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1. Consider the hierarchical dimensional model in Figure 1.

(a) In what sense is this model hierarchical and dimensional? In particular,

how do you read the hierarchy (not from the names, but the model)?

Explain.

Answer :

A hierarchical database model data model requires the data is organized into a tree-like structure. and mandates that each child record has only one parent, whereas each parent record can have one or more child records. ER diagram in Figure-1 represents One-to-many relationship between entity . The diagram reflects that only one instance of entity on one side and more than one instance of an entity on the other side can be associated with the relationship. 
Data value seen from dimensions give a context to the value. In dimensional models, information is grouped into coherent business categories or dimensions, making it easier to read and interpret. In Figure-1 dimensions provide the ‘where’ context surrounding a business process event i.e. units . 
(b) Represent the model using a wide, single relational table (give the

schema).

Answer :

	continent
	country
	province
	city
	units

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 


(c) Give a fully normalized relational schema (idem). Explain.

Answer :

	City
	

	city
	units

	 
	 

	 
	 

	 
	 



	CityProvince
	

	province
	city

	 
	 

	 
	 

	 
	 


	ProvinceCountry
	

	country
	province

	 
	 

	 
	 

	 
	 



	CountryContinent
	

	continent
	country

	 
	 

	 
	 

	 
	 


(d) Put data into the normalized relational model, starting with at least

10 basic tuples, with values for attribute “Units”. Next, use the same

data to populate the wide schema. Explain.

Answer :

(i) Data into the normalized relational model
	Sales
	

	city
	units

	toronto
	2

	montreal
	43

	toronto
	4

	montreal
	23

	detroit
	54

	Acampo
	232

	winton
	100

	montreal
	50

	ottawa
	45

	alpena
	100


	CityProvince
	

	province
	city

	California
	Acampo

	Ontario
	toronto

	Quebec
	montreal

	Michigan
	detroit

	California
	winton

	Ontario
	ottawa

	Michigan
	alpena


	ProvinceCountry
	

	country
	province

	USA
	California

	CA
	Ontario

	CA
	Quebec

	USA
	Michigan


	CountryContinent
	

	continent
	country

	North America
	US


(ii) Data into the wide schema model

	continent
	country
	province
	city
	units

	North America
	CA
	Ontario
	toronto
	2

	North America
	CA
	Quebec
	montreal
	43

	North America
	CA
	Ontario
	toronto
	4

	North America
	CA
	Quebec
	montreal
	23

	North America
	USA
	Michigan
	detroit
	54

	North America
	USA
	California
	Acampo
	232

	North America
	USA
	California
	winton
	100

	North America
	CA
	Quebec
	montreal
	50

	North America
	CA
	Ontario
	ottawa
	45

	North America
	USA
	Michigan
	alpena
	100


(e) Write in SQL a query that returns for each continent the aggregated

number of units. Do this with both the the hierarchical and wide

relational schemas. Explain.
Answer : 

(i) Query for the hierarchical schema :

Select  CountryContinent.continent, sum(Sales.units) as aggregate_units 

from Sales,  CityProvince, ProvinceCountry, CountryContinent
where Sales.city = CityProvince.city
and CityProvince.province = ProvinceCountry.province

and ProvinceCountry.country = CountryContinent.country

group by CountryContinent.continent ;

(ii) Query for the wide schema :

Select  continent, sum(units) as aggregate_units 

from wide_table

group by continent ;

Q2.

(a) Prove that the joint probability distribution of random variables Y,V,S is given by the formula: P(Y = y,V = v,S = s) = P(Y = y|V = v,S = s)×P(V = v)×P(S = s).

Answer: (a) 

P(Y=y, V=v, S=s)

Rewrite this as follows

= P(Y=y, (V=v, S=s))

Using conditional probability rule

= P(Y=y | (V=v, S=s)) x P(V=v, S=s) ……… [like P(A∩B) =  P(A|B) * P(B)]

Assume the random variables V and S is independent (Will be explained in part b)

= P(Y=y | V=v, S=s) x P(V=v) x P(S=s) 

(b) State explicitly what additional assumption you made to obtain (a), and why.

Answer (b) 

The assumption is the random variables, V and S is independent because they are initial nodes on the given Bayesian network so they should have absolute probability. That is they are not dependent on each other.

(c) With the given probability distributions for (some of) the variables in the network, compute the probability that “Client simultaneously: books at a beach resort, is not a top manager, and plays at the lottery”.

Answer (c) 

P(Y=1, V=0, S=1)

As we proved in part (a)

= P(Y=1| V=0, S=1) x P(V=0) x P(S=1)

= 0.6 x 0.9 x 0.25

= 0.135

(d) Compute the probability that “Client does not book at the beach resort”.

Answer (d) 

P(Y=0, V=0, S=0) + P(Y=0, V=0, S=1) + P(Y=0, V=1, S=0) + P(Y=0, V=1, S=1)

As we proved in part (a)

= P(Y=0 | V=0, S=0) x P(V=0) x P(S=0) + P(Y=0 | V=0, S=1) x P(V=0) x P(S=1) + P(Y=0 | V=1, S=0) x P(V=1) x P(S=0) + P(Y=0 | V=1, S=1) x P(V=1) x P(S=1)

= (0.2 x 0.9 x 0.75) + (0.4 x 0.9 x 0.25) + (0.3 x 0.1 x 0.75) + (0.05 x 0.1 x 0.25)

= 0.135 + 0.09 + 0.0225 + 0.00125

= 0.24875

~ 0.25

3. Consider the function f : R → R given by f (x) = (x − 3)2+ 4.
(a) Draw the graph.

Answer :

Direction: Opens Up

Vertex: (3,4)
Focus: (3,17/4)
Axis of Symmetry: x=3
Directrix: y=15/4
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(b) Prove that the function is convex. More precisely, take any two (i.e.

arbitrary, generic) points (x1, y1), (x2, y2) on the curve (with x1< x2),and prove in analytic terms (i.e. using analytical geometry) that the line segment joining them is “contained” in the curve. More precisely, that in the interval [x1, x2] a y-coordinate value on the segment is greater than or equal to the corresponding y-coordinate value on the curve.
Answer :
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f(x) = (x − 3)2+ 4
f’(x) =  2(x-3)
f’’(x) =  2

i.e. f’’(x)   > 0

This implies that f(x) is convex.
(c) Consider an arbitrary point (x0, y0) on the curve. Explain how to use the derivative to determine in which direction (left or right) to move on the curve in order to find the absolute minimum (or maximum)

Answer :
f(x) = (x − 3)2 + 4
First differentiation :

f’(x) =  2(x-3)
f’(x) =  2(x-3) = 0


2(x0-3) = 0
X0 = 3

Second differentiation :

f’’(x) =  2

i.e. f’’(x)   > 0
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From theorem, this implies that f(x) has absolute minimum at x0=3 .
i.e 
if x0 < 3 , then move towards right to find the absolute minimum

if x0 > 3 , then move towards left to find the absolute minimum .

Absolute minimum at x0=3 : 

= (x − 3)2+ 4
= (3-3)2 + 4
= 0 + 4

= 4

