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Integrated Service Digital Network

(ISDN)

ABSTRACT

This Project is studying of the 2 main future telecom-
munication, Packet switching and ISDN.

Packet switching is a store and forward switching where
its concept is based on partition data into small pieces called
packet, and sending them through network. Packet switchingis a
very efficient and reliable network. It lets us use the network
more economical than today telephone network, by using communica-
tion line only when necessary.

Protocol used by Packet switching is X.25 which is the
one of studying in this project.

The other section of the studying in this project is
Integrated Service Digital Network, know as ISDN. The based
concept is construct network that can serve many services (such
as telephone, telex, facimile, teletex, videotext, videophone and
computer) at the same time by only 1 communication line.

This project focuses on ISDN protocol that is developed
by CCITT which covers OSI layer 1,2,3.

Although this project studies in 2 main protocols, ISDN
is'its main point. ISDN,by its own,can support X.25.Studying X.25
in this project is only added in the section that ISDN can support

X.25.
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ASIC Design Using AHDL

ABSTRACT

Today , Electronic field has much more complef circuit than
the past and widely uses Integrated Circuit (IC). Now, Integrated
Circuit plays a very important role in Electronics, so we can say
that it is the heart of electronics.

There are 2 main methods to design IC. First we must design
the layers of the IC and send its to fabricate at the factories.
This way, it is very expensive if we fabricate in small quantity

and it takes a long time to make an IC.

The other way , we use the technology of PLD ( Programmable
Logic Device ). To implement , we only design schematics of our
circuit , need not to design layers , and we can program the

schematics that we have designed to the PLD by using only our
own microcomputers.Its advantages are saving time to fabricate IC
and cheaper if we don’t use in a large quantity. Besides , we ¢an
use Hardware Description Language (HDL) to implement our designs.
HDL is a language similar to high level language ,such as C.
It makes us very convenient to design circuit.

Tﬁis project studies about designing IC by AHDL and use the
result to program to PLD. The circuit is about hardware for image
processing. Software that is used is Altera’s MAXPLUS II and

Altera Hardware Description Language (AHDL).
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ISON Curitetad .
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Service Hequired Channel Type 2 9 Y
Qandwidth o H D Clreait Packet Channel
Switchod | Swilched Switched
0,16, 32,
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Alarm systems 10-100 bp~ L] -
Utility metering 0 1-1 khps [ ° -
Energy management 0.1-1 kb b4 . L4
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information svcs. 4.8:64 kbps * ® .
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ISON Surite Fach
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8. 16, 32,
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AN 1.2 ﬂqﬂuﬁbqnﬂﬁu%ﬂﬂsnnqqsﬁa

1.2 13073 _unw_Attributes o ISDN

A0S 109 ISDN fwnsaudadey sanidu 2 Use tamaoni ionona

AT (ueavlugy 1.1)  fs
- Bearer Services ‘\ﬁu’?n’nrj‘lﬂ"lwn‘idqﬁ’agamnq!Imt\fuﬁ\ﬂuﬂ'\:ﬁmpln‘snf
wika ﬁbgnauqndqﬂﬂTﬂuastﬁUdﬁbqﬁhnﬂﬁwﬁQﬁuuﬂq Layer #1499 Quse#iu

A (1 OST Layer 1 fiv 3 i)
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- fTeleservices \M value-added service (MUl titn iAuTan
bearer services) ﬁﬁhuﬁﬂWTQU network ARTAD Teleservices aE
W3N1Y user WU end-to-end communication uﬂuﬂnlﬁnﬁﬁbQﬁh
layer ¥fURIN (AR bearer service ) w8z Layer 18ﬁhﬁ50ﬁﬁ

(ﬁﬂ value-added service)

TE ISDN TE
Access information Access
Aflributes Transfer Allributes
Altributes

Scope of Bearer Services

Scope ol Teleservices

1
3“ﬁ 1.1 Bearer URY Teleservices

Bearer Services

x‘mﬂ'lm‘mﬂﬁmmqm:‘w’nwwﬁ'w') 1194 Bearer Services ATaupfb
attributes ﬁﬂﬂ?unﬂuﬂﬂﬁﬁn access attributes,information transfer
dttributes 1R general attributes
. o 3
~ Access attributes AASUMANIBNTIA user AL access network
- Information transfer attributes ﬂﬁﬂﬁﬁqnﬂ?dQﬁhgﬂﬂﬁu network
s o <4
- @M General attributes swdSuNBivAUNNWIEIU %) 1D bearer
gservice 1\t supplementary services (U%ﬂﬂ?lﬂ%ﬂ),quality—of—service

parameters UR¥ internetworking
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Information Transfer §ttr ibutes
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—_.atrlbutes
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2. Inlovmnmm Y 7o —- g
tnnstor rte '}'_‘ ":"‘ {bpa) Throughput (packata/enc)

. . & 04 7x 64 Jﬂl[ 1538 |‘1,‘0 O|hm vniuns (rr") (FFS) T

3. Wtormation UmNMn»d g A
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4 s o E"Mbm’ ~igtnt lnfo, t‘:‘"ch L audio__ uud'o l Audio 1dnn ’ ’é'_"_"s';—"’ ':
ctues 8 K12 Intngel M'J;;d A it Ik 10 l et —

5. Estabtishmant of At biogity ] pinritiegy_| 5w 010 [ Uneuctorns_—f

____ communication Damand n"md Parmanant

6. Symeaiy T " Uridusctioanl T i ] ¢ 1

roctionn!

7. Commmicign T~ T ey e e | SIIOCRON ST Btnctional asymmanic

configurntion Point to pain Multipolm Brondeast (FFS)

-

A3 1.3 Bearer Service Information Transfer Attributes

Information Transfer modes UANHN mode 1uﬂ'l‘iﬁ\11’i'm”m’hﬁm uiu

Circuit Mode wW3n Packet mode

Informption Tranfer rate @8 throughput ‘lun'ﬁﬁﬂﬁﬂaﬂﬂ'ﬁ %q

awvun iy bits per second §WiU circuit-mode WRE packets per

second Wi packet mode AU circuit mode tIRUINATINRER

information transfer rate 1d Ap 64,2%64,384,1536 s wiuan

H$im URH Shpsusnauk HiNe BRENeY wada ﬁﬂéﬂn’\ﬂﬁwmnfmud aufng

insdnmn Lﬁumum‘hl ( for further gtudy - FFS )
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Information transfer capability usninlianeefinystisdy
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encoding #19fU
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Speech A tludn  default #m¥u information transfer

capability #W¥) circuit-mode service

Structure unnﬁqudqunoqnﬂﬁdqéqanqﬁuﬁaﬁhnqﬁugnﬁhq (guarantee)
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3 1
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Eight-kHz integrity unn"nﬁmvgnﬁmﬁdﬂmqn 1 125 us

<€ W’

(8 kHz) aeiifuniuiuiann 125 us wudn default wav

circuit-mode structure
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- Time slot sequence integrity (TSSI) iunvatit
channels fAdDsendte users MR channels TAuARNIN

touritdeastadmutlusniu it lamaneg

- Restricted differential time delay (RDTD)
Uismiy  8-kHz intergrity ldi)ﬂ"muﬂ"l’!ﬂ'ﬂgﬂﬂsgﬂd\ﬂﬂﬁ\!

1 )
fAu¥unmfusens 1981 50 ms udNiuRY 13unnsay
- Unstructured wnugelliinisauun structure 197
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- Demand wwiNRERRMIMD D user Apemduiniiu
afwissrmsmiiuy dial-up uifRatu use tiudn default

¥
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- Reserved WHWON user SWNMNE service uarsImNaIn
fMuuA LRI service AuMANIA Fasmnnuatan
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1, o AlEpentUaunIeie channel 414 wip a1aliiau
4 3 o 4, &
pu 9 Nf channel ogmn'lff WANM channel wWinvibintf

nuMe
1
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<2
Symmetry UANRNMTINRTENTBYR
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- Bidirectional asymmetric uu'mﬁqn'\*sd\!ﬂ’nga 2 #ifvn

jﬂuﬁﬁhﬁﬂnﬁsﬁqﬁhgaﬂﬁlﬂﬂﬁh

Commmication Configuration unNitY configuration

TnAaRpie  s¥uing users Az ulumuy  Point-to-point,

Multipoint u3n Boardcast

Access Attributes

Aress attributes (AN 1.4) unndufays ifiwdf channel type mas

protocols A user A access network uAITUBAI network assd

user's information BHIWMS

'Possibla VAIES 6L ANADITEA,

Accoss allributes ——
8. Accras channal
and 1ate (16 tbps) l 0 (64 Yope) ] n Iuo 1 Hyy l Wy, I Othara (TFS5)
gonan | o st | xasuen | xasewe
9 t—  Signafing Accass T T .
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Othersy [FF5)
ot | e | weo | xasues | xasew
9.4— Informntion nccnss A" b}
re ey |07t row [ omaoecn [ wmigEs). | 10 Tewerax
Rinte adapton: 1 400, L4A1, | 462, 1.463, LARS
Othors (TF5)

1579 1.4 Beare Service Access Attributes

Access channel and rate wluntsupnfia  channel M user

foans1y

I

Signal ing access protocols vsnid protocols n

1flsf Iy user-network signaling
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Information access  protocols @B protocols nd

)
¥y wen wRvuiBAIEUINgG users
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General Attributes MFANDYIUATIIN 1.5 Attributes sulmiiu

o
wail fivhignnuasanin t‘lqaﬁ’lu‘mu'iwnfnﬁnmmjuv'umtﬁ’u Supplementary
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_.Genorat atirlbute
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sorvie S,
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Supplementary services mgqnn‘lﬁ network -ﬂ'm'ﬁmﬁf\'\‘ié"lfﬂﬁ'f
snndniias o wadefoysudesintuiiofu  u3nns mé’ﬁnsmjmﬁu‘;mumﬁnga
(information) UM network ﬁﬁ'mfiamuh i ﬁm‘j \Fun uae il iinaifunns
(URBuAa winufuiByRung user fit4Tan network

L)
Supplementary services WA Tay CCITT ﬂqm‘}‘\u Recommendation

1.250 dpil

Number Identification W services ﬁiﬁugﬂummn AVIUHANUNTY

tan ISDN saedwtinn e ansudaann e ISuntdaeyy
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call Offering e services  WinsABNiTAARR  uRe
1
e ewnrsiiun ol ougia i drwnsedosany i3untiiaeasit 3

A

call Campletion inadnauE 1R unRaduile 9
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Multiparty wit  services ﬁﬂﬂMﬂﬂﬂﬁﬂﬂﬂﬁﬁﬂﬁﬂjﬂﬂﬁﬂd user

1 1 4 usugndl user RTM 9 AudwIRsIUARSon 4 fiu
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j 4
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WRUINARAD AU user DU 9 NIWUDANRNTA

