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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 set of methods) for attacking these problems \l eYn?Jle1' e x a m P , e * of 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 PDP-11 and produce code suitable for a PDP-11. The first version was to 
run on C.mmp[l], a multiprocessor system comprising several (slightly modified). PDP-
11 processors and other hardware, under the HYDRA[2] operating system. 

The compiler was written in BLISS[3], for the usual variety of reasons, not least of 
which was that the Cmmp/HYDRA system offers a complete symbolic debugging system 
(SIX12[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 Cmmp/HYDRA, but on a POP-
10/TOPS-10, 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 Cmmp, 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 under Cmmp/HYDRA.) 

Hence, the authors decided to build a preliminary version of the compiler, wiiifch would 
run entirely under PDP-10/TOPS-10 (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 from PDP-10 versions to Cmmp versions «and 
vice versa, 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 fact switched 
from using one version to using the other several times. In addition, we met it in a 
way that was very easy to maintain: although we had not used the PDP-10 version 
since April 1976, we used the procedure outlined above to create a PDP-10 version in 
February 1977, with essentially no problems (e.g. all files compiled correctly, in spite 
of language differences between BLISS-10 and BLISS-11). 

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 the operating system are not part of the language, and must be 
supplied by the user's program (or at least in separately-compiled programs). 
Standard packages are available for handling routine problems for both BLISS-
10/TOPS-10 and BLISS-11/HYDRA, but there are several problems with using these: 

o They are not compatible with each other. 
o They (especially the BLISS-11/HYDRA package) are inadequate for the needs of 

large programs such as compilers. 



o There are no packages for any PDP-11 operating systems other than HYDRA, 
RSX-11, and RT-11, and even these three are not compatible with each other. 

This paper describes the techniques we used to achieve portability, i.e. to minimize 
the work necessary to change over from one version to the other. Chapter 1 
describes our system for isolating the differences between the architecures of the 
PDP-10 and the PDP-11. Chapter 2 describes our treatment of the differences 
between the BLISS-10 and BLISS-11 languages. Chapter 3 describes the compiler 
interface with the operating system, i.e. the system for isolating the differences 
between TOPS-10 and HYDRA. In Chapter 4 we draw some conclusions about the 
general applicability of our techniques, and about the design of system implementation 
languages (such as BLISS) with portability in mind. Portions of the compiler are 
included in the Appendices for illustration. 

1. Hardware Differences 

By using a high-level language, we were able to avoid having to deal with differences 
between the instruction sets and instruction formats of the PDP-10 and the PDP-11 
(the few exceptions are noted below). However, because of the nature of the BLISS 
language, we could not avoid dealing with differences between their data formats. 

Our method of isolating these differences was to use a "REQUIRE file". BUSS has a 
declaration similar in purpose to the PL/I ÎNCLUDE statement, by means CM 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 
series of REQUIRE declarations, each qf which names a file containing some set of 
related definitions. The very first such file is always SYSPRM.REQ, which contains the 
definitions which hide the differences between the PDP-10/BLISS-10 and the PDP-
11/BLISS-l l systems. The 10 version of this file is B10PRM.REQ; the 11 version is 
B11PRM.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 B11PRM.REQ). This requires a single command 
to the file system. 

i • 

Not all 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 compilers 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-11. These must be handled by library subroutines, and the libraries, even those 
which can be written in BLISS, are of a very low-level, machine-dependent nature. 
The two libraries are kept as separate groups of source files, and the differences in 
the interfaces to them arc 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 



- the layout in memory of each instance of the structure. This includes a list of 
the parameters (e.g. dimensions) of any declaration of a variable with that 
structure, and specification of how those parameters are used (if at all) in 
determining the amount of storage allocated to that variable. 

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

For instance, the standard definition of a one^dimensional zero-based array of one-
word values (in BUSS-10; it is slightly different in BLISS-11) is as follows, 

s t r u c t u r e Vector [Index] - [Index] (.Vector + . Index) <0, 3S>; 

The first 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 QQQQ [4451; 

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 an address, and the 36 bits starting at bit 0 of the 
word at that address (that is, the whole word) are referred to. 

The Vector structure happens to be predefined, but all other structures must be 
defined by the user's program. The definition of this structure in BLISS-11 is slightly 
different from its definition in BLISS-10, 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 either the byte addressing or the word addressing of the PDP-11. 

This background helps to explain the organization of SYSPRM.REQ. The definitions in 
this file which hide differences between the PDP-10 and the PDP-11 can be grouped 
into four categories: 

1. the definitions of "standard structures1'. These are: 

BYTVECT - array of 8-bit bytes N 

CHARVECT - array of ASCII (7-bit) characters 
HFVECT - array of half words 
HFTABLE - array of half words, from which subfields may be accessed 

i 
2. the definitions of machine characteristics. These are occasionally useful even 

outside the definitions of the standard structures. They are: 

PDP-10 PDP-11 
QADRINC 1 2 - address increment from one full word 

to the next 



QCHSWRD 5 2 - * of ASCII characters packed into! 
one full word 

QADRSIZ 
QWROSIZ 
QHFSIZ 
QSPARE 

18 
36 
18 
35 

16 
16 
8 
1 

- width in bits of a pointer 
- width in bits of a full word 
- width in bits of a half word 
- position within a word of a bit which, 
if the word contains a pointer, is not 
relevant (by convention) to that 
pointer. For the PDP-11, 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'PDP-10, 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 data type. This is a set of definitions, 
primarily of operators, for manipulating strings of 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 (write) a character and step to the next character", on the 
two machines. On the PDP-10, these operations (the IDPB and ILDB instructions) 
move to the next character before reading or writing; on the PDP-11, the 
corresponding operations (the autoincremcnt 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. We 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 macros, 
rather than as closed subroutines. These are \he routines to clear out a block of 
core and to copy one block of core into another. 

2. Language Differences 

Neither BLISS-11 nor BLISS-10 is a proper superset of the other. 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 
SYSPRM.REQ is uninteresting. However, three exceptions should be noted: 

- The BLISS-11 SIGNAL/ENABLE construct caught our fancy, and we used it for 
compilation error handling. Therefore, we were obliged to write BLISS-10 
constructs to simulate it. We were surprised to find that this was possible. 
The BLISS-11 library file, SIGENB.MAC, which is a standard part of the BLISS-
11 compiler distribution, corresponds to the BLISS-10 library file, SYSDEP.MAC 



(which contains some miscellaneous material not related to SIGNAL/ENABLE as 
well). The only problem yith our simulation of SIGNAL/ENABLE is that some 
extra code is required on normal termination of a block containing art ̂ ENABLE 
declaration, to pop a frame off the (conceptual) "ENABLE stack". The BLISS-11 
compiler outputs this code automatically, but of course the BLISS-10 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. 

i 

We wished to set up extensive preloaded symbol tables with the BLISS PLIT 
facility. We stumbled over one characteristic of these symbol tables, namely, 
that they contained many pointers to themselves 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-11. 
Therefore we wrote a set of iterated and recursive macros which simulated 
these, 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-10 and BLISS-11 macro processors do not expand macro arguments 
in quite the same way. From our point of view, 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 1 

A ( B ( . . . ) ) 

and the call of B results in a string containing a comma—that is, a comma which 
is not hidden by being between a matched pair of parentheses or brackets of 
some sort. The BLISS-11 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 actual 
parameters, instead of just one. The BLISS-10 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-11 version, so that the BLISS-11 
macro processor would not recognize it as an argument separator; this is the 
origin of the macro "quoted" which is defined in SYSPRM.REQ. 



3. Operating System Differences 

Because more than 20 complete operating systems are in use on PDP-lTs and 
configurations of PDP-11 processors, the problem of isolating the operating system 
interface (or Operating System Environment, OSE) would have to have been faced even 
if we had not had to write a PDP-10 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-10 OSE consists of 2K words of code distributed over 2 source 
files (and some files from a Bliss-10 library), and the HYDRA OSE is about half as large. 
Thus the OSE constitutes a separate subdivision of the compiler, and, as with other 
subdivisions, the interface 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-10, 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 PDP-lTs to complete operating subsystems with 
their own text editors, linkers, and version backup systems. Thus the HyDRA OSE 
consists of: 

(1) A set of utility subroutines, invoked from various points in the system-
independent part of the compiler. Yhese 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-10 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". 

( lb ) OSEIstline Sends a single line of text off to be listed. 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", corresponding in many 
systems to a line printer and a user's terminal, respectively, 

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

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



routine is a number indicating which of many compilation 
errors occurred. In some OSE's, such as that for TOPS-10, 
this routine consists only of one or more invocations of 
OSEIstline. 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; this routine makes them addressable 
temporarily. 

( Id) OSEobjword Outputs a single word of code to the object file. This would 
be too small a unit of output if the compiler had to deal with 
different loader formats for such things as fixups, relocatable 
segments, and overlay structures, but we have avoided those 
by writing our own loader. OSEobjword is a null routine in 
the TOPS-10 version. 

(2) A "top level". This opens various standard channels for I/O, performs other 
system-dependent initializations (e.g. initializing the symbolic debugging system), 
and calls the system-independent compiler. In load-and-go systems, this top level 
might start the user's program when the system-independent compiler had 
finished. (Alternatively, this might be more conveniently left to the operating 
system itself.) The current HYDRA OSE top level also includes 

(2a) A routine to handle aborted compilations: The system-independent compiler 
may find itself unable to continue due to such things as internal errors, lack 
of core, or I/O failures; in such cases it returns to its caller, with a result 
value indicating the cause of 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 fhe OSE. 

(2c) A routine to clear out a workspace in core for the compiler; this initialization 
must be in the OSE, because different versions may have completely 
different arrangements in memory of the compiler'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 
(3b) GBLwarns 

(3c) GBLfreelo 
(3d) GBLfreehi 
(3e) GBLprogstart 
(3f) GBLpragflags 

Count of ordinary compilation errors. 
Count of "mild" compilation errors—those which do not 
prevent the compiler from generating code. 
Points to the start of the compiler's workspace. 
Points to the end of the compiler's workspace. 
An indication of the starting address of the compiled program. 
The area (currently a single word) in which all the compilation 
option settings are kept. 



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 instructions. The designers of 
PL/360[6] have resolved this conflict by sacrificing portability altogether. The 
designers of MARY[7] describe a subset of the language, "safe 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[33." 

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, and 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 evident that our principal tools, namely the REQUIRE feature and the practice of 
keeping the two libraries in separate groups of files, are extremely 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 PDP-10, aligned on byte (half word) boundaries on the PDP-11. But 
by the use of the CHARVECT structure, together with a small set of operations based 
on the BLISS-10 "special functions" SCANN, REPLACEI, etc., we have made string 
manipulation completely uniform, so that no library routines whatever had to be 
written for it. Perhaps an even more striking example is that of the structures 

.PBLOCK and OBLOCK, 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, LH, WORDF, ADDRF, and SPCF, the definitions of fields in the various 
types of blocks need not be placed in the machine-dependent REQUIRE file either. 

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



conventions (e.g. special locations for actual parameters) on all routines which are 
declared with that linkage. It is particularly well designed for portability, in the 
following respects: 

- Code which makes use of LINKAGE definitions and is correct is guaranteed to 
be correct when the use of special linkages is removed. 

- The use of special linkages is particularly easy to remove. That is, the "fake 
definitions" which one must put in one version, corresponding to the linkage 
definitions and uses of another version, are extremely simple. The definition of 
REGO in the BLISS-10 version, our only example, is a null macro. 

Two features of BLISS which we- had to essentially ignore (except in the construction 
of libraries) were the ability to descend into machine code (the MACHOP feature of 
BLISS-10, the OPCODE feature of*BLISS-ll) and the ability to force local variables to 
be allocated to the machine's fast registers (the REGISTER declaration). It Is worth 
asking why we could not make use of the second of these. 

The alternative to the REGISTER declaration, in both versions of BLISS, is the LOCAL 
declaration. The choice between these two alternatives is not quite the same in 
BLISS-10 as it is in BLISS-11. In the former, LOCAL variables are always allocated on 
the control stack, but in the code that is generated, copies of the variables are often 
put in registers to allow easier access to them. In the latter, 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 allocation. In both cases, the 
usefulness of declaring a variable as REGISTER instead of LOCAL in order to make 
frequent accesses to it less expensive is clouded or even nullified by the actions of 
the compiler. Thus REGISTER declarations are primarily useful only when they are 
necessary, e.g. in conjunction with use of the MACHOP (OPCODE) feature. 

« 

This paper has not covered two aspects of the question of portability which may be of 
general interest. The first of these is portability between really different languages. 
Although a version of the compiler has been produced principally by transcribing the 
BLISS source code into another (unrelated) higher-level language (PASCAL), we were 
not sufficiently familiar with that effort to discuss the questions raised by it in this 
paper. 

The second of these is portability of the compiler to installations where BLISS 
compilers are not available. Since the BLISS-11 compiler produces assemblable PDP-
11 code, it is possible to export the PDP-11 version of the compiler in the form of a 
set of assemblable files. But this leaves little room for the user of the system to make 
local modifications to it, such as additions of new language features, or modifications to 
the compiler's pre-initialized symbol tables; it is difficult or impossible in most cases to 
follow the assembly code produced by the BLISS-11 compiler, since it is, after all, 
completely uncommented and unformatted, and labels in the assembly code do not 
correspond in general to labels in the BLISS-11 source code. We have not yet 
attacked the problems raised by the general unavailability of BLISS-11 compilers at 
user sites, and so we postpone the discussion of them to future articles. 
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Appendix 

The following files are included here in their entirety: 

B18PRM.REQ - PDPIO version of SYSPRM.REQ 
B11PRM.REQ - PDP11 version of SYSPRM.REQ 
COMMON. REQ - REQUIRE file used by every module in the compiler 

SYSDEP.MAC - support routines for BLISS-10 SIGNAL/ENABLE 
SIGENB.MAC - support routines for BLISS-11 SIGNAL/ENABLE 

AB8S1B.B1B - heart of the TOPS-10 OSE 
A68S11.B11 - heart of the HYDRA OSE 

MDSTRC.REQ - typical REQUIRE file 
LEXAN . BLI - representative code module 
SRTABS.BLI - representative use of the DATAAREA macros 



P A G E 1-1 D8KB:B10PRI!.REQ(U50nLG8lGChU«10n 2 i -Feb-77 13t21 10 block:! 

1 B10PRH.REQ (oust be copied to SYSPRM.REQ) 

! Copyr igh t 1977 
t 

P. Hibbard and P. Knueven 
P i t t s b u r g h , Pennsylvania 

t System~depcndont dec la ra t i ons fo r the B l i s s 10 vers ion* 

b i n d 
Qadrinc 
Qadrsiz 
Qchswrd 
Qh fs i z 
Qhtab 
Qspare 
Qurdsiz 

It 
18, 
5 , 
18, 

I, 
35, 
36; 

! Increment from word address to noxt Mord address 
I Number of b i t s in an address value (po in te r ) 
! Number of characters por word 
! Numbor of b i t s por ha l f - no rd 
I True i f f ho r i zon ta l tabs may bo sent to output device 
! Must be 0 or QMrdsiz -1 
! Number of b i t s por word 

! 
I Macros to supply ac tua l namos of tho Oporatlhg System Environment 
I r o u t i n e s and g l o b a l * . 
I 
macro 

GBLorrs 
GBLMnrnn 
GBLprngflags 
GBLprogstart 
GBLfroohi 
GBLfroolo 

OSEsrcchar 
OSEIs t l i ne 
OSEobjword 
OSEorrmsg 

? . e r r s $ , 
?.Marns $ , 
? .pragf 
?.progs $ , 
? . f r e o h $ , 
? . f r e e l $ , 

?.SRCch * , 
?.LSTII $, 
?.0BJno $, 
?.Errms $; 

I Macros to smooth over the d i f fe rences in the BHss-18 syntax and 
! the B M s s - 1 1 syntax* j 
I - ! 
macro s i gna l<e )» ! 

begin ex te rna l 7.SIGNL; j 
(.Freg : l )<0,36>«-?.SIGNL<0,0>; 
r e t u r n e 
end S , 

enabien 
I r e g i s t e r RtSJ; t Forces a l l declarable regs to be preserved, 
j l oca l ?.Frame(A3; 
; e x t e r n a l ?.ENflBL,Sigva!,Sigrog; 
i Vreg <?.Frame-l)<0,0>; 

?.ENflBL<>; 
i f .Vreg eql 0 

! then 0 
e lse ex Mb lock se lect .S igval of 

nset S, 

elbanoe 
} 
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! 

Otherwise, s ignal ( .S igval ) 
tesn S , 

enabonrin 
Sigreg«-e (*Sigreg-2) S, 

enableaven 
enabond; leave S, 

e n a b r e t u r n " 
enabond; r e t u r n S, 

I The progratiner is cautionod against 
! using enableave or enabroturn to 
f e x i t more than ono level of ENRBLEd 
! b locks ; an extra enabend is requ i red 
I fo r each leve l * 

by te • S, 
quoted » $, 
u p i i t * p I M $, 
unnmos » 11st $ , 
s tack loca l n l oca l t9 

RegO » $, 
maxi(A,B> « ( i f (A) geq (B> then (A) else (B>) * , 
» i n i ( A , B > » ( I f (A) leq (B> then (A) else <B>> S, 
Issu B i ss $, lequ B leq S, 
eq lu « eql $, nequ • neq S, 
gequ n geq S. g t r u « g t r tf 

reb ind i t<N,V> « 
b ind XXXImp « V; 
undncI are N; 
b ind N B XXXtmp; 
undoclare XXXtmp S, 

Handy macro i n B l i s s - 1 8 

1 0 ( x ) « xS , 

! Croa ts p o i n t e r which cons is ts of the address OR'd wi th the 
! Qspare b i t . Th is cannot bo dono in a s t ra igh t fo rward way 
! duo to a B l l s s - 1 8 bug. 
i 

SpcPt r (x ) « (x><32,0> $, 

Choap non-zero va lue 

nonzed « .Srog $, 

Sowo a t tempts at s o l v i n g tho problom of dec lar ing data in a 
machino-inr ioponriont, languago-indopondont way. 

Major obs tac les to bo surmountodt 
GLOBAL BINtls to symbols are i l l e g a l in B l i ss -18 ; 
B l i s s - 1 8 doos not havo i n i t i a l i z e d OHNs or GLOBRLs; 
B l i s s - 1 1 doos not have NAMES, INDEXES; 
B l i s s - 1 8 does not havo i t e r a t e d or recurs ive macros. 

g l o b a l d a t a ( s t r c , n m , s z ) « bind s t r c I0(QQQ)nntsz3 =pl i t (nm g l o b a l l y names $• 
dataarea(n) « b ind Vector I0<QQQ)n s p i i t ( n g l oba l l y names S, 
dataend « ) $ , * x 

gbIname(name,d) • name g l oba l l y names d $, ^ 
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gbIndex(name,d) a name g l o b a l l y indexes d $, 
tocname(nane,d) a name, names d $, ! 
Iocndo>:(nane,d) • name indexes d $, i 
data (d ) « d S , 

glbnane(x) a x g l o b a l l y names S, 
i g l bb ind<x ,v ) s swi tches opt imize $, 

f 
! Support f o r machine-independent scan and replace operat ions 
I See B11PRN.REQ f o r more exp lanat ion . 
I 

Np t r t ocha rs ( x ) » (x><29,7> $, 
N p t r t o h y t o s ( x ) « (x)<28,8> S, 
l p t r t o c h a r s ( x ) • (x)<36,7> S, 
I p t r t o b y t e s ( x ) « (x)<36,8> $, 
N t o l p t r ( x ) - (x) $, 
I t o N p t r ( x ) «• (x) $, 
I p t r n d x ( x ) - ( ( x ) - l ) $ , 

! 
! Per form zero and movo operat ions in host machino-dopondont way. 
! 

Z e r o c o r ( s t a r t , c n t ) « 
bog in machop BLTe#251; 
r o g l s t e r Rj 
R - . ( s t a r t ) + l j R<18,18>- (s ta r t ) j 
s ta r t * -8 j 
BLT(R, ( s t a r t ) + ( ( c n t ) - D ) ; 
novalue 
end S , 

H o v o c o r ( s , d , c n t ) s ^ 
begin machop BLT«£25ij 
r e g i s t e r R; 
R f ( d ) ; R<18,18>«.(s>| 
BLT(R , (d>* ( ( cn t> - i>> ; 
novalue 
end $; 

I 
! Some s t r u c t u r e s . 
| 
s t r u c t u r e B y t e v e c t ( I ) a C(I+3>/4) CBy tevec t+ . I /4 )<28-8* ( . I and 3 ) ,8> j 
s t r u c t u r e Charvoct CI) « C(I+4)/5) ( .CharvocU. I /5><29-7*(. I mod 5) ,7>j 
s t r u c t u r e H f v e c t l l ) a [ ( I + D / 2 ) ( i f .1 then ( .Hfvect* . I /2><18,18> 

else (.HfvecW. J/2)<B, i8>>j 
s t r u c t u r e H f t a b l e t l , J , P , S ) » UUD/2) ( I f . I + . J then ( .H f t ab led .I4 . J> /2><18+ .P , .S> 

else ( .Mf tab le+( .J+.J ) /2 )<8+.P,«S>)) 

i . 
! END OF B18PRM.REQ 
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! B11PRM.REQ (must be copied to SYSPRM.REQ) 
1 

! Copy r i gh t 1977 P. Hi board and P. Knuovon 
! P i t t s b u r g h , Pennsylvania 

! System-dopondont dec la ra t i ons fo r tho B l i s s 11 vers ion , 

b i n d 
Qadr inc a 2 , 
Qadrs iz a 16, 
Qchswrd a 2 , 
Qhfs iz « 8, 
Qhtab a 6, 
Qsparo a 8, 
QNrdolz « 16; 

Macros to supply ac tua l names of the Operating System Environment 
r o u t i n e s and g l o b a l s . 1 

i 

GBLorrs a SErrs S, 
GBLwarns B SUarns $, 
GBLfroolo S SFreelo $, 
GBLfreohi a SFreehi $, 
GBLprogstart a SProgst $, 
GBLpragflags a SPragfl $, 

OSEsrcchar a SSRCchar $, 
OSEIs t l i ne s SLSTIine S, 
OSEobjword B SOBJword S, 
OSEerrmsg a SErrmsg $; 

! Macros to smooth over the d i f f e rences in the B l iss -16 syntax and 
! the B l i s s - 1 1 syntax . 
I 
macro enabond u S, 

enableave & leave S, 
enabro turn « r e t u r n S, 
quoted a Squote Squote $, 
maxi(A,B) a ((P.) max (B>) $, 
m in i (R .B) a ((A) min (B)) S, 
semicolon s ; $ , 
r e b i n d i t ( N , V ) a reb ind N a V S, 

I 
! Crnate p o i n t e r c o n s i s t i n g of addross OR'd w i th the Qsparo b i t . 
I 

SpcPt r (x ) . (x) + 1 S, 

i 
! Chnap non-zoro va lue . 

