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Abstract

The problems of writing large systems in BLISS that can be run in more than one
environment are described. A method (a sot of methods) for attacking these problems
Is exp lained, w ith examp les of Its use in a particular system (a compiler) . Aspects of
the BLISS language are discussed with regard to their usefulness or uselessness in
solving these problems.
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In 1974, the authors undertook to write a compiler for ALGOL 68. The compiler was to
run on a POP-il and produce code suitable for a POP-li. The first version was to
run on C.mmp(11 a multiprocessor system comprising several (slightly modified), POP—
11 processors and other hardware , under the HVDRA(2] operating system.

The compiler was written in BLISS(3), for the usual variety of reasons , not leas t of
which was that the C.mmp/HYDRA system of ters a complete symbolic debugging system
(SIX 12(4]) and other support for BLISS programs. However, there were some initial
problems with building a system in this environment.

— The environment itself was unstable. The hardware and the various levels of
the operating system were full of bugs, and subject to frequent redesign as
well.

- The environment was completely unfamiliar to the authors, who had never used
it before.

- The compiler and linker for BLISS did not run on C.mmp/HYDRA, but on a POP-
10/TOPS-b , with no easily available link between the two. Thus changing the
compiler involved loading a linked version onto a DECtape, carrying the tape
over to C.mmp, mounting it there, and reading it--a time-consuming process.
(This, incidentally, was one of the problems that the AlGOL 68 system was
intended to solve, since it was to run entirely tinder C.mmp/HYDRA.)

Hence, the authors decided to build a preliminary version of the compiler, wi~th would
run entirely under PDP-1O/TOPS-bO (suffering from none of the above three
problems), and do most of the early development work on the preliminary version. To
minimize the problems of changing over, fr om PDP-1O versions to C.mmp versions end
inca verse, the preliminary version was also written in BLISS. We wished to be able to
switch from using either version to using the other, simply by making a small number
of error-proof changes, and then running the appropriate compiler and linker to
produce the version to be used. We completely met this goal, and in fac t switched
from using one version to using the other several times. In addition, we met it in a p
way that was very easy to maintain: although we had not used the PDP-1O version
since April 1976, we used the procedure outlined above to create a PDP-1O version in
February 1977, with essentially no problems (e.g. all files compiled correctly, in spite
of language differences between BLISS~IO and BLISS-Il).

Achieving this level of portability was a non-trivial task. BLISS is not as high-level a
language as ALGOL nor as standardized as FORTRAN (though achieving portability even
in FORTRAN is not always easy [5)). The machine-dependence of the design of even
the simplest data structures Is not hidden from the programmer; moreover , I/O and
other interactions with tho operating system are not part of the language, and must be
supplied by the user’s program (or at least in separately-comp iled programs).
Standard packages are available for handling routine problems for both BLISS-
lO/TOPS—lO and BLISS-Il/HYDRA, but there are several problems with using these:

o They are not compatible with each other.
o They (espedally the BLISS-Il/HYDRA package) are inadequate for the needs of

large programs such as compilers.



o There are no packages for any POP-Il operating systems other than HYDRA,
RSX-1 1, and RT-1 1, and even these thre. are riot compatibl. with .ach other.

This paper describes th. techniques we used to achieve portability, I.. to minimize
the work necessary to change over from one version to the other. Chapter 1
describes our system for isolating the differenc.s between the architecures of the
POP-tO and the POP-i 1. Chapter 2 describes our treatment of th. differences
between the BUSS-lO and BLISS-Il languages. Chapter 3 describes the compiler
intert ace with the operating system, i.e. the system for isolating the differences
between TOPS-lO and HYORA. In Chapter 4 we draw some conclusions about the
general applicability of our techniques, and about the design of syst em implementation
languages (such as BLISS) with portability in mind. Portions of the compiler are
included in the Appendices for illustration.

1. Hardware Oifterences

By using a high-lovel language, we were able to avoid having to deal with differences
between the instruction sets and instruction formats of the PDP-10 and the POP- i 1
(the few excep tions are noted below). However, because of the nature of the BLISS
language, we could not avoid dealing with dif loronces between their data formats.

Our method of isolating those dif leronces was So use a 0REQUIRE file”. BL~SS has a
declaration similar in purpose to the PL/I ~f INCLUDE sta tement , by means of which a
program may incorporate several files as part of its source text; this is the REQUIRE
declaration. Any particular separately-compiled module of the compiler begins with a
sertos of REQUIRE declarations , each qf which names a I ilo containing some sot of
related definitions. The very firs t such file is always SYSPRM.REQ, which contains the
definitions which hide the differences bJween the PDP-1O/BLISS-1O and the POP-
ti/ BLISS-LI systems. The 10 version of this file is BIOPRM.REQ; the 11 version is
81 L PRM.REQ. The first step in the changeover from one version to the other , say from
the 10 version to the 11 version, is to make sure that SYSPRM.REQ is a copy of the
proper version of this file (In this case BL1PRMhREQ). This requires a single command
to the file system.

Not .11 of the differences between language/machine systems could be handled by a
single file of definitions, however. Those that could not may be characterized as
differences between libraries. Neither of the two BLISS compilors generates code to
support unsigned division, conversion of strings of characters to fixed- or floating-
point numbers (or to BITS values, for ALGOL 68), or the SIGNAL/ENABLE feature of
BLISS-i 1. These must be handled by library subroutines, and the libraries, even those
which can be written in BLISS, are oi a very low-level, machine-dependent nature.
Th. two libraries are kept as separate groups of source files, and th. differences In
the interfaces to them are hidden in SYSPRM.REQ~

A few words of explanation of BLISS are in order before we describe the contents of
SYSPRM REQ. The data structures commonly available In other high-level languages,
such as records , stacks (except for the control stack ), arrays , list cells, and so forth,
are not built into BLISS. To use such a structure , a program must define it , by defining

- -
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— the layout in memory of each instance of the structu re. This includes a list of
the paraiiietors (e.g. dimensions) of any declaration of a variable w ith that
structure , and specification of how those paramete rs are used (if at all) ~n
determining the amount of storage allocated to that variable.

- the method by which the fields ot the structure are accessed. A particular
f ield need not be an entire machine word; then it must be specified which
group of bits within the word it must b~.

For instance, the standard definition of a one -dimensional zero-based avr ay of one-
word values (in BLISS-lO; It is slightly different in BLISS-il) is as follows:

structure Vector ( Inda~3 (Index) ( .Vector  + .Incle’d B, 3~’;

The firs t pair of square brackets indicates that both declarations and accesses of
Vector variables have one parameter. The expression in the second pair of square
brackets indicates how large an array is allocated to such a variable when it is
declared; in this case , the number of words allocated is equal to the parameter
(“Index”) used in the declaration. (For instance, a declaration like

local Vector 0000 (445) ;

causes the array QQQQ to have length 445 words.) The remaining expression indicates
how this structure is to be accessed; the location of the base variable and the value
of the index are summed to get en address, and the 36 bits starting at bit 0 of the
word at that sddross (that is, the whole word) are referred to.

The Vector structure happens to be predeflned, but all other structures must be
defined by the user’s program. The definition of this structure in BLISS-i 1 is slightly
different from its definition in BLISS-lO, because of the different data formats of the
two machines: one can declare vectors of bytes or vectors of full words, and thus
take advantage of eithor the byte addressing or the word addressing of the POP-li.

I -.

This background helps to explain the organization of SYSPRM.REQ. The definitions in
this file which hide differences between the POP-SO and the POP-i 1 can be grouped
into four categories:

1. the definitions of “standard structures ”. These are:

BYTV ECT - array of 8-bit bytes
CHARVECT - array of ASCII (7-bit) characters
HFVECT - array of half words
HFTAI3LE - array of half words, fr om which subfields may be accessed

2. the definitions of machine characterist ics. Thes. are occasionally useful even
outside th. definitions of the standard structures. They are:

POP-to POP-it
QAOR1NC 1 2 - address increment from one full word

to the next
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QCHSWRD 5 2 - a of ASCII characters packed Into
one full word

QADRSIZ 18 16 - width in bits of a pointer
QWRDSIZ 36 16 - width in bits of a full word
QHFSIZ 18 8 - width in bits of a halt word
QSPARE 35 1 - position within a word of a bit which,

if the word contains a pointer , is not
relevant (by convention) to that
pointer. For the POP-i 1, this is the
lowest order bit of the word, since full
words are aligned on even boundaries,
and pointers to them always have zero
in the lowest bit. For the POP-lO, this
may be any of the bits In the high

- order half of the word, since by
convention, pointers are always held In
the lower half.

3. the definition of the packed-string deta typo. This is a set of definitions,
primarily of operators , for manipulating strings oS characters. What makes these
definitions interesting--they are the only section of SYSPRM.REQ which
underwent a major design iteration— -is the crucial difference between the basic —

string operations “read (wrile) a character and step to the next character ”, on the
two machines. On the PDP-l0, those operations (the IDPB and ILOB instructions)
move to the next character before reading or writing; on the PDP-1 1, the
corrusponding operations (the autoincremont addressing mode) cause reading or
writing before moving to the next character. This difference cannot be hidden
without imposing some restrictions on the operations which may be performed on
strings. Wo therefore divide string pointers into two categories: those for which
every access of a character is accompanied by a step from one character to the
next (“I-pointers”) and those for which stepping to the next character must
always be done separately (“N-pointers”).

4. the definitions of two “library” routines which happen to be coded as mai ros ,
rather than as closed subroutines. These are ~ho routines to clear out a block of
core and to copy one block of core Into another.

2. Language Differe nces

Neither BLISS-i 1 nor BLISS-tO is a proper superset of the othor. Generally, however ,
we did not make much use of features of one language which were not present in the
other , and the list of such features for which we put fake definitions in the versions of
SYSPRMREQ is uninteresting. However , three exceptions should be noted:

- The BLISS-i 1 SIGNAL/ENABLE construct caught our fancy, and we used it tar
compilation error handling. Therefore , we were obliged to write BLISS-lO
constructs to simulate it. We were surprised to find that this was possible.
The BLISS-i 1 library file, SIGENB K4AC, which is a standard part of the BLISS-
11 compiler distribution, corresponds to the BLiSS-b library file, SVSDEP.MAC 
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(w hich contains some miscellaneous material not related to SIGNAL/ENABLE as
well). The only problem pith our simulation of SIGNAL/ENABLE is that some
extra code is required on normal termination of a block containing ~?t ENABLE
declaration, to pop a frame of f the (conceptual) “ENABLE stack ”. The BLISS-il
compiler outputs this code automatically, but of course the BUSS-lO compiler
does not; we put the code in the macro ENABEND, and we enforce • the
convention that every path to exit of an ENABLEd block must end with an
ENABEND, to get around this problem.

- We wished to set up extensive protoaded symbol tables w ith the BLISS PLIT
fac Ulty. We stumbled over one characteristic of those symbol tables, namely,
tha t they contained many pointers to themse lves and each other. The BLISS-
10 NAMES and GLOBALLY NAMES feature allowed us to generate the necessary
pointers easily and cleanly, but there is no corresponding feature In BLISS-i 1.
Therefore we wrote a set of iterated and recursive macros which simulated
those, as well as the related INDEXES and GLOBALLY INDEXES feature. The
simulation is not quite complete, because the iterated/ recursive macro
processor attempts to update an index into a PLIT that it is building by
counting the arguments which fly by it; it doesn’t understand other features Of
the PLIT facility, such as duplication factors and strings. However , we did not
need to make use of these features in our symbol tables.

- The BLISS-IC and BLISS-il macro processors do not expand macro arguments
in quite the same way. From our point of v iew , the problem is this: Let there
be a macro A, with a formal parameter FA, and a macro B, with possibly some
formal parameters Suppose there is a call such as

A C B C . . . )  )

and t he call of B results in a string containing a conima--that is , a comma which
is not hidden by being between a matched pair of parentheses or brackets of
some sort. The BLISS-i 1 macro processor completes the expansion of the call
of B while setting up the call of A, and since it regards the comma as an
argument separator , it concludes that A has (wrongly) been passed two actua l
parameters , instead of just one. The BLISS-lO macro processor does not do
this, treating the entire call of B as a single parameter to A.

In the ordinary course of programming, we did not encounter such problems ,
because of our generally conservative use of macros. However , the slightly
bizarre tricks we used in the set of macros which set up the table of
productions tripped across exactly this problem. We solved it by “quoting” the
comma which was generated, in the BLISS-li version, so that the BLISS-il
macro processor would not recognize it as an argument separator; this is the
origin of the macro “quoted” which is defined in SYSPRM.REQ.
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3. Operating System Differences

Because more than 20 complete operating systems are in use on POP-Il’s and
confi gurations of POP—li processors, the problem of isolating the operating system
interf ace (or Operating System Environment, OSE) would have to have been faced even
if we had not had to write a PDP—1O version of the compiler. It almost goes without
saying that this problem cannot be solved by a single “REQUIRE - file” of useful
definitions. The TOPS-ID OSE consists of 2K words of code distributed over 2 source
files (and some files from a Bliss-lO library), and the t{YDRA OSE is about half as large.
Thus the OSE constitutes a separate subdivision of the compiler, and, as with other
subdivisions, the intert ace between the OSE and the rest of the compiler has been
redefined several times. -

Originally we thought of the OSE as a collection of utility subroutines; the compiler at
the top level was a system-independent controller consisting, like many compilers and
other file processing programs under TOPS-b , of an infinite loop:

DO
<read input/output file specifications>
<create object file from source file>

OD -

Eventually we realized that the top level of the compiler must itself be part of the
OSE. The system-independent portion of the compiler is, at its top level, a subroutine
which compiles a single Algol source program. This seems to be the largest unit of
computation which all possible OSE’s can deal with, ranging from the simplest paper-
tape load-and-go systems for bare POP-li’s lo complote operating subsystems wi th
their own text editors, linkers, and version backup systems. Thus the I-1~’DRA OSE
consists of:

(1) A set of utility subroutines, invoked from various points in the system-
independent part of the compiler. These are:

(la) OSEsrcchar Reads a single character from the source file, and returns the
character as its value. End-of-file is denoted by a special
character. Note that end-of-file here means end-of -logical-
source-program; for instance, in the TOPS-jo OSE (and
perhaps in future HYDRA OSE’s) the source program compiled
in a single compilation may stretch over several of the
entities that the operating system knows of as “files”.

(ib) OSElstline Sends a single tine of text off to be fisted. The system- —

independent portion of the compiler believes that there are
two places to which text output may be sent: a “listing
device” and a “command device”, corrospondtng in many
systems to a line printer and a user’s terminal, respectively.

- Thus one of the arguments to this routine is an indicator of
- which place(s) the line is to be sent to.

( ic) OSEerrmsg Outputs a single error message. The sole argument to this

~ 
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routine is a number indicating which of many compilation
errors occurred . In some OSE’s, such as that for TOPS-lO,
this routine cons ists only of one or more invocations of
OSElstline. It is included in the OSE itself because , In general,
the method of obtaining the error message text to be output
is expected to be system-dependent. For instance , in the
HYDRA OSE, the error messages are not normally kept in
addressable core 1 this routine makes them addressable
tenipo~arily.

(Id) OSEobjword Outputs a single word of code to the object file . This would
be too small a unit of out put if the comp iler had to deal with
different loader fo rmats for such things as fixups , relocatable
segments, and overlay struc tures , but we have avoided those
by writing our own loader. OSEob;word is a null routine in
the TOPS-b vers ion.

(2) A “top level” . This opens various standard channels for I/O, performs other
system-dependent initializations (e.g. imt ,ati~ing the symbolic debugging system),
and calls the syste m -independent compiler. In load-and-go systems , this top level
might start the user ’s program when the system -independent comptier had
finished. (Alternat ivel y, this might he more conveniently left to the operating
system itself .) The current HYDRA OSE top level also includes

(2a) A routine to handle aborted compilation s . The system-i ndependent comp iler
may find itself unable to continue due to such things as internal errors , tack
of core , or I/O failures; in swc h cases it returns to its caller , w ith a result
value indicating the cause o? failure.

(2b) Routines to initialize the settings of various compilation options , based on
information supplied by the user to the operating system and passed by the
operating system to the OSE.

(2c) A routine to clear out a wor kspace in core for the comp iler; this initialization
must be in the OSE, because different ~ersIOns may have completely
different arrangements in memory of the comp iler ’s code , workspace , and
internal control stack.

(3) A set of global variables, which serve as an additional means of communication
between the compiler and the OSE. They are:

(3a) GBLerrs Count of ordinary compilation errors.
(3b) GBLwarns Count of “mild” compilation errors --those which do not

proveri t the compiler from ~enorat ing code.
(3c) GBLf reeto Points to the start of tho compiler ’s worksp ace .
(3d) GBLfroehi Points to the end of the compiler ’s workspace.
(3.) GBLprogstart An indication of the starting address of the compiled program.
(30 GBLpragflags The area (currently a single word) in which all the compilation

option settings are kept.

____________________________  - -
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4. Conclusions

There is a natural conflict between, on the one hand, the universal language design
goal of portability and on the other hand, one of the goals of system implementation
languages (SIL’s) in particular , namely that the programmer should be able to make use
of all the facilities of the hardware, such as unusual instruc tions. The designers of
P1/360(6] have resolved this conflict by sacrificing portabilit y altoge ther. The
designers of MARY[7] describe a subset of the language, “sate MARY”, and a set of
features which extend it to “unsafe MARY”; programs written entirely in the subset are
guaranteed to be portable from one computer to another. The compiler can enforce
the restriction to the subset , if the programmer desires. The approach taken by BLISS
is not quite so strict as this. The designers regarded the various dialects of BLISS as
“ a class of languages that are similar in philosophy and that mirror a similar concern
for the important aspects of systems programming, but each of which is tailored to its
host machine(3).”

Usually the requirements of portability cannot be ignored. The more successful SIL’s
are bound to be implemented on more than one kind of computer , arid for all but the
lowest-level, most hardware-dependent programs (device handlers , diagnostics, and so
forth) it will always be attractive to copy a program already written , even from
another computer , rather than to write a new program from scratch. Therefore it is
useful to consider what aspects of BLISS we found helpful in constructing a portable
program , and what aspects were useless or even harmful.

It is evidont that our principal tools, namely the REQUIRE feature and the practice of
keeping the two libraries in separate groups of files, are ex tremely powerful; they
could be used, and were used, as a “last resort” in the solution of portability problems, *

when there was no way to avoid writing two different (machine -dependent) versions
of some routine or group of routines. The effectiveness of our techniques is therefore
judged by the extent to which we had to use the “last resort” , i.e. by the size of the
libraries. Indirectly we also judge the suitability of BLISS for writing portable
programs by this criterion.

In this respect the STRUCTURE definition facility has been outstandingly successful.
The string data-type is an example of what has been done with this. Strings are
represented in completely different ways on the two machines: packed 5 characters
to a word on the POP-tO , aligned on byte (half word) boundaries on the POP-I 1. But
by the use of the CHARVECT structure , together with a small set of operations based
on the BLISS-lO “special functions” SCANN, REPLACE!, etc., we have made string
manipulation completely uniform, so that rio library routines whatever had to be
written for it. Perhaps an even more striking example is that of the structures

- P8IOCK and OI3LOCK, the standard structures onto which pointers to blocks of packed
data are mapped. These did not even have to be defined in SYSPRM.REQ, and thanks
to the macros RH, IN, WOROF, ADDRF, and SPCF, the definitions of fiel ds in the various
types of blocks need not be placed in the machine-dependent REQUIRE file either .

The LINKAGE definition facility should also be meritigned although we have so far made
little use of it. By defining a linkage, suth as REGO, one imposes special calling

1 •
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convent ions (e.g. special locations for actual parameters ) on all routines which are
declared with that linkage. il is partic ular l~ welt designed for portability, in the
following respects:

- Code which makes use of IINI~AGE definitions and is correct is guaranteed to
be correc t when the use of special linkages is removed.

- The use of special linkages is particularly easy to remove. That is, the “fake
defini tions ” which one must put in one vers ion, corresponding to the linkage
definitions and uses of another version , a re  extre me l y simple. The defini tion of
REGO in the BLISS-lO version, our Only examp le, is a null macro .

Tw o features of BLISS which we. had to essentiall y ignore (except in the cons truction
of libraries) were the abilit y to descend into machine code (the MACK~P fea ture of
BLISS-lO , the OPCODE feature of .BLISS-l1) and the ability to force local v.a~iablos to
be allocated to the machine ’s fast reg isters (the REGISTER declaration ). It Is worth
asking why we could not make use of the second of these.

The alternative to the REGISTER declarj~tion, in both vers ions of BLISS, is the LOCAL
declara tion. The choice between these two alternatives is not quite the same in
BLISS— lO as it is in BLISS-li. In the form er . LOCAL variab les are always allocated on
the control stack , but in the code that IS generated . copies of the var iables are of ten
put in registers to allow easier access to them. In the latt er , any LOCAL variable may
be allocated either to a register or to a location on the stack , depending on the whim
of the compiler , which attempts to find an optimal al location. In both cases , the

usefulness of declaring a var iable as REGISTER instead of LOC AI. in order to make
frequent accesses to it less expensive is clouded or even nullified by the actions of
the compiler. Thus REGISTER dec la rations are primar ily useful only when they are
necessary , e.g. in conjunct ion with use of the MACl-~ P I.C 1PC OL ’[)  feature.

