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(defun join (lst set)
(1f (endp Ist)
set
(tnsert (car Ist) (join (cdr Ist) set))))

(defthmjolin/setp
(tnmplies (and (true-listp Ist) (setp set))
(setp (join |Ist set))))
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e O6 set.lisp - DrScheme =
set.lisp ¥ (defun ..}~ Debug @ Check Syntax @, Run 2 Stop @
fdefun setp (x3) (no-duplicatesp-ecual =x3)) ( DEFTHM JOIN/SETP ...)
: Q.E.D.
(defun insert (x x5 (add-to-set-eqgl x =53]
(defthm insert/setp
(implies (setp x3) Stap . ToCursor ’l‘
(setp (Insert x xs)))) Reset'ﬂ Undo *‘ Admit | All P

fdefun join (xs ¥3)
(1f (endp ==3)

¥3 Summary
jinsert (car xs3) (join (cdr =s) ¥s)1)) Form: ( DEFTHM JOIMN/SETP ...}
Rules: (:DEFINITION ADD-TO-SET-EQL)
(defthm join/setp (:DEFINITION ENDP)
{implies (and (true-listp xs) (setp ¥s)) (:DEFINITION INSERT)
(setp (join xs ys)))) (:DEFINITION JOIN)
(:DEFINITION MEMBER)
Welcome to DrScheme, version 4.1.3 [3m). (:DEFINITION MEMBER-EQUAL)
Language: ACLZ. _ (:DEFINITION NO-DUPLICATESP-EQUAL) (I
> [1011‘1 (list 1 2 3) ilist 2 3 4)) (:DEFINITION NOT)
(1234 (:DEFINITION SETP) 3
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Summary
Form: ( DEFTHM JOIN/SETP ...}
Rules: ((:DEFINITION ADD-TO-SET-EQL)

(:DEFINITION ENDP)

(:DEFINITION INSERT)

(:DEFINITION JOIN)

(:DEFINITION MEMBER)

(:DEFINITION MEMBER-EQUAL)
(:DEFINITION NO-DUPLICATESP-EQUAL) []
(:DEFINITION NOT)

(:DEFINITION SETP) .
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encapsul at e: hides
| ocal definitions fr om
reasoning & execution

OModularO style: uses
the above, plus code
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| 1 nk: respects
lexical scope
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(Interface I

(sig setp (X))
(sig insert (x set))

(con insert/setp
(1nmplies (setp set)
(setp (insert x set)))))
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(I nterface |
(1 nclude 1)

(sigjoin (lst set))
(con join/setp

(tnmplies (and (true-listp Ist) (setp set))
(setp (join |Ist set)))))
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i E

(nmodul e mJ
(1 nport 1)

(defun join (|lst set)
(1f (endp Ist)
set
(tnsert (car Ist) (join (cdr Ist) set))))

(export J))
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(1 mport 1)

(defun join (lst set)
(1f (endp Ist)
set
(tnsert (car Ist) (join (cdr Ist) set))))

(export )
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(sig setp (x))
(sig insert (x set))
(con insert/setp
(implies (setp set)
(setp (insert x set))))

(defun join (lst set)
(i1f (endp 1st)
set
(insert (car 1lst) (join (cdr 1st) set))))

(sig join (lst set))
(con join/setp
(implies (and (true-listp 1lst) (setp set))
(setp (join 1st set))))
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(defstub setp (x) t)
(defstub insert (x set) t)
(con I nsert/setp
(1nmplies (setp set)
(setp (Insert x set))))

(defun join (lst set)
(1f (endp Ist)
set
(tnsert (car Ist) (join (cdr Ist) set))))

(sigjoin (lst set))
(con join/setp
(tnmplies (and (true-listp Ist) (setp set))
(setp (join |Ist set))))
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set-maodular.lisp - DrScheme =

set-modular.lisp * (defun ..)™

(interface i
(sig setp (®3))
(sig insert (x =3}
[con insert/setp
(implies (setp =)

(interface 7]
(include 1)
(gig Join (¥3 ¥3))
fcon Joindsetp
fimplies (and (trus-listp x3) (Setp ¥8))

(module md
[import i)

fdefun join (xs ¥3)
(1f (endp ==3)
]
{insert (car x3) (join (cdr =3) ¥3))))

(export J3j)

*

Modular ACLZ *

L

Debug @ Check Syntax @, Run 2° Stop @

( DEFTHM JOIN/SETP ...)
Q.E.D.

