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Algorithm 1
0. Initialize K consisting of 2° pairs of an item, and a
number (s, K[s}),
where s uses o bits, and K{[s] uses b bits.
Set: “exponent” h = 0.
1. Read z;. Suppose z; = s* for convenience.
If no more input, then goto 5.
2. With probability 27*, “record” s* in K:
add s* in K unless s* in K, and K[s*] + +.
If Y cx Klsl = 2°, then “flush”:
3-(i) Set h + +.
3-(ii) For each s € K,
Choose k with probability (*[*!)/2X¢l, and

Set K{s]:=k.
3-(iii) Delete symbol s € K if K[s] =0
4. Goto 1

5. Output every s satisfying that K(s) > (1 -
/28 L yex Kls'):

H7 A 7 LEHOREIC b+ 0)2° + [lgh] Ev b, ZOHOD
VE5EEIC O(lgh) € v F2FV3, Step 2 TAWOhZHER
2-h i3, STEH TR 1/20NVI—RITE RERDET
TEI&D O(lgh) BETRIRTES. DELEELETAT
Iz W h BT T a4 Y RTRTRIE S B BICERENS.
73 X LD Step3-(ii) D" fAush”iICDNT HERDT A
FPREVTVE. ThEDOBTRTNTEET A7 LBEE
BILT= Nogh] D B> TEITENS. TTTh+bIEAH
Y—LEN > 2 D:EUTHBDT, 2"K[s] &7 47 LADH
B f(s) BALLTWA. 7HVIYXLBHENTETAT A
EBRAT 1/(6(1 —v/2) BTHS.

TE 4.1, FEROEH O € (0,1), v€(0,1), € (0,1) BEX
%. 135 A—2b% b > [lg((67/2)"2 In(3((1—7/2)86)~1))1+3
LUTE, BEOARY—LCHUTRRT NV IY XLATN
TOHEWHT A FLZHAL, D, f(s) < (1 —17) 0N Z#ic
THEHTHEWT AT Lsec SRHALEVERIZ1-0 TH 5.

EHE41 &7V TY X LU TORRFERELELTHT L
ZRLTV3.



2b(b + o) +IglgN
320 (=) | (2 (c=7am) Wl
(0 ey ) Higel
log?(8~1)

= O(T + loglogN) €' .
AERAOBES DT b EBBLINTVENT & 2 B> THL.

ER 41 RAMU—Lbz=(z1,...28) EBREE THRIAALR
B, ThThDT7 A7 Lz B7 VIV ZLCEREN TV S
BREELL 27" HB. <CT, hEAFNVIYZXL 1 DET
BFICBT B exponent TH 3.

EERR. % T AT I z; BB L72BED exponent DIER b’ &
T3, TORFz iE 27 OBERT K IKREENS. £T7
Y XL Step3-(ii) T ' HEF N8, TE LI 1; 25
R12TKHICERL, 12 0BETHETS. T23L710
FUXLETEDEEDT 471 s € T QOHEBIISEST
(N 2KENGES . o THEDT AT L 2, AT TY XL
DERBETKILER TN TV BRERIL 2 TH 5. m|

WE 41 SSX—ZbEb > [lg((6v/2)"2I(B3(Q -

Y/2)06)" N +3 & T B. b > 1RO, 7idUX
L TIEDWTH TOERARK Y IID.

! b—-2
Pr[z K[s'1<2 } 21—
s'e€K
SEH. Y,cx Ks'] & Step3-(ii) DAIERG = M TH 5.
HoT T,en KIs'| A k Lin B HERE = EA T (2) /22" 10fit
5. HoTUTORESS.

g ()

s'€K =0

(=21

CCT, ZHEARCHT BROFEXNEEATS.

(p-t)n 2\ ) .
S (H)pa-pr sen 1)
Jj=0

WNIA-RZEINENLE (0,p). n=2°, p=1/2, t=1/4
ETNERDTEKX21ES.

2[7—2

) (”) o5 < e 2 -lners _ 8
3=0 J 2 3

a

EB 42 n=), , K[s| LUK, KiCRENTVREE

DT AF L s € T DHFBREROEHAHEICIES .
) - )

()

Pr{K[s] = j]

161

FDEBL2FAVBZCLICE > TROFEEZEL.

B 42. N5 A—FbE Db > [lg(8v/2)"2In(3((1 -
7/2)08)" N +3 £TB. Y,cx Kls'] > 2072 AR D ST DB,
ThI) XL TRTOERT AT L {s€ | f(s) > NO} &
RETHHEEE1-6/3ULTHB.

HEFR. se T % f(s) > ON B THRET AT LT 5. B
{I275ICBE 9 % Chvatal{ll] KX BT OREX AL 3.
k). N_M k_My2
Z gi_)_(TE,J_‘:_L_)_ < e An-F)n (2)
j=0 n
LDOFRERDNNT A—2EZNTEN, N = |z|, M = f(s),
n=Y kK[ >2"2% k=(1-v/2n LT 5. T
kfn<(1-+/2)0, M/N > BRDIDTELEXY, ROFE
REX3B.

Pr [K[s] <(1-v/26 3 K [s’]]

8'€K
—v/2)9n N-M
@y (M- (1)
= (&)
< e—20-(—v/200%22  —200v/ny?2-2 o (1= 7/2)85
- - - 3
BHETATLEELBLIZVDT, BEEDORER
11/8)(1— ~/2)66/3 < 6/3 LT T5 5. o

HWE 43. NFA—F b Db > [lg(97/2)2In(3((1 -
v/2)86)" ) +3 £TB. Tk Kls] > 222 BA7ILTU X
LETETRILL TV, 7VTY XLSEEDHEH TR
TAThAs| f(s) < (1 —7)0N} ZHIT BHEREF §/3 LT T
5%5.

