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» The architectures and functional operation of existing control plane components do
not consider the service profile layer parameters

» This lack of harmony between the service profile layer, control plane layer, and
network infrastructure layer exist in current IETF and ITU control plane models

» This lack of harmony leads to inefficient utilization of network resources

» Therefore, the problem is to develop a new Service Profile-Aware (SPA) control
plane model that provides this harmony and then demonstrate its superiority over
existing control plane models

» SPA control plane components were architected to utilize both the service profile
layer parameters and network infrastructure detailed resource representation
parameters
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Problem Motivation/Significance

» This research proposes a new SPA control plane model
— Detailed description of its architectural and functional operation
— Analytically shows its superiority over existing IETF and ITU control plane models

» The performance of the IETF/ ITU/SPA control plane models were analyzed in a
common framework from the following perspectives:
— Transport network granularity realization
— Operational level

— Component-level interaction between the transport layer, control plane layer, and the service
profile layer
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Research Approach 5

» This research
— Defined the architectures of the multiple configured VPN service proposed models

— Defined the architectures and functional operation of the control plane components for the three
control plane models

— Developed the mathematical models for the traffic management schemes of the three control
plane models

- Used Fixed Point Approximation (FPA) analytical model to compute the performance
metrics for the traffic management schemes of the three control plane models

» The superiority of the SPA control plane over IETF/ITU models was analytically
demonstrated
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» Developed detailed architectures for the service configuration models from the
following three perspectives:

— Service flow connectivity
— Load partitioning flexibility
— Service demand granularity
» Developed architectures for the three control plane models (IETF, ITU, SPA) from
the following three perspectives:
— Transport network granularity realization
—  Component-level
—  Operational-level
» Developed mathematical formulation for each traffic management scheme of the
three control plane models using Fixed Point Approximation (FPA)
» Demonstrated the superiority of the SPA over IETF and ITU control plane models
using the following performance metrics:
— Service request blocking probability
— Permissible “non-blocked” load
— Transport resources utilization performance metrics
» This work provides a significant shift in network design and traffic management for
future wired and wireless networks

— More efficient utilization of network resources due to SPA enforcement of harmony between the
service profile layer, control plane layer, and network infrastructure layer
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» Nine possible service models were considered based on the configured service profile
parameters:

— Service flow connectivity (Point-Point, Semi-Meshed, Fully-Meshed)

— Arrival load partitioning flexibility (Dedicated, Shared) Granular
—  Service demand granularity (Granular, Coarse) be/ Bandwidth
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Definitions and Notations
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Service Configurations _ _ _ _
— Dedicated arrival rate will not benefit from SPA

Load Partitioning Function (LPF)

— Coarse service demands will not benefit from
SPA Inverse Multiplexing Function (IMF)
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Traffic Management Schemes

» Compared the three control plane models based on the following control plane traffic
management capabilities:

— Routing update triggers (static vs. state-dependent)
- Routing granularity level (coarse vs. granular)
— Load Partitioning Function (LPF): Static Sharing (SS) vs. Network Engineering (NE)
— Inverse Multiplexing Function (IMF): enabled vs. disabled
Routing granularity: Routing tables construction based transport granularity level

Load Partitioning Function (LPF):
— Partition the service arrival load into two partitions; dedicated load and shared load
— Has two options; Static Sharing (SS) and Network Engineering (NE)

Static Sharing (SS): Statically partition configured service arrival load into two partitions
» Based on dedicated/shared resources to the VPN resources capacity ratio

Network Engineering (NE): Dynamically partition arrival load between dedicated/shared
resources

Based on dedicated resources blocking probability
» Inverse Multiplexing Function (IMF):
— Multiplexing/inverse multiplexing of incoming traffic
— Multiplexing: Sending multiple signals or streams of information on a carrier at the same time
— Inverse Multiplexing (IM): Dividing a data stream into multiple concurrent streams
- Transmitted at the same time across separate channels
- Reconstructed at the other end back into the original data stream
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Traffic Management Schemes

3 &
Dedicaied Resturces Pariifion-1

Dirert Ronming (DR)
Split Rouiing (SR)

L. o? <!

Dedicaied Reshurces Partition-2

ITU Control Plane Model

¥
Gn'{ﬁé;:;red ey Cb'%.-ﬂ gm
Service-2 :

p
LI Dedicated Fesoures Pantition-2

SPA-Dedicated Control Plane Model

- Information and SPA-Shared Control Plane Model P
\% Telecommunication University of Kansas &
: ~ Technology Center -




Traffic Management Schemes
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Transport Network Realization

| e Key Takeaway: From a transport resources granularity perspective:
! guration Profile .
1. IETF control plane model has coarse resource representation
2. ITU/SPA control plane models have granular resource representation

Control Plane Model
Service Request with

Service request with granular bandwidth

actual bandwidth

From a demand granularity perspective:

1.  IETF control plane model has coarse demand representation

2. ITU control plane model has actual demand representation

3.  SPA control plane model have granular demand representation
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Transport Network Realization

(CS) concept
(CP) concept

Partitioning (VP) concepts

Key Takeaway: From a transport resources perspective:
1.  IETF control plane model implements Complete Sharing

2. ITU control plane model implements Complete Partitioning

3.  SPA control plane model implements both CP and Virtual

IETF Control Plane Model

One Control Plane Instance with one RDB for the Three Transport Network Partitions “VPNs”
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ITU/SPA-Dedicated Control Plane Models

Three Control Plane Instance with Three RDB partitions for the Three Transport Network Partitions “VPNs”
Without inter-control plane instances resource sharing via Load Partitioning Function (LPF)

Network Partition “VPN-A”"

RDB-C 4= 1RM-C f—

@ @
Network Partition “VPN-C”

Network Partition “VPN-B”

Network Partition “VPN-B”

SPA-Shared Control Plane Model

Three Control Plane Instance with Three RDB partitions for the Three Transport Network Partitions “VPNs”

With inter-control plane instances resource sharing via Load Partitioning Function (LPF)
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Component-Level Interaction
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Fixed Point Approximation (FPA) Steps
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Assumptions 17

Link independence assumption
— Blocking occurs independently from link to link, determined by their respective arrival rates
— This assumption becomes more reasonable as traffic gets heavier

Poisson calls arrivals

— The total offered load to an individual link is also a Poisson process with rate thinned by
blocking on other links

All links are assumed to be undirected
Stationary inputs
— Certain random quantities of interest have well-defined averages including:
- Number of on-going calls on a link of each class
- Average service request holding time
« Reduced load on a link

—  With these averages we can further assume that there is a stationary probability of choosing a
particular route under the state-dependent routing scheme

Minimal route overlapping for analyzed topologies
—  FPA accuracy increases compared to DES




FPA for the Three Control Plane Models
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FPA Modeling Environment

_ Occupancy Probability Computation
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» Base FPA method was modified based on the unique attributes of each traffic
management scheme of the three control plane models
» Mathematical formulation steps included:
—~ CAC for multi-rate demands
- Modified based on each control plane representation of demand granularity
— Estimating link’s reduced load
- Modified based on each control plane input load handling capability
— Estimating link’s admissibility probability
- Modified based on each control plane representation of transport resources granularity
— Estimating routing probability
- Modified based on each control plane routing static vs. state-dependent mechanism
- Estimating network blocking probability
- Modified based on the each control plane representation of network partitions
— Estimating network permissible load
- Modified based on the each control plane representation of network partitions
— Estimating network utilization
- Modified based on the each control plane representation of network partitions
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Control Plane Parameters & Performance Metricspq
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FPA modeling parameters 29
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Credibility of Modeling Results

» Accuracy of mathematical models assumptions
— Higher input loads were used to improve the accuracy of results

- The base method validated that for blocking probabilities under higher input loads, FPA
algorithm average percentage error compared to DES is below 5%

- Minimal route overlapping was considered for the 4-node and 7-node topologies analyzed
- The base method validated that under minimal routing overlapping for fully connected and
random topologies, FPA algorithm accuracy compared to DES increases
» Accuracy of occupancy probability computation
—  When the output of the of the occupancy probabilities equations was used in the FPA algorithm,

validating that the summation of occupancy probabilities of link j for all the states is equal to 1
was carried after each FPA convergence, the percentage of error was 0%

