , t h e M e t a characters a r e set u p a n d t h e r o u t i n e 
H E L P t u r n s o n t h e k e y b o a r d lock s o that all f u t u r e characters a r e i n t e r p r e t e d as if t h e 
M e t a k e y h a d b e e n h e l d d o w n . N o w , each time an A , B , o r C is t y p e d , it is r e a d as a 
M e t a - A , M e t a - B , o r M e t a - C and t h e a p p r o p r i a t e routine is e x e c u t e d . 
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IV. C o m p i l i n g , Linking, Running and D e b u g g i n g 

A s s u m i n g that y o u h a v e c r e a t e d a source file, y o u must compile it w i t h t h e 
C O M P I L E c o m m a n d . B L I S S - 1 1 files ( w i t h the extension " B I D y i e l d a M a c r o - 1 1 s o u r c e 
f i l e ( w i t h t h e e x t e n s i o n " P l l " ) and this must be compiled again to get an o b j e c t file 
( w i t h t h e e x t e n s i o n " O B J " ) . S A I L programs compile into o b j e c t files ( w i t h t h e e x t e n s i o n 
" R E L " ) . 

L i n k i n g O B J files is d o n e w i t h L I I N K 1 1 . Y o u must t y p e " R L I N K 1 T and s p e c i f y t h e 
O B J f i les t o b e linked and t h e L N K file to be p r o d u c e d as f o l l o w s : 
< L N K file> <- O B J file>, O B J f i l e > , O B J file> / M 

T h e / M s w i t c h specifies that the p r o g r a m is f o r a G D P . O t h e r s w i t c h e s include / T 
t o h a v e a m a p p r i n t e d o n y o u r terminal, / D to include D D T (see b e l o w ) , and / G t o l o a d 
t h e e n t i r e p r o g r a m into graphics space instead of p r o g r a m space. S e e S Y S : L I N K 1 l . D O C 
f o r m o r e d e t a i l . N o t e that if y o u use the L O A D command instead of C O M P I L E , L I N K l t 
will b e r u n f o r y o u . 

L i n k i n g R E L files is d o n e w i t h the L O A D command. T h e resulting c o r e image c a n 
b e s t o r e d in a S A V file w i t h t h e S A V E command. 

R u n n i n g L N K files is d o n e b y various means, the easiest b e i n g t h e I N I T I A 
c o m m a n d . T y p e " I N I T I A @ < L N K file name>". This will ship the p r o g r a m t o t h e P D P - 1 1 
a n d s t a r t it r u n n i n g . N o t e that the G L S T E R s y s t e m has facilities that allow S A I L 
p r o g r a m s l o a d P D P - 1 1 p r o g r a m s implicitly. 

R u n n i n g S A I L p r o g r a m s can be done w i t h the E X E C U T E command f o r S A I a n d R E L 
f i l e s . U s e t h e R U N c o m m a n d f o r S A V files. 

D e b u g g i n g P D P - 1 1 p r o g r a m s is best done w i t h D D T . T o get it, a p p e n d t h e / D 
s w i t c h t o y o u r L I N K 1 1 command string. F o r best results, a p p e n d t h e clause " ( E N : I S D ) M 

t o y o u r C O M P I L E command. This will cause the internal s y m b o l d i c t i o n a r y t o b e 
i n c l u d e d s o t h a t D D T can r e f e r to y o u r p r o g r a m w i t h these s y m b o l s . F o r m o r e det ail 
o n D D T , s e e S Y S . D D T 1 1 . D O C and the P D P - 1 0 r e f e r e n c e manual. 

D e b u g g i n g S A I L p r o g r a m s is d o n e w i t h t h e D E B U G command. U s e D E B U G i n s t e a d 
o f C O M P I L E , L O A D , o r E X E C U T E . 
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A P P E N D I X A 

G r a p h i c s K e y b o a r d C h a r a c t e r F o r m a t 

T h e c h a r a c t e r coming o f f the k e y b o a r d b u f f e r (at 1 6 5 2 0 2 ) has t h e f o l l o w i n g 
f o r m a t . N o t e t h a t bits 9 and 1 0 ( A and I) are not set b y the h a r d w a r e b u t b y v a r i o u s 
r o u t i n e s t o a d d m e a n i n g t o t h e character. 

M I A c m s K e y 
1 5 ' 1 4 1 3 1 2 1 1 1 1 0 9 1 8 7 6 5 4 3 ' 2 1 

B i t Q c t a l 
M 1 0 0 0 0 0 
I 2 0 0 0 

A 1 0 0 0 

C 4 0 0 
T 2 0 0 
S 1 0 0 
K e y 

M e a n i n g 
O n if M e t a k e y is d e p r e s s e d . 
S e r v i c e this character immediately at i n t e r r u p t time (this is n o t s e t 
b y h a r d w a r e ) 
This bit is not set b y the h a r d w a r e but w h e n t h e r o u t i n e S K I R T N 
i n t e r p r e t s a k e y b o a r d character this bit will (if s e t ) s t o p k e y b o a r d 
t r a n s l a t i o n to A S C I I . 
O n if C o n t r o l k e y is d e p r e s s e d . 
O n if T o p k e y is d e p r e s s e d . 
O n if Shift k e y is d e p r e s s e d . 
T h e particular k e y struck (see A p p e n d i x B f o r c h a r a c t e r v a l u e s ) . 



A P P E N D I X B 

G r a p h i c s K e y b o a r d C h a r a c t e r Values 

O c t a l K e v Octal K e v Octal K e v 

1 A 2 6 V 5 3 + 
2 B 2 7 W 5 4 > 

3 C 3 0 X 5 5 
4 D 3 1 Y 5 6 
5 E 3 2 Z 5 7 7 
6 F 3 3 R E T U R N 6 0 0 
7 G 3 4 \ 6 1 l 
1 0 H 3 5 L I N E 6 2 2 
1 1 I 3 6 6 3 3 
1 2 J 3 7 6 4 4 
1 3 K 4 0 Space 6 5 5 
1 4 L 4 1 B R E A K 6 6 6 
1 5 M 4 2 E S C 6 7 7 
1 6 N 4 3 ' C A L L 7 0 8 
1 7 0 4 4 C L E A R 7 1 9 
2 0 P 4 5 T A B 7 2 
2 1 Q 4 6 F O R M 7 3 • 

