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specificationtest case

assert safe(P(2))
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build a symbolic compiler 
from the domain language 
to constraints
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learn the problem domain

design a domain language

months 
or years 
of work

I need a tool to  
create models of  
biological cells …

tools expert domain expert

verify 	


debug	



execute 
synth

A solver-aided 
tool for creating 
biological models
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domain-specific language 
(DSL)

Layers of languages
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host language

A formal language that is 
specialized to a particular 
application domain and often 
limited in capability.

A high-level language for 
implementing DSLs, usually 
with meta-programming 
features.
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Scala, Racket, JavaScript

domain-specific language 
(DSL)

artificial intelligence	


Church, BLOG	



databases	


SQL, Datalog	



hardware design	


Bluespec, Chisel, Verilog, VHDL	



math and statistics	


Eigen, Matlab, R	



layout and visualization	


LaTex, dot, dygraphs, D3	
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host language

C = A * B

C / Java

Eigen / Matlab

[associativity]C = A * B

for (i = 0; i < n; i++)  
 for (j = 0; j < m; j++) 
  for (k = 0; k < p; k++) 
   C[i][k] += A[i][j] * B[j][k]

interpreterlibrary
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solver-aided host language

symbolic virtual machine

ROSETTE
[Torlak & Bodik, Onward’13, PLDI’14]

interpreterlibrary
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secure stack machines	
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ROSETTE
[Torlak & Bodik, Onward’13, PLDI’14]
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Chlorophyll SynthCL WebSynth IFC 

Spatial programming for a low-power 
chip, using synthesis to partition code 
and data across 144 tiny cores.  

Optimal partitioning synthesized in 
minutes, while manual partitioning 
takes days [Phothilimthana et al., PLDI’14].

SDSLs developed with ROSETTE

20

(first-year grad) (expert) (undergrad) (expert)

GreenArrays 
GA144

x + z
x + z
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Synthesis of web scraping 
scripts from examples (PBE).
Works on real web pages 
(e.g., iTunes) in seconds.
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Verification for 
executable specifications 
of secure stack machines.

Finds all bugs reported 
by a specialized tool 
[Hritcu et al., ICFP’13].

SDSLs developed with ROSETTE

20

(first-year grad) (expert) (undergrad) (expert)
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symbolic constants

assertions

queries

!
(define-symbolic id type) 

(assert expr) 

(verify expr)  
(debug [expr] expr) 
(solve expr) 
(synthesize [expr] expr)
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(assert (odd? (P v)))
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g3 = ¬(g0 ⇔ g1)	


g4 = ¬g0 ∧ ¬g1	


c = ite(g1, b, a)	


assert g2

a > 0a ≤ 0

¬ g1 g1

g0¬ g0

A new design:  type-driven state merging
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vs ↦ (a, b)	


ps ↦ ( )

ps ↦ (a)ps ↦ ( )

symbolic virtual machine

ps ↦ { g0 ⊦ (a), 	


        ¬g0 ⊦ ( ) } 

ps ↦ { g0 ⊦ (b, a), 	


        ¬g0 ⊦ (b) }

ps ↦ { g0 ⊦ (a), 	


        ¬g0 ⊦ ( ) } 

ps ↦ { g2 ⊦ (b, a), 	


          g3 ⊦ (c),	


          g4 ⊦ ( ) }

polyn
omial encoding

partia
l evaluation



Effectiveness of type-driven state merging
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Merging performance for verification and synthesis 
queries in SynthCL, WebSynth and IFC programs
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Effectiveness of type-driven state merging
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SVM and solving time for verification and synthesis 
queries in SynthCL, WebSynth and IFC programs
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demoa little SDSL for finite state automata
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