Big Data Management and Analytics
Assignment 7



Exponential Histograms

Purpose: solve the problem of counting number of x within a sliding
window of size N

Given:
Sequence S=(x, X, 0, X, 0, 0, X, X, X, X, 0, X, X, 0, X, X)

Window size N = 8
Error parameter e = 2



Sequence S=(x, X, 0, X, 0, 0, X, X, X, X, 0, X, X, 0, X, X)
Window size N = 8
Error parameter €

1
2

1
Max. # of buckets of same size T = U =

Timest. t; Buckets b EIement TOTAL | LAST # buckets
of same size = t?

1 X 1

2 11, 1, X 2 0 no
3 1, 1, 0 2 0 no
4 1,,1,, 1, X 3 2 yes

225,14 \

Merge two oldest buckets of same size with
the largest timestamp of both buckets!
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Timest. ¢; Buckets b; Element x; | TOTAL | LAST # buckets
of same size = t?
14 0 no

1 X 1

2 14, 1, X 2 0 no
3 14, 1, 0 2 0 no
4 25,1, X 3 2 yes
5 25,14 0 3 2 no
6 25,1, 0 3 2 no
7/ 25,14, 15 X 4 2 no
3 25,14, 15, 1g X 5 2 Yes

2 25,27, 1g
9 25,27, 1g, 1g X 6 2 no

Merge two oldest buckets of same size with
the largest timestamp of both buckets!



Timest. t Buckets b Element x; | TOTAL | LAST # buckets
of same size = t?

22,27, 1g, 1o, 149 yes

9 27, 18, 19, 110 7'2:5
9 27! 291 1]& ?
M t Idest buckets of . —
erge two oldest buckets o 3. bl- — bl—l - 27
same size with the largest )
timestamp of both buckets! LAST = bl.Slze - 2

1. TOTAL = TOTAL — b;.size -7 —2=5

2. Oldest timestamp t; <t;—N->2<10-8
drop the oldest bucket 2,




Timest. ¢; Buckets b; Element | TOTAL | LAST # buckets
X; of same size = t?

10 2+, 29, 110 X 5 2 yes
11 27, 29, 149 0 5 2 no
12 27, 29, 110, 112 X 6 2 no
13 27, 29, 119, 112, 113 X 7 4 yes
927! 291 2121 113
2 4’9: 212 113
Merge two oldest buckets of
same size with the largest Last bucket was merged!
timestamp of both buckets! LAST
Merge two oldest buckets of = size of the new created last bucket
same size with the largest =4

timestamp of both buckets!



Timest. t Buckets b; EIement TOTAL | LAST # buckets
of same size = t?

44, 215, 143 X 7/ 4 yes
14 4q, 215, 143 0 7 4 no
15 4q, 215, 143, 145 X 3 4 no
16 4q, 215, 113, 115, 146 X 9 4 yes

94‘91 212! 215! 116
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Timest. t Buckets b; Element x; | TOTAL | LAST # buckets
of same size = t?

49: 2121 113

Estimating total number of x’s within the sliding window of size 8 in the
exponential histogram:

# x's=EH.TOTAL - EH.LAST/2=7-4/2=5

Sequence S =(x, X, 0, X, 0|0, X, X, X, X, 0, X, X,0, X, X)

Exact number of x’s in sliding window [6:13] : 6



Hoeffding Trees

Core idea: For choosing the best split attribute for a node, a small subset
of the training examples may suffice

Question: How many instances are required?

Solution: Utilize the Hoeffding bound



Given:

8 examples of drivers with the attributes:

 Time since getting the driving license (1-2 years, 2-7 years, > 7 years)
 Gender (female, male)

 Residential area (urban, rural)

Further: 6 = 0.2, N, = 2

* Use information gain
e Qutput is nominal risk class = two attributes, R=1
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g?;l’_?EB@SSE ASSignment 7_2: RECAP

GROUP
k
entropy(D;) = — 2 Pilog, p;
i=1
IG(D;, A) = entropy(D;) — %entrow(mv)
veValues(A)

MU

If there is an equal number of
positive and negative examples

Entropy(S)