an

mj
stop [l To Cursor p|4
Reset @ Undo € Admit b Al

Rules: ((:DEFINITION ENDP)
(:DEFINITION JOIN)
(:DEFINITION NOT)
(:DEFINITION TRUE-LISTP)
(:EXECUTABLE-COUNTERPART CONSP)
(:FAKE-RUNE-FOR-TYPE-5SET NIL)

CINDUCTION JOIN) m
C:INDUCTION TRUE-LISTP) -
(:REWRITE INSERT/SETP)) i
Warnings: None v

1:0 (1%
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Form: ( DEFTHM JOIN/SETP ...}
Rules: ((:DEFINITION ENDP)
(:DEFINITION JOIN)
(:DEFINITION NOT)
(:DEFINITION TRUE-LISTP)
(:EXECUTABLE-COUNTERPART CONSP)
(:FAKE-RUNE-FOR-TYPE-SET NIL)
INDUCTION JOIN)
(:INDUCTION TRUE-LISTP)
(:REWRITE INSERT/SETP))
Warnings: MNaone

C

ik

v
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(nmodul e m

(defun setp (x) (no-duplicatesp-equal
(defun i nsert (x set) (add-to-set-eql

(export 1))

X))

X set))
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(defun setp (x) (no-duplicatesp-equal x))

(defun insert (x set)

(export 1i)

(add-to-set-eql x set))
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(defun setp (x) (no-duplicatesp-equal
(defun i nsert (x set) (add-to-set-eql

(sig setp (x))
(sig insert (x set))
(con insert/setp
(1nmplies (setp set)
(setp (I nsert x set))))

X))

X set))
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(defun setp (x) (no-duplicatesp-equal
(defun insert (x set) (add-to-set-eql

stg—setp—{x
stgtnsert—{x—set)
| nsert/setp
| nplies (setp set
setp (insert x set

X))

X set))
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(defun setp (x) (no-duplicatesp-equal
(defun i nsert (x set) (add-to-set-eql

(defthminsert/setp
(1nmplies (setp set)
(setp (I nsert x set))))

X))

X set))
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(link mIJ mI mJd)
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(module mIJ

(defun setp (x) (no-duplicatesp-equal x))

(defun insert (x set)
(export 1)

(import 1i)
(defun join (lst set)
(Lf (endp 1lst)
set

(add-to-set-eql x set))

(insert (car 1lst) (join (cdr 1lst) set))))

(export J))
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(module mIJ
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(export 1i)

(import 1i)
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set
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(export J))
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(nodule mJ

(defun setp (x) (no-duplicatesp-equal x))
(defun i nsert (x set) (add-to-set-eql x set))

(export 1)

(1 nmport 1)

(defun join (lst set)

(1f (endp | st)
set
(1nsert (car

(export j))

|st) (join (cdr

| st) set))))
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[

(nodule mJ

(defun setp (x) (no-duplicatesp-equal x))
(defun i nsert (x set) (add-to-set-eql x set))

(export 1)

. 1

(defun join (lst set)

(1f (endp | st)
set
(1nsert (car

(export j))

|st) (join (cdr

| st) set))))
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(nodule mJ

(defun setp (x) (no-duplicatesp-equal x))
(defun insert (x set) (add-to-set-eql x set))
(export 1)

(defun join (lIst set)
(1f (endp Ist)
set
(tnsert (car Ist) (join (cdr Ist) set))))

1))
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(module mIJ

-

(defun setp (x) (no-duplicatesp-equal x))

(defun insert (x set)
(export 1i)

(defun join (lst set)
(if (endp 1st)
set

(add-to-set-eql x set))

(insert (car 1lst) (join (cdr 1lst) set))))

(export 3j))
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(invoke mlJ)

(join (list 1 2 3) (list 2 3 4))
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m[(E-I

(defun setp (x) (no-duplicatesp-equal x))
(defun insert (x set) (add-to-set-eqgl x set))

(export 1)

(defun join (lst set)

(1f (endp Ist)
set
(1 nsert (car
(export j)

(join (list 1 2 3)

|st) (join (cdr Ist) set))))

(list 2 3 4))

69



(defun setp (x) (no-duplicatesp-equal x))
(defun insert (x set) (add-to-set-eqgl x set))
i

(defun join (lst set)
(1f (endp Ist)
set
(tnsert (car Ist) (join (cdr Ist) set))))

