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ABSTRACT
With gro wth in in teractiv e net w ork games comes increased

imp ortance in a b etter understanding of the e�ects of la-

tency on game p erformance. While previous w ork has mea-

sured the e�ects of latency on �rst-p erson sho oters and real-

time strategy games, there has b een no systematic in v estiga-

tion of the e�ects of latency on sp orts games. In this w ork,

w e study the e�ects of latency on online Madden NFL fo ot-

ball, one of the most p opular online sp orts games, through a

series of carefully designed exp erimen ts in whic h w e system-

atically con trol latency b et w een pla y ers. Our exp erimen ts

illustrate the mec hanisms Madden NFL uses to comp ensate

for latency . Our user studies sho w there is little impact from

latency on user p erformance in Madden NFL o v er t ypical

lo w In ternet latencies. Ho w ev er, for latencies higher than

500 ms, there is a signi�can t impact on user p erformance,

degrading p erformance b y almost 30%. Our net w ork mea-

suremen ts sho w p erio dic data rates during game-pla y with

signi�can t command aggregation at higher latencies.

Categories and Sub ject Descriptors: C.2.m [Computer-

Comm unication Net w orks]: Miscellaneous

General T erms: P erformance, Design, Human F actors.

Keyw ords: Net w ork Games, Latency Comp ensation.

1. INTRODUCTION
In 2002, o v er 221 million computer and video games w ere

sold, or almost t w o games for ev ery household in America.
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Computer games w as the only en tertainmen t industry to

con tin ue to gro w in 2003 [5] and as of the end of 2003, gross

rev en ue from computer game sales surpassed rev en ues from

mo vie tic k et sales, video ren tals and concert tic k ets [4]. The

online comp onen t of video games has also gro wn consider-

ably with some games b eing released with only online m ulti-

pla y er pla y . Multi-pla y er net w ork computer games can mak e

up around half of the top 25 t yp es of non-traditional tra�c
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for some In ternet links [8] and are predicted to mak e up o v er

25% of Lo cal Area Net w ork (LAN) tra�c b y the y ear 2010.

Kno wledge of ho w net w ork related issues, suc h as latency

and pac k et loss, a�ect the usabilit y of games can b e of

great use to the companies that mak e these games, net-

w ork soft w are and equipmen t man ufacturers, In ternet Ser-

vice Pro viders (ISPs), and the researc h comm unit y at large.

Moreo v er, exp erimen tal study of net w ork games can pro vide

the data required for accurate sim ulations, a t ypical to ol for

ev aluating net w ork researc h, as w ell as insigh t for net w ork

arc hitectures and designs that more e�ectiv ely accommo-

date net w ork game tra�c turbulence.

While there has b een researc h qualitativ ely c haracterizing

the e�ects of latency for car racing [11], custom games [12],

�rst-p erson sho oter (FPS) games [1, 6] and real-time strat-

egy games [13] as w ell as a general a w areness of latency

issues [2, 3, 9], quan titativ e studies of the e�ects of latency

on sp orts games ha v e b een lac king. Moreo v er, it is unlik ely

that these other games ha v e the same net w ork requiremen ts

as do sp orts games. F or example, in man y FPS games, ex-

act p ositioning and timing is required, b ecause a target m ust

still b e at the lo cation where a pla y er aimed in order for a

shot to hit. In sp orts games, the p ositioning and timing is

more forgiving b ecause, for instance, a pla y er cannot kic k a

so ccer ball or thro w a fo otball as fast as a bullet.

In this w ork, w e study a sp orts game in order to b egin

to �ll in the gap in kno wledge of the impact of latency on

the sp orts genre. F urthermore, w e study game consoles,

as opp osed to games on a PC, since sp orts games are far

more p opular on consoles than they are on PCs [15]. This

p opularit y di�erence ma y b e caused b y the di�eren t t yp es

of ph ysical user in teraction on consoles (whic h is predomi-

nan tly with hand con trollers) and computers (whic h is pre-

dominan tly with mice and k eyb oards). F or our c hoice of

sp orts game, w e examine the p opular online sp orts game,

EA Sp orts' Madden NFL

r



fo otball.
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In 2001, EA rep orted

that 200,000 new users registered to pla y Madden NFL on-

line a few w eeks after the game w as released, and the 2004

online Madden NFL W ebsite rep orts thousands of users on-

line on a t ypical w eeknigh t and 7000 games pla y ed p er hour.

