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5 Backtracking Search/CSPs

1. A latin square of size m is an m ⇥m matrix containing the numbers 1 � �m such that no
number occurs more than once in any row or column. For example

1 2 3 4
4 1 2 3
3 4 1 2
2 3 4 1

is a latin square of size 4. Specify this the problem of finding a latin square of size m as a
CSP.

2. Consider the N -Queens problem. That is, the problem of placing N Queens on an N ⇥ N
chessboard so that no two Queens can attack each other.
Find the first solution to the 5-Queens problem by using the Forward Checking algorithm
with dynamic variable reordering using the heuristic that we always instantiate next that
variable with smallest remaining number of elements in its domain, breaking ties in favour of
the lowest numbered variable.
(Note, use the same CSP formulation as that used in class. That is, we have 5 variables,
Q1, . . . , Q5 each with domain [1, 2, 3, 4, 5]. Each variable Qi represents the queen in the i-th
row, and the assignement Qi = j means that the queen in the i-th row has been placed in
the j-th column.
Draw the search tree explored by this algorithm. At each node indicate

(a) The variable being instantiated, and the value it is being assigned.
(b) A list of the variables that have had at least one of their values pruned by the new

assignment, and for such variable a list of its remaining legal values. Note, you must

follow the forward checking algorithm precisely: only prune values that would be pruned

by the algorithm.

(c) Mark any node where a deadend occurs because of a domain wipe out (use the symbol
DWO).

3. Say we have 4 variables X, Y , Z, and W , with the following domains of values:

(a) Dom[X] = {1, 2, 3, 4}
(b) Dom[Y ] = {1, 2, 3, 4}
(c) Dom[Z] = {1, 2, 3, 4}
(d) Dom[W ] = {1, 2, 3, 4, 5}

And 3 constraints:

(a) C1(X, Y, Z) which is satisfied only when X = Y + Z

(b) C2(X, W ) which is satisfied only when W > X

(c) C3(X, Y, Z,W ) which is satisfied only when W = X + Z + Y

Enforce GAC on these constraints, and give the resultant GAC consistent variable domains.
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5 Backtracking Search/CSPs

1. A latin square of size m is an m ⇥m matrix containing the numbers 1 � �m such that no
number occurs more than once in any row or column. For example

1 2 3 4
4 1 2 3
3 4 1 2
2 3 4 1

is a latin square of size 4. Specify this the problem of finding a latin square of size m as a
CSP.

2. Consider the N -Queens problem. That is, the problem of placing N Queens on an N ⇥ N
chessboard so that no two Queens can attack each other.
Find the first solution to the 5-Queens problem by using the Forward Checking algorithm
with dynamic variable reordering using the heuristic that we always instantiate next that
variable with smallest remaining number of elements in its domain, breaking ties in favour of
the lowest numbered variable.
(Note, use the same CSP formulation as that used in class. That is, we have 5 variables,
Q1, . . . , Q5 each with domain [1, 2, 3, 4, 5]. Each variable Qi represents the queen in the i-th
row, and the assignement Qi = j means that the queen in the i-th row has been placed in
the j-th column.
Draw the search tree explored by this algorithm. At each node indicate

(a) The variable being instantiated, and the value it is being assigned.
(b) A list of the variables that have had at least one of their values pruned by the new

assignment, and for such variable a list of its remaining legal values. Note, you must

follow the forward checking algorithm precisely: only prune values that would be pruned

by the algorithm.

(c) Mark any node where a deadend occurs because of a domain wipe out (use the symbol
DWO).

3. Say we have 4 variables X, Y , Z, and W , with the following domains of values:

(a) Dom[X] = {1, 2, 3, 4}
(b) Dom[Y ] = {1, 2, 3, 4}
(c) Dom[Z] = {1, 2, 3, 4}
(d) Dom[W ] = {1, 2, 3, 4, 5}

And 3 constraints:

(a) C1(X,Y, Z) which is satisfied only when X = Y + Z

(b) C2(X,W ) which is satisfied only when W > X

(c) C3(X,Y, Z,W ) which is satisfied only when W = X + Z + Y

Enforce GAC on these constraints, and give the resultant GAC consistent variable domains.

