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ABSTRACT

This report provides a formal definition of large portions of the ECMA/ANSI proposed
Standard PL/I language. The metalanguage used is dJdescribed in the style of the
"Hathematical Semantics". That is, the definition of PL/T is giver by generating a
tunction from a source progradg, A commentary is also provided to cover the less
clear parts of the chosen nmodel. For the convenience of the reader who wishes to
have the commentary side by side with the formulae, the report is divided into two
parts: Part I contains the description of the notation, the commentary and a cross-
reference; Part II ccntains all the formulae.

HOTE

This document is net am official PL/T language specification. The language defined
1s based on the working documents (BASIS/1-9 to BASIS/1-11 [1]) of the jeint
ECHA/ANSYI working group. It has not, however, been offered to them for review and
kas in no way been apprcved. Furthermore the subset chosen is not an indication of
any IBM product plan.
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Abstract Progranms

Contents:
1«1 Rules

1.1.1 Progranms

1.7.2 Data
1.1.2.1 Declarations
1.1.2.2 Descriptions
1.7.2.3 Types
Statements
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Names

Expressions
Input/Cutpat
Elementary Domains
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1.2 Context Conditions and Functions
1.2,1 Static Data Descriptions
1.2.2 Rule-py-Rule Conditions
1.2.3 Auxiliary Functions
1.2.3.1 Static Data Description Functions
1.2.3.1.1 Constructors
1.2.3.1,2 Predicates
1.2.3.2 Base~Scale-Precision Punctions
1.2.3.3 Text Selection, Construction and Gathering Functions
1+ 2.3.3.1 Selectors
1. 2.3.3.2 Constructors
1.2.3.343 Collectors
1.2.3.4 Text Predicates
1.2.3.5 Evaluation of Restricted Expressions
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dcl
prop-var
static-cl
parn
based
det
.nmd-const
ext~entry
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scope

12 dd

13 array=-dd

tu struct-dd

15 bp

16 extent

17 sc-dd

18 init-elen

19 simple-init
20 iterated-init
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proc-set
id s-parms:id* s-ret-descr:[pdd] s-dcls:dcl-set proc-set
s-cprefs:cond~pref-set s-recityi[REC] ex-unitk

s-id:id s~decl-tp: {prop-var|parm{based]def|BI{nnd-const)
s~dd:dd s-stg-cl: {AUTO | static-cl)

scope

s-dd :dd

s~dd:d4d s-dft-qual:fval-ref]

s~4d:4d s-base-item:var-ref s-pos:expr

file~const | ext-entry | LAB
entry
INT | EXT

array-dd { struct-dd | sc-dd

s~unit-dd: (sc-dd | struct-dd) s-bpl:(bp | %)+
{s-f~nm:id s~f-dd:dd)+

s-lbzextent s-ub:extent

expr s-refer-opt:[id+]

dtp s-init:[init~elent)

simple-init | * |} iterated-init

exXpr

s-iter-fact:expr init-elem+
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21
22
23
24
25
26
27
28
29
30
31

39
49
41

42
43
4y
45
46
47
48
49
50
51
52
53
54

dtp

CORp-tp
non-comp=-tp
arith

base

scale

prec

str

str~-tp
varity

entry

pdd
array-pdd
unit-pdd
struct-pdd
sc-pdd

bl
iter-grp
ctld-grp

Wh~onrly-grp
non-iter-qrp

on-st
if-st
cali-st
proc-ret
goto-st
ret-st
rev-st
sig-st
ass-st
alloc-st
tree-st
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b1-3

comp-tp | non-comp-tp

arith | str

entry | LAB | PIR | FILE

base scale prec

BIN | DEC

FIX | FLT

s-nod:intg s-scale-fact:[signed-intg]
str-tp s-maxl:(extent | *) varity
CHBR | BIT

VARYING | NQNVARYING
s-parmn-descrs:{ pdd¥] s-ret-descr:f pdd]
s~opts:[/*impl.def,*/]

array-pdd | stract-pdd | sc-pdd
s-unit-dd:unit-pdd s-bpl:(bpi*)+
sc-pdd |} struct-pdd

pddt

atc

s-cprefs:cond~pref-set s-st-nms:id~set prop-st
bi | iter-grp | non~iter-grp | on-st | if-st |

TR 25.139

call-st | goto-st | BULL | ret-st | rev-st ! sig-st |

io-st | ass-st | alloc-st | free-st
g=dcls:dcl-set proc-set ex-unit*
ctld-grp | wh-only-grp

targ-ref

{expr [ s-by-optiexpr s-to-opt:fexpri]] s-wh-opt:fexpr]+

ex-uni t*

S~wh-coptiexpr ex-~unit#*
ex~unit*

[SBAR] cond-nm* (proc | SYSTEN)
expr s-then-unit:ex-unit s-else-unit:[ ex-unit]
proc-ref

val-ref arg*

val-ref

[expr]

cond-nn+

cond-nuo

targ-ref+ expr

{id s-set-opt:[ var-ref }j+
(s-locr-qual:f val-ref ] id) +

Chapter bl1: Abstract Progranms
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55 cond~nn

L6 non-io-cond-nm
57 cond-pretf

58 conp-cond~nam

59 eXpr

60 inf-expr

61 int-op

62 pref-expr

63 pref-op

64 val-ref

65 var-ref

66 subscr

67 proc-fct~ref
68 arg

69 by-ref-var

70 bif-ref

71 cond-bif-nm
72 distr-bif-ref
3 non-distr-bif-ref
T4 distr~bif-nm
15 non~distr-bif-nm
76 nnd-const-ref
77 lab-ret

78 entry-ref

79 targ-ref

80 stg-pv-ref

81 stg-pv-nm

82 pv-ref

83 cond~pv

B const
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e
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D1

non-io-cond-nm

cemp~cond-nm

(= Ig]

()4
DIV

-4

|

| ERROR

inf-expr | pref-expr |

expr inf-op ex
OF | AND ] GI
BE | CAT | ADD
pref-op expr

NOE | PBLUS | M

pr
| &

!

IRgs

nmd-io-cond

FINISH

val-ref | const

o B

var-ref | proc-fct-ref | bif-ref

I
1V

} nmd~-const-ref
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s-locr-qual:f val-ref] s~main-id:id s-qual-ids:id* subscr*

expr | *
val-tef arg*
expr | by-~ref-

var~ref

var

cond~bif-nm | distr-bif-ref

distr-bif-nm a

rg+

nen~distr-bif-nm arg¥

ABS | BIN | BIT | BOOL
FLCOR | IKBEX | LENGTH

!
I
SIGN | SUBSTR | TRANSLAT

ALLR | COLLATE | DATE |
NULL |} STR | TIHE
lab-ref | entry-ref | file-ref

id

id

var-ref | pv-r
stg-pv-nn arg*
STR | SDBSTR

ef

cond-py | stg-pv-ref

ONCHAR | QNSOU
scomp-tp symbo

Chapter D1: Abstract Programs
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BY
90
91
92
93
g4

95

Y6
97
98
99

100
101

102
163
104
105
106

147

108
109
110
111

io~st
tile-cti-st
record-st

stream-st

cpen-st
opng
layout-inf
close-st
clng
tile-descr

read-st

write-st
rewrite-st
delete-st
locate-st

get-st
put-st

into-inf
ptr-set-inf
ignore-inf
key-inf
keyto-inf

environment

nnd-io-cond
io-cond
tile-ref
file-const

Elementary Domains

intg
signed-intg
id

symbol
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file-ctl-st | record-st | strean-st

open-st | close-st

read-st | write-st | rewrite-st | Jelete-st | locate~st
get-st | put-st

cpngt

val-ref s-title:{expr] file-descr layout-inf
s-lsz:fexpr] s-psz:[ expr s-tabs:f exprt]
clng+

val-ref [environment ]

val-ref s-data—part:(into-inf|ptr—5et~inf|ignore-infr
s-key-part:[ key-inflkeyto-inf ]

val-ref s-from:var-ref (key-inf]

val-ref s~from:[var-ref] [ key-inf)

val-ref [key-inf]

val-ref s-based:id [ptr-set-inf] [ key-inf]
val-ref s-skip:[expr] s-data-list:targ-ref+
val-ref s-skip:z[expr] s-page:[ PAGE] s-data~listzexpr*
var-ref

var-ref

expr

expr

targ-ref

/% implementation defined */

io-ccnd val-ref

ENDFILE | EBDPAGE | KEY |
id

file-descr scope

RECO

D | TRANSH

TR 25,139
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1.2 Context Conditions apd Functions

1.2.1 Static Data Descriptions

112 sdd = array-sdd | struct-sdd | sc-sdd

113 array-sdd :: s-unit—~dd: (sc-sdd | struct-sdd) s-bplix+
114 struct-sdd 13 sddt

115 sc-sdd t: sdtp

116 sdtp = scomp-tp | snon-comp-tp

117 scomnp-tp = arith |} str-sdd

118 snon~comp-tp = sentry | LAB | PBIR | FILE

119 sentry 1z s-parn-descrs:[sdd*] s-ret-descrifsdd]
124 str-sdd :: strp-tp s-maxl:*

121 ENV-% = ID -> {deljproc)

1 is~wi-prog(grocs) =
pt,p2eprocs ~ s-id (pl)=s-id (pd} > pi=p2 A
{let main-pr = {Lpeprocs) (s-id(p)=mrain-id};
/¥main-id given s.t. {3peprocs) (s-id {p)=main-id} */
s-parnrs{main-pr) = <> A
s-ret-descr (main-pr) = nil) »
/¥ dcls of ENTBY EXT "match" peprocs */ A
(let ext-decls = [dclecomp-dcls(proés) i is-prop~vat(s~dcl~tp(dc1)) A
g-stg-cl {s-dcl-tp(dcl)) = EXT}:
d1,d2cext-dcls » elecomp-exprs(dt A~ elecomp-exprs (d2) =
eval-restr-expr(el) = eval-restr-expr{e2j) -
{let env = [s-id(p) = F | peprocsl;
peprocs = is-wf-procip,env))

Chapter D1: Abstract Progranmns
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2 is—wf-proc(<nm,parm~l,rdd,dcls,procs,cprefs,recity,eu-l),env) =

is-unique-ids{parm=-1} A
ideRparm-1 » (3dcledcls) (dcl=nk-dcl (id,mk-parm()} »
is-unique~cprefs{cprefs) A
is-wf-bl{mk-bl (dcls,procs,eu~1) ,env) A
{let rets = ret-sts{eu-1);
rdd=nil » rserets =2 rs=pil A
rdd#nil » rserets = rs#ail a is—prom-conv(rdd,el~sdd(s~expr(rs),env))} A

/* last stmt {executed) must be RETURN */

3 is-wi-dcl (Kid,dcl-tp>,env,r-eny) =
/% any contaiped iterated-init in dcl-tp is contained in an array-4d */ A
{casgs dcl-tp:
mk-prop-var({ ,AUTQ) -> is-wf-prop-var {dcl-tp,r~env)

mk-prop-var{ ,} => is-vf-prop-var {dcl-tp,{ ])

mk-parm{ } ~> is-wf-parm{dcl-tp,r~env)

mk-based( ) -> is-wf-based (d¢l-tp, env)

mk-def{ ) ~-> is~wi~-def{dcl-tp,r-~eny)

BI -> ide{distr-bif-am v non-distr-bif-nn))

4  is-wf-prop-var(<dd,stg-cl>,env) =

is-starless{dd) A
conts-no-refers{dd) A
is-static-cl(stg-cl) = conts-restr-exprs (dd) A

is-static-cl(stg-cl) ~ sc-sddecomp-sc~dds(dd) » s-dtp{sc~dd) ¢ (LAB)ventry o
s~init{sc-dd}=nil

6 dis-wf-parm{<dd>,env) =
conts-no-refers{dd) a
cants~no-inits (dd) A
conts-restr-exprs{dd)

7 dis-wf-based{<dd,dft-quald,env) =

is~starless {dd) A
dft-qual=pil v el-s=dd(dft-qual,eav)=nk-sc-sdd{(PTR) A
is~refer-geon(dad) A

nk-extent(e,pil) ecomp-extents(dd), » is-const (e)

BASIS~11%: does not constrain non-~refer bLounds.

Chapter D1: Abstract Programs
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8 is-wf-def (<dd,base,pos>,env) =
is-starless(dd) A
conts~no-refers{(dd) a
conts-no-inits{dd) A
is-scomp-tp(s~-sdtp(el-sdd {pos,env))) A
/% relation twixt base desc. and 44 */ A
{let <1gq,id,id~1,ssc~1> = hase;
s«dcl-tp{env{id})) e (rrop-varyparm} =
{3tp) (is~all~str(tp,s~dd (s-dcl-tp{env (id})))})

14 is-wi~struct~-dd (<f-1>,env) =
is~unique-ids(<s-f-pm(£-1{i]) | I1<i<Llf-1>)

16 is-wf-extent(<ex,ref-opt>,env} =
is~scomp-tr({s-sdtp{el-sdd (ex,env))} A
ig~id-1list {ref-opt) = ‘
{let ref-obj-sdd = el-sdd(mk-var-ref{nil,hidl,tidl,<>) ,env);
ref-obj~sdd = igtg-tp())

BASIS~11: only restricts tec is-scomp-tp(ref-obj-sdd)

17 is~wif-sc-dd (<dtp,init>,env) =
eecomp~sinple-inits(init) » /% el-sdd(e,env) "matches" dtp %/

19 ig-vf-sinmple-init{<e>,env) =
is-se~-sdd (el-sdd {e,env))

20 is-wi-iterated-init{<ifct, >,env) =
is-scomp=-tp(s-sdtp{el-sdd (ifct,env)})

31 is~-wf-entry{<pdd-1,rdd, >,env) =
dtpecomp-entries (pdd-1) = dip=entry0{)

32 is-wf-pdd{pdd,env) =
conts-restr-exgrs(pdd) -
conts-no-refers (pdd)

Chapter D1: Abstract Praograms
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37 is—wf-ex~unit(<cprefs, s 2,00V

is-unigue-cprefs{crrefs)

39 is~wf-bl(<dcls,procs,eu-l>,env) .
dp1,dp2e{dcisurrocs) a g-id (dp1} =s-1d {dp2) o dpi=dp2 A
{let labl = labels(eu-1):
is~unique-ids{labl) ~
ideRlabl > (adcledcls)(dclzmk-dcl{id,égg))) A
{let r~env? = env\ {s-id (pd} | pde¢ {dclsuprocs) };
let env? = r-env! y [s-id(pd} -~ pd |} pde {dclsyprocs) ;
dcledels o is-wf—dcl(dcl,env',r»env') A
procerrocs = is-wf-proc{groc,env?) A
is-wf-ex-unit-list{eu-l,env?))

41 is—wf-ctld—grp((cv,sp—l,eu~l>,env} =
let cv-sdd = el-sdd{cv,env):
1s-s¢-sdd(cv~sdd) I
12islsp-1 =
{leg <init,byto,while> = sp-1[i];
is-prom-conv{cv—sdd,el-sdd(init,env)) A
is-nil(byto) v is-scomp—tp{s-sdtp(cv-sdd)) A
(let <by,to> = byto;
is-scomp~tp(s~sdtp(el—sdd(by,env})) A
is~-nil(to)} v is~scomp-tp(s~sdtp{el—sdd(to,eng)))) A
is-nil(while) v is-scomp~tp(s~sdtp{el-sdd(while,env))})

42 is-wf—wh-only—grp(<wh~opt, >,env} =
is~scomp-tp(el—sdd(uh-opt.env))

Gy is-uf-on-st(<5nap,cnms,ps>,env) =

is-proc(ps) o (écprefs,eul}(ps=<id,<>,g;;,{q,{},cprefs,ﬁEC,eul)

/% id is dummy %/

45 is-wf-if-st (<test, , >,env) =

is-scomp—tp{s-sdtp(el—sdd{test,env})}

Chapter D%: Abstract Progranms
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47 is~wi-proc-ref(<vilr,arg-1>,env}
let sdd = el-sdd(vilr,env);

is-sentry(sdd) A
s~ret-descr(sdd) = nil A
Is-parm~descrs (sdd) = larg-1 A

1€i<larg-1 =
if is-by-ref-var(arg-1{i])
then match(s-parm-descrs{c-entry (vir))[{i], /*4d of arg-1[i] */)

else is-prom-conv{s~parn-descrs{sdd){i],el-sdd(arg-1[ i],env}))

48 is-wf-goto-st{<val-refd>,env} =
2l-sdd {val-ref}) = <LAB>

52 ig-wf-ass-st(<tr-1,expr>,env) =
1£igltr-1 > is-prom-conv(el-sdd (tr-1{i },env) ,el-sdd (expr,env))

53 is~wf-alloc~st{alloc-l,eny) =
1£i<lallcc-1 =
{let <id,set-opt> = alloc-1fi];
let <id,dcl-tp> = env{id);
is~hased (dcl~tp) A
set-opt=pnil - is-var-ref (s-dft-qual {del-tp)}) A
set-opt#nil = el—sdd(Set~opt,env)=<ggg>)

54 jg-wi-free-st (free~l,env) =
1€iglfree~1 o
{let <1lg,id> = free-l1[i];
Iet < ,dcl~-tp> = env(id};
is-basged {dcl-tp) »
lg=nil = s-dft-qual(dcl-tp)+pil
lg#pil » el-sdd (1q,env) = <PIR>}

60 is-wf-inf-expr(<el,cp,e2>,env) =
dlet sdd1 = el-szdd{el,env),
sdd2 = el-sdd (e2,env) ;
is-compatible ({sdd1,sdd2}) A
ope {EQ,NE} v conts~sconp-tps(sdd?l)

Chapter D1: Abstract Programs
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62 is-wf-pref-expr(<cp,e>,env} =
let sdd = el-gdd {(e,env):
conts-scomp-tps (sdd)

65 is-wf-var-ref (<l1g,id,idl,ssc~1>,env) =
let dtp = s-dcl-tplenv(id));

dtpe(prop-varvparnybaseduderf) A
is-valid-index{s~dd (dtp),<idl,ssc-1>} A
ig#pil = is-based(dtp) A
lg=pil v el-sdd(1q,env)=<BTR> A

is-based(dtp) ~ lg=nil » s-dft-qual (dtp)#nil

66 is-wi-subscr(ssc,env) =
is~expr(ssc) = ig-sconp-ty{s-sdtp (el-sdd (ssc,env)))

67 is-wf-proc-fct~tref (Kvlr,atrg-1>,env} =
/* like is-wf-rroc~ref, except s-ret-descr(sdd) + nil x/

12 is-wi-distr-bif-ref {<nm,arg-1>,env) =
12iflarg~l » =is-by-ref-var{arg-1[i ]} »
(let sdds = {el-sdd (arg-1[i],env) | ief{l:larg-1}}:
is-ccmpatible (sdds) ~
sddesdds = corts~scomp~tps(sdd) a
/¥ see table of distr~el-sdd */

73 is~wi-non-distr-bif-ref (<nm,arg~1>,env) =
1gislarg-l » ~is-by-ref-var(arg-i[i}) a
/* see table of non-distr-el-sdd */

77 is-wf-lab-ref (<id>,env) =
s~dcl~tp{env{id})) = LAB

78 is-wf-entry-ref {<id>,eny) =
is~proc{env(id)} v
is-ext-entry{s-dcl-tp{env (id}}}

Chayter D1: Abstract Programs
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80 ig~wi~st-pv-ref (pv-ref,env) =

84 is-wf-const(<dtp,symbl>,env) =
/% symbl '"matches"™ dtp #*/

108 is-wi-nmd~io~cond{< ,val-ref>,env) =
el-sdd (val-ref,env) = mnk-sc-sdd {FILE}

110 is-wi-file-ref (<id>,env) =
is-file-const (s-dcl-tp(env(id))}

1.2.3 Auxiliary Functions

1.2.3.1 Static pata Lescripticn Functions

1a2-3.1.1 Constructors

122 intg=-sdd{} =
mk-sc-sdd (intg~-tp(})

type: ~> sc-sdd

123 bin-fix-sdd{) =
mk~sc~sdd (nk-arith (BIN,F1X,mk-prec{nn (BIN,FIX},0)))

type: ~> sc¢~sdd
124 bit-~str-sdd() =
tk-sc-sdd (ok-str-=sdd (BIT, %))

type: -> sc-sdd

Chapter D1: Abstract Programs
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128
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char-str-sdd() = .
nk~sc-sdd{mk-str-sdd {CHAR,.¥*}))

type: =2 sc-s44d
entryl ()} =
nk-entry{nil,pil,nil)

type: ->» antry

dd-to-sdd (dd) =

/¥ inserts * for all elements of s-bpl, s-maxl,

TR 25.139

deletes conmronents not required for sdd and changes constructor names */

type: dd -> sdd

pdd-to-sdd {pdd} =
/¥ sipilar */

type: pdd -> sdd

Chapter D13
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129 el-sdd(e)

D1-14

mk-const(dtp, ) ~->
mk-sc-sdd (d tp}
mk~nmd~const~ref {id) ->

let dcl

= env{id) ;

TR 25,739

nk-sc-gdd {s-dcl-tp(dcl))
mk-var-ref( ,id,idl,ssc~-1) ~>

let 44 = s-dd(s-dcl-tp{env{id))} ;

et dd?

iet sdd!

