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INTERFAC E STANDARDS FOR PUBLIC DATA NETW ORKS

HAROLD C. FOLTS

OFFICE OP THE MANAGER
NATIONAL COMMUNICATIONS SYSTEM

ABSTRACT provided will Include leased circuit, circuit switching,
and packet switching with both virtual call and datagram

Intense acti v ity over the past several years is leading to modes of operation. Accordingly, a new generation of
a new generation of interface standards for the emerging interface standards are required to ensure effective
public data networks being implemsnted in numerous utilization of these emerging services.
countries around the wor ld. These new data networks will
offer a wiety af services Incl uding circuit switched, The center of the public data networks activity is In the
packet switched and leased line to ~ pport the rapidiy International Telegraph end Telephone Consultative
expanding computer and digital communication require- Committee (CCITT) Study Group VII. Diverse inputs are
mants. being made from a wide spectrum of interests through

the International Organization for Standardization (ISO),
Close liaison is being maintained among ANSI. EJA, national telecommunication administrations, and national
Federal Government , ISO. and CCiT T activities to standards bodies. In the USA, the Amer ican National
prothce this new generation of standards . The results of Standards Institute (ANSI), Electronic Industries Associa-
this work are described by this paper. Included are tion (mA), the Federal Government , and the US CCITT
descriptions of the w,rious interface specifications that Study Group 4 are the centers of activity and liaison.
have been developed and are in the process of being The direction is toward establishment of agreed interna-
applied around the world. Not oR of these standards are tional standards which are then adopted in the USA for
fu l ly  o,mp atlbj e or are following a convergent course national use. This Will resul t in universal acceptance and
towards a wiiversal interface. Considerable work application of common standards.
remains to eliminate differences between the various
applications so that it will be possibl e in the futur e to The results of the CCITT work are published as Recom-
come i.ç with a uslversal Interface that can meet the mendations. A complete list of the CCITT Recommen-
spectrum of user applications. dat ions that apply to all aspects of public data networks

is provided by table 1. This paper will only cover those
that apply to the interface between the user and the
network. These are indicated in table 1 by an asterisk.

INTRODUCTION
ARCHITECTURE

Throughout the world, many national telecommunication
administrations and private operating telecommunication Interfaces for data communications have traditionally
carriers are developing and implementing new digital been specified , for operation between data terminal
services for public i~ers. These public data networks equipment (DTE) and data circuit-terminating equipment
will be providing efficient and economical service to the (DCE). Figure 1 shows the basic block diagram of an
user community to support the rapidly expanding lnterconnect.nn which is typical to a public data net-
computer commimication requirements as well as many work. For practical purposes, the DCE is generally
other digital transmission requirements. The services considered as part of the network as far as the interface

INTERFACE INTERFACE
POINT POINT

OTt : OCE DCE OTt
CO.!qUNICATIONS

DATA • DATA 
_______ _________ 

DATA i DATA
tQUIP~~ i TERMIN~TING NETWOR K TERMINATING EQUIPMENT

EQUIPMENT EQUIPMENT

FIGURE 1
TYPICAL INTERCONNECTION
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A complete Interface is defined by a number of chin e-
teristies. They include the cleeu’Ieal, physical and

T&~~.I I functIonal character istIcs , as well as ths necessary
~~us i ssooeassDAIIoMs - DATA w~~~~~~. procedures to facilitate transfer of control informationOVU PVIUC DATA PITWOIZS and of data across the interface. There are a number of

________________________________ 
protocols that can be involved in different applications

~ —~~~ ~ —. ~~ and modes of operation; therefore, a basic arehiteetire
________________________________ has been defined to clearly Identify the Interface levels

Li ~~s,au i s~~~u~ to . es. ~~~ so that they may be independently treated. These levels,
as shown in figure 2, are described as follows;LI ~~~~t s I~ /~~~~.Mty (aSh y (PAD) I.

