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Packet-Switching Networks

Since the early 1960s, packet switching has evolved from
a concept outlined in a technical report to the principal
technique by which the worldwide public data network

_is being expanded. Early international agreement on
service and interface specifications has greatly contri-
buted to the success of packet switching.

‘1. Milestones of Packet-Switching History

The concept of packet switching, which consists of
formatting data into a series of small packets and
transmitting them through a network by means of a
store-and-forward procedure from node to node,
appeared in a series of Rand Corporation reports in
1960. The first specification for actual implementation
was made in 1964 by SITA (Société Internationale
de Télécommunications Aéronautiques), when it
announced its project for a fast message-transmission
network for airline companies.

It was not until between 1966 and 1970, however,
with the Arpanet experiment of the Advanced Research
Project Agency in the USA, that packet switching was

-studied and publicized beyond a small circle of early
advocates. The years 1971-74 brought refinements of
concepts and new experiments like Cyclades and RCP
in France and EIN in Europe. During the same period,
standardization committees on packet switching were
created within CEPT (European Commission of Post
and Telecommunications) and CCITT (International
Telegraph and Telephone Consultative Committee).

During the second half of the 1970s, the first public
packet-switching networks were open to service, with
Telenet in the USA (1975), Datapac in Canada (1977)
and Transpac in France (1978). In parallel, official
endorsement of commonly agreed interfaces took place
in CCITT: the X.25 recommendation (1976) for packet-
mode terminals, and the X.3, X.28 and X.29 rec-
ommendations (1978) for character-mode terminals. In
the early 1980s most industrialized countries had opened
or had plans to open public packet-switching data net-
works. The interconnection of these networks provides
for the third worldwide public communications service,
after telephone and telegraph services.

After X.25 and related recommendations were
refined in 1980, computer and terminal manufacturers
progressively announced support of packet-switching
interfaces in their systems. In particular, IBM gave
official support to X.25in 1980, whereas it had expressed
the view in 1976 that the technology was premature.

In addition to public networks, a number of private
companies and international organizations have set up
their own packet-switching networks.

2. X.25 Interface and Virtual-Circuit Principles

Figure 1 presents the interfaces and procedures involved
when two sets of data terminal equipment (DTE) com-
municate with one another by means of a virtual circuit.
Both DTEs are assumed to operate in pocket mode and
therefore to have interfaces with the network con-
forming to the X.25 CCITT recommendation. Between
DTE, and DTE, the following equipment is identified.

(a) DCE,, the data-circuit terminating equipment; this
is part of the network and is situated immediately
next to DTE,.

(b) PSE,, the packet-switching exchange to which
DEC, is connected; the line between DCE, and
PSE, is typically subject to a not negligible trans-
mission error rate, for example 107 on transmitted
bits, a rate which is too high for data-processing
applications.

(c) PSE, and DCE,, symmetrical to PSE, and DCE,
on the DTE, side.

Between PSE, and PSE, there may be a complex net-
work of nodes and lines. Alternatively, PSE, and PSE,
can be one and the same. What X.25 defines is the two
DTE-DCE interfaces and the service which is available
between them, independent of any implementation
within the network itself.

The specification of the X.25 interface is divided into
three parts which correspond to the three lowest layers
of the ISO model for open-system interconnection: the
physical level of X.25 for layer 1, the link level of X.25
for layer 2, and the packet level of X.25 for layer 3. The
physical level concerns the interface between the DTE
and its local DCE. It specifies the physical connector,
the number of interface circuits with their pin assign-
ments, electrical characteristics of circuits and interface
supervision signals over these circuits. Detailed speci-
fications of the two permitted alternatives are given
in the X.21 and X.21bis recommendations. X.21bis is
compatible with the interfaces of modems which are
used for transmission on telephone lines. X.21 is a new
interface with improved performance.

