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Goals of this work

- Establish a correspondence between
Theorem Proving and Program Transformation

- Exploit this correspondence for performing
software verification
by means of
program transformers , program specializers |, ...

Long term goal: Design of a uniform framework based on unfold/fold
transformations for software development (synthesis, verification,
transformation, specialization).



A Case Study: Monadic Second Order Logics

Monadic second order (MSO) logics are logics of membership to .
of strings. Veryexpressivedecidable[Biichi 60, Thatcher-Wright 68, Rabin 63]

MSO logics are useful for the automatgrification of finite state
SYSIEMS[MONA, Klarlund et al. 96]

We will propose methods based on unfold/fold transformations for:

- proving WS1S formulas (a fragment of MSO), thereby yielding a |
'‘completeness’ result for unfold/fold transformations w.r.t. WS1S;

- synthesizingdefinite logic programs from WS1S specifications.



Modelling a multiprocess system

The number of processes of the system may change dynamically.
A processs identified by a natural number.

A stateS of the system is represented by a galfUnof sets of processes:

(1) the seW of processes waiting for a resource
(2) the selJ of processes using a resource

reach(Sy Init(S)

reach(S)- create(S1,9) reach(S1)
reach(S) use(S1,SY reach(S1)
reach(S) release(S1,3) reach(S1)

where init, create use releaserepresent theansition relatiorand
are specified by WS1S formulas.



The Transition Relation

Initial state:
init(av,un ° empty(W) U empty(U)

Create a new process:

cre@V,Unawi,uli °
¥ (Z=WEU U
((empty(Z)J W1={0}) U \ ‘ ‘
@empty(Z2)U $M (max(Z,M) UW1=WE{M+1})))) U
Uul=uU

Use the resource:
use@V,Unan1,Ulp °

$N (NI W US$Z (Z =WEU U min(Z,N)) UW1=W-{N} U
U1=UE{N})
Release the resource:
rel(@V,Unan1,uln°
W1=wWuU
$N (NI U U U1=U-{N})




Verification and Synthesis Examples

We will present automatic methods based on unfold/fold
transformations for

- proving WS1S formulas, such as:
"W" U" W1" Ul (use@VN,Unanv1,Ulhj ® @empty(Ul))

- synthesizing terminating definite logic programs from WS1S
specifications, such @st, create use release

use@V,Unani,ul °
$N (NI W US$Z (Z =WEU U min(Z,N)) U W1=W-{N} UU1=UE{N})

Also empty E, -, min, have WS1S specifications.



Overview

- Weak monadic second order theory of one successor (WS1S)
- Encoding WS1S into stratified logic programs
- The unfold/fold proof method:

- transformation rules

- transformation strategy

- Termination of the strategy
- The unfold/fold synthesis method

- Optimizations: Discarding useless types, Determinization,
Minimization, Deletion of useless clauses

- Implementation




WS1S: Syntax

The Weak Monadic Second Order theory of one successor (WS1S)
the theory of membership to finite sets of natural numbers.

Syntax (2-sorted)

Individual variables: N in lvars
Set variables: Sin Svars
Function symbols: 0, s( )
Predicate symbols: 1
Individual terms: n:.=
Formulas: =

We also uséJ, ® , « ," as abbreviations.

We consider a first order presentation.

1S

For asecond ordepresentation, writeS(n) instead ofnl S. )




WS1S: Semantics

Semantics

InterpretationA

Domain of A:  NatE Psn(Nat)  whereNat={0, 1, 2, ...}

. 0 Is interpreted as the zero dfat
s() is interpreted as the successor functieh

| is interpreted as the membership relationNat”™ P, (Nat)

|=ws1s)  Iff A|:J

|=ws1s] 1S_decidable [Blchi 60, by using automata-theory]




WS1S

WS1S specificationgi.e. open formulas)

set equality: S1=S2°" N (NI S1« NI S2)

Sis 'downward' closed
order over numbers:

N1EN2°" S (NZ SU[' N3 (s(N3) S® N3l S)® N1I S)

WS1S properties(i.e. closed formulas)

Every finite set of natural numbers has a maximum element:

" SHN(NT SUPSNL (NI SUBNIEN))

There exists no finite set which is nonempty and 'upward' closed:
@$S (SN1 (N1 S) U" N2 (N2l S® s(N2) S))




Encoding WS1S into LP (1)

Natural numberd), s(0), s(s(0)) . ..