! Incromont J[rom word address to noxt word address 
f Numbor of b i t s in an addross value (po in ter ) 
I Numbor of characters por word 
! Numbor of b i t s por ha l l -word 
I True i f f ho r i zon ta l tabs may bo sent to output device 
I Must be 8 or Qwrjlsiz-1 
I Numbor of b i t s por word 

nonzod a .PC S, 
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f 
f Sprae a t tempts a t s o l v i n g the problem of dec la r ing data in a 
! machino- indoponr iont , languago-indopondont Nay. 
! Major obs tac l es to bo stirmountod: * 
! GLOBAL BINOs to symbols are i l l e g a l in B l i s s -18 ; 
I B l i s s - 1 8 doos not havo i n i t i a l i z e d Otitis or GLOBRLs; 
I B l i s s - 1 1 doos not havo NAMES, INDEXES; 
I B l i s s - I B doos not havo I t e ra ted or recurs ive macros. 
! Macros whoso names bogin w i th S (SMakdata, SSetupdata, $Str ippnrons, 
! SSetupbinds) are not intended to bo used outside B11PRM.REQ • 
f 

g l o b a i d a t a ( s t r c , n m , s z ) a g lobal b ind s t r c nmtszl « up l l tC S, 
dataarea<name) a $Mal:data (name. $, 
dataend n ) $ , 
gb(name(name)O « 

Squote2 Snamebind, g l o b a l , name, SLength- l , (SRemaining) $, 
gb Index (name) I) a 

$quoto2 Sindxbind, g l o b a l , name, $Length- l , (SRemaining) S, 
locname(nane) I) = 

Squote2 Snamebind, , name, SLength- l , (SRemaining) S, 
locndex(name) I) a 

$quote2 S i n d x b i n d , , name, SLength- l , (SRemaining) $ , 
d a t e d a 

Squote2 Snobtnd, , , SLength , (SRemaining) S, 

$Mak.data(name) 0 « 
ex te rna l name; 
b ind SNamaCNAME.') » name, SNameC. INDEX.') » B; 
$Se tupbi ndn(SRnma i n i ng ) ; 
undoclare name,SNamo('.NAME.1), $Name( f . INDEX.'); 
g loba l b ind nano a p i i t SSetupdata(SRomaining) S, 

$quote2 = quoted quotod quoted $, 
Snamebind (name) = b ind name * SNameC. NAME. *) + 2*$Name('. INDEX.9) $ , 
Sindxbind(nana) « b ind namo a SNamoC. INDEX. •) S, 
Snobind(nano) a switches opt imize $, 

SSotupdataCbnd, gbl,namo, len , I is tJ a SStripparons l i s t S, 
SStr ipparonnU • SRemaining $, 
$SotupbinrinCbnri,ybl.nnmo, Ion, 11st) a 

gbl bnd(namo)j ^ 

rob ind SNanoC . INDEX.') a SNamoC • INDEX.' ) + len S, 

glbnamo(x) a $ , 
g lbb ind<x , v ) = g loba l b ind x a v $, 

! 
I Support f o r machino-indopondont scan and roplace oporat ions 
! Tho goal is to havo e f f i c i e n t character /byte scanning operat ions 
! which are machino independent. B l i ss -18 provides scan and roplace 
I opo ra to r s which a l low tho programmer to porform P0P-16 byte i ns t r uc t i ons 
I and thi in are r e l a t i v e l y e f f i c i e n t . An e f f i c i e n t method of scanning on 
I tho PDP-11 is through tho use of auto-incromont addressing modes In 
I by te I n s t r u c t i o n s . Thus, an obvious approach to reaching the goal is 
! t o p rov i do B l i s s - 1 1 scan and roplace macros which cause the gonorat ion of 
! b y t e i n s t r u c t i o n s w i t h auto-incroment oporands. Tho major d i f f i c u l t y 
! i n Implementing t h i s s o l u t i o n is that the PDP-18 po in ter - increment ing 
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I I n s t r u c t Ions perform tho Increment before a fe tch or s t o r e , whi le the PDP-11 
! i n s t r u c t i o n s increment a f terwards. This d i f f i c u l t y is overcome by f o r c i ng 
! the programmer to pay. Special a t t e n t i o n to tho way in which po in te rs are 
! i n i t i a l i z e d and used* 
I 
I P o i n t e r s may bo one of two v a r i e t i e s , I - po in te r or N-pointer . 
I N - p o i n t e r s always r e f e r to a p a r t i c u l a r byte u n t i l an incp is performed. 
! 1 - p o i n t e r s increment before each access, i . e . a f t e r an access an 
! I - p o i n t e r r e f e r s to thB byte accessed. The ru les fo r using those 
! k i n d s of p o i n t e r s may be s ta ted by cons is ten t l y s u b s t i t u t i n g N or I 
{ f o r X in the f o l l o w i n g paragraph. 
I 
I X - p o i n t e r s must bo i n i t i a l i z e d by assigning a value y ie lded by an 
! X p t r t o . . . ope ra to r . A l l operat ions on an X-po in ter must be an incp, 
I X - o p o r a t i o n ( i . e . scanX, replaceX or copyXI) or the appropr ia te conversion 
I o p e r a t o r . 
! • 

! An I - p o i n t e r value may bo converted to an N-pointer valuo by using 
! I t o N p t r . The new N-pointor r o f o r s to tho byto last accessed by tho 
I I - p o i n t o r . S i m i l a r l y , N t o l p t r may bo usod to croate an I -po in te r from 
I an N - p o i n t o r . Tho now I -po in to r ro fo rs to tho same byte as tho N-po in ter . 
I Hoi invor, s inco on ly l -opora t lons are pormiss ib lo that byte Is not 
! a c c e s s i b l e v i a the I -po in to r * 

I I p t r n r i x (n ) i s usod in con junct ion w i th the Bytevoct and Charvect 
! s t r u c t u r e s . When usod as tho actual paramoter in a Bytevoct or Charvect 
! s t r u c t u r o access, i t producos an I -po in te r which w i l l accoss the n- th 
? b y t e or charac te r in tho f i r s t I -opora t ion in which i t is used. 
I 

i n c p ( p t r ) s ( ( p t r ) * . ( p t r ) + l ) S, 
scanH(p t r ) « ( , (. (p t r ) )<0 ,8> ) $, 
r op laco» l (p t r , x ) « ( (. (ptr))<0,8>«-(x) ) $, 
r o p l a c o l ( p t r , x ) » ( (. ( p t r ) )<0,8>»-(x) j i n c p ( ( p t r ) ) j ) S, 
c o p y H I ( i p t . o p t ) » ( r o p l a c o l ( ( o p t ) , s c a n N ( ( i p t ) ) ) ) $, 
c o p y l l ( i p t , o p t ) « ( rop laco l ( (opt) , s canN( ( i p t )> ) ; i n c p ( O p t ) ) ; ) $, 
Np t r t ocha rs ( x ) = x S, 
N p t r t o b y t o s ( x ) s x $, 
I p t r t o c h a r s ( x ) * x S, 
I p t r t o b y t o s ( x ) « x $, 
I t o N p t r ( x ) « ( ( x ) - l ) S, 
N t o l p t r ( x ) = ( ( x ) + i ) S, 
I p t r n d x ( x ) » x S, 

I 
I Per form zero and move oporat ions in bost machine-dopondont way. 
! 

Z e r o c o r ( a d r , c n t ) « 
begin 
r e g i s t e r P t r ; 
opcodo CLR; 
P t r * - ( a d r ) * ( c n t ) * 2 ; 
wh i l e . P t r g t r u (adr) do 

CLR(f t -Ptr ) ; 
novalue 
end S, 

Movecor (s ,d ,cn t )» 
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beg in r e g i s t e r Src .Dst j 
opcodo MOV; 
Src*-s; Dstt-d; j 
doer I from ( c n t ) - l to 0 do i 

i10V(S+Src,8*Dst>5 \ 
novalue ! 
end S; 

f 
I Some s t r u c t u r e s . 
I 
s t r u c t u r o 

B y t o v o c t l H B t l ) C .By tovoc t * . I )<0 ,8> l

i 

CharvocUI3 * U3 ( .Charvoc t * . I )<6 .8>. 
H f v o c t t I 3 — [13 ( . H f v e c U . I ) < 0 , 8 > , 
H f t a b l e ( I , J , P , S ) « CI3 (.Hf t ab l e * . U . J ) < . P , ,S>j 

. i i 
! ! I 

f Some I Inkagos . j 

I inkago 
RegB « B l i s s ( r e g i s t e r n O ) j 

j 
! END OF BliPRM.REQ 
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! COMMON.REQ 
! 

! Copy r i gh t 1977 P. Hiboard and P. Knuovon 
I P i t t s b u r g h , Pennsylvania 

! Common d o f i n i t i o n s inc iudod in evory module. 

! Targe t machine parameters 

b i n d 
Xbase 
Ybase 

0, 
1100000, 

Zadr inc a 2 , 
Zchswrd « 2 , 
Z h f s i z » 8, 
Zspare a 1 , 
Zwrdsiz a 16, 

ZRsizNal:ed 
ZRsizLEnbnse 
ZRsizIBbase 
ZRsiz IBtop 
ZRsizOrossed 
ZRtypGonblock 
ZRs izOesct r ip 

! Increment from word addross to next word addross 
! Characters per word 
! Bi ts per ha I f -word 
I Value to add to make an i l l e g a l word addross 
I B i t s per word 

2 , 
7, 
16, 
4+<if 
2 , 
7* , 

ZRslzNaked eql 1 then 2 ) , 

I Use fu l keywords 

macro 
t h i f 
e l i f 
a l l e l se 
ropoat 
ex ML 
novalue 
boo l (e ) 
t imes3(x> a 
modulo(L,R> 

then i f S , 
e lse i f $, 
always S, 
wh i le 1 do $, 
leave L wi th S, 
.Vrog $, 
i f (o) then t ruo S, 
= (2* (x ) + (x>> $, 

( i f ((R> and ~(R>) eql 
then (L) and <R>-1 
e lse (L) mod (R>) $, 

I To bb usod l i k e "T" in a L isp C0N0. 

i 

(R> 

d iv ide (L ,R> « ( i f (R) eql 1 then (L) 
e l i f (R) eql 2 thon ( L ) T ( - l ) 
e l i f <R> oql 4 thon (L) t ( -2> 
o lso (L ) / (R ) ) S, 

Msg(s t r ) a N p t r t o c h n r n ( u p l I t asciz s t r ) $, 
comment a swi tches op t im ize ; $; 

! Sowo s t r u c t u r e s 

s t r u c t u r e B i tvec tCP,S l 
s t r u c t u r e Pb lock ( I ,P ,S1 
s t r u c t u r o Obiock( I ,P ,SJ 
s t r u c t u r o C o n s t b v d , J , K ) 

( .B i t vec t ) <.P,.S>; 
(e .Pblock+Qadr inc t . I )< .P, .S>; 
(e .0b lock*0adr inc<«( . I - l ) )< .P , .*S>; 
( i f .K eql 0 
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thon .Cons tbv t ( - . I ) and l t . J - i 
e l s e . C o n s t b v t ( - . J ) and l t . K - 1 ) <0,0>; 

V 

! Semantic/Syntax stack s ize 
I Standard character bu f fe r s ize 

! Macros use fu l in f i e l d d e f i n i t i o n s 

macro 
ZRH « 0 ,Zh fs i z S, 
ZLH » Z h f s i z . Z h f s i z S, 
RH a 0 , Q h f s i z S , 
LH a Qh fs l z ,Qh fs i z$ , 
Mordf a 0,Qwrdciz $, 
flddrf a O.Qadrniz $, 
Spcf a Qsparo,1 $, 
Cl rsparo<x) a (x) and not l tQspare $, 
Zhfwords(Lo,Hi) a ( (H i )TZhfs iz or (Lo)) $, 
Hfwordc(Lo,Hi) = ( (Hi)TQhfs iz or (Lo)) $; 

! F a t a l e r r o r codos 

b ind 
FatNocpaco a - 1 , 
Fa tBu fov f l a - 2 . 
FatUser a - 3 ; 

I I n t e r f a c e to Operat ing System Environment (OSE) 

e x t e r n a l 
GBLorrs, GBLwarns, 
GBLfroo lo , GBLfroohi , 
GBLprogstar t , 

B i t v e c t GBLpragf lags, 

OSEsrcchar, 
RegO OSEIs t l i ne , 
RegO OSEobjword, 
RegO OSEorrmsg; 

I F i e l d d e f i n i t i o n s f o r GBLpragf lags 

macro 
Prgs t rop a RH $, 
P r g l i s t a Qhfs iz+0,1 S, * 

I More u s e f u l d e f i n i t i o n s 

b i n d 
t r ue a 1 , 
f a l s e a 0, 
zed a 0, 

Constbv M inus l a - 1 , 
HTab a #11 , 
LF a #12, 
FF « #14, 
CR » #15, 
EOFchar a #200, 
SRPLstCsize a 128, 
Cbu f s i z t a 132; 



PRGE 1 -3 0SKD:C0nnmi.REQ(L15enL68)eC«U-10R 13 - Ju l - 77 12:14 10 b locks 

Prgob j s Q h f s i z + 1 , 1 
Prgn* rn « Q h f s l z + 2 , 1 
Prgmach B Q h f s l z + 3 , 1 
Prgnonafcod B Q h f s i z + 4 , 1 
Prgnoghoct B Q h f s l z + 5 , 1 

l 
I ENI1 OF COmiOM.REQ 
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$ SYSDEP.HRC 
1 

; Copy r igh t 1977 P. Hibbnrd and P, Knuovon 
; P i t t s b u r g h . Ponnsylvania 

TITLE SYSOEP RLG0LB8 SYSTEM DEPENDENT HRCMINE LRNGUnGE ROUTINES 
TMOSEG 

J0BRENrtnl24 
LOC JOBREN 
XMO O.RENAOR 

JOB41««41 
LOC J0B41 , 
JFCL | NOP FOR SIX12 UUQ'S 

RELOC 400000 
} 

I COMPILER CONSTANTS j 
LSTCHNnnl j LISTING CHANNEL 

. j 
; CALLI DEFINITIONS j 

RESETsa8 
EXIT=al2 I 

; CODE EXECUTED WHEN MONITOR "REENTER" COMMAND IS GIVEN 
I 
RENRDR: CLOSE LSTCHN,B j CLOSE LISTING FILE ON REENTRY 

CALLI 8,RESET j DO NOT MRITEj OTHER FILES 
j CALLI O.EXIT j GO AWAY 
1 ; 

; BLISS 18 SPECIAL REGISTERS 
SSBBB ; SREG: STACK POINTER REGISTER 
$F««2 ; FREG: POINTS TO CURRENT INVOCATION BLOCK 
SV=*3 j VREG: VALUE REGISTER 

j DETECT FLOATING-POINT OVERFLON 

J 
FLTOVFn 

SETO $V, 
JFOV .+2 
SETZ $V, 
POPJ $S, 

j ENABLE FRAME FORMRT 
; FRRHE+8: POINTER TO ENRBLE CODE 
I FRRNF.+ls POINTER TO PREVIOUS FRRIIE+3 
j FRAME+2: SAVED FREG 
j FRAME*3: SAVED SREG 
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\ ROUTINE TO SET UP ENARLE FRRItE 

; INPUTS 

; VREG - POINTER TO NEW 4-MORD FRRNE-1 

1 OUTPUTS 

; SIGREG - POINTER TO FRRME+3 
; VREG - ZERO 
.ENf lRL: : 

EXCH S S . l 
PUSH $ V , 0 ( 1 ) 
PUSH SV,SIGREG 
PUSH $V ,$F 
PUSH S V , i 
SOS 8<SV) 
MOVEM SV,SIGREG 
SETZ s v , 
EXCH S S , 1 
POPJ SS, 

\ ROUTINE TO PERFORM R SIGNAL 

; INPUTS 

; VREG - SIGNALLER VALUE 

5 OUTPUTS 
j SIGVAL - SIGNALLED VALUE 
j SIGREG - RESTOREO TO POINT TO PREVIOUS FRAME 
j VREG - NON-ZERO 

j RETURNS TO MOST RECENT (OYNRMICRLLY) ENABLE DECLRRRTION 

. S I G N L i t 

MOVCH $V,SIGVAL 
MOVE $V,SIGREG 
POP $V,$S 
POP $V ,$F 
POP $V,SIGREG 
POPJ SV, 

; I N I T I A L ENABLE CODE 
ENARR: CALLI 1 ,EX IT 

; I N I T I A L ENRBLE FRRME 
FRAMED: EXP ENABO, FRRMEO+3, 0 , 0 

RELOC O 

; VARIABLES USED BY SIGNAL/ENABLE ROUTINES 
S IGVAL: : 0 ; SIGNALLED VALUE 
SIGREG:: FRAHE8+3 ; POINTS TO TOP OF STACK OF ENABLE FRRMES 

END 
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F i l a : SIGENB.H111N818HY97) 

T h i s work was suppor ted by tho Advancod Roooarch 
P r o j e c t s Rgoncy of the O f f i c e of the Secretary of 
Oefenoo (F44G20-73-C-8874) and is monitorod by the 
flir Force O f f i c e of S c i e n t i f i c Research. 

.TITLE SIGENB 

.CSECT SIGE.C 

The BLISS-11 out o f l i n e r o u t i n e s to handle SIGNAL'S and 
ENABLE frame c r e a t i o n . 

i l - N o v - 7 3 P. Knuevon 
2 6 - J u l - 7 6 P. Kar l ton - chango to l oca t i on of 

SIGREG and SIGVAL to be SAVREG and 
SAVVAL as in STKPAG.REQIN811HY97) 
Commented out LEV0 and EXIT a l s o . 

The d y n a m i c a l l y nes ted occurrences of ENABLE dec la ra t i ons 
a r e reco rded in the LIFO ENRDLE s tack . This is implemented 
as a l i n k e d l i s t of 3-word stack frames. The cur ron t top of 
the s tack is p o i n t e d to by .SIGREG. Rn ENRDLE frame is 
c r e a t e d each t ime an ENABLE d e c l a r a t i o n is "executed" . 
I t looks l i k e the f o l l o w i n g : 

O f f s e t Contents 
0 P o i n t e r to most rocont provious frame 
2 Value of SP f o r tho ENRBLE body 
4 P o i n t e r to the ENABLE body 

.GLOOL 3SIGNL,SSIGN1 

.GLOBL 3ENABL 
•GLOBL SIGVAL,SIGREG 

R6«X8 
SP«%6 
PC«%7 

; C a l I i n g Sequence 
; flOV E,R0 
j JI1P SSIGNL 

SSIGNL: HOV 
SSIGN1: MOV 

MOV 
MOV 
MOV 

R8,SIGVAL 
SIGREG,R0 
(R8>+,SIGREG 
(R0)+,SP 
<R8>+,PC 

; C a l I i n g Sequence 
; MOV #n46,RG 
; JSR PC,SENRBL 
; .UORD L2-L1 
, L I : 
5 . . . ENABLE body . . . 
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L 2 : 

whore n i s 2 p l u s the o f f s e t in to the stack of the 
space rose rvod f o r the frame ; 

; 
SENflDL: ROD 

nov 
ROD 
nov 
ROD 
nov 
ROD 
nov 
nov 
RTS 

SP,R0 
<SP>,(R8> 
#2 ,<R8> 
e<SP>, (SP> 
(R8> , (SP> 
S P , - ( R 8 > 
#2 ,<R8> 
S IGREG, - (RQ) 
R8,SIGREG 
PC 

; $ E X I T : HRLT 

! 
jSLEVO: .WORD 8 , 8 , S E X I T 

SIGREG 
SIGVAL 

278 
272 

; SRVREG addross 
; SRVVRL addross 

.END 



PRGE 1-1 0SKD:R68Sie.B10(L158RL68]eCrtU-10R 3-0ct-77 82 :48 38 b locks 

I A68S18.B18 
I 

I Copy r i gh t 1977 P. Hiboard and P. Knuovon 
I P i t t s b u r g h , Pennsylvania 

modulo AG8S18(stack(1800)) « 
b e g i n 
j 

I PDP-11 ALGOL 68S Cross-compiler for P0P-18 
I 
! 
s w i t c h o s n o l i s t ; 

r e q u i r e B10PRM.REQ; 
r o q u i r o COMMON*REQ; 
r o ( | u i r o I0MRC5.REQ; 

s w i t c h e s l i s t ; 

undocI a re ^ 
O S E I s t l i n e , 
OSEorrmsg, 
OSEobjword, 
OSEsrcchar; 

f o rwnrd 
I I n i t c h n l , 
! InMFDB, 

Cmdmsg, 
C v t f i l e , 
Reset , 
Gotbuf , 
L k u p n t r , 
Gctcmcl, 
Permsg, 
I n i t chns , % 

Punt , 
Page, 
L read ; 

b i n d FatCmdlong a FatUser-8, 
LSTIinesperpage a 58; 

own 
LSTheadpg, 
LSTpage, 
LSTcount; 

Machop Cal 11 « H7\ 

b i n d 
C r l f m = nsg( '?n?J 9 ) y 

Spcsm a HsgO ' >, 
Errm a Msg('Command o r r o r ' ) , 
PPMm « MsgC I n v a l i d PPNM; 

b i n d 
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rtaxbuf « # 2 0 3 , 
IObu f l s 6$J1axbuf; 

e x t e r n a l 
B u f f e r s , 
C lose , 
Da te , 
Oayofueot:, 
E n t e r , 
F i l escan , 
Lookup, 
Opon, 
Pdate , 
P t ime , 
Purgoout , 
Read, 

.t U r i t emsg ; 

own 
l O b u f f t l Q b u f l J , 
IObufp , 
S r cbu fp , 

B l t v e c t Grootem, 
FDB15), 
Ex tseen, 
Chn l ; 

b i n d 
Device = F0BC8), 
F i lename a FOB t i l , 
Ex tens ion « F0BC2J, 
PrT iOate » FOB(3) , I P ro tec t i on , Time, Date 
PPM n FOB ( 4 ] , 

LkupBlk a F0BC1), 
N t rB l k a FOBUl j 

! Names of f i e l d s in words in tho Chnlstat block 

macro 
Speed a 0 ,1 S, 
TTYd a 1,1 S, 
B i n i o « 18 ,1 $, 

I n p i o a 19 ,1 $; 

! Truo i f channel has boon c o r r o c t l y i n i t i a l i z e d 
I Truo i f device on channol is a TTY 
! Truo i f channel is for b inary I/O, 
I False i f for RSCII 
! True i f channel is for input , 
I False i f for output 

b i n d 
Cmichn a - 2 , 

' Cmochn a - 1 , 
B inchn a 0 , 
Ls tchn a 1 , 
Srcchn a 2 , 
Hichn a Srcchn; 
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s t r u c t u r o B i i fhdvoct lJ « 13*13 ( .Bu fhdvoc*3* . I ) ; 
s t r u c t u r o B lock( I ,P ,S3 a [I#Qadrinc3 (.Block *Qadrinc*. I )< .P , .S>; 

own Bufhdvoc BufhdtHichn*13; 
own Block Chn l s t a t [H i chn+1 ] ; 

s t r u c t u r e ChnntatwdlP,S) « (Chnlstat*. .Chnstatwd)<«P,*S>; 

map- Chnstatwd Chn i ; I so that .ChnKSpocdl means .Chnls ta t l .Chnl ,Specd l 

b i n d Vector I n i t s t a t I H i c h n * i 3 » p l i t ( 
H fwords (0 ,1 ) , 
H fwords (8 ,0 ) , 
H fwords (8 ,2 ) ) { 

macro I n i t c h n l ( c h a n , b l k ) a 
beg in 

I b l k i s always FOB 
ChnU(chan) j 
LfcupntrO 
endS; 

macro I n i tFClB(dev, f i l e , e x t ) a 
bog i n 
Dovico^dov; 
F i lenamo*-f i l e ; 
Ex tens ion^ox t ; 
PrTi0ate*-PPN».8; 
ondfi ; 

commont ! C v t f i l e 

! F u n c t i o n : sot up a character s t r i n g , to bo output by the c a l l e r , 
I t h a t doscr ibos a f i l e (dovice, namo, extens ion) . 
» i 
? ! 
! Loca l s ; 
! Nsgbttf - space to ho ld tho s t r i n g ! 
( Dstp - a by te p o i n t e r to the s t r i n g 
I FOB - the b lock ho ld ing tho in format ion about the f i l e 
I : 
f Output ! 
! VALUE - by te p o i n t e r to the 1st character of the s t r i n g 
I 
r o u t ino Cvt f i l e a ( 

bog in 
own rtsgbuf (43 ,Ds tp ; | 

' j ! 
j j 
! i 

comment ! Cv ts ix (N) ' 
! 
! F u n c t i o n : convort a SIXBIT s t r i n g to ASCII and appond i t to 
I the cu r ren t s t r i n g (DSTP). 
j 
! Inpu ts 
! N - word containing tho SIXBIT str ing 
l 
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r o u t i n e Cvts tx(N) « 
beg in 
l oca l Srcp; 
Srcp*-W<36,B>; 
deer I from 5 to 0 do 

i f scant(Srcp) eql 0 
then ox 11loop 
e lse rep lace i (Ostp»scann(Srcp)+#40); 

novalue 
end; 

Ostp«- Ip t r tachars(M&gbuf) ; 
C v t s i x t . D e v i c e ) ; 
R o p i a c o i ( O s t p , " : " ) ; 
C v t s i x ( . F I i e n a m o ) ; 
Ropiaco i ( D s t p , " . " ) ; 
C v t s i x ( . E x t e n s i o n and #777777TQhfsiz); 
Ropiaco i <0s tp ,0 ) ; 
Npt r tochars (Hsgbuf ) 
ond ; 

comment I Cmdmtsg(Str) 
! 
! F u n c t i o n : output a message to tho use r ' s te rm ina l , ending 
! Mith CRLF, us ing TTCRLL's. 