HERR. sBARERX f(s) < (1—-7)0N 273, EEDOHEE Tz
TATLETS. TTTROFERELS—ERAVS. N =z,
M=N-f(s) n=Y,xK[s)>2"2 k=(1-01-
v/2)0)n & THUL, k/n<1-(1-%), M/N >1-(1-+/2)8
BEDID. T3 LROFERERS

Pr [Kls] > (1~ 7/2)n]

= Prin—K[s] < (1-(1~-7/2)f)n]
(=G0 (M) (v-0)

i=0 )

< e~ 2((1-(1-7)6)-(1-(1-7/2)6))?2°~ 2

eaoaias o (1= ;/2)95

IN

<

THTY ZREBKAT 1/(0(1 - 1/2)) BOERSHATS. L
IeRoT, BRptOERX
1 -2 _s
(1 —~/2) 3 -3




162

TNEDOHE41,4.2,43 KD THA1 %185, BKIC (h+b) ERESTHAEL, XEVOA—/—T70—HLTAIZL
&% IgN DARDMIEZTRT. Ths. SHIHEREBRETV, £E7F—F2RAVIMOT IV
85 A— 75.
A 44 RSA—RbED > g0/l ~ Y XLk OUELR, B35 A-2ORE(LEITS

1/2)88)" ] +3 £ 3. FATYXLIET AT b o A

NENIBE, ROTEXMLD L. SE

[1] R.S. Boyer and J.S. Moore, A fast majority vote algo-
rithm, Technical Report ICSCA-CMP-32, Institute for
Computer Science, University of Texas, 1981.

Pr[llgn] —1<h+b<flgn] +1]<1~4
SEHE. FORERELTEREL TWB I LICREET 3.

Pr [llgn] ~1<h+b< [lgn] +1]
= 1-(Prflh+b<lgn—1]+Prfa+b>lgn+1))

[2] M. Fischer, and S. Salzburg, Finding a majority among n
votes: solution to problem 81-5, J. Algorithms, 3 (1982),

X(n;a) % 1/2° OERTENIMZ 34V EAVWZ n BOR 376-379.

WX —ARITIC L ZRADRICHE S ERERL T5. FiF42
D, X(n;|lgn)] - b— 1) < 2 OB, EEORCED
h+b<|lg(n)] —1TdH3. TIT Chernoff ERZANZE

E.D. Demaine, A. Lépez-Ortiz, and J.I. Munro, Fre-
quency estimation of internet packet streams with lim-
ited space, In Proc. of 10th Annual European Sympo-

(3]

ROFERXZES. sium on Algorithms (2002), 348-360.

R.M. Karp, S. Shenker, and C. Papadimitriou, A sim-
ple algorithm for finding frequent elements in streams
and bags, ACM Transactions on Database Systems, 28
(2003), 51-55.

Pr [h+b < [lg(n)] - 1] < Pr[X(n;1g(n) —b—1) < 2%
2. E[X(n;lg(n) - b—- 1)]]
E[X(n;1g(n) — b—1)]
2. B[X(n;lg(n) - b~ 1)]]
n2-18n)+b+1

= Pe[X(slg(n) - b 1) < ooy EX(rslg(n) ~ b~ 1]

[4

= Pr[X(n;lg(n)-b-1)<

= Pr[X(n;lg(n)-b-1)<

G.S. Manku, and R. Motwani, Approximate frequency
counts over data streams, In Proc. of 28th Intl. Conf. on
Very Large Data Bases (2002), 346-357.

[5

= Pr[X(n;lg(n)-b-1) < (1- %)E[X(n; lg(n) — b~ 1)]

[6] H. Toivonen, Sampling large database for association
rules, In Proc. of 22nd Intl. Conf. on Very Data Bases
(1966), 134-145.

e~ dFEX(nilgn)-b-1)] < e--,&nz-lg(w-b-l <27

<¢
-2

IN

X(n; |lg(n)] —b+1) > 2> DB, F/zFDOBHIED h+b>
Ng(n)] + 1 BEDILDT & & EARIC L TR AETH 5.

[7] G.Cormode, and M. Hadjieleftheriou, Methods for nding
Chernoff ERZAVNIRDAER2BONS.

frequent items in datastreams, The VLDB Journal, 19

Pr (2010), 3-20.

[h+b2 [lg(n)] +1] < Pr{X(n;1g(n) - b+1) > 2°]
2°. E[X(n;lg(n) - b+ 1)]]
E[X(n;lg(n) — b+1)]
2. E[X (n;1g(n) — b+ 1)]]
n2-1gn)+b-1

2b

= Pr[X(n;lg(n) ~ b+1) 2 ooy E{X(n;lg(n) ~ b+ 1]
= Pr[X(n;lg(n) — b+ 1) > 2E[X(n;lg(n) — b+1)]

< e JE(X (n:lg(n)-b+1)) < e—gnz-lgmﬂ-; < 2 <

[8] H. Liu, Y. Yuan, and J. Han, Methods for mining fre-
quent items in data streams, Knowl. and Inf. Syst, 26
(2011), 1-30.

= Pr[X(n;lg(n)—b+1) >

= Pr[X(n;lg(n) -b+1) >

[9] R. Morris, Counting large numbers of events in small
registers, Communications of the ACM, 21 (1978), 840-
842.

Nt O

[10} P. Flajolet, Approximate counting: a detailed analysis,
BIT, 25 (1985), 113-134.

[11] V. Chvatal, The tail of the hypergeometric distribution,
A Discrete Mathematics, 25 (1979), 285-287.
5 &
FRAETIRY Y INVIRBHT 47 LRRIARTNVIY X L%
BRLE. 7HVTY XL 00 2og(67t) + 1glgN) Ev D



