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Abstract:

This report indicates how the task cf Cempiler Levelopment can be decomposed. Specifically, the
praoposal is to begin with a language definiticn which defines the class of (abstract) prograns
and their semantics by a mapping to functions over (abstract) states: then to document a
rapping from prograwms to transformaticns of the target machine states and te "annotate® this in
a way which shows it to be correct with respect to the language definitions a further rarping,
from programs to sequences of instructions of the target wmachine, is then dccusented and
"annotated" to show how the given instructicns fealize the transformations,
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1., INTRODUCTION

the existence of a formal definition for a programsing language makes it possible to give a
precise statement of the correctness criteria of a compiler for that language. This is +true
whether the definition is documented in the "mathematical®, "operaticnal"™ or Maxicmatic"™ style.
Compiler construction is however difficult and tends to result in a large program: the
precision with which the final assertion of correctress can be given may be of a little use if
the compiler is in fact in error. Thus it is mcre interesting to study how a language
definition can be employed in a developaent method for compilers.

The essence o0f the npethod proposed below is to decompose the development intc steps cf a
ranageable size. Providing the intent of each is clearly understood, it should then be possible
to make each step with a high probability of correctness. Furthermore, if the rcle ¢f each step

can be formalised, a structure exists tc previde a formal correctness argument, It is  not
being suggested that formal preoefs should be given for whole compilers, only that a designer
noy¥ has a framework in which he can previde indicatians as he sees f£it. {even one, well

placed, assertion can immensly simplify the task of understanding the intentionh of a design
step.)

Tt will be possible to describe the method below more concisely if the author can firstly
enspre that no misunderstandings will result from an over-literal reading., The Tprocess is a
stepwise one and it dis intended that the final record of a development would exhibit this
structure, However, this does not imply that the designer is being asked to think iv a fixed
order ({"top-down®). Tt 1is in fact essential that the degigner has a picture of the future
development. But, as the decisions in his design become fixed it iz equally isportant that they
are documented in a structure: it is the putrpose of the current paper to propese such a
structure. Notice, in the same way, no automatic design process is being clainmed. The invention
of what should be documented rust come from the designer.

Another possible reaction to the description of the method as applied to the exanrple develored
below is that some people will consider that the whole rrocess is toc forgal. fThe level of
formality used in different parts of the exanple, in fact, differs wigely. Mearly all parts are
nore formal than would be proposed for a normal precject. It 1s, however, sispler to appreciate
vhat 1s to be done by studying this level of formality. It is only based on this understanding
that it is reasonable to go on and corsider useful and safe "rules of thurb® ¢ he used in
developrent.

One last area of pisunderstanding that it is worth trying to avoid is the role of the example.
The subject of the paper is neither the particular implementation of the comwpiler ner its proof
as given. Rather the subject is a documentation style in which such a developszent and preof can
be presented.

The nmethod itself is closely 7Telated to those cof refs. & and 6 apd attespts to decument
compiler developrent in the folleowing major staqes:

Language Definition

Happing (to target pmackine states)
Code Sequences

Transtator Development

The formal definition of the source language is bhased on a class of abstract pregrars, Hembers
of this class are intended to correspond o0 ome Or Rore concrete programns  {as written,
according to the concrete syntax of ¢he 1language); they are in a sense a norral form for
programs removing many of the textual details which do not influence the reaning ¢f a vprogranm.
The class is defined by a set of abstract syntax rules in such a way that its mesbers can be
considered to be trees in which access to inforeation is greatly eased. The hasic c¢lass can bhe
restricted by “Context Coanditions" which specify constraints to be satisfied bty the nmembers,
where such constraints depend only on the static fcrm of the programr. It is alsc convenient %c
compute certain results from the static form of a program by means of "Context Functicns®.

Given the class of abstract prograss, the semantics of the language is specified by providiag a
mapping onto transformations (i.e. functions from states to states). This sapping is written
using a neta-language, that used below is takem from ref. 5. The "states® chosen for a given
language should be abstract in the sense that +they should eschew properties whichk are
irrelevant to showing the final result of a progran. The semantics should be "Denotatianal® in
the sense that the meaning of a pregram (fragrent} should depend orly on the wpeaning ascrited
to its subparts.

The objective of develeping a Mapping 1s to provide a new functicm frcm abstract rrograss to
transformations. In this case, hovever, the states in guvestion should be representable on {i.e.
expressed in terms of the data obijects of) the target machine being conzidered. This new
mapping follows as closely as possible the structure of the source definition, Purthermpore the
transformations are still defined in the nmeta-language. The new representable states are
concrete realisations of an abstraction (i.e. the state of the source definition) and as such
there will normally be a many to ore relation between the classes, If this relation between
source states (1) and machine stategs (u-7¥) iz recorded by a function:

retr-¥ : m-y -> T

Section: Introduction
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the source definition is given by:
itp->HF -> 1)

and the “mapping" by:
a~i 1 p ~> {a~T => m-1}

then it is necessary to show:

b ’’,...-------—----—~-—..q__,__h‘::lb ‘

o &
P j ;e{,r»}_’, 5 g're{rwi‘;

W

-1
Because both the source and mapping functicns are based on the structure of abstract vrograss,
it is possible to decompose this into an inductive proof on this structure. Details of ¢the
proof steps and the annotation style proposed are given in section 2.2,

Hotice that this wajor stage of developing a mapping can te decomrposed inte sraller steps
enploving the same method. .

The next mnajor stage is to document a function from abstract programs to Code Seguences (i.e.
lists of machine instructions of the target nachine).

Assuming:
mc @ 7% ~> (m-¥y -> n~1}

it is necessary to show:

Cey,
:Eﬁ wml

The correctness arqument at this stage is simply that the machine instructicns given sheculd
perfora the same transformation as had earlier been deserihed in wmeta-langwage concepts,
Section 2.2.2 discusses how such a napping can be amnotated to trecord its fjustificaticn.
Depending on hoy well the target machine is kwowp and an  how formally the preocf is to he
presented, it wmay be necessary tc have a forpal definition of the machine instructions (i.e.
the function mc above).

The subject of representing the overall ®apping in tevrms of a conpositicn cf norve than one
napping is discussed in section 2.2.3.

At  this stage the designer is still very far from his running comppiler, he has decumented a
mapping fror abstract programs to instroction sequences, in this mapping a number of context
functions are used. TFurthermore the tree form of abstract prograws has made it easy to gather
auxiliary information (e.g. to jusr ahead of a left to right scan). The wavping functicos
themselves will have used abstract objects which are not directly available on the translator
sachine. As regards abstract programs it is straightforvard. to document the relationship with
concrete programs or, more usefully, with a linear form of parse trees which will be created hy
a first pass of the translator. An exakple of the relationship hetween PL/I  abstract prograns
and the interpal text created by a product campiler is given in ref. 9.

Section: Intreduction
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Thus hy ‘considering:

tont.\;{e/ﬂ\ ubsl‘gac{ mlw
- =7
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an implicit specification of the translaticn process (t) is available. It is then possible te
begin a (stepwise) Translator Develgpment. The process of developing concrete representations
for the abstract (translate time) obdects and developing algorithnes for isplicitly defined
functions is discussed in part 3 of ref., 6. Of particular importance in +this proecess is +the
part played by abstract syntax, The mere use of this abstraction has made the translator
specification very abstract. In developing tcwards the concrete representatien cf prograss, it
must be bornre in mind that the actual input to the compiler is an arbitrary character string,
and for most compilers good design cf diagpostics identifying errors in non-programs. will be of
considerahle importance.

It is- 1likely that the final translator structure will be multi-pass for most interesting
programning languages, It is important to beware pre-empting an undesirable phase divisicr in
developing the specification of the napping., Thls is nct likely to result frem a {(well chosen)
abstract syntax; the creation of a dictiomary is a fairly safe assuspticn: a split 1ike that
considered in section 2.2.3 for post optimisation is, however, likely te be difficult to
unravel in the eventual development. There is no objectien to intreducing assumptions about the
translator structure durisg the Harping and Code Sequence stages, vrovided only that the
desigrer is satisfied that these assumptions will correspond to the final translator structure,

A nmethod has been proposed for decomposing compiler development into a number of stages. Cne
ohservation might serve to illustrate the advantages of the decomposition. Any rTequirement to
"understand" the source language semantics has been eliminated by the end of the mapping stage:
after the code seguence stage the whcle compiler problen has been reduced te a simple string
{strictly tree) processing specification. Those involved with performing the next stage of
this process need not be concerned with how the earlier stages were constructed. Even if cre is
interested in comparing the code sequences {cf. Section 6) with the source definition (cf.
Section 3), it is only necessary tc study the development of the napping (sectiors 4,%) where
some understanding of the correctness argument is required.
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2. HOTATION AND HETHOD

apart from some minor

TR 25, 145

extensions, the notation used in the current report is that of ref 5.

rhis section provides only a quick "reading guide"° Por rore detailed definiticr +the earlier
report should be consulted,
2.3.1 Objects
Bool = f[true,false]
xyz arbitrary elementary cbject
Sets:
{Zar¥asrseeeXnl set with given elements
enpty set
{x | pix)} implicit set definitions
fxeX | p(x)}
{£{x} | pi{x}}
{men} = {i | mSisn}
XeS test for mewbership
v union, s intersection, < proper subset, ¢ subset, \ difference
Bs = (s | 5 < S}
union ({Sz,S5ars90,5n)) = 52 ¢ Sa2 U ... U Sy
Lists:
€Xq s Xaz000pXn> list with given elepents
<> empty list
<E£{i} | iefm:n}> implicit list definiticns
<E{iy | mEigdnd>
£c ) ie{min}>
1 length, h head, % tail, 1[i] element selecticn, ~ concatenation
Tfiril = <l[l],1{1+1],..,,1[j]>
DI = [1:1 1
R1 = (1) l 12igl 1}
Haps:
[de = Yyslp = Tape-ep,dn = Tyl map with given pairs
{1 erpty ®map
fd = £(@y | ptd} ] irplicit map definitions
faf{x} ~ h{x} | p(x)]
D set of domain elements, R set of range elemenis
mfd) application
By 4+ Na overyrite
my ¢ My unicn
[d = xleH = delH n H(d) = T
MmN S = [ = m{d) | de{DH N S} ]
His = fd - n{d) | de(dH 0 $) ]
B1 = ®2 = DB = DHZ A {(d<BB1 » 02(d)=KH1(d})
2.1.2 hbstract Syntax
Bules:
H o= A Define set %
H= A | B R= Ao B
H o A B = [(wk-¥{a) | aeh}
¥ o= (DI -> RI1} y (D2 ~> R2)
Ho= (D1 e B2) ~> BT u B2}
S.t. debt » H(d)}eR1 etc.
Right hand sides:
Ry Ay oo« Ap [€Bg,83c00s,8n> | Ay ¢ 25 A 85 € Ry A .0 A Ap & Apl)
A% list
At pon-enpty~list
A~set BA
a3 optional element
A->B Bap
A <-> B One-one xap

Section; ¥otation
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related functions:

mk=-8( )} Constructor
s-af{ )} selector
is-9 (o0} Predicate: o0e8

Functions:

Lambda notation used -

f{d} = e 2 £ = xd,e
gef = Xd.g{f£(d))
Expressions:

if then elgse, conditional expressicns, cases

{let r = e3 = {Ar. D) {e}
B )
-~ not, ~ and, v or, = implies, = equivalence,
{(IxeX) {p{x}} Existensicnal guantification{bounded)
{(¥xeX) {p(x)) Universal quantificaticn
{AtxeX) {p{x}) there exists exactly one
{Lx) (p(x})} the uhigque abject such that

usual arithmetic operators,

2,1.4 Transformations

For states ¥

Moo (g{T))
hoola + [1 = ¥7])

it

o0

r
R
Transformations are, in the simplest case, functions freon states to states.

T = 1 > ¥

else and for are defined in an chbvious way, as are the

Normal Seguencimg (®:¥), if n
formations (f -> ¥ H).

the
extensions to value returning %trans
Bxit:

Transformations from which exits can arise axe of the form:

TR = ¥ ~> F [Abn}

5¢Y -> ¥ = he.<8[e},nil>
exit (abn) = he.<s,abn> -
Sy1%a = ha.{let <sf,abn®> = 5, (s}

if abn® = gil
then sa(e®)
g¢lsg <ef,abn'l)

{trap exit (abn) with f£{abn): :
) = hos (et <at,abnt> = e({g);
if abn® = nil
thepn <a®,nil>
glse £(abn) (')

Arbitrary order:

for the purposes of the current report it is possible to regard the ®,7 ceabinator as leaving
only the local freedom to invert the operands before changing to *3°,

branch local sequence changes cnly
call / ret ohvious
2,2 Hethod

In the introduction, a sequence of stages’' was outlined for the corplete develogment of a
coepiler. This section describesg the methed to be used below for the +two stages: Happing to
Hachine States and #Happing to Code Seguences. It 3s important to bear in aind that the
proposals being made for decomposing the developaent into stages provide a structure for the

final documentation: it is not the intention to suggest that thinking should be constrained to
" a top-down structure. In fact the division of Map and Code Segnence stages introduces a very~®
nasty +trap for those who do not have a sketch of the next stage in mind., ¥n the HMarp stage the
designer is describing transformaticns on the target machine state in the meta-lanquage: he is

Section: Notation
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ced "to  think :about the ease of realising these transformations by instructiens in the

je: Although most reguired transitions are likely to be attainable, the tnumher of

g "teguired may be a serlous argueent for choosing a different {sequence cf)
tmationi{e). (A case din point is the somewhat special restricticns on using the
ncrenentstest instructions of the 360 machine). Unless a clear idea ¢f the instructien
ftoite influences the design of +the +transformations either poor code perfcrmance or
sive’ batktracking w«ill be the toll paild. It is however the opinion of the current auther
here 4is virtue in dividing the documentation of the development in crder tc¢ attain a

hiqhét'chanbe of correctness.

2.2.1 Mapping to Target Hachine

A papping must contain at least a description of the states of the target machine and a (series
‘6f). finction (s) which map abstract source pregrams te target +transfersations (i.e. functicns
‘ffom  target states to target states). In addition an argument for the correctness of this
‘Wappingitan be recorded by *tannotating® with the source +transformations and asserticns af
ivalence.

pose  “that the machine states were the same as those of the source definiticn, troving that
#jg a’valid implementation of i would reaquire:

(?6@2 i} (m-i{o} = i(0})
wffgzﬂé;évet, wve are forced to ceonsider ismplementations which are not functiors but rather
‘#elations the problen is to show:
a  {YoeD i) ((3e') (T=ile,0')) A (£~ilo,e%) > o' = i(o)))

‘One ig. brought to the notion of the isplepentation being a relation because the states of the
tarqet machine not only differ frer those of the source definiticn but alse d¢ net stand in a
one to cne relation thereto. Thus:

q : m~§L ¢ ~> Bool
it g~y ~> MY
rmife,e') = (3n~¢} (q{Bre,e) A glB~1{m-a),0%))

Because of the inductive structure tc be applied is the proof, it is cemvenient tec prove:
b (Veel i} (gq{n~e¢,e} = g{nm—-i{m~a),1{a)}}

Unfortunately use of either the universally true or universally false relaticn would then
pernit the "verification® of any ivplerentaticn hcuever false it were. Tntuitively there shcuid
he at least one target representation for each distinct source state:

€ (¥} (An-o) (T {0~0,0))
and one representatior cannot represgent two distinct source states:

d gipvv,e5) A qn=0,03) @ oy = a3
To see that this is formally adequate for prewving a by establishing k:

1 o ¢ D 1 assa
{FR-a) (g(r~o,q}} trc
let w0 be such:

3 g{m-o,09) 2

4 g{e~i(m-a),i(o}} 1
thus ('} {aimo,0) A g(m-i(m-a),07)} 3

and:

T o e pi ASSHK

(Am-o) {q(a~o,2}) n glo-i{B-a,¢%}) AsSsSn
let m-e¢ be such:

gi{m~g,9) A gim-i(n~o),a*)}

g(p-i{a-a},i{0})

@t = i{o) )
thus (3m-¢) (g{p-o,a} ~ gla~i{r-g),e%)}) 2 o' = i{s)}

e w
Aot L D

b
J8,d
s B
The proof of oproperty b will be showr for each napping functicn: these, as in the saource
definition, follow the structure of abstract pregrass. Since these functicns are wutually
recyrsive there is a hidden appeal +to the finiteness of prograss and their successive
decomposition to justify the use of recursicn irductian,

The fact that source states stand in a one-many relation with target states will be shown beloaw
by defining the relation in terms cf a retrieve furctien:

retr-y : m~y ~> ¥

Section: Notatian
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" Since this functioan is not total (there are states in m~-¢¥ which de not correspond to 2 state in
£), the notion of cons-r-Y¥ is introduced bhelow.

The situation 1s, of course, more complex than that discussed abeve: both the functicne cf the
source definition and their correspcnding eapping functions produce transforeaticans (functicns
from states to states) only after being applied to other arguments. It is necessary to consider
the equivalence of these other arquments, The objects which are (parts of) abstract prograss
are used directly by both series of functions. Typical of the auxiliary arguments is the
environment (Env) of the source document. In the implementation this will be modelled partly by
a static dictionary (Dict) and partly by information in storage (Cza). Essentially fhen, the
proaof takes the fora:

cons~m~y (B~e¢) o
(o-~env (dict,env} (B~e) » ¢ = retr-y {p=-g} o
retr~yrom-i-0 {t,dict) (n~s) = i-0(t,env} {a))

Where an explicit construction exists in the source defipition it is necessary %tc¢ ghow hcow an
equivalent object can be modelled in the cobject states. An example of this is Array-loc which
is defined to be a mapping (cf. DS56): this mapping can be reconstructed frem the obkject ctate
{cf. P16) with the aid of auxiliary variables (cf. section 7 for a discussien of alternatives).
Sach 'ghost variables™ play a part only im the correctness argueent and ncne of the target
transitions are made to depend on them.

There are situwations in the scurce document where no explicit ccastructicn is defined, but
rather certain properties of the reguired result are stated. An example of this is the choice
of new scalar locations vhich are only vrequired (cf. BIB) te be distinct from current
locations. In such a case the mapping may choose any object which satisfies the fproverty,

The argument that the mapping does in fact correspond to the source definition {in a wvayvy made
precige in section 4.4) is recorded by annotating the functions which map abstract rrogrars o
target transfornations.

sinple assertions apply only to the states of the target machine, thus:

pre : D ~=>» {m-% -> Bool}
pest : D ~> {8~% wm-¥ -> Bool}

then, using the same conventions on "sigma—-free®™ nctation used in the scurce docurent:
pre(d} (m-o} ~
a~g' = m-op(d) {(A~e) =

post (d) (A~e¢,B~5 ")

#ill be written:

{1 pre(d)
n-op (4}
t post{d) reasons

vhere, of course, nm-op could be a compound consitruct in parenthesis,
To aid the reader, assertions on equivalence are marked by #1119, thus:
ri,r2 = D ~>» {a~%¥ ¥ -> Bool}
L2 D= (¥ ~>71)
=% 3 D ~> {®~F -> @~T)

r1{d} {a~o,o} =
rZ{d) (m~1 (8} (m~e)  1(A} (a))

will he written:

ity ri1{d)
m-i {3}
Py (d) -
11 p2(d) reasons

In a napber of places it is convienient to decument statements which differ slightly frewm those
of the source definition. One particular “trick" will ke to expand a set or =sapping operation
of the =source document into a declare fcllowed by an element generaticn locp inm crder to
facilitate the placing of assertions. Where the difference is large enough to admit doubt of
equivalence a separate argument for correctness can be provided (cf. wap of int-for).

It is necessary to indicate the valid forms of reascning for cesbinaters., These ate given in
the form of Annotation Lemmas.

