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Abstract—Advances in computing and networking are gener- proposed [11], [20], they are focused on a system with multiple
ating a significant demand for video-on-demand (VOD) applica- servers in a VOD network, assuming a single disk per server.
Eﬁirtl;'c:fnath\lli)%agsgtgrf igocrjlgrlit\l/%r;l f‘?Fhrg'ggE”mrgl kl)l)(;c dk-lgr?aﬁ;\ogb?é- In[15], a popularity-based approach is developed for multiple
quirement in such a system is found so that the minimum blocking d'Sk_S based on the information of poDu'?‘”tY' Th(’_} algqnthm IS
probability is achieved. A combination of genetic algorithm and designed for a homogeneous system with identical disks, and
modified bin-packing algorithm is then developed for the multi- assuming that all multimedia files have the same duration. A
media file placement exercise. It is demonstrated that a specified similar analysis of the storage cost is given in [1] for distributing
blocking probability can be achieved while the capacity usage is 1y 4yies across disks. However, different types of disks may co-
minimized simultaneously. existin the video server and the durations of the multimedia files

_Index Terms—Blocking probability, file placement, genetic algo-  ysually vary from a few minutes for short video clips to more
rithm, video on demand. than two hours for movies.
In this paper, an optimal condition of load sharing for min-
|. INTRODUCTION imum blocking probability is constructed numerically in such a
. .. heterogeneous system while the solution is obtained effectively
gza-ls_ﬂfh%dr:/- z?)(;ee?j f(:tr\;\?oc;llfsg;sdrr]‘r?mtic:r(?gzligp\?i?jgc])}c}ﬁy an i_terqtive approach. A genetic alg(_)rithm, together with a
demand service (VOD) is considered as the emergi’ng trendRﬁ(r%urIStIC bm—packlng algorithm, are de?'gf?ed such that the op-
timal number of copies of the multimedia files and their corre-

home entertainment, as well as in education, banking, home . . . .
sggondmg disk locations are determined.

shopping, and interactive games [14]. Such multimedia exp '{'_he organization of this paper is as follows: In Section II,

rence 1s expe_cted to blossom when the broadband access fif€ condition for minimum blocking probability of the hetero-
works are available.

In order to provide a large variety of program contents thog_eneous VOD system is derived. The optimal file placement
provige a arg y ot prog ’ sHategy using the genetic algorithm (GA) and modified bin-

sands of multimedia files, encoded in MPEG format, are storée - : . . ) . .
cking algorithm is explained in Section Ill. The effectiveness

in a video server which consists of multiple disks (or disk array . . . :
[21]. These multimedia files can be obtained on demand by, athe proposed strategy is demonstrated in Section IV. Finally,

large number of geographically distributed users. Once thereclosnCIUSIOnS are made in Section V.

a user’s request, the particular file, in the form of a data stream,

is directed and transmitted from the disk to the set-top box in- ||. MiNIMUM BLOCKING PROBABILITY IN VOD SYSTEM
stalled in the user’s premises using a broadband connection.

The task of allocating multimedia files to the video server is Fig. 1 depicts a centralized multimedia file storage system [1]
currently handled by an experienced operator which impliesnth multiple storage disks for a VOD system. Due to the drop
suboptimal and personnel-dependent solution. The complexitystorage cost and the expanding I/O bandwidth using the disk
of such a problem increases exponentially with the number gfiping technique [16], such a system becomes economically
files and disks in the video server. The level of difficulty therebfeasible.
escalates, and the current solution will give rise to higher requesf\n entire multimedia file, in MPEG compressed format, is
blocking ratio and dissatisfaction to customers. stored on a single disk. Interleaving is not recommended be-

The design of an optimal file placement is considered &guse of the adverse effect on its reliability with a single disk
being a multiobjective, highly constrained, and noncontinuotfgilure [8]. The number of concurrent accesses to a particular
problem. Although different heuristic approaches have beéile is limited by the disk throughput. For an MPEG-1 video,

1-2 Mbps I/0 bandwidth is required for its transmission (and
2-20 Mbps transmission for MPEG-2).

