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ABSTRACT

We consider the synthesis problem of a traffic control scheme based on conservation laws. In the queueing literature, conserva-
tion laws have been very useful for approximate and exact analysis of delay measures in infinite capacity buffers. However, little
study has been done for applications of conservation laws on cell loss measures in Broadband network nodes. In this study,
we characterize whether a given cell loss probability vector is realizable, for a Broadband network node with a finite buffer size.
We also develop a dynamic buffer allocation algorithm that satisfies a prespecified cell loss objective. The synthesis problem of
the proposed algorithm was studied as well. It is shown that the proposed algorithm is optimal based on the criterion given in this
paper.
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Wl 42 e (" 2 FF). (€ FEIG 24
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Fig. 1. Queueing Model for Traffic Control in a
Communication Node
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Fig. 2. Typical Priority Control Mechanism
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Fig. 4. Example of Total Number of Cells
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de) 22 o 4 FF 19 4F Yojye Yo
Ao, o8|, P, (p)e 59 id d@ A9 A &
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Fig. 5. Achievalble Region If Cell Loss Probability
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A 7% A9 (achievable region)& AA3A "t
ol (F44) ARl Tl tstd {244¥(hexagon)
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Fig. 6. Achievable Region of Cell Loss Probability
with 3 Classes
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Aot
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TEAFZL AG B3 9 AL S AN 98 o9
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b. 3 vH gg Lu2F
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A71AE ofnl AN &Y AF(2)e] M A%
I, 9 AdNe 4 vy €9 ¢adEd AU
% a2z 2 $4 gaEe F4¢ geME Aed
o},

AW Fo)A 4 &4 BE e=(c,,)F QAN KA.
BAE 1 EEE BEANE (B, g(p)<e® A7) 9
%) 34 pg e Aol $e BE 7} 1Y
78] CH3 Zol WEH 4 Az sHg ok
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A 38 p,@ MEPt. 1 M98 FAL A busy
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Fig. 7. Policy to satisty the given goal for cell loss

a9 &uE &, “initial basis” #A(2.11)8 &
22, ®2x9 A% =229 (LP:Linear
Programming) W2 A&3M 438 4+ U o
A AR EdY Fgo] daAAM, o EAe E717}
folgitt, 2@ 79 AE AB Hole ¥4 HE £
Aepy] g &ell, FoH B e§ wEde FPNA B
Hgo] 2AFPG, Gg oM H Fg AFste, 19
oz, $oi 2 QOS UF A E HAse, A
FHAE AN, F, fEle EHe ohdE: vEFde
A dnEE ol ol

£, (p)<¢ i€1{1.2) (6)

5.2 84 wm gg fuBE

(Dynamic Buffer Allocation Algorithm)

24 4xn2E¢ 984, fele AAT A" AF
B AN Harh A FEE AHAM F4T TR
o BEAde dad FFFN dadFd ¥ (conver-
gence) &£xdlxn & ¢ Ut HAxAe gz Fed 9
o TiidHe eEds=g Ay #AHY, Ixe daE
Fol Ry mevlelg duiy #E QAL X
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I BN gAY E 2R

ATM B4 e Foid dde 71 #58 F
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7b ek, ole] #AE MM, o] Yt &S
Azt et

71, Bde WA FriNe SE disiMw
gt 2 71EL ofgle] oz FHEHEY

min  max g (p)
}2 1< ¢ 32{ &; J (7)

4 (D9 723 24 (6)9 713 e ofz
Nz 948 ¥AE AUz ok

oJ® work-conserving %

1. 71% (6)& HHde
9, 718 (g HEse 34 2@

ol EA) 3}
(6)E TPt

2. % 71 (M E NE2de FHo] 711E (6)F UF
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T o]& TEAY £ gl

3. 718 (M€ A% HAH9 F A (optimal policy) &
2o YR 4o T3¢ $AHoz mPem
A, “FHA" (fairness) & Fo g

Atd daeFel A1EAQ AMde A7 89 A%
< AAEA, N EHE “Hode AT AFe o s
2 se Aok, Fo FAHez 7EdM, R(ODE
AlZE (0, )W AMe] 57 i9l A £4EE HF
o a3, Al telA

s R
= "

