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Exponential Histograms

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

Given:

Sequence S = (x, x, o, x, o, o, x, x, x, x, o, x, x, o, x, x)

Window size ܰ ൌ 8
Error parameter ߳ ൌ 	 భమ
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Sequence S = (x, x, o, x, o, o, x, x, x, x, o, x, x, o, x, x)

Window size ܰ ൌ 8
Error parameter ߳ ൌ 	 భమ

Max. # of buckets of same size ߬ ൌ
భ
ച
ଶ
 2 ൌ 3

3

Timest. ࢚ Buckets ࢈ Element 
࢞

TOTAL LAST 	࢙࢚ࢋࢉ࢛࢈	#
ࢋࢠ࢙	ࢋࢇ࢙	ࢌ ൌ ?	࣎

1 1ଵ x 1 0 no

2 1ଵ, 1ଶ x 2 0 no

3 1ଵ, 1ଶ o 2 0 no

4 1ଵ, 1ଶ, 1ସ
2ଶ, 1ସ

x 3 2 yes

Merge two oldest buckets of same size with 
the largest timestamp of both buckets!
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Timest. ࢚ Buckets ࢈ Element ࢞ TOTAL LAST 	࢙࢚ࢋࢉ࢛࢈	#
ࢋࢠ࢙	ࢋࢇ࢙	ࢌ ൌ ?	࣎

1 1ଵ x 1 0 no

2 1ଵ, 1ଶ x 2 0 no

3 1ଵ, 1ଶ o 2 0 no

4 2ଶ, 1ସ x 3 2 yes

5 2ଶ, 1ସ o 3 2 no

6 2ଶ, 1ସ o 3 2 no

7 2ଶ, 1ସ, 1 x 4 2 no

8 2ଶ, 1ସ, 1, 1଼
 2ଶ, 2, 1଼

x 5 2 Yes

9 2ଶ, 2, 1଼, 1ଽ x 6 2 no

Merge two oldest buckets of same size with 
the largest timestamp of both buckets!
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Timest. ࢚ Buckets ࢈ Element ࢞ TOTAL LAST 	࢙࢚ࢋࢉ࢛࢈	#
ࢋࢠ࢙	ࢋࢇ࢙	ࢌ ൌ ?	࣎

10 2ଶ, 2, 1଼, 1ଽ, 1ଵ
 2, 1଼, 1ଽ, 1ଵ
 2, 2ଽ, 1ଵ

x 7
7-2=5

2 yes

2. Oldest timestamp ݐ  ݐ െ ܰ → 2  10 െ 8
drop the oldest bucket 2ଶ

ܮܣܱܶܶ .1 ൌ ܮܣܱܶܶ െ ܾ. 	݁ݖ݅ݏ → 7 െ 2 ൌ 5

3. ܾ: ൌ ܾିଵ → 2
LAST ൌ ܾ. 	݁ݖ݅ݏ → 2

Merge two oldest buckets of 
same size with the largest 
timestamp of both buckets!
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Timest. ࢚ Buckets ࢈ Element 
࢞

TOTAL LAST 	࢙࢚ࢋࢉ࢛࢈	#
ࢋࢠ࢙	ࢋࢇ࢙	ࢌ ൌ ?	࣎

10 2, 2ଽ, 1ଵ x 5 2 yes

11 2, 2ଽ, 1ଵ o 5 2 no

12 2, 2ଽ, 1ଵ, 1ଵଶ x 6 2 no

13 2, 2ଽ, 1ଵ, 1ଵଶ, 1ଵଷ
2, 2ଽ, 2ଵଶ, 1ଵଷ
 4ଽ, 2ଵଶ, 1ଵଷ

x 7 4 yes

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

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

Last bucket was merged!
ܶܵܣܮ
≔ ݐ݁݇ܿݑܾ	ݐݏ݈ܽ	݀݁ݐܽ݁ݎܿ	ݓ݁݊	݄݁ݐ	݂	݁ݖ݅ݏ
ൌ 4
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Timest. ࢚ Buckets ࢈ Element 
࢞

