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CONTENT DELIVERY NETWORKS (CDNSs)
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N THE EVOLUTION OF CONTENT DELIVERY NETWORKS
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N | DATA LOSS IN THE CLOUD

Leading causes of Data loss
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CHARACTERISTICS OF DISTRUPTIONS FOR CDN PROVIDERS (I)
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Figure 37: Akamai Traffic Served to French Polynesia, July 14-15, 2015

Source: Q3 2015 State of the Internet Report - AKAMAI
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CHARACTERISTICS OF DISTRUPTIONS FOR CDN PROVIDERS (lI)
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Figure 36: Akamai Traffic Served to the Northern Mariana Islands, July 7-18, 2015

Source: Q3 2015 State of the Internet Regort - AKAMAI

_ I POLITECNICO DI MILANO

Ali Hmaity - DEIB - Politecnico Di Milano DRCN 2016 PARIS 15-17/03/2016




N CHARACTERISTICS OF DISTRUPTIONS FOR CDN PROVIDERS (ll1)
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CONNECTIVITY DURING FAILURE EVENTS?

B
| HOW CAN A CDN PROVIDER OVERCOME TOTAL LOSS OF

The idea Is to perform a survivable design combined with an optimal content
placement to allow the CDN provider to continue the content distribution until the

failure recovery from single/multiple failures is done.
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IMPACT OF PHYSICAL LAYER FAILURES

Vertical correlated cascading failures
CDN provider cause failures of multiple logical

Logical connections in the upper layers.
network
Physical
network
Initial failure introduces loss
. < — of multiple network elements.
Horizontal correlated cascading failures cause
more failures on the physical layers.
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NETWORK CONNECTIVITY VS CONTENT CONNECTIVITY

Traditional metric: Network connectivity

= Reachability of all nodes from any
point in the network.

i server &%
Origin =%~
V server

New metric : Content connectivity

= Reachability of the content from any CDN provider virtual network
point in the network.

**«Fault-Tolerant Virtual Network Mapping to Provide Content Connectivity in Optical Networks,” M. F. Habib et al.
N
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B
N | NETWORK CONNECTIVITY VS CONTENT CONNECTIVITY (II)
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B
N | CONTENT CONNECTIVITY AGAISNT DOUBLE-LINK FAILURES
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NETWORK CONNECTED SURVIVABLE MAPPING
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Network-Connected
Survivable Mapping**

Physical Topology

**Menger’s theorem
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CONTENT CONNECTED SURVIVABLE MAPPING

F E!

Content
Connectivity
Is still
guaranteed

Physical Topology Content-Connected
Survivable Mapping
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PROPOSED DESIGN SCENARIOS

-
. : : : : Optimal content
Design scenario Failure type Survivable mapping placement
o kk
Content connectivity Single-link - \/

(CC1)

Network connectivity

(NC1) Single-link

Network connectivity
+

Content connectivity Double-link

(NC1+NC2)

Content connectivity (CC2) Double-link

Network connectivity (NC2) Double-link

**«Fault-Tolerant Virtual Network Mapping to Provide Content Connectivity in Optical Networks,” M. F. Habib et al.
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PROBLEM STATEMENT

|
- Given

= Physical topology

= Logical topology -

= Potential data center locations

) Objective
= Minimize the resource usage (i.e., wavelength channels) g _ A
2 While Integer Lm_ear
. programming
= Flow constraints X )

= Data center placement constraints

= Capacity constaints

1 Outputs
= Optimal routing
= Optimal placement of data centers }
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VARIABLES

E{P € {0,1}: (s,t) € E;, mapped over physical link (i,j) € E ]< ,,,,,,,,,,,, Mapping virtual
links to physical links

O A7 € {0,1}: Virtual node s € I, can get content c € C in data center d € B
«- Content placement

i Ry € {0,1}: Content c € C is replicated at data center d € D

J
,,,,,, Select disturbed

D[a;t € {0,1}: Failure of physical link z € E disrupts the logical link (s, t) € EL] Virtual links

: _ _ : Reachability to
D[Fstz € {0,1}: Virtual node u € V; can get content c € C using logical link (s,t) € E} .......... data center after
single-link

after a failure occursinz € Z failures

:(gtgl z, € 10,1}: Virtual node u € V;, can get content ¢ € C using logical link (s,t) € EL\ Reachability to

: : : : : data center after
after a first failure occurs in z; € E and a second failure occursin z, € E -
double-link
such that z, # z, y failures
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INTEGER LINEAR PROGRAMMING FORMULATION (NC1+CC2)

