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EEEEEEE 2 The design of MU5 CTL and Autococde., In this sesction a paper discussing

major design decisions concerning the cempiler writing system is reproduced,

ant Autocods

P.C.Capon, D,lMorris, J.5,Rchl and I.R.Wilson
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written langusge, MU3Z Auxocods, snd the parsmetric compiler farget

language (CTL).
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Introduction

At an early stage in the design of the MU5 software it was
decided to introduce g compiler target language (CTL) into which the
high level languagés would be translated, For each high level language
a translator would be provided to convert from the language to CTL
while & single compiler converts from CTL to machine codsa, The objective
was to simplify individual translators by forecing the CTL to e3 high a
level as possible, For example, the CTL contains declarations with the
characteristics of those found in high level langusges so that nsme and
property list management problems ere passsd to the CTL compiler, This
scheme enables the mode of compilstion, for example output in semi-compiled
form or loading for immedizte execution, %o be determined within the CTL
rather than within each transiator, L
Subsequently, a further rols for the CTL smerged, The MU translators
could be used on a range of machines provided a CTL coﬁpiler‘could
be written for each machine, This machine indspendence could extend over
machines with significant structural differences provided the data and address
formats were compatible, This idea is summarised in Fig, 1, It is gimilar
to the UNCOL (Strong, Wegsiein Tritter, Olsziyn, Mock and Steel, 105 8) idea
except that, whereas UNCOL attempted o span the significant differences between
existing machines, the CTL has been designed to suit machines originating from
MU5. There is, however, a more significant difference: the communigation
between the translators and the CTL compiler is two-way., Some of the CTL |
procedures return information to the translators., For example there ig a pro-
cedure for interrogating property lists. It is this which allows the whole
property and name list organissfion to be contained within CTL. The CTL does
not have to be encoded in character form by the translators then decoded by the
CTL compiler, Instead there is a UTL procedure corresponding to each type of
statement, so that the CTL is gz body of procedures rather than a written language.
The main input parameter of each procadurs is a vector whose glements define
the nature of the statement, In the case of an srithmetic assignment these
elements comprise a sequence of operator operand pairs, Only a small increase
in compile time results from usingz the OTL proceduras io generate code, because

they form part of g natural progression from source to object code,
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A loss of run time efficiency could arise from the translators losing

the ability to control completely the code which is generated, Thia

1,

problem is largely irrelevent with U

i

e

4

because of the high level nature of the
order code, For example, the addressable registers serve dedicated functions
which correspond to identifigble features of the high level langusges. Also
the machine dynamically optimises the use of the fast operand store
(Ibbett, 1g71)., 1If CTL were tc be implemented on machines considerably
different from MU5 in these respects then scme theoretical inefficiency
might result, In practice it is difficult %o cobtzin compilers which compile
optimum code, so that the inefficiency may be no worse than that already
tolerated on many machines,

In the overall sofiwszre structure the CTL is the instruetion set
of the MU5 wirtual machine {(llorris, Detlefsen, Frank and Sweeney,1071). Hence
compatibility in the notional MUE renge of machines is at the CTL rather than

the order code level, There is an ted written form of CTL, MU5 Autoccode,

which is the lowest level of program language and which is used Ior system

programs,

Design Corriderations

Tro vrinecipel decisions hav stemnined ; charascteristies

1

of the CTL end the Autoesdes, The

Autocode should be structuraily the possible
for ths CTL ccmpiler To gmnerasts ths sul - cquive ¥ a pregraxm in
sny source languzge. A number of minor advant 2 o from this ranging

from the debugging of compilers o portant programs.

‘In the light of past experisnce it zeous Ior the
compilers to be written in

The segond degisic
high level representation
be seen that the declarati

machine rather than logiczl

Igtion using any

a8 are operands in the mac
kind of arithmetic, Comsequently in 35 Autoccde information abou
Btructures is embedded in the code rather than just in the declara

in PL/1 or AlgolO8. However, it is not clear

icss of clarity results from this, partieculariy since operand cessing in MUS
is very flexible, Furthermere efficien > T

mere eificiency considerations will often dictate
that such structures be carefully designed I

practical considerations rsinforssd

hordware and software of MUS will be

rrzferagble for the language to reflect the

he Autocode nec-

ot

the dependence of the rest of the software on the CTL and

essitates a short time scale for their davelopment,
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The Autocede representatlon is the beat way af descrzhxgg the
BTz Lﬁﬁhrﬁ of both thls and the CTL. An example of a procedure ior sortmnﬁ
an array in dasyendlng order using linear seleatzon is gi?en in FigsZ..
From thiz the basic language structure should be apparent. In the i@llQWi15
pections the form of data, ‘the operations available and the overall control

structure are described,

The futocods computation statements

Each arithmetic computation to be performed requires an implicit
or explicit specification of the type and size of arithmetioc required,
The autocods provides many arithmetic modes but no particular one is
considered to be the fundamental mode, It is sssumed that cnly those
modas justified by the primary use of & machine are provided in hardware
the rest being provided by software. The arithmetic modes are signed
and unsigned integer, real and decimal of size 32, 64 or 128 bits and
& Boolzan mode, In MU3 32-bit signed and unsigned integer, 32- and 04~
bit wsal, and Boolean modes are ﬁrovided in hardware together with some
special functions to aid the software implementation of other modes ,
The mode is specified at the start of each statement and is following

rainly by operator operand pairs, Each of these palrs generally

[¢]

orresnonds to s machine instruotion; hence the code compiled is clossly
eontrolled, B

Tha operator precedence is strictly left to right in contrast
to most high-level languasges., There are seversl reasons for this, Firstly,
the calsulationz in systems programs are often of s logical rather than =2

ical nature, and use operators for which precedence rules are nod
bilished, Secondly, it is easier to see that efficient gode is being
hen evalustion is left to right than when implicit stacking
ipl resulis is taking place, Thirdly, since different languages have
epedencs rules sn equal precedence convention is the most
fov use in the target language. Precedence can be foreed

o7 bracketed sub-expressions which expliecitly demand the

a Dartaal result on the opening bracket, and the application
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(A+B)/{C+D)

R64, A + B/(C + D) => E

# the H4~bit veal mode of celeulation; A, B, C, D and E are operands,
+ gnd => are the divide, add and store operators
otively, In MU this statement would translate to:

ACC = A 3:18et the floating-point accumulater to the valuss of 4
AL + B s2add the value of B

ACC #a= O s:ztack the partial result and load the value of €

AC + D s:add the value of D

ACC O STACK s:reverse divide by the stacked partial result

AL => B s3store the result in E
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Autocode control statements

The order of execution of statements in a program is determined
by various control statements, These are intended to encompass the
corresponding features of standard high-level languages. Apart from
readability requirements the possibility of a variety of control hardware
in different machines forced these statements to a high level,

A Boolean facility similar to that of Algol 60 is provided, This
requirement is catered for at the hardware level in MU5 partly because
the cost was small and partly because of local interest in non-numeric
programming, The general form of the conditional statement, and the
conditional expression, is also similar to that of Algol 60,

A relatively restricted looping facility is provided, Because
there are significant structural differences in the v#rious.high-level
isnguages it is expected that compilers will usually generate the
corresponding conditional statements. The simple facility provided deals
with the frequently occurring cases for which special harGWQxea_such

a8 test and count instructions, might exist,

Procedures

A principle design aim of MU5 has been to incorporate the
concept of recursive procedures at the hardware level (Kilburn, Morris,
Rohl and Sumner, 1G6Q), It therefore follows that the Autocede includes
this facility in a form which reflects those in existing high-level
languages,

- Therefore procedures have static or dynamic namespaces and

parameters which are expressions, corresponding to Algol eall by
velue parameters, or descriptors, Descriptor parameters enable
reference, substitution, procedure and label parameters to be simply
programmed, Procedures which are used as functions yield 2 result
handed bacg in the accunulator, in which case they may be called in the
gourse of evaluating an expression, :

In Fig. 2 it can be seen that a procedure is preceded by a
specification, This specification gives the mode of each parameter
and of any result yielded by the procedure, while the procedure
heading gives only the formal parameter names.'TFurther, the specifieation
must be given before the first call, Thus,,therccmpilation of procedure

calls is simplified because the parameters modes are known,
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An Example of the parametric form of CTL

An example is now given of the way that thiz written language
is parameterised to form the CTL., Suppose that sn Algol translator wishes

to translate:
X 3= y + 10

where X and y are declared integsrx,

The corresponding autocode statement is:
132, y + 10 => X

The translator must do two things to process this statement:
1, Assemble a parametric form of the statement into a vector.
Z. Call the CTL.COMPUTATION precedurs with the vector as parameter,
. This procedure then generates the corresponding MU5 binary
instructions, semi-compiled or other forms,
Suppose that the translator is sssembling the parametric form into
a vector CODE declared:
VEC [32, 211 CODE
then the elements of code are assigned as follows:
GODE [01 : Computation is in I32 mode and next operand is a name
[1] : Name y '
2] : Operator +, next operand is a consiant
[3] : Constant 10
[4] : Operator =>, mext operand iz a name

[5] : Name x .

{61 : Term1nat1ng mark e 7 L o ,
The ‘vector therefore contalns an ope“a&ar opera“d saquence. Each
word contalnlng an operator also descrlaﬂm the' type of the cpﬂrand
following., The operator is held in the top 16 bits and the operand:,
type in the bottom: 16, ~Considering, in the prﬁced1¢c sxample, one such
element of CODE in more detail, since => is operator § and a name is an

operand type 16, CDDE[43 %000900.;.0 in hexadecimal,




A name is veplaced at the lexical snalysis siage by an infternal

5

identifier, an integer, which is handed back o the wranslator by the
CTL.ADD,NAVE procedure, Such integers are placed in CORE [1] and CODE 153
This form of operand assumes the use of the stsndard form of name and
property lisis mentioned previously.

mode of the

P
5]
]
¢t
o
L
il
=
[6]

coDE [0] which is specially coded fo indi
sequence can be regarded as describing a lead operation, The complets

hexadecimal representation of the previous exampla 133

CODE [o]

750150010
[1] : Integer corresponding to v, {interngl ideniifier)
{21 : % 00012001
{31 : ¢, 00000004
[4] 3 9,00000010

{21 : Internal identifier corresponddi

[61 39, 00320000
Yhen thisg information has besn assenbled 2 oalll
{

CTL LOMPUTATION

can be made, and the CTL procedure gensrates ihe sode.
Conclusion

The Auntoccode and

system on an ICL 1002E, Dme translaior;

rurming in this system., The development

and PL/1 is well mdvanced, The MUS implementetion awalts the comaisaioning

of the hardware after which the

nodification. -

A compiler. £ 100 code
is also available,

which will glso he

good For these modules to be used as part of the 1905E operaling system

{(Morris, Frank, Robinson, Wiles, 1071).
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PROC SORT{A,N)
PROC SPEC SUB,OF.MAX(S5,132,I32)I32
v32,P,SUB
V6.4 ,DUNP
PROC SUB.OF ,MAX(A,P,N)
V32,5UB,I
132,P => SUB
CYCLE I = P+1,1,N
IF{RO4,AL 1]>A[SUB]]THEN
132,1 => SUB
CONTINUE
REPE AT
RESULT = SUB
END
CYCLE P = 1,1,N-1
132 ,SUB,0F ,MAX(A,P,N) => SUB
RO4,AlSUB] => DUMP
RO4,A[P] => AlSUB]
RO4,DUMP => ALP]
P

Fige 2.

