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Semantic Action

4 W23 92
540 14
34 M (12 ¢ 8) 680

(467)M(5412) 187

L—->E L.val = E.val

E-E 6T E.val = E'.val + T.val
E-T E.val = T.val
T->TMHRF T.val = T'.val * F.val
T—-F T.val = F.val
F—(E) F.val = E.val

F — digit F.val = int(digit.lexval)

Kalita, Kumar, Roy PANINI 2/21



|
Parsing of string

1.L->E L.val = E.val
2.E—E T | Eval = E'.val + T.val
3. E—-T E.val = T.val

4. T— T BF | Twval = T'.val * F.val
5. T—F T.val = F.val

6. F—>(E) F.val = E.val

7. F — digit F.val = int(digit.lexval)
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Parsing of string
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Parsing of string

L
1.L>E L.val = E.val |
2.E—E T | Eval = E'.val + T.val E
3. E—-T E.val = T.val |
4. T— T BF | Twval = T'.val * F.val T>
5. T—F T.val = F.val / \
6. F—>(E) F.val = E.val T F,
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Evaluation of strings

1.L->E L.val = E.val
2.E—FE T | Eval =FE.val + Twal
3.E-T E.val = T.val

4. T— T BF | Tval =T'val * Fval
5. T—F T.val = F.val

6. F— (E) F.val = E.val

7. F — digit F.val = int(digit.lexval)
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Evaluation of strings

1.L—>E L.val = E.val

2.E—>E 4T | Eval =FE.val + T.al

3.E-T E.val = T.val

4. T— T B F | Twval = T'.val * F.val

5. T—>F T.val = F.val

6. F— (E) F.val = E.val

7. F — digit F.val = int(digit.lexval)
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Evaluation of strings

1.L—-E L.val = E.val

2.E—-FE 4T |Eval =FE.val + T.val

3.E-T E.val = T.val

4. T— T BF | Tval =T'val * Fval

5. T—>F T.val = F.val ‘T1-Va| = F1-Va|‘
6. F— (E) F.val = E.val |

7. F — digit F.val = int(digit.lexval)

4 m 23



Evaluation of strings

1.L->E L.val = E.val

2.E—FE T | Eval =FE.val + Twal

3.E-T E.val = T.val

4. T— T BF | Tval =T'val * Fval

5. T >F T.val = F.val | Tyval = Fyval| |Fpval =23
6. F— (E) F.val = E.val |

7. F — digit F.val = int(digit.lexval)
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Evaluation of strings

1.L—-E L.val = E.val
2E—FE 6T | Eval=FE.val + T.val ‘Tz.val = Ty.val * Fz.val‘ 92 =4 *23
3.E-T E.val = T.val
4. T—T BF | Tval =T val * F.al / N
5. T>F T.val = F.val | Tyval = Fpval|| [Fyval = 23]
6. F— (E) F.val = E.val |
7. F — digit F.val = int(digit.lexval)
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Evaluation of strings

1.L-E L.val = E.val
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3. E—-T E.val = T.val

4. T— T BF | Tval =T'val * Fval
5. T—-F T.val = F.val

6. F— (E) F.val = E.val

7
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E.val = T,.val| 92

‘Tz.val — Tyval * F2.va|\ 02 — 4 * 23

/

N

| Ty.val = Fy.val

| Fy.val = 23]

. F — digit F.val = int(digit.lexval)
Fl.val =4
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Evaluation of strings

1. L—>E L.val = E.val
2.E—E T | Eval =E'.val + T.val
3. E-T E.val = T.val

4. T —- T B F | T.wal = T'.val * F.val
5 T—F T.val = F.val

6. F—> (E) F.val = E.val
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L.val = E.val | 92

E.val = Tp.val | 92
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Problem Statement
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Problem Statement

T~
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ToF
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L—-E

7

E—-E 6T
E—>T
—— T >T HF
T—-F
F— (E)

F — digit

L.val = E.val
E.val = E'.val + T.val
E.val = T.val

T.val = T'.val * F.val
T.val = F.val

F.val = E.val

F.val = int(digit.lexval)
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Grammar with Holes

L—-E L.val = E.val

E-E 6T E.val = E'.val + T.val
E—-T E.val = T.val
T—-THF T.val = T'.val * F.val
T—-F T.val = F.val
F—-(E) F.val = E.val

F — digit F.val = int(digit.lexval)
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Grammar with Holes

L—-E L.val = E.val

E-E T E.val = K3 (E'.val, T.val)
E—-T E.val = T.val
T->THRF T.val = h3 (T .val, F.val)
T—-F T.val = F.val

F—-(E) F.val = E.val

F — digit F.val = int(digit.lexval)
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Grammar with Holes

Definition is missing.

