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I NTRODUCT! ON

This docunment describes the NYU LITTLE inplenentation of the LITTLE
Language; it is organized so t hat mat eri al conmon to al

i npl enentations is presented first, followed by material applicable to
particul ar inplenentations.

The LITTLE conpiler consists of three phases: |exical scan (LEX)
parse and semantic analysis (GEN) and code generation (ASM. All
three nmake wuse of a library (LIB) of procedures which supports both
conpile-time and run-ti me needs.

I npl enentations currently exist for the foll ow ng nachi nes:

S10 - Digital Equi pnent DECsystem 10
TOPS- 10, TOPS- 20

S32 - Digital Equipnment VAX-11/780
DEC VMS, Bell UNIX

S37 - I BM Systeni 370, Systen 360
CVB

S47 - Amdahl 470
urs

S66 - Control Data Corporation Series 6000
NOS, NOS/ BE

The abbreviated nanes such as S10 are also used in this docunent to
identify the various inplenentations.
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The standard LITTLE conpiler consists of three phases: |exical scan
(LEX), parse and senmantic analysis (GEN) and code generation (ASM.
All three nmake wuse of a library (LIB) of procedures which supports
both conpile-tine and run-tine needs. The phases run as separate
prograns; on several inplenentations they are conbined to appear as a
single program either by building overlay or using a comand file.
The chief consequence of the separation is that the conpilation
listing is generated in pieces, though this also is packaged into one
listing where possible.

LEX reads the input stream ©perforns conditional assenbly, builds
tokens, elimnates coments, and processes macros. LEX produces a
"token file'. LEX is kept as a separate program nmai nly because macros
are global in scope, which forces the use of a global synbol table for
the entire program |In contrast, the GEN and ASM phases work at the
procedure | evel

GEN reads the input streamfromthe token file, parses it, perforns
semantic checking and transfornations, and writes a set of
operand/ operation tables (the VOA) for wuse by ASM The senantic
transformations largely consist of translating the higher Ileve
| anguage constructs - such as DO or WHILE | oops - into a | ower |evel

The parse uses a standard top-down advanci ng schene with sone various
refinenents; for exanple, expressions are parsed using operator
precedence, and a hashed search is used to deternine if the first
token of a statenent is a keyword, such as IF or DO The parse is
tabl e-driven; the tables are produced by a parser generator called SYN
whi ch accepts as input a grammar in a BNF-like form SYNis also used
by the SETL conpil er

GEN perfornms sone local, nmachine-independent optinizations. The
following optimzations are currently provided: eval uation of
expressions at conpile time; wuse of formal identities, such as
repl aci ng T X+0’ by X; r edundant subexpressi on elimnation

expl oitation of constant inputs to conditional branches.

ASM reads the tables produced by GEN, expanding the nachine-
i ndependent entries into target nachine code. ASM conpletes storage
all ocation, allocates registers, and perforns |ocal optinizatons at
the machine level. Sonme code generators produce assenbly source
ot hers produce | oader tables.

The LEX and GEN phases are nachi ne i ndependent, and have al so served
as 'off the shelf’ starting points for a nunber of other conpilers
written using the LITTLE system including various SETL conpilers.
LEX contai ns about 5000 |ines of code, GEN about 10000.

Just as the LITTLE |anguage provides a portable nodel of machine
architecture, so the LITTLE library provides a portable interface to
various operating systens. As much as possible, the library is
written in LITTLE, both to sinplify installation of the LITTLE System
and, nore inporant, to clarify the specifications of the library
procedures. Mich of the library is concerned with | nput/CQutput.

Since the language has been in use for sone tine, it has been the
practice where possible to introduce new features by addi ng
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appropriate procedures to the library.

The lowest level of the interface is typically coded in machine
| anguage. These procedures, collectively referred to as ENV, are for
the nost part concerned with input/output. The LITTLE I/Ofacilities
ultimately call "SIO procedures which are in ENV. The SI O procedures
do such tasks as reading a single line, opening a file, and so forth.
The SI O procedures can also be called directly fromLITTLE. ENV  may
al so contain recodings of procedures which are nonminally witten in
LI TTLE, but for which better performance can be obtai ned by recoding.

The LITTLE system also includes several auxiliary prograns, or
utilities. UPDis used to naintain source files. REF is wused to
produce the cross-reference listing using auxiliary files produced by
LEX and GEN. SYN is a neta-conpiler than transforns a top-down
grammar into a tabular formwhich can be easily interpreted. Both the
LI TTLE and SETL conpilers use SYN to produce these parse tables.
These are described in nore detail in a separate section devoted to
t hem

Condi ti onal Nanes for Machi ne Environnents

Conditional names of the form’'Snn', where nn is a two digit integer
refer to a nmachine environnent. The follow ng environnents are used
in existing LITTLE prograns:

S10 - Digital Equi pnent DECsystem 10

S32 - Digital Equipnment VAX-11/780

S37 - |1 BM Systeni 370, System 360

S47 - Andahl 470, UTS

S66 - Control Data Corporation Series 6000

The conpiler generates the line ' .+SET Snn’ before the first |ine of
i nput, where nn reflects the avail able target nachi ne.
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Conpilation Listing Contro

The LITTLE conpiler provides a nunber of features to control the
content and format of the conpilation Ilisting. Since the conpiler
runs as three steps, it is possible to obtain source listings in
either the first phase (lexical processing) or in the second phase
(parse and semantic analysis). The second phase listing is generally
preferabl e.

Lines with ' .= in colums 1 through 3 are directives.
The ' .=TITLE directive sets the listing title. The directive
contains a quoted string which is the title text. The first title

directive defines the nmain title which appears on the top of each
page; remaining directives set the subtitle and cause a page eject.

The ' .=EJECT’" directive begins a new page of listing. An optiona
i nteger paraneter nay be supplied, in which case a new page is begun
only if less than the indicated nunber of lines remain on the current
listing page.

The ' .=LIST" and ' .=PUNCH' directives control listing and nacro
"punch’ control, respectively.

Each of these directives may contain a list of paraneters, separated
by conmas. An option is disabled by putting the letters NOin front.
Only the first three characters of the paraneter code are exam ned.

The paraneters for the punch directive are DEFINE to punch nacro
definitions and EXPAND to punch expanded text.

The paraneters for the LIST directive are as foll ows:

AUTOTI TLE Use first line of procedure to formtitle.

CODE Li st generated code.

DI RECTI VE List line containing list directive.

I NPUT Li st source input in parse (GEN) phase.

LI NPUT Li st source input in scanner (LEX) phase.

QUALI FIERS List conditional assenbly qualifiers

REF Col l ect references if cross reference feature on
SKI P Li st lines 'skipped by conditional assenbly.

By default, only option REF is enabl ed.

For exanple, to generate titles automatically and to list |ines
ski pped by conditional assenbly, use

. =LI ST | NP, AUTO, QUAL
A stack is kept of the nbst recent twenty or so LIST directives. The
paraneter RESUME nmay be used to restore list control to that

established by the previous LIST directive.

The listing options may be initialized by the conpiler option LIST
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The LITTLE system supports a variety of control functions for the
standard print file. These features pernmt control of limts of print
file size, and provide neans to generate page nunbers, titles and
subtitles.

Print file size is deternined by follow ng execution-tine paraneters.

PFLP  Lines per page (default 60)

PFLL Print fileline limt (default 0)

PFPL Print file page limt (default 100)
PFCC Print file carriage control (default on)

If both PFLL and PFPL have value zero then there is nolinmt on the
size of the print file. |If PFLL is zero and PFPL is greater than zero
then PFLL is set to PFPL*PFLP. PFLL determn nes naxi mum nunber of
lines to be witten. PFPL determnmi nes the nmaxi nrum nunber of lines with

the 'new page’ character '1' in position one. |If PFCC has val ue zero,
the first position in each line will always be bl ank. Normal |y, the
first position in the print line is wused for carriage contro

characters. Use of PFCC option pernits suppression of carriage
control characters, to provide formof print file with mninal spacing
bet ween | i nes.

PRI NT FI LE TI TLES

Procedures LTITLR and STITLR provide an easy way to generate subtitles
and titles on the standard print file. The easiest way to use this
feature is as follows:

CALL LTITLR(’ LABEL'); $ BEG N PAG NG LABEL UP TO 15 CHARS.
Title text can be entered using the procedure STITLR as in

CALL STITLR(0, STRING; $ ENTER STRING AS MAIN TI TLE.
CALL STITLR(1, STRING; $ ENTER STRING AS SUBTI TLE.

Conpi |l ation date synbol . COVPDATE.

An instance of the synbol .COWPDATE. is replaced by a character string
of length 30 which gives the date of conpilation. The format is that
returned by the LSTIME library primtive.
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Overvi ew of Standard Library Procedures

This section sunmarizes the library procedures by their function. The
foll owi ng section describes each procedure. Here we describe the
"packages’ into which the library is organized, so that points common
to each package need be nentioned only once.

TIM - Time Procedures

The library provides three procedures to obtain various tines: LNTIME
provides various integers giving the current clock tine, LSTIM
expresses the current tine and date as a character string, and LETIME
nmeasur es el apsed program execution tine. Use LSTIME only to indicate
current time, and not to provide input data to a procedure. Use
LNTIME to obtain a representation of the time which can be
mani pul at ed.

PARM - Retrieving program paraneters

LITTLE does not permt a program (PROG procedure to have argunents,
as it not cl ear how to speci fy t hese par anet ers in a
machi ne-i ndependent form However, the library includes severa
procedures which can retrieve values fromthe execution environnent,
and so can be wused to obtain program paraneters. GETIPP obtains
i nteger val ues, GETSPP obtains character string val ues. CGETAPP returns
the fill paraneter string

CETIPP and GCETSPP have a similar calling sequence. There are two
argunents, the first is a variable to receive the value, the second is
a character string giving the paranmeter code, the default val ue, and
the alternate value if the paraneter code alone is given. The form of
the second argunent is

" Pcode=Def val / Al tval ' .

Altval is optional, but the slash follow ng Defval nust be witten.
The val ue is obtained as follows:

1. If Pcode not given, take Defval

2. If Pcode given with no value, take Altval if Atva
is given; otherw se take Defval
3. If Pcode given with value, take the val ue.

For exanple, to obtain file title with paraneter code FT and linesize
with paraneter FL, wite

+*  SPPLEN = 20 **

SIZE FTVAR(WS)
SIZE FLVAR(.SDS. SPPLEN);

CALL GETSPP(FTVAR, ’FT=SYSIN TTY);
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CALL GETI PP(FLVAR, ’ FL=80/");
FI LE F ACCESS=GET, TITLE=FTVAR, LI NSI ZE=FLVAR,

If FT not given, titleis SYSIN if FT alone given, title is TTY; if
"FT=FNAME' given, title is FNAME. The linesize is 80 wunless ’'FL=nn’
given to explicitly set linesize to nn

The standard length of paraneter code strings and the values of
character string paraneters is a programparaneter. It is suggested
that the synbol SPPLEN, defined by macro '+* SPPLEN = 20 **', be used
to express this standard | ength.

FIN - Programtermnation

The standard manner of term nating program execution is to execute, in
the program procedure, a RETURN statenent or the END statenent which
term nates the program procedure. The library procedure LTLFIN
pernmits programternmination fromw thin other procedures. LTLFIN can
be wused to indicate normal or abnornmal termination. In the abnornal
case, LTLFIN calls a procedure USRATP to pernmit the wuser to perform
application-specific term nation processing.

STR - Character string procedures

The library contains procedures to search character strings, effect
string repl acenent and perform case conversion

The procedures to search character strings are based on those of the
SNOBOL4 | anguage. These procedures support "string sets" which
associate a set of characters with a nask. Up to sixteen string sets
are supported. The pre-defined string sets and their associated nmasks
are as follows:

1 1B’ 000001’ SS _BLANK bl ank

2 1B 000010° SS SEPAR separators (blank, tab, formfeed)
4 1B’ 000100° SS DIGT digits 0..9

8 1B 001000° SS_UCLTR upper case letters A .Z

16 1B 010000° SS LCLTR |lower case letters a..z
32 1B 100000° SS BREAK break (underline) character '’

The nanes SS_ are by convention used to nane string sets; for exanple
+* SS BLANK = 1 **

SS SEPAR includes blank as well as any other characters which by usua

practice are considered equivalent to blank for separating synbols.

For ASCI| environnents, the separators include horizontal tab and form

f eed.

