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How Much Can The Internet Be Greened?

Luca Chiaraviglio, Delia Ciullo, Emilio Leonardi, Marco Mia
Politecnico di Torino, Italy, Email{lasthamé@tic.polito.it

Abstract—The power consumption of the Internet is becoming this work is somehow preliminary, since a careful evaluatd
more and more a key issue, and several projects are studying the network devices to be switched off cannot ignore thditraf
how to reduce its energy consumption. In this paper, we prode  fjoing in the network. Nevertheless our study permits in a
a first evaluation of the amount of redundant resources (node . . . . . -
and links) that can be powered off from a network topology smpler way to estimate thg possible gain margins, progdin
to reduce power consumption. We first formulate a theoretich @ first answer to the question of whether it could be worth
evaluation that exploits random graph theory to estimate te to include in the future Internet design the capability of

fraction of devices that can be removed from the topology s selectively turning on/off nodes and links still matchirget
guaranteeing connectivity. Then we compare theoretical ®ults traffic demand and QoS.

with simulation results using realistic Internet topologies. Results, . . . . .
although preliminary, show that large energy savings can be We tackle this problem using both analysis and simulation.

achieved by accurately turning off nodes and links, e.g., ding ~ Given the graph that models the Internet router level togglo
off-peak time. We show also that the non-cooperative design nodes belong to two classes: actual source and destination
of the current Internet severely impacts the possible enery pgdes (called terminals in the remaining of the paper), and
saving, suggesting that a cooperative approach can be invgated 1,10 ransit nodes, i.e., nodes that are neither source nor
further. destination of information. Clearly, nodes in the first slas
cannot be turned off, while transit nodes (and correspandin
links) can be switched off, still guaranteeing that the deal

The energy consumption is becoming a sensible topic ¢®aph is connected. We consider b@he-connected graphs,
which both people and the research community are devoting., graphs in which a single path is guaranteed for each
increasing attention. The ICT makes no exception, and majgurce destination node pair, afeo-connected graphs, i.e.,
and more activities and projects are studying how to reduee tgraphs in which at least two distinct paths exist to guamnte
energy waste. Current estimates indicate that ICT is resiporeventual failure recovery. Given the terminal set, the mimin
ble for a significant fraction of the world power consumptionset of links and nodes that are part of a one-connected graph
ranging between 2% and 10% (the latter figure includingrms a Steiner Tree [4]. Since the minimum Steiner Tree is
also the manufacturing and cooling costs of ICT devices), Reown to be a NP-hard problem in general graphs, we exploit
reported in [1]. To reduce energy consumption (and costgindom graph theory to estimate the number of devices that
large data centers and telecommunication networks, asasellcan be eventually powered off. This allows us to evaluate the
the Internet, are identified as possible targets for opation. average figure, and to consider very large graphs to see fow th

To this extent, the study of power-saving network devicesving figure evolves considering a worldwide topology.T;he
has been introduced over these years, starting from the pi@-order to validate analytical results accounting for more
neering work of [2]. In [3] we faced the problem of definingcomplex (and possibly realistic) graphs, we consider sgtith
which is the minimum set of routers and links that have tmternet topologies and evaluate the number of nodes thmt ca
be used in order to support a given traffic demand under Q@8 switched off by using a heuristic to get the Steiner tree.
constraints. Unfortunately, the complexity of the problédaes Finally, we evaluate the impact of the current Internet giesi
not allow to study cases with large networks. in which the global topology is partitioned into subgraphs

In this paper, we focus on the Internet-wide backborige., Autonomous Systems - AS) that implement autonomous
network, and in particular we aim at estimating the worlddecisions, therefore limiting the possibility of turnindf the
wide amount of resources that potentially are redundant devices. We compare results in a possible future scenario in
the current Internet topology. We do not directly tackle thehich ASs cooperate with the aim of reducing energy waste.
energy consumption figure, since the actual energy fodtprin The paper is organized as follows. Sec. Il describes the main
of devices is hard to know. We rather simply count the numbgfaph models used to represent Internet. Sec. Il presemts o
of resources (nodes and links) that can be possibly powetg@oretical models. Simulation results are shown in Sec. IV
down still guaranteeing the service, e.g., during the @#p Finally conclusions are drawn in Sec. V.
periods when network load is sufficiently light (at nightyihg
weekends, holidays etc). Our goal is to have a first estimate Il. INTERNET TOPOLOGYMODELS
of the possible savings that the adoption of smart energy
saving policies may entail. We base our considerations onThe Internet is a complex, distributed and evolving system:
purely topological properties of the Internet graph, igngr understanding, measuring and modeling it is a complex task.
the effect of traffic flowing in the system. We recognize thdh this paper, we are interested in evaluating the amount of
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resources (in terms of nodes and links) that are redundaht an I t
thus can be switched off to reduce the energy consumption

