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Inductive Program Synthesis
in SyGuS Format

Syntactic Spec
<latexit sha1_base64="s/p/yFCUdHZ3LZEId2v+Oqm0Ll4="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

Synthesizer

<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec



Pruning by Feasibility

Syntactic Spec
<latexit sha1_base64="s/p/yFCUdHZ3LZEId2v+Oqm0Ll4="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

<latexit sha1_base64="bztUHO1lzhnN02v26d0j8Rsd5e8="></latexit>x

<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·

<latexit sha1_base64="MZbDpxgIhx75D2qlijioV1rVfts="></latexit>⇤

<latexit sha1_base64="DV8wK4hr6K50NSqdAa+q9K8leE8="></latexit>⇤1 >>⇤2
<latexit sha1_base64="KrZVyP/SYM06X5foi8jUoztH38g="></latexit>⇤1 +⇤2

<latexit sha1_base64="n1QxzpMENG3lk++pxUXG4yE0baU="></latexit>

x >>⇤ <latexit sha1_base64="4vbft0u0s2IatrPecAVQD+cbgH4="></latexit>

(⇤1 ^⇤2) >>⇤3

<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·
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<latexit sha1_base64="4mKURKeOXCQhb90SgBq/pbdDAMc="></latexit>

6 9⇤. f (10112) = 10112 >>⇤= 00112

How to detect?



Pruning by Feasibility
Existing Approaches

Syntactic Spec
<latexit sha1_base64="s/p/yFCUdHZ3LZEId2v+Oqm0Ll4="></latexit>
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| S +S | S £S | S/S | S >> S
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f (10112) = 00112

Semantic Spec

<latexit sha1_base64="bztUHO1lzhnN02v26d0j8Rsd5e8="></latexit>x

<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·

<latexit sha1_base64="MZbDpxgIhx75D2qlijioV1rVfts="></latexit>⇤

<latexit sha1_base64="DV8wK4hr6K50NSqdAa+q9K8leE8="></latexit>⇤1 >>⇤2
<latexit sha1_base64="KrZVyP/SYM06X5foi8jUoztH38g="></latexit>⇤1 +⇤2

<latexit sha1_base64="n1QxzpMENG3lk++pxUXG4yE0baU="></latexit>

x >>⇤ <latexit sha1_base64="4vbft0u0s2IatrPecAVQD+cbgH4="></latexit>

(⇤1 ^⇤2) >>⇤3

<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·
<latexit sha1_base64="4mKURKeOXCQhb90SgBq/pbdDAMc="></latexit>

6 9⇤. f (10112) = 10112 >>⇤= 00112

How to detect?
• Inverse Semantics : [Lee 2021] [Gulwani et al. 2011] 

• Templates : [Inala et al. 2016] 

• Static Analysis : [Feng et al. 2017] [Singh and Solar-Lezama 2011] 

[So and Oh 2017] [Vechev et al. 2010] [Wang et al. 2017a,b] 

[Pailoor et al. 2021] [Mukherjee et al. 2020] 

• and more...



Pruning by Feasibility
Existing Approaches
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Our Performance
Comparing to 2 existing tools on 3 benchmark domains

• Our tool SIMBA using Forward-Backward Static Analysis 

• Outperformed state-of-the-art tools for 2 branch-free benchmarks 

• Comparable to state-of-the-art tools for a branch benchmark

# of the fastest-solved problems for each domain



Using Forward Analysis
Checking only output feasibility

Forward

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

Candidate Partial Program
<latexit sha1_base64="7nXQtgKusIBuoMRoszIyWMuIHHI="></latexit>

f (x) = x _⇤

<latexit sha1_base64="TVZHQeY8DERBFOD8z5G4PVyTKXY="></latexit>

x 7! 1011
⇤ 7! >>>>

x _⇤ 7! 1>11 6w 0011



Using Forward Analysis
Checking only output feasibility

Forward

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

Infeasible 
output

Candidate Partial Program
<latexit sha1_base64="7nXQtgKusIBuoMRoszIyWMuIHHI="></latexit>

f (x) = x _⇤

<latexit sha1_base64="TVZHQeY8DERBFOD8z5G4PVyTKXY="></latexit>

x 7! 1011
⇤ 7! >>>>

x _⇤ 7! 1>11 6w 0011



Limitation of Forward Analysis
Checking only output feasibility

Forward

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

Candidate Partial Program

<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · · <latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · · <latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·

