










































































































































































































































ARRAYS For each array declared in the outer block (built-in 
arrays), the fixed address of its first element is given a 
symbolic name. This name is constructed from the 
characters of the array name (up to the first 5) followed 
by a period. For instance, the first element of array CAT 
is CHT.; the first element of PDQARR is PDQAR.: The last 
semicolon was really a period. This dotted symbol points 
to the second word of the first"descriptor for string 
Arrays (see STRINGS, 17-14, ARRAY IMPLEMENTATION, 17-33). 

BLOCKS The first word of �t�h�~� first executable statement of every 
block or compound statement which has been given a name is 
given a label created in the same way as those for arrays 
above. This label cannot be gone to in the source 
proqram. It causes no proqram inefficiency. This label 
points at the first word of the compound tail -- not the 
first word of code generated for the block (skips any 
procedure or array declaration code). 

START 

Warnings 

The first word of code generated for any given program is 
given the name �~�s�.�~�.� 

Hanging Store 

15-15. Quite often an assignment statement results only in the 
loading of a PDP-10 accumulator. This Ae will not be stored into the 
core location identified with the name of the variable until it is 
necessary. Confusion can result if you set a breakpoint somewhere, 
then examine the core variables of interest without checking the 
immediately surrounding code to be sure none of the interesting 
variables are still in ACs. 

Long Names 

15-16. Since only the first 6 characters of an identifier are 
available, it is wise to declare symbols which will be examined by 
DDRAID in such a way that these six characters will uniquely identify 
them. 
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SECTION 16 

PROGRAM STRUCTURE 

THE 'SAIL CORE IMAGE (REQUIRED) 

16-1. The following thinqs must be present in a core image 
containinq SAIL-compiled files: 

Ma in Pro qra m 

16-2. A SAIL -main program', or an assembly language program which 
looks an awful lot like a SAIL main program, must be present if any 
SAIL-compil~d files are. A SAIL source program which has no 
entry-specification as its first element satisfies this requirement. 
The first statement executed after storage allocation is complete 
will be its first statement. There should be no more than one main 
program per core image. 

16-3. The salient characteristics of a main program are: 

1) Its .BEL file has a starting address block (the loader will 
tell the time sharing system to start the program at this 
address) • 

2} Its first task is to determine whether the program was 
started in RPG mode. If so, the global variable RPGSW is 
se t toT R U.E ; 0 the 1:' W is e F 1\.L S E • 

3) Its next task is to call the storage allocator with 
JS.R S.AILOR. 

4) It should then proceed with the main control of the program. 

4) It should execute a POPJ 17~O when it is all done. 

5) It may not execute any UUOs except SAIL 
permanently the DUO locations 40 and 
ca ution. 

storage Allocation, Basic utilities 

UUOs (nor alter 
41) without great 

16-4. There is a set of routines which must always be loaded to 
establish the operating environment for SAIL programs. These 
routines al'loea te storage, set up push down pointers, and initialize 
some of SAIL'S internal tables. Other routines included in this 
packaqe are a String garbag~ collector (see STRINGS, 17-14)" and 
several basic routines which many others call upon. 
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16-5. These programs will be loaded automatically from LIBSAT.REL 
if the JSR SAILOR instruction, where SAILOR is an external request, 
is present in the main ~rograrn (this'is automatic for SAIL-compiled 
rna in pro g ram s) • 

other Execution-Time Routines 

16-6. All liD, String-handling, etc. is done by routines which 
understand about SAIL. Programs requirinq these services should 
probably use these routines. SAIL~compile~ files automatically 
request these blessed routines from LIBSAI~REL. 

OPTIONAL ADDITIONS 

separately Compiled ProcEdures 

16-7. When a program becomes extremely .la.rge it becomes tlseful to 
break the program up into several files which can be compiled 
separately. This can be done in SAIL by preparing one file as a main 
program, and onp or more other files as programs each of which 
contains one or more procedures to be called by the main program. 
such a file must have the following characteristics: 

1) An entry specification (see Entry specifications, 2·-1) must 
be the first item in the program (preceding even the BEGIN 
for its outer block). The list of identifiers wil~ be used 
to form an Entry Block for the loader. Therefore the file 
may be placed in a user library if desired. The format of 
libraries is described in [Weiher]. The identifier(s) 
appearing in the entry list may be any valid identifiers, 
but usually they will be the names of the procedures 
contained in the file. No starting address will be issued 
for a program containing an Entry Specification. No 
checking is done to see if entry identifiers are ever really 
declared in the body of the proqram. 

2) Since no starting address is present for this file, entry to 
code within it may only be to the procedures it contains; 
the statAments in the outer block, if any, can never be 
executed. III procedures to be called from the, main program 
(or procedures in other files) must he qualified with the 
INTERNAL attribute when they are declared. External 
procedure declarations with headings identical to those of 
the actual declarations must appear in all those programs 
which call these procedures. 

3) Th~se internal procedures must be uniquely identifiable by 
the first six characters of their identifiers. In general, 
any two internal procedure names (or any other Internal 
variables in the same core image) with the same first six 
characters will cause incorrect linkages when the programs 
are loaded. 

4) Any variables (simple or array) which appear in the outer 
block of a Separately Compiled Procedure program will be 
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global to the procedures in this program, but not available 
to the main program (unless they are' connected by 
Internal/External declarations -- see below). Arithmetic 
arrays in these outer blocks will alvays be zero when the 
program is first loaded, bnt~ will never be cleared as others 
are (see starting the Program -- Normal Operation, 15-2) -­
String arrays are always cleared. 

5) Any variable, procedure or label may contain the attribute 
INTERNAL or EXTERNAL in its declaration (ITE~S may not). 

16-8. The INTERNAL attribute does not affect the storage 
assignment of the entity it represents, nor does it have any effect 
on the behav ior of the entity (or the scope of its identifier) in the 
file wherein it appears. However, its address and (the first six 
characters 'of) its name are made available to the loader .for 
satis'fying External requests. 

16-9. No space is ever allocated for an External declaration. 
Instead, a list of referenc.es to each ,External identifier 1s made by 
the compiler. This list is passed to the loader along with th~ firsi 
six characters of the identifier name. When an Internal name 
matching it is found during loading, its associated addre~s is placed 
in each of the instructions ment.ioned on the list. No program 
.inefficiency at all results from I~xternal/lnternal linkages (belay 
that references to External arrays .are sometimes more 
inefficient). 

16-10. The entity .final.lyrepresented by an External identifJier is 
only accessible within the scope of the External declaration. 
Transfers to external labels are always allowed, but if things work 
cor.rectly when this is d~ne it is only by sheer luck that they do. 

Fortran Procedures 

16-11. 'Fo r a program w.r itten in DEC FORTRAN IV to run· in the SAIL 
environment, the following restrictions must be observed~ 

1) It must be a SUBROUTINE or FUNCTION, not a main program. 

2) It must not execute any FORTRAN 1/0 calls.. The UUO 
structures of the two languages ar~ notcompatab1e. 

3) It must be declared as a Fortran.Procedure (see Fortran 
Procedures, 6-12) in the SAIL program which calls it. 

The type bits required in the a'rgument addresses for Fortran 
arguments a re passed correctly to these ,routines. 

The SAIL compiler will not produce a proced~re to be called from 
FO'RTRAN. 
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Assembly Languaqe Procedures 

16-12. The implementation section contains the following 
paragraphs to aid in writing assembly. language procedures: User 
Table, 17-1, STRINGS, 17-14, ARRAY IMPLEMENTATION, 17-33, storage 
Allocation Routines, 17-5, and PROCEDURE I~PLEMENTATION, 17-46. In 
addition, the following rules should be observed: 

1) The ENTRY, INTERNAL, and EXTERNAL pseudo-ops should be used 
to obtain linkages for procedure names and 'global~ 
identifiers (remember that only six characters are used for 
these linkage names. 

2) Accumulators P (currently '17) and SF ('16) should be 
p:reserved over fu nc·tion calls. P may be used as a push-down 
pointer for arithmetic values and return addresses. SP is 
th~ strinq stack pointer. string results are returned on 
this stack. Arithmetic results are returned in AC 1 (see 
PROCEDUR·E . .r ~PLEMENTATION, 17-46). 

3) The UUO locations 40 and 41 should be preserved. 

4) JOBPF must be set by the user to some free buffer ~rea 
before aUTBUF or INBUF UUOs are executed. JOBPF is 
periodically set by SAIL to an invalid address. 

5) The CORE UUO may be used to increase memory size, but never 
to decrease it. Never attempt to use directly any of the 
memory space currently assiqned to the job (except that 
explicitly provided in the routine). Felease all memory 
obtained in this way before returning to SAIL routines. See 
storage Allocation Routines, 17-5 for instructions on 
obtaining Gore from the SAIL memory allocators (a much 
safer, and~sometimes faster way). 

others 

16-13. There are no other known processors which will produce 
SAIL-compatible programs. In particular, the LISP 1.6 system, by its 
very nature, contains storage allocation conflicts which are 
difficult to resolve. If a gre~t need for this kind 6f compatibility 
develops it can be provided. 
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SECTION 11 

I~PLEMRNTATION INFORMATION 

STORAGE LAYOUT 

User Table 

17-1. All working storage areas for a SAIL-generated program and 
its execution-time routines are dynamically allocated some just 
oncp wh~n th0 program is first started, some as more space is needed. 