. . _ The demand rate for a multimedia file creates its popularity
Manuscript received March 31, 2000; revised January 29, 2001. Abstract pub- file. defined h babili f a file bei db
lished on the Internet July 31, 2001. This work was supported by the City uirotnie, e Ine a; the probability of a file being requested by
versity of Hong Kong under Grant 7001125. _ o _ a user. Zipf's law is usually employed [19] to model the popu-
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ewong@ee.cityu.edu.hk). 15 the uniform popularity, which means that all files are equally
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Fig. 1. Basic configuration of the VOD system.

Assuming that the requests can be considered as a Poigdence, the condition for minimization is to havgPt =
opt opt

arrival process with average raxeand mean service time/z, {7, g5, . ... g7y} such that
the traffic intensity of the VOD system is computed as
(AP ~L; (Aq °Pt) (L;4+1—4)
A L 2iZo il

A==, 1 =K or
" . <EF:‘ 7(‘4(1?”){)2
If the request of a multimedia file is randomly assigned to =
one of the disks storing that file and there is no retry mech- B o - [Lj +1— Aqopt (1 _ chfpt)} — K ©6)
anism, each disk can be modeled by &G /n/n queueing I I
system where\! stands for Markovian or memoryless interary hare B, = ((Aqopt) i /L )/(ZLjo(Aq(')pt)i/i')'
2= J Al

rival time, GG refers to a general service time distribution, and . 1,2, D andK is a constant,
is the number of I/O streams available in the disk. Assuming thjat ont

The vec:torq1 can be found by an iterative approach.
g; portion of the total traffic is allocated to digk the blocking efinin
probability of diskj having L; 1/O streams can be computedD 9

using the following Erlang B formula [2]: ¢(g;,Lj) = By, - [Lj +1— Ag; - (1 — B,)]
N . . .
= M (2) the following procedures are designed.
> ilo (Agy)' /i
whereg; > 0. 1. Set the initial valug; = 1/D;
The blocking probability of the overall system is then derived- Let K = ©(g1, L1) and findg; such thato(g;, ;) = K
[9]by fOfJ—23 DD
b i ??;CUIate]siurl = )Z:j:l (.ZJu
Aq /- - Gsum — < €
B = Z 9 By, Z qJ : ) /il 3) {
¢; = ¢; — (gsum — 1)/D wherej = 1,2,..., D;
Wherez _, ¢; = 1andD is the total number of disks. Stop;
Using the method of Lagrange multipliers, define ilse
2 {
Aq 5!
- Z ’ ! qu -17. (4) g = q1 — ((Jsum - 1)/D;
= Z ) fit = Goto step 2;

Differentiating G with respect tay;, and setting the result to

zero for minimization, we have )
In order to compute the value af; in step 2 such that

% _ i M _K=0. (5) ¢(g;,L;) = K, a gradient search with the following proce-
dg;  9q; " S5 (Ag)i /il dures can be used.
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1. Set the initial valug; = 1/D;
2. while ([(#(q;, L) — K)/K| 2 6)

4; = 4+ (alK — ¢(a;. L)]/¢'(q;. L)) whereais a small =
positive constant an¢’(qj, i) = d<p(q, i)/4q lg=q, = Z
}

j 1Cd;

The mean service tim@ /11, ) and the arrival raté ;) of disk
4 can then be derived by

Di
Toi g

The small positive constantsinds are used to govern the ac-where1/p; is the average holding time of multimedia fie
curacy of the solution, while: controls the rate of convergencel/# is generally proportional to the duration of the vidgg),
of the gradient search. or (1/p;) = fit; with f; determined by the customer behavior,
Example: It is assumed that there are 20 storage disks like fast forward, pause, and rewind actions. For simplicity, it is
the video server of a VOD system. Disk #1—#15 are type-assumed thaf; = 1 or (1/p;) = t;, Vi.
disks which can support 50 I/O streams simultaneously whileHence, given a set of the number of copies of the multimedia
disk #16— #20 are type-B disks which can only support 30 I/tes, {n1,n2, ..., na } whereM is the number of multimedia
streams. files, the minimum blocking probability is achieved when

