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Abstract: PGM (pragmatic general multicast) is a reliable multicast transport protocol, which runs on IP networks.
Because PGM standard does not include any congestion control scheme in itself, it can’t achieve real-time response
to satisfy the requirements of network and can’t timely adjust the sending rate. Based on the PGM protocol, a novel
close-loop controller, which is suggested to be implemented between the sender and the CLR (current limiting
receiver), is introduced in this paper to timely adjust the sending rate. The proposed rate control scheme brings the
source’s sending rate of the network to be stable gradually and has fast response. Simulations are carried out for the
proposed control scheme, and the simulation results demonstrate that the proposed algorithm has the following
properties: scalability, stability, fast convergence, and fast response under various network emvironments. They
show good performance of the proposed multicast control schemes.

Key words:  buffer occupancy; congestion control; multicast; PGM (pragmatic general multicast); stability
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T 18 91 € (congestion), fif 5 L, B AE S — I 2] 24 I 2% Hp 5 — 8 5 11%) 2108t O T % 8 U R A G P 451
B AR A e I, DUV BR %% 8 U AE V21T I TR P PR R T P28 AR T S HL I 4% 50 3% (unicast) . [ 3% (broadcast) Al ZH #%
(multicast) it F FE A1) 3 Fld A5 75 3, 0 48 757 s 2 (AR SCAS He A A LA 3 Aot A5 4 X 2 — SR 58 ).

Wit DRI D P ) ) 36, T 0 v S AL PR B R 0 4 A 11 g IR 12 4 TIRAE R R ] S B 7 AR B AL
1) R B SRR B AR R T AR U7 R S N Al ) e T, SR DR (RIS ) ] — A S R 45 4
JIT S S P B0 T SRR P BORH TR), S BT K B U AR A B, DN T R 4 S Al I 5 TR R R ] 52
S PRELTT) R FILE P T RN AR R 3 o (5l s o SLAR R 5, R e AR s 45 DA R %
HEHI L fe

ZH A% 2 — Pl R LA A FH 0 2% 9 5T 77 AR TR R K FE TP Wi 58 . — 7 THI, 7 IR T 485 110 T 4R (il i i
B A A% 1R 2 AL (% ER 2 ) 1B AT e 0, 5 ) T AN A P Y Y A 22 Ok R Rk e 8 DL g — T T AR A A
BRI LE AR T P 2% 004 15 0, (FUAE B A 4 3 P 10 i Jie , EC A B ) 1) 5 4 i) ) 0 0 R 5 1 0 ol oy 201 97
R FEMSUIETE 5 4186 R 53 by w20 00 ot 22 s A sOR 2 0kt 22 A 0 22 ok 2 A, bl e 41
TR 1 A RN 2 4% A5 3 45 O THIAT R 3R K B HE B BT B AT Internet F3E) 5 BB AN KT HL e T DUIE i 22 41 50 4
X 22 R A SR sz,

AR LAEARIE R PGM(pragmatic general multicast)ZH #5 W3S ¥ ml 47 e b (1) FE Atk E & 3% 07 5 9k AR 3R
ZVBSR T — T 0 BT B s ) 25 Sk SI I b 18 5 Y PR 26 T e, A5 45 YR i P A6 T e B T kTR E X FE R
BB T s RIS TR (Y ) S I ), S ARl G T I G AT S I R A R R TS Y % P L R AT TR BT R
HH TR T 8 ol 7 SR AE W) 4 9 0 45 K ) A AR A B ERE R BEAT T 07 BRI 7 LA AU T B I B R L
PRI PR L B B R R, I LA AR o ) R G AR L BT A G 0D o R BB W TR E R T R AL
D £ 11 e R I 1R 4

AICE 1N RGBT RS 2 e —F BT PGM 1 R A FR 90 e 350 7 &8, 9048 B R
ARSI T UE S T3 I 0 7 R PERE, 5 3 WAt B I ARG T B 4 1 S X AR SR AR AT

