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‘ABSTRACT

This thesis attempts to-describe the development and ins-
tallation of machine instructions which implement the fol-
lowing control structures:

1. If-Then-Else

2. While-Do

3. 'Repeat—Until
The decription includes the syntax, function; restrictions,
implementation and use of the new instructions in their cho-
sen enviroments. The enviroments are an old but still com-
monly used machine architecture and a more recently devel-

oped pseudo machine architecture for a popular programming

'language.
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lChapter I
INTRODUCTION ,
Gontrol structures have had many forms. €The earliest

form of control structures used the GOTO or simple branch

instruction. Although it has many forms (i.e. in FORTRAN the

computed, assigned and unconditional GOTO statements) it has’

been utilised to give structure to the execution of pro-
grams. These instructions are used explicitly, and are gen-
erated by pre-processors and compilers to implement more
sophisticated contfol structures, such as If-Then-Else and
Case. A major proplem with this implementation of a control
structure is that pregrams relying heavily on this type of
instruction tend to be cryptic and unreadable[5], regquiring
a lot of effort, even on the author's part, to determine
.what had actually been done.

The development of the If-Then-Else, While-Do and Repeat-
Until control structures followed a trend towards the use of
more general, understandable and expressive contrél struc-
tures. Their use in Algol-®0[8], PL360[14], Pascal[13] and
more recently develobed languages such as Modula-2{12] and
their use in various assembler languages in the form of mac-
ros, as in Hibal[ll] and Macros{10], show the versatility
and general acceptance of these particular control struc-

tures.

-



" Other control structures have been designed and are being
designed. The trend is towards allowing a simple implementa-
ltion of some basic programming mechanisms. The result has
been the development of such control structures as the CSSE
statement and:the If-Then-E1sIF ... Else End, although the
latter is more of a syntactid'solutioh to the problem of
heavily nested IF statements. The Case statement has been
implemented as an instruction in ceréain machine enviro-
ments, such as P-code. However, the basic structures have
not yet been implemented in many afchftecthres. . The imple-
mentation of the more generally recognised control struc-
tures using branch instructions still leaves some aspects bf
control structures relatively untcuched by machine architec-
ture. This thesis attempts to describe the impleaentation|of
machine instructions for the three most ' prominendy control
structures, If-Then-Else, ﬁhile—Do and Repeat-Until,.

It has been found by MillstZl] that\these control struc-
tures have limitations as to the. class of problems they can
be used in. This has led to the development of other, more
general control stfuctures. The paper by Parnas[l6] has -
shoﬁn one such control structure. Among its benefits is the
apparent removal of the need for temporary variables used in
the performance of the control structure and the ability to
express non-deterministic algorithms.

The intent of this research has been to:



1. Move the control strﬁctures 1f-Then-Else, While-Do
and Repeat-Until into two existing machine afchitec-
tures. The I.B.M. System/370 and the PERQ Systems
PERQ machine which runs an operating syétem using
Pascal, which uses a P-Code based architecture.

2. To determine if they add  any legibility to-program
code.

3. To document the limitations and restrictions in the
implementation of these control structures andp ex-
plain why they occur. o

The paper first contains a briéf history of control
structures and the basic design of each control ?tructure.
Then, it proceeds to describe for both machine architec-
tures, which instructions were added, how they were imple-
mented, their syntax, function and use. Any alterations to
the operating systems involved is also documented.

The appendixes at the end of the -paper contain a list of
the definition of each of the 0-Code op-codes found in the
PERQ microcode, * the listing of the interpreter micro-code
for the PERQ and various source files and corresponding di-
sassembled listings. They also include the routine which
performg\thé instruction handliég for the AMDAHL V7A, a Sys-
tem/37d compétible maéhine, two tests which verify the prop-
er functioning‘of the new instructions on the AMDAHL, and a

disassembled listing of one of the tests.
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Chapter Il
HISTORY AND DESIGN

There ar?h very few prominent control structures. Some
have been gﬁded since the first implementation of the three
most prominent control structures:

1. If-Then-Else

2. While-Do, and

3. Repeat-Until
Other control structures include the Select or (Case state-
ment, the For or Do statement and the ‘If-Then-El—

§If-...-Else-End type statement.

Some of these other cont}Ql structures have been imple-
mented on certain machine architectures, to a point., . For
example, the For and Do statements are a commonly recognised
structure found in Pascal, Fortran and PL/1. On 1.B.M[17]
machines, they have been implemeﬁted using the branch on in-

dex high [BRH] and branch on index less than or equal [BXLE]

instructions so és to limit the number of instructions re-
quired to pérform a loop ﬁith a positive or negative coun-
fer. |

What we wish to do is to demonstrate how to implement the
more commonly used control structures on any available ma-
chine, to determine what use they could be, and any restric-

tions that would apply.
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2.1 A DEFINITION OF A CONTROL STRUCTURE

The implementation of a control structure depends on what”;
properties it is given. We need to define a control stfuc-
ture as an entity which is used ta:ephtrol the flow of eke—
cuﬁion. The discussion is limited to machines which operaﬁe
"in a sequential manner, Because it 1is defined as a étruc-;;‘
ture, it is a building block which can be used ﬁo map the
1ogic of a program. To be of any use it must be available in
any valid programming context.

To permit’ any control structure, the definition must also
allow for any method of implementation. It is an abstract
concépt which permits the user to build a program in a logi-
cal manner. This in effect enforces the use of structured

programming techniques.

2.2 A BRIEF HISTORY OF CONTROL STRUCTURES

Control structures have been around since the beginning
of programming. It is simply a metﬁod by which the logical
structure of a program is implemented. The structure usually
resides in the reader's mind because the implementation is
usually done using branch instructions. However, it has been
generally recognised that the use of control structures 1in a
programming enviroment is more suitable than implementing a
program than using explicit branch instructions([5].

As previously indicated, the simple branch instruction

was, and still is, the way most control structures are im-
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plemented on most machines, The reason for this is that it
is usually tﬁe only way to alter the program counter and
change the flow of execution. Some minor chahges have been
made towards allowing different uses for branch instruc-
tions, for example the Branch And Link (BAL) instruction in
IBM/370 architecture also places the current value of the
program counter 1in a register before branching, but they
still have restrictibns on their wuse in structured program-
ming (i.e. the BAL instruction is unconditional).

The most familiar control structures ‘today are the If-
Then-Else and While-Do strucfures. These were apparéntly not
the first control structures. The Do statement precedes
these structures By a couple of years'. Since then other
control structures, some mentioned aE?ve, have been imple-
"mented. The purpose of these dontro} structures was to make
the task of implementing programs as' €asy as possible.

The easiest’ way to make something simp;e is to have it
. short and recognisable. This aliows the concept involved in
the deciéion to be extracted and analysed quickly. The con-
cepts of 1f-Then-Else and While-Do are very easy to under-
stand and remove many branch instructions. Removal of tem-
porary variables also makes it easy to understand high level
languages, which is why they are so attractive for general

purpose programming.

