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Abstract

This talk will pro vide a view in to the task of impro ving the A CL2 theorem pro v er

to meet users' needs.

1 In tro duction

The goal of this talk is to pro vide a sense of some p ossible c hallenges to making a the-

orem pro ving system useful in practice. Sp eci�cally , w e will dra w from our exp eriences

main taining the A CL2 theorem pro ving system [KMM00b , KM04a ]. Although A CL2

incorp orates y ears of ongoing researc h in automated reasoning, the fo cus of this talk is

on the engineering required to mak e the system useful.

Imagine y ou're at lunc h, where t w o guys are blabbing to y ou ab out their w ork.

F ortunately , this blabbing migh t b e of some in terest, since they are talking ab out ho w

they mak e their theorem pro ving system easier to use. They de�nitely w an t y ou to

ask questions and share y our o wn related exp eriences, though y ou ma y �nd it hard to

in terrupt them after they get started.

But ev en b efore w e eat, they insist on pro viding some general bac kground on their

system so that when they get going, at least they migh t mak e some sense. By the time

dessert arriv es, these t w o guys will b e eager for questions and commen ts, if for no other

reason than that they can eat!

Th us, this talk consists of three parts.

First, Befor e We Eat : While w e're w alking to lunc h y ou'll get some general bac k-

ground on A CL2. Then while w e're w aiting for a table, w e'll see a small example that

giv es a sense of ho w A CL2 is used. After w e're seated, w e'll tak e a quic k lo ok at a list

of features that w e'll come across while w e eat.

Next, for the Main Course , w e will fo cus on some selected items tak en from recen t

A CL2 release notes (minimally edited in a few cases). These selected items should giv e

a sense of what can b e in v olv ed in main taining an empirically successful automated

reasoning system.

Finally , w e will ha v e a giv e-and-tak e during Dessert . With an y luc k, the ensuing

questions and commen ts will b e stim ulating and informativ e for all of us.

W e will use fo otnotes for material that w e will mak e a p oin t of skipping during the

talk, due to time constrain ts.

1

1

A related talk in 1991 [Kau91 ] giv es a large list of asp ects of mec hanized reasoning systems and
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2 Before W e Eat | Some general bac kground on A CL2

\A CL2" stands for \A Computational Logic for Applicativ e Common Lisp." The A CL2

system is the latest in the Bo y er-Mo ore family of pro v ers, and is join t w ork of Matt Kauf-

mann and J Mo ore, with substan tial early con tributions from Bob Bo y er and ongoing

con tributions from man y . The pap er [KM04b ] pro vides a reasonably self-con tained in-

tro duction to A CL2, including relev an t bac kground and ho w to use the system. Quoting

from that pap er:

\A CL2" is the name of a functional programming language (based on Com-

mon Lisp), a �rst-order mathematical logic, and a mec hanical theorem pro v er.

A CL2, whic h is sometimes called an \industrial strength v ersion of the Bo y er-

Mo ore system," is the pro duct of Kaufmann and Mo ore, with man y early

design con tributions b y Bo y er. It has b een used for a v ariet y of imp ortan t

formal metho ds pro jects of industrial and commercial in terest, including....

A long but incomplete list of applications is then giv en, including v arious algorithms,

soft w are, and hardw are designs.

A CL2 is freely a v ailable, distributed under the GPL [gpl ]. It can b e obtained from

the A CL2 home page [KM04a ], whic h also has links to man y pap ers that describ e A CL2

applications, as w ell other useful links (mailing lists, tours, demos, do cumen tation,

w orkshops, and installation instructions).

Here is some relev an t data.

� Some milestones:

{ 1973: The Bo y er/Mo ore \Edin burgh Pure Lisp Theorem Pro v er"

{ 1979: Bo y er and Mo ore, A Computational Logic [BM79 ]

{ 1986: Kaufmann joins Bo y er/Mo ore pro ject

{ 1988: Bo y er and Mo ore, A Computational Logic Handb o ok (1997, 2nd ed.

[BM97 ])

{ 1989: Bo y er and Mo ore b egin A CL2

{ 1992: Final release of Bo y er-Mo ore \Nqthm" pro v er

{ 1993: Kaufmann formally added as a co-author of A CL2

{ 2000: Kaufmann, Manolios, and Mo ore write a b o ok on A CL2,

Computer-Aided Reasoning: An Approac h [KMM00b ],

and edit pro ceedings of the �rst A CL2 w orkshop,

Computer-Aided Reasoning: A CL2 Case Studies [KMM00a ]

commen ts on them. The fo cus here is narro w er: What sorts of things m ust b e done to mak e suc h a

system useful? Our fo cus is actually still narro w er, as for example the follo wing are critical but not

addressed directly here: fundamen tal reasoning algorithms, execution e�ciency , logical foundations,

system arc hitecture, and trust. Rather, w e presen t here selections from release notes that giv e a 
a v or

of the main tenance required on a particular mature system, A CL2, in order to mak e it a system that