! I n p u t s 
! S t r - p o i n t e r to a word whoso h igh byte.bog ins the 
! s t r i n g to bo ou tpu t . 

r o u t i n e Cmdmsg(Str) « 
bog i n 
Urt temsg(Cmochn,.Str) ; 
Mr i temsg(Cmochn,Crlfm); 
Purgoout(Cmochn); 
novalue 
end; 

comment I Reset 
j 
I F u n c t i o n : do a RESET UUO, and r e i n i t i a l i z e the Chnlstat words 
I 
r o u t ine Reset n 

beg in 
map Vector C h n l s t a t ; 
]0bufp.- I0buf f<0 ,0>; 
H o v o c o r d n i t s t a t , C h n l s t a t , H i c h n + 1 ) ; 
Cal I i ( 0 , 0 ) ; 
novalue 
end; 

commont I Getbuf 

! F u n c t i o n : a l l o c a t e space f o r I/O bt t f fers fo r a given channel, 
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! c a l l i n g tho BLILIB r ou t l no BUFFERS. 
i 
! I npu t s | 

ChnI - a channel numbor, botueon Cmichn and Hichn inc lus ive 
l o b u f f ( l o b u f 13 - a largo block of space from which a l l I/O bu f fe rs are taken 
Iobu fp - a p o i n t e r to tho beginning of unused space in lobuf f 

! Outputs 
. I obu fp - updated 

VRLUE - Truo i f bu f f e r space was a l l oca ted , 
false* i f some e r ro r was encountered 

I 
r o u t i n e Gotbuf » 

bog in 
l oca l S i z e ; 
i f .ChnI eql Srcchn then Srcbufp*-. IObufp; 
Size.-2*(2+Buf f e r s ( . C h n l , 8 , .ChnI ( I np io l , 8 ) ) ; 
i f . IObu fp * .S i ze leq IObuf f (lObuf «3<8,0> then 

beg in ' 
Buf f ers ( . Chn1,2, . Chn11Inp i o 3 , . IObuf p ) ; 
lObufpt-. IObufp+.Size; 
True 
end 

end; 

comment ! Lkupnt r 

! F u n c t i o n : i n i t i a l i z e a channel fo r I/O as ind icated 

I n p u t s 
ChnI - the channel numbor 
FOB - a block con ta in ing a l l necessary in format ion about the 

c u r r e n t channel , except^that contained in 
! Chn l s t a t (Hichn) - a vector of words, ono for each channel, each 
I of which contains a few b i t s of in format ion about 
! the channel. 
! Outputs 
! VALUE - True i f i n i t i a l i z a t i o n succeeds, fa lse otherwise 
f 
r o u t ino Lkupnt r s 

hog i n 
macro Oovchr(rivnm) s ( r e g i s t e r QQ; QQ*-dvnm; cal I i (QQ,#4))$; 
macro Binarymf B 12,1 $, I Names of f i e l d s in tho OEVCHR resu l t word 

Asc i imf B 1,1 $, 
TTYdevf « 21 ,1 $; 

b i n d Binarymodo e #14, Ascil inomodo « 1 ; 
b i n d L150 * #25627, L150AL71 = #25627810165; 
r e g i s t e r B i t v e c t R; 

I f not .ChnltSpocd) I Is channel alVoady in use? 
t h i f (R*-0ovchr(, Dovice)) noq 0 I Doos dovice ex i s t? 
t h i f ( i f .Chn l (B in io ) ! Can dovice do I/O of spec i f i ed typo? 

thon .R(Binarymf3 
e lse .RCRsci in13) 

t h i f Opon(.ChnI. I Doos OPEN UUO succeod? 
I f .Chn l tB in lo l 
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thon Binarymodo 
e lse RsciItnemodo, 

•Device, 
i f . C h n l l l n p i o l 

then Bufhdt.Chnl]<0,O> 
e lse Bufhdt.Chnl3<0,0>tQhfsiz) 

t h i f Getbu fO neq 0 ! Can bu f fe rs be gotten? 
t h i f ( i f . C h n I U n p i o l I Does LOOKUP or ENTER UUO succeed? 

then bogin 
loca l SavPPN; 
SavPPN-.PPN; 
i f Lookup(.Chnl , lkupBlk) then ex i tb iock t r u e ; 
I f not .Extseen thon 

begin 
Extensiont-0; 
i f Lookup(.Chnl,LkupBlk) then ex i tb lock t r u e ; 
Extens iom-s ixb i t ' 9 6 8 ' } 
end; 

i f .SavPPN eql 0 and .Greetem(LH) eql L1S0 then 
bogin j 
PPN-L150RL71; \ 
i f Loofcup(.Chnl,LkupBlk) then ex i tb iock t r u e ; 
end; . i 

f a l s e | 
end ' 

e lse En te r ( .Chn l ,N t rB lk )> 
then begin I Success 

Chn I ( T T Y d ) R CTTYdevf3; 
ChnI (Speed] *-Truo; 
r e t u r n Truo; 
end; 

Cradmsg(t1&y<'Ini t ia I i za t ion f a i l u r e ' ) ) ; I Fa i l u ro 
Cmdmsg(Cvtf i l e O ) ; I 
Fa lse ; 
end; ' 

commont ! Getcmd 

! F u n c t i o n : input a command from tho user ' s te rm ina l , 
! u s i ng TTCRLL's 

! Outputs 
! Cmdbuf - a b lock of bytes in.which tho command is s tored as an RSCII s t r i n g 
! 
r o u t i n e Gotcmd « 

bog in 
b i n d CmdbufI » 20; 
own Cmdbuf(Cmdbuf13 j ' 
r e g i s t e r P t r , N ; 
P t r« - Ip t r t ocha rs (Cmdbuf); 
N*-QchsurdoCmdbuf I ; 
do bogin 

I f ( N - . N - l ) Iss 0 then 
Punt(FatCmdlong); 

r e p l a c o i ( P t r , R e a d (Cmichn)); 
end 
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unt11 .Vreg eql L f j 
Ip t r tochars (Cmdbuf ) 
end; 

r o u t ine Permsg a 
beg in • ' • 
macro GotPPN e ( r e g i s t e r QQ; QQ*-0; Cal 11 (QQ,#24))$; 
macro Greet (Mho.ilhat) « Who: ex i t se l ec t Cmdmsg(Msg(What) )$ ; 
b i n d 

AH20 « #005040, 
AL68 n #010136, 
RL69 « #010131, 
AL78 « #010164, 
AL74 . #010170, 
BL03 « #032013, 
GA10 « #155604, 
PH02 « #427112, 
PK02 B #431202, 
SA20 « #511150, 
TR30 » #547404, 
WW17 B #641573; 

i f .Grootem noq 0 thon r e t u r n novalue; 
Grootomt-GotPPH; 
s e l e c t .Grootom(RH) of 

nsot 
Groot(RH20,'Watch me blaze Pasca l ' ) ; 
Groot (RL68, 'Lo t me olaborate on t h a t ' ) ; 
Groot (RL69, 'Lo t me o laborate on t h a t * ) ; 
Groo t (RL70, 'Lo t me elaborate on t h a t ' ) ; 
Groo t (RL74 , 'Whero"s the missing l i n k ? ? ' ) ; 
Groo t (BL03, 'H i B r u c e ' ) ; 
Groot (GR10,'Huy Guy ' ) ; 
Groot(PH02, 'Thou a r t P e t e r ' ) ; 
Groot(PKQ2,'Good luck P a u l ' ) ; 
Greet (SR28,' I t " s that crazy Snodo a g a i n ' ) ; 
Groot (TR38, 'Give my regards to Cm*'); ; 
G r o o t ( W W l 7 , ' I t " s b i g daddy B U M ' ) 

t e s n ; 
novaiuo 
ond; 

comment ! I n i t c h n s ( S r c o n l y ) 

Funct ion 
I n i t i a l i z e I/O channels. 

I f Srcon ly is goq 0 thon got command l i ne from 
I user and i n i t i a l i z e spec i f i ed channels. 
I 

I f Srcon ly is Iss 0 then i n i t i a l i z e sourco input channel to read from 
next s p e c i f i e d input f i l e . Return False as value i f f end-of-data or 
e r r o r occur red . 

r o u t i n e I n i t c h n s ( S r c o n l y ) 
beg in 
macro 
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Cmddono « r e t u r n True S, 
Cmdfai l » r e t u r n False S, 
Cmdorr(x) « (Cmdmsg(x); CrndfaiDS; 

own Cmdoof ,Pt r ; 
l o c a l B i t v e c t Scanv; 
macro Rotcodo B RH s, I Names of f i e l d s in the FILESCRN r e s u l t word 

Broat:ch » LH $; 

i f .S r con l y geq 0 
then bog in 

Reset ( ) ; -
Permsg<); 
Mri temsg(Cmochn,Msg('**)) ; 
Purgoout(Cmochn); 
Cmdoof *-Fa I se ; 
LSTpago*-0; 
LSTcount*-LSTI inesporpago; 
Ptr«-Gotcmd() ; 
ChnULs tchn ; 
end 

e l s e bog in 
Chnl»-Srcchn; 
end; 

u n t i I .Cmdoof do 
beg in 
I n i t F D B ( s i x b i t 'DSK', 0, 

case .Chnl -B inchn of set s i x b i t 'OBJ*; s i x b i t ' P l l ' ; %sixbi t 'R68'% 8 tc 
Scanv.-Fi l escan(P t r ,F0B) ; 
i f not (Extseen*-(.Extension neq 0)) 

then Extens ion i -B ixb i t *R88 f ; 
case .ScanvCRotcodoJt( - l ) of 

set 
3; 
Cmderr(Errm); 
Cmdorr(PPHm); 
Cmdorr(PPNm); 
Cmderr(PPNm); 
Cmder r (Msg( ' Inva l id swi tch s p e c i f i c a t i o n ' ) ) 

t e s ; 
i f .Scanv(Rroafcch) eqi % " 

then Scanv(Broakchl #- Hs H 

e l i f .Scanv(Broat:ch. eqi " j " 
then Scanv(Breaiich) t-Cr; 

s e l e c t .Scanv(Broal:ch1 of 
nset 

" , " : e x i t s e l e c t bogin 
i f .ChnI eql Lstchn then Cmderr(Errm); 
i f .Scanv thon 

i f not Ini1chnl(.ChnI,FDD) thon Cmdfa i l ; 
i f .ChnI oql Binchn 

thon ChnIf-Lstchn 
e l i f .Scanv then Cmddono; 

end; 

"a " : e x i t s e l e c t bogin 
i f .ChnI eql Srcchn thon Cmderr(Errm); 
i f .Scanv thon 
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I Sourco Input 
I 

comment I Lroad 
! 
i F u n c t i o n : c a l l the BLILIB rou t i no RERD, passing Srcchn as 
! argument, and r e t u r n the r e s u l t , except that i f the character read 
! i s a cha rac te r of an SOS l i ne number, re tu rn an e r ro r code of - 3 . 

r o u t ine Lread n 
beg in 
b ind Vector Bufhed « Bufhd(Srcchn); 
b i nd B y t p t r B 1 ; 
i f Read(Srcchn) g t r 8 then 

i f e .BufhodCBytptr) then 
Vreg*—3; 

. Vreg 
end; 

i i 
t 
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j 

I f not In i tchnl( .ChnI,FDB>' then Cmdfai l ; 
Chn I .-Srcchn; ! 
end; j 

f 
Cr: e x i t s e l e c t begin { 

Cmdoof *-True; j 
I f .Scanv : 

then < l f .ChnI eg I Srcchn thon 
i f not In i tchnl( .ChnI .FOB) 

then Cmdfail ' 
j e lse Cmddono) j 
! e l i f .ChnI eql Binchn then 
| Cmdfa i l ; 
* Cmderr(Errm); 

end; 

. A l l e l s e : Cmdorr(NBg<*11 legal d e l i m i t e r ' ) ) 
t e s n ; 

end; 
f a l s e 
ond; 

r o u t ino Punt(N) « 
bog in 
o x t e r n a l JobDDT,Jobsa,Sixl2; 
doer I from Hichn to 0 do 

i f . C h n l s t a t (. 1 , Spocd) and not .Chnls tat 1 .1 , Inp io l then 
Purgoout (. I ) ; 

Cmdmsg<lisg< ,?H?J??PUNT! >))| 
* i f .JobDDT noq 0 

thon S i x l 2 ( - 1 ) 
e l se ( . J o b s a H ) ; 

novalue 
end; 
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comment I OSEsrcchar 
I 
I F u n c t i o n : got a character from the input bu f f e r . Process 
! l i n o numbors, I/O e r r o r s , and o n d - o f - f i l e cond i t ions c o r r e c t l y . 
I 
g l o b a l r o u t i n e OSEsrcchar * 

bog in 
l o c a l B i t v e c t Char, InSOSno; 
InSOSnof-zod; 
w h i l e (Char*-LroadO) Iss 8 do 

case .Char*3 of 
set 

I 8 - L ine number character 
InSOSnot-nonzed; 

! 1 - I/O e r r o r 
beg in 
Cmdmsg(Msg('Input t ransmission e r r o r ' ) ) ; 
r e t u r n EOFchar; 
end; 

! 2 - End-o f - f He 
beg in 
C lose(Srcchn) ; 
Chn ls ta t I S r c c h n , U o r r i f ) I n i t s t a t (Srcchn); 
IObuf pt - .Srcbufp; « 
i f not I n i t c h n s ( - l ) then 

r e t u r n EOFchar; i 
end j 

t e s ; j 
i f .InSOSno nog 8 and .Char eql HTab j 

then 0 j 
e lse .Char j 

end; 
I l 

' i 
I L i s t i n g Output 

r o u t i n e Ls tmsg(St r ) « j 
beg in 
Mr i t o m s g ( L s t c h n , . S t r ) ; 
hova luo 
ond; 

r o u t ino Pago » 
bog in 
e x t e r n a l V o r s i d ; 
b i n d Dayct7*2) » p l i t ( 

'Sunday ' , 
' f l ondoy ' , 
' Tuosday ' , 
'Wednesday', 
' T h u r s d a y ' , 
' F r i d a y ' , 
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' S a t u r d a y ' ) ; 
l oca l Today; 
LSTcountf.8; 
I f not .ChnlstatCLstchn,TTYd) thon 

bogin 
Today-Data ( ) ; 
Lstiasg<tlEg<'?L;Rlgol 68 ' ) ) ; 
Lst t»sg<NptrtocharB<Versid)) ; 
Ls ttnsg (Spcsm); 
Ls ttnsg (Np t r tochars (Days(2*Dayofweek (. Today) ) ) ) ; 
Ls ttnsg (Spcsm); 
Pda te (Ls tchn , .Today) ; 
Ls ttnsg (Spcsm); 
Pt line ( L s t c h n , - 1 ) ; 
Ls ttnsg (SpcsM); 
Lstmsg(Cvtf i l e O ) ; 
Lstmsg<f1sg<' Page ' ) ) ; 
LSThoadpgi-0; 
Cv t decs ( I p t r tochars (LSThoadpg), LSTpago*-. LSTpago*l, 3 ) ; 
Ls ttnsg (Np t r tochers (LSTheadpg)); 
Ls ttnsg (Cr l f t n ) ; 
Lst tnsg<Crl f in) ; 
Purgoou t (Ls tchn) ; 
end; 

novaluo 
end; 

commont ! OSE1st I i ne (F i r s t ,Fo11 ,E r rdov ) 

! F u n c t i o n : output a s t r i n g to tho l i s t i n g dovice* and poss ib ly to 
! the u s o r ' s te rmina l as w e l l , apponding a CRLF. 

! I npu ts 
I F i r s t - by to p o i n t o r to tho f i r s t character of the (RSCII) s t r i n g 
I F o i l - by to p o i n t o r to tho character j us t a f t e r the last character 
! of the s t r i n g . This is temporar i ly set to zero, to make 
! the s t r i n g OSCIZ, bofore c a l l i n g Mritemsg. 
I Er rdov - nonzed i f the s t r i n g is also to be output to the terminal 
t 
g l o b a l r o u t i n e O S E I s t I i n e ( F i r s t , F o l I , E r r d o v ) * 

bog in 
i f .GBLprngf lags(Prg l1s t ) or .Errdov noq 0 then 

beg in 
loca l Sav; 
i f (LSTcounti-.LSTcount+l) g t r LSTI inesporpago thon 

PageO; 
Sav*»scann<Fol I ) ; 
r e p l a c e n ( F o l I , 0 ) ; 
I f .Chnls tat (Lstchn,Spocd) then 

begin *\ \ 
Lstmsg(.F i r s t ) ; 
Lstmsy (Cr l ftn); 
i f .Chnlstat(Lstchn,TTYd) then Purgoout(Lstchn); 
end; 

i f .Er rdov noq 0 and not .ChnlstaMLstchn,TTYd) then 
Cmdmsg(.F i rs t ) ; 
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r e p l a c e n < F o l I , . S a v ) ; 
end; 

nova lue 
end; 

I 
! Ob jec t Output , 
I 

g l o b a l r o u t i n o OSEobjword a novalue; 

I 

I E r r o r tin en ago Output 
I 
g l o b a l r o u t i n e OSEerrmsg(N) • 

bog in 
e x t e r n a l E r r t x t ; 
i f . E r r t x t t . N ) noq B thon 

bog in 
Oute<» - ' ) ; 
O u t s a z ( . E r r t x t l . N ) ) ; 
end; 

nova lue 
end ; 

! I n i t i a l i z a t I o n and F i n a l I z a t i o n 
! 

macro Ini tmem (dun) = 
beg in 
g I o b a I GBL f r ee Io,GBL f reoh i ,Freoaroa £30001 ; 
GBLfree lo Freoarea«;0,0>; 
GBLfroohi (Freoaroaf3OO0)<0,0>j 
nova lue 
end S; 

r o u t i n o I n i t p r a g s e 
bog in 
GBLpragf lags»-G; 
GBLpragf lags(Prgs t rop) t - 1 ; 
GBLpragf lags(Prgwarn) . - t rue; 
GBLpragf lagsCPrgl i s t )« - t rue ; 
GBLpragf l ags (Prgob j l «-true; 
nova lue 
end; 

macro I n i t t r a n s p u t ( d u n ) s 
b e g i n 
u n t i l I n i t chnn(O) do I n i t p r a g s O ; 
i f . C h n l s t a t (Lstchn,TTYd) then 

beg in 
e x t e r n a l Vers i d ; 
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WriteinsgCCmochnjtlGgCVLAIgol 68 
Cmdnisy (Npt r tochnrs (Vers id) ) j 
end; 

novaIno 
endS; 

macro Fint r rnnsput(dun) « 
bog ln 
doer I from Hlchn to D do 

i f . C h n l s t a t L I ,Speed ] then 
C l o s e ( . I ) ; 

nova lue 
end$; 

e x t e r n a l flI goIG8; 

Grootom«-0; 
repon t 

beg in 
l oca l V a l ; . , 
g Ioba I GBLorrs,GBLuarns,GBLprogstart,GBLpragflags; 
I n i t m e m O ; ; 

• I n i t p r a g & O ; 
I n i t t ranspu t 0 ; 
i f (Val«-fl lgol68<>) Iss 8 then Punt ( - . V a l ) ; ' 
F i n t r a n s p u t O ; j 
end ; j 

nova luo 1 . • 

end 
eludoKi 
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! A 6 8 S U . B U 
I 

! Copy r i gh t 1977 P. Hibbarri and P. Knuovon 
1 P i t t s b u r g h , Pennsylvania 

module A68S11 (START a S t a r t , NODEDUG) a 
b e g i n 
! 
I R lgo l 68 Compiler Hydra Oporating System Environment 
I 
I 

I Th is module con ta ins most of the rout ines which comprise the 
! Hydra OSE f o r the Rlgol 68 Compiler. The rou t ino S ta r t is the 
! e n t r y p o i n t f o r the Hydra load-anri-go compiler system. 
I 
! Comp i l a t i on I n i t i a l i z a t i o n 
! The f o l l o w i n g func t ions must be performed: 
I - A s c e r t a i n which output f i l e s are to bo created. Perform any 
! setup requ i r ed to mako subsequent output act ions work c o r r o c t l y . 
! Set S P r a g f U P r g l i s t ) to truo i f f the l i s t i n g f i l e Is to bo 
! w r i t t e n and SPragf I (Prgobj) to t rue i f f the objoct f i l e Is to be 

w r i t t e n . 
- Dotermino what tex t is to be used as the sourco input . Mako any 

nocossary connoct ions to al low subsequent input ac t ions to work 
c o r r o c t l y . 