<latexit sha1_base64="hgBakrHRbVLRQHiNXdYiLIRFQ1s="></latexit>

x ©⇤

<latexit sha1_base64="Uwdqu6keDcyP7f/zBxTrad645fw="></latexit>

x © (x >>⇤)

Nothing 
to do

<latexit sha1_base64="iKWAH2R2K/G7O5Bb3EwjUrCSAEs="></latexit>

x 7! 1011
⇤ 7! >>>>

x ©⇤ 7! >>>> w 0011

<latexit sha1_base64="3gcmwOQ2PcmcB9sIMI+UbYIbL1I="></latexit>

f (x) = x ©⇤

<latexit sha1_base64="h9x37otxKjU9fs09JdT79cAH2ug="></latexit>

x © (x/⇤)
<latexit sha1_base64="H8A07EwhlmmsmVrPuE0XMPtjXhc="></latexit>

x © (x +⇤)



<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · · <latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · · <latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·

<latexit sha1_base64="hgBakrHRbVLRQHiNXdYiLIRFQ1s="></latexit>

x ©⇤

Need: Backward Analysis Too
Output feasibility + Hole Precondition

Forward

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

Backward

Candidate Partial Program

<latexit sha1_base64="s46ztFSDDU8GnRpsqzoKTVG+Sf8="></latexit>

x 7! 1011
⇤ 7! >>>>

x ©⇤ 7! 0011

<latexit sha1_base64="3gcmwOQ2PcmcB9sIMI+UbYIbL1I="></latexit>

f (x) = x ©⇤

<latexit sha1_base64="Uwdqu6keDcyP7f/zBxTrad645fw="></latexit>

x © (x >>⇤)
<latexit sha1_base64="h9x37otxKjU9fs09JdT79cAH2ug="></latexit>

x © (x/⇤)
<latexit sha1_base64="H8A07EwhlmmsmVrPuE0XMPtjXhc="></latexit>

x © (x +⇤)



<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · · <latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · · <latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·

<latexit sha1_base64="hgBakrHRbVLRQHiNXdYiLIRFQ1s="></latexit>

x ©⇤

Need: Backward Analysis Too
Output feasibility + Hole Precondition

Forward

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

Backward

Candidate Partial Program
<latexit sha1_base64="3gcmwOQ2PcmcB9sIMI+UbYIbL1I="></latexit>

f (x) = x ©⇤

<latexit sha1_base64="6gVUBCJncHh9oDG6SJ/byF3EBM0="></latexit>

x 7! 1011
⇤ 7! 1000

x ©⇤ 7! 0011
<latexit sha1_base64="Uwdqu6keDcyP7f/zBxTrad645fw="></latexit>

x © (x >>⇤)
<latexit sha1_base64="h9x37otxKjU9fs09JdT79cAH2ug="></latexit>

x © (x/⇤)
<latexit sha1_base64="H8A07EwhlmmsmVrPuE0XMPtjXhc="></latexit>

x © (x +⇤)

value of hole must be
<latexit sha1_base64="H1XwowVn9hmkz7JC+BcMDl7UxCU="></latexit>

10002



<latexit sha1_base64="Uwdqu6keDcyP7f/zBxTrad645fw="></latexit>

x © (x >>⇤)
<latexit sha1_base64="h9x37otxKjU9fs09JdT79cAH2ug="></latexit>

x © (x/⇤)
<latexit sha1_base64="H8A07EwhlmmsmVrPuE0XMPtjXhc="></latexit>

x © (x +⇤)

<latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · · <latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · · <latexit sha1_base64="dqZr3aGbUmQWP+E6QeLD/gyOIC0="></latexit>· · ·

<latexit sha1_base64="hgBakrHRbVLRQHiNXdYiLIRFQ1s="></latexit>

x ©⇤

Need: Backward Analysis Too
Output feasibility + Hole Precondition

Forward

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

Backward

Candidate Partial Program

<latexit sha1_base64="6gVUBCJncHh9oDG6SJ/byF3EBM0="></latexit>

x 7! 1011
⇤ 7! 1000

x ©⇤ 7! 0011

<latexit sha1_base64="3gcmwOQ2PcmcB9sIMI+UbYIbL1I="></latexit>

f (x) = x ©⇤

prune infeasible parts
<latexit sha1_base64="n1QxzpMENG3lk++pxUXG4yE0baU="></latexit>

x >>⇤
<latexit sha1_base64="B2I3Q5WcYAVuRplhKzAS47RZJx8="></latexit>

x/⇤
<latexit sha1_base64="rOfrLEV/wSxbZXOxyDLmkPrE0CM="></latexit>6= <latexit sha1_base64="H1XwowVn9hmkz7JC+BcMDl7UxCU="></latexit>

