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Self-Adjusting Computation

Self-Adjusting Computation (SAC)
= Recompute affected outputs + Reuse unaffected outputs
» Modes of execution

» From scratch
» Update: reuse work from previous runs

» Track computation that depends on input changes
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Example: Sum of Squares

from scratch run:  sumOfSquares(3,2)
update run:  sumOfSquares(3,—2)

same 3 —2 change
reuse Dz »[]) recompute
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Applications

» Algorithms (computational geometry, dynamic algorithms)
» Machine learning (Bayesian inference)

» Robotics

» Software verification (dynamic invariant checking)

» Hardware design (reconfigurable hardware)



Tracking Dependencies

Previous approach: Manually track dependencies
» monadic destination-passing primitives
» manual hashing, equality, memoization

fun sum0fSquares (x, y) =
let x2 = read(x, fn m => write(m * m))
y2 = read(y, fn n => write(n * n))
in memo (x2,y2) (fn (x2,y2) => read(x2, fn n2 =>
read(y2, fn m2 => write(n2 + m2)))) end



Tracking Dependencies

Previous approach: Manually track dependencies
» monadic destination-passing primitives
» manual hashing, equality, memoization

fun sum0fSquares (x, y) =
let x2 = read(x, fn m => write(m * m))
y2 = read(y, fn n => write(n * n))
in memo (x2,y2) (fn (x2,y2) => read(x2, fn n2 =>
read(y2, fn m2 => write(n2 + m2)))) end

New approach: Automatically infer dependencies
» Language support: direct-style annotations
» Compiler support: infer dependencies from annotations

fun sumOfSquares (box m, box n) =
box (unbox (box(m * m)) + unbox(box (n * n)))



Compilation Outline

source
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target

A-calculus + SAC annotations
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Challenges of Compilation

@—)D How to identify control dependencies?

@ 4 I Use the continuation!
S = the rest of the computation
+
. memo But continuation is an overapproximation
1¢3 Use memoization

How to combine memoization and continuations?



Target Language

» Pure CPS A-calculus with SAC primitives

e =funf.x.k.e explicit continuation
| Ve v vk
| boxk v vy
| unboxk v v,
| memo e attempt reuse

» Intrinsic support for self-adjusting computation
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Dynamic Semantics for Evaluation and Replay

expression

N
evaluation oe | oV 7;

state value trace

N

replay o; Z: ~ oV, T
trace
Correctness:
from scratch update

replay when possible

evaluate when necessary

evaluation-only interleaving
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Alternating between Evaluation and Replay

v a memo can adapt a similar execution

previous run

o\
. . LT . 1o T
ooe 4 55T, o, Te ~ o v, T

oomemoe || o;Vv; T

v an invalid unboxk must be reevaluated

oll) =v # v, ovev 4 oV T

o;unboxk ¢ vo v - T ~ o';v;unboxk ¢ v vy -

-~

record result
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Adaptive CPS Translation

tgt - . . .
[e<] v,®" = e'®" compile term e with continuation vy

» box translation: straightforward

[box e] vk = [e] (Ay.boxk y vi)
[unbox e] vx = [e] (Ay.unboxk y vj)

» fun translation: subtle

[funf.x.e] vy =777

[er €] vie = [ex] (Ayr- [ea]l (Aya-yr v Vi)

13



Function Compilation: standard translation

[fun f.x.e] vk
= v, (fun f.x.k.

([el %))

14



Function Compilation: standard translation
?

N

18

—

ol

[fun f.x.e] vk
= v, (fun f.x.k.

([el %))

14



Function Compilation: standard translation

. + redo How to reuse work?

—»m]_ /,kl'**a
l -1 |

4 --mg ke -od

l -1 |
7»m3‘ k3'**C

2 1+ 1

[fun f.x.e] vk
= v, (fun f.x.k.

(lel %))

14



Function Compilation: memo'd call

memo fn How to reuse work?

! L Memo the function call
¢ 44
1+

[fun f.x.e] vk
= v, (fun f.x.k.

memo ([e] k))

14

memo body



Function Compilation: memo'd call

How to reuse work?
Memo the function call

| reuse 4
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Function Compilation: memo'd call + boxed cont
box cont How to reuse work?
L Memo the function call

IT_QJ How to memo despite continuation?

4 |- —f @ *ﬁ Box the continuation
-84

[fun f.x.e] vk

= v, (fun f.x.k.
let yi = boxk k in box cont
let K = Ay,.unboxk y, (Ak.k y,) in unbox cont
memo body

memo ([e] k'))
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How to reuse work?

! 3 reuse 4 I i
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memo cont How to reuse work?

Memo the function call
1] -m) -k} ) 2]

How to memo despite continuation?

4- @ - - @ -3 b Box the continuation
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Function Compilation: memo’d call/cont + boxed cont

How to reuse work?

J memo 4 reuse .
() - e} - (&) - T3 Memo the function call

J redo T redq How to memo despite continuation?
4 -AMa) - kg -+Aky) - d Box the continuation

-sMs3 **k3'*9k3'** C

reuse . . . :
1 T J How to avoid reexecuting continuation?
3 1 I Memoizing continuations

Uses existing primitives!

[fun f.x.e] vk

= v, (fun f.x.k.
let kK, = Ay,.memo (k y,) in memo cont
let y, = boxk k,, in box cont

let ¥ = MAy,.unboxk y, (Ak.k y,) in unbox cont
memo ([e] k')) memo body
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Summary

» Adaptive CPS for compiling self-adjusting programs
» Boxes = track dependencies + isolate continuations
» Memoization = identify reuse + optimize continuations
» More natural programming style
» SML implementation in MLton
» Selective CPS
» Reconcile memoization with allocation
» Interacting with self-adjusting subprograms
» Experimental evaluation
» Efficient update
» Competitive against manual approach

See paper!
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Thanks!

http://ttic.uchicago.edu/~pl/sa-sml


http://ttic.uchicago.edu/~pl/sa-sml

Future Work

» Reasoning principles for asymptotic performance
» Automate annotations

» Combine with effects (imperative references, 1/0, ...

» Larger applications
Self-adjusting latex?
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