L—-E

E-E T . 1t (E'val, T.val)
E—-T E.val'S T.val
T->THRF T.val =\h3 (T'.val, F.val)
T—-F T.val = F.val

F—-(E) F.val = E.val

F — digit F.val = int(digit.lexval)
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Problem Statement: Sketch Based Synthesis

L—-E L.val = E.val
E-E 6T E.val = 1 (E'.val, T.val)
E-T E.val = T.val
T->THF T.al = h3 (T .val, F.val)
T—>F T.val = F.val
F—(E) F.val = E.val
F — digit F.val = int(digit.lexval)
4123 92
549 14
34 M (12 ¢ 8) 680
(447)M(5412) 187
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{return a + b}
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{return a * b}
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Motivation
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Strings 90
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Motivation

Strings \/;2Iue
4 W 23 14
-
549 680
34 M (12 ¢ 3) 187
(467)MH (5412
AST
RUN
T
Strings Foo *
init{ / SA_
} run Foo(8 + (6 - 7)); /\
6 7
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Forward Differentiation

HX+X]]X=13 = 26 + 2¢|,

[3-x]1=7 = -4 - 1e|,

HX*X]]X=4 16 + 8¢,

add (a1 + ape, by + bye): sub (a1 + age, by + bye):
re—a;+b rea; —bp
d<«—ay+by d<«—ay—by
return r + de return r 4 de

(a) (b)

sin (a1 + aze): cos (a1 + axe):

r < sin(ay) r < cos(ay)
d — d «— ap % sin(ay) %
ap  cos(ay) -1

return r + de return r + de

(d) (¢)

mul (a1 + ae, by + bye):
7 <—ay % by
d«—ap%kby +a)xby
return r 4 de

(c)
pow (a + ape, c):
r <« pow(ay, c)
d < ap % pow(ag,c —1)
return r + de

()

PANINI

9/21



|
Challenges: #1

How to convert semantic
action synthesis to

L—E L.val = E.val program synthesis?
E-E T E.val = ht (E'.val, T.val)

E->T E.val = T.val

TH>THF Tval = h3 (T'.val, F.val)

T—->F T.val = F.val

F— (E) F.val = E.val

F — digit F.val = int(digit.lexval)
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Solution: Symbolic Trace

4123

L—-E L.val = E.val

E—-E T Eval= hj(Eval Tuval)

E—-T E.val = T.val

T—->T BF Twval = k5 (T val, F.val)

T—-F T.val = F.val

F—-(E) F.val = E.val

F — digit F.val = int(digit.lexval)

4 W 23
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Solution: Symbolic Trace

423 92
Fi.val <« 4

L—->E L.val = E.val

E—-E 6T Eval= hj(Eval T.al)

E—-T E.val = T.val

T—->T BF Twval = k5 (T val, F.val)

T—F T.val = F.val

F—(E) F.val = E.val

F — digit F.val = int(digit.lexval) F,

;o
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Solution: Symbolic Trace
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Fi.val <« 4
L—-E L.val = E.val T,val < Fpval
E—-E T Eval= hj(Eval Tuval)
E—-T E.val = T.val
T—->T BF Twval = k5 (T val, F.val)
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Solution: Symbolic Trace

423 92
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L—-E L.val = E.val T,.val < Fy.val
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E—-T E.val = T.val
T—->T BF Twval = k5 (T val, F.val)
T—-F T.val = F.val T, F,
F—(E) F.val = E.val |
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Solution: Symbolic Trace

4023 92
Fi.val — 4

L—>E L.val = E.val T,.val < Fy.val
E—E &T Eval= & (E.val Tval) Foval < 23
E-T E.val = T.val W T Tp.val « hj (Ti.val,Fo.val)
T—>THBF Tuval = k(T val Fval) 2/ 2\
T—-F T.val = F.val T, F,
F— (E) F.val = E.val |
F — digit F.val = int(digit.lexval) F

1
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Solution: Symbolic Trace

4M23 92
L >E L.val = E.val Fival 4
- val = E.va Ty.val < Fy.val

E—E &T Eval = & (E.val, Tval) E F,val < 23
E—-T E.val = T.val W T Ty.val <« h3 (Ti.val,Fp.val)
T—>TH®F Tuval = k(T val Fuval) 2/ 2\ E.val « Ty.val
T—>F T.val = F.val T F,
F—(E) F.val = E.val |
F — digit F.val = int(digit.lexval) F