P (8)
g 57 io & “$4 A4 (priority index)2 F ¢
gk 4 (8)ellA BoFe 3 o] o] $dR e
gL 12 F % 33, FE £ U 8 =294
A dneFe o Afd dig, 4 &4 WA
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T
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A

TEYE AL
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oz RYEY £ vt
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A7 NEE, t)5 (4, t) N AHASY 248 57
o] AT 48 AMBL. N, (b t)E (4 t) VAT
S ASHAY £NY 57 i 459 4§ ov)@,
2Bz, 1 Axde $5E BAgeRN, AAZe
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o] AoMe ¢ndE 19 3 e difN ¥4

e

5.3

[T

& Poh o] EAe 4 &4 BE ()7t 1E (NS
BEe AEg RAdEY
&7 o] Aot
OB £ Pi(t)—Pyty), w
a _Ni, by L
LR &N, ntien ” 1.2, @

4 (12)% i =1, 2 o Baked os gol He
o,
@ (k)=#,k)-#,(k),

“o] B" (drifts) & ot} #& 7ld & (Expected

Value) 2.2 Aot}

DY =E(0(k+1) | &(£)>0), k)
D™= E(0(k+1) | B(£)C0).

S7 i7l 389 k busy /13 B¢ & 4 $4 &
#E€ X busy 7139 & Nik)etzn &z,
t}2-2] o)Al (proposition) 144 8 (k)9 N;(k)9ol =
{limiting) BA7E AGA B2 o5 2zt 7
¥, #4 (13)eM9 olge FgziE, o&H
#e 7t 2P S L7 AAch

1. 6(k) > 07} IR A%, &, olH busy 7ILF
¢t BH 1o & 4 A 47 FoR A%, F A
9] 7bgAe]l Utk 1) $F 1ol t¥ ZAH(decision
point)olA ¥& +H ¢4 € 74 A%, £& 1D 8
27t g2 $4 &8 M AL

2. 6(k) (0% A%l LY.

a3ez gy 2 A8 73,

oA 1: d7iAel N2 wiukd(mutually exclu-
sive) 7bgAol EA ¥}

i) D>0.D)0: o Ffedle lli(gie(k)/k =D,
i X-J a1k

limN,(k)=c0, limN,(k) ( oo,
ey oo

(i)Y D <0, D)0 o] Afele lki_x.ge(k)/k = oo,
a8n

llle(k)=°°, llmNg(k)=00,
k w0 k—rc0

Nk D . Ny(B
I =T -pr 23

—-D*
D -D*-

(iii) D' < 0, D = 0: (ii)9 A% L%,
(iv) D=0, D~ < 0: °l Z% |im6 (k)/k = D,
e X3

mN (B ¢ oo, limNy(k)=co.
ohgoll oA 19 718%H (geometric) V& Hd

g, oA dxnEe A YHE Aoz 49
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W) D50, D)0:o A%, 28 84 HodFg
uheh g e ofFe] gle}

a8 89X HoFe wis} o], A9 [ (5, 6(k)
> 0)ollMel o5& A EE #atol doldoh A9 (14
Ae, I olgel A GE AN BTG 1, &
otF O AFE oA A o dAEH, s §F

> ¥

i 19 A €4 #g

o

J8 8. D')Y0.D )0 4Y de oF
Fig. 8. DriftswhenD' )0, D' ) 0

TH 29 4 &4 ¥

4

Tu ol 4 &Y ge

38 10. D' (0D =04 W9 o}
Fig. 10. Drifts whenD' (0, D=0
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Fig. 9. DriftswhenD < 0, D" ) 0
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BX/ANY FAY = Y & de 4 &4E R FA vy ¢F danFe] PP #@ A7 89

4 #98 7HAA Edh

(ili) D' <0, D =0: o A%, 1% 19 104
HaZe uig Aok, F §9 257 29 AeAY 7@
W oee 24 £48 /A 89 28AM, i)Y A
o YT AEE A

(iv) D' € 0. D € 0: o] A%9] o|%& 2 119
AN BeFm gk, yelAs Zol, AY [eA ol
4 E€ A doidd. ey, duidd ojFe A
9 [1d) UA € Rolth. A )4 o5& H GE &
HA AP, YA, FF 27t FIHeE g 4
#9498 71AA E Aeld.

