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ABSTRACT

In multimedia applications, a source usually generates multiple streams. By heterogeneous multimedia multicast,
we mean a recipient can receive some of them, not necessarily all of them. A recipient bids for what it wants to
receive and the source gains the same amount when a connection is established. The problem of distributing
streams for heterogeneous multicast to maximize the source’s gain, can be solved using a 0-1 integer
programming, known as NP-complete. In this paper, we propose efficient stream distribution algorithms in two
different types of multicast models. The first restricted model assumes that the capacity for a link in the
multicast tree is greater than or equal to the capacities of its descendant links. In the second unrestricted model,
we drop out the restriction in the restricted model. Proposed algorithms have better time and space complexities
compared with any existing one. In addition, distributed implementations are straightforward, which is very useful

for large networks.
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L oke] A4E vehirl) =3t ool HEpAE
zhowl obya]="V) oJsle] EHE Gellx] HE)
»e ey} vlg] Foizicli 7PE%) o] Efe
T=( V', ENZ vepn], o714 v ev z2ln
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[l Switch Node
S : Source
AB,C.D,E : Recipients
1,2,3,4,5: Link Capacities
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v=(y, ..,y & oF o] vl & glck
(Vx<y) @ x <y,
(x < YA@Dxy) & x <y, 233
(i, Mz A xpypex ly (B
x £y 28 x¥# y)
x OyE F7Ee we xof yo ARF
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1. @30 st ZE X|HiSiX] ele dHES
H75te Z2AIN

g Hidt 2E A o ¥9E 9A
st ZaAAE =% gE 2E ST 5F
Pareto 33hg dAshe daelgst A9 wksick
X212 nondominated 2 7hehs] Ag¥ich =
geE o Ui ZE AgEl] e e dA
7] QlEled #a 43 cof HdF 9 HE]
w=(w, ..,wp’t B83}t ZZAA nondom-
inated= Pareto 3 A5 A o Y 2,
= C2 33 dIF AlefzAde| s A3k ¢
& g4 vehdle n-deloldt

W] nondominated: ZE N ~EFS Z3E
£ o] C2& $ubsher] e} =kl 9julst
A sgom, o] drjo] A3k A8 U W4t H
I ZEAAE 2yl 2%A god (N-1) &
=3xS ¥3hhe N ¥9EE Edch vl oW
o] Ad-E kstA| hew Pareto 3 el
Wz 2 el od ApiEe BE FET
(sub-assignments)-> X|¥E]= 2122 3#7](marked)
Ak e (V-2 2ERE Ebhe())
e AEsty, oldt wWHAlE ALl dukd
o N 2ERFUN M 2EYE IYV( ) W
F& eI} A M=N,. 1 E2AAL] A
3 =23 oA T|gA] o gPTE HESM, o
o] A AideiA] o e AAE W)
B e FFES o] o HESA| ek TR
AAE e Fo 2=3S FPY BE e
E7]5)7} Pareto A3l E3ER FEdck
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Eg] gF ¢l thal Pareto A3 A, A3 o]
o) A GE T3] A%, Bk mAR B2E
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=Ry Feride] deA2E2 A% A A28 ) 2o

gk 7HEAE AN a=1,..m POl ¥
z, €A, gk o]e] wlg] & AXkslr] sl
RE 2] @A e, ol i3 Pareto ¥ A, T A

olo] G, & Fslok Ak o) oo PP
e 89 oz, cA0l A oY HElE ALk

Aefels = ohA) Palok ek webd 4,9 A W
A &g oz, ol A ole] HElE ARl w ezl
A Bael dig ol AR 7R F o]F Ho]
Bl AAgsted dad vkt Abgghcld iz}
a0 o o)) Y oA Fehe Aol v
s} Abes] W2 AR Aol 4 glvh olejd
ZqollA whrdt AAAHA  Lare]Z(recursive algo-
rithm)2 HF3jcts & <+ glok

b

Algorithm 1 (Dynamic_Programming)
begin
for all level;,i{ = 1,...,top do
for all e; of level; do

begin
Gy g = 0
for all z;; € nondominated(e;) do
begin
if (e; =leaf)
then
Bi; = %i; O by
else
begin
g; =0
for all e, = child(e;) do
begin
Bk, = {gik" | ma-xsik” €Gi-14, {zl';‘ 'Sil.,,} }
8i; = Bi, + (2i; © &k,)
end
end )
GIJ = Gz)j u {g;j}
end
store G5 into table
end
rooct.gain = maXg,, GGmp,roatJinh(” & Ii)

end

54 =278 (dynamic-programming) &72]Zel|
A 3535 ¥-FA(common subproblem)E AFgkAl
Hpalo g ?{}‘ﬁ“& ARE F 2 ARE Hol ol A
Ao, HEAE whd wukch vpE opA] AL
e 28S A8 5 ok AAREE gske 9l
Hlo] B8-S $13F B2 71y Fxle] Wasir)

