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Introduction

SKIMP is a very simple language designed with the teaching of compilers in
mind. Although simple, 1t possesses many of the structural features of
full-scale languages, for example the subroutine and parameter structure, making
it a worthwhile non-trivial vehlecle for teaching. Many wuseful features of
full-scale languages are missing but can be incorporated with very littie
difficulty. This is gquite intentional. The reasons are firstly that SKIMP i= a
suffieciently rich language for the compiler to be written In SKIMP it=elf with
little inconvenience {the SKIMP MKI compiler was written in SKIMP) and secondly
that incorporation of the missing features provides a very suitable form of
student exercise. Although it would be desirable for students to write a
complete compiler of their own, this is a considerable task which they would
probably not have the time to complete. The task of extending a simple language
such as SKIMP for which a compiler already exists is much more feasible and
still allows students to get tﬂ grips with the compiling process and sco
understand it more fully.

The name SKIMP arises from the language's origin. Essentially it is a much
smaller version of the language IMP, an ALGOL-60 type language developed in
Edinburgh for systems implementation and general use.

Since SKIMP is intended for teaching rather than production programming, it
has not been necessary for the compiler to produce object code for a particular
real machine. Inatead, the opportunity has been taken to invent a machine whose
order code does not have the inconsistencies and exceptional cases that all
actual machines seem to have. The compiler produces symbolic code for this
invented machine together with a certain amount of optional monitoring of the
compilation.

This document describes the SKIMP language, the object machine and details of
the method of compilation. Examples of compiler output and suggested extensions
to SKIMP suitable for student exercises are given in appendices. To enable
students to test their modified compilers an assembler/interpreter for the
object code is available. The use of this 1s also described in an appendix.




Chapter 1
Ihe SKIMP Language

A SKIMP program consists of a sequence of keywords, identifiers and constants
together with arithmetical operators and various separator characters.

Keywords

A keyword consists of a sequence of upper or lower case letters preceded by
the character '3'. For example: '

TROUTINE 1END $THEN
The *3' character is regarded as a shift character in that all following letters
up te the first non-letter are shifted to keyword mode. This implies that no
spaces or other non-letter characters may be inserted into the middle of a
keyword. The '%' can, however, be repeated after a space. Thus,
FINTEGERNAME and SINTEGER SNAME

are valid and equivalent, but

LINTEGER NAME

is invalid.

ldentifiers
An identifler consists of a string of letters and digits of any length the
first character of which must be a letter. For example,
SKIMP I J2 X1A
In deseriptions of SKIMF syntax below, the phrase <NAME> is used to denote the
presence of an identifier.

Constants

Constants appear as operands in arithmetic expressions and may be of two
forms, decimal and character. Both represent integer valued guantities since
SKIMP only has integer valued variables and performs only integer arithmetic. A
decimal constant is represented by a seaquence of digits. For example:

123 98765 o
No decimal points or powers of 10 are allowed.

Strings of up to four charactera can be represented by surrounding the
characters with quotes. For example:

'I‘FREDI '123"' le




The internal value is formed by packing the (ASCII) values of the characters
right-justified in 8-bit fields of a word. A gquote can become one of the
characters of the value by repeating it. For example:

'lJlH‘IISi Teee

Input Lexical Processing

Spaces are deleted on input everywhere except when they appear between
quotes. Before deletion, however, they are significant in terminating the
keyword '$#' shift mode. Text between gquotes remains intact with the exception
that a repeated quote iz regarded as a single guote, Newlines can therefore
appear between quotes. For example, to teat for the value of a newline
character:

$IF I=1
' $THEN SRETURN

This is equivalent to: a
$IF I = 10 $THEN SRETURN

since the ASCII value of a newline character is 10.

SKIMP statements are separated by either ";' or a hewline. Thus several
statements can appear on one line of text. For example:

=1 2 =2 2 T 23

In order to represent a single statement on more than one line intermediate

newl ine characters can be inserted when preceded by the c¢ontinuation keyword 3C.
For example:

$IF X =1 $THEN fC
A'=B -

Thi= is equivalent to:

$IF X =1 %THEN A =B

Program Structure

A SKIMP program starts with the statement:

! $BEGIN

and ends with the statement: ’ E

SENDOF PROGRAM

Inside the program, routines and functions may appear in sequence or nested
a= required. A routine takes the form:
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SROUTINE RT

and a function takes the form:

SINTEGERFN FN

The only difference betueeﬁ routines and functions is that functiona produce a
value a= their result and routines do not. The structure of a program could
take the following form, for example:

SBEGIN
SROUTINE A
3END
SINTEGEKFN B
BROUTINE C

LI

SENDOFPROGRAM

Details of routines and functions and their parameters are given later,

Declarations

Names of variables amd arrays dencting storage objects are declared at the
start of a routine or function. Execution of declaration statements has the
affect of setting aside storage for those variables or arrays. When the routine
or function in which the declaration cccurred is returned from, that storage is
deleted so that it may be re-used for future declarationas. When routines and
functions are entered recursively new storage is set aside for the variables and
arrays declared there without the atorage for the old incarnation of the routine
or functions being 1lost. This becomea accessible again when the recursive
activation is left. A stack is used to accomplish this. The only objects SKIMP
manipulates are integer valued.

All names must be declared before they can be used. Scalar declaratlions take
the form:

RINTEGER <NAME>, <NAME>, <NAME>, . . .
Arrays are declared:
%SINTEGERARRAY <NAME>, <NAME>, . . .( <EXPR> : <EXPR> )

where the phrase <EXPR> is used to denote the presence of an arithmetical
expression. For example:

BINTEGER I, J, K

sets aside three locations and names them *1', 'J' and 'K'. The expresasions in




the array declaration are the lower and upper bounds on the index of the arrays.
They may be elther constants, for example:

SINTEGERARRAY A ( 1 ¢ 10 )
or expressions which are evaluated at run-time, for example:

SINTEGERARRAY B, C ( -1 : N+1 )

Only one-dimensional arrays are defined in SKIMP (but see possible extensions in
Appendix 2).

Note that the firat statement of a routine or function has the effect of
declaring its name. Hence, this must appear before any calls on the names.
This allows selif-recursive calls but not crosas-recursive calls between two
routines at the same nesting level. (SKIMP does not have routine and function
SPEC= aa in IMP). '

Scope of Varjables.

When a varlable or array is declared, that name can be used anywhere in the
routine or function in which the declaration appears, but not outside it. If
the routine or function has nested routines or functions the name can also be
used in these (as 'global' to them). For example:

SROUTINE A
$INTEGER I
SROUTINE B
$INTEGER J
JEND
SROUTINE C
$INTEGER K
SROUTINE D
$END
$END

SEND

The name 'I' can be used anywhere in routines *'A', 'B', 'C' and 'D'. The name
'J' can be used only in routine 'B' and the name 'K' can be used in routines 'C'
and 'D'.

Although, clearly, all the names of varlables declared in a single routine or
function must be distinct, the same names may be declared in different routines
to refer to different storage objects. When a name is redeclared in a nested
routine or function, the storage for the global object of the same name becomes
inaccessible whilst within that routine or function. The name will always refer
to the most 'local' declaration.

Arithmetic Expreasjons

An arithwetic expression consists of a seqguence of operands separated by
operators, possibly preceded by a unary operator (+, =, \) . Operands can be
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array elements, constants, calls on functions or bracketted sub-expressions.
The operators are:

+ - addition
- . subtraction
L : multiplication
! : diviaion (rounded)
=8 - exponentiation
<< ~ logical shift left
b : logical shift right
& H logical AND
! : logical OR
I 2 logical Exclusive OR
\ : logical NOT
Their precedences are:
\ z highest
LA S & SR 5
" / &
+ = 1 1 : lowest

The precedence is left to right for operatora of equal precedence. Thus:
174 ®K
i= equivalent to:
(1 /4 )*K
Array element operands take the form:
<NAME> { <EXPH> )
For example:

ALL)
Blz*A(d })

Assignment

Varlables and array elements are assigned new values using statements of the
form :

{NAME> = <EXPR>
CNAME> | <EXPH> )} = <EXPR>

For example:




Routines apd Functions
A routine l=s called by executing a statement consisting of the name of the
routine. For example: .
BROUTINE RT
SEND
would be called by the astatement:

RT

Similarly, the call of a function appears as an operand of an expression. For
example:

BINTEGERFN FN
SEND
might be called by:
I = FN

Routines and functions can be called recursively to any depth. ‘The exit from a
routine is specified by the statement:

#RETURN

This is alsc implied by executing the BEND statement of a routine. Tne exit
from a function must give in addition a result for the tunctlion:

*RESULT = <EXPR>

For example:
BRESULT =1 =4 - K

Execution of the BEND statement of a function is invalid. A routine or function
can only be entered by an appropriate call as described above. If a routine or
function is encountered in the normal fiow of control of a program at run-time
it is skipped around.

Routine and Function Parameters

Parameters of the following types can be passed to routines and functions:

SINTEGER
SINTEGERNAME
$INTEGERARRAYNAME

The first is a 'valuve' type parameter and the other two are 'reference' types.
For the 3INTEGER type, the value of an expression in the routine or function
call is calculated and passed to the routine or function as the initial value of
the parameter. The initialised parameter can be regarded thereafter as a local
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variable. For the 3INTEGERNAME type, a reference to some storage object outside
the routine or function is passed and this object will be referred to whenever
the parameter is referenced within the routine or function. Hence the only
admissible forms of parameter in the call are either the name of a variable or
the name of an array element. Similarly for the 3INTEGERARRAINAME type, a
reference to an array is passed and the only admissible form of ‘actual'

parameter is the name of an array. For example:
SINTEGER A,B,C

SINTEGERARRAY M,N (1:10)
SROUTINE JIM(SINTEGER 1,3INTEGERNAME J, 3INTEGERARRAINAME K)

SEND
JIM (A+B,C,M)
JIM (A,M(B),N)

Jumps

SKIMP labels are numerical. For example:
123: LY H
To "jump to these labels the instructions would be:
=>123 =>4987
Labels are local to a routine or function anﬁ jumps can only take place within
the routine or function and not either to an outer textual level or to a nested

inner level. Labels are not declared and jumps may precede or follow the
ocourrence of the corresponding label without restriction.

Conditional Statements

The general form of the conditional atatement ia:
B31F <COND> BTHEN <INSTH> BELSE <INSTR>

where <COND> represents the condition to be tested and <INSTR> represents a
restricted class of instructions described below. If the condition is true the
first of these instructions is executed, otherwise the second. ‘The 3ELSE clause
can be omitted in which case if the condition is talse execution proceeds to the
following statement.

A <COND> i1s formed by one or more simple relations of the form:

CEXPH> <COMP> <EXPR>
where <COMP> represents one of the following comparators:
= r = € >= >

For example:

1 < J + K

These simple relations can be combined using the keywords 3AND and 30R. For




example:
l1=Jd BAND K =0

No precedence ls defined between 3AND and %0R. Instead, brackets must be used.
A single level of bracketting may only contain a sequence of simple comparisons
connected with either 3AND or 3UR but not both. For example:

L =0 BAND (J =0 3%0H K =0 %R L =0)

The relations are evaluated left to right but only up to the polnt where the
truth or falaity of the whole condition can be determined.

An <INSTR> may be any of the following types of statement:

assignment
routine call
Jump

BRETURN
SRESULT=<EXPR>
*5TOP

For example:

31F 1 = J 3XTHEN SRETURN
1 K > 0 STHEN K = U JELSE K = -}

In addition, groups of statements can take the place of an <INSTR> and be made
conditionai. The grouping is made by preceding the first statement by the
statement:

BSTART
and following the last one by the statement:

SFINLSH

For example:

3IF J
$IF
L
M 2 :
B¥INISH 3ELSE 3START
L = 2
M=1
SFINISH
IrINISH

STHEN L = O BELSE BSTART
K

K
< K STHEN 3START
1

nn - n

3STARTs and 3FINISHes may be nested to any depth but must balance within any
routine or function.

Comments :

Comment statements start with the exclamation character '1'. Thereafter, all

text is ignored up to the next statement separator i.e. semi-colon or newline.
For example:




! this is a comment
L =0 :! 80 is this ; J

n
=

loput-Output

The standard IMP set of input-ocutput routine names are built into SKIMP.
These are:

$ROUTINE READ SYMBOL($INTEGERNAME X)
Head a single symbol from the current input stream into X.

SINTEGERFN NEXT SYMBOL
Heturn as the result the next single symbol which will be read.

$ROUTINE SKIP SYMBOL ;
Skip over the next single symbol in the input.

SROUTINE PRINT SYMBOL (RINTEGEH X)
Uutput the single symbol x.

$HOUTINE SPACE
Output a space symbol.

$ROUTINE SPACE3(3INTEGER 1)
Output X spaces.

SROUTINE NEWLINE
Qutput a newline symbol,

#ROUTINE NEWLINES (3INTEGEK X)
Qutput X newlinesa.

#ROUTINE NEWPAGE
Uutput a newpage symbol.

SROUTINE READ(SINTEGERNAME X)
Head a decimal number into A skipping preceding spaces and newlines.

$HOUTINE WRITE(3INTEGER X,Y)
Uutput the decimal number X of ¥ digita,.




Chapter 2
Ihe Object Machine.

The SKIMP compiler produces object code output for an invented machine, The
output takes the form of what would be this machine's assembly code rather than
a binary form so that it can easily be inspected by studentz. GSince the machine
is only an invented one and does not exist, the object code cannot be run in the
ordinary way, but an assembler/interpreter for thia code is avallable which
allows the output to be tested.

No attempt has been made to define the machine completely. Only those
features necessary and relevant for the compliler are defined. Interrupt
structure and input-output instructions, for example, are not defined.

The machine has a number of registers which can either be used as
accumulators or as index registers, In this respect, it is similar to machines
such as IBM 370, DEC 10 etc.. It is not a true multi-accumulator machine,
however, in that no register to register arithmetic operations are defined. The
instruction format is shown below:

coperation , register , base , displacement

For example:

LOAD, ACC, DR1, 2

Instructions operate between the register and an effective storage addresa
formed from the sum of the contents of the base reglster and the displacement.
The machine 13 word-addressed and assumed to have sufficient storage and
registers for the purposes of the compiler. Although not striectly necessary, it
i= also useful to define a word size and the instruction word layout. A& 32-bit
word is envisaged with the layout:

v s i ir—v-r#--r-r-n-"-!— ——————————— o + - —— - E 3
i operation | reglster | base | displacement !

ol v o e s o e e o e e e e e - -..'-q.

(8) (4) (4) (16)

This provides for 16 registers and a displacement of up to 65535. All sixteen
registers, 0-15, can be used in the register field of the instruection, but only
registers 1-15 in the base fleld allowing a zero in the base field to indicate
no indexing in the effective address.

The compiler object code output does not in practice use register numbers.
Instead, it wuses reglster mnemonica for convenience of inspection. The
mnemonics used by the compller are:

ACC, STP, COT, WK, DRO, DR1, DR2, DR3,.....

Their individual use is explained in later chapters.




The operations deflined for this machine are:

-

LOAD

LDA

ADD

SUB

MLT

DIV

EXP

STR

NEG

NOT

SHL

SHR

AND

OR

BAL

BZ

BNZ

.

Load the register with the contents of the word at the effective
storage address.

Load the register with the effective storage address.

Add the contents of the word at the effective storage address to the
register.

Subtract the contents of the word at the effective storage address
from the register.

Multiply the register by the contents of the word at the effective
atorage address.

Divide the register by the contents of the word at the effective
storage address.

Raise the register to the power given by the contents of the word at
the effective storage address.

Store the contents of the register in the location at the effective
storage address.

Negate the contents of the register (the effective address Iis
ignored).

Perform the logical NOT on the register (the effective address is
ignored).

Shift the register logically left by the amount glven by the contents
of the word at the effective storage address (zeros shifted in from
the right, bits shifted out to the left lost).

Shift the register 1logically right by the amount given by the
contents of the word at the effective storage address (zeros shifted
in from the right, bits shifted out to the right lost).

Perform the logical AND between the register and the contents of the
word at the effective storage addresa.

Perform the logical OF between the register and the contents of the
word at the effective storage address.

Perform the logical Exclusive OR between the register and the
contents of the word at the effective storage addreas.

Unconditional branch to the effective address and the address of the
next instruction stored in the =pecified register.

Unconditional branch to the effective address {(any register present
is lgnored).

Branch to the effective address if the contents of the reglsater are
zZero.

Branch to the effective address if the contents of the register are
not zero.
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BNG

LE

BL

BNL :

STOP ¢

In addition to these instructions,

Branch to the effective address If the contents of the
greater than zero.

Pranch to the effective address If the contents of the
not greater than i.e. less than or equal to, zero.

Branch to the effective address if the contents of the
lezs than zero.

Branch to the effective address if the contents of the
not less than i.e. greater than or equal to, zero,

Stop execution.

register

register

reglister

register

are

are

are

are

the compiler also outputs an assembler

directive 'FILL' in the same instruction format. This 12 used to direct the
assembler to fill in previously assembled holes in the object code with

appropriate values,

and is desaribed in detail in later chapters.
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Chapter 3
The Structure of the SKIMP Compiler

The SKIMP compiler consists of a set of external routines written in MP, It
is a 1-pass system in that the compiler makes one pass over the source text and
generates the object code statement by statement. Each statement is processed
separately and the processing consists of four phases. These are:

line reconstruction
lexical analysis
syntax analysis
code generation

2w Py o=
LK "E B8

The flow of control through these phases is shown in figure 3.1,

+ - +
PR o > 1line reconstruct |
H i next statement !
: L] - + e
¥ 4
¥ L]
| Wnsia PR
H i analyse lexical |
i H structure H
= A + +
: i
| ——— + +
H | analyse syntactic |
! : structure ;
I A —— e . &
[ ] ¥
] ]
i " i i
| ' i L3 w
] ; ! wvalid syntax 7 |
i +—4 +—+
i ino yes|
] ] ]
[] (] i
‘ I' s s s ——— - —— A —— 4+ + -+
5 1 (===1 print "SYNTAX ?" | | generate code |
: i —— - o + +
| k. [ ]
: ] (]
; ! + + +
! { end of program 7 |
: ino yes|
+ + |
figure 3.1

Syntax Definitions

For convenience when continually modifying and developing the compiler, a
description of the syntax of statements is read in from a file each time a
program is compiled. The syntax takes the form of phrase structure definitions,
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For example:
DIGIT> = "0"','1','2%,'37,'4",75",'6*.'7",'8",'9";

This would define a phrase <DIGIT> as any of the digits 0 te 9. Characters such
as these digits are enclosed within single quotes as shown. Groups of
characters can also appear between guotes if required. Commas separate the
alternative forms the phrase may take and a3 semi-colon terminates the
definition. '

Keywords are enclosed within double quote characters. For example:
€PROC> = "ROUTINE™ , "INTEGERFN" ;

Note that the '%' character can be omitted. When it is not e¢lear what
constitutes a single keyword, for instance FINTEGERARRAYNAME, it may be divided
up as convenient. For example, the forms:

"INTEGERARRAYNAME"
"INTEGER" ™"ARRAY"™ "NAME"

are both valid and equivalent.
A decimal number might be defined by the phrase <N> as follows:
N> = <DIGIT> <N> , <DIGIT> ;

That is, a number is either a digit followed by a number - or is a single digit.
This illustrates how phrases can be defined recursively.

It is also possible to have a null alternative i.e. one with no items, For
example, if it was desired to define a decimal number optionally preceded by a
plus or minus sign, a phrase <SIGN> could be defined:

<SIGN> = '+' , '=' , 3
Then the required definition could be:

<SN> = <SIGN> <N> ;

In other words, the third alternative form of <SIGN», namely nothing, can
precede the <N»>. A phrase definition with only one alternative such as this is
rather redundant but nevertheless quite valid. The particular syntax analysis
scheme used in the SKIMP compiler imposes certain restrictions on the forms
phrase definitions may take but discussion of these is postponed until the
scheme itself has been described.

The syntax definitions for SKIMP are shown in figure 3.2. The types of
statement in SKIMP are defined by the phrase <(STATEMENT> and the remaining
definitions follow from this. There are two phrases built into the compiler and
which therefore do not need to be defined. These are <NAME> and <CONST>. They
represent identifiers and constants respectively. The reason for them being
built-in is that identifiers and constants are recognised at the lexiecal
analysis stage and hence do not require definitions for use by the syntax
analyaer.
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(STATEMENT»>= <INSTR>,
" IF*<COND>"THEN"<INSTR><EL3E>,

<CONST>": "<STATEMENT>,

wFINISH"<ELSE>,
" INTEGER"<ARRAY>,
<PROC> <NAME><FORMAL >,
"END"<OFPROGY,
"BEGIN";
<INSTR> = (NAME><ACTUAL><ASSIGN>,
*=>' (CONST>,
"START",
"RETURN",
"RESULT"™' ='<EXPR>,
—_ "STOP"™;
<EXPR > = <UNARY><OPERAND><EXPRREST>;
. <UNARY> - |_|‘r\l'1‘_t. .
"-~__ <OPERAHND> = <NAME><ACTUAL>,<CONST>,'("<EXPR>')';
<EXPRREST> = <OP><OPERAND><EXPRREST>, :
<OP> - l((l'r}}l.'lﬂ'l.flll.l!l,l'lllqlfr'li'l'!"‘r'!_t: )
<COND> = <TEST><CONDREST>; .
<TEST> = <EXPR><COMP><EXPR>, ' ("<COND>')';
<COMP> “ R S L) AGRLE LR S g b T E G o
<CONDREST> = "AND"<TEST><ANDCOND>,"OR"<TEST><ORCOND>, ;
<ANDCOND> = ™AND"<TEST> <ANDCOND>, ;
<ORCOND> = "OR"<TEST><ORCOND>, :
<ELSE> = "ELSE“<INSTR>,
CACTUAL> = "('<EXPR><EXPRS>")', :
<EXPRS> = ', '"CEXPR><EXPRS>,
<ASSIGN> = '"='<EXPR>, ; :
<ARRAY> = "ARRAY"<NAME><NAMES>'('<EXPR>': "<EXPR>')',(NAME><NAMES>;
<NAMES> = ' '<NAME> <NAMES>, :
<PROC> = "ROUTINE"," INTEGERFN";
<FORMAL> = "('"INTEGER"CFORM><NAME><NAMES><FORMALS>')', ;
<FORM> = "ARRAYNAME" ,"NAME",
<FORMALS> = ', '"INTEGER"<FORM><NAME><NAMES><FORMALS>, ;
<OFPROG> = "OFPROGRAM", :

figure 3.2

Syntax Reduction

When the syntax definitinns are read in, they are reduced to a numerical form
to suit the syntax snalyser., The keywords are also picked out and built up into
a dictionary for the benefit of the lexical analyser. This dictionary is a tree
structure of cells which each represent an individual keyletter. When two or
more keywords start with the same keyletters, the same cells are used for the
letters in common. For example, the keywords 3XSTART and 3STOP would be
represented by the structure shown in figure 3.3.
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figure 3.3

As can be seen, the letters S and T share the same cells. Each cell has two
links in addition. The first links together cells containing successive letters
in keywords and the second links together cells containing alternative letters,
Thus, the cell containing O is linked from the cell containing A through the
second link since A and O are the alternative letters which may follow T. In
addition to the three items already described, ther is a further item in the
cells at the leaves of the tree which contains an identification number of the
keyword which terminates there. These numbers are assigned as the dictionary is
created and range from 128 upwards in order to distinguish them from normal
characters at the lexical analysis stage. To improve dictionary searching
efficiency, the first letter of each keyword is used to index into am array of
26 cells, Tree searching only takes place thereaflter.