This pap er mak es three main con tributions to the study of

online sp orts games. First, Section 3 uses three carefully de-

signed exp erimen ts to pro vide evidence for the latency com-

p ensation tec hnique used b y online Madden NFL fo otball.

These exp erimen ts can b e repro duced b y other researc hers

for other online games to determine ho w they migh t com-

p ensate for latency . Second, Section 4 presen ts carefully
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Figure 1: Exp erimen tal T estb ed.

designed users studies that iden tify ho w latency a�ects run-

ning and passing, t w o fundamen tal in teraction comp onen ts

in fo otball. And third, Section 5 analyzes net w ork lev el data

for online Madden NFL fo otball, sho wing ho w latency a�ects

pac k et sizes and data rates.

2. NETWORK GAME TESTBED
W e constructed a testb ed that allo ws systematic con trol

of latency for a t w o-pla y er console game. The testb ed, de-

picted in Figure 1, con tains t w o Son y Pla yStation

r



2 con-

soles (lab eled alpha and b eta ), eac h running the 2004 edition

of Madden NFL fo otball. Both consoles are lo cated on the

same Ethernet segmen t, with console Beta b ehind a pro xy-

ARP router. The pro xy-ARP router runs the NIST Net

net w ork em ulator, a Lin ux k ernel mo dule that allo ws allo ws

us to induce latency on pac k ets to and from console Beta.

The online Madden NFL serv er is not used during the actual

game pla y itself, but rather simply serv es to facilitate p eople

�nding eac h other b efore games start. P erio dically during

game pla y , eac h console do es send a few pac k ets of data to

the online Madden NFL serv er, but this is merely to up date

the online status for other users who ma y b e in terested in

�nding particular p eople.

During an online game, tra�c is sen t from eac h console

through the switc h to the IP masquerading router's external

IP address. When the tra�c reac hes the router, it mo di�es

the addresses as appropriate and re-routes the tra�c bac k

through itself to the appropriate console. Ping pac k ets sen t

from the router to the console sho w the router and switc h

add less than 5 ms or round-trip latency .

Finally , w e connect eac h console in to separate inputs on

a single television, allo wing us to do picture-in-picture to

sim ultaneously see what eac h console is displa ying.

3. LATENCY COMPENSATION
Online game systems can attempt to comp ensate for the

impact of In ternet latencies with v arious latency comp ensa-

tion tec hniques [14]. Understanding the latency comp ensa-

tion tec hnique of an online game is a necessary �rst step in

understanding the impact of latency on that game. W e de-

termine the latency comp ensation tec hniques used b y online

Madden NFL fo otball through three simple exp erimen ts.

In the �rst exp erimen t, referring to the names for the

Pla yStation 2 consoles denoted in Figure 1, Beta \c hal-

lenges" Alpha through the online Madden NFL in terface.

W e then induce a large dela y of 1500 ms from Beta to Al-

Figure 2: Beta's displa y with Alpha's inset.

Figure 3: Alpha's displa y enlarged.

pha. Alpha starts on o�ense and puts an o�ensiv e pla y er

in motion to ha v e the pla y er mo v e b efore the pla y starts.

The result is that Beta sees the in-motion pla y er mo v emen t

�rst, and subsequen tly , the pla y er is one or t w o steps ahead

on Beta's displa y than it is on Alpha's. In other w ords,

Alpha's displa y lags that of Beta's. Figure 2 sho ws the re-

sults of this exp erimen t. Beta's displa y is the larger picture,

while Alpha's displa y is inset in the picture-in-picture. Fig-

ure 3 sho ws Alpha's displa y enlarged, whic h is somewhat

blurry b ecause w e are zo oming in on the t ypically coarse

television resolution of a picture-in-picture. W e ha v e dra wn

a b o x around the man in motion on eac h displa y to indi-

cate the pla y er of in terest. Notice ho w the b o xed pla y er

in Figure 3 is further to the left than the b o xed pla y er in

Figure 2. Similarly , if Beta mo v es a defensiv e pla y er, Beta

sees it immediately , while Alpha's displa y is lagged. W e see

similar phenomena for other asp ects of game pla y , includ-

ing when Beta is on o�ense, or for the fair-catc h indicator

during kic ks.