J

join
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(defun setp (x) (no-duplicatesp-equal x))
(defun insert (x set) (add-to-set-eqgl x set))

(defun join (lst set)
(1f (endp Ist)
set
(tnsert (car Ist) (join (cdr Ist) set))))

J

(join (list 1 2 3) (list 2 3 4))
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(defun setp (x) (no-duplicatesp-equal x))
(defun insert (x set) (add-to-set-eqgl x set))

(defun join (lst set)
(1f (endp Ist)
set
(tnsert (car Ist) (join (cdr Ist) set))))

(join (list 1 2 3) (list 2 3 4))
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Experiment: W orm Game

and worm-modular.lisp - DrScheme D
worm-modular.lisp ¥ (defun ..)¥ Debug @ Check Syntax @ Run & Stop (@
" ( DEFTHM GAME-TICK/UNCROSSED ...) L

Q.E.D.

;s game-tick @ [Fame -» Gane
;2 If the worm eatz the food, extend it,
;s and place new food at a random spot. game
;; Otherwise, just move the worm.
[defun game-tick (q)
[1f (point= [food-point [game-food g
[worm-head [(game-worm o))
[make-gane [(new-seed [game-seed gl
[new-food [(game-seed o))
[WOrm-grow [game-worm o) )]
[make-gamne [gane-seed o) []
[game-Lfood o)
[Worm-mowve [game-worm o))l

| Summa
F 9
Form:

Modular ACLZ *
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Experiment: W orm Game

(interface IGame
(include IPoint)

(con uncrossedp/worm-tail
(implies (uncrossedp q)
(points-uniquep (worm-tail g))))

(con game-tick/uncrossedp
(implies (and (uncrossedp g) (live-gamep g))
(uncrossedp (game-tick g)))))
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Experiment: W orm Game

Theor em

worm-turn/uncr ossed-w ormp
random-na t/range

modulo/r ange

connected-w ormp/w ormp
worm-turn/in-bounds-w ormp

game-tic k/uncr ossedp
game-tic k/gamep
game-tic k/in-bounds
connected-g amep/gamep
game-k ey/uncr ossedp

Modular

0.10s
0.10s
0.08s
0.06s
0.06s

0.06s
0.03s
0.03s
0.03s
0.05s

Monolithic

0.48s
0.10s
0.08s
3.00s
0.23s

845.95s
387.12s
362.97s
173.55s
148.65s
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Experiment: Gr aph Sear ch

Based on J Moor e@ canonical A CL2 case
study . Includes a second g raph representa tion
and a second sear ch alg orithm.

(I nterface | Fi ndPath
(1 nclude I Graph)
(con find-path/pathp

(1nplies

(and (graphp 9)
(nodep g Xx)
(nodep g vy)

(find-path g x y))
(pathp g x y (find-path g x y)))))
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Experiment: Gr aph Sear ch

. (link EdgeDFS

EdgeListGraph
DepthFirstSearch)

. (1ink EdgeBFS

EdgeListGraph
BreadthFirstSearch)

. (1ink NeighborDF'S

NeighborListGraph
DepthFirstSearch)

. (1ink NeighborBF'S

NeighborlListGraph
BreadthFirstSearch)
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Experiment: Inter preters

Specif ied arithmetic langua ge with big-ste p
and small-ste p inter preter s. Attempted to pr ove
equiv alence .

(interface IEquivalence
(include IBigStep ISmallStep)
(con reduce-all=eval
(implies (exprp e)
(equal (reduce-all e) (eval e)))))
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Experiment: Inter preters

(Interface 1B gStep
(sig eval (e)))

(Interface 1Smal |l Step
(sig reduce (e))
(sig reduce-all (e)))

(I nterface I Equi val ence
(1nclude IBigStep | Smal | St ep)
(con reduce-all =eval

(1nmplies (exprp e)
(equal (reduce-all

e) (eval

e)))))
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Summary
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Related Work

Modular A CL2 is most ¢ losely r elated to:
¥ Units and mixin modules
¥ ML-like module systems (e.g. Twelf, Coq)

¥ Isabelle locales , Coqg sections , etc.
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Conc lusion

Good Ne ws: Modular A CL2 pr omotes code
reuse and abstr act reasoning .

Bad News: It needs tr anspar ent specif ications
and convenient linking oper ations.
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Thank Y ou.

DrSc heme:
http://downl oad. plt-schene. org/

Dracula:
http://ww. ccs. neu. edu/ ~cce/ acl 2/
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