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Fig. 4: A, Ry, and R, for leaf nodes.
C. Example

Let us consider the tree in Fig. 3(a). We first simplify the
tree. There is a node (node 5) without a fork. A node without
a fork refers to the node having only one child. We need to
remove node 5 first. Then we make node 3 the child of node
6. Finding out all non-forked nodes and deleting them takes
O(N) time. Therefore, the simplification takes O(N) time.

Next, we calculate the A, R1, and R, for the leaf nodes. We
use K =3 and B = 26 for the calculation. There are three
leaf nodes 1, 2, and 3. We need to calculate the values of
A[n; k; b], R1[n; k;b], and Rz[n;k;b] for all possible values.
For node 1, there are two possible values of b (0 and 13). If
we want to yield O traffic from T (1), we need at least a filter
at node 1. The filter will block all traffic from T (1). The filter
blocks 2 LUs. Therefore, for kK > 0 and b= 0 the number of
blocked LUs A[1; k; 0] = 2. As we are assigning all the filters
to node 1 and blocking all traffic, R1[1; k; 0] = [0;0; k] , and
R2[1; k; 0] = [0; O]. Without any filter (k = 0) we cannot block
any traffic in T (1). Therefore, A[1;0;0] = oo, R1[1;0;0] =
[-] . and R3[1;0;0] = [—] ([-] means no valid assignment).

To yield 13 traffic from T (1), no filters is needed at node
1. Therefore, for K = 0 and b = 13 the number of blocked
LUs A[1;0;13] = O because no LU traffic is blocked. No
filter is assigned to node 1, left, and right subtrees. Therefore,
R1[1;0;13] = [0;0; 0], and R3[1;0;13] = [0; 0]. For k > O,
we are assigning all the K filters to node 1 and cannot yield
13 traffic. Therefore, A[1;Kk;13] = oo, R1[1;k;13] =[],
and R3[1; k; 13] = [—]. Similarly, we calculate the rest of the
values for leaf nodes (see Fig. 4).

Next, we calculate the A, R, and R, for node 4. First,
we find out the possible values of b. Values of b in left and
right subtrees are {0;13} and {0;8}. Combining them, we
get {0; 8; 13, 21}. There are some attackers with 5 traffic load
attached to node 4. This traffic will be added to the traffic
yielded from subtree if no filter is assigned to node 4. In
this way, possible values of b are {5;13;18;26}. If a filter
is assigned to node 4 then b is 0. Then, all possible values of
b for node 4 are {0;5; 13; 18; 26}.
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For k = 0 and b < 26, without any filter, any portion of
the traffic is not possible to block. Therefore, A[4;0;b] = oo,
R1[4;0;b] = [—] , and R2[4;0;b] = [—]. If b= 26, then we
are not blocking any traffic. Without any filter that is possible
and there is no blocked LU. Therefore, A[4;0;26] = O,
R1[4; 0;26] =[0;0; 0], and R>[4; 0; 26] = [0; 0].

For k =1 and b= 0, we have only option II. Therefore, a
filter is assigned to node 4 and we block all traffic including 10
LUs. After assigning a filter to 4, there are no remaining filter.
So, T(1) and T(2) are assigned O filters (k; = 0;k, = 0).
Next, we need to find values of by and bp. Any value of by
and b, will work because all traffic will be blocked at node
4. We choose by =13 and b, = 8. Therefore, A[4; 1;0] = 10,
R1[4;1;0] =[0;0; 1], and R>[4;1;0] =[13;8].

For k =1 and b=5, we have only option 1. Therefore, no
filter is assigned to node 4. We have two choices for k; and
k>. Choice (1): k; = 0 and k, = 1. Node 4 is attached to
attackers with 5 traffic loads. So, the subtrees need to yield
5—5 = 0 traffic. We have only one choice for by and by
(b = 0 and b, = 0). The minimum blocked LU in T(1)
using k; = 0 and yielding by = O traffic is A[1;0;0] = oo.
The minimum blocked LU in T (2) using k, =1 and yielding
b, = 0 traffic is A[2;1;0] = 0. According to this choice, the
number of total blocked LU is oo.

Choice (2): k; =1 and ky = 0. The subtrees need to yield
5—5 = 0 traffic and we have only one choice for b and
b, (b =0 and b, = 0). The minimum blocked LU in T(1)
using k1 = 1 and yielding by = O traffic is A[1;1;0] = 2.
The minimum blocked LU in T (2) using k, =0 and yielding
b, = 0 traffic is A[2;0;0] = co. According to this choice, the
number of total blocked LU is oo.

We take the minimum of the two choices which is oo.
Therefore, the number of total blocked LU is A[4; 1;5] = oco.
So, R1[4;1;5] and R3[4; 1; 5] are invalid.

For k =1 and b= 13, we also have only option I. Similarly,
we have two choices for k; and ko.

Choice (1): k; = 0 and ko = 1. Node 4 is attached to
attackers with 5 traffic loads. So, the subtrees need to yield
13— 5 = 8 traffic. We have only one choice for by and b,
(bp = 0 and b, = 8). The minimum blocked LU in T(1)
using k; = 0 and yielding by = 0 traffic is A[1;0;0] = co.
The minimum blocked LU in T (2) using k, =1 and yielding
b, = 8 traffic is A[2;1;8] = oo. According to this choice, the
number of total blocked LU is oo.

Choice (2): k; =1 and kp = 0. The subtrees need to yield
13— 5 = 8 traffic and we have only one choice for by and
b, (bp =0 and b, = 8). The minimum blocked LU in T(1)
using k1 = 1 and yielding by = O traffic is A[1;1;0] = 2.
The minimum blocked LU in T (2) using k, = 0 and yielding
b, = 8 traffic is A[2;0;0] = 0. According to this choice, the
number of total blocked LU is 2.

We take the minimum of the two choices which is 2.
Therefore, the number of total blocked LU is A[4; 1;13] = 2.
So, R1[4;1;5] is [1;0; 0] and R3[4; 1; 5] is [O; 8].

Similarly, we calculate the remaining entries of A, Rj,
and Ry. Fig. 5 shows the complete values of A, Rj, and
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