! We assume Fortran-I1 was 'created' circa 1958 and Algol-60
was 'created' circa 1960.
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In more recent years, not only has work been done in high

1eve1 programming languages but in certain low level pro-

'grammlng,languages, and even machlne code, On 1.B.M. ma-

chines, thg assemblers all have very powerfull macro pro-
cessing facilities.- These facilities allow the user to code
a 'macro’ which has the ability to test the 'type' of a par-
ameter, and generate the appropriate code to the implement
the most prominent control structures, i.e. If-Then-Else
While-Do[11,10]. On certain micro-code driven machines,
éuch as the PERQ?, these control structures are available at
the micro-code level, and are used in the micro-operating
system to interpret the Q-code, a P-code dialect, which runs

the Pascal based operating system.

2.3 PROPERTIES AND TRAITS

The three control structures which are of interest all
have similar basic properties. Some other properties are
traits of their specific function. All the control struc-
tures are performed under control of a boolean exbression.
They-all perform some form of branching operation and they
all return control to the instruction syétactically follow-

ing the structure when their task has been completed.

1 The PERQ is manufactured by PERQ Systems Inc., formerly
the Three Rivers Computer Corporation, of Pittsburgh Pen-
sylvania.



What follows is a simple description of the three control
structures we are studying. The block A represents the boo-
lean expression which sets the branch condition. The blocks

B and C represent the object of the control structures.

2.3.1 ‘The If-Then-Else structure

The If-Then-Else structure has two unigque properties. It
does not itself perform a loop and it may optionally have a
null Elge clause.

The common implementation of this control structure on a

machine architecture is as follows:

Figure 1l: L;yout of If A Then B (Else C) structure
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2.3.2 The While-Do structure

The While-Do instruction performs a loop while the tested
condition is true. If the condition is originally false, no
statement inside the structure will be executed.

The common implementation of this control structure is:
{

Figure 2: Layout of While A Do B structure

2.3.3‘ The Repeat-Until structure

The Repeat-Until structure is basically a While-Do struc-
ture with the statements internal to the While-Do structure
being repeated once in front of the structure[21]. This me-‘
ans that the statements are executed at least once, then thé
condition 'is applied. Note that the condition used is the
logical complement of that used in the If-Then-Else and Whi-

le-Do structures.
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The common implementation o¢f this structure 1is as

follows:

Figure 3: Layout of Repeat B Until A structure

2.4 DESIGN

To implement these control structures on a machine archi-
tecture, they should each be designed as a single instruc-
tion. They may include extra instructions to set up the cor-
rect enviroment bu£ they must be self-contained.

To make each control structure an instruction, 1its basic
properties must be encoded in the instruction. The basic
properties of each instruction are:

1. They rely on the evaluation of a boolean expression.

2. They all contain at least one conditional branch in-

stfuction. They may alsc contain pncénditional
bfanch instructions.

_10..



3. When ‘the condition allows the instruction to fall
through, i.e. the statements inside.the control
structure are no longer to be executed “the next in-
struction executed is usually the next textual state-
ment. This is not always the case in certain program-
ming languageg. For example, in some dialects of
Pasgal, using P-Code, there is an Exit-GoTo statement
or instruction. In Fortran-IV there is the indexed
RETURN statement for ;ﬁiting SUBROUTINES. These op-~
erations allow the ability to return to locations
other than the one syntactically following the call-
ing statement. -

4. They contain one or two blocks of statements td be
executed. Each block may contain zero or more in-
structions. |

‘We should leave the basic machine architectute_unchanged
to allow all previously running programs to continue to run
successfully with the new control structures. To this end we
must break doﬁn each structure into its individual compo-
nents. This will allow us to implement these structures as
single instructions. Wwhat we obtain is a general design for
each of thi{pontrol structures.

1.

If-Then-Else

Boolean Expression <- not part of instruction
Op-Code <- start of instruction
Address 1 <- Address of routine



holding Then clause
Address 2 ' <- Address of routine

holding Else clause

If-Then
Boolean Expression <- not part of instruction
Op-Code <- start of instruction
Address <- Address of routine

holding Then clause.

While-Do

Marker <- possible instruction
marking position of

boolean expression

Boolean Expression <- not part of instruction
Op-Code <- start of instruction

Address <- address of routine
holding statements

to be executed.

Repeat-Until

*

Marker 4' <- possible instruction
marking position of
boolean expression

Routine <- statement(s) performing

required actions inside



loop
Boolean Expression <- as indicated

Op-Code <- instruction

This design requires that we make some basic assumptions

on how these control structures function. -

1.

Thefé must exist sufficient information such that
when the control structure is exited, the syntacti-
‘Eglly next sequential instruction can be executed.
The boolean expression to be evaluated cannot be in-
cluded inéihe machine instruction. These expressions
can be cohplef and can contain functions and other
non-simple expressions.

In keeping with the design of the control structures,
the boolean expressions will be calculated using fa-
cilities ﬁrovided by the current architecture. The
result of the boolean expression will be either the
value true or false. The new instructions will test
this result, and‘will conditionally invoke the appro-
priate code block or procedure. If we requirezthat
this expression be re-evaluated we must

Maintain a pointer to the expression so that it can
be re-evaluated.

The instructions implementing these structures cannot
perform two or more functions. For example, the eval-

uation of the boolean expression 1is a complex task

which may reguire the evaluation of functions, array
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references etc.... This would be very difficult to
implement in most architectures, i.e. I.B.M. Sys-
tem/370, and therefore not practical.

This is not always the case. There has been work
donel7] where the concepts of Top Down  Structured
Programming have been implemented at the machine lev-
el. The tec%hique used three simple structures, DO,
WHILE and IF-THEN-ELSE to control the flow of execu-
tion of a program. The boolean éxpression in‘this
case was evaluated by processing the list provided to
the instruction. The entire evaluation was performed
by the instruction. This is very difficult to do in
this case because the addresses used to point to the

parameters are constants. We wish to allow any param-

ete:‘to be used, however it is passed to the archi-

tecture, and therefore should allow for variable ad-
dressing.

Because the instructions cannot perform two or more
functions, théy will not be interruptable 1i.e,. _they
will not be cut off when an interrupt becomes pend-

ing. Interrupts will be handled as specified by the

principles of operation of the machines involved. The

invoked procedures are not part of the instructions
but of the entire control structure and inherit the

masks present when the structure is invoked.

_14._
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7. The information pagsed to an instruction (its parame-
ters) must be passed using the' normal conventions
followed in the architecture. This usually'means that
specific locations in sﬁorage or arguments available
as part of the iﬁétruction itself can be used to pass
iﬁfofmation to the instruction. The return address
is maintained through the procedure call process.