3§ 	  All	  constraints	  put	  on	  GAC	  queue.	  
§ 	  Process	  C3	  first.	  	  
	  	  	  	  X	  =	  1	  (X=1,	  Y=1,	  Z=1,	  W=3)	  
	  	  	  	  X	  =	  2	  (X=2,	  Y=1,	  Z=1,	  W=4)	  
	  	  	  	  X	  =	  3	  (X=3,	  Y=1,	  Z=1,	  W=5)	  
	  	  	  	  X	  =	  4	  –	  Inconsistent.	  	  
	  	  	  	  Dom(X)	  =	  {1,	  2,	  3}	  
	  	  	  	  	  	  similarly	  
	  	  	  	  Dom(Y)	  =	  {1,	  2,	  3}	  
	  	  	  	  Dom(Z)	  =	  {1,	  2,	  3}	  
	  

	  	  	  W	  =	  1	  –	  inconsistent	  
	  	  	  W	  =	  2	  –	  inconsistent	  
	  	  	  W	  =	  3	  –	  same	  support	  as	  X=1	  
	  	  	  W	  =	  4	  –	  same	  support	  as	  X	  =	  2	  
	  	  	  W=	  5	  –	  same	  support	  as	  X	  =	  3	  
	  
	  	  Dom(W)	  =	  {3,	  4,	  5}	  
	  
All	  domains	  pruned,	  but	  all	  other	  
constraints	  already	  on	  GAC	  queue	  
	  



3	  Fahiem	  Bacchus,	  CSC384	  Introduc8on	  to	  Ar8ficial	  Intelligence,	  University	  of	  Toronto,	  	  

GAC	  Example	  	  

5 Backtracking Search/CSPs

1. A latin square of size m is an m ⇥m matrix containing the numbers 1 � �m such that no
number occurs more than once in any row or column. For example

1 2 3 4
4 1 2 3
3 4 1 2
2 3 4 1

is a latin square of size 4. Specify this the problem of finding a latin square of size m as a
CSP.

2. Consider the N -Queens problem. That is, the problem of placing N Queens on an N ⇥ N
chessboard so that no two Queens can attack each other.
Find the first solution to the 5-Queens problem by using the Forward Checking algorithm
with dynamic variable reordering using the heuristic that we always instantiate next that
variable with smallest remaining number of elements in its domain, breaking ties in favour of
the lowest numbered variable.
(Note, use the same CSP formulation as that used in class. That is, we have 5 variables,
Q1, . . . , Q5 each with domain [1, 2, 3, 4, 5]. Each variable Qi represents the queen in the i-th
row, and the assignement Qi = j means that the queen in the i-th row has been placed in
the j-th column.
Draw the search tree explored by this algorithm. At each node indicate

(a) The variable being instantiated, and the value it is being assigned.
(b) A list of the variables that have had at least one of their values pruned by the new

assignment, and for such variable a list of its remaining legal values. Note, you must

follow the forward checking algorithm precisely: only prune values that would be pruned

by the algorithm.

(c) Mark any node where a deadend occurs because of a domain wipe out (use the symbol
DWO).

3. Say we have 4 variables X, Y , Z, and W , with the following domains of values:

(a) Dom[X] = {1, 2, 3, 4}
(b) Dom[Y ] = {1, 2, 3, 4}
(c) Dom[Z] = {1, 2, 3, 4}
(d) Dom[W ] = {1, 2, 3, 4, 5}

And 3 constraints:

(a) C1(X,Y, Z) which is satisfied only when X = Y + Z

(b) C2(X,W ) which is satisfied only when W > X

(c) C3(X,Y, Z,W ) which is satisfied only when W = X + Z + Y

Enforce GAC on these constraints, and give the resultant GAC consistent variable domains.

