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The University of Dayton, located in Dayton, Ohio, is a "medium-sized, private, coeducational 
school located in the heart of the Midwest," with a full-time student body of sixty-five hundred. The 
University, which is also the fifth largest Catholic college in the country, "includes three schools and 
the college, offering a large selection of study ranging from art and philosophy to geology and computer 

science. " 

The Department of Computer Science, supported by the University's time shared RCA Spectra 70/46 
and the department's own IBM 360/Z5, offers an interesting and challenging undergraduate program. 
Computer Science students are offered a wide selection of courses, both technical and non-technical, for 
a four year program and B.S. degree through a very flexible curriculum. Most students stress mathe- 
matics and the sciences, althougha good number are interested in business management, industrial engi- 
neering, and related fields. The department offers students the opportunity for both breadth and depth 
equally. In addition to the formal course work, the department feels that practical, hands-on experience 
with real problems in the computer field is highly desirable. Students are encouraged to seek part time 
or summer jobs as programmers. Some jobs are available at the University computer center and other 
students are given the opportunity to participate in departmental research projects. Current projects in- 
clude a high speed compile and go PL/I compiler for the Spectra ?0/46, microprogramming extensions 
to the 360/25, use of an interactive vector graphic crt, and the implementation of LISP on the 70/46. 

At the present time nine faculty members instruct ZOO students in a total of twenty courses. The 
courses currently offered are detailed in Figure 1. Attention should be drawn to the use of CPS 498 to 

allow students to perform independent student and research under the guidance of a faculty member, and 
CPS 499, which is used extensively for one shot courses or to try out proposed new courses. The depart- 
ment actively encourages faculty and students to propose new courses to be tried as CPS 499 courses. 
This term's CPS 499 offerings are listed in Figure Z. Since Computer Science is a new and evolving field, 
the department believes that its curriculum should evolve along with the field. 

T h r e e  y e a r s  a g o  the  a u t h o r ,  a V i s i t i n g  A s s i s t a n t  P r o f e s s o r  of  C o m p u t e r  S c i e n c e ,  t ook  o v e r  the  
c o u r s e  C P S  4 4 1 - 4 4 Z  " A d v a n c e d  P r o g r a m m i n g , "  k n o w n  a s  " A P . "  T h e r e  w a s  l i t t l e  g u i d a n c e  a s  to w h a t  
t h i s  two t e r m  c o u r s e  f o r  j u n i o r  C o m p u t e r  S c i e n c e  m a j o r s  s h o u l d  c o n t a i n .  T h e  c o u r s e  c a t a l o g u e  r e a d  
" A n a l y s i s  of c o m p i l e r s  a n d  t h e i r  c o n s t r u c t i o n ;  p r o g r a m m i n g  t e c h n i q u e s  d i s c u s s e d  in  the  c u r r e n t  l i t e r a -  
t u r e ;  a d v a n c e d  c o m p u t e r  a p p l i c a t i o n s  in  b o t h  m a t h e m a t i c a l  a n d  n o n - n u m e r i c  a r e a s . "  T h e  r e q u i r e d  p r e -  
r e q u i s i t e  c o u r s e s  w e r e  a two c r e d i t  c o u r s e  in  P L / I  a nd  a t h r e e  c r e d i t  c o u r s e  in  A s s e m b l y  L a n g u a g e  P r o -  
g r a m m i n g .  S o m e  s t u d e n t s ,  h o w e v e r ,  d e l a y  t a k i n g  A P  u n t i l  t h e i r  s e n i o r  y e a r .  T h u s  the  a u t h o r  h a d  the  
p r o b l e m  of d e v e l o p i n g  a c o u r s e  w h i c h  w o u l d  be m e a n i n g f u l  to s t u d e n t s  who  h a d  j u s t  c o m p l e t e d  a n  a s s e m -  
b ly  l a n g u a g e  p r o g r a m m i n g  c o u r s e  a n d  w h i c h  a l s o  w o u l d  n o t  b o r e  t h o s e  s t u d e n t s  w i t h  c o n s i d e r a b l y  m o r e  
p r a c t i c a l  o r  a c a d e m i c  e x p e r i e n c e .  

F i g u r e  1. C o m p u t e r  S c i e n c e  C o u r s e s  
C P S  107 C o m p u t i n g - G e n e r a l  S u r v e y  
CPS 133 FORTRAN Programming 
CPS 141 ALGOL Programming 
CPS 147 PL/I Programming 
CPS 203 Data Processing Systems 
CPS Z3Z COBOL Programming 
CPS Z45 Assembler Programming 
CPS 346 Operating System 
CPS 353-354 Numerical Methods 
CPS 383 Logic and Set Theory 
CPS 387 Logical Design 
CPS 405 Computer Techniques for Business Applications 
CPS 415 Introduction to Analog Computation and Simulation 
CPS 416 Parallel Hybrid Computation 
CPS 441-44Z Advanced Programming 
CPS 455-456 Numerical Analysis 
CPS 481 Mathematical Logic 
CPS 482 Automata Theory 
CPS 498 Problems in (Named Area) 
CPS 499 (Special Topics) 
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F i g u r e  2. 
CPS  499 
CPS  499 
CPS 499 
CPS  499 
CPS 499 

CPS 499 o f f e r i n g s ,  S p r i n g  1972 
A d v a n c e d  T i m e  S h a r i n g  T o p i c s  
M i c r o p r o g  r a m m i n g  
C o m p u t e r  C e n t e r  M a n a g e m e n t  
I n t e r a c t i v e  G r a p h i c s  
M i n i c o m p u t e r s  

The o b j e c t i v e s  of A P  a r e  qu i t e  v a r i e d .  The  c o u r s e  s t r i v e s  to c o v e r  a v a r i e t y  of t o p i c s ,  l o o k i n g  a t  
m a n y  s u p e r f i c i a l l y  and  a few in  d e p t h .  An a t t e m p t  is  m a d e  to d i s c u s s  p r a c t i c a l  a p p l i c a t i o n s  a n d  to u s e  
t h e m  as  m o t i v a t i o n  f o r  the  m o r e  t h e o r e t i c a l  p a r t s  of the  c o u r s e .  T o p i c s  s u c h  a s  m a c r o  p r o c e s s o r s  and  
t h e i r  i m p l e m e n t a t i o n ,  s e a r c h i n g  and  s o r t i n g  t e c h n i q u e s ,  m a c h i n e  a r c h i t e c t u r e  and  m i c r o p r o g r a m m i n g ,  
and  p r o g r a m m i n g  l a n g u a g e s  and  t h e i r  d e s i g n  a r e  m o t i v a t e d  by and  d i s c u s s e d  in  a c o n t e x t  p r o v i d e d  by a 
h y p o t h e t i c a l  c o m p u t e r  c a l l e d  the  DAYAC.  