(some) p eople w an t to use. That is, the p oin t here is not to giv e an o v erview of what A CL2 pro vides,

but to fo cus on main tenance.
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{ 2006: Bo y er, Kaufmann, and Mo ore win A CM Soft w are System Aw ard for

Bo y er-Mo ore family of pro v ers

� V ersion 3.0 source �les size: 8.3M of Common Lisp (including source co de, do cu-

men tation strings, and commen ts)

� There are 229 release note items strictly after V ersion 2.8 (Marc h, 2004) as follo ws

(but w e'll lo ok at just a few of these):

{ 63 in V ersion 2.9, Octob er, 2004

{ 19 in V ersion 2.9.1, Decem b er, 2004

{ 30 in V ersion 2.9.2, April, 2005

{ 31 in V ersion 2.9.3, August, 2005

{ 53 in V ersion 2.9.4, F ebruary , 2006

{ 33 in V ersion 3.0, June, 2006

An in teresting asp ect of A CL2 is that it is written in its o wn formal language (with

the exception of a small amoun t of Common Lisp co de mainly of a b o otstrapping na-

ture). This has forced us to mak e A CL2's formal programming language, whic h is a

carefully-crafted extension of an applicativ e subset of Common Lisp, a language that

is b oth e�cien t and con v enien t to use. As a result, A CL2 users often emplo y A CL2's

programming en vironmen t to write to ols.

2.1 The user's view of A CL2: A small example

The follo wing example will pro vide a sense of A CL2. The �rst thing to notice is that

the syn tax is Lisp's pre�x syn tax, so for example w e write (+ 3 4) and (len x) rather

than more traditional notation suc h as 3+4 and len(x) , resp ectiv ely . The syn tax is

case-insensitiv e.

Supp ose that w e w an t to pro v e that the length do es not c hange when w e rev erse a

list. Lists and some list-pro cessing functions, including reverse and len for rev erse and

length of a list, are built in to A CL2. So let us submit a theorem named len-reverse ,

stating that for an y list x , the length of the rev erse of x is equal to the length of x :

2

ACL2 !>(defthm len-reverse

(implies (true-listp x)

(equal (len (reverse x)) (len x))))

ACL2 Warning [Non-rec] in ( DEFTHM LEN-REVERSE ...): A :REWRITE rule

generated from LEN-REVERSE will be triggered only by terms containing

the non-recursive function symbol REVERSE. Unless this function is

disabled, this rule is unlikely ever to be used.

2

The w arning b elo w is not to o imp ortan t here. Think of it as a reminder that after the pro of is

complete, w e should disable the de�nition of reverse so that the equalit y can b e used as a left-to-righ t

rewrite rule b y A CL2's inside-out rewriter. If reverse w ere left enabled, the rewriter w ould �rst replace

a term of the form (len (reverse x)) b y expanding the de�nition of reverse , after whic h that term

w ould no longer matc h (len (reverse x)) .
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This simplifies, using the :definition REVERSE, to

Goal'

(IMPLIES (TRUE-LISTP X)

(EQUAL (LEN (REVAPPEND X NIL))

(LEN X))).

Name the formula above *1.

Perhaps we can prove *1 by induction. Three induction schemes are

suggested by this conjecture. Subsumption reduces that number to two.

These merge into one derived induction scheme.

The pro of ultimately fails. But since Goal' ab o v e did not simplify , w e will tak e a

lo ok at it in a momen t. As an aside, notice that \ using the :definition REVERSE "

the pro v er has replaced the original call of reverse with a call of revappend , whic h

mak es sense if w e use a \prin t ev en t" utilit y:

ACL2 !>:pe reverse

V -477 (DEFUN REVERSE (X)

"Documentation available via :doc"

(DECLARE (XARGS :GUARD (OR (TRUE-LISTP X) (STRINGP X))))

(COND ((STRINGP X)

(COERCE (REVAPPEND (COERCE X 'LIST) NIL)

'STRING))

(T (REVAPPEND X NIL))))

Of course, if reverse hadn't b een built in, w e could ha v e de�ned it exactly as sho wn

ab o v e, using the defun command.

Lo oking again at Goal' , w e realize that a suitable rewrite rule could simplify the

term (LEN (REVAPPEND X NIL)) . First let us lo ok at the de�nition of revappend , this

time using a \prin t form ula" query .