If all members belong to the same class

11



Person Time since Gender | Area Risk
license class

0 N O O A W N =

2-7
>/
1-2
>/
1-2
2-7
2-7

m
m
f
f
m
m
f
m

urban
rural
rural
rural
rural
rural
urban

urban

high
low
high
high
high
low

low
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_ |RZIn(*/p _ [1In(Y/p
e= T S = VI [Yew
Where

« Confidence é: what probability do we allow of ‘failure’?
(How much do we accept a deviation > ¢)

 Range R: e.g. a probability range from 0 to 1

« # of training examples n

* Accuracy & How much do we want to allow the empirical mean to differ from the
true mean

For n = 2,4,6,8 this yields:

e, ~ 0.634
e, ~ 0.448
g ~ 0.366
g ~ 0.317
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We initialize an empty tree. Now insert the first two records:

Person Time since Gender | Area Risk
license class
1 1-2 m urban low

2 2-7 m rural high

1. Compute the entropy for the first two records:
entropy(Dy) = —3 * logz(%) — 2% logz(%) = 1, due to the fact that both
classes have a probability of 50%

2. Compute the information gain (1G) for all three attributes (time, gender, area):
1G(time, D,) = entropy(D,) — (0.5 entropy(D,|t = 1 — 2) + 0.5 entropy (D,|t = 2 —

7) + 0 entropy(D,|t > 7)) =1 — (0.5 x (=0 * log,(0) — 1 % log,(1)) + 0.5 =
log,(1) — 0 * logz(O)) + 0.5 * (—O *log,(0) — 0 logz(O))) =1-(0+0+0)=1

14
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2. 1G(gender,D,) = entropy(D,) — (1 entropy(D,|g = m) + 0 entropy (D,|g = f)) =

1—(1*(—3* logz(%) — 2% logz(%)) + 0 * (—0 * 10g,(0) — 0 * logz(O))) =1-
(14+0)=0

1G(area, D,) = entropy(D,) — (0.5 entropy(D,|a = u) + 0.5 entropy (D,|a =1)) =
1— (0.5 (—0 * log,(0) — 1 % logz(l)) + 0.5 * (—1 *log,(1) — 0 = logz(O))) =1-

0+0)=1

15




3. Compare the best with the second best result:
IG(time,D,) — IG(area,D,) =1—-1=0<¢&, = 0.634
—> continue with more samples!



Now take two more records (the first four records)

Person Time since Gender | Area Risk
license class

1 m urban

2 2-7 m rural hlgh
3 >7 f rural low
4 1-2 f rural high
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Again, proceed as follows:

1.

Compute the entropy for the first two records:
entropy(D,) = —3 * logz(%) — 2% logz(%) = 1, due to the fact that both
classes have a probability of 50%

. Compute the information gain (IG) for all three attributes (time, gender, area):

I1G(time,D,) = entropy(D,) — (Z entropy(D,|t =1 — 2) +% entropy (D]t = 2 —
«(—310g2() — 3+ l0ga())) + § + (-1

l0g>(1) = 0 * log,(0)) + 2+ (0 * log,(0) — 1+ 1092(1))) =1-(2+1+0+0)
— 05

7) +% entropy(Dy|t > 7)) =1 — (

IV

18
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Again, proceed as follows:

2. 1G(gender,D,) = entropy(D,) — (% entropy(D,|g = m) +% entropy (D4|g = f)) =
2 2
L= G* (3%10g2(5) =3+ l0g2O)) +  * (5% 10g2(5) =5+ log2(3))) =1 -
(1 £ 142 1) —0
2 2

IG(area,D,) = entropy(D,) — (% entropy(D,|a = u) +Z entropy (D4]la=71)) = 1 —

1 3 3
Cx (~0%10g5(0) = 1% logo (1)) + 2x (~2x log,(2) — 2 * log, () ~ 1 — (0 43+
0.918) ~ 0.311

19



3. Compare the best with the second best result:
I1G(time,D,) — IG(area,D,) = 0.5 —0.311 = 0.189 < g, = 0.448
—> continue with more samples!



