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What is Property Testing?

Property Testing is a relaxation of learning.
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What is Property Testing?

Property Testing is a relaxation of learning.
Let's see an example ...
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What is Property Testing?

Distance of functions

Definition

For functions f,g: A— B

dist(f, g) = 218 Zgl2)}

H#A

Definition

| \

For function f and a class C of functions

dist (f,C) := inf{dist(f, g) : g € C}.
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What is Property Testing?

Formal definition

Definition (Rubinfeld and Sudan’96)
A (property) tester for class C

@ randomized decision algorithm

@ is given ¢ >0

@ asks value of f on g points

o If f € C accepts with probability > 2/3

If dist(f,C) > € rejects with probability > 2/3.
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What is Property Testing?

Formal definition

Definition (Rubinfeld and Sudan'96)
A (property) tester for class C

@ randomized decision algorithm

@ is given ¢ >0

@ asks value of f on g points

o If f € C accepts with probability > 2/3

If dist(f,C) > € rejects with probability > 2/3.

Important parameter is g := query complexity.
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Property Testing of Linear Functions

Main result

Definition

Function f : Z5 — Zj is linear if

Vx,y €75 f(x)+ f(y) =f(x+y).
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Property Testing of Linear Functions

Main result

Definition
Function f : Z5 — Zj is linear if

Vx,y €75 f(x)+ f(y) =f(x+y).

Theorem (Blum, Luby, Rubinfeld'93)

Query complexity of testing linear functions is ©(1/¢€).
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Property Testing of Linear Functions

Blum et al.’s algorithm

: for i =0to 2/¢ do
Uniformly and independently select X, Y € Z3.
If F(X)+f(Y) #f(X+Y) then reject.

end for

: If no iteration caused rejection, then accept.

AR A
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Property Testing of Linear Functions

Blum et al.’s algorithm

1: for i=0to 2/¢ do

2:  Uniformly and independently select X, Y € Z3.
30 I F(X)+F(Y) #F(X+Y) then reject.

4. end for

5: If no iteration caused rejection, then accept.

Key equation: If £, is the class of linear functions,

Px.y [F(X)+ F(Y) # F(X + Y)] > dist(f, L,).
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What is Active Property Testing?

A Motivating Example

A patient is described as a vector of various features, e.g.:
(weight, age, blood pressure, blood sugar) € R*
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What is Active Property Testing?

A Motivating Example

A patient is described as a vector of various features, e.g.:
(weight, age, blood pressure, blood sugar) € R*
Want to learn a function diabetes : R* — {0, 1}.
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What is Active Property Testing?

Formal definition

Definition (Balcan, Blais, Blum, Yang'12)

An active (property) tester for class C

@ randomized decision algorithm

@ is given ¢ >0

@ is given a random sample

@ asks value of f on g sample points

@ If f € C accepts with probability > 2/3

o If dist(f,C) > ¢ rejects with probability > 2/3.
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What is Active Property Testing?

Formal definition

Definition (Balcan, Blais, Blum, Yang'12)

An active (property) tester for class C

randomized decision algorithm

is given € >0

is given a random sample

asks value of f on g sample points

If f € C accepts with probability > 2/3

If dist(f,C) > ¢ rejects with probability > 2/3.

Important parameter is g := query complexity.
Sample size << Domain size
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Active Property Testing of Linear Functions

Main result

Active property testing of linear functions Z5 — Z.

Theorem (M'12+)

n

&1
log n

< Query complexity for active property testing of linear functions

<o

elogn’
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Active Property Testing of Linear Functions

The algorithm

1: m« n/logn
2: for i=0to 16/¢ do
3:  Sample a set S of size n? from Z3
4:  choose a random m-tuple (X1, X2,...,Xm) € S™ with > 7, X; =0
5. choose a random (m — 1)-tuple (Y1, Y2,..., Ym_1) € S™1
with 3 71 Y, =0
6: if Y " f(X ;é 0 then reject.
7o if Yy L£(Y;) # 0 then reject.
8: end for
9: If no iteration caused rejection, then accept.
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Active Property Testing of Linear Functions

The algorithm

1: m« n/logn
2: for i=0to 16/¢ do
3:  Sample a set S of size n? from Z3
4:  choose a random m-tuple (X1, X2,...,Xm) € S™ with > 7, X; =0
5. choose a random (m — 1)-tuple (Y1, Y2,..., Ym_1) € S™1
with 3 71 Y, =0
6: if Y " f(X ;é 0 then reject.
7o if Yy L£(Y;) # 0 then reject.
8: end for
9: If no iteration caused rejection, then accept.

@ Existence of m = n/log n elements adding up to zero (tight!)

@ If function is far from linear, probability of failure is large
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Active Property Testing of Linear Functions

Conclusion

Active property testing of linear functions Z5 — Z.

Theorem (M'12+)

n .
< Query complexity < o
n

elogn’
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Active Property Testing of Linear Functions

Conclusion

Active property testing of linear functions Z5 — Z.

Theorem (M'12+)

n .
< Query complexity < o
n

elogn’

@ Close the gap
@ Generalize distribution

© Generalize domain and range
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Active Property Testing of Linear Functions

Conclusion

Active property testing of linear functions Z5 — Z.

Theorem (M'12+)

n .
< Query complexity < o
n

elogn’

@ Close the gap
@ Generalize distribution

© Generalize domain and range

Thanks for your attention :-)
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