ACL2 !>:pf revappend

(EQUAL (REVAPPEND X Y)

(IF (CONSP X)

(REVAPPEND (CDR X) (CONS (CAR X) Y))

Y))

ACL2 !>

Th us, if w e don't kno w it already , w e no w see that (revappend x y) pushes suc-

cessiv e elemen ts of x on to y . The follo wing lemma, aptly named len-revappend , sa ys

that the length of a revappend call is the sum of the lengths of the argumen ts. A CL2

pro v es this b y induction automatically (in less than 1/100 second).

3

3

The reader ma y notice that the lemma len-revappend is ab out (revappend x y) rather than the

original term, (revappend x nil) . W e ha v e generalized b y hand to pro duce a lemma whose pro of

seems amenable to induction. In this talk w e do not consider researc h in p erforming suc h generalizations

automatically; in A CL2 as it is to da y , the user is resp onsible for suc h generalization, though o ccasionally

A CL2 mak es useful generalizations on the 
y .
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(defthm len-revappend

(equal (len (revappend x y))

(+ (len x) (len y))))

Theorems are stored b y default as (conditional) rewrite rules; so no w, an y instance

of (len (revappend x y)) encoun tered during a pro of will b e replaced b y the corre-

sp onding instance of (+ (len x) (len y)) . Th us, our original theorem, len-reverse ,

is no w pro v ed automatically and immediately .

T o a �rst appro ximation, it's fair to sa y that A CL2 users w ork as illustrated ab o v e.

That is, they pro v e collections of rewrite rules, disco v ering missing rules b y lo oking at

output from the pro v er. Our in ten tion is that users can mak e go o d progress with the

system without ha ving to understand automated reasoning structures and concepts, as

migh t b e necessary in order to program tactics in tactic-based pro v ers or set parameters

in resolution-based pro v ers.

2.2 Summary of some useful A CL2 features

As w e w ait for our fo o d, w e'll tak e a v ery brief lo ok at a smattering of A CL2 features

that w e'll see while dev ouring the Main Course. Occasionally these features in teract in

unexp ected w a ys, leading to main tenance tasks. Man y impro v emen ts in these and other

features are the direct result of user requests, whic h are v ery imp ortan t to the ev olution

of the system.

There is no in ten tion here to b e complete. A CL2 is a large system not to b e explored

thoroughly o v er the course of a meal! Our goal is just to giv e a sense of the kind of

supp ort pro vided for one empirically successful automated reasoning system.

4

� R ele ase Notes consist of brief notes alerting the exp erienced user to imp ortan t

di�erences b et w een one release and the next. They mak e frequen t citations in to

the do cumen tation (b elo w) and are not in tended to b e self-con tained or to b e read

b y the new user.

� Do cumentation consists of o v er 1000 topics organized hierarc hically . The do cu-

men tation source consists of strings in the A CL2 source co de that are lib erally

sprinkled with h yp erlink annotations, whic h is pro cessed to create HTML, Emacs

Info, and (generally not used) prin ted views. The do cumen tation is extensiv e;

for example, the HTML v ersion of the V ersion 3.0 do cumen tation is ab out 3.3

megab ytes. Do cumen tation for a new release is in tended to b e complete and ac-

curate for that release; for example, the HTML has gro wn ab out 300 kilob ytes

since V ersion 2.9, released less than t w o y ears ago. The do cumen tation sometimes

tak es ab out as m uc h time to write as the co de to implemen t a feature or c hange,

but our impression from users is that it's w orth the e�ort.

� Err or messages and warnings pro vide critical feedbac k, often p oin ting to do cu-

men tation topics. W e put a lot of care in to these!

4

In order to sa v e time, during the talk w e'll run through these v ery quic kly , just to giv e a sense of

what is coming.
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� Macr os mak e it easy to extend the syn tax, but they ha v e limitations (addressed

b y a new feature, make-event ).

� A b o ok is a collection of legal emb e dde d event forms ( events ), in particular def-

initions ( defun ev en ts) and theorems ( defthm ev en ts), that ha v e b een admitte d :

syn tax has b een c hec k ed, theorems ha v e b een pro v ed, and termination has b een

pro v ed for recursiv e de�nitions.

{ Certi�c ation of a b o ok creates a c erti�c ate witnessing the successful pro cess-

ing of the b o ok.

{ The command (include-book "foo") will load ev en ts from foo.lisp in to

the curren t session.

{ Ho w ev er, local ev en ts, e.g., (local (defun foo ...)) , are not exp orted

b y include-book . A logical story [KM01 ] in v olving conserv ativit y justi�es

the dropping of local ev en ts.

{ Ab out 850 b o oks in ab out 70 directories, mostly con tributed b y users rather

than the dev elop ers, are distributed with A CL2, with o v er 700 more in o v er

200 directories a v ailable from supp orting materials for the �rst �v e A CL2

w orkshops (not including the one this y ear, 2006). Th us there are o v er 1500

b o oks in our regression suite. W e rely hea vily on that test suite to test

purp orted impro v emen ts to the pro v er's heuristics.

