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S LO WCR E F 

DECUS Program Library Write-up 

I NX? ODUCT ION 

In rnany sifuations of assembling, debugging 

DECUS NO. 12-9 

and modifying programs, a cross-reference listing 
i s  an invaluable aid. This listing i s  particui,rly useful when a programmer wishes to make 
chciges in a large program or one he does not know we1 I. 

A cross-reference i s  an alphabetical listing of  a l l  user-defined symbols with the line numbers 
at which the symbol was defined and used. Thus, the various places that a tagged location or 
an equated symbol i s  used ure easily identified. 

SLOWCREF i s  a modified version of fhe PDP-12 cross-reference program, CREF 12 (DEC-12- 
FRZA-D), and i s  used for the special case when a cross-reference of a long system program 
(e.g. PIP) i s  needed. 
size of a program which i t  can successfully cross-reference. SLOWCREF runs on a 16K 
machine, thus doubling the size of  the program which can be cross-referenced. 
symbol table crosses f ield boundaries when doing searches and inserts, SLOWCREF runs from 4 
to 8 times slower than CREF 12 on the same program. 
than about 2/lrpl blocks, try to use CREF 12 to cross-reference the program first, rather than 
SLOWCREF. 

CREF 12 i s  designed to be run on an 8K machine, thereby l imiting the 

Because the 

Therefore, i f  the user's source i s  less 

it should be noted that the usefulness of a cross-reference i s  almost directly proportional to 
the quality of the coding. 
in ot.c!'er to make the best use of SLOWCREF: 

In particular, the following principles should be used in new coding 

1 .  Use symbolic references for beta registers, auto-index registers, page zero constants and 
temporaries, and fixed core locations. 

2. Avoid use of large displacements from a tag (e.g., T A D  X+12 or JMP Y-6) because refer- 
ences to X and Y ,  respectively, rather than the locations actually used, w i l l  appear i n  the 
cross-reference. 

ENVIRONMENT 

SLOWCREF (including i t s  header) occupies six blocks in the DIAL fiJe area of any unit. 
ioaded into Iocatiom fl through 2377 of f ield 1 and is entered at 2@ in f ield 1 .  

I t  is 

USING SLOWCREF 

SLOWCREF i s  intended for use in conjuncticn with the LISTAPE psnudo-op of the DIAL-MS 
Assembier. 
storage device, r-ather than on the consoie Teletype (R) or l ine printer. The resulting data 

LISTAPE (with a positive argument) produces a normal assembler listing on a mass 

Teletype i s  a registered trademark of Teletype Corporation 
R 



may then be processed by SLOWCREF to produce a fu l l  cross-reference of  user-defined symbols 
arid, optionally, the assembly listing. 

To use SLOWCREF, insert a LISTAPE n pseudo-op in  the program of interest, where n i s  an ex- 
pression whosc value i s  between fl and 17, octal, and i s  taken as the unit number o f  a scratch 
tape (18-17) on which the Assembler listing w i l l  be produced. 

The user must exercise caution i n  assigning units for LISTAPE because the listing information i s  
written directly sn the unit sfarting a t  block zero without regard to anything else that may be 
on ihe same unit. Therefore, uni t  n should be either CI scratch tape or a logical disk devoted 
to scratch work. 

Opera t i rig Procedures 

1 .  Set a l l  six sense switches on. Be sure the tape or disk uni t  assigned by the LISTAPE pseudo- 
c>p is. ready and WRITE ENABLEd. 

2. Assemble the program with the LIST command (refer to the LAP6-DIAL Programmer's 
Reference Manual, DEC-12-SE2D-D). 

3. 
the Editor display returns, load SLOWCREF by typing- LO SLOWCREF,P( B) . 
4. The  following message i s  printed: 

If a l ine printer i s  to be used for the cross-reference, it should be ready at this time. When 

UNIT #? 

Type an octal number between ,d and 17, followed by carriage return, for the unit on which the 
I isting was written, 

5. The next message is: 

LISTING [Y OR N1 ? 

Type Y i f  h e  full assembly listing and Q cross-reference are desired; N i f  only the cross- 
reference i s  needed. 