> 

2 2 R 4 7 V T 7 4 B S 
2 3 S 5 0 ( 7 5 A L T 
2 4 T 5 1 ) 7 6 
2 5 U 5 2 * 7 7 

B i t 6 : O n ( 1 0 0 ) if Shift O f f if no Shift 
B i t 7 : O n ( 2 0 0 ) if T o p O f f if no T o p 
B i t 8 : O n ( 4 0 0 ) if C o n t r o l O f f if no C o n t r o l 
B i t 1 5 : O n ( 1 0 0 0 0 0 ) if M e t a O f f if no M e t a 



5 4 

2 0 0 ( O C T A L ) 4 B I T O P C O D E 4 B I T O P E R A N D 

1 5 8 7 4 3 

O P C O D E N A M E 
0 T E R M 

1 

2 

3 

4 

5 

6 

I N T R 

L C M D 

L F M T 

L I L A 

L I L R 

L S C A 

F U N C T I O N 
T h i s will signal the e n d o f a display list a n d t h e G D P will p r o c e s s 
t h e n e x t instruction. A T E R M in an instruction o r c h a r a c t e r list 
will halt the graphics. 
I n t e r r u p t t h e P D P - 1 1 at v e c t o r 1 0 4 . S e e s u b s e c t i o n o n G r a p h i c s 
I n t e r r u p t s . 
L o a d character mode. O p e r a n d 0 means d r a w v e c t o r s , 1 m e a n s 
d r a w c h a r a c t e r s . 
L o a d v e c t o r format. O p e r a n d 0 means S H O R T , 1 means M E D I U M , 
and 2 means L O N G v e c t o r s . 
L o a d intensity level absolute. O p e r a n d m a y b e 0 t h r o u g h 1 7 
(octal) w i t h 1 7 the highest intensity. Normal i n t e n s i t y is 1 7 . 
L o a d intensity level relative. O p e r a n d is t a k e n t o b e a t w o ' s 
c o m p l e m e n t integer and is added t o t h e c u r r e n t i n t e n s i t y . 
L o a d scale absolute. T h e scale will multiply the v e c t o r s f o l l o w i n g 
it b y t h e s e values: 

O p e r a n d Scale O p e r a n d Scale 
1 7 3 - 1 / 2 7 7 / 8 
1 6 3 6 3 / 4 
1 5 2 - 1 / 2 5 5 / 8 
1 4 2 4 1 / 2 
1 3 1 - 3 / 4 3 7 / 1 6 
1 2 1 - 1 / 2 2 3 / 8 
1 1 1 - 1 / 4 1 5 / 1 6 
1 0 1 (normal) 0 1 / 4 

7 L S C R L o a d scale relative. T h e o p e r a n d is t a k e n t o b e a t w o ' s 
complement integer and is added to the c u r r e n t scale. 

A P P E N D I X C 

C o n t r o l W o r d s 



C o n t r o l W o r d s 

O P C O D E N A M E F U N C T I O N 
1 0 S P L 1 Special C o d e s 1 . O p e r a n d i n t e r p r e t a t i o n is s h o w n b e l o w . T h e 

last 4 o p e r a n d s b e l o w will be cancelled u p o n t h e o c c u r r e n c e o f 
a n y control w o r d , and thus are assured o f n e v e r c r o s s i n g 
b o u n d a r i e s b e t w e e n display lists. 

O p e r a n d Name F u n c t i o n 
0 T E R M 1 Same as T E R M 
1 I O N T u r n intensity on 
2 I O F F T u r n intensity o f f 
3 I C O M Complement the c u r r e n t i n t e n s i t y s t a t e 
4 I 0 F 1 Intensity o f f f o r n e x t v e c t o r 
5 I 0 F 2 Intensity o f f f o r n e x t 2 v e c t o r s 
6 I 0 F 3 Intensity o f f f o r n e x t 3 v e c t o r s 
7 I A L T A l t e r n a t e intensity ( s t a r t s as o f f ) 

1 1 S P L 2 Special codes 2. T h e o p e r a n d is i n t e r p r e t e d as f o l l o w s : 
O p e r a n d 

0 

1 

Name 
S E T X 

S E T Y 

S E T X Y 

S E T S 

Function 
T h e following w o r d is t a k e n as t h e 
n e w X value 
T h e following w o r d is t a k e n as t h e 
new Y value. 
T h e following t w o w o r d s a r e t a k e n as 
the n e w X and n e w Y v a l u e s 
r e s p e c t i v e l y (first X t h e n Y ) . 
Set state in o n e fell s w o o p . T h e 
following w o r d is i n t e r p r e t e d as 
follows: 

S C A L E I N T E N S I T Y 
1 5 1 4 1 3 1 2 I I 1 0 9 8 

LMOOE V//AWV//A fmt 
7 6 5 4 3 2 I W 

B I T S F I E L D 
0 - 1 F o r m a t 
4 1 - I O N 0 - I O F F 
7 1 " C h a r a c t e r s , O - V e c t o r s 
1 1 - 8 Intensity level 
1 5 - 1 2 Scale 

1 2 - 1 6 U n i m p l e m e n t e d 
1 7 G N O P N o o p e r a t i o n . 

H a l f w o r d c o n t r o l w o r d s are i n t e r p r e t e d only in S H O R T f o r m a t v e c t o r lists. T h e 
o p e r a n d h a s t h e s a m e e f f e c t as t h e S P L 1 o p e r a n d s . T h e format is: 

1 0 0 0 1 O P E R A N D 

7 6 5 4 
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A P P E N D I X D 

G D P Instructions 

T h e G D P i n s t r u c t i o n s are i n t e r p r e t e d as s h o w n b e l o w . N o t e that t h e o p e r a n d 
a d d r e s s a l w a y s p o i n t s t o a w o r d b o u n d a r y since t h e low bit is u s e d as p a r t o f t h e o p 
c o d e . N o t e also t h a t t h e high bit is also used as p a r t o f t h e o p - c o d e ; this limits t h e 
G D P t o a 1 6 K a d d r e s s s p a c e . 

O P C i 

1 5 1 4 

O P E R A N D A D D R E S S IOPC2 

1 0 

O P C I O P C 2 N A M E F U N C T I O N 

0 0 J M P J u m p unconditionaly 

0 1 I N T R I n t e r r u p t 

1 0 J M S J u m p t o s u b r o u t i n e 

1 1 X Q T E x e c u t e 
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A P P E N D I X E 

V e c t o r F o r m a t s 

T h e t h r e e v e c t o r f o r m a t s are s h o w n b e l o w . N o t e that t h e Y c o m p o n e n t c a n 
a l w a y s b e t h o u g h t o f as p r e c e d i n g t h e X component b o t h in w o r d a d d r e s s e s a n d bit 
a d d r e s s e s . 