The string search functions are as foll ows:

ANYC(C, SS) mat ch any character in string set SS
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ANYS(S, SP, SS) mat ch any character in string set SS

BLDS(S, SS) build string set fromstring S

BRKC(S, SP, O break to character

BRKS(S, SP, SS) break to character in string set SS

NAYC(C, SS) mat ch any character not in character set SS
NAYS(S, SP, SS) mat ch any character not in character set SS
RBRC(S, SP, O right break to character C

RBRS(S, SP, SS) right break to character in string set SS
RSPC(S, SP, O ri ght span character

RSPS(S, SP, SS) right span to character in string set SS
SPNC(S, SP, O span character

SPNS(S, SP, SS) span characters in string set SS

In the above, S denotes a character string, SP an integer index, C a
character code, and SS a string set either pre-defined or established
by execution of BLDS procedure.

BLDS constructs a string set. The first argunent is a character string
contai ning the characters to be placed in the string set. The second
argunent is a nask wused to identify the string set. The search
procedures are functions which return -1 if no characters are nmatched;
otherwise, the value returned is the nunber of characters natched.
ANYC, ANYS, NAYC and NAYS return either zero or one. BRKC, BRKS, RBRC

and RBRS nust find a break character or they fail, yielding value -1
RSPC, RSPS, SPNC and SPNS nust find a character in the set or they
fail, vyielding value -1. The search functions also fail if position

SP does not lie within string S

Note that ANYC is used to test if character in particular set. For
exanple, ANYC(C,SS DIGAT) yields one if Cis character code of nuneric
digit, or zero otherw se. BRKC pernits searching for character in
string; for exanple BRKC(S,1,C vyields -1 if C does not occur in S, or
yields the nunber of characters before the first instance of S (BRKC
does not match the break character). RSPC can be wused to count
trailing blanks; for exanple

RSPC(S, (.LEN. S), 1R)

yields -1 if the last character in Sis not blank, or otherw se yields
the nunber of trailing blanks in S. The union of character sets can
be expressed using the inclusive or operator; for exanple:

ANYC(C, SS LCLTR! SS LCLTR)
yields 1 if Cis upper or |lower case letter

Several procedures are provided to assist case conversion. Function
CTLC(C) has as operand a character code C. If C is an upper case
letter and lower case is available, CILC yields the | ower case code
for C otherwise, CILCyields C Sinilarly, CTUC(C) vields upper case
code if argunent Cis in lower case. Procedure STLC(S) converts upper
case characters in Sto |lower case, and STUC simlarly converts to
upper case.

Procedures RPLD and RPLE pernit efficient replacenent or translation
of a string. The call RPLD(S1,S2) defines the replacenent. S1 and S2
nmust have equal |engths. Subsequent calls to RPLE replace each
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instance of a character which occurs in S1 by the corresponding
character in S2. For exanple, the sequence

CALL RPLD(' AEI QU ,’11111")
S = ' AEXYZ
CALL RPLE(S);

changes S to ' 11XYZ

FPC - Floating Point Conversion

Procedures CEFR$I O and CREF$I O are used for floating point conversion
They are required for LITTLE 1/0O but are necessarily
machi ne-dependent in their inplenmentation if accurate representation
is to be achieved. They are used by the SETL system for floating
poi nt conversion also. Procedure VNUMBI O is used to inplenent LITTLE
I/O and al so nay be of interest when using these procedures; it checks
validity of nuneric constant.

LCP - LITTLE Conpiler Print procedures

These procedures are used by the LITTLE conpiler to construct the
standard output (listing) file. Sone of themare also used within the
library. Most of themare not of interest in that direct LITTLE I/O
statements can do what is needed. However, there are additiona

procedures which permit an extra level of control in producing the
standard output file which is not available from the LITTLE 1/0O
features proper; for exanple, to naintain titles and subtitles, echo
output to the terninal, etc. For exanple, CONTLPR provides a nunber
of extra control functions. LTI TLR provides sinple way to provide
title at top of each page.

These procedures are used to inplenent the LITTLE I/O primtives.
They can also be called directly froma LITTLE procedure. Files are
identified by small nonzero integers. File 1 is reserved for the
LI TTLE standard input (unit 1) and file 2 is reserved for the LITTLE
standard output (unit 2). At least ten files are usually avail able,
several inplenentations provide up to twenty.

The first argunent of an SIO procedure is the file nunber. The second
argunent is a return code. It is set to zero to indicate nornal
conpletion. It is set nonzero if an error occurs during the course of
execution, except that input procedures use the convention of setting
the return code to one to indicate end of data, reserving higher
values for error returns. The standard convention is for SIO
procedures not to return if an error occurs, but to issue an error
message and term nate execution. However, it is possible to test that
an open failed. The actions to be taken if an error occurs can be
sel ected using the procedure ERETSIO ECODSI O can be used to obtain
the system | evel error nunber of returns permtted.
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OPENSIO opens a file, CLOSSIO closes it. There are a variety of
procedures to process text and binary files. In general these
procedures need not be used directly, as LITTLE 1O should be used if
possi bl e.

I NC - text inclusion procedures

These procedures inplenent the text inclusion (INCLUDE) feature of
LI TTLE, and can be used when inplenenting a simlar feature for other
applications. OPNINC intializes, POSINC positions to a particular
menber, GETINC reads a line, CLSINC term nates. UPDINC is wused to
process UPD sequence nunbers (see description of UPD program
par aneter).

MEM - Menory access and nanagenent

These procedures pernt direct access to nmenory contents. MPTRSL

returns an ’'address’, MGSET$LI returns the contents an addressed
location, and MPUT$LI stores a new values in an addressed | ocation

These procedures are required by LIB to inplement the STRING file
access type. They should be used with extrene caution.

The REF program requires a 'dynanic array’ which is provided by the
procedures DADI M5, DAGETR and DAPUTR  These procedures nmay be of
interest in other applications.

These procedures fall into no particular grouping. The provi de genera
utility functions that nay be of interest; in sone cases they are
artifacts of the inplenentation.
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Standard Library Procedures

Thi s section describes the standard library (LIB) procedures.
Argunments are represented by a nane, type nanme, size specification and
optional dinension specification for arguments which are arrays. The
type specfication is RD for read, WR for wite, and RW for read and
wite (the entry value of the argunent is read and possibly a new
value is stored back into the argunent). The size specificationis a
parent hesi zed expression indicating the expected size, using the
standard abbreviations of Ws for .W5., PS for .PS., CS for .CS. and
SDS n for a string of n characters. The dinension specification, if
present, indicates the argunent is an array, and gives the expected
di mension. The synbol '*' may occur in size and array specifications
to indicate that the actual val ues accessed depend on the values of
other arguments in a nmanner explained in the procedure description

The initial Iine of a procedure sunmary is underlined. The procedure
nane is followed by a dollar sign which is followed by the ' package
nane. Packages are sunmarized in the previous section

RES (W8) = ANYC( $ STR
- ¢ RO(CS ,
Sss RD (SS_S7) );

Succeed if character CHis in string set SS; fail otherw se.

RES (W8) = ANYS( $ STR
ST RD (.SDS. *),
SP RD (PS),
Sss RD (SS_S7) );

Succeed if the SP-th character of string STis in string set SS; fai
ot herw se.

CALL BLDS( $ STR
ST RD (.SDS. *),
SM RD (SS_S7) );

Construct a string set of the characters in the string ST, where SMis
a mask (.NB. SM = 1) used to identify the string set during subsequent
string searches

RES (W8) = BRKC( $ STR
""""""" ST RD(.SDS. *),
SP RD (PS),
CH RD (CS) );

Return the I ength of the |Iongest substring of ST, starting at position
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SP, which is followed by an instance of character CH Fail if the
"break" character CH is not found.

RES (W8) = BRKS( $ STR
ST RD (.SDS. *),
SP RD (PS),
ss RD (SS_S7) );

Return the Iength of the |Iongest substring of ST, starting at position
SP, which is followed by a character in the string set SS. Fail if a
"break" character in SSis not found.

CALL CEFR$I O( $ CRF
RV WR ( REAL),
ARA RD (WB) *,

ARAPTR RD (PS),
EXPVAL RD (WB) );

Convert exponent and fraction to real value. On entry
ARA(1l.. ARAPTR) integers in 0..9

(There is an inplied decimal point after
entry at ARA(ARAPTR).)

ARA( ARAPTR+1) is zero for positive value, one for negative
EXPVAL is (possibly signed) exponent val ue

On exit
RV is to contain real value

ARA( ARAPTR+2) is set as foll ows
0 conversion possible and done
1 if invalid input, conversion not possible
2 overflow, conversion not possible
It is pernmitted to provide nore digits than can be accurately
represented; truncation is peritted. However, an error does
result (overflow) if the inplied value does not fall within the
range of the avail able real val ues.

CALL CHARLR( $ LCP

CALL CLOSSI O $ SKe)
KN Ro(vg,
RC VR (W) );

FN nust be a connected file. CLOSSIO closes the file by perform ng any
needed actions. The "connection" to the file is ternmnated, and the
file FN nust be re-opened, by a call to OPENSIO before it can again
be used for input-output.
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CALL CLSI NG $ I NC

Close the text inclusion file established by OPN NC.

CALL CLSTERM $ M SC

Close the termnal file, if one has been established.

CALL CONTLPR( $ LCP
ACT RD( PS)
ARG RWWS) );

Provide for control of standard output file. ACT is an action code as
noted below. ARG is used to retrieve or set the value of a paraneter
used in building the file, as follows:

get current position in line

set current position in line

skip forward ARG col umms, inserting blanks on way.
tab to colum ARG (add bl anks on forward tab).
new page action

if ARG zero, begin new page.

if ARG not zero, begin new page if less than ARG | i nes
remain on current page

6 set paging node (if on, pages forned)

7 set titling node (if on, titles cleared)
8 set page nunber field intitle line

9 set date fieldin title line

10 get |ines per page

11 set |ines per page

12 get page nunber

13 set page nunber

14 get |line nunmber (within page)

15 set |ine nunmber (within page)

16 get nunber of lines witten

17 set nunber of lines witten

18 get line limt

19 set line limt

20 get page limt

21 set page limt

22 get carriage control status

23 set carriage control status

24 get carriage control character

25 set carriage control character

26 set |list output control flag

27 set termnal output control flag

28 get term nal header flag

29 set term nal header flag

30 get characters per line

G wN P
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RES (W8) = CREF$IO( $ CRF

R RORAL
NSD VR (VB),
SE VR (WB),
FP VR (VB) );

Represent the real value RV as a signed exponent SE and a fractiona

part FP, rounded to NSD significant digits. NSD nust be non-negative.

If entry value of NSDis zero, set NSD to one and proceed. |f NSD
exceeds precision of available nmachine, set NSD to that precision and
proceed.

The exit value of the integer FP is such that the nost significant NSD
digits, viewed as a real with an inplied decimal point after the first
digit, multiplied by the signed exponent returned in SE, are the
rounded val ue of the operand RV.

For exanple, if Rv=0.526E+10, NSD=3, then on exit, NSD=3, FP =
526..., SE = +9.

The function value is zero if conversion was possible, or one if
conversi on not possible. For S66, the function value is one if the
real value is 'indefinite’ and two if the real value is "infinite’

SUBR CRFNAM $ M SC
NAM WR (.SDS. FI LENAMELEN),
PRM RD (.SDS. FILENAVELEN),
NUM RD (W8) );

Return the name of a ’'cross-reference’ file fromPRM and NUM by
replacing the leftnost instance of a nuneric character in PRM by the
character corresponding to the digit NUM

PRM nust contain a digit character and PRM nust be in the range 0..9;
ot herwi se execution is abnornally term nated.

The result is returned in NAM PRMis not altered.

Thi s procedur e is used to derive the nanes of the severa
cross-reference files required for the cross-reference feature. It is
used by cross-reference facility, and will not nornally be called by
user.

RES = CTL(( $ STR

CH RD (CS) );

In fixed case environnent, return the argunent; otherw se, if argunent
i s upper case, return the | ower case equivalent.
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In fixed case environnent, return the argunent; otherw se, if argunent
is |lower case, return the upper case equivalent.

CALL DADI MS( $ NVEM
W Ro(vg,
NG VR (W) );

Al'l ocate NWwords of free storage, set NG to nunber of words obtained.
This procedure is used in preparation for subsequent invocations of
DAGETF and DAPUTR.

RES (WB) = DAGETF( $ MVEM
I RD (PS) );
Return contents of I-th entry of storage provided by DADIM5. | nust

be greater than zero and not exceed value of first argunment to DADI M5

CALL DAPUTR( $ MVEM

I RD (PS),

Y, RD (W) );
Set contents of I-th entry of storage provided by DADIMS to have val ue
V. | nmust be greater than zero and not exceed value of first argunent
t o DADI MS.
CALL DROPSI O( $ SI O

FN RD (W5),

RC WR (W8) );

Indicate that the file is to be "dropped" when it is closed. |If
possible, the file is to be erased and all evidence of its existence
removed when it is closed.

