                    Document Dis tribut ion Algorithm for Load Balancing on an Extensi ble Web

Server Archit ecture

Ben Chung - Pun Ng a nd Cho - Li Wang

Department of Computer Sc ienc e a nd Information Systems

The  Univers ity of Hong Kong

Pokfulam Road,  Hong Kong

{cpng+clwa ng}@c sis . h ku.hk

*
     The research was support ed by HKU Uni versi t y Research

        Grant  10203009.

Abs tr act

                Access l at ency and l oad balancing are the t wo mai n

i ssues i n the desi gn of  clust ered Web server archi tecture for

achieving hi gh performance.

In t hi s paper, we propose a

new document di st ribut ion algorit hm f or l oad bal ancing

on a clust er of dist ributed Web serve rs. We group Web

pages that  are l ikel y to be accessed during a request

sessi on into a mi grating unit , which is used as the basic

unit of  document placement . A modified binni ng alg orithm

i s developed to di st ribut e the mi grat ing units among the

Web servers to fulfill the l oad balancing. We al so present  a

redirection mechani sm, whi ch make use of  mi grati ng unitś

property, to reduce t he cost of request  redi rections. The

di st ribution of  Web document s would be recomputed

peri odicall y t o adapt t o the changes i n client request

patterns and syst em confi guration. Simul ation results show

t hat our solut ion can reduce t he amount  of  request

redirection and document migrati on, and it can dist ri but e

workl oad properl y among Web servers.

1 I ntroduction

 The Int ernetś ever - i ncreasing popularit y demands the

Web sites t o handle l arge amount of request s.  Thi s has

created an urgent need for a more powerful Web server

archit ect ure t o handle t hi s probl em. Di stribut ed Web server

(DWS) consi sts of mul tiple Web servers, which are

connected b y LAN or WA N, and work toget her to handle

t he Web request s. It  i s one of t he  soluti ons to improve

response t ime and reduce the resul ti ng traffi c congest ion.

 Di st ri bute d Web server s yst ems  can be classi fi ed by the

degree of document  duplication among Web server nodes.

One t ype of DWS  duplicates all  fil es in every Web server

nodes. Thi s approach would waste l arge amount of storage
for repli cati ng files that are not  freque ntl y request ed by

Web cli ents. In additi on, full dupli cation ma y generate

heavy traffi c in t he net work and load in the servers to

mai nt ai n Web content  consist ency.

 On t he ot her hand, for Web server s yste m wit hout

document dupl ication, it  i s impossi bl e t o  achieve load

bal ance i f there exist s some hot spot s (popular Web pages

wi th very hi gh request rat es) in the Web site [4].  For other

t ype of DWS , onl y subset of files i s duplicated in each Web

server nodes. Some cont ent - aware dist ri butor [8,9] i s

adapted t o di spat ch HTTP requests to the Web server that

consists of the request ed document . Duplicati on of

frequentl y request ed document s can bal ance the workload

of t he servers and i mprove the storage utili zation.

Howe ver, thi s approach may l ead t o a performanc e

bot tl eneck at t he dist ri but or since redi rection overhead i s

charged for every HTTP  request, whi ch results i n longer

access l at ency.

  In this paper, a di st ributed Web server architect ure,

call ed Extensible Web Server  (EWS), i s proposed. The

EWS all ows s erver nodes to be added or removed at  an y

time. The d ynamic nature of s yst em c onfi guration has

added t he chall enges i n the desi gn of effici ent document

di st ri buti on al gorithms t o achieve hi gh - performance Web

services wi th mi ni mum storage consumpt ion and

re direction overheads. Main feat ures of EWS discussed in

t hi s paper are as fol lows:

(1)   Avoi d st oring unnecessary copy of document  ˘  It

has been observed t hat 10% of fil es i n a Web site

accounts for 90% of server requests and 90% of the

byt es t ransferred [7].  To i mprove t he storage

utili zati on wit hout  scari fying performance, we

propose new pol ici es for document  repl ication,

which reduce t he number of copi es for document s

wi t h low request rat e or t hose wit h large fi le size.

(2)   Reduce the number of HTTP redi rect i ons  ˘  As each

                                       server onl y hosts a porti on of the Web contents,

                                       redirection is always needed t o route the client

                                       request to a server node t hat  stores t he request ed

                                       Web page [8]. We propose d a new redi recti on

                                       mechani sm and a Web document  dist ri buti on

                                       algori thm, which can reduce the average number of

                                       request redirections encount ered by a cli ent. Thus

                                       t he average access lat ency can be short ened.

                (3)   Load Balancing ˘  Each document  in the Web

                                       server i s associ at ed with a wei ght  based on some

                                       criteri a, such as acces s frequency and document

                                       si ze. It i s desirabl e that  the Web document

                                       di st ri buti on results i n bal anced workload am ong

                                       t he Web servers for future client  request s. Thi s i s

                                       i mport ant  when there are a l arge number of

                                       concurrent  cl ient  requests t owards the serve rs.

 The rest  of t he paper i s organized as follows. In secti on

2, the architecture of EWS woul d be shown i n detail. In

secti on 3, the Web content partitioni ng and dist ri buti on

algorithms would be presented. Secti on 4 mentions t he

experiment and the simul ati on results.  Relat ed works are

di scussed in Secti on 5. Fi nall y,  t he concl usions are given in

Secti on 6.

2. Archite cture of EWS

 The Ext ensi bl e Web Server (EWS) [ 15] consi st s of

multiple di stribut ed Web servers t hat function cohesi vel y

as a si ngle l og i cal Web server. The mai n feature of EWS is

t hat i t all ows server nodes t o be added or removed at  an y

t ime.