17-2. The first area allocated is a several hundred word table 
which contains information about the rema1n1ng storage areas and 
qlohal variables for the execution-time routines. A single internal 
variable, GOGTAB, will always contain a pointer to this table. The 
expcution-time routines make all accesses to storage through this 
table or through user-suppli~d addresses. They would therefore he 
totally re-antrant if the GOGT~B variable were allowed to vary over 
several llsers. 

17-3. A FnIL source file containing symholic indices for the user 
tahl~, as well as some useful MACROs, OPDEPs, and accumulator 
dpfinitions is availahle to provide accessability to this table for 
assembly language routines. Thisfilp may be concatenated to a FAIL 
proqram before ass~mbly. 

17-4. Most execution-time routines load the address contained in 
GOGTAB into the accumulator USER (currently '15) in order to index 
the user table. Thus in what follows, symbolic index XX into this 
table will be listed as XX(USEF). 

storage Allocation Routines 

17-5. SAIL makes all requests for storage through the routines 
CORGET, COR1L8L, cOnINC, and CANINC. These routines are,described in 
the following paraqraphs. The AC's THTS and SIZ are currently set to 
2 and 3, respectively. All core routines are called with POSHJ 
17"routine. 

Corget 

17-6. Corget is called with the desired size of a block of storage 
in register SIZe It returns the address of the new block in THIS. 
No other accumulators are altered. Normally the function skips on 
return. It does not skip if insufficient core is available to grant 
the request. The address returned is that of the first free data 
word (DATA below). 
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17-7. 

HEAD: 

DAT.A: 

END: 

A SAIL core blocK has th~ following form: 

---LAST,,--NEXT 
SIZE 
BLOCK SIZE-j 

USEBIT, ,--HEAD 

;when not in use (free list links) 
;END-HEAD+1, negated when block is in use 
~available to user -- sometimes a few more 
; words than requested will be contained 
; in the block 
:USEBIT is 400000 if block is in usef else 0 

The first time CORGET is called, GOGTAB is o. 
an~ performs the following special actions: 

CORGET notices this 

1) Prepares to allocate storage just past the' program and 
symbols (left half of JOnSA contains the relevant address). 

2) Allo~ates the user table; puts pointer in GOGTAB. 

3) Forms remaining free storage from the end of the user table 
to cont.ents (JOBREL) [C(JOBRE.L)] int.o a single free SAIL 
block. Puts ~HEAD in LOCUSER), FRE(USER). Puts C(JOBREL)+1 
in TOP(USER). 

4) Performs the requested CORGET operation. 

17-8. FRE(USER) is the header of a linked free storage list, 
Blocks are obtained from this list and the list is updated. CORREL 
releases blocks onto this list. If no currently free block will 
satisfy a CORGET request, the CORE UUo is executed to get more from 
the time sharing system. 

17-9. Users are free to use the CORGET function if they will be 
careful of the two header words and the single trailer word 
associated with each block. Release. these blocks as soon as possible 
to prevent undue checker-boarding of free storage. 

Correl 

17-10. Correl is called with the address obtained in the 
corresponding Corget call (the DATA address) in register THIS. The 
block is returned to the free storage list. If either of the two 
neighboring blocks is already free, the adjacent free blocks are 
merged with the one being released to form a bigger one. If the 
block being released is uppermost in core, and if it ,occupies more 
than about 2K~ the core size of the program is contracted using the 
CORE 000. About 2K of free storage is left in this case. No ACs are 
altered by CORREL. 

corine 

17-11. Corine is called with the DATA address of a SAIL block in 
THIS and a desired increment in SIZ. If there is a free b10ck 
directly above the THIS block with at least SIZ free words., or if the 
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THIS block occupies the highest addresses of any block in use, the 
request is granted, the b10ck is extended by SIZ words and the 
function executes a ski'p-return. Otherwise no sk.ip occurs and no 
action is taken. No ACs will be altered. 

canine 

17-12. Canine pecforms the same tests as Corinc and skips under 
the same con~itions. It also uses the same calling sequence. If it 
does not skip, it returns with SIZ altered to show the number of 
words by which the DATA block can be increased. It is 0 if no 
increase is possible. This function never affects current core 
allocation. 

17-13. These functions are n6t available to SAIL programs since 
core can be obtained by array declarations (which in turn use these 
fn net ions) • 

STRINGS 

string Descriptors 

17-14. A SAIL String has two distinct parts: the descriptor and 
the text. The descriptor is unique a·nd has the following format: 

WORD1: STRINGNO"LENGTH 
WORD2:BYTP 

1) STRINGNO. This entry is 0 if the string is a constant (the 
descriptor will not be altered, and the string text is not 
1n string space, is therefore not subject to garbage 
collection). Every ti me a String is. created via the 
concatenation operator, or Input function, or an 
Integer-string type conversion, it receives a new STRINGNO. 
Each new String receives a number one greater than the last, 
starting at 1 when the program is initialized. All strings 
formed as substrings of a given string have the string 
number of the original (major) string. These numbers aid in 
increasing String garbage collection efficiency. 

2) LENGTH. This number is zero for any null string; otherwise 
it is the number of text characters. 

3) BYTP. If count is Of' this bytepointe.r is never· checked, (it 
need not even be a valid byte pointer). Otherwise, an ILDB 
machine instruction pointed at the BYTP word· will retrieve 
the first text character, of the string. The text for a 
String may begin at 'any point in a word. The characters are 
stored as LENGTH contiguous characters. 
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17-15. A SAIL String variable contains the two word descriptor for 
that variable. The identifier naming it points to WORD1 of that 
descriptor. If a string is decla red INTERNAL, a symbol is formed. to 
reference WbRD2 by taking all characters from the original name (up 
to 5) and concatenating a·.· (OnTSTRING's second word would be 
la beled OUTS T. ) • 

11-16. When a string is passed by reference to a procedure, the 
address of WORD2 is placed in the P-stack (see PROCEDURE 
IMPLEMENTATION, 11-46). For VALUE strings both descriptor words are 
pushed onto the SP stack. 

17-17. A string array is a block of 2-word String descriptors. 
The array descriptor (see ARRAY IMPLEMENTATION, 11-33) points at the 
secon'd word of the -first descriptor in the ar.ray. 

17-18. Information is generated by the compiler to allow the 
locations of all non-constant strings to be found for purposes of 
qarbage- collection and in! tia liza t ion (see PROCEDURE IMP LElfENTATION; 
17-46). All string variables and arrays are cleared to NULL whenever 
a SAIL program is started. ' 

String Operations 

17-19. The four basic string operations are concatenation (CAT), 
substrings (SUBSTR), String-integer (GETCH), and Integer-string 
(PUTCn). Other functions producing or operating upon strings are 
described in Execution Routines, 12-1. 

Cat 

17-20. CAT forms a new String from two other strings (constants or 
otherwise). The calling sequence is: 

PTJSH 
PUSH 
PUSH 
"PUSH 
PUSH\l 

SP,WORD11 
SP,WORD12 
SP, WORD21 
SP,WORD22 
p,eAT 

;WORD1, FIRST ARGUMENT 
;WOBD2, FIRST ARGUMENT 
;ETC. 

The result is found as a new two-word descriptor on top of the SF 
(currently Ie '16) stack. If either argument is the null String, the 
result is the other argument. If the first argument occupies the 
space diredtly preceding the first free character in String space, 
only the second argument is copied. Otherwise, both a"rguments are 
copied (in order) into free space to form the result. A new Strinq 
number is created for this result. The LENGTH field is the sum of 
the LENGTHs of the two arguments. 
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Substr 

17-21. SUBSTB returns a descriptor representing a part of its 
input argument. SUBSTR is really three routines, called as follows: 

SUBST 

PUSH SP"WORD1 
PUSH S P ,WORD2' 

SUBSR SUBS! 
PUSH P,LASDX 
PUSH P ,FIRSDX' 

PUSA P ,~IUMCHR FUSH P, FI.RSDX 
PUSH P ,FIRS DX 

PUSHJ P,SUBS(T/R/I} 

LASDX is ,the number o.f the last character t'o be included (startin'g 
with 1). F~RSDX is the number of the first character to be included. 
NUMCHB is the number of characters to be included. 

17-22. The result is always a two-word descriptor in the SP stack 
descrlbi ng t he substring. 

SURST is used for the construct ST[X for Yl. 
SOBSR is used for ST(X to Yl. 
SUBSI is used for ST[X to INP]. 

17-23. An error message is printed if the request can not be 
satisfied. This will result in job abortion. 

17-24. The string number of the output is the same as the string 
number of the input. 

Gatch 

17-25. Call with 

PUSH SP,WORD1 
PUSH SP,WORD2 
PUSHJ ~P, GETeR 

The first character if the String is returned in AC1 unless the 
String is NULL; zero is returned in this case~ The SP stack is 
adjusted. ,to remove the parameter. An error message will be printed 
if some part of the requested substring does not exist. 

