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Problem |: median
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Problem |: median

Computing average is simple on an aggregation

res.

- Each node x siores tha avaraga alx) and tha numbar of
nodes in s subiroe nix).

-  Tha average of a node ¥ can ba computad from its
childran u, v. m{xl=nfuleniv). alxi={aiulniul-afniviinix).

Computing the median with a fixed amount of

message is hard.
- Wado not know tha mank of u's madian in v's datasot.
- Wa rasor o approximations.
x
u W
17D o G, 5 250 bale 4

Median and random sampling

»  Problem: comgpuie the median a of n unsoried
elaments |a].

= Take a random sample of k elements. Compute the
miedian ¥

- Elﬁm:xﬁlﬁ;ﬁslmﬂmtham{wmim
mhe!:i“? xpd 2k}, (Proof left as an

=  Choose k=In{2/8}/{2¢7), then x is an approxmate
median with probability 1-5.

= A determinisic algarithm?

=  How about approximate histogram'?

= What ¥ a sensor generates a kst of values?
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Quantile digest (q-digest)

A data structure that answers

- Approximale guantile quary: madian, tha ki kngerst
raading.

- FRanga quaries: tha kih o ith lages! readings.

- Maost requent items.

-  Hisiograms.

Properties:

D i tic bt

- Emor-mamory trada-off.

- Confidence facior.

- Support mubiple quorncs.
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Q-digest

Exact data: frequency of data value {f,, {,..._.f_).
= Compress the data:

- :ndlhrmmﬁ'qimt:hnm

- Mﬂﬂmmmmmw

Buckets: the nodes in a binary partition of the range
[1, o] Each bucket v has range [v.min, v.max].
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Input data bucketad Odigest
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Construct a g-digest

Each sensor - 1" Zamka -
constructs a q-

digest based rz:ﬁ

on its value. —--;----

Check the f‘. 4450 5(
digest property 0 L

botiom up: two

'EI'I'I-E.-_| . g
children’s i : VWi
count are \ f’ﬁ"‘
added up and = >
moved 1o the ‘\i 3
parent. ,if - -
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Merging two g-digests
from two childran
A up tha f/

waluas in buchats

Space complexity and error bound

1. A ast with compression parameter k has at
buckets.

= By property 2, for buckets O,
~ E, o [Countiv) + Countip) + Countis]] = |0] nf
_ hwp*w+m¢nsz,m

Any value that should be counted in v can be
prasent in one of the ancestors.
1. Countlv) has max emor logo-nk.

—  Emoniv) s E oy, Countip) s £, ik s loge nik,
2. MERGE maintains thie same relative emmor.
—  Enorly) s 3, Emorfi) 5 5, lags nfk s logsnf
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Median and quantile query

Givan ge{0, 1), find the valua
whosa rank i gn. 'R
Falativa ammor c=|r-gnlin, whore r is v
e U N

Post-ordar trrvar=al on O, swm tha ﬂ _,I:'
counts ol all nodes visiked balore 3 A ; ‘*_
roada v, wihich iis the: lower bound Pt fﬂ

on tha # of values kssthan vman. ' —|':—" -—"
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Other queries

Imversa quantile: given a value, determine its rani.
- Traverss the rea in 3 tha sumi of counts
fior which x»v.max, which i within [rankix), ankix)+cn]

Range guery: find # walues in range [Lh]-
- Perlomm two inversa quarnias and take the
difference. Error bound is 2vn

Frequent items: given s« (0, 1}, find all values
reported by more than sn sensors.
- Count the kaal buckotz whosa counts ara more than =n.
- ‘5mall {ake posiva: values with count botwoen (5-cin and
=n may also be raported as freguant.
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Simulation setup

A typical aggregation tree (BFS rea) on 40 nodes
in a 200 by 200 area. In the simulafion they use
4000--8000 nodes.
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Simulation setup
Random data;
Comelated data: 30 elewation value from Death

Pl

Histogram v.s. g-digest
Companson of histogram and g-digest.
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Tradeoff between error and msg
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Saving on message size
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