Just as keywords are assigned identification numbers, sc are phrase names.
Phrases <NAME> and <CONST> are assigned the numbers 256 and 257 respectively,
and other phrases the numbers 258 upwards, These numbers are used in the
reduced numerical form of the syntax definitions., In general, the reduced form
of a definition is as shown in figure 3. 4:

> o+ B e = s
A 1} |

L L

* -

B A e o B b T R A

alternative 1 | ! NT2 | alternative 2 | | 1 0

NT1

o wmw A

L R

*
L

figure 3.4

The zero signifies the end of the definition. The contents of the alternatives
fields in the diagram correspond one for one with the items in the definition
read in. They are either the numerical equivalents of the literal characters or
keyword or phrase identification numbers, NT1, NT2 ete. are the number of
phrase items in that alternative. This is of relevance to the syntax analyser.
The definitions reduced in this way are stored one after another in sn array as
shown in figure 3.5.
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1 § 1259 11 3 135 260 145 259 261 16 2 257 58 258 20

17 1 133 261 24 1 136 262 29 3 263 256 264 33 1 131 265
i3 3 0 130 0 u2 3 256 266 267 U7 1 85 62 25T 50 0
49 143 53 O 14p S8 1 141 61 268 61 O 144 0 67 3 269
65 270 271 oM O 45 76 0 92 7T O 43 79 0 O B84
- 81 2 256 266 A7 1 257 Q2 1 40 268 4 0 98 3 272 270
97 271 100 © 0105 0 60 60 109 0 62 62112 O 38 116
113 0 33 33119 0 33123 0 42 42126 0 47129 0 W2

129 1322 0 43135 ©0 45 0 140 2273 274 0 146 3 268 275
145 268 151 1 40 260 W 0 155 0 61 158 0 35 162 o 60
161 61 165 0 60 169 0 62 61172 0 62 0178 2 128 273
177 276 183 2 138 273 277 185 O 0 191 2 128 273 276 193 0O

193 0 199 2 138 273 277 201 0 0206 1132259¢208 0 O
209 215 2 40 268 278 41 217 0 0223 2 44 268 27B 225 O
225 0 230 1 61268 232 0 0243 4 129 256 279 40 268 58
2u1 268 41 247 2256 279 0253 2 bl 256279255 0 0 259
257 0O 142 263 0 136 134 0 273 4 U0 136 280 256 279 281 41

273 275 0 0280 0 129 137 283 0 13728 0 0294 4 44
289 136 280 256 279 28Y 296 O O 300 0133302 O O

figure 3.5
The identification numbers of the keywords and phrases corresponding to this are

shown in figure 3.6, This figure also gives the starting index positionz in the
array of each of the phrase definitions.

Keywords Phrases

128 AMND 256 0 NAME

129 ARRAY 257 0O  CONST

130 BEGINM 258 1 STATEMENT

131 END 259 37 INSTR

132 ELSE 260 136 COND

133 FIMISH 261 202 ELSE

134 FN 262 233  ARRAY

135 1IF 263 256 PROC

136 INTEGER 264 261 FORMAL

137 HAME 265 297 OF PROG

138 OR 266 209 ACTUAL

139 OFPROGRAM 267 2ahb ASSIGN

140 RETURM 268 62 EXFR

141 RESULT 269 68 UNARY

142 ROUTINE 270 BO  OPERAND

143 START 2 93 EXPRREST
' 144 STOP 272 101 OP

145 THEN 273 141 TEST

274 173  CONDREST
275 152 COMP

276 186  ANDCOND
277 194  ORCOND
278 218 EXPRS
279 248  NAMES
280 276  FORM

281 286 FORMALS

figure 3.6

If any faults are diseﬁvered in the syntax definitions by the reduction routine
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the compiler will halt without attempting to compile the source,

Implementation Details

The routines which implement everything described in this chapter are
contained in the file ‘'3KIMPA'. The routine which reads in the syntax
definitiona is named 'READ PS' and it takes the definitions from a file named
'SKIMPPS'. The resultant reduced form is stored in the array named 'P3'., The
positions in this where phrase definitions start are given by the array ‘PP’
which is indexed by phrase identification number. The information given in
figures 3.2, 3.5 and 3.6 is output to a file named "SKIMPPSL'.

The keyword dictionary is formed from cells which are records of the record
array named 'KD'. Their format is:

LRECORDFORMAT KDF(SINTEGER L,N,A,B)

'L' represents the key letter, 'N' the identification number at a leaf cell and
'A' and 'B' the two links used in the tree structuring. The creation of the
dictionary is slightly involved since keywords in the dictionary have to be the
"lowest common denominator' of the keywords in the syntax description. This
means that keywords may have to be split up if a new keyword is encountered
which 13 a prefix of an existing one. A loecal string array 'KA' of keywords i3
used to aid this process.

The main control loop of the compiler which is illustrated in figure 3.1 is
implemented in the main routine named 'SKIMP'. The box ‘generate code'
corresponds to routine 'STATEMENT' in file 'SKIMPB'. Subroutines used by this
routine appear in the other files 'SKIMPC', 'SKIMPD' and 'SKIMPE'. The general
strategy in processing statements is to break them down into component syntactie
parts and process each of these simpler parts individually. At the highest
level, each alternative form in the definition of phrase <STATEMENT> is
processed separately by executing a switch on the alternative number in the
analysis record of the statement (see next chapter)., This is also done at the
lower hierarchical levels. '
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Line Reconstruction

Line reconstruction is.the first phase of processing of the raw source text
and ls a simple cleaning up operation. Its functions are: .

1. to mark keyword letiters

2. to remove spaces

3. to concatenate continuation lines
4, to discard comments

Since the use of '$' as a prefix can lead to many different ways of
representing keywords (c.f. BINTEGERARRAYNAME above), this variabllity must be
removed before they can conveniently be processed any further. This is done
during line reconstruction by deleting the '3' and adding the value 128 to each
keyletter.

The only significance of spaces is in terminating keywords. Hence, after
keyletters have been marxed spaces are discarded. All symbols within guotes
(and this can include spaces and newlines) are left intact, however.

One statement at a time is read from the source file lL.e. up to the first
semi-colon or newline. Any number of lines may be concatenated using the '%C'
at the end of a line subject only to a limitation of 256 characters in total.
This is dealt with by looking at the previous character whenever a newline is
encountered., If it is the value 'C'+128 i.e. a '"3'-shifted 'C', then it and the
newline are discarded and processing continues with the next line. If the first
character of a statement is a '!' the statement is regarded as a comment and
discarded.

Lexjcal Apalysis

The cleaned up text received from the line reconstruct phase is next
processed to find lexical objects., These are:

1. keywords
2. names
3. constants

The start of any lexical object is determined by inspecting each character in
turn. A value greater than 128 indicates the start of a keyword. The adjacent
characters also greater than 128 are concatenated into a atring which is then
looked up In the keyword dictionary described previously. The identification
number thus produced (ranging from 128 upwards) is stored in the lexical output
array in place of the keyletters. Potentially more than one ldentiflication
number can result from a compound keyword. In this case the look up routine is
called repeatedly until all the keylettera have been identifled. '

If a character value lies between 'A' and 'Z', it and the following letters
and digits comprise a name which is then looked up in a dictionary. If the name
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iz already in the dictionary then its existlng identification number Is used.
If it is not already in, it is inserted and a new identificatlion number
generated for it. The output to the lexical array consists of the number 256
(the phrase number of <NAME>) followed by the ldentification number of the name.

The identification numbers are the positions at which the names are stored in
a 'hash table', The hash table operates as follows. A calculation is performed
on the characters of the name itself to produce a '"hash index', If this
position is not already occupled, the name is lInserted at that peint. If the
position is already occupied the name stored there may or may not be the same as
the new name being looked up. If it is the same then no further action is
required. If it is not, a 'elash' has occurred which must be resolved.
Numerous methods of doing this have been invented but the simplest possible one
is used here. This 1a to scan forward cyclically inspecting each successive
position in turn. If the new name is encountered in any of these positions,
again no further action is required. If, however, an unoccupied position is
encountered then the new name cannot be in already and so can be inserted there.

The requirements of the hash calculation are that it should be fast and that
as far as possible different names should produce different indexes. This is,
of course, unattainable in general since there are many more potential names
than indexes but a fairly good attempt can be made. The scheme used in this
compller packs character values into a word, divides this word by a prime number
Just leas than the =ize of the hash table and takes the remainder as the hash
index. :

Constants start with either a diglt or a aingle quote character. The lexical
action in this case is to evaluate the constant and to insert the number 257
{for phrase <CONST>) followed by the value into the lexical array. For
character constants the value conalists of the Individual character values packed
into 8-bit fields of a word right justified.

Characters which are not part of keywords, names or conatants are passed
through to the lexical array unchanged. 3Since characters have values less than
128, the type of a lexical item can be determined from the range it lies in.

Syntax Apalysis

The compliler uses a top-down recursive descent method of syntax analysis
which is directed by the table of reduced syntax definitions deseribed earlier.
This analyses the output of the lexical phase with respect to the phrase
<STATEMENT>. The algorithm is lmplemented as a routine which conslders just one
phrase definition. Where literal characters or keywords appear as items In the
definition they are compared directly with the lexical informatlion and where a
sub-phrase appears as an ltem, the routine is called recursively to match it.

The technique involved in watching a phrase is essentially a search in that
each alternative in the phrase definition is considered in turn. 3imilarly, the
items jn an alternative are consldered one after another. An alternative
matches if all the items in it have been matched. If any item in the definition
does not match, the whole alternative in which that item appears is abandoned
and the algorithm moves on to try the next alternative. A flow diagram of the

algorithm is given in figure 4.1. Figure 4.2 shows the stages in the analysis
of the statement:

SINTEGER I,J
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figure 4.1

The restrictions upon the form phrase definitions may take which were
mentioned in the previous chapter arise from this comparison algorithm.
Consider the definition:

N> = N>DIGIT> , <DIGIT)> ;

If the apnalyser were to use this a recursive loop would result since <N> appears
as the first item in the first alternative. Similarly, consider the definftion:

<N> = <DIGIT> , <DIGIT><N> ;
In this case, the analyser would only be able to recognise single digit numbers
since the first alternative would always prove successful and the second
alternative would never be tried. Situations of these kinds must be avoided.
Fortunately this usually presents no difficultles.

From the efficiency point of view, 1t is also desirable to avoid other forms
of definition. An example might be:

CEXPR> = <OPERAND><OP><EXPR> , <OPERAND> ;

The Iinefficlency results from <OPERAND> being the first ' item in both
alternatives. Clearly, whenever the second alternative Is recognised ( the last
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compare <STATEMENT>
iat alternative
tat ftem = <INSTR>»

compare <INSTR>
1st alternative

lat item = <NAME> / no match
2nd alternative

1ast item =

'-' / no match

ird alternative

1st item = "START" / no match
H4th alternative

1st item = "RETURN"™ / no match
5th alternative

1at item = "RESULT" / no match
6th alternative

fat Lltem =

"STOP™ / no match

failure to match <INSTR>

2nd alternative

Ist item = "IF™ / no match

3rd alternative

st item = <CONST> / no match

4th alternative

1st item = "FINISH" / no match

5th alternative
1at item =
2nd ltem =

"INTEGER™ / match
<ARRAY>

compare <ARRAY>
lat alternative

1st ftem = "ARRAY™ / no match
2nd alternative .

1st item = <NAME> / matech (I)

2nd item =

<NAMES>

compare <NAMES>
1st alternative

Iat item =

',' / match

2nd item = <NAME> / match (J)

3rd item =

<NAMES>

compare <NAMES>
Ist alternative
I1st item = *
2nd alternative
null item / match
successful match of <{NAMES>

.,V / no mateh

no more itema
successful match of <NAMES»

no more ltems

successful

no more ltems
auccessful mateh

figure 4,2

match of <ARRAY>

of <STATEMENT>
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operand of an expresslon) phrase <OPERAND> will have been recognised twice.
Thi= could have been avolded by writing the definition of <EXPR> in the
following way: :

<EXPR> = <OPERAND><REST> ;
<REST> = <OP><OPERAND><REST> , ;

Definitions with only one alternative are, strictly, unnecessary and result
in the inefficiency of an extra recursive call, but are occasionally used for
the sake of clarity. <EXPR> and <COND> are examples in the SKIMP syntax.

Efficiency ls also partly the reason for recognising names and constants at
the lexical stage. If their recognition were left to this algorithm, two
phrases such as:

<LETTER> = "A" , "B' , 'C' , . « + « "2' ;
CPEGIT> = Mv . *¥Y o 2% L ¢ Y i
would probably have to be introduced., Since the algorithm searches through the
alternatives, the recognition of letters and digits would be very slow.

Also in view of the searching, it will clearly be beneficlial to put the most
commonly occurring forms of alternative first in the definition of a phrase. In
particular, <STATEMENT> and <INSTR> are ordered in what i= hopefully a senalble
way with this consideration in mind.

Analysis Records

During the course of syntax analysis, a record is kept of which phrases have
been recognised. This information is passed to the code generatlon phase of the
compiler and directs its course of action. The record consists of a
linearisation of the analysis tree corresponding to the statement recognised.
For instance, the analy=is tree corresponding to the example above would take
the form shown in flgure 4,3.

CSTATEMENT> / 5

1

! R oy
i ]
]

"INTEGER" <ARRAY> / 2

] ¥

] ]

i $mmmmmmmaa}

: ! -
<NAME> <NAMES> / 1

| O

: e :, e

| H ; !
'II [ ]

o {NAME> <NAMES> / 2
[}

: H
rJr null

figure 4.3

The number after the each phrase name Iin the tree i3 the number of the
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alternative In its definition which was matched. These numbers and the polnters
emanating from each phrase comprise the information stored in the linearised
form of analysis record. For each phrase, the record takes the form shown in
figure 8. U:

o ———— - B L ——

| alternative number { polnter 1 | pointer2 | . . ..

+ - i i e s i e e i s e —n - L Y T

figure 4.4

The information is pruned to a certain extent, however. There are only pointers
for the phrase items matched. All reference to keywords, literals and null
alternatives is omitted since their presence can be inferred from the
alternat ive numbers. Phrases <NAME> and <CONST> are treated specially since
they vwere recognised at the lexical stage. To be consistent with other phrases,
both are given an alternative number matched of 1. 1In addition, for <NAME>, the
following word 1s set to contaln the ldentification number of the name and for
{CONST>, the following word is set to the value of the constant. The analysis
record for the axample is therefore as shown in figure 4.5:

Frmm e > o e
Gl Feemdiad ) Berrelend !
S i i i ] ' : I
B s T T SRR SRS + i e e S

1513121618111 IDX)d v b3 Inda) b2

figure 4.5

The phrase names themselves also do not appear in the record as can be seen
above. The pointers are just indexes into the array in whiech the record is
stored. To aid clarity, when the analysis record is printed out by the compiler

(the ANAL option) the positions at which phrases start are indicated by inserts
such as:

(1/STATEMENT)  (3/ARRAY)  (8/NAMES)

lmplementation Details

Line reconstruction and lexical analysis are implemented together in the one
routine which is named °*READ STATEMENT' and which appears in file 'SKIMPA'.
Subsidiary to this are routines which deal with each kind of lexical object.

These are named 'KEYWORD', 'NAME' and 'CONST'. Reconstructed text is placed in

an array named 'TT' and thia is lexically reduced into an array named *'T'. The
name dictlionary which is created during lexical processing comprises an array
named "NAMEDLINK' and a byte array named 'NAMED'. The former is used as the
hash table and the entries in it point to positions in the latter array where

the characters of the names are stored as concatenated strings. For example,
figure 8.6 '
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figure 4.6

The syntax analysis routine is named 'COMPARE', also in file 'SKIMPA', and is
a function which returns the value 1 for success and 0 for failure. Tt takes as
lts single parameter the identification number of the phrase to be matched in
this call. Hence, it is initially called with the number of phrase <(STATEMENT>.
Since <STATEMENT> is assumed always to be the first phrase definition to be read
in, this number 1is 258. Phrase numbers 256 and 257, <NAME> and <CONST>
respectively, are picked out on entry to the routine and treated as literals
since they have already been recognised. The analysis record is placed in an
array named 'A'.

Processing Analysis Records

The basis of the processing rests on knowing the starting position in the
analysis record of each phrase which is of concern. The values 1in these
positions indicate the alternative which was actually recognised by the
comparison routine and it is this information which directs the code generatlon.
The form of analysis record facilitates finding out where the phrases start.
These are simply the values of the pointers which follow each alernative number.
Consider, for example, the phrase structure associated with the declaration of
variables:

CSTATEMENT> = . . . ., . ,"INTEGER"<ARRAY>, . . . .
CARRAY> = "ARRAY"<NAME> CNAMES>'('<EXPR>':'<EXPR>')"', CNAME> <NAMES>:

The analysis record for:

RINTEGER I, J, K

would be:
5 3 2 6 8 1 ID{I) 1 11 13 1 1D(J) t 16 18 1 ID(X) 2

The compiler fairly consistently uses names for the positions of where phrases
start in the analysis record which consist of the name of the phrase with 'P?
(for 'pointer') appended. 1In the case of phrase <STATEMENT)> the variable is
'*STATEMENTP' and it is the value in the analysis record at that point which
causes the maln switch in routine 'STATEMENT'. For the positions of phrases
<ARRAY>, <NAME> and <NAMES>, the variables are 'ARRAYP', 'NAMEP' and 'NAMESP'
respectively. The following IMP code shows how the values for these are set up
and the declaration of scalars is handled:




ARRATP=A(STATEMENTP+1)
NAMEP=A(ARRAYP+1)
NAMESP=A( ARRAYP+2)
LIF A(ARRAYP)=2 %START
4CYCLE ;! for each name declared
PUSHTAG(A(NAMEP+1), ete. )
NEXTRAD{LEVEL)=z ete,
$IF A(NAMESP)=2 STHEN %EXIT
NAMEP=A(NAMESP+1)
NAMESP=A{NAMESP+2)
LREPEAT
TFINISH SELSE %S5TART
! array declarations

- - - L]

The routine call on "PUSHTAG' and the following line deal with the declaration
of each name. This is described in more detail in¥chapter 6. Each time round
the loop the variables "NAMEP' and '"NAMESP' are updated for the next name and
the exit from the loop takes place when the null alternative of phrase <NAMES),
alternative 2, is encountered.
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Chapter 5
Storage Organisation

Layout of Store

The compiler produces object code which assumes the layout of store shown in
figure 5.1. The object code itself starts at address zero and the table of
constants and run-time stack follow consecutively. If it was so desired,
however, the code could easily be made relocatable and the two other areas could
be located elsewhere, for Instance in separate segments on a machine with such

an architecture.

«0

e e -

Object Code

fmmmmm e ———————— +
| |
] ]
1 ]
i Table of H
H Constants |
! !
i L)
i ]
e s e +
1 H
H :
] Run-time :
! Stack i
i ]
: H
dmmms s ———— +

figure 5.1

The entry point to the object code is at address zero. The code dumped at
this position sets the register 'COT' to the base of the table of contants and
also sets the first display register, 'DR1', to the start of the stack (see
below}. Accesses to data are always made via index registera.

Bun-time Storage Allocation and Addressing

The block structure of SKIMP leads naturally to the use of a stack for the
allocation of storage. In particular, the possibly recursive calling of
routines and functions is most convenlently dealt with using a stack. Storage
for local variables and arrays is allocated when the routine or functlon is
entered and deallocated when it is left. These areas are sometimes known as
'local name spaces'. Return addresses can also be preserved on the stack.

Consider a number of routines 'A', "B', 'C' etec. and the storage allocation
for variables and arrays In those routines. Suppose routine 'A' is called which
then calls 'B' and which then calls "C'. A picture of the stack would be:
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Similarly recursive calls, say '"B' called 'A', 'A' called 'a', 'A' called 'C!
and 'C' called 'B':
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; Note that completely new storage areas are allocated for recurszive calls. A

; result of this 'allocate when called' scheme is that the storage for routine iz
liable to start anywhere on the stack and not in a fixed place. The compiler
cannot therefore assign addresses to the variables as it comes across them in
declarations at compile-time. However, it can assign them addresses relative to
the start of the storage area for that routine and this It does. To access a
variable at run-time therefore requires both thls *relatlive address' and the
address of the start of the appropriate local name space., These start addresses
can be kept in reglsters thus allowing the 'base register and displacement' form
in a single object instruction to be used to access variables.

A register need not be allocated to each routine in the program, however,
Only those which are currently active i.e. called, and which contain variables
in scope at the current point of execution of the program, need have
corresponding registers. 3Since only one routine can be In scope at each textual
level l.e. routine nesting depth, only one register per textual level is needed.
This set of registers is known as a 'Display'. For machines with no or only a
few index registers, a display can be kept Iin store rather than registers but
then extra overheads are involved whenever varlables are accessed. A typleal
situation is that in which there are sufficient registers for one to be
i permanently allocated to the most recent local name space and perhaps another to
f be used for all global accesses. The loss of efficiency here is usuvally fairly
; acceptable, No such difficultlies arise with the SKIMP machine.

Clearly, the display will need to be updated on routine entry and exit.

Consider the following section of program with two routines at the same textual
level:

AROUTINE A

SEND

SROUTINE B

SEND i

When 'A' is called, the stack situation will be:
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where 'DR' is the register allocated to point at the start of *A's local name
space. When 'B' is called from 'A', the variables in 'A' are no longer in scope
i.e. are inaccessible, so 'DR' can be re-used to point to 'B's local name apace:

When 'B' returns, '"A's variables must agaln become accessible. Hence, the
previous value of 'DR' must be preserved, This will be true for all the
registers of the display. Their values must be preserved when they are updated
so that they can eventually be restored. The stack can also be used for this
purpose. The object code the SKIMP compiler produces puts preserved display
values in the first location of each local name space followed by the return
address to the calling routine. Storage for variables starts after that.

Thls discussion leads to the following scheme for updating the display. The
display is represented by the registers 'DR1', 'DR2', 'DR3', etec. and the
register which is used to point to the start of unallocated storage on the stack
is named 'STP', standing for STack Pcinter. The call of a routlne or function
is made by means of an Instructlion of the form:

BAL, WK, . (start address)

which leaves the return address in a 'work' register named 'WK'. The code at
the point of entry to a routlne is:

STR, DR{level of routine), STP, 0O
LDA, DR(level of routine), STP, O
STH, WK, STP, 1

ADD,  STP, - (storage area size)

At 2 polnt of exit i.e. BRETURN, SRESULT=, or 4END, the code isa:

LDA, STP, DR(level of routine), 0
LOAD, DR{level of routine}), STP, 0
LOAD, WK, STP, 1
B, i WK, 0

Acray Addressing

As mentioned previously, varlables are allocated locatlons relative to the
start of a local name space as they are declared. A problem arises for arrays
since they may have bounds which are evaluated at run-time which means that the
amount of space they need is not known at compile-time. If the space for arrays
and variables were allocated in the order of declaration, variables declared
after an array would not have a fixed relative address, The solutlon is to
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allocate the space for arrays after that for the variables as shown in the

diagram:
mrbm e m—— LT T T jrmmmmsmcam = femmres . —————— =
{ old DR } return addr | static area | <dynamic area |
e i e o e e e e g et e fm—r—m————— e m == $==
|
DR-->

Each array is now allocated a single location in the static area and this points
to the place in the dynamic area where the storage for the array is located.
For example:

LINTEGER I, J
SINTEGERARRAY A, B( ? @ 7 )
1INTEGER K, L

e i e e >
bm—— [ — » H
i H ' H
B T T T Ry TR P Mo SRS SRt TPgr TOUL Y IRy Tyt Py Gty Y
R S S SR S B ! P K Lo} A i B i
B S S — T o Fomm—— e pmm——— fom e ——— TSP S — -
i i
Cm=DH STP=-=>

When register 'STP' is incremented at routine entry, It is Just ineremented
past the statle storage area. The object code cutput for an array declaratlen
allocates space beyond 'STP' and moves 'STP' up as appropriate for the size of
the array. Varlables in the static area have an address:

DR{textual level of declaration) + relative address of variable
which allows them to be accessed in one instruction. Array elements on the
other hand can only be accessed indirectly via the pointer. If this poinis to
the position of the posaibly hypothetlical 7ero element of the array rather than
the first actual location, the address of an element such as:
A( expression )
will be:
[ DR(level) + rel. addr. of pointer ] + value of expression
where the square brackets lndicate 'contents of'.