‘8. Because the block of statements to be exeéuted are

 separate from the actual decision made to use them,
the block is located outside the instruction itself
and is invoked as a procedure. The end of the block
uses the normal procedure termination to exit to the
appropriate return point.

9. The final implementation is machine dependent.

The one or more blocks which contain the statements to be
executed are logically separated using the definitions of
the programming languages, although recognising the bounds
of a block 1is not always a trivial problem. This feature
allows to implement each block as a procedure which 1is
called by the instruction and has been featured in the defi-
nition of the SPLM [20 p. 1381 aréhifecture, which has not
actualliﬁbeen implemented.

N

1}
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Chapter III

-

IMPLEMENTATIONS

N

The redesigned control structures weré implemented on two
machines. The first is the PERQ. It is a micro-programmable
_ machine which has a hosE. Q-code architecture and Pascal
based operating system. With the micro operating system
source it was possible to add and alter certain instructions
to implement these new control structures.

The second machine was an AMDAHL V7A. This is an I.B.M.
System/370?compatible CPU. It is compatible in that it ba-.
sically handles the same machipe instructions, except where
machine diagnostics are involved. None of this directly af-
fects a normal user. This machine 1is not micro-programmable.
The implementation is done using what is termed macro-code.
We use certaiq properties in the machine architectqre to ob-
tainrinfqrmatioﬁ for the instr&ction, then perform that in-
struction using a special program inside the operating sys-
tem itself. This approach is primarily used to test the
design and implementation of an instruction before actually
installing it in a machine, either by altering the hardware

r
or the micro-program running the machine. -



3.1 IMPLEMENTATION ON' THE PERQ

All three control structures were added to the PERQ's mi-

cro-operating system. This was done by adding one instruc-

- tion for each of the control structures. and an instruction

to mark the beginning of the boolean expression for the Whij
le-Do and Repeat-Until instructions. Note that the boolean
expression is not part of the control instfuction but it
must immediately precede the instruction. = Various other
routines internal to the micro-operating system were altered
to minimise the amount to code that had to be added to 1in-
stall the new instruct{ons. One cont}ol block was alteged
to contain the pointer to the beginﬁing of the boolean ex-
pression, when required. h

Various resources were required by the new routines which
are not immédiately available to a normal user. Since the
routines were implemented in micro-code, three resources
were required. -

1. sSufficient writeable control storage (WCS) to install
the new instruction were required. This type of memo-
ry.is forlall intents and purposes read oniy.

2. Two work areas, one to hpla a flag, the other to hold
a counter which would be used as an offset from the
code base. The code base is the location 1in real
storage of the start-of the segment which contains

the procedure currently being executed.



?
3. The attual micro—oﬁerating system itself, Varioué
routines were altered slightly to permit their use as
subroutines, or to alter their behaviour ‘such that
they would perform the required extra tasks to ini-
tialise the execution of. various instructions in the
correct manner. For example, the routine which per-
forms the instruction Load Variable Routine Descrip-
tor (LVRD)® was altered so that a flag would be set
indicating that the termination of the instruction
was to result in the réturn to the calling routine,

and not execution of the next instruction.

The work areas were ‘taken from the pool of 256 20* bit
registers available in the micro-énginé. Thé‘name of the
register which contains the flag is CRO. The name of the re-
gister which contéins the loop pointer is NOTEL.

This specific implementation 1is very depéndent on the

I"E’}’:‘.l:tQ‘s hardware characteristics. The use of the work areas
and storage addressability are unique to the PERQ. The ex-
pansion of the ACB and changing the behaviour of a procedure

call could be extended to Q-Code and P-Code.

} The LVRD instruction is used to place the generic address
of a proceduyse on top of the PERQ expression stack. This
address can; be used as a parameter in procedures or for
system 'hacking', as in this case. Q-code has three other
forms of addresses used to refer to procedures.

* The PERQ's registers are 20 bits wide, so they can be used
to address and calculate addresses for 1 megabyte 'of real
storage using single precision arithmetic.

- 18 -



3.1.1 The New Instructions

The implementation ‘of the new in;tructions requires the
addition of some new features to_the QCode architecture. At
initialisation of the micro-operatiné system, the work areas
are initialised to zero, to indicate that all is to proceed
as it would have done in the unmodified system.

The two work are;s'play critical roles in the performance
of eacﬁpmachine instructiog.' CRO, the flag register, is
used to signal the nodified routines that they are to take a
slightly different approach to their tasks. When CRO is
zero, all functions as it would in the unmodified system.
When it. is one, each routine will behave 1in a slightly
different way. The two routines which use this flag do so in
the following mannér-

1. The LVRD instruction is called as a subroutine by the
new instructions. When the control flag is one, it
will use the RETURN micro-instruction instead of pro-
ceeding to decode the next instruction.

2. The routine which builds the activation control block
(ACB) for procedure calls will use the value in the
NOTEl register instead of the offset of the next in-
struct1on as the default return address.

In this way the amount -of duplicated code is reduced

The NOTEl register 1is used to indicate a loop boundary.

It is set during initialisation to zero. 1t is stored when a

procedure is invoked in the ACB, then set to =zero for the

- - 19 -
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new routine. It is restored when a procedure terminates,
and the ;alue is obtained fromathe ACB. The reéister is ex-
plicitly set by a NOTE instruction. The value stored is the
offset from the current code base to the instruction immedi-

ately following the NOTE instruction.

Errors can occur in the invocation of the new instruc-

tions. There are three classes of errors.

1. An-invalid boolean expression, This occurs when the
location which.is supposed to contain the value true
or false does not. The Pascal compiler always places
the result of a boolean e&pression on the top of a 16
element' expression stack and this 1is where these in-
structions look for the result of the expression.

2. An invalid loop address. For the While-Do and Repeat-
Until control stru;thres, the loop boundary must be
set to 1indicate where to go to when a loop 1s re-
gquired. This value is found in NOTEl. The value in
NOTEl is undefined when it contains zero. This is be-
cause the NOTE instruction cannot .set the wvalue in
NOTEl to zero.

3. An invalid procedure address., In the If-Then-Else and
While-Do instructions, the address of a procedure to
be invoked is required. Because of compiler restric-
tions, this was supplied by placing the appropriate
NCOP or LVRD instructions after the op-code. If these
instructions are not found after the op-code, an é;-

ror 1s detected.

S e ————————"



Because it is possible to detect errors, the built in
micro-code error routine is called with-the appropf&ate par-
ameters to. signal the host operating system that an error
has occurea. Because of the restriéted number of error indi-
cators, those deemed most appropriate were selected to indi-

cate what type of error had occured.

