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ABSTRACT Recently, the importance of the ISDN has been emphasized for the new services in the future infor-
mation society. In this paper, new application of statistical multiplexer which can be used for CCITT D-channel
multiplexing is suggested. The basic architecture of statistical multiplexer which can interleave eleven 16Kbps D-cha-
nnels into one 64Kbps B-channel is also proposed. The necessary buffer size was estimated by computer simulation
considering data traffic intensity, signal arrival length distribution and buffer overflow probability. Based on  this
buffer size, the basic architecture of the statistical multiplexer has been surveyed and hardware design principles are
also studied.
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1 A A

Optimal buffer size simulatjon results.

SIMULATION RESULTS

BUFFER SILE CROBASILITY
1 0.,00145675355736375000
2 0.00144903672123278000
3 0.00144135076334204000
4 0.001633725457146824000
S 0.00142513061725519000
) 0.001418$7599940769000
7 0.00141106140048553000
8 0.00140358660849744000
9 0.00139615141257513000
10 0.001388755602967235000
11 0.00132129897103393000
12 G.00137409130923994000
13 0.00135680241114982000
14 0.001359562071642156000
15 0.00135234008580038000
16 0.00134517%525111551000
17 0.001338070346526943000
18 0.00133098222723719000
19 0.00132393163705915000
2G 0.00131691833583112000
Jies 0.00000000002241TB4247
3383 0.0000000000222930880°%
33%0 0.00000000002218096271}
3391 0.0000000000220462346211
2332 0.0000000000212465E594
3392 0.00000000002183032730
3394 0.00000000002171466572
3395 0.00000000002153965612
3396 0.00000000002148523587
3397 0.00000000002137142174
3398 0.00000000002125821052
3399 0.00000000002114559301
3400 0.00000000002103358403
3401 0.00000000002092216243
J602 0.00000000002081132310Q7
3403 0.00000000002070108681
2406 0.000000000020591425654
3405 0.000000000020482347128
3406 0.00000000002037384565
34017 0.000000000020265918287

SUM OF PRQSY.

0.72790579302859600000
0.72926715375192800000
0.730780879259087C0000
0.73220700987624200000
0.73362558587575000000
0.735036647276235060000
0.736440233884733C0000
0.73783638529730800000
0.73922516090027500000
0.74060652987130900000
0.764198042118054900000
0.74334762359163300000
0.764706785663120C0000
0.74605934574892100000
0.74740654200003700000
0.74874261236530600000
0.75007353459254300000

0.75139752622960200000
0.75271446462543300000

0.7540243869311641C0000

0.99999799960550700000
0.9333999996276E800000
0.99999999964975100000
0.99799999967169800000
0.99999999969352800000
0.93999999971524200000
0.99999999972684200000
0.99999999975832800000
0.992999999779659300000
0.99999999980095700000
0.99959999982210300000
0.999939999843137C0000
0.9999999399864C5900000
0.999999933884870€0000
0.99399999930557100000
0.99999999932616300000
0.999979%9934£64500000
0.99999999936701300000
0.99999999958728500000
1.00000000000744000000

0PTIMAL 3UFFER SIIE (N> = 3407 BYTES
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=
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Block Diagram-& L#(4)s} 2o 274 MCPU S wthe L -
el CCPUMR vhvof Ar}, i Loy |
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Optimal buffer size simulation results.

SIMULATION RESULTS

SUFFLR SILE GEAIILITY

7.000722749003180052Q0
0.0007506335256854538300
0.000748633463060564100
0.00074658447899478300
0.00074454007542588700
0.00074250284816495600
0.00074047043824002100
0.0007384644357166102500
0.00073642225311971400
0 0.00072440646749951200
0.00072233619960541500

- IV SRV R R PV S g

SUM OF PRO®.

0.724650344028003509000
N.7272520713370464000000
0.727998658446943500000
0.728743199326261C0000
0.729685702196440600000
0.730226117263264400000
0.730964615204287C0000
0.7317010384657607C0000
0.73242544492483500000
0.73316734112450200000
0.73389823255886500000