_________________________ Level I - Physi cal, electrical, functional and proce-
Oas,sl .to~~ta. .i i~~st. o~ ~~~~~umo A~(MMst daral level used to act ivate and deactivate the physicalMS. I ISiS f deli USI..ala o~a 

~~ link between the DTE and the network.55105MM

‘LII toti, f... b.tw,a deli taslal (DY!)
ad ~~ta alt-~~ miau,~ mat (DC!) Level 2 - The link control level for the interchangeba MMt.utop 5.—~~~~ ~~~ • of data between the DTE and the network , or between

DTEs through a transparent network , to provide°LNba V.31 - se pstlbhs IM fSSI ~~~~~~ ~~~ ~~~ framing/synchronization control, and error deletion/car-(DY!) ad deli ~~s51l-tamlaur~ .q,lp.uit (DC!) (a
stat-stop o—— ~~~~ surotoa a ~~t* at.a ~~ reetlon functions for transported information.

.1.51 Gas,51 ~~ pas Mat.,, stuan deli tambml .q51pn~at
(Dli) ad deli sMo.jt-tsrmta*flM sq.ipmat (DCI) fa Level 3 - The communication control level defines

________ 
s~asUom hate deli the formatting of information and control procedures

Use a pMIe deli atmato 01 deli tambal ‘ v ~~” used between the DTE and the network for establishment(DTh) ulba we dalgoed fa lMwf.etr~ to opalans..
v-,sra modems of end-to-end connections and, in the case of packet or

~~~~~~~~ 
message switchi ng net wor ks, for transferring user data

twalal s~ Ipmsmt (DY!) sod ~~t. ~eestt-twmlauop thr ough the network. Addition al control functions may
________ 

.~ip.urt DC!) a ~~ Ue del. at.s.to also be accommodate d which are necessary for flow
•X.1S totafies bstanr del. tamba sqof~,ant (Dl !) sod control and accountabil ity. These latter functions ,deli s t-t.rmlaWM .q.4psiat (DC !) (a t.rmbSis

spwetI~~ to U.. pat.t mode a p~ie ateato however, may be considered as a separate level (level 4).
‘X IS MSethal etmosetatotle. (a ,mbsMoesd do.tt. e.,Vent

InIweflhlee etreWts fa poum a. mm Intsgr.t.d elie.ilta 5!l JU!ZV*C(
.~~~ ,uat to the (told of deli amm.mhe.tto,. — I I — — — —

lIlIES‘5.17 MafIa) etaselidetle. (a bslassd deshlk-ewrent I
51110 MMtolaoh.uip deeslts (a ,uael a. mm lau reled I.toeelt squipmu,t to to. fIeld of deli ammalostisu.. LEVELS tiltS

I I- __________________________________________________________

LII DTI/DC! eta).,. (a . M.rt Mop mcd. del. I
tamlal .qudpmal seean.M the pocket .mblyl — _______
~~~ .mbty (5.Otty (PAD) as pate dets .ut ab
ettatsi Ia the ~~~ LIVEL nssiel ch rIs 

______________ — — — —LIS Ie~~~A_... (a siduope of eoetiel tefamsuon 3 ~ e71OL
ad ase del. bstu.u. $ pabst mod. DYE sad
$ pabst smbly/des .mbIy (softly (PAD) I

1.35 Shiode,du.tba of bale model p~~.-,einltl~ mackU..
alu~ j.t n..tlou..1 Aipheb.t so. s IIVIL LIIS

Lii lVse.m tsu. etsisotaftie. (a slat-stop deli 2 2301501
teomlal s~ jpmat .5150 latwnst)oal Aiphebet
No.5 I

