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STRCMACS: AN EXTENSIVE SET OF MACROS
FOR STRUCTURED PROGRAMMING IN OS/360
ASSEMBLY LANGUAGE

The latest buzzword in the computer profession is "structured program-
ming." The term has been dpplied to any of a number of techniques all of
which are claimed to improve software reliability and modifiability. These
various techniques have been eyed with suspicion by some and praised by others.
Performance levels of greater than 1800 lines of code per error have been re-
ported. 1 In a world where late deliveries, release n (where n grows without
bound), PTFs, and bugs in production programs have been everyday experiences,
such methods certainly seem to have something to offer.

We will discuss the two techniques which have been most often referred to
as “structured programming,.” One is that of programming with high-level
control structures (such as the if and while) replacing the branch instruction
("'goto-less programming"); the , other is the process of developing a program
by progressively refining descriptions of components in terms of more primi-
tive components (called "stepwise refinement" or ''top-down programming™).
In addition to discussing what these techniques are, we will try to show why
their use is advised and how both can be implemented in OS assembly language
by the use of a special macro instruction package,

The use of assembly language itself is being questioned by many as being
counter-productive to software reliability. The trend is for moving away from
assembly language and its preoccupation with machine level details towards
higher-level languages. Even operating systems are being written more and
more in high-level languages. There are still many programs in the realworld,
however, which must be written in assembly languages, either due to efficiency,
interface problems, or to provide certain capabilities. Since these programs
often have strict reliability requirements, it makes sense to provide a mecha-
nism for using structured programming techniques directly in assembly language.
Much of what will be said in the following pages, however, is applicable to pro-
gramming in higher-level languages as well.

Structured programming is not, of course, a panacea. Nor will switching
to structured programming automatically improve the quantity or quality of
programs produced by every programmer. Terrible programs can be written
in any language, for any system, and using any techniques in the world. But

Igaker, F. T., “System Quality through Structured Programming,” FJICC 1972, pp. 339-343.



the majority of those who have used the structured programming techniques
have found that the code they write is better, contains fewer bugs, and is easier
to maintajn and modify than that which they had written previously using con-
ventional programming.

GOTO-LESS PROGRAMMING

One of the biggest controversies in the programming community in recent
years is the worth of the goto statement (ie., the unrestricted branch instruc-
tion) in programming languages. While it has been known for some time that it
is theoretically possible to program any problem capable of algorithmiec solu-
tion without the use of gotos, attitudes on the practicality of writing computer
programs in such a stym—ave ranged from total disbelief to reverential zeal.
However, as more and more people become involved in the issues, the number
of people advocating goto-less programming seems to be increasing continually,

One of the first printed objections to the goto was E. W. Dijkstra's letter
to the editor of the Communications of the ACM in which he suggested that the
"quality" of a programmer was inversly proportional to the density of goto
statements in his program. When the concept of goto-less programming is in-
troduced to most programmers, there is understandable skepticism. The sus-
picion is often voiced that it must be terribly awkward to program after deleting
what seems to be the most basic control mechanism of pProgramming languages:
and what code would be written must surely be inefficient and difficult to under-
stand and debug. Yet, most persons who have attempted to write any amount of
goto-less code are quick to state that the exact opposite is true: such programs
E'E—, they say, easier to understand and contain many fewer bugs and are often
more efficient than their goto counterparts. It should be pointed out that pro-
grams may use well-defined control structures and gtill contain goto statements.
The objection is not to the goto per se, but to its use for arbitrar??ranching.
Branching is certainly required to choose between alternatives. For a FORTRAN
programmer to write the equivalent of the ALGOL code:

ifI <5
then

J = 5;
else

Jd =1



he would use:
IF (I-5) 10, 20, 20
10 J =5
GO TO 30
203 =1
30 CONTINUE

Branching ocecurs in either case, Properly optimized, the same object code is
probably produced by either. The former is certainly goto-less; the latter is
as goto-less as one can be in FORTRAN. The technique, then, is really tolimit
oneself to standard and properly nested control structures, the argument being
that this improves the intellectual manageability of the program. When a lan-
guage provides these control structures directly, programs can then be written
using such statements instead of synthesizing them from the goto. Such code

as the FORTRAN segment above which contains gotos, but only "good" gotos
(i.e., gotos which represent standard control structures) are sometimes called
goto-less; we shall refer to such code as quasi-goto-less, to distinguish be-
tween it and truely goto-free code. In such quasi-goto-less code, the standard
control structures are not always quite so obvious and it is easier to make mis-
takes than when the proper control structures are provided directly in the lan-

. guage. We shall return to a discussion of quasi-goto-less code later when we
discuss language requirements for goto-less programming.

At the 1972 National Conference of the ACM, a debate was held on whether
the goto should even be a part of future programming languages. The interesting
thinﬁout the debate was that even those who were trying to justify the reten-
tion of the goto did not do so on the grounds that it was required for good pro-
gramming. In fact, one debater stated: 'In my opinion, there have been far
too many gotos in most programs .... The no goto rule. . ..does improve the
code produced by most programmers. ... If I were teaching a beginning pro-
gramming class, I would not teach the goto. "1l In the final analysis, all of the
debaters seemed to agree that at least the vast majority of programming should
be done without using gotos, with the only controversy being whether future pro-
gramming languages should still allow its use or not even provide such a
statement.

IMartin E. Hopkins, “A Case for the goto,” Proceedings of the ACM, 1972 Annual Conference, pp. 787-
790, August 1972, The last statement was mentioned as an aside during the debate and does not appear in
the proceedings. !



An excellent discussion of the rational for goto-less programming is given
in "A Case Against the goto' by William A. Wulf. This speech was given in the
goto controversy debate at ACM 1972 mentioned above. What follows is an at-
tempt to summarize some of the major points of that paper. The reader is re-
ferred there for a more complete discussion.

The main objection to the goto ig that it is possible to construct such a maze
of gotos that control flow becomes completely obscured and such uses seem to
be altogether too common. There are certain uses of the goto which form easily
recognizable control structures and are, therefore, more intellectually manage-
able. But by providing these structures specifically by name (if, do, esc ), they
become that much more recognizable. The reason for this emphasis on the in-
tellectual manageability of programs is in recognition of the reliability problems
which have occurred with major programming systems in the past decade. The
modularization and proving of correctness of programs is going to be of primary
interest if future systems are to provide substantial improvements over past
performance. Both of these goals are greatly simplified in a goto-less
environment,

Consider the example on the following page. On the left iz a portion of a
subroutine written in FORTRAN. (To avoid extraneous detail, conditional ex-
pressions have been represented by lower case letters and blocks of code con-
taining no control statement are shown as capital letters in angle brackets,) On
the right is the same program in SIMPL-M, a goto-less language, (The key-
words "fi" and "od'"" are used to terminate the "if" and "while. . .do'" constructs. )
Suppose the program abended during the execution of <J>. What can be said
about the truth of q? Of s? Is it possible that <F> was executed? If so, in
what case? All of these can be answered from either program:; but the results
are more easily seen in the SIMPL-M version since the control flow is more
graphic. In particular, it is much easier to trace the execution paths backwards
when necessary than when gotos and labels are used since the immediate prede-
cessor of any statement is easily determined.

The fact that it is theoretically possible to write programs in a goto-less
environment is not particularly surprising since there is no explicitmnching '
mechanism in a number of the formal systems of computability theory (e.g.,
recursive functions, Post systems, Markov algorithms, efc.) and yet these sys-
tems have the same computational power as, say, FORTRAN. However, as
Wulf points out:

"this does not say that an algorithm for the [solution of an
arbitrary problem] is especiaily convenient or transparent
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in goto-less form. Alanh Perlis has referred to similar
situations as the '"Turing Tarpit' in which everything is
possible, but nothing is easy."

This brings up the practicality of writing and debugging goto-less programs.
Wulf offers his experience with the designing, implementation, and use of the
goto-less systems implementation language BLISS as a subjective argument for
the method. He lists a number of large scale systems which have been written
in BLISS and states: "Programmers familiar with languages in which the goto
is present go through a rather brief and painless adaptation peried. Once past
this adaptation period, they find that the lack of a goto is not a handicap; on the
contrary, the invariant reaction is that the enforced discipline of programming
without a goto structures and simplifies the task."2 Such subjective judgements
seem to be?airly common among those who have done any appreciable amount
of goto-less programming, while the majority of the reservations seem to be
exf)?egsed by those who have never attempted it.

The main arguments for goto-less programming are:
e goto-less programs are easier to understand, debug, and modify.

e Itis easier to prove assertions (in particular, to prove program cor-
rectness) about goto-less programs,

e Goto-less programs are less likely to contain bugs due to their intel-
lectual manageability.

e Compilers are able to understand, and therefore to optimize, goto-
less programs to a larger extent,

e Languages which contain the goto construct invite its misuse to make a
"rat's nest'" of control flow.

The first three of the above arguments provide sufficient reasons for program-
ming goto-less in any language which provides the requisite control structures
regardless of whether an actual goto is also present in the language or not.

IWilliam A. Wulf, “A Case Against the goto,” Proceedings of the ACM, 1972 Annual Conference, p. 794,
August 1972,

2ibid, p. 795.



It should be mentioned that the languages in which goto-less is really feas-
able are more than bare-minimum languages. The theoretical considerations
show that the required constructs are:

e some form of grouping statements into nestable "blocks"
e a conditional statement (such as the ALGOL or PL/I if)
e a repetition statement (such as the ALGOL for or the PL/I iterated do)

Other minimum sets of constructs may be selected which are equivalent
{for example, CALL/RETURN, CASE [an n-way conditional], and recursion).
However, there is no reason to limit ourselves to a minimum set, particularly
gsince we are attempting to make the programming as siraight-forward and per-
spicuous as possible. By providing a number of basic constructs, we avoid the
need to contort the available forms to produce desired constructs.

One such special form is the BLISS leave statement. This provides for
exiting from a loop {or other block) upon the discovery of unusual conditions be-
fore the normal termination test is satisfied. Such an exiting statement may
allow the jumping out of several levels of blocks. This is no different than a
series of ifs. The program:

OQUTER: begin;

INNER: begin; [The BLISS language has been
simplified somewhat.]
H1=0
then
leave QOUTER;

o :

end;

B

end;

v



has the same effect as:

OUTER: begin;
INNER: begin;

fI#0
then
begin;
o
end;
end;
ifI1#0
then
begin;
i
end;
end;
it

Notice, however, that by using the leave statement, the immediate prede-
cessors of yare not quite as obvious; as a result, the compiler should give ap-
propriate warning messages to flag the targets of leave instructions.

In languages which do not provide the necessary control structures, one
must resort to quasi-goto-less code. Unfortunately, many of the advantages in
the ease of reading anmderstanding and the avoiding of bugs is almost nullified
when programming in the quasi-goto-less manner. The best approach when pro-
gramming in such languages is to do the initial design programming in an "ab-
stract programming language' — an arbitrary language (real or imagined) which
provides sufficient high-level features to allow one to program the algorithm
without being bogged down in extraneous detail — and then to translate (by hand
or using a preprocessor) the abstract program to the required target language.

Such a method was used in the programming of the structured macros
themselves. Since 360 macro assembly language contains no statement group-
ing capability nor any looping construct, the actual programming was done in
an imaginary abstract programming language called SIMPL-M. This not only
simplified the writing of the macros, but it also is the "source" language for
documentation and certification purposes. The listing of the macros in Appendix



C is in SIMPL-M. This source was then hand~translated into macro assembly
language in a straight-forward manner. Any changes or extentions are always
made in both to assure the "source' is kept current.

More will be said about abstract programming languages in the section on
stepwise refinement.

Those defending the retention of the goto in the ACM 72 debate used the
following arguments:

e the goto is desirable for abnormal exits from a block or procedure
e code written with the goto can be more efficient than code written without
e the goto is useful for synthesizing new control structures

An excellent discussion of these points is provided in A Case for the goto' by
Martin E. Hopkins, 1 1t is this author's feeling that perhaps a compromise solu-
tion to the controversy is in order, at least for the present. The goto could be
provided, but with the status of a "disfavored instruction.” As such, it would
require the specification of a compiler option before it would be accepted at all.
Even with the option turned on, each use would produce a warning diagnostic
message.

An early version of the structured macros included a facility to assign a
level-6 warning every time a branch instruction was generated. Since most
standard cataloged procedures will not continue if any message higher than 4
oceurs, this was treated as an error. If the user required the branch (as when
it was generated by an OS/360 macro), he could raise the conditional-execution
threshold to 7, thereby allowing the branch message to be treated as a warning,
but still bypassing execution on any standard level-8 error messages. As of the
release 20 assembler, however, it is no longer possible to use the technique
which implemented the level-6 warning.

1Hopkins, ibid., pp. 787-790.



Three classes of programming languages may be distinguished. In the
first, only goto-less programming may be done since no goto is grovided. This
group includes such languages as (pure) LISP, 1 ISWII\/I,2 BLISS, OREGANO,4
GEDANKEN,5 and SIMPL-X.® In the second class are languages which provide
a goto, but also provide sufficient control structures to do goto-less program-
ming. PL/I and assembly language using the STRCMACS are examples of lan-
guages in this class. In the remaining class (which unfortunately includes our
most popular languages—FORTRAN and COBOL), insufficient control structures
prevent doing anything beyond quasi-goto-less programming. (It is possible to
do truely goto-less programming in both FORTRAN and COBOL by using the
CALL/SUBROUTINE or PERFORM/SECTION mechanism. But when every
block of two or more statements [in FORTRAN] or every nested structure [in
COBOL] requires another SUBROUTINE or SECTION, the result is an over-
whelming proliferation of modules and often a high linkage overhead. Further-
more, since the code is always out-of-line, readability is totally destroyed.)

The main advantage, then, of goto-less coding can be summed up as fol-
lows: by limiting the flow of control in modules to a few well-understood and
carefully-defined constructs, one's understanding of the flow is aided and,
therefore, the overall logic of the module is brought more within the grasp of
the programmer, reader, and later the modifier of the program.

1McCeuthy, J.,et al., LISF 1.5 Programmers Manual, The M.LT. Press, Cambridge, Mass., 1962,
2Landin, P.J., “The Next 700 Programming Languages,” Comm ACM, 9:3, pp. 157-166, March 1966.
3wulf, W. A, etal,“BLISS: A Language for Systems Programming,” Comm ACM, 14:12, pp- 780-790,
December 1971,
Berry, D. M., “Introduction to Oregano,” Proc. Symposium on Data Structures in Programming Languages,
SIGPLAN Notices 6:2, February 1971.
SReynolds, . C., “GEDANKEN: A Simple Typeless Language Based on the Principle of Completeness and
the Reference Concept,” Comm ACM 13:5, pp. 308-319, May 1970,

6Basi1i, Victor R., “SIMPL-X: A Language for Writing Structured Programs,” University of Maryland Tech-
nical Report TR-233, January 1973.
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STEPWISE REFINEMENT

As was mentioned earlier, we use the term ""stepwise refinement' to mean
the process of developing a program by progressively refining descriptions of
components in terms of more primitive components. (Some use the term ''struc-
tured programming' to mean only "stepwise refinement.") It would be some-
what redundant for us to go to great depth into the subject of stepwise refinement,
as there already exists a number of excellent papers on the subject. Predom-
inent among these are Dijkstra's ""Notes on Structured Programming, "1 Wirth's
"Program Development by Stepwise Refinement, "2 and Hoare's '"Notes on Data
Structuring. "3 We will give here only a basic overview of the topic and refer
the reader to the above papers for more details and examples.

Stepwise refinement is an outgrowth of the problem-solving process. Con-
gider the following:

A. A problem is posed which requires solving; it is deemed capable of
algorithmic solution and appropriate to computer solution, That is,
what is to be done is well-defined; how it is to be done is not yet
specific.

B. An algorithm is developed expressed in terms intelligible to an appro-
priate computer (possibly .utilizing a translater as intermediary). A
" how -to-do-it" is now well-defined; it purports to accomplish the
""what "' of step A.

C. A convincing argument is put forth that the "how' of B accomplishes
the "what' of A.

The process of going from A to B involves a number of activities including:
formalizing such terms as "find'", ''search", "summarize", and the like; de-
fining data items to hold real-world quantities; and deleting vagueness. Such
activities are the heart of programming.

The process of going from A to B need not be done in a single pass. The
process is greatly simplified and the results are more understandable and

]Dijkstra, E. W., “Notes on Structured Programming,”StmcmredProgramming, Academic Press, 1972.
2Wirth, N., “Program Development by Stepwise Refinement,” Comm ACM, 14:4, pp. 221-227, April 1971.
3Hoare, C. A. R., “Notes on Data Structuring,” Structured Programming, Academic Press, 1972.
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reliable if a number of levels are used. At the outermost level, the "what' to
be accomplished is the "what' of A, But instead of moving directly to the "how"
of B, we go to a "how" B, for some abstract super-machine with arbitrarily
complex instructions., Most of the instructions of B; are not intelligible to our
real computer. But the number of instructions are few (maybe 50 or so), so

we can feel that, if there were a machine which could understand B, it would
surely accomplish the task A. We can now takethe instructions of B; (call them
the A;; ) and for whichever are not understandable to our real computer repeat
the problem-solving process producing a program B, ; —the ""how" for each A, ;
in more primitive terms. This process is continued until eventually all instruc-
tions are in terms intelligible to our computer.

At this point, we have the program B written entirely in some machine-
understandable language and all the intermediate '""super-instructions' may be
discarded. However, for the purpose of documentation and maintenance, it is
probably desirable to save these intermediate programs. This may be accom-
plished in the following ways. (1) The name of the super-instruction can appear
as comment cards surrounding the final instructions defining the super-
instruction. (2) The super-instruction can be replaced by a call instruction and
the definition of the super-instruction can be made a module {subroutine, pro-
cedure, or whatever) of it's own. (3) The super-instruction can be replaced by
an Invocation of a macro {compile-time call or INCLUDE statement) and the def-
inition of the super-instruction can be made a macro. Each of these methods
have advantages and disadvantages. '

The use of in-line code with the super-instruction as comments makes
reading the final code difficult. The outermost routines will run over many
pages, interrupted by many levels of definitions of super-instructions. When
macros are used, a similar problem occurs if one attempts to read a listing
which includes the expansions. If, on the other hand, one reads the macro def-
initions themselves, each macro is a module by itself and the code is much
more understandable. The macro listings, however, do not correspond to core
dumps, so debugging is often difficult without sophisticated debugging aids. By
allowing the definitions to correspond to modules evoked by run time calls, the
program's topography is maintained. Care must be taken, though, to assure
the calling overhead does not become excessive,

By using this method of programming, the modules developed during de-
signing are both the natural modules for coding and also the modules of docu-
mentation. By limiting each module to about 50 lines (one page), one not only
helps such typographical aid as the indention of control structures but also limits
the breadth of the activity of the module to a reasonable size, improving the
overall intelligibility of the program.

12



Designing a large program from the top down is not all new; nor is the
breaking of code into modules. Such techniques have been used under the name
"modularity’ for some time. The extension here is to break up the modules by
stepwise refinement and code them in the same fashion. In addition, the modu-
larity is carried down to much lower levels. The requirements ("'what")of each
module are well-defined and the method by which these requirements are ful-
filled (the "how') is limited in detail to about a page,

This top-down approach may be used in the coding and testing phase as well
as the design phase. The highest level modules are written first and are tested
by providing dummy versions of the super-instructions evoked. These dummy
"stubs, " as they are called, are then replaced with the code necessary to per-
form the required function. New stubs are inserted for any new super-
instructions evoked but not yet written. By writing the code in this top-down
fashion, most of the interfacing among modules is designed early and errors are
exposed before much effort is lost in incompatabilities. In addition, an attempt
is made to keep communications along well-defined paths; ie. instead of coding
data references arbitrarily throughout the program, interfacing is done only be-
tween a module and the modules it calls directly. Such a communication disci-
pline makes modules more independent, providing easier debugging, easier
maintenance, and a simplified interface for later replacement of modules by
different algorithms for the same function. When making changes (whether to
fix bugs, change subfunctions, or change algorithms), one searches down the
hierarchy to the highest level module, say M, at which the change is no longer
transparent. Since typically many levels exisf where the change is fransparent,
much of the code need never be considered during the change. Module M and its
descendants are then discarded, redesigned, and rewritten, at least in theory.
In practice, many of the same functions will still probably be required, so the
modules providing those functions may often be refained virtually unmodified.
Other functions may be close enough to the discarded modules to allow simple
modification or adaptation. In short, the '"rewrite! spoken of above is often not
much more than one would need to change in a conventional look-around-and-
change-whatever-is-necessary fashion; but the scope of the change is more well-
defined and the module independence both simplifies the task and yields a higher
confidence that all necessary changes have been made.

A mimber of the above techniques were developed or refined by Mills and
Baker of IBM in connection with the New York Times Information Bank
program. 1

IBaker, F. T., “Chief Programmer Team Management of Production Programming,” IBM Systems J, 11:1,
pp- 56-73, 1972.
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EFFICIENCY OF STRUCTURED CODE

There is some concern ahout the efficiency of structured code, and rightly
so. Efficiency is an important consideration and is often one of the primary
benchmarks used in deciding among programming languages. Although it is
true that carefully customized control structures can often save a few branch
instructions or test instructions over using the limited set provided by goto-less
languages and that a program with no call statements saves linkage overhead
compared with its modular equivalent, the structured programming techniques
provide a number of opportunities for efficiency, some of which are not avail-
able in conventional programs,

Compilers for the few high-level languages which have been designed for
doing structured programming have already begun to reap some eificiency ben-
efits. In ALGOL and PL/I, it is possible to goto out of a procedure into some
other active block. When such a goto is executed, variables local to the pro-
cedure (in PL/I, only those with the AUTOMATIC attribute) must have their
storage freed. This requires extra overhead (even if such gotos never occur)
which is not necessary in goto-less languages. T

Conventional programs which are a rat's nest of control flow are not only
hard for humans to understand; compilers often get confused, too. Major opti-
mizers (such as FORTRAN H) must spend much time figuring out the structure
which is implicit in goto-less languages. And most compilers must finally give
up when they cannot resolve the flow into standard constructs. Loops which
don't look like loops can't be optimized like loops. But since standard control
structures are always headed by the appropriate keyword in structured pro-

gramming languages, optimizers can always recognize them and therefore pro-
duce more efficient results.

Structured programming often results in many procedures which are each
called from only one place and frequently have no formal parameters. High-

level language compilers can easily expand such calls as in-line routines to
bypass calling execution overhead.

These automatic methods are not available to the assembly language pro-
grammer (at least not with most current assemblers), but other techniques are
useful. Various studies have indicated that, for most programs, the over-
whelming majority of the execution time is spent in a relatively small part of
the code. This fact can be exploited as follows. One writes a program in a
structured fashion. Then, once the code is debugged, timing estimates (or at
least module execution counts) are obtained to Iocate the critical sections of the
code. These sections may then be optimized using various techniques including
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the addition of customized control structures constructed from gotos and the in-
line expansion of modules.

Other considerations also point to increased efficiency in structured pro-
grams. Since such programs tend to have many fewer errors, saving indebug
time can be applied to optimization efforts. The greater intellectual manage-
ability of structured programs may lead to the use of better algorithms. The
ease of modifiability opens the door for replacing entire algorithms withinwork-
ing programs with a minimum of problems. Techniques such as these can make
major increases in program efficiency and can make up for a myriad of redun-
dant tests or occurrences of branch-to-a-branch.

Finally we should realize that even a certain loss in efficiency would be
an acceptable cost for greatly increased program reliability. For no matter
how efficient, a program with bugs doesn't really solve the problem it was
supposed to solve. And a good deal of computer time can be wasted when even
a simple bug requires a rerun of the program.
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INTRODUCTION TO STRCMACS

In Appendix A, each of the STRCMACS macros is listed, along with a com-
plete discussion of its possible operands. The pages which follow are intended
to provide an informal introduction to the use of the STRCMACS in a tutorial
manner.

The STRCMACS are used to provide the basic control structures which re-
place the use of branch instructions and to provide aids for doing stepwise re-
finement programming. As noted in the discussion of goto-less programming,
three things must be provided: a method of grouping statements into units, a
decision structure, and an iteration structure. The STRCMACS provide each
of these as well as some additional "convenience' macros to simplify concep-
tualization and coding.

Defining blocks

The instruction grouping capability is provided by the defining of "blocks"
of code. Such blocks are delineated by coding a block-initiating macro before
the first instruction of the block and a block-terminating macro after the last
instruction of the block. The simplest block defining macros are the BLOCK/
BLEND pair. For example, the following block is a unit whose purpose is to
increment the integer WORD:;

BUMP BLOCK
L 1,WORD
LA 1,1(1)

ST 1,WORD
BLEND BUMP

An optional block name may be specified on the block-initiating maero. Since
there are no branch instructions in goto-less programs, the name field "BUMP"
is basically a comment. If a name is provided, it will appear in the cross-
reference table of the assembly.

A number of other macros also define a block. For example, the IF macro
below not only tests the indicated condition, but initiates a block definition; the
FI macro terminates the block,

TRY IF  (LTR,3,3,%7)
L 1,WORD
LA 1,1(1)
ST  1,WORD
FI TRY

More will be said about the IF and FI macros later.
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A block may contain machine instructions, evocation of subroutines, OS or
user macros, or other blocks. Coding one block inside another is called nesting.
In the following example, block B is nested inside of block A, and block C is
nested inside of both A and B.

A BLOCK
L 1,WORD
B IF (LTR,3,3,2)
A 1,INCR
C IF  (LTR,4,4,NZ)
S 1,FUDGE
FI c
FI B
BAL  14,XYZSUB
BLEND A

We will now define a few terms which will be useful in discussing nested
blocks. The current nest level of any statement in a program is the number
of block initiating macros (that is, macros which start biocks such as BLOCK
and IF) up to and including the given statement minus the number of block ter-
mination macros. In the code segment above, if no blocks are defined in the
program before that segment, the "A BLOCK'" macro is at a current nest level
of 1;the "S 1,FUDGE" instruction is at a current nest level of 3. The current
nest level of a block is the current nest level of the macro initiating the block.
The current nest level of block B above is 2.

A block X surrounds a block Y if X is initiated before and terminated after
block Y. X immediately surrounds Y if X surrounds Y and there is no block Z
such that X surrounds Z and Z surrounds Y. A block X is properly nested if it is
terminated before the termination of any block which was initiated before the
initiation of X. A program is properly nested if all its blocks are properly
nested. At any point in the program, the current block is that block most recently
initiated which has not yet heen terminated.

Using the above definitions the following statements can be easily verified.
If block X surrounds block Y, the current nest level of X will be less than the
current nest level of Y. If X immediately surrounds Y, the current nest level
of X will be exactly one less than the current nest level of Y. In a properly
nested program, block termination macros always terminate the current block.

The structured macros are used to define properly nested programs. Error

messages occur if a block terminating macro is issued for other than the cur-
rent block. I no block name is coded as the operand of a block terminating
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macro, the current block is assumed. Blocks may be nested up to some depth
which is built into the macros. As distributed, this depth is 100.

Decision making

As shown in the previous section, an IF macro is provided to make condi-
tional tests. So far we have shown IF macros with operands which were simple
conditionals, such as:

(LTR,3,3,7)
The first three operands in the list give an instruction to be executed to set the
condition code. The fourth operand specifies the mnemonic (from the extended
branch mnemonic BZ) for the block which follows to be executed. Hence the

code:

TRY IF (LTR, 3,3,2)

L 1,WORD

LA 1,1(1)

ST 1,WORD
FI  TRY

will inerement the fullword WORD by one if register 3 is zero. The conditional
may also be given in two other equivalent forms:

(LTR,3,3,%)
(LTR,3,3,REL=7)
(LTR, 3,3, MASK=8) [The mask of a BC instruction.]

Note again that the mask or relation specified is that for executing the block.
The code generated for the above simple conditionals is actually:

LTR 3,3 or LTR 3,3
BNZ  end-of-block BC 7,end-of-block

Any valid machine operation code (other than branching instructions) may
be specified followed by the relation or mask. Eg.

IF (TS,SPOT, MASK=8)

IF (CR,3,4,E)
IF (CLM,3,X'C',BYTE,REL=FE)
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The following relations may be used:

H or GT (High) N H or LE (Not High)

L or LT (Low) N L or GE (Not Low)

E or EQ (Equal) NE (Not Equal)

0 {(Ones or Overflow) NO (Not Ones or Not Overflow)
P {Plus) NP (Not Plus)

M {Minus) NM (Not Minus)

Z {(Zero or Zeros) NZ (Not Zero or Not Zeros)

The FI macro terminates the conditional block., The keyword FI has been used
in a number of recent languages (most notably ALGOL 68) to mean '"the end of
an IF block" and is a convenient specific delimiter, For those who prefer, the
macros IFEND or BLEND may be used in place of FI. (BLEND may, in fact,
be used to terminate any block. )

If the condition code has already been set, it can be tested by coding only
the branch mnemonic or mask, as:

IF  (MASK=X'C")
SR 3,5
FI

which subtracts register 5 from 3 if the condition code is either zero or one.

Simple conditionals may be joined by ANDs or ORs to make more complex
conditional expressions. For example,

QTEST IF (LTR,5,5,%7),0R, (CH, 3, HWORD, NE)
L 7,SPOT
MORECHK IF ¢ (CR,7,5,E),OR,(SR,3,1,Z),>,AND, (LTR,1,1,
MASK=SYMMASK)
L 1, WORD
LA 1,1(1)
ST 1,WORD
FI MORECHK
A 7, WORD
FI QTEST

The entire QTEST block is bypassed unless either register 5 is zero or register
3 differs from the haliword at HWORD. If the QTEST block is executed, another
conditional expression is evaluated at MORECHK. Note the use of angle brack-
ets to group operands. These must be coded as separate macro operands—ie.,
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<{ (CR,7,5,E),OR, (SR, 3,1,Z))> is invalid. The symbols "+'" and "/'" may be
used instead of "¢" and '">" for those installations whose print chains will not
print the latter, If brackets are omitted, the OR is treated as having higher
precedence than the AND. (If the brackets were omitted in MORECHK above,
the operation would be performed as '"(CR,7,5,E),OR,{,(SR,3,1,Z),AND,
(LTR,1,1, MASK=SYMMASK),>»".} Instructions which do more than just set the
condition code (such as the SR above) may be used within conditional expres-
gions, It should be realized, however, that such operations may not always be
executed. In the MORECHK block above, register 1 will not be subtracted
from register 3 if registers 7 and 5 are equal.

An ELSE macro is provided to define a block which is to be executed if and
only if the preceding IF block fails. The ELSE maecro terminates the IF's true
block and initiates the IF's false block. -

LIMIT IF (C,7,=F'100', H), ELSE=TRY0
L 7,=F'100"
TRYO ELSE BLEND=LIMIT
IF (LTR,7,7,M)
SR 7,7
FI
FI TRYO0

The above block limits the value of register 7 to an integer between 0 and 100,
Here, as before, the block name LIMIT and TRYO0 are optional as are the
ELSE=TRY0 and BLEND=LIMIT operands. They may be coded to cause the
macros to do checks to insure that a FI has not been accidentally added or
omitted. Note that a FI for a block headed by an ELSE macro must either
gpecify the else-block name or have a blank operand field.

A special form of the IF is provided to handle asynchronous branch points,
particularly for the EODAD-point of data sets. The following illustrates a
typical use of this form:

GET (IN,CARDAREA)
IF ASYNCH

INPUTEND Ol FLAG,EOF
FI

IN DCE ...,EODAD=INPUTEND
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The asynchronous IF generates an unconditional branch around the block., Note
that if a label occurs on the IF macro, it will be defined on the branch instruc-
tion. As a consequence, the label "INPUTEND" is specified on the first in-
struction inside the block rather than on the IF macro itself.

Iteration

Iteration is provided in the STRCMACS by the DO macro. A conditional ex-
pression is specified similar to that in the IF macro, following a keyword such
as "WHILE". With the WHILE keyword, the block is executed if the condition
is true and execution is repeated as long as the condition remains true. For
example:

DO WHILE, (TM,0(5),X'80',Z)
L 5, 0(5)
OD

follows a chain of pointers until one is found with the high-order bit on. I the
keyword "UNTIL" is the first operand, the block is always executed once, and
execution continues until the conditional expression becomes true.

SEARCH DO UNTIL, (CLC,A, ARG, ,REL=E),OR, (TM,FLAG,EOF,O)
GET (IN,A)
IF ASYNCH
INPUTEND Ol  FLAG,EOF
FI '
oD SEARCH

The above code always reads at least dne record. Records continue to be read
until the value read is the same as the value in ARG or end of file is reached.
Logically, the UNTIL test occurs at the end of the loop SEARCH.

Both WHILE and UNTIL tests may be provided. In the previous example,
we wished for the end of file test to occur before the first loop execution, we
could code:

DO WHILE, (TM,FLAG,EOF,Z), AND,UNTIL, (CLC, A, ARG, EQ)

The WHILE and UNTIL tests may be coded in either order and may be separated
by either "OR" or "AND",

The 360/370 provides three instructions which are particularly well suited
for the construction of loops: BXH, BXLE, and BCT. Use of these looping
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branches is provided for in the DO macro either in place of or in addition to
conditional expressions.

LA 1,1 FILL ARRAY
LA 3,ARRAY WITH 1's.
LA 4,4
LA 5,ARRAYEND
FILL1S DO  UNTIL,(BXLE,3,4)
ST  1,0(3)
OD

Normally, looping branches are coded as UNTIL tests to place them at the logi-
cal end of the loop. Coding them as WHILE tests will cause the index to be in-
cremented once before the first execution.

LA 3,5
DO WHILE, (BCT, 3)

0D
The above loop will execute only four times.

If both a looping branch and a conditional expression are specified following
a keyword (WHILE or UNTIL), the looping branch must appear first, then either
"AND" or "OR", and then the conditional expression. A DO macro may have
only one looping branch (BXH, BXLE, or BCT).

X DO UNTIL, (BCT,5),0R,(LTR,4,4,Z),AND, (TM, FLAG,X'80',Z)
oD

Brackets are assumed to be around the conditional expression, so the loop X
will repeat until either register 5 is decremented to zero or hoth register 4 con-
tains a zero and the high order bit in FLAG is off. The code generated is:

X B o

¥ LTR 4,4
BNZ «
™ FLAG,X'80!
BZ B8

o DS OH
block code

: BCT 5,
g Dns 0H
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Appendix B shows the code generated for all possible combinations of DO
operands,

The OD macro terminates the block. It may also be coded as DOEND or
BLEND.

Multiple decisions

As was pointed out earlier, the block, if-then-else, and do-while constructs
are sufficient for any programming task. Several additional macros are pro-
vided, however, for convenience in coding or conceptualizing the program. One
of these is the DOCASE statement.

In its simplest form, the DOCASE statement defines the start of a block and
defines an indexing variable whose value is, say, ;. Inside the DOCASE block
are some number (say n) of CASE blocks. The ith CASE block is executed and
the remaining blocks are skipped.

Example:
UPDATE DOCASE REQWORD
ADD CASE

FSAC ADD
REPL CASE

ESAC
CHANGE CASE

ESAC

CASE

ESAC

ESACOD

If the word REQWORD contains a 2, the CASE block labeled REPL will be ex-
ecuted. If REQWORD is not a positive integer less than or equal to four, no
CASE block will be executed.

One of the CASE macros (usually the last of the list) may have the operand
WMISC" to indicate that it is to be executed only if no other block is appropriate
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(that is, if the index is less than one or greater than 7, in the form we have
discussed so far). This miscellaneous block is not counted in locating the ith
block. In our example, if the CASE labeled REPIL, had the operand MISC, then
an index value of 2 would execute the CHANGE case, and any index less than 1
or greater than 3 would execute the MISC case REPL,

A number of extensions to the DOCASE are provided to increase its useful-
ness. Operands may be specified on the CASE macros to indicate for which
values of the index they are to be selected, rather than allowing selection to oc~
cur by ordinal position number. By using this feature, multiple index values
may be made to select the same CASE. Even entire ranges of operands may be
made to select the same CASE.

DOCASE I
A CASE 3,7

ESAC
B CASE 0,2,8

ESAC
C CASE 4,(9,13),X"1C

ESAC
D CASE FIVE,(FOURTEEN,SIXTEEN]

ESAC
E CASE

ESAC
ESACOD
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FIVE EQU 5
FOURTEEN EQU X'E’
SIXTEEN EQU FIVE+11

Case A will be executed if I contains either 3 or 7; case C for I of 4, 9, 10,
11, 12, 13, or 28 (=X'1C"), As indicated, values may be specified symbolically
(although slower code is generated). All values must be in the range 0-4095,
(Again, slower code is generated for values greater than 255.)

The index has been shown as being specified by giving its fullword address.
It is also possible to specify halfword, byte, and register indexes as follows:

DOCASE I

or } Fullword
DOCASE (I, W)
DOCASE (I,H) Halfword
DOCASE {I,B) One byte
DOCASE (3)

or } Register index
DOCASE (R3)

Note that the latter indicates the index itself (not the address of the index) is in
register 3 (or whatever register R3 is equated to).

The normal expansion of the DOCASE uses a branch vector fo branch to the
proper CASE block. Two special operands are provided to allow better code to
be generated in certain special cases:

e Code "DOCASE I,SPARSE" when the number of values specified on the
CASE blocks is small compared with the range of zero to the largest
value accepted. By coding SPARSE, each CASE tests for the values ap-
propriate to it and passes control to the next CASE on failure using a
compare-and-branch sequence,

e Code '"DOCASE I,SIMPLE" when each CASE block is for a single index
value and those value are the numbers 1, 2, 3, . .., n, for small »n. By
coding SIMPLE, the index is loaded into register 1 and each CASE does
a BCT against register 1 to the next case. This is usually best when
n < 6 (if no MISC CASE is present) or n < 12 (with a MISC CASE).

In addition, the DOCASE macro will automatically optimize for the case
where all of the CASE macros specify operands which are exact mulfiples of 4.
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Another form of the DOCASE allows the selection to be performed on the
basis of character strings. The CASE macros may specify selection values in
any of the ways shown:

DOCASE (OPCODE, 4)
CASE =C'ADD_! (Literal)
ESAC
CASE C'REPL','CHNG' (Literal without leading "=" or "=C")
ESAC

CASE ('FIX1','FIX9"),'FIX_ ! (A range FIX1,FIX2,...,FIX9 or
) the literal =C'FIX_ )

ESAC

CASE SPECLOP,'NONE!,X'000000001 (An address containing a
’ character string, "NONE",
or the literal =X'00000000")
ESAC
ESACOD

Yet another form of the DOCASE allows selection based on arbitrary con-
ditional expressions.

DOCASE
CASE (LTR,3,3,%)
ESAC
CASE  (CR,1,2,EQ),OR,(TM, FLAG, X'80',0)
ESAC
CASE (8,5, WORD, P)
ESAC
ESACOD
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The conditional expressions are evaluated until one is found that is true. That
case block is then executed and the rest are bypassed. Note that no index is
specified.

Any of the previous special forms may include a miscellanecus case.

One other pair of options is provided which is of use mainly when the
DOCASE is implemented by a branch vector (that is, when an index is specified,
neither SPARSE nor SIMPLE is specified, and one or more CASEs are for self-
defining terms in the range 0-255) and no miscellaneous case is present, although
it may be specified in any DOCASE. The options IFANY or ONLY may be coded
ag the second or third operand. When IFANY is specified, code is included to
bypass all CASE blocks if the index is out of the range of the branch vector. (‘Do
case 1, ifany such case exists; else do nothing.') When ONLY is coded, the
range test is not included and the result if the index takes on an out-of-range
value is undefined — and invariably disasterous. ("Do case I, and only such
cases can exist.'") If neither IFANY nor ONLY is coded, the tests are generated.
ONLY is invalid when a MISC CASE is present. IFANY and ONLY may be coded
with the non-branch vector forms of the DOCASE, but since the test occurs auto-
matically and entails no overhead, it will be ignored.

The ESAC macro marks the end of a CASE block; it may also be coded as
CASEND or BLEND. The ESACOD macro marks the end of the entire DOCASE.
It may also be coded as DOCASEND or BLEND.

Abnormal block exit

Another convenience macro is the EXIT. It causes immediate transfer to
the end of some containing block. It is particularly useful in situations such as
searching or making error terminations in a loop.

DOINFILE DO  WHILE, (TM,FLAG,EOF,Z)
{Read a control card)

SCAN DO WHILE, (TM,FLAG,ENDOCARD, Z)
WHOOPS IF (CLI,DELIMITR, C',',NE)
{Print "BAD DELIMITER" message)
EXIT
FI
oD

oD DOINTILE
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In this code segment, a delimiter other than the comma will cause abnormal
termination of the control card scan loop after printing a message. Since the
EXIT macro has no operand, the exit is to the end of the block containing the
block containing the EXIT (the surrounding block whose nest level is one less
than the current nest level; in our example, the block SCAN). Any surrounding
block's name may be specified as the EXIT's operand to cause transfer to the
end of that block. In our example, adding the operand DOINFILE to the EXIT
would skip the rest of the input when the error occurred.

Any code immediately following the EXIT macro cannot be reached, so the
EXIT is usually the last instruction of an IF block as shown. Any instructions
(even other blocks) could appear in the IF block labeled WHOOPS. The case
where the only instruction in the IF block is the EXIT appears so frequently that
a special form is provided to simplify its coding. We could have written the IF/
EXIT/FI as the single macro:

IF (CLI,DELIMITR,C',',NE );EXIT=SCAN
or

IF  (CLI,DELIMITR,C!,',NE),EXIT=
This will cause control to transfer to the end of SCAN if the delimiter is not a
comma. No FI need be coded (nor may it be) since the IF block is generated
only long enough to perform the exit.

One disadvantage of using an EXIT is that it is no longer possible to follow
code backwards. By looking at the OD macro in our example, it is not immedi-
ately obvious that there are two possible predecessors — the last instruction of
the loop and the EXIT. In order to flag such occurrences, a warning message
(MNOTE, severity 0) is generated at the end of any block which is the target of

an EXIT macro to indicate the presence of the unexpected predecessor.

At times, the only terminating condition for a loop will be that specified by
" an EXIT macro. In such cases, the DO can be specified as

DO FOREVER
or just
DO

This will cause an infinite loop to be generated which can be terminated only by
the inclusion of an EXIT,
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Another situation which frequently occurs in search situations is that two
blocks exist, one of which is to be performed if the search is successful, an-
other if it is not. Using only the macros we have discussed so far, we could
code this in the style of the block shown below, which updates the count in an
identifier table if the required entry is present, otherwise it adds a new entry.

UPDATE BLOCK

LA 1,1 Puta linto registerl,
L 2,IDTAB Point to first entry.
SEARCH DO WHILE, (CLI, 0(2),X'00'",NE) Null entry indicates
table end.
IF {CLC, ARG(8),0(2),EQ) If entry matches ARG:
A 1,8(2) Increment
ST 1,8(2) count,
EXIT UPDATE Break out of block.
FI
L 2,12(2) Advance to next entry,
oD
MVC 0(8,2),ARG Argument not in table;
ST 1,8(2) add it at end with count
of 1.
BLEND UPDATE

The BLOCK UPDATE is defined strictly to allow the EXIT to occur properly.
An alternative form is produced by using the ATEND and ONEXIT macros:

LA 1,1 Put a 1 into register
1.
L 2,IDTAB Point to first entry.

SEARCH DO WHILE(CLI,0{2),X'00',NE)

For all entries in
table:

IF (CLC,ARG(S), 0(2),EQ), EXIT=SEARCH Exit on hit.

L 2,12(2) Advance to next entry.
ATEND Not found:

MVC 0(8,2), ARG Add new entry.

ST 1,8(2) Set count to one.
ONEXIT Found:

A 1,8(2) Bump

ST 1,8(2) count,
oD

The looping segment of the block is the IF and load insiructions which follow

the DO.
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test), the ATEND code segment will be executed; if the loop terminates abnor-
mally (duetosome EXIT being executed for the DO}, the ONEXIT segment will be
executed. The flow chart below shows the relationship of the various blocks.

FALSE '

LOOP DO WHILE, a
TRUE
<A

IF 8, EXIT = LQOP

{8>

ATEND

<e> TRUE
ONEXIT

FALSE
<D>

0D

The ATEND and ONEXIT may be coded in either order. Each is optional,
The name of the active DO block may be specified as an operand of either or
both as a check. ONEND may be used in place of ATEND; ATEXIT may be used
in place of ONEXIT,

Defining modules

To aid stepwise refinement, it is desirable to have a simple method for de-
fining modules which entails 2 minimum of execution overhead and provides a
maximum of module independence. Such modules normally are called procs (for
procedure), involve about a page of code, and invoke other procs via a calling
sequence,
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The macros PROC and CORP are provided to delineate such modules.

. There are two types of PROCs: the normal type involves minimal overhead
(normally just the saving and restoring of registers) and is used for the major-
ity of modules created during the stepwise refinements; the other involves
standard OS linkage conventions and is usually used for the main proc of the
CSECT or other places where the evoking routine is expecting O8 linkage.

The simplest non-08 proc is coded as:

X PROC

CORP

The PROC macro saves registers 14 through 12 (that is, registers 14, 15, and
0 through 12) in an in-line save area of fifteen words and branches around the
area. The CORP restores 14 through 12 and branches to the address in register
14. Evoking the routine is accomplished by a simple

BAL 14,X
instruction.
The basic form of the OS-linkage proc is:

Y PROC LINKAGE=08

CORP

The PROC macro now generates code similar to the IBM macro SAVE. The
assumption is made that register 15 is pointing at the PROC macro. A branch
is made around an in-line identifier which is taken from the label field of the
PROC. Registers 14 through 12 are saved in the previous save area, pointed

to by register 13. A new 18 word in-line save area is provided and chained to
the previous save area. A "USING" is issued for register 13 to allow it to be
used as a base register for the module's code as well as a pointer to the current
save area. Register 1 is not modified by the macro. The corresponding CORP
restores register 13 to point to the previous save area, restores all the registers
except 15 which is set to zero as a return code, stores X'FF' as the high-order
byte of word four of the old save area, and branches to the address in register
14. Evoking the OS proc may be accomplished by using the IBM CALL macro.
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A number of operands are provided on the PROC and CORP macros to ex-
tend or modify these basic capabilities for both 08 and non-08 proes, although
it is expected that these defaults will often suffice.

If a proc (particularly a non-OS proc) modifies no registers or if registers
are expected to be volatile across the proc's call, coding SAVE=NONE as a
PROC operand will omit register saving and restoring. A register or range of
registers may also be coded as

SAVE=3
or l
SAVE=(15,7)

to cause limited saving and a correspondingly smaller save area. These reg-
isters (as all registers specified for the STRCMACS) may be specified symboli-
cally. For example:

PROC  SAVE=(R5,LAST)

RS EQU 5
LAST EQU 9

The range must be a sub-sequence of 14 through 12 (that is, specifications
such as SAVE=(0,15) are invalid).

Normally, all the registers saved will be restored by the CORP macro.
The restore can be limited to a sub-sequence of those saved by coding:

CORP RESTORE=(first,last)
or limited to a single saved register by coding

CORP RESTORE=reg

An additional mechanism is provided to allow the specifying of a list of
registers which are to be unrestored. It is often the case that the purpose of a
proc (again, mainly on non-OS procs) is to calculate some result and return it

in some particular register. Here restoring that register would destroy the
returning value,

X PROC

CORP RETURN=(2,7,9)
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All the registers (except 13) are saved by the PROC macro in this example. All
the registers except 2, 7, and 9 are restored by the CORP; 2, 7, and 8 will be
returned containing the values calculated by the PROC. The registers specified
by the RETURN= operand must be registers which would have otherwise re-
turned. For example, in

CORP RESTORE=(2,7), RETURN=(5, 9)

register 9 need not and must not be specified as a returning register, since it
is not among those indicated to be restored. The specification of 5 is proper.

Two other suboperands of SAVE= are provided for OS-linkage procs to
specify how the new save area is to be provided. The examples up to now have
all used an in-line save area which is generated by default. If the user wishes
to provide his own save area, he may do so by coding its label as the third sub-
operand of the SAVE:

Z PROC  LINKAGE=0S,SAVE=(, ,MYSAVE)
PROC1 PROC LINKAGE=0S,SAVE=(14,2,MYSAVE)

The user's save area is assumed to be addressable by the base registers indi-
cated by the BASE= operand, to be discussed below,

If the proc is to be reentrant or recursive, a dynamic save area is re-
quired. To specify this, code '

SAVE=(, ,DYNAM)

A GETMAIN will be issued for the save area and the corresponding FREEMAIN
will be issued by the CORP,

By coding SAVE=(, ,NONE), the user requests that the registers be saved
in the old OS save area, but that no new save area be obtained.

OS-linkage save areas are normally 18 words long. To specify another
gize, give the length (in words) as the fourth suboperand of SAVE, either as a
decimal integer or symbolically. (For in-line save areas, the symbolic length
must be a previously defined symbol.) A typical use for a reentrant program is:

RENTPROC PROC  LINKAGE=0S,SAVE=(,,DYNAM,WORKSIZE)
USING WORKSECT, 13
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WORKSECT DSECT
DS 18F New save area.

Other work variables.
WORKSIZE EQU  (*-WORKSECT+3)/4, Length, in words, rounded up.

This obtains core for the dummy section WORKSECT and provides addressabil-
ity. Dynamic save areas camnot be specified for non-0OS linkage procs; but
since in-line save areas are generated by default, SAVE=NONE must be speci-
fied on all non-0O8 procs within reentrant or recursive code.

The in-line identifier generated for OS-linkage procs containing the proc's
name may be modified by using the ID= keyword of the PROC macro. By cod-
ing ID=NONE, the identifier {and the branch around it) will not be generated.

By coding ID=* on a non-0OS proc, the proc name will be generated as for 0OS
procs. A character string other than the proc name may be specified for either
type of proc by coding

ID=char-string

Surrounding quotes may be specified on the character string where macro syn-
tax requires (as when the string contains blanks or commas).

A base register is provided by default for OS procs. With the normal in-
line save area, register 13 serves this function. If the user provides his own
save area or requests a dynamic one, register 12 is the default base register.
To specify the loading of a base register other than the default (or to request a
base register load for non-OS procs), use the BASE= keyword, as:

PROC BASE=T7

In this case, register 7 will be loaded and a USING will be issued. Multiple base
registers may also be specified. For example,

PROC BASE=(7,8,9)

will cause register 7 to be loaded with an address within the macro, 8 to be
loaded with that address plus 4096, 9 with that address plus 8192, and a USING
will be issued for the three registers. By omitting the first register, the de-
fault register will be used as the first base register. For example:

PROC LINKAGE=0S,BASE=(,10,9)
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will use 13 as the first base register and 10 and 9 as the second and third. Reg-
ister 13 should not be explicitly listed as an operand of BASE=.

To bypass base register loading for OS procs, use BASE=NONE.

Although a USING is issued for each base register, no DROPs are issued
during the corresponding CORP. It is the user's responsibility to be sure
DROPs are issued at such times as are necessary to prevent invalid code, In
most cases, this only requires providing total addressability at the entry to the
main proc and never changing or DROPping any base registers.

The main proc of an assembly usually is the first proc and uses OS linkage.
By coding

X PROC LINKAGE=(08,CSECT)

a CSECT pseudo-operation is generated with the name X. LINKAGE=(, CSECT)
may be used to define a non-OS proc as a CSECT, if desired. Following the
CSECT pseudo-op, a "USING *, 15" is also generated to provide addressability
during the macro. A "DROP 15" is generated at the end of the PROC macro.
If the CSECT operand is not specified, the user is expected to provide address-
ability and have a valid outstanding USING instruction.

The STRCMACS, like any macros, must use certain registers as work reg-
isters. Normally, only registers 0 and 1 are vulnerable to destruction by the
STRCMACS. For 0S-linkage procs, however, register 1 is typically used to
point to a parameter list. As a result, register 2 is used as a second work reg-
ister. The user may specify that some other register be used as a work register
in place of the default (register 2 for OS procs, register 1 for non-O8 procs) by
coding

PROC WORK=54
or the like. By using WORK=NONE, the default will be used, but will be re-
stored in the code generated by the PROC macro. In any case, register 0 is
still volatile.

Register 15 is loaded with a zero by default in the CORP expansion of all
08 procs. To specify a different return code (or any return code for non-OS

procs), use:

CORP RC=value
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If the value to be returned is contained in a register, use:

CORP RC=(reg)
By coding RC=NONE, no special return-code pProcessing is performed; the value
returned in register 15 wiil be determined by whether it is being restored, as
for any other register.

The last instruction normally generated by a CORP is a

BR 14

to return to the address in register 14. To cause a different register to be used
for the subroutine linkage, use:

CORP LINEK=linkreg

By coding LINK=NONE, the returning branch will be omitted and control will
fall out the bottom of the macro,

This allows two methods of proc linkage. The normal method is to use the
standard execution-time linkage:

A PROC LINKAGE=(0S, CSECT)

BAL 14,B

CORP A

B PROC
BAL 14,C
CORP
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C PROC

CORP

The alternate method is to define the procs as user macros to perform the
linkage at assembly time:

MACRO

BMAC
B PROC

CMAC : (*)

CORP B,LINK=NONE
MEND

MACRO

CMAC
PROC

CORP LINK=NONE
MEND

A PROC LINKAGE=(0S,CSECT)
BMAC )

CORP
This causes the macro BMAC to be expanded at the point (**), During that

expansion, the macro CMAC is evoked when line {*} is generated. Since LINK=
NONE is specified onthe macros' CORPs, control falls out the bottom of each macro.
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The macros PROCEND and BLEND may be used in place of CORP.

Special services

Two minor services are provided by the STRCMACS which may be useful
from time to time.

As was pointed out earlier, any block-terminating macro which is the target
of an EXIT receives a message warning of the unexpected predecessor instruc-
tion. This message normally receives a severity code of 0, It therefore does
not affect the execution of later job steps (such as linkage editing), but a refer-
ence to the message does appear in the list of diagnostic messages. The user
may change the severity of the EXIT message by coding.

PROC EXIT=severity

on any PROC. All EXIT messages thereafter will receive the indicated severity
code. The severity must be specified as either an integer from 0 to 4095 or as
an *, (the latter avoiding the reference to the message in the diagnostic message
list).

The macro FINAL may be coded after all other code to provide a check that
all blocks have been terminated. This use of the FINAL macro is optional. An-
other use is described in the next section.

STRCMACS debugging aids

A number of debugging aids have been designed into the structured macros.
Although some of the options exact fairly heavy penalties in memory or execu-
tion time requirements, the ease with which the debug options may be turned on
and off allow large amounts of execution information to be gathered with a mini-
mum of programmer effort for the isolation of any given bug.

The various options may be specified on any PROC macro by coding:
PROC DEBUG=(list of options)

In the list, one can specify that various options be turned on {or off); the indi-
cated options will then be on (or off) for the duration of the proc. At the CORP,
the status of the options will revert to their status before the PROC macro. To
avoid this restoration, one may code "GLOBAL" or "GBL'" in the list of options.
One may also code "ALL" or "NONE" as options indicating that all options are
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to be turned on or off, respectively. After the ALL or NONE, exceptions may
be listed. For example:

A PROC

CORP
B PROC DEBUG=(BLOCKNAMES, PROCTRACE,GBL)

CORP B
C PROC DEBUG=(NOPROCTRACE, PROCCOUNTS)

CORP C
D PROC DEBUG=(ALL,NOSAVETRACE)

CORP

In the above code, proc A requests no debug processing; all debug optichs re-

main off. Proc B turns on block-names and proc-tracing (discussed below), and
specifies that the CORP B is not to revert the options to their former state (all
off). Proc C turns off proc-tracing and turns on proc-counting. At the CORP

C, the options revert to those specified in proc B. Proc D turns on all options
except the save-trace.

We will now discuss each of the options in turn.

The LISTBLOCKS option causes the name, sequential number, and static
nesting depth of each block to be printed on the assembly source listing as com-
ment messages (severity ""*") at the beginning and end of each block,

The PROCNAMES options forces all proc names to be generated as in-line
character constants as though ID=* had been coded on every PROC macro.
These names make it easy to find the corresponding code quickly in dumps. The
process can be carried a step further; by turning on the BLOCKNAMES option,
a1l blocks will contain such in-line identifiers. This is mainly of use with the
BLOCKCOUNTS option.
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The PROCCOUNTS and BLOCKCOUNTS options cause various statistics to
be maintained on the execution of proc blocks or all blocks, respectively. The
statistics maintained are:

¢ On PROCs—The number of times the proc has been executed. Thig
count is kept if either PROCCOUNTS or BLOCKCOUNTS is specified.

e On IFs—The number of times the condition was evaluated as true.

e On DOs—The number of times the loop body has been executed during the
run (the overall loop count) and the number of times the loop body has
been executed since the DO was most recently entered (the current loop
count),

e On DOCASEs—The ordinal number of the last nonmiscellaneous case
executed; note that this is not necessarily the value of the most recent
index. If the most recent execution caused the miscellaneous case to
occur, the value 255 (X'FF') is stored.

e On CASEs—The number of times this cage has been executed.
e On BLOCKs—The number of times the block has been executed.