10002



Challenges

Challenge 1: Precision & Cost Balance 

Challenge 2: Precise Backward Analysis



Challenge 1: Precision & Cost Balance

Bitwise 
Domain

Unsigned 
Interval 
Domain

Signed 
Interval 
Domain

Reduction Operators

• Reduced Product Domain of well-known and simple domains 

• No more complex domain (e.g., relational domain) was necessary



Challenge 1: Precision & Cost Balance

• Reduction Example: Bitwise ✖ Unsigned Interval

[0,6]

TT01

✖

Bitwise 
Domain

Unsigned 
Interval 
Domain

Reduction Operators



Challenge 1: Precision & Cost Balance

• Reduction Example: Bitwise ✖ Unsigned Interval

[0,6]

TT01

✖

Bitwise 
Domain

Unsigned 
Interval 
Domain

Reduction Operators

[1,13]
⊓

{0001,0101,1001,1101}



Challenge 1: Precision & Cost Balance

• Reduction Example: Bitwise ✖ Unsigned Interval

[0,6]

TT01

✖

Bitwise 
Domain

Unsigned 
Interval 
Domain

Reduction Operators

0TTT

[1,13]
⊓

⊓

{0000,…,0101,0110}



Challenge 1: Precision & Cost Balance

• Reduction Example: Bitwise ✖ Unsigned Interval

[0,6]

TT01
Bitwise 
Domain

Unsigned 
Interval 
Domain

0TTT

[1,13]

✖

[1,6]

0T01

Reduction Operators

⊓

⊓



Challenge 1: Precision & Cost Balance

• Reduction Example: Bitwise ✖ Unsigned Interval

[0,6]

TT01
Bitwise 
Domain

Unsigned 
Interval 
Domain

0TTT

[1,13]

[1,6]

0T01

0TTT

[1,5]
∧

∧

✖

[1,5]

0T01

Reduction Operators

⊓

⊓



Challenge 1: Precision & Cost Balance

• Reduction Example: Bitwise ✖ Unsigned Interval

[0,6]

TT01
Bitwise 
Domain

Unsigned 
Interval 
Domain

0TTT

[1,13]

[1,6]

0T01

0TTT

[1,5]
∧

∧

✖

[1,5]

0T01

Reduction Operators

⊓

⊓Our Solution: Reduced product domain of 
interval domains and bitwise domain



Challenge 2: Precise Backward Analysis 
by Selective Finite Concretization

Candidate Partial Program

Forward

<latexit sha1_base64="Zrqy3FlyjzGzRhuhSVW8JToEcn4="></latexit>

x 7! 1011
⇤ 7! >>>>

x £⇤ 7! >>>>
x ^ (x £⇤) 7! >>>> w 0011

<latexit sha1_base64="n/8mdnrFuafHG31+CMaqAfPY0xU="></latexit>

f (x) = x ^ (x £⇤)

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec



Forward

Backward

Candidate Partial Program

Can we do better?

Challenge 2: Precise Backward Analysis 
by Selective Finite Concretization

<latexit sha1_base64="n/8mdnrFuafHG31+CMaqAfPY0xU="></latexit>

f (x) = x ^ (x £⇤)

<latexit sha1_base64="JsN54mRFMl3/TRftF4BTdewLVwY="></latexit>

x 7! 1011
⇤ 7! >>>1

x £⇤ 7! 0>11
x ^ (x £⇤) 7! 0011

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec



Forward

Backward

concretize 
(result size = 2)

Candidate Partial Program

Challenge 2: Precise Backward Analysis 
by Selective Finite Concretization

<latexit sha1_base64="JsN54mRFMl3/TRftF4BTdewLVwY="></latexit>

x 7! 1011
⇤ 7! >>>1

x £⇤ 7! 0>11
x ^ (x £⇤) 7! 0011

<latexit sha1_base64="n/8mdnrFuafHG31+CMaqAfPY0xU="></latexit>

f (x) = x ^ (x £⇤)