1.31 5 Wa4.M alt, Ia 100- sod 3IG-fssd stat-
stop m.ehIn.. In secadezue. mm l.eommendetion CII 

~~~~
1.23 ads,du.Ua of a IManstiasI t.xt jet th. 1 ItS

.~~~~.mat of to. masts of stat-stop macidols
aSM bitatistlanI Atohetist N.. S 

— ________ ________

SAl Ma utba of f,sq..su.ey hi t  I mod.IsI.d t,.amheloe !)~,,51sma (a to. p.0,111... of Islopolpi. end deli
dua.11 by lNquaey Mdetou. o f .  pitmay gTo~ .

tISISE 2
XI. Plmdemat.I pwsm.Iw. of. msltiplul50 051mm. Mciii TECILSI of INTEItotE LEVELS

ta th~ taleinstiasl tu.l.rf.es .105.0 ~~~~~~~~~del. ..tweU
It is essential that each level be defined and kept

LII Padematsi pwsmMao of.  multhptuhI* sd..me
fee the teteenstiasI Interface between ~~~~~~~~~ independent of each other level in order to achieve
deli umlanto baM Mat avetecs ItIiiStWs maximum flexibility in accommodating a variety of

LII Comma ebau..I MinsikuM (a ,ynelwoas.. deli applications. Additionally, the evolution to improved —
________ 

apPilatia. - del. as’ techniques through exploitation of future technology will
1.71 fermion) sad tosonIl omitrol IS55JII IM s17tsni be greatly facilitated because one level can be changed

(ac stwt-.top swetom on tnteInaUensl eI?cuJ u without interfering with other levels.5.1.5w. aidodseuse. deli uwt.etto

1.71 Oe..eitnM.sd tarnish sad idsiMi .ont,ol 1(5511150
,~~.m a sutsamussul csreetta ~ei.ao ,yaetoono.. F UNCTIONAL, ELECTR I CA L, MECHANI CAL
deli n.twato

LI) Nypoth.tlaI esf.rene. eoresrtletm fa puate The basic elements applicable at level 1 of the
lw~~~~ deli OSiWetto archi t ecture are the functional circuIts defined by X.24

N.t.ab ~~sm.trs In rdsbe deli iwisetls and the electrical characteristics provided by X.26 and
LU C.Ure~~~~M Mln hMlledeli ont.fIs X.27. The mechanical characteristics are specified by

ISO in Draft international Standard 4903 which specifies

3



i t

the interface connector and oeiate pin e ignments X.27 (also designated as V.11) specifies balanced
for the interchange circuits, electrical ct -iracterlstlcs essentially the same as EIA

RS-422. 8~~ ifieantly superior perfcrmane. up to 10
X.24 specifies that the interface is located it a Mbtt/s ii provided using a balanced differential generator
connector betw een the DTE and DCE as shown in figure connected via a twisted cable pair to a balanced
1. This provides the line of demarcation between the differential receiver. The symbolic circuit diag ram Is
equipment. Definitions are provided for two data show n in figure 4. The differential receiver specification
circuIts (1, II), two control circuits (C, I), two timing is identical to that of X.26 (IIS-423). Therefore, with
circuits (5, B), and tlwee common return circuits (0, Ga, certain lead configurations , direct Interoperability
Gb). These are summarized in table 2. between X.26 and X.27 Is possible .

TMIt 2 BALANCED
tots atarI InterCMli . CI ,c,I t s ~~ENERA1CI 1 IN1UCO(I— LOAD

____  ________  ____  ____  ____  
, NEC TI~~ .. 4 -

~: CAStE CABLE
set5 Cat,,) Il.ln~ I BECEIV ES ‘

circu it
5-deolgeetlon 

______________________ 
Xl OCt OCt OCt OCt Xl

0 S1 ,.l groui.d O c~~~ e
_____ __________ 

Grats?,

0. OTt c~~~ n rout,,

I..Ie.ctocs. lotacliage tirtel t T a
t To Fra TO Fra To 