If both BLOCKNAMES and BLOCKCOUNTS are coded, the counts are stored
immediately following the block names* to aid locating them in dumps.

By coding the option PROCTRACE, a record of the last 257 procs executed
is maintained. The recordiskept as a258-byte vector of one-byte binary num-
bers. (The 258th byte is not used; it always has the value X'FF'.) As each
proc is entered, the vector is shifted one to the left and the proc's identifying
number is stored in the 257th byte. The proc's identifying number appears not
only in the instruction which stores it into the vector, but also in all labels gen-
erated by the PROC and CORP macros when PROCTRACE is turned on. These
labels are of the form "$Phihxxx" where the sk is the proc's identifying number
(in hex) and xxx varies with the particular label. The vector itself appears as:

DC C'$TRACE!
$TRACE DC 258X'FF!

and is generated in the first proc which requests PROCTRACE.,

A free piece of debugging information is provided by the in-line save area
of the non-OS procs. The values in all registers specified in the SAVE=operand
(or by default, all registers) are stored in this area. During the CORP, any
registers specified in the RETURN=o0perand (and register 15, if a return code
is provided) are individually stored into the PROC's save area. Then the range

*An exception to this is proc counts, for reasons which will be discussed later,
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of registers indicated by the RESTORE= operand (or all the saved registers, by
default) are reloaded from the PROC's save area. As a result, the save area
will contain the registers on entry to the proc or those being returned by the
proc or some mixture depending on whether the dump occurred before, after,
or during CORP register restoring. ‘

By coding the debug option CORPVALUES, additional save areas are pro-
vided. In addition to the PROC's main save area, a save area is generated by
the CORP macro (called the CORPVALUES save area) and all the registers (14
through 12) are stored before doing register restoring to provide a copy of the
values calculated by the proc. If one or more registers are to be returned
(either by being listed in the RETURN= operand or because the RC= operand was
specified), a third save area (called the BACK save area) is provided. The
PROC's main save area is copied to the BACK save area and the value to be
returned in the RETURN= registers (and in 15, for RC=)are stored into it be-
fore loading all the registers in the RESTORE= range. Hence, the PROC's main
save area contains the values in the registers the last time the proc was evoked,
the CORPVALUES save area contains the values in the registers before register
restoring the last time the proc completed processing, and the BACK save area
contains the values returned to its caller (if different from the values saved at
proc entry).

These various save areas provide a wealth of information, but locating par-
ticular values can be a painstaking and somewhat error-prone process. A final
debug option provides the mechanism for having these areas formatted auto-
matically in OS dumps. To request the formatting, the first proc must be an
0S-linkage proc and the SAVETRACE debugging option must be turned on in it.
In addition the FINAL macro must be coded following the last proc. The SAVE-
TRACE option causes all non-OS save areas to be generated as full 18 word
gave areas linked statically (that is, at assembly time) according to OS conven-
tions. On entry to the first proc, the entire list of non-O8 save areas are linked
between the old (caller's) OS save area and the new save area. Since these
save areas are formatted like OS save areas, they will be printed in the save
area trace portion of the OS dump,

Word 1 of each non-OS save area is used to identify it. The high-order
byte indicates the type of save area as follows:

X'FF' or X'FE': The PROC's main save area: The byte is initialized to
X'FF'; it is set to X'FE' each time the proc is entered and is reset

to X'FF!' each time the proc is "finished" (each time it returns).

X'FC': The CORPVALUE's save area, for those procs in which the
CORPVALUES option is turned on.
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X'FB': The BACK save area for those proes in which the CORPVALUES
option is turned on and in which one or more registers are
returned.

Byte two of word one contains the one byte hex proc identifying number used in
that proc's labels and (if PROCTRACE is turned on) for proc tracing. The last
half of word one of the PROC's main save area contains the proc count (if
PROCCOUNTS or BLOCKCOUNTS is turned on).

Word one of thé first OS save area contains the address of the trace vector
(if PROCTRACT is turned on).

The above may seem somewhat confusing, but the example on the following
page should clear it up somewhat.

When OURPROG is called it evokes SUBX and SUBZ each twice. On its
second execution, SUBZ evokes SUBY which calls NEXTPROG which abends.
On the following pages the assembly, a diagram of the debugging blocks, and a
part of the dump are shown. Note the save areas formatted in the dump and the
trace vector and block counts.

It should be noted that turning on all debugging facilities can double the
length of 2 CSECT or more. In programs in which these aids are to be used
from time to time, one must be sure to set aside sufficient registers to be used
as base registers to provide addressability,

Addressability, labels, and reentrant code

Care must be taken that sufficient addressability is provided by the base
registers to handle references made by the structured macros. In particular,
it should be noted that since literals are generated by some PROC forms and by
character string CASEs, the literal pool must be addressable to these macros.
In addition, CORPs must be able to address their own PROCS.

All labels generated by the STRCMACS (except those specified by users in
macro name fields) begin with the "$"". Users should not use such labels to
avoid conflicts,

Reentrant code is generated except for in-line register saving and most of
the debug aids. To bypass the former, use SAVE=(, sDYNAM) on OS procs and
SAVE=NONE on non-OS procs. To bypass the latter, do not use the debug aids.
(Sorry about that!)
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4%

Loc

agoeod
Q03000
peaedd
900004
00090C
000010
000010
000014
00005C
000060
000066
000061
Q0006E
400072
000014
ooDoO7Y
oooore
0DRO7E
000180
000182
000188
00018C
4001940
000194

000198

00015¢C
000198
QQ01A2
0aQ1a6
0001a1
0001AE
000182
00185
00D1BA
00D1BE
8001Cc2
a001cy
0001CE
0001ceé
a001CcA

GOB1CE

000102
0001Dé
0001D8
00010C
039180
9001E4

ETIAMPLE OF DEBUG PACILITIES

OBJECT CODE

sx8 NHOTE %%

47PQ

FOQC

ADpat

O07DEEUDIDTDIDECT

90EC
4520

Dooc

FOSC

0030007200000000

50D0
D203
5BD0
5020
50D2
1802

47e0

SHE3ID9CICICS

F1PC

DOOB F4HAS 00023

F4aAC
0008
[ileLiL)

D16ER

FFPFPPFFFFPFFPFF

0000
D2P¥
921
ugzp
4122
4029

4150

1B11
4010
4810
111
4010
9810
att1
8010
a7ro

DOEA DO6EB GOQ7FE

D16A
D16C
0cat
D16c

Qo2

D1AE
D1ae
apo1
DI1AE
D180
0001
D130
D1B2

C2D3D2F2

a0ap
0000

4580
4520

4650

5BD0
1BFP
50FD
9088C
92rF
aT7re

Dip2
D33

D18

D1EB

0010
paoC
pooc

0017z

paoo0C

ADDE2Z

0000cC
coQac
0005¢C
¢aiFC
[ LY N
COUAC

oqgos
03004

06182

Qoo7P

02189
0Q00%

091380

G0002

adic2
og1c2
03001
001C2
o01cH
20001
0D1CH
201Cs

ad1Eé
00350

00142

co1PC

00010
aaegc

STAT

2 OURPEOG
3

4
S¢«0URPROG
33
7+
8+
J+EP01aA

10+

11+

12+3P01ISY

134320188

14+

15+

16+

17+

18+

19+

20+

2%+

22+3TRACE

23+3p01PCT
24+ $POTEE
25+

26+

27+

28+

29+

g =

31+

32

EE

3u+

35+

A6 +32BEG

37+

38+

39+

40+

4t

42+

43+

G4+32D0L

45«32DTR

46+32G0

47

ug

49

50+

51 *

52 *

53

54+

55+

56+

ST+

58+

5%+

SOUBCE STATEMERT

PROC LINKAGE=(0S,CSECT) ,DEBUG= (ALL, NOLISTBLOCKS ,GLOBAL)
4, STRCB103 WARNING--SAVETEACE REQUIRES SPINAL" MACRO
*, STACBY0B PROC OURPROG, DEBUG ID=X'01°

CSECT

USING *,15

B $POTAA

DC AL1{7),CL7'OURPROG"®

ST 16,12,12(13)

cHOP 0,4

BAL  2,$PD1BB

nc A($TRACE), (18-1) P'O?

ST 13, SFIRSTSV+4

MVC  8(4,13) ,=A($FIRSTSV)

L 13,=A (SLASTSAY)

st 2,8(13)

ST 13,4(2)

LR 13,2 '
USIRG 5PO1IsSv,13
B SPO1EE

BC Cr$TRACE!

ne 25BX*FF"

nc H'0' BROC COUNT

MYC  STRACE(256) ,$TRACE+1
M¥I  $TRACE+256,%'01¢

LH 2,3P01PCT

LA 2,1¢2)

STH  -2,$PO1PCT

DEOP 15

LA 5,2

bo UNTIL, (BCT,5)
SR 1,1

STR 1,%$200L
LH t1,8200L
La 1,11

STR 1,82p0L
LH 1,52DTR

Lk 1,1{1)
st8  1,$2D7R
B $260

D CYBLK2t OH"0"
De H'D* CORRENT LOOP COONT
pC H'Q' OVERALL LOOP COOKT
DS on
BAL 14,50BX
BAL 14,5082
on
BCT 3, §2BEG

Coﬂé
L 13, SFIRSTSY+4
se 15,15

ST 15,16 (1)
in 14,12,12(13)
AVI  12(13) ,X'PF*
BR 14
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40045000
00006000
00007000
Q00080040

00009040
00010000
faa11040

00012000
00013000
00014000
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Loc

0001E86
0001EA
Q001EE
0001F2
COo01F8
0001P8
0001F4
0001FC
000204
000240

000244

00024
00024E
000252
000256
000257

000258

000262
000266
000262
00026E
000270
000270
000270
000274
00027C

EXAMPLE DF DEBIUG FACLLITIES

OBJECT CODZ2 ADDR1

47P0

D1DA

B2BUC2ET
308C D1PO

470

D22cC

PPO20000

0000000000000270
00400000000000300

5810
D2FF
9202
4810
LRRA
4010
92FE

5830

90ET
92PF
38135
07PE

D49C
1000
1100
D1BS
0001
D1BS
DI1EG

b4sy

D268
D1E4
D204

®CI20000

1001 00002
00100

001F3

001723

00000178000002C3
0000000000000000

ADDR2

001ZE

30204
0240

0o0uBd
000491

a01FA

¢o001
GO1ZA

00498

0227C

00218

STHT SQURCE

61 3UBX
52

6 3+50BX
G4+

65+ 3POZAN
66+
6T+3P025V
68+

59+ FIRSTSV
70+

71+
T2+3P020D
73+

T4+

T5+

76+

77+

78+

T9 *

80 *

a1

32 *

83 »

84

35+

36+

87+

88+
89+5p02CRE
90+
91+3PO2NXT
92+

93+

STATEMENT

PROC SAVE=(3,5)

*, STAC8108 PROC SUBX, DEBUG ID=X'02*

B $PO02RA

DC CL4*SUBX"

STH 14,12,5P025V+12
3 §F02DD

Ds QF

DC X'eP020000' PLAG

EQU $p025Y

nC a{0,$PO2NXT)
1] [15) FrO1

L 1,=A($TRACE)
MY¥C  0(256,1),1(1
MvI 256 (1) ,X102¢
LA 1,5P025V+2
LA 1,11

STH 1,5P025V+2
MVYI  3PO2SV,X'FE’

L 3,X1D

CORP SUBX

ST 14,12,$B02CRP+12
MYI  $PO2SV,K'FF!

LN 3,5,3P025V+32

BR 14

D3 oF

DC XTFC0200000

BEQd  $PD2CAP

DC A (5PO25Y, SPO2FHD)
DC 15F 0"

(FF=FINISHED,FE=ENTERED), ID,

COUNT
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© LoC

000238
00028C
0092C0
0o002cCy
0002cs
0002C3
0Qo2cs
gogzce
000204
00a3ne
000314
0G031a
00031E
000322
000326
Qon32a

0G032E

000332
000334
400338
00033¢C
000340

000342
000346
0003423
0003%E

EXAMPLE OF DEBUG FaCILITIES

JBJECT CODE ADDRH1

4720

D2AC

E2BUC2ES

90 3C
47rQ

D20
D2FC

FF230000

0020027000200360
0Q020000000000000

5810
D2PF
9203
4810
4111
4010
922E

5830

0700
47F0

D43C
1000
1100
D2B6
0001
D2Bé
D2B4

D48a

D328

00000000

1-341
05EF

5030
32PF
98EC
d7PE

D324

D2D4
D284
n2co

1001 00002
00130

00228

00223

ADDR2

co2co

0J204
20310

00480
03001

002Ca
10001
GY2TA

0049cC

0033C

00338

J02E8

002D4

STHNT FQURCE

35 SUBY
96
37+SUBRY
a8+
99+ 5P03AR
100+
101+35P03SY
102+

103+ $P02FWD
104+

105+

-106+5pP03DD
107+

108+

109+

110+

111+

112+

113 »

114 *=

115

116

117+

118+
119+14B00UOB
1204+

121+

122 »*

123 =

124

125+

126+

127+

128+

STATEMENT

PROC DEBUG=NOCORPVALUES
%, STRCH108 PROC SUBY, DEBUG ID=X'03!
B 3p03aa

nC cLU'SUBY!
STH  14,12,5P035V+12

B $P03DD

DS oF

DC X'FFOINO00 FLAG {FF=FINISHED,FPE=ENTERED), ID,
EQL  $PO3SY

DC A ($P02CHP, $POINXT)

DC (3153 F' O

i3 1, =4 ($TRACE)

M¥C  0(256,1),1(7)
M¥YI 256 (1) ,X'030
LH 1,8P035Y¥+2
LA 1,1(1)

STH  1,§P035V+2
MvI  $PD3SV,X'FE'

L 3,110
CALL WEXTPROG
cNOP 0,4
B *+8 BPANCH ARQUND VCON
nc V (NEXTPROG) ENTRY POINT ADDRESS
L 15, I#BOQUCB LOAD 15 WITH ENTRY ADR

BALR 14,15 BRANCH TO ENTRY POINT

CORP RETUEN=3

5T 3,8P03S5V+32

MYI  $POISV,X'FE?

LM 14,12, 3P03SV+12
3R 14

COUNT
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00024000

ngo25000
00026000
ago27000
00028000

00029000
040030000
00031900
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Loc

000350
000354
000358
00035¢C
000360
000360
000360
00036L
00036C
0003a8
0003AC
000382
000386
DO03BA
0Q03BE
ogo3c2

0003Ch
Q0063Ca

Q003Ce
0003100
Q00304
Gad3DR
4003DC
DOO3EQ
00QIED
0D003E8
0o03zR
GOOD3ER

0003EE

Q00Q3EE
000322
0o03rs
0003PC
agouna
Q00w
ooouo08
aoouns
ooguos
000uocC
oooaty
000450
000450
0a0uS4
000usScC

BXANPLE OF D3IBUG FACLLITIES

OBJECT CODE

4LTIPD D3uu
BE2B4C2EY
9DEC D359
4770 D394

PPO4QO00
Do000G2C80G 00008

0Q00000009000000
5810 D49C

D2ZFF 1000 1001 00009
gzou 1100 00100

4810 D3UE
4111 0001
4010 D34E

92PE D3uC Q0340

5830 DUSC
1863

5950 D4R
4770 p3DA
4810 DIDU
4111 0001
4019 D3Du
a47¢0 D306
C2D3D2F6
o000

4520 D2A4

9OBC D400

D23 DYuB D358 QOuUST

50460 DUBA

92FF D34C 00350

98EC D443
D7FE

FCO40000

0000036000000450
0000000000000000

?BO40000
00N00noB00000000
aa00000000000040

ADDR1 ADDREZ2

Q0358

J03ac
Q03A8

0480
90001

20462
Q00401
05362

20440

J04B4
DO3EE
00328
03001
{0383
3032A

002B8

004 14
3036C
aurC

aousC

STMT

130 SUBZ
131
132+350B2
133+

1344 FPOUAA
135+
1364+3P045SY
137+
138+EP03NXKT
139+

140+

141+ 3P04DD
142+

143+

144+

145+

tua+

147+

148 *

149 *

150

151

152

153+

154+

155+

156+

157+

158+

159+
160+36IPC
161+36G0
162

163
164+ 36 END
165 =

166 *

167

168+

169+

170+

171+

172+

173+
17443POLCRP
175+

176+ 5POURKT
177+

178+
179+FPOUBLK
1804+

181+

182+

PROC

B
bc
5TH
B
s
bC
EQU
pc
v
L
MvC
MVI
LH
La
STH
MYI

i

LR

IF
C
BNE
Ln
LA
STR
B
DC
bBC
Ds

FI
DS

CORP
SIN
MYC
ST
MVI
Ln
BR
bs
LC
EQU
DC
jriv
bs
oc
1]y
oc

SOURCE STATEMENT

*, STRCB108 PROC S5UBZ,

SPOUAA
CLYTSUBZ' .
14,12, 8P0USV+12
$pOuDD

oF

X' PFOB00COT FLAG {(FP=FINISHED,FE=ENTERED), ID, COUNT

$P0OSY

A ($POISY, SPOUNXT)
(15) Fror

1,22 {$TRACE}
0(256,1),1(%)

256 (1) , X' 04

1, 5B045V+2

1.1(1)

1,5P005V+2
$P0OUSY,X'FE'

3,210
6,3
(€.5,=F' 1',EQ)
S, =F' 1}
36 END
1, 56IFC
1, 1¢{1)
1,$6IFC
F6GO
CY*BLK6! ,0H'DY
HrQv IP COUNT
04

BAL 14, 50BY

OH

RETURN=6
14,12, fPOUCRP+12

DEBOG ID=X'Qda"

$POUBCK+12 {15%4) , §POLST«12

6,5POUBCE+UL
$POLSY,X'FF?
14,12, 5POUBCK+12
14

oFp

X*PCO4OODD?
$POUCRP
A($POBST, SPOYBCK)
150!

oF

X*FBO40000"

A ($POSCRP, FPDUFRD)

(13)F' 0
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00033000

00034000
00035000
09036000
00037000
00038000

00039000
00040000

a00u1000
0G0u2000
00043000
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EXAKDLE OF DEBUG FACILIFIES PAGE 6

LOC OBJECT CanE ADDRt ADDA2 STHT  SOURCE STATENENT 23 JAN T4
184 FINAL 00045000

000450 1395+3LASTSAY EQU  $DPOUBCK
000000 186+ EPOUFWD EQU  Q
000u9s 187 Ds OF 00046000
000498 E7E7E7R7 188 ¥ID DC CrRYXX" 00047000
00049C 2AEZEBES 189 ¥Y1D De CrYyyy" 00048000
0004A0 EQEYE9EQ 150 zID ne crzzeze 00049000
00043 191 LTORG 60050000
D004RE 0000D1TR 132 =A (SPIRSTSV)
00043C 00000450 193 =A [$LASTSAV)
000LBO 00730007E 194 =A ($TRACE]
0004BY 00900001 195 =FU

197 END 00052000



Calling Program

OURPROG

Trace vector

[FFFF- - -FFFFO10204020403FF |

, New 05
Caller’s
save area
save area
? —
UV ER— ) Ty
.
SUBX Main s.a. r >
o= 4 [ a—
- FFO20002
—— Reg's at
% O
R:gys:)t entry 1o
entr
OURPROG ("__" o NEXTPROG
Reg's at
{ast entry-
1o SUBX
(" i,
SUBX CORPVALUES f
save area
FC020000
\. —©
rr—'—‘-—o NEXTPROG
Reg’s at )
end of NEXTPROG's
last exec. new OS save area
of SUBX L >
]
SUBY Main s.a. ,
FEQ30001 o
\, o ?
f__-o
Reg's at
last entry
o SUBY
SUBZ Main s.a. \_
FEO40002
k 0 SUBZ BACK
- save area
e )
FB040000
Reg's at —)
last entry L
to SURZ (—
Reg's re-
SUBZ CORPVALUES turned by
save area last execution
of SUBZ
FCO40000
L -
e,
.
Reg's at
end of
last exec.
of SUBZ

49




0%

SAVE AREXA TRACE

GSFC WiAS ENTERED VIA LINK AT
Caller's Suve ares
SA 155768 WD1 QO 000000 H5A 000000CO
Rt 001557P8 R2 GO03DFAOD
R7 QQOQ2F14A8 R8 0Q003E500
GSFC WAS ENIERED ¥Ii CALL AT
Finishad SI.FBX Count=2
SA 144CBE WD 020002 HSR 00155768
R1 00000002 a2z 00000001

R7 OQ002F148 k8 O0O03ES00

GSFC WAS ENIERED VIA CALL aT
CUHPVALUES\ suex
S5h 144D3¢  WD1 PCO20000 HSA 00144CBR
RY 00000002 k2 00000001
R7 0002P148 a8 00Q3E500
GSFC WAS ENTERED VIA CALL AT
Entered o SUBY _Count=1
sa 144D88 WD1 FEO30001‘//hSA 00 144D 30
R1 00000001 R2 00000001
R7 O0002P 148 R8 Q003E500
No CORPVALUES far SUBY AT
Entered SUBZ Count=2
5a 144820 WD ?EDHOOOZ"/ESA OD144D88
R1 00000002 E2 00¢GO0D0N
R7 O002F 148 BB Q0003E500
GSFC #A5 ENTERED VIA CALL AT
CORPVALUES - Suez
54 144EC8 WD FCOXQO00 HSa OO0 144E20
R1 00000001 R2 00000001
R7 000Q2F tud E8 QO003E500
GSFC WAS ENTERED ¥VIA CARLL AT

BACK SA.~, - SUBZ
SA 144F10 WD1 PBOW0000  HSa 0O0144ECH

R1 00000001 R2 00000001

- RT 00O02F 148 R8 OQO0Q3E500

GSFC WAS ENIERED VIA CALL AT
OURPROG Main S.A. ~ Address of trace vector

53 T44AD4 WD (G0 144B3E B3A Q0 144F 10
B1 00000001 R2 00000001
R7 0QO002P148 B8 0003ESQ0

NEXTPROG S.A.

SA T44F90 WD1 00000000 RSA B0144ADY
R1 00000000 B2 00000000
R7 00000000 R8 00000000

INTFREUPT AT 14UFE4

EP OURPROG

LSh 00144CBS
23 5CO03E528
9 O0O0O3FFF8

EP OURPROG-a—"

L3A 00144030
a3 5CO03ES28
k3 OOCG3FFFA8

EP OURFROG

L3k Q014ub88
R3 EJETE7EY
R9 CGOO3FFF8

EP QURFROG

LSA GO144EZ20
B3 EYE9E9E9
E9 OQO3FFF8

EP OQURPROG

L3k O0T4UECSE
R3 5CO03E528
R9 OCO3FFFra8

EP OURFPHCG

L5A 00144F10
73 E9E9YE9EY
B9 O00Q3FFFPAE

EF OURPROG

LSA BOV44ADY
R3 5CO03E528
R9 OCO03FFFE

EF NEXTPROG

LSa BOT44F90
B3 ESEBEBESR
®9 O0O0C3PFFAH

L5 00000000
R3 00000000
B9 00000000

RET
Ru
R10

000184F8
O0Q2BESS
CQ03ES28

EPa
R5
1

Ignora thesa; they are based on

what reg 15 points at

RET
1)
R10

RET
R4
R10

RET
RY
R0

RET
R
H10

RET

R10

RET
R4
R10

RET
no
k10

RET
R4
R10

AQ144C8A
0002BES8
0003E528

A0i4acea
0002BESS
D003E528

BOWIGEAE
0002BESE
0003ES28

AQ144C8E
DQO2BESH
DOO3IES28

80144CBE
0002BES8
0003E528

80144CBE
0002BE58
DO03ES28

40144EQ2
(002BESS
GOD3ES28

00000000
000006000
00000000

EP2A
R5
Bl

EPA
RS
R1t

EPA

R11

EPA
R5
R11

EPA
RS
R11

EPA

r11

EPA
RS
kN

EPA
RS .
B11

01144AC0
0002C2C0
00000000

01164AC0
0000000
00000000

G1IU4ACH
Q0000001
Q0000000

01144ac0
a0Qa0o0
00000000

01144AC0
00000001
0000060G0

31144400
00000002
o0o0aao0g

01144aC9
00000002
00000000

QO 144F78
00000001
00000000

00000000
00000000
00000000

RO
R6
R12

RO
Ré
R12

RO
k6
R12

RO
B6
R12

RO
RG
R12

i)

Br12

RO
k6
Ri1Z

RO
:13
R12

RO
R6
R12

FD00GQOS
Q0020670
401FE4B2

FD00000S
ESE9EIES
401FBUB2

EDO0Q0OGO8
EJE9E9JEY
4Q1FE482

FDOQOQOB
E9E9EYEY
401PE482

FDORO0GA
E9EYE9E9
401FE482

PDOOOGDS
EYE9EYEY
401FE4B2

FDO0OOOS
E9E9E9ES
4Q1FESB2

Fnooqoos
E9E9ESEYS
GO1FE482

00000000
00000000
50000000

Regs at entry to DURPROG

Regs at entry to SUBX

Regz at CORP SUBX

Regs saved atentry to SUBY
possibly modified at CORP

Regs at entry to SUBZ

Regs at CORP SUBZ

Regs raturned by SUBZ

Regs at CALL to NEXTPROG
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FROCEEDING BACK VIA REG 13

Sa 1

GSFC

SA 1

BEGS &
F

R
s

LOAD A

14 4AC0O
1U4GAED
144500
144820
144849

4uc20
104C40
OURPROG
144C80
TUL4CAQ
144CC0O
144CEQ
144000
144D2Q
W4T40
144D 60
144D 80
144DA0
144DCQO
VH4LED
T44EQQ
T44E20
144EGD
144E60
T44EBQ
T44EAQ
TU4ECO
T44EEQ
T44F 00
144F 20

44F90 WD1 00000000  HSA S0144aDs  LSA 00000000  RET 00000000  EPA Q0000000 RO 000C000C
R1 00000000 R2 00000000 k3 Q00000OO R4 00000000 RS 00000000  R6 00000000
R7 00000000 K8 00000000 &9 OGOOO00Q R0 OGO0GR00  R11 00000Q0GO  R12 00300000
WAS ENTERED VIA CaLL AT EP NEXTPROG
44ADG WD1 OOTUUB3E  HSA COT44F10  LSA BO144F90  RET 40144E02  EPA 00144P78 RO FDOOOGOS
R1 00000001 R2Z 00000001 R3 ESEBEBEB R4 OOD2BES8  R5 00000001 R6 EYEOESED
R7 O0002F148 RS (003E500 B9 OOCD3FFFE K10 O003ES28  R11 00000000  R12 40D1PE4S2
T ENTIRY TO ABEND -
LTR 0-6 4QP 1FOF2F9FIF 140 FOFOFOFO40LCICSCS F1POF2C940CID5CY 0000000000000000
EGS 0-7 FDOOO0OCS  000000C1  BO144F90  EBEBESES D00ZBESB 00000001  EIEIZ9ES 000 2F148
EGS &-15 0G03ES00  OO03FFFB  O003E528 00000000 4OTFE4B2  80144F90 40144202  00144F78
ODUL & GSFC
4 7FOF00C 07D6EUDS D7DIDECT SOECDOOC 4520F05C 00144B3E Q0T44F10 BOIMUPIC  *.00..0URPROG.sea=elaunnans cieaanE
40T44E02 00144FT8 FDOODOCS 00000001 00000001 EQEARAER 0002BESS 00000601  * ...... R § 4 4 PP *
EYE9E9E9 OCQ02F148 0003E500 00Q3IFFF8 0003IES28 0CO0000C BQIPE4B2 SODOFIFC #ZZZB..l...¥....8..Veooes oU0...1.*
D203D008 F4aB58D0 F4AC502D 000B50D2 000418D2 47FODI6E[SBEIDICT CICHEFFF] *KeuoBuwslBowoewoKaoaK.0d. [TBACEL.*
FFFEFFF? FFFFFFFF FRFFrIFF FEFFEFFP FFFEFFFF FFFEFFEFF FYPFEPFF FEFFFEFF| *eavamuanonsnanss B
LINES 144B60-14u4C00 SAME AS ABOVE Trace vettor
FFFFPFPF_FFFFFFLF FFFFPFFF FFPPIFFF FFFFFFEF_FFFFFFPF FF010204 020403FF] *........ ceisessesencasonaannanaa
[poc$o2FF D06ADOGE 9201D16A 4B20D16C 41220001 4020D16C 41500002 1B114010  *..Keauuaa- Jeeedevene odencnn. . ¥
count  E4810 D1AES111 GOO140710 D1AE4810 D1BOU11T 00014010 DIBOUTPO D1B2C2D3  #J..edeucws sdanedencnn .J..0J.BL*
p2F 0002 PO0Zu520 D1D245E0 D33C4650 D1SE58D0 D1ESIBFF S0FDOQ10 98ECDOOC  *KZ2...-eedKenblasadanadYiuenn ceees ¥
9 2P Fpo T counts » 7EQ DI1DAE2E4 C2E790EC DIFO47F) D22CE1F6 FFO20002 00155768  #,......00.50BX..J0.0K.160uucunns®
001Tlwoau auvswdC8A 011442C0 FDOO000S 00000002 00000001 5C03ES28 0002BES8 Fiuevevescnsnnsanacscnnsnnsfoness®
00000001 EYEIE9IES 0002F148 (0CIES00 0003FF#8 0003E528 00000000 WOTFE4R2  #....2282..%..V.uauBauVanans Lu.*
5510D49C D2FF1000 10019202 11004810 D1E6G 111 00014010 D1B692FE DI1E45830  *..M.K..... SR, & RN * i § e
D4BUYOEC D26892FF DIE4Y835 D2040TFE FCO20000 0Q14GCBR 00144088 AOT4UCEBA  *Mi.aBuosdUoaKaovovoaonnnnns ceu¥
01144AC0 PDOOQODB 00000002 0000000 E7ETETET 00O2BES8 00000001 E9ESEIET  *.iu.veaneesessssXERNcounea . LEZE®
000ZF1u8 (003ES00 COO3FFFA 0G03E528 00000000 4OTFE4E2 4TFOD2AC E2EGCZES  *..le.oV.e.c.B.uVe.ooe oU.-0K.SUBY¥
YOECD2ZCO 47PODZFC FEO30001 00144D30 OC144E20 BOT4UEAE 01144AC0 FDOOOOOB  #..KivOKewaeeeaoneaan- ceeraeaeean *
00000001 00000001 E9EYEYEY 0002BESS 00000001 E9EYE9EY 0002P148 0003E500 *....eeec22EZacnean-. 2222..1...¥.%
000 3FFFA CO03E528 00000000 40 IFEUB2 SE10D49C D2FF1000 10019203 11004810  #...8..Veeuu. oBusaMaBoncnnanunn *
P2B64111 00014010 D2B6Y2FE D2BUSE3D D4BSOTO0 47FOD323 QO144F7B SBFOD324  *Keaess oKeouBooofoooodLlacea. OL.#*
OSEF5030 D2DU92PF DZB498EC D2COOTFE 47P00344 E2EY4C2EY 90BCD3S8 4T7FOD394  #....KM..K...Kee.-OL.S5UBZ..L..0L.*
FEO40002 0D0144D88 OGTWUECE AOIUWHCBE  0114LACO FCODOO00S 00000002 00000001  *...... T *
5C03E528 0002BESS 00000001 E9E9EYIES - 0002F148 00C3IES00 GOOIFFFA O0003E528  *..V......ssZ2ZE..1.coVooo.80.V.%
00000000 4Q1FEUB2 5810DLIC DZFP1000 10019204 11004810 DI4E411Y 00044010  #.... oU.. BeKeeoawnvavaalannan .*
D34EYZPE D34C5830 D4BCIH63 5950D4A0 4770D3IDA 4810D3D4 41110001 4010D3DY  *L...Le..Mec.--M...Loo.Ld.... .LH®
47F0D3D6 C2D3ID2FE QOO145EQ D2A4YQEC D4OOD23B DUUSDHIS8 5060D468 92FPDISC  *.OLOBLK6....K...M.K.f.l...M...L.*
98ECD4 48 QIFEUOFU PCOLOOOOQ 00144E20 00144F10 B0144CBE D1144AC0O FDOOODOS  #..Mee. Heuaeecesssarcnancannosne *
00000001 00000001 EYEIEYES 0002BESE 00000002 EYEVEYEI 0002F148 0003E500 *........Z2E2...... veZBTZ..1... VL%
0O0Q3IFFF8 0003E5S28 00000000 4O 1FE4R2 FBOGOOCO QO14GECS BOT44ADY BOTGUCEE  *...B..¥.isue alecanan.. HewolMouon®
011u4AcO PDODOOOS 0QGOOGOOT 00000001 SCO3ES28 ODO2RES8 00000602 ESEGEIET  *......... R 2222*



APPENDIX A

MACRO INSTRUCTION DESCRIPTIONS

This appendix contains the formal descriptions of all of the STRCMACS
which may be coded by the user. The format is similar to that of "OS Data
Management Macro Instructions' IBM Form GC26-3794-1. The reader is re-
ferred to this publication for a desecription of the terms used and the format.
The macros are listed in alphabetic order.

Conditional Expressions

A number of macros allow the coding of a group of operands as a condi-
tional expression. This is a group of instructions and test conditions connected
by the logical operators AND or OR.

The basis for the conditional expression is the bc-spec which indicates
possible values of the 360/370's condition code. The bc-spee may be any one
of the following:

¢ An assembly-language extended branch mnemonic excluding the initial
"B" (for example, "Z'" from the mnemonic '"BZ") or one of the following:
"GT'", "GE", "EQ", "LT", or "LE". Any of these may be optionally
preceded by "REL="".

e ""MASK=" fcllowed by an absolute expression (limited to 8 characters)
defining the mask of a BC instruction.

The logical value of the be-spec is true if the corresponding branch instruction
would branch. (The branch instruction corresponding to "GT" is "BH"; for
”GE", HBNLH; for HEQH’ HBEH; for ”LT”, HBLH; a_nd for HLEH, HBNHH.)

A simple conditional consists of either a bc-spec alone or a condition code
setting instruction and a be-spec inclosed in parentheses and separated by
commas:

{opcode, opl, . . . , opn, bc-sped or (bc-spec)

The simple conditional has the logical value true if the bc-spec is frue after
executing the indicated instruction, if any.

A conditional expression consists of one or more simple conditionals sep-
arated by the logical connectors AND or OR {and also by the commas required

A-1



in macro syntax). In addition, angle brackets """ and '">"* may be specified
as operands for the grouping of subexpressions. For example:

scondl, AND,{ , scond2,0R, scond3, ) *)
The OR is of higher precedence than the AND. That is

scondl , AND, scond2 ,OR, scond3
is the same as

<, scondl ,AND, scond2,>,0R, scond3

The logical value of a conditional expression is true if the logical result of the
indicated operations on the values of the simple conditionals is true.

Only as many of the simple conditions are evaluated as are required to de-
termine the value of the entire conditional expression. In the example (*)
above, if the value of scond! is false, the expression must be false so the re-
maining two simple conditionals are not evaluated.

*The character *“+"" may be used in place of *“ <™ and */” in place of * >,

A-2



ATEND

ATEND—Define Normal Loop Termination Code

The ATEND macro is used to terminate loop definition (if not already ter-
minated by an ONEXIT macro) and to define the start of the code segment
which is to be executed when the current DO loop terminates normally (that is,
by the condition indicated on the DO macro). The end of the ATEND code seg-
ment is defined by the first ONEXIT or OD macro which occurs at the same
nest level.

ATEND [b[ock—name]

block-name sym

Indicates that this ATEND is intended to be a part of the DO block named
block-name. If coded, checks will be made to assure it is the current block.



ATEXIT

ATEXIT—Define Abnormal Loop Termination Code

ATEXIT ig provided as an alias for ONEXIT. See description of ONEXIT.

ATEXIT [block-name)

A-4



BLEND

BLEND—_Terminate Current Block

The BLEND (Block End) macro is used to terminate gpecifically the blocks

defined by the BLOCK macro and to act as a generic alias for the ¥FI, OD,
ESACOD, ESAC, and CORP macros. The block termination code is generated

and the current nest level is decremented by one.

BLEND [block-name] [other-ops]

block-name sym

Indicates that this BLEND is intended to match the BLOCK or other block-
defining macro named block-name. If coded, checks will be made to assure

it is the current block.
other-ops

Any operands which may be specified on the appropriate block-terminating

macro may be coded.



BLOCK

BLOCK-Define a Simple Block of Code

The BLOCK macro defines the beginning of a simple block of code. The
current nest level is increased by one to cause the BLOCK block to be nested
immediately inside any previous current block. The block is terminated by the
first BLEND macro that occurs at the same nest level,

[blname] BLOCK

biname sym

The name associated with this BLOCK block and to be defined on the first
instruction generated.



CASE

CASE—Define a DOCASE Alternative

The CASE macro defines the beginning of a block which is to be one of the
alternatives for the immediately surrounding DOCASE block. The operands
indicate those values which the index must have or a conditional expression
which must evaluate to true for the CASE block to be executed. The current
nest level is increased by one to cause the CASE block to be nested immediately
inside the previous current DOCASE block. The CASE block is terminated by
the first ESAC, CASEND, or BLEND macro which occurs at the same nest level.

MISC
index-list
C
[biname] ASE char-index-list
conditional-test
blname e

The name associated with this CASE block and to be defined on the first
instruction generated.

MISC

Indicates this CASE is to be executed only if no other CASE applies. If this
operand is coded, the surrounding DOCASE block cannot have the ONLY
operand coded,

index-list

A list of values for which this case will be chosen. Each item in the list
must be a self-defining term (e.g., 13 or X'1C'), an absolute expression

(e.g., VAL where VAL EQU X'10"), or a pair of such items enclosed in
parentheses (e.2., (13,VAL)) indicating that all values in the range (13, 14,
15, and 16=VAL=X'10' in our example) are to select this CASE. index-list

is invalid with the character-string or conditional-test forms of the DOCASE.
If index-list is specified for a SIMPLE DOCASE, it must contain a single
self-defining term. All values must be in the range 0-4095.

char-index-list

A list of values for which this CASE will be chosen, This form is coded
when the immediately surrounding DOCASE is of the character-string for-
mat (indicated by the specification (index, length ) on the DOCASE macro).



CASE

Each value in the list is interpreted as a character string and may be
one of the following: :

e A literal (e.g.,, =C'ABC!' or =X'12CF").
¢ A literal without the leading equal sign (e.g., C'ABC' or X'12CF").

® A string of characters in quotes (e.g., '"ABC! or '12CF'—note that the
latter is the same as C'12CF’, not X'12CFY.

® An address at which there is a character string to be compared (e.g. .
ABCCODE where ABCCODE DC C'ABC'. Note that an operand such as
15 would be interpreted as this form and would mean absolute address
15—probably not what was intended).

® Any two of the above enclosed in parenthesis indicating a range of values
{e.g., ("ABC','ABE").

conditional-test

Indicates this CASE is to be executed if this conditional expression evaluates
to true and no previous CASE of the same DOCASE evaluated as true. A
conditional expression is coded when the immediately surrounding DOCASE
contained no index specification. See beginning of this appendix for defini-
tion of a conditional expression.

If no operands are coded on this CASE macro, then no operands should be
coded on any of the CASE macros which are immediately contained within the
same DOCASE (excepting, of course, any MISC CASE). The first CASE will
then be assumed to be CASE 1, the second to be CASE 2, and so forth.



CASEND~Terminate a DOCASE Alternative

CASEND

CASEND is provided as an alias for ESAC. See description of ESAC.

CASEND

[block-name)




-

CORP

CORP—Terminate a Procedure

The CORP macro defines the end of a procedure block. Code may be gen-
erated to restore appropriate registers to their contents at the evocation of the
proc, to pass back a return code, and to transfer into the evoking routine
immediately following the point of evocation. The static block nest level is
decremented by one,

[[abeﬂ CORP [proc-name]
[RESTORE=(first [, last])]

[RETURN=reg-tist]

NONE
BRC= value
L (reg)
LINK= NONE
L linkreg
label _ sym

If present, igbe! will appear on the first instruction generated.

proc-name sym

Indicates ihis CORP is intended to match the outstanding PROC block
named proc—name, If coded, checks will be made to assure it is the cur-
rent block. ‘

RESTORE=(first,last) dec dig, sym
Indicates the first and last registers to be restored. These must be a sub-
sequence of those saved. If lust is not specified, only register first will be
restored. H the entire operand is omitted, all registers saved will be
restored.

RETURN=reg-list dec dig, sym
One or more registers which would otherwise be restored but which are to

be exceptions. The registers in the RETURN= list may be thought of as
output values being returned to the caller. Used mainly for non-OS procs.
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RC=NONE

Indicates no return code processing is to be performed. Register 15 will
be handled as indicated by the RESTORE= and RETURN= operands.

RC=value abs ex
Indicates the number value is to be returned in register 15.

RC=(reg) dec dig, sym
Indicatés the value in register reg is to be returned in register 15.
If RC=is not coded the defaults are:

For OS procs: RC=0
For non-0OS procs: RC=NONE

LINK=NONE

Indicates the returning branch is to be omitted and control be allowed to
fall out the bottom of the CORP.

LINK=linkres dec dig, sym

Indicates a final "BR finkreg" instruction is to be used fo return to the
proc's caller.

If LINK= is omitted, LINK=14 is assumed.
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DO—Define Iterative Block

The DO macro defines the beginning of a segment of code to be executed
repetitively until some condition occurs. The current static nest level is in-
creased by one to cause the DO block to be nested immediately inside any pre-
vious current block. The DO block is terminated by the first OD, DOEND, or
BLEND that occurs at the same nest level. The looping segment itself is ter-
minated by the first OD, DOEND, BLEND, ATEND, ONEND, ONEXIT, or
ATEXIT that occurs at the same nest level

[FOREVER T

AND

[blname] DO || WHILE ,looping-group [,{ Ok

} , UNTIL ,looping—group:’

UNTIL,looping-group [, {AOI\E)

} ,WHILE ,looping—group]

biname sym

Name associated with this DO block and to be defined on the first instruc-
tion generated.

FOREVER

Indicates the main looping control of the block is to contain no test for loop
termination.

WHILE ,looping-group

Indicates that the tests indicated by the looping group are to be performed
logically before the execution of the loop and the loop is to be executed as
long as the looping group evaluates true.

UNTIL, looping-group
Indicates that the tests indicated by the looping group are to oceur logically
after loop execution—i.e., the first execution of the loop is not dependent on
the UNTIL looping group. The looping will continue as long as the looping

group evaluates false.

The order of the WHILE and UNTIL is not significant.
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AND

Indicates that the WHILE group must be true and the UNTIL group must be
false for loop execution to continue.

OR

Indicates that either the WHILE group must be true or the UNTIL group
must be false for the loop execution to continue.

looping-group

Specifies the test to be made. The looping group is:

. AND
looping-branch ,{ } ,cor:d—test]
ping-branch, {417
cond-test
looping-branch
One of the special looping instructions specified as:

{BCT, reg!)
(BXH,regl ,reg?)
(BXLE, regl , reg2)

In an UNTIL looping group, the looping branches are considered to be true
when they fall through. In a WHILE looping group, the looping branches
are considered to be true when they branch. Note: DO WHILE, (BCT, regl}
will loop one time less than the initial value in regl.

cond-test

Is a conditional expression. See beginning of this appendix for the defini-
tion of a conditional expression.

The DO may contain at most one looping branch—that is, the WHILE and UNTIL
may not both contain the operations BCT, BXH, or BXLE.

A DO macro with no operands defaults to a2 "DO FOREVER",
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DOCASE-Define a Selection Among Alternatives

The DOCASE macro defines the beginning of a block in which it is immed-
iately nested a number of CASE blocks, An appropriate one (or possibly none)
of these CASE blocks will be selected for execution as directed by the operands
of the DOCASE and CASEs. The current static nest level is increased by one
to cause the DOCASE to be nested immediately inside any previous current
block. The block is terminated by the first ESACOD, DOCASEND, or BLEND
that occurs at the same nest level., Nothing should he immediately contained
within the DOCASE block except CASE blocks. (That is, the DOCASE macro
should be immediately followed by the first CASE macro.)

[ (index~-word A ]
blname DOCASE ,SIMPLE [ IFANY]
(index-reg) ,ONLY
) ( ,SPARSE
W
. H
index, B
LL length J/ ) J
biname sym

Name asgociated with this DOCASE block and to be defined on the first in-
struction generated.

index-word RX -type
Indicates the DOCASE inde)‘c is located in the word at address index—-word,

(index-reg : dec dig, sym
Indicates the DOCASE index is located in the register index-reg.

{index ,W) i RX -type

Indicates the DOCASE index is located in the word at address index. Same
as first alternative.

(index ,H) RX -type

Indicates the DOCASE index is located in the half-word at address index.

A-14




DOCASE

(index,B) . A-type
Indicates the DOCASE index is located in the byte at address index.

(index s length) index-A-type
length-abs exp

Indicates the DOCASE is to select a CASE on the basis of character strings;
the "index' string is at address index and of length length, SIMPLE and
SPARSE are invalid with this option,

If none of the indexing operands are coded, the DOCASE is implied to be of con-
ditional test type—each of the CASE macros, which are nested immediately
within the DOCASE, must have a conditional test as its operand.

SIMPLE

Indicates the DOCASE will contain immediately nested within it a small
number of CASE blocks. If there are # such blocks (ignoring any MISC
CASE which may be present), they are to be associated with index values
1, 2,3, ... ,n. Better codeis produced for such situations when
SIMPLE is coded and n < 6 (if no MISC CASE is present) or n <12 (if a
MISC CASE is present).

SPARSE

Indicates the number of CASE blocks which follow is small compared with

the range of values (between zero and the maximum index specified on any

CASE block). Better code is produced for such situations when SPARSE is
coded. ;

IFANY

Indicates that if none of the immediately nested CASE blocks apply on any
given index value, then either the MISC CASE is to be executed (if one is
present) or no block is to be executed and control is to continue following
the ESACOD.

ONLY
Indicates that the only values of the index which can occur are provided for
by the immediately nested CASE blocks and no test need be made for other

values. If ONLY is coded, no MISC CASE may be present. If neither
IFANY nor ONLY is coded, IFANY is assumed.
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DOCASEND—Terminate Alternative Selection

The DOCASEND macro is provided as an alias for the ESACOD macro.
See ESACOD for description.

DOCASEND [block—name]
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DOEND--Terminate Iteration Block

DOEND

The DOEND macro is provided as an alias for the OD macro. See OD for

description,

DOEND

[block—name]
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ELSE—Define IF Alternative and Terminate True Condition

The ELSE macro terminates the definition of the true block of the IF (which
is the current block) and initiates a block which is to be executed if and only if
the IF block is bypassed. The ELSE block is terminated by the first FI, IFEND,
or BLEND macro which occurs at the same nest level,

[etse-name] ELSE [BLEND=if-name]

else-name sym

Name asscciated with this ELSE block and to be defined on the first instruc-
tion generated. If the ELSE= operand was coded on the corresponding IF,
a check wil] be made to assure that the else-names match.

BLEND=if-name sym

Indicates that this ELSE is intended to match the IF block named if-ngme.
If coded, checks will be made to assure that it is the current block.
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ESAC—Terminate a DOCASE Alternative

The ESAC macro is used to terminate the current CASE block. The block
_ termination code is generated and the current nest level is decremented by one.
The ESAC should be immediately followed by either another CASE macro or the
ESACOD.

ESAC [block—name]

block-name ) sym

Indicates that the ESAC is intended to match the outstanding CASE block
named block-name. If coded, checks will be made to assure that it is the
current block.
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ESACOD—Terminate a Selection Among Alternatives

The ESACOD macro is used to terminate the current DOCASE block., The
block termination code is generated and the current nest level is decremented
by one.

ESACOD [block-name]

block-name sym

Indicates the ESACOD is intended to match the outstanding DOCASE block
named block-name . If coded, checks will be made to assure that it is the
current block.
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EXIT—Abnormally Exit to the End of a Con taining Block

The EXIT macro causes control to immediately transfer to the end of some
containing block. Since control cannot pass out the bottom of an EXIT macro,
it is usually immediately followed by the block terminating macro of its con-
taining block (often a FI). If the EXIT is nested at some depth within a proc,
the EXIT may be made to the end of the proe, but not to the end of any block
which may surround the proec, The EXIT does not affect the current nest level.

[labe[] EXIT [block-name]

label sym

If a label is coded, it will be generated for cross-reference purposes.

block-name sym

The name of the block from which control will exit. Neither the block im-
mediately surrounding the EXIT nor any block surrounding the proc sur-
rounding the EXIT may be specified. If no operand is specified, the second
containing block (the block containing the block contammg the EXIT macro)
is assumed.
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FI—Terminate a Conditional Block

The FI block is used to terminate the current IF or ELSE block. The biock
termination code is generated and the current nest level is decremented by one.

o

F1 [block—name]

block-name ' sym

Indicates the FI is intended to match the outstanding IF or ELSE named
block-name. If an ELSE has been coded, the IF block name cannot be speci-
fied. If block-name is specified, checks will be made to assure that it is
the current block.
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FINAL —Insure Structures are Terminated

The FINAL macro checks to be sure that all blocks have been terminated
(that the current nest level is zero). If SAVETRACE debugging is being per-
formed, the final static save area links are defined. The FINAL macro should
not be coded more than once in an assembly and should follow the last block de-
fined. Itis optional unless SAVETRACE debugging has been requested.

FINAL
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IF—Define Conditional Block

The IF macro defines the beginning of a block of code to be executed only
under certain conditions. The static nest level is increased by one to cause the
IF block to be nested immediately inside any prévious current block. The con-
struct is terminated by the first FI, IFEND, or BLEND that occurs at the same
nest level. The IF block itself is terminated by the first FI, IFEND, BLEND,
or ELSE that occurs at the same nest level.

[Biname] IF { ASYNCH}

cond-test

*

[EXIT——- {exit—block”

[E LSE=else-block]

biname sym

Name associated with this IF block and to be defined on first instruction
generated.

ASYNCH

Indicates control is to never fall through into the block; an unconditional
branch around the block will be generated. EXIT= must not be coded.

cond-test

The conditional expression which, if it evaluates to true, will cause the
block to be executed. If the EXIT= operand is specified, the exit will occur
if the conditional expression is true. See the beginning of this appendix

for the definition of conditional expressions.

EXIT=exit-block sym
If cond-testis true, control will pass to the end of the block named exit-block.

No block surrounding the proc surrounding the IF may be specified as
exit-block.
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EXIT=*

If cond-restis true, control will pass to the end of the block immediately
containing the IF macro,

If the EXIT= operand is coded, ASYNCH and ELSE= may not be coded. In
addition, no FI is required {and must not be coded) to terminate the IF,
since the block is defined only long enough to take the exit.

ELSE= else-block ‘ sym

Indicates an ELSE macro will follow at the same nest level with the name
else-block. If the ELSE= operand is specified, a check will be made to
assure the ELSE block is coded and properly named. The ELSE= operand
need not be coded even if an ELSE macro follows—it is provided only as a
check.
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IFEND--Terminate a Conditional Block

The IFEND macro is provided as an alias for the FI macro. See FI for
description.

IFEND [block-name]
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OD—Terminate Iterative Block

The OD block is used to terminate the current DO block. The end of the
loop segment is defined if it did not previously occur by the coding of an ATEND
or ONEXIT macro. If either an ATEND or ONEXIT segment is outstanding, it

is terminated. The current nest level is decremented by one.

oD [block—-name]

block-name sym

Indicates the OD is intended to match the outstanding DO block named

block-name. If coded, checks will be made to assure that it is the current

block.
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ONEND—Define Normal Loop Termination Code

The ONEND macro is provided as an alias for the ATEND macro. See
ATEND for description.

ONEND [block—name]
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ONEXIT—Define Abnormal Loop Termination Code

The ONEXIT macro is used to terminate loop definition (if not already ter-
minated by an ATEND macro) and to define the start of the code segment which
is to be executed when the loop defined by the DO macro at the current nest
level terminates abnormally (that is, by the execution of an exit specifying the
DO as its target). The end of the code segment is indicated hy the first ATEND

or OD macro which occurs at the same nest level.

ONEXIT [block-name]

block-name sym

Indicates that this ONEXIT is intended to be a part of the DO block named
block-name. If coded, checks will be made to assure it is the current block,
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PROC—-Define a Proc

The PROC macro defines the beginning of a proc block. The proc may
follow OS linkage conventions or be of a simpler non-OS type. The current
nest level is increased by one to cause the PROC to be nested immediately in-
side any previous current block, although procs are normally outermost blocks.
The proc is terminated by the first CORP, PROCEND, or BLEND macro that
occurs at the same nest level.

[proc-name] | PROC | [LINKAGE=([0S], [CSECT])]

S
B id-string

- NONE DYNAM
SAVE={( first ,[lasf] .|:N0NE } [length] )}:l

L savearea

i NONE
BASE={basereg }]
L (baselist)
woax:{NONE H
| workreg

[EXIT= severi ry]

{DEBUG=options-list]

proc-name sym

Name associated with this PROC block and to be defined on first instruction
generated.

LINKAGE=0S
Indicates this PROC will be invoked following standard OS conventicns—
entry point in register 15, return point in register 14, save area address

in register 13. If coded, any save area linkage will follow OS standards.
If omitted, a simpler non-OS proc is generated.
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LINKAGE=(, CSECT)

Indicates a CSECT pseudo-operation is to be generated using proc-name in
the name field.

ID=NONE
No in-line identifier is to be generated.
ID=id-string

The character string id-string is generated in-line similar to that generated
by the OS SAVE macro. (The length field is omitted if the PROC is not OS
LINKAGE.) The character string may optionally be surrounded by
apostrophes.

ID=*

The proc name is generated as an in-line character constant, (If proc-name
is not specified, the internal block name is used for non-0S proces,
"$PRIVATE" for OS procs.)
If the ID= operand is not coded, the defaults are:

For OS procs, ID=*

For non-OS proes, ID=NONE
SAVE=NONE
No registers are to be saved and no new save area is to be provided.
SAVE=(first last) dec dig, sym
All of the registers in the range first through last are saved in the appropri-
ate save area (the previous standard save area pointed to by register 13
for OS procs, or an in-line save area for non-OS procs). The sequence of
registers must be a sub-sequence of the standard 14 through 12 (ie., some-
thing like "(10,15)" is invalid). I last is omitted, only register first is
saved. If omitted, (14,12) is assumed.

SAVE=(, ,DYNAM)

Specifies the new save area is to be obtained via GETMAIN and freed by the
corresponding CORP. Valid for OS procs only.
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SAVE=(, ,NONE)

Specifies that no new OS save area is to be provided, but the registers in-
dicated by the first two suboperands are to be saved in the old save area.
Valid for OS procs only.

SAVE=(, ,savearea ) sym

Specifies the address of a user-provided new save area, Valid for OS
procs only.

If the third suboperand of the SAVE= keyword is omitted (and SAVE=NONE
is not coded) on OS procs, an in-line save area will be generated within the
PROC macro as the new save area.

SAVE=(,, length) dec dig, sym

Gives the length, in words, of the dynamic or in-line save area. If speci-
fied symbolically for an in-line save area, the symbol must he previously
defined. If omitted, default is 18. Valid for OS procs only.

BASE=NONE

Indicates that no base register loading is to be performed.

BASE= basereg dec dig, sym
Code to load register basereg will be generated and a USING will be issued
against it. The operand must be one of the registers 2 through 12.

BASE=(baselist ) dec dig, sym

A list of base registers may be supplied. Each register in the list will be

loaded 4096 bytes beyond the previous and USINGs will be issued for all

registers in the list, If the first suboperand of the list is omitted {by coding

"BASE=(,reg2,reg 3, . . . regn )""), the default base register will be assumed,
(See below.) Only registers 2 through 12 may be specified.

If the BASE= operand is omitted, the defaults are:

For OS procs with an in-line save area— BASE=13
(May not be explicitly coded. )

For OS procs without an in-line save area— BASE=12
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For non-08 procs— BASE=NONE
(If the first suboperand of baselist is omitted
for non-08 procs, it defaults to 12.)

WORK=NONE

Indicates that any register {other than register 0) destroyed in the code
generated is to be restored.

WORK=workreg dec dig, sym
Indicates that register workreg may be destroyed by the code generated and
need not be restored. The work register may not be specified as a base
register, '

If the WORK-operand is omitted, defaults are:

For OS procs: " WORK=2
For Non-0O8 procs: WORK=1
EXIT=severity dec dig or ™"
Specifies that the error message which is generated at the target of an
EXIT is to have the indicated severity code. The value of severity must
be between 0 and 4095 or be a '""*'". Once specified, it will remain in effect
until specified on some other proc. Until first specified, the severity is 0.

DEBUG=options-list

Indicates those debugging options to be turned on or off during the duration
of this proc,

The individual options may be turned on by specifying either the option or
its abbreviation from the following list.

LISTBLOCKS[LB]— List block name, number, and nest level in comment at
beginning and end of each block.

PROCNAMES[PN]— Each proc"s name is to be generated as an in-line char-
acter constant.

BLOCKNAMES[BN]— Each block's name is to be generated as an in-line
character constant.
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PROCCOUNTS[PC}-—

Code is to be generated to count proc executions.

BLOCKCOUNTS[BC]—Code is to be generated to count all block executions.