3§ 	  Process	  C2	  next	  
	  	  	  	  Currently	  
	  	  	  	  Dom(X)	  =	  {1,	  2,	  3}	  
	  	  	  	  Dom(W)	  =	  {3,	  4,	  5}	  
	  
	  	  	  X	  =	  1	  (X=1,	  W=3)	  
	  	  	  X	  =	  2	  (X=2,	  W=3)	  
	  	  	  X	  =	  3	  (X=3,	  W=4)	  
	  
	  	  	  W=3,	  W=4	  found	  supports	  already	  

	  	  	  W=5	  (X=1,	  W=5)	  
	  
No	  domains	  pruned.	  Nothing	  added	  
to	  GAC	  Queue	  
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5 Backtracking Search/CSPs

1. A latin square of size m is an m ⇥m matrix containing the numbers 1 � �m such that no
number occurs more than once in any row or column. For example

1 2 3 4
4 1 2 3
3 4 1 2
2 3 4 1

is a latin square of size 4. Specify this the problem of finding a latin square of size m as a
CSP.

2. Consider the N -Queens problem. That is, the problem of placing N Queens on an N ⇥ N
chessboard so that no two Queens can attack each other.
Find the first solution to the 5-Queens problem by using the Forward Checking algorithm
with dynamic variable reordering using the heuristic that we always instantiate next that
variable with smallest remaining number of elements in its domain, breaking ties in favour of
the lowest numbered variable.
(Note, use the same CSP formulation as that used in class. That is, we have 5 variables,
Q1, . . . , Q5 each with domain [1, 2, 3, 4, 5]. Each variable Qi represents the queen in the i-th
row, and the assignement Qi = j means that the queen in the i-th row has been placed in
the j-th column.
Draw the search tree explored by this algorithm. At each node indicate

(a) The variable being instantiated, and the value it is being assigned.
(b) A list of the variables that have had at least one of their values pruned by the new

assignment, and for such variable a list of its remaining legal values. Note, you must

follow the forward checking algorithm precisely: only prune values that would be pruned

by the algorithm.

(c) Mark any node where a deadend occurs because of a domain wipe out (use the symbol
DWO).

3. Say we have 4 variables X, Y , Z, and W , with the following domains of values:

(a) Dom[X] = {1, 2, 3, 4}
(b) Dom[Y ] = {1, 2, 3, 4}
(c) Dom[Z] = {1, 2, 3, 4}
(d) Dom[W ] = {1, 2, 3, 4, 5}

And 3 constraints:

(a) C1(X,Y, Z) which is satisfied only when X = Y + Z

(b) C2(X,W ) which is satisfied only when W > X

(c) C3(X,Y, Z,W ) which is satisfied only when W = X + Z + Y

Enforce GAC on these constraints, and give the resultant GAC consistent variable domains.

3
§ 	  Process	  C1	  next	  	  
	  
	  	  	  At	  this	  stage	  	  
	  	  	  	  	  Dom(X)	  =	  	  Dom(Y)	  =	  Dom(Z)	  
	  	  	  	  	  	  	  =	  {1,	  2,	  3}	  
	  	  	  	  
	  	  X	  =	  1	  –	  inconsistent	  
	  	  X	  =	  2	  –	  (X=2,	  Y=1,	  Z=1)	  
	  	  X	  =	  3	  –	  (X=3,	  Y=1,	  Z=2)	  

	  Y	  =	  1	  –	  same	  support	  as	  X=2	  
	  Y	  =	  2	  –	  (X=3,	  Y=2,	  Z=1)	  
	  Y	  =	  3	  –	  inconsistent	  	  

	  Z	  =	  1	  –	  same	  support	  as	  X=2	  
	  Z	  =	  2	  –	  	  same	  support	  as	  X=3	  
	  Z	  =	  3	  –	  inconsistent	  	  
	  
Updated	  domains	  
X	  =	  {2,3}	  
Y	  =	  {1,2}	  
Z	  =	  {1,2}	  
	  
Put	  C2	  and	  C3	  back	  onto	  GAC	  queue	  
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5 Backtracking Search/CSPs

1. A latin square of size m is an m ⇥m matrix containing the numbers 1 � �m such that no
number occurs more than once in any row or column. For example

1 2 3 4
4 1 2 3
3 4 1 2
2 3 4 1

is a latin square of size 4. Specify this the problem of finding a latin square of size m as a
CSP.