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec



Backward

Forward

<latexit sha1_base64="vseavMD2GF1n2FyAlo94yR/BZE0="></latexit>

{0011,0111}

Candidate Partial Program

Challenge 2: Precise Backward Analysis 
by Selective Finite Concretization

<latexit sha1_base64="JsN54mRFMl3/TRftF4BTdewLVwY="></latexit>

x 7! 1011
⇤ 7! >>>1

x £⇤ 7! 0>11
x ^ (x £⇤) 7! 0011

<latexit sha1_base64="n/8mdnrFuafHG31+CMaqAfPY0xU="></latexit>

f (x) = x ^ (x £⇤)

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec



Backward

Forward

we get 2 equations

Candidate Partial Program

Challenge 2: Precise Backward Analysis 
by Selective Finite Concretization

<latexit sha1_base64="JsN54mRFMl3/TRftF4BTdewLVwY="></latexit>

x 7! 1011
⇤ 7! >>>1

x £⇤ 7! 0>11
x ^ (x £⇤) 7! 0011

<latexit sha1_base64="n/8mdnrFuafHG31+CMaqAfPY0xU="></latexit>

f (x) = x ^ (x £⇤)

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

<latexit sha1_base64="h5EY4/D2Kexubx4g+Av3AupJfcw="></latexit>

1011£⇤0 = 0011
1011£⇤1 = 0111



Incorrect approach: 
transposition

Backward

Forward

we get 2 equations

Candidate Partial Program

Challenge 2: Precise Backward Analysis 
by Selective Finite Concretization

<latexit sha1_base64="JsN54mRFMl3/TRftF4BTdewLVwY="></latexit>

x 7! 1011
⇤ 7! >>>1

x £⇤ 7! 0>11
x ^ (x £⇤) 7! 0011

<latexit sha1_base64="n/8mdnrFuafHG31+CMaqAfPY0xU="></latexit>

f (x) = x ^ (x £⇤)

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

<latexit sha1_base64="WMTdFklSxSQz2LzbCEnI6kSJcFg="></latexit>⇤0 = 0011/1011
⇤1 = 0111/1011

<latexit sha1_base64="+cjHjiXFoX7DMxKZKldCADU9TNk="></latexit>

1011£
1011£

<latexit sha1_base64="3xjw/PQtGf43PLuRncAIxXeyb9c="></latexit>

1011£⇤0 = 0011 mod 16
1011£⇤1 = 0111 mod 16



Backward

Forward

we get 2 equations by extended 
Euclidean algorithm,

Candidate Partial Program

Challenge 2: Precise Backward Analysis 
by Selective Finite Concretization

<latexit sha1_base64="JsN54mRFMl3/TRftF4BTdewLVwY="></latexit>

x 7! 1011
⇤ 7! >>>1

x £⇤ 7! 0>11
x ^ (x £⇤) 7! 0011

<latexit sha1_base64="n/8mdnrFuafHG31+CMaqAfPY0xU="></latexit>

f (x) = x ^ (x £⇤)

<latexit sha1_base64="3xjw/PQtGf43PLuRncAIxXeyb9c="></latexit>

1011£⇤0 = 0011 mod 16
1011£⇤1 = 0111 mod 16

<latexit sha1_base64="ijGogbv9oizyb59rPpkF4mU9V/Y="></latexit>⇤0 = 1001
⇤1 = 0101
⇤ = ⇤0 t⇤1 =>>01

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec



by extended 
Euclidean algorithm,

Backward

Forward

Candidate Partial Program

Challenge 2: Precise Backward Analysis 
by Selective Finite Concretization

we get 2 equations
<latexit sha1_base64="JA/QjanYt7NC1FO7K8RuaCjU9v4="></latexit>

x 7! 1011
⇤ 7! >>01

x £⇤ 7! 0>11
x ^ (x £⇤) 7! 0011

<latexit sha1_base64="n/8mdnrFuafHG31+CMaqAfPY0xU="></latexit>

f (x) = x ^ (x £⇤)

<latexit sha1_base64="3xjw/PQtGf43PLuRncAIxXeyb9c="></latexit>

1011£⇤0 = 0011 mod 16
1011£⇤1 = 0111 mod 16

<latexit sha1_base64="ijGogbv9oizyb59rPpkF4mU9V/Y="></latexit>⇤0 = 1001
⇤1 = 0101
⇤ = ⇤0 t⇤1 =>>01

