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ABSTRACT

Large geographically distributed date communication networks
have been in existence for a number of years and indeed
internationally agreed standards have been established for their
use. The standard access protocol to public packet-switched
networks is X.25 and a wide range of hardware and software
support for X.25 is now available from most large computer
manufacturers.

It is with these activities as a backcloth that a
proliferation of local area networks have come into being during
the past few years. Until very recently, however, the lack of any
form of standards for use with these networks has meant that
these differ considerably one from another. One of the primary
aims of this thesis, therefore, has been to investigate the role
the X.25 standard used for wide area networks might have in a
local area context. )

The topology proposed in this thesis is a hybrid network
which is comprised of a high-level Packet Switching Exchange
which adheres to the X.25 standard and this then supports the
possibly wide range of other network resources. Typically these
will include large mainframe and minicomputers, communities of
unintelligent terminals, other smaller subnetworks and probably a
connection to one or more public data networks.

The hardware and software design of a microprocessor-based
modular packet switch is presented which is suitable for use with
such a network topology. It is comprised of a variable number of
Link Access Units each controlling a number of full-duplex serial
links. These are interconnected by means of a high-speed parallel
bus to which is also connected an Exchange Management Unit to
provide performance monitoring and diagnostic functions.
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The thesis is structured into eight chapters. Chapter 1
traces the evolution of computer communications networks to
achieve resource sharing and the importance of the use of packet
switching techniques. The role of layered architectures and
.communication protocols leading to the standardization of the
X.25 protocol is presented and this is followed in Chapter 2 by a
review of some of the alternative local aree network
architectures currently in use. Their topologicel organizations
and the different medie access control structures and protocols
are described.

Chapter 2 discusses the X.25 protocol, its layered design
and the set of functions provided by eech layer. The more
controversial aspects of the protocol are interpreted and
analysed as well as the different control mechanisms used by each
level and the possible implementation alternatives and interlevel
relationships.

Chapter 4 summarizes the design aims of the moduler Packet
Switching Exchange and describes its hardware design. The
exchange is comprised of a number of Link Access Units and an
Exchange Management Unit which are interconnectec by means of &
high speed Interchannel Unit.

Chapter 5 describes the use of the X.25 protocol in
connection with the exchange topology and its implementation. The
flow and congestion control mechanisms utilized are discussed. An
end-to-end virtual circuit flow control is combined with a
network access flow control, the latter using an Input Buffer
Limit scheme based on a stuctured buffer pool. The interneal
protocol devised for the interunit communications subsystem is

presented and this includes the internal channel assignment
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scheﬁe and various recovery mechanisms. Finally, the inteilevel
signalling is discussed and solutions are proposed to handle
possible failures within each level.

Chapter 6 diséusses the software organization of the
exchange. This includes the identification of the main processing
tasks, their forms of communication and the implementation of thé
scheduling algorithm to achieve concurrency. The Buffer and Timer
Managers are then described and the processing structure of each
protocol level is detailed by means of event/state tables.
Finally the laboratory facilities used to develop and test the
exchange hardware and software are preéented.

Chapter 7 describes the Exchange Management Unit and the set
of functions implemented to provide performance monitoring and
diagnostic facilities. The performance figures of the exchange
are also assessed by means of an analytical model. Useful results
are established concerning the exchange stability and its
throughput and delay profile.

Chapter 8 discusses further topics that should be considered
in order to overcome some of the exchange limitations and to
improve its potential usefulness; namely the use of broadband
techniques and the provision of additional components (PAD's,
gateways, etc). The use of a single Link Access Unit to control
several serial links is also proposed thus constituting an
inexpensive and self-contained packet switch. Finally, some
conclusions are presented, stressing in particular the importance
of current efforts of standardization within local area networks
and how they should be integrated into a broader perspective to
achieve wider network compatibility and system interconnection.

The work described in this thesis has been the subject of

v



two technical papers and a copy of each of these is included in

an appendix at the end of the thesis.
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CHAPTER 1

EVOLUTION OF COMPUTER NETWORKS

1.1 Introduction

The evolution of computer networks over the past decade has
been dominated by the continuing advances in integrated circuit
technology and the rapid decreése in computer hardware costs.
These have made possible the application of new communication
techniques and the development of new‘philosophies in the area of
network architectures.

The increasing usé of computer systems has created a need,
both for technical and economical reaSuné, fpr a convenient
access mechanism to the often widely distributed computing
resources within an organization. These include: remote access to
computing power and specialized resources, flexibility of using 2
variety of different resources, increased rgliability and
availability, possibility of data transfer between systems, thus
maximizing the cost-effective use of computing resources and
reducing hardware and software development costs.

Mu1t1access time-sharing systems were the first step in
meeting these requirements but it was the advent of computer
communication networks that heralded the‘beginnlng of true
interactive sharing of distributed resources [1].

In such networks, host computers and terminals are

interconnected by means of a separate communications subnetwork
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to form a clean ‘'separation between the interconnected computers
and terminals and the switching nodes which comprise the network,
as shown in Fig. 1.1. Optimization and management of the
subnetwork resources (transmission bandwidth and nodal
'resources), shared by the whole community of network users has

L4

become a central issue in the evolution of computer networks.

1.2 Long-haul Networks

Early computer networks covered a wide geographic area and
normally made use of common carrier leased lines as the
internodal transmission media operating typically at data rates
up to 50 Kbaud. These are known, therefore, as long-haul
networks.

In such networks, the choice of switching techniques used
within the communications subnetwork is mainly determined by the
need to efficiently share the‘transmission media. Since the
communications lines used were leased from the telephone
companies, early networks utilized circuit switching techniques.
Conventional circuit swit;hing however, using fixed pre-
allocation of transmission bandwidth, is particularly
inefficient for use with bursty traffic (high ratio of peak to
average demands) as is typical of computer communications [2,3].

Hénce, with the increasing availability of computer hardware
and the newly dominant communication costs, by the late nineteen
sixties it became technologically possible and economically
advantageous to use packet switching as the switching technique

in the communications subnetwork [4].
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Fig. 1.1 - A computer communications network,



1.2.1 Packet Switching

Packét switching is based on a dynamic allocation of
transmission bandwidth and hence of the subnetwork resources. It
ltherefore achieves a more efficient use of the available
bandwidth by smoothing the total demand over.a large population,
of users with average low demands.

Messages are fragmented into segments or packets (usually.of
a maximum size) which travel across the network in a store-and-
forward manner, being temporarily buffered and delayed at each
switching node as they compete for network resources. For this
reason the switching nodes are relatively complex in terms of
processing (network control ) and storage management.

Packet switéhing networks, however, offer a2 number of
advantages over conventional circuit switching: for example code
and protocol conversion within the switching nodes of the
network, efficient handling of bursty traffic, data rate
conversion and also the availability of alternative :outing
strategies. The provision of multiple paths between each source-
destination pair in the subnetwork improves the network
reliability (in case of 1ink or nodal failures) and allows an
adaptation to fluctuating traffic conditions. Most long-haul
networks, therefore, utilize unconstrained mesh topologies.

Because of the varied reguirements of packet switching
networgs two types of services are normally provided: a datagram
service and a virtual circuit service. |

A datagram service provides a transaction processing type of
user facility since a datagram is a self-contained packet

carrying both source and destination addresses and being



transmitted indépendently and with no correlation to other
packets. The datagram service makes extensive use of alternative
routing and normally only the "best delivery" of packets is
guaranteed. That is, packets are delivered to the destination
eventually out of sequence with possible losses or duplicates.
Thus resequencing and recovery actions must be carried out by the -
host computers themselves.

A virtual circuit service provides a connection type of
service since, as the name implies, a virtual circuit is a
temporary logical connection set up for the duration of a call
bet ween a source-destination pair. A virtual circuit service
preserves the correct sequencing of packets and provides

detection and recovery mechanisms against losses and duplicates.

1.2.2 The evolution of Packet Switching Networks

Since the early days of the ARPA network (5], a number of
networks with different objectives and characteristics have been

developed or are currently in use. These include:

(a) Research networks: CYCLADES [61, EIN {7]1;
(b) Public networks: TRANSPAC [8], DATAPAC fe1, pss 11¢};
(c) Commercial networks: TYMENET [11];

(d) Computer manufacturer networks: SNA 121, bNA [13].

Although each of these networks has differences in such
features as topology, protocols, services and control strategies

a wide body of knowledge now exists in packet switching and solid



principles have been established for their operation f14].
Nevertheless, there are still a number of outstanding common
problems which have lead to a multiplicity of proposals and
solutions in areas that are still subjects of research.
; Some of these aspects - network architectures, routing, flow
and congestion control, high level protocols, performance.
evaluation, network interconnection and others - will either be
referred to or discussed when they are relevant to fhe
understanding of the network implementation described in this
thesis.

Even though considerable progress has been achieved in these
fields during the past few years, the lack of a common approach

during the early stages of development has introduced a number of

severe limitations. These have resulted because:

(a) networks were mainly designed following a bottom-up
approach, from the communications subnetwork to the higher
level functions and protocols, without a clear and complete
identification of the services required by the end users;

(b) design and implementaticn of higher level protocols were
usually delayed, thus preventing networks to be extensively
used as the vehicle for interprocess communication between
host computers rather than a simple wire-substitute for
terminal access; |

(c)ﬁetwork interfaces suitable for a wide range of
communications reguirements were eithe: not available or

lacked universal acceptance.

This situation is now changing, however, as a result of the



definition and acéeptance of standard protocols, the evolution of
local area networks and the growing demand for network

interconnection.

‘

1.3 Evolution of layered Architectures and Protocols

Early communication systems were designed to meet specific
requirements and so communication interfaces were tailored to the
particular applications either through the emulation of existing
peripherals or by the introduction of a -front-end précessor. The
advent of distributed, heterogeneous networks of computers with a
vast range of different application requirements, however, led to
a need to efficiently share communication resources and called
for the design of common communication mechanisms and interfaces.
The basic design philosophy from which different network
architectures evolved was that of modular and hierarchical

layered structures [15] based on a few general principles:

(a) each layer uses and adds value to the services provided by
lower layers, thus creating new services to the higher
layers;

(b) layers in the hierarchy are independent, in the sense that
the organization of each layer is transparent to the other
layers;

(c) adjacent layers communicate through well defined

interfaces.
When these principles are applied to the distributed
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communication environment, the communication protocols [16] also
appear hierarchically structured in layers, with the higher

layers overlaying the lower layers. This naturally leads to:

, (a) structured designs supported by a very clean

identification of functions and services provided by each
layer;

(b) more flexible implementations since layers may Se
redesigned or replaced by equivalent layers in order to
adapt to technological innovations;

(c) the ability to readily add more powerful and user oriented

services on top of existing layers {services).

1.3.1 Protocol standardization

A useful network design musé be the result of two
components: firstly it must be based on the users requirements
(top-down approach) and secondly it must be implemented from
current technologies (bottom-up approach). Protocol
standardization plays an important role in the success of this
combined approach. Especially important in this context is the
increasing technical support (network interfaces) that are
possible, thus reducing implementation and maintenance costs and
creating the conditions for wider network compatibility.

Layered architectures and protocols constitute an essential
framework for standardization, but the independent evolution of
different network architectures, serving a variety of

requirements and offering different services, did not work in



favour of this objective. Progress in protocol standardization
(or at least wide acceptance of some protocols) was initially
directed to standardizing the basic (low level) communication
requirements (V.24, HDLC, SDLC ,etc).

‘ The first serious attempt of protocol standardization as a
layered hierarchy was achieved by the acceptance of X.25 as the |
standard protocol to access public packet switching networksf{l17].
This essentially provides link and network management functiohs
and services but falls short of providing an end-to-end transport
service.

X.25 favours the concept of a virtual circuit service as
opposed to the datagram service proposed and used in many
research networks. The long running debate between virtual
circuits and datagrams (18] has prevented wider acceptance of
X.25 and has lead to the non existence of any standard protocol
at the transport level and above.

These problems became more and more important as network
interconnection and wider system interaction required a suitable

base of compatibility.

1.3.2 The 0SI reference model

Fortunately, a more realistic attitude towards layered
architeétures and protocol standardization has recently evolved.
What was clearly missing was the existence of a common model
which different implementations could be referred to without
compromising their originality and particular requirements.

The OSI (Open Systems Interconnection) reference model [19],
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proposes a conceptual description and the rules of interaction
between Open Systems; that is, all systems adhering to the model
will be able to communicate (opeﬁ) and cooperate with each other
to perform common, distributed tasks. The model is not concerned
" with the internal organization of each interconnected system, as
only the external behaviour of Open Systems must conform to the'
0SI architecture (principle of restricted visibility). Reference
interfaces constitute the visibility points where the systems
adhere to the reference architecture. .

The model éoes not enforce any particular protocol(s);
however, by proposing the set of services associated with each
level and by defining the concepts used to specify the functions
performed by each layer, the model is an important factor towards
protocol standardization.

The model proposes a seven layer architecture as represented‘
in Fig. 1.2, corresponding to a well defined hierarchy of
functions and services; particularly important as far as the
user-oriented layers are concerned.

The three lower communication-oriented layers mainly deal
with link and network management functions (error and flow
control, routing ,etc). On top of these a transport layer is
introduced to provide a reliable, network independent (end-to-
end) message éransport service, thus isolating communication from
user oriented tasks and also masking network differences from the
higher'protocol layers.

The higher, user-oriented layers must deal with such issues
as the egtablishment and maintenance of logiCaI connections and
dialogue control between processes (session layer), the

representation and manipulation of stuctured data (presentation
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Fig. 1.2 - The Open Systems Interconnection reference model



layer) and the information processing enabling the cooperation of
distributed processes (application layer).

Standards at the physical layer (X.21, V.24), at the data
link layer (HDLC) and at the network layer (packet level of X.25)
ére in general agreement with the model. Enhancements of X.25 and
in particular the inclusion of datagram facilities [20]) are
likely to settle existing arguments and allow the standardization
of a transport protocol, out of existing proposals [21].

At higher layers, past efforts have been mainly directed to
the implementation of terminal and file transfer protocols,
identified in the model at the presentation layer. While research
networks have usually favoured the Virtual Terminal approach,
following the acceptance of X.25 standardization of parametric
terminal protocols (X.3, X.28, X.29) f22) has been the objective
of public packet switching networks.

Here, non packet-mode terminals access the network via a PAD
(Packet Assembler/Disassembler): X.3 defines the PAD, X.28
defines the access to the PAD and X.29 defines the protocol
'between the PAD and the packet-mode terminal. X.29 is not,
however, an end-to-end protocol; in fact it is asymmetrical and
it is not applicable to the communication between packet-mode
terminals and it does not therefore fit into the OSI model.

The Virtual Terminal approach is more general and allows the
handling of terminals in 2 more uniform way; the evolution of
intellig;nt terminals is likely to be oriented to the support of

virtual Terminal protocols.
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1.4 Local Area Networks

It is with these continuing developments as a backcloth that
1ocal area networks [23) have emerged. As with long-haul networks
lin the late nineteen sixties, local area networks are the result
of ever continuing developments of computer hardware technology
and in particular with the advent of the microprocessor anéd the
widespread availability and use of microprocessor based systems.

Probably the two major reasons that have lead to the
development of local area networks were: firstly, it became a
common situation in many geographically limited environments
(offices, laboratories, groups of buildings, etc), of the
existence of a variety of computer systems, typically ranging
from large mainframes and minicomputers to smaller
microcomputers, intelligent devices and general purpose
terminals, the majority of which require to communicate with each
other; secondly, the comparatively low communication costs and
higher data rates which are possible over the shorter distances
involved meant alternative communication strategies could be

explored.

1.4.1 Objectives

Tﬁe prevailing situation in a local area network where
bandwidth is not the critical issue but rather the efficient and
cost-effective use of local resources, is of course different
from the situation within a long-haul network. Local area

networks serving a geographically restricted population of users



with a variety of heterogenecus systems and well defined

requirements provide the means for:

(a) access to all local resources by any interconnected system
(a2 simple terminal, for example);

(b) easy and fast access to shared data and information;

(c) sharing of specialized resources;

(d) distribution of‘processing and communication control, thﬁs
relieving some systems from the execution of highly
demanding centralized functions;

(e) higher flexibility (expansion, reconfiguration, etc).

Although local area networks have evolved to meet current
requirements, as with all technological innovations they are now
beginning to be used for a2 range of new applications. However,
office automation including information processing and retrievel,
teleconferencing, electronic mail, etc, will probably be the

domain of most impact in the near future.

1.4.2 Technologies and Protocols

Local area networks are characterized by the wide choice of
transmission media that are possible, for example, twisted-pair,
coaxial cable, optical fibres, etc. Typical data rates currently
range up to about 10 Mbit/é although the use qf optical fibrés,
still limited for economical and technical reasons (splicing,
multidropping), are likely to increase this range by at least one

order of magnitude (158 Mbit/s).



Until recently baseband mbdulation techniques have mainly
been used. Broadband techniques using CATV cable technology,
however, are now emerging in new network designs and this will
lead to the availability of very high bandwidths (3¢¢ MHz) which

1make possible the multiplexing (by frequency division) of a large
number of independent channels over & single cable.

In local area networks, complex routing strategies and
techniques may be avoided by the possibility of using simple,
constrained topologies without otherwise compromising the network
performance. Moreover, the availability of high bandwidths
may possibly lead to simplified communication protocols.
Nevertheless, current experience has shown that typical problems
of long-haul networks such as flow and congestion control also
appear in local area networks with characteristics which are
often strongly dependent on the topology being used.

The role of structured architectures and protocol
standardization in local area networks is often dismissed by
rather limited perspectives that tend to favour their specific
technological aspects, miinly the access (and control) to the
transmission media. In this sense, control structures and lower
jevel communication-oriented protocols are treated in the
particular context of local area networks, while higher level
user-oriented protocols are often considered as general problems
at a later stage.

Wé think that a less restrictive approach is advantageous -
local area networks, especially in research environments, create
the conditions for layered architectural deSigns based on user
requirements and for the development and assessment of higher

level protocols. Moreover, it is now generally accepted that in
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the near future local area networks will be oriented to the
support of “super intelligent" terminals, which will allow a
single user to have access to powerful local processing and
storage facilities and additional network access to more general
lresources and shared information [24]. Hence if lessons are to be
jearned from earlier experiences, higher level protocols and'

standard host interfaces will be required if the availability and

potential advantages of this kind of device are to be exploited.

1.4.3 The role of X.25

So far in the context of local area network architectures,
X.25 has mainly been considered as a means of interconnection
with remote public networks and indeed, X.25 and local area
networks are, in many circumstances viewed as quite separate
entities.

