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class (MinionCard):
def _init_ {(self):
super{).__init_ {"Acidic Swamp Ooze", 2,
CHARACTER_CLASS.ALL, CARD_RARITY.COMMON,
hattlecry=-Battlecry(Destroyl},
WeaponSe lectar({EnemyP Layer{))}}

def create minion(self, player):
return Minian{3, 2}
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/** Compute the maximum of two values
* @param a first value
* @param b second value
* @return b if a is lesser or equal to b, a otherwise
*/
public static int max(final int a, final int b) {
return =Co——lgm—le—t—|ut
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B1

tl:=a-b

ifz t1 goto B4

Y

2 :=i*4
S:=S+t2

Y

B3

i=i+1
t3 :=n-i

ifnz t3 goto B2

Y

t4:=a-b

B2
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B6
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SMT Solver

Apply Tactic 1
If formula is long
Apply Tactic 2
Else
Apply Tactic 3
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« Fy A
* —MERFZ[EProg, BE FIUERR
o —ZHZSpec, BENIZEFRIAT

FFJI_le:

« — " EFFprog, JHE
* prog EProg Aprog~Spec
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Expr 0O 1 | = | wy
Expr + Expr

Expr — Expr

(ite BoolExpr Expr Expr)
BoolExpr A BoolExpr
—BoolExpr

Expr < Expr

BoolExpr

Yo,y L, mars(r,y)=xAmars(z,y) =y
M(maxs (x,y) = xV maze (z,y) = y)

ite (x <=vy) vy x
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intx,y;
Expr |= 0 1 [ x|y int Main(Tree[int] prog, int _x, int _y) {
Expr + Expr — v yy— \y
|  Expr — Expr X=_X, ¥Y=_Y;
|  (ite BoolExpr Expr Expr) return Expr(prog);
BoolExpr = BoolExpr A BoolExpr }
|  —BoolExpr X )
| Expr < Expr int Expr(Tree[int] prog) {
switch(prog.value) {
case O: return O; break;
case 1: return 1; break;
ARy R B A case 2: return x; break; ...
dx.prog = x - Spec case 4:
return Expr(prog.child[0])+Expr(prog.child[1]);
break;
case 6:

return BoolExpr(prog.child[0]) ?
Expr(prog.child[1]) : Expr(prog.child[2]);
break;
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* https://sygus-org.github.io/language/
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* (set-logic LIA)
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SyGuS : 1EL

(synth-fun max2 ((x Int) (y Int)) Int
((Start Int (x
y
%)
1
(+ Start Start)
(- Start Start)
(ite StartBool Start Start)))
(StartBool Bool ((and StartBool StartBool)
(or StartBool StartBool)
(not StartBool)
(<= Start Start)
(= Start Start)
(>= Start Start)))))

17




2R

(declare-var x Int)
(declare-var y Int)

217N T AISMTLib— £

(constraint (>= (max2 x y) x))
(constraint (>= (max2 xvy) y))
(constraint(or (= x (max2 xvy))

(=y (max2 xy))))

(check-synth)
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(define-fun max2 ((x Int) (y Int)) Int (ite (<= xy) y x))

i L A Z

* BT AEXK
« B0, 1BEMSMTLIb/Logic N — B & AN H IEFHITERT

« SHEATREX
° _ﬂig*j-lf/{ SMTq_L-L.EE
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« ZHRAEK: 2-3ZEZFE—FRN, AR E—ITEAE
TR+ BIERSRE TREE, BN, 12
0] 253
o I5 BN [N yG 0 https://sa2023-lab-2.xmcp.ltd/
e ZABN: EHB{EEZ|ruanfen2023@163.com, FrF[Lab2
HRANIBAKZS , EXAFENARNZESHERZ
« B IEEHHR:
« 12H9HZHPARA B
« 12H25HEX
« 12528HBI TRk E
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* POMIZRNRANER, MRFIEFRNBmEARE,
AR Ty N AR [ RO AR

* BlEn: E->E+E, SEp[E > E + EISRRMIR(eq, €2) #

° X
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(e1,€2), %B/Ael +e, = e + ey IR
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s MBRrNANREIERER
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* WNRrfLaA - - , NG RE— /\EIEZZ%
« E(r) = E(B) *E(C) + (S(B) * S(C) — E(B) *» E(C)) *
plr]
¢« MNErFMA > B ..C..., EDEBENIERED

* E(A) = E(ry) + E(Tz) + P[7”1;7”2] S(ry) * S(ry)
o WNERAME R FHINr Fir, B FF
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« B AKX RIT

Expr

X, Y, Expr+Expr, Expr-Expr, (ite BoolExpr, Expr, Expr)
y, Expr+Expr, Expr-Expr, (ite BoolExpr, Expr, Expr)
Expr+Expr, Expr-Expr, (ite BoolExpr, Expr, Expr)

x+Expr, y+Expr, Expr+Expr+Expr, Expr-Expr+Expr, (ite
BoolExpr, Expr, Expr)+Expr, Expr-Expr, (ite BoolExpr, Expr,
Expr)
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function ENUMTOPDOWNSEARCH (grammar G, spec ¢)