An example of an MUR Autoseds procedurs,



The syntax processing paskage 18 Doy d830T.
tools manual,
Pages 14 = 21 are deletled,
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2 Compiler Sysiem Orgendisation

The compiling system will inciude implementations of the following
lansusges: FORTRAN, ALGOL, PL/L, AA and MU5 AUTCCCDE,.It has been desi gned

to fulfil several aims:

ompilers. The existence of only one copy of a particular
h

3. To facilitate mixed 1anguage ronramnlng nd standardise

library conventions.’

The com pllerb are pure procedures which re eside 1n the part of the
virtual store which is common to all Processes {segnent numbers > 127}.

They may be called by any process but i

[ 1

e simple Job the Cum?llEf will

be entered as a result of a statement in the program conirol sequence.

such 25 input and ocutput fils names and the mode of operation required, is

transferred to the compiler by means of parameters. In a simple job thess

perameters are generaﬁed from the progrsm control sequence.

Tech translator notionally generates sutoccde sStelementis from
the source text., These statements are in th .
so the iranslator cells the CIL procedures o outpuﬁ written autocods
and /or generate relocatable code.  The relocatable code may then be

filed and/or loadsd into store. The files of gutocoas o¥ relocstable

The CTL procedures are ussd by all transiators. Gther procedures,
such as input or s;ntactzc angiysis may ve shared between transiators. This
|

is summarised in Fig. %,



Fig. 1. Organisation of cods in the MUS compiling system
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of versions of 'z compiler the mods of compilation is determined notl by

the compiler ussed but by the paraneters supplied to the compiler,
Scme of these parzmeters ars used by the compiler itsslf whils others

<COYPILER NAME> (P4 P _, P )
1 % 3
assemblesz into a sequence to lecad the parameters Pl Eow Wow e By
" “~ S
onto the stack and call the compiler, "The use of these three parametlers

is common to 21l compilers, (Pl and P2 are regarded as I32 cusntitiss),

Pi = 0 : normal mode and all other parameters take their defaull

settings {This facilitaies simple jobs where the compiler is =szlled by the
program control sequence, See the MUZ-IX/ asic Library Manual for further

details of program control sequences)
P1 = 1 : normal mode bui other paremeters do not assume defgul
Pi-= : the compiler perm is not present

Pl =

interactive compiling

Pl =

Perm being compiled

o UL A W

Pl = + Perm being extended; some name and property lists
already present

Pl =% : Perm belru extended; no nams and property lists present

If the top bit of Pi is set, 21l high level computation vectors

handed to the CTL are printed in hexadscimal on output stream zero,
The next bit (9440(7)) should be set for the initialisation
of a two=-pass compiler,

Bit 9’20(7) sbould be set when compiling a commen procedurs,



Lasi

P2 = running mode
P2 = 0 normal ;@ _
Various bits can be set in P2 as followa'
Least significant bit(0) = 1 production run (This may inhibit
certain checking)
bit 1

= 1 full overflow check
2 = inhibit array bound check
3 = full array bound check

The top bit gives the number of segments required for dynamic

vectors if this is greater than one,

Other bits so far unallocated,

p3 = Library directive, 1f P3 = 0 then only the system librery and
compiler perm are required, Otherwise P3 is a vector descriptor, Each element
of the vector will give the file number of a library file to be scannad,
Initially only the system library is provided,

Program and data listing with or without conventional page'and line
numbers is organised by the input device controllers, At the end of compiling a
compiler should exit (usually to the program control sequence), The progran
may then be separately filed or entered by other program control sequence
statements,

If the compiler input comes from a stream other than the current
input a program control sequence statement is used to switch compiling to
that stream., If compiler monitoring is to be output on a different sirsam
this stream is selected before the compiler is entered, Other special
offects can be achieved by calling CTL, INITIALISE (W1th g command )

before the compiler is entered, a




2_6.

3.3 Library procadures
An srbitrarily large collection of library pro¢edures will

sventually be allowed within the system library or private libraries,
These will usually be held in source form and need not be completely

self contained, In the initisl implemeantation only COMMDN library
procedures are implemented, These are held in fully compiled form

and must be completely sell contained, A se@lf contained progedure has

no non~local variables except those corzesponding teo sbsolute names
which are conventionally in fixed positions in store {8.g., current inpul

numbers)., Such a procedure has no non-local procedure calls except.

to other ¢OMMON procedures, If subprocedures exist thsy are concealed o

and do not appear as separate procedures te a cailing program»

User programns may access COﬁMDE Pr@cedures by a | COMMON d;rectory
sttached to this sat of procsdures., compaiers are grgamxsad 8¢ that all
common procedures are putomatically. ava;lab@e o users, There wzll be @
supervisor called SYSTEM 10AD to add new precedures to- the CSEEHN librarya
. and load t;em into therpommﬁn part-of the virtual staxe.' For full ﬁa%ailg
3ee ths MUS=MX/3 library msnual.



27.
3.4 CTL Aroas

The present 'load and go' implementation of CTL creates secments
for static areas at compile time, Datavectors may be put into theae areas.,
Future implementations may postpone the creation of segments until run-
time,

Normal programg should only use a minimum of such segments,

hence s~

(1) Datavectors should normally be read only and in the code segment.
[Area identifier Zero in CTL,DATAVEC places the datavector in the
code segment].

(2) CTIL will create the Algol/AA dynamic vector segment at run-timse,
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Dofinitica of 075,

Introducticn

In thid chepter each fagility of CTL iz descr
Computation

This section is subdividsd as follows:

{a) Introcduction rage 39

(b) Modes 490

(¢) Table of operators 41

(d) Description of cperators 43

(e) Complex arithmstic A7

(£) Subscript mods a7

{z) Conditionzl cperators 48

{h) Composits orerands: veciors, arrays,

(i)
(P

(&)

:E;

o

(e

Ut ot O
bt

ibod

(O3]
CC
L]
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{(2) Introductisn
The spocificaticn of the procedure  which processes computs

paramster is the descr ipt of & vector with 32-bit elemenis.

This vector contains tho ssquonce of operators, operand types and actual

opsrends defining the computation. The existence of three notional

registers is gassumsd, Those sro an accunmulator of ths GOAIGCE
rithmetic type and size, a B register for subscript evaluations,

and a D register for accessing secondary operands. A user may

ignore these reogisters or make oxplicit reference to them

i

according to standard rules. The initizl ‘operator’, a load,
specifiss the mode of ccmputaticn snd whether the use of the
B and D and ACC registers is to follow standard rules during
the computation, The subsequent cperands must then be of ths
spocified size but do not have a type of az rithmstic assoul ated
with them,

Each 32-bit word ccntaining an operator (in its top hal®)
aiso contains a specification of the type of the operand following,

2

, or a pointer to it, usually cccupiass the next

< 32 BITS >< 32 =»<

;
b

=i

:"d

i

)

CPERAND !
™ I~ s i

Y i T oD AT H
;:“:C‘DE 5 i ..."."E LRI ALY i
-1 -~ o P T e Lo e 4~ T
Ocﬂnr"cnzﬂi there a=s ©wo ccnsecutivs operawors S0 that ths
- % [ = - ] - 3 - e

operator cpsrand Segusncs 13 DToOsSst. Spoecial operand types incicaie 1S,
T - - ey 3 o = = oy 2
1+ occurs at the stzri and ond of SubSXpros3iOons. Subexprsssicns involve

thon combining with the stacked quantity using a TevVerse cperator. The

wnary operators CONDITION and NIT ~lsc rasult in twe consscutive oporators,
4 &
A few of the opsrands aere more than 32 kits leng., In this cass

~-tsd Zo or several operand words follow




The 10 operator bits of the initial

2

cr nmode word ars coded zs followgi=-
(Top bit)
Bit o = 1 to distinguish from other opsrators,
Bit 1 = 1 if the user perznlts CTL to opiimime the loading
of rogisters, In goneral hs can allow this

Bit 2 =41 i? standard use is o bs mads of the sceumulator ALC,
Bit 3 =1 if standard use is to be mads of the B registiex,
Bit 4 =1 if standard use is to be mads of ths D regiszter,

In the description of the uss of the spscial cperands

o

ACC, B and D later in this section the sffect of these bits iz

fully explained,

Bits 5-7 Spare,

Bits 8-15 are used for mods information follows:-

B

Bit 8 Tag used to imh
Bits ¢=i2 TYPE: = B
F

=]
= Fixed unsigned
= Floating point

rd

{size 32)

[ B
g pet €n
HoW e g
O BHu oo
G @ 0
b opd GO
s A M S R
r_‘" Jfa pb
b3 ]
o o+
]

(oS

[EY
i
s
Q
fii

(H
S ¥
B oo

A
a0 B RO CONY OV (0 B
1
L]
Q
e
et "
]
¥

[y
G
2]
el
e}
1]
@
L]
w

KA
=
)
i

(%Y

Bits 13-15 SIZE: 0 = 1 Bit {(Bcolesn typa only)
(bottom bits) 3 = & bits

g = 32 bits

6 = 04 bits

7 = 128 bits (Floating point,

docimal and complex only)

This coding of ¢ype and size is used whenever such information
is needed, not just in computations,
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(d) Description of the Operators

0 dummy dummy operators and operands may be placed anywhere,
except in composite operands, in a computation and

have no effect, The dummy operator is used after (.

Simple Arithmetic

i+ Arithmetic add of following operand to notional

accumulator,

= Subtract operand from accumulator,
3 * Multiply accumulator by operand,
4 / Divide by operand. The quotient is truncated towards

zoro in fixed and decimal mode and rounded in fleoating
mode, Not available in unsigned mode,

5 © Raverse subtract accumulator from oparand.

6 g Reverse divide, Divide operand by accumuiator, The
quotient is truncated towards zero jn fixed and ddcimal
mode and rounded in floating mode, Not available
in unsigned mode,

None of these operators are available in Boclean mods,

Doubls length Arithmetic

15 D+ Add operand to produce double length result,

16 D~ Subtract operand to produce double length result,

17 D% %u‘u~p1 by operand to produce double iength result,
The arithmetic mode before the operation and the operand
must be 32-bit or 64-bit., After the operation the mode
is automatically O4-bit or 128~bit respectively, Not
svailable in 128-bit or Boolean mode., D+ and D= are
not svailable in floating point mode;

18 H+ The operand is half the length of the accumulator and
added to it. |

19 H- The half length operand is subtracted from the accumulator,

These operations, only available in 04-bit and 128-bit mode,
enable the accumulation of.double length results. DNot
available in floating point mode .

