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Chapter 1
INTRODUCTION

This report contains the operational semantics for the AVA subset of Ada 95. The informal
description of this subset can be found in the Reference Manual [Smith 95].

1.1 Notation

Here isa summary of the syntax used in this document in terms of the official syntax of the Acl2 logic.
1. Variables. x, Y, z, etc. are printed in italics.

2. Function application. For any function symbol for which special syntax is not given
below, an application of the symbol is printed with the usual notation; e.g., the term (f n
X y z) isprinted asfn(x, y, 2. Note that the function symbol is printed in Roman. In
the special case that ‘c’ is a function symbol of no arguments, i.e., it is a constant, the
term (c) is printed merely as c, in smal caps, with no trailing parentheses. Because
variables are printed in italics, there is no confusion between the printing of variables and
constants.

3. Other congtants. t, f, and nil are printed in bold. Quoted constants are printed in the
ordinary syntax of the ACL2 logic, in a ‘typewriter font.” For example,’ (a b c) is
still printed just that way. #b001 is printed as 001,, #0765 is printed as 7654, and
#xa9 isprinted as a9, representing binary, octal and hexadecimal, respectively.

4.(if x y z) isprinted as
if X theny elsezfi.

5.(cond (test1val uel) (test2val ue2) (t value3)) isprinted as
if testl then valuel elseif test2 then value2 elsevalue3fi.

6.(case x (keyl answerl) (key2 answer?2) (otherw se default)) is
printed as

case on x. case = keyl then answerl case = key2 then answer2 otherwise
default endcase.

7.(let ((varlval 1) (var2val 2)) form isprintedas
let varl bevall, var2 beval2in form.

8. (let* ((varlval 1) (var2val 2)) form isprinted as
let* varl bevall, var2 beval2in form.

9.(forall (xy) (px)) isprinted as
Oxy: p(X).



10. (exi sts (xy) (px)) isprinted as
0%, y: p(x).

11. (not x) isprinted as
- X

12. The remaining symbolsthat are printed specially are described in the following table.



ACL 2 Syntax

Conventional Syntax

t

t

f

f

nil nil

(It xvy) X<,y

(le xvy) X<,y

(gt x ) x>,y

(ge x y) X2,y
(union-theories x vy) xOdy
(set-difference-theories x y) xlessy
(intersection-theories x y) Xny
(congruent x y) x dy
(or xvy) x Oy

(and x y) xQy

(* xy) xxy

(- xy) X-y

(+ xy) X+y
(union x vy) xOdy
(remai nder x vy) xmod y
(I xy) X1y

(iff xvy) X oy
(implies x vy) X oy
(append x vy) xX@y
(menmber x y) xdy
(>=xy) xzy

(> xy) x>y

(<= xy) X<y

(< xy) X<y
(lessp x vy) X<y
(greaterp x vy) X>y
(geq x ) X2y

(leq x vy) X<y

(e0-ord-< x vy)

X<Sy




ACL 2 Syntax Conventional Syntax
(equal x vy) X=y
(=xy) X=,y
(eql xy) X=,Y
(eq x y) XZeq
(not (nember x y)) xOdy
(not (equal x vy)) XZ£Yy
(not (= xvYy)) XZ.Y
(not (eql x vy)) X%,y
(not (eq x vy)) XZeqY
(mnus x) - X
(1+ x) 1+x
(zerop x) x [0
(nunberp x) x ON
(1- x) x-1
(not (nunberp x)) x ON
(top-as x) X41]
(top-vs x) X
(top-es x) Xg1]
(clock x) X
(as x) Xy
(vs x) X,
(es x) Xa
(length x) [
(len x) [
(abs x) x|

A superscript "*" indicates repetition and may be used to indicate a list of components, decl”, or a
. . O
function that acts on alist of arguments,| (I, env)

Multiple values may be set or returned. We use [3, ..., z[to indicate such cases.
Lists are composed using square brackets, eg.[ x, 1,[ vy, z] ].

Lists are composed using square brackets, eg. [ x, 1, [y, z] ]. Literal symbols and lists are quoted
with"™'" e.g. '*constraint-error*,’[ a, b, c].



Most semantic operations have two components, an exception check and a modification to the
environment. In the ACL2 logic we capture this notion using functions that return multiple values.
We present a sequence of such forms by an ‘ilet’ indicated by { form* }. An‘ilet’ returns two values,
an exception and an environment.

Anilet' has a procedura flavor, even though an n element 'ilet’ simply expands into an n element-
deep nested structure of | et ’s. The‘ilet’ subforms are required to return a pair of values consisting of
an exception and a new environment, which are bound to the variables, exc and env, respectively. The
only exceptionto thisisthe ‘*:="" operation.
‘ilet’ =={ form* }
form== &, b0
exception (pred, [fail]) |
check-assert (pred, [out], [in]) |
check-asserts([out], [in]) |
args:=form; |
expr

args == symbol | Osymbol* O
Inan‘ilet’ context, these forms are interpreted as follows.

A simple expr must return two values which are bound to [énv, excCbefore the next form isinterpreted.

exception(form, fail) evaluates form. If not t in the current env, then we continue, otherwise we exit
the‘ilet’ with the multiple value, fail. Fail defaults to (form, envll

check-assert(form, [instate], [outstate]) interprets form with respect to the instate and outstate value
stacks. If t, then we continue, otherwise we exit the ‘ilet’” with the exception, *logical-error*.

check-asserts([instate], [outstate]) checks the elements of the current assertion stack with respect to
the instate and outstate value stacks. If all aret then we continue, otherwise we exit the ‘ilet’ with the
exception, *logical-error*.

assert1(form) adds form to the assertion stack.

asserts(forms) appends forms to the assertion stack.

a := form binds a to the value returned by form.

(8, ... 1= form does a multiple-value bind of [&, ... z[ko the values returned by form.

If after the evaluation of any element of { a ... b }, the variable exc becomes non-false, we return

[éxc, envl] For this reason you will sometimes see the exception compontent of a form bound to exc2
so that we can handleit explictly in the semantics.



1.2 Noteson the Implementation

Mutual recursion is difficult to reason about. So, we avoid it whenever possible.

The environment, env, consists of three stacks of stacks: the entry stack, the value stack, and the
annotation stack.

The entry stack holds declarations (of objects, subprograms and packages). The value stack holds the
results of expression evaluation. The annotation stack is intended to handle the accumulated

requirements due to transition and invariant assertions.

Structure of the environment:

env = [entry-stack value-stack assertion-stack]
entry-stack =nil | [local-estack . entry-stack]
local-estack =nil | [entry . local-estack]

value-stack =nil | [local-vstack . value-stack]
local-vstack =nil | [value . local-vstack]
assertion-stack = nil | [local-astack . assertion-stack]
local-astack =nil | [lexpr . local-astack]

entry = [id ttype value] | [id decl]



Chapter 2
OPERATIONAL DEFINITION

We begin with the top level definition of the interpeter.
SET CURRENT PACKAGE to be ACL 2.
INCLUDING the book: ava-dynamic.

INCLUDING the book: predefined-packages.

In ‘interpret-eval’ formisthe form to be interpreted, with flg indicating what type of formitis. We use
asingle large recursive function because mutual recursion is difficult to reason about in ACL2.

flg="DECL for adeclaration,
flg="DECLSfor alist of declarations,
flg="STMT for asingle statement,
flg="STMTSfor alist of statements,
flg ="EXP for an expression,
flg="EXPSfor alist of expressions,

The env is composed of three parts:
* env, isastack of value stacks.

* env, isastack of annotation stacks.

e env, is a stack of entry stacks, which includes at the top level the various predefined
procedures and types.

The clock variable, ¢, in the interpreter is the maximum stack depth of subprogram calls. In addition to
normal procedure and function recursion, each cycle of aloop is counted as a subprogram call.

DEFINITION:
| fig (form, env, c)

if = pos-int-p(c) then hard-error-env (env, "Qut of tinme",C)
elseif env-p (env)
then caseon flg:
case=st nt s then
if consp (form)
then { 1_(car (form), env, c)

I_(cdr (form), env, ©) }

else il, envl
fi
case = exps then



if consp (form)
then { 1_(car (form), env, c)

I_(cdr (form), env, ©) }
else [hil, envd
fi
case=decl s then
if consp (form)
then { 1 (car (form), env, c)

I, (cdr (form), env, ©) }
else til, env
fi
case=st nt then
if consp (form) O top-prefix-p (form, nil)
then case on statement-opr (form):
case=sl then IS(arg* (form), env, ¢)
case =const r ai ned- st then
{ pre:=env,
I (constrained-st-stmt (form), push-as ([ constrained-st-relation (form)],
env), c)
[éxc, pop-as(env)[
check-asserts(env,, prey)

case=nul | then [il, env(l
case=assi gn then
let* var be assign-var (form),
value be assign-value (form),
root be root* (var)
in
{ pre:=env,
[éxc, envlll= IE(actions(var), push-env, c —1);
actions := envlv[l];
env2 := env,
I (var, env, c)
I (value, push-vs(nil, env2), c)
value := top-value(env);
env ;= pop-vs(env);
assign-to-env (root, actions, value, env)
check-asserts(env,, prey)

case=proc-call then

let* proc-name be proc-call-id (form),
proc be proc-lookup (proc-name, env),
formals be arg* (procedure-params(proc)),
actuals be arg* (proc-call-actuals(formy),
specbe  procedure-spec (proc)

O ' (true)

in

{ pre:=env,

IS(actuals, push-env (env), c)

IS(reverse(formaJs), env,c-1)
instate := env;
[exc2, env(t=I|_(procedure-body (proc), env, ¢ - 1);
exception (null (exc2),
hard-error-env (env,



"Procedure exit with NULL exc"))
exception (exc2 # * subprogram-return*,
[éxc, pop-env (env))
exc :=nil;
outstate := env;
check-assert (spec, outstate, instate)

IS(extract-ids(forrmls), env,c-1)
values ;= reverse(envv[l]);
env3 ;= pop-env (env);
[éxc2, envll= ISD(assign—actuals(formal S,
actuals,
values), pop-env (env), ¢ — 1);
exception (exc2, [&xc2, env3l)
check-asserts(env,, prey)

case=returnthen
if return-value (form)
then { 1 (return-value(form), env, c)
[} subprogram-return*, envl}
else *subprogram-return*, envll
fi
case=exi t then [}loop-exit*, envll
case=r ai se then Fprogram-error*, envll
case=if-stnt then
let ifarms be arg* (form)
in
if atom (ifarms) then [mil, envd
elselet ifarm be car (ifarms)
in
{ pre:=env,
| (ifarm-test (ifarm), env, c)
if  top-value(env)
= ftrue
then | _(ifarm-statements (ifarm), pop-value(env), c)
else | (mk-if-stmt (cdr (ifarms)), pop-value(env), c)

fi
check-asserts(env,, pre,)
. }
fi
case=whi | e- | oop then
{ pre:=env,

I (while-loop-test (form), env, c)
exception (top-value(env) = false,
il, pop-value(env))
env ;= pop-value(env);
[éxc2, envll= ISD(arg* (while-loop-statements (formy)), env, c);
exception (exc2 = *loop-exit*, [il, envD)
exception (exc2, [exc2, envl)
check-asserts(env,, prey)
I (form, env,c-1)

case = bl ock then
{ pre:=env,
[il, push-es(nil, push-as(nil, env))O

[éxc2, envll= Ig(arg* (block-decls(form)), env, c);
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exception (exc2, [&xc2, prel)
[@éxc2, envil= ISD(arg* (block-body (formy)), env, c);
exception(  exc2

O block-handler (form)

O handler-error-p (exc2),

I (arg* (block-handler (form)), env, ¢))
exception (exc2, [&xc2, pop-es(pop-as(env)))
nil, pop-es(pop-as(env))]
check-asserts(env,, prey)

otherwise hard-error-env (env,
"Undefined statement typel",
form)
endcase
else hard-error-env (env,
"Unexpected atom c statenent!",
form)
fi
case = exp then
if literal-p (form) then il, push-value(form, env)(
elsaif id-p (form)
then { value := entry-value(variable-lookup (form, env));
exception (- value,
(hard-error2 (nil,
"Unbound variabl e ~p0",
form), envl)
mil, push-value(value, env)(1}
elseif indexed-component-p (form)
then { [il, push-env (env)O
I (indexed-component-root (form), env, c)
I (indexed-component-index (form), env, c)
exception (get-array-elem-exc (nth-vse(1, env),
nth-vse (0, env)))
mil, push-value(get-t (nth-vse(1, env), nth-vse(0, env)),
pop-env (env))d}
elseif selected-component-p (form)
then { [mil, push-env (env)O
I, (selected-component-root (form), env, c)
il, push-value(get-t (nth-vse(0, env),
selected-component-field (form)),
pop-env (env)) U}
elseif aggregate-p (form)
then hard-error-env (env,
"Unqual i fi ed aggregate",
form)
elseif aggregate-choice-p (form)
then hard-error-env (env,
"Unqual i fi ed choi ce aggregate”,
form)
elseif aggregate-pos-p (form)
then | _(aggregate-pos-value(form), env, c)
elseif qualified-p (form)
then if aggregate-p (qualified-value(form))
then let agg be qualified-value(form),
typ be qualified-type (form)
in
if pos-aggregate-p (agg)



then { [il, push-env (env)d
IE(extract—agg—val ues(arg* (agg)), env, c)
labels := type-tree-label s(typ, nil);
(il, push-value(pairlis$ (Iabels,
reverse (envv[l])),
pop-env (env))U}
elseif choice-aggregate-p (agg)
then { [nil, push-env (env)C
IE(extract-agg-val ues(arg* (agg)), env, c)
labels := type-tree-label s(typ,
extract-agg-labels(arg* (agg)));
[mil, push-value(pairlis$ (labels,
reverse (envv[l])),
pop-env (env))d}
else hard-error-env (env,
"Aggregate must be unifornt,
form)
fi
else{ I (qualified-value(form), env, c)
exception (coerce-to-subtype-exc (top-value (env),
qualified-type(form),
nil))
[il, push-value(coerce-to-subtype-val (top-value(env),
qualified-type(formy),
pop-value (env))d}
fi
elseif type-convert-p (form)
then { exception (type-convert-exc (type-convert-value (form),
type-convert-type (form)))
mil, push-value(type-convert-val (type-convert-value(form),
type-convert-type (form)),
env)O}
elseif op-expr-p (form)
then let opr-name beid-root (op-expr-id (form)),
operands be arg* (op-expr-actual s(form))
in
if opr-name e i f
then { [éxc, env2(1=1_(operands,, push-vs(nil, env), c);
if top-value(env2) = true
then |_(operands,, env, c)
elsel (operands,, env, c)
fi }
ese{ [éxc, env2li= IS(operands, push-vs(nil, env), ¢);
exception (eval-opr-exc (opr-name,
reverse(en\QV[ 1])))
env ;= push-value(eval-opr-val (opr-name,
reverse (en\/zv[ 1])),
env); }
fi
elseif function-call-p (form)
then let* func-name be function-call-id (form),
func be func-lookup (func-name, env),
formals be arg* (function-params(func)),
actuals be arg* (function-call-actual s(form)),
spec be function-spec (func) O’ (true),
calling-env be env



in
{ IS(actuaI s, push-env (env), c)

Ig(reverse(formajs), env,c—-1)
instate := env;
[exc2, envli=I_(function-body (func), env, ¢ - 1);
exception (null (exc2),

hard-error-env (env,

“Function exit with NULL exc"))

exception (exc2 # * subprogram-return*,

[exc2, calling-env()
outstate := env;
check-assert (spec, instate, outstate)
il, push-value(top-value (env), calling-env)

else hard-error-env (env,
"Undefi ned expression type!",
form)

fi

case=decl then
if consp (form) O top-prefix-p (form, nil)
then case on statement-opr (form):
case=f p- spec then

{ pre:=env,
exc ;= coerce-to-subtype-exc (top-value (env),
fp-spec-type (form),
nil);

il, push-ese (make-constrained-entry (fp-spec-id (form),
constrain-range-if-necessary (
fp-spec-type (form),
top-value (env)),
coerce-to-subtype-val (
top-value(env),
fp-spec-type (form))),
pop-vaue(env))
check-asserts(env,, prey)

case=assert 1 then check-assert (argl (form))
case=i nvari ant then
{ check-assert (argl (form))
mil, push-ase (argl (form), env)
}

case = obj ect - decl then
{ pre:=env,

I, (object-decl-body (form), env, c)

exc ;= coerce-to-subtype-exc (top-value (env),
obj ect-decl -type (form),
nil);

il, push-ese (make-constrained-entry (object-decl-id (form),

constrain-range-if-necessary (

object-decl-type (form),

top-value(env)),
coerce-to-subtype-val (
top-value(env),
object-decl-type (form))),
pop-vaue(env))
check-asserts(env,, prey)

}

12
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case=nunber - decl then
{ pre:=env,
I, (number-decl-body (form), env, c)
il, push-ese (make-entry (number-decl-id (form),
*base-integer*,
top-value(env)),
pop-vaue(env))
check-asserts(env,, prey)
}
case = pr ocedur e then [mil, extend-env-with-procedure (form,
env)[]
case = package then [hil, extend-env-with-package (form,
env)O
otherwise hard-error-env (env,
"Undefined declaration typel",
form)
endcase
else hard-error-env (env,
"Bad declaration (not prefix) : ",

flg)
fi

otherwise hard-error-env (env,
"No flag naned : ",

flg)
endcase
else hard-error-env (env, "Bad env ", form)
fi
Measur e: interpret-measure (form, )

The following supports the definition of the function interpret-program, which is used to actually
interpret amain program in the context of alibrary.

The packages STANDARD and ADA bound in constant *annex-a* (see A.7).

CONSTANT:
*some-real-big-integer* =1000000000000000000

CONSTANT:
*initial-env =" ((nil) (nil) (nil))

DEFINITION:
find-package-decl (id, I)

if_atom(l) then nil

elsaf id = argl(argl(car (1))) then argl(car (1))
else find-package-decl (id, cdr (1))

fi

DEFINITION:
merge-package(p, |)

let decl be find-package-dec! (argl(p), |)
in
if = decl then mk-package(argl(p), nil, nil, arg2 (p), arg3(p))
else mk-package (argl (p),
arg2 (decl),
arg3(decl),
arg2(p),
ag3(p))



fi

DEFINITION:
package-up (comp-units, decls)

if null (comp-units) then nil
elseif = comp-unit-p (car (comp-units)) then nil
elselet unit be car (comp-units)
in
case on car (argl (unit)):
case = package- decl then package-up (cdr (comp-units),
cons(unit,
decls))
case = package- body then
cons(mk-comp-unit (merge-package (argl (unit),
cdr (comp-units)
@ decls),
arg2 (unit)),
package-up (cdr (comp-units), decls))
case = pr ocedur e then cons(unit,
package-up (cdr (comp-units),
decls))
otherwise nil
endcase
fi

DEFINITION:
interpret-program (main, library)

if top-prefix-p (mk-compilation (library), nil)
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then [éxc, envl= I:(package-up (library, nil) @ *annex-a*, *initial-env*, * some-real-big-integer*);

if null (exc)

then IS([’ proc-cal | , main, nil], env, * some-real-big-integer*)
else hard-error-env(env, "Initial library el aboration failure")fi

else hard-error-env (nil," Li brary not a conpil ation")
fi

2.1 Subsidiary Routines

SET CURRENT PACKAGE to be ACL 2.
INCLUDING the book: macros.
INCLUDING the book: ilet.

INCLUDING the book: get-tree.
INCLUDING the book: insert-sort.
INCLUDING the book: subprefix-norm.
INCLUDING the book: type-check-macros.
Entity stack

DEFINITION:
es-p(l)



if = congp(l) then null (1)
else entry-p(car (1)) Oes-p(cdr (1))
fi

Value stack

DEFINITION:
vsp(l)

if_—| consp(l) then null (1)
elselitera-p(car (1)) Ovs-p(cdr (1))
fi

Assertion stack
DEFINITION:
as-p(l)

if = consp(l) then null (1)
elselexpr-p(car (1)) Oas-p(cdr (1))
fi

Stack of entity stack

DEFINITION:
esp* ()
if = consp(l) then null (1)

else es-p(car (1)) Oes-p* (cdr (1))
fi

Stack of value stack
DEFINITION:
vs-p* (1)

if_—| consp(l) then null (1)
esevsp(car(l)) dvsp* (cdr(l))
fi

Stack of assertion stack
DEFINITION:
as-p* (1)

if_—| consp(l) then null (1)
else as-p(car (1)) Das-p* (cdr (1))
fi

DEFINITION:
env-p(e)

tr_ue-listp (e O((lel) =, 3) Desp* (e,) Uvsp* (g,) Dasp* (&)

15
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2.1.1 Constants

We would prefer to encapsulate ‘ava-min-int’ and ‘ava-max-int’ without providing a definition in
order to reason about their effects generically. E.g

BEGIN ENCAPSULATION

CONSTRAIN the functions:

FUNCTION: ava-min-int

ACCORDING TO THE FOLLOWING EVENTS:
LOCAL DEFINITION:
ava-min-int =- 32000

END ENCAPSULATATION.

But if we do so, the interpreter is not executable.

So, in order to execute functions that depend on the integer bounds, we use the following, which gives
‘ava-min-int’ and ‘ava-max-int’ fixed values.

DEFINITION:
ava-min-int =- 32000

DEFINITION:
ava-max-int = 32000

THEOREM: integerp-ava-min-int ‘type-prescription
integerp (ava-min-int) 0 (ava-min-int < 0)

THEOREM: integerp-ava-max-int ‘type-prescription
integerp (ava-max-int) 0 (0 < ava-max-int)

THEOREM: min-int-close-to-max-int
(ava-max-int + ava-min-int) < 1

MODIFY the current theory: Disable ‘ava-min-int’, ‘ava-max-int’, and their executable counterparts
TESTSand EXTRACTION

Basic extraction functions on prefix forms return the operator name, opr (form), alist of the arguments,
arg* (form), and specific arguments, argl (form)..argn(form). Others extraction functions are defined
according to the abstract syntax defined in "subprefix-norm.input”. That file is used to generate the
functionsin "subprefix-norm.lisp", which are defined in .

2.1.2 Errors

Hard errors are errors in the semantics and always percolate al the way to the top. If we do everything
right (and only pass in legal statically-checked programs), then we should never see a hard error.
Someday we may want to prove that there is no hard error when interpreting a well-formed AVA
program.

The simple AV A predefined exceptions are simply constants.

CONSTANT:



*program-error* =’ program error

CONSTANT:
*constraint-error* =’ constrai nt-error

CONSTANT:
*storage-error* =’ st or age- error

Defined only in AVA for purposes of tracking assertions:

CONSTANT:
*|logical-error* =" | ogi cal -error

The following are used to control the flow of execution.

CONSTANT:
*|loop-exit* =’ | oop- exi t

CONSTANT:
*subprogram-return* =’ subpr ogramreturn

MACRO:

logical-error (& REST args)

if args

then* (l1ist *logical-error*
, (car args)
(list ,@cdr args)))

dse‘ (list *logical-error*
“Failed annotation")

fi

Added logical expressions, lexprs, which are just expressionsin the ACL2 logic.

instate (Iexpr)
outstate (lexpr)

ginstate and ‘outstate’ are macros that expand into
let env be x

in
eval (lexpr)

, Where x isthe input or output state.

AVA predefined exception, constraint_error
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Note that constraint-error exceptions have a little more structure than the others. This enables us to
pass some debugging information out with what would otherwise be an uninformative exception. The

semantics does not distinguish these otherwise.

DEFINITION:
handler-error-p (exc)
(listp (exc) O(car (exc) = *constraint-error*))
O (exc=*program-error*)
O (exc=*storage-error*)

MACRO:



constraint-error (fmt-string, & REST args)
‘“(list *constraint-error*
,fm-string
(list ,@rgs))

DEFINITION:
extend-constraint-error (exc, new-args)

if  truelistp(exc)

O (car(exc) g *constraint-error*)

O stringp (cadr (exc)) then [car (exc), cadr (exc), caddr (exc) @ new-args]
elseexc
fi

2.1.3 Avaliterals, Valuesand Types

A literal is either an integer, a character, astring, an array literal, or arecord literal.