Charging TBYR IAUUANAMTUN network  uaesug M AAAN

u%m'n'l’uqnna#u ﬁqﬂd‘mrﬁt%’umﬁ
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|
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Teleservices wli value-added services (VAS) ﬁﬁhu%ﬂﬂﬁlﬁulﬁuuﬂ
AN Bearer Service ﬁﬂﬁuﬁuﬁﬁdﬁh Tﬂﬂﬂﬂﬁ"%ﬂﬁ?ﬂzlﬁﬂﬂﬁhﬂﬁﬂ Layer ﬁ§Qﬁﬁ
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- tianoy  user  information MulAud Awe, iy, s
(teletex),Group 4 facgimile, mixed-mode text facsimile,

videotex, video MR¥ interactive text(telex)

»
~ Protocol 10l Layer 4 ﬂQ1QNﬁQ CCITT ufg ISO transport layer

protocals

k4
- Protocol #d4 Layer 5 ﬁqsquﬁq CCITT WRg ISO session layer

protocals

- Protocol WM Layer 6 Fesmie  CCITT  ume  ISO
presentation layer  protocals pnfapot ettt document

interchange protocols, resolution uh# graphic mode
% & . .
- Protocol fAY Layer 7 UNIWNN CCITT Wa¢ ISO application

layer protocols HAANEIN LU Message Handling System (MHS)

uRe directory services

an, 4
1.31u3n1IAU % "9 ISDN

Rate Adaption

qunsilil Terminal Bquipment gAML mmaANTIURINAI 147
de1adotiy  ISDN 18U 64 kbps ¥y channel B t371agdpaiinniniaeingd
1570 s

COTPT  Recommendatjon  T.460 nﬁmt_lﬁ\mﬁ'ﬂmﬁ'l'imjﬁul'éfmﬁm'\ ¥2
HRZATS Multiplex A7 Recommendation X.30 (I.461) Axnatiien1ysneiy
aTifleu X.21 mes X.21 bis data terminal equipment uniaIntw

ISDN unnﬁﬂﬁﬁm ¥X.21 uRg X.21 bis i physical layer uB
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synchronous public data networks UREX.25 A
Recommendation X.31 (I.462) @dunwiiemyifew X.25 DTEs Un
ISDN
Recommendation V.110 (I.463) pduwiant¥189m synchronous uss
asynchronous terminals uUu ISDN ﬂﬁ?“ﬂﬂdﬁhiﬂt%ﬂ (Rate Adaption)
fsmia 3 i‘l"umuh’u';\lin; 1.2 ﬁqﬁasﬁamgﬁumﬂu l%qnﬂ\:ﬁagai"lgﬂ"\m i
usn (RAO) QH%ﬂﬂhgﬂ asynchronous ﬁﬁhﬁﬂl%ﬂﬁsuﬁﬂc 50 o4 19,200 bps
unzmlnaiollugunee  synchronous TABN"s TR LAY Synchronous
bit ﬁasgﬂuﬂﬂqﬁaﬂu#umnuﬁ 2 (RAl)_ﬂﬁlﬁuﬁhgﬂﬁﬁﬂqﬂulﬁquunﬂ 8,16 win
32 kbps ﬁqﬁaugnuﬂﬂqﬁﬂﬂﬂiﬁu 64 kbps Anstomite Recommendation V.110

,
!

3! ]
fie fua fmmndug T uesiinh

nA1
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2" x 60O bps 2% x B kbps 64 kbps
.asynchronous
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600 0
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32

a

0

1 1,200
2 2,400
3

4

5

N - O

4,000
9,600
19,200

jﬂﬁ 1.2 Recommendatirn V.110 (I.463) rate adaption stages

Recommendation V.120 (I.465) OAUMANATSIIANATIM 157 uRgAs

Multiplex sw¥unidafioysum asynchronous #ifinsn Sl i 19.2 kbps
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)
uas A RvffoyaMun  synchronous ﬁﬁﬂﬁaﬁuuu HDLC protocol Faitin 149

it 56 kbps

X
V.120 HHUIWUIRN HDLC uasl t‘fmmg’mum bit-oriented

protocol TABiFUNUUNY INTuANTY 1.3

r—Flng \Address lConlrol | Information lFCS i FlngJ

4 ff!cndcr l User Dnla_J

jﬂﬁ 1.3 Recommendation V.120 (1.465) rate adaption frame format

[ ¥4

i 4
Fields A4 9 QU V.120 frame i avil

Flag bit pattern (01111110) ‘fluntvunnan 13w uneRugaYn

sH

Address field ¥l logical link identifier Wyt V.120
W90 multiplex users WA W sy 4 1A304 L

channel 9179 64 kbps NN channel 1AB7

Information field LLeRE! Header URY User data Header R ifiy
doyrAne 9 1w ANIAN errors, AIWAUENTUETAN  physical
interface URENAAIN user data $Ar USERUTNNNNGTS dm User
data fiAn ﬁ'ﬁyﬁﬂn\l user

t
Frams Check Sequence (FCS) thufinyniifnynafufinians n

-

.\
<

o » » 4
120 iy A usuiE0o 130 M V. 110 URg V.120 T 88AUULNA IND
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18 Circuit-mode applications
Packet-mode Services

Services ﬁ'ﬂ’w‘ifqyﬁnmhqwﬁqum ISDN fdp arTwiwInlundefioys
Wy Packet-mode TAYAf protocol X.25 ﬁmsx'mmjxmm%ﬁw Packet
Switched Public Data Networks (PSPDNz) M uia3nty ISDN éﬂﬁﬂﬁuﬁﬁ
ﬁﬁﬁﬁu Terminal Adapter (TA) a8 TA wif protocol X.25 lﬂﬂuﬁﬂﬁh
DTE dquﬁtéauﬁaﬁh network fiagafl protocol 9NV ISDN Recommendat ion
X.31 (I.462) azmuuanisvhanunes TA ?‘ixmqqnn‘lﬁ X.25 DTE sw13ninano
fMradatan 1SN A .

i 2 A%nnii TSDN angiiRuuny1feu PSPDN An PSPDN whudosils
U0 ISDN (pA130Adn Case A) w3 ISDN WAz PSPDN usnfuTaudssy (Case
B)

U Case A u%aﬁt%nnﬁﬁ minimum service integration scenario
(jﬂ 1.4) ﬁbgﬂ packet ALANNIN exchange termination (FT) “Nhlffq
access unit (Au) port BHI transparently fapa ithiniadatenia 2
ETs widwoudoluile AU wipspaon BT Wi AU tanfitd qunsiil channel
D a8 signal ity lsunsndefoyad

x.25
DTE TA L——]

TEt

X.18

oTE TA

o
TE1—Terminal Equipment 1 TA —Terminal Adaplor
NT —Network Termination ET —Exchange Termination

AU —ISDN Access Unit Port

jﬂﬁ 1.4 Recommendation X.31 Case A (access to PSPDN services).

Packet-mode service.



25

1 ]
Case B n%nﬁl%ﬂﬂdﬂ maximum service integration scenario (jﬂﬁ
»
1.5) Auasiiilaz 1duntsusn PSPDN bpnan ISDN Tabawil packet handl ing
(PH) sl 1.5 vwmniiladminndn X.25 peE ‘hm'lmﬁauﬁﬂ‘wufifm network

Haonm it PsPON Wl 1SDN U8 X.75

X.75 or
Internni
nnlwork
- protocol
v
Nt Y ur PH PSPDN
11 7
X.2% ™ )
D1e
N o ISDN
TE1 k‘\," .
TE1—Terminal Equipment 1 TA —Terminal Adaplqr .
NT ——Nectwork Termination ET —Exchange Terminalion
PH —Packel Handling funclion

jﬂﬁ 1.5 Recommendation X.31 Case B (access to the ISDN Virtual

circuit service) Packet-mode service.

Broadband Services (B-ISDN)

Boardband Services lﬂuu§nﬁﬁﬁﬁﬂﬁﬁulgﬁ§dﬂﬁﬂ Primary rate
interface WX applications #AY B-ISDN (fu video telephony,
EQTV, HDTV udu

B~ISDN  Services ®winutaManie 9 oontlt  communication
gervices MAE distribution services

Commmication Serivces <sUsznauliifiamin rinevinsiniufagiu

UINAM conversational , messaging WRY retrieval services
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Conversational Sbgvices ﬂsunnuﬂuﬁhnnqﬁdqﬁbgauuu 2~way,
real-time, end—to~en§ FEUIN users

Message services Aonai users AnnafuTannu
N mailboxes

Retrieval services Quﬂqmﬁn1ﬁhsersﬂﬂuﬁﬁﬂaﬁﬁﬂgﬂ

W 1M database R

Distribution services il 2 NUU @0 AYAAYBIRMANINY users
(Distribution with wuser control) uﬂu1ﬁngﬂuﬂqwuﬂququnnq ugers

(Distribution without user control)

Distribution services without user control
i pure broadcast services Annnasafnunanuudetoymile 9 fid
user %ﬂﬁ'\m‘mﬂ'mqumwL‘%mﬁ'u-iﬁn mansietdpdamTuinT Liu
high~-quality pay-per-view televigion, high-speed data
financial reporting

8 Distribution serfices with user ~ control
flfnsesadnie  (Hoeusin u'sers fmsngauia ik uﬂ\:ﬁﬂgaﬁ
dartd  smsaugueiies  iengludude 9 M8 #mdaennsuinag

10u broadcast videography
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PHYSICAL LAYER

94 physical layer #043¥UU ISDN Qe WOWMMWNASIMYEN  CCITT
Recommendation I1.430 URe I.431 ‘tmﬁ‘; 1.430 ity Basic Access UR¥
1.431 4fiiy Primary rate Access m’n‘luﬁ'ﬁwﬁnmm’n 1Huq I.430 194 Basic
Access M'ﬁ’f’u

ilpgRa NNt iluAeINL Basic Access  p1anRIMA  Network
Termination lfhlfpln“snﬁ'\ﬁﬂ\l'lﬁxl'lwiﬁﬂ’_Line Terminator (ﬁ;ﬁﬂgm%q:lﬂ'm)
tipgunTl  Network terminator ﬂagﬂﬁﬂﬁ\:ﬁﬂ"le i Tasilguine whuy
wall mounted box  dvasiarfiunwmenitasdnd tosifyym  B1+B2+DO

suwineaaianpenaf Linfusausrae ATl 1sDN Lianhu

0
=
-

U
Uit 2.1 usANnns \Honstonuy Basic Access

iﬂ’hﬂﬁ«gﬂﬁﬂ e dined e s

] »
'-u:ﬁqmﬁnmmﬁ'lﬁ‘lm\'rxvh)'s"mh’mp ln‘mim)\u! 1dal
[ U
- Ay ity i RARAIRRNAD AMI-CODE
)
- vlussuushusdawy 4-vire ﬁﬂ'\m*mv'm'%'mﬁuqﬂn‘mitmﬁ LMAgaER

