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Abstract: We propose a novel network framework to facilitate mulibher based network orches-
tration in multi-domain SD-EONSs. With the framework, theokers can compete for a bundle of
request-provisioning tasks with an effective biddingteigg to maximize their profits.
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1. Introduction

Software-defined elastic optical networks (SD-EONSs) ekpe@chieve adaptive, programmable, and application-
aware high-capacity networking with extended service ndag Meanwhile, considering the geographical span of
backbone networks and the heterogeneous technologiesltfueindor network elements, we must address multi-
domain heterogeneous networking scenarios [1]. Recentyket-driven multi-broker management plane has been
proposed [2] as a realistic solution to facilitate crossad network orchestration while assuring autonomy of each
domain and supporting agile service provisioning acrodéipieidomains. In the market place of the Internet, mugtipl
brokers are likely to offer services to SD-EON domains dum#rket incentives [2]. The brokers may cooperate or
compete with each other in the market [2]. In [3], the authmosleled the network operation in a multi-broker based
multi-domain SD-EON as a non-cooperative game, and degigisanple bidding strategy for the brokers to compete
for provisioning tasks. The drawbacks of their model were-fald. Firstly, the model asks the brokers to bid for each
individual task, which would increase the communicatioartvead and operational cost significantly. Secondly, it had
each broker to use one service provisioning strategy the routing and spectrum assignment (RSA) algorithm).

In this work, we propose a new, efficient, and practical nelwfamework for multi-broker based profit-driven
network orchestration in multi-domain SD-EONs. We desigaming scenario to allow the brokers to bid for a bundle
of provisioning tasks. Meanwhile, each broker is providgubal of service provisioning strategies, from which it can
choose the most cost-effective one based on the networlsstake also design the work-flows for both the brokers
and SDN controllers in this framework, and conduct theoattinalysis to obtain an effective bidding strategy for the
brokers to compete for provisioning tasks. Simulationsilteshow that with the proposed scheme, the brokers can
adapt their service strategies intelligently to maximtze profits.

2. Network Architecture and Operation Principle

Fig. 1(a) shows the proposed network architecture for pdofiten network orchestration in multi-domain SD-EON.
In each domain, there is an OpenFlow controller (OF-C) to aganthe optical switches for intra-domain service
provisioning. Meanwhile, it also subscribes to the brol@rghe auction table for multi-domain provisioning. The
brokers operate at a higher network control and managemi&#&{) level than the OF-Cs [2]. Basically, they can
get intra-domain information from the OF-Cs and instruet @F-Cs to set up multi-domain lightpaths. To provision
a multi-domain lightpath, each broker should have a glo@iof the network, which includes the status of inter-
domain links and intra-domain virtual topologies (ID-VTg)m the domain OF-Cs. Each ID-VT consists of some
virtual links (VLs), which are abstracted from the relatetta-domain path segments. Note that, depending on the
service-level agreements among them, the domain OF-Csutemitsdifferent ID-VTs to the broker. For example, in
Figs. 2(a) and 2(b), OF-C-1 abstracts the path segment frton7Zn different manners for Broker-1 and Broker-2.
Basically, it submits the shortest path segment (2-3-7)rtak&-1, while Broker-2 is provided with the one that has
the most available frequency slots (FS’) (2-4-5-7). Headthpugh the brokers obtain similar ID-VTs to provision the
multi-domain request from 2 to 9, the same VL on their ID-V&s have different properties.

The auction table operates as a discrete-time system, wiéeims that when each provisioning period begins, the
brokers bid for provisioning tasks and the domain OF-Cs shalbe most cost-effective broker to seal the deals. Then,
the winning broker instructs the OF-Cs to provision the mddimain requests accordingly. To improve the operation
efficiency of the system, each broker assigns a queue to tstengending multi-domain requests from each domain
(as shown in Fig. 1(a)). Then, in each game, all the broketddyithe pending requests from one domain, and to
maximize its profit, each broker has to choose the most dtesttive service strategy based on its knowledge on the
network,i.e., selecting the best RSA scheme from its service strateghipéag. 1(a). Note that, as different brokers
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Fig. 1. (a) Network architecture, (b) Work-flow of OF-Cs, {Wprk-flow of brokers.
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Fig. 2. (a) Network topology, (b) FS usages on intra-domiaksl|, (c) ID-VTs for brokers to serve a multi-domain request

may have different ID-VTs from the domain OF-Cs, the pramiging results from them can be different even with the
same RSA scheme. The details on how to choose the right sestvategy will be discussed in the next section.

3. Broker-based Multi-Task Gaming
We assume that the multi-domain SD-EON inclutliedomains and the OF-C of Domainis denoted as OF-@- A
pending multi-domain request ig(s, di, Bi, T;), wherei is its unique indexs andd; are the source and destination
nodes,B; is the bandwidth requirement, arigl is the holding time. Since each game is for the pending régues
from the same domain, the games for the requests from diffeleamains form independent game sequences. Hence,
without loss of generality, we will just consider the gamgusence for the requests from one domain in the following
theoretical analysis. We us®, = {r1,ro,r3,--- } to represent the pending request set fonthién game.

