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Abstract —Recent studies of netw ork traf�c utilization on

campus netw orks ha v e sho wn that data netw orks r emain hea vily

under -utilized. Y et curr ently ther e is little attempt to sa v e ener gy

on netw ork interfaces by using the lo w po wer modes a v ailable

in Ether net transcei v ers during periods of inacti vity or lo w

utilization. In this paper we design and e v aluate a Dynamic

Ether net Link Shutdo wn (DELS) algorithm that utilizes curr ent

technology leading to signi�cant bene�ts in ener gy sa vings with

little noticeable impact on pack et loss or delay . The algorithm

uses b uffer occupancy , the beha vior of pr e vious pack et arri v al

times and a con�gurable maximum bounded delay to mak e

sleeping decisions. The scheme was e v aluated using simulations

with inputs generated using a synthetic traf�c generator f or

smooth and b ursty traf�c. The r esults sho w that the per centage

of total time that a link can be shut do wn can be anywher e fr om

80% to 60% f or traf�c loads up to 5%.

I . I N T R O D U C T I O N

In recent years, se v eral studies ha v e sho wn that wired data

netw orks on campus remain highly under -utilized [1], [2 ], [3 ].

Experiments to measure the dif ference in po wer consumed

during transmission and idle periods [4 ], [3 ] ha v e sho wn

that there is little or no dif ference in the po wer consumed

between idle and transmitting/recei v e states. Ho we v er , there

is a dif ference in ener gy consumed when using dif ferent

link rates. [5 ] sho ws that the po wer sa vings when switching

from 1Gbps to 100Mbps are approximately 4W (on desktops)

and 0.1W when switching from 10Mbps to 100Mbps. Based

on this, a proposal w as recently made to the IEEE 802.3

committee outlining a scheme called Ethernet Adapti v e Link

Rate (ALR) to automatically change the link speed from

1Gbps to 100Mbps or from 100Mbps to 10Mbps in order to

sa v e ener gy during lo w periods of acti vity [5 ]. Such schemes

are actually in use in laptops where switching to battery po wer

automatically scales do wn the link speed to enable longer

battery usage [6 ], b ut not in desktops. Indeed, this technique

is especially applicable in campus area netw orks where the

utilization has been sho wn to be lo w and gigabit Ethernet is

widely deplo yed.

In this paper we go one step further and sho w that it is

possible to garner e v en more signi�cant sa vings by shutting

the links do wn altogether using the dynamic Ethernet link
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shutdo wn mechanism proposed in [7 ] and further e xtended

here. The reasons for doing this are tw ofold. Apart from

greater ener gy sa vings in campus area netw ork traf �c, it is

also better suited to w ards taking adv antage of netw orks that

remain mostly idle for long periods of time such as home

netw orks. F or e xample, approximately 82 million households

in US ha v e high-speed broadband connections [8 ] that remain

connected to the Internet 24x7. While a study has not been

done to sho w ho w man y hosts remain on e v en during periods

of inacti vity , the netw ork de vices (routers and hubs) at either

ends remain completely po wered on at all times. DELS, with

some alterations for the corresponding link layer protocol is a

viable option to obtain signi�cant sa vings in such cases.

DELS reduces ener gy consumption in Ethernet LAN

switches and the hosts attached to them by shutting do wn the

comple x transcei v er circuitry depending upon traf �c arri v als,

b uf fer occupanc y and a bounded maximum delay . While there

ha v e been no studies that pro�le the ener gy consumption of an

Ethernet switch, using a v ailable data we estimate that Ethernet

interf aces alone can consume up to 20% of total switch po wer

b udget.
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The rest of the paper is or ganized as follo ws. In the ne xt

section we co v er related w ork and in III we de�ne the problem

statement. Section IV co v ers the details of the mechanism

used in DELS and the changes required in the auto-ne gotiation

mechanism for Ethernet. Section V discusses our e v aluation

methodology and in section VI we study the algorithms

in depth with v arious dif ferent traf �c distrib utions as well

as using traces generated by a synthetic self-similar traf �c

generator . The �nal section presents our conclusions.

