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Internet Of Things

Who do you blame when an
algorithm gets you fired?
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Artificial Intelligence’s White Guy Problem
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Example Fairness Condition
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\_ decision-
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Example Fairness Condition
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FairSquare [OOPSLA 17]
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Probabllistic program repair: definition
~ Ilnput
{v ~Mj
h < D(v)
{post }

The postcondition
does not hold



Probabllistic program repair: definition

Program D’ in repair
w~ Mj model RM (D)
h <+ D(U) {fU ~ _/\/l}
{post} h < D'(v)
The postcondition {post}

does not hold The postcondition holds,

Difference between D
and D’ is minimal



diff(D, D) = Pr[D(v) # D'(v) | v ~ M]



RM (D)
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Challenge:
What should the output of D’
be on each input?




fun hire(min,urank)
dec = 1 <= urank <= 10
return dec



fun hire(min,urank)
D dec = 1 <= urank <= 10
return dec

fun hireRep(min,urank)
RM(D) dec = @1 <= urank <= @2
return dec



DIGITS:
Distribution-Guided InducTive Synthesis

fv~ M}
h <+ D(v) —{ ﬁ‘gmpmg } Samples»[ Synthesizer ]
{post} )
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DIGITS:
Distribution-Guided InducTive Synthesis

Sample n inputs
from precondition M

i, i, inp.
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DIGITS:
Distribution-Guided InducTive Synthesis

Sample n inputs For each labeling, synthesize one
from precondition M program consistent with it and

-_ check postcondition ' =
{v ~ M} Dy {post}
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DIGITS:
Distribution-Guided InducTive Synthesis

Sample n inputs For each labeling, synthesize one
from precondition M program consistent with it and

-_ check postcondition ' =
{v ~ M} Dy {post}
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DIGITS:
Distribution-Guided InducTive Synthesis

Sample n inputs For each labeling, synthesize one
from precondition M program consistent with it and

-_ check postcondition ' =
{v ~ M} Dy {post}
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DIGITS:

Distribution-Guided InducTive Synthesis

Sample n inputs

from precondition M
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For each labeling, synthesize one
program consistent with it and

-_ check postcondition | =

{v ~ M} Dy {post}
{-@—vaﬂ—Pz—{-pe&t%\ Output D; that
{”U ™~ M} DS {p()st} si has minimal
{v ~ M} Dy {post} ~ diff(D, D;)
teAG-Drtposty



fun hireRep(min,urank)
dec = @1 <= urank <= @9
return dec

p = ((Hy < urank < Hy) == dec)






Hy =10, Hy = 15

fun hireRepl(min,urank)
dec = 10 <= urank <= 15
return dec



Does DIGITS work?

18 repair problems:
decision trees, support vector machines

10 minute best-effort period

All repaired!



Does DIGITS work?

Semantic Difference
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Does DIGITS converge?

Yes

“terms and conditions apply:

repair model RM (D) has finite VC-dimension d
postcondition has some extra continuity property (see paper)



VC dimension of a set of programs

Image: V. Kecman, 2001



VC dimension of a set of programs
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Does DIGITS work?

Assume:
* there exists an optimal solution D~
*repair model RM (D) has finite VC-dimension d



Does DIGITS work?

Assume:
* there exists an optimal solution D~
*repair model RM (D) has finite VC-dimension d

Foreverye > 0,0 > 0,
if we run DIGITS on 1 = poly(d,e,d) samples,
then with probability > 1 — § we find a solution D’

with dif(D*,D’) < ¢ .


















Trie Structure

Sample one point at a time

al
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Trie Structure

Sample one point at a time
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Trie Structure

Sample one point at a time

D

Sl 0 1

52

Prune the trie
and generalize




Trie Savings

- | _DT44

40 4{ —— without solution propagation
—~ 35 1 —— with solution propagation
[72)
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