That Alpha w aits to render the pla y er mo v emen t suggests

that online Madden NFL fo otball ma y b e using a \dum b-



Figure 4: Dum b-Clien t

mo del.

Figure 5: Clien t-side

prediction mo del.

clien t" clien t-serv er mo del [2] used in early net w ork games

and depicted in Figure 4. Note, the clien t-serv er terminology

ma y b e confusing, since examination of the net w ork tra�c

of Madden NFL fo otball sho ws a p eer-to-p eer arc hitecture.

F or ease of discussion, w e consider the clien t to b e where the

user input is taking place (Alpha, in the �rst exp erimen t).

In the dum b-clien t mo del, the clien t sends a message to the

serv er when user input is receiv ed. The serv er pro cesses

(and v alidates) the input and sends the results bac k to the

w aiting clien t to render on the lo cal displa y . Th us, mo v e-

men t is lagged b y the round-trip latency b et w een clien t and

serv er. Ho w ev er, our second exp erimen t rev eals that the

dum b-clien t mo del is not used b y online Madden NFL fo ot-

ball.

In our second exp erimen t, w e run the exact same exp eri-

men t with Beta c hallenging Alpha except that w e rev erse the

induced latency to b e 1500 ms from Alpha to Beta. Here,

when Alpha is on o�ense and puts a man in motion, Al-

pha sees the mo v emen t early , while Beta's displa y is lagged.

When Beta mo v es a defender, Beta's displa y is again lagged.

Th us, Alpha and Beta's displa ys in Figures 2 and 3 are re-

v ersed when the latency is rev ersed.

This second exp erimen t suggests that online Madden NFL

fo otball is using \clien t-side prediction". In clien t-side pre-

diction the lo cal game clien t instan tly resp onds to user in-

put and renders pla y er mo v emen ts, then sends a message

to the other game participan ts notifying them of the user

input [2]. A diagram of clien t-side prediction is sho wn in

Figure 5. When the remote soft w are receiv es the message

it renders the pla y er mo v emen t on the lo cal displa y and the

user w atc hing this displa y can then resp ond appropriately .

Th us, remote pla y er actions are lagged sligh tly on the lo cal

host. Ho w ev er, with clien t-side prediction, in the �rst ex-

p erimen t, the pla y er on Alpha's displa y w ould ha v e started

mo v emen t �rst, then a short time (the fundamen tal latency

on the testb ed) after the pla y er on Beta's displa y w ould

ha v e started mo v emen t. Instead, the mo v emen t of Alpha's

pla y er w as lagged, while Beta's pla y er mo v ed �rst. Th us,

while clien t-side prediction explains the results of this sec-

ond exp erimen t, it do es not explain the results in the �rst

exp erimen t.

In our third exp erimen t, Beta c hallenges Alpha and w e

set 750 ms of latency in b oth directions b et w een Alpha and

Beta. F or all cases in this third exp erimen t, pla y er mo v e-

men ts are visually sync hronized on b oth Alpha's and Beta's

displa ys.

The results of this third exp erimen t, com bined with the

results of the �rst t w o exp erimen ts, suggest an alternate la-

tency comp ensation tec hnique used in online Madden NFL

fo otball, depicted in Figure 6. Up on user input, the lo cal

Figure 6: Inferred latency comp ensation tec hnique

used b y online Madden NFL fo otball.

Figure 7: First exp eri-

men t.

Figure 8: Second ex-

p erimen t.

clien t console sends a message to the remote console notify-

ing it of the input. After sending this noti�cation the lo cal

console w aits for 1/2 of the estimated round-trip time b efore

rendering the pla y er mo v emen t, assuming that at appro xi-

mately 1/2 the round-trip time the user input noti�cation

message will reac h the remote console. Immediately up on

receiving the user input message, the remote console ren-

ders the pla y er mo v emen t. With symmetrical latencies on

the link, suc h as in exp erimen t three, b oth the lo cal and re-

mote displa ys are appro ximately sync hronized, ev en at v ery

high latencies.