Operators 15-20 inclusive cannot be used with operands which involve implieit

or explicit stacking

e S PO,



44,

Remaindar Divide

20 R/

The remsinder is stacked so can be accessed by the

operand ‘stack'., It satisfies the rule:-
dividond = quotient * divider + remainder

The quotient i truncated towards zerc and remains

in the accumulator, Not available in ungigned or

Boolsan modso.,

Roundsed Division

21 ROUNDED DIVISION Fixed point and decimal modes only, Tho

quotisnt is rounded to the nearest integer, instead

of being truncated towards ZeT0,

Scaling and Shifting

¥ SCALE

The operand must be an 132 variable represented n,
Scals has the following effect:-
I mode : multiply by 2" (n Blvnecl)
U mods ¢ shift logically n places left
(negative n implies a righé shift)
R : multiply by 2"
D :  multiply by 10"

8 CIRCULAR SHIFT

The operand must be an I32 variable Trepresentsd n.
ciroular shift then shifts the bits of the accumulator

n places left circularly (negative n implies right shift).
The pumber of bits shifted depends on the sccumulator
size, 32 or 04 bits, but not on type., Nobt availabls in
128=bit modes.,

Stcres ths current accumula.tor value at the operand

sp»ocifiad while preservmg “the aocumulator value,
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Logical Operators

10 V logical OR,
11 & Ilogical AND
12 # logical non-equivalence,

The operation is performed bit by bit between the current-

accumulator and the operand regardless of accumulator type,

Boolean (perators

13 = Eguivalence is available in Boolean mode cnly.
14 NOT Not igs @ Boolean postfix unary operator which gualifies
the previous result, It does not require any operand

go will usually be followed by another operator,

Exponentiation

22 Expcnentiate
The exponentiation operator perfiorms expoﬁentiation
by repeated multiplication, The following operand
must be I32., A run time fault is generated by any
attempt at O ¥ 0, and for a negative exponsnt in

integer arithmetic,

Conversion Upsraiors

23 $ Convert accumulator,

24 B¥ wMode change.

There are twWo unary operators § and $% which are used for mode conversion,
Bach is follewad immediately by a conversion operand in the operand type bits
with the same format a8 & mode word giving the mode sfter conversiomn,

{ snother operator word therefore follows immediately), § performs conversion
of ths resuli so far whils §8 indicates a mode change without conversion,
Conversion betwasen RBoolean and arithmetic modes is illegal. Conversion is
also achisved by a subexpression of different type as in MUs autocods, Note
that & sﬁbexpression must yield a result of the type specified Dby the-igitial
operator 8O that although § and §5 may be used inaide subexpressions a

gsingle usse of one of these operators in a subexpression is not ssnsible,

Most conversions are atraightforward but for real to integer conversions

and when shortening 2 floating quantity (.2, RO4 te R32) the rosult is
roundsd to the nearest integer (by adding 0,.5) unless bit % was 8ot in

the mode, in which case the result is truncated towards Z8T0,



Miscellansous

51 Hesitate

SWoD

(#13
12

54 Ternminats

39 ]

Ths Hesitate operator is a unary operator with no
effect on the accumulator, OCn MU5 it delays the

next instruction so that any interrupts resulting

from the previcus instructiocn occur hefore the next
instruction ieg cbeyed,

SWOP is a unary operator which mey be followed by
another operator, It exchanges the current accumulator

and the last sitacked walus,

A complete geguence must end with a terminator,
Any information in the vector beyond the terminagtor

iz dignored,

End of sub-expression, A subsxpression which is
introduced by a special pseudo~cperand type is

tormingted by this cperator,

End of sub-sypression of diffsrent mode, The spscial
pasudo=-oporand [ introduces sub-sxpressions of different
made which are terminated by this operator, The conversion

applisd iz as for § {(operator 23),



47 s

(e) Complex arithmetic

Complex arithmetic ia performed on TWo 64 bit fleoating point
quantities, the real part and the imaginary part (128 bit complex)
(and also two 32 bit floating point quantitios i.e, 04 bit complox),

The opersnds of 128-bit complex are regarded by the CTL as
128 bit operands, Complex vectors are doscribed by descriptors with size
bits 128, | |

The usual CTL cpsrators 0=-12, 22-24 and operand accessing

operators are providsd in complex meda,

{(£) Subsecripi mods

1t is possible to specily the mode of ccomputation as
subscript mode, This is jdentical to I32 mode excopt that, firstly,
whon standard use i made of the registers the result iz in B and '
the accumulator is preserved, Secondly, a dope vector subscript
cmleulation commensimg with oporstor follows operand typo and the [
{(dope vecior) epé“atsx end terninating with the correzponding ] is
pormitied as an oparand, This type of ssgquencs w111l noxmally be used

whan pro-sraluating g complex gubseript,
£ £y

(i) Subsaript, A+ B ¥ C

{ii) Subserini, (4, I, J1




(g) Conditional Upsarators

A simple rslation is of the form:i-

(i) Relation operator (26)
(ii) Hode word

(141)  Arithmetic sequence

Y
'd
<
S
(@]

cmpare opsrator (27)
(v Arithmetic seguence
T

(vi) Tssting operator (28 = 33 inclusive)

Ths testing operator must be followed by =a displacement operand
type 1), giving the relative displacement of the point in the éomputm

on vector to which control is to be transferred, unless the relation
pression,

mist lead to an oceurrsnca of operator

37 whieh i spply the hanging operator which occurred
befora tha IF cpearstor,
gtor (36) can only cccur after a testing

o
#ollovwing arithmetic segusnce, It is used

to implement the EL3E expression of MU3 autoecds,

« condition commences with the condition opsrator

{23) which canses 2 switeh to Boolean nodse and terminates with

an IF TRUE (34) or IF FALSE (33) operator, This opsrator must
be Ffollewsd by a displscsmant operand,

Sueh conditions may involve relations as sub-conditions,
2lecoment follows the relation testing operagtor
(28-33) but instead the special operand 37.

Examples of the use of these faeilitios wore given in

4

-Chapter .

7



The Composite Operand Pssudo-Uperators

There are 3 types of compesite operand involving pssude

opergtors, Tes0 arel-

(1 Indirect operands
(2> Array operands involving use of dope vectors
(3 Procedurs call operands

nay cocur togother as described below,

I

o'

ol

W]

=

(e}

£ ;
Lt

G

L]

o W
=

& primary operand of a composite oparand
{(the initipl doscrizior or procedure name) must be wmarked with

the composits cpoerand Dit,

nda the inmitial operand is ireated

Pt
foe

]
(1]

b2 medifiod and which iz then ussed

o
{3

Thim Atom uay bo the data item itssll o used

indirection, )

ig usually simple but ?hiah could
types 2 or 3J) is followsd by the

cperator is followsd by operator

roguired, Otherwise it introduces

rary complexity, (This might

pearends of any type), Ne load cperator

& change to subseript mede, The

L W]

T continue indirecticn (48) or a ]

wrerator, In the Zormer csse = further null

oporand or subscript soguence follows for a secomd levsl of indirectienm,
Indirsction may comtinue to any level, In the latter case the
indirecticn iz complets and the operand is fully described unless

it forms part of a dope vecitor or procedure call operand {see below),



e
=
&

iz tﬁs indirection is unmodified at ewvsry level then the
indirection (50) operator provides a shorter mothod of specification,
This opsrator follows the iﬂitie.l oporand (instsad of [) and is
followed by a 3¢-b1t integer literal which specifiss the number
of levels of indirecticn required, This litersl must be positive
or zerc, Iif it is zero it is interpreted in a spscial way 28 a
form of sutomatic indirsection,

The indiresticn conitinues as long

ere found., AS soon a3 another type of

n

as typs 2 descriptor
descriptor occurs this is treated as describing the data item
required,

Hote that-descriptars of type 3.3 csuss subomatic indirection
un;il type 2.3 is no longer present as a rssult of a singls indiregtion
operation,

ExXemples

Teke the Cascrintor A and modifisr I o access s descriptor,

Usa the descripior with modifisy J to access a data it@gﬁ

{ii) A INDIRECT 1

A points to the operand,
(iii) A INDIRECT 3
4 points ta a descriptor which points te a dessriptor which

reints to the iten accessed

(iv) Alnu?lilmullilnur1liBIgl]

a

In this example there are 3 wmodifisd indiresetions followed by
a modifisd indirection tho modifier itself involves an indirect aco9s8s,
In this perticulsr case the number of orders obsysd would usuglly be
reducsd by evaluating BIJ] beforshand in a Separaie Soquence, HoWevsy,

the following example should result in optimal sode:~

{v) a IslJgll
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@

(2) Dope voctor accessoes coaform to the following patierni= iy |

(&) Initial operand, which gives the descriptor of the 1
arrgy being accessed, This oporand may be zimpls or of any of

the composite types,
(b [ operator (40),

{c) Oporand which yislds the descriptor of the dops wsctlow
of the arrey boing accessad, Tho form of the dope vector is described
below, This operand may be simples or of any 9f the composlis types,

(¢) , opsrator {41), This operator impliss g subscript mode

5

sequence following,

(o) Sequence of subscript mode ssgusnces sepsrated by , ) 1

oporators {42}, Theso seguencesz Ray be arditrarily complicgtad,

The dope veclor Zacility is deseribed diagramatizally thus:i~

DESCRIFTOR OF DESCRIPTCR OF

ARRAY LOPE VECTOR

i ! T A
i i f S 2 S 08 P 32 >
! i ! | LOTER L 1MULTIPLIZER| (UL-Liel )*N] :

s >

i s ! i ! !
! i i i I k7
i X0 07
i DIMENSIONS
! *3
!
!
i

P




The dope vector contains 3 elenents for sach subserict,

1 A
USSCYLPV .,

)

The firast iz a lower limii to be subtiracted Irom ths
tiplier by which the subscript is then multiplisd,
The third is a limit agains® which the resulting value is tested

for possible bound check fajilursc,

direction operators are reprasentad

v, The operands tagzed composites ars marksd

fivd A% {8, T, &) [€, K, L]
In this example the initial operand is accessed by the dope

voctor mechanism,

e vector access is

(vi) A' [B, I, J] [er 1o, 1, 93, E'EXT, Li
Tn this exemnle the array deseriptor and the dope wvector
Y ' & &

deseripior are both obtained by dops vecltor acceessses,

(3) Procedure call operands, A call of a functional procedure

(i,e,, a procedure which yislds a result) with or without paramnsters

v

2]

is a composite operand oi the form

va

(b)Y ( operator (44), This must be present even if thers are

no paramsters,



wn
9]
@

{(¢) Computation sequencos for each parameter ssparatsed
operator (43) (distinct from the , used for dope veetor operaticns

IS Brad

although in fact no ambiguity can arise), This part of the proecedus

¢call operand is null when there are no parameters, (i,e, operator follows

then closing bracket is sufficient).
(d) ) operator (456), This must be present.