» Accuracy of routing probability computation
— After each FPA convergence, the routing probability constraint, summation of the routing
probability for all the routes between a source-destination pair has to equal 1, was validated
— Percentage error was in the range below 3% for the 7-node topology and 0% for the 4-node
topology
» Accuracy of LPF and IMF traffic management operations

— LPF sanity check: made sure that the summation of the load applied to the dedicated network
resources partitions and the shared network resources partition is equal to the total input load

—- IMF sanity check: made sure that the input load before an inverse multiplexing operation is
equal to the input load after the inverse multiplexing operation
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Performance Results Consistent Trends
-node topology with both 2 & 3 alternate routing

» Blocking Probability:

—  SPA-Dedicated traffic management scheme does not provide any reduction in blocking
probability compared to the IETF-DR traffic management scheme

- But provides higher reduction in blocking probability compared to IETF-SR and ITU-SR
traffic management schemes

— The SPA two traffic management schemes with enabled inverse multiplexing lead to the highest
reduction in blocking probability, compared to the rest of the traffic management schemes

» Permissible Load:

— The SPA two traffic management schemes with enabled inverse multiplexing lead to the highest
increase in permissible load compared to the rest of the traffic management schemes

— The SPA-Shared control plane model with disabled inverse multiplexing leads to a reduction in
permissible load compared to the IETF-DR traffic management scheme

» Utilization:

- SPA-Shared with enabled inverse multiplexing leads to a lower reduction in utilization
compared to the IETF-DR traffic management scheme

—  SPA-Shared with disabled inverse multiplexing leads to higher reduction in utilization
compared to IETF-DR traffic management scheme
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Blocking Probability 26

» All SPA traffic management schemes provide a higher reduction in blocking probability compared to the
IETF-SR and ITU-SR control plane models

- Reduction is 0-131% and 39-122% respectively; depending on the SPA traffic management scheme, and SPA number of
alternate routes

» When IMF is disabled, IETF-DR traffic management scheme produces less blocking probability than SPA
control plane model

» When IMF is enabled, SPA control plane model leads to the highest reduction in blocking probability
compared to IETF-DR
- Reduction of 22-48% depending on the number of alternate routes

Network-Wide Reduction in Blocking Probability (Physical Resources Level)-
IETF-DR as reference control plnae model
7-Node Topology (3- Alternate Routing)

50%

43%

40% -

30% 26%

20% -

10% 9%

% Reduction in Blocking Probability

0% 0%
0% | ; ‘ ; ‘ ; ; ‘ | ;
-10% 1 -5%
10% 9% g
-20%
-30%
-40% - ~35%
-43%
-50%
IETF-DR IETF-SR ITU-DR ITU-SR SPA- SPA- SPA- SPA- SPA-

Dedicated w/o(NE,IM)  w/NE,w/oIM  w/oNE,w/IM W/(NE,IM)
Traffic Management Scheme —

. - Information and
% Telecommunication University of Kansas ¢
& ~ Technology Center <.




Permissible Load 27

» All SPA traffic management schemes, except when IMF is disabled, provide a higher increase in permissible
load compared to the IETF-SR and ITU-(DR,SR) control plane models
- Increase is 120-134% and 110-120% respectively; depending on the SPA traffic management scheme, SPA number of alternate
routes, and the IETF/ITU static routing configuration
» Highest increase in permissible load occurs for SPA-“w/oNE,w/IM” traffic management scheme
- Increase is 120-134% compared to IETF-DR control plane model; depending on the number of alternate routes

» While enabling IM, performing load partitioning statically or dynamically does not provide a significant
Impact on the percentage gain in permissible load

» While disabling IM and regardless of static or dynamic load partitioning for SPA-Shared control plane
model, the SPA control plane model provides less permissible load than IETF-DR control plane model
Network-Wide Increase in Permissible Load (Physical Resources Level)-

IETF-DR as reference control plnae model
7-Node Topology (3- Alternate Routing)
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Utilization 28

» All SPA traffic management schemes, except when IMF is enabled, provide a higher reduction in utilization
compared to the ITU-(DR,SR) control plane models
- Reduction is 8-28% depending on the SPA traffic management scheme, number of SPA alternate routes, and the ITU static
routing configuration
» SPA control plane model provide a reduction in utilization only when IMF is disabled
- Reduction is 19-23% depending on the SPA traffic management scheme and number of alternate routes

» The lowest reduction in utilization occur for “w/(NE,IM)” and “w/oNE,w/IM”” SPA traffic management
schemes when IMF is configured to enabled Inverse Multiplexing (with IM) and regardless of LPF
configuration as static or dynamic partitioning

- Increase of 2-8% in utilization over the IETF-DR control plane model depending on the number of alternate routes

Network-Wide Reduction in Utilization (Physical Resources Level)-
IETF-DR as reference control plnae model
7-Node Topology (3- Alternate Routing)
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» State-dependent routing distributes the input load across all the identified routes
between a source-destination pair based on the traffic occupancy rather than static
routing as in IETF/ITU control plane models

— This leads to: Blocking probability reduction, permissible load slight increase, and utilization
reduction

» LPF utilizes both the dedicated resources partition and the shared resources
partition for the configured VPN service

— Thus, the configured VPN service will have more resources than IETF and ITU control plane
models

— This leads to: Blocking probability reduction and utilization reduction

» IMF splits incoming service request flows between a source-destination pair with an

actual bandwidth requirement into multiple flows each with granular bandwidth
requirement

— Each granular flow is routed independently across the available routes
— This leads to: Blocking probability reduction, permissible load increase, and utilization increase
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» All SPA traffic management schemes provide a higher reduction in blocking
probability compared to the IETF-SR and ITU-SR control plane models
— Reduction is 0-131% and 39-122% respectively

» When IMF is enabled, SPA control plane model leads to the highest reduction in
blocking probability compared to IETF-DR

» All SPA traffic management schemes, except when IMF is disabled, provide a higher
increase in permissible load compared to the IETF and ITU control plane models
— Increase is 120-134% and 110-120% respectively

» SPA-Shared with enabled load sharing and disabled inverse multiplexing provide a

higher reduction in utilization compared to all IETF and ITU traffic management
schemes

— Reduction is 8-35%

» The performance analysis results carried on the 7-node topologies for both two and
three alternate routes:
— Validated the hypotheses of this work
— Indicated a common trend of the superiority of the SPA control plane model over the IETF and
ITU control plane models
» Thus, the performance analysis concluded with SPA superiority over existing
IETF/ITU control plane models

—  SPA provides a significant shift in network design and traffic management for future wired and
wireless networks

- More efficient utilization of network resources due to SPA enforcement of harmony between the
service profile layer, control plane layer, and network infrastructure layer
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» To achieve maximum blocking probability reduction over IETF and ITU control
plane models, SPA components need to be configured as follows:

— State-dependent routing: Enabled
— Inverse Multiplexing Function (IMF): Enabled
— Load Partitioning Function (LPF): configured as Network Engineering (NE)
» To achieve maximum permissible load increase over IETF and ITU control plane
models, SPA components need to be configured as follows:
— State-dependent routing: Enabled
— Inverse Multiplexing Function (IMF): Enabled
— Load Partitioning Function (LPF): configured as Static Sharing (SS) or Network Engineering
(NE)
» To achieve maximum reduction in utilization over IETF and ITU control plane
models, SPA components need to be configured as follows:
— State-dependent routing: Enabled
— Inverse Multiplexing Function (IMF): Disabled
— Load Partitioning Function (LPF): configured as Static Sharing (SS)
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Multi-Domain Analysis

» Develop methods to predict the performance of the three control plane models for
larger topologies
» Hierarchal routing architecture is needed
— To overcome the current limitations of the routing probability approximation

—  Current FPA mechanism lacks accuracy under large network topologies with flat routing
architecture
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Multi-Domain Analysis

IETF Control Plane Model

One Control Plane Instance with one Hierarchal Routing Instance for the Three Transport Network Partitions

Lo

Network Partition “VPN-A”

iR ST [RRARR- TR
-

o—

i Network Partition “VPN-B”

One Control Plane Instance

ITU/SPA-Dedicated Control Plane Models

Three Control Plane Instance with Three Hierarchal Routing Instances for the Three Transport Network Partitions
No inter-control plane instances resource sharing via Load Partitioning Function (LPF)
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Bt Lo B 2
T T & Friin il Ty
; = o
o -
= = g work Partition “VPN-C”
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SPA-Shared Control Plane Model

Three Control Plane Instance with Three Hierarchal Routing Instances for the Three Transport Network Partitions
With inter-control plane instances resource sharing via Load Partitioning Function (LPF)
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Discussion & Questions!