The DAYAC,  w h i c h  is  d e s c r i b e d  in  d e t a i l  in  the  A p p e n d i x ,  is  a m a c h i n e  s i m p l e  e n o u g h  to be e a s i l y  
u n d e r s t o o d  y e t  d i f f e r e n t  e n o u g h  f r o m  the  360 a r c h i t e c t u r e  to be i n t e r e s t i n g .  It is  a 32 b i t ,  w o r d  o r i e n t e d  
m a c h i n e  w i t h  t h r e e  g e n e r a l  p u r p o s e  r e g i s t e r s ,  i n d e x i n g ,  i n d i r e c t i n g ,  and  s e v e r a l  u n u s u a l  c h a r a c t e r i s t i c s .  
T h e r e  a r e  t h r e e  m a i n  r e a s o n s  f o r  i n c l u d i n g  the  DAYAC in the  c o u r s e :  i t  is  a s i m p l e  e n o u g h  m a c h i n e  tha t  
a s t u d e n t  c a n  e a s i l y  u n d e r s t a n d  i t  in  d e t a i l  in a s h o r t  p e r i o d  of t i m e ,  u n l i k e  m o s t  r e a l  c o m p u t e r s ;  i t  t i e s  
the v a r i o u s  t o p i c s  of A P  t o g e t h e r  and  a l l o w s  t h e m  to be c o n s i d e r e d  a s  i n t e g r a t e d  in a s i n g l e  p r o b l e m  
a r e a ,  the DAYAC,  r a t h e r  t han  a s  s e p a r a t e ,  i s o l a t e d  t o p i c s ;  i t  a l l o w s  an i n t r o d u c t i o n  to m a c h i n e  c h a r a c -  
t e r i s t i c s  w h i c h  a r e  d i f f e r e n t  t han  t h o s e  of the 360. 

S ince  the  c o u r s e  c o n t e n t  is  so  b r o a d ,  and  s i n c e  s t u d e n t  a b i l i t i e s  and  p r e p a r a t i o n  v a r y  so  w i d e l y ,  i t  
i s  n e c e s s a r y  to p r o v i d e  s o m e  f o r m  of  " i n d i v i d u a l i z e d  s t u d y "  w i t h i n  the c o n t e x t  of  the c o u r s e .  S i n c e  the  
d e p a r t m e n t  s t r e s s e s  h a n d s  on p r o g r a m m i n g  e x p e r i e n c e ,  the  v e h i c l e  of  a l a r g e  s c a l e  p r o g r a m m i n g  p r o -  
j e c t  is  u s e d .  A t  the  b e g i n n i n g  of a t e r m ,  a p r o j e c t  i s  a s s i g n e d  and  the  e x p e c t e d  l e v e l  of i n d i v i d u a l  p e r -  
f o r m a n c e  is  g iven .  P r o j e c t  a s s i g n m e n t s  w h i c h  h a v e  b e e n  g i v e n  in the  p a s t  i n c l u d e  a s i m u l a t o r  f o r  the  
DAYAC ,  a c r o s s  a s s e m b l e r  f o r  the  DAYAC A s s e m b l y  L a n g u a g e ,  a v e r s i o n  of S t r a c h e y ' s  G e n e r a l  P u r -  
p o s e  M a c r o p r o c e s s o r  f o r  u s e  a s  a p r e p r o c e s s o r  f o r  the  DAYAC A s s e m b l e r ,  and  a BASIC c r o s s  c o m p i l e r  
f o r  the  DAYAC.  On c o m p l e t i o n  of the  p r o j e c t s ,  the b e s t  p r o j e c t s  a r e  i n c o r p o r a t e d  in to  the  " D A Y A C  
s y s t e m "  f o r  the u s e  of f u t u r e  c l a s s e s .  S t u d e n t s  a r e  e n c o u r a g e d  to w o r k  in t e a m s  if  t h e y  so  d e s i r e ;  t h e y  
a r e  t h e n  e x p e c t e d  to p r o d u c e  c o r r e s p o n d i n g l y  h i g h e r  q u a l i t y  p r o j e c t s .  S t u d e n t s  a r e  a l s o  e n c o u r a g e d  to 
p r o p o s e  a l t e r n a t i v e s  to the a s s i g n e d  p r 6 j e c t .  Th i s  m e c h a n i s m  a l l o w s  the  m o r e  a d v a n c e d  and  m o r e  a m b i -  
t i ous  to w o r k  on m o r e  i n t e r e s t i n g  and  c h a l l e n g i n g  p r o j e c t s .  One s t u d e n t  b e c a m e  i n t e r e s t e d  in  the f a c t  
tha t  the d e p a r t m e n t  had  d e v e l o p e d  the  a b i l i t y  to m i c r o p r o g r a m  the  360/Z5 .  A v a i l a b l e  f o r  the  c o u r s e ,  a s  
a r e s u l t  of p r e v i o u s  y e a r ' s  p r o j e c t s ,  a r e  an  a s s e m b l e r  and s i m u l a t o r  f o r  the DAYAC,  a v e r s i o n  in P L / I  
to s t u d y  and  a v e r s i o n  in 360 a s s e m b l y  l a n g u a g e  to run  e f f i c i e n t l y .  Th i s  s t u d e n t ,  f o r  h i s  p r o j e c t  l a s t  
t e r m ,  p r e p a r e d  an  e m u l a t o r ,  w r i t t e n  in  360 /25  m i c r o c o d e ,  f o r  the  DAYAC.  U s e  of t h i s  e m u l a t o r  in  
f u t u r e  c o u r s e s  w i l l  m a k e  p o s s i b l e  m u c h  m o r e  e f f i c i e n t  u s e  of the  3 6 0 / 2 5 .  L a s t  s p r i n g  the  A P  p r o j e c t  
w a s  to i m p l e m e n t  a s i m p l e  BASIC c o m p i l e r .  T h r e e  of the  b e s t  s t u d e n t s  had  e x p e r i e n c e  i m p l e m e n t i n g  
the  d e p a r t m e n t ' s  P L / I  c o m p i l e r  and w a n t e d  to t r y  s o m e t h i n g  m o r e  i n t e r e s t i n g .  As  t h e i r  p r o j e c t  t h e y  
i m p l e m e n t e d  a s i m p l e  bu t  o p e r a t i o n a l  c o m p i l e r  g e n e r a t o r  s y s t e m .  T h e y  t h e n  u s e d  th i s  c o m p i l e r  g e n e r a -  
t o r  to p r o d u c e  t h e i r  BASIC c o m p i l e r  f o r  the  p r o j e c t .  