This procedure is wused for a "scratch file", and is invoked by the
reader of the file, after the call to OPENSIO and before a call to
CLCSSIO, to indicate that, since no further use will be nade of the
file, it should be renoved.

CALL DUMPAQ $ M SC

ST RD (.SDS. *),
ARA RD (W5) (*),
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LO RD (PS),
HI RD (PS) );
Wite a line with string ST, then wite, four entries to a line, the

contents of ARA(LO through ARA(HI), in "nmachine" format.

DUMPAQ provides a crude listing of the contents of an array slice.

CALL ECODSI O $ SIO
R RO(v,
RC VR (W5),
EC WR (W5) );

Set EC to error code for file FN After call to another SIO
operation, ECODSIO may be called. RC is set to the value of RC
returned by the prior SIO procedure call. If an error has occurred, EC
is set to a system dependent val ue describing the error condition

CALL ERETSI O( $ SIO
FN RD (W),
RC VR (W5),

ELEV RD (W) );
Set error level for file FNto ELEV, which is interpreted as foll ows:

0 No return if error, abnormal term nation
1 Terse return
2 Verbose return: issue error nessage and return

The standard input file is initially opened wth level 1 (terse
return) and the standard output file is initially opened with level 2
(verbose return), to permt the user to detect failure attenpting to
open these files. The error level is then set to zero so subsequent
errors wll result in abnormal term nation unless the | evel reset by
t he user program

CALL ENDLR; $ LCP

End the current line, and wite it to the standard output file.

CALL ETI TLR( $ LCP
LI N RD (PS),
STR RD (.SDS. *),
PCS RD (PS),
LEN RD (PS) );

Enter string STR into title line, beginning at position PCS. Enter
LEN characters, padding with blanks if actual length of STR is |Iless
t han LEN.
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Enter into the mmin title if LINis zero, otherwise enter into the
subtitle.

CALL GETAPP( $ PARM
ST WR (.SDS. SL);
SL RD (PS) );

Return up to SL characters of the program paranmeter string in string
ST. Set the string origin and length fields. The returned Ilength of
ST will never exceed SL.

CALL GETBSI O( $ slo
FN RD (WB),
RC WR (W),
ARA VR (WB),
NDX RD (PS),
NC RW(PS) );

FN nust be the file nunber of a connected file. On entry, NC gives
t he nunber of characters to be transmitted; if NC is zero, then
execution proceeds as though NC has as value the LINESIZE of the file.

Read the next line fromfile FN. Let its length be AC. If AC exceeds
NC, set ACto NC. Then set NCto AC, and store the characters of the
line in ARA, starting at position NDX. The characters are stored one
character per word, right-justified with zero fill. Set NC to the
number of characters stored in ARA

CALL GETCSI O $ sl o
FN RD (WB),
RC VR (W8),
ARA VR (VB),
NDX RD (PS),
NC RD (PS) );

FN nust be the file nunber of a connected file. On entry, NC gives
t he nunber of characters to be transmitted; if NC is zero, then
execution proceeds as though NC has as value the LINESIZE of the file.

Read the next line fromfile FN. Let its length be AC. If AC exceeds
NC, set ACto NC. Store the characters of the line in ARA, starting
at position NDX The characters are stored one character per word,
right-justified

""""""" ARA VR (V) (%),
LO RD (PS),
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HI RD (PS),
FI' N WR (PS) );
btain the next line fromthe standard input file, performng text

inclusion. The line obtained is returned in ARA(LO .H) and is padded
with blanks if necessary. FINis set nonzero when the end of the file
i s encount er ed.

CALL GETI PP( $ PARM

PVAR  WR (WB),
PSTR  RD (.SDS. FILENAVELEN) );

Return the integer value of a program paraneter. PSTR has the form
" KEY=DEFVAL/ ALTVAL’
where KEY identifies the paraneter, and DEFVAL is an integer. ALTVAL

is an integer. ALTVAL is optional, execution proceeds as though
DEFVAL had been witten.

Search the program paraneter string for the first instance of KEY. It

not found, set PVARto DEFVAL and return. If found, proceed as

fol | ows:

1. If no value given (no '= after KEY), set PVAR to ALTVAL and
return.

2. If wvalue given, convert it as integer and assign to PVAR and
return.

CALL GETSPP( $ PARM

PVAR  RD (.SDS. FILENAMELEN),
PSTR  RD (.SDS. FILENAVELEN) );

Return the string value of a program paraneter. PSTR has the form
" KEY=DEFVAL/ ALTVAL’
where KEY identifies the paraneter, and DEFVAL is an string. ALTVAL

is an string. ALTVAL is optional, execution proceeds as though DEFVAL
had been witten.

Search the program paranmeter string for the first instance of KEY. It

not found, set PVARto DEFVAL and return. If found, proceed as

fol | ows:

1. If no value given (no '= after KEY), set PVAR to ALTVAL and
return.

2. If value given, assign it to PVAR and return.
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CETVSIO is identical to GETWBI O except that the last argument is a WR
paraneter. |Input proceeds without the usual padding and the |ast
paraneter is set to the nunber of characters read.

CALL CGETWVEI OO $ SIO

FN RD (W5),

RC VWR (VD) ,

ARA WR (WB) (*),

NDX RD (PS),

NC RD (W5) );
Read the next line from file FN If end of file, set RC to one;
otherwi se, set RCto zero. Place at nbst NC characters fromthe Iline
in ARA(LO to ARA(HI). Characters are packed. Truncation occurs if
not all NC characters can be stored in ARA Bl anks are added as
needed.
CALL HEXLPR( $ LCP

ARG RD (W5),

CcOoL RD (PS) );

Wite the hexadecimal value of ARG in the next COL colums of the
standard output file, right adjusted with no leading =zeros. Start a
new line if less than COL positions remain on the current |ine.

CALL | NTLPR( $ LCP
ARG RD (W),
caL RD (PS) );

Wite the integer value of ARG in the next COL columms of the standard
output file, right adjusted with no | eading zeros. Start a new line
if less than COL positions remain on the current line. Set the first
non- bl ank position to the mnus character '-' if ARG is negative. | f
the value cannot be fully represented, set the first columm of the
field to '*'.

CALL | NTLR( $ LCP

CALL INTLR(ARG) is equivalent to CALL | NTLR(ARG 5);.
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CALL LCTI Mg( $ TI'M
""""""" ARA WR(CS) (),
ARAMAX RD (PS) );

Determine the current tinme by calling LSTIM Then return the
"unpacked’ time in ARA as an array of characters. |f ARAMAX exceeds
LSTI MELEN, provide extra blanks; if ARAMAX is |ess than LSTI MELEN
store at nbst ARAMAX characters. LSTIMELEN is macro for length of
LSTI ME resul t, should be 30.

CALL LETI Mg( $ TIM

Set ETIM to the elapsed execution tine in mlliseconds. The initia
value of ETIMis not necessarily zero. No explicit check is nade for
i nteger overflow, so that care should be exercised when tinmng 'long
j obs.

CALL LNTI Mg( $ TIM

ARA WR (W) (8) );
Return the current tine represented as eight integers in ARA

TA(1) Year

TA( 2) Month: 1 to 12

TA(3) Day of nmonth: 1 to 31

TA(4) Hour of day: 0 to 23

TA(5) M nute of hour: 0 to 59

TA(6) Second of minute: 0 to 59

TA(7) Day of year: 1 to 366

TA( 8) Day of week: 1 to 7 (Sunday is one)

CALL LSTI Mg( $ TIM

TS (.SDS. LSTIMELEN) ); $ LSTI MELEN=30

Set TS to indicate the current tine. LSTIMELEN is the length of the
result; it is currently 30, and no change in the result Ilength is
expect ed. The format is best shown by exanple; the next to |ast
second of 23 March 1976 is represented as:

’ TUE 23 MAR 76 23.59.68 ’
123456789A123456789B123456789C

The contents of LSTIME result are derived fromLNTIME. The format of
LSTIME may be adjusted in some cases to conform to the usua
conventions for a particular inplenentation. Progranms that need to
"decode’ the current tine, should use LNTIME and not muck about with
LSTIME. The result fromLSTIME is typically used to | abel listings.
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CALL LTI TLR( $ LCP

Fully identify the standard output file with a title derived fromTS

enabl e paging, and so forth. Standard conponents of the LITTLE system
identify thenselves by wusing LTITLR Current practice is to use
argunent of the form

' NAM ddddd)’

where NAMis three-character conponent nant, and ddddd is Julian date
of last change to conponent; for exanple, 'LEX(80023)’.

CALL LTLFI N( $ FI'N

TLEV  RD (W8),
TCOD  RD (W8) );

Term nate execution of the program LTLFIN does not return. TLEV is
the level of termination, as follows:

0 normal term nation
1 abnornmal termination detected by LI TTLE system
2 abnornal ternination due to system problem error

TCOD is a termnation code interpreted as foll ows:

1. If TLEV = 0, the programtermnated, TCOD is set:
0 normal term nation
4 "war ni ngs’ detected
8 "errors’ detected

2. If TLEV = 1, the programterm nated abnormally:

3. If TLEV = 2, sone 'systeni problemforced ternmnation. TCOD is,
i f possible, a nachi ne-dependent encodi ng of the code provided by
the systemto report the problem

CALL LTLI N ( $ M SC

VWHO RD (PS) );

Start execution of a LITTLE program Sone inplenentations pernit
procedures witten in LITTLE to be conbined with procedures witten in
ot her | anguages. VWHO identifies the "master’. It is normally zero,
indicating that LITTLE is to open the standard input and output files,
which are the LITTLE units one and two, respectively.

Use of stand-alone LITTLE prograns requires no explict user-provided
calls to this procedure. The LITTLE PROG procedure inplicitly includes
a call to LTLINI(0) as the first executable statenent to establish
control
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Usage with a non-zero argunent val ue i s nmachi ne-dependent.

CALL LTLREGS; $ M SC

Save the contents of the nachine registers, display their current
val ues, restore the registers and continue execution

LTLREGS is provided to assist in program checkout. It is not
essential and will not necessarily be provi ded for every
i mpl enent ati on. The intent is to produce on the standard output file

a synbolic display of the current nmachine register contents, whatever
that neans, wth a mniml corruption. Sone corruption nmay of course
result fromthe act of trying to display them in a nachine- dependent
way.

CALL LTLSI O $ SI O

VHO RD (PS) );
Initiate SIO routines. WHO is nornally zero to indicate call from
LTLINI. Direct user calls to this procedure should not occur, and

shoul d occur only if the user is trying to bypass the normal course of
events.

CALL LTLTERM $ M SC
PHASE RD (WB),
TCOD  RD (W8) );

Continue exeucution of a nulti-pass program The intent is to pernit
successive prograns to operate as phases in which each phase reports
its phase nunber and a return code to be used by LTLTERM to determ ne
if execution is to proceed, and if so, which phase is to be invoked
next . Wher e pr ogr ans cannot be conbi ned, an accept abl e
i mpl enentation, provided in the standard LITTLE library is just:

SUBR LTLTERM PHASE, TCOD);

CALL LTLFIN(TCOD, 0);

CALL LTLXTR; $ M SC

Wite the current program position on the standard output file,
usually as a list of the active procedures and the relative position
within them XTR stands for ’'eXecution Traceback Report’.

This procedure is nornmally called only when serious errors have been
encountered, and is invoked to attenpt to describe just where the
error occurred.
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R (W8) = MGETSLI ( $ VEM

A RD (PS) );

Return contets of nenory location with address A

R (PS) = MPTRSLI ( $ MEM

ARG RD (*) );

Ret urn address of ARG

CALL MPUTSLI ( $ MEM
P RD (PS),
v RD (WB) );

Set the contents of nmenory location Pto be V. P is as returned by
MPTRSLI. Note that

A = MPTRSLI (V) ;
CALL MPUTSLI (A, MGETSLI (A) +1));

is one (expensive) way of increnenting value of V.

CALL NAMVESI O( $ sl o
N RO(PY,
RC VR (WB),
S WR (.SDS. *),
SL RD (PS) );

Determine the "fully qualified" name of the file currently associated
to file FN. Format S as a string and store at nost SL characters of
the nanme in S. Set RC as foll ows:

0 normal return, full name avail abl e
1 string available, but full nane could not be stored
2 file not open, or error attenpting to retrieve name

RES (W8) = NAYC( $ STR
- ¢ RD(CS,
Sss RD (SS_S7) );

Succeed if character CHis not in string set SS; fail otherwi se. NAYC
is inverse is ANYC
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RES (W8) = NAYS( $ STR
ST RD (.SDS. *),
SP RD (PS),
SSK RD (SS_S7) );

Succeed if the SP-th character of string ST is in string set SS and
return the length of the 1longest substring of characters in SS;
otherwi se fail.