This latency comp ensation tec hnique also explains the re-

sults seen in exp erimen ts one and t w o, as sho wn in Figures 7

and 8. In the �rst exp erimen t, Alpha pro cesses the user

input and w aits for 1/2 of the estimated round-trip time

(appro ximately 750 ms) b efore rendering the pla y er mo v e-

men t. Ho w ev er the user noti�cation reac hes Beta in just

a few milliseconds whic h results in Alpha's displa y b eing

lagged b ehind Beta's. The con v erse is evidenced in the sec-

ond exp erimen t, where Alpha w aits 1/2 of the estimated

round-trip time b efore rendering the pla y er mo v emen t, but

the noti�cation message reac hes Beta after 1500 ms, caus-

ing Beta's displa y to b e lagged b ehind Alpha's. This latency

comp ensation tec hnique ma y b e e�ectiv e for symmetric la-

tencies, but, based on the inconsisten t states on eac h displa y

for exp erimen ts one and t w o, fails when link latencies are

asymmetrical.

4. IMPACT OF LATENCY ON USER PER­
FORMANCE

Through pilot studies and hours of pla y-testing, w e c ho ose

to fo cus on the e�ect of latency on the t w o fundamen tal

o�ense comp onen ts: running and passing. Next, w e deter-



Figure 9: O�ense and Defense pla ys illustrated.

mine w a ys to quan titativ ely measure user p erformance in

regards to these in teractions. Since statistics are an in tegral

part of sp orts, Madden NFL fo otball records a v ariet y of

application p erformance statistics. W e select yar ds p er at-

tempt as a fundamen tal measure of running p erformance and

c ompletion p er c entage as a fundamen tal measure of passing

p erformance.

W e w ould lik e to fo cus on running and passing indep en-

den tly in order to isolate the e�ects of latency on eac h. Un-

fortunately , unlik e in other studies that used custom maps

to isolate user in teractions [13], Madden NFL fo otball has no

\maps" and the game incorp orates man y non-deterministic

comp onen ts from pla y to pla y: receiv ers run sligh tly dif-

feren t routes, defensiv e lineman rush the quarterbac k di�er-

en tly , o�ensiv e linemen blo c k di�eren tly , pla y ers get fatigued

for the next pla y , etc. F or example, during a run up the mid-

dle of the �eld, the o�ensiv e linemen ma y clear a hole in the

defense for the running bac k on one pla y while getting 
at-

tened b y the defense on the next pla y , ev en with the exact

same pla y selection, making it di�cult to attribute degra-

dation in run p erformance solely to latency . These game

pla y comp onen ts, while realistic, also mak e it di�cult to

repro duce in teraction scenarios rep eatedly .

T o b est isolate the p erformance of the user during running

w e force the defense to pic k a pla y to one side of the �eld,

b oth in the formation (where the pla y ers are at the start

of the pla y) and in co v erage (where pla y ers mo v e when the

ball is snapp ed). Then, w e ha v e the o�ense run the ball to

the opp osite side of the �eld. The pla ys are illustrated in

Figure 9, with most defenders on the righ t side of the �eld

and the running pla y going to the left, indicated b y the t w o

arro ws for the blo c king and running bac k. The user

3

simply

tries to gain as m uc h y ardage as p ossible.

Our exp erimen ts to ev aluate the impact of dela y on user

p erformance for running consisted of pla ying 3 full games

at 8 di�eren t latencies for a total of 24 data p oin ts. The

user w as sub jected to induced latencies ranging from 0 to

2000 ms total round-trip. Since this range is ev en broader

3

The users for all our tests w ere exp erienced Madden NFL

pla y ers.
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Figure 10: User Run P erformance v ersus Latency .

than t ypically found on the In ternet [7] w e concen trate our

exp erimen ts in the range 0 to 500 ms. W e sh u�e induced

latencies from exp erimen t to exp erimen t in attempt to a v oid

an y recency a�ects.

Figure 10 depicts the exp erimen tal results, plotting the

a v erage of the a v erage y ards p er attempt for eac h game v er-

sus the induced latency , with the standard deviation of eac h

a v erage sho wn with error bars. Ov er the full range of la-

tencies studied, there is a decrease in p erformance of ab out

30% compared to p erformance with no induced latency . The

correlation co e�cien t for a v erage y ards p er attempt v ersus

latency is a prett y strong -0.86, but the relationship ma y

not b e linear based on the visual curv ature. Ov er the range

of latencies t ypically found on the In ternet (b elo w 500 ms)

there is not m uc h e�ect on user p erformance.