Parameter exprossions are evaluated in the mods specified in
the corresponding procedure spec, 3£ no mode information is given
in the spec then each parameﬁaf must commence with a mods word ziving
the parameter typs. [The operand type following "' or ', should be
22 (operator follows), The mode is then given in the first 15 bits
of the next word, Nete that operand type 34 {mode follows) impiias
evaluation of the paramefer in a different mode from that gpecified
end must have a '1' befors the next t U or ")']. Note that a
procadure may Le apecified mere than once, If so it is the users
5 calil it with the corrsel numoer of parametsrs,

ara ecall onsrands may involve other composite operancs,

i '

Y, e T
BXanpLesd
e

(iv)  BYWANII

Procodure call vislding a descriptor,

() G AY(B)

Procedurs call vielding a procedure name used in another

procadure call,
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(i) Basic Operand Types

The coding of the operand type informaiion within the sscond

16 bits of an operator word is now considered,

Top or A bit = 1 if address of opsrand is required,
It iz possible for address of to bos used in conjunction with a label
operand, This yields z 32=bit quantity which may subseguently be used
for control transfers, Normally used in 32 bit modes,

Second or D bit = 1 if 64 bit descripter of cpserand is reguired,

The A and D bits are interpreoted statically or dynamically as appropriate,

The descriptor created has a bound one and itype zsro, Descripier

of may be used in conjunction with a procedure name, In 128 bit modes

a 128-bit quantity by which the procedure may subsequently be

b

referenced is yielded, In 04 bit modes a restricted version (with

i

0
4]
2]

no display manipulation) used for Fortran parametric procadur
yielded, Dsscriptor of label generates a 04 bit quantity used in
non-local jumps,
Third bit
A D4-bit descriptor of the operand is created, The first 32-bi
o the coperand are treated as a literal to be placed in the typs
and bhound Xield, Theases are followed by an operand of ths ususa
which gives the origin field,
Pourth or P bit = 1 if next 32 bits is to be treated as a pointer to the
Copergnd rather than ths operand itself,

i “-

Fifth bi = i This is the start of a composite operand, paramstars

i A

or subgaripis followin

a9

2
Sixth bix = Procedure ¢f, The 128~bit operand is to be irsated as a

ixble, Result undefined unleszs the operand is a

guantity crested by using ‘descriptor of procsdurs
name’,
Seventh bit = left or most significant half of 128 or 64 bit operand is
required, <(not in 128 bit modes)
Eighth bit = right or lsast significant half of 128 or 64 bit operand

required,



The remaining bits give the operasnd type:-

Hoxa-

decimal Decimal

ﬁgo 0 NULL (OPTICNAL SPECIFICATICN OF REDUNDANT CPERAND)

1 i Displacement for jump in conditional expressions
2 Z NAME IN TUE LOCAL NAMESPACE OF A PRCCEDURE

3 3 PARAMETER OF A PROCEDURE

4 4 ARSOILUTE NAME WITHIN THE NAME SEGHENT

5 5 NAME WITHIN DECLARED AREA IN ANOTHER SEGMENT

6 6 PROCEDURE NAME

7 7 SPECIAL OPERAND, B, D, STACK, ACC ete

8 8  Reserved for WHEN statement (LABEL)

G 9 FIXED ABSQLUTE NAME

A 10 64 BIT AREA NAME

B i1 ACTUAL PARAMETER

G iz long result element

D i3 2 BIT LITERAL

5 14 64 BIT LITERAL

® %5 128 BIT LITERAL

10 16 Internal identifier

i1 47 Address of propsrties

12 18 THEN operand {only used in WHEN statements)

20 32 ANOUTHEER OPERATOR FOLLOWS, after ) or ]
21 33 5UB EXPRESSICON ( FOLLOWED BY A DUMMY OPERATOR WORD,

This dummy word gives the operand type),
22 34 CHANGE MODE [ POLLOVWED BY A MODE WORD )
23 35 THIS CPERATOR IS FOLIOWED BY CONDITION OR REIN
24 36 ANOTHER CPERATOR FOLLOWS after NOT (BOOLEAN QNIY)
e o SET BCOLEAN ACCUMULATOR N THIS TEST '

Coding of operands

32-bit literal: The 32 bits just contain the literal, Boeclean literals

are also represented in a 32-bit literal, If the least significant digit

is 1 the literal is trus, if it is zero the literal is false,

B4 and 128-bit litsral: The computation vector must sither contain

a pointer to 64 or 128 bits, respectively, or alternatively 2 or 4 =

32=-bit operand words are used,

g
L
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i

Local name: he bottom 18 bits give the address of the name, relative
to the start of the local namespace, in &=bit units, The tep 4 bits
give size, the next 10 bits give a ralative textual level numbar; 9,%.,
current level = 0, noxt outsr leval = 1 etc, Top 4 bits = O if
operand is current arithmetic size {the usual case), Excepticnally
when an operand of wrong size is roquirad top bit = 1, next 3

contain sizme coded a3 befors,

Parzsmeter: Similar to loczl name,

Absolute nameo: Similar to local name except that the textual level

field iz nct used,

Area name: Similar to local name except that the texiusl level
field is now used to sontazin an area number, This area number is
allocated to the area by a CTL procedure when the area is declared,

Drocedurs neme:  Similar to local name, The address bits contain

s CTL refersnce number ussd to obtailn propertiss of the procedurs,
In the case of CORON procedures these bits give tha directory entiry

s procodure, (They ars the index into this directory negated),

k5
0
H
et
o

taro i3 explicitly addrassed,

+he OTL low level reference numbisel,

el

ferenceﬁ ona of a omall numbe“ of absolu

1 as output paramotfer s of organisational
procedures, Alaso used as working space by LTL
usad by input output libxary procedurss,

Used as working space by CTL, 14 = 25 also usad
st run time as sccumulator dumps aic,

The operend is coded as a byte displacament

in the rangs 0 — 252.

e displacement in an area I8 graater
. In this casze 64 bit area name is usad,
he area number as before with the size

t 32 bits contain the displacenent,

Actugl parameter: Only vsnd =s described in ssction 5.0,

-
<3
Lo

Long result element: Only used as dsscribed in section B
£ S

operand is ths number of the result,

Displacement

(D
e

sed in conditional expressions, The 32 bits

contain sn integer represanting the rslative displacsmant of

:

the skip in the computation 1asior,



Tnternal iden%ifier and address of properties, These operands

presuppose the existence of the standard form of property list,
vhich is created automatically by the high level declarative
procedures, for each operand referred to, Type 16 or intsrnal
jdentifier is the number which a name is replaced by when the
name is added to the namelist, Type 17 assumes that the corrset
set of properties has already bosn found and that the address of
thess propertiss is handed over,

No further typa'specification is required since all the
relevant information is contained within the property list.

The form of these lists is described in section 3.9,

(i) Special Register Operands

The registers of the CTL machine can be accessad in

rostricted circumsisnces for optimisation, The resiriciions ars:iw

i) Mo wegisters arvad over procedurs calls,

{2} Ths relavant ztandard use bit in computations must be sst,
Tm maoda w - oy ey e ] - B T e

(37 No registers ave presorved over store to store compuiations,

(42 Rogisters ave nolt pressrved on entry to & CYClE,

The opsrands are (note pointer to opsrand, left part and right
part cannot gsnarally bs used, => store operater should cnly ke used with

STACK. ADDR (STACK) is not allowed),

3 ACC. ACC ean be used to reference the value of ths
aotionel accumulater so far or to referencs a provious
result at the siart of s new sequence, It is notl preserved
over arithmetic moda chenges but will be preservad
between comsecutive computations of the same mods, if
ther imnstructicns do not intervene, Store to ACC is ilisegsl,

o
2 B, Usas of the operand B as the first operand in g

=N
T

subscrint expresgsion mezns that the valuse of the las

aleculated is used, This value is the last
non-null indirsction modifier, dope vector modifier
r subscrint computation result, The final value is

preservad ovar IuritheTr SsQuUencss until the nex*

A

mcd1f¢uat;s if the B andard bzt is set, B camnot -

be used 2s an 128 bit operand.



S D, If D is specified as an operand the descriptor usad
depends on the previous use of D, D is preserved over

I
=
o
;
+
ot
o
:
o
¥
i

sguences when the D bit is set until the next
indirect access,. In'an indirect sequence D holds ths
descriptor which when modified by the final modifier
if anv, gives the operand, 1In a dope vector Sequsncs
D contains the descriptor of the whole array, D mnay

also have been set by a descriptor manipulation ssgusnhce

ik

+ . ¥a) a
(soe section 5.3). D cannot be used as an 124 hit copsrand,

left part of D in DTOP),

Ay STACK, Explicit uvse of the stack is subject To the
following constraints:=

(i) Cuantities stacked must bs unstacksd fo
the same size of operand,
ii1) They must be unstacked in the same procadure,

(
(iii) They must be unstacked in reverse order of

|,J~
-
S

ihey must be unstacked at the sams level cof

- o .-
bracketing of

i)

- must be unstacked at the seme depth of cyels

nesting a3 they were stacked,

5, SOURCE  (used in store to store opsrations),
G, oEST {used in store to store operations),
P DBOT
B DTOP
(k) Explicit unstacking

RO

IO QTS AT TTATOm AmTT e
PROC SFEC CTL,UNSTACK (132, 132)

1% explicit uss is being made of the stack TNST

s -
a number of stac

without actually unstacking, The first parameter specifises the
sizes of item being unstacksd {usual coding), The second parameter

iz the number of items to be unstacked, All the prsvious rulses

about explicit use of the stack apply,

subexpression as when they ware stacked,



59.

5,3 Stors to Store Operations

A store to stors operation is carried out betwesn tWo
strings of 8-bit items or in some cases between an operand and
a siring, Store to store operations destroy the values in all
the special registers,

A store to store operaticn is invoked by a call of i~
PRCC SPEC CTL.STS (8)

The parameter is a vector of 32-bit olements which describes
the operation and is laid out in the following order, operator,
scurce operand if any, destination operand, mask and byte operand or
mask and £iller, count if any, conditional seguence if any.