1 i=s
Yiaper P — Xjoee P = —1hi=t F%°¢ < ast YVu€eV,ceC,(st)€EE,z €EE
0 otherwise |»
9 V(s,t) €EE,ceC,(i,j) EE p T}égiz <Fstz stz -1 VYu€eV,c€ec(,(s, t)EEL:ZUZ]EE
RCdZAaC VdED,CEC,SEVL T‘Lég SF g F‘Lég quVL,CEC,(S,t)EEL,Zl,Z]EE
cd
zR <K VceC rl—Aﬁf W =sAu€ED
deD :
e L) TES, - ) TEg,d L. uss
S iZj iZj __ASC
z P /M < a3t < z PS V(s,t)€EE,z€Z", ik ! ileE ! Ag S E.D
(i,)ez (i,nez . 0 otherwise
PlSJt Pﬁt< |CS(S,VL_S)| V(S,t)EEL,CEC,(l,])EE,Zl,Z]EE
(s,£)ECS(S,VL-S) Mapping virtual links
vSscV,,(i,j) EE to physical links
z Pf<w  V(i,j)€E
(s.t)
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INTEGER LINEAR PROGRAMMING FORMULATION (NC1+CC2)

=
1 i=s
Zj;(i,j)egpisjt—Z](JL)EEPSt— -1 i=t F%°¢ < ast YVu€eV,ceC,(st)€EE,z €EE
0 otherwise 4
V(s,t) €EE,ceC,(i,j) EE Tstziz <Fstz stz -1 VYueV,ced(,(s, t)EEL:ZUZ]EE
rRCdZAZC VdEeD,ceC,s€EV, Tst 7,2; SF i F’{Lg Vu€V,c€C,(st)€EE;z,z €EE
cd <
zR =K veec r1—A§f uU=sNueED
\. d€eD g ) Lo s
“ uc uc =
'- = o
st t st Z St z;zj Z ts z;z; __ASC
z Pl] /M < a; < z PU V(S, t) € EL,Z € Z j:(CDEE j:(iDeE Ad S ED
(i,))EZ (i, ez . 0 otherwise

st
P;;
(s,t)ECS(S,VL—S)

2,

(s.t)

+ Pt < |CS(S,V, = 9)

vScV,,(ij) €EE

Content placement

PSt<W

S v(i,j) EE
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INTEGER LINEAR PROGRAMMING FORMULATION (NC1+CC2)

o
1 i=s
Zj;(i,j)egpisjt—Z](JL)EEPSt— -1 i=t F%°¢ < ast YVu€eV,ceC,(st)€EE,z €EE
0 otherwise 4
V(s,t) €EE,c€C(i,j) EE Tstziz <Fstz + stz —1 VYueV,ceCl(st)€E;z,z €EE
R4 > ASF VdEeD,ceC,s€EV, Tst 7,2; SF 7 F",@g Vu€V,c€C,(st)€EE;z,z €EE
Cd<
zR =K veec r1—A§f uU=sNueED

d
- D TES. - ) TEG,{ L, u=S
[z P /M < a3t < z P V(s,t)EEL,ZEZ] Y e ” —Ay SED
(

j:(i,j)EE j:(ji)EE ]
i,j)€z (i,))EZ . 0 otherwise
'

stjt Pjst < |CS(s; VL°-i_S)| V(s t)€EE,ceEC(,j)€EE, z,Zz €EE
(sDECSEVL-S) e

.
*e,
®e
.
®e
.
®e
®e
.
®e
.
®e
.

Select disrupted virtual
zpffsw v(i,j) EE links
(s,t)
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INTEGER LINEAR PROGRAMMING FORMULATION (NC1+CC2)

u
1 i=s
Zj;(i,j)egpisjt—Z](JL)EEPSt— —1hi=t F%°¢ < ast YVu€eV,ceC,(st)€EE,z €EE
0 otherwise
V(s,t) €EE,ceC,(i,j) EE T}égiz <Fstz stz -1 VYu€eV,cec(,(s, t)EEL:ZUZ]EE
RCdZAaC VdED,CEC,SEVL T‘Lég SF g F‘Lég quVL,CEC,(S,t)EEL,Zl,Z]EE
cd
zR <K VceC rl—Aﬁf W =sAu€ED
d
N D TES. - ) TEG,{ L, u=S
t t t i“j i — ASCE
z Pl-s}- /M < ajt < z Pl-_sj V(s,t) EE,z€Z i(eE i(DeE Ag SE.D
(i,)ez (i,nez . 0 otherwise
PlSJt Pﬁt< |CS(S,VL_S)| V(S,t) EEL,CEC,(i,j) EE,Zi,Zj e E

(s,t)ECS(S,VL—S)
vScV,,(i,j) EE
_

LR
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ces
........
®ee,
®ee,
.

z PlS]t “w V(i) € E T
LU =T TR

Survivable mapping
constraint
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INTEGER LINEAR PROGRAMMING FORMULATION (NC1+CC2)

o
1 i=s
Yiapee P = Xjigoee PR =1 -1 i=t F%°¢ < ast YVu€eV,ceC,(st)€EE,z €EE
0 otherwise 4
V(s,t) €EE,ceC,(i,j) EE Tstziz <Fstz stz -1 VYu€eV,c€ec(,(s, t)EEL:ZUZ]EE
R > AS¢ Vd €D,c€C,s€EV, Tst 22; < Fst 2, Fst z; Vu€V,c€C,(s,t) €EL;z,2 €E
cd <
zR =K veec r1—A§f uU=sNueED
deD
D TES. - ) TEG,{ L, u=S
st st st St zizj iZj — ASC
z Pl] /M < a; < z Pl] V(S, t) € EL,Z €/ j:(L)EE j:(GDeE Ad S ED
(i.pez (i.nez . 0 otherwise
PlSJt Pﬁt<|C5(S,VL_S)| V(S,t)EEL,CEC,(i,j)EE,Zi,ZjEE
(s,t)ECS(S,VL-S)
vSscV,,(i,j) EE
[ z Pf<w  V(G)DEE|
o e : :
............................ Capacity constaint
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INTEGER LINEAR PROGRAMMING FORMULATION (NC1+CC2)