_21_



value placed in

from the code
containing this
instruction in

never be placed

3.1.1.1 Opcodes
B'01010100'

Instruction
Note

Op-Code  X'54'

Operands None,

ﬂunction To update the Note register. - The
the Note fégister is the offse
base, the start of the segment’
routine, of the next sequential
this segment. The value zero can
into the Note. register by this instruction.

Errors None.

_22_



B'01010001° LVRD or NOOP LVRD or NOOP

Instruction

Op-Code

Operands

Function

Brrors

I1f-Then-Else
X'51"

Two. Both Procedure addresses. The first is the
address of the Then clause, the second is the ad-
dress of the Else clause. The address is created
by using either a LVRD instruction (Load Variable
Routine Descriptor) or a NOOP instruction. If it
is a NOOP instruction, no branch is taken if that

clause is invoked.

This instruction takes the result of a boolean ex-
pression and éonditionally performs a two way
proceduré’call. When control 1is returned to the
caller throught the return instruction, the next
sequential instruction is executed. The result of
the boolean expression must be on the top of the

exeression stack (TOS).

1. Expression out of range

2. 1Invalid routine address



-] B'01010010' | LVRD or NOOP

“Instruction
C While-Do

Op-Code X's52’

-

Operands fhe,address of the routine to be invoked 1if the

g expression on top of the expression stack contains
the value t;ue.l This address takes the form of
€ither a LVRD instructien, or a NOOP instruction.
If the address is a NOOP instructiocn, no branch‘is
taken. The return address of the invoked routine

will be that of the.instruction following the last

Note instruction executed in this routine.

Errors 1. Invalid expression
2. Invalid loop address

3. Invalid routine address

_24_



Instruction .

Op-Code
Opefands

Function

Errors

B'01010011°

Repeat-Until
X'53"'
None,

1f the expression on top of the expression stack
is false, the next instruction executed will be
that following the last Note instruction executed

in this procedure.

1. Invalid expression

2. 1Invalid loop address
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3.1.1.2 Compilation and Usage
Because the basic language on the PERQ is Pascal, there
exists no assembler for the Q-code. Instead, the designers

of the Pascal compiler allowed for the explicit inclusion of

‘various instructions., They are either generated by the com-

piler to satisfy a user directive, as in the Case of the
MakeVRD directive which generates a complete LVRD instruc-
tion, or inserted completely by the user. Any combination of
instructions is valid. The Pascal compiler does not optimise

the code. See appendix C for examples of how this is done.

3.1.1.3 Decompilation

To look at the generated code, the routine QDIS was used
to disassemble the generated object ¢code. The object code
generated'by fhe Péscal compiler on the PERQ 1is réentrant
and contains no data other than that contained in the ma-
chine instructions themselves.

QDIS is a table driven program, the table being stored as
a data file somewhere on a system file structured device.
The table was edited to insert the definition of -the four
new instructions. the results can be seen 1in appendix C,
after the source of each program. You should note that the
location of the control structures is relatively easy to

spot.
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3.1.2 Altered Routines

Various rout}nes were altered to either provide their
function as subroutines, or slightly alter their function so
that they would not have to be copied, then méd;fied to ob-
tain the reguired function.

The PERQ's micro-code initialisation code was altered so
that both the coﬁtrol register and the Note register would
be initialised to zéro.

The routine which performs the LVRD instruction was modi-
fied so that if the control register is not zero, the rout-’
ine would return control to the caller using a 'return' mi-
cro-instruction, instead of executing the next inséruction.

The routine which creates the ACB was altered so that the
value in the Note register would " be used as the default re-
turn address, not the address of the next instruction, when
the control register is not zero. In all cases, this routine
also stores the value of the Note register into the ACB,
then sets the Note register to zero for the new procedure;
This routine resets the register to zero and does not return
control to the calling micro-code routine.

The routine which handles the exit of all functions and
procedures was altered to restore the value of Notel. The

value in Notel is always restored when a procedure returns

to that lexical level in the program.
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©3.1.3 Altered Control Block(s)

One system control was altered. The Activation Control
ﬁiock (ACB) was expanded By 1 word. This area contains the
current value of the Note register when that brocedure is
invoked. This does not affect the addressability of any va-
riable in the  invoked procedure since the-new top of tpe me-
mofy stack is.set to the address immediately after the ACB,

resulting in no control problems.

3.1.4 Interrupts

The PERQS operating system has a paging facility. The
unit of space spaged is a segment. There are two types of
segments: ' |

1. The data segment. This segment can be up to 64k words

long. N
2. The code segment. This segment can only be up to 32k
words long.
All addressing is primarily based on segments.

In the implementation of the new instructions, only
procedure addresses are used. These addresses are interpret-
ed by the miqro—cdde with the help of the operating system
into real storage addresses. If the procedure is not in
core, the micro-operating system will generate a page fault.
The result is that there is no special reguirements for sys-

tem interrupts in the implementation.



Thé.completion of,I/d does not inferrupt.the execution of
the micro-code. A flag is set indicating a pending I/0 oper-
ation. This flag can be testedlin;gpe micro-code using the
'Intr?ehd' flag. With this type of controcl, handling I/0 in-
”terrﬁptg is simply done by gdding the qualifier 'If IntrPend
Call(Vector)'. This causes the micro—opefating system to gb
to a roﬁtine-whiéh vectors to the correct I/0 haﬁdling rout-
ine. The placement of this qualifier need only be tempered
by two restrictions: o

1. It uses the address field to perform a call 6péra—
tion,_lso no other operation wusing the address field
can be used in the same micro=instruction.

2. The condition flags set by the curfent arithmetic op-
eration in the ALU will be 1lost if the branch;occurs
because the next sequential instruction will not be
seeing the result of the previous instruction when it
tests the condition flags. |

As dictated by the design, the instructions will not be
Vinterrupted by 1/0 interruptioﬁs or page faulté. The mask
which dictates when interrupts can be handled still applies
and if an iﬁterrupt is to be signalled to the operating sys-
tem, it will be done using the normal paths and at the ap-
propgiate times.

B(cause_there are error conditions which can be detected
by"f)a

tions is used to signal to the operating éystem that an er-

he new instructions, the routine used .to generate excep- °



"ror has occured. Because there are only a certain number of
predefined error codes used by the micro-code routines to
indicate various programmiﬁgierfors, the codes which most
closely resembled the meaning of the new errors were used to
indicate them.

3.1.5 Examples and Testing

Appendix C contains a number of test programs whicﬁ‘weré)
run to verify the proper functioning of the new instruc-
tions. To insert the new instructions, intrinsics or compi-
ler directives were used to directly place the required in-
structions into -the object code. The object code 1is also
included in some smaller examples to show how they were
placed. | )

The testing on the PERQ is supposed to exercise all paths
that could be taken by any of the new instructions. These
pat@s are those generated by conditions which require execu-
tion of the statements associated with true and false loop-
ing conditions and all the possible exceptions that might be
generated by the implementation of the new instructions. No

problems were found during testing.