Finite sets:[bg,by, . . . , 5] whereb; in {t f}

l%(O) belongs tdbq

] iff CEKEm andb,=t

{0,3,4} isrepresented byt [f f t t] andalso byt f,ft,t f]

/E is represented by ] and also by[f,... ]

Program Natset
nat(0)-
nat(s(N))- nat(N)
set([ ]) -
set(t |S])—~ set(S)
set(ff |S]) - set(S)

O£ N -
S(N1)£ s(N2)= N1£ N2
ol [t|S]-

s(N)I [BIS]- NI S




Encoding WS1S into LP (2)

Given the WS1S formula: j°" NI1$N2 N1£N2

Rewrite as: y © @3 N1FSN2 N1EN2

Apply the Lloyd-Topor transformation starting from the staterheny

N(N1) - NI1ENZ2

Add types f-@ g

Cls(fj ): |9- nat(N1)U @h(N1) Stratified

) . program
h(N1) - nat(N1)Unat(N2)UNI1£EN2 f>g>h




Semantics of Definite Logic Programs

- Every definite logic program (no negation in bodies) hi@sst Herbrand
model

- B : the set of all ground atoms in the first order langubgesedfor writing
programs and formulas

. Interpretation:a subsef of B, (i.e.AT 2PBL)

A=A iff ATA andA|=@AiffA TA

. Immediate consequence operaf; 25 ® 2PL

T(A) ={A| A= LqU...ULpis a ground instance of a clause in P,
and, fori=1,...A|= L}

- Tpis acontinuousoperator on the lattic2PL of all Interpretations. The

least Herbrand model Bfis: M(P) = Ifp(Tp) = Tp(/D.



Nonmonotonicity and Semantics of Negation

- For general logic programs (with negated atoms in bodies
nonmonotonic and some programs hawéeast Herbrand model
For instance:

P~ ~(Q
has two minimal modelsf{p} and {q}

- We can associate a program withraguemodel (possibly not least)
by ordering the atoms;: < p.
We compute the model bottom-up wirt
1. The least model of the clauses with hg&l/E andqis false inE

2. Assuming thaty is false, the least model pf~ -q is{p}.



Stratified Logic Programs

- A'level mappings a functiors: B ® w wherew is the set of natural
numberss (-A)=s(A)

. Aclause H- LqU...ULpis stratifiedwrt s iff
for 1=1,...,n, If lLis an atom thea(H) 3 s(L;)
If L; iIs a negated atom thariH) > s(L;)
N recursion through negation)

- A programP is stratified iff there exists a level mappirggsuch
that every clause &fis stratified wrts

- P: p- -q is stratified (wrt any level mappirgysuch thas(p) >s(q))
0~ ¢

- p— =p Is not stratified: there is no level mappmguch thas(p) >s(p)



Perfect Model

. Immediate consequence operatdp ; A( BL) ® A( B|)
whereP is a stratified program ardw

Tp{A)={A|A - LiU...ULyis aground instance of a clause in P,
s(A)=n, and fori=1,....,n ifs(Lj)=n thenA |= L
else {Lj)=m<n then Ifp(’b.m |= Lj}

Tp’r(A) IS the set of atoms at lewethat are one-step consequences
(using the clauses ) of the literals that are true & and of the literals
that are true at any levai<n

. For every ordinalniw , Tp nlIs acontinuousoperator on the lattice
2BL. Theperfect modeof Pis defined as:

N\

M(P) = E riw Ifp(Tp 0

- P pm —q M(P)={p}
o~ q



Lloyd-Topor Transformation

Apply as long as possible the following transformations
(C[y] denotes a formula of the form:. Uy U..)