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec



Backward

Forward

Candidate Partial Program

Challenge 2: Precise Backward Analysis 
by Selective Finite Concretization

we get 2 equations by extended 
Euclidean algorithm,

<latexit sha1_base64="JA/QjanYt7NC1FO7K8RuaCjU9v4="></latexit>

x 7! 1011
⇤ 7! >>01

x £⇤ 7! 0>11
x ^ (x £⇤) 7! 0011

<latexit sha1_base64="n/8mdnrFuafHG31+CMaqAfPY0xU="></latexit>

f (x) = x ^ (x £⇤)

<latexit sha1_base64="3xjw/PQtGf43PLuRncAIxXeyb9c="></latexit>

1011£⇤0 = 0011 mod 16
1011£⇤1 = 0111 mod 16

<latexit sha1_base64="ijGogbv9oizyb59rPpkF4mU9V/Y="></latexit>⇤0 = 1001
⇤1 = 0101
⇤ = ⇤0 t⇤1 =>>01

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Semantic Spec

Our Solution: Use concretization for precise analysis 



Realized: SIMBA

• Synthesis from Inductive specification eMpowered by Bidirectional Abstract 
interpretation 

• Available at https://github.com/yhyoon/simba

https://github.com/yhyoon/simba


Realized: SIMBA

• Synthesis from Inductive specification eMpowered by Bidirectional Abstract 
interpretation 

• Available at https://github.com/yhyoon/simba

https://github.com/yhyoon/simba


Realized: SIMBA

• Synthesis from Inductive specification eMpowered by Bidirectional Abstract 
interpretation 

• Available at https://github.com/yhyoon/simba

https://github.com/yhyoon/simba


Synthesis Algorithm

<latexit sha1_base64="tFkhsrHx2re1XBYSWAFZ+g4r4Z0="></latexit>

(S ©x) >> 00012

<latexit sha1_base64="RYoHpR7e6ZzMoSJ7+KDjOecY9Oo="></latexit>

(S/x) >> 00012



Synthesis Algorithm
Example Initial Partial Programs

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Initial partial programs 
chosen for illustration purpose

<latexit sha1_base64="hjxV2OqoZd/yIhvRsILnbb1QNuU="></latexit>

(⇤/x) >> 00012

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012



Synthesis Algorithm
Analyze Partial Programs (1/2)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

<latexit sha1_base64="hjxV2OqoZd/yIhvRsILnbb1QNuU="></latexit>

(⇤/x) >> 00012

Forward Analysis<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012
<latexit sha1_base64="c4WEQmTzFhRfRJEwoGBpo/a5nAo="></latexit> ⇤ 7! >>>>

x 7! 1011
⇤©x 7! >>>>

(⇤©x) >> 00012 7! >>>>



Synthesis Algorithm
Analyze Partial Programs (1/2)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

<latexit sha1_base64="hjxV2OqoZd/yIhvRsILnbb1QNuU="></latexit>

(⇤/x) >> 00012

Backward Analysis

Backward BV shift-right

Backward BV xor

<latexit sha1_base64="E9itgF7YC+Y1hjavlJvGwHd76s4="></latexit> √°°°°°°°°°°°°°°°°°°°
[⇤©x] >># 0001 = 0011

= (011>,0011)

<latexit sha1_base64="p7tI3iHzcf8FdLqQdzuKHGOrVLA="></latexit> √°°°°°°°°°°°
⇤©# x = 011>

=
√°°°°°°°°°°°°°°
⇤©# 1011 = 011>

= (110>,1011)

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012
<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>

x 7! 1011
⇤©x 7! 011>

(⇤©x) >> 00012 7! 0011



Synthesis Algorithm
Analyze Partial Programs (2/2)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

<latexit sha1_base64="hjxV2OqoZd/yIhvRsILnbb1QNuU="></latexit>

(⇤/x) >> 00012 Forward Analysis
<latexit sha1_base64="GjttwpUM3w1y7MUL/H37fYeAgVM="></latexit> ⇤ = [0,15]

x = [11,11]
°°°!
⇤/#x = [lS / hx , hS / lx ]

= [0 / 11, 15 / 11]
= [0,1]

<latexit sha1_base64="fzKbkrvGBSH2zsk0VwkoSSB13kY="></latexit> ⇤ 7! >>>>
x 7! 1011