BHg.
1 RGHER

BT W24 T8 H H— R R A R 3% BT 1 (source/destination nodes) 4 . HH & 1% i i & 14X
P A0 i — R B ) R B 026 B R T AT A X % 30 A T R R R 3% ey R % W o 38 3 5 3 4. CP(control
packet) K HEAT 3 $ DL KIS TR R 5 IR A D00 38 HE AR RS A, 2 i 8 4 I e WA i R ik — A T 4 ol
FCP(forward control packet), t5 A1z ity 15 55 A 9¢ K 1% i (K155 500 . FCP. BIE BT 55 CUE B2 CYT i S R4 2 1)
DX 2% A FLARAR 50,77 2 — AN FH B 1 5 1) 35 4664 BCP(backward control packets), M i SPM(source path messages)f4
FCP 1) 5 A7 36 1] 5 328 i, LA AR A5 2 226 iy 17 A4 199 28 [ I 450, AR 2 Wi 1 Rl R BR A8, 5 W e 0 =4 Y050 i P A 326 T4 28 LA il
SRS AU TN T 7 (B L, B RS 1 TS () L Ak 22 A R G A R AT AT R R A

(1) AT S 1 [r) 4 4 1), 50 DA ) g B 1 25 B o A i

(2) W40 (A1 JE R 3 T 43 %1 B X [A] [, n 1]

(3) LB 43 ST AURE R B T s (B R 326 oty 1 A PR SO A (B0 B e ) ST R AR 1A R TN
B4R SN LT HL A 321 RO K B R BCP s (b AT 446 5 ARk 4h 3L BT %

(4) 3k w3 d5 3T 1K) 43 ST RN BE B SR R g, 3K e B R 4 ST R 0 IR T ) E R A AR Al
7(i=1,2,...,N),JX B, 7 Al 7, 35 049 A3 T PR 5015 (Cn SRAN 2, R DA JR 3 7 kAT I 3 A8 2 J o),

(5) FEANG S 1 35042 B 5 K 58 IR 45 (first-come-first-service, A FK FCFS) A Jit M) A% e A 380 1) 508 4

(6) 7 n W28 i N4y 3T I A 08 X, (n)  Hids ORI K, BAREIC N X, (X, <K,), & 30T
A x,(n) > K, JUFRIZY KUK AN ZE;

(7) 558 A5y S SR — AN JA T A AT DA 1) ) 4% 3% A B d A0 B0 L, B SR  ANYY al 4 B R K R % e R
(PCRYTE—JH A A i R St 0. 5
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(8) MR I& U B %A 70 SEW LT ER AR AT IR /N B HEFL RIS i < j I, 7, <7,
INEEL 1T/ I P 28 RS 23 S5 6 0 I Bh A G2 ol o A T LAk R

x,(n+1)=Saty {x,(n)+ R(n—1,)~v,} (1)
K,, x>k,
Hp Saty {x;}=1x, 0<x <K, .
0, x, <0
Bratches

Skl hoke? x(m)

sWidhaadn kP
Fig.1 The multicast system model of single node to multiple nodes
K1 BSR4 RS
T 94 2% e 40 2 22, A 0 ST A R B AR D% ol o A R AR AE BB BN AT AN K — e, T L 2 4 a(1)
()l B bk 2y AR L p i et
x,(n+)=x,(n)+R(n—1,)-v, 2
X AQYPLIEST Z A5 A
(z-DX,(z)=z "R(z)-v,D(z) 3)
Hh it X, (2) = Zx (n)z™",R(z) = ZR(n)z " D(z) =

n=0

2 —fET PGM B ERFRPFBREZH AR

2.1 PGM

PGMPLE —Fh BAN 3% 05« 2 AN RO AL D i3 e i ot ) 21 NAK (negative acknowledgment)[t] T
AL R AEFEA TP AL P SO Al L Stk T AR A nT S A8 PGML rp AT HT 1) 266 T B AL AR 3B SRS AT B iR AT T
JEPETT B, PGM A7 280K H (A8 /2 4900 i Fh 2 %8 T e ot S SR AN 8 P i 1w 8 2 1) S e AR , PGML 2% B 25 4% i
Bk 3 (hop-by-hop) i) iJ In] 1% 4, 2 4R K A 7] — A 7B I ST NAKs. R 748 S i3t Rl ik fT FCP A [R] 1) %
12, PGM AT H] —Fivke 2k 1032 045 & SPMLSPM. B85 — AN s #4534 PGM it #h 2 15 i Jn B3 1) PGM
R0