PROCTRACE[PT]—
CORPVALUES[CV]—

SAVETRACE[ST]—

Code is to be generated to keep track of the last 257
procs envoked.

Maintain save areas to hold values of registers at non-
OS CORPs.

Statically link together all save areas in non-0S procs
and dynamiecally insert entire chain in save area list on
entry to first proc. For this option, first proc must he
LINKAGE=0S and must enable the SAVETRACE option.
The FINAL macro must also be coded following the last
proc.

L

To turn off any of the options, prefix the name by NO- or the abbreviation by
N- (e.g., "NOPROCTRACE" or "NPT'). When the CORP is generated, options
will revert to their status before the PROC macro. To avoid the restoring of
the options' status at CORP time, include "GLOBAL" (or "GBL'") in the list.
"ALL' or "NONE" may be specified to turn on or off all options; either may be
followed by exceptions. ({e.g. , "DEBUG=(ALL,NST)" turns on all options ex-

cept the save-trace.)
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PROCEND--Terminate a Proc

PROCEND

The PROCEND macro is provided as an alias for CORP. See CORP for

description.

[tabel]

PROCEND

[proc—name]

NONE
{RC=< value

(reg)
[RESTORE=(first [, last])]

[RETURN=reglist]

{LINK= I\.TONE
linkreg
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APPENDIX B
INTRODUCTION TO ABSTRACT SOURCE LISTING OF STRCMACS

OS macro assembly language is an insufficiently powerful language for doing
structured programming. As a result, the programming of the STRCMACS was
performed in an abstract programming language called SIMPL-M. This is an
imaginary language which is a hybrid of SIMPL-X (a high-level structured pro-
gramming language developed at the University of Maryland), 1 0S macro assem-
bly language, and the STRCMACS themselves. After the code was written in
SIMPL-M, it was translated by hand to OS macro assembly language. The
SIMPL-M program is considered the "source'' code and all updates are performed
in it. It is much easier to read than the macro assembly language source, The
SIMPL-M source for the macros is listed in Appendix C. In this appendix, we
will give a brief description of the SIMPL-M language. In addition, a decision
table for the DO macro formats is included in this appendix to complete the
source documentation.

Introduction to SIMPL-M

SIMPL-M is a high-level language for the specifying of assembly language
macros. In some ways it resembles ALGOL or PL/I; it provides for aribtrary
nesting of control structures such as if, while...do, and docase. Two types of
modules are allowed: macros and procs. The macros are not macros in the
sense that they are expanded when the SIMPL-M source is "translated"; they
are macros in the sense that the translated version defines and may be evoked
as OS assembly language macros. The operands which are specified for macros
closely parallel the allowable operands of OS macro prototype statements (that
is, a name field operand and a list of positional and /or keyword operands). The
procs are parameterless modules constructed during the stepwise refinement
of each of the macros of the STRCMACS, - They are expanded in-line in the trans-
lation to the assembly language macro definition. Both macros and procs are
shown as being evoked by call instructions. The distinction is obvious since the
macro calls always have argument lists (possibly empty as "call BLEND ( ; ),
and the proc calls never have argument lists. In addition, procs always have
multi-word names whose first word indicates the macro of which the proc is a
part. (For example, the proc "DOCASE GENERAL SETUP" is a part of the
DOCASE macro. ) T

IRasili, Victor R., “SIMPL-X: A Language for Writing Structured Programs,” University of Maryland
Technical Report TR-233, January 1973,



The correspondence betwee_n the SIMPL-M macro statement and an OS
assembly language macro prototype is illustrated by the following example:

SIMPL-M:

macro CORP (USER NAME; PROC_NAME, RETURN=, LINK=14,
RESTORE=, RC=)

0OS MACRO:

MACRO
&USRNAME CORP  &PROCNAM,&RETURN=, &LINK=14,&RESTORE=, &RC=
_ Statements in SIMPL-M require neither termi;lators nor continuation in-
dicators. Statement boundaries are unambiguously defined by the use of re-

served keywords (which are shown in the listing as lower case underlined ferms
such as while and generate) and by a carefully chosen syntax,

The data types in SIMPL-M are taken directly from OS macro assembly
language. They are:

int - Intergers
bit - Logical variables
char - Character strings

Such variables may be global to all macros and procs (defined before the
first macro), local to a macro but global to its procs (defined at the beginning
of a macro), or local to a proc and unknown to any macro (defined at the begin-
ning of a proc). Int, bit, and char variables are initialized to 0, false, and "
(the null string) respectively. The globals are initialized at the beginning of the
assembly program's execution; the macro locals, at the beginning of each macro
expansion; the proc locals are not considered to be initialized. Automatic type
conversion occurs as follows:

int to bit: 0 —» false; all else to true

int to char: the absolute value of the integer is expressed as characters
without leading sign or zeros

bit to int: false — 0; true - 1




bit to char: false — '0'; true - 1

char to int: Value if numeric character string (with possibly leading "+"
or "-"); else undefined

char to bit: '0' — false; '1' - true; else undefined

Character constants may be surrounded by either single or double quotes,
but may not contain the delimiter character. One dimensional arrays are al-
lowed. They are demensioned in their declarations as

int X(20)
and are referred to as

X(3) =Y
The first element of the array has the index 1.

Macro operands are either positional ({determined by order) or keyword
{(determined by the fixed term preceeding the "="). The variables representing
such operands are implicitly defined as char variables. If a list argument
corresponds to the parameter X, the whole list may be referred to as "X''; the
first item in the list may be referred to as "X(1)"; the second as "X(2)"; etc.
If the argument is not a list, it may be referred to as either "X'" or "X(1)';

"X (2)" will then have the null string as a value.

The agssignment statement is indicated by the symbol ":=". For example:

I:=1
gtores the value 1 into I, Multiple assignments may be made by specifying:

I,J =1

Relations may include implied operands. For example:

ifI=10r=19 is the same as ifI=1loriI=19

Only as much of the conditional expression is evaluated as is necessary to es-
tablish the overall value. This allows such expressions as:

ifJ #0and1/J = 4

to be evaluated without an underflow occurring.
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The body of a macro is terminated by a mend instruction. The mexit in-
struction causes immediate exit from the macro definition. Character strings

are concatenated by using the '"|| " operator.
X := TABC!
Y := X || 'DEF!

assigns 'ABCDEF' to Y. Brackets are used to select substrings.

X = 'ABC!

Il

Y :

x[2,1]

assigns 'B' to Y. The two expressions in brackets are the starting character
position and the length. -

The instruction "generate (string)'’ causes the operand string to be gener-
ated as an assembly language instruction at OS macro expansion time.

Three intrinsic functions are provided for testing macro operands. Their
values are given below when applied to the macro operand ARG.

T'ARG — Has the char value 'O' (oh, not zero) if ARG was omitted by the
user; has the value 'N' if ARG is a decimal self-defining term;
has some other value if neither of these is true.

K'ARG — Has an int value equal to the number of characters in ARG con-
sidered as a character string.

N'ARG — Has an int value equal to the number of suboperands in ARG. (If
ARG is "(A,,B)", N'ARG is 3.)

The special variable SYSLIST takes on the value at macro call of all the
positional operands, considered as a list. N'SYSLIST is the num.b"é;'?of positional
operands to the macro. For example, in the prototype "macro (LAB; X, Y, Z)"
SYSLIST(2) and Y may be used to refer to the same operand; SYSLIST(4) is the
only way to reference a fourth operand; LAB is the only way to reference the
label-field operand. :

Comments are surrounded by ' /*' and "*/" and may flow over any number
of lines. By convention, comments which are inserted as part of a program
proof are further nested in braces:

r{..}xs



DO Macro Decision Table

A decision table was used to simplify the coding of DO operand processing.
This decision table is included here for documentation.

The complete form of a DO macro is

DO WHILE, {looping-branch), <and/or) , <cond-test-A> , {and/or),
UNTIL, {looping-branch) , and/or), {cond-test-B)

The complete form of the code generated is given by the partial flow chart:

° $anBEG BLOCK'S

CODE

$nn1 @

‘FALLTHRU"

LEG
‘BRANCH'
LOOPING LEG
$nniPB BRANCH
‘FALLTHRU"
LEG
‘BRANCH’
LEG

$naW1 °

"FALLTHRU' $AnEND



The following decision table shows the connections which must be made for
the various formats. Those shown lightly shaded occur without branching (con-
trol falls through to the indicated node). Boxes shown cross-hatched do not
occur for that operand combination, An example follows the table.



L—d

FOREVER V4
WHILE VARVE RVE RVE RVE RV IV RVE RVA IV RV VA IV RV IV IRV VA IV
looping-branch ISV SIS
AND/OR A Q A A Q (o]
cond-test A VARV A RV RV RV IV VA VY VA RVA VA RV RV IV
AND/OR Alolajojajalolo Al O Alolalo
UNTIL VA VA RV RV BV VA RV V4 VAN NATVA RVA VA RV RV IV R4
loaping-hranch NANA NN ERVE IV, v VAN
AND/OR 8] A o} A Q A
cond-test B Na v \f f \/ v \/ x/ v/ J \/ \/ vy \/
Entry point - 0 7 4 4 4 4 4 4 4 4 4 a 2 g 9 9 9 a 9 ] 7 7 7 ?
Condition T F T T F F % T T T T T T T T T
‘Branch’ leg 2
To node %% 12 7 % 12 | 12 7 T 12 9 12 9 12 9 % 12 |12 | 12
B
Condition %% FLT Fre | T LT F|F % FiF|FIF FlFiF
‘Fall thru' leg 3 =
To nade % 4 4 % 4 4 4 4 % 9 7 9 7 9 7 7 7 7
Condition F|F|F FJF|F|F}|F]|F % F|F|FI1F|F[F %
‘Branch” leg &
To node % 12 |12 |12 |12 |12 [ 12 |12 | 12 | 12 % 12 (12 [ 12| 12 (12 | 12
A
Candition % T T T T T T T T T % T T T T T T %@
'Fall thru’ leg 6
To node % 7 7 7 7 7 7 7 7 7 7 7 717 7 7
After Code - 8 7 4 1 1 9 a 9|9 9 9 g 1 1 9 9 1 1 1 1 9 1 2] 9
. ‘Branch’ leg 10 | To node @ 4 7 1 4 1 7 7 7 7 4 7 4 4 7 7 7 1 7
Looping
Branch |.eail thru’ teg 11| To node % 12 aj2| 1 |a| 1|12zl )z]a|12]12]a a]12 2| 1
OPERAND FORMAT 0 1 2 3 4 5 & 7 8 9 10 | 11 1213114 |15 |16 |17 |18 [19 |20 29| 22




$18U1

18w

Exampie of the code generated
for the macro:

DO WHILE,(LTR,3,3,P},AND,
UNTIL {BCT,5),OR,
{CLLSPOT CX E}
Operand format number 6,

Code generated:

B §18wi
cul SPOT,C'X’
BE S1BEND
LTR 33

BNP $1BEND

¢Block’s code’>

BCT 5$18uU1

$18END DS OH

EQUAL o G\

NOT EQUAL

BRANCH

NOT POSITIVE

POSITIVE

BLOCK'S
CODE

NO BRANCH




APPENDIX C

ABSTRACT SOURCE LISTING OF STRCMACS



Global

135.
135.
137.
138.
134,
149,
141,

143,
144,
145.
146.
147.
148,
149,
150,
151.
i52.
153.
154.
155.

157.
158.
159.
160.
161,
162.
163.
164.
165.
166.
167.

170.

172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
1682.
183.
184.
185,
186,
187.
188.
189.
190.
191,
192.
193,
194,
195.

Definiticns -- 14 July 1373

/% GENEBAL PURPOSE GLOBALS. */

int
PROC_COUNTER, /% Number for last special proc label "$pPpp". The
p is PROC_COUNTIER in hex. */

LAST_BLOCK_NUMBER, /* Number used in labels of most recently generated
block. */

HEX_IN /% Input value to YHEX macro. */

bit

EiROR_OCC URRED, /% General purpose error flag used by various
inner macres to ceport failure. #*,

TDI_FALLTHRU_OCCURS, /% Set tcue by TERMINATE_DO_LOGP if DO may
fall thkrough bottem in terminating (when a looping branch is
present); else set false. */

NOT_FIBRST_PROC, % false until processing begins an first PROC
nacro. */

SAVETRACE_ON_FIRST_PROC, /* false wunless first PROC macro included
DEBUG= (ewe ,SAVETRACE,»ee) operand. ¥/

TRACE_VECTOR_GENNED /* false until the trace vector ($TRACE)
is generated on the first PROC which includes the
DEBUG= {es%s ,PROCTRACE,##+) cperand. */

chat

BLOCK_LABEL_PREFIX, /* Utnique character striag for each block
for use in generating labels. */

EXIT_SEVERITY, /* Mnote severity for EXIT target message. Can be
set by PROC macros. */

AEX(16), % Constants used in converting decimal to hex by XHEX. */

HEXY OUT, /% Output value fros XHEX macro. */

PREV_SAVETRACE_AREXA, /% Holds label generated on last local PROC
save area to be used in producing the static chain for SAVETHRACE., */

PHEV_SAVETRACE_PIR /* Holds label generated as foreward pointer
vithin last local PROC save area for static chain for SAVETRACE., ¥/

/% DEBUG FLAGS. */

bit

DEEUG_BLOCKCOUDNTS_REGD, /* Causes code and counters ta keep execution
counts on all blocks. */

DEBOG_BLOCKNANES_REQD, /* Causes bleck names to be generated as
inline character constants to aid in locating within dunps. */

DEBUG_CORFPYALUVES_REQD, /* Causes register walues at end of procs (at
CORP macro start) to be saved in inline save areas for refereace. */

DEBUG_DEBUGMACROS_REQD, /* Causes various intermediate values to be
printed during macro processing for debugging the macros. */

DEBUG_LISTBLOCKS_REQD, /* Causes mnotes tc be generated at the start
and end of all blocks listing their nape, number, and static
nesting depth. #*/

DEBUG_MACBONAMES_REQD, /% Causes maotes to be generated vhenever any
macros are entered (including inner macres) which list the macro's
name; for debugging the macros. */

DEBUG_PROCCOUNTS_REQD, s* Causes code and counters to keep execution
counts on PROC tlocks only. */

DEBUG_PROCHWAMES_REQD, /% Causes PRAC pmames to be generated as
inline character constants to aid in locatipng withio dumps. */

DEBUG_PROCTRACE_REQD, /% Causes a trace vector to be generated and
code to be generated to keep track of the last 257 PROCs entered. */

DEBUG_SAVETRACE_REQD /* Cayses all local save areas to be statically
chained together and code to be generated to link the chain to the
05 save area to provide OS5 formatting within ABEND dumps. */



Global Definitions -~ 14 July 1973

197. /% MAIN 5TACK. Dimensioned to 100, */

199. int

200. CURRENT_NEST_LEVEL, /* carrent depth of static nesting of

201. blocks; stack pointer. */

202, NESTING_LIMIT, /* Holds dinension of nain stack. %/

203. BLOCK_NOMBER (100} /* glock number of the Ith block, */

205.  bit

2056. END_LABEL_RELD (100) , /* Indicates Wwhether Ith block needs an END label
207. generated during FOP_OLD_BLOCK. L

206. EXIT_LABEL_REQD (100} /¥ Indicates whether Ith block needs an XIT label
2049. generated during POQP.OLD_BLOCK. */

211. char ’

212, BLOCK_RAME (100) ., /* alock name of Ith block, either USEB_NAME specified
213, in macro label field or generated name "ELKanp"® where nop is the
214, sequential block number. */

215, BLOCK_TYPE{100}, /* Macro nane which generated the iIth block

216. (IF, DO, DOCASE, CASE, BLOCK, or PROC) . */

217. OPERAND1 ({100} , OPERAND2(100), OPEFANDI {100)., OPERAND4 (100},

218. /% These hold various data vhich are needed to close the blocks

219. generated. Specific contents vary according to the type of

220. block generated. 3ee iodividual macros. ¥/

221, INFORMATIQON (100) /% Similar to the OPERANDD stacks above, the

222. I HFORMATION stack holds informaticm for the closing of the block.
223. Often the individual characters within the variables are used for
224. different values, packed together into INFCRNATION. */

221. /% GCASE STACK. Holds data for gemeral DOCASES. Dimensicned to 9. */
229. int

230. mAX_CASE_VALUE (9), /* Haxinum branch vector value found. */

231. NEXT_COHP_LAEEL_NO(B), /* Case nuater for next comparison case label
232. ta be generated. *f

233, GCASE_NEST_LEVEL, /* Current depth of stacking in the GCASE stack;
234. nuober of nested DOCASES with eitber GENERAL, SPARSE, or CHARCOMP
235, operand formats. */

236. GCASE_NEST_LIMIT 4% Haxinug dapth of nestiag of CCASE stack; must
237, be equal to stack dimensiocn. */

239. bit

240, CASE_OCCURS(2304) /% Bach group of 256 bits are used to note

zZ41. . which branch vector cases occll. */

244, Ve COHDITIOBAL_EXPEESSICH_PROCBSSOH PSEUDC-PAEAMETERS. */

246.  ipt

2u7. PIRST_INDEX,

248, LAST_INDEX /* Pseudo-parameters to CUNDITIONAL_BI?RESSION_PROCESSOE.
249. Indicates indexes within SYSLIST of first and last parameter to be
250. processed. */

252.  bit

253, YL TIMATE_FALLF#HRU_CONDITLION, /¥ Logical value upon which conditional
254. expression i5 to pass contrel (or fall through) to the ULTIMATE_
255. FALLTHRU_LABEL. */

256. FAILTHRU_LABEL_USED /* CEP sets this true if a branch is generated

257. Yo the ULTIMATE_FALLTHRU_LABEL {else no change accurs) . */

259. ghar

260. - YLTIMATE_BRANCH_LAGEL, /* Indicates label to be used as branch target

261. Yhen conditional test does not have logical value stored in
262. PLTIMATE_FALLTHRU_CONDITICON. */

263. ULTIMA TE_FALLTHRU_LABEL, /* Indicates label available as branch target
264. vhen conditional test has logical value stored in ULTIMATE
265. FALLTHRU_CONDITION. If used as a ‘branch target, PALLTHRUO_

Z66. LABEL_USED must be set true (by CEF} to insure Dext sequential
267. instruction following conditional expression receives label
268. definition. */

269. UNIQUE_LABEL_ID /* One character snigue to this call eof CEP used to
270. insure labels generated by this call will differ from all other
271. labels, even others within the same macro {particuiarly for DO}. */
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"IP" Macra ~-- 21 June 1573

11001,  pacro IF (USER_NAME; BEL=, MASK=, EIIT=, ELSE=)

11003, /* Initiate a block in the structure. Save any information needed
11004. by ELSE or FI. For ASYINCH type, generate branch around block.
11005. For normal IF (EXIT= not specified), generate conditional expression
1100 6. tests with branch around block (or to ELSE) for false and fall
11007, through for true; 4if EXIT= specified, then generate branch to
11008, proper block ena for true, fall through for false, and delete
11009, IP block from structure. Put. USER_NANE on first executable
11010. instruction if one specified. #/

1911, bit

11012, VALID_EXIT

11013, /% VALID EXIT is trpue if EXIT= was specified and no errors have
11014, been found to cause the EXIT to ke ignored, s

11015. char

11016, EXIT_LABEL, /* Label for EXIT= branch, when deferred antil

11017, after block count has been incremented. */

11018, LABEL /* Qutstanding lahel, vaiting to be generated, #g

11020, <all TRACE_PRINTER | ; - 'IFY)

11021, /* Prints pacro name "IF" in moote if tracing cn. */

11022, g¢all PUSH_WER_BLOCK (USER_NANE;

11023, BLOCK_TYFE_VALUE='IF',

11024, OPERAND1_VALUE=ELSE,

11025. END_LABEL_VALUB=true)

110286, /* Define nev block; add to stack. Initialize block specifications.
11027, Assuyme block will require’ an END label. HNote block type and save
11028, nape of ELSE block if one specificd here. Set up unique

11029, BLOCK_LABEL_PREFIX for use in generating unique labeis., #/
11030, if BRROR_OCCURRED /* durring PUSH_NWEW_BLOCK {viz., stack overflow) */
11031, thep

11032, mexit

11033, fi

11034. if BEL # ** gr MASK # 1

11035. then

11036. ngote (B, "STRC1102 HEL= OR MASK= NOT IN PaRENTHESEsﬁ—IGHORED')
11037, fi

1103B. LABEL := USER_NAME

11039. /* Generate USER_NAME at first opportunity. */

11940. VALID_EXIT := (EXIT # "

11041, /% Set VALID_EXIT to the truth of whether EXIT= was specified. */
11042, Af SYSLIST(1,1) = *ASYNCH!

11043, then /* Either WIF ASYNCH™ or WIF {ASTHRCH) " was entered. */

11064, £all IF ASYNCH_BRANCH ,* Generate branch aroupd block. */

11045, else

11046. call TF_SET_CONDITIONAL_TEST_SFPECS

11047, /% Set all conditional test specifications in globals reguired to
11048, define the action to be performed by the conditional test
11049, generators. %/

11050. if VALID_EXIT /% i.e., if EXIT specified and still valid... */
11051. then

11052, gall IP_EXIT_SPECS

11053, /* Heset conditional test specs according to EXIT target provided
11354, no confiicting paraneters exist {in that case, set VALID_EXIT to
11455, i false) . =,

11056, fi T

11057, call IF_CONBITIONAL_GENEEATOR

1105B. /* Generate cooditional tests acceording to IP macro operands and
11059, the current conditiomal test Specs. ¥/

11060, £i

11061, call IF_BLOCK_COUNT

11062, /* Now that we're into the block's executicn, do any debug counting
1106 3. et. al. that is required. */ .

11064. if LABEL # 'V

11065. then

1106 6. gepegate (LABEL || * DS 0RY)

11067, £i

11068, if VALID_EXIT

11069. then

11679, /* No IF block remains after completion of "TP EiIT=,,." nacro;
11671. sipulate presence of FI macro. .y

11072, €all FI ( ; )

1167 3. £i

11074, send
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11076.
11077,
o749,

11080.
11081,
1t082,
11083,
11094,
11455,
110686,
11087,
11088,

“IFr" Macro

BLog¢ IF_ASYNCH_BRANCH
/* Give error message if EXIT specified. Generate branch to
end of IF hlock. */
if

£

ALID_EXIT
en
mpote (B, 'SIR
VALID_EX1IT :=
£i
generate (LABEL || * B t || BLOCK_LABEL_EREFIX |} "ENDY)
/% Branch around asynchroneous IF block. *7
LABEL := *!
SOLP

{=r =t

C1141 EXIT= IGNOERED WITH "ASYNCH"')
false

-- 21 June 1973
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WIFY Macro

11050.
11091.
11092,
11093,
11094,
11095.
11096.
11097.
11058.
11099.
11160.
11101.
111e¢2.
11143,

11105,
11106,
11107,
11108,
11109.
11110.
1T111.
11112,
11113,
11114,

pro

— 21 June 1973

oc IF_SET_CONDITIONAL_TEST_SPECS
/% Set the conditiomal test specifications which, together with the
actual positional operands of the IF macro, define the conditions
to be generated. The specs are:
ULTIMATE_BRASCH_LABEL label for target of overall test's branch
ULTIMATE FALLTHRU_LABEL label to be appended to next sequential
instruction following overall test; will be generated
if used in the test's branching structure
ULEIMATE_FALLTHRU_CONDITION .
logical value which is the one upon which the overail test is
to fall through
FALLTHAU_LABEL_USED false until a branch is required within
the testing structure to the fall-through label.
411 of the above are giobal variables. %/

/% Set the normal conditional test specs. %/
ULTIMATE_BHANCH_LABBL := BLOCK_LABEL_PREFIY || °ENT*

/* Branch target for false result is END label

start of ELSE. #/

OLTINATE_FALLTHRU_LABEL := BLOCK_LABEL_PREFIX || 1BEG"

/% Pall-through labtel to be used is BEG, */
ULTIHATB_PALLTHh07C0NDITICN = true

/% Pall through if conditional test yields true result. */
PALLTHRU_LABEL_USED := false /% Assume nct required. */

goEp

end of IF or
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#IFH macro -- 27 June 1973

11116. prgc IF_EXIT_SPECS

M7, /* An EXIT= operand has been specified; insure ELSE= not also

11118, specified. If valid, change cooditional test specs to staadard

11119, for BYIT-type IF including the assigning of the branch target

11120. as the XIT label of the block specified by the BXIT keyword. */

11121, char HOLD /% Tepporary. */

1123, if ELSE ¢ *' /% If ELSE= vas not ouitted... ¥/

11124, then

1112S. moote (8, *STRC1103 EXIT= IGHORED WITH ELSE=')

11126, VALID_BXIT := false

11127, else

11124, AOLD := ULIIKATE_BRANCH_LABEL

11129. /* Save old branch label, we nay need it yet. */

111304 call EXIT_FIND { ; EXILT)

11131, /% Sets ULTIMATE_BRANCH_LABEL to XIT lahel of block whose nanme

11132, is specified in the arqument; if none specified (VEXIT=%,"),
11133. use block sucrounding IP macro; if no such block, issue message,
11134, leave ULTIMATE_PRANCH_LABEL unnodified, and set ERBOR_OCCURRED to
11135, true. HMark target black as requiring IIT iabel. */

11136, if DEBOG_BLOCKCOUNTS_REQD

11137, then

11138. EXIT_LABEL := ULTIMATE_BRANCH_LABEL

11139. ULTIMATE_BRANCH_LABEL == HOLD

11140, /% Make EXIT-type IF act like regular IF {i.e., fall through on trus)
11141, so we can count the number of tipmes the exit is taken; save the
1142, EXIT LARBEL for a branch after the count is pmade and nake the
1113, ULTINATE_ERBNCH_LABEL whatever it would have been had this been
11144, a regular IF. */

11145, else

11146. ULTIMATE_FALLTHRU_LABEL := BLOCK_LABEL_PREFIX

11147, ULTIMATE FALLTHRU_CONDITION := falge /¥ Fall through on false. */
11148, END_LABEL_REQD (CUBRENT_KNEST_LEVEL) := false

11149, if ERROR_OCCURRED /¢ on EXIE_FIND... %/

11150. then

11151. /* Exit point not found and message has been issued. Make branch
11152, point same as fall-through point and clear error {i.e., fix uap
11153, and continue). ¥/

11154, ULTIMATE_BRANCH _LABEL ;= BLOCK_LABEL_PBEPII

11155. FALLTHRU_LABEL_USED := true

11156, /% ...since it's also the branch label. */

11157, ERRCE_OCCURRED := false

1115B. fi

11159. i

11160. fi

11161, corp
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WIF" Macro

-~ 21 June 1973

11163,  proc IF_CONDITIONAL_ GENERATOR

11164,
11165.
11166.
11167,
11168,
11169.

7.
11172,
11173,
11174,
11175,
11176,
1177,
11178,
11175,
11180.
11181,
11182.
11183,
11184,
11185,
11186.
11187.
11188,
11189,
11190,
11191,
11192,
11193.
11194,
11195,
11196,
11197,
11198,
1119%.
11200.
11201,
11202,
11203,
11204,

/% Generate code to pass control to the ULTINATE_PALLTHRU_LAEEL ({or
to fall through to it} if the conditional test spacified has the
logical value which is stored im ULTIMATE FALLTHRU_CONDITION;
else to pass control to the ULTIMATE_BEAKCH LABEL. Alsoc Jenerate
fall~tbrough label definition if FALLTHRU_LABEL_USED was ever
turned on. ¢/

/* Set up further specifications required by CONDITIONAL_EXPRESSION_
PROCESSOR. #/
FIRST_INDEX := 1
LAST_INDBX := N'SYSLIST
/* The operands of SYSLIST to be processed are operan t through the
last operand [ SYSLYIST(N'SYSLIST) ]}, i.e., all of theu. */
UNIQUE_LABEL_ID z= *I'
/% Used by CONDITIONAL_BXPRESSION_PROCESSOR to produce unique
labels. s/
gall CONDITIONAL EXPRESSICH_PROCESSOR {LABEL; SYSLIST)
/* Generate code corresponding to the operands of the IP (refered
to collectively as SYSLIST). Only the SYSLIST can be passed
directly as arguments; the following wariables are effectively
argqunents but are passed in global variahles:
PIRST_INDEX,
LAS?®_INDEX,
ULTISATE_BRANCH_LABEL,
ULTIMATE_ FALLTHRU_LABEL,
OLTIMATE_FALLTHRU_CONDITION,
UNIQUE_LABEL_ID,
FALLTHEU_LABEL_USED.
Process operands of the SYSLIST beginning with SYSLIST (FIRST_INDEX)
through SYSLIST(LASI_INDBX} [for the IF wacro, this is the entire
SYSLIST], generating the indicated tests te pass contrel as
indicated above. The UNIQUE_LABEL_ID is used to insure unigue
labels., If a braneh is made to the ULTINATIE_FALLTHRU_LABEL, then
FALLTHRU_LABEL_UOSED is set, else it is upaltered. &/

if FALLTREO_LABEL_USED

Lhep

LABEL := ULTIMATE_FALLTHRO_LABEL
glse

LABEL := t¢t
£i

cLorp
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T120¢€.
11207.
t1208.
11209.

1211,
212,
11213,
11214,
11215.
1316,
11217,
11218.
11219,
11220,
11221,
11222,
11223,
11224,
11225.
11226,
11227,
11228,
11229.
11230.
11231,
11232,
11233,
11234,
11235.
11236.
123
11238,
11239,
11240.
11201,
11202,
11243,
112454,
11245,
1124¢€.
11267,
11248.
11249,
11250.
11251,
1252,
11253,
11254,
11255.
11256.
11257.
11254.
11259,

BIC

®IF" Macro -- 21 June 1973

¢ IF_BLOCK_COUNT
/% If debugging in progress, generate block nape and/or count of
block execution. Note that ASYNCH blocks cannot be connted. #*/
char TARGET /% Temporary. */

if SYSLIST(1,1) = "ASYBCH!

then
iﬁ DEBUG_BLOCKNAMES_REQD
then
generate (¥ DC ctu )| BLOCK_NAME{CURRENT_NEST_LEVEL} (|
ut QHIOMHY
/* Asynch branch has already occurred; only nane required. %/
£i

elsa /* Not ASYRCH. *s
if DEBUG_BLOCKCOUNTS_RECD or DEBUG_BLOCKNAMES _EEQD
h

then
Tif DEBUG_BLOCKCOUNTS_HEGD
then
/* Generate code to incresent block execution count. */
generate (LABEL {] ' LH 1,' || BLDCK_LABEL_PREFIX || "IFC'}
LABEL z= ! )
gugerate (' LA 1,1(1 ")
generate {°' S5TH 1," || BLCCK_LABEL_PREFIX || "IFCY)

Ei
/* Generate branch around block name and/or bleck count. */
if EXIT_LABEL = '°'

then
TARGET := BLOCK_LABEL_PREFIX || *GO"
/* bBranch directly around block nawme/count. ¥/
else

TARGET := EXIT_ LABEL
/* Branch to epnd of BXIT= block, postponed to here so we could do the
counting. */

fi
gepecate (LABEL || ' B ' |1 TARGET)
if EXIT_LABEL = *°

then

LABEL := TARGET
/* Label for branch-around must be defined. */

e; 58
LABEL 1= *?
£
if DEBUG_BLOCKRAMES_REQD
then
generate (" o C*Y || BLGCE_NAME(CUORRENT_NEST_LEVEL) ||

HI.OHIOIQI)

£i
if DEBUG_BLOCKCOUHTS_REQD

then
geperate (BLOCK_LABEL_FREFIX }| "IFC DC H'Q®' IF COUNTY)

£i

COLp
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1300 1.
13662,
13003,
13004.
13005.
13006.
13007.
13008.
13069,
13010.
13011,
13012,

13014,
13015,
13016,
130117,
130186.
13019.
13020,
13021,
13022.
13023,
13024.
13025,
13026.
13027.
13026.
13029.
13030.
13031,
13032,
13033,
13034,
13635.
13036,
13637,
13038.
13039,
13040.
13041,
13042,
13043,
13044,
13045.
13046,
13047,
13648,
13049,
13050.
13051.
13052,
13053,
13054,
13055.
13056.
13057.
13058,
13059.
13060.
13061.
13062,
13063.
13064.
13065.
1306€.
13067.
13068.
13069,
13070.

Macre -—-- 26 Jupe 1973

macro ELSE (USER_KAME; BLEHNDs)
/% Initiates a biock which Ls to be sxecuted if the currently active
IF block was not executed, and t¢ be skipped if the I? block was
executed. The ELSE block terminates the IF block with a branch to
the end of the ELSE Lklock and initiates the new ELSE

block. */
int
ELSE_BLOCK_NO ,* Block number which will be assigned to
wpcoming ELSE block. */
char

IF_EXIT_LRBEL /* KIT label for IF block if one was to have been
generated, else null. */

gall TRACE_PRINTER {( ; ‘'ELSE")
/* Print macre nage "ELSE" ip mpote if traciang on. */
if CURRENT_NEST_LEVEL > NESTING _LIMIT
then
mexit
£i
gall VERIFY_END{ ; ‘'IF', BLEND)
/% Verifies current block has the name specified by the BLEND=
operand oo the ELSE macro (if any) and that it is an IF block.
Various errors receive messages and either intermediate blocks are
BLENDed as a fixup or ERROB_OCCURRED is set. */

if ERROR_OCCURRED
then
nexit
£3
if OPERANDZ2(CURRENT_NEST_LEVEL) = *ELSE®
then
nnote (8, 'STRCI1302 ELSE HAS ALREADY EEEN GENERATED FOR CURRENT IFY)
mexit
£L
if OPERAND1(CURRENT NEST_LEVEL) # *' and # USEE_NANE
then
/% ELSE=elsename specified on IF macro but different (or nmo) label
field on ELSE macro. */
bnote (B, 'STRC1301 ELSE=' || OPERAND1(CORBENT_WEST_LEVEL) [|
" SPECIFIED ON IF BLOCK ' || BLOCK_NAME (CURRENT_NEST_LEVEL))
mexit
fi

ELSE_BLOCKX_NO = LAST_BLOCK_NUXBER + 1
/* Get block number of upcoming ELSE hlock. #/

gepnerate (* B $' || ELSE_BLOCX_KO || YEND'}
/% Generate branch to end of ELSE block. */

if EXIT_LABEL_REQD (CURRENT_KEST_LEVEL)

then
IF_EXIT_LABEL := '§$' |{ BLOCK_NUMBER{CURRENT_NEST_LEVEL} | "XIT"
EXIT_ LABEL_REQD (CURRENT_WEST_LEVEL) := falge
/% Exit label has been postponed tc FI. %/

£i
call POP_OLD_BLOCK ( ;
/% Remove IF block from stack. */
call PUSH_NEW_BLOCK {USER_NANE;
BLOCK_TYPE_VALFE='IF*, /* Must be marked as "IFW blaock for Fi's
call to VERIFY_END. */
END_LABEL_VALUE=true,
OPERANDZ _VALUE=TELSEY,
OPERAND3_VALUE=IF_EXIT_LABEL)
/% Generate new block in structure. It is marked as an IF block
to sipplify FI checking; “ELSE™ is stored in OPERAND2, however,
to indicate that an ELSE has bheen gencrated for this IF. An END
label will be required for the blcck and, if the IF block was
marked as needing an XLT label, save it in OPERANDI., */
if USEB_NAME # '°7
then
generate (USER_NAKE J| ' DS OH')
/* Define outstanding label. */
£i
neng
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15001,
1502,
15003,

15005.
15006.
15007,
15008,
15009,
15010,
15011.
15012,
15013.
15014,
15015,
15016.
15017,
15018,
15019.
15020.
15021.
15022.
15023,
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15029.
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15032,
15033.
15034.
15035,
15036,
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WFI® Macro =-- 26 June 1973

nagre FI { ; USER_NAME)]

/% Geperates end to match IF (or ELSE)} black. Standard block closing
OCCuUrs. ¥/

call THACE_PRINTER ( ; "PI')
/% Priot macro name "FIV in mnote if tracing on. */
if CURRENT NEST_LEVEL > NESIING_LIMIT
then
call POP_OLD_BLOCK ( ;i }
nexit

£i
call YERIFY_END ( ; 'IF', USER_NANE)

/% Yerifies current block has the nape specified by the USER_NAME
operand on the FI macro (if any) and that it is an IF block.
yarious ercers receive messages and either intermediate blocks are
BLENDed as a fixup or EBAOB_CCCURRED is set.

{Lemma: If CURRENT_NEST_LEVEL > 0 and
(USER_NAME = 't or = BLOCK_NANE(CORRENT_NEST_LBVEL) ] and
BLOCK_TYFE(CURRENT NEST_LEVEL) = tIF*, then
ERROR_OCCURRED will ke set false and CURRERT NEST_LEVEL will be
nnoodified.) */

if ERROR_OCCURRED

then
peyit
£i
if OPEBAND] (CURRENT_NEST_LEVEL) # '?
then
mnote (8, 'STRC1501 ELSE BLOCK "' || OPERAND1(CURRENT NEST_LEVEL}

1i *" NQGT FOUKED')

fi
call POP_OLD_BLOCK { CFERAND3 {CORRENT_NEST_LEVEL) )
/% Delete current block, generating END and XIT labels as regquired,
and popping stack. [Lesma: Executian of POP_OLD _BLOCK always
resuits in decrementing of CORBRENT_NEST_LEVEL by exactly 1.} #*/

zend

/* {Lemma: If CURRENT_NESY?_ LEVEL > { and
[OSER_MANE = '# ar = BLOCK_HAME (CURBRENT_NEST_LFVEL) ] and
BLOCK_TYPE(CURHENT_HEST_LEVEL) = TIF' at entry to FI, then
CORRENT_NBEST_LEVEL will Ee decremented by exactly 1.} */
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21001. paggo DO (DSER_NAME; REL=, NASK=}

21002, /* Create a block in the structure, Save any information needed by
210013, 0D. Generate conditional tests to loop according to UONWNTIL and WHILE
21004. conditional expressions. Insure UNTIL tests are not checked on first
21005, execution. Generate USER_MAME, if any, on first executable

21006. instruction. Order of generated code follows. (Each section nay be
21007, onitted in certain cases; see decisiop table ip documentation For
2ioo4. details.)

1010, FLOWN POINT 4: Branch to eatry peint for total block,

21011, FLOR POINT 1: Start of UMTIL tests, labeled #panb1.

21012. FLOW POINT 2: Branch on success of ONTIL tests.

21013. FLOW POINT 3: Yall-through on failore of UNTIL tests.

21014. . FLOW POINT 4: start of WHILE tests, labeled $nnuWil.

21015, FLOW POINT 5: Branch of failure of WHILE tests.

21016. PLO¥ POINT 63 Ffall-through on success of WHILE tests.

21017, FLOW POINT 7: Start of internal looping code (user code between DO
21018, and tecrmipation of DO loop by OD, ATEND, or
21019, ONEXIT), labeled $nanBEG.

21020. FLOW POINT 8: End of internal DO code

21021, PLOW POINT 9: Start of looping kramch (BCT, BXH, or BXILE),
21022, lakeled $pppLPB.

21023, FLOW POINT 10: Branch of looping branch.

Z1024. FLOW POINT 11: Fall-through of lcecping branch.

z1025. FLOW POINT 12: End of total block, labeled $nnpEND.

21027. Plov points 1 through 7 are generated by DG; 8 threugh 12 by
21028. TERMINATE DO_LOOP, */

<1030, int

<1031, WHILE_INDEX, /% Index within SYSLIST of start of WHILE operands;

21032, initially points to WHILE keyword but eventually points to starct of
<1033, conditional test, */

21034, YHILE_END_INDEX, /* Index within SYSLIST of end of WHILE operands. */
<1035, UNTIL_INDEX, UNTIL_ENC_INDEX, /* Same as WHILE countecparts. */

1036, OPERAND_FORMAT, /* Column number of DC decision table (see documenta-
21037, tion) which indicates what operands are present. %/

210338, I, /*# Temporary vork variable. #/

21039, 1B, /* Index within SYSLIST of the looping branch {BCT, BYA, or

21040, BILE} . */

1041, LASTOP ,/* Index of last positicnal ofperand of DO macro which is

z1042, considered valid. */

z1044. bit

2104S. WHILE_PRESEKT, UNTIL_PRESENT,

210446, /% Indicatas a looping group {a looping branch andsor a

21047, conditional test) of the indicated type is present, »/

21048, LB_LABEL_REQ,

Z1049. /% Indicates whether the lcoping branch requires a label, */

Z1050. ¥EILE_COND_TEST, UNTI L_CAOND_TEST,

z10651. /* Indicates a conditional test of the given type is present. */
21052, - THIS_CONDLTIONAL_RECD

<1053, /% Indicates the currently processed type (WHILE or DYTIL) inclades
21054. a conditional test. */

21056. char

21057, LE_OPCODE_ID,

210548, /* Opcode of looping hranch: BCT, BIH, or BXLE., */

21059. LB_OPERANDY, LB_OPERANDZ,

21060. #* Operands of the looping branch, if present., */

21061, 1B_LOGIC_OP,

21062, /% Logical operator {"ANDY or “ORY) which connects tke leoping branch
210613, and the conditional test, if both are present, x/

21064. LOQRL HG_BRANCH _IYPE,

21065. /% "NONE", MWHILEY, or “OHTIL"; indicates position of locping
z1066. branch. */

210617, LABEL,

21068, /* Any outstanding label waiting to be geperated. x/

21069. FIRST_ID,

21070, /* Label required at start of conditional test being processed. %/
Z1071. MAIN_CP

21072, #* Logical operator (“AKND" or “OR" which coanects WHILE apd UNTIL
1073, looping groups, if both are present. g
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21075, call TRACE_PRINTER [ ; 1pgt)

21076, /% Prints macro name "DO" in mnote if tracing cn. %/

21077, call PUSH_WEW_BLOCK (FSER_NAME; BLCCK_TYPE_VALUE='LO’)

<1078, /* Define new block; add to stack. Initialize block specifications.
21079. Note block type and set up unigue BLOCEK_LABEL_PREPIX for use in
410B0. generating uwnique labels. */

21081, if ERROR_OECURRED

z1062. then

1063, nexit

‘1064, fi

21085, if REL # 'T or HASK # '

21066, then

21087, ohote (3, *STRC2113 REL= OR MASK= WOT IN PARENTHESES—IGNOQRED*')
1088, £i

«1039. LABEL := USER_NANME

£1090. call DO_SCAN_OPERANDS

<1091, /* Collect scaning inforpation and leoping bramch (BCT, BXH, and
3092, BYLE} information from operands. 5et OPERAND_FORNAT based on
1093, these values. */

21094, if OPERAND_FORMAT # O apd # 10 and

21095, # 12 and # 19

21096, then

21097. END_LABEL_REQD (CURRENT_NEST_LEVEL) := true

21098. £i

21099. if DEBUG_BLOCKCOUNTS_REQD

1100, then /* Generate reset of current loop count. */

21101. geperate (LABEL || * 58 1,14

21102, LABEL = *°

1103, genecate (' STH 1,' || BLOCK_LABEL_PREFIX || 'DOL")
21104, £3

21105, if OPERAND_FORMAT # 0

«1106. then /* Hot infinite loop. */

z1107. call DO_BRANCH_FOR_LOCP_ENTRY

21108. /* Generate floW point O branch, if required, to proper label to insure
z1109. UNTIL tests are not made before first loop. */

Z21110. Eéll DO_GENERATE_ALL_CORDITIONAL_TESTS

21111, /% Cause WHILE and UNTIL tests to be generated (flow points 1 through
1112, 6) with proper labels. */

21113, ti

21114, call DO_LABEL_BLOCK

<1115, /% Store begin label (flow peint 7) into IABEL. */

21116, gall DO_INFO_SAVE

211117, /% Insert into stack all information reguired by TERMINATE_DO_LOQP to
Z11186. close loop {(flcw points 8 through 12). */

21119, call DO_TRACE_COUNTERS

21120. /% Generate any debugging caunters, etc. */

21121. if LABEL # **

21122, then

21123, geperate (LABEL |{ ' DS oH")

1124, fi

1125, mend
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21127.
21129,
1129,
21134,
21131,
1132,
21133,
21134,
21135,

«t137.
1138,
21139,
21140,
z1i41,
21142,
1143,
21144,
21145,
21146,
1147,
2114 8.
211449,
£1150.
21151,
1152,
<1153,
1154,
21155,
21156.
21157,
21158,

BLo

-— 21 June 1973

¢ DO_SCAN_OPERANDS
/* Collect WHILE_INDEX, WHILE_END_INDEX, ONTIL_INDEX, ONTIL_END_TINDEX,

(limits of corresponding conditional test's operands within the
SYSLIST) and note in WHILE_COND TEST and UNTIL_CORD_TEST whether
the corresponding keywords include a conditional test to be
generated; set looping branch information (LOQPING_BEANCH_TYPE,
LB_OPCODE_ID, LB_OPERAND1, LB_OPERANDZ, LB_LABEL_REG, and LB_LOGIC_OR)
which must be passed to TERMINATE_DO_LOOP to close loop; and set
GPERAND_FORMAT (case number code from decision table). #*/

call DO_FIND_KEIWORDS_AND_PRESENCE
/% Put operand index of "WHILE" and "UNTIL" keywords iato xixxx_INDEX
{(or set to 0 if omitted) and note in xxxxx_PRESENT whether these
leoping groups exist. Set LASTOP to index of last valid operand
in the SYSLIST., #*/
call DO_PIND_END_INDEXES_AND_MAIN_OP
/* Por each type xxxxx (HWHILE and UNTIL) which is present, put index
of the last operand of loofping group for that type into xxxxx END_
INDEX; if botn present, £ind logic aperator which connects then
and put it into XRIN_OP, else put in null string. */
call DO_LOOPIBG_BEANCH_ANCD_FIRST_QPERAND
/* Collect laooping branch information and step WHILE_INDEX and
UNTIL_INDEX to first operand of conpditional test (not including
looping branch and fellowing operator) or set to zero if not present.
Also set WHILE_ and UNTIL_COND_TEST to indicite presemce of
conditional tests. */
gall DO_SET_FORMAT
/* 5et type of operands according to decisicn table, using
WHILE PRESENT, UNTIL_PRESENT, SAIN_OF, WHILE_COHD_TEST,
UNTIL_COND TEST, LOCPING_BRANCH_TYPE, and IB_LOGIC_OP to make
decision. #*/
corp
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1160, RIS DO_FIHD_KEIHORDS_IND_PBESBNCB

21161, /% Find operand index of "WHILE' and 'UNTIL* keyvords; set to zero
1162, if omitted. Put index of last valid operand im LASTOP.

V163, Set WHILE_PRESENT and UNTIL_PRESENT true if corresponding looping
21164, group is present, else set to false. %/

21166, WHILE INDEX, UNTIL_INDEX := 0

21167, if SYSLIST(1) # "WHILE' and + YUNTIL® apnd

21168, ¢+ 'POREVER® apd * ''

21169, then

21170, pnote {8, *STRC2108 PIRST GPERAND NOST BE WWHILE"™, "“UWTIL", * 4]
21171, ‘WFOREVERY, OR CHITTED?)

21172, fi

21173, I:=1

21174, LASTOP := N'SYSLIST /#% Assuming they're all valid. */

21175, Uhilg I = LASTOP

21176, do /% Search for WHILE and UNTIL keywords. */

FARVa R if SYSLIST(I) = *WHILE!

21178, thep

21175, if WHILE_INDEX = O

<1180. thep /* No WHILE found before. */

1181, HEILEqIHDEI =1

<1132, elsg

x1133. goete (8, "STRCZ101 OPERANDS AFTER SECOND} "UHILE® IGHORED")
21184. LASTOP := I — 1

21185, fi

21186. else /* Operand was not "WHILE". */

21187. if SYSLIST(I) = 'UNTIL'

1168, then

21189, if UNTIL_INDEX = 0

z1190. then /* No UNTIL found before. */

21191, UNTIL_INDEX := I

21192, glse

21193, moote (8, 'STRC2102 OPERANDS AFTER SECOND ™UNTIL® IGNORED')
21194, LASTOP := I - 1

£1195. £i

21196, i

21197, fi

21198, I :=1+1

21199, pd /* {Termination: I is incremented and N*'SYSLIST is fixed during
21200, loop; LASTOP £ N*SYSLIST. I vould eventually exceed H'SYSLIST
2120t. so it pust eventnally exceed LASTOP.) */

1202, if WHILE_INDEI > 1 and UHTIL,IHDBI > 1

21203. thep /% Garbage operands are present, */ .
21204. gnote {8, *STRC2114 SOPERPLUOUS LOOPING GKODE IGNOREDY)

21205, ti

21206. /% Decide whether WHILE and UNTIL looping groups are present. The
21207. possible operand formats are:

21208. Do UETIL,<locoping-group>

21209. Do WHILE,<loaping=-group>

21210. oo HEILE,(loaping-group),(and/or),UNTIL,<looping*graup>
21211, 0 UNTIL,(Iucping-group).<and/or>,HHILE,<looping—grnup>
1212, Do [No operand or sipgle aperand MFOREVER"™

«1213. means infipite loop. ] %/

1214, DNTIL_PRESENT := (UNTLIL_INDEX > 0]

21215, WHILE_PRESENT := (WHILE_INDEX > O oL

21216. UNTIL_INDEX > 1 9L

1217, {{~ UNTIL_PRESENT} and LASTOP > 0)})

21218, /% Last two alternatives are only to fix up when WHILE was

z1219. onitted. */

21220. corp
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£1222. proc DC_FIMD_END_INDEYES_AND_MAIN_OP

1223, /% For each type xyxxxx (WHILE and UNTIL), put index of last operand of
21224, looping groups for that type into xxxxx_END_INDEX; if both are
21225, present, find logic operator which conpects them and put it into
21226. MAIR_OP, else MRIN OP := *!'. WHILE_THDEX and UNTIL_INDEX currently
21227, point to the corresponding keyword or are zero if the corresponding
21228. keyword is omitted or implied (due to error). */

£1230. BAIN_OP := **

21231, WHILE_END_INDEX, OUNTIL_END_INDEX := LASTOP /% As ipitial guess. %/

21232, if LASTOP = 1 and SYSLIST (1) = *'POFEVER'

21233, then

71234, WAILE_PRESENT, UNTIL_PRESENT := false

1235. elsa

21236. if WHILE_PRESENT

24237, then

21238, if UNTIL_PRESENT

21239, then

1240, I := WHILE_INDEX - 1

1241, if UNTIL_INDEX < WHILE_TINDEX

21242, then /* UNTIL is first: ™D0 UNTIL,<test>,<and/or>,dHILE,<tast>" s/
21243, UNTIL_END_INDEI := I -~ 1 /% Point at end of USTIL. */
21244, if SYSLIST(I} # *AND' and # 'ODA? .

21245, then

21246, UNTIL _END_INDEX := I /% Error message w¥ill be printed later. */
1247, £i

z21248. else /* WHILE is first: ™DO WHILE, <test>,<and/or>,UNTIL,<test>" */
21249, I := D¥TIL_INDEX - 1 /% Point T at <and/or>, */

Z1250. WHILE_END_INDEX := I - 1

21251. Aif SYSLIST(I) # 'aND' apd # 'OR'

21252, then

$1253. WHILE_END_INWDEX := I % Error message will be printed latér. */
21254, fi

21255, fi

z1256. if HEILE_INDEX = WHILE_END_INLCEX

£1257. then

21258, /* One of the following was entered:

21259, ") WHILE,URTIL,seet gr

212860, "DO WHILE,ANWD,UNTIL,ewa™ gr

21261, "D AND,UNTIL,=ese"® * s

Z1262. maote (8, 'STRC2109 WHILE TEST IS YOID—IGHORED')

<1263, HEILE_PRESENT := falge

21264. else

21265, if UNTIL_INDEX = BNTIL_ENI_INDEX

1366, then

1267, /* Gne of the follcwing was entered:

21268, "00 UYNTIL,WHILE,ses" ar 9DBO UNEIL,AND,WHILE seen %/
21265. npote (8, 'STRC2111 UNTIL TEST IS VOID—IGHORED')
21279, OBIIL_PRESENT := false

21271, £i

21272, £i

21273, else /* WEILE_PRESENT but not UNTIL_PRESENT. %/

21274, if WHILE_INDEX = WHILE_END_INDEX s#* Which is egual to LASTOP. *s
21275, then s+ "0 WHILE" with no cther operands. #/

£1276. WHILE_PRESENT := false /* Ignore to get infinite DO. %/
1377, £fi

21278, £i ;
21279, else

21289, Lf UNTIL_PRESENT gnd UNTIL_INDEX = UNTIL_END_INDEX

Z1281. then /#* "DO UONTIL"™ with no other operands. ¥/

21zB2. UONIIL_PRESENT := falge /* Ignore to get infinite DO. */

21283, fi

Z1284. £i

21285, if WHILE_PRESENT and UNTIL_PRESENT

c1i86. then

21287, MAIN_OF := "AKD' ,* Assumed. */

21298, if SYSLIST{I) = 'CR!

21289, then

21290, MAIN_OP := 'OR'

21291, else

21292, if SYSLIST(I) # 'AND!

21293, then

£1294. mapte (9, "STRC2110 LOGIC OPERATOR BETWEEN "NKEILEY AND BUNTIL"™ * [|
41295, tCHITTED—"AND® ASSUMEDY)

1296, fi

1297, fi

1298, fi

21299, fi

21300, corp
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21302,
21303,
21304,
21305.
z13046.
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2%310.
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213117,
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21372,

npp" MKacro =-- 21 June

pIgg DO_LOOPING_BRANCH_AND_FIRST_ OPERAKD
/* Step WHILE_ INDEX and DHTIL INDEX to first operand of conditional
test oxr set to zero if not present. Collect all looping branch
information. Set WHILE_ and UNTIL_CCND_TEST to true if appropriate
conditional test is present {as apposed to only a looping branch). */

/% Assume no looping branch. */
LB 1= D
LOOPING_BRANCH _TYPE := ‘HNCRE?'
if UNTIL_PRESENT
then
I, UNTIL_IRDEX := UNTIL_ INDEX + 1
/* #Move ONTIL_INDEXI fram pointing at "BHTIL" to pointing at first
UNTIL operand. */
if SYSLIST{I,1) = *BCT!' op = "BILE' gr = YBXH*
then
LUOPING BRANCH_TYPE := ‘"UNTIL’
UHTIL_COMD_TEST := (UNTIL_END_INDEX > I}
LB ;= I
/% GNTIL_INDEX is still poimting at the looping branch; we aren't
sure how far to advance it yet. %/
se
_UFTIL_COND_TEST := trie

P

else
UNTIL_INDEX, UNTIL _ENC_INDEX := 0
THTIL COND TEST := false
/* Turn off all UNTIL stuff. */

fi
if wAILE_PRESENT
then
I, WHILE_INWDEX ;= WHILE_ INDEL + 1
f* Hove WEILE_INDEX from pointing at "WHILE™ to point at first
WHILE operand */
LIsT (I,1) = "BCT!' or = '"BILE' gL = "AXH"

if 2

LOOPING_BRANCH_TYRE = * HONE®

then /* There is po UNTIL looping branch. %/
LOOPING_BRARCH_TYPE := *WHILEB*
WHILE_COND_TEST := (WHILE_EKD_INDEX > I)
LB =1

/% WHILE_INDEX is still pcinting at looping branch; we aren't sure

how far to advance it yet. */
if SYSLIST (I, T) = *BCT?
then
pnote (U, YSTRC2103 WARNING~—"WHILE, (RCT,..." WILL LOOP ONE' |}
" LESS TIKE THAN VALUE IN REGISTER')
£i
if MAIN_OP = 'OR!
then
boote (4, 'STECZ10U4 WARNIRG—LOOFING BRANCH HAY NOT BE * |1
*EXECUTED ON EVERY ITERATION')
fi
elss /* There i=s also an UNTIL looping braanch, */
mpote (8, *STEC2105 TWO LOOPIRG BRANCHES INVALID IN "Dor—' ||
TMEHILEY IGNQREDT)
WHILE_PRESENT, WHILE_CCND_TEST :~= false
MAIN OP := '
WHILE_INDEY, WHILE_END_INDEX := O
£fi

else
WH
£i

else
WHILE_JBDEXY, WHILE_END INDEX := 0
WHILE_COND_TEST := false
fi
ggll DO_LOOPING_BRANCH_FRCCESS
/* Collect loop1ng branch informatiop and advance WHILE_ or
UNTIL_INDEX over looping branch operanmds. */

ILE_COND_TEST := tzue

corp

0
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21374, prog DO_LOOPING_BRANCH_PHADCESS

21375. /* Collect looping kranch information:

21376, LB_OPCODBE_ID "BCT', YBILE' or 'RXY!

213717, LB_OPERANDA First looping-kranch orerand

21378. LB_OPERAND2 Second operand, null (or garbage} for BCT
213749, LE_LOGIGC_OP Logic operand cobnecting loaping branch to
21380 . rest of WHILE or UNTIL,

z13B1. LB_LABEL_REQ Indicates whether looping branch will need
Z13B2. a label.