While carrying out this exp erimen ts, w e w ere also able to

mak e some observ ations ab out the qualitativ e e�ect of the

latency on user p erformance. First, round-trip latency and

c hanges in round-trip latency at or b elo w 500 ms are not

noticeable to the user. Only after ab out 750 ms or more

of latency is round-trip latency noticeable in that the game

feels \laggy ." This could explain the relativ ely 
at part of

the left side of the curv e in Figure 10. Anecdotally , if w e

add 500+ ms of induced latency during the middle of a pla y

the lagginess is almost immediately p erceptible suggesting

that the game quic kly adapts to c hanges in latency . Sec-

ond, while pla ying a game at higher latencies (750+ ms) the

mo v emen ts of the pla y er are lagged momen tarily b ehind user

input, making it hard to accurately time running mo v es suc h

as spins, juk es, and sti�-arms to a v oid the defenders. Third,

at high round-trip latencies, o ccasionally a user mak es \mis-

tak es" that are unin ten tional, suc h as running out of b ounds

or running directly in to a defender b ecause the actions of the

pla y er are not as fast as the user reactions. W e used the in-

stan t repla y feature of Madden NFL fo otball to tak e a few

pictures to illustrate this third phenomenon.

In Figure 11, the running bac k is running to w ards the left

side of the �eld to a v oid the defender. In Figure 12, the user

sees that there is an op en lane along the sideline and pushes

the con troller up to run b et w een the defender and the side-

line. Ho w ev er, b ecause of the latency , the pro cessing of this

input is dela y ed so that the command is actually pro cessed

after the runner go es out of b ounds, as in Figure 13. Be-

cause of the latency , the user failed to gain as man y y ards

on this attempt as s/he w ould ha v e if there w as no latency .



Figure 11: User is

pressing left. Pla y er

mo v es left.

Figure 12: User is

pressing up. Pla y er

con tin ues left b ecause

of latency .

Figure 13: Running bac k go es out of b ounds! User

curses.

W e next in v estigate the e�ect of latency on user p erfor-

mance during passing. Our pilot studies with a v ariet y of

passing pla ys suggest latency ma y ha v e an ev en larger im-

pact than on running since timing is critical for e�ectiv e

passing. A receiv er migh t only b e a w a y from a defender

(\op en") for a short windo w of time, p erhaps righ t after ex-

ecuting a particular pass route, making precise timing crit-

ical. A go o d example of this is the \quic k slan t" passing

route, where the receiv er quic kly runs at a sligh t angle to

the line of scrimmage. The goal of the quic k slan t route

is to catc h the defense patrolling certain areas of the �eld

(a \zone" defense) so the quarterbac k can pass the ball to

the receiv er on the b oundary b et w een t w o defender areas.

Prop er timing is essen tial if the receiv er is to catc h the ball

on this b oundary .

Figure 14 depicts the start of pla y , where, as the receiv er

b egins his route, the user presses the pass button in order

to time the pass to reac h the receiv er at the b oundary b e-

t w een defenders. Figure 15 sho ws where the receiv er should

b e catc hing the ball at the b oundary since he is op en. Ho w-

ev er, due to the latency , the pro cessing of the quarterbac k

thro wing the ball actually b egins here. By the time the

ball reac hes the receiv er, the receiv er has fully crossed the

b oundary and the defender catc hes the ball instead (an \in-

terception"), as sho wn in Figure 16.

W e ha v e additional exp erimen ts that attempt to precisely

quan tify the timing asp ects critical to passing, but cannot

presen t the results here due to space constrain ts. W e refer

the in terested reader to [10].

5. NETWORK­LEVEL MEASUREMENTS
Among other things, a b etter understanding of net w ork

game tra�c can help design net w orks and arc hitectures that

more e�ectiv ely accommo date net w ork game tra�c patterns.

F urthermore, careful empirical measuremen ts of net w ork game

tra�c can pro vide data required for accurate sim ulations, a

Figure 14: User is

pressing thro w. Thro w

is not pro cessed y et b e-

cause of latency .

Figure 15: Thro w

starts pro cessing here

b ecause of the latency .

Figure 16: Defender in tercepts thro w! User curses.

t ypical to ol for ev aluating net w ork researc h. T o b etter un-

derstand net w ork tra�c for online Madden NFL fo otball,

w e run con trolled exp erimen ts with and without symmetri-

cally inducing a round-trip latency of 1000 ms, capturing all

pac k ets on the Ethernet segmen t after the NIST Net router,

on the side closest to Beta in Figure 1. W e c ho ose suc h

a large latency to mak e an y e�ects on the net w ork tra�c

more eviden t. F or b oth latency cases, the o�ense �rst exe-

cutes t w o running pla ys, then t w o passing pla ys, and �nally

kic ks the ball to the defense.