2. Consider the N -Queens problem. That is, the problem of placing N Queens on an N ⇥ N
chessboard so that no two Queens can attack each other.
Find the first solution to the 5-Queens problem by using the Forward Checking algorithm
with dynamic variable reordering using the heuristic that we always instantiate next that
variable with smallest remaining number of elements in its domain, breaking ties in favour of
the lowest numbered variable.
(Note, use the same CSP formulation as that used in class. That is, we have 5 variables,
Q1, . . . , Q5 each with domain [1, 2, 3, 4, 5]. Each variable Qi represents the queen in the i-th
row, and the assignement Qi = j means that the queen in the i-th row has been placed in
the j-th column.
Draw the search tree explored by this algorithm. At each node indicate

(a) The variable being instantiated, and the value it is being assigned.
(b) A list of the variables that have had at least one of their values pruned by the new

assignment, and for such variable a list of its remaining legal values. Note, you must

follow the forward checking algorithm precisely: only prune values that would be pruned

by the algorithm.

(c) Mark any node where a deadend occurs because of a domain wipe out (use the symbol
DWO).

3. Say we have 4 variables X, Y , Z, and W , with the following domains of values:

(a) Dom[X] = {1, 2, 3, 4}
(b) Dom[Y ] = {1, 2, 3, 4}
(c) Dom[Z] = {1, 2, 3, 4}
(d) Dom[W ] = {1, 2, 3, 4, 5}

And 3 constraints:

(a) C1(X,Y, Z) which is satisfied only when X = Y + Z

(b) C2(X,W ) which is satisfied only when W > X

(c) C3(X,Y, Z,W ) which is satisfied only when W = X + Z + Y

Enforce GAC on these constraints, and give the resultant GAC consistent variable domains.

3§ 	  Process	  C3	  next	  current	  domains:	  
	  	  	  	  	  Dom(X)	  =	  	  {2,	  3}	  
	  	  	  	  	  Dom(Y)	  =	  	  {1,	  2}	  
	  	  	  	  	  Dom(Z)	  =	  	  {1,	  2}	  
	  	  	  	  	  Dom(W)	  =	  {3,4,5}	  
	  	  X	  =	  2	  –	  {X=2,	  W=4,	  Y=1,	  Z=1}	  
	  	  X	  =	  3	  –	  {X=3,	  W=5,	  Y=1,	  Z=1}	  
	  
	  	  Y	  =	  1	  –	  found	  support	  
	  	  Y	  =	  2	  –	  {X=2,	  W=5,	  Y=2,	  Z=1}	  
	  
	  	  Z	  =	  1	  –	  found	  support	  
	  	  Z	  =	  2	  –	  {X=2,	  W=5,	  Y=1,	  Z=2}	  

	  W	  =	  3	  inconsistent	  	  
	  W	  =	  4	  –	  found	  support	  
	  W	  =	  5	  –	  found	  support	  
	  
Pruned	  domains	  
	  W	  =	  {4,	  5}	  
	  
C2	  already	  on	  GAC	  queue	  
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5 Backtracking Search/CSPs

1. A latin square of size m is an m ⇥m matrix containing the numbers 1 � �m such that no
number occurs more than once in any row or column. For example

1 2 3 4
4 1 2 3
3 4 1 2
2 3 4 1

is a latin square of size 4. Specify this the problem of finding a latin square of size m as a
CSP.

2. Consider the N -Queens problem. That is, the problem of placing N Queens on an N ⇥ N
chessboard so that no two Queens can attack each other.
Find the first solution to the 5-Queens problem by using the Forward Checking algorithm
with dynamic variable reordering using the heuristic that we always instantiate next that
variable with smallest remaining number of elements in its domain, breaking ties in favour of
the lowest numbered variable.
(Note, use the same CSP formulation as that used in class. That is, we have 5 variables,
Q1, . . . , Q5 each with domain [1, 2, 3, 4, 5]. Each variable Qi represents the queen in the i-th
row, and the assignement Qi = j means that the queen in the i-th row has been placed in
the j-th column.
Draw the search tree explored by this algorithm. At each node indicate

(a) The variable being instantiated, and the value it is being assigned.
(b) A list of the variables that have had at least one of their values pruned by the new

assignment, and for such variable a list of its remaining legal values. Note, you must

follow the forward checking algorithm precisely: only prune values that would be pruned

by the algorithm.