The c o u r s e  c o n t e n t  h a s  v a r i e d  f r o m  y e a r  to y e a r  in o r d e r  to s t r e s s  t h o s e  p a r t i c u l a r  t o p i c s  w h i c h  
w e r e  e s p e c i a l l y  n e c e s s a r y  f o r  t h a t  y e a r ' s  p r o j e c t s .  In t e r m s  of the A C M ' s  C u r r i c u l u m  68, the  f i r s t  
t e r m  i s  an  a d v a n c e d  v e r s i o n  of the c o u r s e  B2, C o m p u t e r s  a n d  P r o g r a m m i n g ,  w i t h  a f e w  of the  t o p i c s  of 
I1, Da ta  S t r u c t u r e s .  The s e c o n d  t e r m  is  a m i x t u r e  of IZ, P r o g r a m m i n g  L a n g u a g e s ,  and  I5, C o m p i l e r  
C o n s t r u c t i o n .  G e a r ' s  book ,  C o m p u t e r  O r g a n i z a t i o n  and  P r o g r a m m i n g ,  h a s  b e e n  u s e d  qu i t e  s u c c e s s f u l l y  
a s  a t e x t  f o r  the  f i r s t  t e r m ,  s u p p l e m e n t e d  by c l a s s  h a n d o u t s  d e s c r i b i n g  the  DAYAC.  As  y e t ,  u n f o r t u -  
n a t e l y ,  no v e r y  s u c c e s s f u l  t e x t  h a s  b e e n  found  f o r  the s e c o n d  t e r m .  T h i s  y e a r  we a r e  t r y i n g  G r i e s  C o m -  
p i l e r  C o n s t r u c t i o n  f o r  D i g i t a l  C o m p u t e r s ;  i t  m a y  p r o v e  to be  too a d v a n c e d  f o r  t h i s  c o u r s e .  

C u r r i c u l u m  68 a s s u m e s  tha t  the  c o u r s e  BZ wi l l  be bo th  an  i n t r o d u c t i o n  to v a r i o u s  t o p i c s  in c o m p u t e r  
s c i e n c e  and  an  i n t r o d u c t i o n  to a s s e m b l y  l a n g u a g e  p r o g r a m m i n g .  As  a r e s u l t  of the  s t r u c t u r e  of the 
C o m p u t e r  S c i e n c e  D e p a r t m e n t ' s  c u r r i c u l u m ,  s t u d e n t s  r e a c h i n g  A P  wi l l  h a v e  c o m p l e t e d  a c o u r s e  in 360 
a s s e m b l y  l a n g u a g e  p r o g r a m m i n g .  As  a r e s u l t  i t  is  p o s s i b l e  to d i s c u s s  m a n y  of the  t o p i c s  of B2 a t  a 
h i g h e r  l e v e l  t han  t h a t  r e c o m m e n d e d  in  C u r r i c u l u m  68. The  u s e  of the DAYAC a l l o w s  s e r i o u s  d i s c u s s i o n  
of m a c h i n e  a r c h i t e c t u r e s  t h a t  a r e  c o n s i d e r a b l y ,  d i f f e r e n t  f r o m  the 360. The DAYAC has  c h a r a c t e r i s t i c s  
w h i c h  m a k e  the u n d e r l y i n g  m i c r o p r o g r a m m e d  s t r u c t u r e  of the  m a c h i n e  f a i r l y  c l e a r ,  and  i t s  w o r d  o r i e n t -  
ed n a t u r e  e x p o s e s  s t u d e n t s  to n e w  c o n c e p t s  p r e c l u d e d  by s o l e  s t u d y  of the  360 a r c h i t e c t u r e .  

The f ina l  t e s t  of a c o u r s e  is  h o w  w e l l  i t  p r e p a r e s  s t u d e n t s  e i t h e r  f o r  f u t u r e  s t u d y  o r  f o r  the  " r e a l  
w o r l d .  " C o n v e r s a t i o n s  w i th  p a s t  s t u d e n t s  who  h a v e  gone  on to g r a d u a t e  s c h o o l  o r  who h a v e  g o t t e n  p r o -  
g r a m m i n g  j o b s  i n d i c a t e s  t ha t  A P  h a s  d o n e  a s a t i s f a c t o r y  job  in p r e p a r i n g  t h e m  f o r  t h e i r  f u t u r e  in the  
c o m p u t e r  s c i e n c e  f i e l d .  
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T h e  D A Y A C  (DAYton  A u t o m a t i c  C o m p u t e r )  i s  a 32 b i t  w o r d  o r i e n t e d  m a c h i n e .  It d o e s  a r i t h m e t i c  in s i g n -  
m a g n i t u d e  f o r m .  T h e  D A Y A C  h a s  t h r e e  g e n e r a l  p u r p o s e  r e g i s t e r s  w h i c h  a r e  u s a b l e  a s  a c c u m u l a t o r s ,  
i n d e x  r e g i s t e r s ,  o r  m e m o r y  l o c a t i o n s .  T h e  f o r m a t  o f a  D A Y A C  i n s t r u c t i o n  i s  g i v e n  be low :  