P52 PGM s #E 2 B A0, 355 11 28 42 1) 757 58, U 0 4 B8 7 5 FR) 0000 30 S AT A2 B, S B 532 I i 7 ) % 3 5K
TS T YR i A 1 TR U, AT TR PGML B LI AE U ELEE X PGM. 45 )L CP (1) L8300 I3 PR 48 e DA B
16 J7 R M 5 Ak B R 1) A SO AR AT R SO BB BT PGM R I 22 JR BT BRI 0 oS0t SR
[5,8,18~201, M & A1 A fie: SE I i = 90 i 5 226 T8 30 S XA ) 0, A SC 4t 9 07 R AR DR 7 PGML AT S it Bl il 14
AR I R b RS A VR DA v 9 8% 114 4 2 R U0 8 T A A ARk B — MR CLR(current
limiting receiver)®, 4% J& 75 CLR FIALIK U 5 2 138 47— AN PER 1K) S S R A3 (0 5 461 7 2. 60+ CLR (3%, 5
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(10 B R A B U [ —— 30 o B kB i s 8 2 CLRIE 0L,
2.2 R

XA CP IS B, AT I LA JL/ Mk (fields): 24 A 0132 55 CLR 28 b7 & (buffer occupancy).
FA %1 199 {5 (threshold) FH % 15 £ 1) )75 (identity ). 4 322 W it Jo) B P MO 21— A~ FCP i, B0ty 37 RIVHR Hi5 24 117 Y 2% 11
RV TIIEE BCP P 538, IR S IF (Y BCP 3R W1 208 (1 b 0, LA 4 75 9050 o i A I b, 7 88 1Y) 4% 410 20K
0, T VY 36 AR R Rl A D 8% TR 7 S ORE R It Y R ) 43 L S AL A A TR ERORE A T ) A AR R T A
O3 B LR S A 1T A 2 HP AR Y IR R 326 T R T R AL, B EL R TR B T 1) A 3 R [ B
P —A.
2.3 REHFEES TR

g T A A DL, AV T BT A R ST A AT U O A B B4 B AR AL ek e R 5 i IR BRI o o — 2L AE
FTAT 1 53 41 AP 35 B B dg /N ) — LA R LYY A CLR. S FEAE R IXTT /5 CLR Z Al i B i F i
)4 Tl -

ROD =+ 3,3, (n=2,) = %) + 3. b,R(n ) @

oAt R(n) 7R 5o e 16 T 6, g 2R 7 YR ity e K R TR 2R, X, SR BT A B9 b oy A o ) BEARMEL, « AV 435
FORMBT . CLR IR IE R H . a, B b, 421550, 1 R G A e P €.

W BT z A,

R(z) = pD(2) + iaf (27X, (2)-x,D(2) + ib,-Z"'R(Z) (5)
= J=l
B REVRAI(S), 381 5 0l 13

A2)R(2) = u(z=1)-D(2) - Zai [(z=D("v,D(2)+(z=Dx; - D(2)) ],

T N
Hodp Az)=z-1-2 bz (z=)=Y a2 .
Jj=1 i=1
BT AT s —41 CLR W i AT b B M a, =a, =..=ay, 7, =7, =..=7, =1/2-z. JTLL |
A A
A(z) :z—l—ZT:bjz*j(z—1)—N~al -z§,

Az) ==z [z +(1+b)z" +(by—b)z" " +...+(b, b))z +(N-a,—b,)] (6)
A(z) B g RIFR 6 R G0(2),(4) 4 E %2 i X (characteristic polynomial), ¥k 2 5 &5 1) Fe 2 k.
HTRAT R G RR wE E, BH SCHR (7], B AT AT R AE 2 IS (6) IR RS UL, 2 1+ b, =b, b, =...=¢,
N-a,—b, =0.H]

a, =(te-1)/N
{b», =je-1L(j=12,..7) )
RN (6) T LA 3]
Az) ==z [z +e(z" +2" 7V +..+ 27 +2)] ®)