- A l t e r SPragf I to r e f l e c t any roquosts for pragmat-contro l led 
a c t i o n s . 

! - Do any th ing e lse nocossary fo r p a r t i c u l a r system. 
I - Sot F roo lo and F rooh i . 

Sourco Input (SSRCchnr) 
Tho r o u t i n o SSRCchar ro tu rns tho next character from the sourco inpu t . 

I f no moro input e x i s t s i t re tu rns EOFchar. The characters must be 
oncodod as 7 - b i t ASCII . * ^ 

L i s t i n g Output (SLSTIine) 
SLSTIlno outputs a s i ng le l i ne of text to the l i s t i n g device and poss ib l y 

to tho command output dovice as w e l l . I t takes throe parameters, an 
N -po in te r to tho f i r s t character of the l i n e , an N-pointer to tho character 

I immediately f o l l o w i n g the las t character of tho l i n o , and an i n d i c a t i o n of 
I whether the l i n o should bo sent to the command output dovice (0 impl ies do 

not send i t ) . 

Error Repor t ing (SErrmsg) 
SErrmsg(N) is c a l l e d to output any text message associated w i t h e r r o r 

numbor N. 

! Ob jec t Output (SOBJword) j 
I SOBJword i s c a l l e d to output a word of objoct code. 

I Comp i l a t i on F i n a l i z a t ion 
! 

swi tches n o l i s t ; 
r e q u i r e KERKRL.REQ (N8UHY97); 
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re f i l l I r e CBCQDE.REQ [NB11HY97J j 
r e q u i r e STKPRG.REQ [N811HY97); 
r e q u i r e RTSSTR.REQ IN811HY97J ; 
r e q u i r e RTS .REQ CN811HY971; 
r e q u i r e PMCRLL.REQ CN81GPN99J; 
r e q u i r e TTCflLL.REQ [N818PH99] ; 

r e q u i r e B11PRM.REQ; 
r e q u i r e COHMflM.REQ; 
r e q u i r o IOMRCS.REQ; 

sw i t chop l i s t ; 

unr ioc la ro 
,$Err wsg, 
SLSTMno, 
SOBJword, 
SSRCchnr; 

e x t e r n a l 
Ctosedov, 
I O i n i t , 
Opondov, 
Outaec iz , 
Outm, 
Outer 1f , 
Vers i d , 

G lotocj , 
S ixcmd; 

b i n d 
FatHardorr 8 FatUser-0, 
FatS igna l s FatUeer~l , 
FatObJovf1 a F a t u W - 2 , 

Cll lchan s 

CD 

CMOchan s 1 , 
LPTchan - s 2, 

RPSdatal s *, 
RPSdata2 a 5, 
RPSdata3 s 6, 
RPSio 8 7, 

LNBslx l2 8 1 , 
8 2, 

LNSueer 8 

CO 

LNSport S *, X Parameter % 
LNStorw 8 5, % Parameter % 
LNSnourco 8 6, % Parameter % 
LNSoptions 8 7, % Parameter Z 
LNSobjoct 8 8, X Parameter % 
LNSpngns 8 1 3 , 
LNSprocdt l 8 16 , 
LNSprocrit2 8 17, 
LNBprocdt3 8 18, 
LNSorrnsg 8 19 , 
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LNSdatal « 3 1 . 
LNSdata2 - 32, 
LNSdnta3 « 33, 
LNStemp - 34, 

CPSdatai = V 
CPSdata2 « s, 
CPSdata3 = 6 , 
CPSorrmsg - 7, 
CPSxseg - 2 1 , 
CPSyseg - 22, 
CPSsourco « 23, 

IOpago - *28000ttRPStos 

own 
Charvect CHObuf1883, 
Charvect LPTbuf(1363, 

Oebcom « 8, 
IOcurpg a 8, 
IOJnptr a IOpago, 
LSTchan a CMOchan, 
LSTcount a 54, 
LSTdov, 

Vec to r LSThoadC17) « asciz ' 
LSTpgno a 8, 
SRCpage a CPSsourco; 

Rlgol 68 on Cmmp Pago XXX1, 

b ind 
LSTheadpg LSThead+36; 

r o u t i n e i n t e r r u p t Herr a 
bog in 
0uts( ,7G?G?G?GHnrd Er ro r at Compiler PCntfMj Outoct(.OldPC); E o l e r r O ; 
OutsC w i t h ERRCOOCn/T). Outoct (.SERRCOOC); E o l e r r O ; 
i f .Dobcom. noq 0 thon 

Sixcmd(/T1800> j 
s i g n a l FatHardorr 
end; 

r o u t i n o i n t e r r u p t Hstg a 
bog in 
l oca i T; 
T - .R8 ; 
Outs('?G?GSIgnal # f ' ) j Outoct ( .T<0,15>) ; Quts( ' at Compiler PCn#')j Ou toc t ( .O ldPO; E o l e r r O ; 
OutsC w i t h S IGDRTRB /T ) ; Outoct (.SSIGORTR); E o l e r r O ; 
i f ,Dobcom noq 8 thon 

Sixcmd(#1801>; 
s i g n a l FatS igna l 
end; 

r o u t i n e IOIoad(CPSslot) a 
bog in 
i f .CPSstot neq . IOcurpg thon 
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bog in 
IOcurpg*-. CPSslot; 
SRRLOnn<RPSio,.CPSBlot)j 
end; 

novalue 
end; 

r o u t ine Punt (JO * 
beg in 
i f .Oebcoia noq 8 thon 

S ixcad(#777) ; 
OutsCPUNT! > ) ; Outdoc( .N) ; 
EoI e r r < ) ; i 
novalue ' 
and; 

! 
! Source Input 
I 

\ 
g l o b a l r o u t i n o SSRCchar s 

beg in 
l oca l V a l ; 
i f . l O i n p t r eql IOpngo«-#20GOO then , I ???? This may lose i f EOF occurs at boundary 

(SRCpngo««.SRCpago+l; I0inptr«-10pago); j 
IOIoad(.SRCpayo); | 
VaI*-scanM< 1 0 i n p t r ) ; i n c p ( I O i n p t r ) ; 
i f .Val eql 0 thon 

i f (VaUscanN( IO inp t r ) ) neq 8 
then i ncp ( IO inp t r ) j 
e lse Va I .-EOFchar; j 

• Val ! 
ond; j 

' j • 
! 

I 
! L i s t i n g Output 

g l o b a l r o u t i n e RogO SLSTI i ne<F i r s t ,Fo l I,Errriov) « 
beg i n 
i f .SPragf ICPrg l1s t } or .Errdov noq 8 then 

bogin 
i f (LSTcount*-.LSTcount*l) g t r 54 thon 

begin 
LSTcount#-0; \ 
I f .LSTchan noq CHOchan thon 

begin 
Outasciz (. LSTchan,toyC 7V)); 
Outasciz(.LSTchan,Vers i d ) ; 
Cvtdocz(LSTheadpg,LSTpgno«-.LSTpgno*l,3); 
Outasciz(.LSTchan,LSThead); 
Ou tc r l f ( .LSTchan) ; 
Outer I f ( .LSTchan) ; 
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end; 
end; 

O u t m ( . L S T c h a n , . F i r s t , . F o l I ) ; 
Ou te r i f ( .LSTchan) ; 
i f .LSTchan noq CMOchan end .Errdov noq 0 thon 

bog in 
O u t m t t h Q c h n n , . F i r s t , . F o l I ) j 
Outer I f (CHOchen); 
end; 

end; 
nova luo 
end ; 

! Ob jec t Output 
! 

b i n d 
D isp lay * #2000 , 
Tranvect « #106000 , 
Xpage * #120000 , 
Ypage « #140000; 

macro SelectX (duti) * I0load<CPSxsey) $; 

macro SelectY(duM) * 10 toad (CPSyseg) $; 

g l o b a l r o u t i n o RegO $OBJuord<Loc,Dtypo,Dvaiue) B 
beg in 
l o c a l D o f f s e t ; 
b i n d Vector Basetable n u p l i K 0, 0, 0, 0, Xpage, Ypago, D isp lay , Tranvect >; 
i f .Loc gequ Ybase 

then begin 
Loc*-. Loc-Ybase; 
S e l e c t Y O ; 
end 

e l se bog in 
Loct».Loc~Xhase; 
S e l e c t X O ; 
end; 

i f .Loc goqu #10000 then s ignal Fa tOb jov f l ; 
Dof fset* - (case .Otypo of 

set 
•Dvaluo; 
•Dvaluo; 
•Ovaluo; 
.Dvaluo; 
• DvaluodZadrtnc - XbasooZadrtnc; • 
•0valuo«Zadrinc - YbasoaZadrlnc; 
.DvaluoaZadrinc; ^ 
.Dvalue<«2*Zadrlnc 

t e s ) ; 
IOpago(.Loc) BasetableLDtypo) + .Do f fse t ; 
nova lue 
end; 4 



PAGE 1-6 DS^D:nB8SlLBUtLi50nLG81eCMU«10R 
i 

! 
! E r r o r flossago Output 
! 

g l o b n l r o u t i n e RegO SErrftsg(N) • 
beg in 
e x t e r n a l E r r t x t ; 
IOIoad(CPSerrt tsg); 
I f . E r r t x t LN) neq 0 then 

beg in 
Outs(> - ' ) ; 
O u t s a z ( . E r r t x t l.N) >; 
end; 

nova lue 
end; 

! 
I I n i t J a l i z a t I o n and F i n a l i z a t i o n 
I 

macro In i tcu&p(dun> a 
beg in 
l oca l SStrCBERRORTRRPS Traphandlors; 
l oca l SRights R e s t r i c t ; 
Traphand I ore (SERRPCJ «-Horr; 
Traphandl ore CSSIGPC) «-M$>ig; 
SSETLCB <8, Traphand I o r s , SCBERRORTRRPS); 
$COPY(LNSdntai,LNSprocdtl,CPSdatai); 

. $C0PY(LNSdnta2,LNSprocdt2,CPSdata2>; 
SC0PY(LNBdnta3,LNSprocdt3,CPSdata3); 
$RRl.Onn<RPBdatai,CPSdatal) ; 
$RRl.0Rn<RPSdata2,CPSdata2); 
$RRL0Rn<RPSdata3,CPSdata3>; 
$CP5L0nD<0, 

<CPSxRog,$PRTH ( INSobjoct , 1)>, 
<CPSysog,SPRTH(LNSob j o c t , 2 ) > ) ; 

Roe t r i c t (SRIIKRTSI .-not $Hr i tePagoRTS; 
Rost r i c t ISGenoricRTSl*--!; 
i n c r I from 1 to SClENGTH(LNSf?ourco) do 

bog in 
SGETCRPR<LHBtowp, SPath (LNtaoiirco,, I ) ) j 
$PUTCRPR<lNStowp,LNStemP >RoBtrict)} 
SCPSLOnD<B, <CPSsourco~U.I,LNStemp>>; 
SDELETE(LNStemp); 
end; 

nova Iuo 
ondS; 

macro Initmem(dun) a 
bog in 
csec t g loba lo 'FREE.G' ; 
g l o b a l Freearea; 
b i n d Freoend R IOpage; 
$Fr eo I ot-Freearea; 
SFreehi ••Freoend; 



PRGE 1-7 DSKBiBBB8U.BlllL150nLB81eCnU-l«. 27-Sep-77 12:89 20 b locks 

nova lue 
end$; 

r o u t i n e Dost i i tehee B 
beg in 
s tack l oca l Leng; 
Leng-SOLENGTH<LNSoptlons); * 
i n c r I from 2 to .Leng do 

beg in 
s t a c k t o c a l Su; 
SGETQRTR <SM,LNSopt i o n s , . 1 , 1 ) } 
i f 0 Iss *Su and .Sw Iss 17 then 

case .Su of 
set I 

end; 
nova luo 
ond; 

% DEBUG % Oobcomn 
% GHOST % SPragf\ 
% LISTING % SPragfI 
% LOUER X- SPragfI 
% tlflCH X SPragf I 
% NRi:C0 X SPragf I 
% NOOCBUG t Oobcon-
% NOGHOST % SPragfI 
% NOLISTING % SPragfI 
% NOIinCH t SPragf I 
% NONRIXO Y, SPragf I 
% NOHRRNINGS X SPragfI 
% POINT % SPragfI 
% RES % SPragfI 
% UPPER 8 SPragfI 
% WARNINGS % SPragfI 

t e s ; 

•nonzod;! 
IPrgnoghost)*-false; 
[Prgi 1st) •-truo; 
[Prgstrop] *-3; 
IPrgmachl ••truo; 
(Prgnonakodl «-f a I se; 
zed; 
lPrgnoghoct)«-trtto; 
IPrgl is t ]<- fa tse; 
IPrgmach) ••false; 
[Prgnonakodl *-true; 
CPrgnarh1 •- false; 
IPrgstrop) *»1; 
(Prgstrop) •-8; 
(Prgstrop) •-2; 
(Prgwarnl *-true 

macro In i tp rags (dum) a 
beg in 
SPragf I .-8; 
SPragf I (Prgst rop) * - l ; 
SPragf I (Prgwarn) * - t ruo; 
SPragf I (Prgob j ) M r u e ; 
SPragf I IP rg l i s t ) « - t r u e ; ' 
Dooui t c h e s O ; 
nova lue 
endS; 

r o u t i n e I n i t t r a n s p u t a 
beg in 
I O i n i t (LNSpor t ) ; 
Opondov(CMOchan, CliObuf ( 0 ) , 80 ,3 ) ; 
SGETORTfl (LSTdev,LNSopt i ons, 1,1) ; 
i f .LSTdev eql 0 

then SPragf I CPrgl i s t )« - fa lse 
e l i f .LSTdev eql 2 

then bog in 
Opondov<LPTchan,LPTbuf 10), 136,6) ; 
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LSTchan««LPTchan; 
end; 

Out ascIz(CMOchnn,VorcId); 
Outnociz(CHOchftn )MBy< > Compiler S t a r t I n g M ) ; 
Outer M (CMOchnn); 
novalue 
ond; 

r o u t I no F i n t r a n s p u t « 
bog in 
I f .LSTchan oql LPTchan thon 

CIosodov(LPTchan); 
CIOBedov(CHOchan); 
novaluo 
ond; 

r o u t ino A68 « 
• beg in 

l oca l V a l ; 
e x t e r n a l A lgo l68 ; 
I n i t c u s p O ; 
I n i t t iemO; 
I n i t p r a g s O ; 
I n I t t ransput 0 ; 
i f .Dobcon noq 8 

then Sixctnd(8) 
e l se Glo tog* - -1 ; 

i f (VaUAIgo l68 ( ) ) eql 8 
then Val«-Zadr inc* .$Progst4Ypage 
e lse begin 

i f .Val Iss 8 then Punt ( - . V a l ) ; 
V a l - 8 ; 
end; 

SPUTDATA(LNSobject,Va1,1,1); 
F i n t r a n s p u t 0 ; 
$BREAK(LNSter*)j * \ 
.Va l 
end; 

r o u t i n e S t a r t s 
bog in 
o x t e r n a l In i t612,Rot612$ | 
csect g lobnU'GLOB.G' ; 
g l o b a l SErrs,$Froehi ,SFreeIo,$Pragf I,SProgst,SMarns; 
I n i t 6 1 2 ( L N S p o r t , 8 . 0 > l ) i ) ; i 
Rot612(AB8<) > 0.8) j 
ond; j 

i 
end I 
eludom | 
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! tlOSTRCREQ 

I Copyr igh t 1977 P. Hibbard and P. Knuovon 
I P i t t s b u r g h , Pennsylvania 

! r e q u i r e d by: CODE, CODESU, DB0EB1, LEXAN, SEHRB, SEMR2, SEHR4, SEMRSU, SRTRBS 

! D e f i n i t i o n s assoc ia ted w i t h modes. 

macro 
Modo * Ob lock $, 
Xtlodo e 1 S, 

lldv s l .Uordf S, 
ridio 8 1,RH $, 
fldseen 8 l ,Qwrds iz -8 , 1 *, 
Mddono a l ,Qwrds lz -7 , 1 *> 
Mddoproc s l .Qwrds iz -6 , 1 *, 
ttdspecial a l , 0 w r d s i z - 5 , 1 *> 
Mdrocur a l ,Qwrds iz -4 , 1 $, 
Mddressed a l .Qwrds iz -3 , 1 *, 
l ld io a l ,Qwrds iz -2 , 1 *, 
flripi le a l ,Qwrdsiz-l, 1 *, 

Mdprofmd a 2,Uordf $, 

Mdunddop a 2,Uordf $, 

Mdunocnt a 2,Mordf $, 
Mdunomd(n) s 3+(n),Mordf * 

Mdprcros c Mdprofmd $, 
f ldprccnt s 3,Mordf $, 
Mdprcprms 8 4,Uordf $, 
Mdprcprm(n) 8 4+(n) ,Uordf $ > 

fldrofmd 8 Mdprofmd $, 

Mdovtmd S Mdprofmd $, 

Mdrowiul S 2,Mordf S, 
i ldroi icnt S 3,Mordf $, 

MristrSDB 8 2,Mordf $, 
Mds t r len S 3,Mordf $, 
Mdstrcnt a 4,Mordf $, 
f l d s t r f Ids a 5,Hordf $, 
Mdstrfmd(n) a 5*2*<n),Wordf 
M d s t r f t e x ( n)a 6+2*<n),Mordf 

! D e f i n i t i o n s of lldv values fo r modos. 

macro ttdvval(uniq,pi,dros,spc, io) a 
( p i ) t ( Q w r d s i z - l ) + <io>t(Qwrdsiz-2) • (dres)t(Qwrdsiz-3) 
• ( s p c ) t (Qwrdsiz-5) • (uniq) $; 
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b i n d 
P i l e B i , Simple a 8, 
Oressed » 1 , Undressed « 8, 
Spec ia l s i , 
Io u 1 , Nolo « 8, 

Doproe « l t (Qwrdn iz -6> j 

b i n d Constbv 
Hdvin t s H d w a K 8, Simple, 9 , 

CO Io ) : 
f l d v l i n t • H d w a K 1 , P i l e , Undressed, Spoc ia l , Io ) : 
Hdvroa1 • B H d w a K 2, P i l e , Undrossod, Spoc ia l , Io ) : 
h d v l r e a l « H d w a l ( 3, P i l e , Undrossod, 9 , Io ) : 
Hdvchar a Hdwal ( 4 , S i mp1e, 9 , 9 , Io ) : 
n d v b i t s ' a H d w a l ( 5, Simple, & > 9 , Io ) : 
Hdvbytos a fldvval ( 6, Simple, 0 , 9 > No lo ) : 
Hdvc t r i ng a H d w a K 7, P i l e , Grossed , 9 i Io ) : 
Hdvbool a Hdwal ( 8, Simple, 9 , 0 > Io ) : 
Mdvvoid - a H d w a K 9, 9 t 8 , 9 , Noio)t 
Hdvslcip a Hdwal (18, 9 , 9 , 9 , No lo) : 
Hdvjuwp 8 Hdwal ( 11 , 9 > 9 , 9 , No lo) : 
t l dvn i l 3 H d w a K 12, 9 , 9 , 9 Noio) : 
Hdvout S Hdwal (13, P i l e , Dressed , 9 , 9 ) : 
Hdvin a lid w a 1(14, P i l e , Oressed , 9 , 9 ) : 
Hdvoutb a fldvval (15, P i l e , Grossed , 9 , 9 ) : 
Hdvinb a Hdwal (16, P i l e , Drossed , 9 , 9 ) : 
Hdvnunbor a Hdwal (17, P i l e f 

Grossed , 9 , 9 ) : 
HdvroHB a H d w a K 18, P i l e , Drossed , 0 , 9 ) : 
Hdvunionof a HdwaK19 , P i l e , Drossed , 0 , 9 )i 
Hdvbndo a Hdvval(28, Simple, 9 , 9 Noio) : 
fldvabsent s Hdwal ( 21 , Simple, 9 , 9 9 ) : 
Hdvproc a Hdwal (22, P i l e , Drossed , 9 , No io) : 
Hdvrof a Hdvvai(23, P i l e , Dressed , 9 , No io) : 
Hdvs t ruc t a Hdwal (24, Pi le , Undressed, 9 , No io) : 
MdvroN a Hdwal (25, P i l e , 9 , 9 , No io ) : 
Hdvovont a Hdwal (26, P i l e , Dressed , 9 , No io) : 
Hdvcodo a Hdwal (27, Simple, 9 , 9 , No io) : 
Hdvnensimple a Hdwal (28, Simple, 9 , 9 , No io) : 
Hdvnoupi le a Hdwal (29, P i l e , Dressed , 9 , No io ) ; 

macro 
CalImode(H) = 
Codonodo(H) = 
Eventmodo(H) * 
Hipmodo(H) * 
Intrealmode(H) « 
Neiimodo(H) » 
Procmodo(H) « 
Rofmodo(H) * 
Ranndnodo(H) • 
Structmodo(H) i 
Undof inodmodo(H)i 
Unionofmodo(H) > 
Unitedmodo(H) J 
Widonable(H) 
WidonntoroM(H) 

(Tnonplain(H) eql 1) $, 
(HCHdIOr eql HdvcodoCHdIOJ) S, 
(HCHdIO) eql HdvoventCHdIO)) S, 
(Thip(H) g t r 9) $, 
(HCHdIO) leq HdvlrealCHdlOJ) $, 
(HCHdIO) g t r HdvcodoCHdIOJ) $, 
(HtHdIO) eql HdvprocCHdIO)) $, 

eql HdvrofCHdIO)) S, 
Hdvron(HdlO)) S, 
HdvstructCHdIO)) $, 
HrivabsontCHdIO)) S, 
Hdvunionof CHdIO)) $, 

(Tunited(H) g t r 9) S, 
(HCHdIO) leq HdvstringCHdIO)) $, 
(HCHdIO) goq HdvbitsCHdIO)) $, 

(HCHdIO) 
(HCHdIO) 
(HtHdIO) 
(HCHdIO) 
(HtHdIO) 

eql 
eql 
oql 
eqi 

! Va l i d only i t Mtdonable(H) i s t r u e 
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SawoBize(Xl,X2) « ( (X I ) eqv (X2>) $; 

e x t e r n a l 
RogO V a l u o i e n g t h , 

RegO T a r i t h , 
RogO Tchars , 
RegO T h i p , 
RogO T s i z e , 
RegO Tnonp la l n , 
RegO T u n i t e d , 

TunIon, 

RegO TXs ize ; 

b i n d 
X i n t « 1 , 
X l i n t « 2 , 
Xrea l * 3, 
X l r e a l * 4 , 
Xconpl « 5, * N 
XlcoMipl = 6 , 

Xmaxsiz in t = 2 , 
Xmaxsizreal s 4 , 

Xchar • 1 , 
X s t r i n g a 2 , 
Xchars » (Xchar*2 • Xchar) - 2 , 

Xsk ip = 1 , 
Xjump B 2 , 
X n i h i I = 3 , 

Xout & 1 , 
X in » 2 , 
Xoutb B 3, 
Xinb s 4 , 
Xnuwbor n 5, 
XrowB s 6; 

! 
! EM) OF MDSTRC.REQ 
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I LEXAN,BLI 
! 