= select-field (dd,1dl) ;
= dd-toc-sdd (dd*) ;

if (Vie {1:1ssc-1}) {is-expr(ssc-1{i]))

{let st-1 = asterisk-1(ssc~1);
cases sdd’:
mk-array-sdd (u-sdd?!,bpl*} ->

pk~array-sdd{u-séd',st-1"bpl?)
->
nk~array~sdd{sdd',st-1))

mk-cond-~bif-nm{nm) =->

nme {ONCHAR,CNCODE,QNCQUNT} -> intg-sdd ()
nme {GNSQURCE,ONFILE,GNKEY} ~> char-str-sdd ()

nk-non-distr~bif-ref (nm,arg-1) ->

non-distr-el-sdd {nw,arg-l1}

nk-proc-fct-ref(val-ref,arg-l} =->

let nmk-sentry( ,srdd) = el-sdd(val-ref,env);

srdd
T ->
let <op,sdd-1> =

cases e:

mk-inf-expr (el1,0p,e2) -> <op,<el-sdd{el},el~sdd(e2)}>>
mk-pref~expr {op,e1) -> <op,<el-sdd {el)>>

mk-distr-bif-ref {op,arg-1}

> <op,<el-sdd{arg-1[i]}) lie {1:1larg-1}>>:

distr-el-sdd (op,sdd-1,if ope {FIX,FLT,BIN, DEC, PREC}
then ts-arg-list (e)

type: expr E¥NV~-t -> =dd

Chapter D1: Abstract Procgranms
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130 distr-el-sdd{op,sdd~1,prec} =
et 1 = {1:1lsdd-1};
{3iel) {is~array-sdd {sdd-1{i])) =->
mk~array-sdd(distr-el-sdd {op,<{if is-array-sdd{sdd-1{i))
then s-unit-dd (sdd-1{i])
else sdd-1[i7) | iel>,prec),bpl)
(Fiel) (is-struct-sdd (sdd-1{i]) ->
Bk-struct-sdd (<distr-el-sdd (op,< (1f is-struct~-sdd(sdd-1[i]}
then sad-1{i,3]
else sdd-1{i} | iel>, prec)
] J € {1z1length}>
T ~>
let sdtp-1 = if -op e (BIN,DEC,FIX,FLT, PREC)
0 <s-sdtp{sdd-1{i] | iel>
e <eval-prec-bifs (op,s-sdtp(sdd-1{1 1), prec)>

type: (inf-op | pref-op | distr-bif-mm) sdd+ [const*] ~> sdd

Chapter D1: Abstract Programs
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131 non-distr-el-sdd (cp,arg-1l) =
let <argji,es.,argn> = arg-1;

type: non-distr-bif-nnm expr* -> sc-sdd

Table 1:

L] 1
{op {ccnstraint of arg, jconstraint of arg,lel-sdd f
] labstract syntax jabstract syntax ! |
} iel-sdd jel-sad ] ]
b 1 i - f |
{ADDR |its-var-ref - |ak-sc~=dd (PTR) !
I I . } | !
i i - y !
|COLLAZE | |~=r------e- e [char-str-sdd{) |
IDATE | TIBE] ' ! | |
F + t + I
|DIN | {is-~var-ref jig-expr {intg-sdd () ]
|BBQUND | lis-arzay-sdd lis-sc-sdd ~ | i
| LEQUND | |is-scomp-tpos-satp| !
} i i t ]
| NULL frmommmmee o {ak-sc-sdd (RIR) 1
; : s + — !
|SIR |is-expr fmmommmeee Jif comp-str-tps (argy) |
| fconts-scong-tps I ! ={BIT} |
{ i i | -then bit-str-sdd() |
! | I | else char-str-sdd ()1
) ]

132 eval-prec-bifs(op,sdtp,arg-1l} =
let <b1l,s1> = der-bs{{mk-sc-sdd(sdtp}});

let base = if op#DEC ~ b1=BIN them BIN glse DEC,
scale = if op#FLT ~ s1=FIX then FIX else FLT;
let mk-prec{pl,qgl) = conv-prec(sdtp,base,scale);
def num-1 = <s-nuw(eval-cemp-restr-expr (intg-tp{),arg-1{i]}) |iefizlarg-1}>;
es

ult is(mk-sc-sdd {mk-arith{base,scale,nk~-prec{p,q)}})
/% where p,q given in Table 2 */

type: (BIN | DEC | FIX } FLT | PREC) sdtp const* -> sc-sdd

Chapter D1: Abstract Prog9rams
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Table 2:

fop |scale Jlarg-1 Ip g I
t 4 + 1 } |
JBIN | DEC |EIX {0 | pl | g1 |
| ] t }
i l It | num=-1[1] ] 0 |
] | } t } ]
I ! ]2 | num=-1f 1] | num-1[ 2] |
} 13 4 } —— } |
i |ELT i 0 | m } nil |
! ] [ H |
| } {11 | nam-1[1] } |
b b t } i |
[ETX i i1 | num-1[1] {0 |
i | I £ ! |
i ] | 2 | num-1[1]} ] num-1f 2] ]
t { - i e + [
|ELT i R | num-1[1] | nil I
} } } } 1 ]
}BREC FEIX j 1 | num=-171] | o i
] I } e ] |
] ] | 2 | nam~-1f 1] | num-1[2] i
i b 1 } } |
! JFLT i1 | num-1{1] | pil i

133 sc-el-sdd{op,sdtp~1) =
op ¢ {BIN,DEC,FLT,FIX,EREC) -> hsdtp-1

op ¢ arith-op ->

type:

fpt Y

3]

et <b,s> = der-bs{Rsdtp-1):
et <<Py1,s92>,v4.,<Pn,Yp>> = <conv-prec(sdtp-1[il,b,s) | 1<ilsdtp-1>;
esult ig(mk~sc-sdd (mk~arith(b,s,mk~prec {p,q)))}

/% vwhere p, g are defined in Table 3 */

-> result ig(el-sdd)
/% where el-sdd is defined in Table 4 */

{(inf-op |

pref-op | distr-bif-nm) scomp-tp* -> sc-sdd

Chapter D1: Abstract Progranms
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Table 3:

) ¥
jop jlsdtp-1} I p 1 a 1
b } } + } ]
{AX | 1V - n fs = EIX{ min(an{b,s),max({P1~9ess++,Pn-9n) + (5.4 { PP
|BIN | | | 22X{d1s+~++9n)) i an) |
| i b |
i ] {s = ELT| max{Pire«~+Pn) | nil |
- } i — } |
JADD ] 2 {s = FIX] min(nn{b,s) ,max{p;-d1,P2~92) + | max(q:,9a) |
|SUBT | ] | nax{g,,492) + 1} | !
1 1 } : . i
| | |s = ELT} nax(ps,Pz) ] nil ;
i s } i } |
|1p1Y | 2 js = FIX] nn({b,s) ] nngb,s) - |
I i | | | Pytay-aa |
| | } } } i
! i |s = ELT] Bax(pa,pz) | mil |
I + + ¢ } ]
|#0D | 2 Is = FIX] min(nn(b,s), P2 ~ 92 + Rax{d;,92)) | max{ds,9a) |
i 1 } } } )
! | Is = ELE] max{ps,pa} i nil ]
t +- } } } |
|BOLT | 2 §s = EIX} nin{on{b,s},py + pa + 1) | 9y + 42 1
! | ¥ t - —~—t 1
| | |s = FLI| max{psi,pa) | nil ]
i + —3+ $ + !
{UIRUS] 1 i [ 91 1 4 |
{ELUS | | { f |
|3LEN | | | I !
t } t t i |
|CELL | 1 Is = EIXK] min(nn(b,s),pagx(py -9 + 1, 0)) (Y i
JFLOQR/| } : i 1
] | |s = ELT] pa | nil |
1 ]
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Table 4:

T 1
lop |1sdtp-1jel-sdd !
& i ; l
|BOOL | 3 bit-str-sdd () :
P : i !
{AND | EQ | GE | 61 | LE | LT | NE | OR I2 ] I
} i i i
|¥o1 [ I
t i 1 ;
|BIZ f1- 2 |
t f i f
|CHAR i 1 - 2 |char-str-sdd () }
[ z = : f
{INDEX | VERIFY lintg-sday) i
- s { 1
ILENGTH I 1 I !
b t i |
| SUBSTIR | 2 - 3 |der-str-sdd(<hsdtp-1>) |
; + f !
|TRANSLALE | 2 - 3 jder-str-sdd(sdtp-1) |
F i i 1
fCAT 2 ] !
' 3
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134 is-prom-conv{sddl,sdd2) =
let sdd-tp =
/% like the class sdd (with corresponding subclasses array-sdd-tp,
struct-sdd-tp, sc-sdd-tp), except that contained scomp-tp's are
replaced by the constant CQEP, and contained sentryts are
replaced by the ccnstant ENTRY */;
R =

I
T
fer

scesc~sdd-tp = R{sc,sc) A
<udd,bpl>earray-sdd-tp = R{udd,<udd,bpl>) A
<uddl,bpl>,<udd2,bpl>earray-sdd-tp »~ R (uddi,udd2) »
R{<udd1,bpl>,<udd2,bpl>} A
scesc-sdd-tp = R(sc,mk~-struct-sdd-tp{<sc | 1€ign>))} ~
{(¥ie{l:n}) (R(=dd1i],sdd2[i}}}) = Rimk~struct-sdd-tp(<sddi1{il t 1£ism»),
pk-struct-sdd-tp{<sad2[i} t 1%igsm>)))
*/3
R{/*sdd~tp of*,/ sd4d1, /*sdd-tp of*/ sd442)

type: sdd sdd -> B
135 is-compatible(sdds} =
let R =
/% the srallest transitive and symmetric relation R (hence: eguivalence)
satisfying the conditions above */;

sdd1,sdd2esdds » R{/*sdd-tp of*/ sddi, /*sdd-tp ofk,/ sdd2)

type: sdd-set ~> B

136 conts-scomp~tps{sdd} =
{v dtp ¢ comp-sdtps(sdd)) (is-sconmp-tp(dtp))

type: sdd ~> B

Chapter D1: Abstract Programs
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137 match(ddi,ag2) =

TR 25,139

/% dd1 and dd2 are the same, except: INIT is ignored, entry matches entry,

extents in dd1 which are (restricted) exprs match non-REFER extents in

dd2 which are restricted exprs with the same value, * extents in 4dl

match any extents in dd2 */

type: (pddjpars) (pddjdd} -> B

1:2:3.2 Bage-Scale-Precision Functions

138 der-bs{dtps) =

{let b = {if {veedtps) {{is-~arith{e) s-base(e)=BIN) v
{is~str(e} ~ s~str-tp(e)=BIT))

then BIN

s = (if (Zeedips) (is-arith{e) » s-scale (e} =FLT)

then FL1

type: Comp-tp~set ~> (base scale)

139 conv-prec{sdtp,b,s) =

Char-str-sdd() ~> ccnv-trec{mk-arith (DEC,FIX,
bit-str-sdd(} -> ccnv-prec(mk-arith {BIN,FIX,
mk-arith{bl,s1,nk-prec(r1,91)) ->

let m = nn(b,s);

/* where p,g are defined in Table 5 %/

type: comp-tp base scale -> prec

Chapter D1:

mk-prec{nn (DEC, FIX},0)))
mk~-prec(BIN, FIX),0))
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| i {p1,3.32),m) tp1/3.32), m)

Table 5;

| bt = FIX | b1 = FLT |
r ¥ } [
| b | s | st = BIN I s1 = LEC | s1 = BIN | s1 = DEC ]
} } + i } ]
{EI1X{BIN] p = p1 I p = nmin(ceil | | {
i } i | (p1%3.32)+1,m) | I T
| i  ¢a=q1 | @ = ceil (g% | l ]
| | i 3.32) i ! i
ot ¢ i t } i
i [DECYI p = min(ceil | p = p1 | ] ]
i | I (p1/3.32)+1,m}] | | ]
| | t g = ceil(@ly | g = g1 i I i
} j | 3.3 i | | |
| } { + + |

[ELT|BIN| F = min{sl,m) | p = din{ceil |} p = p1 | p = min(ceil
I ! | | (p1*3.32),m) | 1 {(p13.32),m |
| } + o —
DEC { p=nmin(ptym) | p = min(ceil | p = p1 |
] | ] [

]
] |BEC] p = pipfceil
]

140 der-str-sdd({sdd-1) =
nk-str-sdd (der-tp{sdd-1) , %)

type: sconp-tp¥ -> str-sdd
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X nn(b,s)= .
S¥%% the pmaximup <number-of-digits>
/**% allowed for the target <base>
/¥%% b, and <scale> s. Functicn is

/¥*% isplementation dependent.
type: Dbase scale -> intg
142 der~arith{sddil,sdd2)=

{let <b,s> der-bs {{sdd1,sdd2}} ;
let <p,g> ccnv-prec (sdd1,b,s) ;

I

type: compp-itp comp-tp -> arith
note: result is-edd!

KKk
Hk
Kk
*kk

1.2-.3-3.1 Selectoers

143 select~-field (dd,idl) =

pk-sc=-dd{ ) ~> dd

sk-~array-dd(u~dd, } -> select~field (u~-dd,id1)

mk-struct-4ad (£~1) -~>
if idl = <

then dd

edse (let i = (Li) (s-f-om(£-1[11)=hidl);
select-field (s-f-dd (£~1[1]),tidl}})

type:; dd id* ~> 4d
144 c-decl-tp(id,env) =
s-dcl-tp{env{id))

type: id ENV-{ ~> dcl-tp
note: env argument omitted in uses.

Chapter D1:
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145 c-entry({ref,env}) =
casesg ref:
nk~nmd~const-ref {zk-entry-ref {p-id)) ->
if is-ext-entry(s-dcl-tp{env(p-id))}
then s-entry(s-dcl-tp(env(p-id)})
else /* entry matching proc of env(p-id) */
pk-var-ref( ,id,idl,sscl) ->
let dd4 = s-dd{s~dcl-tp(env(id))}
let dd' = select-field {dd,idl) ;
s-dtp{dd")
mk~proc-fct~ref(vlir,arqgl} ->
let mk-entry( ,rdd, ) = c-entry{vlr);
rdd

type: val-ref ENV-t -> entry

ncte: env argument cmitted in uses.

lalededaid

o+

struc

10}
o
]

o}

i
1]

146 asterisk-1(sl}=
(1s1l=0 =~> <>,
hsl=% -> <*>Tasterisk-1({tsl),
T -> asterisk-1(tsl))

type: subscr* -> #*x%

Chapter D1: Abstract Prcgrams
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1.2.3.3.3 €Collectors

147 ret-sts(t) =
{(is~ex—unit~list(t} ->
is~ex~unit (t) ->
(let ps = s=-prop-st{t);
cases ps=
{(is-bl(ps) v is-iter-grp(ps) v is-non-iter-grp(ps)
-> ret-sts (s-ex-unit-list {ps)),
rk-if~zt {e,eul,eu)
-2 ret-sts{eul) v ret-sts (eu2),
is-ret-st{ps)

-2 [ps},
1 =2 £1)} .
t=nil >

type: (ex-unit#* | {e€x-unit]) ->» ret-st-set

148 labels(t)=
{is~proc{t) v is-bl{t) v is-iter-grp(t) v is~non-iter-grp(t)
-> labels (s~ex-unit-list {t)},
igs-ex-unit-list (%)
-> congc {labels (tfi] | 1si<lt)),
is-ex~unit (t}

-> {let <cprefs,snms,ps> = t3

let somsg? =
{is-iter-grp({ps) v
is-nen~-iter~grp{ps} ~> labels {s-ex-unit~list (ps)),
ig-if~st {ps) -> (let <e,euti,eu2> = ps;

labels{eul) ~ labels{eun2}),

T > <>),

result is(snms™ soms')),

T -> <>)

type: text -> id-list

Chapter D1: Abstract Progranms
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149 rel-evd-io-~ccnd-nns {prog)

{mk~evd-ic-cond-nm{ioc,c-uid {id})

D1-26

I

{3£d) (<id,<fd, >>econmp-dcls{prog} A~ is-file-descr(fd) =~
(iO0c=EBLFILE ~» (fd=<BEC,UED,SEQ,nil,nil,

Loc=ERLPAGE A

i0c=RECGRL

[
Q
[¢]
Il
>

o
o]
O
#
3 la b=
It g |
= b |

e
o]
Iy
It
Iz

type: prog ~> evd-iec-cCond
laZ2.3.4 Text Predicates

150 is-unigue-cprefs(cprefs)ﬂ

cni,cnZecprefs A s-comp-cond-nm{cnl)=s-comp-cond=-nm({cn2) »

type: <¢c¢nd-pref-set -> B

1521 is-unique-1ds(idl} =

1<i,§$1idl A id1[4i)=id1{3] > i=]

type: 1id* -> B

Chapter D1:; Abstract Prograns

td=<S51TR,LUT,nil, PR ,nil,

fd=<REC,
£d=<REC,

-nm-set

] s

+DIR,

¥

r

4

> v Ed=<, TN, ,,,0)
>
>
>

cni=¢n2
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152 is-~valid-index{dd,<idl,sl>) =
{is-sc-dd (dd) ->
{(1dl=<> A g1=<>},
is—array-dd{dd) =->
(let <dd1,bpl> = d4d:
{{s1=<> n idl=<>) v
{s1#<> » 1sl121bpl) =~

is-valid-index(dd1,<id1,<<s1[1]>| Llbpl+1Sislsi1>>}))),

T =->
{let <<id[31,dd[3)>|1<js1dd> = ad;