Figure 17 and Figure 18 sho w the bitrate v ersus time for

the �v e pla ys with no induced latency and with 1000 ms

induced latency , resp ectiv ely . The tra�c to and from Al-

pha and Beta is roughly symmetric, as exp ected giv en the

p eer-to-p eer arc hitecture in use. W e can clearly see �v e lo w

bitrate p erio ds that corresp ond to pla y selection b et w een

pla y action. The o v erall a v erage bitrate is lo w, less than

20 Kbps, whic h further emphasizes that lo w latency is more

imp ortan t than high capacit y for online games. The a v er-

age bitrate is similar for b oth the 0 ms and the 1000 ms

cases, but the cyclic nature of pla y action and pla y selection

is more pronounced in the 1000 ms case, p erhaps caused b y

command aggregation.

Figure 19 sho ws a cum ulativ e densit y function (CDF) of

the pac k et burst length, whic h w e de�ne as the n um b er of

pac k ets that arriv e within 15 ms of eac h other. The steep

line at 1 indicates that online Madden NFL do es not send

tra�c in bursts. This is emphasized in Figure 20, whic h

sho ws that the line for pac k et sequence n um b er v ersus time

(for a small p ortion of the tra�c from Beta to Alpha) is

appro ximately linear. Although Figures 19 and 20 are for 0

ms induced latency , the results are nearly the same for 1000

ms induced latency .
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Figure 19: CDF of

Burst Length with no

induced latency .
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Figure 20: P ac k et Se-

quence Num b er v ersus

Arriv al Time with no

induced latency .

Figure 21 sho ws CDFs of in ter-arriv al times of pac k ets

sen t from Beta to Alpha for b oth 0 and 1000 ms induced

latency . The CDF distribution shifts for the higher latency

and the in ter-arriv al times v ary more widely for the higher

latency . Figure 22 sho ws a corresp onding CDF of pac k et

sizes aggregated for pac k ets sen t in b oth directions. The

CDF pac k et size distribution shifts substan tially for the higher

latency . This is not an artifact of the NIST Net router since

it imp oses dela y symmetrically . With no induced latency , all

of the pac k ets are less then 90 b ytes and ha v e a median of

ab out 77 b ytes. Ho w ev er, for the 1000 ms round-trip time,

90% of the pac k ets are larger than 90 b ytes and ha v e a me-

dian of ab out 112 b ytes. This suggests online Madden NFL

do es some command aggregation in the presence of higher

latency , whic h results in larger pac k et sizes and longer gaps

b et w een pac k et arriv als.

6. CONCLUSIONS
Our exp erimen ts suggest that online Madden NFL fo ot-

ball uses a prediction of the round-trip time to dela y user

input in an attempt to comp ensate for an y latency e�ects

across b oth pla y ers. This tec hnique, while e�ectiv e for sym-

metric latencies, fails in the presence of asymmetric laten-

cies. Our exp erimen ts with users indicate there is little im-
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pact from latency on user p erformance during running for

t ypical In ternet latencies, with latencies as high as 500 ms

b eing unnoticeable. Ho w ev er, with latencies higher than

500 ms, running p erformance can degrade b y almost 30%.

Ov erall, w e surmise latency artifacts from asymmetric con-

nections are t ypically dw arfed b y the imp ortance of prop er

pla y selection; c ho osing the o�ensiv e formation and pla y exe-

cution is more imp ortan t than o ccasionally failing to gain all

of the a v ailable y ards on a running pla y . Based on these pre-

liminary measuremen ts, w e suggest online fo otball b e placed

in a latency QoS category less strict than that for �rst p er-

son sho oter games but p erhaps in a class more strict than

that prop osed [13] for real-time strategy games.

Our ongoing w ork is to determine more e�ectiv e w a ys to

ev aluate latency on passing p erformance. Ev aluation of the

impact of other net w ork parameters, suc h as pac k et loss ma y ,

also help b etter understand the Qualit y of Service require-

men ts for online fo otball. Finally , w e suggest further in-

v estigation other t yp es of sp orts games, suc h as so ccer to

determine their susceptibilit y to latency .
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