X.25, however, is simply a network access interface mainly
suited for point-to-point communications (this is especially true
for the data link layer), in the same way as other access methods
(contention, token, etc) are currently being defined for local
area networks [25].

It is felt, therefore, that the growing popularity of X.25,
the expanding hardware support, the availability of X.25 software
packagés from a2 number of manufacturers, the offer of virtual
circuit and datagram services and the expected standardization of
transport protocols tightly coupled with X.25,'are strong reasons
in favour of a wider perspective.

The main aim of this thesis, therefore, has been to




investigate the relevance and possible role of X.25 in & local

area network environment.




CHAPTER 2

LOCAL AREA NETWORK ARCHITECTURES

2.1 Introduction

In the previous chapter we considered local area networks in
the global context of networking and how they have evolved to

meet a set of well defined requirements.

To achieve these requirements and making maximum use of the
relatively smaller distances involved a range of entirely new
solutions have been considered for local area netWorks,
impossible or at least not efficient in a long-~haul network.
Simplicity becomes a central aspect and this has a strong impact
on the topologies and control séructures which have been
proposed. Some alternative topologies and their control

procedures are now described.

2.2 Some alternative topologies

Tbree basic topological organizations have been considered
as candidates for local area networks - the star, the ring and
the bus. Essentially, they may be distinguished either by the way
the interconnected systems are interfaced to the transmission
media or, more importantly, by how the access to the transmission

media is controlled.



Current proposals for local.a;ea network standards, such as
the IEEE 802 local area network reference model [25],
particularly suited for ring and bus networks, support a layered

) architecture as shown in Fig. 2.1. A correspondence between the
.three lower layers of this model and the data link and physical
layers of the OSI reference model may be readily established; the
media access control layer and its protocols are particularly
relevant in such architectures as will be discussed.

A complete assessment of the merits of the different
topologies cannot be separated from the technologies they use and
the profound impact of technological evolution and innovation. A
brief overview therefore of each type of system will now be

presented.

2.2.1 Star network

The star network is a completely centralized network with
all the network functions concentrated in a central node, as
shown in Fig. 2.2.

Access to the communication media is effectively a point-to-
point communication controlled either by the central node
(polling) or shared between the central node and each attached
system over the corresponding link. The contrbl mechanisms are
thus similar to those used for connecting a host computer to a
switching node in a long-haul store-and-forward network and hence
most of the known experience and results in those networks and in
particular the use of standard access protocols and interfaces

(X.25, etc) are directly applicable to the star network.
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The simplest example is when a single central node is used
as a packet switch serving a population of host computers and
terminals. The central node then performs the necessary routing
and management functions. This will be considered more fully

;later in this chapter.

2.2.2 Ring network

The ring network presents a very simple structure with the
nodes connected by point-to-point links, forming a closed loop,
as represented in Fig. 2.3.

Packets are routed around the ring, usually along
unidirectional links; from source to destination and evéntually
back to the source. Packets are not normally stored but instead

are simply delayed at intermediate :icdes as they enter and leave

the node.

Only a limited number of packets (depending on the total
delay of the ring) may be in transit at any time. This requires
the implementation of mechanisms to regulate the access to the
media. Routing decisions are minimal and are associated with the
removal of a packet from the ring. Until this happens (and this
may be done by the destination or eventually by the source after

a complgte loop) packets are simply passed from one node over to
the next. To achieve this function active repeaters are
physically inserted into the ring. |

Several control structures have been used or proposed in
connection with ring networks [23,26], but the most commonly

adopted are control token, message slot and register insertion.



.

Each will now be briefly descriﬁed.

Control token

y

A well defined pattern in the data stream - the control-
token - is sequentially passed around the ring. The node_in
possession of the token may delay its passage by inserting one of
its own packets prior to passing the token on to the next node.
More than one packet may be in transit although with a single
circulating token only one packet may be inserted into the ring
at a time.

A ring supervisor is necessary to create the control
token(s) and also for recovery purposes. Variable length meSsages
are possible and usually a packet travels around the ring until

it is removed by the source.

Message slot

A series of fixed length message slots (or "empty packets"),
as many as the number of packets the ring can accomodate in
transit, is continuously passed around the ring each carrying a .
full/empty mark. Any passing empty slot may be filled with a
packet, then being marked as full; after removal of the packet
the slot is again marked as empty. Initialization of the message
slots is also required as a centralized function.

The Cambridge ring [27] is probably the most popular example

of this access method. Packets (usually called "minipackets") are



of short fixed length of 38 bits. A minipacket contains 16 bits
of user data and the remaining bits are used for addressing (8
bits each for source and destination) and general purpose
~control. In particular two are reserved as responses to be used
sby the destination. The current Cambridge packet format and bit
usage are shown in Fig. 2.4.

To avoid a single node hogging the ring, packets are not
removed at the destination but instead are returned to the source
with the response bits changed. This constitutes a form of
acknowledgement and the information carried in the response bits
reports either acceptance , rejection, busy condition or
eventually packet ignored by the destination. It also provides a
convenient mechanism for sharing the usage of the ring between
the connected nodes.

Protocols devised for the Cambridge ring, are based on a
basic block protocol. As each minipacket contains only two bytes
of data, a basic block (in fact corresponding to what is usually
considered a packet) is made up of a sequence of minipackets: a
header minipacket, a routing minipacket, up to 1024 user data

minipackets and finally a higher-level checksum minipacket.

Register insertion

This is a completely distributed control mechanism. Each
node uses a shift-register into which it loads a local packet
(when the media is idle) and then delays any incoming packets by
effectively inserting the shift-register into the ring. The

shift-register is then progressively removed from the ring when
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the 1ink returns Eo the idle state or when the inserted packet
returns to the source node. The total delay of the ring is
therefore variable and depends on the buffer delay inserted at
each node.

; This method has been used in the Distributed Loop Computer
Network [281. It uses a bit oriented protocol in many aspects
similar to SDLC/HDLC. Packets (variable length) are removed at

the destination and a short acknowledgement packet is generated

if requested.

2.2.3 Bus network

The bus network is a multiaccess link, with all nodes
sharing a single common highway or bus as shown in Fig. 2.5.

Parallel buses have been used for many years as the
communications facility within a single computer. In local area
networks, however, because of the physical separation of
connected nodes a serial bus is normally used. The most common
transmission medium is coaxial cable to which the attached
systems are simply tapped by means of a passive connector.

Each packet is in fact broadcast and although intended for
some destination(s) it is made virtually available to any
"listening"” node in the network. The packet is only subject to
propagation delays and no mechanism is required to enforce its
removal from the media; it is simply copied by each node that
recognizes the packet as addressed to itself.

Clearly only one packet can be successfully transmitted at a

time thus requiring special contention mechanisms to share the




access to the bus. Several mechanisms have either been proposed
or implemented 729) and usually fall into one of three
categories: fixed assignment (pre-allocation of bandwidth),

random access and polling.

s

2.2.3.1 Baseband bus

The essential characteristic of all random access contention
techniques is that several stations may attempt to access the
media simultaneously in which case a "collision" is said to occur
and, if transmission continues, this will result in the
corruption of the affected packets.

Several schemes have been implemented concerning the control
of transmission, the detection of collisions and the scheduling

of retransmissions. Some alternatives are now considered.

Aloha

This scheme was first implemented in the Aloha packet radio
network [28]. In its pure version each station may transmit at
any time, even if another transmission is in progress.
Collisions, and more generally, packet losses, are detected by
the absence of an acknowledgement after a time-out period.
Retransmission delays are randomized to avoid repeated
collisions. The maximum attainable throughput has been shown to
be 18.6 &.

A slotted version, requiring each station to synchronize its



transmission to the beginning of a time slot (which in turn
enforces complete transmission overlap and achieves a higher

maximum efficiency - the double of pure Aloha) has also been

implemented.

Carrier Sense Multiple Access (CSMA)

Significant improvement in performance is achieved if a
station listens to the media before transmitting thus
considerably reducing (but not eliminating) the probability of a
collision. If the media is sensed to be idle, transmission may
take place, otherwise transmission is delayed and rescheduled
according to a pre-defined algorithm. These include non
persistent, p-persistent and corresponding slotted versions.

Collisions are detected as in the previous scheme, and
retransmission, after a time-out, is scheduled according to the

particular method adopted.

Carrier Sense Multiple Access with Collision Detection (CSMA-CD)

This scheme constitutes a refinement of the basic CSMA since
a station listens to the media both before and while
transmitting. This is the mechanism first implemented in Ethernet
[31] anq is by far the most frequently used in current or
proposed local area baseband bus networks.

As before, a station is allowed to transmit if the media is

sensed idle. The transmitting station, however, listens to the



.

media during the critical col]iéion interval at the start of the
transmission and , if its transmission is garbled assumes 2
collision has occured. The collision is then enforced to ensure
'the collision is detected by the other affected station(s) and
;the transmission is then aborted. To reduce the probability of
new collisions, retransmissions are scheduled at random intervals
and in Ethernet a binary exponential back off algorithm is used.
The protocols at the data link layer are very simple. A
datagram type facility is usually implemented; corrupted packets,
other than collisions, are detected by CRC codes and discarded,
and recovery is defaulted to a higher protocol level. A typical
Ethernet configuration and packet format are shown in Fig. 2.6.
High throughputs may be achieved (above 9¢ %) but are
critically dependent on packet size, number of stations} round
trip delay and data rates. The current Ethernet specification

[32) fits into the proposed IEEE 802 standard.

2.2.3.2 Broadband bus

Broadband techniques utilizing the total bandwidth in the
range of 3£ to 35¢ MHz available with a CATV coaxial cable offers

a transmission facility with considerable flexibility. Two modes

of operation are normally used:

(a) the whole bandwidth is partitioned into a forward (lower)
band for transmission and a return (higher) band for
reception. The cable must therefore be terminated by a

"head-end" the main function of which is to act as a




Station
-

; l l I | - ~ | ' |m‘
= — X

N
Terminator Tap Coaxial cable

Fig. 2.5 - The bus network

—Station
. J-. : ,-L .-l-. — , -Terminator
o t/—l —d d - .
Tap
Transceiver —Repeater
— — M o | "
LT T
48 L8 16 368 to 12K 32
SOURCE DESTINATION TYPE DATA CRC
ADDRESS ADDRESS A

Fig. 2;6 - Typical Ethernet configuration and packet format



frequency translator from the lower to the higher band.

This technique is compatible with the use of single or
double ceable;

(b) the whole bandwidth is used both for forward and return

P bands. This requires the use of two cables: one for

transmission, the other for reception. A simple crossover

point separates both cables without the need for frequency

translation.

In either case the available bandwidth (total or split) is
partitioned by frequency division mdltiplexing to allow for
several different communication channels. A wide variety of
configurations is then possible and indeed may coexist within the
same cable by reserving particular subbands for each purpose. For
example one proposed system - the WangNet [33]- wutilizes a

multiplicity of different channels including:

(2) one or more Ethernet like CSMA-CD channels;

(b) a number of dedicated fregquency channels (emulating leased
lines) to support point~to-point or multipoint
communications using fixed frequency modems;

{(c) 2@ number of switched frequency channels, dynamically
allocated by a polling central data switch, supporting
temporary full-duplex connections and usiné frequency agile

modems.

More discussion about broadband bus systems will be reserved

until later in this thesis.



2.3 Proposed Architecture

Rather than ciscussing and emphasizing the adventages and
_disadvantages of different network architectures based on general
‘assumptions, it seems more important to assess the attributes of
each architecture in respect to meeting the requirements of é
particulaer network. Such factors as the number and type of
devices to be connected, their physical distribution and
separation, initial confiquration and future expansion, etc, are
clearly important.

The continuing evolution of netwofking technology (broadband
techniques, optical fibres, satellite communications, etc) and
the substantiel support currently being given to different types
of local network architectures suggest that the trend will

probably be to provide convenient forms of network
interconnection. In addition it is likely that a requirement for
most local networks will be for a connection to one or more
public data networks and in this respect the tendency will be to

adhere to standard protocols and interfaces, such as X.25.

2.2.1 Network requirements

When considering the implementation of a local area network
it is essential to first identify both the specific requirements
of the network and also the potential advantages that can be
achieved by subscribers using such a network. Although these will
vary from one network to another, the requirements of a typical

local area network may be summarized as in Fig. 2.7.
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As a resul& of the rapid expansion of the computing
resources found within an organization, instead of an
establishment handling all its data processing functions in a
single large computer, it is now likely that a number of separate
@achines will be used. A primary requirement for many networks,
therefore, is to provide a communications facility for a number -
of large moainframes and/or minicomputers either to allow
communications between them or to allow other network devices
access to them in order to share a specific resource or files of
information.

Secondly, although many of the larger machines will each
have its own community of user devices connected to it
(terminals, printers, etc), the provision of a switched
connection between a distributed community of unintelligent
terminals and a number of large machines may still be an
important requirement for many networks.

Thirdly, the existence of a large number of small single
user systems (word processors, intelligent work-stations, etc) is
likely to require a communications facility between such systems
and other network resources either within a localized community
of similar systems or on a network-wide basis.

Finally, there is possibly a requirement for a
communications facility between some local devices and one or
more external networks, for example for a mainframe to submit or

receive transactions from a remote centre.
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2.3.2 Network topology

From the previous section it can be concluded that the
requirements of a local area network are extremely varied and
thus it seems unlikely that these will be satisfied by a single
type of network. Moreover, although it may be relatively simple’
to write a new communications package for a small single user
computer system and integrate this into its operating system, the
same does not apply for a large mainframe or minicomputer, thus
creating perhaps the most demanding requirements for the network
designer.

The proposed topology, therefore, is a hybrid network as
shown in Fig. 2.8. The central component of the network is a
an X.25 based modular Packef Switching Exchange. A ranée of
additional components must be included to meet the other network
requirements.

Upintelligent character mode devices (VDU's, etc) are
infegrated into the network by means of Packet
Assembly/Dissassembly devices (PAD's) which appear to the
exchange as multiple call packet-mode devices.

The networking requirements for the possible large number of
local communities of small microprocessor based systems are
usually of two main types: the first to access some locally held
shared resource (printer, file server, etc) aﬁd the second to
access a network-wide resource (shared data base, for example).
Since the first is likely to dominate, it is proposed that these
requirements will be met by the provision of a number of separate
local networks (based for example on Ethernet or the Cambridge

ring), while a small internetwork gateway, possibly situated
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within the local community of usérs, will handle any network-wide
communications.

Finelly, communications with other external networks (public
or private) is handled through a separate internetwork gateway
sand to meet these reqguirements the exchange includes an
internetwork gateway interface.

Further discussion concerning the integration of these

components into the network is reserved for Chapter 8.

2.2.3 Packet Switching Exchange

As was outlined in Chapter 1, the internationally agreed
standard protocol now accepted for access to public backet
switching networks is X.25 and indeed rapidly growing.support is
evolving, as many computer manufacturers now offer X.25 packages
as part of their supported software library. The exchange thus
presents a standard interface on each access link based on the
X.25 protocol and hence meximum use of existing and proposed
manufacturers hardwaere and software can be made.

The function of the central exchange in the proposed
architecture is similer to that of @ single node in a wide area
public data network. Normally, however, a node in a public
network is comprised of a single large mihicomputer with
extensive storage and software to perform such functions as call
charging and network management [34]. Clearly, many of these
functions are either not required or may be considerably reduced
in 8 local area network and hence it was decided to investigate

the implementation of a Packet Switching Exchange that was more



suitable for use in a local netwbrk environment.

It was decided that no call charging software would be
included and also, to minimize the number of packet buffers (and
'hence storage) required, it was decided to reduce the amount of

spacket processing (X.25 packet level) performed in the exchange.
Also, in order to produce an exchange of low initial cost’

but capable of incremental growth, it was proposed to make

maximum use of microprocessor technology.

An overview of X.25 and the design and implementation
details of the exchange and its associated performance
measurements are now presented in the fbllowing chapters of this

thesis.



CHAPTER 3

RATIONALE AND SPECIFICATION OF X.25

2.1 Introduction

The draft recommendation of X.25 [17], was first approved in
1976. It defines " The interface between Data Terminal Equipment
(DTE) and Data Circuit-terminating Equipment (DCE) for terminals
operating in the packet mode on public data networks ".

Revisions and ammendements [35,36] were later issued in
response to incompatibilities and undefined aspects in the
original recommendation and also to clarify different
interpretations [37,38] and to introduce additional facilities.
In this chapter .an overview of X.25 will be presented and in
addition a discussion of the more controversial aspects of the
protocol, especially those concerned with possible deadlocks and

ill-defined states will be given.
3.1.1 Layered design

X.25 is structured into three protocol layers or levels:
level 1 (the physical layer) defines the "physical, electriceal,

functional and procedural characteristics to establish,

maintain and disconnect the physical 1ink between the




DTE and‘the DCE". These characteristics must be in
accordance with recommendation X.21 or X.21 bis [39];

level 2 (the 1link layer) defines the "Link Access Procedures for
data interchange across the link between the DTE and the
DCE". Level 2 is a subset of the IS0 High level
Data Link Control protocol HDLC ([4€] and currently two-
link access procedures are supported;

level 3 (the packet layer) defines the "packet format and
control procedures for the exchange of packets
containing control information and user data between the

DTE and the DCE".

The three X.25 layers are equivale it to the three lower
layers in the OSI reference model and correspond to the thsical

layer, the data link layer and the network layer respectively.

3.1;2 X.25 as a local interface

The recommendation states that X.25 defines only the
interface between a host computer or a packet mode device and the
communications subnetwork. That is, it does not enforce any
particular topology or mode of operation within the subnetwork
and hence any host computer supporting X.25 should be able to
communiéate using any subnetwork that provides an X.25 service at
the access interface.

It can be concluded, therefore, that it is only possible to
attribute local significance to the information and control

procedures exchanged across each DTE/DCE interface. This is



particularly obvious at the physiéal and link levels where point-
to-point links are independently controlled. At the packet level,
however, although the X.25 procedures only notionally apply at
the access interfaces, the management of a virtual circuit also
has end-to-end effects. This has led to misinterpretations and

misuse of X.25 and will be discussed in more detail later.

3.2 Data link layer (level 2)

The data link layer provides a means of reliably exchanging
blocks of data (frames) between a DTE and a DCE using an

established and operational physical link.

3.2.1 Frame structure

-The format of a frame is shown in Fig. 3.1 (a). As can be
seen, each frame is bounded by two flags where a flag is a
special character or bit sequence (£111111¢). Transparency to the
flag pattern within a frame is achieved by the technique known as
bit stuffing or zero bit insertion. Whenever five contiguous ones
are detected during transmission, a zero is inserted to ensure a
flag is not transmitted. Similarly, during reception, the zero is
removed.