� Lik e b o oks, encapsulate pro vides a mo dular structuring mec hanism. Encapsulate

ev en ts can b e used to pro vide partial de�nitions for functions: that is, functions

are total but ma y ha v e incomplete axiomatizations.

� The defevaluator macro generates ev en ts that de�ne an evaluator , against whic h

one can pro v e meta-rules [BM81 , HKK

+

05 ] that, in essence, augmen t the simpli�er

with formally v eri�ed user-de�ned functions.

� Pr o of c ontr ol includes in-theory ev en ts and hints , whic h disable (turn o� ) or

enable (turn on) sp eci�ed rules. Supp orted are not only in-theory hin ts but oth-

ers, for example directing induction, function expansion, or the use of previously-

pro v ed theorems. These can b e attac hed to sp eci�c named goals or can b e gener-

ated b y co de (\computed hin ts"), whic h can b e sp eci�ed globally (\default hin ts").

� Datab ase c ontr ol includes undo and undo-the-undo ( oops ) commands.

� An in teractiv e pr o of-che cker lo op is a goal manager that has the feel of tactic-

based pro v er in terfaces, allo wing a range of commands, from individual rewrites

to calls of the full pro v er.

� Pr o of debug is supp orted b y the ab o v e-men tioned pro of-c hec k er and also b y a

utilit y for insp ecting apparen t rewriter lo ops, a break-rewrite debugger for the

rewriter, and pr o of-tr e e displa ys for na vigating pro of output.

� A top-level r e ad-eval-print lo op allo ws for in teractiv e testing of one's functions.

Suc h testing is t ypically relativ ely slo w unless one issues a compilation command.
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� E�cien t exe cution is supp orted for ground terms not only in the top-lev el lo op,

but also during pro ofs. E�cien t execution also relies on single-threaded ob jects

[BM02 ], or stobjs , including the A CL2 state ob jects.

� Guar ds pro vide a p o w erful, 
exible analogue of t yp es, and help supp ort e�cien t

execution b y w a y of a connection to the underlying Common Lisp. The mbe (\m ust

b e equal") feature allo ws one to attac h e�cien t co de to logically elegan t functions

[GKM

+

].

� Lisp p ackages pro vide namespaces.

� While the main pr o of te chnique is conditional rewriting, there are certainly others

(for example, in tegrated decision pro cedures for ground equalit y and linear arith-

metic). And, rewriting is actually congruence-based, i.e., can b e used to replace a

term with one that is suitably equiv alen t ev en if not actually equal.

� A functional instantiation utilit y [BGKM91 , KM01 ] allo ws deriving a theorem

' ( g ) from a corresp onding theorem ' ( f ) pro vided the function g satis�es all con-

strain ts on the function f .

3 Main Course | A selection of recen t enhancemen ts to

A CL2

W e no w presen t a selection of items from recen t A CL2 release notes, annotated with

explanations and discussion ab out implications for system main tenance. W e in tro duce

eac h item v ery brie
y , then displa y the Emacs Info v ersion of the relev an t release note,

and �nally explain the issues if necessary .

3.1 Subgoal coun ting

This item illustrates the e�ort w e put in to pro v er output. Here, \ :functional-instance "

refers to A CL2's functional instan tiation utilit y , men tioned ab o v e; but the main p oin t

here is ab out output format, not functional instan tiation.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

Fixed a bug that was causing proof output on behalf of

:functional-instan ce to be confusing, because it failed to mention that

the number of constraints may be different from the number of subgoals

generated. Thanks to Robert Krug for pointing out this confusing

output. The fix also causes the reporting of rules used when silently

simplifying the constraints to create the subgoals.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

Here is output from a pro of attempt using A CL2 V ersion 2.9.3 that illustrates the

problem. Notice that \six constrain ts" do esn't matc h up with the subgoal n um b ering,

whic h coun ts do wn from 5 to 1. (W e coun t do wn to giv e the user a real-time sense of

ho w m uc h w ork remains as the output scrolls b y .) The old output w as confusing, and

th us p oten tially undermined the user's con�dence in his understanding of what A CL2

is doing and in his b elief in A CL2's correctness.
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We now augment the goal above by adding the hypothesis indicated by

the :USE hint. This produces a propositional tautology. The hypothesis

can be derived from AC-FN-LIST-REV via functional instantiation, provided

we can establish the six constraints generated.

Subgoal 5

(EQUAL (TIMES-LIST X)

(IF (ATOM X)

1 (* (CAR X) (TIMES-LIST (CDR X))))).

But simplification reduces this to T, using the :definitions ATOM and

TIMES-LIST and primitive type reasoning.

Subgoal 4

....

Here is the corresp onding output (suitably elided) from A CL2 3.0.