I I . R E L A T E D W O R K

As mentioned in the introduction, in [3 ], Christensen at al

look at w ays of sa ving ener gy by changing link speeds in Eth-

ernet links depending on traf �c load or by using a lo w-po wer

proxy de vice as an alternati v e to the NIC that sa v es po wer by

processing layer 2 protocol pack ets instead of w aking up the

ener gy-hungry centrally located high-speed processor to deal

1

A Gigabit Ethernet transcei v er can consume 1-2W depending upon

whether it is copper or �ber[6 ], [9 ]. As an e xample, consider a Cisco 3750

Catalyst switch with 24 gigabit copper -based ports and 4 �ber -optic ports.

The total maximum operating cost of the switch is 190W[10 ].



with it. Practically all other ener gy conserv ation research has

been done in the wireless domain for battery operated de vices,

particularly for wireless LANs using the 802.11 protocols.

There about 90% of the ener gy is spent during the radio

listeningscanning operations [16 ]. Thus the schemes proposed

are mostly centered around minimizing this ener gy cost. In

addition, since 802.11 netw orks are mostly used in infrastruc-

ture mode where the base station is in char ge of scheduling

and allocating bandwidth, the schemes proposed are typically

centrally implemented in order to maximize system capacity

and reduce collisions as well as increase ener gy ef �cienc y .

Thus, the w ork there while useful in understanding demands

of netw ork traf �c is not directly rele v ant in the switched

Ethernet topology . There has also been considerable amount

of w ork done [17 ], [18 ] which deals with conserving ener gy in

serv ers and serv er clusters in data centers. These approaches

are focused on v ery speci�c netw ork traf �c loads, i.e web

serv ers whereas our study looks at the traf �c in an Ethernet

LAN en vironment.

I I I . P R O B L E M S T A T E M E N T A N D S L E E P M E C H A N I S M

Currently , there are netw ork interf aces a v ailable that can op-

erate in e xtremely lo w po wer modes during which all recei ving

and transmitting circuitry is shut do wn and a programmable

timer can be used to set the time after which the interf ace

comes back up. There are also lo w po wer modes during which

no transmission or reception of pack ets can occur , b ut the

interf ace is capable of detecting a signal on the wire and

responding accordingly . Ho we v er , this technology is used only

in cases where the link is put in such modes when it f ails to

detect a signal for a gi v en length of time (typically set to

5 seconds) [6 ] indicating f ailure. Broadcom and Intel both

of fer netw ork transcei v ers that can be used both for hosts and

switches that come equipped with such functionality , though

not at transition speeds that w ould actually f acilitate a quick

transition from a fully operating speed of 1 Gbps to a po wer

do wn mode. T ypically , for gigabit interf aces, the dif ference

in po wer consumption between full scale operation and these

lo w po wer modes is 1W . In this paper , we ha v e estimated a

transition time of well under 0.5ms, which includes both the

transition time as well as the synchronization of the links when

the link is re-established. W e came up with this number based

on information a v ailable for wireless radio de vices, which are

f ar more comple x, yet much more ener gy ef �cient due to

their use in battery-operated de vices as well as the f act that

the transition speeds in high-speed f abrics used in In�niband

netw orks are in the range of nanoseconds as mentioned in

[11 ].

The goal of the dynamic Ethernet link shutdo wn polic y

proposed here is thus to intelligently use this link shutdo wn

capability during the idle periods we see in LAN traf �c.

Figure 1 sho ws one half of a full-duple x link. W e assume

that when the link is of f, both the Rx and Tx interf aces

are asleep and when the link is on, both the interf aces are

po wered on. W e assume that pack ets queued for transmission

at interf ace a when the link is of f are b uf fered at A . The k e y

A B

a b

Tx Rx

Fig. 1. Simple model for a link.

challenge here is in deciding when to turn a link of f and for

how long .

I V . D Y N A M I C L I N K S H U T D O W N

The DELS algorithm proposes to use the programmable

capability of the sleep timer to dynamically change the op-

erating po wer modes. In this scheme, the interf ace can either

operate at full speed which we refer to as the `On` state or

in the e xtreme lo w po wer mode, referred to as the `Of f` state.

The transition between the tw o states occurs when the trans-

mitting side (upstream interf ace) nforms the recei ving side

(do wnstream interf ace) using an 802.3 mac frame and recei v es

an ackno wledgement (ack) frame in return. Normally , when a

link goes do wn and then comes back up, the auto ne gotiation

protocol is run to, among other things re-synchronize the link.

