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ABSTRACT  In this paper, in order to develope the transmission system between the remote subscriber and the
central office, the hardware and software implementation of a SMUX( Statistical Multiplexer) which can interleave
eleven 16Kbps D-channels over a 64Kbps B-channel is obtained. As a result of this study, the high speed data tr-
ansmission by the use of a dynamic buffer memory management algorithm for statistical multiplexing is realized.

Especially a software architecture for interruption is proposed in order to improve performance of the transmissi-
on system more efficiently.
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Block diagram. of the ISDN remote subscriber Multiplexer.
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routine & & RxCCPUEﬁﬂ} RxSIOE 3l abort
sequences Z15 8IS Hidollut 4t

Aol BpEE ol %EE")"J HHBEGRE vHER =
288192 flowchart$ 28 9 oll4] viehiar 9l

Hf. Error Recovery

SMUX 12l error recoveryt+ 64KbpsZ (&
EE s SMUX 9 #if5old dold 5 Ue ®l
ole} el o] HES Bl sh7] Bl #FEs 2l
t} o]2{3t error recoverys £ store and
forward A& Ao 2 3lo] 64KbpsE dl o]kt
2 Bl XEM dlolebs 515 sk ZA5H ol
512byte 2719l Zalql ##E £& TMH F
olet, 18] SMUX Rl i Zal %2l con-
trol fieldd 2310014 vtebd 2 Zo] Tx
frame buffer No. (N(S)), Rx frame buffer No.
(N(R), set-up received bit, error received
bit 2 K% At o2l gt control field ] A
o FEEE SMUXRolARE I E 5 s 28
EZo|7]= bt 27 2004 viepd upep Zol
SMUX+ LAPD interface® %-E| %{5% data
frameoll 4] flag field®} FCS (Frame Check
Sum) fieldE 443 v #] address, control,
information fieldoll & &3él+ datad SMUX Da-
ta frame? information fieldMol el & W%
slo] f%slan, Ff5% HDLC Mg Zalde
t}A] flaget FCS+ #2 address® control
fieldS B L3k kel LAPD 22 & E 2d 9
HE R, By = o eh7t demultiplexing & o] it &
ol chA] flagel FCS7F oM {#kelr] «lF
o) LAPD Z 2% interface Aboll3= o} ¥l ¥

110

W vz A} =3 olld control fie-
Id o] MK Y-S 64Kbps 2 @ %S 5471 4
sl 4 TxCCPU % RxCCPUZt ‘®F¥ HDLC i
EHAS (R 58 Ritslof & oeizba]
B 2] control frame®} data link 2l Zpdo@E S 14
gk skod HAMIQ Hifg ol saEsl= S shedl 2l
t}. Control field®l 7484 & Tx frame buf-
fer No. = Biff ft5al ololel 22alql o] i
oo ol frmisl eis o] &5 7bAled, Rx fr-
ame buffer No.oll& error a8 EEAE
fB§oll error received bit3 setA|7|iL Z{FH dl
ole} & 99| control field Well Tx frame buf-
Sloidl FraelA Wk, webd mrel %
fz5 dlolel Zalgl 9 control fieldoll 4 error

recovery received bit7} set % 74% 22 51|
2l FEWS Rx frame buffer No. & PIOE i
af RfEumol BoHar EfEdkol A+ o frame buf-
fer No.oll & #dhe Xigei# 3 F¥ dlojg} £
a9 & Ak A7t

fer No.&

7 6 5 4 3 2 1 0
N(S) 1 N(R) I s| e l

N (S); Transmitter frame buffer number
N(R); Receiver frame buffer number
S:Set-up received bit

E;Error received bit

1210 Control field | T4
The bit format of control field.

Set-up received bitk— SMUXfd]oll FH¥HE S-
MUX ] #3EMRAES 0 sk ol fREkel ¥
ﬁkﬁm;‘ﬁ- Aokl FIF S SMUXE %

ML dsFLol bl 64Kbps XEfE R o St
04 flag, address, control, FCS, FCS,, flag
field2 HERK 5 set up frameS MM A {HEA]
71}, whebx] SMUX S RxCCPU{f= 64Kbps el
e FHEHE SMUXE ¥ A% set-
up frame ZfietAlEd o] T PIOS M
& TxCCPUM g srelct, zelwl TxCCPU v
z} Al o] {0l set-up frame?| control field
Aol set-up received bit% setA] 7] {d#ighet,

