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DEBAT.DEPR.ONGERM. QRERESE. B LEFRE.

Fig. 1 A hierarchical structure of ¢ metropolitan TV- anytme system
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ARRERMRBAXD(RETHBILSRN A AEEEATN. WEREZKREES, T HREDFE
FHREMBHEREAS. HrERR M FERS R QoS) " MWBRARMFRA , RNTLEXHERS
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EEALH RITARNEESE BERFHENEEFHBRHRAECBREFRENERM S QB ZRES
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IHHAAFEANRAZEAT RETIHRF RFALENIHEERE—TRERENSE, MARME X
TR S BT 260 R L 9 R R O A T Sk o P R/ T A B . BT L S SCBT S 8 B ) A A T o R SO A D
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HEEHLEEM N Venk A1 S.Ram 7 XA[6JH|RRETHE BRI RBHRM. ALY TEFRZ&ET:
W NHRERRERRLE— T RARFTLERAZ b (2) M7 8 #7745 H B KRk 7 BiETHR
EEie, MRS #ELET —TEHE T BB REARGATTRBRF T EWBET S0 — 2R, FEIETH
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2 BEMNSBHAEMERLEN

2.1 YLEEHERPI G A
— TR EFMENUERE—TEHGC.GC=HE), Hl=n, W ZEMBERT - MRS EHE. STHEH

« BEAE QSHKEEAY. HE HEEZE M3 EHESAR, EHRTN IR S BAEEER.
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BEARBEENENTRERE RNBTFEER N RER LPEENRFAEREHE B AUHE
FT— T HEEHETERSBNEHRMB). B CHE—£H cCERTMF HPETHRERTMF R ER
B RINHER w . E~N EEE - FBFEEZRL MB/s FARKFE.

HARKIWAFEFREN B EMBEHERN RS L i, RITRBEHE R FAE RS %0 P 6
R EBRH ERAEREE. ERFEFE R TRSH L RF 85 A SE AP B & HE. WO LA 5T
BEES MHEEEFSRUEEE RELF -2 REFHITRUERERES MEFREHENR AUEN RS RN
BB —T MR,

WTREFEFNENFRNEESRNES  HMNH M={a a0, ra ) RFTm. BETLH MR F S MEL
MERAYEAWNRNERHERFXHMTEERE —TH. A=Va.EDWVa=HUM E.={(v,a) [v€EV4,a€ ML
TR, EHODECE RERBREERSR o LM —BRAP MRS HEMGHEREETR « BREHHF.

EHHRTNELIRSFBREEUARMRERESAP DL AARRN LS EET RS RIAEL B
R FE.

2.2 MEREATEEX

AFE—PTRAMMERPGE CRENPREGM. - THPERAERMN O TN A MBHFRES w BAE
BHNBRNRBEFEESEARMONERERBN 2 RBLIFE, UHBRMK| M RETARF & PHE GF
FFEEA OGNS ERE Al LU R o BE BRI IE R, 24— F P R S R 7% R R e 5 R
WESYSERTEEERFBLE XEARFSENETHETESBEEIMERUAEBNNTREEER
A B PRSP OIR 9 B8 b FRATTEY AN 1O 5 T R T LA W b

J7 T wELRE P B IR AT R

(1) BEEXMBTLIT R ST AR A RFHEL;

(2) BEAR R R0 S0 Ll e 32 2 R 48 Y B 3L 8T o A2 (e BT AR A5 0 B9 LD AR A LTS 2 Ak

(37 B 45 35 W 4% =P Y 585 1R % 2 BT DA o) P45 0 3 5 2R B R AT R H.

IRAE , 5 A 05 BR 55 4% ST i 5 () PR 4 . IR 45 % 9 2 B F 30 R 0 L R P T K R A B R R 4 B b A R
SHERMNBRAMCRE LERIME SN2 UHRER LML B 5.

SR —THERMNE C=WH. O HAPEAFL A=V E) RBREEFRS B

FMER. % PEREFERIENTE . REFEIFABRH n . A>PEYNBRH n. AR 8 7 (v.a)
= {005 (v owe)se ooy Loy o) LIE N B molva)=u,m(v,a) =5 F i B

m((v,a) 3slc(h) ¥ REH

() S Ao ((ra))=h

3

i
wa) € Al g b €1 (i)}

OO0 Bk 5 2 X T R A 1A B A T SRR
QoS:= 2 mi(vsa))-Maximun.

vea) E

m ({v2a)) e, ¥ e € Ewe="C(uu,).

3 ReiRTARRR S A R ERE RELE

3.1 EHSFEELRANE

REEEEEE—MERESHENIENFIRSTE RPSERNFHBEAAR K - L2 A0ERED,
W0 4 776 17 8 TSP (treveling salesman problem )1 B 4+ # 17 8 KPP (k-graph partitioning problem)!’, ifj B 8
Fd@k -k d gy SR EENMTNE, WRERDEE. REEEENREETHENAFHL
WENFETROERRFEE L EXNPEEE A — T EETHEEFR(THILED A B ELTHHSE
P EFE—THAMN T~ RKERYYITH E.