We now augment .... provided

we can establish the six constraints generated. By the simple :rewrite

rules ASSOCIATIVITY-OF-* and UNICITY-OF-1 we reduce the six constraints

to five subgoals.

[. . . and so on, as b efore]

3.2 A rough edge in theory con trol

A CL2 uses ev aluation as part of its pro of strategy , but it allo ws the user to disable

ev aluation of calls of a function f b y disabling the so-called exe cutable-c ounterp art rule

for f . F or a particular t yp e of conditional rule, a forwar d-chaining rule, ev aluation

of ground h yp otheses had tak en place without regard to whic h executable-coun terpart

rules are disabled, th us sev erely impacting e�ciency in at least one user's exp erience.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

Fixed a long-standing bug in forward-chaining, where variable-free

hypotheses were being evaluated even if the executable-counte rpa rt s of

their function symbols had been disabled. Thanks to Eric Smith for

bringing this bug to our attention by sending a simple example that

exhibited the problem.

.................. .. .. ... .. ... .. .. ..... ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

3.3 Pro v er heuristic t w eaks

Sometimes w e �nd impro v emen ts to A CL2's pro v er heuristics. All three items b elo w

describ e c hanges that w ere carefully made in resp onse to user feedbac k, and tested with

our regression suite to gain con�dence that our heuristic c hanges w ould not sev erely

impact users. These c hanges are only necessary b ecause A CL2 attempts to pro vide

signi�can t automation.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

We fixed an infinite loop that could occur during destructor elimination
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(see *Note ELIM::). Thanks to Sol Swords for bringing this to our

attention and sending a nice example, and to Doug Harper for sending a

second example that we also found useful.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

The simplifier has been changed slightly in order to avoid using

forward-chaining facts derived from a literal (essentially, a top-level

hypothesis or conclusion) that has been rewritten. As a practical

matter, this may mean that the user should not expect forward-chaining

to take place on a term that can be rewritten for any reason (generally

function expansion or application of rewrite rules). Formerly, the

restriction was less severe: forward-chaining facts from a hypothesis

could be used as long as the hypothesis was not rewritten to t. Thanks

to Art Flatau for providing an example that led us to make this change;

see the comments in source function rewrite-clause for details.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

We modified the rewriter to avoid certain infinite loops caused by an

interaction of the opening of recursive functions with equality

reasoning. (This change is documented in detail in the source code, in

particular functions rewrite-fncall and fnstack-term-member .) Thanks to

Fares Fraij for sending us an example that led us to make this change.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

There are o v er 36,000 lines of commen ts in the source co de, some of whic h surviv ed

m ultiple translations from the earliest v ersion of the Bo y er-Mo ore system. The com-

men ts are largely in tended to b e a record, for the implemen tors, of wh y things are the

w a y they are. This is imp ortan t in a soft w are pro ject of 35 y ears duration. Sometimes

the commen ts sho w ho w w e used to do something and wh y and when w e c hanged it. The

commen ts also sometimes con tain in teresting examples and coun terexamples illustrating

supp osed prop erties of the co de. Despite the original in ten tion of the implemen tors to

use commen ts as a w a y of recording the design decisions and history , man y A CL2 users

read the source co de. Since A CL2 is written in A CL2, this is straigh tforw ard and sort

of represen ts a second, more detailed, lev el of do cumen tation.

3.4 A library impro v emen t using MBE

The follo wing release note item illustrates one main tenance asp ect: w e up date the dis-

tributed b o oks (libraries of de�nitions and pro v ed theorems), often in consultation with

users.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

Several interesting new definitions and lemmas have been added to the

rtl library developed at AMD, and incorporated into books/rtl/rel4/lib/ .

Other book changes include a change to lemma truncate-rem-elim in

books/ihs/quotient -r ema in der -l em mas .l isp , as suggested by Jared Davis.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

But buried in this item is a c hange that w e �nd particularly in teresting.

W e men tioned guar ds earlier as a 
exible analogue of t yp es, and w e men tioned mbe

as a w a y to attac h executable coun terparts e�cien tly .
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A t AMD, w e found a need for more e�cien t execution of bit-v ector op erations.

Through V ersion 2.9.1, the rtl libr ary , books/rtl/rel4/lib/ , con tained the follo wing

de�nition of the bit-slice op eration that returns bits i do wn to j of a natural n um b er x .

(Here, defund is a de�ne-then-disable command, implemen ted in resp onse to a user's

request.)