This paper has not covered two ispects of the quest ion of portabil i t y wh ich may be of
gene ral in teres t .  The f irst of these is portability between really d iff e rent languages.
Althoug h a version of the compiler has been produced principally by transcribing the
BLiSS source code into another (unrelated) higher-level language (PASCAL), we were
riot sufficient ly familiar wi th that effort to discuss the c~uesti ons raised by it in this
pap er.

The second of these is portability of the compiler to installations where BLISS~
compilers are  not available. Since the BLISS-l i compi ler produces assemblab le POP -
11 i ode, it is possible to expor t the POP—li ve rs ion of the compiler in the form of a
set of assemblable files. But this leaves little room for the user of the s~. stem to make
local modifica tions to it , such as additions of new language featu res , or modificati ons to
the c ompiler s pre-initial ized symbol tables ; it is dif ficult or irnpossiht~ in most cases t o
follow the assenthly code produced by the BLISS-I 1 compiler , since it is, af ter all,
comp letel y uricommented and unformatted , and labels in the assembly code do riot
correspond in general to labels in the BLISS-li source code. We hav e not yet
attacked the problems raised by the general unavailability of BLISS-i 1 compilers at
user si tes , and so we postpone the discussion of them to future art icles.

1 
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Appendix

The following fIb s are Included here In their entiretyt

B19I’Rtl.REQ - PDPIO version of SYSPRM.REQ
B11PRM.REO - POPLL version of SYSPRM.REQ
COI1110N. REQ — REQUIRE file used by every module in the compiler

SYSOEP. IIAC - support routines for BLISS-lO SIGNAL/ENABLE
SIGENB.MAC — support routines for BLISS-I! SIGNAL/ENABLE

A68S1a.B1s — hear t of the TOPS-lO OSE
A68911.B11 — hear t of t he HYDRA OSE

IIOSTRC.REQ - typical REQUIRE file
LEXAN .BL I - representative code moduto
SRTABS.BL 1 - representative use of the DATAAREA macros

- ~~~~~
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I B1OPNII.REO ( uet be copied to SYSPR H.REQ)

I Copyright 1977 P. Hlbbard and P. Kn~ievsn
Pittsburgh , Pennsylvania

I Syst.a dap.ni$ont declarations icr the Bliss II version.

bind
Oadrinc • I, I tncr~m.nt from word add’s.. to next word addvani
Q.d’sIz • 1$, I Nusb r of b its In an •ddrsss value (pointer )
Ochssi rd • 5, I Nwober of characters per word
Ohiuli • 1$, I Number .1 b its per hall—word
Oh%ab • 1, I True If I horizontal tabs may be sent to output doyle,
Qepar e • 35, I Must be 0 or Owrdsiz— 1
Qw, dslz • 35; I Number •0 bits per sord

I Macros to supply ac tual  names of the Operatin g System (nyironment
I rout ines and glob al..

macro
GB~ errs • 7..rrs 1,
GBLwarns • 7.warns 5,
GBkp rngf lags • ?.pragf S,’. -._~~~~

&Btproy. tar l • ?.proyi 5,
GBLfroohi — ?.f r..h 5,
GBLfr .olo — ? lrsel 5,

OSEsrochar • ?,SRCch 5, -

OSEi st l In . • 7,15T h 5,
OSEobIHord • ?.OBJwo S
OSEorrmig • ?.Err.a 5;

I Macros to smooth over the dif ferences In the Bl i ss— i S syntax and
the Bliss—L I syntax. - 

-
~

I -

macro si gnal (s).
begin extern a l ? .SIGNL ;
(.Freg—1 )cS ,36 ’.?.SIGNL I,b; -

return e
en d S ,

.nable~
register ~ t5J~ I Forces al l dec l arable r.gs to be preserved.
local 7.Frae.(*J~
externa l ?.ENRPL ,Sigva l ,Sigreg;

I Vr.g (7.Frane—I)d ,Si.; -

I f  .Vreg sql S
then S
also •xitbloct s e lect •SIqva l of

nait 9,

athens’.

I-

~

--—

~ 
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O thsr wi se t signal (.SigvaI)
teen 5,

enabonil”
SI gr.g..sLSigreg-2) $

snaoleavs ” 1 The programmer Is catition od against
enabend1 leave 5, I using enab lsavu or onabreturn to

•nabreturn~ I exIt more than one level of tHRIlLEd
snabenif ; return 5, I blocksi an extra .nabsnd Ii required

I for each level.
byte - 5,
quoted — 5,
up li t — p u t  5,

- - unames . l i s t  5,
sta ckloc al — local 5,
Reg O u S ,
maxiffi ,B) • (II (A) geq (5) then (A) elsi (5)) 5,
mI ni (R ,B) — (It (4) eq (B) then (4) else 15)) 5,
Issu — se 5, lequ u leq S
•qlu • sql 5, neqt, • neq 5, - 

-

gequ — geq 5, gtru — gtr 5,

rub ln d it( N ,V ) •
b ind KXX Lmp • V;
undic harn N I

- ~- b ind N • XXX tmp ;
und oclere XXX ICp 5,

I Handy macro in BlI ss— iD

10(x) • iS,

I Crnate pointer which consists of the ad,lrii,s OR ’d with Iha
I Ompars bit. Thu s csnnnt be dono in a strai ghtforwa rd way
I duo to a Bliss— li buy .

SpcP tr (x) • (x)’i32 ,O~ 5,

I Cheap non—zero value

noniad • .Sreg 5,

I Son. attempts at solving lbs problem of decla ring data in  a

I mach ino— indop ondont , languago-ln$opondent way.
Major obstacles to be surmounted,

GLOBfll. RINfls to symbols are it legal in Blis s-li ;
I B li ss—i l clooi not have i n I tiali z ed OlIlis or CL000Lsi
l BlI ss— IL di es not have 111111(5, INPUtS,
I B liss —I S does not have iterated or recurs ive macroe.

globa tdala(a trc ,nm ,sr) • bInd strc I0 (000)nstaz)splitfns globa lly naces 5,
dataareatn ) • bind Vector ID (000)n • p1111 n globally names 1,
dala .nd • ) 5,
gb lnaon (name,d) — name globall y namo. if 5,

p
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gb l ndoK (nauIs,dI • name globally lndexsp d l ,
lecname (nase,d) • name names if 5,
lacnifeE(nar,s,d) • nan. indowas if 5,
dsts (d) • if 5,

glbna$e (x) • x g loball y names 5,
i g Ibb lnd (x ,v) • swItches op tlsla s 1,

I Support for .achlne—lndopondont scan and replace oporat Ions
I See BIIPRM.REQ for mor e explanatIon.

Npt rtoc hars (x) • (x) d9 ,7.  5,
Nptrtohyt..(s) • (x).c25 ,$ 5,
Iptrtochars (x) • (x).c36,7, 5,
lptr tobytei (x) • (x).c36 ,8~ 1,
N%olptr(x) — Cx) 5,
ItoNp tr (x) •~ Cx) 5,
Iptrn dxCx ) — ((x)—1) 5,

I Perfor. zero and move operations In best eachlno-dopondont way.

Zerocor (start ,cnt)s
bog In machop BLT.5251;
rogis tsr R;
R..Cetart) .1; Rd0 ,lb’.(start) ;
start— I;
BLT (R, (st a rt ) . ( (cnt )—1 )) ;  -

nov alue
end S, 

. 
-

Movocor (s,d,cnt).
begIn machop BLTaS2SLI
regIs ter A ;
R.. Cd); Ada, L6,~..(s)
BLT (R, (d)+ ((cnt)—l));
nov .iue
end S;

I Same structures.

structure Byte v ec ill ) — 1(1.3)/ i) ( .Byt ev o ct ..I/4 ) .c28—$s ( .I and 3) ,S ;
structure Charvo ct il ) — ((U4)/5) (.Cha rvoc ts .1/5)c29—7*(.1 mod S),7~;
structure Hfve c t ( I1 • 1(1.1)12) ( II .1 then (.Hfvsct,.l/2).cIS ,18.

e l se ( .Hfvoct. . I/2)cl , lh);
struct ure HItab IeU ,J ,P,S) • 1(1.13/2) ( I f  . I..J then (.Hftm b le+( .I4.J )/2)d$ ,,P ,.S

else (.Hit.,ble,(.I..J)/2).cie.P ,.S3’4;

I ENI) Or BIOPR11.REQ

S

~~~ L . 
_  _
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I BIIPRN. AEO (must be copied to SYSPNII.AEQ)

I Copyright 1177 P. Hibbar if and P. nuevcn
I Pi ttsbur gh , Ponnmy lva n la

I Syutem—dopondont declarations for the Bliss 11 version.

bind
G~drinc • 2, I Increment Jrom wird adif roes to nex t word address
Oadreiz • LI, I Number of bits In an addresi value fpoint.r)
Qchswr.l • 2, I Nusbor of characters per word
Oh i sis • I, I Number of b i ts  per half—word
Ob tab — 0, I True If I horl eontal tabs may be sent to outp ut device
Qspa,’o — 0, I lust be 0 or Owr~Ip iv—1
Ourihels • ill I Niimbw of bIts per word

I Macros to suppl y actua l names of the Operat ing Systes Environmen t
I routines and g iobals.

macro
GAlu rra - $trrs 5,
GBL,,arna • Sham s $~Gtfl.fr oolo — SFree lo 5,

- GhlI fre ehi • SFreehl I,
CBtp rogstart - tProqst 5,
GIlIpragI lags — lPragfl 1,

OS(ercchar - SSRCchar 5,
OS t I s t l i ne  - SL ST Ii ne 5,
O5tobjword • SOlij uord 5,
OStsrrmsq • Strrmsg 5;

I Narro s to umoo th over the differences in  the B li ss—il syntax and
I the B l iss- l i  syntax.

macro enahnnd 5,
enab leave • leave 5,
enabrotumn - return 5,
quoted • Squote Si~uote S
uaxi( A ,5) — ((4) max (5)) 5,
•ini (4 ,5) • ((A) sIn (5)) 5,
semicolon • ; 5,
reb ind it (N ,V) • reb ind N - V 1,

Crna te pointer consisting of address ON ’d w I th  the Osp are b i t .

SpcP trdw ) • lx) • 1 2,

I Chimp nnn zoro value.

noncad • .PC 1,

S

LA 
-
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I Sets. attempts at solving the problem of declaring data In a
machino—indopondont, languago—lndopondont way. -

I Major obstacles to bo surmounted’
GLOBAL BINO. to symbols are Il l egal In Bliss — iS ;
BlIss—Il doos not have In i tIalIzed 01111. or GLOBflLs;
B liss— il doos not hpvo HAIIES, INDEXES;
Bl iss—IS doos not høvo Iterated or rocurslve macros.

I Macros whoce names begin with S (*lIaP.data, SSetupdata , SStripparens ,
SS.tupbinds) are not intend ed to be used outside BLLPRM.REQ

globa ldata (strc ,nm ,sz) • global bind strc nmLsz3 • u p ll t ( 5,
dataarea (name) • Sfla data (name, 5,
dataend • ) 5,
gblnam. (nase)t3

Squote2 Snaseblnd , global , name , SLength—I, (SRemalnlng ) 5,
gblndox (nane)CJ

Squote2 Slndxbi nd , global , name , SLeng th—1 , (SReealnlng ) 5,
locnase (nav*e) t) —

Squot.2 Snamebind, , nan., SL .ngth—I, (SRssainlng ) 5,
locnd .x(nawe)E3 •

Squote2 Slndxb ind , , name , Sh..ngt h.1, (SR .maining ) 5,
datat 3 •

Squote2 Snob l nd, , , Slenyth , (SRemai ning ) 5,

StIaI~data(navie) (1 •
external name;
bi nd SName (’.NAIIE. ’) • name , SHameC’.INOCX. ’) — 0;
IS. tupbl rids (SRneia in  I
undoclare nu*e,SNams(’.NRllr . ’), S11ani(’.INDEX .’); - -

global bind nan. - p l lt SS.tupdata (SRoma ininq) 5,

Squot.2 • quoted qiu,ted qi*ntod 5,
SnamebindCnane) • bInd name • SName(’ .NPhlE. ’) • 2sSH ameC ’ . INO E X. ’) 5,
Slndxhind(nano) — bind name • SNaeo(’ .INDEX. ’) 5,
Snoblnd(nan.) • switches optImIze 5,

SSetupdata (bnd ,gbl ,name ,len ,llstJ • SSlrlpparens lIst 5,
SStri pparonsU • SResalning 5,
SSetupbin ithtbnd ,y bl ,namo,Ion ,I lst ) —

gb l bnd(name )~ ~
reb i nd SName (’.INQCX. ’) • SNamo( ’.INOEX. ’).Ien 5,

glbnamo (x) • 5,
glbbind (x ,v) — global bind x • v S

I Support for machlnc—Indopondon t scan and replace operations
I The goal Is to have eff Ici ent character /byte scanning operations
I which are machine Independent. Bli ss—il prov Ides scan and roplace
I operators which allow the programmer to perform POP—Il byte instructIons
I and thtrn are ro latlve ly effi c Ient , An eff ic Ient method of scanning on
I the POP—li is through the mis of auto— Incromont addres sing modes In
I byte Instruct Ions. Thus, an obvIous approach to reaching the goal is
I to prov ide BlIss— Il scan and ro placo macros which cat,;. the genor at lon of
I byte Instruct ion s with auto— lncroment operands. The major difficulty
I in Implementing this solution is that IPi• POP—Il po inter—Inc rementIng

p
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I Instruct Ions perform the increment before a fetch or store , whIle the POP—il
I Inst ru ct ions Increment afterwards. This difficulty is ovorco.o by forcing
I the prograseer to pay special attentIon to the way In w h i c h  pointers are
I I nitialIzed and u sed.

I Pointers say be one of Iwo varieties , I—poInter or N -pointer.
I N—pointers always refer to a particular byte until an incp Is performed.
I I— pointers incr ement befo re each access , i .e. after an access an
I 1—pointer refers to the by te accessed. The rules for us ing those
I kinds of pointers may be s t a t e d  by consistently substitut ing N or I

for N In the fol low i ng paragraph.

I X— po i nter ; must be in i t Ia l i z ed by assI gn ing a va lue y i e lded  by an
I Xpt rto ... operator. All operations on an N—pointer Suit be an incp,
I N—o peratIon (i .e. scanX , maplaceX or copyXi) or the appropriate convers I on
I operator.

I An 1—pointer veIui may be converted to an N -pointer value by using
I toNp tr. The now N~p .lnter rilers to the byte last accessed by the

I I—pointe r. Similarl y, Nto lp tr may be unod to create an I—pointer from
I an N—pointer. The now 1—pointer refers to the same byte as the N—pointer.
I IIomi~vor , sIneS only I— op eratIons are per m issibl e that byte Is not
I accessible via the 1—pointer.

lptrrnlx (n) Is u~ od in conji ,nction ,iith the  Byto v oc t and Cluarvoct
I structuros. lihin ur.nd as the actual parameter in a By tov o ct or Charvoct
I structure access, It produ cos an I— pointe r whIch will access the n—tb
I byte or character in the Ii rs t 1—o peratIon in which It Is used.

lnc p (ptr) — I (pt r )— . (ptr).1 ) 5,
sca nN(ptr ) — ( .( .( pt r ) ) 0,8 . ) 5,
replacoll Cp tr ,x) • C 1 .( pt r ) ) c O ,5,...(x) ) I,
roplact ul (p tr ,x) — ( ( . ( p t r ) ) c O ,8,.’.(x); Incp(( p t r) ) ;  ) 5,
co pyHl (ipt ,opt ) • ( rop iacol ( lo pt) ,sc a nN(Cip t ) ) )  ) 5,
copyil ( Ip t ,opt ) — I repla cej( (op t ) ,scanN(C pt fl ); incp ((Ip tfl , ~ 5,
Nptrtoch aru (x) • x 5 , - 

-

Np trto hy tos (x ) — x 1,
Ip trtoch ar s (x ) - x 5,
lptrtob y toslx ) • x 5,
ltoN ptr (x ) • ((x )—i )  5,
Nto lpt r (x ) • ((x)+i) 5,
lptmndx (x) • x 5,

I Perfors zero and move operations In best machine-dependent way ,

Zerocor (adr , cnt I
beg in
register Ptr ;
opeode CLR ;
Ptr— (adr).(ent)02;
while .Ptr gtru (adr ) do

CLR (5—P tr) $
nova lue
end S,

Plevecor (s ,d,cnt)u
p
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begin reg ister Irc ,Dst ;
opeode AOV ;
Smoi s ; Ost.d;
deer I from (cnt)—i to S do

PIOV(i.Src,1.Ost);
nova lye
end Si

* Some structures ,

structure -

By tovoct tl ) — II) (.Byteveot. .I)tS ,$ ,
Charvoctll) — 11) (.Charv,ot..1)d,l ,
H lv.ctII) — 11) (.Nfveet..I).c l,b,
H f tab l et l ,J,P,S) • 11) (.Httable ,. I..J) .P, .S;

Some lInkages.

l Inkage
AegO • B li ss lre gi st er— Ol ; 1- •

I [NO OF B1IPRM .R(Q

p
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I COIIIION. REQ

I Copyright 1177 P. Hibb ard and P. l~niievon
Pittsburgh , Pennsy l van i a

I Comeon de f In itIo n s Included in every module ,

I Target machine parameters

b i n d
Xbase • 5,
Ybase • t1i•bIl,

Zadrlnc • 2, I Incremen t free wørd address to next word address
Zch.wr,l • 2, I Characters per word
Zhfsiz — 8, I B Its p.r bali—word-
Zspare • 1, I Value to add to make an illegal word address
Zwrds iz • 15, I Bi ts per word

ZR sizNai:ed — 2,
ZSsizLEflha se • 7 ,
ZR.izlhlbam. — is,
ZAsialB iop e ~~(I f ZRsIgNakmd sql 1 then 2) ,
ZRs zOressed - 2,
Z*typConbloct - 74,
ZA sizOes ctrip - 4;

I Useful Seytiords 
-

macre 
-

thi f • then Ii 5,
ciii • else If I,
a llel se • always 5, I To be uSed l ike T In a L isp CONO.
repeat - while 1 do 1,
ex i tL - leave L with 5,
nevaI~ e - .Vreg 5,
bool (s) • ii Is) then true 5,
tl*ees3(x) • (2,(x).Ix)) 5,
moduio (L,R) • ( if ( (A ) and — (A)) sql (A)

t hen IL) and (R)— t
els e (1) mod (A)) 5,

divide (L ,A ) • ( Ii (A) sql I then (1)
•Iii (A) sql ~ then (L)t(—1)
.IIf (A) eqi S then (L)t (— 2)
else (L)/(~)) 5,

Ntuj (str) • Npt rteehar s (tIpIlt asc lz str) S
comment • switches opt I.lze; $$

Some structures

structure Di tv ec * IP ,S) • (.Bitvect) .P, .S;
structure Pb loc $( I ,P,S) • (,.Pblecp,Oadrince.I)c ,P ,.S i
structure Ob i ect (1 ,P,5) — (5.0b l.ck.0adrin e (.l—1I) .P, S~;
e trttc t ure Coss tbvll ,J ,K) — (If .K sql I

I

I-
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then .Co nstbvt (— . 1) and lt.J—i 
-

else .Constbvt (— .J) and Lt.K— 1) .cl,b;

I More useful definitions —

b i nd
true - I,
false • 0,
zed .2, -

Constbv M inu si • —1,
HTab — Ill,
LF - 112,
FF .114,
CR - 115,
EOFchar • #208,
SRPLs tkslz e • 128, I Semantic /S yn tax stack size - -

Cbufslze . 132; - I Standard character buffer size

I Macros useful In field defInitIon ;

macro
ZRH • 0,Zhtsiz 5,
aN • Zhf;iz ,Zhfsl z S,
RN • 5,Qhfs iz5 ,
LH — Qhf slz ,Ohfslz5 ,
Ilordf • 0,Qwrdc lz 5,
Addrf • 0,Oimdrs iz 5, - -

Spcf • Qspare ,1 5,
Clrspare (x) — Cx) and not Itaipare S
Zhfwords(Lo ,HI) • (IHI)tZ hfs iz or (Lo)) 5,
Hfwordc(Lo,HI) • ((HI)tflhfslz or (to)) 5;

Fatal error codes

bind
Fa tNoupaco — —I ,
Fa tBu.Govf I — —2,
FatUser • —~ ;

I Interface to Operating Syntem Environme nt (OSE)

external
Glksrrs, GBLwamns ,
Gltfreelo , GlLfreehi ,
GBtp regstart , _ - -

Bilve ct GBtprag f lags, - 
-

Oltsrcchiur,
A egO OSEl st IIn s , -

AegO Oltobjuerif ,
Aeg O Oltsrrssg;

I FIeld definitIons for COLpragtlags

macro
Prgstrop • RH 5,
PrgI lit • Ohfsiz.l,I 5, - ‘N.