(let k = (Lk'e{1:1dd}) (id[k' J=hidl);
is-valid-index (dd[ k], <tidl,sl>»))))

typesr id {id¥ subscr*) -> B
153 is-restr-exprie) =
coemg-val-refs{e)

<
comp-inf-ops{e) < {ADD,SUBT,MULT,DIV,CAT}
e

/¥ evaluation of does not raise conditions */

type: expr -> B
154 conts-resti-exprs{dd} =
/% all ccentained expressions are restricted %/

type: (dd|pdd) -> B

155 is-refer-geom{dd) =

TR 25.139

{nad-const-ref g fnk-non-distr-~bif-ref (NULL,<>}}) A

/% all refer cbjects precede the refer subject referencing them */

type: dd -> B

156 conts-no-rtefers(dd) =
extecomp-extents (dd) = s-refer-opt(ext)=nil

type: dd ~> B

Chapter D1:

Abstract Programs



IBM LAB VIERHA D1-28 TR

157 conts~no~inits(dd) =
scecomp-scrsdds(dd) > s-~init(sc)=nil

type: dd -> B
158 is-starless(dd) =
strecomp-strs(dd} = s-paxl{dd)#* »

addeconmp-array~-dds {dd) ~ 12i<ls-bpl (add) > s-bpl (add}f ij+*

type: dd ~> B

5 Bvaluaticn of Restricted Expressions

159 eval-restr-expr{e) =
/% similar tc relevant parts of eval-expr, but pure function:
no side-effects cor interrupts */

type: expr ~-» VAL

pre; 1is-restr-exrpr{e}

160 eval-comp-restn~expr (rdd,e) =
/% analoguous to eval-ccmp-expr:
eval-restr~expr{e) fclleowed by conversion #*/

type: sdd expr ~-> VAL

Chapter D1: Abstract Programs

25.139



IBH LAD VIENNA D2-1 TR 25.139

States, Ausiliary Parameters

Contents

2.1 Activation Identifiers

2.2 Values, Locations, and Storage

2.2.%1 Evaluated Data Descriptions

2.2.2 Values
2.2.2.7 Undefined Values
242.2.2 Value-set of an edd
2.2,2.3 Conmponents of Strings and Aggregates

2.2.3 Locations
2+.2.3.1 Level-One Locations, Independence
2.2.3.2 Connected, Left-to-Right Egquivalence
2.2.3.3 Pcinters

2.2.4 Storage

2.2.5 Allccate, Free, Contents & Assignment

2.3 External Storage, File State

2.3.1 External Storage

2,3.2 File State

2.3.3 Unigque File Ccnstant Identifiers
2.4 Environment

2.5 Op Establishment

2.6 Chit Part

1 & = REF -> S|ES|FS}AXD|0E| /% a few other maps and elementary objects %/
constr: (¥reDo) {rerefVvV = o{r)eV)

The tolleowing five references
2 5 E35 FS AA Pa
of types refs, refis, ...(i.e. with o(r) ranging over the sets of equal name defined

in the following subsecticns) are assumed as global state components, e.g. by dcl in
a tictitious outermost block.

Chapter D2: States,Auxiliary Parameters
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3 initialise-state{) =
5 z2=1(1, /*the enmpty map */

Ad = { },
PA := [ }
type: =>

Z+1 Activation Identifiers

4 AID = s% infinite set of unigue nanes */

(¥l

o

=
1]

AID-set

=
r
-]

1l

ATDP-set

7 extend~AA ()} =
iet new-aid be s.t
new-aid e AID a
s+ {new-aid ¢ (CAA u CPRA}):
A := cAA v {new-aid};

type: => AID

8 restrict~AA(aid) =
AL := cAA N\ {aid};
PA := ¢PA y faid}

type: AXD =>

Chapter D2: States,Auxiliary Parameters
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9  edd = atray-edd | struct-edd | sc-~edd

10 array-edd 1: s~unit-edd:(sc-eddfstruct-edd) s-bpliebp+

11 ebp :: s-lb:intg s-ub:iintg /¥constrs s-lb(ebp) € s-ub{ebp) */

12 struct-edd :: edd+

13 sc-edd = arith | str-edd | ENTRY | LAB | PIR | FILE

14 str-edd t: s-tpistr-tp s-paxl:intg s-varyivarity /*constr: s-maxl{edd) = 0 %/
indices

15 index = intg | (intg | ¥+

16 awgm-indices{ebpl) =
{1l ¢ {intg|®*)+ | 1il = lebpl =~
(vk<lil) (is-intg (11{k ]} = s-1lb(ebpl[ k})$il[ k J<s-ub (ebpllk} )}

type: ebpt -> (intg|*)+-set

17 indices(ebpl) =
augm-indices{ebpl} a intg*t

type:r ebpt -> intgt-set

Chapter D2z States,Auxiliary Parameters
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18 augm-index-lists (edd) =
cases edd: .
mk-array-edd {u-edd,ebpl) ->
{<ind>"indl' } indeaugm-indices(ebpl) A indl'ecaugm-index-lists{u-edd)}
rk-struct-edd {edd-1} =->
{<i>"indl*' | 1s2ifjedd-1 ~ indl'¢augr-index=~lists (edd-1[i )}
T -> (<>}

type: edd -> index*~-set

Auxiliary FuncCtions

19 width(edd) =
cases e€dd: |
mk-array-edd (u-edd,ebpl) ->
width {u-edd)* gfrcd <s-ub (ebpl[i)}} - s-1b(ebplfil) + 1 )} 15i<lebpl>
nk-struct-edd{edd~-1) =-> gum <width(edd-1[i]) | 1£i<ledd-1>
nKk-str-edd {,maxl,} -> maxl
T -> 1

typez edd ~> intg

20 is-ali-str(tp,edd) =

caseg edd:

mk-array-edd{u-edd,ebpl) -> is-all-str {tp,u-edd)

mk-struct-edd (edd~1) ~> {¥ie{l:ledd-1}) (is-all-str(tp,edd-1[i}
mk-str-edd (tp',vy) ~> tp'=tp A vy=NONVARYING
T -> false

types str-tp edd -> 8

Chapter D2: States,Auxiliary Parameters
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VAL =

ARRAY- VAL :

STRUCT~VAL
SC~ValL
STR-VAL
CHAR-STR~VAL:
BIT-STR~VAL :

i1 L1

il

e

b2-5 TR 25.139

ARRAY-VAL | STRUCT-VAL | SC-VAL

{intg* -> vaL)
constr: mk-ARRAY-VAL{m)} e ARRAY-VAL >
Dm = indices{ebpl) » (¥inde Dm) (m{ind) < values(u-edd)}
for some mk-array-edd{u-edd,ebpl)

VALY

STR-VYAL | ELEM-VAL | 2
CHAR-STR-VAL | BIT-STR-VAL
S-val-1:CHAR~VAL*
5-val-1:BIT~VAL*

nk-STR-VAL (tp) (V1) =
(tp = CHAR -> wk-CHAR-STR~VAL, tp = BIT -> mk-BIT-STR-VAL)

type: (CHAR -> (CHAR-VAL* -> CHAR-STR-VAL)) | (BIT -> (BIT-VALX -> BIT-STR-VAL))

i

CHAR-VAL
BIT~VAL =
ELEA-VAL =
NUM~VAL :
NOHM =
PTR-VAL =
ENTRY-VAL :
LAB-VAL 2
FILE-VAL b
CHP-VAL =

Fiy

e

symbol | 2

0=BLI | 1-BIT | 2

NUM~VAL | PTR-VAL | ENTRY-VAL | LAB~VAL | PILE-VAL

s-tprarith s-numzNUM

/e*¥e% (subset of rational) real numbers including‘intg *okkok ok
NULL-ETR | EROP-PTR-VAL

s-enf: (entry LOC* OF CBIF =)> fYALY) s-id:TD s~aid:AXID

$=1d:I0 s-aid:alD

uid

ARRAY~VAL | STRUCT-VAL | STR-VAL

Chapter D2: States,Auxiliary Parapeters
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39 udt-val (edd) =
cases edd:
mk-array-edd (u~edd,ebpl} ->
nk-ARRAY-VAL({ il - udf-val{u-edd) } il ¢ indices (ebpl} ]}
mnk-struct-edd(edd-1) -
nk-SPRUCT~YAL{<udf-val{edd-1[i]) | 15i<€ledd-1>}
mk-str-edd (tp,lgth, NONVARYING) ->
mk-STR=- VAL {tp) (<2 | 15i<lgth>)
T -> 2

type: €dd ~> VAL

40 is-~detined-val(v) =
mk~ARRAY-VAL (m) | pk~-STRUCT-VAL(vl} ->
(¢¥ind e v-indices{v)) (is-defined-val (comp-val (v, ind}))
mKk=STR=VAL (tp) {v1) =-> {vislivl) {vi{i }#2)
T -> v#2

type: VAL -> B

Chapter D2: States,Auxiliary Parameters
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2222242 Value-set of ap edd

41 values(edd) =
cages edd:
mk-arith(b,sc,gr) -> {<edd,num> | <edd,num> e NUM-YAL} o {2}

PTR -> PTR-VAL ¢ (2}
ENTRY -> ENTRY-VAL u {2}
LAB -> LAB-VAL u {2}
FILE -> FILE-VAL uy (2}

nk-str-edd {tp,lgth,vy) ->
(vy = NCHVARYING -> {nk~STR~VAL{) (vl) e str-vals (tp) |
vy = VARYING ~> {mk-STR-VAL() {vl) ¢ str-vals (tp) |

1vl=1gth}
0<ivi€igth} o 121
nk~array-edd{u-edd,ebpl) ->

{mk-ARRAY~VAL(m} | Dm = indices{ebpl) » (¥ind ¢ Da} (r(ind} evalues (u~edd})}
nk-struct-edd (edd-1) ->

fmk-STRUCT-VAL{v1) | 1vl = ledd~1l A {¥iSledd-1} (vi{i] e values{edd-1f i)}

type: edd -> B VAL

it

42 str-vals(tp}
{mk~STR- VAL (tp) (v1) |
(tp=CHAR ~ is~CHAR-VAL-list(vl)) v (tp=BIT A is~BIT-VAL-1list (v1})}

type: {CHAR -> CHAR-STR-VAL) | (BIT -> BIT-STR-VAL)

2=2:4.3 Conmponents of Strings and Agqgregates

43 v-augm-indices(v) =
mk~ARRAY-VAL({m} -> (let ebpl be s,t. indices (ebpl} =
augm-indices {ebpl))
mk-STRUCT~VAL{vl) > {i | 15ig1vl}
mk~STR=VAL{) (v1} =-> {<i,3> | 1<i A i-1<4<1vl}

[j=}
=
-

type: CHP~VAL -> index-set

Chapter D2: States,Auxiliary Parameters



J
w

IBM LAB VIENNA D2 TR 25.139
44 v-indices{v) =
cases v:
mk~ARRAY-VAL(m) =~> Dm
nk-STRUCTI-VAL{vl) -> (i } 1=£i%
pk~STR~VAL{} {v1) => [<i,i> | 12islvi}

type: CMP=-VAL -> (intglintgt)-set

45 v-ordered-indices (v} =
/* sane, except returnihg list; row-major order for arrays */

type: CMP-VAL -> (intg]iantg¥)=*

46 comp-val{v,ind) =
mk~ARRAY-VAL(m) -> (is-intg-list(ind} =~> m(ind), T -> v~cross=-sect{m, ind))
mk=STRUCT- VAL {v1} ~-> vifind)]
mk-STR-VAL {tp) {v1} ~> (let <i,j>» = ind;

mk-STR-VAL (tp) (Kv1[k ] | i€k<i>))

type: CHP-VAL index <> VAL
pre: ind ¢ v-augp-indices|{v)

47 v-cross-sect{n,ind} =
et ebpl be s.t. indices(ebpl} = Dm;
let ebpll = conc<{is~*(ind{i]) =-> <ebpl[i ], T ~> <>) ] 15i2lind>;
let mt =
[indl - m{<{is-intg(ind[i]} -> ind[i], ind[i] = k-th * din ind -> ind1{kY)
] 1=i£1ind>)
| ind1 e indices{ebpl) }];
nk-~ARRAY-VAL (n1})

type: (intg*->VAL) {intg}*)* -> ARRAY-VAL

Chapter D2; States,Auxiliary Paraneters
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2.2.3 Locations

48

49y

50
51
52
53
by

55

s}
57
58
29
64

61

TR 25.7139

LoC = ARRAY-LOC | STRUCT-LOGC | SC-1OC

ARRAY~LOC :t (intg* -> LOQC)

constr: mk-ARRAY-LOC (m) e ARRAY-LOC o
Dm = indices(ebpl) A (¥indeDm) (l-edd(m{ind)) = u~ edd)
for sore mk-array-edd(u-edd, ebpl)

note: locations violating this constraint arise via

substr-pv, see Conmnn.

STRUCT~LOC :: LOC*

5C=-10C = STR-LOC } ELEHN-LOC

STR-LGC = CHABR-STR-LOC | BIT-STR~I1LOC
CHAR~STR-LOC:: s-vary:varity s-loc-1:CHAR-LOC*

BIT-5TR~1LOC :: s~vary:varity s-loc-1:BIT-LOC*

nk~STR~LOC (tp) =

{tp = CHAR -> nk-~CHAR-SIR-1OC, tp = BIT ~-> nk-BIT-STR-LOC)

type: (CH
(B1

AR ~> (varity CHAR-LOC* -> CHAR-STR-LOC)) |
T -> (varity BIT-LOC* -> BIT-STR-LOC))

rote: mk-STR-LOC {tp)} (vy,<>) assumed not unigue for empty <>, see Comn.

ELEN-LOC = /% not further analyzed, but see l-edd(l) */
CHAR-LOC = /% not further anmalyzed */

BIT~LOC = /% not fturther analyzed */

CHMP-LOC = ARRAY~LOC | STRUCT-~LOC } STR-LOC

ATH-LOC = EBLEM-LGC | CHAR-LOC |} BIT-LOC

l1-edd (1) =

ak-ARRAY-LOC{m) -> {L mk-array-edd(u-edd,ebpl))

{indices(ebpl}=Dn A

{(¥indeDn) (1l-edd (m{ind) )=u-edd))

mk-STRUCT-LOC (loc=1} ~> mk-struct-edd (<l-edd (loc-1f{1i3) | 1€i5£1loc-1>)
mk-STR-LOC {tp} (vy,lcc~1} =-> mk-gtr-edd (tp,lloc-1,vy)
el ¢ ELEH-LOC -> /% sone sc~edd other than str-=4d =/

type: LOC -> edd

Chapter D2: States,Auxiliary Parameters
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62 l-indices{l) =

cases 1:

nk~ARRAY-LOC {m) -> Dm

mk=-STRUCT~LOC {(loc~-1) -> (i | 1%i<€lloc-1}
nk-STR-LOC {tp) {vy,loc~1} -> {<i,i> | 1€islloc-1}

type: CHMP-LOC -> index-set

63 l-crdered-indices{l) =
/¥ same, except returning list */

type: CHP-~LCC -> index#*

64 comp~loc(1,indf =
cases 1:
mk-ARRAY-LOC (m) -> (is~intg-list{insd) -> m{ind}, T =-> l-cross=-sect{m,ind))
mk=STRUCT-~LOC {(loc~1} =-> lec-1{ind ]
mk~STR-LOC {tp) (vy,loc-1} =->
{let <i.,j> = ind;
mk~STR-LOC {tp} (NONVARYING, <loc-1{k] | igk<j>))
type: CHP-LCC index -> LOC

pre: analogucus to pre cf cemp-val

65 l-cross-sect{m,ind} =
let ebplil,mt = /% like in v-cross-sect ¥/;
mk-ARRAY-LOC {n1)

type: (intg* -> LCC) {intgl*)+ -> ARRAY-LOC

Chapter D2: States,Auxiliary Paraneters
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66 sub-loc{l,indl) =
indl = <> <> 1
T -> (let ind = hindl,
indl1 = tipdl;
let 1% = comp-loc {l,ind};
{(Ls-ARRAY-LOC({Ll) ~ -is-~intg-lisgt({ind) ->
{let m*={ind* - sub-loc{comp-loc{l*',ind?),ind21)
| ind' ¢ I-indices{1') J;
array-loc(m'))
T -> sub-loc(l',indl1)))

type: LOC index* ~> LOC
pre: indl ¢ augm-index-lists(l-edd (1))

i

67 array-loc(m} =
let <ebpl,u-edd> he S.t.
{Dm indices{ebpl) ~ {¥indeDm) {}-edd (m(ind)} = u-edd)}:
{is-array-edd (u-edd) ->
(let <u-edd',ebpl?> = u-edd;
let mp* = {ind"ind* - comp-loc{m {ind) ,ind"'}

H

| indelm »~ ind'eindices{ebpl") ]:
mK~ARRAY-LOC(mn'))
T -> mk-ARRAY-LOC (m})

type: {intgt -> LCC} -> ARBAY-LOC
pre: <m> is an array-loc, except that u-edd may again be an array-edd.

68 ordered-sc-locs{l) =
1s-5C-LOC (1)} -> <1>
T -> (let indl = l-crdered-indices(l);
gonc<ordered-sc~lccs (comp-loc (l,indl[i J}) | 1<i<€lindl>)

type: LOC =-> SC-LOGK

69 sc-loes(l) = R{ordered-sc-locs(l}}

type: LOC ->» SC-LCC-set

Chapter D2: States,Auxiliary Paraneters
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10 ordered-atm-locs{l) =
15=STR-LOC (1) » ~(s-vary(l)=VARYING » 1{s-loc-1{1))=0}) -> s-loc-1(1})
is-5C-LOC({1) => <1>
T => (let indl = l-crdered-indices(l);
cenc<ordered-atm~locs{comp-loc{l,indl[i ) { 1s5i<lindl>)

type: LOC -> ATH-LOCX

71 atm-locs{l) = R{crdered-atm-locs(l))

type: LOC -> ATM-LOC-set

12 1-L0C

in

LOC

73 1~LOC AUTO-LOC | BASED~LOC

constr: AUTO~LCC n BASED-LOC = [}

74 is-indep(l,1') =
atm-locs{l) a atm-locs(l'} = {}

type: LOC LOC -> B

75 {¥1leCHP~LOC) (¥ind,ind*el-indices(1))
{ind+ind*' > is-indep{comp~loc(l,ind) ,comp-loc(l,ind")})

76 (¥1,1'e1-LOC) (1#1' > is-indep(l,1%))

Chapter D2: States,Auxiliary Parameters
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2s2.3.2 Connected, Left-to-Right Egquivalence.