! Copyr igh t 1977 P. Hibbard and P.Knuoven 
I P i t t s b u r g h , Pennsylvania 

module Lexan B 
b e g i n 
I 

f Lex ica l Analyzer 

I 
! The l e x i c a l ,ana lyzer converts a stream of characters Into a stream of 
! lexemes rep resen t i ng tokens of the ALGOL B8S language Tho stream of 
I c h a r a c t e r s i s the source program and i s suppl ied ono character at a t ime 
! by tho system-dopondont rou t i no OSEsrcchar. The next lexeme of the program 
! i s ob ta inod from the analyzer by a c a l l on Lxscan. A dosc r i p t i on of 
! the format and poss ib le values of lexemes may be found in LXSTRC.REQ. 
I 
I A moro s p o c i f i c l i s t of tho funct ions por for mod by tho l ex i ca l 
I ana l yze r i s the f o l l o w i n g : 
! - Rocognize tokono In tho curront s t ropping convontlon 
I - Const ruc t lexemes 
! - Output program l i s t i n g 
I - Ignore comments 
! - Procoss pragmats 
I 
I A sourco program may bo roprosonted in any of four 
! s t r o p p i n g convont ions . Tho curront defau l t is the POINT convention 
I i n which bo ld tokens ( i . e . bo id- tags and symbols represented 
! by bo ld cha rac to r sequences) are indicated by a p r o f i x s t rop 
I c h a r a c t e r . This s t r op character may be e i t he r a point (.) or an 
I apost rophe <*>• Tho othor convontions ava i lab le are UPPER, LONER and 
! RES* Tho uuo of the s t rop character is permi t ted in a l l of these. 
! The occurrence of a s t rop fol lowod by an a lphabet ic character 
! always fo rces tho f o l l ow ing alphanumeric sequonco to be bo ld . 

! Tho UPPER convont lon uses upper case l e t t e r s to ind icate bold 
! l e t t e r s , w h i l e LONER convontion usos lowor case l e t t e r s . R s t rop 
! may bo usod to ove r r i de t h i s as described above. 

! I n RES convon t ion , typographical d isp lay features may no longor 
I appear botweon the marks of a tag or tho symbols of a denota t ion. 
I A sequence of alphanumeric characters surroundod by d i s j unc to rs 
I (non-alphanumeric characters or typographical d isp lay features) 
f r ep resen t s a bo ld symbol, i f ono ex is ts w i th that p a r t i c u l a r 
I s p e l l i n g ; o therwise i t represents a tag. 
! I n RES s t r o p p i n g the f i r s t occurrence of a user- in t roduced 
! b o l d - t a g must be e x p l i c i t l y stropped. 
! 
! Known Nonconformance w i th the Hanson-Boom Report 
I - Thore i s no i n t i m i d a t i o n character . In p a r t i c u l a r , there is no 
I r e p r e s e n t a t i o n of the worthy character underscore. 
I - Uppor and lower case l e t t e r s may bo intermixed fo l l ow ing a s t rop 
I in UPPER (and LONER); thus, .Bogin is always al lowed. 
I - PAGE pragmat- i tem is not implemented! 
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SMi tchos n o l 1 s t ; 
r e q u i r o SYSPRM. REQ; 
r o q u i r o COMMON.REQ; 
r e q u i r e IOIWCS.REQ; 
r o q u i r o LISPKG.REQ; 
r e q u i r e ERRGOM.REQ; 
r e q u i r o ERRLEX.REQ; 
r e q u i r o LXTABS.REQ; 
r e q u i r e LXSTRC.REQ; 
r e q u i r e HDSTRC.REQ; 
r e q u i r o LXVCOM.REQ; 
r e q u i r o LXVSY.REQ; 
r e q u i r o LXTABL.REQ; 
r e q u i r o MOTABL.REQ; 

sw i t ches l i s t ; 

e x t e r n a l 
E r r c h a r , 
E r r l x p t r , 
Er rnonb lank , 
E r r p t r , ^ 
L ineno , 

Pb loc l : F a p t r ; ! Po in te r to f i r s t loca t ion in freearea 

fo rward 
I n M L x , % g loba l % 

RegO L x e r r , 
Ou ts rc , 
Wench, 

RegO Noxtch, 
RegO Scanch, 

TletABC, 
Tbo ld , 

! Tbreak, 
Pu tchr , 
P u t c v t , 
Uppercase, 
Hash i n , % g loba l % 

! Doprag, 
Lxscan, % g loba l % 
Lx, 
E r r o r c h a r , 
Gotpr imdon, 
Gots t rgdon, 

RegO Scantax, 
Hashhold, 
Got tax , 
Gotbo ld , 
E n d o f f i t e , 

i 
! - Apostrophe-imago symbol Is not imp lemon tod* 
I - Tho RES convent ion is d i f f e r e n t . I t probably doos 
I not evon conform to tho Report bocmico of tho r o s t r i c t l o n on tho 
I use of typograph ica l d i sp lay features. Also, appl ied occuroncos 
! of b o l d - t a g s aro rosorvod. 
! - $ is p e r m i t t e d as the f i r s t character of a tag. 
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own 
Char, 

Charvect E r r b u f ( C b u f s i z e l , 
Indox, 
Inprag t ion t , * 
Longscnt , 
Lookahoad, 

Charvect S rcbu f (Cbu fs i ze ) , 
S r c p t r , 
S r c s t c h , « 
Symcnt, j 
Symptr, j 

B l t v e c t Type; . i 

macro 

b i n d 

S r c s t a t a Srcbuf(6) S; j I Nptr 

S r c l i n e a S r c b u f t i p t r n d x ( 2 ) ) , I ! I p t r 
S r c t e x t a Srcbuf CIp t rnd>:(8) ) , ! I I p t r 
Srcend a Srcbuf Up t rndxCCbufs i ze* ! ) ) , I I p t r 
E r r t e x t a E r r b u f ( I p t r n d x ( 8 ) ) ; I I p t r 

comment ! I n i t l x i 
, j 
! F u n c t i o n : Porform por-compi l a t ion i n i t i a l i z a t i o n roqu i rod by 
! ' the L e x i c a l Analyzer . j 

g l o b a l r o u t i n o I n i t L x a 
b e g i n 
l oca l P t r ; 
I n d o x ^ C o n t r o l ; 
Inpragnont t -zed; 
Looknhoadt*D; 
Longncnt#-0; 

P t r * I p t r t o c h a r s ( E r r b u f ) ; 
u n t i l . P t r eq l E r r t e x t do rep lace l ( P t r , " "> ; 
E r r p t r # - E r r l x p t r * - . P t r ; 
Errchar*- " " ; 
Errnonblank*-zed; 

P t r « - I p t r t o c h a r s ( S r c b u f ) ; 
r e p l a c o K P t r , " ; " ) ; 
u n t i l , P t r eq l S rc tex t do rep lace l ( P t r , " w ) ; 
S rcp t r# - .P t r ; 

L i n o n o f l ; 
Zerocor (HT,HTs ize) ; 
Faptr»-Loxtab<8,8>; 
u n t i l . F a p t r ( L i n k ) eql t l i nue l l L ink ) do 

beg in 
i f .Fap t r (Lxv ) eql Lxvtag then 

Fapt r (Lxp) t -0 ; 

/ 
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Hash inO} 
end; 

nova lue 
end; 

comment I Lxer r (N) 

I F u n c t i o n : P r i n t e r r o r mossago unless cu r ren t l y processing ins ide 
! a p ragnon t . 

I Va lue : Tho E r r o r lexeme. 

! I n p u t s 
I N - E r ro r codo 
! Inpragmont - nonzod i f f scanning pragnont 

r o u t i n o RogO Lxerr<N) • 
b o g i n 
i f . Inpragmont eql 9 then 

E r r o r ( . N ) ; 
L e x e r r o r 
end; 

comment I Outsrc 

! F u n c t i o n : Output a l i n e of source l i s t i n g on tho l i s t i n g device. 
! I f an e r r o r occurred in the l i ne or tho l i ne Has ignorod duo to a 
I p rov iouo e r r o r , thon a l i no of e r ro r Ind ica t ion is also output . 
! I f an o r r o r occurred in the l i n e , thon Errdov Hill be nonzed and thus 
I a l l ou tpu t w i l l go to the e r r o r device a lso . 

r o u t ino Outsrc n 
bog irf 
C v t d e c z ( S r c l i n e , * L i n e n o , 3 ) ; 
L inonot - .L inono+ l ; * 
Srcpt r»- I toNpt r ( . S r c p t r ) ; 
i n c p ( S r c p t r ) ; 
OSE 1st I i no (Np t r tocha rs (S rcbu f ) , . S r c p t r , .E r rdov) ; 
S r c p t r * - S r c t e x t ; 
i f .Er rnonb lank noq 9 thon * 

beg in 
E r r p t r * - I t o N p t r ( . E r r p t r ) ; 
i n c p ( E r r p t r ) ; | 
OSE I s t I i n e < N p t r t o c h a r s ( E r r b u f ) , . E r r p t r ^ . E r r d o v ) ; 
i f .E r r cha r eql " " then 

Er rnonb lan l>zed; 
Errdevf»zed; i 
end; 

E r r p t r * E r r l x p t r « - E r r t e x t ; 1 

Srcs ta t« - .S rcs t ch ; 
novalue 
ond; 

comment I Nowch I 
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! F u n c t i o n : Got a non-cont ro l character from the input stream. 
| 
r o u t i n e Neuch » 

b o g i n 
l o c a l C; 
do C.-OSEsrcchar<) u n t i l .Chartypot.Cl neq C t c t r l ; 
.C 
end ; 

b i n d 
Skipnone « EOL, 
SkipEOL « Space, 
Skipspaccs « E r r c h , 
S k i p i n p r a g a L e t t e r ; 

commont I Nextchr(Lovel) and Scaneh(Lovel) 
! 
I F u n c t i o n : Got tho next acceptable character from tho sourco Input . 
1 Levol i s used to ind ica te which characters are acceptable. Noxtch 

always uses a now input character as the f i r s t character to consider ; 
Scanch s t a r t s w i t h tho curront character . 

Outputs 
I Char - the cu r ron t input character 
I Typo - charac te r typo of curront input character 
I Index - index of charac ter c lass of current input character 

r o u t i n o RogO Noxtch(Level) « 
bog in 
do bog in 

i f . Indox eql EOL then Outs reO; 
i f .Lookahoad noq 0 

thon (Char*.Lookahoad; Lookahoad*-0) 
e l se Char»-Nowch(); 

Typo*-. Char typo( .Char ) ; 
Indox*-.Typo(Tpindox); * . • 
i f . Indox eql EOF I 

then ( i f .S r cp t r noq Srctext then OutsrcO ) 
e l i f . Index g t r EOL j 

then begin j 
I f . Index eql Point then 

i f (Lookahoadf-NowchO) geg| "RM then 
begin i 
Typo*-Ctstrop; 
Indoxf-Strop; | 
end; 

I f . S r c p t r eql Srcond thon Ou ts rcO; 
r e p l a c e l ( S r c p t r , . C h a r ) ; 
r e p l a c e l ( E r r p t r , . E r r c h a r ) ; 
end; 

end j 
w h i l e . Index Iss . L e v e l ; 

nova lue . 
end; 
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r o u t i n e RogO Scanch(Lovol) • 
bog in 
i t . I ndox Iss .Lovol thon Nextch( .Leve l ) ; 
nova lue 
ond ; 

commont I T d i g i t , H o t t e r , T u p p o r , T l o w o r , T d i g t e r , T d i g p e r , 
! Tdigwor,Thoxi t ,T ie t terR,Tpowl8,T letABC,Tbold, 
I Tbroak(Bold) 
! 
I Va lue : t r u e I f the cur ren t character Is — 
1 ( T d i g i t ) a d i g i t 
! ( T l e t t e r ) a l e t t e r 
1 (Tuppor) an upper case l e t t e r 
! (T lowor) a lower case t e t t e r 
i ( T d i g t e r ) a d i g ! t or l e t t e r 
! (Td igpor ) a d i g i t or uppor case l e t t e r 
1 (Tdigwer) a d i g i t or lower case l e t t e r 
1 ( T h e x i t ) a hexidecimal d i g i t 
1 ( T l e t t e r R ) a l e t t e r R 
1 (TpowlO) a powor of ten choice 
| (TletRBC) a non-bold l e t t e r symbol 
j (Tbold) a poss ib le f i r s t character of bold tag 
1 (Tbreafc). not al lowed in tag or bo ld - tag 

macro • 
T d i g i t(dum) « ( .Typo(Tpdtg i t ) ) $, 
T le t te r (dum) * (.TypoCTpletterJ noq 8) S, 
Tupper(dum) n ( .Typedpuppor] ) $, 
Tlower(dun) » (.TypoCTploworJ) $, 
Td tg te r (dun) B (,TypoCTpdigtor] noq 0) $, 
Tdigpor(dun) « (•Typo(Tpdigpor) noq 8) $, 
Tdl gwor(dun) » ((.Typo and Tpdigwor) noq 8) $, 
Thexi t (dum) » (. TypoCTphoxi t) and (TletRBCO or T d i g i t O ) ) S, 
Tlet terR(dum) = (TletRBCO and UpporcaseO eql "R") S, 
TpowlO(dum) s (.Char eql " \ w or 

(TletRBCO and UpporcasoO eql "E" ) ) $; 

r o u t ino TletRBC n 
case . GBLpragf lagstPrgstrop) of 

se t 
bool ( T l e t t e r O ) ; 
bool ( T l o t t e r O ) ; 
bool ( T l o w o r O ) ; 
boo l (Tuppo r ( ) ) 

t e s ; 

r o u t ino Tbold n 
I f • Indox eql Strop 

thon t r uo 
e l se case .GBLpragflagsCPrgstrop) of 

set 
% RES % bool ( T l e t t e r O ) ; 
X STROP y, f a l s e ; 
Z UPPER % bool (TupporO); 



1 
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% LOWER B boo l (T lowerO) | 
t es ; | 

macro Threat: (Bo Id) « J 
beg in i 
case .GBLpragf lagstPrgetrop) of 

se t 
% RES X not T d i g t e r O ; 
% STROP X not T d i g t e r O ; ! 

! . % UPPER X i f (Bold) neq 8 then not TdigporO else not Td igwerO; 
; % LOWER X i f (Bold) neq 8 thon not TdlgwerO else not TdigporO 
| tes 
e n d * ; 

comment I Pu tchr and Putcvt 

I F u n c t i o n : S to re charac ter i n Lexeme Table ent ry under cons t ruc t ion 
I a t top of f reea rea . Update character count. Chock i f thero is s u f f i c i e n t 
I space l e f t in f reearea . Pu tcv t . i n a d d i t i o n , f i r s t converts any 
I lower case l e t t e r to the corresponding uppor case l e t t e r . 

! I npu t s 
I Symptr - Nptr to character s t r i n g in new Lexeme Table ent ry 
I Symcnt - count of characters in curront symbol 
I Outputs 
I Symptr - updated a f t e r character is stored 
! Symcnt - incremented by ono 

r o u t ino Putchr « 
beg in 
i f modulo(.Symcnt,Qchswrd) eql 8 thon 

bog in 
S to re tes t ( .Sympt r<Addr f> ) ; 
(.Symptr)<Uordf>«-0; 
end; 

rop lacoN<Sywpt r , .Char ) ; 
i ncp (Sympt r ) ; 
Symcnt*-. Symcnt+1; 
novalue 
end; 

r o u t ino Pu tcv t a 
beg in 
Char#-UpporcaseO; 
P u t c h r O ; 
nova Iue 
end; 

comment ! Uppercase 
! 
I F u n c t i o n : Compute the uppor case equivalent of the curront input character . 

r o u t i n e Uppercase » 
i f T lowerO then .Char and (not #48) else .Char; 
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commont ! Hashin 

I F u n c t i o n : Soarch Lexeme Table fo r lexeme s i t t i n g at s t a r t of f reearea, 
I I f lexeme i s a l ready i n t a b l e , thon r o tu rn po in ter to t h i s 
I o l d lexeme. I f i t Is not in tho tablo and Noontor is not set and 
! Me aro not i ns ido a pragmont, thon enter the lexeme in the tab le 
I and r o t u r n a p o i n t e r to tho now lexeme. I f lexeme is not found and 
f a now o n t r y Is not mado thon r e t u r n zero. 

g l o b a l r o u t i n e Hashin a 
beg in 
l o c a l T o t a l , P t r ; 
T o t a l - 8 ; • 
Pt r fNp t r tocharn<Fap t r (LxKyw) ) j 
doer I from .Fap t r l Lxcoun t l tQch iw rd - l to 9 do 

bog in 
To ta l * .To taUscanN<Pt r> ; 
i n c p ( P t r ) ; 
end; 

To ta l * - .To ta l and HTmask; 
do Total«-.Tota l-HTs ize u n t i l .To ta l Iss 9 ; 
T o t a U . T o t a U H T s i z e ; 
Noontor* .Noonter or • Inpragment; 
F I nd <HTI. Tota I),HTO<.FaptrCLxcount) +1) ] 
ond; i 

commont ! Doprag<N> 
t 
! F u n c t i o n : Carry out the semantics of the pragmat spec i f i ed by N. 
| i 
macro Doprag<N) a : 

beg in | 
case (N) of 

set 

I RES, POINT, UPPER, LOIIER 
Nenstrop*«<N); 

j Neustrop*-<N>; 
! NoHEtrop.-<N); 
1 NewEtropt-(N>; ' 

I WARNINGS and NOIinRUINGS 
GBLpragf lags [PrguarnJ *-true; 
GBLpragf lags(Prguarn) «-faise; 

! LISTING and NOLISTING 
GBLpragflags (P rg11s t ] * t r ue ; 
GBLpragf I ags (Prg I i s t ) *>f a Ise; 

I PAGE 

t e s ; 
novaluo 
ondS; 
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commont ! Lxscan 

I F u n c t i o n : Scan a token from tho input and r o t u r n I t s lexeme* 
I fl tokon cons i s t s of an op t iona l pragment (pragmat or comment) fo l lowed 
I by a symbol. 

g l o b a l r o u t i n o Lxncan « 
bog in 
labo l L; 
l oca l Lexeme Lex; 
w h i l e begin 

Srcstchf-" " ; • 
Lex«-LxO; 
• Lex(Lxv) eql 8 
end 

do bogin 
l oca l Nowstrop; 
Inpragttont*»Srcstch«-.Lex(Lxp); 
News trop*-. GBLpragf Iags [P rgs t rop ) ; 
repeat bogin 

loca l Lexeme Lex2; 
ScancMSk ip inp rag) ; 
Lex2..Lx<); 
i f .Lex2 neq Lexerror thon 

i f .Lex2 eql Lexstop 
then (Error<ELx2); e x i t loop) 

e l i f .Lex2 eql .Lex 
thon o x i t l o o p 

e l i f .Lex2(LxvJ eql Lxvprgitem and .Inpragment eql "P" 
then Ooprag<.Lex2(Lxp)); 

end; 
Inpragnent«-zed; 
GBLpragf I ags (Prgstrop) ••.Newstrop; 
end; 

L i s e l e c t .Lex(Lxv) of 
nset 

Lxv long : e x I t L Longscnt*».LongscnUi; 
Lxvsho r t : e x i t L Longr»cnt*».Longncnt-l; 
R l f e l s e : Longncnt«-0 

t e s n ; 
• Lex 
end; 

comment I Lx 

F u n c t i o n : Scan a symbol from tho input . 

I Va lue : Lexeme f o r the symbol. 
I 
r o u t ino Lx » 

bog in 
l oca l Pblock Lex; 
b i nd LxRouts » u p l i t ( 

0 , I Control 
8 , ! EOL 
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e, 
E r r o r c h a r , 
Gotpr imdon, 
Getpr imden, 
Gets t rgdon , 
Gotopr , 
Gotopr , 
Go t tax , 
Go t tax , 
Go tbo ld , 
E n d o f f I l e , 
Gotopr ) ; 

! Space 
! Er rch 
! D i g i t 
! Point 
I Quote 
! Punct < 
! Plsmin 
! L e t t e r 
1 Do l l a r 
I Strop 
I EOF 
! Prag 

do beg in 
Scanch<Skipspacee); 
E r r l x p t r * - . E r r p t r ; 
Symcnt <-8; 
Symptr*-Nptrtochars <Faptr ILxsym)) j 
Lex*-<,LxRouts l . Index]) 0 
end 

u n t i l .Lex nog Lexer ror or .Inpragmont neq 0; 
• Lex 
endj 

commont ! E r ro r cha r 

I F u n c t i o n : Ooal w i t h s i t u a t i o n whoro i l l e g a l character occurs in the source. 
I 
! Va lue : E r r o r lexeme. 
! 

r o u t i n o E r ro r cha r « (Lxer r (ELxB) j Noxtch<Sk ipnono); Lexerror) j 

commont ! Gotprimdon ! F u n c t i o n : Scan a p r i m i t i v e denotat ion from tho input . 
! 
! Va iuo : Loxeme fo r tho deno ta t ion . 
! 
r o u t i n o Gotprimdon n 

bog in 
l oca l S t a t e , flodo fit 
e x t e r n a l Lengthen, Cvtb,Cvt I,Cvt I i ,Cvt r ,Cvt I r j 
b i n d Vector C v t r t n = upl 11 (Cvtb,Cvt i ,Cvt 11,Cvtr,Cvt I r ) ; 

S ta te * - ( i f . Indox eql Point thon 1 else 8 ) ; 
ropoat 

beg in 
P u t c v t < ) ; 
Nextch< i f .GBLpragf lags[Prgstrop) eqi 0 then Skipnono else Skipspaces)j 
case .S ta te of 

set 
I 8: scan d i g ! t s 
I f . Index eql Point 

then State*- ! 
e l i f T l e t t e r R O 
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1 5 : scan f ixed-po in t -numora i in exponont-part 
i f not T d i g i t O 

then <H*Hdroal; e x i t loop); 

I 6t d i g i t s must fo l low l e t t e r - r in b i t s -deno ta t i on 
I f T h e x i t O 

then State«-7 
e lse r e t u r n Lxerr<ELx4); 

! 7: scan d i g i t s in b i t s -deno ta t i on 
i f not T h e x i t O 

then <hVI1dbits; e x i t loop) 
t e s ; 

end; 
M*Lengthen<.M,.Longocnt) ; 
rep IacoN(Sgmptr ,0) ; 
I f ( . C v t r t n l T a r i t h < . f 1 ) ) ) O g t r 0 then re tu rn Lxerr<ELx4); 
Fap t r (Lxdenndl *-.tt; 
Fap t r (LxvJ «-Lxvpr imden; 
Fap t r (LxpJ * 9 ; 
Fap t r (Lxcount) «-Va Iue Iength(.M) +1 ; 
Fap t r (Lxtoken) «-TkDonot; 
Hash inO 
end; 

comment I Getst rgdon 
j 

then Statet-6 
e l i f TpowlOO 

then <Char.."EH; S t a t e d ) 
e l M not T d i g f t O 

then <t1*Mdint; e x i t loop); 

f 1 : f ixed-potnt-mtMerai must fo l low point in f r a c t i o n a l - p a r t 
i f Td ig i t ( ) 

then Statet-2 
e l se r e t u r n Lxerr<ELx4); 1 

I 2 : scan d i g i t s of t r a c t i o n a i - p a r t 
I f TpowlBO ! 

thon ( C h a r ^ E " ; S t a t e d ) 
e l i f not T d i g i t O j 

then (hVHdroal; e x i t loop) ; I 
i 
i 

! 3 : chock f o r plusminus in exponont-part 
I f • Indox eql Plsmin j 

thon State*** j 
e l l f T d i g i t O •! 

then State«-5 
e l se r o t u r n Lxerr<ELx4); ! 