BEHAREYE - BERNRTEEEAR HE— T ERFENRENE T EEEFRITE — TR
FERMBERYESAEREN MTELNELARSHEN S EARE L. ZEEN RUAEE"F . WEHF
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HEENEFFREE NEH T EEEEZ. MEE - CHBNBERE . TRAEEWER T RN E, WH B
FRECCLUEXNETERAREERARSRENKBE. HEBXEX "R, 3B — B AIHENBE
EHREH . E-REFHER AEURE- T HEMETFHRUTA ZETHERAIEE L IR THBEHRR
EEFEE, AT RERER, Y EERTHEHNEERE . BHRMAAE « Y HTREEE L
ARFHERAFHESEMENE. WL, S RLEE"FEFR, "B BT LB & 73 & U0 k9 ER fl L A W
HUERNLRERAE. ETE,RMNEHRARFLBERS RENELRAAELR B4 RAOWERFE
FHRHELAEHBELBARE.

3.2 NEsmpims

3.2.1 HEMER — B 1HE

BT MFBERENREETR— T 2 Clique) FE N, 5 E 8 B S B B B i h Rk
HRGE - TR W8 #AT

WIGR . ELEBFERSBRETN - T488 HEMEETERSR LY TREIROET LHENE
HTRN. RERSEFOERMNS ZRAS TRV EERSTERS R 2 EAREERIENAHILER
BEREN RESRELEUB/DRERRENEET RN ZRSHE BN LUBEERSFRNEHERH .
BA b 3k R 3 AR 5 4% T 0k ST T SR i ARG T, B 0 B g BT 4 G 1R A IR a5 A 2 L A9 BE RN B RY H Ak AR 4T
X RE 2B A H kT B a6 .

RAITAW 3R E T RFEAE | BTENAEE. B BRI R &, R0 542 — - I 55 S 4
R —T2RYS. HFRELRNTRC BT B RSE L WEMA R 8 ¥ — T8 & 0, LR /DI TN
M HBERS L A EWESIRTRFSMEMS AN AL, WELERZE S LRERTR, AL HT
HibRm MR BEa YR 2 M s B EHERWEIWE L.

Wik 1. Neighbor_ 1.1

a node A€ {1,...,n} and an asset a& M are chooszn at random (uniform distribution)

if « has been mapped onto £ then its bit-rate is increased (0 the next possible bit-rate;

if 2 has not been mapped onto A then map it with he mdnimal bit-rate onte A;

while (current storage load of node i exceeds c(A)} do

an esset & is choosen randomly with uniform distribution;
if & has been mapped onto A and b cncoded with the minimal bit rate then delete 4 from A;
if & has been mapped onto h then decrease the bit-rate of & to the next possible bit-rate.

ETFTEHNAESE 2P . BS84502RA2HNLN, HESHRANEENZRERESWARERFA A
FHEHLERA. HFH LSRG IBELANAT. Y FERREWROMERES O FFETE SR RIE
FE I B 45 28 b BB L B R T L 3T K E e e R AT IO R S BR AR L S R . {EL R b K B R
WEATSHERARRERAES TR EE TESWLERELIFRAENBESSEERTFERARER. &
BR2 T 2 T L A b 4 4 B A B 4 X R M e A T B R B K

M % 2. Neighbor_ 1.2

a node A€ {1.....n} is choosen at random with uniform distributicn;

an asset 2 M and (k,a) € A is choosen at random with uniform distribution;

if @ has been mapped onto A with bit-rate z then caoose its bit-rate randomly from [x, maximum J;

if @ has not been mapped onto 4 then map it with the randomly choosen bit-ratc onto A

XS ONHEETHEEENAEFRTREAEEX LMY EYRAET - E AN RAEBEEE BT
g SRR GHEBEESYREFEHEE AFNEBEREERETES RNk ELMRAEE R SME
BERE. F-MEER AEAFAEATRBEE A ARNAHELRRENETES RTROREE, £RF Ry
BeFis— Ll FATEERA.
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while (current storage load of node A exceeds c(h)) do
an asset & 1s choosen randomly with exponential distribution according to the bit-rate:
if 5 has been mzpped onto k and & is encoded with the minimal big-rate then delete & from £;
if 5 has been mapped onto A and & is not encoded with the minimal bit-rate then

decrease the bit-rate of b to the next possible bit-rate;

HERnWBRERAE 2 MR S FREEFER T EFRERREENEATROEBRER
FARYWMHBHLHFELD MELMEEANERLORSRLIEFHPEER A W FTUMNEHELHE
B ST R AOT ROk, R BFRRR S R, U B BR AT ol SR 3. e BB 2 PR 6
7. BT 8B E # Neighbor_ [ . 3(8).