Since in X.25 only point-to-point links are supported, the
address field is not used as a real address identifier and
instead is used simply to distinguish between two different frame

types (commands and responses).



The control field identifies the frame type as shown in

Fig. 3.1 (b) and provides additional parameters for specific

control purposes:

(a) Information frames are used for information transfer and
are characterized by a variable Information field,.
transparently handled on behalf of the packet layer;

(b) Supervisory frames are used for specific control purposes
that will be discussed in connection with the
acknowledgment, error and flow control mechanisms;

(c) Unnumbered frames are used for synchronization purposes

(set mode, reset, terminate mode).

The P/F bit has a rather limited function in X.25 and is
exclusively used during time-out recovery.

Information frames are seguentially numbered (modulo M) by
means of a Send Sequence Number N(S). Information and supervisory
frames also carry a Receive Sequence Number N(R) which indicates
the next expected Information frame in the reverse direction.

The Frame Check Sequence (FCS) field (two bytes) provides a
cyclic redundancy checksum based on the generator polynomial
X**] 64X**]124X**54]1, Its error detection properties are discussed,

for example, in [41,42].

W
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3.2.2 Link contr61

Before any Information frame may be transferred across the

DTE/DCE interface it is first necessary to set-up the logicel

;link, that is, it is necessary to create the protocol context
that will keep both stations synchronized.

Two link access procedures are currently defined: LAP
and LAPB corresponding to the Asynchronous Response Mode (AﬁM)
and to the Asynchronous Balanced Mode (ABM), respectively.

In LAP, the DTE and the DCE each implement a Primary and a
Secondary station. Each Primary is responsible for the control of
the remote Secondary (activation, termination, error control and
recovery). For this purpose each Primary issues commands and
expects responses from the remote Secondary.

In LAPB both the DTE and the DCE constitute a combined
station. Control of the link is shared by both combined stations
each of which transmits and receives commands and responses.

The differences between LAP and LAPB are mainly related to
the set-up and disconnection of a link.

In LAP each Primary station may initiate the set-up
procedure, thus initiealizing the link in the corresponding
Primary-Secondary direction. Initialization of the opposite
direction must follow; this requires a close-coupling between
Primary and Secondary functions. A link is set-up by the Primary
sending'a SARM and the Secondary acknowledging its receipt by
returning a UA, Once a link has been set~up, information transfer
may take place until a logical disconnection (DISC) is initiated
by either station (Primary). A state transition diagram is

shown in Fig. 2.2. There are in fact some potential problems with
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this set-up procéﬁure but these are discussed in Appendix A and a

more complete state description will be presented in Chapter 5.
In LAPB either combined station may initiate the set-up

procedure (SABM), thus initializing the link in both directions

;and the same applies to the link disconnection (DISC).

3.2.3 Information transfer

Error and flow control mechanisms are used during the
information transfer phase firstly to.ensure that Information
frames are reliably exchanged across the serial link without
losses or duplicates and secondly to control the rate at which

Information frames are exchanged. This is accomplished using the

following schemes.

3.2.3.1 Acknowledgment mechanism

Any acknowledgment mechanism must be based on the assignment
of a unique identifier to each Information frame so that
transmitter and receiver may unambiguously refer to the same
frame [18]. Clearly, if it was possible to use an infinite set of
identifiers, no contention would arise and any losses or
duplicatés would be easily detected and recovered. As this is not
possible, however, it is necessary to cyclicly reuse the same
finite set of identifiers.

In HDLC, Information frames are sequentially numbered,

usually modulo M=8, For this purpose the Primary keeps a Send



State Variable VQS), which refers to the next Information frame
to be transmitted (N(S)) and is incremented after each
transmission. Thus, in the absence of errors, Information frames
are expected by the Secondary strictly in sequence. In addition,
;the Secondary keeps a Receive State Variable V(R) which refers to
the next in-sequence Information frame to be received. Then, if -
the N(S) in the received frame equals V(R), the frame is accepted
and V(R) is incremented. A receive sequence number N(R) is then
updated to the current V(R) and returned to the transmitter in a
RR supervisory frame or "piggybacked"” in an Information frame.
This N(R) is then checked against the N(S)'s in the currently
unacknowledged Information frames and any correctly acknowledged
frame (with N(S) up to N(R)-1) is then released. Examples of
this mechanism are shown in Fig. 3.3.

The maximum number of unacknowledged Information frames that
may be outstanding is naturally limited (K<=M-1) but this number
is further determined by the error and flow control strategies. A
window is considered as the ordered set {WC,W1[ of Information
frames authorized to cross the interface where W=(W1-Wg) mod M

is the window size.
3.2.3.2 Error control

Error control mechanisms are required to detect and recover
from error situations, which usually fell into one of four

categories:

(a) corruption of frames in the transmission media (noise,
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crosstalk);

(b) loss or corruption of frames due to undetected errors in
the serial I/0 interfaces as a result of overruns,
underruns, aborts, etc;

(c) loss of frames due to the lack of buffer resources or the
application of flow control;

(d) errors induced by recovery actions.

All the attempts to recover from errors are based on their
detection, their type and on some state information, that is the
context in which they occur.

The integrity of frames in the transmission media is
protected by a CRC code. Frames in error are simply ignored and
they are handled by the recovery mechanism as a frame loss.

A continuous Automatic Request (ARQ) mechanism is supported
by the link level which means that several unacknowledged
Information frames, up to the window, are allowed outstanding.
Out‘of sequence frames detected by the receiver are handled as
follows:

The sender goes back to the first missing frame as
determined by a REJ supervisory frame from the receiver and
retransmits from this point as in the normal way. The receiver
then ignores all Information frames until it receives an
Information frame with N(S)=V(R). This guarantees that no
duplicaées arise and only one REJ frame is allowed outstanding
before recovery is complete.

There are situations, however, when this retransmission

mechanism cannot be triggered:




(2a) the missiﬁg Information frame(s) is (are) the last in a

' sequence of Information frames and so any losses are not
detected by the receiver;

(b) the REJ is lost;

(c) the first retransmitted frame is again lost.

An edditional retransmission mechanism based on the absence
of an acknowledgment for some outstanding Information frame(s)
following @ specified time-out interval is then utilized. In this
case it is the sender that triggers the retransmission and, in
doing so, duplicates may be generated. This can hapben if either
an acknowledgment is lost or delayed greater than the time-out
interval.

The global recovery strategy depends, therefore, on the way
duplicates are distinguished from other out-of-sequence frames
and more generally on the possible interactions between these two

recovery mechanisms.

3.2.3.2 Retransmission strategy

One way of distinguishing duplicates from other out-of-
sequence frames is by reducing the window (W<= m/z), to account
for different instantaneous views of the window by the sender and
the rece&ver [43].

However, X.25 does not support this mechanism; instead, out-
of-sequence frames are globally considered and, additionally, the
time-out recovery relies on the use of checkpoint retransmission

using the P/F bit. This raises an important question: how many
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Information frames should be Eetransmitted during time-out
recovery? We recall that the REJ recovery allows unrestricted (up
to the window) retransmission of unacknowledged frames.

No controversy arises concerning the first retransmitted
sInformation frame; it must be the first unacknowledged and must
carry the Poll bit set,thus creating a useful reference for the
Primary and the Secondary.

This requires, however, that no interference with this
mechanism is induced. This could be the case if the Primery
retransmitted other Information frames (necessarily with P=0)
immediately following. The first Information frame is protected
by the Poll bit but, if the remaining Information frames are
duplicates, they simply appear to the receiver as out of sequence
and hence the normal recovery mechanism will result iﬁ a REJ
frame being sent. When received by the Primary, the REJ frame may
thus interfere with the current retransmission (in the same way
as two outstanding REJ frames) and hence induce unnecessary
retransmissions with possible looping effects.

One solution to avoid this problem is to retrensmit only one
Information frame during time-out recovery; this ensures, through
the P/F exchange, that normal transmission is unambiguously
defaulted to the correct Information frame. Thus, with this
scheme, use of a RR or REJ frame (with F=1) is virtually
equivalent, since only the N(R) is relevant at this stage.

Examples of the REJ and time-out recovery mechanisms are

shown in Fig. 3.4.
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3.2.3.4 Link reset

In both recovery procedures so far considered no complete
’loss of synchronization occurs and normal operation resumes after
srecovery.

A complete loss of synchronization may occur, however, due
to other errors or cumulative effects of abnormal delays. Under
these circumstances recovery becomes impossible simply by
retransmission and reinitialization is then necessary. This is
achieved by the transmission of a reset frame (SARM in LAP or
SABM in LAPB) and by so doing the corresponding Primary and
Secondary stations (or both combined stations) return to a known
and agreed state before normal information transfer resumes.

Two procedures may apply:

(a) the reset may be initiated by the Primary (SARM) when
receiving a response with unknown code, containing an
invalid Information field, carrying an invalid N(R) or with
an invalid Fbit. A received N(R) is considered invalid if
it "acknowledges" an Informetion frame not outstanding at
the time;

(b) the Secondary may request & reset by the Primary (by
transmitting CMDR) when receiving a command with unknown
cpde or containing an invalid Informatibn field (invalid

length, for example).
During reset, Information frames are suspended in the
corresponding direction(s) and no acknowledgment is acted upon

until the reset is complete (UA received). Because Information
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frames are not released before an acknowledgment is received,
Information frames outstanding and unacknowledged at the time

will be retransmitted later. It can be concluded that:

p (2) due to the creation of a new protocol context, duplicates

created as a result of a link reset are not detectable
within level 2 of X.25. Implications of this to the higher
layers must therefore be considered;

(b) failures in the acknowledgment mechanism not immediately
detected and recovered by a reset may lead to invalid
release of Information frames, thus creating an

irrecoverable loss at the link layer.

2.2.3.5 Flow control

X.25 does not enforce any particular flow control mechanism.
Rather it provides the means to implement the flow control
protocol, at the network access interface.

Flow control at the DCE cannot be separated from the control
strategy implemented within the communications subnetwork (where
it is mainly concerned with the control of congestion) and the
way it is exercized at different protocol layers cannot be viewed
independently.

At this point,however, only the means by which a DCE (or
DTE) may control the flow of frames across the interface will be

considered.



HDLC uses a combination of two mechanisms:

(a) Stop-and-Go - the Secondary when entering a busy condition
requests transmission of Information frames from the
Primary to be stopped by sending a RNR frame and
transmission of Information frames will resume only after
receipt of an explicit authorization. This is achieved by
sending a RR or REJ frame, the latter applying if correcgly
received Information frames were deliberately discarded.
Two aspects are relevant in this‘mechanism. First, the
degree of anticipation in issuing a RNR; it is therefore
necessary to decide whether to accept or discard any
currently outstanding Information frames. Secondly, since
an explicit authorization is required to resume
transmissioﬁ, a recovery mechanism is necessary to account
.for the possible loss of the corresponding RR/REJ frame;

(b) Credit - the Primary is granged permission by the
Secondary to transmit a number of Information frames. This
mechanism also raises two problems. First, if a credit
mechanism is exclusively based on a pre-allocation of
buffer resources, inefficient use of resources may result.
Secondly, credits must be protected by an acknowledgment
mechanism to account for the possible loss or duplication

of credits.

In HDLC, to avoid the last problem the credit scheme is
combined with the acknowledgment mechanism. Any acknowledgment
(except while the busy condition is not cleared) carries an

implicit credit (window size) relatively to Information frames
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flowing in the reverse direction; thus updating the lower window
edge (window rotation).

The credit scheme is used under normal conditions but, when
’required, a RNR is issued to stop credit. Then, depending on the
santicipation factor, outstanding Informetion fremes may be
accepted or discarded (some or even all). This does not give rise
to particular difficulties, however, as losses are recovered_by
retransmission but, to avoid possible blocking of the Primary

(due to loss or delay of the RR/REJ), the Primary is allowed to
transmit or retransmit the Information frame pointed to by the
RNR. A potential problem with this mechanism is also discussed in

Appendix A.

3.3 Packet layer (level 3)

A packet is the Information field contained in each
Information frame transferred across a DTE/DCE interface and
transparently handled by the data link layer. Whilst in the data
link layér frames are handled in a pure point-to-point way, at
the packet layer the true nature of the network communications
begins to appear since, in general, a packet also contains an
identification of the particular data stream to which the packet
belongs.

For this reason a2 virtual circuit is first established
between two communicating DTE's possibly involving the DTE/DCE
interfaces and also the subnetwork. The Packet layer of X.25,
however, only provides the mechanisms to control the virtual

circuits across the DTE/DCE interfaces.



L

3.3.1 vVirtual Circuit Service

Multiple virtual circuits are supported in a single link by
_the use of a number of logical channels. The establishment of a
~irtual circuit (or call) requires the assignment of a logical
channel at both DTE/DCE interfaces with the communications
subnetwork and also the provision of a subnetwork virtual circuit
service characterized by ordered delivery of packets without
losses or duplicates. This is normally achieved by assigning
different logical channels on successive links from source node
to destination node during the set-up of the virtual circuit.
Packets belonging to the same virtual call are then routed along
the same path.

The relevant information exchanged between two end éystems
is conveyed in Data packets and additional packets are used to
accomplish such functions as the management of virtual circuits,
error and flow control, etc. The general packet format and a list
of the packet types used is shown in Fig. 3.5 and their functions

are now discussed.

3.3.1.1 Call set-up

Set-up of a virtual circuit is initiated by a DTE sending a
Call Request packet. A logical channel in the DTE/DCE interface

is then locally assigned. After the packet has been routed across

the subnetwork, the reverse process takes place at the remote
DTE/DCE interface: the Incoming Call is sent to the destination

DTE over an available logical channel and the virtual circuit is
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General format.identifier

lLogical channel number

Logical channel group number

Packet type identifier

tddress, contrcl or data fields

(variable length depending on the packet type)

Packet Type

7 6 5 4 3 2

From DCE to [TE

From IUE to IXE

Facket identifier

Incoming Call
Ca211 Connected
Clear Indication

ICE Clear
Confirmation

ICE Deta
DCE Interrupt

ICE Interrupt
Confirmation

ICE RR

DCE RNR

Reset Indication

DCE Reset
Confirmation

Restart Indication

DCE Restert
Confirmation

Diagnostic

Call Recquest
Call Accepted
Clear Request

LCTE Clear
Confirmation

DIE Data
CTE Interrupt

DTE Interrupt
Confirmation

DIE RR

CTE RNR

DTE REJ
Reset Recuest

DTE Reset
Confirmation

Restart Recuest

ITE Restart
Confirmetion

¢cr 1 f 1

(G A A R S |

SO S G A A ¢

Fig. 3.5 - Packet format anc types




established by the called DTEfreturning a Call Accepted/Call
Connected packet. This is shown in Fig. 3.6 and, as can be seen,
it is purely end-to-end. If a call cannot be established by the
’subnetwork or the called@ DTE does not wish to accept it, the call
+is cleared.

Contention for 2 logical channel may arise since the same:
logical channel may be simultaneously assigned to both a Call
Recuest issued by the DITE and an Incoming Call issued by the DCE.
To resolve this, X.25 gives priority to the Call Request and, to
reduce the probability of a collision occuring, the DTE and the

DCE assign logical channel numbers in reverse order.

3.3.1.2 Data transfer

Once a virtual circuit has been established, Data packets
may flow in both directions and are subject to error and flow
control procedures. Data packets are sequentially numbered,
usually modulo 8 and are acknowledged either by piggybacking the
acknowledgment in a Data packet or by returning & supervisory
(RR/RNR) packet.

Send and receive sequence numbers in Data and supervisory
packets are not necessarily preserved along the virtual circuit.
This is the case, for example, if different packet lengths are
used at the DTE/DCE interfaces and within the subnetwork, thus
requiring fragmentation and/or reassembly by the subnetwork or as

a result of the application of flow control.

w
!

16



[y

3.3.1.3 Call clearance

Normally a call is cleared by either DTE once the datea
transfer is complete. Clear Request/Clear Indication packets are
uused for this purpose and they traverse the complete network in
order that the whole virtual circuit may be released. Clear-
Confirmation may either be performed locally (hop-by-hop) and the
released logical channels made immediately available or it may be
performed end-to-end, as shown in Fig. 3.7.

In addition, a call may be cleared by the subnetwork for a
variety of reasons; for example, congestion, invalid call, called
DTE busy, logical channels not available, protocol error, etc. If
a clear is initiated by the subnetwork, however, Clear
Indication packets are returned in both directions to the

connected DTE's indicating the reason for clearing.

From the previous description, a state transition diagram
for the call set-up and clearing phases applying to a logical
channel across the DTE/DCE interface may be derived, and this is

represented in Fig. 3.8.

3.3.2 Erfor control

Most errors fall into the category of protocol errors since
they result in a loss of protocol context between the DTE and the
DCE; for instance, the receipt of a Call Request while the
channel is in the data transfer state.

The normal action in such conditions is the clearance of the
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call in order to restore the pfotocol context and to avoid the
propagation of errors across the network.

In addition, X.25 provides a2 global clearance of all calls
(virtual circuits) by means of Restart packets across the DTE/DCE
,interface. In the absence of broadcast facilities, a DCE hes
therefore to generate Clear Indication packets, across the
subnetwork, for each call currently in progress at the DTE/DCE

interface.

3.3.2.1 Time-out recovery

The need to implement a time-out mechanism arises from the
fact that, although improbable due to the protection of level 2,
expected confirmation packets may be missing or at least delayed
beyond a reasonable time interval.

Normally, time-outs are recovered by retransmission. The use
of retransmission at the packet level, however, at least for some

type of packets, can give rise to additional problems:

(2) retransmission of a Call Request/Incoming Call may induce
a protocol error, thus resulting in the call being cleared;
(b) retransmission of Indication packets (Restart, Clear,

Reset) may result in long looping conditions [44,45,46].

The first problem may be solved simply by clearing the call
and eventually retrying.
As far as the second problem is concerned, it is now

accepted that Indication pack-ts should not be retransmitted and
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instead Diagnostic packets shouid be optionally sent by the ICE

[47]. These are simply used by the DTE for logging purposes.

X.25 does not directly address the time-out problems
associated with the absence or delay of an acknowledgment for
JData packets. As will be discussed this may be induced by a
particular flow control strategy and has the effect of blocking-
the flow of Data packets.

It is accepted, however, that no retransmission of Data
packets is supported by a DTE, under any circumstances f38). This
has a significant effect on the reset and flow control strategies

as follows.

3.3.2.2 Call reset

Reset at the packet layer (Reset Request/Reset Indication)
is used as an error recovery mechanism applying only during the
dafa transfer phase and has similar objectives to those achieved
by a link level reset.

However, Data or supervisory packets associated with the
affected virtual circuit are removed and, bééause no

retransmission is supported, a call reset can therefore give rise

to packet losses.