Putch 

17-26. Call with 

PUSH 
PUSH,) 

P, VALUE 
P,PrJTCH 
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The result is a String descriptor with count of 1 on top of the SP 
stack. The P stack is adiusted to remove the parameter. and return 
address. The string n~mber is new. The low order 7 bits of VALUE 
form the single character in the string. 

string Space 

17-27. The normal or user-specified (see STORAGE ALLOCATION, 
14-22) numbar of words required for strings is used to obtain a 
single SAIL block (see storage Allocation Routi~es, 17-5) when the 
program is started. The limits of this area are placed in ST(USER) 
and STTOP(USER). Other parameters are set up as described below. 

17-28. String text characters are placed contiguously in this area 
as strings are created. When not enough storage remains for a 
contemplated Strinq, the garbage collector (see string Garbage 
Collection, 17-30) is called to obtain more (by compacting the 
current space, if possible). If this fails, the program will restart 
and request more reasonable allocation. 

Parameters Used hy String operations 

17-29. 

ST (USER) 

STTOP (USER) 

TO P B Y T E ( tJ S E R ) 

RE McnR (U SER) 

TO ps'rn (TJSER) 

Bottom (low address) of String space 

(Top+1) of String space 

Byte pointer such that IDPR TOPBYTE(USER) will 
store into next character 

Negated number of free characters remaining 

WORD1 for last created 
substrinq operations). 
decide whether its first 
moved (s~e cat, 17-20). 

string (doesn't include 
CAT uses this word to 
argument needs to be 

string Garbage Collection 

17-30. The string garbage collector <STRNGC) is called whenever 
the (estimatHd or actual) size of a soon-to-be-created String is 
larger than -REMCHR(USER). By various devious means it finds all 
active (non-constant) string descriptors, sorting them in ascending 
address sequence by using the byte pointers,' associating all 
substrings of a given active string (major string) ••• ouch. Then it 
compacts string space by moving the text for all major strings to 
lower memory locations occupied by text no longer reachable from any 
descriptor. Finally it updates all String descriptors and the 
parameters described above. If there is still not enough room, it 
prints a frustrated message and restarts the program with the 
alloca ti on sequence norma 11y obtained by typing the REEnter system. 
command (see STORAGE ALLOCATION, 14-22). 
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string-oriented Machine Language Routines 

17-31. If you must write a routine which operates on strings, 
please observe the following conventions: 

1) See PROCEDURE IMPLEMENTATION, 17-46 for conventions 
concerning input parameters and value returning. 

2) If you merely need to read a string, no particular care is 
required (don't change the descriptor of a reference String 
parameter by performing careless ILDBs). 

11-32. If you need to create a new string, these are also 
ap pl ieah Ie: 

4) Estim~te the number of characters if it is not known 
pXRctly. This ~stimate must be an upper bound; an 
unrealistically larq~ estimat~ will cause the garbage 
collector to work more often than nec~ssary. Place th€ 
0stim~t@ in rpqister A (1). 

Expcut~ the following code hefore doing any 
5 trinq-munchinq: 

MOVE 
]\ n.oM 
S-KIPL E 
PUSH .. 1 

USER,GOGT7\B 
A , R EM. C H.R (U SEH ) 
REMCHH(USER) 
P,S'T'RNGC 

;ESTARLISH ADDRESS ABILITY 
;UPDATE REMAINING COUNT 
iT EST IMPENDING OVERFLOW 
;COl .. LEC'r, WI.LL .NOT RETURN.IF 
~ NEW REMCHR+C{A»O. 

5) TOPBYTE(USER} should be your WORD2 result. Save it now. 

6) Do repeated IDPBs to TOPBYTR{USER) to store your string. 
This keeps TOPBYTE accurate. count characters if your 
estimate was only an estimate. 

7) Crea te WORn 1 of your result. The left ha 1f is the le-ft 
half of TOPSTR(USER) incremented by one. The right-half is 
the length of your new string. This word is not only WORD1 
of your result, but also should be placed in TOPSTR(USER). 

8) Subtract (estimate - actual length) from REMCHR(USER) to 
keep it honest. This should make REMCHB if anything more 
negative. 

9) Retu~n string results on the top of the SP stack. If a 
resulb is to go in a reference parameter (see PROCEDURE 
IMPLEMEN~~TION. 17-46) remember that the address you have 
is that of the WOBD2 (byte pointer) word of the descriptor. 

128 SAIL ·MANU AL 



ARRAY IMPLEMENTATION 

Form 

17-33. Let STRINGAR be 1 (TRUE) if the array in question is a 
string array, 0 (FALSE) otherwise. Then a SAIL array of n dimensions 
has the following format: 

HEAD: ~DATAWD 

HEAD-END-1 
ARRRED: BASE_WORD 

LOWER_BD(n) 
UPPER_BD(n) 
MULT(n) 

;SEE BELOW 

., .. 
LOWER_BD(1) 
UPPER_SD(l) 
MULT(1) 
NUM_DIMS"TOTAL_SIZE 

DATAWD: BLOCK TOTAL_SIZE 
<sometimes a few extra words> 

END: 400000,,-HEAD 

Explanation 

17-34. 

HEAD 

ARRRED 

BOUNDS 

MULT 

The first two words of each array, and the last, are 
control words for the Storage Allocation Routines, 
17-5. These words are always present for an array. 
The array access code does not refer to them. 

Each array is preceded by a block of 3*n+2 control 
words. The BASE_WORD entry is explained later. 

This is the dimensionality of the array_ If STRINGAR, 
this value is negated before storage in the left half. 

The total numbet of accessible elements (double if 
STRINGAR) in the array. 

The lower bound and upper bound for each dimension are 
stored in this table, the left-hand index values 
occupying the higher addresses <closest to the array 
data). If th~y are constants, the compiler will 
remember them too and try for hetter code (i.e. 
immediate operands). 

This number, for dimension m, is the product of the 
total number of elements of dimensions m+1 througb n. 
MULT for the last dimension is always 1. 
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This is 

DATAWD - the sum of (STRINGAR+1l*LOWER_BD(m)*MOLT(m) 

for all m from 1 to n. The formula for calculating 
the address of A[I,J,Kl is: 

address(AII,J,K]) = 
address(DATAWD) + 

(I-LOWER_BD(1».MULT(1) + 
(J-LOWER_BD(2»*MULT(2) + 
(K-I.OW.E.R._BD (3) ) 

This expands to 

address(AII,J,K) : 
address(DATA~D) + 

I*MU1T(1) + J*MULT(2) + K 
-(LOWER_BD(1)*MULT(l) + LOWER_BD(2)*MULT(2) 

+ LOWER_BD()) 
which is 

By pre-calculating the effects of the lower bounds, 
several instructions are saved for each array 
reference. 

Array Allocation 

Dy namic A.crays 

11-35. When an array is declared in any block other than the outer 
one, the compiler generates code tocal1 the frinction ARMAK with 
parameters describing the actay. This routine calls CORGET (see 
storage Allocation Routines, 11-5) to obtain enough storage, then 
sets up the control table and clears the data area to zeroes. The 
ARRHED address is saved in an array push-down list whose ,'pointer is 
ARRPDP(USER). The address of DATAWD+1 is returned for string ~rrays~ 
the address of DATAWD is returned for all others. The compiler 
generat.es code to store this address in the core cell bearing the 
name of the array variable. 

17-36. When all declarations for a block containing array 
declarations have been processed, the compiler issues a call to ARMRK 
which marks the array push-down stack (with a -1, as a matter of 
fact). On block exit (or when a GO TO transfers out of the block), 
the routine ARREt is called to remove this mark and return ali arrays 
back to the previous mark to the SAIL free storage list. 

17-37. The string garbage collector uses the array push-down stack 
to find dynamic string arrays which need attention. 
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Built-In Arrays 

17-38. Outer-block arrays have constant bounds. The compiler 
simply emits a Jrst instruction, then compiles the control table lnto 
the block head of the object program. It leaves room for the array, 
then issues the END word. The J~st instruction then finds its home 
in some code to clear the array to zeroes. 

17-39. Th~ core location bearing the name of the array has 
address of DATAWD (DA'l'AWD+ 1 i.f STRING AR) complIed into it. 
address is given the dotted name described in DEBUGGING, 15-9. 

the 
This 

17-40. For built-in string arrays, a String link block (see 
PROCEDURE I ~PLEMENTATION, 17-46) is issued following the space 
allocated for the array. The string garbage collector (see String 
Garbage Collection, 17-30) gains access to this array througb this 
st at ie 1 ink. 

11-41. It can he seen from all this that all dynamic and built-in 
arrays are cleared when the blocks in which they are declared a~e 
entered. Since the outer block of a separately compiled procedure 
file (see Separately Compiled procedures, 16-7) is never entered, its 
built-in arrays, although available' for use, a.re never cleared. The 
loader clears them once as it loads. 