PhD Candidate: Wesam Alangar

Advisor: Prof. Victor Frost
April 25, 2005

- Information and -
% Telecommunication University of Kansas &
. ~ Technology Center o4




Mathematical Formulation- 35

» |IETF control plane model
— Routing component advertises the traffic occupancy of the coarse granularity levels
~ Service request with actual bandwidth requirements (b)) will consume (b;) resources from (C,)
— A call with bandwidth requirement (bkA) will be accepted if the following condition apply:
gl han:
keK
» ITU & SPA-Dedicated control plane models
- Routing component advertises the traffic occupancy of the fine granularity levels
— Service request with actual bandwidth requirements (bkA) will consume (bkA) resources from (C))
— A call with bandwidth requirement (bkA) will be accepted if the following condition apply:
f<CP-Yng

keK
» SPA-Shared control plane model

— Differs from both the ITU and SPA-Dedicated control plane models

- Can enable IMF and further divide the service request demand ( bk‘)into sub-rates or
granular demands (b )

—~ A call with bandwidth requirement (") will be accepted if the following condition apply:
Dedicated bG < CVD bGnVD Shared G VS G VS

= e i o | < i = i
Resources: K J é S Decnirce: bk = CJ l; k M
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Mathematical Formulation-

» |IETF control plane model
ﬂ’;n;( rqukl[J er ] Halk __,

ier,,i#]

Z Zﬂ,;ﬂ Link j reduced load

reRr,eM, based on class k

»1TU & SPA-Dedicated control plane models
lejkrm rqukDI[J er ] Ha,k ﬂ,lj( — Z Zﬂ?kfm

el i#] reRr, eM, load on Link j based on class k

» SPA-Shared control plane model (Without NE)

ﬂ,VD _ C\J/D _________________________ »> ﬂDrm = DI[ = g ] Ha
tk = rk'm rk qu J o ik
(S m: J
CYS ﬂ“S (Z S) S Sm
ﬂ J i ik s Pijl;m T qu I[J = r ] Halk _____
CVD+CVS ier, i ]

» SPA-Shared control plane model (With NE)

Dedicated resources partition D reduced
load on Link j based on class k
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Dedicated resources partition D reduced

36

reRr,eM,

S rk _1 Zq;TI](D Ha

ierm

reRr,eM,

_____ » Round-1
“Dedicated Resources Only”

(" NE ,Dr mD NE 1D NE 4Dy,
H g™ = AnOnc 1] €] Halk___’ﬂ' Z Z /1 c  Ege - 7 pib
S ierm,i#j reRr,eM,
=
3
NE 7S P . S,
= 4 —(Z 0 > S Bgiicrl s > A=) )
ier, i%]
o e
=
NE AvD D :
Dé:j< ﬂ’\r{k :]’\r{k(l_ Brk) --------------- > NE/IET(rm:NEﬂkaquml[J € rm] Ha|E ——————————
L ier, i#]
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Mathematical Formulation- 37

p IETF control plane model
np, (n) = Zbc p;(n-b%) s @y :ZC o p,(n)  Link  admissibility

probability based on class k
»ITU & SPA-Dedlcated control plane models

D cP-bd p ) Link j admissibility
np; () ZbA P; o by >y :Znio k P; () ... > ay :VCC— probability based on class k
k &
>SPA—Shared control plane model “without (NE,IM)”
CVD—bA
n n b n by b Dedicated resources D of VPN v admissibility probability
pJ ( )= Z K pJ ( ") > di Z p on link j for class k
CJ-S—bk
npj (n)= Zbk ﬂ_k p, M bl ajsk = Z pjS (n)  Shared resources S admissibility probability on link j for class k
D S
. ajk CVD+aJsz (Za CV )+aJkC o o N
aj = CVD - C e > Ay — C Link j admissibility probability based on class k
» SPA-Shared control plane model “W|th/NE Wlthout/IM”
NE D CV —bk
npiP (n) = Zbk “pP(n-bd) Z )
Y \ iy
np; (n b, n—-b S S
p; (n) = Z ” p( ) >;Jljkzzc;pj(n)
n=

D aCo)ia C

WD s
; - Information and _ v a5 Cj +ay G q. —_¥D -
\ﬁ; Telecommunication Ajk = VD T > ik C University of Kansas @
.. Technology Center Ci” +C;j j fod




Mathematical Formulation- 38

ont.
» SPA-Shared control plane model “without/NE, with/IM”
cyP b3
vD Dedicated resources partition D of VPN v admissibility
np] (n) Zbk pJ (n bk) ------ > ajk = p probability on link j for class k
cf—bk

i S S - o
np; 5(n) = ZbG p =M bhe) . ajk = Z pj (n) Shared resources partition S admissibility

. probability on link j for class k

D ajk CD * a,k CS (ZD: aﬁ(.CjD) - ajsk 'C? Link j admissibility probability
jk = C}/D i st “““““ Fa, - v = based on class k
J
» SPA-Shared control plane model “with/(NE,IM)”
NE D € be
np!® (n) = Zbk P69 ay = > py(n)
n=0

NE 25 C5 b

np; (n) = Zb y pln-b) > a?k:Zp?(n)

D D S S
3! — Jk Jk _ vD
jk = e e ik

D S
CJY +C; C,
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Mathematical Formulation- 39

» SPA-Dedicated control plane model
— Estimating routing probability is carried independently for each dedicated resources partition

P (r )] = [T SPP(K) s PIAY(E —r)]= [] 3PP o PHAR (R —r)]=1- [] SP°(K)
je(ryy k=0 je(r_rmy k=0 je(n_ryy k=0

PAAC (1= [T PP(K) _PIAS(n—r)l= [T S.P°(K)  PAAS(h —r)l=1- [ S.P°(K)
je(rymy k=0 je(r_ryy k=0 je(rrmy k=0

> PILAY (r,)] = PrIAY (r,)] - PrLAD, (1]

Crin () k=m-1

qu — Z H Pr[,fhD (r —r )]_Iﬁpr[Rzl(rk -r.)]. Pr['th (r.)] Dedicated resources partition D of VPN v

routing probability on pair r for class k

» SPA-Shared control plane model

— Estimating routing probability is carried independently for both dedicated and shared resources
partitions

- Similar set of equations like SPA-dedicated but with different notations
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Mathematical Formulation- 40

» |IETF control plane model

=~ Z quH dy » B, = AVR[B,, ] Network-wide blocking probability for class k
jer, reR
» ITU & SPA-Dedicated control plane models
SRS
m vep
SRR ] CHa— » BO=AVRIBZ] ., Bu=———— ., B = AVRIB,]
m jery, Le j
» SPA-Shared control plane models
rk =1- Z qﬂlD H ag - BI? = AVR[Br'i] Dedic_ated resources partition D network-wide
jerm reR blocking probability for class k
ms 5 S Shared resources partition S network-wide blocking
rk =1 Z Ari Jl_r[ alk ------- > Bi= A}XRR[B”(] probability for class k
€m
" BP*cP L BS *C JS _______ : B! = AVR[B.. VPIt\)I Le_?_ciur;:es p:artitiion v network-wide blocking
rk C-D+C-S reR probability for class

(Y By ‘Ci)tB; "C~

D
.
B, J --» B = A;quR[Brk] Network-wide blocking probability for class k

- C

j
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> IETFh;pontroI plane model
quk I\/IIN ) | /1 = AVI’[/lrk] Network-wide permissible “non-blocked” load for class k

