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ABSTRACT
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involved are formulated.

KEY WORDS & PHRASES: Janus, Standard Fortran, machine-independence,
intermediate code, portability

*) This report will be submitted for publication elsewhere.







RODUCTION

Janus [1] is one of the languages that can be chosen as intermediate
> for the translation of some high level language into a machine-
spendent language. The problems which may arise during the compilation
Janus give an impression of its usefulness in comparison with other
1 intermediate languages. Although Janus was intended to be translated
> assembly language, it may be made more portable by distributing a
1slator from Janus to some generally available machine-independent
juage to enable a quick and dirty first bootstrap. Standard Fortran [2]
chosen as machine-independent language, since on almost every computer
the world there exists at least one implementation of Fortran. A
piler which produces Standard Fortran as final code can certainly be
sidered a portable one. It is reasonable to make a distinction between
global and the detailed proposals which are made in this paper. The
al ones primarily concern the organization of the memory, the
struction of activation records, etc.; the detailed ones define the
aslation of such things as conditional jump instructions and arithmetic
rations. Although I originally tried to translate the Janus program by
ne pass compiler, it gradually became clear that it is necessary to do

compilation in two passes. For example, it is impossible to translate

ump out of a Janus procedure by a one pass compiler. The translation of
er Janus concepts such as global declarations and constant definitions

L be easier. Fortran code is generated during the first pass while such
ags as the addresses within the operand stack and the number of entry-

ats are filled in during the second pass.

IATIONS FROM STANDARD FORTRAN

Occasionally, for the translation of some Janus instruction it is
essary to deviate from Standard Fortran. For example, some Janus
tructions require values of unknown type to be copied. In such cases I
erpret this variable as being a real one; although it is not Standard
tran, on most implementations it is possible to copy integer and
ical values as if they were reals. Such use of real numbers has been
ited to specific run-time routines which can easily be replaced if
essary for a specific installation.

UMPTIONS MADE ABOUT JANUS

Although the intermediate code Janus is defined in [1], I must
hasize that it is a preliminary definition. In many places in this
ument it is not clear what is meant and thus I had to guess to the
entions of the authors. The usefulness of some concepts in the Janus
inition is at least questionable. For example, I am not completely
tain of the interpretation of the ARVND-line; I have interpreted this
e like the ELMV-line. The occurrence of symbol in this line seems
less to me. I have been forced to make assumptions as to the meaning of




tus in many dark corners.

fANIZATION OF MEMORY

The memory available for the translation of the Janus program is
rided in three parts: the space needed for constants, which is known
‘ore execution of the program, the activation record stack and the heap
mamic storage). It is clear that these three categories must not
irlap. The Janus memory is implemented as a Fortran one-dimensional
‘ay. Equivalence statements enable each element of this array to be
:upied by an integer, a real or a logical value; it is therefore
luired that integer, real and logical values be represented by equal
ibers of storage units. For this reason it is impossible to implement
tble precision constants in the same array. This implementation method
1lies that the fields of a Janus record and the elements of a Janus
'‘ay occupy consecutive storage units in this Fortran array. The array
split as follows: the constants first, the stack and operand stack
:t, and the heap last. Because the total amount of memory needed by
iIstants is known when execution of the program begins, the starting
lress of the stack is pointed to by an integer variable. When there are
.al declarations or procedure calls, this variable is increased or
mged. Recursive procedure calling is possible in Janus, -but not in
‘tran. Janus procedures cannot be implemented as Fortran subroutines in
traightforward way. It does not seem sensible to solve this problem by
lementing Janus procedures as so-called "open code'" (the Janus program
ncluding all Janus procedures - is translated into a Fortran program
‘hout subroutines). It is quite imaginable that there are Fortran
ipilers that cannot compile very large Fortran programs. It is better to
nslate each Janus procedure into a Fortran subroutine. This requires
le special information within the activation record of each procedure to
e recursive calling possible.

ACTIVATION RECORD

Each Janus procedure (and so each Fortran subroutine) requires an
ivation record. Within this record the available space is divided into
r parts: l. parameters (if any), 2. administration, 3. local variables

4. space for operands and unnamed temporaries. If there are

ameters, they are placed in the activation record first; I prefer this
hod to doing the administration first and the parameters later; for
ursive calls this saves space, since no administration is needed before

procedure is actually called. The administration requires four integer
rage units; I will discuss this part of the activation record in the
lowing section. In the third component of the activation record space
reserved for the local variables and named temporaries as explicitly
lared in the Janus program. Finally, the activation record contains the
rage used for operands, unnamed temporaries, intermediate results, etc.
must carefully prevent overlap between the operand stack and the rest
the activation record. This may happen when intermediate results have
be stored, for example in newly declared (named) temporaries. If the
rand stack and the stack touch each other in such a situation, overlap




occur. This can be avoided by reserving all explicitly declared

rage of an activation record before determining where the operand stack
ns. During the first pass the total number of storage units needed
explicitly declared variables is calculated; during the second pass
starting address of the operand stack is determined.

. ING AND RETURNING FROM A PROCEDURE

The translation of a Janus program implies the creation of a
vervising" Fortran (main) program. It is not possible to call or to
irn from any subroutine without the intervention of the supervising
rram., Only one Fortran subroutine is active at the same time. A call
ses the creation of the activation record of the subroutine to be
.ed. As already mentioned, this activation record contains an
(nistration part. This part consists of 4 integer storage units; the
st integer indicates the starting address of the addressing environment
shich the procedure to be called is declared (the static link); the
nd integer is the 'procedure number'". The supervising program uses
3 value to select the procedure to be called; therefore, all Fortran
routines that are translations of Janus procedures must be numbered.
third integer indicates the starting address of the addressing
ronment of the calling procedure (the dynamic link). The last integer
1e determines the entry-point of the subroutine; when a subroutine is
.ed, this value corresponds to the first executable statement; this
iger value equals 1.
1 a call is made the administration part of the subroutine to be called
‘illed in by the calling subroutine. Before control is given to the
irvising program by the calling subroutine, the entry-point number in
administration part of the calling subroutine must be changed. This
ver must agree with the statement immediately following the call, so
: upon return this statement is the first one to be executed. This
:ement must be labeled to enable it to be jumped to. I will discuss
; in more detail at the translation of the RCEND-instruction. After
these values are determined, the supervising program calls the
routine indicated by the second value within the new administration
.3 the fourth value (equal to 1) forces the first statement of the
routine to be executed.

Returning from a subroutine means returning to the supervising
;ram using the dynamic link to find the activation record of the
.er. The supervisor gives control to the calling subroutine (determined
‘he second value in the administration part) and the first statement to
:xecuted now is determined by the fourth value of the administration
.« The code generated for this is discussed at the translation of the
IRN=instruction. It is worthwhile to note that a procedure which
.udes N calls to other (possibly different) procedures has at least N+l
'y=points. If a procedure includes a label which is jumped to from
jide that procedure, such a label corresponds to an entry-point also.
:he foregoing I have not mentioned the elaboration of parameters, the
-her internal structure of the activation record stack, etc. These




itbjects are discussed in a later section.

i\CURSIVE AND NONRECURSIVE PROCEDURES

In my implementation no distinction is made between Janus recursive
1d nonrecursive procedures. Both are called as if they were recursive. It
ruld have been possible to implement nonrecursive Janus procedures
.rectly as Fortran procedures, that is to say a call to a nonrecursive
‘ocedure causes no intervention of the supervising program, but is called
.rectly by the calling subroutine. However, this method is possible only
len no nonrecursive Janus procedure includes a call to a recursive
‘ocedure. Such a call would have required a return to the supervising
‘ogram. This problem could be solved by implementing a nonrecursive
‘ocedure as a ''supervising subprogram'". This solution would not have been
re efficient than to consider each procedure to be recursive, and severe
‘oblems would arise in implementing external labels.

INVENTIONS

Until now I have only described the global outline and architecture

' the Fortran program as a result of the compilation of the equivalent

lnus program. The next part of this paper describes how the various Janus

iIstructions are translated. The following Fortran execution=time

iriables are used:

MEM ¢ a Fortran one-dimensional array of type integer, which is
equivalent to the Janus memory.

BM,RM : one-dimensional Fortran logical and real arrays, respectively,
which are "equivalenced" with MEM by the statement:
EQUIVALENCE (MEM(1), BM(1), RM(1)).