In additlon to incrementing 'STP' the object code for an array declaration
must alse (ill in thiz =zero address. For the general case of an array
declaration:

SINTEGERARRAY A,B,....( lower : upper )

the form of the object code is:
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code to evaluate *lower' in 'ACC'

S5IR, ACC, DR{level), templ

code to evaluate 'upper' in 'ACC'

LDA, ACC, ALC, 1

STR, ACC, DR(1level), temp?2

s5u8, sTP, DR{1level), temp1

STR, 5TP, DR(level), rel, addr, of 'A's pointer
ADD, 5TP, DR{level), tenp2

suB, STP, DR({level), templ

STR, STP, DR(level), rel. addr. of 'B's pointer
ADD, 3TP, DR(level), temp2

- - - - -

"temp1' and 'temp2' are temporary working storage locations set asaide in the
loecal name space to hold the values of 'lower' and "upper+l1' respectively.
(Similar working storage 1is also used for partial results when evaluating
expressions.) For each array declared the value '5TP-lower' before 'STP' is
incremented gives the zero element address and that plus "upper+1'! gives Lhe
tinal value of 'SIP' having allowed space of length 'upper-lower+l' for the
array.

Parameter Passing

Parameters are regarded as initialised loecal variables of routines in SKIMP.
Passing parameters for a routine call therefore consists of setting these
initial values, This is quite straightforward =ince the the parameters will
have the first relative addresses to be allocated in the static area of the
routine's local name space, Before the entry code haa been executed, the start
of the future local name space will pointed to by the current value of 'SIP'.
This allows the values of the parameters to be stored uzing addreases relative
to 'SIP' before the 'HaL' is executed.

The three types of parameter are each treated differently, For SINTEGER
value type parameters, the expression in the call is evaluated in register 'ACC'
and then stored in the appropriate place. For RINTEGERNAME type parameters, the
address of the variable or array element is evaluated in register 'ACC' and then
stored., Thereafter, the parameter has to be accessed indirectly via thias
address. For SINTEGERARRAYNAME type parameters, the word containing the zero
element address of the array in the call is copied to the parameter locatlon,
This allows accesses to array name parameter elements to be handled by the
compiler in exactly the same way as those to ordinary array elements.

To 1illustrate the scheme, consider the stack when routine 'R' 1in the
following pruaram is called:

ABEGIN
TROUTINE R(XTNTEGER X, %INTEGERNAME Y,SINTEGERARRAYNAME 1)

TEND

SINTEGERARRAY A ( 0 : ? )
SINTEGER I, J, K

R(I+~, K, A)

- = & & =
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The object code for such a call would be:

LOAD, ACC, DR1, 3 ]__ 1y
ADD, ACC, DR1, L]
STR, ACC, STP, 2 w—p

LDA, ACC, DR1, 5

STR, ACC, STP, 3}' nAME i
LOAD, ACC, DR1, 2 AT
STk,  ACC, STP, w ) acme AS
BAL, WK, . (start address of R)

If a variable of %INTEGERNAME type i.e. a parameter, is passed as the actual
parameter for another TINTEGERNAME parameter, the word containing the reference
to the original actual parameter is copied to the position for the new parameter
thereby maintaining just one level of indirection to reach the required addresa.

Implementation Details

Declarations of both scalar variahbles and arrays are processed as alternative
5 of phrase (STATEMENT> in file 'SKIMPBR'. The routine 'PUSHTAG' which records
details of declarations for future use is deseribed in the next chapter,
Relative addresses in the statie area of any local name space are allocated
sequentially. However, routines may be nested and may appear in the middle of
the variable declarations of the enclosing routine, Hence, the next relative
address to be allocated must be retained for each textual level up to the
current level to allow for this, These values are stored in the array 'MNEXTRAD'®
which has an element for each possible textual 1level, Since the compiler
variable 'LEVEL' always contains the value of the current textual level, the
assigmment of relative addresses always uses "NEXTRAD(LEVEL)'.

Routine 'GET WORK' allocates locations in the local name space for temporary
storage of partial results, in this 1instance in connection with array
declarations. They are handled In exactly the same way as scalar declarations.

Routine entry and exit sequences are dumped by the routines *ENTER' and 'DUMP
RETUKN' which appear in file 'SKIMPD'. Note that 'ENTER' also handles the
"$BEGIN' statement since this is similar in many respects.
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Chapter 6
Identifier Tag Handling

All identifiers in SKIMP either have to be declared or have to be specified
before they can be used. This is to enable the compiler to generate the
appropriate code when the identifier is laler encountered. 1In practice this
means that the compiler must preserve information about each identifier as it is
declared or specified and this will be referred back to each time the identifier
is used. This information on each identifier is often called a 'tag'. There
are several different items of information which are packed together to form the

tag which are: .

1. Form of identifier

2. Type of identifier

3. Number of ‘parameters (or dimensions)
4.. ,  Textual level of declaration

5. Relative address or start address

1. The form of an identifier is intended to differentiate between scalar
variables and arrays, value and reference types of parameter, and data and
program objects,

2. The type of an identifier specifies whether it is TINTEGER in nature or

not. (In extensions to SKT4P the type would distinguish between SINTEGER, $REAL,
%COMPLEX, %ISTRING ete.)

The various forms and types in SKIMP as at present implemented are given the
code values shown below:

form type
TINTEGER 0 1
LINTEGERNAME 1 1
SINTEGERARRAY 2 1
TINTEGERARRAYNAME 3 1
SROUTINE 4 0
TINTEGERFN 4y 1

3. If SKIMP implemented arrays of more than one dimension, the number of
dimensions would have to be saved. As this is not the case this information is
redundant. The corresponding information for routines and functions is needed,
however. This is the number of parameters they take. Information about the
parameters occupies further taz words using a scheme described later.

4. The textual level of declaration of each name must be saved since this is
used to select the appropriate display base register for addressing purposes.

5. To complete the information needed for addressing variables and arrays,
the relative addresses assigned must be saved. For routines and functions the

address of their entry points must be stored so that the correct address can be
output for the BAL instruections.

These items are packed into a single word in the following format:
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As an example, consider the program:

SHEGIN

LINTEGER I,J
SROUTINE R(XINTEGERNAME K)
LTINTEGERARRAY  A(1:10)
TEND

TENDOF PROGRAM

The tag words for these namnes would be:

e T
I 1o0ftioiry 2
S AT Ta—— ——— +
T T e S L
J 3 I R I O I 3 :
. S S
R P80t} (addr) |

]
k
+ + + -+ + o A

R D et St e L b —

K ‘1413002 2 '
e R L S e T TR B
= ¥ + ¥ +
A 12111032 ¢ 3.
Y SO SR— + -

Values of tags can be inspected in the output from the compiler by using the
option '/TAGS' when calling the compiler. They are printed out (in hexadecimal)
at the IEND of every routine and function and at %ENDOFPROGRAM for the names
that were locally declared. An example of this can be found in appendix 1.

The packing of the tag word places some limits on the programs the compiler
can compile, for instance only up to fifteen routine parameters and only up to
fifteen textual levels, but these are not serious limits for this compiler. (In
fact, less than fifteen textual levels are permitted due to lack of registers.)
This word of information has to be made available whenever the name it
corresponds to 1s used. Since names are identified by a dietionary position
1.e. hash position, a further array is used in parallel. This contains pointers
to the list cells which contain the tag information. This is be illustrated in
figure 6.1 for the preceding example again,

-
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figure 6.1

The diagran also shows how the information on parameters is stored. This is
in further list cells beyond that for the name of the routine. In general, the
structure is as shown in figure 6.2. Note that there i3 now a duplication of
the tag information on the parameter, firstly, in the chain of cells after the
tag for the name of the routine and secondly in the dictionary positlon for the
paraneter name. However, this second occurrence 1is only present during
compilation of the routine i.e, when the parameter name is in scope, whereas the
first occurrence is present whenever the routine name i3 in scope i.e. whenever
parameter information is needed to compile the routine calls,

i ! i

e e e Y D S I Pem—
Voo f=———=>| name | |-==>} par 1 | |-—==>j par 2| |-—> . ..
e et e T T — T —t
I B
figure 6.2

Only those names which are in scope at the position in the program the
compiler is working should have a tag cell. A tag cell is therefore pushed down
whenever a name is declared and popped up again (together with all the paraneter
tag cells for routine names) when it is 'undeclared' i.e. at the end of the
routine or function in which it was declared. This also allows for the
redeclaration of the same name at an inner nested routine level. The tag at the
head of the pushdown list is thus always the one for the lateat declaration. If

the redeclaration i3 a routine nane, of course, the origlnal tag is beyond all
the parameter information cells in the list.

Conaider the following program:




LBEGIN

SINTEGER I
JROUTINE R
TINTEGERARRAY I(1:10)

R

END

L B

S$ENDOF PROGRAM

The tags for this whilst the compiler is compiling routine 'R' will be:

[ []
L] L]
L]
1

R t--—=>j2110042) 2 | l-—-di0friOl1i 2 1 |
e i e e e e e e i i e e o e o e e
1 1 1 |3
] ] : 1 ]

?nd declaration st deplaration

If when a call is popped up, nothing remaina on the list i.e. thia was nnt a
redeclaration, then the space in the name dictionary for that name can also be
recovered, This is the case since the dictionary works on a last-in-first-out
basis, a consequence of the nested structure of SKIMP programs. The question
arises as to how the compller knows which tags to pop up when an ZEND statement
13 reached. An obvious method would be to search through the dictionary for
tags having the appropriate textual level in the level field. A more efficient
method, however, which avoids searching, is to remember in a 1ist the ones which
have to be popped up. Each cell in the list contains the dictionary position of
a name, 30 that this list can be scanned down at the %END statement and a
'popup' performed for every position mentioned in it (plus extra 'popups' for
routine parameter tag cells). Because of the nesting of routines in 3KIMP a
separate list has to be maintained for each textual level. An array with one
position per textual level contalns pointers to the heads of these lists as
shown in figure 6, 3:

o [ Y e e y—

p———

: L -—> | H jmm=> H =2 | H ;
bm—— b e b et b= bt
: fm————— +
i | R s
i e S S H |
o — H e
R
H H ' S - et S
i : e H =21 i i

et St D s St

figure 6.3

Implementation Detalils

Lists of calls are frequently used by the compiler to maintain current status
information during compilation., Some are used as pushdown popup stacks but not
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all. A 1ist cell in this implementation consists of two words, one an
information word and the other a link word:

&

&
L]
I

information | link .

-

Information words are taken from an array named 'TAG' and link words from an
array named 'LINK'. Initially, all these pairs of words are formed into an
'Available Space List' or 'Free List' and thereafter cells are taken from this
list as required and returned to it when no longer needed. The variable
'"TAGASL' always points to the head of the avatlable space list:

o it s A e e A e i e
TAGASL—==2>1 H pm——2 ; j=—=2 i jm==> . . .
o o e e b h e

By convention, the link of the last call in any list is set to zero. Links to
other 1ist calls take the form of the index of the words in the 'TAG' and 'LINK®
arrays. These are therefore declared from 1 upwards to avoid conflict. Both of
the arrays are initialised in file 'SKIMPA' to set up the tags and links for
built-in routine names such as 'READ SYMBOL' etc. (The name dictionary is also
initialised for the same reason.)

A function "MEWTAG', in file 'SKIMPD', takes the cell indicated by "TAGASL'

" from the available space list whenever a cell is required. '*TAGASL' is then

moved down the list to the next one. If ever 'TAGASL' is zero, the compiler
stops with a suitable monitor. The result of the 'NEWTAG' function is the index
of the cell in 'TAG' and 'LINK'. A common sequence of Instructions might take

the form:

CELL = NEWTAG
TAG (CELL) = ....
LINRK (CELL)

LN

A function named 'RETURNTAG',alsn in file 'SKIMPD', has the reverse effect,
It takes a single parameter which is the index of the cell to be returned to the
available space list., The result of the function is the value in the 'LINK'
word of the cell returned. This is purely a matter of programming convenience.

The two parallel arrays which form the hash dictionary of names and pointers
to tass are named 'NAMEDLINK' and 'TAGLINK' and point to the 'NAMED' and
'"TAG/LINK' arrays respectively.

Routines 'PUSHTAG' and 'POPTAGS', in file 'SKIMPD', push and pop tags from
'"TAGLINK' as required. 'PUSHTAG' is called with the identification number of the
name whose tag is being pushed together with it's form, type, etc. as
parameters. A subsidiary function of this routine is to check whether the same
name has already been declared at this level and monitor the fault if so.
"POPTAGS' is called at the TEND of each routine or function to pop all the tags
for names declared at that level, monitoring them if the '/TAGS' option was set.
The array which contains pointers to lists of names declared at each level is
named 'NAMELIST'.
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Chapter 7

Compilation of Expressions

Although all the registers in the object machine can be used as accumulators
the machine is regarded, for the sake of simplicity, as a single-accummulator
machine and all expressions are evaluated in the one register 'ACC'. This
avoida the necessity of having register to register operations which would be
needed for a true multi-accumulator machine and avoids the extra complexity this
introduces for expression compilation.

A 'tree' algorithm is used in the SKIMP compiler. Many other methods are
possible but this one produces reasonably good object code without too many
redundant 'LOAD' and 'STR' operations. It is also straightforward to
comprehend. Expressions are regarded as trees with operators at the nodes and
operands as leaves. For example, the expression: :

I ®%J =K/ (L + M

has the tree form shown in figure T7.1.

e A
(] I
] ]
[ 3 /
1 d
ot —— B e
i | : H
1 d K +
(.
o
H :
L M
figure 7.1

The algorithm examines the 'shape' of the tree in order to decide the best
order of evaluation of the expression. The commutativity of the operators, that
is, whether 'X?Y' i3 the same as 'f7X' or not, is taken into account and also
whether the sub-trees of operator nodes are leaves or not. When the sub-tree is
a leaf, that operand is capable of being immediately loaded into 'ACC' or ean
operate immediately on 'ACC'.

wWhen the sub-tree i3 not a leal i.e. a further tree, the algorithm works
recursively to compile it. The algorithm can be tabulated for the various
combinations possible, the whole thing being regarded as 'evaluate tree' whose
object is to dump code which puts the result in 'ACC'. The table is shown in
figure 7.2.

- This algorithm would not be acceptable if the order of evaluation was defined
as part of the language, for instance strictly left to right., As an example,
the object code is improved by evaluating the second operand first for
non-commutative operators. To illustrate the working of the algorithm, consider
the expression which was used above:

I *J-K/ (L +M
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figure 7.2

The steps, with indentation for recursive depth are shown in below. The
"work' loeations used for partial results are in the local name space for the
current routine as was described in chapter 5 in connection with array
declarations.

evaluate tree [ T®EJ_K/(L+M) ]
tree [ I%®) ] all [ -] tree [ K/(L+M) ]
evaluate tree [ K/(L+M) 1}
leaf [ K1 non-comm [ /] tree [ L+ ]
evaluate tree [ L+M ]
leaf [L ] alll +]1 1leaf [ M ]
LOAD,ACC, L
ADD,ACC, M
STR,ACC, work 1
LOAD,ACC, K
DIV,ACC, work 1
STR,ACC, work 1
evaluate tree [ I%) ]
leaf [ I ] all [ * ] leaf [ J )
LOAD,ACC, 1
MLT,ACC, J
SUB,ACC, work 2

The case of array elements and function calls as operands must be considered
in more detail. These cannot be regarded a3 leaves of the tree 3since they
involve further computation which needs register 'ACC'. They are therefore
treated as trees from the point of view of the algorithm. Array element
accessing puts the value of the element in 'ACC' and the result of functions is
also left in "ACC'. This satisfies the requirements of 'evaluate tree'.

Variables of type JZINTEGERNAME 1i.e. parameters, can still be regarded as
leaves by making use of another index register, 'WK', for the indirect
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reference. Conatants are leaves of trees and, in general, are accessed from the
table of constants following the object code using register 'COT' as the base.
The use of a location in the constant table is avoided if a 'LOAD' of the
constant is required and the value is less than 65536. This is because the
'LDA' instruction can be used with the index register set to zero, For
example ,an instruction to 'LOAD' the value 1234 would be:

LDA, ACC, , 1234

The tree representation is that of Reverse Polish form together with

pointers. In Reverse Polish notation the operator follows the operands. In
general,
' operand 1 operator operand 2
becomes:
operand 1 operand 2 operator
and the 3same transformation takes place for the operands when they are
expressions. For example, the infix expression:
I *(J+XK)/ L -=-M
becomes:
IJK +*L / M-
The extra pointers that were mentioned come after each operator and

correspond to the branches of the tree. In general the form is:

< H -+
L] 1
! l [}

operator | | |

¥
e & &
¥ r L

A

¥

]
=

operand 1

= ==
o=
g
o}
o
=2
(=9
™
P

L

When an operand is a further sub-expression, the pointer points to the
operator in it's repesentation. Otherwise, the pointer points to the first word
of a pair of words which deacribe the operand. The first of the pair is a type
number and the second is consequent on the value of the first. The type values
are:

2

fap&uhHE
=1

function call
array element
scalar varlable

*F Em #¥F am

lecives ﬂh_.(j :i

They are negative to distinguish them from values which denote operators and
hence sub-trees. The values for operators are their alternative numbers from
phrase <OP> (with two additional values beyond for the unary operators '-' and
"\') and are thus always positive. Values greater than or equal to -2 cause the
algorithm to be called recursively, a requirement which was mentioned above.
For types =1 and -2, the second word of the pair contains an analysis record
pointer which will allow the function call or array element accession object
code to be generated when it is required. For type -3, the second word is the

conatant
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tag of the variable and for type -4, the second word i3 the value of the
constant. As an example, conaider the expression:

I
I + 12345
The representation of this is:
K= - - o
] £ ' - + H
| ! : oo
| o -4 * bt o et ———
bo=3 1 tag(I) i -4 12345 4§ 9 | 1 | 3 |
+ = + et + -+ +

An example to show sub-trees might be:

(I +99) * (1 - 88)

The representation of this is:

= iin

e S e e R !

1 L

& e e

2 B & : o
Ll

]
' ' ] ' H } i
e e e . i, T SRS R S—— s e e e s foih taaia i SECTENEEAE SS— S

i3 ttag(I)i-% 199 1 9 1113 i-3 itag(J)i-4 {88 ! 1018 108 !5 112 |

]
o e -4 * = i o e e et e e e ¥ - o i s o e o o e - +

= e -

o -
—— e
= = aman W

! The technique used to convert i{nfix expressions to this form combines sa
i method of converting them to Reverse Polish with a scheme of pseudo-evaluation
'f to calculate the values of the pointers. The conversion to Reverse Polish is

[ shown diagrammatically in figure 7.3. A pushdown stack is used for operators to
_ take account of their precedence. This delays their storage until the
¢ appropriate place in the output. A new 3stack is declared at each recursive

level to deal with bracketted sub-expressions. The conversion of the
expression:

I +J % (K-L)/ N

Wwould proceed as shown in figure 7.4. The dotted box indicates the recursive
call to deal with "(K-L)"'.

| When operators and operands are 'stored' according to the flow diagram, a
pseudo-evaluation takes place. To explain what is meant by 'pseudo’-evaluation,

l first consider an 'evaluation' of a reverse Polish expression. A pushdown stack

] is used to retain operand values and partial results during the evaluation.

|

|

i

|

|

Proceeding from left to right, whenever an operand is encountered it's value is
pushed down. Whenever a (binary) operator 1s encountered, the top two items on
the stack are popped and the operation betwsen them is performed. The result is
then pushed back onto the stack. (For unary operators, just one item is popped
from the stack). Proceeding in this way, when the whole of the reverse Polish

string has been dealt with, the value of the whole expression is what remains in
the stack. For example:

10 + 8 % (6 -4) /2




to reverse Polish

# = = = m = = = e o= e = = e o e o | = om o e = = e o= = = m = = = = = +
H
H ¥ S + H
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D T + i no
| +==>] stack oOp l=me—m—m—————a>] ,
H + + + + + O +
i H ! next operand a |---->| to reverse | ;
i | sub-expression ?} yes | Polish |
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H operator H
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input op stack
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figure 7.3

action cumulative output

-— e e mm e am am am Em am mE ws am e am am am am mw

store 1 1
stack + 1
store J 1d
stack *® IJ

+
store K H I1JX
atack - | IJK
store L | IJKL
unstack & store - i IJKL-

+*
unstack & store # IJKL-#®
stack /
store M IJKL-%M
unstack & store / IJEL-®M/
unstack & store + TJKL-"M/+

figure 7.4
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which in reverse Polish is:
10864 - %32 /7,

The stages of evaluation in a pushdown stack are:

T I R D T A A T A T A A
Bl S e I S e e A . o U WSS G S
i P I I S B P P b P H
S T S SRR S 4 y o+ I et THIE L S SRS A SER— Y
i L i + 61 F 61V 2% 1 s ¥+ 21 4 I i
+ o+ ¥ Am———t  Hpommmp bem———p  b——emnh Fe———t  Fmm——h  Fm———k
Loor 1 8t 4 8 1 8% 1 81 116l 1161t 81 % i
Fmm——m—f  bmmmap  pommm—f femmmep  fmmmmd  fmmm—p  pommmfp  fpmme—mf pemm=m—
i 10§y Y10F tw§F 107 1w} jwWwYY 1101 y1w0) 18
pmm==t  + o * I R el TR e T SNSNBNSIEY Sy SSRIT S (SR S SSC—

In a 'pseudo'-evaluation, it is not the values of operands that are pushed down
but some other property. In this case, it is positions in the representation of
the tree. In place of evaluation when operators occur, the positions of
operands are popped up and it i3 these values which are appended to the tree
representation. The position of the operator is then pushed down in their
place. Consider the example used above:

(I +« 99) ®* (J - AB)
which in reverse Polish ia:
I1 99 + J 88 - ¥

The successive contents of the pseudo-evaluation stack will be:

] 4 i
} ' ' (I i
i L o b (R R L O i i
+ + + # emmmmp pmm—mmpp  pm—m—m—mf  fmmmef pemm——i
1
i P30 P 8 0 81ty i
¥
v 4 v LSy L 51 1 81 4 5% %15l
e pm—mm—p  fmm—m—mp pmmmmp pmmemmd pmmmeh hm——ei

The representations of the trees corresponding to all the expressions in a
program can be monitored by using the parameter '/EXPR' when calling the
compiler. Examples can be found in appendix 1.

