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• Motivating example 

–Declarative parallel programming with 
LINQ and DryadLINQ 

• Divide-and-conquer compilation 

–Compilers and Partial Compilers 

• Building real compilers 
– LINQ, DryadLINQ, and matrix computations 
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Distributed Collections 
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Distributed Collections 

11 

Partition 

Distributed Collection 
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GroupBy 
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GroupBy 
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Equal under 
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–Declarative parallel programming with 
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–Compilers and Partial Compilers 
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Compiler Composition 
target source 
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Composition Laws 
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Composition Laws 

Id 
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Compilers as First-Class Objects 

PC PC’ ⊗ 

Tensor: 𝑃𝐶 ⊗ 𝑃𝐶′  
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Multiple Children 

SEQ 

C1 C2 

S T 

36 



Multiple Children 

SEQ 

C1 C2 

Example: 
 
𝑆 = 𝑓 ∘ 𝑔 
𝑇 = 𝐶1 𝑓  ∘ 𝐶2(𝑔) 

S T 
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Conditional 

if gpu 

GPU CPU 

gpu : source -> bool 
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Partial Compiler Correctness 
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Partial Compiler Correctness 
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Totally correct compiler from  
partially correct parts! 

if gpu 

GPU CPU 



Related Work 

• Dialectica category 

– Inspired partial compilers and their operators. 

• Milner’s tactics 

– Partial compilers are a typed form of tactics. 

• Multistage compilers 

– Fit as a composition of unary partial compilers. 

• Federated databases, cooperating analyses 

– Interesting applications. 
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Backup slides 
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Homomorphisms 

70 

ℎ ∶ 𝐴 → 𝐵 
ℎ 𝑎1 +𝐴 𝑎2 = ℎ 𝑎1 +𝐵 ℎ(𝑎2) 

collections 

concatenation 

concatenation 



Nested Parallelism 
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Correctness Definition 
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⊨ ⊆ 𝑡𝑎𝑟𝑔𝑒𝑡 × 𝑠𝑜𝑢𝑟𝑐𝑒 
𝑇 ⊨ 𝑆 

T implements the meaning of S 

𝐶 ∶ 𝑠𝑜𝑢𝑟𝑐𝑒 → 𝑡𝑎𝑟𝑔𝑒𝑡 
𝐶 𝑖𝑠 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑤. 𝑟𝑒𝑠𝑝. 𝑡𝑜 ⊨ iff 

∀𝑆 ∈ 𝑠𝑜𝑢𝑟𝑐𝑒. 𝐶 𝑆 ⊨ 𝑆 

 
C 

T S 



Partial Compiler Correctness 
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⊨ ⊆ 𝑠𝑜𝑢𝑟𝑐𝑒 × 𝑡𝑎𝑟𝑔𝑒𝑡 
⊨′ ⊆ 𝑠𝑜𝑢𝑟𝑐𝑒′ × 𝑡𝑎𝑟𝑔𝑒𝑡′ 

PC is correct iff 
∀𝑆, 𝑇′. 𝑇′ ⊨′ 𝑆′ ⇒ 𝑇 ⊨ 𝑆 

T S 

T’ S’ 



Correctness Theorems 
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PC, C correct ⇒  correct 

𝑃𝐶 ⊗ 𝑃𝐶′ correct 

𝐶
∗ correct 

etc. 



Partial Correctness 
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Correct only for 
some programs 

Correct only for 
some programs 

Generated sub-programs 
satisfy this predicate 



Partial Correctness 
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Correct only for 
some programs 

Correct only for 
some programs 

Generated sub-programs 
satisfy this predicate 

{Precondition} {Postcondition} 



Functor 
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functor 

CPU 

Trans Id 

Id : target -> target’ Trans : source -> source’ 



Iteration 

79 

iteration 

Opt 



A Distributed Matrix Compiler 
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Matrix -> sets of tiles 

Matrix operations 
Distributed LINQ 

Tile operations 
LINQ 



Staged Compilers 
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