IND : an integer variable, which stands for the Janus index register.
IBS ¢ an integer variable that implements the Janus base register.
MP : an integer variable, which marks the beginning of the activation

record of the current active subroutine. This variable is
initialized when all constant definitions in the Janus program
are processed.
I,J,K : integer variables, which have no special meaning; they are used
only in complicated calculations such as the transport of large
parts of memory.
a real variable used to store intermediate results.
an integer variable used in the translation of Janus
instructions that set the condition=-code; it occurs as left
operand of a relational expression.

reover, the following compile~time variables are used:

Tl ¢ an integer variable counting the number of Janus procedures
including the main program (initial value = 1) .
LA ¢ a one-~dimensional array of type integer; for a Janus procedure

with number N the array element LA(N) counts the number of
entry—-points of the equivalent Fortran subroutine.

a two-dimensional array of type integer; in a Janus procedure
with number N, EP(N,K) contains the value of the Fortran label

EP




number corresponding to the K-~th entry-point of this procedure.

a one~dimensional integer array; the element IT(N) counts the

number of storage units occupied by administration and variables

that are explicitly declared in the Janus procedure with number

N; during the second pass this variable is used to determine the

starting address of the operand stack in the equivalent Fortran

subroutine,

g : an integer variable indicating the maximum number of storage

units needed for declared variables in a Janus procedure.

an integer variable used to determine the addresses of

explicitly declared variables.

an integer variable indicating the display level of the current

procedure.

an integer label counter; for each Fortran subroutine the value

of this variable is used when a Fortran label is generated.

an integer variable indicating the integral displacement from

the beginning of the activation record.

an integer array; the element TP(N) indicates the number of

storage units occupied by the parameters of the procedure with

number N.

the array—element PT(N) contains symbol of the Janus procedure

with number N.

,MS : one-dimensional integer arrays used at the translation of
record-mode definitions.

,CC : integer variables used at the translation of record-mode

definitions.

one-~dimensional integer arrays used at the translation of

composed values (APPENDIX 1).

integer variables used at the translation of composed values.

one~dimensional integer array used as compile~time stack at the

translation of BLOCK- and BLEND=-instructions.

an integer variable used at the translation of COMMON DSECT

lines.

7ZE  : an integer variable indicating the length of the Fortran memory

available for the translated Janus program; the value of this

variable is determined by the programmer of the Janus program.

an integer variable counting the number of storage units

occupied by constants (initial value = 1).

pressions enclosed by " " are elaborated at compile-time, and the

lting value is put out. The variables occurring in such expressions

compile-time variables and do not appear in the code that is

rated.

rds included within [ and ] are optional.

rds which are underlined represent more general Janus concepts, e.g.

1otation mode is used when I want to discuss objects, whose mode is

trarily chosen. It is used primarily to indicate nonterminal symbols

n occur in the Janus grammar.

rds which are underlined and enclosed by ° ° stand for the

esponding values that are stored in the symbol or identifier table.

st Janus instructions cause Fortran code to be generated; in many

s the values of compile-~time variables must be changed alsoj; these

ile-time changes are described in terms of Fortran statements preceded

1 for changes during the first pass and by C2 for changes during the
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cond pass of the compilation.

In the description of the translation of the Janus instructions a
mpile-time identifier and symbol table are used. It is not meant that
ese tables are separated strictly; the only difference between these
bles is that the data in the identifier table are accessible during the
mpilation of the whole Janus program; all data in the symbol table are
st each time a Janus FINISH-statement is encountered; these data can
ly be reached at the compilation of a Janus module.

ERANDS

Most Janus instructions are composed of an operator and an operand.

the next sections each operator will be discussed separately; however,
e handling of operands is the same for many operators. Therefore,
tention is first paid to such things as targets, cells, data-locations
c. All these objects can be classified in five categories.

1. code-location
2. temporary
3. data-constant
4, CONST reference
5. variable

I will now define a translation for each of these classes.

de-location.

In a Janus program, code-locations may occur in three cases:
a. jumps
b. calls
c. case selections

Three kinds of code-locations are possible:

1. R symbol
2. X xsymb
3. Y xsymb

Firstly, I will discuss code-locations of the form: R symbol.

ad a., Since code-locations of this kind are within the current
ocedure, symbol and an integer value indicating the Fortran statement
mber are stored in the symbol table. Forward reference of labels will be
scussed at the translation of the jump instruction.

ad b. When a procedure is called or referenced (when a PROC-mode
ject is created), the number of this subroutine must be known. The
mbol which occurs in the procedure heading is identical to the label of
2 code-location. This symbol and the number of the procedure have been
ored in the symbol table.

ad c. Since a case-selection is translated into a row of conditional
nps, the same method of storing is used as in case a.

X xsymb is interpreted as an entry-point of another Janus module. It
not possible to jump to another module, since the addressing
vironment is not known. Therefore code-locations of this kind are not




lemented. I feel the Janus definition must be revised on this point.
The occurrence of Y xsymb implies some 'system'" action to be
formed. The implementation of such a code-location is left to the
ividual implementer, since it is not possible to decide for a
ticular machine what to do when a system symbol is encountered.

porary.

Since the lifetime of a temporary cannot exceed a basic block, the
ress of a named temporary is always within the current activation
ord. This means that only a displacement need be stored in the symbol-
le. For example, referring to an integer temporary is done by:
(MP+"D1"), where DI is the displacement as stored in the symbol table
MP marks the beginning of the activation record currently active.

a—constant.

Three kinds of data-constants occur in the Janus program:
. E expression
. denotation
. M identifier

ad 1. It is possible to include compile-time integer expressions in
Janus program; they are preceded by the letter E; in these expressions
y (signed) integer values and int-variables occur. Although nothing is
d in the Janus document about these int-variables, I must assume that
ir values are known in one way or another at compile-time (e.g. stored
the identifier table). It is most reasonable to generate a copy of the
us expression in Fortran, in which the int-variables are replaced by
values represented by them.

ad 2. In Janus there are four kinds of denotations:

. ACHAR character
» CINT character

Since there are no constants of type character in Fortran, these two
ds of denotations are transformed into integer values. I have not
sen for an implementation by means of Hollerith constants, since in
s way the comparison of two characters could fail because of the
sibility of overflow when two Hollerith constants are compared. It is
ferred to transform characters into integer values and back by two
ctions similar to the Pascal “ord’- and “chr’-functions. No distinction
made between ACHAR- and CINT-denotations.

. AINT [-] digit-sequence

It will be clear that the optional sign and the digit—-sequence are
ied into an equivalent Fortran integer constant.




4. AREAL [-] digit-sequence E [~] digit-sequence

The equivalent Fortran constant can easily be determined; if DSI
anotes the first digit-sequence and DS2 the second then this constant is:
-1."DS1" E [~] "DS2". For example, AREAL 1E-~2 is transformed into .lE-2.

ad 3. The value of a manifest is easily found, since the data-
>nstant is stored in the compile-~time manifest table when the manifest
2finition is encountered. By means of an index in this table the value
wvolved is generated.

CONST reference.

All constants declared in the Janus program are stored in the
nstant part of the Fortran memory. The address of the constant is
)mputed by adding the values of base and field- selector (if present) and
1e value of index, which is the value of expression multiplied by the
1lue of mode that is stored in the symbol table; If a * is present, this
1lue is increased by the value of IND multiplied by the value of mode; If
+ is present this value is increased by the value of IND only.

Variable.

There are several kinds of variables in Janus; one kind is of the
yrm: STATIC|COM reference.
le space declarations within a global declaration and the static
iclarations are interpreted as storage allocation in the constant part of
le (Fortran) memory. Therefore, reference refers to an address in the
mstant part. All values contained within reference are interpreted in
le same way as CONST reference.
iother possibility of a variable is: DISP’ i’ |LOCAL |PARAM reference. To
:ach variables declared in outer blocks, the prefix DISP’i’ is used. To
mpute the address of the variable involved, the display level of the
irrent activation record (DL) need be known. The following code is
merated:

i = DL : 1 = MP
i = DL~-1 : I = MEM(MP)
i < DL-2 : 1 = MEM(MP)
L = "DL"-"i’-]
Cl LC = LC+]

DO "LC" M = 1,L
"LC" I = MEM(I)

The integer variable I contains the value of the beginning of the
tivation record in which the variable is declared. By means of data
ored in the symbol table, the displacement of the variable as denoted by
ference is computed. The address of the variable is: I+'"DI'", where DI is
e integral displacement within the activation record.