Array Access Code 

17-42. In the worst case (no fixed bounds, bounds checking, not 
built.-in) the statement K ..... A [I,J] will be compiled as: 

MOVE 
MOVE 
CAML 
CAMLE 
AFERH 
IMUL 
MOVE 
CAML 
CAM.L F 
ARERR 
ADD 
ADD 
MOVE 
.MOVEM 

1,A 
2,T 
2,-4(1) 
2,-3(1) 
1,[ASCIZ /1\/] 
2,-2(1) 
3,J 
3,-7(1) 
.'3,·-6(1) 
2, {hSCIZ /1\/] 
3,2 
3,-10(1) 
4, (3) 
4,K 

;~PIRST DATA WORD 
;FIRST SUBSCRIPT 
~IF <LOWER BOUND OR 
;>UPPF.R BOUND THEN 
; ERROR IN INDEX 1 
;I*MlJLT(l) 
;CHECK DIMENSION 2 

;NO MULT FOR LAST, COLLECT OFFSET 
; + EASE_WORD 
;D~TA FROM A(I,Jl 
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17-43. If A is, however, declared in the outer block as SAF! 
INTEG~R ARRAY A(1:10,1:51, the code for AII,J1 is 

MOV.E 
IMULI 
ADD 
MOVE 
MOVEM 

1,I 
1,5 
1, J 
2,1\.-5(1) 
2,K 

: r+ M ULT (1) 
;COLt FCT OFFSET 
:CONSTANT PART OF ADDRESS COftPILED IN 

17-44. Alr,3] would be compiled as 

MOVE 1,I 
.IMur.I 1,5 
MOVE 2,1\.-2(1) 
MOVEM 2,K 

and J .... A[2,3J would be 

MOVE .3,A.+1 
• • • 
MOVEM 3,J 

17-45. Various configurations of array declarations and accesses 
result in code ~hich ranges between these degrees of efficiency. 

PROCEDURE IMPLEMENTATION 

17-46. 

Proced ure Body 

17-41. To describe the main characteristics of SAIL procedures, a 
set of sample procedures are displayed here along with the code they 
produce. Some of the entries are discussed in more detail below. 
The notation In] is placed in the comment field of the assembly 
instruction to refer to these discussions: 

INTEGER PROCEDURE P1(INTEGER I,J; STRING A); 
Pl: AOS P1PAC ;[1] INCREMENT PROC ACTIVE COUNTER 

BEGIN 
INT EGER 
INTEGER 

Q; STRING ,A,B; 
AR R .A Y X [0 : 5] ; 

PUSH 
PUSH 
'PUSH 
PUSHJ 
I10VEM 
PUSHJ 

<cod~ for procedure> 

P,IO] 
P,tS] 
P,ll] 
P,ARMAK 
1,X 
P,A'RMRK 

;ALLOCATE AND .CLEAR 
; STORE POI·NTER 
;END OF ARRAYS FOR BLOCK 
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RETUHN( Q) : 
MOVE 
PUSHJ 
JRST 

1,Q ;[2] RESULT IN 1 
P,ARREL 1[3] RELEASE ARBAYS FOR BLOCK 
P1EXIT ;EXITPROCEDURE 

<more code for procedure> 

PUSHJ 
P1EX IT: 50S 

SUB 
SUB 
JRST 

Q: 0 
X: 0 
TEMP07: 0 
A: flLOCK 
B: BLOCK 
P1PAC: 0 

XWD 
I.NKW 0: 0 

.LINK 

P,ARREL ;IF FALLS THROUGH, RELEASE ARRAYS 
P1PAC :ONE TIME LESS ACTIVE 
S~,[XWD 2,2] ;REMOVE STRING PARAMETER 
P,{XWD 3,3] ;[4] NON-STRINGS, RETURN !DDR 
@3( P) ; .RETUR N 

:ROOM FOR VARIABLE 
:ARBAY POINTER 
;[5] TEMPORARY STORAGE 

2 ; TWO WORDS FOR EACH STRING 
2 

:[6] PROCEDURE-ACTIVE COUNT 
2,A ;STRING COUNT, ... FIRST 

;[7] LINK PASSES THROUGH HERE 
1,LNKWD ;[7] CAUSES LOADER LINKAGE 

PROCEDURE P2(INTEGER I,J: STRING A); 
BEGIN 

INTEGER ARRAY X[0:10]; . .. 
BEGIN 

INTEGER AR~AY Y[0:10]; 

RETUR N; 

. . . 
END; 

END'P2-; 

PUSHJ 
PUSHJ 
JRST 

P,ARREL 
P, ARREL 
P2EXIT 

STRING PROCEDURE P3(STRING A,B); 
BEGIN STRING C. . . . 

RETURN(C) ; 
SUB 
PUSH 
PUSH 
JRST 

SP,[XWD 4,4] 
SP,C 
SP,C+1 
.P3EXIT 
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;RELEASE ARRAYS FOR ALL 
; BLOCKS IN PROCEDURE 

; RE110V.E PARA.liS 

;RETURN STRING RESULT 
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RETURN (B); 
SUB 
PUSH 
PUSH 
\lRST 

SP,[xwn 4,4] 
S P, 3 (s P) 
SP,3(SP) 
"P 3.'EXTT 

;FIRST WORD OF .B 
;SECOND WORD OF B 
; GO RETURN 

RETURN(C&·STR~); COMMENT ASSUME CAT ALREADY DONE: 
SUB SP,[XWD 6,6] ;REMOV! PARAMS, TEMP RESLT 
PUSH SP,5(SP) ;TEMP RESLT 
PUSH SP,S(SP) ;2D woan 
aRST P3EXIT 

· .. 
END 'P.3~; 

P3EX IT: S'OS 
SUB 
POSH 
.PUSH 

P3PAC 
SP,(XW~ 4,4] ;NOT THIS TIME, BUT WOULD 
sP,tO] ;BE INCLUDED IF NO RETURNS 
SP,ro] :DONE ABOVE (RETURN NULL STRING) 

RECURSIVE INTEGER PROCEDURE P4(STRING A,B; INTEGER I,J); 
P4TEXT: AOS P4PAC 

BEGIN 
STRING C,D; INTEGER K,L: · .. 

END 'P4'; 
P4EXIT: SOS 

SUB 
HRRI 
HRI .. I 
)BLT 

=8,=8] :[81TAKE OFF LOCALS,PARAMS 
P4PAC 
SP,rXWD 
TEMP, c 
TEMP,5(SP) 
TEMP,D+1 

SUB 
H.RRI 
HRLI 
BI.T 
J.RST 

P,[XWD 6,6.1 
TEMP,K 
'IEMP,4(P) 
TEM P, T.E MPO] 

@.3 (P) 

; [8] 
: [8] 

i[81 RESTORE LOCAL STRINGS 

;[8] SAMB FOR P-SIDE 
; (ALSO RETURN ADDR REMOVED) 

;MUST EVEN SAVE TE~PS 
; RETURN 

pq: ADD P,[XWD 3,3] ;LEAVE BOOM FOR LOCALS 
SKIPL P ;CRECK PUSH-DOWN' OVERFLOW 
PDLOV P, ;[9JUUO TO SIMULATE PDL OV 
BRBI TEMP,-2{P) ;[9JSAVE LOCALS 
HRLI lEMP,TEMP03 ; AND TEMPS 
,J~LT TEMP, CP) 
<similarly for SP (string stack» 
JRST P4TEXT :GO DO PFOCEDURE 
<variables and such> 

RECURSIVE STRING PROCEDURE PS(STRING A,B); 
BEGIN 

STRlt-lG c,O; · . . 
RETURN(e); 
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PUSHJ 
PUSH 
PUSH 
PUSHJ 
~JRST 

P,P5POP 
SP,C 
SP,C+1 
P,ARRF.L 
P5EXIT 

;(10]REMOVE STRING LOCALS,PARAMS 
;STRING .RESULT 

:ENOUGH TIMES IF ANY ARRAYS 

RETURN (B); 
PUSHJ 
PUSH 
PUSH 
Jt~ST 

P,P5POP 
SP,3(SP) 
SP,3(SP) ;RETURN PARAMETER 
P5EXIT 

RETURN(A&·STR·); 

... 

.POP 
POP 
PUSH~l' 

PUSH 
PUSH 
JRST 

SP,1 :(111ASSUME CAT ALREADY DONE 
SP,O 
P,P5POP 
SP,O ;[11JRETURN VALUE 
SP,1 
P5EXIT 

E~D ·P5"'; 
P5EX IT ': SUB 

.JRST 

Pp[XWD 2,2] ;OR WHATEVER. SEE ABOVE 
;BESTORE LOCALS, ADJUST 

@1(P) : RE'fURN 

P5: <as above> 

P5POP:SUB SP, {XWD =8,=8J ; [10] REMOVE STR.ING LOCALS,PARAMS 
HRPI TEMP,e 
ARtI TFMP,S(SP) 
BIT TEMP,D+' 
POPJ P, : RETURN 

The main proqram has the following format: 

s. : SKIP1\ 
SETOM 
JSR 

;NOT STARTED IN RPG MOUE 
RPGSW ;STARTED IN RPG MODE -- RPGSW A GLOBAL 
SAILOR :INIT -- RETURNS BY PUSHJ P.@SAILOR 

Commen t ~ Th e rna in pro gra m looks like a non-recursi ve pr oced u re 
from here on, except for built-in arrays _ 

POPJ P, ;BRTUBN TO INIT, WHO EXITS 
<global variables, linkages> 
<non-Strinq constants> 
rWD 0,,=8 ;TYPICAL STRING CONSTANT 
.POI NT 7 , • + 1 
ASCII /CONSTANT/ 
<more String constants> 

END s. ;STARTING ADDRESS FOR MAIN PROGRAM 
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Di. scussion 

11-48. 