P« [S] // An ordered list of partial derivations in G
P, < {S} // A set of programs
while P # () do

~

p < REMOVEFIRST(P) JOE(S2S
if ¢(p) then // Specification ¢ is satisfied FHHER

return p

a < NONTERMINALS(p)
foreach o« € RANKNONTERMINALS

B+ {B|(a, B) € R}

foreach 3 €| RANKPRODUCTIONRULE(S, ¢) do

P

a, ¢) do

pepla—=p

if 4SUBSUMED(p'. P,, ¢) then
P.INSERT(p') o B AR e 15 A HiTHY
Pv — Pv Up, /:%‘g'ﬁ[\’ Hﬁﬁﬂx+SfF[lS+x

N2t RS
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* MBI RAEFIE
* size=1
.« X,y
size=2
size=3
* X+y, X-y
Size=4
Size=5
o X+(x+y), X-(x+y), ...
Size=6
o (ite x<=y, X, V), ...

35
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function ENUMBOTTOMUPSEARCH(grammar G, spec ¢)

E + {®} // Set of expressions in G WAEEG, FEASH
progSize + 1 K/NEF progSizelf) T
while True do N Ak
C' < [ENUMERATEEXPRS(G, E, progSize)
foreach ¢ € C do
if ¢(c) then // Specification ¢ is satisfied
return c
if ~Jde e F:{EQuiv(e,c, ¢) then
E.INSERT(c)

progSize < progSize + 1 Flre e BEN

36
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48

- B
MBBEXN N TBIZFEPAGERMER, N
{te BoolExprxx
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* FFHEK, N —EXE
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* ANS+XFNX+SHIZFE 4
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BN AR (X A observational equivalence)
s IBITEHTEMIREN f = f
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c BRUEAER,
e &YX : ite BoolExpr x x
o ZXAV: Expr + substring(Expr, 2)
o RN RIRASTRIRYR/N (TTRED REN4, A
ite BoolExpr x X5 & Jo 355 &

* BIARHI SR
- A RANEFHITEHEAR
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* MEB D IEFF AR
s FIXEPHEHGTE X 2R
* ZARAUARNFTR MBI E
s RIBIE AN ARERE T
(declare-fun boolExpr () Int)

Ite BoolExpr x x ‘ (declare-fun max2 ((x Int) (y Int)) Int
(ite boolExpr x x))

* M AR A B 29 2R

- (assert (= (max2 1 2) 2))
max2(1,2)=2 ‘ (check-sat)
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. 1Ex1xﬁﬁ§ ;’JER%B%Pred( Prop(N) B2 =X
N: FERER
* Prop: DANART RHNFRETEENEME
* Pred: ZEMEMNIZHEEHIEIR
* TEXAR: Prop AFTIEXEBUE
°§ﬂ%ﬁrww%%ﬁﬁ%7%¥ﬂ
« R/INAR: Prop AFRIZETLAIAR/N

. JE EE S TR 1S Propiy BT A A BEBE
%Z‘ZJ:L_M

°%%ﬁﬁ§7 BEENEERNBEH EPred, NEZERATERF
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o I HO, 1, 2, 3, >3, <0, true, falseF X N E S
s A EX EHRE ERTTE

25 E NG A GIx=1, y=2, max2(x,y)=2
* MIBERN =& 12
cE>E+E |0 |1 | x|...

« V[E]=(V[E]+VI[E]) U {0} U {1} U {1} ...

- RBEREHE MR AR (BT
 RIB MR ST A

ite BoolExpr x x |:> V[E] = V[x] U V[x]
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s 118 HInt, String, Booleanfy X B E S

L

 MIEBERIN A T712

*E>E+E |0 | 1| x]..
 T[E]=(T[E]+T[E]) U {Int} U {Int} U {Int} ...

e H

7N

. _ {{Int}, Intet; NInt € t,
aThke 8, &M
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*E>E+E |0 | 1| x]..
* S[E]=min(2S[E], 1, 1, 1, ...)
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N—->0 | ... | 10 | x;]|1last(L) | head(L) |sum(L)

| maximum(L) | minimum(L)
L — take(L,N) | filter(L,T)| sort(L) | reverse(L) | x;
T — geqz | legz | eqz

#iN: x=[49,62,82,54, 76]
i y=158
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Component

SRR IR FRF

Specification

head
take

filter

head(take(filter(x1, T), N)

@ head
@ take

x1.5ize > 1 A y.size = 1 A y.max < x;.max
y.size < xj.size A y.max < x;.max A
X2 > 0 A xq1.5ize > X9

y.size < x1.size A y.max < xj.max

x1 = [49,62,82,54,76] Ay = 158
¢N0 =y < vi.max A vy.size>1 A y.size=1

PN, = vi.max < vs.max A vi.size < v3.Size A

vg >0 A v3.Size > v
e R I,
PN, = v3.size < v7.size A v3.max < v7.max

ORI

51

PN, = X1 = V7
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head PN, =Yy < vi.max A vi.size > 1 A y.size=1
PN, =|v1.max < v3.max |[A v1.Size < v3.Size A
vg >0 A v3.5ize > v
filter @ 4 3 4
PN, = v3.Size < v7.size A v3.max < v7.max