OCAL reference.

A special case of DISP i’ variables are those that are local to the
‘rent activation record; this means that their addresses are within the
lress space of this activation record. If DI denotes the displacement
'responding to reference computed from the beginning of the activation
.ord, the address of the variable is: MP+'DI". Note that DI is negative
the variable is a parameter of a recursive procedure.

'ARAM reference.

The address of the parameter is calculated. As mentioned before, in
 implementation the parameters are placed before the beginning of the
:ivation record. So all parameters are reached by means of negative
splacements. The value of this displacement is known when the PAREND-
struction is encountered. Clearly, this displacement has to be computed
ym the start of the current activation-record; so the address of a
‘ameter is: MP-"TP(T1)-DI". The base PARAM is only used for parameters
NONREC procedures.

JASED [referencel].

The integer variable IBS corresponds to the Janus base register. If
‘erence is absent, then the value of IBS is the address needed. If,
jever, reference is present, then the values of index and field-selector
» added to the value of IBS. The address is denoted by IBS+'"DI", where
corresponds to the value of reference.

L.UES

Apart from the data-constants already discussed, it is possible to
scify initial values at constant definitions or at static or common
:larations. This initialization is implemented by DATA statements. There
» two categories of composed values: record-values and array-values. A

:ailed description of the translation of FLDV-, ELMV-, RCVND- and
IND-lines is given in APPENDIX 1.

7LDV mode STATIC|CONST|CSECT symbol [(expression)|[expression]] [valuel.

Since only array element names (and not array names) are allowed
-hin a Fortran DATA statement, for each elementary value a DATA
itement is generated. If no value is given, no DATA statement is
ierated. C is increased by the product of the value of mode and the
lue of expression, if any, and otherwise by 1. If value is not a
ca-constant and thus begins with a +, subsequent lines specify the
lue(s) of this field. If an expression is given, the field is an array
mode elements. The value is assigned to a number of elements determined
the value of expression. If value is a data-constant, then a Fortran
[A statement is generated; C is increased by the value of expression, if
7, and otherwise by 1.
r example:
LDV INT CONST A1(5) AINT 2.




translated into:

DATA MEM(7), MEM(8), MEM(9), MEM(10), MEM(11)/5%2/ ,
suming that the value of C is 7. The fields of a Janus record are
>lemented as successive elements in the Fortran array.

CVND mode CONST |STATIC|CSECT [symbol].

This Janus statement closes a record-value.

ILMV mode STATIC|CONST |CSECT [expression] |(expression) [value].

This Janus instruction is handled in nearly the same way as the
JV-instruction. If value is a data-constant, then a DATA statement is
1erated. The length of the list of array element names depends on the
lue of expression. I refer to the example given at the FLDV-
struction. If value is a composed value (indicated by a +) subsequent
1es specify the values for a number of elements determined by the value
expression. If no value is given, C is increased by the product of the
lue of mode and the value of expression. The elements of a Janus array
: implemented as successive elements in the Fortran array. No
stinction is made between packed and aligned Janus arrays.

\RVND mode CONST |STATIC|CSECT [symbol] [expression] |(expression)
[value] . :

This line indicates the end of an array-value; otherwise this
itement is handled in the same way as the ELMV-~instruction.

\NSLATION OF INSTRUCTIONS

A Janus program is composed of Janus modules. However, the difference
:ween a program and a module is not clear to me. No definition of
ygram or module is given in the Janus document. It could be that a
)gram and a module are the same things; in the description of several
1er Janus concepts these two words are freely interchanged.

lule.
3TART identifier.

This Janus instruction indicates the beginning of a Janus module.
:n a constant definition is encountered, the value(s) within that
!inition is (are) translated into (a) DATA statement(s) that are put out
a separate constant file; this constant file is built up during the
:st pass of compilation; it is compiled separately from the program
.e; at execution-time these two files are joined. All DATA statements
» contained in a BLOCK DATA subprogram; when the first START-instruction
encountered the following code is generated:

BLOCK DATA 1
LOGICAL BM('SIZE") 2
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REAL RM("SIZE") 3
COMMON/H/ MP, MEM("SIZE") 4
EQUIVALENCE (MEM(1), BM(1), RM(1)) 5

INISH.

This instruction marks the end of a Janus module. The symbol table is
ared; only the data stored in the identifier table are saved. If it is
last instruction of the program, the number of Janus procedures is
wn; then it is possible to generate code for the supervising program.
following code is then generated:

C PROGRAM SPV(OUTPUT,TAPE6 = QUTPUT) 1
LOGICAL BM('SIZE") 2
REAL RM("SIZE") 3
COMMON/H/ MP,MEM("SIZE") 4
EQUIVALENCE (MEM (1) ,BM(1),RM(1)) 5
MEM (MP-3)=1 6
MEM (MP) = MP-4 7
MEM (MP+1) = 2 8
MEM (MP+2) = MP-4 9
MEM (MP+3) = 1 10

1 I = MEM(MP+1) 11
GO TO (11,12,13,...,"10+T1"),I 12

12 CALL P2 13
GO TO 1 14

13 CALL P3 15
GO TO 1 16

"10+T1" CALL P"TI1" 17
GO TO 1 18

11 STOP 19

END 20

The beginning letter C on line | may be omitted on some
lementations, such as the Cyber 73 of Control Data Corporation. Lines
declare the Fortran array which corresponds to the Janus memory. Line
211s us indirectly what to do when execution is finished. The integer |
l eventually cause line 12 to jump to line 19. Lines 7-10 specify the
tents of the administration of the activation record of the main
sram. Line 7 fills in the static link, line 8 tells us, that it is the
1 program which must be called, line 9 fills in the dynamic link and
2 10 specifies the entry-point within the main program. When the last
[SH-instruction is encountered storage has been reserved for all
stant definitions. A DATA statement to initialize MP is generated when
constant definitions, static and global declarations have been
:essed. Dynamic allocated storage is placed at the end of the Fortran
1y; two pointers are initialized. On the constant file the following
> is generated:

DATA MP/"C+4"/ 6




~

DATA MEM("SIZE")/"SIZE-1"/,MEM("SIZE-1")/0/ 7
END 8

Note that 4 storage units remain unused; they are considered to be
eded for the activation record of the supervising program.

iclarations.
GLOBAL xsymb ENTRY symbol.

There is no visible Fortran translation for this instruction. Only
me administration is done. As symbol is the name of a Janus procedure,
1is symbol refers to an entry in the compile-time symbol table. This
itry will now be referred to by the identifier xsymb. In other words, the

itry pointed to by symbol is associated with xsymb; since xsymb is storec
. the identifier table, this entry is known outside the module.

GLOBAL [xsymb] CSECT symbol.

This instruction begins a COMMON block. This means that the space
:iclarations which follow are treated as if they were constant
finitions. Storage for these global variables is allocated within the
mstant part of memory. The current value of C is associated with xsymb
d symbol; this value and xsymb are stored in the identifier table;
mbol and the value of C are stored in the symbol table.

GLOBAL [xsymb] DSECT symbol.

If xsymb is in the identifier table, the value of xsymb is assigned
GC and to symbol, which is stored in the symbol table; GC is used to
termine the addresses of the symbols occurring in the following SPACE
nes.
xsymb is not in the identifier table, all Janus lines up to and
cluding the corresponding ENDBLK-instruction are ignored. The
anslation of these lines is performed during the second pass.

SPACE mode CSECT declarator[value].

This global variable declaration effectively causes the reservation
space. The amount depends on the mode which is specified; symbol (of
clarator) and the value of C are stored in the symbol table; if no value
given, C is increased by the product of the value of mode and the value
expression (of declarator), if any. If value is present and begins with
+, the new value of C is determined during the translation of FLDV- or

MV-instructions. The following variables are initialized:

Cl T=1
Cl K=0
Cl N=0

value is a data-constant (and thus mode is a primitive-mode), a DATA
atement is generated (on a separate file for constants); the number of
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‘ay element names depends on the value of expression. C is increased by
: value of expression, if any, and otherwise by 1.

yPACE mode DSECT declarator.

If this statement is not ignored, symbol (of declarator) and the
.ue of GC are stored in the symbol table; GC is increased by the product
the value of mode and the value of expression, if any.

INDBLK CSECT |DSECT symbol.