77 is-conn{l) =
(317e1-LOC, loc-11,1cc~12)
{ordered-atm-locs{l'} = loc-l1"ordered-atm-locs{l) "loc~12)

type: LOC -> B

78 is~-l-to-r-edd (edd,edd'} =
edd = edd' v
{is-struct-edd(edd) » is-struct-edd (edd'} A
{3edd-11) (edd' = edd”edd-1l1}v
(dedd~-11,edd?,edd 1! ,edd1~1"}
{edd = £dd-11"<eddT> A edd? = edd-117<edd1'> eddi-1* A
is-l-to-r-edd(eddl,edd1'}))

type: €dd edd ~> B

79 is~l~-to-r-loc(l,1'} =
is~l~to-r-edd{l-edd {1} ,1~edd(1%)) A
{(Floc-1) (ordered-sc-locs(l') = ordered~sc~locs{l) “loc~1)

type: LOC LOC -> B

2:2+3.3 Pointers

80 PROP-PTR-VAL :: /*characterized implicitly by formulae 81 to 86 %/

TR 25.139

81 addr{l) = /* the properties of this function are defined in formulae 83 to 86 %/

type: LOC =-> EROP-PTH~VAL

pre: is-conn{l)

Chapter D2: States,Auxiliary Paranmeters
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82 constr-loc (ptr,edd) =
ptr = NULL-PIR ~> error

T ~> /* the properties of this function are defined in formula 83 %/

type: PTR-VAL edd -> LOC

B3 (¥1e¢LOC) (is-cenn(l) = (constr-loc{addr{l), l-edd{l)) = 1})

84 {¥l,1*<LOC) (is~indep(l,1*'} ~ width{I-edd{l)}#0 A~ width (l-edd(1t})#0 >
addr{l) # addr{l*)}

85 (¥1l,1'¢LOC) {is~ccnn{1') ais~1l~-to-r-loc{l,1') = addr(l)=addr (1'})

86 (¥1eLOC,tp) {is-copn(l) # is-all-str(tp,l-edd{l)) » width{l-edd(1))}21 =
{let 1' = mk~STR~LOC(tp} ((ordered-atm-locs(1})[ 1))
~addr (1) = addr{i'}})

87 S = LOC =-> VAL
constr: let (fy:Lg=->VAL) = stqg;
Lo € 1-LGC A (¥leLg) {(fg (k) e values (I-edd{l)))

88 parts(l) =

{comp-loc{l,<i,i> | 12£ifl(s-loc~1i(1}}}
18-5C-LOC{]1) -> (1}
T -> union{parts(comp-lcc{l,ind}) | ind ¢ l-indices{1)}

type: LOC ~> LOC-set

Chapter DZ2: States,Auxiliary Parameters
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89 cur-parts{i,v) =
is-STR-LOC {1} -> .
{s~vary(l) =BONVARYING -> parts(l)

(cases v:

2-> (1)

mk-STR-VAL {) {v1) -> ([comp-loc(l,<i,i>) | 1<i<lvl} v {1})
is-SC-LOC (1) =-> (1} !

T -> unionf{cur-parts (comp-loc{l,ind) ,comp-val (v, ind})
| ind e l-indices{l}}

type: LOC VAL -> LOC-set
pre: Vv € values{l-edd(l))

90 lecs(stg) =
ig_t (fo:Lg‘)VhL) =

stg
(1 | parts(l) e unigp{cur-ratrts(lo,fq(lo)) | lgelg}

types 5 -> LOC-set

91 extend{stg) =
let (fg:Lg->VAL)
let 1 = locs(stqg)
(Lf:L->VAL)
({(¥1el) {f(1) e values(l-edd{l))) ~
{¥lelg) (£(1} = £45(1)) ~
{¥1eLnCHP~LOC} (VYindel~indices{l})) )
{comp-lec(l,ind) el = f£(comp-loc(l,ind)) = comp-val({£(1),ind)})

s5tg;

-

type: $ -> (LOC -> VAEL)

TR 25.139
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2:2.3 Allocate, Free, Coptents & Assigqnment

92 alloc{edd,loc-tp,env-cecnd) =
let 1: find-new-lec{edd,lcc-tp,env-cond};
S =¢85 4+ [1 + udf-val{edd) 3;

type: edd (AUTQ|BASED) (OE CBIF) => 1-LOC

93 find-new-loc({edd,loc-tp,env-cond) =
let (fo: Lg->VAL): ¢S;
let 1: let locs = (loc-tp AUTO
loc-tp = BASED ~> BASED-LOC)
{3ilelocs) (~{lely) A l-edd (1) = edd) ->
/¥ choose such an 1 */

UTQ =-> AUTO-LOC

[t}

T -> {(raise-cond (STG,true,env-cond}):
find-new-loc (edd,loc-tp,env~cond));

type: edd {AUTO]BASED} {OE CBIF) => 1-1L0OC

94 free(l) =
et {fo2lg->VAL): ¢S;

1f lely
then

=

5 =
else error

type: LOC =

Chapter D2: States,Auxiliary ParaNleters
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95 cont(l) =
let fqo: g5;
if lelocs(£fy)

then

let (£:L->VAL): extend {fg5)

let v = £(1);

{is~defined-val (v} -> return(v), T -> error)
else error

type: LOC => VAL

96 assaign(l,v) =
let (fgq:lg->VAL): ¢S5
let {(f:L->VAL) = extend(fy) ;
1f 1el
then
let fg':Lo~>VAL be s.t.
{let (£':L'->VaL) = extend (f,'});
fr(l) = v &
{¥1'eLt) (is-indep(l',1) -> £r{1') = £(1Y),
is-STR-LOC(1l') A s-vary(l*')=YARYING A ={ltesc-locs({l)} ->
cur-parts{1*,£' (1*'}) = cur-parts{L?, £{1'}}) )3

type: LOC VAL =>
pre: v e values{l-edd(l})

Y7 cur-length{l) =
let mk-STIR-VAL{} (v1l): cont(l);
resurn (ivi}

type: STR-LOC => intg

Chapter D2: States,Auxiliary Parameters
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Y8 ES = DS-LOC -> DS~-VAL

99 DS-LGC = REC~LOC | STREAM-LOC
100 REC-LOC = K-R~LOC { R-LOC

101 DS-VAL = REC-VAL* | STREAN-VAL*

102 REC-VAL
103 STREAM-VAL
104 K-VAL = CHAR-VAL*

[K-VAL] VAL
CHAR-VAL | LNMEK | FGMRK | CARRET

Constraints: (1) rules 98,9%,10t: REC goes with REC,STREAM vwith STREAM: (2
rules 100, 102: K-R-LOC = K~VAL#nil: (3) Ynigueness of keys: Let ese¢ES, dleDes S.t
d1eX~R~-LOC, let dv=es{dl), then (¥i,je{?:1dv}) {i#]j = hde{ 1 ]J#havii]) .

2.3.2 File State

105 Fs
106 uid

utid =2 ...

I

/*¥% unique identifiers; generated by c-uid(id) *¥%/

107 c-uid(id) = *unique id corresponding to file constant id, See Comnm. */

type: 1d -> uid

108 file-id{uid} =
let id be sat. c-uid(id} = uid;

/% id represented as CHAR-VAL-list x/

type: uid -> CHAR-VAL+

Chapter D2: States,Auxiliary Paranmeters
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2.4 EBnvircnment

109 ENV ID ~> DEN

110 DEN LOC | ENTRY-VAL | IAB-VAL | DEF-DEN | BASED-DEN | FILE-VAL
111 DEF-DEN = (0E CBIF => LOC)

112 BASED-DEN = ([LCC] CE CBIF =>) {{ PTR-VAL] id* OE CBIF => LOC)

113 BL-ENV = (ID =-> {LOC | ENWTRY-VAL | PILE-VAL}} [ref (ACTIVE|INACTIVE) ]

114 bl-env(pb}) = /% context function yielding relevant BL-ENV #*/

type:  (procibl) =-> BL-ENV

2.5 On Establishment

115 OE = evd-cond-nm -> ou-ENTRY-VAL
116 ou-ENTRY-VAL = OQF CBIF =>
117 evd-cond-nn = nop~ic-cond-nm | evd-io-cond-nm

118 evd-io-cond-nm 22 io-cond uid

L

e
=g
I
[j=x
-
ks
fra
=1

[Ia}

et

119 CBIF = cond-bif~nm -> (LOC|{NUM-VAL]CHAR-STR-VAL)
constr: cond-bif-nm=QNSQURCE =» LOC
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Il. Block Structure
Contents
1.1 Prodramns

1.2 Blocks

1.3 Procedures
1.3.71 Definition
1.3.2 Call
1;3.3 Return
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1 int-prog{prog,rain-id} =
let pb-sels = comp-rroc-sels{prog) v coamp-bl-sels({proq},
nonrec-sels = {spb e comp-proc-sels{prog) | s-recity(spb{prog)) = nily,
st-ext-sels = {sdcl e comp-dcl-sels{prog) |
sdcl {prog} = mk-dcl(id,mk-prop~var(,mk-static~cl(g§g}))};
let st-ext-ids = {id | (3sdcl ¢ st-ext-sels) (s-id (sdcl{prog)} = id)},
st~int-ids (ph) =
{id ] mk~dcl(id,nk-prop-var({,mk-static-ci (INT})) e s-dclis(ph) } 3
initialise~-state();
aid-0: extend-AA();
st-ext-locs: {id - (let sdcl' e st-ext-sels be g.t. s-1id (sdcl? {prog) )=id;
eval-static-del-tp(s-dd(sdcl? {prog)},<{ 1.[1.I I>)) 1
id e st-ext-ids},
let st-int-locs:
[spb = fid - (let dcl ¢ s-dcls(spb(prog)) be ss.t. s-id(dcl) = id;
eval-static-dcl-tp (s-4d (del) , < 1,[ 1,T 1>)) |
id & st-int~ids(spb{prog)) ] { spb ¢ pb-sels ];

dcl actys := [spb - INACTIVE | spb e nonrec-sels];
iet env-1 = [s-id (p}—~<eval-proc-dcl(p,env-1,false), s-id (p),aid-0> { peprog?],

progt =
(1gt bl-env'{sph) =
<{let dcls = s-dcls{spb {proqg));
[id +~ st-ext-locs(id) |
mk~dcl(id,mk—prop-var{,mk—static~C1(§gg)))edcls]
u st-int-locs{spb}
v fid ~ c~uid(id) | wk-dcl {id, mk~file~const(,)) e« dcls ]
u [id -~ env-1(id} | nk-dcl {id,mk-ext~entry{)) e dcls]),
(spb ¢ nonrec-sels -> spbPactys, I' - nil)>;
/% prog modified by associating, for each spb ¢ pb-sels, a BL-ENY
bl-env' (sph} %/,
rain-id},env-1,true);

]

with spb{prog) so that bl-env (sph{prog})
nain-en~f = eval-pree-dcl ({Lp ¢ prog') {s-id {p)

;gﬁ ce~1 = {cn = system-ou-entry-val (cn} |
€h ¢ non-ic-cond-nm u rel-evd-io-cond-nms (prog) );
main-en~f(entryQ() ,oe~1,[ 1 ;

tor all id e st-ext~ids dg free {st-ext-locs (id}),
tor all spb ¢ pb-sels do

for all id ¢ st-int-ids(spb(prog)) do free(st-int-locs (spb) {id) )3
restrict-AA(aid-0)

typer prog id =>
pre: s-parms(main-prec) = <>, s-ret-descr{main-proc) =

=

e

o
-
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i3

2 int-bl {bl,<env,oe,chif>)
let <dcls, rrocs,eu-1> bl,
bl-env (bl} ;

[t}

<st-env,nil> =

TR 25.139

1nt~bl~1(dcls,procs,eu-l,<env+st—env,oe,cbif)}

type: bl (ENV OE CBIF) =>

3 int~-bl-1(dcls,procs,eu-1,<env,ve,chbifd) =

iet aid: extend-AaA{();
let nenv:
(trap exit (abs) with error;

iet lenv:

[id - eval-dcl{dtp,nenv,<env,oe,cbhif>) l

mk-~dcl(id,dtp} e dcls a
(dtp ¢ (basedydef)

v ig-prop- var(dtp)ns-stg*cl(dtp)—AUTO)] Y

[1d + <id,aid> | nk-dcl (id,LAB} e dcls] v

decl loer := oe;

(trap exit(abn) with (bl-epilogue {dcls,nenv,aid); exi

t(abn));

int~ex—unit-1ist(eu-l,<nenv,loer,oe,cbif,ai&>)):

bi-epilogue{dcls,nenv,aid)

type: dcl-set proc-set ex-unit¥ (ENV OF CBIF} =>

4 bl~epilogue{dcls, nenv,aid) =

restrict- AA(ald)

type: dcl-set ENV AID =>

¢ dcls do free(nenv(id));

Chapter F1: Block Structure
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5 eval-proc-dcl(prec,nenv,maior) =
let <id,parm-1,ret~dd,dcls,procs,cprefs,recy,eu-1> = procs
let en~L{dtp,loc~1,0e,chif) =
(igt <st-env,acty> = bl-env(proc)
*/
acty := ACTIVE:

if recy = pil /* assert acty #

nil
cacty = ACTIIVE then error else

let
lat parm-dcls = <(Ldcledcls) {(s-id {dcl) = parm-1[ i3]} | ief[tzn}>;
if -entry-wmatch(<s-dd (s-dcl-tp(parm-dcls{i])) | 1%i<n>,ret-dd,dtp}
then grror;
let env? = penv 4 {([{parm-1[i] - loc-1[i] | 12isn] v st-~env)y
trap exit(ctl,arg) with
(if recy = nil then acty := INACTIVE;
if ctl = ret
then if ret-dd#mil then return (arg)
eise exit(ctl,arqg));
int-dl~1({decls N\ {parm-dcls[i] | 1%isn}, procs,eu~1,<env’ ,0e,chbif>));

en~f

type: proc ENV [B] -> (entry LOC* OFE CBIF => [VYALD
assert: call of int-bl-1 terminates abnormally (with go or ret).

6 entry-match(parm-dd-1,ret-dd,mk-entry(pdd-1,rdd, )} =

pdd-1#nil ~ lpdd-l=Iparm-dd-l a (Vie{1:;pdd-l})(match(parm*dd-l{i],pdd-l[i])

type: ddx [ pdd] entry -> B

Chapter F1: Block Structure
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tnt-call~st(mk-call-st{en~ref,arg-1l) ,<env,loe,cbif>) =
let <dtp,en~f,loc-1>: aval-proc-ref{en~ref,arqg-1,<env,loe,chif>):
(trap exit (abn) uith
{free-dunnmy {arg-1,1loc~-1} ;
exit(abn));
en-£ (dtp,loc-1,1ce,chif)};
free-dumny {arg-1, lec~1)

type: call-st (ENV OE CBIF} =>

eval-proc-ref {en-ref ,arg-l,env-ex) =
dtp = c-entry (en~ref) ;
<,loe,chbif> = env-ex;

[ Ul Ll L
ter it et

<en-f,nm,aid>; eval-expr{en-ref,env-ex);

~{aid ¢ gAAd) thep exxor;

mk-entry (pdd-1, ,

(L (e J L 1 QO 1 I )

)
p exit {(abn) w¥ith error;

= et B I

loc-1:z

v o et

I

<{if is-by-ref-var{arg-1{i})
then eval-l-var-ref (arg-1{1i},env-ex)

LU

is

£
{let arg-v: eval-exprlarg-1l{i],env-ex);
let dummy-loc: alloc {complete~-pdd{pdd-1{i],arg-v), AUTQ,<loe,chif>});

prom-ass {dummy~-loc,arg-v,<loe,chif,cur-cond~prefs{arg-1} >)3

I 1 = 1 < larg-1>;

type: val-ref arg* (ENV OFE CBIF} => entry (entry LOC* OE CBIF => [VAL]) LOC*
BASIS~11: Assume any order allowed cf 6.3.6.1.1,
Ban on Joto fits with prologue, not yet resolved with ANS cf 6.3.7

conplete~pdd(pdd,v) =
/% returns an ¢dd like the pdd but with *'s filled in from v,[121] if scalar%/

type: pdd VAL -> edd

Chapter F1: Block Structure
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10 free-dumey{arg~l,loc-1l) =
tor all ief{l:larg-1} dog if «is-by~ref-vaz(arg-l{i]l then free{loc-l[i])

type: arg® LOC* =>

1.3.3 Return

11 int-ret-st(mk-ret-st(t),<env,loe,chifd)} =
let proc = /% the ({statically krown) proc terminated by this mk-ret-st(t) */:
if is-expr {t)
then (let rdd = s-ret-descr({proc);
let v: eval-expr({t,<env,lce,chif>):
"let cv:prom*ccnv{complete-pdd(rdd,v),v,(loe,cbif,cur-cond-prefs(t))};

exit(ret,nil))

type: ret-st (ENV QE CBIF) =>

Chapter Fl1: Block Structure
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FZ. Declarationg, Reference, Allocation

GContents
2.1 Proper Variables (Static, Automatic, Parameter)
2.2 Based Variables
2.3 Defined Variables
2.4 Pseudc-variables

2.5 Initial

2.6 Auxiliary functicnos

t eval-dcl{dcl-tp,nenv,env-ex) =
1s-prop~var{dcl-tp)-> eval-auto-dcl-tp (dci-tp,env-ex)
is~ hased (dcl-tp) -> eval-based-dcl-tp (dcl-tp,nenv)
is~-def (docl~tp) -> eval~def-dcl~tp(dcl-tp,nenv,env-ex)

type: dcl-tp ENV (ENY OFE CEIF} => DEN
pre: dcl-tpe(based v def) v is-prop-var(dcl-tp}As-stg-cl(dcl-tp)=AIT2

2 eval-l-ref(vr,env-ex) =
if dis-var-ref (vr)
then eval-~l-var-ref {vr,env-ex)
else eval~l-stg-pv-ref (vr,env-ex}

type: (var-refjstg-pv-ref) {ENV OFE CBIF) => LOC

Chapter F2: Declarations and Variables
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3 eval-l-var-ref{mk-var-ref(lg,id,idl,sl),env-ex) =
<env,loe,chif> = env-ex;
dt = c~-dcl-tp{id);

main-loc:

= = =
o]
ler et et

(is-prop~var{dt) v is~-parm(dt} -> eval-l-prop~-ref (id, env-ex)
is~based(dt) -> eval-l-based-ref(lq,id,idl,env-ex)
is-def(dt) -> eval-l-def-ref(id,env-ex))

t esl: eval-subscr-list(sl,env-ex);

et indl = compose-indl(s-dd(dt) ,idl,esl);

if indl e augm-index~lists{l-edd {(main-loc))

type: var-ref ({ENV OB CBIF) => LOC
pre; is-valid-index(s-dd(dt),<idl,sl>)

£+ Broper Yariables

4 eval-static-dcl-tp({dd,env-ex) =
et < ,loe,chbif> = env-ex;

et edd: eval~dd{(dd,env-ex);

1z allec(edd,alTo0.<loe,cbif>);

int-init{dd,l,env~ex):

1
let
let

type: dd (ENV OF CBIF) => 1LOC
pre: only used with dd's associated with static-ct

assert: thus no side effects possible because no general expressions.

5 eval-auto-dcl-tp{ak-prop-var(dd,stg-cl),env-ex) =

let < ,loe,chif> = env-ex:
let edd: eval-dd{dd,env-ex);
let 1: allec{edd,AUTQ,<loe,cbif>};

int-init(dd,1,env-ex);

type: prop-var (ENV OR CBIF} => LOC

Chapter F2: Declarations and Variables
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6 eval-l-prop-ref{id,<env,,>)

type: id (ENV OE CBI¥) => LOC
pre: the declaration cf id ig proper var or parameter,
assert: env(id} is alvays defined (because: context cond all referenced ids
are declared and because env is always properly passed)
env (id) for auteomatic, parameters and static is a location

2:2 Based Variables

7 eval-based-dcl-tp{mk-kased (dd,dft-gual) ,nenv) =
let alloc-based(set-cpt-r,0e-r,chif-r} =
{let set-opt: if set-opt-r # nil
then set-opt-r
else eval-l-var-ref (dft-qual,<menv, oe-r,chif-r>);
t edd: eval-dd {dd,<nenv,oe-r,chif-r>);
t 1: alloc{edd,BASEP,<oe-r,chif-r>});
{assign{set-opt,addr (1)},
init-refer~obs{dd,edd,1)) ;
int-init(dd,l,<nenv,oe-r,chif-r») ,
ref-based {(gual-r,idl,ce-r,chif-r} =
(let qual: if qual-r # nil
then qual-r
else eval-expr (dft-qual,<nenv,o0e-r,chif-r>);
t dd~-sub = left~struct~part(dd,idl):
let 1: based-lcc(gual,dd-sub) ;
return(l)) :

<alloc-hased,ref-hased>
type: based (~>ENV) -> ((LOC|pil) OE CBIF =>) ((PTR-VAL[ail) id* OE CBIF => LOC)

assert: set-opt defined because of context cond
gqual defined because of context cond

Chapter F2:; Declarations and Variables
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8 init-refer-obs(dd,edd,l} =

(let i = s(edd);
det v = mk~NUM-VAL {intg-tp{) ,i) 3

assign({sub-loc{l,indl),v})

type: dd edd LOC =>
pre: all refer cbjects are intg-tp().