=
1 i=s
Yiapee P = Xjigoee PR =1 -1 i=t /Fstzﬁa“ YVu€eV,ceC,(st)€EE,z ELN
0 otherwise 4
V(s,t) € E,,c €C,(i,)) €E St 7z < F4 Stz —1 Vu€V,ceC((st)€EE;z,z €EE
RCdZAaC VdED,CEC,SEVL T%g SF g F%% quVL,CEC,(S,t)EEL,Zl,Z]EE
cd
zR <K VceC rl—Aﬁf W =sAu€ED
d
N D TES. - ) TEG,{ L, u=S
iZj iZj __ASC
z P /M < a3t < z PS V(s,t)€E,z€Z ik ! ileE ! Ag S E.D
(i,)ez (i,nez . 0 otherwise
plSJt pjsl.t< |CS(S,V, — 9)| \ v (s, t)EEL,cEC (i,j) €E,z;,z €E /
soclvi-s L T v
vSCcV (LNEE T N
(&) Reachability
z pl_S]t <W v(i,j) EE constraints

(s.t)
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INTEGER LINEAR PROGRAMMING FORMULATION (NC1+CC2)

o
1 i=s
Yiapee P = Xjigoee PR =1 -1 i=t F%°¢ < ast YVu€eV,ceC,(st)€EE,z €EE
0 otherwise N
V(s,t) € E,,c €C,(i,)) €E St 5 Fstz Stz —1 Vu€V,ceC((st)€EE;z,z €EE
RCdZAaC VdED,CEC,SEVL Tui'g SF g F‘Lég quVLJCECi(SJt)EEL;Zi;ZjEE
cd <
zR =K veel r1—A§f uU=sNueED
deD
D TES. - ) TEG,{ L, u=S
iZj iZj __ASC
z P /M < a3t < z PS V(s,t)€E,z€Z ik ! ileE ! Ag S E.D
(i,)ez (i,nez . 0 otherwise
PlS]‘t Pﬁt<|C5(S,VL_S)| V(S,t)EEL,CEC,(i,j)EE,Zi,ZjEE
(s,t)ECS(S,VL—S)
vScV,,(ij) eE : : : .
Lo (L)) Objective function:
Y RF<w Wi eE Minimize ), D Pt
(50) (s,t)EE; &(1,J)EE " 1]
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CASE STUDY & RESULTS

Physical topoloqy

NSFNET (14 Nodes, 22 bidirectional links) 0.29

Ali Hmaity - DEIB - Politecnico Di Milano DRCN 2016 PARIS 15-17/03/2016

11 5
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0.47 0.57
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RESOURCE USAGE COMPARISON

: : _ - - 120
) Disaster locations: All Physical links EmCCl SCC2 mNCL ENCI+CC2 mNC2

100

] Limited set of potential data center

locations 80

""'15'

AL LSS IS AL S S SIS AL SIS S SIS

] Number of data centers: 2 °0

40
1 Limited number of wavelength per

Number of Wavelenght channels

(LA

\
\
\
\
\
\
\
&

- \
link 20 §
)
0 N L
0,29 0,47 0,57 0,71 1,00
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EFFECT OF REPLICAS

Assumptions:

) Logical topology g = 0.47

1 All nodes are assumed to hold a

data center
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CONCLUSIONS

) For the proposed logical topologies, we show that it is possible to guarantee content
connectivity with minimum resources and with a limited number of data centers.

) CC1 requires almost the same amount of resources as NC1 for all design scenarios

= No impact of the logical topology

£ It is possible to guarantee continuity of the service after double-link failures with less
resources

= NC1 + CC2 requires 53% less resources with respect to NC2 on 8 node mesh virtual
network with average node degree equal to 3

= Especially when NC2 is not applicable
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FUTURE WORKS

) Investigate theoritical bounds of content connectivity

- Design an heuristic to solve the problem for large instances

) Solve the problem under new constraints such as latency, storage

capacity and content categorization

e -=CC1  ==CC2  -#-NCl

70 | —— e e e el
65
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55
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30
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Number of data-centers

Ali Hmaity - DEIB - Politecnico Di Milano DRCN 2016 PARIS 15-17/03/2016

X

POLITECNICO DI MILANO




Nloea

Thank you

POLITECNICO DI MILANO

Ali Hmaity - DEIB - Politecnico Di Milano DRCN 2016 PARIS 15-17/03/2016 31 1