X.25 specifies the use of a Reset for two main reasons.
FirstlQ, when the receive sequence number, P(R), is received in
error, thus indicating a Data packet is not outgtanding and
secondly, when the send seqﬁence number, P(S) is out of sequence
(due to losses or duplicates) or violates the window. In

addition, a call may be reset (following a2 time-out) to reopen

3-19



the window when a transmitter iS blocked due to a lack of credit.

As has been described, duplicates at the packet layer may be
created by a mechanism external to the packet layer (link reset).
It is impossible, therefore, even by window limitation to
Aiscriminate duplicates from other errors; signalling of a link
reset does not solve the problem as the receiver cannot ascertain
the boundaries of the eventual duplicate(s). In general it can be
stated that a call reset may eliminate duplicates but indﬁce
losses; hence, errors will necessarily propagate above level 3,
thus requiring the implementation of a recovery mechanism at the
transport layer, on an end-to-end basis and possibly at the
message level ([48,49].

Several alternative strategies, certainly based on

assumptions about the type and frequency of errors seem possible:

(a) no use of reset, except probably if the transmitter is
blocked, thus defaulting all error recovery to the
transport layer (mainly duplicates);

(b) use of reset only for window violations and P(R) errors,
simply discarding out-of-sequence packets as duplicates;

(c) reset in all the above error situations.

In any case, and for generality, both losses and duplicates

should be detected and recovered at the transport layer.
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3.3.2 Flow control

Flow control within the packet layer is performed on a
virtual circuit basis and uses the same tools as the data link
,dayer; basically a window (credit) mechanism combined with the
possible use of RNR packets. .

When a RNR packet is issued, Data packets may still be
outstanding in the reverse direction owing to their previ&us
credit. Once accepted for processing by the packet layer,
however, valid Data packets should not be discarded even if a RNR
has been used, because no retransmission is supported.

The question then arises is the flow control effective, or
even necessary, at the packet layer? The degree of effectiveness
is influenced by the buffer management policy; also, because the
use of RNR has always a delayed effect, the degree of
anticipation in its use becomes an important factor.

Two alternatives are usually considered:

(a) buffers are reserved in advance on 2 virtual circuit basis
according to the window sizes and a credit is never given
in excess of the available resources. In suwch cases when a
RNR is used, enough buffers still exist to accomodate the
possible outstanding Data packets and a RR packet must then
be used to reopen the window as soon as enough buffers are
éranted. This dedication of resources is usually highly
inefficient and requires a large number of buffers, unless
the number of active virtual circuits is severely reduced
or if, as in TYMENET, flow control is character oriented

[58]. With this scheme, however, congestion problems are




efficiently avoided;

(b) buffers are dynamically assigned on demend. Usually credit
is given in excess of the currently available resources
(overselling) on the founded expectation that they will

F exist when requested. Naturally, more complex flow control
is required to avoid congestion and to provide an efficient.
and fair sharing of resources between virtual circuits,
thus greatly improving the performance. The anticipation
factor when using.RNR becomes more important since its
degree of dynamism may influence the frequency of use of

level 2 flow control.

An a2lternative to the use of RNR and in some cases offering
the advantages of a more dynamic and efficient window rotation is
simply to delay acknowledgments. Thus, previous credit is fully
used by the transmitter, but then gradually restrained while the

window remains only partially opened.
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CHAPTER ¢

PACKET SWITCHING EXCHANGE - HARDWARE DESIGN

4.1 Design philosophy

The design aims of a Packet Switching Exchange for use in a

local area environment can be summarized as follows:

modular construction - since the required number of exchange
lines will vary considerably from one network to
another, the exchange must be modular and capablé of
incremental growth;

standard access protocol - the exchange must present a standard
X.25 access protocol and hence be compatible with
manufacturers networking hardware and software;

good reliability -~ failure of a single unit should not cause a
catastrophic failure but rather a degradation of the
services offered and hence overall performance;

self monitoring — the current status of the exchange should be
continuously monitored and, for diagnostic purposes,
faulty components readily determined;

low cost - to be competitive with-other local networking
solutions, the exchange should have only a2 modest cost

per line connected.

In an attempt to meet these aims, the design adopted is



shown in Fig. 4.1. It is comprised of a readily extendable number
of Link Access Units (LAU's), which perform the basic call
processing functions of the exchange, an Inter-network Gateway
Interface (IGI), similar to a Link Access Unit, to provide for
;communications with other wide-area networks, and an Exchange
Management Unit (EMU) for monitoring and diagnostic purposes. The
above units are then interconnected by means of an autonomous

Interchannel Unit or parallel bus. A description of each is now

given.

4.2 Link Access Unit

Each Link Access Unit can support a number of full—duplex
links and each presents a standard X.25 interface. The design of
the unit is based on a 288 microprocessor [51) - several reasons

determined this choice:

(a) support of a wide family of peripheral controllers (SIO,
PIO, CTC, etc):

(b) powerful vector interrupt and daisy chain interrupt
priority structure;

(c) availability of Z8P based microprocessor development
faqilities allowing extensive program debugging and real-

time simulation of the exchange.

The organization of a Link Access Unit is shown in Fig. 4.2,
Each unit has its own internal bus to which is connected a z8¢

microprocessor, a readily varied quantity of PROM and RAM
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(currently 8K and 4K bytes respectively) to hold the X.25 control
program and its associated tables and packet buffers, @
counter/timer, one or more data link controller cards and an
Interunit Interface (IUI) card which forms the interface between

"the unit and the Interchannel bus.
'

4.2.1 Serial link interface

The interface to the serial link is based on a 280 SIO
controller [52], which may be programmed to support a wide
variety of communication protocols including the X.25 level 2
protocol HDLC. The Z8¢ SIO provides the basic framing and error
detection features of the X.25 link access procedures'but
additional hardware and/or software must be used to perform the
other functions.

Currently all link transfers are interrupt driven - mode 2
(vecfored) is used with the SIC internal interrupt priority and
vector modification logic enabled; as will be discussed in
Chapter 7 link baud rates up to 5@ Kbaud may be supported.

X.25 does not provide any field to deal with the length of
the frame (packet) being transmitted or received. Hence, since
length information is required during the frame/packet
processing and transfer from one Link Access Unit to another, it
was decided to include, for exclusive use within the exchange, an
additional byte at the header of the frame to indicate the frame
length.

On reception, the frame length is computed on a byte basis

(RBYTE count) and, when the end of frame is detected, this is



inserted in the‘length byte preceeding the frame. When
transmitting, however, the length byte is not transmitted but is
simply used together with a TBYTE count in order to allow correct
termination of the freme.

Clearly, the maximum buffer gize requirement must be
determined according to the maximum packet size supported across
the interface. Hence, since the maximum data field currently .
implemented is 128 (default value in X.25) a total of 136 byLeé
is used. This includes the length byte, 2 bytes of level 2
header, 3 bytes of level 3 header, 128 bytes of user data, 1 byte
to temporarily accomodate CRCl prior to detecting the end of

frame and 1 byte to deal with a possible overflow condition.

4.2.1.1 Frame transmission

Two interrupt service routines are used in the transmission
process: the transmitter interrupt routine which is invoked on a
byte by byte basis and the external/status interrupt routine
which deals with the underrun/end of message situation. The Z80
SI0O has a number of limitations in this respect and in

particuler:

(a) the number of bytes yet to transfer must be externally
updated;

(b) CRC is autoﬁatically inserted by the SIO either following
an underrun or at the end of a frame;

(c) abort transmission must be programmed after an underrun is

detected;




(@) following transmission of an abort, the SIO defaults to
the transmission of flags but no interrupt is then
generated.

-

, Moreover, the SIO must be programmed to insert the CRC, thus
also allowing generation of the corresponding external/status
interrupt. This must be done following the first byte loaded into
the SIO since doing it in advance induces premature generation of
the CRC ahead of the frame (underrun); doing it later will not
protect against an early underrun condition and flags will be
inserted prematurely.

Frames awaiting transmission are stored in a Link Output

Queue (LOQ) and successive transmissions must be separated by at

least a single flag.

End of transmission

The normal sequence of events during transmission is shown
in Fig. 4.3. Up to the last byte, 2all transmitter interrupts
(raised when the SIO transmit buffer becomes empty) are simply
served by loading the next byte into the SIO. No underrun will
occur if interrupts are served within the interval T@ of a byte
transmission (2.8 ms at 9.6 Kbit/s).

Correct termination of a transmission requires:

(a) identification of a normal end of frame condition (TINTn),
thus allowing the subseguent external/status interrupt to

recognize a valid end of frame;
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(b) identification of the real end-of-frame transmission
(TINTn+l), protected by the trailing flag, thus a;lowing
the next transmission to begin correctly (otherwise no flag
separates two consecutive frames if the first byte of the
next frame is prematurely loaded into the SIO). Hence,
TINTn+l may be used to directly trigger the next

transmission, thus avoiding transmission gaps.

TINThn and TINTn+l may be distinguished from previous
interrupts by the current TBYTE count, signifying the number of
bytes yet to transmit. The SI0 also provides a way of
distinguishing between TINTn and TINTn+l, by means of two flags
TXBUF (TXBUF=1 when the SIO transmit buffer is empty) and
TUND/EOM (TUND/EOM=1 when the underrun is detected).

Three external flags are used - T to allow synchronization
with externally initiated frame transmissions (T=1 during
transmission), EOF to signal a valid end of frame (EOF=1) and UND
to allow identification of underrun/end of message within the
external/status interrupt (UND=g, TUND/EOM=1) and its service
(UND=1) .

However,the above sequence may be disturbed for two main

reasons:

(a) in the case of cumulative delays and taking into
consideration the interrupt priorities, the external/status
interrupt may be served at the end and TINTn and TINTn+l
may eventually be merged into a single interrupt;

(b) it may be impossible to distinguish between TINTn and

TINTn+1, using the internal SIO flags, if the setting of
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the TUND/EOM flag is delayed due to status latching
(although no risk exists of missing the interrupt as only a

single transition is involved).

A general solution taking both aspects into consideration
was adopted. It is based on a synchronization between the
transmitter and external/status interrupts, by means of the UND
and TXBUF flags. Normally, the real end of transmission will be
detected by a transmitter interrupt following the external/status
interrupt (if UND=1l) or eventually by the external/status
interrupt (if TXBUF empty). In the latter case, either TINTn+1l
had previously been served (while UND=¢) or had just been raised
and then becomes or is made irrelevant (for example, begin to
load next frame or issue 2 " Reset transmit interrupt pending "

command) .

Underrun

The occurrence of an underrun condition in the middle of a
frame may now be easily detected (EOF=f) when the external/status
interrupt is served. An abort must be generated, thus destroying
whatever is in transmission (CRC, delayed byte, flag). It will be
effective if programmed before the next flag is completely
transmitted - and so @ minimum protection of three bytes (2.4 ms
at 9.6 Kbit/s) is then guaranteed.

The real problem conceras correct retransmission of the
aborted frame - the SIO does not provide an interrupt when

transmission defaults to flags, but rather when the abort is




jssued, which is irrelevant since it cannot be used to begin
correct retransmission of the aborted frame (no flag would be
generated and therefore the frame would be ]ost);
One possible way around this problem is by means of a timing
;mechanism. However, another solution, independent of the baud

rate and offering additional advantages was adopted:

(a) the transmitter interrupt pending is reset (SIO command);

(b) parameters concerning the aborted frame are updated,
preparing its retransmission;

(c) the internal TUND/EOM latch is reset (SIO command),
forcing the generation of two extré CRC bytes and the
subsequent external/status and transmitter interrupts, and

EOF is set (to prevent another abort being generated), as

shown in Fig. 4.4.

This sequence of events is now similar to a normal end of
transmission (EOF=1) immediately followed by retransmission of
the aborted frame.

Two objectives are met with these procedures: firstly, no
overheads are introduced in the transmitter interrupt routine, as
retransmission of the aborted frame follows the pattern of a new
transmission and secondly, the two extra CRC bytes inserted (and
ignored by the receiver which is then in the hunt phase) give an
additional and useful protection to the receiver when dealing

with the abort detection.
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4.2.1.2 Frame reception

Three routines are relevant to the receiver process: the
receiver interrupt routine which is called on a byte by byte
sasis, the special receive interrupt routine which is invoked on
the occurrence of an end of frame or overrun and the
external/status interrupt routine which deals with the flag
synchronization (hunt phase) and the abort/idle detection.

The receiver process produces two new problems: firstly, a
buffer must be granted before or at the moment a new frame begins
to be assembled by the SIO and transferred to the receiver FIFO
(triple buffered) and secondly, the receiver has no "a priori”
knowledge about the length of the received frame nor does it have
any control over the interval between successive frames {(in thé
1imit this could be a single flag).

Solving the length problem ﬁs trivial since, by providing a
buffer with the defined maximum size (136 bytes), an overflow
condition may be easily detected. 1f this happens, additional
received bytes must be reaé (to clear the interrupt) but not
transferred to memory. The frame will not be discarded, however,
since the 1ink level will follow the protocol rules concerning
invalid frame length.

The other problem is more complex and, in fact, several
solutions are possible. Due to the asynchronous nature of the
interrupts and the uncontrolled gap between successive frames,
any buffer request/grant mechanism not synchroniied with the
receiver interrupt routine may fail to grant a buffer during the
critical interval when this is required. Any solution of this

type must be rejected (certainly lost frames would trigger




frequent higher level recovery méchanisms, with a negative impact
on the overall performance).

Consideration of a private pool would require additional
data transfers inside the Link Access Unit and a reservation

;scheme, naturally depending on average requirements, could become
critical in unusual conditions (succession of short frames) or
lead to inefficient buffer utilization.

It was decided, therefore, to provide the receiver process
with direct access to a buffer pool, only restricted for flow
control purpeses. This is discussed in Chapters 5 and 6.

In the absence of overrun errorsuor frame abort, end of
reception is straightforward and is by means of End of Frame and
CRC validation (flagged by the special receive interrupt). A
valid frame (including the inserted length byte) is simply
transferred to the Link Input Queue for further processing but if

the frame has been corrupted, it is ignored and the buffer is

returned to the pool.

Start of reception

Because the receiver has free access to the pool and also to
minimize the number of pool accesses, 2 buffer is accessed from
the pool at the beginning of reception rather thén at the end of
a previous reception. This requires identification of the first
received byte, which may be done using the RBYTE count, also
necessary for frame length and overflow deteétion, and signifying
the available space in the current buffer.

An RC flag is also used to signal a reception in progress

4-1¢




(RC=1). Therefore RBYTE=@ refers either to the start of reception
(RC=P) or overflow (RC=1). Reception méy begin if a new buffer is
granted (then RBYTE=buffer length and RC=1); otherwise, reception
is abandoned and defaulted to the next frame (clear receiver FIFO

and reenter hunt phase).

Overrun

Once an overrun occurs (and this only happens if a receiver
interrupt cannot be served within the time-corresponding to the
transmission of four bytes - 3.2 ms at 9.6 Kbit/s), the frame is
necessarily corrupted and, as in the case of a CRC error, it was
decided to discard it since to ascertain the non corrupted bytes,
for 1ink control purposes, for example, would introduce high
overheads.

Two solutions are possible - abandon reception and default
to next frame reception (reenter hunt phase) or continue
receiving the whole frame. The first solution seems attractive as
it reduces time overheads following the overrun. However, it is
possible that a new frame is already being assembled and present
in the FIFO in which case it would be lost. Consequently, since
an overrun is highly improbable, it was decided that the second
alternative should be used. Moreover, by not issuing an Error
Reset command (until the real end of the frame is detected) the
internal SIO overrun flag is latched and may be used thereafter,
thus generating special receive interrupts and avoiding
additional overheads in the normal receiver interrupt routine.

Abort detection




Abort detection

An external/status interrupt occurs during flag

synchronization (hunt phase) or abort detection. The SI0 enters

;the hunt phase when programmed to do so or automatically
following the detection of an abort.

When flag synchronization is achieved,. the corresponding -
hunt interrupt could be used to report that the remote
transmitter is active sending flags, thus preparing for frame
reception. Not only is this not necessary, however, but may even
induce errors. Correct reception of éubsequent frames is
independent of any action determined by the hunt interrupt, while
a tight coupling between hunt and receiver interrupts could lead
to misinterpretations due to the lower priority of the
external/status interrupt.

Interaction with the abort interrupt is necessary but
creates different kinds of problems. An abort/idle interrupt is
irrelevant if no reception is in progress. If a reception is in
progfess, however, all actions must be taken at the commencement
of abort detection (and not at the end) to minimize further
interactions. This is distinguished by means of an external AB
(abort) flag. However, the abort is not flagged (by the SIO) in
the data stream (as for end of frame or overrun); frame reception
is cancelled by the SIO until resynchronization ié achieved but
previous received bytes are not removed from the FIFO until read.

The problem is obvious - if an abort interrupt (lower
priority) is eventually delayed until after the begining of a new
reception, the header of the new frame will be wrongly assembled

with the tail of the previous aborted frame and the new frame
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will appear truncated.
Due to the early considered protection given by the
transmitter (abort plus two CRC), ample time usually exists to

serve the abort interrupt. In case of error, however, missing

"bytes in the header will probably induce protocol errors that
/

will be detected at higher protocol levels.

4.2.2 The Counter/Timer

Two timing mechanisms are required: one to generate the SIO
receiver/transmitter clocks and the other to allow implementation
of the different time-out intervals required by the protocoi.

Currently each SIO channel implements separate transmiftér
and receiver clocks. It is assumed that each station generates
its own clock for transmission and that the receiver clock is
extracted from the received data stream.

The requirements of the different processing levels within
the protocol concerning the handling of time-out intervals are
quite different. It was decided, therefore, to derive 21l time-
out intervals from a basic time interval. This is currently every
1¢Cms, when an interrupt is generated allowing the
synchronization and update of all current active timers.

A Z8E CTC is used to generate the required timing signals.
Channel @ (timer mode) is used to generate the SIO transmitter
clock and Channel 2 (timer mode) and Channel 3 (counter mode) are

cascaded to generate the 1£€ ms interrupts.




4.2.3 Interunit Interface

The signals used to communicate with the Interchannel Unit
are described in Fig. 4.5 (a). They are comprised of two 8 bit
;unidirectional parallel data paths D@-7 (one for input, one for
output) and associated strobes (WRP, RDP) for the transfer of
blocks of data between the Link Access Unit and the Interchannel
Unit buffers; four address lines ADE-3 and associated control
signals (WRSB, RDDB) to specify the required destination address
and to control packet transfers, and finally two control signals
indicating the Interchannel Unit buffers status (SB, DB).
The Interunit Interface is based on a Z8¢ PIO controller.
Port A is programmed in the bidirectional mode and port B in the
control mode, thus allowing status monitoring and generation 6f
address and control signals as shown in Fig. 4.5 (b). All four
PIO handshake signals (RDY and STB) are used to control the
transfer of packets, byte by byte, between the PIO and the
Interchannel Unit. The send and receive mechanisms are now

described.