1? the stors to stors seguence occursd in a computation vector,

the operator is preceded by 32 bits giving: mode STS ; operator follows,

Tlement O: The store Lo store cperstor,

These zaro:=—

1 = Compare
2 = Move
.3 = Move O

= . Check overlap

-7 = Logical string to string operations

§ = Scan =
g = BSean ¥
10 = Move byte

11-13 = Logical byte to string opergtions

Tzhls operations

14 = Tzble translate
13 = Table check

Accumulator packing

16 =  Unpack
17 = Zero unpack
18 = Zero ignorse

Pack

'—l
0
il



60,

Elemsnt 1: Mode word introducing source Seguence énd giving source
opsrand, omitted in the cass ol byte to string and asccumulgtor pagking
cperavions, This must yield a string descriptor, Speciszl rezistar
operands may noit be used except for previous source (SCURCEY, The form
of this seguencs is deseribad on p65. It terminates with c;erator 63,

This is followed by destination sequence, Thiz must always
he present, The previous destination (DEST) is the only permitted
speciagl register opserand,

A mask and byte operand is then specified for byte to ziring
cperations, This consists of 2 simpls operand type word followsd by the
operand, The bottom & bits are treated as source byte, the next
8 as mask, This ocperand may not involve the use of D and hence must
be a simple operand, variable or liferal, The operand is 32 -bits of

which the least significant 16 are used,

£4
A mask and filler is specified instead for string to string

and gccumulator packing operations, This operand must be a literal,
It is contained in the least significant 16 bits of a 32-bit literal,

[A mask and byts/filler sheuld be specified for operators 4, 5, 6, 7,

A count operand is then specified as an operand type I32
literal followad by the o© =nd itself This literal must be
poesitive, It specifies the number of destinatiocn bytes to be
operated on, If it is zero theo count in the destination fiseld
iz used instead. In any case the 1literal count must be less

1

han or sgual to the bound f£ield of the destination, (If it is

Scme opsrationz pllow this to be followed by a condifionazl
segquences of IF operators god lgbel operands,
The stors to stors specificgtion ends with the teorminats

operator, or the ] cperator,
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ns there iz no source siring, Aftsr ths

o
operstions SCOURCE is unchanged for all except ths logical operations,

o7

After thess it is und@fined; A mask and source byte are specifie
as the bottom 10 bits of an operand, This operand is a literal or
simple variablse, The bottem & bits are used as sourcs, The next 8
are g mask, Only bits corrssponding to zero bits in the mask are
operated on, Othsr bits in the destination remazin unchanged in
those orders which zlter the destination and are treated as if zaro
in 211 opsrations, After the operation DEST defines the ramaindsy
of the destination string, including the byte on which ths operaticn

ceased il SCAY or CIRPARE Zinds what it was looking for,

8§ Scan = The source is compared with each byte of the destinztion

L

in turn uwntil an unegual byte is found or until the count expire
5

7]

& s
The result of the final compariscn can be tested by a conditional sequence
using the relation testing operators, The scurce byte is considersd to

be cn the left of the compare operator and the destinatien on the right,

on an equal byte ftrue il siring expires,

P Secan=’

{0r the rslaticn testing operaturs may be used, as for

| -]
@

oyts is propagatsd throughout the

ot
"ty @

Tho releovant logical operation is

i

scurce byte and sach byte of the de

S, - 1 : s
the destination,

1li= v logical OR
12= & logical AND
i3= 7 logical not-eguavalence

¥o masking takes place in these opergtions which, unlike other byte

te string operaticns, destroy SOURCE,



(c) Table cporations

in these operaticns sourcs describes a vector contalning
a table rather than a string, After the operagtion SCURCE still
dofines the scurce vecior wails DEST is the remainder of the
destination, Literal source, filler and mask are ignored, The
rosult is undofined if the source is not type O or 2 or not of

4+he correct sizs,

14 Table transigte: Eazch byts in the dostination string is
replaced by the nth brte in the scurce vector where n is ﬂae
numeric value of the destination byte, If n is greater than
t+he size of the source vector bound check interrupt cccurs,

Conditional seqguence not allewsd,

15 Table check: "~ mhs vazlue n of sach destination byte is

s th ., : - G
used to access the n bi* of the source bit vector, 1II this is

zaro the cporation coniinues stharvise 1% termingtes with DEST
piving the destingtion byle #ar which z ono occurred, Beund

i1l may oceur, Conditionzl sequonces may be ussd to

chock termination om a 1 Hit which gives false otherwise the result

iz true,




655. ¢

(d) Accumulator packing operations

Thes» cperations work bsiween the accumulator ACC gad the
destingtion string, Nc source of any form is specifiied; instead
the accumulator mede iz given as in computation, A mask/fillex
literal may be required, Tho result of unpacking is undefined
if the given mode is not the same as ths.current dynamic acoumulaior
contents, SOURCE iz undefined after these operationsz but DEST has

ths uzsual meaning,

16 Unpack: A docimal value in the ACC {set by a previous
computational sequence) is translated intoc a character seguence
in the destination, The least significant 4 bits of each byte
are found Ifrom the most significant 4 bits of ACC and the most
significant bits of the byte are 0110 (ISO zone bitz) or in the
case of any non-zerc mask the most significant 4 bits of the
filler, Aftor ozch byte is filled the ACC imeluding sign is
ghifted lelt cme decimal place (i.9,, fixed point 4-bit shift

w2

rather than a decimal shift), Condition sequence not allowed,

1% Zero unpack: Similar to unpack exespt that:-
{4 The destination value is always the filler,
{ii) The operation ceases if after a shift the most

'3

signilicant 4 bits of ACC are non~zero,
A conditional segquence may Do usad to test whether a non-zerc digit

was encounteored {(felseld, If the unpask was completed the rsasuli

is trus,
18 Zero ignore: Identical to zmero unpack oxcept that the

dostinaticn is disrogazrded sxzcept foxr decyementing the bound field

a3 in zero unpack and the digits unpacked ars discarded,

19 Pack: For each destimation byte ACC is shifted left ome
decimal place znd then the least significant 4 bits of the byte
forced into the least significant 4 bits of the ACC, Shift overilow
may occur, Tho top 4 bits of each byte ere ignored,

These operations may beo extsnded to apply to arithmetic modes
other than decimal, '



Degscripitor Manipulation Sequences
I

Descriptors consist of two parts; the bound and type field
and the origin field,
Sometimes an operand can be directly manipulated in the D

egister and computational modes are provided for this purpese.

H

These sequences commence within implicit load as usual and have the

following restricted set of functiong

Hexa~

decimal Decimal

Z38 56 DTOP = operand _
Replace the top half (bound and type field) of the D
register by the 32-bit operand. The origin field of

D is unaltered,

(@3]
(o)
(&1
g
=}
ti
Q
]
i
o}
(o)
0]
H
b
o

Replace the origin field of the D register by the

32~bit operand. The top half of D is unaltered.

Lo
f

o
foce]
Q
<
K
1
e}

ke
L]
+)
)
5
fe

g G U =» operand

Store the D recister in the O4-bit opereand.
= 1 &

Pog
w

L

(Ve
5
(&

Scale the 32-bit operand as for modification, add

it to the origin field of D, and subtract (unscaled)

r
g
‘,..J
&
o
o

cund field, Bound field check fail may

cccur with any type of descriptor, V0D cperates on

kY

211l types of descriptors, If this function is

«

FN
LOT8

applied to automatic indirect (Type 3.3 deserip
the indirection cccurs first and the ML operation
on the resulting descriptor. If the function is

applied to a procedure call descriptor a procedure

The operand may be negative but this will cause bound

check fail wmless the bound check interrupt is inhibited,




Yo

39

3c 6o MDR
The acticn of MID takes place followed Ly replacing the
contents of the D register by the'element it describes
i.e., D = D[O].

3D 61 530D

—~ A
loes not

Similaxr to MOD but does not scale the modifier,

[a)

alter the bound field and does not bound check, regardle
of descriptor type. There is no automatic indirection
or procedure call on these types of descriptors,

3L 02 RMOD
Similar to SMOD except that the operand is 64 bits and
ingludes the type and origin fields to be placed in D,

33 53 D=

Stack the D register and load the operand to D,

30 54 Terminate (in computational sequence)
End the D sequence,
3F 03 End source or destination sequence within store to store

sequence,

58

The computaticon or store fo store procedures are used to invoke D

The most significant hald of the initial 32~bit word of the vector dsitermines

the type of sequence,

" E < PR . +q - S
D: Qode 7 8035) Operations on D as described above, These operations
SCURCE and DEST of store to store operations. A D sequence may be &

sub~sequence within another computational seguencs,

ECURCE: {(lode ‘£8056> A similar sequence working on SUURCE of stors fo
store operations, Such a sequence destroys DEST and D, and may not

used a5 a sub-sequencs within another computational seguence,

S i s i e A i .
DEST: (dode % 803E) A similar sequence working on DEST of store %o store

operations., Such & sequence preserves SOURCE but destroys D, and may

not be used az 2 sub-sequence,

The initial word is followed by & sequence of oparator words
The operands may be general operands as described under

computations and so may involve subscripting operations, The sszquence

ends with a termination operator.
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5.4 Control and Conditional Facilities
The first

which provides conditional

control statement described is the WIIEN statemen

jumgs to labels in the current procedurs

by & parameter format very similar to that for conditionzal

computational sefusncas.

PROC SPEC CTLMHEN (S)

The parsmetér is the descriptor of & vector with 32-bit

This vector is similer

commence with 2 CONDITION or RELATION operator.

sequance to

followed by one or more IF OpSTators .

followad by the name or properties of

to a COMPUTATION vector.

s

However, it must

After this 2

be tested, identical to those previously dascribed, is

Fach IF operator is usually

a label.

type §, could be used; the nctual operand is & 32 bit label referenc

number generated as described in section 5.8,

fact be followsd by any 32~bit operand.

the final IF

operation is

tests compare the current accunulator
it is preservad.
GaZ e

I [AcC = 0], => L1
Tyample  The MUZ autccods statementi-

- = R -
correspond to 2 h par

The lazbsls should be local.

An IF operator may in

areated by any meoans other than use of address of label

Lan) -~
The sedglsnls

operation. The value of the
undefined except when the anly

value with zero, in which

preserves the accumulaior,

amaster CODE as followsi~

A basic label ocperan

o4

=1 ra [ oan}
ed L Lt
e .