o a~,  g &  7 t  q 16 t! |& I~  Iq ss Jl, $ l  

f i e l d  # 
n a m e  b i t s  t i t l e  
O P  3 o p e r a t i o n  code  

M O D E  1 m o d e  

CM 3 c o n d i t i o n  m a s k  
DIR 1 d i r e c t i o n  

NS 1 n e g a t e  s o u r c e  

IND 1 indirect 
TYPE Z type 
XR Z index register 

REG Z ope rand register 
addr 16 address 

function 

i f  O P ( 0 ) = I ,  the  o p e r a t i o n  i s  l o g i c a l ;  i f  O P ( 0 ) = 0 ,  the  o p e r a t i o n  
is  a r i t h m e t i c  
if  0, u s e  c ( e f f e c t i v e  a d d r e s s )  a s  s o u r c e  w o r d ;  
i f  1, u s e  e f f e c t i v e  a d d r e s s  a s  s o u r c e  w o r d  ( i m m e d i a t e  a d d r e s s i n g )  
m a s k s  c o n d i t i o n  c o d e  to d e c i d e  w h e t h e r  to e x e c u t e  i n s t r u c t i o n  
i f  0, s o u r c e  i s  m e m o r y  a n d  t a r g e t  i s  r e g i s t e r ;  
i f  1, s o u r c e  i s  r e g i s t e r  a n d  t a r g e t  i s  m e m o r y  
i f  1, n e g a t e  s o u r c e  w o r d  b e f o r e  u s e ;  
i f  a r i t h m e t i c  o p e r a t i o n ,  c h a n g e  s i g n  
if  l o g i c a l  o p e r a t i o n ,  i n v e r t  e a c h  b i t  
i f  1, i n d i r e c t  a d d r e s s i n g  i s  b e i n g  u s e d  
u s e  i s  p e c u l i a r  to e a c h  o p e r a t i o n  
0 v a l u e  m e a n s  no  i n d e x i n g  
0 v a l u e  m e a n s  u s e  c o n s t a n t  z e r o  a s  r e g i s t e r  c o n t e n t s  
16 b i t  a d d r e s s ,  t h u s  m a x i m u m  m e m o r y  i s  64k w o r d s  

T h e  D A Y A C  h a s  a " L O A D "  k e y  on  the  c o n s o l e .  P u s h i n g  the  L O A D  k e y  b e g i n s  e x e c u t i o n  by f o r c i n g  the  
c o n t e n t s  of  c e r t a i n  D A Y A C  r e g i s t e r s  i n to  a n  i n i t i a l  c o n d i t i o n  to f o r c e  the  l o a d i n g  of  a p r o g r a m .  T h e  CC 
o r  c o n d i t i o n  c o d e  is  s e t  to a l l  o n e s ,  g u a r a n t e e i n g  i n s t r u c t i o n  e x e c u t i o n ,  the  IC o r  i n s t r u c t i o n  c o u n t e r  i s  
s e t  to o n e ,  p o i n t i n g  a t  the  f i r s t  i n s t r u c t i o n  in  m e m o r y .  T h e  f i r s t  t h r e e  m e m o r y  l o c a t i o n s  a r e  s e t  a s  
f o l l o w s  (in h e x ) :  

i) FC80000Z 
Z) 00000004 
3) 0000000A 

The first instruction is on input-output instruction, using the i-o control word pair in locations Z and 3. 
This i-o control word pair specifies that 10 DAYAC instructions written in hex on one card are to be read 

into memory starting at location 4. These I0 instructions ordinarily will be a bootstrap loader. When 

the two words of the i-o control word pair are executed, they are interpreted as no-op instructions. Thus 
the next instruction executed is the first one read in on the card. 

D A L  D a y a c  A s s e m b l y  L a n g u a g e  
i n s t r u c t i o n  f o r m a t :  L A B E L  M N E M O N I C  O P E R A N D  

w h e r e  L A B E L  i s  a s y m b o l  ( o p t i o n a l ) ,  i f  p r e s e n t  i t  m u s t  s t a r t  in c o l u m n  1 
M N E M O N I C  is  a D A Y A C  i n s t r u c t i o n  (MR,  J R I 4 ,  e t c . )  a D A L  p s e u d o - o p  

o r  a L A B E L  a p p e a r i n g  on a p r e c e d i n g  O P D F ;  i t  m u s t  be p r e c e d e d  by 
a t  l e a s t  one  b l a n k  

O P E R A N D  1 f i e l d  f o r  p s e u d o - o p  
1, Z, o r  3 f i e l d s  f o r  r e a l  i n s t r u c t i o n ;  i t  m u s t  be p r e c e d e d  by  a t  l e a s t  one  

b l a n k  

a f i e l d  i s  one  of: 

s y m b o l  
d e c i m a l  c o n s t  
h e x  c o n s t  
b i t  c o n s t .  

b e g i n s  w i t h  l e t t e r  A B C  
b e g i n s  w i t h  d i g i t  1 Z 3 8 9 
b e g i n s  w i t h  = = F F 1 0  
b e g i n s  w i t h  % %110111101  

s e c o n d  " f i e l d "  of  a r e a l  i n s t r u c t i o n  i s  a f i e l d  f o l l o w e d  by  a n  o p t i o n a l  m o d i f i e r  of  the  f o r m  (;:'}, (field),  
o r  (f ield$} 
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DAL p s e u d o - o p c  a r e  as  fo l lows :  