The link level concerns the link control procedure
which is executed across the transmission line between
a DCE and its PSE. Its functions are the following:
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[¢—————— Packet-switching network
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Interfaces and procedures of a virtual circuit between two DTEs

(a) to exercise error correction so that, starting from
the not negligible bit error rate, data are transmitted
with a negligible residual error rate;

(b) to provide for a common initialization mechanism
between DTE and PSE; and

(c) to permit flow control by the DTE and by the PSE
so that they can limit the rate at which they receive
blocks of information. This flow control may pre-
vent data loss in case of temporary overload of
either a processor or its buffer space.

The packet level is the level concerned with virtual
circuits. Each DTE can have several simultaneous vir-
tual circuits across its X.25 interface. Each virtual circuit
establishes a logical flow of packets between two DTEs.
At a given time, a DTE can have virtual circuits with
several other DTEs, and several virtual circuits are
possible between two DTEs. Each DTE-DCE interface
is considered to have a predefined number of logical
channels, and every virtual circuit established across
that interface is uniquely assigned to one of them.
Logical channels at both ends of a virtual circuit are
independent (Fig. 2). The DTE which takes the initiat-
ive of establishing a virtual circuit—the caller—selects
the logical channel for its DTE-DCE interface. The
logical channel at the interface of the other DTE—the
callee—is selected by the packet-switching exchange.
Since a DTE can act both as a caller and as a callee, a
rule provides for minimizing the likelihood that both
the DTE and the packet-switching exchange will select
the same logical channel at the same time, a situation
which is called a call collision on the logical channel
concerned: packet-switching exchanges select logical
channels in increasing order; DTEs must therefore sel-
ect them in decreasing order.
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Logical channel zero is not available for virtual
circuits. It can be used locally between a DTE and its
PSE for exchanging packets which concern all the logical
channels simultaneously. A restart packet on logical
channel zero clears all the virtual circuits which have
been established or for which an establishment pro-
cedure is in progress. If issued by the DTE, the restart
packet can contain a diagnostic code. This code is con-
veyed to the other end of the cleared virtual circuits, as
an explanation of why the given DTE has executed a
restart procedure. A restart-confirmation packet must
be returned in answer to a restart packet by the other
side of the DTE-DCE interface. Thus packets which
follow the restart procedure are not confused with those

DTE, ‘ DTE,

DTE,

Figure 2
Example of virtual circuits between logical channels
of DTEs
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which were transmitted, or prepared for transmission,
before treatment of the restart packet.

The procedure for establishing, clearing and using
virtual circuits applies independently to each logical
channel. It is described in Sect. 3 in the simple case
where no optional facility is used. Additional elements
of procedures apply when some of the optional facilities
listed in CCITT recommendations X.2 are used.
Between the establishment phase and the clearing phase
of a virtual circuit, a logical channel is in the data-
transfer state. In this state, the virtual circuit can be
used for transmitting data packets and interrupt-packets
in both directions. These packets are submitted to a
flow-control procedure so that each DTE can control
the rate at which it accepts them and so that the network
can put an upper limit to the number of packets that it
has accepted from a sender and not yet delivered to the
corresponding receiver.

Successive data packets are delivered to their des-
tination DTE in the same order as they have been
sent by their source DTE, with neither omission nor

l Time

DTE,

duplication. If, owing to an internal incident, the net-
work is unable to do so, it either resets or clears the
virtual circuit. Resetting consists in indicating that data
may have been lost and in resynchronizing both ends;
normal service resumes immediately after the reset pro-
cedure, on the virtual circuit which is still identified by
the same logical channel numbers. Clearing destroys
the virtual circuit and returns both logical channels to
the state where they are free for the establishment of a
new virtual circuit.