o] Aol nixlgto g FAaF AIe d& F MY A
o]t}

ol 2: ¢418E 1€ ergodic A12"E YA,
o4 3. gnAE 12 71F (Mo st HH (opti-

mal)elct,

oA 1, 2, 283 39 A FHE £ 26 7leso]

18-

5.4 E

£ =X e BE YAd 7123 EdY Ao Wi
o] ¥4 EA(synthesis problem)l thalA Asf st
o4 &4 B uF BE PIHE A, od
Foix 4 &4 QOS 87F Abgol ol Wy Wi ez
AAE F A9 R B3t ATE AU} Ed
o Ao W2 7 EdY FF dol@ 4 &4 87
Agg o] $BTh. of| FojF A &4 8T EESH @
Z9 £ e A%, 2L nEHHe FAHQ ¥¥ g7
FuEE T AAEUG, B, 1 &4 8F =2
< WE2Y £ g AL, FHIAT 48 FIFE A
g, Age LzAFY FaY FHE A4, AA
Astel 288, FAF M6 di@ ZHY a3 3
Aozt & & Aok, vAge R, AMAF dmFo of
3 A Yoo A B4 FYHAT

E mgdA ¢ ¢nddEe Hy ¥ A9 7
o wale ML sy, A A olde FF W
HNE Ago| sledch, Fdd FAT k=9 EY F
F AlojdlAl #atol] gl DQDB(Distributed Queue
Dual Bus)2l %4 EA9 2§ Hsted & =&
A Agd dnElFol AEER Aoz Jidigd,

Aol AT d7e g2z AFAAZ Yo} Ut EF
EHE A 37 fdd, £ =8N e $4 A+E
busy 7Izte] &7)e7 e EH dnyEFE A
At oy, o &AL #AHvariance)® © ®E £
458 HAe dnde HY8 Y= et

* 5

olx 12 &Y:
(i) ¥A, 33 2t 54 189 £& 4 €48 7
A€ busy 71t F71 e A& FPEH. &,

klig’lNz(k) { oo, a.e.
ol @A+ k7t F7hgel ot Ny(k)7b F7igez

ZAYY. 5.38AA A 6(k), Plty), F)R
8 (k)s] B9 & AN, ©-§3 o] I,

P,'(thl):P,'(tk) + fj(k"‘l), =1,2 (A1)
adan
6 (k+1)=8 (k)+6 (k+1). (A.2)

4 (A.2)% 36 gen go| ¥4
oK) = gﬁl o). (A.3)

4 (A.3)€ Y& B Y2 oA 29 ofg
Zo] g9,

k= 2 o(h+ X o). (A.4)
le E, la E;

714 E,, Epe oteish o] Felan.

" nFE kel grel Wi,

E(k)={1:1<1 <k, $F 7} busy Alol& 1%
e AN 4 € 7M.

¥93, {1.2, kI=E (k) UE,(k).

ERrry
k) . Ny (R 1
ek ey A ¢ WP I U w5
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k No(k) /2 o(D.

€ K,

+

5.389 Ni(k)ol o2 8E, ofefs} o] Hr}

MR | Np(R) _

F& Aladlol Hod HE F(sample space) &2
Aestn, e AldES A

Q={w e Fili[gNg(k) = oo},
Q={w e Q:liggNl(k) { oo}, (A7)

Q={w e F:lmN (B = =)

tHeell P(Q)=P(Q U Qy)=07t ¥& 73,
Qe skl limN, (K)ol 2.2, chg3t gl et
MR N 1 2, 00 =0, (A.8)
a.e. on @,
aln 4 (AL6)2.25E ThEF ¢ol HES Y
F A

m—

. Np(k
llrg'—zle(—) =1, a.e. on @, (A.9)

=9, o8 2ol ¥
PETJW,?E,‘”(”:E{‘”(”'@(’“) < 0)

& . (A.10)
=D, ae on@

2 (A.5), (A.8). (A.9) % (A 10)RFH, oF
3 o] ZE&L UE + Uk

,],"2—(%1,& =D",a.e. on Q, (A.11)
a2, ofd Ky(e)d WA,

6(k) >0V k)Kiw, a.e. on @ (A 12)

5.38°4, 8(k) > 0 ¢xd 1°] §F 28

1234

s
o

o +4 €948 FE A& U a4,
A 12)E §3 28 @A #¥@ 9 AGE
TAE 7K Relth. &, HmNy(k) € o, o2
Al P(@)=09& 2w},

ool Y ol WM mAfRA. Qo N
o, LmN (k) = o8 mN,(k) = we|22, tg3
Zo] @t}

1
(

£

$oHo 4y ofn
2

i

U S =n* .
iuﬂ N,(B 12 o(H=D", a.e on Q.