3.2 IMPLEMENTATION ON THE AMDAHL

Only two of the‘three control structures were implemented
as machine instructions on the AMDAHL V7A. The If-Then-Else |
and ‘While-Do control structures were implemented but the Re-
peat-Until ﬁas‘not. The reason for this is that the latter
control structure, when designed for implementation using
IBM/370 architecture, would be implemented as a simple con-
ditional branch instruction, which already exists in IBM/370
architecture.

The actual implementation was ~done using macro-code.
This term refers to the fact that the instructions are not
directly implemented-in the machine's architecture, but are
executed using other machine instructions. The new instruc-
tion causes a program cheék which indicates that the opera-
tion is invalid. A specidlly written routine determines that
it is a new instruction, and perfofms the reguired changes
to the user's registers and program counter to carry out the
execution of these new instructions.

This method is used by 1IBM and those who manufacture
IBM/370 compatible CPUs. It allows ‘the désign and testing of
machine instuctions without having to alter the hardware or
implement the instructions in micro-code. The mechnism al-
lows the use of the same logic ;equired in the hardware. But
using hardware controls, it is possible to easily trace the
execution of the pseudo instruction without interfering with

the actual function of the machine.



3.2.1 The New Instructions

The specially written routine tgkes the form of a program
written in assembler, and executed on the user's operating
system, the Conversational Monitoring System(CMS) in this
case. This technique has been used on other operating sys-
tems, and is _extensively_used in another form in VM/370°%,
the host operating system for CMS.

The routine remains permanently in storage while the new
instruction set is supposed to work. Another special rout-
_ine loads this program into storage in such a way that it
will not be removed from storage under any normal or abnor-
mal circumstances.

To effect the proper execution of the program we use some
common facts about the .System/370 machine architecture in
creating a short routine to determine the length of an unde-~
fined machine instruction. This architecture uses the first

2 bits of the op-code to indicate the actual 1length of the

machine instruction. The binary patterns 00, 01, 10, and 11

correspond to 2, 4, 4, and & byte op-codes, even for unde-
fined machine instructions. The result is that it 1s very

simple to pick up all the required information from the Pro-

s YM/370 is an operating system that runs on machines that
support the I.B.M. System/370 architecture. This operating
system presents the user with an image of a real machine,
with -some extensions to allow it to communicate with
VM/370. This image allows the user to execute all the
functions that a real machine can but allowing for the
sharing of various limited resources, i.e. CPU time, disk
space, unit record devices (printers, punches etc...),
tapes etc....

_32_
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gram Status Word (psW), storage and registers, and perform
the instructions.

Since this architecture is consistent, any addresses used
in an instruction takes the form. of a base displacement ad-
dress. This relocatable address requires a general purpose
register and an offset to create the absolute address for
ﬁse by an instruction. This ty f address is called an
'scon’'. The address is used to determine the location of
any subroutine to be executed. broutine linkage conven-
tions in this architecture are also consistent, The regis-—
ter which is to contain the return address 1is also pointed
to by the instruction. ‘

| The Branch Condition is determined in the same way it is
for Branch on Condition instructions in this architecture.
The branch mask is used to test the Condition Code (CC) bits
found in the PSW. The mask allows the program to select and
test any combination of condit%oné, and perform a branch if
the test 1if successfull. This same technigue is wused to

determine the branch condition in the new instructions.
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3.2.1.1 Opcodes
B'11110100"' ml rl dl{bl) d2(b2)
Instruction
I1f-Then-Else
Mnemonic IFTE
Op-Code { F4'
Operands. Two relocatable address constants. The first is
. the address of the .routine.to be evoked 1if the
branch con@tion 1is true[D1(Bl)]. The second is
the address of the routine to be evoked 1if the
branch condition is false[D2(B2}].
A mask[Ml] is used to determine the validity of
the branch condition. For a full explanation see
[17] for a description of the Branch on Condition
instructions.
A link regiéter[Rl], which indicates which general
purpose register is to hold the address of the
area immediately after this instruction.
Function This instruction performs the function of the If-

N

Then-Else structure at the ma&hine level. Using
the mask, the instruction determines whether the

branch condition is true or false. Using this in-
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Errors

formation, it takes either the first or second ad-

dreés and uses it to calculate the new. value of

the programjcounter. In all cases, the link regis-
ter will contain the address of the field immedi-

ately after this instruction,

None.
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B'10100001' | M1 | Rl | D1(B1)

Instruction
I1f-Then
Mnemonic IFf
.Op-Code X'Al'
Operands One relocatable address[D1{Bl)], a link register

Function

Errors

indicator[Rl1] and a mask[Ml] to .determine the

branch condition.

The branéh mask is used to determine the branch
condition, If the condition is true, the address
field is used to determine the address of the next
instruction to be exécuted, and the program coun-
ter is upaated. I1f the branch condition is t:de,
the indicated register is updated with the address
of the area fmmediately following this imnstruc-

tion.

None.
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B'10100000° M1 R1 | D1(Bl)

Instruction

While-Do
‘Mnemonic While-
Op-Code  X'AOQ'

Operands One relocatable address[D1(Bl)], a link register™
indicator[Rl1] and a mask[Ml] to determine the

branch condition.

Function The branch mask is used to determine  the branch
condition. If the condition is true, the address
field is used to determine the address of the next
instruction to be executed, and the program coun-
ter 1is updatéd. 1f the branch condition is true,

the indicated register is updated with the address

of this instruction.

Errors None.



3.2,1.2 Compilation and Usage

To use these new instructions, they had to be expliéitly
included in the assembly of some program. Since there are
many assemblers for I.B.M. System/370 architecture machines,
we used one of them to generate the object code.

The nature of this architecture is that data and instruc-
t}ons are intermingled, there is no definite pattern which

identifies one from the other. To use the new instructions,

they merely have to be ‘coded directly into an instruction

stream. This was doné using macros, one for each of the in-
-structions, using the mnemonics given above.

The assembler is capablé of generating any form of ad-

\

dress constant the machine can use, be it absolute or relo-
catable. Using this ability, the instructions were written
such that they are compatible with other machine instruc-
tions. The result 1is that the IFT and WHILE instructions
are RS type instructions, the IFTE instruction is an SS type

instruction.

3.2.1.3 Decompilation

As in the PERQ, there exists a routine wﬁich can decom-
pose the object code generated by a compiler 1into a series
of instructions. However, since System/370 architecture al-
lows the user to imbed data into the object code, the infor-
mation brovided is not entirely consistent with the original

source program., The program (HMASPZAP or 'super zap'j will
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display an op-code for each half-word of data in the object
code if the value corresponds to a valid op-code. Altering
the tables.allows us to insert our new op-codes. The results
can be seen in appénéix F. The.result is that locating the
control structure is now easier, but- the results must be
verified with the actual program being decoded.