 In EW S, t here is one redirection server  installed i n the

cent ral site. It would handl e the first request of a visit or ś

request session. It i s res ponsible t o sel ect a suitabl e web

server for t he cli ent  and redirects t he client t o the sel ect ed

server usi ng HTTP redirecti on functi on. The redirecti on

server ser ves a s a  singl e point of entr y i n the view of

cli ent s.

                             In EWS, docu ment s of a Web sit e are s t ored in t he

mast er server  (which can be host ed by t he same machine

as the redirecti on server) in t he beginni ng stage.

Peri odicall y, t he document s of the Web sit e woul d be

partiti oned and copi ed to the rest  of server nodes based on

Web request  l ogs t o adap t  t o t he changes of cl ient access

patterns. Repli cation of popul ar document s among

di fferent  server nodes i s permi tt ed for load sharing.

 To enabl e t he transparent redirection, all  the h yperlinks

of HTTP documents, which reference t o the document s

wi thi n t he same Web  si te, are shown in a relative URL

form. For exampl e a h yperl ink <A

HRE F=~htt p://ews/ a.ht ml~> would be modi fi ed t o <A

HRE F=~a.ht ml ~>. Through  the modi fi cati on of the

hyperli nk, we can force the visi tor to send the subsequent

HTTP  requests to t h e Web server that serves it s previ ous

requests. As each Web server onl y keeps a subset  of
documents, t he server has t o deal with t hree cases:  (1) If

t he request ed document i s l ocall y avail abl e, t he visit or ś

request i s served. (2) If the requested document  is not

avai lable l ocal l y but  the server i s aware of t he locati on of

t he requested document , it will redirect  the visit or ś

request to the suitabl e Web server node. (3) If t he Web

server cannot  serve the document request and has no

i nformation about which Web server(s) can serve the

request, it would redi rect the vi sitor ś request  to the mast er

server since t he master server keeps all  Web document s.

 For exampl e, t here are 5 ht ml files A, B, C, D and E i n

t he Web sit e. Web server 1 stores file A, B and Web  server

2 st ores C, D and E. Firstl y, t he vi si tor request s A, it  woul d

redirect  the vi sit or t o Web server 1. After that, the vi sitor

requests fil e B by fol lowi ng a hyperl ink i n A. The vi sitor

woul d send the request t o Web server 1 di rectl y. If t he

visi tor then requests file C. The request woul d be sent t o

Web server 1. However, as Web server 1 does not have fi le

C. It woul d redirect  t he vi si tor to Web server 2.

 Ideal l y, i f the files are partiti oned and distribut ed

properl y among t he Web servers, no furthe r redi rection is

requi red aft er the visi tor ś first  HTTP request  is redirect ed

t o one of the server node. For example, vi sitors always

request fil e A, B and C in the same sessi on. If we put the 3

fil es in the same Web server, vi si tor would encounter onl y

o ne HTTP request redi recti on. Thi s is bett er t han

redirection - based hi erarchi cal server archi t ecture [4] ,

which requi res one HTTP redi rection for ever y HTTP

request, which result s i n longer access l atenc y. U sing our

approach, both the redi rection server and  Web servers

share t he workl oad of redi recting HTTP requests. Thi s

avoids the redirection server become the bottl eneck of t he

s yste m. Benefit s of using thi s redi rection mechanism are as

foll ows:

(1)  Avoid redirecti on server becoming a bottl eneck.

Redi rect i on c an be taken pl ace at t he redi recti on

server and all server nodes.  Thus, the redirecti on

cost  can be shared by all  servers.

(2)  Load bal ancing on document  retrieval. With

dupli cat ed Web documents, l oad balancing can be

embedded i n t he sel ection of nodes for ha ndling

HTTP  request s. The redirector can choose a less

l oaded server to process the request .

(3)  The redi recting structure can be changed easil y b y

updating the document l ocati on informati on in t he

mast er server and other server nodes. There i s no

need to mod i fy an y Web document s duri ng

runt ime.

(4)  Thi s approach can be impl emented on s ystem wi t h

Web server nodes connect ed by LAN or WAN.

3. Web Doc ume nts  Dis tribution

 In some l arge Web site, the Web site admi ni strator

woul d partiti on t he whol e Web sit e into mu lti pl e subsets

based on the hierarchical  structure of the l ocal fil e syste m
or t opi cs of special i nt erests. The y would assi gn a di stinct

Web server t o host  each subset  in order to di st ri bute the

workload. This approach can avoid full  repli cati on of all

doc uments. Howe ver, it  is not  eas y t o achi eve load

bal ancing si nce some popul ar Web pages will be request ed

i nt ensi vel y during cert ain period whil e ot hers are not. In

additi on, the ^t opi cs of interest s~ are al wa ys changed b y

t ime.

 Our document  di st ri buti on polic y intends to di st ri bute

t he workload generated b yt he future cli ent  requests evenl y

among the server nodes. Thi s i s carried out  by two steps:

mi grat ing unit  grouping  and mi grat ing unit  di stri buti on .

3. 1 Migrating Unit Grouping

                We partiti on t he doc uments of a Web sit e that  are

closel y relat ed  t o each other to form a mi grat ing unit .

Documents that are closel y re l ated impl y that vi sit ors are

likel y t o request them during the same session. Migrati ng

unit i s the basic unit of document di stribution. The effect  of

mi grat ion unit grouping is that t he Web server can process

t he subsequent  request s generat ed b y the same vi si tor

wi thout  furt her redirecti on. Ideall y, the visi tor would onl y

encounter request  redirect ion for t he fi rst  HTTP  request.

Thi s can mi ni m i ze the number of HTTP redi rect ions and

short en t he access latency.