L O N G D X D Y 

High W o r d L o w W o r d 

M E D I U M D X D Y 

H i g h B y t e L o w B y t e 

S H O R T D X 2 D Y 2 D Y , 

H i g h B y t e L o w B y t e 
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A P P E N D I X F 

C o n t r o l Status Register 

T h e l a y o u t o f t h e G r a p h i c s C o n t r o l Status Register is s h o w n b e l o w . N o t e t h a t t h e 
m o n i t o r t a k e s c a r e o f t h e C l e a r , G o , I n t e r r u p t E n a b l e , and D o n e bits. T h e U s e r ' s o n l y 
c o n c e r n is t h e C l o c k D i v i d e , W r a p A r o u n d , Shift Right, and Shift L e f t bits. 

O O N E I E SHIFT 
L E F T 

SHIFT 
RIGHT W R A P 

C L O C * 
D I V . G O C L E A R 

1 5 8 7 6 5 4 3 2 1 0 

Bit F u n c t i o n 

0 C l e a r 

1 G o 

2 Clock D i v i d e 

3 W r a p A r o u n d 

4 Shift right 

5 Shift left 

6 I n t e r r u p t e n a b l e 

7 D o n e 
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A P P E N D I X G 

A S C I I C h a r a c t e r Values 

C o d e Character Code Code 
0 none 53 4 126 V 
1 4 54 » 1 2 7 W 

CM oc 55 - 130 X 
3 fi 56 1 3 1 Y 
4 A 5 7 / 132 z 
5 * 60 0 133 t 
6 C 61 1 134 \ 
7 n 62 2 135 J 
1 0 X 63 3 136 t 

1 1 tab 64 4 1 3 7 «-
1 2 line feed ( 1 ) 65 5 140 
1 3 vert t n b ( l ) 66 6 1 4 1 a 
1 4 f o r m feed ( 1 ) 6 7 7 142 b 
1 5 car. ret ( 1 ) 7 0 8 1 4 3 c 
1 6 00 7 1 9 1 4 4 d 
1 7 d 7 2 145 e 
2 0 c 7 3 J 146 f 
2 1 3 7 4 < 1 4 7 f 

2 2 n 7 5 • 150 h 
2 3 u 7 6 > 151 i 
2 4 V 7 7 ? 152 j 
2 5 3 100 @ 1 5 3 k 

2 6 101 A 154 1 
2 7 102 B 155 m 
3 0 1 0 3 C 156 n 
3 1 1 0 4 D 1 5 7 0 

3 2 AT 105 E 160 P 
3 3 106 F 161 q 
3 4 1 0 7 G 162 r 
3 5 1 1 0 H 163 a 
36 • 1 1 1 I 164 t 
3 7 V 1 1 2 J 165 u 

4 0 epeoe 1 1 3 K 166 V 

4 1 ! 1 1 4 L 1 6 7 w 
4 2 H 1 1 5 M 1 7 0 X 

4 3 • 1 1 6 N 1 7 1 y 
4 4 1 1 1 7 0 1 7 2 a 
4 5 120 P 1 7 3 { 
4 6 & 1 2 1 Q 1 7 4 1 

4 7 i 122 R 1 7 5 } 
5 0 < 1 2 3 

CO 1 7 6 r<(2> 
5 1 > 1 2 4 T 1 7 7 back apace ( 1 ) 
5 2 * 125 U 

1 . T h e s e c h a r a c t e r s a r e automatically t r e a t e d as control characters. K E Y A S C 
w i l l s e t t h e h i g h bit f o r t h e s e characters. 
2 . T h i s c h a r a c t e r is a duplicate o f character 3 3 f o r S O S compatibility. 
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A P P E N D I X H 

Monitor T r a p s 

T h e f o l l o w i n g t a b l e s h o w s t h e monitor traps in the same o r d e r t h a t t h e y w e r e 
p r e s e n t e d in t h e manual. E a c h t r a p is quickly described. N o t e that t h e mnemonics f o r 
t h e t r a p s c a n b e f o u n d in the file S X . P 1 1 [ A 6 3 0 G S 0 0 ] , S X . S A I [ A 6 3 0 G S 0 0 ] o r 
S X . B 1 1 [ A 6 3 0 G S 0 0 ] . s o that w i t h this file in y o u r compilation, t h e mnemonic n a m e m a y 
b e u s e d i n s t e a d of t h e w o r d T R A P and the t r a p n u m b e r . 

N o . N a m e P a g e D e s c r i p t i o n 

T R A P A N D E M T T R A P S 
0 T R P A D D 1 5 R e t u r n s the address of the t r a p table 
3 4 E M T S E T 1 5 R o u t i n e R O becomes E M T number R l 
1 4 1 E M T S Z 1 6 E M T table becomes R O w o r d s long 

A C T I V I T Y T R A P S 
6 5 A C T V A T 1 7 R o u t i n e R O e n t e r e d into activity list 
1 4 5 A C T R T N 1 7 S o f t r e s t a r t 

S P A C E A L L O C A T O R S 
1 G E T S P C 1 9 R O becomes address of p r o g r a m b u f f e r R O w o r d s long 
3 6 G T G R S P 1 9 R O b e c o m e s address of graphics b u f f e r R O w o r d s l o n g 
2 B I G S P C 1 9 R O becomes address of largest p r o g r a m b u f f e r , R l is s i z e 

b y t e s 
3 7 B G G R S P 1 9 R O becomes address of largest graphics b u f f e r , R l is s i z e 

b y t e s 
3 G I V S P C 1 9 B u f f e r at R O f r e e d 
4 S O M S P C 1 9 B u f f e r at R l f r e e d after R O 

U T I L I T I E S 
6 S A V E 1 2 0 
1 4 R E T U R 1 2 0 
5 1 M U L T 2 0 
5 2 D I V I D E 2 0 
5 W H A T 2 0 

R l t h r o u g h R 5 s a v e d o n stack 
R l t h r o u g h R 5 r e s t o r e d f r o m stack 
R O multiplied b y R l yields R O (high) and R l ( l o w ) 
R O ( h i g h ) , R l ( l o w ) divided b y R 2 yields R O r e m a i n d e r R l 
C a p a b i l i t y information placed in R O • 

C L O C K T R A P S 
4 6 L I N T I M 2 2 L i n e time r e t u r n e d in R O 
4 7 L I N P U T 2 2 R o u t i n e R O put in clock q u e u e 
5 0 L I N C L R 2 2 R o u t i n e R O r e m o v e d f r o m clock q u e u e 