Implementation Details

The routine concerned with the compilation of expressions is named 'EXPR' and
can be found in file "SKIMPE'. Within 'EXPR', subroutine 'TO TREE' produces the
linear tree representation using a further subroutine 'PS EVAL' for the
pseudo-evaluation part. It also has the subsidiary function of checking that
all the names used in the expression have been declared and are of an
appropriate type, for instance, not routine names,

The tree code generating algorithm is implemented by routine "EVALUATE' which
makes use of a subroutine 'OPN' to dump primitive operations i.e. routine calls,
array and variable accesses and constant handling.
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A minor complication of routine 'EXPR' deals witn the expreasions invelved
with simple comparisons in conditional statements. This is because a comparison
such as:

exprl <COMP> expr2

is compiled as an evaluation of ‘exprl - expr2' and then the valuz tested
against zero. An external flag named 'CONDFLAG' is set in these circumstances
and its effect is form a tree with branches representing each expression the
topmost node being a '='. The algoritim then proceeds as normal.
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Chapter 8

Conditional Statements

The general form of conditional statement is:
2IF condition $THEN instruction 1 $ELSE instruction 2

where the 'instructions' include the case of a group of statements surrounded by

£START and SFINISH. 1In compiling this, the aim is to produce object code of the
form:

F I

| condition H

e e —

=>FALSE if false

—— - *
{ instruetion 1 }
e T TR —.

=*NEXT

FALSE: +-- *

{ instruction 2 |}

e e

NEXT:

where the box containing 'condition' implies objeet code instructions which
evaluate the truth or falsity of the condition for subsequent testing. When the
%ELSE clause is absent, this simplifies to the form:

o ——— —— =

' condition |

. ——

->FALSE if false

+ = 4
{ instruction |
+ - +

'FALSE:

In addition, since the truth or falsity of the whole condition can sometimes be
determined without evsluating all the simple comparisons, there may be
intermediate jumps out from the middle of the condition to the consequent
instructions. For example, consider:

3IF sct ZAND (sc2 %0R sec3) STHEN instr 1 %ELSE instr 2

This would produce code of the form shown in the next diagram. Analagously with
arithmetic expressions, however, the language may define conditions to be

evaluated 'in toto' as Boolean expressions which would preclude jumping out.
Fortunately, SKIMP does not require this,

A number of observations can be made with a view to producing a
straightforward simple compilation algorithm. The first concerns whether the

junp following each simple comparison in the condition should be on true or
false. Consider the case:

3IF sel %SAND sc2 SAND sc3 STHEN instr 1 3$ELSE instr 2




-— e o Em Em ww E= e e o

=>FALSE if false
A o e e e e s e e +
H sc 2 H

.

>TRUE if true

sc 3

. W S W WS W e = =

+ == 4
+ - %

 omm - we - e me me me = -

=>FALSE if false

TRUE: + +
i instr 1 H
- 2>NEXT
FALSE: + +
! instr 2 H
NEXT:

The code in this second case should be of the form:

LT H
+

L

->FALSE if false

-

sc 2

[ qb

+

-=2FALSE 1if false

p -

s¢c 3

P m-

"_>FALSE if false

-
-

instr 1
~->NEXT
FALSE: + *
H instr 2 {
) NEXT:

Next consider:

3IF sci JOR sc2 %0OR sc3 3THEN instr 1 SELSE instr 2

This should produce the code in the diagram below. It will be apparent that if
an BAND follows the simple comparison, the jump is on false and if an %OR
follows, the jump is on true. To make this rule consistent throughout, since
the jump following the last simple comparison is always on false we can imagine
an JAND following the last =imple comparison:

$IF ( condition ) SAND ETHEN instr 1 $SELSE instr 2

Ny




sc 1

* == o

=>TRUE if true

I

sc 2 i

->TRUE if true

& m= L

4 +

! sc 3 H

-
a =>FALSE if falze
i] TRUE: +-- - -+
| 5 instr 1 H
; L k
i ~>NEXT
f FALSE: + - +
1! H instr 2 H
'E NEXT:

The next observation concerns the destination of the jump. This is not
always to one of the unconditional instructions. It can be to a later simple
comparison. For example:

#IF ((scl BAND sc2) %OR sc3) SAND scd $THEN instr 1 %ELSE instr 2

This should produce code of the form:

-

sc 1

e

&
L]

Il ->FALSE1 if false

$ — -

i | sc 2 :
| +-v .
->TRUE if true
_‘ FALSE1:+ - .
1 i sc 3 H
! + +
! ->FALSEZ if false
J TRUE: + +
. ' sc 4 i
w ->*FALSEZ2 if lalse
i e +
1 : instr 1 i
. ->NEXT
| FALSE2: 4meemeeeee o +
} instr 2 H
F———————— e
MEXT:

For a simple comparison followed by an %AND, the jump is to the simple
comparison following the next %0R at an outer bracketting level. For a simple
comparison followed by an 30R, the jump is to the simple comparison following
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the next %AND at an outer bracketting level, This can again be made consistent
if the conditional statement is regarded as of the form:

2IF ( ( condition ) TAND ITHEN instr 1 ) $OR %ELSE instr 2

To demonstrate this, we could redraw the example above showing bracketting
levels with each simple comparison (or instruction) at the level of the
following SAND or %0R:

sc1 SAND

1
1

{false sc2 %0R
H
H true sc3 SAND

i
>

false sclt TAND

>

i == m m = ——-

false instrt %0R

i o e e

e e S

- ->instr2

A further example might be:

%IF (sct S0R sc2 %0R sc3) SAND (scld 30OR sc5) STHEN instr1 SELSE instr2

The organisation required is:

sc1 S0R  es2 %0R scly I0R

i H .

| true itrue  sc3 3AND | itrue

H H i Pt

H H | fal se 1} sc5 $AND

H H ' L H

+ + st > H jfalse
; | i
H ] D 5 712 of W 4] =~
¥ ]
[ ] []
' +- >instr2

In compiling conditional statements, the plan of action is to make several
passes over the condition, working out the structure required step by step and
finally, in a last pass, generating the object code. Five parallel arrays are
used, each with one position per simple comparison. The first pass traverses
the analysis record and locates the positions of all the simple comparisons.
Simul taneously, the nesting levels and truth or falsity of the branches is
determined and also stored, The next pass goes over this information to
determine the destinations of the branches using the rules of thumb described
above, For those simple comparisons which are the destination of branches, the
next pass allocates 'private' labels to which branches can be compiled using the
normal methods used elsewhere in the compiler (see chapter 9). Private labels
are Jjust values allocated upwards from 10000, which allows them to be
distinguished from ordinary labels. For the sake of consistency, the
instructions made conditional are also allocated positions in the arrays and are

regarded as being at nesting levels -1 and -2. The rules can then be applied
uniformly throughout,

When the instruction made conditional is itself a branch, the object is
optimised slightly to allow branches to be made direct to the required place
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from within the condition instead of having a branch to a branch. For example:
%IF sc1 T0R sc2 %0R sc3 ETHEN ->100 %ELSE instr

The code produced takes the form:

+ +
! sc 1 H
+ +

=2100 if true
- +
' sc 2 i
+ +

=2130 if true
= +
' sc 3 :

=2100 if true

i instr

T A—

A

This is easily achieved by using the reguired label instead of a private label
to label the conditional branch instruction in the branch array. The only other
modification is to ensure that the branch on the previous i.e.last, simple
comparison is on true rather than false and to the label specified. This should
be clearer when the implementation details are discussed.

The contents of the five arrays can be displayed during compilation by using
the parameter '/COND'. Examples will be found in appendix 1.

BSTART-2FINISH Groups

When either of the instructions made conditional is a $START-SFINISH group,
the destinations of the final branches are not immediately known., This can only
be done after the SFINISH has appeared, Information therefore has to be
preserved during the compilation of the group. Since the group may itself
contain further conditional statements and hence nested $3START-SFINISH groups, a
pushdown list is used for the purpose. Furthermore, since routine bodies may
also appear anywhere and be nested, a 1ist will potentially be required for each
textual level of the program, An array of headcells to lists is used as
previously to achieve this:

—— PP e
H =D | | f—==21 : i
————y P WY PO P
b s

———— H T s

! S i i

——y $mmmpmmag

i i

Two items of information need to be stored for each group., Firstly, a marker
which distinguishes between groups before and those after ZELSE keywords and
secondly, a label number assigned to the destination of branches around the
group. This will be a private label.




Implementation Details

The code generation for conditions is done by integerfn 'COND' in file
ISKIMPC'. This is called from the section of 'STATEMENT' in file 'SKIMPB' which
deals with conditional statements, It is at this latter place that the code for
the instructions made conditional is generated by calling routine 'INSTR'. In
order to deal with the branch instruwetion optimisation, two parameters in
addition to the parameter which indicates where the condition starts in the
analysis record are passed in. These give the label numbers of the branches or
-1 if either of them is a non-branch instruction. These are then used instead
of private labels as will be seen below. The result of this function is the
private label number of the label to be put in front of the 3ELSE clause.

$START-3FINISH groups are dealt with after the condition code has been
generated and also where YFINISH statements are processed. Two subroutines are
used to maintain the pushdown lists, These are 'PUSHSTART' and 'POPSTART' and
can be found in file 'SKIMPD'.

The five parallel arrays within function *COND' are named 'TESTP', 'LEVEL',
'"ANDOR', '"BRANCH' and 'LABEL'. They hold, respectively, the analysis record
positions of the simple comparisons (or 'tests'), the nesting levels of the
simple comparisons, the truth or falsity of the jumps(1 for false and 2 for
true), the destination of the jumps (in terms of column position in the table)
and the labels assigned to simple comparisons. For example, consider:

2IF (sc1 Z0R sc2 %0R sc3) FAND (scd %0R sc5) ﬁHEH instr1 3ELSE instr2

The contents of the arrays will be:

1 2 3 i 5 6 7

TESTP apl ap2 ap3 api ap5

LEVEL 1 1 0 i -1 -2

ANDOR 2 2 1 2 i 2
BRANCH 4 L] T 6 7

LABEL =1 -1 -1 10000 =1 10002 10001

where the 'ap?' represent analysis record positions. The first pass over the
statement is performed by the subroutine 'PROCESSCOND' and fills in rows
'"TESTP', 'LEVEL' and ‘'ANDOR'. It works recursively following the recursive
definition of conditions. Subsequently, two extra columns are filled in with -1
and -2 for the pseudo-3AND and the pseudo-%0R, On the next pass the row
'BRANCH'is filled in and following that labels are assigned as necessary. (The
~1 indicates that no jump takes place to this simple comparison and hence no
label is required. The final pass generates the object code by calling 'EXPR'
with the '"CONDFLAG' set as described in the previous chapter to evaluate LHS
minus RHS, and dumping the appropriate intermediate jump instructions.

Another example may help to clarify the picture further . Consider the case:

$IF sc1 S0R ({sc2 %0OR sc3i) BAND sch JAND sc5) ZTHEN instri TELSE instr2

The structure of the atatement is:
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sc2 30R
true sc3 TAND gcl RAND

sc1 S0OR false

i
false |
]
]

- - m——

sc5 BAND

o = m—————
b |
1)
=
&

>instri %0OR

P ome R e e W g W i
e

T

>instr2

L

The table for this statement will be:

1 2 3 4 5 b T

TESTP apl ap2 ap3 apl ap5

LEVEL 0 2 1 1 =1 -2
ANDOR 2 2 1 1 1 2
BRANCH 6 L} T T T

LABEL -1 -1 -1 10004 -1 10003 10005

As a final example, consider a statement containing conditional branches:
2IF sct %0R sc2 %0R sc3 ¥THEN ->88 %ELSE ->99

The table will be:

TESTP apl apé ap3

LEVEL 0 0 -1 -2

ANDOR g 2 2 2
BRANCH Ul gy y

LABEL -1 -1 -1 88 9
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Chapter 9

Labels and Jumps

As the OSKIMP compller is a one-pass compiler, jumps to labels not yet
encountered cannot be completely generated. Backward jumps are, of course, no
problem. For the forward jumps, all that can be done is to leave a hole in the
branch instruction dumped which can be filled in at some later stage. 1In this
case, the assembler which forms the first stage of the 'SKIMPAI' interpreter
system has the job to do. In order for this to be possible, information must be
recorded somewhere concerning the positions of the holes to be filled in and
what to fill them in with. The method adopted is to use the holes themselves as
links in lists which relate to each label and for the compiler to dump 'FILL®
assembler directives which are really the headcells to these lists and which
also include the value to be filled in., The 'FILL' directives are dumped
whenever a label which has been previously referenced i3 encountered. An
example should make this clear, Consider the program: -

LI L] L]

Z>a8
299

=>99

99:-.-.

The object code dumped will take the form:

- -

12% Busot 0 |}
A ——

- - | L L] L] - *

343 Beoot 12 |
e

- . - - =

56% Bysoi 34
e sapen-pun -

78% FILL,,56,78

- L] - - - L]

As labels are local to each level of routine nesting, once agaln separate
lists must be used for each level. Each cell of a list in this case contains
three items of information, the label number, a flag and an address:

&

i label E flag

address I

e

e

(16) (1) (15)
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The flag indiecates whether the address is that of the latest forward reference
to the label i.e. the current top of the forward reference list, or the actual
address of the label which will be needed for any backward references., The
value 1 indicates the former and 0 the latter. When additional f{orward
references appear therefore, the address is pushed down "through' this cell.

A cell of this form is created whenever a label is emcountered for the first
time - either as a label or as a jump. The list for the current textual level
is first searched and a new cell added if no existing cell refers to that label.
The flag allows two vital checks to be made. Firstly that the label has not
occurred before (as a label) and secondly at the end of the routine that the
label has in fact appeared.

Routine calls use the 'BAL' instruction and are always backward references
since SKIMP does not allow routine %SPECs. The address of the routine body is,
in other words, already known when any routine calls are made. SKIMP allows
routines to be placed anywhere in a program, in particular at the head of
surrounding routines. Jumps around these routine bodies must therefore be
dumped. These are forward references but are simple in that only one backward
reference will occur. They are therefore treated specially without having to
invent a private label.

Calls on the built-in input-output routines are also treated specially.
Since these routines are implemented in the 'SKIMPAI' assembler/interpreter, the
'BAL' instructions dumped contain the marker 'EXT' and a number which refers to
the routine required. Were external references part of the language, the names
themselves would have to appear in the object file and likewise for any external
variables in the program, A linker would then resolve the references between
programs,

Implementation Details

The routines which accomplish the functions decribed above are named 'FILL
LABEL' and 'FILL BRANCH', in file 'SKIMPD'. A function 'GET LABEL' extracts a
label from the analysis record and checks that it is valid i.,e.less than 10000.
"POP LABELS' pops up the cells and checks for missing labels at ZIEND (and
2ENDOF PROGRAM) .
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Appendix 1
Examples of SKIMP Object Code Files
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LEX, ANAL. Example
SKIMP COMPILER MKII
FILE: TESTL
OPTIONS: LEX ANAL
Tbegin
130

(1/STATEMENT) 8

0% LDA,COT,,0
1% LDA,DR1,,0
2% LDA,STP,DR1,0

Yintegerfn r
136 134 256 82

(1/STATEMENT) 6 5 6 8 (5/PROC) 2 (6/NAME) 1
82 (B/FORMAL) 2

3* Er-er

4% STH,DRZ2,3TP,0
5% LDA,DR2,5TP,0
6% STR,WK,STF, 1
7% LDA,STP,STP,0

@integer 1i,],k
136 2% 73 u4 256 T4 4y 256 75

(1/STATEMENT) 5 3 (3/ARRAY) 2 6 8 (6/NAME) 1
73 (B/NAMES) 1 11 13 (11/NAME) 1 T4 (13/NAMES) 1
16 18 (16/NAME) 1 75 (18/NAMES) 2

1="j+k
256 73 61 256 T4 43 256 75

(1/STATEMENT) 1 3 (37/INSTR) 1 7 9 10 (7/NAME) 1
T3 (9/ACTUAL) 2 (10/ASSIGN) 1 12 (12/EXPR} 1

16 17 23 (16/UNARY) 4 (17/0PERAND) 1 20 22
(20/NAME) 1 T4  (22/ACTUAL) g (23/EXPRREST) 1 27

28 34 (2T/0P) 9 {(28/0PERAND) 1 31 33 (31/NAME) 1
75 (33/ACTUAL) 2 (34/EXPRREST) 2

8% LOAD,ACC,DR2,3
9% ADD, ACC,DR2, 4
10% STR,ACC,DR2,2

$if i>1234 %then Estop

135 256 73 62 257 1234 145 144
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(1/STATEMENT) 2 5 36 37 (5/COND) 1 8 35 (B/TEST) 1
12 24 25 (12/EXFR) 1 16 17 23 (16/UNARY) y
(17/0PERAND) 1T 20 22 (20/NAME) 1 73 (22/ACTUAL) 2
(23/EXPRREST) 2 (24/COMP) 6 (25/EXFR) 1 29 30
34 (29/UNARY) 4 (30/0PERAND) 2 32 (32/CONST) 1
1234 (34/EXPRREST) 2 (35/CONDREST) 3 (36/INSTR) 6
(37/ELSE) 2

1% LOAD,ACC,DR2,2
12% SUB,ACC,COT, 0
13% BNG,ACC, ,0

14s STOP, ,,0

158 FILL,10000,13,15

fresult=i+4321
141 61 256 73 43 257 4321

(1/STATEMENT) i 3 (3/INSTR) 5 5 (5/EXPR) ]

9 W0 16 (9/UNARY) 4 (10/0PERAND) 1 13 15 (13/NAME) 1
73 (15/ACTUAL) 2 (16/EXPRREST) 1 20 21 25 (20/0P) 9
(21/0PERAND ) 2 23 (23/CONST) 1 4321 (25/EXPRREST) 2

15% LOAD,ACC,DR2,2

16% ADD,ACC,COT, 1

17% LDA,STP,DR2,0

18% LOAD,DR2,STP,0

19% LOAD WK, STP,1

20% B,.WK,0

%end
-

131

(1/STATEMENT) 7 3 (3/0FPROG) 2

21% FILL,ALLOC,7,5

21% "~ 5TOP,,,0O

22% FILL,SKIP,3,22" . i
lendofprogram

131 139

(1/STATEMENT) 7 3 (3/0FPROG) 1

22 FILL,ALLOC,2,2
223 sToP, ,,0 '
233 FILL,COT,0,23
23 CONST, , , 1234
2u$ CONST, , , 4321
253 FILL,STACK, 1,25

$# O FAULTS IN PROGRAM
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EX PR EKRMFLG.

SKIMP COMPILER MKII

FILE: TESTE
OPTIONS: EXFR

: $begin

0% LbA,COT, ,0
1% LDA,DR1,,0
2% LDA,STP,DR1,0

tintegerarray a(1:10)

|
$integer i,j,k,1

-4 1)
33 LDA,ACC, , 1
4$ STR,ACC,DR1,6
! -4% 10
' 5% LDA,ACC,, 10
: 6% LDA,ACC,ACC, 1
7% STR,ACC,DR1,7
8% SUB,STP,DR1,6
93 STR, STP,DR1,8
108 ADD,STP,DR1,7
i=jek

+
=3 oic0003) -3 ot0t000s) 5% 7 3]

1% LOAD,ACC,DRJ, 3
12% ADD,ACC,DR1, 4
13% STR,ACC,DR1,2

al j#k)=i®*]1-j%k

L =3 mmunuz]r -3 wioiovos)f 8 1 3} -3 01010003 \{=3 01010004

l 8y 8 10 ~10% 5 12

14% LOAD,ACC,DR1, 3

15% MLT,ACC,DR1,4

16$ STR,ACC,DR1, 6

17% LOAD,ACC,DR1,2

188 MLT,ACC,DR1,5

19% SUB,ACC,DR1,6

20% STR,ACC,DR1,6

*

| =3 om0T0003\[ =3 _oioto004 [ 1 3

21% LOAD,ACC,DR1,3

223% ADD,ACC,DR 1,4

23% ADD,ACC,DR1, 8

2us LOAD,WK,DR1,6

F 5% STR,WK,ACC,0




i=i®(jek)/(1=i®*2)

+ o

=3 0101000311 -3 01010004 9 5 8 1 7

-3 -0 - 01&}1%52‘”-& 2! !E 1 1 II"]
= =3 - 7 - - T ff —
26% LOAD,ACC,DR1,2
27% EXFP,ACC,COT,O
28% STR,ACC,DR1,6
29% LOAD,ACC,DR1,5
30% SUB,ACC,DRt,6
jis STR,ACC,DR1,6
32% LOAD,ACC,DR1,3
33% ADD,ACC,DR1,4
34 MLT,ACC,DR1,2
35% DIV,ACC,DR1,6
36% STR,ACC,DR1,2
iza( j)+alk)
\ -+

-2 17)[-2 u3] Jor 1 3

| -3* ot010004

37% LOAD,ACC,DR1, 4
38% ADD,ACC,DR1,8
394 LOAD, ACC,ACC,0
-. 40$ STR,ACC,DR1,6

r

-3* 01010003

413 LOAD,ACC,DR1,3
42% ADD,ACC,DR1,8
438 LOAD,ACC,ACC,0
yus ADD,ACC,DR1,6
45% STR,ACC,DR1,2
Sendofprogram

464 FILL,ALLOC,2,9
hes sTop,,,0

uTs FILL,COT,O, 47
H7$ CONST,, ,2

48 FILL,STACK, 1,48

$ O FAULTS IN PROGRAM
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'"TTF4<Eka§ égfﬁflﬁLlanbllz

SKIMP COMPILER MKII

FILE: TESTT
OPTIONS: TAGS

ibegin
0% LDA,COT, ,0
1$ LDA,DR1,,0
2% LDA,STP,DR1,0

[ $routine a(finteger i,j,k)

I 3‘ HI " IU
I u$ STR,DR2,STP,0
I 5% LDA,DR2,STP,0
i 6% STR,WK,STP,1
(] LDA,STP,STP,0
%end
i 8% FILL,ALLOC,7.5
! 75 K 01020004
i T J 01020003
| 73 1 01020002
8% LDA,STP,DR2,0
9% LOAD,DR2,5TP,0
' 104 LOAD, WK, STP, 1
1% B, ,WK,0
12% FILL,SKIP, 3,12

$integerfn b(fintegername 1)

128 B,,.0

133 STR,DR2,STP,0
148 LDA,DR2, STP, 0
15% STR,WK,STP, 1
"16$ LDA,STP,STP,0

$routine c(fintegerarrayname m,n)

17% B,,.0
18% STR,DR3,5TP,0
19% L.LDA,DR3,S5TF,0
20% STR,WK,STP,1
21% LDA ,STP,5TP,0
| iﬂ‘nﬂ
E 22% FILL,ALLOC,21,5
78 N 31130003

77 ™ 31130002




iad 223
L 23‘
L 2u3%
o 253

26%

fend
26%

67

76

26%
27%

R i ¥

L

LDA,STP,DR3,0
LOAD,DR3,5TP,0
LOAD, WK, STF, 1
B, .WK,0
FILL,SKIF,17,26

FILL,ALLOC,1€,3

40220012
31130002
31130003

11020002

stoe,,,.0
FILL,5KIP, 12,27

Rinteger 1,j

%#endofprogram
2% FILL,ALLOC,2,4
T4 dJ 01010003
73 1 01010002
66 B §111000D
11020002
65 A 40310004
01020002
01020003
01020004
27% sTopP,, .0
28% FILL,COT,0,28
28% FILL,STACK,1,28
$ 0 FAULTS IN PROGRAM
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Bq,f.-.fc: EKMFLG’_