The Internet topology is typically modeled as an undirected T:f‘?}
graphG(v, e), beingv the set of vertices (i.e., nodes) and o0 —0 -9
the set of edges (i.e., bidirectional links). Which grapltdre 1 k k X n

models the current Internet graph is still a matter of disaus
Indeed, knowing the actual topology is almost impossibl€ig. 1. Example of essential node: no#leis essential for noder, while
since, on the one hand, ISPs are not willing to share th&Rdek’ can be removed without eventually disconnecting node
actual topology, and, on the other hand, the size of thereter
is so large that it is impossible to experimentally infer it.
Nonetheless, in the literature several graph models haga ba&ising a BA model. Other approaches are based on actual
proposed, all based on the idea of random graphs, i.e.Imernet topology, that are used to generate different size
random process that generates a graph with known propertigaphs which show the same properties (edge distributiath, p
Initially, simple random graphs have been proposed, suchleagth, etc.) of the sample topology given as reference. For
the Erdos and Rényi [5] model, in which nodes are connecteglample, topologies can be generated from the well known
by links according to a given probability. Unfortunatelyckh Hot [9] and Skitter [10] topologies, scaled with the tool
simple graphs do not match properties that have been actuairbis [11], [12].
observed in the Internet, such as the “small-world” propert
according to which even if degree (i.e. the number of edges
per node) of nodes is rather limited, the diameter of the We consider a BA grapld/(v,e), |v| is the cardinality of
graph (i.e. the maximum distance in terms of hops betweeni.e., the number of vertices. According to the BA model,
nodes) is very small. Moreover, the degree distribution ofrtices are sequentially added to the graph, so that at step
nodes P(k) is known to follow a power-law distribution, =, vertexz is added, and. edges connect to L randomly
i.e., P(k) ~ k~7. Therefore, more complex random graptselected vertices from the s¢ti,2,...,z — 1} of vertices
models have been introduced, among which Barabasi amteady in the graph. The average vertex degree is therefore
Albert (BA) [6] is generally accepted as a good (and simpléL. Fig. 1 shows vertex that randomly selects = 2 vertices
model. Indeed, the BA model both matches the small-world and% at time z.
property, and the power-law distribution of edges experéeh  First, we focus on the one-connectivity problem. Observe
in the actual Internet Topology. The BA model builds a graptiiat by construction at every step the graph comprising
by iteratively adding a new node to the already existing grapthe first z vertices is connected; in particular, fdr > 1
Each new node haé edges, that are randomly placed tdt is L connected (i.e., there exist at least disjoint paths
connect to already existing nodes. The probability of selgc between any two vertices). This implies that when a vertex
a node can follow a “preferential attachment paradigm”jsa t £ is removed fromG(v, e), only the verticest > k can be
nodes with larger degree (large number of edges) are sdledgeotentially disconnected from thgincipal component of the
with higher probability than nodes with smaller degree. Theemaining graph, which in turn comprises all vertiges: k.
intuition suggests that nodes that are added earlier to therthermore, a vertex > k having an edge pointing té
topology will have a higher probability to become “hubs’can be disconnected from the principal component for effect
while nodes that are added later will have fewer edges, beigtjk removal only if none of the edges af is pointing to
selected with smaller probability and by fewer nodes. any vertexy < k. In this latter casek is declaredessential
In this paper, we consider the BA model to study th#or z. Conversely, a vertek, which is non essential for every
probability that a node can be removed from a graph withouerticesz > k, is declaredhon-essential. As a consequence,
producing a disconnected graph, i.e., the probability tnatthe following theorem holds:
node is redundant. Theorem 3.1: Given a BA graphG(v,e), all the non-
Besides random graph models which are suitable for anal§gsential vertices can be removed frd@#tv, e) without dis-
ical evaluation of Internet topology properties, seveaaidom connecting the graph.
topology generators have been proposed in the literatirey T Proof: We sequentially scan all the non essential vertices
generate a synthetic topology starting from a (possiblyanoin 9raphG(v, e) and remove them, following a reverse order.
complex) random graph model. For example, hierarchickft Gy (v,¢) be the graph obtained after the removal of all
models that better mimic the actual Internet routing pelici the non essential nodes> k. Let G (v, €) be the graph after
can be modeled, as in Brite tool [7]; in particular, a top-dgowthe removal of non essential node We claim thatG, (v, e)
approach is adopted: first links between different Autonagois connected, provided it} (v, e) is connected too.
Systems (AS) are placed according to a simple Erdos andndeed, observe that the non-essential vertexan be
Rényi model, then routers in the same AS are interconnect@noved fromG; without disconnecting the remaining graph,
since every other vertex > k is directly (through an edge) or