Section: Notation
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‘seiatés to the "if? combinmator and there are obvious extensions to conditional statenents
o case construct. (In fact this vreasoning is usually perforsed infcrsally without
{¢it reference to AL1: numpbering of the forsulae "n.m" is used).

let m-o, be current
T

e
B (o AN

&
then
{ 1t r AL1AYD
n~th :
{1 th -
LR Teasons
1 post{s—as,) reasons

T AL1hyp
el e

r? reasons
post {B-ay,) reasons
rt 3L1
post{m-gs,) ALY

let m~o, be current

r

post (B~a;3,) ALZhyp
T . ALZ2hyp
b(e) -

r reasons
rt (e} reasong
post (A~o4,) reasons
T AL2

g e S 2 r*{e} A%2
post (R~dq,) AL2

Etiy,ﬁshould also show non~interface:

11 @® ¢ S = rtie?)
i1t e ¢ (Sp 6 {e}) = v*{e’)
where Spt, = Sp v {el

Section: Hotation
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1=
(1]

L

This relates to the trap exit combinator:

{ let m-o; be current

fITr

ft1 b o

{{tcap gxit (abn} with

i postl{B~e,,} AL3hyp

11 1 AL3hyp
{m-e;

tt r2 Leagons

! post2(a-ey,) reasons
exit (abn)
Vi

I cur rR-¢ = fi~ay AL3hyyp

t1r AL3hyp
r~b

1t ¢1 reasons

! posti{a~ay,} reasons

)i
! postit{m~og,} AL3hyp
' r1 AL3hyp
n-n
Pt o2 reasons
I post2{m~og,) reasons
) -
11 r2 AL3
11 post?{m~o4,) AL3

It is also considered a valid mapping step te simply ignore any test whose scle purpose in the
source definition was to yield error. This indicates that a user of the ccmpiler being designed
¥ill not alvays receive a varning when he contravenes a language rule (e.g. subscript cut of
range). If this is acceptable to the users then the designer is using the freedce to intergret
erzor in the source definition as “subsegquent results nct defined”.

There are two points which deserve special mention. Pirstly there is the prohlen of describing
the relationship between procedure denctaticns in the scurce definiticn and their realisaticns
in the wmachine state. In DS11 Proc~den's are described as functions, but these functions have
been created (cf. D¥ 5} so as to reflect the environment (Env) current at the peint  of their
declaration. They are fclosures®. The zesult of branching to the label dencting the first
instruction of a target procedure (c¢f HS27} depends, hovwaever, on the current contents of +these
parts of the state which mirver ¥nv (i.e., Envi, q-tp, g9-ai). Tt is, then, necessary to
-constrain the clags of states in which an equivalent result may be expected hy Yapplying® an @~
Proc~den. This 1is achieved by stering a Prec-inf {cf BS29) for each procedure, is a nev ghost
variable, which gives the value of the three components mentioned as they were at the point of
declaration., It is then possible +to describe that states are only valid if, for all stered
Proc-inf's the current values of the three considered components "extend" the reccrded values,

Stated thus the property is still not strong enough because am arbitrary state where the Troc-
infs have also beeh changed would net be valid., The states considered acceptable sust also
extend the Proc-inf at the time of declaration. A1l of this rather complex requirement is nade
Trather easy to prove because of the ability to characterise state changes which pregerve the
properties (cf. L5}.

The other aspect of the ©proof which should be mentioned is the reasoning used for the goto
statement of the source language. The definition irn section 3 uses the “ewxit mechanism™ of the
metalanguage. As mentiomed in wvef 1%, cne important measure of the snitability of the exit
mechanisas as a defianition tool is the ease with which it can support sabseguent reasoning. Here
the proof of the required implementatior technigue for goto statements which can abnorerally
terminate blocks or procedures has been divided into two stages. (The split of section 4.6, §
was made for other reasons, cf, section 4.1.2). Ip the first stage the acticn te be perfecrred
in the trap exit unlt is changed: in most cases to the identity operation. Tt ig then possible
to use the Branch instruction to exactly sisulate the transformation caused by perforning exit.
At both stages the reasoning is relatively sinple.

22.2 Code Seguences

The stage described in section 2.2.3 results imn a mapping £ros abstract programs to
transformation fupetions for the target machine state. Notice that the annotations, inclivding
those for updat?ng the ghost variables, can now be ignored. The next stage is to consider the
mapping from abstract programs to seguences of instructions for the object wachine. Each
instruction of the obJect machine can alsg be thought of as a transformaticp., Overall the
requirement is that the tvo transformations are equivalent. The argunent that this ke sa is sa
composition of very slsple local arguments and is indicated by annotating the code sequence B3P
‘with the transformations. ’
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j ~ff' rgupents as documented via annotations are easy to follow ang by no means difficult to
'ggﬁsfiugt. This is, hovever, a llttle deceptive in that the real werk 1lies in finding the

appropriate relatlionships between states and consistency conditions thereon,

the problem of register allocation has not really been considered in the rappings given below
{aft arbitrary number assumed), If it vere to be treated it should ceme in a separate stage
after the current rapping to (an idealised) machine. This would then correspend t0 an extra
translator pass:

£ 8-> (f~>7)

n~-f 1 8 «> (@=L => n-Y)

c-f 1 8 -> n-I%

n s p~I¥ -3 (m-¥ ~> m-Y)

pZz 3 m=I* -> nI2*

m2 o §-I2% -3 (-T2 -> m~12)

The proof should he simsple because ¢f the clcsenese of m-¥ and R-L2.
¥otice that this is not the f{reatwent proposed for these optirigations which can be easilty

described by a function over +the structure of abstract programs. In this case the
Woptimization" should be included in the first mapping.

Section: ¥otation
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This section ended on the previous page.
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dafines the class of objects considered as abstract prograns. References to
i&-section are of the form "DAm",.

s=dcls: (18 =-> {T¥pe | Proc)) Apd-stet®

ype s-bds:[ (Expr I %)¥+1

'_”fhf—expr ] Rhs-ref | Cv-ref | Const
Xpr i: Expr Op Bxpr
g~ref 13 Var-ref
fvafétef 12 Td s-sscs:{ Bxpr+ ]

49 Cveref :: 1a

'jjzﬂ"ébﬁst = Intg-const | Bool-const }
: R } disjeint alternatives
|°0p = Intg-op | Bool-op | Rel-op ) -

'f???S§5fvpé = intg | kool

ué3ﬁId - not further defined

3:72 Context Conditlons

Tbis ‘Ssection defines a restriction oa the c¢lass of abhstract programs: nenbers of the
restricted class are known as well-formed programs. This restriction is defined, as in ref. S5y
by ‘predicates of the Torm is-#f~8 which depend on a text and a static environment:

“Eaves = 1d ~-> (Type | preg 1 lak | £%}

The snumbering of +the context canditicne is, as far as possible, that of the cerresponding
abstract syntax rules. References tc these cantext condition functions will he of the form
iptnv, t

1 ig-wf-prog(<t>) = is-wf-stut(t,[ ]}

Section: SOURCE DREFINITIOR
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3 is~wf-blocki{<dcls,ns-1>,env) =
let 11 = <s-nePns-1{i] | 1€ifins~1 A is-id%s-nm9ns-1[i]>;
is~unigque-ids{1l) ~
is-disjoint (Pdcls,R11) A
(et r-env = env \ (Ddcls v RYI1) ¢
let n-env = r-env o
[id - (if is-typef(dclsi{id))
thep star {dels{id))
else proct § 1defdcls)
[id = lab | 1depI13:
dcleRdcls =
{is~type{dcl} ~
{s~bds(decl)y=pil v
is-expr~list9s-bds(dcl) -
(1si<is~hds (dcl} = ex~tp{s~bds(dci}fil,r-env)=intq)) -
is-wf-type{dcl,r-env)) v
{is-proc{dcl) A is-wf-proc(dcl,n-env)} »
T€i€lins-1 = is-wf-stat(s-statons~1fi},n~env))

5 is-wf-proc(<parm-1,st>,eny) =
is~unique-ids(<s~id®parw~3{i1 | 1<¢i€lipars-1>) »
{let n-env = env 4
{s-id%parm~1{i]~s~attrOpare~-1[i] | ie{1:lparm-1} ]
is~-wE-strt (st,n-env))

6 is~uf-parm(<id,attr>,env} =
attr = proc v
s~hds (attr) = nil v is-%-listOs-tds{atir)

8 is-wf-if{st,env) =
ex-tp {s-b(st),env} = hgol

9 is~wf-for({<id,init,step,limlt,st>,env) =
let n-env = env } [id - ¢v];
ex—-tpl{init,env) intg A
ex-tp(step,env) intg ~
ex-tp{limit,env) = intg »
ig~wf~stmt(st,n-env)

]

10 is-wf-call{<pn,a~1I>,env) =
prneleny A env{pn} = proc A
{1sic<lia~1l » is-wf~var-ref(a-1fil,env) v
env {a~1[1i]} = prgc)

11 is~wf-~goto(<id> env)
ideDenv ~ env(id}

Hon

oo
e
e

12 is~wf-assn(<lhs,chs>,env) =
is~scalar (Lhs,env) a
ex~tp(rhs,env} = vr~tp{ihs,env}

13 is-wf-in(<v-r>,env} =
is-scalar (v-r,env}

Section: SOURCE DEFINITION




f-expr{e1,op,e2) ->
s-intg-op{op) -> lntd
s=bool-op{op) -> begl
=rel-ap{op) -> hgel)
iths-ref{v~-r) -> vr-ip{v-r,env}
v-raf (id) -> intg

“a% {ig-intg-const (e} -> intg
is~hool=-const{e) ~> hecol}

 E§pr Env-g ->» Sc-type

xpr{<et,op,e2>,env) =

L el intg » is-intg-op{op) » ex-itp(el,env)
bool ~ is-bool-opiop) ~ ex~-tplel,env)
intg ~ is-rel-cpiop) ~ ex—tpleZ,env)

ol

=

L]
o

' ”ref(<r>,env) =
sgalar (rp,env}

vrepef (<id, e-1>,env) =

v A ig-typefenv (id) a

# nil = {s~bds®env(id) # Dpil =

le~1 = 1s-bds%env{id) » -
{1€igle-1 > ex-tp(e~1ifi],env) = inta)})

p{<id, >,eny) =
45c-type°env(id)

: Yar-ref Env-s ~> Sc-type

¥ iégécaiar{<id,ssc~1>,env) =
“ggec«)l = nil » s-bds®env(id) = pil

ﬁypé:'Var*ref Env-s ~> Bool

wE-cv-ref {<id>,eny)

-idebDenv ~ env{id) cy

ig=anigue-ids (id-1) =

type: Id%* -> Bool

CSEAR (t) =
~/* all bds changed to % %/

-tIPE: Type -> Type

03 is-disjoint (s-1) =
s /% sets are vairvise disjoint ®/

type: Setx ~> Bool
908 is-scalar-type(t) = is-type(t) A s-bds(t)=nil

5 is-array-type(t) = is-type(t} A s-bds{t)#nri)

Sections
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1 T :: sig: Stg
in @ valx
out: Val¥

note: %stq" etc. are used throughout as referencaes to state couponents.

2 Val = Intg | Bool

A
—
—

3 Stg {Bool~loc -> (Bool } 2y} u {Intg-lecc -> (Intg { 2

i

b Tnv Td -> {Loc {| Cv-den ] Lab-den | Froc-den)
5 Loc = Array~loc | Sc-loc

£ Array-loc = {Intg+ <-> Bool-loc) | {Intgs <-> Intg-loc)
constraint: ledrray~loc = {3iteIntg+) (Ll=rect{il}}

7 sc~%oc = Bool-loc | Intg-loc

8 Cv—-den = Intg

9 Lab-den :: Aid T4

" Ald = infinite set

i1 Proc-den :: (Loc | Procfden}* Ca -> Tr
12 Ca = Aid~set ’

13 Tr = ¥ ~> 1§ Abn

14 abn = [Lab-den]

15 Intg~loc = infinite set

16 Bocl~loc = infinite set
constraint: Bool~-loc a Intg~lcec = f{}

Seétion: :SOURCE DEFINITION
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of +the semantic functiomns is, as far as possible, that of the corres
ruldés. Referencesg tc fcrnulae of this section are of the focre "DEnm,

#3) (in-1) =
“E gl 1,in-1,<0;
= int-stot(t,0 ], (1} (ea)

‘then int-stimt(s;,env,ca) else int-strt(s,,env,ca)

If v then
ireval-expr{e~-i,env),
sseval-~expr (e~s,envd,
l:eval-expr{e~l,env);
f(x) = if (s>0 «> x£1, s<0 -> %21, s=0 -> 7)
ihken (int-stet(b,env | [cvexi,ca);f{x+s}):

Hk=call{pid,al) ~>
1et mk-proc-den{pden} = env{pid),
dl: <{is-var-ref{alfi] -> eval-var~ref{al{i ), env}),
T =2 env{alfi]))
P tefizlal}>:
pden{dl,ca}

mk~goto(id} ~> exit{env(id)y

sk~assn{vr,e) ->
let i:eval-var-ref{vr,env},
vieval-expr{e,env}:
assign{l, v}

nk-in{vr) ->
if ¢ im = <> then error;
let l:eval-var-ref {vr,anv},
vihe in;
£ is-vmateh(v,vr~tp{vr))
then (in := fc in, assign{i,v))

glsge error

i

mk-out {e} ~>
let vieval-exprie,envy:
out = g guiT<vd

ngli -> 71

typq: Stat BEnv Ca =>

25.145

ponding
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3 int-block(<dcls,ns~1>,env,ca) =
let aideaid be s.t. aiddea;
let n~envienv +
([id - eval-type{dcls(id},env) |
idepdcis » is-type®dcls(id)l w
rid - eval-proc-dcl{dcls {id), n~env} |
ideDdcls a is-proc®dcle(id)} ] v
[id - Bk-lab~den{aid,id) |
idecol-st-nms (ns-1) 1}
(trap exit {ahn) with
{epilogue ({idebdcls | is-tyrpe{dcls(id})}},n~env}:
exit{abn)};
int-nnd-stmt~1ist{1,ns-1.n-env,ca v {aid},aid));
epilogue({ideldcls | is~type (dcls (id}}},n~env)

type: Block Env Ca =>

31 epilogue{ids,env) =
let toc~set = fenv(id) | ide¢ids}g
let sc-loc~set = {leloc-set | is-sc-lec{l)}
unpion (Rl | leloc-set A wis-gc-lec(i)ls

tg 1= ¢ stg N sc-loc-smet

I

type: Id-set Env =>

32 col-gt-nms{ns-1} = .
{s—nm{ns~1{ 1] | T1<iglns~1 A isg~id%s-nm{ns~1[i])}

type: Nepd-st* -> Td-set

b evai-type{tp,env) =
trap exit{abn} with error;

let le¢Sc-loc be s.t. is-tp-sc-loc{sc~tp,l) A LgDc styqs
skg = € stqg v [1 ~ 27
return (1}
mk~type(sc~tp,bd~1) ~>
let ebd~1: <eval-expr{bd-~1{il,env} { ief1:1hd~11>3
if {31 ¢ (1:lebd-1}) {ebd~1[i] < T} then exxor:
let 1* be S.t. is-array-loc{lf} =~
1Y = rect{ebd-1} »
lefl® =» is-tp-sc-locfsc-tp,1} A
Rl* a Rc stg = 113
gufl=2] Lek 1'];

type: Type Eav => Loc

5 eval-proc-del{<parr-1,st>,env} = ) ;
let fi{den~l,ca} = ) %
{if -~is-watch(der~1,<s-attrpare-3fi] | 1zislpare-1%) ;
let n~env = env 4
{s-id%pars~1{1] - den~1[1] | deflziparm-1]1:
int-stat(st,n-~env,ca));

type: Proc Env ~> Proc-den

51 is-match{dl,sl} =

type: (Loc | Proc-den)* (Type | prog)® -> Bool

Section: SOURCE DEPINITION
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-

t{sno,ns-1,env,ca,ald) =

taid,tid>) with

aid

let tno = (Un) (s-ne°ns=-1{n] = tid};
tvnnd—stmtvlist(tnc,ns—l,enw,ca,aid))
sxit (<taid,tid>)s

to 1ns-1 do

s-stetons~1{J ). env,ca}

pr(el,op,e2) ->
reval-expr{el,env),
seval-expr{e2 env);

is-const(e) */
iurn (val-of{e)}

br Env => Yal

var~ref {¢id,ssc-1>,env} =
sse-1 = nil
then return {env(id))
e (let a~loc=env(id),
ev-ssc~1i<eval~expr (esc-1[1J,env}) | 1fifissc-153
if ~(ev-ssc-1 ¢ Da-lcc) thep errors
return {a-loc{ev-ssc-1}1})

: jﬁéf Yar-ref Eav => Loc

20 val-of(c) =
"tipe: (Intg~const ~> Intg} g {Bocl-const -2 Bool}

21 apply-op{vi,op,v2)} =

type:; Val Up ¥al => Val

200921 assign(l,v) =
. stg 1= g stg + [1-v]

. type: (Bool-loc Bool => } g {(Intg-loc Intg =3}
-~ pre: ledg stg, is-~imatch(i,v)

922 is~limatch(l,v} =

type: Sc-loc Val -> Bool

923 contents (1
let v =
if v = 2 the

type: {Bool-loc => Bool) y (Intg-loc => Intg)
pre: leDc stg

Section: SODRCE DEFIRITICH
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24 rect (il} =

type: Intgt -> (Intg*)-set
pres 1$i€1il = iifij21

g25 is-vmatch(v,t) =

type: Val Sc-type -» Bool

326 is-tp-sc-loc(tp,l} =
tp=hogl => is-bool-loc({l)
£p=intg ~> is-intg-loc(l}

type: 3c-type Sc-loc -3 Bool

§8¢¥ion: SOURCE -DEFINITION
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afiop Technigque

ttémﬁté to provide an introduction to the formal mapping by naking a nunber df
wplementation.

ch hé- is' 360 1like i.e. Register; two address with sose store to stcre cperations;
wiitation from displacement constant, contents of base and index registers; not all
4 can use the wost general form of address.

tion .in the nermal sense is not attempted, sose special cases {e.g. these rreapted by
nifora address formats) are identified im oxder to avoid "“poor codeV,

6f loading base registers for prograr addressing has been ignored: furthersore all
“have been "compiled im line®.

g given, an unbounded number of registers has been assumed (see section 2.2.3 for
this peint).

“_Lé'given for the inputsoutput statements of the language.

gg5ign is modelled on that of ref 1, j.e¢. all storage is used as a stack; local areas
5 fynamic save areas) are allocated, in this case, only ome per precedure; a display
ldcate the dsa.

Tayg "for nested blocks is assaociated with the dsa of the erbracing procedure.
d ({brother} blocks will use the sare storage for their variables.

-cf the stack pointer points to the mext availakle byte and is held in a register whose
i given by the functics prono().

‘¥ pointer value on entering a block n is stored in the dsa at stack-p{dsap,n).
piay is stored in registers; and an up-to-date copy is kept in the dsa.

{se addresses teven for parameter arrays) are also kept in registers and cesprise part
display in the semse that they are subject to the sape storage and retrieval,

stants are treated as variables cf a canceptual ounter block.

§ointers address the ™0% element of am array.

i piementation restriction® to one dimensicnal atrays, and the fact that subscript range
GEi gdis not performed, make it unnecessary to have array dope-vectors.

eger entities are allocated 4 bytes, Beoleans 1 byte.

ngétatenents, even where blocks or procedures avre terminated abnorwally, are implesented by
i¥set branck (note label parameters are mect in the scdrce language) .

‘values required by for are also stored in tegisters, they have naot however heen treated as
£ the display because of the attempt tec postpone and if possible avoid storing them. This
“rise to the problem that the menbers of the work register stack bheing used for this
¢ would differ depending on the place from which a procedure is called. In order to
ate this problem another Jimplementation restriction is made which states that control
aliles are not known within procedures.

Tegisters are used ip a stack, the next element heing obtained by the functicn "awrao(r-

notes® can be found with the individual rapping functions.

2:Comments on Proof

goking at the subseguent development apd its justification 4t is uwseful to bear in mind the
iyction between developing representaticns for objects and finding ways c¢f wodelling the
iEeﬁ control structure. Argusents in the latter category are: modelling exit {cf. Sectian
; simulating function application with calls sipulating the ({dynamic) «conditicnal
ateérants with Branch.

eégard +to developing concrate repregentations of objects the sieplest case 1s the
lopsent of state components of the source definition {e.g. using a linear byte addressed
Tage to sgimulate the mapping in D$3). A second area is the ®apping of "run-time" arguments
#iv, which depends on 5tg) into the target machine store {(in this example, partly cwer
egisters containing the display: storage space is provided separately for parameter

Section: HAPFING
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addresses}. There is also another way cpen to the definition to "hide® values in the sense that
no cormitment is made as to how they will be stored or addressed, The definition can sisply
use local variables (e.q. let dl in call case of DF2), The developrent must provide stcrage for
these in the target state unless special putrose machine operations exist,

Tt iz a general thesis of the aprroach described in section 1, that dividing the overall
development inte smaller stages makes it easier to ascertain whether the whole is correct., The
{tenporary) separation of the dsa's from the actual storage was made precisely to sake the
reasoning easier. It is, in sections 4.2 and 4.4, relatively easy to show what 1is remaining
congtant in sStorage or what is keing extended as distinct from the overurite type updates tog
vhich the storage for variables is subjected. In secticn 5 it is shown how the dsa's can he
placed in storage.

