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Outline

* Calculation the number of Network-Connectivity (NC) Cutsets and
Content-Connectivity (CC) Cutsets in a logical topology

* Content Connectivity ILPs’ complexity in terms of number of variables
and constraints: calculation and comparison

e Scenarios where Content Connectivity has advantages over Network
Connectivity

e Questions when implementing new approaches for Content
Connectivity
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Number of NC Cutsets

* All calculations made on a logical topology G; (V;, E;)
* D is set of datacenters in the logical topology.

* Number of nodes and links in the logical topology are N;, = |V | and
L, = |EL|.

* A Cut divides I/} into two disjoint sets S and V; — S.

* Let number of nodes in S is k = |§|, the maximum number of NC

cutsets:
N, !

k' (N, — k)!
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Number of NC Cutsets

* For each k how may cutsets in NC are valid for a specific logical
topology?
v'Cutsets which have direct logical links between S and V;, — S

* How may k?
v1<k<N -1
e Total number of valid NC cutsets:

ZNL 1 L'

k=1 gi(Np—k)!
v' Combination with no order and no repetition
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Number of CC Cutsets

* Content Connectivity cutset is
a subset of the Network
Connectivity Cutset 18

CCrutset © NCiytset

which satisfies:

CC Cutset

v sAD = @ NC Cutset 12961 -|1 E
v' Direct logical links between S Y
and I/}, —S. 40 2[:"5
v'One example (Figure) B Data center

v'Enumeration using a small
com puter program Logical topology
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ILP Number of Variables and Constraints

* Depending on the ILP and
input data:
* Logical topology
* Physical topology
* Number of datacenters

Np = 52 nodes, Lp = 196 links

45
B Data center
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ILP Number of Variables and Constraints

Objective function:
min 113
ijeEEp, StEE}
Subject to:
z fiif S Fyy x W ,Vij € Ep
StEE;
—1lifi==s
Z fiit - Z ff=41 ifi=t Vi€V Vst €E,
JjUiEEp JijEEp 0 otherwise

1 l
ﬁjr =< |CCC| - erR{c € PHIVCCE € CCC
ijePE, steClq

el Y (T~
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(2.1)

(2.2)

(2.3)

(2.4)

* There are formulas to
calculate number of variables
and constraints for given
input data.

* This ILP has only one variable
* Number of variables is
Lp X L; =196 X 20 = 3920.



ILP Number of Variables and Constraints

Objective function:
min Z 113
ijeEEp, StEE}
Subject to:
Z fiit < Fyy X W,Vij € Ep
StEE,
—1lifi==s
Z fiit - Z ff=41 ifi=t Vi€V Vst €E,
JjUiEEp jijEEp 0 otherwise

fif <|ctc| - 1,vPk € P, ¥Cle € C
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(2.1)

(2.2)

(2.3)

(2.4)

Equation (2.2) considers for all
physical links, hence 196
constraints.

Equation (2.3) considers for all
physical nodes and all logical links,
# of constraints:

Np X L; =52 x 20 = 1,040.
Equation (2.4), for the logical
topology, there are 19110 double-
link failure cases (in case of CC-2)
and 30 CC cutsets, # of constraints:

19110 x 30 = 573,300.



Scenario CC cost equal to NC cost

E
= _ - o ~ 2|l Datacenters moved to nodes 5 and 6
A ._3 D
.y -
..... "
.
F

CC cost = 12 wavelength channels

NC cost = 14 wavelength channels Both NC and CC mappings use 14 wavelength channels.
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Discussion

* So far, we worked with content- 18 ﬁ 6

=

connected mapping problem. il 0}
* All nodes must have access to

\ 49
content. 12 11
Do we need E/E E
connection/communication BE X
40

between requesting nodes (e.g., i
node 1 and node 12)? ﬁ Data center

* This issue arising when we are |
implementing the dummy node. Logical topology
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Which Physical Topology?

Fig.2  Tokyo23 topology.

Fig. 1 Modified Italy Telecom 52-node topology
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ki

We must consider to include the physical topology in publications.