8 fuami
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minel NT auiiRad i iumaanu 1ot § 1 1A T iuuR3nen
TﬂnnWﬁdn%ﬂuﬁqﬂﬁunwnitwﬂ S Ui I8 i kusaR I R
AN 1ﬂ#ﬂqquﬂﬂuuuuﬁﬁnaaauﬁnqdqﬂwqjlgncqunsﬂTwsﬁhﬂuwu Wln tilnnns
%hﬂwuﬁhiﬂnﬁﬂqﬂbnﬁQﬂqunxﬁunqﬁLﬁﬂﬁﬁqﬁtn4901m3ﬁhﬁﬁﬁhﬂHQﬁunﬁbg1 1Aing
%ﬁf]ﬂﬂ‘ﬁﬁ Line Termination ‘ﬁ'ﬁnﬁ"'\zﬁqumuﬁu qﬂn%nﬂ Network
Termination  azdApdiwATRlHv T wivad it uﬁ%ﬁqﬂnsﬁﬁq 2 awgn
HRANTRNAUREUSTISH  InATUTRBUAIHERANSIIL Afner e fanusauiuta
othuinahquamife 2 asdedanied e nlsemdRiSny 1SN a8

]
AoarMmemas i 1nadie RVUINRE 1OHA lﬁﬂﬁ&ﬁﬁuﬂnuqﬂnﬁﬁu%aﬁhﬁmqﬂnsﬁ

A1 thmarmng

msseminyl TE ﬁqaﬁﬁqﬁq ]
ce1Tt dnrunmiianpensionuinml TE ﬁﬂﬂﬁwqﬁq s panuln 2 ShwneAa
1. uuywnRR (point to point) ﬂﬁﬂﬁ@mﬂmﬁqﬂﬁﬁqﬁq S aAntfin
fuguasl TE (Terminal Equipment) 1 1Adny
2. BunszuiN (passive bus) ﬁﬂnﬁmmﬁmﬁqﬂﬁﬁqﬁq s anfaf
Minnl TR i 8 PEAN
AVSABIIAARAAA AMIEN NS 1A 1D RDSENINe TSDN Terminal
i) subcriber socket Aot tinnsamounosiggranfunin 6 dB.
(maximam attenuation) U3 LunUARE WAnSiit 96 TR 1R (fiuay
wﬁqqquﬂavﬂu&aangunqu%tdmﬂéquﬁqunqnqquﬁ 192 AIniddn) Haffunmem
nasnH 1a linasiidnissnm 750 §9 1500 wns Tavssum
IRV (passive bus) W I.410 bus  swvsaste it
gunsl ISDN terminal YAt 8 1adoe  ud 1.410 bus  awiltogiyynw
(channel) Huq 3 dogdygws @B B channel filarwida 64 ATaindndunil
2 dovdap . URE D chanhel filarmi$q 16 ATadwdounit Bn 1 tinadiyy o
uanmnﬁmith;uymﬁq 3 MA?  1.410 bus N8 Synciqronization bitsa

! »
uA% Control bits WaniMnfiMiudn  Aunseiiataad i §anaeilyganm 1,410

bus 1y 192 ATedndsinw
]
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jﬂﬁ 2.2 Point-to-point BRI configuration (MAfid 3000 i)

- gﬂﬁ 2.3 Point-to-Multipoint BRI configuration Ta#1f short

passive bus (1A0Y 500 nn)

LSTEaT

zﬂﬁ 2.4 Point-to-multipoint BRI configuration TaAH1f extended

i |

passive bus (A4 3300 Hn)

gunsal ISDN terminal lsnsnitas 179 B channel ATAbATe A%
call auAoa13ufn D channel Apuisue IR B FUREM A 18
WNIISEANEIMNN ISDN terminal wgnie TNt key set ﬁauﬁqﬂn*mi
ISDN terminal 4aufy information ANARTN qﬂhnhsﬁa%msmqaﬂau D
channel Amyiriadetl  drirmieanniifasie information ( tamaru g
Suusumause muumumsa’\ﬁ'xmém) seluiowiyym D channel AamAM
147 16 ATaivdnSuwi mianﬁmsgndq‘lu’-’iuuquﬁmtﬂuoutﬁﬂ‘lﬁwnﬁfftm’mmlﬂu D
channel A1177815 "CALL message" fitaneniinnsmimaanman hiifod B

channel MunsAnAn g mmouafinm D channel [wAMMMUANTINAIA B
o g et ) . Y
channel MMNMA uacaﬁnuuqnnsﬁ ISDN terminal Av’sdn il B channel

»
1t
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#ns cauL Aonas 1 3un1fnsind uss B channel firownauiad
YARe Bl HuiiniaToenashed (hand set) awgnfp iy Bl channel Hyym
i 8 Dndaegaiudedosadmuida 8,000 a¥adnhui

1.410 bus ag whssuulisuuy 4 wire bus #am 1$3vostiyym
192 fiiatvaB Ui uau"fé'm‘s*‘ﬁldqt‘(qmnmm«flﬂ’:%’nﬂtﬁ'wﬁﬂuw BMI code
(Alternate Mark Inversion)

UBNAMIFITINNTASAABY Collision check nHNNEATWREnAY
(WnUaRu D channal gnliemminndn 1 termal MmN 1NN

Connector ﬁﬂﬁ'19117ﬁ464 S @D Plug fiu Socket AN IATIM
DY ISO/DIS 8877 international standard project ﬁﬁuﬂﬂﬂlﬂlﬁﬂﬁﬂﬂ
wrfunsanna thuran e 1desssumn 1wed 278 series Faimedtimnn 1 &

vjwn'nmxx 4 dsfuns ol 4 @dw

UG

jﬂﬁ 2.5 8 interface connectors

137ilnunTil ISDN terminal wa BRI LindisneIR 220
Volt Ws‘l‘Tﬂ%lm\:‘Intrin“ldah uiudneifd supply fitaunann NT usptatsAa
¥y ISDN terminal smarifimnedmnnt i Juntfmsthnidan asin supply
fdamann NT Samnpaamrin unsunsestn 220 volt (i) 1haiinfing
Afsnamiaainfasaraitae ffadivd infrinyoefidnean 1080 W supply @

1
Qﬂdﬁﬂuﬁﬁh ISDN terminal @ 4 wire passive bus Tyl inatian 158030
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IR .1
Phantom method ﬁqgmwuﬂm‘lu“wnmuﬁ qvln‘mf NT asgnsie 1ifui 220

]
volt udnrinalsid fuawiluun mn3 backup anuludoy

Power L 2
Source b ]
3 -
c ¢

-— . —

(==X a| Tronamit h Hocolve |, :_j———-,
Powor - Powur
Sink > Source

1 @ il 1

L——{= | { Recalvo Transmit | ¢ =
Power 9 g Power
Sink h h Sourco

2 ] = . 2

t
jﬂﬁ 2.6 Supply WU Phantom method

ﬁmmﬂ'ﬁu 1A IdsmeA L U

am‘?qmﬁnﬂmxzﬁ‘lﬂ‘lt:n’mﬂn‘*’xm‘ﬁrtmxnhu ISDN Tﬂmﬂ"‘nj-nmnénﬁqmw
Mg m:%n\ngnﬂ'm il

- avﬂﬁﬁqmwmﬁﬂsﬁ’ﬂ win 4B/3T code u3nnRaw i Differential
Riphase code

~ finsfhafuifggassioundingg Transmitter i‘;ﬂmﬂ‘mn'm‘w’wﬂm
WIHU Receiver 1ilaRBNANTMIRGIN d-wire Wi 2-wire aAEATIRY
fILINARTY (191138AN  Echo Cancellation Method

mmﬁwummrgummn‘lr'{s"(nyu'mﬁ'xﬂﬂmdq Wy 4-wire  udtumme

o~ e -4 w oy .
Wi tasnennaf LR Aty mithem 2-wire  cciTr  uitdosnto
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. ‘l . o ll’ ' o )
amsiaenfriguodinl - fiftmaiii 3adunidveda fineinae idon
» I
1N R 2938 nnssrunyiitiyusul Nl fumaauiiuse 19ned

fifn Adaptive Digital Hybrid Method ﬁquﬂm‘lu';m 2.7

[ -

EC @]-E« R e B H] EC

R + +
* " (e T
Part of NT Porlof LT
B — Hybrid Balance Impedance Ax— Necelver
EC — Echo Canceller Tx — Transmilier
H — Hybrid © — Subtractor

jlh?l 2.7 The Echo Cancellation

2.4 TaseAinauna sy

nus Y ISDN Futinuaiinornoaiad ‘tmngaﬂn‘tﬂém%m SN LURA
A & o » wes a C -
N LRRAE RIS P Antudsinsayehifussuuioiyyeiu 301N
! -
ISDN  finuninlsingaiuadig) 1anIduIAnT i (AR S wiB T) W TATY
f3nann T RnAIT. TOIAATATIRSN I RN LrsuRE TATIRdY

!
HINNATINENS  1yanen Lid

2.1. 1 Tasasing dsunna idnunn 1o

5.