This instruction marks the end of a Janus COMMON block. No code is
terated and no administration takes place.

JEGIN [primitive-mode] DISP”i’|MAIN |NONREC symbol.

This instruction is the first of a Janus procedure declaration. If
.mitive-mode is present, the procedure delivers a value of that type,
it is to say an integer, real, boolean, character, procedure or address
.ue. Nonrecursive procedures do not have local declarations; only
porary and static declarations are possible. The addressing environment
a recursive procedure is determined by the integer ‘i’ as occurring in
'P“1°, ‘i’ indicates the number of display pointers needed for accessing
1local variables. The display level must be recorded, since it is used
the computation of the addresses of the variables in the procedure. The
.ue of Tl and symbol are stored in the symbol table. The following code

generated:

C2 Tl = TIi+1

Cl Tl = T1+l]

Cl MDS = 4

Cl PD = 4

Cl DL = “i”|0|DL+1
Cl LC = 1

Cl LA(T1) =1

Cl PT(T1) = "symbol"
Cl EP(T1,1) =1

Cl TP(T1) =0

SUBROUTINE P'"TI"

'ARAM mode DISP”i’ |MAIN |NONREC symbol [(expression)|[expression]].

No Fortran code need be generated by this Janus instruction. symbol
| the value of TP(T1) are stored in the symbol tablej; TP(T1) is
:reased by the product of the value of mode and the value of expression,
any, and | otherwise.

'AREND [primitive-mode] DISP”i’ |MAIN |[NONREC symbol.

This instruction marks the end of the parameter list; so at this

lent the total number of parameters and the number of storage cells
:ded for them are known. This implies that the addresses of all
‘ameters can now be computed; each parameter now corresponds with a




ique address recorded in the symbol table. As mentioned before, the
rameters are accessible by a negative displacement with respect to the
.ginning of the activation record. For that reason the address of each
rameter cannot be computed before the total number of storage units
eded is known; the current value of TP(TI) is used ‘at parameter
ferences. The following code is generated:

LOGICAL BM('"SIZE")
REAL RM("SIZE")
COMMON /H/MP, MEM('SIZE")
EQUIVALENCE (MEM (1), BM(1), RM(1)).
I = MEM(MP+3)
GO TO("EP(T1,1)",...,"EP(T1,LA(T1))"),I
1 CONTINUE
C2 ID = IT(T1)-1

The total number of statement numbers depends on the number of calls
d the number of labels jumped to from outside this procedure; EP(T1,K)
the value of the Fortran statement label corresponding to the K-th
try-point of the current procedure.

END [primitive-mode] DISP’i’ |NONREC|MAIN symbol.

The following code is generated:

END
Cl1 IT(T1) = MAXO(MDS,PD)

SPACE mode DISP“i’ symbol [(expression)|[expression]].

The effect of this "local declaration" is to allocate storage within
e activation record of the current procedure. The number of storage
its depends on mode and expression. symbol and the value of PD are
corded in the symbol table. PD is increased by the product of the value
mode and the value of expression. No code is generated.

BLOCK “i” DISP’j’.

This Janus instruction indicates a local block within the activation
cord of the current DISP"j’ procedure. Therefore, a compile-time pointer
set, so that by encountering the corresponding BLEND-statement, the
orage reserved for local variables declared within this local block can
freed again. It is necessary to have a compile~time stack for this
rpose. The following Fortran code is generated:

Cl BL("1i") = PD
BLEND “i’ DISP"j’.

As already mentioned, the pointer which has been set at the
rresponding BLOCK-statement indicates which storage units are freed now.

C1 MDS = MAXO(MDS,PD)




Cl PD = BL("i")

TEMP primitive—mode DISP“i’ [NONREC |MAIN symbol.

If this instruction is contained within a NONREC-procedure then
claration is treated as if it were:
SPACE primitive-mode STATIC symbol.
herwise it is handled as:
SPACE primitive-mode DISP“i’ |[MAIN symbol.

RELEASE primitive-mode DISP“i’ |[MAIN |NONREC symbol.

The Janus RELEASE-statement is ignored.
LOC symbol.
The value of LC and symbol are stored in the symbol table.
Cl LC = LC+]
"LC" CONTINUE
C2 ID = IT(T1)-1

SPACE mode STATIC declarator ([value].

The translation of static declarations is the same as the trans
the SPACE declarations within global declarations, except that no
ternal symbol is defined. In other words, storage for these variab
11 also be allocated within the constant part of memory. The trans
this static declaration is the same as the translation of:
SPACE mode CSECT declarator [value].

finitions.

DEF primitive-mode M identifier data-constant.

In the Janus program, identifiers can be associated with data-
nstants by manifest definitions. An applied occurrence of such an
entifier is replaced by the data-constant. All these identifiers w
e associated data-constants are stored in a compile-time manifest
d are accessible during the compilation of the whole Janus program

SPACE mode CONST declarator value.

Depending on mode and value, storage is allocated within the co
rt of memory: a row of DATA statements is generated, one for each
imitive component of value. This value can be a data-constant (a
aracter, integer or real value, or a compile-time expression), or
ray-value or a record-value. The elements of the array and the fie
e record specify the DATA statements which are generated. symbol (
clarator) and the value of C are stored in the symbol table. It is
rthwhile to note that global declarations, static declarations and
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constant definitions cause the same code to be produced.

ARRAY model (PACK|ALIGN) mode2 ((expression)|[expression]).

All modes that are defined are recorded in the symbol table. Each
mode is associated with an integer value, which indicates the number of
storage units needed. As mentioned already, no distinction is made between
packed and aligned arrays. The product of the value of expression and the
value of model is associated with mode2 and is stored in the symbol table.

RECORD model .

The first line of a Janus record-mode definition only serves to
indicate that the next lines will contain a full specification of this
mode. A compile-time counter CC is initialized to 0; this counter contains
the number of storage units needed for a variable of model. When the
RECEND-statement is encountered, the number of storage units effectively
needed is assigned to model. Until that time the maximum storage to be
reserved is stored in a compile-time variable MX. This variable is also
initialized to zero. Two compile-time integer arrays are used; an array LM
in which local maxima are stored and an array MS which is considered a
compile~time stack to store the starting addresses of the variant-parts.
The following code is generated:

Cl CC

0
Cl MX =0

FIELD mode2 (PACK|ALIGN) symbol [(expression)|[expression]].

symbol is recorded in the symbol table. The value of the counter CC
(as mentioned in the description of RECORD) is associated with symbol. So
symbol contains the displacement computed from the starting address of the
record (as recorded in the variable involved). The counter CC is now
increased by a number as designated by mode2.

Cl CC = CC + “mode2” [* “expression’]
MARK “i°,

This line begins a variant-part with at least one variant of level
“i’. As several variants occupy the same amount of storage it is
necessary to reserve the largest amount of space needed by any specific
variant of the given level. So it is necessary to save the current value
of the counter CC to make it possible to pick up this value when the
corresponding BACK line is encountered. These counter values must be saved
on a compile-time stack since variants may be nested. This means that the
following compile-time assignations take place:

0
CC

Cl LM("1i")
Cl MS("1i”)
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JACK “i’ wvariant-id.

This Janus statement marks the end of a variant. I do not see any
ise in the use of this variant-id symbol, since the Janus definition
wides no meaning for it, but it may be that this symbol is used by
scal J in the translation of a call to the Pascal “new’ function [3].
v total number of storage units reserved (as stored in the counter CC)
.1 therefore be recorded in the symbol variant-id. This symbol is to be
ired in the symbol table. If the first value is greater than MX, this
.ue is assigned to MX. The value of the counter CC is compared with the
.ue of MX. Moreover, the value stored the previous MARK line is assigned
the counter CC. I summarize all these compile-time actions in the

.lowing list:

Cl MX = MAXO(MX,CC)

Cl LM("i”) = MAXO(LM("1i),CC)

C1 "variant-id" = LM(“1i°)

Cl IF (“1i”.GT.1) LM("i"=1) = MAXO(LM("i"),LM("i"=1))
Cl CC = MS("1i")

'ECEND model.

This Janus line closes a record definition. The maximum of the
ipile~time variable MX and the counter CC is associated with the symbol
lel, which is recorded in the symbol table.

'ANGE INT i’ constant!l constant2.