(defund bits (x i j)

(declare (xargs :guard (rationalp x)))

(if (or (not (integerp i))

(not (integerp j)))

0

(fl (/ (mod x (expt 2 (1+ i))) (expt 2 j)))))

Ho w ev er, w e found this de�nition in terms of 
o or, mo dulo, and exp onen tiation

op erations painfully slo w to execute. W e really w an ted a de�nition that uses bit wise-

and and shift op erations instead:

(defund bits (x i j)

(if (< i j)

0

(logand (ash x (- j)) (1- (ash 1 (1+ (- i j)))))))

F ortunately , w e w ere able to c hange the de�nition of bits for purp oses of execution

without c hanging its logical de�nition, whic h sa v ed us from ha ving to rew ork our pro ofs

of an y lemmas! The mbe (\m ust b e equal") call b elo w sa ys to use the form after :logic

as the b o dy , with a pro of obligation that the :guard (that x , i , and j are natural

n um b ers) implies the equalit y of the :logic and :exec forms. The :guard m ust also

imply certain form ulas generated for the calls in the :exec form; for example the call

(ash x (- j)) carries a guard-related obligation that x and (- j) b e in tegers, whic h

is trivial from the guard assumptions that x and j are natural n um b ers. Then calls of

bits on natural n um b ers will b e executed directly in Common Lisp using the :exec

form as the de�nition.

(defund bits (x i j)

(declare (xargs :guard (and (natp x)

(natp i)

(natp j))))

(mbe :logic (if (or (not (integerp i))

(not (integerp j)))

0

(fl (/ (mod x (expt 2 (1+ i))) (expt 2 j))))

:exec (if (< i j)

0

(logand (ash x (- j)) (1- (ash 1 (1+ (- i j))))))))

3.5 Some con v enience features

The follo wing three items all mak e life easier for the user, as w e explain b elo w eac h one.
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.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

Improved cw-gstack to allow a :frames argument to specify a range of one

or more frames to be printed. See *Note CW-GSTACK::.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

A CL2 mak es v ery few restrictions on ho w users in tro duce rewrite rules to program

the rewriter. This freedom, ho w ev er, mak es it p ossible to in tro duce in�nite lo ops. When

that o ccurs, A CL2 ab orts cleanly (a ma jor adv ance starting with V ersion 2.8 | previ-

ously it sometimes seg faulted!) and suggests use of the to ol cw-gstack , whic h sho ws

the rewrite stac k. Unfortunately , the en tire rewrite stac k is large, so there w as in terest

in b eing able to limit the n um b er of frames prin ted.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

A new event, set-enforce-redunda ncy , enforces a restriction that all

defthms, defuns, and most other events are redundant. See *Note

SET-ENFORCE-REDUND AN CY: :.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

AMD's rtl library (men tioned ab o v e) emplo y ed a metho dology in whic h the pro of

w ork w as restricted to b o oks in an auxiliary directory . It seemed desirable to enforce

this metho dology , so that the main directory w as k ept clean and the auxiliary directory

could b e mo di�ed as desired. Here is ho w that w orks.

Supp ose w e ha v e a �le top.lisp that w e w an t to certify as a b o ok.

(local (include-book "work/book-1"))

(defthm result-1 ...)

...

Here, imagine that result-1 is pro v ed in �le work/book-1.lisp . The local anno-

tation guaran tees that additional theorems pro v ed in work/book-1.lisp will ultimately

disapp ear, except for result-1 , whic h (as seen ab o v e) w e ha v e made explicit. When w e

are certifying the presen t b o ok, w e exp ect that result-1 will b e r e dundant b ecause it

already app ears in work/book-1.lisp . But supp ose w e acciden tally delete result-1 in

work/book-1.lisp . A CL2 w ould then try to pro v e result-1 , but w e ma y prefer that

A CL2 instead fail immediately with a clear complain t that it didn't �nd that result-1

has already b een pro v ed.

The item ab o v e pro vides a solution. W e simply start top.lisp with the form

(set-enforce-redundancy t) .

One thing w e'v e found is that nothing is ev er simple! So for example, certain

kinds of ev en ts called deflabel ev en ts are not allo w ed to b e redundan t. So ev en with

set-enforce-redundancy , w e need to allo w non-redundan t deflabel ev en ts.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

The function disabledp can now be given a macro name that has a

corresponding function; see *Note MACRO-ALIASES-TABL E: :. Also,

disabledp now has a guard of t but causes a hard error on an

inappropriate argument.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...
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F or example, in A CL2 append is a macro, b ecause functions m ust tak e a �xed

n um b er of argumen ts but w e w an t to b e able to apply append to an arbitrary n um b er of

argumen ts. W e can see ho w this w orks b y using A CL2's :trans1 command to p erform

a single-step macro expansion.

ACL2 !>:trans1 (append x y z)

(BINARY-APPEND X (BINARY-APPEND Y Z))

ACL2 !>

A CL2, ho w ev er, is kind enough to prin t terms using append rather than using the

corresp onding function, binary-append . Th us, no vice users migh t not ev en realize that

append is not a function.