! 4 : f i xed -po in t - nuno ra l must fo l low plusminus 
i f T d i g i t O ; 

I thon State*-5 
1 e l se r e t u r n Lxerr (ELx4) ; 
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I F u n c t i o n : Scan a s t r i n g donota t ion from tho input . 
I 
I Valuot Lexeme f o r tho s t r i n g denota t ion . 
I 
r o u t i n o Gotst rgdon » 

bog in 
o x t e r n a l C v t s t r g ; 
Symptr* -Mpt r tochars(Fapt r (Lxst rgrop) ) ; 
ropoat bog in 

S rcs tch . - H S r t ; 
Noxtch<SkipEOL); 
i f . Indox eql EOF 

thon r o t u r n l xe r r<E l . x l ) 
e l i f • Indox nog Quote 

thon Pu t ch rO 
e l se bog in 

Brcston*-" " ; 
Nextch(Skipnono); 
i f . Indox eql Quote 

then PutchrO 
e l se begin 

ScancMSk ipspacos); 
i f . Index neq Quote 

then e x i t loop; 
end 

end 
end; 

Cv ts t rg< .Symcn t ) ; 
i f .Symcnt eql 1 

then (Symcnt«-0; Faptr(Lxdennd) ••flrichar; FaptrtLxdenropi Fap t r (Lxs t rg rep ) ) 
e l se (Faptr (Lxdennd) ••ttdstr ing ; Faptr(Lxdenrep) «-* Symcnt); 

Fap t r (Lxv) «-Lxvstrgdon; 
Fap t r (Lxp) 4-0; 
Fap t r (Lxcount) «-d i v i de (. Symcnt+3*Zchsnrd-l,Zchsurri); 
Faptr(LxtokenJ*-TkDenot; * \ 
Hash inO 
end; 

comment ! Scantax(Bold) * j 

I F u n c t i o n : Scan charac te rs containod in a tag ; or bo ld - tag . 
• ] 

I I npu ts • 
I Bo ld - nonzed i f f scanning bo ld - tag 
I •! 
r o u t i n o RncjO Scantax(Bold) *> 

hog in 
do bogin 

P u t c v t ( ) ; 
N o x t c h ( i f .Bo ld neq 0 thon Skipnono olse Skipspacos); 
end 

unt i I Tb roak ( .Bo ld ) ; 
Fap t r (Lxp) *-0; 
Fap t r (Lxcount) *-d i v ide (. Symcnt•Qchswrd-1.Qchsurd); 
novaIuo 
ond; j 
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commont ! Hashbold 
I 
I F u n c t i o n : Scan a bo Id-tag; from tho input* 
! 
! Va lue : Lexeme f o r the b o l d - t a g . 
! 
r o u t i n e Hashbold a 

bog in 
Scantax(nonsed) ; 
Fap t r ILxv) 4-Lxvtab; 
FaptrCLxtoken?.>TkBold; 
Hash inO 
end; 

comment I Get tax 

I F u n c t i o n : Scan a TPX-sgmbol from the input . In RES convention the 
! symbol scanned may bo a TRB-symbol, otherwise i t is a TRG-symbol. 

I Va lue : Lexeme f o r the symbol. 

r o u t i n e Gottax a 
beg in 
i f Tbo ldO 

then bogin , 
loca l V a l ; 
i f .GBLpragf lags(PrgstropJ eql 9 then 

Noontort-nonred; 
i f (VaUHashholdO) noq 9 then 

r e t u r n . V a l ; 
end 

e l se 
Scantax(zad) ; 

Fap t r (Lxv l f -Lxv tag; 
i f . Inpragnont eql "C M 

thon Loxnr ro r 
e l se bogin 

F a p t r l L x t o k e n K O f . Inpragmont eql 9 thon TkTag else TkPragitem); 
HashinO 
end 

ond; 

commont ! Gotbold 
j 
! F u n c t i o n : Scan a b o l d - t a g from tho input . 
f 
! Va lue : Loxeme f o r the b o l d - t a g . 
t 
r o u t ino Gotbold » 

bog in 
l oca l V a l 9 S a v s t r o p ; 
Nextch (Sk ipnono) ; 
i f not T l e t t e r O then 
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r e t u r n Lxe r r (ELx5 ) ; \ 
Savst rop* .GBLpragf lags(Prgs t rop) ; | 
GBLpragf I ags (Prgstrop) 
V a l - H a s h b o l d O ; j 
GBLpragf lags (Prgstrop) «-.Savstrop; 
. V a t 
end; 

comment I E n d o f f l l e j 

! F u n c t i o n : Return STOP lexeme to ind ica te source e n d - o f - f i l e has occurred. 
! i •' 
r o u t i n e E n d o f f l l e e r e t u r n Lexstop; 

commont I Getopr 
I . 
I F u n c t i o n : Scan an oporator from tho input , 
j 
I Va lue : Lexeme f o r the oporator or Error lexeme. 
! 
r o u t i n o Gotopr * 

bog in 
l oca l L x p t r , S , 0 l d s ; 
Lxp t r * -Loxer ro r ; 
S-O; 
do bog in 

0!dc*-.S$ 
I f .Char oql .Opchtable( .S.Otchar) 

thon bogin 
Noxtch(Skipnono); 
Lxpt r«- .0pcntab lo( .S,0 t lex) ; 
i f . 0pch tab le ( .S ,0 tnox t ) then S*».S+0trousize; 
end 

e l se bogin 
S - .S+ .0pch tab le ( .S t 0 ta l t ) ; 
end; 

end 
u n t i I .S eql .O lds ; 

I f . L x p t r eql Lexer ror 
then Lxerr(ELx3) • 
e l s e O p l x t a b l e ( . L x p t r ) <0,0> 

end; 

g l o b a l r o u t i n e L x l i n e a 
bog in 
Scanch<Sk ipspaces) ; 
novaluo 
end; . 

end 
eludom 
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! SRTABS.BU 
I 

! Copy r i gh t 1977 P . Hi board and P. Knuovon 
I P i t t s b u r g h , Pennsylvania 

module SRtabsn 
b e g i n 

I Semantic Tables 

I Th is module de f ines the e n t r i e s i n i t i a l l y contained in the 
? Mode Tab le , Operator Table and Symbol Table. 

I Kernel c a l I t ab les 
f i n - XK>X ... %<KX 
I out - %K>%7, . . . %X<KX 
I ' Hydra tab les (o thor than Kernel c a l l ) 
I i n - XH>% ... X<HX 
I out - XH>XX %%<WA %, v . 
j N 
swi tchos n o l 1 s t ; 

r e q u i r e SYSPRH.REQ; 
r e q u i r o COmiOll.REQ; 
r e q u i r o LISPKG.REQ; • 
r e q u i r e LXVCOH.REQ; 
r e q u i r o LXVSY.REQ; 
r e q u i r o LXPVAL.REQ; 

. r e q u i r e EfllT.REQ; 
r e q u i r e HDSTRC.REQ; i 
r e q u i r e STSTRC.REQ; \ 
r e q u i r o OPSTRC.REQ; i 
r e q u i r e LXTABL.REQ; J 

sw i t ches I i s t ; j 

macro 
empty & 8:9 S, 

D e f s t i d < o f f s t , m d , I x ) s 
9, Qaclrinc+upl H (8, t x ) , 9, Hfwords(Stbtypo<Stdidty,Stbdof i d ) , 8 ) , 

| ( o f f s t + ZRsizIBbase + ZRsizlEBbase • 1 ) , 0, md $, 

O e f s t o p r l ( p r i o , s t d , I x ) « 
8, Q a d r i n c * u p l i t ( 8 , I x ) , 8, Hfwords(Stbtypo<8,Stbdofpr io) ,8) , 
s t d , 8 , p r i o t, 

0 e f s t o p r 2 ( p r i o , s t d ) s 
8, 8, 8, Hfwords(Stb type(9 ,Stbdofpr io7 ,9) , 
s t d , 9, p r i o $ , 

O o f d o n i n t ( v a l ) s 
Loxmdxvpr imdon, v a l ) , Hfwords(2,Tk0onot), Hd in t , val $, 

D o f t a g ( l e n , s t r ) * 
Loxmdxv tag , 9 ) , Hfwords(( len*Qchswrd-l) /Qchswrd, TkTag), s t r S, 

D o f b o l d d v , I p , l e n , s t r ) * 
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8 , L e x m ( l v , t p ) 9 Hfwords((len4>QchBMrd-t)/Qchnwrd, TkBold), s t r $ , 

D o f p r a g i t o m ( I p , l e n , s t r ) « 
8 , Lexm(Lxvprg i tern , tp) , Hfnords((len+Qchsnrd-1)/Qchswrd, TkPragi tern), s t r S, 

D o f o p r < I o n , s t r ) a 
Lexm(Lxvopr»0), Hfwords((Jen*QchsMrd- l ) /Qchswrd, TkBold), s t r $ , 

DofcodoD(y ie ld ) a Hdvcodo+Doproc, y i e l d . 8 $, 
O o f c o d o K p l , y i e l d ) • Mdvcodo, y i e l d . 1 , p i $, 
Do f codo2<p l , p2 , y i e l d ) « Mdvcodo, y i e l d . 2, p i , p2 S, 

DefprocO<yie ld) a Mdvproc+Doproc, y i e l d , 0 $, 
D o f p r o c l ( p i , y i e l d ) a Hdvproc, y i e l d , 1 , p i $, 
D o f p r o c 2 ( p i , p 2 , y i e l d ) a Hdvproc, y i e l d , 2 , p i , p2 $, 
D o f p r o c 3 < p l , p 2 , p 3 , y i e l d ) a Hdvproc, y i e l d , 3, p i , p2, p3 S, 
D o f p r o c f t ( p i , p 2 , p 3 , p 4 , y i e l d ) a Hdvproc, y i e l d , 4 , p i , p2, p3, p4 $, 
D o f p r o c 6 ( p l , p 2 , p 3 , p 4 , p 5 , p 6 , y i e l d ) a Hdvproc, y i e l d , 6, p i , p2, p3, p4, p5, p6 S, 

Dofre f (md) a Mdvref, md $, 
D e f r o w ( » d , r c n t ) a Mdvrow, md, rent $, 
Dofunion2(ml,m2) a t ldvunionof, 2, ml , m2 S, 
D e f s t r u c t 2 ( m i , I i , m 2 , 1 2 ) a Hdvstruct , 0, 0, 2, ml , I I , m2,12 $, 
0 o f s t r u c t 4 ( m l , I l , m 2 , »2,m3,13,m4,14) a Hdvstruct , 0, 0, 4 , ml , I I , m2,12, m3, !3 , m4, 14 $; 

b i n d dummy a 8; 

dataarea(HdsO) 
gb1name(Mdint, Mdv in t ) , 
gblnane(Mdl i n t , M d v l i n t ) , 
gbtname(Mdbi t s , Mdvb i ts ) , 
( jb lnane(Mdbytos, Mdvbytos), 
y h l n a n o d l d r a a l , Mdvreal) , 
cjb 1 nano (Mdl r e a l , Mdv l roa l ) , 
gb lnano(Mdbool , MdvbooO, 
yb 1 nana (tldchan, Mdvnoiisimple), 
gblname(Hdchar, Mdvchar), 
yb1 nana(Hds t r i ng , Mdvs t r ing) , 
c jblnanodldf i l e , Mdvnowpile), 
gb l nano (Mdr.nna, Mdvnonpi le), 
gb1nano(Mdvoid, Mdvvoid), 
gb Inane (Hdnl'.ip, Mdvct: i p ) , 
gblnone(Mdjump, Mdvjump), 
gb lnano(Mdn i1 , Mdvni1), 
yhlnnno<Mdout, Mdvout), 
gblnamo(Mdin, Mdvin), 
gbinano(Mdoutb, Mdvoutb), 
yb lnano(Mdinb, Mdvinb), 
gb 1 nano (Hdnunbor, Mdvnunbor), 
gblnano(Mdrown, Hdvrous), 
gblnano(Mdbnds, Mdvbndo), 
gb1nano(Mdabsent, Mdvaboont), 
gblname(Mdrout, Mdvproc) 

da taend ; 

da taarea(Mds l ) 
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data< 8 ) , 
t jblnamedldcompl, Dof s t r uc t2 Oldroal ,Lexre,Hdroal ,Lox im) ) , 
cJM*( 

£ 

cjblnameCMdlcornpl, Do f s t rue 12(Hd1rea1,Lexre,Mrilreal,Lex 1 m)) , 
d a t a t 8 ) , 
gb l name (Rotibool, DefrowOldbool, D ) , 
d a t a ( 8 ) , 
tjb 1 name (Rouchar, Defron<Hdchar, 1 ) ) , 
d a t a ( 8 ) , 
locname(Rouout, OefrouOlriout, D ) , 
d a t a ( 8 ) , 
locnane<Ronin, DefroH<Hdin, 1 ) ) , 
data< 8 ) , 
locnane(Rottautb, Dofron<Hdmitb, D ) , 
d a t a ( 8>, 
locnatte(Roninb, Oo«roM<Mdinb, 1 ) ) , 
d a t a ( 8 ) , 
tjb 1 name (Prcbnds, DoffprocO(lidbnds)), 
d a t a ( 8 ) , 
locnano<Prc2iv , Dofproc2(Hd in t ,hd in t , i l dvo td ) ) , 
d a t a ( 6 ) , 
locnamo(Rof i n t , Dofref ( t l d i n t ) ) , 
d a t a ( 
locnanoCRof f 1 l e , Dofref (lldf l i e ) ) , 
data< 0 ) , 
ublnamo<Rofstr inn;, Do f re f (Mds t r ing) ) 

da tannd ; 

dataaroa<Mdr.2) • 

dataC 8 ) , 
gb lnamo iP rc r f v , DofprocKRof f 1 le , t ldvo ld ) ) , 
data< CP

 

locnanoCPrcbf, DofprocKRof f i l e , Hdbool)) , 

d a t a ( 

£ 

l ocnnno<Prc i ibb , Dofproc3<Mdint,t1dint,f1dbits, Mdbool)), 

data< 
locnamoCCodibtv, Dofcodo2<Hdint, t idbi ts, Hdvold)) 

datacrnd; 

I RoMod modo i nd ican t 

! Reset, Close, Scra tch 

dataaroa<f1ds3) 
d a t a ( 8 ) , 

! Random locnane<Prcroa l , Dofproc9<ttdroal)) , ! Random 

d a t a ( 
! S i n , Cos, e t c . locnane<Prcr r , DefprocKMdroal , I l d roa l ) ) , ! S i n , Cos, e t c . 

d a t a ( CP
 

1 B i t s pact: locnamo(Prcbt rb, DofprocKRonbool, t i d b i t s ) ) , 1 B i t s pact: 

data< 8>, 
! Bytes pack locnano(Prcbynt , Oo fp rocK t lds t r i ng , Mdbytos)), ! Bytes pack 

d a t a ( 0 ) , 
! Next random locnano(Prcr f i r , DofproclCRef i n t , i l d r o a l ) ) , ! Next random 

d a t a ( 8 ) , 
! Char number, e t c . locnane(Prc i f , DofprocKRof f i l e , l i d i n t ) ) , ! Char number, e t c . 

d a t a ( 

£ 

! Chan locnane(Prcchf , DofprocKRof f i l e , hdchan)), ! Chan 

d a t a ( 8 ) , 
1 P r i n t , Wr i te locname<Prcvout, DofprocKRoMout, ttdvoid)), 1 P r i n t , Wr i te 

d a t a ( 8 ) , 
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locnano ( P r c v i n , 
d a t a ( 
Iocnano(Prcvob, 
d a t a ( 
l ocnane (P rcv ib , 
d a t a ( 
I ocnano(Prcv fou t , 
d a t a ( 
l o c n a n o ( P r c v f i n , 
d a t a ( 
l ocnano(Prcv fp , 
clata< 
l ocnane(Prcv fg , 
data< 
l ocnano (P rcv f s , 
d a t a ( 
l o c n a n o ( P r c v r f r s , 
d a t a ( 
locnano(Prcon, 
d a t a ( 
t o c n a n o ( P r c s n l i , 
d a t a ( 
l ocnane(Prcsn2 i , 
d a t a ( 
locnane(Prc i f s c , 
d a t a ( 
; Iocnano<Prcsn3i , 
t l a t a ( 
l o c n a n o ( P r c v f 3 i , 
d a t a ( 
l ocnane(Prcos t , 
d a t a ( 
locnano(Codeib tv , 
d a t a ( 
Iocnano <Codp2i vv , 
d a t a ( 
Iocnano(Codpi ibbv , 
d a t a ( 
Iocnano(Code i b t vv , 
d a t a ( 
Iocnano(Codiv, 

dataonr i ; 
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! Read 

I Wr i te b i n 

I Read b i n ^ 

! Put 

! Get 

I Putb in 

I Getbin 

I Hake te rn 

Dofproc l (Renin , Hdvoid)) , 
0 ) , 
Dofproci(Rcnioutb, Hdvoid)) , 
8 ) , 
Dofprocl (Ronjnb, Hdvoid)) , 
8 ) , 
0o fp roc2(R«f f i le,RoHout, Hdvoid)) , 
8 ) , 
0o fp roc2(Rof f i l e .Rowin , Hdvoid)) , 
8 ) , , 
Dofproc2(Rnff i le,RoHoutb, Hdvoid)) , 
8 ) , 
Do fp roc t (Ro f f i l o .RoMinb , Hdvoid)) , 
8 ) , i 
Qofproc2(Roff I l e .Hde t r ing , Hdvoid)) , 
0>, 
Dofproc2<ReHi l e . R o M r i n g , Hdvoid)) , ! Associate 
8>, 
0o fp roc2<Ref f i l a ,P rcb fv Hdvoid)) , ! On rou t i nes 
8 ) , ; 
Dofproc2<Hrtnunbor,Hdint, Hds t r i n g ) ) , ! Uhole 

8», 
Defproc3(Hr immbor,ndint f Hdint , H r i c t r i ng ) ) , ! F ixed 
8 ) , 
Defproc3<Roff i la ,ndstr lng,Hdchnn, H d i n t ) ) , I Open 
8>, ! 
Bofproc4<Hdmmbor,Hdint,Hdint,Hdint, H d s t r i n g ) ) , ! F loa t 
8 ) , ! 
Dofproc»<RoHi l e ,Hd in t ,Hd in t .Hd in t , Hdvo id) ) , ! Set 
8 ) , 
OofprocG<Rofi i le.Hdstr ing,Hdchan,Hdint , Hd in t ,Hd in t , H d i n t ) ) , I Estab 
8 ) , 
DefcodoO(Codibtv)), 
8>, 
Dofcodol (Prc2 iv , Hdvoid)) , 

i sh 

8 ) , 
Do fcodoKPrc i i bb , Hdvoid)) , 
8 ) , 
DofcodoMCodibtv, Hdvoid)) , 
8 ) , 
Defcodel (Hdint , Hdvoid)) 

! Sys t race 

! On t i c k 

! On e r ro r 

I On sys t race 

! Warning leve l 

%H>7, 
dataaraa<HydO> 

yblnane(Hdt i ne , 
datar^nd; 

Hdvnonpile) 

da taa rea (Hyd l ) 
d a t a ( 
locnano (Rof t inie, 

da taend ; 

B) , 
Dofref (Hdt ime)) 

dataarna<Hyri2) 
d a t a ( 
locnano(Codv, 

0>, 
DofcodoOCIIdvoid)), 
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data< 6 ) , 
locnamoCCodrftv, Dof codoKRof t ime, f ldvo id ) ) , 
data< 8 ) , 
locnano<Codtar l , OofcodoKtldt ime, Hdroal)) 

da taond ; 
%<H7, 

XK>%7, 
dataarea<KerO) 

qb lnano<t tdn lo t , 
gblnano (t l r intep, 

da taand ; 

f ldvnoMpi le) , 
ftdvnoHslmpte) 

da taarea<Ker l ) 
data< 8 ) , 
locnatio<!1drts*ask, Dof s t r u c t * (lldbi ts,Lexaux,Hdbi ts,Lexgon,t1dbool ,Lexamp,t1dbool , Lex te *p ) ) 
data< 
!ocnatie<RoMint, 
data< 
locnamoCRoustep, 

0 ) , 
Dofron(t1ri int, D ) , 
0 ) , 
DefrouCtldstep, 1)) 

da taarea(Ker2) 
d a t a ( 
locna*ie<i1dnalk, 

da taend ; 

data«rea<Ker3) 
d a t a ( 
locnat te(hdpath, 

da taend j 

8 ) , 
Defref(Rowstep)) 

8 ) , 
Do f s t rue 12 Olds I o t , Lexs, ttdiia I k, Lexw)) 

dataarea<KerA) 
locnaweCMdalgparia, Dofunion2<t1ripath,f1dnlot)), 
locnaf io<Mdpothnlot, Dofunion2<t1dpath, lids l o t ) ) 

da tannd ; 

dataarnaO'erS) 
d a t a ( 8 ) , * . 
locnowo<Hrinrgl 1s t , DofroM<hdalgpar», 1 ) ) , ! 
d a t a ( 

CO 

l o cna*o (P rcs tep , Dofproc0<t1rintep>), j 
d a t a ( 8 ) , j 
locna*io<Prcpsv, DofprocKHdpaths lo t , t ldvo id) ) , 
dataC CO