References to formulae of this section are of the form "HSn¥,
Dictiocnary:
1 Diect = Id -> De
2 De = Prop-sc~de | Parm-sc-de |
Prop-arr-de | Parm-arr-~de |
Cv-de
Lab-de |
Prop~proc-de | Parm-proc~de
3 Prop-sc-de :: s~off:Intg s-base:feg-no
5 Parm-sc-de i3 s—parmmoffkintg s-tarr-base:Heg-no
5 Prop-arr—de :: s-base:Reg-no
6 Parm-arr-de 21: s~parm~off:Intg s-parw-hace:Reg~no s-baseiReg~no
7 Cv-de :: Reg~no
8 Lab-&e 3: s~tgt:c-Label s-drno:Reg-ne s-dp:lenth
9 Prop~proc-~de :: s-lab:c-lLabel s-ewm~dispiReg-no-set s-drno:Reg-no
10 Parm-proc-de :2: s~para-off:Intg s-parm~base:sReg-no
11 Depth = Intg

12 Reg-nc j} not further defined
13 c-Label 1}

it regs~of~dict{d) =
/% yields those reg-no's used in de's #/

type: Dict -> Reg-no-set

Hachine States:

21 m-gt :: gtgl @ Bytex
regs = {(Reg-no -> Byte?}
envl : {(Dsa-p ~-> Dsa}
ce : Byte
-tp : {®-Sc~loc ~-> Sc~type)
g-al : (s~Array-loc ~> Rrray-inf)
gq-pi 3 {c~Label ~> Proc“inf)

note: non-overlap of storage for current [ g-=ip is not formally shown below.

22 Dsa-p = Intg

23 Dsa :: ra : c-Addr
dc ¢ Dsa-p
sc ¢ {bsa-p | 0}

pes : (w-Loc .| m-Proc-den)®
disp-copy : {Reg~no ~> Byte?%)
stack-p : m-Sc~lock

26: m~Loc = a~Sc~loe | m=Array-loc

iSection:: MADPING
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= .Intg
1qc = Intg

7.'Déa-p c-Label

:::Sé-type Intg

12 g~ep-rsiReg-no-set s-ep-inf:Fm~inf
s-ea~gtp : (m-Sc-Loc =-> Sc-type)
g=em=anv ¢ [Dda-p ~> Tsa)

g~em~al z {(m-Array-loc ~> Array-iaf)

-> a~¥11 Abn

g = Byte*

not further defined except for:

5tgl = <if 1 = 1
then v
else ¢ skglla] | =15l ¢ stqi>
:= <if (i~1) e (023}
then vf{i-1+1]
else ¢ stglfi] | 1242} ¢ sga1>

_g sal = Am~g, {Ssel(r~e})

“E{Tn) ~ Ta®gegs
LLre) ~ prno () °reds
.ggr?) ~ ¢ pegs(rn
E re
cs(ras) ~ frn =» cf{cn} | rnerns]
Crerafdsap) ~ ra®dsap®envi
©E~ra (dsap) ~ ra{¢ enyi(dsap))

LEmPB(dsap,i) - pms{il°dsap®eavi
N LA } = (pms{gc envl(dsap}))[i)

ete for:
- d¢

g3
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- 5C
- disp-copy
- stack-p{ .1}
Notice that although register contents are of type m-Intg they are used as Intg without
explicit conversion. Furthermore, the assesmbler language like format "d(x,b}" w#ill be used to
denote addresses:
where:
d is a constant expression
fx,b} < Reg-no
d(x,h) ~ c(x} + c(by ¢+ 4

61 save~disp(rns,dsap) =
r~disp-~copy{dsap) := c-disp-cory(dsap) 4 [rn -~ c{rn} | rnerns}

type: Reg-no-set Dsa~p =>

62 rest-disp{rns,dsap) =

for tnerns do
r{rn}) 3= c~disp-copy{dsap) {rn)

type: Reg-no-set Dsa~p =>

4,3 Context Fungiions

References to fornulae of this section will be of the form ¥HCnW,

As in ref. 5, context fumnctions are wsed as a way of deriving certain values which depend only
on the static form of the program {(see section 7 for comments on +the scope of their use).
Although it would have been possible to define the derivation of these values in the sgapping
functions, which in common with the defining functions pirror the structure of the text, it was
considered worthwhile making the separation for the sake ¢cf readability. In particular it will,
for most purposes, bhe sufficient tc read the taxt outlining the role of the functiens and vely

on the, hopefully, suggestive npames in etudying the mapping itself.

The reference conventions of ref. 5 are also used here, Thus the values defined are really for
instances of their arguments in context. The omissien of the prograwy as an additional argument
igs jutified by the possibility of adding a1l context values as nodes of the tree.

Firstly, some preliminary definitions:

1 dis~contained {ty,ta) =

/% is text t, a part of btg:
see ref. 5 for formal definition %/

2 is-prop-cont{tsy,ta) =

js~contained {ta,ta) » ta # &3

3 is-b~cont{fty,tal *

is-~prop-cont(ty,ta} &

< {3t} (is~prop~cont (i, .t} »
{s~prop~cont{t. ta}
{is~block {t} v is~proc{t))}

The number of the single unigue register used as s current stack pointer is given by the
function:
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:gdfmgtion and local variables (dsa = dynamic save area} but also base registers
iEing arrays. Thus the register numbers are allocated so that:

drno {proct) ) .
cx=-arc=b(arci)) cx-disp-regs{procl))

cx-arr~b(art?)) ) cx-disp-Tegs (proc?)
drno (proc) 3
{arr3: cx-arr-h{arc 3} y

gscribing this ordering, the fcllowing function is used:

bove (rs1,c82) =

7% each menmber of rs2 ig a higher register nusber
* 4than any menber of rsl %/

pe: Reg-no-set RKeg-no-set -> Baol

he_functions are nov defined by stating properties which must be satisfied by their results.

is~prog(t} = cx-drmo(t) = dEnezl
{is~prog{t} v is-proc{t) v is-block(t}} ~ is-h-conpt{ty.t) A
—ig-proc{ty) =
ex=drno{ty) = cu~drine ()
is~-block{t) » is-b-cont{t,,t} =~
is-proc (tg} =
above {cx-disp-regs(t), {cx-drno{ta}})

type: 1 -> Reg-no
note: applicable to any part of text -

ex~arr-h

is-proc(tsy} =
{let <parm-1,>=t4; :
let ids = (s-id{pave-1{i]) | 1£i£] paem-1 - is-arvay~type?s-atty {pavs~1{il}}:
{¥ideids} {above {{cx~drna (ts)}, fcx-ari-b{id)})) »
{¥id,,idzeids) {cx~arr~b({id;) = cx~arr-b{ids) =2 idy = idg)}

{is-prog{t) v is-proc{t) v is-block(t}} =~ is-b-cont{tya, &} ~
is=hlock (t,) =
(let ids = {ide] s-dels{t,) | is-array-~type{s~dcls{t;) (id)}}:
{¥id¢idg) (above (cx~disp-Tegs {t), (cx~arr-~-b(1d}})) ~
(¥idg,idgeids) (cx~arr-b (idg)y=cx~arr~b{ida) = 1dy=1da})

_type: 14 ~> Reg-no

e 25, 145

“(éf. vef. 1) contaias not only pointers to the areas of storage used for storage of
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8 cx-disp-Teygs

ig-prog(t) = cx-disp-regs(t) = (cx-drno(t}}
{is-prog{t} v is-proc(t) v 1s-block(t)) » is-becont(ty,t) »
ig-block{ty} =
cx~disp-regs{ty) = cx-disp-regsi{t) u
{ex~arT~b(ta,1d) | idel s~decls{ty} »
is-~array-tyre({s-dcls{tg) (id)}}
is~-block(t} ~ is-b-cont{tg,t) &
is~proc (ty} =
cx~disp-regs{t,;) = cx-disp~veqgs(t) v (cx-drno(ty}} ®
{cx-arr-b({ty,id) | ide...}
{is~-prog{t} v is-proc({t) v is~hlock(t}) A is-b-cont(t,,t) »
~{is~proc(ty) v is-block{ty)) »
cx-disp-regs{ty) = cx-disp-regs(t)

type: N ~> Reg~no-gét

9 ci~en~disp-regs(x) =

/% similar teo BC8, but is applied to a bleck and yields the
set relevent to its embracing text unit #

10 cx~env-regs(s) =

/% similar to ¥CH, but alse includes the nambers of those work registers
allocated to the local guantities cf fcor loops cf HBF9 %/

11 cx-em-env-regs{w} =

/% sinmilar to HC9, but ,.. */

¥ithin a procedure (resmember that dsa's are mnot =allocated for separate blocks within a
procedure cf., Section 4.1.1) the ofifsets of scalar guantities can be allocated statically. The
ohvious constraints of non~overlapping etc. are described helew:

12 cx~sc~off

is~black{ts} =
{let <dcls,>=t43
let em-offs = cx-em-sc-affe(ty), ]
ids = {ide¢h dcls | is-acalar~type®dcis{idi}:
{Yoeem—offs,ideids)
fo<ex=~ge-0fL(id) a -overlapgf{c,cr-sc-off (id)}}
(¥id,,1dzelids)
(s-sc-typefdcls{id,} = intg = mod{cx-scroff{idg},¥) = 0 -
overlap{cx~sc-off(1d,) ,cx-scroff{ids}} =» idy = idg))

type: Id > Intg
note: allignment handled.

An analogous function exists for constants:
13 cx—~const-off (¢} =

type: Const ->» Intg
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ep~sc~offs

ig-prog{t) v is-proc(t}) = cx-em-sc-offs(t) = {}
{is-prog{t) v is-proc(t}) A is-b-contit,ty) =
o exmem=scmoffs (ty) = {3
‘ja-block () A is-b-cont{t,ty) »
~ig=proc{ty) =
cx-en~sc-offa{t;) = cx-em-sgc-offs(t) wu
fex~sc-off {1d) | idelR s-dcls(t) a
is-scalar-type (s~dcls{t) (1id4))}

n ~» Intg-set
procedure the static depth of blecks is given hy:

{is~proc(t) v is-prog(t)) = cx-dp{t) =0
[is-prog{t) v is-proc(t) v is-block{t)} A is-b-cont{tyg,t) ~
is~block {t,} »

cx-dp{ty} = cx~dp{t) + 1
(is-prog(t) v is-proc(t} v is-block(t)) a is-b~contitz,t) »
—(is~proc{ty} v is-block{ty)) =

cx~-dp{ty) = cx~@p{t)
7 => Depth

ée the names of procedures and/or lakels can be repeated in the sovwrce program, cortext
‘tions are used to generate the labels used in the cede.

¥=proc-lab{id) =

Eype: T4 -> c-Label

ex-ng~lab{idy =

ype: Id ->» e~Label
‘note: the ranges of c¢x-prec-lab and cx-uns-lab must be disjoint.

8°¥etr-nm(lab} =
/% inverse of cx-nmp-lab ¥/

_t}pe: c~Label -~> Ia

-ordering of the work registers is given by:

€rences to formulae of this secticn are of the form MBn¥,

‘Telationship between objects of the definition and objects in the machine state is defined
The classes Sc-loc and Aid of the source definition were only constrained by certain
operties: no explicit construction was given. In these cases it is shown how aspects of the
chine state model the objects in the sense that they satisfy all of the stated properties.
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Hote they are disjoint hecause of the censgtructers.

3 pake-tp-sc-loc{tp,mr-loc} =

bogl -> mk-bool~loc(m-loc)
intg -> mk-intg-loc(m-log)

type: Sc-type m-S5c-loc -> Se~loc
and (cf. DS10}:
4 Aid :: Dsa-p Depth

The functions which define eguivalence can ncw be given:

% in~step{dict,env,ca,drno) (A-e,e} =

in-stepi(dict,env) (m~e,a} A
g-ca (ca,drno} {(r-v)

6 in-stepi{dict,env) {p-v,0} =

in~step-r(f~eo,0} A
g~env {dict,env) (o~}

7 g-caf{ca,drao} =

<dsap,dpreca = (dsap ¢ D ¢ gayl #
dsap=c {drno} » dp<lc-stack~p{c{drno)})

type: Rid-get Reg-no ~> (a~L% ->» Bool)
8 in-step-L{a-e,0}) = ¢ = retr-I{n-a}

9 rete-n =
<{ make-tp-sc-locf{tp, 1} -~ retr-val (x~val{l,tm} | [1 = tpleg gztnls <> B2

type: a~F1 =2 %

19 in~step~a () (<m-g,m~a>,<d,a>) =

mea = a A
in~step-¥ {a-d,d)

11 g-ca2fca) =
<dsap,dpreca = {dsape(Dd g enyl ™ f{c(pi}))

type: Aid-set ->» (m-Ef -> Bool)

12 g-env{dict,env} =

D dict = D env A
Tdep dict o g-dem{dict(id),env(id))

type: Pict Bav -> {s=-£1 -> Bool)
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d&(r) -» retr-val{c(r}} = den

ge{) -> retr-lab-den{de) = den
p-proc-de(L,,en-drno} =2
g-proc-den {<c (ew-drno) ,L>,den,g gz gz))
'k pata-proc-de(d,b} ->
g-proc-den{c-pr(c(b),dq),den,c g=pi)

S retr-loc(de} = den

pe Den => {m-%i1 => Beol)

Sigb-den{<lab,drno,dp>) =
lab-den{mk-aid(c{drno) ,dp) ,retr-nw{lah))

“Lib-de => {m~t1 -> Lab-den)

'rop—sc de{d,b) ->

{let 1 = d(0,h);

. make-tp-sc-loc({c g-tp(l).1))
_ak-parm-sc—de(d,b) -

{let 1 = c-pn{c{b),d);

. Hake-tp-sc-loc{c g=tp(1) ., 1))
~prop-arr~defb) v
‘k<parm-arr~de(,,b) ~>
nake-array~loc (g g-al{c{b)).c(h))

var~de -» {n-gi1 -~>» Loc)

aﬁe—arraymlcc(<tp,bd>,base) =
{<i> -~ make-tp-sc~loc{tp,m-sub-loc{hase,i,tp)) | 1sishd}

-type: Array-inf m-Array-loc -> Armay-iLoc

‘#<sub-loc (b, i, tp) =

b + (if tp = bool then i else 4*i}

‘type: p-Array-loc Intg Sc-type ~> m-Sc-Loc

_qmproc«ﬂen(<dsap,L>a<f>,cqpi) =

let en~rs = s~em-rs{cgpi(l)):
/¥ the following "annotatlon® sheuwld be walid ({(arbitravy e} #/
1  pre-g-proc-den{cqii,dsap,en~1rx)
t1 g-ca?Z{ca)
11 in-step-I{}
it grarg-l(c-pas{c(p)).dl}
all L{r~-Ta{c{p)})
11 f({di,ca)
11 in-step-a ()
i post-g-proc-den{dsap,en~rs}

i

- type: m~Proc~den Proc-den {c~Label ~> Prec-ing) -> Bool
note: post-~g-proc-den also used to ensure preservation of ¢ ()
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19 pre~q—proc~den(cgpi,dsap,en-rs) =

cons-p-reg{c{p) D & 4ztp} ~»

cgpl = g gmpi A

cons-gpi(R € g-pl, <& g=tp,c enxl,g g-aidi A
c=sc{c(p)

I} 163

0°5 cons-disp-copy{c-disp-copy{dsap),csles-Ts)} A
c~sclec{p) # 0 = c~sc(c(p)) = dsag

type: (c-lLabel -> proc-inf) Usa-g¢ Reg-no-set ~> {A~I1 -2 Bool)

20 post-g-proc-den(dsap.er-rs} =

"cons~disp-copy (c-disp-copy(dsap) ,ev-rs} A
pres-regs {[prao(}}) »

pres-gtp A pres-~gai pres-gpi »
almost-pres—env(c{p}}

type: Dsa-p Reg-no-set ~> (R-E1l -t -> Bool)

21 almost-pres-env(p) (f~g,p-at) =

pre') \op =

enyl(B~a) \ p
m-g) {p) £¢ en¥

B~o®) (P}

= [
o |
fd by
-

¥l
i

22 g~arg-1{m-den-1,den~1)=
1 m-den-1 = 1 den-1 a

1<i<la-den=~1 = g~arg {n~den-1{iJ,den~1[1i ]

23 q~arg{m-den,den} =

ig-~gsc~loc{den} =->

make~tp-sc~loc{c g-ip(p-den)  p-den}
is—~array-loc{den} ->

pake-array-loc(c g-ai(s~den},e~den} = den
ig~-proc~den{den} ->

q~proc~den {m~den,den, ¢ qr-pi)

den

type: (m~TLoc | m~Proc—den} {Loc | Proc-den}y -7 {#~%1 ~> Bool)

The appropriate relatien for values is:
1% retr-val{a-v) =

type: m—-¥al -> Val

The nation of consistency avises for states of m-xi7:

41 cons-u-g1(dict,drno,ens,se~o0ffs) =

cons—vi(c(drno),c«stackwp{c(drno},1),c(2;,sc«cffs,g € a=kp) A
cons-pi(dict,c gmpi,c(drno) ,ce(rns).c 4=tk & enyli. ¢ g-ai}

type: Dict Reg-no Reg-~no-set Intg~sat ~» (-t -> Beol}
note: if p* = <>,¢(p) used for c-stack-p {informal)

82 cons~vi(dsap,p-ptr,,p-ptr.sc-ofis,ls)}

cong-p~rag (p-pir,1s) » _ :
cons*l»scs{dsap,lwscs(ls,dsap.p—pt:,),sc-offs) n
oons~ge~offe (dsap,p-ptr, ,sc-ofis)
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_ibt,cgpi.dsap.rm,cgtp,cenv,cgai) =
igphccpy(disp-copy(cenv{dsap)),rm} A

pi(R capi,<cgtp,cenv,cgai>} a
pro{dict,cenv,cgpi,ra)

wp=reg (prptr,18) = lels » 1 < p-pty

;1-scs(dsap,1ls,sc-offs} = J¢lls = (1 - dsap)esc-offs

5 dé-offs (dsap, Ppirs ,sc-offeg) = oesc-offs = (dsap + o} <p-ptry
qxs?-copy(dc,rm) = dc € TR

gpi{pi~set,cur"inf) = piepi~set = s~em~inf{pi) ce cur-ing

kn-prs{dict,cenv,gpi.rn) =
k=prop-proc-~de (L,en-ts,en-drno} ¢ Rdict =

s~en~rs{gpi(L}) = em-rs ~»
“cons-disp~copy (disp~copy{cenv(re {(en-dEno)}) . r8}}

pres-regs(rns) A
pres-env a pres-gtp ~ pres~gai a pres~gpi

ype: Reg-no~set -> {m-rl m~x1 -> Beol}

pres-regs(rns) {a-s,a-o%) =

Legsin-¢*) {res = reds(m~o)|Tns

type: Reg-no-set -> (a~%1 m~%1 -> Bcol)

:pfeS*u(mwa,m"e‘} = w{n-¢} = a{n~s")

CeXt-a (Bre,mmo?) = afu-g) € afa-gt)

65 ext (mmg, mat) =

'   ext~g {m~o,mn~¢*} for all components «

66 ptext-env(m-e,a~v') =
pedenzl(n-o} = enyl{n-<) {(p) £ engl(r~«') (p)

Botice that the preservation of constants ip the state is not proven forsally.

4.5 Some Initial Lemmas

References to these Lemmas are of the form ®Lnf.