A CL2 has a notion of table ev en ts that allo ws main tenance of information of in terest,

and once suc h table asso ciates append with binary-append . The user then ma y refer

to append in con texts where a function sym b ol is exp ected, for example when disabling

a de�nition, for example:

(in-theory (disable append))

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

The macro comp is now an event, so it may be placed in books.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

The ab o v e item simply allo ws a compilation directiv e to b e placed in b o oks. It's a

simple thing to pro vide and w e wish w e had done it so oner in order to sa v e users some

anno y ance!

3.6 Common Lisp compatibilit y: P ac k ages

Namespace con trol is pro vided b y Common Lisp p ackages . Eac h symb ol is in essence a

pair of strings: a pac k age name and a sym b ol name. But getting this exactly righ t is

quite tric ky . A rather elab orate �x w as made in V ersion 2.8, not sho wn here, to deal

with an unsoundness that could result from a subtle use, carefully emplo ying local , of

t w o di�eren t pac k ages with the same name. (See A CL2's do cumen tation topic \hidden-

death-pac k age" if y ou w an t to learn more ab out this issue. And it p oin ts to a v ery

elab orate commen t in the source co de that giv es ev en more of an idea of ho w nast y this

issue really is.)

Belo w are three pac k age issues solv ed more recen tly than that one, and not nearly

as complex. They sho w ho w w e sometimes need to w ork hard to ensure compatibilit y

with the host Common Lisp.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

We fixed a soundness hole due to the fact that the "LISP" package does

not exist in OpenMCL. We now explicitly disallow this package name as

an argument to defpkg. Thanks to Bob Boyer and Warren Hunt for bringing

an issue to our attention that led to this fix.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

ACL2 now requires all package names to consist of standard characters

(see *Note STANDARD-CHAR-P::, none of which is lower case. The reason
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is that we have seen at least one lisp implementation that does not

handle lower case package names correctly. Consider for example the

following raw lisp log (some newlines omitted).

>(make-package "foo")

#<"foo" package>

>(package-name (symbol-package 'FOO::A))

"foo"

>(package-name (symbol-package '|FOO|::A))

"foo"

>

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

(GCL only) A bug in symbol-package-name has been fixed that could be

exploited to prove nil, and hence is a soundness bug. Thanks to Dave

Greve for sending us an example of a problem with defcong (see below)

that led us to this discovery.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

3.7 P ortabilit y , and help from others

A CL2 can b e built on most (all?) stable Common Lisp implemen tations, including

GCL, Op enMCL, Allegro CL, SBCL, CMUCL, CLISP , and Lisp w orks. The most recen t

addition is SBCL. There are at least t w o reasons for p orting to all of these Lisps, in

spite of a certain amoun t of lo w-lev el Lisp-sp eci�c co de w e need to write and main tain.

One is that w e sometimes �nd bugs in our co de that are in some sense \forgiv en" b y

most, but not all, Lisps. The other is that w e w an t users to b e able to build on whatev er

Lisp platform they happ en to ha v e. P erhaps a third reason is to supp ort eac h Lisp's

dev elopmen t b y pro viding a non-trivial test suite.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

Added SBCL support. Thanks to Juho Snellman for significant assistance

with the port. Thanks to Bob Boyer for suggesting the use of feature

:acl2-mv-as-values with SBCL, which can allow thread-level parallelism

in the underlying lisp; we have done so when feature :sb-thread is

present.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

3.8 User-lev el debug supp ort

A CL2 has a br e ak-r ewrite utilit y that allo ws the user to put a breakp oin t up on the ap-

plication of a sp eci�ed rewrite rule, optionally under sp eci�ed conditions. The situation

b ecomes complicated when there are so-called fr e e variables in hyp otheses . F or example,

consider the conditional rewrite rule sa ying that if predicate p2 holds of x and y , and

predicate p3 holds of y , then predicate p1 holds of x :

(implies (and (p2 x y)

(p3 y))

(equal (p1 x) t))
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No w supp ose the rewriter encoun ters the term (p1 (foo a)) . So, x is b ound to (foo a)

when w e apply the ab o v e rule. But ho w can w e rewrite the �rst h yp othesis (to true ) if

w e do not ha v e a binding for the fr e e variable y ?

In this case, A CL2 simply lo oks in its curren t con text for some term � for whic h

(p1 (foo a) � ) is kno wn to b e true. When it �nds suc h an � then it binds y to �

and go es on to the next h yp othesis. So it will no w b e \thinking ab out" (p3 � ) . If the

rewriter cannot pro v e this is true, it will bac ktrac k and lo ok for another v alue of y in

place of � for the �rst h yp othesis.