12 0-00073039143436387700 0.73462662471556800000

2 D.00072839215670269100  0.73535302306716300000

16 0.00072637835160098100  0.736077433071248%000¢

15 0.00072441000407BS8500  0.73679986087064500000

s 0.00072242709919595200  0.73752030979250300000

17 0.00072044962205301300 0,73323878735030700000

18 0.00071847755780458500 0.738955298241927€0000

13 0.000716510379142015200 0.733669847685065600000

20 0.00071454960872875400  0.7403B8244154505100000

5584 0.00000000001096756572  0.99999999980715200000

6585 0.00000000001093751715  0.99999939581806000000

€588 0.00000000001090755061  0.99999999982893700000

6587 0.00000000001037766537  0.99999999982978500000

6582 0.00000000001031314092  0.99999939586139260000

£550 0.0000006900107T9350026  0.39999999587215100000

£591 0.00000000001075394051  0.993599395882R8000000

55932 0.000000000010729456145  0.99993999987352000000

£5%3 0.00000000001070006286  0.7993959999704251C0000

€554 £.00000000001067076451  0.99759995991489200000

€533 0.000000000010661505620  0.92599999592550500000

4565 0.0000000C00106123477C  0.39373979933508400000

6357 0.00000000001058325679  0.99999995994564300000

£598 0.000000000010556246926  0.59399999295716800000

£599 0.200200000001052534888  0.957599793336766400000

£500 0.00000060001049650744  0.99999999397813200000

6501 9.00000000001046774472  0.99559399958857100000

€502 0.6000000000104330605)  0,99399993939858200000

6605 0.00000000001061065459  1.00000000000936050000

OPTiMAL BUFFER SILE (N) = 6603 SYTES

Wlolel 8 Control f55%2| Zift %o aleh. 16bite  FF4, MCPUSH dlojel ¥ control AL 2.8 i
MCPU| 9|38 33} %]+ Dynamic Buffer control 3, 4418 CCPUZY control Al3 w3l %ol
< MPCCE #3 415 16Kbpst]o]etE w3 glel, 4418 8bits CCPU+ MCPU 7 FIFO
o] =zstx, =zsl dlelet= MCPU2F CCPU of ZAA]7] dlo|elE PCCE #al SMUX7ZHZ

7kl Hlolel I3lo] o] F-o{ 2= Queueing buffer
(FIFO) o] sx}4 o2 Rt =it d49 9
3 MCPUS} CCPU7HE control A&+ FIFO
P3| Mailbox -5 3 xki .Tﬂ_il&] c},

CCPU#2l FE =l Hift e 2+ 64Kbpst) ¢]E}2]

2829l HDLC kol ¢jel 64Kbps2 A4

o] 414 8bits CCPUE PCCE @3 4l
5l 64Kbps 1 A X Fieldul-S FIFOol| A3 I EA]
t}, £5214 CCPUZHY control 13+ PIO &

A e ksl
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4. SMUX System2| Software B7AHE

7t. SMUX System?2| Software A 2

SMUX & &< 7] = Software+- 4 MCPU
el CCPUMRE TEAE 7 9don, ojeidt M
CPUi2t CCPU{ Software+= tH4l %178k
#geoll oteb obg ok o] R7hx] module = vhE

+ slvh

« MCPU#; MCPU Polling
Dynamic Buffer Management
Error Control
Transmission FIO( Tx FIO) Inter-
rupt
Receive FIO(RxFIO) Interrupt

« CCPU#’; Tx Main Control
Tx SIO Buffer Empty Interrupt
Tx External / Status Interrupt
Rx Main Control
Rx Character Available Interrupt
Special Receive Condition Interrupt
Rx External / Status Interrupt
PIO Error Control Interrupt

2}. Modeling

MCPU{#+= SMUX Systemoll 4 11{# ¢l MPCC
Z st F i 9k Polling Control »F Buffer
Control & w4l ==, CCPU#+= -+ Wl SM-
UX System 7+2] {55 Control 3l4= #EES W
=c}, o] A1 # A9 Dynamic Buffer Control ©]
e o] 2o Bu K LA FIO 2 FIFO
MEES AR [EASEed Frame®] MK E AHIN
Buffer Control 2 #{ 2|t}

Buffer Control System2 Address Translation
Table( ATT), Buffer Memory(BM), Block Avail-
able List (BAL), Current Block Address Table
(CBT) = T4 =leh

CCPU¥ FIO¢| FIFON Data®s —i&3s M8
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RHAEER Wy
A 8k2. bl o|ElE Demultiplexing 3} 7} ol] 24 FI-
O+ #isH {5 Bufferol] 2 &3l+ Ry Control %
# % vy S-ulkshed shi-ul

sh S il 9 CCPU"' PIO% ;
e sk

1= Tx Control 2} 8bits PCC 4|

& control &
- Sl SMUX 2hol] 448 9]
= (X Errorr Control ghet ol A g
Flow % vheliad “1wl(5)2} zhef,
ATT-> Message?] HH"JfﬂlAddressﬁF BM=2| A-
ddress & 4% ol3b o] 3= BEEES T 3ot
ATToll 4~ oJef ffie] Fo| nleds]e] 2dlom &
-2 vl 4] Memorywoll 41 HloJel7} whZl Block
Ol Start Address9} 7. BlockNell vzt ol o] €}
7} {ffE 8k Address & 2 Ashi= IO 8 FEHx

o]z ¢lv}

oy
L MPCC Polling ]

!