M o n i t o r T r a p s 6 1 

N o . N a m e P a g e D e s c r i p t i o n 

O U T P U T T R A P S 
1 6 1 O U T S E T 2 3 
4 3 A S L I 2 3 
3 1 S L P O N E 2 4 
3 5 C O N O U T 2 4 
3 2 S L P R T N 2 4 
4 5 S T R S L P 2 4 
1 6 3 E F C S 2 4 
3 3 I M G R T N 2 6 

I N P U T T R A P S 
1 6 2 T E N S E T 2 7 
4 2 P A R I T Y 2 7 
4 1 L N K T A K 2 7 
7 L O A D R 3 0 
1 0 L O A D A 3 0 
5 4 R E L O C A 3 0 
1 1 L O A D T R 3 1 

E D I T O R T R A P S 
1 4 6 B R K S E T 3 2 
4 0 E T A S E T 3 2 

R e s e t o u t p u t . Set b u f f e r to R O if R O not - 1 
A S L I at R O set to input s p e e d R l , o u t p u t s p e e d R 2 
A S C I I character in R O sent to P D P - 1 0 
C o n t r o l character in R O sent to P D P - 1 0 
C h a r a c t e r in R O sent to P D P - 1 0 using C O N O U T o r S L P O N E 
S t r i n g at R O sent to P D P - 1 0 
If R 0 = 0 , d o n ' t send escape characters to P D P - 1 0 
M e s s a g e at R l (size in high b y t e of R O ) sent t o P D P - 1 0 

I n p u t f r o m P D P - 1 0 reset 
If R O is n o n - z e r o , full 8 - b i t s f r o m P D P - 1 0 a c c e p t e d 
U s e r o u t i n e R O f o r input (normal routine if R 0 » 0 ) 
A c c e p t s p r o g r a m load, r e m e m b e r s address 
L o a d absolute data at R O (for R l ) 
P r o g r a m relocated b y bits at R O ( f o r R l ) 
T r a n s f e r to R O , flags in R l determine relocation, e t c . 

B r e a k t a b l e set f r o m 3 2 bits in R O and R l 
R o u t i n e f o r edit b u f f e r processing in R O (normal r o u t i n e If R O - 0 ) 

C H A R A C T E R S E T T R A P S 
1 5 3 C H R S E T 3 5 C h a r a c t e r R l can be f o u n d at routine R O 
1 5 6 C H R L O D 3 5 C o m p l e t e r e - d o of character set ( n e w set at R O , t a b l e at R l ) 

S C R O L L E R T R A P S 
1 2 0 S C R R T N 3 7 C h a r a c t e r in R O put in scroller 
4 4 S T R S C R 3 7 S t r i n g at R O put in scroller 
1 3 4 C L E A R 3 7 C l e a r all characters from scroller 
1 0 4 F O R M 3 7 F o r m f e e d scroller 
1 1 1 S C R N E W 3 8 S e t scroller p a r a m e t e r s to default state 
1 1 2 X C H N 3 8 S e t X position of scroller to R O 
1 1 3 Y C H N 3 8 S e t Y position of scroller t o R O 
1 1 5 S C L C H N 3 8 S e t scale of scroller to R O 
1 1 4 I N T C H N 3 8 S e t intensity of scroller t o R O 
1 1 6 L I N C H N 3 8 S e t n u m b e r of scroller lines to R O 
1 1 7 C H R C H N 3 8 S e t n u m b e r of characters p e r scroller line t o R O 
1 0 1 U N I C H N 3 8 S e t n u m b e r o f t a b units p e r scroller line to R O 
1 6 J M P C H N 3 8 S e t scroller j u m p parameter to R O 
3 0 S C R D E F 3 8 8 w o r d b u f f e r at R O sets current p a r a m e t e r s 
2 0 P A G S E T 3 9 R O a l t e r n a t e scrollers are allocated 
1 7 P A G G E T 3 9 S c r o l l e r R O is selected and d i s p l a y e d 
7 7 P A G O F F 3 9 S c r o l l e r R O is no longer d i s p l a y e d 
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N o . N a m e P a g e D e s c r i p t i o n 

D I S P L A Y T R A P S 
7 1 S C R C L R 4 0 T u r n o f f scroller position 
7 3 S C R D I S 4 0 P u t R O in scroller position 
1 0 7 S C R U N B 4 0 R e t u r n scroller to normal state ( d i s p l a y e d ) 
7 2 U S E C L R 4 0 T u r n o f f user position 
1 4 4 U S E R E T 4 0 T u r n u s e r position back o n f r o m last U S E C L R 
7 4 U S E D I S 4 1 P u t R O in user position 
7 5 E D C L R 4 1 T u r n o f f editor position 
7 6 E D D I S 4 1 P u t R O in editor position 
2 7 G R A A D D 4 1 R e t u r n graphics display address in R O 
1 0 0 G R A S T P 4 2 H a r d s t o p o f graphics 
1 3 2 D I S P I T 4 2 R e f r e s h graphics R O times 
1 3 0 H A L D I S 4 2 S o f t s t o p o f graphics 
1 3 1 G O D I S P 4 2 R e s t a r t o f graphics 

G R A P H I C S I N T E R R U P T S 
1 5 I N T R S T 4 3 G r a p h i c s i n t e r r u p t R O will b e s e r v i c e d b y R l 

G R A P H I C S R E G I S T E R S 
6 7 G E T R E G 4 4 G e t graphics registers d e t e r m i n e d b y R O into b u f f e r at R l 
6 6 L O D R E G 4 4 S e t graphics registers d e t e r m i n e d b y R O f r o m b u f f e r at R l 
1 2 L O D C S R 4 4 L o a d graphics C S R f r o m R O 
5 3 G E T C S R 4 4 G e t graphics C S R in R O 

K E Y B O A R D T R A P S 
6 4 K E Y A S C 4 5 D e c o d e Graphics character R O to A S C I I c h a r a c t e r R O 
2 6 K E Y L O K 4 5 L o g i c a l l y O R all f u t u r e characters w i t h R O 
1 3 3 D D T C A L 4 5 R o u t i n e R O is n o w D D T 
7 0 S K I S E T 4 6 S e t handler f o r all characters t o routine in R O 
6 3 S K I N W R 4 6 Initialize k e y b o a r d w i t h o u t s p a c e - w a r mode 
2 3 S K I W A R 4 6 Initialize k e y b o a r d w i t h s p a c e - w a r mode 
5 5 S K I R T N 4 6 I n t e r p r e t the character in R O ( f r o m k e y b o a r d ) 
1 2 6 S K I S O M 4 6 I n t e r p r e t R l characters at R O w i t h S K I R T N 
6 0 S K I N O R 4 7 S e t k e y b o a r d handler to normal non-local r o u t i n e 
2 2 S K I L O C 4 7 P u t k e y b o a r d in local mode 
5 6 S K I G E T 4 7 R e t u r n address of k e y b o a r d handler in R O 
5 7 S K I P U T 4 7 S e t k e y b o a r d handler t o routine R O 
6 2 M C I N I T 4 8 C h a r a c t e r R O has M e t a table at R l 
2 4 M C L R 4 9 C l e a r t h e M e t a table 
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Sample Program s 

T h e f o l l o w i n g p r o g r a m s are g i v e n as examples. T h e y are w r i t t e n in M a c r o - 1 1 , 
B L I S S - 1 1 , S A I L , and B L I S S - 1 0 r e s p e c t i v e l y . Each does v e r y little: it d r a w s a t r i a n g l e 
o n t h e s c r e e n just to t h e right of center. 