S

—
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Pryobj • Qhfsiz .i,1 S
Prywamn u Ohfsiz.2,1 5,

I Prgmach • Qhfslz.3 ,i 5,
Prgnonaksd • QhfsIz.4,i 5,
Prgnoghost • Qhfsiz.S,1 5;

I ENI OF COIIIIDN . RE Q

a

- —- - -- 
- 
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I SYSD(P.IIIIC

Copyr i ght 1977 P. Hib bard and P. Knuoven
Pittsburgh , Pennsy lvan ia

TITLE SYSOEP P160160 SYSTEM DEPENDENT MACHINE LANGUAGE ROUTINES
TIIOSEC

JOBREN.’alZS
b C  JOBRE N
NUB 0,REN%IOR -

JOBSI..4i
LOC J0041 -

JFCL HOP FOR SIXI2 UU0’S

RELOC 400000

; COIIPILER CONSTA NTS
LSTCHNnnI ; LISTING CHIIHIIEL

CAILI DEFINITIONS
RESET.— 0
[XI T.. 12

CODE EXECUTED WhEN MOIIITOR REENTER” COlIlIliWli IS GIVE N

RENPI IA m CLOSE LSTCHN,I $ CLOSE LISTI N G FYI.E ON REENTRY
- CALLI •,RESET DO NOT WR I TE O NIR FILES

CALL! 0,EXI T ; GO AWAY

BLISS ie SPECIAL REGISTERS
SREG: ~~PCE POINTER REGISTER

S F 2  $ FRECt POINTS TO CURRENT INVOCATIO N BLOCI~
SV..3 VREG * VALUE REGISTER

DETECT FLOATING— POINT OVERFLOW

FL TO VF I
SETO SV,
JFOV .~ 2
S(1Z SV ,
pOpJ Ss, -

ENI1OLE FRAIIE FORHIIT
FRAIIE.S, POINTER TO ENABLE CODE

$ FAP IE..1s POINTER TO PREVIOUS FRAIIE.3
; FRRIIE.Zt SAVED FREG
; FRf1IIE.3s SAVED SREC

$

- - - - - -~~~~~~~~~~~~ - -
- ~~~~~~~~~~~~~~~~~ ~~~~~~~~--- _ ~~~~~~~ - -~~ - - - -
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ROUTINE TO SET UP ENABLE FRAIIE

INPUTS
VREG — POINTER TO NEW 4—WORD FRAIIE— 1

OUTPUTS
SIGREC - POINTER TO ERPUE.3
VREG — ZERO

.[NRBL :i
(XCII $S,1
PUSH $V ,O(1)
PUSH 5V ,SIGREG
PUSH $V ,$F
PUSH SV,1
SOS S(SV)
MOUth SV,SIGR(G
SETZ SV ,
EXCH $S,1
POPJ $5,

$ ROUTINE TO PCRFORII A SIGNAL

INPUTS
VR EC — SIGN AI.LED VALUE

; OUTPUTS
SICVAL — SIGNAI.LED VALUE
SIGREG — RESTORED TO POINT TO PREV IOUS FRAII E
VREC - NON—ZERO
RETURNS TO MOST RECENT (OYNRIIICALLY) ENABLE DECLARATION

.SIGHLu
MOVD1 SV ,SIG VAL
MOVE SV,SICREG
POP SV ,$S
POP SV,S~
POP SV,SICREC
POPJ SV ,

INITIAL ENflPI.E CODE
[NAS A: CALLI 1,E X I T

INITIAL ENABLE FRAUr .
FRAIIEOi (NP ENflBO, FRAII(0.3, 5, 0

RELOC 0

VA RIA BLES USED DY SIGNAL/ENABLE ROUTINES
SIGVRL:s S ; SIGNALLED VALUE
SIGREC:: FRAIIEO.3 ; POINTS TO TOP OF STACI~ OF ENABLE FRAIIES

(NO

$
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F i lei SIGEND.M11IN5IOHYS7)

This work was suppor ted by the Advanced Research
Projects Agency of the Of f ice of the Secretary of
Defense 4F44620—73—C—ll74 ) and is mo n itored by the

; Air Force Of f ice  of Sc ient i f ic  Research.

.TITLE SIGENB

.CSECT SJCE.C

The BLISS—Il out of l ine routines to handle SIGNAL’s and
ENABLE frame crust Ion.

11—Nov—73 P. Knueven
26—Jul—76 P. Karl lon — change to location of

SIGREG and SIGVAL to be SA UREG and
SAVVIH. as In STKPPC .REUIHSIAHY97)
Commented out LEVO and EXIT also.

Tb. dynami call y nes ted occurrences of ENABLE declarations
are recorded in the LIFO ENRQI.E slack. ThIs is Implemented
as a linked list of 3—word stack frames. Th. current top of

$ the stack is pointed to by .SICREC. An ENAB LE f rase Is
created each h u e  an ENABLE declaration Is sxecuted .
It looks lIke the foilowingi

Offset Contents
$ 0 Pointer to most recent previouu frame

2 Value of SP for the ENA B LE bod y -

$ 4 PoInter to the ENAB LE body
I

.GLOO L SSIGNL ,SSIGN1

.GL DQ L SENA BI

.GLOOL SZGVRL,SICREG

R0.Z0
SP.ZS
PC•V

Calling Sequence
s MDV E,R0
$ JIIP SSIGNL

SSIGiILt MDV RI,SIGVAL
$$IGNIz 111W SIGREG ,RI .

MDV (RU.,SIGREG
MOV (Rl).,SP
!IBV (R0).,PC -

Calling Seqisonce
i MDV tn.B,RI
; JSR PC,$EIWTIL

.UORD L2—L1
; Lit. . . ENABLE body

$

- - - -- - .-‘--- ~------ .~— - . -~~~~~~~-~
- -- -~ =~
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~ L2s

i where n I. 2 pIus the effect into the stack of the
space reserved for the frame

$CNROLs SlID SP,R0
MOV (SP),(A l)
ADO #2, (Al)
NOV S(SP),(SP)
SIlO (R9),(SP)
NOV $P,— (Rl)
500 #2, (RI)
Ploy - SZGREC,— (Ae)
NOV RS,SZGREG
RTS PC

1 $CXIT* HALT

1$UVI* .IIQRO S,I,SEXIT

SIGREG — 270 ; SRVREG address
SIGYAL • 272 ~AVV RL address

.(N0

S
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I f lS0S&0.BIS

I Copyright 1577 P. Hlbbard and I’, Knueven
I P I t t s burgh, Pennsy lvania

module AOISIS (stavk(ISII)) .
begin

POP—li ALGOL 58$ Cross—cosp l Icr for POP-li

switches n ahl st i
require DIOPA1I. REQ;
require COItItOH.RtQ;
requir e IOflflCS.RtQ~

switches list 1

undaclare —

OSE let l ine ,
OS (errmsg,
OSEob juord ,
OlEuroohari

forward
I Inltchnl ,

InItFOB ,

Cvt f i l e ,
Asset ,
Gotbuf ,
Lkupntr ,
Gotcmd ,
Perueg ,
Inilchn s ,
Punt ,
Page,

- Lread ;

bind FatCedlong • FatUus r-0,
LSTllnesperpage • ~Sl

own
LSThead pg ,
LSTpage ,
LSToeunt;

Machop C al Il • 141;

bind
Cr llm — Plsg (’?M?J’),
Spcs. — Nsg (’ ‘F ,
Errs — Nsg(’Cosmeind error ’) ,
PPWm • flsq(’Iriv.Ild PPN’)1

bind 

-~--~---— —___—-~~~ — _ _~~~~~~ _----_
.
~~—~----‘--- -~-—- --_ - — - — ~~~~~ -- -~ -—- --
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hlawbu l • 12S3,
lObuf I - 6sMa*~buf ;

external
Buffers ,
Close ,
Date ,
Dayofwssk ,
Enter ,
Filescsn ,
Lookup ,
open ’
Pdit t e,
Pt iso,
Purgeout ,
Read ,
Wr i temsg;

own
lObuffIIObuIII ,
$Obufp,
Srebufp,

Bi tvec t  Creates ,
‘OR(S),
Em t seen ,
Chni;

bind
Device • FOltiOl , _ -

Filename • ronui ,
Extanalon u 111(1(2) ,
PrT IOat e • 10(1(31 , I Protection , Time, Dat e
PPN • Ff11141 ,

Lkupltlk • 101111),
Ntr5lk • FODI1);

I Names of fields in words in the Chnlstat bloc k

acmo
Specd — 0,1 5, I True If channui l has boon correctly initialized
TTYd • 1,1 S I True If dev ice on channel is a TTY
0 m b  • 11,1 5, I True II channel u s for binary I/O ,

I False if for ASC iI
inple • 11,1 $~ I Irge II channel ii for input ,

I Fa l se If for output

bind
Cmicbn • -2,

- Cmochn • -3 ,
BincPun • 0,
Lstcbn • 1 ,
Srcchn • 2,
Hlchn • Srechn~

$

________________________ — — — ~~~— 
—

-- 
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structure Duufhdvocilj • (3d ) (.Bufhdvoc,30.I),
structure Bboct :tI ,P,S) — IlaOadr incl (.Block .Oadrlnce .I) .P,.S ;

own (1ufhdvo~ hd(Hichn.1);
own (Iloc k C, . attHlchn.1 ) ;

structure Chns tatwdlP ,S) • (Chnlstat,..Chnstatwd) .P,.S I

map Chnstatwd Chn I I I so that .Chni (Specdl means .Chnistat l .Chnl ,Specdl

bind Vector Initst atlHlc hn ,1l • p i l t (
Hf words (0, 1)
Hfwords(0,O),
Hfw ords (S ,2)) ;

macro InltchnI (chan ,blk) —
begin

I bi k Is always FOB
ChnI..(ohan) ;
I.kupntr()

macro InltFflB (de v ,f il e ,ext) •
begin
11ev i co—dov;
Fl lenase..f lie ;
Ex t.niilon..oxt;
PrTlOat..PPN~.O$
ondl;

comment I C vt f ll e * -

I Fu,ictlon : set up a character string, to be Output by the caller ,
I that describes a fIle (device , name , exten sion ) .

I Locals
I tlsgbiuf — space to bold the string I

I Dstp — a byte pointer to the string
I FO B — the block holding the Information about the f II.

I Outpu t
VALUE — byte pointer to the 1st character of the string

rout m e  Cvtf lIe • -

begin
own thutjb%If(*),Ostp$

comment I CvtsimfN ) -

I Func tionl convert a SIXBIT strIng to ASCII and append it to
I the current strIng (OSTP),

I Inputs
I N — word containing the SIXBIT string

ii
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routine Cvtslx (N) •
beg In
local Srcp;
Srcp..Ne36,6.;
dec’ 1 from S to S do

If seani (Srcp ) eqI I
then exit loop
else rep lacoiW stp ,scann (Srcp).#45);

novalue
end ;

Cv tslx ( .Dev lc e) ;
Rap lac elW stp, u ) ;
Cvts Ix (.Filenaeo );
Rep laco i (Ost p,. ) ;
Cvts ix (.Exte nsi on and 1777777t0hfs1z);
Rep laoei (Ostp, 0);
Nptrtochars (Ilsgbuf)
end;

cosmtnt I Cmdmsgcl tr)

Function ; output a meusaqo to the u ser ’s t er m i n a l , ending
wi th  CRLF , uS Ing TTCPLL ’ s.

Inputs
Str — pointer to a word whose high byte beg ins the

string to be output.

rout’no Cmdmmij CStr )
begin
ilrIhe.sg(Cmochn ,.Str);
Ilri temsg (Cmcchn , Cr If m) I
Purgooi.e (Cmoclun);
nova bus
ond ;

comment I Reset

I Function; do a RESET UUO, and reinitial ize the Chnlstat words

routine Reset -

begin
map Vector Chnlstah;
1Obufp ..IObuff~S,i’.;
Movocor (Initstat ,Chn lstat ,Hichn4);
Ca lli (I ,S); H
novalu .
end1

comment I Cetbuf

I Function ; allocate space for I/O bmffers for a g iven channel , N.
I

- --~~~~~~~~~~ — - ~ ---- - 
~~~~.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
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cal lIng the 5LZ~.IB routine BUFFERS,

I Inputs
Chnb — a chann~ I number, between Cmi chn and HIchn inclus i ve
Iobuff tlobutl 3 — a large block of space fro. whIch all I/O buffers are taken
Iobufp — a pointer to the beginning of unused space in Iobuff

I Outputs
lebufp — updated
VALUE — True If buffer space was allocated ,

ales Ii some error was encountered

routine Gotbu f a
begin
local SIze;
if .ChnI eql Srcchn then Srcbufp...IObufp;
Siz...2a(2,Buffers(.Chni,0,,Chnlllnplo ) ,O))i
If .IObufp ..Suze leq IOb u ft (Iflbu fl )rS ,th. then

bo gmn -

Rui f ers (.Chn l ,2 , .ChnlIInpIo l , . IObuf p ) ;
IObwfp.-. IObufp..Slze;
True
end

end ;

comment I Lkupntr

I Func tIon: in i ti a l i ze a channel for I/O as Indica ted

I Inputs
I CbnI — the channel number
I FOB — a block containing all necessary Information about the

current channel , excep t that contained in
I ChnlstatlHichni — a vector of words, one for each chnnnni , each
I of whIch contains a few bIt s of interest Ion about
P the channel.
I Outputs
I VALUE — True If in I tIalIzation succeeds , false otherwise

rout Ine Lkup n t r  -
begin
macro Oovchr (dvnm) • (registe r 00; 0O..dvnm; callmf Q O, 14))S;
macro Binaryitf • 12,1 5, I Names ol fields in the DEYCUR result word

Reci lml • 1,1 1,
TTYd.vS • 21,1 $~

bind Dbnarym ede - #14, A scillnomo de • 1;
hind LISO • #25627, LISOAI?1 • S25627S10165;
register Bi tveot A;

If not .Chnl(SpscilI I Is channe l already In use?
thif (*..Oevchr (,Oevic.)) nsq S I Does device ex ist?
th lf (II .Cbn i lBmnIe ) I Can device do I/O of specified type?

then .RIBmna rujsl )
else .RtRsciimII )

th if Opsnt.CP*n i , I Doss OPEN UUO succeed?
I f .ChnlI $lnbel

I

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~ —. - - - .
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then Bmnarymodo
else fl scili n emo de,

Device ,
If •ChnitlnpIol

then ltuufhdt .ChnIld,h
else BufhdL.Chnlld ,Ii.tOhlslz)

thif Getbuf() neq S I Can buffers be gotten?
thu (if .Chnbllnpio) I Does LOOLUP or ENTER UUO succeed?

then begin
local SavPPN;
SavPPN’.. PPN;
if Loekup(.Chnl,$,I:upBlk) then ex l tblock true;
If not •Exlseen then

begin
Extension ..Oi
If Loeknp (.Chni ,LkiipBlk ) then smit b loc k true ;
Extenp b on ’.sixbit ‘06$’;
•nif;

it .SavPPN sql S and •Grestsm (LHI sql LiSO then
begin
PPN..LISBAL?1;
if Loekup( .Chni ,LtupBl k) then ex i tblock true;
end; -

false
end -

e lse tntsr (.Chnl ,Ntr Slk))
then begIn I Success

Chni(TTYd)...R(TTYd ovfj ;
ChnltSpecdl ..Truo;
return True;
end;

Cmdssg (limg (’In l t laliza t i o n failure ’)); I Failure
Cmdmsg (Cvtf 11.0);
False 

-
ond~

• comment I Getcud

I Function; input a command fros the user’s terminal ,
using TTCALI.’s

I Outputs
Cmdbuf — a block of bytes In -which the command is stored as an ASCII string

rout,ne Getcud
I - begin

bInd Cmdbiif I • 20; 
-

own CndbisfIC~dbu fII~ 
-

reg ister Plr,N;
Ptr..Iptrtochars (Cmdbiif);
N ..QchswrtfoCedbuf I ;
do begin

U CN~ .N—1) se I than
Punt (Fattmdlong);

rspIacei (PIr ,Read (Cmichn)) ;
end

- S

- —- - - -- - - -- —--
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until .Vreg eqi Li ;
lpt rtoc hars (Cedbuf)
end;

routine Perug a

begin
macro CstPPN • (reg ister 00; 00.0; C.lli (QO ,I24))S;
macro Grest (ilhn,Ilhat) • Who; ex ll sei ec t Cmdssy(Mig (Uhat))S ;
bind

51120 — tOO~O4O,
516$ — #010130,
5160 — #010131,
51.75 — 1015164,
5176 • 1010171,
BLO3 • #532013,
GALS • #155604,
P1102 • #427112,
P1:02 • 1431202,
5520 • #611150,
TR30 • 1567406,
IIWI? • #641573;

if .Greotem noq 0 then return novalus;
Grootom ..GoIPPN;
select .Crootom (RHJ of

nsot
Grsot (AII2O ,’Uatch me blaze Pascal’) ;
Groot (Al J8,’Let so elaborate on that’)i
Greet (AI.11D,’Lot a. elaborate on that’)j
Greet (Rt.70,’Lol me elaborate on that ’);
Groot (A1.?4 ,’Whnre ’’s the missing link??’);
Greet(B103,’Hl Bruce’);
Greet (GALO ,’Huy Guy’);
Greet (PHO2,’Thou art Peter’);
Croot (PI~02,’Cood luck Paul’);
Creet ($fl26,’lt ’’ s that crazy Swede again’);
Greet (TR3O,’Givs my regards to Cs.’);
GrsstOlWll,’!t’’s bIg daddy 0.111’ )

tesn;
nova liiO
end;

S..-

comment I lnltchna (Srconly)

I Funet ion
Initialize I/O channels.

If Srcenly Is geq I then got command line from
user and Initialize spec ified channels.

Ii Srceniy is Iss S then InitialIze source Input channel to read from
next specified input Ills. Return False as value II I end— el—d ata or
error occurred.

routine Initchna(Srconly ) •
begin
macro

I

-• -~~ • • ~_ ~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •
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Csddono - return True 5,
Csdfall — return False 5,
Csdorr(x) • (Cmdmsg (x) ; Cmdfa ll )$i

own Cmdeof ,Ptr; -

local Bll vect Scanv;
macro Rotcodo • All 2, I Nasos of fields In the FILESCAN result word

Breakeb • LH 2;

I f .Srconly geq 0
then begin

Rese ll);
PormegO;
W ri teasg (C.ochn ,Plsg(’ s’) ) i
Purgeou.t (Cmochn);
C.deof.Fa lee ;
LSTpage.0;
LSTcount’.LST I Inesperpage;
PtraCetcmd 0i -

Chni’.lstchn;
end

e lse begin
Chn I ..Srcchn;
end;

until .Cmdeof do
begin
In I tFOD (sixblt ‘OSK’ , I,

case .Chnl—B inchn of set sixb Il ‘OBJ’ ; slxb i t ‘P11’ ; Xs l xb it ‘ASB’X I tes);
Scanv.Fl i..can(Ptr,FOR~
If not (Extsesn..(.Extension nsq 0))

then Extens ion .slmblt ‘56$’;
case .Scanv (Retcodelli—1) of

set
0;
C.derr (Errm);
Cmderr(PPIh*);
Cmdorr(PPNm);
Caderr(PPN~

) ;
Csderr(Ileg(’ InvalId switch spec ification ’))
es;

If  .Scanv (Droakc hl eq S ~ P
then Scanv(Breai:ch)s.”—

sli t .Scenv(Broakch) sql ~
then Scanv (BreM chl .Cr;

select .Scanv (Broatchl of
neet

,“sex )tse lo ct begin
If .Chn l eql Lstchn then Cmdnrr (Errs);
If .Scanv then

if not Inltchnl (.ChnI ,FDB) then Csdfa il ;
if ,ChnI eql Binchn

thsn Chnl’.Lstchn
d l i  .Scanv then Cuddo no;

end;

.;exitselect begin
It ,ChnI sql Srcchn then Cmderr(Errm);
it .Scanv then

S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ___________________
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II not InItchnl (.Chnl ,FDB) th.n Cedlall ;
Chnl..Srcchn;
end;

Cr; exi tsei ect beg in
Csdeof..True; I
if •Scanv

then (If ,Chnl sql Srcchn then
If not lnltchnl (.Chn l ,FDB)

then Ced fail -

else Ceddone)
sIl l .Chni sql Blnchn then

Cad S al l ;
Cadorr(Errm) ;
end;

Alleles; Cmdorr (Itmg (’&llega l delI m Iter ’))
teen;

end;
false
and;

routino Punt (N) -
begin
oxternal JobD0T,Jobca,SixlZ;
docr I from Hichn to 0 do

I f .Chnlstatl.I ,Spocdl and not .Chnlstatl.1 ,InpioI then
Purgeout C. I);

Cmdsusq(Ileg(’ ?I1?J??PUNT! ‘));
14 •JobOOT neq 0

then 31x12 (—1) -

else (.Jobsa)0;
nova Itt.
end;

I Source Input

comment I Lread -

1 FunctIons call the BLIIIB rout In. REnA , pass ing Srcchn as
argument, and return the rssult , except that if the character read
is a character of an SOS l ine number, return an error code of —‘-

rout ins Lread •
beg in
bind Vector Bufhed • Bufhd(Srcchn);
bi nd Bytptr • 1;
I f Read (Srcchn) gtr 0 then

it •.BufhodtBtjtptrl then
Vreg..~3;

• Yreg
end; 

———— .~~~~
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comment I OS(srcchar

I Function: got a character from the Input buffer, Process
l ine numbers , I/O errors , and end—of—file conditions correctly.

global routine OSEsrcchar
begin

• local Bltvect Char, InSOSne;
InSOSno’.zed;
whIle (Char.Lread0) Is. S do

case .Char.3 of
set

I I — LIne number character
InSOSno’noncsd;

I 1 — I/O error
begin
Cmdssg (~sg (’Input tranesi ssion error’));
return EOFchar ;
end;

I 2 — End-o f-ills
begin
Close (Srcchn );
ChnlstattSrcchn,Uordf)...InitstatlSrcchn l ;
IObufp’..Srcbufp;
if not Initchns(— 1) then

return EOFchar;
end

tee ;
if .InSOSno neq B and .Char sq l HTab

then 0
else ,Char

end;

Listing Output

routine Lmts.g(Str) •
begin
Ilr lIe.sg (Lu.tchn ,.SIr);
novaS uo
end;

• • routine Page •
begin
oxtarnal Versid;

• bind Daystl.2) • p li t (
‘Sunday ’,
‘Plonday ’,
‘Tuesday ’,
‘Wodnonday ’,
‘Thursday’,
‘FrIday ’,

S

—— -
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‘Saturday ’);
loc al Today;
LSTcount.O;
if not .Chntst at (Lstc hn ,TTYd) then

beg in
Today—Date C) ;
Lstmsg lllsg (’?L; Rlgol 68 ‘));
Lstmsg (Hptrtochars (Vera Id));
Ls tmsg CSpcsm);
Is tmeg (Np Ir tochars (Days t2eDayo tweek (. Today )) I)
Lst.sg (Spcsm) ;
Pdate (lstchn , . Today);
lstmsg (Spcss);

• Ptisee (Lstchn ,—1);
Lstmsg (Spcsm);
Lst .sg (Cv tf  i leO ) ;
Lstssg (Iteg (’ Page ‘) ) ;
1SThsadpg’~O;
Cvtdecz(Iptrtochars (LSThoadpg),LSTPa9e~.LSTPa9O.L,3);
Lstmsg (N ptrtochars (lSThsadpg )) ;
Letmeg (Cr 1 Is);
Lstmsg (Cr Ifs ) ;
Purgeaut (Lstchn);
end;

nova I us
end;

comment S OSE i s tIi ne (FIr.t ,Foul ,Errdev)

Function ; output a string to the listing dovice , and possibly to
* the ~pQ~~ 5 terminal as w ell , appond ing a CRLF.