As mentioned before, logical, real and integer entities occupy one
yrage unit in Fortran. Therefore, I ignore the constants. The mode
'’i” is equivalenced to the Janus mode INT. This interpretation is quite
1sible, since range checking is not provided in Janus, and no machine-
lependent ANSI Fortran interpretation of the constants is possible.
.s specification could only be meaningful with a view to storage

.ocation.

JRECSN REAL‘i’ constant!l [constant2].

As I have mentioned before, I do not implement variables of type
JBLE PRECISION, because they need two storage units in contrast with
riables of type INTEGER, REAL or LOGICAL. Therefore, the interpretation
a PRECSN line is nearly the same as of a RANGE line. All types REAL’i’
ich are declared in the Janus program are equivalenced to the Janus mode

L.

\NSMISSION statementse.

In this section Janus operations are discussed that move operands
»m and to the operand stack. These operations are composed of an
srator and an optional operand. This operand is a data-constant, a
‘erence to a constant, a variable or a temporary. If it is not a
10otation, it is necessary to search the symbol, identifier or manifest
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table for the address or value of the operand. The operand is moved from
or to the top of the operand stack; the address of this top element is
determined by two integers: MP, which points to the beginning of the
current activation record (an execution-time variable), and a displacement
expressed in a compile-time variable ID. The address of the top element of
the operand stack is always denoted as: MP+"ID"; MP+"ID" points to the
storage unit last occupied.
The push operations LOAD, SETLOC and TEST cause ID to be increased by 1
(C2 ID = ID+1); if, however, the LOAD-instruction is encountered and
primitive-mode is PROC, ID is increased by 2; the pop operations BASE and
INDEX cause ID to be decreased by 1 (C2 ID = ID-1); push operations cause
ID to be changed before Fortran code is generated; pop instructions change
the value of ID after code is generated. Generating code for these
instructions is donme during the first pass of compilation; however, during
the first pass the addresses within the operand stack are not known since
not all explicitly declared variables have already been seen; they are
filled in during the second pass.
The CMPM-instruction sets the Janus condition-code. This instruction is
implemented by storing the two operands in two character strings after the
addresses of these operands are calculated. When the condition-code is
tested (by conditional jump|trap or test instructions) these operands are
used to compose a Fortran relational expression. This expression consists
of the two operands and a relational operator that is derived from the
condition~code occurring in the testing instruction.
The MOVE-instruction copies a mode object from one place in the Janus
memory to another. A Janus mode is only used to determine the number of
storage units to be copied, but not the type of them. I prefer a run-time
routine that copies these storage units to a process that copies all these
values as if they were of type real. Such a routine needs three
parameters: the source address, the destination address and the number of
storage units to be copied. In some sense the same holds for the CMPM-
instruction; two mode objects are compared and the condition-code is set;
the implementation can best be done by a run-~time routine with three
parameters.
The INDEX- and BASE-instructions may be provided with the (R)-flag. This
flag indicates that not the top element, but the subtop element of the
operand stack is the operand of the Janus operation. The type of the top
element of the operand stack is unknown; my implementation does not allow
this element to be a PROC-mode object, since these objects require two
storage units instead of one; variables of type CHAR, INT, ADDR, BOOL and
REAL occupy only one storage unit. This top element is moved to the
position below the top. As the type of this element is unknown, the type
of this variable is considered to be real. On most Fortran implementations
the real assignment causes no problems.
The STORE-, CMPM- and MOVE-instructions may be provided with the (N)-flag.
If so, ID is decreased by 1 (CZ2 ID = ID~1); if, however, the STORE-
instruction is encountered and primitive-mode is PROC, ID is decreased by
2.
I will now give a detailed description for each Janus instruction; the
following conventions are used:

MEM|BM|RM : depending on the type of primitive-mode MEM, BM or RM is

generated;
type is INT, ADDR or CHAR : MEM




type is BOOL : BM
type is REAL : RM

If type is PROC, code is generated on a dif . waye

D : address of the variable, temporary or CONST ence.

P : value of the operand of the operation.

OVE,CMPM : run-time routines that implement the MOVE=- PM-
instructions, respectively; they need 3 par s: the
source address, the destination address and umber
storage units to be copied or compared; the ‘routin
delivers two character strings: "N" and "O" he
execution-time variable N the value -1, 0 o store
indicating that the condition-code is set o EQ or
respectively.,

PD1,0PD2 : two character strings in which the operands tored

condition-code setting instruction.

OAD primitive-mode operand.

MEM | BM |RM(MP+"ID") = "oP"

If primitive-mode is PROC:

MEM (MP+"ID-1") = MEM("AD")
MEM (MP+"1ID") = MEM("AD+1")

ETLOC ADDR data-location.

MEM (MP+"ID") = "AD"

TORE[(N)] primitive-mode cell.

MEM |BM|RM("AD") = MEM|BM|RM(MP+"ID")

If primitive-mode is PROC:

MEM ("AD+1") = MEM(MP+"ID")
MEM("AD") = MEM(MP+"ID-1")

OVE[(N)] mode variable.

CALL MOVE (MEM (MP+"ID"),"AD", mode”)

MPM[(N)] mode data-location.

CALL CMPM(MEM(MP+"ID"),"AD", “mode”)

EST condition-code .

BM (MP+"ID") = "0PD1"."condition-code'"."OPD2"

EST condition-code cell.




BM("AD") = "OPDI1"."condition-code"."OPD2"

BASE ADDR .
IBS = MEM(MP+"ID")
BASE(R) ADDR .

IBS = MEM(MP+"ID-1")
RM(MP+"ID-1") = RM(MP+"ID")

BASE ADDR operand.
IBS = MEM("AD'")

BASLOC ADDR data-=location.

IBS = "AD"
INDEX INT[i”] .

IND = MEM(MP+"ID")
INDEX(R) INT["i’] .

IND = MEM(MP+"ID-1")
RM(MP+"ID-1") = RM(MP+"ID")

INDEX INT[“i°] operand.

IND = "opP"

MPUTATIONAL statements.

All Janus computational instructions consist of an operator and an
tional operand. The operator is monadic or dyadic. If no operand is
7en it is assumed to be on the operand stack. The left operand for a
adic operator is always on the operand stack; if operand is present it
the right one; otherwise the right operand is the top element of the
:rand stack and the left operand is the subtop element.

Each operator delivers a value; the type of this value depends on the
:rator and the type of the operands; the resulting value is pushed onto
> operand stack. Monadic operators - ABS, NEG, NOT, TRUNCN and TRUNCZ -
1se ID to be increased by 1 (C2 ID ID+1) if operand is present;
lerwise ID remains unchanged (the operand is overwritten). Dyadic
:rators - ADD, AND, CMP, DIV, EQSGN, EXOR, MOD, MPY, OR and SUB - cause
to be decreased by 1 if no operand is given; otherwise ID remains
:hanged; in both cases the left operand is overwritten.

The CMP- and EQSGN-instructions set the condition-code; at the
inslation of the EQSGN-instruction two new operands are created; these
> operands make it possible this instruction to be implemented in the
ne way as the other condition-code setting instructions.
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The DIV-, SUB- and MOD-instructions may be provided with the
)~flag. If so, the operands are exchanged.

The EQSGN- and CMP-instructions may be provided with the (N)-flag. If
's ID is decreased by 2 if no operand is given; otherwise ID is decreasec
r 1.

The conventions used are the same as in the previous section. Below,
give the code for the instructions in case no operand is present. The
iplementation of the instructions provided with operand is nearly the
me.

ABS INT |REAL .

MEM |RM (MP+"ID") = IABS|ABS (MEM|RM(MP+"ID"))
ADD INT |[REAL .

MEM |RM(MP+"ID-1") = MEM|RM(MP+"ID~-1") + MEM|RM(MP+"ID")
AND BOOL .

BM (MP+"ID-1") = BM(MP+"ID-1") .AND. BM(MP+"ID")
CMP[(N)] INT |[REAL .

Cl OPD1 = MEM|RM(MP+"ID-1")
Cl OPD2 = MEM|RM(MP+"ID")

DIV INT |REAL .

MEM |RM (MP+"ID=1") = MEM|RM(MP+"ID-1") / MEM|RM(MP+"ID")
DIV(R) INT |REAL .

MEM |RM (MP+"ID-1") = MEM|RM(MP+"ID") / MEM|RM(MP+"ID-1")

EQSGN[(N)] INT |REAL .