RELATION operator, mode word follows
1327, name follows

Name A

Compare, name follows

Nams B

IF =, named label follows

Label Ll

Terminator

zlems

If the operand is not =2 lzbsl

ta .



it is possible to avoid writing explicit 1labels and Jumps
vhen a set of statements is obeyed conditicnally, as.in MU5 autocods,
In this case the single IF operator is followsd by a specisl THEN Opsiand,
¥When the conditien is truse then the following statements up to ELSE
or CONTINUE will be obeyed, If ELSE appears the statémants betwsen
EISE and CONTINUE are obeyed only when the condition is false, This

is implemented by the parameterless procedures ;-

PROC SPEC CTL,ELSE() - {(must follow a use of WHEN with g
THEN operand)
PROC SPEC CTL,CONTINUE() (must follow WHEN or ELSE)

Example
IF [A = B] THEN IF [A # B], => L1
81 51
NLSE is equivalent to -> 12
Sz 11: 82
CONTINUE Iz:

The CYCLE prosedure is provided to take advantage of any special

lecoping functions provided,

PRCC SPEC CTL,CYCLE (8)

- The parameter is computation vector containing an operand type,
an operand, and g terminator coded as before, The possible types are
vaery restricted, : '

{i) A 32-bit integer literal, The instructions batwasn
CYCLE @znd REPEAT are obeyad‘the number of times specified, Quantities
must not bs 1aft on the stack between CYCIE and REPEAT for this typs
of cycle,

(i1 The name of a 32-bit scalar variable (64 bit area name
not allowed), The variable must be set to a suitable starting value
before the cycle is entered, The instructions within the CYCLE ar
obeyed at least once,

{iidd The gpoecial operand B, In this case B must havs besn
soet by the previocus instructions, It must not be altered within the

CYCLE, The instructions within the CYCIE are oboyed at least onca,



O

O

PRCC SPEC CTL,REPEAT (132, S)

1f CYCIE form (i) is the used the parameters are ignored,
orwiss the first paremeter is a 32-bit signed intsger
which is thoe increment made to the controlled variable befores the
ending test,

The second parameter is part of a computation vector commencing

srator and ending with an IF operator Zollowed by =&

]

o]

(%5
o g
©

)
L
S
5
&
O
o)
[¢i]

terminator, This ending conditicn expression is evaluated in I32 node
each fime the snd of the loop is reached,

Examples: (in symbolic notation)

(ii) 132, 1 => B
CYCLE (B)

Tre gensral form of MUS autocode CYCLE and REPEAT thereiore

corresponds to the following CTL statements:i-
(1 A computational sequence to assign the starting
controllisd variable,

)
(i1} The CYCIE statement with controlled variable as

iy The instructions between the CYCIE and REPEAT,

{
(iv) The REPEAT statement with step and final valus,

The autocods translator may translate particular CYCLE's

o one o2 the more optimal forms wherever this is possible,




Labels 7Tho code compiled for g jump instruction dopends on
whether the lsabel concerred is local to a block or nen-local, In a

two-pass lenguage this information is usually kanown but in a single

distinguished, 1In this caze a forward loeal referonce should be
compiled, IZ at the ead of the procedure the referencs iz ocutstanding
an oxit seguence can be planted at that peint,

Forward and backward local roferences are therefore dsalt

with by:=-

PROC SPEC CTL,GOTO (132)
and PROC SPEC CTL,JUMP (8)

GOTO iz used for g gimple jump, The parameter iz the
internal identiifier of a labsl, Otherwise JUMP is used and the
parsmeter is a vector containing an operand type and operand,
The operand will be an I32 variable which is being used as a
label, Idteral operands aré not permitted nor are prosedure
name coperandsz,

A label is dealared st the point at which it occurs by:-

PROC SPEC CTL,IABEL (132, S)

&

The 122 paraneier is the internal ideatifier corresponding %o
the lgbel, 7The socond paramater iz a descriptor of private propertiass,
if any, In koth CTPL,UT0 and CTL,IABEL, if the label name has alroady

daelarad at the current level, other than as a label, and in CTL,
LABEL if the label iz already defined, a fault occurs, New label
properties sre added unless the identifier (first parametsr) is

negated, A non-local jump one dynemie level ocut is provided by:-
PRCC SPEC CTL,.EXIT,TO (S)

where the parameter iz an copersnd as before,

This form of Jjump removes theo namsesgpacs of the procedure being leli,

A procedurs is provided to enzble the user to determins which forwazxd

laoel raferances are cuistanding:-

PRCC SPEC CTL,NON,LOCAL,REFS (S)



71,

The inteornal identifisrs of labels and procedures (tagzged with a
1 in the top bit) for which thers are outstanding references in the
current procedure ars planted in the vector with 32-bit elements given
as parameter, follecwed by a zers, The user may then gensrate EXIT TO
statoments or fault mossages as appropriate,

In some compilars it is necessary to perform non-local jumps
interpretively, In this case each bloek or procedure must e previded
with an oxit seguence using the CTL,POSTLUDE facility described in
gsoction 3.6, These sequences ars used in conjuncticn with the non=-local

jump interpreter, This interprslsr is entered using:
CTL,EXIT JUHP(S)
The parameter of thig procedurs is computaticn vector desceribing a

64 bit overand, This cperand is created using descriptor el label,

zddross of the Jabel to be jumpad To and

*he correct rocursive call of the relavant

Meota: A label in 3 subprocsdure cannct be accessed from an enclosing

&

prowadurs when the desorintor iz created (i.e,, similay scope rule as

for variables),

€N
i3
kS

A switehr to m vumbsr of labsls, depending om the valu- of
an Y32 wariable cegn be made, The switeh lsbels may be specifiad
in g swlieh declaration:=

PROC SPEC CTL.SWITCE (132, S, S)

where the paranoiers ardi-



(i) Intarnal identifier of the switch,
If the name has alreoady beon declared at the currsnt
loval o fault occurs, Now propeorties ars added unlsass
this parameter is negated,

{iid Either a vector of switch labels, represented by
intornal identifiers, Thez9o should correspond
to loczl lazbels declared elsewhsre in the current
procedure,

. Or g descripior with zero origin field whieh just
gives the number of switch elements im the bound
fisld, In this case the labels are not separately
pamed but declared using the procedure given below,

{(11i) A descriptor of a set of private propertiss for the
switeh, Zero if no private properiiss, Ton zsvo
bound, zero origin gives number of propertiss withoutb

filling them in,

I the switch lzbels aro not named in the second pargzetsrs

en they are not declared using CTL,LABBL but by calls of:

PROC SPEC  CTL,SWITCH LABEI{I32,I32)

first parametsy is the intornal identifier of the swiitch whils
seeond iz the number of the element being declared,
The switeh iz then used byi-
PROC SPEC CTL,JUMP,.SW (I32, '8)
e the pargnoters areiw-
(i) Meme of switeh as an internal identifiexr,
{id) Cemputation vector specifying an I32 calsulation
doternining ths switch index,
swliteh elemenis ars nunbsrad from zoro upwards,



5.5 High level Dats Declaratives "

There are high level declaratives for both scalars and
structures which correspond clesely to the facilitiss im the 53]
autocods,

The scalar facllity is:~
PROC SPEC CTL,SCALAR,DEC (I32, S, 132, S, 8)

This procedure performs two functions:-

(i? I+ croatas a sot of propsrties for sach name declared, s
{41) It allocates space for o sequonce of comssculive nanes 1

within either the local namespace or some other area (Ior area

=
declarations ses later im this secticn), ‘ ‘
The nameos are nanded to the procedure in the Zerm of & wector i
of internsl identifiers, This means that the standard name and properyy ﬁ
.
hean n
| F
I
(a) The first parameter is a 32-bit initeger containing the sizo ol =2aea 1§
doclarsd variable coded in the bottom 3 bits as oz cempuiationg, Thas .
size may bs 1 bit, 32 bits, 64 bits or 128 bits, The parameiey uay also
opticnally contein the type of the variable codsed as for compulations in 5
the asxt 4 This type informatiom is not used by the CTL bul may i
Le inagpesied by the translater, i
(b) The zecoend paramstesr is a deascriptor of the 32-bit vao o
of interual ideatifiers, If the first such identifisr i3 megated aad P
progertiss {of any of the identilisers) are already pressent In bhis i
block {a Fault) new propertiss are not addeed, otherwiss Thoy are

of area or positicn at

g = lpeal

=1 = ghsoluts

i = arss nans N

2 = nams of previcusly declarsd scalar {Zor sguivalence)

3 = vsetor element (for eyuivaleoncs) i
o o 4 = areaz element {+ byte displacemeni) I " 1
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The top § bits of this parameler give the Iype bits for the
structure descriptr being declared, In particular the top two bits are:

gl = string

The remaining bits will usually be zsro,
A string may have only 8 bit elements,

{b) The second parameter is the descriptor of a vector of 32»bit
internal identifiers, Thess may be previously declared O4-bit scalar
gquantities or mew local declarations, Thus iceal deseriptors will
always exist, or be created, The first ideatifier is nsgated i

i
properties are to be zdded (for any of the identifiers), when

=)
Q

n-scalar ones already exist,

1)
L51]
H
L]

(¢) The third parametsr zives the type of area the elemsn

assigned to:-

- 5
O = Dynamio

. C e e S e
I = S%avisc gies
- P b i NP
“ = &k SERL

{3
l:\
&)
v

= = PFreviously declarsd static ve

{x

{(d) The actual pesition of the olsments, When the third parametsr:-

= 0 this parameter is ignored

= 1L an infornal identifier of an area {(in ths
bottom 32 bits)

= 93 Descriptor of a computation vecior Waich
gives an element within a siructure, [Tha

= 4 Tloment within area (descriptor ol a computation
voctor giving area [byte displacement]),

(e) This parameter is ths descriptor of a computation vector

containing just the bound (i,e,, number of slements,

uubacrlpy # 1), This i3 in the form of a computation

which will be evaluated statically or dynmmically as appropriate,
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This allows a literal to be named., The parameters are similar to the

first

4 parameters of CTL,DATAVEC, P3 is a vector descriptor of 32 bit

~
()Y
N

: b 2
1 szl o i

PROC SPEC CTL,CONST (132, 132, S, S)

eloments which contain the constant,

Areg declarations

When data items are not local or absoluts names they must

be within declared areas, All area names are global, A program will

usuzlly rsquire at least one such area for gstructurs slsmeniz, An

area is obtained by use of the procedure:-

PROC SPEC CTL,AREA (132, I32, I32, S, S)

where the parameters are:-

(i)
(347

(iv)

The name of the area representsd as an internal ldsnitifisr,

b
1
ot

The sizs of the arsa as an integer number of 8-kit ®

This size is not limited by hardware congiderations,

Tf this sizs is given as zero the aroa ig of unspeci

size, The size will then be determined at lcad timas bu

nust not exceed one segment,

Area type: 1 position chosen by CTL and segment daclared by CTL,
2 position chosen by user but segment dsclared by CTL,

3 arez accessed by setting XNB to a variadl

i
-

must be dsclared by user,
in zddition this may be tagged
4 segment exists already
8 segment should be read only,
Doscriptor of computational sequencs giving an operand, 2Area typa 1,

gnored, Area 2 = This may be a literal, a particular byte addrass

|

at which the area starts, Area 3 - It may be an absolute or fixac
absolute name for variable giving start address,