H- Cl[--y] P H- Cly]

H - C[-newp(X,...,Xx)]
NeWP(Xy,....X) =y 1Uy2
whereXj,...,Xx are the free variables giUy»

H- C[-(y1Uy2)] b {

H - C[-newp(X,...,Xk)]

newp(X,...,.Xx) = Y
whereXy,...,Xi are the free variables gf

H- C[-3XYy] p {

H- C[$XvVy] P H- Cly{X/Y}] whereyY Is a new variabl

S




Addition of Types

H - nat(Ny) U... Unat(N) U H= A1 U...UAq

AU UA, —

Set variables occurring in
H- AjU...UA,



Correctness of the Encoding

Theorem

I=wasl  iff M(NatsetE Cls(fj )) |= f

Perfect (= Standard = Stable = Well-founded) model




Limitations of SLDNF-resolution (Prolog)

f-0 ¢
Cls(fj ): g— nat(N1)U @h(N1)
h(N1)- nat(N1)Unat(N2)UN1£EN2

7)o T > SLDNF-resolution does not terminate

nat(N1) U @h(N1)

/\

@ h(0) nat(N1) U @h(s(N1))

v
failure @ h(s(0)) nat(N1) U @h(s(s(N1)))

LV H
fallure Y




Limitations of Tabled Resolution (XSB)

f-0 g
Cls(fj ): g— nat(N1)U @h(N1)
h(N1) - nat(N1)Unat(N2)UNI1£EN2

No repeated goal.
tabled resolution does not terminate

nat(N1) U @h(N1)

/\;

@ h(0) nat(N1) U @h(s(N1))

v
failure @ h(s(0)) nat(N1) U @h(s(s(N1)))

LV H
fallure Y




. Proving WS1S via Program Transformation

level 2

unfolding

folding

level 3

unfolding

b M(NatsetE Cls(fj )) |=f
P by the correctness of the encoding and the correctness the
transformations,

Fusd |




The Unfold/Fold Proof Method

Let] be aclosed WS1S formula.

Step 1. (Encoding into stratified LP)

J —> Cls(f) )
|
Lloyd-Topor transformation + type addition

I=wais  iff M(NatsetE Cls(fj )) |= f

Step 2. (Unfold/fold transformations)
Natsett Cls(fj) — ... — T

unfolding and folding rules applied according to a stral

M(NatsetE Cls(fj )) |=f iff  f- belongs tor




Rule-based Program Transformation

. We consider stratified normal logic programs with the Perfect
Model (= Standard Model) semantics.

- Program transformation: Construct a sequence of programs

wherePy41 Is derived from Pk by applying a transformation rule.

- The transformation rules preserve the Perfect Model.

[ M(Pg E Defs,) = M(P) J

where Defs, is the set of new definitions introduced during
program transformation.




The Unfold/Fold Transformation Rules

- Construct dransformation sequencthat is, a sequence of programs
wherePy.+1 IS derived fromPx by applying a transformation rule

. Transformation Rules:
- R1. Definition Introduction

- R2. Unfolding(w.r.t. positive or negative literals)
- R3. Folding

- R4. Tautologies



LT Transformation: Less-or-Equal Example

P: O £ N - nat(O)—l
S(N1)£ s(N2)- N1£ N2 nat(s(X))— nat(X)
J: " N NEsS(N)

Rewritej as: @$N ONEs(N)

Introduce the statement: f - @ $ N NEs(N)

\ LT transformation + type addition

f-0@ g

i) . Locally stratified
Cls(ti): { g - nat(N) U GNEs(N) y

Note:
"N (g- nat(N) U@NES(N)) © g- $N(nat(N) U @NES(N))



Definition Introduction: Less-or-Equal Example

Po: OEN=
S(N1)E£ s(N2)- N1£ N2
nat(0)-
nat(s(X))— nat(X)

Definition Introduction (twice)di: g - nat(N)U @NEs(N)

v d2 f — @g
P>. O£ N - Defs, = {d1,dy}
S(N1)£ s(N2)= NL1E£ N2
nat(0)-

nat(s(X))- nat(X)
di: g = nat(N)U @NEs(N)
d2: f—l @g



R1. Definition Introduction

Introduce anew definition that is, a clause

d: newp(X,...,Xp) 0 L1U...ULR

where:
- newpis a new predicate symbol

- X1,...,Xp are distinct variables occurring in uU... UL
- the predicate symbols dfU...UL, occur inPx