Wpaneie s (U3 T) 1 wismiszaonddnye 48 ilm MR 250
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tarinil i ianee 1 o Seuiin 192 ATada/Aui ﬁ’q;nh?i 2.8
Anbaitomn 48 e 3 32 Dedhomus B (aBnase 16 D) ussMtumuA D
fin 4 Jn fodedn 12 Delltourywiidiiie

1. in F wlo waitmliadn (udriuennns tSufumes it

2. in L w3p DC Balancing Bit 1funismiasedussnsumiednu
At e L oasulu "ov funatwin vo" iMesinda L
x-gﬂﬁ'ﬂmf]u'a'*nnuéi Hathngsunadn MO fama 34 thugd oerilvensumnadm
sl Banstirilefvnnauda ton if“'n'im’ma'mi)n L #seinm wuanum
@ i L asilanfu ﬁqé’fmmqw‘luﬂm uilnguriane HaituavdsenaumpaIn
asaAg il udu stnlannatin L Qﬂv’iﬂx’m'ylﬁ' 2.8

3. iln © Win D'Echo channel bit Mhuma 4 fn  uiniiseion
AV D ﬁ'xqﬂﬁ'mﬁﬁqﬁmmﬁmﬂﬁ NT ﬁ’q;nlﬁ' A Mu'i'lﬁmﬁmm‘:‘m\nu
mavln D nagudsufiogRaan  TE Wi NT isngedliile E e sideRn
NT Wi TE M E temnwluaniideann NT anife TE Tnung‘luﬂ’muﬁqﬁ
11 24 35 uRy 46

4. iln A wip Activation in u‘luﬂnﬁgnﬂ'mﬂumnqumﬂ ot A
W a-flpanaeliciun pover on lutnzAnRpiugusHIAE TIA power down
Qupait o fMuoR UFnem e A ﬂg‘luﬂﬁuuﬁ\:ﬁ' 13 194 INTIRNAANT

5. in FA hiintousoe wailadn (In F)

6. filmin 2 DeemaoetAduowan  fiTwnie 26 URE 37 MRTIM
anadne e Py ennpaaaini ftufuniuus B won 32 in
wnsntun D An 4 n T 36 in TR R Al iRe 250 lrtas

it A 144 ATRIR/Sum Ay 28 + D
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1w oy 0o Lo 250 Wlmrad

grrads 197 AlalinAurt _l

whdiour 10 TE aivla NT

r1 T T T LIRS Y O N UL T T
-— FIL uTunun By, (s J")I IDJ l I Iu-.muh 1, {3 Oy ILJD LTuLLe ), /e fie} 1 l l u-‘_““. H (q Jn) I REZ1R }
Li. R I O O I O O | 41111-1 1 ) 114
| 26 Qmrivipe » Grmwa
5
1
H i
1 i
| i
‘ !
! ;
1 H
: / '
. i
i / i
]
)
{
1

7
/

- «
~—:D=L Fll.l usuuun 0§, (¢ (ﬂ I l l l ILI ut.-u.m H \a \.M l {l)ll
- a4 "R W

e 2

TT T 7T 1.7 . LR v
aThuus B {a O l! In[l,l utuuus B, 2 vMJLlDIl ll—'
I I ) Lot ha i

L

irurisunen TE s NT

|
I v o an Oe (250 ps) Fesaly mo1en khit /Yurh '

<O FI T Ao A« STl SthH- | ] L

B Channcl D Channel 0 **Echo® Trame Amiliary Activation nC Hits Reserved

informantion Signailing Bit  Channel Timing Biv Framirg Bit Bit Ralancing for Future

Bts Bit Bus Application
-

~

JUn 2.8 udavTATIH g InIiReaTn NT MUTY TE uer TE Uiy NT

4 1
Sl s Rn. wan rfeideann NT untfa TE U TE unffa NT
e
HANATINL LUANINATIN NT 1 #AWRNADUATUAN URBUSMYS TE uem 9 A1 Tume

HNsTNUNeY TE ?.fuag'ﬁuﬂ"h'f FirAI RNy U insusmuYudeaan

4 v
TE ‘W NT tfoudment 2 dn dequin 2.8
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i 3

DATA LINK LAYER

M Layer 2 udN D-channel protocol “fgpnuuy protocol @%ﬂﬁ
mf’ﬁlitM Layer i’llﬁn LAPD %\xth)u'wm ‘Link Access Procedure on D Channel
AAUIBANANNY Layer 2 %30 protocol LAPD o ARt
s Tnndnb wannfaRae Rt un TReR T aiiviingee LAPD awlsensutidoy
&ail
- Framing: frwfx’ﬂn'ﬁu%n\:ﬁmmwm Sidmiasaunanste usnIaiin
Toynnna§1f
|
- Addressing: mmiqﬁqﬂnmﬁlumnéﬂm'x'h wiusiadaSnd ¥y frame
- Sequencing: a3 ¥ iumoumnauBaenTHe Erame foyn
- Acknowledgment: nYIHANEN frame fiDYR
- Time outs: ATFIANATINIING (IR AINTINEN IR
- Error control: AVIASIREDUTDRAMR WA 11U ﬂ’ﬁﬁ\!ﬁm‘{ﬂﬁ'ﬁﬂ
RN -31lumnmﬁ’agﬂﬁ'dqmﬂfmmﬂ umm'ﬁuf“ﬂﬁﬂﬁﬂ'ﬂgﬂdﬂﬂﬂﬂﬁﬂ
nfuAu
- Flow control: m3¥AAN¥luwdm mechanism ‘ll'iﬂn'rxtiqﬂngnii*xfm
152
» [ ¥4
fhMugN protocol LAPD llasafnalai X.25 (LAPB) Faia 2 1in
ﬁﬁ 1fu subset wnv IS0 High-level Data Link Control (HDLC) protocol
Wi 2 vﬁnﬁﬁﬁﬂ'rmunnﬁwﬁuagﬁwtﬂu 19914 address vay LAPD tiudu
protocol LAPD Fasa funn 1 donsosering uger(TE) MR network
(NT or LE) u‘%ﬂﬁﬁgnﬁnﬁwﬁq S/or T YU D-channel TapswsaliAiun 0
wnou |, synchronous ,full-duplex Jeuing m‘ﬂﬁnuﬁauuu point-to-
point 130 point-to-multipoint
ué"'m"l"r] ‘hinpe LAPD “AgnaBuy1iiu CCITT Recommendation Q.920
E2. 443 HRRTISMHT R NSRRI A6 W ehd WRhsresiaaS 187 &80t
(I.441)
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3.{LAPD Frames

[ 4
drmlrzonimey AU T)TTRARR TAPD ﬁ';th.nmu'iuﬂmf aati

Bits
8 7 6 5 4 J 2 1
Flag Octet !
0 1 1 1 1 1 1 V] 1
_Address 2 ]
3
Control 4
o
Information
Frame Check Sequence (FCS) N-2
N-1
Flag
0 1 1 1 1 1 1 0 N

§1lﬁ 3.1 NAAN LAPD frame format

1. Flag : tﬂuQﬂueqﬁmgﬁu 2 g Uiuy 01111110 1ﬁﬂuaﬂ1§uﬁhnas
fAtNDg M

2. Address : ;ﬂuﬁqﬂqﬁqﬂnﬁﬁﬂﬂqﬁ%ﬁuauﬂ%nﬂﬁ fifoanissadouail
ATWHNY 2 octets u3D 16 twm 1AuA

3. Control : ifufnlaininveqisn. Feenrasilarmmnitdie 1 wis
2 octets ﬁhn@ﬁuﬁﬁﬂuaqtﬂsu

4. Information : WndiRNAINNINAME  nasasilininTing §
Muddaendiuiumey octet e il s

5. Frame check sequence (FCS) : Ifanm 16 nduanTrIAdon

AarrwiRIataeimin sy Tandfiinadned Cyclic Redqindancy Check (CRC)

1ﬁnqawnﬁhﬁqqﬂﬂ1ﬁuhuﬂdqlnqnwaﬁEUuuuuﬂQBm1uﬂnuunouwﬂn
. 2 . ' < S/
(01111110) MA  seibfunrydeazdaamilairdssidann s as bl

: AN
WAENANT  BeRnTanTEtIA TRy a1 S0 ATTINIAIRY O (Zero
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Insertion) Tﬂnﬁﬂﬂqnqunﬁ1ﬂﬂﬂqﬁ@ﬂqnﬂqﬁﬁudqauﬂhnﬂ1n1dﬂaﬂuﬁmﬁﬂéwnuﬁﬂq
wisndwnndl 1 ifwndedoifu 5 fafasin 0 15 un¥eRanin 1 Dvit 5 uite
vl thl 1 underefiu 6 fa ﬁqtﬁugﬂuunuaquﬂanﬁauﬂhﬂﬁlﬁﬂﬂqquﬁﬂwaqﬂ
nadand g unanan 0 Lﬁnﬂauﬂqtna%ﬁQﬂﬂvﬂﬂsﬁﬁEUuuu 111111
tﬁﬁuqﬁwqﬂq#ﬁﬂsqngnuﬂqqﬁoas1ﬂu 1111101 us tfutapafimnndasnsilan wu
1111101 ﬁhﬂnuqunqxﬂnﬂﬂﬁéslﬁu 0 dn 1 #andu 11111001 udrdeennty
uHimad i ﬁ"w’f')muqun'\'xaam': Futhasil 1 5w 6 #in
frazuin vhuman g 1@ 1 Bedaiie 5 Fmudam 0 fassia 0 Fifueantl
1ﬁ%ﬁﬁngnqn1ﬁnﬁﬁnﬁnnnaﬂnmquﬁﬁudq néqaﬁnuﬂnﬁhgnﬁxﬂﬁuqﬁn 1111101 A

1
A auhmanmnde 111111 wWonndwomds 11111001 i miwiinanin

1111101

Rad Control UR: iAMDY LAPD Frame

1 1
Control Field amiwpnnilanes inmasdanonty ﬁqmlmamﬂnﬁ"r)

MMA 3 umlﬁ'\quﬁ' 3.2

Bils
6 7 6 5 4 3 2 1 Oclet
N(S) 0 4
"
INFORMATION N(R) B 5
X X X X [S s[o 1 4
PERVISORY 50
N N(R) | PiF 5
UNNUMDERED | M M M]PF[M M[ 1 1 4
N(S) Sequence number of this I-irame
N(n) Sequence number of next expected -Irame
S Supervisory function bit {S-frame type}
M Modilier function bit (U-frame type)
| PIF Poll/final bit
X Reserved and setto 0

[P R T—

jllﬁ 3.2 UHAN LAPD Control field format

1. Information (I) frames : UYTIMINTIEAN 2 uip fioyman

]
<y

F 24
layer #igenin saiiefioyannufld  fammn 2 octet usvq N(S) 1uduan
; > ) '
FURiutoinse I uar N(R)  whiduensmunusndunea s T Aanainretd

SusoannnsRaIus Y
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k-4
2. Supervisory (S) frames : INsHlIFwWTuNIAMANATTIURTBY

fage Tann s nrmonrfunasSu e I e 2 octet UIIRIWON
PRI N T Vana e ldTuReURD N(R) smasim SS asyavaniy 1ila
N Irse T
3. Unnumbered (U)frames : ﬂﬂﬂﬂﬂﬂuﬂnwuuﬂnqnﬁ1lﬁnuwwq Logic
lm::mm.mnul'énm’im‘,ﬂﬁﬂﬂﬂumnmtm"'m‘lﬂﬁa’ﬁfn AN parameter MAnUN
van tdm ranuRamang Nadmnnn 1 octet ure im MMMMM A ininnila
1maInse U
AR TinEe Iy 7,8,U0 fanmiiafiu 1app uas

1) 1°* .
UAMDSUNMTINIAINY) pUNNAILY)  uREAL Wi FUuDU YD IdsnnRas 1 Command,

Responses WIBUNNATA IhMANN 2 o

Asynchronous uting mociln 120 sequencing (La., frames ¢on take on suquonce
Dnlancad Mode nrumbors in the eango 0 1o 127).
Extonded

DISC  Dlsconnect

u Unnumbored
Inlormation

Tarminate fogical link for nchnewladgud intormnlion transter

Transine Layor 3 of link managamant information using unacknow-

lvaged information teanster {i.n., no sequencing nuimburs)