3,2.2 Altered Control Block(s)

To install the routine which ha®dles the new instruc-
tions, an alteration to a field in the system nucleus was
required. The field, the program check new psw,  was re-

placed with information which points the hardware to a new

interrupt handler for program checks. This handler 1is Phe

»

tions.

The first part pf the program actually swaps the program
check new psw with another value, and remembers its contents
for use by the second part. It also restores the value when
called to do so. This part is evoked by the CMS command
'"NEWINST'.

The only éther field used in the system nucleus was the
general purpose register logout area (GPRLOG). This field is
used when the 'system store' operation is performed by the
hardware. Since this operation is only performed when a sys-
tem dump will be performed, it is not hazardous to use this
field to temporafily store information. Some operating sgé?

tem routines use this field for the same purpose.

- 39 -
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3.2.3 Altered Routines | . N

No system routines were altered to implement these new
instructions. The new instructions are implemented by al-
tering a field 1in the operating system which points to the
routine which gains control when a ;’;grammmg error occurs.

The hardware uses this field to pass control to the operat-

ing system when a prbgramming error occurs. By replacing

this field with one which points to the new routine which

performs the new machine instructions, it is possible to

suppress the error and perform the reqguire function, -

The new routine determinés whether the interrupt 1is due
to one of the new instructions. When this is not the case,
the host operating system, obt?ins control to perform the
normal recovery procedure. The steps which determine this
are:

1. The program check old psw 1is examined. to determine
which type of program check caused the interrupt. To
be handled by the new routine it must be an undefined
machine instruction.

2. Determine the supposed'length of the instruction that

was to be executed. This information can be deter-

mined from the instruction length field in the old
PSW.

3. The address of the instruction is then determined.

4. The op-code is checked. If it 1is one of the new in-
struétions; é branch to the appropriate routine is

made to emulate the instruction.
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Th1s method, sometimes refered to as 'macro-coding’ the
instructions, is usually used when new instruction loglc and
performance are to be checked . It is easier to install and
verify the performance of the instructions in this case thanl

to alter to hardware to.execute the instructions.

3.2.4 Interrupts

Because of the method of implementation,. no hardware in-
terrupts will be fielded by the code handling the instruc-
tions. Interrupts handled by the software fall into two ca-
tegories: |

1. Those generated by the hardware, and

2. Those generated by the software.

A ,‘Those interrupts generated by the hardware, 1/0, exter-
nal, and machine check interrupts are disabled during the
execution of this code. Interrupts 1in the secona\catéﬁor}
are not generated. Supervisor calls are explicitly generated
by the 'SVC' instruction, which is not used ir the emulating
routine. Program checks, which are generated by program er-
rors, are not generated if the emidating program is correct.

Errors can be generated by the new instructions, but the
hardware will perform the checks far more quickly than the
emulating program. These errors, having to do with storage
addressing and protection, will be checked by the hardware
when the instruction emulation has been completed. The ap-
propriate errors will be generated by the hardware, so the

tests have not been included in the emulating code.
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3.2.5 Examples and Testing

Appendix E contains two sample programs which make use of
the If-Then-Else, If-Then and While-Do instructions. The
tests for these new instructions were designed to exercise
all the éonditions to which the new instructions could be
exposed. Since there were no exceptions that could be gener-
ated that would not be detected by the hardware, only simple
programs which exercised the consistency of the instructions
were written. These tests found one.problem. This problem
was associated with the incorrect determination of the con-
dition code. It was easily found and resolved using the in-
struction tracing mechanism available in the hardware cou-

pled to some software in the host operating system.

3.3 UBSERVATIONS

There are somé technical and aesthetic aspects to these new.
instructions on the AMDAHL which differ from the ones imple-
mented on the PERQ.

1. The IF-THEN and IF-THEN-ELSE instructions are diffe-
rent on the AMDAHL. This occurs because there is no
simple method to indictate to the hardware that the
address is a no-op. The method which is used in some.
System/370 instructions to indicate a null address
cannot be used for these new instructions. The re-
sulting address is calculated as zero, which in this

case is valid7  and cannot be ignored.



The branch instruction is not so nearly restricted as

it is in the PERQ. Because addressing is done ubing

ac}nér/étogage addresses and not offsets, as it is on

the PERQ, a jump could be calculated to jump from one
procedure to another. Oon the PEﬁQ, this would be
difficult, if n?t impossible in some circumstances,
to do. |

The control block addresses could be passed as paréﬁ-
eters. ' For the PERQ the address was hand coded into
the instruction, but using the relocatable address 4
format in the System/370 does allow a parameter to bé
used. The PERQs instruction format could be altered
to allow this type ofufunctiop. | ' _
The nesting of procedﬁres on the PERQ and AMDAHL are
limited Ey the amount of storage available. For the
PERQ, the total size of stack cannot exceed 64K. For
the AMDAHL it is limited to amount of storage that
can be addresses, 16384K (or 16 megabytes). In eith- -
er case, the amount of nesting could get very unwie;—
dy, as it is for heavily nested IF statements.

Thewevaluation of some boolean expressions may result

=

in the generation of code which is far more complex
than the control structure being invoked. If a compi-
ler or pre-processor attempts to optimise the evalua-
tion of a boolean expression, many branch instruc-

tions may be generated 1in an _attempt to guickly
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evaluate an expression, This would cause severe |
problems in decoding the_resulting_object code.

The actual implementation of these control structures
results in  the creation of conditional procedure
célls, which are not available in either of the ar-

chitectures. studied.



Chapter IV

="

CONCLUSIONS e

Thé result of attempting to impiement'varipus control
_ structures in different architectures pointed out problems
in some currently‘uéed machine architectures which restrict
the implementation of new ihstrﬁctions. This can be ob-
served in the context of mach{ne architecture limitations
and dependencies which usually fall into the following cate-
gories: - i .

1. Address'épace size.

2. Real storage si;e. This does not have to be the same
as'address space size. For example, the IBM System/38
[20 pp 96-98] has a 48 bit addressing capability but
pﬁly 3] bit real storage addressing. The user only
sges the 48 bit architecture. .

3. Hardware / software interface, i.e. interrupt vectors

L and 1/0 ports:

4. Interrupt mechanisms .

5. Addreséability constraints. These include (a) how re-
ferehces to storage are madé;,iigj(b) What storage 1s
available at any one time.

6. Non-Uniform instruction sets, fo!~:>;%ple an instruc-
tion available for one data type but not available

-

for another similar data type.