2.1.4 Operators

The elements of *ava-operators-alist* are the predefined operators and their arity.

CONSTANT:
*ava-operators-alist* =’ ((unary-plus . 1)
(plus . 2)

(mMnus . 2)
(multiply . 2)

(divide . 2)
(mod . 2)
(rem. 2)
(abs . 1)
(power . 2)
(equal . 2)
(ne . 2)
(in. 2)

(in-range . 2)
(in-type . 2)

(rt . 2)
(array-< . 2)
(not . 1)
(and . 2)
(or . 2)
(xor . 2)

(catenate . 2)
(array-not . 1)
(array-and . 2)
(array-or . 2)
(if . 3)

)

DEFINITION:
ava-operators-alist = *ava-operators-alist*

18

Let’'s state all the facts we'll need about this alist, and then disableit. Thisis an example of the utility

of macrosin ACL2.

DEFINITION:
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ava-op-defthm-forms(op-alist)

if op-alist
then cons(* (deft hm
, (pack2
"ava- op-
(caar op-alist))
(equal
(assoc-eq
", (caar op-alist)
(ava-operators-alist))
",(car op-alist))),
ava-op-defthm-forms(cdr (op-alist)))
elsenil
fi
MACRO:

prove-ava-op-defthms

cons(’ pr ogn, ava-op-defthm-forms(* ava-operators-alist*))

EVENT:
(prove- ava- op-deft hms)

THEOREM: symbol-alistp-ava-operators-alist ‘type-prescription
symbol-alistp (ava-operators-alist) = t

MODIFY the current theory:

Disable ‘ava-operators-alist’ and the executable counterpart of ‘ (ava-operators-alist)’.

2.1.5 Expression evaluation

Thisis now handled with statement evaluation, by Interpret, which returns two values, an exception (or
NIL) and an environment. The result of the evaluation is top-value(env), which istop (top (env, ). For
example,

I (3 +4, env) => [il, push-value(7, env)

At one point we checked that all variables are bound, in order to say that we have an expression. But
this requirement turned into an analogous requirement for statements, which in turn forced proof
obligations that if the handler of ablock is a statement-p with respect to a given variable stack, thenit’s
still one even after we interpret the body of that block. Since we probably want to support the notion
of unbound anyhow, we just allow variables to be unbound and check things dynamically.

The operator functions defined below al return a first value of nil (normal) unless the arguments
require an exception to be raised.

DEFINITION:
fix-int (x)

if integerp(x) then x
else0
fi

DEFINITION:
fix-bool (X)



if x then’ (true)
dse’ (fal se)
fi

DEFINITION:
int-not-in-range (val, lower, upper)

(val < lower) O (upper < val)
Guard: rationalp (val) Orationalp (lower) O rationalp (upper)

Let’s define the AV A operators and then disable them all at once.

2.1.6 Numeric Operators

Notice that we don’t neet to allow different base types of integer.

LABEL: ava-op-fns-start

DEFINITION:
ava-plus-exc (X, y)

if int-not-in-machine-range (x + )

then constraint-error ("I nteger overflow, (+ ~p0 ~pl).",X,y)
else nil

fi

DEFINITION:
avaplus-val (x,y) =x+y

DEFINITION:
ava-multiply-exc (X, y)

if int-not-in-machine-range(x x y)

then constraint-error ("I nteger overflow, (* ~p0 ~pl).",XY)
else nil

fi

DEFINITION:
ava-multiply-val (X, y) =xxy

DEFINITION:

ava-power-exc (X, y)

if int-not-in-machine-range (expt (X, y))

then constraint-error ("I nt eger overflow, (* ~p0 ~pl).",X,Y)
dseif y<0

then constraint-error (* Exponent underflow, (* ~p0 ~pl).", X, Y)

elsenil
fi

DEFINITION:
ava-power-val (X, y) = expt (X, y)

Relations between division, mod and rem.

a= (alb)*b + (aremb)
(arem b) has sign of aand abs(arem b) < abs(b)
(-a)/b = -(alb) = al(-b)

It should be atheorem that: a = ((truncate(a, b) x b) + rem(a, b))

20
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DEFINITION:
ava-divide-exc(x, y)

ify=0

then constraint-error (“Oi vi sion by 0, (/ ~p0 ~pl).",XY)
elsalf int-not-in-machine-range(truncate (x, y))

then constraint-error (* I nteger overflow, (/ ~p0 ~pl).",XY)
esenil

fi

DEFINITION:
avardivide-val (x, y) = truncate(x, y)

The possihility of the overflow exception is due to the case (ava_min_int rem -1).

DEFINITION:
avarrem-exc(x, )

ify=0

then constraint-error (* zero divisor, ~p0 rem~pl.",X,Y)

e seif int-not-in-machine-range(rem (X, y))

then constraint-error (" | nt eger overflow, (~p0 rem ~pl).",X,Y)
elsenil

fi

DEFINITION:
avarrem-val (X, y) = rem(x, y)

DEFINITION:
ava-mod-exc (X, Y)

ify=0

then constraint-error (* zer o divisor, ~p0 mod ~pl.",X,Y)

elseif int-not-in-machine-range (mod (X, y))

then constraint-error (* | nt eger overflow, (~p0 mod ~pl).",X,Y)
elsenil

fi

DEFINITION:
ava-mod-va (X, y) = mod (X, y)

DEFINITION:
ava-unary-minus-exc (X)

if int-not-in-machine-range (- x)

then constraint-error ("I nteger overflow, (- ~p0).",X)
else nil

fi

DEFINITION:

ava-unary-minus-val (X) = - x

2.1.7 Boolean Operators

Important note: Booleans literalsin ACL2 aret and nil (or non-t). Booleansliteralsin AVA are ‘true
or ‘false’. This somewhat unfortunate circumstance was necessitated by the need to distinguish trees
from leavesin array and record literals. E.g. we needed the following theorems:

THEOREM: tree-not-leaf
treep(x) — (= leafp(x))
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THEOREM: |eaf-not-tree
leafp(x) — (= treep(x))

Regarding equality:

Array and record values are alists of the form: ((index . value)*). Two such values are equal if
corresponding elements of their values are. We use a single equality function rather than generating
the numerous type specific versions required by naive adherence to the manual. This makes it much
more tractable to provide alibrary of predefined lemmas for reasoning about equality.

DEFINITION:
minimum (1)

if = consp(l) then O

elsaf - rationalp (car (1)) then minimum (cdr (1))
elseif = consp(cdr (1)) then car(l)

else min(car (), minimum (cdr (1)))

fi

DEFINITION:
maximum (1)

if = consp(l) then-1

elseif = rationalp(car (1)) then maximum (cdr (1))
elsaif = consp(cdr (1)) then car(l)

else max (car (1), maximum (cdr (1)))

fi

DEFINITION:
array-literal-from (literal) = minimum (range (literal))

DEFINITION:
array-literal-to (literal) = maximum (range(literal))

Note that the null record and array case are handled, since if x and y aren’t equal, they cannot both be
non-empty.

DEFINITION:
ava-equal-val (X, y)

if x=y then true

eseif (= consp(x)) O (- consp(y)) then false
eseif array-literal-p (x) Oarray-literal-p(y)
then fix-bool (set-equal (X, y))

elseif record-literal-p (x) O record-literal-p (y)
then fix-bool (set-equal (X, y))

elsefalse

fi

THEOREM: char-code-nonnegative-integerp-for-ada-char-p ‘type-prescription
ada-char-p(X) — (integerp(char-code(x)) 00 (0 < char-code(x)))

MODIFY the current theory:

Disable ‘ standard-char-p’, ‘ char-code’ and ‘ada-char-p'.

DEFINITION:
X<,y

if rationalp (x)
then if rationalp(y) then x<y



elsenil
fi
elsenil
fi

DEFINITION:
X>ny=a(x<,y)

DEFINITION:
X< y=(x<,y) dx=y)

DEFINITION:
Xz y=(x>,y)0x=y)

THEOREM: le-1
X<,y - (=2 (y,%)

THEOREM: le-2
V<X - (= (X<, ¥)

THEOREM: le-3
X<, X

THEOREM: ge-le-eq
(x=py) O(xz, ) - (x=Y)

DEFINITION:
ava-<-val (X, y)

fix-bool (if ada-char-p (x) O ada-char-p (y)
then char-code(x) < char-code(y)
elseif rationalp (x) Crationalp(y) then x <.y
elsenil
fi)
Treat non-rational lower and upper as neg infinity and posinfinity, respectively

DEFINITION:
between (val, lower, upper)

if = rationalp (val) then nil
else (lower <, val) O (val <, upper)
fi

DEFINITION:
avarin-range-val (val, lower, upper)

fix-booal (if ada-char-p (val) O ada-char-p (lower) [ ada-char-p (upper)
then between (char-code(val), char-code (lower), char-code (upper))
else between (val, lower, upper)
fi)

2.1.8 Unary Numeric Operators

DEFINITION:
ava-abs-exc (X)

let y beifix (X)|
in
if int-not-in-machine-range(y)
then constraint-error (" | nt eger overflow, (abs ~p0).",X)

23
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elsenil
fi

DEFINITION:
avarabs-val (X) =|ifix (X)|

DEFINITION:
ava-not (X)

if true-p(x) then false
elsetrue
fi

DEFINITION:
avarand (X, Y)

if true-p(x) theny
elsefase
fi

DEFINITION:
ava-or (X, Y)

if true-p(x) then true
dsey
fi

DEFINITION:
ava-xor (X, y)

if true-p (X)
then if false-p(y) then true
elsefalse
fi
elseif true-p(y) then true
elsefase
fi

DEFINE the theory ava-op-fnsto be
the current function theory less the function theory ava-op-fns-start.
MODIFY the current theory:

Disable ‘ava-op-fns'.

2.1.9 Application of Operatorsto Evaled Arguments

This function defines the behavior of the built-in functions. It isused in ‘interpret-eval’. Note that the
arguments have aready been evaluated without an exception. This evaluation is of course done in
‘interpret-eval’.

DEFINITION:

eval-opr-val (opr, args)

case on opr:
case = pl us then ava-plus-val (args,, args,)
case=unary- m nus then ava-unary-minus-va (args;,)
case=m nus then ava-plus-val (argsy, — args;)
case=mul ti ply then avamultiply-val (args,, args,)



case=di vi de then ava-divide-val (args,, args;)
case = nmod then ava-mod-val (args,, args; )
case=r emthen avarem-val (args,, args;)
case = abs then ava-abs-val (args,)
case = power then ava-power-val (args,, args;)
case=equal then ava-equa-val (args,, args;)
case = ne then ava-not(ava-equa-val (argsy, args;))
case=i n-range then avain-range-val (args,, args;, args,)
case=1It then ava-<-val (args,, args;)
case=gt then ava-<-val (args;, args,)
case=1I e then

if false-p (ava-<-val (args,, args; ))

then ava-equal-val (args,, args;)

elsetrue

fi
case=ge then

if false-p (ava-<-val (args;, args,))

then ava-equal-val (args,, args;)

elsetrue

fi
case=not then ava-not(args,)
case = and then ava-and(args,, args,)
case=or then ava-or(argsy, args;)
case=xor then avaxor(args,, args,)
otherwise nil
endcase

VERIFY GUARDS for ‘top-prefix-p’

DEFINITION:
eval-opr-exc(opr, args)
case on opr:
case = pl us then ava-plus-exc(args,, args,)
case=unary- m nus then ava-unary-minus-exc(args,)
case = mi nus then ava-plus-exc(args,, — args,)
case=mul ti ply then ava-multiply-exc(args,, args;)
case=di vi de then ava-divide-exc(args,, args,)
case = nmod then ava-mod-exc(args,, args;)
case=r emthen avarem-exc(args,, args)
case = abs then ava-abs-exc(argsy)
case = power then ava-power-exc(argsy, args;)
otherwise nil
endcase

MODIFY the current theory:

Disable ‘eval-opr-val’ and ‘eval-opr-exc'.

25
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2.2 Arraysand Records

If the constraint isn't ‘range-p’, then it’s ‘unconstrained-p’.

DEFINITION:

satisfies-range-constraint (n, constraint)

if range-p (constraint)

then between (n, range-from (constraint), range-to (constraint))
else unconstrained-p (constraint)

fi

Let'ssave alot of case splits.

MODIFY the current theory:
Disable ‘nth’.

DEFINITION:
range-size (from, to)

if from< to then 1 + (to — from)
else0
fi

2.3 Types, including Conversion and Qualification

For the coercion functions below:

literal = empty | boolean-literal | numeric-literal | ada-char | array-literal | record-literal
type =record-type | array-type | predefined-type | range

We assume when this is called that the base type of the literal equals the base type of the type. By
"base type" we mean integer for range types, the corresponding unconstrained array type for array
types, and the type itself otherwise.

DEFINITION:
adjust-array-literal (literal, delta)

if = consp(literal) then literal

elseif = (consp (car (literal)) Ointegerp (caar (literal)))

then literal

else cons(cons(caar (literal) + delta, cdar (literal)),
adjust-array-literal (cdr (literal), delta))

fi

DEFINITION:
constrain-array-val (literal, from)

let old be array-literal-from (literal)
in
if old =from then literal
else adjust-array-literal (literal, from — old)
fi

If = strong-flg just compare length, otherwise also check the equality of lower bounds.

DEFINITION:
constrain-array-exc (literal, from, to, strong-flg)
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if (|literal|) = range-size(from, to)
then if strong-flg
then if from = array-literal-from(literal) then nil
else constraint-error (“Literal ~p0 does not have base of ~pl.", literal)

fi
elsenil
fi
else constraint-error (“Length of literal ~p0 is not equal to ~pl.",
literal,
range-size(from, to))
fi
DEFINITION:

coerce-to-subtype-from-lit-val (literal, old-lit)

if array-literal-p (literal)

then constrain-array-va (literal, array-literal-from (ol d-lit))
elseliteral

fi

DEFINITION:
coerce-to-subtype-from-lit-exc (literal, old-lit, typ)
if array-literal-p (literal)
then constrain-array-exc (literal,
array-literal-from (ol d-lit),
array-literal-to (ol d-lit),
nil)
elseif range-p (typ)
then if satisfies-range-constraint (literal, typ) then nil
else constraint-error (“Literal ~p0 is out of range for type ~pl.", literal, typ)
fi
elsenil
fi

DEFINITION:
coerce-to-subtype-val (literal, typ)

if array-type-p (typ) _
then let constraint be array-type-index (typ)
in
if range-p (constraint)
then constrain-array-val (literal, range-from (constraint))
elseliteral
fi
elseliteral
fi

DEFINITION:
coerce-to-subtype-exc (literal, typ, strong-flg)

if array-type-p (typ)
then let constraint be array-type-index (typ)
in
if range-p (constraint)
then constrain-array-exc (literal,
range-from (constraint),
range-to (constraint),
strong-flg)
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elsenil
fi
elseif range-p (typ)
then if satisfies-range-constraint (literal, typ) then nil
else constraint-error (“Literal ~p0 is out of range for type ~pl.", literal, typ)
fi
esenil
fi

Type-convert converts an expression to a base type, then checks that it satisfies subtype requirements.

Conversion checks:
* Numeric
1. Base check isNOOP. Check range.

e Array
1. Same dimensions.

2. Index types the same or convertible.
3. Component types the same.
4. Constraints on component types the same.

5. If typeis unconstrained then bounds come from converting indices to base type of
unconstrained index type. (Which is a noop, since the base type must be
INTEGER.)

Raise constraint-error if numeric conversionsfail to satisfy constraint.

DEFINITION:
type-convert-val (expr, typ)

if  array-type-p(typ)
O array-literal-p (expr)
O range-p (array-type-index (typ))
then constrain-array-val (expr, range-from (array-type-index (typ)))
else expr
fi

Note that expr cannot be an aggregate or a string literal.

DEFINITION:
type-convert-exc (expr, typ)

if array-type-p (typ)
then let constraint be array-type-index (typ)
in
if array-literal-p (expr) Orange-p (constraint)
thenif  (Jexpr|)
= range-size(range-from(constraint),
range-to (constraint)) then nil
else constraint-error (
"Convert: Range of literal ~p0 doesn't satisfy constraint ~pl.",
expr,
constraint)
fi
else nil
fi
elseif range-p (typ)
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then if satisfies-range-constraint (expr, typ) then nil
else constraint-error (* Convert: Val ue ~p0 does not satisfy subtype range ~pl.",
expr,
typ)
fi
elsenil
fi

2.4 MoreExpression Evaluation

array-literal := [[i.val] ...]
record-literal := [[f . val] ...]

array-literal-p (form) == treep (form) O all-label s-integer (domain (form))
record-literal-p (form) == treep (form) U all-labels-id (domain (form))

DEFINITION:
get-array-elem-exc (array-literal, int)

let from be array-literal-from (array-literal),
to be array-literal-to (array-literal)
in
if between (int, from, to) then nil
else constraint-error (“Array index out of bounds, index ~p0.",
int)
fi

Note that this does not logically guarantee that an element is present in an array-literal. Our predicates
for arrays do not guarantee that all values between array-literal-from(a) and array-literal-to(a) are
present in the alist that represents a. At the moment thisis an implicit assumption that may need to be
made explicit.

THEOREM: get-array-elem-exc-null-array
((= consp(x)) Dintegerp (i)) —» get-array-elem-exc (X, i)

AXIOM: array-elem-exists
( array-literal-p(x)
O integerp (i)
O between(i,
array-literal-from (array-literal),
array-literal-to (array-literal)))
- existst(x, i)

2.5 Statement Evaluation Support

DEFINITION:
variable-update-1 (var, val, stack)

if consp (stack)
then let entry be car (stack),
rest be cdr (stack)
in
if basic-entry-p (entry) O (entry-name(entry) = var)
then cons(make-entry (var, entry-decl (entry), val), rest)
else cons(entry, variable-update-1 (var, val, rest))
fi
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else nil

fi
varisan'‘id-p’
DEFINITION:

variable-update (var, val, var-stacks)

if consp (var-stacks)
then if assoc-equal (var, car (var-stacks))
then cons(variable-update-1 (var, val, car (var-stacks)),
cdr (var-stacks))
else cons(car (var-stacks),
variable-update (var, val, cdr (var-stacks)))
fi
else var-stacks
fi

25.1 Assignment

We are about to define the functions that break apart variable references, e.g. V[i].j[K] = ¥, [ iv, |, kv
]COwhere iv and kv are the values obtained by evaluating i and k, respectively.

THEOREM: indexed-component-root-decrease :linear
(consp (cdr (X)) O indexed-component-p (X))
- (acl2-count (indexed-component-root (X)) < acl2-count (X))

THEOREM: selected-component-root-decrease :linear
(consp (cdr (X)) O selected-component-p (X))
- (acl2-count (selected-component-root (X)) < acl2-count (X))

MODIFY the current theory: Disable ‘selected-component-root’, ‘selected-component-p’, ‘indexed-
component-root’ and ‘ indexed-component-p’.

DEFINITION:
root* (x)

if = (consp (x) O consp (cdr (X)) then x

elseif indexed-component-p(x) then root* (indexed-component-root (X))
elseif selected-component-p (x) then root* (selected-component-root (X))
elsex

fi

weassumeit'sanid-p

DEFINITION:
actions(x)

if = (consp(x) O consp (cdr (x))) then nil

elseif indexed-component-p (x)

then cons(indexed-component-index (), actions(indexed-component-root (x)))
elseif selected-component-p (X)

then cons(selected-component-field (x),

actions(sel ected-component-root (x)))

elsenil
fi

An exception will be raised if the index is not in range. To simplify, while it should not happen, an
exception will also beraised if the variableis not in the value stack.
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Returns the updated value. Handles implicit array conversion. We don't use ‘set-I' beause of the
coercion that may occur at the leaf. Assumes that the actions are appropriate for root-val.

DEFINITION:
update-value-val (actions, root-val, splice-val)
if = consp (actions)
then coerce-to-subtype-from-lit-val (splice-val, root-val)
else put-t (root-val,
car (actions),
update-value-val (cdr (actions),
get-t (root-val, car (actions)),
splice-val))
fi

DEFINITION:
update-value-exc (root-type, actions, root-val, splice-val)

if = consp (actions)
then coerce-to-subtype-from-lit-exc (splice-val, root-val, root-type)
elseif array-literal-p (root-val)
then if satisfies-range-constraint (car (actions),
array-type-index (root-type))
then  get-array-elem-exc(root-val, car (actions))
0 update-value-exc (array-type-el ements(root-type),
cdr (actions),
get-t (root-val, car (actions)),
splice-val)
else constraint-error (
"Conponent index out of bounds, index ~p0O, actions ~pl, in ~p2.",
car (actions),
cdr (actions))
fi
€l se update-value-exc (field-spec-decl (arg* (root-type)
cdr (actions),
get-t (root-val, car (actions)),
splice-val)

car (acti ons)) ’

fi

A "variable" may have unevaluated indices; once we' ve evaluated the indices, it’s still a variable but
we alow ourselvesto call it a"reference”.

DEFINITION:
assign-to-env (id, actions, splice-val, env)

let* entry be variable-lookup (id, env),
root-val be entry-value (entry),
root-type be entry-decl (entry),
exc be update-value-exc (root-type, actions, root-val, splice-val)
in
if exc then [éxtend-constraint-error (exc, [id]), env(
else [nil, set-es(variable-update(id,
update-value-val (actions,
root-val,
splice-val),
env,),
env)[
fi
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2.5.2 Procedure Call Support

DEFINITION:
constrain-range-if-necessary (typ, literal)

if array-type-p (typ) 0 unconstrained-p (array-type-index (typ))
then mk-array-type(mk-range(array-literal-from (literal),
array-literal-to(literal)),
array-type-elements(typ))
esetyp
fi

DEFINITION:
make-constrained-entry (id, typ, val)

make-entry (id, constrain-range-if-necessary (typ, val), val)

THEOREM: len-0
((Ix]) = 0) = atom(x)

2.6 Interpreter

In our statement interpreter, the clock is decremented just before subprogram calls and while-loop
recursions. A clock of 0 means "out of time".

CONSTANT:
*out-of-time-msg* ="aut of tinme!"

MACRO:
pop-variable-stack (n, env)

‘(nthcdr ,n ,env)

MACRO:
interpret-stmt (stmt, env, clock)

[interpret-eval,’’ stnt,stmt, env, clock]

MACRO:
interpret-stmts(stmt-list, env, clock)

[[interpret-eval,’’ stnts,stmt-list, env, clock]

MACRO:
interpret-exp (exp, env, clock)

[[interpret-eval,’’ exp,exp, env, clock]

MACRO:
interpret-exps(exp-list, env, clock)

[[interpret-eval,’ ' exps,explist, env, clock]

MACRO:
interpret-decl (decl, env, clock)

[[interpret-eval,’’ decl,decl, env, clock]

MACRO:
interpret-decls(decl-list, env, clock)
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[interpret-eval,’’decls,decl-list, env, clock]

DEFINITION:
statement-opr (stmt) = car (stnt)

THEOREM: statement-opr-non-nil-implies-consp-stmt :forward-chaining
statement-opr (stmt) — consp (stmt)

DEFINITION:
top-prefix-decls-p2 (1)

if = consp(l) thent

elseif decl-p(car (I)) then top-prefix-decls-p2 (cdr (1))
elsenil

fi

DEFINITION:
top-prefix-decls-p (1)

if = consp(l) thent

elseif top-prefix-decls-p2 (car (1)) then top-prefix-decls-p (cdr (1))
else nil

fi

DEFINITION:
conjunction (1)

if null () then true
elsaif = consp(l) then |
elsecons(’ and, 1)

fi

DEFINITION:
extract-agg-values(l)

if atom(l) then nil
elseif aggregate-pos-p (car (1))
then cons(aggregate-pos-value(car (1)), extract-agg-values(cdr (1)))
elseif aggregate-choice-p (car (1))
then cons(aggregate-choice-value(car (1)), extract-agg-values(cdr (1)))
esenil
fi

DEFINITION:
extract-agg-labelsl (1, i)

if atom(l) then nil
elseif aggregate-pos-p (car (1))
then cons(i, extract-agg-labelsl (cdr (1), i + 1))
elseif aggregate-choice-p (car (1))
then let choice be aggregate-choice-choice(car (1))
in
if others-p(choice) then[' ot her s]
elseif id-p (choice)
then cons(id-root (choice),
extract-agg-labelsl (cdr (1), i + 1))
elsenil
fi
elsenil
fi



DEFINITION:
extract-agg-labels(l) = extract-agg-labelsl (1, 0)

DEFINITION:
all-agg-pos(l)

if atom(l) thent

el se aggregate-pos-p (car (1)) O all-agg-pos(cdr (1))
fi

DEFINITION:
all-agg-choice(l)

if aaom(l) thent
el se aggregate-choice-p (car (1)) O all-agg-choice(cdr (1))
fi

DEFINITION:
pos-aggregate-p (X)

aggregate-p(x) L all-agg-pos(arg® ()

DEFINITION:
choice-aggregate-p ()

aggregate-p (x) O all-agg-choice (arg* (X))

Remember the form of ‘array-type-p’:

array-type == array-typeindex : type-mark, elements : type
type-mark ==type-mark type: id, constraint : constraint
constraint == subtype | unconstrained | range | attribute

DEFINITION:
create-inclusive-list (from, to)

if (- integerp (from)) O (- integerp (to)) then nil
elseif from>to then nil

eseif from=to then [to]

else cons(from, create-inclusive-list (from + 1, to))
fi

Measure: ifix (max (0, to — from))

MODIFY the current theory:
Enable ‘nth’.