Now take two more records (the first six records)

Person Time since Gender | Area Risk
license class

1
2
3
4
5
6

2-7
>/
1-2
>/
1-2

m
m
f
f
m
m

urban
rural
rural
rural
rural

rural

high
low
high
high
high
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Again, proceed as follows:

1. Compute the entropy for the first six records:

2 2 1 1
entropy(D6)=—§log2 3 —§l0g2 3 ~ 0.918

2. Compute the information gain (1G) for all three attributes (time, gender, area):
1G(time, Dg) = entropy(Dg) — (z entropy(Dg|t = 1 — 2) +% entropy (Dg|t = 2 —
2 3 1
7) + = entropy(Dg|t > 7)) =~ 0.918 — (= * (—Zxlogy(2) —Lxlog,(2) + o x(=1x

log,(1) — 0 xlog,(0)) + % * (—3 logz(%) — 2% logz(%))) ~ 0918 — (2 * 0.918 +
0+2+1)~0.126
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Again, proceed as follows:
2. 1G(gender, Dg) = entropy(Dg) — (g entropy(Dg|g = m) +§ entropy (Dg|lg = f)) =

0918 — G * (2% 10g(2) =2 logy (1)) + 2 * (=2 % log () — 1 * logz (1)) =
0918 — (g % 0.811 + % * 1) ~ 0.044

1G(area, Dg) = entropy(Dg) — (% entropy(Dgla = u) + zentropy (Dgla =71)) =
1 5

0.918 — (g * (=0 *log,(0) —1x*log,(1)) + . (—= = logz(g) — <% logz(i))) 2

0918 — (0 + 2 0.722) ~ 0.316

23



3. Compare the best with the second best result:
IG(area,Dg) — 1G(time,Dg) = 0.316 — 0.126 = 0.19 < g, =~ 0.366
—> continue with more samples!



Now take two more records (all eight records)

Person Time since Gender | Area Risk
license class

2-7
>/
1-2
>/
1-2
2-7
2-7

0O N O U1 A W N -

m
m
f
f
m
m
f
m

urban
rural
rural
rural
rural
rural
urban

urban

hlgh
low
high
high
high
low

low
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Again, proceed as follows:

1. Compute the entropy for all eight records:
entropy(Dg) = —% *log, (%) — % *log, (%) =1

2. Compute the information gain (1G) for all three attributes (time, gender, area):
1G(time, Dg) = entropy(Dg) — (z entropy(Dg|t = 1 — 2) +Z entropy (Dg|t = 2 —

7) + %entropy(D8|t >7) =1 — (Z x (=2xlog,(2) — 1+ log,(3) + Z x (=3
log,(2) —2+log,(2)) + g x (—2xlog,(2) — 1+ logz(i))) ~1-— (z *0.918 + g *
0.918 42 1) ~ 0.065
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Again, proceed as follows:

2. 1G(gender, Dg) = entropy(Dg) — (g entropy(Dg|g = m) +Z entropy (Dglg = f)) =

1= (3+ (<2+1092(0) ~2#10g2(2)) + 3+ (2 Loga(3) ~ 2+ logs () ) ~ 1 -
(g £0.971+ > 0.918) ~ 0.049

IG(area, Dg) = entropy(Dg) — (g entropy(Dgla = u) + Zentropy (Dgla=1)) =

1— (34 (=0 %10g;(0) — 1+ logy (1)) + = * (=2 logy () — 1 ¢ log,(2)))) ~ 1 —
(0+2%0.722) ~ 0.549

27



3. Compare the best with the second best result:
IG(area, Dg) — I1G(time, Dg) = 0.549 — 0.065 = 0.484 > &5 = 0.317
- split at ‘area’ attribute!

- New leafs are empty and have no ‘area’ attribute.
- Further splits are not required until new data arrives.