[1J There is for each procAdure a word (PAC for Procedure Activ£ 
Count) which is incremented on procedure entry and decremented 
on ~xit. At one time, th~ String garbage collector used this 
wor~. It may again somA time in the future. At present the 
counter is useful for determining the depth of recursion (from 
DDT). 

(2J Non-Strinq procedures return 
returns things in 0; string 
st ack. 

their results in 1; Fortran 
results are returned on the SP 

[31 An ARRFL call is issued for each block (containing arrays) 
which must be left in order to exit. All arrays for these 
blocks are released at this time. The same sort of thinq 
happens when a Go To statement leaves one or more blocks. 

[4] Since the return address is on the top of the P-stack, with 
parameters buried h~neath, a subtract and an indirect jump 
replacp the PO"J. Procedures always adjust the sta~k before 
return tng. 

[5] String temporaries are kept in the SP stack. others 
occassionally occupy core locations. These are grouped with 
the non-String variables to make saving and r~storing easy in 
recursive procedures. 

£6] This is the Procedure Active Ccunt wo·rd (see [1]). It is 
placed in a fixed location with respect to the string-link 
block (below). The String garbage collector could, if it 
wished, see this count. 

(7J A linked list, with its head in a reserved cell in the user 
table (see User Table, 17-1) gives the String garbage collector 
access to all Strinq variables declared for each procedure: and 
to all built-in String arrays. Each entry on th~ list contains 
three words: a PAC counter (currently ignored), a word giving 
the location and extent of the String descriptors being 
described, and the pointer (T .. NKWD) to the next ,entry. A C 
entry enRs the ·list. The LINK pseudo-op (or the equivalent 
code issued by SAIL) instructs the loader to create this list. 
The LINKEND pseudo-op is issued in the SAILOR routine to 
collect the address of the first list element. This is then 
transferred to the user table. See (Weiher] for details 
concerning the LINK block type. 

[8] When·a recarsive procedure is called, all values for variables 
declared in blocks internal to this procedure are saved in the 
appropriate stack. These are added ·on top'of- the parameters 
and return address for the procedure. At procedure exit the 
stack pointer is adjusted to point below the first parameter. 
Then the proper BLT word is S(~t up to restore all these locals 
from the stack. After the BLT is executed, that stack ~s ready 
for procedur~ exit. 
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(9] Since SAIL is a one-pass compiler, it does not know how many 
locals a Frocedure has until all blocks for that procedure have 
been processed. Therefore the entry code for recursive 
procedures is added last, followed by a jump to the procedure 
text. 

(10] When a String procedure returns a value, the String parameters 
and locals must be removed from the stack before the value 
(result) can be pushed on. Since the total number of Strinq 
locals is not ~yet known, a routine like PSPOP is called to 
remove the unwanted values first. Recursive string procedures 
must contain Return statements (see Return statement, 5-19); 
otherwise improper code will result. 

(11] Once P5POP or its equivalent has been execut~d, the previous 
top of stack location is not known; the temp value is therefore 
removed first and restored after the call. 

Proc~dure Calling Sequences 

17-49. Again a case study is presented. A procedure with several 
internal procedures is presented to demonstrate the ridiculous number 
of possibilites. Only the relevant corle is described. Accumulator 
numbers in the code below are only examples -- other values are 
possible. T his list is not complete; to describe all cases here 
would take more space than a copy of the code in SAIL which handles 
them. Item and Set parameters behave like Integer and Real 
parameters as far as argument passing is concerned: 

PROCEDURE SUPER(TIEFERENCE STRING RPSTR; 
INTEGER PINT; TIEFERENCE INTEGER RPINT: 

BEGIN 

REAL PROCEDURE PPAR; 
STRING PSTR1,PSTR2); 

INTEGER INT1,INT2; STRING STR1,STR2; REAL BEL; 
SAFE INTEGER ARRAY ARR[2:10]; SAFE STRING ARRAY SARR[2:101; 
INTEGER PROCEDURE INTP(INTEGER I,J); ••• ; 
PROC~DURE RINTP(REPERENCE INTEGER I); ••• ; 
PROCEDURE STRP(STRING A,8); ••• ; 
PROCEDURE RSTRP(REFERENCE STRING A)~ ••• : 
PROCEDURE PROCP(PROCEDURE PARAM); ••• ; 
PROCEDURE A~RP(STRING ARRAY X); ••• ; 

TNT 1-PI NT t 2 .. .RPINTt 2 
MOVE 
IMUL 
MOVE 
TMUL 
ADD 
SUBI 

- 3; 
1,-3(P) 
1 , 1 
2 ,@-2 (P) 
2,2 
2,1 
2,3 
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;RELATIVE LOC OF PINT 

:RPINT's ADDRESS IS IN STACK 

: S-UM 
;RRSULT LEFT IN 2 
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REL-INTP(INT1,PINT); 
PUSH 
.PUSH 
MOVEM 
PUSHJ 
FLOAT 

RINTPCINT1) ; 

RINTP( PI NT) ; 

HINTP(RPINT) ; 

PUSH 
MOVE.M 
PUSHJ 

MOVEI 
PUSH 
,PUSHJ 

PUSH 
PUSIIJ 

P,2 
P ,-4 (P) 
2,INT2 
P,INTP 
1,1 

'f,£INT11 
1, REL 
P,RINTP 

3,-3(P) 
P,3 
P,RINTP 

P,-2(P) 
P,RINTP 

INT2-INTP(INT1,ARR(PINT]); 
PUSH P,INTl 
MOVE 1.J,-4(P) 
MOVE 5,AlHl 
ADD 4,-4 (5) 
PUSH P,(4) 
PTJSHJ 'F,INT.!? 

RINTP(ARR[PINT): 
MOVE 
MOVE 
AnD 
PUSH 
MOVEM 
PUSHJ 

STRP(STR1&'CON',PSTR1); 
PUSH 
PUSH 
PUSH 
PUSH 
PUSHJ 
PUSH 
PUSH 
.PUSHJ 

R S T R P ( ST R 1) ; 

RSTRP( RP STR) ; 

PUSH 
PUSHJ 

PUSH 
PUSHJ 

6,.PINT 
7,ARR 
6,,-4(7) 
F,6 
1 ,I NT2 
P,RINTP 

SF, STH 1. 
SP,STR1+1 
SP,CON1'\D 
SP,CONAD+1 
P,CAT 
SP,-4CSP) 
SP,-4CSP) 
P,STRP 

p,rs'rR1+11 
P ,RSTRP 

P ,-4 (P) 
P,RSTRP 
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:INT1 STILL IN 2 
; [11ADJOST FOR PREY PUSH 
: r 2] ST01~E CURRENT ACS BEFOR.E CAL L 
;CALL PROCEDURE 
:CONVERT TO REAL -- BEL IS IN 1 

i ADD RES S OF I NT 1 
~PREVIOUS RESULT 

;ADDRESS OF PINT 

;PASS ON ADDR OF RPINT 

; PINT 

;5ISE ADDR OF ARB 

; RESULII IN 1 

; ADDRESS 

;ADDRESS OF DSCRPTR FOR 'CON-

;LEAVE CONCATENATE IN STACK 
;PUT 5TH1 ON TOP 

;ALL REF PARAMS TO P-STACK 

;PASS REFERENCE ALONG; 
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RSTRP(PSTR2) ; 
HRROI 
·PUSH 
PUSRJ 

10, (5P) 
P, 10 
P,RSTHP 

;[3JRH·2D WORD OF PSTR2 

PROCP(RINTP) ; 
PUSH 
PUSHJ 

P., f"HINTP] 
P,PROCP 

;PARAMETRIC PROCEDURE 

i\ R RP (SA R R ) ; 
PUSH 
PUSH\.l 

P,SA..RR 
F" ARRP 

;THIS IS EFFECTIVELY A REFERENCE CALL 

Discussion 

17-50. 
[1] Counts are maintained of the current number of actual 

parameters (during a procedure call) on ~ach stack. These 
counts wust be added to the parameter indices to access 
parameters of the procedure doinq the calling. 

(2 ] 

[)] 

Whenever a SAIL procedure is called, all accumulators except 
SP ('16) and P ('17) are available for its use. 