Descriptor of private properties,



76,1

An area may be mappoed in different ways in differsnt gections
of program, To achieove a neow mapping the area ds just redsslared,
12 the name has besn proviously globally declarsd other than as an
aroa, a fault cceurs, The new propertiss will be added unless the
identifior (parametor 1) is neogated,

PROC SPEC CTL,AREA.SIZE (132, S)

Yiolds in the 2nd parameter tho amount of the arvea (in 8-bit bytes)
already used, The firat parameter is tho internal identifier of
the area, or zero for local namespace, -1 for absoluts namespace,
Zoro is returned if tho name is not an area,
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The detailed parameter specification given in parameter 3 18 a3
- T -~ ol 3 e . L4 % el 3 3 ~ .
follows, If a parameter is arithmetie then the type and size isa

specified in the same way 23 in g mode word for computation,
Ctherwise it may be a procedure, subscript, source, dest, descriptor,
lzbel or unspecifisd,

These are given a3 follows:w

O = parameoter type iz not s
nust be given in esch actual parameter computation, HNo check
is made on the use of formal parsmsters, The parameter is

assumed to be 64 bits in this cas

D,
Arithmetic: typo/sizs a8 in computation
Descriptor: type 7, sizo elways 64 bits
Label: type 3, size 32 or 64 bits
Procedurse: type 0, size &4 or 128 bits

For further information on ocutput parametexrs see the section
"Stack rosults',

A procedure must be spscified before it is used or declared,
It may be specified more than once, In this case the given specifications
-

must be consistent excspt when varisble number of

. N
paramaters is being

[0

=

uzed, On each respecification, a new set of properties is added, This
rocedure nmay be used to specify a procedurs paramster mentionsd in the
specification of the enclosing procsdure,

If o compilef requires a cemmon library procedure entry on its

own namelist then a specificstion muat be supplied by means ofi~
PROC SPEC CTL,COMMON,PRIC,SPEC (332, 132, S, S, §, 8)

The first 5 parameters are as for PRGC,SPEC, The sixih parameter describss
4,

a string of characters giving the system (as cppeosed to user) name of the
P

rocsdure,



~X
(U]
o

ccedure Declaration

The body of a pro ro declaration is introduced Byi~
PROC SPEC CTL,PRCC (I32, S, S)

whore ithe first parameter is the internal identifisr of the procedurs,
and tho second parameter is the descriptor of a vector of palax
namos (intornal idemtifiers), The third paramelsr is a 32

descriptor used as follows:

Element O reiturns the address of ths propertiss o the proccedurs sallry
on the property lists,
Eloment 1 cnwards give user defined run time properiies for the information

vactor asscciated with the procedurs,
The body is terminated by:i-
FROC SPEC CTL,END()

This has the effect of conceptually removing the level ia the namelist
created by entoring the procedure,

Within the procedurs two speclal statements may ke used =

{1 PROC STEC CTL, RE3VIT.IS (83
and . (2) PROC STEC CTL BETURN(D

RESULT IS5 tekes tha.ccmputaﬁisn givon by the paramster and uses the
vosult as the value yielded by the proeadurs, Prossdurs oxwit immediately
cllows genoration of this result, RETURN invoxes mrocedur? exit

without vielding any results, The result iz act

cmalator Tor
\_la.“.w- Vet P

€
5]

sccumulator for an arithmetic result, in the IZZ ac
label, in the 7128 accumulator for 2 prosadurs, and in the D register

for o dezcriptor,

O
;)

Whon the user reguires s acn~lceal jump through a procsdure
t

he must call CTL,POSTIUDE () at the start of the exli segusnce for
the procedure, This need not be jmmediately praceding the
ingtruction since the exit seguence may include instructions to resst
ussr dofined peiniers befors the actual RETTRN, CTL,POSTLUDE makas

the address of the exit sequence available to 2 nen-local jump procodssor,

"

e e—
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Bloeks

Sometimes it is nscossary to

without actual entering a procsdurs,
PRCC SPEC CTL,BLCCK (S, S)

which croates o new nausspace as woll as a new level of nomenclaturs
in the name snd property lists, It is thorefore 1like an opeon

procedure without paramotors,

PROC 8PEC CTL,BEGIN (S, 8)

This creates a new leovel of nomanslature, without creoating a
NOW NaNSSPACS,
Both those types of block are termingted by a matehing END,

The paragmoteors of BLOCK and BEGIN zre:-

(1) A vector deseriptor of 32 bit elements,

0 except in the finmal pass of g multip

Then it is a property list address, Ele:
the addreoss of the proporitiss of the block

- elements 1 onwards give user defined proco

information foxr the blseck,

{ii) Desecriptor of private propertiesz for ihe block,

" 3 dapmy 3 f 3 L2 1 PR - Faqnnc v owikinh
The peramester iz just a label, in the current prsecedurs, to which

control is to be returned om exit, If the name has already besn daglared

207
. 2 = aq] d e AT P ot e - T
at the current level, other than asz ¢ labsl, a fault cccurs, New properties
~ L] L] . - - K e q L P ] a - v 3 e
ard added unl the pargmetsr is msgatsd, Stack link is followsd by &
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=1 = Absolute
31 4
1=2 = Doclarsd arsas

A3 A descriptor pointing to a 32-bit integer in which tha

%0C SPEC PRCC SPEC (S, 132, S, 8)  (CTLL8)

PROC SBEC PARAMETRIC PRCC SPEC (I32, 132, S
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This iz to give the specification of a parametric procadulro,
The first parameter (I32) is the paramoter number (i.8,,
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SET INTERRUPT MASK (I)  (CTL30)

A3 high level,

RESET INTERRUPT MASK (I)  (CTL31)
4s high level,

TEST CGVERFLOW (I1,I) (CTL32)

The second parameter is now a label opsrand,

UNSTACK (1,I) (CTL33)

As high level,

STACK LINK (I)  (CTI33)

Restrictions on operand as for computation,

o . 7z
EXIT STACK ()  (CTL30)

ENTER PROC (S) (cTi3d)

Rostrictions on operand as for ccmputation,

VARIAZLE PARAMETERS () {CcT ng)
AB

CODE 587

i

|
3
£
=
=
~~
"
S’
~~
a
3
£
[S)
S

As high lavel,

zsro, the datavector is placed in

__—round it, I

f=d



SDRC
"

SO

PIIE ()

L

W
L

PRt

S
LSS

nrocedure

e
Fal
{

W

ot
D,

o

b ouis o,
Lahd
o

EN

C

1)

o

{00

(r

™

0]

gh lev

hi

@
-5

current

on
he

s}
t

ne

~

4+




]
s

g

o i
arinas

+

.
-
in

ne

tors t

=

ran3la

T

ke

coct

¥ L -~
aLLve

14l

'
’

dec

for each

es

ven by the vaiu

g3

18

idugl ¢o

ndivi

i by an 1

3 used

opercie

Pr

eplaced by the correzponéing ind

-

ES

oS

11 normally

-

meg
FIES W

N

ase

-
i

is p:

analysi

he lexical

125

at t

ugsd by & coil

o
3

name

ho
ne

50 b

e
-

o
0
A

i
o

«
~

n oy
]

<

|

+h el
The Dol

O

k struct

4

v bioc

1

27

.
o

dent ©

e goIrre

2a%
[P

17ig a

PRp
[

s

Tre

the cor

o

3 o de
riptor G

2]

~
SEA

nzoe ¢

o



c) PROC SPEC CTL,START,BIOCK (8, S)
PROC SPEC CTL,START,PRGC (I32, S)

first parametor is the internal identifisr of the procsdurs, Tho

sscond parameter is s descriptor of a vector of parameler identifiers,

hose progodures arse reguired in the first pass of a two pass compiler

which crantes properiies in the first pass and code iz the second,

d) PRCC SPEC CTL,REENTER,BLOCK (I32)

When, the end of a block is reached the links From ezch identifier

to the proporiies within that block (SAUR NAME link} may be removed, In

thoess circumatances RE ENTER block ro=ostablishes the links, The
paramotar is t €t &
e) PRCC SPEC CTL,.END,BLOCK (1I32)

» current block beccmeos the bilock whick textually surrounds the

ths parameter is mero thiz is the only sction, I
= 4 them *he 1link from IDEW (SAME NAME link) to the propertiss in this
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unlsss the parametsr IT is negated (mot addad), IZ II1=0

parameter is set, the prpperties are added at the gleobal level,
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Typos of property list entry:i-
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B

SCAIAR: proporties as above,
Yo additional properties, Area pointer (vi) is only usad

when the scalar is in = declared arsa,

DESCRIFTOR: as for scalar,
4 32 bit additional properiies ave defined as follows:-

{1

@

lement size {(or mode) (fagged mazative 1 wvacror
is dynamie)

{2} displacement of Zirst slsment from start o

A e
(3} area within wh

=

T ATDTYT Ty r s e 8 . 3 Pamen wawmiey ey S 3
LAREI: Dbasic properiies Io3orved 10D use 2y 1osder 12

idal Type of procedurs or bleck {4 bits)

£

i
procedure {gensral recursive)

4]
Gy
b
]
pod
ot
[9
g
]
e
H

a a

Ma

This is spec

subprocedurs

[N = ]
i}

i}
5]

tatic procadurs

3 = procedurs with variable nunbersg ci
paranaters
4 = Bleock

in procedure {@,Z., addr)

PR

= Macro procadure (U3

00N G Ut
i
fus)
[
I
ot
et




(iib) and (iii) Textual level (6 bits)

(iv) Current displacement used in allocati

The arez peinter position is used tc hold the block numbsr,

Additional properties:-

(i) Result mods (14 bits)

and (ii) Maximum displacement in namespace for allocating
‘ names (18 bits), This is set zero on procedurs

specification, but will be non=~-zero after procsdurs

definition,
(i41) Low levsl reference number (16 bits)
(iv) Number of parametsers (16 bits)
(v) Start of new SAME BLCCK links
(vi) Position at which ASF is hsld
5 PARAMETER as for scsglar,

4n additional property iz used fto hold the type bitz of the
d

ancther gdditional property holds g pointer fo ths relevant

procedure spac entry, if any (= ¢ if ncne),
The b m 8 bits hold the user's parameter mede, for fault

6 MAPPING POINTER or AREA

5.8 o 9 . - " e T
Bit 94 80(6) is set for an area declared as typs 3 {accessed by

'..

setting ¥WEB to an szbsoclute nama),

,..a
ETJ
=l
i)
5
3
prs
e
'*i
(e}
]
¥
(' H
i
¢
H
Q
(=)
0
cf
fu
¥ ]
T
o)

Pisplacemsnt = current disp
AREA holds the low level areaz numbsr,

Note that all area names are global,

Thers is a 32 bit additicngl property containing ths

aresa (in bytes),

The size fisld indicates whetl
properties is held in 32, 64 or 128 bits o
The type field gives ths form of ths congstant,
If there are no additional properties,

undefined, but has been referenced from within a datavector,



08 .1
RESERVED HAME
Use of this depends on ths lgnouszge in uss, For the
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utccode implementation these are names which shoul