This process tak es an ywhere from 256ms up to 1s which is

much too long, especially for gigabit links so we propose

instead a f ast e xchange of tw o-w ay mac frames to re-establish

the link in its former operating mode. The upstream interf ace

sends a mac frame with the ”Goto sleep, sleep timer” message

and the do wnstream interf ace ackno wledges this with a ”Ack

sleep” message in return. There is no message sent when the

interf ace w ak es up, since the w ak eup is pre-timed.

2

A. Mec hanism

The DELS algorithm has tw o parts, namely checking to see

if it is feasible to po wer do wn the link and if feasible, then

computing the length of the sleep period. If the link is already

do wn, then it b uf fers the pack et for later transmission. The

feasibility of turning the link of f is determined by the number

of pack ets in the b uf fer and the mean inter -arri v al time of w

pack ets, where w is the size of a sliding windo w of most recent

inter -arri v al times. If the current b uf fer size is lo w enough and

the mean inter -arri v al time greater than the transition time,

the algorithm decides it is feasbile to sleep. The algorithm

then computes the length of the maximum sleep interv al gi v en

a maximum bounded delay and the maximum b uf fer size as

described in the follo wing section. The algorithm o v erhead

is composed of checking the feasibility of turning the link

on/of f and then computing the length of sleep. The feasibility

check is made upon the arri v al of a pack et during the On state.

Ho we v er , the computation of sleep is done only if the check

succeeds.

Figure 2 sho ws the �nite state machine diagram for the

upstream interf ace. The follo wing lists the v arious parameters,

2

It must be noted that the transition time must accomodate the time required

for re-synchronization of clocks before an y frames can be sent on the link

again.



timers and v ariables used. This algorithm runs at the upstream

interf ace of a link. It is in v ok ed whene v er the b uf fer occupanc y

f alls belo w a threshold (we use a v alue of 10%).

� B is the output b uf fer size at the upstream interf ace.

� w is the number of the most recent inter -arri v al times.

When a ne w pack et arri v es, the oldest inter -arri v al time

is discarded and the ne w inter -arri v al time is added to the

list

� � is the mean inter -arri v al time

� � = �B is the b uf fer occupanc y threshold and � < 1

(we use � = 0 : 1 in our e xperiments)

� m is the number of pack ets in the b uf fer

� � is the transition time from of f to on state

� stimer is the sleep time programmed in the timer

� t

max

is the maximum sleep time con�gured

3

OFF
 ON

1

4

2

stimer expired
 AND m=0,
reset stimer

m<t  AND l > d 
AND stimer >0,
send "goto sleep, stimer"

m > t, stimer not yet expired

Received idle 
messages, set sleep
timer to stimer

stimer expired
AND m > t

5

Fig. 2. State machine for the upstream link

In �gure 2, transition 1 tak es place when the interf ace

detects conditions suitable for transitioning to Of f state, based

upon the b uf fer occupanc y B , the mean � and t

max

and

sends a frame containing the ”Goto sleep, stimer message

to the do wnstream link. On recei ving a frame containing the

ack message, it transitions into the of f state, stimer is set

with the computed sleep v alue. W e e xplain ho w this v alue

is deri v ed later in this section. In transition 3, the interf ace

may remain in the Of f state, when the sleep timer e xpires and

the b uf fer is still empty . The do wnstream link on the other

hand, will come back up on e xpiration of its stimer , b ut if it

does not detect an y signal on the wire for time � , it will reset

its sleep timer to ( stimer � � ) and go back to Of f state. The

transition from Of f state to On state can occur for tw o dif ferent

conditions. In transition 4, the condition is an e xpiration of the

sleep timer . In transition 5, the condition is the e xceeding of

the b uf fer threshold that causes the upstream link to mak e an

unscheduled w ak e-up and start transmitting the normal acti v e

signal on the wire causing the do wnstream link to w ak e up as

well. Note the transition to On state does not use an e xplicit

message from the sender .

B. Computing the Sleep timer setting

If m � � then the upstream interf ace e xamines the pos-

sibility of putting the do wnstream interf ace to sleep for time

stimer . This is done by estimating the number of pack ets n

that will arri v e in time stimer into the upstream interf aces

b uf fer . The goal is to ensure with a high probability that the

total number of pack ets n + m < �B . In w ords, the probability

that the total number of pack ets in the b uf fer will e xceed some

threshold of � = �B is small.