SCRR[7TH CRUETT, 2 & < ﬁ JRT I AL TTRE A(z) (8RR 75 AT 58] DAY, L g 90 () i 306 3 0 T T R

2.4 H[E 5T S NE(network element) I {E
X HLBRATT R 7 S8 PGM P iSCHH 7], F NESIPT Js it 3R B S s LAAR o vl 7 e Atk PGM. i ey 243 ik 94 o
R E T MBS T — I KR R B NAKs 80—l e A AN T AR S 40 B B 5 AR T
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AT BRI T K S (0 B0 B 4% 7E PGM 5 T RN 45 8 BB A0, A 58 1 A NAK A% 33 10905 o, FoAth R B H21
F ) NAKs #4 NE i JE 5T ok I NAKs &R i), — H 55 3] NE HHAH SRR S B 0 Bk 2L 1ok B X R 8
Jr AT g% M CLR BEHE HSEBr b i T A s 22 U Re 0 s 8 1 R 16T 2 16 NAKSs, AT is2b T 4k
) AT Re e BT BL NAK I s 0807 2R AT W] 9 1t T L3 1< S 0 XU 11 A
2.5 EFPGMHETREFBBMELHE X B HEIE
TEAR G LRI, CLR WA Bl 485 HH ke, 20 9 V050 i AN 32 AT 1) 2 428 1 S50 02 R R 74 i ik el 26 IR ke, 3R AT ) 2 BA
I KR IE TR AT R A S B2 JE B i 2t T NAKs LR IER: CLR, I K CLR IS B S AN ACK
Halad NE ZR6 5 3R 0] 21035 i, A TATIZ AT 41 28 428 86 S0 R R 15 08 2t T 70 AT BT 221 194 4% 3 b 45 4 2 1 e
(), R AR A B 20,25 T PGML (1) B 2 21 341 2 42 o S50 o] W an F R A
RiHE A,
T ST B R i LA 5 DK R 16 3 2 e, T8 0 BT A PRI BRI U AR R R s
Upon Y 213k H LRI 45 551 CLR [ ACK #5515 &
i ACK ) buffer occupancy F threshold 2515 & ;
R A SC T B 43 0 7 S8, 0B — B 2 1) R IS
R 1 430 P 3% 238 3% Al 0.
Upon W E2k B H T 15 1 NAK #5145 &
L NAK Al E—IR &1 1) ACK M5 B, B B A f5 22 Hal g 7 R isc 8 R A BT i CLR;
NETREL
Upon 2 —Ak B H UM 4.
if BRI AL (FCP) /7] i Frg 2R 25
{
HE 24T 9 45 1 D% A5 BN FCP R W sk
STHIIE 4 K FCP 2 Rl 855}
else{
ST RAZ OB ARG A R G}
Upon B —ANR A I AU R BHE S
if eFE—/A kA CLR [ R B H ACK
{
kel ) L BT AU RO AR A )
if 5 — BUNa) AR 2 14> NAK
{
kol H T AU RO AR A )
else if %] NAK B4 2% 1 1~ NAK
{
AR A ) k)
EYuREE.
TEFTA A T b8 — N HAT IR 28 I e 0 IR # 1 2 CLR;
8 CLR HIAHAE B 2417 1 bufer occupancy Fl queue threshold %53 A\ FCP #4 #ilf 4= B i) ACK;
BT AR L ACK A S 1t 31 3G 1 3ife 10 e

3 MEXESSH

LEAG ELSEE (i 2 Bion), B — N ALH% K26 ik (multicast source). 3 /N 1 #% (router 1,router 2 1 router 3)
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T3 s R EE 1 4080 Receiver 1,Receiver 2....,Receiver 100,25 2 4145 W4 receiver 101,Receiver 102,...,
Receiver 200 12 3 ZH U receiver 201,Receiver 202,...,Receiver 300. A7 IR ()55 4% ZE IR 23 5] 76 B bR HY,
JLAR I 2 B0 B N SRS TR U T Tm sec Yo B K R IE M 2804 6Mbps, 55 1 41 F2 0 K 16 H0His 0. (1 28
H v, =2 Mbps (1<i<100), ZBASIEI B0 X, =120 Kb (1< <100). 25 2 W8 & 650 O B3 R o
v, =4 Mbps (101 < k < 200), ZZ 7 A B (1 B4 X, =180 Kb (101 < k < 200). 5 3 4460 R 1% 54 40, 1) T 26
v; =1 Mbps (201 < j < 300), Z i BASI KB4 X; = 80 Kb (201 < j < 300).