4.2.3.1 Packet transmission

The handshake signals 'A RDY' and 'A STB' are used to
control the transfer of a packet between the PIO output port and
the Source Buffer within the Interchannel Unit.

The circuit used to generate the PIO and the Interchannel
Unit strobe pulses is shown in Fig. 4.6 (a) and the sequence of

events, represented in Fig. 4.6 (b), is as follows:

o
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Ag-3
WRP
RDP
WRSB

RLDB

SB

Fig.

INTERUNIT INTERFACE SIGNALS

Data Bus (tri-state input / output) : unidirectional data
buses to transfer data between the PIO and the Source and
Destination Buffers within the Interchannel Unit

Address Bus (tri-state output) : destination LAU address
Data Strobe (output) : write PIO Output port

Data Strobe (output) : read PIO Input port

Begin packet transfer (output) : used by the Interchannel
Unit to initiate a packet transfer across the bus, after
loading the Source Buffer

Packet transfer complete (output) : used by the
Interchannel Unit to reenable packet transfers to the
destination channel, after unloading the Destination Buffer

Source Buffer status, within the Interchannel Unit
(input) ; @=full; l=empty

Destination Buffer status, within the Interchannel Unit
(input) : @=empty; 1=full

PIO CONTROL PORT

7 6 5 4 3 2 1 2

SB DB RDDB WRSB A 3 A 2 Al A g

2.5 - Definition of the Interunit Interface control signals
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Fig. 4.6 - Generation of the Interunit Interface
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Normally 'A RDY' is low, inhibiting any output changes (0=0,
D=1). Following a CPU write, 'A RDY' is forced high, which allows
Q and 0 to change on the next clock pulse (D=65. Another change
takes place again one clock period later, thus generating the
" PIO strobe pulse (6=X_§E§), which again resets ‘A RDY' - 0O and.a
are forced to their initial values and no more strobe pulses are
generated until the next output cycle. The pulse generated in the
Q0 output is used to gate data from the PIO output port into the
Interchannel Unit Source Buffer (Q=WRP).

Because a minimum of 11 cycles separate two consecutive CPU
output instructions (while the described handshake mechanism
lasts for about 3 cycles) data is latched into the Source Buffer
before a new byte is written to the PIO and, therefore, new data
may be output without any further delay.

This has two consequences:

(a) no interrupts are required to enable a new transfer to the
PI10O;

(b) output block transfers, under CPU control, are possible.

The complete transmission process is summarized as follows

and an associated timing waveform set shown in Fig. 4.7:

(a) when a packet stored in the Bus Output Queuve is ready for
transmission, the transmitter Pprocess within the Link
Access Unit monitors the Source Buffer status;

(b) when the buffer becomes empty transfer to the Source

Buffer can start;

(c) first, the packet length, together with the required




destination address is accessed;

(d) WRSB is reset and the LAU destination address set into the
PIC control port;

(e) block transfer is then initiated;

(f) at the end of the block transfer, WRSE is set, as required
by the Interchannel Unit control logic;

(g) the internal buffer within the Link Access Unit holding

the packet is then released.

4.2.3.2 Packet reception

In many aspects use of the handshake signals 'B RDY' and

‘B STB' to control the transfer of data between the Destination
Buffer within the Interchannel Unit and the PIO input port is
similar to that described for transmission but in this case the
pulse generated at the QO output is used to gate data into the PIO
input port. Also the timing sequence is similar, but since the
strobe pulse to the PIO is generated only after a CPU read
instruction, it is necessary to perform a "dummy" read before
each block transfer from the Destination Buffer.

A summary of the reception process is therefore as follows

and a timing diagram is shown in Fig. 4.8:

(a) the receiver process within the Link Access Unit monitors

the Destination Buffer status;
(b) when the buffer becomes full and a local buffer is

available a transfer from the Destination Buffer can start;

(¢c) a "dummy" read is executed as explained above;
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(d) the first byte is read to determine the packet length;

(e) block transfer is then initiated;

(f£) at the end of the block transfer, the RDDB pulse is
generated by the PIO under program control, as required by
the Interchannel Unit control logic;

(g) the packet is transferred to the Bus Input Queue within

the Link Access Unit.

4.3 Exchange Management Unit

The Exchange Management Unit (EMU) is a separate autonomous
unit connected to the Interchannel Unit and can, under the
control of an operator, collect data relating to the call
processing tasks within each Link Access Unit, monitor the
overall performance of the exchange and indicate system fault
conditions.

It is similar in terms of hardware to a Link Access Unit,
except that instead of the serial link imterface card a
conventional V.24/2¢ mA current loop interface is used to a VDU
or TTY. This is based on a 8251 USART, initialized on power on
(reset) under program control.

The control programs are held in 4K bytes of PROM - 2K bytes
for a slightly modified version of the MOSTEK DDT-8¢ monitor and
the remaining 2K bytes implementing the exchange monitor. The
functions of the latter will be described in Chapter 7.

The timing requirements of the Exchangé Management Unit are
different from those in a Link Accesé Unit and a single time-out

interval is used to protect a monitor command against possible




.failures of the addressed Link Access Unit.

4.4 Interchannel Unit

As has been described, the complete exchange is comprised of
a readily varied number of Link Access Units and an Exchange
Management Unit. These are interconnected by means of the
Interchannel Unit. The arbitration and synchronization mechanisms
required for the access and transfer of packets across the bus
within the unit are highly dependent on some general requirements

the exchange should meet and these are now discussed.

4.4.1 Packet transfer requirements

The exchange must provide 3 virtual circuit service and
hence the packet transport mechanism must ensure guaranteed
packet delivery and acceptance without the need to default to an
acknowledgment/time-out recovery mechanism. Also, to keep the"
overall throughput within acceptable limits, it is essential to
minimize the occupancy time of each packet transfer.

A packet transfer may be Fonsidered as being made up of
three components: transfer of the packet from tne Link Access
Unit to the Source Unit, the actual transfer of the packet across
the interconnecting bus and the transfer of the packet from the
Destination Unit. Thus, to fulfill the previous non-loss
requirement and to achieve synchronization between two

communicating units, it is necessary to ensure that a transfer




takes place only when the receiving unit is ready to accept a new
packet. Also, the occupancy time of the bus may be reduced to the
transfer time, by providing packet buffering both at the source
and destination and implementing a synchronized acquisition

,mechanism.

4.4.2 Hardware design

The Interchannel Unit is a separate autonomous unit which
provides a fast (1.8 Mbyte/s) communicatiohé facility between the
units which are connected to it. Essentially, it is comprised of
a number of full-duplex parallel ports each supporting one input
and one output channel as shown in Fig. 4.9. The signals used‘to
control packet transfers across the bus are described in
Fig. 4.1@. Each channel contains a separate first-in first-out
(FIFO) packet buffer and additional control logic, as shown
in Fig. 4.11.

When the Source Buffer becomes empty, after a packet is
completely transferred or following & reset, the SB latch is set,
signalling to the Interunit Interface that a new packet may be
loaded. After a packet is loaded into the Source Buffer, the WRSBE
pulse generated by the Interunit Interface is used to reset the
SB latch (Source Buffer full), to latch the destination port
address and to enable the bus acquisition control mechanism. The
latter waits until no other transfer is cqrrently in progress
across the bus (E§G§;=1) and the required destination channel

buffer is empty (DBn=1) before making an interunit transfer

request to the bus arbiter.
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INTERCHANNEL UNIT BUS SIGNALS

Da-7 Data Bus (tri-state input / output) : used to transfer
data between the source and destination modules within

the Interchannel Unit
Ag-3 Address Bus (tri-state output) : destination LAU address
DBO-15 Destination channel status (output) : f=busy; 1=idle
BBUSY Bus status (open collector output) : @=busy; l=idle
BR Bus request (open collector) : active low
BGIN Bus grant input (daisy chain)
BGOUT Bus grant output (daisy chain)
CLOCK Bus master clock

CLKIN Packet transfer clock (tri-state output)

Fig. 4.1¢ - Definition of the Interchannel Unit bus signals
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destination channel address onto the address bus and proceeds to
transfer the packet contents across the bus using the bus clock.
On completion, the Source Buffer becomes empty again and the
Destination Buffer status becomes full.

; The destination channel, after decoding its own address,
enables the bus clock and data lines to its FIFO and resets DBn,
thus inhibiting further transfers to the channel. Then, after the
packet has been received, the bus returns to the idle state and
the DB latch is set (Destination Buffer full). This signals to
the Interunit Interface that a packet has beeh received and may
now be read into an internal packet buffer. Finally, on
completion of the transfer of the packet, the RDDB pulse
generated by the Interunit Interface is used to reset the DB
lJatch (Destination Buffer empty) and set DBn, thus reenabling

further transfers to the channel. A timing diagram of a typical

packet transfer is shown in Fig. 4.12.

4.4,3 Bus arbiter

Access to the internal parallel bus is controlled by a
separate bus arbiter which is responsible for multiplexing packet
transfers across the bus. A daisy chain bus arbitration scheme is
used and, és will be discussed in Chapter 7, it ensures a
reasonable and fair distribution of use of the interchannel
highway.

The priority algorithm used to handle simultaneous requests
is, therefore, determined by the position of the requesting

module on the bus. All bus requests are OR-ed together and the
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module on the bus. All bus requests are OR-ed together and the
bus grant signal issued by the arbiter in response to a request
is passed on from on; unit to another (BGIN/BGOUT) until the
first requesting module is reached. The latter assumes control of
;the bus (BGIN=1) and inhibits the grant signal (BGOUT=€) from
being paSsed further down the highway. Any other requesting
modules must therefore weit until the current transfer is

complete.



CHAPTER 5

PACKET SWITCHING EXCHANGE - PROTOCOLS

In Chapter 3, X.25 was presented and discussed in a global
perspective, oriented towards the interpretation of its more
controversial or ill-defined aspects. In addition, however, a
number of choices and strategies allowed by or inherent to the
protocol must be discussed in connection with the implementation
and the selected network topology and their effects on the
overall network performance must be assessed.

X.25 only defines, in general,the procedures that must be
adopted by a DCE (the interface with the subnetwork) and a DTE
should follow .similar or compatible procedures. Hence, when
implementing the protocol in the exchange no inference is made
about particular implementation details of the DTE's but rather
it is assumed that they broadly adhere to the general protocol
rules,

In this chapter some implementation decisions will be
discussed together with their effects on such factors as resource
allocation, flow control strategy and the internal (LAU/LAU)

protocol. The software organization within the exchange will then

be discussed in Chapter 6.




5.1 Link management

As stated earlier, set up and disconnection of a logical

1ink using the Asynchronous Response Mode procedures (LAP) must
;be separately performed in both directions. This creates possible
synchronization problems that are discussed in Appendix A which

influence their implementation as follows:

(a) once a link is set-up in one direction, Information frames
may be transmitted in that direction on the assumption that
set-up in the other direction is in progress or has already
been completed;

(b) following a Link Access Unit reset or a physical (power
down) or logical link failure, further set-up of the link

(SARM) is preceeded by a logical disconnection (DISC) for

synchronization purposes;

During a link disconnection (DISC), the following procedures

are adopted:

(a) once a DISC is acknowledged, both the Primary and the
Secondary are assumed to be logically disconnected. This is
intended to avoid deadlocks that could arise if one station
was képt indefinitely waiting for the other to send a DISC;

(b) since a DISC may have to be transmitted or retransmitted
by the remote Primary, while a local Primary set-up may
then be required (thus possibly leading to loop conditions
involving DISC and SARM in opposite directions), a single

time-out interval is utilized to delay a set-up following a




local disconnection. However, this condition is cleared if,

in the meantime, a remote SARM or DISC is received.

The above determine a link state transition description
;which requires a tight coupling between Primary and Secondary
states as represented in Fig. 5.1. For clarity, handling of error
conditions and of disconnection during the set-up phase are not

represented.

5.1.1 Acknowledgment strategy

Once a logical link is in the Information transfer phase,
mainly Information and RR supervisory frames are exchanged across
the X.25 interface. The use of RR is necessary, of course, in
case of unbalanced flow of Information frames, since frequent use
of piggyback acknowledgment is thus not possible. Use of
supervisory RNR and REJ frames is reserved for exceptional
conditions and is not relevant to the following discussion.

Even when piggyback acknowledgment is possible, X.25 allows
the use of RR frames to perform the acknowledgment function.
Clearly this unrestricted use of RR frames reduces througput,
increases processing overheads and creates additional buffer
requirements. HoweQer, advantages of using RR frames result from
their short length compared to the average length of an
Information frame. This results in early acknowledgments and
therefore buffers are released sooner and window rotations are

faster.

The advantages of using RR frames are only fully

wn
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accomplished, however, if they are given higher priority over
Information frames and although this is not difficult to
guarantee, its consequences must be assessed.

Since the N(R)'s are submitted for validation at the
peceiver, their normal sequence cannot be disturbed, for example,
by the possible insertion of high priority RR frames ahead of
Information frames already processed and queued for transmission.

One way of ensuring that the N(R)'s will be transmitted
strictly in sequence is to delay the complete processing of a
frame until its transmission is pessible. This is neither
practical nor efficient due to the fact that level 2 processing
is done concurrently with other tasks and hence this would
certainly create not only high processing overheads at the
beginning of a transmission, but also transmission gaps, thus
compromising the link efficiency.

Alternatively, a frame may be processed and queued but allow
its control field (N(R)) to be later updated (on the fly) at the
moment of transmission. This is the ideal solution if the link
management is transparently handled by the hardware with
automatic generation of supervisory frames and insertion of the
Information frame header [53]. Doing it under program control,
however, as is the case in the present implementation, means that
virtually all the frame processing would still be defaulted to
the beginning of transmission with enormous overheads in the
transmitter interrupt routine. Not only is updating the N(R)
relatively complex due to the fact that the control field
contains several subfields, but also further frame decoding is
required to insert the N(R), determine priorities, etc.

The solution adopted, therefore, which avoids some of the



A

above problems, is as follows:

(2) once a frame is processed at level 2, it is gqueued for
transmission, without further update of its control field;

(b) transmission is carried out in a first-come, first-served
basis;

(c) frames are transmitted without gaps (if the Link Output
Queue is not empty);

(d) piggyback acknowledgment is preferred to the use of RR,
unless this is impossible or use of RR is required by the

protocol rules.

Clearly, this reduces overheads in the interrupt routines
and interaction with the level 2 frame processing but, because
the N(R)'s do not generally reflect the current V(R) at the
moment of transmission, acknowledgments are delayed with two main

components:
(a) delay due to piggyback effect (average Information frame
length);

(b) delay due to non update of N(R) (average gueue length).

This problem is further addressed in Chapter 7.
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5.1.2 Buffer allocation

After transmission, Information frames must be kept in a

retransmission list until acknowledged. This requires some form
;of frame reprocessing following transmission, which also creates
possible contention problems.

In the absence of errors in the acknowledgment mechanism, a
received N(R) points to Information frames already transmitted
and hence the release of buffers through the retransmission list
is straightforward. Errors in the acknowledgment mechanism,
however, are considered in the protocol and a particular case
arises if the received N(R) points to an Information frame which
is still awaiting transmission. Hence, to avoid contention
problems, an Information frame should be referenced in the
retransmission list only after it has actually been transmitted
and hence the above situation should be handled as a detectable
error.

Other contention problems may arise when retransmission is
required and previously processed Information frames are still in
the Link Output Queue. This is possible during REJ recovery and
thus it is necessary to avoid Information frames (buffers) being
referenced twice in the Link Output Queuve. Other potential
problems are associated with buffer releases during time-out
recovery and thesé are also discussed in Appepdix A. The obvious
way to avoid contention in the above cases is to delay anyl
retransmission until all current frames are removed from the Link
Output Queue.

We have then assessed:

Firstly, the need to reprocess frames after transmission.



This must be included in the link level processing and
synchronized with the processing of received frames since the
received NR)'s are validated against the transmitted N(S)'s.

Secondly, the need to avoid contention problems, thus
‘{requiring a clean identification of different phases of ‘
processing of Information frames. |

To avoid unnecessary transfers of pointers between queues,
the following mode of operation has been adopted:

In the Link Output Queue, three types of frames referenced

by pointers and counters are considered as shown in Fig. 5.2 (a):

(3) frames already transmitted but not yet reprocessed by the
link level ([NIF3-NIF4);
(b) a frame in transmission (NIF4A-NIF5= £/1);

(c) frames waiting transmission (NIF5).

A single queue (Packet Output Queue) holds all Information
frames under processing within the l1ink level as shown in

Fig. 5.2 (b):

(a) Information frames transmitted, reprocessed but not yet
acknowledged (NIF1-NIF2);

(b) Information frames in the Link Output Queue, waiting
transmission. and/or reprocessing (NIF2);

(c) Information frames transferred from the packet level and

thus waiting link level processing (NIFC).
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5.2 Flow and congestion control

Flow control is mainly a resource management mechanism
(implemented according to some protocol rules [54]), concerning
ihe fair and efficient allocation of the subnetwork resources to
achieve the best possible performance even in the situation of
network congestion. Past experience has shown [55] that packet
switching networks, if no congestion control is exercised, are
highly susceptible to degradation and even to deadlock problems,
as shown in FigV5.3 by a typical network transfer curve.

Although a flow control strategy must always be considered
in the perspective of the whole network, particular and
complementary schemes have been envisaged to solve the problem of
congestion according to some local or global congestion measure;
for example network access, internodal, end-to-end.

A survey of flow control schemes may be found in 54,56} and
such problems as resource allocation, deadlock avoidance, routing
and congestion control are discussed for example in
{14,57,58,59,60,61].

Flow control in the exchange must be viewed in the context
of the X.25 protocol and the exchange topology. We recall that
X.25 flow control at the packet level is constrained by the fact
that Data packets received from the DTE's cannot be discarded
once accepted at tﬁe 1ink level and submitted for packet level
processing. |

This naturally determines that any flow control policy at
the network access point having direct and immediate effect, has
to be carried out at the link level. On the other hand, X.25

allows flow control to be exercized on a3 virtual circuit basis



but the only way to render it effective is to relate the rotation

of the X.25 windows with some internal window(s), thus making it
possible to restrict the total number of packets per call that
are buffered in a node and/or outstanding along the virtual
;circuit.