• T I T L E TRIANC 
. C S E C T TRIflNG 

• R E Q U I R E S X . P 1 . 1 M 6 3 8 G S 8 0 ] 

• R E Q U I R E G R A D E F . P 1 1 [ A 6 3 0 G S 0 0 1 

; M a c r o - U 

j M o n i t o r t r a p d e f i n e s 

j Graphics c o n t r o l H o r d d e f i n e s 

P I X S T R : 6 

L O R D : 

j T h i s M i l l h o l d the d i s p l a y l i s t addreas 

$ I want a 26 word b u f f e r 
; Get from Graphics Space. On r e t u r n , R6 M i l l 
j h o l d t h e b u f f e r ' s address, 
j S t o r e the address 
j Rddress of v e c t o r s to be loaded i n t o d i s p l a y 
; Hove a word at a time i n t o d i s p l a y H a t 
j Mas i t the last word? ( a TERMINATE) 
I Loop back i f not and load next word 
; R e t r i e v e the d i s p l a y l i s t address 
; flaf.e i t an XQT i n s t r u c t i o n 
; Put i n t o user l o c a t i o n 
; R e t u r n . L e t monitor do i t ' s t h i n g 

; H e r e a r e t h e v e c t o r s and c o n t r o l words d e s c r i b i n g the t r i a n g l e : 
" 5 Load C-NODE M i t h 0 . V e c t o r mode 

; Long v e c t o r format 
\ Ue want v i s i b l e v e c t o r s 
j Maximum i n t e n s i t y 
j Normal s c a l e 
j Set p o i n t to ( 0 , 0 ) 
I Now the t r i a n g l e ' s v e c t o r s : 

MOV # 2 0 . , R 0 
GTGRSP 

MOV R 0 , P I X S T R 
MOV # T R I V E C , R 1 
MOV ( R 1 ) , ( R 0 ) + 
CMP ( R l ) + , STERN 
BNE LORD 
MOV P I X S T R , R 0 
B I S #GXQT,R0 
U S E O I S 
RTS PC 

l i s t 

T R I V E C : LCMD 0 
LONG 
I O N 
L I LP, 1 7 
L S C R 1 0 
S E T X Y M 
L V E C 1 0 0 . , 0 
L V E C - 5 0 . , 0 0 . 
L V E C - 5 0 . , - B 0 
T E R N I TERMINATE 

• E N O START 
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MODULE T R I A N G L E (STflRTaDRRW) = 
B E G I N 

R E Q U I R E S X . B l l t 0 6 3 0 G S 0 O ] ; 
R E Q U I R E G R R D E F « B 1 1 [9630CS881; 

B I N O T R I V E C « P L 1 T ( L C M 0 < 8 > , 
L O N G , 
I O N , 
L I L R ( 1 5 ) , 
LSCfl<8>, 
S E T X Y ( 8 , 8 > , 
L V E C ( 1 8 9 , 0 ) , 
L V E C ( - 5 8 , 6 9 ) , 
L V E C ( - 5 8 , - 6 0 ) , 
T E R M ) ; 

! B L I S S - 1 1 

! M o n i t o r i n s t r u c t i o n s 
i C o n t r o l words 

1 The v e c t o r l i s t d e s c r i b i n g the t r i a n g l e 

R O U T I N E ORRM « 
B E G I N 

L O C A L P I X 5 T R ; 
P I X S T R « - G T G R S P ( 2 8 ) ; ! Get 28 words of Graphics Space and save i t ' s a d d r e s s 
INCR I TO . T R I V E C t - i l - l 00 ( . P I X S T R ) 1 . 1 1 U . T R I V E C I . I ) ; I Load p i x e l 
U S E 0 1 S ( G X Q T ( . P I X S T R > ) j ! Set opcode f o r XQT and put i n t o user d i s p l a y l o c a t i o n 

E N D ELUDOM 

B E G I N " T R I A N G L E " 

R E Q U I R E " B R Y S R I . S R I IA718SR801 " 
S O U R C E ! ( R T Y T L K . O C L [ R 6 3 8 G S 0 0 I ) ; 
S O U R C E ! ( T E R P 1 8 . D C L ( R 6 3 G G S 9 0 ) ) ; 

. S O U R C E ! ( T P D L 1 0 . D C L ( R 6 3 0 G S 8 0 I ) ; 
S O U R C E ! ( G R f l D E F . S R I [ R 6 3 8 G S 8 8 ] ) ; 

T E R I N I ( " R T Y " , N U L L ) ; 
P I X C R E ( 2 8 ) ; 

Comment S A I L ; 

l E I F I L E } 

! Convenient d e f i n e s ; 

! I n i t i a l i z e the "RTY" l i n e ; 
! C r e a t e a p i x e l o f s i z e 20 words; 

F O R 0UM.-LCMD(8>, 
L O N G , 
I O N , 
L 1 L A U 5 ) , 
L S C R ( 8 ) , 
S E T X Y , 8 , 8 , 
L V E C ( 1 0 0 , 8 ) , 
L V E C ( - 5 8 , 6 8 ) , 
L V E C ( - 5 3 , - 6 8 ) , 
TERM DO P I X O N E ( O U h ) ; ! Load p i x e l ; 

P I X O I S ; I D i s p l a y p i x e l ; 
G R R F O R ; I fore* out b u f f e r onto P D P - 1 1 ; 
T E R R E L ; I Release RTY l i n e , w e ' r e a l l done; 

E N D " T R I A N G L E " ; 
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MODULE T R I A N G L E ( S T A C K ) . ! B L I S S - 1 8 
B E G I N 

