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Hashing&F;%: Count Sketch, Count-Min

Sampling: Sticky Sampling, Pobablistic — Inplace
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{5 [Cormode et al. 2010]

S"‘Q.......’
oo | [0dee] bod |oo o

BREZ20%&ET BE, #5H197 AT LD T, SHEISLULEDIFZKEFD
TATLOEHEGS,

L
LL

LERDOREEERICECT LTI LDOZERFAEED FRIZQ(N) ((EL, NIZ7

AT LFBSEH) £155 ( CHIZES DAV Ny THEMEN LEEARE TS
BOENSHEITETS), £oT, E@THOTATLIZHLT(EERMIZHIRB DR
ENDRELLTE) HIRBERA NI LERETIRENELD,

EAZMEFEEZON) LY TITFRICE, WVVMREGEZHETOILELNH D,
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Counting;ZZ M1 :

2013/07/25 dt X

Frequent [Demaine et al. 2002, Karp et al.2003]

AOFEH: T
@
6

QO

© 1|0

.—”______.-—-

HEHE(Stop-k 74T L (BEE n/(k+1) KL
EDT7ATL)EHMETEHED

MR EFRIREZeLETHEE, k=1/eLTh
(X, SEH 7 AT LA ATRE,
TICZEENELG =5, THDADIVAE
ThDIEE -1 T5DT, SFHRENKEL
HHIEM A EH S (in EERHIET
WHT7AT LI EDERDIREFHIAIT
AR

Algorithm 1: FREQUENT(L)

1 n+— 0

2 T — 0

3 foreach i do

4 n+—mn-+1;

5 if i € T then

6 c; — ¢; + 1:

7 else if |'I'| < k£ — 1 then
8 Tf—TU{i};

9 ci — 1;

10 else forall j €T do
11 Cj < Cj — 1;

12 ifc; =0thenT «— T'\{j}:

Xt & [Cormode et al. 2010]
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Lossy Counting [Manku et al. 2002]

Algorithm 2: LOSSYCOUNTING(k)

—

n—0;A—0;T «
foreach i do

n+—mn-+1;

ifi € T then c¢; — ¢; + 1;
else

T — TU{%'};

Cj 1+ A:;

if [n/k| # A then

A — |[n/k]:

forall j € T'do

_— D S R =1 o tn & e b e

| ife; < Athen T — T\ {j}:

XD H B [Cormode et al. 2010]

AlsEtgas

Nk BO7ATLEZTEAZ
LIz, BIBMICTOEREZTI.
NIXBEAIRRHI=YDNIE
2 (=RJIL—TYL) DIET#IE
=L THS.

X RREZTeLT HET,
k=1/¢

ZERIFTE =L O( (1/¢)-log n)
THY, n DERFNZE-TLD
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STHERE DRI DLHEA [Han et al. 2006]

Bucket 1 Bucket 2 Bucket 3

N B
ul | O N =
puumEEm DEOE e Ng|mg

AR1)—L% Buckets ~HE|
(bucket H A XILEFFREDH L 1/ € = 1000)
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ETEGREDRIED LA [Han et al. 2006]
— Lossy Counting & Frequent M;E&H&HIEL T —

Empty OEONg N
(summary) + . " Ogm L

INTIRDTRET, ECTATLDEEAD A% -1 5 5.
HOAMOIZHE =T AT LldsummarymMSHEIBRT 5.
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2013/07/25 dt. K

ETEGRE DREEDL#HA [Han et al. 2006]
— Lossy Counting & Frequent M;E&HEHIELT —

[

INTIRDERET, ETCTATLDEEND 3% -1 T 5.
A ZM0IZE =T AT Lldsummaryh SHEIBRT 5.
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2013/07/25 dt X

ATEGRE DRI DL #HA [Han et al. 2006]
— Lossy Counting & Frequent M;E&H2&HELT —

- A7 (1) RPHERYER—F: o, (2) HFEREREE: €, 3) T—H
AM)—LE N

A EHHIEEMNo- ) NFBABTATLET

c CHDEEDIIHBREDREFELY?
Buckett 4 XM 1/eT, T—R2AMN)—LERKIDANLZD T, /Ny M
eN ULHAEW, TR T7ATLODAHREDEKIEIL eN

- SRR DR EREL
- false negative H7 A T LIXE LY (=EHETATLIEETHEN)
- false positive G7 A T LIEHYEDH, TOEDHEEIL (0—€)N LLE
s BT ATLOFHEEDREITIHRKT eN
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Counting ;EZZ MD3:
Space Saving [Metwally et al. 2005]