Dynamic Buffer Management Service
FIFO Strategy
Control of ATT, BAL, BM and CBT

i

Output Service
(Communication Control & Error Control)

|

End of Job

J18!5  Software # e]=A%
Software service flow.

Service

Buffer Memory+= Message=o] Tx FIO2] Qu-
eue™ AJ1417]7] Aol AR Frieje A
olt}. Buffer Memory+= 58t 2712 block &
& Fzleld 9L, g block®] F 7] ek 98
byte2 o] A& LAPDZ 2% &2 A frame si-
ze?] 1/3% °Fzb Wi oFol=f FIO 128byte FI-
FO2| oF 3/ 40 siu}sli= ZL7]olvk. BF block®]
2 MPCC ¢ Address Bits Al 4 Bitss} Bl-
ock continuation Bit, Writing Status Bit, i/

Priority 5 |3} 6 Bits 5.2 o]#o] 2l 2 Byte
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2] Block Header ¢} 96Byte 2] Test® #&mi =l v}
BAL-& BM 2| % block2] 4] A< check
3led 7] B8 5 o2 % Block® Start Add-
ress7t &4 71850 9l o 4% Start Address
% Even Number = #ikslod 4l Address Bit ‘O’
o] #telel] 2]e Block | use /unuse® check ¥

et

Current Block Address Table2 % Line Port
o & dalv BifE (#H #<¢l Buffer Memory Bl-
ock 2] Address= vtE}uicl, o] CBT+ Initialize
Aol B4 zeroo] ™ 4.2 -$- BlockS FIH & ==}
t} Update 5l v},

Buffer System?] ¥ Unit % ATT, BM, BAL,
CBTE A& #7402 (EAlsled Message| A
774 Dynamicstma A% »lsid n&o 7hg
sHA sb#, o] Wl Unit 9] A2 A& % Contr-
oller&dl e #ojxlvl, ATT, BM, BAL, CBT
¢] Table Diagram-% L& 6o B 3iv},

1. Address Translation Table( ATT)

FRAME LAST ADD.| BLOCK FIRST ADD.

2. Buffer (Block) Memory(BM)

l PRIORITY TW C [ MpCC
TEXT] 1
1
{
’.
i
|
5
TEXT | 96
A

5. %

#

A doell A= fat SEL %RE S FIHSA
11/812] ISDN BAIf] D-Channel 2| 3}v+2| PA-
I B channel o] F#KA] 7] 7] $|3F Hardware %
Software & % sl A T2 B FTE PR
ahsicl,

rela, SMUX HiGgel # A3 P s @l
& Systemol| 4 7}& %S 2 Datas &ML
8F7] 2%} Buffer sizeS Computer Simulation o]
kel it s gaEslslel. o = {#H 8 Pa-
rameter [ ~128Byte, A =1.46, p=0.275, P, =
0.725002-% ¥/ 3] 4 Buffer size NS 3.4K cha-
cters 2 vk

= ISDNol| #3 CCITTEEHRE 4 =228
Fo Ak o2 WE Fife s gFF SMU-
Xo EHtal ofelgol 9EF shdlch

aleb A, A R B R fb ol olebdfs

3. Block Available List (BAL)

—T

BLOCK ADDRESS 1 | F--=~==-

’ USE/UNUSE
]
BLOCK ADDRESS 2 ' Check bit

U

4. Current Block Address Table (CBT)

MPCC 1
MPCC 2

MPCC 12

186 ATT, BM, BAL, CBT.
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B o) Aubolt vl oletl R X oA EfEM
o] Pgtell Al Tgol slelel Wlor, Bk
ISDNe| =% Ffiste] ISDN 8-S g4l
Ao sl =}

K Bijee R E T OdfE SHEarel it ¢l
& HetEslglom, SMUX 2 TFalAel H/W 9
S/We| 739 olol] wigt A4 Azt 59 B
& o Holrl,

a5k K BIEES e e =58 Al ®mE
FABIE BT HAlAp oAl ghakel K

& Ak
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