“these rasults show that under constrained c¢hanges consistency of a sachine state or
compatibility of a source/machine state pair areé preserved.
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for all foms a~1i-0(7,dict,..-}
regs-of-dict (dict) = cx-en~env-reds v}

fron context functions and forration cf Dict

nk-prop-proc-de{ ,es-rs, ) € R dict (e} =
ep~rs < cx-disp~regs(y)

from MP3 and by inspectien

Lenma_4
cons-pif{dict,cgpi,dsap,ra,cgtp,cen¥,cgai) »
cgtp £ cgtp' »
¢gai ¢ cgai® o=
cons—pi(dict,cgpi,dsap,ra,cgtp',cenv,cgai’)

from P43, P48, P4s, P50

cons~p~L1(dict,drno,ras, sc-ofLs) (R-s) ~
pres({prno{) ,drno} v rns) (A~e,a~¢?) o
cons-m~%1{dict,drno,rns,sc-cfEs) {n~a?)

from L4, P#l, Pu2, Phu~47

g~arg {pden,den) {@-a) ~
ext~gai {n-e,Rma’} A
ext-gtp({n-o,@~a') ~
pres-gpi {(a~e,n-of) =
g~arqg {nden,den} (r-s)

immediate from P23

q~proc~den(mpden,pdengcgpis a
cgpi € cpgit =
q-proc~den (ppden,pden,cgpi®)

immadiate from P18
{note class of states over which cosgatisen performed is reduced)

Lepna 9

«ig~proc~de{de) A
g~den {de, den} {r~e)
pres-regs {regs~of-de(de)) (h~o,m-ef) A
ext-gtp(m-e¢,m~o%} A
ext~gal (B~e,n~s%) &
pt-ext-env(n-g, =g’} =

g-den {de,den) (r-e')

froa P13, PiB-17

Section: AAPPING




RATCRY VIENNA 4-1313 I TR 25. 1745

v {dict,env) (A~e) A
regs{regs-of-dict {dict)) (P-o,n~ef) »
a"'m-g') -1

g~env (dict,env) (p-o')

rom. 18, L9, P12, P13

enpa 11

~c¢a{ca,drno) {w~s} »
gfrenv-pt(m-a,B~e'} ~
pres—regs({drno})(mna,mmg') n
g=ca(ca,drno) {r-g")

fanediate from 7

drho,disp~regs = cx~aiw} ~
~gtep{dict,env,ca,drno} (g~g, ¢} ~

res(rs v disp-regs e {prno{)}) (A~a,R~ef) =
step-a{} {(<p~e¥,m~a'>,<ot,a?d} =
in-step{dict,env,ca,drno} (p~oe?,0")

proof from

L1 plus assunption (not fornally vroven) that wrs are in rs
i.e.

cx-env-regs{s) -~ cx-disp-rege{s} © rs

P5, P6, P10, L10, L11

References to the specifications within this secticn are of the form “HFn¥.

camint-prog (prog)
i1 int-prog {prog} {<>)
i1 in-step~%(}
notes: .
Hithout the input and output statements one could ask: #hy bother %o go further?

1 m~int~prog(<prog® =

It 1 stg == [ ]
envl = 1
T2 gmkp s [}
T 3 g-ai =[]
T 4 gempi =[]
v (drno-0} := GETHAIN:
set-constants{};
T{g} := c{dLnos0);
r-disp~copy{c{drne=0)} := [ 1;
!5 cons=m~TH([ ]J.drno=-0, {drno~0}, £}) P21-P50
it 6 in~step({ 1.1 1, (},8200:0}) p5-9,p12

a~int-stmt {prog,[ 3, {}):

14 7 int-stat{prog,[ 1 (1) -~
1t 8 in-step~%t() 5,6,7,HF2,P10
! post DF1, 1,7

type: Prog =>
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spec:

tet drno,disp-reqs,sc-0ffs = cx-a(t)
- ! cons~m-rl(dict,drne,disp-reys,sc-offs)
tt in—step(dict,env,ca,arno}
m-int-stmt(t,dict,rs)
11 int-stmt(t,env,ca)
t1 in-step~a(}
! pres(rs u disp-Tegs # (rrno(})}

wap:

2 m-ipnt-stnt{t,dict,rs) =

t 1 cons-m-%1 pre
't 2 in-step pre
't 3 int-stet({t,env,ca) -
{is-block (%) ~> r~int~block (t,dict,xs)
is-if(t) => m-int-if (t,dict,es)

is=for(t) ~> m=int-for(t,dict,rs)
is-cali(e) -~> #-int-~call(t,dict,rs}
is-goto({t) -> g~int-gotol{t,dict, rs)
is~assn{t) ~> g-int-assn{t.dict,rs)
is-pull(t) -> 1

1 8 in~step-al{) 1. 2,872, 878~12
! 5 pres{rs v disp-~regs ¢ {prro()}} 1,2, 8F2,H88~12
I post pe2.3

type: Stmt Dict Reg-no-set =»
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“let drng = em~TN8 v arr-ras,
offs = en~offs v I~cffs;

13
1 4

5
't 6
it 7

t1 8
1110
T 11
12
13
14
15
16

[y

let type-dcls =
proc-dcls =

for idetype-dcils
{iat t = dcls
17

18

1 19
120
1121

1122

£ drno,disp-tegs,sc-offs = cx-em-n{bl) )
E ! cons-m-ri{dict,drno,disp~regs,sc-offs)

11 in-step{dict,env,ca,drno}

#-int-plock (bl,dict,rs)

‘ 1t int-block (bl,env,ca)

1t in-step-a{)

1 pres{rs ¢ disp-regs ¢ fprno{)})

in£~hlock{w,dict,rs} =

1et <dcls,ns-1>'= n:

let drne = ¢x~drne (),
dp = ex-dp{w},
en-tns = cx-em~disp-regs{¥),
en-offs = cx~em-sc-offs{»},
arr-ras =
1-~0ffs = [cx~-sc-off(id)

t 1 cons-a~-5t{dict,drno,em-ras,en-offs)
It 2 in-stepi(dict,env)

g-ca {ca,drno}
let m~9, be current

:f~stack-p(c(drno}7§§) = a(p):

1et m-aid = <c(drno) .dp>
m-aidgca
g-ca{ca v [m-aid},drno)

decl n~dict = dict + [id-<cx-nm-lab(id),drno,dp>

in-stepi{cn~dict,c n~env})
cons~p~reg(c{p) .D ¢ g-tp)

cons-l-scs {c{drno} ,1-scs{...) ,en~0fis}
disj-l-offs (ep~cffs,l-0ffs)
disj-arr~bs{ep~rns,arr~rns)
regs~of-dict (dict)ccx-em-env-regs {(»)

| idecol-st-nms(
del n~envi=env 4 [i1d-<m~aid,id>}ide... )

TR 25, ¥&5

fecx—are-b{id) | ideDd dels a is-array-type®dcls{id)},
{ 1del dclg a is-scalar-type®dcls(id)ls

2,110,5,8,P14,0C18
1,241

1,P01

HC12

BCc7

i1

cons~sc-offs{c{drno} ,c~stack-p{c{drne), 1}, ,ep~0ffs}

{ideD dcls | is-type®dcis{id)
fideD dcls | is-procfdclis{id}

de
(id}s
cong-p-reg {c{p) .0 ¢ sty

1. 801

AL2 hyp

cong-sc~of fsf{c{drno) ,c-stack-p{c (drno) 1} ,1-0fis)

g-bds({ty=nil = cx-scroff(id) (C,drno} gl c g-tp

s-hds(ty#nil » cx-arr~bh{id) gregs~of-dict {(dict}

in-stepi (dict,eny)

let dezm-eval-type{t.id,dict,rs);
a~en¥:=¢ n-env + fid-eval-type{t,env}}

in-step~a(}
g-~den{de,c n-envi{id)}

posti~a-eval-type {regs-of-dict{dict) v 15}
s~hds(t}=nil > cons-l~sc{c{deno} ,cx-sc~oif{id))
n-dict 4 [id-de]

in-stepl{dict,env)
cons-p-reg¢ (c{p) .,k ¢ g-ip}

in-stepilc n~dict,c n-env)

cons=gpi{R ¢ g=pi.<c g7tp,c enzl.,c g-ain
cong=-disp-copy{c~disp~copy{c(drno)),rs{en-xrns}}

cons-p-reg{c(g 0 ¢ g-tp)

cons—-l-gcs (c{drho) ,1~sc5{...),0f£8)
cong~gc-offs{c{drno) ,c~stack~p{c{deno) , 1) ,0ffs)

ALZ hvyp
P#6, 13,12
4,15

AL2 hyp

17-22, HFE
17-22, 078
17-21, HE4
17-21, 474

#1,23,25,L10
17,25, HF41,P65

AL2, 10,27,22,24
1,25,049
1,25,848

AL2, 11,28

12,26

16,25

Section: BAPPIHG
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save~disp (arr-rps,c(drno} )

t 35 cons-digp~copy{c~disp-capy{c(drno}),cs{drns}}
1 36 cons-kn-prs(c n-dict, ¢ envl, ¢ gzEpi,cs(drns})

f 39 let m-oy be current

for ideproc~dcls do
fn-dict := ¢ n-dict + [id-<cx-proc-lab(id},drns,drno>]
40 let cur-inf=<¢ gztp.c emyl,g g-ai>

! 81 g=pi:=¢c q-pi v [cx~proc-lab(id}-<drns,cuor~-inf>]

42 cons-gpi(B ¢ g-pi,cur-inf)

t 43 cons-kn-prs{g n-dlct,c enxl.c g-pi,ca{dres}}

ti4y let nAn-env=¢ n~env 4

TR 25.145
31,1961

1,25,35

30, 41,849
35,36, P50

fid-eval-proc~del {dcls{id} ,nn-env) {ideproc-dels] =~
1145 (videproc-dcls) {g~proc-den {<c (drno},cx~proc-lab(id}>,

nn-env (id) ¢ gzpil)
1146 g-envic n-~dict, nn-env}

for ideproc-dcls do
{ex-proc~lab(id):
n-aval-proc-dcl{dcls{id) g n~dict,drns)
1147 g-proc-den (hy ref tiae)

1{50 in-step(g n-dict,nn-env,ca v {m—aid},drno}
! 51 cons-m~¥1{c n-dict,drne,drns,offs)
({trap exit (abn) with
{ t 52 g-pii=g g-pi N groc~dcls
t 53 pres{rs v drns u {prroc(1}) {F-oa,)
1156 ip-stepi{g n-dict,nn-env)
m~epilogue {type-dcls,g n-dict,drno,dp)
1155 epilogue (type~dcls,an-env)
1 56 pres{rs uv ep~rns u {prno{)}) (Rreay,.}
1157 in-step-a()}
exit (abn)
|
p-int-nmd-stpt-1listt(t,ns~1,c n-dict,rs)gs

57 (ref time}
29,458,813

53,41, 46,HF5

46,29,7,95
32-35,42,43,P41

AL3hyyp
AL3hyyp

53,4931,4,39
50,53, 546,512, 8731

1158 int~nmd~stmt~list(i.ns-1,nn-env,ca ¢ fr-aid},n-aid) ~

1159 in~step~a{)
1 60 presi{rs e drns uw fprno{)}) {n—aa,)}
t 61 g-pi:=c g-pi N troc-dcls
1 62 pres(rs ¢ drns v {prno{}}} {R-og5s}
1163 in~step-al)
m-epilogue {type~dcls,g n-dict,drno,dp)
1164 epilogue (type~dclis,nu-env}
t 65 pres(rs v ep-rns ¢ {prna{}}} {m—e,,)
1166 in~step-a{)
1167 in-step~a()
1 68 pres(rs v ew~xns v {pruo{)}) (B~sa,)
tipost

type: Block Dict Reg-no-set =>

31 disi~l1-offs(er~offs.l-0ffs) = /% no overlaps w/

type: Intg-set Intg~set ~> Bool

32 disi~arr-hs{em-rs,arr-rns) =
en~rs a art-ras = [}

type: Reg-no~set Reg~no-set -> Bool

Saction: HAPPINRG

56,51, 58,8F70
50,51, 8F7C

AL3hyp
AL3hyp

62,H73%,4,39
50,62,63,L12, B84

AL, 57,66
AL3,56,65
E¥3,5,6,8,22,44,55,58,64
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i1 in-stept{dict,env)
» epilogue(ids,dict drno,dp)

14 epilogue(iés,enﬂ
{1 in-step~a{)

irtheraore, m-aepilogua should act as an inverse of the actions taken for processing the
declarations:

" m-gg = {r-stack-p{c{drne),dp} := c{r};

51

for idetype-dcls do
{let t = dcls{id)s
let de:m-eval-type(t,id,dict,rs)y
n-dicti=g n~dict 4 {id-de]

Y{r-eg) A
pree(rs ¢ cx~disp-regs{¥) v {prno{)}) {B~eg,u~u3) A

p-g, = n-epilogue {type~dcls,cn~dict,drno,dp) (a~a3} =

pres{rs ¢ cx-es-disp-regs(x} {prno()})(n-ai,l-a¢)

ﬂ“ﬁ‘epilogue(ids,dict,drno,dp) =

i1 1 in~step-x ) pre
for ideids do
11 2 in-step-2{) AL2hyp
[cases dict{id):
11 3 g-den{dict(id) ,env{id)} pre, P12

rk~prop-sc-def{d,b) ->
fg-tp t= ¢ g=tp \ (d{0,D)}3
114 stq = ¢ gtg N\ env({id) -
It 5 in~step-3{}) 2;,3.,4,09,P15

}
mk~prop-arr~de (b} ->
{lek <tp,bd> = g-ai(c(b));

g-tp := ¢ gmtp N ((Ep=intg->uri, T->i) (0,k) [ 15isbd};
T1 6 gkg = ¢ s8g N Blenv(id)) -
i1 7 in-step-3 () 2,3,6,249,P15

g-ai = g g-ai N\ e(b)

}

H]
11 8 in~step~t{) AL?,1,5,7
ri{p} 1= c-stack-plc{drno} dp)

it 9 inverse effect \ A¥8, by inspection
1110 post - LE3T,.H,6

types Yd-set Dict Reg-no Depth =2

iet drno = cx~drno(t):

t cons-prreg{c{p).D ¢ g-ip)
i s-b@s(t)=nil = {cx~sc—off (id} (0,8rno) gl g g-tp ~
cens-sc~offs{c{drno} c~stack-pl{c{dzno) ,1),cx~sc~off {id}))
! s-bds{t)#pil > cx-arr-b{id}fregs-of-dict (dict}
i1 in-stepl{dict,env}
let desrm-eval-type{t,id,dict,rs)
1t let izeval-type(t,env)
It in-step-a ()
11 g~den{de,l}
t  posti-m-eval-type {regs-of-dict(dict) o rs)
! s-hds{t}=nil = cons-l-sc{c{drno) ,cx-sc~off (id))

posti-p-eval~type(rs) =
pres-env » pres-pl a pres-~regsi{rsg) »
ext-gal ~ ext-gtp a
cons-gtp-ext

tYPé: Reg-no-set -> (B~f1 m-£1 -> Bool)

Sectigon: HAPPING

AT
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42 cons=gtprext{m-¢,8-¢'}) =

cons-p-reg({regs(m-¢') (R}, g-ip(s-e'} -~ D gzip(s-a})

43 cons-l-sc{daap,sc~off) (p~a,m-a?}) =
cons-1l-scs (dsap,D g-tp{m-¢*') - B q-tp(p-e}, {gc~0EL}}

type: Dsa-p Intg -> (a~it a-g1 -> Beol)

Section: MAPPING

TR 25. 145
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eyal—tyge(t,id,dict,rs) =

1 1 cons-p-reg(c(p) .2 £ 9=1p}
1t 2 in-stepl{dict,env)
trap exit (abm) uith error:
cages t:
mkatype(sc-tp,nll} -
{let @ = cx-sc-off (14),b = czx-drno(t)s
let de = mk-p:opwsc—de(<d,b>):
let 1% = d{0,b);

> 11ED o gxir
let 1 = pake-tp~sc~loc(sc-tp,1%}
1#D © sty
is=tp~sc-loc(sc-tp,1)
1 satisfies properties of Source
gzkp := ¢ d-tp v [1'=sc-ty]
g-den {de, 1}
stg := ¢ gtg v [1-2]
~tp};
.10 in-step-a(}
3,11 caons~p~reg (c{p) . {1%})
3.12 posti-m-eval-typa (regs~of~dict {dict)
t 3,13 cons~l-scc{h),d}

e
WO SIS LW N =

Qoo.c.-...

w;n Gl b Lt ) g bl L W

1

|

H

!

1

1

H
11
1t

set{l',mz2,"
11

1

t

3.14 post ({this case}

ak-type{sc-tp,<bd>} ->
{
b 4,1 is-ewpr{bd)
v 6.2 ex~tp(hd) = inig
b = cx-arr-b{t}:
de = mk~-prop-arr-de{b):
1 4.3 bgregs~of~dict {dict)
Ilet n = nurno(rs);
m-eval-a-expr-to(bd,dict,n,re};
It 4.4 let ehdﬂlz <eval aexpr {(bd.env)>
it #4.5% in-step-al)
T1 4.6 ebd-1[ 1]}=zetr~val {c{n})
t #.,7 pres{rs vy cx-~disp-regs{t} v {prao{}})
allign{prno() ,sc~tp} s
w{by = c{E) - {if sc~tp = iptg ithen 4 elsge 1};
4,8 g-aii=¢ g-al v fc(b)-<sc-tp,c{n)>]

4,9 let 1' = pake-array-lec{<sc~tp,c(n}>,c(kt})

!
t 4.10 is~array-locil®)

T 5,11 3eR 1' » is-tp-sc~loc{sc-tp,1)

T 8,12 p 1t = rect{ehd~1)

¥ 4.13 R 1' o D £ gztp = 03

i1 4,18 1* n D ¢ gtg = 1}

11 4.15 satisfies properties cf source
11 4.16 g-den{de,17)

for ie{lic{m} do

2o 2 ==
-

—

T 4.17 g=%p 2= ¢ 4 d

i1 4.18 stg 1= ¢ st {
seﬁ((i)(O,b),g:E,SCvtp}

It 4,19 in-step-al(}

{ (i) (Db)~sc-tp]
19 (<iv)»2]

)
1t 4,20 in~-step-al{)

r{p} := c(g) + {if sc-tp = intg thep c{m}*4 else c{n)};

4,21 cons~ n—req(c(n),t(i){o b)|1<i<c(n}})

! 4,22 posti-m-eval-type (regs~of-dict{dict) v rs)

retura (de)
11 post (this case)
)

type: Typs Id Dict Beg-no-set => De

cons-sc-offes (¢ {b} ,c-stack-pic L), 1}, {d})

TR 25,145

pre, 3
pre,3

3,2,3.3,2,09 Ak
3.3, P3 b
nPH,3.1,3.5 .

3.3,P1%

2,3.7,3.9,89
1, plnsp i)
HP41,3.11
wEN3

D¥F#,3.3,3.6,3.9

iapl.restr. oE
L3 i

4.9,0516,P16

h.9,P3

B,6,49.%

1,4.9

4,13,4,5,P9%
DFL,4,10,8, 11,4, 12,4, 14
4,8,4,15,4.9,815

4,5,4.18,B9
4.5, 4,19

P45
H,21, HRF01,4.3,8,.%7

DFO, 8.6,5.15,8.18

Section: HAFPING
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let em-drno,en-disp-regs = cx-en-a{ir)
t cons-kn~prs(dict,¢ envl,c g-pi,cs{ep-disp-regs}))
!' ¢ g=pi(Ly) = <ea-disp-regs,<c g=%tp.c envl,c 9=aid>>
11 g-env{dict,env}

m-eval-proc-dcl {pr,dict,em~disp-reqgs)
1t g-proc-den({<c{eg-drno},L>,eval~-proc~dcl{pr,env),g g-pi)

note:
The language Lis changed (an izplementation restriction) in that values of centrol variables
of do loops are not “known" within nested procedures. (Strictly, should revise DF5)}.