~~~~~~~~~~~~~~~~~~~~~~
ON OCt tao rttv rfl 5

T T,.s..lt $ 5

S entelus — _j__ — — —

Control — —
I lod lC lt tOe

S Signal ,la~ t t ldng — — — — —
• Syt. t15171 • F I GIiiE 4

_________ __________________ — — — — — SYN BOL !C REPRE SE N TATIO N OF BALANCED CIRCUI T

Two sets of elec trical characteristics were developed to Figure 5 illustrates the receiver configurations that
efficiently utilize the advanci ng integrated circu it tech- apply to X.26 and X.27. Category 1 receivers hove both
nology and satisfy the high performance requirements of ln~aat leads ~~Pearing at the interface while category 2
new digital services. X.26 (also designated v.10) receivers have only one lead at the interface with the
specifies unbalanced electrical characteristics which are second lead connected to a common retwn circuit (Ga or
essentially the same as EIA RS-423. Considerably better Gb). Configuration 1A and lB both utilize category 1
performance is provided than has been experienced with receivers . Either an X.26 or X.27 generator may be
V.28 (EIA RS-232C). Furthermore , an effective used. In configuration 2 only X.26 generators apply.
transition capability is provided so equipment imple- ThIS irth erent flexibility designed into X.26 (RS-423)
menting X.26 (RS-423) can be adapted to in t eropera te facili tates the orderly transition from V.28 (RS-232C) to
with V.28 (P.S-232C) equipment. This is described in EIA the future utilization of X.27 (RS-422).
Industrial Electronics Bulletin No. 12 and Annex S of ISO
4903. CONTI&IO AT ION I$
X.26 (RS-423) specifi es a single-ended unbalanced nS-422
generator , connected to a balanoed differential receiver IALAIICEO

SEC t 10(55
by a single lead and a common return circuit. The basic
circuit diagram is shown in figure 3. The specification
also provides for controlled shaping of the generator
output of gnal. This feature combined with the
differential receiver provides superior noise performance
over that of a true unbalanced single-ended co ~~~~ is — — — — --

~~~configuration. 0 .26
55-42) NICE 6(01

I I UMAI.AN C (O
___________________ ______________________________________ EENIR ATMI
~~~~~~ 

_ _ _ _ _

GENERATOR INTER C”4- LOAD/REC EIVER
, N EC~ I~~

cl 
~~~~~~~~~~~~~~~ 

Net ,rnt AaLC A
SIGNAL
COICUCTOR~~~~ : 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

COOTIGMATION 2

(AlUM’? )UI$A L AN C (D

za~~ 
C

C~ II)N
RE Ra N

F IGUR E S 5tCt 016 OAT IOT(5COIIb( CTIIeS Ct,.? 1GC$*TIONS
S75001.IC REPRESENTATION OF 5PS ALANCED CI RCU I T
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The mechanical characteristics specified by ISO 015 4903 No requirements for start-stop public data network
L provide for a 15-pin connector fro m the same family of service have been Identified In the USA. Germany,

connectors of the commonly ised 25-pin EJA RS-232C howe~sr, has been the principal supporter. It may also
connector. All the Interchange circuits specified by X.24 be implem ented by Japan as well as a couple of other
are accommodated. In addition , one pin is reserved for European countries.
cable shield and one pin Is spare. This automatically
discourages any further proliferation of interchange X.20 bis -
circuits.

At the time public data networks are Initially
SPECIFIC INTERFACES implem ented , terminals meeti ng the newly designed

Interfaces are not expected to be readily available .
There are several different applications for which There are, however, many existing terminals In the field
specific interfaces have been developed . Although there which operate with CCiTT V.21 modems for start-stop
are a mamber of points of commonality between the operat ion. The interface for V.21 is very sim ilar to EIA
applications , further work is required before a truly RS-232C. As an interim measure, L20 bis was estab-
universal si ngle interface will be realized. Each of the lished to specif y how new networks would interface and
interfaces is briefly described to illustrate their charac- operate with V.21 compatible DTEs. This resolves the
teristics and applications, chicken and egg dilemma of which will come first, new

networks or new terminals. X.20 bis fadilites this
X.20 - transition.

Recommendation X.20 appl ies tc ’ t.~e interface X.2l —

bet w een DTE and DCE for start -sto p serv ices including
bot h circuit switched service and leased uircuit servi ce The interface , which has been a subject of consid-
with either point-to-point or multipoint cor uiections . erable attention since 1969, is identified as the general
Only the T and R data circuits apply together with purpose interface for synchronous operation. X.2l as
appropriat e signal return circuits from X.24 as shown in well as X.20 serves to effectively define functions at all
figure 6. the three levels identified under the architecture .

Operation of X.21 is for classes of service 3—7 as
The electrical characte ristic specif ication provides con- specified by X.l for data signalling rates of 600, 2400,
siderablc flexibility for transition from existing equip- 4800, 9600 , and 48 ,000 bit /s. It is also being adopted by
mont. The DCE is required to imple ment the unbalanced ANSI as proposed American National Standard BSR
X.26 characteristics effectively using a category I x3.69.receiver configuration. A DTE may use V.28 , in case of
existing equipment or either X.26 or X.27 in the case of At level I, all the functional circuits, except Gb, defined
new equipment. The ultimate objective Is to evolve by X.24 are specified with application of the electrical
toward using all balanced X.27. The inter ope rabii ty characteristics of X.26 (RS-423) and X.27 (115-422). The
features built into X.26, as previously discussed, DCE is required to implement X.27 while the DTE may
facilitates this evolution , implement either X.26 or X.27. With the category I

receiver configuration, full comp atibility is realized
The user classes of signalling rates that apply to X.20 are regardless of which is implemented. Again, this is a
identified in X.l as classes 1 and 2. Class 1 specifies 300 feature for transition to the future.
bit/s, while class 2 specifies a range from 50 to 200 bit/s.
All control signalling between the DTE and network must A diagram showing the functional interchange circuits
use International Alphabet No. 5 as specified by CCITT for X.2l is provided by figure 7. The states of each of
Recommendation V.3. the interchange circuits for the idle or quiescent

conditions arc basically defined as READY or NOT
The character-oriented protocol for circuit establish- READY. This provides the simplest logic mechanism
mont is specified by the Recommendation. It follows the monitoring the DTE or DCE status as a level 1 function.
typical phases of operation which are: QUIESCENT, 

_______CALL ESTABUSHMENT, DATA, DISCONNECTION. 
_____ 

CUSTCIOER S PREMISES -. $ ~ N E TWORK

OTE RECEIVE (R’~l DCC ACC E SS

Associated state and timing diagrams are also provided 
~~~ ~~ RANSMI T : (T ll