Some String operations require that the left half of 
pointers to descriptors be negative. Therefore any 
operation which obtains a String descriptor address does a 
HTIRO or HRBor to accomplish this. In this case it is not 
necessary, but it won't hurt anything. string reference 
parameters always point to the spcond word of the string in 
question. 
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SECTION 18 

APPENDIX -- USEfUL SUMMARIES 

ARITHMETIC TYPE-CONVERSION TABLE 

18-1. 

OPERATION 

+ -* • 0/0 

LA NO .LOR 
EQV lOR 

LSH ROT 

MOD DIV 

ARG1 

INT 
R. E AI .. 
INT 
HEAL 

INT 
REA.L 
I.NT 
REAL 

IN1f 
REl\L 
INT 
REAL 

TNT 
REAL 
TNT 
REAL 

IWr 
R.E1\L 
TNT 
REAL 

ARG2 AHG1* 

INT TNT 
INT REAL 
REAl .. REAL 
REI'L REAL 

INT INT 
INT .R E.AI .. 
HE 1\L· TNT 
HEAL REAL 

INT INT 
INT R'EAL 
REAT. IN'r 
REA.L REAt. 

INT REAL 
INT REAL 
REAL REAL 
REAL REAL 

TNT INT 
INT INT 
REAL TNT 
REAL INT 

AT1G2* 

TNT 
REA.L 
n EA.L 
'HEAL 

INT 
INT 
R'.E.AL 
RElfL 

INT 
INT 
.INT 
INT 

REAL 
REAL 
REAL 
REAL 

INT 
IN'! 
INT 
TNT 

* Unless ARG2 is <0 for the operator t 

SAIL RESERVED WORDS 

1 A-.2. 

RESULT 

I"Wr* 
REAL 
REAL 
REAL 

TNT 
REAL 
INT 
REA.L 

INT 
REAL 
INT 
REAL 

REAL 
REA'L 
REAL 
REAL 

INT 
INT 
.INT 
INT 

AOS AND ANY ARRAY ARRAY_PDL BEGIN BOOLEAN CASE COMMENT COMPLEX COP 
CVI CVN DATUM DEFINE DELETE DO DONE ELSE END ENTRY EQV ERASE EXTERNAL 
FALSE FIRST FOR FOREACH FORTRAN FORWARD FROM GLOBAL GO GOTO IF IN 
INTEGER INTERNAL ISTRIPLE ITEM ITEMVAR LABEL LAND LENGTH LIBRARY 
LOAD_MODULE LNOT LOP LOR LSH MAKE MOD NEEDNEXT NEXT NEW NEW_ITEMS NOT 
NULL OF OR OWN PHI PNA r1ES PRELOAD_ WITH PROCEDURE PUT REAL RECURSIVE 
REFERENCE REMOVE RlQUIRE RETURN ROT SAPE SECOND SET STEP STRING 
STRING_POL STRING_SPACE SUCH SYSTE~_PDL THAT THEN THIRD TO TRIPLE 
TRUE UNTIL V~LUE WHILE XOR 
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SAIL PREDECL~REn IDENTIFIERS 

18-3. 

ARRBLT ARRINFO ARRTRAN ftRRYIN ARRYOUT BREAKSET CALL CLOSE CLCSIN 
CLOSOUT CLREUF CODE CV~SC eVil eVE CVF CVFIL CVG CVIS eva evos CVS 
CVSI CVSIX eVSTR CVXSTR ENTRR RQO GETCHAN GETFORMAT INCHRW rNCHRL 
INCHRS INCHSL INCHWL INSTR INSTRL INSTRS INPUT INTIN INTSCAN LENGTH 
LINOUT LOOKUP ~ThPE OPEN OUT OUTCHR OUTSTR HEALIN REALSCAN RELEASE 
RENAME SCAN SETBREAK SETFORMAT STRBRK TTYIN TTYINL TTYINS iOBOIN 
WORDonT USERBRR USETI USETO 

CHARACTER-IDENTIFIER EQUIVALENCES 

18-4. 

CHARACTER 

1\ 

., 
v 

(ciI: cle- cross) 
(infinity> 
(epsilon) 
(vertica 1 bar> 

RES.ERVEO WORn 

AND 
EQV 
NOT 
OR 
XOR 
INF 
IN 
SUCH THAT 

PARAMETERS TO THF OPEN FUNCTION 

18-5. 

eH 1\ NNEI. 

DEVICE 

MODE 

INBWFS 

OUtrBTrFS 

COUNT 

BRCH AR 

EOP 

system Data Ch~nnel, O~117 

string giving device name 

data mode 

number of input buffers 

number of output buffers 

text input count (reference) 

break char variable (reference) 

end-o£-file flag (reference) 

141 S ArL Ii.A NU At 



BR EAKSET MODES 

18-6. 

I 

x 

o 

s 

A 

R 

N 

L 

E 

D 

(Inclusion) string is set of break chars 

(eXclusion) string of all non-break chars 

(Omit) string of characters to be omitted from result 

(skip) break char appears only in BnCHAR variable 

(Append) break char is last char of result string 

(Retain) break char is first char of next string 

(pass) line numbers appear in input without warning 

(No numbers) line numbers and the tabs that follow them 
ar~remov'ed. 

(Line no break) line numbers cause input break. BRCHAR 
is neqative. Next input gets line no characters. 

(Erman) line numbers cause input h~eak. Negated line no 
returned in BRCHAR. Line no removed from input. 

(nisplay) after this appears, each line no is listed on 
th@ display (if TTY is a oPt) as it is dealt with. 

1'1 T .A P E CO M MAN D S 

18·-7. 

MODE FUNCTION 

Advance past one tape mark (or file) 

Backspace past one tape mark 

Advance one record 

Backspace one record 

Rewind tape 

write tape mar.k 

Rewind and unload 

142 SAIL MANUAL 



COMMAND SWITCHES 

18-8. 

C 
D 
numP 

numL 

numM 
p 
Q 

R 
numS 

cr~ate a cross-reference (eREP). (see (OECREP]) 
double size of define pushdown stack 
listinq control mode hits -- 1 prints program counter. 
2 prints line numbers. 4 macro names and parameters. 
'10 macro expansions. '20 macro expansions enclosed in <>. 
listing control -- num>O becomes listing starting addr. 
num=-1 starts listing after current DDT size. num=-2 
starts listing after current RAID size. 
initial debugging mode set to num 
double size of system pushdown list 
double size of string pushdown list 
double size of parse pushdown list 
set size of string space to num 

DEBUGGING MODES 

18-9. 

1 

2 

4 

5 

6 

display before executinq each code generation routine 

don't display, but remain enabled for asynchronous and 
line breaks 

display before each production is compared 

continue from type 1 and 3 modes automatically 

just display input file as it goes past 

disable debugging mechanism (started in this mode unless 
an M switch appears). 

VALID RESPONSES TO ERROR MESSAGES 

18-10. 

en 

LF 

s 

x 

.L 

E 

D 

(carriage return) try ·to ,continue 

(line feed) continue automatically 
user go-ahead after each message 

don't stop fo,[, 

resta rt. 

exit close all files, return to monitor 

. look at stacks -- of interest only to compiler fixers 

edit. Follow by CR to get file the compiler is 
on (or last thing edited, for r~ntime routines). 
with <name> CR to edit <name>. 
go to DDT or RAID 
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19-1. 

REFER.ENe E 

Decref 

Feldman 

Moor-c.r 

Wei.her 

Sa vitzky 
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INDEX 

10- 1 
10- 1 
10- 1 
10- 1 
10- 1 
10- 1 
10 - 1 
10 - 1 
7- 1 

10- 1 
9-50 
8- 1 
6- 1 
6- 1 
q- 1 
<3- 1 

13- 9 
6- 4 
9- 1 
9- 1 
9-28 
8- 1 
8- 1 
4- 1 
9- 1 
9- 1 
9- 1 
<) 

q-15 
3- 1 

10- 7 
18 
11-13 
9-21 
3- 1 
3- 1 
3- 1 

17-35 
3-25 

17-33 
12-107 
3-] 0 
3-26 
3-27 

12-109 
12-107 
12-111 
12-50 
12-55 
16-12 

8 
4- 1 
9- 1 
4- 1 
9- 4 

<o_associativc_expr> 
<o_derived_set> 
<D_item_expr_list> 
<D_item_expression> 
<o_set_expression> 
<D_set_fact.or> 
<D_set_primaI."Y> 
<o_set_term> 
<o_triple> 
<D_triple> 
Abs 
<ac_field.> 
<actual_parameter> 
<actual_parameter~list> 
<actual_parameter_list> 
<act ual_paremete_t:> 
Actual Parameter Expansion 
Actual PaI."ameters 
<adding_expression> 
<adding_operator> 
Adding Expressions 
<address> 
<adaresses> 
<algebraic_assignment> 
<algebraic_expression> 
<alqebraic_relational> 
<algebraic_variable> 
ALGEnRAIC EXPRESSIONS 
Algebraic Expressions 
<ALGFBRAIC_TYPE> 
ANY Construct 
APPE'DIX -- USEPUL SUMMARIES 
Arithmetic Constants 
Arithmetic Type Conversions 
<array_declaration> 
<array _lis·t> 
<array _s\:~gment> 
Array Allocation 
Array Declarations 
ARRAY IMPLEMENTATION 
ARRAY MANIPULATION ROUTINES 
Arrays, outer block 
Arrays, SAFR declaration 
Arrays, storage convention 
Arrblt 
Arrinfo 
Arrtran 
Ar:ryin 
Arryout 
Assembly Lanquage Procedure~ 
ASSEMBLY LANGUAGE STATEMENTS 
<assignment> 
<assignment_expression> 
<assignment_statement> 
Assignment Expressions 
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4- 7 
4- .'3 
4- 8 
4 
7- 1 