Plea=PeE{d) |

Defs, Is the set of definitions introduced up to skep

No recursive definitions, no multiple clause definitions



Positive Unfolding: Less-or-Equal Example

P> O£ N-=
S(N1)£ s(N2)= N1£ N2
nat(0)-
nat(s(X))~ nat(x)

di: g~ hat(N)U ONES(N)
f- &g

replace l Unfolding dp wrt nat(N)\

Py OEN- Defsy = {dq,dp}
S(N1)£ s(N2)-= N1£ N2
nat(0)-
nat(s(X))-~ nat(X)

| 1: g—-@ 0£s(0) {N/O}

nat(xX)J @s(X)Es(s(X)) | {N/s(X)}




R2". Positive Unfolding

Given a clause 1Ry
|: H= G UAUG,

takeall clauses iP, whose headl; unifies withA via an mgug;

Hy |-

Hm_l

(H- Gy UBody|UGy) oy
Piar=(PA{IN EY -
(H= G UBOdYm U G2) G

If m=0 then deleté from R



Negative Unfolding: Less-or-Equal Example

P3Z O£ N|-
S(N1)£ s(N2)~ N1EN2
nat(0)-

nat(s(X))— nat(X)

| 1: g @ OES(O)

| : g= nat(X)U|@s(X)Es(s(X)) ||

f- @g
Unfolding| 1 wrt |@ O£s(0)| and
replace l ) bt S(X)(IES)(S(X))

P4Z O£ N -
S(N1)£ s(N2)-= N1£ N2 Defsy = {d1,d2}
nat(0)-
nat(s(X))- nat(X)

B _g=@—6£5(0) {N/0}

| 3: g= natX)U[@XES(X)
f—l Qg

INL/X, N2/X}




R2 . Negative Unfolding

Given a clause 1R |: H= Gy U-AUG)

takeall clauses iP, whose headl; unifies withA via an mgug;

Hi|- [Body; ... [Hml|o

if (1)A=Hqig1=...=Hy0dm (Aisaninstanceof Hq, ..., Hy)
(2) Bodyy , ..., Body, haveno existential variables

then take thelisjunctive normal form

1 dm) UG2)

Plaz=(P\ {1}) E{H -

If m=0 then delete -A from the body Iof if Ag - is a clause inlPthen deletd .



Negative Unfolding: Example

h(X) = nat(X) U - p(s(X))
p(0) -

p(s(X))




Folding: Less-or-Equal Example

. OEN-

S(N1)£ s(N2)- N1£ N2
nat(0)-
nat(s(X))— nat(X)

g - [nat(X)U GXEs(X)

f- @g

Defsy: di(g-

nat(N) U ONEs(N)

dz: f—l @g

nat(X) U @ X£s(X)

lfddMglgwn

. OEN-=
S(N1)£ s(N2)~ N1£ N2
nat(0)-




R3. Folding

Given a clause iRy | : H= G1U/GoguGs

and a definition iDefg d:

If (1) g = ge o, where:
-g; and g, share no variables
-0, Is a renaming of the existential variablesl of

and (2)d has been (or will be) unfolded w.r.tpasitiveliteral

then | Pur=(P\{1}) E{H - Gy JNew

Similar to [Tamaki-Sato 84, Seki 91], except for (*)

()



Folding: Condition (2)

Po: P(X) = p(X)

p(X) = ¢

g - fall
Pi:  newp- - p(X) definition introduction
P,:  newp- = p(X) U-q unfolding wrt- p(X)
P3: newp- newp U-q folding

newpl M(Pp E Defsy) = M(Py) and newpi M(P5)



Tautologies: Less-or-Equal Example

P5Z O£ N -
S(N1)E£ s(N2)- N1£ N2
nat(0)-
nat(s(X))—- nat(X)

a9=vg H- HUG is a tautology
f- @g

Finally, by unfoldingf = @g we get (there is no clause

P7Z O£ N -
S(N1)£ s(N2)-= N1£ N2
nat(0)- f = belongs td>,
nat(s(X))- nat(x) 0 1 M(Py)

f- 0 M(Py) |=" N (nat(N)® NEs(N))



Tautologies

[ Pc+1 = (P \ CS)E Ds }

whereCspP Dsis an instance of one of the following rewritings:

{H -
{H -
{H -
{H -

H
H -

H
H -

AU @A UG}

H UG}
GLUL{ ULy UGy}
LUL UG}

Gy,

G1 UGy}

A UG UGy,
TA UGy}

b

T U U T

yis
yis

{H- GiULoUL{ UG}
{H- LUG}
{H= Gy}

{H- G1UG;,
H- @A UGy}



A Derived Rule: Propositional Simplification

Suppose that iRk a predicatg depends on nullary predicates only.
Then pl M(Px) is decidable and,by unfolding and tautologies,

it pT M(PK) then(Py=(P\Dp) E{p - })

if pI M(Px) then [Pk+1 = (Px \ Dp)]

whereDy, is the set of clauses Bk with headp



Correctness of the Unfold/Fold rules

Theorem: LePy, . . ., B be a transformation sequence. Deffs, be the
set of definitions introduced in that sequence. Then