21383, Alse step WHILE_ or UKTIL_INDEX over looping branch., If any looping
21384, branch is present, LB cootains it's index; else, LB = 0.

<1385, int OP_COUNT ,* Number of operands looping branch needs. %/

21387, LE_OPCOLE_ID, LE_OPERAND1, LB_OPERANDZ, LE_LOGIC_DP := *°

21388, /* hssume npo looping tranch is preseat, %/

£1389. if LB # 0O

=1390. then

Z1391. LB_OPCOCDE_ID := S5YSLIST (LB, 1}

z1392. if LB_OPCODE_ID = "BCT

21393, then

21394, OP_COUNT := 2

21395, else

21396. OPF_COUNT := 3

1397 £i

Z134E&, if N'SYSLIST{LB)} = 1

21399. then /% Hot a sublist */

21400. apote (8, 'STAC2112 FARENTHESES CHITTED ARQUSD ' || SYSLIST(LE))
21401, else /* Given as a sublist. */

214G2. LE_OPERAND1 := SYSLIST(LB,2)

21403, LE_GPERAND2 := SYSLIST({LB, 3]

21404, if N'SYSLIST(LB) # GP_COUNT

21405, then

1406, ongte (8, "STRC2106 INVALID RUMBER OF OPERANDS FOR ' 1{ LB_ORCODE_ID}
21407, £fi

21404, LB := LB + 1

21409, /% LB should now point to logical operator which conpects looping
21410, branch to conditional test, if both are present. */
211, if (LOOPING_BRANCH TYPE = 'WHILE' and WHILE COND_TEST)

412, orC (LOOPING_HRANCH_TYPE = *UNTIL' and UNTIL_COND_TEST)
21413, then

FALUREN LB_LOGIC_OP := SYSLIST{LB)

Z1415. if LB LOGIC_OP = 'AND* or = 'OR!

21616. then

21417, LB := LB + 1 /% Step LB past logic operator. %/

21418, else

z21419. ggggg (8, "STRC2107 ' (] 1B_LOGIC_OP ||

21420. ' INVALID AFTER LCOFING BRANCH—-—1AND® INSERTED')
1421, LB_LOGIC_GP := *AND*

1422, £i

z21423. if LOOPIKG_BRANCH_TYPE = 'WHILE*

21424, then

21426, WHILE_INDEX := LB

21426, else

21427, UNTIL_INDEX := LB

£1428. £i

21429, /¥ Set Xxxxx INDEL to peint at start of conditional test, if any. */
21430, ti

1431, £fi .

21432, £i

1433, LB_LABEL_REQ := (LOGRING_BRANCH_TYPE = 'WHILE")

21434, COLp

'0‘0'0'0'0'0'0'0'0'0'0.0'O'D‘O'O'0'000lO'0'u'o'0!0-000'DGOOC‘O'OCD-00000000oto-o-o-o-o-onooooooooo-
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21436. prog DO_SET_FORMAT

1437, /% Set OPERAND_FORMAT according te decision table (see documen-
Z143B. tation). */

214u0. if WHILE_PRESENT

21441, then

21442, if LOOPING_BHANCH_TYPE = 'WHILE'

<1443, then

1444, if WHILE_COND_TEST

FRL LN then

1446, if LB _LOGIC_OP = "AND®

21447, then

2144 B, if UNTIL_¥RESENT

21449, then

21450, if MAIN_Qp = 'ALND'
FALERS thens

21452, OFERAND_FORMAT z= 15
21453, else

21454, OEZRAND_FORMAT := 16
21455, £i

Z1456. else

21437, OPERAND_FORMAT := 13 .
214548, fi

21459, elge

#1460, if UWTIL_PRESENT

1461, then

z1462. if MATN_OF = ' AND"
21463, then

21464, OEERAND_FORMAT := 17
21465, elseg

Z1466. QEERAND_FOEBMAT := 18
21467, £i

1668, else

21469. QOPERAND_FORMAT := 19
2147¢. fi

FALY R i

21472, else

21473, if UNTIL_PRESENT

Z1674. then

21475, if MALN_OP = 'amp®

zZ1476. then

21477, OPERAKD_FORMAT := 11
21478, else

21479, OPERAND_FORMAT = 12
21480. £1

21481, else

1482, OPERAND_FCHMAT 2= 10

21483, £i

21404, £fi
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21486.
21487,

21489,
<1490,
1491,
21492,
21493,
27494,
21495,
<1496,
21497,
21496,
21499,
21500.
21501.
21502,
21503,
21504.
21505.
<1506.
21507.
215048,
21509.
215190,
21511,
21512,
1513,
21514,
21515,
21516.
21517,
21518,
21519,
Z1520.
i1521.
21522,
21523,
21524,
21525,
£1536.
21527,
21528,
21529,
21530.
21531.

21 June 1573

/% if WBILE_PEESENT then

if LOGRING_BRANCH_TYPE

else
'E LOOPING_BRANCH_TYPE = *"OUNTIL
then
if UNTIL_COND_TEST
then
if LB_LDGIC,OP = PAND!
theq
i; MAIN_QP = ' AN
then
OFPERAND _FORMAT
e
PERAND _FOEMAT

]

els
Q
fi
els
if MAIN_OP = ¢aNp*

then
OFERAND_FORMAT

else
OFERAND_FPORHAT

£i

D

fi

§g
if HMAIN_ O = *amD®
then
OPERAND_FGRMAT
elsg
OPERARD_FORMAT
£i

B2

w
H
=

.
1}
w

fi
else
if UNTIL_PRESENT
then
if MAIN_OP = *AND'
then
OPERARD_PORMAT :
elsg
OFERAND_FORMAT
fi
L=}
OPERAND_FCRKAT := 1

It il
U S 1

F:
)
]

£

™

"WHILE* then

*7



21533,

21535,
21536.
21537,
21533,
21539,
21540,
21541,
1542,
21543,
21544,
<1545,
21546,
<1547,
1548,
21549,
21550,
z1551.
<1552,
21553,
21554,
21555,
21556.
21557,
Z1558.

/% 1i WHILE_PRESENT then eee %/

else
i

UNTIL_PRESENT
then
if LOOPING_DRANCH_TYPE = 'UNTIL'
then
if UNTIL_COND_TEST
then
if LB_LCGIC_OP = *AaND!
thep
OPERAND _FORMAT 3= 22
else

else
OPEBAND_FCRMAT := 19
fi
else
OPERAND_FORMAT := 20
Ei
else
OPEEAND_FORMAT := 0
fi

npan

Macro

21 June 1973
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21560. preg DO_BRANCH_FOR_LOOGP_ENTEY

Z1561,
Z1562.

21564.
1565,
21566.
21567,
2156 8.
Z21569.
21570.
21571,
21572,
21573,
Z1574.
21575,
£1576.
<1377,
21574,
21579.
21580.
z1581.
z1582.

/* Gepsrate branch at flow point 0, if reguired, to p:oéer label to
ensure UNTIL tests are oot made before first loop. */

of
case (2,3,6-9)
/% Branch around UNTIL conditional test to WHILE coanditional test. #/
generate {(LABEL |{ ' B * |1 BLOCK_LABEL_EREFIX || "W1Y)
LABEL = '!
esac
case (10-18)
/% Branch to RHILE looping branch first. */
generate (LABEL || " B ' |'l BLOCK_LABEL_EBEFIX || 'LPB'})
LABEL ;= ‘!
esac
cage {20,21,22)
/% Branch around UNTLL conditional test to DO internal code. */
generatg (LABEL || ' B ' || BLOCK_LABEL_PREFIX |{ 'BEG")
LABEL ;= '?
a5ag
esacgd -
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215684, BLOG DO_GEMEAATE_ALL_CONDITIOMAL TESTS

21585, /% Cause WHILE and UNTIL conditional tests to be generated with proper
21586, labels. */

21387, ipt PASS * Looping index. */

21589. PaAsSs 1= 1

21590. * xhile PASS £ 2

21591, do

21592. if PAS5 = 1

21593, then

21594, call DO_UNTIL_PREFROCESS

21595, else

21596, ¢all DO_WHILE _PREPROCESS -

21597. £i

z159E. /% The DO_xxxxx_PREPBOCESS proc must set:

#1599, THIS_COHDITIONAL_BEQD from ixxxx_COND_TEST

21600. FIRSZ_INDEY froa xxxxx_INDEX

21601, LAST_TNDEX from xxxxx_END_INDEX

21602, YNIQUE_LABEL_ ID with the first letter of xxxix

21603. ULTIMATE_BEANCH_LABEL with the branch target

21604, ULTIMATE FALLTBRO_LABEL with the falithru nane

21605, ULTIBATE FALLTHRU_CONDITION with the proper value

21606, FIRST_ID with the first label

21607, to insure proper test generation. */

21608. if THIS_CORDITIONAL_REQD

£1609. thepn

Z1610. call DO_GENERATE_CONDITIONAL_SET

z1611, /* Generate code to pass cantrol teo the ULTIMATE PALLTARU_LABEL f{or
21612, to fall through to it} if the conditional test specified by
1613, SYSLIST (FIRST_INDEX} through SYSLIST(LAST_INDEX) has the logical
21614, value stored in ULTIMATE_FALLTHRU_CONDITION; else pass contrel to
21615. the ULTIHATE_BRANCH_LABEL. 1If a braach is gensrated to the
21616. ULTIHATE_EALLTHBU_L!BBL, set FALLTHEU_LABEL_USED to true;
21617. elge set it false. Include definition of any LABEL outstanding
21618. before gemerating code. */

21619, if PASS = 1

21620. then

21621, call DO_URTIL_PCSTPROCESS

21622, /* For those cases where the ULTINATE FALLTHAU_LABEL was not to
1623, follow the conditional test as the next sequential instruction,
21624, generate an unconditicnal branch to the ULTIMATE_FALLTHRO_LABEL
21625, and clear FALLTHRO_LABEL_UOSED. */

21626. £i

71627 if FALLTHRU_LABEL_USED

%1628, then

21629. LABEL := ULTIMATE_FALLTHRU_LABEL

z1630. /* Generate label at next opportunity. */

21631, fi

21632, fi

21633. PASS := PASS + 1

21634, gd /* {Terminatiom: PAZSS increnented only (mpot modifiable by called

21635, procs), nust eventually exceed 2.} */

21636. COrp >
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21638. prog DO_UNTIL_PREPROCESS

21639, /% Must set up THIS_CCHDITIONAL_REQD, FIRST_INDEX, LAST_INDEX,
21640, UNIQUE_LABEL ID, OLTINATE_BRANCH_LABEL, ULFIAATE_FALLTHRU_LABEL,
Z1641., ULTIBATE_FALLTHBO_CONDITION, and FIRST_ID, */

21603, THIS_CONDITIONAL_REQD := UNTIL_COND_TEST

216044, if UNTIL_CONWD_TEST

11645, then

21646, FIRST_INDEX := ONTIL_INDEX

21647. LAST_INDEX := ONTIL_END_INDEX

21648, ULTIMATE BRANCH_LABEL := BLOCK,_ LABEL_PREPIX || 'END"

21649, /* Flov point 2 mormally connects to flow point 12. */
z21650. ULTINATE_FALLTHEU_LABEL := BLOCK_LABEL_PEEPII 1| *W1T

21651, /* Flov point 3 usually falls through to flow point 4. */
21652. CULTIMATE_FALLTHRO_CGNDITION := falge

21653, UNIQUE_LABEL_ID := *U!

21654, FIRST ID := BLOCK_IABEL_PREFIX || 'U1°’

21655. docase OFERAND_FOBMAT ifany

21656. of

216517, case (3,8,9) /* UNTIIL test ORed with WHILE test. */

21658, ULTISATE_FALLTHRU_CONDITION := true

21659, OLTIMATE_BRANCH_LABEL := BLOCK_LABEL_PREFIX || 'BEG'
z1660. esgac

21661. cage (11,15,17) /% UNTIL test ANDed with WHILE looping branch. +*/
21662. OLTIBATE FALLTHEJ_LASEL := BLOCK_LABEL_PREPIX || 'LPA!
216613, esag

2166 4. case (12,16,18) /¥ UNIIL test ORed with WHILE looping branch. */
21665, ULTIMATE_BRAWCH_LABEL := BLCOCK_LABEL_PREFIX {| *LPB*
21666, ULTIHATE_FALLTHBU_LABEL := BLOCK_LABEL_PREFIY || 'BEG’
z1667. esac .

2166 €. case (20,21,22) /% UNTIL coaditional test only. */

21669. OLTIMATE_FALLTHEU_LABEL := BLOCK_LABEL_PREFIX || YBEG!
21670. gasac

21671, esacod

Z1672. £fi

21673, cor
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z21675.
z1676.
21677,
<1678,

21680.
21681,
21682,
21643,
21684,
21685,
21686.
21687.
Z1688B.
21689,
21690,
1691,
1692,
21653,

ono" Macro == 21 June

proc DO_WHILE_PREBBOCESS
/% MuSt set up THIS_CCNDITIONAL_REQD, FIRST_INDEL, LAST_INDEX,
UNIQUE_LABEL_ID, ULTIMATE_BRANCH_LABEL, ULTINATE_FALLTHRU_LABEL,
ULTIMATE_FALLTHFU_GCOWDITION, and FIRST_ID, */

THIS_CONDITIONAL_REQD := WHILE_COND_TEST
if WHILE_COND_TEST
then
FIRST_IKDEX ;= WHILE_INDEIX
LAST IMDEX := WHILE_ENG_INDEX
ULTIMATE_BRANCH_LABEL := BLOCK_LABEL_PREFIZ || 'END'
/% Flow point § always branches to flow point 12. ¥/
ULTIMATE_FALLTHRU_ LABEL := BLOCK_LABEL PREFIX || *BEG®
/% Plov point & always falls through tc flow point 7. %/
ULTIMATE_FaLLTHRU_CONDITION := true
UNIQUE_LABEL_ID 1= ‘W
FIRST_ID ;= BLOCK_LABEL_PHEFIX || *W1*

carp

1973
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21695,
21696,
21691,
Z16%98.
2169%9.
21700,
21701,
21702,

21704,
21705,
217106,
21707,
1708,
21709.
£1710.
1711,
21712,
21713,
21714,
z1715.
21716,
21717,
z21718.
21719.
21720,
1721,
1122,
1723,
21724,
<1725,
21726.
21721,
21728.
21729,
21730,
21731.
<1732,
z1733.
21734,
<1735,
Z173s6.
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prog DO_GENERATE_CONDITIOKAL_SET
/* Generate code to pass control to the ULTIMATE_FALLTHRU_LABEL {or

to fall through to it) if the conditicnal test specified by
SYSLIST(FIKRST_INDEX} through SYSLIST (LAST_INDEX) has the
logical value which is stored in ULTIMATE_PALLTHRU_CONDITIOK;
else to pass control to the OLTIMATE_ERANCH_LABEL. also
see that FALLTHRU_LABEL_USED is set to true if branch to
ULTIMATE_FALLTHEU LABEL is generated, */

FALLTHRU_LABEL_USED := false
if LABEL # '!
then /* A label is waiting to be generated. #/
if PIRST_ID = '°*

then .
/* Ko special label is required at the beginning of this conditional
test. */
FIRST_ID := LABEL /* Put the label on the conditional test. */
elsg

/% We alsa have a label waiting for the conditional test., */
gengrate (LABEL |] ' DS 0RY)
/% Get the IABEL label out of the way. */

LABEL = 1!
£i
call CONDITIGNAL_EXPRESSICNTPBOCESSDB (FIRST_ID; SYSLIST)

/% Generate code corresponding to the aperands of the current set
(WHILE or UNTIL) of the DO operands (referred to collectively as
S5Y¥SLIST). oOnly the 3YSLIST cao be passed directly as arguments;
the following variatles are effectively arguments but are passed
in global wariables:

FIAST INDEX,

LAST_INDEX,

ULTIMATE_BRANCH_LABEL,

ULTIMATE_FALLTHRU_LABEL,

BRIQUE_LABEL_ID,

FALLTHRU_LABEL_USED.
Process operands of the S5YSLIST beginnipg with SYSLIST {PIRST_INDEX)
through SYSLIST (LAST_YNDEX), generating the indicated tests to pass
coptrol as indicated above. If a hranch is made to the
ULTIXATE_FALLTHRU_LABEL, then FALLIHRU_LAREL_USED is set, else
it is unaltered. #*/

corp
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1738, proc DO_UNTIL_POSTPROCESS

21739, /% Generate where required a hranch tg follow the UNTIL tests to

21740, transfer control to a mop-seguential ULTIMATE_FALLTHRU_LABEL.
21741, See decision table, flow point 3. Insure FALLTHRU_LABEL _USED
21742, is turned off so the label will not be generated on the pext

21743, sequential instruction. %/

21745, dogase OPERAND_FURNAT ifapy

21746, of

1747, cage (11, 15-18}

21748. generata (' B ' |4 OLTIMATE_FALLTHBU_LABEL)

21749, FALLTHRU_LABEL_USED := false

21750, esac

21791, esaged

41752, corp
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21754.  proc DO_LABEL_BLOCK

21755, /* If a begin label is reguired, gencrate it. %/
217517. docase OPERAND_FOEMAT ifany

z1758. eof

21759, case (0,3,5,8-12,14,16-22)

21760. Af LABEL # BLOCK_LABEL_PREFIX || *BHEG®
21761, then

21762, /* Begin lakel nust he generated. */
Z1763. if LABEL # '°¢

21764, then

1765, generate (LABEL | ' D3 QHY)
21766. fi

21767, LABEL := BLOUCK_LABEL_PREFIX || "BEG'
21768. fi

21769. esac

21770. esacod

21771, corLp
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21773,
1774,
<1775,
1776,
21771,
z1778.

21789,
1781,
1782,

2178B4.
21785,
£1784.
21787,
21786.
21789,
21790,
21791,
217932,
41793,
21794,
21795.
21796,
<1797,
21798,
217949,
18040,
21801,
1802,
21803,
Z1B0O4.
Z1B{5.
z1806.
21B07.
21804,
21809.
z1810.
<1811,
z1812.
«1813.
£1814.
21815.
1816,
21817,
Z1B18.
21819,
21820.
21821,
21322,
1823,
21824,
21425,
z21826.
218217,
21828.
21829,
£1830.
21831,
1832,
Z1831.
21834,
z1835.
21836.
21837,
21839,

HpOY Hacro ==

prog DC_INFO_SAVE
/* Insert inte stack all information reguired to close loop at
TERMINATE_DO_LOOP. */
char B8, B10, B11
/* One character codes indicating flow point tc follow points 8,
10, and 11. */

BB := 'W' s* jAssume brapnch at point 8 is to WHILE group (point 4). */
810, B11 3= 10!
/* Assume no looping branch (thus no branches at 10 and 11). */

/* Set BA. ¥/
docage OPERAND_FORMAT ifany
£
“case {2,3,11,12,15-18,20)
/¥ UNTIL conditional test but noe UNTIL lecoping branch. */
B& 3= 'U' /% To flow point 1. */
Esac
case (U-10,13,14,19,21,22)
/* UNTIL looping kranch or no WETIL but WHAILE looping branch. */
B8 2= "L*' y* Fall through to point 9. */

esac
cage (0) /% Infinite loop. */
BY := "Bt /% To flow peoint 7. %/

283¢
esacod
if LOCPING_BEANCH_TYFE # 'NOKE*
then
/* Set B, ¥/
docase OPERAND_FORHMAT only
£
case (4,7,13,15,16)
B10 := 'W' /% Tc flow point 4., */
25ac
case {5,9-12,14,1719,22)
B10 := *B' s* Tc flow point 7. %/
23ac
case (6,8,21})
B10 = t0' /* Tc flow point 1. */
2s3¢
esacod
/¥ Set B1l. =/
docase DPERAND_FORMAT oply
of
T case (4,6,10-13,15,16,19,21)
B11 := 'N' s* Fall through tc flow pecint 12 (end of DO block). */
f5ac
case (5,8,14,17,18)
B11 z= 'R' /% To flow point B. */
ggac
case (7,9,22)
B11 := 'B' /* To flow point 1. */
ggac
esacad
fi
INEERHATIO!(CUBBEHT NEST_LEVEL) := B8 )| EB1¢ || B11 || LB_LABEL_REQ (i

false 1] false (| false )| Lalse
/% Byte 5 is set true when the loop is terminated (by ATEND, OREXIT,
or QD). :
Byte & is set Lryg when an ATEND occurs for this DO.
Byte 7 is set tpue when an ONEXIT occurs for this DO.
Byte 8 is set true if a FIN label is required in the QD code. %/
OPERAND1(CUBRENT_NEST_IE?EL] i= LA_OPERAND1
OPERAN D2 (CURRENT_NEST_LEVEL) LB_OPERANG2Z
OPERAND3 (CORERENT_NEST_LEVEL)} := LB_OPCODE_ID
¢corp

21 June 1973
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npgv

Z1840.
1841,
1842,

21844,
z1845,
Z1846.
21847,
21848,
21849,
£1850.
21851,
1852,
21853,
21854,
21855,
21856.
21857,
<1858,
21889.
21860.
21861,
1862,
21863,
21864,
21865,
21866,
41867,
Z1868.
21369.
z1870.

Macro -

2t June 1973

proc DO_TRACE_COUNTEES

s* If debugging, generate block name andfor counters for block and

loop execution. */

if DEBUG_BLOCKCOUNTS_REQD or DEBUG_ELOCKNAMES_REQD

then
1f DEBUG_BLOCKCOUNTS_RECD
thep
generate (LABEL || *
LABEL := *°*

generate ('

gepgrate ('

gensrate ('

generate (°

generate (*
fi

/¥ Generate

generate (LABEL §| * B t BLOCK_LABEL_ PHEFIX
LABEL := BLOCK_LABEL_FREFIX ]| *'GO*
if DEBUG_BLOCKNAMES_REQD
then
generate (" oC cre
nro0HYO' )
£i
if DEBUG_BLOCKCOUNIS_RECD
then
genegpate (BLOCK_LABEL_PEEFIX j§ "DOL DC H1 Q!
genecrate (BLOCK_LABEL_PREFIX |§ “TTR DC HtQ
£i
fi
corp

LH

La
SIR
LH
La
STH

branch around

1,% |1 BLCCK_LABEL_PREFIX || 'DOL"}
T
1,' |} BLOCK LABEL_PREPIX || 'DOLY)
1," || BLCCK_LABEL_PREFIX |{ 'DTR")
T, {1} )
1," || BLOCK_LABEL_PREFIX || 'DTR')

plock name and/for block counts. ¥/

1 *Got)

I{ BLOCK_NAME{(CURRENT_NEST_LEVEL} ||

CURRENT LOOP COQUNT™}
OVERALL LOOP COUNT™)
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wATEND" Macro =~-- 31 October 1973

23001. pacro ATEND { ; USER_NAMNE)

z3002. /% The ATERD macro causes the generation of the loop-terminating coide
23003, for the surrounding DO block if such code has not Yet been generated.
23004, The target for normal loop termination is then defined to allow the
23005. code which folloWs to be executed upcn normal loop termination. Iif
23006. the ATEND has been preceded by an CNEXIT macro, the branch is generate
23007. to the 0D for the ONEXIT block. #/

<3008, bit

23009, ATEND_GENNED, * Indicates whetber ATEND has been generated previously
23010. for this block. */

23011, 1IDL_GENNED, s* Indicates whether the TERNINATE_DO_LOOP macro has
23012. been evoked for this DO by a previous sacre (properly, only
23013. by ao DNEXIT) . ¥/

243014, PIN_LABEL_REQD /* Indicates a branch to the label "$nnnFIN" bas

23015, been geaerated and pust be defined at 0D time. ¥/

23016, char

23017, INFO /% Holds copy of INFOHEHMATION (CURRENT_NEST_LEVEL}. */

23019. call ‘EH.ACE*PHINTER { YATENDY)

23020. /% Prints macro name "ATEND" in mnote if tracing on. ¥/

23021, if CURRENT_NEST_LEVEL > NESTING_LINIT

13022, then

33023. mexit

23024. £i

23025, call VERIFY_END { ; ‘'DO', USER_NAME)

23026. /* Verifies current block has the name specified by the USER_NAHE
23027. operand on the ATEND macre (if any) and that it is a DO block.
23028, Various errors receive messages and either internediate hlocks are
z3029. BLENDed as a fixup or EREOR_OCCORRED is set. ¥/

23030. if ERROR_OCCURRED

£3031. then

23032. mexit

23033. Ei

23034. INFG = INFORMATION (CURRENT_NEST_LEVEL)

23035. ATEND_GFHWED := IRFO[6,1?] .

23036. /* See if we've already generated an ATEND. ¥/

23037. if ATEND_GENNED

30 38. then

23039. mpote {8, "STRC23101 MCRE THAN CNE "ATEND" IN BLOCK'}

23040. mexit

23041, £i

%3042, BLOCK_LABEL_PREFIX := *$' {{ BLOCK_NUMBER (CUHRENT_MNEST_LEVEL)

Z2304". TDL_GEWHED := INFO[5,1]

2304y, /* See if we've already generated the loop—terminating code. ¥/

23045, FIN_LABEL_REQD := INFO[8,1]

z3046. /* Hote whether a FIN label has already been referenced. */

23047, if - TDL_GENNED k4
zioua. then

23049. call TEEKINATE_DO_LOGPF { : )

23050. /% Terminate the loop by generating any necessary pack bramches. */

z3051. else /* TERMINATE_DO_LOCP must have been dcne by previous ONEXIT. */
23052, generate " B * || BLOCK_LABEL_PREFIX §| "FIN')

23053, FIN_LABEL_REQD := true

23054, /% Terminate the CNEXIT block. */

23055. i :

23056. if END_LABEL_BECD{CURRENT_NEST_LEVEL}

¢3057. then

23058. generate (BLOCK_LABEL_PREFIX || 'EKD DS OH")

23059. END_LABEL_REQD (CURRENT_WNEST_LEVEL) := false

23060, /#* If pnormal block termination regaired an END label, provide it and
z3061. note that we no longer reguire it. */

23062. £i

23063. INFORHATIDN(CUREENT_NESTTLEUEL) := INFO[1,4] ||

23064. true /* TDL has now been generated. */ ||

z3065. krue /¥ ATERD has oov been generated. */ ||

23066. INFO[7,11

23067. FIN_LABEL_ERECD /* Forward PIN_LABEL_REQD to OD. */

Z3068. nmend
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HONELIIT* Macro =-- 31 Octoaber 1973

25001, macro ONEXIT ( : OUSER_NAME)

z5002. /* The ONEXLIT macrc causes the generation of the loop-terminating code
25003, for the surrounding D0 block if such code has not yet been generated.
25004, The target for abmormal loop termination (EXIT macros) is then defined
25005. to allow the code which follows to be executed upon abnormal loop
i5006. termipation. If the ONEXIT has heen preceded by an ATEND macro,
25007, the branch is generated to the 0D for the ATERD block. */

25008. bit

25009, ONEXIT_GENNED, /* Indicates whether CNEXIT has been generated
23010. previously for this block. .*/

250%1. TDL_GENNED, /* Indicates whether the TEEMINATE_DO_LOOP macro has
z5012. been evoked for this DC by a previous macrae (properly, only
5013, by anp ATEND). */

25014, FIM _LABEL_REQD /% Indicates a branch to the label "$panFIN" has
25015. been generated and must be defined at GD time. %/

25016. char

<5017, INFO /* Holds copy of INPOEMATIOR (CORRENT_NEST_LEVEL). */
5019, call TRACE_PRINTER ( ; 'ONELIT')

25020, /* Prints macro nade "ONEITE®® in pnote if tracing on. */

25021. li CURRERT_NEST_LEYEL > NESTING_LIMIT

e5022. then

<5023, maxit

£5024. fi

i5025. call VERIFY_END ( ; 'D0' USER_MNAME) .

25026. /* Verifies current block has the nampe specified by the USER_NAME
25027, operand of the ONEXIT macre (if aby) and that it js a DO block.
5028, Various errors receive messages and either intermediate blocks are
25029, BLENDed as a fixup or ERBOE_OCCUBERD is set. */

25030, if ERROR_OCCURRED

5031, then

25032, Bexit

250313, £fi

25034, IRFQ := INFORHATION (CHEBENT_HESTTLEVBL)

25035. ONEXIT_GENNED := INFO[7,1]

25036. /¥ Sea if we've already generated an CHNBYXI{. */

25037. if ONEXIT_GENNED

25038. then

25039. moote (8, 'STRC2501 NOBE THAN ONE "ONEXIT® IN BLOCK')

25040. mexit :

25041, fi

250642, if ~ BXIT_LABEL_REQD(CURBENT_NEST_LEVEL)

25043, then

2506 4. magote (8, 'STRC2502 WO EXIT FOH THIS ™Do"?)

25045, nexit

250464 fi

25047, FIN_LABEL_REQD := INFO[B,1]

5048, /* Hote whether a FIN label has already been referepced. */

25009, BLOCE_ZLABEL_PEEFIX := 5" || BLOCK_NUMBER (CURBENT_MEST _LEVEL)

25050. TDL_GERNED := INFO[5,1]

25051, /% See if we've already generated the loop-ternminating code. &/
25052, if -~ TDL_GENKED

£5053. then

5054, call TERMINATE DO_LQGF ( ; )

z5055. ;g TDL_FALLTHRU_OCCURS

25056. then /* Looping branch expects to fall through to END label. */
25057. generate (* B * |1 BLOCKE_IABRL_PREFIX || 'END')
Z5058. fi

25059. glse /* TERMINATE_DO_LOOP must have been done by previous ATEND. */
25060. generate (' B * |1 BLOCE_LABEL_PREFPIX || '"PIN')

5061, PIN_LABEL_REQD := true

3062, /* Provide branch to FIN for ATEND block. %/

45063, £i

25064, geherate (BLOCK_LABEL_PEEFIX {| 'XIT DS 0H"}

25065. EXIT_LABEL_REQD(CURRENT_WEST_LEVEL) := falsg

25066. /* Provide target for EXIT branch and note that it i= oo longer \
25067. needed. */

2506 8. INFORMATION (CURRENT_KBEST_LEVEL) := TRFO[1,4] ||

453069, true /* TDL has aow been generated. *, ||

25070, INFO[6,1] ||

5071, true /* ONEXIT has now been generated. */ ||

23072, PIN_LABEL_REQD /% Forward FIR_LABEL_REQD to OD. */

5073, nend
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ngp" Macro -- 26 June 1973

Z7001. macrog ©OD ( ; USER_NAME)

27002, /% Terminate DO locop if ATEND or ONEIIT have not done se and do

27003, standard block closing. */

z27004. bit

<7005, TDL_GENNED, /* Indicates whether the looping code has been generated
27006 . yet. */

1007, PIN_LABEL_REQD /% Indicates whether a "$pppPIN" label is

27008, reguired. {It is used at the end cf the ATEND or ONEXIT code.} 3%/
1009, char .

27010. INFO /% Holds a copy of INFORMATION (CURRENT_ NEST_LEVEL]. */

7012, call TRACE_PRINTER ( oDy

27013, /% Primts macro rame “OD" in mnote if tracing on. ¥/

7014, if CURRERT_NEST_LEVEL =< NESTING_LIMIT

27015, then

27016. call YBRIFY_END {  *DO", USER_NAME)

<7017, /* Verifies current block has the name specified by the USBR_NAME
23018, operand of the 0D macro {if any) and that it is a DO hlock.
27019. Yarious eILOLS receive messages and either interpmediate blocks are
27020. BLEKDed as a fixup or ERROR_OCCURRED is set.

27021, {Lemma: If CURRENT_NEST_LEVEL > 0 and

27022. {USER_KAME = "' or = BLOCI':__HAHE(CURREHT_}IEST_LEVEL}] and
27023. BLOCK_TYPE(CURRENT_NWEST_LEREL} = *poY, then

7024, ERROR_OCCURRED will ke set false and CURRENT_NEST_LEVEL will
£7025. not be podified.} */

2T1026. if ERROR_OCCURRED

27027. then

£7028. pexit

27029, £i

27030, INFO <= INFPORMATION (CURBRENT_KEST_LEVEL)

27031. TDL_GENNED := INFO[S5,1]

i7032. PIN_LABEL_REQD := INPQ[8,1]

27033, if -~ IDL_GENWNED

27034, thep

27035. call TERMINATE_DG_LOOP ( ; }

27036, /* Call separate macro to generate loop-terminating branches.
270317, {Lemma: TERMINATE_DO_LOOP does not nodify CORBEWRT_NEST_LEVEL.]} */
27038. else /* ATEND or ONEXIT occurred; e nmay meed FIN label. */

27039. if PIN_LABEL_RECD

27040, then

27041, gJenerate (13 i BLOCK _WUMBER (CORAENE_NEST_LEVEL] (| 'FIN DS QH')
27042, i

7043, £i

27044 Ei

27045, call POP_OLD_BLOCK ( ; )

<7046, /* Delete current block frowm the stack.

27047, {Lempma: POP_OLD_BLOCK decrements CURRENT_MNEST_LEVEL by exactly
27048, one.} ¥/

27049. mend

27050. /* {(Lempma: If CURRENT_NESE_LEVEL > ¢ and

27051. { USER_HAME = *' or = BLOCK_NAME (CURRENT_NEST_LEVEL) ] and

27052. BLOCK_NAME{CURBENI_NEST_LEVEL) = 1DoY at entry to 0D, then

2T053. CURRENT_MEST_LEVEL wiil ba decremepted by exactly one.} */
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MDOCASE™ Nacro

31001,
Jioo2.
1003,
21004.
31005.
21006.
31007,
31008,
31008,
31010.
31011,
31012,
31013,
31014,
31015.
310176,
21017,
310148,
21019,
31020.
31021,
31022,
31023,
1024,
310254
31026.
31027.
31028,
J1029.
310304
31031.
31032,

21034,
31635,
21036.
31937,
31035&.

RAGLO

pit

-- 26 June 1973

DOCASE (USER_NAME; INDEX, CPTION, RANGE)

/% The DOCASE macro is used to select one of its impediate subblocks
defined by CASE macros for execution. The operands are scanned to
determine the type of case specificaticn provided. Depending on the
format indicated, some instructions way be geperated at this tise and
various data are stored in the stack to direct code gemeration at
the CASE aod ESACCD macros. */

- BRARCH_TO_CASE1, /* Initially false: to be set true at any

time a branch is generated which would require the first CASE to
be labeled (as opposed to falling through to the first CASE}. %/
INDEX_RANGE_ASSURED ,* Set to Lrug if “OWLY" option is specified
to indicate index will take ov only values represented by the
following CASE blocks. */

chap

INDEX_REG, ,* Name of register comtaining DOCASE index, if
in a register. */

INDEX_LENGTH, /% Length (or symbol indicating length) of index for
CHARCOMP operand. */

INDEX_TYPE, /% Type of DOCASE index: "R" register, "W" word (or no
index—COKNDTEST type DOCASE), "H" halfword, or "an hyte (or
character string-~CHARCOHP type LOCASE}. %/

CASE_FORMAT, /* Format of CASE macros to fcllow: PGENERAL™ {(branch
vector and/or symbolic compares with index), "SPARSEN {syabolic
compares only), "CHARCOMPY (character string ccompares), "SIMPLE"
(short sequence of integers in order 1, 2, 3, eee}, or
"CONDTEST"™ (no index on DOCASE, conditicnal test on each CASE
MACLO) « */

LABEL, /% Any outstanding label, to ke generated on next executable
instruction. */

INDEX_ADDR /¥ Symbolic address of bytertype or CHABCOMP index, if

any; else null. */

/% Ground rules: LABEL is to ke geperated on the first of any
executable instruction seguence and then cleared to oull; any label
which peeds to be so generated may replace a null LABEL. BRANCH_TO_
CASE1 must be set by any branch directly or indirectly to the first
CASE (i.e., by all but falling through to the first CASE}. =/
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A1040.
31041,
31042,
31043,
21044,
31045,
ERLIZI
ERT
i1gua,
310409,
21050,
31051,
Jiosza.
31053,
31054,
31055,
31056.
31057,
31054,
31058,
31060.
31061.
31062,
Z1063.
21064,
31065,
31066,
31067,
31068.
31069.
21070.
anoti.
31072,
31073,
z1074.
31075,
31076.
21077,
310748,
:1079.
31080.

nend

wDOCASE" Macro =—-- 26 Juae 1973

call TRACE_PRINTER ( ; 'DOGCASE")

/% Priot macro name "DOCASE"™ in mpote if tracing on. */

gall PUSH_NEW_BLOCK (USER_RAME;
BLDCK_TYPB_VALUE='DOCBSEJ,
END_LABEL_VALUE=true]

/* Define new block; add to stack. Ipitialize block specifications.
Note that block will need an END label. Set up unique
BLOCE_LABEL PREFIX for generating unique lahels. */

if ERROB_OCCUREED
then
Rexit
£i
LABEL := USER_NAME

/% Generate macro's label at First opportunity. */

call pOCASE EXTRACT_OPBRANDS

/% Talidate operands amd issue any error-Gessages; set IRDEX_REG,
INDEX_TYPE, INDES_RAWGE_ASSURED, INDEX_LENGTH and CASE_FOhNAT. */

if CRSE_FORMAT # 'CONDTEST!
then
call DOCASE_INDEX_TO_REG1
s* If case format is GEMERAL, SPARSE, or CEARCOMP and the index is a
byte, save symboliic address of the index in INDE¥_ADDR, othervise
set IMDEX_ADDR to ouil and generate code to put index into GPRI. */
if CASE_FORMAT # "SIMELE!
thep
call DOCASE_GENERAL SETUP
/% Generate branch to gemeral handler for GENERAL format. 1In any
case (GEWERAL, SPABSE, or CHARCONP), ajvance GCASE_NEST_LEVEL for the
GCASE stack apd initialize the GCASE ¢globals. */
fi
£i i1
call DOCASE_BEBUG_STIUFF
/% Geperates last-case variable and block-pame constant if reguired. */
call DOCASE_INFO_SAVE

/* Store in stack all data needed by CASE and ESACOD to complete
case processing. */
if LABEL # **

then
qeperate (LABEL /| " DS our)
fi
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"DOCASE" Macro -- 26 June 1973

31082.
21083,
31G84.,

21086.
31087.
ji048e8.
21089,
31090.
31091,
31092,
31093,
Z1094.
31095.
21096.
31097.
310948,
31099.
31100,
3101,
3tn2.
1103,
31104,
31105.
31106,
311407.
ERRLEN
311049,
31110.
ERRRR S
ERR RN
21113,
ERRRL
21115,
31116,
1117,
31118.
31119,
31120.
31121,
31122,
i1123.
Jd1i2a.
21125,
J11zé.
31127,
31128.
31129,
31130.
31131,
3113z,
31133,
31134,
ERRELW
31136,
J1137.
31138,
31139,
31140,
31141,
31142,
EARIEN
31144,
ERRIEW
1146,
7.

PLoc DOCASE_EITRACT_OPERANEDS .
/* Validate operands and issue any error messages; set INDEX_REG,
IKDEX_TYPE, IKDEK_BAHGE_ASSUHBD, INDEX_LENGTH, and CASE_FORMAT. */

if OPTION = 'SIMPLE? or = '5FARSE®
then
CASE_PORNAT := OPTIOKN
ELSE
if OPTIQW = 'QHLY’ .
then /* Allow range specification as seccnd operand of macro, also., */
INDEX_RANGE_ASSURED := true
else
if OPTIOH # '* apd # 'IFANY!
then
mnpte (8, 'STHC3102 ' || OPTION ||
" INVALID SECOND OPEBAND—IGNOEED"')
£i

i
if IBDEX = *°
thep
CASE_PORMAT := 'CCHOTIEST?
8lsg
CASE_FORMAT
if INDEX (1)
Lhen
mnote (4, 'STRCI101 WARNING——"' || INDEX({1} {J
'" ASSUMED AS INDEX; GSE "DOCASE ,* |{ INDEX(1)} |t}
'" FOR EANGE SPEC'")

= *GENERAL®
'IFANY" or = ‘CNLI'

i
£
£i
if RANGE = "ONLY"'
then .
INDEX_RANGE_ASSURED := tprug
else
;; RANGE # ! ggg + *IPANY!
then
onote (B, *STRC3103 "' )| BANGE ||
1M ISVALID THIERD OPERAND—IGNORED"')
Ei
6
INDEX_LENGTH := '0' /* Assume not CHARCOME. %/
if N'INDEX = t apd INDEX[1,1] = 1 (¢
then
/* b one-elenent sublist was specified; we take it to be a
register. */
INDEXI_REG ;= INREX (1]
INDEX_TYPE := *R' * Index is specified as a register. #/
else
THDEX_REG = t
if N'INDEX > 1
Lhep
INDEX_TY®E ;= INDEX {2)
/* Get indez type specified; should be tgn {(word) , "4" {halfword),
"B" (byte), or length of CHARCOMP index. x4
Lif INDEX_TYPE # 'W* apd # 'BY agd ¢ 'B°
then
INDEX_LENGTH := INDEX_TYPE /* Operand two is length specification. */
INDEX_TIPE := r@gt
f‘CRSE_FOﬂHAT := 'CHARCOMPY /% Change forsat to CHARCOME, >/
i
elsg
f_IHDEI_TYPE = *W' /% do type specified; "mE" is default. L4
i
g5
COLp
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31149,
31150,
311351,
3115z,
21153,

31155,
i1156.
31187,
31158.
31155.
31160,
31161,
31162,
1163,
64,
21165.
31166.
31167,
jl16a,
31169,
31170,
31171,
11172,
31173,
1170,
31175,
31176,
it71.
It176.
7.
31180.
itiei.
ERRL:V
31183,
31184,
31185,

BLe

"DOCASE" Macro ==

¢ DOCASE_INDEX_TO_REG1
/¢ If case format is GENERAL, SPARSE, or CHARCGHP and the index is a
byte, save synbolic address of the index in IN¥DEX_ADDR, otherwise
5ot INDEY ADDR to null and generate code tg put index ianto GPRI.
Given: This proc is not called for CONDTEST format. */

INDEX_ADDR := '' /% pssume index will be stored in GPR1. %/
docase INDEX_TYPE galy
of
cage (T8') /* Register index. ¥/
if INDEX_REG # *1°

theg
generate (LABEL |} ' LR 1,' || INDEY_REG)
LABEL z= **
£i
esac
case ('W') /* Word index. ¥/
generate {(LABEL || ' L 1, i1 INDEX(1})
LABEL = 1!
gsac
case ("H') /% Halfword index. ?/
generate (LABEL || ' LB 1,% |1 INDEX{1})
LABEL z= !
esac

case ('B') /¥ Byte index. */
;g CASE_FORMAT = "SINELE?

26 June 1373

then .
gengrage (LABEL || ' SR 1.17)
LABEL = !
generate (' 1c 1,% |1 INDEX{1})
elsg
INDEX_ADDE := INDEX(1)
/* Postpone loading <f index into register; We may want to do CLI's.*/
£i
esac
egacod
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31187.
31188,
31189.
31190.
31191,
ngz.

31194,
31193,
31196,
1197,
31198.
31199,
11200,
31201,
21202,
31203,
I1204,
31205,
31206.
31207.
312048,
31209.
31210.
1211,
1212,
1213,
1214,
312158,
21216.
31217.
31218.
1214,
31220,
31221,
J1z222.
1223,
31224,

prog DOCASE GENERAL_SETUP
/* Generate branch to beginning of general bandler for gemeral format
DOCASE. In any case, advance GCASE_NEST_LEVEL for the GCASE stack
and initialize the GCASE glebals. It is assumed that this prec is
called only for GENERAL, SPARSE, and CHARCCMP case formats. */
int I, J /* Temporaries. ¥/

if CASE_FORMAT = 'GENERAL'
then
geperate (LABEL (| ' B ' || BLOCK_LABEL_PHEEFIX || *BEG')
/* Geperate braoch to general handler which is defined at ESACOD. */
LABEL := *°*
BRANCHB_TO_CASE1 := true /* Albeit indirectly. */
fi
GCASE_NEST_LEVEL := GCASE_NEST_LEVEL + 1 /% Advance GCASE stack. #/
if GCASE_NEST_LEVEL < GCASE_MNEST_LIMIT
then /* Clear GCASE glotals. */
MAX_CASE VALUE (GCASE_NEST_LEVEL) := -1
/% Maximun branch vector value found. *s
NEAT_CONP_LABEL_NO {(GCASE_NEST_LEVEL) := 1
/* Case pumber for pext comparison catse lakel to be generated. #/
GCASE_NEST_LEVEL #* 256
J = 255
E_FORMAT = '"GENERAL"
Clear CASE_CCCURS bits. */
I =4

ASE_OCCURS(I) := false
= I+ 1
od /* {Termipation: I is incremepted, J is fixed during loop; I
pust eventually exceed J.} *f
fi
else /* GCASE stack overflow. %/
onote (12, 'STBEC3104 GENERAL/SPARSE/CHARCOMP DCCASE NWESTING LEVEL ' ||
GCASE_NEST_LEVEL | * EICEEDS MAIIMUM OF ' ||
GCASE_NEST_LIMIT || '——MACROS AUST EE NODIFIED')
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31226, prgc DUCASE_DEBOG_STUFF

31227. /* Generates last-case variable and block-name constant if required. */
31228, char X /¥ Temporary. ¥/ )

31230. if DEBUG_BLOCKCOUNTS_RECD of DEBUG_BLOCKNAMES_EEQD

J1231. then

31232. if ~ ERANCH_TO_CASE1

31233, then :

31z34. /% Branch nust be generated around the last-case variable and/or
31235. block-name constant. Put target suffix inte X. */

31236, if CASE_FORMAT = *GENERAL®

31237. then

31238. /% This case should not occur since DOCASE_GENERAL SETUP generates
312349. the branch for GENERAL cases; we include the code here for
31240, conpleteness. */

31241, X ;= 'BEG"

31242. else

I1243. I = ‘cq!

1244, £i

31245, genezate (LABEL |1 ' B * || BLOCK_LABEL_PREFIX |{ X)

31246, BRANCH_TO_CASE1 := true

FizL7. LABEL = 1!

Z124E. fi

31289, if DEBUG_BLOCKNAMES_REQUD

31250. then

31251, geperate (" il c*v || BLOCK_NAME{CURRENT_NEST_LEVEL) || "'"™)
31252. £i

21253, if DEBUG_BLOCKCOUNTS_RE(D

21254, then

31255. generate (BLOCK_LABFL_PREFIX || ®LSc BDC Xt00' LAST CASE NUMBEE™)
31256, ti

31257, genecate (' DS OH')

3125¢. fi

31259, corp
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31261.  prog DCCASE_INFO_SAVE

1262, /* Store the case couanter initial value (0} in OPERANDY; TINDEX_ADDR
312613, in OPERAND2; CASE_FORMAT in OPEBAND3; TINDEX_LENGTH in OPERANDY; apd
31264, various switches in INFORMATION, *#

31266. OPERAND1(CURRENT_NEST_LEVEL) := *{' /% Case counter. 'y

31267. OPERAND2 (CURRENT_MEST_LETEL) := INDEX_ADDR /* Byte index address, */

31264, OPERAND3 (CURHENT_MWEST_IEVEL) := CASE_FORMAT

31269. OPERANDO {CURRENT_HEST_TEZVEL) := INDEX_LENGTH

31270, INFORMAITON{CORRENT_ REST_LEVEL) :=

31271, BRANCH _TO_CASE1 || failse |l trus || false || INDEX_EANGE_ASSURED)

31272. /* Inforpation:

1273, Byte 1: Indicates whether first CASE requices a label.

31274, Byte 2: Indicates whether a MISC CASE has been found.

31275, Byte J: Indicates whether all self-defined operands are divisible
31276, by 4.

21277. Byte 4: Indicates whether any unexpected operands were found

31278. for general case processing (i.e., any operands which were not
31279, equal to their own sequential CASE nunbex) .

31280. Byte 5: Indicates whether index test for out-of-range value may be
31281, omitted, */

3128z, corp
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33001. pagre CASE (USER_NAME; REL=, HASK=)

33002. /* The CASE wmacro is used to specify a block of code which is one

33003, of the alternatives for the immediately surroupding DOCASE macro. If
Z300u. CASE macro is not the imaediate daughter of a DOCASE and no fixup is
33005. possible, a BLOCR macro is substituted. Dthecwise, the information
23006, stored by the DOCASE is extracted and the operands of the CASE are
33007. processed to produce the necessary code for the selecting of this
33008, block in the indicated case. Finally, any debugging code required
33009. is generated. */

33010. int

3301t%. CASE_COUKTEER, /* Case nupber for this CASE paintained ip

EEL RN mother info. */

33013, COMP_LABEL_NO, /% Numler to be used ip next compare iabel to he

23014, defined. */

33015, I - /% SYSLIST index. ¥/

13016, bit

3307, CASE_LABEL_REQL, /* true unless DOCASE is falling through into

33018, first CASE. */

33019, INDEX_RANGE_ASSURED, /% true if we have been assured (by

:3020. WDQCASE +ee,0FLY™) that no values other than those specified
33021. by CASE operands will occur. */

33622, BQUAL_TEST_OUTSTANDING,

33023. /* Indicates that a compare for the current operand has been generated
33026. but the "BE" to the beginning of the block (or "BNE" around the
3302s. block) bas not been generated yet. */

23026, RANGE_TEST_QUTSTANDING,

3:027. /* Indicates that a compare for the current range aperand has been
33028. generated as well as the branch if belaw the range; the branch
33029. if within the range to the beginping of the block {or "BH" around
33030. the block) has not been generated yet. */

33031. MIsCc_FOUND, /% Indicatas whether NISC kas been found yet. */

33032. KULTI PLESOF4, /% Indicates whether all the self-defining operanis

23033, of the CASE macros processed so far are multiples of 4. */

23034, UN EXPECTED_OPERANDS_PCUND /% Indicates whbteher acy operands have

33035, been found so far in the CASE macros® operands which either were
23036, symbolic or were self-defimers not egual to their own case nthber. */
33037. char

33034l CASE_FORMAT, /% Type of CASE operands eXpected: GENERAL,

33039. SPARSE, SIMPLE, CHAHCOMP, or CORDIEST. */

33040. MAMA_BLOCK_PREFIX, #* BLOCK_LAEEL_PREPIX from mother DOCASE block. */
53041, INDEX_ADDR, /* Symbolic address of byte ar CHARCORP operand. ¥/

Z30u2. LABEL, /% Outstanding label waiting to be generated. */

33043, CONP_LABEL, /% The next label for a ccmpare test. */

33044, WEXT_CASE, /% Label to be generated on next SINPLE or CONDTEST

330u5. CASE macro. */

33046, INDEX_LENGTH % Length of CHARCOMP index. */
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J3IQuE.
33049,
33050.
33051,
13052.
23053,
23054,
33055,
33056,
33057.
2305€&.
3305¢,
33060.
33061,
33062.
23063.
i3064.
33065.
33066,
330467,
3306¢.
33066,
33070.
33071,
33072,
33073,
33074.
33075.
33076,
33077.
33078.
330785.
33080.
33oa1.,
z3ioa2.
z3083.
z308u.

330485

330B6.
33087,
330BE.
33089.
33090.
33091.
33092,
33093.
33094,
33095,
33096,
33097,
33098,
33099.
33100.
331o1.
33102.
231613,
33104,
33105,
23106.
33107,
3310¢€.
33109.
33110.
33111,
33z,
I3t13.
EERRE'S
33115,
33116,
33117,
EEREE: N
33119,
3z120.
33121.
33122,
23123,
33124,
3i128.
33126.
33127,

Hacro == 27 June 1973
call TBRCEWPRINTER { ; ‘CASEY)

/% Print macro name "CASE® in mnote if tracing on. */

gall CASE_POSITION_CHECK

/* Verifies mother block is a DOCASE or attempts fixup with up to 2
BLENDs. Indicates whether un-fixup-able ERROR_OCCURRED. */

if ERRCR_OCCURRED -
then

mpote (8, "STRC3304 "CRSE™ THREATED A5 "BLCCK"™ WACRO')

call BLOCK (UGSEE_NAME; )

Dexit

fi
call PUSH_NEW_BLOCK (USER_NANE; BLOCK_TYPE_VALUE=TCASEY)

/* Define new block; aéd to stack. Initialize block specifications.
Note block type. Set up unique BLOCK_LABEL_PREFIX for use in
generating unique labels. #/

if BRROR_OCCURRED /* during PUSH_NEBW_BLOCK (viz., stack overflow} */
then

mexit

£i
if REL # '* or- KASK # ¢
then

onote {8, "STRCIIN0 REL= OR HMASK= WOT IN BEARENTHESES—IGNORED')

fi
call CASE_GET_LDOCASE_INFQ

/* Bxtract CASE_FOBMAT, CASE_LABEL_REQD, CASE_COUNTER, HISC_FQUXD,
HAMA_BLOCK_PREFIX, ILHDEX RANGE_ASSUREL, INDEX_ADDR, and INDEX_LENGTH
from mother DOCASE block. #/

Af USER_NAME # "'
then

geperate (USER_NAKE {] ' DS on'Y)

/% Any USEE_WAKE on a CASE macro is just a comment since a branch to
it will produce unpredictable resunlts. If one was specified, get it
out of the way now. &/

i
if SYSLIST{1} = *MISCH
then

gall CASE_MISC_PROCESS
/* Conpletely process miscellanecus CASE biock. %/

else
if CASE FORMAT = 'GEHERAL® er = YSPARSE' or = 'CHARCOAP!
then
if GCASE_NEST_LEVEL < GCASE_NEST_LIMIT
then
call CASE_PROCESS_CCMPARE_QOPERANDS
/% Generate code to handle all “sypbolic® operands
{i.e., all those which cannot be handled with the branch vector),
or for all operands in the SPAKSE or CHARCOMP format. These are
all handled by generating compare-and-branch seguences. */
if CASE_FORMAT = 'GENERAL'
Lthen
ggl; CASE_PROUCESS_VECTOBR_OPERANDS
/* Generate lahels and save information about any operands which
are to be bhandled via kranch vector. */
fi
P
elsg /* Must be SIMFLE or CONDTEST type. */
call CASE_SET_NAMES
/* Set LABEL if label required on first of code {uswally is; ounly
exception is when DOCASE is falling through to first CASE macra).
Set NEXT_CASE with lahel to be used on next case. */
if CASE_FORKAT = 'SINPLE!
then
€all CASE_BCT_GEN
) ' /* Geperate BCT instruction for this case. */
else
call CASE_CONDTEST_GEN
/* Geperate conditional test specified on CASE macro. */
fi
=R
fi
call CASE_TRACE_COUNTER

/* Generate code to coubt this block, note last case number, and/or
display block name if appropriate debugging requested. */

call CASE_UPDATE_INFG

/* Update the information sStored in mother DOCASE block. */

Af LABFEL # !
then
generate (LABEL |[ * DS  OH'}
fi
mend
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33129, proc CASE POSITION_CHECK

33130. /% VYarifies mother is DOCASE macro or attempts fixup by inserting up
33131, to two BLENDs (if that will get us to a DOCASE mother). Indicates if
33132, no fixup possible in ERROHE_OCCURRED. #*/

2313y, ERROR_OCCORRED := false /* Assumed. */

33135, if BLOCK_TYPE(CURRENT_WEST LEVEL] # *BOCASE!

33136, then

43137. mnote (B, '"STRC3301 "CASE" NOT IMMEDIATE LCAUGHTER QF “DOCASE"")
EERKELN ERROB_OCCURRED := true ,* Assume 0o Elxup possible. */

33139. if CORRENT_NEST_LEVEL > 1 and

33140. BLOCK_TYPE (CURRENT_NEST_LEVEL-1} = 'DOCASE’

33141, then

EERL poote (8, *STRC3302 ASSDMING "BLENLM ONITTED--~INSERTED')

33143, call BLEND { ; )

33144, ERROB_OCCURRED == fakse /* Note patch up. */

33145, else

331u6, if CURRENT_NEST_LEVEL > 2 apnd

33147, BLOCK_TYPE(CURHENT_NEST_LEVEL-2) = *DOCASE'
33148, then

EERLE:M mnote (B, 'STRC3303 ASSUNING TWO "BLENLCSY OMITTED—INSERTED')
33150. c BLEND { ; ) .
33151, call BLEND ( ; )

33152, ERBDR_OCCUREED == false

23153, £i

33154, fi

33155. £i

33156, corp
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i
33156.  prog CASE_GET_DOCASE_INFO

33159, /% Extract DOCASE infcraation being naintained in mother's stack
33160, position. */

3361, char %

3iiez2. int MOHM /* Tenporaries. #/

33164. NOM := CQRRENT_WEST_LEVYEL =- 1

33165, CASE_COUNTER := OFERAND1 {NOH)

33166, if SYSLIST{1) 2 *MISC!