Let A = 10 requests per minute and/u) = 74.43 min-

utes, the optimal values af; for type A and type B satisfying A Z npz ==L =A; = AP or
(6) are 0.056 053 1 and 0.031 840 6, respectively. The minimum icd, i
system blocking probability is 0.029 890 5. It takes about 90 ms i qJOPt .
in a Pentium 133 machine with, § ande set as 0.01, 10° and o for j=12,...D (8)
107, respectively, to calculate the above results using the pro- ied;
osed procedures. opt .
P P where(1/p) = 3. (pi/1) = >, piti andqjIt is the optimal

load sharing of disk obtained in Section .
Such a problem can be reduced into a bin-packing problem
In order to set up the video server in a VOD system, it is rers putting the elements of sizg/(n;u;) into the bins with
quired to identify the number of copies of each multimedia fllgpaceg"‘“/u forj=1,2 , D. Unlike the conventional bin-
and their corresponding disk locations. There are two major qbackmg problem [3], [13] in wh|ch the number of bins is to be
jectives in order to optimize the system performance and priginimized, our objective is to allocate the elements such that all
vide a specified service quality: the bins are “just full” meaning that (8) is satisfied.
1) to minimize the total capacity usage of the server; Similarly to the conventional bin-packing problem, the se-
2) to minimize the blocking probability of the VOD systemguence of the elements to be put into the bin may affect the ef-
The problem is also subjected to the constraint on the diféctiveness of the algorithm. In general, there are four different
capacity. In other words, the capacity of each disk must not beordering approaches.
exceeded. 1) The descending approach arranges the elements from
In this paper, the GA [17] together with a modified largest size to the smallest.
bin-packing algorithm, known as Highest Load First (HLF), are 2) The ascending approach arranges the elements from
proposed. The gene of the chromosome in the GA is to reflect  smallest size to the largest.
the number of copies of each multimedia file, while the HLF 3) The random approach arranges the elements randomly.
algorithm will search for the optimal file placement scheme of 4) The regular approach maximizes the distances between
that chromosome such that a minimum blocking probability is similarly sized elements.
found. Due to the discretization effect of the element’s size, it is
. ) . expected that the descending approach will be more effective as
A. HLF for Optimal Blocking Probability the element with larger size is allocated first. Such advantage is
Assuming that the request of a multimedia file is randomliglso demonstrated in our simulation results given in Section IV.
allocated to one of the disks storing that particular file, the prob- The file placement algorithm is, hence, designed as follows.
ability of accessing each copy of multimedia filean be com-
puted ag; /n; wheren, andp; are the number of copies and they .
popularity of file¢, respectively.
If no retry is allowed in the system, the probability in aco
cessing a disi can be computed as

I1l. OPTIMAL MPEG R.ACEMENT SCHEME

Compute the1/pu) =
1 =12,...,M;

Find the value of;
j is defined a?nf")t

>, pit;, assumingf; = 1 where
°P* hased on (6), and the bin space of disk

/uwwherej =1,2,....D;

i 3. For each muIt|med|a file, introducen; elements with size
P = § = (7 .
LT pi/niti;
’ 4. Sort the elements in descending order according to the size;

where: € d; implies that file is stored in diskj.

Isinceq., = ¢ if L, = Ly, and@(gm, Lm) = ¢(¢n, L), the computa-
tion time is reduced by only finding the value @f in step 2 when the number
of I/O streams of disk is different from the previous disks.