Computing the value of § at which the tree would still consist only of the leaf:

The minimal € for which a further split would be required: 0.484

_ /RZ In(!/s) 2 _1n(l _ 1 1 ~
€= 2n = 2ne” = In( /6) =0 = exp(2ne?)  exp(16+0.4842) ~0.0235




Data stream S

Ll 1 2 314516718 19]101112

wme [A]B C C A C B A CC A C

Error threshold e = 0.25
w=[1]=4

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N=0 while 5 do
b — [ﬂ] =0 e; == next object from S (ummm
curr w N4+=1
beurr = [~|
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
D.add((e;, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end




Data stream S

Ll 1 2 314516718 19]101112

wme [A]B C C A C B A CC A C

Error threshold e = 0.25
w=[1]=4

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N=1 while 5 do
— [N] — e; == next object from S
bcuTT [w] 0 N4+=1
beurr = [~|
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
D.add((e;, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end




Data stream S

Ll 1 2 314516718 19]101112

wme [A]B C C A C B A CC A C

Error threshold e = 0.25
w=[1]=4

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N=1 while S do
— [N] — e; == next object from S
bcuTT [w] 1 N4+=1
N
burr = [;] <=
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
D.add((e;, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

wme [A]B C C A C B A CC A C

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=1 while S do
— [N] — e; = next object from S
beurr = |5] =1 = ne
beurr =[]
elements of D AeD if ¢; € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(A, 1,0) D.add((e;, 1, beyry — 1)) 4ummm
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end




Data stream S

Ll 123145161 7/819]101112

tem e AC C A C

Error threshold e = 0.25
w=[1]=4

N=1

bcurr = [%] =1

elements of D
(e,f,A)
(4,1,0)

B A C C A C

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
while S do
e; = next object from S ¢
N+=1
beurr = [~|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((e;, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end




Data stream S

Ll 123145161 7/819]101112

tem e AC C A C

Error threshold e = 0.25
w=[1]=4

N =2

bcurr = [%] =1

elements of D
(e,f,A)
(4,1,0)

B A C C A C

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
while S do
e; = next object from S
N +=1 4um
beurr = [~|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((e;, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end




Data stream S

Ll 123145161 7/819]101112

tem e AC C A C

Error threshold e = 0.25
w=[1]=4

N =2

bcurr = [%] =1

elements of D
(e,f,A)
(4,1,0)

B A C C A C

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
while S do
e; = next object from S
N+=1
beurr = || o
if ¢, € D then
increment e;’s frequency by 1
else
D.add((e;, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end
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Data stream S

il 1 (234156171819 ]1011]12

[tem e

AlB]c ¢ A c

Error threshold e = 0.25

o=[1=1

N =2

bcurr = [%] =1

(e, f,A)
(4,1,0)
(B,1,0)

B A C C A C

Bé&D

Algorithm LossyCounting

Input: data stream S, error threshold ¢

begin
D=0,N=0, 0=
while S do
e; = next object from S
N+=1
bC‘U.?"?" = [£—|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((e; 1, beyry — 1)) 4
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,A)
end

37




Data stream S

Ll 1 23| 4/5/67/819]101112

ltemeABCACBACCAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =2 while S do
b — [ﬂ] =1 e; = next object from S5 <=
curr w N+=1
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(A, 1,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(B’ 1’0) if f+A < b, then
delete (e, f,4)
end




Data stream S

Ll 1 23| 4/5/67/819]101112

ltemeABCACBACCAC

Error threshold e = 0.25
w=[1]=4

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=

N=3 while 5 do

b — [ﬂ] -1 e; = next object from §

curr — lol ™ N +=1 ¢
beurr = [~|
elements of D if e, € D then

increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(A, 1,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do

foreach entry (e,f,A) in D do
(B’ 1’0) if f+A < b, then
delete (e, f,4)
end




Data stream S

Ll 1 23| 4/5/67/819]101112

ltemeABCACBACCAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=3 while 5 do
— [N] — e; == next object from S
bcurr [w] 1 N+=1
N
beyrr = [;]_
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(A, 1,0) D.add((e;, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(B’ 1’0) if f+A < b, then
delete (e, f,4)
end
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Data stream S

il 1 (23 (415617189 ]1011]12

ItemeABCACBACCAC

Error threshold e = 0.25

— [1] —

W = [Z] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=3 while 5 do
— [N] — e; = next object from S
bcurr - [5] - 1 N4=1 .
bC“U.?"?" = [%]
elements of D ceD if ¢; € D then
increment e;’s frequency by 1
(e’ f’ A) else | Y
(A, 1’0) D.add((ei, 1, beyrr — 1)) <ummm
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(B’ 1’0) if f+A < b, then
delete (e, f,A)
(C' 110) end