  Let W = { o

                                                                              1

                                                                                   , o

                                                                                                2

                                                                                                    �o

                                                                                                                      n

} be the set of all  document s i n t he

Web sit e and S  = { S

                                                                                                          master

, S

1

, S

2

�S

n

} be the set of all  Web

server nodes i n the system. For  simplicit y, we assume t here

i s onl y on e mast er server denot ed as s

master

. This Web

server cont ains all  the document s in the Web sit e. For l arge

Web sit es, multi pl e master servers can be empl oyed. A

Round Robi n DNS server can be used to sel ect  one of t he

mast er servers for redirect ing the cl ien t ś fi rst  request .

 In t he m i grati ng unit  groupi ng  step, fi rstl y, we need t o

measure the cl oseness bet ween document s in W . The

closeness bet ween an y 2 document s ( o

a

 and o

b

) is

measured using P

                                                                                              b|a

                                                                                                         . P

                                                                                                                        b|a

 is the probabilit y of request s for

fil e a  that are fo llowed by a request for fil e b  wi thin [0, T)

seconds (i.e., duri ng the past  T seconds). If P

b|a

 between

t wo documents is hi gh, the t wo documents should be

pl aced within the same mi grati ng unit . The Web server l og

i s scanned t o cal culat e P

b|a

 for all  docume nt s i n W .  P

b|a

 can

be cal cul at ed usi ng the si mple formul a. Simi l ar groupi ng

algorithms have been used in proxy ser ver s yste ms

[10,11,12], which are used as hint s for pre - fet chi ng

documents i n proxy server to improve the cache hi t rat es.

                Let P

                                            b|a

                                                        = c

                                                                           b|a

                                                                                       /  c

                                                                                                      a

                                                                                                            where c

a
i s the t ot al number of

cli ent  requests for file a  and  c

b|a

  i s the number of times a

request t o fi le a  foll owed  by a request t o file  b  within [ 0,

T ).  The request logs woul d be coll ect ed from t he mast er

server in the beginning st age or all  p art icipating server

nodes after t he ini tial  st age. The coll ected server l ogs are

reorganized i nt o a number of sort ed request  li sts such that

each request li st cont ains request records from t he same
cli ent

1
. The request  records withi n a list are sort ed in

a scending order based on t hei r request ti me.

 We t hen comput e t he values of the count ers c

a

 and c

b|a

by scanning t hrough each request li st. For each request

record for fil e a  in t he request li st, we would increase the

val ue of c

a

 by 1. Besi des, we al so nee d t o find the value of

each count er c

b|a

. Special treatment  is t aken when t here are

multiple request s to the same fil e wit hin the same period [ 0,

T). When fil e b  is requested consecuti vel y mul tiple ti mes

aft er an access to fi le a  (e.g. abbb), c

b|a
would b e increased

by one onl y (a void P

b|a

> 1) since it  is not reasonable t o

updat e t he c

b|a

 multi pl e times as t here is at most  one

predi cti on in this case.  For aaab, c

b|a
woul d be updat ed (i.e.

add 1 to c

b|a

) for each occurrence of a . If we need to

calcul ate P

b|a
for al l pai rs of documents, i t would need O(n

2
)

c

b|a
count er. In order t o reduce the space requi rement, we

onl y calcul ate P

b|a
where fil e b  is an HTTP fil e.

After all request  list s are processed, we cal cul ate the

closeness bet ween t wo document s usi ng t he equati on P

b|a

=

c

b|a

 / c

a

. Then we group t he documents i nt o mi grat ing units

based on the input parameter mi n_prob .  The paramet er

mi n_prob  is a threshold val ue wi thin the range of [ 0,1].

 It

i s used t o separat e documents to different grouping uni ts.

We  woul d add a file b  t o a migrating unit mu , if there exist s

a file a  i n mu  and P

b|a

 greater t han t he t hreshold value

mi n_prob .  The val ue of mi n_prob  may affect the

granularit y of document grouping and t he amount of

request redi recti ons. For e xample, assig ni ng 0.2 t o

mi n_prob   i mplies that there ma y be a h yperl i nk bet ween

documents (e.g. A, B) in two migrat ing uni t s wi th a

measured closeness of   0.2. Thus if user request s A aft er B,

a request redirecti on ma ybe required. When  min_prob  i s 0,

t here would be no h yperl ink wi th measured cl oseness

great er than zero bet ween an y t wo mi grat ing units. In thi s

case, one or more migrating units would be formed but

t hey are independent from one anot her.

 The accurac y of predi cti on for the mi grating unit

groupi ng would be hi gher than that in cache prox y server.

The EW S comput es small er probl em space as compared

wi th proxy server since the request l ogs of E WS  cont ai n

i nformation for requests in a singl e Web sit e onl y. On t he

other hand, cache proxy server computes request  l ogs

generated bycl i ent request sfor all documents from vari ous

Web sit es that are cached by it . Hence in EWS, more cl ient

access pat t erns over a sma ll er set of documents are

col lect ed and anal yzed .  This would make more accurate

predi cti on. Int erested re aders can refer to [10,11,12] for

various groupi ng algori t hms.

3. 2 Migrating Unit Distribution

 The mi grating unit di st ribution  regards the pl acement

of migrating unit s among t he Web servers i n EWS t o

achi eve l oad bal anci ng. Each mi grati ng unit woul d be

1  We use the IP address to dis tinguish different clients.

associ ated with a wei ght  based on number of request s on

its member document s and also the fil e si ze. The t ot al

wei ght  contri but ed by the mi grati ng unit s assi gned to each

Web server shoul d be proporti onal to the performance of

t he server, i n order t o bal anc e the workload.

 Let MU  = {mu

                                                                                              1

                                                                                                  , mu

2

, � , mu

m

} be t he set of migrating

units generat ed after the migrating unit  grouping st ep.