Cl OPD1 = ISIGN|SIGN (MEM|RM(MP+"1D") ,MEM|RM(MP+"ID-1"))
Cl1 OPD2 = MEM|RM(MP+"1D")
XOR BOOL .

BM(MP+"ID~1") = (BM(MP+"ID-1").OR.BM(MP+"ID")) .AND.
(.NOT .BM(MP+"ID~1").0OR..NOT.BM(MP+"ID"))

4PY INT |REAL .
MEM |RM (MP+"ID-1") = MEM|RM(MP+"ID~1") * MEM|RM(MP+"ID")

{EG INT |REAL .




MEM |RM (MP+"ID") ="~ MEM|RM(MP+"ID")
0T BOOL .

BM(MP+"ID") = .NOT. BM(MP+"ID")
R BOOL .

BM(MP+"ID-1") = BM(MP+"ID-1") .OR. BM(MP+"ID")
UB INT |REAL .

MEM |RM (MP+"ID-1")

MEM |RM (MP+"ID-1") - MEM|RM(MP+"ID")

UB(R) INT|REAL .

MEM |RM (MP+"1ID-1"") MEM |RM (MP+'"ID") - MEM|RM(MP+"ID-1")
RUNCN INT .

X = RM(MP+"ID")

MEM (MP+"ID") = INT (X)

IF (FLOAT (MEM(MP+"ID")).GT.X) MEM(MP+"ID'") = MEM(MP+"ID") - 1
RUNCZ INT .

MEM (MP+"ID") = INT (RM(MP+"ID"))

[IONAL statements.

The operations I have discussed until now are available in every
lementation of Janus. Furthermore, some operators are "optional", that
to say they are not included within Standard Janus. All operators in
5 section except LDEX are monadic. The operator ODD that sets the
lition-code may be provided with the (N)-flag; if so, ID is decreased
l. In the same way as the EQSGN-instruction, the ODD-instruction
ivers two operands in the character strings OPDI and OPD2. The EXPO-
LDEX~-instructions handle the exponent of an operand. It is not easy to
Late the exponent of a real variable in Fortran, nor is it clear what
would mean in Standard Fortran; it is not even clear what it would
1, since Janus has no way of indicating the base. For these reasons I
10t implement these instructions.

D[(N)] INT .

Cl1 OPDI
Cl1 0oPD2

IABS (MOD (MEM (MP+"1D"),2))
1

]

JUND INT |REAL .




MEM |RM (MP+"ID") = INT |AINT (RM(MP+"ID")+SIGN (0.5,RM(MP+"ID")))
SIGN INT |REAL .

IF (MEM|RM(MP+"ID").NE.0]|0.)

CMEM (MP+"ID") = ISIGN|SIGN(1|1.,MEM|RM(MP+"ID"))

IF (RM(MP+"ID").EQ.0.) MEM(MP+"ID") = 0
SQUARE INT |REAL .

MEM |RM (MP+"ID") = MEM|RM(MP+"ID") * MEM|RM(MP+"ID")
TRUNCN REAL .

X = RM(MP+"ID")

RM(MP+"ID") = AINT(X)

IF (RM(MP+"ID").GT.X) RM(MP+"ID") = RM(MP+"ID") - 1.0
TRUNCZ REAL .

RM(MP+"ID") = AINT (RM(MP+"ID"))

nversions.

In Janus it is possible to convert a value of some type into a value
other types. Some of these conversions are defined by Janus, but the
nversion of others is left to the implementer. Janus includes 9
aversion operators. Since I do not implement subranges of the modes
AL and INT, the conversions REAL REAL and INT INT are implemented as if
2y were copying instructions. As mentioned already, Janus characters are
plemented as integer values using two transform functions. This implies
it the conversions CHAR INT and INT CHAR are also implemented as if they
re copying instructions. The implementation of the conversions BOOL INT,
[ BOOL, REAL INT and INT REAL is trivial., Discussion about the
awversion PROC DISP“i” is held separately.

300L INT .

BM (MP+"ID") = MEM(MP+"ID").EQ.1
[(NT BOOL .

I =0

IF (BM(MP+"ID™)) I = |

MEM (MP+"ID") = 1
NT REAL .

MEM (MP+"ID") = RM(MP+"ID")

LEAL INT .




RM(MP+"ID") = MEM(MP+"ID").
PROC DISP“i’ operand.

This Janus instruction converts an ADDR-mode object into a PROC-mode
ject. The creation of a PROC-mode object takes place in two cases: 1.
erand denotes a Janus procedure or 2. operand denotes a Janus label. My
plementation requires an explicit operand, since otherwise no
stinction can be made between operands that denote Janus procedures and
ose that denote Janus labels; if operand denotes a Janus procedure,
nbol (of operand) is in the procedure table PT. PROC-mode objects are
eated for labels whose applied occurrence may be within an other '
ocedure (i.e. a jump out of a procedure). To make a treatment similar to
at of a procedure possible, the display level of the label has to be one
re than the display level of the procedure in which this label is
atained. In both cases = a call to the procedure or a jump to the label
the result is a call of the Fortran subroutine corresponding to a Janus
>cedure. It is not sufficient to specify which procedure is meant; the
lressing environment (as indicated by DISP’i’) must also be specified.
=arly, this instruction is contained within a Janus procedure of level j
[SP“j"). It is necessary that i < j+1. MP marks the beginning of the
tivation record of the subroutine (procedure) currently active. The
le that is generated depends on the value of j-i+l. The number of the
>cedure (if operand denotes a Janus procedure) or the entry-point
rresponding to the label (if operand denotes a label) is pushed onto the
arand stack.

C2 ID = ID+I]

i = j+li : MEM(MP+"ID") = MP
i=7 : MEM(MP+'"ID") = MEM(MP)
i= j-1 : K = MEM(MP)

MEM (MP+"ID") = MEM(K)
lerwise(i < j-2) : K = MEM(MP)

L = "DL"-"i’-1

Cl LC = LC+I

DO "LC" M = 1,L
"LC" K = MEM(K)
MEM (MP+'"ID") = MEM(K)
C2 ID = ID+I
If operand denotes a procedure:
MEM (MP+"ID") = ‘symbol”’
If operand denotes a label:

C1 LA(T1) = LA(T1)+1
Cl EP(T1,LA(T1)) = “symbol’
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MEM (MP+"ID") = "LA(T1)"

OCATION statements.

When a block of storage is claimed or freed the run-time routines
B and FREE are used. Code for these routines is given in APPENDIX 2.
distinction is made between STACK- and HEAP-instructions.

;RAB STACK |HEAP index.

C2 1D = ID+l
MEM (MP+"ID") = GRAB(’index’)

'REE STACK|HEAP index.

CALL FREE(IBS, index”)

{TROL statements.

JMP target.

If target is a code-location, this instruction is interpreted as a
np within the current procedure. In my implementation code-location is
lowed to be only of the form: R symbol. The value that is associated
th symbol is filled in during the second pass; in this way there are no
sblems with forward references of labels.

GO TO “symbol’

If target is a cell, this cell is considered to be a PROC-mode object
i the instruction is interpreted as a jump out of the current procedure.

MP = MEM("AD")
MEM (MP+3) = MEM("AD+1")
RETURN

JMP condition-code target.

If target is a code-location:

IF ("OPD1"."condition-code"."OPD2") GOTO “symbol’

If target is a cell:

Cl1 LC = LC+]
IF (.NOT.("OPD1"."condition-code"."OPD2")) GOTO "LC"
MP = MEM("AD")
MEM (MP+3) = MEM("AD+1")
RETURN




"LC" CONTINUE

TRAP [condition-code] identifier.

The implementation of the Janus TRAP-instruction can best be left to
e implementer on each machine, because he knows all about the
.culiarities of his machine. If a trap occurs, further execution of a
nus program is undefined; Janus does not define the meanings of any trap
entifier. By IDF, I denote a traproutine whose specification is given
~ each individual implementer.

If condition—-code is absent:

CALL "IDF"
and otherwise:

IF ("OoPDI1"."condition—-code"."OPD2") CALL "IDF"

BEGCAS[(N)] primitive-mode .

It is impossible to select on a PROC-mode, an ADDR-mode or a BOOL-
de object, since there are no data-constants of these modes.

If primitive-mode is INT or CHAR:

I = MEM(MP+"ID")

If primitive-mode is REAL:

X = RM(MP+"ID")
If (N) is present:
C2 1D = ID-I

CASE primitive-mode code-location data-constant.

