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class {MinionCard) :
def _ init_ {self}:
super{).__init_ {"Acidic Swamp Ooze", 2,
l1:H.Ifl.F{n':'.'f.",TEFE CLASS . ALL, CARD _RARITY. COMMON,
P — hattlecry=-Battlecry(Destroyl},
ACM//J’P—‘%—%‘ Weaponselectar(EnemyP layer())})
=0 =
if N def create minion(self, player):
e% 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— i —te—t—|t
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2 :=i*4 B3

S:=S+t2

Y

i:=i+1
t3 :=n-i
ifnz t3 gotoB2 | BS

! e ¥
t4:=a-b 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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« B\
« — N EFZ[8IProg, BE FEEROR
o —ZHZSpec, BENIZEFRIAT

* FFJI_Zlﬁ

« — " EFFprog, JHE
* prog EProg Aprog~Spec

* A PRE:
. ?ﬁ%@é’ﬂ%ﬁ*ﬁﬂﬁiﬁx%égﬁ’ﬂﬁﬂi, IEHMF T 2R
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N

13



B+ max|o)fR

M
e

14

N ol
ANE

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




e ety e =] P

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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SYGuS:
EFZRE R ANARE
BN TEIAG, HRC

W 2RFP, PRAIEEGHEMEC

* B ARDAZTIC: Synth-Lib
* http://sygus.seas.upenn.edu/files/SyGuS-IF.pdf
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Sync-Lib: & X iZ4E

o FISMT-Lib5E £ —%{

* (set-logic LIA)

 ZIBEBENX T A

EESIY

mﬁ%M&LB

SHIEEEX, EFRIE]

HIF 5.
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Sync-Lib: 1&3%

(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)))))

18
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(declare-var x Int)
(declare-var y Int)

217N T AISMTLib— £

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

(=y (max2 xy))))

(check-synth)



HAEE 4

AL -

zLICHU Ll -
(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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« 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), ...
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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

29
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e Phitchaya Mangpo Phothilimthana, Aditya Thakur,

Rastislav Bodik, Dinakar Dhurjati: Scaling up
Superoptimization. ASPLOS 2016. 297-310
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function BIDRECTIONALSEARCH(grammar G, spec ¢ = (Ppre. Ppost ) )
F « ¢ [/ Set of expressions from Forward search

B+ ¢ // Set of expressions from Backward search
progSize + 1

while =3f € F,b € B : MaTC HSTATE(f, b) do
F ENUMFDRWAHDEKFHS{G’ F mp..e progSize)

B« ENUMBACKWARDEXPRS(G, B, ¢post, progSize)
progSize + progSize + 1

p 4+ f @b where 3f F.be B: MATCHSTATE( f, b)

return p
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* FOTIEHI
c MBFENMT—TZHINER, NFELERF.
* EXpr+x,x+Expt-
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‘e BoolbExprxx
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« BMRUIZPFY
« 1BEX : ite BoolExpr x x
o ZKA: Expr + substring(Expr, 2)
o KN BRIRASTRIFUR/N (WRE) BRE N4, ABA
ite BoolExpr x XH & o 3L 5H 2

* IR
+ A A R IR T 5 # R AR
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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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. 1E>wxﬁﬁ/ﬁ 2SR #B 2 Pred( Prop(N) )BI 2 =
« N: JERER
* 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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BA LR RE: EX

o I HO, 1, 2, 3, >3, <0, true, falseF X N E S
s A EX EHRE ERTTE

* 25 E i N A BIx=1, y=0, max2(x,y)=1
* 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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* MIBEFN =4 572
*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

43

PN, = X1 = V7
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2R 25 R MR
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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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o EIKBsolver

- W IRIERL
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2 8 B Solver

LM T —PIEREBRIBETNE TREERLLIER
* WPRABEREL R — 1 OjfR: three.sl

s HEFNAMITHMRETHZ BN MR
« A AFE1ORPHIBS PR AR = o) &
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