41
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Data stream S

Time -----ﬂ-ﬂﬂ

teme A cl[c]a c B A ccac
Error threshold € = 0.25
— 11 —
W = [Z] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N=3 while S do
b — [ﬂ] =1 e; = next object from S5 <=
curr N4=1
bC‘U.?"?" = [£—|
elements of D if e, € D then
(e f A) increment e;’s frequency by 1
— else
(A, 1’0) D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(B’ 1’0) if f+A < b, then
delete (e, f,A)
(C' 110) end
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Data stream S

Time ¢ -----ﬂ-ﬂﬂ

lteme A n A C

Error threshold e = 0.25
=[] =4

bcurr = [%] =1
(e, f,A)
(4,1,0)

(B,1,0)
(C,1,0)

B A C C A C

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
while S do
e; = next object from S
N += 1 ¢um
bcur'r = [£—|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,A)

end
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Data stream S

Time -----ﬂ-ﬂﬂ

lteme A n A C

Error threshold e = 0.25
=[] =4

bcurr = [%] =1
(e, f,A)
(4,1,0)

(B,1,0)
(C,1,0)

B A C C A C

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
while S do
e; = next object from S
N+=1

bcur'r = [%]_
if ¢, € D then

increment e;’s frequency by 1
else

D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do

foreach entry (e,f,A) in D do

if f+A < b, then
delete (e, f,A)

end
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Data stream S

Time -----ﬂ-ﬂﬂ

lteme A n A C

Error threshold e = 0.25
=[] =4

bcurr = [%] =1
(e, f,A)
(4,1,0)

(B,1,0)
(C,2,0)

B A C C A C

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
while S do
e; = next object from S
N+=1

bcur'r = [£—|
if ¢, € D then

increment e;’s frequency by 1 ¢ummm
else

D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do

foreach entry (e,f,A) in D do

if f+A < b, then
delete (e, f,A)

end
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Data stream S

Time -----ﬂ-ﬂﬂ

B A C C A C

lteme A n A C

Error threshold e = 0.25
=[] =4

bcurr = [%] =1
(e, f,A)
(4,1,0)

(B,1,0)
(C,2,0)

<=mm

1+0=1<1

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
while S do
e; = next object from S
N+=1
bcur'r = [£—|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((ei, 1, beyrr — 1))
whenever N = 0mod w do ({ummm
foreach entry (e,f,A) in D do ¢
if f+A < b, then
delete (e, f,A) ¢ummm

end
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GROUP

Assignment 7-3

Data stream S

Time -----ﬂ-ﬂﬂ

B A C C A C

lteme A n A C

Error threshold e = 0.25
=[] =4

bcurr = [%] =1

(e, f,A)
(B,1,0)
(C,2,0)

<=mm

1+0=1<1

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
while S do
e; = next object from S
N+=1
bcur'r = [£—|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((ei, 1, beyrr — 1))
whenever N = 0mod w do ({ummm
foreach entry (e,f,A) in D do 4=
if f+A < b, then
delete (e, f,A) 4ummm

end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A cl[c]a c B A ccac
Error threshold € = 0.25
— 11 —
W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N =4 while 5 do
— [N] — e; = next object from S
beurr = |5] =1 = ne
beurr = [~|
elements of D if e, € D then
(e f A) increment e;’s frequency by 1
— else
(C, 2,0) 4= 240=2 >1 D.add((e;, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do 4
if f+A < b, then
delete (e, f,4)

end




Data stream S

Ll 1 2 (31 4/5|617/819]101112

|temeABCCCBACCAC

Error threshold e = 0.25
w=[1]=4

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N=4 while S do
b — [N] =1 e; = next object from S 4
curr — 5 - N4+=1
beurr = [7]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 2,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end




Data stream S

Ll 1 2 (31 4/5|617/819]101112

|temeABCCCBACCAC

Error threshold e = 0.25
w=[1]=4

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N=5 while S do
b — [ﬂ] -1 e; = next object from §
curr — |lol — N += 1 4¢um
beurr = [7]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 2,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end