3. Logical Channel Procedure for Virtual-Circuit
Establishment and Clearing

Figure 3 presents the virtual-circuit establishment pro-
cedure in three cases:

(a) the callee accepts the call;

(b) the callee immediately clears the call; and

[«— Incoming call (LC,, X, D,)
<4—— Call accepted (LC,) 4—\/

DTE-clear request (LC,,D)

— DCE-clear confirmation (LC,)

— Incoming call (LC,, X, D)

Call request (LC,,Y,D,) —_—
Call connected (LC,) <—J --------- §
(a)
DCE-clear indication < <
(Lc,,Cc=0,D)
DTE-clear confirmation (LC,) —¥]
(b)
Call request (LC,, Y, D) =P = STEEEsE=
DCE-clear indication <
(Lc,,C=0,D)
DTE-clear confirmation (LC,) —
(c)
Call request (LC,,Y,D) —»t
DCE-clear indication +——F
(Lc,,C=0, D)
DTE-clear confirmation (LC,)—
(d)

Figure 3

DTE-clear request (LC,,D)

—» DCE-clear confirmation (LC,)

Typical sequences of packets for virtual-circuit establishment and clearing: (a) virtual-circuit establishment; (b)
virtual-circuit clearing; (c) immediate clearing by the callee; (d) call rejection by the network
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(c) the network is not able to forward the call to the
callee.

The call-request packet is issued by DTE,, the caller,
with three arguments: LC,, the logical channel selected
by DTE, for the virtual circuit; Y, the address of the
callee; and D, the call data field, which can have any
number of bits up to 16 octets.

If the call is successful, which implies in particular
that at least one of the logical channels of the callee is
not already engaged in a virtual circuit, DTE,, the
callee, receives an incoming-call packet with the fol-
lowing arguments: LC,, the logical channel selected by
the destination PSE for the virtual circuit; X, the address
of the caller; and D, the data field as it was in the call
request. Some networks may add the address of the
callee to its incoming-call packet, but processing this
field is not required. If DTE, decides, on the basis of
the X and D arguments, that a virtual circuit can be
established (Fig. 3a), it returns a call-accepted packet

with LC, as an argument. The network then sends a
call-connected packet to DTE, with LC, as an argument.

If, alternatively, DTE, decides, on the basis of X and
D arguments, that no virtual circuit need be established
(Fig. 3b), it answers by a clearing procedure. The clear-
ing procedure, when initiated by the DTE, is executed
as shown in Fig. 3b, be it before completion of the
virtual-circuit establishment procedure as in Fig. 3c or
after the data phase has been entered. The clearing
DTE, for example DTE,, issues a DTE clear-request
packet with two arguments: LC, and D, a diagnostic
code of one octet intended for the other DTE. DTE,
then waits to receive a DCE clear-confirmation packet
from its PSE before it may issue a new call request on
the same logical channel. (This rule ensures that there
is no ambiguity about which call is cleared, even in
worst-case situations.) As a consequence of receiving
the DTE clear-request packet, the network issues to
DTE, a DCE clear-request packet with the following
arguments: LC,; C, a cause field which is set to zero to

DTE, PSE, PSE, DTE,
/—— Call request (LC,, X, D,)
Call request (LC,, Z, D,)
Incoming call (LC,, Y, D,) ]
» DCE-clear request (LC,, C,,D,)
] DTE-clear confirmation (LC,)
PSEs DTE,
—» Incoming call (LC,, X, D,)
Call connected (LC,) <+ Call accepted (LC,)
(a)
DTE, PSE, PSE, DTE,
DTE-clear request (LC,,D,) DTE-clear request (LC,,Dy)
DCE-clear request (LCx,C=O,D,) — ;’_— DCE-clear confirmation (LC,)
(b)
DTE, PSE, PSE, | DTE,
DTE-clear request (LC,,D,) — ——— DTE-clear request (LC,,D,)
DCE-clear confirmation (LC,) ‘—: | D/—(:—" DCE-clear confirmation (LC,)

Figure 4

Sequences of packets in some cases of event concurrence: (a) call collision; (b) clear-request collision on a logical

channel; (c) clear collision in the network

3584



Packet-Switching Networks

indicate to DTE, that the call has been cleared by the
other DTE; and d, as it has been provided in the DTE
clear-request packet. Logical channel LC, is considered
by the network as ready for a possible incoming call
only after a clear-confirmation packet has been trans-
mitted by DTE,.