> ITU& SPA-Dedlcated control plane models

A Ml’
Ao =200 MIN(Z) - P
m=1

» SPA-Shared control plane models
(X An *CP)
Vv

* Zq I\/_IIN(/”t ﬁEzééVRr[i?k . =

Dedicated resources
partition D network-wide
permissible “non-blocked”
load for class k

7S 7S Shared resources partition s network-wide
Ay = Avr[A D
rk - Z Qe MIN (/1 ----- > reRr [ rk ] permissible “non-blocked” load for class k
7D b 35 S
v Ari *Cj + Ay *C j VPN resources partition v network-wide
k D S permissible “non-blocked” load for class k
Ci +C,

N 037 A B Mt o
i, - vD
rk C
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» |IETF control plane model
C
u,=>npMn . U- Aj\e\gr[Uj] Network-wide utilization
» ITU & SPA-Dedicated control plane models
i (Zu el
UjD — Z ij(n) U = AvrlU?]  Network-wide utilization of dedicated
______ J Eamaas jed 'Y
n= C; network resources partition D

» SPA-Shared control plane models

cy
Up =2 py(n)
n=1

Ji
= z Pj () Network-wide utilization of shared network resources partition S for link j
n=1

Up*CP +U; ~Cy

U‘j’ = C;) - C_sj L Network-wide utilization of VPN network resources partition v for link j
(Tupep)+us<cs
U, = wv Link j utilization based on the utilization of dedicated and shared network resource partitions
C
U =Avr[U;]
jed
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4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physcial Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-Dedicated
0.30
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. SPA- Dedicated
2. ITU-SR + 0.25
3. ITU-DR
4. [ETF-SR
5. IETF-DR
+0.20 -,
E
@
o]
2
+ 015 a
Blocking Key Takeaways: =
SPA-Dedicated leads to lower blocking _8
probability than IETF & ITU control plane o
models. - {010 *
+ 0.05
‘ S ‘ ‘ ‘ ‘ ‘ 0.00
0 5 10 15 20 25 30 35 40

Input Load (Erlang)

‘ IETF-DR —&— IETF-SR —&—ITU-DR —&—ITU-SR - - -= - - SPA-Dedicated
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4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/o(NE,IM)
0.30
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. SPA- w/o(NE,/IM)-4S
2. SPA- w/o(NE,/IM)-3S +0.25
3. SPA- w/o(NE,/IM)-1S
4. SPA- w/o(NE,/IM)-2S
5.1TU-SR
6. ITU-DR 1790 =
7. IETF-SR s
8. IETF-DR =
1015 @
o
Blocking Key Takeaways: E
1. At higher input loads, e
disabling NE & IM under any 1010 @
sharing ratio leads to lower
blocking probability than both
IETF and ITU models.
2. Increasing sharing ratio leads + 0.05
to lower blocking probability on
the SPA-w/o(NE,IM)
T T T T T T T 0.00
0 5 10 15 20 25 30 35 40
Input Load (Erlang)
------ SPA-w/o(NE,IM )-4S —&—ITU-DR —a&—ITU-SR IETF-DR
—4— |ETF-SR SPA-W/O(NE,IM )-1S - - == - - SPA-W/O(NE,IM )-2S - - -= - - SPA-w/o(NE,IM )-3S
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4 Node Topology Detailed Results

4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/NE,w/0IM)

0.30
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. SPA- (W/NE,w/o/IM)-1S
2. SPA- (W/NE,w/o/IM)-3S T 0.25
3. SPA- (W/NE,w/0/IM)-2S
4. SPA- (W/NE,w/o/IM)-4S
5. ITU-SR 1 0.20
6. ITU-DR
7. IETF-SR
8. IETF-DR
+ 0.15
Blocking Key Takeaways: LS
1. Under high input loads, enabling et
NE only leads to lower blocking =
probability than IETFand ITU control . - j
plane models e 3 i
2. Increasing sharing ratio has no_. -~ i
direct effect on blocking probability 1 005
on the SPA-(w/NE,w/olM)
‘ = ‘ ‘ ‘ ‘ ‘ 0.00
0 5 10 15 20 25 30 35 40
Input Load (Erlang)
------ SPA-(w/ NE,w/0IM)-4S —&—ITU-DR —4&—I|TU-SR IETF-DR
—A— |ETF-SR SPA-(W/ NE,w/0IM)-1 S - - -= - - SPA-(W/ NE,w/0IM)-2S - - -= - - SPA-(w/ NE,w/0IM)-3S
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4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/oNE,w/IM)
0.30
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. SPA- (W/ONE,w//IM)-4S 1 o025
2. SPA- (w/oNE,w//IM)-3S
3. SPA- (W/oNE,w//IM)-2S
4. SPA- (W/ONE,W//'M)-].S 1 020
5.1TU-SR .
6.ITU-DR =
o)
7. IETF-SR +015 §
8. IETF-DR °
o
(@]
Blocking Key Takeaways: + 0.10 5
1. Enabling IM under any sharing 3
ratio leads to lower blocking [
probability than IETF & ITU control + 0.05
plane models
2. Increasing sharing ratio leads L aaeeziiiics
lower bocking probability on the #=z==zz277777 o777 -+ 0.00
SPA-(w/oNE,w/IM)
T T T T T T T _0.05
0 5 10 15 20 25 30 35 40
Input Load (Erlang)
—4&—|TU-DR —&—|TU-SR IETF-DR —4—|ETF-SR
SPA-(W/o NE,W/IM)-1S - - == - - SPA-(W/o NE,w/IM)-2S - - -= - - SPA-(W/o NE,w/IM)-3S - - -= - - SPA-(W/o NE,w/IM)-4S
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4-node Topology (Fully-meshed Service Configuration)

47

Average Network-Wide Blocking Probability (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/(NE,IM)

0.30

Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
. SPA- w/(NE,/IM)-1S
. SPA- w/(NE,/IM)-2S
. SPA- w/(NE,/IM)-3S
. SPA- w/(NE,/IM)-4S
ITU-SR

ITU-DR

. IETF-SR

. IETF-DR

O NOUOAWN R

Blocking Key Takeaways:

1. Enabling both NE & IM under
any sharing ratio leads to lower
blocking probability than IETF-
DR, ITU-DR, IETF-SR, and ITU-
SR

2. Enabling NE in addition to IM
leads to lower blocking
probability.

3. Increasing sharing ratio leads
to higher bocking probability on
the SPA-w/(NE,IM)

-+ 0.25

+ 0.20

+ 0.15

- 0.10

>
=
=
@
Qo
o
S
o
(=]
=
X
o
=
0

+ 0.05

+ 0.00

‘ -0.05

0 5 10 15 20 25 30
Input Load (Erlang)

35 40

------ SPA-(w/ NE,IM)-4S —&—ITU-DR —4&— ITU-SR
—4&— |ETF-SR SPA-(w/ NE,IM)-1S - - -= - - SPA-(w/ NE,IM)-2S - - -= - -

IETF-DR
SPA-(w/ NE,IM)-3S
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4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-Dedicated

11.00
Summary: The following control plane models are listed in ascending order of the physical resources permissible load:
1. SPA-Dedicated
2. IETF-DR
3.ITU-DR + 9.00
4. IETF-SR
5.ITU-SR
Under any given input load:
1. No significant permissible load advantage of the SPA-Dedicated over both IETF-DR and ITU-DR 1 7.00
2. ITU-SR& IETF-SR provides a higher permissible load than (IETF-DR,ITU-DR, and SP
Permissible load Key Takeaways: ~_—" " . L 1 500
1. Split routing provides higher permissible o :
load than direct routing for both IETF and ITU
control plane models.
+ 3.00
+ 1.00
T T T T T T T _1.00
0 5 10 15 20 25 30 35 40

Input Load (Erlang)

‘ IETF-DR —A&—IETF-SR —&—ITU-DR —&—ITU-SR - - -= -- SPA-Dedicated
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4 Node Topology Detailed Results

4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/o(NE,IM)

49

Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:
1. SPA-w/o(NE,IM)-2S
. SPA-w/o(NE,IM)-4S
. SPA-w/o(NE,IM)-3S
. SPA-w/o(NE,IM)-1S
IETF-DR