1C- 1 
10- 1 
7- 1 
1-17 

11 
19 
14- 1 
7- 1 
2- 1 
2- 1 
2- 1 
2- 9 
3-20 
3-14 
9- 1 

10- q 
9-10 
7-15 
9-52 
3- 1 
3- 1 
7-11 
9-53 

10- 5 
12-22 
4- 1 

12-120 
4-10 

12-115 
17..,..12 
9- 1 
5- 1 
5- 1 
9- 6 
5-18 

12-10 
12-113 
8- 1 
0- 1 
8- 1 
8- 1 

14- 1 
14- 1 
2-10 

11-22 
14 
2- 1 
2- 1 
9-36 
9- 1 
5- 1 
9- 2 

Assiqnment statement, DATUM 
Assiqnment statement, semantics 
Assignment statement. Swap 
ASSIGNMENT STATEMENTS 
<associative_context> 
<associative_expression> 
<associative_operator> 
<associative~statement> 
1\ssoci'ative cont.ext, satisfaction 
BASIC CONSTRUCTS 
BIDI.TO GHAPHY 
<binary_name> 
<bindin9_list> 
<block> 
<11lock_hcad> 
<block_name> 
Block Names 
Block struc-ture,for items 
Boolean, declaration 
<boolean_expression> 
Roolean constructs, for LEAP 
Rool~an Expression, anomaly 
Boolean expressions, if FOREACH specifications 
Boolean Primaries 
<bound_paLe> 
<bound_pair_list> 
Bracketed Triples 
Bracketed triples, ISTRIPLE 
Bracketed triples, selectors 
Breakset 
<byte_statement> 
Byte pointers, creation 
Byte st.at.ernents 
Call 
Caninc 
<case_expression> 
<casG_statement> 
<case_statement_head> 
Case Expressions 
Case stat.ements 
Close, Closin, Closo 
Code 
<code_begin> 
<codf.~_ block> 
<code_head> 
<code_ tail> 
<command_line> 
COMMAND ·FO.RMAT 
Comment 
Comments 
COMPILER OPERATION 
<compound_statement> 
<compound_tail> 
Concatenation Operator 
<conditional_expression> 
<condi'tional_sta tement> 
Conditicnal Expressions 
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5- 2 
5- 6 

11-13 
11-14 
11-15 
11-17 
7- 8 

10- 1 
4- 6 
9-21 
9-12 
3-35 
3-17 
9-26 
9-11 

10- 4 
17- 6 
17-11 
17-10 
12-101 
12-97 
12-88 
12-105 
10- 8 
12- 84 
9-48 

12-99 
12- 82 
12- 80 
12-86 
12-103 
12-93 
12-95 
7- .3 
u- 7 

11- 6 
15- q 
14-14 
]- 1 
2- 3 
3 
3- 1 
3- 1 
3- 1 
3-54 

13- 1 
3- 1 
3- 1 
7-10 

14- 1 
9- 1 
9-18 
8- 6 
5-1 
5-17 
5- 1 
5-2.3 

Conditional statements 
Conditional statements, ambiguity 
Constants, arithmetic 
Constants, octal 
Constants, real 
Constants, string 
Construction, definition 
<construction_item_prim> 
Conversions, algebraic 
Conversions, algebraic 
Conversions, Boolean to Integer 
Conversions, for preloaded arrays 
ConvArsions, strinq 
Conversions, strinqs 
Conversions, to BOOLEAN 
COP, of set 
Corg(~t 

Carine 
Cor.r e 1 
Cvasc 
evil 
eve, Cv.f, Cvg 
CviiI 
CVI 
cvis 
Cvn 
evo 
evos 
Cvs 
cvsi 
cvsix: 
Cvst.r 
Cvxstr 
D.l\TU M, use 0 f 
Datum" Assiqnments 
Da t U IDS 

DEBUGGING 
Debugging modes 
<declaration> 
Declarations 
DECL ARATTONS 
<define_body> 
<define_identifier> 
<define_specification> 
Define Specification 
Defining Mac.ros 
<definition> 
<definition_list> 
nF.LBTE 

'<d ev ice_na me> 
<disiunctive_expression> 
Disjunctive Exp~essions 
Distinctions Between ST~RT_CODE and QUICK_CODE 
<\.~o_sta temen t> 
Do statement 
<done_statement> 
Done Statement 
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4-10 
7- 1 
2- 1 
2-11 

12-73 
7-13 
7-13 

14-19 
5 

12 
9- 1 
9- 1 
q-14 
3- 2 
3-46 
9- 1 
q-37 

11-16 
14- 1 
14- 1 
14- 1 
, C - tj 

5,- 1 
5- 1 
5- 1 
5-11 
7-18 
7-14 
7-20 
7-19 
7-21 
3- 1 
]- 1 
3- 1 
3-38 
3-53 
3-48 
6-12 

16-11 
3- 2 
3-41 
9- 1 
9-43 

11-11 
12-12 
12-78 
5- 1 
3-53 
5- 8 
5- 8 

12- 6 
4-10 
3- 1 

11- 7 
4-10 
5- 1 
5- 5 

DPB 
<element> 
<entry_specification> 
Entry Specifications 

',' Equ 
"ERAS E 
ERASE, restriction 
ERROR MESSAGES 
EXECUTION CONTROL STATEMENTS 
EXECUTION TIME ROUTINES 
<exp,ression> 
<expression_list> 
Expression Evaluation Rules 
EXTERNAL declaration 
External Procedures 
<factor> 
·,Fact.ors 
FALSE, definition 
<file_ext> 
<fil~_name> 
<file_spec> 
FIRST, of bracketed triple 
<for_li.st.> 
<for_list_element> 
<f or _5 ta t (~men t> 
FOr\~ sta tements 
FORmACH specification, evaluation 
FOREACH statement 
FORE'ACH statement, efficiency considerations 
FOREACH statement, harsh warning 
FOREACH statement, restrictions and warnings 
<formal_param_decl> 
<formal_parameter_list> 
<formal_type> 
Formal Parameters 
FORTRAN, actual parameters 
FORTRAN, declaration 
Fortran Procedures 
Fortran Procedures 
FORWARD declaration 
Forward procedure Declarations 
<function_~esignator> 
Function Desiqnators 
Functioris, predeclared 
Get.chan' 
Getformat 
<go_to_statement> 
Go To. restriction 
Go To statements 
Go To Statements, restrictions 
I/O ROUTINES 
IBP 
<.id_list> 
Iden tifiers 
IDPB 
<1 f_ sta tement> 
If ••• Else statemerit 
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5- 4 
9-54 

17 
8- 1 
8- 1 
2- 8 

12-40 
8- 1 
)-13 
3- 2 
3-U7 

10- 2 
1 
q-53 
3-53 
4- 1 

10 - 1 
3- 2 

10- 4 
3-18 
3-20 

10- I) 

3-19 
10- 6 
7- 4 

10- 1 
3-22 
3-23 
7-16 
7-14 
7-22 
7- 4 
3- 1 
5- 1 
3- 4 
3-53 
9-54 
7- .2 
7- 7 
9·- 1 

10- 1 
7- 1 
3- 1 

10- 9 
7 
9-46 

12-71 
12-113 
12-1 
12-4 n 
14- 1 
8- 1 
9-49 

15- 1 
9-28 

12-17 
7- 1 

If sta teme nt 
ILDH 
IMPLEMENTATION INFORMATION 
<ind~x_field> 
<indexed_address> 
Inner block 
In pu t 
<i nfi·truct ion> 
Inteqers, range 
INTERNAl declaration 
Internal procedures 
Intersection, sets 
TN'fH aDU C1f ION 
ISTHTPL.E 
ITEM, procedure 
<item_assignment> 
<item_primary> 
ITEM ARBAYS~ nonexistence 
Item Constructs 
Item Declarations 
It.em Genesis 
Item SelQctor.s 
Items 
Items, dynamic NEW 
ITEMS, storage of' instances 
<itemvar_variable> 
Itemvar neclarations 
Itemvars, binding in FOREACH 
TTRMVARS, hindin~ in FOREACH specifications 
ITEMVARS, binding in FOREACH statements 
ITEMVARS, in FORFACH statement 
ITEMVAHS, use 
<lahel_declaration> 
<label~identifier> 
Label use 
Labels, as actual parameters 
LDB and 1LD8 
LEAP, introduction 
LEAP r restrictions 
<leap_relational> 
<leap_relatidnal> 
<leap_statement> 
<lea p_ type> 
L"EAP Booleans 
LEAP STATEMENTS 
Length 
Length 
LIBERATION-PROM-SAIL ROUTINES 
Library, runtime 
I.inout 
<list.inq_name> 
<literal> 
Lnot 
LOADING AND STARTING SAIL PROGRAMS 
Logical Expressions 
Lookup, Enter 
<loop_statement> 
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9-47 
10- 4 
)- 1 