1We assume that the rerouting of traffic on the devices thatlefteon 'nd”ec“y (thrOUQh a path) Com_']e.Cted to a veriex: k..ThIS
induces a negligible increment of power consumption. can be easily seen by contradiction. Assume there is a vertex

IIl. THEORETICAL MODELS



x > k that is disconnected from the principal component for 1
effect of the removal of, i.e., it has no path connecting it 08
to verticesy < k. Since the noder was connected before
k removal, necessarily, there was a path frento a vertex < 06
y < k passing throught. Let z; be the vertex that precedés ;‘ﬁ o
along the pathr — y. By constructiong; is a neighbor of. ' L=1 ——
If x1 < k, thenz, is part of the principal component and we 0.2 )
are in contradiction. Ifc; > k, sincek is not essential fos, tzg B}
x1 must have an edge leading to a vertgx< k, and then o5 . . 06 os 1
we are in contradiction. a

At last, by induction over the nodes that are removed, the 1 o
assertion immediately follows. [ | 0.9 st o™ -
Note that Theorem 3.1 expresses a necessary condition only, 83
i.e., a vertext that is essential for: can be removed without 5 06f
necessarily resulting into the disconnectionzof ¥ 05f

Proposition 3.2: Given a BA graph(v, ), some essential * 8: e
vertex inv can be removed without necessarily causiigo oz bi =2
be disconnected. o1l L= -

We denote withPr(k, z) the probability that: is essential to
z, i.e., vertexz has an edge pointing to and no other edges
pointing to verticesy < k.

At last, observe that the eventS]‘])ls essential forr; > k Fig. 2. One-connected graph: probability to remove a veiriethe Uniform
and ii) k& is essential forzy > k are independent. Thus weAttachment model (top plot) and Preferential Attachmentieigbottom plot)
can easily compute the probabilityr,¢¢(k) that nodek is
non-essential as function dtr(k,«) according to:

n A. Uniform Attachment model

Pross(k) = [ 11— Pr(k,z)] 1)
rz=k+1

ok P
0 010203040506070809 1
a

Let us consider first a BA graph obtained using Uniform
N ) Attachment (UA) paradigm, according to which each new
Due to Proposition 3.2Pr.s¢(k) provides alower bound to  vertex is connected with equal probability to the vertices
the remaining graph. vertexk < z with probability: Pro. (z, k) = L/(x—1) Vk €

In conclusion, recalling that nodes can be removed only if ;. _ 1], The probabilityPr(z, k) thatk is essential for is
they are non-terminal vertices, the average fraction ofesodinen given by:

of the graph that are jointly non-terminal and non-esséntia

F,r+ provides a lower bound to the fraction of nodes that can 1 e kg
be potentially switched-off without disconnecting the gra Pr(k,z) = Lx _1 H ( T —1 > =
It follows that: ) i:]i I ®)
T
Forp =351 (L = Pu(k))Progy (k) ) L < = )

being P,(k) the probability that nodé is a terminal node. for z > k - L. while it is null for = < k - L.
Since we are interested in evaluating the asymptotic proba—Fror_n Eq.(1) and some approximations reported in [14], we

bility to remove vertices, we consider an infinite graph byneo derive the final expression of the probability: '

puting the limit forn — oo, so that vertice& can be mapped '

to a unitary segment space by defining= k/n € [0,1]. Pross(k) > af (6)

Then, we can approximatBr,¢; as:

Fopp = [y (1= P())Pross(a)da ©)
In the following we computePr,; considering different B. Preferential Attachment model
cases. For the sake of simplicity, we assume that the proby, the preferential Attachment (PA) model, new vertices
ability of being a terminal node is the same, so thatk) =  connect preferentially to highly connected vertices sd the
Py, Vk. Then probability for vertexz to select vertext is proportional to

Forp~=(1-PF) fol Prorr(a)do. (4) vertexk degree. Being<(x) the degree distribution of vertex
' ' k at time vertexz, then it holds (see [8] for details):

with 3 = L(1 — )t~ anda = k/n.