_________ 
6 sot, I 

~~~~~~~~~~~~~~~~~~~~~ 

I 1G. EL E M . T IMI N G( S 1
______________ IN D ICATION ( I l l

by X.20. CONTROL Ccii

•rot~ct I
DCC • DATA CIRCUIT-TERMINATING

~~~~ 

q~: d  IN1 (IFACE DIE • DATA TERMINAL EOU I PM EN T
POINT EQU I PMEN T

051 • DATA SWI TCHING EXCHANGE
OTt DCI

US )fl9
0 .26 FIG UR E 7

05-423 

..:~i1:: ~ 

0. 21 INTERFACE

In leased circuit operation , the simple , logical actions of
changi ng the C and I circuits from OFF to ON serve as

FilLet 6 basic “wake-ups” to initiate data transfer between DTFs
0.20 ieT(R COJSIIC T IOS COIN I6I.$ATIOI, FLe 5 .2 6 011 - ~ using a muts*lly agreed level 2 protocoL
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X.21, as it is presently structured,ls character-oriented X.2l bir -

using International Alphabet No. 5 (lAS) specified by
CCiTT Recommendation V.3. This is essentially the As previously explained under X.20 bis , terminals
same as ASCII in the USA. The same basi c four phases with the new interfaces will not likely be available at the
described under X.20 are followed by the X.2l procedure time new data networks are implemented. Therefore, as
as shown in table 3. Also identified in table 3 are some an interim measure, the procedures in X.21 bts were
‘epresentative states of the operati ng protocol. The developed to describe how a network should interface
Logical func tion of the C circuit serves as the con- with exist ing DTEs which are defined for operation wit h
vention al on-off hook function. Such a simple , logical synchronous modems meeting CCITT V-series Recom-
mechan ism activates th ~ more complex common equip- mendations . These interfaces are very similar to the EIA
mont and shared processing resources. Similarly, the I RS-232C. It is expected that a USA standard like X.21
circuit in the ON condition indicates to the DTE that a bis will not be needed. It will be up to individual
clear path Is available for the DATA PHASE. networks to interface those existi ng RS-232C equipments