DEFINITION:
compute-type-range-list (x)

if type-mark-p(x) then compute-type-range-list (type-mark-constraint (x))
eseif id-p(X) then create-inclusive-list (ava-min-int, ava-max-int)

eseif range-p(X) then create-inclusive-list (range-from(x), range-to(x))
elsenil

fi

DEFINITION:
field-spec-ids(fields)

if atom (fields) then nil
else cons(field-spec-id (car (fields)), field-spec-ids(cdr (fields)))



fi

DEFINITION:
type-tree-labels(typ, args)

if (- atom(args)) 0 symbolp (car (args)) then args
elseif record-type-p (typ) then field-spec-ids(arg* (typ))
elseif array-type-p (typ)

then compute-type-range-list (array-type-index (typ))
else nil

fi

DEFINITION:
extract-ids(formals)

if atom (formals) then nil
else cons(fp-spec-id (car (formals)), extract-ids(cdr (formals)))
fi

pre and post are environments.

DEFINITION:
assign-actuals(formals, actuals, values)

if atom (formals) then nil
eseif  fp-spec-p(car (formals))
O variable-p (fp-spec-mode(car (formals)))
then cons(mk-assign (car (actuals), car (values)),
assign-actuals(cdr (formals), cdr (actuals), cdr (values)))
€else assign-actual s(cdr (formals), cdr (actuals), cdr (values))
fi

DEFINITION:
extend-env-with-procedure (form, env)

push-ese (make-entry (procedure-id (form), form, nil), env)

DEFINITION:
extend-env-with-package (form, env)

push-ese (make-entry (package-id (form), form, nil), env)

Measure information for interpret-eval.

DEFINITION:
interpret-measure (stmt, clock)
cons(1 +if pos-int-p(clock) then clock
else0
fi,
if stmt then acl2-count (stmt)
else0
fi)
THEOREM: interpret-measure-facts
( posint-p(x)
— (interpret-measure (stmt2, - 1 + x) <, interpret-measure (stmt1, x)))
0 (stmt2 - ( (interpret-measure(stmtl, c) <, interpret-measure (stmt2, c))
= (acl2-count (stmtl) < acl2-count (stmt2))))
O eO-ordinalp (interpret-measure(stmt, n))
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MODIFY the current theory:
Enable ‘e0-ord-<'.

MODIFY the current theory:
Disable ‘interpret-measure’.
MODIFY the current theory:
Disable ‘top-prefix-p’.

THEOREM: count-actions :linear
consp (form) - (acl2-count (actions(form)) < acl2-count (form))

THEOREM: count-actions-cadr :linear
consp (cadr (form))
- (acl2-count (actions(cadr (formy))) < acl2-count (cadr (form)))

THEOREM: count-actions-cadr-2 :linear
(consp (form) O consp (cadr (form)))
- (acl2-count (actions(cadr (form))) < acl2-count (form))

THEOREM: acl 2-count-extract-agg-values linear
acl2-count (extract-agg-values(w)) < acl2-count (w)

2.7 Input
User input, from parsed AV A files, comesin as follows:

ACL2 constants contain the declarations and bodies of compilation_units. User defined ACL2
functions, axioms and theorems, present in the annotated AV A, have been literally extracted.

CONSTANT:
*pattern_scope-decl* = ...

Extracted ACL2

DEFINITION:
lowerp(X) = (& <x) O(x<'2)

THEOREM: upperp-not-lowerp
upperp(x) — (= lowerp(x))
CONSTANT:
*pattern_scope-body* = pending
The Library is defined.

CONSTANT:
*library* = pending

The main programis named.

CONSTANT:
*main* =’ (id main 1)
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Finally, a theorem is presented that states that there exists a permitted order of elaboration supporting
the evaluation of *main®*.

THEOREM: order-of-elaboration
some-order-exists(* main*, *library*)
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Appendix A
Support

We depend on anumber of ACL2 librariesthat are part of the ACL2 V1.8 distribution. In particular:

public/sets

arithmetic/equalities
arithmetic/inequalities
arithmetic/rationals-with-axioms

The formal definition is then further built on the following.

A.1 Macros
INCLUDING the book: /slocal/src/acl2/v1-8/books/public/sets.

Note the important difference between the entitys stack and the values stack. All entities, including
variables will be contained in the entity stack. That is where we go to look up the value of avariable
or constant, as well as where we get the body of a procedure or function.

MACRO:
mkenv (entitys, values, assertions)

‘“(list ,entitys ,values ,assertions)

An entry can be a constant, variable, type, function, procedure, or package. The types of constants and
variables are fully expanded types.

MACRO:
make-entry (&REST entry) =* (1 i st , @ntry)

MACRO:
entry-name(X) =* (car , X)

MACRO:
entry-decl (X) =* (nth 1 ,Xx)

MACRO:
entry-value(x) =* (nth 2 , x)
Get the stack*.

MACRO:
es(env)=‘ (nth 0 , env)

entry stack

MACRO:
vs(env) =‘ (nth 1 ,env)

value stack

MACRO:
as(env)=‘ (nth 2 ,env)

assertion stack



Set the stack*.
MACRO:
set-es (X, env)
“(list

, X

(vs , env)

(as ,env))
MACRO:
set-vs(X, env)
“(list

(es ,env)

X

'(as , env))

MACRO:
set-as (X, env)
“(list
(es ,env)
(vs , env)
» X)

Return the top stack of the stack*.

MACRO:
top-es(env) =‘ (car (es ,env))

MACRO:
top-vs(env) =* (car (vs ,env))

MACRO:
top-as(env) =‘ (car (as ,env))

Top value stack entry

MACRO:
top-vse(env) =* (car (top-vs ,env))

MACRO:
top-value(env) =* (car (top-vs ,env))

MACRO:
nth-vse(n, env)

‘“(nth ,n (top-vs ,env))

Pop a stack from the stack*.

MACRO:
pop-es(env)

‘_(Iist
(cdr (es ,env))

(vs ,env)
(as ,env))

MACRO:
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pop-vs(env)

‘}Iist
(es ,env)
(cdr (vs ,env))
(as ,env))
MACRO!
pop-as(env)
‘}Iist
(es ,env)
(vs , env)

(cdr (as ,env)))

Push a stack onto the stack*.

MACRO
push-es(x, env)

“(list
(cons ,x (es ,env))
(vs ,env)
(as ,env))

MACRO
push-vs(x, env)

“(1ist
(es ,env)
(cons ,x (vs ,env))
(as ,env))

MACRO
push-as(x, env)

‘}Iist
(es ,env)
(vs ,env)

(cons ,x (as ,env)))

Push an entry onto the the top stack of the stack*.

MACRO!
push-ese(x, env)

“(list
(cons
(cons ,x (top-es ,env))
(cdr (es ,env)))

(vs ,env)
(as ,env))
MACRO!

push-vse(X, env)

“(list
(es ,env)
(cons
(cons ,x (top-vs ,env))



(cdr (vs ,env)))
(as ,env))

MACRO
push-ase(x, env)

“(list
(es ,env)
(vs ,env)
(cons
(cons ,x (top-as ,env))
(cdr (as ,env))))
MACRO!
pop-ese(env)
“(list
(cons
(cdr (top-es ,env))

(cdr (es ,env)))
(vs ,env)

(as ,env))
MACRO
pop-vse (env)
“(list

(es ,env)

(cons

(cdr (top-vs ,env))
(cdr (vs ,env)))
(as ,env))

MACRO
pop-ase (env)

“(list
(es ,env)
(vs ,env)
(cons
(cdr (top-as ,env))
(cdr (as ,env))))
MACRO!
append-vse (X, env)

“(1ist
(es ,env)
(cons
(append ,x (top-vs ,env))
(cdr (vs ,env)))
(as ,env))

MACRO
append-ase(x, env)
“(list
(es ,env)
(vs ,env)
(cons

(append ,x (top-as ,env))
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(cdr (as ,env))))

MACRO:
push-entry (x, env) =* (push-ese , x , env)

MACRO:
push-value(x, env) =* (push-vse , x , env)

MACRO:
push-assert (x, env) =* (push-ase , x , env)

MACRO:
pop-value(env) =* ( pop-vse , env)

MACRO:
push-env (& OPTIONAL env ;="' env)

“(list
(cons nil (es ,env))
(cons nil (vs ,env))
(cons nil (as ,env)))

MACRO:
pop-env (&OPTIONAL env:=' env)

“(list
(cdr (es ,env))
(cdr (vs ,env))
(cdr (as ,env)))

DEFINITION:
update-v (x, val, va)

if atom(va) then va

elseif atom(car (va)) then cons(car (va), update-v (x, val, cdr (va)))
elseif x = caar (va) then cons(make-entry (x, cadr (va), val), cdr (va))
else cons(car (va), update-v (x, val, cdr (va)))

fi

DEFINITION:
set-vse* (x, val, vs)

if atom(vs) then vs

elseif assoc (x, car (vs)) then cons(update-v (x, val, car (vs)), cdr (vs))
else cons(car (vs), set-vse* (x, val, cdr (vs)))

fi

DEFINITION:
set-vse(x, val, env) = mkenv (env,, set-vse* (x, val, env, ), env,)

Other, non-env related, macros.

MACRO:
int-not-in-machine-range (val)

‘(int-not-in-range
, val
(ava-m n-int)
(ava- max-int))
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A2 llet

SET CURRENT PACKAGE to be ACL 2.

INCLUDING the book: leval-macros.

MACRO:
assertl(x)

“(mv nil (push-ase ,x env))

MACRO:
asserts(l)
“(mv nil (append-ase ,| env))
MACRO:
check-assert (form,
&OPTIONAL
outstate:=' (es env),
instate:=" ni |
)
‘ (check-annot ati ons
(list ,form
,instate
,outstate
env)
MACRO:

check-asserts (& OPTIONAL outstate:=' (es env),instate:=" ni | )

‘ (check-annot ati ons
(top-as env)
,instate
,outstate
env)

CONSTANT:
*|ogical-error* =" | ogi cal -error

MACRO:
hard-error2 (fmt-string, & REST args)

“(list
"hard-error
,fm-string
(list ,@rgs))

MACRO:
hard-error-env (env, fmt-string, & REST args)

L(w
(Iist
"hard-error
,fm-string
(list ,@rgs))
, env)
DEFINITION:

check-annotations(l, instate, outstate, env)



if null (1) then il, envO

eseif leval (car (1), outstate, instate)

then check-annotations(cdr (1), instate, outstate, env)
else @Flogical-error*, envl]

fi

DEFINITION:
do-mv-macro(l)
if = consp(l)
then if null (I) then’ (nmv exc env)
ese[' mv,’ exc,|]
fi
elseif = consp(car (1))
then if cdr (I)
then hard-error2 (At omi ¢ non-terminal element of ilet (~s)",
1)
dse (mv nil ,(car 1))
fi
dseifcaar(I) =" : =
then let* arg be car (I),,
step be car (1),,
fail be cdddr (car (1)) O car (1)5,
rest be do-mv-macro (cdr (1))

in
if symbolp(arg)
thenif arg="exc
then* (1 et
((exc ,step))
(if exc
(i f fail fail
"(mv exc env))
,rest))
elsalf fail
then hard-error2 (" ~#Cannot have FAIL branch without EXC (~s)",
1)
dse (et
((,arg ,step))
, rest)
fi
elseif consp (arg)

thenif ' exc Oarg
then' (nmv-1 et
,arg
,step
(if exc
(i f fail fail
"(nv exc env))
,rest))
elsaf fail
then hard-error2 (" ~#Cannot have FAIL branch without EXC (~s)",
1)
dse’ (nmv-1et
,arg
,step
, rest)
fi
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else hard-error2("~%Arg to : = nust be symbol or list (~s)",
1)
fi

elseif caar (I) =" excepti on
then let* formbe car (1),
fail beif cddr (car (1)) then car (1),

elsenil
fi,
rest be do-mv-macro (cdr (1))
in
“(let
((exc ,form)
(if exc
(i f fail fail
"(mv exc env))
,rest))

elsaf null (cdr (1)) O(caar (1) = mv) then car (1)
elselet formbe car (1),
rest be do-mv-macro(cdr (1))
in
“(mv-1et
(exc env)
,form
(if exc
(mv exc env)
,rest))
fi

MACRO:
ilet (&RESTI)

do-mv-macro (1)

A.3 Treesfor Array and Record Literals
In thisversion, labels can be integers, symbols or lists. In principle, there is no reason to limit them.

Leaves of trees can be integers, characters, strings, or the symbols TRUE or FALSE. We excluded
other symbols because it was important to ensure that

treep(x) -> = leafp(x) O
leafp(x) -> - tregp(x)

We probaly could just as well replace boolean with non-nil-symbol.

leaf == integer || character || boolean || string
tree == ((label . node)*)

node == lesf || tree

label == integer || symbol || consp

Note from previous versions :
1. We changed ADA-BOOL EANP so that NIL is not both leafp and treep.

2. We let LABELP include CONSP because we may want to leave record selectors as (id



field-name 23).
SET CURRENT PACKAGE to be ACL 2.

DEFINITION:
ada-booleanp(X) = (x="true) O(x="f al se)

DEFINITION:
leaf-p ()

iategerp (X) O characterp (x) O ada-booleanp (x) O stringp (X)

DEFINITION:
labelp (X) = integerp (x) O symbolp (x) 0 consp(X)

DEFINITION:
treep (X)

if consp(x)
then  consp(car (X))
O let label be car (car (X)),
node be cdr (car (X))
in
labelp (label) O (leaf-p (node) O treep (node))
O treep(cdr (X))
else null (x)
fi
DEFINITION:
[abelp* (1)

if_—| consp(l) then null (1)

elsaif l[abelp(car (1)) then labelp* (cdr (1))
elsenil

fi

L abelp theorems

THEOREM: |abel p*-cdr
labelp* (I) - labelp* (cdr (1))

THEOREM: | abelp-car
labelp* (I) - labelp(car (1))

THEOREM: |abelp*-singleton
labelp (i) — labelp* ([i])

THEOREM: | abel p* -list-car-if-1abel p*
(labelp* (1) OI) — labelp* ([car ()])

THEOREM: |abel p*-true-listp
labelp* (1) - true-listp(l)

THEOREM: consp-label p*
(labelp* (1) 1) - consp(l)

THEOREM: |abelp*-fwd
labelp* (cons(i, 1)) - (labelp* (1) Olabelp(i))

THEOREM: | abel p* -bkwd
(labelp* (1) Olabelp(i)) — labelp* (cons(i, 1))
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:forward-chaining, :rewrite

:compound-recognizer

:forward-chaining

:forward-chaining
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MODIFY the current theory:
Disable ‘labelp*’ and ‘labelp’.
These THEOREMS nust precede put-1, get-|

THEOREM: treep-alistp :forward-chaining
treep(x) — aistp(x)

THEOREM: treep-cdr
(treep(x) OX) — treep(cdr (X))

THEOREM: treep-nil
treep (nil)

THEOREM: treep-cdr-fwd :forward-chaining
treep (cons(w, X)) — treep(X)

MODIFY the current theory:
Disable ‘leaf-p’ and ‘treep’.
Vauep and theorems

DEFINITION:
valuep (X) = leaf-p (X) Otreep (X)

THEOREM: | eaf-p-not-treep :forward-chaining
leaf-p(x) - (- treep(x))

THEOREM: treep-not-leaf-p :forward-chaining
treep(x) — (- leaf-p(x))

THEOREM: not-treep-imp-leaf-p
(- treep(X)) — (valuep(x)  leaf-p(x))

THEOREM: not-leaf-p-imp-treep
(- leaf-p(X)) — (valuep(x)  treep(x))

THEOREM: |eaf-p-valuep :forward-chaining
leaf-p(xX) — valuep(x)

THEOREM: treep-valuep :forward-chaining
treep(x) — valuep(x)

THEOREM: tregp-cons
(treep (2) Olabelp (i) Ovaluep (val))
- treep(cons(cons(i, val), 2))

MODIFY the current theory:
Disable ‘valuep'.

Domain & range

Thelist of CARs of atree.
DEFINITION:

domain(x) = strip-cars(x)
Guard: treep(x)

Thelist of CDRs of atree.

DEFINITION:



range(x) = strip-cdrs(x)
Guard: treep(X)

MODIFY the current theory:
Enable ‘labelp’, ‘labelp*’ and ‘treep’.
A tree containing only those pairsin A whose CARisinL.

DEFINITION:
domain-restrict (I, a)

if_(—| consp(a)) O (- consp(car (a))) then nil
elseif member-equal (car (car (a)), I)

then cons(car (a), domain-restrict (I, cdr (a)))
else domain-restrict (1, cdr (a))

fi

Guard: labelp* (I) Otreep(a)

MODIFY the current theory:
Disable ‘labelp’, ‘1abelp*’ and ‘treep’.
Atomic versions of GET and SET. Take a SINGLE label.

(get-t nil i) = nil (get-t x nil) = Treats NIL as symbol and looks for it.

MODIFY the current theory:
Enable ‘treep’.

DEFINITION:
get-t (tree, i)

if_(—| consp (tree)) O (- consp(car (tree))) then nil
elseif i = car(car (tree)) then cdr (car (tree))

else get-t (cdr (tree), i)

fi

Guard: labelp (i) Otreep (tree)

(put-t nil i v) = ((i . v)) (put-t nil nil nil) = ((nil . nil))

DEFINITION:
put-t(tree, i, val)

if_(—| consp (tree)) O (= consp(car (tree))) then [cons(i, val)]
elseif i = car(car (tree)) then cons(cons(i, val), cdr (tree))
else cons(car (tree), put-t (cdr (tree), i, val))

fi

Guard: treep(tree) Olabelp (i) Ovauep (val)

DEFINITION:
exists-t(tree, i)

if_(—| consp (tree)) O (= consp(car (treg))) then nil
elseif i = car(car (treg)) thent

else exists-t (cdr (tree), i)

fi

Guard: treep(tree) Olabelp (i)
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(defthm exists-in-domain (implies (and (treep tree) (labelp i)) (iff (existst tree i) (member-equal i



(domain tree)))) :hints (("Goa" :in-theory (disable |abelp))))

MODIFY the current theory:
Disable ‘treep’.

(in-theory (disable exists-in-domain))

Get-t openers

THEOREM: get-t-opener-1
(null (tree) Oforce(labelp(i))) — (get-t(tree, i) = nil)

THEOREM: get-t-opener-2
( (i =car(car(tree))
O tree
O force(labelp(i))
O force(treep(tree)))
- (get-t(tree, i) = cdar (tree))

THEOREM: get-t-opener-3
( (i # car(car(tree)))
U tree
O force(labelp(i))
O force(treep(tree)))
- (get-t(tree, i) = get-t(cdr (tree), i)

THEOREM: get-t-nil-2
((- exists-t(x, 1)) Oforce(labelp(i)) Oforce(treep (X))
- (get-t(x, i) =nil)

PUT-T openers

THEOREM: put-t-opener-1
( null(tree)
O force(treep(tree))
O force(labelp(i))
O force(valuep(val)))
- (put-t(tree, i, val) = [cons(i, val)])

THEOREM: put-t-opener-2
( tree
O (i = car(car(treg)))
O force(treep(tree))
O force(labelp(i))
O force(valuep(val)))
- (put-t(tree, i, val) = cons(cons(i, val), cdr (tree)))

Acl2 count lemmas Count theorems about trees, needed to admit get-1 and exists.

THEOREM: acl2-count-cadar-3
(car (x) Otreep(x) O0(0 <w) Ointegerp (w))
- (acl2-count (cdar (X)) < (1 + acl2-count (car (X)) +w))

THEOREM: acl2-count-get-t-2

(existst(x, i) Oforce(treep(x)) Oforce(labelp(i)))
- (acl2-count (get-t (x, 1)) < acl2-count (X))

TREEP theorems
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THEOREM: treep-cons-car
(treep(y) Ly) — treep([car (y)])

THEOREM: treep-cons-cdr
(treep(x) Otreep(y) Oy) — treep(cons(car (y), X))

PUT-T theorems

THEOREM: treep-put-t
(force(treep (X)) Oforce(labelp (i)) Oforce(vauep (val)))
- treep (put-t(x, i, val))

THEOREM: get-t-put-t-identity
(force(treep (X)) Oforce(valuep (foo)) Oforce(labelp (i)))
- (get-t (put-t(x, i, foo), i) = foo)

List versions of GET and SET.

(exists-| nil i) = nil (get-I nil I) = nil (get-I x nil) = x
MODIFY the current theory:

Enable ‘treep’.

MODIFY the current theory:

Disable ‘leaf-p’.

THEOREM: exists-imp-not-leaf-p-get-treep-get
( labelp* (cons(11, 12))
O treep(X)
O existst(x, 11)
0 (= leaf-p(get-t(x, 11))))
- treep(get-t(x, 11))

DEFINITION:
get- (x, 1)

if = consp(l) then x

elsaif leaf-p (x) then nil

elseif (- treep(x)) O (- labelp(car (1))) then nil

elseif existst (x, car (1)) then get-l (get-t (x, car (1)), cdr (1))
elsenil

fi

Guard: (leaf-p(x) Otreep(x)) Olabelp* (1)

MODIFY the current theory:

Disable ‘treep’.

(exists-| nil i) = nil (put-1 x nil v) =v
DEFINITION:

put-1 (x, I, val)

if = consp(l) then val

elseif = labelp(car (1)) then val

eseif = treep(X) then put-t(nil, car (1), put-l (nil, cdr (1), val))
elseif null (cdr (1)) then put-t (x, car (1), val)

else put-t (x, car (1), put-1 (get-I (x, [car (1)]), cdr (1), val))

fi
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Guard: (leaf-p(x) Otreep (X)) Olabelp* (1) Ovaluep (val)

(exists-| nil nil) =T (exists-| x nil) =T (exists-| nil (consab)) =F

DEFINITION:
exists- (tree, I)

if = consp(l) thent

elsaif — labelp(car (1)) then nil

elseif = treep (tree) then nil

elseif exists-t (tree, car (1)) Otreep(get-t (tree, car (1))
then exists| (get-t (tree, car (1)), cdr (1))

esenil

fi

Guard: treep (tree) Olabelp* (1)

DEFINITION:
distinct (i, j)

if_(—| consp(i)) O (= consp(j)) then nil
elseif car (i) # car (j) thent

else distinct (cdr (i), cdr (j))

fi

Guard: labelp* (i) Olabelp* (j)

Put-l, Get-l Theorems

THEOREM: val uep-get-t
(force(treep (X)) Oforce(labelp (i) — vauep (get-t(x, i)

THEOREM: null-get-1-2
((= treep(w)) Oforce(valuep (w)) Oforce(labelp* (1))
> ( get-l(w, )
= ifnull(l) thenw
elsenil
fi)
THEOREM: valuep-get-1-1

((= treep(get-t(x, i))) Ulabelp (i) Otreep (X))
- leaf-p(get-t(x, i)

THEOREM: val uep-get-|
(force(treep (X)) Oforce(labelp* (1)) — valuep(get- (x, 1))

THEOREM: val uep-put-t
(force(labelp (i)) Oforce(treep (w)) Oforce(valuep (val)))
- valuep (put-t (w, i, val))

MODIFY the current theory:
Enable ‘valuep’.