SKIMP COMPILER MKII

FILE: HANOI

OPTIONS:
Sbegin
0% LDA,COT,,0
. L} ; LDA,DR1,,0
i 2% LDA,STP,DR1,0

troutine hanoi(%integer n,p1,p2)

3% B,yss0

hg STR,DR2,STP,0
5% LDA,DR2,STP,0
6% STR,WK,STP,1
$ LDA,STP,STP,0

2if n>0 3then %start

8% LOAD, ACC,DR2, 2
9% BNG,ACC, ,0

|

| hanoi(r=1,p1, b=pl=p2)

- 10% LOAD,ACC,DR2,2
11$ SUB,ACC,COT,0

i 13% LOAD, ACC,DR2, 3

i 1% STR,ACC,STP, 3
15% LDA,ACC, ,6
16$ SuB,ACC,DR2,3
17% SUB,ACC,DR2,4
183 STR,ACC,STP, 4
19% BAL,WK, , 4

I
‘ uri‘te{m W 1 P
|

20% LOAD, ACC,DR2, 3
218 STR,ACC,STP,2
22% LDA,ACC, , )

} 23% STR,ACC,STP,3

| 2us BAL,WK, EXT, 11

i write(p2,1) ;

30% BAL,WK,EXT,7

:‘ 25% LOAD, ACC, DR2, 4
| 26% _STR,ACC,STP,2
} 27% LDA,ACC, , 1

] 28% STR,ACC,STP, 3
] 29% BAL, WK, EXT, 11
{ newline




o
hanoi(n-1,6-pl-p2,p2)

31% LOAD,ACC,DR2,2
iy 32% SUB,ACC,COT,Q
b 33% STR,ACC,STP,2
o 34 LDA, ACC, ,6

35% SUB,ACC,DR2,3

36% SUB,ACC,DR2,4

37% STR,ACC,STP,3

38% LOAD,ACC,DR2, 4

39% STR,ACC,3TF, 4

40s% BAL,WK, , 4

%finish
1% FILL, 10000,9, 41
3end
1 uig FILL,ALLOC,7,5
'*‘ u1s LDA,STP,DR2,0
T 2% LOAD,DR2,STP,0
43is LOAD,WK,STP,1
husg B,.WK,D
4ss FILL,SKIP,3,45

$integer a,b,c

1:read(a)
I45% LDA,ACC,DR1,2
468 STR,ACC,STP,2
u7T$ BAL,WK, EXT, 10

2if a=0 Zthen %istop

48% LOAD,ACC,DR1,2

ugs BNZ ,ACC, ,0

50$ STDF LI N ] D

51% FILL,10001,49,51
read(b) ;

51% LDA ,ACC,DR1,3

52% STR,ACC,STP,2

53% BAL, WK, EXT, 10
read(c)

54% LDA,ACC,DR1,8

5% STR,ACC,S5TP,2

56% BAL,WK,EXT, 10
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hanoi( atb ll'c}
57%
58%
59%
60%
61%
62%
63%

=21
6Us

fendof program
65%
65%
66%
66%
67$

LOAD, ACC,DR1,2
STK,ACC,STP,2
LOAD, ACC,DR1,3
STR,ACC,STP, 3
LOAD, ACC,DR1,4
STR,ACC,STP, U
BAL,WK, , 4

B+|1"5

FILL,ALLOC,2,5
STOP,,,0
FILL,COT,0,606
CONST,,.1
FILL,STACK, 1,67

$ 0 FAULTS IN PROGRAM
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Appendix 2
Possible Extenzions to SKIMP
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1. a. ldentifier labels instead of numerical labels:

LOOP: =>NEXT
NEXT: =>LOOP

b. Switches:

$SWITCH TYPE(1:9)
TYPE(1): =>TYPE(I%)

%ﬁ 2. a., Indefinite lncpaﬁ
| scroLe
! SREPEAT
! b. Incremental loops:
P $FOR I=1,1,N ZCYCLE
SREPEAT
1 c. 'wWhile' loops:

FRED #WHILE 1>0
SWHILE I>0 %CYCLE

- L

ZREPEAT

d. 'Until' loops:

FRED RUNTIL I>0
2CYCLE

{
|
TREPEAT ZUNTIL I>0
l e. 1EXIT and ZCONTINUE statements.
}! 3. a. Reversed order conditional statements:
! I=J®*K 3IF I=0
b. 'Unless' conditions:

SUNLESS [=J STHEN K=L

2IF I=0 %THEN J=0 %ELSE 3IF K=0 RTHEN L=0

d. Multi-sided comparisons:

¢c. 'else=if' clauses:
|
t
|
| R$IF A<BCC<D XTHEN E=F
|
F
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4y, a. Multi-dimensional arrays:
SINTEGERARRAY A(1:9,~1:1) ,B,C{1:N, 1:M*,0:1)
b. Array bound checking:

5. a, Own variables:

SOWNINTEGER I,J=123,K=456

b. Own arrays:

LOWNINTEGERARRAY L(1:10)=1,2,3,4,5,6(5)
¢. Constant variables and arrays:

SCONSTINTEGER I=1234
ZCONSTINTEGERARRAY J(1:3)=2,7,4

6. Real variables:

SREAL X,Y,Z
SREALARRAY A(1:N)
#REALFN RF(ZREAL X,%REALNAME Y,SREALARRAYNAME Z)

SKIMPAI has, built-in, the real operations:
e ADDF, 3UBF, MLTF, DIVF, EXPF, NEGF, FLT
7. String variables:

LSTRING(15) S
ESTRING(7)SARRAY T(1:10)

RSTRING(99)SFN SF(SSTRING(3) S)
5=5."FRED" .SF("JOE") .T(1)

8. Records:

ZRECORDFORMAT RF(ZINTEGER I,J,SRECORD(RF)ENAME K)
SRECORD(RF) R
R_I=R_J+1
X=R K K I
9. a. INTERDATA object code
b. PDP-11 object code

¢, VAX 11-T80 object code
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Appendix 3
The SKIMP Assembler/Interpreter
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The object file output from the BSKIMP compiler forms the input to the
assembler/interpreter. The first stage identifies statements to be assembled by
means of the '§$' symbol following code addresses. It is the remainder of such
lines that are regarded as significant. Any other 1lines such as compiler
monitoring are ignored. This also allows interpreter directives to be inserted
in the program by using SKIMP comments as shown:

I*‘la-

The interpreter directives available are:

MONITOR
TRON
TROFF

The first of these, 'MONITOR', when encountered during interpretation prints out
the contents of the registers and the stack. Since this may generate a
substantial amount of output, this facility should be used sparingly, The
second and third turn on and off respectively a trace facility which prints out
the value of the program counter for each instruction interpreted. This can
also be turned on by means of a '/TR' parameter in the call of 'SKIMPAI'.
Tracing may also generate large amounts of output! For example:

! § MONITOR

The interpreter will not attempt to interpret programs which failed to
compile correctly. Furthermore, the system makes various checks during
interpretation in an endeavour to ensure that the program has not gone out of
control, These include unassigned variable checking, that data addresses lie
within the stack or constant table and that program counter addresses lie within

the code area. A limit of 10000 instructions executed i3 also imposed to catch
loops.

To demonstrate the use of these facilities, consider the following program:

4BEGIN
. SINTEGERARRAY A(1:10)

SINTEGER 1 -
! $§ TRON
I=1

1: A(I)=I%
I=1I+1
2IF 1<=10 ETHEN ->1
1 $ TROFF
! $ MONITOR
SENDOF PROGRAM

The output from the compiler and the interpreter are shown below:

T




SKIMP COMPILER MKII

FILE: TEST

|
_! OPTIONS:
|
| LBEGIN
' 0% LDA,COT, ,O
g 1% LDA,DR1,,0
2% LDA,STP,DR1,0

LINTEGERARRAY A{1:10)

3% LDA,ACC, , 1
us STR,ACC,DR1,2
5% LDA,ACC,, 10
6% LDA,ACC,ACC, 1
$ STR,ACC,DR1,3
8% SUB,STP,DR1,2
93 STR,STP,DR1,4
10$ ADD,STP,DR1,3
H LINTEGER I
4 t $ TRON
! I=1
' 1% LDA,ACC,,1
i’ 12% STR,ACC,DR1,5
1: A(I)=I®I
i 13% LOAD, ACC,DR 1,5
| 143 MLT,ACC,DR1,5
15% STR,ACC,DR1,2
16% LOAD,ACC,DR1,5
i 17% ADD,ACC,DR1,4
! <188 LOAD,WK,DR1,2
A 19% STR,WK,ACC,0
I=I+1
208 LOAD,ACC,DR1,5
. 21% ADD,ACC,COT,0
22% STR,ACC,DR1,5

g 2IF I<=10 3THEN -1

i 238 LOAD, ACC,DR1,5
i 2u$ SUB,ACC,COT, 1
i 25% BNG ,ACC, , 13




! $ TROFF

1 $ MONITOR

SENDOFPROGRAM
26% FILL,ALLOC,2,6
260% STOP,,.0
27% FILL,COT,0,27
27% CONST,,,1
28% CONST,,, 10
29% FILL,STACK,1,29

$ 0 FAULTS IN PROGRAM

118 128 13% 143 158 168 17% 188 198  20%
214 224 23% 2u4% 258 13% s 158 168 1T$
188 198 208 218 22% 23% 2u$ 25% 13% s
15¢ 16% 17% 18% 198 20% 21% 22% 233 2u%
258 1338 14s 158 168 17$ 188 198 208 21%
22¢ 23% 24% 254 13 14 158 168 17%  18%
198 208 21% 22% 238 24% 25¢ 13% 1us  15%
168 178 18% 193 20% 21% 228 23¢ 24% 25%
13% 14% 15% 16$ 17% 18% 19% 20% 21% 22%
238 248 258 133 14 158 168 17T$  18% 19%
208 213 228 23% 2u% 25¢ 138 143  15%  16%
17¢ 188 198 208 21% 228 23% 24% 25% 13
14 158 168 178 1B$ 198 208 214 22% 21%
2us  25%

cor 27

DR1 29

STP " 45

ACC 1

WK 100

294 ? 7100 11 34 11 1 4 g9 16 25 36 49 64 B

00 * ? 7 2?2 7 % 7 °® 7T 7?2 717 1 1 1

7 7T 7

STOPPED AT 26%, 143 INSTRUCTIONS EXECUTED
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SKIMP

Source file: SKIMPA.IMP

1
P
3
L+
5+
6+
T+
B+
9
10+
1
12+
13
14+
15+
16+
17
18+
19
20
21
22
23
24
25
26
27
28

.'29-

30
3
32
33
34
35
36
37
38
39
&0
41
&e
43
&4
45
46
&7
&8
49
S0
51+
52
53
54+
55+

Compiled on 25-0CT-1979 at 09:38:57
Computer Science IMP77 Compiler. Version 6.01

Xexternalintegerarray a(1:500)

! ipitialisation for i/o routines

Xexternalbyteintegerarray named(1:1024)=10,"R","E","A",'D"','S*,'Y* 'n",
'B','ﬂ‘,'L'JD,'H‘,'E‘,'I','T','5‘,":",'“‘,'B',’ﬂ','L',![},'S','K',
'I','P','S','f lllni’-BlrlﬂlltLt"IT!lPl’:RIIIII’EHIJITI’ISII'!T-'lnt‘
'E-"‘n.,.L',Ef‘s.,'F', 'l','ﬁ','ﬁ',ﬁ;'s‘,'l"' 'Ill’ l':I’ 'E‘,'S',?;'H',
'E',‘H','L','I ','H','E‘,B,'H','E','H','L',‘I ';'H';I'E'r'S';?, I"l'IEl'
WP, AT G LR, R EY, AL, TR, T, T, EY L 0(930)

Aexternalintegerarray natedlink{ﬂ:255?=0,?&,0{12},3?,0{5£},34,0{118},
52,0011),1,12,23,34,0(4) ,67,0(23) ,46,0(5),59,00(17)

Xexternalintegerarray taglinklﬁ:2551=ﬂ,13,0{121,16,0{5£},1ﬁ,0{113},8,
0011),1,3,4,5,004),11,0(23),7,0(5),10,0(17)

Xexternalintegerarray tag(1:512)=16 40100001, 16 01010002, 16 41000002,
16_40000003,16_40100004,16 01010002,16 40000005, 16 40100006,
16201010002, 16~40000007, 16 40100008, 1601010002, 16_40000009,
16_4010000a,16 11010002,16 4020000b,16 01010002,16 01010003,0(494)

Xexte€rnalintegerarray Link(13512)=2,0,0,0,6,0,0,9,0,0,12,0,0,
15,0,17,18,0,0(494)

Aexternalinteger namedp=95

Xexternalinteger tagasl=19

%externalinteger expropt=0

Aexternalinteger condopt=0

Xexternalinteger tagsopt=0

! - - - - ——

Xexternalroutinespec statement(Xinteger statementp)
Xexternalstring(255)X fnspec strint(Xinteger n,p)
Xexternalroutinespec fault(Xstring(63) mess)
Xexternalroutinespec dump(Xstring(7) opn,reg,base, Xinteger disp)
Xexternalstring(255)Xfnspec name(Xinteger ident)

]

Xexternalroutine skimp(Xstring(63) s)
Xroutinespec readps
Aroutinespec read statement
Aroutinespec rpsym(Xintegername L)
Xintegerfnspec findk(Xstring(*)Xname k)
Xintegerfnspec compare(Xinteger p)
Arecordformat kdf(Xbyteinteger L,n,a,b)
Arecord(kdf)Xarray kd(1:255)
astring(15)Xarray pn(256:319)
Xintegerarray pp(256:319)
Xintegerarray ps(1:512)
xintegerarray t,tt(1:256)
Xinteger tp,ap,ttp,i,j, psflag
Xstring(63) file,options, option,as
Lowninteger Lexopt=0
Xowninteger analopt=0
Xif s=>("/") .options Xthen Ystart
Xunless options=>options.(" ").file Xthen file=""
Zcycle
Zunless options=>option.("/") .options Xthen ic
option=options Xand options=""
Xif option->("N0").option Xthen i=0 Xelse j=1
Xif option="LEX" XZthen lexopt=i Xelse Ic
Xif option="ANAL" Xthen analopt=i Xelse X¢
Xif option="EXPR" Xthen expropt=i Xelse Xc

b ]




A 56+ %if option="COND" Xthen condopt=1i Zelse Xc
8 57+ %if option="TAGS" Xthen tagsopt=i Xelse Xc
y 58+ print string(option.” OPTION ?
' 59+ ") Xand Xstop

60 © Xrepeat Xuntil options=""
, 61 ifinish Xelse file=s
i 62 readps

| 63 %if file="" %then open output(1,”.T1") Xelse open output(1,file.”.LIS")
' b4 select output(1)

65 print string("

66+ :

67+ SKIMP COMPILER MKII

68+ i

H 69+ FILE: ".file."

70+ OPTIONS: ")

71 %if Lexopt=1 Xthen print string("LEX ")

72 %if analopt=1 XZthen print string("ANAL ")

73 %if expropt=1 Xthen print string("EXPR ")

T4 %if condopt=1 Xthen print string("COND ")

75 %if tagsopt=1 %then print string("TAGS ")

76 newline

77 Xif psflagh0 ithen fault("PHRASE STRUCTURE FAULTY") Xand Xstop

78 %if file="" Xthen open input(1,”.tt") Xelse open input(l,file.”.IMP")
| 79 select inputdl)

80 | set up tags available space list
81 %for i=tagasl,1,511 Zcycle
82 Link{i)=1i#1
83 irepeat
84 “cycle ;! for each statement
85 read statement
I Bb ttp=tp=-1
! B7 tp=1
88 ap=1
B9 %1f compare(258)=0 XZor tp#ttp Xthen fault("SYNTAX 7?") Xelse Xstart
90 Xit analopt=1 Xthen Xstart
N newline
92 j=0
| 93 ifor i=1,1,ap=1 %cycle ;! print analysis record
J G %if a(i)<0 %then as=" (".strint(i, 1) ."/".pn(a(i)<<I>>17). Xc
| 95+ ")" %Xand print string(as) Xand j=j+length(as) Xand Xc
| 96+ ali)=ali)g16 fiff
{l 97 write(a(i), &) ~
Il 98 J=j+5
‘ 99 %if j>60 %then newline Xand j=0
| 100 Arepeat
J 101 newl ines(2)
i 102 Xfinish Xelse Astart
ﬁ! 103 *tor i=1,1,ap~1 kcycle ;! remove phrase numbers
£ 104 Xif a(i1)<0 %then a{i}#a(iii1ﬁ_f1ff
!f 105 irepeat
i 106 %finish
& 107 statement (1) ;! generate code for statement
g 168 xfinish
i 109 irepeat
;; 10 ! ———————— —————— ————————— -
il REAPPS 111 %routine readps

112 ! read phrase structure from file 'SKIMPPS' and reduce it
113 %string(31)Xarray ka(1:128)

114 Xintegerarray kna(1:128)

115 Xstring(31) k




116 %integer kap,kdasl kn,i, Ll psp,pnp,alt
117 Xintegername np

118 Xroutinespec insert(Xstring(15) k)
119 Zroutinespec extract(Xinteger i,Xstring(15) k)
120 Xroutinespec assign(Xinteger i)

121 Xintegerfnspec newkd

122 Zroutinespec returnkd(Xinteger i)

123 XZroutinespec returnlist(Xinteger i)
124 Xintegerfnspec phrase

125 Xroutinespec Literal

126 Xroutinespec keyword

127 open input(2,"SKIMPPS.IMP")

128 select input(2)

129 open output(2,"SKIMPPSL.LIS")

130 select output(2)

131 print string(”

132+

133+ PHRASE STRUCTURE

134+

135+ ")

136 ! scan file to build keyword dictionary
137 kap=1

138 Xcycle

139 rpsym(l)

140 Xif L="3$" Xthen Xexit

141 Xif L=""* Xthen Xstart
1&2 kF"“

143 Xcycle

144 rpsym(L)

145 Xif L=""" Xthen Xexit
146 Xif "A'<=1<="7" %then k=k.tostring(l)
147 irepeat

148 ka(kap)=k

149 kap=kap+1

150 Xfinish

151 irepeat

152 Xfor i=1,1,26 %cycle
153 kd{i)=0 '
154 Xrepeat

155 ifor i=27,1,254 Xcycle
156 kd(1) b=i#+1

157 Xrepeat

158 kdasl=27

159 i=1

160 insert(ka(i)) Xand i=i+1 Xuntil i=kap
161 kn=128

162 xfor i=1,1,26 Xcycle

163 Xif kd(i) L#D Xthen assign(i)

164 Xrepeat -

165 kap=1

166 Xfor i=1,1,26 Xcycle

167 Xif kd(i)_L¥0 Xthen extract(i,"™)

168 Arepeat
169 print string("

171+ KEYWORDS

172+

173+ *)

174 ifor i=1,1,kap-1 Xcycle

175 print string(strint(kna(i),3)." ".ka(i)."”

‘*



| 176+ ")

i 177 »repeat

H 178 ! reread file and reduce phrase structure
; 179 reset input

‘ 180  pn(256)="NAME"

i 181 ppl256)=0

s 182 pn{257)="CONST"

i 183 pp(257)=0

‘ 184 pnp=258

| 185 psp=1
i 166 acycle ;! for each phrase definition
J 187 read symbol(l)
| 188 %if L="$" %then XLexit
‘ 189 %if L="<" %then XZstart ;! start of phrase definition
190 pplphrase)=psp
191 Xcycle ;! for each alternative
[ 192 alt=psp
wl 193 np==ps(psp+1)
_i 194 np=0 ;! number of phrases
' 195 psp=psp+2
i 196 %cycle ;! for each item
I 197 read symbol(L)
g 198 %2if L="<' %then ps(psp)=phrase Zand psp=psp+1 Xand np=np+1
,‘ 199 %if L="*'" Xthen Literal
|| 200 Xif L=""* %then keyword
i 201 %if 1='," %or 1=";"' Xthen Xexit
'F 202 irepeat
| 203 ps(alt)=psp
t 2u4 %if k=';"' Xthen Xexit
.t 205 irepeat
; 06 ps{pspl)=0
| 207 psp=pspt1
. 208 “tinish
0% “repeat
! 210 psflag=
i 211 ifor i=258,1,pnp-1 Zcycle
: 212 tif ppli)=0 Xthen fault("<".pn(i)."”> NOT DEFINED") Xand psflag=1

213 Lrepeat
214 print string("

! 215+
| 216+ PHRASES
i 217+
i 216+ ")
;E 219 %for 1=256,1,pnp-1 Xcycle
ﬂ 220 print string(strint(i,3).strint{pp(i},6)." ".pn(i)."”
i 221+ *)
% 222 %repeat
I 223 print string("
| 224+
| 225+ REDUCED PHRASE STRUCTURE
226+
227+ ")
I 228 1f0t 1=1,1,psp-1 Xcycle
i 229 %if (i-1)&15=0 Xthen print string("
i 230+ ".strint(i,3)." et
|ﬁ 231 write(ps(i),3)

: 232 irepeat
233 newlines(2)

Z3h ireturn
235 leewcces ———————————— e e e - — - -




Xroutine insert(Xstring(15) k)
23? ! search for and insert keyword into dictionary i
238 Xinteger 1,j,l ' o
239 L=charno(k,1)
240 k=>(tostring(L)) .k
261 i=l="A'+1
242 Xif kd(i) L¥O Xthen Xstart
243 search:Xif k="" Xthen Xstart

244 Xif kd(i) alﬂ Xthen extract(kd(i)_a,"") Xand Xc
245+ returnlast{tdili a) Xand kd(i)_a=0
246 Lreturn

2h7 Xfinish

248 Xif kd(i) a=0 Zthen insert(k) Xand Xreturn
249 L=charno(k,1)

250 k=>(tostring(l)).k

251 i=kd(i)_a

252 Xcycle

253 Xif kd(i)_L=L Xthen ->search

254 Xif ka(i)” _b=0 Xthen Xexit

255 i=kd(i) b~
- 256 Xrepeat

257 j=i

258 i=newkd

259 kd(j) b=1

260  Xfinish
261 ! insert remainder of Letters

262 Xcycle

263 kd(i) L=t

264 Xif k="" Xthen Xreturn

265 L=charno(k,1) R
266 k=>(tostring(1)) .k e
267 j=i

268 i=newkd

269 kd(j)_a=i

270 Lrepeat

271 Xena

272 ! -

TRACT ™ 273  Xroutine extract(Xinteger i,Xstrin {15} k}
EXTRACT 272 xstring(15) kk ger i :
275 Lif =0 Xthen Xreturn
276 kk=k.tostring(kd(i) L)
277 it kd(i) alﬂ Xthen ka(kap)=kk Xand kna(kap)=kd(1i) _n Xand kap=kap+1¥c
278+ Xelse extract(kd(i) a, kk)
279  extract(kd(i) b,k)
280 xend
g €8 =
ASSIG-N 282 Iruutim assign(Xinteger i) |
283 Xif i=0 :thin Iretugn |
284 2if kd(i)_a=0 Xthen kd(i)_n=kn Xand kn=kn+1 Xelse assign(kd(i)_a) 1
285" assign(kd(i)_b) |
286 Xend .
287 ! 2 il
288 2Yintegerfn newkd e
289 Xinteger 1 o
290 Xif kaasl=0 Xthen print string("KD ASL EMPTY") Xand Xstop
2N i=kdasl
292 kdasi=kd(i) b
293 kd(i)=0