ITU-DR

. IETF-SR

.ITU-SR

0O NOUAWN

Permissible load Key Takeaways:

1. SPA-w/o(NE,IM) provides lower
permissible load compred to IETF and ITU
models under both direct and split routing.

7.00

+ 6.00

T 5.00

+ 4.00

+ 3.00

Per-Pair Permissible Load

+ 2.00

+ 1.00

0 5 10 15 20 25 30 35
Input Load (Erlang)

------ SPA-w/o(NE,IM )-4S —&— ITU-DR —&—ITU-SR IETF-DR
—4—IETF-SR SPA-W/O(NE,IM )-1S - - -= - - SPA-W/O(NE,IM )-2S - - -= - - SPA-W/o(NE,IM )-3S

- Information and
% Telecommunication University
. ~ Technology Center

0.00
40

of Kansas&




4 Node Topology Detailed Results

4-node Topology (Fully-meshed Service Configuration)

Average Network-Wide Permissible Load (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/NE,w/0lM)

Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:
1. SPA-(W/NE,w/olM)-4S
. SPA-(W/NE,w/0IM)-2S
. SPA-(W/NE,w/0IM)-3S
. SPA-(W/NE,w/0IM)-1S
IETF-DR

ITU-DR

. IETF-SR

.ITU-SR

Permissible load Key
Takeaways:

1. SPA-(W/NE,w/oIM) provides a
lower permissible load compred
to IETF and ITU models under
both direct and split routing.

2. For SPA-(W/NE,w/olM) model,
increasing sharing ratio leads to
lower permissible load.

O N 0s®N

7.00

T 6.00

+ 5.00

+ 4.00

+ 3.00

+ 2.00

T 1.00

0 5 10 15 20 25 30
Input Load (Erlang)

‘ 0.00
35 40

------ SPA-(w/ NE,w/0IM)-4S —&—ITU-DR —4&—ITU-SR
—&—|ETF-SR SPA-(w/ NE,w/0IM)-1 S - --=-- SPA-(w/ NE,w/olM)-2S - - -=--

IETF-SR
SPA-(w/ NE,w/0IM)-3S
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4 Node Topology Detailed Results

4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/oNE,w/IM)

. 14.00
Summary: The following control plane

models are listed in ascending order of the

physical resources permissible load:

1. IETF-DR N
.ITU-DR PP
. IETF-SR PEEN
.ITU-SR ) i + 10.00
. SPA-(W/ONE,W/IM)-1S PTL
. SPA-(W/ONE,W/IM)-2S et

. SPA-(W/ONE,w/IM)-3S Pria 1 8.00
. SPA-(W/0/NE,wW/IM)-4S o

+ 12.00

O~NO UL~ WNDN

Permissible load Key Takeaways: o T 6.00

1. SPA-(w/ONE,w/IM) provides a .
higher permissible load compred tg. - * ’
IETF and ITU models under both="

direct and split routing.

2. For SPA-(w/oNE,w/IM) model,
increasing sharing ratio leads to
higher permissible load

PPer-Pair Permissible Load

T 4.00

+ 2.00

T T T T T T T O-OO
0 5 10 15 20 25 30 35 40

Input Load (Erlang)

------ SPA-(w/o NE,w/IM)-4S —&—ITU-DR —&—ITU-SR IETF-DR
—&—|ETF-SR SPA-(w/o NE,w/IM)-1S - - -= - - SPA-(w/o NE,w/IM)-2S - - -= - - SPA-(w/o NE,w/IM)-3S
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4 Node Topology Detailed Results

4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physical Resources)

2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/(NE,IM)

O~NO O WDN

Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:

1.
. ITU-DR

. IETF-SR

.ITU-SR

. SPA-w/(NE,IM)-4S
. SPA-w/(NE,IM)-3S
. SPA-wW/(NE,IM)-2S
. SPA-w/(NE,IM)-1S

IETF-DR

Permissible load Key Takeaways:
1. SPA-w/(NE,IM) provides a higher permissible load compred to IETF and ITU models
under both direct and split routing.
2. For SPA-w/(NE,IM) model, increasing sharing ratio leads to lower permissible load

3. The significane of sharing ratio of SPA-w/(NE,IM) on permissible load is higher than
SPA-(w/oNE,w/IM) model

16.00

+ 14.00
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4 Node Topology Detailed Results

4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)

2-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/o(NE,IM)

120%

100% -

80% -

60% -

40% -

Physical Resources Utilization

20% -

0%

Summary: Based on the physical resources
utilization, the following control plane models
are listed in ascending order based on the

physical resources utlization under the same - -
input load ./I/__:* ] X
1. SPA-w/o(NE,IM) %

2.ITU-DR

3. SPA-Dedicated
4, |ITU-SR

5. IETF-DR

6. IETF-SR

Utilization Key Takeaways: Under SPA-w/o(NE,IM) and same input load:

1. All sharing ratios provide lower utilization than IETF,ITU, and SPA-Dedicated models.

2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.

3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models

0 5 10 15 20 25 30

Input Load (Erlang)

35 40

—&— |[ETF-DR —®— |ETF-SR —&—|TU-DR ITU-SR
- - @ - - SPA-W/O(NE,IM )-1S - - + - - SPA-w/o(NE,IM )-2S - - -= - - SPA-w/O(NE,IM)-3S - - = - - SPA-w/o(NE,IM )-4S
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120%

100%

80%

60%

40%

Physical Resources Utilization

20%

0%
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4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/NE,w/oIM

Summary: Based on the physical resources
utilization, the following control plane models
are listed in ascending order based on the

- physical resources utlization under the same = u
input load ././_—T p
1. SPA-(W/NE,w/0lM) x

.ITU-DR

2

3. SPA-Dedicated
4, ITU-SR

5. IETF-DR

A IFTE.QP

Utilization Key Takeaways: Under SPA-(wW/NE,w/oIM) and same input load:

1. All sharing ratios provide lower utilization than IETF,ITU, and SPA-Dedicated models.

2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.

3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models

0 5 10 15 20 25 30 35 40
Input Load (Erlang)

—— |[ETF-DR —®— |ETF-SR —&—I|TU-DR
ITU-SR —*— SPA-Dedicated - - @ - - SPA-(w/ NE,w/0IM)-1 S
- - + - - SPA-(W/ NE,w/0IM)-2S - --=-- SPA-(w/ NE,w/0IM)-3S - - — -~ SPA-(w/ NE,w/0IM)-4S
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4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/oNE,w/IM

Summary: Based on the physical resources
utilization, the following control plane models
are listed in ascending order based on the
physical resources utlization under the same o ——— & gL ...,
input load Tl

1. ITU-DR

2. SPA-Dedicated
3.ITU-SR

4. IETF-DR

5. SPA-(w/oNE,w/IM)
6. IETF-SR

Utilization Key Takeaways: Under SPA-(w/oNE,w/IM) and same input load:

1. All sharing ratios provide higher utilization than IETF-DR,ITU-SR, ITU-DR, and SPA-Dedicated models.
2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.

3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models

0 5 10 15 20 25 30 35 40
Input Load
——|ETF-DR —®—|ETF-SR —&—|TU-DR
ITU-SR —*— SPA-Dedicated - - @ - - SPA-(w/o NE,w/IM)-1S
- -+ --SPA-(w/o NE,wW/IM)-2S - - -=-- SPA-(w/o NE,wW/IM)-3S - - — - - SPA-(w/o NE,w/IM)-4S
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4 Node Topology Detailed Results

4-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)

2-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/(NE,IM)

Summary: Based on the physical resources
utilization, the following control plane models
are listed in ascending order based on the

- physical resources utlization under the same
input load

1. ITU-DR

2. SPA-Dedicated
13.ITU-SR

4. IETF-DR

5. SPA-w/(NE,IM)
6. IETF-SR

4.