THEOREM: valuep-get-|-list-i
(treep(m) Dlabelp(i)) - valuep(get-I (m, [i]))

THEOREM: valuep-put-|
(force(labelp* (1)) Oforce(valuep (w)) Oforce(valuep (val)))
- valuep (put-1 (w, I, val))

THEOREM: treep-put-I
(I2 Oforce(labelp* (12)) Oforce(vauep (w)) Oforce(valuep (val)))
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- treep (put-l (w, 12, val))

THEOREM: val uep-cons-put-I-nil
(vauep(val) Olabelp* (1) O1)
- valuep ([cons(car (1), put-I (nil, cdr (1), val))])

MODIFY the current theory:
Disable ‘valuep’, ‘leaf-p’ and ‘treep’.
VERIFY GUARDS for *put-I’

THEOREM: | eaf-p-not-nil :forward-chaining
leaf-p(val) — val

THEOREM: not-leaf-p-cons
- leaf-p(cons(a, b))

THEOREM: put-1-leaf-p
¢ |

0 (= treep(w))

O force(labelp* (1))

O force(valuep(val))

O force(valuep(w)))
= (put-l (w, I, val) = put-l (nil, I, val))

THEOREM: exists-if-put-t
(force(labelp(i)) Oforce(valuep (w)) Oforce(treep(X)))
- existst(put-t (X, i, w), i)

THEOREM: not-leaf-p-put-t
(Iabelp (i) Ovaluep(val) Otreep (X))
- (= leaf-p(put-t (%, i, val)))

THEOREM: get-put-|
(I Oforce(treep(x)) O force(valuep (val)) Oforce(labelp* (1))
- (get-1 (put-1 (x, 1, val), I) = val)

THEOREM: treep-cons-put-t
(x Oforce(treep (x)) Oforce(labelp(i)) Oforce(valuep (w)))
- treep(cons(car (), put-t (cdr (X), i, w)))

THEOREM: get-t-put-t-ne
( @(#))
O get-t(xj)
O force(labelp(j))
O force(labelp(i))
O force(treep(x))
O force(valuep (w)))
- (get-t(put-t(x, i, w), j) = get-t (x, j))

THEOREM: not-get-t-step
( (- gettx))
O (#))
O force(treep(x))
O force(valuep(w))
O force(labelp(i))
O force(labelp(j)))
- (7 get-t(put-t(x, i, w), ]))

THEOREM: fail-get-|



((= get-t(x, car (1)) Ol Oforce(treep (X)) Oforce(labelp* (1))
- (get-1 (x, 1) = nil)

THEOREM: put-t-opener-3
( (i # car(car(treg))
O consp(tree)
O consp(car (tree))
O force(treep(tree))
O force(labelp(i))
O force(valuep(val)))
— (put-t(tree, i, val) = cons(car (tree), put-t (cdr (tree), i, val)))

THEOREM: get-l-opener-1
(null (1) O (leaf-p (x) Otreep(x)) Oforce(labelp* (1)))
- (get-l1(x, ) =x)

THEOREM: get-l-opener-3
(I Dexistst(x, car (1)) Otreep (x) Oforce(labelp* (1)))
- (get-1 (x, 1) = get-l (get-t (x, car (1)), cdr (1))

THEOREM: get-l-opener-4
(I O (= existst(x, car (1)) Otreep(x) Oforce(labelp* (1))
> (get-1 (x, 1) = nil)

THEOREM: put-I-opener-1
( nul)
0 (leaf-p(x) Otreep(x))
O force(labelp* (1))
O force(valuep(val)))
- (put-l (x, 1, val) = val)

THEOREM: put-|-opener-2
(I Oleaf-p(X) Oforce(labelp* (1)) Oforce(valuep (val)))
- (put-1 (x, I, val) = put-t (nil, car (1), put-I (nil, cdr (1), val)))

THEOREM: put-l-opener-3

O null (cdr (1))
O treep(X)
O force(labelp* (1))
O force(valuep(val)))
- (put-l (x, I, val) = put-t (x, car (1), val))

THEOREM: put-l-opener-4
I
O (= null (cdr (1))
O treep(X)
O force(labelp* (1))
O force(valuep(val)))
- ( put-l(x 1, val)
= put-t(x, car (1), put-l (get-1 (x, [car (1)]), cdr (1), val)))

THEOREM: exists-t-opener-1
(null (tree) Oforce(treep (tree)) Oforce(labelp(i)))
- (existst(tree, i) =nil)

THEOREM: exists-t-opener-2
( consp(tree)
O consp(car (tree))
O (i = car(car (treg)))
O force(treep(tree))
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O force(labelp(i)))
- (existst(treg, i) =t)

THEOREM: eXists-t-opener-3
( consp(tree)
O consp(car (tree))
O (i # car(car (treeg)))
O force(treep(tree))
O force(labelp(i)))
- (exists-t(tree, i) = exists-t(cdr (tree), i))

MODIFY the current theory:
Disable ‘get-t’, ‘get-I’, ‘put-t' and ‘put-1".

THEOREM: exists-t-exists|
(I Oexists (x, I) Oforce(treep (x)) Oforce (labelp* (1))
- existst(x, car(l))

THEOREM: eXists-t-put-t

( existst(x, )

O (i#))

O force(treep(x))

O force(valuep(w))

O force(labelp(i))

O force(labelp(j)))
- exists-t(put-t(x, i, w), j)

THEOREM: get-l-put-t-opener
( 1

(i £ car(l))

force(treep (X))

force(labelp* (1))

force(valuep (w))
force(labelp (i)))

- ( get-l (put-t(x, i, w), )

if get-t(x, car (1)) then get-l (x, I)
else nil

fi)

Oooooo

DEFINITION:
induct3 (i, j, X)

if (= consp(i)) O(= consp(j)) then nil

elseif car (i) # car (j) then nil

elsaf leaf-p(x) then nil

elsaf null (cdr (j)) then nil

eseif existst(x, car (i)) then induct3(cdr (i), cdr (j), get-t (x, car (i)))
elseinduct3 (cdr (i), cdr (j), get-t (x, car (i)))

fi

Guard: (leaf-p(x) Otreep(x)) Olabelp* (i) Olabelp* (j)

THEOREM: not-distinct
( labelp* (i)
O labelp* (j)
O i
Ry
O (car (i) =car(j))
O (= cdr(j)))
- (= digtinct (i, j))



THEOREM: get-l-put-I1-opener-unequal-cars
(_ labelp* (i)

|abelp* (j)

i

J

(car (i) £ car (j))

treep (X)

valuep (val))

- (get-l (put-1 (x, i, val), j) = get-1 (x, j))

THEOREM: get-I-put-I-nil
( distinct(i, j)
O force(labelp* (i)
O force(labelp* (j))
O force(valuep(val)))
- (get-l (put-I (nil, i, val), j) = get-1 (nil, j))

THEOREM: not-get-|-leaf
(I O (= treep(w)) Olabelp* (I) Oforce(vauep (w)))
- (= get-l (w, )

THEOREM: get-put-i-j
( distinct(i, j)
O force(treep (X))
O force(valuep(val))
O force(labelp* (i))
O force(labelp* (j)))
— (get-l (put-1 (x, i, val), j) = get-1 (x, ))

Oooooood

A.4 Support for Tree Equality Reasoning

SET CURRENT PACKAGE to be ACL 2.

INCLUDING the book: get-tree.

MODIFY the current theory: Disable ‘leaf-p’, ‘l1abelp’, their executable counterparts.

DEFINITION:
lessp-or-equal (X, Y)

if x=y thent

elsalf rationalp (X)

then if rationalp(y) then x<y
elset
fi

eseif rationalp(y) then nil

elseif characterp (x)

then if characterp(y) then char<(x,y)
elset
fi

elseif characterp(y) then nil

elseif symbolp (x)

then if symbolp (y) then symbol-<(x, y)
elset
fi

elseif symbolp(y) then nil

elsaif stringp ()

then if stringp (y) then string< (X, y)
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elset
fi
elseif stringp (y) then nil
elseif - consp(x) thent
elsaif - consp(y) then nil
elseif car (X) = car (y) then lessp-or-equal (cdr (), cdr (y))
elseif lessp-or-equal (car (X), car (y)) thent
else lessp-or-equal (cdr (X), cdr (y))
fi

DEFINITION:
insert(a, )

if = consp(l) then cons(a, )
elseif  consp(car (1))

0 consp(a)

O lessp-or-equal (car (car (1)), car (a))
then cons(car (1), insert (a, cdr (1)))
elsecons(a, |)
fi

DEFINITION:
sortl (alist)

if = consp(alist) then alist

elseif = consp(cdr (alist)) then alist
elseinsert (car (alist), sortl (cdr (alist)))
fi

Needed for ava-equal-1 admission below.

THEOREM: insert-cons-count=
acl2-count (insert (a, w)) = acl2-count (cons(a, w))

THEOREM: sortl-count=sup-1

acl2-count (insert (x, cx)) = (1 + acl2-count (X) + acl2-count (cx))

THEOREM: sortl-count=sup-2
(acl2-count (w) = m)
- (acl2-count (insert (a, w)) = (1 + acl2-count (a) + m))

THEOREM: true-listp-sortl
true-listp(x) — true-listp (sortl (x))

THEOREM: sortl-count=sup-3
( consp(x)
O consp(cdr (X))
O (acl2-count (sortl (cdr (X)) = acl2-count (cdr (X)))
O truelistp (cdr (x)))
- ( acl2-count (insert (car (), sortl (cdr (X))))
= (1 + acl2-count (car (X)) + acl2-count (cdr (X))))

THEOREM: sortl-count=
acl2-count (sortl (X)) = acl2-count (X)

THEOREM: strip-cdrs-count-le
acl2-count (strip-cdrs(w)) < acl2-count (w)

THEOREM: strip-cdrs-count-le-sup-1
(consp (w) O (acl2-count (w) < acl2-count (x)))
- (acl2-count (cdr (w)) < acl2-count (X))
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THEOREM: strip-cdrs-count-le-sup-2 :linear
true-listp (x)
- (acl2-count (strip-cdrs(sortl (cdr (X)))) < acl2-count (X))

THEOREM: cdr-strip-cdrs-count-le
(true-listp (x) O consp (X))
- (acl2-count (cdr (strip-cdrs(sortl (cdr (X))))) < acl2-count (x))

THEOREM: treep-imp-true-listp :forward-chaining
treep (X) — true-listp(x)

MODIFY the current theory:
Enable ‘treep’.

THEOREM: Simple-strip-count=1 :linear
(consp (w) Otreep (w))
- (acl2-count (strip-cdrs(w)) < acl2-count (w))

THEOREM: treep-sortl=1
consp(X) — consp(sortl (X))

DEFINITION:
branchp (a)

I;bel p(car (a)) O (leaf-p(cdr (a)) Otreep (cdr (a)))

THEOREM: treep-sortl=2-1
((adx) Otreep (X)) — branchp(a)

THEOREM: member-insert=1
member-equal (a, w) - member-equal (a, insert (z, w))

THEOREM: member-sortl=2
member-equal (a, X) — member-equal (a, sortl (x))

MODIFY the current theory:
Enable ‘treep’ and ‘leaf-p’.

THEOREM: sort-strip-count=1-a

(consp (sortl (x)) Otreep (sortl (X))
- (acl2-count (strip-cdrs(sortl (x))) < acl2-count (sortl (x)))

THEOREM: treep-insert
(consp (a) Olabelp (car (a)) Otreep(cdr (a)) Otreep (w))
- treep(insert (a, w))
THEOREM: treep-sortl
treep(X) — treep(sortl (X))

THEOREM: sort-strip-count=1

(consp (x) Otreep (X))
- (acl2-count (strip-cdrs(sortl (x))) < acl2-count (sortl (x)))
THEOREM: strip-cdrs-sort-consp-count

(consp(x) treep(x))
- (acl2-count (strip-cdrs(sortl (x))) < acl2-count (X))

THEOREM: treep-sortl=2
treep(x) — treep(sortl (x))
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A.5 Normalized Abstract Prefix

Input to the interpreter satisfies the predicate, top-prefix-p. The following functions define
recognizers, constructors, and extractors for the various elements of the abstract prefix.

SET CURRENT PACKAGE to be ACL 2.
INCLUDING the book: kernel-extension.
INCLUDING the book: get-tree.

INCLUDING the book: subprefix-macros.

DEFINITION:
symbolsp (1)

if consp(l)

then if symbolp (car (1)) then symbolsp(cdr (1))
else nil
fi

elsel = nil

fi

DEFINITION:
argl(p)

if consp(p) then p;
elsenil
fi

DEFINITION:
arg2(p)

if consp(p) then p,
elsenil

fi

DEFINITION:
arg3(p)

if consp(p) then pg
elsenil
fi

DEFINITION:
arg4 (p)

if consp(p) then p,
elsenil
fi

DEFINITION:
arg5(p)

if consp(p) then pg
else nil

fi

DEFINITION:

arg6 (p)



if consp(p) then pg
elsenil
fi

DEFINITION:
arg7 (p)

if consp(p) then p,
elsenil
fi

DEFINITION:
arg8(p)

if consp(p) then pg
elsenil
fi

DEFINITION:
arg9 (p)

if consp(p) then pg
elsenil
fi

DEFINITION:
ada-char-p (form)

characterp (form) O standard-char-p (form)

DEFINITION:
acl2-boolean (form) = (form:eq’ t) D(form:eq nil)

DEFINITION:
all-integer (1)

if null (1) thent

elseif = consp(l) then nil

elsaif integerp (car (1)) then al-integer (cdr (1))
elsenil

fi

DEFINITION:
all-id(l)

if null (1) thent

elseif = consp(l) then nil

elsaf listp(car (1)) O (caar (1) :eq’ i d) then al-id(cdr (1))
esenil

fi

DEFINITION:
al-labels-integer (1) = labelp* (1) D all-integer (1)

DEFINITION:
all-labels-id (1) = labelp* (1) Dall-id (1)

DEFINITION:

pre-type(x, kind)

) (listp(x) O (car (x) =" i d))
O (cadr(x) = kind)
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O (caddr(x)=0)

DEFINITION:
pre-integer (X) = pre-type(x, ' i nt eger)

DEFINITION:
pre-positive(X) = pre-type(X, ' positive)

DEFINITION:
pre-natural (x) = pre-type(x, ' nat ur al )

DEFINITION:
pre-character () = pre-type(x, ' char act er)

DEFINITION:
pre-string (X) = pre-type(x,’ stri ng)

DEFINITION:
pre-boolean (x) = pre-type(X, ' bool ean)

DEFINITION:
array-literal-p (form)
form O treep (form) O all-label s-integer (domain (form))

DEFINITION:
record-literal-p (form)

form Otreep (form) O all-labels-id (domain (form))

DEFINITION:
error-p(x) = listp(x) d(car(x) =" error)

DEFINITION:
mk-error (form, message) = cons(’ er r or , [form, message])

DEFINITION:
error-form (form) = arg* (form),

DEFINITION:
error-message (form) = arg* (form);

DEFINITION:
others-p(x) = consp(x) O(car (X) =’ ot her s)

DEFINITION:
mk-others=[" ot her s]

DEFINITION:
unconstrained-p (x)

consp(X) O (car (X) =’ unconst r ai ned)

DEFINITION:
mk-unconstrained = [’ unconst r ai ned]

DEFINITION:
id-p(x) =listp(x) O(car(x) =" i d)
DEFINITION:

mk-id (root, uid) = cons(’ i d, [root, uid])

DEFINITION:
id-root (form) = arg* (form),

60



DEFINITION:
id-uid (form) = arg* (form),

DEFINITION:
true-p(X) = consp(X) I (car (X) =" t r ue)

DEFINITION:
mk-true=[" t r ue]

DEFINITION:
false-p(x) =consp(x) O(car(x) =" f al se)

DEFINITION:
mk-false=["f al se]

DEFINITION:
boolean-literal-p (X) = true-p (x) O false-p(X)

DEFINITION:
list-p(x) = consp(X) O(car(x)="1i st)

DEFINITION:
mk-list(args) = cons(’ | i st, args)

DEFINITION:
literal-p (X)

boolean-literal-p ()
O ( integerp(X)
O ( stringp(x)
O ( adachar-p(x)
O (array-literal-p(x) Orecord-literal-p (x)))))

DEFINITION:
[literal-p(x)
Iﬁeral—p(x) O (acl2-boolean (x) O list-p (X))

DEFINITION:
enumeration-literal-p (X) = id-p (X) O ada-char-p (X)

DEFINITION:
enumeration-p (x)
consp(x) O(car (x) =’ enuner at i on)

DEFINITION:
mk-enumeration (args) = cons(’ enuner at i on, args)

DEFINITION:
predefined-type-p (x)

pre-character (x)
O ( preinteger(x)
O ( pre-positive(x)

O (pre-natura (x) O (pre-string () O pre-boolean (x)))))

DEFINITION:
type-mark-p (X)
listp(X) O(car (X) =’ t ype- mar k)

DEFINITION:
mk-type-mark (type, constraint)
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cons(’ t ype- mar k, [type, constraint])

DEFINITION:
type-mark-type(form) = arg* (form),

DEFINITION:
type-mark-constraint (form) = arg* (form);

DEFINITION:
subtype-p (x) = id-p(x) Otype-mark-p (x)
DEFINITION:

attribute-p (x)

listp(X) O(car(X) =" attri bute)

DEFINITION:
mk-attribute (root, attr) = cons(’ at t ri but e, [root, attr])

DEFINITION:
attribute-root (form) = arg* (form),

DEFINITION:
attribute-attr (form) = arg* (form),

DEFINITION:
range-p(X) =listp(xX) O(car (X) =’ r ange)

DEFINITION:
mk-range (from, to) = cons(’ r ange, [from, to])

DEFINITION:
range-from (form) = arg* (form),

DEFINITION:
range-to (form) = arg* (form),

DEFINITION:
constraint-p (X)

subtype-p(x)
O (unconstrained-p (x) I (range-p (X) O attribute-p (X)))

DEFINITION:
field-spec-p (X)
listp(x) O(car (X) =" fi el d- spec)

DEFINITION:
mk-field-spec(id, decl) = cons(’ fi el d- spec, [id, decl])

DEFINITION:
field-spec-id (form) = arg* (form),

DEFINITION:
field-spec-decl (form) = arg* (form);

DEFINITION:
record-type-p (X)
consp(x) O(car (X) =" record-type)

DEFINITION:
mk-record-type(args) = cons(’ r ecor d- t ype, args)



DEFINITION:
a_r ray-type-p(x)
listp(X) O(car(x) =" array-type)

DEFINITION:
mk-array-type (index, elements)

cons(’ array-type, [index, elements])

DEFINITION:
array-type-index (form) = arg* (form),

DEFINITION:
array-type-elements(form) = arg* (form),

DEFINITION:
type-p (X)

record-type-p (X)
O (array-type-p(x) O(id-p(x) O(range-p (x) O enumeration-p (X))))

DEFINITION:
type-decl-p (X)
listp(x) O(car (x) =" t ype- decl )

DEFINITION:
mk-type-dec! (id, decl) = cons(’ t ype- decl , [id, decl])

DEFINITION:
type-decl-id (form) = arg* (form),

DEFINITION:
type-decl-decl (form) = arg* (form),

DEFINITION:
subtype-decl-p (x)

Ii_stp(x) O(car(X) =" subt ype-decl)

DEFINITION:
mk-subtype-decl (id, decl) = cons(’ subt ype- decl , [id, decl])

DEFINITION:
subtype-decl-id (form) = arg* (form),

DEFINITION:
subtype-decl-decl (form) = arg* (form),

DEFINITION:
qualified-p(x)
Ii_stp(x) O(car(x)="qualified)

DEFINITION:
mk-qualified (type, value) = cons(’ qual i fi ed, [type, value])

DEFINITION:
qualified-type(form) = arg* (form),

DEFINITION:
qualified-value(form) = arg* (form),



DEFINITION:
type-convert-p (X)
listp(X) O(car(X) =" t ype- convert)

DEFINITION:
mk-type-convert (type, value)

cons(’ t ype-convert, [type, valug])

DEFINITION:
type-convert-type(form) = arg* (form),

DEFINITION:
type-convert-value(form) = arg* (form);

DEFINITION:
aggregate-choice-p (X)
listp(x) O(car (X) =" aggr egat e- choi ce)

DEFINITION:
mk-aggregate-choice(choice, value)

cons(’ aggr egat e- choi ce, [choice, value])

DEFINITION:
aggregate-choice-choice(form) = arg* (form),

DEFINITION:
aggregate-choice-value (form) = arg* (form),

DEFINITION:
aggregate-pos-p (x)
listp(X) O(car (X) =’ aggr egat e- pos)

DEFINITION:
mk-aggregate-pos(value) = cons(’ aggr egat e- pos, [value])

DEFINITION:
aggregate-pos-value(form) = arg* (form),

DEFINITION:

aggregate-arm-p (X)

aggregate-choice-p (x) 0 aggregate-pos-p (X)
DEFINITION:

aggregate-p (x)

consp(x) O (car (X) =’ aggr egat e)
DEFINITION:

mk-aggregate (args) = cons(’ aggr egat e, args)
DEFINITION:

indexed-component-p (x)

listp(X) O(car (X) =" i ndexed- conponent)

DEFINITION:
mk-indexed-component (root, index)



cons(’ i ndexed- conponent, [root, index])

DEFINITION:
indexed-component-root (form) = arg* (form),

DEFINITION:

indexed-component-index (form) = arg* (form),
DEFINITION:

apply-1-p(x) = listp(x) L (car (x) =" appl y- 1)
DEFINITION:

mk-apply-1 (root, args) = cons(’ appl y- 1, [root, args])
DEFINITION:

apply-1-root (form) = arg* (form),

DEFINITION:

apply-1-args(form) = arg* (form),

DEFINITION:

sel ected-component-p (X)

listp(x) O(car (X) =" sel ect ed- conponent)

DEFINITION:
mk-sel ected-component (root, field)

cons(’ sel ect ed- conponent , [root, field])

DEFINITION:
sel ected-component-root (form) = arg* (form),

DEFINITION:

selected-component-field (form) = arg* (form),
DEFINITION:

designator-p (x)

consp(x) O (car (X) =’ desi gnat or)

DEFINITION:

mk-designator (args) = cons(’ desi gnat or, args)
DEFINITION:

dot-qual-1-p (X)

listp(x) O(car (X) =’ dot - qual - 1)

DEFINITION:
mk-dot-qual-1 (root, component)

cons(’ dot - qual - 1, [root, component])

DEFINITION:
dot-qual-1-root (form) = arg* (form),

DEFINITION:
dot-qual-1-component (form) = arg* (form),

DEFINITION:
defining-name-p () = id-p (X) O designator-p (x)

DEFINITION:
name-p (X)
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id-p(x)
O (  indexed-component-p(X)

O (selected-component-p(x) O (apply-1-p(X) O dot-qual-1-p (X))))

DEFINITION:
apl-p(x) = consp(x) O(car (x) =" apl )

DEFINITION:
mk-apl (args) = cons(’ apl , args)

DEFINITION:
op-expr-p(X) =listp(x) O (car (X) =’ op- expr)

DEFINITION:
mk-op-expr (id, actuals) = cons(’ op- expr, [id, actuals])

DEFINITION:
op-expr-id (form) = arg* (form),

DEFINITION:
op-expr-actuals(form) = arg* (form),

DEFINITION:
function-call-p (x)

Ii_stp(x) O(car(x)="function-call)

DEFINITION:
mk-function-call (id, actuals)

cons(’ functi on-cal | ,[id, actuals])

DEFINITION:
function-call-id (form) = arg* (form),

DEFINITION:
function-call-actuals(form) = arg* (form),

DEFINITION:
expr-p ()

literal-p (X)
0O (  aggregate-p(x)
O ( namep(X)
0 ( op-expr-p(x)
0 ( function-cal-p(x)
O (type-convert-p(x) O qualified-p(x))))))

DEFINITION:
instate-p (x) = listp(x) O(car (X) =" i nst at e)