In the remaining of this Section, we specify hd¥(k, x) can
be evaluated both for the Uniform Attachment and Prefeagnti x

Attachment models. Ki(z) = L k



we can derive the probability that vertexselects vertex: as: TR=05

() 05 P‘;gs ,,,,,,,,,, 05 E;ig;é ,,,,,,,,,,
20 Jy g— (20 Jy g—
Progi(z, k) = L(_+(x 0.4 0.4 '
sy Ki(x) 03 ] 0s
for > k + L, while it is null for z < k + L. w — ] = ays
Therefore, the probability that the vertéxis essential for R I e el I e g 9 e O e o
a vertexz can be approximated by: 01 0 b
r—1 L-1
Pr(k,z) ~ Prog(z, k) M (7) 012345678910 012345678910
2o Ki(z) - L

After_some appro_X|mat|ons, from Eq.(1) and _E_q.(7) we der_"’@.g, 3. Uniform Attachment mode
the final expression of the average probability of removinghg Two-connected graph (right).
vertex k:

Progs(k) > exp {(I_L‘/E)L_l (1 — \/La)] 05 05
0.4 e 0.4

I, ¢y in the One-connected graph (left)

C. Two-connected graph

. . g 03f 0.3

The previous arguments can be generalized to evaluaté
the average fraction of vertices that can be removed still 02} 02
guaranteeing that the remaining graph is two-connected. In ¢ P=05 —— | o1 P=05 —— |

. . b . [ N p— P —
this case a vertek is declared essential for a vertexif the P=0.7 P07 o
z has less than two edges pointing to vertigesc %, and O 3456780910 2123456780910
all the non-essential vertices can be removed maintairiiag t L L

two-connected properties.
1) Uniform Attachment model: The probability Pr(xz,k) Fig. 4. Preferential Attachment modeF,; in the One-connected graph
that & is essential for: is similar to (5), with a further term (left) and Two-connected graph (right).
due to the presence of the second path:
Pr(k,z) = L% (szk)Lfl _ 2(5)%5 (gngk)Lf2 8) rem_oving a vertgx _is proportion_al to the numbe_r of times othe
vertices select it, i.e., to the time the vertex is added ® th

The probability to switch-off vertex becomes: graph. Eq. (6) becomes then simplt, (k) > k/n. When
Pros(k) = of ) L increases, the probability of removing vertéxbecomes
o - smaller for vertices that join the graph early on (smajl
with 8= (1 — a)F—1 L + —Lla while it increases for vertices that are added later. Thiduis
; Lo e | to the fact that early vertices become “hubs” that guarantee
2) Preferential Attachment model: We follow the same pro- y 9

connectivity for larger number of vertices (therefore aliog

to remove late vertices with higher probability). Considgr

) L1 the Preferential Attachment case (bottom plot of Fig. 2§ th

Pr(k,z) ~ L fkg?)(z) {ZZZIH%K(S)} — bias induced by the preferential selection of hubs is everemo
. . (10) evident, so that also in the cage = 1 early vertices have

higher probability of being essential, while late vertiasm

cedure of Sec.lll-B. The probability that vertéxis essential
for vertexz is:

! z b Ki(2) [ Ki@) 572 7 "
(L£'2)! szf%i)(m) 2;5: Kﬁmi [ Z;iflKi(m) } be removed with higher probability.