1
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Solution: Symbolic Trace

4M23 92
L
Fi.val — 4

L-E L.val = E.val | Toval — Foval
E—E T Eval= hj(E.val T.val) L Foval < 23
E—-T E.val = T.val W T Ty.val <« h3 (Ti.val,Fp.val)
T—>TH®BF Tuval = k(T val Fuval) 2/ 2\ E.val « Ty.val
T—->F T.val = F.val T, E, L.val <« E.val
F— (E) F.val = E.val
F — digit F.val = int(digit.lexval) F
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Solution: Symbolic Trace

4W23 92
L
Fi.val — 4

L—>E L.val = E.val | Toval  Foval
E—E ®T Eval = hf (E.val T.val) E Foval < 23
E-T E.val = T.val W T Ty.val <« h3 (Ti.val,Fp.val)
T—>TH®BF Tuval = k(T val Fuval) 2/ 2\ E.val « Ty.val
T—->F T.val = F.val T, E, L.val <« E.val
F—-(E) F.val = E.val | output <« L.val
F — digit F.val = int(digit.lexval) F

1
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Solution: Symbolic Trace

4M23 92
L
Fi.val — 4

L—-E L.val = E.val | Toval — Foval
E—E T Eval= hj(E.val T.val) L Foval < 23
E—-T E.val = T.val W T Ty.val <« h3 (Ti.val,Fp.val)
T—>TH®BF Tuval = k(T val Fuval) 2/ 2\ E.val « Ty.val
T—F T.val = F.val T, E, L.val <« E.val
F—-(E) F.val = E.val | output <« L.val
F — digit F.val = int(digit.lexval) E assert output = 92

1
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|
Challenges: #2

How to use these programs

L > E L val = E.val to synthesize these holes?
E-E 6T E.val = hj (E'.val, T.val)

E—-T E.val = T.val

T—-TMHF T.val = h3 (T'.val, F.val)

T—F T.val = F.val

F—(E) F.val = E.val

F — digit F.val = int(digit.lexval)
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-
Infinite Strings

4 W 23=092

Foval «— 4

To.val <« Fo.val

Fl.val — 23

Ty.val « hj (Tp.val,Fy.val)
E.val « Ti.val

L.val « E.val

output < L.val

assert output = 92
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Infinite Strings

=14
4 W23 =092 519:0
Fi.val <9
Fo.val «— 4
Ti.val <« Fy.val
TQ.Val «— FQ.Val
E1.Va1 «— Tl.Val
Fi.val <« 23 Foval <« 5
Ty.val « hS (Ty.val,Fyval) || 2
1-val < h3 (Tz.val,Fy.val) Ty.val « Fo.val
E.val « Tyj.val Eo.val «— h{ (El.val, T2.Val)
L.val « E.val Lval E 1
. <« .
output < L.val e 28
output < L.val
assert output = 92
assert output = 14
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Infinite Strings

4 W 23=092

Foval «— 4

To.val <« Fo.val

Fl.val — 23

Ty.val « hj (Tp.val,Fy.val)
E.val « Ti.val

L.val « E.val

output < L.val

assert output = 92

569=14

Fi.val «— 9

Tqi.val <« Fy.val

Ei.val « Tqi.val

Fo.val < 5

To.val < Fo.val

Ep.val < h] (Ei.val, Tp.val)
L.val « Es.val

output <« L.val

assert output = 14

Kalita, Kumar, Roy PANINI

34 W (12 ¢ 8) = 680

Fag.val « 34

F12.val — 12

Fg.val < 8

Ej.val < h] (Fia.val,Fg.val)

Tqi.val «— hz (F34.va1, E1.va1)
Es.val «— Ty.val
Li.val < Ep.val
output <« Lj.val
Post:output = 680

13/21




Infinite Strings

4 W 23=092

Foval «— 4

To.val <« Fo.val

Fl.val — 23

Ty.val « hj (Tp.val,Fy.val)
E.val « Ti.val

L.val « E.val

output < L.val

assert output = 92

569=14

Fi.val «— 9

Tqi.val <« Fy.val

Ei.val « Tqi.val

Fo.val < 5

To.val < Fo.val

Ep.val < h] (Ei.val, Tp.val)
L.val « Es.val

output <« L.val

assert output = 14

34 W (12 ¢ 8) = 680

Fag.val « 34

F12.val — 12

Fg.val < 8

Ej.val < h] (Fia.val,Fg.val)

Tqi.val «— hz (F34.va1, E1.va1)
Es.val «— Ty.val
Li.val < Ep.val
output <« Lj.val
Post:output = 680

Two holes, i.e., h] and h3, are being shared among infinite strings.
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Scalability