TOTAL LAST 	࢙࢚ࢋࢉ࢛࢈	#
ࢋࢠ࢙	ࢋࢇ࢙	ࢌ ൌ ?	࣎

13 4ଽ, 2ଵଶ, 1ଵଷ x 7 4 yes

14 4ଽ, 2ଵଶ, 1ଵଷ o 7 4 no

15 4ଽ, 2ଵଶ, 1ଵଷ, 1ଵହ x 8 4 no

16 4ଽ, 2ଵଶ, 1ଵଷ, 1ଵହ, 1ଵ
4ଽ, 2ଵଶ, 2ଵହ, 1ଵ

x 9 4 yes
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Timest. ࢚ Buckets ࢈ Element ࢞ TOTAL LAST 	࢙࢚ࢋࢉ࢛࢈	#
ࢋࢠ࢙	ࢋࢇ࢙	ࢌ ൌ ?	࣎

13 4ଽ, 2ଵଶ, 1ଵଷ x 7 4 yes

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, o, x, o, o, x, x, x, x, o, x, x, o, x, x)

Exact number of x‘s in sliding window [6:13] : 6
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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
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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: ߜ ൌ 0.2, 		 ܰ ൌ 2

• Use information gain

• Output is nominal risk class two attributes, R=1
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ݕݎݐ݊݁ ܦ ൌ െ	 ୪୭మ 



ୀଵ

ܩܫ ,ܦ ܣ ൌ ݕݎݐ݊݁ ܦ െ  ೡ


௧௬ሺೡሻ

௩∈௨௦ሺሻ

If there is an equal number of
positive and negative examples

If all members belong to the same class
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Person Time since 
license

Gender Area Risk 
class

1 1-2 m urban low

2 2-7 m rural high

3 >7 f rural low

4 1-2 f rural high

5 >7 m rural high

6 1-2 m rural high

7 2-7 f urban low

8 2-7 m urban low
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ߝ ൌ ோమ	୪୬	ሺభ ഃൗ ሻ
ଶ

ൌ ଵ	୪୬	ሺభ ഃൗ ሻ
ଶ

ൌ 	 ln	ሺଵ ఋ⁄ ሻ · ଵ
ሺଶሻൗ

For ݊ ൌ 2,4,6,8 this yields:

ଶߝ ൎ 0.634
ସߝ ൎ 0.448
ߝ ൎ  0.366
଼ߝ ൎ 0.317

Where
• Confidence ࢾ: what probability do we allow of ‘failure’? 

(How much do we accept a deviation >	ߝ)
• Range R: e.g. a probability range from 0 to 1
• # of training examples n
• Accuracy ࢿ: How much do we want to allow the empirical mean to differ from the 

true mean
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We initialize an empty tree. Now insert the first two records:

Person Time since 
license

Gender Area Risk 
class

1 1-2 m urban low

2 2-7 m rural high

1. Compute the entropy for the first two records:
ݕݎݐ݊݁ ଶܦ ൌ െభ

మ ∗ ଶ݈݃
భ
మ െ భ

మ ∗ ଶ݈݃
భ
మ ൌ 	1, due to the fact that both 

classes have a probability of 50%

2. Compute the information gain (IG) for all three attributes (time, gender, area):
ܩܫ ,݁݉݅ݐ ଶܦ ൌ ݕݎݐ݊݁ ଶܦ െ ሺ0.5	entropy ݐ|ଶܦ ൌ 1 െ 2  0.5	entropy ሺܦଶ|ݐ ൌ 2 െ
7ሻ  ݕݎݐ݊݁	0 ݐ|ଶܦ  7 ሻ ൌ 1 െ ቀ0.5 ∗ െ0 ∗ ଶ݈݃ 0 െ 1 ∗ ଶ݈݃ 1  0.5 ∗
ଶ݈݃ 1 െ 0 ∗ ଶ݈݃ 0 ൯  0.5	 ∗ െ0 ∗ ଶ݈݃ 0 െ 0 ∗ ଶ݈݃ 0 ቁ ൌ 1 െ 0  0  0 ൌ 1
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2. ܩܫ ,ݎ݁݀݊݁݃ ଶܦ ൌ ݕݎݐ݊݁ ଶܦ െ ሺ1	entropy ݃|ଶܦ ൌ ݉  0	entropy ݃|ଶܦ ൌ ݂ ሻ ൌ
1 െ ሺ1 ∗ ሺെభ