Utilization Key Takeaways: Under SPA-w/(NE,IM) and same input load:

2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.
3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models

1. All sharing ratios provide higher utilization than IETF-DR, ITU-DR, ITU-SR, and SPA-Dedicated models.

20% -
0% T T T T T T T
0 5 10 15 20 25 30 35 40
Input Load (Erlang)
—e— |[ETF-DR —#— |[ETF-SR —&—ITU-DR ITU-SR —*— SPA-Dedicated
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physcial Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-Dedicated

0.45
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. ITU-DR T 040
2. [IETF-DR
3.SPA- Dedicated 1 0.35
4.ITU-SR
5. IETF-SR
+ 0.30
2
5
+ 0.25 o
e
o
Blocking Key Takeaways: 1 0.20 =
Enabling direct routing for both IETF and ITU ' %
control plane models leads to lower blocking o
probability than SPA-Dedicated. o015 @
+ 0.10
+ 0.05
T T T T T T T T 0.00
0 10 20 30 40 50 60 70 80 90

Input Load (Erlang)

‘ IETF-DR —A&— IETF-SR —&—ITU-DR —&—ITU-SR - - = - - SPA-Dedicated
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)

2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/o(NE,IM)

0.45
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. ITU-DR 1 0.40
2. IETF-DR
3. SPA- w/o(NE,/IM)-1S 10235
4. SPA- w/o(NE,/IM)-3S
5. SPA- w/o(NE,/IM)-4S
6. SPA- w/o(NE,/IM)-2S 1 0.30
7. ITU-SR
8. IETF-SR 1 025
Blocking Key Takeaways: 3 . + 0.20
1. Disabling NE & IM under any sharing ratio e ol
leads to higher blocking probability than both .- - ) ’ 1015
IETF-DR and ITU-DR, but lower blocking N . ;
probability that IETF-SR and ITU-SR LT et
2. Increasing sharing ratio leads to higher _«" + 0.10
blocking probability on the SPA-w/o(NE,IM) .-~ /
/ 1 0.05
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.00
0 10 20 30 40 50 60 70 80 90

Input Load (Erlang)

------ SPA-w/o(NE,IM )-4S —&—|TU-DR —4&—|TU-SR IETF-DR
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/NE,w/0lM)

0.45
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. ITU-DR T 0-40
2. IETF-DR
3. SPA- (W/NE,w/o/IM)-1S 1 0.35
4. SPA- (W/NE,w/o/IM)-3S
5. SPA- (W/NE,w/o/IM)-2S
6. SPA- (W/NE,w/0/IM)-4S T 030
7.1TU-SR
8. IETF-SR + 0.25
+ 0.20
Blocking Key Takeaways:
1. Enabling NE only under any sharing ratio
leads to higher blocking probability than both 17015
IETF-DR and ITU-DR, but lower blocking
probability that IETF-SR and ITU-SR 1010
2. Increasing sharing ratio has no direct o
effect on blocking probability on the SPA-
(W/NE,w/oIM) / +0.05
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.00
0 10 20 30 40 50 60 70 80 90

Input Load (Erlang)

------ SPA-(W/ NE,w/0IM)-4S —&—
—&—|ETF-SR

ITU-DR —4&—ITU-SR
SPA-(w/ NE,w/0IM)-1 S - - =" SPA-(w/ NE,w/0IM)-2S - - -= -

IETF-DR
SPA-(w/ NE,w/0IM)-3S
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/oNE,w/IM)

0.45
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. SPA- (W/ONE,w//IM)-4S T 040
2. SPA- (w/oNE,w//IM)-3S
3. SPA- (W/oNE,w//IM)-2S 1035
4. SPA- (W/ONE,w//IM)-1S
5. ITU-DR
6. IETF-DR 7030 5
7.1TU-SR =
8. IETF-SR 1025 3
o
a
(@]
+ 0.20 £
Blocking Key Takeaways: o
1. Enabling IM under any sharing ratio leads a_oa
to lower blocking probability than IETF-DR, 7015
ITU-DR, IETF-SR, and ITU-SR
2. Under lower input loads, Increasing 1 0.10
sharing ratio leads to lower bocking
probability on the SPA-(w/oNE,w/IM)
-+ 0.05
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.00
0 10 20 30 40 50 60 70 80 90

Input Load (Erlang)

------ SPA-(w/o NE,w/IM)-4S —&— ITU-DR —&—ITU-SR IETF-DR
—4—IETF-SR SPA-(W/0 NE,w/IM)-1S - - -= - - SPA-(W/0 NE,w/IM)-2S - - -= - - SPA-(w/o NE,w/IM)-3S
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/(NE,IM)
0.45
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability: 1 0.40
1. SPA- W/(NE,IM)-1S '
2. SPA- W/(NE,IM)-2S
3. SPA- W/(NE,IM)-3S +0.35
4. SPA- W/(NE,IM)-4S
5.ITU-DR
6. IETF-DR 1 -
7.1TU-SR =
8. IETF-SR 1 0.25 ‘.§
a
(@]
Blocking Key Takeaways: 1020 E
1. Enabling both NE & IM under any sharing 8
ratio leads to lower blocking probability than l o5 @
IETF-DR, ITU-DR, IETF-SR, and ITU-SR
2. Enabling NE in addition to IM leads to
lower blocking probability. T 0.10
+ 0.05
‘ ‘ ‘ ‘ ‘ ‘ ‘ T 0.00
0 10 20 30 40 50 60 70 80 90

Input Load (Erlang)

------ SPA-(W/ NE,IM)-4S —&—ITU-DR —4&—ITU-SR IETF-DR

—4—IETF-SR SPA-(W/ NE,IM)-1S - - == - - SPA-(W/ NE,IM)-2S - - == - - SPA-(W/ NE,IM)-3S
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physcial Resources)

62

2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-Dedicated

6.00

Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:

1. IETF-DR

2.ITU-DR

3. SPA-Dedicated

4. IETF-SR

5. ITU-DR

Under any given input load:

1. No significant permissable load advantage
of the SPA-Dedicated over both IETF-DR and
ITU-DR

2. ITU-DR & IETF-DR provides a lower .-
permissable load than (IETF-SR,ITU-SR, and"_
SPA-Dedicated

Permissible load Key Takeaways:

1. Split routing provides higher PL than direct
routing for both IETF and ITU control plane
models.

+ 5.00

T+ 4.00

T 3.00

+ 2.00

Per-Pair Permissible Load

-+ 1.00

T 0.00
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/0(NE,IM)

Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:

1. SPA-w/o(NE,IM)-2S

. SPA-w/o(NE,IM)-4S

. SPA-w/o(NE,IM)-3S

. SPA-w/o(NE,IM)-1S

. IETF-DR

.ITU-DR

. IETF-SR

.ITU-DR

O~NO O WN

Permissible load Key Takeaways:

1. SPA-w/o(NE,IM) provides lower
permissable loadcompred to IETF and ITU
models under both direct and split routing.

0 10 20 30 40 50 60 70 80
Input Load (Erlang)

------ SPA-W/O(NE,IM )-4S —&— ITU-DR —&—ITU-SR IETF-DR
—4—|ETF-SR SPA-W/O(NE,IM )-1S - - -= - - SPA-W/O(NE,IM )-2S - - -= - - SPA-W/0(NE,IM )-3S

90
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)

Average Network-Wide Permissible Load (Physical Resources)

2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/NE,w/0IM)

O ~NO O~ WN

SPA-(W/NE,w/0IM)-4S

Permissible load Key Takeaways: K- PR
1. SPA-(W/NE,w/olM) provides a lower -
permissable load compred to IETF and ITU

models under both direct and split routing.

2. For SPA-(w/NE,w/olM) model, increasing

sharing ratio leads to lower permissable load

Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:

1.
. SPA-(W/NE,w/0IM)-2S
. SPA-(W/NE,w/0IM)-3S
. SPA-(W/NE,w/0IM)-1S
. IETF-DR

.ITU-DR

.IETF-SR

.ITU-DR

6.00

- 5.00

T 4.00

- 3.00

+ 2.00

Per-Pair Permissible Load

T 1.00

10 20

30 40

50 60
Input Load (Erlang)

T T 0.00
70 80 90

—A&— |ETF-SR
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SPA-(W/ NE,w/0IM)-1 S

—&—|TU-SR

SPA-(W/ NE,w/oIM)-2S

IETF-SR
------ SPA-(w/ NE,w/0IM)-3S
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/oNE,w/IM)

12.00

Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:

1. IETF-DR
.ITU-DR e et

. IETF-SR

.ITU-DR e ezt

. SPA-(W/ONE,W/IM)-1S R
. SPA-(W/ONE,W/IM)-2S -
. SPA-(W/ONE,w/IM)-3S AT
. SPA-(W/0/NE,w/IM)-4S st

oO~NO UL WN

Permissible load Key Takeaways: i
1. SPA-(w/oNE,w/IM) provides a higher
permissable load compred to IETF and ITU
models under both direct and split routing.