€ E
im — -D (A.13)
lim—r gy, 2, 00=D", ae onQ

& 0

adez, shte) 1AW &) 00 s, e Bo|
oo,

1
No(k) 1 & E,d)(l)> &

1
NH 12, 00 > &

V k> K{w, ae on@ (A.14)

4 (A5 (A 1923, et e 2EL
g & Yok

6(k) > key ) 0. vk ) K@), a.e. on @,
(A.15)
T4 (A 15)2RH, P(Q) = 09 g FHrs}
Ze e P(Qy) = 042 59 £+ Ao 23A
°2, P(Q =0. 2822, UmN(k) = =,

l1(1_.r‘§N2(k) (o, ace.

(i) o] Af) AN, F T8 2571 Pz
e 4 &9 /A €€ FHAAG. F,

1i{2N,(k)=00, lip)Ng(k=w, a.e. (A.16)

WA D (0. D)0l tsia) gzaust. of 3%
()9 ASAH ALY FAR PHez, 7 (A.16)
o ¥ ¢ 4 Atk

D=0. D' ) 08} Aol dsidE, $IE A% A
8 71¢AQ F4o asl Boh FWLmN, () <
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H/FUY FAY =SelN Y 4 e 4 48 % T4 v ¢F dndF FY B¢ A7 9

w2 FAA. o AR GAsE, TF 10](SRte A
i) & £98 A 2 Aol
29 Liminfe.6(k) > 0.9 22, B8 TE
9% 9o
01 60 > 0) S D=0, @ 0% 2R
2.
a9, (12.theorem 8.3.4]12%€, $8&
liminfi—. 8 (k)=—c°] 2&dE& ¢ & Ut 2%
24 (A.16)9] D' < 0. D ) 09 o 43ech

AF%H

limsup,—. 8 (k)/k < 0, a.e. (A.1T)
o -

liminf,—..8(k)/k 2 0, a.e. (A.18)
O REZRH

Iki_zge(k)/k =0, a.e (A.19)

d& F9slax g

e 6(T)) > 07t He AL A, T8 6(T)
< 07} BEHE TyHG 2 Ao AL Tyg 6(TY
Y 07 Sl TRY & g AF, 2 ol fAME
A A4 Bg doim &z 289, dutFder g
3} o] g},

Ty=03m S 08 VFEE Topp B0 & A5 FF.
m =1,

Tomn=8 omey ) 08 TEFSE T80 & A& F+,
m 2 1.

%2 (A.16)22%8, Ty Tomn—® a.e.¥& @
e.*—g & olnd, ®de] wad g3t ol Fo g
m' Tom. 2AE iol Wiz, B8 ¥F (@(!), |
E £ E(r)e $9%n SY¥3 ¥£X§ 7120 o

-

2o,

" O(z,,)

mln;lﬂ Nl(rm)
2 o DI O

= Lm {€ E, A £y IN(r)}

m-roo N](rm) N](T,,,)—l
(A.20)

Nl(rm) 1 + -
NS }—D D™ =0

0 = 6(Ty) 2 #(Tom)ol7] W, +4 (A.20)
og23e ohgs 2ol ¥

lim 2~ X Tym)

lim T,y =. (A.2D)

Bl &EHA g FEE £ UG

lim X Tyms1)

) m—m—D_— D™ =0. (A.22)

oA ol m = 0NHA Thpy { k £ Ton® A%
fuxt, ¥ A (BF A)E FF 1 (#F FF 2)9
e $4 £48 JBNE busy 71Tl B3 2
H9 thE3 o] ¥4