Algorithm 1 (Dynamic_Programming)-& <41
2ke] o1e] roor_gaing AR Ho) B9 Mm) 3
A dol Q3 A(entry)= level, 2] R e, ol 7}
olo] A G, & FIRIL o H=aE: 9%
HolE 24E A7) ¢J3led Algorithm 1-& )
-1 #=E HolE aswke dgZ gl 7

Hroz o 9ole) w7kl AelEe W 4l
AR F A A% e B "R He A
A A8z ke A e A 29+ ek

Algorithm 2 (Tree.Traversal)
begin
G; = posrorder(root link)
root.gain = ma‘xz.'j EG,‘(“ 8i; i)
end

postorder(e;)
begin
for all ey, = child(e;) do
G4, = postorder(e;, )
G;=0
for all z;; € nondominated(e;) do
begin
if (e; =leaf)
then
g; =2i; Oby
else
begin
gi; =0
for all e, do
begin
&k, = {gih,. | maXg, Gy, {zij . giuﬂ} }
&; = &; + (2i; O &,)
end
end
Gj =G U1y}
begin
return(G;)
end

3. ¥2|&E 2! Tree_Traversal

Algorithm 1 Dynamic_Programmingol]4] #)3
BaE AE] fstel Al i-19) ZE Ho|¥
8405 987 31 wevh AM 99 339 o]y
HEe 7317] 3t 2R 2 H=z9 2] g=9
ole] UL YR Y} wWehy 2L dde]
= 84% FAld AL AR geE glok ol
g ERlolla  F4]  Eg]  ulE(postorder tree
traversal) daE|Zo] A I gy gye]Z=y
o Sl FeA mel R QueEe mely
o 2 xmE AES b wEghel g gl
kEE o] Al o AR x5S
gt

Algorithm 2 Tree_TraversalS FE 83 roor_
linkd 4o 3ty o] 8= ©)o) roor_gaing
9o o duElEe ARH  ZaxA
postorder& 7}t o] T2AAE B3 F ¢
HOog 3] ol A3t G, & FHIL
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4. % of
k3 1. nondominateds 3 F YA FT 3
Pareto A3 A,

e C Pareto 33 A,
e 8 {(1,1,1,0),(1,1,0,1)}
€ 3 {(1,1,0,0)}
es 7 {(1,1,1,0),(1,0,0,1),0,1,0,1)}
] 3 {(1,1,0,0)}
& 1 1(1,0,0,00}
e 6 {(1,1,0,0),(1,0,1,0,(1,0,0,1), (0,1,1,0)}
ey 4 {(1,1,0,0),(0,0,1,0)}

S - Source LEGEND

A,B,C,D : Recipients
1,3,4,6,78 : Link Capacities
{ } : Bids for Streams

[ 1: Bandwidth Requirement
for Streams

A
{L,1,1,0}

B
0,1,1,14

(1,24,51

C(I.O,Z,Z)

Pioza2

Link Level : 3 2 1
33 2. o)d¥ HEplaE E9] o

LEGEND
( ):Undominated Assignment

A
(1,1,0,0) <1,1,0,0> 11,10
e

< >:Gain Vector

{ }:Bid Vector (1,1,0,0) <1,1,0,03,

8 B
(1,0,0,0) <0,0,0,0> 0,111

(1,1,0,0) <1,0,0,0>
(1,0,1,0) <1,0,2,0>
(1,0,0,1) <1,0,02>
(0,1,1,02E <0,0,2,0>

(1,1,1,0) <2,1,5,0>
(1,1,0,1) <1,3,0,2> c
1,022}
(1,1,1,0) <1,0,5,0>
(1,0,0,1) <1,0,0,2>
(0,1,0,1) <0,2,0,2>

D

7
(1,1,0,0 <0,2,0,0>

{0,2,3,2}
(0,0,1,0) <0,0,3,0>

a3 3 XIHH“HP‘I e 2,7 29 o] WE g,

e o dubsle] FRbe Adudel a1¥ 2
o]aly Hels|A~E Eele] o|F Bl ddF% g
T #3288 2 7 xRl ~ERe digk F
o] el ekt ik Efjeld = 88 CE
Zr= 7} 83 ¢,0 tH3}e], nondominatedE 3%k
39 Pareto ¥ A, 7F &£ 19 Foix gl dag]
& g 3o Art a9 39 vk 2E =
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ecE o thEle, Al oe @3 2, A4,
3} 72 olo] el g,7h 2ol ekt Sk 9
Feyese;s Rew A BACIER 25 ol At
< z,;9 4F wE] p,o AEFoERE doxl
ot B8] HF el olo] HEE 3] $i7E AA
3 AR E 20 FoiA 9tk