[
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7. Limited instruction sets. i.e. no conditional proce-
dure call instructions. The PERQ micro-code has a
conditional procedure call feature but the micro-op-
erating system (Q-code} did not. -

Of all these .dependencies, only.the - last three have_any

bearing on how difficult it is to' implement control struc-

tures in a given machine éfchitecture.
These dependencies manifest themselves in various ways:
1., How the boolean expression.is evaluated. |
. 2. How procedure addresses are passed to the instruction
3. fThe lack of suitable instructions to implement these
control- structures without explicit new instructions,
i.e. a conditional procedure call.
For these reasons it was decided to break down the contro}

structures. We split.up the implementation of the control

structures into a test, a conditional subroutine call, and a

subroutine which contains the block of statements ‘to be exe-
cuted. Usi;g procedure coding conventions in the appropriate
architecture, it is possible to implement the controi.struc-
tures with very little effort. However, because users can
program any way they wish, it is ‘by no means certailn that
the control structures will be used.r It is still up to the
user to make a conscious effort to use these available con-t
trol instructions:

In some machine architectures, these dependencies result

in the inability to effectively implement some of these con-



trol structures. For example, on the IBM/370 méchine, the
Repeat-Until structuré is best implementéd using a condi-
gibnal branch instruction. Even if 'we break the block of
statements inside the structure into' a procedure call, the
loop is still formed by a simple conditional branch instruc-
tion. ‘

The advantages of properly implemented contfol structures
outweigh the disadvantages. The major disadvantage in using
this method of implementing control structures is that it
severely restricts the use of tﬁe simple‘Branch instruction.
For example, in PASCAL the following pgogram segment would
be wvalid: ‘

1f A Then Begin
1 : 8B
End

Else If C Then Begin
,E/j

Else GoTo 1
Although this 1is genefally recognised as ver§ poor program-
ming étyle, it is still possible to code a program in this
maﬁner.
This expression would not be possible using the new in-
structions because the result would cross procedure boundar-
ies. A GoTo statement can be implemented (as‘it is 1n PL/1)

so that it can be allowed to cross procedure boundaries,

both forward and backward; bu; the overhead is significant.
/
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Another minor drawback js' the overhead, compared to
current implementations using branch instructions, iﬁvglved
in entering and exiting a block of codé.. This overheéd'is
due to the procedure call and exit requirements. In some
cases this is not severe because the actual events of enter-
ing and exiting a procedure ar; each contained in one in-
strpction, i.e. in Q-cod# 6n the PERQ. The actual severity
of this drawback is machine and implementation dependent,.

The major advantage 1is the éimplification of looking at
the flow of the program at the object code level. Anybody
who has tried to debug.a high level language program at the
machine level will appreciate the‘ability to associate ma-
chine instructions directly with program. This does not how-
ever remove all the problems involved with finding the
statement in the program associated with the machine code.

Another‘advantage falls into the domain of assembler lan-
guage programmers. The introduction of conditional procedure
call instructions will allow the wuser to write modular pro—'
grams using singlé ﬁachine infructions instead of using con-
voluted code to accomblish the same thing. For example, the
normal way to exeiyte a conditional subroutine call 1is:

Test |
Brandh to End If False (or true)

Subrobtine Call

End:
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With the new instruction it could be done 1in the following

manner:

Test.

Subroutine Call If True (or false)

Although this work does help in looking at some problems

in usin

g high level programmjng'concept% at thé machine lev-

el, some more work could be done in:

1.

Conditional procedure calls. This type of instruction
would be of great hqlp to programmeré whé use assem-
blers.

Coupling Sburce and Object programs in the machine
architecture. Although work has been doné in many
versions of Pascall22, 23, 24] to provide debugging
information when program problems occur, this is
still not doéne with sufficient consistency to help
debug user brograms. For example Pascal 8000[22]
only provides for trace back and variable dumps. This
does not allow for break points and ‘interactive de-
bugging, where Pascal/vs[23] and Waterloo Pascali24]
do.

Moré.uniform instruction sets would of great wuse in
trying to.debug programs i.e. one ADD instruction in-
stead of many, each working on one data type. __From
the disassembly iistings,provided in the appendixes,
it still ‘is a great chdre/'to follow the logic of a
program. With thege new instructions, it would be ea-

sier to locate control structures.

“
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Appendix A

QCODE DEFINITIONS

The following is a list of the Qcode*‘ op-codes taken from
the operating system definition. Included is a comparison
of the p-code op-code list. Please note that there is not a
one to one correspondence. Some functions available 1in p-
code (i.e. sine, cosine etc... and various addre;sing opera-
tions) are not available in Q-Code and conversely some func-
tions in Q-Code . (i.e. the raster-op function, store
writeable control storage as well as various addressing op-
erations) are not available in P-Code. The four new in-

structions are also included in this list and have the va-

lues 80 through B83. The op-code values are in decimal.

"

¢ These definitions are reprinted with the permission of
PERQ systems.
A
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ROTSHI
STIND
LDCN
LDB

STB
LDCH
LDP
STPF
STCH
EXGQO
QAND
QOR
QONOT
EQUBool
NEQBool
LEQBecol
LESBool
GEQBool
GTRBool
EQUI
NEQI
LEQI
LESI
GEQI
GTRI
UNDF45
UNDF 46
UNDF47
UNDF48
UNDF49
UNDF50
EQUStr

P-Code

-

LAND
LOR
LNOT
EQUBOOL
NEQBOOL
LEQBOOL
LESBOOL
GEQBOOL
GTRBOOL
EQUI
NEQI
LEQI
LESI
GEQI
GTRI

EQUSTR

199

186
187

132
141
147
175
183
180
181
176
177 |
195
203
200

201

196
197

175 4
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NEQStr
LEQStr
LESStr
GEQStr
GTRStr
EQUByt
NEQByt
LEQByt
LESByt
GEQByt
GTRByt
EQUPowr
NEQPoOwr
LEQPowr
SGS
GEQPowT
SRS
EQUWord
NEQWord
ABI

ADI

NGI

SBI

MPI

DvI
MODI
CHK
UNDF79
AlF
AWHILE
AREPEAT
ANOTE
UNDFB84
UNDFB5
UNDFB6
UNDF87
INN

UNI
QINT
DIF
EXITT
NOCOP
REPL
REPL2
MMS

MES
LVRD
LSSN
XJP

PSW
RASTOP
STRTIO
PBLK
INTOFF

NEQSTR
LEQSTR
LESSTR
GEQSTR
GTRSTR
EQUBYT
NEQBYT
LEQBYT
LESBYT
GEQBYT
GTRBYT
EQUPOWR
NEQPOWR
LEQPOWR
SGS
GEQPOWR
SRS
EQUWORD
NEQWORD
ABI

ADI

NGI
SBI
MPI
DVI
MODI
CHK

INN
UN1I
INT
DIF
EXIT
NOP

XJP

183 4
180 4
181 4

4

176

177 &
175 10
183 10
180 10
181 10
176 10
177 10
175 8
183 8
180 8
151
176 8
148
175 12
183 12
128
130
145
149