⇤/x 7! 000>
(⇤/x) >> 00012 7! 0000

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011



Synthesis Algorithm
Analyze Partial Programs (2/2)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

<latexit sha1_base64="hjxV2OqoZd/yIhvRsILnbb1QNuU="></latexit>

(⇤/x) >> 00012 Forward Analysis
<latexit sha1_base64="fzKbkrvGBSH2zsk0VwkoSSB13kY="></latexit> ⇤ 7! >>>>

x 7! 1011
⇤/x 7! 000>

(⇤/x) >> 00012 7! 0000
<latexit sha1_base64="aDpOwl+NUdqHRr+qWWy35B0PWG4="></latexit>6w 0011

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011



Synthesis Algorithm
Analyze Partial Programs (2/2)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

<latexit sha1_base64="hjxV2OqoZd/yIhvRsILnbb1QNuU="></latexit>

(⇤/x) >> 00012

<latexit sha1_base64="fzKbkrvGBSH2zsk0VwkoSSB13kY="></latexit> ⇤ 7! >>>>
x 7! 1011

⇤/x 7! 000>
(⇤/x) >> 00012 7! 0000

Discard

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011



Synthesis Algorithm
Generate Components (n <= 1)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)<latexit sha1_base64="xmNJYOTcMWf9ofjrDaDZ2WPuD/4="></latexit> ⇤ 7! 101>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012



Synthesis Algorithm
Generate Components (n <= 1)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)
<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011



<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

Synthesis Algorithm
Composition Round 1

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)<latexit sha1_base64="xmNJYOTcMWf9ofjrDaDZ2WPuD/4="></latexit> ⇤ 7! 101>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011



Synthesis Algorithm
Composition Round 1

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)

No component 
satisfies precondition 

-> skip

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011



Synthesis Algorithm
Generate Components (n <= 3)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs

<latexit sha1_base64="xmNJYOTcMWf9ofjrDaDZ2WPuD/4="></latexit> ⇤ 7! 101>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011

Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)

<latexit sha1_base64="ZaQy+o4t4dneEudMJGxFst+pa9c="></latexit>

x +00012 (= 11002)
<latexit sha1_base64="jQHsuaJEOMYqJLGF7DwdBqnXMBI="></latexit>

x +x (= 01102)

...

<latexit sha1_base64="N/NbDBhXmzeZx+Yr/y/aZFO3e00="></latexit>

x ©00012 (= 10102)

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012



Synthesis Algorithm
Generate Components (n <= 3)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)

<latexit sha1_base64="ZaQy+o4t4dneEudMJGxFst+pa9c="></latexit>

x +00012 (= 11002)
<latexit sha1_base64="jQHsuaJEOMYqJLGF7DwdBqnXMBI="></latexit>

x +x (= 01102)

...

<latexit sha1_base64="N/NbDBhXmzeZx+Yr/y/aZFO3e00="></latexit>

x ©00012 (= 10102)

Size increased

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011



Synthesis Algorithm
Generate Components (n <= 3)

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)

<latexit sha1_base64="ZaQy+o4t4dneEudMJGxFst+pa9c="></latexit>

x +00012 (= 11002)
<latexit sha1_base64="jQHsuaJEOMYqJLGF7DwdBqnXMBI="></latexit>

x +x (= 01102)

...

<latexit sha1_base64="N/NbDBhXmzeZx+Yr/y/aZFO3e00="></latexit>

x ©00012 (= 10102)

<latexit sha1_base64="IWl8kkh7cj2VBQWln/RVnuYRdqk="></latexit>

x ^x (= 10112)

Ignore 
Observational Equivalent 

Components

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011



Synthesis Algorithm
Composition Round 2

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)

<latexit sha1_base64="ZaQy+o4t4dneEudMJGxFst+pa9c="></latexit>

x +00012 (= 11002)
<latexit sha1_base64="jQHsuaJEOMYqJLGF7DwdBqnXMBI="></latexit>

x +x (= 01102)

...

<latexit sha1_base64="N/NbDBhXmzeZx+Yr/y/aZFO3e00="></latexit>

x ©00012 (= 10102)

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011



Synthesis Algorithm
Composition Round 2

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)

<latexit sha1_base64="ZaQy+o4t4dneEudMJGxFst+pa9c="></latexit>

x +00012 (= 11002)
<latexit sha1_base64="jQHsuaJEOMYqJLGF7DwdBqnXMBI="></latexit>

x +x (= 01102)

...