3 29%  Xresult=i
: 295 Zend




- 296
™V 297
RE > 298
‘: 299
|

300

301
| RETURW 302
LisT 104

305
4 30.6
(| 307
308
| PHRASE 309
: 310
311
312
3 313
| 314
: 315
316

317

318
319
: 320
321

322

323

| 324
I 325
| LITERAL 326
327
328

| 329
| 330
| 331
| 332
333

334
335
- ‘ 336
*' 337
{ 336
| 339
i 340
341

342

u 343
344

! 345

346
| 347
|| STATEME Ny 348
1 349
ft 350
351
I 352
‘ 353

354
I 355

| e s e . e s s
H

%Yroutine returnkd(X¥integer i)
kd(i)_b=kaasl
kdasl=1i

Xend

[ o -

%Xroutine returnlist{(Xinteger i)
Xif i=0 %then Xreturn
returnlist(ka(1)_a)
returnlist(kd(i)_b)
returnkd(i)

%end
1

Zintegerfn phrase
4string(15) p
%integer i,l
p=ull
icycle
read symbol (L)
Xif (=">" %then %exit Xelse p=p.tostring(l)
Xrepeat
Xfor i=256,1,pnp=1 XZcycle
%if pn(i)=p Xthen Xresult=i
Arepeat
pnipnp)=p
pp{pnp)=0
pnp=pnp+1
xresul t=pnp-1
%end
| - -
Yroutine Literal
Zinteger L
%cycle
read symbol(L) !
Xif L="*'" Xthen %return Xelse ps(psp)=l Xand psp=psp+1
irepeat
Xend

-

——— ———— v - ke S T A S — — ——"——

Xroutine keyword
Lstring(31) k
Xinteger 1
k=llll‘
%cycle
read symbol{L}
Zif L="""' Xthen lexit
Lif 'A'<=1<="1" Xthen k=k.tostring(l)
Xrepeat
ps{psp)=findk(k) %Xand psp=psp+1 Xuntil k=""
%end .
Zena
-
Xroutine read statement
Xroutinespec store({Xinteger L)
Xroutinespec keyword
Xroutinespec name
Xroutinespec const
Xinteger i,l ksh, ttp,ttpp
! Line reconstruct phase
newlines(2)
ttp=1

[y ——— -




356 ksh=0
357 Zcycle 2V for each character
358 rpsym(Ll)
3159 Xif L="X"' Xthen ksh=128 Xelse Zstart
. 360 Xunless *A'<=l<="7"' Xthen ksh=0

E R 7.1 | Xif L' ' Xthen Xstart ;! discard spaces
362 Xif L="1"'" XYand ttp=1 Xthen Xstart ;
363 rpsym(l) Funtil L=";" Xor L=nl ;! discard comments l....!
364 Yfinish Yelse ¥start J
‘365 store(l)
366 Xif L="""" Xthen %start
367 rpsym(l) Xand store(l) Xuntil L="'*'?
368 XIfinish Xelse Xstart
369 Xif L=";" Xor L=nl Xthen Xstart
370 Xif ttp=2 Xthen ttp=1 Xelse Xstart
371 Zif L=";" Xthen newline Xand Xexit
372 Lif tt(ttp=2)="C"+128 Xthen ttp=ttp-2 Zelse Xexit
373 Xfinish g
374 Xfinish
375 Xfinish
376 Xfinish
377 Xfinish
378 Xfinish

379 irepeat
380 I Lexical phase

381 tp=1
382 ttpp=1
383 Zcycle ;! for each Llexical item
_ 384 i=tt(ttpp)
st o 385 Xif i>=128 Xthen keyword Xelse Xstart
386 Xit 'A'<=i<="'1" Xthen name Xelse Xstart
387 Xif '0'<=i<="9" Xor i=''"" Xthen const Xelse Xc
388+ t{tp)=i Xand tp=tp+1 Xand ttpp=ttpp+1
389 Zfinish
390 Xfinish

mn Lrepeat Zuntil ttpp=ttp
392 Lif lexopt=1 Xthen Xstart

393 newl ine

394 Xfor ttpp=1,1,tp=-2 Xcycle

395 write(t(ttpp),4)

396 Xif ttpp&16 =0 Xthen newline
397 Xrepeat -

398 newl ine

399 Xfinish

400 Lreturn

SRe 402 Xroutine store(Xinteger L)

e 403 Xif ttp>256 Xthen fault("STATEMENT TOO LONG") Xand Xstop
Jepit 404 tt(ttpl=L+ksh
ttp=ttp#+

Xend

]

Xroutine keyword
Xstring(255) k
Xinteger i

411 k="

&12 Awhile tt(ttpp)>128 Xthen k=k.tostring(tt(ttpp)=128) Xand ttpp=ttpp+1

413 i=findk(k) Xand t(tp)=i Xand tp=tp+?! Xuntil k="" Xor i=0
414 3Xena

&15 ¢ -




416 Xroutine name

417 XAstring(x)Xiname sname

418 Xinteger i,l _hash

419 sname==string(addr(named(namedp)))

420 hash=0

421 sname=""

422 L=tt(ttpp)

423 Xcycle

424 Xif namedp+length(sname)>=1022 %then fault("NAME DICTIONARY FULL")Xc
425+ Xand ¥stop

426 Xif Length(sname)=255 Xthen fault("NAME TOO LONG") Xand Xstop
427 sname=sname .tostring(L)

428 hash=hash<<8!(

429 ttpp=ttpp+}

430 L=tt(ttpp)

431 Arepeat Xuntil L<'0" Xor "9'<L<'A' Xor L>»'2°
432 hash=hash-hash//251%251

433 i=hash

434 Zcycle 2! scan dictionary

435 1if namedlink(i)=0 Xthen namedlink(i)=namedp Xand Xc
L36+ namedp=namedp+length(sname)+1 Xand Xexit :! insert name
437 %if sname=string(addr(named(namedlink(i)))) Xthen Xexit

' 438 i=(i+1)8255

439 %if i=hash Xthen fault("NAME DICTIONARY FULL") Xand Xstop
440 Arepeat :
41 t(tp)=256 ;! <name>
442 titp+1)=i ;! ident
443 tp=tp+2
444 Fend
445 1 —— - = e
CONST 446 Xroutine const
447 Xinteger L,value,flag,count,maxby10,maxld
4458 value=0

] 449 flag=0

'-' 450 Xif tt(ttpp)=""'""' XZthen Xstart

- 451 count=0
452 Xcycle
453 ttpp=ttpp+i
454 Xif tt{ttpp)="""" Athen Xstart
£55 ttpp=ttpp+i
456 Lif tt(ttppd¥*"''" Xthen Xexit
457 Lfinish

| 458 value=value<<8!tt(ttpp)

! 459 count=count+1

fi 460 irepeat

i 461 Xunless 1<=count<=4 Xthen flag=1

i 462  Xfinish Xelse Xstart

i 463 “maxby10=16_7fffffff//10

A bbb maxld=16 7fffffff-maxby10+10
465 L=tt(ttpp)
466 Xcycle
467 %if value>maxby10 Xor (value=maxby10 Xand L>maxild) Xthen flag=1 Xc
468+ Xelse valuesvaluex10+L-"0"
L69 ttpp=ttpp+i
470 L=tt(ttpp)

&72 Xfinish
&73 t(tp)=257 ;! <const>

AT4 Xif flaghD Xthen fault("CONSTANT INVALID") Xand value=0
475 t(tp+1)=value

i
_ 471 Arepeat until L<'0' Xor L>'9*
|




476 tp=tp+2
477 Xend
478 ZXend
479 !
RPSYM 480 Xroutine rpsym(Xintegername 1)
" 481 read symbol(l)
&82 print symbol(l)
483 Xif 'a'<=l<="2" Athen L=1-"a'+"p"’
484 Xend
485 ! -
486 Xintegerfn findk(Xstring(*)Xname k)
487 ! look keyword up in dictionary
488 ZLinteger i,l
489 L=charno(k,1)
490 k=>(tostring(l)) .k
491 i=l='A"+1
492 %if kd(i)_L=0 Xthen Xresult=0
493 search:Xif k="" Xor kd(i) a3=0 Xthen Xresult=kd(i) n
494  L=charno(k,1) ~ -
495 k=>(tostring(Ll)) .k
496  i=kd(i)_a

- - et

497 Xcycle

498 Xif kd{i)_}=l Xthen =>search

499 Iif kd(i)_b=0 Xthen Xresult=0

500 i=kd(i) b

501 Arepeat

502 %end

503 ! - - ~

CorffRe 504 Xintegerfn compare(Xinteger p)
505 2Xinteger app,tpp,alt,altend,psp,psi

506 alap)=p<<16!16 BOOOOOO ;! phrase number & alternative 1
507 Xif p<=257 Xthen Xstart ;! <name> or <const>

508 Xif p=t(tp) Xthen Xstart ;! success

509 alap+1)=t(tp+1)

510 ap=ap+2

511 tp=tp+2

512 Zresult=1

513 tfinish Xelse Xresult=0

514 Xfinish

515 tpp=tp ;! preserve text pointer

516 app=ap ;! preserve analysis record pointer

517 psp=pp(p) ;! start of phrase definition

518 Xcycle ;! for each alternative

519 alt=ap+1

520 altend=ps(psp)

521 ap=alt+ps(psp+1) ;! leave gap for forward pointers

522 %if ap>255 Xthen fault(“ANALYSIS RECORD TOO LONG") Xand Xstop
523 pPsp=psp+2

524 Xcycle ;! for each item

525 Xif psp=altend Xthen Xresult=1 ;! success

526 psi=ps(psp)

527 Lif psi>=256 XZthen Xstart ;! phrase

528 alalt)=ap ;! forward pointer
529 Xif compare(psi)=0 Xthen Xexit

530 alt=alt#+l

531 Xfinish Xelse Xstart ;! literal or keyword
532 Xif psi#t(tp) Xthen Xexit

533 tp=tp+1

534 Zfinish

535 psp=psp+1




536 Xrepeat

537 2if ps(altend)=0 Xthen XZresult=0 ;! failure

538 psp=altend

539 tp=tpp ;! backtrack text pointer

540 ap=app ;! backtrack analysis record pointer
541 alap)=alap)+1 ;! next alternative number

542 XLrepeat

543 Xend

S44 Xencofprogram
Code 9996 bytes 6lap 10136 bytes Diags 2355 bytes Total size 22487 bytes
464 statements compiled
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Computer Science IMP77 Compiler. Version 6.01

Xexternalintegerarrayspec a{1:500)
Xexternalintegerarrayspec taglink(0:255)
Xexternal integerarrayspec tag(1:512)
?e:turnatintenerlrrayspec Link(1:512)

Zexternalroutinespec expr(Xinteger exprp)
Xexternalintegerfnspec cond(Xinteger condp,tlabel,flabel)
Xexternalstring(255)Xfnspec strint(Xinteger n,p) )
Xexternalintegerfnspec getwork

Xexternalroutinespec returnwork(Xinteger work)
Xexternalroutinespec clearwork

Xexternalintegerfnspec newtag

iexternalroutinespec pushtag(Xinteger ident,form,type,dim, level ,rad)
Xexternalroutinespec poptags

Xexternalintegerfnspec getlabel(Xinteger constp)
Xexternalroutinespec filllabel(Xinteger Label)
Xexternalintegerfnspec fillbranch(Xinteger Label)
Zexternalroutinespec poplabels

Xexternalintegerfnspec nextplabel

Xexternalroutinespec dump(Xstring(7) opn,reg,base,Xinteger disp)
Xexternalroutinespec fault(Xstring(63) mess)
Xexternalstring(255)Xfnspec name(Xinteger ident)
Xexternalroutinespec pushstart(Xinteger flag,plab)
Xexternalroutinespec popstart{(Xintegername flag,plab)
Xexternalroutinespec clearstart

Xexternal integerfnspec enter

Xexternalroutinespec dump return

Xexternalroutinespec proc(Xinteger procp)

Zexternalroutinespec array(Xinteger arrayp)

fe:ternalrﬁutintsptc endofprog

Xexternalintegerarray nextrad(0:15)
Xexternalstring(4)Xarray display(0:15)="DR0O","DR1","DR2","DR3","DR4",
“DRS" ,"DR6" ,"DRT" " DRB" ,"DR9" ,"DR10" ,"DR11" " DR12" ,"DR13" ,"DR14" ,"DR15"
Xexternalinteger level ,nextcad
| o=
Xownintegerarray proctype(0:15)
Xownintegerarray staticalloc(0:15)
?uunintegtrarrar skipproc(0:15)

- e

Xexternalroutine statement(Xinteger statementp)
Xroutinespec instr(Xinteger instrp)
Xswitch sttype(1:8)

Xinteger conap,instrp,elsep,constp,arrayp, namep, namesp, exprip, expr2p, %c N
instr2p,tlabel ,flabel ,label ,fplabel ,tplabel work1,work2, flag, plabel, X¢c A
procp,formalp,forep, params, procid,ident form paramt paraml, dim R

' ~>sttype(a(statementp)) i

sttype(1):! <instr>
instr{a(statementp+1))
Xreturn

I

sttype(2):! "IF"<cond>"THEN"<instr><else>
condp=a(statementp+1)
instrp=a(statementp+2)




56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
[

75
76+
77
78
79
80
81
82
83
84
85
86
87
88
89
90+
N
92
93
9%
95
96
97
98
99
100
101
102
103

104

105
106
107
108
109
110
m
112
113

114+

115

.

elsep=a(statementp+3)
Xif a(instrp)=2 XZthen Xstart ;1 branch
constp=alinstrptl)
tLabel=getlabel(constp)
Xif alelsep)=2 Xthen filllabel(cond(condp,tlabel,=1)) Zelse Xstart
instrp=a(elsep+l)

Xif alinstrp)=2 Xthen Xstart :! branch
constp=alinstrptl)
flabel=getlabel(constp)
filllabel(cond(condp,tlabel  flabel))
dump("B","".,"" ,fillbranch(flLabel))

%finish Xelse X¥start
filllabel{cond(condp,tlabel ,-1))

%if atinstrp)=3 Xthen pushstart(1,-1) Xelse instr(instrp)

Xfinish

Xfinish
finish Xelse Xstart
Xif a(elsep)=2 Xthen Xstart

fplabel=cond(condp,=1,-1)

%if aCinstrp)=3 Xthen pushstart(0,fplabel) Xelse Xc
instr{instrp) Xand filllabel{{fplabel)

%finish Xelse Astart

instrZp=alelsep+})

%if alinstr2p)=2 Xthen Xstart ;! branch
constp=alinstr2p+1)
fplabel=cond(condp,-1,getlabel{constp)) ;! result always -1
instr(instrp)

Afinish XZelse Xstart
fplabel=cond{condp,=-1,-1)
instr{instrp)
tplabel=nextplabel
dump("g" ,"","" ,fillbranch(tplabel))
filllabel(fplabel)

Xif a(instr2p)=3 Xthen pushstart(1,tplabel) Xelse X¢
instr(instr2p) Xand filllabel(tplabel)

Xfinish

ifinish
finish
Xreturn

sttype(3):! <const>":"<statement>

constp=a(statementp+1)
statementp=a(statementp+2)
Label=getlabel(constp)
filllabei(lLabel)
statement(statementp)
Areturn

;ttrpt(il:! "FINISH"<else>

elsep=a(statementp+1)
popstart(flag,plabel)
Xif flag=0 Xthen Xstart ;! first Xstart/Xfinish
%if alelsep)=1 Xthen Xstart
instrp=a(elsep+1)
tplabel=nextplabel
dump("g” """ ,"" fillbranch(tplabel))
filllabel(plabel)
%if alinstrp)=3 XZthen pushstart(1,tplabel) Xelse Xc
instr(instrp) Xand filllabel(tplabel)
Xfinish Xelse filllabel(plabel)




116
117
118
119
120
121
122
123
124
125
126
127

129

Xfinish Xelse Xstart ;! second Xstart/Afinish

Lif alelsep)=1 Xthen fault("SPURIOUS XELSE") Xelse filllabel(plabel)
Lfinish
Zreturn

sttype(S):! "INTEGER"<array>

L L ey pp——

arrayp=a(statementp+1)
namep=alarrayp+l)
namesp=alarrayp+d)
2if alarrayp)=1 Xthen Xstart
exprip=alarrayp+3)
exprZp=alarrayp+4)
expr{exprip)
worki=getwork
dump("STR" ,"ACC"” ,display(level) ,work1)
expriexprdp) , =
dump("LDA" ,"ACC" ,"ACC",1)
work2=getwork
dusp("STR" ,"ACC" ,display(level) ,work2)
Xcycle
pushtag(a(namep+1),2,1,1,level ,nextrad(level))
dump("”SuB" ,"“STP" ,display(Level) ,work1)
dump("STR" ,"STP" ,display(level) ,nextrad(level)}
dump("ADD" ,"STP" ,display(level) ,work2)
nextrad(level)=nextrad{(level)+1
Xif alnamesp)=2 Xthen Xexit
namep=alnamesp+1)
namesp=a(namesp+2)
Xrepeat
returnwork(work1)
returnwork(workz2)
ifinish XZelse Xstart
Icycle
pushtag(a(namep+1),0,1,0,level ,nextrad(level))
nextrad{level)=nextrad(level)+1}
Xif a(namesp)=2 Xthen Xexit
namep=al(namesp+1)
namesp=a(namesp+2)
irepeat
Zfinish
Zreturn

:! array declaration

sttype(b):! <proc><name><formal>

———— - ] -

Xif level=0 Xthen fault("PROCEDURE BEFORE XBEGIN™) _
Xif Level=15 Xthen fault("PROCEDURE NESTING TOO DEEP"™)
procp=a(statementp+1)

namep=a(statementp+2)

formalp=a(statementp+3)

procid=alnamep+1)

skipproc(level)=nextcad

dump("B" """ ,"",0) ;! branch round procedure
pushtag(procid,4,a(procp)=1,0,level ,nextcad)
level=level+1
proctype(level)=a(procp)
staticalloc(level)=zenter
nextrad(level)=2

Zif a(formalp)=2 Xthen Xreturn
params=0
paraml=taglink{(procid)

Xcycle '

2! no parameters




INSTR

176
177
178
179
180
181
182
183
184
185
186
187
188
189
19U
191
192
193
194
195
196
197+
198
199
200
201
202
203
204
205

207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

formp=al(formalp+1)

namep=al formalp+2)

namesp=af{ formalp+3)

formaip=a(formalp+4)

%if a(formp)=1 Xthen form=3 Xand dim=1 Xelse Xstart
%if a{formp)=2 Xthen form=1 Xelse form=0
dim=0

Xfinish

Xcycle
ident=a(namep+1)

! declare parameters as locals
pushtag(ident ,form,1,aim,level ,nextrad(level))
nextrad(level)=nextrad(level)+1 .
! append parameter tag cells to procedure tag cell
paramt=newtag
tag(paramt)=tag(taglink(ident))
Link(paramt)=Link(paraml)
Link(paraml)=paramt
paraml=paramt
params=params+1
Xif params>15 Xthen fault(name(procid). Xc
" HAS TOO MANY PARAMETERS") %Xand Istop
Xif a{namesp)=2 Zthen Zexit
namep=al{namesp+1)
namesp=al(namesp+2)
irepeat
Xrepeat Xuntil a{formalp)=2
! insert number of parameters into tag cell
tag(taglink{procid))=tag(taglink(procid)) !params<<20
ireturn
1 _— - -
sttype(7):! "END"<ofprog>
dump("FILL" ,"ALLOC" ,strint(staticalloc(level) 1) ,nextrad(level))
poptags
poplabels
clearstart
clearwork
Xif proctype(level)=1 %Zthen dump return Xelse dump("STOP","","",0)
level=level-1
Xif a(a(statementp+1))=2 Xthen Xstart ;! Xend
%Xif Level<=0 Xthen fault("SPURIOUS XEND") Xand endofprog
dump("FILL" ,"SKIP",strint(skipproc{level), 1) nextcad)
Xfinish Xelse Xstart ;! Xendofprogram
Xif Level#D Xthen fault("T00 FEW XENDS")
endofprog
Lfinish
ireturn
i v i ==
sttype(B):! "BEGIN"
1if LevelhO Xthen fault("SPURIOUS XBEGIN") Xelse Xstart

Level=1

proctype(1)=0

staticalloc(1)=enter

Zfinish

Yreturn
i -

Xroutine instr(Xinteger instrp)

Xswitch instype(1:6)

Istring(4) base

Xinteger namep,assignp,constp,ident, actualp,exprp, nametag,disp,work




236 =>instype(alinstrp))

237 ! At -
238 instype(1):! <name><actual><assign>
239 namep=alinstrp+1)

240 actualp=alinstrp+2)

241 assignp=alinstrp+3)

242 ident=a(namep+1)

243 Xif taglink(ident)=0 Xthen fault(name(ident).” NOT DECLARED") Xc
2hb+ Xand Xreturn

k5 nametag=tag{taglink(ident))

246 Xif a{assignp)=1 Xthen Xstart

247 Xif nametag>>28=4 Xthen fault(name(ident).” NOT A DESTINATION") Xc
248+ %and Xreturn

249 exprp=alassignp+1)

250 Lif nametag>>28>=2 Xthen Xstart ;! array variable

251 expr(exprp)

252 work=getwork

253 dump ("STR" ,"ACC" ,display(level) ,work)

254 array(instrp)

255 dump("LOAD" ,"WK" ,display(level) ,work)

256 dump("STR" ,"WK" ,"ACC",0)

257 returnwork(work)

258 Xfinish Xelse Xstart

259 expr(exprp)

260 base=display(nametag>>16816_f)

261 disp=nametag&l6_ffff

262 Zif nametag>>28=1 Xthen Xstart ;! Xname variable

263 dump("LOAD" ,"WK" ,base,disp)

264 dump("STR","ACC" ,"WK" ,0)

265 Xfinish Xelse dump("STR","ACC" ,base,disp)

266 Lif alactualp)=1 Xthen fault(name(ident)." DECLARED AS SCALAR")
267 Xfinish

268 2finish Xelse Xstart |
269 Xif nametag>>28=4 %and nametag>>24816 f=0 Xthen proc(instrp) Xc |
270+ Xelse fault(name(ident).” NOT A ROUTINE NAME")

271 Xfinish
272 Xreturn ' |
273 ! ron ke = e
274 instype(2):! '=>'<const> |
275 constp=alinstrp+1) '
276  label=getlabel(constp) |
277 dump("B" """, """, fillbranch(label))
278 ireturn
279 !
280 instype(3):! “START"
281 faul t("ILLEGAL XSTART")
282 ireturn
283 !
284 instype(4):! "RETURN"
285 Xif proctype(level)¥1 Xthen fault("XRETURN OUT OF CONTEXT")

dumpreturn

Xreturn

' - -
instype(5):! “RESULT"'="<expr>

Xif proctype(level)¥2 Xthen faul t("XRESULT OUT OF CONTEXT")

expri{alinstrp+1))

dumpreturn

Xreturn

instype(6):! "STOP"




296 dump("STOP" " ,"",0)

297 Xend

298 Xend

299 Zendoffile

Code 7292 bytes Glap 1256 bytes Diags 1276 bytes Total size 9824 bytes
253 statements compiled
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Computer Science IMP77 Compiler. Version 6.01

xexternalintegerarrayspec a(1:500)
sexternalintegerspec condopt
1

iexternalroutinespec expr(Xinteger exprp)