available in the markets they are to serve. X.2l will then
The circuit estab lishm ent protocol spans levels 2 and 3. be provided as sufficient DTEs meeti ng the new inter -
The octet synchronizing mechanism at level 2 can be face become available.
accomplished In one of two ways. The first method,
which I~ to be available in all networks, utilizes the X.25 - *synchronization mechanism of two or more SYN char-
acters preceding each signalling sequence. Each direc- During the 1973-1976 CCITT study period, a
tion of b’ansmission Li independently synchronized this rapporteur was assigned to study the subjec t of packet
way. Some networ ks may offer an additional interchange switchi ng and recommend areas for standardization. This
circuit defined by X.24 as Byte Timi ng. A timi ng pulse group k’ew considerable attention and made significant
which indicates octet boundaries Is provided to the DTE progress in their general studies. Near the end of their
by thIs circuit. The DTE uses the byte pulse to ali gn the work , however, a greatly accelerated effort by the UK
characters on both the R and T circuits. Thus synchro- Post Office , French PTT, Bell Canada , and Telenet (USA)
nization of send informati on is dependent upon the produced an interface proposal for virtual circuit Opera-
received byte timing information. Simple odd parity is tion over a packet switched network. With considerable
applied for the error control function at level 2. political pressure through a number of participati ng

nations, their proposal became approved as Recom-
mendation X.25.

Level 3 of X.2l for circuit switched applications is the
CALL ESTABUSHMENT procedure. it is started with Virtual circuit service specified by X.25 provides a
the ON condition of circuit C and terminated with the logical end-to-end path between terminals connected to
ON condition of circuit L All control information during the network. A virtual call establishes logical circuits as
CALL ESTABLiSHMENT is exchanged between the net- selected by a calling DTE and is held only for the
work end DTE on the R and T circuits in the form of lAS duration of the communication. A provision is also made
characters and steady state conditions. The specifica- for permanent virtual circuits which provide an end-to-
tions provide comprehensive state and sequence timing end connection for an indefinite period similar to leased
diagrams to describe the operation, circuit service. In this case, there are no call establish-

TABLE 3 mont and cleari ng procedures.

Phases Of Operat4on For V. 2 1 X.25 is defined in three levels as previously discussed
under architecture. Level 1 specifies that either X.21 bis

Phases States applies in the case of existing V-series DTEs or X.21
applies to new equipment. Only the level I portions of

QUIESCENT NOT READY X.2l actually apply in this case.
R E ADY

calfl n ~~~~
. ‘ At level 2, a link access procedure (LAP) is defined.

CAL RE 0151 Originally, as approved by CCITT September 1976, a
SELECTION SIGNALS procedure that used the principles of the ISO HDLC was

CALL CALL PROGRESS SIGN ALS specified. It turned out, however, that LAP was not fully
ESTAILISXI4(NT READY FOR DATA compatible with HDLC in either the use of the elements

— 
call ed end of procedure or the classes of procedure . As a result,

INCOMING CALL after ISO finally reached agreemen t on these issues In
CALL ACC E PT E D March 1977, a concentrated effort was initiated in April

_____________ 
READY FOR DATA 1977 which resulted in CCITT approval of provisional

Transparent dat a pat h , revisions to X.25, level 2. The origin al LAP remains as
Ful l duplex , originally specified, but a LAP B which is fully compati -