Three examples of flow control in X.25 networks are
particularly relevant for the present discussion and are now

briefly described:

CMDNET

In GMDNET ([55] a global flow control is based on the
structure of a buffer pool into buffer classes, as shown in
Fig. 5.4, and packets have access to a buffer class according to
the number of hops they have covered in the network. Input
traffic is further restricted (by means of an Input Buffer
Limit), thus greatly improving the throughput per formance. This
is combined with an individual virtual circuit flow control, both
node-to-node and end-to-end, which is important in avoiding
performance degradation in the case of limited sink rates.

The virtual circuit flow control is based on a window
mechanism, with the windows dynamically adjusted up to a max imum
value; acceptablé values have been shown to be Wn=2 (node-to-
node) and We=h+l (end-to-end), where h is the number of hops in

the virtual circuit.
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Important results derived from the study of several Input

Buffer Limit schemes [55,62,62,64] showed that:

(a) an optimum threshold value exists for each buffer pool
that maeximizes the throughput and prevents degradation;

(b) & too high value (in the limit no control) introduces long
delays and leads to very rapid throughput degradation;

(c) a8 too low value leads to a more conservative performance
(small delays and almost no throughput degradation) but
maximum throughput is reduced since resources are
underutilized;

(d) for the optimum Input Buffer Limit, transit traffic is

kept flowing only with a fraction of the available buffers.

DATAPAC

In DATAPAC [65] the virtual circuit service is achieved by
means of a subnetwork transport service on top of 2 low level
datagram service. Under congestion, packets may be discarded, but
resequencing and recovery from losses/duplicates is performed'on
a subnetwork end-to-end basis. The subnetwork flow control is
selective (virtual circuit) and based on an internal window
rotation, synchrdnized with the X.25 windows at the source and
destination network access interfaces [6€].

When the destination DTE acknowledges oustanding packets
(implicitly updating the credit) the destination node rotates the
internal window accordingly (internal acknowledgments are delayed

until the rotation of the external window). The source node
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rotates the source X.25 window o6nly if the internal window can,
thereafter, accomodate all the packets the source DTE is
authorized to send. When the three windows have the same size and
no packet conversion is internally done, then the rotation of the

windows has end-to-end significance.

TRANSPAC

In TRANSPAC [67] the declared throughput cleass negotiated
during the call set-up is compared to the real measured
throughput and used to dynamically allocate resources to the
virtual circuits. In case of congestion, and according to some
pre-defined thresholds, new calls are rejected, then credit is

restricted and finally some calls are even selectively cleared.

5.2.1 Exchange congestion

Having considered the implications of using X.25, let us now
examine the constraints introduced by the exchange topology and
the bus transport mechanism.

We shall analyse in the first place how congestion may
develop, the reasons for that to happen and its possible effects,
beginning with a simple example involving two Link Acces Units -
LAU]l and LAU2 with traffic from LAUl to LAUZ.

As transfer rates across the bus are much higher than the
serial link baud rates, packets will initially move from LAUL to

LAU2 with average small gqueues in LAUl. They will begin to
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accumulate in LAU2 if the rate &t which packets are accepted by
DTE2 is lower than the rate at which they are generated by DTEI.
However, if the number of established calls is small, level 2
flow control will certainly be effective, as the total number of

;packets in transit is naturally limited (a lack of credit simply
causes a window overflow in DTEl). The problem presents a new
dimension, however, when more DTE's are considered, as the number
of calls established across any X.25 interface is now likely to
increase.

Thus, in general, accumulation of packets in the direction
of the serial links will.be due to at least one of the following
reasons: abnormal traffic from other LAU's (even if transient),
local recovery actions (Information frame retransmission, link
reset) or DTE flow control.

Moreover, a new phenomenon may take place: following the
described saturation of a LAU, packets will begin to accumulate
in the Bus Output Queue of other LAU's if they still hold packets
for the saturated LAU. This means that congestion backs up to
other LAU's, possibly leading to some temporary performance
degradation if this blocking prevents other traffic from moving
to non congested LAU's. The whole situation is difficult to
guantify, as it is highly susceptible to instantaneous traffic
distributions among the LAU's (order of the packets in the queue,
for example). |

We need a deeper view into the nature of the traffic within
the exchange to assess possible deadlock conditions and to

determine the most suitable flow control strategy.

o
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5.2.2 Deadlocks

The only possible deadlock condition within the exchange is
of the store-and-forward type. Generally, a direct store-and-
forward deadlock occurs when two nodes in a network are full of
packets to each other and no buffer may be granted for packet
reception in the corresponding node-to-node link [14]. However,
in the exchange, due to the implemented bus transport mechanism,
a deadlock may occur in a slightly different way, as will be now
described.

A LAU may be blocked (new packets cannot be loaded into the
Source Buffer within the Interchannel Unit) and yet it may not be
congested; this should therefore be considered as an indication
of congestion elsewhere and not the only criteria for deadlock
assessment. Also, a temporary lack of buffer resources is not
always a useful indication of a deadlock, provided that
potentially releasable buffers still exist in the LAU (for
example, those containing Information frames to be transmitted
across the X.25 interface).

For a deadlock to occur between two LAU's the following

conditions must be simultaneously present:

(a) both Source Buffers must be full with packets addressed to

the other LAU;

(b) both Destination Buffers must be already full with other

packets;

(c) no buffers may ever be granted for transit traffic (no

buffers are releasable).
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This is shown diagrammatically in Fig. 5.5. Thus, it is a
necessary, although not sufficient condition of deadlock in the
exchange that a LAU has all its buffers occupied with transit
traffic to other LAU's.

We must, therefore, assess how the Bus Output Queue may
grow: the main stream of packets for that gueue comes from the
serial link; however, as will be discussed later, there are
circumstances where a packet creates a loop within the exchange,
when it is internally returned, after processing, to the source
LAU.

The problem that we face is, therefore, how to control the
growth of the Bus Output Queue and what strategy - detection,
avoidance or prevention - to adopt concerning deadlocks. This is
now discussed in connection with the proposed and implemented

flow control strategy in the exchange.

5.2.3 Flow control strategy

We first recall two aspects of particular importance in the

adopted flow control strategy:

(a) no packet retransmission is supported by the exchange and
hence no paékets should be internally discarded if the
virtual circuit service is to be preserved (unless the
corresponding call is cleared); |

(b) every path within the exchange is of single hop length

(h=1l).
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Flow control in the exchange is exercised at two levels - at
the network access, corresponding to the link layer of the
protocol, and on a selective virtual circuit basis, corresponding

to the packet Iayer of the protocol.

4

5,2.3.1 Virtual circuit flow control

The previous considerations determined the implementation of
a very simple mechanism at the packet layer - window rotations
for each virtual circuit will be performed on an end-to-end basis
by transparently transferring, across the exchange, Data and
supervisory packets with their send and receive seguence numbers
(P(S) and P(R)) unchanged. Under these circumstances the default
X.25 window (W=2) constitutes a good solution to match the number
of hops (h=1) in each virtual circuit (W=h+l).

There is another argument in favour of the implemented
strategy. In multihop networks every node may act as a source, 23
destination or a relay for packets in transit between other
source and destination nodes. A node may then wish to flow
control some virtual circuit(s) in order to avoid unfair access
to resources by some transit traffic. However, in the exchange,
all transit traffic inside a LAU has a local nature
(source/destination). Then the problem of fair allocation of
resources among different virtual circuits may be transferred to
the DTE's, as in any case they must regulate the rate at which
new calls are generated and the sharing of bandwidth among

concurrent calls.
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5.2.3.2 Network access flow control

The network access flow control is more critical to

implement as it is directly related to the buffer management

;policy and should be considered in connection with the potential
deadlock conditions.

Basically an Input Buffer Limit scheme, usually referred to
as "free buffer allocation" [55,63], was adopted: as soon as the
number of available buffers falls below a certain l1imit (N@), a
node enters a busy condition and some traffic restrictions are
introduced. Normally transit traffic is given higher priority, as
more resources have already been used by transit traffic and it
usually has a higher probability of delivery.

Hence, we allow transit traffic to enter a buéy LAU
(otherwise all flow within the exchange could halt), while input
traffic will be restricted; that is, Information frames will be
discarded (they are naturally protected by level 2 retransmission
mechanisms) .

This restriction of input traffic does not mean that frame
reception should be completely suspended; on the contrary,
supervisory frames and the control field of Information frames
are still required to acknowledge outstanding Information frames
in the opposite direction, thus contributing to the release of
additional buffers; Hence, frames must be received, processed and
only then the corresponding buffers should be released (thus,
only Information frames are "really” discarded). As reception
under these circumstances does not lead to cumulative buffer
requirements (rather it is as if buffers were reused by the

receiver process), a maximum number of buffers, say Nr, must be
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assigned for reception during a busy period.

By conveniently structuring the buffer pool, both these
objectives (transit traffic to flow with higher priority while
keeping a fixed level of frame reception) may be met. When

;entering the busy condition N(-Nr (NG#>Nr) buffers may be granted
to handle transit traffic and during that condition all free
buffers in excess of Nr will be exclusively assigned for that
purpose.

An additional condition was introduced: to avoid persistent
succession of busy/non busy transitions, a certain level of
buffer regeneration (hysteresis) is required before returning to
a normal non busy condition (N1>Nf). This is naturally achieved
as soon as packets are transferred across the bus and transmitted
Information frames across the link are acknowledged.

If the busy condition persists, however, transit traffic
naturally degrades due to lack of credit in the reverse direction
(stopped due to input traffic restriction), which incidently is
an indirect way of congestion control. Moreover, if the
congestion backs up to other IAU's, they themselves enter a busy

condition and also begin to flow control input traffic.

5.2.3.2 Deadlock avoidance

The described flow control scheme is in the first place
intended to prioritorise transit traffic as a2 measure to keep the
overall performance within acceptable limits (ideally with no
degradation, past fhe threshold of congestion). Moreover, it

eliminates the main cause of deadlock (that associated with input



traffic overflowing the Bus Outpdt Queue) and in this respect it
provides a deadlock prevention mechanism.

However, the second cause of deadlock must now be
considered. As it is associated with a form of internal looping,
at least three LAU's are required to produce a2 dealock (thus
constituting, in some way, a form of indirect store-and-forward
deadlock). Additionally, it is necessary that two LAU's become
completely full with transit traffic and simultaneously (and
unlikely) with their Source Buffers loaded with packets
addressing each other. To reach this situation it is further
necessary that the rate at which these loop packets enter the LAU
is higher than the rate at which transit traffic leaves fhe LAU.

The detection of a deadlock could, therefore, be based on a
time-out mechanism, thus possibly keeping the whole exchange
degraded for 2 reasonable period of time. On the other hand,
prevention schemes would introduce severe overheads, eventually
requiring the exchange of internal control packets and a more
complex channel state description.

We consider that the described situation 1is highly
improbable and even constitutes an indication of severe
degradation, thus justifying the implementation of a deadlock
avoidance scheme - whenever a LAU becomes full with transit
traffic (a threshold is reached in the Bus Output Queue), it is
simply reinitialized at the packet level by clearing all current

calls (this is discussed in the next section).



5.3 Internal protocol

The packet level of X.25 is responsible for the management

of virtual circuits and, due to the end-to-end nature of a
;virtual circuit, this management clearly assumes different
aspects in the DTE's and the LAU's.

A LAU does not generate any calls and only initiates call
clearances for recovery purposes or if a call cannot be
established. Cn the other hand, routing and flow control are
required on a network wide basis. Thus, in addition to the X.25
interface protocol an internal protocol must also bé established.

The internal protocol adopted depends, of course, on the
network topology. An obvious choice is to keep the highest
possible compatibility between both protocols at least at the
packet level, since any packet manipulation inside the network
must be hidden from the X.25 interfaces.

| In the proposed implementation the internal protocol is
simply an extension of the X.25 packet level and assumes that the
exchange provides a reliable transport of packets across the
internal parallel bus. An essential aspect of the implementation
is the internal channel assignment scheme. Since the exchange
provides a single hop path between any pair of LAU's, logicel
channels set-up at the X.25 interfaces must be mapped at each LAU
to an internal logiéal channel in order to establish and maintain

the virtual circuit.



5.2.1 Internal logical channel assignment

Although well defined rules exist for the set-up of logical
channels at the X.25 interfaces, the same is not readily
;applicable to the internal channels - mainly because each LAU is
potentially interconnected with any other LAU, as in a fully
connected network. Several possible numbering schemes were
considered and are now discussed.

A global number scheme on the bus is not suitable especially
because it is prone to network wide collisions - it is not easy
to ensure an ordered assignment of channels between multiple
LAU's.

Another scheme considered was based on the reservation of a
well defined set of channels for each LAU pair. In particular, 3
channel number could be formed as a basic number and a prefix,
identifying the connected pair. The prefix could simply be the
destination LAU address at the source or the source LAU address
at the destination.

The collision problem is now reduced (to the pair) but the

number of channels/LAU pair is not easy to determine. Two limits

are obvious:

(2) the number of channels/LAU pair = number of X.25 logical
channels. This is highly redundant (about 9# % on average
if 1¢ LAU's are considered);

(b) the number of channels/LAU pair = l. This is'highly
restrictive and nothing in the protocol &llows this
assumption (in particular we may consider several serial

links managed by a single LAU or a LAU acting as @ gateway
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interface or a tandem unit).

Thus, another mechanism which overcomes all the above
drawbacks was adopted. During call set-up, the two LAU's involved
;in the call exchange information concerning the logical channels
just assigned at each X.25 interface. This does not violate the
channel independence at both X.25 interfaces since this mechanism
is completely transparent to the DTE's.

A sequence of operations using the adopted scheme is
illustrated in Fig.5.6. The calling LAU transfers information
concerning its address (source LAU) and its X.25 logical channel
(source channel) in the Call Request packet. This is inserted in
the two fields normally reserved for the frame header and unused
at the packet level. At the called LAU, if the call may be
forwarded (Incoming Call) the newly assigned X.25 logical channel
is mapped to the remote LAU and the remote channel, and is then
returned'to the calli;g LAU, which then completes its own call
mapping. Once this handshake is completed, destination channels

may be directly addressed.

In conclusion:

(a) an internal channel is an extension of the X.25 channel;
hence, no concern exists about the number of internal
channels to implement;

(b) a combined state accounting for the link and bus interface
conditions may be defined;

(c) no channel mapping is required when receiving a packet
from the remote LAU since the destination channel is

directly addressed;
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(d) no internal collisions arise during call set-up, because
no channel is internally addressed (assigned) by the

calling LAU.

This scheme has, however, some implications that must be
analysed. A logical channel at the X.25 interface cannot be
reused by the DTE before its extension is cleared. Also, a call
collision at the X.25 interface will result in both calls being
cleared - the Incoming Call, as determined by the protocol, and
the Call Request due to the remote assignment of the same channel
to the Incoming Call. This is not serious as a collision is
restricted to the last available channel in the X.25 interface.

The possible reception of packets (Clear Request or protocol
error) from the DTE before the channel handshake is completed

must also be considered and the appropriate action delayed.

5.3.2 Virtual circuit management

The call set-up mechanism is purely end-to-end although an
extra packet (Handshake Confirmation) must be generated by the
remote LAU for internal channel handshake purposes, as described.

If the call cannot be accepted by the remote LAU (busy, no
X.25 logical channei available, etc) a Handshake Reject packet is
returned. The latter is similar to a Clear Indication (and will
result in a Clear Indication being sent to the local DTE) but
facilitates the handling of exceptional conditions (protocol
error or DTE Clear Request) during the channel mapping phase.

As far as the call clearance is concerned, it 1s
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advantageous to consider two ‘sitvations: for DTE initiated
clearances, no local LAU Clear Confirmation should be génerated
before the remote LAU confirms the clearance. An automatic way of
achieving this aim is to let the clearance have an end-to-end
'significance as shown in Fig, 5.7 (a). For LAU initiated
clearances, to avoid similar problems (it would be impossible to
synchronize Clear Confirmation packets from the DTE and the
remote LAU) the clearance must first propagate to the remote LAU
as shown in Fig. 5.7 (b).

In the data transfer phase all packets, other than those
related to call clearance or protocol errors, are transparently
transferred by the exchange. This is a condition arising from the
implemented flow control mechanism. No supervisory packets are
generated, no sequence number validation is performed and so
naturally no Reset packets are generated by the LAU's. Thus, a

call reset has pure end-to-end significance.

5.2.2 Restart

A DTE Restart Request is intended to clear all the calls in
progress at the X.25 interface. These calls must also be remotely
cleared, normally by individually clearing all the calls. This
may be partially avoided, however, if Restart packets are
internally exchanged between two LAU's to clear all calls
‘currently established between them. |

This means that several Restart packets may have to be
generated for diffe;ent LAU's although in number equal or less to

the total number of Clear packets otherwise required. Also, each
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LAU receiving such a Restart packet has to search all calls
related to the remote LAU and locally generate, at the X.25
interface Clear Indication/Confirmation packets as shown in
Fig. 5.8 (a).

Since there is not a one-to-one relationship between a
Restart and these Clear packets, it was decided to generate

immediate Restart Confirmation packets either locally or remotely

as indicated in Fig. 5.8 (b). This has the following implications:

(a) at the local X.25 interface, new calls may be generated by
the DTE after receiving the LAU Restart Confirmation (the
DTE sees all the channels in the ready state). They will be
forwarded by the local LAU, however, only if they are
addressed to a remote LAU that has completedbthe Restart
procedure, thus ensuring that no channel contention will
arise. Moreover, this does not make the establishment of
new calls depend on the synchronization of the multiple
Restart Request/Restart Confirmation packets;

(b) at the remote LAU's, all corresponding calls are presumed
to be broken and subsequently only local clearances will

take place.

The use of internal Restart packets is also convenient under
other circumstancés associated with LAU initialization and

synchronization - power on, manual reset, console command (EMU),
LAU/LAU failure or a link failure that must be recovered at a

higher 1level.

192}
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5.3.4 Recovery mechanisms

We shall consider recovery actions other than those
resulting from detected protocol errors and which are based on
;the implementation of a time-out mechanism. Three types of
packets across the X.25 interface must be protected by a time-
out. However, because retransmission of these packets is not

convenient, as discussed, the following actions are taken:

(a) Incoming Call failure - the call is locally and remotely
cleared by the LAU in the normal way;

(b) Clear Indication failure - @ Clear Confirmation is first
sent to the remote LAU (if the clearance had been remotely
initiated), then a Diagnostic packet is sent to the local
DTE and the channel returns to the ready state; further
recovery actions, if required, are defaulted to a later
stage, when the channel is reassigned;

(c) Restart Indication failure - recovery is defaulted to the

1ink level (disconnection) as discussed in Section 5.4.

Concerning the LAU/LAU interface, several time-out
mechanisms are implemented.