33167, 2

313168, CASE_COUNTER := CASE_COUNTER + 1
3369, fi

331704 INDEX_ADDER  := OPERANDZ (MON)

33171, CASE_FORNAT := OPERAND3(MaH)

331z, INDEX_LENGTH := OPERANDY (HON)

33173, X = INFORAATICH [MOM}
33174, CASE_LABEL_REQD := X[1,1]

33175, AISC_FOUND 1= X{Z,T]

33176, BULTIPLESOFY := X[ 3,1]

33177. UNEXPECTED_OPEBAKDS_FOUND ;= X[4,1]
33178, INDEX_BANGE_ASSUEED := X[5,1]

33179, AANA_BLOCK_PREFIX := "$' || BLOCK_NDMBEE (MG K)
23180, corp
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3318z, proc CASE_PROCESS_CONPARE_OQPERANDS

33183, /* Generate compard-and-branch seguences for all "synbolic" operaads
231Bu4. (i.e., those which cannot te handled ky the branch vecter: all non=
33185, self-defining-ternos, all self-defining operands which are not in
EERE:T the range 0-255 inclusive, and all "range" operands (m,n)

23187. where either @ or p is either non-self-defining or ocutside the

33184, range 0-255) or for all operands if LOCASE was flagged as SPARSE or
33189, CHARCOMP. #/

33191, I := 1 /% Start search wWwith first operand. */

3319z, COMP_LABEL_KQO := NEXT_CONE_LAHEL_NO (GCASE_REST_LEVEL}

z3i193. /* Hote the next conpare lakel number. */

23194, EQUGAL_TEST_OQUTSTANDING, RANGE_TEST_OUTSTAHDING := false

33195, while I € N'SESLIST

331196, do

33197. if (CASE_FORMAT = 'SEARSE' or = YCHARCONEF' or

33198, (N*SYSLIST (I) £ 1 apd (I*SYSLIST(I) # ‘N’

ile9. or SYSLIST(I) < 0 .or > 255))

33200. or (N'SYSLIST(I) > 1 and ({T*SYSLIST{I, %) # 'N' or

33201, SYSLIST({T,1) < D or > 255 gor

13202, TYSYSLIST{I,2) # "R* or

33203, SYSLIST (I, 2} < 0 gr > 255));

33204, then

33205, if BQUAL_TEST_oUTSTANDING

33206. then

33207. LABEL ;= BLOCHK_LABEL_PREFIX || VBEG!

3320¢€. genczate (' BE ' ) LABEL)

332009. #* After leaving this proc, soneone will generate the BEG label
33z210. at the beginning of the block. */

13z11. EQUAL_TEST_OUTSTANDING := false

33212, else

33213, if RANGE_TEST_CUTSTANDING

EEFALN then

3az1is. LABEL := BLOCK_LABEL_PREFIX {{ °*BEG’

33216, generate (* BNE ' || LABEL)

3217, /* Again, by leaving BEG lakel in LABEL, it will be generated
33218, after leaving this proc, */

33214, BANGE_TEST_OUTSTANDING := false

33zz0. else /* Must be first time through, */

33221, ;; CASE_LABEL_REQD

1azzz. then

33223. COMP_LABEL := MAMA_BLOCK_PREFII || *C*' |j COMP_LAEEL_NO
33224, /* Generate label name to be attached to first imstruction. */
33225. fi

33226. UNEXPECTED_OPERAHDS_FOUND := true

33227. £3

33228, £i

3322%. call CASE GEN_CCMPARE

33230. /* Generate compare for the single compare operand at SYSLIST({I)»—
EEFER either general case nop~self-definer or any SPARSE or CHARCONP
33232, operand. DOCASE index is at INDEX_ADDR ualess that's null, then in
23233, GPR1. Length is in ENDEX_LENGTH for CHARCODKP type. Any label to be
33234. generated is in COMP_LABEL; once defined, COMP_LABEL_KO must be
33235. increased. Any branch target outstanding at exit is to be
33236. put into COMP LABEL. Also on exit, EQUAL_TEST_OUTSTANDING oz
33237, RANGE_TEST_QUTSTANDIRG should be set to indicate which type of
33234, operand was processed. ¥/

33239. fi

33240. I 2= I+ 1 /% advance to pext operand of CASE. ¥/

33241, od /% {Termination: 1 is incremented above and not modified by

33242, called procs; WN'SYSLIST is fiwed; I must eventually exceed
3243, N*'SYSLIST.} */

13244, /* All compare operands have novw been processed. %/

33245. if EQUAL_TEST_OQUTSTANDING

EE¥LTM then

Jazui. /* Generate branch to next symbolic case. */

33248, generate (' BHE ' || MANA_BLOCK_PREFIX {} 'C' ||

23249, COMP_LABEL_NO)

33250. else

33251. if RANGE_TEST_OUISTANDIRG

23252, then

33253. generate (' BH ! || COMF_LABEL)

33254. /* Generate hraach to next compare case, Label was left in COMP_LABEL
33255. vhen we branched on lower end of raage. */ -
33256. fi

33257. fi

33258, NEXT_COMP_LABEL_NO (GCASE_NEST_LEVEL) := CCNP_LABEL_HO

33254. /* Store case number of next symbolic case to te defined. */

33260. corp
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23262, proc CASE_GEN_COMPARE L

33z63. /* Generate compare for the single compare operand at SYSLIST(I}) —
3i3264. either general case non-self-definer or any SPARSE or CHARCOMP
33265. operand. DOCASE index is at INDEX_ADDR unless that's nuli, then in
33266. ' GPRY. Llength is in INDBX_LENGTH for CHARCCHP type. Any label to be
33267, generated is in COMP_LAEEL; any branch target at exit is to be
J326¢E. put into COMP_LABFL, Also on exit, EQUAL_TEST_OUTSTANDING or

23269. RANGE_TE3S? QUTSTANDING should be zet tc indicate which type of
33270. operand ¥as processed. Operands may ke of the form m or (m, g},
33271, the latter implying the range from m to n. 1 and n nmay bhe

3zz72. self-defining terms or synbols EQUated to absolute expressions for
33273, . GENERAL or SPARSE format; for CHARCCNE, they may be absolute or
33274, symbolic addresses of character strings or zay be literals (with the
33275. leading "=" and, for character literals, "C" possibly onitted). */
33276. har INSERT /% Temporary . */ A
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33278, if IKDEX_ADDE = '!

33279, then #* Index is in GPR1. */

33280. generate (COMP_LABEL || ' LA 0,* |1 SYSLIST(I,1))

33281. generate (' CR 1,0")

33282, else /% Index is at INDEX_ADDR. */

3283, if CASE_FOBMAT = 'CHARCCHE"

3284, then

3385, INSERT := !

33286. if SYSLIST(I,1)[1,1] # *='

33287. theq

33z8¢. if SYSLIST(I, N{1,1] = "*'"

33289. then /% Character string. */

23290. INSERT := '=C'

23291, glse

33z292. if SYSLIST{I,1}[K"SYSLIST I,1)y,1] = mm

33293, then /% Literal without the "= (operand ends with "}, =/
Z3294. INSERT := *'=!

33295, £i

33296. £i

33z97. £i

3329¢. generate (COMP_LABEL || ' CLC * || INDEXI_ADDR || ‘(' |
33299. INDEX_LENGTH JI ") ,* &l INSERT || SISLIST(I,V))
33300. else

33301. qeperate [COMP_LABEL || ' CLI * {{ INDEX_ADDR || "," 11
33302. SYSLIST{I,T)}

33363, fi

33304, £i

33305. if COMP_LABEL # "'

333D6. then

33307. COMP_LABEL := **

33308. COMP_LABEL_RO := COMP_LABEL_NO + 1

Z330%. £i

33310. if N*SYSLIST (I} = 1

33311. then /* Operand is not a range. */

33312, EQUAL_TEST_CUPSTANDING := Lrue

23313, else #* b range has been specified: (B,D) */

23314, if N'SYSLIST(I) > 2

33315. then

33316. mnote (B, 'STRC3I12 * j| SYSLIST(I) ||

z3317. * INVALID=--ONLY FIRST TWC SUBOPERANDS PROCESSED'}
EEERE:N fi

33319. RANGE_TEST _QUTSTANDING := frue

33320. /* Generate another label. */

EEEFRE M COMP_LABEL := MAMA_BLCCK_PREFIX 11 *C*' || CCMP_LABEL_ND
33322, geperate {' Bl * || COMP_LABEL)

313323, /* Generate branch on out of range to next compare test label {in
3332u. either this CASE aacro or some other CASE in this DOCASE). */
33325, if INDEX_ADDR = *!

33326. then

3asz27. geperate (' L2 0,' {1 SYSLIST (I,2))

33328. geperate (* CE 1.0}

33329, else

33330. if CASE_FORMAT = *CHABRCGME'

33331, then

33332, INSERT := '

33333, /* Go through the sapme business figuring out the insert for 1 as
33334, we did for m. */

33335, if SYSLIST(I,2)[1.,3] » "="

33336. then

33337. if SYSLIST(I,{1,1] = "'"

33338. then

33339. INSERT := *=C*

33340. else

33341. if SYSLIST{I,2)[K'SYSLIST{I,2),1} = "'"

33342, then

33343, INSERT = '=¢

33344, fi

333u5. fi

33306, £i

33347. generate (! CLC ' || INDEX_ADDR || *(' |{ INDEX_LENGTH ||
33348. "J.' Il INSERT |] SYSLIST(I,2})

33349. else -

33350. generate (' CLI " y| INDEY_ADDR {] *,' Il SYSLIST(I,2))
33351. fi . :

33352. fi

33353. £i

33354, Sorp

. .
100010'000'0.0°0'D'000‘0.0'0'000'0'0'0'OOQ'0.00Ooololoooooco-oadbo-o-g-o-o-o-onooo.gUOQO-D-O-Q-Q.Q.

T o2 4



"CASE"

33355,
33357.
1335E.
33359.
33360.
33361.
33362,
13363,
33364,
23385,

33367,
3336 8.
533369,
33370.
333nN.
3337a.
33373,
3374,
33375,
33376.
33377.
33376,
33374,
33380.
33381,
i3382.
33383,
333484.
333es.
33386.
333e1.
33344,
33389.
33390.
33391,
33392,
33193,
53394.
33395.
33396,
33397.
33398.
23399,
334040,
33401,
EELL N
23403,
23404,
334035,
33406.
33407,
33408,
33405,
33810,
33411,
33u12,
23413,
23414,
33415,
3316,
33417,
33471E.
EETRRN
33420,
33421,
33uz2.
33423,
33424,
33425,
33uzé.
33u27.
J3u2s.
23429,
334345,
33431,
33432,

== 27 June 1973

roc CASE_PROCESS_VECTOR_OPERANDS

/* Generate labels and note that CASE_OCCUERS
can be bandled via kranch vector: viz., a
(B,n) where m and p are self-defining ter
0-255 inclusive. This procedure assames
(not sparse). */

int

BASE, /* Array position im CASE_OCCURS of the

op, /#* Case value currently being considered.

LIMIT 4* High limit in range operands. */

BASE 1= [ {GCASE MNEST LEVEL - 1) * 256} + 1
/* Calculate offset in CASE_OCCURRS array for
Af N'SYSLIST > ©
then /* One or more operands were specified. */
I := 1 /# Start with first operand. #;
®while I < N'SYSLISI
[=]
if T*SYSLIST(I,1) = 'N¢
then /% p is a self-defining term. */
Oop ;= SYSLIST(I,1)
if QP = 255 apd 0P 2 0O
then /% It's in the range, *,
if T'SYSLIST(I,2) = ‘@' gz = *N*

=N

-1

for aany operands which
ny of the form n or
DS in the range
the CASE FOEMAT is general

case for zera. */
*/

this DOCASE. */

then /% n is gelf-defining or not present. #*/

if N'SYSLIST(I) > 2

Baote (8, 'STRC3IIIZ * |
' INVALID-—OQN

SYSLIST(I,2} = *N?
n
if LIMIT < 255 apd 2 0

then s* p is in the rig
if LIMIT < oP

STSLIST(L) ||
LY FIRST TWO SUBOPERANDS PROCESSED')

bt range also. ¥/

then
mnote {8, 'STRC3305 ¢ 1] SYSLIST(I) || " INVALID—"' IR
QP || " ASSUMED'
LINIT := CP
£i
elge
LINIT == QP
£i
;g INIT > HAK_CASE_VALUE{GCASE_HEST_LE?EL]

L
then /* We have found a
NAX_CASE_VALDE {GCASE_

£i
while OP < LIMIT
ag :

CASE_OCCURS (BASE+OP}

generate (MAMB_BLGCK_

1f OP ¥ CASE_COUWTER
then

lew maximum case number. */
REST LEYEL) := LIMIT

= true

PREFIX || 'G" {|{ OP |} * DS GHY)

USEXPECTEL_OPEFANDS_FQUND := true

£i
if OB/4*4 # OP
the

MULTIPLESOFY4 ;= false

i
P ;= 0P + 1

od % {Terminationm: oOF
during loop;

fi

.

i
I := 1+ 1 /% Go do next operand. */
04 ¢% [Terpminatien: I is incremented, N'SY
loop; 1 must eventually cxceed §
else /* No operands present. *¢
gall CASE_ASSUMED_VECTOR_CaSE
s* If all the CASE macras So far have had
"expected™ ones (integers which match
” this one matches too and generate the
i

corp

is incremented, LINIT is fixed
CP must eventually exceed LIMIT.} #/

S5LIST is fixed during
"SYSLIST.) */

00 gperands or only
the case counter), assume
gingle operand. */
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33434,
33435,
33436.
33637.
33438,
334365,
23440,

23442,
F34u3,
23444,
33445,
33446.
33447,
33449,
33445,
33450,
33651,
33452,
I3453.
33u54.
33455,
33456,
33457,

"CASEM Macro -- 27 June 1973

proc CASE_ASSUMED_VECTOE_CASE
/* Generate label for branch vector cases with no operands. Value used
is the next higher value than the maxigum uged so far. CASE_OCCYRRS
is noted, and the SELFDEF_COUNT and MAX_CASE_VALUE are updated. If
any previous operands have occured which were not expected, a
nessage is5 printed. %/
int GOESS /% Assumed operand. */

GUESS := MaX_CASE_VALUE (GCASE_NEST_LEVEL) + 1
/* Guess at what onitted operand was intended. */
if GUESS < O
then /* First guess. ¥/
GUESS = 1%
£i
HAX_CASE_VALUE(GCASE_HEST_LEVEL] := GUESS
CASE_DCCURS (BASE+GUESS) := true

generate (MAMA_BLOCK_PREFIX |1 *G" |1 GUESS I t €5 0H')
if UNEXPECTED_OPERANDS_FQUED
then
onote (4,
TSTRC3I306 EARLIER ONEXPECTED OPERAND IMELTIES THIS TQ BE CASE " ||
GUESS)
. i
COLP
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CASEM fMacre =- 27 June 1%73

33459. proc CASE_SET_NANES

33460, /% Set LABEL if one will ke required on this SIMPLE or CONDTEST case
33461. code (usually is; only exception invelves when DOCASE fails through
33462, to first case}. Also set NEXT_CASE with label of next case to be
3463, generated. LABEL is always null at entry. */

33465, if CASE_LABEL_REQD

J3u66. then

33467, LABEL := MAMA_BLOCK_PHEFIX || *'C' || CASE_CCGUNIER

3346 €. £i

33469. I := CASE_COUNIEH + 1

33470, NEXT_CASE := HAWA_BLOCK_PBREFIX || *C' (] I

2347 COLp
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wCASE" macro -- 27 June 1973

A

33473. pLgg CASE_ECT_GEK

33474. /* Generate BCT for this siople case. Verify cperand, if any. */
33476, generage (LABEL {| ' BCT 1," il NELT_CASE)

3377, LABEL := ''

33478. if TTSYSLIST(1) # o

33479, ;ggg /% An operand was specified. L4

33480. if TYSYSLIST (1) = 'H'

33481. then /* Operand is a self-defining term. */

33482. if SYSLIST(1} +# CASE_COUNTER

I34813. then

334804. g_g_ggg {8, vSTRC3307 OPERAND INWVALID VALDE ON SIMPLE CASE ' 1
33445, CASE_COQUNTER)

53u86. £i

33487. else /* UOperand is not self~defining,term. */

3348¢€. mnote (B, sSTRCI309 OPBRAND MUsST BE SELP-DEFINING TERM OR GHITTED * |
334869. TON SIBPLE CASE ' || CASE_COUHTER)

33490. i

33u91. fi

33u92. corp
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MCASE™

13094,
33495,
33496,
33497,

33499,
33500.
335G1.
33502.
33503,
33504,
33505,
33506.
33507,
33508.
33509.
33510.
33511,
33512,
33513.
23514,
33515,
335186,
33517.
33514,
33519.
33520.
33521,
33522.
23523,
Z3524.
33525.
23526,
33527,
33528,
335285.
33530,
3353,
33532,
13533,

Hacro -- 27 June 1973

prag CASE_CONDTEST [GEH
/* Generate conditional test indicated by operands. */
int 9P _COURT /* Humber of operands for instruction being passed
to SIMPLE_CONDITICNAL. */

ULTIMATE_ERANCH_LABFEL := NEXT _CASE
ULTIMATE_FALLTHRU_LABEL := BLOCK _LABEL_PREFIX || *BEG!
ULTIMATE_FALLTHRU_COMDITICN := true
FALLTHRU_LABEL_USED := false
PIRST_INDEXY := 1
LAST _IRDEX ;= N'SYSLIST

/* Process eatire operand list as a 'single conditional expression. L4
UNIQUE_LABFL_ID := 'T!
€all CONDITIONAL EXPRESSICN_FROCESSOR (LABEL; SYSITST)

/* Generate code corresponding to the operands of the CASE pacro
(referred to collectively as SYSLIST). Only the SYSLIST can be passed
directly as argueents; the folleowing variables are effectively
argueents but are passed in global variakles:

FIBRST_INDEX,

LAST_INDEX,

ULTIHATE_BRANCH,LASEL,

ULTINATE_FALLTHRU_LABEL,

ULTIHATE_FALLTHEU~CONDITIDH,

UNIQUE_LABEL_ID,

FALLTHRU_LABEL_WUSED.
Process operands of the SYSLIST beginning with SYSLIST(FIRST_INDEX)
throogh SYSLIST(LAST_INDEX) (for the CASE macro, this is the eptire
5Y5LISM), generating the indicated test to pass control to the
ULTINATE_FALLTHRO_LABEL if the test succeeds, else to the
ULTIMATE_BRANCH_LABEL. The UNIQUE_LABEL_IL is used to insure
unique labels where needed. If a Etranch is nade to the
ULTIMATE_FALLTHRU_LABEL, then set FALLTHRU_LABEL_USED; else
it is unaltered. #/

if PALLTHRU_LABEL USED

then
LABEL := BLOCK_LABEL_EREPII it 'BEG
elge
LABEL 1= 1
£i
gorp
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MCASE"™ Macro -- 27 June 1973

33535, progc CASE_NISC_PROCESS

33536. /* Generate label for miscellaneous block, including a branch around
33537, this block in case we were falling through into it. Note that a
33538, miscellaneous block has been found and varify that no other
33539. piscellanecus case has occurred for this DOCASE. */

33541, if - CASE_LABEL_REQD

33542. then /* We are falling through into this bleck. */

2354 3. generate (* B * Lt

33544, MAMA_BLOCK_PREFPIX || *C' ] CASE_COUNTER)

33545, /% Generate brapch to next case namber (probably C1}. */

33546, £fi

33547, if MISC_FOUND

33548, then

33549, pnote (8, *SIHRC33171 HULTIPLE WISC CASES IN LOCASE—THIS BLOCK ' || .
33550, *I5 DEAD CODE")

33551, elsa

33552, ABEL := MAMA_BLOCK_PREPIX |] "MSC®

3553, /% Make ¥5C label outstanding (generate on next instruction).
23554, It is assumed that no LABEL can be outstanding when CASE_MISC_PRGCESS
33555. is called. */

33556. MISC_FOUND := true

33557, fi

3355€. if INDEX_RAWGE_ASSURED

33559, then

33560. mpote (B, *STRC3308 "DOCASE ..., ONLY" INVRIID WITH NISC')

33561. INDEX_RANGE_ASSURED := false

33562. £i

23563, COLp
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33565.
33566,

33568,
33569,
33570.
33571.
:3572.
33573,
23574,
33575,
33576,
33577,
EEEYY:N
33579.
33580.
33581
z35B2.
*35B3.
23564 .
Jd3585.
33586,
33587.
335488,
33588.
33590.
33591.
33592.
135913,
33594,
33595.
33596.
33597.
33598,
33599,
33600.
33601.
i3602.

— 27 June 1973

CASE_THACE_COUNTER
/* Generate any debugging counters andsor labels reguested. */

if DEBUG_BLOCKCOUNTS_REGD 9 DEBUG_BLOCKNAMES_REQD

then
if DEBOG_BLOCKCOUNIS_REQD
then

/* Geperate code to advance this case's counter. %/

generate {LABEL |] * LH 1, |} BLOCR_LABEL_FREFIX || 'CTR')

LABEL := "'

generate (* LA 1,1(1) )

generate {' STH 1,' {| BLGCRK_LABEL_PREFIX || 'CTR'}

1f SYSLIST(1) = "MISC' pr CASE_COUNTER > 255

" then
generats (* nvi ' |t MAMA_BLOCK_PREFIX |} “LSC,X'FF'W)

else
HEX_IN := CASE_COUNTEE
gall XHEX {
onote (¥, "STRC3313 CASE DEBUG ID=XI'" || HEI_OUT || ™)
generate (% HVI ' |t BAMA_BLOCK_PREFIX || "L3C,X'™ ||
HEX_QUT || ™' CASE NURMBER FOR TRACING')
£i
£i
generate (LABEL jlI ' B * || BLOCK_LABEL_PREFIX || 'GOY)

LABEL := BLOCK_LABEL_FREFIX ] 'GO*
/* Branch around c¢ount and/or block nawe and set up label to be
defiped eventually. */
if DEEUG_BLOCKNAHES,RIEQD

thep

gegerate (M BC C'" {| BLOCK_NAME (CURRENT_NEST_LEVEL) ||
ni_QHtQy
fi
if DERUG_BLOCKCOUNTS_RELD

thep
dénerate (BLOCK_LABEL_PREFIX |{ "CTR IC H'O' CASE COUNT")

£i

£i
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33604,
33605.
23606.
33607.

33609.
33610.
33611,
33612,
33613,
33614.
33615.
33616.

WCASE™ Macro =- 27 June 1973

pPEQG CASE_UPDATE_INBFO
/¥ Returhs to mother DOCASE level possibly updated informatien which
was extracted by CASE_GET_DOCASE_INFO. #/
int MOu s* Index level af DOCASE bleck. */

MCN := CURRENT_NEST_LEVEL - 1
INFORMATION (MOM) := true {4 MISC_FOQUND || MUDLTIPLESQF4 ||
OHE{PECTED_OPERAZHDS_FOOHD 11 INDEI_RLHGE_ISSURED
/* First byte indicates case label is required on next case. L7
OPERAND? (MOM) := CASE_COQUKTEE
/* No need to apdate OPERANDZ (IWDEX_ADDE) or OPEEAND] (CASE_FORNAT) '
or OPERANDYS (INDEX_LENGTH}. WNone ever change. */

£2Lp
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15001. macre ESAC ( ; USER_RAME)

i5002. /* Goperate end to match CASE block. Do stapdard bleck closing, then
I5003. generate branch to end of sother LOCASE block. %/

253005. call TRACE PRINTER { i ‘ESACY)

15006, /% Print macro pame "ESAC"™ in mnote if tracing on. */

35007. if CURBRENT_NEST_LEVEL X HESTING_LIMNIT

35009, thep

35009. ggl; VERIFY_END ( ; 'CASE', USER_NRHE)

35010. /* Verifies current bleock has the name specified by the USER_HNAME
35011, operand of the ESAC macro (if any) apd that it is a CASE block.
35012, Various errors receive messages and either intermediate blocks are
35013. BLENDed as a fixup or ERROR_OCCURRED is set.

35014, {Lenwa; If CURRENT_NEST_LEVEL > 0 and

35815. [USER_NAME = '* or = BLOCK,NAHE(CUHBEHT_HEST_LEVEL)] and
35016. BLOCK_TYPE(CURRENT_MNEST_LEVEL) = 'CASE', them

35017, ERROB_OCCUBRRED will be set false and CURRENT_WEST_LEVEL will not
35018. be modified.} */

a5019. if ERROB_OCCURRED

35020. then

35021. pexit

35022. £i

35023, fi

35024, call POP_OLD_BLOCK({ ; )

35025. /% Delete current block, generating END and XIT labels as required, and
35026. popping stack. (lemma: POP_OLD_ELOCE decrements CURRENT_NEST_LEVEL
35027. by exactly cone.} ¥/ :

35028, if CURRENT_NEST_LEVEL < NESTING_ LIMIT

35029, then

35Q30. generate (' B $' |} BLOCK_WNUMBER{CURRENT_WEST_LEVEL} |]
35031. TEND")

5032, /* Generate branch to end of DDCASE. */

35033, fi

315034. mend

35035. /% {Lemma: If CORRENT_NEST_LEVEL > O and

25036. { USER_NAME = '' or = BLOCK_WNAME (CURRENT_NEST_LEVEL) ] and

35037. BLOCK_TYFE(CURARENT_HBEST_LEVEL) = 'CASE' at entry to ESAC, then
35038. CURRENT_NEST_LEVEL will be dectemented by exactly one.} */
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1w
-1
&
(=1
-
.

[1=]
f

agrg ESACOD ( ; USER_NAME)
37002, /% Generates final part of DOCASE processing: for SIMPLE, COWDTEST,
or SPARSE type DOCASE, the EQU for the MISC block. (or END of DOCASE)
to the last generated branch target is required; for GENERAL type
DOCASE, the branch vector and the transfer to any symbolic |
compares or MISC tlock nust be generated. Finally, the block is

popped. ¥/
37008, int
37009. CASE_COUNTER, /* Holds number of last case gemerated. */
37010. T, /¥ Temporary. */
37011. COMP_LABEL_XNO, /% Label number of outstanding compare case. */
27012, MAX_SD_YALUE, /* Maximur self-defined operand. */
21013, BASE s* Index within CASE_OCCURS array for CASE 0. */
37014, bit
37015, MISC_FODUND, /% Ipndicates whether a WISC CASE was found. */
37016, MOLTIFLESOPU, /% Iandicates whether all branch-vector operands were
J7017. nultiples of 4. */
37018, INDEX_RANGE_ASSURED, /* true if we have been assured (by
37019. "DOCASE eee,0NLY") that no values cther than those specified
j7020. by CASE operands will cccur. #*¢
37021. ANY_COMP_CASES, /% Indicates whether any "conpare" cases were
3r0x2. generated (either CHABCOMP or symbelic general case operands). */
27023, ANY_SELFDEF_CASES, /% Indicates whether any "self-defining" cases (to
37024, ba handled by branch vector) were genetated. */
37025. RANGE_TEST_REQD /* Indicates that both branch vector and compare
37026. operands were present. */
37027. char
37028, CASE_FORMAT, /* Type of CASEs present: GENERAL, SPARSE,
370249, CHARECQEP, SIMELE, or CONDTEST. */
37030. INDEX_ADLE, /* Address of DOCASE index. */
37031. WOCASE, /* Label for branch vector processing used for unspecified
37032, cases. */
37033, LA BEL /* Any outstanding label waiting to be generated. */
37035. /* [Ground rules: No ESACOD proc modifies CURRENT_NEST_LEVEL.
37036. This can be shown by referring to the cross-reference index.} */



WESACOD™ Macra =~ 3 July 1973

37038, gall TRACE_PRINTER ( ; ‘'ESACODY)

37039. /* Print macco name TESACOD™ in mnote if tracing on. */

37040. if CURRENT_NEST_LEVEL < NESTING_LIMIT

37041. thep

37042, ¢all YERIFY_ END ( 'DDCASE', USER_NANE)

Z7043. /¥ Verifies current block has the name specified by the USER_NAME
3T0uL. operacd of the ESACOD macro {if any) aond that it is a DOCASE block.
37045, Various errocs receive messages and either intermediate blocks are
317046, BLENDed as a fixup or ERBOR_OCCURRED is set.

37047, {Lempa: If CURRENT_NEST_LEVEL > 0 and

37048, {USER_NAME = ' or = BLOCK_NAME{CURRENT_NEST_LEVEL) ] and
37045, BLDCK_TYPE = 'DOCASE', then

37050. ERAOR_OCCURRED will be set false and CORRENT_REST_LEVEL will
i7051. not be modified.] */

37052, if ERAOR_OCCURRED

37053. then

27054, " mexit

37055. fi

37056. call ESACOD_INFO_UHNPACK

37057. “T/* Extracts CASE_FORMAT, CASE_COUNTER, INDEX_ADDR, HISC_FOUND,
37058. BLOCK_LABEL_PHREFIX, INDEX_RANGE_ASSURED, apd MULTIPLESGFY4 from
37059, stack. %/

37060. if CASE_FOBMAT = ®GENERAL®

37061. then '

IT062. call ESACOD _GEWERAL_CASE_CHOICE

z7063. /* Generate all code to cowmplete rrocessing of geperal case. ¥/
37064. else

37065. Lf CASE_PORMAT = !SPARSE' or = 'CHARCCHP!

17066, thep

37067. T ;= BEXT_COME_LABEL_NO (GCASE_NEST_LEVEL)

37068, /% ¥e need to define last conpdre case target. */

37069. GCASE_NEST_LEVEL := GCASE_NEST_LEVEL - 1

37070. /% Pop GCASE stack. */

37071, else /% CONDTEST or SINPLE. */

72, . T := CASE_CQUNTER + 1

3T073. /% de need to define last copditional test target, */
3T707h. £i

37075. if MISC_FOUND

27076, thep

37077, geperate (BLOCK_LABEL_PFREFIX [} *C* §{ T Il * EQU * {I
37078. BLOCK_LABEL_PREPIX (| *HSC')

70749, else

37080 . qeperate (BLOCK_LABEL_EREPIX |{ 'C*' |1 T |} * DS OH')
a7081. £i

37082, fi

27083, £i

17684, gall POP_OLD_BLOCK ({ ;

37085, /% {Lemna: POP_OLD_BLOCK decrements CURRENT_NWEST _LEVEL by exactly
37086. one.} */

Z7087. mend

370B8. /% {Lemma: IE CURRENT_NWEST_LEVEL > O and

37089. [ USER_MNAME = '' or = DLOCK_NAME {CURRENT_NEST_LEVEL} ] and

37090, BLOCK_TYPE(CURRENI_NEST_LEVEL) = 'DOCASE' at entry to ESACOD, then
37091. CUBRENT_NBST_LEVEL will be decrenented by exactly one.} */
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371093,
17094,

37096.
37097.
jTo9a8.
37099.
J7i00.
3T,
37102,
27103,

WESACOD" Macro

prog ESACOD_INFO_UNPACK

/* Extract the foliowing information from the stack: */

CASE_COUNTER := QOPERAND1(CURRENT_NEST_LEVEL)

INDEX_ADLR OPERAND2 (CUBRENT_NEST_LEVEL}

CASE_FORMAT OPERAND3 (CURRENT_NEST_LEVEL)

MISC_FOURD INFOEMAITON (CUBRENT _NEST_LEVEL)[2,1}
MULTIPLESOF4 := INFORHATICON (CURRENT_NEST_LEVEL}[3,1]
INDEX_RANGE_ASSURED := INFORMATIORN (CURRENT_NEST_ LEVEL)[5,1]
BLOCE_IABEL _PEEFIX = *$' || BLOCK_NUMBER(CURRENT_NEST_LEVEL)

S9Lp

- 3 July 1973
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WESACODY Macro =~+ 3 July 1973

37105, proc ESACOD_GENERAL CASE_CHQICE

37106. /* Generate all code to complete processing of general case.

37107, Includes the generation of a branch vector, if reguired. */

37109. call BSACOD_GEHERAL_CASETIH?O

37T, /% Pops MAX_SD_VALUE, CCMP_LABEL_NO,

ani. and BASE (of CASE_OCCURS array) out of GCASE stack. */

i7T112. if -« ERECR_OCCURRED

37113, then

37114, if ANY SELFDEF_CASES

27115, then

37116, call ESACOD_SELFDEF_GEN

71t /% Handles branch vector-type implementation for all cases which
71186, contain self-defining terms (of value < 256). Also generates
371189, linkage for any other terms andsor BISC case which were used
37T1z0. with the self-definers. */

iz, else

ari2z. /% No self-definers were present, */

37123, if ANY_CONP_CRASES

I7T124. then

37125, call ESACOD_GENERAL_SYMB_ONLY

37126. /* Generate linkage to precess symkolic operands and KISC in the
37127, absence of selfi-definers. */

37128, alsg

37129, ongte (8, "STRC3701 DOCASE CONTAINS HQ VALID CASES')

371%30. £i

37131, £i

37132, ii

27133, corp
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37135,
37136.
37137,

370,
27147,
742,
37143,
37tu4,
37145,
37146,
EXALY M
37148,
37149,

"EsACOD" Hacre ——

preg ESACOD GENERAL_SYMB_OHLY

/* Generate linkage to process syobolic operands and MISC in the
absence of self-definers (self-defined terns of value < 256). %/

generate (BLOCK_LABEL_FREFIX {} *BEG EQU * ||
BLOCK_LABEL_PREFIX || *C1%)
if MISC_FGDND

"

then
geperate (BLOCK_LABEL_PEREFIX | ) *C*' || COMP_LABEL_NO || * EQUD LN
BLOCK_LABEL_PEEFIX (|| 'MSC')
else
generpate {BLOCK_LABEL_PBEFIX | *C* || CCME_LAEEL_NO [| ' DS 0H'}
£i
corp

3 July 1973
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37151.  proc ESACOD_SELFDEF_GENW

37152, /* Handles branch vector genmeration for processing cases defiped by
7153, self-definiog terms {of value < 256). Als=o generates linkage for
37154, symbolic terms and/or MISC case following self definers. x4
31156, LABEL := BLOCK_LABEL_PEEFIX || *BEG'

37157, /* Note that BEG label must be geperated on first iastruction. */
37158, docase ifany

7154, af

37160, casg ANY_COMP_CASES

37161. NOCASE := BLOCK_LABEL_PREFIX || *C1°

37162, esac

37163, case MISC_FOUND

ileu, WOCASE := BLOCK_IABEL_PREFIK |] *HSC*

37165, esac

37166, gase pisg

37167, NOCASE := BLOCK_LABEL_PREFIX || 'END!

71686, esac

27169, esacod

37170, RANGE_TEST_REQD := ((~ INDEX_RANGE_ASSUREE) gr ANY_COMP_CASES)

27171, if RANGE_TEST_HEQD

37172, then

17173, €all ESACOD_OUT_OF_RANGE_CHECK

37174, /* Ganerate check for index out of the range 0 through

37175, MAX_SD_VALUE. */

IM7e. fi

IM77. gall ESACOD_BRVCT_GEN

37178, A* Generate branch vector aod all final constants and equates
37179, regqnired. %/

37180, corp
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i?1a2,
7183,
37184,
37185,

iniaz.
37188,
37189,
37190,
37191,
37192,
37193,
i7194.
37195.
3i119a.
amae7.
37198.
37199,
i7200.

BEQ

NESACODY Macro

¢ ESACOD_GERERAL_CASE_THFO
/% Pops following infcermation out of GCASE stack., Indjcates success
{or lack therecf) in ERROR_OCCURREL. */

ine 1
I := GCASE_NEST_LEYVEL
GCASE_NEST_LEVEL := I - 1
if I > GCASE_KNEST LINIT

then

—

ER ROR_OGCCURRED ;= true
else

MAX_SD_VALUE
ANY_STELFDEF_CASES
COMP_YLABEL_NO
ANY_COMP_CASZS
BASE

ER ROR_OCCURR ED

MAX_CASE_VALDE (I)
(MAX_SD_VALUE = Q)
NEXT_CONP_LAREL_NO (I)
(COMP_LABEL_NO > 1)
((I-1) * 256) + 1
false

== 3 July 1973
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MESACQOD" Macre ~-- 3 July 1973

37202. prog ESACOD_OUT_OF_HANGE_CHECK

z7203. /* Generate check for index out of the range ¢ through MAX_SD_ VALUE to
37204, branch to the BOCASE label. In addition, if all cases are multiples
37205. of 4, branch if index is not. */

37207. if INDEX_ADDE = *'

37204. then /* Index is in GPR1. */

37209, geperate (LABEL [| * LTR 1,1')

37210. if CASE_OCCURS (BASE)

7211, then /* CASE 0 occurs. ¥/

37212, geperate (* B ' | NOCASE)

7213, else

T2k, geperate (¢ BNP ' || NOCASE)

37215. £i

37216. geperate (° c 1,' §| BLOCK_LABEL_PREFIX || 'SIzZ")
37217. generate (' BE ' || HOCASE)

37218. if MDLTIPLESOF#4

37219. then

37220, gepgrate (" La 0, 3")

37221, generate (' ¥E a,1%)

37222, generate (? BNEZ ' {] WOCASE)}

3rz223. fi

37224, else

37225, aeperate (LABEL | ' CLI ' | INDEX_ADDR || *,' || MAX_SPB_VALUE)
37226, generate (° BH ' || NOCASE)

37227. if MULTIPLESOF4

37228. then

37229. generate (" Tk ' (| INDEX_ADDE || ",B'00000011'm)
37230. generate (' BNZ ' || NOCASE}

371231, fi

27232, £i

a7233. LABEL := '!

7234, corp
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WESACOD" Macro -—- 3 July 1973

37236. prgc ESACOD_BRVCT_GEN

37237. /* Generate branch vector proper. */

17238, int I, INCR

27z40. if INDEX_ADDE # '

7241, then /* Generate code to put byte index into GPR1. %/

iT242. generate {(LAAEL f§ * SR 1,17}

1243, LABEL := ©°¢

37244, gqenecate (' ic 1,' |} INDEY_ALDR)

31245, £3i

27246, if MULTIPLESOFY

37247, then

JT24E. INCR := 4

37249, else

Z7250. INCR := 1

37251. generate (LABEL || " SLB  1,2%)

37252. LABEL := '°'

7253, £i

37254, Af CASE_OCGURS (BASE} gr IRDEX_ADDR # '

37255, then /* Zero case must te included in branch vector. */

17256. generate (LABEL jj ' B xs4 (1) ")

37257. I:=0

I725€. else

37259, generate (LABEL (| * B Y

37260. I ;= INCE

37261, /* S5kip the zero case and start vwith case 1 (or case U4). */
37262, £i

37263. LABEL == !

37264, while T £ MAX_SD_VALUE

37265, do

37266, if CASE_OCCURS(BASE+I)

37267. ©  then

37266, generate (' B ' || BLOCK_LABEL_PFREFIX || 'Gf || I)
7266, else

37270. qenerate (" B ' |] NOCASE)

37271 fi

37272. I 2= I+ I¥CEH

=7273. gd /% {[Termipation: INCR > 0, so I is incremented in loop;
37274, MAX_SD_VALUE is fixed; therefore I must eventuwally exceed
37275, 4AX_SD_VALUE.} */

37276. if RANGE_TEST_REQD and INDEX_ADDR = *!

371277, then

3727€. geperate {BLOCK_LABEL_PREFIX || WSIZ DC F'® || MAX_SD_VALOE ||
37279. meay

37280. £i

37281, Af ANWY_COMP_CASES

37282, then

57283. if AISC_FOUND

z72684. then

37295, dgenecate (BLOCK_LABEL_PREFIX || 'CY || COMP_LABEL NO |] * EQU LN
37286. BLOCK_LABEL_PREFIX (| 'ASCY)

37287. alse

372098, generate (BLOCK_LABEL_PREFIX || *C" || COMF_LABEL_NO || ' DS 0DH*)
37289. £

37290. Ei

37291. corp
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PELGCK" Macro =- 15 June 1973

41001. macre BLOCK (USER_NAME; )

41002, /* Generate simple cone-in-ohe~out block in structure with naae

41003, specified. */

41004, char LAEBEL

41005, /% Contains any outstanding label waiting to be generated. */

41007. call TRACE_PRINTER ( ; YBLOCK")

41008. /% Prints pacro napme "BLOCK" in omnote if tracing on. */

41009, call PUSH_NEW_BLOCK (USEH_NAME; BLOCK_TYPE_VYALUE='BLOCK?')

44010, /% Define pew block; add to stack. Initialize block specifications.
41011, Note block type and set up a unigue BLGOCK_LABEL_PREFIX for use in
w1012, generating labels, */

41013, if ERROR_OCCUBRED

LRDALS then

41015, mexit

41016, fi

41017, LABEL := OSER_NWANME

41018, call BLOCK_THACE_CCUNTERS

41019. /% If block counts vere requested, generate counters and incrementing
41020, instrugtions. Any label waiting teo be defined is returned in
G41021. LABEL. */

41022, if LABEL # *!

41023, then

41024, generate {LABEL || ' DS 0H*)

41025, /% Deline label if ore reguired and not yet defined., */

41026, ti

41027, mepd
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41029.
41039,
41031,

451033,
41030,
41035,
41036,
41037,
41038,
41034,
41040.
LADNERN
41042,
41043,
41044,
41045,
41046.
51047,
L1048,
41049,
51050,
41051,
41052,
41053,
41054.
41055.
41056,
41057,

“BLOCK™ Macro --

pLgg BLOCK_TRACE_COUNTERS
/* Generate debugging informaticn required—-block name constaat
aadsoer block counters. */

if DEBUG_BLOCKCOUNTS_REGD gr DEBUG_BLOCKNAMES REQD

then
if DEBUG_BLOCKCOUKTS_BECD
then
/* Generate block count incrementing instructions. */
generate (LABEL | * LH 1, || BLOCK_LABEL_PREFIX || 'BLCY)
LABEL := " /% Ciear LABEL to show it has been generated. *#/
generate (' LA 1,101 ")
qenerate (* STH 1,' || BLCCK_LABEL_PREFIX |} 'BLC')
fi
generate (LABEL ) ' B ' |j BLOCK_LABEL_PREFII || 'GOY})

/% Gepnerate branch around bleck name and/or count. */
LABEL := BLOCK_LABEL_PREFIX || *GOT

/* Establish G0 label as requiring definition. #*/
if DEBUG_BLOCKNAMES_BEEQL

then

genecate (* nc C'" || BLCCK_NAME{CURRENT_NEST_LEVEL) ||
wr QHYO'Y)Y
fi
if DEBUG_BLOCKCOUNTS_HELD

thep
generate (BLOCK_LABEL_PREF1X {{ "BLC DC H*G' BLOCK COUNT™)
1

£
corp

15 June 1973
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WELEND"

43001.
43002,
LELTE
43004,
43005,
43006.
43007,

43009.
430140.
430414,
u3igrz.
43013,
430 t4.
43015,
43016,
43017,
43918.
430149.
43020.
43021,
43022,
43023.
43024,
43025.
43026.
43027,
43028,
43029.
43030.
LELKR M
LEIEDN
43433,
43034,
43035,
43036.
43037.
43038,
430349,
43040.
43041,
43042,
43043,
43puq,
43045,
43046,
43047,
43048.
43049,
43050.
43051.
43052,
43053,
43054,
43055,
43056,
43057,
430548,
43059,
43060,
43061,
43062,

Macro -- 15 June 1973

magrg BLENDP ( ; USER_NA®E, EETDRN=, LINK=14, HBESTOHE=, RC=)
/* The BLEWD macro acts as a generic name for FI, 0D, ESAC, ESACOD, and
PBOC and as a tersinating macro for BLOCK. FPor any
of the former, the proper macre is invoked depending on the
bleck type heing terminated. Por BLGCK blocks, the block is
SiEply terminated. */
ipt I /% Temporary. */

call TBACE_PRINTER {( ; 'BLEND')
/* Pripts macro name "BLEND" in mnote if tracing on. */
if CURBENT_NEST_LEVEL > HESTING LIMIT
then
call POP_OLD_BLOCK { ; }
else
if CURRENT_NEST_LEVEL = 0

mnote (8, 'STRC4301 ¥NO BLOCES ACTIVE--“BLEND® IGNORED?)
glss

I := CURRENT_NEST_LEVEL
if USER_NAME ¥ tV

rt
t=d
lg

¥hile I > 0 and BLOCK_NAME({I) ¢ USER_NAME

=I =1

{Ternination: I is decremented—nust eventually become
% Zera.} */

od /+

bnote (8, 'STRC4302 NO BLOCK ACTIVE NAKED ' || USER_NAME ||
*—"BLEND" IGRORED')

mexit

R+
i

gcase BLOCE_TYPE () gpiy
f
gcage 'IF'
gall FI ( ; USER_NAME)

lou

£all 0D ( ; USER_NANE)

call ESAC { ; USEB_NBAME)

call ESACOD { ; USEE_NAME)

gall CORP ( ; USER_NANE, RETURN=RETURN, LINK=LINK, HESTQRE=RESTORE,

case '"BLOCR!
€all POP_OLI_BLOCK ( ; )

fi
Dend :
/* {Lemma: If CUKRENT_KEST_LEVEL > 0 ani

( USER_HAME = ** or = BLOCK_NANE({CURRENT_NEST_LEVEL) ] at eatry to

BLEND, then CURRENT_NEST_LEVEL will be decremented by exactly '

one.} */
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“FIKAL" Macro =- 10 July 1973

53001, pacro FINAL ( ; )

53602, /% Insure all blocks are closed. Theo if SAVETRACE_UN_FIRST_PROC,
53003. define label $LASTSaV to be PREV_SAVETRACE_AREA and Eqillate
£3004. PREY_SAVETRACE_PTR ta 0. */

£3006. call TRACE_PRINTER ( ; *FIRAL"}

€3007. Fid Print macre name "FINAL" in mnote if trac1ng on. */

£3608. while CURRENT_REST_LEVEL > O

513009, o

£3010. if CURREKT_NEST_LEVEL > NESTING_LIMIT

53011, then

3012, nnote (B, '"STRCS53C1 BLEND OF OUTSTANDING BLOCK ASSUNMED')

53¢13. else

53014, onote (B, "STRCS5301 BLEWMD OF * || ALOCK_WAME {CURRENT_WEST_LEVEL} ||
£3015. ' ASSUNED')

£3016. £i

53017. cail BLEND ( ; ]

53018B. /% {Lemma: If CURBENT_WEST_LEVEL > 0 and no BLEND operands are
53019. specified, CURRENT_NEST_LEVEL will be decremented by exactly
€3020. one.} ¥/

53021. gd /% {Terwination: CUBRENT_NEST_LEVEL decreases mcnoton;cally
53622, and therefore must eventually beccme £ 0.} */

53023, if SAVETRACE_ON_FIRST_PROC

53024, then

53025, lf PREV_SAVETRACE_PTR = "SFIRSTSV'

£3026. then /% Ho non-0S procs occurred; generate dumny area. */

53027. gengrate ("HPIASTSVY DC OF*0Y,X*FFFFFFFF', A {0,0) DUMMY SAVEAREAY)
S302B. generate (*3LASTSAY EQU SFIRSTSYY)

£3029. else

£3039. generate ('SLASTSAY EQU T f| PEEV_SAVETRACE_AREA)

53031, generate (PREV_SAVETRACE_PTR {] * EQU 09

£3032. fi

53033. i

£3034. nend
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PEXIT" Hacro -- 10 July 1973

55001. paggg EXIT (USER_NAME; EXTT_TARGET)

55042, /% Fipd exit point. Generate branch. */

£5004. call TRACE_PRINTER ( VEXIT"}

ECQ05. /% Print macro pame "EXIT™ in mnote if tracing on. */

55006. if CURBRENT_NEST_LEVEL > NESTING_LINIT

55007. then

55004. mexit

$5009. £i

55010, call EXIT_FIKD ( ; EXIT_TARGET)

55011, /* Set ULTIMATE_BRANCH_LABEL to point to end of block whose nanme
55012, is the argument amd ,arl as meederg am XIT label; if pe such block,
55013, issue pessage and set BERROR_OCCURRED. */

55014. if ~ ERROR_OCCUARED

£5015. then

55016. gepgrate (USER_NAME J| " B ' |1 ULIIMATE_BRANCH_LA&BEL)

55017. £i

55018. oend
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WPROC® Macro =-- 5 July 1973

81001. macro PROC (USER_NAWE; LINKAGE=, ID=, BASE=, WCEK=, SAVE=,

81002, DEBUG=, EXIT=)

81003, /* Defines a procedure block. If LINKAGE=0S is specified, standard
81004, 05 save area coanventions are followed; otherwise a simple mon-
81005, linked save area is provided. A base register is established
81006, (uniess BASE=NONE is specified under GS_LINKAGE or BASE= is
81007, omitted on local PROCs). Register values upon entry are

E1008. saved to allow restoring at COEP time. */

81009, bit

81010, FIEST_PROC, /* Indicates whetber this is the first PROC eacro coded
810117. in this assenkbly. ¥/

a1012. FIRST_VYALUE_KNOWN, /* Indicates whether the first SAVE= operand was
418613, a self-defining term (or omitted) or if it was symbolic. */
41014, 0S_LINKAGE, /* Indicates whether LINKAGE=(0S,#se] was

81015. entered. */

81016, SPECTAL_PREFIL, /* Indicates whether the BICCK_LABEL_PREFIX was
81017, changed to the special debugging foram "$Pppv. */

B81018. USING13, * Indicates whether the base register is GPR13. #*/

81019, MOLTIBASE, /% Indicates more than one base register was

81020. requested, bdut adcons for loading have not yet been generated, */
81021. WORKREG_USED  /* Indicates whether the value in WORKREG was

61022, nodified and its contents saved ipn register 0. */

B1023. char

81024, CO¥MAZ2, MULT, /* Contain ",™ and "M" respectively if a ranmge of
81025, registers is to be saved, or the pull string if a simgle register
81026, to be saved. Used to generate YSTMP or "ST" instruction. */
81027. FIRST, LAST, /* First and last register in range to be saved. */
E1028. LA BEL, /% Any outstanding label waiting to be generated. ¥/

£1029. LOCAL_POINTER, 0OS_POINTER, ,* Instruction segments to generate
81030, store instruction £of proper save area. */

91031, PREVIOQUS_PEBUG_VECTOR, * Holds value of debug switches on entry to
81032. PROC macro for restoring on exit froam CORP. */

81033, PROC_ID BYTE, /* Value of hex proc number {PROC_COQUNTER in hex)
81034, used ia various debugging instructions. */

81035, SAVE_LENGTH, /* Length of save area (in words}, except length of
€103&, register part only for local PROCs. */

81037, SAVE_TIPE, /% Type of save area generated: FOLL (savetrace), 0OSSAVE,
81038, NOHEKL, NORMLHDE, TRUNC, TRUNCHDR, or NCNEB. #*/

E1039. SALYEREG, % Register {Work or base) which is gointing at new

81040. save areabefore chaining. %/

81041. YORKREG /* Begister used for setting up linkage, etc. #*/

E1042. int

81043, OPFSET, /% Offset (in words] to either FIRST (if FIRST_VALUE_KNOWH),
81044, or to GPAQ within sBave area. */

1045. OFFSET_TO_GPRO, /% Offset in words to GPRU within save area. */
81046, SAF, SAL /* Begister number to go intc first register word of

81047, save area; this, for example, could be 14 even though FIRST
E1D48. is a symbolic register of unknown value at macro expansion tine.
g1049, SAL is similar but for last register., %/
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NPROC" Macre -—-— 3 July 1973

B1051. call TRACE_PRINTER { ; 'PROCY)

81052, /% Print pacro name YPRGC" in mnote if tracing on. */

B1053. call PUSH_NEW_BLOCK {(USER_NAME; BLOCK _TYPE_VALUE='FRQC')

81054, /% Defipe pew block; add to stack. Ipitialize block specificatioas.
B1055. Note block type and set up unique BELOCK_LABEL _PREFIX for use
81056. in generating unique labels. */

81057. if ERROR_OCCORBED /* durring PUSH_NREW_BLOCE (viz., stack overilow) */
81058, then

£1059. pexit

£1060. fi

B81061. LABEBL := USER_MNAME :

£1062. /* Generate PROC's nase at first opportupity. */

B1063. call PROC_SCAN_OPTIONS

81064. /* Validate LINKAGE= and WORK= keywords; issue error pessages and set
B1065. 05 _LINKAGE and WOBKREG. Process completely DEBUG and EXIT keywords.
81066. ) Change BLOCK_LABEL_PREFIX if necessary to special PROC fornm
81067, {indicating change in SPECIAL_PBEFIX) and set valuve of FIRST_PROC., */
81068, call PROC_HEADER

81069, /* Generate "CSECT" and "USING *,15" if required. Hamdle in-line
81070, ID {a la IBM SAVE macraj. */

81071, gall PROC_REG_SAVE

81072. /* Set SAVE_'IYPE and SAVE_LENGTH to indicate type of save area

B1073. reguired. Save contankts of general purpose registers, if requiged. */
81074, call PROC_ESTABLISH_BASE

£1075. /% Set up base register where reguired and issue USING. BSet USIHG!3 if
81076. base register to Le loaded into 13 was put tewmporarily into
810217, WOREEEG. If multiple bhase registers, set NULTIBASE. */

81078, ¢all PROC_GEN_SAVEARERA

21079. /* Generate proper save area depending omn the variables SAVE_TYPE and
B1080. SAVE_LENGTH set by PROC_REG_SAVE and depending on the SAVE macro
81081, operands. */

E1082. gall PROC_MULTIBASE_GEN

81083. /* Generate definition ¢f adconds for rultiple base registers. */
£E1084. gall PROC_DEBUG_STUFF

E£1085. /* Generate trace and count code for debugging, if requested. */
E10B86. if WORK = 'NONE' apd WORKREG_USEPD

E1087. then

£1088. generate (LABEL ({ * LR ' || WORKREG |} ',d")

81089. /% Restore WORKREG. */

£1099. LABEL := *°

81091. £i

81092, if LABEL # V!

81093. then

81094. geperate (LABEL f{ ' DS OH")

81095. £i

E1096. if LINKAGE(2) = '"CSECT!

81097. then

81098, geperate (' DROP 157}

81099. /* DROP for USING generated by PHOC_BEADER. */

811040, £i

21101, call PEOC_INFO_SAVE

e1102. /* 5ave any information necessary to generate COBP nacro. */

£1103. nend
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&§1105.
81106.
§1107.
£1108.
41109.
£1110.
1111,
81112,

81114,
£1115.
B1116.
81117,
81114,
E1119.
81120.
E1121.
E1122.
E1123.
E11z4.
E1125.
81126.
£11217.
£1128,
61129.
€1130.
81131.
81132.
€1133.
41134,
£1135.
91136.
£1137.
£1138.
E¥139.
E1140.
81141,
81142,
€1143.,
81144,
81145,
81146.
e1147.
E1148.
E1149.
81150,
41151,
€1152.
B1153.
B1154.
21155,
41156,
B1157.
81150,
£1159.
81160.
81161,
21162.
§11e3.
81164.
£1165.

WpRQC" Nacro —

prag PROC,_SCAK_OPTIONS

/% validate LINKAGE= and WORK= keywords; issue error nmessages and set
OS_LINKAGE and WOBKREG (the latter receiving either the register
specified by the WORK= operand or sopme default). Process conpletely
the DEBUG= and EXIT= keywords. Change BLOCK_LABEL_PREFIX if
necessary f£rom the normal "$pgp“ to the special PROC prefiix
v3ppp". Set FIAST_PROC to indicate whether this is the first
PHEOC macro coded in this assembly. */

OS_LINKAGE := (LINKAGE(1} # "'}
if LINEAGE(1) ¢ '05' and # '!
then

nnote {8, 'STRCH101 LINKAGE=' || LINRKAGE{1} |

* INVALID—MOS" ASSUMED')

£i
if LINRAGE{2) # 'CSECT' and # '*

bhen
pnote (8, TSTECBI0Z SECOND LINKAGE OPERARD IGNCRED?)