CALL OCTLPR( $ LCP
ARG RD (WB),
ool RD (PS) );

Wite the value of ARGin octal, right adjusted in COL colums. Blank
fill if necessary, with no indication of truncation if the value
cannot be represented exactly in COL colums. Start a newline if the
result cannot be fully represented on the current |ine.

CALL OCTLR( $ LCP

ARG RD (W5) );

CALL OCTLR(ARG) is just CALL OCTLPR(ARG (W8+2)/3);

CALL OPENSI O( $ sl o
FN RD (WB),
RV WR (W),
AC RD (PS),
TITL RD (.SDS. FILENAVELEN),
LNS RD (WB),

LNSRET WR (WB),
DISP  RD (PS),
SITEA RD (PS) );

Open file FN for processing. AC indicates desired access:

CGET
PRI NT
PUT
READ
VRI TE

O~ WNPE

TITL identifies the file. If null an inplicit title derived fromthe
file nunber is to be used. If "0 the fileis a null file. Attenpts
toread a null file (access GET or READ) always return the end-of-file
value. Attenpts to wite (access PRINT PUT or WRI TE) succeed, even
though no data is actually transm tted.

LNS i s nmeaningful only for access GET, PRINT or PUT, and specifies the
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nunber of characters in aline. |If zero, a 'default’ value is inplied
whi ch depends on the access node and the file nunber.

LNSRET is neaningful only for access CET, PRIN and PUT, and is
returned as foll ows:

1. If LNS nonzero, it is set to LNS

2. If LNS zero and access is GET, it is set to the actual maxi num
length of Iines in the file, if this can be deterni ned.

3. If LNS zero and access is PUT or PRINT, it is set to an
appropriate systentdependent val ue.

DISP specifies a ’'disposition code’ stating what is to be done when
the file is closed. It is currently ignored. Procedure DROPSIO is
used to request that file be "dropped’, and is called after OPENSI O

SITEA is an additional paraneter provided for machi ne-dependent use.
It is not currently used, and can hence be i gnored.

CALL OPNI NC( $ I NC

INAVE RD (.SDS. FILENAMELEN),
MVAVE RD (.SDS. FILENAVELEN),
| CODE  RD (.SDS. FILENAMELEN),
UPDARG RD (PS) );

I gnore argunent INAME. It was onced used to identify file, but for now
it is ignored as the standard input file is inplied.

Read the standard input file with text inclusion
| CODE specifies codes for | NCLUDE and MEMBER keywords. .
If UPDARG is not zero, the first eight colums of all lines read

contain LTLUPD sequence information which is to be ignored.

CALL OPNTERM $ M SC

NAM RD (.SDS FI LENAMELEN) );

Open a file NAM which for interactive use is usually connected to the
user’s termnal

CALL PROMBI O( $
RC VR (WB),
S RD (.SDS. *) );

If file FNis opened for reading froman interactive ternminal, set the
"pronpt string’ to be S. The TERMP program paraneter specifies the
initial value of the value of the pronpt string for files opened for
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i nput .

CALL PUTCSI O $ SI O

BN RD(PY,
RC VR (W),
ARA RD (V) (*),
LO RD (PS),
NC RD (W) );

If NCis zero, proceed as though NC=linesize of file FNN Wite a line
consi sting of the unpacked characters of ARA, starting at index LO
Truncate if NClinesize, pad with blanks if NC>linesize.

PUTWBIO is simlar to PUICSIO except that the entries of ARA are
packed, WS/ CS characters per word.

RBRC is simlar to BRKC, except the string is searched fromright to

RBRS is simlar to BRKS, except the string is searched fromright to

CALL RDRWSI O( $ sl o
FN RD (WB),
RV WR (W),
ARA RD (WB),
LO RD (PS),
NW RD (PS) );

Read binary data fromfile FN. Read NWwords into array ARA, starting
an index LO

CALL READOS( $ PARM

| FPRES WR (1),
IFVAL VR (1),
INVAL VR (WB),
ISVAL  WR (.SDS. *) );
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READSCS is called by by GETIPP and GETSPP; it provides sone extra
functions in obtaining program paraneters that be of interest. KEY
descri bes desired function, as follows:

seek integer paraneter

seek octal paraneter

seek string paraneter

set INTVAL to nunber of paranmeters and return
seek value of I-th paraneter

A WNPF

IFPRES is set to one if the paraneter is present. |If paraneter val ue
present IFVAL is set to one. If value present and KEY is one or two,
INVAL is set to nuneric value. If value present and KEY is three,
I SVAL is set to string val ue.

Paraneter specification are separated by comms; sone inpl enentations
accept commas between brackets as part of directory specification.

CALL READSCS( $ PARM

CA WR (CS) (*),

NC RW(PS) );
Return the full programparaneter string in CA. Each entry contains
one character, right-adjusted with zero fill. On entry, NC gives the

maxi mum nunber of characters to be stored. On exit, NC gives the
nunber of avail abl e characters.

CALL REMARKL( $ M SC

Wite the string S. For interactive systens, the string should be sent
to the user’s termnal; otherwise, it can be sent to the standard
output file.

REMARKL is a special procedure in that the intent is to make the
argunent available to the user ’'when all else fails’. The exact
semantics are hard to specify, but note that REMARKL is used in ’panic
node’ when LITTLE sees chaos approachi ng.

CALL REW SI O( $ SIO
R RO(v,
RC VR (W5),
AC RD (PS) );

Rewind file FN. If AC is zero, sinply rewind the file. If ACis
non-zero it should be one of

1 GET access
4 READ access
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inplying that witing is to be termnated and the file is to be
reposi tioned at the beginning for input.

CALL RPLD( $ STR
s1 RD (SDS. *),
S2 RD (.SDS. *) );

S1 and S2 nust have the sane length. Initialize for subsequent use of
RPLE. Each character of S1 is to be mapped to the corresponding
character of S2.

CALL RPLE( $ STR

Translate the string S according to the translate table defined by
RPLD.

RV (W8) = RSPC( $ STR
ST RD (.SDS. *),
SP RD (PS),
Sss RD (SS_S7) );

Return the length of the 1longest substring of ST, starting at
position, which consists of characters in the string set SS. RSPC
fails if no character in SS is found.

RV (W8) = RSPS( $ STR
ST RD (.SDS. *) ,
SP RD (PS),
Sss RD (SS_S7) );

Return length of longest substring of S, starting at position SP
whi ch consists of characters in SS. A character nust be found or else
the search fails. The search is fromright to left.

CALL SI A8l O $ M SC
FN RD (W),
IL RD (PS) );

Set the error threshhold level for the file FN to IL. ILis
interpreted as foll ows:

0 any problemtreated as error
1 i gnore truncation/conversion errors
2 continue even if severe errors
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RES (W8) = SPNC( $ STR
""""""" ST RD(.SDS. *),
SP RD (PS),
CH RD (CS) );

Return length of |ongest substring of S, starting at position of SP
whi ch consists of character CH At |east instance nust be found or
SPNC fail s.

RES (W8) = SPNS( $ STR
ST RD (.SDS. *),
SP RD (PS),
Sss RD (SS_S7) );

Return length of longest substring of S, starting at position SP
whi ch consists of characters in the string set SS. At |east one
character nust be found, or SPNS fails.

CALL STITLR( $ LCP
L RD (PS),
S RD (.SDS. *) );

If L is zero, enter S as the main title for the standard output file;
otherwi se enter S as the subtitle.

CALL STLC( $ STR

If |ower-case avail able, convert Sto |ower case; otherwise, Sis not
changed.

CALL STUC( $ STR

If |lower-case avail able, convert S to upper case; otherwise, Sis not
changed.

CALL SYSFI N( $ FI'N
TL RD (W5),
TC RD (W8) );

Term nate execution. TL is zero for "nornmal" conpletion. In this
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case, TCis interpreted as foll ows:

0 normal conpl etion
4 program conpl et ed, but warni ng nessages issued
8 program conpl eted, but errors were detected

If TL is nonzero, the program conpleted abnornally. TL is interpreted
as follows:

1 error detected by LITTLE
2 error detected by operating system
CALL SYSI N ( $ M SC
C RD (PS) );

Perform any necessary systentdependent initialization. Cis normally
zero, indicating that LITTLE is to maintain control of the standard
input and output files. This procedure is automatically called by a
LI TTLE program ( PROG) .

CALL TEXTLR( $ LCP

Wite the string S on the standard output file.

CALL TI NTLR( $ LCP
""""""" s(sos*),
I (W) );

Send string S and integer | to standard output, with spacing and | abel
information to nake clear intent to take S as label for value
di spl ayed.

CALL USRATP; $ FI'N

USRATP stands for 'USer Abnormal Term nation Procedure’. Wien LTLFIN
is called in event of abnornmal termnation, it calls USRATP early on
to give the wuser a chance to provide termnation information of his
own design. A default USRATP that does nothing is provided, and
several inplenentations, due to | oader restrictions, provide only the
default inplenentation.

CALL VNUMBI O( $ FPC
ARA RW (WB) *,
ARAPTR RD (PS),
EXPVAL VR (WB) );



LI TTLE USER MANUAL
STANDARD LI BRARY PROCEDURES

PAGE

32

This procedure ’'verifies’ numeric constants. On entry ARA(1l..ARAPTR)

hol ds characters representing nuneric constant. On exit:
ARA(1l.. ARAPTR) holds integers in range 0..9
ARA( ARAPTR+1) is zero for positive value, one for negative

val ue

ARA( ARAPTR+2) is zero if verified, one if failure

ARA( ARAPTR+3) i ndi cates presence of deci nal

poi nt .
zero if no decimal point; otherwise if 1 +

It

nunber of digits after decinal point
ARA( ARAPTR+4) is zero if no exponent, one if exponent present
EXPVAL i f ARA(ARAPTR+4) is nonzero, EXPVAL is signed

i nt eger hol di ng exponent val ue

CALL WORDLR( $ LCP

w RD (W5) );

Wite word Wto standard out put as characters.

CALL WORDSR( $ LCP
ARA RD (W5) *,
LO RD (PS),
HI RD (PS) );
Sane as
DOl = LOto H;
CALL WORDLR( ARA(1));
END DG,
CALL WRTWBI ( $ SI O
FN RD (PS),
RC VR (W5,
ARA RD (W) (*),
LO RD (PS),
NW RD (PS) );

Wite NWwords to file FN, starting at ARA(LO.
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This section describes the program paraneters supported by the
conpiler and run-tine library. These paraneters are specified as part
of the comand line used to invoke the LITTLE system The system
program paraneters are described in the LITTLE fornat

NAMVE=DEFVAL/ ALTVAL

where NAME is the paraneter value, DEFVAL is the default value if the
paraneter is not otherw se specified, and ALTVAL is the value taken if
the paranmeter nane alone is given. Paraneter values are either
decimal integers or character strings. For exanple, given

P=0/1

then if P not nentioned, value O is inplied. If P alone specified,

then value 1 is inplied. If P=n specified, the value nis inplied. A
nunber of paraneters have the form NAVE=0/1. Such values are | ogica

switches in that they select one of two cases, according as value is
zero or non-zero. In the latter case, the option is said to be
ENABLED or SELECTED.

Each paraneter description nmentions the phases for which the paraneter
has neaning. Note that the paraneter codes have been chosen so that
the sane |list can be passed to all phases; i.e., the sane paraneter
does not have differing nmeanings in different phases.

Par anet er val ues are sought left to right so that, for exanple,
P=1, LI ST, P=2

yields value 1 for paraneter P

Paraneters specifying files tend to be nachi ne-dependent;

hence default filenanes are given in the description of the available
i mpl enent ati ons.

AD=0/1 (GEN checkout) ASM VOA Dunp

Controls whether GEN produces internal VOA dunp at end of each
procedure conpil ed.

ATS=1/0 (ASM S10, S32) Assenbly Time Stanp

Controls whether the generated code (see CODE option) contains a line
in each procedure identifying the ASM version and tinme of conpilation

A0=1/0 (ASM S66) A0 Regi ster Save

Controls whether register AO is saved and restored by each procedure
that uses it. Default is conpatible with FTN conpiler conventions
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B=LGO' (ASM S66) Binary File

Specifies file to receive generated object code.

B1=1/0 (ASM S66) Bl Constant status

Control s whet her register Bl al ways contai ns one.

CODE=f i | enane ( ASM S10, S32)

Specifies file to receive generated code.

DMP=0/1 (LIB S66) Abnornal Ternination Dunp
Control s whet her storage dunp is to be generated if programterm nates
execution abnormally.

CIS=0/... (GEN) Check Index Size

Control s whet her conpiler checks that the size of array subscript does
not exceed the specified value. ClS=0 suppresses this check. The val ue
obtained if C'S alone is specified is the nmachi ne-dependent pointer
size (.PS.).