మ ∗ ଶ݈݃
భ
మ െ భ

మ ∗ ଶ݈݃
భ
మ ሻ  0 ∗ െ0 ∗ ଶ݈݃ 0 െ 0 ∗ ଶ݈݃ 0 ሻ ൌ 1 െ

1  0 ൌ 0

ܩܫ ,ܽ݁ݎܽ ଶܦ ൌ ݕݎݐ݊݁ ଶܦ െ ሺ0.5	entropy ܽ|ଶܦ ൌ ݑ  0.5	entropy ܽ|ଶܦ ൌ ݎ ሻ ൌ
1 െ ሺ0.5 ∗ െ0 ∗ ଶ݈݃ 0 െ 1 ∗ ଶ݈݃ 1  0.5	 ∗ െ1 ∗ ଶ݈݃ 1 െ 0 ∗ ଶ݈݃ 0 ሻ ൌ 	1 െ
0  0 ൌ 1
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3. Compare the best with the second best result:
ܩܫ ,݁݉݅ݐ ଶܦ െ ܩܫ ,ܽ݁ݎܽ ଶܦ ൌ 1 െ 1 ൌ 0 ൏ ଶߝ ൎ 0.634
 continue with more samples!
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Now take two more records (the first four records)

Person Time since 
license

Gender Area Risk 
class

1 1-2 m urban low

2 2-7 m rural high

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:
ݕݎݐ݊݁ ସܦ ൌ െభ

మ ∗ ଶ݈݃
భ
మ െ భ

మ ∗ ଶ݈݃
భ
మ ൌ 	1, due to the fact that both 

classes have a probability of 50%

2. Compute the information gain (IG) for all three attributes (time, gender, area):
ܩܫ ,݁݉݅ݐ ସܦ ൌ ݕݎݐ݊݁ ସܦ െ ሺଶ

ସ
	entropy ݐ|ସܦ ൌ 1 െ 2  ଵ

ସ
	entropy ሺܦସ|ݐ ൌ 2 െ

7ሻ  ଵ
ସ
ݕݎݐ݊݁	 ݐ|ସܦ  7 ሻ ൌ 1 െ ൬మర ∗ െభ

మ ∗ ଶ݈݃
భ
మ െ భ

మ ∗ ଶ݈݃
భ
మ 	 భర 	∗ ൫െ1 ∗

ଶ݈݃ 1 െ 0 ∗ ଶ݈݃ 0 ൯ 		ଵ
ସ
∗ െ0 ∗ ଶ݈݃ 0 െ 1 ∗ ଶ݈݃ 1 ൰ ൌ 1 െ ଶ

ସ
∗ 1  0  0

ൌ 0.5
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Again, proceed as follows:

2. ܩܫ ,ݎ݁݀݊݁݃ ସܦ ൌ ݕݎݐ݊݁ ସܦ െ ሺଶ
ସ
	entropy ݃|ସܦ ൌ ݉  ଶ

ସ
	entropy ݃|ସܦ ൌ ݂ ሻ ൌ

1 െ ሺଶ
ସ
∗ ሺെభ

మ ∗ ଶ݈݃
భ
మ െ భ

మ ∗ ଶ݈݃
భ
మ ሻ 	 	

ଶ
ସ
	∗ ሺെభ

మ ∗ ଶ݈݃
భ
మ െ భ

మ ∗ ଶ݈݃
భ
మ ሻ	ሻ ൌ 1 െ

ଵ
ଶ
∗ 1  ଵ

ଶ
∗ 1 ൌ 0

ܩܫ ,ܽ݁ݎܽ ସܦ ൌ ݕݎݐ݊݁ ସܦ െ ሺଵ
ସ
entropy ܽ|ସܦ ൌ ݑ  ଷ

ସ
	entropy ܽ|ସܦ ൌ ݎ ሻ ൎ 1 െ

ሺଵ
ସ
∗ ሺെ0 ∗ ଶ݈݃ 0 െ 1 ∗ ଶ݈݃ 1 ሻ 	ଷ

ସ
∗ ሺെమ

య ∗ ଶ݈݃
మ
య െ భ

య ∗ ଶ݈݃
భ
య ሻሻ ൎ 1 െ ቀ0  ଷ

ସ
∗

0.918ቁ ൎ 0.311
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3. Compare the best with the second best result:
ܩܫ ,݁݉݅ݐ ସܦ െ ܩܫ ,ܽ݁ݎܽ ସܦ ൌ 0.5 െ 0.311 ൎ 0.189 ൏ ସߝ ൎ 0.448
 continue with more samples!
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Now take two more records (the first six records)

Person Time since 
license

Gender Area Risk 
class

1 1-2 m urban low

2 2-7 m rural high

3 >7 f rural low

4 1-2 f rural high

5 >7 m rural high

6 1-2 m rural high
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Again, proceed as follows:

1. Compute the entropy for the first six records:

ݕݎݐ݊݁ ܦ ൌ െ
2
3 ଶ݈݃

2
3 െ

1
3 	ଶ݈݃

1
3 ൎ 0.918

2. Compute the information gain (IG) for all three attributes (time, gender, area):
ܩܫ ,݁݉݅ݐ ܦ ൌ ݕݎݐ݊݁ ܦ െ ሺଷ


entropy ݐ|ܦ ൌ 1 െ 2  ଵ


	entropy ሺܦ|ݐ ൌ 2 െ

7ሻ  ଶ

ݕݎݐ݊݁	 ݐ|ܦ  7 ሻ ൎ 0.918	 െ ሺଷ


	∗ ሺെమ

య ∗ ଶ݈݃
మ
య െ భ

య ∗ ଶ݈݃
భ
య ሻ 	

ଵ

	∗ ሺെ1 ∗

ଶ݈݃ 1 െ 0 ∗ ଶ݈݃ 0 ሻ 	 	ଶ

	∗ ሺെభ

మ ∗ ଶ݈݃
భ
మ െ భ

మ ∗ ଶ݈݃
భ
మ ሻሻ 	ൎ 0.918 െ ቀଷ


∗ 0.918 

0  ଶ

∗ 1ቁ ൎ 0.126
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Again, proceed as follows:

2. ܩܫ ,ݎ݁݀݊݁݃ ܦ ൌ ݕݎݐ݊݁ ܦ െ ሺସ

entropy ݃|ܦ ൌ ݉  ଶ


	entropy ݃|ܦ ൌ ݂ ሻ ൎ

0.918	 െ ሺସ

∗ ሺെయ

ర ∗ ଶ݈݃
య
ర െ భ

ర ∗ ଶ݈݃
భ
ర ሻ 	

ଶ

∗ ሺെభ

మ ∗ ଶ݈݃
భ
మ െ భ

మ ∗ ଶ݈݃
భ
మ ሻሻ 	ൎ

0.918 െ ସ

∗ 0.811  ଶ


∗ 1 ൎ 0.044

ܩܫ ,ܽ݁ݎܽ ܦ ൌ ݕݎݐ݊݁ ܦ െ ሺଵ

entropy ܽ|ܦ ൌ ݑ  ହ


entropy ܽ|ܦ ൌ ݎ ሻ ൎ

0.918	 െ ሺଵ

∗ ሺെ0 ∗ ଶ݈݃  െ 1 ∗ ଶ݈݃ 1 ሻ 		ହ


∗ ሺെర

ఱ ∗ ଶ݈݃
ర
ఱ െ భ

ఱ ∗ ଶ݈݃
భ
ఱ ሻሻ 	ൎ

0.918 െ 0  ହ

∗ 0.722 ൎ 0.316
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3. Compare the best with the second best result:
ܩܫ ,ܽ݁ݎܽ ܦ െ ܩܫ ,݁݉݅ݐ ܦ ൌ 0.316 െ 0.126 ൎ 0.19 ൏ ߝ ൎ 0.366
 continue with more samples!
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Now take two more records (all eight records)