Initi all y, al l documents appear once i n one of the migrati ng

units. The wei ght of each fil e is t he estimat e of the

expect ed workl o ad for serving t he fil e. It  is defi ned as a

product of tot al number of request s on the file and t he fi le

si ze, i.e., t he tot al  bytes t ransferred. For all  migrating unit s

appear in MU , their wei ght  i s equal to the total  weight  of all

documents in the mi grat ing unit . During t he migrating unit

di st ri buti on step, a mi grating unit mu

i

 can be repli cated

i nt o two mi grat i ng uni t mu

i1
and mu

i2

 which

                (1)  mu

                                                       i

                                                         , = mu

                                                                                             i1

                                                                                                      = mu

i2 ,

 both mu

i1
and mu

i2

 cont ain t he

                                       same document s as mu

i

, and

                (2)  wei ght (mu

                                                                                               i

                                                                                                 )

                                                                                                       =  weight (mu

i1

) + wei ght( mu

i2

) ; where

                                       wei ght (x)  denot es t he weight of migrati ng unit  x.

  Let W

                                                        Sj

                                                                be t he set of mi grat ing unit s assigned t o server

S

       j

            and R

                                          j

                                              be the total  weight  of all mi grati ng unit s in server

S

       j.

                    A modi fi ed versi on of binning algorithm  (see

Al gori thm 1) was de si gned to di st ri bute t he mi grating unit s.

Based on t he algorit hm, we assign mi grati ng unit s, R

exp

(S

j

)

t o server S

                                                                j

                                                                        which has resource(S

j

) processi ng power.

R

        e xp

                    (S

                               j

                                  ) i s defi ned as,

  R

                                        e xp

                                                    (S

                                                                j

                                                                  ) = (t ot al wei ght of al l  migrati ng unit s) *

                   ( res ource(S

j)

)   /   (sum of resource(S

i

)  for al l

                   server nodes in the syst em)

 The modi fi ed binni ng algorithm performs as f ol lows.

Fi rst l y, we cal cul at e the workload that should be allocat ed

t o each server node accordi ng to the server ś comp ut ing

power. In general , the comput ing power i s a measure ment

of the server ś maxi mum t hroughput that  it  can handle.

Each time we pick one under - l oaded Web server S

j

 and

all ocat e one migrati ng unit t o it, then continue the

all ocation on the next server unt il all servers (except  t he

mast er server) receive the expected amount  of workload

t hat is equal  t o R

                                                                                             exp

                                                                                                         . If adding the weight  of t he sel ect ed

mi grat ing unit to a server S

j

 wil l exceed i t s expect ed

wei ght R

                                                exp

                                                            (S

                                                                       j

                                                                         ) (i .e., case 3), the mi grati ng unit would be

repli cat ed t o form t wo new mi grating unit s. The 1
st

mi grat ing unit  (mu

                                                                                                  A

                                                                                                        ) would be assigned t o S

j

, whil e t he 2
nd

mi grat ing unit  (mu

                                                                                                  B

                                                                                                        ) would be returned to MU set and wi ll

be all ocated t o ot her server i n the next run. After all

non - mast er Web servers are as si gned wi th migrating units,

all  the remaining mi grati ng unit s in MU woul d be assi gned

t o the mast er Web server (Step 3).

 Our modi fi ed bi nni ng al gorithm all ows a migrating unit

t o be repli cated t o form mu lt ipl e mi grating units.

For

example, a mi grati ng u nit  mu

i

 can be possi bl y repli cat ed t o

form se veral  mi grating uni t s mu

i1

, mu

i2

�mu

ik

. such t hat

wei ght (mu

                                                       i

                                                          ) = wei ght (mu

i1

) + weight (mu

i2

) + � +
wei ght (mu

ik

).

These repl i cat ed mi grat ing units keep t he

same set  of documents but assigned with different  weight .

Thus, if a client i s requesting a file i n mu

i

, it  can be found in

k different  servers. A wei ghted redi recti on mechani sm can

be empl oyed t o select one among the k  servers to handl e

t he request.  We would sel ect  one server amon g the k

servers randoml y wit h a  probabilit y proport ional  to the

assi gned wei ght. For example, mu ={file A, fil e B} wit h

wei ght 20 i s assigned to server S

1

 and mu´  = {fi le A, fil e B}

wi th weight 80 i s assigned t o server S

2

. The probabil it y t o

redirect  request  of fil e A to S

1

 and S

2

 should  be 0.2 and 0.8

respectivel y. The wei ght  assi gnment  scheme enhances t he

l oad bal ancing when t he migrating unit  cont ains hot  Web

object s.

 Whil e all ocating the mi grat ing unit s t o each server S

j

,

t he migrating unit wit h the largest wei ght - t o - si ze  ratio wi ll

be selected first  (St ep 2.1). Mi grati ng unit  wit h larger

wei ght - t o - si ze ratio impl ies that  the mi grating unit  consist s

of document s t hat  are more frequentl y request ed and t hei r

fil e sizes are smal l er. Migrating unit s wit h low

wei ght - t o - si ze rati o i s not a good choice for dupli cati on

because eit her the documents in t he mi grati ng unit s are not

requested frequentl y, or t he fil e si ze i s relativel y l arge.