DA=1/0 (GEN) Default Access

Control s whet her each procedure conpiled is to be given access to each
NAMVESET defined in the first procedure conpiled. If not selected, then
each procedure can only reference global variables in NAMESETs
explicitly naned in an ACCESS statenent in the procedure body.

DECK=0/ SYSPUNCH ( ASM S37, S47) (hject DECK file
Specifies file to receive object deck. Paraneter NODECK suppresses
generation of object deck.

END=PRG SEC (ASM S10 only) END option

Specifies how ASMis to end the generated code file. |If END=0 no | ast
line generated. END=PRG i ndi cates end of program END=SEG i ndicates
end of segnent.

ETIM=1/0 (LIB) Execution Tine

Controls whether the anobunt of execution of tinme is reported on the
termnal. Specify zero to suppress this report. The default for this
option varies according as it is considered appropriate to report this
tinme.
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EXPlI RE=0/ 366 (GEN) Expiration date

Controls whether call to procedure to check expiration date is to be
i ncluded. If nonzero value specified, it gives the nunber of days from
conpilation for which execution is pernited.

FAG=0/1 (ASM S10, S32, S37, S47) Functions Alter d obals

Controls whether generated code nust assune that functions nay alter
gl obal variables. This is required for sonme parts of the SETL system
which (unfortunately) violate LITTLE specifications.

GS=1/0 (GEN

Controls construction of a "Gobal Start" NAMESET for the first
procedure conpiled which contains all wvariable not explicitly
allocated to a NAVESET. |If the GA option is nonzero, subsequent

procedures will be given access to this NAMESET

HELP=/ ES (GEN

MONI TOR option which enabl es MONI TOR debuggi ng features. The default
is no debugging, and HELP along enables ENTRY and STORES MONI TOR
traces. Help string may contain any of

trace entry

trace stores

trace fl ow

check indexed array assignnents
to suppress HELP

oo mwmm

I=filenane (LIB) Input file

Specifies the standard i nput file.

ILIB=filename (LIB) Inclusion library file
Specifies the nane of the file to be searched to resolve .=l NCLUDE
text inclusion directives.

| MEM=/  (LEX) Initial MEMBER

Specifies nane of MEMBER from standard inclusion library to be
i ncl uded before reading source. In effect, this text is processed as
if it occurred just before the first source |ine.
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ISET=/ (LEX) Initial SET

Speci fies nane of one or nore conditional assenbly synbols to be initi
SET. If specified, the effect is as if the line

. +SET nane

occurred just before the first line of the source file for each synbol
specified. Miultiple synbols are specified by separating themw th plus
signs; for exanple

| SET=N1+N2

Note also that the synbol Snn is also initially defined, where nn
identifies the nachine on which the conpilation occurs.

IvV=0/1 (ASM S32) | nteger Overflow

Control s whet her t he generated code enables integer overflow
i nterrupts. The default (zero) requests that i teger overfl ow
condition be ignored.

L=filenane (LIB) Standard Listing (Qutput) File

Specifies the standard output file. Use L=0 to suppress output file.

LCP=1/0 (LEX, GEN, ASM) List Conpilation Paraneters

Determnes if program paraneters are listed. Use zero value to
suppress listing of program paraneters.

LCR=0/1 (LEX)

Control s whether |exical cross reference map is to be generat ed.

LCS=1/0 (LEX, GEN, ASM) List Conpilation Statistics
Controls whether statistics on perfornmance and resource usage are to
be listed on the standard output file.

LEL=25/ (LEX) Lexical Error Limt

Specifies the error limt for LEX. Wen nore than specified nunber of
| exical errors are detected, abnormal term nation of the conpilation
is forced.
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LI ST=Qs/ AlQS (LEX, GEN) LI STing options

Determines initial listing paraneters. Codes are as foll ows:
A - autotitle, automatic title node.
C - code, list generated code.
D - define, punch nmacro definitions.
E - expand, punch expanded text.
| - input, list input (GEN phase).
L - linput, list input (LEX phase).
Q- qualifier, list conditional assenbly
qualifiers.
R - reference, enable reference option
S - skip, list lines skipped by

condi tional assenbly.
0- ignore LIST directives in input.

Note that default 1is not to |list source text so that LIST or LI ST=x
with L or I in option string x nust be specified to include source
text in conpiler listing file.

LOAD=SYSLI N (ASM S37, S47) LOAD nodul e nanme file spec
Specifies file to receive generated | oad nodul e. The NOLOAD par anet er
can be used to suppress | oad nodul e generation

LT=0/1 (LEX checkout) List Tokens

Controls whether LEX lists tokens to be sent to GEN phase.

MDC=0/1 (LEX) List Machi ne Dependent Constants

Controls whether nachi ne-dependent constants are to be listed at end
of LEX listing. The |list includes S type constants and R type
constants containing nore than one character

MEAL=1/0 (GEN) Monitor Entry Argunent List

Controls whether TRACE ENTRY option for Mnitor package. is to |ist
val ues of argunents on entry will not be listed; otherw se, argunent
values will be listed.

MLEV=1/2 (GEN) Monitor Leve
Speci fi es MONI TOR debuggi ng package options, as foll ows:
O ignore all MONITOR directives

1 process only ASSERT directives, ignore others

2 process all MONITOR directives
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NCF=1/0 (GEN) Negative Constant Fol ding

Controls whether constant folding with negative results is permtted.
Usually enabled, constant folding nmay need to be disabled for
cross-conpil ati ons.

NOLOAD=0/1 (ASM S37,S47) Suppress LOAD Modul e out put

Sel ect NOLOAD to suppress LOAD nodul e generati on.

NOOPT=0/1 (ASM S37,S47) Suppress optim zations

Sel ect NOOPT to suppress all optimizations. Use of this option not
recommended as ASM normal |y devel oped and tested with the default
optini zati ons enabl ed.

NSHEAP=/ NSHEAP ( ASM S10, S32, S37, S47) Dynani ¢ naneset addressi ng

If a nane is given, then the naneset of that nane is addressed
indirectly so that it can be allocated dynam cally.

NSPAGE=0/1 (ASM S32) Align nanesets on page boundaries

Sel ect NSPAGE to align all nanmesets on page boundari es.

OPT=... (ASM S10, S32, S37, S47) ASM Opti m zation |eve

Default is OPT=BDFL/ for S32, OPT=DFL/ for S10 and S32.
Specify a character code to select an optim zation as foll ows:

B branch (S37,S47 only)
D 'deferring

Foif?

L | abel

Specification of values other than the defaults is not reconmended.

PC=/1 (ASM S37,S547) Permanent Constant Regi ster

Controls whether ASMis to permanently dedicate a register to hold a
specified constant value or values. Val ues are specified in
hexadeci mal and are separated by slash (/). By default, no register
is so dedicated.

PDIR=0/1 (GEN) Procedure DI Rectory

Controls whether GEN is to produce procedure directory at end of
listing. If nonzero, GENis to produce a directory giving procedure
nanes and page nunbers at end of listing. Nonzero val ues shoul d be
used in conjuction with | option in LIST to produce full listing by
CGEN phase. This option selected if LCR al so sel ected.
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PEL=50/ 10000 (GEN) Parse Error Limt
Specifies the error limt for GEN |If nore than the specified nunber
are errors are detected, conpilation is abnornmally term nated.

PFCC=1/0 (LIB) Print File Carriage Control
Controls whether <carriage control information is to be included in
PRINT files. Specify zero to suppress carriage control

PFCL=0/80 (LIB) Print File Characters per Line

Specifies nunber of characters per line in a PRINT file. Use zero to
sel ect the LINESIZE of the file. Small values wuseful when sending
output to a term nal

PFLL=0/0 (LIB) Print File Line Limt

Specifies print file line limt. If specified, execution abends if
nore than specified nunber of lines witten. Oherwise, limt derived
from PFPL paranater.

PFLP=60/ (LIB) Print File Lines per Page

Speci fies nunber of |ines per page.

PFN=fil enane (LEX) Punch File Nane

Specifies nane of LEX "punch file" generated if LIST E or D options
sel ect ed.

PFPL=100/... (LIB) Print File Page Limt

Specifies print file page limt. |If specified and PFLL=0 then the
print filelimt is PFPL*PFLP. An explicit value for PFLL overrides
the PFPL specification

PT=0/1 (GEN checkout) Parse Trace

Controls whether trace listing of parse internal actions is generated.

REP=0/ PG (GEN) Report opton

Controls whether GEN produces a ’'report’ file. Specify zero to
suppress this feature. If selected, the report is witten on wunit 6.
Options are as foll ows:
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P wite line for each procedure giving

proc. name, proc. type, proc. args

where proc.nane is 1 for subr, 2 for fnct, 3 for prod

C wite line for each call giving

cal |l er. nane, cal | ed. nane, nunber. args
G wite line for each global variable in form

var. nane, si ze, di men, naneset . nane, addr ess. of f set
N write |inefor each naneset giving

naneset . nane, naneset. |l ength (i n words)
If G paraneter selected, then both G and N entries generated.
Parm string may have any conbination of CP G

RF=... (LEX,GEN) Reference File Skel eton

Specifies nane of cross-reference file used by LEX and GEN

SC=0/1 (ASM S66) Set Core

Controls whether LDSET PRESET directive is to be generated to preset
otherwi se uninitialized storage to zero.

SFP=0/1 (GEN) Suppress First Procedure

Nonzero to request that GEN not wite to the VOA file the text of the
first procedure conpil ed.

SUSP=0/0 (LEX) List Suspicious Nanes
Controls whether LEX lists 'suspicious’ nanes. A nane is deened
suspicious if it occurs only once in the source.

TERME/ filename (LIB) TERM nal File Nane
Specifies nane of file to receive nessages sent by LITTLE systemto
the "terminal". Use L=0, TERMto receive errors only at term nal

TERMH=1/0 (LIB) Term nal Header

Controls whether a "header" Iline is sent to the termnal if TERM
option used. Specify zero to suppress this header. The default is
zero for systens where ’'quiet’ operation preferred.

TERMP=>/> (LIB) Term nal Pronpt

Specifies pronpt string to be witten to term nal when requesting
input fromtermnal. Specify zero to suppress the pronpt.
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TERMLEX=0/1 (LEX)
Controls whether conpilation ends after LEX phase. Generally only
needed when using SYN program

TM=/ (GEN) Target Machine
Specifies target nmachine, and need be specified only when generating
code for a machi ne other than nachi ne at hand.

TWMP=xxxxx/ (GEN) Target Machi ne Paraneters
Related to TM this paraneter specifies target nachine paraneters.
Needed only for cross-conpilation. Defaults are

S10 3618091818
S32 3230081616
S37 3224081616
S47 3224081616
S66 6017061113

The string specifies five deciml values, each of two digits. In
order they are word size (.W5.), pointer size (.PS.), character size
(.Cs.), length of string length field (.SL.) and length of string
origin field (.SQ).

TOKENS=fi |l enane (LEX, CGEN) Token File

Specifies "token" file witten by LEX and read by GEN.

TRACE=/ ACDORV (ASM S10, S32, S37, S47 checkout) Trace

Controls whether internal trace |isting generated.

UNV=T10MAC/ (ASM S10) Universal file
Specifies file to be used for nacro definitions. A SEARCH directive is
generated for this file.

UPD=0/1 (LEX) UPD Sequence

Controls whether source is assuned to be in UPD format. |If selected,
then the first 8 characters are assuned to contain UPD sequence
nunbers.
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VOA=filenane (GEN, ASM VQOA file

Specifies file wused for internediate representation wittten by GEN
and read by ASM

ZP=0/1 (S66 ASM Zero Word to End Paraneter List

Controls whether a word of zeros is placed at end of each paraneter
list. The default not to generate this word. The word is used by FTN
procedures (and others) to determ ne nunber of arguments actually
passed. LITTLE never requires this word be present.
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Uilities

The LITTLE systemincludes various utility prograns.

The conpiler can produce a cross-reference list. Program REF wites
the print file for the cross-reference list.

The conpiler wuses a table-driven top-down advanci ng parsing schene
i npl emented by the program SYN. SYN and GEN have the sane structure
and SYN is used to produce the parse tables used by GEN. A separate
writeup for SYN exists.

There are various wutilities, the nobst inportant being the sinple
docunent processors LTLDOC and LTLPAD. LTLPAD justifies text, LTLDOC
formats it. LTLDOC and LTLPAD are used to list the LITTLE guide, and
several other docunents of the LITTLE system

The program UPD is used to naintain source file libraries. A separate
writeup exists.

For ease of reference, the program paraneters for REF, SYN and UPD are
summari zed in this section.

