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Analyze fast data streams
→ single pass
→ fixed order
→ small space

Aggregates over joins
→ Skew of a relation read from the disk
→ Correlation between flows passing through a high-speed router

SAMPLING

Stream F : a 1 1 2 3 1 3 , frequency vector f :
i 1 2 3

fi 3 1 2

Sample F ′: a 1 3 1 , sampled frequency vector f ′:
i 1 2 3

f ′
i 2 0 1

Stream G: a 3 1 3 1 1 , frequency vector g:
i 1 2 3

gi 3 0 2

Sample G′: a 3 1 , sampled frequency vector g′:
i 1 2 3

g′i 1 0 1

X = C · f ′ · g′T = C ·
[

2 0 1
]

·
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= C · 3 ≈ 13

Random sampled frequency vector (moment generating function)

E [X ] = C
∑

i∈I

E [f ′
i ] E [g′i]

Var [X ] = C2
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SKETCHES

ξ =
[

ξ1 ξ2 ξ3

]

=
[

−1 +1 −1
]

XF = fξT =
[

3 1 2
]
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= −4, XG = gξT =
[

3 0 2
]
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= −5

X = XFXG = (−4)(−5) = 20 ≈ 13

ξ is a family of 4-wise independent random variables

E[X ] = E[fξTξgT ] = fE[ξTξ]gT = fIgT = fgT , Var [X ] =
∑

i∈I

f 2
i

∑

j∈I

g2
j +
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SKETCHES OVER SAMPLES

X ′
F = f ′ξT =

[

2 0 1
]
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= −3, X ′
G = g′ξT =

[

1 0 1
]
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= −2

X = C · X ′
FX ′

G = C · (−3)(−2) = C · 6 ≈ 13

Build the sketch over non-materialized samples

X = C ·
∑

i∈I

f ′
iξi ·

∑

j∈I

g′jξj

E [X ] = C ·
∑

i∈I

E [f ′
i ] E [g′i]

Var [X ] = C2 ·
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Var





1

n
·

n
∑

k=1

Xk



 =
1

n
[Var [Xk] + (n − 1) · Covk 6=l [Xk, Xl]]

Varsketch over samples = Varsketch + Varsampling + Varinteraction

Interaction

Sampling

Sketch
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