DEFINITION:
mk-instate (expr) = cons(’ i nst at e, [expr])

DEFINITION:
instate-expr (form) = arg* (form),

DEFINITION:
outstate-p (x) = listp(x) O (car (X) =’ out st at e)

DEFINITION:
mk-outstate (expr) = cons(’ out st at e, [expr])
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DEFINITION:
outstate-expr (form) = arg* (form),

DEFINITION:
assert-p(x) =listp(x) O(car (X) =’ assert)

DEFINITION:
mk-assert (relation) = cons(’ assert, [relation])

DEFINITION:
assert-refation (form) = arg* (form),

DEFINITION:
invariant-p (x)

Ii_stp(x) O(car(X)="1nvari ant)

DEFINITION:
mk-invariant (relation) = cons(’ i nvari ant, [relation])

DEFINITION:
invariant-relation (form) = arg* (form),

DEFINITION:
transition-p (X)

Ii_stp(x) O(car(x)="transition)

DEFINITION:
mk-transition (relation) = cons(’ t r ansi ti on, [relation])

DEFINITION:
transition-relation (form) = arg* (form),

DEFINITION:
return-relation-p (X)

listp(xX) O(car (X) =" return-rel ati on)

DEFINITION:
mk-return-relation (var, relation)

cons(' return-rel ati on,[var, relation])

DEFINITION:
return-relation-var (form) = arg* (form),

DEFINITION:
return-relation-relation (form) = arg* (form),

DEFINITION:
return-value-p ()

listp(x) O(car (X) =" r et ur n- val ue)

DEFINITION:
mk-return-value(relation)

cons(’ r et urn-val ue, [relation])

DEFINITION:
return-value-relation (form) = arg* (form),

DEFINITION:
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defaxiom-p (x) = listp(x) O (car (x) =" def axi om)

DEFINITION:
mk-defaxiom (id, relation) = cons(’ def axi om [id, relation])

DEFINITION:
defaxiom-id (form) = arg* (form),

DEFINITION:
defaxiom-relation (form) = arg* (form),

DEFINITION:
defthm-p (X) = listp(X) O(car (x) =’ deft hm)

DEFINITION:
mk-defthm (id, relation) = cons(’ def t hm [id, relation])

DEFINITION:
defthm-id (form) = arg* (form),

DEFINITION:
defthm-relation (form) = arg* (form);

DEFINITION:
defun-p(X) =listp(X) O (car (x) =’ def un)

DEFINITION:
mk-defun (id, fpl, relation) = cons(’ def un, [id, fpl, relation])

DEFINITION:
defun-id (form) = arg* (form),

DEFINITION:
defun-fpl (form) = arg* (form),;

DEFINITION:
defun-relation (form) = arg* (form),

DEFINITION:
subprogram-annotation-p (X)
assert-p (x) O (return-value-p (x) O return-relation-p (x))

DEFINITION:

if-p(x) =listp(x) O(car(x) =" i f)

DEFINITION:

mk-if (test, then, else) = cons(’ i f , [test, then, else])

DEFINITION:

if-test (form) = arg* (form),

DEFINITION:

if-then (form) = arg* (form),

DEFINITION:

if-else(form) = arg* (form),

DEFINITION:

set-p(X) =listp(x) O(car (x) =’ set)

DEFINITION:

mk-set (id, index, value) = cons(’ set , [id, index, valug])

DEFINITION:
set-id (form) = arg* (form),



DEFINITION:
set-index (form) = arg* (form),

DEFINITION:
set-value(form) = arg* (form),,

DEFINITION:
get-p(x) = listp(x) O (car (x) =" get )

DEFINITION:
mk-get (id, index) = cons(’ get , [id, index])

DEFINITION:
get-id (form) = arg* (form),

DEFINITION:
get-index (form) = arg* (form),

DEFINITION:
assoc-p(x) = listp(x) O(car () =" assoc)

DEFINITION:
mk-assoc (x, y) = cons(’ assoc, [x, Y])

DEFINITION:
assoc-x (form) = arg* (form),

DEFINITION:
assoc-y (form) = arg* (form);

DEFINITION:
lookup-p (x) =listp(X) O (car (x) =’ | ookup)

DEFINITION:
mk-lookup (X, y) = cons(’ | ookup, [X, y])

DEFINITION:
lookup-x (form) = arg* (form),

DEFINITION:
lookup-y (form) = arg* (form),

DEFINITION:
in-range-p(X) = listp(x) O(car(x) =" i n-r ange)

DEFINITION:
mk-in-range(x, y) = cons(’ i n- r ange, [x, y])

DEFINITION:
in-range-x (form) = arg* (form),

DEFINITION:
in-range-y (form) = arg* (form),

DEFINITION:

not-in-p(x) = listp(x) O(car (X) =" not - i n)
DEFINITION:

mk-not-in(x, y) = cons(’ not - i n, [X, y])

DEFINITION:
not-in-x (form) = arg* (form),

DEFINITION:
not-in-y (form) = arg* (form),



DEFINITION:
in-p(x) =listp(x) O(car (x) =" i n)

DEFINITION:
mk-in(x, y) =cons(’ i n, [X,¥])

DEFINITION:
in-x (form) = arg* (form),

DEFINITION:
in-y (form) = arg* (form),

DEFINITION:
iff-p(x) = listp(x) O (car () =" i )

DEFINITION:
mk-iff (x,y) =cons( i ff,[xV])

DEFINITION:
iff-x (form) = arg* (form),

DEFINITION:
iff-y (form) = arg* (form),

DEFINITION:
implies-p(X) =listp(x) O(car(x) =" i mpl i es)

DEFINITION:
mk-implies(x, y) = cons( i npl i es, [X, y])

DEFINITION:
implies-x (form) = arg* (form),

DEFINITION:
implies-y (form) = arg* (form);

DEFINITION:
and-p (x) =listp(x) O(car (x) =’ and)

DEFINITION:
mk-and (X, y) = cons(’ and, [x, ])

DEFINITION:
and-x (form) = arg* (form),

DEFINITION:
and-y (form) = arg* (form);

DEFINITION:
or-p(x) =listp(x) O(car (x) =" or)

DEFINITION:
mk-or (x, y) = cons(’ or, [X, y])

DEFINITION:
or-x (form) = arg* (form),

DEFINITION:
or-y (form) = arg* (form),

DEFINITION:
=-p ) = listp() O(car (9 =" =

DEFINITION:
mk-= (X, y) = ConS(’ = [X1 y])



DEFINITION:
=-x (form) = arg* (form),

DEFINITION:
=-y (form) = arg* (form),

DEFINITION:
ne-p(x) =listp(x) d(car (x) =’ ne)

DEFINITION:
mk-ne(x, y) = cons(’ ne, [X, y])

DEFINITION:
ne-x (form) = arg* (form),

DEFINITION:
ne-y (form) = arg* (form),

DEFINITION:
lt-p(x) = listp(x) O (car () =" I t)

DEFINITION:
mk-lt(x, y) =cons( | t, [X, y])

DEFINITION:
It-x (form) = arg* (form),

DEFINITION:
It-y (form) = arg* (form),

DEFINITION:
lep(x) =listp(x) O(car(x) =" 1 €)

DEFINITION:
mk-le(x,y) =cons(’ | e, [x, ¥])

DEFINITION:
le-x (form) = arg* (form),

DEFINITION:
le-y (form) = arg* (form);

DEFINITION:
gt-p(x) =listp(x) U (car(x) =" gt )
DEFINITION:

mk-gt (x, y) =cons(’ gt, [x, y])
DEFINITION:

gt-x (form) = arg* (form),,

DEFINITION:
gt-y (form) = arg* (form),

DEFINITION:
ge-p(x) =listp(x) U(car(x) =" ge)
DEFINITION:

mk-ge(x, y) =cons(’ ge, [X, y])
DEFINITION:

ge-x (form) = arg* (form),

DEFINITION:
ge-y (form) = arg* (form),
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DEFINITION:
+-p(x) =listp(x) D(car (x) =" +)

DEFINITION:
mk-+(x, y) = cons(’ +, [x, Y])

DEFINITION:
+-X (form) = arg* (form),

DEFINITION:
+-y (form) = arg* (form),
DEFINITION:

~p(¥) = listp(x) O(car () =" -)
DEFINITION:

mk-- (X, y) = cons(’ -, [X, ¥])

DEFINITION:
--X (form) = arg* (form),

DEFINITION:
--y (form) = arg* (form),

DEFINITION:
*-p(x) =listp(x) O (car (x) =" *)

DEFINITION:
mk-* (x, y) =cons(’ *, [X Y])

DEFINITION:
*-x (form) = arg* (form),

DEFINITION:
*-y (form) = arg* (form),

DEFINITION:
J-p(x) = listp(x) O (car (x) =" /)

DEFINITION:
mk-/ (x,y) =cons( / , [X, ¥])

DEFINITION:
[-x (form) = arg* (form),

DEFINITION:
/-y (form) = arg* (form),

DEFINITION:
mod-p (X) = listp (X) O (car (x) =" nod)

DEFINITION:
mk-mod (X, y) = cons(’ nod, [X, y])

DEFINITION:
mod-x (form) = arg* (form),

DEFINITION:
mod-y (form) = arg* (form);

DEFINITION:
rem-p(x) =listp(x) O(car(x) =" r en)

DEFINITION:
mk-rem (X, y) =cons(’ r em [x, y])



DEFINITION:
rem-x (form) = arg* (form),

DEFINITION:
rem-y (form) = arg* (form);

DEFINITION:
expt-p(x) =listp(x) O(car (X) =’ expt)

DEFINITION:
mk-expt (x, y) = cons(’ expt, [x, y])

DEFINITION:
expt-x (form) = arg* (form),

DEFINITION:
expt-y (form) = arg* (form),

DEFINITION:
abs-p(x) =listp(x) O (car (x) =’ abs)

DEFINITION:
mk-abs(x) = cons(’ abs, [X])

DEFINITION:
abs-x (form) = arg* (form),

DEFINITION:
not-p (x) =listp(xX) O (car (X) =’ not)

DEFINITION:
mk-not (x) = cons(’ not , [X])

DEFINITION:
not-x (form) = arg* (form),

DEFINITION:
minus-p(x) = listp (x) O (car (X) =’ m nus)

DEFINITION:
mk-minus(x) = cons(’ m nus, [X])

DEFINITION:
minus-x (form) = arg* (form),

DEFINITION:
append-p (X) =listp(x) O (car (X) =" append)

DEFINITION:
mk-append (X, y) = cons(’ append, [x, y])

DEFINITION:
append-x (form) = arg* (form),

DEFINITION:
append-y (form) = arg* (form),;

DEFINITION:
cons-p(X) =listp(x) O(car(X) =’ cons)

DEFINITION:
mk-cons(x) = cons(’ cons, [X])

DEFINITION:
cons-x (form) = arg* (form),
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DEFINITION:
car-p(x) =listp(x) O(car (x) =’ car)

DEFINITION:
mk-car (X) = cons(’ car, [X])

DEFINITION:
car-x (form) = arg* (form),

DEFINITION:
cdr-p(X) = listp(x) O(car (X) =" cdr)

DEFINITION:
mk-cdr (X) = cons(’ cdr, [X])

DEFINITION:
cdr-x (form) = arg* (form),

DEFINITION:
lexpr-p (X)
symbolp (x)
literal-p (X)
list-p ()
in-p(x)
not-in-p (x)
iff-p(x)
implies-p (X)
and-p (x)
or-p(X)
not-p (X)
=-p(X)
range-p (x)
ne-p (X)
It-p(X)
le-p(X)
ot-p(X)
ge-p(x)
+-p(X)
-p(X)
*-p(x)
I-p(¥)
mod-p (X)
rem-p (x)
expt-p(x)
abs-p(x)
minus-p (X)
assoc-p (X)
lookup-p (X)
in-range-p (X)
append-p (X)
cons-p (X)
car-p(x)
cdr-p(X)
if-p(X)
set-p(X)
get-p(x)
instate-p (X)
outstate-p (X))
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DEFINITION:
choice-p(x) = range-p (x) O (expr-p(x) O others-p (X))

DEFINITION:
choices-p(x) = consp(X) O (car (X) =’ choi ces)

DEFINITION:
mk-choices(args) = cons(’ choi ces, args)

DEFINITION:
constant-p (X) = consp(x) O (car (X) =’ const ant)

DEFINITION:
mk-constant =[' const ant ]

DEFINITION:
variable-p(x) = consp(X) O(car (x) =’ vari abl e)

DEFINITION:
mk-variable=[" vari abl e]

DEFINITION:
pmode-p (X) = constant-p (X) O variable-p (X)

DEFINITION:
fp-spec-p (X) =listp(x) O(car (X) =" f p- spec)

DEFINITION:
mk-fp-spec (id, mode, type) = cons(’ f p- spec, [id, mode, type])

DEFINITION:
fp-spec-id (form) = arg* (form),

DEFINITION:
fp-spec-mode (form) = arg* (form),

DEFINITION:
fp-spec-type(form) = arg* (form),

DEFINITION:
fpl-p(X) = consp(x) O(car(x) =" f pl )

DEFINITION:
mk-fpl (args) = cons(’ f pl , args)

DEFINITION:
number-decl-p (X)
listp(X) O(car (X) =" nunber - decl )

DEFINITION:
mk-number-decl (id, mode, body)

cons(’ nunber - decl , [id, mode, body])

DEFINITION:
number-decl-id (form) = arg* (form),

DEFINITION:
number-decl-mode (form) = arg* (form);

DEFINITION:
number-decl-body (form) = arg* (form),,

DEFINITION:
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object-decl-p (X)

Ii_stp(x) O(car(X) = obj ect - decl)

DEFINITION:
mk-object-decl (id, mode, type, body)

cons(’ obj ect - decl , [id, mode, type, body])

DEFINITION:

object-decl-id (form) = arg* (form),
DEFINITION:

object-decl-mode (form) = arg* (form),
DEFINITION:

object-decl-type(form) = arg* (form),,
DEFINITION:

object-decl-body (form) = arg* (form),

DEFINITION:
procedure-p (X)

listp(x) O(car (X) =’ pr ocedure)

DEFINITION:

mk-procedure (id, params, return, body, spec)

cons(’ procedur e, [id, params, return, body, spec])
DEFINITION:

procedure-id (form) = arg* (form),

DEFINITION:

procedure-params (form) = arg* (form),

DEFINITION:
procedure-return (form) = arg* (form),

DEFINITION:
procedure-body (form) = arg* (form),

DEFINITION:
procedure-spec (form) = arg* (form),

DEFINITION:
function-p(x) = listp(x) O(car (xX) =’ f unct i on)

DEFINITION:
mk-function (id, params, return, body, spec)

cons(’ functi on, [id, params, return, body, spec])

DEFINITION:
function-id (form) = arg* (form),

DEFINITION:
function-params(form) = arg* (form),

DEFINITION:
function-return (form) = arg* (form),,

DEFINITION:
function-body (form) = arg* (form),



DEFINITION:
function-spec (form) = arg* (form),,

DEFINITION:
exception-p (X)

Ii_stp(x) O(car(X) =’ exception)

DEFINITION:
mk-exception (id) = cons(’ except i on, [id])

DEFINITION:
exception-id (form) = arg* (form),,

DEFINITION:
subprogram-p (x) = function-p (x) O procedure-p (X)

DEFINITION:
use-p(x) = consp(X) O(car(X) =’ use)

DEFINITION:
mk-use(args) = cons(’ use, args)

DEFINITION:
inner-decl-p (X)
obj ect-decl-p (X)
O (number-decl-p (x) O (assert-p () Oinvariant-p (X)))

DEFINITION:
inner-decls-p(X)

consp(X) O(car(X) =" i nner - decl s)

DEFINITION:

mk-inner-decls(args) = cons(’ i nner - decl s, args)
DEFINITION:

rename-pkg-p (X)

listp(x) O(car (X) =’ r enane- pkQg)

DEFINITION:

mk-rename-pkg (new, old) = cons(’ r ename- pkg, [new, old])
DEFINITION:

rename-pkg-new (form) = arg* (form),

DEFINITION:

rename-pkg-old (form) = arg* (form),

DEFINITION:
rename-sub-p (X)

listp(X) O(car (X) =’ r enane- sub)

DEFINITION:
mk-rename-sub (new, old) = cons(’ r enamne- sub, [new, old])

DEFINITION:
rename-sub-new (form) = arg* (form),

DEFINITION:
rename-sub-old (form) = arg* (form),
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DEFINITION:
rename-obj-p (x)

Ii_stp(x) O(car (x) =" r ename- obj )

DEFINITION:
mk-rename-obj (new, type, old)

cons(’ r enane- obj , [new, type, old])

DEFINITION:
rename-obj-new (form) = arg* (form),

DEFINITION:
rename-obj-type (form) = arg* (form),

DEFINITION:
rename-obj-old (form) = arg* (form),

DEFINITION:
rename-p (X)

rename-pkg-p (X) O (rename-sub-p (X) I rename-obj-p (X))

DEFINITION:
decl-p (X)
inner-decl-p (X)
O ( subprogram-p(x)
O ( typedecl-p(X)
O (  subtype-decl-p(X)
O ( rename-p(X)
O (defun-p(x) O (defthm-p (X) O defaxiom-p (X)))))))

DEFINITION:
decls-p(x) = consp(x) O (car (x) =’ decl s)

DEFINITION:
mk-decls(args) = cons(’ decl s, args)

DEFINITION:
raise-p(x) = consp(x) O (car (x) =’ r ai se)

DEFINITION:
mk-raise=[" r ai se]

DEFINITION:

null-p(x) = consp(x) d(car (xX) =" nul |)

DEFINITION:
mk-null =" nul | ]

DEFINITION:
assign-p(X) = listp(x) O(car (X) =’ assi gn)

DEFINITION:
mk-assign (var, value) = cons(’ assi gn, [var, valug])

DEFINITION:
assign-var (form) = arg* (form),

DEFINITION:
assign-value(form) = arg* (form),
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DEFINITION:
proc-call-p (x)
Ii_stp(x) O(car(x)="proc-call)

DEFINITION:
mk-proc-call (id, actuals) = cons(’ pr oc- cal | , [id, actuals])

DEFINITION:
proc-call-id (form) = arg* (form),

DEFINITION:
proc-call-actuals(form) = arg* (form),

DEFINITION:
return-p (xX) = listp(x) O(car (X) =’ r et ur n)

DEFINITION:
mk-return (value) = cons(’ r et ur n, [value])

DEFINITION:
return-value (form) = arg* (form),

DEFINITION:
exit-p(x) = consp(X) O(car(x) =" exi t)

DEFINITION:
mk-exit =[" exi t ]

DEFINITION:
d-p(x) =consp(X) d(car(x) =" sl )

DEFINITION:
mk-dl (args) = cons(’ sl , args)

DEFINITION:
while-loop-p (X)
listp(X) O(car (X) =" whi | e-1 oop)

DEFINITION:
mk-while-loop (test, statements)

cons(’ whi | e-1 oop, [test, statements])

DEFINITION:
while-loop-test (form) = arg* (form),,

DEFINITION:
while-loop-statements (form) = arg* (form),

DEFINITION:

loop-p(x) =listp(x) O(car(X) =" | oop)
DEFINITION:

mk-loop (statements) = cons(’ | oop, [statements])

DEFINITION:
loop-statements (form) = arg* (form),,

DEFINITION:
for-loop-p(X) = listp(X) O(car (x) =" f or -1 oop)

DEFINITION:
mk-for-loop (var, range, statements)



cons(’ f or - | oop, [var, range, statements))

DEFINITION:
for-loop-var (form) = arg* (form),

DEFINITION:
for-loop-range (form) = arg* (form),

DEFINITION:
for-loop-statements (form) = arg* (form),,

DEFINITION:
reverse-for-loop-p (x)

listp(X) O(car(X) =’ rever se-for-1oop)

DEFINITION:
mk-reverse-for-loop (var, range, statements)

cons(’ reverse-for-1I oop,[var, range, statements])

DEFINITION:
reverse-for-loop-var (form) = arg* (form),

DEFINITION:
reverse-for-loop-range (form) = arg* (form);

DEFINITION:
reverse-for-loop-statements(form) = arg* (form),,

DEFINITION:
loop-stmt-p (X)
while-loop-p (X)
O (loop-p(x) O (for-loop-p (x) Oreverse-for-loop-p (X))

DEFINITION:
block-p (x) = listp(x) O(car (X) =’ bl ock)

DEFINITION:
mk-block (decls, handler, body)

cons(’ bl ock, [decls, handler, body])

DEFINITION:
block-decls(form) = arg* (form),

DEFINITION:
block-handler (form) = arg* (form);

DEFINITION:
block-body (form) = arg* (form),

DEFINITION:
ifarm-p(x) = listp(x) d(car(x) =" i farm

DEFINITION:

mk-ifarm (test, statements) = cons(’ i f ar m [test, statements))

DEFINITION:
ifarm-test (form) = arg* (form),,

DEFINITION:
ifarm-statements(form) = arg* (form),
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DEFINITION:
if-stmt-p(X) =consp(x) O(car(x) =" i f-stnt)

DEFINITION:
mk-if-stmt (args) = cons(’ i f - st nt , args)

DEFINITION:
casearm-p(X) = listp(x) O (car (X) =’ casear n)

DEFINITION:
mk-casearm (test, statements)

cons(’ casear m [test, statements))

DEFINITION:
casearm-test (form) = arg* (form),,

DEFINITION:
casearm-statements (form) = arg* (form),

DEFINITION:
casearms-p (X) = consp(X) O (car (X) =’ casear nms)

DEFINITION:
mk-casearms(args) = cons(’ casear ns, args)

DEFINITION:
case-stmt-p (X)
listp(x) O(car (X) =" case-stnt)

DEFINITION:
mk-case-stmt (test, arms) = cons(’ case- st nt , [test, arms])

DEFINITION:
case-stmt-test (form) = arg* (form),

DEFINITION:
case-stmt-arms(form) = arg* (form),

DEFINITION:
st-compound-p (X)

if-stmt-p (X) O (case-stmt-p (X) O (loop-stmt-p (xX) O block-p (x)))
DEFINITION:

constrained-st-p (X)

listp(X) O(car (X) =’ constrai ned- st)

DEFINITION:
mk-constrained-st (relation, stmt)

cons(’ constr ai ned- st , [relation, stmt])

DEFINITION:
constrained-st-relation (form) = arg* (form),

DEFINITION:
constrained-st-stmt (form) = arg* (form),;

DEFINITION:
st-simple-p (x)
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null-p (X)
0 ( essign-p(x) _ _
O (proc-cal-p(x) O (return-p (x) O (exit-p (X) Oraise-p(X)))))

DEFINITION:
ada-st-p (X) = st-simple-p (X) [ st-compound-p (X)

DEFINITION:
st-p(x)
adar-st-p (X) O (constrained-st-p (X) O assert-p (X))

DEFINITION:
ids-p(x) =consp(x) O(car(x) =" i ds)

DEFINITION:

mk-ids(args) = cons(’ i ds, args)

DEFINITION:

compilation-p (X)

consp(x) O(car () =" conpi | ati on)

DEFINITION:

mk-compilation (args) = cons(’ conpi | ati on, args)
DEFINITION:

comp-unit-p (X)

listp(x) O(car (X) =" conp-unit)

DEFINITION:

mk-comp-unit (unit, clause) = cons(’ conp- uni t , [unit, clause])
DEFINITION:

comp-unit-unit (form) = arg* (form),

DEFINITION:

comp-unit-clause (form) = arg* (form),

DEFINITION:

context-p(X) = listp(X) O (car (X) =’ cont ext)
DEFINITION:

mk-context (with, use) = cons(’ cont ext , [with, use])
DEFINITION:

context-with (form) = arg* (form),

DEFINITION:

context-use(form) = arg* (form),

DEFINITION:

package-p (X) = listp(x) O(car (X) =’ package)

DEFINITION:
mk-package(id, outer, private, inner, body)

cons(’ package, [id, outer, private, inner, body])

DEFINITION:
package-id (form) = arg* (form),

DEFINITION:
package-outer (form) = arg* (form),
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DEFINITION:
package-private (form) = arg* (form),