A case distinction will be made cn call depending on whether the display sust te reloaded or
not ~ a flag is given in the setting of s=c. o

map:
5 p-eval-proc-dcl(r,dict,er~disp-regs) =

<parm-1,s5t> = w3

emn-drno = cx—-en~drno{«),
drno = cx-drno(s} .,

disp-regs = cx-disp-regs (v}
let en-rm = cs{en-disp-regs);

I 1 cons-kn-prs{dict,c envl,c g-pi,es~rn} pre

i1 2 g-env{dict,env} pre

3 let d-gtp = ¢ g-iyp, :
d-env = ¢ enyl, '
d~gai = ¢ g-ai,
d~gpi = ¢ q-pi,
ep-dsap = c¢{ep~drno}:

f 4 <en~disp-regs,<d-gtp,d~env,d~gaid>>eR d-gpi pre.3

let m-f =
{ i #,1 note, new B~g being cengidered -~ m~agy

! 5 pre-g-proc-den(d-gpi,en-dsayp,er-disp-regs) P18pre

Tt 5.1 g~ca?{ca) Fifpre

T 6 cons-prreg{cip).l g g-ip) 5,019

! 7 d-gpl £ g gzEd 5,919

i 8 cons-gpl(B ¢ g-pi.<¢ gzip.c epyl.g d-ai™) 5,719

Y 9 d-gtp = ¢ y=ip » d-env £ ¢ enyl ~ d-gai = ¢ g-al BUS,N,T,8

10 c-sc{c(p})=0 = cons~disp-copy{c-disp-copy{en-dsap},

cs ler-disp-regs}) 5,719
it 11 c=sclcip))#0 = c~scicipy) = en-dsap 5,719

if c-sc{cip} # ©
then rest-disp{en~disp-regs.,c-sclc{g})}
¥ 12 cons~disp~copy (c-disp-copy {en~dsap),

cs (en~disp-Tegs)) 10,11,8562,B08
i 13 c¢s{en~disp~regs) = es~rR 12,9
{ 14 cons~kn-prs{dict,c epnvi,¢ g-pi.

cs {er~disp-regs)} Fe7,1,52,13,P50

¥ {drna) = c(p}:
let 6 he s5.%. 02 largest cx~sc-off(plus lengih} for any nested hlock;

r{p = ¢(p} * 63
5

! 15 cong-p-reg{c(p) .l & g-ip) 6,R45

T .16 l-ges(D ¢ g=tp.,cl{dvno) ,cf{p}) = 1} G,P40

1 17 cong~l-scsf{c{drno) 1-scs{ss), [} 16, P46

T 18 cons-sc~offs(c{drnc) .c(m . 1} PUT

1 19 cons~vi{c{drno},c{p} ., ¢{E):1}.8 & g2im) 242,15,17,18

11 2% in-step~-L{) Pi8pre

it 22 g-arg~1(c-pms(c{drno}) A1} Pi8pre
rstack~p{c{drno)) = <>

11 23 g-ca{ca,drno} PT,P11,:5:1

i1 24 g-env{dict.env) 2,13,7,9,11,1L10
dgl n~-dict = dict \ cvs

1t 25 dcl n-env := env \ C¥s tapl.restr, =~

Section: MAPPING
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oRY YIBNNA =21
e [1:1 para-1} 42
o 1t 26 q-env(dict,env) AL2h¥T
11 27 gq-env (g n-dict,t n-env) ALZhyD
¢ <id, > © parn-1[13; i
- 11 28 n-envi=g n-eny 4 [ia-31[1]] -
11 28,1 q-axr (c-pu‘ctatno),i),g p-env {131 22,p022,28
“is«scalar—type(t} -3
(n-dict = & n-dict + [id4mk-parm~58“de(i,dnno)]
26,110

1t 29,1 q—e“v{dict,env}
11 29.2 g=env{c n~dict,c n-env) 27,28,1,923’p15

H
is—atray—tyPElt)
(n-dict = € n-dict 4 [1d-
r(cx-arr—b(id)) ¢ = c-pm(c(drno),i)
11 30.1 q*env(dict,env) 26,110
11 30.2 q-envig p-dict, ¢ p-env} 27,28.1,?23,915

nk—garm-axr«de(i,ﬂrno,cx—arr-h(id))]:

H
_is-proc (™ ?
{n-dict = & n-dict + [idenk=
v 3101 qwenvgdict,env) 26,110
11 31.2 q-env (g p-dict,c n-env) 27,28.1,?23,913

garmﬂproc—de{i,drno)}

}
1y 32 g-envic n~dict, € n-env) hL2,2M,(29.2,30.2,31.ﬂ
) 11 33 in-stepig n-dict,¢ n-env,ca,drnc) 12,21,23
: save—disp(dispwregs,c(drno));
) t 34 cons—disp-ccpy(c(a:nc),cs(ﬁispﬂregs}) #s61,PUB
i, less

t 35 cons-kn=prs (¢ n-dict,. o)
t 36 cons~n-£1{C n—dict,drnc,ﬁisp—regs,{))
11 37 int-stat(st.g n~eny,ca)

((trap exit (abm) ¥ith

1ty 38 in-step-a ) AL3 hyr.82
T 39 pres(dispareqs ¢ {prmo O} AL hyp.l3
(eip) := cf@) - 53

vl in-step-Il)

[ post~q~proc~den{c{drno),

19,33,8,3“,35,?&1

o

38
emwdisp~:eqs](m—ao,) 3@,“,1,920,12

A int-stat(st.g nwdict, ()
11 K2 in-step=~af}) 36,3%,37,8%2
143 pres(disp—regs ¢ tprno (1) 36,33,172
Vi
oy jn-step-al) AL3hyp, 02
hLBhyp,HS

it

- 145 pres(ﬁisp«resp ¢ fpEned )

r(py := c(@ - 83

11 U6 in-step-ti) 0yl

1 47 post~q~proc~den(c(drno],e&vdisp~reqs){m-ag,) u5,u.1,v20,12
AL3, 40,06

11 48 in-step~al)
ﬁen(ctdrnc),em-disp-reqs}{ﬁ*aa;} AL, U7

1 19 post-gmprocT

gkt {c-ra {c{m))
}

1 gonsider declaring n-a4

11 590 q—proc-den((c(eﬁ*dtnc},1),
eval—p:oc-dcl(w,env),g gzpid (BF5,2E,28,37),
‘ tS,zG—ZZ,Me,uQ)

type: ProC pict Reg-no-set -

Sectiont HAPPIRG
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n-int-ned-stet-list

spec:

let drno,disp-regs,sc-offs = gx-a(ns-1}
1 cons-m-~gi({dict,drno,disp-~regs,sc-offs)
! in-step{dict,env,ca,drno}
p~int-nod-stamt~listt{i,ns~1,dict,cs)
tt int-nmd-stet-listi{i,ne-1,env,ca,<c{cx-drno(ns-1)},cx~dpins=~1) >}
11 in-step-a(}
t opres(rs u disp-regs u {prno(}})

map (first stage):
70 m-int-nad-stmt-1ist1(sno,ns~1,dict,rs) =

<t-dsap,t-dp>,t~id> = abn;

trap exit {(abn) xith .
{let <
-dsap = c{cx~drna{ns-1)) A ¢-dp = cx~dp{ns-1}

{let tno = (LN} (s-nme%ns~1{n) = £-id}: e

't correctness obvicus (use 15,112} TETG,HF2
typet Intg Had-stmt* Dict Reg~no~sget =>

note: that the induction reguired at this peoint is well founded fcllcws frem the fact that
there are a finite number of labelled statements in ns-1 (cf. Ref 11y,

Section: HAPPING
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disp-regs,sc-offs = cx~af{if)
t cons~m-z1(aict,a:nc,disp-regs,sc»otfs)
T 11 in-step(dict,env,ca,dxno)
‘wsint-if (if,dict,rs)
L 11 int-stat(if,env,ca)
11 in-step~a ()
t pres(rs v disp-regs v {prao(} 1)

The test

bogl a work register is used.

p:
m-int"if(<be,st1,st2>,aict,rs) =

et arno, disp-regs,sc~offs = cx~ua {<he,st1,5t2>)
T 1 cons~mwz1(dict,drno,ﬂispuregs,scMoffs}
1t 2 in~step{dict,env,ca,drno)
t 3 let m~9¢, be current

1 4 ex-tp(be) = beal
11 5 let y:eval—expr (he,env)
ig-inf~expr(be} =~ ig-rel-ap%s-ap (be) -2
{let <el,op,22> = be;
1 6.1 ex~tplet) = ex-tpled} = intg
let nt = avrno {rs});
Jet a2 = nwrno(rs v {ni})3
m~eval-a~expr~to(el,dict,nt. 18}
a~eval-a~expr-to{e2,dict,n2,r=s u in1}}:
11 6.2 to get 10.2 etc., use
11 6.3 v=retr»va1(m~app1y~rei»op(c{n1),op,c(nz}))
irF ﬂm»apply—rel—op(c{n1),cp,c(n2)) THEN bhranch ¥ALSE
)
ig~-rhs-ref {be) » s~ggcs®s~var-ref (be) # pil ->
{ 1 7.1 is-scalar®s-var-tef (he}
et <dpx,b>:m~eva1—bmexpr{be,ﬂict,rs);
t1 7.2 to get 10.2 etc, use
§ 7.3 x=nwrac{rs)
11 7.4 wv=retr-val (x~val(d(x,b) hoal}
IF x-val (d{x,b),hool} = mzfalse TRER branch
}
T
{let <ﬂ,x,h>:m~eva1mb~ex?r(heﬂdictprs)g
{ B.1 x =20
11 8.2 to get 0.2 etc. use
Y 8.3 v=retr-val (x~val{d (0,b),hogl)}

§¥ x-val{d(0,b),hool) = mrfalse THENW brangh FRLSE
)

TRUE:

|3

1140, 1 v=irue

1110.2 in-step-a(}

1 10.3 pres{rs ¢ disp-regs u (prno (31} {8-ea.)

11106.4 in-step(dict,env,ca,drno}

I 10,5 conS*m—zi(éict,ﬁrno,dispwregsaSCwoffs]
p-int-stet (sti,dlct.re);

1110.6 int-steat{sti,env,ca)

t110.7 in-step-af}

1 10,8 pres{rs v disp-regs v (prno(11) (B~aa,)

' 10.9 using (to get 12}

branch BHD;

1111.1 v=£false
E-int-strt{st2,dict,rs)i
£111.6 int-stmi(st2.env,Ca)
ENDz;
' t 12 post

type: If Dici Reg~no-set =>

notes: The special case of a relaticnal expression is recognised t
tenporary which wonld result from a direct call tec m-eval-b-expr.

there is no index value: +hus in the case of a referance to

TH 25,145

o avoid the operations and

for a false value in stcrage can only be pade (by a machine instruction) if
an element of an arrvay of

The following proof omits many (obvious) steps in the area of aexpressions.

pre
pre

nCs

LC1i6

6.1,2,0F15,87151

2, 8F 18

2,BF18

6.3,7.4,8.3

2,10,2,10.3,112
1, 103,55

10,4,70.5,10.6,0F2
10.3,10.4,10.5,472
10.7,10.8

~

BP2,5,1G.1,10.6,11.1,11.6

Section: HRPPING




TRH LAHORATORY VIEHNA

- drno,disp-regs,sc-offs cx-a{for)
t cons-m-Ti(dict,dcno,disr~regs,sc-0ffs)
tt in~-step{dict,enrv,ca,drno)

n-int-for (for,dict,rs)

1Y int-stmi{for,env,ca)l

{1 in-step-a ()

t pres{rs y disp-regs v {pzrno(}})

Tn fact, the above proven using, int-fort irstead of int-stmt where:

ig~yf-for{for) » int-fori(for,env,ca) int-stnt (for,env,ca)

firstly, this result is established:

Dren int-forit{Lcv,e~i,e~s,e~3,b>,env,ca}l =

let i:eval-expr{e-i,env),

steval-expr(e-s,env),

l:eval-expr{e~l,env):

p{Y) {(s>0 ~> y=1,
8<0 ~> yz21,
g=0 > T};

dx := 13

£10) {int-stmt(b,envy 4+ Tev-¢ dxl,ca)s
dx 1= ¢ dx + s;

if p(c dxy then £1{

1T lek £{0)

|
]
bt

g
o i

}

1013

if p{x)

thep {int-stnt{b,env 4 fcve-x],ca):
£(xes))

f(g dx)

11 2 plg éx) = £}

p{g dx)
£ (i}

~p (¢ dx}
11 4
i1

T post

type: For Env Ca =>

HAPPIRG

Section:

TR 25.145

e

1,ind

ToB. 1
£, 2

DF2,1,3.2,4.2




TR 25.145

{r-s,r~l,r~-x} a TS = f{}
! s = retr-val{c(r-=})
11 = retr-val{c(x-1)}
cons-n-g1{dict,drne,disp~regs,sc~offs)
! in~step(dict,env 4 [ocvegc dx],ca,drno)

R ]

a-£1(b,dict,rs)

T £14)
! in-step-a{}

! pres(rs v disp-regs v frrno{)})

fiote: splits of tests to £it the lecyp/test instructions available on +the machine.

99 n-f£1(h,dict,rs) =

t 1 fr-s,r-1,r=%X} a1 s = {} pre
t1 2 s=retr-val{c{c-&)) tre
t1 3 lmrvetr-val({c(r-1)) tre
! 5 cons-m-ipt{dict,drno,disp~regs,sc~offs) pre

11 & in-stepldict,env 4 {cv-g dx),ca,drno) pre
T 7 let m-vy be current

IHNTST1:
! 11 pres(rs v {r~s,¥~1l} v disp-regs v fELRo()}) {(B-ogx,} 7,16
1112 in-step({dict,env 4 {cvec dx],ca,8rno) 6,15, ¥16,L12
1 13 cons-m~TT{dict,drnec,disp-reqgs,sc~0ffs) 5,16,15%
p~int~stpt{b,dict,rs v f{r~s,v-1,r-x}}:
1110 int-stmt(b,env 4+ {cveg dx],ca) -
1115 in~-step-a() 12,13,14,8%2
! 16 pres{rs v {r~s,r-l,r-x} v disp~regs v {orno{}}) 12,13,8%2
IP e{r-s) < m-0 THEN branch ¥EGS1:
1917 branch 1€ff s< 2,16
IF c¢f{r-s) = n-0 THEX
{ 1118 s = 0 2,16
T119 dx := ¢ dx + 9 ~
braach INESTH
1120 branch if np(c ax) 78
! 21 using (to get 11) 16
1122 using (to get 12,13) 18,96, 112,1L5
}
123 s >0 17,20
{r-x} = ¢lr-x} + c{r-s);
1124 dx 2= ¢ dx + s , ~
1125 in-stept{dict,envy 4 f[cv-c dx7]) i 12,15, 16,112,2,713
TP cfr-x) £ c{r~1) THEW¥ branch IRI5T1:
1126 hranch if p(c dxjy 3

1127 branch if -pilc &x}
NEGSY:

1128 8 < O 17
r{r-x) = <{r~x} + c{r-s);
1129 dx := g dx+s o

1130 in-stepi{dict,env % [cvec dx ]}
IF cir-x) 2 ci{r~1) THEN branch THIST1:
t131 branch if p{c dx}

ENDt:
132 = plc dx) 31,26
1t33 in-step-a{} 15
! 34 pres{rs v disp-regs s {prao{}}) 16
t post LF90, 14,18,24,29,20,76,31,32

type: Stmt Dict Reg-no-seb =>

Secticn: BAPERING
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9 n—int—for(<cv,e—i,e—s,eul,b>,dict,rs) =

1 1 cons-w-%1{dict,drno,disp-regs,sc-offs) pre
11 2 in-step(dict,env,ca,drno} pre
t 3 ex-tp{e-i} = ex-tp(e-s) = ex-tp{e-1} = intq tee
let r-s = nWrno{rsj,
r-1 = nwtno{rs s (r~s}).,
r-x = nwrno{rs s fr-s,rt~1}}:
n-eval-a-expr-to (e-s,dict,r-s,r8}3
it 4 let sreval-expr{e-g,env) ~
a-eval-a-expr-to(e-1,dict,r-1,rs v f{r-s}};
11 5 let l:eval-expr(e-l,env) ~
p-eval-a-expr-to{e-i,dict,r-x,rs v {r-s,r-1})3
11 6 let i:eval-exprie-i,env} -
1t 7 in-step~a(} 2,3, HF151x3
!t 8 pres(rs s disp-~regs v {prro(}}) 2,3,BF151x3
11 9 s=retr-val {c{r-s)} |
t110 l=retr-val{c{r-1}}) . :
1111 i=retr-~val (c{r-x)}
1112 dgl dx:=i v
1113 ¢ dx=retr-val{ctr-x}) 11,12
TP clr-s} < 0 THEW branch NEGS: ﬁ
1114 branch 1ff s<0 9 ¢
IT cf{r=s) = 0 THEN branch IRTEF1; @
1115 branch iff s=0 9 :
1116 s>0 18,15 %
IF c{r-x) > c(r~1) THENR branch EWD: ol
1117 branch if -~ p(c 4d%) 16,13, 10
ELSE branch IHT¥I3 ) %
1118 branch if p(c dx} 16,13, 10 %
HEGS: 4
1119 s<0 T4
I? ¢(r~-x} < c¢(r-1) THEN hranch BNE:
1120 branch iff ~f(g dx) 19,13, 10 |
THTF1:
1121 p(c dx} 15, 18,20 G
let n-dict = dict + [cvemk-cvede {r-x] I3 : :
1122 in-step{dict,env 4 fcv-g dxJ.ca,duna} 2,7,8,112, 13,8213 A
t 23 cons-e~y1{dict,drno,disp~regs,sc-offs) 2,1,8,L5 o

r-f1(b,n~-dict rs});
1124 £19)
{125 in-step-al{)
t 26 presirs u disp-regs u f{prao{}}}

9,140,22,22,24,879C
9,10,23,22, 8790

ERD:Iy
1127 ~plg dx) 17,20 :
1128 in~-step~a() 25,7,8,L12
1 29 pres{rs v disp-tegs w {prno}) 26,8

f post

DF90,8,5,6,12,21,28

type: Por Dict Reg-no-set =>

Saction: HAPPING




LABORATORY VIEHHA 4~27 . SR 28, 145 -

let drno,disp-regs,sc-offs = cx-u(t)

! cons-m-31{dict,drno,disp~regs,sc-offs)
) 1 in-step(dict,env,ca,drno) -
a-int-call(t,dict,rs)

11 int-stmi{t,env,ca}

1t in~step-~a{)

! pres{rg v disp-reqgs v {prno{)})

notes: Case distinction (anticipated in e-eval-proe~dcl) on direct or parameter call aims to
aveld reloading display where that reguired is a sub part of that of the calle:c.
Furthersmore, some economy on what pust be restored after a call is possible,

¥ote that, in the final code when dsa’'s are merged into store, the parameters etc, are
loaded "beyond" the curvent stack peinter.

'io p~int-call(r,dict,rs) =

let <pid,al> = =3
let drne = cx-drno(r},
drns = cx-disp-regs(w);

t 1 cons-m-gt{dict,drno,drns,cr~er~sc~cffs (%)} pre
11 2 in~step{dict,env,ca,drno) prE
enyl := ¢ env¥i v [c{p) - pull-dsaly
1 2.1 lsgt n-egy be current
1. 3 g~ca2{ca) 2,P7,F11
1T 4 del di:=<pil}{i1siz} al> -
for iefi:1 al} dg
(
it 5 in-stept{dict.,env) ALZhyp
igs-var-ref {alf[i]) ->
{let <d,x,b>:m-eval-var-tef {alfil,dict,rs):
1Y 6 @1fd ]s=eval-var-ref{alfil,env) ~
't 7 in-step-a(} 5,6,HE718
! 8 pres{rs v dras u {prno(i}} 5, 4F10
e~paf{c{p) ,i}) := d(x,h)
i1t 9 g~arg(c-pafcin) i) .¢c Aifi ]y 5,6, HF10,¥%23

)
is~id{alfiy} ->
{ 1910 Al{ i Je=env{alf[i ) -

pk-prop~proc-de (L, ,er~drne) ~>

{ 1111 g-proc-den(<c(er~drne) L, envi{al{i]} ,¢ g-pi} £,713
r~paf{c{p),1) = <cl{ep~dino),L> -
} 1112 g-arg{c-pm{c{p}.i}.c 4Al{i]) 10,11,P23
nk-parw-proc~de{d,h) ->
{ 1113 g-proc-den {c-pm{c{b},d},env{al{il},.c g-pi} 5,913
r=pm{c{p} -1} = c-psi{c{h) ,q)
1118 g-arg{c-pnf{c{p).1),¢c A1[i ] . in, 13,923
1115 in-stepl{dict,env) L2, 47,8}, (1}
i
3
1116 in-stepi{dict,eny) BL2,2,15
! 17 pres(rs v drns v [prao{}}) (B~es,} 2
. i118 g~arg~l{c-pes{c{p}}.c 41) 9,12, 14
r-~dcf{c{p}) := cfdrno});
store~-vrs {rs);

1 19 cons-m-pf{dict,drno,drns,ci~er~sc~offs (»}}) 1, 17,157
1120 let <fr=env(1id) -

Section: HAPPING
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cases dict(pid):
gk~prop-proc~de {L,er-rns,er~drng) ~>
{ 1121 g-proc-den (<c (en-drno) ,1>,<E>,c g-pi)
r=sc{c(p)) =0
1 23 cons~kn-prs(dict,g envl,c g-pl,cs{drns))
1 24 cons-disp-copy(c-disp-copy{c(er-drno)},
. cs(es-rns))
! 25 pre-g-proc~den{g g-pi,c(es~drno),en-rns)
1126 £(c dl,ca)
{(tzap sxit (abn) ¥ith
t 27 post-g-proc-den (c{e®-drno) ,er-rns)
1128 in~step-af}
{r{drno} = c~dc{c(p)):
rest-disp{drns \ ewm-rns,c{drno));
enyl := ¢ epvl \ fo(p));
rest~-¢¥rs(rs);
! 29 pres(rs v disp-regs (prro{}}) (#-e,,)
1130 in-step-a(}
‘exit {abn)

[ »o

}
call L{r-ra{ci{p}}
1131 in-step-a ()
i 32 post-g-proc~den (¢ (er~drno} ,er-rns}
L
t133 in-step-a()
t 34 post~q—proc—den(c(em~dtno),en*rns)
r{drne) := c-dc{c{p)):
rest-disp{drns \ em-tns,c(drno));
envl := ¢ en¥l \ fo(p)}s
rest-vrs {rs)
1 35 pres(rs v disp-regs y {prno{)}) (®~as,)
1136 in-step-al(}