This computation is done by assuming that pack et inter -

arri v al times are iid Exponential Random v ariables within a

small windo w([12 ] sho ws that inter -pack et rates are piece wise

Poisson). Thus, if X

1

; X

2

; : : : X

n

are Random v ariables for

consecuti v e inter -pack et times then X =

P

X

i

has a Gamma

distrib ution. W e �nd maximum t such that,

P [ X � t ] � 0 : 9

In other w ords, we �nd the maximum t such that the proba-

bility of more than n arri v als is less than 10%.

If t > � then the upstream interf ace puts the do wnstream

interf ace to sleep for time min f t � � ; t

max

g where t

max

is

the maximum amount of time that an y interf ace is allo wed to

sleep.

W e use a v alue of w = 5 (number of most recent inter -

arri v als considered) in the e xperiments due to a v ery high

v ariability in the e xperiments. W e e xpect that this algorithm

will result in output traf �c (i.e., on the output of the upstream

interf ace) that is more b ursty than the input traf �c. This is

because the upstream interf ace b uf fers pack ets and then emits

them at the maximum rate when the do wnstream interf ace is

a w ak e.

3

V . E V A L U A T I O N M E T H O D O L O G Y

W e e v aluated the algorithms by implementing the link

shutdo wn polic y in Matlab for the upstream interf ace. The

input to the interf ace is in the form of a te xt �le containing

inter -pack et arri v al times and pack et size in bytes. The inter -

pack et arri v al times were generated using a synthetic self-

similar traf �c generator as well as arri v als from dif ferent

distrib utions for dif ferent loads. The pack et sizes were based

upon the pack et size distrib ution of our o wn traces collected

on campus and follo w the standard bimodal distrib ution.

F or comparison, we also implemented the Delay-Optimal

algorithm. The Delay-Optimal algorithm basically al w ays re-

turns the optimal v alue of sleep timer since it kno ws the arri v al

times of all future pack ets and is thus able to go to sleep

without resulting in an y delay or pack et loss. W e used the

follo wing metrics and v ariable par ameter s in our e v aluations.

The metrics used are:

1) T otal amount of time the link is of f

2) A v erage response time or delay

3) Number of pack ets dropped

4) Additional b uf fer required to match the pack et loss

beha vior when the interf aces do not sleep

3

W e also note that the beha vior of this algorithm can be modeled as a single

serv er queue where the serv er goes on v acation for t when the probability

that the b uf fer will o v er�o w is less than 10%. In this paper we do not de v elop

a formalism for this model due to space limitations, b ut is currently part of

our future w ork.



A. DELS P ar ameter values

� Buf fer threshold, � : The amount of time spent sleeping

is computed such that the number of pack ets recei v ed

during the time interv al w ould not e xceed a certain b uf fer

threshold. This threshold w as set to 10% since it got the

best trade-of f between sleep times, delay and pack et loss,

based on our studies done with traces earlier in [7 ]. If the

threshold is set too high, then the sleep time t w ould be

higher since more pack ets can be accommodated in the

b uf fer , b ut w ould also result in possible pack et loss or

lar ge delays. On the other hand, if it is set too lo w , then

the number of decisions to sleep w ould be lo wered, thus

decreasing the chance of pack et loss, b ut also minimizing

the sleep time.

� Size of windo w for last w pack et arri v als: W e chose a

windo w size of 5 in order to decrease the o v erhead of

storing lar ge number of v alues and also due to the f act

that Ethernet traf �c normally sho ws a great amount of

v ariability .

� Buf fer Size, B : The b uf fer size B w as set to 256KB

to pro vide adequate b uf fering in case of a v ery lar ge

b urst and to tak e into account that while the link speed is

1Gbps, it is possible for pack ets to arri v e at higher speeds

especially at the switch port if multiple hosts talk to the

same host in a short amount of time. Indeed, observ e that

e v en a 0.5ms b urst of maximum sized pack ets at 200%

capacity will easily o v erwhelm a smaller b uf fer of size

32KB. Such b ursts ha v e been observ ed at the switch port

in our campus traf �c. Moreo v er , 256KB is supported by

gigabit NIC cards today .

� Delay , t

max

: The maximum delay we tested our scripts

for w as set to 2.5ms. This allo ws for reasonable sleep

times while pro viding a maximum bounded delay to the

user -le v el applications.

The parameters abo v e are selected for gigabit links and

w ould be dif ferent in case of a 100Mbps link, b ut can be easily

deri v ed, once the transition time and the maximum delay are

kno wn.