The call issued by DTE, may be unsuccessful for
reasons such as called address Y corresponding to no
DTE, DTE, out of order, all logical channels of DTE,
busy (with virtual circuits) or network congestion. In
any of these cases, the network answers the call request
by a clearing procedure (Fig. 3d). The C and D argu-
ments of the DCE clear-request packet specify the
cause, and possibly the error condition, which led to
clearing. In this case C is other than zero.

X.25 specifies not only sequences of packets for the
above straightforward cases but also for all exceptional
occurrences. In particular it specifies that if an incoming
call and a call request cross each other over a logical
channel (a situation which is called call collision),

priority is given to the call from the DTE (Fig. 4a). .

Another case of simple collision is when a DTE clear-
request packet and a DCE clear-request packet cross
each other on a logical channel; each one is then con-
sidered a confirmation to the other one, so that no
confirmation is needed (Fig. 4b). Yet another situation
occurs when two DTE clear-request packets on a virtual
circuit cross each other within the network. Figure 4c
presents such an example. Other cases of special events
would go beyond the scope of this article.

4. Logical-Channel Procedure for the Transfer
of Data Packets and for Flow Control

For a given virtual circuit, four flows of data cross
interface boundaries: one for each direction at each
DTE-DCE interface. The procedure is the same for
each flow. We will therefore describe it for one of them,
one side of the interface being referred to as the sender
and the other side as the receiver.

The flow of data packets from sender to receiver
is controlled by a so-called window mechanism: the
receiver indicates its receive window position, that is,
the sequence numbers of the packets that it is ready to
receive. This window is defined by its lower edge, PR,
and by its size, which is fixed at two packets. The sender
is free to send a new data packet if the sequence number
of this packet is within the window range; otherwise
the packet must wait until a new window position is
received. The receiver may increase the lower edge of
its receive window up to one beyond the sequence
number of the last received packet. When it is ready to
accept a new packet, the receiver must transmit an
updated window position to the sender without waiting
for the receipt of additional data packets. Otherwise
deadlock may result.

A new window position can be indicated by means of
an ad hoc packet called an RR packet. It can also be
indicated by means of an appropriate field in a data
packet if one flows in the appropriate direction. (RR
packets are the only ones to be used for conveying
window positions of a virtual circuit if data flow is in
one direction only on that virtual circuit.) When a virtual
circuit is established, receive windows are initialized
with PR = 0. This means that, for each of the four data
flows which cross interface boundaries, data packets
numbered 0 and 1 may be transmitted.

Sequence numbers of packets and window positions
are treated in modulo 8. Table 1 presents an example
of the sequence of data packets and PR progressions
across an interface. The chosen sequence is rather an
illustration of possible situations than a typical case.

Each data packet carries a delivery confirmation bit
or D bit. If this bit is not set, the network can update its
receive window with local significance, that is, without
waiting for the data packet to be received and the
window to be updated at the other end of the virtual
circuit. Thus continuous flow of data can be achieved
without being constrained by the end-to-end propa-
gation delay across the network. However, if a data

Table 1
Example of flow control by a modulo 8 window position
Packet transmission Next Permitted
(data packets and transmitted packet
PR progressions) PR Window packet transmissions
5 5,6 5 5,6
D5 — 5 5,6 6 6
D6 — 5 5,6 7
PR6 « 6 6,7 7 7
PR6 « 6 6,7 7 7
PR7 « 7 7,0 7 7,0
D7 — 7 7,0 0 0
PRO « 0 0,1 0 0,1
D0 — 0 0,1 1 1
Dl — 0 0,1 2
PRI « 1 1,2 2 2,3
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DTE, DTE,
DO =—
DI —
n C
PR2 DI
D3 C PRI
PR3 D2
D4 C PR2
. or
PRS «— D4
(a)
DTE, DTE,
DO —»
DI —’\
DI
PRI
/ PR2
PRI /
PR2
D2
D3
(b)
Figure 5