3.2 BEMAR-—HIHE

EHESHEARB 2 TNE N TRTHREFFMELSAR H LHE—TRFH o REERERX LWAR
BERER W TFHREN ) €A ERERNR  BERABHAME S o L P 2RLAE REFEMARLTFRA
WHENE o WmEMFE Do B o b, BT (o0 USSR & 3 M 5 BTk, #lilHH
Z B B Neighbor Il

Mi% 3. Neighbor._ll

for ;:=1 to n do brw—in(i): =0,

for :=1torChE€H,n=|H|) do

for all a =M with (A,a) € A, and a has not been mapped onto A;
let K be the set of all nodes that store a copy of assel as
while not successful and K#¢ do
choose a node A’ € K with bit-rate of asset @ on A’ is the maximumn;
K:=K—1{#h:
if sw_in(h' Y+ bit-rate of ¢ on node A'=Sw, (A’ .#) then
successful ; —true; asset 2 is streamed from node A’ to &y
brw in(h') b inlh' )+ hit-rate of 4 on node h';
if not successful then access to zsset a from node % is not possible temporally.
3.2.3 BHKFREE

BT HFEFHHFE RIOBEESFBHAETINFHEEEARNET R LBEERRESL A58 MER
& LB/ R A R B RS BRI AR BT R RITAEF M EDNRT RN E,

$ik 4 EHHEHER Initial 1

for a:=1tomG@EM m=1M) do

map asset ¢ onto a random rode A with (k,a) € A and % provides sufficient
storage capacity to store a with the minimal bit-rate;
if no such node A exists then the initialization fails;

use algorithm Neighbor_ Il to assign the access graph onto the server ne:work.

BRAEHEE 4 SBAEE nitiel 1, ERFBESHTFHFRAMBNFRATIRRERASIAM. &
BTRME RS FAHMES Initial 2 5 BAILETR B E L0005 DR 5 5 R 2 E R 608 R 5 HHFRER
T 1% R A

Wik s, BRI BHEE Inital 2

use algorithm Initial _1 1o compute the initial assignment;

for h;—1 ton(h& H,n— |H]|) do

for a.=1to m@a€E M,m~= |M|) do
if (f,a}€ A and a has not been mapped on £ yet then
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map & onto A with minimal bit-rate if sufficient storage capacity is available on A}
while (not all assets mapped on k are encoded wth the maximal hit-rate) and
{storage capacity of A is not exceeded) do
rhoose & random asset a mapped on A and increase its bit-rate to next higher one.
3.3 — RN SR AR N
RE.RMNEEFEIHEERFTRENER 3 MTESERE I HROEEN 1L MTESEAE 2R
Bk RRLL R LRAIE 6 AT RNEETY AR NEEIEAE® A TENERE s 2, BINNEK 4 teva
REHMEEAERNSRE HPER cost OF TR R BN S MM FEHAEINKRS FR.
Wik 6. — @R Q) S5 AT BB LB %
£: 7 tyssn indlial_ g ysep =153
while ™. do
s =Neighbor_L. x(s);
5"y =Neighbor_1I. £(s');
if cost(s™) >>cost (s) then s:=s";
if cosz (5")<Ccost(5) then s;=1s" with probabiliry gt e/

if cos? (5) > cost (Sop) then sepe: =355

fr =1t " q.

4 TEEEFET

4.1 ik LR Capper bound)

TR 5 9% 19 2% 7P A B0 — 1~ AR 95 28 AR 1T 2 R R 95 T R BB T 1% 5 AR RO 7 A B PR O A9 O 5 2 B RO HE R R
HEEGHFRRBAENTHERECREEERS R LA BRI A M N — 0 &85 ST M
ReEmERBESEL ENERTSNFREBHREN.

GHEULAITERE AT - TR ENRFBME A ORREX . FHRERAME SR RIMAH IR
SEEBERY

QoS<C Dumin{c,+ D) w,((fui),maxb+ |Gyi)E Eqt]).
i=1 HER

=g
4.2 BAERNEN

ETHERMENRAGHE - 2RENE ST RERES6EENFHERS . EWIRERELR
BEE R REA R AR ENER RNAEZY T aRFEES M REBNERE B PERR
Be AR w ERTREN T H = M AFHEREL AN RASURTHE RSN
BEREABENTHWRNELR.