DC denotes a Fortran integer or real constant equivalent to the Janus
ta-constant.

IF (I|X.EQ."DC") GOTO “symbol”’

I admit that this translation may very often not be the most
ficient one. For example, if it concerns an integer case-selection and
> data-constants start from one with steps of one, it is obvious
sferable to generate a Fortran COMPUTED GOTO statement. However, this
juires a lot of administration since all data—-constants and
le-locations must be stored until the ENDCAS-statement is encountered.
that moment it is possible to make a choice between a COMPUTED GOTO
itement and a row of LOGICAL IF statements. Furthermore, the values of
: data-constants may be machine-independent. At this moment I have not
>sen such a solution, although I realize that in most implementations
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‘h an analysis may be necessary to achieve sufficient efficiency.

NDCAS primitive-~mode [code-location].

If code-location is absent, no code is generated;

otherwise:
GOTO ‘symbol’

RICALL [primitive-mode] target.

As already mentioned, no distinction is made between recursive and
irecursive calls. Nonrecursive calls are treated as if they were
.ursive. No code is generated.

RJARG[(N)] primitive-mode [operand].

In my implementation, the arguments for a call are pushed onto the
rand stack. If operand is absent, the argument is already on the
rand stack and no action is performed; otherwise this instruction is
erpreted as a LOAD-instruction. I pay no attention to the occurrence of
» since all arguments must be left on the operand stack. The arguments
: assumed to be of primitive-mode; if the mode of an argument is not
tricted, a run-time routine is used to copy operand to the operand
ck (see page 19: the MOVE-instruction).

C2 ID = ID+l
MEM | BM |RM (MP+"1D") = "oP"

If primitive-mode is PROC:

C2 ID = ID+2
MEM (MP+"ID-1") = MEM("AD")
MEM (MP+"1ID") = MEM("AD+1")

R]JARGLOC[(N)] ADDR data-location.

C2 ID = ID+I
MEM (MP+"ID") = "AD"

R]JCEND [primitive-mode] target.

If target is a code-location:

MEM (MP+"ID+1") MP
MEM (MP+"ID+2") = ‘symbol’

If target is a cell:

MEM (MP+"ID+1") = MEM("AD")




MEM (MP+"ID+2") = MEM("AD+1")
In both cases:

MEM (MP+"1ID+3")
MEM (MP+"ID+4") =

Cl LA(T1) = LA(T1) + 1

Cl LC = LC+l

Cl EP(T1,LA(T1)) = LC
MEM (MP+3) = "LA(T1)"
MP = MP+"ID+1"
RETURN

"LC" CONTINUE
C2 ID = ID - TP("symbol’ |MEM("AD+1")) [+ ‘primitive-mode’]

MP

ETURN [primitive-mode] procedure-class symbol.

If primitive-mode is present, a value of this mode is to be placed on
top of the operand stack.

MEMIBMlRM(MP—"TP(T])") = MEMIBMIRM(MP+"ID")
If it is a PROC value:

MEM (MP-"TP(T1)") = MEM(MP+"ID-1")
MEM (MP-"TP(T1)-1") = MEM(MP+"ID")

Furthermore - also if primitive-mode is absent - :

MP = MEM(MP+2)
RETURN

0P [primitive-mode] procedure-class symbol.

STOP

JORT [primitive-mode] procedure-class symbol.

STOP

'SIONS AND PROBLEMS

The implementation of several Janus concepts is not given or is left
:ach individual implementer. A summary is given now of all points in
Janus definition that are not discussed.

Code-locations are allowed to be only of the form: R symbol.

The INDEX- and BASE-instructions cause problems if the (R)-flag is
present.

The implementation of the TRAP-instruction is left to each individual
implementer.

No subranges (RANGE) and precisions (PRECSN) are implemented.
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> EXPO and LDEX are not implemented.
5. No difference is made between aligned and packed arrays.

VAL REMARKS

In this paper only a sketch has been given of a portable
>lementation. I have tried not to deviate from the Janus document, but
some places I have chosen for an interpretation which seems the best
s5sible to me. I have done so only where the Janus document is not clear
does not specify exactly what is meant. Janus includes some less
:cessful concepts, which are hopefully replaced in a later version; the
crent language is not very suitable to be used as intermediate code for
> translation of high-level languages. I hope that this paper may }
itribute to a real implementation and may remove some difficulties which
stht otherwise appear.
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PENDIX 1

It is not easy to implement Janus composed values in a correct and
ficient way. In this section an algorithm is given, described in Algol
» This algorithm may be a guide for an implementer to write his own
rsion. The following variables are used:
al,a2,a3: one-dimensional integer arrays; al and a2 contain the values
of mode and expression, respectively; a3 is used to store the
nesting level upon encountering an ARVND-line.
constant counter.
number of times a primitive value (data-constant) is put out.
nesting level.
index in array a3.

T 0
se oo o

The constant definitions etc. are implemented as DATA statements that
> generated on a separate constant file; for this constant file I have
>sen the file stand out (standard output file).

:n the first ELMV- or FLDV-line is encountered, the integer variables n,
ind k have been initialized by the previous SPACE-line:

n:=20;t:=1; k :=0;

The composed value is read from the Janus source file (standard input
.e) by:

while t/=0 do readline((instruction,newline)) od;
The instruction can be:

o ELMV-instruction
‘e FLDV-instruction
‘e RCVND-instruction
-« ARVND-instruction

The value on the end of the ELMV-, the FLDV- or the ARVND-line may be

ata—-constant. I assume this data-constant is a real denotation. It is
difficult to see what to do when another kind of data-constant occurs.
data-constant is stored in a string s;

LMV mode CONST |CSECT |[STATIC [expression] |(expression) [value].

al[t] := “mode’;
a2[t] := “expression’;

. value is absent:
c :=c + al[t] * a2[t];

. value is data-constant:

print ("DATA ");
p(1);
i_f_ S[l]'_'"—”




then s := s[1] + "." + s[2: ]

else s := "." + s

fi;

print (("/",if n>1 then (whole(n,0),"*") else "" fi,
s,"/",newline));

+ a2(t];

°
°
°
°

Cc
0;

=N o]

c. value begins with a "+":
t :=t + 1;

FLDV mode CONST|CSECT |STATIC symbol [[expression] |(expression)] [va

al[t] := “mode’;
a2[t] := “expression’ (if absent then 1);

a. value is absent:
c :=c + al[t] * a2[t];

b. value is data-constant:

print ("DATA ");

p(1);

-]-:2 s[]]=ll_ll

then s := s[1] + "." + s[2: ]

else s :="." + s

fi;

print (("/",if n>1 then (whole(n,0),"*") else "" fi,

s,"/",newline));
c :=c + a2[t];
n := 03

c. value begins with a "+":

a2[t] :=1;
t =t + 1;

RCVND mode CONST |CSECT |STATIC [symboll].

while t :=t = 13
if t>0 then ¢ := c + al[t] * (a2([t] - 1) fi;
if k=0 then false else a3[k]=t fi

do k := k - 1 od;

ARVND mode CONST |CSECT |STATIC [symbol] [expression] |(expression)
[value] .

al[t] := “mode”;
a2[t] := “expression’;

a. value is absent:




=c + al[t] * a2[t];

de t :=t - 1;

if t>0 then c := c + al[t] * (a2[t] - 1) fi;
k=0 then false else a3[k]=t fi

k :=k -1 od;

if
if

.ue is data-constant:

nt ("DATA ");

)3

s[1]="="

ns :=s[l] +"." + s[2: ]

es::=""+35

nt(("/",if n>1 then (whole(n,0),"*") else " ofi,
s,"/",newllne)),

c + a2(t];

0;

t =t -1;

if t>0 then c :=c+ al[t] * (a2[t] - 1) fi;

f k=0 then false else a3[k] =t fi

k -1 od;

Ig‘ o

H-l

=~
lI

ue begins with a "+":

code of the procedure p:

: p= (int i) void:

(if 1=t
then print((if n>0 then "," else "" £i,"RM(",
whole(c, 0),")")),
n:=n-+ 13

to a2ft] -1
doc :=c+allt]; n :=n+ 1;
print ((",RM(",whole(c,0),")"))

else ;Ti+l);

to a2[i] -1

do c :=c + al[il; p(i+l) od
fi;
c :=c¢c = al[i] * (a2[i] - 1)

)3




INDIX 2

By the routines GRAB and FREE a block of storage is dynamic
imed or freed, respectively.