The following utility prograns are of interest to all sites:

ASCINT - format ASCI| files for interchange
LTLDOC - list little docunent

LTLPAD - pad (justify) little docunent
MERCER - conbine files

P8020L - process 80/201 format text

REF - list cross-reference files

SHRINK - elimnate blank |lines and coments
SYN - parser generator

ULST - structured list of UPD OPL files
UPD - source nai ntenance program

UPDFND - extract lines with given string in UPD OPL
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Pur pose: Format ASCI| files for interchange

Par anet ers:

P /P i nput file

N /' N outupt file

FF 0/1 formfeed option (see bel ow

w 0/1 zero to read ASCINT, one to wite ASCINT

This program permits transnission of full ASCII files using only the
64 character subset of ASCII. Each character is transnmtted as two
characters. The first character indicates if further translation
needed, and second character is data character. The first character is
one of foll ow ng:

bl ank no further translation needed
< (less than) subtract 32 to get true code.
> (greater than) add 32 to get true code.

For exanple, word LITTLE in |lower case transmitted as >L>I>T>T>L>E
If FF=1 and W1 then express formfeed by witing line with* 1" in

first two columms, otherwise wite line wth " in first two
colums. If FF=0 translate fornfeed as any other ASCI| character
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Pur pose: For mat docunent

Descri ption:

Input consists of Ilines wth control characters in the first tw
columms, and text in the remaining seventy col unns. Contro

characters are as fol |l ows:

docunent: initialize. should be first control Iine.
eject: set eject flag, do not list text.
page: set eject flag, list text.

define synbolic page nunber.
subtitle: use text to define subtitle, set eject flag.
title: use text to define main title, set eject flag.
underline: list text, then underline it.
enabl e expansi on of synbolic page nunbers.
di sabl e expansi on of synbolic page nunbers.
skip line before listing text.
same as P.

.9 start a new page if less than the specified nunber of
lines remain on the current page.

NRFON<CHWO TMO

The Q Y and Z directives permt the construction of a sinple table of
contents at the end of a docunent. A synbolic page nunber consists of
a string starting with '< and ending with "> . The Qdirective
associ ates the current page nunber wth the synbolic page nunber.
Later Y and Z directives determine if synbolic page nunbers are to be
repl aced by page nunbers.
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Pur pose: To collect specified lines into paragraphs and to
align the margi ns of these paragraphs.

Par anet ers:

P /P i nput file
N /' N output file
PACK 0/1 if selected, no justifying, and output

file contains input text packed into
m ni mrum nunber of |ines

Descri ption:

LTLPAD uses directives in colum two to mark groups of lines to be
padded, i.e., aligned on left and right nargins. Command characters
are in columm two:

N - begin nuneric paragraph
X - begin text paragraph.

A paragraph ends with next paragraph begin, blank line, or line with
directive in columm one. The left margin of a text paragraph is the
first nonblank in the opening line. The first line of a nunbered

par agraph nust contain an instance of '. ', and the left nargin is the
first nonblank follow ng this instance.
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Pur pose: Conbi ne several files into one file

Par anet ers:

N /' N output file

\% 0/1 nonzero for verbose output

A / string put after each file nane

B / string put before each file nane
Descri ption:

The standard input file is copied to the specified output file. Lines
begi nning with *<INCLUDE followed by a file name are replaced by the
contents of the specified file. If V option selected, each inclusion
is reported by witing a nessage on the standard output file.
Paraneters B and A give strings put before and after each file naneg,
respectively.

I NCLUDE' s can be nested to a depth of six.
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Pur pose: This program provi des a neans of transmtting
text files using upper-case in a formthat indicates
the correct upper-lower case representation

Par anet ers:

P /P i nput file
N /' N output file
M 0/1 node, zero to read 80/20L, one to wite

80/ 20L fornat
Descri ption:
The 80/20L format permts the distribution of mxed case text using

only upper case characters. A line of 80 characters is followed by a
line with a shift string of 20 hexadeci mal digits which associate a

"shift’ bit with each text character. The shift bit is one to
i ndi cate a character shoul d (if possible) be translated to
correspondi ng | ower case character by the receiver. Each origina

line is thus transmtted as two |ines.

Each hexadecinmal digit in the shift string gives the shift bits for
four text characters. The nost significant bit in the digit gives the
shift bit for the leftnost character. The shift string is in the sane
order as the text string: colum 1 contains the shift bits for col umms
1-4, columm 20 contains the shift bits fol columms 77-80
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Pur pose: Li st cross-reference files
Par anet ers:

REF uses the RF paraneter to obtain the nanes of the cross-reference
files. It also checks the LCP and LCS paraneters.

Descri ption:

REF nerges cross-files produced by LEX and GEN in response to a
request for a cross-reference listing. See descriptions of LCR and
PDI R program paraneters. The cross-reference listing is witten to the
standard output file.
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Pur pose: elimnate blank |lines and conments

Par anet ers:

P /P i nput file

N /' N output file

OoPT BC/ ABC options
Descri ption:

The input file is copied to the output file with possible reduction in
file size according to options:

A Replace initial three or nore bl anks by two bl anks
B Di scard bl ank |ines
C Di scard comments (first non-blank is dollar sign)

A line size of 72 characters is assuned.
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Pur pose: Cenerate parser tables fromgrammr description

Par anet ers:

ASM 0/ Snn assenbl er option
SYNASM fi |l enane generated assenbler file
SYNQUT fil enane output file with parse tables
SYNBIN fil enane generated parser binary file
EPC 2/ 3 entries per generated parse table entry
HA 0/1 on to list syn synbol table
I M / i nredi at e macro codes
MACP PARSE/ prefix for macro nanes
VEMP SYN prefix for nmenber nanes
SETL 0/1 SETL option
PT 0/1 parse trace flag

Descri ption:

SYN interprets options LCP, LCS, TERM and TOKENS in the sane way as
the conpiler.

SYN i s described in the SYN Reference Manual .
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Pur pose: Provide structured listing of UPD library file,
with index to procedure header |ines.

Par anet ers:

P 1/0 Procedure header option
S 0/1 SETL option
C 1/0 Select to list coments
T 1/0 Select to list text (non-comrents)
H / Header word put at top of every page
B 1/0 Select to list blank lines
Descri ption:

ULST reads the standard input file and wites to the standard out put
file. The input should be prepared by using UPD and specifying IM D
and NS=L options; for exanple

LTLUPD P=X. OPL, F, I M D, NS=L, N=X. TMP
ULST | =X TMP, L=X. LST

ULST produces a structured listing with a procedure directory. Sone
duplicate instances of an ident nane are elimnated, but the nane wll
appear at least every 10 lines. Pages are nunbered, and include tine
and date of programrun. Lines which are probably the last of a
procedure are followed followed by blank line and Iine of asterisks.
The listing concludes with a list of each line which is the header of
a procedure, followed by a sorted list of procedure nanmes and paged
nunbers.

The procedure processing requires that the keywords SUBR, FNCT, and
FUNC begin in colum 7. The END statenent nust also begin in colum
7, and nust include SUBR or FNCT for LITTLE procedures.

The 'S option allows procedures to begin with the keywords MODULE,
DEFI NE, DEFI NEF, and MACRO. These keywords nust begin in colum 7.
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UTILITY UPD - Source Update Program
Pur pose: Identify source |lines, provide sinple batch
editor

Par anet ers:

P o Input file

N NEW Qutput file

ucs / file to receive UPDATE form of corrections
M 2/ 1 Mode

PS L/'R a d sequence node

NS N R New sequence node

F EC/ F edit, copy options

D 0/1 copy MEMBER I i nes

M | EC6 identify menber option

LO ACDI PU/ ADI PU listing options

Descri ption:

UPD i s described in the UPD Ref erence Manual .
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Pur pose: Extract lines froma UPD library containing
a specified string, with output in the form
of a UPD correction set.

Par anet ers:

P /P i nput file

N /' N output file

cam 1/0 nonzero to skip $ coments

EXACT 0/1 nonzero for exact case in matching

MOD MOD/ nane of generated correction set
Descri ption:
UPDFND reads a UPD OPL file and extracts all lines containing an
i nstance of a specified string. The output file is in the form of a
UPD correction set. The program reads a match string fromthe

standard input file. This string is delinmted to permt precise
specifications of blanks in the match string; for exanple

/[  LITTLE /

i ndi cates instance of LITTLE with two bl anks before and after
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Conpilation Errors

Conpilation errors cause generation of an error nmessage on the
standard output file. Since the conpiler runs in three phases, three
distinct listing files may be produced. Errors in token fornation and
macros are detected by the first (LEX) phase. Syntactic errors are
detected by the second (GEN) phase. Several program paraneters are
related to error processing. The LEL and PEL paraneters can be used
to set error limts for LEX and GEN phases respectively. A choice of
| ow val ues can force conpilation to terninate after the detection of a
smal | nunber of errors.

The conpiler contains a nunber of tables which in sone cases may
overflow. Overflow is reported by the generation of an error nessage,
usually containing the internal nane of the table, and conpilation is
abnornmally termnated. Errors of this sort require that the program
be made "smaller", for exanple, by dividing a |large procedure into
several snaller procedures. The error nessage ' EXPECT LESS THAN 512
PARAMETERS OR DATA STATEMENT ENTRIES al so indicates a table overfl ow,
due to conbination of length of procedure argunent |Ilists and DATA
st at enent s.

The conpiler reads only the first 72 characters of source |lines and
provi des no special indication of longer lines. Thus program text
runni ng past colum 72 is skipped, and errors may result.

Execution errors

Errors detected during execution are if possible intercepted by the
system Procecure LTLFINis called wth nonzero first argunment to
indicate abnornmal ternmination. Error nessages are intended to be
sel f-explanatory. Procedure LTLXTR is called to obtain an execution
"traceback’ of active procedures; while not of interest to the nornal
user, this nmay assist the system nmanager in resolving or reporting the
probl em

The standard LTLFIN error codes are as foll ows:

1001 Line Iimt exceeded

1002 Bad got o i ndex

1003 i ncl usi on depth exceeded, inclusion recursion
1004 bad nanme for cross-reference file

1005 array index out of range

1006 assertion failed

1007 unabl e to open standard print file

1008 request for undefined/ unsupported function
1009 expiration date passed

1101- 1199 math library error

1201-1299 multiword error n-1200

1301-1399 little input/output error n-1300

2000+ env error
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This section describes a nunber of efficiency considerations which nmay
assist in witing nore efficient LITTLE prograns.

The CODE option of the LIST directive requests listing of the
generated code; this feature also enabled by C option of LIST program
paraneter. This pernits exam nation of the generated code

The conpiler always allocates storage in units of words; there is no
aut omati ¢ packi ng of distinct variables. For exanple,

SIZE A(1), B(1);

reserves two words of storage. Any required packing is done using
fields.

Assignnents to ’'large variables require in general that all bits be
set. A conmmon case is setting a string to the null string; hence,

.F. 1, .SL., S =0;

is usually nore efficient than

Experience has revealed a nunber of ’'critical sections’ in the
standard library (LIB). Were feasible, these sections adnit a nore
efficient inplenmentation by witing a nore efficient version, usually
in assenbly language. In particular the string search primtives
(ANYC, SPNS, etc.) typically are an order of nmagnitude nore efficient
when hand-coded, so that differences in the performance of prograns
using these primtives may differ according as the (hoped for)
recodi ng has been done. Also, it is generally advisable to put the
SKIP part of a CET statenent at the start, and the SKIP part of a PUT
statenent at then end; for exanpl e,

GET IFILE , SKIP : A A(10);
PUT OFI LE : A A(10) , SKIP;

Also, Aformat is generally faster than R fornmat. STRING files
tend to be slow

In practice, LITTLE achieves mnuch of its expressive power by
systemati c use of the nacroprocessor features. However, these can |ead
to a code explosion which nerits periodic review The EXPAND option of
the LIST directive requests a listing of the programtext after nacro
expansion. This listing is witten to the file specified by the PFN
program paraneter; indeed, PFN was supported originally for checkout,
but has been retained prinmarily to nonitor nacro usage. The E option
of the LIST conpiler program paraneter sel ects EXPAND.
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Substantial work has been done to nake the NYU LI TTLE

pl enentation portable so that inplenentations for different
chines will be conpatible. Sone features, such as file
mes, command line format, and so forth, are necessarily

chi ne dependent, and are described in this section

57

The follow ng sections describe avail able inplenentations, indicating
features not supported, additional features supported, inplenentation
restrictions, and denonstrations of control statenents required to use

the LI TTLE system
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Configuration requirenments

This inplenentation runs on the Control Data Corporation 6000 Series
hardware. It can be configured for NOS or NOS/ BE operating systens, 63
or 64 character set. The LEX, GEN and ASM phases are conbined into a
single overlay LITTLE which requires about 116000B to run

Qperating Instructions

Needed files are kept in directory LITTLE
The control statenments to conpile and execute program
on file LITTLElI, with listing, are as foll ows:

ATTACH, LI TTLE, LTLLI B/ UN=LI TTLE.
LI TTLE. (I =LITTLEI, LI ST)
L&D

Speci fyi ng paraneters

Program paraneters are NOT specified in the usual CDC fashion, but are
given in a separate list which follows program nane. Paraneters are
encl osed wi thin parentheses and separated by commas. Note that

LI TTLE(I =LI TTLEI N)
is WRONG. The correct specification is:
LI TTLE. (1 =LITTLEI N)

Character set

DI SPLAY code. For 64 set sites, the per-cent character can be used
where colon required

Sour ce program f or mat

The conpiler exam nes only the first 72 colums of each line of LITTLE
source text, and lists 90 colunms to permt use with UPDATE.