I Inputs
5 First — byte po inter to the first character of the (A SCII) string

Foil — byte pointer to the character ju st a fter the last character
of the strIn g . This Is temporaril y set to zero, to saks
the string ASCIZ, before calling IIrlt.usq .

Errdev — nonced i f  the string is also to be output to the terminal

global routine OS (lstllne(First ,FoII ,Errdev) -
begin
if .CBLpra gfla gs iPrg ii s l ) or .Errdav noq 0 then

begin
local Say;
if (LSTcount’- .LSTcount,l) gtr LSTllnesporpaye then

P.9ø 0
Sav ..scar*n (FelI);
replace n lFoll ,S):
i f  .Chnlsta (tLstchn ,Specdl then

be gin .-.,.
Ls t msg ( .F i rst ) ;
Lstmsg lCr l f m ) ;
If .ChnlstattLstc hn,TTYdI then Pu.rgeout (Lstclun) ;
end;

If .Errd.v neq 0 and not .Chnistat ~LstChn ,TTYd) then
Cmdmsg (.Flrst);

5 -

• ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ —~~~~- --- - ~~~~~~~ ~~~- : ~~~~~~~~
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rep lac en iFo ll , .Sav) ;
end ;

nova Sue
end;

Object Output

glob al routine OS (oblword • nevalve ;

I Error Iteseage Output

global routine OSterrmsg (N) -
begin
oxtern af Er r tat;
if .(rrtxtt.N) neq 0 then

beg In
Outs.’ —

Outsaz(.Errtxtl .N));
end ;

nova lue
end;

I In It Ia lI zation and FInal Ization

macrn Inifmos (dtis) •
bag in
global COLOreelc ,GBLfr.oh,,Fr.ear.aL3OUJ I
GOlfres le a Fr.eareac0,Ot.;
G0Lfreehi a IFrseareae300B)cS ,I.;
noualus
end S;

rout ene In i tp ra q s -
b.g.n
I 01. pragf lags-I;
(~tt1 praqi lags IPrgstropl .4;
Ctllpcagf lags tPrqwar n) atr us ;
6I%t pragf lags (Prgi lst).tru .;
CSL.pragl lags IPrgob j ).true;
nova I us

• end;

macro lnittranmput(du.u) a

begin
wø t i l  Inl t chns (0) d~ lnltpi’agtW ;
If .Chnlstatllstctun ,TTVd) then

bog I a
eist ernai Voreid;

S
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W rltam sg (C mochn,Ileg (’?LRlgoI 6$ ‘) ) j

Cmdmsy (Wptr tochars CVeruid )) ;
end;

novidus

macro Fln tranep%I t (duuu) • ‘S

begin -

• docr I from Ilichn to 0 do
- If .Chnlstat (.I ,Spocdl then

Cl ose(.I); .

nova uo
endS;

extern al fli gol6l ;

Greet.ma0;
repent

beg in
1oc~ l Vat ;
global GuLerrs,GflLilarfls,00LPrOgstart ,GBLPragflags
In l tm em O;
-Inutp ra g sO;
In itteans pu tO ;
if (ValaAl goIB8C)) es 0 then Pu nt C— . Va I) ;~
Fin trans pi~t O ;
end;

novalus

end
sludn5

S

~ 
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I 568511.611

I Copyright 4977 P. Nibbar d anti P. P~nu,su~ n
I Pittsburgh. Pennsylvania

module fl6$S11(STRRT • Star t , WOOEBUG) •
begin

Al gol 8$ Compiler Hydra Operatin g Syste m Environment

This module contains most of the routIn es which comprise the
I Hydra OS[ for the Algol $5 Complier. The routine Start Is the
I entry point for the Hydra load-and—go complier system.

I Co mp ilatIon In i t ia l i z a t ion
The followin g functions mu st be pertora.dt

I — Ascertain which output files are to b. created. PerSon any
I setup required to make subsequent output action s work correctly.
I Set SPraq fll P rg ii st l to true i f f  the listing file  is to be
I written and SPragfllPrgeb j) to true * f t the ob ject fi l e  is to be
I w r i ttan .

- Det.r .lne what text is to be used ac the source input , State any
nocossary connact ions to allow subsequent inpu t actions to wDrk
correctly.

I — A lter SPragif to ref lect any requ ,oets for pragsat-controii.d
actions. -

I — Do anythin g else nocensany for particular sys t em
- Sot Froelo and rroohl.

I Sou ,rce Input (ISREchan)
The routlno SSRtchar returns thn next character fro* t he  source i n p u t .

I )f no more inpu ,t oI~IstI it  retu rns (OFchar . The characters must be
I oncodod as 7—bit ASC II.

* Li s ting Output (SLSTIins)
* SLST l ine outputs a single l ine of text to the listing dov ice and possibly
I to the command output devIce as well. It takes three parameters , an
I N—poInter to the S fret character of th~ lIne, an P4-pointer to the character
I I mmediately followin g the last charaetsr of the line , and an indication of
I whether the line should be sent to the cosband output device (S implies do
I not send it ) .

I Error Reporting (IErr.sg )
I SErrmsy (N ) is called to output any text message associated with error
I number N.

I Object Output ($OBJword) P
I SOOJ,,ord Is called to output a word of object code ,

I Compi lat ion FIna l izat Ion

•wi t ~bus nol ist ;
require kERKA L .REQ INAII NYS? ) ;

S
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require CDCOOE.RtO IHR1IHYS7I ;
requ i re STKPAC .REG LNIIIHYS7);
require RTSSTR.REQ cwauI4v97I 1
require RTS .REQ (N8ILHY97) j
require PPICIILL.REO IN$10PtI99l~
require TTCPLL.REQ (NIIIPIIUO);

requIre DIIPRII.REO ;
require COIISIDII. RED;
require IO1IACS.R (Q;

switches list ;

undee l are
$trrmsg,
*LST$ me,
SOBJword,
$SRCchar;

external
C Iosedev,
lOl nit ,
Opondov,
Out ace is ,
Outs ,
Out cr If ,
Versid ,

G otog,
Sixcmd;

bind
FatHarderr’ • FatUs er—0 ,
Fa tSignsi l u FiutUssn— 1 ,
Fa(Ob jovf I • FafUser—2,

Cfllchan - 0,
CliOchan - 1,
IPTehan • 2,

RPSdataI • 4,
RPSdata2 • 5,
RPSdstsS • 6,F RPSIo .7,

INRalxI2 • 1,
LNSsya • 2,
INSumer • 3,

I’ INSport • 4, X Parameter Z
LNStcru — 5, Z Parameter 2
LNSsource - 6, 2 Parameter 2
LNS op ti or~s — 7, 2 Parameter 2
LNSobjoct • 3, 2 Parameter 2
INSpagos • 13,
INSprocdtl - 16,
LNSprecdt2 • 17,
LNSprecdt3 - 1$,
LN5errmsg • 19,

S
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LNSdaIaL • 31,
LNSdata2 • 32,
LNSda laS — 33,
LNSte mp • 34 ,

CPSdaIa1 — 4,
CPScfata2 • 5,
CPSdata3 — 5,
CPSorrmsg • 7,
CPSxssg • 21,
CPSyssg • 22,
CPSsource • 23,

lOpage • t20000bRPSio5

own
Charvect CliObuf (801 ,
Charuect IPTbuf 1138),

Debco~ - 0, 5
IOcurpg • 0,
IOinptr • lOpage,
LSTchan • CflOcban,
ISTcount — 54,
LSTsIev ,

Vec tor LSThead (17) - asci s ‘ Algo l 68 on C.isp Page XXX’ ,
LST pgno - I,
SRtpaye — CPSsource;

bi nd
LSTheadpg — LSThsad.30;

rout ins interrupt hem u

begin
Outs (’?G?G?C?GlIard Error at Compiler PCaI’)i Outoc t ( .O ldPC)~ (alam O ;
Outs(’ w ith ERRCOOC.I’)3 Outect(.S(RRCOOC)l £oisrrO i
i f .Debcem neq 0 then

Slxemd(S1000) ;
signal FatHar,terr
end;

routine Interrupt Nsig •
hog,,i
local T1
Ta. RI;
Out.(’?G?Cligna l “I Outoct(.T4 ,lSn) ; Outs (’ a t Compiler PCaS’)p Ou toct (.OldPC) 1 (d em O ;
Ou ts(’ w ith SI000TA.S’); Outoct(.$SI000Tfl); EolerrO;
II .Debcoe neq 0 then

Slxcmd (S1t0t);
signal Fatlign al
end;

routine tOO .adCCPSslet) •
begin
if .CPSsiet neq .IOcw’pg then

S 
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begin
IOcurpga. CPSs lot ;
SRRIORD (RPSIo , .CPSslot) ;
end;

nova lue
end;

routine Pt,ntQI) •
begin
If .Debcom noq 0 then

SIxcmd (~777)~
Outs (’PUNTI ‘); Outdec(.N);
(d em O; -

novalue
and;

I Source Input

globol routine $SRCchar —

begin
local Val ;
if .IOlnptr eq l IOpage.I20000 then I 7??’ This may l ose If (OF occurs at boundary

(SRC pagoa. SRCpago.L; ID lnptralOpage);
ZOload (.SRCpago);
Va l —scanhi (IOlnptn); Incp (IOinptr);
If .Va l eql 0 then

If (ValascanN(IOinptr)) nsq 8 -
then Incp (IOInptr)
else Va l aEOFchar; 1

•V a I
end;

I LIStIng Output -

h

globol routine RegO SISTllneCFinmt ,Foll ,Errdev) -
begin -

If .$PragfltPrgllst) or .Errdev neq S then
beg In

- If (LSTcounta.LSTceunt.1) gtr 54 then
• begin

LSTcourut..-O;
If .LSTchan nnq CIlOchan than 

-

•
begin -

Outasclz(.ISTchan,Ilng(’?L’));
Outasciz (.LSTchan ,Ve rsid ) ;
Cvt dcc: (LSThsadpg,LSTpgnoa. LSTpgno,1,3);
Outa sclz (.LSTchan ,LSThsad ) ;
Outerli (.LSTchan)~
Out cnl f (.LSTchan) ;

- S.

• • _______
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end;
end;

Outs (.LSTchan , .First , .FsII) ;
Outer If (.LSTehan) $
if .ISTchan neq CttOchan and •Errdev neq S then

begin
OutsCCIlOchnn,.Flnet ,.Foll);
Outer If (CflOchlln) ;
end;

end;
nova lue
end ;

I Object Output

bind
Display - 12800 ,
Tranvect • 1100000,
Xpage • #120000,
Ypags • S148S00;

macro Se lectX (du m ) - IOload CCPSx se g ) I;

macro SelectY (dus) • IOload (CPSy .eg) 3;

f1 iobnl routIne RegO $ODJwerd (Loc ,Dtgpe ,Dva lue ) -

begin
local Doffe d ;
bind Vector Basstable • up lit ( 0, 5, I, 5, Xpage, Ypage, Display , Tranv,ct I;
if  .Loc gequ. These

then begin
Loc a.Loc—Y base;
SeiectYfl;
end

else begin
Loea ,Loc—X h aa u;
SeIsctXC ) ;
•ntii

if .Loc gequ #18000 then signal FatOb jovf l;
Doffset a (caae .Otype of

set
.Ova lv.;
.Ovalve;
.Ovalue;
,Dv .lue;
•DvaluesZadr lnc — XbaseeZadrInc;-
.OvaluoeZednino — YbaseeZadrinc;
.Ov.luoeZadr inc t ~ .. ~~

.Dva luee2eZadn i no 
-

tee);
IOpaqet.Lo cIa.Rasetablsl .Otypel • .Ooffsst ;
novalue
end; •
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S Error liasiage Output

g lobal routine RegO IErrmeg CN)
begin
external (rrtxt;
IO Io ad (CPSerrmsg);
If .Errtxt IN) neq 0 then

begin
Dutg(’ — ‘) ;
Qutsaz (.Errtxt (.N3 ); -

end;
novaiue
end; .

I In ItIalizatIon and FinalizatIon

macro lnl-tcusp (dum) •
begin
local SStrCBERRORTRAPS Traphandlers;
local SRlghta Restrict ; - 

-
-

Tr.phnndIeroISERRPC)aHnrr;
TraphnndlersilSiGPClaNcig;
SSETLCB (0,Traphandlers,SCDERRORTRAPS);
$COPY (LNSdiutaL ,INSpmocdtl ,CPSdatiul) I
SCOPV CINSdnta2,LNSprocdt2,CPSdataZ);
SCOPYCLNSdnta3 ,LNSprocdt3,CPSdata3);
$RAiOflfl~RPSdntaL ,CPSdata1);
SRRI.OflflCRPSdata2,CPSdataZ);
SRRLOflflCRPSuinta3 ,CPSdata3);
SCPSIO nO (0,

cCPSxnng,WRTH(LN5nbject , 1) ,
CPSgoeq, IPPTN(LNSob Joe t , 2));

Restnict(SRu*cRTS)a-not S14n1 tePageRTS;
RestrIct ISGsnoricRTSI a—1;
incr S from 1 to SCL(P4GTN(LNSaoumce) do

beg i n
SGETCIIPA (Li4Rtosp, $Pathfl.t4Sitou,moo,, fl);

• SPUTCAPA (INiItamp ,LNStemp,Restnlct);
$CPSL OA D(O , .cCPSso urc o—1,. I ,LNSte.p );
SOELETE (INStsmp);
end ;

novalue
endS ;

macro Inltmestdurn ) •
begin
cssct g iobal— ’FREE.G’ ;
glo bal Freearea;
bind Freeend • lOpage;
lOree I eaFremarea ;
IFreeb I iF resend;

S
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nevalue
endS;

routine Doses tehes a

begIn
stack local Leng;
Lenqa$DLENF.TH (LNSept ions);
ncr I from 2 to .Lsng do

begin
stackleca l Sw;
IG(TORTR(Sw ,LN3eptions ,.I ,1); 

•if S lii .3w and .3w Is. 17 then 
I

cap s .5w of -

set

8 DEPLIG 2 Oebcemanon :ed;
2 GHOST 8 SPraqlll Prgnog hos t)alalss;
2 LISTING 8 SPrag f i t Prgl i st )a trus;
2 LOWER 2 SPragfllPrgstrepl a3;
2 StACI l 8 SPraqf I IPrgmacb) a true ;
8 N5l C0 8 $Pragfl (Prgnonakedlalalse;
2 NQfl(RUG 8 Dobco’i.’z.d;
8 NOGIIOST 8 SPragi I IPrgnoghoetlatrue;
2 NOLISTING 2 SPrayS i lP rgls sf )alal se ;
2 NDll flCIi 8 $Pmag f)lPrgmach) .lalse ;
2 NONIII.ED * $Pray fllPrgnenakodlatrue;
2 NOiIARIIINGS 8 SPragf l lPrgwamhlalalse;
2 POINT 8 SPraqlliPryitroplals
2 RES 8 $PragfilPrgstrop) a0;
8 UPPER 2 $Pragf l (Prqstrepl a2;
8 WARNINGS 8 $PmagfllPrgwarnlatru*e

t ee;
end;

nevaiuo
end;

macro Inifprags (sfum) •
iieg~n
SPrayf lii;
SPrayS l (Prqs trap)
SPmagf I (Prywamni a true;
SPrayS I tPrgobj).. true;
SPrayS I IPrqli.tI..fru.i -

Doswi tch .sC) i
nova us
endS;

routine Inittmannpu sf •
begin
10 in it (INSpert)
Opendov (CflOchan,CflObuif (0) ,8I,3);
SCETOATR(LSTd.v,LNS.p t Ions, 1,1)5
If .LSTdev eqi I

than SPrayil IPrgI iit)afalse
eii f .LSTdev eqS 2

then begin
Opendev (LPtchan,LPTbuf 10) 1 135,5);

-
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LSTchaniLPTchan;
end;

Outasolz(CIIOchan,Versld);
Outa ,ciz (CMO chnn,Hsg (’ Comp iler Starting ’));
Outcrl f (CflOchan);
novalue
end;

rout ins Fintransput a

begin
If .LSTchan eql LPTchmn then

C losedev (LPTchan);
C Iossdev (CPIOchan);
novalv.
end;

rout Ins 1)88 a
- begin

local Vai;
external Rl goIS8;
InitcuspO;
InitmemO;
In lipray sO ;
InittransplltO;
if •Oebco m neq 0

then Sixc~d(O)
else Clotoga—1;

If (Va l.AlgolGIO ) sql S
then ValaZadr incs.SProyst.Ypaye
else begin

If V.1 se 8 then Punt (— .Va l) ;
V.1.8;
end ;

SPUTOATR (INSobject ,VaI ,1,1)i
FlntransputO ;
ssRErn: (I.NS term); 

a

V.1
end;

routine Start —
begin
external JnIt8l2,RetSl2;
csect g lob alu ’GLOD .G’;
global Strrs,SFroehi ,SFreele,$Pragfl ,$Progit,SlIamns;
InIt6l2 (LNSpert ,I,S,1,1); p
Re tRlZ (R63O ,I,0)
end;

end
eludes

$
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S NDSTRC.REO

I Copyright 1977 P. Hibbard end P. Knuovon
Pittsburgh , Pennsy lvanIa

I required by: CODE , COOE SU , 000(01, LEX AN , SCIlISS, SEII R2 , SEIIR4 , SEIIRSU, SRTRBS

I DefIn Ition s associated wIth modes.

macro
Node • Oblock 3, .

