
 
Language Virtualization for 

Heterogeneous Parallel 
Computing  

 
 
 

Hassan Chafi , Arvind  Sujeeth , Zach DeVito, Pat Hanrahan , 
 Kunle  Olukotun  

Stanford University  
 

Adriaan  Moors, Tiark  Rompf , Martin Odersky  
EPFL  



Era of Power Limited Computing  

Â Mobile  

Â Battery operated  

Â Passively cooled  

Â Data center  

Â Energy costs  

Â Infrastructure costs  
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Heterogeneous Hardware  

Â Heterogeneous HW for energy efficiency  
Â Multi -core, ILP, threads, data -parallel engines, custom engines  

 

Â H.264 encode study  
 

 

1

10

100

1000

4 cores + ILP + SIMD + custom

inst

ASIC

Performance

Energy Savings

Source: Understanding Sources of Inefficiency in General -Purpose Chips (ISCAô10) 

Future performance gains will mainly come from heterogeneous 

hardware with different specialized resources  



DE Shaw Research:  Anton  

D. E. Shaw et al. SC 2009, Best Paper and Gordon Bell Prize 

100 times more power efficient  

Molecular dynamics computer 



Apple A4 in the i{ Pad|Phone } 

Contains CPU and GPU and é 



Heterogeneous Parallel Computing  
Â Uniprocessor  

Â Sequential programming  

Â C 
 

Â CMP (Multicore )  

Â Threads and locks  

Â C + ( Pthreads , OpenMP )  

 

Â GPU 

Â Data parallel programming  

Â C + ( Pthreads , OpenMP) + (CUDA, OpenCL )  

 

Â Cluster  

Â Message passing  

Â C + ( Pthreads , OpenMP) + (CUDA, OpenCL ) + MPI  
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Itõs all About Energy  
(Ultimately: Money)  

Â Human effort just like electrical power  
Â Aim: reduce development effort, increase 

performance  
Â Increase performance now means:  

Â reduce energy per op  
Â increase # of targets  

Â Need to reduce effort per target!  







A Solution For Pervasive Parallelism  

Â Domain Specific Languages (DSLs)  
Â Programming language with restricted expressiveness for a particular 

domain  



Performance  

Productivity  Completeness  

The Holy Grail of Performance 
Oriented Languages  



The Holy Grail of Performance 
Oriented Languages  
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Benefits of Using DSLs for Parallelism  

Productivity  

ÅShield average programmers from the difficulty of parallel 
programming  

ÅFocus on developing algorithms and applications and not on low 
level implementation details  

Performance  

ÅMatch generic parallel execution patterns to high level domain 
abstraction  

ÅRestrict expressiveness to more easily and fully extract available 
parallelism  

ÅUse domain knowledge for static/dynamic optimizations  

Portability and forward scalability  

ÅDSL & Runtime can be evolved to take advantage of latest 
hardware features  

ÅApplications remain unchanged  

ÅAllows HW vendors to innovate without worrying about application 
portability  



 
We need to develop all these DSLs  

 
  

Current DSL methods are unsatisfactory  
 

New Problem  



Current DSL Development Approaches  

Â Stand -alone DSLs 
Â Can include extensive optimizations  
Â Enormous effort to develop to a sufficient degree of maturity  

Â Actual Compiler/Optimizations  
Â Tooling (IDE, Debuggers,é) 

Â Interoperation between multiple DSLs is very difficult  
 

Â Purely embedded DSLs ᵼ ñjust a libraryò 
Â Easy to develop (can reuse full host language)  
Â Easier to learn DSL  
Â Can Combine multiple DSLs in one program  
Â Can Share DSL infrastructure among several DSLs  
Â Hard to optimize using domain knowledge  
Â Target same architecture as host language  

 
 

Need to do better  



Need to Do Better  

ÂGoal: Develop embedded DSLs that 
perform as well as stand -alone ones  

Â Intuition: General -purpose languages 
should be designed with DSL 
embedding in mind  

ÂCan we make this intuition more 
tangible?  



Virtualization Analogy  

Want to have a range of differently 
configured machines  

ÅNot practical to run as many physical machines  

ÅHardware Virtualization: run the logical machines 
on virtualizable physical hardware  

Want to have a range of different 
languages  

ÅNot practical to implement as many compilers  

ÅLanguage Virtualization: embed the logical 
languages into a virtualizable host language  



Language Virtualization Requirements  

Expressiveness  

ÅEncompasses syntax, semantics and general ease of use for domain 
experts  

Performance  

ÅEmbedded language must me amenable to extensive static and 
dynamic analysis, optimization and code generation  

 

Safety  

ÅPreserve type safety of embedded language  

ÅNo loosened guarantees about program behavior  

Modest Effort  

ÅVirtualization is only useful if it reduces effort to embed high 
performance DSL  