Call Request packets during the channel mapping phase and
LAU/LAU Restart paékets are protected by a time-out interval
(small compared with that implemented at the X.25 interface) and
the absence of the expected response means that either the remote
LAU failed (or is simply OFF) or an abnormal condition has
occurred. All calls to the remote LAU are then locally cleared

and a long term recovery is initiated: periodic Restart packets
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are generated until a response is obtained and while this process
is in progress, ﬁo calls to the remote LAU will be accepted.

A recovery mechanism ("garbage collection") is also used to
monitor the activity in all channels with calls currently
outstanding to remote LAU's. The absence of any expected response
during the call set-up or clearance phases or of any packet
transfer during the data phase is considered as a remote LAU

failure and the above resynchronization mechanism is enabled.

£.2.5 Channel state description

The previous discussion naturally leads to the consideration
of a single state description and state transition on a logical
channel basis, within a LAU. However this may be overruled by
more general conditions (Restart, for example), in which case a
global LAU state must be considered. ’

The basic set of channel states defined in the protocol (pl
to p7) and referring only to the X.25 interface was thus enlarged
to account for protocol and time-out error conditions as well as
internal control and recovery procedures. A virtual circuit is
therefore characterized by a single state as represented in
Fig. 5.2 but, when relevant, it may be described by two substates
referring to the xzé and LAU/LAU interfaces.

A state transition diagram thus including the activity in
both interfaces is shown in Fig. 5.1¢. Only the call set-up and
clearing phases are represented and for clarity some state
transitions are omitted and instead the enabling condition is

considered (for example, transitions to state p8 as a result of a
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protocol error or to state p% as a result of a remote call

clearance).

’5.4 Interface between the Link and Packet layers

Normally, the exchange of packets across the level 2/1level 3
interface should be enough to ensure that the link and packet
layersiare independently performing their functions in the
hierarchy. Moreover, each level has its own recovery mechanisms
which, in particular, may be called as a result of failures or
recovery actions at lower layers; for instance, a failure at the
link layer (meaning that the logical link is not operational)
would probably induce, at the packet layer, a time-out recovery.

This is not, however, the best approach to the problem and a
more efficient and quick signalling between layers is necessary.
without compromising its efficiency, this signalling must be kept
to a minimum and it must not create interference between layers.
It must then be performed exclusively at the interface between

layers.

5.4.1 Link level failure

The only requirement for level 3 packet transfer is that the
logical link must be set-up and in the information transfer
phase. This places the problem of whether or not the 1ink must be
set-up before any information transfer is expected. The role of

the DTE's and the LAU's is quite different in this respect.
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Several strategies are possible in what concerns the DTE's, for

example:

(3) the DTE may set-up the link only for specific call

sessions, thus enabling communications at the packet level
and above. Before this happens it may "listen” to the LAU
(and accept or refuse any attempts to set-up the link) or
not (receiver disabled, for instance);

(b) the DTE may set-up the link with anticipation (for
instance, after enabling the receiver and transmitter),
thus creating the conditions for remotely initiated packet

level communications.

The role of the LAU's is more predictable. Once the link is
set-up and because generation of calls is external to the ILAU's,
a link disconnection should not be initiated by a LAU unless
irrecoverable errors so determine. The link must therefore be
kept set-up until the DTE disconnects it. On the other hand,
possibility of setting-up the link is not disallowed by a LAU.

In view of the above considerations the following approach

is adopted in the LAU's:

(a) the packet layer assumes the link is set-up. No explicit
request is made and packets are simply exchanged across the
link/packet interface;

(b) existence of Information frames (packets) within the link
layer is an implicit request for 1ink set-up. If the link
is still logically disconnected, a set-up will be attempted

and, if successful, packets will begin to flow on the



serial link. If not, level 2 enters a "failure" state and
this information is signalled to level 3;

(c) only when this failure is explicitly signalled does the
packet level assume that the link is not operational and
all current calls are cleared. After doing so, the whole

process may repeat.

This is a conservative approach. The LAU as & part of the
subnetwork may continuously receive remote calls and must handle
them. The safest procedure therefore is to reject new Incoming
Calls only after a new link set-up is attempted and fails. This
signalling is also extended to include any level 2 disconnection

during the information transfer phase.

5.4.2 Packet level failure

Signalling in the reverse direction may also be required. A
DTE may wish, for example, to disconnect the 1ink at the end of
the current call(s). Normally this facility will not be required
by a LAU.

There is, however, a situation that must be considered in a
LAU: a level 3 Restart failure renders all logical channels
unusable. Since Indication packets are not normally repeated, the
avoidance of call blocking is not easily achieved by any packet
level mechanism. We propose therefore that this condition should
be removed from level 3 with an action performed outside level 3.

This is achieved by signalling a level 3 error condition and

level 2 will then attempt a logical disconnection of the link.



Then, provided this disconnection is interpreted in the sense
that has been considered here, it in fact means that all current
calls will be cleared at both the DTE and the LAU. This was just
the purpose of the Restart, of course, and when the link is later

'successfully set-up, there is no need to default to additione]l
I's

recovery actions at the packet layer (although they are not ruled

out).



CHAPTER 6

'PACKET SWITCHING EXCHANGE - SOFTWARE

In the previous chapters the main processing tasks inside a
LAU were presented and discussed. In this chapter their software
structure is presented together with the implementation of the

scheduling algorithm utilized to achieve concurrency.

6.1 Concurrency control

In general, four basic stages of packet processing within a

LAU must be considered:

(2) transfer of a frame to/from the serial link;
(b) processing of a frame (link level);
(c) processing of a packet (packet level);

() transfer of a packet to/from the parallel bus.

Each processing function is implemented as a separate
process and hence, due to the possible asccumulation of packets at
different stages of processing, these processes communicate by
means of queues, as shown in Fig. 6.1. This figure only shows the
main streams of flow inside a LAU, whilst other forms of process
communication associated with the outcome of particular events (a

time-out, for example) will be considered in more detail within
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each processing level.

In addition, three global processes are utilized: an
Initialization process, which performs basic initialization
functions following & LAU reset; a Buffer Manager process which

)controls the granting of buffers to requesting processes; and a
Timer Manager process which provides synchronizetion signals for
the implementation of the various time-out mechanisms required by

the protocol.

6.1.1 Scheduling algorithm

The choice of a scheduling algorithm and associated process
priorities cannot be separated from the nature of the processing
required and the possible patterns of traffic inside the
exchange.

An overall objective is to maintain a smooth flow of packets
through the exchange without keeping the link or the bus idle for
long periods whenever packets already exist inside a LAU. Two
questions are of interest: the priority assigned to each process
and the time interval a process is allowed to run before being
preempted by another process.

Short time-slices assigned to each process would certainly
mean that some processes would simply preempt themselves to
complete the current task, before otheré were ready to run. If,
on the other hand, high priority processes were 2llowed to
process several (possibly all) entries on their gqueues, groups of
packets would reach the Link and Bus Output Queues in bursts,

which is not the ideal arrival distribution (packets then compete
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for bandwidth rather than processor or buffer resources).
Moreover, accumulation of packets in intermediate queues tends to
starve the output processes, thus increasing average packet
delays inside & LAU.

Under these circumstances it was decided:

(a) to assign the same priority to all processes (except for
the link process which is interrupt driven);

(b) to schedule the processes in & round-robin manner;

(c) to allow each process to access and process a single entry
on its queue (if the gqueue 1is not emptys during each

scheduling cycle.

This has several conseguences: no queueing of packets will
take place on intermediate stages and the arrival of packets at
the output gqueues follows a more uniform pattern, since no
accumulation of packets is enforced other than that determined by
external traffic conditions. The proposed algorithm allows, on
average, lower and more uniform bus transfer delays, & higher
probability of completing bus transfers when the bus transmitter
process is scheduled and likely lower processor idle times/packet
processed. Moreover, the time slice assigned to each process,
although variable, is bounded and in fact it is an important
figure in assessing the exchange performance. This is discussed

in Chapter 7.
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6.2 Link Access Unit Initialization

Following a manual or power on reset, each LAU is completely

initialized. This includes:

(2) setting the interrupt mode;

(b) initialization of the buffer pool and queues (counters,
pointers);

(c) initialization of 1link and packet level state information;

(3) initialization of the logical channel tables (state and
remote mapping) and the remote LAU tables (state, number of
calls, etc);

(e) enabling the generation of Restart packets to all other
IAU's, for LAU synchronization;

(f) initislization of all informetion concerning the Exchange
Management Unit control functions;

(g) reset and initialization of peripheral controllers (PIOC,
CTC, SI10);

(h) initislization of time-out counters and link receiver and

transmitter registers and counters.

When partial reinitialization is required (link level, for
example) some of the above functions are locally activated (for

example reset and ‘initialization of the SIO).



6.2 Buffer Manager

Although several levels of processing are carried out inside

a LAU, a single pool of buffers, shared by 2ll processes is
"utilized and packets are trensferred between gqueues by simply
4

transferring buffer pointers between them.

To reduce processing overheads, buffers are of single fixed
size, as determined by the maximum packet length supported.
Moreover, prior to its release,a buffer may be reused by a
process holding it, thus reducing pool accesses and allowing a
tight coupling between the outcome of an event and the
corresponding action (reception of a packet and generation of a
response, for example). Possible inefficiency in the use of
buffer storage space is reduced by the fact that shorter
frames/packets are less frequent (control packets) or of shorter
life (supervisory frames).

A dynamic buffer allocation scheme was implemented, as
determined by the described flow control mechanism. Buffers are

assigned on demand to recuesting processes since:

(a) buffer requirements are easily predictable, as 2 result of
the cyclic nature of the processing (no new processes are
ever created or destroyed);

(b) no complex buffer reservation schemes are necessary, since
no process places high and permanent demands. Under steady
conditions and considering only the packets in transit
through the LAU, the average rate at which new buffers are
required is the same as the rate at which buffers are

released.
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Moreover, a priority rule must be implemented in order to

restrict traffic during busy periods (flow control).

6.3.1 Buffer requirements

We may now summarize the buffer requirements placed by the
link level process:

Firstly, a buffer is required for the generation of
SARM/DISC commands. As stated by the protocol, only one SARM or
DISC is allowed outstanding until a UA is receiveé or a time-out
occurs. On the other hand, it is advantageous to guarantee that @
SARM or DISC is generated when required, irrespective of any
possible buffer shortages. For these reasons, a private buffer
pool (one buffer) is utilized for exclusive generation of
SARM/DISC control frames.

Secondly, for acknowledgment or recovery purposes, response
frames may have to be generated following the receipt of a
command. Although on average a small number of buffers would be
required, its number is not easily determined since it depends on
traffic and frame length distributions. Instead of using a
private pool for this purpose, therefore, it was decided to
reuse, when possible, the same buffer to generate the response.
The only situation when this is not possible is when an
Information frame is accepted and generation of a RR supervisory
frame required (this is next discussed), and this mainly occurs
when traffic is unbalanced and hence when buffer shortages are
less probable.

The buffer regirements placed by the packet level are of two
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main types: firstly, for the generation of multiple Clear or

LAU/LAU Restart packets and these may be handled in a structured
way according to the channel number or the LAU address. Secondly,

during call set-up, an extra buffer is required to return channel

'mapping information to the calling LAU; since during a busy
/

period the call should not be accepted (thus being directly
cleared) this extra buffer requirement is thus easily
accomplished.

Thus, the highest buffer demands are from the link receiver
process (external offered traffic) and from the bus receiver
process (exchange carried traffic). Less demandiﬁg requests are
made by the link level process (for RR generation) and the packet
level process during call set-up. Quite infrequent requests
result from LAU/LAU control procedures and packet level time-out

recovery.

6.3.2 Buffer pool structure

Since there are mainly two classes of traffic (input and
transit) the pool is structured into two segments as shown in
Fig. 6.2 (2) - NOFB means the number of free buffers generally
available for all traffic and NOGB means the number of buffers
granted (reserved) for transit traffic and used during a busy
period only.

While in a not busy condition, NOGB=NGBf but once the busy
condition is entered, NOFB=Nr buffers are assigned for link
reception (Nr<=NFBf) with the remaining NOCB=Ng buffers assigned

for transit traffic. We therefore define NCG=NCB@+NFB@ and a busy



condition is entered when the total number of unused buffers, N,
falls below N (N<KNZ or NOFB<NFBfY).
In general, the link receiver process has free access to the

pool while NOFB>f" and the bus receiver process while NOGB>f. A}l

Iother reqguests are only served during non busy periods; otherwvise

default actions are taken by the corresponding processes - for

example, discard of Information frames and generation of a single

RNR frame at the link level, call set-up restrictions at the
packet level and delay of all packet level control or recovery
actions, for which buffers have been requestec.

A Buffer Manager process is therefore impleme;ted to provide

the following synchronization functions:

(a) to assess a busy condition as a result of the asynchronous
requests of the link receiver process;

(b) to distribute the available buffers (Nr/Ng) during a busy
period;

(c) to assess the conditions that allow the removel of the

busy condition (N>=N1l).

Moreover, detection of a busy condition is also performed
during each synchronized access to the pool.

To avoid contention in the access to the pool and to
minimize the transfer of received frames to the Link Input Queue,
the Buffer Pool and the Link Input Quéue share the same circular
entry space as shown in Fig. 6.2 (b) and the following rules are

observed:

(a) the receiver process accesses the pool from the topi
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(b) synchronized access by the other processes is from the

bottom;

(c) the release of buffers follows the same rule.

In the current implementation the size of the pool is
NBUF=15 and the busy/non busy thresholds are: Nf=f (NGBf=4;
NFB@=2) and N1=8. These correspond to Ng=2 and Ng=6 (2¢ and 4¢ %
of the pool size respectively), at the moment of the traensitions,
considering Nr=2. The choice of NFB#=2 is intended to avoid the
loss of a second frame closely following & previously received
but not yet processed frame; for example, two frames may be
separated by a single flag, corresponding to 0.8 ms at 2.6 Kbaud,
which is usually insufficient to process a received frame and

release the buffer.

6.3.2 Buffer transfer routines

Four general purpose Buffer transfer routines are used:

GETBUF with entry parameters identifying the gqueue and the

queue entry, which accesses the gueue and returns the
corresponding buffer in the current buffer (CURBUF);

PUTBUF with similar entry parameters, which transfers to the

queue the buffer referred to in CURBUF;

GTPOOL which uses GETBUF to access the pool and tests a

possible non busy/busy transition as a result of the
pool access;

RELBUF which uses PUTBUF to return a buffer to the pool



assigning the released buffer to NOFB (not busy) or to

NOGE (busy).

All queues are of similar size and can support the maximum
>number of buffers (thus avoiding overflows) ; this does not place
particular storage overheads since the number of queues is
limited — a total of 6*32=188 bytes of RAM is required to hold

all queue tables.

6.4 Timer Maneager

The 288 CTC is programmed to generate interrupts at 1¢¢ ms
intervals. This interval is then used as the basic timer unit to
generate the various time-out signals necessary within each
processing level.

At the link level a single time-out interval (1 s) is
required. The corresponding time-out counter is updated and
tested for the time-out condition provided that it has been
enabled by the link level (timer running).

At the packet level several time-out mechanisms are

required:

(a) to protect‘Indication packets across the X.25 interface
(15 s);

(b) to protéct Call Request (channel mapping phase) and
Restart packets across the LAU/LAU interface (1 s);

(c) to initiate LAU/LAU recovery actions (3¢ s).

6-10



211 these timers are free running, updated every 1l€f ms and
thus periodicelly generate the corresponding time-out signals.
These are later used to trigger internal mechanisms on a channel

or LAU basis as explained in Section 6.6.

6.5 Link level processing

Several solutions have been proposed for the implementation
of the link level of X.25 [68,60,77]. Perhaps the most widely
referred to being the one described in [71], which uses the
concepts of processes and monitors of Concurrent Pascal.

In our implementation, the link level process is comprised
of five main procedures which are called in a strict sequential
order corresponding to a hierarchy of functions that takes into
account the tight-coupling existing between Primary and Secondary
components.

As has been described, three different frames (SARM, DISC
and Information) may be issued by the Primary component either to
transfer information or perform link management functions. An
identification of the conditions (enabling predicates) that
determine state transitions, therefore becomes a central aspect
of the implementation. This is represented in Fig.6.2 and shows
that Primary functions may be enabled in a veoriety of independent
ways, thus appearing distributed over several procedures.