X llo d e.1 $ ,

fldv • 1,IlordO I,
PIdID • 1,RH 8,
fldaean • 1,Owrdp iz—8,1 3,
Ildclons a L,Owrdslz—7,1 3,
Mddeproc • 1,Owrdnlz—S ,1 3,
fldspe cia l — 1,Ourdeiz—5,1 3,
Iltirecur — 1,Owrdmlz—4,i 3,
Ilddrassed • 1,Owrdsiz—3,1 3,
Sidle • 1,Qwrd~iz—2 ,1 3,
Itdpili — 1,Owrdeiz—1,1 3,

fldprel.d • 2,Uardf 3,

Sidunddop • 2,tfomdf 3,

fldunocnt — 2,llomdf I,
fldunond(n) — 3.(n),Wordf 3,

lldprcros • tldprof*d 5,
Iltipi cont • 3,Uordf S,
Pldprcprms • 4,Wordf 5,
lldpreprm (n) - 4.(n),Wordf 3,

Ildmnfmd - fldprefsd 3,

lldevtsd • ltsfpref*sd 0,

lldrowmd • 2,Wordf 5,
Ildros,cnt • 3,Wordf 5,

• 2,Wordl 5,
lds trlen — 3,We rdf 3,
fldntrcnt • 4,Wordf 5,
lldstrf Ide — S,Ilordf 5,
fldstrfsd (n ) • 5.2e(n),Wordf 3,
fldstrflex(n). S.2.(n),Werdf 5;

Definitions of fldv values for modes.

macro Itdvval (uniq ,pi ,dres,spc,lo) a

(pI)t (Owrdsiz—1) • (lo)t(Owrdeiz—2 ) • (drss)t (Qwrdsiz—3 )
• (spe)t (Qwrdslz—5) • (uniq) 3;

I

_ _ _ _ _ _  
_ _ _ _  
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b i n d
P i le • 1, Simple • 5, -

Dressed • 1, Undressed • I, 
-

Speci a l • 1,
b a  1, No l o a S ,

Deproc • 1t (Qwr’dslz—$)~

bi nd Constbv
Mdvlnt • lldvvai( 5, Simple , I , S , So )s
Ildv lint • Sidvva l ( 1, Pile , Undressed , Special , So ):
fldv vea l • Ildvval ( 2, Pile , Undressed , Special , be )s
Ilsfv real • Ildvval( 3, Pil e , Undressed , 0 , So ):
Mdvchar • Sidvva i ( 4, Simp le , S 0 , So ):
fl dv b lts • fl dvve I( 5, Simple, 0 , 0 • lo )s
lldvbytes • lldvval ( 6, SImple , 0 , 0 , Nob ):
lldvstring • Ildvval( 7, PI le , Dressed , 0 , lo )s
ltdvbooi • l1dvv.~ ( 8, S Imple , 0 , 0 , lo ):
fldvvold • Mdvva l ( 9, 9 , 0 , 0 , NoIo) t
fldv*kip • fldvval (1S, 0 , I , I , Nob ):
fldv~i,.p • Stdvvai(kl, S , S , S • Nob ):
rldvnei • fldvval (1 . S , I , I , Nob ):
lidvout • Ildvval (13 , Pi l e , Dressed • 8 • S
fldvin — fldvvaitl4 , Pile , Dre ssed , 0 , 0 h
Iidvoutb • lidvvaltl5 , Pile , Dressed • 0 , S
lldvinb • Stit yv ai tiS , Pile , Dressed , 0 , 5 ):
flth.nismber • lldvvab (17 , Pil e , Dressed , 0 , 0 1:
fldvs”ows • t1dv~.aic1$ , PIle , Orossed , 0 , 0 ):
IldvvnSonof • Pltlvvai(13, Pile , Dr.es.d , LI , 8 1;
Ndvbnds • Ndvval(~S , Sim ple , S , 0 • Halo) ,
l1i4~-ahsent • ndv %’a l;t . Sim p le , S • 0 , S ):
fldvpr~c • ~~~~~~~~~~~~ Pile • Dressed , 0 , Noio)t
Stdvre t • ndvv a ll~3, Pile , Dressed • 0 • Pioio)s
fldvstruct • Stifvval(24 . Pile * 

Undressed , 0 , Nob ):
M dvrow • Stdvv.I(5 . Pile , 8 , 0 , Noso ) :
fldv~v.~ t • ltdvva i(25, Pil e • Dreised • 0 , Mob ):
Ildvcods • Md v v a ll~ Y . Si mple , 5 , 0 • Nose):
fldvn.s simple • M dvvai (28, Simp le , 0 , I , Hole):
lidvnewpsi e • Sldvvai (29 , P,l . , Dresse d , S • Nob ) ;

macro
Ca ll sede (ll) • tTnonpl* in fl) sql 1) 3,
Cod,aod.tM ) • IHMdIO - sql lh$vcode (SldlOl ) 5 ,
Events.d.tll) • Ifl(~1dlDI sql IldvsventllldlD )) 5,
Hspmode(l1) • (Thip (lt) gtr 0) 5,
Intrsa laode (tt ) • (lI UldID) lsq M dvl r e a lttl d lfll ) 5,
Newmode(I1) • (MINdED) gtr NdvcodoUldlDl ) 5,
Proc.odp(1) • (Il HtdIflI sql fldvproclildlOl ) 5,
Refsode(ll ) • (ll(lldIO) sql fldvref IlldIOl ) 5,
N~,s~dsod~ (fl) • (Si tlidlO) sql Ildvrosi(IldIDI ) 3,
Structsode(II) • (ll CtldtDI sql Sidvetruct llidlfl)) 5,
Undof lnedm.di’(I9. IMLIldID) sql Mdvahaontllldltl )) 0,
Unienelsode (M) • (IIUIdID) sql Ndv,ini~ noI(lidIOI ) 5,
Un itedeodeUl ) • (TunIted (M) qtr 0) 5,
W idenabt e (I1) • (N(IIdSOI Seq fldv.tringlftdifll) 5,
Uidsneterow (fl) • (flIItdIO) geq Ndv bi ts IlldI O l ) 5, I Valid only If hi ld onab b sUl ) Is true

S
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PROC 1—3 os;:9iMnST RC.REOILLSOA LOSI eCflU—10A 19—Ju l—77 05,33 10 bloc ks

Sas.siz.(X1,X2) a UXi ) eqv (*2)) 3;

•~it srnai
RegO Valuelength,

RegO Tarith ,
R egO Tchars ,
Rsy D ThIp,
Reg it Tslz.,
Reg O Tnonp ia in ,
Reg O Tunited ,

Tunien,

Reg O TXsize;

bind
Xin t  • 1,
X IInt • 2,
Xre al • 3,
*Ireal • 4,
Xcemp l a S ,
Xlcosp i • 5,

Xmaxslzint • 2,
XsaKsizreal • 4,

Xchar • 1,
Xstrbng • 2,
Xchars a (Xchare2 • Xchar) —2 ,

Xskip a I,
X ;u.p •

- X nihbl • 3,

Xout • 1,
X in a 2 ,
Xoutb a 3,
2 m b  • 4,
Xnumber a 5,
Xrows • 6;

I ENA OF PIOSTRC.R(O

I



-

PAGE 1—1 ost:a LEKAN . BULL 1501)168) eCtIU—1Sfl 13—flay—?? 2S; 29 35 blocks

I LEXAN.BLI

I Copyright 1977 P. Hibbard and P. Knuowen
Pittsburgh , Pennsyl vania

module Lexan a
begin

I Lexical Analyzer

I The lsxl ca l analyzer converts a stream of characters into a stream of
S lsx.mes representing tokens of the ALGOL 685 language. The stream of
I characters is the source program and is supplied one character at a time
S by the system—dependent routine OSEsrcchar . The next boxes. of the program
I Is obtained from the analyzer by a cal l on Lxscan. P doscription of
I the Sorua t and poss ible values of .X...$ may be found in LXSTRC.R(Q.

I A more spocif Ic lIst of the functions performed by the lexical
I analyzer Ii the fol lowing:

— RecognIze tOk~ n~ In the currant stropp ing eonvont Ion
— Construct lexsme e

I — Output progran listin g / -

I — Ignore coaments
— Process pragmats

A source program may be represented in any of four
I stropping conventions. Tho curront defau lt Is the POINT convention
I in which bold tob:ons (I.e. bold—tags and symbols representsd
I by bold character sequences) arc indicated by a prof Ix s t rop
S character. This strep character may be at them a po int C.) or an
I apostrophe C’). The other conventions available are UPPER , LOWER and
I RES. The ties of the strop character Is permitted in all of these.
i The occurrence of a strop followod by an alphabetic character
S always forces the following abphanus*oric sequence to be bold. 

:1

I 
- 

The UPPER convention *ut os tipper case letters to Indicate bold
I la tters , while LOllER convention sivos lower case better s . A strop

may be used to override this as descrIbed above.

I In RES convention , typographical display features may no longer
I appear botweon the mark* of a tag or the symbols of a denotation.
I A sequence of alphanuneric characters su rrou nded by disjunctors

(noi a— aiphan srner ic characters or typographical display features )
S rcprosents a bold symbol, if one ex ie ts with that particular
I sp ellin g; otherwise It represents a tag.
I In RES stropping the fIrst occurrence of a user—introduced
S bold—tag mus t be explicitly stropped.

1 Known Wnnconforsance with the Hathuen—Boom Report ‘
~~~~

— There is no intim idati on character. In particular , there Is no
I representation of the worthy character underscore.
I — Upper and lower came letters say be Intermixed following a strop
I In UPP R (and LOWER)1 thus;, Beg in Is always allowed.

— PACE prayed _Ifs. Is not mpIemonted~

S

- —  
-
~~~~~~~

-
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I
_ Apostroph e—image symbol Is not Imple mented.
— The RES conventIon Is dUforent. It probably does

not even ~onIor. to the Report because of the restrict Ion on the
S - use of typograph ical display f.ati:ras. Als o, appl Ied occuroncos

of bold—tags are roservod.
— S Ii permitted as the fIrst character of a tag.

switches nol l st;
requi re SYSPR1S. REQ;
require COIltlOll. RED;
require IOSACS.REO;
require LISPIG.REO; -

requIre ERREOSI . RCa ; -

requIre ERRLEK.RF.Q; —

require LXTA BS.REO;
require LXSTRC.REO; -

require NDSTRC.REO;
require LXVCOI1. RED;
require LXVSY .REO;
require LXTPBL.REQ; -

requIre MDTPBL .REQ ;
swb tches list ;

cx t erna I
Errchar ,
Errixptr ,
Errnonbiank,
Errptr,
L ineno,

Phiock Faptr; I Pointer to f i rs t  location in freearea

forward

lnitLx , Z global Z
Regfl Lxarr,

Outsr c ,
Neuch,

RegO Nnxtcts, -

Rsg O Scanch ,
TIe tA BC ,
The Id ,
Tbrea l ,
Putehr,
Putcvt ,
Upperca se ,
Hashin, Z global X
Doprag,
Lxscan, X global 2
Lx ,
Errerchiur,
Ceiprisden,
Cetstrq ifen ,

RegO Sosintax,
Htuihhold,
Get tax ,
6. tbo Id,
Endoff I Is ,

S
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Gstopr ;

own
Char,

Charvect ErrbtiflCbu .dsix .) ,
Index,
Inpragment,
Longscnt ,
Looi~aIiead ,

Charve ot Srcb uli Cbufs li s l ,
Srcptr ,
Srcstch ,
Syment ,
Sysptr,

B l tve c t Type ).

macro I

Srcstat a Srcbuf (8) S~ I Np tr

bind 
-

3rd m u  a Srchuslllp tmndk (2fl , I Ipfr
Srctext • SrchuifIIptrnd*~C1l)1 , - 1 Iptr

Srosnii a Srchulllp trn dxtthu lslxu .L )) , I ipi r

Errte wt • Errbufllp trn dx (S))i I Ipir

communt I bn ItLx

I Function : Perform por -comp ilatbon initialI za tion requIred by
the taxIcab Analy zer. I

glob ni routine InltLx -

begin
local Ptr;
Indax’~Controli
inpragment— zed; -:
Lookahaad..O;
Longncn t.Dl

PteI.Iptrtochame (Crrt:.sf)l
tint IS .Ptr sq l  E rr tex t ito rep laoel (PIr , ;
(rrptr’.Errlxpte- .Ptr;
Errebar’.’ ;
Errnanb lank

Plr.Iptrtechars (Srebuf);
rapiacsl (Ptr ,; );
until •PIr eq i Srctemt do i spiacsUPtr , •);
Srcptr’..Ptr;

L lneno’I;

~.rocer (NY ,N Tsir a);
Fap tr.Lemtab .:0,0.;
untIl .FaptrILInI:) sql SIlnus lItink ) do

begin
If •Faptr(Lxv) sql LMvtag than

rapt rlLx p)as;

S

- - -
~~~~ —~~
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HashinO ;
end ;

nova us
and;

comment I Lxerr (N)

I Fun ctions Print error message unless currently processing in side
a praçp*ont.

I Value s Th. Error Iexeme .

I InI:ut•
I N — Error code
I Inpragmont — nonced if I scanning pragmont

routine RegO L*errfH) a
beg in
if .Inpragnont eql I then

Error C. H)
Lexerror
end ;

comment I Ous tsrc

I Function: Output a (ins of source list ing on the listing deules.
I If an error eccurred in the line or ths line was Ignored due to a
I previous error , than a line of error indicatIon be also output.
I If an error eccurred in the l ine , then Errdev will be nonred and thus
I all output will go to the error device also.

routine Oustsrc a

• hegmif
Cvtdsct (Srct m e , .Lineno ,3)~
lineno..Llneno,1;
Srcptr’.ItoNptrl.Srcpfr);
incp (Srcptr);

OSE st l Ine (Np %r tachars CSrcbuif ) , . Srcptr , . Errd~v)
Srcptr’.Srctext ;
If .Ermnonhlank nnq S then

begin -

Errpfr’.ItoWptr (.Frrptr);
incp(Errptr);
OStletI Ine (NptrtocharstErrbuf) , .Errptr~ .trrdov);
i f  .Errcluar sql then

Errnonh b ank’.zad;
trrdmvi.zed;
end;

Ermptr’.trmhsptrmtrrte*st; I

Srcstatø . Sroetch;
nevalue
end;

comment I Nswch I

- - 
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S Functions Get a non-control character from the input stream .

routine Nesich a

begin
local C ;
do C’.OStircchar() unt Il .Chartyps (.CJ nsq Ctetr I~

end;

b ind
Skipnone • EOL ,
Sk IpEOL • Space,
Skipspaces a Errch,
S~ Ipinprag a Letter ;

comment I N ax tab tinvel ) and Scanch (LeveI)

I F u n c t i o n s  Get the next acceptable character (rem the source Input.
I Level Is used to Indicate which characters are acceptable. Hoxtc h
S a lways liens a nuns Input character as the first character to consider;
I Scanch starts with the current character.

I Outp uts
I Char — the current Input character -

I Typo — character typo of current input character
I index — index of character class of current input character

routine RogO Noxtch (LeveI) a
begin
do begin

If .Indox sql EOL then Ou,tsrst);
If .Lool:ahnnd neq 0

then (Char.., tool: ahead; Look ahoas$..O)
else Char’.NenchO;

Type’..Chartype(.Charl;
Indox...T ypo(Tp indoxi ; 

-
II .Index sql LOF -

then (If .Sroptr neq Srctsxt then Otitsrco)
slI t .Index gtr EQI.

then begin
If  Index eql Point then

if (LooEahead’.NesschtJ) qeq fl then
begIn
Type’.Ctatrop;
Jndox’.Strep;
end;

If .Srcptr sql Srcend then Outsrc ti ;
replace ) (Srcptr , .Char);
rep l ace) (Errptr , .trrchar) ;
end;

end
whil e Index lee Leve l ;

novalus -
end ;

- S 
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routine RegO Scanchttevob) a
begin
if .Indox Iss Level then Nextch (.Lsvel);
novaius -

end;

comment I Td lgi t ,Tletter ,Tupper,Tiower,Tdlyter ,Tdigper ,
Td igmer , Thexit ,T let tsrR , TpowII , TIe tA BC, Tbo I
Tbreai: (Bold)

I Value s true if the current character Is ——
S (Tdigit) a dig it -

I (Tletter) a letter
I (Tuppor) an tipper case letter
I (Tlower) a lower ease letter
I (TdIytar) a digit or letter
S (Td lgper) a digit or upper case latter
I (Td lywer ) a digit  or bower case letter
I (Thexit) a hexldec imal digit
I (Tlettar A ) a Setter R
I (TposiIO) a power of ten choice
I (Tlet flBC ) a non—bold letter symbol
I (Thoid) a possible first character of bold tag
I (Tbreak) not allowed In tag or bold—tag

macro
Tdigit (dum ) • (.TypelTpdigitl ) 5,
Tlette r (sftrnb a (.Type (Tplettari nsq 0) 5,
Tup per(du ui) • (.Type (Tpupper)) S
Tlowsr (duiui ) a (.Typc(Tpiouar ) 5,
Tdigterldun ) • C.TypelTpdigter) naq 0) 9,
Tdlgper(duim) a (.Type(Tpdlgpnr ? noq 0) 9,
Td igwnr (du.n) • (C.Type and Tpdiguer) neq 0) 9,
T~exi t (dum ) a (.TypelTphexlt) and (TIetPRC () or Tdm qlIW ) 5,
Ti ett arR (dus) a (TletARC () and tlppercase () sql .Ra) 5,
TpowII(durn) • (.Char sqtm ~ or

(TI etRBC () and Upporcaseo) sql “Es)) $~

rout m e  TIetAItC •
casa .Gltpraijllag siPrgstropl of

set
boo l (TI.tt.r())j
bool IT Set tar I))

• boellTlosi srO );
boeb (TupperO)

tea l

rout ne Tbo ld a

if •Indaw sql Strep
then true
siss case .Glt pragflagel Prgetr epl of

set
2 RU 2 bool (Tlstterw ;
S STROP K false,
2 UPPER K booi (Tuppero));

I
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S LOWER S booi(T low erO) -

tea;

macro Tbrsai:(BaId) a
begi n
case .CBtprag llagstPrgstrop) of

set
X RES S not TdigterO ; -

S STROP S not TdlgtsrO; I

2 UPPER S If (Bold) neq I then net Tdi gper () else not TdlgwerO;
2 LOWER S If (Bold) neq S thpn net Tdb ywerO -else not Tdiqper()

- tee
endS;

• comment I Putchr and Puatcvt

I Functions Store character in Lsxmme Table entry tinder construction
I at top of freearea . Update character coisnt . Check If there Is iuff lc be n t
S space left in freoav’e.. Putcvt , in additi on , first converts any
I lower case letter to the corresponding upper case letter.

I inputs
I Symptr — Nptr to character string in now Laxama Table entry
I Symcn t — count of characters In curront sybbol
S Outputs -

S Symptr — updated after character Is stored
S Symcnt — incroeented by one

routine Putchr a

bog In
If eoduslo (.Symcnt,Ochawrdi eql 0 then

bog In
S tore test C. SymptrcAddrf ~‘)(.Symptr).cWo rdf~’.0j
end ;

roplaceN (Synptr ,.Char);
mncp (Symptr);
Symcnt’..Symcnt.l; -

novalue
end;

routine Pustcvt a
begin
Char i.IJpporcass ()
PuichrO;
novalue
end;

comment I Uppercase

I Funct ion: Compute the upper case equivalent of the current input character.

routine Uppercase a

I f Tlower () then .Char and (not 140) else .Cluar;

I

_ _ _
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comment S Hashin

I Function; Search Lexams Tabls for Iexeme sitting at start of fresarea.
If exams Is already in table, then return pointer to thIs
old lsxsms. 10 i f Is not In the table and Noenter Is not set and
we are not inside a pragmsnt, then enter the bexeme In the table
and return a pointer to the now lexems . If lexeme is not found and
a new entry Is not made then return zero.

global routine Hashin
begin -

local Total ,P tr; -

Total’.9~ I

Ptr..Nptrtochar;(Faptrttx.yml) I
deer I from .Faptrttxcount)eOchssird-1 to S do

bog In
Tota I’.. Tots l.scanN (P tr)
bncp (Ptr);
end ; 

a

Tetal..Total and Hi mask;
do Totala .Totai—HTsizs untIl .Total Is; I;
Total...Total.HTsizs;
Hoenter.. .Noont.r or .lnpragnent ; 

-

Find (HTI.Total) ,NTD(.FaptrlLxcountl.1)S
end; -

comment S DoprayCH)

I Functions Carry out the semantIcs of the pragmat specifIed by N.

macro Doprag(N) a
begin
case (N) of

set

I RU, POINT , UPPER, LOllER
New. trop.. (N)

I 
Naustrop ’.(N) ;
Newstrop’.CN );
Pfewatrop ’.(W);

I UARNINCS and NOilflRHItiflS
- GBLpragf lags (Prgsmarnl’.true;

CBLpragf lags (Prgssarnl ..false;

I LISTING and NOLI STING
CBLprag f bags (Prg l ist3..trus;
Gltpragf lags (Pry I lstl. .fa Isa;

I P A GE 
-

tea ;
nova lue
endS;

p
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comment I Ixican

I Function: Scan a tokOn from the I npu t and return its lexema .

A token consists of an optIona l pragment (praymat or oomeent) followed

by a symbol.

global routine Lxscan a

begin
label L;
local Lexen. Lex ;
while beg in

SrcstdiI’. N
;

LexatwO;
.LexILxvi sql S
end

do begin
focal NesistroR ;
Inprayiient.Srcstch’.. Lex(Lxp);

~•~•trop...GBLprPg0~~g1~~*g1t1’0pJ tm
repeat begin

local Lexsms LsxZ;
Scanch(SE ip Inprag);
Lex2’LxO;
If .Lax2 neq Lexsrror then

if .Lex2 sq l Lexs top
then Ctrror(tLx2)t ex itloop )

sI ll .Lex2 eqS Lax
then exit ioop

e li f .Lex2ttstv) ec~I Lxvprg i tam and .Inpragment sql NP’.

then Dopr.ag(.LrniZLLxPI)i
end ;

Inpraynent sad;
CBLpragf lags tPrgstropl ...Nesas trop ;
end;

Ltse iec t .L.x ttxv) of

nsst
Lxv longs ext ti. Lengncnt...LOntJt%CntatI
Lxvshorts cxi ft. Longsant...Longt~Cnt4

Allele s , Longncnt~O
teen;

Lax
end;

comment I Lx

I Function s Scan a symbol from the input.

I VaIuiu Lesieme for the syObel.

routine Lx •
begin
local Pbbock Lax;
bind IsiRoute • upil t t

5, I Control
0, S EOL

S 

~~~~~~~~~~ -~~~~~~~~~~~ -
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•, I Space
Errerchar, I Errch
Getprimdsn , I Dig i t
Cetpr imdsn, S Point
Getstrgden , S Quote
Gelopr, I Punct -

Getopr , I Plsmbn
Ce lta w , S Le tter
Gettax , S Dollar
Cetbold , I Strop
En de Hile , S EOF
Getopr ); S Pray

do begin
Scanch (kipspacss);
Err Ixptr’.. (rrptr;
Si’ scnt’.I;
3~me’r’.Nptrtochars(Faptr (Lxsys))
L.ss.-(.L*Rautsi . Index)) C)
en’~

until .1cm ,teq Lexarror or .Inpragmvnt neq 0;
Lax
end;

comment I Errerchar

S Functions Deal with situation where iliegøl character occurs in the source.

