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Can grandmas program?

* The development of programming languages
is to raise the level of abstraction

What is the next?
Haskell (1990), Prolog (1972)

Level of

Abstraction Java

C
Assembly



Why cannot?

* Programming languages come with many guarantees
* Well-typed programs are guaranteed to compile
* Compiled programs have clear, well-defined semantics

e |t is difficult to further raise the level of abstraction

Program Compile Executable



Program Synthesis saves
grandmas

* Generate a program from a specification
e Specification can be fuzzy
e Generation is not guaranteed

Specification Synthesize Program
“One of the most central problems in the “The fundamental way to improve
theory of programming.” software productivity.”
----Amir Pneuli ----Jiafu Xu

Turing Award Recipient Founder of Software Research in China



History of Program Synthesis

1957 Before After
e Start of program 2000 2000

synthesis e Deductive e Inductive

e Circuit synthesis Synthesis Synthesis
problem by

Alonzo Church
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class {MinianCard) :
def _init_ {self}:
super{).__init_ {"Acidic Swamp Oaoze", 2,
CHARACTER_CLASS.ALL, CARD RARITY.COMMON,
battlecry=Battlecry{Destroy(},
WeaponSelectar(EnemyPlayer{}}})

def create_minion(self, player):
return Minian{3, 2)



Application — Program Repair

/** Compute the maximum of two values
* @param a first value
* @param b second value
* @return b 1if a is lesser or equal to b, a otherwise
*/
public static int max(final int a, final int b) {
return =) m——
}

Synthesize an expression to
replace the buggy one

10



Application — Testing

6\

Synthesize a
unit test to
cover a path

4
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B1

tl:=a-b
ifz t1 goto B4

Y

t2 :=i%*4
S:=s+12

Y

B3

i=i+1
t3 :=n-i

ifnz t3 goto B2

Y

t4d :=a-b

B2

BS

B6

!



Application — Analysis

12

SMT Solver

Apply Tactic 1
If formula is long
Apply Tactic 2
Else
Apply Tactic 3

Strategies




Defining Program Synthesis

tlesale Program Program Estimation
Synthesis Optimization &

¢ |nput: e |nput: e |nput:
¢ A specification e A specification e A specification
e QOutput: A e A cost function e A dataset for target
program that e Output: A distribution
e meets the program that e Qutput: A program that
specification e meets the e meets the
specification, specification and
and e maximizes the
®* maximizes the probability
cost function represented by the
dataset

Test Generation Superoptimization Program Repair

13
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* expr =varopvar
e var=x |y
cop=+|-|* |/

s WA RS, NaRE5 W MEF:
Int f(n, X, y) {
switch(n) {
case 1: return x+y;
case 2: return x-y;
case 3: return x* y }}
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This Lecture

Classic Synthesis

Program Estimation

e Problem Definition e Problem Definition
e Enumerative e Estimating

e Constraint-based Probabilities

e Presentation-based * Locating the most-
ikely one
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SyGus:
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« AN EVEG, ZIHC

« Frth: AEFPP, PRFETEIAGIF Himi2C

« Ty NF A% 2: Synth-Lib
 http://sygus.seas.upenn.edu/files/SyGuS-IF.pdf
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Bil+: max|n] @it
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BoolExpr

0 1 [ =z |y
Expr + Expr
Expr — Expr

(ite BoolExpr Expr Expr)
BoolExpr A BoolExpr
—BoolExpr
Expr < Expr

° jfy_lhé/\j . Y,y L, marsr,y) = xAmars(z,y) =y

M(maxs (x,y) = xV mazs (z,y) = y)

e HIEEZ 2. ite (x<=vy) y X
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Sync-Lib: € X F %5

e FISMT-Lib5E4>—%X

* (set-logic LIA)

-%E%E%Tﬁmﬁﬁﬂ%ﬂ%ﬁ%ﬁﬁﬁ%ﬁ
%?}E&ﬁ%){, FE P BV NV A% e 1 %02 SR e V-
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Sync-Lib: 1EVE

(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)))))

19




AP

(declare-var x Int) Yok 2 7 75 2 AISMTLib— i
(declare-var y Int)

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

(constraint >= (max2 x y) y)

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

(=y (max2 xy))))

(check-synth)
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(define-fun max2 ((x Int) (y Int)) Int (ite (<=xvVy) y x))
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* X, Y, S+S, S-S, if(B, S, S)

y, S+S, S-S, if(B, S, S)

S+S, S-S, if(B, S, S)

x+S, y+S, S+S+S, S-S+, if(B, S, S)+S, S-S, if(B, S, S)
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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 N
p < REMOVEFIRST(P)

XF AR 25

if ¢(p) then // Specification ¢ is satisfied FrHER

return p

a < NONTERMINALS(p)
foreach o« € RANKNONTERMINALS

B+ {Bl(e, B) € R}

P

XA =
a, ¢) do HEr

foreach 3 €| RANKPRODUCTIONRULE(S, ¢) do

p' < pla— F]

if “SUBSUMED(z. P, ¢) then

P.INSERT(p')
P, P,Uyp

R AR T A2 5 A HTHY
MY, L anx+SHIS+x

Nt A pt ZZH?
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size=1
Y
size=2
Size=3
* X+y, X-y
Size=4
Size=5
o X+(x+y), X-(x+y), ...
Size=6
e if(x<=y, x,), ...
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function ENUMBOTTOMUPSEARCH(grammar G, spec ¢)

E < {®} // Set of expressions in G WiREYG, R4S H
progSize < 1 KN FprogSize I T
while True do N e
C' + [ENUMERATEEXPRS(G, F, progSize)
foreach ¢ € C do
if ¢(c) then // Specification ¢ is satisfied
return c
if -de e F:|EQUuiv(e,c, ¢) then
E.INSERT(c)

progSize < progSize + 1 3| Wie FcIt AN
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* 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 ¢ = (pre. Opost ) )
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+ [ @b, where 3f F.be B: MATCHSTATE( f, b)

return p

33



Optimization
e Discard a partial program early

* Pruning
* None of the expansions could satisfy the specification

* te-Bootbxprx¢

* Equivalence reduction
* Equivalent to a previous program

* EXpr+x,x+Expr

34



Pruning

* Generate constraints from the partial program

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

(ite boolExpr x x))
e Generate constraints from each test

max2(1,2)=2 ‘ (assert (= (max2 1 2) 2))

(check-sat)

35 Needs to balance between the benefit and the cost.
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Component-Based Program
Synthesis -
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e 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)