<latexit sha1_base64="N/NbDBhXmzeZx+Yr/y/aZFO3e00="></latexit>

x ©00012 (= 10102)

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011

<latexit sha1_base64="2dm90l4cPHhoVl0Rr/whvEjHl9w="></latexit>

0001 : 00012
0110 : x +x
1010 : x ©00012
1011 : x
1100 : x +00012

Lookup Table
<latexit sha1_base64="uHThXIENZH6IDO/8WyWvmgCKkmk="></latexit>

{1100,1101}



<latexit sha1_base64="2dm90l4cPHhoVl0Rr/whvEjHl9w="></latexit>

0001 : 00012
0110 : x +x
1010 : x ©00012
1011 : x
1100 : x +00012

Synthesis Algorithm
Composition Round 2

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)

<latexit sha1_base64="ZaQy+o4t4dneEudMJGxFst+pa9c="></latexit>

x +00012 (= 11002)
<latexit sha1_base64="jQHsuaJEOMYqJLGF7DwdBqnXMBI="></latexit>

x +x (= 01102)

...

<latexit sha1_base64="N/NbDBhXmzeZx+Yr/y/aZFO3e00="></latexit>

x ©00012 (= 10102)

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011

Lookup Table

<latexit sha1_base64="WsIkegXl8aPpEW1ucot7smZz00Y="></latexit>

110>w 1100

<latexit sha1_base64="uHThXIENZH6IDO/8WyWvmgCKkmk="></latexit>

{1100,1101}



Synthesis Algorithm
Found Solution

<latexit sha1_base64="eF7SoyDe8Hd9gQuuOEA0rWwU1Og="></latexit>

S ! x | 00012
| S ^S | S _S | S ©S
| S +S | S £S | S/S | S >> S

<latexit sha1_base64="98niH2/T3T+40wvNnQJjySuimo0="></latexit>

f (10112) = 00112

Spec

Goal
<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012

Partial Programs Components

<latexit sha1_base64="6gAdpFNWwCo7ZUT2enJbVrVF88k="></latexit>

00012

<latexit sha1_base64="4kM4BUvk5FjCyN6128NydlW2o5c="></latexit>

x (= 10112)

<latexit sha1_base64="ZaQy+o4t4dneEudMJGxFst+pa9c="></latexit>

x +00012 (= 11002)
<latexit sha1_base64="jQHsuaJEOMYqJLGF7DwdBqnXMBI="></latexit>

x +x (= 01102)

...

<latexit sha1_base64="N/NbDBhXmzeZx+Yr/y/aZFO3e00="></latexit>

x ©00012 (= 10102)

<latexit sha1_base64="xNJ7SGZEDAY+0lNh0Uyn5ggtPdc="></latexit>

(⇤©x) >> 00012

<latexit sha1_base64="KQuRwXC+82gvMKq/hd7qkmWBk8U="></latexit> ⇤ 7! 110>
x 7! 1011

⇤©x 7! 011>
(⇤©x) >> 00012 7! 0011

<latexit sha1_base64="GFBeArrnxfhAQzghIuI06gPpA9Q="></latexit>

f (x) = ((x +00012)©x) >> 00012
Solution Found!

New Candidate Solution

<latexit sha1_base64="wjeVzNoW4kETW7Rfms1rCMXa9q0="></latexit>

f (10112) = ((10112 +00012)©10112) >> 00012
= (11002 ©10112) >> 00012
= 01112 >> 00012
= 00112



Synthesizing Conditional Programs

• Incorporate the divide-and-conquer approach [Alur et al. 2017] into our algorithm

Simba Core + Divde-and-Conquer

Syntactic Spec

Semantic Spec
<latexit sha1_base64="IqBq/IY/p5LLagcmvjUryiSZQxg="></latexit>

f (00021) = 00042
f (00001) = 00012

<latexit sha1_base64="zE9Mu+2OL3qDfUIMnqVWacTvqtc="></latexit>

S ! x | 00002 | 00012
| S +S | · · ·
| if S then S else S



Synthesizing Conditional Programs

• Incorporate the divide-and-conquer approach [Alur et al. 2017] into our algorithm