21 2. E7| YA ey T 1Y W ARk

Ak g

max {]1(1,0,0,01,11(1,0,2,0)ll,,
L1 | I(1,0,0,00,,11€0,0,2,0ll 3+ | 1,050
max {[/(0, 2,0,01,.11(0,0,3,0Il,}

max {{I(1,0,0,0ll;,11(1,0,0,0Il,
1,001 | 11(1,0,0, 211,,11€0,0,0,01}+ | a.002
max {[[(0,0,0,0H,11(0,0,0,0il,}

max {/|(0,0,0,0),,10,0,0,0,,
o100 | 11€0,0,0,2)l,,11€0,0,0,0ll 3 + [ 0202
max {{/(0, 2,0,0ll1,1€0,0,0,0l,}

5. ¢72|Fe| EIEY B9

Aoksl F dwE|EE dub, = W3 G134 G2
o ZAsl metEglorng, dibsle] eldAle =
witomZ 150 eAd 55 Sk gut
afol] oJsle] <dolfl 223 Hulrl HHUS v
B7] $iste, A oL /A= Feirt Ad=Es
2w oRrch & olg e A 7heRE g
EAEA] a2 veold ¥k WH ol 2w
ZAe}g Baldh.

A9 1.

E 2] #zel gt <leje] AuidsiA] o= 3
o] FoiHE o, Uuksll= o o] HelE AT
o},

7.

T B 74 #Hdoy oigk FAyel ook
WA, A 7]ZEA(induction base), #HH 19
#HI= A 9 FHFo)a Gl sl 7t ddo
sl 24 3hie] o] WEIE 7Alch wetr 1
ole] el Ao o] wHefolr). FHyw M
(inductive hypothesis)2. z} =4l ;2] =z gt
Aufdsla] o el el Akt At 3

g




el

vjtje] HEfAES T AdAQ ~AEY B dueE

o o]e] HEIE AXMla JMAERE AW A
Z(inductive step), #Wo] /+1d AH$, HIA= E
Yz o 9 gay) ok Ee gz g, vk
e G2 Agsty FHd o]y welE Ak
o) gz AS, diksle G1e HeshA ok o
2}x] odubsle sl=ol tidk Foizl dol it 3
o o]e] WEE A3} o

A 1

Ak ebuelzel ofsjel ol Axd Rule
H7o]c},

2,

O14l) 2j3jel, Alotel =e) 4§ =8| Pareto
Qe 29 Az dasel sl Ause A
ket wela, AielA] ek gt ol el
zve] dejl et A} Bz, 44 ole A
Wil o gasye 2E Pas) o ol Au
o 4 glo] Teisieh e 1o 2sjol, i
she o) olo) WeE ek webd A W <
TElZel olslo] Qoln el A=Y B A
ol dale] HHeleh o

6. ARF BET

olu} o3t e} ztol, Tree_Traversalo] A7k
Batwel o7Ele 7]y X S oL &9
Holu] old| iyt A7} Hatwrkg AARCE At
5 oye|Zel A7 BAlw wE G4l ¢lE Bl
AE-F3 7k odAbel| 9sle] FAE 4 Qvk 1
v, ®Ee] §5} l-norm QAkE o]Ee] wlwA zigt
317) wiol Bale Aol Alejgich wiz], At
¥ gyeE|Zoli] AH8E Z2A]% nondominated2]
A7b B s ZAsjol P} Bales wEAe] 2
ol Fo% glom Al =) AR Harwe}
Fdsir) webd o S ARt

nxAe 2,

9t N ~E”] A §o] nondominatedol] 2&}3}ed
o=,  Pareto A%l Ho]  cardinality

([ 2

A 2.

el ofw Ef] =yt Hd Kk 2P H=ZE 7
1, Tree_Traversal:= Foto] 7% thds} 72 4
Bl oAbl o8 &A% A7 BileE 7o

(e R )

z,

a2z W daE|EE Egjde] 7 k=
2 Aghs] g ubEdk) web pese] =g}
Folal o o A BAkmE o(meltil Alekd
g Zoe 7zt Has Heks) PH yhEehy
A7F Barw2) R ws 33 LE o]F vehich o]
wEje] gezlels duide] hsPAZE &l
Pareto &) RE ol ozt ol HEelE AL
slojo} g wEAE 20 oJst] F WA 2
o2 viehiith WA Gl G2& ol43led, & &
ol tigk o)l #3E AR 4 gl 3 Had
A%, 22 F AEF odate)] Glo| ojsle] Fast
. Bz ¥ae Hd K 2 H=2E R EER, F
ote] 7AS- AEF ik = G2 23l