The v ariable parameters we use in our study include the

follo wing:

1) Netw ork traf �c loads: It is interesting to �nd at what

loads can we e xpect to gain signi�cant ener gy sa vings.

W e test the DELS algorithm for loads v arying from 1%

to 41% in the case of self-similar traf �c and from 1% to

25% in the case of traf �c follo wing general distrib utions.

2) Distrib utions: The traf �c w as chosen from the follo wing

four dif ferent distrib utions, namely Uniform Random,

Exponential, P areto and W eib ull. While Ethernet traf �c

has ne v er been characterized as uniform Random, it is

interesting to kno w ho w the algorithm w ould perform

gi v en this kind of traf �c. The means for each distrib ution

were v aried in order to generate the appropriate load in

Matlab, and the shape parameter for P areto distrib ution

w as selected as 0.8.

W e used a �x ed v alue of � = 500 �s for the sleep to w ak e

transition time for the interf aces for all e xperiments. This

v alue is based on proprietary transition time information for

electrical circuits of the type used in Gbps NIC cards.

V I . E X P E R I M E N T A L R E S U L T S

A. Stationary Distrib utions

W e be gin by e v aluating DELS with smooth stationary

distrib utions to determine ho w the algorithm responds under

dif ferent netw ork load conditions. W e tested it with 4 dif ferent

distrib utions, namely uniform Random, Exponential, W eib ull

and P areto, which were generated in Matlab . W e also ran the

Delay-Optimal algorithm for the same traces for comparison.

The uniform Random distrib ution numbers were generated

from an interv al ranging from 10 to 800 microseconds for

the 1% load and then lo wering the upper bound to 26 for the

25%load. F or the P areto distrib ution, the shape parameter w as

set to 0.8 and the location � and scale � parameters were v aried

from 75 to 3.5 microseconds to generate loads from 1% to 25%

respecti v ely . F or the Exponential distrib ution, the parameter

� ranged from 420 to 17 microseconds and for the W eib ull

distrib ution, we used similar v alues of location as Exponential

and the scale parameter w as set to 1.

Figure 3 sho ws the sleep times obtained using the Delay-

Optimal algorithm for the dif ferent distrib utions for loads

1%, 5%, 10% and 25%. W e observ e that the sleep times

decrease rapidly for all the loads be yond 1% utilization for

all distrib utions e xcept for the P areto distrib ution. Since in the

P areto distrib ution, a signi�cant number of inter -arri v al times

will be centered around the lar gest inter -arri v al times, it mak es

sense that the Delay-Optimal w ould perform well for P areto

distrib ution. In comparison, the uniform Random algorithm is

spread around a small inter -pack et arri v al time, thus leading to

shorter sleep times. The Exponential and W eib ull distrib utions

are v ery similar in nature and are some where between Random

and P areto distrib utions.

Figure 4 sho ws the sleep times obtained using the DELS

algorithm. In contrast to the Delay-Optimal, we �nd the lar gest

sleep times for uniform Random due to the clusters of pack ets

around a small mean and the least for P areto, with it' s widely

v arying inter -pack et times. Ho we v er , in all case the DELS

performs better than the Delay-Optimal. This is because the

optimal algorithm only allo ws sleeping when the b uf fer is

empty and when there is no increase in delay or probability

of pack et drops. On the other hand, On/Of f sleeps e v en when

there are pack ets in the b uf fer thus resulting in higher delay

than the optimal. Note that optimal has a non-zero delay

because when there are b ursty arri v als, pack ets do suf fer

b uf fering delay . Further , in current switches, pack ets suf fer

delays due to QoS guarantees for some �o ws.

The delay graphs for Delay-Optimal Figure 5 and DELS

Figure 6 sho w the tradeof f between sleep times and delay for

Delay-Optimal and DELS algorithm. The pack et loss in all

cases during this run were zero.
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Fig. 4. DELS:V ariation of sleep times with load and distrib utions

B. Self-similar tr af �c

W e generated synthetic traf �c using a synthetic self-similar

traf �c generator from [13 ]. Self-similar traf �c is characterized

by the Hurst parameter , referred to here as the H v alue,

which is used to indicate the de gree of autocorrelation in a

dataset o v er a gi v en time scale. If there is a high de gree

of autocorrelation between the elements of a dataset o v er

all timescales, the process is said to be self-similar . This

generator uses the technique described by [14 ] to generate self-

similar traf �c, namely the generator multiple x es lar ge number

of P areto distrib uted streams of on and of f periods. The traf �c

we use for our e xperiments w as generated by multiple xing 256

streams with a mean b urst size of 4KB each. The technique is

described in greater detail at [15 ]. W e used the tool to generate

half a million pack ets each for H v alues ranging from 0.5 to

0.9 and v aried the load le v el from 1% to 40%.