9 reters({dd) =
{<indl,s> | is~index-list(indl) = secomp-extent-sels {(dd) a
(let mk-axtent{e,idl} = s(dd):
idl#nil ~ indl=compose-indl(dd,idl,<>))}}

type: dd -> (index* COMP-SEL)-Set

10 baSed-loc(qual,dd) =
det 1 = (L])
(Jedd) (1 = constr-loc (qual,edd)
is-instance (edd,dd) a
{¥<ind-1,s> ¢ refers(dd}) (Let v: cont {sub-loc (1,ind-1));
s{edd} = s-numiv)));

return(l)

type: PTR~VAL dd => 1L0OC
BASIS-11: defines l-to-r {check-based-ref) only one level down.

11 is-instance{edd,dd) =
/% shapes match, non-refer extents in dd {constants} agree with values in edd * /7

type: edd dd¢ -> B

Chapter F2: Declarations and Variables
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12 left-struct-part(dd,idl) =
if idl=<> v -is-struct-d4d (dd)

then dd

else (let id = hidl;
let mk-struct-d4dd (dd-1) = dd;
let 1 = (Li) {s-f~nn{dd[i]} = id);
sk-struct-dd {<dd-1{j] | Jef{1:i-1> =

<<id,left-struct-part{s-£-dd {(dd-1{i}),tid1l)>>})

type: dd id* -> dd

13 eval-l-based-ref(lq,8-id,idl ,env-ex) =
let <env,oe,chbif> = env-ex;
let < ,ref-based> = env{m-id)
let ptr-val: if 19 ¢ nil then eval-expr{iq,env-ex) glse nil;

m—-lcc: ref-based(ptr-val,idl,oe,cbif);

arn(m-loc)

type: [val-ref] id id* (ERV QE CBIF} => LOC

14 int-alloc-st{mk-alloc-st{allcc~1l),env-ex) =
let <env,oe,chifd> = env-ex;

rap exit {arq) uith error;

trap exit {arg) uith err

for 1 = 1 tg lallcc~-1l dg
(let <id,set-opt> = alloc~-1[i];
let set~loc: if set-opt=nil

then pil

else eval-l-var-ref (set-~opt,env-ex):
let <alloc~based, > = env(id);
alloc~based (set~1lcc,ce,cbif)}

type: alloc~st (ENV OE CBIF} =>

Chapter F2: Declarations and Variables
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15 int-free-st{nk-~free~st({free-1} ,env-ex} =

det <env,o0e,chif> = env-ex;

for i =

1 to lfree-1 dg¢

{let <lq,id> = free-1fi };

-
I
lad

B S |
lo |}
o+ e

{p
len kD

P
<

1
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tr-val: if 1g # nil then eval-expr(lg,env-ex) glse nil;

;ref-based> = env{id)
: ref-based{ptr-val,<>,0e,chbif) ;

is-BASED~LOC{1l) then free(l) else error )

type: free-st {ENV QE CBIF) =>

2.3 Detined Variables

16 eval~def-dcl~tp(mk-def (dd,base,pos) ,nenv,env-ex) =
let edd:

W o=

eval-dd(dd,env-ex) ;
width{edd):

t
t eval-def-lcc(ce-r,chbif~-r) =

let base-loc: eval-l-var-ref(base,<nenv,oe-r,cbif-r):

if =~is-conn{base~loc) then error;

let i: s-num(eval-comp-expr (pos,intg-tp{() ,<nenv,oe-r,chif~1>)):
et loc-1 = crdered-atm-locs(base-loc);
if £i a~ i+ w-1%]1loec-1

1

then (let 1 be s.t. 1-edd(l) = edd a
ordered-atm~locs (1)

return(l))

else error;

type: def ENV (ENV GE CBIF) => (OE CBIF => LOC)

17 eval-l-def-ref(m-id,<env,oe,chif))

]

let eval-def-lcc = env{m—id);

let m-loc: eval-def-loc {ve,cbif)

-

type: id (ENV OE CBIF) => LOC

Chapter F2: Declarations and Variables
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<:4 Storage Pseudo Variable Referenmces

18 eval-l-stg-pv-ref (vi,env-ex} =
cases vI:
mk-stg-pv-ref {STR,arg~1) ->
(let str~tp = /% statically known str-tp of components of arg=-1 1] */;
let loc: eval-l-ref {arg-~1[{1],env-ex):
let atms = crdered-atm-locs(loc);

mk-stg-pv~ref (SUBSIR,arg-1) ->

(let cprefs = cur-cond-prefs{vr);
let st-tp = /% edd, shape of el-sdd(arg-1[2]), sc-tp all intg-tp () */;
iet len-tp = /% edd, shape of el-sdd(arg-1[3]), sc-tp all intg-tp () */:
let b-loc: eval-l-var-tef (arg-1{1],env-ex),

st: eval-ccmg-expr(arg-1[2],st-tp,env-ex),

len: (larg~1 = 3 -> eval-comp-expr (arg-1f 3}, len~tp,env-ex)

T -> nil);

let res-loc: distrib-substr-pv(cprefs,b-loc,st,len,env-ex);
retucn(res-loc))

type: stg~pv-ref (ENV OE CBIF) => LOC

Chapter F2: Declarations and Variables
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19 distrib-substr-pv{cprefs,b-loc,st,len,env-ex) =
let <env,loe,chif> = env-ex;
mk-STR~-LOC({ )} =>
{let k = cur-length({b=-loc);
let i
let 3

s-num{st) ;

(is=VAL (len) -> s-num(len)
T =2k -1+ N

if 1<Sigi+ick+1

then geturn{comp~loci{b-loc,<i , i + § ~ 1>})

[i]

glse raise-cond (SIRG,is-enab (STRG,cprefs),<loe,chbif>)}
- BK~STRUCT~LOC {loc~1} =->
mk-STRUCT-LOC (<distrib-substr-pv (cprefs,loc-1{1i],
' (15-STRUCT-VAL(st) -> stfi)
T «> st),
(1s~-STRUCT-VAL{len}~-> len[i]
T->len) ,env-ex) |} ie{1:lloc-1}>)

20 evd-init-elem = init~elem | evd-simple-init | evd-iterated-init
21 evd-zifiple-init z: VAL

22 evd-iterated-init :: s-iter~fact:intg evd-init-elem+

23 int-init(dd,l,env-ex) =
let edd: l-edd(lj:
tor all seinit-comp(ad) do
{let indll = sc-ipdices{s,dd,edd),
mk-sc-dd {(dtp,iel) = s{dd);
init-sc-parté(indll,iel,l,env—ex,cur~cond—prefsjdd)))

type: dd LOC (ENV OE CBIF} =>

Chapter F2: Declarations and Variables
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24 init-sc~parts{indll,eiel,l,env-ex,cprefs} =
let <env,oe,chif> = env-eyx;

let env-op = <ce,cbif,cprefs>;
if indll=<> v eiel=<>

(cases heiel:
mk-iterated-init (if,eiell) jmk~evd-iterated-init {(if,eiel?)~>
{let m; if is-intg(if)
then if
else s-num{eval~comp-expr {if,intg-tp {} ,env-ex));
let eiel2: eval-init-elem-list {eiell,env=-ex);
let eield = (conc <eiel2fi1<isgn>) " teiel;
init-sc-parts(indll,eiell,l,env-ex,cprefs)}
nk-evd-simple-init (v} ~>
{prom-ass{sub-loc(l,hindll) ,v,env-op)
init-sc-parts (tindll, teiel,l,env-ex,cprefs))
mk-simple-init{ex)~->
{let v: eval-expr(ex,env-ex);
prom-ass (sub-loc (1,hindll) ,v,env-0p}:
init-sc~parts(tindll, teiel,l,env-ex,cprefs)}
* >
init-zc-parts(tindll, teiel,l,env-ex,cprefs))

type: (index*}* evd-init-elem* LOC (ENV OE CBIF) cond-pref-set =>

25 sc-indices(s,dd,edd) = /% yields a list of index lists to scalar parts
correspending to s({dd}, dimensions.are inherited */

type: COMNP~S5EL dd edd -> (index®}*
pre: is-instance{edd,dd)

26 eval-init-elen~list(iel,env-ex) =
/% yields a list of the same shape as iel, but with possibly
some iterations factors being replaced by their evaluated
intgs, and possibly some other expressions
being replaced by their values %/

type: evd-init-elem® (ENV OE CBIF) => evd-init-elen%

Chapter F2: Declarations and Variablesg
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27 init-conp(dd) =
{secomp-sc-dd-sels(dd) | s-init(s(dd)) # nil}

type: dd -> COMP-SEL-=et

2.6 Auxiliary Definitions

28 eval-dd{dd,env-ex) =
mk-array~dd(u-dd,bpl)~>
{let ev-u~-dd: eval-dd{u-dd,env-ex),
ev-hpl: <mk-ebpl{eval-extent(s-1b(bpl{i},env-ex),
eval-extent(s~ub (bpl{i)),env-ex)})} ie{1zlbpl}>;
if (viefl:ilev-bpl}) (s-1b{ev-bpl{i]) Ss-ub{ev-bpl[i )
then return(rk-array-edd{ev-u-dd,ev-bpl))

mk~sc~dd (dtp, ) ->
(is~-str{dtp)->
(let mk-str{tp,maxl,vy} = dtp:
let e~maxl: eval~extent(maxl,env-ex);
if e-maxl 2 0
then return(mk-str-edd{tp,e-maxl,vy))

is-~entry(dtp) =-> return (ENTRY)

T =2 return(dtp))

type: dd (ENV OF CBIF) => edd
pre: no contained bp or maxl may be ¥,
all ccntained extents npust be conmp.

49 eval-extent {mk-extent(expr, },env-ex} =
igt cv: eval-comp-expr{expr,intg-tp{},env-ex);

type: extent (ENV QE CBIT) => intg
pre: extents must be cenvertable to intg-tp{ .

Chapter F2: Declarations and Variables
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30 compose-indl{dd,idl,esl) =
gcases dd: .
mk-array-dd{un-dd,bpl) =->
if esl = <
then /* assert: id-1 = <> *y/
<>
glse
(let esli,esl? be s.t. esll”esl2 = esl A~ leslt = lbpl;
esl1 corpose-indl {un-dd,id1l,e512))
mk-struct-dd {ssd-1)->
if idl = <>
then /* assert esl = O %/
<>
else({let i = (Li) (s~f-nn{ssd~1fi]} = hidl);
<i>“cenmpose~indl (s~f~dd (ssd-1[1i]},tidl,es1))
nk~-sc~dd{ , )->
/¥ assert idl = esl = <> */

<>

type: dd ig* (¥]intg)¥ -> index*
pre: is-valid-index{dd,<idl,esl>

31 eval-subscr-list(sl,env-ex) =
<(s1{i] = * ~> *
T => s-num(eval-comp-expr {s1l[i },intg-tp(),env-ex))) | ie{l:lsl}>

type: (expri%*}*® (ENV OE CBIF) => {intg]¥) *

Chapter F2: Declarations and Variables
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P3. Statements
Contents
3.1 Hon-iterative Groups
3.2 Iterative Groups
3.3 It
3.4 Goto
3.5 Assignment
1 int-ex-unit (eu,env-eu) =
det mk-ex-unit(cprefs,snms,t) = eus
irap exit (gg,<lab-t,aid-t>) with
if aid~t=s~aid{env-eu) A lab-tesnas
then /* assert pre-cue-int-ex-unit */

cue-int-ex-unit(eu,lah-t,env-eu)

else exit(gg,<lab-t,aid~t>);

int-prop-st(t,env-eu)

type: ex-unit (ENV refOE OE CEBIF AID) =)

post */

post, from test */

{(if no exit) post vacuous */

post: result = <g',<gg,<lab-t,aid-t>>> o (aid-t # s-aid{env-eu) v

~is-contained-lab (lab-t,eu})

Chapter F3:
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2 cue-int-ex-unit(eu,lab,env-eu) =
let mk-ex-unit(cprefs,sams,t) = eu;
trap gxit (go,<lab-t,aid-t>) wuith
if aid-t=s-aid{env-eu) » lab-tesnnmns
then /* assert pre-cue-int-ex-unit */
/* assert post */
/% assert post, from test */
1f lab ¢ snms
then int-prep-st(t,env-eu)
/% assert (if no exit) post vacuous */

/* aggert pre-cue-int-if-st {pre) %/

/* assert (if no exit) post vacuoas */
mk-non-iter~-grp(eu-1) ->
/% agssert pre-cue-int-ex-unit-list */

cuie~int-ex-upit-list {eu~1,lab,env-eu)
/% aggert (if no exit) post vacuous */

T -> /* is~iter-grp(t) */

error)

b
v

type: ex-unit id (ENV refOCE QF CBIF AID)

pre: is-contained-lab(lab,eu)

post: result = <e',<gg,<lab-t,aid-t>>> o (aid-t # s—aid(env—eu} v
~is-contained-1lab (lab~t,eu))

Chapter F3: Statements
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4 is~contained-lab{lab,t) =

wk-ex~-unit{ ,snms,st) ~>
lab ¢ snms v

ek-ctld-grp{,,eu-1) ~> is-contained-1lab (Lab,eu-1)
mk-wh-only-grp(,eu-l) -> is-contained~lab(lab,eu~1})
mk-non-iter-grp{eu-1) -> is~contained-lab (lab,eu-1)

mk-if-st{,then-u,else-u) -> is-contained-lab{lab,then-u) v
is-contained~lab(lab,else~u)
T -> false)
T -> {3ieflz:lt}) (is-contained-lab (1ab,t[i]})

type: id {ex~unit*|ex-unit) ~> B

4% int-prop-st{st,env-en) =
let <env,lcer,boe,cbif,aid> = env-eu;
let env-ex = <env,cloer,chif>;
{is-on-st (st) ~> int-on-st (st,<env,loer,chif>)
is-rev-st{st) ) - int-rev-st(st,<env,<1oer,boe),cbif))
Ls~non-iter-grr{st) -> {let mk-non-iter-grp (eu-1) = st
int-ex-unit-list (eu-1l,env-eun))

1s-iter-grp(st) =-> int-iter-grp (st,env-eu)
1s5~-if-gt (st} => int-if~-st(st,env-eun)
is-bl (st} ~> int-bl(st,env-ex)
is-call~st(st) ~> int-call~-st(st,env-ex}
is~goto-st (st) -> int-goto-st{st,env-ex}
1s-sig~st{st) => int-sig-st(st,env-ex)
is-ret-st(st) -> int-ret-st(st,env-ex)
is-io-st (st) -> int-io-st{st,env-ex)
is-ass~st (st) ~-> int-ass-sk(st,env-ex)
is~alloc-st(st) -> int-alloc-st (st,env-ex)
is~free-st(st) -2 int-free-st(st,env-ex)}
is-NULL (st) -> 1)

type: prop-st (ENV refOE OF CBIT AID } =>

post; result = <e¢',<qo,<lab-t,aid=-£>>> > (aid-t # s~aid (env-eu) v
~is-contained-lab{lab-t,mk~ex-unit {cprefs,snns, st)))

all labels within bleccks, procs get new aids cf. Fi

211 labels within on-uwnits get nev aids ¢f. FU

assert:

stmts without nested ex-units cannot have local labs
thus, with the remaining post conds, this post true

Chapter F3: Statements
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5 int-ex-unit-list{eu-i,env-egu) =
trap exit {go,<lab-t,aid-t>) with
if aid-t = s-aid(emnv-eu) A is-contained-lab(lab-t,eu-1)
then /* assert pre-cue-int-ex-unit-list */

I
i~

se exit(uc,<lab-t,aid-t>}:

/%* asgert post, from test */

~1ter-ex-unit-list {(eu-1,1,env-eu)

/% assert (if no exit) post vacuous */

type: ex-unit* (ENV refOE GE CBIF¥ AID) =>
post: result = <e',<gg,<lab-t,aid=-t>>> > aid-t # s-aid({env-eu) v

~is-contained-lab(lab-t,eu-1)

6 cue-int-ex-unit-list(eu-l,lab,env-eu) =
trap exit (go,<lab-t,aid-t>) muith
if aid-t = s-aid(env-eu) A is-contained-lab(lab-t,eu-1)
then /* assert pre-cue-int~-ex-unit-list */
cue-int-ex-unit-list{eu-1l,lab~t,env-eu)
/* assert post */

/% asgert post, from test %,

{let i = (ULi) (is-contained-lab(lab,eu-1{i])});

/* assert (3i) from.pre %/

/* agsert pre-cue-int-ex-unit (pre, i}*/
cue~int-ex-unit{eu-1[1i],lab,env-eu);

/% aggert (if no exit) post vacuous */
iter~ex~unit-list(eu~l.i + 1,anv-eu}}

/% agsert (if no gxit) post vacuous */

type: ex~unit* id {(ENV refCE OE CBIF AID) =>
pre: is-coatained-lab{lab,eu-}}
post: result = <o'%,<gg,<lab-t,aid~t>>> » (aid-t # s-aid{env-eu} v

~is-contained-lab{lab-t,eu=~1)}

Chapter F3: Statements
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7 iter-ex-unit-list{eu-1,i,env-eu} =
tor j = i to leu-1 do

int-ex-unit (eu~1f jlr,env-eu)

type: ex-unit¥* intg (ENV refOF OF CBIF AID} =>

3.2 Iterative Groups

8 int-iter-grp(t,env-eu} =
ist <env,lcer,,chif,> = env-eu;
nk-wh-only-grp{test,ecu-1l} ->
whilé (eval-truth{test,<env,cloer,cbif>)) do
int~ex~unit-list{eu-1,env-eu)
mk-ctid-grp{cv,sp-1l,en-1) ->
(let cv-loc: eval-targ-ref{cv,<env,cloer,chif>);
ri=1tg 1sp-1 do
{let <init,byto,while> = sp-1fi};
nil ~> int-init-vh-do{cv-loc,init,while,eu~1,env-eu}
<hy,to> -> int-step-do{cv-loc,el-sdd{cv},init,by,to,vhile,eu~1,env-eu)))

type: iter-grp (ENV refOE OE CBIF AID) =>
post: result = <¢',<go,<lab-t,aid-t>>> = {aid-t # s-aid(env-eu) v
~is«contained~lab{lab-t,t})
assert: c¢.c. gives pre of eval-truth
no labels lccal tc exprs, post-int-ex~unit-list gives post first clause
ig-sc~LOC{cv~-1locC)
post of int-init-wh-do or iter-step~do gives post of this