Default file nanes

Default file nanes are as fol |l ows:

I | NPUT/ COWPI LE
ILIB | NCLI B/

L QUTPUT/ LI ST
TERM /| TERM

TOKENS TOKENS/

PFN LEXQUT/

RF REFO/

VOA VOA/
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Sanpl e control statenents

Consi der the foll ow ng program DEMO

prog denv;
$ obtain integer given by N paraneter, wite to file given
$ by F paraneter. |If F not specified, wite to unit 4.

size num(.ws.); size filenane(.sds. 10);
call getipp(num’ N=0/1"); call getspp(filenane, 'F=/F);
file 4 access=put, title=filenaneg;
put 4 :numi ,skip;
end prog;

The following text shows how to conpile the program execute it,
conpile with listing, and conpile with cross-reference listing. Text
to be entered by the user is at the left in upper case, explanatory
comments in |lower case are to the right:

$ standard comands needed to use LITTLE
ATTACH, LI TTLE, LTLLI B/ UN=LI TTLE
$ conpile and execute
LI TTLE. (I =DEMO, B=DEMOLGO)
DEMOLGO. ( N=10, F=DEMOUT)
$ conpile with listing
LI TTLE. (1=DEMO LI ST)
$ conpile with listing, cross-reference
LI TTLE. (1=DEMO LI ST, LCR)
CET, LTLREF/ UN=LI TTLE
LTLREF.

S66 Procedures

The fol |l owi ng addi ti onal procedur es are available for this
i npl ementation. They are described using the conventions of the
section on standard procedures.

CALL LRECLSI $ S66 Sl O extension

RC is set to zero unless the last I/O operation on file FN was a
bi nary read which encountered an end nmarker (EOR, EOF or EQ) before
all requested information transmitted. In this case, RCis set to the
the nunber of words actually transmitted.

CALL VEORSI ( $ S66 Sl O extension
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RC VR (W) );

An end of record mark (EOF) is witten on file FN

CALL WVEOFSI ( $ S66 Sl O extension

RC VR (W) );

An end of file mark (EOF) is witten on file FN

Uilities

The following wutility programs are principally of interest to sites
usi ng S66, the CDC 6000 series inplenentation

BLDLTL build little overlay input

P8020C - convert 80/201 format to cdc 6/12 bit
RFLOVL - set field I ength of overlay

TIC - translate individual character
UPDBRK - break out comments

UPDEDT - update/edit interface

UPDLST - list update conpiler file
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Pur pose: Convert 80/20l1 fornmat text to CDC 6/12 bit text
so those sites which support 6/12 bit can print LITTLE
docunents (especially LITTLE guide) in upper-|ower case.
Par anet er s:

P /P Input file
N /' N Qutput file
M o0/1 Mode, O to read 8020/L

Descri ption:

This programis a variant of P8020L (deck P8020L on UTLPL) which reads
a 80/20L format file and wites CDC 6/12 bit codes. Lower case
letters are represented by witing the escape character 3b’ 76’ before
t he upper case code.

This version supports only conversion from80/20L format to CDC 6/12
the characters circunflex, at sign and colon are translated to 12 bit
codes; apostrophe is translated to a 6 bit code.
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Pur pose: Transl ate code for single character, assist
translation to and from CDC 63/ 64 character sets.

Par anet ers:

P apb/C input file (rewound before and after)
N NEW CE output file (rewound before and after)
PC 00/ 51 old code to translate

NC 51/ 00 new code desired

M 63/ transl ati on node

if M63, set PC=00, NC=51, and so
translate to 63 set.
if M64, set PC=51, NC=00, and so
translate to 64 set.
ot herwi se, take specified val ues of
PC and NC

U 0/1 i f nonzero, set 'UPDEDT' node and bl ank
col unmms 81-90 of each line changed (this
for |later use of UPDEDT).

RL 90/ 130 I ength of input lines

Descri ption:

The principal use of TIC has been to 'conbine’ percents and colons in
generating files for export, though in practice this function now done
largely by MAKUPL. TIC is not just 'replace’, but is additive in that
it permts two character codes to be mapped into one code.
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Pur pose

Par anet ers:

"8288°

Descri ption:

LI TTLE USER MANUAL PAGE 63
UPDBRK - break out comments

Identify comments and list themto right
of programtext.

1/0 nonzero to list coments

62/ columm to begin comments

1/0 process dollar-sign coments

1/0 process pl/i [/ * .. */ comments
0/1 process FORTRAN conments

3/ file format:

1 - data, text in colums 1-72
2 - conpile, UPDATE conpile file, 1-90.
3 - upd, output of UPDLST program

UPDBRK identifies the comments in the input file, and wites a file in
which the comment text is separated and appears on the right.
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Pur pose: To pernit use of CI M5 Reich/Russell editor
to interactively edit an UPDATE conpile file and
express edit as UPDATE correction set.

Par anet ers:

C C/ COVPI LE i nput conpile file from UPDATE r
CE Ce/ edited conpile file
ID I D output file with correction set

Descri ption:

UPDEDT conpares an UPDATE conpile file and an edited version of the
file to produce an UPDATE correction set (IDENT) expressing the
results of the edit.

UPDEDT rewinds all files before and after processing.

UPDEDT assunes that editing done using Reich/Russell editor "E in
" UPDATE' node (edit comand ' UPD ).
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Pur pose: Provide neat |isting of UPDATE conpile file
which is divided into pages and di spl ays procedure
boundari es and | ocati on.

Par anet ers:

UPDSCR scratch file used by UPDLST
B 1/0 on to list blank lines
C 1/0 on to list coments
H / title for listing (seven chars)
P 1/0 on to process procedures, and give
list of first line of each procedure
S 0/1 on to process setl procedures
T 1/0 on to list text (non-conments)
Descri ption:

UPDLST provides a structured listing of an UPDATE conpile file.
Sequence nunbers are given on the left (this also assists subsequent
use of UPDBRK to |list comments to the right).

Li nes which are probably the last of a procedure are foll owed by bl ank
line and line of asterisks. The listing concludes with a |list of each
line which is the header of a procedure, followed by a sorted Iist of
procedure nanes and paged nunbers

The procedure processing requires that the keywords SUBR, FNCT, and
FUNC begin in colum 7. The END statenent nust also begin in colum
7, and nust include SUBR or FNCT for LITTLE procedures.

The 'S option allows procedures to begin with the keyword ' MODULE
"DEFINE', 'DEFINEF, and ' MACRO . These keywords nust begin in colum
7.
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Configuration requirenments

This inplenentation runs on the International Business Machines

Corporation Systenf 370 hardware. It is configured for the OCM
operating system it should be wusable using GS and its extensions
(MVS, etc.), though usage for these systens has not been tested. The

LEX, GEN and ASM phases are conbined into a single programLITTLE

Qperating Instructions

Needed files are kept on a minidisk of user LITTLE See the

system nmanager for information about accessing this disk

The control statenments to conpile and execute program

on file LITTLElI LITTLE A1, with listing on file LITTLEl LI STING Al,
are as follows:

LI TTLE LI TTLEl (LIST RUN

The single (required) operand of the LITTLE conmand is a file identifi
(LITTLElI in the previous exanple) of the form

fnft fm

The filenane is used as the filenane for files accessed by the
program The default ft is the name of the program (LITTLE in this
exanple); the filetype is used as the filetype for the standard i nput
file. The default fmis Al. An additional paraneter LD SPMOD may be
specified to indicate that the standard output file is to be
concatenated with an existing file of the sane fil enane and fil etype.

For exanpl e, consider

UPD ASM (P=0PL N=LTL F
LI TTLE ASM

where UPD is assunmed to UPD utility program The UPD comand will do
full update of ASM OPL, creating ASMLTL, with standard input taken
from ASM UPD.

Speci fyi ng paraneters

Program paraneters are entered as CVS options. However, to overcone
the CM5 linmtation of eight characters per argunent, the paraneter
scanner al so does the foll ow ng:

Bl anks not foll owing an equal sign are taken as conmnas.
Bl anks just after an equal sign are ignored.

As a result, the follow ng are equival ent:
LI TTLE LI TTLEl (LIST, H=4

LI TTLE LI TTLEl (LIST H=4
LI TTLE LI TTLEl (LIST H= 4
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Note that the (added) paraneter RUN causes LITTLE LIB to execute the
once it has been conpiled. To execute an already conpiled, program
use the command:

LI TTLE PROG (I =0

Char acter Set

EBCDIC with wupper and |lower case letters. Lower-case letters are
generated only by user request and are not generated during nornal
operation.

Sour ce program f or mat

The conpiler exam nes only the first 72 colums of each line of LITTLE
source text, and lists 80 columms to display any sequence infornation
in positions 73..80.

Fil e nanes

The file nanes used by LITTLE (and specified as paraneters) are DDNAMVE
If an explicit FILEDEF has been given for the DDNAME, it is wused.
Consistent wth the normal conventions for OS conpilers running under
CMVB, the following DDNAMES are translated in the absence of a FlILEDEF
for them

SYSPRI NT to LI STI NG
SYSPUNCH to PUNCH
SYSTERM to TERM
SYSUTn to CVBUTNn

If an explicit FILEDEF is specified, it will be used. Oherw se, an
inplicit FILEDEF will be executed. This inplicit FILEDEF will be of
the form

FI LEDEF ddnane DI SK fn ddnane Al

where fnis the filenane of the operand of the command. |If no FILEDEF
is specified for SYSIN, the followi ng is done:

FI LEDEF SYSIN DISK fn ft fm
where fn ft fm are the conponents of the operand with the defaults
suppl i ed as described above. There are exceptions to the inplicit
FI LEDEF descri bed above. These are ddnanes of TERMK, PRI NT and PUNCH
In these cases the device represented by the ddnane specified will be
used, i.e., the following FILEDEF will be executed:

FI LEDEF ddnane ddnane

Default file nanes are as fol |l ows:
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I SYSI N
ILIB SYSLI B/

L SYSPRI NT/
TERM SYSTERM
TOKENS  SYSUT1/

PFN SYSPUNCH/
RF SYSREF( REFO) /
VOA SYSUT2/

Restrictions

Integer arithnmetic restricted to single word operands. I nt eger
arithnetic is correct in the range -2**31+1 to 2**31-1. Real
arithnmetic restricted to single precision.

Sanpl e control statenents

Consi der the foll ow ng program DEMO

prog denv;
$ obtain integer given by N paraneter, wite to file given
$ by F paraneter. |If F not specified, wite to unit 4.

size num(.ws.); size filenane(.sds. 10);
call getipp(num’ N=0/1"); call getspp(filenane, 'F=/F);
file 4 access=put, title=filenaneg;
put 4 :numi ,skip;
end prog;

The following text shows how to conpile the program execute it,
conpile with listing, and conpile with cross-reference listing. Text
to be entered by the user is at the left in upper case, explanatory
comments are at the right in | ower case.

standard conmands needed to use LITTLE
conpi l e and execute

conpile with listing

conpile with listing, cross-reference
execute previously conpil ed program
execute with N set to 10

[ See system nanager ]
LI TTLE DEMO (RUN

LI TTLE DEMO (LI ST

LI TTLE DEMO (LI ST LCR
DEMO

$
$
$
$
$
DEMD (N=10 $
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Configuration requirenments
Thi s i mpl enent ati on runs on the Digital Equipnent Corporation
DECsystem 10 hardware using the TOPS-20 operating system The
i npl ementation should also be usable on TOPS-10 and TENEX, although
this has not been verified.