2. For SPA-(w/oNE,w/IM) model, increasing A
sharing ratio leads to higher permissable Ioad/
3. The significane of sharing ratio of SPA- —

(Ww/oNE,w/IM) on permissable load is not

major when sharing is above 2 STS.

+ 10.00
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7 Node

Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)

Average Network-Wide Permissible Load (Physical Resources)

2-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/(NE,IM)

12.00
Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:
1. IETF-DR + 10.00
2.ITU-DR T
3. IETF-SR - .
4. IETF-SR ) PR
5. SPA-wW/(NE,IM)-4S T L + 8.00
6. SPA-w/(NE,IM)-3S = PR
7. SPA-w/(NE,IM)-2S .0 -
8. SPA-W/(NE,IM)-1S - e
B - + 6.00
+ 4.00
Load Key Takeaways:
1. SPA-w/(NE,IM) provides a higher permissable load compred to IETF and ITU models under both direct and split routing. T 200
2. For SPA-w/(NE,IM) model, increasing sharing ratio leads to lower permissable load
3. The significane of sharing ratio of SPA-w/(NE,IM) on permissable load is higher than SPA-(w/oNE,w/IM) model
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Input Load (Erlang)
------ SPA-(W/ NE,IM)-4S —&— ITU-DR —&—|TU-SR IETF-DR
—A—IETF-SR SPA-(w/ NE,IM)-1S - - -=-- SPA-(w/ NE,IM)-2S - - -= - - SPA-(w/ NE,IM)-3S

- Information and
% Telecommunication
. ~ Technology Center

University of Kansas &

e
@
o
)
o
=
)
4
E
S
3]
o
=
T
o
=
[3)
o

66




7 Node Topology Detailed Results
7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/o(NE,IM)
120%
Summary: Based on the physical resources
utilization, the following control plane models
are listed in ascending order based on the
100% - physical resources utlization under the same S - -
input load
- 1. SPA-w/o(NE,IM)
= 3. ITU-DR
S 80% 2. SPA-Dedicated
;:E) 4. |[ETF-DR
n 5.ITU-SR
3 6. IETF-SR
5 60%
o
[]
[0}
4
g
‘» 40% -
>
<
o
Utilization Key Takeaways: Under SPA-w/o(NE,IM) and same input load:
20% 1. All sharing ratios provide lower utilization than IETF,ITU, and SPA-Dedicated models.
2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.
3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models
O% T T T T T T T T
0 10 20 30 40 50 60 70 80 90
Input Load (Erlang)
—&— |IETF-DR —#— |ETF-SR —4&—ITU-DR ITU-SR —¥— SPA-Dedicated
- - @ - - SPA-W/O(NE,IM )-1S - - + - - SPA-W/0(NE,IM )-2S - - -= - - SPA-w/o(NE,IM )-3S - - = -- SPA-w/o(NE,IM )-4S
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/NE,w/o0IM

Summary: Based on the physical resources
utilization, the following control plane models
are listed in ascending order based on the
physical resources utlization under the same._/_l - -
input load

1. SPA-(W/NE,w/olM)
3.ITU-DR

2. SPA-Dedicated

4. IETF-DR

5. ITU-SR
A IFTE-QR

Utilization Key Takeaways: Under SPA-(w/NE,w/olM) and same input load:

1. All sharing ratios provide lower utilization than IETF,ITU, and SPA-Dedicated models.

2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.

3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models

10 20 30 40 50 60 70 80 90
Input Load (Erlang)
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- -+ - - SPA-(W/ NE,w/0IM)-2S - - -=-- SPA-(w/ NE,w/0IM)-3S - - = -- SPA-(w/ NE,w/0IM)-4S
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/oNE,w/IM

Summary: Based on the physical resources

utilization, the following control plane models

_|are listed in ascending order based on the

physical resources utlization under the same ./F —i i
input load cooziezziiz®
1. ITU-DR .

. SPA-Dedicated

. IETF-DR

ITU-SR

. SPA-(w/ONE,w/IM)

IETC_ QD

PO WM

Utilization Key Takeaways: Under SPA-(w/oNE,w/IM) and same input load:

1. All sharing ratios provide higher utilization than IETF-DR,ITU-SR, ITU-DR, and SPA-Dedicated models.
'|2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.

3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
2-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/(NE,IM)

120%
Summary: Based on the physical resources

utilization, the following control plane models
are listed in ascending order based on the
100% - physical resources utlization under the same
input load

1. ITU-DR

2. SPA-Dedicated
80% 1 3. IETF-DR

4. ITU-SR

5. SPA-w/(NE,IM)
6. IETF-SR

60% -

40% -

Physical Resources Utilization

Utilization Key Takeaways: Under SPA-w/(NE,IM) and same input load:

1. All sharing ratios provide higher utilization than IETF-DR, ITU-DR, ITU-SR, and SPA-Dedicated models.
2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.

3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models

20% -

0 % T T T T T T T
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physcial Resources)
3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-Dedicated
0.35
Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. ITU-DR
2. IETF-DR 17
3. SPA- Dedicated
4.ITU-SR
5. IETF-SR + 0.25
2
1020 3
o]
=
o
Blocking Key Takeaways: =
Enabling direct routing for both IETF and ITU + 0.15 %
control plane models leads to lower blocking o
probability than SPA-Dedicated. 0
+ 0.10
+ 0.05
T T T T T T T T 0.00
0 10 20 30 40 50 60 70 80 90

Input Load (Erlang)
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)
3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/o(NE,IM)

0.35

. ITU-DR

.ITU-SR

cO~NO O WDNPE

Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:

. IETF-DR
. SPA- w/o(NE,/IM)-1S
. SPA- w/o(NE,/IM)-3S
. SPA- w/o(NE,/IM)-4S
. SPA- W/o(NE,/IM)-2S

. IETF-SR

Blocking Key Takeaways:
1. Disabling NE & IM under any sharing ratio
leads to higher blocking probability than both
IETF-DR and ITU-DR, but lower blocking
probability that IETF-SR and ITU-SR

2. Increasing sharing ratio leads to higher

+ 0.30

+ 0.25

T 0.20

+ 0.15

+ 0.10

+ 0.05
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)
3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(W/NE,w/0lM)

Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
. ITU-DR

. IETF-DR

. SPA- (W/NE,w/0/IM)-3S
. SPA- (W/NE,w/0/IM)-1S
. SPA- (W/NE,w/0/IM)-4S
. SPA- (W/NE,w/0/IM)-2S
.ITU-SR

. IETF-SR

O ~NO OIS WNPE

Blocking Key Takeaways:

1. Enabling NE only under any sharing
ratio leads to higher blocking
probability than both IETF-DR and ITU-
DR, but lower blocking probability that
IETF-SR and ITU-SR

2. Increasing sharing ratio has no direct
effect on blocking probability on the SPA-
(W/NE,w/0IM)

0.35
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+ 0.15

- 0.10
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)

3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/oNE,w/IM)

0.35

Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
1. SPA- (w/oNE,w//IM)-4S 1030
2. SPA- (W/ONE,w//IM)-3S
3. SPA- (W/ONE,w//IM)-2S
4. SPA- (W/oNE,w//IM)-1S
5. ITU-DR 1025
6. IETF-DR
7.1TU-SR
8. IETF-SR + 0.20
Blocking Key Takeaways: .
1. Enabling IM under any sharing ratio leads
to lower blocking probability than IETF-DR,
ITU-DR, IETF-SR, and ITU-SR 1 0.10
2. Under lower input loads, Increasing
sharing ratio leads to lower bocking
probability on the SPA-(w/oNE,w/IM) 4 0.05
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7 Node Topology Detailed Results