UA Unnumbered . Acknowlodgns SABME and DISC
Acknowlodgomani *
oM Disconneciod L4 Indicatng that the logical ink has some sar of error and thit {
Mode the stalion sanding the DM cannet cuntinue with Information
teansine i
FRAMA  Frame Rojoct L4 Rnports an orror conddiion that cannot bo clnnrad by the !
relransmission of an identical trame (hat enused the eror
X0 Exchanga . Uswud for automatic data link Inyer paramater nogoliation
Kdontification
, C.Command R: Nasponso

)
AN 3.1

HHANUUUAINY 1D INSN LAPD

Frame
. Frame Nama cin Function
Type
i ] Inlormation L] Teanslor Layer 3 dnla
S RR Racsive L Acknowludges raceipl of praviously transmilled {-Iramos, cloars .
Roady A busy condition pignated by an ANA, and indicates willingnass :
to recalve more l-lrames
ANR  Nacoive Not ol e Used for fiow conirol, Intticating a lemparary Inabifity Ly the f
Reedy tacoiver lo recolva klramus {a busy condibon)
ney Rojoct ol Raquoste rateansmigslon of | framas and clvnrs the FINM busy
conmfition; senl by rocalvor whan an out-ol-gequancs §lenmo 13
rocaivad
v SAUME Sot Strt 1ho togical fink lor azknowledged information transior
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3.2 AT Address ®BN LAPD
, :
Smnemdyotnailqnoe LapD Afle Tavendianees Address

uﬂm‘hrylﬁ 3.3

Bils
8 7 6 5 a4 3 2 1 Oclet
SAPt C/R [EAg 2
S e EAT 3

CA Addréss fiold antension bit (0 or 1}
Lol }] Command/responsa bl

SAPI  Seevice Access Point Identifler
e Terminal Endpoint Identilier

W 3.3 usAN LAPD Address field format

YR 1ASHISIN I Data Link Control Identifier Al
AT 13 I uRRUIERDUAIMAALEY i 1uRd0 Subfields PR 2 Subfields
D Terminal Endpoint Identifier (TEI) UR8 Service Access Point
Identifier (SAPI)

Un Command/Response (C/R) MRAAYDY Address 1ffluupnuuunna
s il uF sl 3.1 Tam i nfid (User) aufadnimiiiie 0w
Command MAZIM 1 1HAN Response Faapnrafufwfimredntasedn  Tan
Al 0 it Response WREUM 1 wunufie Command

ﬂhu%hﬁwnﬁﬁhuwnqﬂ 13uniMiv - Address field extension Tﬂﬂﬁ
octet wInuN Address field il 1 awieldiu 0 uneivit 1 o9 octet #l

ar
[ 34

2 aufauiviu 1

5.3 fnwennoe SAPT

SAPT ilATwy 6 In sllu octet NINUANARA Address WO

» )
aptiAaMAte 64 nuy ud corrr MAmms RN 4 nudennsaai 3.2
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SAPI Valuve i Related Level 3 Entity
0 Call Control procedures
1 Reserved for packet-mode‘connmnications

; using I.451 call control procedures

16 Packet communication using X.25 PLP
32-47 (reserved for national use)

63 ORM,Level 2 management fuctions
others (reserved for future stgndardization)

AN 3.2 UWHAN Service Access Point Identifier (SAPI)

3 A fnvannag TEX
TEL a7 7 in agflu octet il 2 toRi Address SR
MMaaiy 127 uu §Qﬁuﬂnlﬁuwnﬂﬁu%hnﬂﬁﬁﬁqqﬂn1ﬁ ISDN
TEL § 3 uundail
~ Nonautomatic TEI
Wgnmunaliuqun s terminal RMaldwrin1ATiTInAR LAPD qu
Popvsdaenn TET antasatuid ﬂhﬁhsduﬁqqﬂn1mﬁ TEI gaTisunsutifia RoM
w3oity Hiffazifon TEI usrdurtuwIediaadngd
- Automatic TEI :
gnamuueliiuminyl terminal im0l #TUTTAABR LAPD “dring
S Tuin

- Group address (broadcast) :

» ]
TET Wupilassauen taselulie ISDN terminal nn%ﬁﬁlﬂnuﬁnag
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TEI Value User Type
0-63 Non-automatic TEI assigmment user equipment
64-126 Automatic TEI assignment user equipment
127 Group assignment (broadcast) TEI

AN 3.3 UEAY Teminal Endpoint Identifier (TEI) Values
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U  ISDN 98fil Network layer iIenpuUAM recommendation #IM 4

U
UAWU  Recommendation ©.930 (I.450) 8suuudnasialuny  user-
networking signal, Recommendation Q.931 (I.451) BBUﬂﬂlﬁﬂﬂﬁh user-
network messages WY basic call control UR¢ recommenddation
Q.932 (1.452) pouUY messages i supplementary services
Protoc¢ols tudqﬁuxunouﬁhlﬂu Digital Subscriber Signaling system

No.l (DSS1l) Network layer

Layer 3 USER-NETWORK Signaling

AN user-network ihwenivitmeuiiafaun 1 Bondosenine 1soN
terminal ©dN user il serving ISDN ISDN terminal 1uﬁéﬁ Ao
terminal #ilAMENAIUANTE procedure AN ) frengafo Uity ana i
PBX 438 concentrator u%n'computer Ll

User-network interface procedures &utﬁnﬂﬁﬂizuﬁqq ISDN user
URE serving network lﬁﬂ&u AN protocol ﬁ1ﬂﬁu switching node @n
Signaling System No. 7 WR¢ user-network protocol ﬁﬂsﬂﬂﬂﬂﬂﬂﬁﬁu
network ﬂbgﬂﬁaxdqﬂﬁu network &u’«we’\b\:gnd'nﬂﬂﬂ‘lﬂ ISDN protocol uURe
mappe& N 887 protocol  fnmedmusAiinTT mapp Sounduil TsDN
exchange UMMM INAWTY

Basic call control nﬂunqquuuwuﬁuuuwuﬁq 1Y established ,
maintained uWA¥ disconnected communication oMY ) Faananm

» . Ul
wipifit  Apnsupninll  transmission path HHN path tﬁmﬁqnﬂ%’wiﬁm’m

user M network WUNNEN user Basmie eall sencral SERHFENY
reccomendation Q.931 (I1.451)

}
Supplementary Services tusmiitiammmngsan v uaN features
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A ) WO users SWIINAMWANATT, AANTT  transmission path N
network ﬂﬁmﬂ'ﬁu iy call forwarding,call waiting “18%

Signaling procedures u"uumumxﬁ"h’hﬂu uger's terminal MRY
network Aunssvdgg usERIned

Muiy  signal ing procedures fn“h’{ﬁmim:m":w users fil user's
terminal &uﬂt‘}uﬂﬂ wilboou Lomitasagn udas tﬂuuﬁﬂi"xi"»jnﬁnuviawwas
eI EnTeewmutianioe  1tu asren il pral dnssianTIuan

w1 GHR 10K et adneig

4.2 Structure of the Protocols

ISDN Signaling protocols "lﬁlﬁ'ﬂ‘mﬂ'l‘fﬁﬂv'mTﬂﬂn’\‘iﬁ\lﬁ'ﬂgﬂ digital
i1 3unn Message FeWIN user's terminal i network UARE message it
st NI informaition elements WRAMAN
ISDN il signal ing messages iléf?\muﬂ 33 messages TAannuAlu
Q.931 25 messages UREdN 8 messages MMUAMNAU Q.932 uday
message ﬁ”u'»unmnﬁqﬁ'ﬂgnﬁa‘w whilunns  call udn service Aummsiin  uday
message m:i’lﬁgml'mmﬁ'um'riw")\mwi']\!ﬁ’u‘hlmuﬁanmi]’u 1714 SETUP , CONNECT
wluein
MARE message AlEADUMANY header MR informaiton elements
Headers 15#naunin 3 #7490 Protocol Discriminator uanin message &u
ihunna protocol a#14,Call Reference Value (CRV) 1finmua specific
call ,Message type Hﬂn’i:‘llﬂu messages tinhmtly 33 A
Information elements aspYlusfunieann header unednunaifuas
uanﬁxﬁgml‘wmﬁun\:ifu 191 called party number,Packet gize “1A%
. Information element il 9 AastsenmMuAIl fields MRy *) fields
sezitwdofu Tomowdar  field ammnﬂﬁnnmﬁ’agﬂi‘;ﬁuu‘{umj tiu
Information transfer capability field qfMmmnaiongs call ﬁ"'utﬁu

A speech,digital information Wi¥n video
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A.3 Basic Circuit-Mode calls
Basic circiut mode call ABAVIAARDIEWINN user's terminal MR¥

U
network W1 user ASAUAIDN channel ARBALIRN

Conneting the Call

L]
e messages HovmnsRedouy circuit-mode usAaAaIUn 4.1

Calling Network Called
Party Parly

. - !
e GALL PROCEEDING
ALENTING

4]
) , i
Tk
Pyt ol
A

a‘f

§ﬂﬁ 4.1 Call establishment message exchange

2
Nwdgasly message SETUP UM network U SETUP message 1MRY
uanitefoysiian tltunfine
. , ~
1M SETUP message il information elements wRW#MsMy Bearer
capability information element A" uuA attributes BN service 0
user AOINTIFAIM network tin vendnidunnsde packet mode w39 circuit
mode, MMIRvwmAuIn foyauie video 1AM
1
Called party number information element 1ﬁﬁhya1HUQﬁhunqntﬂn

nowhuiu  Uszaauday 3 fields @B Type of number UBNKTANHIMAY IR

U
whissriaise wd, autss ind WD numbering plan WM network
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Numbering plan identification ﬁﬁuuniﬁuuwntauﬁutﬂuuaq number ing
plan ‘A A% number digits field Aownmisiilfumu address LORTRH

Information elements Su 9 U SETUP message fio Channel
identification information element qfituuA bearer channel d1’ef
channel ARMuUA"THAAD

1 SETUP message 1Al user fmInde address v (Fun g YA
1 2 modes @D enbloc ApdehifiamANILIYN message 1AY7 URE overlap A
4 address ‘Ulunry Y] ﬁessages 1uﬁﬁﬁuuﬁﬁﬂlﬂuuuu enbloc

iilh network ¥U enbloc SETUP. message WA1azAII138DUIN message
{ht valid,user flnmnatunn1fl bearer capability A% lﬂﬂwudﬂgnﬁbqﬁ
anfy CALL PROCEEDING Iimmninnns call i’?ugnﬁmuasmﬁqm oy