With this all ocation poli c y, we can reduce t he cost  of

mi grat ing unit  dupli cation and data move ment  i n the

n etwork.  Mi grating units wit h l ow weight - t o - si ze ratio

wi ll be assigned t o the mast er Web server. As master Web

server stores all  the document s locall y, t hus there is no

dupli cation and di stributi on cost in all ocating those

mi grat ing units. Alt hough master  Web server st ores all  the

Al gorithm 1: Modi fied Binni ng Al gorithm

St ep 1 : Cal cul ate R

e xp

(S

j

) for all  S

j

 i n S

St ep 2 :  Determine W

Sj

 for al l  S

j

 (except  S

ma ster

) i n S

     whil e ( R

e xp

(S

j

) >  R

j

 for some j i n 1,2�n ) {

             /* al locat e migrati ng unit s among n  server

                 nodes in a round robi n manner */

               for (j = 1 to n ) {

          if ( R

e xp

(S

j

) >  R

j

) {   / / not  ful ly all ocated yet

                    St ep 2.1 : Get  t he mi grat i ng uni t mu

i
from

                    MU  wi t h maxi mum value of weight(mu

i

)/

                    (t ot al fi l e si ze of al l documents i n mu

i

)

                    St ep 2.2 :  i f (R

e xp

(S

j

) ˘  R

j

 >=  wei ght(mu

i

))

              { W

Sj

 = W

Sj

+ { mu

i

};

                 MU = MU ˘  { mu

i

}; } / / case 1

               else i f ( R

e xp

(S

j

) ˘  R

j

 <

                           weight (mu

i

) ) {    // case 2

                  1.  Dupl icate mu

1

 to form two

                    mi grat ing uni ts mu

A
and mu

B

                    wei ght ( mu

A

) = R

e xp

(S

j

) ˘  R

j

 ,

                    wei ght ( mu

B

) = wei ght( mu

i

)

                                         ˘  weight( mu

A

);

                  2.  W

Sj

= W

Sj

+ { mu

A

};

                  3. MU = MU ˘  { mi

i

}+ { mu

B

};

         } } } }

St ep 3 :  Ws

ma ster

 = MU;

documents, it  woul d onl y se rve request s for document s

bel ong to the mi grating unit s that  are assigned to it.

Request s for other documents woul d be redi rected t o

server that  cont ains the request ed document s .

4. Simulation Detail s  and Results

4. 1 Experimental Set ting

 Si mul ati on was performed t o study the performance of

t he proposed algorit hms. The HOWTO secti on of t he

Li nux Document  Project (http:// www.li nux.org) and t he

Web server l ogs coll ect ed from t he Depart ment  of

Comput er  Sci ence at  Universit y of Hon g K ong

(htt p: / /www.csi s.hku.hk) are used for t he test s.

Experi ment 1 -  Usi ng randoml y generated data

 A Web document  graph i s built based on the HOWTO

secti on of the Linux Docume nt Project . Each node in t he

graph represent s  one fil e. There i s a link from n ode a  t o

node b  if there i s a h yperl ink in file a  to file b .  The weight

of t he li nk from node a  t o node b  i s defi ned as the

probabilit y t hat a visitor would request node b  aft er node a .

The weight  of each node (fil e) i s t h e product  of t he total

number of request s on t he fi le and si ze of the fil e.

 Ent ry p oi nt  i s the 1
st
 fil e requested by a vi sit or when

t he y visi t t he Web sit e. It  is a reasonabl e assumpt ion t hat a

Web sit e onl y has a few wel l - known ent ry points.  In t hi s

si mu l at i on, we assume that  t here are two ent ry points  in the

Web document  graph.

                The HOW TO sect ion consi sts of groups of ht ml  files.

Fi les bel onged to t he same group are ht ml fil es i ncl uded i n

t he same t ut orial topi c. We assumed t hat t he wei ght of li nk

bet wee n an y t wo fil es i s 0.8. For h yperli nks from the entr y

poi nt s t o each group of ht ml  files, we assume that 2% of

t hem have a wei ght of 0.5, 13% of t hem have a weight  of

0.3 and 85% of t hem have a weight  of 0.05.

 The Web document  graph would be used to gene rat e

random sequence of request s using Al gori thm 2. The data

generated would be used as input for our si mul ati on

experiment. We assumed that  client - si de cachi ng i s

enabled. Thus the files ever requested by the cli ent  woul d

not  be request ed again within the  same sessi on. Algorithm

2 used to generat e t he requests

 We assume t hat  t he int er - arri val  ti me of request s wi thin

t he same sessi on is an exponenti all y di stribution wit h a

mean of 25 seconds. 131457 randoml y generat ed request s

from 5000 cli ent s are used a s input to perform the

mi grat ing unit grouping. After that, anot her 264275

randoml y generated request s from 10000 cli ents  are used

t o evaluat e t he effecti veness of t he document  dist ri buti on

algorithm. Si mulation i s carried out wit h different

combinati on of  min_prob (used in groupi ng) and number

of Web servers.

Experi ment 2 ˘ Usi ng real Web server l ogs

 In t hi s experi ment , Web server l ogs coll ected from

Department of Comput er Sci ence at the Universit y of

Hong Kongś Web servers are used.

 The fi rst  half of  the Web server l ogs i s used as input to

perform t he migrati ng unit  groupi ng.  The second hal f of

t he Web server l ogs i s use d as the input  to t est  t he

performance.

4.2  Redirection Overhead Analy ses

 In EWS, redi recti on woul d occur onl y when: (1) 1
st

re quests t o the syst em, redirect ed by the redirection server

(2) When the request cannot be handled by the current

server, as Web document  is not st ored in that server.  Fi gure

1 and figure 2 show the average number of redirecti ons

encountered per client. In  Experi ment 1, the average

number of Web request s generat ed b y each cl ient is about

26.4. Using our approach, t he average number of

redirection encount ered by e ach cli ent i s 1.07 for two

servers and 1.75 for 32 servers. For most  redirection - based

server ar chitect ures, such as t he Robust Web [8] , t he HTTP

redirection i s required for ever y HTTP request. The

number of request redirection is equal t o the number of

requests. This would introduce overheads i n servi ng HTTP

requests and i ncrease the workload for han dli ng request

redirection i n t he s yst em. We  can see t hat  our approach

provides a bet ter request  redi recti on mechanism.