Xexternalroutinespec dump(Xstring(7) opn,reg,base,¥integer disp)
Xexternalroutinespec filllabel(Xinteger Label)
Xexternalintegerfnspec fillbranch(X¥integer Label)
Xexternalintegerfnspec nextplabel

Zexternalroutinespec fault(Xstring(63) mess)

. i . s o - . i L

Xexternalinteger condflag=0
b= -
xexternalintegerfn cond(Xinteger condp,tlabel ,flabel)
Aroutinespec processcona(%integer condp)
%routinespec test(Xinteger Ltestp)
Xroutinespec condrest(Xinteger condrestp)
Xroutinespec store(Xinteger testp,level , andor)
xroutinespec show(Xstring(7) an,Xintegerarrayname a,Xinteger p)
Xconststring(3)%array true(1:6)="BZ","BNI","BNG" ,"BL" ,"BNL","BG"
Aconststring(3)Xarray false(1:6)="BNZ","BZ","BG","BNL","BL","BNG"
Xstring(3) opn -
Xconstintegerarray index(1:17)=1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17
Xintegerarray testpa,levela,andora,brancha(1:16) ,labela(1:17)
Xinteger p,pp,ppp,testp,level andor ,comp
Level=0
p=1
processcond(condp)
store(testp,-1,1) ;! pseudo-Xand
store((,-2,2) ;! pseudo-Xor
p=p=2
Afor pp=1,1,p Xcycle ;! find branch destinations
Level=levela(pp)
andor=andora(pp)
Xfor ppp=pp+1,1,p+1 XZcycle
Xif levela(ppp)<level Xthen Xstart
Level=Llevela(ppp)
Xif andora(ppp)#andor Xthen Xexit
Xfinish
Xrepeat
brancha(pp)=ppp#1
irepeat
Xif tlabel>=0 Xthen Xstart
andora(p)=2 :! change last branch to branch on true
brancha(p)=p+1
Labela(p+1)=tlLabel
Afinish
Labela(p+2)=flabel
Afor pp=1,1,p %cycle ;! assign private lLabels where needed
Xif labelal(brancha(pp))<0 Xthen Labela(brancha{pp))=nextplabel
Xrepeat
Xif condopt=1 Xthen Xstart
newline
show(" " index p+2)
show("TESTP " ,testpa,p)
show(“LEVEL ",levela,p+1)

-



56 show("ANDOR " ,andora,p+1)
57 show("BRANCH" ,brancha,p)
58 show("LABEL " ,labela,p+2)
59 newline
60 Ltinish
61 ifor pp=1,1,p icycle :! generate test code and fill Labels
62 %if lLabela(pp)>=0 %then filllabel(labela(pp))
63 conaflag=1
64 expri{testpa(pp))
65 comp=ala(testpalpp)+2))
66 £if andora(pp)=1 Xthen opn=false(comp) Xelse opn=truel(comp)
67 dump (opn,"ACC" """ fillbranch(labela(brancha(pp))))
68 arepeat
69 %if Labela(p+1)>=0 %and tlabel<D Xthen filllabel(labela(p+1))
70 %if flabel>=0 Xthen X%result=-1 Xelse Xresult=labela(p+2)
7 ! -
| PROCESs 72 Zroutine processcond(Xinteger condp)
Il 73 test{alcondp+1))
conNR Th conarest(alcondp+2))
75 Lend
76 - - ————————ee -
TEST- 77 %routine test(Xinteger ltestp)
78 Xif a(ltestp)=1 Xthen testp=ltestp Xelse level=level+1 Xand Xc
79+ processcond(a(ltestp+1)) %and Level=level~-1
80 Xend
. 81 == - = : - mmm——
ICONDREST 82 %routine condrest(Xinteger condrestp)
i 83 Xinteger andor
: 84 angor=alcondrestp)
85 xunless andor=3 Xthen Xstart
b6 store(testp,level ,andor) Xand test(alcondrestp+1)) Xand Xc
B7+ condrestp=alconorestp+2) Xuntil a(condrestp)=2
88 xfinish
89 Xend
. 90 !- - - -
I 91 %routine store(Xinteger testp,level ,andor)
STbﬂE 9 %if p>16 %then fault("CONDITION TGO LONG'™) Xand Xstop
93 testpa(pl=testp
94 levela(p)=level
95 andora(p)=andor
96 Labela{p)=-1
97 p=p+1
98 Z%end
99 ! - e 4 e
100 Xroutine show(Xstring(7) an,Xintegerarrayname a,Xinteger p)
Sﬂpw 101 Xinteger pp
102 print string(an."” ")
103 Lfor pp=1,1,p %cycle
[ 104 write(a(pp),5)
105 Arepeat
106 newl ine
107 Xena
108 Xeno

109 2Xengoffile

Coge 2492 bytes Glap 432 bytes Diags 613 bytes Total size 3537 bytes
99 statements compiled




Source file: SKIMPD.IMP Compiled on 25-0CT-1979 at 09:40:47
Computer Science IMP77 Compiler. Version 6.01

Xexternalintegerarrayspec a(1:500)

Xexternalbyteintegerarrayspec named(1:1024)
Xexternalintegerarrayspec namedlink(0:255)

Xexternal integerarrayspec taglink(0:255)

iexternalintegerarrayspec tag(1:512)

Xexternalintegerarrayspec Link(1:512)

Xexternalintegerarrayspec nextrad(0:15)
Xexternalstring(4)Xarrayspec display(D:15)

Xexternalintegerspec tagasl,level, tagsopt, nextcad,namedp

[] i i

Xexternalroutinespec expr(Xinteger exprp)
[ - i
Xownintegerarray worklist(0:15)=0(16)
Xownintegerarray namelist(0:15)=0(16)
Xownintegerarray branchlist(D:15)=0(16)
Xownintegerarray startlist(D:15)=0(16)
Xownintegerarray cot(0:127)
Xowninteger cotp,faults_ params
! - -
Xexternalstring(255)Xfn strint(Xinteger n,p)
Xstring(255) r
Lstring(1) s
Xif n<0 Xthen s="-" Xand n=-n Xelse s=""
r=ll‘ll
r=tostring(n=n//10%10+"0*).r Xand n=n//10 Xuntil n=0
r=s.r
Xwhile Length(r)<p Xthen r=" ".r
Aresult=r
Xend
1 - - -
Zexternalstring(8)Xfn strhex(Xinteger n)
xcﬂ“ststr‘nﬂ(‘}x.rr'r h(ﬂ.'lﬂ'"ﬂ" ”1" l:llzll "3" ll‘ll Hsn "6“ n?u uan
l’gll Hlli "BH H‘cl‘l llbl‘l IIEN “Fll
Iinteger i
Xstring(B) sh
gh=""
ifor i=1,1,8 Xcycle
sh=h(n&16_f).sh
n=n>>4
irepeat
iresult=sh
Xend

H - -

Xexternalroutine fault(Xstring(63) mess)
print string("* " _mess.,"
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&8 faults=faults+1
&9 Iend

3¢xttrnalr¢ut1n& dump(Zstring(7) opn,ren,hase,tinteger disp)
print :tring{str1nt{ntxtcud,5) e s X
opn.”,".reg."," .base.”, " .strint(disp,1)."

[ 1]
: )
55 nextcad=pextcad+1 Xunless opn="FILL"




56 Xend
: 57 ! - ;
I NAME 58 ZXexternalstring(255)Xfn name(Xinteger ident) -
| 59 Xunless 0<=ident<=255 Xand na.edl1nt@1dentl#ﬂ Xthen Xresult=
li 60 Yresul t=string{addr(named(namedl ink(ident))))
fi 61 Xend
| vswmg— 65 texternatintepertn newt
I : externalintegerfn newtag
w Ew 64 Xinteger i

65 Xif tagasl=0 Xthen fault("TAG SPACE FULL") Xand Xstop
66 i=tagasl 2
i &7 tagasl=Link(tagasl
[ 68 %result=i
| 69 kend
'; 0 - - s .
| RerugN 71 Xexternalintegerfn returntag(Xinteger tagi) :
: 72 Xinteger |
| TRAG— 73 =link(tagi)
{ T4 Link(tagi)=tagasl
75 tagasl=tagi
76 iresul t=L
f 77 Z%end
78 !
‘ GET 79 Zexternalintegerfn getwork
i} wokk 80 Xintegername cell
| 81  cell==worklist(Llevel)
| 82 %Xwhile cell¥0 Xcycle _
83 Xif tag(cell)<0 Xthen tag(cell)=-tag(cell) Xand Zresult=tag(cell)
84 cell==Link(cell)
85 Arepeat
E 86 cell=newtag
i 87 tag(cell)=nextrad(level)

88 nextrad(level)=nextrad(level)+]
89 Link{cell)=D

90 tresult=tag(cell)

|

|

91 Xend

- 92 !- -——— _ -

REW 93 Zexternalroutine returnwork(Xinteger work)

Ii"_ WORK. 94 Xinteger cell
i 95 cell=worklist(level)
5 96 Awhile cell#0 Xcycle

“ g7 %if tag(cell)=work Xthen tag{cell)=-work Zand Xreturn
E| 98 cell=Link(cell)

i 99 irepeat

. 100 Zend

! 101 1-— - -

CLEAR 102 Xexternalroutine clearwork
i wo 103 Xinteger cell
ﬁl( 104 cell=worklist(level)
i 105 Awhile cellL#D Xthen cell=returntag(cell)
i 106 worklist(Llevel)=0
i 107 ZXend
i 108 ! -
Il - TcorL 109 Xexternalintegerfn getcoti(Xinteger const)
| . 110 Xinteger coti
| m 2if cotp>0 Xthen Xstart
|
|

112 Xtor coti=0,1,cotp-1 Xcycle
_ 113 Xif cot{coti)=const Xthen Xresult=coti
b 14 Xrepeat

115 Xfinish




116 Xif cotp=128 Xthen faul t{"CONSTANT TABLE FULL") Xand Xstop
117 cot{cotp)=const

118 cotp=cotp+1

119 Xresul t=cotp=1

120 ZXend

121 !
122 Xexternalroutine pushtag(Xinteger ident,form,type,dim, level ,rad)

123 Xinteger tagi

124 Xif taglink(ident)#0 Xand tag(taglink{1dEHt}}}}16$16 f=level Xthen Xc
125+ faul t("NAME " .name(ident)." DECLARED TWICE™)

126 tagi=newtag

127 tag(tagi)=form<<28!type<<24!dim<<20!level<<16'rad

128 Link(tagi)=taglink(ident)

129 taglink(ident)=tagi

130 tagi=newtag

131 tag(tagi)=ident

132 Link(tagi)=namelist(level)

133 nanelist(level)=tagi

134 Xend

135 ! -

136 Xexternalroutine poptags

137 Xinteger cell,ident, nametag, params

138 Xstring(63) s

139 Xif tagsopt=1 Xthen newline

140 cell=namelist(level)

141 Xwhile cell#0 Xcycle

142 ident=tag(cell)
143 cell=returntag(cell)

e 1464 nametag=tag(taglink(ident))

e 145 taglink(ident)=returntag(taglink(ident))

2 146 Xif tagsopt=1 Xthen Xstart
147 s=name(ident)
148 print string(strint(ident,3).” ".s)
149 spaces(10~length(s))
150 print string(strhex{(nametag))
151 Xfinish
152 Xif nametag>>28=4 Xthen Xstart ;! procedure type
153 params=nametag>>20816 f =
154 Xwhile params#0 Xcycle
155 Xif tagsopt=1 Xthen print string("
156+ ".strhex(tag(taglink(ident))))
157 taglink(ident)=returntag(taglink(ident))
158 params=params—1 ;! pop up parameter tags
159 irepeat
160 Xfinish

e “161 Xif tagsopt=1 Xthen newline
T 162 Xif taglink(ident)=0 Xthen namedp=namediink(ident) Xc

i - 163+ Xand namedlink(ident)=0 ;! backtrack name dictionary
kﬁ%ﬁ}ai; 164  Xrepeat

i 165 Zif tagsopt=1 Xthen newline

i o166 namelist(level)=0
Y Itnd

& Ie:ternltintentrfn getlabel(Xinteger constp)
70 ZXinteger Label

Label=a{constp+1)
Xif Label>9999 XZthen fault("LABEL ".strint(Label,1)."” TOO LARGE™) Xc

Zend Xresult=~1 Zelse XZresult=Llabel
|
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%externalroutine filllabel(Xinteger Label)
XZinteger cell
Xreturn Xif Label<(0 :! for conditional statements
cell=branchlist(level)
Ytwhile celi#0 Xcycle
%if tag(cell)>>16=Label Xthen Istart
%Xif tag(cell)&16 BOOD=0 Xthen fault("DUPLICATE LABEL ". Xc
strint(label,1)) Xelse Xstart
dump(“FILL" ,strint(label,1),strint(tag(cell)816_7fff, 1) nextcad)
tag(cell)=Llabel<<1é!nextcad
Xfinish
Xreturn
%Zfinish
cell=link(cell)
srepeat
cell=newtag
Link{cell)=branchlist(level)
branchlist(level)=cell
tag{cell)=label<<16!nextcad
Xend
]

- - - -

%externalintegerfn fillbranch(Xinteger Label)
Xinteger cell,cad
iresult=0 Xif Label<D
cell=branchlist(level)
*while cell#0 Zcycle
Xif tag(cell)>>16=label Xthen Astart
cad=tag(cell)816_7fff
Xif tag(cell)&16 800040 Xthen tag(cell)=label<<16!16 8000 '!nextcad
Yresult=cad - -
%finish
cell=Link(cell)
Xrepeat
cell=newtag
Link(cell)=branchlist(level)
branchlist{level)=cell
tag(cell)=label<<16!16_8000!nextcad
Xresult=0

Xend
I

%externalroutine poplabels
Xinteger cell
cell=branchlist(level)
Xwhile cell#0 Xcycle
%if tag(cell)&16_800040 Xthen fault("LABEL ".strint(tag(cell)>>16,Xc
1)." NOT SET (BRANCH LIST ".strint{tag{cellll1§_?fff,1)."J"}
cell=returntag(cell)
irepeat
branchlist(level)=0
Lend
]

- il

Zexternalintegerfn nextplabel

Zowninteger plabel=9999
plabel=plabel+1
Aresult=plabel

iend

]

Xexternalroutine pushstart(Xinteger flag,plab)
Xinteger cell
cell=newtag



tag(cell)=flag<<16!plab®16 ffff ;! plab may be =1
Link(cell)=startlist(level)
startlist(level)=cell
Xend
1 -
Xexternalroutine popstart(Xintegername flag,plab)
Xinteger cell :
cell=starttist(level)
Zif cell=0 Xthen Xstart
fault ("SPURIOUS ZFINISH™)
flag=0
plab=0
Xfinish Xelse XIstart
flag=tag(cell)>>16
plab=tag{cell)816 ffff
%Xif plab=16 ffff Tthen plab=-1
startlist(level)=returntag(cell)
Xfinish
Zend
!._ o -
Zexternalroutine clearstart
Xinteger cell
cell=startlist(lLevel)
Xwhile cell#0 Xthen fault("XFINISH MISSING") %and cell=returntag(cell)
startlist(level)=0
Xend
[]

- - -

Xexternalintegerfn enter
Xstring(4) base
Xinteger cad
Xif level=1 Xthen Xstart
%2if nextcad#0 Xthen fault("XBEGIN NOT FIRST STATEMENT™)
dump("LDA" ,"COT","",0) ;! cot base address to be filled
dump("LDA" ,"DR1","",0) ;! stack base address to be filled
~ base="DR1"
Xfinish Xelse %start
dump("STR" ,display(Level) ,"STP",0)
dump("LDA" ,displLay(Llevel) ,"STP" 0)
dl.-pt IlsTnll 'u“u '“ETP“; 1 ]
base="STpP"
Xfinish
cad=nextcad
dump(“LDA" " STP" base,0) ;! static allocation to be filled
nextrad(level)=2
Xresult=cad
Xend
¥ =
Xexternalroutine dumpreturn
dump("LDA™,"STP" .display(level) ,0)
dump (“LOAD" ,display(level) ,"STP",0)
dump("LOAD" ,"WK" ,"STP",1)
dump(“8"”,"","WK" ,0)
Xend
1
XZexternalroutine array(Xinteger arrayp)
Xinteger namep,actualp,exprp,exprsp,ident nametag
namep=alarrayp+1)
actuslp=alarrayp+2)
ident=a(namep+1)
2ift aCactualp)=1 Xthen Xstart




PRoc
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exprp=alactualp+l)
exprsp=alactualp+d)
expr{exprp)
nametag=tag(taglink(ident))
dump ("ADD" ,"ACC" ,display(nametag>>16&16_f) ,nametagBlé_ff{f)
%xif alexprsp)=1 Zthen faul t("ARRAY ".name(ident)." HAS EXTRA INDEX")
%finish Xelse fault("ARRAY ".name(ident)." HAS NO INDEX")
Zend
i - - -
Yexternalroutine proc{%integer procp)
istring(4) opn,base
%integer namep,ident, nametag,ptagl,l, actualp,exprp,unaryp,operandp, Xc
npar;,ptag,pnamep,pident,pnaletag,pactualp,disp,e:prrestp,e:ursp, %ic
cldparams
%if params>2 %then dump(“LDA","”STP","STP" params)
oldparams=params
params=2
namep=al{procp+1)}
actualp=alprocp+2)
ident=a(namep+1)
l=taglink(ident)
nametag=tag(lL)
ptagl=Link{Ll)
npars=nametag>>20816 f
%if npars=0 Xthen Istart
%¥if alactualp)=1 Xthen fault(name(ident)." HAS PARAMETERS") Xc
%and %return
%finish Xelse Xstart
%if alactualp)=2 %then fault(name(ident)." MISSING PARAMETERS") Xc
Xand Zreturn
exprp=alactualp+l)
exprsp=alactualp+2)
acycle ;! for each parameter
ptag=tag(ptagl)
%if ptag>>28=0 Xthen expr(exprp) Xelse Xstart
unaryp=alexprp+1)
operandp=alexprp+2)
exprrestp=alexprp+3)
Xunless a(unaryp)=4 Xand a(operandp)=1 Xand a(exprrestp)=2 Ac
%Xthen faul t{"NOT A XNAME PARAMETER") Xelse Xstart
pnamep=aloperandp+1)
pactualp=aloperandp+2)
pident=a(pnamep+1)
%Xif taglink(pident)=0 Xthen fault(name(pident). Xc
" NOT DECLARED") Xelse Xstart
pnametag=tag(taglink(pident))
Xif pnametag>>28=4 Xthen fault(name(pident). Xc
" NOT A XNAME") Xelse Istart
base=display(pnametag>>16&16_f)
disp=pnametag&16_ffff
Xif ptag>>28=1 Xthen Xstart ;! Xname
Xif pnametag>>28>=2 Zthen array(operandp) Zelse Istart
Xif pnametag>>28=1 Xthen opn="LOAD" Xelse opn="LDA"
dumplopn,"ACL" ,base disp)
Xif a(pactualp)=1 %Zthen fault{name(pident). Xc
" DECLARED AS SCALAR"™)
Lfinish
%Xfinish Xelse Xstart
dump ("LOAD" ,"ACC" ,base,disp) ;) Xarray
Xif a(pactualp)=1 Xthen faul t("XARRAYNAME ". Xc




356+ name(pident)." HAS INDEX")

357 Xfinish
358 %finish
359 xfinish
- 360 Xfinish
é 361 Afinish
{ 362 dump("STR" ,"ACC" ,"STP" ,params)
é 363 params=params+1
R 364 npars=npars-1
g 365 [‘lif npars=0 Xthen Xstart
i 1 B 366 Xif alexprsp)=1 Xthen fault(name(ident)."” HAS EXTRA PARAMETERS")
. 367 Texit
368 2finish
369 - ptagl=Link(ptagl)
' 370 Xif alexprsp)=2 Xthen fault(name(ident). Xc
s 371+ “ 1S MISSING PARAMETERS”) Xand Xexit
kY exprp=alexprsp+1)
373 exprsp=alexprsp+2)
374 irepeat

375 Xfinish -

376 ! external i/0 routines at level O

7 Xif nametag>>16&16 f=0 Xthen base="EXT" Xelse base=""

: 378  dump("BAL","WK",base, nametagils ffff)

! 379 params=cldparams -

| 380 Xif params>2 Xthen dump("SUB","STP","COT" ,getcoti{params))

! 381 Xend
]

- -

| 382 !
l END ©F 3383 Xexternatroutine endofprog

f .oﬁ 384 ZXinteger i
| 'R 385 dt.p("FILL";-E“T“,“U“’.nﬁltcadj

386 i=0

387 Xwhile i<cotp Xcycle

388 dump (“CONST" """ """ ,cot(i))

389 i=isd
i ‘ 390  Xrepeat
. N dump("FILL","STACK","1" nextcad)

392 print string("

393+ $".strint(faults,4).” FAULTS IN PROGRAM
i - 394+ ™) )
i 395 Xstop
i 396 2Xend

397 Aendoffile

Code 10012 bytes Glap 1832 bytes Diags 2391 bytes Total size 14235 bytes
345 statements compiled




Source file: SKIMPE.IMP Compiled on 25=0CT=1979 at 09:41:31
Computer Science IMP77 Compiler. Version 6.01

%externalintegerarrayspec a(1:500)

Zexternalintegerarrayspec taglink(0:255)
Xexternalintegerarrayspec tag(1:512)
Xexternalstring(4)¥arrayspec display(0:15)
Xexternalintegerspec lLevel ,condflag,expropt

L - -
XYexternalstring(255)Xfnspec strint(Xinteger n,p)
%externalstring(8)Xfnspec strhex(Xinteger n)
%Yexternalroutinespec fault(Xstring(63) s)
xexternalstring(255)Xfnspec name(Xinteger ident)
Xexternalroutinespec dump(Xstring(7) opn,reg,base, Xinteger disp)
Zexternalintegerfnspec getwork

Xexternalroutinespec returnwork(Xinteger work)
Xexternalroutinespec proc(XZinteger ap)

xexternalroutinespec array(Xinteger ap)

“externalintegerfnspec getcoti(linteger const)

—
o D00 =0 Wb L =

i
—

— e s
= O WA g

EXPR 18 Z%externalroutine expr{(Xinteger exprp)
19 Xintegerfnspec totree(Xinteger exprp)
20 Z%routinespec evaluate(Xinteger nodep)
21 Xintegerarray tree(1:64)
22 Xinteger treep,treenode,treenodel,treenodel,testp,exprip,exprip,compp,ic
23+ i,3,1 '
24 Xconstintegerarray reversecomp(1:6)=1,2,5,6,3,4
25 treep=1
26 Xif condflag=0 Xthen treenode=totree(exprp) Xelse Xstart

27 condflag=0
28 testp=exprp ;! for <test>=<expr><comp><expr>
29 exprip=a(testp+l) »
30 compp=a{testp+2)
3 exprp=altestp+3)
32 treenodei=totree(exprip)
33 treenaodeZ=totree{exprp)
34 Xif tree(treenodel)==4 Xand tree(treencdel+1)=0 Xthen Xstart
35 alcompp)=reversecomp(a(compp))
36 treenode=treenode?d
37 Zfinish Xelse Xstart
38 Xif tree(treenodez)==4 Zand tree(treenodel+1)=0 Xthen Xc
19+ treenode=treenode] Xelse Astart
40 tree(treep)=10 il =
41 tree(treep+!)=treenodel
42 tree(treep+2)=treenode?
43 treenocde=treep
i Xfinish
45 Zfinish
46 Xfinish
47 Xif expropt=1 Xthen Xstart

i 48 newline

, 49 Xif O<tree(treenode)<=10 Xthen L=treenode+2 Xelse l=treenode+!
50 i=0
51 for i=1,1,1 Xcycle
52 write(tree(i), 4)
53 i=j*s
54 Xif i=treenode Xthen print string("+") Xand j=j+1