WAL network favdd  SETUP message il w¥ude  seTup
measage ifnEARNMIME INAtANanda

nilwnanTitmfRste caLL PROCEEDING message NAUMYIW
network ﬁqﬂﬁhﬁnﬁnqﬂnsﬁ multiplex i1 PBX Lﬁﬂﬂﬁﬂﬁﬁ%ﬁ%ﬁﬁmmﬁuuﬁhuas
A liuatIey  UNAUD network awll timer iy Linnshou Yot
P aRaiirIne  $1 1 network asafyinaeiifoRanantuntidefoys  CALL
PROCEEDING &uﬂﬁ1ﬂuﬂunsﬁﬁqﬂnx&asﬁbqnau%hﬁauﬁtqaﬁunq timer aruuARY

TﬂﬂﬁhﬂUuéhﬁﬁu¥hauﬁqﬁmmﬂu ALERTING message ‘lun1inpu¥ SETUP
message lﬁaunndﬂ user's terminal 1ﬁ#ﬂ§QMWuuauﬂﬁhﬁﬂﬁm user MA2

uRaannits  network fiasid ey ALERTING megsage URIHI MUY
tInn il ii¥inns call dmdadasde  connecT message MK network
o network W¥mAaffasedy  Bearer cﬁannel W ufINN  CONNECT
ACKNOWNLEDGE message ‘WU nasdy CONNECT MUnty  Handadiag
MNUAIY  CONNECT ACKNOWLEDGE message Famfanfimasdatrmnitas

-3 ]

AR _§q1unﬂﬂﬁ ISDN Az 13unin data transfer phase
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Digconnecting the call

n'rmnt?mn'\ﬁnﬁnfi‘mmm‘ﬁ'\uguﬁ 4.2 vuamndmisiovileda pIscon-

NECT message WY network lﬁﬂ network 14¥uudrrirunoun¥udiy RELEASE

uneda  DIsconNeeT “tknamile et muaniis 4%y RELEASE  udhifasda

RELEASE COMPLETE message ‘1% network équmsﬁ network flaeyhnTy
fUﬁDU B-channel

dudneile ilo1#% prsconnecT message WRINABNDUTUAY RELEASE

message  network flasUfny  B-chapnel U&IRN RELEASE COMPLETE MK

[} 2 2
unmhﬂﬁm%mnm’/fmum‘iaut‘pnmmléﬂu‘lﬁrﬁ}uﬂqmm v ie

Initiating Network Other
Party

T oo RISCONNECT

RELEASE

NELEASE GOMPLETE

Eﬂﬁ 4.2 cCall termination message exchange

BASIC X.25 Calls

X.25 tevminals &uaulﬁnuﬁaﬁh§Qﬁt§nn4w virtual circuit service
?}\Jiﬂ‘l il Packet Switched Data Network (PSPDN) %30 packet handler
ng ISON M4 Virtual circuit services asil protocol dﬂﬂnﬁuﬂﬁ*ﬂﬂﬂ
AT call  MAZANINH IMTIYR wiigne  ISDN Apnns tilmman access

1AM X.25 terminal fill virtusl civecuit
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«y

TISDN 11 2 3§ﬂunq1Wﬁnﬂslﬂaudnnﬂ1 accegs (access connections) )

- "Dial-up" access connection UM B-channel 18 basic
circuit-mode call ﬂuﬂﬂﬁléﬂuﬂﬂﬁﬂ remote packet handler (Uﬂﬁﬁﬁﬂ

PSPDN)

~ Packet-mode access connections 1t B-channel lﬂﬂlﬁau

WA packet handler 499 ISDN

- Packet-mode access connections tu D-channel lﬁﬂlﬁaﬂWUﬁﬂ

packet handler ua4 ISDN

Circuit-Mode access to Remote Packet Handlers

Yunnitodaiuaedo sy bearer channel 1unsidoudents access
‘Wita  PSPON  dmdw¥iitas¥u ISDN  SETUP message AU access
protocol AU PSPDN %ﬁl?"ﬂﬁﬂ access unit (AU) (1u§Uﬁ 3) ﬂq AU &uﬂﬂﬂ
“ilfinsde CALL PROCEEDING 430 ALERTING message ANUNA

| d AU ¥ X.25 call anilaupe PSPDN BeasdetUi¥ user I ISDN
AU awyrnnioil wilowithe] 13unuRe§ne ISDN  SETUP message #aMiife ISDN
network

WM iIRE X.25 data link layer procedures (LAPB) umnu

protocol AN ISDN (LAPD)
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Caliing ISON X.25 Callad
Parly Network Mahvork Party

X.28 PROCEDUNES

[[<—2E EEEGRENE l

jﬂﬁ 4.3 amusnRYY  Message lﬁﬂﬂiﬁd circuit-mode access

connection Ui remote packet handler

B-channel Access to ISDN virtual circuit Service

ﬂﬂﬁl%ﬂﬂﬁﬂ B-channel ‘Uil ISDN packet handler lﬂuﬁﬁnﬁﬁﬁWﬁﬂﬁ
users ﬁﬁuﬁ?nlaﬂnﬁﬂ B-channel m3¢lflN X.25 virtual circuit
service in

Signaling Procedure AwARWIMMUY circuit-mode udiueetiniuan
AvAs oy wtindauuy  overlap uss network artiilnnvde  caLL
PRODCEEDING message ifuauft CONNECT message Wuﬁ’tﬁ'm""‘lﬁ'ﬁ‘uﬁunnu SETUP
message

Wrviead %.25 data-link layer procedures itulAbafiuuy

circuit-mode
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D-channel Access to the ISDN virtual circuit service

D-channel Access to the ISDN virtual circuit service ujufin
Wuilvruns il user it packet handler 194 ISDN TaHawe Tanayid
?)g'ﬁ user HINUATY X.25 pagket 119U LAPD Information frame, fM
ANt Service Access Poir’;t Identifier (SAPI) niu 16 ufada sy

' t

Uit channel D

4.4 Controlling and Invoking Supplementary Services

1
ISDN v i3d e uaniasianTY supplementary services R 3
35a0 keypad protocol, Feature key Management protocol WRE
Functional protocol .

»
L)

gwit 2 AFusainnesan ¥l ududnmsnag stimulus protocols

" <4 { . >
Stimulus protocols Af protocol # user's terminal %ﬂna\ﬂﬂm'\ufﬁn ]
‘lum'm'mquuasf(xm'n supplementary services f#7  functional

»
protocols Thuifumounisviewadwiy basic call control protocols i

user's terminal '«mﬁﬂ\liﬁ\l message WazimauluAIIe /3N message
Keypad Protocol
4 1 N 4
AN niser ﬁlﬂuuquw'm'ﬁnmlu (0-9,#,%)  muninfh iwoninasa
qmmx?{dﬂ’ﬁ supplementary service i’\iﬁm&ﬂﬁﬂugﬂﬁ\ﬂﬂ‘lu keypad

facility information element #dN SETUP w3 INFORMATION message lﬁﬂ

AhIY network Sniwila

Feature Key Management Protocol

Feature Key Management. Protocol whu protocol WA keypad
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protocol uviei'wi‘\'umwﬁ"t!uﬁ‘lf{ 1hnhii teon nla iy
tijﬂﬂfn‘inm}mﬁ'msﬁn'\m’%’wﬁmmﬁu feature identifier number Tvas

t‘]nﬁ\l”hlﬁ\l Feature activation information element 984 SETUP w30

INFORMATION message %\!Qud\l‘lﬂ‘lﬁ network Lﬁaﬂwquuﬂuf{\m'ﬁ

supplementary services
Functional Protocol

Functional Protocol itusmoudemaenitdiiu 2 wuudo uwy
seperate messages WREMUL common information element procedure

QUMY seperate message ftuaund message #4 9 flulun1INIMUANIIM
qmﬁ;ﬁmn'\'s il message V.f’\muﬂ 6 messages uas‘l‘uﬂ‘m’luﬁ 3 messages 111u
ANSISUN NRERA 3 messages 1MUNNIYU (retrieve) M iFnnasde HOLD
message ‘Wafindqyazam) HOLD ACKNOWLEDGE AN HOLD REJECT /el
WA EiRaT A 1A mT retrieve call A
RETRIEVE message “UUReay¥y RETRIEVE ACKNOWLEDGE admn A
RETRTEVE REJECT 1iflun<alitui@nafiy HOLD REJECT

#71  common information element procedure as1fl information
element @A Facility information element Tun IR
_supplementary services Uufg Facility information element ﬁasmé‘lu
FACILITY message . 138 REGISTER message W3INY contorl message
Hu 9 dmiumoun e information elements ﬁz‘fﬂﬁgnn’xwmﬁw

ponulud 1992 CCITT recommendation

4.% 0.931 Message Fonmt .

+ ) . .
QUi message MNSEADUATY information element. #NY %) Lms‘lm'!ﬂ
] 1
message awiljuuunitivilou 9 fu (JUit 4.4)  twenoudm  information

element A 9 An
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- Protocol discriminator

Call Reference Value

- Message type

Information Elements 511 ]

Bils
0 7 6 5 4 a 2 q Ocletl
Protocol Discriminntor (1.451) 3

0 ] 0 0 0 :

9 0 0 0] Lengihorchv 2
Cap l Call Reference Votue © 3
0] Message Type

Other Information efements,
as required

CRF  Call Reference Fing

T 4.4 Jumpe 9,931 (1.451) messages

Protocol Discriminator

] L]
Protocol discriminator ulugiunsnney message vhuiiiupn st un

nuiuidu message U layer 3 Hufp 0.931 ums x.25

Jhmma - protocol discriminator whimriiei 1 #uamdn w5

uss 6 M9 00 asidu protocol X.25
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8 7 BITS D
65 43 PURPOS
— = %21, PUneosE
000 o O —
through 0 0 o g g (') (|) (1) | Assigned in | 451; not availablo for yge

in ihe massagn protocol giscriminator,

1.451 usar-network call control messages,

e e
e e

06001 0009 Reserve
rserved for othar Network La
‘—_*U_Ilugh 0 O.l LI I I 3 protocols, inclucing X.25, yerorLayer
“0 . o 0 e e - -_..._..:... T e e e e
rough 6 1 g o (‘J (1) ('J : Reserved for natienal use.
T e
ST e e e e e
through 1 1 11 (') (') (') Reserved for other Network Layer or Layer

3 protocols, ncluding X,25.