! 37 pres{rs.u disp-tegs fprao(}}) (Bo4,)
1138 in-step-a()
! post {this case)
)
ak-parm~proc-de{d,b) ->
{let <em-dsa,L> = c-pa{c{h}, d};
T141 g~proc-den (<em-dsa,L>,<f>,g g-pi}
r~sc{c{p}} := em-dsa;
1 42 pre~q-proc-den{c grpi.c(em~drno),em-ras)
1143 £(dl,ca)
({trap exit {abn} xith
I 44 post-g-proc-den {c(ea~drnc)})
1145 in~gtep-afy
{r{drno} := c~dc{c(p):
rest-disp{drao,c(drno)}
en¥l := ¢ anvl N\ {cip)}
rest-wrs{rs)
1 46 pres{rs u disp-regs g fPrno () (e-ag,t
1147 in-step-a(}
xit (abn)

°
]
o
*

g
b
ca

11 L {e~raf{c(ph))
1148 in~step-al()
T U9 pogt~g-proc~den {c{es~drno},}

1150 in-gtep-al(y
i 51 posteg-proc-den{c{es-drno) ,}
r{drno} := c~dc{c{p)):
rest~disp{drns,c{drno} ) ;
envl := ¢ envi % foc(p)its
rest-wrs {rs)
i 52 presirs ¢ disp-regs g {peno(}}) {B~s4,)
{1153 in-step-a() o ‘

1 54 pres{rs ¢ disp-reqs w {prno{)}}} (E~-eq,}
{155 in-step-al()

t post (this case)
}

type: Call Diet Reg~mo-set =>

01 store-wyrg(ras) =
/% not further defined %/

type: Rag-no-get =>

Section: MAPPING

TR 25,145

16,20,913
19, P41
23,750
19,248,219

AL3hyp,32
AL3kyrp, 31

17,277,920
28

2%,3,16,18,26,21,1218
25,3,16,21,P18

AL3hyp,31
BL3hyp,32

17,12,34,P20
27

AL3, 29,35
AL3, 30,36
DF2,20,4,6,10,26

16,20,213

19, P19

o

AL 3hyp, 49
AL3hyp,u8

17,484,120
45

B2,3,16,18,83,81,P18
42,3,16,18,47,p18

AL3hyp, 88
AL3hyp,H9

17,51,220
59

AL3,86,52
h13,87,53
nF2,20,4,6,10,.83




wrg{rns) =
# not further defined %/

pe Reg-no-get =>

. 11 in-stepi(dict.env)
a~int-gotol (t,dict,rs)
o 1t int~stmt(t,env,ca)
tt in-step-a{)
! pres{rs v cx~disp-regs{t} v {pEno(}})

11first stage):
_—1ﬂt~qoto1(<id>,dict,rs} =

1! 1 in~stepl{dict,env}

11 2 g-~den{dlict (id},env{id}}
t <lab, t-drno,t-dp> = dict (id);
et t~lab-den = mk~lab-den{sk~aid{c(t-drno),t-dp},retr-na{lal));
' ¥ env{id) = t-~lab-den

4 exit (env{id))

in-step-al{)
6 pres(rs v cx~digp-regs (X1d>) v {(prmno()}}
post

stype: Goto Dict Reg-mno-set =>

2,814

LF2,8

TR 25,145

Secticn: WAPPING
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spec:
1t in-stepl(dict,env)
m~int~asgn(t,dlct,rs)
tt in-stat(t,env,ca)
1t in-stap-al{)
1 opres{rs v cx-disp-regs{t) v {prno(}})

TR 25,45

note: The case distinction within the hgol case is designed to make use of the eventual target
as a tewporary whenever this is valid. Notice that no-share-poss igs a *fail-safe' static

test whilst no-share applies to actual state.
Independance of g-Se-locs reguired, cf. note after H521.
mapt
12 m»int«assq(w,dict,rs) =

let <vr,e> = ¥3
t 1 1let ©r1 = rs v cx~-disp-regs(s} v fprno{d}
1 2 let m—og be current
tt 3 in-stept{dict,env)
tt 3.1 is-scalar{vr)
let <d,x,p>:m~eval-var-ref{vi,dict,rs} 3
11 let l:eval-var-ref {vi,env)
in-stepi(dict,env)
l=gake~tp-sc~loc (vi~tpivr},d (%, b})
pres (r1) {a-eg.)
g={ ¥ x=nurnoi{rs)
£ x=0 then {} elge [nwrno(rs}})
£

it
i1
t
i

I
I
et
by
1
1t
ln}
i}
<

i
if b then
t r2 =11 ¢y s’

t m—oy be current

et vieval-expr (e env)

.
—
- D e, DD AN ST

e
-
wd

T 12.1 ex~tple) = inkig
let n = pyrno(rs');y
n-eval~a-expr-tofe,dict,n,rs');
“1112.2 in-step~al(}
1 12.3 pres{r?d) {n-eg,}
1112.8 y=retr-~val(c(n)}
1112.5 l=make~tp-sc~lociintg.d({x,b}}
set {4 (x,b) {0} inkg)
1712.6 using {toc get 16}
1 12.7 using {to get 17}
¥
L4

i
1o
o
fp

1 13.7 ex~tpf{e) = bgol
o~-share~poss {vr,e)

{o -
1= Iy

n
=4} ’
{ t 13.2 no~share {<d,x,h>,a)
r~eval-b-expr~to(e,dict,<d,x,b>,re")}
1§¥13.3 using {to get 16}
1 13.4 using {te get 1N

J
glse
{

let €3%,%x',b'>sr~eval-b-erpr (e, dick,ts%} ¢
t11i4.1 in~step—-al)
§ 14,2 pres(rl) (m-es.)
1114,3 v=retr-val (x-val (d*{x%,h*) .hgol)
§1918.8 l=npake~tp-sc-lcc(bool.d(x.b}}
set {d(x,b) x-val{d' {x°,b"} ,beol),hogl)
1t114.5 using (to get 16) .
1 13.6 using (to get 17}

1415 assign(i,v)

1116 in-step~a{)

t 17 pres(rs o cx~disp-regs{s} v fprnoli}) (8~veg,)
H post

types Assn Dict Reg-no-set =>

“Sgetion: - AAPPING.

g
eregs-of-dict {dict) then {} else fnwrnc(rs)})

rTe
BC12

3,4,8R18,512 (veak forn)
3,45, 8990,3.1

3, MP18,1,2

3, HP8

a
v

2,802

5,11,12. 1,88 151
5,92.1,9,10, HE151
§,12.%,11, 07151
6,8, 12.3

12,2,12.4,12.5,15,09
12,3,7

13,0C12

5,6,13.1,73.2,8F153,11,15
5:6,13.1,13.2,0F1583,7

5,43, 1,H7152, 11
5,13.1,MF152,10
5,13.1,88152, 11
6,10.,2

. b, 8. 3,10, 6,15,P9
15,2,7

12.6,13.3,14.5
1,12.7,13.8,148.6
DF2,4,17,15

RS




ATORY VIERNA

1 ngrs

1 ex-tpf{e} = intg

11 in-stept{dict,env)

val a~expr-to{e,dict,n,rs}

11 let v: eval axpri{e,eny)

11 in*step-a()

11 v=retr-val{c(n)}

t pres(rs v cx-disp-regs(e) u {prac()})

A-eval-a-expE-to{e,dict,n,rs) =

lgg disp-regsp = cx~disp-regsle) v f(prno{}}:
I 1 ngrs

! 2 ex-tp(e) = inig

it 3 in-stepi{dlict,env)

i # lat m-ey be current

#k~inf- expr{e1 op,e2y ~>

1 6,1 ex~tp(el) = ex-tplel) = inig

I 6.2 is-intg~op{op)
m~eval-a~expr-to(el,dict,n,rs)s

1 6.3 let viteval-expriei,env)

it 6.8 in-stept{dict,env)

v 6,5 pres{rs v disp-regsy)

ft 6.6 v1 = retr~-vali{ci{n))

i1 6,7 let v2:eval-expr {eZ,env)
cagses el:
pk~inf-expr () ->

(let nn = nwrno{rs g {nl};
m-eval-a~expr-to{e2,dict,nn,ts v (n}};

1{ 6.8.1 in-step~a{}
i 6.8,2 v2 = retr-val{c{nn)}
$.8.3 pres(rs v (R} v disp-regsp)
m-apply-intg~opic(n) ,0f,c (an})
6.8.4 using (to get 6.13)
6.8
6.8

-

r{n)

o ]

4
t
;
H .5 using (to get 6.1}
i .6 using (tec get 6.1%5)
)
pi-rhs~-ref {vr} ->
{ 1 6.9.1T is~scalar{vr)
h>im~aeval-var-ref {ve,dict,rs ¢ [n});
9.2 in-step-af{)
9.3 v2Z = retr-val{x~val(d{x,b}.intq)}
9.4 pres{cs ¢ {n} v disp-regsp)
~apply-intg-op(cin},op,x~ val{di{x,bh) inkg}}
9,
9
9

Ji=
~
=1
-
ke

5 using {to get 6 1N
.6 using (te get 6.14)
.7 using {to get 6.15}

}
ak-cv-ref {id) ->

{let <> dict {id) ;

11 6,70.1 retr-val{ciT)}) = env{id)

6.10.2 v2 = retr-val(ciz))
m-apply-intg-op{c(n},0p,c (x))
6.10.3 using (to get 6.13)
6.,10,8 using {(to get 6.14H
6.10.5 using {(to get 6.15)

4
6
6.
[
]
6.
&
6
a

r{n}

o im0t e
o air o || e

]
T ~-> srig-const{e2) */
(et 4 = cx~const-off(ed);
11 6.1%.1 v2 = retr-val{x~vali{d (0,drno~0) ,intg}}

}
6.12 let v:apply~ op(v1 ap.v2)

6.13 in-step-a ()

6.14 v = retr-valicin})

6,15 pres{rs u digp-regsp) {B~os.)
! post (this case)

. we s
PSR

4tes: Bvaluation alvays perforeed intc register targets. Case distinction en seccnd operand of
: ‘an infix expression avelds unnecessary loads {or the use of ¢ applied to regs or stgtl).

r{n) := E-apply-intg-of (e {n),op,x-val(d(0,drno=0),intqg))

TR 25, 145

pre
pre
pre
pre

2,DL16,DC151
2,0C151

P151,1142

Povovan 2
o & =
R -

ne17

6.9, HF18,8F15,6.7
6.4,8F18,DF15,P9
6.0, 5F18

6.12,6.9.%2
6:12,6.6,6.9.3
6.5,6.9. 4

6,4,P13
6.7,6.%0.1,DF15

6.12,6.4

6.12,6.6,6,10.72
6.5

6. 7,715

DF15,6.3,6.7,6.12

Secticn: HAPPING
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ak~rhs-ref {vr}) =->
{ t 7.1 is-sgcalarx (vr) pecit
let <d,x,b>:e-eval-var-ref (vr,dict,rs ¢ {n}):

t1 7.2 lgt l:eval-var-ref{vr,env) -
1t 7.3 in-step-a{) 3,7.2,8¥18
1t 7.4 1 = make~tp-sc-loc(iptg,d{x,h)) 3,7.2,HR18,7.1
1 7.5 pres(rs v (n} v disp-regsy) 3,HF18
r{n) := x-val{d{x,b).intqg)
11 7.6 let vicontents(l) ) ~
11 7.7 v = retr-val({ci{n)) To8,7,3,7.6,P9
1! post (this case) DF15,7.2,7.6
} .
nk=~cv-ref (14} ->
{let <tr> = dict (id):
- 11 8.1 let v = env{id) -
11 8.2 v = petr-val (c(T)?) B.1.,3,813
r{n) = ¢(r}
11 8,3 v = retr-val(c(n)} 8.2
11 post (this case} . NPi%,8.1
T ~> /% ig-const{e} */
{let 4 = cx~const-off{e); 3
1 9,1 Jet v = val-cf(e) fE
11 9.2 v = retr-val{x-val{d{C,dxno-0) inta))
r{n) := x-val{d(0,drngz0) .1nkq)
11 post (this case) DF15,9. 4%

type: Expr Dict Reg-no Reg-no-set =>

IR

TSeCtiont "HAPPING.
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e i e S

1
1
<d,x,b>im-eval
11
"
B

1
H

Pt
1t

{let & = cx~
n-eval-b-ax
iy
11
11
H
(<d,
i

reiurn

}
nak-rhs-ref (vr}
1

1t
11
vy
1

{<d,
1t
1

return

[
i

}
ak-cv~-ref {} ->
?

1
let d = cx-
1

f

type: Expr Dict Re

{
}

T -> /% const %/
{

4-33

ex-tp{e) = hgol

in-stepl{dict,env)

-h-expr{e,dict,rs}

let v:eval-exprie,env)

in-step-a ()

v = retr-val (x-val {4 {x,b) . bool})
pres{rs u cx-~disp-regg{e) v [(grno{I ]
x40 o

te: (inplied) use of S5 instructions, cf. BF191

57 m~eval-b-expr(e,dict,rs) =

let b = cx~drno{e)

t ex-tpi{e) = begol

2 in-stepi(dict,env)

terp-off {e):

pr-to(e,dict,<d,0,b>,r8);

6.1 let v:ieval-expr{e,env)

6.2 in-step-a )

6.3 v = retr-val{=z-val{d(0,b) bogl))

6.4 pres{rs ¢ cx-disp-regs(e) v fprncf)}}
0,b>)

post (this casae)

-2
T.1 is=~scalar(vr)

{let <d,x,b>:m~eval-var~rvef {vr,dict,cs):

7.2 let l:eval-var~ref{vr,env}

7.3 in-step-a{)

7.4 1 = make~tp-sc-lecikogl,d{x,b)}}

7.5 pres{rs v cyx~disp-regste}) v {prao{)})
X, b>)
7.6 let

1 :contents (1}
7.7 ¥

v
retr-val {z~val{d (x,b) ,hool}}

unless error
7.8 7#0} » s~sscs({vr)#pil
post (this case)

B.1 can not occurt

8.1 let v = vai~of (e}
const~off{e};
9.2 v = retr~val(x-val{(d{0,dzng-0).hool)}

post (this case)

g~no-set => c~Opd

{is-rhs-ref{e) A s-sscsPs-var-ref () ¢pil)

FTR25, 145

rre
pre

2,8818,7.2
2,HF16,7.2,7.1
7,HE18

o

7.8,7.3,7.6

BF15,7.2,7.6

BFiI5,9.1

Sectign:




IBM LABORATORY VIENX¥A 434 TR 25.145

p-eyal-brexpr-to
spec:

1 ex-tp{e) = begl » no-share(tg,e)

't in-stepl{dict,env)

11 1 = make-tp-sc-locibgol, tq)
n-aval-b-expr-tole,dict, tqg,rs)

11 (let vieval-expr(e,env)iassignil,v))

11 in-step-a{)

t pres({rs v cx-disp-regsi{e}) ¢ frrno()})

note: (implied) use of SS instructicrs, cf. KFI151
map:
1%3 m-eval-b-expr-to{e,dict,<d,x,b>,rs} =

let disp-regsp cx~-disp-regs{e} u (prno{}}:
1

1 ex-tp(e) = bgol Fre
t 2 no-share{<d,x,bh>,e) pre
tt 3 in-stept{dict,env) nre
11 4 l=make-tp-sc-loci{bogl.<d,x%x,E>) rre
! 5 let m-a; = current state

mk~inf-expri{ei,op,e2} ~>
{is-hool-op{op) ~> .

{ 1 6.1 ex-tp({el} = ex-tp{el) = heeo
1 6,2 no-sharve{<d,x,b>,e1) A nc-s

mn~eval-b-expr-to{et,dict,<d,x,b>,rs);
1 6.3 let vi:eval-expri{et,env} -
i1 6.0 in=step-a() except 1, but not referenced 6.2:,6.1,6.3
t 6.5 pres{rs u disp-regsy} 3,6, 1, HF153
11 6.6 in-stepl{dict,env) 3,6.8,€,5,1

leg €4',x%,b'>rm-eval~b-exrr(el,dict,¥s):

[
are (<d,x,b>,e2} 2

11 6.7 let v2:ieval-expr{eZ.env) ~
11 6.8 in~step-a () E.1,6.6,6,7T,HF152
11 6.9 v2 = retr-val{x-val{d® {x*,b"%) ,kocl}} 6.1,6.6,6.7,MF152
1 6,10 pres(rs y digp~regsy) £.1,6.6,AF152
set {d(x,b) ,m-apply-bool-og {x-val(d(x, bk} .bogl} . 0p,
x-val (47 {x*,b*},kaol) ), hool)
11 6,11 assign{l,agply-cp{vi,op.,v2}} -
! 6,12 in-step-ai} 6.8,99,6.11
! 6.13 pres(rs v disp-reqsp) (R-ey,) 6.5,6,10
I post (this case) TF15,6.3,6.7,6.11
is~rel~op({op) ->
1t 7.1 ex~tplel) = ex~trile2) = inkg 1.DC16
let n1 = nwrno{rs};
m-oval-a-expr-ta{el,dict,nt,rs);
11 7.2 let viieval-expr{el,env} ~
17T 7.3 in-step~al{) T.t,3,7.2, 07181
1t 7.% ¥v1 = retr~val{c{nt)} T, 3,7.2,4F151
1t 7.5 pres(rs v disg-regsp) Tt 3, 0F 151
11 7.6 in-step?(dict,env) 3,7.3.,7.5,112
let a2 = aurno{rs u {oi})s :
m-~aval-a~expr~to(e2,dict,n2,xs u {ni}})s
11 7.7 let v2seval-expr{e.env) -
1 7.9 in-step~a(} T, 0.6, T.7, 47151
1t 7.9 v2 = retr-val{c{n2}) T:1,7.6,7.7,H%151
T 7.10 pres{rs u {n1} u disp-regsp) Te1,7.6,8F151
{gg 1= m~apply-rel-op{c{nl),op,c{n?)}:
set {d(x, M) ,retr-truth (¢ c¢cg) ,bool)
1t 7.11 assign{l,apply-op(vi,op.,v2))} =
11 7.12 in-step-al{)
1t 7.13 pres(rs uy disp-regsp) (R-rsg.) T.5,7.10
1 post (this case) PPF15,7.2, 77,717,171

; : o sSection:: MARPING
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rk~rhs-ref (vr) ->

! 8.1 is-scalar{vr}

let <d',x',h'>:im-evalevar-ref{vr,dict,rs);

11 8.2 let 1v:eval-var-ref {vr,env)
3 in-step-a{)
5 1 = make~tp-sc-locibocl,d'{x?,b*))
5 pres(rs v disp-regsyp)
6
7
v

—

let vticontents (1)

¥? = retr-val(x-val(d"{x',b'},bcol})
al(d'(x',b*f),beel) kool)

.8 assign{l,v*}

8.9 in-step~af)

post (this case)

set {d {x,

r

e e I b ot
- b ey

mk-cv-ref {} ~> /% cannot occur %/
T ~> /% is-const{e) %/
{let d':cx-const~off({e);
11 9.1 let v = val-of (e)

set{d (x,b) ,x~val(d® (0,drno=0),hgol),hool)
I't 9.3 assign(l,v)
11 9.4 in-step-a
¥ 9,5 pres(rs u disp~regsy}
I post (this case)

]
type: Expr Dict c-Opd Reg-no-set =>

154 m-apply~intg-opi{vi,op,v2)=
/% (restricted} analog of apply-cp */

type: m-Intg Intg-op m~Intg -> s-Intg

- 155 m-appiy~boocl-op{vi,op,v2} =
/% {restricted) analeq of apply-op %/

type: m-Bool Bool-op m-Bool -> n-Bocl

156 m-apply-rel-op{vi,op,v2) =
/% {restricted) analog of apply-cp */

type: a~Intg Rel-op m~Intg ~> m-Bacl

“PR425.185

H

DF15,8.2,8.6,8.8

3.b,9.2

NF15,9.1,9.3

Secticn:

HAPPING
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11 in-stepl{dict,env)
let <d,x,b>in~eval-var-ref{vr,dict,ts)
- 1t let l:eval-var-tef{vr,env)
1 in-step-a(}
1% if is-scalaxr(vr} :
then l=make-tp-sc-lcc{ve-tp(vr),dix,h))
else (@ = x = 0 &
1 = make-array-loc{c g=ailc(t)),c(b)))
! pres{rs s cx-disp~regsivr} v {(Erna{}})
1 x=0 v x=nwrno {rs)
1 beregs~of=-dict (dict) v b=nurnc{rs)
t x=0 v beregs-cf-dict(dict)

maAD:
18 m~eval-var-ref{vr,dict,rs) =
let <id,ssc-1> = vr;

11 1 in~stept(dict,env)
11 2 envi{id) = retr~lecldict(id))

mk-prop-sc-de{d, by ->
{ t 3.1 is~scalar {vr)

1t 3.2 env(id) = pake-tp-sgc-loc(c gnEp{dt(o,b)}.,d(0,b))

t 3.3 ¢ g-tp(@ {0,k = vi~tv(vr}
1 3.0 heregs-cf-~dict {dict)
return (<d,0,h>)
1 3.5 state unchanged
11 post {this case}
}
pk*parmn-sc~de (d,b} ~>
{ i 4,1 is~scalarx(vr)
tn nv¥eno (s ;
n) = c-pr{c(b),.d}
ty 4.2 envi{id) = wrake~tp-sc-lec{g gmiplcin}),cin}}
t 4.3 ¢ g-tplc{u}) = wr-tr(vr)
raturn (<0,0,n3)
t 4.4 only state change te c{n}
11 post {this case)

e

=}
{

- 1

}
mk-prop-arr-de{hk) » mk-papm-arr-de{,.h} ->
1 5.1 ~is-scalar {vr)
1 5.2 beregs-of-dict(dict)
11 5.3 env{id} = make-array~loc{c grail{c{b}}.c{b}}
return {<0,0,b>)

t 5.4 state unchanged
it post (this case)

}
}
{gscy> ~>

{ { 6,1 is-scalar{vr)
1 6,2 is-~expr(s=c)
f 6,3 ex~tp(ssc) = intg
i1 6.4 let a~loc = enwv(id)

let b = s-base(dict{id)):

!