<@ ®
PN, = X1 = U7

« N\ LB RItakeH Ay. max < xq. max i R
- ERAEHS, WR
s FEIZA > yv.max < x;.max
Iy
o fEEN N BMYFTHEREMN
s AR REAHNEEML, FJLAFSMT solver =
qu_ﬂﬁ
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s BABHERILETL, sort, reverse, filter&FEN,; AL BT
B SRFEMN
head

@ take
filter @ @

= (%) 3

* ITERIN, B LB AR AR K
E

+ ZREMNVENFNUMIEZNMRANAS, REAR
REFMIERF.

—¥ Sort, reverse, filter
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Synthesis through Unification
s ST IFERIA NI FF IR E TR

* STUNZ& %>k fiZ25Eusolver, Euphony,
PolyGenfESyGuSLtE ZFERICLIA Track R R I)

EETHE Rajeev Alué
\ s ; N UpennZ(#%
RIREHRNEFAGTUTER STUNETA, 4%
* if boolExpr, then expr, Eusolver fllEuphony &

else if boolExpr, then expr,

;Ise expr,
 Bxpr 2 EER RIRER R
RS
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o H M zE—2HboolExprillexpr
o X Texpr, iCFEPT7E iilexample
« 3T boolExpr, itz examples BT~
}éd\fﬂﬁﬂl5§ R M B S T E
V2
1%4IXWH§§UX y, 1= /l\i%L:—tﬁﬂx 3, x<y P~k

false true

true false
5 2 5 X false false
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s MR BEBE G FilexprEs
« EFEVRE: RilexprK/NRKRE. EHR2KNF
o FEIX B IR FExFy

Yy covering
expr
1 2 2 y
3 3 3 X,y true false
5 2 5 X false false

boolExpr
x=3 X<y

false true
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* FRRNE EIEFEboolExpridE iR IR F
. iﬁi}’iboolExerﬂLexampleéu\éﬁ, L2 R EPRERH — 1 Frikexpr
B
« XFEARE: BDERRE, ERHRKN
o IEFEx<yR] ARk A example 2 AL, E—RKERZFE— " example,
WxBE, F_RXERERWexample, HyEBE
« B53lif(x<y) then x else y

Yy covering
expr
1 2 2 y
3 3 3 X,y true false
5 2 5 X false false

boolExpr
X=3 X<y

false true
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R WFE T A %

7SS B LR |\ FPolyGen$g H A
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« $2FHCEGISIEZS T HI & LR
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Eusolver/Euphony
FREFBRF A

. Eusolver /Euphon T exprflboolExprgiX/]\, 18
SR T i
. Eusolver/EuphonyM/J\é‘IJj(ﬁ%‘éexpr
A BE S E A RE R/ Nexprsk B 55 — HIF I
%Q}E AR /Amﬁl‘%liﬂéj\%'éix‘t FHEREFE K
n Ht:__ﬂzjii {boolExpr
1Ex1§_/l\i§ X3 a, b CAINBEMEEHEREES

« E P boolExpra] PAFEFEG] 4> B 20T P 2
© A1 B HEGIATAaE &=, TG E R, 1AW E
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PolyGen

o R LYTHe, MBAMAN, Mk

o — 2/ |\H» 23 A I = \ "X 9 | =H

R AR o

A AR ARSI BlooolExprfy
g

* if boolExpr, then expr,
else if booI]Expr2 then expr,

else expr,

* FESYGUSHICLIA Track |, PolyGenHYiR[E
AEuphonyp6-154%

* ¥ IPolyGenig 3 :
* Ruyi Ji, Jingtao Xia, Yingfei Xiong, Zhenjiang Hu. Generalizable Synthesis
Through Unification. OOPSLA'21: Object Oriented Programming
Languages, Systems and Applications, October 2021.

JA El|Eusolver




SERER

62

Armando Solar-Lezama. Lecture Notes on Program Synthesis.
https://people.csail.mit.edu/asolar/SynthesisCourse/TOC.htm

Syntax-Guided Synthesis. R. Alur, R. Bodik, G. Juniwal, P.
Madusudan, M. Martin, M. Raghothman, S. Seshia, R. Singh, A.
Solar-Lezama, E. Torlak and A. Udupa. In 13th International
Conference on Formal Methods in Computer-Aided Design, 2013.

Sumit Gulwani, Oleksandr Polozov, Rishabh Singh: Program

Synthesis. Foundations and Trends in Programming Languages
4(1-2): 1-119 (2017)

Feng Y, Martins R, Bastani O, et al. Program Synthesis using
Conflict-Driven Learning[J]. PLDI 2018.

Ruyi Ji, Jingtao Xia, Yingfei Xiong, Zhenjiang Hu. Generalizable
Synthesis Through Unification. OOPSLA'21: Object Oriented
Programming Languages, Systems and Applications, October 2021.
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