The ab o v e information can b e critical to a user who is trying to understand wh y

a rule is failing to b e applied, esp ecially when there is a complex set of a v ailable rules

op erating on the h yp otheses. The follo wing item describ es an impro v emen t that pro vides

con v enien t displa y of suc h information.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

Improved reporting by the break-rewrite utility upon failure to relieve

hypotheses in the presence of free variables, so that information is

shown about the attempting bindings. See *Note

FREE-VARIABLES-EXA MP LES -R EWR IT E: :. Thanks to Eric Smith for requesting

this improvement. Also improved the break-rewrite loop so that terms,

in particular from unifying substitutions, are printed without hiding

subterms by default. The user can control such hiding ("evisceration");

see *Note SET-BRR-TERM-EVISC -T UP LE: :.

.................. .. .. ... .. ... .. .. ... .. ... .. ... .. .. ... .. ... .. .. ... .. ... .. ...

The A CL2 do cumen tation topic \ free-variables-examples-rewri te " describ es

ho w all this w orks. W e'll just sho w a piece of that do cumen tation here in order to giv e

a visual cue of what w e pro vide.

(1 Breaking (:REWRITE LEMMA-1) on (PROP U0):

1 ACL2 >:eval

1x (:REWRITE LEMMA-1) failed because :HYP 1 contains free variables.

The following display summarizes the attempts to relieve hypotheses

by binding free variables; see :DOC free-variables and see :DOC set-

brr-term-evisc-tuple .

[1] X : X1

Failed because :HYP 3 contains free variables Y and Z, for which no

suitable bindings were found.

[1] X : X2

Failed because :HYP 2 rewrote to (BAD X2).

[1] X : X3

[3] Z : Z1

Y : Y1

Failed because :HYP 6 rewrote to (FOO X3 Y1).

[3] Z : Z1

Y : Y3

Failed because :HYP 6 rewrote to (POO X3 Y3).

1 ACL2 >
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3.9 Some other release note items of in terest

� Sev eral bugs ha v e b een �xed that are related to local . It seems somewhat di�cult

to an ticipate all in teractions of other asp ects of the system and logic with local .

� Tw o v ery di�eren t kinds of hin ts for defthm ev en ts are generally incompatible:

:hints to direct the automatic pro v er, and :instructions to direct the repla y

of commands sa v ed during a session with the pr o of-che cker , an in teractiv e goal-

directed pro of managemen t to ol. W e quite sensibly caused an error if b oth :hints

and :instructions w ere presen t for the same defthm ev en t. But w e added

a notion of default hin ts without noticing that w e needed to allo w them with

:instructions , in whic h case the default hin ts should apply to an y individual

instruction that calls the full pro v er. (This has b een �xed.)

� Users can undo ev en ts and they can ev en undo the undo. But some hea vy users

are hitting memory limitations, so w e no w pro vide the option of trading the \undo

the undo" capabilit y with the reclamation of space.

� A feature new to V ersion 3.0, of excitemen t to some exp erienced A CL2 users, is

a capabilit y , make-event , that is similar to macros but whic h is sensitiv e to the

en vironmen t (e.g., the A CL2 state ob ject). The main idea is that expansions

that migh t otherwise dep end on the en vironmen t, whic h is illegal for macros,

5

are

sa v ed in the b o ok's certi�cate. But there w ere lots of complications to solv e (for

example, what if the make-event is submitted in teractiv ely b efore certi�cation is

b egun).

� Users can sp ecify a limit on bac k c haining through rewrite rules, and they can

sp ecify syn tactic c hec ks to con trol the application of a rewrite rule [HKK

+

05 ].

But un til a user requested it, these features w ere not a v ailable with conditional

meta-rules.

� A CL2 supp orts rewriting with congruences, where the original and rewritten term

are equiv alen t but not necessarily equal. A CL2 also cac hes rewrite results, for

e�ciency . There are o ccasions when the cac hed result is from an equalit y rewrite,

but w e need to rewrite with an equiv alence, whic h could pro duce a stronger result.

If w e alw a ys ignore the cac he in suc h cases, e�ciency b ecomes a problem. But

after receiving a user request, w e instituted a compromise where w e giv e sp ecial

handling in some cases when the equiv alence relation is Bo olean equiv alence. More

recen tly [KM06 ], w e ha v e pro vided the user a means to handle this situation for

other equiv alence relations, together with w arnings that bring this situation to the

user's atten tion.

5

It w ould tak e us to o far a�eld to explain in detail wh y it is illegal for macros to dep end on the

curren t state. But it's not hard to imagine that otherwise, a macro migh t expand to giv e one de�nition

of a function as a b o ok is certi�ed, but a di�eren t de�nition of the same function when the b o ok is later

included. Besides, A CL2 compiles its b o oks, and the Common Lisp sp eci�cation disallo ws dep endence

of macros on the state.
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4 Dessert

I in tend to lea v e time for audience mem b ers to share related observ ations from their

o wn exp eriences, and to ask further questions.
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