DAT A U6er
~

free
~

tO
~~~~~~ 01 ble with the Balanced Asynchronous mode of HDLC has

_____________ 
a*d V r.so syn chr oni zat IOn been added. LAP B is specified as preferred while LAP

remai ns in force to accommodate a few existi ng imple-
DISCONNECTION 

CLEN CONFIRMA TION mentations .

Implementation of the compl ete X.21 protocol 15 being Level 2 provides the function of error and flow cont rol of
done by the Nordic countries (Norway , Sweden, Finland, the access link between the DTE and the network. Each
and Denmark) as well as Federal Republic of Germany frame has a check sequence to detect errors . Errored
and Japan. It is expected that more applications of X.21 frames are retransmitted when requested by the recelv-
will emerge In the future. ing end. Flow control is accomplished through sending of

6 *See N C S — T I B  7 9— 3 f o r  l at e s t  working
d r a f t  of r e v e i s e d  X .2 5 , leve l 3
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Receiver Ready (RR) commands or Receiver Not Ready Number -nd Logical Chamiel Number combined provide
(RNR) comm ands. the ident floation of the logical channels. Th. General

Format Identifier, in this case, designates Virtue! Circuit
Level 3 of X.25 defines the packet formats and control Service. The Packet Type Identifier designates whether
procedures for exchange of Inform ation between a DTE the packet is a Call Request, Call Accepted, Clear
and network. EstabLishment of a virtual circui t is Request, etc. The addecu f ields designate length and
initiated from a calli ng DTE by a Call Request packet. the calling addeeu as well en the celled addes.(s).
The called DTE is notified that a circuit is being ~~ecial service features requested for a particular cell
established by an Incoming Call packet. The called DTE are included in the facilities field. Finally, the Call User
answers by returning a Call Accepted packet. Sebse- Data field is supposed to be 16 octets reserved ezelu-
quently, the calling DTE Is notified that the circuit is lively for end-to-end application of the user. This was
established by a Call Connected packet. Data packets changed somewhat by the recently approved X.29. The
are then exchanged between DTEs. Upon completion of first four octets are now reserved for protocol identifi-
the call, the circuit can be disconnected by either a DTE cation fur operation with a packet a embly/disusembly
Clear Request packet or DCE Clear Indication packet , as facility. The ot her packet type headers are considerably
appropriate, followed by a Clear Confirmation packet shorter containing only 3 to 5 octets to provide the
response. essential information associated with the packet

function.
The capability for multiplexing up to 4096 logical
channels (virtual circuits) on single access link is .l-o As already mentioned, X.25 was developed with consider-
provided by X.25. Each logical channel can be used for able haste to serve an apparent wgent need. Through
virtue! calls or a permanent virtual circuit. Each packet bøth the panic of the closIng 1973-1976 CCITT study
exchanged across the interface has Its associated logical period and political pressure for EURONET, no time was
channel number identified. Each logical channel oper- given to structuring X.25 to achieve any commonality
ates independently of the others. The data packets are with the X.21 circuit establishment protocol. Addi-
also each identified by sequence numbers which are used tionally, no consideration was given meeting more
for flow control of indi vIdual logical channels. RNR general purpose interfacing needs.
packets are used to stop transmission on a channel while 

*RR packets permit transmission. The sequence numl,cr- DATAGRAM -

ing scheme may be based upon either modu lo 8 for
normal operation or modulo 128 for extended trans- An Intensive effort by ANSI resulted in the
mission delay conditions. The sequence numbers are then development of a proposed datagram Interface for
recycled every 8 or 128 packets , as appropriate. Packet switched networks . Datagrams are defined as

independent self-contained packets of data with all
Data packets are limited to a maximum data field appropriate control and address Information for the
length. All networks must allow a maximum of 128 network to provide delivery to the destination. Unlike
octets, while some networks may also support maximum virtual call service , there are no cell establishment or
lengths of 16, 32, 64, 256, 512, and 1024 octets. cleari ng procedures. Datagram service has a isomber of

applications which can be handled more efficiently than
The for mat of the Call Request and Incoming Call virtual circuit operation. Esamples include point-of-
packets is shown in figure 8. The Logical Channel Group sale, funds transfer, credit checking, etc.

8 7 6 5 4 3 2 1
The interface specification that Is being proposed inter-GE NERAL FORMAT i LOGI CAL CHANNEL

IDENTIFIER • GROUP IMSER nationally Is bot h comp atible with Lii~ complementary to
octet i 0 0 0 1 i X.25. This will enable equipment to implement datagram

LOGI CAL only, virtual call only, or both datagram and virtual call
CHANNEL 515(5 service over the same access link as shown in figure 9.2 _________________________________________________________

PACKET TYPE Considerable work remains, but wider the direction of a
I D ENTIFI ER

3 p p p 