1200;,

Time(s)
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#Hole

(a) Forward differentiation (b10)
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(b) Java bytecode (b11)
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Scalability
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Incremental Synthesis to the Rescue

Time(s)

#Hole

(a) Forward differentiation (b10)
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10 15 20 25 30 35
#Hole

(b) Java bytecode (b11)
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PANINT in Action

L—-E L.val = E.val

E—-E 6T Eval= hj(E'val T.val)

E—-T E.val = T.val

T—TH®F Tval = k(T val, Fal)

T—-F T.val = F.val

F>(E)  Fuval=Ewval ;‘ :53 ?i
F — digit F.val = int(digit.lexval) 34 W (12 ¢ 8) 630
ht (a,b) = 22 (4¢7)M(5¢12) 187

1S (a,b) = 22
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PANINT in Action

L—-E
E—->E 6T
E—>T
T—>TMHF
T—F
F-(E)
F — digit

ht (a,b) = 22

1S (a,b) = 22

Kalita, Kumar, Roy

L.val = E.val
E.val = K3 (E'.val, T.val)
E.val = T.val
T.val = h3 (T .val, F.val)
T.val = F.val

F.val = E.val
F.val = int(digit.lexval)

PANINI

4023
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PANINT in Action

L—>E L.val = E.val

E—-E 6T Eval= hj(E'val T.val)
E—-T E.val = T.val

T—T MBF Twal= hj (T .val, F.val)
T—-F T.val = F.val

F—(E) F.val = E.val

F — digit F.val = int(digit.lexval)

ht (a,b) = 22

1S (a,b) = 22

4023

—m—r

T
/N
I m B
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PANINT in Action

L—>E L.val = E.val

E—-E 6T Eval= hj(E'val T.val)
E—-T E.val = T.val

T—T MBF Twal= hj (T .val, F.val)
T—-F T.val = F.val

F—(E) F.val = E.val

F — digit F.val = int(digit.lexval)

K (a,b) = 22

1S (a,b) = 22

Kalita, Kumar, Roy

T,
/N
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Ty
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4023 92

Fi.val — 4

Ty.val <« Fy.val

Fo.val « 23

To.val < h3 (Ti.val,Fp.val)
E.val « Ty.val

L.val « E.val

—m—r

output <« L.val

‘ assert output = 92
23

16 /21



PANINT in Action

4 W23 92
L—E L.val = E.val L
E—-E T Eval = hj (Eval, T.val) | Fy.val < 4
EoT E.val = T.val Trval e Fival
T T BF  Tval = k3 (T val, Fal - Faval
= el Qo1 esll, el | Ty.val < K} (Ty.val,Fa.val)
T—->F T.val = F.val hz T> E.val « Tp.val
F—(E) F.val = E.val / 1\ L.val « E.val
F — digit F.val = int(digit.lexval) T, m b output <« L.val
hi (a,b) = 2?2 | | assert output =92
F 23

h5 (a,b) = axb h5 (a,b) =ax*b
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PANINT in Action

L—-E L.val = E.val

E—-E T Eval= h(Eval T.val)
E—-T E.val = T.val

T—-T BF Tuwal = hj (T .val F.val)
T—-F T.val = F.val

F—(E) F.val = E.val

F — digit F.val = int(digit.lexval)

1t (a,b) = 22

hS (a,b) = axb
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PANINT in Action

549

L—>E L.val = E.val L
E-E 4T Eval= & (Eval Tval) |
E—-T E.val = T.val W E,
T>THEF Tuval= k(T val Fval) VAR
T — 2 T.val = F.val Ei ¢ T
F>(E)  Fval =Ewval
F — digit F.val = int(digit.lexval) T, j2N
1t (a,b) = 22 | |

Fy 5
hy (a,b) =axb |

9
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PANINT in Action

549 14

L—-E L.val = E.val L
E-E#T Eval= & (Eval Tval) ‘ Fival <9
E—T E.val = T.val - Tival « Frval

, , 1 2 E{.val <« Tq.val
T—T M®F Twal = h§ (T .val F.val) VARN F,val < 5
T—->F T.val = F.val Eq ¢ T, Ty.val « Fy.val
F—(E) F.val = E.val \ \ E;.val « hj (Ei.val, To.val)
F — digit F.val = int(digit.lexval) T, F» L.val — Ep.val
h (a,b) = ?? \ | output « L.val

Fi 5 assert output = 14

hS (a,b) = axb
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PANINT in Action