DEFINITION:
package-inner (form) = arg* (form),

DEFINITION:
package-body (form) = arg* (form),,

DEFINITION:
library-unit-p (X) = subprogram-p (x) [ package-p (X)

DEFINITION:
compilation-args-p (1)

if = consp(l) thent

elseif comp-unit-p (car (I)) then compilation-args-p (cdr (1))
elsenil

fi

DEFINITION:
ids-args-p (1)

if = consp(l) thent

elseif id-p(car (1)) then ids-args-p(cdr (1))
elsenil

fi

DEFINITION:
casearms-args-p(l)

if = consp(l) thent

elseif casearm-p(car (1)) then casearms-args-p (cdr (1))
elsenil

fi

DEFINITION:
if-stmt-args-p (1)

if = consp(l) thent

eseif ifarm-p(car (1)) then if-stmt-args-p (cdr (1))
else nil

fi

DEFINITION:
d-args-p(l)

if_—| consp(l) thent

elseif st-p(car (1)) then d-args-p(cdr (1))
elsenil

fi

DEFINITION:
decls-args-p(l)

if = consp(l) thent

elseif decl-p(car (I)) then decls-args-p(cdr (1))
else nil

fi

DEFINITION:
inner-decls-args-p (1)



if = consp(l) thent

elseif inner-decl-p(car (1)) then inner-decls-args-p (cdr (1))
else nil

fi

DEFINITION:
use-args-p(l)

if = consp(l) thent

elsaf id-p(car (1)) then use-args-p(cdr (1))
elsenil

fi

DEFINITION:
fpl-args-p(l)

if_—| consp(l) thent

elseif fp-spec-p(car (1)) then fpl-args-p (cdr (1))
elsenil

fi

DEFINITION:
choices-args-p(l)

if = consp(l) thent

elseif choice-p(car (I)) then choices-args-p(cdr (1))
elsenil

fi

DEFINITION:
apl-args-p(l)

if = consp(l) thent

elseif expr-p(car (1)) then apl-args-p(cdr (1))
esenil

fi

DEFINITION:
designator-args-p (1)

if = consp(l) thent

elseif id-p(car (1)) then designator-args-p(cdr (1))
elsenil

fi

DEFINITION:
aggregate-args-p(l)

if = consp(l) thent

elseif aggregate-arm-p (car (1)) then aggregate-args-p (cdr (1))
elsenil

fi

DEFINITION:
record-type-args-p(l)

if = consp(l) thent

elseif field-spec-p(car (1)) then record-type-args-p (cdr (1))
esenil

fi



DEFINITION:
enumeration-args-p (1)

if = consp(l) thent

elseif enumeration-literal-p (car (1)) then enumeration-args-p (cdr (1))
elsenil

fi

DEFINITION:
list-args-p(l)

if = consp(l) thent

elseif expr-p(car (1)) then list-args-p(cdr (1))
elsenil

fi

DEFINITION:
prefix-p-body (form)

let operator be opr (form)
in
case match operator:
case I’ package then
id-p (package-id (form))
O ( ( (package-outer (form) = nil)
O decls-p (package-outer (formy)))
O ( ( (package-private(form) = nil)
O decls-p(package-private (formy)))
O ( ( (package-inner (form) = nil)
O decls-p (package-inner (formy)))
O ( (package-body (form) = nil)
0 d-p(package-body (form))))))
case 0’ cont ext then
((context-with (form) = nil) Oids-p (context-with (form)))
O ( (context-use(form) = nil)
O ids-p(context-use(formy)))
case 0’ conp-uni t then
library-unit-p (comp-unit-unit (form))
O context-p (comp-unit-clause (form))
case 0’ conpi | ati on then compilation-args-p (arg* (form))
case 0’ i ds then ids-args-p (arg* (form))
case [0’ const r ai ned- st then
transition-p (constrai ned-st-rel ation (form))
0 st-compound-p (constrained-st-stmt (form))
case [0’ case-stnt then
expr-p (case-stmt-test (form))
0 casearms-p (case-stmt-arms(form))
case [0’ casear ns then casearms-args-p (arg* (form))
case [’ casear mthen expr-p (casearm-test (form))
0 d-p(casearm-statements(form))
cased’' i f-stnt then if-stmt-args-p (arg* (form))
case 0’ i f ar mthen expr-p (ifarm-test (form))
O d-p(ifarm-statements(form))
case 0’ bl ock then
( (block-decls(form) = nil)
O inner-decls-p (block-decls(form)))
O ( ( (block-handler (form) = nil)
0 d-p(block-handler (form)))
O d-p(block-body (form)))
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case [0’ reverse-for-1oop then
id-p (reverse-for-loop-var (form))
O ( range-p(reverse-for-loop-range(formy)
O d-p(reverse-for-loop-statements(form)))
cased’ f or -1 oop then
id-p (for-loop-var (form))
O ( range-p(for-loop-range(form))
O d-p(for-loop-statements(formy)))
case 0’ | oop then d-p(loop-statements(form))
case 0’ whi | e- | oop then
expr-p (while-loop-test (form))
O d-p(while-loop-statements(form))
case 0’ sl then d-args-p(arg* (form))
cased’ exit then t
case 0’ ret ur n then (return-value (form) = nil)
O expr-p (return-value (form))
cased’ proc-call then id-p (proc-call-id (form))
O apl-p(proc-call-actuas(formy)
case 0’ assi gn then name-p (assign-var (form))
O expr-p(assign-value(form))
case 0’ nul | then t
case [’ rai se then t
case [0’ decl s then decls-args-p (arg* (form))
case 0’ r enamne- obj then
id-p (rename-obj-new (form))
O ( type-p(rename-obj-type(form))
O id-p(rename-obj-old (formy)))
case [0’ r enane- sub then
subprogram-p (rename-sub-new (form))
O id-p(rename-sub-old (form))
case 0’ r enane- pkg then id-p (rename-pkg-new (form))
O id-p(rename-pkg-old (form))
case 0" i nner - decl s then inner-decls-args-p (arg* (form))
case 0’ use then use-args-p(arg* (form))
case I’ except i on then id-p(exception-id (form))
cased’ functi on then
id-p (function-id (form))
O ( fpl-p(function-params(form))
O ( id-p(function-return (form))
O ( ( (function-body (form) = nil)
O block-p (function-body (form)))
O (  (function-spec(form) = nil)
O subprogram-annotation-p (function-spec (formy)))))
case 0’ procedur e then
id-p (procedure-id (form))
O ( fpl-p(procedure-params(form))
O ( ( (procedure-return(form) = nil)
O id-p(procedure-return (formy)))
O ( ( (procedure-body (form) = nil)
O block-p (procedure-body (formy)))
O ( (procedure-spec(form) = nil)
O subprogram-annotation-p (procedure-spec (form))))))
case [’ obj ect - decl then
id-p (object-decl-id (form))
O (  pmode-p (object-decl-mode(form))
O (  subtype-p (object-decl-type(form))
O ( (object-decl-body (form) = nil)
O expr-p (object-decl-body (formy)))))



case 0’ nunber - decl then
id-p (number-decl-id (form))
O ( pmode-p (humber-decl-mode (form))
O expr-p (number-decl-body (form)))
case 0’ f pl then fpl-args-p(arg* (form))
case 0’ f p- spec then
id-p (fp-spec-id (form))
O ( pmode-p (fp-spec-mode(form))
0 type-p (fp-spec-type(formy)))
case [’ vari abl e then t
case [0’ const ant then t
case 0’ choi ces then choices-args-p (arg* (form))
case 0’ cdr then lexpr-p(cdr-x (form))
case 0’ car then lexpr-p(car-x (form))
case 0’ cons then lexpr-p(cons-x (form))
case 0’ append then lexpr-p (append-x (form))
O lexpr-p (append-y (form))
case 0’ m nus then lexpr-p (minus-x (form))
case 0’ not then lexpr-p (not-x (formy))
case [0’ abs then lexpr-p (abs-x (form))

case [0’ expt then lexpr-p (expt-x (form))
O lexpr-p (expt-y (form))
case [0’ r emthen lexpr-p (rem-x (form))
O lexpr-p (rem-y (form))
case 0’ nod then lexpr-p (mod-x (form))

O lexpr-p(mod-y (form))

case 0’ / then lexpr-p(/-x (form)) Olexpr-p (/-y (form))
case 0’ * then lexpr-p (*-x (form)) Olexpr-p (*-y (form))
case 0’ - then lexpr-p(--x (form)) Olexpr-p (--y (formy))
case [0’ + then lexpr-p (+-x (form)) Olexpr-p (+-y (form))
case 0’ ge then lexpr-p (ge-x (form))

O lexpr-p(ge-y (form))
case 0’ gt then lexpr-p (gt-x (form))

O lexpr-p(gt-y (form))

cased’ | e then lexpr-p (Ie-x (form))
O lexpr-p(le-y (form))
case’ | t then lexpr-p (It-x (form))
O lexpr-p(It-y (form))
case 0’ ne then lexpr-p (ne-x (form))

O lexpr-p(ne-y (form))
case 0’ = then lexpr-p(=-x (form)) Olexpr-p (=-y (form))
case [’ or then lexpr-p (or-x (form))
O lexpr-p(or-y (form))
case 0" and then lexpr-p (and-x (form))
O lexpr-p (and-y (form))
cased" i mpl i es then lexpr-p (implies-x (form))
O lexpr-p(implies-y (form))
case' i ff then lexpr-p (iff-x (form))
O lexpr-p(iff-y (formy))

case " i nthen lexpr-p (in-x (form))
O lexpr-p(in-y (formy))
case 0’ not -i n then lexpr-p (not-in-x (formy))
O lexpr-p(not-in-y (form))
case’ i n-range then lexpr-p (in-range-x (formy))
O lexpr-p(in-range-y (form))
case 0’ | ookup then lexpr-p (lookup-x (form))

O lexpr-p (lookup-y (form))
case 0’ assoc then lexpr-p (assoc-x (form))
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O lexpr-p (assoc-y (form))
case [’ get then lexpr-p (get-id (formy))
O lexpr-p(get-index (form))
case [’ set then
lexpr-p (set-id (form))
O (lexpr-p(set-index (form)) O lexpr-p (set-value (formy)))
case[d" i f then
lexpr-p (if-test (form))
O (lexpr-p(if-then(form)) Olexpr-p (if-else(form)))
case 0’ def un then
symbolp (defun-id (form))
O (  symbolsp(defun-fpl (form))
O lexpr-p (defun-relation (formy)))
case 0’ def t hmthen symbolp (defthm-id (form))
O lexpr-p (defthm-relation (form))
case 0’ def axi omthen symbolp (defaxiom-id (form))
O lexpr-p (defaxiom-relation (form))
case 0’ r et ur n- val ue then lexpr-p (return-value-relation (form))
cased’ return-rel ati onthen
symbolp (return-relation-var (form))
O lexpr-p(return-relation-relation (formy)
case [’ t ransi ti on then lexpr-p(transition-relation (form))
case [’ i nvari ant then lexpr-p(invariant-relation (form))
case 1’ assert then lexpr-p (assert-relation (form))
case [0’ out st at e then lexpr-p (outstate-expr (form))
case (I’ i nst at e then lexpr-p (instate-expr (form))
case [’ functi on-cal | then
id-p (function-call-id (form))
O apl-p(function-call-actuals(form))
case [0’ op- expr then id-p (op-expr-id (formy))
O apl-p(op-expr-actua s(form))
case 0’ apl then apl-args-p(arg* (form))
case 0’ dot - qual - 1 then
name-p (dot-qual-1-root (form))
0 symbolp (dot-qual-1-component (form))
case I’ desi gnat or then designator-args-p (arg* (form))
case ]’ sel ect ed- conponent then
expr-p (sel ected-component-root (form))
O symbolp (sel ected-component-field (form))
case 0’ appl y- 1 then expr-p (apply-1-root (form))
0 apl-p(apply-1-args(formy))
case I’ i ndexed- conponent then
expr-p (indexed-component-root (form))
O expr-p (indexed-component-index (form))
case [0’ aggr egat e then aggregate-args-p (arg* (formy)
case 0’ aggr egat e- pos then expr-p (aggregate-pos-value (formy))
case [0’ aggr egat e- choi ce then
choices-p (aggregate-choi ce-choice (form))
O expr-p (aggregate-choice-value (form))
case 1’ t ype- convert then
type-p (type-convert-type (form))
O expr-p (type-convert-vaue(form))
cased’ qual i fi ed then type-p (qualified-type (form))
O expr-p(quaified-value(form))
case [’ subt ype- decl then
id-p (subtype-decl-id (form))
O subtype-p (subtype-decl-decl (form))
case ' t ype- decl then



id-p (type-decl-id (form))
O ( (type-decl-decl (form) = nil)
O type-p(type-decl-decl (form)))
cased’ array-type then
type-mark-p (array-type-index (form))
O type-p(array-type-elements(form))
cased’ record-type then record-type-args-p (arg* (form))
case’ fi el d- spec then symbolp (field-spec-id (form))
O type-p(field-spec-decl (form))
case 0’ r ange then expr-p (range-from (form))
O expr-p (range-to (form))
cased’ attri bute then id-p (attribute-root (form))
O id-p(attribute-attr (form))
case 0’ t ype- mar k then
id-p (type-mark-type (form))
O constraint-p (type-mark-constraint (form))
case [0’ enuner at i on then enumeration-args-p (arg* (form))
cased’ | i st then list-args-p(arg* (form))
case [0’ f al se then t
case [’ t rue then t
case[" i d then
symbolp (id-root (form))
O ((id-uid(form) = nil) Ointegerp (id-uid (formy)))
case [0’ unconst r ai ned then t
case [0’ ot her s then t
case 0’ error then listp (error-form (form))
O stringp (error-message (form))
otherwise nil
endcase

THEOREM: strip-cdrs-le
acl2-count (strip-cdrs(x)) < acl2-count (x)

THEOREM: strip-cdrs-It
acl2-count (strip-cdrs(x)) < (1 + acl2-count (X))

THEOREM: top-literal-p-count
acl2-count (strip-cdrs(cdr (form)))
< (1 + acl2-count (car (form)) + acl2-count (cdr (formy)))

DEFINITION:
top-literal-p (form, flag)

if flag
then if = consp (form) then form= nil

else  top-literal-p(car (form), nil)

O top-literal-p(cdr (form), t)

fi
elseif booleanp (form) then t
eseif integerp (form) then t
elsaf characterp (form) then standard-char-p (form)
elseif array-literal-p (form) then top-literal-p (range(form), t)
elseif record-literal-p (form) then top-literal-p (range(form), t)
else nil
fi
M easure: acl2-count (form)

DEFINITION:
top-prefix-p (form, flag)
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if flag
then if = consp (form) then form=nil

else  top-prefix-p(car (form), nil)

O top-prefix-p (cdr (form), t)

fi
elseif symbolp (form) then't
elseif integerp (form) thent
elseif characterp (form) O standard-char-p (form) thent
elsaif stringp (form) thent
elseif lexpr-p (form) thent
elseif (= consp (form)) O (- listp(arg* (formy))) then nil
elseif car (form) O’ (def axi om def un defthm) thent
elseif top-prefix-p (arg* (form), t) then prefix-p-body (form)
elsenil
fi
M easure: acl2-count (form)

Disable forcing.

EVENT:
PROVE-AVA-PRIMITIVE-TYPE-DEFTHMS

( exit null raise

variabl e constant fal se true unconstrai ned others
package context conp-unit constrained-st case-stm
casearmifarm bl ock reverse-for-loop for-Iloop

| oop while-loop return proc-call assign

rename- obj renane-sub renane-pkg exception function
procedure object-decl nunber-decl fp-spec cdr

car cons append mnus not abs expt rem nod

/ * - +gegt lelt ne = or and

inmplies iff in not-in in-range | ookup assoc

get set if defun defthm defaxi omreturn-val ue
return-relation transition invariant assert
outstate instate function-call op-expr dot-qual-1
sel ect ed- conponent apply-1 i ndexed- conponent

aggr egat e- pos aggr egat e-choi ce type-convert qualified
subt ype-decl type-decl array-type field-spec range
attribute type-nmark id error)

CONSTANT:
*ava-primitive-type-repeating* =
"(compilationids
casearnmsif-stnt sl decls
i nner-decl susefpl choi ces apl
desi gnat or aggregaterecord-type
enunmerationlist)

CONSTANT:

*ava-primitive-type-equiv* =

"(library-unit st
ada- st st-sinpl e st-conpound | oop- st nt
decl renanei nner-decl subprogram
pnode choi ce | expr subprogram annot ati on
expr nane def i ni ng- nane aggr egat e-arm
type constrai nt subtype predefined-type
enuneration-literal Iliteral literal
bool ean-literal)

DEFINE the theory ava-primitive-type-fns-2 to be
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suffix-fns(* ava-primitive-type-equiv*, ' - p)
O suffix-fns(*ava-primitive-type-repeating*, ' - ar gs- p).

CONSTANT:
*ava-primitive-type-mkfuns* =
" (k- package nk- cont ext
nmk- conmp-uni t nk-conpil ati onnk-ids
nk- constrai ned- st nk- case- st nt nk-casear ns
nk- casear mnk-i f-stm nk-ifarmnk- bl ock
nk-reverse-for-1|oopnk-for-Ioopnk-1oop
nmk- whi | e-1 oop nk- sl nk-exit nk-returnnk-proc-call
nk-assi gn nk-nul | nk-rai se nk-decl s nk-r enane- obj
nk- r enane- sub nk-r enane- pkg nk-i nner - decl s
nk- use nk- excepti on nk-function
nk- pr ocedur e nk- obj ect - decl nk- nunber -decl nk-fpl
nk- f p- spec nk-vari abl e nk- const ant nk- choi ces
nk- cdr nk-car nk-cons nk- append
nk- m nus nk- not nk-abs nk- expt
nk- remnk- nod nk-/ nk-* nk- -
nk- + nk-ge nk-gt nk-lenk-1t
nk- ne nk- = k- or nk-and nk-i nplies
nk-iff nk-innk-not-innk-in-range
nmk- | ookup k- assoc nk- get nk-set
nk-i f k- def un nk- def t hmnk- def axi om
nk-return-valuenk-return-relati onnk-transition
nk-i nvari ant nk-assert nk-out state
nmk-i nst at e nk-function-call nk-op-expr
nk- apl nk-dot - qual - 1 nk- desi gnat or
nk- sel ect ed- conponent nk-apply-1
nk- i ndexed- conponent k- aggr egat e nk- aggr egat e- pos
nk- aggr egat e- choi ce nk-type-convert nk-qualified
nk- subt ype-decl nk-type-decl nk-array-type
nk-record-type nk-fiel d-spec nk-range
nk-attri but e nk-type-mark nk- enunerati on
nk-1ist nk-fal senk-truenk-id
nmk- unconst r ai ned nk- ot hers
nk-error)

CONSTANT:
*ava-primitive-type-argfuns* =

"(error-formerror-nmessage
id-root id-uid type-mark-type
type-mark-constraint attri bute-root attribute-attr
range-fromrange-tofiel d-spec-id
fiel d-spec-decl array-type-index
array-type-el enentstype-decl-idtype-decl -decl
subt ype-decl -i d subt ype- decl -decl qualified-type
qual i fi ed-val uetype-convert-type
t ype- convert - val ue aggr egat e- choi ce- choi ce
aggr egat e- choi ce- val ue aggr egat e- pos- val ue
i ndexed- conponent - r oot i ndexed- conponent - i ndex
appl y- 1-r oot appl y- 1- ar gs sel ect ed- conponent - r oot
sel ect ed- conponent - fi el d dot - qual - 1- r oot
dot - qual - 1- conponent op-expr-i dop-expr-actual s
function-call-idfunction-call-actual sinstate-expr
out st at e-expr assert-relationinvariant-relation
transition-relationreturn-rel ation-var
return-relation-relationreturn-val ue-rel ation
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def axi omi ddefaxiomrelationdefthmid
defthmrel ati on defun-iddefun-fpl
defun-relationif-testif-thenif-else
set-idset-indexset-valueget-id

get -i ndex assoc- x assoc-y | ookup- x

| ookup-yin-range-xin-range-y not-in-x
not-in-yin-xin-yiff-xiff-y

i mplies-xinplies-yand-xand-yor-x
or-y=-x=-yne-xne-ylt-x
l[t-yle-xle-ygt-xgt-yge-x

ge-y +-X+-y--X--y*-X
*-y/-x/-ynod-xnmod-yrenx

remy expt-x expt-y abs-x not - x

nm nus- x append- X append-y cons- x

car-x cdr-xfp-spec-idfp-spec-node

f p- spec-type nunber - decl -i d nunber - decl - rode
nunber - decl - body obj ect - decl -i d obj ect - decl - node
obj ect - decl -t ype obj ect - decl - body procedure-id
pr ocedur e- par ans pr ocedur e-ret urn procedur e- body
procedur e-spec function-idfunction-parans
function-returnfunction-body function-spec
exception-idrenane- pkg- newr ename- pkg- ol d

r ename- sub- newr enamne- sub- ol d r enane- obj - new

r ename- obj -t ype r enane- obj - ol d assi gn-var
assign-val ueproc-call-idproc-call-actual s
return-val ue whil e-1oop-test whil e-1 oop-statenents
| oop-statenents for-Ioop-var for-1oop-range
for-1oop-statenentsreverse-for-I|oop-var
reverse-for-1loop-rangereverse-for-| oop-statenents
bl ock-decl s bl ock- handl er bl ock- body

ifarmtest i farm statenents casearmtest

casearm statenents case-stnt-test case-stnt-arns
constrained-st-rel ati onconstrai ned-st-stnt
conp-unit-unit conp-unit-clausecontext-wth
cont ext - use package-i d package- out er

package- pri vat e package-i nner

package- body)

DEFINE the theory ava-non-type-syntax-fns to be *ava-primitivetype-mkfuns® @
*ava-primitive-type-argfuns*.

A.6 Static Semantics M acros

SET CURRENT PACKAGE to be ACL 2.
INCLUDING the book: macros.

INCLUDING the book: subprefix-openers.

Some type basics. See also legality-overload.lisp
CONSTANT:

*base-integer* =’ (i d i nteger 0)

Enable forcing.

MACRO:
add-variable-binding-to-vs(entry, vs)
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‘(cons ,entry ,vs)

@subsection(More on Entries)

DEFINITION:
entry-mode(x)

if number-decl-p (entry-decl (x)) U object-decl-p (entry-decl (x))
then entry-decl (x),

else nil

fi

Does a package have abody? Yes, and its the 5th element.

DEFINITION:
entry-body (X)

if  procedure-p (entry-decl (X))

O function-p (entry-decl (X))

0 package-p (entry-decl (x)) then entry-decl (x)g
else nil
fi

DEFINITION:
entry-p (X)

let name be entry-name(x),

decl be entry-decl (x),

value be entry-value(x)

in

id-p (name)
0 (decl-p(decl) O subtype-p (decl))
O (null (value) Oliteral-p (value))

inner-decl = object-decl | number-decl | assert | invariant decl = inner-decl | subprogram | type-decl |
subtype-decl | rename | defun | defthm | defaxiom

DEFINITION:
decl-id (d)

if  object-decl-p(d)

number-decl-p (d)

type-decl-p(d)

subtype-decl-p (d)

subprogram-p (d)

rename-pkg-p (d)

rename-obj-p (d) then d;

elseif rename-sub-p(d) then rename-sub-new (d),
elsenil

fi

Oooooood

DEFINITION:
decl-kind (d)

if object-decl-p(d) then car (object-decl-mode(d))
elseif number-decl-p(d) then’ const ant

elseif type-decl-p(d) then’ t ype

elseif subtype-decl-p(d) then’ subt ype
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elseif procedure-p(d) then’ pr ocedure
eseif function-p(d) then’ f uncti on
elseif rename-pkg-p(d) then’ r enane
elseif rename-obj-p(d) then’ r enane
elseif rename-sub-p(d) then’ r enane
elsenil

fi

MODIFY the current theory:
Disable ‘nth'.

During the static semantics check we build an elaboration stack, which is the same thing as a variable
stack except the value entry is ignored. The predicate BASIC-ENTRY-P is true of elaboration and
value stacks, it does not say anything about what is the value part of this entry.