Figure 7 plots the v ariation of observ ed sleep times with

v arying loads and H v alues. Here, we see a clear relationship

between the sleep times and load, namely , the sleep times
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decrease with increasing loads. Comparing the sleep times

observ ed using DELS with the Delay-Optimal case Figure 8,

we �nd that the sleep times for DELS are consistently greater .

The e xplanation for this is similar to that for the stationary

distrib utions.

W e also �nd that corresponding to the sleep times, the

pack et delay is much higher than the optimal for lo wer loads.

T able I lists the mean pack et delay for a speci�c v alue of H

for dif ferent loads for both DELS and Delay-Optimal. Note

that the maximum pack et delay seen for DELS, i.e. 1.02ms,

is within bounds of acceptability . As the load increases, the

delay v alues decrease and become closer to the optimal v alues.

Ho we v er there seems to be no clear relationship between H

Load 1% Load 5% Load 10% Load 25%

DELS 1.02ms 0.5ms 0.3ms 0.03ms

Delay-Optimal 0.02ms 0.01ms 0.01ms 0.01ms

T ABLE I

M E A N P A C K E T D E L A Y F O R D I FF E R E N T L O A D S , H = 0 : 8 .



0 5 10 15 20 25 30 35 40 45
0

10

20

30

40

50

60

70
DELS sleep times vs loads for Self-Similar Traffic

Percentage of Traffic Load on a Gigabit Link

P
er

ce
nt

ag
e 

of
 to

ta
l T

im
e 

sp
en

t s
le

ep
in

g

 

 
Load:1%
Load:5%
Load:10%
Load:25%
Load:41%

h=0.9

h=0.5

h=0.6

h=0.8

h=0.5

Fig. 7. DELS:V ariation of sleep times with load and H on self-similar traf �c

0 5 10 15 20 25 30 35 40 45
0

5

10

15

20

25

30

35
Delay-Optimal sleep times vs loads for Self-Similar Traffic

Percentage of Traffic Load on a Gigabit Link

P
er

ce
nt

ag
e 

of
 to

ta
l T

im
e 

sp
en

t s
le

ep
in

g

 

 
Load:1%
Load:5%
Load:10%
Load:25%
Load:41%

h=0.9

h=0.8

h=0.5

h=0.9

h=0.8

h=0.5

Fig. 8. Delay-Optimal :V ariation of sleep times with load and H on self-

similar traf �c

v alues and sleep times observ ed for the DELS case, though in

both cases we �nd that the sleep times are highest for the lar ger

H v alues of 0.8 and 0.9 as compared to 0.6. It' s not entirely

clear why this may be so. Interestingly , the optimal case sho ws

a much clearer relationship where the sleep times increase

with increase in H. One reason may be that for lar ger H, the

traf �c is composed of longer Of f periods scattered among more

frequent b ut shorter b ursts, thus gi ving more opportunities for

sleep.

W e also observ e that loads be yond 10% do not yield

signi�cant sleep times. There were no pack et drops for all

the traces.

V I I . C O N C L U S I O N S

Based on the analysis presented here, we see that ener gy

sa vings due to DELS are signi�cant for loads up to 5% in

most cases, e v en e xtending to 30% in some cases for 10%

utilization. Ho we v er , be yond 5% traf �c loads, the percentage

of time spent sleeping gradually diminishes enough to be of

little signi�cance. W e also found that the mean pack et delay

stays within reasonable bounds of up to 1ms which is not

v ery noticeable at higher layer applications. Also, this delay

is not propagated at e v ery hop of the pack et' s path, since

we e xpect DELS to be deplo yed between hosts and �rst-le v el

LAN swithces alone.

F or self-similar traf �c, there seemed to be no relationship

between the sleep times obtained and H, b ut the sleep times

were v ery closely related to the load. As the load increased, the

sleep times decreased. Thus, the DELS algorithm is capable of

signi�cant po wer sa vings with no discernible impact on pack et

loss or delay .
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