5 While (not finished)

‘e Select the biry with maximum available space, providing

that it does not contain the fileand its capacity would
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Fig. 2. Operational cycle of the overall system.

not be exceeded after the file allocation. If no suitable bin wheres; is the size of the multimedia file
can be assigned, issue a constraint violation flag and exit. 2) The objective functiorO, is defined as the percentage
e Allocate the filei into bin 7 and reduce the available space deviation between the optimal blocking probabil{t)

of the binj by p; /(n;p;). obtained by the HLF algorithm in Section IlI-A and the
1 minimum blocking probability B,;,) computed as ex-
plained in Section Il. Hence,
B. GA o
Oy = B = Buin 1000, (10)

The GA [12] has been demonstrated as a powerful optimiza-
tion tool for the multiobjective problems [7], [17]. It is inspired . ) ]
by the mechanism of natural selection, where stronger individ-3) Constraint Handling: The solution can only be found by
uals would likely be the winners in a competing environment.Fhe HLF if the disk capacity constraint is fulfilled. _If no solution

In this placement problem, the chromosome is in the forff found, penalty values are assigned to the objectives so as to
of an integer string = {ni.n2,...n}. The upper bound reflect the condition (_)f the low performer. _
of each genén®?) is D, while the lower boundn?) is deter- 4) Pareto-Based Fitness Assignmenmiistead of aggregating

mined as the smallest positive integer satisfying the relationsif}$ objectives with a weighting function, the multiobjective ap-
°Pt /... The operational cycle of the overallProach [5], [6] is applied. Assuming that chromosafrig dom-

pi/ (0} i) < max; g . L .
system is depicted in Fig. 2. A detailed implementation of tHgated by othep chromosomes in the population, its rank is de-
GA may be found in [17] and [18]. termined as
1) Crossover and MutationA multipoint crossover [17], ) _
[18] is adopted in our system to exchange the information rank(l) =1+ p. (11)
between chromosomes. For mutation, each gene of the chiince, a Pareto-based fithess can be assigned to each chromo-
mosomen; is randomly altered within the searching domaig,me according to its rank in the population
b ubl i ili )
[ni, nt ].Wltl"] a small prob.abIlItY(pm) [1.8]- . _ . Pareto-based ranking can correctly assign all nondominated
2) Objective FunctionsThe two objectives explained in chromosomes with the same fitness. However, the Pareto set
Section Il are formulated as follows. ~ may not be uniformly sampled. Usually, the finite population
1) The objective functiol, is defined as the total capacitywill converge to only one or some of these chromosomes, due

min

usage to stochastic errors in the selection process. Therefore, the
M techniques of fithess sharing [10] and mating restriction [4] are
0, = ZSZ . ) adopted in our design to prevent the drift, and to promote the

P sampling of the whole Pareto set by the population.
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160 TABLE |

140 1 BLOCKING PROBABILITY WITH DIFFERENTREORDERINGMETHODS

120 Blocking probability
£ 100 - +lu
E, Minimum blocking 0.0298905
El
-é 80 Descending 0.0298995
2 60 Ascending 0.0404577

40 Random 0.0350503

20 Regular 0.0316189

o
TERIIB8ERBE-YIBIBERNES TABLE I
Fil SOLUTION OBTAINED IN TEST 3 USING GA
e ID
Fig. 3. Duration of the videos with their file IDs. blocking probability capacity usage
(% deviated from ideal case) in GByte
g zgig Case 1 0.0298994 (0.0298%) 405.688
> U,
£ 0.040 X Case 2 0.0298942 (0.0124%) 405.688
% 0.
o
2 0.035 Case 3 0.0298995 (0.0299%) 404.274
€ o030 A
£ o0 TABLE Il
E OPTIMAL PLACEMENT IN TEST3 WITH SINGLE COPY ONLY
£ 0.020 X
2 0015 % - - -
c X blocking probability capacity usage
S 0.010
B o005 % (% deviated from ideal case) in GByte
s 0.
3 0.000 "M Case 1 0.0299017 (0.0373%) 403.920
380 400 420 440 460 480 500 Case 2 0.0299135 (0.0767%) 403.920
Capaclty usage (GByte) Case 3 0.0299034 (0.0432%) 403.920

Fig. 4. Rank 1 solution in the final population.
the minimum blocking probability) and 404.274 GByte, respec-
tively. Only one file requires two copies as reflected by the very
small increment in the capacity usage comparing with 403.92
The system configuration of the example given in Section B, the sum of the size of all multimedia files.