(c) Mark any node where a deadend occurs because of a domain wipe out (use the symbol
DWO).

3. Say we have 4 variables X, Y , Z, and W , with the following domains of values:

(a) Dom[X] = {1, 2, 3, 4}
(b) Dom[Y ] = {1, 2, 3, 4}
(c) Dom[Z] = {1, 2, 3, 4}
(d) Dom[W ] = {1, 2, 3, 4, 5}

And 3 constraints:

(a) C1(X,Y, Z) which is satisfied only when X = Y + Z

(b) C2(X,W ) which is satisfied only when W > X

(c) C3(X,Y, Z,W ) which is satisfied only when W = X + Z + Y

Enforce GAC on these constraints, and give the resultant GAC consistent variable domains.

3§ 	  Process	  C2	  next	  current	  domains:	  
	  	  	  	  	  Dom(X)	  =	  	  {2,	  3}	  
	  	  	  	  	  Dom(W)	  =	  {4,5}	  
	  	  X	  =	  2	  –	  {X=2,	  W=4}	  
	  	  X	  =	  3	  –	  {X=3,	  W=4}	  
	  
	  	  W	  =	  4	  	  –	  found	  support	  
	  	  W	  =	  5	  –	  {X=3,	  W=5}	  

	  No	  Domains	  pruned.	  	  
Nothing	  added	  to	  queue	  
	  
Queue	  Empty	  
	  
GAC	  finished.	  
	  
GAC	  domains:	  
X	  =	  {2,3}	  
Z	  =	  {1,	  2}	  
Y	  =	  {1,	  2}	  
W	  =	  {4,5}	  
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5 Backtracking Search/CSPs

1. A latin square of size m is an m ⇥m matrix containing the numbers 1 � �m such that no
number occurs more than once in any row or column. For example

1 2 3 4
4 1 2 3
3 4 1 2
2 3 4 1

is a latin square of size 4. Specify this the problem of finding a latin square of size m as a
CSP.

2. Consider the N -Queens problem. That is, the problem of placing N Queens on an N ⇥ N
chessboard so that no two Queens can attack each other.
Find the first solution to the 5-Queens problem by using the Forward Checking algorithm
with dynamic variable reordering using the heuristic that we always instantiate next that
variable with smallest remaining number of elements in its domain, breaking ties in favour of
the lowest numbered variable.
(Note, use the same CSP formulation as that used in class. That is, we have 5 variables,
Q1, . . . , Q5 each with domain [1, 2, 3, 4, 5]. Each variable Qi represents the queen in the i-th
row, and the assignement Qi = j means that the queen in the i-th row has been placed in
the j-th column.
Draw the search tree explored by this algorithm. At each node indicate

(a) The variable being instantiated, and the value it is being assigned.
(b) A list of the variables that have had at least one of their values pruned by the new

assignment, and for such variable a list of its remaining legal values. Note, you must

follow the forward checking algorithm precisely: only prune values that would be pruned

by the algorithm.

(c) Mark any node where a deadend occurs because of a domain wipe out (use the symbol
DWO).

3. Say we have 4 variables X, Y , Z, and W , with the following domains of values:

(a) Dom[X] = {1, 2, 3, 4}
(b) Dom[Y ] = {1, 2, 3, 4}
(c) Dom[Z] = {1, 2, 3, 4}
(d) Dom[W ] = {1, 2, 3, 4, 5}

And 3 constraints:

(a) C1(X,Y, Z) which is satisfied only when X = Y + Z

(b) C2(X,W ) which is satisfied only when W > X

(c) C3(X,Y, Z,W ) which is satisfied only when W = X + Z + Y

Enforce GAC on these constraints, and give the resultant GAC consistent variable domains.

3§ Note	  GAC	  enforce	  does	  not	  find	  a	  
solu8on	  
To	  find	  a	  solu8on	  we	  must	  use	  do	  
search	  while	  enforcing	  GAC.	  