TIGMTARKEES FANEREABREN™EN. FU R FLWERRT. B REE LOAF
BREGUHBHFARBE T LEN -BATREERN AU ERFLNERET . GIMREEH LAAPHR
ﬁ%ﬁﬁﬁ%)‘iiﬁ%ﬂ%—/ﬁ?ﬁ&ﬁﬁ*‘y&%%- EEM UL S AR &R, BERTMERT & IHE
B3t RO U 4 B R ) T R B IR S R R B

Table 1 Definition of Benchmark Instances in a Hierarchical Server Network

®1 - EEENETHERBEAME X

Benchmark class® n m - ¢ e B Access pattern®
R_32_256.750_100_0.5 3z 256 750 100 {5,10,15,20,50} Random® p=1/2
R_32_256_1000_100_0.5 32 256 1000 160 {5,10,15,20,50} Random p==1/2
K.-32_256_15C0-100_0,5 32 206 *1500 100 {5,10,15,20,50} Random p=1/2
£ 32 256 _25C_100_0.5 32 256 250 100 {5,10,15,20,50} Exponcntiulm

-3 Mool Eatel: 2.0 WOk -§ . £ R
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4.3 HEgsinEite

TH. RN FAHEERTEERGEBER AN N RER. R 2R THEN BN EBNORS
FEMF LI VLM BRSO RSERER SFAHTIAFAMERERE I 2 W hlime M8
HHGTARM 6 FARMORARE. AU THINMSERENSFRIBZOREZREE (F24K). BX
BEREERMUEES FLUSFENEES . RNZE 5 X6 HAEMERERESF T 0 RHE . HRET
BE. AR KA AR R — B, =10,2,.=0.0001.a=0, 9995.

Table 2 The performance of algorithm
F2 BROHEER

Aimulated annealing algorithms® Bound®
Initial -Neighbor 1 1 1 2 2 2
phrase 1@ 1 2 3 1 2 3
R—32_256_750_100c0. 5 108 690 112 553 113425 109 772 116 980 118 224 123 200
13. 344 9.45% 8. 61% 12. 23% 5.31% 4.20%
R_32_256-1000_100.-0.5 118285 122540 123 348 119 329 124 992 124 873 131 200
10.93%  7.08%  6.36%  9.95%  4.97%  5.07%
R 3Z_ZRE_150G_100_0.5 132 883 140 195 140 856 (34331 141552 140 565 147 200
10. 77% 4, 99% 4. 50% 9. 58% 3.99% 4.72%
E.32_ 256_250_100_0.5 12 350 12563 12453 12690 12030 12 754 13300

7.34%  5.86%  6.97%  4.8.%  2.86%  4.28%
CREBAEER @R, OMBE AN,

A BBt et F RAIT AR 2, B R EMRAM MR K BSR4 TR 2 a2 B Al
BEAXAI0L 3R A BAX R EREANRSRESE ML, MR SREFEH L, B LR
W RE R TR R B RTE.

HLRHHOARTEH#TERRINETHERL, RELMENFEWH B 1 HE & Neighbr. 1.2 5
Neighbr. 1.3 588 4B M BB ) B Neigobr. | I M. ER T HEA QML R, D8 heE
BREENERNSNAR AELYMESRHADEL OB EIHETEE AREYNSLETRBHG
Ry B TEEHARE O E T RS, LR EREFS S B ER T RE AR
PLRMEARGHAIRS REHEEMPEERENEE nival 2 BBIE Iniial | RETHEHBRTE.

5 ARTMSENIME

15 PR 5 BT 48 R AR T ME MM KB M — BENENRHEAERE T LSRG STBEE
FEA AT A, A SO Al TR AT R R S T R i R ER KBS B RS
MmN —HERE e — BREREE AT L EROEEATHL RNERENAAREBIILE
VB e Jis T o 9F T LLITIT , 6 B9 B8 46 B0 AT B A, DR A S AT 0T LR T LR K L PESE A
WERAEN RO EEE RSN EEYE SRR AN EE.

EXHHNAEEBEREERTRNA AMAMRS BRES, ANLETHEEAHR. AHBERERE
B OHFHESHEATASEARHNUARA SR EXEFREP AP BRI SHNE ERU KD
SERNNTHECRLRT S BHE RN HERE R L REL N E S 23/ ERH R LR B MK E
FABSHAMEN RS AR ARG, ILERRINT S HIHE
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Abstract ; Media mapping in video-on-demand server networks is a new combinatorial optimization problem.
The network of video servers can be implemented on the top of a closely conrected network of workstations or
on a wide area network of servers. This paper addresses the media mapping problem ., taking the user access pat-
terns ,» overall storage capacily and communication bandwidth limitations of the server network into aceount. A
number of methods based on local search algorithms for the solution of the mapping problem are proposed and
verified hy use of a set of benchmark prohlems. The simulations show that these heuristic sclutions can achieve
nearly nptimal soluticns in a short cemputational time.

Key words: video-on-demand; mapping: server network, bit-rate; simulated annealing

© HIERRESSAHIIFTR  http:/ www. jos. org. cn