END X 
CONS X 
BSS X 

L EQV X 

ORG X 

L OPDF X 

SKIP X 

PAGE X 

REM X 

X is  the s t a r t  a d d r e s s  of the p r o g r a m  
X is the va lue  to be pu t  in to  the w o r d  
X is  the n u m b e r  of w o r d s  to be r e s e r v e d  
X is  the va lue  L is  to be g iven  
X is  the n e w  va lue  of the l o c a t i o n  c o u n t e r  
X is  the va lue  L is  to be g iven  
Skip X l i n e s  in  l i s t i n g  
Skip X pages  in  l i s t i n g  
R e m a r k ;  i g n o r e  this  c a r d  

S u m m a r y  of 512 DA YA C Ins t r u c t i o n s  

I 
Move 
Shif t  
Add 
aNd 
l e s t  l- _Sump 
C a l l  s u b r  
I_nput - ou tput  

R e g i s t e r  , )* 

e x a m p l e  s : MR 
AMNI 
JRI4 

eg is  t a r g e t ~  
e m  is t a r g e ~  ( N e g a t e  s o u r c )  ~ I m m e d i a t ~  

• o r  L o g i c a l  --Short o r  - 
o r  _Logical .L_ong o r  T a r g e t  n e g a t e d  
o r  Rota te  Shor t  o r  R e s u l t  n e g a t e d  
or _ otate  ong or _ esult and --Target 

z, A c(Z)=e(A) 
I, A(Z) c(A+c(Z))=c(A+e(g))- 1 

,A 

0 "1 ½ 
c o n d i t i o n  
m a s k  

o r  - (nothing)  

or  sk ip  if Z e r o  1 
or  sk ip  if ~ o t  zero[> 
o r  _Always-s k ip  ; 

j u m p  to A if p r e v i o u s  r e s u l t  was  z e r o  

The eight major classes of DAYAC Instructions are as follows: 

name 

mnemonic 

class 

op 

summa ry 

type modifiers 

condition codes 

example s 

move a full word 

M 

arith 

0 

move source word to target location 

none 

CC(0) set to 1 if source word is zero, set to 0 otherwise 

CC(1) set to 1 if source word is positive, set to 0 otherwise 

CC(Z) set to 1 if source word is negative, set to 0 otherwise 

MR 2,A c(2)=c(A) 
MRI 3,247 c(3)=Z47 

MM 2, A c(A)=c(2) 

MMI 0, A c(A)=0 

MRNI 3, Z47 c(3)=-Z47 

MRN Z, A c(Z)=-c(A) 
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D A Y A C  I n s t r u c t i o n s  ( c o n t . )  

n a m e  s h i f t  o r  r o t a t e  
m n e m o n i c  S 
c l a  s s a r i t h  
op 1 

s u m m a  r y 

type m o d i f i e r s  

c o n d i t i o n  c o d e s  

e x a m p l e  

s o u r c e  w o r d  c o n t a i n s  c o u n t  of n u m b e r  of b i t s  to be  s h i f t e d  o r  r o t a t e d  in t a r g e t  
w o r d .  A p o s i t i v e  c o u n t  i m p l i e s  a l e f t  s h i f t  o r  r o t a t i o n ;  a n e g a t i v e  c o u n t  i m p l i e s  
a r i g h t  s h i f t  o r  r o t a t i o n  
0 o r  LS l o g i c a l  s h i f t ,  s h o r t  
1 o r  L L  l o g i c a l  s h i f t ,  l ong  
Z o r  LS r o t a t e ,  s h o r t  
3 o r  R L  r o t a t e ,  l o n g  
n o t e :  l o n g  i m p l i e s  o p e r a t i n g  on a d o u b l e  w o r d  
CC(0)  s e t  to 1 i f  t a r g e t  w o r d  a f t e r  s h i f t  i s  z e r o ,  

s e t  to 0 o t h e r w i s e  
CC(1)  s e t  to 1 i f  t a r g e t  w o r d  a f t e r  s h i f t  i s  p o s i t i v e ,  

s e t  to 0 o t h e r w i s e  
CC(Z) s e t  to 1 i f  t a r g e t  w o r d  a f t e r  s h i f t  i s  n e g a t i v e ,  

s e t  to 0 o t h e r w i s e  
e x t r a c t  l e f t m o s t  c h a r  f r o m  w o r d  in  l oc  A 
M M I  0, 1 s e t  r e g  1 to 0 
MR Z,A c(Z)=c(A) 
SRI  1, 8, L L  s h i f t  l o g i c a l  l o n g  l e f t  

r e g i s t e r s  1 a n d  Z c o n t a i n  two w o r d  o p e r a n d  
e f f e c t i v e  a d d r e s s  (8) i s  the  s h i f t  c o u n t  

n a m e  
m n e m o n i c  
c l a s s  
op 
s u m m a r y  
type  m o d i f i e r s  

c o n d i t i o n  c o d e s  

e x a m p l e s  

add  
A 
a r i t h  
Z 
s o u r c e  w o r d  a n d  c ( t a r g e t )  a r e  a d d e d  t o g e t h e r .  
0 o r  - 

l o r T  
Z o r R  
3 o r  R T  
CC(0)  s e t  to 1 
CC(1)  s e t  to 1 
CC(Z) s e t  to 1 
A R  
A R I  
A M  
A M I  
A M  