R E Q U I R E G L S T E R . B L I ( A 6 3 8 G S 8 8 J ; 
R E Q U I R E G R R D E F . B L I (A638GS88I j 

B I N O T R I V E C » P L I T C L C H O , 
L O N G , 
I O N , 
L I L A ( 1 5 ) , 
L S C A ( 8 ) , 
S E T X Y ( 0 , 8 ) , 
L V E C ( 1 0 0 , 0 ) , 
L V E C ( - 5 0 , 6 0 ) , 
L V E C ( - 5 0 , - 6 0 ) , 
T E R N ) * 

T E R I N I ( S I X B I T ' A T Y ' , 0 ) j 
P I X C R E ( 4 0 ) j 
INCR I FROM 0 DO 
B E G I N 

I F . T R I V E C l . I ) E Q L TERN THEN E X I T L O O P ; 
P I X O N E ( . T R I V E C [ . I D 

E N D ; 
P I X O I S ; 
G R R F O R O i 
T E R R E L O 

E N D ELUDOtt 
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R e f e r e n c e s 

Q u e s t i o n s , s u g g e s t i o n s , and problems should b e b r o u g h t t o : 

S t e v e n Rubin [ A 6 4 0 S R 1 2 ] 
B r i a n R o s e n [ A 2 1 0 B R 1 1 ] 

M a n u a l s a b o u t r e l a t e d s y s t e m s : 

G D P 2 . X G O [ A 6 3 0 G S 0 0 ] / B 
G L S T E R . X G 0 [ A 6 3 0 G S 0 0 ] / B 
G P L X G 0 [ A 6 4 0 S H 0 1 ] / A 
S Y S : L I N K 1 1 . D 0 C 
S Y S : D D T 1 L D 0 C 
M O N L O D . X G O [ A 6 3 0 G S 0 0 ] / B 
T A B L E T . X G O [ A 6 3 0 G S 0 O ] 
S I L O S . X G O [ A 6 3 0 K S 0 0 ] / B 
G D P . D E M [ A 6 3 0 G S 0 0 ] 
B S G . D O C [ A 6 3 0 G S 0 0 ] 

S o f t w a r e aids: 

S X . P 1 1 [ A 6 3 0 G S 0 0 ] 
S X . B 1 1 [ A 6 3 0 G S 0 0 ] 
S X . S A I [ A 6 3 0 G S 0 0 ] 
S X . B L I [ A 6 3 0 G S 0 0 ] 
G R A D E F . P 1 1 [ A 6 3 0 G S 0 0 ] 
G R A D E F . B 1 1 [ A 6 3 0 G S 0 0 ] 
G R A D E F . S A I [ A 6 3 0 G S 0 0 ] 
G R A D E F . B L I [ A 6 3 0 G S 0 0 ] 

F o r s o f t w a r e 
F o r h a r d w a r e 

H a r d w a r e d o c u m e n t a t i o n * 
Display package 
C o n v e n i e n t display p a c k a g e 
T o link p r o g r a m s 
T o d e b u g p r o g r a m s 
S y s t e m s s u p p o r t 
Tablet s u p p o r t 
C h a r a c t e r set e d i t o r 
D e m o n s t r a t i o n p o i n t e r s 
S A I L - l i k e runtime r o u t i n e s 

M a c r o - 1 1 T r a p d e f i n e s 
B L 1 S S - 1 1 T r a p d e f i n e s 
S A I L T r a p defines 
B L I S S - 1 0 T r a p d e f i n e s 
M a c r o - 1 1 G r a p h i c s d e f i n e s 
B L I S S - 1 1 G r a p h i c s d e f i n e s 
S A I L Graphics defines 
B L I S S - 1 0 G r a p h i c s d e f i n e s 

* A v a i l a b l e in d o c u m e n t r o o m as " G D P P r o g r a m m e r s G u i d e " 
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A c t i v i t y L i s t 1 7 
A C T R T N - T R A P 1 4 5 1 7 
A C T V A T - TRt P 6 5 1 7 
A S C I I C h a r a c t e r V a l u e s 5 9 
A S L I 1 1 
A S L I - T R A P 4 3 2 3 

B G G R S P - T R A P 3 7 1 9 
B I G S P C - T R A P 2 1 9 
B L 1 S S - 1 1 5 1 
B P T 1 8 
B R K S E T - T R A P 1 4 6 3 2 
B S G 6 6 

C h a r a c t e r M o d e O u t p u t 2 4 , 2 5 
C h a r a c t e r S e t s 3 5 , 3 6 
C h a r a c t e r s 6, 3 3 , 3 8 
C H R C H N - T R A P 1 1 7 3 8 
C H R L O D - T R A P 1 5 6 3 5 
C H R S E T - T R A P 1 5 3 3 5 
C K S 1 8 
C L E A R - T R A P 1 3 4 3 7 
C l o c k 2 2 , 6 0 
C l o c k s p e e d 1 0 
C O M P I L E 5 1 
C o m p i l i n g , L i n k i n g , R u n n i n g and 

D e b u g g i n g 5 1 
C O N O U T - T R A P 3 5 2 4 
C o n t r o l c h a r a c t e r s 2 
C o n t r o l k e y 2 
C o n t r o l S t a t u s R e g i s t e r 5 8 
C o n t r o l w o r d 2 8 , 5 5 
C o n t r o l W o r d s 1 3 , 1 4 , 5 4 , 5 5 
C S R 1 4 
C S R r e g i s t e r 4 4 

D D T 5 1 , 6 6 
D D T C A L - T R A P 1 3 3 4 5 
D E B U G 5 1 
D I S P I T - T R A P 1 3 2 4 2 
D I V I D E - T R A P 5 2 2 0 

E D C L R - T R A P 7 5 4 1 
E D D I S - T R A P 7 6 4 1 
E F C S - T R A P 1 6 3 2 5 
E M T A D D - E M T 0 1 5 
E M T S E T - T R A P 3 4 1 6 

E M T S Z - T R A P 1 4 1 1 6 
E n c o d e d k e y s 2 
E R R 1 8 
E r r o r T r a p p i n g 1 8 
Escape 7 , 2 3 , 2 4 , 2 5 , 6 i 
E T A S E T - T R A P 4 0 3 2 
E X E C U T E 5 1 

F O R M - T R A P 1 0 4 3 7 

G D P H a r d w a r e 1 2 , 1 3 , 1 4 
G D P Instructions 5 6 
G D P Monitor T r a p s 1 5 , 1 6 , 1 7 , 1 8 , 1 9 , 

2 0 , 2 1 , 2 2 , 2 3 , 2 4 , 2 5 , 2 6 , 2 7 , 2 8 , 
2 9 , 3 0 , 3 1 , 3 2 , 3 3 , 3 4 , 3 5 , 3 6 , 3 7 , 
3 8 , 3 9 , 4 0 , 4 1 , 4 2 , 4 3 , 4 4 , 4 5 , 4 6 , 
4 7 , 4 8 , 4 9 , 5 0 