Illustration of the influence of the D bit: (a)
continuous flow of data with local significance (D bit
set to 0); (b) end-to-end delivery confirmation with D
bit set to 1

packet is received by the network with the D bit set to
1, a window update beyond the number of this packet
will be returned by the network with end-to-end sig-
nificance, that is, only after the DTE at the other end
of the virtual circuit has indicated a lower window edge
beyond the number of this packet. This constrains the
rate of data flow to be at most two data packets per
end-to-end round-trip delay. On the other hand, this
procedure may be used as a means of conveying end-
to-end acknowledgement from DTE to DTE without
using a data packet for this purpose (Fig. 5).

If the D-bit procedure is used, that is, if D is some-
times set to 1, a receiving DTE may have to update its
window to confirm delivery at a time when it is not
ready to accept new data packets. For this it can use an
RNR packet which gives the new window position but
also requests that the transmission of data packets be

3586

stopped. Data-packet transmission is permitted again
when the receiver transmits an RR packet. The D-bit
part of the procedure has been officially part of X.25
since January 1982. However, as of mid-1982, local
significance of window updates remains the only uni-
versal procedure for international operation.

The rate at which data packets flow across interfaces
and across the network depends on the performances
of the two DTEs concerned and on the performance of
the network. A throughput class is assigned to each
direction of a virtual circuit when it is established. A
throughput class specifies the nominal number of full
data packets per second which can flow across the
network if these packets have the D bit set to zero.
Because of statistical sharing of transmission and switch
resources, the actual data transmission rate is not
guaranteed to reach the throughput class 100% of the
time; it may also exceed it in some cases. But networks,
on the basis of assigned throughput classes, allocate
internal resources so that the nominal throughput can
be reached most of the time (when sender and receiver
introduce no bottleneck themselves). If the receiver is
slower than the sender, the sender is flow-controlled by
the network so that the number of packets which are in
transit within the network remains within controlled
limits.

The maximum number of packets in transit varies
with the implementation but must at least be as large
as the number of packets per second, specified by the
throughput class, multiplied by the end-to-end round-
trip delay from DTE to DTE. For example, a continuous
transmission at 10 data packets per second requires at
least a capacity of 10 data packets in transit if the end-
to-end round-trip delay from DTE to DTE is of the
order of 1s. Unless specific throughput classes are
explicitly requested using an optional facility, default
throughput classes which are assigned are the highest
ones which are compatible with interface and network
performances. For example if a DTE with a DTE-DCE
interface at 4800 bits s~ communicates with a DTE with
an interface at 9600 bits s ™' and if the network supports
virtual circuits up to 19200 bits s~!, both directions of
the virtual circuits will have a throughput class of
4800 bits s™!, which corresponds roughly to 4.7 data
packets per second.

5. Miscellaneous Features of the
Logical-Channel Procedure

The user data field of a data packet may contain any
number of bits up to a standard maximum length of
1024 bits (128 octets). Some networks impose data fields
which contain a multiple of 8 bits. The only universal
procedure for international operation is therefore based
on octet structured data fields.