Qperating Instructions

At Rut ger s, usi ng TOPS-20, LITTLE is «currently available on
s:<setl.final> The phases of the conpiler should be run in turn. For
exanple, to conpile and execute X LTL, proceed as follows: .s.nf def
Sys: s:<setl.final > sys: Itllex(i=x.1tl) Itlgen(i=x.1tl)
Itlasm(i=x.1tl) Itllib(i=x.1tl)

Speci fyi ng paraneters

Program paraneters are specified in the usual LITTLE fashion, i.e., as
list enclosed in parentheses follow ng programnane. The |= paraneter
shoul d always be specified, even if a dummy file nust be created; for
exanmple, .s.nf Itlupd(i=foo.ltl) .s.f The mnmaximum length of the

paraneter list is 120 <characters; the naximumlength of a single
paraneter is 30 characters. Wen running the individual phases
separately, the paraneter list nmay be entered on the command |ine

whi ch invokes the program if not entered, the programw |l pronpt for
paraneters. For exanple,

$ run stlprs

Note that the paraneter line is converted to upper case. This is
generally not significant. However, argunents to the procedures GETIPP
and GETSPP shoul d thus be specified in upper case. For exanple,

TRVAL : = CETI PP(’ TRACE=0/1");

Character set

Full ASCI| character set with upper and | ower case letters.

Sour ce program for mat

The conpiler exam nes only the first 72 colums of each line of LITTLE
source text. Instances of horizontal tabs and form feeds in the
source are processed in the sane way as bl anks.

| nput / Qut put

Text |ines cannot exceed 132
characters. On text output, trailing blanks and tabs are renopved.

Default File Nanes

Default file nanes are as follows: | * LTL/*.LTL (however, see
section on program paraneters bel ow) ILIB SYSLIB/SYSLIB L
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* LST/*.LST S10 | =*.LTL/ L=*.LST/ TERMFTTY:/ |LIB=SYSLI B/ TOKENS=*.TCK
PEN=*. PUN RF=*. RFO VOA=*. VOA CODE=*. MAC TERM TTY:/

Note that * indicates that nane given by |I= paraneter is used to
derive filename and extent is then chosen based on at nost first three
characters of paraneter values as shown above

Restrictions

Integer arithnetic is correct in the range -2**35+1 to 2**35-1

Sanpl e control statenents

Consi der the foll ow ng program DEMO

prog denv;
$ obtain integer given by N paraneter, wite to file given
$ by F paraneter. |If F not specified, wite to unit 4.

size num(.ws.); size filenane(.sds. 10);
call getipp(num’ N=0/1"); call getspp(filenane, 'F=/F);
file 4 access=put, title=filenaneg;
put 4 :numi ,skip;
end prog;

The following text shows how to conpile the program execute it,
conpile with listing, and conpile with cross-reference listing. Text
to be entered by the user is at the left in upper case, explanatory
comments are at the right in | ower case

$ standard comands needed to use LITTLE
$ conpile and execute

$ conpile with listing

$ conpile with listing, cross-reference
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Configuration requirenments

This inplenentation runs on the Digital Equi prment Corporation VAX-11
using the VM5 V2 operating system

Qperating Instructions

Synbol definitions and conmand files for using LITTLE are available in
file NYUSLI TTLE: LTLDEF. COM The easiest way to access themis to add

$ ONYUSLI TTLE: LTLDEF
to your LOGN.COMfile

I ndi vidual phases may be run by using the synbolic nanes LTLLEX,
LTLGEN, and LTLASM However, for nost applications the LTL conmand is
nore convenient. LTLDEF al so defines various synbols such as LTLPAD
LTLDCC, and so forth; this is done to neet the VM5 requirenent that
prograns be declared as 'foreign conmands’ if they are to receive the
paraneters on the command |ine that invokes them

Command LTL conpiles a LITTLE program use synbol LTLLIB to LINKit.
For exanple, to conpile and link T.LTL to produce T.EXE, do

$LTL T
$ LINK T+ LTLLIB

The form of the conmand |ine is:
$ Itl sourcefile [/option...]

Sourcefile is the LITTLE source file. The sourcefile by default has
extension "LTL", so specification of this extension is unnecessary.
The LTL conmmand pernmits specification of the program paraneters in
standard VMS fornat.

/ DLTL
Controls whether the LITTLE source file is deleted after LEX phase,
thus reducing di sk requirements when LITTLE source file obtained
from UPD library and need not be retained. This switch can not be
negat ed.

/ KMAR
Controls whether generated MAR files are to be kept (not del eted).
By default they are del eted.

/ KOBJ
Controls whether generated OBJ files are to be kept (not del eted).
By default they are deleted and only the result OBJ file obtained by
appendi ng them all together is retained.
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/ KT32
Controls whether generated T32 file is kept (not deleted). By
default it is deleted.

ILIST[=file]

/ NOLI ST (D)
The option /LIST is used to obtain a listing of the source file. |If
no file is specified, then the input file nane together wth the
default extension "LIS" will be used. If an explicit listing file is

given, the extension nmay be omitted, in which case the default,
"LIS", wll be used. The option /NOLIST signifies that no listing
file is to be generated.

/ LO=SQ
Specifies list options. This is one case where comand differs from

normal paraneter passing in that LI TTLE uses LIST for LIST options
while VM5E uses LIST for listing file nane.

/OBJ=file

/ NOOBJ
Specifies nane of object file. The default is to generate an object
file of the sane nane as the input with extension OBJ.

| PARME=
Specifies string to be included in paraneter list passed to al
conpi l er phases. |If the string begins "NO', then these characters

are renoved, and the characters "=0" added at the end before passing
along the argunent. For exanple, /[/PARMENOSUSP is translated to
SUSP=0 whi ch disables |ist of suspicious nanes.

/ TERMGEN
Controls whether conpilaton ends after GEN phase. This switch
cannot be negat ed.

/ TERMLEX
Controls whether conpilation ends after LEX phase. This switch
cannot be negat ed.

/ T32M.B=fil e

/ T32M_.B=NYUS$LI TTLE: T32. MLB (D)
Specifies MACRO library containing definitions of the nacros used to
assenbl e the generated T32 file.

The translation process fromthe T32 file to produce the OBJ file is

done in a subdirectory of the sane nane as the input file. If no
directory exists, one is created for the conpilation and del eted at
the end of conpilation. |If the directory already exists it wll be

filled with a MAR and OBJ file for each procedure in the input.
Gven a T32 file, it is possible to obtain the OBJ file by

$ LTLMAC X

Li nki ng the program
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Gven the OBJ file X.OBJ, the EXE file is obtained by

$ LINK X+ LTLLIB

Speci fyi ng paraneters

Program paraneters for the LITTLE command are specified in standard
VMs fashion. The nmaximum length of the paraneter list is 300
characters; the maxi numlength of a single paraneter is 63 characters.
When running the individual phases separately, the paraneter list nmay
be entered on the command |ine which invokes the program if not
entered, the programw || pronpt for paranmeters. For exanple,

$ LTLLEX | =T.LTL

Character set

Full ASCI| character set with upper and | ower case letters.

Sour ce program f or mat

The conpiler exam nes only the first 72 colums of each line of LITTLE
source text. Instances of horizontal tabs and form feeds in the
source are processed in the sane way as bl anks.

| nput / Qut put

Text lines cannot exceed 132 characters. On text output, trailing
bl anks and tabs are renoved. The inplenentation has default PFPL=0/0
so that print file limts are not enforced by default.

Default file nanes

Default file nanes are as fol |l ows:

I SYS$I NPUT/
ILIB SYSLI B. DAT/
L SYS$OQUTPUT/
TERM SYS$ERROR/
TOKENS TOKENS. TMP/
PFN LI TTLE. PUN/
RF LI TTLE. RFO/
VOA VOA. TMP/

CODE LI TTLE. COD/

Sanpl e control statenents
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Consi der the foll ow ng program DEMO

prog denv;
$ obtain integer given by N paraneter, wite to file given
$ by F paraneter. |f F not specified, wite to unit 4.

size num(.ws.); size filenane(.sds. 10);
call getipp(num’ N=0/1"); call getspp(filenane, 'F=/F);
file 4 access=put, title=filenaneg;
put 4 :numi ,skip;
end prog;

The following text shows how to conpile the program execute it,
conpile with listing, and conpile with cross-reference listing. Text
to be entered by the user is at the left in upper case, explanatory
comments are at the right in | ower case

$ standard commands needed to use LITTLE
$ @NYUS$LI TTLE: LTLDEF

$ conpile and execute
$ LTL DEMO $ assune programin DEMO LTL
$ LI NK DEMO+ LTLLIB
$ RUN DEMO
$ wll get pronpt PARAMETERS
N=10, F=DEMO. QUT
$ conpile with listing
$ LTL T/LIST $ listing to DEMO LIS
$ conpile with listing, cross-reference
$ LTL T/LIST/LCR
$ LTLREF L=DEMO. REF $ cross reference to DEMO REF
S32 VAX/ VMB Procedur es
The fol |l owi ng addi ti onal procedur es are available for this

i npl ementation. They are described using the conventions of the
section on standard procedures.

CALL EXECSLI ( $ S32 extension
""""""" si RO(.SDS %),
Sk RD (.SDS. *),
sn RD (.SDS. *) ):

The argunent strings are executed in order in a subprocess, using the
VMS library procedure LIBSEXECUTE CLI. This procedure accepts a
varyi ng nunber of argunments. The generated subprocess does not inherit
the current context, especially that established by the LOd N COM
file, so synbols used nust be defined.

CALL SPALSI O $ SI O S32 Only
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FN RD (WB),
RC VR (W) );

Send the file to the print queue when it is closed. This is S32 (VAX
VMS) ext ensi on.

CALL SUBMBI Q( $ SIO S32 Only
FN RD (W\8),
RC VR (WB) );

When the file is closed, subnit it to the systembatch queue. This is
S32 (VAX VMS) extension.
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In this section we present a brief history of the devel opnent of the
| anguage, summarize its current status, and indicate future plans.

The |anguage was designed by Jacob Schwartz in 1968. A first version
of the conpiler, using the parsing schenme described in Cocke and
Schwartz, and providing sinple optinzation of fornally redundant
expressions at the basic block level, was coded in LITTLE LI TTLE
source was napped into nachine |anguage nacros, and debugi ng of the
bootstrap conpiler began. These efforts, involving one nman working
part time, culmnated in the summer of 1971 in a bootstrap conpiler
which "al nost’ conpiled itself.

In 1970 Jacob Schwartz designed the SETL | anguage. SETL is a very
hi gh | evel |anguage which has finite sets as its fundanental data
type. SETL requires an elaborate run-tine library to performthe
basi ¢ set operations, such as set nenbership, union, etc. Prelimnary
experinents indicated that an acceptable level of efficiency for this
library, called SRTL, was obtainable only if SRTL were coded at quite
a |lowlevel. LITTLE was chosen as the inplenmentation | anguage for
SRTL, and the inplenentation efforts for LITTLE were consequently
intensified.

These intensified efforts began in the fall of 1971 wth the
specification of the LITTLE nmacro processor. The macro processor was
coded in FORTRAN, and added to the conpiler as a separate job step

During the winter of 1971, a 'LITTLE to FORTRAN translator, based on
the newy available nmacro processor, also coded in FORTRAN, was
constructed. As a result, the LITTLE conpiler was napped onto a | arge
(15000 i nes) FORTRAN program which was then debugged. An
operational conpiler for LITTLE becanme available in Septenber 1972.
At this tinme, debugging work on SRTL began, and the bootstrappi ng of
the conpiler started.

The code generator for LITTLE was conpletely redesigned in February
1973. In Novenber 1973 the entire conpiler was successful ly
bootstrapped, and the FORTRAN bootstrap conpiler was discarded.
Language changes were nuch easier to effect once a LITTLE-witten
version of the conpiler was avail abl e.

Wirk on the construction of a cross-conpiler fromthe S66 conpiler for
the Honeywel | Series 16 m niconputer began in 1974. This conpiler has
been used to construct a graphi cs package which uses both S66 and S16.
The S16 conpiler has also been used to wite part of the S16 operating
system as well as an operating systemfor an experinmental conputer
devel oped at NYU which uses the S16 as a front end. This conpiler is
no |longer supported, but did provide valuable experience as it
represented the first attenpt to nount LITTLE on a mi ni conputer

Wrk on the I1BM 370 code generator began in 1973. This conpiler was
successful ly bootstrapped to the 370 by the summer of 1975. The code
generator has since been rewitten.

The nodified S37 code generator was adapted in 1978 to produce source
code for a "nade-up" nmachine called T10, and this variant was used to
bootstrap LITTLE to the DEC-10. This code generator was extended in
early 1979 to produce a code generator for the DEC VAX-11/780. The
first VAX (S32) inplenentation was for the DEC operating system VMS
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In the latter half of 1980, Bell Labs did an inplenentation for the
UNI X operating systemfor the VAX

NYU has also done substantial work for the DEC PDP-11. This version
has not been exported. It was devel oped as a result of the repl acenent
of the S16 hardware by the PDP-11. The PDP-11 version (Sl11) is for the
DEC RSX- 11M operati ng system
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