I

fi
WORKREG := WOREK
if WORKREG = 'NONE' gg = !
then
/* Pick default WORKREG. We will restore it later if WORK=NOHNE and
it gets clokbbered. %/
if OS_LINKAGE

the

o
WORKREG := 12¢
else
HORKEEG := '1°
fi
fi
EXIT_SEVERITY := EXIT
/% Save gpecified severity for EXIT target mnotes. */
FIBRST_PROC := -~ NOT_FIAST_FROC /% Brilliant, eh? ¥/
ROT_FIRST_FROC := true
/% Kote whether this is the first proc apd set global NOT_FIRST_PROC
so we will be able to tell on later PROCs. HNote that we are makipg
use here of the fact that global bit variables are initialized to
false. */
call PROC_DEBUG_SET
/* Set debugging switches accerding to DEBUG= gperand, saving prior
values for restoring at CORP time in PREVICUS_DEBUG_VECTOR. */
SFECIAL FREFIX == (DEBUG_SAVETBACE’BEQD Qor
REBUG_FPROCIRACE_RFQD of
DEBUG_PROCCOUNTS_REQD) apd
PROC_COUNTER < 254
if SPECIAL_PREFIX
then /% We want to label this proc with a hex proc number. */
PROC_COUNTER := PROC_COUNTER + 1
/* Advance counter only on those procs which use it. ¥/
HEY_IN := PEQC_COURTER
call XHEX { 1 }
PROC_ID_BYTE := HEI_OUT

BLDCKqLABEL_PHBPII := "§PY || PROC_ID_EYIE
/* Change labels on PBOC to ease understanding of debug inforumation.
mnote (%, 'STRCH108 PROC * |{ BLOCK_NAKE (CURRENT_NEST LEVEL) ||
®, DEBDG ID=X'" || PROC_IL_BYTE (|| ™'"}
else
PROC_ID BYTE := '00"
fi

corp
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81167, proc PROC_DEBUG_SET

E1168. /* Save the previous DERUG specifications sa they can bke restored at
E1165. CORP time. Scan the DEBUG= suboperands setting the debug flags
B1170. indicated. TIf GLOBAL is specified send null restore value to

E1171. suppress it. */

§1172. bit ’

£1173. GLOBAL, /* Indicates whether "GLOBAL"Y has been found as an

E1174. operand of DEBUG=. */

41175. SAVETRACE_VALUE, /* Set true if SAVEIRACE is to be turned on; set
81176, falsg if SAVETRACE is to be turned cff; else not set, */

81177, SAVETRACE_CHECK /% Set true if SAVETRACE tc be set either on or

E1178, off. */

£1179. int

81180. I /% List suboperand index. %/

81182, GLOBAL := false /* Has not yet been found. */

81183, PREVIOQUS_CEBUG_VECTOR :=

1184, DEBUG_ELOCKNAMES_FEQD [l

&1185. DEBUG_PROCNAMES_REQD 11

€1186. DEBUG_LI1STBLOCKS_RECD 11

81167. DEBJUG_BLOCKCOUNIS_REQD ||

£11E4. DEBUG_FROCCQUNTS_REGD ||

£1149. DEBUG_PROCTRACE_REQD il

81190. DEBUG_CORPVALUES_REQD 1]

91191, DEBUG_SAVETRACE_REQD

91192, /* Save current value of debug switches., */

E1193. I := ’

81194, while I £ N'DEBUG

81195. dg /* Scan all operands . */

81196. docasg DEBUG (I)

81197. of

91198. case ('GLDBAL', 'GBL')

81199, GLOBAL = true

81200. Bsac

61201. case ('BLOCKNAKES?', VEN')

81202. DEBUG_BLUCKNAMES_REQD := trae

B1203. /% BLOCKNAMES causes the name of each block to be generated as an
81204, in-line character constant at the start of each block {of any type,
E1205. not just BLOCK macros) for ease of locatiwng code in dumps. */
£1206. esac

£€1207. case ('NOBLOCRHNAMES', "NBN')

£1208. DEBUG_BLOCKNAMES_REQCD := false

£1209. esac

a1210. case (TPROCNAMES', 'PH')

a1211. DEBUG_PROCNANES_REQD := true

81212, /% PHOCNAMES causes the name of each PROC to be generated as an
d41213. in-line character constant at the start of the PROC for ease of
8V 14, locating code in dumps. */

E1215. esac

81216. gase ("NOPROCNAMES', 'HPN')

91217. DEBUG_PROCHNAMES _REQD := falsse

g1z14. gsac

81219. casg ('LISTBLOCKS', 'LB'}

81220, DEBUG_LISTBLOCKS_REQD := trug

a1221. /* LISTBLOCKS causes the nawe, number, and depth of each block to be
81222, generated in an mnote at the start and end of the block, */
81223, esac

B1224. case ('NOLISTBLOCRS', *NLB')

81225, DEBUG_LISTBLOCKS_REQD := false

81226. esac

E1227. case {YBLOCKCOUNTS', 'BCY)

E1228. DEBUG_BLOCKCQUNTS_REQD := true

£1229. /% BLOCKCOUNTS causes counters tc be kept on the number of executions
81230. of alil blocks. */

E1231. esac

81232, case ('NOBLOCKCCONTS', *NBCT)

81233, DEBHG_BLOCKCGDHIS_REQD := falge

E1Z234, esac

81235, case ('PROCCOUNTS', 'PCY)

81236. DEBUG_PHOCCOUNTS_REQD := true

81437, /% PROCCOUNIS causes counters to be kept on the nunber of executions
§1238. . of all PROC blocks., #/

£12349. es5ac

g1240., gase ('NOPEOCCOLNIS', *NPCY)

812601, DEBUG_PROCCOUNTS_REQD := false

81242, egac
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E1244.
1245,
81246,
81247,
£1248.
E1249.
81250.
81251.
81252,
81253,
81254.
81255,
E1256.
£1257.
E1258.
£1259.
81260.
E1261.
Blz262.
B1263.
61264,
B1265.
81266,
61267.
B1268.
§1269.
81270,
g1271.
g1z72.
81273.
81274,
81275.
81276.
81277,
B1274.
£1279.
§1280.
51281,

81283,
B1284.
81285,
81286.
£1287.
81288.
€£1289.
B1290.
B1291.
81292.
81293,
E1294.
£1295.
81296
81297,
§12948.
£1299.
E1300.
81301,
£1302.
81303,
£1304,
81305,
£1306.
81307,
E1308.

MPROC" Macre -~ 5 July 1973

gase ('PROCTHACE', 'PT')
DEBUG_PROCTRACE_REQD := true
/* PADCTRACE causes a trace vector to be generated and instructions to
nove the hex PROC number into the vector te show the order of PHOC
calls. */

h

5
a

0o

se ("NOPROCTRACE', 'HPT"')
DEBUG_PEOCTRACE_REQD := false
esac
cagse ('CORPYALUOES', 'CV")
DEBUG_CORPYALUES_BECD := true
/* CORPVALUES causes the value of the registers at COEP time (before
restoring those saved at PROC entry} to be stored into an area for
reference. ¥/
esac
case ('NOCORPVALUES', 'HCVY)
DEBUG_CORPYALUES_REQD := false
£sag
cage ("SAVETRACE', 'STY)
/% SAVETHACE causes all save areas for noen-05 register saving ta be
linked into a static chain frcp the 05 save area to provide
formatting in the save area trace portion of ABEND/SNAP dumps. */

SAVETRACE_VALUE := true
SAVETRACE_CHECK := true
/* Note that savetrace has been specified. */
gsac
case ("NOSAVETEACE', 'HST')
SAVETRACE_VALUE := false
SAVETRACE_CHECK t= tgrue

esac
case {'ALL', 'NOWE")

DEBUG_BLOCKNAMES_KEQD, DEBUG_PROCKAMES_REQD, DERUG_LISTBLOCKS_REQD,
DEBUG_BLOCKCOUNTS_REQD, DEBUG_PROCCOUNTS_REQD, DEBUG_PRGCTRACE_REQD,
DEBUG_CORPYALUES_REQD, SAVETRACE _VALUE

1= (DEBUG{I) = "ALLY)
/¥ Set {or reset) all main debug switches. */

SAVETRACE_CHECK := true

ac

/% The following operands are provided for the debugging of the
structured macros themselves., They are not automatically restored
at CORP time, */
case (YMACRONANESY, 'HN')
DEQUG_HACRONAMES_REQD := true
/% MACEKONAMES causes the name of each structured macro (including inner
macros) to be printed in an moote whenever evoked. */
sa
a

31

30 LD
it

(*NOKACRONANES®, VHHN')
BUG_HACRONAMES_REQD := false

-l

D
E3C
ase ('DEBUGNACRCS', 'DHMY)

DEBUG_DEBUGMACRCS_REQD := true

7% DEBUGHACROS causes various intermediate values within the macros

to be printed in wnotes for use in debugging the macros. */

0 o

esa
gg_g (*NODEBUGMACROS', 'NDH'})
DEBUG_DEnUGMACRCS_EEQD := false
esac
case pisc
mnote (8, 'STRCB104 DEBUG=' {{ LEBUG(I) || " INYALID—IGHORED'}
€sac
esacod

= I+ 1 /% Go on to next suboperand. */
gd /* {Termination: I is incremented, K'DEBUG is fixed in loop;

I must eventually exceed N*DEBUG.} %/
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§1310.
81311,
81312,
41313.
81314,
&1315.
81316.
91317,
E1318.
81319,
B1320.
B1321.
B1322.
81323.
£1324.
81325,
E1326.
81327,
£13z28.
81329.
81330,
81331.
€1332.
£1333.
E1334.
£1335.
81336,
81337,
£1338.
E1339.
81340.
81341.

-= 5 July 1973

if SAVETRACE_CHECK
theg
if SAVETRACE_VALUE
thep
© TTif PIRST_PROC
the
if os_LINkaGE

then
SAVETRACE_ON_FIRST_PROC := trgye
DEBUG_SAVEPRACE_REQD := true
Bpate (4, *STECB103 WARNING—SAVETRACE REQUIRES WFINAL' MACRO')

else
anate (8, '5TEC8106 SAVETRACE REQUIRES PIRST FROC TO BE LINKAGE=0S5')

£i

else /* Mot first PROC. */
if SAYETRACE_CN_FiRST_PROC

then /* SAVETRACE is being resumed. */
LEBUG_SAVETHACE_EEQD := true

else
mnote {8, *STRCB105 SAVETRACE MUST BE SPECIFIED OF FIRST PROC')

Hy

fi
else
DEBUG_SAVEERACE REQD ;= false
fi
£i
if GLOBAL
then
PREVIOQUS_DEBU:_VECTCR == 'f
/% ¥ull value suppresses restore by CORP, */

corp
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41343,
2134y,
81345,
813044,
81347,
813483,
81349,
81350.
81351.
81352,
B1353.
813504,

B1356.
B1357.
81358,
§1359.
813€0.
B1361.
a1362.
81363,
81364,
B1365,
81366.
81367,
81368,
B1369.
81370,
81371,
81372,
81373,
813,
B1373.
B1376.
B1377.
913748,
81379.
81360,
21381,
81382,
81383,
91364,
81385,
81386,
2134a7.
813488

B81389.
81390.
B1391.
B1392.
R1393.
81394,
B1395.
B1396.
B1297.
B1398.
81399.
81400,
81401,
g1u0d.
814013.
81404,
a1405.
a1406.
a1407.
314408,
81009,
a1410.
a1411.
alatz.,
81413,
at141u.

"PROC Macro -— 5 July 1973

pLoc PROC_HIA2ER
/* Geparites a "C3ECT" and "USING *,15" if LINKAGE= (ses,CSECT)
spacified. If LIAKAGE=(0OS,ees) 5pecxf12ﬂ generate inline ID
similar tu I34 3AV3 mazro; for non-0S 1Lnkage, do the same if
DEBI3_230CHAH43S _3EQY or ID= specified, but omit ID-length-count Eield.
Retutk iny lanel gensrated as branch target in LABEL. #/

_SECI, S* 233 aame for "FERIVATE"} for default ID canstant. ¥/
QUOTA, /% W' op pgll, for generating id. */
TARGET /% Ta2nporary. */

LENGTH /* Lenjth of character identifier. */

if LINKAGE{2) = *CSECT®
then
gqenerat
LABEL

e (LABEL || * CSECT')
=
e (' USING *,15")

I"h

i .
((0S_LTNZAGZ or ID # *') and TD # "NOWE'} nf
DES JG_PROCNAAES _REQD

if
then
TAIGET := SLOCK_LABAL_2HEFLX (1 "AA’
gengrate (LAdEL || ' 3 * Il TARGET)
/* Bcancn around in-line ID, %/
LABEL 1= Taasl
if 1D 't oy = 'Y or = 'NINE'
ghgg /% do ID yas 3p=c1Lleﬁ on PROC macro. */
if U2 _Nadi = !
than

if IS_LiINFAGE

agn
SECT := YAPRIVATR' /% Default nawe if none specified. */
£
FE

CT := BLOCK_NAME(CURRENT_NEST_LEVEL)

SER_NAME
K{TSER_NAUE
£i
05_LiNKAcE
§1e1 /* Generate SAVE-type ID. %/
LEN;Td := ({LEI3TH/2)*2) + 1 /% Sound up to odd rumber. */
gunerate {' C ALI(' t| LERNGTE [| ) ,CL' || LENGTH |
win || SECT |} iy
e /% Geu2rate PROC-name constant only. */
WEN3Dd := ((LEWGTH + 1)/2)*2 /* Round up to even nunber. */
jJenzrate {' pC CL' §{ LEHGTH || "™fr [{ SECT || "'}
£i
else 7% ID= specified. */
QUOTE == "re
LENGId == ©
i-.g. ID[I,]J = wn
thap /+ ID already contains surrounding guotes. ¥/
JUATE = *!
LEA3TH = -2 /% Subtract 2 for the quotes., */

it

2ls

I =

AGTH := {{K'ID/2}*2) + 1 + LENGTH

/% Bound up to odd nunber. */
geaerate (' DC AL1(* |1 LENGTH [{ '),CL' {| LENGTH ||
2JOTE |{ ID || QUQTE)

1= ((K'ID + 1) /2)*2 + LENGTH
goand up to even number. ¥/
a (' h18 CLY | LENGTH || QUOTE || ID | QUOTE)

I L L L L L e L T L o e LR T IV e Y X R R R u Lo L s LReR Jo XX R Jol Jeldol Job Jul Ju LEvE Jul Tell ol Tol ol JoL Rul Lol JoR Lol Jel Job Jul el Jel ol dul Xolje L)

C-11



npROCH

B1416.
a7,
281414,
81419,
87420,
1421,
1422,

31424,
91425,
B1426.,
e127,
Bluz28.
g1622,
814130,
91431,
R1432,
81433,
a143u,
61415,
81436,
81437,
214358,
81439,
B1aun,
81441,
81442,
81443,
glagy,
81445,
81446,
ai447,
21449,
21449,
81450,
21451,
51452,
97453,
8145y,
81455,
81456,
81457,
81458,
B1439.
81460,
21461,
B1462,
814863,
21u6y.
81465.
81466,
a1u67.
21469,
81469,
91470.
81471,
B1472.
81473,
B1474,
B1475.

== 5 July 1971

rog PROC_RU3_SAV3

/% 1f SAVE=1042 aad doing SAVETRACE generate store of all registers.
If 54¥E=J0NZ and no SAYETRACE, do nothing. For other than
SAVI=NONE, extract from S5AV3= vgarands register 1ist to be saved,
Daciia type and size of save area and put into SAVE_TYPF and
SAVE_LZ¥3Td. Generate instruction to store registers. */
int I /% Temporacy. */

TIRST, LAST ;= ¢
DFFSET, S5aF, S4%L, OFF3ET_TI_GPRO 3= 0

A% Tnitialize save Teqguest inforpation variables. %/
if SAVE = "N2YaY

thea
1f D2BUG_SAVETRACZ_REYD
then
SAVE_TYP& := 'FULL!
SAVE_LENGTH == 13
ganerate {(LABZL || ' STH 14,12,' |] BLOCK_LABEL_PREFIX || 'SV¥+127)
LABEL := 1t
Ii
2l

58
call PROC_S2T_SAVE_INFD
/% Collact following save reguest information. Put character string

aaie of first register to be saved in FIRST, last in LAST, "M' into
AULT, and *,r into COMMA2; if only a single reqister to be zaved,
LA, MULT, and COMMNAZ get aull strings., Register number which could
Jo into first word of register part of save area goes into SAF, last
into 35AL. {These, for example, could be 14 and 12 while FIRST and
LA3r are synbolic register designations of unkbown value at macro
expansion time.) Set FIRST_VALUE_KNOWS if FIRST is not symbolic. */

call PROC_DECIDE_SAVE_TYPE

/% Pat type of save area to be generated into SAVE_TYPE, Set

3AVI_LENGTH with length (in words) of save area (except only lenqgth
3f rejistsr part for non-0S_LINKAGE areas). Offset in save area
(in words) of register 0 is put into OFPSET_TO_GPRO. ODffset of
attaar PIRST (iE FIRST_VALUE_ENOWN) or else of register 0 is
put into QFFSET. Also set LOCAL_POTINTER to '? and O5_PDINTER to
*{13)* if 05_LINKASE, clsc LOCAL_FOINTER to
{3LICK_LABEL_PREFIX || "SV+'} and OS_POINTER to ‘', Thus
LOCAL_20INTER || OFFSET )| *'*4* !| OS_POINTER refers -to the given
ofiset in the proper area. */

if SavE_TYeZ = 'PILLY

then
gznecat: (LABZL || * STH 14,12,' || BLOCK_LABEL_PREFIX || 'SV+121)
/% 3ave all registers on FUOLL (savetrace-reguired) save area. #/
glss ‘
if PIRSI_VALUE_KNOWN
than
[ := QFPSZT * &4 /% Calculate offset in bytes. ¥/
Janzcate (LABEL (] ' STT || MOL? |} ¢ " Il FIRST [ *,* |
LAST || COMMA2 || LOCAL_POINTER |}t I || O5_POINTER)
else
Jznzrate (LRBEL || ' ST' |{ NULT J{ * ' |] FIRST | ',.% |
LAasT J] CCAMA2 || LOCAL_POIHTER || *{' || FIRST I| *+* || OFFSET ||
"—({" Il FIRST }| Y+2) /6% 18) ) R || 0S5 _POTRTER)
i
£i
LABEL := ¢
£i

cerp

. '0‘0'0'0'000-3'0'000000DOJ!D'aﬁodoooto-o-nnnouloooooog-o-o-Q-oooooﬁo-o-o-g-onooooo.o.o-gnuqonouooo.
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91477.  proc PROC_SET_SAVE_LHFQ

81478, /¥ Collect foilowing save reguest information. Put character string
81479, name of first register to be saved in FIRST, last in LAST, "M' into
81480, MJLT, and ?,' into COMMA2; if only a single register to be saved,
81481, LA5T, MJULT, and COMMA2 get nuil strings. Register numpber which could
81482, go iato first word of register part of save area goes into SAF, last
81uB3. into SAL. (These, for example, could he 14 and 12 while FIRST and
81uau. LAST ace usymbalic register designations of unknown value at macro
814as, expaasion time.) Sa2t FIRST_VALUB_KNOWR if FIRST is not symbolic. */
B1437. PIAST_VALUE_KHOA4N := true

B1ygad. MULT := *¥§!

81489, COYMAZ = ',

B1490. /* Assum3d values. #/

g1ua91. if T'SAVE(1) = *'Q' /% At least first suboperand is omitted. ¥/

R1492, then

81493, FIRST := *14' SaAF := 14

81u94, LAST == '12' SAL := 12

81495, S* Nafaalt is to save all registers 14 through 12, */

81495, glse

&1497. if TVSAVI(1) = 'B' s+ Self-defining term. ¥/

81498, then

91499, SAF := SAVEB(1} /* Store it as a aumber. */

81500. FIRSLI := SaAF

81501. /% Zonvert it back to a string (donr for aon-decimal

A1502. salf-definiag terms). */

81503, else /* [t mast be symbolic. */

£1504. PIRSE := SAYE(1) /¥ Store it as a character string. */

81505, SAF 1= 14 /* Just say first of save area is register 14. */
81506. FIRST_VALJZ_KNOAN := falgse

81507. £i

815048, if T'3AVI{2) = '0' /* Secoad suboperand is omitted. */

81509, then

A31510. LAST, 4ILT, COMMAZ = !

81511, Lf PIRSP_VALUZ_KNGAW

81512, then

81513. 3AL := SAT /* Last register is same as first, */

81514, alse

81515, SaL = 12 /* Last register is 12. ¥/

81516. £i

81517. elsa

81514. Lf T'Sa¥E(2) = 'N' /% Self-defined. */

81519, than

B1524Q. SAL := 3AVE{2) /% Store it as a number. */

B1521, LA3T = S5aAlL /* Convert it back to a string. */

B1522. else

81521, LAST := S5aVvVS(2) s* Store it as a character string. */

B1524. SAL := 12 /% Just say last of save area is register 12, */
R1525. £i

81526 £i

B1527. fi

81528, cocLp
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"PROC

B1530.
81531,
81532,
81533,
81539.
81535,
21536.
21537,
£15338.
81529,
21549,

81542,
21543,
81544,
81545.
815L6.
g1547.
91548,
81549,
81550.
81551.
81552.
81553.
B1554.
81555.
B1556.
91557,
81558.
81559.
81560.
81561,
815862,
81563,
R1564.
81565.
B1566.
B¥567.
91568.
81569,
B1570,
B1571.
81572,
81573.
B1574.
B1575.
81576.
81577,
B1578.
81679,
B1580,
815481,
81582,
815813,
81584,
81585,
81588.
81587,
51588.
81589,
21590.
21591,
81592,
B1593,
81594,
81595,
81594.
281597.
81593.
81599,
/1600.
a1601.
81602,
81603,
241604,
a1€05.
81&06.
91607,
21604,
81609,

-- 5 July 1973

rLoc PROC_DECIDE_SAVE_TYPE
/* Set SAVE_TYPZ with type of save area to be generated:
PRONC, TRUNCADH, NOiML, NORMLHDR, or FPUOLL.

NONE, QSSAVE,
Set SAVE_LENGTK with

length (in words) of save area (except only length of register part

for noa-03_LINKAGE areas) .

Dffset in save area (in words} of either

PLRSDE (if PIHST_VALIE _KNOWN) or else of register 0 is put into OFFSET:
the latter always is stored into QFFSET_TO_GPRD for CORP's referemnce,.
Also set LOCAL_POINTER to '' and OS_PDINTER to '(13)' if OS5_LINKAGE,

else LOCAL _POINTER to (BLOCE_LABEL_PREFIX

LI ¥4
int I /% Tewporary. */
if OS_LINKAGS

6§_pornrza = V(13
LOCAL_POINP3R ;= '
if SAVE(3) = 'NONB’
then

SAVE_TYP?E := "'"KONE!
else

SAVE_T{?E := *QSSAVE"

j) "Svs+') and O5_POINTER to

/* Standard 05 save area. ¥/

OPFSET_rO_GPRJ, OFFSET := 5 /% Put offset to reg 0 ip both. 3/

if SAVE {4} = 't

thza

SAVI_LENGTH := *'18* /* Stardard 0S5 save area is 18 words. */
else

SAVE_LENGTH := SAVEB(4) /* Length specified. */

£i
£i
elsg /* Wot O3_LINKAGE. */
O5_PDINTZR := ¢

LOCAL_POINRTZR := BLOCK_LABEL_PREFIX || 'Sv+!?
1f DEBUG_3a¥ERTRACZ_REQD
then

SAVE_TY¥Pg := "PULL?
SAVE_LAYaTd = *16¢

/% Full 18 sord pseundo-0S5 save area. */

/* Leagth of register part of full save area is 15 words. ¥/

OFFS2I_tO_GPRO, OFFSET := 5
el

i

AVE_LAJGTd = I
*

5
I := SAL = ((3AL+¥2) /16%16) - SAP + ((SAF+2) /16%16) + 1
]

/% Convert calculated langth to charter string. */
if SAF = 14 ’
than /% 3a¥2(1) wis omitted, specified

if DEBUG_PROCTOUNTS_REQD
tazpg /* Header included for count.
SAVI_TYPE := 'NORMLHDR®
OFF3E8D_TO_GPRO, OFPSET := 3
gige
SAVZ_TYPE := 'NORHL®
JZFSET_TO_57R0, QFF3ET 1= 2
Ei

elie /¢ Save arma is to start after 14:

Lf DEBUG_PROCCOUNTS _REQD

as 14, or symbolic. */

*/

/* First register word is 14. */

a truncated area., %/

taen /¥ header included for count, */
SAVE_TYPE :1= 'TRUNCHDR'
AFFSEI 1= 1 /% To SAVE(1). #*/
else
3AVE_TY¥PE := 'YTRUNC!
UPPSET := 0 /% To SAVE(1). */
LY
JPP3EL_TO_GPRO := OFFSET - SAF
Lf SAP > 13
La=n
JFPSEI_TO_3PRO := OFFSET_TO_GPRD + 16
£i
£i
ti
£i
if PIRST_VALJE_YdOWN /* Savi(1) was not symbolic */ and
SAVE_TI2E[1,5] # 'TRUNC'
then
/% Adjusc JFF3ET from giving offset to GPRO to give offset to SAP., */
OFFSET := J7FSET_TO_GPR) + SAF
it 5AF > 12
then
OFFSED 1= 2FF3ET - 16
fi
fi
£orp
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B1611.
81612.
21613.
31614.
51615,
B1616.
31617,
81618,
B1613.

MPROCT Macro

proc PRNC_ESTABLISA BASE
/% Set up wvase rejister and issue USIWG wnere pegyired. */
it
INLINE_51VZaRda /* Inlicates whether an inline save area is to
be jenerated. */

=
I

3]
R

bar
HASEREG /% Name of rayister loaded with base value. */
at
i, d /* rzaporaries. */

s
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31621, if BASE # 'WONZ' and (0S_LTVKAGE 9r BASE # '1)

81622, then /* Generate a base ragister., */

31623. HAS3REG := BASE (1)

81624, TINLINE_S5AVIAdga := (SAVZ # 'HOWE' and SAVE(3} = 'v)
81625, if HASER3IG = '"13' and ~(INLINE SAVEAREA and 0S_LINEAGE)
81626. than

81627, anots {3,
81628, BASTIES =
81629, £i
81630. if 8
B1631, ta
81632,

61633, t
81630, JA3IREG := WORKIEG

91635. /* de wiil load the base value first into the work register, then
91636. copy the value to register 13 after we finish all linkage, */
81637, Jd3I9G13 1= true

81638, LE #02X = "NO¥dE' and - WORKREG_USED

81639, taen -

21640, jenerate {LABEL (| ' LR 0, || WOEKREG}
81831, LAJSL = 11

B1642, i
81643, 43
a16aa, glse
816045, Ba
81646, fi
a1647,

816u8, J
B1649. 1
81650. ¥
81651,
81652, if BAS
B1653. then
81654, Bagte (8, 'STACH109 REGISTER 13 INVALID-~TGNQRBD')
B1655. else

81656. jea:rate {(LABEL j) * L ' 1l BASE(I) ] ',' |
81657 BLOCK_LABEL_PREFIX || "MBR+' || 1)
a1658. LA33IL 2= V¢

41659,

B1660. I
81661. J
81662, od /
B1653, I aust aventially exceed N'BASE.} */
81664, if I
B1655. then
81664, if os_
81667. then
81668. jgnarate {' CHOP D,47)

81669. /% Advance to fullword boundary; ouwtstanding label can wait for next
81670. instruction. */ -

B1671. fi

81672. TARGET ;= BLOZK_LARAL_PREFIX |] 'BB'

81673, genercats (LABZL || * BAL " Il BASEREG |i ',' j| TARGET)

-B1674. LABEL := TARSGET

81675, 2lge /* No inline save area. ¥/

81676. (LA32L || ' BALR * || BASEREG 1,0

81677, e

B1674.
41673,
81690,
g1641.
81682,
816913,
§1684.
81665.
81686,
21687,
81628,
81689, hile I £ N'BASE
81690.
41691.
81692,
21693,
B1694.
B1695.
B81696.
81697.

"STRCH109 WGISTER 13 INVALID~—IGNORFD')
v

[T oY
h

I < Ntdas5a

=N RN
(1]

IDtI

iy = 113

{* BSING *,1 || BASEREG)

(BLOCK_LA3EL_PRRFIX || 'MBP EQU. >y

! USING *+* || J || *,* || BASE({T))

erzination: Same proof as above.} */

'o.ﬂ‘o-ﬂ‘o.ola'o'ol0'0003)'0IO.QOOCO.D.U'Q.O.0talu-0-0.0-0-0-Dlolooo'QQDIQOOOODOODDOIQOOIOlQ.o.OlQl

Cc-82



81699. PCO!

81700.
B1701.

81703.
A1704 .,
91705.
81706.
81707,
B1708.
B1709.
81710.
81711,
B1712.
81713,
1714,
81715,
B1716.
81717,
81716.

WPROC" Macto -

¢ PROC_GEN_SAVEA iEA
/¥ Generate appropriatz save area according to SAVE_TYPE, SAVE_LENGTH,
and tne SAVE suboperands. */

if SAVE_TYPE = "OSSAVE!'
then
call PROT_32N_OSSAVE_AREA
s+ Ganerate 05 sava area and chain it up following O3 linkage
coaventions. Also link up static chain of local save areas if
thisz is the ficrst proc and SAVETRACE raguested. */

5 July 1973

else
1f (SAVE # "HONE' and SAVE_TYPE # 'NHOWE') or
JEBJG_5AVITRACE_REQD
then
call Pa3C_3EN_LOCAL_SAVEAREA
7% 3eaerate tocal PROC save area according to SAVE TYPF and SAVE_LENGTH
aad, if SAVITRACE requested, provide static save area chaining. */
£i
ti
COLR

'O'D'0.6.0.0'()'0-0‘0!0.0.0'0 speoege O"O.OOO'D'O'D.O.O.O-O'O'Q‘O.O.O.O.O.O'O'O.O'D‘OID-D'O.OCO'OCO'0.
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81720.  prpc PROC_GEN_OSSAVE_AREA

81721, /* Generite 05 save arz2a and chain it up following 0S5 linkage
81722, convantions. Also link up static chain of local save areas if
81723, SAVETRACE reguested. ¥/

81725, call PROC_DEPId3_JEW_0SSAVE

41726. /% Geperate inliame, out-of-line, o: dynamic save area and point to
B1727. it witn BASERZG or WORKREG; put register name in SAVERFG. %/
a1729, if DEBUS_SAVZTZACE_RE2D apnd PIRST_PROC

81729, then

81730, /% Static coain of local save areas pust be linked to 05 save areas. */
81731, generate (LABEL | ' ST 13, BPERSTSV U}

B1732. LABEL = 1!

81733. generate (" MVC  B(u,13),=A(FFIRSTSV) 1)

81734, gepecate (' L * 13,=A (3LAST5AV) ')

81735. PREV_SAVIZTRACE_PT2 :~ 'HPIRSTSV®

91736. PREV_SAVITRACE_AREA := Q¢

81737, Fi

81738, denerate (LAQBL || * ST ' {] SAVEREG {{ ',A(13) ")

81739, LABEL == *!

B1740. gepecate (' ST 13,4(* J| SAVEREG [| ')}

B1741. geperate {' Lz 13,' |t SAVEREG)

R1TLZ. if OUSING13 °
B1743. than /% 13 now loaled—issue USING. */

21744, gepnsrate (' USING * )| BLOCK_LABEL_PREFIX || 'ISV,13'}
81745, £i

8146, if DHEBUG_PROCTRACE_REQD and FIRST_PROC and SAVE(3) # 7

81747, then

81748, /% Stasa pointer to PROC trace vector in word 1 of 05 save area. */
81749, if d0RK = 1 AONE! and -~ WORKREG_USED

81750, then

81751, genecata {' LR 0, NORKREG")

81752, £i

81753, gsnerate (' La ' )| WORKREG }] *',STRACE')

891754, genarate (' 5T " {{ WORKREG |] ',0(1%: ")

81755. WORERZG_JSED := true

B1756. £L

B1757. carp

SQEQEOIOIQECEDNDINASO NS GNTIND '0’0‘O'0lDl0'O':)'0lOlOOO'0'0'0'0'0-000.0000010-0IO'QOD‘D.OOOOO'O'QCOG o
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81759,  proc PROC_DEFINE_NZI_D3SAVE

B1760, /* Seperate ialine, out-of-line, or Aynamic save area for
81761. 05_LINAGEZ aal point to it with the WOREREG or BASEREG. Put name of
A1762. pointinf ragister in SaAVEREG. */

81763, char X /% Temporary. ¥/

81765, X = ¢

A1765. SAVEREGR := WJ3{REG % Assuned. */

A1767. if SAVE(d) = 'I2idAA"

81768, then

81769, generate {(LABEL || * La O,(" {| SAVE_LENGTH || ')#*41)
81770. LABEL := !

81771, if WORK # 'WOWE!

81772, then

1773, generats (' LR 4 || WORKHEEG || ",17)

81774, i

81775, (t GETHMATE R,LV={()"}

21776, (* LA 0,* || WORKREG)

a17717. (" LA T || WORKREG {4 ',11}

A1778. if 4OREK = *d243!

81779. then

81780. Jensrats (* L 1,26{13} ")

#1791, if FIRST # Y14 gg LAST # r12¢

817182, thza

817983, pogpke (4, 'STRIS107 REG 1 MYST BE AMONG THOSE SAVED')
B179u. fi

B1785. glse

B1795. gengrata (' LE 1,0 -

21737. £i

81783. WORKREG_J33D = true

81789, else

81795, if SAVE(3) = ¢

A1791. theng /* ialine save area. */

81792, if LaddL = '

g1793. than

91794, Lif A0RK = 'NONZ' and -~ YORKREG_USED

81795, then

81795, jenerate (' LR 0,' || WORKREG)

B81797. £i

81793, 4IRKRES_USEY := true

81793, ion3zcake (' CNOP Q,4")

81300. LA3IL := BLOCK_LABZL_PREFIX || *CC*

81801. jedarate (' BAL " || WORRRES {1 *," || LAYEL)
81802, else

41803, I ;= BLOCK_LABEL_PREFIX || 'ISV’

81804, if - USING13

81805, then

81806 SAVEREG 1= BASEREG

a1807. Ei

B1B08. fi

81509, if P38J3_2R0CPRACE_REQD and FIRST_PROC

81610, than

81611. Jeaerate (¥ {| ' DBC A(FTRACE) , (" |{ SAVE_LENGTR || "-1)P'0'™)
81812, * Generat2 inline save area with first word peinting to trace
81813, vector. */

81814, else

81B15. qenznate (X {| ' B¢ (' |{ SAVE_LERGTR || ") F'O'™)
81816, £i

B1B17. call PIOC_MULPIBASE_GEN

a1g1a. /* Insart multiple base adcons after save area. */
B1B19. else s+ Jser-supplied ont-of-line save area. */

g81820. if W03k = 'NONE' and - WORKREG_USED

B1821. thea

21822. gJenzrate (LABEL || * LR 9," 1| WOBKREG)

81823, LASEL = !

&1824, £i

81825, WORKRES_USED := Lruz

B1826. genecat= (LABEL [| ' LA ' || WORKREG || *,* || SAVE(3))
81827. LABBL := !

B1828. £i

81829. £i

B1830. /* Area has peen generated and address is in SAVEREG register. #*/
B81831. corp

FLL LI L E Nl L TR Yol Tel e Jod Jul INR Tel IR Jvl Yol dol Jod el de R dol Jol Yo L oel Qe l Lol Nod 2ol Rul ol Jo LYol Jol ToL Nel Dol Yol Jul du D dul Jol Jul Jo Lol IoT LiE 41 4
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21833,
B1824.
B183s.
B183s6.

814934,
91339,
B1840,
B18Y1.
B1842.
B18U3.
B18U4Y.
B1B45.
B18UG.
81347,
81343.
81849.
81950,
61851,
81952,
R1853.
B354,

81455,.-

B1356.
B1357.
81358,
813859.
513560,
81941,
81862.
91863.

Magro -- 5 July 1373

proc PROC_3EN_LOCAL _SAVEAREZA
/% Generate logcal PROC save area according to SAVE_TYPE and SAVE_LENGTH
and, i SAVETRACE rejuested, provide static save area chaining., */
=har FWD_PTR /# dame used for next save area., */

“TLABEL 3LOUA_LABEL_PRZPIX || DD
e B * |{ LABEL)

rate (BLOCK_LA3EL_PREFIX |§ 'SV DS 0F 1)

AVE_TYPE = YFULL' or SAVE_TYPE[6,3] = 'HDR'

then /* Word one shoull contain PROC count and ID byte. */

generate (" DC XTFF™ || PROC_ID_BYTE || "0000'" ||
* PLAG (FE=3NTZRED, FF=PINISHED), ID, COUNT!)

LI i

E_TYPE = 'FOLL!

FAD_BTR := 4LOCK_LABEL_PREPIX {| 'NXT'
genacata (2 t8V_SAVETRACI_PTR j| ' EQU ' ||
IL0 IA_LABEL_PRIZTIX || 'SV")
gensrata (' ac A(* || PREV_SAVETRACE_AREA || ',' (]
#da_par || ')
TiD_PTR

'}
PREV_SAVEIRACE_pPI2 ==
/* Say2 lapel used as forward pointer, =/
PREV_SAVETRACL_AREA 2= BLOCK_LABEL_PREFIX {{ 'SV’
/% Save name of this save area. */
£i
generate {' pC {' || SAVE_LENGTH || "}F'O'™)
call PROC_MILPIFASE_3EW

B

fal

co
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B 1865,
B1866.,
B1867.
81868.
813969,

B1871.
Aa1a72.
B81873.
81874,
81875,
B1874.
81877,
81878.
81879.
581880.
B138n.
1882,
B1883,
B1884.
B1885.
B1386.
81887.
813B8.
81389,
B13%0.
81391,
61892,
61893,
818%4.
81895,
81895.
a1897.
818938,
313993,
81904,
91901,
a1902,
81903,
81904.
81905,
819035,
81907,
21908,
81909.
81910.
g1911.
a1912.
a1913.
a1914a,
81915,
81916.
B1917.
81318,
81919.
81920,
81921,
81922,
31923,
B1924.
81925,
81926,
81927,
81928,
81929.
8193¢C.
81331,
81932,
81933,
B133h.
B1935.
81936.
B1937.
81933,
91939,
31940 .
a19u1.
81942,
41943,
a1944.

“pROCY Macro =- 5 Jnly 1973

PLe¢ PROC_DEBUG_STJ PP
/% Generats trace and count code for debugging. */
bit PCT_GENWNED_WITH_VECTOR /* Indicates whether —-PCT labeled halfword
whiza holds PROC counter was generated following the trace vector. */
thar COUNT_SPOT % Suffix of label for PROC counter. */

EBUG_PROCTAACE _REQD

20
if TBACE_V2I103_GENNED
then /* Previaously gencrated TRACE vector must be updated. */
if YORK = 'NOME' and - WORKREG_USED
then
gen2cate (LABEL || * LR 0,* || WORKREG)
LA33L z= "1
£
merats (LABEL {{.' L * |{ WORKREG || ',=A{3TRACE)')
necata (' 4YC 0 (256,% || WORKREG (]| *),1(" M
WQRAREG || "} Y
geoerats (' wr 256(' || WORKREG (i "},X'" ||
PROC_ID_BYTZ (| "'M)
4ORXRE3_USED := truz
elss /* Icace vector must be generated. %/
if LAB3L = '
than /% Branch around trace vector. */
LA32L := 3LOCK_LABEL_PREFIX || “EE'
geagrate {* B ' {1 LRBEL}
fi
ﬂEEéEQEﬂ " pc C?'3TRACE'")
denarat: ("STRACE DC 258I'FF ')
THACE_V¥ 2CTOR_GENNED := true /% Only generate it once. */
iE {DE3J3_pPROCCOUNTS_REQD or DEBUG_BLOCKCOUNTS_REQD) and
FIRST_PROC

i
dene
g

1

2
a

(1)

then
T /* PROC conater nust be generated since word one of first save area
points to proc trace vector, so we can't keep count there. */
Jop 2rate (BLOCHK_LABEL_PREFIY {| "PCT DC H*0' PROC CQUNTPM)
PCI_5aNWED_WITH_VFCTOR := true
£i
generata (LABRL || ' MVC  STRACE(256), STRACE+1")
generate (" A¥I  $TRACE+256,X'" || PROC_ID_BYTE || "'V}
£i
LABEL = "'*

if DEBUG_PROCCO JNTS_REQD or DEBUG_BLOCKCOUNTS_REQD
then /* We must update tha count. */
if OS_LIN¥XASE @r (SAVE = *'NONE' and -~ DEBUG_SAVETEACE_REUD)
then /* Count will be in BLOCK_LABEL_PRFFIX || "PCT'. */
if -~ PCI_GENNED_WIDI_VECTOR
th2n /% Define PCL. */

i LA3EL = v

£i
D

then
i=nerate (* HOP  0']
Jegerate (3LOCK_LABEL_PREFIX || 'PCT EQU  *#-2 PROC COYNT!)
2lse
Jenscate (3LOCK_LABEL_PREFTIX |{ "PCT DC E'G' PROC COUNTH)
£i
£i
COUNT_320T := 'PCT!
else
TOUNT_S8IT ;= '5SV+2' /% Count is in local save area. */
fi
if WORK = 'NOWE' and -~ WORKREG_USED
then
generate {LABIL || ' LR 0," || WORKREG)
LABRL ;= V!
i
gensrate ([LA32L J| * LI * || WORKREG I{ *,*' |
JLOZX_LABEL_PR¥PIX || COUNT_SPOT)
LABBL := !
1A ' || WORKREG | ',1(' || WORKREG || "} ")
STH ' || WORKREG || '," {1
1

BLICK_LABEL_PRZFLI
WORKREG_USEJ 1= frue

{ COONT_SPOT)

fi
if DEBWG_SAVITAACE_REQD anl -~ 0S_LINKAGE
then
enerate (LASEL || * MVI ' || BLOCK_LREEL_PREFIX || "SV,X'FE'™)
LABEL := '' /% dark PI0C as entered., %/
i
EOLp
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81946, proc PROC_IHPQ_SAVE

a19a7, /% save all iaformation needed at CORP tinme. %/

81944, thar I /% QFPS2T_TO_GPRO, biased by 50 and converted to character
81949, format., */

81951, QPERAND1 (CURBREN!_HEST_LEVEL) := FIRST

B1952. OPERANDZ (CURREN[_MES?_LEVEL) := LAST

B1953. OPERAND] (CORRENT MWZ$T_LEVEL} := SAVE_LENGTH

81954, JPERANDG (CURRENT_NEST_LEVEL) := PREVIOUS_DEBUG_VECTOR

51955, 1 := OFFSET_F0_32R0 + 50

81956, /* Bias valu2 by 50 and convert to two-digit character string., */
81957, INPORMATION (CUR 3ERT_REST_LEVEL) :=

81938, I || OS_LIKKAGE 1| (SAVE(3) = "DYRaMY) || FIRST _VALUE_ENORN ||
81353, PROC_ID_BYTE || SPECIAL_PREFIX

81960. COLp

FOSGE0eQE0ENAalRQEDRREDRQEQS) SORDEOROSDIDRORIROROSD SO G R QeQIORQEQS04 0D OSQEQIDIDSOI0E0ITSOSORO O
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A1%62.
91963,
21964,
81965,
819646,
81967,

a19&9.
21970,
81971.
B1972.
81973,
81974.
81975.
41976.
81977,
B81578.
81979.
81930.
81981,
21982,
81943,
41984,
81985.
81986.
819487.
81983.
81989.
£19490.

[N LLET LR R DT Rl Yol Yol Je L doL Sl gel Ju ik do L

aroc PROC_NILTIBASZ GEH

/% This proz jemerates any mult
narded andl wsot yet generate
been jzazrated. ¥/

1, J /¥ DMeagporaries. ¥/

MULTIAASS
then /* Miltibase adcons regyuired
if LAAEL = !
then /% 3ranca arounl adcons.
LABRYL := BLOCK_LAB3IL_PREFIX

generatz (' B '
I 1= 2
J 1= 4036
X 1= BLOCK_LAdBL_PREFIX || "MER
while I & d'8a3E
do
gengraty (I (I " 0T A
Jalnran
X = "¢
I :=L +1
J :=J + 4094
od /% {Iacmioation: I is inc
fixed; I must even
MULTIBASS := false
£i -

cOCp

"pROC

iple hase register adcons if
d and notes that such adcons have

but not yet generated. */

ay
11 *FEY
11 LABEL)

|| BLOCK_LABEL_PREFIX [{ ‘*MEE+' ||

remented during loop, N'BASE is
tually exceed N'BASE.] */
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83001.
93002.
830913,
A3004.
83005.
83006,
83007,

A3009.
83014,

83012,
83013,
83014,
a3015.
83016,
83017,
83018B.
83013.
83020,
83021,
83022.
83023.
83024,
83025,
83026.
B3027.
83028.
a3inzg.
813030,
23031,
83032,
33033,
83034,
B3035.
83036.
B3037.
813033.
83039,
83040,
Bi041,
B3042,
23043,
83044,
83p45.
83046,
83047,
830u8.

83050,
83051,
83052,
83053,
B30S4a,
83055.
83056.
83457.
83058.
83059,
83060,
83061,
B3062.
83063,
83064.
B3055.
BIDG6.
B3067.
B3068.
83069.
83070.
A3071.
B3072.

¥acro

-- 6 July 1373

Bacco CORP ({DSER_4AMZ; PROC_NAME, RETURN=, LINK=14, RESTORE=, RC=)

/% Definss the end of a procedure block. The register or registers
indizat2d sy AESTDIE= are restored with the exception of those listed
in RIPIAN=, If RESTORE= is omitted, all saved registers are restored
(except those in the RETURN= list). The return code is set from the
BC= oparand and ceturn is made to the address specified by the
LINK= operand, unl23s LINK=NONF is specified. %/

A* [Ground rcuele: Ho CORP proc modifies CURRENT_NEST_LEVEL.
This cav be shown via the cross-reference listing.} */

e
=
It

FPYRST_SAVE4 XZA_REG, /* Register pumber which may be placed into the
first #ord of the save area. This may e, for example, 14 when
tha first reyistar saved is some synbolic of unknown value. */

AFFSET_TO_s 220 /% Qffset in save area (in words) to the storaqge
place for GPRY. This may be positive or pegative. ¥/

=
i
s d

ARY _RZI33_Sa7Ts8D, /% Indicates whether any registers were saved in
thii proc. */ .

DYNMAALC_S5AV3aBIA, /* Inlicates whether SAVE= (eee , DYNAY, ¢ 0e)
4a3 ¢oded on PRIC, %/

HCK_AREA_BZ2), /* Indicates whether BCK save area is needed. L¥s

FIRST_VALJE _K204N, /¢ Indicates whether FIRST is other than a
Sywsolic. */ .

FIRST RESI_VALJE_KNOWN, /* Indicates whether first register to be
testored (in RESTY) is other than symbolic. #/

05 _LINKASE /% Indicates whether LINKAGE={0S,ses} was coded
an 2PROC. */

LABEL, /* Azxy outstanding label waiting to be generated, */
GPRO_JIFF3ET SI4ING, /¥ OPFSFT_TO_GPRO in character form. */
FIRST _RE3_SAVED, LAST_RIG_SAVED,
/% Firac and last ragisters saved at PROC tinme. * 1
MULT, CO:HMA2, /# Holds either a "M® and »,w respectivly or else nulls
to allow generation of either a "LM™ or %LM ipstruction. ¥
LOCAL_POINI IR, 0OS_POINT3R, EESTCRE_ARER,
/% Iastruction segmants to qenerate load instructions from proper
savz area. */
RC_RE3, /¥ Amsgister holding return code befaore restoring of
rajistars. */
SAVE_LEN3PH, /* Length of save area. */
REST1, R®SP2, /* Pirst aad last register to be restored. */
PROZ_ID_3YI2, /¥ Ope-byte hex number used as identifier of current
proc io traces and the like, */
PREVIDUS_DE3US_VECTOR /* Value of debug svitches {packed) before
shcountaring this PROC or [if DEBUG=(ses,GLOBAL) specified]
nuil. */

*

gall TRACE_PRAINTER ( 3 'COIPY)
/F Print maz=ro hame "CORDY in onote if tracing on. */

LE CURRENT_N3ST_LEVIL > NESTING_LINI?T
then
call POP_OLD_BLOCK { ; )
mexit

fi
call VERIPY_END ( ; 'PROC', PROC_NAME)
/% Verifies current block has the nape specified in  the PROC_NAME
operand on the COBP macro {if any) and that it is a PROC block.
Yarious ecrors recaive messages and either intermediate blocks are
SLENDed as a firxup or 2RROR_OCCURRED is set.
{Lemna: If CURREN!_NEST_LEVEL > D and
[PRIC_NAKE = "' or = BLOCK_NAME(CURRENT NEST_LEVEL) ) and
BLICK_TYPE {CURZENT_NEST_LEVEL) = 'PAGC', then .
ZR133 OCCURRED ¥ill be set false and CORRENT _NEST_LEVEL will not
be nodified.} +*/
if ERROR_OCCUHR 2D

£i
LABEL := USER_HAME
/¥ Generate lan=2l at first opportunity. */
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8307y, zall CORP_GBI_PROC_LNPO

83075, /* Goat info saved at P2)C macro: PIRST_REG_SAVED, LAST_REG_SAVED,
93076, DS_LINKAGE, FIRST_SAVCAREA_REG, FIRST_VWALOE_RROWN, DYRAMIC_SAVEAREA,
8340717, SAVE_LZAGTH, OFF5SET_TO_GPRG, PREVIOUS_DEBUG_VECTOR, PROC_ID_BYTE,
B3078. GPRO_OFFSET_STRING, 3LOCK_LABEL_PREFIX, and ANY_REGS5_SaVED. */
83079, call CORP_SET_aS5TORE_RANGE

83040 /% Set RESIJIRE_AREA to 'SVI. Set REST1 and REST2 to RESTORE=

83081. operanis or, if omitted, then to FIRST_ and LAST_REG_SAVED. */
83082. call CORP_GEN_EXIT_LABEL

83083, % If an X[[ iabel is raguired, put it into LABEL (generating

83044, any laov:l already there) . */

83045, if 0S_LINKASGE

B3086., then

83087. call ZOwP_iEST0RE_REG13

83088, /% Yove register 13 pointer to point to previous save area, saving
83089, poiiter to current area in register 1 if it is dynamic. +/
83090, if JYWNAMIC_ SAVEZARER

83091. then

83092, call Coap_rREE_DYWaY_SAVEARER

B3093. /% [ssue FREEMATIN for dynamic core. */

B3094. £i

83095. else

83096, call COR®_D3IAUGGING_3TOR3ZS

B3097. /% If D3IBUG_CORPYALUES_REQD, copy registers into CRP save area. It
83098, COR IVALJES and RITURN= {or RC=) specified, copy 5V save area to BCK
83099, 3ave area, set RRSTDORE_AREA to 'BCE', and set BCE_RREA_REQD. */
a3104g. £i

83101, call CORP_SET_23Tdad_CODE

83102, /* If RC=value {aor iaplied zerao)}, load it to GPR15, except that if it
83103, is in a ragister otner than 15, leave it in that register. Set
83104. RC_REG with reqgistsr name which contains RC at exit, if any. ¥/
83105, gall CORP_SAVE_ERTUINING_RT3S

83106. #% If any ragisters ar2 to be restored, do the following: for the
83107. registac coataininy the return code 2nd all those listed in
82103, BETU&N=, 5tore each register into the appropriate word of the
83109. gave ar2a from which the ultimate LM instruction will be issued.
83110. Also sat OS_POINTER and LOCAL_POGINTER to reflect proper save
83111, area. */

83112 if -~ 0S_LINKAiGZ and DEBOG_SAVETRACE_REQD

R3113. then

83114, generate (LASEL || ' VI * {j BLOCK_LABEL_PREFIX || "S5V, X'FF'")
B3115. LADEL 3= ¢!

83114, £i

B31117. call CORP_RESTCOI1Z_REGISTRAIS

83118, /% Restore IEST1 through RIST2 from proper save area if saved. */
93119. if OS5_LTIWKAGS

83120. then

83121, gemgrate LAJIEL || " MVI 12 {13) ,X'FF'"™)

83122, /% Set Zlag in previous save area to show return. ¥/

83123. LABEBL := "

83124, £i

93125, LE LTNE # 'HONZY

£3126. then

83127, generate (LA3EL |1 ' 3R ' || LINK)

93128, LABZL = !

83129. Ei :

83130, call COP_G3IN_C3p_sCK_ARZAS

4311, /¥ Generate tha CRP anl BCK save areas. */

a313z, if LABEL # *!

83133. then

83134, genesrate (LABEL || ' DS gRY)

83135, LRBEL = 1!

B3136. £i

83137. call POP_OLD_BLICE ( 3 )

B3134. /% Delata 2100 block from the stack. {Lemma: POP_OLD_BLOCK

83129, decraleats CURABENT_NEST_LEVEL by exactly one.l */

83140, zall CORP_RESIJIIE_JEBUG_ENVIZONMENT

853141, /% Restore valuz 2f debugging switches from PREYIQUS_DEBUG_VECTGR. */
RI1L2. menl

B3143. /¥ fLenna: If CUR4ENT_MAST_LEVEL > 0 and

B3144. [PROC_JAME = "' or = BLOCK_NAME (CURRENT_NEST_LEVEL) ] and

83145, BLOCK_IYPE{CURRENT _N3ST_LEVEL) = 'PROC', then

83146. CURRINS _AEST_LEVEL will be decremented by exactly one.}l */
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B3188.  proc CORP_GET_PROC_TNFQ

83149, f* Get info saved by PRAOC macro. */

83150. char £ /* Temporary. */

83152, FIRST_RES_SAVED ;= OPERAND1(ZURRENT_NEST_LEVEL)

83153, LAST_REG_SAVED := GPERAND2 {CURRRNT_NEST_LEVEL)

83154. X i= IKRFORMATION (CURREST_NWEST_LEVEL)

831565, OPFSET_TO _GPRO := X[1,2] - 50 /% Stored biased by 50. */

83156, if OFPSET_TO_GPAD < O

B3157, then

B3158, GPRO_OFFSET_STRING := *-' || OFFSET_TG_GPRO

83159. /% In string coaversion, absolute value is taken; Testore sign. */
83160. elss

83161. GPRO_OFPSEL _STRING := '+¢ | QFFSET_TO_GPROD

83162, £i

83163, 05_LTHKAGE = X[3,1]

83164, DYNANIC SAVEAREA X4,1]

43165, FIRST_VALUE _XND N I[5,1}

A3166. SAVE_LENGTH OPERAND] (CURRENT_NEST_LEVEL)

83167, PREVIOUS_DZBUG_VECIOR := OPZRANDG {CURRENT_NEST_LEVEL)

83168, ANY_REGS_SAVED 1= (TIRST_REG_SAVED = 11

83169, PROC_ID_BYTE 1= X[6,2]

B3170. if x{8,7]

a3171. then /% Special PROC prefixz. */

83172. BLOCK_LABEL_PREFIX := 'FP' || PRGC_TD_BYTE

83173, glse /* Standard prefix. */

83174, BLOCR_LASEL_PREPIX := "3' i} BLOCK_NUMBER (CURRENT_NEST_LEBV¥EL)
83175, £i

83176, if FIRST_YALUB_XNOdN

a3177. then

8317a. FIRST SAVEAREA_REG := PIAST_REG_SAVED /% Convert to integer. */
B3179. glse

831a0. FIRST_SAVEA 2BA_REG := 14

83181, £i

83182, /* FIRST_SAVEAREA_PRES is similar to the variable SAF of PROC. */
83183, fode)ng]
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83185.
83186,
43187.
831a4.

83190.
83191.
33192,
23193,
83194,
83195,
83196,
83197,
63148,
B3199.
83200.
23201.
43202,
83203,
81204,
83205,
83206,
83207,
B83208.
93209.
83210,
83211,
A3712,
B3213.
B3214.
83215,
33216.
83217,

MCORPM Macro ==

proc CORP_SEF_RISIOIE_AANGE

/% 5ot %8521 and 3ESI2 to RESTORE= operands if present, else to FIRST_
and LA32_4EG_SAVED. Set ERSSTORE_ARER to WS¥Y. Also set MHOLT and
ZOMAA2 to proper values. ¥/

/% Assume: &/
FEST1 := FIRST_REG_SAVED
BEST2 := LAS3ST_23G_S5SAVED N
MULT := '3’
COMMAZ t= ',"

FIRST_REST_VALU 3_KJAOWR := PTAST_VALIE_KNOWN
/% Now ifind out, */
ANY_REGS_SAvED
ESToRE ¢ Y
g

i
note (3, '3IRCB3D1 NO REGISTERS SAVED-—RESTORE IGNORFD')

"t

= RESYORE (1}
= RASTORE(2)
FIRST_22SF_VALUE_KNOWN :z= (T'RESTORE(1) = "H')
/* triue iff first suboperand is a self-defining term. */

HULT, CIdBa2 := 4
£i
RESIORE_AREA := *s¢!

Eorp

6 July 13713
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BCORP" Yacro -~ 6 July 19712

91219,  prac CORP_DEASFING _S{0IES

63220, /* Given: - 0O3_LINKASR, [f DEBUG_CORPVALUES_REyD, store copy of
B3221. regists~ values into CRP savearea. If CORPVALUES and RETURN= {or
rI222, RC=} spacified, copy SV save area to BCK save area, set
83223, RESTORI_AREA to "BIK™, and set BCK_AREA_REQD, */

Riz2le, char

83225. CRP_BCK_OFP3EP, /% Character string to be inserted to insure
83226, - reéjisters are 3tored at proper offset from CRP/BCK label. %/
83227, SY_OFPSET /% Character string to be inserted to reference proper
83228, ofisat from SV sava area label. */

83230, if DEBU3_CORPVALUES_KEQD

43231, then

33232, if DEBUG_SaVETIATE_REQD

83233. then

83234. SV_OFP33T 1= 14120

83235, TRP_BCR_OFZSET 1= ‘'+12°

B3236. else -

B3237. CRP_BCA_OFFSET = '?

83238. if DZBJ3_PROUCCOUNIS_REQD

83239, then

$3240. SY_JFF33T 2= *+U*

83241, 21lse

83242, SY_JF¥SET == "!

23243, £i

83244, fi :

83245, genecate (wAcEL j| Y 3TH 14,12,% |1 BLOCK_LRBEL_PREFIX |
83246, CaoY || CRP_BCA_OFTSET)

BI2UT. LABEL 1= !