Receiver 1 Receiver 50 Liulticast Source Receiver 101 Receiverl 50

1 msec

Receiver 51 Feceiver 100 Receiver 201 Receiwver 300 Receiver 151 Receiver 200
Fig.2 Simulation model
2 i B

P - 3 28 R AR I CLR R IEAT 3 26 705, R 75 2 15 S A6 T AT 00482 32709 R 40 2 P e i i e B /N 1)
—ZAE AT 5 CLR, 20 CLR A &N s 1% 0 AR AL, I B AT LB v 1 AN i AR AR SCAE M 4%
A A K B AR A DI L S T ARt IR ZE P O R MEAT T LR

XoF T AR 45 ) 7 28 2 B0 U AU 485 il R R ATTRE B T8 R e A AT R G AN K 1 P AR 2 B3R AT L AR A
IR X B [1m sec,800m sec]PN, A5 1 ZURNSE 2 L HUT o5, LU, 58 3 BTy OB R A 48 Fh &5 4
A CLR 5 FUR S 1 A0 X IRAT B P ZH oft, Bl & = 1/16 (I RS FE)M & = 5/8 (f RGEAFKE ), 94T
07 B HeARE i 55 2 (7), 8 T T DAAR 31,2 & = 1/16 B = H1 3505 5 h

a, =a, =..=a,, =—-1/800,
b=[b,,b,,...b,]
=[-15/16,-14/16,—13/16,-12/16,—11/16,—10/16,-9/16,-8/16,-7/16,—6/16,—5/16,-4/16,-3/16,—2 / 16].
M e =5/8 IS H0 A
a, =a, =..=a,, =31/400,
b=[b,,b,,....b,, 1=[-3/8,2/8,7/8,12/8,17/8,22/8,27/8,32/8,37/8,42/8,47/8,52/8,57/8,62 / 8].
M 7E [801msec, 1600msec] i, 28 3 ZH 42015 AN 9 25 ¥ b &5 4 v b Is] 47 BB B Qn 6] 2 7= 4544, CLR 75 53
A NS 3 4 N X BT ARG R EM e (M e =1/6 M RERREN ¢ EI 0 £ =5/8 AT HELE.
& 207, I TR DS Y e =176 I 45461 25000 il ok
a,=a, =..=ay, =—1/300, b=[b,b,,b,,b,]=[-5/6,—4/6,-3/6,-2/6].
M e =5/8 B RIS E A
a,=a, =..=ay, =3/200, b=[b,b,,by,b,]=[-3/8,2/8,7/8,12/8].

D7 FL B 3~ 6, S 4R s R GUA E I IR 00, 170 1 46 3R R R AR e IR 00 181 3 43 ) R T eBCAS TR
I 2 475 9050 i ¢ 326 3 2R (6 1 i) AR 0 119 475 0 L HP 8 I 8] DX TR] [ T msec,800msec](e=1/16) A, 95 vty 328 7 1 17 L 2 126 3k
B 182msec WA IE M H L ETE 2Mbps, I £E B [71] X 7] [80 Imsec, 1600msec](&=1/6) P, 1T 55 3 41715 s A ™
28 CLR 7 i A8 A 5 3 271 a5 ity R 126 5 IR TR 4, 4F 844msec I, RIBE IS F3E A 1 Mbps. i 4 AT &
Wi, M e=5/8 I, REEATR &, ot 40 I B A 1) R 2%, T 30AE 14msec LR LR B ZE R 0.

Bl 4~ 6 43 5 TR T A BHE N0 35 5 1,101,201 22 AT & (A AT S 07 20 v 260, 70 B [ X )
[1msec,800msec](s=1/16) N, 55 1 AL SR IRETT £ CLR.ZEE] 4 1,2 e=1/16 I, JT 465 T 26 A7 15 2]
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Ko I S B B B ARUE, ARG E[1msec, 185msec] ] [0 Wi ki 2 £E 63.3Mbps, If] 24 R FEAFE (6=5/8)
B, 220 5 =AY 46msec B AR A 0, 1% SR 1R b T35t e 40 o L R R TR 0 i ) AL S LM e=1/16
I, 4% [11msec,37Tmsec] 3 18] A7 204 HEAR, 11 24 R 8 AN 56 € (6=5/8) I8, A [11msec,3 Lmsec] 1 18] 47 £ 4 HEAR AR 6

oL PR SR R 5 3 ALY RSB I I 25 i o A 0.