R e s u l t  i s  p l a c e d  in  t a r g e t  l o c a t i o n  
do n o t h i n g  
n e g a t e  t a r g e t  w o r d  b e f o r e  a d d i n g  
n e g a t e  r e s u l t  a f t e r  a d d i n g  
n e g a t e  t a r g e t  w o r d  b e f o r e  a d d i n g  a n d  r e s u l t  a f t e r w a r d s  
i f  r e s u l t  i s  z e r o ,  0 o t h e r w i s e  
if  r e s u l t  i s  p o s i t i v e ,  0 o t h e r w i s e  
if  r e s u l t  i s  n e g a t i v e ,  0 o t h e r w i s e  
Z , A  c(Z)=c(Z)+c(A)  
Z, 3 c(Z)=c(Z)+3 
Z, A c(A )= c(Z)+c (A) 
1,A c(A)=c(A)+l 
0, A ,  T c ( A ) = - A  

n a m e  
m n e m o n i c  
c l a  s s 
op 
s u m m a r y  
type  m o d i f i e r s  

c o n d i t i o n  c o d e s  

e x a m p l e s  

a n d  
N 
l o g i c  
6 
s o u r c e  w o r d  a n d  c ( t a r g e t ) a r e  a d d e d  t o g e t h e r ,  r e s u l t  i s  p l a c e d  in  t a r g e t  l o c a t i o n  
0 o r  - do n o t h i n g  
1 o r  T n e g a t e  t a r g e t  w o r d  b e f o r e  a d d i n g  
Z o r  R n e g a t e  r e s u l t  a f t e r  a d d i n g  
3 o r  R T  n e g a t e  t a r g e t  w o r d  b e f o r e  a d d i n g  a n d  r e s u l t  a f t e r w a r d s  
CC(0)  s e t  to 1 i f  r e s u l t  i s  z e r o ,  0 o t h e r w i s e  
CC(1)  s e t  to  1 i f  r e s u l t  i s  p o s i t i v e ,  0 o t h e r w i s e  
CC(Z) s e t  to 1 i f  r e s u l t  i s  n e g a t i v e ,  0 o t h e r w i s e  
NR Z ,A  c(Z)=c(Z) . a n d .  c(A) 
NMI  0, A c(A)=0 
M N M  0, A,  T c(A)= . n o t .  A 
N R N  Z , A , R T  c(Z)=c(Z) . o r .  c(A) 
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name 

mnemonic 

cla s s 

op 

summa ry 

t y p e  m o d i f i e r s  

condition codes 

n a m e  
m n e m o n i c  
c l a s s  
op  
s u m m a  r y  
t y p e  m o d i f i e r s  
c o n d i t i o n  c o d e s  
e x a m p l e s  

name 

mnemonic 

cla s s 

op 

summary 

type modifiers 

condition codes 

e xampl e s 

n a m e  
m n e m o n i c  
class 

op 

summary 

t e s t  u n d e r  m a s k  a n d  s k i p  

T 
l o g i c  
4 
s o u r c e  w o r d  i s  m a s k .  m a s k  i s  u s e d  to  s e l e c t  b i t s  f r o m  t a r g e t  w o r d .  s e l e c t e d  b i t s  
a r e  o r ' e d  t o g e t h e r  a n d  t h e  n e g a t i v e  o f  t h e  r e s u l t  s e t s  z e r o  i n d i c a t o r  ( C C ( 0 } ) .  
o p t i o n a l l y  s k i p  n e x t  i n s t r u c t i o n  
0 o r  - n e v e r  s k i p  
1 o r  Z s k i p  i f  a l l  s e l e c t e d  b i t s  a r e  0 
Z o r  N s k i p  i f  n o t  a l l  s e l e c t e d  b i t s  a r e  0 
3 or A always skip 
CC(0) set to 1 if all selected bits are 0, 0 otherwise TRZ,*+I,A test reg g for 0, 

use next word as mask CONS=FFFFFFFF this word is a constant of all ones 

jump 

J 
a r i t h  
3 
j u m p  to  l o c a t i o n  s p e c i f i e d  in  s o u r c e  w o r d  
none 

unchanged 

JRI , A 
JM4 Z 

AMI 0, A 
5R2 , B 

u n c o n d i t i o n a l  t r a n s f e r  to  l o c  A 
t r a n s f e r  to  l o c  c o n t a i n e d  i n  r e g  Z i f  
p r e v i o u s  c o m p u t a t i o n  r e s u l t e d  i n  z e r o  
a d d  0 to  c ( A ) ,  s e t  c o n d i t i o n  c o d e s  
t r a n s f e r  to l o c a t i o n  c o n t a i n e d  i n  l o c a t i o n  B 
i f  A is p o s i t i v e  

C a l l  s u b r o u t i n e  
C 
l o g i c  
5 
j u m p  to s u b r o u t i n e  w h o s e  l o c a t i o n  (A) i s  s p e c i f i e d  i n  s o u r c e  w o r d .  
i n A ,  j u m p  t o A  + 1 
none 

unchanged 

C R I  , A s t o r e  IC  i n  A ,  j u m p  to  A + 1 
T M I  1 , A , Z  i f  b i t  31 o f l o c  A i s  z e r o ,  s k i p  n e x t  i n s t r u c t i o n  
C R I  , B c a l l  s u b r  B 
C M 4  Z i f  p r e v i o u s  c o m p u t a t i o n  r e s u l t e d  i n  z e r o ,  

c a l l  s u b r .  w h o s e  a d d r e s s  i s  i n  r e g  Z 

s t o r e  IC  

input- output 

I 

logic 

7 
source word is first word of an i-o control word pair word with the following 

format (S register contains its address for use by channel program): 

I T A G  D ' < ] ' ~ 0  { X R  { D E V  ) a d d r  { c o u n t  ,1 
o 1 t q io # sJ. I f  /6  l /  o J I  

a d d r ,  X R ,  a n d  I N D  a r e  u s e d  to l o c a t e  a b u f f e r  
c o u n t  i s  n u m b e r  o f  w o r d s  i n  b u f f e r  
D E V  i n d i c a t e s  i - o  d e v i c e  

0 i s  c a r d  r e a d e r  
1 i s  p r i n t e r  

t a g  ( 7 ) i n d i c a t e s  d i r e c t i o n  
0 i s  r e a d  
1 i s  w r i t e  

t a g  (6} i n d i c a t e s  n a t u r e  o f  d a t a  
0 i s  h e x  
1 i s  c h a r a c t e r  
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DAYAC REFERENCE MANUAL - I-IARDWARE 

The DAYAC is a microprogrammed, stored program computer, using a subset of PL/I as its micro- 

machine language. A listing of the DAYAC micro program is available as a separate document. The 
DAYAC performs an instruction fetch and interpretation, as described below, and then executes the sec- 
tion of code appropriate to the particular instruction. Micro code subroutines are used to calculate the 
effective address, set the condition code, convert binary to hex and hex to binary, perform the sign mag- 
nitude add function, and to execute the I/O control function. 