Algorithm 3: SPACESAVING(k)

o NOUAEIITICEENELLGS

Ty F-b, BEBDDTATLEAN

3 foreach i do BAb. AL—TvybELlTon \

4 noe—mn 41 DERBFZ, BEI DT AT LA
o \ /INREIZZSDT, sT8GRE

5 if i € T'then ¢; — ¢; + 1; Wi T

6 else if |7"| < k then

. oot . BIRESNI7 AT LIOSEREC A

o HEEREITLD

9 else

10 J = argmin;c7 ¢;: S

1 ci — c; + 1;‘" J RIS EEEL O(1/¢)

12 T'—=TU{ip\{7}:

R [Cormode et al. 2010]
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Counting ;ZDEERHIETM DI [Cormode et al. 2010]

— RIL—TYREAEY{H)
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F—+—LCD —3— SSH —%—
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(a) Zipf: Speed vs. Skew.
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Counting ;&N EERRIETM D5 [Cormode et al. 2010]
— ERELTLY

Pradsion (%)

=0 2
ﬁlz:'s'7_'|:

LC —=— LCD —8— 55L —&— 55H —— F —4— LC ——LCD —=— SSL —&— SSH —+—

ad Vv T A
S5H, S5L
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(f) Zipf: Precision vs. Skew.
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Counting FF;£Z®M4: FPDM-1  [Yu etal. 2004]
— TATLEIROMETHIHEILEDRE —

sup(X) (TATLXOBAEETOHEHR

7 AT LX H potentially infrequent Algorithm 1 FDPM-1(s, 9)
Elx 1: let ng be the required number of observations (Eq.
sup(X)/n < s — €, (3)):
- - - 2 n 0, P+
1EL/ 3: while a new transaction ¢ arrives do
4:  if { € P then
€1 — 251n(2/0) 5: increase t’s count by 1;
o 7 6: else
. 7 if |P| > ng then
31: €, & nAREFLZESHE 0 [TYER 8 calculate the running €, for the n observa-
tions;
s ) N o = L = 9: delete all entries in P that are potentially
e REMTZILINXLDWEZREBEREE infrequent:
o 454 :No false positive7)L31) X Ls 10: endif

° %&‘EF; en 0)7’{7__A€EE$ 1- oLl E 11: insert ¢ with an initial count 1 into P;

12: end if

};?:%??I_ﬁ 'j: 13: n+<n+1;
* Z[HlF = . output P on demand;
PRt 2 4 21n(2/0) 5 ond while

Eq.(3): ng =

S
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HashlZE DA KN)—LIA=25
SHRISERE DO RESR AT IS 2 (RET

Data stream

I < ETE [ R RS ][] -
hi(ay) |
b1 ﬂf RIHE: [Liu etal. 2011]
hz(a:f\l
D[2]
hd(a
o ERERBICIK FT7ATLD/N\Y
D[d] RDIE vy, vy, ... vy OHRBIEFT-
[FH/MEZERBEEESLL T, B
MNEDLOFHIERICHWNS.

o N\ aDHd (XEEHEICEE o FATLIZEDEMAEZDITTH,
L, &7\ aRDRESILRE SERE (B D B LH AV AT B
DEHHEREITHEERIFT.
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T ATLDAN)—LRA(=2T —&
[Liu etal. 2011]

Category Name Stream model Query Space bound Update time (per item) Guarantee
Sampling Concise Samples [33] Cash Register top-k No clear bound O(1) amortized (—. probabilistic)
Counting Samples [33] strict Turnstile top-k No clear bound O(1) amortized” (+, probabilistic)
Sticky Sampling [36] strict Turnstile iceberg 0 (g log (@—'5)) O(1) amortized (—en, 8)
Probabilistic- Inplace [25] Cash Register top-k Of(s)? o(1)° (—. probabilistic)
Counting Freguent [25] Cash Register top-k B (k) (1) (n/(k+1), 0
Lossy Counting [56] Cash Register iceberg 8} (% Iog(m)) O(log(en)) amortized® (+en., 0)
Space Saving [57] Cash Register iceberg (] (%) o) (+&n,0)
top-k O(E%) ol (+eFi, 0)
FPDM-1 [68] Cash Register iceberg 0 (22zem) O(1) amortized (+0,5)/
Hashing CountSketch [13] Cash Register top-k 0 (f—z log 2 + k)g O (log(%)) (+eF%, 0)
GroupTesting [18] strict Turnstile top-k Ok log (% ) -logm) O(log( % ) - logm) (£, §)"
Count-Min [19] Cash Register iceberg O (Llog(2)) O (log (%)) (+&,8)
strict Turnstile iceberg (@] (% logm - log (%ﬂ)) 0 (logm -log (%ﬁﬂ)) (+&,8)!
hCount [42)) strict Turnstile iceberg 0 (g log (%)) 0 (log (%)) (+&,8)
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