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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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Outline

* Divide-and-conquer compilation
— Compilers and Partial Compilers
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Compilers
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Compiler Composition

source - {target

_______________
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AS : source. let (S, G) be PC(S)in G(C(S"))
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Composition Laws

PC(PC (PC")) = PC{PC )(PC")
PC(PC ((C)) = PC{PC ) (C)
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Composition Laws

PC(PC (PC")) = PC{PC )(PC")

1 poqpc (oy) = Popcy(C)

[d(PC)) = PC = PC{Id)
[d(C) = C




Compilers as First-Class Objects
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Conditional

lT

ifgpu = 9pu: source -> bool
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GPU CPU



Case
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Outline

* Building real compilers
— LINQ, DryadLINQ, and matrix computations
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M1.Times(M2).Plus(M3)

m1t = M1.Tiles.HashPartition(t => t. X)
m2t = M2 Tiles.HashPartition(t => t Y) i :

mim2=mit, ApPNIM2L, ..o e
(ttl tt2) =>ttl.Join(tt2, t => t.X, t => t.Y, (t1, t2) => new Tile(it1 * t2:, t1.X, t2Y))
.GroupBy(t => t.Pos ) R |
L Select(g => g.Aggregate( (tL, t2) => new Tile(itl + 12}, tLPos))) . )
"iiiégﬁif"éi'r"&'|'f|5ﬁ'('f':§"t"'l5'6§')"'
...A.pp.!y[( . _

> . GroupBy(t =>t.Pos)

r5 =>s. GroupBy(t =>tPos)
| Select(g => g.Aggregate( (t1, t2) => new Tile(;1 t1 + t2. t.Pos) )) )

I
PCSEQ PCMatrix LCTlle : H CCLUSTER | CLINQJ
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Partial Compiler Correctness

{pred(S) =1 A p(5)}C1 {pred(S) =0 A p(S5)}C5

{p(S)}HF pred THEN C1 ELSE Co

lT

Lgpu(S)}Cepy {—gpu(S)}Cepy

if
11 gpu {T}IF gpu THEN CGPU elSe CCPU

\

Totally correct compiler from
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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

collections

h:A - B
h(a, +4 a;) = h(ay) +5 h(a;)

concatenation



Nested Parallelism
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Correctness Definition

= C target X source
TES

T implements the meaning of S

C : source — target
C is correct w.resp.to & iff
VS € source.C(S) E S




Partial Compiler Correctness

F & source X target
=’ C source’ X target’

—> 3

PC is correct iff
VS, T"T"E'"S'">T ES

A
—



Correctness Theorems

PC, C correct = PC'{(C') correct

RN P€ X PC’ correct

hY £ C correct

etc.
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Partial Correctness

{e(S) el

Correct only for
some programs

vS. p(S) = C(S)

{99(/5)}130{99’(5”)}

Correct only for
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— S

Generated sub-programs
satisfy this predicate



Partial Correctness

{99}5')}—0

Correct only for
some programs

vS. o(S) = C(S)

{Precondition} PC {Postcondition}

Correct only for
some programs

T~

— S

Generated sub-programs
satisfy this predicate



Trans : source -> source’

Functor

lT

functor

Trans

A

\ 4
CPU

Id

Id : target -> target’
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A Distributed Matrix Compiler

PCsgq (PCMatrix { CMatrix, CoLUSTER) ™ )

Matrix -> sets of tiles Distributed LINQ
Matrix operations
A

— _ ] _ * 1\
P(-*?SEQ {{P(-j}datrix << (TTlﬂE‘ ('?LIIH”{}}\ »

LINQ

Tile operations

80



PCStage

Staged Compilers

Trans; Trans, 1 C
source; —— ... > source, — target

=def PCpync(Transy, Id)((. .. {(PCpync(Trans,_1,1d)) ...)

PCStage <<O>>