2] 3l set-up bit7} set® control fields Z{i

STt O
ZAG i =
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# X /ISDN DA %ELE B Hith SELBES WHol W Hx

3} RxCCPU#+ TxCCPUEHo set-up frame
o EH%S FoslsE s HWE deld &
7| Al 2 Eolzteh o] el ZfEsE

set-up frame-Z information fieldell % 3sl+
Wl ffEsa gomz MCPUME AsixA

L ool

5. MEEST X EE
7t REHE

SMUX Al &® o] thegS MBEsH7l 33« 16
Kbps& dlo|e} =& 9l-S HEf5 s
lator board® #fEstsdch o] test boarde 4
~257byte 2.7] 2| djole} Laldl& A 8f# A
Al A A BET 4 dew, = ZfE
g dlolel Zalelel Hojzt FA 25Tbyte

ﬂ"i o] sz Q) mha) {5 shod v Fof] fPLE + AU
=2 FitsE et

o| test board Xf5 {1l H 1w
% MPCCe Zfadma #Missh 11ff el MPCC
o) L(ZHS test board® FEME AFA#Hct
2elal SMUX 9] 64Kbps 2% -5 {508 digital
loop back F4HE 2 #tf53te] test board® H-H

test emu-

i SMUX S #

L E dlolel Zal9del SMUXE #3 multipl-
exing $lo] 64Kbps & ks, 2 {#HXH dlo|
e} =Za|ol g b SMUX7} "relA demultiple-
xingsled % MPCCZ ifisl 16Kbps® i shx
2 djgdov] 1% & MPCCE fEEE A
test board7} Zf5 kel HK{E T dlelel Zalla
HEck ke g IR sl 2’112 SM-
UX MEEfES 53 ¢ A9 vepdia ol
c},

Lt MESHER

SMUX S e HE S test board® FE 1%
£ 5= dloje} xagle Aol @i@sle o ole}
Zolel g, SMUX2 Dy AN B 5& #
ftA 7 7 ATkt &, dlolel =z °u‘91
7ol 4~257byte, M Zad ] HE 1
DA AN e 1~-11HE Uﬂﬁk“]9]‘j§‘1 4
{5 =)= dioletel 4§ ifES AEisialon of
ol o]e}b7} SMUX S H15soll A digital loop back
5lof thA] test board® F|Fo} & WAEE test
board7} {58 dlolele] MRESL tEgskaict. K
e ol #5R S sl of g K29 2ok £2
ol 4 Error#< —gi) o2 BERE ¥ 4|5 ojof

2,

r\ S
: SMUX™ =~ _ -
' ~ ~
Test board | 7(
! 1
montte? ' | Tx ccpu | | 64Kbps
3 Mcpu part |
} art — | Loop back
I P Rx CCPU | |
Rx part t <] part
16Kbps ( |
T I
' . |
' :
| P
| —_ -
B —
S18(11 SMUX #ERE KSR System

m
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H2 SMUX 43z
The result of SMUX test.

sZ g 4 RSN Q)¢
Mg 7';!—‘ " Z}‘T 5112‘ I)%ia]‘éu-i Errvor &

1 4 byte 4 6 0%
2 4byte 4 11 0%
3 4 byte 8 6 0%
4 4 byte 8 11 0%
5 128 byte 2 6 0%
6 128 byte 2 11 0%
7 128 byte 4 6 0%
8 128 byte 4 11 25,
9 128 byte 8 6 0%
10 128 byte 8 11 30%
11 257 byte 1 2 0%
12 257 byte 1 6 0%
13 257 byte 1 11 0%
14 257 byte 2 2 0%
15 257 byte 2 6 0%
16 257 byte 2 11 30%
17 257 byte 4 2 0%
18 257 byte 4 6 0%
19 257 byte 4 11 85%
20 257 byte 8 2 2%,
21 257 byte 8 6 5%
| 22 257 byte 8 11 90

%47 A A3 error ",““d o 7t ZAr) 1008) Al el 4
error 7} 2 gy 3)5E R L}'F}'LHMO.

sht A WM e Zad) W2 HER A6
A7) wi-Fo BER #iliZol Zatstoz "4 e
A error Za|] 9 vl ep )