6.5 beregs-of~dict{dict)
It 6.6 a~loc = make-array~loc{c g-ailcid)),c(t)}
let n = nwrno{rs};
n-eval-a~expr-to(ssc,dict.n,re) s
t1 6,7 let ev-ssc-li<eval-expr(ssc,env)?>
11 6.8 in~step~a(}
t1 6.9 ev-ssce~1[1] = retr-val{c(n})
¥ 6.10 pres{rs v cx~disp-regs{ssgc) u fprno ) 1)
1} 6.11 1fev-ssc~-1[1]%bd else errtor
ve-tp{vr) = intg
then v{n} = cn) * 43

11 6,12 a~loclev~ssc-1}) = make-ty-sc-loc(vr~tp{vr),0(n, b})

return (<0.n,b>)
11 post (this case)

type; Var-ref Dict Reg~no-set => c~Cpd

Section: MAPPING
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rre
1,213
LCiRZ

2,715
B510
CF18,3.1-3.5
nC182
2,B1%
trig, 4. 14,4
rcigz?
Hsiu
2,P18
TFI18,5%,.1-5. 4
£C182
ftgpl.reste.
TCt8
ns14
6.4,2,815
6.3, 1,6.7,8F151
6.,3,1,6,7,1HF151
6,3,1,8F151

P16,6.6,6.9

DE18,6.8,6.10,6.1,
6.12,6,4,6.7
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‘¥4 formulae of this sectlen are of the fore "NGa",

51 nachine the dsa's are gtored in the sawe storage as the variakles thewmselves, ‘the
+he first stage was intended anly tc make the reasoning more perspicuous.

r: gtg2 @ Byte*
redqg : (Reg-no -> Byte®)
cc 1 Byte
g=di : {Intg -> Dsa-inf)

g-1i : (c-Label => Lab-inf)

ﬁ.st variable "g-di* vwill pernit retrieval of a state of m-f1 as follows:

pga-inf :: pm-inf @ (loc | prog)®
! de-~inf : {Intg Reg~no%)
ps-inf : (Intg Intg)

tr-11 3 w2 ~> a-¥i

"4 function is not difficult te¢ visvalise (it does not, of ceurse, bave to generate the
‘yariables of m~7v1).

_changes to the map functicas revolve mainly around reinterpretation cf the "macros® which
repced the dsa's {c-stack-p etc.). To define these, without recourse to the new ghost
ble, will require a number of pevw context functions (these are not given here: see Section

e {s, however, another step of development which can ke conveniently handled at this rocint.
the eventual code a goto statement will be rodelled by a reset of the stack pointer (prne{})
a branch. This direct treatment is vpossible, ‘in the current language, even for goto
atements which abnormally terminate blocks and/or procedures.

“fhe current trap exit's are used (igmoring those which only result in grror) as follous:
. p-int-block : reset prno{} (changes tc ghost variables can be ignored)
n~gval-proc-dcl : reset prno(}

p~int-nmd-strt~iist : ascertain if target of goto is 1deal %o the current list

{dynamic ocecurrence thereof) and, if o, resume at the
correct statesent.

r~int-call : rTeset display
reset drne
destroys idsa

potice +that the “destruction® of dsa®s ig now auvtomatic in resetting the stack

Tﬁe Aain part of the work consists in showing that if the following tus functions are used, the
reselt is basically unchanged:

]

¥ m-int-goto2{<id>,dict,rs)
dlct (id) s

i

let <iab,t-~drneo,t-dp,>
let drne = ex-~drno{id},
dp = cx~dp{id);
if drno # t-drno v dp # t-dp
then {rest-wrs{cx-act-wrs(id));
r{p) := c2-stack~-p{c{t~drnec} , t-dp)

)
t-lab-den = pk-lab-den{nk-aid(c{t~drno},t-dp),retr~nr{lab));
( .

le
28X t~lab-den}

L
it

type: Goto Dict Reg-no-set =>

Section; STAGE IT
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% m-ipt-nmd-stmt-list2(al} = m~int-ned-ctet-list1{al)

The trap exit units of all other functicns are made to simply propogate the exit.

A slight extension (cf. #88) is made to dicticpary entries for labels so that they contain the
register numbers of the display of the block in which a label was declared:

6 Lab-de :: c¢~Label Reg-no Depth Reg-no-get
And the new ghost wvariable contains:
7 Lab-inf :: Dsa-p Reg-no-set m-Sc-~loc

This introduces a consistency notion for s-12 (notice, this property is only true becausge it is
not possible to pass labels as parareters):

8 cons-m-¥2(dict) =

mk-lab~de {lab,drno,dp,drns) ¢f dict =
{let <dsap,rns,p> = ¢ goli(lab);
c{drno) = dsap a
c2-stack-p{dsap,dp) = p A
dras = rns}

type: Dict ~-> (m~%2 -> Bool)

The sequence of states n-e2 now generated differ sIightly from those of sectian 8. In
particular, there are certain states arising during abncrmal blcck exit where the registers of
an m-¢2 state are no longer in step with those of the corresponding m-s1! The anly vay to
retrieve states of m-¢t is, then, to locate the places where this information 4is sure to he
found. ¥a this case, both the stack pointer and the display registers can ke recovered from the
dsa's:

9 retr-vi{dsap,dp,rns)=
<retr-stg1,
[prno{) -~ c2-stack-p{dsap,dp} ] v [c2~3isp~copyi{dsap} | tns],
retr~envi,
¢ 5g>

type: Dsa-p Depth Regr-no-set ~> {(a~%2 ~> -7}

Tt is now possible to shows
1t in-step2 {c{cx~drno} ,cx-dp,cx-disp~reqs}
B L2
{7 a-11
i in~gtep-al{c{ox-druc} ,cr~dp,cr-disp-regs)

where:

10 in-step? (dsap,dp,dras) (g-e2,m~s1) =

n-51 = retr~-v1{dsap,dp,drns) (r~e2}

11 in~step~a2(dsap,dp,dvns) (<e~s2,a2>,<a~91,a1>} =

a2 = al A
a2z = nil = in~step2{(dsap.dp,drns) (a-42,8~¢1) A
a2 ¢ pil

>

oD
{let <<dsap?,dp'>,id> = al;
let <dsapt,rns,p> = g=1i (B-e2) {cx-nn-lab(id)}:
in-step2(dsap®,dp',rns) (p~e2, R~ 1))

Section: STAGE IX
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he”prbof should be straightforvard. The interesting case ig HGS where the frap exit can cancel
ke abnormal value exactly under conditions which establish the context given in-step2.

inée the trap exit units now cause nc state changes the gxit can be eliminated and c-int-goto
#an perform a direct branch.

Section: STAGE II
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This section ended on the previcus page.

Sections STAGE II
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AP 70 CODE SEQBENCES
s section documents the mapping fros abstract prograss to sequences of machine instructicns.

~argument for correctness is indicated by annotating with the meta~language expressions
¢h were used to describe a transferwatien on the state of the object machine. The argusent
local ome and is simply that the foregoing sequence of rachine instructions achieve the
en transformation. (The instruction format used is not exactly +that of the assesbler:
have been insarted and 1length operands soved to facilitate a mechanical check,
pnrthermorer some imstructions are uwsed in ar indexed form ({e.g. MVXC} where an olviows
ypansion is regquired into a load address and non-indexed instruction).

ﬁ

6.1 context Punctions

ferences to forzulae of this section are of the form ¥CCn". The following context functions
are extra to those given in section 4.3 and are used to give the forpat cf the dsa.

.ct-parm—off(pr,i) =
/% offzset in dsa for itth parameter, uhere:
first 12 bytes of dsa skiprped
4 bytes per loc
8 bytes per pden kg

" ¥ype: Proc Intg ~> Intg

2 cx-arg-off{t,i} =
/% similar to CCT but assumes arguments maich the parameters %/

type: Call Intg -> Intg

cx-dsa~-reqs (w,lin,dp) =
type: 11 {maxlmin} Depth -> Reg-no
cx~dsa-store-off (t,dp} =

/% offset in dsa for display reglster copy of this block
{i.e. depth 2 {0 gives array base registers). LV

type: {Procislock) Depth ~-> Intyg

cx~p~off {w,dp} =
/% offset in dsa for storage c¢f stack polinter copy ¥4

type: 7 Depth ~> Intg

ex-const-disp-1{t) =
/% length of censtant part of the dsa ¥/

type: 11 -> Intg

ci-stack-p(dsap,dp) =
/% uses context function (CC5) to determine offset in dsa #*/

type: Dsa-p Depth => m-Sc-loc

Sectien: Code Sequencas
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6.2 Haps

references to formulae of this section are of the forr Y“CEnpT.

1 c¢~int-prog(<prog>} =

GETHAIN (drno=0);
tt r{drno=~0) = GETHAIR
TN oy e
11 enyl :=
set~constants (}
c-int-stnt (prog,[ 1, (})
‘ - 11 m-int-stut{prog,f I, (1)

type: Prog ->» Iastr*

2 c-int-strt{t,dict,rs} =

is-block(t) -> c-int-block{t,dict,r=)
is-3iT (%) => g~int-if (t,dict,rs)
is-for [t} -> c-int-for{t,dict,xs}
is~call{t) ~> c-int-call(t,dict,xs)
is-goto(t) <> c¢-int-gote(t,dict,es)
is-assn{t} ~> c~int-assn{t,dict,rs)
is-pull(t} -~> 1

type: Stmt Dict Reg-no-set ~> Inpstr*

3 c-int-block(w,dict,rs} =

let <dcls,ns~1> = w;
let drno =
drns =

let p-off = cx~p~off (w,dp):
ST(p,p-off(0,drno));
11 r-stack-p(c{drno) ,dp) = cip}
let n-dict = dict 4+ ...
let type~dcls,proc~dcls = ...
for idetype-deis do
{c~eval-type{dcls (id) ,id,dict,rs}
i1 let dezp-eval-type(dclig{id), id,dict.rs}
}s
let dsa~l = cx~dsa~regs{w.Rin.dp).dsa~h = cx-dsa-regsi{v.Rag.dv),
dsa-off = cx-dsa~store-offiwr,dp}:
STH {dsa-1l,dsa~h,dsa-off (drno) )
{t save~displarr~rns,c (drno)}
B(INTB);
for ideproc-dclis do
{cx-proc-lab(id) :
ceval-proc-dcl (deis (1d) ,9~dict,drns)
it m-eval-proc~dcltdclis(id},n-dict,duns)
}i
IRTB:
c-int-nad-stat~list(ns-Ll.n~dict, rs):
) 11 m-int-nad-stut-1isti{i,ns~1,n~dict,ra)
L{pyp-off {0,drno))
11 v{p) := c-stack-p(c{drnec),.dp)

type: Block Dict Reg-no-set ~> Instg®
note: for last line c¢f. BFP3i

Section: Code Sequénces
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il

. ¢~eval-type(t,id,dict,rs)

cases t:
rk-type (se~-tp,pil) ->
{}
nk-type(sc-tp,<bd>»)} =>
{let b = cx-arr-b{t);
let n = nwrno{rs);
c-eval-a-expr-to(bd,dict,n,rs)

1! s-eval-a-expr-to(bd,dict,n,rs)

allign(p,sc-tp);

LE{b,p)

if sc-tp = intg
then S{b,lit=0)
else S(b,1it=1);

11 r(d) = clp) - (if sc-tp

if sc-tp = intg

then SLAa{n,2(0})};
AR{p,n);

}

1Y r{p) 3= cip) + {if sc-tp = iaig

type: Type Id Dict Reg-no-set ~-> Instr?

5 c¢~eval-proc-dcl {z,dict,en~disp-regs) =

let <parm~l,st> = wu;
let drno =
ST{13,{0) {O.p}}:
1t r-ra{c{p)) := return

CLC{(8) {p) ,8,11t=0);
BE{DISP-RESTD) 3
lat dsa-1? =

dsa~-h'! =

dsa~offt =
L{n, {8} {(p)}:
L#{dsa~1t ,dsa~h',dsa~off" (n)) 3

intg ibe

tcfogall)

1Y if c-scic{p)} # 0 then rest-displen-disp-regs,c~scic{pii)

DISP~RESTD:
LR {drno.p}:

1Y r{drno} = c{p)
¢ 6§ = cx~const-disp-1(w};:
{p,Lit=8)
JtUp(p)y == c(p} + 8
t n-dict = (dict N €vs) 4 oo
£ i =1 to 1l parm-1 do
{let <id,t> = pare-1{ils
is~array-type{t) ->

(L{cx~arr-b (id) ,cx~pars—off{w,1) (0,drno))

17 r{cx-arr-h{id)} := c-~peic{drno} i}

§
T -> {}
}
letr dga~l = cx~dsa-regs{v,Bin.0) .
dsa~h = cx-dsa-regs{v,Rax,0},
dga~off = cxy~dsa-store-off{w,0):

STH (dsa~1,dsa~h,dsa~off {drno});

i1 save-disp{disp-regs,cldrna}}

c~int-stet{st,n-dict, (}};

1Y p-int-stat{st.n-dict, {})

Stp,1i¢=8) 3

It r(p) :=ci{p ~ 6
L{13,{0} (0,p)}¢
BR{13)

11 regturn {c-ralc{m})

type: Proc Dict Reg-no-set -> Instr#

70 c-int-ned-gtat-list{ns-1,dlct,rs) =

for 3 =1 tg 1 ns-1 do
_(cx—nn-lab(s—nn°ns-1[j]}:

c-int-stat(s-statns-1{ 331,dict,rs}))

type: Kmd-stmt®* blct Reg-no-set -> Ingtr*

Sectiont Code Sequences
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8 c-int-if{<be,st1,st2>,dict,rs) =

is~inf-expr(be) A is-rel-op®c-opibe) ->
{let <et,op,e2> = be;
let n1,n2 =
c~eval-a-expr-to{el,dict,nl,rs})

tt peeval~a-expr-te{el,dict,ni,re)
c-eval~a-expr~to{el,dict,n2,rs u (ni}):

t! m-eval-a-expr-to{e2,dict,nZ,rs s {ni}}
let » be the mask s.t, -op = retr-test{m);
CR(nt,n2);

BC{m, PALSE}
tt I¥ «m-apply-rel-op{c{ni},op,c(n2))
THEN branch FRISE
is-rhs-ref (be) A s-sscs9%s-var-yef(be} # nil ->
{let <d,x,b>tc-eval-b-expr{he,dict,rs);

't let <d,x,b>:p-eval~b-expr{be,dict,rs)
let n2 = nuwrno(rs uv ([x}}):
LA(nZ dfx,b}}:

11 n2 =
BZ (FALSE}

{1 IP x-val{d(x,b),.bogl) = p-false

THER branch FARESE

)
T —->
(let <d,0,b>:c~eval~b~expribe,dict,rs}):
'! et <d,x,b>:pn~aval~ b—ezpr(he,éxct :s)
TH(d{by, mntrae).
B2Z{FALSE)
Ty IF x~val (d(0,b)),bkeol) = s-false
THER hranch FALSE

H
TRUOE:
c~int-~gtrt (st1,dict,rs)

1?1 m-int~stert{sti,dict,rs)
B{END) ;

It branch ERD
FALSE:
c-int-stat{st2,dict,rs}:

1f a~int-stnt(st?,dict,rs)
ERD:y

type: T£ Dict Reg-no-set ~> Instr®

Section: Code Sequences
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~o~int-for{dcv,e-i,e~5,e-1>,dict,rg) =

let r=s,r~l,r~% = ... Sut, is~even-vrne (r-z);
c-eval-a- ~expr-to(e-s,dict,r~s,rsl ¢
1! m~eval-a-expr-to{e~-s,dict,r-g,rs)

c~eval-a-expr-tofe~1,dict,r-1,rs ¥ {r s})

't m- eval-a~expr to{e~1,dict,r=-1,rs v {r-s})

c-eval-a-expr~tole-i,dict,r-x,rs v fr-= r—l}).

1t p- eval a- expr-tc(e-l,dict r=%,ts g {r-s,r-1))

LTR(r-s,r-%):
BE (NEGS) ;

11 IF c(r~s} < n§-=0 THEN branch HEGS
BZ {INTFT)

It
=

]
1=
=3
=]
e
e
o
4
o
=5
e}
=
-
=
=]
rm
-

11 IP c(r~g)
CR(r~%x,r~1}:
BR{END}:
B{THTF1)}:

¥ IF c(r~x) > c{r-1} TAEH bhranch FND

ELSF kranch INTE?Y

HEGS:
CR{r-x,r-1):
BL {END} ;

11 IF c(r-%x) < ¢{r-1) THEW bramch S¥WE
IRTP1:
INTSTY:
“e-int~-strt(b,dict,rs v fr-s,r-1,E-%}):

¢ mrint-stat({b,dict,rs v l(r-g,T-~1,r~x))
LTR(r~8s, Tt~} 1
BH{NEGS1T) :

'Y IF ciz~s) < p=0 TREW branch WEGS1
BE{INTST1)

!t IF c(r~s) = n-0 THEW brapch THTST1
BXLEf{r-x,F~5, INTSTﬂ

B {ENDT)
1T {ri{rx) 1= cir-x} * clr-s);
IF cfr-x) < c(r-1) THEY bramch IHTSTI
ELST Lkranch EHET)
HEGS1:

BXH{r-%,r~s5,THTST1)
CR{r~x,r~1}:
BELINTSTY) 2
It XF c{r-x} > c{r~1} THER branch TRTST1

END1:
PHD:

type: For Dict Reg-no-set ~> Insir®
noter cf. HF9 and H¥YI0 which are here nmerged.

requiremrent for even-wrac not reflected in HEY,

TR 25,145
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10 c~int-call{r,dict,rs} =

‘let <pid,al> = ¥
Yet drno =
for 1 =1 to 1 al do

{let off = cx~arg-off(w, 1)
ig=-var-ref{alfil) -~>
(et <d,%x,b> = c-eval-var-tef (alfi).dict.r8)}
11 let <d,%x,b>1m-eval-var-ref (alfi},dict,rs)
let n = nyrno{rs v (X}}:
LA{n,d(x,b}} 3
ST {n,0f£{0,3))
tt r-pef{c(p) i} = &(x,h)

¥
ig-id {alf[ily =->
{cases dict(al[i]):
mk-prop-proc~de{L, ,en-drrc} ~>
{sT{er-drno,o0ff£ {0, p}} -2
ST {addr (L} , (ofF+4) (O, R}) 3
11 r-pm{c(p,1}) := <c{en=dino),L>

nk~para-proc-de' (3%,b) ->
{RVC {off (p),B8,d" (b))
11 r-pmfc{p) ,i) := c-pm{c(b),.d)
} .