—————————

: All other valyes reserved,

AWM 4.1 Protocol Discriminator Codings

Call Reference Value (CRV)

Call Reference Value mﬂuuuqnnanﬁ1ﬁ1nu user URE network ‘U
ANI90Y call ﬁnﬁﬁqﬁﬂﬁaaq (active call)

W Octet WINWDY call reference value ILUDNINAIUM CRV fian
AMNY Call Reference Flag lﬂuﬂwﬁﬁﬂﬁuﬂﬁ109ﬂﬁﬁﬂﬂ1lﬂuﬂﬁuﬂﬁﬂuﬂ call

reference ﬁﬁuﬁ

Call Reference Value #gidu 0  1v13813uah global call

» 1 .
reference value Iun13d19iN calls Hamniinanoiuey

Message Type

Message type information element Aflupnntinnpa message
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Other Inforimation elements

U message uii\m UBNAN information element fvAuMR2 flaisznou
1 inofrmation element Bu 9 Bn URF iaiteemaniiunndnafion

U message fhruiddniirinaa e #a information
element wrildounmmaatmnnneaEai el Ry octet tﬁu’xﬁ’\r_mv‘/"l
4.5 wIpWnAMe octet ﬁ\rph?'l 4.6 sw¥unsuiathnell £ie1d #1funnanm

¥171899 information element ifu 9

Dits
n 7 6 5 4 J 2 1
l 1 llnlormnlion Elemant idontifier Information [lamant Contnnts
(Typa 1)
‘it
A 7 6 5 A K 2 1
[ 1 I Information [lamant kinntihigr ]
(Typo 2}

‘Eﬂﬁ 4.5 SUuMNAN Single-octet information element

Bt

7 6 5 A k<] 2 1 Octnl
0 Informatinn Flemant Identihor 1
Langth of contants of Information Elament 2
Contants of Information Clamant -

‘3!]\7! 4.6 JUuwmEnN Variable length information element
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4.t ADDRESSINGs

A13ANY address 1M ISDN lﬂuﬁ\lzll{’i 4.7 TAtil address 1D9 ISDN fu
aefiarumlAsi International ISDN number Failarmun1dde 17 Faime
ysenmdan 2 fields @n country code URY¥ national (significant)
number W3 N(S)N Country code SAIISwuaUTs A & N(S)N mPwun
user l.wiﬂziﬁuﬁxl'lu field ﬁqazil'ssnauﬁqu National Destination Code uaw
Subscriber Number fields

Subaddresses Lﬂuuuqumﬂntﬁutﬁuaﬂn ISDN number kdﬂﬂﬁﬁhuﬂﬂ
address NMMU private network Subaddress S§IMNINNATIMIBAIMATY 40 #9

Ry .

Country NaQonql Subscriber ISDN
Code Qek{inaling Number Subaddress
Code
1
b oreme Natlonal (Slgniticant) Humher -— -
e -in ce— e interpationat ISOM Humber: -l o0 - -
v '
e 1501 Adedress -

9 4.7  PMUUIAY ISDN number (address)
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i 5

Packet Switching

whinssumreiniesy Store and Forward Switching (¥unnifuuda
fuipiul Tartiliinny idufoyanedadion ud tnisatmniana e adeg
wm Ferf 181 3end wlo tiudays tfun)

iitnaetk "Yudfinysudrtaindgl Tavtliinas itufioye” wis1d sty idy
ﬁngmﬁﬁanﬁqﬂ ﬁxxﬁuvuﬂﬂumﬁnga%m’w whudnaiionn idn i*\smm‘)‘lﬁﬁngaﬂ/umﬂ
18N m‘lﬁ"‘lmm’nuﬂqﬁ’ognﬁasd«hmtﬂn 1nasindvoon tdudu 9 whestniTund
"Packet” Tamusnzudn inaasiioun 64 M wip 128 ol (¥ Thaipak
mawdninasilonng 64 il ) Tannumieannnadautn tna it
wln 1 3dauanmae wintna mé'u"i'uasgn assemble WIDUTEABUTATIFT N Use
TR 1nane Souatf uilau Aninol quuﬁ/"l ey anin ina windA
s Houmn inalfhTasas 3 sl 139NN" PAD (Packet Assembler/

Disassembler) "

sy nmlraawin inagindiRndans it e udsvfayauugs
yehmiun iddaainnta 1ﬂaﬁnunqn'ﬁd\n‘fagﬂ il ingne ithursitdTinonn
unTEUNIRTRtauAmgnRavneatoyat i (built  in) anmlsauiadn
13w mnafmii‘lumx?x?;rj"lﬂv’l'mmsﬂi"\\: wlotwnemiee (1 13
wiatwiamunn 9 wewitnt) udtifoanat I et faund rendund
A 9 ARDARUATTAMRTELY NIy 1ﬁm’3‘§ﬂ‘h'1'vr'1\ﬂungwanm'm'l win-

U L] »
i ntaae 1usa xﬁnnﬁﬁﬁfgﬂmw‘iﬁlméﬂwﬂﬂﬂ
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I uRuu tisulipAfo fuaeam M dgr 1IN (leased line) fiu

win 1nREint
fioRansan win 1NAIndy gy adotum i
A fidny uU1nﬂuaﬁuquﬁhgaﬁﬂﬁ ung |  nlaudrInsthomnaing

STUUINIIREM]
t#nﬂqqugﬂﬁbq

' tpviioun

1Ry

nnsIRi e
VARBUATINGN

GORULRLOHIT

o
AN IuNy

i

\

ATTRUA Nin

e

1987 WWIRE 3.5 U M+64

Mz 0.35 ym

inn9unszyunsudn

( Built in )

fiausunInila ton whitd

inwlunssuunas
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5.1 nqﬁﬂ1snaéunq Packet Switching

1. dquﬂ1nﬂnuﬂun%1lﬁ%ﬁunUTNﬁh (Local Access Component
win LAC)

2. Packet Assemblers/Disassemblers (PAD)

3. Packet Switching Node (PN)

4. Network Links (NL)

5. Network Management Center (NMC)

N
p

NRESIIH

LAC LAC

ILLENT - PNIDCALT SVIMOWA NIPE AN TR AL T ASSEMILEE I XS ASSERSLER i
KA HEINOIA, MARASEMENT CERMEA LIS QAL ALY O PIRONeNT I
AL MUTRORA LINK

JUuRAN  usAsRINRnugsew el sEnpuToY PSDN
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$1.1Local Access Component (LAC)

misidoyai o PSDN (Pagket Switching Data Network ) 13ufuflayn
1
Ay mgaumm}‘lﬁ”mﬁdmt PAD(PacketAssemblers/Disassemblers) w3nd

Packet Switching Nodes 'ﬂ\mrjmﬂ‘lu PAD

LAC Wsznaudnnunsl 3 daudn

- flauraninoile (End User data Terminal)
- d@wilgum (Physical Line)

- qﬂnsﬁHQﬁbgn (Modem)

{hﬁ!ﬁu LAC #1811 Packet Switching # 3 tilafp

- switch analog line tdu  Dial-up
- leased analog channels 1fu  ®W private
- leased digital channels (84 DDS circuit

nq?ﬁﬂhquuﬁasuuuﬁhaéﬁhaqqu1411unﬁsuﬁﬁﬁ¢ﬂu

2.1.2 Packet Assemblers / Disassemblers (PAD)

- ] o)

iy user fnIniasindafuTasetng 1y winitnr e i edu
AN PAD ARF$1IMANN Compatible 1sudﬂqun1ﬂﬁ1ﬂQﬁuuaﬂﬂﬂﬁﬂ1ﬁ1ﬁﬁﬁhnﬁ
ssurtasaton quaslingie (Terminal Device) xuﬁuunﬂaq%HNﬁuéhﬁﬂ
. Nnmsanshedadntaiiag protocol, arwmid uassifsidig 9 1l

aﬁwcﬂsﬁnwu;aqﬁﬁwﬁﬂﬁhsﬁbﬂtﬂuuwmsgﬂu ﬁouﬁasgnéqﬂﬂﬁ Packet
Switching Node #u PAD az¥antifoysanguasibing TSN 1 3undh
Packetized ﬁhgﬂﬁ%ﬁbnﬂuﬁ (Lwnaygmuss Jisuuatiig i) asgﬂdqﬂﬂﬁ
PN (fm PAD AwdafuTuadnm Iy access port udp gateways)uﬂsﬁnuﬁ'ﬁ'mdq
'owvf’N’m‘iﬂﬂnﬁ'iu'lﬁmgﬂ’a'm‘mﬂu’wﬁﬂ’ﬁ Depacketize W38 Disassemble fiou

ﬁandqﬂuﬁtwﬂ%ﬁﬁaUNﬁuWﬂc
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yiliniiau 9 ypudIu PAD

' .
ﬁﬁunBQNﬂuﬁmmﬂmlﬂnuﬁa

13UNNTS SETUP WRE CLEAR

- uUsay PROTOCOL

- WURIYUR (CODE)

- protocol emulation
- Local switching

- Local call recording (billing) functions
PAD grpanuuuIREianRimd#Ndn switching node ( utaa 10-100
Packet #loumi 1lssunat  10,000-100,000 n/uwwl) w1t PAD Navrunini

Tt sw itching node

5.1.% Packet. Switching Nodes (PN)

1] I
11ampe PSDN Ap #u Packet Switching Nodes (PN) witwiudnii

AAyREAAD Y imIdunne packet ﬂﬂﬁqﬂnqunﬂqﬁgnﬁbq

4 -
wmimby 9 199 PN A

- Call record journalling (billing)
- AEaTAsauNnIUTaTeny (Diagnostic)

-~ silusyunsinda TRuYiU Host

oudafutaTetnnasuon

PN asUiNatmdiigann (Ussum 70-3,000 packet/sec )
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§.1.4 Network Links (NL)

dnnenns 1l seuing  Packet Switching Nodes Fudni 7 13
13und1 Network Links mn"(u‘mﬁnwdqt‘)’agav'nq-) avlfl NL  #ied

T Network Links =wun

‘N5 Analog

MY Digital

¥ Microwave

3811 Satellite

b.1.5 Network Management Center (NMC)

dnuinai i3 "Network Control Center™ 11 1%m*xmuqu uRy
UNAMNR Packet switched Network

nﬁﬁﬁﬁ'mﬁ’mﬁ@nmdwﬁﬁnmnﬁu urs¥nmywoysusaTatedw Taugme-
fiur  (Database) lidu master software nasTATINIINTEUUlARE Node
Tuzufoys /o NMC As tiimrnennsinde unzinyavaeiaf mm'sﬁ'xﬁ'tﬁniﬁym
fausangufioyravgaTimalan NL Wik Tusil 1ARAYRANE R &mﬁ'ﬁmm Tauns
auAumNEL  NMC i matuasng 9 U Network €msaTABIMI
A1 R1ANIE Madardn fdutusouil

1
@’qﬁéu 824 NMC auf

- ATREsuAINUReAYIUNIRARD, / 138ARNY  SETUP
-~ FNFAUEIANIIUIDNTASNY

- "fué(qgtu'mmnmlmninm‘tm\nhui"l timruntnditenana

- iy uﬂwmn'}uﬁaga billing ANTuATANTASIINY
- WMNMMMARDUAT Y Diagnostic

- afMsarsviiaes TasainguyYsyeing
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duminsed o il U39 workstation mad NMC *eiubuiapT dIEnINg
U
fufiifiam  nespeimndanmiatidm  duoednd infufuiiiiaud e
M NMARINHNY