,eAI@(I) 08 KTome) | ’EZEld)(I)
k Tk k '
(A.23)
ik U
@(kl____ 9(T‘Zr!ﬂ'l) + is Ava([)
k k k
2 o
_N(Te) | s
k Ni(Tom) (A.24)
e,
9():) 9(T2m+l) z/‘AI@(D
k
_ ZIS E.a)([) (1_ Nl(Tgm)) ZIE E,w(l)
Nl(TZM) k Nl(T2nl)
(A.25)
&4
e £,
lim ————5—21\',1(% D _pr<o.
(A.26)

3} (1-Ny(Tw)/k) = 0°]7] W&, &3 2 kel
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Wated, =4 (A.25)2%H 3 2o "}

(k) < N Tymi1)  (Typmsi) 4 Zie 2,000
3 ¥ JAE ) %

Z[e Elw([)

- NI(TZm) , (A27)

Tomt1 C & S Tomia

A% 49 TE kB FAHE ¥4 (subsequence) &
SRRl

’IE(Tl,Tg)U"'(Tgm.l.szq)U“' (A28)
4 (A.22)8 (A.2T)RRE, o3 2ol €t

limsupy..8(k}/k < 0, k€ T, ae (A.29)

T YA, 6(k) < 00122, 4 (A 1NF
AEAE § Ut BFY (A 18)L ®l=@ o=
Fesh "do

+4] (A.5), (A.6), (A.13)F (A.19)27H 9
o AkE suvd, g3 2ol drf

. N DT
m—= =
(A.30)
AL —-D*
l‘ﬂ_ik— =D ?D* a.e

(iD= (iv)el 3+E v&e PHez 398 5 3
o oA F9E @83y dsd D DY y#A
9 ol A$E sHedA dvhe RE Hojop ¥4 o
€50l D)0, D (09 AF dste nfra
otefg} o] HE& FHY & 3T

D)Yo=D (0.

8(k) ) 0olzz, ZnEld 12 kA busy A2
% BF 1(ZZ 57 DA & M €98 FA
g, r(k)(ri{k)E a4z kdA busy Alold ¢
F1(2)e] £& 4 98 742 do 4 &480
2 &k 29, ogel @Al AP

oo

n(k) < nlk),

ro(k) >y Tl k), (A.29)

A714  a ( wbe HE EF a, b Alely BAAQ
2EA 2 £ (stochastic ordering)elth. oAz
+ev dale d0E 2% 24€ 4 deH, ueAg
olf T ATk 7tedA Athe A& HAE £ Y
o

ox 29 BH: fele & FHHA o} @t

h

s

‘m&i—k—i(ﬁ=s.-(ﬁ). a.e., i=1,2, (A.30)

WA p, 71,28 §F 7} ¥& doluirl £ &9
g 7t e AHoe &3, mi(k.p) (&% milk.py)).
1,2, 8 34 p (%A p)FAste] kA9 busy 7|
e Mug de %8 &, R(n,p,) (F#,
Rin.p,)& AR p (A7, p,) olfelMe 57 i=2%
el n¥A busyZi3 Betel A &4gojgt Foldnt
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M) 2 Zomllp)i=1,2, (A.31)

& A4 p, ol HE k busy 71T ¢ MEE
F Ao 42 AAgrt Mk p)SE RAEH FA%
& sich
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i,
488 BatE Aol A,
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g&od. &4 mik.p) ¥ mlk ple, £33 ¥
HEFE 717, BYstn EYPAHQY REE e #E
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e
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13 Rtpy ¢ Hholktlo)
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(m z R p,)).

(A.32)
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e <1« ——————;——':
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—g <1<« —-——F——J——

(A.33)
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k
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_l(z_.p;)l — 1' a.e. (A34)

ZE kol tigted #7e] A}, FAA
= fAE o F9E & gl
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2D _ Dy e 4 1e AAARAEY T H
2.5 A0S A A 2R

(1) 4 Jo] WY 3 FN 4% EGE aAUeh(2
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54 B (3 6 ()/eop)/)E 3¢ + A A
2 FGAS @ 2% A% o 34 p& 47 &
A 2Ed ofde BAYel 4Yth
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&g ' & &

A714 pee ¢RE 1€ H¥se FAEL o).
fAre ez J¥ EF3Y HEd Ag ARG of
3o HFAEE FHE € & o
(2) A 1°1 Ad¥ EGE mAsA oidzzm (149 8
J 24 E7F A ] EAed. o A
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AddE frosie
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