Data stream S

Ll 1 2 (31 4/5|617/819]101112

|temeABCCCBACCAC

Error threshold e = 0.25
w=[1]=4

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N=5 while S do
— [N] — e; = next object from S
bcurr - [5] =2 N+=1
N
beyrr = [;] <4
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 2,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

lteme A B A C C A C

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=5 while S do
— [N] — e; == next object from S
bcuTT [ ] 2 N4+=1
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 2,0) D.add((e;, 1, beyry — 1)) 4ummm
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 1’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCABACCAC

Error threshold e = 0.25

— 11 —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=5 while S do
b — [ﬂ] — 2 e; = next object from S ¢um—m
curr N4+=1
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 2,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 1’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCABACCAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =6 while 5 do
b — [ﬂ] =2 e; = next object from §
curr N += 1 4¢um
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 2,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 1’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCABACCAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =6 while 5 do
— [N] — e; == next object from S
bcuTT [ ] 2 N4+=1
N
beyrr = [;] <4
elements of D if e, € D then
increment e;’s frequency by 1
(e' f} A) clse q y by
(C, 2,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 1’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCABACCAC

Error threshold e = 0.25

— [1] —
W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N =6 while 5 do
— [N] — e; == next object from S
bcuTT [ ] 2 N4+=1
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1 s
(e' f} A) clse q y by
(C, 3,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 1’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACACCAC

Error threshold e = 0.25

— 11 —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =6 while 5 do
b — [ﬂ] — 2 e; = next object from S ¢um—m
curr N4+=1
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 3,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 1’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACACCAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=7 while S do
b — [ﬂ] =2 e; = next object from §
curr N += 1 4¢um
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 3,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 1’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACACCAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=7 while S do
— [N] — e; == next object from S
bcuTT [ ] 2 N4+=1
N
beyrr = [;]_
elements of D if e, € D then
increment e;’s frequency by 1
(e' f} A) clse q y by
(C, 3,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 1’1) if f+A < b, then
delete (e, f,4)
end
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DATABASE ASSig n ment 7-3

SYSTEMS
GROUP

Data stream S

Time -----ﬂ-ﬂﬂ

teme A CCACACCAC

Error threshold e = 0.25
=[] =4

bcurr = [%] =2
(e, f,A)
(C,3,0)

(4,1,1)
(B,1,1)

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
3
while S do
e; = next object from S
N+=1

bcu'r'r = [%]
if ¢, € D then

increment e;’s frequency by 1
else

D.add((es 1, beyry — 1)) <4ummm
whenever N = 0 mod w do

foreach entry (e,f,A) in D do

if f+A < b, then
delete (e, f,A)

end
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DATABASE ASSig n ment 7-3

SYSTEMS
GROUP

Data stream S

Time -----ﬂ-ﬂﬂ

lteme A C C A C
Error threshold e = 0.25
w=[=4
N=7

bcurr = [%] =2
(e, f,A)
(C,3,0)

(4,1,1)
(B,1,1)

[A]c ¢ A ¢

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
3
while S do
e; = next object from S ¢
N+=1

bcu'r'r = [£—|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,A)
end
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DATABASE ASSig n ment 7-3

SYSTEMS
GROUP

Data stream S

Time ¢ -----ﬂ-ﬂﬂ

lteme A C C A C
Error threshold e = 0.25
w=[=4
N =28

bcurr = [%] =2
(e, f,A)
(C,3,0)

(4,1,1)
(B,1,1)

[A]c ¢ A ¢

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
while S do
e; = next object from S
N += 1 ¢um
bcur'r = [£—|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,A)

end

62



w

DATABASE ASSig n ment 7-3

SYSTEMS
GROUP

Data stream S

Time -----ﬂ-ﬂﬂ

lteme A C C A C
Error threshold e = 0.25
w=[=4
N =28

bcurr = [%] =2
(e, f,A)
(C,3,0)

(4,1,1)
(B,1,1)