143

134
142
136

139
156
140
133
158 4
215

172
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INTON
LDLB
LDLW
LDLO
LDL1
LDL2
LDL3
LDL4
LDL5
LDL6
LDL7
LDLB
LDL9
LDL10
LDL11
LDL12
LDL13
LDL14
LDL15
LLAB
LLAW
STLB
STLW
STLO
STL1
STL2
STL3
STL4
STLS
STL6
STL7
LDOB
LDOW
1.DOO
LDO1
L.DO2
L.DO3
LDO4
1.DOS
L.DO6
LDO7
LDO8
LDOY
LDO10
LDO11
L.DO12
LDO13
LDO14
LDO15
LOAB
LOAW
STOB
STOW
STOO

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

© 122

123

124

125
126
127
128
1283
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

151~

152
153
154
155
156
157
158
155

LDL

SLDLO
SLDL1
SLDL2
SLDL3
SLDL4
SLDL5
SLDL6
SLDL7
SLDL8
SLDLS
SLDL10
SLDL11
SLDL12
SLDL13
SLDL14
LLA

STL

LDO

SLDO1
SLDOZ2
SLDO3
SLDO4
SLDOS
SLDO6
SLDO7
SLDO8
SLDOSY
SLDO10
SLDCO11
SLDO12
SLDO1 3
SLDO14
SLDO15S

SRO

202

216
217
218

220
221
222
223
224
225
226
227
228
229
230
198

204

167

232
233
234
235
236
237
238
239
240
241
242
243
244
245
246

171
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STOL-
STO2
- STO3
STO4
STO5"
STO6
STO7
MVEB
MVBW
MOVB
MOVW
INDB
INDW
LDIND
INDO
IND1
IND2
IND3
IND4
IND5
IND6
IND7
LGAWW
STMW
STDW
SAS
ADJ
CALLL
CALLV
ATPB
ATPW
WCS
Jcs
1.DGB
LDGW
LGAB
LGAW
STGB
STGW
UNDF198
UNDF199
RET
MMS 2
MES2
LDTP
JMPB
JIMPW
JFB
JFW
JTB
JTW
JEQB
JEQW
JNEB

et s et e M e e £

160
16l
162
163
164
165
166
167
168
169
170
171
172
173
173
174
175
176
177
178
178
180
181
182
183
184
185
186
187
188

190
181
192
193
194
195
196
197
198
198
200
201
202
203
204
205
206
207
208
209
210
211
212!

MOV

IND

SINDO
SINDO
SIND1
SIND2
SIND3
SIND4
SINDS
SIND6
SIND7

STM

SAS
ADJ
CLP

LAO

RNP

uJp

FJP

NFJ

i e e o b e e b

169
168

163
248
248
249
250
251
252
253
254
255

189

170
160
206

165

173

185
161

212
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e rr e m e e —— e s e AEcwAee e

JNEW *213 EFJ 211

I1XP 214 I1XPp 192
LDIB 215 LOD 182
LDIW 216

LIAR 217 LDA 178
LIAW . 218

STIB 219 STR 184
STIW - 220 -

I1XAB 221 - ¢

1XAW 222 IXA 164
I1XAl 223 -

IXA2 - 224

IXA3 225

IXA4 226

TLATEOQ 227

TLATE1 228

"TLATE2 229

EXCH 230

EXCH2 231

INCB 232

INCW 233 INC 162
CALLXB 234

CALLXW 235 CXP 205
LDMC 236 . LDC - 179
LDDC 237 :

LDMW 238 LDM 188
L.DDW 239

STLATE 240

LINE 241

ENABLE 242

QRAISE 243

LDAP 244

. UNDF245 245
UNDF 246 246
UNDF247 247
UNDF 248 248
UNDF 249 249

ROPS 250 ~ { See below for 2nd byte'}
INCDDS 251 ’

LOPS 252 { See below for 2nd byte }
KOPS 253 { See below for 2nd byte }
BREAK 254

REFILLOP 255

CVTLI 0
CVTIL 1
ADL p
NGL 3

_55_



SBL -
MPL
DVL
MODL
ABL

EQULong

NEQLong
LEQLong
LESLong
GEQLong
GTRLong
LUNUSED

EQUReal
NEQReal
LEQReal
LESReal
GEQReal
GTRReal
RUNUSED

KBLOCK
KUNBLOCK
KSLEEP
KWAKEUP

KREMOVEFROMQUEUE

KADDTOQU

KRESUMEMICROSTATE

KCLOCKTI
KINITQUE
KINTRSRV
KINTROFF
KINTRON

EUE

CK
UES

TNC

FLT

ADR

NGR

SBR
MPR

DVR

RND

ABR
EQUREA
NEQREAL
LEQREAL
LESREAL
GEQREAL
GTRREAL

158 22

138

131

146 :
150 \
144

135

158 23

129

175 2
183 2
180 2
181 2
176 2
177 2



-/

KSETSOFT

3
RCLEARSOFT 2
KCURPROCESS 1
'KUNUSED 0
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Appendix B
e PERQ MICROCODE SOURCE

v

The implementation of tﬁe four,neﬁ_ machine instructions
required one new routine which is cdmpnised of.54 mic?arin—‘
struttionsl and 20 micro-instructions added or altered iaA
various old rougines. This comprises about 2.5% of 2880 mi-
cro-instructions in . the micro—operating‘-sﬁétém. If some
pagts of the ¢code had simply been dupliéated, -about 31-more'
micro-instruct}ons would have been required, bringing the
total to 105 micro-instructions adéed or modified, or 3.6%
ofrthe_micro operating éyétem; It is not possible to imple-
ﬁent all the new instructions withbut changing some parts of
the micro-operating _syséemé, spetifically the common CALL
and RETURN routines and the initialisation of the micro -.op-
erating system.,

The routines that- were modified compr;se the basic CALL

and RETURN mechanisms, the LVRD instruction which was modi-

' fied to behave as a subfoutine instead of a simple machine

instruction and the initialisation of the micro operating

system.



[

) Certain components of the PERQs " interpreter miifo—gode‘
are contaiﬁed in this appendix; Only ‘those porti%ns which
were heavilj modified to provide support for the new in-
structions are included. - THdse poréions which were modified

are marked by a '|! to

eft of the text. Those portions
which‘wére added are marked by a '*' to the left 6f tﬁe
. . . "1
text. Certain alterations are not marked because the dﬁly
change was to add a label to those instfu;tions. |
The only changed code not included 1is the removal of the
invalid instruct%on routine(s), for the new instructions.
Theré is a lot of micro-code, both interpreter‘ﬁnd other ma-
terial, which is not included to keep the appendix short.
You will find at the end of this appendix, a list of pages

which contain the routines which were either added or modi-

fied to implement the new instructions.

'N.B. The object code is in octal.

" The listing in this appendix is reprinted with the permis-
sion of PERQ systems.
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