55 Xif tree(i)=-3 Xthen i=i+1 Xand print string(™ ". ¥c




. To
TREE

56+ strhex(tree(i))) Xand j=j+10

57 Xif j>70 Xthen newline Xand j=0

58 Xrepeat

59 newlines(2)

60 Zfinish

61 evaluate(treenode)

62 ireturn

63 o e —————— A

64 ZXintegerfn totree(Xinteger exprp)

65 ! create tree form of expression

66 ZXroutinespec pseval{Xinteger type,datum)

67 Xintegerarray os(1:4),ps5(1:5) ;! operator & pseudo-evaluation stacks
68 Xinteger osp,psp,unaryp,operandp,exprrestp,opp,namep, actualp, %c
69+ ident_.nametag

70 ZXconstintegerarray prec(1:12)=3,3,2,1,1,3,2,2,1,1,1,4

71 ) €C,05,8, 00,0 4n [ 5, 4, ~,~(unary) ,\

72 unaryp=alexprp+1)

73 operandp=alexprp+2)

Th exprrestp=alexprp+3)

75 Zif alunaryp)<=2 Xthen os(1)=a(unaryp)+10 Xand osp=1 Xelse osp=0
76 psp=0

77 icycle ;! for each operand

78 Xif aloperandp)=1 Xthen Xstart ;! <name><actual>

79 namep=aloperandp+1)

. {1] actualp=aloperandp+2)

81 ident=a(namep+1)

82 Xif taglink(ident)=0 Xthen Xstart

83 fault(name(ident) .” NOT DECLARED")

84 pseval (=3,0) ;! pseval dummy tag

85 Afinish Xelse Xstart

86 nametag=tag(taglink(ident))

87 Xif nametag>>2B8<s1 Xthen Xstart :! scalar variable

88 Xif alactualp)=1 Xthen XIstart

89 faul t("SCALAR ".name(ident)." HAS PARAMETER")

90 pseval (-3,0)

91 Xfinish Xelse pseval (-3, nametag)

92 Xfinish Xelse Xstart

93 2if nametag>>28<=3 Xthen pseval(-2,operandp) Zelse Xstart
94 Xif nametag>>24816_f=0 Xthen Xstart :

95 faul t ("ROUTINE NAME ".name(ident)." IN EXPRESSION")
96 : pseval (=3,0)

97 Xfinish Xelse pseval(=1,operandp)

98 Afinish

99 Xfinish
100 Xfinish
101 Xfinish Xelse Xstart

102 Xif a(operandp)=2 Xthen pseval(~4,a(a(operandp+1)+1)) Xelse Xc
103+ psp=psp+1 Xand ps(psp)=totree(aloperandp+1))
104 Xfinish

105 Xif alexprrestp)=2 Xthen Xexit ;! no more operands

106 opp=alexprrestp+1) :

107 operandp=alexprrestp+2)

108 exprrestp=a(exprrestp+3)

109 Xwhile osp>0 Xand prec(alopp))<=prec(os{osp)) Ythen Xc
110+ pseval(os(osp),0) Xand osp=osp~1 ;! unstack while prec(new op)<=
11 osp=0spt+1 ;! steck new operator

112 ~ os(osp)=alopp)

113 irepeat
114 awhile osp>0 Ithen pseval(os(osp),0) Xand osp=osp-1 ;! unstack rest
115  Xresult=ps(1)

V¥




116 ! - - -
IS EVAL- 117 xroutine pseval (Xinteger type,datum)
' 118 Xroutinespec store(Xinteger t)
119 Xinteger nodep
120 nodep=treep
121 store(type)
| - 122 Xif type>0 Xthen Xstart ;! operator
| 123 Xif type>10 Xthen stnre{ps(psp}} Xelse stnre{ps(psp-1l} Land Xc

b 124+ store{ps(psp)) Xand psp=psp-1
: ‘ 125 %finish Xelse store(datum) Xand psp=psp+i

126 ps{(psp)=nodep :
é 127 1= - - - -
| STORE 128 ZXZroutine store(Xinteger t)
129 %if treep>64 %then fault("EXPRESSION TOO LONG") Xand Xstop
130 tree{treepl)=t 3
131 treep=treep+i
132 Xend
133 Xend
134 Xend
135 ! -
136 X%routine evaluate(Xinteger nodep)
E“M‘MTE 137 ! dump code to evaluate expression
138 Xroutinespec opn(Xinteger op,p)
139 Xconststring(4)Xarray strop(0:12)="LOAD","SHL","SHR","AND" "XOR" " OR",
1#u+ llExFll’.luIul!’ll”L‘Ill'"Aunll’llsmll"IIHEEII'IPHGTII
141 ZXconstintegerarray commut{(1:10)=0,0,1,1,1,0,0,1,1,0
142 Xinteger op,opdip,opdZp,work
143 %if tree(nodep)<0 Xthen opn(0,nodep) ¥Xand Xreturn 2! operand
144 op=tree{nodep)
145 opdip=tree(nodep+1)
146 Xif op>10 Xthen Xstart ;! unary operator

i 147 Xif tree(opdip)>=-2 %then evaluate(opdip) Zelse opn(0,opdip)
i 148 dump(stropfop) ,"ACC","",0)
149 Xreturn

jj 150  x%finish
< 151 opdlp=tree(nodep+2)

A 152 Xif treel{opdip)>==2 %then Xstart ;! operand! a node
I 153 %Xif tree(opd2p)>==2 Xthen Xstart :} operand2 a node
H 154 evaluate(opdlp)
i 155 work=getwork
ik 156 dump("STR" ,"ACC" ,display(level) ,work)
i 157 evaluate(opdip)
L 158 dump(strop(op) ,"ACC" ,display(level) ,work)
Il 159 returnwork (work)
; 160 Xfinish Xelse Xstart
.k 161 evaluate(opdip)
i 162 . opn(op,opd2p)
163 Xfinish
164 Xfinish Xelse Xstart
165 Xif tree(opd2p)>==2 Xthen Astart
166 evaluate(opdZp)
167 Xif commut(op)¥#0 Xthen opnlop,opdip) Xand Xreturn
I 168 work=getwork
w 169 dump("STR" ,"ACC" ,display(level) ,work)
I 170 opn(0,0pdip)
[ 171 dump(strop(op) ,"ACC" ,display(level) ,work)
Il 172 returnwork (work)
Al 173 Xfinish Xelse Xstart

175 opn{op, opd2p)

F 174 opn(0,0pd1p)




176 xfinish |

177 Xfinish

178 Zreturn

179 !
OPN 180 ZXroutine opn(Xinteger op,p)

181 ! dump object code for simple operation

182 Zstring(7) base

183 Xinteger type,datum,disp

184 type=tree(p)

185 datum=tree(p+1) ‘ ;

186 Xif type==1 Xthen proc(datum) Xelse Xstart ;! procedure

187 X2if type==2 Xthen Xstart ;! array

188 array(datum)

189 dusp("LOAD" ,"ACC" ,"ACC",0)

190 Xfinish Xelse Xstart

1k Xif type==3 Xthen Xstart 2! scalar

192 base=display(datum>>16816 f)
193 disp=datumi16 ffff -

194 Xif datum>>28=1 Zthen Xstart ;! Xname type
195 dump("LOAD" ,"WK" ,base ,disp)

196 dump(stroplop),”ACC","WK",0)

197 Xfinish Xelse dump(strop(op),"ACC" ,base, disp)

198 Zfinish Xelse Istart ;! constant

199 Xif op>0 Xor datum>16 ffff Xthen dump(strop(op) ,"ACC", Xc
200+ "COT" ,getcoti(datum)) Xelse dump("LDA™,"ACC",”"" , datum)
201 Zfinish

202 Xfinish

203 Xfinish

204 ZXend -

205 Xend

206 Xend

207 Xendoffile
2STRINT unused

i Code 5164 bytes Glap 680 bytes Diags 1023 bytes Total size 6867 bytes
187 statements compiled

L




SKIMPAX

Source file: SKIMPAL.IMP Compiled on 30-0CT-1979 at 10:38:02

SO 00 = O U e LW R -
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55

Computer Science IMP77 Compiler. Version 6.01

Yexternalroutine skimpai(Xstring(63) file)
%string(15)%fnspec readmn(Xintegername sep)
%Xroutinespec dump(Xinteger on,rn,bn,dn)
%integerfnspec intstr(Xstring(15) s)
%string(15)Xfnspec strint(Xinteger n)
%routinespec fault(Xstring(255) mess)
Xroutinespec fail(Xstring(255) mess)
Yroutinespec monitor
Xconststring(7)Xarray imn(0:32)="STOP","”LOAD","LDA" “ADD" "SUB" "MLT",
ItDIuri "EKP“ IFETR"'HHEE"'"NGT" "EHL“}“SHR“ ll!Hnll’ﬂ'ﬂnrl‘ llxﬂ,n" "EﬁL“ "B"
"BI" "EHI" "EE" "BHE“ "EL";"BHL";“.-IH}F“ “st" “"-LTF“,“HI"‘F“ "EKF'F"
IlHEEFII I‘IFL'II‘I "FILL"'“C'}HET"
Zstring[15}zarray rean(0:15)
%Yintegerarray r{0:15)
xintegerarray s(0:4095)
istring(15) opn,reg,base,disp
Xconstinteger sL=4095
%constinteger datamask=2 0011111000000001111100011111010
%integer rp,sp,mon,tron,troff, on,rn,bn,dn,sep,i, faults,inst, trace, pc, ic
pcl,tracepc, tracen,efad,stackb,stpr,accr,cyc,ic
Xswitch ins(D:31)-
Xswitch ext(1:11)
Xif file=>("/TR ").file Zthen trace=1 Xand tracen=0 Xelse Xstart
Xif file="" XZthen print string("file ?
") Xand Xstop
trace=0
Xfinish
open input(2,file.".Lis")
select input(2)
select output(1)
ran{0)=""
r(0)=0
rp=1
sp=0
mon={
tron=0
troff=0
faults=0
instr:! process next instruction
read symbol(i) Zuntil i='$"

Xcycle

i=next symbol

Xif i="' ' Xthen skip symbol Xelse Xexit
irepeat

Xif '0'<=i<='9"' Xthen Xstart ;! "FAULTS IN PROGRAM"
Xif i>'0" Xthen fault("PROGRAM WAS FAULTY") Xand Xstop
Zif faults>0 Xthen fault("ASSEMBLY FAULTY") Xand Xstop
read symbol(i) Xuntil i=nl
=>interpret

Xfinish

opn=readmn{sep)

Xfor on=0,1,32 Xcycle
Xif opn=imn{on) Xthen ->gotopn

Xrepeat

Xif opn="MONITOR" Xthen mon=1 Xand =->instr




56 xif opn="TRON" Xthen tron=1 Xand ->instr

57 Xif opn="TROFF" Zthen troff=1 Xand ->instr

58 fault("INVALID OPERATION : ".opn.tostring(sep))

59 =>instr

60 gotopn:! get operands

61 Xif sepl',’ Xthen fault("INVALID FORMAT : ".opn.tostring(sep)) Xc
62+ Xand =>instr

63 reg=readmn(sep)

64 Xif sepd'," Athen fault("INVALID FORMAT : ".opn.",".reg. Xc

65+ tostring(sep)) Xand ->instr

66 base=readmn{sep)

67 Xif sep¥#',' Athen fault("INVALID FORMAT
68+ "," .base.tostring(sep)) Xand ~>instr
69 disp=readmn(sep)

70 Xif opn="FILL" Xthen Xstart

" -ﬂpﬂ-“ 'u .reg. ic

71 bn=intstribase)

72 Xif bn<0 Xthen fault("INVALID FILL : ".reg."™,"”.base) Xand =>instr
73 dn=intstridisp)

T4 iuntess 0<=dn<=1§_f$FF Xthen fault("INVALID FILL : ".reg. Xc
75+ "," .base." " .disp) Zand ->instr

76 cyc=0

77 XZcycle

78 cyc=cyc+i

79 Xif bn>=sp Xor cyc>sp Xthen fault("INVALID FILL LIST AT ". Xc
80+ strint{sp)) Xand =>instr

81 i=bn

82 "bn=s{bn)&1é6 FFFF

83 s(i)=s(i)818 FFFFOOUO!dn

84 Xrepeat Xuntil bn=0

85 Zif reg="C0T" Xthen pcl=dn-1 ;! program counter Limit

86 =>instr ‘

87 Zfinish

88 Zif opn="CONST" Xthen Xstart

a9 dn=intstr(disp)

90 Xif dn<0 Xthen fault("INVALID CONSTANT : ".disp) Xand =>instr
| dl.lp fﬂ,ﬂ;ﬂ,ﬂn)

92 =>instr

93 Xfinish )

94 Xif reg="" Xand opn¥#"B" Xand opn#"STOP" Xthen Xc

95+ fault("REGISTER MISSING AT ".strint(sp)) Xand rn=0 Xand ->gotreg
96 Xfor rn=0,1,rp-1 Zcycle

97 Xif reg=rmn(rn)} Xthen ->gotreg

98 Xrepeat

99 %if rp=16 Xthen faul t("EXCESS REGISTER : “.reg) Xand rn=0 Xc
100+ Xelse ran(rp)=reg Xand rn=rp Xand rp=rp+1

101 gotreg:Xif base="EXT" Xand opn="BAL" Xthen on=31 Xand bn= >gotbase
102 Xfor bn=0,1,rp-1 Xcycle Gl R,

103 %if base=ran(bn) Xthen ->gotbase

104 Zrepeat

105 %if rp=16 Xthen fault(“EXCESS REGISTER : ".base) Xand bn=0 Xc

106+ Xelse ran(rpl)=base Xand br=rp Xand rp=rp+i

107 gotbase:dn=intstr(disp)

108 Xunless O<=dn<=16 FFFF Xthen o

o i Tand fault{"INVALID DISPLACEMENT : ". Xc

110  cump(on,rn,bn,dn)

111 ->instr

112 !

113 interpret:! interpretation section
114 select input(l) '
115 stpr=0




116 accr=0
117 Xfor i=0,1,rp=1 Xcycle

118 Yif rean(i)="STP" Zthen stpr=i
119 L£if ran(i)="ACC" Xthen accr=i
120 r(i)=0

121 %xrepeat

122 stackb=sp

123 Xwhile sp<=slL Xthen s(sp)=16_ 80000000 Xand sp=sp+1
124 ic=0

125 pc=0 ;

126 exi:! execute instruction

127 Xif ic>10000 Xthen fail("10000 INSTRUCTIONS EXECUTED")
128 Yunless O<=pc<=pcl Xthen fail("PC OUT OF BOUNDS")
129 inst=s(pc)

130 tracepc=pc

131 pc=pc+1

132 Xif inst&16 Eﬂﬂﬁﬂﬂﬂﬂ#u Xthen monitor

133 %if inst&16 4000000040 Xthen trace=1 Xand tracen=0
134 Xif inst&16 2000000040 Xthen trace=0

135  on=inst>>24&16_1F

136 rn=inst>>20816 F

137 bn=inst>>16816_F

138 dn=inst&16 FFFF

139 efad=r(bn)+dn

140 %if 1<<onfdatamask#0 Xthen Istart

141 Xunless pcl<efad<=sl Xthen fail("DATA ADDRESS ". %c

142+ strint(efad)." OUT OF BOUNDS")

143 Xif s(efad)=16 80000000 Xthen fail("UNASSIGNED VARIABLE AT ". Xc
144+ strint(efad)’

145 Xfinish Xelse Xstart

146 2if on=8 Xthen Xstart

147 XZunless stackb<=efad<=sl Xthen fail("STR ADDRESS ". Xc

148+ strint(efad).” OUT OF BOUNDS")

149 Xfinish

150 Lfinish

151 =>ins(on)

15¢ ins(0):print string("

153+ STOPPED AT ".strint(tracepc)."$, ".strint(ic).” INSTRUCTIONS EXECUTED
154+ ") Xand Xstop

155 ins(1):r(rn)=s(efad) ; =>tracep

156 ins(2):Xif rn=stpr Iand efad<r(stpr) Xthen Xstart

157 ! clear old area back to unassigned
i 158 Xfor i=efad+2,1,r(stpr)+2 %cycle
i 159 s{i)=16_B80000000 Xunless i>sl

160 Xrepeat

161 Xfinish

162 rirn)=efad

163 =>tracep

164 ins(B:ir(rn)=r(rn)+s(efad) ; =>tracep
165 ins(&):r(rn)=rlrn)-s(efad) ; =>tracep
166 ins(S):r(rn)=ri{rn)#*s(efad) ; =>tracep
167 insté):r(rn)=rlrn)//s(efad) ; =>tracep
168 ins(7):r(rn)=r(rn)\\s(efad) : =>tracep
169 ins(B):s{efad)=r(rn) ; ->tratep

170 ins(9):ir(rn)==r(rn) ; =>tracep

171 ins(10):r{rn)=\r{rn) ; =>tracep

172 ins{11):r(rn)=rlrn)<<s(efad) ; =>tracep
173 ins(12):r(rn)=r(rn)>>s(efad) : =>tracep
174 ins(13):r(rn)=r(rn)&s(efad) ; ->tracep
175 ins(14):r(rn)=r(rn) !s(efad) ; ->tracep




READ
MN

176
177
178
179
180
181
182
183

185
186
187
188
189
190

192
193
194
195
196
197
198+
199

201
202+

203

210

213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

ins(15):r(rn)=r(rn)!!s(efad) ; ->tracep
ins(16) :r(rn)=pc ; pc=efad ; ->tracep
ins(17):pc=efad ; =>tracep '
ins{18):%if rlrn)=0 Xthen pc=efad ; =>tracep
ins(19):Xif r(rn)#0 Xthen pc=efad ; =>tracep
ins(20):Xif r(rn)>0 Zthen pc=efad ; =>tracep
ins(21):2if r{rn)<=D Xthen pc=efad ; ->tracep
ins(22):Xif r(rn)<0 %then pc=efad ; =>tracep
ins(23):Xif r(rn)>=0 Xthen pc=efad ; =>tracep
ins(24) treal(addr(r(rn)))=real(addr(r(rn)))+real(addr(s{efad)))
=>tracep
ins[ZS}:real{addr(r{rn}}lzre:l{addr(r{rn)))-reat(aﬂdr(s{efad}}}
=->tracep
insttﬁ):real{addr(r[rn}}ltreal{addr(r{rn})}*real{addr{stefadl1)
=>tracep k 224
ins(Z?}:real(addr{r{rn}}}=real{addr{r{rn)}}freal{addr{s(efad)}l
~>tracep
ins[EB}:realiaddr[r{rn)l]-rtal{addr{r{rn}}J\stefadl
=>tracep
ins(29):real (addr(r(rn)))==-real (addr(r(rn))) ; =>tracep
ins(30) :realCaddr(r(rn)))=r(rn) ; =>tracep
ins{31):Xif stpr=0 Xthen fail("REGISTER STP NOT DEFINED FOR I/0". Xc
" ROUTINE CALL™
=>ext{dn)
ext(1):read symbol(s(s(r{stpr)+2))) ; =>tracep
ext(2):Xif accr=0 Xthen fail("REGISTER ACC NOT DEFINED FOR “. Xc
"'MEXT SYMBOL' I/0 FUNCTION CALL™)
r{accr)=next symbol
=>tracep
ext(3):skip symbol ; =>tracep
ext(4):print symbol(s(r(stpr)+2)) ; ->tracep
ext(5):space ; =>tracep
ext (&) :spaces(s(r(stpr)+2)) ; =>tracep
ext(7):newline ; =>tracep
ext(8):newlines(s(r(stpr)+2)) ; =>tracep
ext(?):print symbol(12)
ext(10) :read(s(s(r(stpr)+2))) ; =>tracep
e:tt11J:urite{s(r(stpr)+2},s{r(stpr)*Sl} =
tracep:icsic+l
Xif trace#0 Xthen Xstart
write{tracepc,4)
print symbol('s")
tracen=tracen+1
Xif tracen=10 Xthen newline X¥and tracen=0
Xfinish

->exi
[ ]

Astring(15)Xfn readmn(Xintegername sep)
Istring(255) s

Linteger flag
s!llll
flag=0
Xcycle
read symbol(sep)
%if '0'<=sep<='9* xor 'A'<=sep<='7"' Xthen Xstart

Z2if length(s) <255 %t .

%finish Zelse Xstart hen s=s.tostring(sep) Yelse flag=1
Xif sepl' ' Xthen Xexit

xfinish

irepeat




236
237+

238

£>{J 239
~ 240
; als 241
- 242
243
| 2hi
! 245
i 246
247
l, 248
lINTSTR 209
| 250
251

252

253

254

255

256

257

258

259

STRINT 260
261

262

263

264

265

266

267

268

269

F AVOLT 270
271+

272+

273

274
275
' 276
FAIL 277
T8+
279+

280

281

i 282
! 283
Homno{gg;
286

287

288

289

290
291+

i 292
293

l 294
| 295

%if length(s)>15 Xor flaghD Xthen fault("INVALID MNEMONIC : ".s) Xc

%Yand Zresult="" Zelse Zresult=s
%end

] - .
Xroutine dump(Xinteger on,rn,bn,dn)
%2if sp>st Xthen fault("PROGRAM T0O BIG") Xand Xstop
s(sp)=mon<<31!tron<<30!troff<<29!on<<24!rn<<20!bn<<16!dn
sp=sp+1
mon=0
tron=0
troff=0
iend

Xintegerfn intstr(Xstring(15) s)
4integer value,d,i
value=0
Xfor i=1,1,length(s) Xcycle
d=charno(s,i)
Xunless '0'<=d<="9" Xthen XZresult=-1
value=valuex10+d-"0"
4Arepeat
Xresul t=value
Xend

Xstring(15)Xfn strint{Xinteger n)

istring(15) r

xstring(1) s
r: (18]}
Zif n<0 XZthen n=-n Xand s="-=" Xelse s=""
r=tostring(n=n//10%10+'0") .r Xand n=n//10 Xuntil n=0
Xresult=s.r

Xend

Xroutine fault(Xstring(255) mess)
print string("
".strint(sp)."$
ll}
faul ts=faults+1
iend

".mess."

*routine fail(Xstring(255) mess)
print string("

* " _mess.”

PC="_.strint(tracepc)."$")
monitor
istop

%end
] -

- ==

iroutine monitor
xstring(15) v
Xinteger i,j
newl ine
Xif rp>1 Xthen Xstart
Afor i=1,1,rp-1 Xcycle
5 print string(ran(i)." ".strint{(r(i))."
Arepeat
Xfinish
Xif stpr#0 Xand r(stpr)>stackb Xthen Xstart
write(stackb,2)




296 print symbol('$")

- 297 =1

L 298 ifor i=stackb,i,r(stpr)+17 Xcycle
299 Zif s(i)=146 B0000000 Xthen print string(" 2"} %¢
300+ %else write(s(i),3)

el m =i+

Gt 302 %if j=16 Xthen newline Xand j=0

L 303 Lrepeat

£ 04 newl ine

s 305 Zfinish

E 306 Xend

ke 7V unused

307 Xendofprogram
Code 9580 bytes Glap 1456 bytes Diags 1428 bytes Total size 12464 bytes
299 statements compiled