Person Time since 
license

Gender Area Risk 
class

1 1-2 m urban low

2 2-7 m rural high

3 >7 f rural low

4 1-2 f rural high

5 >7 m rural high

6 1-2 m rural high

7 2-7 f urban low

8 2-7 m urban low



DATABASE
SYSTEMS
GROUP

Assignment 7-2

26

Again, proceed as follows:

1. Compute the entropy for all eight records:
ݕݎݐ݊݁ ଼ܦ ൌ െଵ

ଶ ∗ ଶ݈݃
ଵ
ଶ െ ଵ

ଶ ∗ ଶ݈݃
ଵ
ଶ ൌ 	1

2. Compute the information gain (IG) for all three attributes (time, gender, area):
ܩܫ ,݁݉݅ݐ ଼ܦ ൌ ݕݎݐ݊݁ ଼ܦ െ ሺଷ

଼
entropy ݐ|଼ܦ ൌ 1 െ 2  ଷ

଼
	entropy ሺݐ|଼ܦ ൌ 2 െ

7ሻ  ଶ
଼
ݕݎݐ݊݁ ݐ|଼ܦ  7 ሻ ൎ 1	 െ ቀଷ

଼
∗ ሺെమ

య ∗ ଶ݈݃
మ
య െ భ

య ∗ ଶ݈݃
భ
య ሻ 

ଷ
଼
∗ ሺെభ

య ∗

ଶ݈݃ భ
య െ మ

య ∗ ଶ݈݃
మ
య ሻ 

ଶ
଼
∗ ሺെభ

మ ∗ ଶ݈݃
భ
మ െ భ

మ ∗ ଶ݈݃
భ
మ ሻቁ ൎ 1 െ ቀଷ

଼
∗ 0.918  ଷ

଼
∗

0.918  ଶ
଼
∗ 1ቁ ൎ 0.065
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Again, proceed as follows:

2. ܩܫ ,ݎ݁݀݊݁݃ ଼ܦ ൌ ݕݎݐ݊݁ ଼ܦ െ ሺହ
଼
entropy ݃|଼ܦ ൌ ݉  ଷ

଼
	entropy ݃|଼ܦ ൌ ݂ ሻ ൎ

1 െ ହ
଼
∗ െయ

ఱ ∗ ଶ݈݃
య
ఱ െ మ

ఱ ∗ ଶ݈݃
మ
ఱ  ଷ

଼
∗ െభ

య ∗ ଶ݈݃
భ
య െ మ

య ∗ ଶ݈݃
మ
య ൎ 1 െ

ହ
଼
∗ 0.971  ଷ

଼
∗ 0.918 ൎ 0.049

ܩܫ ,ܽ݁ݎܽ ଼ܦ ൌ ݕݎݐ݊݁ ଼ܦ െ ሺଷ
଼
entropy ܽ|଼ܦ ൌ ݑ  ହ

଼
entropy ܽ|଼ܦ ൌ ݎ ሻ ൎ

1 െ ଷ
଼
∗ ሺെ0 ∗ ଶ݈݃ 0 െ 1 ∗ ଶ݈݃ 1 ሻ  ହ

଼
∗ ሺെర

ఱ ∗ ଶ݈݃
ర
ఱ െ భ

ఱ ∗ ଶ݈݃
భ
ఱ ሻሻ ൎ 1 െ

0  ହ
଼
∗ 0.722 ൎ 0.549
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3. Compare the best with the second best result:
ܩܫ ,ܽ݁ݎܽ ଼ܦ െ ܩܫ ,݁݉݅ݐ ଼ܦ ൌ 0.549 െ 0.065 ൎ 0.484  ଼ߝ ൎ 0.317
 split at ‘area’ attribute!