I Value : Error lexems.

rou t Inc Errerchar • Ctxarr(ELxR) ; Nextch (Skipnono); Lexerror);

commi,nt I Getprimden

I Functions Scan a primitive denotation from the Input.

S Value: Loxems for the denotation.

routine Gotprbmden a

begin
local State , Mo do N;
•xtarnal Lengthen , Cvtb ,Cvt l ,Cvt ll ,Cvtr ,Cvt lr;
bind Vecto r’ Cvtr tn a upi l t(Cvtb ,Cvt I ,Cvt i i ,Cvtr ,Cvt lr ) ;

St a te all f Index sql PoInt then 1 else 5);
repeat

begin
Putcvt (I;
Nemtch(If .GBlpragfiags (Prgstrop) aql 0 then Skipnone else Sklpspacs s);
case Slate of

eat
I Is scan Ily lts
If .Indsm sql Point

thsn $tate 1
sill Tl.tterN ()

I 
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than States .8
sli t TpowlS()

then (Char. .E; Stat ~..3)
slit net Tdi glt ()

then CM. .Mdint ; exlt lbop) ;

P 1: fixed—point—numeral must follow point in fractional—par t
if TdIgIt ()

then Stats..2
else return Lsi.rr (t1x4); 

-

I 2, scan digits of ft~actie naI—part
If TpowlS()

than (Char..t; Statea3)
e l bf not Tdlgit ()

then CII..fldreal; exltloop); -

5 3: chock for p lusmbnus In exponent—par t
If .Index eql Plem in

then Stat...4 -

sill Td lgi t ()
then State..S
else return Lsieer(ELx4);

I 4: f Ixsd—point—nuu~erii l must follow piusminus
If Tdig b t ( )

• then Stats’S -

3 .ls• re furn L~iarr(ELx4) ;

I 5: scan fIxed—point—n ume ral In exponent—part
if not Tdigit ()

than CSI ..Ildroal i exltloop );

I 8* d igits must foll ow letter— c in bIts—denotation
i f  Thex it ()

then Stats..7
else return Lxarr (ELmh);

5 7: scan digits in bits—denotation
If not Th esiI t ( )

then (flalt dbits; emb t l oop )
es;

end;
fl..Lsngthan(.fl, .Longscnt)~
rep leceN(Sy *uptr ,O);
If (.Cvt rtn (T~rlth(.St)I)C) gte S than return Lx.r’r’(ELx4);
Faptrllxdennd).. .fl ;
Faptrllxv)..Lxvpr lmden;
faptrlLxpl.S;
Faptr (Lxcoumnt)aValuelength (.M).1;
Faptr (Lxteken) aTkDeno t~
Ha~hInI)
end;

comment I Getstrgd•n

S 

-- 
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I Funct ions Scan a string denotation from the input.

S Value ; Iowans for the itrlng denotat Ion.

routine Gotutryden a
begin
external Cvtstrg;
Sy.ptr..Nptrtochar; (Fapte tlsistryrop));
repeat begin

Srcstch~”S ;
Nextch (SkipEOL);
If .Indox sql EOF

than return Lxsrr(ELxL)
eli f .Indox noq Quote

then Putchr()
else begin -

Srcstch’ a
;

NextchCSkbpnone);
If .Index sql Quota

then Putchs~()else begin
Scanch(Stipspaces);
if •Index nsq Quote

then exitboop ;
and

end
end;

Cvtstrg (.Symcn t);
If .Symcnt aql 1

then (Symcnt..0; FaptrtLmdsnmd )..fldchar; Faptr (Lxdenrap ).. .FaptrtlxltryreP))

else (F,ptr (txdsnmdl .4tdstring; Faptrtt.xdenrep1~ .SymCnt);
FaptrtLxv)~ Lxvstrgden ;
Faptr (Lxp)aS;
raptr ILsicounti ad iv ide C. Syocnt .3•Zchsssrd—L , Zcheurd)
raptr (Lsitokenl aTkoanot ; a _5.•..._

~

l4.ishin()
end;

comment I Scentax(ReSd)

I Function: Scan characters contalnad in a tag, or bold—tag.

S Inputs
Bold — nenzmd 1 ff scanni ng bold — tag

routine AngO Sc ~tax (Be ld) a
begin
do begin

PutcvtO ;
Nextch (iI .Ssld nsq S than Stlpnons else Skipspaees);
end

until Tbreak (.Beld)l
FaptrtLxp )aS;
Faptr (Lxcoumnt )adlvbde (.S ymcnt .OCh5iird~1,QchsWrd)
novakse
end;

S

-~~~~ ~~‘ 
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comment I Hashhobd

I Funct ion, Scan a bold—tag (tea tha Input.

S Value : Leweme (or the bold—tag.

rout ne Hashbcld a

begin -

Scantax (nonssd);
Faptr (Lxvi .4.xvtab;
Fap tr (Lx token) ..TXB0 Id ;
Hash In C)
end;

comment I Gatta x

I Function: Scan a TAX—symbol from the Input. In RES convention the
I symbol scanned may be a TAB-symbol , otherwisa it Is a TAG—sy mbol.

I Value : Laws., for the symbol.

rout~na Gettax a

begin
If Tbold()

then begin
local VaI ;
if .CBLpragflagstPrg.trop) aql I then

Noenteranenrad;
If (Vai—Ha;hhoidO) neq I than

return V.1;
end

else
Scantax(7.ad);

Faptr(Lxv).4.xvtag;
I f .Inpragisent eqi aca

then Inwerrer
else begin 

I 
-

Faptrtlxtokanla(lf .Inprag.ent aqb 0 then TkTag sise TkPragltem ) ;
Hasihino) —

end
end;

comment I Getbold

I Functions Scan a bold—tag fros the Input.

I Values Loxems for the bold-tag.

routine Cetbold a

begin
local VaI,Savstrop;
Newtch (Stlpnons)i
if not Tlsttsr’ () then

S

a



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _________________
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return Lwarr (ELxS);
Savstropa .C8Lpra~flagstPr gstroP ) ;
GBLpr ag f lags (Prys trap) .1;
V ai~HashboidO ;
GBLpragf iag;(Prgstrop)a.Savstrop;
.Va I

- 

. end;

comment I Endoffi le

I Functions Return STOP lawacs to indicate source end—o f— file h.s occurred.

routine Endeff lIe • return Lsxstop ;

comment I Cetopr

I FunctIon: Scan an eperater from the i nput.

I Value : Laws., for the operator or Error lexame .

rout ins Cetepr a
begin
local Lxptr,S,Olds;
Lsiptri-Lexarror’;
3’l;
do begin

Ol dsa .S;
if .Char eqi .Opchtable (.S,O tcharl

than beg i n
Nextch(Sk Ipnono);
Lxptra.Opchtable (.S ,OtIsxI ;
If .Opchtabls(.S ,Otnaxt i than Sa.S,Oteow,izs;
end

else begin
S...S,.Opchtabia (.S,Ot alt )i
and;

end
until .3 eqS .OIds;

If .Lxptr sql Lexarror
then Lxerr (ELx3)
also Opix tabla (.Lxptr )cI ,b

end;

global routine LxSIna a

begin
Scanch (St E~~pacas);
novaius
end;

end
•Iudo~

I

- - _ ~~~~~~~~~~~~::~~~~~~~~~~~~~~ =
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I SRTRBS.BL1

I Copyright 1977 P. Hlbbard and P. Knuevan
S Pittsburgh, Pennsylvania

module SAtabsu.
begin

I Semantic Table ,

I This module defines the entries Init Ially contained In the
Mode Table , Operator Table and Symbol Table.

I Kernel call tables
I In — U>X ... Z KX
I out — 2K~X2 ... ZZ<KX
I 

- Hydra tables (other than Kernai call )

- - 
I in — XH~% ... 2<14%
I ou t — 2H 27, ,.. 25<14%

sw i tches nol let; -

require SYSPRIt. RED; •

require COISIIOII.REQ;
esquire LISPI~C.REQ;
require LXVCOM .REO;
requ ire LXVSY.REO; I
require LXPVAL.PEQ;
require Eh!T.REQ; .

require MDSTRC .REQ ;
requ ire STSTRC.REO;
raquira OPSTRC.REO;
requ.ire LXTRBL .REO ;

switches list;

macro
ampty • 0:5 9,

Oefstid (oflst ,md,Ix) a -

I, Oadr inc.uplit (S, lx), I, Hfwords (Stbtype (Stdldty,Stbdefld), 5),
(of f5t . Zfisizllbase • ZRsIzLEBbase • 1), I, ad 9,

Oef.topr1(prio,std,lx) a 
I

I, Oadrl nc,upilt (I,lx), 8, Hlwords(Stbtype (O,Stbdefprlo),0),

- 
mId, 5, prle B,

Oefstopr2 (prio ,std) a
I, I, I, Hfuerds (Stbtujpe (0,Stbdefp rio),0),
std , 5, pete 9,

Oafdonint (val) a
Lexm(Lxvprl mden, vii), Hfwords(2,TkDonot), fidint, v.1 9,

0.1 tag (len ,str) a
Lasiu (Lxvtag , 0), Hfword.C(isn,Qchs,srd—1)/Ochswrd, TkTag), sir 9, —

D efb ol d Cl v ,Ip, len ,str) a

-

~

—— 
. 
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I, Lsxmtlv ,lp), Hfwords((len.Qchswrd—1)/Qchewrd, TkBeId), ste 5,

Dofpragite .(Sp, lsn ,str) •
I, Lexm (Lwvprgitae, Ip), NfwordsC (len.Ochowrd—1)~Och,wrd, TkPraglte.), str 5,

Defopr (lan ,str) a
Lexm (Lxvopr,O), HfwordsC (len .Qchswrd—1)/Qchswrd , TkBold), ste 9,

DafcodeO (yield) • fldvcodo~Doproc, yield , I 5,
Defcodel(pl ,yleld) • lidveodo , yIe ld, 1, p1 9,
Defeodo2(pl,p2,y ield) • fldvcodo, yield , 2, p1, p2 9,

OofprocO (yteld) • fldvpreceOoprec, yield , 0 9,
Defprocl (pl,yield) • fiduproc, yield , 1, p1 9,
DoIprcc2(pl,p2,yi.id) • fldvproc, yield, 2, p1, p2 9,
Dofproc3(pl ,p2,p3,yield) a hdvproc, yiald , 3, p1, p2, p3 5,
Dolproc4tpl,p2,p3,p4,ylsld) • Mdvproc, yield , 4, p1, p2, p3, p4 1,
DefprocS(pt,p2,p3,p4,pS,pS,yiald) a tldvproc, yield , 6, p1, p2, p3, p4, PS, P8 1,

Osfraf (ad ) a Ildvrot , ad s ,
Dafrow (md ,rcnt) • Mdvro~, ad, rcnt B,Defun ion2tal ,m2) • fidvunioriof , 2, .1, .2 5,
Defstruct2 (ml ,ll ,sm� ,I2) • Ildvstruct , I, I, 2, .1,11, 1.2,12 9,
Defstructl (ml ,lI ,a2,I2,m3,13,.4,l4) a fldvstruct, 0, 0, 4, .1,11 , .2,12, .3,13, .4,14 S~

bind dUmmy a I;

dataar.a(PMsOP
gbi~ a!iatItdInt , lidvlnt),
qbl~auie (ItdSlAt , hd v lbn t ) ,
gblna.etlhtb*ts, lldvbits) ,
:jblnaes (Mdbytes, Ildvbytoi) ,
gblnansUldrtual , Sldvreal),
qbinanettldbraal , Stiivlreai),
qblnane Clidbeol , fldvbool),
(JbInanfi (lldchan, fldvnornui uple),
qb(name(tfdchar , fltfvchari ,
qblnameCllsfetrlng, Pldvstring),
qb Ir ’ancthdlll s, flth’nes,plle),
gblnane(hdnena, lldvnos,pila) ,
gblnane (Stdvoid, fldvvotd),
yblrsaneClidetbp, Mdvol:ip),
gblnansCltdjusssp , fldv~uwp) ,
yblnams(Stdnll , lidveil) ,
qblnana (Sldeut , lidveut),
gblname l.ttden, lidvin) ,
qblname (Mdouitb, Ndvoutb),
qblnane(fld inb, fldwsnb?,
yb Inane (ltdnumber’, ltdwswmber’) , ~
qblnamet lldrmua ‘Iduriws), -‘

qbbnane(Shfbnds, SWvbn,fs) ,
qblnams (Itdabsen t , fldUabeant) ,
q I name (Ilib ont, Mdvpr c) -

datased; I

dataareaCfldsl)

I

----
~~

•.
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data (
gblname(tldcomp l, Dafstruct2(IldraaI ,Lexre ,tidreal ,Lexlm ) ) ,
data( I),
gb lnarse (Mdl comp l , De fstruct2 Uldl rea l ,Lexre,Md lr eal ,Lex lm) ),
data ( 0),
gblname (Rowbool , Defrow(Ildbooi, 1)),
dat a C 5),
gblnama (Rouchar , Dsfros .(Ildchar , 1)),
dataC I),
tocnams (Rowout , Oefrow (fldout , 1)),
data( 8),
Iocnane (Rowin, Defrow ($din, 1)),
dataC 0), - -

locna,ie(Ro,,nutb, Dafreei(Mdoutb, 1)),
data( I),
locname(Rowin b , Oofro,s(IldInb, 1))
data( 5),
qblnamsCPrcbnda, Oaf precO (hdbnds)), I Rowed mode Indicant
data( 0) , -

locnane(Prc2lv , Defprec2(lldint ,Sldbnt , Ptdvoid)), - -

data( - 0), —

locname (RofInt , Defref (Ildbnt)),
dat i( 5) ,
locnnno(Roff I Is, Defec t (Stdf l Ie)), -

Olaf 0), -

cjblnasuo (Refstring, Oofraf (Md;trlng) )  —

datannd;

dataareaf.ttdr.2) •

0),
gblnnme (Prcrfv, Oofprocl (Refflla , Sidvoid)), S Reset , Close , Scratch
data( 0) ,
locnisne(Prcbf , Oafprocl (Iteffils, Sldbool)),
clatts( 0), -

Iocn,uso (Prcilbb , Oofproc3 (Ildint ,fldInt,Mdbits, bldboolfl ,
clala ( 0),
locnano(Codibtv, Oofcode2(lldint ,fldbit,, hdvoid))

datannd ;

dataarea(SIdn3)
dala( I) ,
locnana (Prcreal , OofprocO (Sldreal)), I Random
dataf 0),
locnau.e(Prcrr, Oefprocl (lldreal , lidroaf)), S Sin, Cos, etc.
datat 0),
Socnano (Prcbteb,- Dsfprocl(Rowbool , fldbits)), I Bits pack
data( I),
ocnnno (Pecbyst, Oefprocltlldstrlng, Mdbytos)), I Bytes pack

du al 0), -

locnane (Prcrfir, Oefprocl(Refint , Sldraal)) , S Next random
data( 5),
locnavie (Prcif , Oefp roc llRnl f lIe , Si dint )), I Char number , stc .
dati ( 8),
iocnanefPrcchf , Defprocl (Refflle , Stdchan)), I Chan
data ( 8) ,
Iocname (Prcvout , Oafprocl (Rownut, fidvoid)), I Print , Writs
data( ‘~,

I-

- - -- - - - -~~~~~~~~~~~~~~~~ - -
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locnammCPrcvln, Oefprocliltsnsin, lidvoid)), S Read
data l 0) ,
iocname (Prcvob , Oefprocl (Rnsinsitb , fidvoid)), I Writs bin
dat al 8),
locnrisse(Prcvbb, Defproct(Reu4ytb, fithoid)), S Read bin
data ( 9),
Iocnnnn(Prcvfout , Oolprec2(Raff i le ,Rosroi.t , fidvoid) ) , I Put
data( 8),
locnane (Prcvf in , Dofproci (Reffile,Row in , Ilifvoid) ) , S G*t
data( 0) ,
bocnaneCPrcvfp, Oofproc2 (Rr ,ff iS e,Rowoutb , tldvold)), I Putbin
data f 9),
locninu.(Prcvfg, Oefprec2 (Ruffila ,Rowinb , Pldvoid)), I Ge tb ln
distal 5), -

Iocnamn (Prcvfs, Defproc2 (Rnf fb l e ,IId.tr ing, fldvo i d~), I flak e tes m
da tal 0),
locnant*CPrcvrfrs, Oofprec2 (Reffils,RaIsti ing, Pldvoid)), I Associate
dataf 9),
iocnrins (Prcon, DofprocZ (Raffile ,Prcbf , lidveid)), S On routines
distal I), -

locna.s(Prcmnll , Oefproc2(I1:Inumbor,Ildlnt , Pldstring )) , I Whole
tlista ( I),
locnavse(Prcmn2i , Oefproc3(Sldnsss.bor ,fldlnt ,fldint , Sitletring )) , I Fiwad
data ( I),
Iocname(Prc lfsc, Defproc3 (Rof f l l s ,Mdstr Ing, Mdchan , Md in t) ) , I Open

0) ,
Iocnaso(Prcsn3l , Oofproct llldnusnbor ,Mdint ,fldlnt ,lldint , Sidetring)) , S Float
d*ta( 0), I

Iocnune (Prcvf3i , Oofpro c4llte$fble ,lidint ,Itdi nt ,SIdbnt , lidvoid)), I Set
dataf
tocnassa (Prcest , Oef p roc6 (Re ffbl e ,fldstr ing ,Mdchan ,Ildint ,fl dint ,fl d i nt , IldInt)) , S Estab Ish
daia ( 0),
locnamolCodcibtv , Defcodo0 (Codibtv)), S Sys trace
da la ( 8),
locnassafCodp2ivv , Ootcodol (Prc2Iv, fldvoid)), I On tick
data ( I),
l ocnane (Codpiibbv , Ootcodal (PrciIbb , tidvoid )), I On error
data f  5) ,
bocnawe (Codcibtvv , Defcodol(Cod lbtv , fidvoid)), I On eye trace
dat a ( 5),
iocname (Codlv, Defcodelflldint, fldvoid)) S Warning level

datannd;

dat aurma (HydO)
gblnamo(lldt las, Ildvnossp ile)

datannd; - 
-

dataarna(IhjdI)
data ( I),
locnane (RmOt Ins, Defref (lid; Ins))

dataend ;

dalaisrna (Hy.f2)
datal I),
Pocnume(Codv, Oofcodel(tldvoid)),

S 

-:- ~~~~~~~~~~~~~~~~~~~~~~~~~~ —~-—— - - -— - -- - -~~~~
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datal 9),
Iocname (Codrftv , Oofcodol (Reltime, lidvold)),
distal I),
locnanolCodturl , Oefcodol (Ildt ime, fldreal))

datannd;
2<14%

ZtZ~Z~(
dat aarea (~nrO)

gblname( tldelot , Sldvnewpibe) ,
qbbnumelfldetap, Ptdvnowsimple)

dataand;

dataarea (K.rl)
data ( I),
locnamo (Ildrtsmask , Oefstru. ct4 (fld b l ts ,Lexauix ,Md b ite ,Lexyen ,Ildbeel ,Lexasp,fldboe l ,Laxteap )) ,
data ( 8),
Iocnane lRa,,int , DefrowUldlnt , 1)),
data ( 9),