DEFINITION:
decl-type(decl)

case on opr (decl):
case=nunber - decl then *base-integer*
case=obj ect - decl then object-decl-type(decl)
case=functi on then function-return (decl)
otherwise nil
endcase

DEFINITION:
entry-type(x) = decl-type (entry-body (X))

DEFINITION:
type-indication-p (X)
predefined-type-p (x) Oid-p(X) O type-mark-p(X)

DEFINITION:
basi c-entry-p (entry)

entry-p (entry)
0 subtype-p (entry-decl (entry))
O literal-p (entry-vaue(entry))

@subsection(Ava literals, values and types)
Moved definition of ADD-VARIABLE-BINDING-TO-VS from ava-dynamic. A. Flatau 4-May-1994

We have decided @i[not] to require all our values carry type information. Why overspecify? In the
case of integers, we know what we want our operations to do, so why burden ourselves with useless
type information.

For us, the "value" part of an object may be either an actual "raw" value or an expression. Or an apple,
for that matter.

A elaboration-stack isalist of basic-entry-p’s.

DEFINITION:
elaboration-stack-p (alist)

if consp (alist)



95

then basic-entry-p (car (alist)) O elaboration-stack-p (cdr (alist))
elsealist = nil
fi

Later we may make requirements on the environment that say, for example, that every variable is
assigned avalue. For now we will make only trivial "type-theoretic" requirements.

MACRO:
lookup (%, env)

“(l ookup2 ,x (es ,env))

DEFINITION:
lookup3 (X, €a)

if = consp(ea) then nil

elseif x = entry-name(car (ea)) then car (eq)
else lookup3 (x, cdr (ea))

fi

DEFINITION:
lookup?2 (X, es)

if = consp(es) then nil

elsaif lookup3 (x, car (es)) then nil
elselookup?2 (x, cdr (es))

fi

DEFINITION:
variable-lookup (x, env)

let entry be lookup (X, env)
in
if subtype-p (entry-decl (entry)) then entry
elsenil
fi

DEFINITION:
proc-lookup (X, env)

let entry be lookup (X, env)
in
if procedure-p (entry-decl (entry)) then entry-decl (entry)
elsenil
fi

DEFINITION:
proc-definedp (x, env)

let entry be lookup (X, env)
in
procedure-p (entry-decl (entry))

DEFINITION:
func-lookup (%, env)

let entry be lookup (x, env)

in
if function-p (entry-decl (entry)) then entry-decl (entry)
elsenil



fi

DEFINITION:

func-definedp (x, env)

let entry be lookup (X, env)

in

function-p (entry-decl (entry))

THEOREM: basic-entry-p-factl
basic-entry-p (entry) — entry-p (entry)

THEOREM: basic-entry-p-fact2
basic-entry-p (entry) — id-p (entry-name (entry))

THEOREM: basic-entry-p-fact3
basic-entry-p (entry) — subtype-p (entry-decl (entry))

THEOREM: basic-entry-p-fact4
basic-entry-p (entry) — litera-p (entry-value (entry))
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(defthm basi c-entry-p-facts (and (implies (basic-entry-p entry) (entry-p entry)) (implies (basic-entry-p
entry) (id-p (entry-name entry))) (implies (basic-entry-p entry) (member (entry-kind entry) ’(constant
variable))) (implies (basic-entry-p entry) (type-p (entry-body entry)))) :Hints (("Goal" :in-theory
(disable expr-p type-p id-p))))

MODIFY the current theory:

Disable *basic-entry-p’.

A.7 Predefined Packages

SET CURRENT PACKAGE to be ACL 2.

CONSTANT:
*standard* =

‘' (package

(id standard 0)

(decls

(type-decl (id boolean 0) (enuneration (false) (true)))
(subtype-decl (id integer 0)

(type-mark (id base-integer 0)

(range (id ava_mn_int 0) (id ava_max_int 0))))

(subtype-decl (id natural 0)

(type-mark (id integer 0) (range O (id ava_nax_int 0))))

(subtype-decl (id positive 0)

(function

(function

(function

(type-mark (id integer 0) (range 1 (id ava_max_int 0))))

(id abs 0)

(fpl (fp-spec (id left 0) (constant) (id integer 0)))

(id integer 0)

nil nil)

(id remO0)

(fpl (fp-spec (id left 0) (constant) (id integer 0))
(fp-spec (id right 0) (constant) (id integer 0)))

(id integer 0)

nil nil)

(id mod 0)

(fpl (fp-spec (id left 0) (constant) (id integer 0))
(fp-spec (id right 0) (constant) (id integer 0)))

(idinteger 0)

nil nil)

(type-decl (id character 0)



(enuneration -- nul..us
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(package (id ascii 0) nil nil nil nil)
(type-decl (id string 0)
(array-type (type-mark (id positive 0) (unconstrained))
(id character 0)))
(w de_character)
(float)
(w de_string)
(exception (id programerror 0))))

CONSTANT:
*ada* =

' (package (id ada 0)
(decls
(package (id ava-io 0)
(decls
(type-decl (id file_type 0) nil)
(type-decl (id file_npde 0) nil)

(procedure (id close 0)



(fpl (fp-spec (id file 0) (constant) (id file_node 0)))
nil nil nil)

(function (id node 0)
(fpl (fp-spec (id file 0) (constant) (id file_node 0)))
(id file_node 0)
nil nil)

(function (id is_open 0)
(fpl (fp-spec (id file 0) (constant) (id file_node 0)))
(i d bool ean 0)
nil nil)

(function (id end_of _file 0)
(fpl (fp-spec (id file 0) (constant) (id file_node 0)))
(id bool ean 0)
nil nil)

(obj ect-decl (id standard_output 0) (constant) (id file_type 0) nil)
(obj ect-decl (id standard_input 0) (constant) (id file_type 0) nil)

(obj ect-decl (id eol 0) (constant) (character) nil)

(procedure (id get 0)
(fpl (fp-spec (id file 0) (constant) (
(fp-spec (id itemOQ) (variable) (
nil nil nil)
(procedure (id put 0)
(fpl (fp-spec (id file 0) (constant) (id file_node 0))
(fp-spec (id itemO0) (constant) (id character 0)))
nil nil nil)

d file_node 0))
d character 0)))

(procedure (id get_line 0)
(fpl (fp-spec (id file 0) (constant) (id file_node 0))
(fp-spec (id itemQ) (variable) (id string 0)))
nil nil nil)

(procedure (id put_line 0)
(fpl (fp-spec (id file 0) (constant) (id file_node 0))
(fp-spec (id itemO0) (constant) (id string 0)))
nil nil nil)))

(package (id io_exceptions 0)

(decls (exception (id status_error 0))
(exception (id node_error 0))
(exception (id name_error 0))
(exception (id use_error 0))
(exception (id device_error 0))
(exception (id end_error 0))
(exception (id data_error 0))
(exception (id layout_error 0))))

(package (id systemO0)

(decls (type-decl (id nanme 0) nil)
(obj ect-decl (id ava_systemnane 0) (constant) (id name 0))
(object-decl (id ava_mn_int 0) (constant) (id integer 0))
(obj ect-decl (id ava_max_int 0) (constant) (id integer 0))))))

CONSTANT:
*annex-a* =[ *ada*, *standard* ]
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AVA 95 Reference Manual.
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Derived from I SO/IEC 8652:1995(E).
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*p 72,74
*-p, defined 72
*-x 72,87
*-X, defined 72
*y 72,87
*-y, defined 72

+p 72,74
+-p, defined 71
+x 72,87
+-x, defined 72
+y 72,87
+-y, defined 72

-p 72,74
--p, defined 72
--X 72,87
--X, defined 72
-y 72,87
--y, defined 72

I-p 72,74
/-p, defined 72
/-x 72,87
/-x, defined 72
Iy 72,87
/-y, defined 72

=-p 70,74
=-p, defined 70
=-x 71,87
=-x, defined 70
=y 71,87
=-y, defined 71

Abs 4, 23,24
Absp 73,74
Abs-p, defined 73
Absx 73,87
Abs-x, defined 73

Acl2, package used 7, 14, 43, 46,

55, 58, 92, 96
Acl2-boolean 59, 61
Acl2-boolean, defined 59

Acl2-count 30, 35, 36, 49, 56, 57,

89, 90
Acl2-count-cadar-3 49

Acl2-count-extract-agg-values 36

Acl2-count-get-t-2 49
Actions 8, 30, 36
Actions, defined 30
Ada-booleanp 46
Ada-booleanp, defined 46
Ada-char-p 22, 23,59, 61

I ndex

Ada-char-p, defined 59
Adast-p 82
Ada-st-p, defined 82

Add-variable-binding-to-vs, defined

92
Adjust-array-literal 26

Adjust-array-literal, defined 26

Agoregate-args-p 84, 88

Aggregate-args-p, defined 84

Aggregate-arm-p 64, 84

Aggregate-arm-p, defined 64

Aggregate-choice-choice
88

Aggregate-choice-choice,
64

Aggregate-choice-p 10, 33, 34, 64
Aggregate-choice-p, defined 64
Aggregate-choice-value 33, 64, 88

Aggregate-choice-value,
64

Aggregate-p 10, 34, 64, 66

Aggregate-p, defined 64

Aggregate-pos-p 10, 33, 34, 64
Aggregate-pos-p, defined 64
Aggregate-pos-value 10, 33, 64, 88
Aggregate-pos-value, defined 64

All-agg-choice 34

All-agg-choice, defined 34

All-agg-pos 34
All-agg-pos, defined 34
All-id 59

All-id, defined 59
All-integer 59
All-integer, defined 59
All-labels-id 29, 59, 60
All-labels-id, defined 59

All-labels-integer 29, 59, 60
All-labels-integer, defined 59

And-p 70,74

And-p, defined 70
And-x 70, 87

And-x, defined 70
And-y 70, 87

And-y, defined 70
Apl-args-p 84,88
Apl-args-p, defined 84
Apl-p 66, 86, 88
Apl-p, defined 66
Append-ase, defined 41
Append-p 73,74
Append-p, defined 73
Append-vse, defined 41
Append-x 73,87
Append-x, defined 73
Append-y 73,87
Append-y, defined 73
Apply-1-args 65, 88
Apply-1-args, defined 65
Apply-1-p 65, 66

Apply-1-p, defined 65

Apply-1-root 65, 88

Apply-1-root, defined 65

Arg* 8,9, 10, 11, 16, 31, 34, 35,
60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72, 73, 74, 75,
76, 77, 78, 79, 80, 81, 82, 83,
85, 86, 87, 88, 89, 90

Argl 12,13, 14, 16,58

Argl, defined 58

Arg2 13, 14,58

Arg2, defined 58

Arg3 13,58

Arg3, defined 58

Argd 58

Arg4, defined 58

Arg5 58

Argb, defined 58

Arg6 58

Arg6, defined 58

Arg7 59

Arg7, defined 59

Arg8 59

Arg8, defined 59

Arg9 59

Arg9, defined 59

Argn 16

Array-elem-exists 29

Array-literal-from 22, 26, 27, 29,
32

Array-literal-from, defined 22

Array-literal-p 22, 27, 28, 29, 31,
60, 61, 89

Array-litera-p, defined 60

Array-literd-to 22, 27, 29, 32

Array-literal-to, defined 22

Array-type-elements 31, 32, 63, 89

Array-type-elements, defined 63

Array-type-index 27, 28, 31, 32,
35, 63,89

Array-type-index, defined 63

Array-type-p 27, 28, 32, 35, 63

Array-type-p, defined 62

As 4,7,15,42

As, defined 38

Asp 15

Asp* 15

As-p*, defined 15

As-p, defined 15

Assert 5

Assert-p 67, 68, 77, 82

Assert-p, defined 67

Assert-relation 67, 88

Assert-relation, defined 67

Assertl 5

Assertl, defined 43

Asserts 5

Asserts, defined 43

Assign-actuals 9, 35



Assign-actuals, defined 35
Assign-p 78, 82
Assign-p, defined 78
Assign-to-env 8, 31
Assign-to-env, defined 31
Assign-value 8, 78, 86
Assign-value, defined 78
Assign-var 8, 78, 86
Assign-var, defined 78
Assoc 42
Assoc-equal 30
Assoc-p 69, 74
Assoc-p, defined
Assoc-x 69, 87
Assoc-x, defined
Assoc-y 69, 87
Assoc-y, defined 69
Attribute-attr 62, 89
Attribute-attr, defined 62
Attribute-p 62
Attribute-p, defined 62
Attribute-root 62, 89
Attribute-root, defined 62
Ava<-val 23,25
Ava-<-val, defined 23
Ava-abs-exc 23,25
Ava-abs-exc, defined 23
Avaabsva 24,25
Ava-abs-val, defined 24
Ava-and 24, 25
Ava-and, defined 24
Avadivide-exc 21,25
Ava-divide-exc, defined 20
Ava-divide-val 21,24
Ava-divide-val, defined 21
Ava-dynamic, included 7
Avaequa-va 22,25
Ava-equal-val, defined 22
Avain-range-val 23, 25
Aveain-range-val, defined 23
Ava-max-int 16, 34
Ava-max-int, defined 16
Ava-min-int 16, 34
Ava-min-int, defined 16
Ava-mod-exc 21, 25
Ava-mod-exc, defined 21
Ava-mod-val 21, 25
Ava-mod-val, defined 21
Ava-multiply-exc 20, 25
Ava-multiply-exc, defined 20
Ava-multiply-val 20, 24
Ava-multiply-val, defined 20
Ava-non-type-syntax-fns,

92
Avanot 24,25
Avanot, defined 24
Ava-op-defthm-forms 18, 19
Ava-op-defthm-forms, defined 18
Ava-op-fns, theory 24
Ava-op-fns-start 20
Ava-operators-alist 18, 19
Ava-operators-alist, defined 18
Avaor 24,25
Avaor, defined 24

69

69

theory

Avaplus-exc 20,25
Ava-plus-exc, defined 20
Avaplusva 20,24
Ava-plus-val, defined 20
Ava-power-exc 20, 25
Ava-power-exc, defined 20
Ava-power-val 20, 25
Ava-power-val, defined 20
Ava-primitive-type-fns-2, theory
90
Avarem-exc 21,25
Ava-rem-exc, defined 21
Avarem-val 21,25
Avarem-val, defined 21
Ava-unary-minus-exc 21, 25
Ava-unary-minus-exc, defined 21
Avaunary-minus-val 21, 24
Ava-unary-minus-val, defined 21
Avaxor 24,25
Avaxor, defined 24

Basic-entry-p 29, 94, 96
Basic-entry-p, defined 94
Basic-entry-p-factl 96
Basic-entry-p-fact2 96
Basic-entry-p-fact3 96
Basic-entry-p-fact4 96
Between 23, 26, 29
Between, defined 23
Block-body 10, 80, 85
Block-body, defined 80
Block-decls 9, 80, 85
Block-decls, defined 80
Block-handler 10, 80, 85
Block-handler, defined 80
Block-p 80, 81, 86
Block-p, defined 80
Boolean-literal-p 61
Boolean-literal-p, defined 61
Booleanp 89

Branchp 57

Branchp, defined 57

c1

Caar 26, 42, 44, 45, 59
Car-p 74

Car-p, defined 73

Car-x 74,87

Car-x, defined 74
Case-match 89
Case-stmt-arms 81, 85
Case-stmt-arms, defined 81
Case-stmt-p 81
Case-stmt-p, defined 81
Case-stmt-test 81, 85
Case-stmt-test, defined 81
Casearm-p 81,83
Casearm-p, defined 81
Casearm-statements 81, 85
Casearm-statements, defined 81
Casearm-test 81, 85
Casearm-test, defined 81
Casearms-args-p 83, 85
Casearms-args-p, defined 83
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Casearms-p 81, 85

Casearms-p, defined 81

Cdar 26, 49

Cdddr 44

Cdr-p 74

Cdr-p, defined 74

Cdr-strip-cdrs-count-le 57

Cdr-x 74,87

Cdr-x, defined 74

Char-code 22, 23

Char-code-nonnegative-integerp-
for-ada-char-p 22

Char< 55

Characterp 46, 55, 59, 89, 90

Check-annotations 43, 44

Check-annotations, defined 43

Check-assert 5,9, 12

Check-assert, defined 43

Check-asserts 5, 8,9, 10, 12, 13

Check-asserts, defined 43

Choice-aggregate-p 11, 34

Choice-aggregate-p, defined 34

Choice-p 75,84

Choice-p, defined 74

Choices-args-p 84, 87

Choices-args-p, defined 84

Choicesp 75, 88

Choices-p, defined 75

Clock 4

Coerce-to-subtype-exc 11, 12, 27

Coerce-to-subtype-exc, defined 27

Coerce-to-subtype-from-lit-exc 27,
31

Coerce-to-subtype-from-lit-exc,
defined 27

Coerce-to-subtype-from-lit-val 27,
31

Coerce-to-subtype-from-lit-val,
defined 27

Coerce-to-subtype-val 11, 12, 27

Coerce-to-subtype-val, defined 27

Comp-unit-clause 82, 85

Comp-unit-clause, defined 82

Comp-unit-p 14, 82, 83

Comp-unit-p, defined 82

Comp-unit-unit 82, 85

Comp-unit-unit, defined 82

Compilation-args-p 83, 85

Compilation-args-p, defined 83

Compilation-p 82

Compilation-p, defined 82

Compute-type-range-list 34, 35

Compute-type-range-list,  defined
34

Congruent 3
Conjunction 33
Conjunction, defined 33
Consp 73,74

Cons-p, defined 73
Consx 73,87

Cons-x, defined 73
Consp-labelp* 46
Constant-p 75
Constant-p, defined 75



Constrain-array-exc 26, 27
Constrain-array-exc, defined 26
Congtrain-array-val 26, 27, 28
Constrain-array-val, defined 26
Constrain-range-if-necessary
32
Constrain-range-if-necessary,
defined 32
Constrained-st-p 81, 82
Constrained-st-p, defined 81
Constrained-st-relation 8, 81, 85
Constrained-st-relation, defined 81
Constrained-st-stmt 8, 81, 85
Constrained-st-stmt, defined 81
Constraint-error 20, 21, 23, 27, 28,
29,31
Constraint-error, defined 17
Congtraint-p 62, 89
Congtraint-p, defined 62
Context-p 82, 85
Context-p, defined 82
Context-use 82, 85
Context-use, defined 82
Context-with 82, 85
Context-with, defined 82
Count-actions 36
Count-actions-cadr 36
Count-actions-cadr-2 36
Create-inclusive-list 34
Create-inclusive-list, defined 34

12,

Decl-id 93

Decl-id, defined 93
Decl-kind 93
Decl-kind, defined 93
Decl-p 33,78, 83,93
Decl-p, defined 78
Decl-type 94

Decl-type, defined 94
Decls-argsp 83, 86
Decls-args-p, defined 83
Declsp 78,85

Decls-p, defined 78
Defaxiom-id 68, 88
Defaxiom-id, defined 68
Defaxiom-p 67, 78
Defaxiom-p, defined 67
Defaxiom-relation 68, 88
Defaxiom-relation, defined 68
Defining-name-p 65
Defining-name-p, defined 65
Defthm-id 68, 88
Defthm-id, defined 68
Defthm-p 68, 78
Defthm-p, defined 68
Defthm-relation 68, 88
Defthm-relation, defined 68
Defun-fpl 68, 88
Defun-fpl, defined 68
Defun-id 68, 88
Defun-id, defined 68
Defun-p 68, 78
Defun-p, defined 68
Defun-relation 68, 88

Defun-relation, defined 68
Designator-args-p 84, 88
Designator-args-p, defined 84
Designator-p 65
Designator-p, defined 65
Distinct 51, 54, 55

Distinct, defined 51
Do-mv-macro 44, 45
Do-mv-macro, defined 44
Domain 29, 47, 60

Domain, defined 47
Domain-restrict 48
Domain-restrict, defined 48
Dot-qual-1-component 65, 88
Dot-qual-1-component, defined 65
Dot-qua-1-p 65, 66
Dot-qual-1-p, defined 65
Dot-qual-1-root 65, 88
Dot-qual-1-root, defined 65

EO-ordinalp 35
Elaboration-stack-p 94
Elaboration-stack-p, defined 94
Enable 34, 36, 48, 50, 51, 57
Entry-body 93, 94
Entry-body, defined 93
Entry-decl 29, 31, 93, 94, 95, 96
Entry-decl, defined 38
Entry-mode 93

Entry-mode, defined 93
Entry-name 29, 93, 95, 96
Entry-name, defined 38
Entry-p 15, 93, 94, 96
Entry-p, defined 93
Entry-type 94

Entry-type, defined 94
Entry-value 10, 31, 93, 94, 96
Entry-value, defined 38
Enumeration-args-p 85, 89
Enumeration-args-p, defined 84
Enumeration-literal-p 61, 85
Enumeration-literal-p, defined 61
Enumeration-p 61, 63
Enumeration-p, defined 61
Env-p 7,15

Env-p, defined 15

Error-form 60, 89

Error-form, defined 60
Error-message 60, 89
Error-message, defined 60
Error-p 60

Error-p, defined 60

Es 4,7,8,9, 10, 12,13, 15, 31, 42
Es, defined 38

Esp 14,15

Esp* 15

Es-p*, defined 15

Es-p, defined 14

Eval 17

Eva-opr-exc 11, 25
Eval-opr-exc, defined 25
Eval-opr-val 11,24
Eval-opr-val, defined 24
Exception 8,9, 10, 11, 12
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Exception-id 77, 86

Exception-id, defined 77

Exception-p 77

Exception-p, defined 77

Exists 2

Exists-if-put-t 52

Exists-imp-not-|eaf-p-get-treep-get
50

Exists| 51, 54

Exists|, defined 51

Existst 29, 48, 49, 50, 51, 52, 53,
54

Existst, defined 48

Existst-exists-| 54

Exists-t-opener-1 53

Exists-t-opener-2 53

Exists-t-opener-3 54

Exists-t-put-t 54

Exit-p 79, 82

Exit-p, defined 79

Expr-p 66, 75, 84, 85, 86, 87, 88,
89

Expr-p, defined 66

Expt 20

Expt-p 73,74

Expt-p, defined 73

Expt-x 73,87

Expt-x, defined 73

Expt-y 73,87

Expt-y, defined 73

Extend-constraint-error 18, 31

Extend-constraint-error, defined 18

Extend-env-with-package 13, 35

Extend-env-with-package, defined
35

Extend-env-with-procedure 13, 35

Extend-env-with-procedure, defined
35

Extract-agg-labels 11, 34

Extract-agg-labels, defined 33

Extract-agg-labelsl 33, 34

Extract-agg-labelsl, defined 33

Extract-agg-vaues 11, 33, 36

Extract-agg-vaues, defined 33

Extract-ids 9, 35

Extract-ids, defined 35

Fail-get-l 52

Fase 9,21,22,24
Fase-p 24,25, 61
False-p, defined 61
Field-spec-decl 31, 62, 89
Field-spec-decl, defined 62
Field-spec-id 34, 62, 89
Field-spec-id, defined 62
Field-spec-ids 34, 35
Field-spec-ids, defined 34
Field-spec-p 62, 84
Field-spec-p, defined 62
Find-package-decl 13
Find-package-decl, defined 13
Fix-bool 19, 22, 23
Fix-bool, defined 19
Fix-int 19