Simba Core + Divde-and-Conquer

Simba for 
Branch-free

<latexit sha1_base64="O0r4jSDuWryXSwSr2jnP0qbcZQ8="></latexit>

x << 00012

<latexit sha1_base64="XxBzh5KWwZ/Tam+6kSeW38xZOuQ="></latexit>

x +00012

Syntactic Spec

Semantic Spec
<latexit sha1_base64="IqBq/IY/p5LLagcmvjUryiSZQxg="></latexit>

f (00021) = 00042
f (00001) = 00012

<latexit sha1_base64="zE9Mu+2OL3qDfUIMnqVWacTvqtc="></latexit>

S ! x | 00002 | 00012
| S +S | · · ·
| if S then S else S



Synthesizing Conditional Programs

• Incorporate the divide-and-conquer approach [Alur et al. 2017] into our algorithm

Simba Core + Divde-and-Conquer

Simba for 
Branch-free

<latexit sha1_base64="O0r4jSDuWryXSwSr2jnP0qbcZQ8="></latexit>

x << 00012

<latexit sha1_base64="XxBzh5KWwZ/Tam+6kSeW38xZOuQ="></latexit>

x +00012

Branch 
Combinator

<latexit sha1_base64="KUrENGYXJySFQpkdZx8zi2mY1uU="></latexit>

if x > 00012
then x << 00012
else x +00012

Syntactic Spec

Semantic Spec
<latexit sha1_base64="IqBq/IY/p5LLagcmvjUryiSZQxg="></latexit>

f (00021) = 00042
f (00001) = 00012

<latexit sha1_base64="zE9Mu+2OL3qDfUIMnqVWacTvqtc="></latexit>

S ! x | 00002 | 00012
| S +S | · · ·
| if S then S else S



Evaluation: Benchmarks

Background 
Theory Bit-vector arithmetic SAT

Domain BitVec 
(# 544)

BitVec-Cond 
(# 750)

Circiut 
(# 581)

Benchmarks HD Deobfusc - Lobster Crypto

# Tasks 44 500 750 369 212

• 1875 synthesis tasks from 3 domains: BitVec, BitVec-Cond, Circuit
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Evaluation: Benchmarks

Background 
Theory Bit-vector arithmetic SAT

Domain BitVec 
(# 544)

BitVec-Cond 
(# 750)

Circiut 
(# 581)

Benchmarks HD Deobfusc - Lobster Crypto

# Tasks 44 500 750 369 212

• 1875 synthesis tasks from 3 domains: BitVec, BitVec-Cond, Circuit

Hacker's Delight 
from SyGuS competition

Deobfuscator 
from QSynth [David et al. 2020]

SyGuS competition PBE-BitVector 
(may contain conditionals)

Circuit transformation 
from Lobster [Lee et al. 2020]

Circuit transformation 
related to cryptographic modules 

from SyGus competition



Evaluation: Baseline Solvers

• Duet [Lee 2021]: the state-of-the-art synthesis tool for inductive SyGuS problems 

• Employs a bidirectional(top-down + bottom-up) search strategy 

• Requires inverse semantics operators for search space pruning 

• Probe [Barke et al. 2020]: tool performs a bottom-up search with probabilistic model 

• Probabilistic model is learned just in time during the search processes



Evaluation: Simba Performance
Solve Faster

• Outperformed baseline solvers for conditional-free program 

• Comparable to baseline solvers for conditional program

# of the fastest-solved problems for each domain



Evaluation: Simba Performance
Solve More

• Outperformed baseline solvers for conditional-free program 

• Comparable to baseline solvers for conditional program

# of the solved problems with 1h timeout for each domain



Evaluation: Simba Performance
Overall

• SIMBA(plot ○) shows the best performance for branch-free benchmarks 

• DUET(plot △) is better than SIMBA for branch benchmarks in average

Cactus-plots



Evaluation: Simba Performance

• Forward-Backward Analysis(plot ○) is necessary to achieve the best performance 

• Only forward analysis(plot +) or SMT Solver(plot ▽) is not sufficient 

• Sometimes, even worse than brute force(plot △) because of bad analysis cost

Ablation Study



In the paper...

• Formalization (abstract domain, forward-backward transfer functions, etc.) 

• Detailed Algorithm of synthesis and forward-backward analysis 

• Why our tool outperforms the baseline solvers (case study) 

• and more

😊 Thank You!
⬇Paper GitHub Repo⬇