K g oo @

At dme]Ese =7 adyels o w
£ Hao Widt ZE S AE s daelEe]
A A7 BAkxs 0@ M)el vlEte] 2 A7t
B g Rl aEh o]23 o ol ok %
L Azt BARE 8973l He o] FE Pareto
A1gke] o) cardinality wjFolrh v} Wk A
o] Achy, Pareto 3%He] | cardinality =gk 3
£ Zlo|r). dubdgoz dHeu|rje] HeFiaES] 7
$ e = 55 PA] @E AolH o] At
#o cardinality:= 100] ) oiA] wsled, gz
o) 10709 gaks AEspd ¥k AAFeR
Aord dElEe eEd T 2E ARR
BakslA]) ¢

¥ 7 e F5e wWEA oo E(heuristic
algorithm)& A7 4= 9lck A WA Fie o]
Agke) F cardinality & AZshHe Aol THE T
o} ol 50], Z2A|A postorders TEF F
o34l e]e] gl l-norm <AAhE H-§3la 1 Fho]
2 eAdE mole] d4E Al oEke] Algksl
daelEe] A7t Eng Fd 5 ok F HA
Z20] oya]ZL Pareto AF2] FHu cardinality
g Al Aol 2AHE T AE B, AW
32 e g HE 94 wejefe] viF A4t
& SR F 2 o] & sAMYE MAe g
& ZEg) o] A, o] AYH dEES oE
Al A7} EBAFE (polynomial time complexity)<]
O(LM(1 + KM) = (LEM)E 7RIc}. &, o] &
&S A Falg AR B 4 9ok
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1. MEx] gt 2HoliM 2ol cfst =iF
sax

2 oM Ao f8k] A Y=o L=k
ot A ks Aloks AERE A=A gk =
ol 223 Ful) FAe] o dae|EHE Mt
gk Aok mdox] 2AlR o)) wHEjel v
7re] Al gFA) AtEA] ke wHloxe
o] o)A AR Gt Wk o] EwldlAE &
A3t ol gk W ole] HE FA] ol o)
o] wlefel] of3je] Aufdsla] k= o]e] E{(non-
dominated gain vector) g, °ll Aol g}t F E
g Azoll ok olel Wy g% g, o ot
o, g< g, o] wWE g, 7 EFAR e
Ho o] W] g, & AuiFslA] ok oo wE
2} gk olA] o] waAlolA Pareto AF A% 74
£ A= ool A o) HY 68 ke 2ol
Relaick

G={ gil g.%& z,€4,% 4%
Ao e e elel W)

Hi G134} G2& AT A2 T WA 3]
o o] =l ol AYE Ao A 5
FH=N

Gl B ¢ 7} 4IRS 7 o @=o]d,
G={ gil 2,24, g,= 2,0 by}.

G2 et mA] Hzie, & /PlE 28l o
ZoIH, A7 u=1,...,molZ e, o]y I
G 7RIk

i

G,'={ gl z,€4,, £, Gy,
g,= gl( z,0 g.,),
g2 AugetA] b oo W}
2. ¢32|& 3: Dynamic_Programming

Algorithm 3 (Dynamic_Programming)-2 & &
o) Algorithm 13} wlsse] w3k iz} ole]
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root_gains ATt Hlo)Bel ) )3 s g
2] QA4 level, 2] HA e, 5 Y3 oo Ay G, g
E3get Algorithm 10] $19]9] 7bel] 22 <1y
57 Puks Pe = jhls AR Algorithm 3
o= w3k ALt

3. ¥IB|E 4: Tree Traversal

Algorithm 4 (Tree_Traversal) = A A A9
Algorithm 29} v]e8}e, 83 & Fslod o]e] A
3 G,E A= AHAH ZEAA postorderE 7}
Aok 283 o] dwe|Ed A7t BAbeel g9
719} 37 &l Algorithm 3] v)ale] %3}
=

Algorithm 3 (Dynamic_Programming)
begin
for all level;,l = 1,...,top do
for all e; of level) do
begin
if (ej = leaf)
then
for all z;; € nondominated(e;) do
begin
8, =%, O by
Gy =G U{gy}
end
else
begin
for all z;; € nondominated(e;),
all e, = child{e;), all iy, € Gi-14, do
begin
8i; = Lne1(2zi; O &)
Gy =G U{g;}
reconstruct Gy ;
end
end
store Gy ; into table
end
00t.gain = maXg, €Guupponesns I 81y 1)
end

Algorithm 4 (Tree_Traversal)
begin
G; = posrorder(root link)
root.gain = maxg, cc; (| &, )
end

postorder(e;)
begin
for all e;, = child(e;) do
Gy, = postorder(ey, )
G;=0
if (e; = leaf)
then
for all z;; € nondominated(e;) do
begin
gi; =2; Oby
G; =G;U{gy}
end
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