§ Branch	  on	  X.	  	  
	  	  X	  =	  2	  	  
	  	  GAC(C1)	  è	  Y	  =	  1,	  Z=1	  
	  	  GAC(C2)	  è	  no	  changes	  
	  	  GAC(C3)	  è	  W	  =	  4	  
	  	  This	  is	  a	  solu8on.	  	  

§ Branch	  on	  X	  =	  3	  	  
	  	  GAC(C1)	  è	  no	  changes	  
	  	  GAC(C2)	  è	  no	  changes	  
	  	  GAC(C3)	  è	  Prune	  W=4	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Prune	  Y	  =	  2	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Prune	  Z	  =	  2	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Current	  Domains	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  X={3},	  Y={1},	  Z={1},	  W={5}	  
	  GAC(C1)	  è	  	  Prune	  Y={1}	  DWO	  

	  	  	  NOTE	  No	  solu8on	  with	  X=3	  but	  
	  	  	  X=3	  not	  pruned	  by	  GAC	  enforce.	  
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V1	   V3	   V4	   V5	  

A	   A	   A	   A	  

A	   B	   C	   B	  

B	   C	   B	   B	  

C	   A	   B	   C	  

C	   B	   A	   B	  

§ C2(V1,V3,V4,V5)	  
V1	   V2	   V3	  

A	   B	   C	  

B	   A	   C	  

A	   A	   B	  

§ C1(V1,V2,V3)	  

§ Dom[V1]…Dom[V5]	  =	  {a,	  b,	  c}	  

V2	   V3	   V5	  

A	   A	   A	  

A	   B	   C	  

B	   C	   B	  

C	   A	   B	  

C	   B	   A	  

§ C3(V2,V3,V5)	  
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Example	  

V1	   V3	   V4	   V5	  

A	   A	   A	   A	  

A	   B	   C	   B	  

B	   C	   B	   B	  

C	   A	   B	   C	  

C	   B	   A	   B	  

§ C2(V1,V3,V4,V5)	  
V1	   V2	   V3	  

A	   B	   C	  

B	   A	   C	  

A	   A	   B	  

§ C1(V1,V2,V3)	  

§ V1=C:	  no	  support	  
§ V2=C:	  no	  support	  
§ V3=A:	  no	  support	  

§ V1={a,b}	  
§ V2={a,b}	  
§ V3={b,c}	  

V2	   V3	   V5	  

A	   A	   A	  

A	   B	   C	  

B	   C	   B	  

C	   A	   B	  

C	   B	   A	  

§ C3(V2,V3,V5)	  
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Example	  

V1	   V3	   V4	   V5	  

A	   A	   A	   A	  

A	   B	   C	   B	  

B	   C	   B	   B	  

C	   A	   B	   C	  

C	   B	   A	   B	  

§ C2(V1,V3,V4,V5)	  
V1	   V2	   V3	  

A	   B	   C	  

B	   A	   C	  

A	   A	   B	  

§ C1(V1,V2,V3)	  

§ V1=C:	  no	  support	  
§ V2=C:	  no	  support	  
§ V3=A:	  no	  support	  

§ V1={a,b}	  
§ V2={a,b}	  
§ V3={b,c}	  

V2	   V3	   V5	  

A	   A	   A	  

A	   B	   C	  

B	   C	   B	  

C	   A	   B	  

C	   B	   A	  

§ C3(V2,V3,V5)	  
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Example	  

V1	   V3	   V4	   V5	  

A	   A	   A	   A	  

A	   B	   C	   B	  

B	   C	   B	   B	  

C	   A	   B	   C	  

C	   B	   A	   B	  

§ C2(V1,V3,V4,V5)	  
V1	   V2	   V3	  

A	   B	   C	  

B	   A	   C	  

A	   A	   B	  

§ C1(V1,V2,V3)	  