From Eg.(1) and Eq.(10), we obtain the final expression of F|g. 3 ShOWS_ the average probability of removing a ver-
the average probability of removing a vertex: tex in the Unlfprm_ Attachment model. Left plot §hows
UA model considering a one-connected graph, while two-
Proff(k)zexp[(#)kl(l_%)(1+Wm)] (11) connected graph results are reported in the right plot eDsfft
values of P, are reported, specifically’, € {0.5,0.6,0.7}.
D. Resuits Fig. 4 shows the average probability of removing a vertex
Top plot of Fig. 2 reports, for different values df, the in the Preferential Attachment model: the one-connectefd (
probability of removing vertex = na in a BA graph gener- plot) and two-connected cases (right plot) are reportedels w
ated according to the Uniform Attachment model. ConsidgrirResults show that the PA model allows to easily remove a lot
the casel = 1, the figure shows that a vertéx= na can be of vertices, so that fof. > 4 practically all non-terminal nodes
removed with a probability proportional to the time at whicltan be removed still guaranteeing one- and two-connected
it joined the graph. Indeed, since only one edde £ 1) properties. Since estimates of average node degree inftie ac
is used, a vertext that is selected by any vertex > k Internet show thal € [2, 3] [8], results show that the number
is clearly an essential vertex. Therefore, the probabitify of redundant nodes that can be removed can be quite large. For



example, when. = 3 and P, = 0.6, about38% of nodes can
be removed, i.e95% of non-terminal nodes are unnecessary. %0
Even considering the Uniform Attachment model, a large 40
portion of the nodes can be removed still guaranteeing the T
connectivity constraints. 2 e

IV. SIMULATION RESULTS % 51:8.;»-

In this section, we consider more complex and realistic tor Upper Eoung EO?- |
graphs and evaluate the actual minimum number of resources 0  Jpper Bound #97 ——
. 1000 2000 5000 7000 10000
that guarantee any terminal node to connect to any other ter- Network size
minal node. We consider both flat (one-level) and hieramdhic
(two-levels) Internet topologies. 50
Finding the minimum set of nodes and links in a graph that ~ jdrde T

is strictly necessary to guarantee the connectivity cairstr 40
among the terminals is equivalent to compute the Steines.Tre L op———
This problem is known to be NP-hard, and in the last years = ol
different algorithms have been proposed that give approxi- P05 oo
mated solutions. We choose the Selective Closest Terminal 10 Unper Boundpggigﬁ
First algorithm (SCTF) [13], because the accuracy in the 0 . Upper Bound 0.7 ——
solution and the computational cost can be tuned as input 1000 2000 5000 7000 10000
parameter. In particular, the SCTF algorithm builds therfste Network size

Tree by selecting the minimum shortest path between the set

of terminalsT’ and a set of nodes in the Steiner tree SefAt Fig. 5. Percentage of nodes that can be removed versus twerkesize.

stepi, one terminal node; € T is selected, an@ minimum-  Hot (top) and Skitter (bottom) topologies.

cost paths from¢; to s; € S, j = 1,...,k are evaluated.

Then, the minimum-cost path is selected, whose destin&tiorthe corresponding degred (= 2.2) for this topology. Also,

s;. Vertices and links fromt; to s7 are added td5, andt; is 7y increases slightly with the number of nodes, hinting that

removed from?'. The algorithm ends whef is empty. the border effects marginally impact the solution. Consiug

A. One-level Topologies the Skitter topology (bottom plot), the higher average npde

; ) ~degree [ = 5.8) guarantees to remove more non-terminal

The Hot and Skitter topologies are well-known topologiegodes, as predicted by the analytical results. This confirms

often used as benchmark dataset in the Internet design figicht the analytical results can accurately predict the remb

“scale” both the Hot and Skitter samples using the Orbis
tool, which allows to scale a graph, while keeping the sanik Two-level Topologies

macroscopic features. Finally, given a topology, termimades | this Section we consider the two-level topologies in
must be selected. For the sake of simplicity, we select tai hich Autonomous Systems are interconnected by a Tier-1
nodes according to a constant probability, i/8.,is constant. topology. The Brite tool is used, with the node degree param-
Fig. 5 shows the percentagg, of nodes that can be re-eter equal to 2 for interconnecting both intra-AS and if&-
moved considering different network sizes and differefi®a nodes. Moreover, the ASs are randomly interconnected wsing
of . The Hot and Skitter topologies are considered in therdos and Rényi model, while the BA model with Preferentia
top and bottom plots respectivélyValues are averaged overagtachment is used for intra-AS topology generation.
5 different topologies, and maximum and minimum values are gesjde considering more complex graphs, our aim is to
reported as well. The upper bound represents the percentgggpare the possible savings between i) ¢herent Internet,
of non-terminal nodes. Notice that in all cases, the pesmt \where the decision in turning off devices is operated by
of non-terminal nodes that are part of the Steiner tree i§ veggch AS independently from the others, and ijoaperative
limited, so that more than 80% of non-terminal nodes can Bgernet, where the ASs cooperate to minimize the global
easily removed. In the Hot case, it is interesting to obs#rae power consumption. In the first case, inter-AS devices (pger
the results presented are similar to the ones obtained B§Ahe royters) cannot be removed (even if those are non-terminal
graph with Preferential Attachment model (Fig. 4) consitgr nodes by definition). In the latter case this is possible,, e.g