 Si mi larl y, in experi ment 2, there are a t otal  of 236016

requests from 20970 cli ent s, on average of 11.25 request s

from each cli ent. Base d on our approach, t he average

number of redi recti ons encount ered b y each cl ient is 1.14

Al gorithm 2: Random Request Generator

Let l ink_set  is a FIFO that st ores t he set  of l inks not

used yet  for generat ing the next  request .

Let doc_set  i s a link li st t hat  stores the document s to be

requested i n t hi s vi sit  session.

St ep 1 :  Sel ect  an entry poi nt  randoml y.

St ep 2 : Add t he document sel ect ed in st ep 1 to doc_set .

             Add all  the links assoc iat ed with the document

             to l ink_set

St ep 3 :  whil e ( l ink_set  not empt y)

      Step 3.1 :  Get a li nk from the head  of l ink_set .

            Remove t he li nk from the queue.

 St ep 3.2 :  If t he document  referenced by t he

                      link  al read y i n doc_set , then goto Step 3

     St ep 3.3 :  Generat e a random number rand  from

                    a  uni form di st ri buti on between 0 and 1.

         If rand  > weight  of t he li nk, then

      Step 3.3.1 :  Add the document  referenced by

                        t he  l ink to the doc_set .

      Step3.3.2 :  Add all  the l inks associ ated t o t he

                        new l y added document  to the

                        head of the  l ink _set .

                                                                                         for 2 servers and 2.03 for 32 servers. Fr om the si mul ati on

                                                                                         result s, we found t hat  EWS helps t o reduce t he number of

                                                                                         HTTP  redi recti ons effecti vel y.  It i s li kel y that  o ur grouping

                                                                                         mechani sm can provide good predi ct i on of the future

                                                                                         request pat t erns.

4.3 Storage Consumption Analy ses

 Fi gure 3 sh ows t he t ot al  amount  of document s st ored i n

t he web server nodes except mast er server for different

combinati ons of mi n_pro b  and total  number of Web

servers.  In our Web document distri but ion al gori thm, we

woul d al wa ys sel ect  mi grating unit s with the l argest

wei ght - t o - si ze  rat io fi rst . Thus web server nodes, except

mast er server, are li kel y t o be fill ed wit h smal l - si ze and

more  popul ar documents. Mi grati ng units wit h low

wei ght - t o - si ze ratio, whi ch are usuall y document s of large

si ze, will  be assi gned to the mast er Web server. As mast er

Web server keeps al l t he documents l ocall y, thus t here i s no

di st ri buti on cost i n all ocating t hose mi grat ing units. In

EWS, we woul d dupli cate t he mi grating unit, i f a si ngle

Web server cannot  provide enough resource for a

mi grat ing uni t. Thus we can reduce the number of

documents need t o be distribut ed t o web server nodes i n

each Web document di s tri bution process. The simulation

result s show t hat  our proposed al gorithm is effecti ve i n

reducing t he document  di stribut ion cost.

4.4 Load Bal anci ng Anal yses

 We st ud y t he l oad bal anci ng effects of the proposed

algorithms based on the document distr i buti on generated

i n Experiment 2.  The Load Balance Metri c  (LMB) [1] i s

used as a performance met ri c to provi de rel ati ve

performance st udi es. To obtai n the value of LMB, t he

peak - t o - mean rati o of ser ver load is measured at different

sampli ng poi nt s (1 samp ling point ever y hour) i n the

si mul ati on. The server load i s defi ned as t he t ot al size of

Web document s transferred by the server. The LBM i s

obt ained by cal culating t he wei ghted average of the

peak - t o - mean rati os measured, usi ng t he total  server l oad

as t he weight  at that  sampli ng peri od. Small er value

i ndicates a bet ter l oad bal ancing performance. For t he

purpose of comparisons, two ot her document  dist ri buti on

soluti ons are i ncl uded:

1.  Round robi n :  There is a front - end redirect ion server,

which would redi r ect each incomi ng request  to one of

t he servers in a round - robin manner. Each server keeps

full  repl ication of all t he Web document s present ed in

t he web si te.

2.  Random :  Si mil ar t o EWS, except that the mi grating

units are di stribut ed among the Web server nod es in a

round robin manner wit hout considering the wei ght of

t he migrating units. None of t he documents are

dupl i cat ed in t his case.

In t hi s experi ment, t wo dat a set s are used as input i n

t he simul ati on. Dat a set 1 consi sts of 1574781 request s

from 94575 cli ent s (2187 request s/hour) and Dat a set 2

consists of 1403075 requests from 85793 cli ent s (1886

requests/hour).

                                                                                                  Figure 3: Amount of file distributed ( file

                                                                                                  distributed/total amount of files in the web site ) in

                                                                                                  experiment 1

                                                                                                  Figure 1: Averag e number  of r edirections encounter ed

                                                                                                  per visitor with different min_prob  values in

                                                                                                  experiment 1

                                                                                                                     0

                                                                                                                     2

                                                                                                                     4

                                                                                                                     6

                                                                                                                     8

                                                                                                                10

                                                                                                                12

                                                                                                                14

                                                                                                                16

                                                                                                                18

2 12 2 32

no.  of  ser ver s
bwh/!op/!pg!sfejsfdu

0. 000

0. 100

0. 300

0. 500

0. 700

no gr oup

                                                                                                                0

                                                                                                                1

                                                                                                                2

                                                                                                                3

                                                                                                                4

                                                                                                                5

                                                                                                                6

2 12 2 32

no.  of  ser ver s
avg. no. of redirect

0. 000

0. 100

0. 300

0. 500

0. 700

no gr oup

                                                                                                                      1&

                                                                                                                  61&

                                                                                                             211&

                                                                                                             261&

                                                                                                             311&

                                                                                                             361&

                                                                                                             411&

1 21 31 41

n
p/!

pg!tfswfst

Amount of file distributed

1

1/

2111!