 New leafs are empty and have no ‘area’ attribute.
 Further splits are not required until new data arrives.
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Computing the value of ߜ at which the tree would still consist only of the leaf:

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

ߝ ൌ ோమ	୪୬	ሺభ ഃൗ ሻ
ଶ

⇒ ଶߝ2݊	 ൌ ln ଵ
ఋ⁄ ߜ⇒ ൌ ଵ

ୣ୶୮	ሺଶఌమሻ
ൎ ଵ

ୣ୶୮	ሺଵ∗.ସ଼ସమሻ
ൎ0.0235
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 0
ܾ௨ ൌ 	 ே

ఠ ൌ 0

elements of D
ሺࢋ, ,ࢌ ઢሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 1
ܾ௨ ൌ 	 ே

ఠ ൌ 0

elements of D
ሺࢋ, ,ࢌ ઢሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 1
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 1
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ܣ ∉ ܦ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 1
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 2
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 2
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 2
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ

ܤ ∉ ܦ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 2
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 3
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 3
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 3
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ

ሺܥ, 1,0ሻ

ܥ ∉ ܦ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 3
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ

ሺܥ, 1,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 4
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ

ሺܥ, 1,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 4
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ

ሺܥ, 1,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 4
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ

ሺܥ, 2,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 4
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܣ, 1,0ሻ

ሺܤ, 1,0ሻ

ሺܥ, 2,0ሻ

1  0 ൌ 1	  1
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 4
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܤ, 1,0ሻ

ሺܥ, 2,0ሻ

1  0 ൌ 1	  1
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 4
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 2,0ሻ 2  0 ൌ 2	  1
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 4
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 2,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 5
ܾ௨ ൌ 	 ே

ఠ ൌ 1

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 2,0ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 5
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 2,0ሻ



DATABASE
SYSTEMS
GROUP

Assignment 7-3

52

1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 5
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 2,0ሻ

ሺܣ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 5
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 2,0ሻ

ሺܣ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 6
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 2,0ሻ

ሺܣ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 6
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 2,0ሻ

ሺܣ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 6
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 6
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 7
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 7
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 7
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 1,1ሻ

ሺܤ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 7
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 1,1ሻ

ሺܤ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 8
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 1,1ሻ

ሺܤ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 8
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 1,1ሻ

ሺܤ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 8
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 2,1ሻ

ሺܤ, 1,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 8
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 2,1ሻ

ሺܤ, 1,1ሻ

3  0 ൌ 3	  2
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 8
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 2,1ሻ

ሺܤ, 1,1ሻ
2  1 ൌ 3	  2
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 8
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 2,1ሻ

ሺܤ, 1,1ሻ 1  1 ൌ 2	  2
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 8
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 9
ܾ௨ ൌ 	 ே

ఠ ൌ 2

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 9
ܾ௨ ൌ 	 ே

ఠ ൌ 3

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 3,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 9
ܾ௨ ൌ 	 ே

ఠ ൌ 3

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 4,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 9
ܾ௨ ൌ 	 ே

ఠ ൌ 3

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 4,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 10
ܾ௨ ൌ 	 ே

ఠ ൌ 3

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 4,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 10
ܾ௨ ൌ 	 ே

ఠ ൌ 3

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 4,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 10
ܾ௨ ൌ 	 ே

ఠ ൌ 3

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 5,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 10
ܾ௨ ൌ 	 ே

ఠ ൌ 3

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 5,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 11
ܾ௨ ൌ 	 ே

ఠ ൌ 3

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 5,0ሻ

ሺܣ, 2,1ሻ
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1 2 3 4 5 6 7 8 9 10 11 12

A B C C A C B A C C A CItem ݁

Time ݐ

Data stream ܵ

Error threshold ߳ ൌ 0.25
߱ ൌ ଵ

ఢ ൌ 4

ܰ ൌ 11
ܾ௨ ൌ 	 ே

ఠ ൌ 3

elements of D
ሺࢋ, ,ࢌ ઢሻ
ሺܥ, 5,0ሻ

ሺܣ, 2,1ሻ
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