13- 6 
16- 2 
7-11 
7-13 

12-57 
9- 1 
9- 1 

10- () 
10 - 6 
5- 1 
5-25 

11-19 
3-1] 
8- 1 

12- 6 
12-45 
2- 8 
]-5D 

10- .3 
12-11q 
9-13 
)- 1 
3- 1 
]- 1 
]-32 
9-38 
9- 1 
3- 1 
]- 1 
3- 1 
6- 1 
3- 5 

17-49 
6- 4 
6- 2 
3-37 

17-46 
6 
6-10 
3-52 
3-50 
3-53 
2- 1 
2- 9 

15 
16 

2 
14- 1 
12-70 
7- 9 

12-61 
3-13 

12-66 
3- 2 

LOp 
LOP, of set 
<lowet'_ bound> 
Macro Parameters 
Main Proqrfim 
MAKE 
MAKE, restriction 
Mta,p e 
<m ul t._op~ra tor> 
<negated_ex~ression> 
NEW_ITEM Declaration 
NEW It (~ms 
<next_statement> 
Next Statement 
NULL, definition 
Numeric Declarations 
<opcode> 
Open 
Out 
outer block 
Parametric Procedures 
PHI, the empty set 
Point 
Precedenc~ of Alqebraic Operators 
<pre]oad_elpment> 
<p re load._.lis t> 
<preload_specification> 
Preload Specifications 
Pr imarif,~s 
'<prima ry> 
<procedure_hody> 
<procpdure_declaration> 
<procedure_head> 
<procedure_statement> 
Procedure boay~ emptiness 
Procedure calling Sequences 
Procedure Calls, actual param~ters 
Procedure Calls, semantics 
Procedure Declarations 
PROCEDURE IMPLEMENTATION 
PROCBDURE STATEMENTS 
Procedures, as actual parameters 
Procedures, defaults in rleclarations 
Procedures, parametric 
Procedures, restrictions 
<program> 
Program name, for DDT 
PROGRAM OPFRhTION 
PROGRAM STRUCTURE 
PROGRAMS, BLOCKS, STATEMENTS 
<pro;_prog> 
Pseudo-teletype functions 
PUT, use 
Realin, lntin 
Heals, range 
Realscan, Intscan 
R~CU8SIVE declaration 
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]-4] 

3-]A 
]-52 
6- 6 
9- 1 
g- 1 
q-19 

12-14 
3- 1 
7- q 

12-21 
10- 6 

3·- 1 
3- 1 
.3-?5 
3- 1 
3-55 

11-10 
7- 8 

10- 1 
9-43 
5- 1 
5-1q 

1 f~- 1 2 
11·-11 
3- 2 
7-17 
7-18 

12-l~ 3 
]- A 

10- 5 
10- 1 
16 - 7 
4- 1 

10- 1 
7- 1 

10 - 1 
10 

3-24 
10- 2 
10- 3 
12-35 
12-75 
10- .3 
7-14 
7- 5 
B- 1 
q- 1 
9- 9 
3- 1 

14- 1 
14- 1 
)- 1 
9-41 

15- 2 
15- 3 
15- 4 

Recursive Procedures 
HF.PE"RENCE 
HEFF..RENC'P. 
REFERENCE, actual parameters 
<relational_expression> 
<relational_operator> 
Relational Expressions 
Release 
<r.elfile_spec> 
REMOVE, llse 
HBnarne 
REQUIRE, new_items 
<reqllire_element> 
<require_list> 
REQUIRE declaration 
<requirement> 
Requ ireme nts 
Reserved words, list of 
Retrieval, definition 
<retrieval_item_prim> 
RETURN, value of function 
<return_statement> 
Retuen St.atement 
Rpq Modp 
Runtime routines, list of 
SAPE declaration 
Satisfiers, of associative context 
Satisfiers, of associative context 
Scan 
Scope of declarations 
SECOND, of bracketed triple 
<selnctor> 
Separately Compiled Procedures 
<set_assignm~nt> 
<set_exFression> 
<set_sta temE~ nt> 
<set_variable> 
SBT AND ASSOCIATIVE EXPRESSIONS 
Set. Declarat ions 
Set Bxpressions 
Set. Primaries 
Set.break 
Setformat 
sets, derived from associations 
SETS, in FOREACH specifications 
SBTS, usc 
<simple_address> 
<simple_expression> 
Simple Expressions 
<simpler_formal_type> 
<slashed_switch_list> 
<source_list> 
<space_spec> 
SpecialT.ength 0Ferator (INF) 
Starting the Program -- Normal Operation 
Starting the Program in ~RPG~ Mode 
Starting the Program with Allocation Modifications 
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2- 1 
2- 6 

12-37 
14-22 
17- 5 
17- 1 
9-26 
9- 1 

11-31 
,9- 1 
2-10 

11-17 
3-15 

17-14 
17-30 
12-71 
17-19 
17-27 
17-14 
11- 1 
9- 1 
9-40 

'10- 2 
4- 1 
4·- f3 
4- 2 

14-1 
14- 1 
14-13 
15-10 
12-68 
9- 1 
9-31 

16- 1 
10- 5 
7-12 
7-16 

11-16 
3- 1 
3- 1 
3- 1 

12-75 
3-11 
9-51 

10- 2 
14·- 1 
3- 1 

13 
17- 1 
12-117 
12-59 
13- 5 
14- 1 
3-38 
3-52 
6- 5 

11- 1 

<statement> 
Sta t~~men ts 
Stdbrk 
STORAGE ALLOC!TION 
storage Allocation Routines 
S TO R ~\ G Et A YO UT 
String-Arithmetic Conversions 
<string_expression> 
String-Oriented Machine Language Routines 
<string_variable> 
string constant, as comment. 
st.rl ng constants 
String Declarations 
string Descriptors 
String Garbage Collection 
STRING MANIPULATION ROUTINES 
String OFcrations 
String Space 
STRINGS 
<subscript_list> 
<substring_spec> 
Substrings 
Subtraction, s@ts 
<swa p_stAtp.ment> 
Swap Assignment 
Swap ope~ator, restriction 
<switch_spec> 
<switches> 
Switches 
Symbols 
Teletype I/O Functions 
<term> 
Terms 
THE SAIL CORE IMAGE (REQUIRED> 
THIRD, of bracketed triple 
Triples, bracketed 
Triples, in FOREACH specifications 
TRUE, definition 
<type> 
<type_declaration> 
<type_qualifier> 
TYPE CONVERSION FOUTINES 
Type Declarations 
Unary Minus 
Union, S{~ts 
<unslashed_switch_list> 
<upper_bound.> 
USE OF D'EFTNE 
User Table 
User(~rr 

Uset.i, Useto 
Using Macros 
<valid_switch_name> 
V A.ttl E 
VALUE 
VALUE, actual parameters 
<vaL iablf~> 
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3-11 
11- 2 
5- 1 
5-16 

12-48 
12-53 

Variables 
Variables 
<while_statement> 
While sta.temen t 
Word .in 
Wordout 
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SAIL MANUAL UPDATE 

June 30, 1970CA) (supercede. update of June 19): 
The followln. reserved words have be.n added to correspond to 

characters whIch do not appear In the standard 64 character ASCII. 

SETO 

LEQ. 
NEQ 
UNION 
SWAP 

left curl, bracket 
(read these two •• 
1 ••• than-equals 
not eqUAlls 
let unlon(cup) 
doubl.·~e.d.d .rrow 

SETe rite curly bracket 
·set op.n~ and· "set close") 

GEQ ".ater-equats 
ASSOC left slnale Quote 
INTER set Interlectlon(hat) 

Th •• e additions should be 'noted In sectIons 11-10, 11-12, 
11-2, and 11-4 of the manual. 

In. addItion, the cheracter "I" (exclamation point) Is now 
translated Into the unclerllne character (which also does· not oceur In 
standard (lImIted) ASCII). Thus, PRELOAD!WITH Is now equivalent to 
the r,served word which Is un-typable. <ThIs translation doe. not 
.ffect str'n,., e.,. for output.) 

June '0# 197Q.(8) 
The operator "18P" currently requires ~ operands, the first 

ofwhtch should be·any simple varIable, which Is then tlnored! The 
sImplest way to live with this heck Is.to Just use the byte poInter 
twIce; I.e. If you \!fant to say "IBP(PTR)", Just say tt'8P(PTR,PTRllt • . 

Jufte30, 1910(C): 
".rnlnc: Do not ute assllnments to datums Imbedded In other 

stat...,ts; there Is currently abul. <If you don't know what a 
datum Is, then tf:lls bu. probably won't bite you.) 

June 30, 1970CO)i 
QUICKICOOE Is not vet Implemented <and may never be). 

STARTICODE 's Implemented. 