Considering the fact that certain requests might not beigiaved due to insufficient network resources, we design
an evaluation method to help the OF-Cs to select the winniogds quickly. A ranking system is first introduced:
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wherelX, is an integer to represent the service-level provided byk@rk in the mth game,L is the highest/best
service-level, andR¥, is the set of requests that can be provisioned by Brékarthe mth game. Here, we use the
product of the required bandwidth and holding time of a retjteerepresent the network resources that it consumes.
Hence QX, is the total provisioned resources by Broken them-th game, whileQpn, is the total required resources in
them-th game. Apparently, if an OF-C tries to get as many penddogiests served as possible, it should choose the
broker whose service-level is the highest. However, theutddbe a tie among the brokers in terms of the service-level.

k
In such a case, the OF-C tries to minimize the unit serviceeprivhich isgX, = —P'kﬂ, wherePX is the service price of

Brokerk in them-th game. Fig. 1(b) shows the work-flow for an OF-C to deterntire winning broker.
We model the bidding among the brokers as a noncooperatsiagpgame [3], which means that each broker does
not know others’ service strategies and prices. Brdietices its service as follows in the-th game:
Ph=(1+nf) S T (F-cs+E-c)=(1+nk ok, @)
I’iGRfKn
wheren¥ is the profit ratioF is the total spectra allocated for, E; is the number of required optical-to-electrical-
to-optical (O/E/O) convertersg andc; are the unit prices of optical spectrum and O/E/O convarspectively, and
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Fig. 3. Results on (a) evolution of each broker’s bidding@rib) winning probability of each service strategy, (0mihg
probability of each broker, (d) profit of each broker, (eXudlmition of service-levels to requests.

ck is the base service price of Brokkein the mth game. Apparentlck, is known wherR¥, is determined. Then, in
its practice for the game, Brokérfirst tries to use different RSA schemes to serve the reque®fg, and obtains
RK andc, for each RSA scheme. As it knows the evaluation method of tre0S), it will choose the RSA scheme

. . . . . K .
that provides the highest service-level wify and charges the least unit base service arfice: %’%. At this moment,
m

Brokerk determines the RSA scheme to use, and it only needs to figurg/pto maximize its profit. Basically,
Brokerk can calculateyk, by solving the following optimization problem:
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whereh s the Parzen window widtlaX,, IK, andg¥, are knownpf,(1) is the estimated probability that Brokeachieves
service-level in them-th game,ﬁ‘n(x) is the estimated probability density of the unit service@from Broker(i.e.,
i), andgn is the upper-bound of a broker’s unit service price. We eatiérgh, (1) based on the bidding history and
leverage the Parzen window estimation method [4] to obﬁa(lx). The detailed derivations are omitted here due to
the page limit. Fig. 1(c) shows the work-flow for a broker teesethe RSA scheme and determine its service price.

4. Simulation Results

We design simulations to evaluate the performance of thpge@d scheme. The topology of the multi-domain SD-
EON is as that in Fig. 2(a), where there are two domain OF-@stan brokers. For the ID-VT abstraction, OF-Cs
submit the shortest path segments to Broker-1, while Br@kisrprovided with the one that has the most available
FS’, as explained in Figs. 2(b) and 2(c). We assume that eadtebis equipped with three well-known RSA schemes
in its service strategy podle., the fragmentation-aware (FA), shortest-path and firgSf-FF), anK-shortest-path

and load-balancing (KSP-LB) schemes [1]. The dynamic radthain requests are generated with the Poisson traffic
model. Fig. 3(a) shows the evolution of the bidding pricesfithe brokers, and we can see that each broker adjusts
its service price intelligently according to the biddingtiory. For instance, after losing for three rounds, Braker-
decreases its profit ratio to win the 4-th game. Fig. 3(b)glo¢ winning probability of each RSA scheme at different
traffic loads. When the traffic load is low, SP-FF achievedahest resource consumption and hence it provides the
highest winning probability, but as the traffic load incressthis advantage decreases significantly. KSP-BL can use
the resources more rationally and thus its winning prolitghiicreases with the traffic load. Meanwhile, compared
with those of SP-FF and KSP-BL, the winning probability of isAthe stablest one. Fig. 3(c) shows the winning
probability of each broker, which indicates that the biddperformance of Broker-1 decreases with the traffic load
while that of Broker-2 has the opposite trend. This is duehoID-VT abstraction schemes that they are provided
with. Fig. 3(d) plots the profit of each broker, which exhsbé similar trend. Fig. 3(e) shows the distribution of the
service-levels from the winning service schemes, whiclicatgs that most of the multi-domain requests have been
served successfully. Hence, the interests of the OF-Csdlapdreen taken care of in our proposed framework.

5. Conclusion
We investigated market-driven multi-broker based netwaydhestration in multi-domain SD-EONSs, proposed a new
network framework, and demonstrated an effective biddiregexyy for the brokers to maximize their profits.
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