A¥19TATaRd a1 Tou oS iNdrnY end user TuTATILY

1
- ifln software winTATIR$1913uAU
- arwassyTaTetny
3

]
- Yudnyei nhdfpoaanTasaniog

- Juwaimdann1s Diagnostic
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5.2 Packet Switching I8¢ Thaipak

THATPAK  tthundn inasfinia il 1 A aifaar La 1la idann "eummmnns g
PBNDNARNT CCITT # X.25 ( X.25 ‘Widulniida u LB AT
yAFiadeanoin inadinnps iU tnasnita i ifatdpregndng
wIBARNEIIH N X.25 ATUTTnADRTMAR mém. PC svIAUIHEWTn By

o LEfTuuin inas3ni e 9a1d )

Asasde i Adamd 2 A8

1. ﬁfnuﬁn‘rmmw (PVC : Permanent Virtual Circuits) Taunis{4
At ydmitin (leased line) et tam 1 $runetd
goin 9600  mdndwnil  Tawiamdasdociuresiadussafionfiunnda
pruninad  Teasmd wiu PaD Fwitaan aniisin 18 leased 1ine

2, lﬂnudﬂ‘mumm&gu‘msﬁwv\' tfinem.  (SVCe ¢ Switched Virtual
Circuits) TAENIN NEm. Asiluny mu‘tmﬁ‘»{wv(qunuﬁﬁmgmn'\ﬁ L WA
toAtaInIy tﬁnm’m‘tmm'rmqu iledmannaiine Usewin l3u‘lﬂﬁaqﬁqc§mmmﬁmf‘1'¥
tilusow (Aovdonsan 1o usesinInTonBwn nm. fadlotstiduite i
as thinsRas s @i f@mnnnd #8819 T inang uRAUBuY)
bdmsn s L s A wileuty vl rimembuenannilifesninsed fen
arwidage 9 An 9600 ndatunil Tawadnu r’s"zﬁ'myu'm‘lﬁ‘lﬂ’ﬁa 1200 naz 300

Dnfodui
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5.2 TU1InADR_ X.25

Wytnaon X.25 thurin inasinBeiitfnnaeeniuiosee “fumudeon
f I TN COITT Tam X. 25 lﬂunﬁuuuuﬁuﬂnﬁﬁﬁuﬁWﬁﬂﬁmﬂénqnnu
ﬁntnn#ﬂﬁuwxnanﬂﬁ1ﬂ0nﬂuuuﬂn1naﬂ%nﬁqxﬂnlﬁéhﬂﬁhﬂwognﬁb0§l%ﬂqﬁhm%ﬂ
97ANA1IN X, 25 ﬁaTU11nnnaﬁﬂﬁ1ﬁlﬂ§no PC ﬁxﬁunqﬂquﬁ1ntﬁngﬂnxﬁﬁﬁhmﬁh
inarInda in 9AMA uananniiMiTIeor X.25 fenrunmiadoismann URs A3
AS1AAN

M packet network interface ﬁutﬂunﬂwuan1ﬂ§nuﬁbgaﬁu«uniwq user
device (DTE) UR% network node (DCE) andfftusimann ¥X.25 ulufinnmma

1unWﬁ1#ﬂnﬁn ﬁhgﬂ

X240 Netw ork Glouwd .2

Packet
network

DTL: Data Terminal Equipment (User Equipment)
DCE: Data Circuit-Terminating Equipment (Netwerk Nods of Pecket Exchange)

DTE : Data’ Terminal Equipment (User Equipment)
DCE : Data Circuit-Terminating Equipment (Network Node
or Packet Exchange)

JUuEAN - X.25 Networkk Interface
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DTE (Data Terminal Equipme.n't) UKz DCE (Data Circuit-termina-
ting Equipment) tﬂuqﬂnmﬂi]ﬂ'numﬁm‘lum‘:ﬁdm‘smn QuAiUss 1an DTE
aaﬁanjﬁﬂmrmwmm‘wwénﬂfn dm DCE au il i 3eude DTE 16
wuuﬂamﬂﬂmml’%’uﬂmwumt‘fmm'\m‘lﬁ umnssuiuTasetsiesnvi 9

#ethaipe DTE  tduammained  usedindneuna DCE AdeTuidn Tam

uﬁ"xin'u%’uﬂmusumﬁaga‘lﬁtmwvﬂuﬁaudw'}uw'lu'wumm@fnﬂ Ay idoudo DCE

E 4 1
17U DTE i g mnwuade RS232-C

tiA-232

EIA-232

e

.l

CDI(20}) ————
CCO) <= =Sr v
CAl4) e

CB(5)

Charrier signals

o

TDH120)

——————— CC{6)

—t————— CAl4}

e CB(5)

- CF(8)

CFiR

DB(1)) ~~———————

Dato

——————— DDI17)

— BB(3)

BAI{2} -
DDI17} —~e—re——————

BBI(3) —=

Data

————— DB(15)

— BA({2)

Notes

; Initial Power Up

1
2: Initiate Controls for Transmission
3: Synchronize DCEs

4: FDX Operations

“JUuEAY  Full Duplex Operations Across DTE/DCE Interface
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EIA-232 E1A-232

CD(20) e ———————— CDI(20}
CCif) ~rm————r— e~ CC{6}
Carrier signal
CA(4) e — —— » CFi8)

CBI(5) ~trm———
Dats

BA{2} - —s BB(3)
CA4)...... oH........ Cortieroff ceeee.ee oHf....... CF(8)
CB(5)...... off . Ad ="
CF'B) - A Carrienr sinnal CAld)

————————— CB{5)
BB(3) ~— - i - BA(2)
CFI8)...... off........ Corrier off ) € oH ..., CAl4)

Notes

"

1: Initial Power Up
2: Initialize Controls and Synchronize DCEs
3: Send data, then turn oH CA and CB

4: Repeat sieps 1 & 2 in the other direc

Puiag Half Duplex Operations Across DTE/DCE Interface
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NTNIAR OST My 7 Hidp

} S |
- fhm 1

8
- thim 2

it 3
_ fhat 4

- tHhm 5

f A ar >
FufunisTaann X. 25 AATAIANUIRE 3 uuiiu A

IRy

PHYSICAL LAYER
DATA LINK LAYER
NETWORKK LAYER
TRANSPORT LAYER
SESSION LAYER
PRESENTATION LAYER

APPLICATION LAYER

- Physical Layer
- Data Link Layer

- Network Layer
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Physical Layer

]
~ )

y 3 X
Wartifuneifini 1 Tasduguas 1ﬁumw’1\nummmmfnd\lﬂmmﬁ'ﬂgﬂ (o

WD 1) Wnwdwntieny ﬂq‘luffuﬁasnﬁuuﬂn;]‘lumsdq 1 dwvevfiayrann

! 1
madud Ui dndnala g i 1 Inudleudidenonin useugming 4 fias

} L 1 3
Aavsniuiuil it wsefetth  aguesfewfuny  Idulunsiene nas @ants

p o »
Ando ujﬂﬂwduﬂ%'aauﬂug'mmﬁ"z muﬁqmn'ssfmn'rﬂénmio (Connector) as

1 rs-232¢

RS 449 u3p X.21 uauﬁm‘mmLﬁmt’fuﬁnﬂnwmxxmmmﬁ&mw

ﬂwﬁwuauﬁqﬁﬁuﬁu’mﬂﬁﬁ’lmwﬁ%q ¥ MT1en neludiwieseuing DIE

IIR¢ DCE

Wt fuuinnsy Physical Laver

mMadafiaygrsswinaniduined mefussuing  DTE  (Computer

Terminal) WR¢ DCE (iU Modem / Connector / Cable)

My wnIAUANTENIY Devices

Provide ﬂ@mﬁmuﬁﬂnﬁﬂﬁhﬂﬁﬂwﬂUaﬂﬁbgn synchronous HRg.
bit rate

Provide 3 electrical ground

provide nﬁﬁléﬂuﬁﬂ (connectors) F¥uina machines 1iu

pin , sockets HUR¥ plugs

Uiy physical ﬁqmﬂuﬁﬁﬂunw1 interface ﬂﬂ 4 1sA13An

1. Electrical

2. Functional

3. Mechanical

4. Procedural
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Electrical attributes

UNANTERU voltage (M3pnIsus) ', 1ne iy Electrical , fnvs

Electrical 3u 7 WaMuA (Capacitance , signal rise time)

Functional attributes

n3Uﬁﬂﬁ¢ﬁﬂﬁﬂﬁédﬂﬂgﬁu physical interface protocol =[huuNN

wiatdailae HaifuntsaouAn , function timing , data URE ground

Mechanical attributes

]
ARUMANIINANNY ~onnector MREIMNMEMMREIFIUANS  interface ?}4

Taritn 1 1 gy usssuaURuREDYRIBiL

Procedural attributes

Afuntamiiniitge connector AL TINMUIREENAUNDS mqn'mign'?m

1o Teaeiold iinefiuntsdeioyrisuwiienty interface
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layers

I

U . f Upper
’ I
et ]

Packel — PH: U Tvenwork

Frame —= 1 E|C|A] | 3 . Data link
CS| F (LAP, LAPB) X.25 Layers
N
Prysical
.21, X.21 bis)!
U: User Data F: Flags
PH; Packot Heador C: Control Fieid
Polestiiromsnig e By, S L= i)

FCS  Framwe Chedr Svguerce

U : User Data

PH : Packet Header

C : Control Field

A : Address Field

I : Information Field
FCS : Frame Chet¢k Sequence

F : Flags

Judn X.25 Layer WUR® Protocol Data Units
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Ty TnABR X.25 URe Physical Layer

AT TUTIAADR X.25 Autesiy Physical it fias ulufiprma

)
989Ny interface fifiUANU electrical ,mechanical Uz PMUUUNTIAR

ﬁﬂaﬂﬂﬁ1 (Communication) HURENMIFNDY Connector ﬁﬂﬂﬁﬂ X.21 win
EIA-232C (tﬂuuﬁwsgﬁuﬁnﬁuuﬂTns Electronic Industries BAssociation
(EIA)UﬁQﬂ%ﬁl%Bﬂ RS232C) ﬁdﬂﬂﬂuﬂﬁs support PSDNs (Packet Switching
Data Networks)Muavntninnils x.21 fetlidiifemfuity sefn corrr
FITMUANIIF N connectorusedy physical el i3ondn x.21bis uiplu
a3n13uAn EIA-232C win RS232C

MuANS interface EIA-232C &uauﬁﬂ'%'xm’