1/

4111!

1/

6111!

1/

8111!

op!hspvq

                                                                                                  Figure 2: Averag e number  of r edirections encounter ed

                                                                                                  per visitor with different min_prob  values in

                                                                                                  experiment 2

   Data set 1  EWS  Random  Round Robi n

       2 servers  1.130  1.122  1.009

       4 servers  1.092  1.590  1.022

       8 servers  1.303  2.890  1.060

    16 servers  1.547  3.6 66  1.093

    24 servers  1.600  4.200  1.114

                             Table 1: LMB measurement  using Dat a Set  1

   Data set 2  EWS  Random  Round Robi n

       2 servers  1.038  1.303  1.010

       4 servers  1.207  1.965  1.028

       8 servers  1.425  2.892  1.035

    16 servers  1.691  3.787  1.069

    24 servers  1.783  4.9 70  1,086

                             Table 2: LMB measurement  using Dat a Set  2

 Table 1 and 2 show t he LMB measure ment s usi ng data

set 1 and 2 respecti vel y.  From t he simulation result s, we

found t hat  our approach out performs t he Random poli cy

for al l cases and its performance i s c l ose  t o t he

Round - Robin poli cy  that is with full document repli cat ion.

Our approach can achieve good load balancing si nce we

consider the document size, request rat e, and also t he

affinit y of cli ent  accesses whi le grouping the Web

documents.

5. Relate d W orks

 There are two di fferent  t ypes of approaches t o improve

t he performance of HTTP  request s in WWW. The

cli ent - side approach  t ri es to reduce the dela y of servi ng

HTTP  request s by means of ca chi ng copy of Web object i n

t he cli ent  si de. Thus if the same W eb object  is request ed in

t he fut ure, t he request can be sat isfied by t he l ocal copy.

Thi s approach includes vari ous t ypes of client - si de proxy

cache sol ution, e.g. distri but ed proxy cache approach [14].

The benefit s obt ained by t his approach depend on the

cache - hit  rati o. However, it  is not eas y t o achieve good

cache hit  ratio i n proxy cac he server, because: (1) The

prox y server doe s not  have e nough i nformat ion about  t he

st ruct ure of a Web si te for maki ng cache repl acement. It  i s

not  easy to predict  t he cl i ent access patt ern for maki ng

pre - fet ch decisi on accuratel y.  (2) Tot al cache si ze of a

prox y cache server is li mited. It cannot cache all t he

documents in WWW. (3) It i s not  easy t o ensure document

consistency in proxy cache server.

  The  server - si de appr oach  tries t o reduce t he dela y of

HTTP  requests b y usi ng multipl e machines in t he server

si de t o provide enough computi ng resource to handl e t he

HTTP  request s. In t he past , several  server - si de approaches

have been proposed. Probabilit y Based Repl acement (P BR)

server array [ 2] consist s of multiple server nodes. All the

server nodes are connect ed to a central  node through a

hi gh - speed LA N. The server nodes would get t he Web

documents from the central server for service. Some

popul ar Web document s woul d be cop i ed and cached in the
server nodes. Thi s archit ect ure makes use of LA N

broadcast  mechani sm, thus PBR cannot be i mpl ement ed i n

a WAN environment .

 Redi rect i on - based hierarchi cal  server architect ure [3]

ma kes up of t wo t ypes of servers: redirection servers  and

normal  HTTP server. Initi all y, s yste m administ rat or shoul d

partiti on all t he Web contents i nto groups and di st ri bute

t hem amon g different  Web servers. Load balancing am ong

Web servers i s achieved b y movi ng a subset  of document s

served in congested Web server to anot her Web server.

Thi s approach requires each document  t o have a unique

base URL. Al l  HTTP request s woul d be sent  t o t he

redirection server fi rst . Then the redi recti on server woul d

map the base URL t o target URL of the document, and it

ret urns t he target URL t o t he cli ent  i n an HTTP redi rection

message. In t hi s approach, the redirection server ma y

become a bot tleneck easil y because all  HTTP request s

must be redirect ed by the redi recti on server. The paper

does not provide sol ution for Web documen t  grouping and

di st ri buti on.

 In [ 4], a graph - based Web document  partitioning

algorithm i s proposed. A collecti on of Web document s

woul d be vi ewed as a di rected graph. Every Web server

can act as a home server  and co - op server  at t he same ti me.

Al l documen t s originall y resi de on a home server.

Documents ma y be migrated from the home server t o

co - op servers for l oad bal ancing purpose. But document

hyperli nks need to be modi fied to redirect  user request s

from home server to co - op server. In t hi s approach, t he re i s

no duplication of documents i n the syst em. The

performance ma y be suffered if t here are some popul ar

Web object s. The s yst e m can onl ybalance t he workload by

mi grat ing document without dupli cati on si nce one

hyperli nk can referenced t o one Web documen t  onl y.

 In SWE B [5], the user requests are first evenl yrout ed to

SWEB processors  via t he DNS rot at ion t o one of t he

avai lable logi cal  server, in a round - robin fashion. Each

Web server c ont ains a schedul er and would exchange

s yste m load informat ion with a nother process. When a

request i s rout ed to a Web server, it  can determine whether

t o process thi s request or assign it to anot her Web server.

The use of DNS li mi ts the t otal  number of Web servers i n

t he syst em [6]. In SWED, each Web server nodes store a

w hol e set of Web cont ent  in each Web servers. This would

cause storing of unnecessar y copi es of Web documents,

which ma yresult  i n wast e of network and storage resource.

 Robust Web [8] consist s of one or more front - end

redirection servers and a set of back - end servers. The

redirection server will t hen redi rect the request t o a

document server t hat  maintains t he request ed document.