[A]c ¢ A ¢

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
3
while S do
e; = next object from S
N+=1

bewrr = ||
if ¢, € D then
increment e;’s frequency by 1
else
D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
if f+A < b, then
delete (e, f,A)

end
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DATABASE ASSig n ment 7-3

SYSTEMS
GROUP

Data stream S

Time -----ﬂ-ﬂﬂ

lteme A C C A C
Error threshold e = 0.25
w=[=4
N =28

bcurr = [%] =2
(e, f,A)
(C,3,0)

(4,2,1)
(B,1,1)

[A]c ¢ A ¢

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
3
while S do
e; = next object from S
N+=1

bcur'r = [£—|
if ¢, € D then

increment e;’s frequency by 1 ¢ummm
else

D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do

foreach entry (e,f,A) in D do

if f+A < b, then
delete (e, f,A)

end
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Assignment 7-3

Data stream S

Time -----ﬂ-ﬂﬂ

lteme A c ¢ A C

Error threshold e = 0.25
=[] =4

bcurr = [%] =2
(e, f,A)
(C,3,0) 4=

(4,2,1)
(B,1,1)

3+0=3 >2

[A]c ¢ A ¢

Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
3
while S do
e; = next object from S
N+=1

bC‘H,?"?" = [£—|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((ei, 1, beyrr — 1))
whenever N = 0 mod » do <(ummm
foreach entry (e,f,A) in D do ¢=mm
if f+A < b, then
delete (e, f,A)

end
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Data stream S

Time -----ﬂ-ﬂﬂ

teme A C C A C C C A C
Error threshold € = 0.25
w = [1] =4
— el — Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N =28 while 5 do
— [N] — e; = next object from S
bcurr - [5] =2 N+=1
bC‘U.?"'.'" = [%]
elements of D if e; € D then
(e f A) increment e;’s frequency by 1
— else
(C 3 0) D.add((ei, 1, beyrr — 1))
T whenever N = 0 mod » do <(ummm
— . foreach entry (e,f,A) in D do ¢=mm
(A'Z'l) 2+1=3>2 if f+A < b, then ¢umm
delete (e, f,A)

(B, 111) end
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DATABASE ASSi nment 7'3

Data stream S

Time -----ﬂ-ﬂﬂ

teme A C C A C C C A C
Error threshold € = 0.25
w = [1] =4
—lel T Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N =28 while S do
— [N] — e; = next object from S
beurr = |35] = 2 e
bcu'r'r = [%]
elements of D if e, € D then
(e f A) increment e;’s frequency by 1
— else
(C 3 0) D.add((ei, 1, beyrr — 1))
$ whenever N = 0mod v do ¢
(A 2 1) foreach entry (e,f,A) in D do ¢=mm
e if f+A < b, then
delete (e, f,A)
(31111) <= 1+41=2 <2 end
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Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =28 while 5 do
b — [ﬂ] — 2 e; == next object from S <umm
curr w N+=1
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 3,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=9 while 5 do
b — [ﬂ] =2 e; = next object from §
curr N += 1 4¢um
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 3,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=9 while 5 do
— [N] — e; == next object from S
bcuTT [ ] 3 N4+=1
N
beyrr = [;] <=
elements of D if e, € D then
increment e;’s frequency by 1
(e' f} A) clse q y by
(C, 3,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACAC

Error threshold e = 0.25

— [1] —
W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N=9 while 5 do
— [N] — e; == next object from S
bcuTT [ ] 3 N4+=1
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1 ¢ummm
(e' f} A) clse q y by
(C, 4,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACAC

Error threshold e = 0.25

— 11 —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N=9 while 5 do
b — [ﬂ] = 3 e; = next object from S <{um—m
curr N4+=1
beurr =[]
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 4,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =10 while 5 do
b — [ﬂ] =3 e; = next object from §
curr N +=1 4uum
beurr = [~|
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 4,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACAC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =10 while 5 do
— [N] — e; == next object from S
bcuTT [ ] 3 N4+=1
N
beyrr = [;] <=
elements of D if e, € D then
increment e;’s frequency by 1
(e' f} A) clse q y by
(C, 4,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACAC

Error threshold e = 0.25

— [1] —
W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N =10 while 5 do
— [N] — e; == next object from S
bcuTT [ ] 3 N4+=1
beurr = [~|
elements of D if e, € D then
increment e;’s frequency by 1 s
(e' f} A) clse q y by
(C, 5,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACC

Error threshold e = 0.25

— 11 —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =10 while 5 do
b — [ﬂ] = 3 e; = next object from S {um—m
curr N4+=1
beurr = [~|
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 5,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =11 while S do
b — [ﬂ] =3 e; = next object from §
curr N +=1 4uum
beurr = [~|
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 5,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACC

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =11 while S do
— [N] — e; == next object from S
bcuTT [ ] 3 N4+=1
N
beyrr = [;]_
elements of D if e, € D then
increment e;’s frequency by 1
(e' f} A) clse q y by
(C, 5,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 2’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACC

Error threshold e = 0.25

— [1] —
W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N =11 while S do
— [N] — e; == next object from S
bcuTT [ ] 3 N4+=1
beurr = [~|
elements of D if e, € D then
increment e;’s frequency by 1 s
(e' f} A) clse q y by
(C, 5,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 3’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACCA

Error threshold e = 0.25

— 11 —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =11 while S do
b — [ﬂ] = 3 e; = next object from S <{um—m
curr N4+=1
beurr = [~|
elements of D if e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 5,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 3’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACCA

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =12 while S do
— [N] — e; == next ob_]ect from S
bcurr [ ] 3 N+=1
elements of D |f e, € D then
increment e;’s frequency by 1
(e’ f ‘ A) else | Y
(C, 5,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 3’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACCA

Error threshold e = 0.25

— [1] —

W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin

D=0,N=0, 0=
N =12 while S do
— [N] — e; == next object from S
bcuTT [ ] 3 N4+=1
N
beyrr = [;] <=
elements of D if e, € D then
increment e;’s frequency by 1
(e' f} A) clse q y by
(C, 5,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 3’1) if f+A < b, then
delete (e, f,4)
end




Data stream S

Time ¢ ---ﬂ-ﬂ-ﬂﬂ

teme A CCACBACCA

Error threshold e = 0.25

— [1] —
W = [E] =4 Algorithm LossyCounting
Input: data stream S, error threshold ¢
begin
D=0,N=0, 0=
N =12 while S do
— [N] — e; == next object from S
bcuTT [ ] 3 N4+=1
beurr = [~|
elements of D if e, € D then
increment e;’s frequency by 1 ¢ummm
(e' f} A) clse q y by
(C, 6,0) D-add((ei- L beyrr — 1))
whenever N = 0 mod w do
foreach entry (e,f,A) in D do
(A’ 3’1) if f+A < b, then
delete (e, f,4)
end




w

DATABASE ASSig n ment 7-3

SYSTEMS
GROUP

Data stream S

Time ¢ -----n-nn
B A C C A

lteme A C C A C
Error threshold e = 0.25
=[] =4
N =12

bcurr = [%] =3

(e, f,A)
(C,60) ¢
(4,3,1)

6+0=6 >3

Algorithm LossyCounting

Input: data stream S, error threshold ¢

begin
D=0,N=0, 0=
while S do
e; = next object from S
N+=1
bcu'r'r = [£—|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do

foreach entry (e,f,A) in D do 4=

if f+A < by then ¢
delete (e, f,A)
end

84




w

DATABASE ASSig n ment 7-3

SYSTEMS
GROUP

Data stream S

Time ¢ -----n-nn
B A C C A

lteme A C C A C
Error threshold e = 0.25
=[] =4
N =12

bcurr = [%] =3

(e,f,A)
(C,6,0)
(4,31)  ¢m

3+1=4 >3

Algorithm LossyCounting

Input: data stream S, error threshold ¢

begin
D=0,N=0, 0=
while S do
e; = next object from S
N+=1
bcu'r'r = [£—|
if ¢, € D then
increment e;’s frequency by 1
else
D.add((ei, 1, beyrr — 1))
whenever N = 0 mod w do

foreach entry (e,f,A) in D do 4=

if f+A < by then ¢
delete (e, f,A)
end
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