G D P 2 6 6 
G E T C S R - T R A P 5 3 4 4 
G E T R E G - T R A P 6 7 4 4 
G E T S P C - T R A P 1 1 9 
G I V S P C - T R A P 3 1 9 
G L S T E R 6 6 
G N O P 5 5 
G O D I S P - T R A P 1 3 1 4 2 
G P I 66 
G R A A D D - T R A P 2 7 4 1 
G R A D E F 66 
Graphics Display C o m p o n e n t s 4 0 , 4 1 
Graphics Display C o n t r o l 4 2 
Graphics I n t e r r u p t s 4 3 
Graphics K e y b o a r d 2 , 4 5 , 4 6 , 4 7 
Graphics K e y b o a r d C h a r a c t e r F o r m a t 

5 2 
Graphics K e y b o a r d C h a r a c t e r V a l u e s 

5 3 
Graphics M e t a characters 1 0 
Graphics Registers 4 4 
G R A S T P - T R A P 1 0 0 4 2 
G T G R S P - T R A P 3 6 1 9 

H A L D I S - T R A P 1 3 0 4 2 

I A L T 5 5 
I C O M 5 5 . 
I L G 1 8 
Image M o d e O u t p u t 2 6 
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I M G R T N - T R A P 3 3 2 6 
I N I T I A 5 1 
I n p u t F r o m t h e P D P - 1 0 2 7 
I n p u t / O u t p u t M e t a c h a r a c t e r s 1 1 
I n s t r u c t i o n w o r d 2 8 
I n s t r u c t i o n s 1 4 
I N T 1 8 , 4 3 
I N T C H N - T R A P 1 1 4 3 8 
I n t e n s i t y 5 , 3 8 
I N T R 1 4 , 5 4 , 5 6 
I n t r a - L i n e E d i t o r 8 , 9, 3 2 
I N T R S T - T R A P 1 5 4 3 
I 0 F 1 5 5 
I O F 2 5 5 
I 0 F 3 5 5 
I O F F 5 5 
I O N 5 5 
I O T 1 8 

J M P 1 4 , 5 6 
J M P C H N - T R A P 1 6 3 8 
J M S 1 4 , 5 6 
J u m p 6 , 3 8 

K E Y A S C - T R A P 6 4 4 5 
K e y b o a r d lock 7 
K e y b o a r d M e t a C h a r a c t e r s 7 
K e y b o a r d N u m b e r s 4 
K E Y L O K - T R A P 2 6 4 5 

L C M D 5 4 
L F M T 5 4 
L I L A 5 4 
L I L R 5 4 
L I N C H N - T R A P 1 1 6 3 8 
L 1 N C L R - T R A P 5 0 2 2 
L i n e c l o c k 1 8 
L i n e C l o c k T r a p s 2 2 
L i n e s 5 , 3 8 
L I N K 1 1 5 1 , 6 6 
L I N P U T - T R A P 4 7 2 2 
L I N T I M - T R A P 4 6 2 2 
L N K T A K - T R A P 4 1 2 7 
L O A D 5 1 
L O A D A - T R A P 1 0 3 0 
L o a d i n g P r o g r a m s and D a t a 3 0 , 3 1 
L O A D R - T R A P 7 3 0 

L O A D T R - T R A P 1 1 3 1 
Local 7 
L O D C S R - T R A P 1 2 4 4 
L O D R E G - T R A P 6 6 4 4 
L S C A 5 4 
L S C R 5 4 

M a c r o - 1 1 5 1 
M C I N I T - T R A P 6 2 4 8 
M C L R - T R A P 2 4 4 9 
Messages f r o m t h e P D P - 1 0 2 8 , 
M e t a C h a r a c t e r 2 
M e t a C h a r a c t e r s 3 
M e t a k e y 2 
M e t a T a b l e s 4 8 , 4 9 , 5 0 
M e t a - C o n t r o l characters 2 , 3 
M e t a - C o n t r o l t a b l e 4 8 
M E T A L K 4 5 
Monitor T r a p s 6 0 , 6 1 , 6 2 
M O N L O D 66 
M U L T - T R A P 5 1 2 0 
Multiple scrollers 5 , 3 9 

N E C 1 8 
N S T 1 8 
N X M 1 8 

O u t p u t t o t h e P D P - 1 0 2 3 
O U T S E T - T R A P 1 6 1 2 3 

P A G G E T - T R A P 1 7 3 9 
P A G O F F - T R A P 7 7 3 9 
P A G S E T - T R A P 2 0 3 9 
P a r i t y 1 1 
P A R I T Y - T R A P 4 2 2 7 
Peace 7 
P W R 1 8 

R e f e r e n c e s 6 6 
R E L O C A - T R A P 5 4 3 0 
R E T U R 1 - T R A P 1 4 2 0 

S A I L 5 1 
Sample P r o g r a m s 6 3 , 6 4 , 6 5 
S A V E 5 1 
S A V E l - T R A P 6 2 0 
Scale 5 , 3 8 



