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Inference System of Solar 

o = newInstance() çè m.invoke(o,…), f.get(o), f.set(o, …) 

Collective Inference 



More sound 1 



Controllable 2 



Controllable 2 

If the information in a program is not enough to help infer  
the reflective targets, the soundness criteria is not satisfied 



Lazy Heap Modeling (LHM) 

Class c = Class.forName(cName)

Object v = c1.newInstance( )i:

Case (I) Case (II)

unknown

cu

i ou

Abstract Heap Objects 
of newInstance()
are created lazily
( at LHM points )

           i oAA | i| | a
|Type Object Location| Pointed by|

Method m = c2.getDeclaredMethod(mName, ...)

cD

      i oDD | | i | v3

B b = (B) v2A a = (A) v1  m1.invoke(v3, args)

 v3.mName(args)

        i oB|B | i | b, v3



Lazy Heap Modeling (LHM) 

Class c = Class.forName(cName)

Object v = c1.newInstance( )i:

Case (I) Case (II)

unknown

cu

i ou

Abstract Heap Objects 
of newInstance()
are created lazily
( at LHM points )

           i oAA | i| | a
|Type Object Location| Pointed by|

Method m = c2.getDeclaredMethod(mName, ...)

cD

      i oDD | | i | v3

B b = (B) v2A a = (A) v1  m1.invoke(v3, args)

 v3.mName(args)

        i oB|B | i | b, v3

? 



Lazy Heap Modeling (LHM) 

Class c = Class.forName(cName)

Object v = c1.newInstance( )i:

Case (I) Case (II)

unknown

cu

i ou

Abstract Heap Objects 
of newInstance()
are created lazily
( at LHM points )

           i oAA | i| | a
|Type Object Location| Pointed by|

Method m = c2.getDeclaredMethod(mName, ...)

cD

      i oDD | | i | v3

B b = (B) v2A a = (A) v1  m1.invoke(v3, args)

 v3.mName(args)

        i oB|B | i | b, v3

? 

X 



Lazy Heap Modeling (LHM) 

Class c = Class.forName(cName)

Object v = c1.newInstance( )i:

Case (I) Case (II)

unknown

cu

i ou

Abstract Heap Objects 
of newInstance()
are created lazily
( at LHM points )

           i oAA | i| | a
|Type Object Location| Pointed by|

Method m = c2.getDeclaredMethod(mName, ...)

cD

      i oDD | | i | v3

B b = (B) v2A a = (A) v1  m1.invoke(v3, args)

 v3.mName(args)

        i oB|B | i | b, v3

? 

X 

Unsou
nd 



Lazy Heap Modeling (LHM) 

Class c = Class.forName(cName)

Object v = c1.newInstance( )i:

Case (I) Case (II)

unknown

cu

i ou

Abstract Heap Objects 
of newInstance()
are created lazily
( at LHM points )

           i oAA | i| | a
|Type Object Location| Pointed by|

Method m = c2.getDeclaredMethod(mName, ...)

cD

      i oDD | | i | v3

B b = (B) v2A a = (A) v1  m1.invoke(v3, args)

 v3.mName(args)

        i oB|B | i | b, v3

? 

X 

Unsou
nd 

To be annotated 



Controllable 2 

If the information in a program is not enough to help infer  
the reflective targets, the soundness criteria is not satisfied 

The number of the reflective targets resolved or inferred  
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Large real-world Java benchmarks and applications 

Large and reflection-rich Java library: JDK 1.6  
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The figure shows the more true call graph edges found in recall by  
Solar than Elf (Solar - Elf) and by Elf than Doop (Elf - Doop) 

The true call graph edges are computed by instrumentation at runtime 
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Insight: Soundness ßà precision.  
Solar achieves higher recall (more sound), indicates worse precision ? 

No!  
Solar maintains nearly the same precision as Doop and Elf (2 popular clients). 



Precision 

Devir Call:  the percentage of the virtual calls whose targets can be disambiguated 
 Safe Case: the percentage of the casts that can be statically shown to be safe 
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After manual check, all the identified  
14 unsound/imprecise calls are the true ones.  

Probe also reports 7 corresponding annotation points  
for these 14 unsound/imprecise calls  

After the 7 light-weight annotations,  
Solar can analyze these 3 programs scalably and soundly 

For the remaining 3 programs, Probe is scalable and reports  
13 unsound calls and 1 imprecise call.  
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Yue Li 
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Controllable 2 
Light-weight Annotations 

More sound 1 

The number of annotations required for improving the soundness of 
unsoundly resolved reflective calls.   Others: 338 vs Solar: 7  