-— Iocnana (Rowstap , Oefrowlll dstap, 1))
datan,id;

dataarea (Kar2)
data l 5),
locnamsi(lldwalk , Oefref (Rowstap))

datannd ;

dataaraa (1 ar3)
du al 0),
locname (Ildpath , Oetstru ct2 (M dalot ,Lexs ,Mdn alk ,Leww))

da t annd;

dataa , ma (Kar~s)
iocname flldalgparm, Oofunion2(lldpnth,f ldnlot) ) ,
Iecname(Sldpathnlot , Defunion2 (Sldpath ,flduslot ))

da t aand ;

d.taaraatE.rc)
data l 0), -
Iocname (Ildargllst, Oofrossthdalçjparm, 1)),
da ta l 9)
I ocnann(Prcstap , Do fp roc0 (Sldntap )),
slalal I),
Iocnam e(Prcpsv, Oofprocl (Sldpnthslot , Sidvoid) ),
datal 8), -

iocnane(Prcpsb, Oefprecl(lldpathsiot , fldbooi)) ,
datat Si ,
locname (Prcpss , Defprocl (Sldpathsslot, Sidotap)),
da taf  0) ,
iocniute(Prcip.v, Dofproc2 (fldlsiol,fldpa ths l ot , tidvoid)),
Olaf 0),
l ocnau.e (Prcpssv , Oefpeec2 (Ildpathslot ,M d sl ot , lidvol d )) ,
dista l I),
locnanelPrcpssb , Defproc2 fPl dpast hsbo t ,fld.l et , tidbits )) ,
du al I),
locna .e (Prcsbv , Defproc2 (lldsiet ,Itdbi ts , SIdumId)),

S

- 
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data ( 0),
locnavse (Prcpsrtv , Oefproc2 (tldpathslot ,Sldrts.ask, Pldvoid))
dista l 0),
locnamo (Prcpisrtv , Defprec3 ltl dpath sbot ,Sld sbot ,lldrtsmask , Pldvoid )) ,
data ( I),
locnas. (Prcpiartm, D.Iproc3 (Mdpalhslot ,Ilds lot ,lldrtsmask , tide tep )) ,
data l I),
locnamslPrcsspsv , Oofprec3llldslol ,tldslet ,Ptdpathslot , Mdvold)),
data l I),
locnamo (Cods , OefcodeOftldslot)),
data ( 9),
locname (Codist , De tcode kltl dint , Ma ctsp)),
dat al I),
lecname(Codrlw, Oefcodel (RowInt, Stdwalk)),
datal 0),
locname (CodisI , Oafcode llll d Int , Mds iot))

di t

da taaraa (Kisr6)
data l 9),
locname(Prccptuib, Oofps oc3(Ifdslot,tidpathslot,(ldarglist , tidbits)),
data ( 0),
locnanelPrcmpswal , Osfproc4 llldslot ,fldpathslot,flthsalk,fldiirgll st , tidbits ))

datannd;
ZZ~KX

structu re t.od,(f ,P ,S1 • (. Imodo.Ondr incs(. I—1))~ .P , .Ssi

map m ode
7H~% RnftlmesCodv ,Codrftv tCodtmrl: ZHZ
XI. 2Y. Mslsinlk sRowint sRowntnpstidn ryl istsfldpnthstidrtsmasE:

Prcpusv: Prcpnsrtv:Prcspisvs Prcspnusal
Prcpssv:Prcpsrtv:Prcpob : Prcpsvrts:Prcpss:Prcspsabs
Prcpcibs Prcsbvs Pros tep s Prcs,psv:
Codc :CodlstsCodrtw:Codlsl: Z2<KZ
Ref lnt,Rob f I IesR efst i ing:
Ro:sheel s RowchartRewou,t;RowinsRo,ioustb*Rowinb,
lldcompb :Mdlcompls
Prcbrnlss*Prcreab :Prcrr,PrcbtrbiPrcblbbs I 

-~

PrclfsPrcbfsPrcchl;PecvobsPrcvfb :Prcon,PrcsnllsPrcbystsPrcrf be ,
Prcvf 3Is Prcrf vs Prcvout s Proving Prcvf out s Prcvr trs, Prcvf is
P, csri2 ls  Prcen3 I Pecest : Prcvf ins Prcvf ps Prcvf y s Pr c i f  so: PrcZb vs
CodlbtvgCodp2ivvtCodp l ibbvsCodcibtvtCodcibtvv:Cedlvi

giobnldata (Vector ,Id ata ,)
RefL , Roti nttL InEl ,Rs f f iI e IL in E ) ,Raf s tr lngt l in k) ,

254, 2 R u f l i m e t L i n k ) , 2<14)’.
X)~,X Y. Ild,,aIkILInk) , ZY-ckX

5,
RewL , RowhoeIILlnk),RoxcharlL Ink),Roi~o,,tILInki ,*ewl nhLInk),

Nowoutb (Llnk) ,Rewlnb (L b nki ,
Rewint (Linki ,R.wstap(Link),fldargil sttL lnk), 22 K2
I,

StructL , fldcompllLlnki ,fldlcompULlnk),
X K.XX Ildpathfl. Ink) ,Ildrtmmask (Link), XXd2

I

— --f ---- •-- - -
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8,
Prod , Prcbnda(L lnk),Prcrsalll lnkl ,PrcrrtL inkl ,

Prcb trb CL Ink) ,Prcif IL Ink) ,Prcbf CL ihkI ,Prcchf CL ink)
Prcvf3i (Link) ,Prcrfv (L Ink) ,Prcvaut (Link) ,Prcv lnlLlnkl ,
Prcvob (Link) ,PrcvibiLlnk) ,Prcvfs(Link),Prcvrfrs(LInkI ,
Prcvfout tllnk),Provf intL inbi ,PrcvfpllinkJ ,Prcvfgtl.Ink),
ProoniL Ink) ,Prcsnll (Link) ,Prcsn2l (Lint) ,PrcsnSl (LinkS ,
Prclfsc (Link) ,Preost (Link) ,Prcby sttLhntl ,Prcrfir (Lint) ,
Prc2ivtLlntl ,Prcilhb (Lint),

Z$Z,ZZ Prcspswalltlnk),Prcpsv (LInk),PrcspsvlL ink),Prcpssrtv (L ink),
Pecpsmv(LInk),Prcpsrtv (Link),Prcpmb (Linkl ,Prcpssr tslL lnk3 ,
Prcpsss(LinE) ,Prcspsabtl irn) ,Prcpssb(LInkI ,Prcsbv (Linkl ,
Prcstap(LInk),Prcsspav(Link), XXdX —

9,
Codol, Codibtv (L ink) ,CodclbtvlL ink) ,Codp2ivvflint) ,CadpilbbvtL ink),

CodclbtvvfL int),Codiv (Linkl ,
214,2 CodvtLInkJ ,Codrftv (Link),Codtsrl (LInk), 2<14%
2~~1.Y. Cod,s(Unk),CodisttLbnlc),Codrlwttlnt),tod islll l nt), ZZ<K2

8,
EvontL, 9
8) ;

bind S Indexes info tha Xmodop table (see SEIIR4.BLI)

flint • 0 Mi m I • 1, Plreal a 2, SItreal • 3, flcompl • 4, fllcoep l • 5,
lichar • 6, ?lstrlng a 1, tiboof • 8, tibits a 9,
flse.a • 10, flvoid • 11~

bind 
-

Olsabs a uplll( Hlworduoidmon , Pabsi ), Hfwords Ulint , flint) ,
Hfwordn (Idmon , Pisbsli ),Hfwords (SllInt , flInt ),
Hiworstelidmon , Pp bsr), H lwords (tirnai , tirea l) ,
Hfwordslldmon , Psbslr),Hfwors$s (IIlregs i , fllrsa i),
Hfuords (Idaon, Pabsc), Hlwordi (llcemp l , fin al ),
Hfwordslld.on, P..oslc),Hfwords (IIlcemp b , lllrsal),
Hlwordslldmen, Piubsb), Hfwords(Slbeo I , Mint ),
Hfwords(Iiteon, Psbsbti ,KtwordslIibtts , titni) ,
Hfwords(Id.on, Pi,bsch),Hfwords (flchar, flint ),
0 ) ,

Obsnd a up iitf Hfwordslldqen, Pgsndb) , Pldbeei , fldboel ,lldboo l ,
Hhiords(Idgen, Psndbt), tidbits, Ildbits ,lldbbts ,

• Obar g • up lil( Hfssord.(ldmon, Parg), Hfwordis (Meom pl , lineal),
HIwos i$s(Idmon, PargI) , HlwordstPtlcomp l, Pllreal) ,

- . 0 ) ,
Obbin • up lll ( Hfwcw ds(Id.on, Pbin ), Hfwo rds (Slbnt , lib i ts),

I), -

Obcen~ a up lilt Hfword~l)dmon, Pconj
), HtworslslSlcemp l , $cosipl),

Hfwnrds(Idmon, Pconjl ) ,Nfwords(Mtco.p S , Mlcompl) ,
I I ,

Obdiv • upl If t  Hfwords(XdI!R , Pdiv) ,
Hfwords(IdRfiA, Pdtv),
I ) ,

Obde,sn • uplif t  Hfwoede(Idmon, Pdos,nrnm),Hfwords ltisenu,PSvoId),
I),

- 
- _________
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Obdvab • uplift Hfword.(IdRAR, Pdlv) ,
S ) ,

DOles a uplI f t  Hlwordsfldgirn, Poimbt), Mdbeob , Ildblts,fld Int ,
Hfword,Cldyon, Pob eby) , Sldchar, Ildbytes ,lldi nt ,
0),

Obonti • up llt ( Hfwei ds(Iduon, Penti) , Hfsiords(SIroal , flint),
Hiwordelidmon, Pc ntll) ,Hfwords ltilreai , ti lInt),
5 ) ,

- Oboq a up lit ( - Hfwords(IdfllUUlC, Peq),
Hfwor ds (IdS$B, Paqcs) ,
Hfwordslldgen, Psqb), lldbool , Sldbool ,lldb.ol,
Hlwords(Idgen, Puqbt), Ildbool , Sldbils ,Mdbits,
)ffwoeda fldqon, P.qby) , Pldbeo l, hdbytes ,fldbytes ,
S ) ,

Obgo • uplift Hfworde (IdflflSC, Pg.),
- Hfuords (Id$SB , Pyocs),

H fwonds (Id gen, Pgobt) , fldb*oi , fldbits ,lldb ils ,
Pt Iworde~~dq•n, Pyobyl , fldbool , fldbyt.s,Ptdb ytas ,
0 ) ,

Obyt a uplift Hfwords lldflflt%C, Py t) ,
Hfwords (IdSSB , Pgtcs), s

Hfwov s$sfldgen, Pgtb y), Sldbool , fldbyta s ,fldbytss,
0 ) ,

Ob le • uplI f t HfwordslIdfIflfl C, PIe ),
H fwords (Id~SB, Plees) ,

• Htwords (Idgen , Plebt) , Sldboo l , Sld b its ,Ildbi ts ,
Hfwords ()dgen , Pleby ), fldbool , fldbytss ,Slclb yt as,
5 ) ,

Oblang a uplift Hfwords (Id~~n, Pl sngi),Hfw ords (Mint , ill m l ) ,
Hfwords (Idmon , Plangr),H fwoi ds (flreai , ll lraa l ) ,
Hfwerds(Idmon, Piengc),Hfwordslllcomp l , PIlcompI ),
0 ) , -

~

Obievel • upl i t(  Pffwords(Idmen,; Plevint) ,Hfsiordc tfltnt, Maine),
Hfwerds( Idnon, Plevse.) ,Hlwords lllsnea, flint) ,
9) ,

Ob l i • up lift Hfwordp()dtI flflC, PIt ),
Hfwords (IdSSB , PlIes) ,
t4fworde~~dgen, PIthy) , flcfbool , ldbytes ,Ildbyt.a ,
• ) ,

Ob lwb • up lift Hfwords (IdIBR , Plw bm), fldabsa n t ,
Hfwn rds (IdIBR , Plw b), fld int ,
Hfwords (Idmon , Plw biiitr), Hfwords (Slstring ,fllPst ) ,
O ) ,

Obmdab a uplIft Hfs.ordsUdlfll, Pmod),
O ) ,

Ob.nah a uplIf t HfwnrdsCidRflR, P~iib),
Hfword~~1dIR (, Piub),
5),

Obmlnus a up ilit Hfwo~d~ (IdAAA , Psusb),
Hlwordslldmon, Pnos*l), Hfwords (flint , flint ),
Hfworeth C ldmon, Pnntili) ,Hlwords (Mhint , h u n t ) ,
Hfwordn(Idmon, Pnegn), HfwordsUlreal , lineal),
HfwordisUdmon, Pnotjtr),t4fwords(ltlreal , fllraal),
HSwordooldmon, Pnogc), Hfwords (Ilcostpl , flcosspl),
Hfword;(Idaon, Pnngic),Hfwordslllicompl , Illoompl),
5 ) ,

Obmod a up llt ( - 
- Hfwordslldlll, Peed),

I
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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0 ) ,
Obne • up l i f t  Hluorde(IdAflflhiC, Pno) ,

Hfwoedo (IdSSB, Pnocs) ,
Hfs.ordvtldgnn, Pnob) , fldbool, Jldbool ,Mdbool ,
Hfwordulldgen, Pnobt), Mdbool , lldbIls ,Sldbits ,
Hfwords(Idgon, Pnoby?, fldbooi, ildbytes,Ildbyt.s,
O I ,

Obnot • up lift Hfwordslldaon, Pnotb), Iffuordeltibool, tibool),
Hfwords (Id~on, Pnotbt),Hfwos ds (tlb:ts , PIbits),
o ) ,

Obodd • uplift Hfwerdslld .on , Poddi , Hfwov ds (flint , libool ),
Hfwords(Idsson , Poddl) , Hfw o rds (f l l i nt , hibool) ,
0), -

Obor a uplift Hfwords(Idgon, Porb), fldbool, fldbool ,Ildbool ,
Hfwensfs (Jdgon , Porbt) , Mdb its, fldbit .,Ildbits ,
O ) ,

Obovab • uplif t  Hfwords(ldZRI , Povor) ,
0 ) ,

Obover • uplift Hfworda (IdIII , Pover),
O 1 ,

Obpiab • up l if (  Hfuorde(IdRflR, Padd) ,
Hfwords(XdIAI , Pudd),
Hfwords(IdSCS, Pcat+4), tidetr ing,
Hfuord;(IdSCS, Pcat+3) , Ildehar,
8 ) ,

ObpI Io  • upli ft HfwordnCIdCSS, Pplustoc;),
O ) ,

Obpl ifm a upl i ft  Hfwcrds(IdIIC , PplIlm) ,
O ) ,

Obpl us a uplll ( Hfuorde(IdAAA , Padd),
Hfworde (IdSSS , PcaO ,
Hfworde(Idmon , Pnoop ) , Hfuordr(Ilint , Mint) ,
Hfwordr. (Idmon, Pnoop) , Hfsiordc(fl hint , Sil int) ,
HfwordisUdmon , Pnoop), Hfwordclhlroal , fireul),
Hfwordsdlduson, Pnoop) , Hfuordo(lllreai , fll real) ,
Hfwordc (Idmon, Pnoop), Hfwords lllcompi , ticompi),

• Hfwordel idmon, Pnoop) , HiwordcUllcomp l, Sllcompi ),
0 ) 5

Obropr a upt lt (  Hfwords,(Idmon, Prrpr) , Hlwordct llint , lichar),
0 ) ,

Obroun • u p t ll t Hfwordo(Id.on, Proun), HfworclsQtroal , flInt),
Hfwordo(Iduon, Prounl) ,Hfwo rdc (Slhreal , hilint) ,
0 ) ,

Obehl • up ll t C Hlworde(ldgen, PehI), tidbits , fldlnt ,fldbits,
a ) ,

Obehe • uplift Hfwordu (Idgon, Pshr), tidbits, lldInt ,lldblts ,
S ) ,

Obshrt • upli t ( Hfwordc(Idmon , Pshrtl),Htwordstllllnt , Stint) ,
Hfword;(Idmon, Pshrtr) ,Hfwords (tllraal , firoal) ,
HIword;(Jdmon, P~hrtc) ,Hfwo rdstSllcomp I, tlcompl) ,
0),

Obsign • up lift Hfwords(Idmon, Psqni), Hfssords (fllnt , flint ),
HfworOlldmon, Psgn li ) ,Hfwerds thil m l , flint),
Hfwordslldmon , Psynr), Hfworde(PtroaS , fl int) ,
Hfwerds (Idpon, Psyn lr) ,Htuord s (hli rea l , flint) ,
0),

ObtI,sss • uplIft Hfwerds(IdPRfS, Pmul),

S
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Nfwortfs(Idgon, Pmulic ), Ildstrtng, Ptdchar,fldlnt,
Hfwords(Idgon, Pmuicl), Pfdstnlng, fldint,Ildchar,
Nlwords (Idgen, PaulIs), )ldstrbng , fld strIng ,Mdl~st ,
Hfwordslld gon, PaulsI) , Sldstrlng , fl dl n t ,Sldstr ing ,
• ) ,

Obtaab a up lift NfwonifuUdRfSR , PausI),
• Hlwordp(IdIAI , Paul) ,

Hfwords (IdSCS, S’muisb ), tidi nt ,
0 I ,

Obup a uplift Hfwonds (Idaon, Puipsam),fffwords(Itiema, tivoid),
S ),

Obupl a upl i ft - Hlword.(IdRIR, P.~p),
• - I),

Obup2 • uplift HSwords (IdRIR, Pexp),
O ) ,

Obuph a up iit ( HfwordulIdIBR, Pupbs~), Sidabsant ,
Hfwords(IdIBR , Pupb), f l d l n f ,
Htwordslldmon , Pupbsstr), Htwoedsllle tring , M int) ,
•~~1

dataartsu (Syatab)

S EnvIronment en qu ilni as 
-

data l Dofs tid ( 0 , fldlnt , quoted Oottag ( 6~ ‘flflK INT’))),
distal Oo fst id ( 1, fld roal , -quoted Dot tag l 7, ‘PIAKREItL’))) ,
dista ( Oofst ld ( 2, fldroa i , quoted Doftayl 9, ‘SPIflLLREAL’))),
data( Oef.lld( 3, ftdint~ quaotsd Oeft.q(ZI, ‘l?AXRRSCNPR’H),

I OperatIons ascoc i a fed with 8175 values
data l Oef st id t 4, Prcb trb , quoted Oofta g ( 8, ‘BITSPRCk’))) ,

S OperatIons ass~ociaied w i th  BYTES valuos
dalis ( Osfst id ( 5, Prcbyst , quoted Defta g ( 9, ‘BYTESPRCk’))),

I Standard mathematIcal constants and functions
distal 0.1sf (dl 6, fidroaf, quieted Oaf tag ( 2, ‘P1’))),
d is tal Oofst l dC 7, Pr crr , quotOd OsItag I 4, ‘SO RT’ ))) ,
d*ta ( OcIsSIdI 0, Prcrr , quoted Dofiag ( 3, ‘UP’))),
distal Dsfst l dt 9, Prom , quo ted Dot tag ( 2, ‘IN’))) ,
dist al Oaf stld( 10 , Prom , quoted Dottag ( 3, ‘COS’))) ,
data l Osfstld (1I , Prone, quieted Ooftag t 6, ‘A RCCOS ’ )) ) ,
distal Os fstbd (12 , Prcrr, quoted Oaf tagt 3, ‘SIN’))) ,
distal Oefstbd (13, Prcrr, quieted Oaf tag( 6, .‘ARCSIN’))),
d is tal De fstid( 14 , Prorr, quoted Oettag( 3, ‘TAN’))), - 

-

dista l OsfstldtlS , Prone , quoted Oaffaq ( I, ‘ARCYRII’))), - 
—

dista l D sfatI dClS , Prcrfir , quoted Deftag liS, ‘NtKTRRNOOII’))),

I Channels -

distal Oe Istldlli , fldct,an, quoted Defta gtl4 , ‘STANOINCHRHISEI’))) ,
distal Oefst ld (18 , fldchan , quoted Daf fagliS , ‘STANDOUTCHRNNEL’ ))),
da ta ( D at s IldC ll , fldehan, quieted OeftagllS, ‘STANIIIUSCECHANIIEL’))),

Files and associated operations
distal Oe lstld t2l , Prcchl , quoted Oaft aq ( 4, ‘CHITR’))) ,
datal Oefstbd (21 , Prcvfs , quoted Det Iag t I, ‘IlIlEETERlI’))) ,
datel D.litldl22, Preen, quoted De ffaqtll , ‘ONLOCICALF)LEEND’))),