Access rates i nformati on is used to partiti on the document s

across t he document  servers. The y t r y t o equali ze the sum

of access r ates of all the document s stored at  servers across

all  document  servers. In t hei r s yst em, ever y request must

be redirect ed by the redirecti on server. Thus there is heavy

redirect ion overhead for servi ng l arge number of request s.

6. Conc lusion and Future Wo rk

 In this paper, we present  a new Web  server  architecture

EWS t hat can scal e i n size t o i ncrease t he computing

power for handl ing large vol ume of user request s and

provide ext ensi bl e storage space to host  large amount  of

Web document s. EWS has a  good po t enti al t o achieve

l arge throughput  and fast  response ti me for servi ng Web

requests. The proposed groupi ng algorithm partiti ons the

documents based on the informati on obtai ned from Web

server logs. Thi s grouping mechanism can i mprove t he

access l ocalit y an d reduce the amount  of request

redirection overheads. Our document  all ocati on al gori thm

can balance the l oad among a ll  server nodes according t o

t he run - time server configuration. In addit ion, the

algorithm tries to avoid st oring unnecessar y copi es of

docu ment s i n the Web server nodes. This approach can

reduce t he cost  of duplicati on and mai nt enance of

document consistenc y. Our request  redirecti on mechani sm

all ows al l  servers to share t he redirection overheads. Thus

t here is no performance bot tl eneck incurr ed b y a

cent rali zed redi rector.

 There are still opportuniti es for further improvement on

t he EWS. We woul d improve  t he accurac y of predi cti on

while groupi ng Web document s. More aggressi ve

document dupli cation poli ci es can be expl oited to i ncrease

t he hit  rat e of Web requests. We will al so i mprove our

mi grat ing unit  dist ri bution al gori thm, such that it can

mi ni mize the amount  of documents to be rel ocated when

t he number of Web servers i n t he syst e m increased or

decreased.

Reference

[ 1]   Bung, R. B.; Eag er, D. L.; Oster, G. M.; Williamson, C. L.

                       ^Achieving Load Balance and Eff ective Caching in

                       Cluster ed Web Server s~. The 4
th
 International Web Caching

                       Wor kshop, 1999 .

[2]  Yeung, K. H. and Suen, K.W. ^Pr obability Based

                       Replacement Algor ithm f or WWW Server  Ar rays ~.

                       Proceedings  of the International Conference on IEEE

                       Parallel and Distr ibuted Systems, 1998, Page(s) : 670 ˘  677

[ 3]   Mourad, A. and Liu, H. ^Scalable Web Ser ver

Architectures~. Second IEEE Symposium on Computers and

Communications , 1997,  P age( s): 12  ˘ 16.

[ 4]   Baker, S.M.; Moon, B. ^Scalable Web Server  Design f or

Distributed Data Management~. Proceedings  of the 15th

International Conference on Data Engineering, 1999.

[ 5]   Andr esen, D.; Yang, T.; Holmedahl, V; Ibarra, O. H.,

^SWEB: Towards a Scalable World Wide Web Ser ver on

Multicomputers~. Proceedings  of I PPS, 1996, Page(s): 850

- 856

[ 6]  Cardellini, V.; Colajanni, M.; Yu, P. S. ^ Dynamic Load

Balancing on Web - Server Sys tems~. IEEE Internet

Computing , 1999

[ 7]   Arlitt, M. F.; Williamson, C. L. ^Web Se rver  Wor kload

Characterization: The Search for Invariants~, ACM

Proceedings  of the ACM SI GMETRICS conference on

Measurement & Modeling of Computer Systems, May 23 - 26,

1996

[8]  Narendran, B.; Rangarajan, S.; Yajnik, S. ^Data Dis tr ibution

Algor ithms f or Load Bal anced Fault - Toler ant Web Access~.

Proceedings  of the 16
th
 Symposium on IEEE Reliable

Distr ibuted Systems , 1997 , P age(s) : 97 ˘ 106.

[9]  Yang, C.S. and Luo, M.Y. ^ A Content Placement and

Management System for Distributed Web - Server Sys tems~.

Proceedings  of 20
t h
 International Conference on Distributed

Computing Sys tems, 2000, Page(s) : 691 ˘  698

[ 10]   Cohen, E.; Krishnamur thy, B; Rexfor d, J. ^ Efficient

Algor ithms for Predicting Requests  to Web Servers~. IEEE

INFOCOM ’99. Volume:  1, 1999, Page(s) : 284 ˘ 293.

[ 11 ]   Cohen, E.; Krishnamurthy, B.; Rexford, J. ^ Improving

End - to - End Perfor mance of Web Us ing Server Volumes

and P roxy Filter s~. ACM SIGCOMM, September  1998.

[ 12]    Palpanas, T. and Mendelzon, A. ^ Web Pr efectching Using

Partial Match Pr ediction~. The 4
th
 I nternational Web

Caching Workshop, 1999.

[13]   Cardellini, V.; Colajanni, M.; Yu, P. S. ^Redirection

Algor ithms for Load Shar ing in Dis tr ibuted Web - ser ver

Sys tems~. Proceedings  of the 19th IEEE International

Conference on Distributed Computing Systems, 1999,

P age(s) : 528 ˘ 535.

[14]  Rodriguez, P.; Spanner, C.; Biersack, E.W. ^Web Caching

Architectures: Hierarchical and Distributed Caching~. The

4
th
 International Web Caching Workshop, 1999.

[15]  ^ Extens ible Web Server  Project,~ The Systems Resear ch

Group, Department of Com puter  Science and Infor mation

Sys tems, The University of  Hong Kong. URL:

http://www.srg.csis.hku.hk/EWS/