) ) . in any given ASs, one out of two peering routers can be
2Being |e| = L|v| the number of edges in the initial graghi(v, ), the y. gl;l d P 9
percentage of links;;, that are not part of the final solution in any steinerPOtentially removed.

tree comprising S| nodes, are In order to test the effectiveness of cooperation, we use
le| — (1] — 1) 15 1—ny networks with 8192 nodes in total, while the number of
nL= el S’ (12)  Autonomous Systema 5 varies betweern096 and 16, e.g.,

a scenario with many small ASs, to a scenario with few large



ASs. Terminal nodes are then uniformly selected from intra- 90 oareranasI
AS nodes only, and the SCTF algorithm is then run to obtain 80 P05 e 1
the Steiner tree in each AS, so that the final topology results op RE0T |
as the union ofN4g Steiner trees. Inter-AS nodes and links 3 :g
are always present in the final graph. [ s s = S
Fig. 6 (top plot) shows the percentage of noggg Nas) S S S
that are removed versus the number of AS in the network, 20 o
Nyg. The plot clearly shows that the non-cooperative ap- 10
proach imposed by the hard partitioning of the graph into O s 32 64 128 256 512 10942048 40965
independent ASs results in a large inefficiency of the final Nas
solution. The possible saving, indeed, decreases rapaly f
large number of ASs, since a large number of devices has 0 M
to be powered on to guarantee the inter-AS connectivity. On -10
the contrary, for topologies with small number of ASs, the -20
impact of the partitioning is marginal, suggesting thatsit i ~ 30
worth investigating a cooperative and global approach. S 0
To dig further into the impact of cooperativeness, we 50
compare results obtained considering the previous caghs wi ol ng;g —
the global Steiner tree considering the topology not partéd P::p.7 e
into several ASs, i.e., a scenario in which a global alganith 7o 16 32 64 128 256 512 1024 2048 4096

is envisioned to achieve resource saving. Let

Sn(Nas) NN (Nas) —nn (1)

Nas

Fig. 6. Percentage of nodes (top plot) and efficiency lossHemumber of
be the efficiency loss in terms of nodes respectively when cdipdes (bottom plop) that can be removed versus the number ASs

sidering a network that is partitioned info non-cooperative

ASs versus a singlek( = 1) cooperative network. Fig. 6 the traffic flowing in the network, the protocol and device sup
(bottom plot) confirms the previous intuition, showing tlzat port for remote power management, etc. Nonetheless, sesult
large waste is achieved if the number of ASs increases (a@¢ encouraging for future investigation in this field.
therefore the number of nodes in each AS decreases). Indeed,

in a cooperative Internet large savings are possibleNak

up to 256 ASs, with the major loss due to devices that cannotT

be removed from the graph, i.e., inter-AS devices.
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V. CONCLUSIONS ANDFUTURE WORK

In this paper, we faced the study of the amount of resourcq[,%_q]
that can be eventually removed from the Internet topolog¥
still guaranteeing connectivity among terminals. The afm i 3l
to study the eventual amount of energy saving obtained ongg
nodes and links in the Internet can be selectively turned-
off. Results, obtained with both analytical and simulatiorf!
methodologies, show that there is potential room to ingeséi  [¢]
further whether in the current and future Internet it is ploles
to reduce the power consumption by turning off devices the{g
are not necessary, e.g., during off-peak periods. Bothrifadls
world and power-low distribution of nodes degree that ardd]
observed in the actual Internet help to keep the topology
connected, allowing to remove up to 80% of transport nodesg

Finally, considering the current rigid partition of the émhet  [11]
topology into several and non-cooperative Autonomous S)%—
tems, we show that much higher savings are achievable in
a possible future Internet, in which ASs form a cooperativé3]
network globally targeting energy saving. [14]

Our work is somehow preliminary, since a careful evaluation
of the network devices that can be switched off cannot ignore
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