S

~ L — ‘-~~-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- d istal Defst .1dt23 , Prcon, quoted Daftag (17, ‘ONPHYSICALFILEEND’))),
dat af Oef st ld (24 , Preen, quoted 0,1 tisq( 9, ‘ONPIWEE NO’))) ,
dist al Oefstidt25 , Preen, quoted Doft .g ( 9, ‘O HLIHI•ENSS’))) ,
data ( Oefstidl26, Prcast, quoted Oaffag( 9, ‘ESTAII LISH’))) ,
data ( Oofst ldt2l, Prclf*c , quoted Oeftag( 4, ‘OPEN’))),
distal Dsfatld (28, Prcvrfrs,quoted Deftag( 9, ‘ASSOCIATE ’ ))) ,
cta ta( Oafstld(29, Prcrfv, quotad Oetfag( 5, ‘CLOS E’ ) ) ) ,
dista l Da fst ld (30 , Prcrfv, quoted Dottay ( 7, ‘SCRATCH ’ ) )) ,
data ( Octet id C 3 l , Preif , quo ted Do ftag (10, ‘CHRRHIIIIDCR’))) ,
data ( Oafst id (32 , Prcif , quoted Do fla g tlO , ‘LINENI IIIIIER’ ))) ,
data( Defstidl33 , Prc if , quieted Oettag (1O , ‘PRGEHLISItICR’ ))),
distal Octet Id(34, Prcrtv , quoted Oaf Iag( 5, ,‘SPACC’ ))),
da tal Osfs tld (35 , Prcrfv , quoted Dot tagl 7, ‘NEULINC’))),
distal OsfstId (36, Prcrfv, quoted Dot tagt 7, ‘PIEUPRGC’))),
distal Oef stid t3l , Prcvf3l , quoted Oeftag ( 3, ‘SET’))),
datal Oaf.tid (38, Ps crfv, quoted Oeftug( 5, ‘RESET’))),

S Conversion routines
distal Oofstbd (39, Prcenli , quieted Ooftag( 5, ‘WHOLE’))),
datal Dofstld (40, Prcsn2i , quoted Doftaq ( 5, ‘FIXED’))) ,
distal Oofs ild (41 , Prcsn3i , quoted Ooflag l 5, ‘FLOAT’))),

Format less transp:,t
clata ( Dofslld (42 , Prcv fout ,quotod Dottag l 3, ‘PUT’))),
distal Dofstldl43, Prcvf ln, quoted Doftag ( 3, ‘GET’))),

S B inary franspuit
da(u( OofstId (44, Prcvfp, quDt.d Doftaq t 6, ‘PVTBIN’))) ,
datal DofstidC4S , Prcvfg, quoted Deffug ( 6, ‘GETBIN’))),

I PartIcular proludo
data ( Dofstld (46, Raf int , qiiotod Doftagll0, ‘LRSTRRNUOSI’ ))),
data l Dotst idlll , Prcroal , quoted Del tag ( 6, ‘RflNDtUl ’))) ,
cia ta l  - Oofstld (48 , Ro t t i Se , quoted Oef tag ( 7, ‘STAN OlN’))) , 

- -

dula ( Oofstld (49, Raf t II., quotod Dot tag( 8, ‘STANDOUT’ ))),
clata ( Defstld (50, Raft Is , quoted Oolfagl 9, ‘STRNDIIACE’))),
distal Oefstid(5L , Prcvout , quoted Doftag ( 5, ‘PRINT’)) ) ,
distal Octet id (S1 , Prcvoui , quoted Doffag ( 5, ‘WRITE’))) ,
distal Dofstidt52 , Prcvln , quoted Ooftaq ( 4, ‘READ’))),
distal Dofstid (53, Prevob, quoted Doftay l 6, ‘I4RITEEUN’1)), I 

-

distal OofstbdtS 4, Previb , quieted Dottug l 7, ‘REAARIN’ ))) ,

distal Defstidt S5 , Codp2ivv ,quotod Dot tag( 6, ‘ONTICL’I)) ,
distal Oafsfld (56, Codpiibbv ,quetsd Doftag l i,’OlIERRC)R’))),
distal Defstbd tS7 , Cedcibtvv ,quoted Doftiig llO,’ONSYSTRACE’))),
distal Oefstld (58, Codeibtv ,quoted Doftagl 8, ‘SYSTRAC(’))),
distal Da f st IdC SO , CodIv , quoted Oottag ll2 , ‘UPRHIHCLLVCL’))),

ZH~Z
distal Dafstld (6O , Mdchan, quoted Dettag tl3, ‘COPISIHCHANHEL’))),
d is tal Oefs tid (O1 , lldchan , quoted Doftaq (14 , ‘CONSOUTCHA NHEL’))),
distal Octet id(62 , fldchan, quoted D afta y llS , ‘FIXFO P RCCCIIANNI:L’))) ,
distal Osfstidt63, fldclsi,n, quinfed flaftag (14, ‘V fIRPRGCCIIAIINEL’))),
dista l Oe f st ldC6 li, Cod iv , quots1l Oaf tag l 7, ‘S UTRA C E’))) ,
distal Oe fsti dt6 5 , Codrf fv , quoted Deftag lll , ‘GETPROCTIPIE’))),
distal Octet id(661 Cody , qui eted Oaf tag ll3, ‘STARTPROCTIIIE’))),
datal Octet Id(V, Codtmr l , quieted Deltay l 6, ‘S IUSECS’))) ,
distal D.f.IldtBI, Ildehan, quoted OeftagUO, ‘SOSFILECSIANNEL ’))),

- 
S 

- -__________________________________
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Z-cHZ
X~SXZ

distal OofetidlB9 , Prcposrte,quotod Oaf tisgClI,’SRPPtHCICfIPVI’))),
distal Oofetidl7O , Prcupsab ,qusotod Dot tag l 5, ‘SCALL’fl),
distal Dsfstbdtil , Prcpss, quoted Doftayl 8, ‘SCLENGTH’))),
distal Detstidtl2, Prcp,sb, quieted Dottagl 8, ‘$COPIPARE’))),

• datis i Defstidti3, Prcsbv, quoted Doftayl 8, ‘SCONTROL’))),
datal Octet Idl74, Prcpsv, quoted Dottisgl 7, ‘SOELETE’))),
distal Octet ld(75, Prcspsv, quieted Oaf tay t 8, ‘SGETCAPA’))),
distal Oefstld (76, Prcpssrtv,qu.otsd Ooftag ll2,’SINTERCHIUiGE’))),
distal Dsf stld (7~, Pecstsp, quoted Oefta g tII, ‘$LNSLINCTN ’))),
distal Oafst ldt il , Pncpsv , quoted Oaf tag I 9, ‘$hlALtPflCt’))),
data ( Oefsfld (79, Prepay , quoted Det tag ll4, ‘SIIRI.EUIIIV ERSRL’))) ,
distal Oef etldlB S, Prcsspsv,quoled Dat tag I 6, ‘$IIERG(’))) ,
distal Defst d($1, Prcpsv, quoted Dot tag I 2, ‘IP’))),
distal Defetid (82, Prcpssntv,quotod Daftisg(5, ‘$PfSSS’))),
distal Oefstld ($3, Prcpssrts,quoted Dettaglll ,’SPRSSAPP (NO’))),
distal D .fstldll4 , Prepsb, quoted Deft is g(13 , ‘$PCO SiOITIOPIAL’ ))) ,
distal O.fetidtlS, Prcpssrtv,quiotad Dat tag(8, ‘SPUTCAPA’))),
distal Defstidll6, Prcpsrtv ,quoted Oeftisg(13, ‘SSETCHPRICHTS’))),
distal Oef.tid (87, Prcpssv, quoted Oettisgt 7, ‘SSWI TCH’))) ,
distal Octet ldtll, Prcspsv , quoted Doft ag ( 5, ‘STREE’))),
data ( Delsthd ($9, Prcspswal ,qi,o*od Deftisgl9, ‘STYPECALL’))),
distal Oefstidt9l, Prepey, quoted Ds,ftisg( 7, ‘SUPOATE’))),
distal Dsfetbd (91, Prcpsv, quoted Dot taq t 2, ‘SV’))),
distal Octet ld(92, Prcps~t, quieted Oaf tag( 7, ‘SVACRTE’))),
distal Dafstid (93, Prcpsv, quieted Deftagl 5, ‘SVALL’))),
distal Oefsfid(94, Cods, quoted Ooftag f 8, ‘$CETSLOT’))), - -

distal Defstid (95, Codist , quoted Deftisgl 9, ‘SMQEESTEP’))),
distal Octet ld(96, Codniw, quoted Deftag l 9, ‘SlIREEIIAI.E’))),
distal De tstld (97 , Cod isl , quo ted Oattag ( 8, ‘SUSESLOT’))) ,
distal Oefstid (901 Codpiibbv ,quoted Doflisyll, ‘ONSIGNAL’))),
distal Oefstbdt9 9, fldslot , quoted Doftag l 8, ‘NULLSLOT’H),

Uc$ZZ
I--

I Operators
distal Do tstop rll 0, Obabs, quoted Dol opr( 3, ‘AFIS’))),
distal Oetstopm lt 0, Obamy , quieted Oofopr l 3, ‘ARt~ ) ) ) ,
distal Dafstopnl ( 0, Obbin, quoted Dotoprl 3, ‘OZN’))), 

I -
distal Oofsfop nl t 0, Obconj, quotod Oofop rl 4, ‘CONJ’))) ,
distal Oofstoprl( 0, Obdoun, qi,oted Dotoprl 4, ‘OOIIN’))),
distal Dofefopnll 0, Obonti , quoted Oefopr( 6, ‘E NTIER’))),
distal Defetopnl ( 0, Obleng, quieted Oofopr l 4, ‘LENG’))),
data ( Qafefopnl ( 0, Obbovef , quoted Oofopr( 5, ‘LEVEL’))),
distal Oafstoprl ( 0, Obnot , quoted Detopn ( 3, ‘NOT’))),
distal Datatoprl t 0, Obosid, quoted Dotopr( 3, ‘000’))),
distal Oefstopnll 0, Obropr, quieted Detoprl 4, ‘REPR’))), 

I 

-

distal ~~fsfopr1( 0, Obroun, quoted Defopr l 5, ‘ROUHO’))) ,
distal Dotitoprlt 0, Obshrf , quieted Dofopr( 7, ‘SHORTEN’))),
distal Dafstoprt ( I, Obsign, quoted Oefoprl 4, ‘SIGN’))),
ilata ( Oefstepnl ( I, Obup, quoted Oofepr ( 2, ‘UP’))) ,
distal Oetslopnll 1, Obdui,b, quoted Dotopr l 5, ‘DIVRS’))),

qblnismel Oprdvab, OofetoprZl 1, Obdvub)),
distal Oetstoprl ( 1, Obmoab, quoted Defopr( 7, ‘flINUSAB’))) ,

Ølnaee( Oprunab, Dcfstopr2l I, Obmeab)),
data ( Oefstoprll 1, Obadab, quoted Defope l 5, ‘MOOfIS’))),

5-
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yblnama l Opradab, Ootstopr2 ( 1, Obmdab)),
distal Dotetopnlt 1, Obovab, - quieted Defoprt 6, ‘OVER AB’))),

gbinams( Oprovab, Deli topr2l 1, Obovab)),
distal Oefstopr ll lip Obplab, quoted Oofopr l 6, ‘PIUSAB’))), ~~

gblnam. l Oprpiab , Oetstopr2 ( 1, Obp l ab)),
datal Oofstoprl( 1, Obplto , quieted Detopr ( 6, ‘PLUSTO’))),

gblnaae ( Oprp l to , Dets topr2l 1, Obplto)), - -

distal DefatepnI l 1, Obtaab, quoted Detoprl 7, ‘T IStESA B’))) ,
gblname( Oprtaab, Oofstopr 2l 1, Obtieb)),

distal Oefsfoprl ( 2, Obor, quoted Doiopr( 2, ‘OR’))) ,
distal Defsfoprl l 3, Oband, quiete d Defopm ( 3, ‘AND’))),
distal Defstopnl l 4, Obeq, quoted Deiopr( 2, ‘(0’))),

gblnisse ( Opreq , Oetsfopr2l .4, Obaq)),
distal Daf atopnl l 4, Ob ne, : quotad Defopr l 2, ‘NE’))),

gb lnama l Oprno, Oafetopr2 ( 4, Obnefl ,
distal Defstoprlt 5, Obyo , quoted Dafoprl 2, ‘GE’))),

gblname ( Oprya, Detetopr2l 5, Obyo)), 
I

datis ( - 0.tstoprl ( 5, Obyt , quotod Detoprl 2, ‘CT’))),
gbinamel Oprgt , Defstopr 2( 5, Obyt )) , -

datis ( OafstoprL ( 5, Obie , - quoted Dotopr( 2, ‘LE’))) ,
gblnisuu s( OprIe , Dot stopr2 l 5, Obia )) ,

distal Oofstaprl t 5, ObIt , quieted Dofopr( 2, ‘IT’))),
gblnnse( Oprlt , Dofstopr2 l 5, Dblt)),
qblname( Oprpiue , Oofstopr2 t 6, Obplue)),
yb inano ( Oprm.nus, Defstopr2( 6, Obsilnue)),

distal Oofstopnll 7, Oboloe, - quoted Dofeprl 4, ‘ELEfl’)))1
gblnnu,e ( Oprtiaes, Dofstopr2 ( 7, Obt ices)),
yblnistie( Oprdiv, Oofstopr2 ( 7, Obdiv )),

dista l Oofstoprll 7, Obtiod, quoted Detopr( 3, ‘MO D’ ) ) ) ,
gblnaee( Oprsod, Dofetopr2( 7, Obsiod)) ,

datis( Dofstop nll 7, Obovom, quoted Ootopr( 4, ‘OVER’))),
yblnamol Oprovor, Doistopr2l 7, Obeyer)),
gblname ( Oprt,pL, Dofstopr2 l 8, Obupl)),
gbl~inmo ( Oprup2, Oofstop r2 l 8, ObupZ)) ,

dista l Oef,toprl( 8, Oblwb, quieted Oofep r( 3, ‘11)6’))),
distal Oefsto prll 8, Obupb, quotod Ootopr l 3, ‘UPB’))) ,
datal Detetoprll 8, Dbshi , quoted Oofopr( 3, ‘SHI’))) ,
distal Dotstoprll 8, Obshr, quoted Dotopr ( 3, ‘SIIR’))),

gbinauiol Opr pl btm , Oofstopr2 l 9, Obpiltm) ) ,

datal —1) 
- 

-

datisond;

S Thi nk about doing Ill anti RE

usndor.lare Laxatap , Laxstart , Laxtab ;

glebnldala(,Lexstart,) Lexm (Lxvstart ,empty))~
gIobnldistal ,LsKstop,) Leiui(Lxvstep,empty));

g bo b ald ata l ,Lextab ,)

0, D.flag ( 0, empty ), 
-

6, Deflagl 2, ‘Ifl’) , -

I, O.ftag( 2, ‘RE’) ,

S

- - - -~~- ~~~~~~-~~~~~-~~~~~~~~~~~~ ------ ---~~~~~~~~~— -- —~~~~ --~~~~~~~~~~~~~ -~~~~~~ --
~~~~~~- - --- -——-•-—
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0, Oaf tag l 4, ‘STOP’) ,
0, Detdonintl I),

u>zy•
0, Oeftag l 1, ‘S’),
8, Det tag l 1, ‘U’),
0, Oeftag ( 7, ‘SAUXRTS’),

• 0, Detta g ll t , ‘SGENF.RICRTS’),
0, Oofta g ll2 , ‘SAMP LIFYFLAG’) ,
0, Oot tagll3, ‘STESIPLRTEFLAtI’),

XZ. KX

Dofbold (Lxvist, 8, 2, ‘AT’),
Dofbold (Lxvbogin, 0, 5, ‘BEGIN’) ,
Def)~oldlLxvpnimdr , tidb its, 4, ‘BITS ’),
Dofbold (Lxvothdr , tldbool , 4, ‘SOUL ’),
Dotboldltxuby, 0, 2, ‘BY’) ,
Dotboldllxvpnimdn , Stdbytes, 5, ‘BYTES’) ,
DofbeldlLwvcisse, 0, 4, ‘CASE’),
Oofboldllxvothdr, Sldchan, 7, ‘CHAHHEL’ ),
flafbold (Lxvothdm, Ptdchisr, 4, ‘CHflR’),
Detboidllitvpnoo, C”, 2, ‘CD’),
Ootboldllxvcode , 0, 4, ‘CODE’) ,
Dofboid(Lxvcodeop, 0, 6, ‘CODEOP’) ,
Dotbold(Lxvprco , C , 7, ‘COIIPIENT’) ,
Defboid(Lxvprimdr , hldcomp l, 5, ‘COIIPI’) .,
DofboldlLxvdo , 0, 2, ‘DO’),
Dofbold (Lxvellf , 0, 4, ‘(h F’) ,
Defbold (Lxvele., 8, 4, ‘ELSE’) ,
Defbold (Lnvend , 0, 3, ‘END’ ) ,
Dofboldllxvesac, 0, 4, ‘ESAC’) ,
Detbold (Lxvevent, 8, 5, ‘EVENT’) ,
Detboldllxvextf , 6, 4, ‘EXIT’),
Oofbo ld (Lxvext , 0, 3, ‘EXT ’) ,
De fbo ld (Lxvb ool dan , fl 68tale e , &, ‘FALSE’) ,
Oetbold (Lxvti , 0, 2, ‘Fl’),
Oelboid (Lxvothdr, hitiu lh e, 4, ‘FiLE’),
OetboldlLxvfer , 0, 3, ‘FOR’) ,
Defbold (Lxvtnoa, 0, 4, ‘FROSt’),
Detboldlkxvgo , lldjuimp, 2, ‘GO’),
flefbold (Lxvgoto, fldjump, 4, ‘GOTO’),
OefboldltKvheap, Gonheap, 4, ‘HEAP’),
fletboldtLxvlf, 0, 2, ‘S F’ ) ,
PefboidtLxvln , 5, 2, ‘IN’) ,
Oefboidltxvpr iadr, Sidint, 3, ‘flIT’),
flefbold (Lxvldty, Idly le , 2, ‘IS’),
fla fbe id lLxvi dt ij, Idlylen t , 4, ‘ISNT’),
flefboldlLxvloc, GenIecref, 3, ‘hOC’) ,
flefbeldllxvlong, 0, 4, ‘LONG’) ,
Ilstbold (Lxvmoda, 0, 4, ‘flOUt’) ,
tlsfboldlLxvcodula , 0, 6, ‘flODULE’),
t)sfbold(Lxvne,scodo, Ptdvnewp l Is , 7, ‘NEUPILE’ ) ,
flafbotd(Lxvnei,mcda, fldvneuslmpl.,9, ‘NEUSIMPLC’),
Dafbold (LKvnhI , tidnI t, 3, ‘NIL’) ,
Delbeld(Lxvod, 5, 2, ‘00’) ,
DefbeldtLxvot , 0, 2, ‘OF’),
Oefbold(Lxvop, 5, 2, ‘OP’) ,
Oslb.IdtLxvouss, 0, 4, ‘OUSt’),

I

I)
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Oofboldlhnvout , 5, 3, ‘OUT’),
DatboidlLxvpar , 0, 3, ‘PAR’),
Oofbold (Lxvprco, P , 2, ‘PR’) ,
Defbold(Lwvprco, P , 7, ‘PRIW.tlflT’),
Oefboid(Lxvpr lo , 0, 4, ‘PAlO’) ,
OefboldlLxvproc, 5, 

- 4, ‘PROC’) ,
Dofboid (Lxvpr lmdr, Sidroa l , 4, ‘REAL’) ,
Detbold (Ixvret , 0, 3, ‘REP ) ,
DolboldlLxvPioap, Coneecloc , B, ‘SICLOC’) ,
Defbold(Lxvothdr , Sldsama, 4, ‘5(110’) ,
Dsfbo Sd (Lxvshort , 0, 5, ‘SHORT ’) ,
Defbo ld(Lkvs k ip, Sldskip, 4 , ‘SE IP’) ,
DafboidlLxvothdr , Mdstning, B, ‘STRING’),
D.fboldlLKv.truict , 5, 6, ‘STRUCT’),
Detb oldlhx vth an , 0, 4, ‘THEN’) ,
Dafboldlhstvto, 0, 2, ‘TO’),
Defboldtlxvboolden, fl68truie, 4, ‘TRUE’),
Omfboldltxvvoid , fldvoid, 4, ‘VO ID’) ,
Uefbold(Lxvwhil a , 0, 5, ‘WH ILE’) ,

t)etboId (Lxvothdr, Mdt ime , 8, ‘PROCTIIIE’),
XcHX - -j
ZK>XZ

Detbold (Ii~vothdr, lldpmth , 4, ‘PATH’),
Detbold (Lxvothdr , fldrtsmask, 10, ‘R1CHTStfflSr~’),
DefboldlLxvothdr , Ptdslof , 4, ‘SLOT’),
tlafboidltxvothdr, ttdetap, 4, ‘STEP’) ,
fl.tboidlhxvothdr, Slduiilk , 4, ‘URLS’),

zz~a~7•

Delpragifectl, 3, ‘RES ’),
Dafp rag ltem li , 5, ‘POINT’) ,
Dofpraglteet2, 5, ‘UPPtR’),
Defpr agitem (3, 5, ‘~ OIW•R’) ,
Dofpr agite. (4, 8, ‘WAR NINGS’) ,
Defpragita.tS, 10, ‘NOIIARNIHOS’),
Ostprag item l6, 7, ‘LISTING’) ,
Defpragifeat7 , 9, ‘NOLISTING’) ,
Dofpragl tem (8, 4, ‘PAGE’),
—1 ) s

end
eiuth’m
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