 

locnnwo(Prcpcb, OofprocKt ldpaths lo t , f ldbool ) ) , 
d a t a ( 
locnawo<PrcpsB, DofprocKMdpathslot , t ldc tep) ) , 
clata( 0 ) , 
locna*o<PrcBpBv, Do fproc2 (lids 1 o t , fldpaths 1 o t , tldvo i d ) ) , 

d a t a ( 
locna«o(Prcpssv, Do fproc2 (hdpaths 1 o t , fids 1 o t , Hdvo i d ) ) , 

d a t a ( 

CD 

locnano<Prcpssb, Dof proc2(Hdpaths lo t , l ids l o t , Hdbi t s )> , 
dataC 8 ) , 
: locna«o(Prcsbv, Dofproc2<t1dslot, t idbi ts, t ldvo id ) ) , 



PRGE 1 -6 OSKBfSRTRBS.DLI(L150RLG8JeCHU-lOR 29-Sep-77 22 :10 55 b locks 

d a t a ( 0 ) , 

l ocnano(Prcps r t v , Defproc2(Hdpathslot,Hdrtsmask, Hdvoid) ) , 
data< 0 ) , 
l ocnano(Prcpss r t v , Dofproc3(Hdpathslot ,Hd6lot ,ndr ts inask, Hdvo id) ) , 
d a t a ( 8 ) . 
locnane (Pr.cpssr ts , Defproc3(Hdpathslot,Hd&lot ,Hdrtsmask, fids t o p ) ) , 
d a t a ( 8 ) , 
I ocnano (PrcBBpsv, Dofproc3(MdRlot,Hdslot ,HdpathBlot, Hdvoid) ) , 
dataC 0 ) , 
locnano(Cods, Defcodo0<HdRlot)), 
d a t a ( 0 ) , 
I ocnano (Cod 1st , DefcodeKHdln t , Hdstep)) , 
d a t a ( 0>» 
locnane(Codrlw, Defcodel (Ronint , Hdvialk)), 
d a t a ( 0 ) , 
locnane (Codis l , Defcode l (Hdin t , Hds lo t ) ) 

dataenr i ; 
da taaraa(Ker6) 

d a t a ( 0 ) , 
Iocnano(Prcspcab, 0ofproc3(Hr iBlot ,Hdpathslot ,Mdargl1st , H d b i t s ) ) , 
d a t a ( 0 ) , 
locnane(PrcRpBHal, DefprocMMdslot ,MdpathBlot,Hdnalk,Hriargl 1st, Hdb i ts ) ) 

da taond ; 
7>7,<KY, 

s t r u c t u r o Imode(I ,P,S) » ( . Imodo+Qadrinco(.1-1))<.P,.S>; 

map Imodo 
%H>7, Rof t ime:Codv:Codr f tv :Codtmr l : %<H7, 
%K>%Y, Hdnnlk:RoMint:RoMntop:Hdarcjl ist:Mdpath:Hdrtsmask: 

Prcpsv:Prcpnsr tv :PrcspsviPrcBpsua I : 
Prcpssv:Prcpsrtv:Prcpsb:PrcpBBrtB:PrcpBB:PrcBpBab: 
PrcpBsb:Prcsbv:Prcstep:Prcsspsv: 
Cods :Cod is t :Codr iH :Cod is l : %%<VX 
R o f i n t : R o f f i l o : R o f s t r i n g : 
Rotthool :Ronchar:Rouout:Rowin:Ronoutb:Rouinb: 
Hdconp l :Hd lconp l : 
P rcbndncPrc roa l :P rc r r :P rcb t rb :P rc i ibb: 
Pre i f :Prcb f :Prcchf :Prcvob: Prcv ib :Prcon: P rcsn l i :P rcbys t :P rc r f i r : 
Prcvf 31 :P rc r f v :P rcvou t iPrcv i n : Prcvf out i P rcv r f r s i Prcvf st 
Prcsn2l :Prcsn3i :P rcos t :Prcv f i n :P rcv fp :P rcv fg tP rc i f sc :Prc2 iv : 
Codibtv:Codp2ivv:Codpi ibbv: Code i b t v : Code ib tvv : Cod i v j 

g lobe I d a t a ( V e c t o r , I d a t a , ) 
RefL, Rof i n t ( L i n k ) , R e f f i l e ( L i n k ) , R o f s t r i n g ( L i n k ) , 

%H>% Ref t i m e d i n k ) , %<H7, 
%K>%7, Mdua lk (L ink ) , %Y,<K% 

8, 
ROML , RoHbool (L ink) ,Ronchar(Link) ,Ronout (Link) ,Ronin(L inkJ, 

RoMoutb(L ink) ,Rouinb(L ink) , 
%K>W> Rouint (L ink) ,Roustep(L ink) ,Hdargi 1st (L ink ) , %7,<K7, 

0, 
S t rue t L , HdconpI(L ink) ,HdIconpI (L i n k ) , 

7K>%Y, Hdpa th (L ink ) ,Hdr tsnask (L ink ) , %7,<K% 
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8, i 
ProcL, PrcbndsCLink) ,Prcrea l (Link) ,Prcr rCLinkJ, 

P r c b t r b l L l n k l , P r c i f CLink) ,Prcbf (L ihkl ,Prcchf t L Ink ) , 
P r c v f 3 l CLinkl ,P rc r f v (L i nk ) ,PrcvoutCl ink] ,P r cv i nC l i nk ) , 
PrcvobCLink) ,P rcv ib (L ink ) ,PrcvfsCLink) , P r c v r f r s C l i n k ) , 
P rcv fou t (Link) ,Prcvf inCLink) ,PrcvfpCl inkJ ,PrcvfgCLinkJ, 
Prcon lL ink) ,P r csn l i CLink) ,Prcsn2i CLink] ,Prcsn3i I L i n k ) , 
Pre i f s c C l i n k ) , P r c o s t C l i nk ) ,P r cbys tC l i nk ) ,P r c r f i rCL ink ) , 
P rc2 i vCL ink ) ,P rc i i hbCL ink ) , 
Prcspswal Cl ink) f PrcpsvCLink) ,PrcspsvCLink) ,Prcpssr tvCLink) , 
PrcpsBvCLinkJ .Prcpor tvCl ink) ,Prcpsb( l ink) .P r cpss r t sC l i nk ] , 

! PrcpnsCLInk) .PrcspsabtLink) .Prcpcnbt l inkJ ,PrcsbvClink) , 
! PrcstopCLink) ,PrcsspsvCLink) , %%<M 

8, 
Codo l , Cod ib tv tL ink ) ,CodcibtvCl ink) ,Codp2ivvCLink) ,Codpi i b b v d i n k ) , 

Codc ib tvvCL ink) ,Cod iv (L ink ) , 
7M>% CodvCLink) ,Codrf tvCLink) ,Codtmrl CLink), %<H7, 
%K>%% Cods CLink) ,Codist Clink) ,Codriw CLink) ,Codis lCLink) , %%<KX 

EvontL, 9, 
8 ) , 

b i n d I Indexes in to the Xmodos table (see SEMR4.BLI) 

H in t * 0, 111 in t = 1 , f l roal = 2, f l l roa l = 3, flconpl = 4 , fllcompl « 5 , 
richer s 6 , Mst r ing « 7, llbool * 8, i l b i t s * 9, 
flsema = 19, f lvoid = 11 ; 

b i n d 
Obabc 

Obarg 

Obbin 

Obcon j 

Obdonn 

u p l i t ( 

Oband « upl i t ( 

u p l i t ( 

u p l i t ( 

u p l i t ( 

Obdiv = u p l i t ( 

u p l i t ( 

Hfwords 
Hfwordn 
Hfwordn 
Hfwordn 
Hfwords 
Hfwords 
Hfwords 
Hfwords 
Hfwords 
9 >, 
Hfwords 
HTwords 
a ) , 
Hfwords 
Hfwords 
9 >, 
Hfwords 
9 >, 
Hfwords 
Hfwords 
a ) , 
Hfwords 
Hfwords 
0 >, 
Hfwords 
a ) , 

(Idmon, Pabst) , Hfwords (Mint , f l i n t ) , 
(Idmon, Pabs l i ) ,H fwo rdn (m in t , HI i n t ) , 
(Idmon, Pabsr), HfMordc<Hroal, Mroa l ) , 
(Idmon, Pabs l r ) ,Hfwords(Mlrea l , M l r e a l ) , 
(Idmon, Pabsc), Hfwords(tlcompI, f l r e a l ) , 
(Idmon, Pabslc),Hfwords(Mlcompl, M l r e a l ) , 
(Idmon, Pabsb), Hfwords(MbooI, M i n t ) , 
(Idmon, Pabsbt),Hfworr is(Hbits, M i n t ) , 
(Idmon, Pabsch),Hfwords(Mchar, M i n t ) , 

( Idgon, Pandb), ttdbool, fldbool ,hdbooI , 
( Idgon, Pandbt), f l db i t s , fldbi ts , t tdb l t s , 

(Idmon, Parg), Hfwords(HcompI, U r e a l ) , 
(Idmon, Pa rg l ) , Hfwords(Mlcompl, f l l r e a l ) , 

(Idmon, Pb in) , Hfwordsd l in t , H b i t s ) , 

(Idmon, Pconj ) , Hfwords(McompI, Mconpl), 
(Idmon, Pconj i ) ,Hfwords(Mlcompl, Mlcompl), 

( I d l l R , Pd iv ) , 
(IdRRR, Pd iv ) , 

(Idmon, PdoMnnom),Hfwords(t1soma,Hvoid), 



PRGE 1-8 

Obdvob 

Obolom 

Obont i 

Oboq 
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Obgo 

Obgt 

Oble 

Oblong 

Ob l e v e l 

Obi t 

Ob I Mb 

Obndab 

Obmnab 

Obminus 

a UpliK 

. u p H K 

a u p l i t ( 

a U p l l t ( 

= u p l l t ( 

- u p M K 

« Up l l tC 

a Upl I 1 ( 

a u p l I I ( 

a U p l i t ( 

a upl I K 

a u p l I t ( 

a U p l i t ( 

a Up I i t ( 

Mdbool, Mdbool,Mdbool, 
Mdbool, Mdbi ts ,Mdbi ts , 
Mdbool, HdbyteB,Mdbytes, 

Mdbool, Mdbi ts ,Mdbi ts , 
Mdbool, Hdbytes,Mdbytes, 

Mdbool, Mdbytes,Mdbytes, 

Mdbool, Mdbl ts ,Mdbl ts , 
Mdbool, Mdbytes,Mdbytes, 

Obnod upl I K 

HfMordcUdRRR, Pd i v ) , 
8 ) , 
Hfworrinddgon, Polmbt) , Mdbool, Mdbl ts ,Mdlnt , 
Hfworrinddgon, Polmby), Mdchnr, Mdbytos,Mdint, 
8 > > 

HfMordsddmon, P o n t i ) , HfMordB<Mroal, M i n t ) , 
HfwordB<Idwon, Pont i I ) ,HfMordB (Mlreal , M l i n t ) , 
8 ) , 
HfMorricddRRBNC, Peg), 
HfMordsddSSB, Pages), 
HfMordsddgon, Potfb), 
Hf words ddgon, Peqbt) , 
Hfwordsddgon, Poqby), 
B > , 

HfworrisddRRBC, Pyo), 
HfworrisddSSB, Pgocs), 
Hfwordsddgon, Pgobt) , 
HfwordBddgon, Pgoby), 
e >, 
HfworrisddRnRC, Pg t ) , 
HfworrisddSSB, Pgtcs) , 
HfMordsddgon, Pgtby) , 
8 ) , 
HfMordsddRRBC, P i e ) , 
HfHordoddJSB, PIocb), 
HfMords<Idgen,, P l e b t ) , 
HfwordBddgon, P leby) , 
8 >» i 
HfMordsddnon, j P lengi) ,HfMords(Hint, Ml i n t ) , 
HfMordsddmon,' Plengr) ,Hfwords(Mreal, M l r e a l ) , 
HfMordsddnon,; Plengc) ,HfMords(Hconpl, M lconp l ) , 
a ) , i 
HfMordsddmon,; P levint) ,HfMords<Hint, Msema), 
HfMordB<Idmon,i Plevsem),HfMordB<Msema, M i n t ) , 
8 >, I 
HfMordsddRRBC, P i t ) , 
HfMordsddSSB, PI t e s ) , 
HfMordsddgon, P l t b y ) , 
6 >, 
HfMorrisddlBR, PlMbm), 
HfMordsddlBR, PlMb), 
HfMordBddmon, PlMbmstr), 
8 ) , 
H fMordsdd lR I , Pmod), 

HfMordnddRRR, Psub), 
H f u o r d n d d l A I , Psub), 
8 >, 
HfMordnddRRR, Psub), 
HfMordsddmon, Pnogi) , HfMorris(Mint, M i n t ) , 
HfMordsddmon, Pnogl i ) ,Hf Morris ( M l i n t , M l i n t ) , 
HfMordsddmon, Pnogr), HfMords(Mroal, Mroa l ) , 
HfMordsddmon, Pnoglr) ,HfMords(Hlreal, M l r o a l ) , 
HfMordsddmon, Pnogc), HfMords(Mcompl, Mcompl), 
Hfuordsddmon, Pneglc) ,HfwordB(Mlcowpl , Mlcompl), 
8 ) , 
H f M o r d s d d l l l , Pmod), 

Mdbool, Mdbytes,Mdbytes, 

Mdabsent, 
Mdint, 

H fMords (Hs t r ing ,H in t ) , 
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Obno » upl I K 

Obnot s up l11( 

Obodd 

Obor 

Obropr 

Obroun 

Obshl 

Obshr 

Obchrt 

Obsign 

Obt imes 

u p l I K 

u p l I K 

Obovab a upl I K 

Obovor s u p l I t ( 

Obplab = upl I K 

Obpl to B u p l I K 

Qbpl i t ra = u p l I K 

Obplus s u p l I t ( 

« u p l i U 

= u p l i t ( 

= upl I K 

3 u p l i K 

B upl I K 

» upl I K 

« Upl I K 

8 >, 
Hfwords 
Hfwordn 
Hfwords 
Hfwordn 
Hfwords 
9 >, 
Hfwords 
Hfwords 
0 >, 
Hfwords 
Hfwords 
8 ) , 
Hfwords 
Hfwordn 
8 >, 
Hfuordn 
8 >, 
Hfwords 
8 >, 
Hfwords 
Hfwords 
Hfwords 
Hfwords 
8 ) , 
HfHordn 
8 >, 
Hfwords 
8 >, 
Hfwords 
Hfwords 
Hfwords 
Hfwordn 
Hfwords 
Hfwords 
Hfwords 
Hfwords 
9 >, 
Hfwordn 
9 ) , 
Hfwords 
Hfwordn 

o >, 
Hfwords 
8 >, 
HfworriB 
a >, 
Hfwordn 
Hfwordn 
Hfwordn 
9 
Hfwords 
Hfwords 
Hfwords 
Hfwords 
9 >, 
Hfwords 

(IdRRBNC, Pno), 
(IdSSB, Pnocs), 
(Idcjon 
(Idgon 
(Idgon, Pnoby), 

(Idmon 
(Idmon 

(Idmon 
(Idmon 

(Idgon 
(Idgon 

( I d lA I 

( I d l l l 

(IdRRR 
( Id lR I 
(IdSCS 
(IdSCS 

(IdCSS 

( I d l l C 

(IdRflR 
(IdSSS 
(Idmon 
(Idmon 
(Idmon 
(Idmon 
(Idmon 
(Idmon 

(Idmon 

(Idmon 
(Idmon 

(Idgon 

(Idgon 

(Idmon 
(Idmon 
(Idmon 

(Idmon 
(Idmon 
(Idmon 
(Idmon 

Pnob), 
Pnobt), 

f ldbool , f ldbool, f ldbool, 
f ldbool, t i db i t s , t i db i t s , 
f ldbool, Hdbytes,Hdbytos, 

Pnotb), Hfwords(Hbool, f l boo l ) , 
Pnotbt) ,Hfwords(Mbi ts , H b i t s ) , 

Podd), Hfworris(Hint, f lboo l ) , 
Poddl) , Hfworr isOl l in t , Hbool) , 

Porb), • f ldbool, Mdbool,MdbooI, 
Po rb t ) , Hdb i ts , fldbi ts,l1ribi t s , 

Povor), 

Povor), 

Padd), 
Padd), 
Pcat+4), Mdst r ing, 
Pcat+3), fldchar, 

Pplustocs) , 

Pp l i tm) , 

Padd), 
Peat) , 
Pnoop), Hfwordn(t1int, f l i n t ) , 
Pnoop), Hfwordn(MI i n t , t i l i n t ) , 
Pnoop), Hfwords(t l roal , f l r o a l ) , 
Pnoop), Hfwordn (ti l roa I , H l r o a l ) , 
Pnoop), Hfwords (Hcomp I , f lcompl), 
Pnoop), Hfwords (f l lcompl, f l l compl ) , 

Propr) , Hfwordn(Mtnt, Mchar), 

Proun), Hfwords(t l roaI, H i n t ) , 
Proun l ) , Hfwords (t i l r e a l , Ml i n t ) , 

Psh l ) , t i db i t s , f l d i n t , t i d b i t s , 

Pshr) , t i db i t s , f ld in t , f ldb i t s , 

Pshrt i ) ,Hfwords(f1l i n t , H i n t ) , 
Pshr t r ) ,Hfworr is ( t1 l rea l , f l r o a l ) , 
Pshrtc),Hfwords(Mlcompl, Mcompl), 

Psgni ) , Hfwords (H in t , H i n t ) , 
Psgn l i ) ,H fwords(MI in t , M i n t ) , 
Psgnr), Hfwords(Mroal, H i n t ) , 
Psgn l r ) ,H fwords(H l rea l , H i n t ) , 

(IdRRR, Pmul), 
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Obtmab 

Obup 

Obupl 

Obup2 

Obupb 

a U p l l K 

= upl i K 

a U p l l K 

a U p l I t ( 

a U p l l K 

HfMordsddgon, 
HfMordsddgon, 
HfMords<Idgon, 
HfMordsddgon, 
0 >, 
HfworrisCIriRRR, 
Hfworr isddJRI, 
Hfwords(IdSCS, 

Hfwordsddmon, 

0 >, 
HfwordsddRIR, 
0 ) , 
HfwordsddRIR, 

0 >, 
HfwordsddlBR, 
HfworrisCIdlBR, 
Hfwordsddmon, 
a >; 

Pmul ic) , Hds t r l ng , Hdchar,Hdint , 
Pmulcl) , Mr ist r ing, Hdint ,Hdchar, 
Pmul is) , Hds t r i ng , Hds t r l ng ,Hd in t , 
Pmulsi ) , Hds t r lng , H d i n t , H d s t r l n g , 

Pmul), 
Pmul), 
Pmulsi ) , Hd in t , 

Pupsew),HfwordsCMsema, Hvo ld) , 

Pexp), 

Pexp), 

Pupbm), Mdabsont, 
Pupb), Hd in t , 
Pupbmstr), Hfwords(Hstr Ing, M i n t ) , 

da t a e n i a (Symtab) 

! Environment enqu i r i es 
dataC Oofst idC 0, Hd in t , 
dataC Oofst idC 1 , Hdroal , 
dataC Oofst idC 2 , Hdroal , 
dataC Oofst idC 3, Mdint^ 

quoted DoftagC S, 'MRXINT'))) , 
quoted DoftagC 7, >MRXRERL'))), 
quoted Oof tag( 9, 'SMRLLRERL'))), 
quoted DoftagUB, 'MRXRBSCHRR'))), 

! Opo ra i i ons assoc ia ted w i th BITS valuos 
dataC Oofst idC 4 , P rcb t rb , quotod DoftagC 8, 'BITSPRCK'))), 

I Opora t i ons assoc ia ted w i th BYTES valuos 
<!ata< Oofst idC 5, Prcbyst , quoted DoftagC 9, 'BYTESPRCK'))), 

! S tandard 
dataC 
d a t a ( 
dataC 
dataC 
clataC 
dataC 
dataC 
data< 
dataC 
dataC 
dataC 

mathematical constants and funct 
Oofst idC 6, 
Oofst idC 7, 
Oofst idC 8, 
Oofst idC 9, 
De fs t i dC lB , 
D o f s t i d C l l , 
Defst idC12, 
Defst idC13, 
O e f s t i d C U , 
Dofst idC15, 
Defs t idC16, 

Hdroal , 
Prcrr, 
P r c r r , 
Prcrr, 
Prcrr, 
Prcrr, 
Prcrr, 
P r c r r , 
Prcrr, 
P r c r r , 
Prc r f i r , 

quoted 
quotod 
quotod 
quotod 
quoted 
quotod 
quoted 
quoted 
quotod 
quoted 
quotod 

ions 
OoftagC 2, 
DoftagC 4, 
DoftagC 3, 
DoftagC 2, 
DoftagC 3, 
DoftagC 6, 
DoftagC 3, 
DoftagC 6, 
DoftagC 3, 
DoftagC 6, 
Doftag(10, 

' P I ' ) ) ) , 
'SORT' ) ) ) , 
' E X P ' ) ) ) , 
' L N ' ) ) ) , 
'COS ' ) ) ) , 
•RRCCOSM)), 
' S I N ' ) ) ) , 

. 'ARCSINM)), 
' T R N ' ) ) ) , 
'RRCTRH*))), 
'NEXTRRNDOH*))), 

! Channois 
dataC Defst idC17, Mdchan, quotod DoftagC14, •STANOINCHRMMEL'))), 
dataC Dofst ldC18, Hrichnn, quoted OoftagCIS, 'STRNOOUTCHRHNEl'))), 
dataC 0o fs t ldC19, Hdchan, quotod DoftagC16, 'STRNOBRNXHRMIII'))), 