~ 1 ~ 1 newly appointed CCITT Special Rapporteur, an agreed

CALL ING DIE I CALLED DIE draft Recommendation Is expected to be completed by
APORESS LENGTH I ADDRESS L(NSTH spring 1980.

4 I
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X3, X.28, X.29 - PAD from the start-stop mode DTE can be either
through the .*ibllc switched telephone network using

Subsequent to the establishment of X.25, another leased voice ‘ines with V-series interfaces (V.21), or
urgent” need arose to define protocols for operation of public switched data networks using leased digital Lines
- art-stop character mode terminals with X.25 terminals , with X-serles interfaces (X.20/X.2l).

This resulted in the development of a packet
ssembly/disassembly facility (PAD) which w~~ d The procedures for the excha nge of control information

exchange serial data strea ms with the character mode and user data between an X.25 DTE and a PAD are
terminal and packetize/depacketize the corresponding described by X.29. These are supplemental procedures to
data exchanged with the X.25 terminal. X.25 for the purpose of controlling and exchanging data

with the PAD. An indicator called the data qualifier in
X.3 describes the basic functions and user selectable the header of data packets is used to identify whether
functions of the pad. In addition , the character istics of the data field contains user data to be passed to the
pad parameters are given as well as their possible values, character mode DTE or control information for the PAD.

In the latter case , the information in the data field is not
The basic functions of the PAD include: passed to the distant DTE by the PAD. At the present

time , only the start-stop m ode DTE can initiate a virtual
- Assembly of character s Into packets destined for call via the PAD. A number of additiona l items not

the X.25 DTE. covered by X.29 but identified for future stud y are:

- Dis asse mbly of the user data field of packets - The possibility of a packet mode (X.25) DIE
destined for the start-stop mode DTE. establishi ng a virtual call to a non-packet mode DTE.

— Handling of virtual call set—up an~1 e1~ .ring, — Use of a permanent virtual circuit facility.
‘esetti ng and interr upt procedures.

- Interworki ng between non-p acket m ode DIEs on a
- Generation of service signals. packet switched transmission service.

- A mechanism for forwardi ng packets when the - Interworking between DTEs havi ng interfaces to
proper conditions exist , e.g., a packet is full or an ui~e different transmission services.
timer expires.

- Operation of non-packet mode DIEs in other than
- A mechanism for tra nsmitti ng data characters , Start stOp mode.

including start, stop, and parity elements as appropriate
to the start -stop DTE. As with X.25, these three Recommendations were hastily

put together leaving a considerable number of open-
- A mechanism for handling a “break” signal from ended items for further study. Both editor ially and

the start -stop DTE. technically, many revisions will be needed to facilitate a
full understanding of the specifications and to ensure

User selectable functions whict , may be provided by the that implementations will work among all DIES and
pad include : networks meeti ng these interfaces.

- Management of the assembly and disassembly of CONCLUSIONS -
packet3.

Although there has been extensive activity in developing
- A limIted number of additional functions related public data network standards over the past few years.

to the operational characteristics of the start -stop mode all the res ults have not been fully coordinated in a
DTE. harmonious picture. As exemplified by X.25 and the

PAD work , instant efforts developed specifications with—
The interface for the start -stop mode termin als out consideration of the imp act on existi ng standards ,
accessi ng the PAD on a public data network s described the overall architecture or future systems. As it stands
by X.28. It specifies : now , each type of service has its own interface require-

men ts which are not necessarily common with any other
- Procedures for the establishment of an access interface. With design trends headi ng toward mor e

infor mation path between a start-stop DTE and a PAD. universal designs and applications , multiple interfaces
compound the problem for the Implementer . Hopefully,

— Procedures for character interchange and service the continuing efforts in ANSI, EIA , ISO, end CCITT will
initialization between a start -stop mode DTE aid ~ PAD. direct a convergence to a single universal interface to

satisfy the spectrum of needs with minimal design
- Procedures for the exchange of control informs- difficulty. New wor k in these activities appears to be

tion betw een the start-stop mode, DTE and $ PAD. the starting foundation for such an accomplishment.
Little has yet been agreed in this new effort except for

- Summary of PAD commands and servIce signals. the desire to have a common interface which will satisfy
the total range of data communication servi ces.

Access to the PAD from a start-stop DTE can be via a
number of paths providing they are situated In the same
country. International Interconnection is not included.
Packets between the PAD and X.25 terminal , however,
may traverse international boimdarles. Access to the

8
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