103

Fix-int, defined 19 Get-l-opener-1 53 Ifarm-test 9, 80, 85
Fn 1 Get-l-opener-3 53 |farm-test, defined 80
For-loop-p 79, 80 Get-l-opener-4 53 Iff-p 70, 74
For-loop-p, defined 79 Get-l-put-I-nil 55 Iff-p, defined 70
For-loop-range 80, 86 Get-l-put-1-opener-unegual-cars 54 Iff-x 70, 87
For-loop-range, defined 80 Get-l-put-t-opener 54 Iff-x, defined 70
For-loop-statements 80, 86 Get-p 69, 74 Iff-y 70, 87
For-loop-statements, defined 80 Get-p, defined 69 Iff-y, defined 70
For-loop-var 80, 86 Get-put-i-j 55 Ifix 23, 24,34
For-loop-var, defined 80 Get-put-l 52 Ilet, defined 45
Foral 1 Get-t 10, 31, 48, 49, 50, 51, 52, 53, llet, included 14
Fp-spec-id 12, 35, 75, 87 54 Implies-p 70, 74
Fp-spec-id, defined 75 Get-t, defined 48 Implies-p, defined 70
Fp-spec-mode 35, 75, 87 Get-t-nil-2 49 Implies-x 70, 87
Fp-spec-mode, defined 75 Get-t-opener-1 49 Implies-x, defined 70
Fp-spec-p 35, 75, 84 Get-t-opener-2 49 Impliesy 70, 87
Fp-spec-p, defined 75 Get-t-opener-3 49 Implies-y, defined 70
Fp-spec-type 12, 75, 87 Get-t-put-t-identity 50 In-p 70,74
Fp-spec-type, defined 75 Get-t-put-t-ne 52 In-p, defined 69
Fpl-argsp 84,87 Get-tree, included 14, 55, 58 In-range-p 69, 74
Fpl-args-p, defined 84 Gt, defined 23 In-range-p, defined 69
Fpl-p 75, 86 Gt-p 71,74 In-range-x 69, 87
Fpl-p, defined 75 Gt-p, defined 71 In-range-x, defined 69
Func-definedp 96 Gt-x 71,87 In-range-y 69, 87
Func-definedp, defined 96 Gt-x, defined 71 In-range-y, defined 69
Func-lookup 11, 95 Gty 71,87 In-x 70, 87
Func-lookup, defined 95 Gt-y, defined 71 In-x, defined 70
Function-body 12, 76, 86 Iny 70,87
Function-body, defined 76 Handler-error-p 10, 17 In-y, defined 70
Function-call-actuals 11, 66, 88 Handler-error-p, defined 17 Indexed-component-index 10, 30,
Function-call-actuals, defined 66 Hard-error-env 7, 8, 10, 11, 12, 13, 65, 88
Function-call-id 11, 66, 88 14 Indexed-component-index, defined
Function-call-id, defined 66 Hard-error-env, defined 43 65
Function-call-p 11, 66 Hard-error2 10, 44, 45 Indexed-component-p 10, 30, 64,
Function-call-p, defined 66 Hard-error2, defined 43 66
Function-id 76, 86 Indexed-component-p, defined 64
Function-id, defined 76 Id-p 10, 33, 34, 60, 61, 62, 63, 65, |ndexed-component-root 10, 30,
Function-p 76, 77, 93, 94, 95, 96 66, 83, 84, 85, 86, 87, 88, 89, 65, 88
Function-p, defined 76 93, 94, 96 Indexed-component-root,  defined
Function-params 11, 76, 86 Id-p, defined 60 65
Function-params, defined 76 Id-root 11, 33, 60, 89 Indexed-component-root-decrease
Function-return 76, 86, 94 Id-root, defined 60 30
Function-return, defined 76 Id-uid 61, 89 Induct3 54
Function-spec 11, 77, 86 Id-uid, defined 60 Induct3, defined 54
Function-spec, defined 76 lds-args-p 83, 85 Inner-decl-p 77, 78, 84
Function-theory 24 lds-args-p, defined 83 Inner-decl-p, defined 77

ldsp 82,85 Inner-decls-argsp 83, 84, 86
Ge, defined 23 lds-p, defined 82 Inner-decls-args-p, defined 83
Geleeq 23 I1f-else 68, 88 Inner-decls-p 77,85
Gep 71,74 |f-else, defined 68 Inner-decls-p, defined 77
Ge-p, defined 71 If-p 68,74 Insert 56, 57
Gex 71,87 I1f-p, defined 68 Insert, defined 56
Ge-x, defined 71 If-stmt-args-p 83, 85 Insert-cons-count= 56
Gey 71,87 If-stmt-args-p, defined 83 Insert-sort, included 14
Ge-y, defined 71 If-stmt-p 81 Instate 17
Get-array-elem-exc 10, 29, 31 If-stmt-p, defined 80 Instate-expr 66, 88
Get-array-elem-exc, defined 29 I1f-test 68, 88 Instate-expr, defined 66
Get-array-elem-exc-null-array 29  If-test, defined 68 Instate-p 66, 74
Get-id 69, 88 If-then 68, 88 Instate-p, defined 66
Get-id, defined 69 If-then, defined 68 Int-not-in-machine-range 20, 21,
Get-index 69, 88 Ifarm-p 80, 83 23
Get-index, defined 69 Ifarm-p, defined 80 Int-not-in-machine-range,  defined
Get-l 50, 51, 52, 53, 54, 55 Ifarm-statements 9, 80, 85 42

Get-l, defined 50 Ifarm-statements, defined 80 Int-not-in-range 20



Int-not-in-range, defined 20
Integerp-ava-max-int 16
Integerp-ava-min-int 16
Interpret-decl 8
Interpret-decl, defined 32
Interpret-decls 8, 9, 12
Interpret-decls, defined 32
Interpret-eval 7, 14
Interpret-eval, defined 7
Interpret-exp 8, 9, 10, 11, 12, 13,
19

Interpret-exp, defined 32
Interpret-exps 8,9, 11, 12
Interpret-exps, defined 32
Interpret-measure 13, 35
Interpret-measure, defined 35
Interpret-measure-facts 35
Interpret-program 14
Interpret-program, defined 14
Interpret-stmt 7, 8, 9, 12
Interpret-stmt, defined 32
Interpret-stmts 7, 8, 9, 10
Interpret-stmts, defined 32
Intersection-theories 3
Invariant-p 67, 77
Invariant-p, defined 67
Invariant-relation 67, 88
Invariant-relation, defined 67

Kernel-extension, included 58

Labelp 46, 47, 48, 49, 50, 51, 52,
53, 54, 57

Labelp* 46, 48, 50, 51, 52, 53, 54,
55, 59

Labelp*, defined 46

Labelp*-bkwd 46

Labelp*-cdr 46

Labelp*-fwd 46

Labelp*-list-car-if-labelp* 46

Labelp*-singleton 46

Labelp*-true-listp 46

Labelp, defined 46

Labelp-car 46

Le, defined 23

Lel 23

Le2 23

Le3 23

Lep 71,74

Le-p, defined

Lex 71,87

Le-x, defined

Ley 71,87

Ley, defined 71

Leaf-not-tree 21

Leaf-p 46, 47, 50, 51, 52, 53, 54,
57

Leaf-p, defined 46

Leaf-p-not-nil 52

Leaf-p-not-treep 47

Leaf-p-valuep 47

Leafp 21,22

Len-0 32

Lessp-or-equal 55, 56

71

71

Lessp-or-equal, defined 55

Leval 44

Leval-macros, included 43

Lexpr-p 15, 74, 87, 88, 90

Lexpr-p, defined 74

Library-unit-p 83, 85

Library-unit-p, defined 83

List-args-p 85, 89

List-args-p, defined 85

List-p 61,74

List-p, defined 61

Listp 17, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72, 73,
74, 75, 76, 77, 78, 79, 80, 81,
82, 89, 90

Literal-p 10, 15, 61, 66, 93, 94, 96

Literal-p, defined 61

Lliteral-p 61, 74

Lliteral-p, defined 61

Logical-error, defined 17

Lookup 95, 96

Lookup, defined 95

Lookup-p 69, 74

Lookup-p, defined

Lookup-x 69, 87

Lookup-x, defined

Lookup-y 69, 87

Lookup-y, defined

Lookup2 95

Lookup2, defined 95

Lookup3 95

Lookup3, defined 95

Loop-p 79, 80

Loop-p, defined 79

L oop-statements 79, 86

Loop-statements, defined 79

Loop-stmt-p 80, 81

Loop-stmt-p, defined 80

Lowerp 36

Lowerp, defined 36

Lt, defined 22

Lt-p 71,74

Lt-p, defined

Lt-x 71,87

Lt-x, defined

Lty 71,87

Lt-y, defined

69
69

69

71
71
71

Macros, included 14, 92

Make-constrained-entry 12, 32

Make-constrained-entry, defined
32

Make-entry 13, 29, 32, 35, 42

Make-entry, defined 38

Max 22,34

Maximum 22

Maximum, defined 22

Member-insert=1 57

Member-sortl=2 57

Merge-package 13, 14

Merge-package, defined 13

Min 22

Min-int-close-to-max-int 16

Minimum 22
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Minimum, defined 22

Minus 4

Minus-p 73,74
Minus-p, defined 73
Minus-x 73, 87
Minus-x, defined 73
Mk-* 72

Mk-*, defined 72
Mk-+ 72

Mk-+, defined 72
Mk-- 72

Mk--, defined 72
Mk-/ 72

MKk-/, defined 72
Mk-= 70

Mk-=, defined 70
Mk-abs 73
Mk-abs, defined 73
Mk-aggregate 64

Mk-aggregate, defined 64
Mk-aggregate-choice 64
Mk-aggregate-choice, defined 64
Mk-aggregate-pos 64
Mk-aggregate-pos, defined 64
Mk-and 70

Mk-and, defined 70
Mk-apl 66

Mk-apl, defined 66
Mk-append 73
Mk-append, defined 73
Mk-apply-1 65
Mk-apply-1, defined 65
Mk-array-type 32, 63
Mk-array-type, defined 63
Mk-assert 67

Mk-assert, defined 67
Mk-assign 35, 78
Mk-assign, defined 78
Mk-assoc 69

Mk-assoc, defined 69
Mk-attribute 62
Mk-attribute, defined 62
Mk-block 80

Mk-block, defined 80
Mk-car 74

Mk-car, defined 74
Mk-case-stmt 81
Mk-case-stmt, defined 81
Mk-casearm 81
Mk-casearm, defined 81
Mk-casearms 81
Mk-casearms, defined 81
Mk-cdr 74

Mk-cdr, defined 74
Mk-choices 75
MKk-choices, defined 75
Mk-comp-unit 14, 82
Mk-comp-unit, defined 82
Mk-compilation 14, 82
Mk-compilation, defined 82
Mk-cons 73

Mk-cons, defined 73
Mk-constant 75
Mk-constant, defined 75



Mk-constrained-st 81
Mk-constrained-st, defined 81
MKk-context 82
MKk-context, defined 82
Mk-decls 78

Mk-decls, defined 78
Mk-defaxiom 68
Mk-defaxiom, defined 68
Mk-defthm 68
MKk-defthm, defined 68
Mk-defun 68

MKk-defun, defined 68
Mk-designator 65
Mk-designator, defined 65
Mk-dot-qual-1 65
Mk-dot-qual-1, defined 65
Mk-enumeration 61
Mk-enumeration, defined 61
Mk-error 60

Mk-error, defined 60
Mk-exception 77
Mk-exception, defined 77
Mk-exit 79

Mk-exit, defined 79
Mk-expt 73

Mk-expt, defined 73
Mk-false 61

Mk-false, defined 61
Mk-field-spec 62
Mk-field-spec, defined 62
Mk-for-loop 79
Mk-for-loop, defined 79
Mk-fp-spec 75
Mk-fp-spec, defined 75
Mk-fpl 75

Mk-fpl, defined 75
Mk-function 76
Mk-function, defined 76
Mk-function-call 66
Mk-function-call, defined 66

Mk-ge 71

Mk-ge, defined 71
Mk-get 69

Mk-get, defined 69
Mk-gt 71

Mk-gt, defined 71
Mk-id 60

Mk-id, defined 60
Mk-ids 82

Mk-ids, defined 82
Mk-if 68

Mk-if, defined 68
Mk-if-stmt 9, 81
Mk-if-stmt, defined 81
Mk-ifarm 80
Mk-ifarm, defined 80
Mk-iff 70

Mk-iff, defined 70
Mk-implies 70

Mk-implies, defined 70
Mk-in 70

Mk-in, defined 70
Mk-in-range 69
Mk-in-range, defined 69

Mk-indexed-component 64
Mk-indexed-component,
64
Mk-inner-decls 77
Mk-inner-decls, defined 77
Mk-instate 66
Mk-instate, defined 66
Mk-invariant 67
Mk-invariant, defined 67
Mk-le 71
Mk-le, defined 71
Mk-list 61
Mk-list, defined 61
Mk-lookup 69
Mk-lookup, defined 69
Mk-loop 79
Mk-loop, defined 79
Mk-It 71
Mk-It, defined 71
Mk-minus 73
Mk-minus, defined 73
Mk-mod 72
Mk-mod, defined 72
Mk-ne 71
Mk-ne, defined 71
Mk-not 73
Mk-not, defined 73
MKk-not-in 69
Mk-not-in, defined 69
Mk-null 78
Mk-null, defined 78
MKk-number-decl 75
Mk-number-decl, defined 75
Mk-object-decl 76
Mk-object-decl, defined 76
Mk-op-expr 66
Mk-op-expr, defined 66
Mk-or 70
Mk-or, defined 70
Mk-others 60
Mk-others, defined 60
Mk-outstate 66
Mk-outstate, defined 66
Mk-package 13, 82
Mk-package, defined 82
Mk-proc-call 79
Mk-proc-call, defined 79
Mk-procedure 76
Mk-procedure, defined 76
Mk-qualified 63
Mk-qualified, defined 63
Mk-raise 78
Mk-raise, defined 78
Mk-range 32, 62
Mk-range, defined 62
Mk-record-type 62
Mk-record-type, defined 62
Mk-rem 72
Mk-rem, defined 72
Mk-rename-obj 78
Mk-rename-obyj, defined 78
Mk-rename-pkg 77
Mk-rename-pkg, defined 77
Mk-rename-sub 77

defined
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Mk-rename-sub, defined 77

Mk-return 79

MKk-return, defined 79

MKk-return-relation 67

Mk-return-relation, defined 67

Mk-return-value 67

Mk-return-value, defined 67

Mk-reverse-for-loop 80

Mk-reverse-for-loop, defined 80

Mk-sel ected-component 65

Mk-sel ected-component,
65

Mk-set 68

MKk-set, defined 68

Mk-s 79

Mk-dl, defined 79

Mk-subtype-decl 63

Mk-subtype-decl, defined 63

Mk-transition 67

Mk-transition, defined 67

Mk-true 61

Mk-true, defined 61

Mk-type-convert 64

Mk-type-convert, defined 64

Mk-type-decl 63

Mk-type-decl, defined 63

Mk-type-mark 61

Mk-type-mark, defined 61

MKk-unconstrained 60

Mk-unconstrained, defined 60

Mk-use 77

Mk-use, defined 77

Mk-variable 75

Mk-variable, defined 75

Mk-while-loop 79

Mk-while-loop, defined 79

Mkenv 42

Mkenv, defined 38

Mod 21

Mod-p 72,74

Mod-p, defined 72

Mod-x 72, 87

Mod-x, defined 72

Mod-y 72,87

Mod-y, defined 72

Mv-let 14

defined

Name-p 65, 66, 86, 88
Name-p, defined 65
Nep 71,74

Ne-p, defined 71
Ne-x 71, 87

Ne-x, defined 71
Ney 71,87

Ne-y, defined 71
Not-distinct 54
Not-get-l-leaf 55
Not-get-t-step 52
Not-in-p 69, 74
Not-in-p, defined 69
Not-in-x 69, 87
Not-in-x, defined 69
Not-in-y 69, 87
Not-in-y, defined 69



Not-leaf-p-cons 52
Not-leaf-p-imp-treep 47
Not-leaf-p-put-t 52
Not-p 73,74

Not-p, defined 73
Not-treep-imp-leaf-p 47
Not-x 73, 87

Not-x, defined 73

Nth 11, 24, 25, 31, 44, 45, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72, 73, 74, 75,
76, 77, 78, 79, 80, 81, 82, 83,
93

Nth-vse 10

Nth-vse, defined 39

Null-get-1-2 51

Null-p 78, 81

Null-p, defined 78
Number-decl-body 13, 75, 87
Number-decl-body, defined 75
Number-decl-id 13, 75, 87
Number-decl-id, defined 75
Number-decl-mode 75, 87
Number-decl-mode, defined 75
Number-decl-p 75, 77, 93
Number-decl-p, defined 75
Numberp 4

Object-decl-body 12, 76, 86
Object-decl-body, defined 76
Object-decl-id 12, 76, 86
Object-decl-id, defined 76
Object-decl-mode 76, 86, 93
Object-decl-mode, defined 76
Object-decl-p 75, 77, 93
Object-decl-p, defined 75
Object-decl-type 12, 76, 86, 94
Object-decl-type, defined 76
Op-expr-actuals 11, 66, 88
Op-expr-actuals, defined 66
Op-expr-id 11, 66, 88
Op-expr-id, defined 66
Op-expr-p 11, 66
Op-expr-p, defined 66

Opr 16, 85, 94

Or-p 70,74

Or-p, defined 70

Or-x 70, 87

Or-x, defined 70

Or-y 70,87

Or-y, defined 70
Order-of-elaboration 37
Others-p 33, 60, 75
Others-p, defined 60
Outstate 17

Outstate-expr 67, 88
Outstate-expr, defined 66
Outstate-p 66, 74
Outstate-p, defined 66

P 12

Package-body 83, 85
Package-body, defined 83
Package-id 35, 82, 85

Package-id, defined 82
Package-inner 83, 85
Package-inner, defined 83
Package-outer 82, 85
Package-outer, defined 82
Package-p 82, 83, 93
Package-p, defined 82
Package-private 83, 85
Package-private, defined 82
Package-up 14
Package-up, defined 14
Pairlis 11

Pmode-p 75, 86, 87
Pmode-p, defined 75
Pop-as 8, 10

Pop-as, defined 40
Pop-ase, defined 41
Pop-env 9, 10, 11
Pop-env, defined 42
Pop-es 10

Pop-es, defined 39
Pop-ese, defined 41
Pop-value 9,11, 12,13
Pop-value, defined 42

Pop-variable-stack, defined 32

Pop-vs 8

Pop-vs, defined 39
Pop-vse, defined 41
Pos-aggregate-p 10, 34

Pos-aggregate-p, defined 34

Pos-int-p 7,35
Pre-boolean 60, 61
Pre-boolean, defined 60
Pre-character 60, 61
Pre-character, defined 60
Pre-integer 60, 61
Pre-integer, defined 60
Pre-natural 60, 61
Pre-natural, defined 60
Pre-positive 60, 61
Pre-positive, defined 60
Pre-string 60, 61
Pre-string, defined 60
Pre-type 59, 60
Pre-type, defined 59

Predefined-packages, included 7

Predefined-type-p 61, 94

Predefined-type-p, defined 61

Prefix-p-body 85, 90
Prefix-p-body, defined 85
Proc-call-actuals 8, 79, 86

Proc-call-actuals, defined 79

Proc-cal-id 8, 79, 86
Proc-call-id, defined 79
Proc-call-p 79, 82
Proc-call-p, defined 78
Proc-definedp 95
Proc-definedp, defined 95
Proc-lookup 8, 95
Proc-lookup, defined 95
Procedure-body 8, 76, 86
Procedure-body, defined 76
Procedure-id 35, 76, 86
Procedure-id, defined 76
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Procedure-p 76, 77, 93, 95
Procedure-p, defined 76
Procedure-params 8, 76, 86
Procedure-params, defined 76
Procedure-return 76, 86
Procedure-return, defined 76
Procedure-spec 8, 76, 86
Procedure-spec, defined 76
Prove-ava-op-defthms, defined 19
Push-as 8,9

Push-as, defined 40
Push-ase 12

Push-ase, defined 41
Push-assert, defined 42
Push-entry, defined 42
Push-env 8, 10, 11, 12
Push-env, defined 42
Push-es 9

Push-es, defined 40
Push-ese 12,13, 35
Push-ese, defined 40
Push-value 10, 11, 12, 19
Push-value, defined 42
Push-vs 8, 11

Push-vs, defined 40
Push-vse, defined 40

Put-l 50, 51, 52, 53, 55
Put-I, defined 50

Put-1, guard verification 52
Put-I-leaf-p 52
Put-1-opener-1 53
Put-1-opener-2 53
Put-I-opener-3 53
Put-1-opener-4 53

Put-t 31, 48, 49, 50, 51, 52, 53, 54
Put-t, defined 48
Put-t-opener-1 49
Put-t-opener-2 49
Put-t-opener-3 53

Quadlified-p 10, 63, 66
Qualified-p, defined 63
Qualified-type 10, 11, 63, 88
Qualified-type, defined 63
Qualified-value 10, 11, 63, 88
Qualified-value, defined 63

Raise-p 78, 82

Raise-p, defined 78

Range 22, 47,89

Range, defined 47

Range-from 26, 27, 28, 34, 62, 89

Range-from, defined 62

Range-p 26, 27, 28, 34, 62, 63, 74,
75, 86

Range-p, defined 62

Range-size 26, 27, 28

Range-size, defined 26

Range-to 26, 27, 28, 34, 62, 89

Range-to, defined 62

Record-literal-p 22, 29, 60, 61, 89

Record-literal-p, defined 60

Record-type-args-p 84, 89

Record-type-args-p, defined 84



Record-type-p 35, 62, 63
Record-type-p, defined 62
Rem 20, 21
Rem-p 72,74
Rem-p, defined 72
Rem-x 73, 87
Rem-x, defined 72
Rem-y 73,87
Rem-y, defined 73
Rename-obj-new 78, 86
Rename-obj-new, defined 78
Rename-obj-old 78, 86
Rename-obj-old, defined 78
Rename-obj-p 78, 93, 94
Rename-obj-p, defined 77
Rename-obj-type 78, 86
Rename-obj-type, defined 78
Rename-p 78
Rename-p, defined 78
Rename-pkg-new 77, 86
Rename-pkg-new, defined 77
Rename-pkg-old 77, 86
Rename-pkg-old, defined 77
Rename-pkg-p 77, 78, 93, 94
Rename-pkg-p, defined 77
Rename-sub-new 77, 86, 93
Rename-sub-new, defined 77
Rename-sub-old 77, 86
Rename-sub-old, defined 77
Rename-sub-p 77, 78, 93, 94
Rename-sub-p, defined 77
Return-p 79, 82
Return-p, defined 79
Return-relation-p 67, 68
Return-relation-p, defined 67
Return-relation-relation 67, 88
Return-relation-relation, defined 67
Return-relation-var 67, 88
Return-relation-var, defined 67
Return-value 9, 79, 86
Return-value, defined 79
Return-value-p 67, 68
Return-value-p, defined 67
Return-value-relation 67, 88
Return-value-relation, defined 67
Reverse 8,9, 11, 12
Reverse-for-loop-p 80
Reverse-for-loop-p, defined 80
Reverse-for-loop-range 80, 86
Reverse-for-loop-range, defined 80
Reverse-for-loop-statements 80, 86
Reverse-for-loop-statements,
defined 80
Reverse-for-loop-var 80, 86
Reverse-for-loop-var, defined 80
Root* 8, 30
Root*, defined 30

Satisfies-range-constraint 26, 27,
28,31

Satisfies-range-constraint,  defined
26

Selected-component-field 10, 30,
65, 88

Selected-component-field,  defined
65

Selected-component-p 10, 30, 65,
66

Selected-component-p, defined 65

Selected-component-root 10, 30,

65, 88
Selected-component-root,  defined
65
Sel ected-component-root-decrease
30

Set-as, defined 39

Set-difference-theories 3, 24

Set-equal 22

Set-es 31

Set-es, defined 39

Set-id 68, 88

Set-id, defined 68

Set-index 69, 88

Set-index, defined 68

Set-p 68, 74

Set-p, defined 68

Set-value 69, 88

Set-value, defined 69

Set-vs, defined 39

Set-vse 42

Set-vse* 42

Set-vse*, defined 42

Set-vse, defined 42

Simple-strip-count=1 57

Sl-argsp 83,86

Sl-args-p, defined 83

Sl-p 79, 85, 86

Sl-p, defined 79

Some-order-exists 37

Sort-strip-count=1 57

Sort-strip-count=1-a 57

Sortl 56, 57

Sortl, defined 56

Sortl-count= 56

Sortl-count=sup-1 56

Sortl-count=sup-2 56

Sortl-count=sup-3 56

St-compound-p 81, 82, 85

St-compound-p, defined 81

St-p 82,83

St-p, defined 82

St-simple-p 81, 82

St-smple-p, defined 81

Standard-char-p 59, 89, 90

Statement-opr 8, 12, 33

Statement-opr, defined 33

Statement-opr-non-nil-implies-
consp-stmt 33

String< 55

Stringp 18, 46, 55, 56, 61, 89, 90

Strip-cars 47
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