Lid BBRERS S K08 Bl AhsE
dlojefe] Follv ZA @8-S vz ¢toy £ A
Aol FRge] o o|eb7} FfEH Kiloll R5E 4L
g RRE7 vebd g oF 5 ook EEE R aid
ol ulE A HEAC T KT SR o}
el Hdoll Rkl Aol FEH  HEE
Alag BifEe]l AEede fa e 4 2dglch of
of 22 Elv A ZE Dafdol [ksol oo
Eb7 Zi5 e w3k o]l o] A% WA R
e BEE Bad Aolv olzfdt ke
BB trafficaboll A ooy Kol of 9 Fiid
Roez Hisc)

12

aefut el OBl BfE7) Bl A Al
ol Bk ikt A5 A mlole AT ol o
ofibis vl g o] ewjsl e MRS Sole
Sk o2 A 3mseevtet 112 NS el ol
polling interrupt cycle-g 1 Smsecvlct 4L 6
i, cb% sfiel e ool £ejdteS ok
Sl e e kg Bisto] mateh ol
A el Bre dne)Eg HRA £
Edlo] interrupt routineol ATEE = oIl
Wifilel BAT, BAL S fgsdioll 7hab 2 el & 2
Al shar Qlomi =3 4R 4= nal el channel
oA el 20l fsfrsjoiok ghel, whepa] 1148
channeloll o gh K4t Arginsis-& Tak s, T.
2"e] Hyhif ol ArgtElvt K R HERASE 1110 o
channel-§ 3msec interruptoll4  AHelks clL
frame {4 errvor7b 4 sl 22 ERER g
7} ofg] 7] wjfolelom @ olZ | Smsec inter-
ruptoll ol 542} 62l channel & #2] ¥
gko 2 4] &t interrupt BEH]= BAT, BAT &
a5 77 32, 643 fk skE % sho] 1116 2 chan
nelol ek & E#S 3msec Fgroll 25428 =
96382 Aoz Moy WS 7HA
oF WER I ol 2ol Beh e i kS A
Zolck el olgh &bl Bifie] 16bitsvlolaz
SER A Ll 2lafA] 110 ] AdS Ealele
RS 2M 2] 16bits vholzw 27 ‘ﬂ q47F B H 6
fit, sl Hd4 pifstol Felels HAow
KR ok S FhA| [l ol S ﬂﬁ«l 8bits CPU ol
olelf 41 JEFH sl t] 64Kbps ol (58 shvbel 16
bits L&Al E FIR cho] 4P 6lE & sl K
Jith 5= A7boted Mokl oo} e M fius
& SMUX 9| TR iaE 1S e ki o
2 ﬁ":’}\‘l 7l A ol M= HEER dynamic
buffer management %i2]3& ) ¥t MBSy
ChES ¢ oode Ao g HUEE o

N

6. ¥ &

A ol 4= ISDN 16Kbps D=id 1112 )
vHo] 64Kbps Bajdoll % #i{k 6}71 A #Hil
LAAEE (SMUX) of shedlo] psEst kol
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4 L /ISDN DAY $E(LE B #it SELHS) KBlol W B

EFXRITE 98 AZEdo dnelEs APs
et

Multiple processord M S %iEY %
&5 B da|E oo Min=l+E dynamic buf-
fer management¥ FlA & 4 %HEH{L Hikol
8l B4 2 store and forward FAS #g
error recoveryol BH3 BFFLE ZKiTslo] HEt
B £dkE FIAE &E dAE £E dolg
Wt Fidtr ol EHLaTHEA 8kl 2w, ISDN pri-
mary access interface®] % d kol ¥
3 BiQ) MBS TSkl MR Alade B
RS BRI A2 4 e BRHE | #B7E
orh =gk K WHol A4 B 38 o] o Al SMUXA)
29 WEHEANA B FohR gl #
w5l e ISDN BHEE VLSIel HiBla o
of FHMS MR = $HIL-t wEEstel el ¥
HEE FEE S ISDN Acibtoll & o) 55820 d =
2], M wfEMA 2 interworking, M2 HEM
el sl diolel HE(L Fol HY) 3 HHE
U Aoz Hifeslch

Yoz K e BRE CHEWRET S £t
ez ZirElolSS vy @EE fEE A
At BRE A &gl
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