A provision has been included in X.25 so that a
nonstandard maximum data field length, other than
128 octets, may be selected locally as an optional user



Packet-Switching Networks

facility. For example, a sender operating with the stand-
ard maximum of 128 octets may send data to a receiver
which operates, with its local PSE, with a maximum of
256 octets. In such a case it is up to the sender to indicate
which data packets can be combined so that large
packets can be received. It does so by sending units of
. data which have natural lengths larger than 128 octets
as sequences of one or more full data packets marked
with an M bit set to 1, followed by a last data packet
marked with an M bit set to 0. By analyzing the sequence
of M bits of the packets that it has to deliver, the PSE
of the receiver can know which data fields belong to the
same unit of information and can thus determine which
ones can be regrouped into larger packets. The same
procedure makes it possible for a DTE which operates
with a nonstandard maximum size smaller than 128 data
octets to communicate with a standard DTE and yet to
transmit to it full-size 128 octet data fields.

A sequence of full data packets with M = 1 followed
by a data packet with M = 0 is called a complete packet
sequence. A complete packet sequence can be
accompanied by one bit of information called the quali-
fier bit, or Q bit. The sender must give the same value
to the Q bit of all the data packets of a complete packet
sequence. The Q bit can be used to multiplex two
different data streams on a virtual circuit, for example
an ordinary data stream and a stream of supervisory
information. This possibility is used in the PAD,
described in Sect. 7.

Each DTE can transmit interrupt-packets in parallel
with the flow of data and without being constrained by
the flow control on these data. An interrupt-packet
contains a user data field of one octet. It may be trans-
mitted by a DTE only if none has been previously
transmitted, or if an interrupt confirmation packet has
been received from the other DTE since the last inter-

DTE, PSE,
Reset request (LC,,C=0, D,) -—1
DCE reset confirmation (LC,)
Data packet —
Data packet -
Figure 6

Example of virtual-circuit reset by one DTE

rupt-packet has been sent. Within the network an inter-
rupt-packet may overpass a data packet, while the
Teverse Never occurs.

Each of the two DTEs concerned with a virtual circuit
may decide at any time to reset it. The effect is that flow
control, packet sequence numbering and the interrupt
procedure all return to the same state as after virtual-
circuit establishment. The reset procedure is similar to
the clearing procedure, except for the fact that it does
not modify virtual-circuit establishment. The network
itself may initiate a reset procedure in case of an internal
incident. A cause and diagnostic mechanism allows for
distinguishing among the various possible origins of the
reset procedure. A reset confirmation indicates that the
procedure is completed locally. A collision of a DTE
reset request and a DCE reset indication is considered
as completing the procedure, obviating the need for
reset confirmations. Figure 6 illustrates a reset pro-
cedure when a DTE takes the initiative.

In addition to virtual circuits which are established
and cleared as described above, X.25 specifies that
networks may offer permanent virtual circuits. For
these, establishment is requested by an administrative
procedure, no clearing is possible and internal incidents
are signalled by resets. As of mid-1982, CCITT has yet
to specify internetwork procedures extending per-
manent virtual circuit across several networks. Switched
virtual circuits (also referred to as virtual calls) are
therefore the only ones available for worldwide
communication.

Various optional user facilities are specified by
CCITT for the packet mode of operation. CCITT
recommendation X.2 gives a list of these facilities, indi-
cating which ones are mandatory on every network
which complies with CCITT recommendations. One of
the mandatory facilities, called closed user group, allows

— Reset indication (LC,, C=0, D,)

[¢—— DTE reset confirmation (LC,)
[¢— Data packet

——» Data packet
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a group of DTEs to have the same level of privacy as
they would on a private network: no call can reach one
of these DTE: if it does not come from one member of
the closed user group, and no call from a member can
reach a DTE which does not belong to the group. This
facility works the same in circuit switching and in the
packet mode.

X.25 also mentions that some networks could offer, in
addition to virtual circuits, a datagram service. Detailed
specifications are given for this service, but at the time
of writing, no service conforming to these specifications
has been offered or even announced. Some private
networks, in particular local area networks, have been
based on mechanisms also referred to as datagram but
largely different from the CCITT specification.