6.. SLBWCREF will then type: 

PRINTER [ Y  OR N] ? 

Type Y i f  i'fie output is to be praderced orI a l ine printer [ i f  must be ready before Y i s  entered), 
or Pl I f  the ouipuf i s  fo be tc the consols Teletype. 

Assliming the specified unit i s  available and ready, SLOWCREF w i l l  then read the listing 
(printing i t  i f  requested) and print the cross-reference table. 

Error Corid i t  ions . - ~ . - ~ _ . -  

Under scmc conditions, SLOWCREF w i l l  not be able to produce the cross-reference desired. 
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:. 
or may even be unable to process it at a l l .  
and return to DIAL-MS. 

i f  there were errors in the assembly, SLOWCREF may interpret the program incorrectly, 
!n the latter event, i t  w i l l  print "BAD INPUT" 

2. 
in this case, SLOWCREF prints: 

i f  there are a large number of symbols and references, the cross-reference table may overflow. 

CORE OVERFLO'iNED AT LINE NO. XXXX 

vdxre XXXX Is  the lust iine number processed. SLOWCREF prinrs the cross-reference up to 
That line, and returns to DIAL-MS. This problem wiZI arise i f  (NSYM"5 + NREF) i s  greater 
than 819$ where NSYM i s  the number of  user-defined symbols in the program, and NREF i s  
the number of' references to user-defined symbols. I f  there are more than 1638 symbols, this 
message will occur during the first pass, with XXXX equal to$$$$. SLOWCREF w i l l  print 
"BAD INPUT" and return to DIAL-MS. 

If c: program confaining a LlSTAPE pseudo-op i s  to be assembled without getting a cross- 
reference, use the normal assembly procedure with the sense switches off; this disables the 
EtSTAPE function. 

I NTERNAL DESCR I PTION 

After reading the DIAL-MS 1/0 routines info 7$,d$-7777 of f ield 1, SLOWCREF requests three 
parameters from the user: bhe unit from which to read the listing, i f  the listing i s  to be printed, 
and if  a line printer i s  to be used for the output, SLOWCREF then begins i t s  first pass over the 
data. The routine MAIN rewinds tlie input, init ializes counters, and calls the subroutines 
GETI-iN and ENDLST to get (3 l ine of input and check i t  for the separator between the listing 
proper and the symbol table, respectively. This separutor i s  a line with one of two message, 
"NO ERRORS" or "XXXX ERRORS. ' I  If the input runs out (indicated by a word of zero) before 
the separator i s  found, the input i s  invalid and processirig is terminated with the message "BAD 
INPCIT. ' I  l f  the separator i s  found, SYMBUILD takes over and reads the symbol table. 
symbol is stored in stripped ASCII form in f ield 3 followed by two words of zero. 
added, the table i s  shifted down towards location ,d of Field 2. 

Each 
For each symbol 

LSlhen the end of data i s  found, control passes to PART2, which rewinds the input f i le. MAJOR 
cal!s GETLIN and ENDLST to get successive lines from the f i le and test for tlie end of  the Iisiing 
proper. After checking for the separator, MAJOR flows into SCAN, which collects a symbol 
at NAME, cal ls NSERCH to search the symbol tab!e foi it, and ( i f  it finds the symbolj stores the 
l i ne  number with the symbol in the table. Corltrol returns to SCAN enti1 either corriage return, 
slash, or "TEXT" i s  found. Coqtrol then returns to MAJOR to get a new line. 

When u separator i s  found, control transfers fo DUMP, which prints a header, then reads each 
syrnboi from the fi le. 
which A c  symbol was defined, and then the l ine n:;n?bers ot which the references to i t  were made. 

Euch symbol and i t s  value are printed, foI!owed by the line number at 

O u t p u t  is terminafed, anc! control returns to DIAL-MS, when the e!?d of the symbol tab!e i s  found. 
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The f u n c t i o m  of minor r o u t i n e s  are as fo l iows:  

I?,OP!!P - i\nuintcins SYSCOUNT to keep t r a c k  of f i e l d  fl u t i l i z a t i o n  a n d  issue t h e  m e s s a g e  
,'CORE OVERFLOWED AT LINE NO. XXXX" w h e n  the symbol  table ove r f lows .  
scan when a r e f z r e n c e  i s  to he added to the symbol  table. 