[ M(Pq E Defs,) = M(Py) J




The Unfold/Fold Transformation Strategy

PE CIs(fj ) = S E .. .E S is afinite partition intdevelswhere:
- S) =P
- the predicates i depend only on predicates$E . . .E S.1

. YES (" propositional Final Progra
Simplification for level |

lNO

@nfold & Tautolog}s unfold all clauses itnDefsw.r.t. all
1 positive and negative literals

(e jd fold all non-unit clauses if possible;

Def Fold ! AUS . )

\ efine and Fo introduce new definitions imDefs
otherwise




Termination

Theorem. For all WS1S formulas the unfold/fold strategy
NatsetE Cls(fj ) terminates and the final prografrcontains either
f = or no clause fof.

Proof. Only a finite number of new definitions are generated (no
generalization is needed).

By construction, all clauses hare definite clauses of the form:

P, ..., 1)~ q1( X1, .. ,XJ)U : .Uqr(x\,, Ce ey Xy)
where: t;:=0|s(N) | []] [B|S]and

X1 o K- Xjy - .., Xare distinct variables occurringtfy . . .,

In particular, ifp is 0-ary, then we derive a set of propositional clause
for p, and by the propositional simplification the final program
contains eithep - or no clause fop.



The Transformation Strategy (Example 1)

Cls(f) ):

f-@ g

level 3

g -~ nat(N1)U @h(N1)

level 2

h(N1) -

level 1

h(N1) -

h(0) -

h(s(N1))~

h(0) -
h(s(N))-~ h(N)

level 1

unfolding

folding




level 2

unfolding

folding

level 3

unfolding




Program Synthesis from WS1S Formulas

Example (Maximum of a set).

j© NI SU@$N1 (NI SUDNIEN

free variables
Apply the Lloyd-Topor transformation starting from the statement:

max(S,N)- NI SU@ $N1 (N1l SUBNIEN)
and add types
‘max(S,N)- set(S)Unat(N)UNI SUQZ newp(S.N)
'newp(S,N)- set(S)U nat(N)U nat(N1)U N1l SUBNIEN

Cls(maxj ):




... Program Synthesis from WS1S Formulas

Apply the unfold/fold transformation strategy starting from:

NatsetE Cls(max,j )

and derive a program for computing the maximum of a set:

max(ft |S],0)-= newl(S)
max([t |S],s(N))= max(S,N)
max([f |S],s(N))= max(S,N)
newl([])-

newl(f [S]) - newl(S)




The Unfold/Fold Synthesis Method

Let] be a WS1S formula with free variables, . . . , X,.

Step 1. (Encoding into stratified LP)

j — ClIs(fj) Lloyd-Topor transformation + type addition
for all ground termsy, . . ., §,

|mwsisl{ Xafty, ..., X/ta} iff M(NatsetE Cls(fj ) |=f(ty, . . . , B)

Step 2. (Unfold/fold transformations)

Natsett Cls(fj) — ... — T unfold/fold strategy

for all ground terms$y, . . ., &,
M(NatsetE Cls(fj ) |= f(ty, .. ., &) iff M(T)|=f(ty, ..., B)




Optimizations: (1) Discarding useless types

Some type atoms can be discarded.

Example:

j° NI SU@SNL (NI SUBNIEN)

[ max(S,N)- set(S)Unat(N)UNI SUD newp(S,N) |
Cls(maxj ): . . o
newp(S,N)- set(S)U nat(N)U nat(M1)U N1l SU@GNIEN

because M(Natset) |=' N" S (NI S® nat(N))




Optimizations: (2) Determinization

The program derived by the u/f strategy may be nondeterministic

p(s(X))~ q(X)
p(s(X))~ r(X)
q(0) -

q(s(X))~ r(X)
r(s(X)) = q(x)

new(X) - ([q(X)
new(X) - r(X)

new(0)-
new(s(X))-
new(s(X))-

new(0)-
new(s(X))-

s
(X)

new(X)

multiple clause
definition

unfolding

multiple clause
folding




Optimizations: (3) Minimization

The programs derived during the unfold/fold strategy may contain
equivalent predicates.

p(0) -

p(s(X)) = |a(X)
q(0) -
a(s(X)) = [p(X)

p andqg have the same definition modulo predicate names.
M(P) [=" X(p(X) « (X))

p(0) -
p(s(X)) = [p(X) goal replacements
q(0) -
q(s(X))~ [a(X)




Deletion of Useless Clauses

Suppose tha® is a definite program.