is used in the following tests. The popularities of the multimedia

files are assumed to be governed by Zipf's law and computBd Test 2: Different Reordering Approaches

as follows:

IV. EXPERIMENTAL RESULTS

Using the solution of the file copies obtained in Test 1, the
four different reordering approaches explained in Section IlI-A
12)  are applied. The results are tabulated in Table | for comparison.
’ It can be observed that the descending approach has the
wherec = (Zf;l(l/zf))*l and( is a constant describing thebest performance and the result obtained is close to the ideal
popularity distribution of the files. blocking probability, while the ascending approach has the
worst result.
A. Test1l

It is assumed that the contents of the VOD system consist%f
200 multimedia files encoded in MPEG 2, randomly selected Since the relationship of the popularity and the duration may
from several types of videos. The durations of the videos afary from case to case, three different situations are studied.
depicted in Fig. 3, and the popularities are assigned accordings Case 1:The video with shorter duration has the higher

Test 3: Duration and Popularity

to the file IDs using (12) witkl = 0.271 [1]. popularity.

The traffic intensity is assumed to be 744.3 with= 10 e Case 2:The video with longer duration has the higher
requests per minute arfd/x) = 74.43 minutes. Fig. 4 shows popularity,
all the rank 1 solutions in the final population after 10000 GA + Case 3:The rank of the popularity is randomly assigned
cycles. (same as Test 1).

The mark “A” indicates the best solution found if a maximum All the conditions in Test 1 are kept, and the solution found by
deviation of 0.03% from minimum blocking probability is al-the GA on these three different cases are tabulated in Table II.
lowed for customer requirement. The blocking probability and Table 1l tabulates the best solution using the HLF if only a
the capacity usage are 0.0298995 (0.029 874% deviated freimgle copy is allowed for each file. It can be easily observed
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0.18 ' , . . . ; TABLE IV
SOLUTIONS OBTAINED IN TEST4 USING GA
0.16
014 | blocking probability capacity usage
(% deviated from minimal case) in GByte
0.12 1
‘§ ¢= 0.0298988 (0.0277%) 406.749
2 01 1 ¢=0.271 0.0298995 (0.0299%) 404.274
S i
& o,oeﬁ | ¢=1.0 0.0298924 (0.0062%) 416.514
o0l &1 ]
i
0.04+} Increasein ¢ ] TABLE V
\ OPTIMAL PLACEMENT IN TEST4 WITH SINGLE CoPY ONLY
0.021 \
\ £=0.271
0 e — blocking probability capacity usage
80 100 120 140 160 180 200 (% deviated from minimal case) in GByte
File ID
e (= 0.0299625 (0.2407%) 403.920
Fig. 5. Popularity distributions with differemt (=021 0.0299034 (0.0432%) 403.920
¢=1.0 0.1608380 (438.09%) 403.920
that the design specification is violated in all three cases. By
comparing Tables Il and 1ll, a small increment in capacity usage
TABLE VI

makes the customer specification achievable. OPTIMAL PLACEMENS IN TEST 4 WITH TWo CopIES

D. Test 4: Popularity Distribution

blocking probability capacity usage
The distribution of the popularity implies different customer (% deviated from minimal case) in GByte
behavior in request. If is small, the popularity is more uniform.
While requests are concentrated onto a few multimedia files, ¢ =9 0.0299018 (0.0378%) 807.840
is increased, as illustrated in Fig. 5. (=027 0.0298994 (0.0297%) 807.840
Assuming that the traffic intensity is fixed and equal to ¢ =1.0 0.0670336 (124.26%) 807.840
744.30, the following different values gfare tested:
e ¢ = 0 (uniform distribution);
e ¢ = 0.271 (same as Test 1); achieved in such a heterogeneous VOD system while the ca-
« (=10 pacity usage is minimized at the same time.
Similarly, a maximum deviation of 0.03% from minimum
blocking probability is specified for customer requirement. The REFERENCES

solutions obtained by _the GA ar? tabulated I_n Table V. Simi- [1] S. A. Barnett and G. J. Anido, “A cost comparison of distributed and
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