! F i l e s and assoc ia ted operat ions 
dataC Defst idC20, Prcchf , quoted DeftagC 4, 'CHRN'))) , 
dataC Dofs t idC21 , P rcv f s , quoted DoftagC 8, 'HAKETERM'))), 
dataC Defst idC22, Prcon, quoted DeftagC16, 'ONL0GICRLFILEEN0'))), 
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. dataC Defst.idC23, Prcon, quoted Def tagU7, 'ONPHYSICALFILEENO'))), 
dataC Dofs t id<24, Prcon, quoted DoftagC 9, ' O N P A G E E N n ' ) ) ) , 
d a t a ( Oofst idC25, Prcon, quoted DoftagC 9, 'ONLINKENO'))), 
data< 0o f s t i d<26 , Prcest , quoted OeftagC 9, 'ESTABLISH'))), 
d a t a ( 0 o f s t i d ( 2 7 , P r c i f s c , quoted DoftagC 4, 'OPEN'))) , 
d a t a ( D e f s t l d ( 2 8 , Prcv r f rs ,quo ted DoftagC 9, 'ASSOCIATE'))), 
dataC 0e f s t l d<29 , P r c r f v , quoted DoftagC 5, 'CLOSE'))), 
data< D e f s t i d ( 3 8 , P r c r f v , quoted DoftagC 7, 'SCRATCH'))), 
data< Defs t idC31, P r c i f , quoted Dof tag (18, 'CHRRHUIIBER'))), 
data< Defs t id<32, P r c i f , quoted DoftagCiB, 'LINENUMBER'))), 
d a t a ( 0o f s t i d<33 , P r c i f , quoted DoftagCIO, 'PAGENUHBER'))), 
d a t a ( 0 e f s t i d ( 3 4 , P r c r f v , quotod Doftag( 5, t 'SPRCE'))), 
d a t a ( 0e f s t l d<35 , P r c r f v , quotod DoftagC 7, 'NEULINE'))), 
data< D e f s t i d ( 3 6 , P r c r f v , quoted DoftagC 7, 'NEMPRGE'))), 
d a t a ( D e f s t i d ( 3 7 , P r c v f 3 i , quotod DoftagC 3, ' S E T ' ) ) ) , 
dataC 0 e f s t i d ( 3 8 , P r c r f v , quotod DoftagC 5, 'RESET'))) , 

! Convors ion r o u t i n e s 
dataC 0 o f s t i d ( 3 9 , P r c s n l i , quotod DoftagC 5, 'WHOLE'))), 
dataC D o f s t i d ( 4 8 , Prcsn2 i , quotod OoftagC 5, ' F IXED ' ) ) ) , 
dataC 0 o f s t i d ( 4 1 , Prcsn3 i , quoted OoftagC 5, 'FLORT')) ) , 

I Format less t ransput 
dataC 0 o f s t l d ( 4 2 , Prcyfout ,quotod OoftagC 3, ' P U T ' ) ) ) , 
dataC 0 o f s t i d ( 4 3 , P r c v f l n , quotod DoftagC 3, 'GET ' ) ) ) , 

! B ina ry t ransput 
dataC 0 o f s t i d ( 4 4 , Prcv fp , quotod OoftagC 6, 'PUTBIN' ) ) ) , 
dataC 0o fs t idC45, Prcv fg , quoted DoftagC 6, 'GETBIN') ) ) , 

I P a r t i c u l a r p ro ludo 
dataC Dofst idC46, R o f i n t , quotod DoftagCIO, 'LRSTRRNOOII'))), 
dataC D o f s t i d ( 4 7 , P r c r o a l , quoted DoftagC 6, 'RANDOM'))), 
dataC Dofst idC48, R o f f i l e , quotod DoftagC 7, 'STANDIN'))), 
dataC D o f s t l d ( 4 9 , R e f f i l e , quotod DoftagC 8, 'STANDOUT'))), 
dataC Dofst idC50, R e f f i l e , quotod DoftagC 9, 'STANOBRCK'))), 
dataC Dofs t idC51, Prcvout , quoted DoftagC 5, 'PRINT ' ) ) ) , 
dataC Do fs t i dCS l , Prcvout, quoted DoftagC 5, 'WRITE') ) ) , 
dataC Dofst idC52, P rcv in , quotod OoftagC 4, 'READ')) ) , 
dataC Dofst idC53, Prcvob, quoted DoftagC 8, 'WRITEBIN'))), 
dataC Dofst idC54, P rcv ib , quotod DoftagC 7, 'RERDBIN'))), 

da taC. D e f s t i d ( 5 5 , Codp2ivv,quotod DoftagC 6, 'ONTICK'))) , 
dataC Dofst idC56, Codpiibbv,quotod DoftagC 7,'ONERROR'))), 
dataC 0 e f s t i d ( 5 7 , Codcibtvv,quoted OoftagC18,'ONSYSTRACE'))), 
dataC 0 o f s t i d ( 5 8 , Codcibtv,quotod DoftagC 8, 'SYSTRRCE'))), 
dataC Dofst idC59, Codlv, quoted DoftagC12, 'WRRNINGLEVEL'))), 

dataC Defst idC60, Mdchan, quoted Dof tagU3, 'CONSINCHRMMKL'))), \ N 

dataC D o f s t i d ( 6 1 , Mdchan, quoted DoftagC14, 'CQNSOUTCHANNKL'))), 
dataC D e f s t i d ( 6 2 , Mdchan, quoted DoftagC16, 'FIXEOPAGCCHANNEL'))), 
dataC D e f s t i d ( 6 3 , Mdchan, quotod 0oftagC14, ' VARPAGECHAIINEL'))), 
dataC Defs t ld<64, Codiv, quoteo" OeftagC 7, 'SUTRRCE'))), 
dataC 0 e f s t i d ( 6 5 , Codr f tv , quoted DeftagCU, 'GETPROCTIME'))), 
dataC 0o fs t idC66, Codv, quoted Def tagU3, 'STARTPROCTIME'))), 
dataC 0 e f s t i d ( 6 7 , Codtmrl , quoted DoftagC 6, 'MUSECS'))), 
dataC 0e fs t idC88, Mdchan, quoted DoftagCW, 'SOSFILECHANNEL'))), 

! 
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%K>ZZ 
dataC 
d a t a ( 
dataC 
d a t a ( 
dataC 
dataC 
dataC 
d a t a ( 
dataC 
d a t a ( 
da ta ( 
d a t a ( 
d a t a ( 
d a t e ( 
da (a ( 
d a t a ( 
data< 
d a t a ( 
d a t a ( 
d a t a ( 
d a t a ( 
d a t a ( 
d a t a ( 
d a t a ( 
d a t a ( 
d a t a ( 
d a t a ( 
d a t a ( 
dataC 
da ta ( 
d a t a ( 

%7><K7> 

D o f s t i d ( 6 9 , 
0 o f s t i d ( 7 0 , 
0 o f s t i d ( 7 1 , 
D o f s t i d ( 7 2 , 
0 o f s t i d ( 7 3 , 
D e f s t i d ( 7 4 , 
D o f s t i d ( 7 5 , 
D o f s t i d ( 7 6 , 
D e f s t i d ( 7 7 , 
D e f s t i d ( 7 8 , 
D o f s t i d ( 7 9 , 
D o f s t i d ( 8 8 , 
0 o f s t i d ( 8 i , 
Dofst i d (82 , 
D o f s t i d ( 8 3 , 
D e f s t i d ( 8 4 , 
D e f s t i d ( 8 5 , 
D e f s t i d ( 8 6 , 
D e f s t i d ( 8 7 , 
D e f s t i d ( 8 8 , 
D o f s t i d ( 8 9 , 
D e f s t i d ( 9 8 , 
Dofst i d ( 9 1 , 
Defs t»d(92 , 
D o f s t i d ( 9 3 , 
Defst id (94, 
Defst id (95, 
D e f s t i d ( 9 6 , 
0 e f s t i d ( 9 7 , 
Defst i d (98 , 
D e f s t i d ( 9 9 , 

Prcpusrts,quotod D o f t a g d l , 
Prcspsab,quoted Doftag( 5, 
Prcpss, quotod Dof tag< 8, 
Prcpssb, quotod Doftag( 8, 
Prcsbv, quotod Doftag( 8, 
Prcpsv, quoted Doftag( 7, 
Prcspsv, quotod Doftag( 8, 
Prcpssr tv ,quoted Doftag(12, 
Prcs tep, quotod Doftag(18, 
Prcpsv, quoted Doftag( 9, 
Prcpsv, quoted Doftag(14, 
Prcsspsv,quotod Doftag( 6, 
Prcpsv, quoted Doftag( 2, 
Prcpssr tv ,quotod Doftag(5, 
Prcpcsr ts ,quoted D o f t a g d l , 
Prcpsb, quoted Doftag(13, 
Prcpssr tv ,quoted Doftag(8, 
Prcpsr tv ,quoted Deftag(13, 
Prcpssv, quoted Doftag( 7, 
Prcspsv, quoted Doftag( 5, 
Prcspsuai,quoted Do f tagO, 
Prcpsv, quoted Doftag( 7, 
Prcpsv, quoted Doftag( 2, 
Prcpsu, quoted Doftag( 7, 
Prcpsv, quoted Doftag( 5, 
Cods, quoted Doftag( 8, 
Cod is t , quoted Doftag( 9, 
CodriM, quoted DoftagC 9, 
Cod i s l , quoted DoftagC 8, 
Codpiibbv,quoted Doftag(8, 
Hds lo t , quoted Doftag( 8, 

'SAPPCNOCAPR'))), 
'SCRLL') ) ) , 
'SCLENGTHM)), 
'SCOHPRRE'))), 
'SCONTROL'))), 
'SDELETE')>), 
'SGETCRPR'))), 
'SINTERCHRMGE'))), 
'SLNSLENGTH'))), 
'SMAKEPRGE'))), 
'SnAKEUHIVERSRL'))), 
'SHERGE*))), 
' S P ' ) ) ) , 
'SPRSS'))), 
'SPRSSRPPEND'))), 
'SPCONDITIONflL'))), 
'SPUTCAPR'))), 
'SSETCHKRIGHTS'))), 
'SSHITCH'))), 
'STAKE*))), 
'STYPECRLL'))), 
'SUPDATE'))), 
' S V ' ) ) ) , 
'SVRCRTE'))), 
'SVALL ' ) ) ) , 
'SGETSLQT'))), 
'SMRKESTEP'))), 
•SMRKEIIRUM)), 
'SUSESLOT'))), 
'ONSIGNRL'))), 
'NULLSLOT'))), 

! Operators 
dataC D o f s t o p r K 0, Obabc, quotod Dofopr( 3, •RBSM)), 
d a t a ( D o f s t o p r K 0, Obarg, quotod Dofopr( 3, 'RRG' ) ) ) , 
d a t a ( D o f s t o p r K 0, Obbin, quotod DofoprC 3, ' B I N ' ) ) ) , 
dataC Oofstopr iC 0, Obconj, quoted DofoprC 4, 'CONJ ' ) ) ) , 
dataC Oofstopr iC 8, Obdoiin, quotod .OofoprC 4, 'DOIIN')) ) , 
dataC Oofstopr iC 0, Obont i , quotod OofoprC 6, 'ENTIER' ) ) ) , 
dataC Oofstopr iC 8, Obieng, quotod DofoprC 4, 'LENG' ) ) ) , 
dataC Oofstopr iC 0, Obiovol , quotod OofoprC 5, ' LEVEL ' ) ) ) , 
dataC Oofstopr iC 8, Obnot, quotod DofoprC 3, 'NOT ' ) ) ) , 
dataC Dofstopr lC 0, Obodd, quotod DofoprC 3, 'ODD' ) ) ) , 
detaC Oofstopr iC 0, Obropr, quotod OofoprC 4 , 'REPR*))), 
dataC Oofstopr iC 0, Obroun, quotod OofoprC 5, 'ROUND'))), 
dataC D o f s t o p r K 0, Obshrt, quotod DofoprC 7, 'SHORTEN'))), 
dataC Dofstopr lC 0, Obsign, quotod OofoprC 4, ' S I G N ' ) ) ) , 
dataC Oofstopr iC 8, Obup, quoted DofoprC 2, ' U P ' ) ) ) , 
dataC Dofstopr lC 1 , Obdvab, quotod DofoprC 5, 'D IVRB ' ) ) ) , 

gblnanoC Oprdvab, Dofstopr2C 1 , Obdvab)), 
dataC Oofstopr iC 1 , Obnnab, quoted DofoprC 7, 'HINUSRB'))), 

gb lnano( Oprnnab, Dofs topr2( 1 , Obnnab)), 
dataC D o f s t o p r K 1 , Obndab, quoted DofoprC 5, 'HODAB'))), 
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gblname< Oprmdab, Do l s top r2 ( 1 , Obmdab)), 
data< Do f s t o p r l ( 1 , Obovab, quotod Defopr< 6 , 'OVERRB'))), 

gb1name < Oprovab, Do fs topr2 < 1 , Obovab)), 
da ta < De f s t o p r l ( 1% Obplab, quoted Dofopr< 6, 'PLUSRB'))), 

gblname< Oprptab, De fs topr2 ( 1 , Obplab)), 
data< Do f s t o p r l ( 1 , Obptto, quoted Dofopr< 6, 'PLUSTO'))), 

gbiname< O p r p l t o , De fs topr2( 1 , Obpt to) ) , 
dataC De f s t o p r l ( 1 , Obtmab, quoted DefoprC 7, 'T l f lESRB') ) ) , 

gblname< Oprtmab, Do fs topr2( 1 , Obtmab)), 
d a t a ( De f s t o p r l ( 2, Obor, ! quoted Dofopr< 2, ' O R ' ) ) ) , 
d a t a ( Do f s top r l< 3 , Oband, quoted Defopr< 3 , ' AND ' ) ) ) , 
da ta ( De f s t o p r l ( 4 , Oboq, j quoted Defopr< 2, ' E Q ' ) ) ) , 

gbtname( Opreq, De fs topr2( 4 , Oboq)), | 
da ta ( De f s top r l< 4 , Obno, | quoted Defopr( 2, ' N E ' ) ) ) , 

gblname( Oprno, De fs topr2( 4 , Obne)), | 
d a t a ( De f s t o p r l ( 5, Obgo, j quoted Dofopr< 2, ' G E ' ) ) ) , 

gblname< Oprgo, Del fs topr2( 5, Obgo)), ' 
d a t a ( De f s t o p r l ( 5, Obgt, j quotod Oofopr( 2, ' G T ' ) ) ) , 

gblname< Oprgt , De fstopr2< 5, Obgt) ) , j 
d a t a ( Do f s t o p r l ( 5, Oble, quoted Dofopr< 2, ' L E ' ) ) ) , 

gblname( Opr le^ Do fs topr2( 5 , Ohio) ) , 
d a t a ( Do f s t o p r l ( 5, Ob i t , quoted Dofopr( 2, ' L T ' ) ) ) , 

gb(name( O p r l t , Do fs topr2( 5, O b i t ) ) , 
gb Inane( Oprp lus , Do fs topr2( 6, Obplus))^ 
gb lnano( Oprminus, Oo fs topr2( 6, Obminus)) 

da t a ( Do f s t o p r l ( 7 , Obolom, ; quoted Dofopr( 4, ' ELE t l ' ) ) ) , 
gbInamo< Oprt imes, Doi f s topr2( 7, Obt imes)) 
gblnamo( Oprd lv , Do fstopr2< 7 , Obdiv) ) , 

d a t a ( Do f s t o p r l ( 7 , Obmod, quotod Dofopr< 

CO 'MOD')) ) , 
gbInarm < Oprmod, Do-fs topr2( 7, Obmod)), 

da ta ( doi f s t o p r l ( 7 , Obovor, quoted Dofopr< 4 , 'OVER'))) , 
gb1namo < Oprovor, Do-fstopr2< 7 , Obovor)), 
gb(namo < Oprup l , Do fs topr2( 8 , Obupi)) , 
gblnamo< 0prup2, Oo fstopr2< 3, ObupZ)), 

da ta ( Do f s top r l< 8 , OblMb, quoted Defopr( 3 , ' LWB' ) ) ) , 
data< Do f s t o p r l ( 8 , Obupb, quotod Dofopr< 3, ' UPB ' ) ) ) , 
da ta ( Do f s t o p r l ( 8 , Obshl, quoted Dofopr( 3 , *SHL ' ) ) ) , 
dataC Do f s t o p r l ( 8 , Obshr, quotod Dofopr< 3 , ' SHR ' ) ) ) , 

gb(namo( Oprp l i tm, Do fstopr2< CO
 

Obpl i tm) ) , 

dataC - 1 ) 
da taond ; 

! Think about doing If l and RE 

undoc ia re Lexstop, L e x s t a r t , Lextab; 

g l o b n l d a t a ( , L e x s t a r t , ) Lexm(Lxvs t a r t , empty)) j 
g ! o b n i d a t a ( , L e x s t a p 9 ) Lexm(Lxvs tap, empty)) j 

g lobe I d a t a ( , L e x t a b , ) 

0 , De f tag ( 8, empty) , 
8, DeftagC 2, ' I f l ' ) , 
0, Deftag< 2 , ' R E ' ) , 
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0, DeftagC 4 , 'STOP') , 
0 , DefdonintC 1) # 

0, DoftagC 1 , ' S ' ) , 
0 , DoftagC 1 , ' U ' ) , 
0 , DoftagC 7, 'SRUXRTS'), 
0, D o f t a g C l i , 'SGENERICRTS'), 
0 , Do f tag (12 , 'SRMPLIFYFLRG'), 
0 , Do f tag (13 , 'STEMPLRTEFLRG'), 

Oo fbo ld (Lxva t , a, to
 

' A T ' ) , 
DofboldCLxvbogin, B, 5, 'BEGIN'), 
Do fbo 1d(Lxvpr i mdr, t i db i t s , 4 , ' B I T S ' ) , 
DofboldCLxvothdr , Mdbool, *, ' B00L ' ) , 
OofboldCLxvby, 0> 2 , ' B Y ' ) , 
Do fbo 1d CLxvpr i mdr, Mdbytos, 5, 'BYTES'), 
OofboldCLxvcase, 

8. 4 , 'CASE'), 
DofboldCLxvothdr , Mdchan, 7, 'CHRHNEL'), 
DofboldCLxvothdr , Mdchnr, *, 'CHAR'), 
DofboldCLxvprco, «C H , 2 , 'CO' ) , 
DofboldCLxvcodo, 4, 'CODE'), 
Do fbo 1d CLxvcodoop, 0, 6, 'C00E0P'), 
DofboldCLxvprco, 7, 'COMMENT'), 
DofboIdCLxvpr imdr, Mdcowpl, 5, 'C0MPL'), 
DofboldCLxvdo, 0, 2 , ' 0 0 ' ) , 
Do fbo ldCLxve l i f , 8, 4 , ' E L I F ' ) , 
DefboldCLxvelse, e, 4 , 'ELSE') , 
DofboldCLxvond, 0, 3, 'END') , 
DofboldCLxvesac, 8, 4 , ' E S R O , 
DofboldCLxvevont, 8, 5, 'EVENT'), 
DofboldCLxvexi t , 8, 4 , ' E X I T ' ) , 
DofboldCLxvext , 8, 3, 'EXT ' ) , 
DofboidCLxvboo1 don, R68false, 'FALSE'), 
Do fbo ldCLxv f i , 8, 2, ' F I ' ) , 
DofboldCLxvothdr , M d f i l e , 4 , ' F I L E ' ) , 
Dofbo ldCLxvfor , 8, 3, 'FOR') , 
DofboldCLxvtrom, 8, 4 , 'FROM'), 
DofboldCLxvgo, Md j imp, 2, 'GO*), 
DofboldCLxvgoto, Mdjunp, 4 , 'G0T0') : , 
Oofbold CLxvhoap, Gonhoap, 4, 'HEAP')1, 
Do fbo ldCLxv i f , o, 

CM ' I F ' ) , j 
Dofbo ldCLxv in , 8, 

CM ' I N ' ) , i 
Do fbo1d CLxvpr i mdr, Mdint , 3, ' I N T ' ) , 
De fbo ldCLxv id ty , I d t g i s , 2, ' I S ' ) , 
Do fbo ldCLxv id tg , I d t y i s n t , *, ' I SNT ' ) , 
DefboidCLxvloc, Gonlocrof, 3, •LOC) , 
DefboldCLxvlong, 8, * , 'LONG'), 
OofboidCLxvnodo, 8, *, 'MODE'), 
( le fbo ld CLxvmoditle, 8, 6, 'MODULE'), 
Do f bo 1 d CLx vnoitnodo , Hdvnniipile , 7, 'NEMPILE') 
Dof bo ld CLxvnotinodo ,'NEHSIMPLE 
Do fbo ldCLxvn i I , Mdn l l , 3, ' N I L ' ) , 
DofboldCLxvod, 8, 2, ' 0 0 ' ) , 
DofboldCLxvof , 8, 2, ' O F ' ) , 
Oofbo ld(Lxvop, 8, 2, 'OP ' ) , 
Oofbold(Lxvouno, 8 , *, '0USE') , 

29-Sop-77 2 2 t l 8 55 b locks 
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Dofbo ld<Lxvout , CD
 

3, 'OUT'), 
Do fbo ld (Lxvpar , 8, 3, 'PAR') , 
Do fbo ld (Lxvprco , " P " , 2, ' P R ' ) , 
Do fbo ld (Lxvprco , " P " , 7, 'PRRGIIRT'), 
Dofbo ldCLxvpr io , 8 , 4, 'PRIO' ) , 
Do fbo ld (Lxvproc , 8 , 4, 'PROC'), 
Do fbo ld (Lxvpr imdr , Mdro«l , 4, 'RERL'), 
D e f b o l d d x v r e f , 8, 3, 'REF') , 
Dofbold(Lxvhoap, Gonoecloc, 8, 'SECLOC'), 
Dofbo ld<Lxvothdr , Mdsema, 4, 'SEI1A'), 
Do fbo ld (Lxvsho r t , 8, 'SHORT'), 
Dofbold<Lxvs»: ip, Hdsfcip, 4, 'SK IP ' ) , 
Dofbo ld<Lxvothdp f Mdst r ing , 8, 'STRING'), 
D o f b o l d ( L x v s t r u c t , 8, 8, 'STRUCT'), 
Defbo ld<Lxvthen, 8, 4, 'THEN'), 
Defbo ld<Lxv to , 8, 2, ' T O ' ) , 
De fbo 1d<Lxvboo1 den, AB8true, 4, 'TRUE'), 
Do fbo ld (Lxvvo id , Fid v o i d , 4, 'VOID' ) , 
Dofbo ldCLxvwhi le , 8, 5 , 'WHILE'), 

Dofbo ld<Lxvothdr , 
1 

Mdtltne, 8, 'PROCTIttEM 

Uefbo ld<Lxvothdr , 
Defbold<Lxvothr i r , 
De fbo ld (Lxvo thd r , 
Defboid<Lxvothr i r , 
Defbo ld<Lxvothdr , 

%%<K% 

Mripath, 4, 
ttdrtsmasfc, 16, 
ttdslot, 
l ldstep, 
Mdiinlt:, 

4, 

'PATH'), 
'RIGHTSMRSK'), 
'SLOT'), 
'STEP'), 
'WALK'), 

Dofprag i 
Oofprag! 
Dofprag l 
OofpragI 
Oofpragi 
Dofprag i 
Dofprag i 
Dofprag i 
Dofprag i 
- 1 ) ; 

t e » ( 8 , 3, 'RES ' ) , 
t e i » ( l , 5 , 'POINT' ) , 
tom(2, 5 , 'UPPER'), 
tem(3, 5 , 'LOWER'), 
tem<4, 8 , 'WARNINGS'), 
tem (5 , 18, 'NOURRNINGS'), 
tem(6, 7, 'L ISTING' ) , 
tom(7, 9, 'NOLISTING' >, 
tem(8, 4,* 'PAGE'), 

end 
e ludon 