§ V1=C:	  no	  support	  
§ V2=C:	  no	  support	  
§ V3=A:	  no	  support	  

§ V1={a,b}	  
§ V2={a,b}	  
§ V3={b,c}	  

§ V4=A:	  no	  support	  
§ V5=A:	  no	  support	  
§ V5=C:	  no	  support	  

§ V4={C,B}	  
§ V5={B}	  

V2	   V3	   V5	  

A	   A	   A	  

A	   B	   C	  

B	   C	   B	  

C	   A	   B	  

C	   B	   A	  

§ C3(V2,V3,V5)	  
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Example	  

V1	   V3	   V4	   V5	  

A	   A	   A	   A	  

A	   B	   C	   B	  

B	   C	   B	   B	  

C	   A	   B	   C	  

C	   B	   A	   B	  

§ C2(V1,V3,V4,V5)	  
V1	   V2	   V3	  

A	   B	   C	  

B	   A	   C	  

A	   A	   B	  

§ C1(V1,V2,V3)	  
V2	   V3	   V5	  

A	   A	   A	  

A	   B	   C	  

B	   C	   B	  

C	   A	   B	  

C	   B	   A	  

§ C2(V2,V3,V5)	  

§ V1=C:	  no	  support	  
§ V2=C:	  no	  support	  
§ V3=A:	  no	  support	  

§ V1={a,b}	  
§ V2={a,b}	  
§ V3={b,c}	  

§ V4=A:	  no	  support	  
§ V5=A:	  no	  support	  
§ V5=C:	  no	  support	  

§ V4={C,B}	  
§ V5={B}	  
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Example	  

V1	   V3	   V4	   V5	  

A	   A	   A	   A	  

A	   B	   C	   B	  

B	   C	   B	   B	  

C	   A	   B	   C	  

C	   B	   A	   B	  

§ C2(V1,V3,V4,V5)	  
V1	   V2	   V3	  

A	   B	   C	  

B	   A	   C	  

A	   A	   B	  

§ C1(V1,V2,V3)	  
V2	   V3	   V5	  

A	   A	   A	  

A	   B	   C	  

B	   C	   B	  

C	   A	   B	  

C	   B	   A	  

§ C2(V2,V3,V5)	  

§ V1=C:	  no	  support	  
§ V2=C:	  no	  support	  
§ V3=A:	  no	  support	  

§ V1={a,b}	  
§ V2={a,b}	  
§ V3={b,c}	  

§ V4=A:	  no	  support	  
§ V5=A:	  no	  support	  
§ V5=C:	  no	  support	  

§ V4={C,B}	  
§ V5={B}	  

§ V2=A:	  no	  support	  
§ V3=B:	  no	  support	  

§ V2={B}	  
§ V3={C}	  
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Example	  

V1	   V3	   V4	   V5	  

A	   A	   A	   A	  

A	   B	   C	   B	  

B	   C	   B	   B	  

C	   A	   B	   C	  

C	   B	   A	   B	  

§ C2(V1,V3,V4,V5)	  
V1	   V2	   V3	  

A	   B	   C	  

B	   A	   C	  

A	   A	   B	  

§ C1(V1,V2,V3)	  
V2	   V3	   V5	  

A	   A	   A	  

A	   B	   C	  

B	   C	   B	  

C	   A	   B	  

C	   B	   A	  

§ C2(V2,V3,V5)	  

§ V1=B	  has	  no	  support	  
§ V1={A}	  

§ V4={C,B}	  
§ V5={B}	   § V2={B}	  

§ V3={C}	  
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Example	  

V1	   V3	   V4	   V5	  

A	   A	   A	   A	  

A	   B	   C	   B	  

B	   C	   B	   B	  

C	   A	   B	   C	  

C	   B	   A	   B	  

§ C2(V1,V3,V4,V5)	  
V1	   V2	   V3	  

A	   B	   C	  

B	   A	   C	  

A	   A	   B	  

§ C1(V1,V2,V3)	  
V2	   V3	   V5	  

A	   A	   A	  

A	   B	   C	  

B	   C	   B	  

C	   A	   B	  

C	   B	   A	  

§ C2(V2,V3,V5)	  

§ V1=B	  has	  no	  support	  
§ V1={A}	  

§ V4=B	  has	  no	  support	  
§ V4={B}	  
§ V5={B}	  
§ V3=C	  has	  no	  support	  

§ V3={}	  DWO	  

§ V2={B}	  
§ V3={C}	  