83248, Lf REDURN # "% 50 (3C # *7 and # 'HO¥TYY

Biz2ug. then

8131250, BCK_Aa2A_REJ0 := Erfuz

83251, gqenaracs (! A7Cc ' J} 3LOCK_LABEL_PREFII || 'BCK' |
83252, CRP_BCE_JIFPSZT §| '{' || SAVE_LENGTH |} '*4)," ||
83253, BuQCK_LASEL_PREFIX (| 'S¥' || 5V_OFFSET)

33254, RESTORZ_ARIA := 'az{!

83255. £i

B3256. £i

83257, corp
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83259,
83260.
83251,
33262,

83264.
83265.
83266.
831267,
83263.
B3269%.
83270.
83271,
83272,
83273,
83274.
83275,
33276.

FCORPM Macto —— 6 July

proc CORP_BESTORE_2RG13
/¥ If carrant save area is dypamic, save pointer to it in GPR1. Tnm
any cas:, Load GPR13 to point to previous save area. Given:
25_LINKAGZ is true. */

if DYNAMIT_SAVIAREA

then
generate («A3EL || ' LR 1,13%)
LABEL = 't
£i
if SAVETRACE_Od _FIR5P_PROC apd PROC_ID_BYTE = '01°*
then
geperate (Las2L || ' L 13, 3PIRSTSV+U1)
else .
gensrata (LAsdi || ' L 13,4 (131 V)
fi
LABEL := *¢
corLp

1973
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p3278. proc CORP_SET_RETURN_COUE

B3279. /% If RC=value (or implied zeto}, load value into GPR15, but nop if
83280. 8C=(reg). Hote in RI_RES what register (if any) contains EC at
83291, axit. «/

83283, RC_REG z= '' /¢ Iandicate no retarn code. #*/

B3I284. if RC = v

83285, then

83286, if 0S_LIJRAGE

23287, then

83283, generate {LABEL ] ' SR 15,15%)

832489, /% Tlear 15 for normal 0% return. */

43290. LAB3IL == %!

73291, RC_RABG 2= V15¢

83292, £fi

83293, else

53294, if Re[1,1] = 0

83295, then /* R2gister vas specified. */

83296. RC_R2G := RC (1}

83297. /* Jote vhat register return code is in. =/
83298, elsg /% Valua was specified. &/

83299, iE RC # ‘"NOWE'

§3300. then

83301, if a2 = P

83302, tlen

33303 generate (LABEL {| ' SR 15,15%)
B304, 2lsa

33305, Jeunerate (LABEL || ' LA 15,% |l RC)
83306. ‘ £i

83307. LAd 3L ;= ¢

23308, RC_3%8s := *15!¢

£3309. £i

a3ino, Fi

EERRN fi

83312, corp
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83314,  progc CORP_SAVE_RETIANING_REGS

83315. /% For the reJister containing the returr code and all those listed
33316, in RETJIH=, store 2ach register into the appropriate word of the
843317, save acr2a from wilch the ultimate LM instruction will occur
83318. {settiiy O5_POTINTER and LOCAL_POINTER to indicate this save area).
43319, dow2ver, Lf no registers are to be restored, thep this proc
813320, is a nop. &/

33321, int OFFSST, I /% Temporacies. #/

23323, if ANY_RE35_SAV¢I0

83324, then

83325. if o5 LIWKA3Z

33326, thea

83327, QS _POINTER = '*(13)!

a3324. LOCAL_P)OIIHTER = '!

83329, else

83330. O5_POINTER ;= 'V

431331. LOCAL_EJIHLER := BLOCK_LABEL_PRETIN || RESTORE_AREA [ '+!
B3332. i

83333, if BC_RBG # ¢

83334, then /* 7 mast be restored. #/

83335, if TIAST_SAVEAREA_32SG < 14

EEEXLM then /* de will not be changing RC; load it now. */

33337, if RC_QEG # 1350

83338, taznm

83339, izperate (LABEL || * LR 15,' || RC_REG)

831340. LAJEL = *!

33341, E£L

B3ju2. else

83343, QPFP3ET := (OFPSET_TO_GPRO - 1) * 4

83344, genscate {LABEL [| ' ST ' i RC_REG 11 *,' |

A33u5. LOCAL_DQINTER )] OPFSET || OS5_POINTER)

933045, Lag2y ;= !

83347, £i

a33u8, £i

83305, if PIRST SAVIAREA_REG # 14 apd W'HETURN > 0

83350. then

B3351. mnota (4, 'STRCB302 WAINING—=NCO CHECK MADE TC INSURE RETURNING '
83352, 14 "REGISTERS ARE AMONG THOSE SAVED IN TRONCATED SAVE AREA'T)
83353, i

B3354.

83355,

B3355.

a3357. if PYRETURN(I) = "N' /% Self-defining term. */

83358, then

83353, OFF32ZF := (OFFSET_TO_GPRO + RETURN(I} - ((RETURN(I} + 2)/16%16)) > b
83350 generate (LABEL |{ ' ST * || RETURN(I) | ',' ||

83351. : LOCAL_POLKTER || OFFSET || OS_POINTER)

A3362. alse

B3363. if TIRST_SAVEARBA_RREG < 14

B336U4. tizn

B3365. ganeratg (LABEL || ' ST ' [{ RETURN(I} || "." |I
931365, LOCAL_POINTER || *{* || RETURN(I) || GPRO_OFFSET_STRING )t
83367. T)®4' || QS_POINTER) .

43368. else

83369, dJenerate (LABEL |1 ' ST t 1 RETURB(I} 1] '.* |
83379, LOCAL_POINTER | *{* || RETORXN(I) || GPRO_OFFSET_STRING j|
23371, Y~{{" || BRRTURK{I} || "+2)/716*16))*4"' || O5_POINTER)
B3i37z. E£i

B3373. £i

B3374. I =1 +1

B83375. LABEL 2= **

B3376. od /* {farmination: I is incremented, K*!RETURN is fixed in loop;
B3377. I must eventuwally exceed N'BETURN.)} */

83378, fi

83379, COLP
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*CORP" Macro == 6 July 1973

83381.  proc CORP_FREE_DYNAY_SAVEARZA
a3382. /* Isgue FREENAIN for dyaaaic save area. %/

83383, jenerate (LABEL | ' LA 0,' || SAVE_LENGTH [} '¥ut)
83384. LABEL L

33385. geperate (' ZREEMALF R,LV=(0) ,A=(1) ")

83386. COLp
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81386. prpc CORP_RAESTORE_RIGISTERS

831389, /* Restore rajisters REST1 through RESTZ from proper Save area if
83390. saved. */

A3391. int OFFSET?, I /#+ Tepporaries. */

B3393. if ANY_RESS_SAVED

B339y, than

B3395, if FIRST_RESI_VALUE_KNOWN

831396. then

831197, T := REST1 /* Convert to integer. #*/

43398, OPFSET := (OFFSET_TO_GPRO + I - {(I % 2)/716%16)}} * 4

83399. generatz (LASEL || ' L* || HOLT || ! * |{ RESTT L] "." M
83400. RESTZ2 || CO4MAZ || LOCAL_POINTER || OFFSET || 0S_POINTER)
83401. else

83402, if PIRSC_5aVEAREA_RSG < 14

83403, then

83404, genperate (LABZL |1 ' L' || #OLT || ! 4§43 RESTT || *,' |
B3405, REST2 || CONMAZ || LOCAL_POINTER || *(* |{ RESTT (4
33486, GPRO_OPFSBI_STRING {i "yxyr |} 05_POINTER)

83407, else

83408. geaacate (LABEL || * L' j| MOLT | °* v ] RESTT #1 '.* I
83409, RESL2 || COMMAZ || LOCAL_POINTER || ° {* || REST1 ||
83410. GERO_OFFSET_STRING |{ "= ({{* I REST1 | *'+2) /16*16) )y >4t ||
83411, 0S_POINTER)

83412, £i

83413, fi

83414, LABEL 1= "!

B3415. i

B34k14. cocp
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WCORPY Macro -- 6 Jily 1973

83418. prac CORP_RAESPORE_D2BUG_ENVIAINMENT

53419, s* Rastore 1azpug flajs which were in progress before the TROC {wnless
B3420. SLO3AL zaased null value to suppress restere). Values are packed
g3421. in PREVCDU5_DEBUG_VvZCTOR and need only be unpacked. */

83423, if PREVIOUS_DE3FG_VECTOR & *°

4342q ., then

33425, DEBUG_ALICKIA4E5_REQD := PREVIOUS_DEBUG_VECTOR[1,1]

43426, DIBUG_PROCNAMAR3_BEQD := PFEVIQUS_DEBUG_VECTOR[2,1]

83427, DEBUG_LISTILOCKS_REQD PREVIOUS_DEBUG_¥ECTOR[ 3,1]

93428, DBEBUS_BLOCKTOJHTS_REQD . 2REVIOUS_DEBUG_VECTOR[ 4, 1)

83429, DZBIG_ZROCCIUNTS_REQD PREVIOUS_DEBUG_VECTOR[5,1]

B3430. DEBUG_PROCIZACE_REQD PREVIOUS_DEBUG_VECTOR[6,1]

B3431. DBBUS _COAPVALUZS_BREQD PREVIOUS_DEBUG_VECTOR[7,1]

B3w32. DE2RUSG_SAVECIACE_REQD := PREVIOUS_DEBUG_VECTOR[B,1]

53033, £i

2343y, corp
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B3436.
534137,
B34 38,
83439,
234449,
23441,
83442,

B3u444,
B3uss.
33446,
83447,
93448,
83449,
83450,
83451,
23452,
43453,
A3usy.
813455,
83456,
33457,
83458,
93459.
BI4E0.
B3451.
83452,
83453,
B3a64.
A3465,
3466,
83467,
83468,
83469.
33470.
93471,
93472,
83473,
83474,
83475,
83476,
a3ur?.
83478,
813473,
83u80.
q3491.
a3un2,
83483,
83484,
83u8s5.
83u86.

MCORP'"™ Macro -—-—

proc CORP_GS3N_CRP_BZK_AREAS
/% If rejuiced, jensrat: CRP and BCX save areas. */
shar
LAST_AR24, /% Label o2 CRP or BCK area, vhichever is gemerated

lagt. */
PWD_2TR, s+ Label geaacated as Fforward pointer in last area. */
TARGEI /% Tamporary. */

05_LINXAGE and DEBJG_CJIRPVALUES_REQD
n /% V¢ need a CHP save area. */
£ LINK = "Noyat
thea #* d2 mast generate branch around save areas. */
TARGET := BLOCK_LA3EL_PR®WFIX |[|{ 'FIN!
dqaperate (LABEL {| * B ' || TARGET)
LABEL :¢= [ARSET
£i
LAST_AREA := BLOCK_LASEL_PIEFIX || "CEP!
qenerate {LAST_AREA || ' DS aF")

geperate (" hiv X'FCH |y PROC_ID_BYTE || "0000*")
if 3ICK_AREA_REQD

PWJ_PIR := BALOZK_LABEL_PREFIX || 'BCK®
58

)
=
il

P4 := BLOCK_LABEL_PREFIX |] ‘FND'

g2pepags (PREV_SAVITRACE_PTR || ' EQU ' |
BLOCK_LABEL_PHREZFIY || 'CRPY)

geperatz (' ht A{' || PREV_SAVETRACE_AREA || ", ||
FAD_PTR || ") "}

genzrate {" be 15F1 0
1f BCR_ARZA_&dyn

then /* 42 need the BCK save area. */

LAST _Ax®A ;= BLOCH_LABEL_PREFIX || *BCK'

/% The BCK ar=a is novw the last one generated. ¥/
enercate (LAST_ARZa || ' DS OF')
£ DZHU;_SAVETRACE_REQD
then

Jepzcate (" his X'FB" {{ PROC_ID_BYTE || "DOOO'")

FHD _PTR := BLOCK_LABEL_PREFIX |{ 'FWD’

guaecate (° oe A(' || BLOCX_LABEL_PREFIX f{ 'C&P,' |

FAD_PIR)

4
i

£i
generatez (' c (* |1 SAVE_LERGTH || ™Fra'™)
£i
PREV_SAVEIRACE_PTA := FYD_PTH
PREV_SAVETHACE_ad2A := LASI_AREM
£i

GoLp

6 July

1973
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a3494.
83409,
B3490.

B3492.
330493,
R3494,
93495,
93496
a3u97.
93494,
83499,
813500.
83501,
43502,
33503,
83504,
83505,
813506.
B3507.
33508,

%acro == & July 197}

pLog IORP_EN_EXIT_LABEL

/¥ I an XiT label is regunired, put it into LABEL (generating
any laoz:l already there). Issue mnote regarding EXIT references. */

if BYTT_LABEL_AZQ3(CURRERT_NEST_LEVIL)
then
if LABEL # ¢
than
geperake (LABEL {J ' DS 0B}
£i
TABZL = BLICK_LASEL_PiINIX || "EIIT?
if BXIT_SEVSAITY = '!
thaa
EXIT_SIVERLTY := '4?
£i
maote (EXIT_SEVERTITY,
ngPRCABINI OWE GR MORE BXIT'S REFPERENCE THIS POINTY)
2XIP_LABEL_RZQD {CUIRENT_NEST_LEVEL) := false
/% Iil label #ill have been generated by POP_OLD_BLOCE time. */
£i
cecp
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MEXIT_FIND® Macro =- 10 July 1973
91001, macco EXIT_PIND ( ; BEQD_NAME
91002. /* Set ULTLY¥ATZ_BRANCH_LABEL to exit label for block whose naxe
51003, is the arquient; if no such block, issue wmessage and set
21004, ERROR_OCCURRED. On valid block, that block is marked as needing
91005. an XIT label. */
91006, int I /* Temporary. ¥/
91008. ¢all TRAZE_PRINTER ( ; 'EAITFIND')
31009, /% Print macro name "BXITFIND" in mnote if tracing on. ¥/
91010, ERROR_OCCURRZED := false
91011, /% Assume.ail will go weli. */
91012, I CURRENT_NESI_LEVEL - 1 /* Start search at surreunding block. */

91013, if ABQD_NANE # ' and ¥ 't

91014. then /#* We must search for the right block. */

91015, while I » 2 and REQD_NANE # BLOCK_NAKE({I) apd

31016. BLOCK_TYPE {I) # *'PROC'

91017. do

91018, I :=1 -1

31019, gl /% (Ternination: I is decremented and would eventually become
91020. E < 0 even if other tests never occurred.} */

91021, £i

91022, if £ £ 0 gc

91023. (REQD_NWAHE # BLOCY_NAME(I) apd # *' and # '*7)

91024, then /% Not found ia search. */

91425. PRAOR_OCCUEAED := true

91026. if REQD_NRNZ = '* gL = '*!

91027. thea /% Dida't even search; EXIT not nested. */

91028. moote (3, *SCERCH191 EXIT MACRO NOT SUFFICIENTLY WESTED')

91029. else

91030, if REQL_KANT = BLOCKX_NAME (CURRENT_NEST_LEVEL)

91031, then

Q1g32. pooke {8, 13TRC9103 EXIT TO IMMEDIATELY SURROUNDING BLOCE INVALID')
91033, else

91034, magte (8, 'STRCH102 NO BLOCK ACTIVE NAMED ™' |{ REQD_NANE || '"')
41035, if t > 0

G1036. then

91037, anote (%, ' WITHIN PROC * |§ BLOCK_NAME (1))

91039, £i

91029, £i

91040. £i

31041, else /* Tound. */

91042, i1f BLDCE_rY23(L} = "DO' and

91043, (ISFORMATIOJ (CORRENT_REST_LEVEL}{6,1] oL

91044, L4FOMHATION (CUF RENT_NEST_LEVELI[7,1))

91045, then

910u6. paota (8, 'STRCI104 EXIT TO DO BLOCK INVALID WITHEIN ATEND OR ONEXIT')
91047, E3ROR_QCCURRED := frue

91043, elsa

91049, if BLOCK_TYPE(I) = 'PROC' and INFORMATION(I}[B,%]

91050. then /% 4ust use special PROC prefix form. */

91651, ULTIJATE_BRANCH_LABEL := "$P* || INPORMATION({I}[6,2} il 'XIT!
21052, else

91053. ULIIMATZ_BFANCI_LABEL := *$' || BLOCK_NUMBER(I) || TXYT!
91054, £i

91055. EXIT_LABBL_REQD(L) := true

91056, £i N

91057. £i

31058, mend
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"POP_OLD_BLOCK" Macro -- 10 Juiy 1973

92901.
92002,
920013,

92005.
Q2006.
92007,
92008.
32009,
92010.
92011.
32012,
92013,
92014,
92015.
92016.
92017.
92013.
32019,
92020,
92021,
92022,
92p23.
92029.
92025,
92026,
92027,
92028,
92029,
920130,
92031,
92032,
92031,
92034,
92035.
92034,
92037.
92034.
92039.
92040.
92001,

maccg FPOP_OLD_BLOCK { ; OLI_EXIT)
/* Remove the current block from the stack. Also generate END and XIT
labels if rejuired. #/

call TRACE_PRINTER ( ; 'ROPY)
/* Print macro name "POBY in mnote if tracing omn. */
if CORRENT_NEST_LEVEL € HESTING_LIMIT

then
if END_LABEL_RZ9D (CURRENT _NEST_LEVEL)
then
gegnerats ('$' 1) BLOCK_WUMNBER(CURRENT_NEST_LEVEL) || 'ENB DS aHYy
£i
if BXTT_LAZ2L_REJD (CURRENT_NEST_LEVEL) orf OLD_EXIT # ¢
then
if BAIT_SEVRHITY = ¢
then
ELIT_SEVERITY := *0°
fi
mnote (24If_SEVERITY,
"SPRCY201 ONE OR MORE EXIT'S REFERENCE THIS POINT™)
if BLID_LABSL_REQD (CURRENT NEST_LEVEL})
than .
denzzate ('5* || BLOCK_NUMBER(CURRENT_NEST LEVEL) || 'XIT DS 0R';
£i
if OLO_B3IIT # '*
then
qaasrate (OLD_RIIT (| ' DS 0HY)
£i
fi
if DESUS_LISTBLOSKS_220D
taen -
maote (¥, "STHCY303 EFD OF BLOCK ' || BLOCK_NUMBER(CURRENT_NEST_LEVFL)
Il “{' It 3LOCK_WANE (CURARENT_NEST_LEVEL} || '} AT DEPTH * |}
CURIENT_N235T_LEVEL)
L I S e e P T
£i
£1
CUREENT_KEST_LZ¥EL := CURRENT_NEST_LEVEL = 1

aend

/% {Lemma: Execution of BOP_OLD_BLOCK always decrements
CORRENP_NEST_LEVEL by exactly omne.} */
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"PUSH_NEW_BLOCE™

Macro --

16 July 1973

93001. magro PUSH_KBY_ILOCK  (SLOCK_NANE_VALUE;

93002, BLOCX_PY2E_VALUE=""1,

93003. GPERAND1_VALUE='*,

93004, CPERAND !_VALUES="",

23005, GPERAND3_VALUS="",

93006. JPERANDY_VALUB=T",

93007, INFOAMATION _VALUB="",

93an8, END_LA33L_VALUE=false)

93009, /% Define naw biock; ald to stack. Save block specificatiens.
93010. 41l aacro ogerands wnspucified 3efanlt to null string except
93011, END_LABYL_VALUE d2faults to false. */

93013, call PRAZZ_PAINTER ( ; 'PUSHY)

23014, /* Print pasro naae TPJ34" in mnote if tracipg on. 3/

93015, NESTING_LIMIT := 100

3316, /% Insur? aixiwda depta of stack is set in variable. PNote that stack
33017, dapth and tais variable must match, but may be changed to any
93019, vailue. */

93019. SCASE_NZST_LINLP 1= 9

93020. /% Same for ygeneral CASE stack. */

93021, EREOR_DCCURRED := falge

93022, CURRENT_NEST_LEZVEL := CORR3INT_NEST_LEVEL + 1

93323, if CURRENT_WESZ _LEVEL > NESIING_LINIT

93024, then

913025, macte {12, 'STACH301 3LOCK NESTING LIMIT OF ' || MESTING_LIWIT ||
93026. * E{CEEDED—MACHUS MUST BE MODIFIED'})

93027. 2RAOB_OCCIEIED 1= trag

930238, else

913029, LAST_BLOCK_WUNBER := LAST_BLOCK_NUMBIR + 1

93030. /% Sat block number for this block. */

330131, BLOCK _NUMJER (CdRRENT_NEST_LEVEL) := LAST_BLOCK_NUMBER

93032, BXTT_LABEL_REQD (CURRENT_MEST_LEVEL) := false

930313, BLOCK_rYpe {CUARENT_NEST_LEVEL) := BLOCEK_TYPE_VALUE

33034, OPERAND1 (ZURZENT_NEST_LTVEL} OPBRAND1_VALUE

$3035. OPERAND2 (CURRENT_NEST_LEYEL) OPERAND2_VALUE

93036. OPERAND3 (CURARENT_NEST_LEVEL) CPERAND2_VALUE

93037, QPERAND4 (CURRENT_NEST_LEVEL) OPERANDY _VALUE

93038, INFORMATION (CURRENT_NEST _LEVEL) INFORMATION_VALUE

93019. END_LABEL_2EQD (CURRENT_NEST_LEVEL) END_LABEL_VALUE

93940, BLOCK_NAM2 (CURREANT_MNEST_LEVEL) BLOCR_NAME_YALTE

93041, if BLOCR_NAME_VALUE = *°

93042, then

93043, BLOCK HAME (CURRENT_NEST_LEVEL) i= "BLK' || LAST_BLOCK_NUMBER
91044 £i -

93045, BLOCK_LABZL_PREFIX := '§' |] LAST_BLOCK_WUMBER

93046. if CUGRRENI_NEST_LEVEL > 1 and

93047, BLOCK_TYPE (CURRENT_WEST_LEVEL-1) = 'DOCASE' and
93048, BLOCK_TIPE_VALUE # 'CASE’'

93049. then

93050. mnote (3,

23051. YSIRC9 302 NON-CASE BLOCK TMMEDIATELY SOURROUKRDED BY DOCASE IRVALID?Y)
93052. Ei

92052, if DEBUG_LLISIBLOCKS_RTQD

93054, then

93055. Eggf__e_ {l. 1 ttt#ttt#tttttt*ttttttttt#t*#t*#*t*itt***t#tt*i*t“it.tl]
93056. anote (*, 'STRCI902 START OF BLOCK * || LAST_BLOQCK_NOMBER {1 '({" 1|
93057. BLOCK _NAME (CURRENT_NEST_LEVEL} 1] ') AT DEPTH ' || CURRENT_NEST_LEVEL)
93058, £i.

93059. £i

93060. mend
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"SINPLE_CONDITIONAL™ Macro -- 10 July 1973

G4Q01. macroe SINPLE_CONDITIONAL (LA3EL;

94002, OP _tobg,
04001, NRERT,

S4Q0u., DPERZ,

94005. DPER3,

94006. QPERY,

24007, BRAACH _LABEL,

94008, FALLTI2J_COKDITIO®,

q949009. 0P_Z0Ud7)

94010, A* Jenerate indicated instruction followed by appropriate conditienal
94011, pranch tu indicatel laoel. */

ang12. char

94013, LOCAL_MASK, &0CAL_REL, /* Jolds mask or relation for branch. */
94314, BC_Ta3 /% Label to go on bec instruction. */

G416, zall TRACE_PERINTER ( ; ‘3TMPCONWD')

Qu017. /A% Print m&zco maae "SIAPCOND" in anote if tracing on. *y

94018, call SIHPIGND_G3T_NA3SX_OR_ATL

24013, A* Extract LOCAL_MASX Jor LICAL_REL fram OPER's. If LOCAL_RFL is a
44023, extenldzl valua (6T, 5E, EQ, LT, ar LE}, replace it with the
94021, proper valae (4, 4L, E, L, or MR}. */

f4022. docase 0F_COUNT

54023, of

4024, case 1 /* Mask or ralation only. */

94025, BC_TAG := LAJEL

4026, gsdc

4027, gass 2

94028, anpte {3, *'STACIWD1 INSUFFICIENT OPERANDS FOR TEST ™' || OP_CODE j)
94029, 1y

94030. esac

94031, casz2 3

94032, generate {LA3EL || ' * ]| OP_CODE || °* ' || OPER1T)

94333, egac

95334, cass 4

94035, generate {LAsEL || ' ' || OP_CODE [| ' * i OPERT [I *," |1
94035, O0PER2)

940137, asac

qu03a. case 5

94039, gengrate (LAEL | ' " || OP_CODE || ' "Il OPERT LI *,' )
94040, GeER2 1] ', )| CPREY)

95041, esac

94042, case misc

44043, nnote (3, *STRACILO2 SUPERFLUOUS COPERANDS FOR TFST "' ({ OP_CODE ||
4044, LA

quoas,

4045,

F40u7. = e

94045, then

94003, if FALLTARU_CONDITION /% is true: %/

94050, thaa #* [avert relation., %/

94051, if LOZAL_BEL{ 1,1} = '@!

24052, then

Gu053, LOCAL_REL = LOCAL_REL[2,7]

Qu054, alse

24055, LICAL_REL := "N' || LOCAL_REL

94056. £i

94057, £i

24058, qenerate (BC_TAG || ' 8' || LOCAL_RSL §{ * ! || BRANCH_LAHEL)
94059. glse '
064, if FALLT4RU_COHODITION /* is true: */

94061. then /% Invert aask, ¥/

D62, genecate {BC_FAG |{ " BC XYP1-n |] LOCAL_MASK || 1,1 |
4053, BRANCH_LAJZL)

94064, else

F4065. genscate (BC_fAG || ' BC ‘ J{ LOCAL_MASK }| *,' || BEANCH_LABEL)
94066, £i

94067, £i

94058, aend
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94070,
U071,
94072,
LY

94075,
94075,
qua7r7.
94078.
94079,
4080,
94091,
34092,
94083,
94084,
34085,
940486.
94087,
94038,
94083,
94090.
44091,
34092,
94093,
24094,
94095.
94096.
94097.
94098,
94099,
94 100.
94101,
95102,
94103,
94104,
94105.
94106.
94197,
941049,
94109.
44130,

WSINPLE_CONDITIONAL" Macro

proc SIMPCOND_GET_MASK_OR_REL

/* Extract LOCAL_JSASK or LOCAL_REL from OPER's. TIf LOCAL_RFL is a

extended valus (6T, GE, EQ, 1T, or LE}, replace it with the
proper value (H, NL, E, L, or NH}. */

iE OP_COUNT = 0
then
wnote (8, "STRCI4OI ¥ND CONDYITION SPRCIFIED—"MASK=0" ASSUMED')
LOCAL_MASK := 'Q!
alse
if SYSLIST(IP_COUNT)[1,5] = *MASK='
then
LOCAL_AASK := SYSLIST{OP_COUNT)[6,8]
else
if SYSLISI(OP_COINTI[1,4] = 'REL="
then
LOCAL_REL = SYSLIST (OP_COUNRT)(5.%8]
elsy
LICAL_REL := SYSLIST{OP_COUNT)
£i
docase LOCAL_REL ifany
of
|GT'
CAL_kBL ;= *'A?
'GE'
LICAL_RBL 1= 'NL?
VEGY
JCAL_a2L = '3
ILTI
CAL_&%L := 'Lt
ILEI
CAL_RSL := 'NH!
2
[EE
i
Ei
gorp

== 10 July 1973
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"TRACE_PRINTER" Racro -- 17 July 1973

95001, Acro TRACE_PRINTER ( ; MACRO_NAME)}
95002, /% Prints macro name if tracing on. */
95004. if DEBUG_MACRONANES _RI0QD

a5005. then

95006. nuote (¥, 'SPBCY500 ' || MACRO_NAME)
95007. £i

55008, nend

-OCD'DODODOOOO'G'DCOIDUOOOOD-0-0-0-0-0000000-0-o-o-ooooo-o-oﬂooo-oto-o-o-ooo.ooo-o-o-ooooooo.g-gnop

C-108



"YERIFY_EWD" Macro —-— 10 Juiy 1973

86001, mACK! VERIFY_END { ; REQD_TYFE, RECD_NAME)

96002, "~ s* verifies curreant block has name specified by REQD_NAMKE operand, if
26003, any, and that it is of type BEQD_TIPE. Various errors receive
96004, pessages and either intermediate blocks are BLENDed as a fixup
56005. or ERAOR_OCCURRED is set. #*/

56006, int Y /* Temporary. */
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“VERIFY_ENKD" HMacro ~- 10 July 1373

96008, ¢all TRACE_PRINTER ( ; ‘'VERIFY')
S6009. /% Print macro name "VERIFY™ in ancte if tracing on, */

956010, ERROF_OCCURHED := false /* Assubed. ¥/

96011. if REQD_NAME = **

96012, then

96013, if CURREST_NEST_LEVEL < 0

£601u. then

96015, znote (8, '"STRCY607 HO BLOCKS ACTIVE--MACRQ IGNORED")

CH016. ERROR_OCCOBRED := true

96017, else

S601B. LIf CU4BENT_WEST_LEVEL 2 1 and

“6019. BLDCK_TYEE(CUEEEET_NEST_LEVEL} # REQD_TY¥YPE

$6020. then

96021, if CURRENT_KEST_LEVEL > 2 and

96422, BLOCK_TYPE[CURREHT_NEST_LEVEL ~ 1) = REQD_TYPE

96023. then

96624. Gpote (8, *STRCYG01 ONE BLEND ASSUMED TO GET TO " || REQD_TIPE ||
96025. Y BLOCK')

$6026. call BLEND ( ; )

S6027. else

960Z8. if CURRENI_NEST_LEVEL 2 3 and

96029, BLDCK_TYPE(CDBREHT_HEST_LEVEL - 2) = REQD_TYPE
96030, then

§6031. muote (8, *STECI502 THO BLENDS ASSOMED TO GET TO “* || REQD_PYPE ||
96032, " BLOCK?')

$6033. call BLEWD ( ; )

96034, call BLEND { ; )

$6035. else

96036, mnote (B, 'STRCY603 CURRENT HLOCK IS NOT o+ |} REQD_TYFE ||
96037. *" BLOCK—MACHC IGNORED")

95038, ERRCE_OCCURRED := true

€6039. fi

96040. £fi

95041, £i

96042, i

96043, glse /% A blaock pame was specified. */

96044, I := CURRENT_NEST_LEVEL

S6045. vhile I > 0 and REQD_NAME # BLOCK_NAME (I)

36046, da

96047, I:=1I~-1

<6048, od s* [Teraination: I is decremented and would eventually becone
56049, £ 0 aven if other test never accurs.} */

$6050. if I 20

96051. then

96052, pnote (8, 'STRCY9604 NO ACTIVE BLOCK NAMED "' Il REQD_NAME |t 'u1)
96053. ERROE_OCCUARED := true

96054, else

96055. if REQD_TYPE # BLCGK_TYPE(I)

96056, then /* Block named found, but of wreng type. */

S6057. mnote (8, ‘STRCY605 BLOCK "' || REQD_NAME || '" IS5 HOT & ' |y
$6058, REQD_TYPE || " BLOCK-——MACRO IGNQRED ")

96059, ERBOB_OCCURRED := true

96060, else

9606 1. while CURRENT_NEST LEVEL > I

96062, 8¢ /* BLEND any jntermediate hlocks. *f

56063, Bpote (8, *STRCY606 END OF BLOCK "' || REQD_NAME ||
96064. '" IMPLIES END OF BLOCK "¢ ||

96065, BLOCK _NAME (CORRENT_NEST _LEVEL) || rar)

96066, call BLEND ( ;

96067. /¥ fLemma: If CURRENT_NESI_LEVEL > 0 and no BLEND operaands
56068. specified, BLEND will decrement CURRENT_NEST_LEVEL
56069, by exactly ane.} */

56070, ed /% {Termination: Om all iterations, I is fixed and
S6071, CURRENT_NEST_LEVEL > I > 0. But BLEND decrements
9607 2. CUBBENT_NEST_LEVEL. Therefore, CUBRENT_NEST_LEVEL nmust
96073. eventually hecone £ (actually =) I.} %/

96074, fi

96075, fi

$6076. £i

56077, gggg_i

$6078. /% {Lemna: If CUYRRENT_KEST_LEVEL > 0 and

56079, [ REQD_BAME = 1' or = BLOCK_TYPE(CURRENT NEST_LEVEL) ] apd

56089, REQD_TY¥PE = BLOCK_TYPE|CUBREHT_NEST_LEVIL], then

95081, ERRBOR_OCCURRED will aléays be set false and CURRENT_NEST_LEVEL
9608 2. ¥ill be unmodified. Proof: If the hypothisized conditions are
$6083. true, the module calls TRACE PRINTZR and sets ERBOR_OCCURRED to
96084. false as its only actions. TRACE_PRINTER modifies zo

S6045. globals.] */

'°'°‘°'°‘°'°'°'°'°'°‘°'°'°'°'°'°'°'°‘°'0‘°'°°°'°‘°'°‘°'°°0'0‘0'0'0000000-o-o-o-u-o-o-o-o-u-o-u-c-o.
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497001.
57002.
97003.
97004.
97005.
97006.
97007.
97008,
$7009.
37010.
$7011.
57012,
97013.
57014.
$7015.
97016.
97017.
97019,
£7019.
57020.
97021.
57022,
570213.
57024.
97025.
97026.
97027~
97024,
$7029.
57030.
57031.
97032.
97033.
7034,
§7035.
$7036.
57037.
$70348.
97039.

WCONDITIONAL_EXPRESSION_PROCESSOR™ Macro ==

macre CUNDITIONAL_EXERESSION_EBOCBSSDH (PIRST_1D; )

/* Process the positional operands (the SYSLIST) as passed directly
from calling nacro beginning with SYSLIST(FIRST_INDEI) through
SYSLIST(LAST_INDEX) generating the indicated tests to pass control
to ULTIAATE_FALLTHREU_LABEL vhen the ULTIMATE_FALLTHRU_CONDITION is
found to match the logical value tested and branches ta the
OLTIMATE_BRANCH_LABEL otheruise; the UNIQUE_LABEL_ID is used to
insure unigue labels; if a branch is made to the fall-through label,
PALLTHRUO_LABEL_USED is set, else unaltered. Only the MSYSLIST®
operand is passed as ap actual pacre operand. The other variables
mentioned are glokals. */

CO¥D_COUNT, /* Counts the simple conditionals within the
conditional expression. */

DEPTH, ,* Angle bracket nesting depth of sinmgle conditional being
processed. */

INDEX, /* Operand index within the SYSLIST of the simple conditional
keing processed. */

OP_CCQUNT, /% NHumber of suboperands io the siaple congitional being
processed. */

KEXT_INDEX, s+ Index of the AND oxr OR which followsa the current
simple conditional. */

NEXT_DEPTH, /* angle Lracket depth of NEXT_INDEX. */

Lh_DEPTH, /* Angle bracket depth during operand look-ahead. ¥/

I /* operand index of operand being exanined during
look-ahead. */

IE
i

AND_OR_OURSTASDING, /* Indicates whether an AND or DR follows
the current simple conditional. */

LOCAL_FALLTHRU_CONDITION, /% Logical value of the simple conditional
being processed which is to lead tc control falling through the
test. */

LOCAL_LABEL_BEQD(20) s* Indicates whether the corresponding
simple conditionals reguire a label due to branching logic. */

char

LABEL, /* Outstanding label waiting to be gemerated. */

LOCAL_BRANCH_LABEL /¥ Label for branch target if current simple
conditional has the opposite truth value from that stored in
LDCAL_FALLTHRU_CONDITIOH. */
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"CONDITIONAL_EXPRESSION_PROCESSOR" Macre -~ 9 July 1973

97041, call TRACE_PBINTER { ; 'CER')

97042, /* Print macro name "CEP" in mnote if tracing on. */

$7043. LABEL := FIRST_ID

97044, /* Set calling label as outstanding. */

97045, COND_COURT := 0

97046. DEPTH := {

97047. INDEX := FIRST_INDEX

97048, while INDEY & LAST_INDEX

S7049, do

£7050. call CEp_PIND_NEXT_CONDITION

§7051. /% Steps INDEX up to next simple conditional incrementiang DEPTH for any
97052, "<" found and setting ERBOBR_OCCURRED on any sSynta¥ error. Increaents
§7053. COND _COUNT for the comdition found. s/

97054. if ERBOR_OCCURBRRED

97055. then

ST056. nexit

97057, £i

$7058. AND_OB_OUTSTANDING := false

<7059, gg;; CEP_LOOKAHEAD

57060. /% Find LOCAL_BRANCH_LABEL or generate opne. If LOCAL_BRANCH_LABEL
97061, iz the ULTIHATE_PALLTHHU_LQBEL, set PALLTHRU_LRBEL,USED. Set
97062, LOCAL_FALLTHEU_CONDITIQN. 'Alsa set NEXT_INDEX and NEXT_DEPTH with
$7063. the INDEX/DEPTH of the AND or OR fcllowing this conditicnal.
S7064. {The value of NEXT_INDEX returned is greater than the value
57065. of INDEX entered.} */

57066. if ERROR_OCCURRED

57067. then

97068. nexit

£7069. £i

£7070. if LOCAL_LABEL_REQD(CCNDwCOUNTl

$7071. thep

§7072. LABEL := BLOCK,_LABEL_PREPIX }| UNIQUE_LABEL_ID || CORD_COURT
57073, fi

97074. OP _CODNT ;= N'SYSLIST (INDEX)

§7075. call SIMPLE_CONDITIGNBL (LAHEL;

97076. SYSLIST (INDEX,1} .,

57077, SYSLIST (INDEX,2) .,

$7078. SYSLIST (INDEX,3) .,

€7079. SYSLIST (INGEX 4},

$7080. $YSLIST (INDEX,S),

57081. LOCAL_BRANCH_LABEL,

97082, LOCAL_FALLTHRU_CONDITION,

57083, OF_COUNT)

97084, LABEL := !

97085, INDEX := NEXT INDEX

97086. DEPTH := NEXT_DEPTH

97087, od /* {Termipation: 1INDEX is incremented (by CEP_LOOKAHEAD's

976868. return of WEXI_INDEX) and LAST_INDEY is fixed in loop; INDEX must
57089, eventually exceed LAST_INDEX.) *,

$7090. if AND_OR_OUTSTANDING

$7091. then

87092, mnote {8, 'STRC9701 IKSUFFLCIENT OPERANDS*)

57093, fi

57094, if DEPTH # 0

57095. then

€7096. g&g&g (8, "STRCY9702 INSUFFICIENT BRACKRBTS")

97097, £i

970919, nend
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£7100,
$7101.,
S7102.
57103.
97104,

S7106.
$7107.
571048.
S7T109.
97110.
7111,
97112,
£711z.
57114,
S7T115.
97116,
$7117.
57118,
£7119.
57124.
£7T121.

BCONDITIONAL_BXPRESSION_PROCESSOR"™ Macro

preg CEP_FIND_NEIT _CONDITION
/* Step up to next simple conditional, incremepting DEPTH for amy M<"
(or "+") found. Start with SYSLIST (INDEX) and advance INDEX till
found or LAST_INDEX. Set ERROB_OCCURRED ot any syntax error,
giving message. Incremeat COND_CCUNT by 1. %/

EBROE_OCCURRED := false
!hﬁig INDEX < LAST_INDEX and {SYSLIST(INDEX] = '<' gof = "+!)
0

DEPTH := DEPTH + 1
INDEX := INDEX + 1
od /% (Termination: INDEX is incremented, LAST_INDEX is fixed in
icop; INDEX would eventually exceed LAST_INDEX even if other
tests never occur.) */
if SYSLIST{INDEX){1,1] ¢ '(*
then
pnote {8, *STRCY706 SYNTAX EBROR-~LOGKING FOR SIMPLE ' ||
"CONDITIONAL, FOUND "' || SYSLIST(INDEX) |{ ""')
ERRBOR_OCCURRED := irue
£i
COND_COUNT := COND_COUNT + 1
gorp

2 Juiy 1973
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“COWUITIONAL_EXPRESSIOK_PROCESSGR" dacro -+ 9 July 1973

£7123.
71124,
ST1:5.
97146,
£7127.
971z8.
£7129.
57130
57131,

57133.
ST130.
57135,
57136,
97137,
ST7138.
€7139.
57140,
£7141.
97142,
87143,
CT144,
97145,
G146,
S7147.
§7148.
£7149.
97150.
57151.
971152,
$7153.
57154.
87155,
97156.
S7157.
S7158.
57159,
$7160.
S7161.
S7162.
$7163.
97164.
$7165.
S7166.
57167,
$7168.
£7169.

Loc CEP_LOUKAHEAD

/* Search operaands beyond current simple conditicnpal., If AND/OR found,
set AND_OR_QUTSTANDING. Find Spot this test is te branch te and put
label found or generated for that spot into LOCAL_ BRANCH_LABEL. If
same as ULTIMATE FALLTHRU_LABEL, set FALLTHRU_LABEL_USED. Decide
whether this test is to fallthru op true or false and set
LOCAL_FALLTHRU_CONDITION. If syntax error found during lookahead,
give message and set ERROA_OCCURRED. Also set NEXT_INDEX and
FEXT_PEPTH with the indexsdepth of the AND/OR. #/

ERROR_OCCURRED

:= false
LA_DEPTH := DEPTH

I := INDEX + 1
whilg I % LAST_INDEX and (SYSLIST(I) = '>*' por = '/') _
de
I =1+ 1
if LA_DEPTH > 0
then
LA_DEPTH ;= LA_DEETH - 1
else
maote (8, *STRCYTCS SUPERFLUCUS BEACKET IGNORED*)
fi

od /* {Termination: I is incremented, LAST_INDEX is fixed in
loop; INDEX would eventually exceed LAST_INDEX even if other
tests pever accur.j */
HEXT_INDEX := I + 1
/¥ {Lemma: NEXT INDEX > I > INDEX.} #*/
NEXT_DEPTH := LA_DEPTH
if I > LAST_INDEX
then
LOCAL_BEANWCH_LABEL ;= ULTIMATE_HRANCH_LABEL
LOCAL_FALLTHRU_CONDITION ;= ULTIMATE_FALLTHRU_CONDITION

else
if SYSLIST (I} = 'anp* or = 'OB*
thep
call CEpP_5CaN_FCR_BRANCH
/* Search ahead for branch target. Set AND_OE_OOTSTANDING, LOCAL_
FALLTHAU_CONDITION, and LOCAL_ERANCH_POINT. */
else
mnote {8, *STECY703 SYNTAY ERRGR--LOOKING FOR “AND™ OR "QR", ' ||
*FOUND "' || SYSLIST(I) || *"")
ERROR_OCCURAED := trae
£i
fi
SeLp

/% {lemma: The value of NEXT_INDEX returned is greater than the
value of INDEX entered.j */
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7171,
97172,
$7173.
57174,
57175.
57176,
97177,
971748.
57179,
57180.
£7181.
s718z2.
97183,
%7184,
571485,
97186.

"CONDITIONAL EXPRESSION_PROCESSOR™ Macre -- 9 July 1973

proc CEP_SCAN_FOR_BEANCH
/% SYSLIST(I) is either “AND" or "OR"™. Set AND_OR_OUTSTANDING, Set

LOCAL_FALLTHRU_CORDITION according to current operation {(AND or OR).
Continune scan over operands until sieple ceaditional is found which
is target for LOCAL_BRANCH_LABEL of current simple conditional; then
generate LABEL and set LOCAL_LABEL BECD for target test. If no target
test found set LOCAL_BRANCE_TLABEL to either (a) the ULTIMATE_FALLTHRU_
LABEL (also setting FALLTHEUT. _LABEL USEL) or to {bythe ULTIMATE_
BRANCH _LABEL, depending on operation. */

char
LOCKFOR /% Qperatioa ("aND" or “"OR"} oprosite of SYSLIST({I). */
ingt
MAX_DEPTH, /* The maximum depth at which the LOOKFOR'ed
operation is a possible branch target. */
TARGET * Simple conditicaal number which is the target for

the branch. */
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“CONDIZIONAL_EXFRESSION_PROCESSOB" HMacro -~ 9 July 1973

97188. AND_OR_ODTSTANDING := tiug
57189. if SYSLIST(I) = *AND'

$71190. then

97191. LOCAL_FALLTHRU_CONDITION := true

9719z, LOOKFCH := "OR'

§71%3. MAX_DEPTH := LA_DEPTH

97194, else /* Operation is CR. */

37195, LOCAL_PALLTHAU_CONDITION := false

97196. if LA_DEPTH = 0

S7197. then

97198, I := LAST_INDEX + 1

§7199. /* Advaoce I to force skip of unnecessary search. */
57200, £i

97201, LOCKFODER 3= 'AND®

97202. BAX_DEPTH := LA_DEPTH -~ 1

€7203. £i

S7z04. I :=1I+1

q7205. TARGET := COND_COQURT + 1

97206. while I £ LAST_INDEX apd

97207, (SYSLIST (I} # LCOHKFCR or LA_DEPTH > MaX_DEETH)

97208, do

§7209. if SYSLIST(I) = '¢' gr = '+

57210, then

97211, LA _DEPTH := LA_DEPTH + %

s7212. else

97213. if SYSLIST (I} = '>* ar = * /1

97214, then

§7z15., if La DEPTH > O

97216. then

§7217. La_DEPTH := LA_DEPTH - 1

$7Z18. fi

£7219. else

$7220. if SYSLIST(DI{1,1] = * ("

§7321. thep

57222. TARGET := TARGET + 1

37223, else

7224, if SYSLIST(I) # 'a¥D* and # 'OR*

$7225. then

$7226. mpote (8, *STRCYTOL SYNTAY ERROR—™* || SYSLIST(I) |
97227. tn INVALIDY)

§7228. ERROR_OCCURBED := true

€7229. I := LAST THDEX + 1

57230, /* Force break out of loop. */

57231, £fi

7232, Ii

§7233. fi

€7239. £i

§7235. I:=1+1

97236. od /* [Termipnation: I is either incremented ar set to LAST_INDEY +
§7237. 1; LAST_INDEX is fixed; I would eventually exceed LAST_INDEX even
$7238. if other teste never occurred.] *¢

£72359. if I > LAST_IKDEX

€7240. then

$7241. if (LCOKFOR = 'OR' /% Operand was AND. */ and

57242, ~ ULTIMATE _PALLTHAU_CONDITION) ot

97243. (LOOKPOR = *AFD' /% Operand was OR. #/ and

97244, ULTIMATE_FALLTHRU_CONDITION /* is true /)

97245, then

GTZ46. LOCAL_BRANCH_LABEL := ULTIMATE_FALLTHEU_LABEL

957247, FALLTHRU_LABEL_USED := krue

G7248. else :

§7249. LOCAL_BEANCA_LABEL := ULT&B!TETBRLNCH_ILBEL

§7250. £i

$7251. else

97252. ' LOCAL_ BRANCH_LABEL := BLOCK _LABEL_PREFIX [| DNWNIQUE_LABEL ID || TARGET
97253, LOCAL_LABEL_REQD(TARGET} := true

97254. /* Note that we are relying on the autopatic initialization of the
97255, LOCAL_LABEL_REQD array to' false at start of every invocation of
§7256. COMDITIONAL_EXPRESSION_PROCESSGR. #/

$7257. £fi

5725¢. €orp
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98001,
98002.
98003.
98004.
98005.
98006.
98007,
S8008.
£8009.
$B010.
98011,
98012,
98013,
56014,
98015.

S8017.
gao1a.
SBO19.
58020.
98021.
98022.
$8023.
58024.
58025.
98026.
98027,
98028,
58029,
€BU30.
$8031.
$8032.
98033.
98034.
98035.
98036.
$8037.
58038.
58039.
55040,
9804 1.
$8042.
9804 3.
58044,
$8045.
98045,
58047,
98043.
98045,
56050,
58051,
58052.
9805 3.
98054,
98055.
58056.
99057.
98054,
58059.
$8060.
S8061.
98062.
9806 3.
98064.
98065.
980656,
98067.
53068.
58064,
$8070.
5807 1.
98072.
98073.
S8074.
SBOTS.

WTERMINATE_DO_LOOP" Hacro =-- 26 June 1373

TERMINATE_DO_LODP ( ; )

/% Called by 0D macIc to terminate the current DO block loop by
generating the necessary loop-terminating branches. If control
can fall out of the bottom of the code at loop termination, set
TDL_FALLTHREU_DCCUAS to true; else set false. */

@

LE_LABEL_REQ /% Indicates whether label required on loopinyg
branch instruction. */

X, /% Temporary string. */
LA BEL, /* Holds looping branch label. */
BRANCHH, BRANCH10, EBRANCH11, /* One character codes for flow poiats
w¥hich are targets for flow points 8, 10, aod 11. */
LB_OPCODE, OPER1, OPER2 /* Opcode and operands of looping branch
to be generated. */

call TRACE_ PRINTER( ; *IDLY)
Fad Extract the following stored by DO macio: */
X = INFDRHATIDN(CEEBEHT NE5S5T_LEVEL})
BEANCHA := I[1,1]
BRANCH10 := X[ 2,1)
BRANCHI1 ;= i 3,1]
LB_LABEL_BEQ := X[4,1]
OPER1 3= OPERAND1{CULRENT_NEST_LEVEL])
GPER2 := OFBRAND2(CURRENT_NEST_LEVEL)
LB_QPCODE := OGPERAND3I{CUREENT_. NEST _LEVEL}
BLOCK_LABEL PREFIX := '$* || BLOCK _NUMBER (CURRENT_NEST_LEVEL)
if LB_LABEL EEQ
then
LABEL := BLOCK_LABEL_PREFIX | 'LEB')
£fi
T /% Generate all looping instructions. */
docase BRANCHE gpiy
of
cage ('W', 'u")
generate (' B * | BLOCK_LABEL_PREFIX || BRANCES || "1')
£5ag
case ('3')
fJeperate i B " || BLOCK_LRBEL PREFIX || 'BEG')
esag
case {'L"Y)
/% Nothing to gemerate; fall through to looging branch. */
ESBC
esacod
TDL_FALLTHRU_OCCURS := false /* Assume we will always branch. */
if LB QPCODE +# !
then /% A looping branch is reguired. */
IDL_FALLTHRU DCCURS := true
/* Marck That we will fall cut of the leooping branch. */
if BEANCHIO = *B’'

thep
X := 'BEG'
else /% BEANCHIO0 = '§' or 'D'. */
X = HBANCH10 || *1°
£fi
if LB_OPCQDE = *3cT!
then
genarate (LABEL |} " 8CT * || OPER1 ) ',' | BLOCK_LABEL_PREFIX ||
X)
else
generate (LABEL []1 * ' || LB_OPCODE {{| ' " |{ OPERT il ",* I

OPEE2 |} ",* |4 BLOCK_LABEL_PREFIX (]| X)

i
if BRANCH11 # *B'
then
/% It must be '¥W' or *0'; looping branch fall-through is not to end
of loop; generate hranch to proper alternative conditional test. */
generate (' B ' || BLOCK_LABEL_PREFIX || ERANCHTT || "1')
TDL_FALLTHBU_OCCBRS := false
/% Branch defeats fall throungh. #/
£i

£i
nd

nend
/% (Lemna:; TERNINATE_DO_LOGP does not nodify

CURRENT_BEST LEUBL.} *
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WYHEX" Macro -—- 19 December 1973

$9001. magrg XHEX { ; )

99002, /% Converts the integer in HEA_IN to a two-character hex string in
99003, HEX_QUT. */ :

99004, int I, J * Tewnporaries. ¥/

99006. call TRACE_PRINTER { ; ‘'XHEX")

S9007. /* Print pmacro pame "YHEX" in anote if tracing on. */

$90048. if HEX (1) # 'O°

£9009. then /* Hex array must be initialized. »,

59010. HEX {1} : rgr HEX{2) = v HEX (3} =2t HEX (4) *3¢

99011, HEX(5) = '4" HEX{6) 151 HEX(7) := '6* HEX (8) = '71
59012, HEX(9) := '8" BEX({10) = *9¢ HEX(11) = *aA? HEX {12) := 'B!
99013. HEYX(13) := °'C’ HEX {14} := 'D* HEY (15) = *'E! HBY (16) = 'P!
55014, fi

99015, I := HEX_IN/15

99016. J := HEX IN - I*16 + 1

99017. HEX_OUT := HEX(I+1} |) HEX(J)

55018, pend
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CROSS-BEFERENCE LISTINRG

AND_OR_OUTSTANDING o97028. =97058. 97090. «97188.
ANY_COMF_CASES n3i?n21. 37123. 371640, 3in7o. +37196. 37281.
ARY_REGS_SAVED 083019, +83160. 83157, 83323, 83393.
ANY_SELFDBF_CASES 037023, 3704, =37194.
ATEND p23001.
ATEND_GENRED o23009. = 23035, 23037,
EASE n33363. #33367. 33406, 33849. n37013. «37197 . 371210.
37254, 37266. *g1001. B1621. 91621. 81623, 81550,
81652 81656. 81683, B1639. 81691. 81979.
EASEREG n81617. «81623. 81E25. *51628. 81630. #B16304. « 81645,
B1673. 81676. 81681. a1806.
EC_TAG o940 14, «94625. 94058. 94062, 94065,
ECK_AREA_REQD 83023, =83250. 83457, 83469.
ELEND *13001. 13020. 33143, 33150. 33151, ol 3001, 53017.
960 26. 96033. 96034, 96066 .
ELOCK 33056. 41001,
BLOCK_LABEL_PREFIX o 158. 11085. 11106, 11109. 11146, 11154, 112256,
11228, 11233, 11255. 21103, 21568. 21573. 21574,
21648, 21650, 21654, 21659. 21662, 21665. 21666,
21669. 21685. 21687, 21691, 21760, 21767. 21848,
21851. 21852, 21854, 21857. 21858, 21866. 21B67.
e 23042, 23052. 23058. =25049. 25057, 25060. 25064,
31196. 31245, 31255, 33207. 33215, 33500. 33529.
33573. 33576, 33588, 33589. 33599. 37077, 371078,
37480. «37102. 37140. 371041, EYRLTN 37145, 37147.
37156, 37161. 37164, 37167. 37216. 37268. 37278.
37245, 37286. 37288, 41038, 41041. 41043, 41045,
41054, «81158. A1365. 81433. 81459. A1561, B1657.
B1672. 916485. B1744. 81800. 81803. a18ud. 81843,
N 41851. 81853, 81858, §16889. 819200. 81917. B1919.
81932. a1936. B1941. 81973, 91978, 841961. 83t14.
«83172. «83174. g32u5. 83251. 93253, 43331. 83448,
83452, B83459. A3y61. 83464, a3a7i. 83477. 834678,
83494, =93Q45. 97072, 97252, #98027. 98430. 980 36.
94039, 98058. 98062, 98068.
BLOCK_BAME g 212 11215. 11250, 13039. 21861. 31251, 33594.
' 41049, 43022. 53014, 8116¢. 413717. 91015. 91023.
91030. 21037, 92033. «953040. *33043. $3057. 96045,
96065.
ELOCK_NAME_VALUE *9300 1. 93040. 93041,
BLOCK_NUMBER o 203. 13048. 23042, 25049, 27041, 3. 35030,
371102, 8317u. 91053, 92011, 92023. 92032, «93031.
98027,
BLOCK_TRACE COUNTERS 41018. a41029.
BLOCK_TIFE a 215. 33135, 33140, 33147, 43034, 91016. 91042,
91049. «593033. 93047, 96019, 36022. 96029. 96055,
ELOCK_TYPE_VALUE 11023, 13055. 21077. 310043, 33059. 41009. B1053.
*93002, 93033. 93048,
ERANCH_LABEL ®*94007. 9u058. 94063, 94065.
ERANCH_TO_CASE] n31009. =31199. ERVEFN ©31246, 31271,
ERANCHIO 098012, =9802%. 984050 98054,
EERNCH11 o98012. #98022. 98060, 38068.
ERANCHB 098012, +98020. 98033. 98036.
B1Q o21776. «21781. =21B05. =21808. «21811. 21828.
E11 n21776. «21781, «218148. *21821, «21824. 21828.
BA a2l1776. «21780. »21789. «21793. *21796. 21828.
CASE o33001.
CASE_4ASSUMED_VECTOR_CASE 33427, o33434.
CASE_BCT_GEN 31110, o0i3u73.
CASE_CGRDTEST_GEN 33113, 033094,
CASE_CGONTER FEELA R «33165. «33168. EESLT: 33408, 33467. 33u69.
33u82. 33uB5. 33499%. 33544, 33577, 33581, 33613.
n3?7009. i7072. «37¢96.
CASE_FORMAT o31p23. 31057. 31063. =310B8. 31102, =31104., «31141.
31174, 31194, 31210. 31236, 31268, p330638. 33087.
33096. EERDILS ®33171. 33197, 3i3z83. 33330. n37028.
37060. 37065. »37C98.
CASE_GEN_CCMPARE 33z229. n33262.
CASE_GET_DCCASE_INFO 33071, a33158.
CASE_LABEL_REQD n33017. =33174. 33z, 33465, 33541.
CASE_PMISC_PROCESS 33094, n33535.
CASE_OCCUHS ’ o 240, 31214, s33406. *33449. 37210. 37254, 37266.
CASE_ECSITION _CHECK 33054Q. o33129.

CASE_PROCESS_COMPARE OPERANDS  33D91.  n33182.
CASE_PEQCESS_VECTOR_GPERANDS 313098.  03B356.