Chapter F3: Statements
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9 int-stepudo(CV*loc,cv-dd,init,hy,to,vhile,eu-l,env-eu) =
iet cprefs = cur-cond-prefs{init),
<env,loer,,cbif,> = env-eu;
Lt env-ex = <emv,clcer,chifd>;
init-val: eval-expr{init,env-ex),
by-val: eval-comp-expr(by,der—arith{el-sdd(by},cv~dd),env~ex),
to-val: if is-expr{to)
then eval~ccmp-expr(to,der—arith(el-sdd(to),cv-dd),env-ex)
else retura(nil);
prom-ass{cv-loc,init-val,<gloer,cbif,cprefsy);
then {let cv-val: cont (cv-loc);
let c-cv~-val: conv (der~arithk (cv-dd,el-sdd (to)),
cv—val,(gloer,chif,cprefs>,§;§§);
if s-num{by-val) 20 a S-pun (c-cv-val} >s-num{to~val) v
s-nut (by-val} <0 A s-num (c-cv-val) <s-num(to-val)
then peturn{false)

else if is-expr(while)
then eval-truth (vhile,env-ex)
2lse retarn{true))
€lse if is-expr (while)

then eval-truth (while,env-ex)

else return(true);

det cv-val: cont(cv-loc);
let c-cv-val; conv (der-arith (cv-dd,el-sdd (by)),cv-val,
{¢loer,cbif,cprefs>,nil);
let new-cv-val: arith-rep(s-num{c-cv-val) + s-nun(by-val),
der-arith(cv-dd,el-sdd{by)),<g10er,cbif,cprefs),gi;);
prom-ass{cv-loc,new~cv-val,<gloer,cbif,cprefsd))

type: SC-LOC sc-edd expr expr [expr] [expr] ex~-unit* (ENV tefOFE GE CBIF AID) =>
post: resalt = <o',<gg,<lab~t,aid-t>>> » {aid-t # s-aid(env-eun) v
~is-contained-lab{lab-t,eu-1))
BASIS~11: Converts by-val cnce per iteratioen, odd types as wellt
Omits ccnversion to cv-tp, this must be an error!
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10 int-init-vwh-dc{cv-loc,init,while,en~-l,env-eu) =
iet <env,loer,,chbif,> = env-eu,
cprefs = cur-cond-prefs(init);
let inpit~val: eval-expr{init,<env,cloer,chif>);
prom-ass (cv-loc,init-val,<gloer,chif,cprefsd);
let b: if is-expr {while)
then eval-truth(while,<env,cloer,chif>)

b
then int-ex-unit-list{eu-1l,env-eu)
se 1

type: SC~LOC expr [expr] ex-unit¥ (ERV refOE OE CBIF AID) =>

11 int~if-st(if~-st,env-eu) =
det mk-if-st(test,then-u,else-u) = if-st;
trap exit (go,<lab-t,aid-t>) with
if aid~t = z-aid{env-eun} A {is-contained-lab(lab-t,then-n) v
is-~contained-lab(lab-t,else-u))
cue-int-if-st(if~st,lab-t,env-eu)
/% assert post */

let <env,loer,,chif, > = env-eu:
let b: eval-truth(test,<env,cloer,chifd);
if b

then int-ex-unit(then-u,env-eu)

¢lse if is-ex-unit(else-u}

then int-ex-unit{else-u,env-eu)
eglse I
type: if-st (ENV refOE OE CBIF AID) =>
post: result = <e¢',<gg,<lab-t,aid-t>>> o (aid-t # s-aid{env-eun) v
~is-contained-lab (lab-t,if~st)))

Chapter ¥3:
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12 cue~-int-if-st(if-st,lab,env-eu} =
let mk-if-st(test,then~u,else~u} = if-st;

trap exit (go,<lab-t,aid-t>) wmith

[
It

type:
pre:

post:

if aid-t = g-aid(env-eu) A (is-contained-lab(lab-t,then-u) v
is-contained-lab(lab-t,else-u))
then /% assert pre-cue-int-if-st %/

=t

else exit{gg,<lab-t,aid~t>);
is~contained-lab{lab,then-u)
then cue-int-ex-unit(then-u,lab,env-eu}
eglse cue~int-ex~unit{else-u,lab,env-eu)

if-st id (ENV refOE OE CBIF AID) =>

is~contained~lab(lab,if-~st)

result = <eo',<g0,<lab-t,aid=-t>>> = (aid-t # s~aid(env-eu) v
~is-contained~-lab (lab-t,if-st}}

13 eval-truth(expr,env-st) =

b= B b

let
return({3ie{lz1bit~str}) (bit-str{i) = 1~BIT)]

type:

pre;

e ko
tet et fer et

1 ol

<env,lce,chif> = eny-st:
mk-sc-sdd (sdtp) = el-s=dd {expr);
val: eval-expr{expr,env-st);
sc-edd = mk-str-edd (BIT,
if is-arith(sdtp) then der-bit-len{sdtp)
glge ls-val-l{val),

nk-BIT-5TR-VAL (bit-str): conv(sc-edd,val,<loe,chif, cur~cond-prefs {expr)>);

expr (ENY GE CBXIF} => B
el-sdd{expr) must be convertible to BIT.
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3.4 Goto

14 int-goto-st (mk-goto-st(val-ref) ,env-st) =
let targ: eval-exgpr{val-ref,env-st);
if —(s-aid(targ) e gRhA) then error;
exit (go,taryq)

type: goto-st (ENV OE CBIF) =>

assert: a.s. gives is-val-ref({val-ref}
thus is-expr(val-ref}
C.C. gives is-LAB~VAL{tarqg)

15 int-ass-st(ass-st,<env,lce,cbif>} =
let mk-ass-st({tr-1,rhs) = ass-st;
let rhs-v: eval-expr(rhs,<env,loe,cbif>),
targ-lcc: eval-targ-ref (tr-1{1],<env,loe,cbifd>};
prom-ass{targ-loc,rhs-v,<loe,chif,cur~cond~-prefs f{ass-st)>)3;
tor i = 2 tg 1tr-1 do
{let targ-lcc: eval-targ-ref (tr-1[i],<env,loe,chifd);
prbm-ass(targ-lcc,rhs-v,<loe,cbif,cur-cond-prefs(ass-st)>})

type: ass-st {ENV QE CBIF) =>
assert: context conditiecns give pre of prom-ass

16 eval-targ-ref (tr,fnv-st) =
if is-cond-pv{tr)
then eval-l-cond-pv(tr,env-st)
glse eval~l-tef (tr,env-st)

type: targ-ref (ENV OE CBIF) => LOC

Chapter P3: Statements
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17 prom-ass{loc,val,env-op} =
let cval: prcm-cenv{l-edd(loc) ,val,env-o0p);
assignf{loc,cval}

type: LOC VAL {0OE CBIF cond-pref-set) =>
pre: shape/types must be rromotable.
assert: prom-conv only called with promotable shapes, only bounds may differ:
see context conditions
post of prom-conv gives cval ¢ l-values{loc}
thus assign used within pre

Chapter FP3: Statements
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Contents:
4.1 Condition Handling Functions
4.7.1 The OR Statement
4.1.2 The REVERT Statepment
4,1,3 The SIGNAL Statement
4,7.4 The Raise-Condition Functions

4,2 BIF Value- and Pseudc Variable Location Functions

4.3 Enablement Status (Static Context} Functions

1 4int-on-st{mk-on-st(shag,cn-1,ps) ,<env,loer,chifd>)=
(for i = 1 tg lcn-1 do

{is-non-io-cecnd-nm{cn=1[i]} ->
loer := c¢loer ¢ [cn-1[i] - ocu~-entry~val (<snap,cn-1l{ i],ps>,env) ],

is-nmd-jo-caond {cn-1{1i ]} ~->
(let mk-nmd-ioc-cend {ioc,vr) = cn-1[i];
let fuid : eval-expr{vr,<env,cloer,chifd);
let evd-cn = nk-evd-io-cond-nm(ioc,fuid);
loer := cloer + [evd-cn -~ ou-entry-val{<{snap,evd-cn,ps>,env) 1))

type: on-st (ENV refOE CBIF) =>

Chapter F4: Conditions



IBM LAB VIENNA F4-2 TR 25.139

2 ou~entry-val({snap,evd-cn,;s),env)z
(let fctl1() = if snap=pil
then I

else cond~impl-def-act (SNAP);
let fctl2(oe,chbif)=

{(tct1();
system~cu-entry-val({evd-cn) {oe,chif))
glse
(fctl1() ;
(eval-proc-dcl{ps,env,false)) (entryl {) ,<>,0e,Ccbif)};
result is(fct2))

type: (L SHAP] evd-ccnd-nm (froc{SYSTEM)) ENV -> ((OE CBIF) => )

3 system-ou-entry-val{evd~cn)=
{let <cn, fuid> = cases evd-cnai
mk-evd-ié-cond~nﬁ(ioc,fuid') ~> <iog, fuidt>,
T -> <evd-cn,pil>;
let fct{ce,chif)=
£ages cn:
L | | SUBBG | ZDIV | CONY | S
FILE | KEY | BECORD | TRANSHMIT |
{ccnd-conmernt (cn)

E |
DEFINEDFILE ~>

12
Uy

raise-cond (ERROB,true,<oe,chbif>) ;

/¥*¥ ascert: next line interpreted iff *Kk /
S EER no GOTO out of loe (ERROR)! ok
@IEQL) .,
UFL | STEG ->

{ccnd~comment {cn} ) ,
SIRZ | FINISH ~>
(L),
ERROR | SI6 ~>
(cend-impl-def-acti{cn)),
ENDPAGE ~>
(put-page {fuid)) ;
result is(ftct))

type: evd-cond-nm -> ((0OF CBIF) => )

Chapter F4: Conditions
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2 The REVERT Statement

4 int-rev-st{mk-rev-st{cn-1) ,<env,<loer,boe>,chbif>)=
(for i=1 to len-1 do

(is-non-io-cond-nm(cn=-1f1i ]} ->
loer := cloer 4 {c¢n~1[i] = hoe{cn-1{i }) },

is-nmrd-io-cecnd {en-1{i ]} ->
{let mk-nzd-ic-cond{ioc,vr} = cn-1[i};
let fuid : eval-expr{vr,<env,cloer,cbif>):
let evd-cn = mk-evd-io-cond-nm{ioc,fuid);
loer := c¢loer 4 [evd~-cn - boe (evd-cn) 1)}

type: rev-st {(ENV {(refOE OE) CBIF} =>

5 int-sig-st{mk~sig-st{cn),<env,loe,cbif>)=
{is-comp-cond-nm{cn} =>
if is=emnab{cn,cur-cond~-prefs{cn))
then
{cn=

£e
(ie

iy =>
t dummys
raise-conv (irue,<mk~CHAR-STR-VAL (<>) ,0,nil>,<loe, chif>);

L),
T =>
raise~copp-condi{cn,true, <loe,chif>})
/¥*% asgert: no normal return if . Ak s
JHEE cne {FOPL,OFL, SIZE, SUBRG, ZDIV, STRG} *#*/
else I.
is-nmd~ic~cond{cn) =~>
{iet mk-nmd-io-cond (1oc,vr) = cn;
let fuid : eval-expr(vr,<env,loe,cbhif>);
if (ioc=KEJY)
thep raise-evd-io-cond (<KEY,fuid, mk~CHAR~STR~VAL(<>}>, <loe,chif>)

elge raise-evd-io-cond (Kioc,fuid, nil>, <loe, chif>),

/¥¥E assert: cn e
raise-ccond(cn, true, <loe,chbif>})

type: sig-st (ENV OF CBIF) =>

Chapter Fi#: Conditions
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4.%.4 The Raise-Condition Fupctions

6 raise~-cond{evd-cn,enabled,<loe,chifd)=
{let cbif-1 = if - (OBCODE ¢ Dcbif)

TR 25.139

/¥** assert: {~{ONCODE ¢ Dcbif) = cbif=[ ] %k&/

is-comp-cond-nr({evd-cn) ->
raise~comp~cond (evd-cn,enabled,<loe,chif-1>},
is~evd~ioc-c¢ond-nm{evd-cn) ->
{let mk-evd-io-ccnd-nm{ioc,fuid) = evd-cn;
raise~evd-~io~-cond (<ioc,fuid,nii>,<loe,chif~1>)},

T => {loe(evd-cn)) {loe,chbif-1})

type: evd~cond-nm B {QE CBIF) =>

7 raise-comp-cond{ccnp~cn,enabled,<loe,chif>)=
(1 epabled
then
{{lce(camp-cn)) (loe,chif)
/¥%% agsert: nxt. lines interpreted iff
/REE ne GOTO out of loe (comp-cn}!

if comp-cne {(FOFL,OFL
then errcr
glse I)
else error}

type: comp~conrd-nm B (QFE CBIF) =>

Chapter F4: Conditions
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4 raise~conv (enabled,<mk~-CHAR-STE~VAL{symbol-l),char~pos,fuid>,<loe,cbif>}=
if enabled
(let edd = wk-str-edd (CHAR,1lsymbol-1, NONVARYING);
let loc~onsource : alloc{edd,AUTO,<loe,chif>);
assign{loc-cnsource,nk-CHAR-STR-VAL(synbol-1));
{itrap exit {abn) xith
{free(lcc~onsource) ;

exit(abn));

let cbif-1 = cbif 4+ ([ONSGURCE ~ loc-onsource] u
[ONCHAR -~ integer (char-pos) ] u
if fuid#nil

then

[ONFILE - mk~CHAR-STR-VAL (file-id (fuid))}
else

[hs

{loe (COKY}) {loe,chif-1);

{(let scurce=-str-val : cont{loc-onsource);

free{lcc-cnsource) ;

type: B (CHAR-STR-VAL intg [uid]) (OF CBIF) => CHAR-STR-VAL

9 raise-evd~io-cond {<ioc,fuid,str-val>,<loe,cbify>) =
tlet cbhif = cbif,; + [QONFILE - mk-CHAR-STR-VAL(file-id (fuid)) }
-+ (__‘Li - (ONCODE e _chifo)

then [ONCODE -~ integer (oncode-val(ioc)) ]

Sae=n W i

else [ B3
let evd-cn = mk-evd-io-cond-nm{ioc,fuid);
if i1o0c=KEY
then ,
{let cbif~1 = cbif 4 [QNKEY - str-val];
{loe{evd-cn)) {loe,chif-1})
else

{(loe (evd-cn) ) {loe,cbif)}

type: (io-cond-nm uid CHAR*STR~VAL) {OE CRBIF)} =>
assert: -~(0ONCODE ¢ Dcbify) o cbifg={ ], the empty map!

Chapter Ffiz Conditions
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10 oncode-val{evd~cn)=
/¥¥% returns appropriate NUN &**/

type: evd-cond-nr -> NUM

11, cond-comment {arg) =
/¥%% prints ccrments on system output file %**/

SRR returns ncrmally * kK S

type: {non-io~-cond-nmjevd-io-cond} =>

12 cond-impl-def-act (nm)=
J¥x% obhvious ¥*%%/

type: {8

=
e
L]
=
o
=
[o
i~ v}
ith
ir3
]
—
il
A"
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4.2 BIF Value- apd Pseudc Variable Leocation Functions

13 eval~-cond-bif{cbhbif-nr,chif)=
{cbif-nm = ONCHAR ->
if ONCHAReDcbif

s
f |
i

s )
f®
o+
el

<}
n

1
n

1
=
o
=
-
4]

o
!—l-
h

o

=
!

=
e
=
-d

igt pos = s-num{cblf {ONCHAR
let loc = comp-loc (cbif (QNSOURCE) ,<pos, pos>);
let val : cont(log);

cbif-nm = ONCODE v cbhif-nm = QONCCUNT ~>
{let val = if chif-nmeDchbif then cbif{cbif-nm} else integer{0};
return{val)),

cbif-nm = ONSQUACE ->
(let val : if ONSQURCEeDchif

then cont{chif(chif-nm))
else mk-CHAR-STR-VAL (<>} ;

{let val = if cbif-nm e Dcbif
then chif {chif-nmn)
else mk-CHAR-STR-VAL{<>);

type: cond-bif-nm CBIF => VAL

t4 eval-l~cond-pv{cpv,< , ,chif>)=

if cpv=QNSQURCE
then
Ieturn(l)
else
{let pos = s-num(cbif (ONCHAR));
returp(ccmp-loc (1,<pos,pos>))))]

type: «cond~pv (ENV OE CBIF) => LOC

Chapter TF4: Conditions
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4 Epablement Status (Cgentext) Functions

15 cur~cond-prefs{t) =
{let <c1,t1> = if

<im-cprefs(t),im-embr-eubl-proc{t)>;

let c2 = extract-cprefs(til);

merge-cprefs{ci,cl})

types text =~> ceond-pref-set

16 im-cprefs(t})=

(let 1 = if is~-prec(t} v is-ex-unit(t)

then
t

else

{let t2 = (Lt2) {is~contained (t2,»)
(is~proc{t2) v is-ex-unit {£2}))
is-contained{t,t2)

= {3 t3}

if t2=pk-ex-unit{ ,

A ~is-contained {t,cnl)

else t2);
if t1=nil then {} glse s-cprefs(tl})

type: text ~> cond-pref-set

Chapter Ft: Conditions
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17 extract-cprefs{t)=
(1t (tem)
then
{let c-default = {mk-cond-pref{cn,ENABLED)} ]

s-cprefs{t),

=
Hil
ter
Q
I

t* = im-embr-eubl-proc{t);
merge-cprefs{extract-cprefs (t') ,cl)}

type:s (ex-unit}proc) =~> cond-pref-set
pre: is—-ex-unit(t) o is-bl (s-prop-st(t))

18 merge~cprefs(c-outer,C-inner}=
{c-inner v {mk-cond-pref(cn,enab} |
mk-cond-pref {cn,enab) ¢ c-outer A

= {mk-cond-pref {cn,DISABLED} e c-inner}})

type: <cond-pref-set <cond-pref-set -~> cond-pref-set

19 im-embr-eubl-proc{t) =

{{Lt*) {is~contained (t',w) A
(is-proc (t') v is-ex-unit{t")) A
is-contained (t,t") I

ig=-ex~unit {t') o

is-bl (s-prop~-st{t")) A
{3 t") (is-contained (t%,r) A
{is-proc (t") v is-ex-unit {t")) a

is-ex-unit (") =

is-bl{s«prop-st{t")) A
is~contained{t,t") ~ is-contained (t",t'} A
£ E tM))

type: text ~> (ex-unit]rroc)

Chapter ¥PlU: Conditions
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20 is-enab(comp-cn,cprefsg)=

(mk-cond-pref{comp-cn,ENABLED) e cprefs)

type: comp-cend-nm cend-pref-set «> 8

Chapter FU4: Conditions
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Contents

5.1 Distributiod
b.2 Qperaticns
.3 Cconversicns

5.4 Translation of Syshol-lists
5.4,1 Concrete Syntax c¢f Constants
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5.5 aAuxiliary Functions

1 eval-cconp-expr{t,r-edd,<env,loe,chbifd) =
let cprefs = cur-cend~prefs{t};
dlet val : eval-expr{t,<env,loe,chifd);
prom-conv{r-edd,val,<lce,chif,cprefs>}

type: expr edd (ENV OF CBIF) => VAL

post: sdd of val is el-sdd (i)
edd of result is r-edd
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2 eval-expr{t,env-ex)=
det <env,loe,chbit> = env-ex,
cprefs = cur-cond-prefs(t);
let env-op = <loe,cbif,cprefs>;
is-const{t) ->
(let mk-const(dte,synbl) = +;
iet vall = symbl-to-val(symbl,is-c~const,env-op};
et sc-edd = if is-arith{dtp)