7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Blocking Probability (Physical Resources)

3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/(NE,IM)

0.35

Summary: The following control plane models are listed in
ascending order of the Physical Resources blocking probability:
. SPA- w/(NE,/IM)-1S
. SPA- w/(NE,/IM)-2S
. SPA- w/(NE,/IM)-3S
. SPA- w/(NE,/IM)-4S
ITU-DR

IETF-DR

ITU-SR

.IETF-SR

O ~NOUAWN R

Blocking Key Takeaways:

1. Enabling both NE & IM under any sharing
ratio leads to lower blocking probability than L
IETF-DR, ITU-DR, IETF-SR, and ITU-SR - el
2. Enabling NE in addition to IM leads to ' L. L I

lower blocking probability. w -
3. Under lower input loads, Increasing
sharing ratio leads to higher bocking
probability on the SPA-w/(NE,IM)
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physcial Resources)
3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-Dedicated

5.00
Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load: T 450
1. IETF-DR
2.ITU-DR + 4.00
3. SPA-Dedicated
4. IETF-SR
5. ITU-DR - <
Under any given input load: o
1. No significant permissible load + 3.00 %
advantage of the SPA-Dedicated over both '
IETF-DR and ITU-DR 1 250 B
2. ITU-DR & IETF-DR provides a higher 5
permissible load than (IETF-SR,ITU-SR, &
and SPA-Dedicated 1 2.00 5
s
1150 =
o + 1.00
Permissible Load Key Takeaway:
1. Split routing provides higher permissible
load than direct routing for both IETF and 1 0.50
ITU control plane models.
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.00
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Input Load (Erlang)
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7-node Topology (Fully-meshed Service Configuration)

Average Network-Wide Permissible Load (Physical Resources)

3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/o(NE,IM)

Summary: The following control plane >
models are listed in ascending order of the 1 450
physical resources permissible load:
1. SPA-w/o(NE,IM)-2S i
2. SPA-w/o(NE,IM)-4S :
3. SPA-w/o(NE,IM)-3S -
4. SPA-WIO(NE,IM)-1S 129 =
5. [ETF-DR =
6. ITU-DR =
7. IETF-SR &
8. ITU-DR T250 €
a
Permissible Load Key Takeaway: 1% 5
1. SPA-w/o(NE,IM) provides lower D;
permissible load compred to IETF and ITU 7150 2
models under both direct and split routing.
+ 1.00
+ 0.50
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physical Resources)
3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/NE,w/0lM)

Summary: The following control plane 2
models are listed in ascending order of the
physical resources permissible load: T 450
1. SPA-(W/NE,w/0IM)-4S
2. SPA-(W/NE,w/0IM)-2S T 4.00
3. SPA-(W/NE,w/0lM)-3S
4. SPA-(W/NE,w/olM)-1S Lagp
5. IETF-DR
6. ITU-DR
7. IETF-SR -
8. ITU-DR

+ 2.50
Permissible Load Key Takeaway: - T 2.00
1. SPA-(W/NE,w/olM) provides a lower
permissible load compred to IETF and ITU + 1.50
models under both direct and split routing.
2. For SPA-(wW/NE,w/olM) model, increasing 11.00
sharing ratio leads to lower permissible load

+ 0.50
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physical Resources)
3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-(w/oNE,w/IM)

Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:
1. IETF-DR

. ITU-DR

. IETF-SR

. ITU-DR

. SPA-(w/oNE,w/IM)-1S

. SPA-(w/OoNE,w/IM)-2S

. SPA-(W/oNE,w/IM)-3S

. SPA-(W/0/NE,w/IM)-4S

O~NO O WN

Permissible Load Key Takeaway:

1. SPA-(w/ONE,w/IM) provides a higher
permissible load compred to IETF and ITU
models under both direct and split routing.
2. For SPA-(w/oNE,w/IM) model, increasing
sharing ratio leads to higher permissible loa
3. The significane of sharing ratio of SPA-
(w/oNE,w/IM) on permissible load is not
major when sharing is above 2 STS.
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Permissible Load (Physical Resources)
3-Alternate Routing, Class-B Arrivals, IETF(DR,SR), ITU(DR,SR), SPA-w/(NE,IM)

12.00

Summary: The following control plane
models are listed in ascending order of the
physical resources permissible load:

1. IETF-DR + 10.00
.ITU-DR

JETE-SR e e
. IETF-SR CLetmT e
. SPA-W/(NE,IM)-4S PR L + 8.00
. SPA-W/(NE,IM)-3S LTt
. SPA-W/(NE,IM)-2S el

. SPA-W/(NE,IM)-1S
e 1 6.00

coO~NO O~ WDN

Permissible Load Key Takeaway:

1. SPA-w/(NE,IM) provides a higher
permissible load compred to IETF and ITU
models under both direct and split routing.
2. For SPA-w/(NE,IM) model, increasing
sharing ratio leads to lower permissible loa
3. The significane of sharing ratio of SPA- T 2.00
w/(NE,IM) on permissible load is higher than
SPA-(w/oNE,w/IM) model

+ 4.00
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
3-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/o(NE,IM)

120%

Summary: Based on the physical resources
utilization, the following control plane models
are listed in ascending order based on the
100% - physical resources utlization under the same = -
input load .—/"/F

1. SPA-w/o(NE,IM)
3.ITU-DR

80% 2. SPA-Dedicated
4. IETF-DR
5.ITU-SR

6. IETF-SR

60% -

40% -

Physical Resources Utilization

Utilization Key Takeaways: Under SPA-w/o(NE,IM) and same input load:

20% - 1. All sharing ratios provide lower utilization than IETF,ITU, and SO-Dedicated models.

2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.

3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
3-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/NE,w/0IM
120% .
Summary: Based on the physical resources
utilization, the following control plane models
are listed in ascending order based on the
100% -| physical resources utlization under the same = =
input load I—/"—/_F
= 1. SPA-(W/NE,w/olM)
= 3.ITU-DR
N 80% |2 spA-Dedicated
5 4. |IETF-DR
@ 5.1TU-SR
g 60% | & 'FTF-SR
3 -
i
S 40%
(%]
=
o Utilization Key Takeaways: Under SPA-(W/NE,w/olM) and same input load:
20% A 1. All sharing ratios provide lower utilization than IETF,ITU, and SO-Dedicated models.
2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.
3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models
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7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
3-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/oNE,w/IM

Summary: Based on the physical resources
utilization, the following control plane models

1009 -|are listed in ascending order based on the

50%

40%

input load
= 1. ITU-DR
2 % -
‘ﬁ 0 2. SPA-Dedicated
= 3. IETF-DR
> 80% 74. ITU-SR
3 ° 5. SPA-(W/ONE,w/IM)
= A IETE.QD
=
?
& 70% A
S
(&)
‘®
2> 60%
o

physical resources utlization under the sam

Utilization Key Takeaways: Under SPA-(w/oNE,w/IM) and same input load:

1. All sharing ratios provide higher utilization than IETF-DR,ITU-SR, ITU-DR, and SPA-Dedicated models.
‘|2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.

3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models
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7 Node Topology Detailed Results
7-node Topology (Fully-meshed Service Configuration)
Average Network-Wide Utilization (Physical Resources)
3-Alternate Routing, Class-B Arrivals, IETF,ITU, SPA-Dedicated, SPA-w/(NE,IM)
Summary: Based on the physical resources
utilization, the following control plane models
are listed in ascending order based on the
4 physical resources utlization under the same
; -
input load ./'/l . o :
1. ITU-DR
2. SPA-Dedicated
1 3. IETF-DR
4.ITU-SR
5. SPA-W/(NE,IM)
6. IETF-SR
Utilization Key Takeaways: Under SPA-w/(NE,IM) and same input load:
1. All sharing ratios provide higher utilization than IETF-DR, ITU-DR, ITU-SR, and SPA-Dedicated models.
2. SPA-Dedicated provides lower utilization than IETF-DR,ITU-SR, and IETF-SR models.
3. Direct Routing (DR) povides lower utlization than Split Routing (SR) for both IETF and ITU models
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