CASE_SET_NAMES 33104. 033459,
CASE_TRACE_COUNTIER 33ns. 233565,
aDEE INED eModified ¥Farameter
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CRCSS-EEFERENCE LISTING

CASE_UBDATE_INFO
CEP_FIND NEXT CONDITION
CEP_LOOKAHEAD
CEP_S5CAN_FGER_BRANCH
CCHMAZ

COMP_LABEL

CONP_LABEL_NO

COHD_COUNT
CONDITICNAL_EXPRESSION_PROGESS
COERP

CORP_DEBUGGIRG_STORES
CORP_FEEE_DYNRH_SAVEARER
CORP_GEN_CRF_BCK_AREAS
CORP_GEN_EXIT_LABEL
CORP_GET_PROC_IHNFO
COBP_RESTORE_DEBUG_ENYIRONMENT
CORF_RESTORE_REGISTERS
COBF_BESTOHE_REG13
CORE_SAVE_BRETURNING _REGS
CORP_SET_RESTORE_RANGE
CORE_SET_LETORN_CODE
COUNT_SPOT

CRE_BCK_QFFSET
CBRRENI_NEST_LEVEL

LEBUG
VEBUG_BLOCKCOUNIS_REIQD

LEBUG_BLOCKEAMES_RE QD

LEBUG_CORPYALUES_REQD

DEBUG_CEBUGHMACHOS_REQD
LEBUG_LISTHLOCKS_REGD

DEBUG_MACEONANES_RE QD
LEBDG_PEOCCGUNT S_REQD

LEBUG_PRCCNAMES_BEQD
LEBUG_PECCTRACE_REQD

LEBUG_SAVETRACE_REQD

DEPTH
0o

DO_ERANCH_FOR_LOOP_ENTHY
DO_FI1ND_ENG_INDEYES_AND_MAIN O
DO_FIND_KEYWORDS AND_PRESBNCE
LO_GEREHATE_ALL _CONDITIONAL TE
[0_GEBEZATE_CONDITIONAL SEE
DQ_INFO_SAVE -

HDEFINED +Hodified

33121.
97050.
97059.
97158.
o81024.
*83214,
aii0a3,
=33307.
033013,
33321,
37248,
*97¢13.
111840.
43049,
B3096.
B3g092.
83130,
83082.
83074,
831440,
83117,
a3087.
a31as.
83079.
83101.
o81669.
aB3225.
o 200.
13038.
15028.
21861,
25021,
27030,
31270.
33594.
37097.
43011,
81160,
83052,
83492,
920409.
92034,
93032.
93039,
96013.
96044,
98027.
*8100632.
o 173.
218446,
41033,
81895.
o 175.
31249,
*31208.
o 177.
a34uy,
n 179.
o 181.
93053,

03i6du.
r97100.
n%7123.
o%7171.

Bl1u66.

BIUGQ.
«33223,
=33321.
»33192.
ai?oil.

« 57045,
21719.
r83301.
LEEPS LS
ra3let.
083436,
083688,
L-ER LY
83418,
n83388.
083259,
uB3ite.
083185,
nfdz7d.
=81922.
«83233.
11148,
13039.
15031,
23021.
25034,
27041,
33135,
33609.
37098.
43015.
813771,
83152,
83505.
92011,
»92038.
93033,
93040.
6018,
9606 1.

81194,
11136,
21864,
41035.
41908,
11213.
33568.
*B1275.,
B1190.

=B1295.
81186.

*81287.
81149,
B1895.
81185,
g114a.
81871,
81147,
81711,
83454.

«37046.

r21560.
me2l222,
021160,
021584,
21695,
a21?773.

*Paraneter

B1469.
83405,
33253,
33:22.
33223.
EFRELN

97074,
33sa7.

*B1924,
*83237,
11215,
13046,
21097.
23034.
25042,
31281,
33139.
35007.
37C99.
43019,
81951,
B3153.
91012,
92013,
92038,
93034,
93043,
96019.
96065.

81196.
11220.
31230.
41052,
*B34Z8.
11220.
33592,
=834 25,
*31254.

«81300.
=81220.

=01292.
81168,
81908,
81211,
81189.
=83430.
21191,
81728,
a3atq,
*97096.

=81489.
83609.

33z2g0.

33249,
37147,

$7072.
a97001.

21932,
832046,
11250.
130438,
21829.
23042,
25049,
11266,
23140,
35028.
37100,
53008,
81952,
83154.
91030,
92021,
*93022,
93035,
93045,
96021,
98019,

B1278.
11222,
31253,
81187,

t1248.
47033,

=81260.

=81225,

95004.
=B1236.
83238,
=81217.
*g 1245,

=81319,
81910,

97094,

«81514.
3329B.

33258,
*37195.

=97120.

B1936.
83252.
13016,
13049.
21B35.
23056,
25065,
31267,
33146,
35030.
31101,
53010.
819535,
B83te65.
91043,
92023,
93022,
93036.
93047.
96022,
98024,

81303,
11253,
33569,
«B81228.

21644.

41047,

«81277.

#B81275.

+«8124a1.
*B3429,
e 81275,
*§1251,

*81327.
81939.

= 97109,

a83035.
33301,

»33308.
37196,

97120,

13029.
15007.
21836.
23059.
25068.
31268,
33147,
37040,
itigz.
53014,
B1954.
B3167.
91004,
92032,
93023.
93037.
93057,
96028,
98025,

21099,
33570.
*81233.

21859,
81184,

B3230.

=53427.

*8127%6.

91363,
#81276.

=81333.
ERR IS

97109,

«83194,
33305,

33308,
37285,

97205.

130 34.
15026.
21837,
23063.
27014,
31269.
33164,
37096.
41049,
55006.
41957,
83174,
92007.
92D33.
93031,
93038.
93057.
56029,
98026.

21844,
33597,
*81276.

31230,
=81202.

=834 31.

92030.

831574,

=834 26,
81746,

81429,
B3z232.

97134,



LO_LAHEL_BLOCK
DO_LGOFING_BRANCH_AND_FIRST_OP
DO_LOOPING_BRANCH_ PROC ESS
CO_SCAN_QOPERANDS
DO_SET_FORHAT
DC_TRACE_COUNTERS
CO_UATIL_PQOSTPEOCESS
DO_UNTIL_PREPROCESS
BO_WHILE PREPROCESS
DOCASE
DOCASE_DELUG_STUFP
POCASE_EXTHACT OPERANDS
DOCASE_GENEEAL_SETUE
DOCASE_INDEX_TO_AEG 1
DOCASE_INFO_SAVE
GYBAMIC_SAVEARER

ELSE

ELSE_BLOCK_NO
END_LABEL_EECD
END_LABEL_VALUE
EQUAL_TEST_OUTSTANDING
ERBOR_CCCURRED

ESAC
ESACOD

ESACGD_BRVCT_GEN
ESACOL_GENERAL_CASE_CHOICE
ESACOD_GENEhAL_CASE_INFO
ESACOC_GENERAL_SYMB_ONLY
ESACOD_INFO_UNPACK
ESACOD_CUT_OF_RANGE_CHECK
ESACOD_SELFDEF_GEN

EXIT

EXIT_FINE

EXIT_LABEL

EYIT_LABEL_REQD

EXIT_ SEVERITY

EXIT_TARGET
FALLTHRU_COBDITION
FALLTHRU_LABEL_USED

FI
FIN_LABEL_REQD

FInaL
FIEST

FIRST_ID

- FIRST_INDEX

FIBST_EROC
FIRST_REG_SAVED
FIRST_REST_VALUE_RNOWN
FIRST_SAVEAREA_REG

FIRST_VALUE_KNOWN
FED_FTR
GCASE_NEST_LEVEL
GCASE_NEST_LINIT
GLOBAL
GPRO_OFFSET_STRING
GUESS

HEX
EEX_IN

oDEFINED eNodified

21114,
21147,
21369,
21090.
21153,
21119,
21621.
21594,
21596.
a31001.
31071,
21054,
310465,
31059,
31073,
n8302z1,
*11001.
o13008.
o 206.
11025,
aligz2.
a 144,
230230,
»33138,
«37194,
#5104 7.
+3950549.
«97228.
035001,
u37001.
37171.
37062,
37109.
37125,
37056.
EXANEN
37116,
*11001.
11130.

*35001.
*944308,
o 256.
«33502.

11072,
aZ3id 4.

25072,
053001,
u81027.
«81500.
n21069.

97043,
o 247.
adig10.
083033,
nd3026.
m83013.
of81012.
oB3d2u,
oB1836.

B34 566.
o 233.

31221,

33442,
o 236.
r81173.
of3032.
n3jguo.

33455,
o 162.
*99011.
*99013.
o 141,

a21754.
321302,
o21374.
azl127.
a21436.
a21840.
w21738,
n21638.
021675,

ol1226.
o31032.
o031187.
u3df1i49.
031261,
83090.
11024,
«13042,
*11148.
13057.
«33194.,
11030.
25030.
=33 144,
41013,
«33021,
97054,

43043.
43086.
037236.
od7105.
37162,
n371¥35,
037093,
037202,
037151,
11040,
55010.
«11138.
13048,
22013.
*81136.

55010.
4049,
«11113.
33527.
n15001.
=23045,
a27007.

wS16424.,
«B1504.,
«21654.

* 11173,
*81138.
283152,
*93195.
«83178.
Bl462.
=B3165.
=81851.
sBINTT.
«31201.
33089.
33448.
31202.
#1182,
=83158,
=33442.

99004.
99011,
=99013.
#33581,

*Parameter

«03164.
11123,
13004,

*21097.
310044,
33205.
11149,
2706,

33152,
55C14.

«93027.
97066.

11130,
a?i1001.
11231.
«13049,
92421,
a43u99.

94060,
+11155,
37247,

43037,
#23053.
#2703z,

81465,
81781,
«21691.

21646,
81314,
B3168.

=53208,

#83180.

«81487.
B3176.
81855,
83479.
31201,
33192.
37067,
31222,

=81199.

+83161.,
33444,

*39010.
*99011.
#95013.
«81155.

C-121

83264.
o013001.

23056.
*93508.
«33211.
*11157,

31048.

35019.

B1057.
*56010.
#97106.

055001,

11236,
2504 2.
+93032,
«83501,

11198.

23067,
27039,

81468,
81951.
217017.

#21683.
81728.
83178,
83395,
83335,

=81506.
83195,
81856,
83483,
31202,
33258,

+37069,
3Z0B9.
81336.
83366.
=33446.

*59010.,
*99012.
=99013.

39015.

*23059.
53039,
33245,
13025.
33053.
37052,
B3067,

«96016.

*57118.

*B1002.

11241,
# 25065,

83503,

21627.

o250 14,

81469,
=21711,

335013,
B17u6.
83191,

83349,
81511,

o83441.

31204.
33367.
37069,
J7189.

83370,
33448,

*99010.
*99012.
99017.
990 16.

CROSS~REFERENCE LISTING

52009. +93039,
*33312.
15022, Z10B1.

33063. «33%134.
37112, «3M91%.
«51016. =910 25,
=96038. »956053,
«97133. 97164,

81136,

83492, ¢83505.

92615. *32017.

« *21704. *21749.

«25047, =25061.

81470, =87493,
21119, *97001.
97647,

81809. 818946,
83363, a3u02.
81599. 81958,

=83459. #B30461,

31206. 31208.
33400. 33402.
37187, =37188.
*93019,

83406. 83410,
33449, 33450,

«%9010. «39011,
*99012. «99014.
39017,



CRCSS-EEFERENCE LISTIING

HEX_OQUT
EOLD
1

ip
I1F

IF_hSYNCH_ERANCH
IF_BLOCK_COUNT

I7_CONDITIONAL_GENEBATOE
IF_EXIT_LABEL

IF_EXIT_SPECS
IF_SET_CONDITIGNAL_TEST_SPECS
INCR

INDEX

INDEX_ADDE

INDEX_LENGTH
INDEX_RANGE_ASSURED
INDEX_REG
INDEX_TYPE

IHFQ

ANFORHATION

INFORMATION_VALUE
INLINE_SAVEAREA
INSERT

J

LA_DEPTH

IABEL

cDEFINED sHodified

a 163.
oi1121.
n21038.
21191.
21246,
«21313.,
21342,
31215.
33201.
33292,
33335,
33376.
*33469.
37195,
37268,
«43024.
81196.
1466.
81652.
=381692.
81979.
83359.
e83374.
*91012.
91023.
91053.
96047,
97136,
97189.
97213,
97239.
*81001.
814 048.
al11d01.
11046,
1106 1.
11657,
al30it.
11052,
11046,
a3T238.
*31001.
31134,
97048,
*»97085.
97135.
LERLVER M
33298.
37247,
o31018.
33347,
n31012.
«33561.
nil016.
o31020.
31156.
@23ig17.
a23017,
n27010.
a 221,
=31270.
43154,
*93007.
nd1614.
n33276.
»33343.
n3il92.
=31661.
=81977.
*97024.
97136,
97217.
o11018.
+11200.
o21067.
©21569.
21711,

33583.
«11128.
«21173.

21194,
*21249.

21316.

21345.
033015,

33203.

33299.

33337.

33381,

33470,

JTI87.
=37272.

43G26.

81278,
oB1540.

Bi656,

B1692.
*B1984.

B3360.

83374.

91015.

91035.

91055.

95050.
*G7T138.
«37198.

97220.
099004 .

81362,

81410.

al1476.
ot1206.
ol1163.,
«13048.
all1ié.
a11090.
«37248.
31100.
31166.
97074 .
97107,

»31155.
33301,
37225,

«31123,

»310%2.

33611,
«31128.
«3112%.

«23034.,
«25034.
«27430.
=21828. .
31173,
91043,
936348,
“B1624.
#33285.
33348,
«31208.
B1661.
B19g2.
=97 134 .
97202.

«11038.
*11202.
*210B9.
21573.
21714,

*Parameter

33585,
11139.
21175.
*Z1158.
21250.
21319.
031192,
«33191.
*33240.
33302.
33301,
333a3.
037185,
o37z234.
37272,
43027.
81303.
*81569.
«81660.
81948,
81%E4,
83365,
a83391.
91015.
91037,
n96006,
96055.
97136,
97204,
97224.
+59015.
81362.

13053.

#37250.
31105.
31170,
97076.
97107.

«31180.
33325,
37229.

=31139.

=31115.
a3701%8.
«31131.
31134,

23035.
254035,
27021,
23034,
»33610.
91044 .

81625.
«33:90.

31209,
«81637,
*81945.

97139.

97207,

11664,
11225.
21101,
#21574.
21717,

Cc-122

91157.

211717,
21198,
21251,
21320.
«31209.
33195,
33240,
33310.
33348,
333488,
«37187.
37257,
o4 3007.
43034,
«81306.
B1570.
81640.
»81955.
n83321.
93366.
33397,
91016.
91042,
»9E0GH.
9606 1.
97144.
97204,
97226.
99016.
81369.

37264.
31107,
31178,
97077,
=97110.

312617.
33347,
37240.
31269.

31271.
*37101.
31159,
313137,

2304 3.
25047.
27032.
«23063.
37099.
91045,

81632.
#33294.

31212,
81691,
81985.
=971641,
=97211.

11066.
*11226.
21102,

21578.

217640,

99017,

21141,

.# 21240,

21253,
« 21333,
31212,
33198,
33280.
33314.
33350.
33393,
37188,
* 37260,
=43019.
oB1180.
B1306.
o81619.
«816:88.
81958,
«83354.
83369.
B3398.
=91018.
91049,
960U5.
*37025.
57151,
97206,
57229,
99017.
81396.

37272.
31108,
31180,
97078.
97110.

033041,
33350.
3T20u.

a33046.

033019,
371710,
31161,
31138,

23045,
25050,

25034,
37160,
91051,

B1664.
33299,

sA1619.
=81693.
a99004.
€7141.
97211.

11085.
t1240.
21121,
*21579.
21763,

21184,
21243,
212948.
21336.
31214,
33199.
33286.
33316.
+333711.
*33423.
37183.
37264.
43022,
=81193.
o81422,
«f16U9.
81689.
o81966.
83355.
83370.
§3398.
91018.
$1049.
96045,
*957135.
97156.
97207.
=97235.

81403,

31128.
*97017.
97079.
97114,

*33170.
537030,

37254,
#33172,

#33178.

=317u0,

23063,
25068,

*25068.
3Toa.
*593038.

=33332.

«31648.
81693.
«95016.
97150.
97215,

=11087.
=11243.
21123,
+216249.
21765,

2V187.
21244,
21292,
213481,
#31215.
33200.
33288.
31327.
333r2.
33423.
37193.
IT266.,
430:2.
81194.
«Bl46L.
81650.
81691.
«81976.
83359,
833 1.
031005.
91022,
91051,
*96047.
§7136.
97163,
97209.
97235.

21406.

3niaz.
«397047.
97089,
arm7,

33274,
«37097.
37276,
33298,

33558.

31144,

23066.
25070,

2130,
»81957.
93019.

»33339.

816 57.
081966,
99017.
97193,
=97217.

i1180.
»11246.
21563.
21705,
*21767.



14BEL {cont.)

1AST

LAST_ABER
LAST_ BLOCK_NUMBER

LAST_INDEX

LAST_REG_SAVED
LASTICF

1p

1B_LABEL_REG
1B_LOGIC_OP

L8 _OECODE
LB_OPCODE_ID
LE_GPERAND1

LE_OPERANDZ

1ENGTH

LIAIT

LINK
LINKAGE
LOCAL_BRANCH_LABEL
10CAL_FALLTHRU_CONDITION
10CAL_LABEL_REQD
LCCAL_MASK

IOCAL_ECINTER

10CAL_REL
LOCKFCE

LOCFING_BRANCH_TYPE

MACRO_HAME
BAIN_OF

MaMA_BIOCK_FBEFIX

MASK
KAX_CASE_VALUE
WAX_DEFTH
BAX_SD_VALUE
PISC_FCUOND

MCH

cDEFINED wiodified

21848.
31078,
31174,
33123,
334 76.
* 33574,
«37233.
«37263.
4104 3.
81094.
B1459,
»81658.
81738.
B1822.
81877.
«81906.
«81942.
=83115.
«33135.
=833275,
«83340.
83383,
«83450.
94035.
o98011.
nB10z7.
#B81523.
obB3439.
o t35.
93056.
o 24B.
97136.
oB3033.
2104 1.
21232,
021039,
214 00.
«21417.
02104 6.
021061,
21494,
n980 14,
B21057.
g21059.
o21059.
s01354.
«§1390.
B14 05.
n33365.
33402,
*43001.
*81001.
097937,
a97030.
97033,
o940 13.
m81029.
=83331.
83409.
094013,
*94086.
*943105.
a97181.
21064,
21423,
*¥95001.
o21071.
21462,
033040,
33467,
*11401.
o 230.
o97183.
[FREAVE F
033031,
37099,
o33162.

«21849.
31161,
«31177.
33125.
#33477.
33588,
37242.
*L1004.
41045,
81358,
B1465.
81673.
*B1739.
+81823.
+B81878.
81914.
8t971.
83121,
83245,
832B6.
83344,
«83384.
83494.
G4039.
*599030.
a81424,
81781,
#83452.
13Qu2.,

2 11174,
97151,
«83153.
*21174.

*2130%.
21402,
21417.

*21433.

021387,
21542,

*930326.

+21387.

«21387.

*21337.

*81379.
81390.
81405,

*33389.
33404,
43049,
81096,
47081,
97082.
97070.
94047,
Bl466.
B3345.

94051%.
54088,

«977192.
=21310.
21433,
$5006.
«21230.
21475,
+33179.
33470.
11034.
+31204%,
=97193.
«371493.
«33175.
37142,
*33164.

*Paraneter

21€57.
*31%2.
11196.
=33207.
33507,
«33589.
*37243.
«41017.
o81028.
*B81359.
g1u64.
*B1674.
41769,
81826,
B81840.
81628.
«81973.
eB3123.
*B3347.
*B3290.
*83306,
83399.
B3496.
097036.
94058.
E1486.
81462.
8343,
+93C029.

*21647.
97198,
831192,
21175,

©213z0.
21403,
21425,
21828.
«2144.

BCUE .
+21391.,
21402,
*21403.
=91332,

91391,
«81408.

33389.

43049,
81114,
297153,
+97154.
«97253.
94062.
81469.
83361.

94053,
94090.

«97201,
=21218.
21442,

«21287.
21496.
3azzs.
33t44.

*21001.
33400,

«97:02.
37194,
33547,
37183,
33165.

C-123

«21858,
J66,.
«31198.
33208.
©33529.
o37033.
37251,
41022,
+81061.
81366,
=81473.
81676.
«81770.
«31827.,
818d7.
«81929.
81974.
a3tz21.
83266.
93303.
83360.
83404,
+33498_
=97043.
98061.
81469.

=83471.
93029.

=21684.,
97206,

=21184,

*21342.
21404,
2W27.

o98007.
21415,

98056.
21392,
21835,
21836.
+81386.
=89395.
B1a08,
33391.

*83001.

81115,
*37246.
*57191.

94065.
*B 1545,
83366.

94051,
*94093.

97207.
21338,
21490.

«21290.
21503.
3a2ug.
33552.
21085,

=33402.
57207.
37225,

»33556.
37283.
313170,

n31029.
=31167.
31245.
*33215,
»33531.
*37156.
*37252,
41024,
81086.
*81368.
81640.
~81677.
81792,
218 38.
«81889.
81931,
nd3031.
* 83128,
*83267.
43305.
83365,
83408,
*94001.
«97072.

« 81494,

834713,
93031,

= 33504,
97229.

* 31194,

21389,
=27408.

«96023.
21419,

aBo61.
21406.

81386,
«91399,
81410.
e33395.

83125.
81117.
. 57249,
*»37195,

=940 73,
=81561.
83370.

* 94055,
* 34096,

97241.
«21340.
21538.

21350.
21511,
33321.
3357%.
*33001.
33442,

37264,
33610.

33,

CEOSS—REFERENCE LISTING

»31052. 3176,
31170. «31171,
=31247. 033042,
33z216. «33467.
33552, 33573.
37209, 37225.
37256, 37259.
41036. *41339,
=81090. B1092.
81433, «8 1434,
«81641. 41656,
81731. *81732.
+81800. 818061,
»31860, at341,
81390. 81903.
»81933, 81941.
«43071. 23114,
8313z, 83134,
83271. a3273.
=83307. 83339,
83369. *93373.
=83014. g3449.
94025, 94032,
97075, «97084.
=31510. «81521,

83484,

93043. 93045,

970us. 97107.

97239.

21217, 21231,

21391, 213598,

21408, 21414,

98026.
=27421. 21446,

21837,

81387, 41387,
«81403, 81403.
+33398. 33400.

83127. 83446.

B1120. 81356.
*37252,
s34082.

083037, «83328.
93400, B3u905.
94055, 94058,

«34099., ~94102.
97243.

21411, 21492,

217949.

«21359. 21450,
21521. -
33407, 33450,
33584.

33067.
=33448. 37193,

37278.
a37015, 37075,

33t172. 33173,



CHCSS=-EEFERENCE LISTING

. 1e]. ] (cont.)
BULT

MOLTIBASE
BULTIFLESOF4

NESTING_LIMIT

REXT_CASE
HEXT_COMP_IABEL_NO
BEXT_DEPTH
REXT_INDEX

NOCASE

NGT_FYRST_EROC
cD :
CFESET

CFFSET_TO_GPRQ

CLD_EXIT
CHEXLT
ONEXIT_GENNED
cp

CP_CODE
CE_COUNT

OPERAND_FORMAT

CPEEAKD1

CPERAKD1_VALUE
CPERANDZ

OPEEAND2 VALUE
OPERAND3

OPEHAND3_VALUE
CPERARDO
GPERAND4_VALUE
CPER1

OPER2
GPER3
OPERY
GCPIIGH
C5_LINKAGE

C5_POIBTER

FASS
PCT_GENNED_WITH VECTOR
EOF_GLD_ELOCK

PREV_SAVETRACE_ARER
PREV_SAVETRACE_ PTR

PREVICOS_DEBUG_VYECTOR
EROC
BROC_COULNTER

EROL_DEBUG_S ET
EROC_DEBUG_STUFF

cDEL I KED sModified

33179,
adlp2a.
=83214,
aB81019.
REEL KNS

37227.

» 33416,
*94002,
n213B5.
S4075.
«97074.
u21036.
«21466.
=21505.
= 21544,
21745,
o 217,
33165,
11024,
a 217
83153.
13058.
a 211
83166.
13059,
o 217
*93006.
*94003,
968061,
*94004.
*94005.
*94006.
*31001.
od1014.
a1aqQ1.
81939.
83286.
oB1029.
#83330.
a3411.
n21587.
aB1867.
130524
43053.
o 164,
o 166.
=83493.
o81031.
B3425.
B3L32.
oBl1081.
o 137.
81144,
81084.

033607.
81465.
B3399.

*§1686 .

*33176.
37246.
13016.
37Q40.
93023.

+33470.

+31206.
97086 .
97085.

*37161.
37226.
81138.
430490,

81425,

«81586 .

«83343,

= 81025,
B1594.
83161.
92013.

225035,
*33376.
33404,
33416.
94028,
*21394,
S4080.
§7QB3.,
21094,
221469,
21507,
21546,
21757,
13034.
¢33613.
*93003.
13029.
93035,
*93004.
15031.
#930386.
*93005.
#31269,
33037.
94032,

94036,
9404640,

31086.
«B1114.
1542,
B1958.
83325.
81066.
833u5.

=21589.
«81901.
15309.
43054.
53030.
53025.

«81143.
B3426.

81150.
a81167.
nB1865.

*Parameter

+33609.
31488.
33404,
81969,
=33414.

15007.
43011,
93025,
33476,
33192,
+97150.
*97 148,
*37164.
3rz30.
«31139.

81464,
=815489.,
B33u5.

=81851.,
81€03.
83343,
92025.

25037.
33377.
33u406.

S4032.
«21396.
uGa2.

21105,
21477,
*21513.
©21549.

21785.

13038.

37096,

93C34.
+21836.

98025,

93035.
« 21837,

98026.

93036.

EER -8

94035,
94040,

310848,
81129,
81621,
n83023.
B3ugu.
814.70.
83361.

21590.
81912,
15031,
B3137.
*B1736.
53031.

¢£1338,
83427,

«81153.

C-124

33610.
*814838.
Biuos.
+g1988.
33610,

23021,
53010,

33499,
«33258.

+37167.
31270,

81459,
81591,
=83359.,

=81567.
81955,
83359,
92027.

33377.
33407,

94035.
21804,
qu4084.

*Z21452,
«21479.
«21515.
«Z1552.,

21802.

15026.
=81951.

*31257.

=31268.,

*B1954.
94039,
o98014.
31090,
81316,
B1625,
B30485.

+81544.
B3367.

21592,
27045,
092001.
81354,
*81735.
81954,
83428,

81153,

33613,
«81510.
a37016,

25021,

55006.

37067.

I7212.

281551,
+31603.
83361,

«81577.
083016,
83398.

33391,
EETA:
94039,
o 33496,
944086.
* 27454,
=21482,
21523,
«21555.
21815.
15024.
8315z,

33170,
3171,

83167.
o980 %4,
*98025,

31094,

81362,

81632,

83112,

«B1560.
83371,

21619.
a5024.

* 81858,
81852,

aB3046.
43429,

81153,

a83035,

=37100.
27014.
83052,

37195,

37214.

*B1567,
=81606,
o083391.

«31580.
+83155.

33394.
EEL R

qu043.
*94009.
94086,
«21457.
«21496.
*21525.
21564.

®21835,
*93034.

37097.

37098.

#93037.
» 980 24 .
$BO62.
31096.
81373.
B1666.
83119,

n83037.
83400.

«21633.
37084,

83u465.
«81856 .

eB83167.
g3u30.

«83153.,

37218,

35007,
92007.

7217,

=81377.
B1606.
«833948.

«815391.
83156.

33395.
33412,

94022,
*37019.
21464,
«21500.
«21528.

21655.

#31266.
98024,

=31952,

«81953.

98058.

81384.
81910.
*83163.

*B3327.
B3u06.

21633,
43013,

=83484,
83463,

83423,
53431,



PROC_DECIDL_SAVE_TYPE
PROC_DEFINE_NEW_OSSAVE
EROC_ESTABLISH_EASE
PROC_GEN_LGCAL_SAVEARER
PEOC_GEN_O5SAVE_AREA
EEOC_GEN_SAVEAREA
PROC_HEADER
ERGC_ID_BYTE

EROC_INEO_SAVE
PROC_KULTIEASE_GEN
FROC_NAME
FEOC_REG_SAVE
PEOC_SCAN_CPTIONS
EEGC_SET_SAVE_INFO
FUSH_NEW_BLOCK

QUOTE

EANGE
RANGE_TEST_OUTSTANDING
RANGE_1EST_REQD

EC

BC_REG .
REL

BECD_NAHE

EEGD_TYPE

FESTORE

EESTOFE_RREA
EEST1

FEST2
BETUBN

SAF
SAL

SAVE
SAVE_LENGTH
SAVE_TYPE

SAVEREG

SAVETRACE_CHECK
SAVETRACE_ON_FIBST_PROC
SAVETEACE_VALUE

SECT

$IMPCOND_GET _KASK_OR_REL
SIMPLE_CONDITIONAL
SPECIAL_PREFIX

SV_OEFSET

SYSLIST

1
TARGET

» gPEFINED wModified

814ué.
a1725.
81074.
81713,
81705.
81078,
81068.
af81033.
81904,
B34 76.
B1101.
B1082.
*83001.
81071.
a1063.
81437.
11022,
093001,
o81351.
*31001.
n3in2e.
037025.
*43001.
83296,
n8304o.
83339.
*11001.
*37001.
*96001.
*95001,
96055.
*43601.
83207.
n83037.
a83D43.
B34 0B.
n83043.
*43001.
83359.
83371,
61046,
81569.
81046,
«81524,
*E10401.
81552,
81790.
of81035.
a1811.
83383.
n81037.
«B1579.
B1844.
o81039.
oB1177.
o 151,
aB1175,
n81350.
94018,
94001,
af1016.
n83227.
11042,
21187.
21336.
21404.
33199.
3aze2.
33335,
33374.
33507.
97074.
97114,
97209.
37010,
o11209.
81366.

o81530.
af81739.
o81611.
nB1833.
n81720.
s81699.
o81343.
*81157.

81859,

nB1946.
81817,
B3057.
nB1U16.
oB1105.
oB1477.
13054 .

«§13904.
31113,
«33194.
=37170.
43050.
83299.
vg3283.
B3344,
11034,
91013.
96011.
96019.
96054.
43049,

#83215.
93191,
83449,
«93192,
43049.
83359.

#1425,
841569.
«81425.
81569.
B1427.
B1556.
81626.
*B1432.
41815.
83481,
*81431.
«81585.
B1849.
B173B.
#81267.
53023,
«B1266.
#B1375.
o34070.
97075.
«B1147.
*33234.
11174,
1232,
21345,
21410,
33200.
33299.
33337.
333an.
23577.
97076.
97117,
97213.
«37067.
*11233.
81368.

*Parageter

81158.
nB304L.

B18E2.

21077,

*B81398.
31117,
33213.
37171,
43050.
83301,

«83297.

*21001.
91015.
96045,
96022,

43049,

=83254.
«83206.
83410.
e83207.
43049.
81360,

«81493.
81572.
-3 1094,
81569,
81499,
B1624.
31910.
»81554.
B1861.

81457.
=B1588.

B1740.
«81272.
«31318.
81271,
«31377.

31151,
=83240,
11180,
21244,
21391.
21719.
33201,
33302.
33341,
33383,
94G80.
97077.
97136.
97220.
«37072.
*11236.
«31672,

C-125

81161,
*83169.

n8 196 2.

31042,

81406,
31119.
«33219.
37276.
*83001.
83305.
+83296.

21085.
91023.
56052,
56024.

*83001.

83331,
83397.

a3212.
*33001.
B3365.

+81559.
B1591.
=3 1513,

B81504.
81624.
81958,
*51556.
g1953.

=31548.
31600.

81741,
31280,
81325.
®81277.
=81381.

81959.
*B3242.
1211,
21251,
21398,
33pez.
33203.
333104
33308,
i3las.,
quQ82.
97078.
97156.
97224.
370717,
11240,
B1673.

«81163.
B3172.

33059.
B1406.
33251.

8324B..

=B533048.

*33001.
91026.
96057,
960 29.

83159.

83399.

83400.
83248,
83366,

B1500.
B1592.
«81515.

81520.
81710,

=g1565.
nB83042.

*B1550.
81703.

*81766.
B13i10.
B32659.
B1312.
81388.

93253.
21167,
2128%.
21400,
33166.
33280.
33314,
33350.
33393.
940564,
97079,
97163,
97226.
37080.
11243,
81674.

CEO55-REFERENCE LISTING

81846. 81884,
B3269. 83456,
51009, 81053.
81410. 81810,
*33319.
83284, 83294.
83333, 83337.
33067.
91030. 91034,
96063.
96031. 96036,
83204. §3206.
83404. ~  B3u05.
83405, 83409,
83349. 83355.
83369. £83370.
«31505. B1513.
81603. B1604.
«31520. 81521,
81523. 81546 .
81746. 81767.
*81570. 81769.
«B3166. 83252,
+B1564., «81576.
81710. 81844,
+31606.
81391.
21174, 211717,
21292. 21316.
21402, 21403,
33195, 33198,
33286. 33288,
33316. 33327,
33369, 33372,
J3462. 33504.
94086 . 94088,
97080. 97107.
97189, 97207,
nBt352, 81365,
p83Luz. s BIGYB,



CBCSS—-REFERENCE LISTING

TARGET (cont.}

IDL_FALLTHuU_OCCURS
T0L_GCNNED

JERMINATE_CO_LOQOP

THIS_CCNDITIONAL_REGD
TIRACE_PRINTER

-IRACE_VECTOR_GENNED
ULTIHMATE_BEARCH_LABEL
ULTIHATE, FALLTHRO_CONDITIOQN
ULTIKATE _FALLTHRU_LABEL
ONEXPECTED_QPERARDS _FOUND
UNIQUE LABEL_ID
UNTIL_CCND_TEST
UNTIIL_EWLC_INDEX

UNTIL_INDEX
UNTIL_FRESENT

USER_MNAME

GSING13
VALID_EXIT
VERIFY_END
REILE_CCND_TEST
WHILE_END_INDEX

EHILE_ INDEX

WHILE_ERESENT
§ORK

WGEKREG

WOBEAEG_US LD

IHEX

nDEFIRED eNodified

83449,
97253,
o 146,
o23011.
«27031.
23049,
a21052,
11020,
31040.
550404,
n95001,
o 153,
o Z6Q.
*21658.
97153.
o 253,
97154.
o 2683,
«21666.
33434,
o 269,
o21050.
21643,
o21035,
«21327.
o21035.
21241,
«21427,
o21345.
«212B2.
21536.
*11001.
13067,
23025.
Jtaka.
35009,
43020.
43049,
81381,
ad1018.
att012.
1302¢.
83057,
21050,
21680.
oZ21034.
«21364Q.
21431,
21241,
*21425,
021045,
21331,
*B1001.
81794,
081041,
Bioud.
81796.
B1862.
o81021.
B1794.
*B81937.
n31228.
33175.
g1811.
*83150.
a980610.
*98054.
33582,

83450,

25055,
«23043.,
27033,
25054,
21608,
13014,
33048,
910351,
96006 .
81873,
=11106.
*21665.
97249,
11111,
97202,
«111409.
*21669.
*33177.
11177,
*21319.
21644,
=21231.
21647.
#21166.
21249,
21646.
«21214,
212a5.

11022,
*15001.
*25001.
*33001.
*37001.

430z22.
*550017.

a138z2.
*B1637.
«11040.

15012.
o96001.
*21341.

21681.
*21231.
#21366.
+21166.

21256.

21683.
*21215.
*21358.

91086 .

81820.

1488,

B1753.

81801,

81883.

81086.
«81798.,

«31241.
33176.
81815.
B3 155.

* 98019,
98059.
81156.

*Parameter

97185,

=93045.
23047,

270215,
21643,
15005.
35005.
83050.
97041,
*81894.
11128,
«21685.

»11147.

97244,
=11146.
21687,
«33236.
*21653,
21324,

*21243.

21189,
21265,

21217,
21311,

11038,
15012,
25025.
33956.
31Q42.
43529,
55016.
*g3C01.
81679.
11050,
23Q25.

«213586,

«21250.
216B4.
21179,
21274,

*21234.
21440,
81124,
81815.

*81124.
81754,
81022,
81528,
81638,
81820.

«31243.
33177,
oB81967.
83163,
58020,
98062,
o%9001.

C-126

«97205,

#93048.
025011,

o98901.
«21680.
21075,
37038,
91008,
9EBD17.

111348.
*33499.

*21652.

11200.
21749,
=33410,
*21690.
«21328.

2 1246.

21191,
21280.

¢21234,
21448,

*13001.
*210301.
*27001.
33059,
*41001.
43037,
*31001.
Bi071t.
81742,
11068.
23025,

*Z1363.
=21253.

=21151.
«21333.

21236.

816318,
81326.
a1125.
B1766.
B1326.
81931.
=816U3,
81925,

31245,
33178,
«31978.
83164,
ag021,

»97222.

*38069,
«25050.,

23019.
41007,
92005,
99006,

«11139.
55G16.

*21658.,

21629.
+33500.
33451,
*33506.
21412,

21265,

21202.
21313,

21238,
21460,

13034.
21077,
27016.
33075.
41009.
43040.
81053,

a1e0y.
11080.
27016.

*21367.
21256.

21202,
21333,

*21263.
1749,

«B81131.
81773,
81877,
61934,
81749,
81875,

a3diel.
uf1763.
819a81.
83165.
98022,

97222,

25052,

25019.
43009.
93013,

# 11154,
*51051.

=21689.

«21650.
97246,
33611,
97072,
21492,

212380.

21214.
21313,

*21270.
21473,

13054,
21089,
*3t001.
330677,
41017,
43043,
81061.

=11083.
35009.

21411,
21274,

21215,
=21360.

#21276.
81771,

«81133.
81776.
81880.
81934.

«g1755.

+81885.

»33173.
«51765.
*81983.
83169.
98023,

-

97252,

027005,

27012,
53006.
94016.

+21644,
¢910513,

+33501.

*21662.

97252.
21540,

21319,

21216,
=21327.

21280,
21519.

13065.
*23001.
31042,
*35001.
*43001.,
43046,
81371,

*11126.
37042,

21844,
21341,

21240,
s21366.

21285,
81778,

816 34.
81777.
a18a1.
81935.
«31788,
81926,

3N 74,
=81803.
o83150.

83170,

‘«9B052.



Severity Message-Number

APPENDIX D

DIAGNOSTIC MESSAGES

The messages generated by the STRCMACS are described below. Each
message has an identifying number.

8

STRC1101

STRC1102

STRC1103

STRC1301

STRC1302

Message-Text
Explanation

EXIT= IGNORED WITH ASYNCH

Both the EXIT= and ASYNCH operands were speci-
fied, but are mutually exclusive; the EXIT= oper-
and has been ignored.

REL= OR MASK= NOT IN PARENTHESES—
IGNORED

The REL= and MASK= operands must be part of
a simple conditional and thus must be inside pa-
rentheses. The keyword has been ignored.

EXIT= IGNORED WITH ELSE=

The EXIT= and ELSE= operands were both speci-
fied but are mutually exclusive. The EXIT= op-
erand has been ignored.

ELSE=name! SPECIFIED ON IF BLOCK nameZ

The current IF block (whose name is rame?2) in-
cluded ELSE=namel as an operand, but a different
(or no) name appears in the label field of this ELSE
macro. The discrepancy is ignored.

ELSE HAS ALREADY BEEN GENERATED FOR
CURRENT IF

An ELSE macro has already occurred in the cur-
rent IF block. The macro is ignored.



Message-Text
Severity Message-Number Explanation

8 STRC1501 ELSE BLOCK elsename NOT FOUND

The operand ELSE=elsename was coded on the IF
macro, but the FI has occurred before the ELSE
occurred,

8 STRC2101 OPERANDS AFTER SECOND "WHILE" IGNORED

The keyword "WHILE" appears more than once in
the DO's opérands,

8 STRC2102 OPERANDS AFTER SECOND "UNTIL" IGNORED

The keyword "UNTIL" appears more than once in
the DO's operands.

4 STRC2103 WARNING—"WHILE, (BCT,..." WILL LOOP ONE
LESS TIME THAN VALUE IN REGISTER

The looping branch BCT was coded in the WHILE
looping group. Since the BCT is executed before
the loop, the loop will occur one time fewer than
the initial value in the register,

4 STRC2104 WARNING—LOOPING BRANCH MAY NOT BE
EXECUTED ON EVERY ITERATION

A looping branch is present in the WHILE looping
group and the UNTIL looping group is also pres-
ent. The two looping groups are connected by
"OR". If loop execution is to be continued on the
basis of the UNTIL group, the WHILE group will
not be executed. Hence the indexing register of

the looping branch will not be bumped in such cases.

8 STRC2105 TWO LOOPING BRANCHES INVALID IN "DO"—
: "WHILE" IGNORED

Both the WHILE and UNTIL looping groups contain
looping branches (BCTs, BXHs, or BXLE,); the
WHILE looping group has been ignored,



Message-Text
Severity Message-Number Explanation

8 STRC2106 INVALID NUMBER OF OPERANDS FOR opcode

The looping branch opcode has the wrong number
of operands; BCT should have one, BXLE or BXH
should have two.

8 STRC2107 xxx INVALID AFTER LOOPING BRANCH—"AND"
INSERTED
The operand following the looping branch must be
YAND'" or "OR'; xxx was found.

8 STRC2108 FIRST OPERAND MUST BE '"WHILE'", "UNTIL",
"FOREVER", OR OMITTED

The first operand of the DO macro is invalid.
Either WHILE or UNTIL has been inserted, de-
pending on the remaining operands.

8 STRC2109 WHILE TEST IS VOID—IGNORED
No looping group follows the keyword '"WHILE";
the keyword has been discarded.

8 STRC2110 LOGIC OPERATOR BETWEEN "WHILE" AND
"UNTIL' OMITTED—"AND" ASSUMED

No logic operator occurs between the WHILE and
UNTIL looping groups. An "AND' has been
inserted.

8 STRC2111 UNTIL TEST IS VOID—-IGNORED
No looping group follows the keyword "UNTIL'";
the keyword has been discarded.

8 STRC2112 PARENTHESES OMITTED AROUND opcode

The looping branch opcode was not specified as a
sublist.



Severity Message-Number

8

STRC2113

STRC2114

STRC2301

STRC2501

STRC2502

STRC3101

STRC3102

Message-Text
Explanation

REL= OR MASK= NOT IN PARENTHESES—
IGNORED

The REL= and MASK= operands must be a part of
a simple conditional and thus must be inside pa-
rentheses. The keyword has been ignored.

SUPERFLUOUS LOOPING GROUP IGNORED

Both WHILE and UNTIL are present, but other
operands precede both. Such operands have been
ignored.

MORE THAN ONE "ATEND" IN BLOCK

More than one ATEND macro has been found for
the same DO. Only the first is processed.

MORE THAN ONE "ONEXIT" IN BLOCK

More than one ONEXIT macro has been found for
the same DO. Only the first is processed.

NO EXIT FOR THIS "DO"

No EXIT has occurred specifying the DO biock for
which an ONEXIT is being generated. The segment
is dead code.

WARNING—xxx ASSUMED AS INDEX: USE
"DOCASE, xxx" FOR RANGE SPEC

xxx i8 either "IFANY" or "ONLY"™ and appears as
the first operand. As such, it is assumed to be
the address of the DOCASE index. If the range
specification is intended, xxx must be the second
or third operand.

xxx INVALID SECOND OPERAND—IGNORED

The second operand of DOCASE may only be
"SPARSE", "SIMPLE", "IFANY", "ONLY", or
omitted. xxx was found.



Message-Text
Severity Message-Number Explanation

3 STRC3103 xxx INVALID THIRD OPERAND-—-IGNORED

The third operand of DOCASE may only be "IFANY",
"ONLY", or omitted. xxx was found.

12 STRC3104 GENERAL/SPARSE /CHARCOMP DOCASE NEST-
ING LEVEL nestlev EXCEEDS MAXIMUM OF
maxlev —MACROS MUST BE MODIFIED

The number of nesting levels of DOCASE macros
{other than SIMPLE or conditional test type
DOCASES) is nestlev; but the internal stack limits
such nesting to maxlev. Either the program or
the macros must be modified.

8 STRC3301 "CASE" NOT IMMEDIATE DAUGHTER OF
"DOCASE"
The CASE macro is not immediately surrounded
by a DOCASE macro. If one or two BLENDs are
required, they will be inserted and message 3302
or 3303 will be issued; otherwise, message 3304
will follow.

8 STRC3302 ASSUMING "BLEND'" OMITTED—INSERTED

Preceded by message 3301. Since the second
containing block is a DOCASE, one BLEND is in-
serted to get to it.

8 STRC3303 ASSUMING TWO "BLENDS'" OMITTED—INSERTED

Preceded by message 3301, Since the third con-
taining block is a DOCASE, two BLENDs are in-
serted to get to it.

8 STRC3304 "CASE" TREATED AS "BLOCK" MACRO

Preceded by message 3301. No fix-up was pos-
sible. The CASE is converted to a BLOCK,



Message-Text
Severity Message-Number Explanation

3 STRC3305 xxx INVALID—yyy ASSUMED

xxx appears as the operand of a CASE macro, but
the format is invalid. Usually this occurs when a
range is coded whose second value is less than the
first (such as "(15,10)"). The operand yyy replaces
XXX,

4 STRC3306 EARLIER UNEXPECTED OPERAND IMPLIES
THIS TO BE CASE xxx

CASE macro has no operands but earlier CASEs
for the same DOCASE contained operands other
than their ordinal position numbers. The operand
xxx has been assumed,

8 STRC3307 OPERAND INVALID VALUE ON SIMPLE CASE
xXx

The ordinal position number of this CASE is xxx,
but SIMPLE was coded on the DOCASE and an op-
erand other than xxx on the CASE. The operand
is ignored.

8 STRC3308 "DOCASE...,ONLY" INVALID WITH MISC

A CASE MISC has been found in a DOCASE with
the ONLY range option. Since these are mutually
exclusive, the ONLY has been ignored.

8 STRC3309 OPERAND MUST BE SELF-DEFINING TERM
OR OMITTED ON SIMPLE CASE xxx

The ordinal position number of this CASE is xxx
and SIMPLE was coded on the DOCASE, but an
operand has been specified which is not a self-
defining term. It has been ignored.

8 STRC3310 REL= OR MASK= NOT IN PARENTHESES—
IGNORED

The REL= and MASK= operands must be a part of
a simple conditional and thus must be inside pa-
rentheses. The keyword has been ignored.
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Message-Text
Severity Message-Number Explanation

8 STRC3311 MULTIPLE MISC CASES IN THIS DOCASE—
THIS BLOCK IS DEAD CODE

More than one "CASE MISC!' has occurred in the
same DOCASE, Only the first is executable.

8 STRC3312 xxx INVALID—ONLY FIRST TWO SUBOPERANDS
PROCESSED

xxx is an operand list containing more than two sub-
operands in a CASE macro for a DOCASE which
specified an index. Operands after the first two
are ignored.

* STRC3313 CASE DEBUG ID=X'hh'

Debug block counts are being kept for this CASE
macro. When executed, this block will store
X'hh' into the last-case variable in the immedi-
ately surrounding DOCASE block.

8 STRC3701 DOCASE CONTAINS NO VALID CASES
No valid CASE macros were found as immediate
sub-blocks of the DOCASE,

8 STRC4301 NO BLOCKS ACTIVE —"BLEND" IGNORED

A BLEND maecro was coded but no blocks were
active (the current nest level was zero). The
macro has been ignored.

8 STRC4302 NO BLOCK ACTIVE NAMED xxx— "BLEND"
IGNORED
A BLEND macro was issued for block xxx, but no
block by that name is active.

8 STRC5301 BLEND OF biname ASSUMED

The block blname has not yet heen terminated; a
BLEND is being issued for it by the FINAL macro.



Severity Message-Number

8

STRC8101

STRC8102

STRC8103

STRC8104

STRC8105

STRC8106

STRC8107

Message-Text
Explanation

LINKAGE=xxx INVALID—"0S" ASSUMED

The first suboperand of the LINKAGE= keyword is
invalid; "OS' has been substituted.

SECOND LINKAGE OPERAND IGNORED

The second suboperand of the LINKAGE= keyword
must be either "CSECT" or omitted. It is invalid
and has been ignored.

WARNING—SAVETRACE REQUIRES "FINAL"
MACRO

The SAVETRACE debug option has been specified
on the first PROC; warning is printed to indicate
need for FINAL macro,

DEBUG=xxx INVALID—IGNORED

An invalid debug specification is present; the first
eight characters of the invalid operand are listed
as xxx. That option is ignored.

SAVETRACE MUST BE SPECIFIED ON FIRST
PROC

The SAVETRACE debug option must be enabled on
the first PROC. The operand has been ignored.

SAVETRACE REQUIRES FIRST PROC TO BE
LINKAGE=08

The SAVETRACE debug option is valid only if the
first PROC includes the LINKAGE=0S specification.
The operand has been ignored.

REG 1 MUST BE AMONG THOSE SAVED

Register 1 was destroyed during the GETMAIN for

a dynamic save area and registers 14 through 12
were not specified (or defaulted) as being saved and
WORK=NONE was specified. No further check is
made to assure register one was among those saved,
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Severity Message-Number

4

STRC8107
{cont., )

STRC8108

STRC8109

STRC8301

STRC8302

STRC8303

Message-Text
Explanation

hut the restore has been issued. If register 1 was
not among those =saved, its value will be undefined.

PROC proc-name, DEBUG ID=X'hh'

The save-trace, proc-trace, or proc-count debug
option has been specified for this proc. The hex

id byte 2k will be used to identify this proc in the

labels and dumps. This message is generated so
that the uger will know the proc id number even if
"PRINT NOGEN'" has been specified.

REGISTER 13 IS INVALID—IGNORED

Register 13 was specified as a base register other
than as the first register for an OS proc using an
in-line save area. The operand has heen ignored.

NO REGISTERS SAVED—-RESTORE IGNORED-

RESTORE= was coded on the CORP macro, but
SAVE=NONE was coded on the PROC. The oper-
and is ignored.

WARNING—NO CHECK MADE TO INSURE RE-
TURNING REGISTERS ARE AMONG THOSE
SAVED IN TRUNCATED SAVE AREA

The first operand on the PROC macro was a dec-
imal integer other than 14. As a result, a small
(truncated) save area was created. No check has
been made to insure that the registers specified
by the RETURN= operand will fit in the save area.
If the returning registers are a subset of the
RESTORE= registers and they, in turn, form a
subsequence of the saved registers, the proper
code will be generated.

ONE OR MORE EXIT'S REFERENCE THIS POINT

This CORP is the target of one or more EXIT mac-
ros (or EXIT= operands of IF macros). The sever-
ity code of this message may be modified by speci-
fying the EXIT= operand of a PROC macro.
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Severity Message-Number

8

12

STRC9103

STRC9104

STRC9201

STRC9301

STRC9302

STRC9401

Message-Text
Explanation

EXIT TO IMMEDIATELY SURROUNDING BLOCK
INVALID

The block name specified as the EXIT target is
the block immediately surrounding the EXIT.

EXIT TO DO BLOCK INVALID WITHIN ATEND
OR ONEXIT

An EXIT macro specifies (or implies) a DO block
as its target, but the EXIT macro is nested within
the ATEND or ONEXIT segment of the DO. The
macro is ignored.

ONE OR MORE EXIT'S REFERENCE THIS
POINT

This block is the target of one or more EXIT mac-

ros (or EXIT= operands of IF macros). The sever-
ity code of this message may be modified by speci-
fying the EXIT= operand of a PROC macro.

BLOCK NESTING LIMIT OF limit EXCEEDED—
MACROS MUST BE MODIFIED

The current static nesting level has exceeded the
stack limit in the macros of limit, Either the pro-
gram or macros must be modified.

NON-CASE BLOCK IMMEDIATELY SURROUNDED
BY DOCASE INVALID

The block being defined is not a CASE block but is
immediately surrounded by a DOCASE block. The
result is undefined,

INSUFFICIENT OPERANDS FOR TEST "opcode

The parenthesized list which is supposed to be a
simple conditional contains two items, the opera-
tion code opcode and a bc-spec.
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Severity Message-Number

8

STRC9402

STRC9403

STRC9601

STRC9602

STRCS603

STRC9604

Message-Text
Explanation

SUPERFLUOUS OPERANDS FOR TEST “opcode"

The parenthesized list which is supposed to be a
simple conditional contains more than 5 items.

NO CONDITION SPECIFIED—"MASK=0"
ASSUMED

A void simple conditional has been specified.

ONE BLEND ASSUMED TO GET TO "type"
BLOCK

In a block terminating macro (such as FI), the
current block was not of the corresponding type
(such as IF), but the surrounding block is of the
proper type. One BLEND has been inserted.

TWO BLENDS ASSUMED TO GET TO "zype"
BLOCK

In a block terminating macro (such as FI), the
current block was not of the corresponding type
(such as IF), but the second surrounding block is
of the proper type. Two BLENDs have been
inserted. ’

CURRENT BLOCK IS NOT 'type" BLOCK—
MACRO IGNORED

In a block terminating macro (such as FI), the
current block was not of the corresponding type
(such as IF).

NO ACTIVE BLOCK NAMED "blname"

The request to terminate block blname has been
ignored because no block named biname is in the
nest,
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Severity Message-Number

8

STRC9605

STRC9606

STRC9607

STRC9701

STRC9702

STRCS9703

STRC9704

STRC9705

Message-Text
Explanation

BLOCK "blname" IS NOT A rype BLOCK—
MACRO IGNORED

The request to terminate a block named blname of
type fype has been ignored because the indicated
block is of a different type.

END OF BLOCK '"blnamel" IMPLIES END OF
BLOCK "blname2"

Request to terminate block blnamel must first
terminate block biname2 which is nested inside
block blnamel.

NO BLOCKS ACTIVE—MACRO IGNORED

’I;he request to terminate a block has been ignored
since no blocks are outstanding.

INSUFFICIENT OPERANDS

The conditional expression ends with a logical
operation (AND or OR) outstanding,

INSUFFICIENT BRACKETS

More left brackets (<" or "+'") than right brackets
("">" or ""/™) are present.

SYNTAX ERROR—LOOKING FOR '"AND" OR
"OR", FOUND xxx

The operand xxx was found where a logical opera-
tor was expected.

SYNTAX ERROR—xxx INVALID

Invalid operand xxx in conditional expression.

SUPERFLUOUS BRACKET IGNORED

More right brackets ("'<' or /') have been found
in the conditional expression than left brackets
(T|' >l| 01" H+H)'
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Severity Message-Number

8

STRC9706

STRC9902

STRC9203

Message-Text
Explanation

SYNTAX ERROR-LOOKING FOR SIMPLE CON-
DITIONAL, FOUND "xxx"

The operand xxx was found in a conditional expres-
sion where a simple conditional sublist was
expected.

START OF BLOCK nn (blnamey AT DEPTH level

In response to the debug option LISTBLOCKS, the
message indicates the start of the block whose
sequential number is nn. The block name is biname;
if no name was specified on the block initiation
macro, blname is an internal name of the form
BLK#n#n, The current static nest level is fevel |

END OF BLOCK nn (blname) AT DEPTH level

In response to the debug option LISTBLOCKS, the
message indicates the end of the block whose se-
quential number is nn. The block name is blname;
if no name was specified on the block initiation
macro, blname is an internal name of the form
BLKnn. The current static nest level is level ,
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APPENDIX E
INSTALLING THE STRCMACS

The structured macros are available to any interested parties. They may
be obtained by writing to:

C. Wrandle Barth
Code 603
Goddard Space Flight Center
Greenbelt, Maryland 20771

The normal distribution medium is a 9-track, 800 bpi unlabeled distribution
tape reel (DTR). It contains four data sets.

Data Set BLKSIZE LRECL RECFM

(1) PROSE 2000 80 FB
(2) STRCMACS 2000 80 FB
(3) LISTINGS 2000 137 VBA
(4) RUFDRAFT 2000 80 FB

The first data set will contain any special instructions for installing the
STRCMACS. It will also include any known restrictions, changes, or extensions
to the macros as described in this document.

The second data set is the IEBUPDTE source for adding the STRCMACS to
a macro library. Each macro is preceded by a "./ ADD" card and the last rec-
ord is a "". / ENDUP" card.

The third data set is the current listing of the SIMPL-M source for the
STRCMACS (printed here as Appendix C).

The fourth data set is the assembly language source of a program called
RUFDRAFT. Itis provided for those installations which do not have a TN (upper
and lower case) print chain available. RUFDRAFT will translate the SIMPL-M
listings of data set three for printing on HN, PN, or QN print trains. For in-
structions on using RUFDRAFT, see the comments in the beginning of the source.



When requesting a copy of the STRCMACS, it would be appreciated if you
would enclose a tape—our supply of DTR's is limited.

Any comments, suggestions, or criticisms of the macros will be greatly
appreciated,
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