[

h
glse (lgt mk-str-sdd (tp, ) = dtp;
mk-str-edd (tp,1s-val-1(val?), NONVARYING)};
conv{sc~edd,vall,env-0p))
is-nmd-const-ref(t) -> zretarn{env(s-id(t))}
ig-var~ref(t) ~->
{lget loc : eval~l-var-ref(t,env-ex):
cont (loc}t)
is-cond-bif-nm(t) -> eval-cond-bif(t,chif)
is-non-distr-bif-ref(t) -> eval-non-distr-bif(t,env-ex)
i1s~proc~-fct-ref{t) ->
{let <en-ref.,arg-1> = t;
let <dtpsen-f,lecc-1> : eval-proc-ref(en-ref,arg-1, env-ex);
trap exit{targ) mith
(free-dumsy{arg-1,loc~1):
exit(targ));
let val : en-f{dtp,loc~1,loe,cbif}:
free-dummy {arg-1,loc-1};

is~inf-expr{t} v is-pref-expr{t} v is-distr~bhif~ref (t) ->

(let <op,expr-1> = (gases t :
mk-inf-expr(el,op,e2) => <op.,<el,e2>>
mk-pref-expr (op,e) -> <op,<e>>

mk-~distr~bif-ref {op,argl) =-> <op,argld);
t sdd-1 <el-sdd (t) ,<el-sdd(expr~1[i]) | 1€iflexpr-1>>:
et val-1 : <eval-expr {expr-1{i],env-ex) | 1S€i<lexpr-1>;

I

distrib-op(cpqsdd—l,val-l,env—op))

type: expr {ENV OE CBIF} => VAL
post: sdd of val is el-sdd (t)

Chapter F5: Expressicans
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5.1 _Distribution,

3 distrib-op{cp,<r-sdd,el-sdd-1>,val-l,env-pp)=
cases r-sdd :
mk-array-sdd {r~unit-sdd, ) ->
{let indices~set = {v-indices(val-1{i} | 1€iflel-sdd-1

is-array-sdd (el-sdd~1f i1} };

if (3 indicesl,indices? ¢ indices-set) {indices1 # indices2) then error;
det indices = (Lindices) (indiceseindices-set);
let u-sdd-1 = <r-unit-sdd,

mk~array-sdd (unit-sdd, } ~> unit-sdd
T =>» el-sdd-1{1i])
| 12iflel-sdd~1>>;
let m ¢ [1-1 -+ distrib-op(op,u~sdd-~1,
<{if is-array-sdd{el-sdd-1{i])
then comp-val{val-1{i],i~1)
else val-~1{i]) | 1€£islel-sdd-1>,

env-op) | i-1 ¢ indices];
return (mk-ARRAY-VAL(m)})
mk-struct-sdd (r~sdd-1) ->
(let c-val-1 :
<{lef c-=sdd-1 = <r-sd4d-1{7j],<( cases el-sdd-1{i ]z

nk~-struct-sdd (sdd-1) -> sdd-1[ i3
T => el-sdd-1[i ]
| 1€ i <€ lel-sdd~1>>;

let c-val-l = <{if is-struct-sdd(el-sdd-1[i )
then comp-val{val-i[i],j)
else val~1[i]) | 1Siflel-sdd-1>;

distrib-og{ep,c~sdd~1l,c-val~l,env-op)} | 1£j<ir-sdd-1>:
nk-sc-sdd {r-sdtp} ->
(Let edd-1 = gen-comt~edd{op,el-sdd-1,<if is-STR-VAL (val-1{1i])
then ls-val-l(val-1{i)
, else nil | 1Siflel-sdd-1>);
let conv-val-l : <conv{edd-i[i],val~1{i J,env-op,nil) | 1€iglel-sdd-1>;

apply-and-conv{op,r-sdtp,conv-val~1l,env-op))

type: (inf-op|pref-op{distr-bif-nm) (sdd sdd*) VAL*¥ (OE CBI¥ cond-pref-set)=>VAL
pre: is-array-sdd{r-sdd) = {Zi) (is~array~-sdd (el-sdd-1{i}))
is-struct-sdd(r-=sdd) = (3i) {(is-struct-sdd {el-s5dd-1{i])}
is-sc-sdd (r-sdd) s {¥i) {is-sc-sdd (el-s5dd-1[i}})
sddf{i]) of val~1{i] is el-sdd-1fi]
post: sdd of val is r-sdd
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4 gen-comp-edd(op,sdd=-1,len-1)=
let sdtp-1 = <{lgt mk-sc-s=dd (sdtp) = sdd-1[i];
sdtp) | 1£islsdd-1>;
1s-arith-op (o} ->
<let <b,s> = der-bs(Rsdtp~1};
mk-axith(b,s,conv-prec (sdtp~1[i },b,s)) | 1€islsdtp-1>
ig-compar-op {cp) ->
is-pon~comp~tp(sdtp~1[1]) » is-non-comp-tp(sdtp-if 2]} => sdtp-1
is~arith(sdtp-1[1]} v is-arith(sdtp-1{2]) ->
<let <b,s> = der-bs(ksdtp-1);
mk-arith(b,s,conv-prec(sdtp-1{i },b,s)}) | i£if]isdtp-1>
ig~str-sdd(sdtp-1f{1]) » is-str-sdd(sdtp-1{2}h ->
<mk-str-edd {der~ty(sdtp-1),max (len-1[ 1],1en~1[27) ,NON
} 1<

VARYING)
iflsdtp~-1>

is-SUBSTR(cp) ->

<mk-str-edd (der~tp(<sdtp~1f 11>},
) if is-arith(sdtp-1[1))

et
e
=]

der-char-len{sdtp-1{ 1]}
len-1[ 11},

[l -2l

e
N
1o

intg-te{),
if sdtp-1f 3 )=nj
is-CHAR (op) ->
<mk-str-edd (CHAR,
if is~arith(sdtp-1{17) t

I
[
et
=g
i@
=]
=
I
=

lse intg-tp()>

en der-char-len(sdtp~1[ 1]

h
lse len-1[ 1],

e
1f sdtp-1[2]=pil then nil else iatg-tp()>
is=BIT{op} ~-> .
<mk-str-edd {BII,
if is-arith(sdtp~1{1)) then der-bit-len (sdtp-1[17)
e len-1[1],
if sdtp-1{2)=pil then nil else intg-tp(}>
_____ >
<mk-str-edd {der-tp{sdtp-1},
| if is-arith(sdtp-1[i])

e
U
1
g
[
Ir3
-
0
Z
<
-
i
H
=
oF
=
19
1
=e]
=}
2
1

then der-char~len(sdtp-1{i}])
glse len-1[i}],

NONVARYING) | T<iflsdtp-1>
is-VERIFY{op) v is-INDEX(op} v is~TRANSLATE (op) ->

<mk~-str-edd (CHAR,

if is-arith (sdtp-1[i]) then der~char-len(sdtp-i])
else len-1{1i},
NONVARYING) | 1siSlsdtp-1>
is-ARD(op) Vv is-QB{op)  ->

Chapter F5: Expressicns
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{let J = pax{if is-arith{sdtp-1{ 1]} 0 der-bit-len (sdtp-1{1])

e len-1{11,
der~bit~len {sdtp~1[ 21}

if is-arith(sdtp-1l{2 ) n
se len~-1{2});

15-BOOL (op) ~>
{let j = pax(if is-arith(sdtp-1{1]

der~bit-len {sdtp-1[1])
len-1[ 11,
der-bit-len(sdtp-1[21])
len-1{21;

|+

[iul L= Ll |8

W @ in ke
=

(1= ]

if is-arith{sdtp-1[2]}

0 e+ @

o]

<mk-str-edd (BIT, j,NCNVARYING) ,
mk-str-edd (BLT,j,NCNVARYING) ,

15-NOT (0} ->
mk-str-edd(BIT,if is-arith{sdtp-1{1]} der-bit-len{sdtp-1{ 1]}

i
g len-1[ 1]},

tyne: (inf-ocp | pref-op | distr-bif-nm) sc-sdd* [intgPr -> sc-eddxk
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2.2 Operations

> apply-and-ccav{og,r-sdtp,val-l,env-op)=
is-coempar-op {(cp) ->
(let b = ccnpar {op,val-1);
let bit = if b thep 1-BIT else 0-BIT:

return(mk-BIT-STR-VAL {<bit>}))

T =>
{let opd-1 = <if is-NUM-VAL({val-1fi])
Lthen s-num(val-1[i})
else {(let mk-STR-VAL({ } {str) = val-1[i};

str}) { 121 2 1lval-l>;
is-arith-og{op} =>
{let num : num-res{op,opd-l,env-op);
arith-reg{num,r-sdtp,env-op,nil))
is-string-cy{ofp) ->
{let str : it is-substr-class(op)
then substr-res(op,opd-1{ 1}, topd-1,env-op)
glse return(string-res(op,opd-1)};
let mk-str-sdtp(tp,maxl) = r-sdtp;
is~-mix-cp{cE) -2
{let num = mix-res{or,opd-1):

type: (inf-op | pref-op | distr-bif-nm) Sc-comp-tp SC-VAL¥
(OE CBIF cond-pref~set) => SC-VAL

6 arith-op = ADD | SUBT | MULT | DIY | PLUS | HINUS { BIN | DEC | PREC | ABS
FI¥ | FLOAL | HAX | MIN | HOD | SIGN | FLOOR | CEIL
compar-op = GI1 | GE | 5Q | BE { LE | LT
8 string-op = CAI | substr-class | TRANSLATE | BQOL | NOT | AND | OR
nix-op = LENGTH | VERIFY | LNDEX
10 substr-class = SUBSIR | CHAR | BIT
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11 num-res{op,num-li,env-op)=
ope {BIN,DEC,EFLI,EIX,PREC} ~-> return(num-1[1})
ope {HIN, HAX} ->
{let num = {Lv) {(3ie{1:lnum-1}) {v = num-1[i]
{(¥je {1:1num~1}) {op = MAX > v 2

op

>

nan-1f 47 ~

>
> v < nun-1f3id;

I
Iz |
ot
tam |

ope (ADD, SUBT,MULL,DIV,PLUS, MINUS,ABS,NOD,SIGN, FLOOR, CEIL} ->
lnum-1 = 1 =->
{let nunm = num~-1{1];

PLUS ~-> returp( nun )

HINUS -> returr{ -num )
~> return( abs{nun})

B3
ELL =~> return( ceil (num})

ELOOR -> return( floor (num))
SIGE =-> return{ sign(num)))
Inup-1 = 2 ->
(let <numl,num2> = pum-1;
cases Of

-> zeturn( nuaml + num2 }
-> return{ numl - num2 }
-> return{ numl * nupm2 }
=> if num2+0

then return (numli/nun2)

else (lgt <loe,cbif,cprefs> = env-op;

raise~cond (ZDIV,is-enab (ZDIV, cprefs) ,<loe,chif>))

MOD  -> if num2#0

type: arith-op NUM*(0OE CBIF cond-~pref-set) => NUH
BASIS~11; optionally raises FOFL | OFL | UFL before the evaluation of the
matheratical value {ref: 9.4.4.45, step 2, case 2Z.1)

Chapter FS: FExpressions
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12 arith-rep(nun,rdd,env-op,size)=

let <loe,cbif,cprefs> = env-op;
iet mk-arith({base,scale,mk-prec(nod,scale-£f)} = rdd;
iet b = (if base = DEC thep 10 glse 2),
det <cond,p> = if size = SIZE than <SIZE,nod> else <FOFL,nn (base,scale)>:
scale = FIX ->
{let numi = (bt - scale-f) * floor{abs{num) * btscale-f) * sign{nun);
if abs(numl) < bt {p - scale-f)
then return (ok-NUM-VAL{rdd,numi})
¢lse raise-ccnd (cond,is-enab{cond,cprefs),<loe, cbif>))
scale = FLT ->
{let num® = if num ¢ intg A abs(num) < b ¢t nn (b, FLT)
then nunm
else aprrox(num,rdd);

type: NUY arith (OF CBIF cond-pref-set) [SIZE] => NOH-VAL
BASIS-11: conversion to FIX is implementation defined(9.5.1.2,case 3.2)

13 approx(x,dd)=

/*
Vi

/*

type:
note:

impl. def. %/ ~> raise-cond(QFL,is—-enab (OFL, cprefs),<loe,chif>}

impl. def, #*/ ~> {raise-cond (JFL,is-enab(UFL,cprefs},<loe,cbif>):
return (0))

impl. detf. */ ~> return{ /* inpl. def, */ )}

NUM arith => NUM

test and result deperds only on x and d4.

Chapter F5: Expressicns
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14 combar(op,opd-l}=
15-ENTRY-VAL-list{opd-1) v is-LAB~VAL-list(opd-1) v is-FILE~VAL~-1ist (opd-1)->
{let <opdl,cpd2> = cpd-1;
£asesg op 3
EQ ~> «cpdl = opd2
NE -> opdl # opd2)
is~PTR-VAL-list(opd-1)}) ->
{let <opdl,ord2> = opd-1;:
if opdl # NOLL-PTR A~ (¥ lelocs (S)) {addr (1) # opd1) v
opd2z # NULL=PIR ~ (¥ lelocs({S)} (addr(l) # opd2) then error:
cases op i
B¢ => c¢pdl = opd2
NE => «¢pdl £ opd2)
1s~-NUM-VAL-1list {opd=~1) =~>
{let nk-RUN-VAL{ ,numl) = opd~1f{ 1],

nk~NUH=-VAL( ,num2) = opd-1f2];
£ases op:
EQ ~-> num? = num2
NE -> »naml # num2
LT -> num?1 < num2
LE ~-> npaml £ num2
GE -> numt Z nun2
GT ~> pumi1 > nun2)
is-STR-VAL~list({opd-1) =>
{let mk-STR-VAL( ) (stri) = opd-1{1],
mk~STR-VAL{ ) (str2) = opd-1[21;

et i = first({k | 1sksglstrt = stri{k#ste2[k }) ;
is=-BIT-VaL~list(<str1,str2>} ->

(i =0 -> op = EQ v op=CEVop=LE
stri[i] = 0=BIT -> op = NE v op = LE v op = LT
stri{i] = 1zBIT ~> op = NE v op = GE v op = &I)

is~CHAR-VAL-1list (<strl,str2>) ->
(1 =0->0p=1H) vop=gEVvop=LE
i #0 -> (let ki=first{{k | 1SkSICOLL~SEQU (} a str1{1i}=COLL-SEQU }{k}}).
k2=first({k ]| 15k<1COLL-SEQU() ~ str2[i}=COLL-SEQU (}{kT});
k1 < k2 =~> op=LEV op = LT v op = NE

k1 > k2 =-> op=¢GEvVvop=20GTv op = REY))

type: compar-op SC~VAL?2 -> B

Chapter ¥5: Expressions
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15 substr-res(op,str,nup-l,env-op)=
op = CHAR v op = BIT ->
(let nup = if nup-1 = <> then lstr else num-1(1];
if num < O thepn error;
return(<{if i £ lstr
thep strii]
glse if op = CHAR then hlank-SYMBOL else 0-BIT} | Ifi<num>))

op = SUBSIE ->

ot e

(let ind = pum-1[1]};
det length = if 1lnum~1 = 1 then lstr-ind+1 else num-1f2];
if 0 £ ind - 1 € ind + length ~« 1 5 lstr
then return(<strf{i} | ind s i < ind + length - 1>)
else(let <lce,chbif,cprefs> = env-op;

raicse-~ccnd {STRG,is-enab (STRG,cprefs),<loe,chif>}}))

type: substr-class CHAR-VAL¥ NUM¥ (OE CHIF cond-pref-set) => CHAR-VAL* |
substr-class BIT-VALX NUM* {CE CEIF cond-pref-set) => BIT-VAL¥
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IBHY LAB VIENKHA F5-11 TR 25.139

16 string-resf{op,str-1)=

cases op:
BOT -> <(if str-1{1,i] = 1zBIT then 0-BIT else 1-BIT) | 1Siflstr-1 1>
CAT -> gonc(str-1)
AND  -> <({if str-1[%,i] = 1-BIT ~ str-1(2,i] = 1-BIT
then 1-BiI
glse 0-BIT) | 1Sislstr-1[1Dp
OR  ~> <(if str-1{%,i] = 1:BIT v str-1[2,i] = 1-BIT

en
se 0~BEIT) | 1<gi<lstr-1[1)
BOOL ->

{let <strl,str2,str3> = str-l;

<str3[ (if stri[i) = 1zBIT then 2 else 0} +(if str2[i} = 1-BIT

then 1
else 0) +1] | 1<i<istr1d)

TRANSEATE ->
(Let str-11 = if lstr-1 = 2 then str-1 = <COLL-SEQU () > else str-1:
let <strl1,str2,test-str> = str-11;
<(let 3 = first({fk | 1sisfltest-str A str1{i} = test-strfk}})
if 7 = 0 then =str1fi] else str2[k]) [ 1£i€lstr1>)

type: string-op (CHAR-VAL*)% ~> CHAR-VAL®* |
string-op (BIT-VAL*)* -> BIT-VAL%®
pre: for AND, OR lengths will be equal,
tor BOOL lstrt = Jlstr2 a lstr3 = 4.