DAYAC Instruction Fetch and Interpretation 

I. next instruction, as specified by contents of IC (instruction counter), is fetched and broken up, 

components going to the various work registers 
2. IC is incremented by I, so that it points to the next instruction 

3. conditions are checked to decide whether to execute the instruction: 

DAYAC has a 3 bit CC(condition code) register: 
CC(0)=I if previous result was zero, CC(0)=0 otherwise 

CC(1)=I if previous result was positive, CC(1)=0 otherwise 

CC(2)=I if previous result was negative, CC(2)=0 otherwise 
CM is used to select the bits of interest in the CC. If any of the bits selected are I, the 
instruction is executed. If they are all zero, the instruction is skipped 

4. the effective address of the operand in memory is calculated: add to the address the contents 
of register XR. if IND=0, done. If IND=I, fetch the word whose address has been calculated, 

get new value for address, XR, and IND and repeat. 

note: if MR=0, c(XR0=0. 
5. if c(DIR)=0 c(T)=c(REG), c(S)=c(address) ie source is memory, target is register 

if c(DIR)=I c(T)-c(address), c(S)=c(REG) ie source is register, target is memory 

6. if c(MODE)=0 fetch c(S) as source word 
if c(MODE)=I use c(S) itself as source word 

7. if c(NS)=I, negate source word 
if c(OP(0))=0 operation is arithmetic, flip sign bit 

if c(OP(0))=l operation is logical, flip every bit in source word 
8. execute instruction: assumes source word in MDR, target address in T 

DAYAC REFERENCE MANUAL - DAL, The DAYAC ASSEMBLY LANGUAGE 

A s  y e t ,  t h e r e  i s  no  D A L  a s s e m b l e r  w r i t t e n  f o r  the  D A Y A C  i t s e l f .  T h e r e  i s ,  h o w e v e r ,  a c r o s s  
a s s e m b l e r ,  w r i t t e n  in  P L / I  w h i c h  wi l l  a s s e m b l e  p r o g r a m s  w r i t t e n  in  D A L  a n d  p r o d u c e  D A L  o b j e c t  d e c k s .  
A l i s t i n g  of the  D A L  c r o s s  a s s e m b l e r  i s  a v a i l a b l e  a s  a s e p a r a t e  d o c u m e n t .  

T h e  D A L  a s s e m b l e r  i s  a c l a s s i c  two p a s s  a s s e m b l e r .  P a s s  I d e t e r m i n e s  the  v a l u e  of e a c h  l a b e l  
s y m b o l  in  a D A L  p r o g r a m .  P a s s  II p r o d u c e s  the  a c t u a l  c o d e  f o r  e a c h  i n s t r u c t i o n ,  w i th  a l l  s y m b o l i c  r e f -  
e r e n c e s  r e s o l v e d  a n d  a l s o  p r e p a r e s  the  o b j e c t  d e c k .  

Th e  S y m b o l  t a b l e  c o n s i s t s  of  two p a r a l l e l  a r r a y s ,  a n d  a n  i n d e x .  F o r  e a c h  s y m b o l  i t s  e x t e r n a l  r e p r e -  
s e n t a t i o n  a n d  3Z b i t  v a l u e  a r e  s t o r e d .  T h e  O p e r a t i o n  t a b l e  c o n s i s t s  of  F o u r  p a r a l l e l  a r r a y s ,  a n d  a n  i n d e x .  
F o r  e a c h  o p e r a t i o n  ( m a c h i n e ,  p s e u d o  o r  O P D F )  i t s  e x t e r n a l  r e p r e s e n t a t i o n ,  32 b i t  v a l u e ,  p a s s  I b r a n c h  
a d d r e s s  a n d  p a s s  II b r a n c h  a d d r e s s  a n d  s t o r e d .  T h e  v a l u e  m u s t  i n c l u d e  (at  l e a s t )  v a l u e s  f o r  t he  f o l l o w i n g  
fields: OP(0-Z), CM(3-5), MODE(8), DIR(IZ), NS(13). 

The DAL assembler uses two very powerful subroutines. The ENTER function takes an external 

symbol and value and enters it in the appropriate table. ENTER checks for table overflow, duplicate sym- 
bol in table, and blank symbol. The CVT function converts OP to a 3Z bit value, appropriately masked 

and shifted. CVT(OP, I, J) returns a 3Z bit value, with significant bits only in positions I thru I + J and 
zeros elsewhere. Value is determined: if OP is a symbol, by looking OP up on the appropriate table 

(error if not in table): if OP is a constant, value is calculated (binary, hex, or decimal). 

The flow charts for the DAL assembler are on the following page. 
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T h e  D A Y A C  I n t e r n a l  r e g i s t e r s ,  t he  f l ow  of  d a t a  b e t w e e n  r e g i s t e r s ,  a n d  the  f u n c t i o n s  a c t i n g  on r e g i s t e r s ,  
a r e  d e p i c t e d  b e l o w :  s m a l l  n u m b e r s  i n d i c a t e  d a t a  w i d t h  in  b i t s :  

~EST I 
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DAL 

® 

f low c h a r t s  (2 pass )  

I ~ E A ~ C A  RD 1 
[ Save fo r  PASS Zl 

]SCAN for LABEL, MN, OP I 

I Look up MN in Operation Table I 
[ ~ pass l%ranchaddress'[ 

I N=CVT(OP,  0, 32)1 I N=CVT(OP,  0, 32)'J 
IENTERST(~_~ABEL, N) I E N T E R O P ( t A B E L ,  N, X, Y)] 