}

B
ST (drao, (8) (0,2)) 3
tt r-dc{c(p}} := cl{drno)
store-wrsfrs};

cases dict{pid): :
mkvprop—proc-de'(L,em~rns,em-ﬂrno,dsa~1] =3
(1VC{(8) (p) ,#,11t=0) 3
11 r-sc{c(p}) =0
BAL{13,L):
11 gall L{r-ralc(g}})
L{drno, (4} {0,p}}:
1t c{drno} := c-dclc{p})
le: dsa~h = cx-dsa-regs(v,2ax.dE} 5
dsa~off = cx~dsa-store-off {v,4dv);
LH(dsa~1,dsa~h,dsa~off{drno}}:
11 rest-disp(drno \ es-ras.c{drno}}
rast-vrs {rs}

}
rk-parm-proc-de? (3°,b) ~>
{ 11 let <es~dsa,i> = ...
RYC{(8) (p) LHedT (b))
11 r-scfe{p)) := em-d=sa
L{13, (4% # 4) (O,b})3
BALR(13,13)
1Y gall L(r-rafc{p)})
L{drno, {8 {0,0)) 3
tt r{drno) 1= c-dclcip}}
let dsa~1 = cx-dsa-regs(v.Ein,0},
dsa~h = cx-dsa-regs (v.p28%,4p),
dga~off = cx~dsa-store-off (v,dy)
LH (dsa~1,dsa~h,dsa~of £ (dxno¥) §
f{ rest~disp(drne,c{drncl)
rest-vrs{rs}

}

type’ Call Dict Reg-no-set -> Instrd

i .
% T Section: Code Sequences




TORY VIENKA TR 25. 145

goto{<id>,dict,rs) =

1ab, t-drno,t-dp,p-~off> = dict(id);
_ /% p=off from declaring block %/
drno,dp = es.t

(rest~vrs(cx-act-wrs({id));
LA (n,p-cff (0, t-drno}};
L{p,0(0,m}
11 v{p) := c2-stack-p{c(t~drno),t-dp)

- }
Bi{cx-nn-lab (id)}
- 11 exit, trap of e~int-and-stei-list

pe: Goto Dict Reg-no-set ~> Instr#
¢i cf. HGY ‘

ipt-agsn{<vr,e>,dict,rs) =

et <d,x,b>ic-eval-var-ref{vr,dict,rs);
: 11 let <d,x,b>im-eval-var-ref (vr,dict,rs)
et rs' = ...
qgases vr~tp{vr}:
intg ~>
{let n = nwrno{rs?}:
c~eval-a-expr~to{e,dict,n,rs):
! m~eval-a-expr-to{e,dict,n,rs?)
STin.d(x,b})
11 set(d{x,bh),c(n).intq)
}

hoal ->
{(if no-share-poss{vr,e)
Ehen
{e-eval-b—expr~to{e,dict, <d, %, b>,v5?)
11 m-eval-b-expr-to{e,dict, <d,x,h>,T5%}

}
else
{let <d¥,x%,ht>zc-eval-b-eupr{e,dict,rs%):

11 let <d%,x',bi>:m-eval-b-exprie,dict,rs)
HYXC (€A, %, b3, 1,<3%,%%,b7>)
11 set{d(x,b),x~val(d® (x°,L"Y,bocl),hool)

]

types Assn Dict Reg~no-set -» Instr#

Secticn: Code Sequences
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151 c-eval-a-ekpr#to(e,dict,n,ts}

mk~inf-expr(ei,op,e?) ->
{c-eval«a~expr-to(el,dict,n,rs):
1! m~eval~a-expr-to{el,dict,n,rs}
{cases el:
pk=inf-expr(} ->
{let nr = n¥rno(rs v {n}):
c-aval~a-expr~to{el,dict,nn,rs v {n}):
't p~eval-a-expr-~to(e2,dict,nn,rs v {n})

{cases op:
add -> AR (n,nn)
sub -> SR (n,nn)

It r(n) := m-~apply-intg-cp(c{n},op,c{nn))

}
gk-cths-ref{vr} ->
(let <d,x,b>:c-~eval~var-~ref (vr,dict,rs v {(n}):
11 let <d,x,b>:m-~eval-var-ref {(vr,dict,rs s {n})
add > a{n,d(x, b))
sub -> S{n,d(x,h}}

H
1Y r(n) := m-apply~intg-op(c{n),op,x-val(d(x,b).intq)}

ak-cv-ref {id)
(let <> = dict(id);
add ~> BMR(n,r)
sub -> SE{n,r)

It rfn} = m-apply-intg-op(c{n},op,c{r))

T => /% ig~const{e?) %/
(et 4 = cx~const-off (el);
(cases op:
add ~> A{n,d(0,drno-0))
sub ~> 5(n.,4(0,drac0) )

T9 v{n}) := r-apply-intg-oplc(m} ,op,x~val{d (0, drno-M . inta)})

k-rhs~-raf (vr) ->
(let <d,x,b>i1¢-eval-var-ref (vr,dict,es ¢ {n})
11 let <d,x.b>:m-eval-var~ref (vr,dict,rs v {n})
L{n,d{x,b}?}
I o{n) = x-val(d{x,b) intq)
}

pk~cv-ref (id) ->
{let <r> = diet(id);
LR{in, 1}
i1 rin} 2= c{r}

* js-censtf{e}) */
£t 4 = cx-const~off {e}
n,d

11 o{n) := x-val{d(0,dxno-0).intqg))

typé: Brpr Dict Reg-no Reg~no-set ~> Iastr®

Section: Code Sequences
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val-b-oxpr{e,dict,rs) =

t b = cx~drno{el;
ases e:
g-inf~expr{} ->
{let 4 = cx-tenp-off(c);
c-eval-b-expr-tofe,dict,<d,0,b>,rs});
1t n-eval~b-expr-to({e,dict ,<d,0,.b>,rs)}
retucn {<4,0,b>)

p)
e
n

}
mk-rhs-ref (vr) ->
{let l:c-eval-var-ref(vr,dict,rs);
1t let l:m-eval~var-ref (vr,dict,rs)
return (1)

}

T ~> /% is~-const(e) %/
{let d:cx-const-off (e) s
return {<4d,0,drno~-0>)

Aypes Rxpr Dict Reg-no~set -> Instr® c-0pd

: c-eval-b~expr—-to{e,dict, <d,x,h>,r3) =

nk-inf-expr{el,op,e2} ~>
{is~bool~op{op} ~>
{c-eval-b-expr-to{ei,dict,<d,x,b>,r8) 3
i1 m~eval-b-expr~to{el,dict, <d,x,h>,r8)
let <d%.x*,b'>:c~eval-b~expr {e2,dict,xs):
11 let <d?,x*,b*>:p~eval~b-exprie?,dict,rs)
{gasgs op:
and -> RXC{<d,x,b>,1,<d%',x% .13}
o ~> 0XC{<d, x,b>,1,<d%,x%,b>)
}
1V set{d{z,b},;c..}

}
is~rel~oplop) ->

{let n1,02 = ...
c-eval-a-expr-to{el,dict,ni,xs)

11 m~eval-a-expr-to{ei,dict,n1,rs}
c~aval-a-expr-to{e?,dict,n2,xs v {ni}}:

tt m-eval-a~expr-to(e2,dict,n2,rs v fni})
CR(n1,n2);

11 ¢ = m-apply~rel-opi{cini),op,c{n2}}

B(EWD}:
TRUE:

BND:
)

}
)
rk~rhg-ref fvr} ->
{(Let <d',x*,b*>:c~eval~var-ref{vr,dict, s}
BYXC{<dex, 0>, T,<4%, %% ,b>)}
)
P -3 /% is-const () %/
{let d* = cx-~const-off{e);

1t set{d{x,b) ,Tetr~truthie gg),bagl)

type: Expr pict c~-0pd Reg-no-set -> Instxr®
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18 c-~eval-var-ref{vr,dict,rs) =

let <id,ssc-1> = vrj
cases ssc-l:

nk-parm~sc-det (d*,L) ->
{iet n = nurno(rsj};
L{n,d*{0,b});
11 r{n} := c-pm(cib),d)
retarn (<0,0,n3)

nk-prop~arr-de(b) » mk-parm-atr-de{,,b) -2

(let b = s-base(dict{id));
let n = nurno{rs):
c-eval-a-expr~to(ssc,dict,n,rs5) 3

1! m-eval-a~expr~to({ssc,dict,n,rs}
tplvr) = intg

(SLA(n,2(0))

It r{n} := c{n)*=4

§er

]
m R
(=]

type: Var-ref Dict Reg-no-set -> Inste® c-0pd

Section: Code Segqguences
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‘PISCUSSTION

Coppents on current Repert

15f;report represents the last (for the moment, at least) of a series of experiments in how a
rrectpess argument for a cosmpiler can be related to a language definiticn. Frop a cemparigen
16 various experiments, many of which are not printed, a2 number of conments can be made,

In the current report the separation of language concepts is poor (cf. ref 3, for example). The
“dause of this is largely the excessive formality of the arqgument documented. The idea of
‘ggparating Jlanguage topics does not eliminate the need to check for undesirable interactions,
t it should permit a somewhat less formal check than is, for example, required to ascertain
hat executing asSignment statements preserves all the relaticnship between somrce and target
nvironments,

er difference from ref. 3 is the relatively lcw number of davelopment steps employed here.
the same way that the development of the mapping of for statements is handled here, several
manuscript} versions decomposed the development of the hlock part {cf. alsc ref 2). One
sible direction for such a split is to generate dsa‘s {pexrhaps via declare}) which are
hemselves maps from offsets to values. At this stage, only address computation is considered
#d even parameter addresses canh be passed as such. Tm +the next stage the preblems of
‘épresenting this map in linear storage and of storing parameter addresses can be considered.

;ﬁe choice of hov to develop static information about abstract prograes is still fairly open,
‘here are three possibilities:

j Generate din an environment which alsc contains dynamic information {the recording of types
in Env is in this categozy).

) Generate, still in the wmain definition of mapping functioms, a separate compenent which
contains only static information {Digt is of this sort).

} Define via context functions {exaasples include ex-t¢p and cx-dp) .

hat the choice is somewhat arbitrary can be seen by observing that the whele dictionary could
nade redundant by context functicas vwhich yielded the attribntes of uses of identifiers.

n connection with the above choices, one ward of varning is in arder. 1% there is sore than
ne way of deriving the same informaticn a consistency condition must exist, Whilst 1t is often
2 “short cut" to Iinsert a new comfonent with exactly %he required inforsmation, the subsequent
‘work in showing that the nev component is cenpatible with that with which it rartially overlaps
frequently makes it worthwhile redesigning the whole set.

«2 Comparison ko Ref.8

In considering the current report scme special comments can be nade in comparing it with ref.f.

One important change 1s that the earlier report always used relations hetween source ohlects
and their representations. In the current report the one-many nature of sose velations has
béen emphasised by the use of "retrieve functions®. Fven im a trivial exanple like that of
Tetr-val, more properties are immnediately appatent,

Associated with this change is the move from auxiliary arguments containing correspondences (in
+ 8, lc = LOC<->m~LOC, roughly, and had to be passed as an auxiliary argument to Eany of the

qiivalence relations} %o <the wuse of ghost variables in the target state {cf. BS21 whick
facilitates retrieval of Stq).

ref, 8 this part of storage centaining dsa type information was to have been extracted by
the function z-env. In stage I of the current document, all such parts of store are separated
into the Env?l component.

An  ref;8 certain predicates {e.g. g-tr) served both as predicates on the tawget state as such
and on its relation to the source state. Although such an approach would certainly have saved
"hunber of lines in the current report, it vas considered clearer to separate the lssues.

?he somewhat pedantic deductions of Ref 8 regarding is-wf-0 have been dropped here since the
bredicate must be true for any sub-part of a well formed prograa.

Section: Discussion




IBY LABORATORY VIENNA -2 TR 25.185

43 Further Hork

There is a whole spectrum of toplics which require further investigation. At the mere general
end there iz the problem of the degree cof difficulty to react to changes during such a forwal
development. The top-down approach would quickly lose many of its advantages if changes to the
seurce language occurred all! of the way thrcugh a project. On the other hand <the vprecise
documentation available should make it possible to quickly estimate <the impact of any
reasonable change. The topic for further research is to find guidelines for the develeopment
which retain a reasonmable degree aof flexibility.

necanse of the recursive nature of the predicates uged, their existence should bte dewonstratead,
A prerequisite for this work is a more careful treatment of the gmeta-language used. A systen
vhose foundations are clearly given can be expected in ref. 12. ‘

¥

A point in the spectrum vwhere the task is more clearly defined but the problee 1s far fronm
trivial is the formal description of all cosbinators used; the valid forms o¢f reascning over
sanre; and derived lemmas vhich are useful as tules of thunb,

An exanple of a detailed problem, velating to an earlier versicn of this report, is that of
retrieving functions.

Given:
g : S8 ->358
retr~-S : L ~> $
the model:
a~q = L ~> L
is proven correct, roughly, by:
(¥1) (retr-5°m~g{1) = gPretr-S{1})
suppose however, a model is Eought for:
h: D ~> {§ -> R}

then:
m~hk 2 D -> (L -> R}

appears to reguire a vetrieve functien:
retr~-f ¢ {L ~> B} ~» {5 ~> R}

wvhich could be defined:
retr~f{m-f) = p~-L%rety-5-1

But the inverge of this retrieve fumctior is not Ilkely to he a function (cf. Sets ->» theix
list representations)! Thaus 1t is easier to state:

retr-f (n~f} = (UL} (£%retr~5 = a-{}

bat this introduces the probles of establishing existence (i.e., £ 4is a function} and
unigqueness. Versions of retr-proc-den were #ritten, and these din tarn mpade 1t possible to
define retr~env, hut appeared more cocmrplicated than the approach adopted -here.

one place where an immediate improvement could be amade is by the employment of a nev combinator
for situations where scme action sheuld follow either normal or abnormal terminatica of the
preceding action without losing the knowledge of which one. For example in int-hlock:

int-bigy =
prologue;
(-int-nmd-stat-1ist (} 3
epi(}}

#here:

opis;op2 ~ ho. (lot <o?,abn®> = opl(e)
Iet <o",> = op2(s')
<q%,abnt>)

The saving in the definition 1s small, the avoidance of duplicatios in reasoning with AL3 is
nore significant, .

A further area of useful research would be the design of a computer kased editing systenm ¥hich
would ease generation {e.g. automatically producing versions without assertions) and wupdating
{the nusbering of some foruulae above indicates a particularly tedious prohlen). :

Section: Discussion
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There now follows an, alphabetical, index t¢ the defined functions:

ahove i, 3 (5)
addr 4,2{36)
almost-pras-env 4.4 (21)
apply-~cp J.u (21
assign J.80921H
C 4,2
¢-dc 4.2
c~disp-copy 4,2
c-eval-a-expr-to 6,2(151)
c~eval-h-expr 6.2(152)
c-eval-h~expr-~to 6.2¢153%)
c-eval-proc-dcl 6.2 (%)
c-eval-type 6.2 {4)
c~aval-var-ref 6. 2(18)
g=int-agsn 6.2(12)
c~int-hlock 6.2(3
c-int~call 6,2{10}
: c=int-for 6.2{%)
: c~int-goto 6.2(11)
¢~int—if 6.2(8)
c-int-npd-stet-list 6.2 {70}
c-int-prog 6.2(1)
c-int-stat 6.2{2)
c-ph 4,2
c-ra 4,2
c-5C 4,2
c~stack-p 4,2
c-addr 4.2 (35)
c-tabel H.2(13)
col-st-nRs 3.4 {32}
cons-disp-copy . 4, 4{48)
cons-gpi ; 4.4 (4%}
cons~gtp-ext - 4,642}
cons~kn-prs 4,8 ({50}
cans~1-sc 0,6(43)
cons-1-8cs 0.4 {u6)
cons~m-t 1 0.4 (41}
cons~f-§2 51(8)
cong~p-reg 4,4 {as)
cans=-pi 4.4 {43}
cons~sc-offs o4ty
cons-~vi O.u(a2}
contents 3. 80923
cs 4,2
cx-arg-off 6. 7{2)
cx~arr=~b 4.3(N
cx—-const~disp-1 6. T{6)
cx~congt-off U, 3(13}
cx-disp-regs 4.3(8)
cx-4p B,.3 (153
cx~drno 4.3(6)
cx~dsa-regds 6. 1(3}
cx~dsa-store~off 6. 1{#)
cx~en~disp-redgs 4,3 (9
CX-eR-eRVY-regs B3 (11}
cx~em~sc-offs 4,3 (14)
CR-env-reys 4.3 (10
cx-nm-lab 4,317
cx-~p-off 6. 1(5)
cr-parma-off 6. 1({1}
cx~proc-lab 4,3(18)
cx~sc~off 4,3{12)
c2~gtack-p G.1{T
disi=arr-bs H,6{32)
digj-1l~offs 4, 8131
epilogue 3.8(31}
aval-expr 3.4(15)
eval~proc-dcl 3.8 (5)
eval-type 3.0 {m)
: eval~-vac-ref 3.4 {18}
: ex-tp 3.2{150H)
E ext 4,8 (65)
: in~-staep i, 4(5)
in~step-a 4.8¢10})
in-step-a2 519
in-step-x 4,8 {8}
in«stept 4. 8{6)
in-step? 5(10)
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. array~type
ig-b-cont
is-contained
is-disjoint
jg-~lmatch
ig-match
is-prep-cont
is-scalar
is-scalar-type
is-tp-sc~loc
is-unique~ids
is~vaatch
is-wf-agsn
is-wf-block
is~uwf-call
ig~yf-gv-raf
igeyf~for
ig~uf-goto
ig-wi-if
ig-wf~in
is-wf~inf-expr
is-wi-parn
is~wf-proc
is-wi-prog
ig~yf~rhg~raf
is-wf-var~ref
l-scs
m-apply-hool-op
n-apply~intg-op
@-apply-rel-op
p~apilogue
n-eval-a-expr~to
m~eval-b-expr
n-eval-b~expr-to
n~eval-proc-dcl
r-eval-type
n~eval-var-ref
m~-f1

ga-int-assn
n-int-hlock
A-int-call
n~int-for
n~int-gotot
m=-int-goto2
m-int~if
w-int-nmd~stmt-1ist1
B-int-ned~stmt-1ist2
a~int-prog
A~int-stnt
m-sub-log
m-Array-lioc
n~Bool

a~fntg

m~Loc
B=Proc~den
m=Sc-~loc

m-Val

n-xt

H=r2
make-array~loc
rake~tp-ge-loc
n¥rano
post~g~proc-den
posti-a-eval~type
pre-g-proc~den
pres

pres-regs

DPrCRO

pt-ext-env
g-arg

g=-arg-1

g-ca

a-cal

q-den

g-anv

L S SR S
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q-proc-den 4,44{18)
r . 4.2
r-dc 4.2
r~disp«copy 4.2
r-pn 4.2
r-ra 4,2
r-sc 5.2
r-stack-p 4,2
rect 3.44924)
regs~of-dict .21
rest~digp H4.2(62)
rest-urs 4,6(102}
retr~lab~den g.4(10)
retr-loc 9,4 (15)
retr-nm 4,3{18)
retr-val .05 {31)
retr-g 4.8¢9)
retr-g1 5(9)
save-disp §.2¢61)
set 4§,2{52}
star 3. 2{902)
store-¥rs 1,5 {101}
val~of 3. 02ty
vr~tp 3,2(181)
x-val 4.2(51)
Abn 3.3(18)
rid 3.3{10)
Aid 4,8{1)
Array-inf 5.2 (28)
Array-loc 3.3¢8)
Assn 3.14{12)
Block L1{»
Booli~loc 3.3(16}
Boal-loc g.8{1)
Ca 3,312y
Call 3,101
Const 3.1 (20)
Cv~de 4.2
Cv-den 3.3{8)
Cv-ref 3. 1{19)
De 4,2(2)
Depth 4.2(11)
Dict 5.2(1)
Nsa b,24235
Dga~inf 5({2}
Dsa-—-p .2 {22)
Bm-inf 4,2 (30}
Eav 3.3(W)
Expr 3.1(15)
For 3. 1{9}
Goto 3,141
Id 3, 1¢23)
If 3,18
In 3. 1{1)
Inf-expr 3,116}
Intg~loc 3.3(15)
Intg~loec .4(
Lab-de 8.2(8)
Lab~de 5 (5}
Lab~den 3.3¢9)
Lab~int 5(M
Loc 3.3(5)
¥ad-stnt 3.1}
op 3.1¢21)
out 3. 1(18)
Pars 3.1(8)
Parm-arr-de 5216}
Parm~proc-de 2010
Parm~sc-de 4.2¢8)
Proc 3. H{5)
Proc~den 3.3¢11)
Proc-inf 8,2{29)
Prog 31N
Prop-arr~de 4,2(5)
Prop-proc~de 4.2 (9
‘Prop-go~-de H:2(3)
Reg-no 4,2¢12)
Rha-ref 31417
Sc-loc 3.3(N
Sc-type 3,122y
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