C u l l e d  by 

CRLF - Go i o  a new l i n e  o n  the T e l e t y p e  o r  l i n e  p r i n t e r .  

GETBLK - Gttt 8 blocks from the i n p u t  file. Used by GETLIN w h e n  the i n p u t  bu f fe r  i s  e m p t y ,  
and  by M A I N  atid PART2 to r e w i n d  the i n p u t  a n d  r e u d  the first  bu f fe r  load. 

GETC - O h k a i n  i h e  n e x t  c h a r a c t e r  from t h e  c u r r e n t  l i n e  a n d  r e t u r n  i t  in CHAR a n d  the AC. 
Used b y  m a n y  r o u t i n e s .  

GETS-IN - Get a line ( a  s t r i n g  of c h a r a c t e r s  t e r m i n a t e d  by z e r o  or l i n e  f e e d )  from t h e  i n p u t  
File. I f  E!STSW is rwn-ze ro ,  p r i n t  i t .  

IMOVE - M o v e  a block of d u t u  a c r o s s  f i e l d  b c u n d a r i e s .  
m i r y  into the :ymbol table. 

Used by SYMBUILD to m o v e  a n e w  

IPUSi-i - Move Q por t ion  of the symbol  table d o w n .  
buil i  by pushing prev ious  e n t r i e s  d o w n  to lower  c o r e  addresses and e n t e r i n g  each n e w  symbol  at 
the e n d  of t h e  list {at t h e  top of field ,@. 
fa! lowing the symbol. 

Dur ing  SYMBUILD, the symbol table is 

Dur ing  SCAN, r e f e r e n c e s  to e a c h  symbol  are s t o r e d  
!PUSH is called to m a k e  room For each en%-y. 

ISNiJM - Examine  the first  four  c h a r a c t e r s  of the c u r r e n t  l i n e .  
P t l .  

I f  n o t  octal digits, r e t u r n  to 
O t h e r w i s e ,  c o n v e r t  then? to b i n a r y ,  s t o r e  b i n a r y  a: LINENO, a n d  r e t u r n  to Pt2. Called 

o n i y  by MAJOR. 

IZERO - S e a r c h  the symbol  table, s t a r t i n g  at the l o c a t i o n  a d d r e s s e d  b y  TEMP, for  u word  of 
zercj. O t h e r w i s e ,  r e t u r n  to P-i-2 w i t h  TEMP p o i n t i n g  to t h e  
z e r o .  
I e f e r e n c e s  to the c u r r e n t  symbol .  

if n o n e  i s  found ,  r e t u r n  to P+1. 
Cailed by NSERCH io  look for the iiext symbol  a n d  by SCAN to f ind  t h e  e n d  of t h e  

LIMJP - C s i n p a r e  the v a l u e  in t h e  AC to two l imi ts .  
i f  AC i s  o ! ~ t  of l imi t s ,  r e tu rn  to a d d r e s s  in P+4. 
Used by m a n y  r o u t i n e s .  

If t h e  AC i s  z e r o ,  r e t u r n  to address in Pt-3; 
I F  AC i s  within the  l imits,  r e t u r n  to P+5. 

NISERCH - Find  the symbol  iable e n t r y  w h i c h  m a t c h e s  the symbo!  at NAME. 
nc m a t c h  

Return to P+l i f  
is found ,  or to Pi-2 i f  s u c c e s s f u i .  Called only by SCAN, 

PGCTAL - Pr in t  t h e  value in t h e  AC, c o n v e r t e d  to acta/ c h a r a c t e r s .  
the l i n e  tiumbel- at w h i c h  overflow o c c u r s  a n d  by DUMP 10 p r i n t  fhe cross-i-eference l i n e  n u m b e r s .  

Used b y  B O P U P  to p r i n t  

TTY - Print a c h a r a c t e r  s t r i n g .  
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