L—->E L.val = E.val

E—-E T Euval = hj(E.val T.al)
E—-T E.val = T.val

T—T BF T.wal= k5 (T .val, F.val)
T—>F T.val = F.val

F—(E) F.val = E.val

F — digit F.val = int(digit.lexval)

hy (a,b) = a+a+a—1

hi (a,b) =a=b

Kalita, Kumar, Roy

5690 14
L Fi.val < 9
‘ Tl.val <« Fl.val
hl E, Ei{.val « Ty.val
/ ‘ \ Fo.val < 5
Eq ¢ T, To.val <« Fo.val
| | Eo.val < h} (Eq.val, Tp.val)
Ty F, L.val <« Es.val
output <« L.val
F, 5 assert output = 14
9 hi (a,b) =a+a+a—1
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|
PANINT in Action

L—-E L.val = E.val

E—-E T Ewval = hj(E.val, T.al)
E—-T E.val = T.val

T—T MBF Tuwal= k5 (T .val, F.val)
T—-F T.val = F.val

F—-(E) F.val = E.val

F — digit F.val = int(digit.lexval)

hi (a,b) =a+a+a—1

1S (a,b) = axb

Kalita, Kumar, Roy PANINI

34 M (1248) 680

Fag.val « 34

F12.val — 12

Fg.val «— 8

Ei.val « hj (Fip.val, Fg.val)

Ty.val < h3 (Fas.val,Eq.val)
Es.val <« Ty.val

Li.val <« Eg.val

output <« Lj.val

assert output = 680
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PANINT in Action

L—-E L.val = E.val

E—-E T Ewval = hj(E.val, T.al)
E—-T E.val = T.val

T—T MBF Tuwal= k5 (T .val, F.val)
T—F T.val = F.val

F—(E) F.val = E.val

F — digit F.val = int(digit.lexval)

hi (a,b) =a+a+a—1

1S (a,b) = axb

Kalita, Kumar, Roy

PANINI

34 M (1248) 680

F34.va1 — 34

Ty.val < h3 (Fas.val,Eq.val)
Es.val <« Ty.val

Li.val <« Eg.val

output <« Lj.val

assert output = 680
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|
PANINT in Action

34 W (1248) 680

L-E L.val = E.val 34
E-E®T Eval= i (Eval Tval) F347al <
F12.Val — 12
E—T E.val = T.val Foval e 8
T->TMH®BF Tval= h (T".val, F.val) Ey.val < I} (Fig.val,Fg.val) h$ (12,8)=35
T->F T.val = F.val
F—(E) F.val = E.val Ty.val « h} (Faq.val,Eq.val) hj (34,35)=1190
F — digit F.val = int(digit.lexval) E,val < Ty.val
hi (a,b) =a+a+a—1 Li.val < Ej.val
output « Lj.val
h3 (a,b) = axb assert output = 680
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PANINT in Action

L—-E
E—-E 6T
E—-T
T—-TMHRF
T—F
F—(E)
F — digit

Kt (a,b) = 22

1S (a,b) = 22

L.val = E.val
E.val = K3 (E'.val, T.val)
E.val = T.val
T.val = h3 (T .val, F.val)
T.val = F.val

F.val = E.val
F.val = int(digit.lexval)
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34 (12 48) 680

569 14
4 W23 92
F34.va1 — 34
F12.Val — 12
Fg.val < 8

Ei.val « hj (Fip.val,Fg.val)

Ty.val < h3 (Fas.val,Eq.val)
Es.val «— Ty.val

Ll.val <« Eg.val

output < Lj.val

assert output = 680

18/21



PANINT in Action

L—-E L.val = E.val

E—-E 6T Eval= hj(E'val T.val)
E—-T E.val = T.val

T—T BF Tuwal= hj (T .val, F.val)
T—-F T.val = F.val

F—(E) F.val = E.val

F — digit F.val = int(digit.lexval)

ht (a,b) =a+b

1S (a,b) = axb
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34 (12 48) 680

569 14
4 W23 92
F34.va1 — 34
F12.Val — 12
Fg.val < 8

Ei.val « hj (Fip.val,Fg.val)

Ty.val < h3 (Fas.val,Eq.val)
Es.val «— Ty.val

Ll.val <« Eg.val

output < Lj.val

assert output = 680
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-
Case Study: Constant folding in SPIN

init{
int flags[(5 * 25) - 42];

}

int v = flags[10 - 4 + (9 / 3)];

Kalita, Kumar, Roy

PANINI

init {
int flags[83];
int v = flags[9];

}
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-
Case Study: PROMELA AST

AST
RUN
A
Foo +
Strings /\
init{ 8 -
run Foo(8 + (6 - 7)); N
} 6 7

Kalita, Kumar, Roy PANINI 20/21



THANK YOU

EIE,.. IEI
rr:,'i’” 3

Extended version of this work.
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