B

3

The sending rate of multicast source (Mhbps)
i

1 i 1 L L
400 500 600 000 1200 1400 1600

time n

il
0 200

Fig.3 The sending rate of multicast source

3 LRI I %

140

=

1 i

: (\

z

5 1m0

= 5= 1416

‘; \

2

= &

E

) | :

= : : : : ; :

g : ; :

] ! ! ! ! ! !

s @ ; ; ; : : :

FoE L el \ e

2 B : i i : : : :

S P N
I L L I i i i

0 20 400 600 600 1000 1200 1400 1600
time n

Fig.4 The buffer occupancy of multicast receiver 1 (bottleneck node)

4 RO R 1M s g b A i

N

e=1/16

12NN

i)

The buffer occupancy of multicast receiver 101 (Kb)

i L i i L i I
0 200 400 600 800 1000 1200 1400 1E00
time n

Fig.5 The buffer occupancy of multicast receiver 101

Bl s BT AT 101 gz A7 i
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! ! ! ! ! ! !
= : : : N ! !
el : : : : i : :
g s s s s \ 1 s
§ 70 . . . ' : : '
H le= 106
o . .

2 &0 i h
] | / '
= 5@ : : ‘
z W
S ; ; ;
5
g
530
2
g
g
50 : :
5 | s=58!
E : ‘
210
2

a

i L A i L i
0 200 400 600 600 1000 1200 1400 1600
time n

Fig.6 The buffer occupancy of multicast receiver 201
Blo #5201 L8 5 &

7E I 7] X [7][80 1msec, 1600msec](=1/6) N LS 15 A CLR 25455 3 AR A 72 4 b, 4 e=1/6 I,
TR B WA E A 1Mbps, ' BB\ 51 1 A7 $45 40 76 [803msec,95 7Tmsec M M HERL ALK 5, M e=1/6 I LA
[814msec,842msec] Y] 1] A 41 b A Ee i (0 HERL AL 6, RO eI TR) 55 3 40795 )T S I N W0 4% 0 2% o o o A
843msec I FEETE 86Kb. 1M 1/ KL W W] RS ANF 58 (e=5/8) I, 2 1 oy A s S T5 gl F A 0, BRI ANF 58 I S 40 ff
AT BT S ) 5 A AN Rk e BB 22 (0 1 2R G A IO S B0 A6 B, T HR AR i SCH.

AN EA 075 2045 A R, 22 sHUME A 28 GEAe 8 I, 70 IST 1) DX [8) [0, 7, ], 2H 47 36 3 42 e R R 16 T 3 i) T 486
I8 BT 0, (E K BB B R B 73 SO R IR 2T RO G2 A R ORI TR X (7,27, ]t T )
W RERE G CP 32 A i R B 3 A 326 i, DR bt 20 408 A 326 S A% 2R i G g Rt 2 i e i) 4 i A 36 5 0., 00 6
WIFURAE A 73 S 15D P X HE B SRR AL B AN 23 ST i HOT i A Bl WS 25— 7 ZJ5,CP 453
AL A 28 3 AT AR SR BB B A AR w45 TR T 6 0 A3 Y i AR A3 T A EAT A Y B I ) R HERS %
AN I3 S KU AH SR R WA L o (0] 5 AR A SR SR Ak T L — BURS ) AR 9 5 RO Y s AR R I
B AGE RATT U G X A B I T AR T A Y R 2 e X B PR R Lt TR A6 A, g2 i X
IRZARFFAE OKDb, 4 R GEAE JiT, Ui o 306 1 4 b5 L R 326 T A4 R 48 7 190 9% 4 b 45 ) 2B AU I I 428 o g 6 g o
BILEFE CLR, I KN 1 Y5t 126 T A AR 48 T BT A

NS 326 T 4 R R DU G o oy A PR R I 0 A5 5 T 5 LA, T AR, R GRS E I (& = 1/16 A1
e=1/6)IL RGEATEIE (& =5/8 ) TAFHI M 45 PERE. 1) HL AT LA AL BT s o A Bl a ] BRAF I, wT B

SRR SR8 i ik 2D R A AR 1k e B 25 AR X AR R I T A i NI T DS B e 4 e A I R
SR T T P 7 58, 5 v i o A

4 & it

ATCAELRAE PGM ALAR W0 RT3 R PR R SRR b, 55 YT — Rl R4 28 472 1) 077 S A I It 8] 4% Yt i ) A 128 3
AT U A A6 AR MRS R I G b o AT R T REUE O T S U ST B A IR AR T AT R
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