X = pass  1 b r a n c h  a d d r  
Y = pa s s  Z b r a n c h  a d d r  

® 

L_N:CVT(OP, 0, 32) i F E N T E R S T ( L A B E L ,  LOC)[ 
I LOC=NJ iN = CVT(OP, 0, 32) I 

t L O C  = L O C  ÷ N I 

~ENTERST(LABEL, LOC) I 
[LOG = LOC+ll 

ENTERST(LABEL, LOG) I 

I 'LOC(~)LOC + 1[ 

print Symbolic, 
real code 

[ :READ CARD i 

I SCAN for LABEL, MN, OP I 

i Look Up MN iJOperation Table i 
# 

I ~pass  2 b r a n c h  a d d r e s s  I 

4, 
f WORD=CVT(OP, 16, 1 I 

[ N=CVT}OP,, 0 ,32) .  I I N=CVT(OP,q. 0, 32) I 

J Skip N Lines  t I Skip N PAGES I 

V 
IN=CVT(OP,0, 32) I I N--CVT(OP, 0, 32)[ 

, le -J' 
I LOC:N I I LOC=LOC + N I 

® ® 

I WORD -- CVT(OP, 0, 321 I 
I LOC = LOC + 11 

[ S C A N  O P  f o r  REG t ADDR t XR t I t T Y P E  I 

VREG = c W r ( R E G ,  14, Zl 
IVADDR = CVT(ADDR,  I6,  16) 
IVXR -- c w r ( x R ,  10, 21 
IVI = CVT(I ,  9, 1) 
[.']TYPE = CVT(TYPE, 6, 2) 

.k 
I'WORD = OPVALUE VREG VADDR' I 
, VXR- Vl VTYPE 

ILOC=LOC+I I 
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DAYAC REFERENCE MANUAL - SYSTEM SOFTWARE 

1) B o o t s t r a p  l o a d e r  - T h e  L o a d  k e y  c a u s e s  10 D A Y A C  i n s t r u c t i o n s  i n  h e x  to  b e  r e a d  f r o m  a c a r d  i n t o  
m e m o r y  l o c a t i o n s  4 t h r u  13 ( h e x  C) a n d  c o n t r o l  to  p a s s  to  l o c a t i o n  4.  G i v e n  b e l o w  i s  a o n e  c a r d  D A L  
p r o g r a m  w h i c h  w i l l  c a u s e  t w o  m o r e  c a r d s  to  b e  r e a d  i n  s t a r t i n g  a t  l o c a t i o n  14 ( h e x  D) .  T h i s  p r o -  
g r a m  i s  m o r e  g e n e r a l  t h e n  n e e d  b e  f o r  t h i s  p u r p o s e ,  b u t  m e r e l y  b y  c h a n g i n g  t h e  t e r m i n a t i o n  c o n s t a n t  
i n  l o c a t i o n  i 0  ( h e x  A)  t h i s  p r o g r a m  c o u l d  r e a d  i n  a n y  f i x e d  n u m b e r  o f  c a r d s :  

l o c a t i o n  ( h e x )  D A L  i n s t r u c t i o n  
4 I R I  , = B 
5 A M  3,  =B  
6 M R  Z, =B 
7 A R N  Z, =A 
8 J R I 4  , =D 
9 J R I  , 4  
A , =21 

B ,=D 

C , =A 

comment 

read card, control word in B 

increase buffer address by dec i0 

load RZ with hex buffer addr 

subtract termination constant 

if zero, done, jump to hex D 

jump to 4 to read next card 

test word 

input control word pair 

2) G e n e r a l  l o a d e r  - T h e  t wo  c a r d s  r e a d  i n  b y  t h e  b o o t s t r a p  l o a d e r  w i l l  c o n t a i n  a g e n e r a l  l o a d e r  c a p a b l e  
o f  r e a d i n g  D A L  o b j e c t  d e c k s .  E a c h  c a r d  o f  a D A L  o b j e c t  d e c k  h a s  t h e  f o l l o w i n g  f o r m a t :  

O n D o a a a a  X 1 X z X 3 X 4 X 5 X 6 X 7 X 8 X 9  

w h e r e  e a c h  Xi  r e p r e s e n t s  a u n i t  o f  8 h e x  d i g i t s  o r  8 b l a n k s ,  n i s  a c o u n t  i n d i c a t i n g  t h a t  t h e  f i r s t  n o f  
t h e  X i ' s  a r e  s i g n i f i c a n t ,  a n d  a a a a  i s  t h e  a d d r e s s  i n t o  w h i c h  X 1 i s  to  be  l o a d e d .  If  n i s  z e r o  t h e n  a a a a  
i s  t h e  a d d r e s s  o f  t h e  f i r s t  i n s t r u c t i o n  i n  t h e  p r o g r a m  to  b e  e x e c u t e d .  T h e  G e n e r a l  l o a d e r  i s  l i s t e d  
below: 

location (hex) DAL ins truction 

D IRI , =19 

E MR I, =IC 

F SRNI I, Z4, LS 

I0 JR4 , =IC 

II MR 3,=IB 

1Z N M N  3,=iC, RT 

13 AMNI l,=IC 

14 MR 3,=IC(I) 

15 M M  3, = i C ( * )  

16 A R N I  1, 1 

17 JRI4 , =D 

18 JRI , =14 

19 , =IC 

IA , =A 

1B O, O(1) 

1C 

comment 

input into buffer 

r i g h t  s h i f t  Z4 to  i s o l a t e  n 

i f  n = o ,  j u m p  to  a d d r  i n  h e x  1C 

1 b i t  i n d i c a t i n g  X R 1  

o r  t h e  b i t  i n t o  h e x  1C 

s u b  1 f r o m  h e x  1C 

l o a d  R3  w i t h  w o r d  f r o m  b u f f e r  

s t o r e  i n  p r o p e r  l o c a t i o n  

n=n- 1 

if n=O read next card 

m o v e  n e x t  w o r d  

c o n t r o l  w o r d  p a i r  

hex 00100000 

buffer 

Z5 
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