17 mix-res(op,str-1}=

op = LENGIH ~> lstr-1[1)
op = VERIFY v op = INDEX ->
(et str1 = str-1{1),

str2 = str-1{2)];
first{{k | tskslstrt ~ (¥jefl:lstr2})
(f op = VERIFY

then stri{k] + str2{j}
elge strifk+j-1] = str2{jhi)

type: mix-op {(CHAR-VAL*®)* | (BIT-VAL%)¥) =-> intg

Chapter F5: Expressions
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14 eval-non-distr~bif{t,env-ex)=

mnm
nm
nm

D

nm

nm

type:

t mk-nen-distr-bif-ref{nm,arg-1l) = t;

<,lce,cbif> = env-ex;
env-op = <loe,chif,cur-cond-prefs{t) >;
= DIM v nm = HBOUND v nm = LBOUND ->
(let <ag,d-expr> = arg-1;
let 7§ : s-nun (eval-comp~expr (d-expr,intg-tp {} ,env-ex)):
2j=1s~bpl {el~sdd {ag)})
t ag-loc : eval-l-var-ref (ag,env-ex);
mk-ebp(lbd,ubd) = s-bpl (l-edd (ag-loc})[ i];
aue = (oM DIy => abd - lbd + 1t

nm = HBOUND -> ubd

nm = LBGQUND -> 1bd ):

il

!
B 13 g b=

-2
t ag = arg-1f1];
et ag-loc : eval-l-var-ref (ag,env-ex);
if is-~ccnn{ag-log)

o
[er 12

= = =l e
i

ag = arg~1{1};
nk~sc-sdd {ak-str-sdd (tp-t,L}} = el-sdd(t}:
ag-val : eval-expr{ag,env-ex);

o)

}m o
[ I e P O P [t

i e

str-ag : ccnv-te-str-ag (tp-t,el-sdd (ag),ag-val,env-op);

1D

str = concat{str-ag,el-sdd{aq));
rn{amk-STR~VAL{tp-t) {(str)})
E -> return{mk-CHAR*STR~VAL{CQLL“SEQU())}

I~

e !
£
]

non-distr-bif-ref (ENV OF CBIF) => SC-VAL
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19 conv-to-str-ag(tg-t,=dd-s,val,env~op)=
cases sdd-s:

type:

mk-struct-sdd {sdd-1) =~>

Leturn{mk-STRUCT-VAL (<conv-to-str-ag{tp-t,sdd-sf{i], comp~-val(val, i},
epv-op} ] 1 £ i £ 1sdd-1>))

nk-array-sdd (unit,bp) ->

return (mk-ARRAY-VAL {[indl - conv-to-str-ag (tp-t,unit, comp-val(val, indl},

eny-op) | indl ¢ v-indices (val) ]})

mk-sc-sdd {sdtp) ->

let edd = mk~str-edd{tp-t,if is-arith (sdtp)
hen der-char-len (sdtp)
lse Is-val~l(val) , NONVARYING):

conv {edd,val,env-cp)

str-tp sdd VAL (OFE CBIF cond-pref-set} => VAL

20 concat {str-ag,sdd) =

cases sdd :

type:

mk-array-sdd (unit-sdd, ) ->

{let list = v-ordered-indices (str-ag) ;
<concat(comp-val (str-ag,list{i]},unit~sdd) | 1<isllist>)

nk-struct~sdd (=d4d) ->
gonc {<concat(comp-val(str-aqg,i},sdd[t]) | 1€i<lsdd>)
mk~sc-sdd {sdtp) -> s-val-l (str-agq)

VAL sdd -> {(CHAR-VAL®* | BIT-VAL%®}
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21 prom-ceny (t-edd, v,env-op) =
cases t-edad:
nk-struct-edd {t-~edd-1} ->
{let val-~1:{if is~STRUCT~VAL (v)
then <prom~conv(t-edd—l{i},comp-val(v,i),env-op)11Si$;t~edd~l>
else <prom-conv (t-edd-1fi],v,env-op) | Kiclt~edd~1>)

mk~array—edd(unit~edd,t*ehpj ->
flet m: (if is-AKRAY-VAL({v)
then (if v-indices({v) = indices (t-ebp)
thep [ind-1 - prom-conv(unit—edd,comp-val{v,ind-l),env~op)

} ind—leindices(t~ebp)]

£lse [ind-1 - prowg-conv{unit-edd,v,env-op)
| ind-1 ¢ indices(t-ebp) )3
Ieturn {(mk-ABRRAY~VAL{m}))
T -> coenv{t-edd,v,env-cp)
type: edd VAL {(CF CBIF cond-pref-set) => VAL

pre: shape ¢f v must be promotable to shape of t-edd
Post: val e values{t-edd)

22 conv(dd,val,env-cg)=
is-non-comp-tp{dd) ~-> returm(val)
igs~arith{dd} ->
(iet nunm :
(cases val:
mk-NUM-VAL {(tp, num) ->  nun
mk~-CHAR~STR~ VAL {symbl} -> s-num(symbl-to-val(symbl,is-c-num—str,env-op))
ak-BIT-S5IR~VAL {bit-1) => digitl-to-intg (bit-1,2));
arith-rep(nuh,dd,env-op,§1§§))
is~-str-edd {dd) =->
{s~tp(dd)
s-tp {dd)

BIT =-> conv-to-bit(dd,val,env-~op)
CHAR -> conv-to-char {(dd,val,env-op))

i

type: sc~edd SC-VAL (QF CBIF cond-pref~set) => SC-VAL
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23 conv-to-bit{e-str,val,env-op)=
let symbl:
{is-STR~VAL (val) =->
casgs val :
rE=BIT-STR-VAL (bit-1list) ->» bit-list
mk-CHAR-STR-VAL {symbl) ->
{let symbl1 = test—and-correct~bit-str(symbl,env-op);
<{Lf symbli{ k] = OG-SYNBOL then Q-BIT else 1-BIT) | 1€k<1lsymbl 1>}
1s-NOM-VAL {val) ~->
{let p = s-ncd(ccnv~prec(s-tp(val),g;g,g;g)};
tdd = mk“arith(ggg,ggg,mk-prec(s-nod{p],O));
conv-val : cenv(tdd, val,env~op,) ;

num = abs{s-num({conv-val}};
(Lf pod (floor{num / 2% (p-i)),2) = ©
en 0=BIT

h
lse 1-BIT) | 1<i<pd}};

b
symbl > s-maxl(e-str)
hen (let <ce,chbif,cprefsy> = env-op;
raise-cond(§$§§,is-enab(gggg,cprefs),<oe,cbif>);
<symbl[k] | 1 $k = ls-maxl {e~str)>)
glse symbl;
let adj-symbl : if s-vary(e-str) = NONVARYING
then
<{if k < lsynblt*

then symble[k]
glse 0-BIT} | 1<k$s-maxl (e-str)>

glse symble;
Leturn(mk=-STR- VAL (BIT) {adj-symbl))

type: str-edd VAL (OE CBIF cond-pref-set) => STR-VAL

Chapter F5: Expressions
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24 test-and-correct-bit-str(symbl,env-op)=
det 1 = first{{ k | ~(symbl[k] ¢ {0-SYMBOL, 1-SYNMBOL)});

i=0
then return(syebl)
glse
{let <oe,cbif,cprefsd> = env-op;
1et mk~CHAR-STR-VAL(symbl?) = raise-conv(is-enab(gggg,cprefs),

<mk~CHAR-STR~VAL(symbl),i,g;;),(oe,abif));
test-and-correct-bit-str(synbl',env-op))

type: symboi* (QE CBIF cond~pref-set) => (0~SYXBOL ] 1-SYMBOL)*

Chapter F5: Expressicns
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25 conv-~to-char(e-str,val,env-op)=
let symbl =
cases val :

mk~BIT-STR-VAL (bit~1ist) ->
<(if bit-list[k]=0-BIT then 0-SYMBOL else 1=SYMBOL) | 1 € k € lbit-list>

mk=~CHAR-STR- VAL (synbl) -> symbl

nk-NBM-VAL {mk-arith(b,s,p), } ->
{(let dec-prec = (if b = BIN then conv-prec(s-tp({val),DEC,s) else p):

[
(]
ot

dd = mk-arith (LEC, s,dec-prec);

o | [ T |
I 1o It
fet Bt et

num = g~num(conv{dd,val,env-op));
sk-prec{dp,dqg} = dec-prec;
syrbl =

t 1= {Le) {10te < abs(nun) < 10% (e+1});
(bsymbleterm~str{c—prop-num—str))(3val1eﬂUﬂ—VAL)
{let mk-NUM~VAL({mk~arith(b1,s1, mk-prec(dp1,)),nunl)=vall;
abg(numl - num) < 5%(10%t(e-p)) ~
<b1,s51,dp1> = <b,s,dp> »
vall = symbl-to-val(symbl,is—c-prop-num«str,env-op) A
normalized (symb,dp,num1}))})
else {Usymbleterm-str{c-prop-num-str})
(val = symbl-to-val(symbl,is-c-prop~num-str,env—op) )
correct-prec(symbl,dp,dq}) )}
mbl':z
lsymbl > s-npaxl(e-str)
then (let <ce,chbif,cprefs> =env-op;
raise-cond ($TRZ,is-enab (STRZ,cprefs) ,<oe, chif>);
<symbi[k] | 1 € k £ 1ls-maxl (e-str)>)
else symbl; .
let adj-symbl : if s-vary(e-str) =NONVYARYING
k € lsyabl?
hen symbl'[k]
lse BLANK) | 1sk<s-maxl {e-str) D)
e symbl?;
R) (adj-synbl})

type: str-edd VAL (OF CBIF cond-pref-set) => VAL

Chapter F5: Expressions
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Iranslation _of Symbegl-Lists

=1 __Concrete Syntax cf Constants.

26
27
28
29
30
31
3%

c~const
¢-char-str
c-string~spec
c-pit-str
bin~digit
c-num-str
c-blanks
c-prop-num-str
c~sS19gm
¢c-arith-const
c-pin-congt
c-bin-num
¢-bin-rat-num
c-bin~intg
c-scale
c-dec-const
c~dec-numn
¢c~dec-rat-pun
c~intg

c-scale-type

e
Y

)
L 13

(1]
4

"
[T

* 4
1Y) ae

“
aa

L]
8

N "
s

ks

i

c-char-str | c-bit~str | c-num-str

{(any symbol except !'=-SYMBOL) |

0-SYHBOL | 1-~SYMBQL
c-blanks | c-prop-num=-str
BLANE®

{c-blanks] [c-sign] c-arith-const [ ¢c-blanks]
+-SIMBCL | -=S5YNMBOL
c¢~kin-censt | c-dec-const

c-scale-type [c-sign] digit+
c~dec-num {c-scale]

¢-intg | c-dec-rat-nun
digit* s-SYMBOL digit+

2..Parsing and_ Translation of Symbol-lists.

46 symbl-to-val(synbl,pred,env-cp)=

Chapter F5:

let
lgt

is~c-char-str (const)
is~c¢~bit-str(ccnst)
is=c-nun-str{const)

type: symbol* (c-const ~> B}

post: pred =

pred =

<oe,chif,cprefg> =

Exrressicns

env-op;

consts parse(test-and-correct (symbl,pred,env-op});

-» basic~char~val (const)
~«2> basic-bit-val {const)
~> basic-num~val({const)

{OE CBIF cond-pref-set} => VAL

ig-c~const » is~SC-VAL(val)
is~c~num-str = is-BUM~VAL (val)

25,139
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47 test-and-correct(symbl,pred,<ce,chbif,cprefsy) =
det n = wreng-fos (symbl, pred) ;
n+#0
then (let mk~CHAR-STR~VAL(new-symbl) : raise-conv(is-enab (CONV,cprefs),
<mk—CHAR—STR-VAL(symbl},n,g;;>,<oe,cbif>):
test-and-correct (new-symbl,pred,<oe,chif,cprefs>))

if

else return(syrbl)

type: symbol* (c-const -> B) (OE CBIF cond-pref-set) => symbol¥

48 wrong-pos(symbl,pred)=
Birst({i | (7 £ i < 1syshl A (¥ ¢ ¢ c-const, 1 e syabol-list)
{pred(c} = term-str{c) # <symbl[k] ] 1€k<€i>=1)} v
{ i = lsymbl A(V¥ c) {pred{c) » term-str(c) # symbl))}}

type: symbol* (c-const -> B) ~->» intg

49 parse(sSymbl)=

(Lc-const) {is-c~ccnst (¢c-const) A term-str{c-const) = symbl)

type: symbol* =-> c-const

Chapter F5: Expressions
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S0 term-str{c)=
is-c-char-str(c) ->
(let mk-c-char-str(gu,str-spec,unqu} = c;
<qu> " comc (< (if str-spec[k] = <’=SYMBOL,!-SYNBOL>

then <!-3YMBOL,'-SYMBOL>
elge <str-specfk]> } 1 £k £ lstr-spec>») = <ungu’)
is-c-bit-str{c) ->
{iet mk-c-bit-str(qu,bit-list,unqu,b) = c;
<gqu>~hit-list™<ungu,b>)
is-c-num-str{c} «>

if is-c-blanks ()

then ¢
elsg
{iet mk-c-prop-num-str{bll,sign,arith-const,bl2} = c:
bl1~
{if sign = pil then <> else <sign>)~
(if is-c-bin-const{arith~const)
then
(et mk-c-bin-const(bin-num,scale,b-symb} = arith-const;

if is-c-bin-rat-num {bin-num)
then
{let mk-c-bin-rat-num{intg-part,point,fract-part)=bin~num;
intg-part™<point>"fract-part)

{lef vk-bin-intg (intg-part,point);
intg-part™ (if point # pil them <point> else <>))"
if scale = pil
then <>

(let mk-c-scale {scale-type,sign,digitl)

scale;
<scale-type>” (if sign = nil then <> else <siga>)~digitl)"

<h-symb>)

else
{let mk~c-dec-const(dec-num,scale) = arith-const;
if is-c-dec-rat-num {dec-num)

then
{let wk~c-dec-rat-num(intg-part,point,fract-part)=dec~nun;
intg-part”™<point>“fract-part)
else
{let mk-c-intg(intg-part,point) = dec-num;
intg-part” (if point = nil then <> else <point>))~
if scale = nil
then <

Chapter F5: Expressicns
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{let mk-c-scale(scale-type,sign,digitl) = scale:
<scale-type>” (if sign=pil ther <> glse <sign>)~digitl)))"
b12}

type: c-const -> symbol*

51 basic~char-valic)=
let mk-c-char-str{ ,symbl, )

4

<3

iet new-symbl = <if symbifk] = <!-SYMBOL,'-SYHNBOL>
then '-SYMBOL
else symbl{k] | ISkslsymbld>;

mk-STR~ VAL (CHAR) {new-synmbl)

type: c-char-str -> STR-VAL

52 tasic-bit~val{c)=

let mk-c-bit-str( ,symbl, , ) = c;

let bit-list = <(if symbl[k)=0-SYMBOL then 0-BIT else 1=BIT)| 1 < k < lsymbly;
mk-S59R~ VAL (BLT) {bit~1ist)

type: c~bit-str -> STR-VAL

53 basic-num-val{c)=
if is-c~blanks{c)
then nk~NUH-VAL (mk-arith (DEC,FIX,nk-prec(1,0)),0)
else (let mk-prop-num-cstr( ,sign,const, } = c:

let s = if sign = z-SYMBOL then -1 glse +1;
let abs-val = if is-c-bin-const(const) then basic-bin-val(const)

else basic-~dec-val{const};
iet mk-NUM-VAL {mk-arith (b,s,p,num}j) = abs-val:
mk-XUM-VAL (nk-arith (b,s,p),s * num))

type: c-num-str -> NUN¥-VAL

Chapter F5: Expressions
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54 basic-bin-val(bc)=
let mk-c-bin*ccnst(num,scgle, ) = bc;
det <i,f> = (if is~c~bin-intg{num)
then <s~-bin-digit~list{num),<>>
else <s-bin—digit—1ist-1(num),s*bin~digit-1ist-2(num)));
let <sign,exp> = (if scale = nil
then <pil,<>>
else <s-c-sign(scale),s-digit~list{scale)>}:

iet nueml = num-val(i,f,sign,exp,2):
iet <sc,prec> = (if scale = nil v s-c~scale-type{scale) = F-SY¥BOL
then
{let s = if sign = -zSYNBOL then -1 else 1,
let scale-val = if scale = nil

else num-val (exp,<>,nil, <>, 10);
<FIX,mk~prec(li + L£f,1lf + s ¥ scale-val)>)
e <ELI,mk-prec(li + 1f,nil)>);

gls
BIN,sc,prec)  numt)

mk-HUM~VAL (mk-arith{

type: c-bin~const ~> NOM-VAL

5% basic-dec-val(dc)=
/% analog to basic-bin-val %/

type: c~dec-const -> NOM-VAL

56 digitl-to-intg{dl,b)=
dl = <> -> ¢
T -> (cases hdl:

9-S¥#BOL -> 0, Q-BIT -> O,
1-SYKBOL -> 1, 1=BIT -> 1,

2-SYMBGL -> 2,

SYMBOL -> 9) * bt (ldl-1) + digitl-to-intg(tdl, b))

type: (symbol* | BIT-VAL¥) (2 | 10) ~> NOM
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%7 normalized{syrbl,p,nuom=
isymbl = der-char-len(DEC,FLT,nk~prec{p,nil)) »
(Y1 e {2} v {4:p+2} v {pt5:p+SIZE-EXP+4}) (is-digit{symbl{i]))
A is-c-sign{sysblfp+l4]) ~

(if oum = U thep symbl{2] = Q-5YMBOL else symbl{2] # 0-SYNBOL )

type: symbol¥* intg WUM -> B
note: SIZE~EXP denotes the impl-def length of the exponent-fielq,

58 correct-prec{synmbkl,p,q}=
1synbkl = der-char-len{mk-~arith(BEC,FIX,mk-prec(p,q)} »

(vie {(2:max(i,p-g-2)}) (symbl[i] = 0-SYMBOL =

(3je {1:1-1}) (is-digit(symbl[j]) ~ symbi[j] # UzSYMBOL)) ~
{0<gsp - => symblfp+3-g] = s=SYHBOL

g =0 -> is-digit(symbl{leymbl])

g<f v p<g => dis-c-sign(symbl{p+3]} A

digitl-to~intg(<symbi[k] | p+4£k<lsymbl>, 10) = abs (q})

type: symbol* intg intg ~> B

59 num-val(i,f,s,e,b}=
let s* = if 5 = ~=-SYMBOL then -1 else +1 3
{digitl-to-intg(i,b) +
digitl-to-intg{f,h) * b ¢t (-1f * b t 5" x digitl-to-intg{e, 10})

type: symbol® syszbol* [+~SYMBOL | -~-SYMBOL] symbol* intg > NOUM

5.5 Auxiliary Fumctipns.

60 integer (i} =
mk-NUON-VAL {intg-tgp{) .1}

type: intg -> HNUR-VAL

Chapter F5:

TR 25.139
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61

62

63

bi

65

6o

first{intg-set)=

if intg-set = {} then 0 glse {Li e intg-set} (¥j e intg-set) (i

type: intg-set -> intg

type: NUN -> NODHA

floor(x)=
x - mod{x,1}

type: NUM -> intg

ceil {x)«=

x + mod(~x,1)

type: NUM ~> intg

intg-tp() =

type: <> -> arith

F5-24

<

1)

TR 25.139

note: the number of digits is not necessarily the same for all activations

of intg-tp.

COLL-SEQU() = /% impl def %/

type: -> CHAR-VAL*
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67 sign{x)=
x>0 ->1
¥x=0=>70
<0 =-> -

type: NUH -> (-1 1 0] 1)

b8 der-tp(sdd-1}=
(Vv i ¢ {1:1sdd-1}) {sdd-1{i] = Rk~str-sdd {BIT,*))
-> CHAR

T

type:

sc-gdd*  ~-> str-tp

69 der~char-len(arith)=
iet mk-arith(b,s,prec) = arith;

let mk-prec{p,q) = conv-prec (arith, BEC, 8) ;

s = FIX

if 0

th

el

s = ELT
type:

->

-> BIT

{let n = {Ln e intg) {10¢n < abs{q) < 10t(n+1)};

ptont 3
~> p+SIZE-EXP+l4

arith -> intg
note: SIZE~EXP denctes the impl-def length of the exponent-field,

70 der-bit-len(arith)=
det mk-prec(p,q) = conv-prec(arith,BIN,FIX);

P

type:

arith

-> intg

Chapter P5:
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1 ipnt-io-st(st,env-st) :

(is-open-st(st) -> SREE int-open-st (st,env-st), kK /
is~-close~-st(st) -> L int~close-st(st,env-st}, *kk /
is-get-st{st) -> SRk int~get~st (st,env-st}, *kk /
is-put-st{st) -> SERE int-put-st (st,env-st), *kk s
is~read-st(st) -> S EEk int-read-st (st,env-st), *KK /
is-write-st(st) -> VAL, int-write-st(st,env-st), kkk s
is-locate~-st{st) -> SRR int-locate-st{st,env-st), *ik s
is-rewrite-st (st) -> VAL int-revrite-st (st, env-st), Rk k /
is-delete-st (st) -> S ¥k int-delete~-st{st,env-s51)) *k ok /

type: 1lo-st (ENV OFE CBIF) =>

2 put-page (uid) :
SEEE outrut-stream-iten (PGMRK, uid) L 7

type: aid =>

Chapter F6: Inputs/output
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