I N D E X 69 

S C L C H N - T R A P 1 1 5 3 8 T R A P 0 0 2 - B I G S P C 1 9 
S C R C L R - T R A P 7 1 4 0 T R A P 0 0 3 - G I V S P C 1 9 
S C R D E F - T R A P 3 0 3 8 T R A P 0 0 4 - S O M S P C 1 9 
S C R D I S - T R A P 7 3 4 0 T R A P 0 0 5 - W H A T 2 1 
S C R N E W - T R A P 1 1 1 3 8 T R A P 0 0 6 - S A V E 1 2 0 
S c r o l l e r 3 7 , C58 T R A P 0 0 7 - L O A D R 3 0 
S c r o l l e r M e t a C h a r a c t e r s 5 , 6 T R A P 0 1 0 L O A D A 3 0 
S C R R T N - T R A P 1 2 0 3 7 T R A P O i l - L O A D T R 3 1 
S C R U N B - T R A P 1 0 7 4 0 T R A P 0 1 2 - L O D C S R 4 4 
S E T S 5 5 T R A P 0 1 4 - R E T U R 1 2 0 
S E T X 5 5 T R A P 0 1 5 - I N T R S T 4 3 
S E T X Y 5 5 T R A P 0 1 6 - J M P C H N 3 8 
S E T Y 5 5 T R A P 0 1 7 - P A G G E T 3 9 
S h i f t c h a r a c t e r s 2 T R A P 0 2 0 - P A G S E T 3 9 
S h i f t k e y 2 T R A P 0 2 2 - S K I L O C 4 7 
S h i f t l e f t 1 0 T R A P 0 2 3 - S K I W A R 4 6 
S h i f t r i g h t 1 0 T R A P 0 2 4 - M C L R 4 9 
S I L O S 3 6 , 66 T R A P 0 2 6 - K E Y L O K 4 5 
S K I G E T - T R A P 5 6 4 7 T R A P 0 2 7 - G R A A D D 4 1 
S K J L O C - T R A P 2 2 4 7 T R A P 0 3 0 - S C R D E F 3 8 
S K I N O R - T R A F 6 0 4 7 T R A P 0 3 1 - S L P O N E 2 4 
S K I N W R - T R A P 6 3 4 6 T R A P 0 3 2 - S L P R T N 2 4 
S K I P U T - T R A P 5 7 4 7 T R A P 0 3 3 - I M G R T N 2 6 
S K I R T N - T R A P 5 5 4 6 T R A P 0 3 4 - E M T S E T 1 6 
S K I S E T - T R A P 7 0 4 6 T R A P 0 3 5 - C O N O U T 2 4 
S K I S O M - T R A P 1 2 6 4 6 T R A P 0 3 6 - G T G R S P 1 9 
S K I W A R - T R A P 2 3 4 6 T R A P 0 3 7 - B G G R S P 1 9 
S L P O N E - T R A P 3 1 2 4 T R A P 0 4 0 - E T A S E T 3 2 
S L P R T N - T R A P 3 2 2 4 T R A P 0 4 1 - L N K T A K 2 7 
S O M S P C - T R A P 4 1 9 T R A P 0 4 2 - P A R I T Y 2 7 
S p a c e A l l o c a t o r 1 9 T R A P 0 4 3 - A S L I 2 3 . 
S p a c e W a r 7 T R A P 0 4 4 - S C R S C R 3 7 
S p e c i a l k e y s 2 T R A P 0 4 5 - S T R S L P 2 4 
S T R S C R - T R A P 4 4 3 7 T R A P 0 4 6 • - L I N T I M 2 2 
S T R S L P - T R A P 4 5 2 4 T R A P 0 4 7 • - L I N P U T 2 2 
S X 6 6 T R A P 0 5 0 • - L I N C L R 2 2 
S y s t e m C o m m u n i c a t i o n 1 5 , 1 6 T R A P 0 5 1 • - M U L T 2 0 
S y s t e m S t a r t - U p 1 T R A P 0 5 2 • - D I V I D E 2 0 

T R A P 0 5 3 • - G E T C S R 4 4 
T A B L E T 6 6 T R A P 0 5 4 • - R E L O C A 3 0 
T a b s 5 , 3 4 T R A P 0 5 5 -• S K I R T N 4 6 
T E N S E T - T R A P 1 6 2 2 7 T R A P 0 5 6 • • S K I G E T 4 7 
T E R M 5 4 T R A P 0 5 7 -• S K I P U T 4 7 
T o p c h a r a c t e r s 2 T R A P 0 6 0 -• S K I N O R 4 7 
T o p k e y 2 T R A P 0 6 2 -• M C I N I T 4 8 
T R A P 0 0 0 - T R P A D D 1 5 T R A P 0 6 3 -• S K I N W R 4 6 
T R A P 0 0 1 - G E T S P C 1 9 T R A P 0 6 4 -• K E Y A S C 4 5 



I N D E X 7 0 

T R A P 0 6 5 - A C T V A T 1 7 
T R A P 0 6 6 - L O D R E G 4 4 
T R A P 0 6 7 - G E T R E G 4 4 
T R A P 0 7 0 - S K I S E T 4 6 
T R A P 0 7 1 - S C R C L R 4 0 
T R A P 0 7 2 - U S E C L R 4 0 
T R A P 0 7 3 - S C R D I S 4 0 
T R A P 0 7 4 - U S E D I S 4 1 
T R A P 0 7 5 - E D C L R 4 1 
T R A P 0 7 6 - E D D I S 4 1 
T R A P 0 7 7 - P A G O F F 3 9 
T R A P 1 0 0 - G R A S T P 4 2 
T R A P 1 0 1 - U N I C H N 3 8 
T R A P 1 0 4 - F O R M 3 7 
T R A P 1 0 7 - S C R U N B 4 0 
T R A P 1 1 1 - S C R N E W 3 8 
T R A P 1 1 2 - X C H N 3 8 
T R A P 1 1 3 - Y C H N 3 8 
T R A P 1 1 4 - I N T C H N 3 8 
T R A P 1 1 5 - S C L C H N 3 8 
T R A P 1 1 6 - L I N C H N 3 8 
T R A P 1 1 7 - C H R C H N 3 8 
T R A P 1 2 0 - S C R R T N 3 7 
T R A P 1 2 6 - S K I S O M 4 6 
T R A P 1 3 0 - H A L D I S 4 2 
T R A P 1 3 1 - G O D I S P 4 2 
T R A P 1 3 2 - D I S P I T 4 2 
T R A P 1 3 3 - D D T C A L 4 5 
T R A P 1 3 4 - C L E A R 3 7 
T R A P 1 4 1 - E M T S Z 1 6 
T R A P 1 4 4 - U S E R E T 4 0 
T R A P 1 4 5 - A C T R T N 1 7 
T R A P 1 4 6 - B K R S E T 3 2 
T R A P 1 5 3 - C H R S E T 3 5 
T R A P 1 5 6 - C H R L O D 3 5 
T R A P 1 6 1 - O U T S E T 2 3 
T R A P 1 6 2 - T E N S E T 2 7 
T R A P 1 6 3 - E F C S 2 5 
T R P A D D - T R A P 0 1 5 

U N I C H N - T R A P 1 0 1 3 8 
U n i t s 6 , 3 4 , 3 8 
U s e as a T e r m i n a l 1 , 2 , 3* 4 , 5 , 6 , 7 , 8 , 

9 , 1 0 , 1 1 
U S E C L R - T R A P 7 2 4 0 
U S E D I S - T R A P 7 4 4 1 
U S E R E T - T R A P 1 4 4 4 0 

Utility T r a p s 2 0 , 2 1 

V e c t o r F o r m a t s 5 7 
V e c t o r s and C h a r a c t e r s 

W H A T - T R A P 5 2 1 
W r a p a r o u n d 1 0 

X 3 8 
X position 5 
X C H N - T R A P 1 1 2 3 8 
X Q T 1 4 , 5 6 

Y 3 8 
Y position 5 
Y C H N - T R A P 1 1 3 3 8 