6. Link-Level LAPB Procedure

The link-level procedure of X.25 conforms to a par-
ticular version of the HDLC procedure defined by ISO.
The B in LAPB refers to the fact that the first issue of
X.251in 1976 had a link access procedure (LAP) which,
having been designed by CCITT before ISO had fina-
lized the HDLC standard, did not conform fully with
this standard. The first X.25 networks maintain com-
patibility with all existing X.25 DTEs by offering both
LAP and LAPB procedures.

The link-level procedure can be viewed as subdivided
into two sublevels: the frame structure sublevel and the
link procedure sublevel. The frame structure sublevel
specifies how the flow of bits in each direction is struc-
tured into consecutive frames separated by idle signals.
Each frame is delimited by an initial flag and a closing
flag of eight bits each. Confusion between information
contained in a frame and enclosing flags is prevented
by modifying every transmitted pattern which would
imitate a flag (a 0 is inserted after any sequence of five
consecutive 1s, so a 01111110 flag is never imitated). A
frame contains, immediately before the closing flag,
16 bits of redundant information: the frame check
sequence (FCS). By verifying the value of the FCS, the
receiver can ascertain that the contents of a frame have
been received without transmission error. Any frame
which does not have a complete frame check sequence
or which has one which does not match that computed
from other bits of information is ignored by the receiver.
Thus the frame structure sublevel transforms a channel
which has a significant bit error rate (typically 1074~
1079) into a channel which transfers frames with a not
negligible probability of losing frames but with neg-
ligible probability of accepting frames which differ from
the transmitted ones.

The link procedure sublevel itself can be viewed as
having two parts: the link setup and disconnection pro-
cedure and the information transfer procedure. Link
setup and disconnection normally take place only after
the DTE or its PSE is reinitialized. It typically involves
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the exchange of an SABM frame in one direction and
a UA frame in the reverse direction. Special provisions
are specified for all cases of transmission errors and
special occurrences. During the information transfer
phase, flow control is exercised by a window mechanism
similar to the packet-level one, but with a window size
of seven.

Error correction is achieved by a combination of
positive acknowledgements (window progression),
negative acknowledgements (REJECT frames, which
are transmitted when out of sequence frames are
received) and time-out control on acknowledgements.
Packets are transmitted in frames of a particular type,
I frames. Window progressions are signalled either in I
frames from the reverse direction, in RR frames or in
RNR frames. RR frames are similar to RR packets
of the packet level. RNR frames are used to convey
acknowledgements without opening the flow-control
window.

A complete specification of the procedure can be
found in the X.25 recommendation itself. Its complexity
is somewhat greater than this brief introduction would
suggest. In particular, the proper handling of all error
situations requires careful network design.

7. Interworking between Start-Stop-Mode and
Packet-Mode DTEs by means of a PAD

In packet switching, the speeds of operation of two
communicating DTEs do not need to be the same. As
a consequence, it is possible to insert various conversion
functions into the path between two DTEs. These may
take varying processing times without preventing the
orderly exchange of information. This possibility
spurred specification of a standard procedure for inter-
working between start-stop-mode DTEs, (which com-
municate character by character) and packet-mode
DTEs. The conversion functions are conceptually
grouped into the packet assembly—disassembly (PAD)
facility, which is specified by CCITT recommendations
X.3, X.28 and X.29.

X.28 specifies the interface between a start-stop-
mode DTE and a PAD, in particular how a virtual
circuit, outgoing or incoming, can be established and
how parameters which govern PAD operation can be
manipulated. X.29 specifies how a packet-mode DTE
communicates with a PAD and how characters towards
or from the start-stop-mode DTE are formed into
packets. It also defines how PAD parameters can be
manipulated by means of ad hoc PAD messages (PAD
messages are recognized by a Q bit set to 1). X.29
procedures make use of the user data fields of X.25 and
specify a particular way of structuring them. In terms
of the open-systems interworking model of ISO, X.29
can be viewed as defining one layer above the virtual
circuit layer. It does not, however, fit precisely one of
the seven layers of the ISO reference model: combined