INTEGER FUNCTION GRAB(N)
COMMON/H/ MP,MEM('SIZE")
K = "SIZE"
10 M = MEM(K)
IF (MEM(M).EQ.0) GOTO 40
IF (MEM(M-1).EQ.N) GOTO 30
IF (MEM(M-1).GE.N+2) GOTO 20
K=M
GOTO 10
20 L = M-N
MEM (K)
MEM(L) = MEM(M)
MEM(L=1) = MEM(M=1) - N
GRAB = M
RETURN
30 MEM(K)
GRAB =
RETURN
40 L = M-N
MEM (K)
MEM(L) = 0
GRAB = M
RETURN
END

I
(o

MEM (M)

=

]
=

SUBROUTINE FREE(N1,N2)
COMMON /H/ MP,MEM('"'SIZE")
K = "SIZE"

10 M = MEM(K)
IF (M.LT.N1) GOTO 20
K=M
GOTO 10

20 J = N1-N2
IF (K.EQ.'"SIZE") GOTO 40
I = K - MEM(K-1)
IF (I.NE.N1) GOTO 40
IF (J.NE.M) GOTO 30
MEM(K) = MEM(M)
IF (MEM(M).NE.O) MEM(K-1) = MEM(K-1) + N2 + MEM(M-1)

RETURN

30 MEM(K-1) = MEM(K-1) + N2
RETURN

40 IF (J.NE.M) GOTO 50
MEM(K) = NI

MEM(N1) = IIEM(M)
IF (MEM(M).NE.O) MEM(N1-1) = MEM(M=-1) + N2
RETURN

50 MEM(K) = NI







ENDIX 3

As an example a Janus |
zram into Standard Fortr:
right column comment is
computation of the Acke:

TART ACKERMANN.
EGIN MAIN AO.

AREND MAIN AO.

PACE PROC DISPO Al.
ROC DISPI R Tl.
TORE (N) PROC LOCAL Al.
CALL INT DISPO Al.
ARG(N) INT AINT 3.
ARG(N) INT AINT 4.
CEND INT DISPO Al.
ETURN MAIN AQ.

ND MAIN AO.

EGIN INT DISPI TlI.
ARAM INT DISP1 Ml.
ARAM INT DISPI1 Nl.
AREND INT DISP! TI1.
DJAD INT LOCAL Ml.
P (N) INT AINT O.
iP NE R LO.

DAD INT LOCAL N1,
DD INT AINT 1.
ETURN INT DISP1 TI.
)C LO.

JAD INT LOCAL NI,
4P (N) INT AINT O.
iP NE R L1,

CALL INT DISPO Al.
JAD INT LOCAL Ml.
JB INT AINT 1.
ARG(N) INT.

ARG(N) INT AINT 1.
CEND INT DISPO Al.
ETURN INT DISPI TlI.
)C L1.

CALL INT DISPO Al.
JAD INT LOCAL Ml.
JB INT AINT 1.
ARG(N) INT.

CALL INT DISPO Al.
ARG(N) INT LOCAL Ml.
JAD INT LOCAL Nl.
JB INT AINT 1.
ARG(N) INT.

SCEND INT DISPO Al.
ARG(N) INT.

CEND INT DISPO Al.

iven a:
eft co
gol 68

one.

ack =

ack(




RETURN INT DISPI TI.
END INT DISPI TI. fi
FINISH.

In the Fortran program the statements which a
nus instruction are preceded by that Janus instr
ne. The program causes 125 to be printed.

START ACKERMANN.
BEGIN MAIN AO.
SUBROUTINE P2
PAREND MAIN AO.
LOGICAL BM(1000)
REAL RM(1000)
COMMON/H/ MP,MEM(1000)
EQUIVALENCE (MEM(1),BM(1),RM(1))
I=MEM (MP+3)
GO TO (1,2),I
1 CONTINUE
SPACE PROC DISPO Al.
PROC DISPI R TI.
MEM (MP+6 ) =MP
MEM (MP+7 )=3
STORE (N) PROC LOCAL Al,
MEM (MP+5 ) =MEM (MP+7 )
MEM (MP+4 ) =MEM (MP+6 )
RCALL INT DISPO Al.
RARG (N) INT AINT 3.
MEM (MP+6 )=3
RARG(N) INT AINT 4.
MEM (MP+7 ) =4
RCEND INT DISPO Al.
MEM (MP+8 ) =MEM (MP+4 )
MEM (MP+9 )=MEM (MP+5 )
MEM (MP+10)=MP
MEM (MP+11)=1
MEM (MP+3)=2
MP=MP+8
RETURN
2 CONTINUE
PRINT RESULT (NO JANUS INSTRUCTION)
WRITE (6,30) MEM(MP+6)
30 FORMAT (18)
RETURN MAIN AO.
MP=MEM (MP+2)
RETURN
END MAIN AO.
END
BEGIN INT DISPI TlI.
SUBROUTINE P3
PARAM INT DISPI Ml.
PARAM INT DISPI NI1.
PAREND INT DISP1 TI.




ICAL BM(1000)

L RM(1000)

MON/H/ MP,MEM(1000)
IVALENCE (MEM (1) ,BM(1) ,RM

EM (MP+3)
T0 (1,3,5,6),1
TINUE
C NT LOCAL Ml.
(MP+4)=MEM (MP-2)
c INT AINT O.
C R LO.
(MEM (MP+4) .NE.0) GO TO 2
C NT LOCAL Nl1.
(MP+4 )=MEM (MP-1)
c T AINT 1.
(MP+4 )=MEM (MP+4 )+1
C INT DISPI Tl.
(MP-2)=MEM (MP+4)
MEM (MP+2)
URN
C o
TINUE
C NT LOCAL NI1.
(MP+4)=MEM (MP-1)
C INT AINT O.
C R L1,
(MEM (MP+4) .NE.0) GO TO 4
c INT DISPO Al.
C NT LOCAL Ml.
(MP+4 )=MEM (MP-2)
c T AINT 1.
(MP+4 )=MEM (MP+4) -1
C ) INT.
c ) INT AINT 1.
(MP+5)=1
C INT DISPO Al.
EM (MP)
(MP+6 )=MEM (1+4)
(MP+7 )=MEM (I+5)
(MP+8)=MP
(MP+9)=1
(MP+3)=2
MP+6
URN
TINUE
C INT DISPI Tl.
(MP=2)=MEM (MP+4)
MEM (MP+2)
URN
C .
TINUE
C INT DISPO Al.

C NT LOCAL Ml1.




EM (MP+4 ) =MEM (MP-2)
INT AINT 1.

EM (MP+4 ) =MEM (MP+4 ) -1
(N) INT.

L INT DISPO Al.
(N) INT LOCAL Ml.
EM (MP+5 ) =MEM (MP-2)
INT LOCAL N1,

EM (MP+6 ) =MEM (MP-1)
INT AINT 1.

EM (MP+6 )=MEM (MP+6 ) -1
(N) INT.

D INT DISPO Al.
=MEM (MP)

EM (MP+7 )=MEM (I+4)
EM (MP+8 )=MEM (I+5)
EM (MP+9 ) =MP

EM (MP+10)=1

EM (MP+3)=3

P=MP+7

ETURN

ONTINUE

(N) INT.

D INT DISPO Al.
=MEM (MP)

EM (MP+6 )=MEM (I+4)
EM (MP+7 )=MEM (I+5)
EM (MP+8 ) =MP

EM (MP+9)=1

EM (MP+3)=4

P=MP+6

ETURN

ONTINUE

RN INT DISP1 Tl.
EM (MP~2 ) =MEM (MP+4)
P=MEM (MP+2)

ETURN

INT DISPI Tl.

ND

SH .

ROGRAM SPV (OUTPUT , TAPE6=OUTPUT
OGLCAL BM(1000)
EAL RM(1000)
OMMON/H/ MP,MEM(1000)
QUIVALENCE (MEM(1),BM(1),RM(1)
EM(MP-3)=1

EM (MP)=MP -4

EM (MP+1)=2

EM (MP+2)=MP-4

EM (MP+3)=1

=MEM (MP+1)

0 TO (11,12,13),1
ALL P2




TO 1

LL P3
TO 1
op

OCK DA
GICAL
AL RM(
MMON /H
UIVALE
TA MP/
TA MEM

0)
BM(1),

MEM (99
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