R ® Prop(R)
p(...)— q(...) p- g

if pI M(Prop(R)) then[PkJrl:(Pk\Dp)]

whereDy, is the set of clauses Bk with headp

Example: R ® Prop(R)
p(s(X)) = q(X) P= q
a(s(X)) = p(X) q- p

the clauses for p and q can be deleted



Incremental Verification

To prove the WS1S formula:
"W" U" W1" Ul (usdav,unavi,uin ® Gempty(Ul))

where:

use@V,unawvi,ulin °
$N (NI W U$Z (Z =WEU Umin(Z,N)) UW1=W-{N} UUI1=UE{N})

Synthesize programs for:
- set union

- min

- set difference

- singleton

- empty set

- use

Add the synthesized programsNatsetand prove the WS1S formula in the
derived program



Implementation

The unfold/fold proof and synthesis methods have been implemented
on the MAP transformation system, available at
http://www.iasi.rm.cnr.it/~proietti/system.htm|

Reasonable efficiency for small formulas.



Program Verification using CLP

Given a locally stratified CLP( D) program P and

a first order formula ]

Check whether or not M(P) E]

1. Apply Lloyd-Topor transformation starting from
F=]
and derive a locally stratified program CIs(,j )
s.t. M(P) Ej iff M( P E ClIs(f,j ) E f

rules x

2. Apply rules accordingtoa strategy : P E Cls(f,j ) -T
s.t. either f= isin T (in which case M(P) Fl )
or no clause for fisin T (in which case M(P)  Fj)




Verifying a Semaphore

Program P

1.down(X1) = X1=X+1 U @down(X)

2.up(0, 0)- )

3.up(X1, 0)= X1=X+1Udown(X)

4.up(X1, Y1) = X1=X+1UY1=Y+1UX>Y Uup(X1,Y)

i " XY (X>Y UX2=X+2 Uup(X,Y) ® up(X2, 0)

up |0,0] |2,0/2,1| [4,0]41 42 43 |6,0 ..| 6,5

|down 1 3 5 /

We start from :
f= " XY (X>Y UX2=X+2 Uup(X,Y) ® up(X2, 0))

After Lloyd-Topor we get :

o.f- @ g R R
7.9 X>Y UX2=X+2 Uup(X,Y) U Qup(X2, 0)



Program Synthesis

Given a locally stratified CLP( D) program P and
a first order formula ] [X]

Derive an efficient program Sdefining s(X) s.t.
" ground term t

M(P) F 10 it M(C S)EF s(b)

1. Apply Lloyd-Topor transformation starting from
s(X) = J [X]
and derive a possibly inefficient, locally stratified program Clsg,) )
s.t. " ground term t, M(P) E [t] iff M( P E Cls(sj)) Es(t)

rules x

> S

2. Apply rules accordingtoa strategy : P E Cls(sj )
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Synthesis of max 1

Program P

1.hist([]) -

2. list([X|Xs]) = list(Xs)

3. member(X, [AJAs]) - X=A

4. member(X, [AJAs]) -~ member(X,As)

j [L,M] : list(L) Umember(M,L) U " X (member(X,L) ® X<M)

We start from :
max(L,M) = list(L) Umember(M,L) U" X(member(X,L) ® X<M)

After Lloyd-Topor we get :

6. max(L,M) = list(L) Umember(M,L) U @newl(L,M)
7.newl(L,M) = member(X,L) UG X<M



Synthesis of max

Synthesized Program

16. max([A|As], M) = new2(A, As, M)

17. new2(A,[],M)= M=A

21. new2(A, [B|As], M)= B <A Unew2(A, As, M)
22. new2(A, [B|As], M)= A <B Unew?2(B, As, M)