.1

redseclared,

SWITCH

Area contains low-level reference number, No additicnal

Sparse

User defined,
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OO00000A

00310020

~

IS i
20150 1638)
ONOOGO0.L

Q0270507

00310020
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So150%02
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oCoOO0ooR

OGZTONG2
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8o135000D
00000005
0001000D
FFFFFFF1
0001000D
0000007 F
00350000

R64,C1+C2+C3 (64 bit constants)
) o T

802600CE
00000000
00000001
0O0L000E

00300000

132, AlCONST]

002F0C0D.
00000012
00310020

0G

(48]

50000

i_;
N



AlDV(B, I, J)]

So1s080

IN]

00000008
00280002
00000008
00250002
00000010
002 50002
00000013
00280020
00360000

AlDV(B, 1, J)I[X]

80150802
00006008
00280002
00000008 *
00250002

0CQ00010

002F0002

00000020

00310020
2

0260000

w~

A IND B

80150802

co

0000000
00320002
000C00L0

0360000



A[BIIND

80150802
00000008
002F0002
00000010

00000015

00350000

13231F[132;A;D]THEN B ELSE C

80150023
001 A0022

001D0001 IF /=

00000005 —

cozgo0oz | THEN B
i
06000030 |
: l
00240001 |  SKIP

oooooosg—w ‘
G0230002 | ELSE C

60000040 &

S S
C0300000 -

132,IF B THEN P LLSE Q

104
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COoO0030 f
00240001 |
00000003 — i
00250002 4|
00000050 |

00300000 «

00250023 j
CO1 0022 i
: |

60000003 —
00250002 &
00000030 |
i

G0230001 &

00000005
00250002

002500024
|

(eTelelelaletsle
00360000 &

SKIP

irF
IF
132 A=B
THEN C=

t=
(&

P

o



RG4, 1+(IF[I32,1=2] THEN 3 EISE 4)

S026000E
00000000
00000001
00010023

0022

T

001!

5

8o13000D
00000001
001B000D
00000002
00100001
00000000 ———

OOZ3000E
00000C00

00000003

Goo00000 i
i

0000G0C4 |

o I
00200000 —

R64, 1+(3F[132,1=2] THEN 3 ELSE 4) = 5

S020000E
00000000
C0000C01
00010023
001 AD022
801500CD
CO000001
001B000D
00C00002
00100001
00000000 ——
002 500CE
- 00000GCo
00000003 -
00240001

e el e e

C0000C04— -



i

0025000 &

00000000

00000004

i
|
!
i

ooozoooﬁé—j

00000000
00000005
00360000

764, 1+(17[132,1=2]1 v [132,2=1] $§ NOT THEN 5 ELSE

80260008
00000000
00000001
00010023
00190023
G011 AD0Z2
3015000D
00000001
001Bo0oU
COO00002
00100023
XOOAOOZ3
001 A00Z2
3015000D
CoO00002
001E000D
00000001
0010025
00220001
GOC00000
00250008
00O0C0000
0LOO0005
COZ40001
0O0G0004
0025000E
00000000
00000004

00360000 é—

BOOLEAN CONDITICNAL
RELATION

OR
RELATION

iF TRUE

4)
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00140022 -
8015000D

Q0000002

001B0001

00000003

001D0001

00000003 —

0025000D

00000004

00240001

000C0003—
| i
0025000DF——
00000003
003660004
332,17 [2=3] THEN 4 ELSE §

001Doo0ol




132,{IF 2=3 THEN 4+7 ELSE 5+8)+9

00000004,
0001000D
0000000y
00240004
00000005 —

00250000 é——

00000005

e e
OGOO0O000

1
E
|
0001000D |
L
!

OO01GOCH &

BN,(IF TRUE § NOT THEN TRUE & TRUE ELSE TRUE V TRUE) V FALSE

3 o~
SGODTOAR

CGO15000D

GOG00001




bt
s
O

BN,TRUE & (IF TRUE § NOT THEN TRUE % TRUE ELSE TRUE V TRUE) V FALSE

= O

SOCGG00

o]
W}

leleletolelend
0G0B0023
00L0000D
00000001
00220001
COCO000T ~—
GO25000D
0CO0C0o0L %
00030000
00000001

00240001

OOQOGOOS——:
00250600 ——
00000001
OCCAOGOD |

OCooo0o0L

~
00350000



A library procedurs, OUTF(I,S,I), is provided to print campile

time fault messages for 211 compilers, The parameters ars as follows:-

Pi The fault number, which should bs in the range 1-200,
Negative numbers gre reserved TIor faulis dstected in’
the organisaticnal procedurss, Fault numbers > 200
ropresent input/output fauvlt msssages, Féult aunbsers
> 300 represent run time fault messages,
Pz Descriptor of g messgge string,
P3 Page (top 10bits) and line number,
The page/line number is Iirst cutput, if P3 is non-zero
(if P3 = 0, spaces ares output), aa' is then ouiput followsd by the
string of characters givern by P2, if P2 is non-zero, Finally the

fault message, a3 defined overleaf, is printed, followsd by a nswlins,

1

if dindentsation of the fault messages is reguired, the

nacosaary spaceds should be included in the siving P2, OUTF also
dscroments ths segment =msero locaztion FAULTY, (V32 63/0).

A similar procedurs, CUTM(I,S,I), is ussd to print warning

mossages, The message is output preceded by '??°, OUTM does not
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tring terminator missing
Statement out of context

I1lezal number

o

integer tco big

Wrong number of repeats

Wrong numbar of ccntinues

 Dztaves too short
<p> ig undsfinad
<o> of wrong type/size
<P> has wrongz number of subscripis

<o has wrong numbsy of pargmeiors
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t3
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et
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pde
aQ
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[0}
jo

<P> wrongly subscripled
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43
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v
of
[u]
B
ok

Unsatisfied references

Compilation faulty
Tras A entorsd, FWA glves rsason

Illegal FN-CP combination
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CTL detected fault

Statement out of order
Operator of wrong type

<P> used
Delimiter comment
Cycle
Wrong no, of
Faulty symbol constant
Wroeng no, of finishes

Paramster inconsistency

loop parameters

Iiliegal use of "GWN'
Dynamic bounds illegal
Specification missing
Invalid start of program

bound pair list

Faulty string

%
ault ary

5y

subsecript

alroady

loop ovorlap

Not standard Fortran
Eranch regquirsd beiore end

initialised

<P> not format label
<P> is do loop variable
<P> inconsistently typed

cagnnot be in external

parzmeter specification

tent typse in expression
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<P> cannot be commen biock name

<o> inconsistently eguivalenced

No main program unit

Two main program uniils

Lakol must be on executable statement
«p> cannot be implicitly declared

Illegal eguivalence

Fpulty area declaration

Too meny fextual levels




d
CTLL,INITIALISE is called, This has two paramsters, The f

is a 64 bit guantity which gives furthe
(the name, <P>, as reguired for OUT,.F).
TL aro followed by a RETURY to the user

{Thus the user fault procedurs could s8i

raturn to CTL which returns ¢to the usexr,)

t return immediately but centinues with

the getion specified under that fazult,

Note that the numbers of CTL dstected faults correspond to the

numbers of the compile time fault messages given previously,
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Too many ends

Too few ends

Statement out of context [Return not in =z procedurs]

Subseript out of range fin switch lzbel declaration]

Iibrary Proc nams undefined
<P> not declarad

<P> declarsd twice

VWrong no, of rTeopeats

Wronz no, of continues

<p» Invalid cperand [<P> is not given whe

Too many elses

Datzvec is undsfined [<P> is 'Datavec’]

js]

<> of wirong itype/size [<P> may be 'area'l

<P> hag wrong no, of parameters

context [<P> is 'R/

Dynamic bounds illegal

<or Ssscification missing [<P> is n
low levell

=)
i

3

tect

Inconsiztent type in expression {Faulty result mode ]

ed.at low levell

ot given when fault detectoad at

<p> dsfined already [<P> may be '1zbel', ‘'switch label’, "proc']

Illegzl conversion
s declaration

e
Tod many textual levels



nitoring

Q

7.3 Run time fault m

Run time fault monitoring will be done by a library procsdure

o]

[

or all ths basic languages (AA, Algol, Fortran, MU5 Autocode). This
procedurs will use the CTL standard compile time property lists (or 2
condensed versiocn, at the discretion of the system), It also uses &

line table constructed at compile time, At ths start of each line

the CTL procedure:-
TL,LINE (I32)

should be called, The parameter is the page (most significant 16 bits)
and line number to bo associated with the following imnstructions up to
the next call of CTL,LINE, The current page/line number can be Zound
by calling INE ()I32,

Any untrapped run-time fault will cause an entrv to trap 6,
the default of which is to eall CTL,FAULT . MONITOR (132); This will
print, on output zero the fault reason and the line/page number (if
known) by calling GUT.F, after adding 300 to the Iault number, (1If

no line tsble has been set, the control address is printed).

CTL,STACK,PRINT will then be called., This will start at the current

IN BLCCK <NUMBER>
z IN PRCCEDURE <NAME>

The variables will then be printed in the form <NAME> = <value>, I a
mode has been given in the declaration the value will be printed in that
mode othsrwisza it will be printed in hexadecimal (and possibly fixed
decimai), Descriptors will be printed in hexadecimal,

Tho printing of any variable is inhibited by sotting the top ol
the (8) mode bits in the CTL proporties to 1 {i.o, adding 3%80 to tho

mode whon the properties are created).

If the properties are for a descriptor whose printing is inhibited

lep
oo
ct
cr
i
O
(4]
et
(G}
6]

ment mode is given {in the first additional property) without

printing inhibited then element O of the vector is printed in the mode

For certain parameters a mode specification enables the parameter
e printed, see page 63,
if no properties are known for a procedurs/block its namespace

iz printed in hexadecimal,
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Runtime Fauli Numbers (Reascns for Trap 6)

]
8

1, Cali to undefined procedurs

B 8

2, Jump to undefined switch element

Q. Jump to undefined lakel
3 »

g:}

g

4. Call to undefined parametic procedurs (or procedure variable}
s Exponentiation of =z=sro by zero or by a negative integsr

6. Negative exponent in integer arithmetic

-

]

Indefinsd Scoitware Function

o N
. ©

Non-local jump out of a procedurs with no postlude &2t
(Could be caused by no RETURN in a procedure) )
0, Non-local jump to a label in an inactive block

10, Assigned goto label not in list

Do loop paramster fault

-3
s
o

Arrgy format faulty

s
[N
°

Unit no, not speciiied

=
W
s

]

e [N
~ Oy
(<)

L]

=t

Y
[2e]
o

Scale factor wronzg size

o
[ON]
>

U

4. Divide not implomented