This information, complemented with the general protocol
rules, was used to define the relevant link state information as
shown in Fig. 6.4 and the link level procedures concerning frame

reception described in Table 6.1.

o))
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COMMAND | FUNCTICN ENARLE PREDICATE COMMENT
SARM SET-UP Reception of SARM (PRIM={) Remote Set~up
INF frame eveilable for Local Set-up
trenamission (FRIM=(; LF={) (See ** for LF=])
RESE1 Reception of CMCR (PRIM=l) Remote Reset request
Reception of invelid Local Reset
Response (PRIM=1)
Time-out/INF frame Iocel Reset
(RETCNT=RETMAX; RICNT<RIMAX) | (Max Nbr INF retransm)
SET-UP/ | Time-out/SARM SARM retransmission
RESET (D1S=(; RETCNT<RETMAX) (See * for DIS=1)
DIsScC DISCCNNEC| Reception of LISC Remote Disconnection
TION (FRIM=1 or SEC=l) (may be delayed - *)
Packet level failure Local Disconnection
(L2/L2 Interface s=ignel) (may be delayed - *)
Error (complete loss of Local Lisconnection
protocol context) (may be delayed - *)
Time-out/INF freme Local Disconnection
(RETCNT=RETMAX; RICNT=RIMAX)| (INF failure)
Time-out or UA received/SARM| * Local Disconnection
(DIS=1) delayed hy SARM
SYNCHRONI{ Reception of Command (LF=1) | Link failurg/Remote
ZATION Primary active
INF frame available for ** Disconnection
transmission (PRIM={; LF=1) before Set-up
DISCON/ | Time-out/DISC DISC retrensmission
SYNCHR (RETCNT<RETMAX)
INFORMA | PACKET INF frame availeble end INF transfer when
TION TRANSFER | Information transfer enabled| Primary Set-up and no

(IAL=1)

restrictions: window
overflow, recovery,
Remote Busy, Reset

Fig. .2 - Link Primery functions




SEC

SECC
SEC]
SECZ
cm
sC
IAL
WAIT

REC

REY
PGB

T20UT
T2CN

MAXNS
MINNS
LASTNR
SECNER

State

Link Failure

Disconnection

Primery state

Secondary
state

Secondary
substates
Cormmand
SARV/DISC
INF enabled
Wait state
Recovery
Poll Sent

Remote Busy

Piggyback

Timer
Time-out

Timer on

LF=1: Link failed (time-out) or was down
DIS=1: real Disconnection enabled/in proaress

PRIM=(: Primary disconnected/connecting
PRIM=1: Primary connected/disconnecting

SEC=(: remote Primary disconnected/disconnecting
SEC=1: remote Primery connected/connecting

SECf=1: CMIR sent

SECl=1: RNR sent

SEC2=1: REJ sent

CM=1: SARM or DISC sent

SD=: SARM sent; SD=1: DISC sent (if COM=l)
IAL=1: INF transfer enabled (= CM={, FRIM=1)
WAIT=1: Command transfer temporerily disabled
REC=1: Information frame time-out recovery
PS=1: Information frame with P=1 transmitted
RBY=1: RNR received and not yet cleared

PGB=1: Piggyback acknowledgment required

T20UT=1: Link level time-out

T20N=1: Link level timer is running

Sequence number variables

Current maximum N(S) outstanding; (may be # last transmitted)

Last released Inf frame; (may be # last acknowledged)

Last received N(R)

Receive/Send State Variables V(R) /V(S)

Retransmission counters

RETCNT Current number of retrensmissions of SARM/DISC/INF

RICNT Current number of Resets due to repeated time—out of same INF

Fig 6.4 - Link Jevel state varizbles



Table 6.1

LINK STATE
COVMAND 1F=1 [F=(
RECEIVED pIs=1 DIS=(
P/S=0¢ P/S=(1 P/S=10 P/S=11
SARM Send DISC|——- Send UA Send WA Send UA Send UA
SEC=1 SEC=1 SEC=1 SEC=1
V(R)= V(R)=C V(R)=C V(R)=C
Send SARM|Send SARM
DISC Send UA Send UA Send WA Send UA Send WA Send UA
Send DISCISEC=(C SEC=( SEC=( SEC=( SEC=(
Clear Set|DISCN DISCN DISCN
~up delay
INFCORMA Send DISC{-—-— DISCN NRI DISCN NRI
TICN (protocol | Process (protocol | Process
error) INF (Tab | error) INF (Tab
£.1.1) 6.1.1)
INVALID Send CMDR|Send CMDR|Send CMDR|Send CMDR|Send CMDR|Send CMDR
COMMAND
LINK STATE
RESPONSE
RECEIVED Cm=l Caom=
PRIM=] PRIM=(
[§7: Process UA RESET —_—
(Tab 6.1.2)
SUP — Process N(R)/ —_—
SUP (Tab €.1.2)
CMDR log CMDR reason | log CMDR reason | ——-
RECET
INVALID —_— RESET —_—
RESPONSE
P/S : Primary/Secondery state
NRI : validates and processes NR) in INF frame (Tab 6.1.2) .

DISCN : enables 1ink Disconnection (IS=1), signals Disconnection
to level 3 (LD=1) and clears Informetion cqueue (POQ)

RESET: initiates a link Reset (SARM transmission)




Table 6.1.1

INFORMATION
SECP
SEC1 Poll Received P=1 Poll received P=§
i§ac2 N({S)=V(R) N(S)#V (R) N(S)=V(R) N (S)#V (R)
| 2e:
Release Release
SEC1=1;SEC2=f| SECl1=1
nl Release Release Send RNR Send RNR
BUSY|SEC1=]1;SEC2=}; SECl=l
11 Send RNR(F=1)| Send RNR(F=l)
Release Release
SEC2=4
10
2
eo Release;SEC1=0
Accept SEC2=1;Send REJ
SEC2=f1; PGB=1
¢1{NOT |Accept Release
SEC1=0;SEC2=0| SEC1={; SEC2=0 Release
11{BUSY|Send RR(F=1) | Send RR(F=l) Accept
SEC1=0;SEC2=p
Send RR Release;SEC1=0
10 SEC2=1;Send REJ
1 — —— {Send OMIR Send CMDR Send CMLIR Send COMIR
Table 6.1.2
ua
WAIT=1 WAIT=0
SD=(} / DIS=} |SD= / DIS=l SD=1
_— STP ;RETCNT=¢ STP ;RETCNT=0 STP ;RETCNT=0
(SARM/DISC CM={; RBY=0 COM=0;RBY=0 CM=g;RBY=0
in LOQ) PRIM=1;IAL=] PRIM=1 SEC=;DIS={
Reset Sequence| TDIS PRIM={; LF=0
Variables WAIT=1;START
Reset POQ (delay set-up)
N (R) /INF RR REJ RNR
ACK;ENDREC ACK;ENDREC ACK; ENDREC
RBY=] |~~~ RBY =0 RBY=( RBY=1
IAL=1 (WAIT=0}, MAXNS=MINNS RETCNT=RICNT=0
RBY=0|ACK NIF1<window) STP(WAIT={);RETR| IAL=0 (NIFl)B)

STP : Stops level 2 timer (T20N={)

START : Starts level 2 timer (T20N=1)

TDIS : Initiates DISC transmission

ACK :
ENDREC :

releases acknowledged Information frames (if REC=)

reenables Information transfer (IAL=1l) and defaults

transnission to the first unacknowledged frame (if valid F=l received)

RETR : enables Information frame transmission after LOQ is cleared
of Information frames (IAL=1; WAIT=0); otherwise WAIT=l.



It should be noted that - a WAIT state was created to
temporarily restrict the generation of new commands; this is
mainly intended to avoid buffer contention problems and to deal

with some aspects of the recovery mechanism and the 1link

’management. Moreover, to avoid Primary blocking due to repeated

[
transmission failures, for example, a time-out mechanism

associated with the physical transmission of commends (and not

with their acknowledgment) is implemented during this state.

6.5.1 Link level procedures

A brief description of the main procedures now follows:

Interface with the packet level

This tests the packet level requirement for a link
disconnection signalleé through the interlevel interfoce and, if
signalled, enables the link disconnection routine, which clears

all Information frames from the Packet Output Queue.

Reprocess transmitted frames

Transmitted frames are reprocessed in order to:

(a) release buffers holding response frames;

(b) release a buffer holding a SARM/DISC command;

€-12



(c) transfer to the retransmission list buffer(s) holding
Information frame(s) and update the maximum outstanding
send sequence number (MAXNS);

(@) update variables associated with the WAIT state.

Process received frames (LIQ)

Frames received across the serial link are processed as

follows:

(a) length, address and control fields are decoded and

validated;

(b) appropriate actions are taken according to Table 6.1 and
include: response generation, Primary/Secondary coupling
(1ink management functions, for example), érror detection
and enabling of recovery actions (link reset, for example);

(c) transfer of valid Information frames to the packet level

(PIQ) .

Time-out (level 2)

In general, except for the cases referred to in the text,
the level 2 timer is kept running orly when 2 command is
outstanding and is stopped (and eventually restarted) after a
valid acknowledgment is received. A maximum number of
retransmissions (3) is supported, after which more power ful

recovery procedures are initiated.
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Thus, following a time-out, one of the following actions is

taken:

(2) retransmission of the timed-out frame is enabled, unless
one of the remaining conditions applies;

(b) reset of the link is initiated if retransmission of an
Information frame failed;

(c) disconnection of the link is initiated if it had been
delayed by an outstanding SARM or if repeated Information
frame failures have not been recovered by link resets (b);

(d8) link level reinitialization is enabled (failure routine)
following command (SARM/DISC) or transmission failures (the
latter during the WAIT state);

(e) the set-up restriction introduced after a Primeary

disconnection is cleared, if present.

Information Manager

The Information Manager controls the processing of
Information frames and their transfer to the Link Output Queue.

It:

(2) assesses the conditions that, during the information
transfer phase, enable/disable the flow of Information
frames (window overflow, time-out recovery, remote busy,
reset);

(b) assesses the need for a link set-up, as explained in

Section 5.4;
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(c) assesses the need to generate a supervisory RR frame when
acknowledgment piggyback is impossible (no Information

frame available or information transfer not allowed).

6.6 Packet level processing

Processing of received packets is based on two main
event/state tables: one for the X.25 interface (Tazble 6.2) and
the other for the LAU/LAU interface (Table 6.2).

Most of the protocol errors are detected across ghe X.25
interface and therefore they do not propagate into the exchange.
Moreover, the internal protocol and the synchronization of states
between LAU's allows a simplification of the Table 6.3 as
follows: in some states it is either impossible for the reception
of a packet (Call Accepted in state p4, for example) or its
reception is irrelevant since it must be discarded (Data in state
p6, for example); in both cases no further action is taken (the
packet is discarded and no state change takes place).

Three types of state information are used as shown in

Fig. 6.5. These are:

(a) general state information concerning global actions to be
performed or that are in progress;

(b) information concerning each logical channel, which is
stored in three tables, corresponding to the channel state
and its mapping to the remote LAU and the remote logicel
channel;

(c) information concerning each LAU/LAU interface, namely



Table 6.2
- Packet,received from DTE
X.
Interface| Rst Request | Rst Confirm | Other Packet| Cther Packet
State (Channel=g) (Channel=) (Channel=0) (Channel3#?)
DCERST={ DCERST=(! - —_—
DCERST=1 |TONRST=( TONRST={
RST DCERST=1;RST | DCERST=1;RST | Process pack
DCERST=¢ {Rst Onf (POQ)| Rst Ind (POQ)| Rst Ind (POQ)| (Tab 6.2.1)
RST : returns all logical channels to the ready state (pl) and

initiates remote clearance of all calls currently established.

Table 6.2.1
Channel Packet type
State
Call Req Call Acc Clear Reqg Clear Cnf  Deta Inv Pack
pleg p7 *pl p7 p7 p7
pl *Call Rg Clear Ind Clear Cnf Clear Ind Clear Ind Clear Ind
(BOQ) (POQ) (POQ) (POQ) (POQ) (POQ)
pe pe p6 p8 pe p8
P2 Clear Rg Clear Rg *Clear Ry Clear Ry Clear Ry Clear Rq
(BCQ) (BOQ) (BOQ) (BCQ) (BOQ) (BCO)
PS5 p4 p6 pE pe p8
p3 Clear Ry *Call Ac *Clear Rq Clear Rg Clear Ry Clear Rg
(BOQ) (BOQ) (BOQ) (BOQ) (BOQ) (BOQ)
8 8 6 8 *pd 8
pé glear Rg 81ear Rg gClear Ry glear Rg *Eata glear Rg
(BOQ) (BOQ) (BOQ) (BOQ) (BOQ) (BOQ)
p8 p8 pb p8 p8 p8
p5/ph —_— -_— — -— —_— —_—
pe/plé -_— —_— —_— —_— — -
*p7 *p7 pl pl *p7 *p7
p7 - —-— — —_— —_— —_—
p7 p7 pl pl p7 p7
p9 Clear Cf Clear Cf Clear Cf *Clear Cf Clear Cf Clear Cf
(BOQ) (BOQ) (BOQ) (BOQ) (BOQ) (BOQ)
1 pl pl pl pl pl
pll giagnost Diagnost —- —_— Diagnost Diagnost
(POQ) (POQ) - — (POQ) (POQ)
pe€ ' p8 p6 p8 p8 p8
pl2 Clear Rg Clear Rg *Clear Ry Clear Rg Clear Rg Clear Rq
(BOQ) (BOQ) (BOQ) (BOQ) (BOQ) (BOQ)
11 11 1 : 1 pll pll
pl3 glear Ccf glear Ccf glear Ccf gClear Cf Clear Cf Clear Cf
(BOQ) (BOQ) (BCQ) (EOQ) (BOQ) (BOQ)
7 p7 pl p7 p7 p7
pl4/pls glear Ind Clear Ind Clear Onf Clear Ind Clear Ind Clear Ind
(POQ) (POQ) (POQ) (POQ) (POQ) (POQ)

(1) new channel state (*pi = same state) .
(2) packet transferred (*pack = same packet; -— = packet discarded)
(3) packet destination : local DTE (POQ) ; remote LAU (EOQ)



Table 6.2

LAUi Packet received from LAUi Packet
state - from MU
RSTIJONI {Rst Indicat Rst Confimm Cther Packet
1% RSTI=ONI=C(MI=l
RSTI=CNI=CMI=1|Rst Rg (BOQ)
] Rst Rg (BOQ)
1 BUSRST Process Pack
ONI=1 (Tab 6.3.1) Process
COMI [Rst Cnf (POQ) Monitor
BUSRST Request
¢ ONI=1
1 ONI=1
RSTI=CMI=(
1 ONI=1;TONI=0
BUSRST : Initiates local clearance of all calls with [AUi.
Table 6.2.1
Channel Packet type
State
Call Con Clear Ind Clear Onf Data Hnd Cnf  Hnd Rej
Pl,p7,p8 | -— — -— —- —- -—-
pll,pl3 | —- - -— _— —_— —
pl4,plS | -—- —_— — —_— -_— —
p4 P9 - - - R
p2 *Call Cn *Clear In ——- - - -
(POQ) (POQ) - - -— -
— p9 — — —— ——
p3 - *Clear In —— - -— -
- (POQ) -_— -_— - -
p4 — *Clear In —- *Data — -
- (POQ) - (POQ) - -
—_— p7 p7 ——— — ————
p5 - *Clear In Clear In -— -— -
R (POQ) (POQ) R - -
- pl 1 —_— *p6 pl
p6 —_— Clear Cf Clear Cf -—- Clear Rg Clear Cf
—— (POQ) (POQ) - (BOQ) (POQ)
— p7 p7 N *p8 p7
p8 - *Clear In Clear In --—- Clear Rg Clear In
-_— (POQ) (POQ) - (BOQ) (POQ)
— —— —— —_— p2 p7
pl@ — — — — — Clear In
—— - - _— - (POQ)
— pg — — — ——
pl2 -— *Clear In -— -— -_— —
-_ (POQ) — —_— — -
Incoming Call p3 Incoming Call - .
accepted: *In Call (POQ) rejected: Hnd Re]
Hnd Cnf (BOQ) (BOQ)
(1) new channel state (*pi = same state) .
(2) packet transferred (*pack = same packet; — = packet discarded)

{3) packet destination :

local DTE (POQ) ;

remote L[AU (BOQ)




State
DCERST DCERST=1: Restart Indication sent to local DTE

TONRST  TONRST=1: timer running for Restart Indication

SCN1 SCN1=l: recovery of logical channel(s) is enabled
(channel time-out, remote LAU Restart or failure)
,SCN2 SCN2=1: recovery of remote LAU(s) is enabled
(LAU failure, initialization or synchronization)
BF BF=1: remote [AU(s) failure while calls in progress
Counters
NRCH number of channels currently in use (state # pl)
S™MC number of channels with local timer protection

(states: p3, p7, p9)

TONC number of channels with remote timer protection
(states : p2, p4, p5, p6, p8, ple)

SPCC number of channels in recovery (SCN1l=]l)
(states: pll, pl2, pl3, pl4, pl5)

BSCC number of LAU's in recovery (SCN2=1)

Channel flags
CHTIM1 CHTIM1=1: channel has local timer protection
CHTIM2 CHTIM2=1: channel has remote timer protection

CHTON  CHTON=1 : timer is running (=> CHTIM1=l / CHTIM2=1)

CHSCN CHSCN=1 : channel is in recovery

LAUi state
ONI ONI=1 : LAUi is ON; ONI=@: LAUi is OFF / failed
RSTI RSTI=1: Restart sent (COMI=l) / enabled (SCNI=l)
SCNI SCNI=1l: Restart enabled (=> RSTI=l and COMI=@)
COMI COMI=1: Response expected (Restart / call set-up mapping)
TONI TONI=1: LAUi timer is ON (=> COMI=1)
BFI BFI=1 : LAUi failed while calls were in progress

Fig. 6.5 - Packet level state variables



number of cells in progress (total and in channel mapping
phase), remote LAU stzte and Restart reason. These in turn

are stored in four tables.

6.6.1 Packet level procedures

The packet level is comprised of five main procedures:

Interface with the link level

In the event of a link failure or a logical 1link
disconnection, signalled through the interlevel interface, remote
clearance of all calls in progress is activated. This is carried

out by LAU/LAU Restart packets.

Process packet received from the DTE (PIQ)

Packets received from the serial link are processed as

follows:

(a) the packet.header is accessed and validated (minimum
length, logical channel number range, and packet type);

(b) the channel state is decoded and the action and the new
state are determined from the corresponding event/state

table (Table 6.2).



Process packet received from the remote LAU (BIQ)

Packets received across the interchannel bus are processed

as follows:

(a) the packet header is accessed;

(b) the channel state is decoded and the action and the new
state are determined from the corresponding event/state
table (Table 6.3); '

(c) Exchange Management Unit commands are handled by a Monitor

procedure. This is described in Chapter 7.

Timer

The packet level timer mechanism is different from that at
the 1link level. Firstly, time-out intervals at the packet level
are less critical and therefore are usually larger (by one or two
orders of magnitude) and less precisely defined. Secondly, the
current channel numbering is flexible enough to allow the
implementation of up to 255 channels, which could introduce
severe processing overheads if timer registers were kept and
periodically updated and tested for each channel.

Instead, a timer is kept permanently running in the X.25
interface and at periodic intervals (T3=15 s) all 1logical
channels requiring a2 time-out protection are scanned in order to
synchronously update their timing conditions (start timer, time-
out detection). Clearly, with this scheme time-outs are only

detected in the intervel [T3, 2*T3] or on average 1.,5*T3.
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However, this is not a severe restriction provided that T3 is
accepted as an useful minimum upper bound.
Similar independent mechanisms are implemented in the

LAU/LAU interfaces, for packet protection and recovery actions.

Scan

The scan procedure has two .components:

(2a) once a special condition arises (possiﬁly involving
several channels as a result of time-outs or LAU/LAU
Restart), all the affected channels are first determined
and later orderly scanned to generate the corresponding
Clear Indication/Clear Confirmation packets;

(b) following a Restart at the X.25 interface or a link
failure or as a result of LAU/LAU recovery mechanisms, all
LAU's previously identified for recovery are orderly
scanned to generate the corresponding LAU/LAU Restart

packets.

6.7 Link and bus transfers

A description of the link and bus transfer processes was
presented in Chapter 4. For link transfers and other interrupt
driven processes, use of the Z82 vector interrupt mode and the
daisy chain interrupt structure, allows the generation of an

indirect call to the interrupt service routine corresponding to



the current highest priority interrupt source. For this purpose a
table of start addresses is kept in memory (ROM) and this table
is accessed by means of a pointer formed by the CPU Interrupt

Page Address Register (loaded during LAU initialization) and the

,vector supplied by the interrupting device.

Since the Ze# CPU allows one level of context switching (by
means of the alternate set of general purpose registers), this
feature is used to reduce overheads in saving and restoring the
program status et the beginning and end of each interrupt service
routine (EXX and EX AF,AF' instructions). This naturally
precludes the use of nested interrupts (unless ﬁore extensive
status saving is performed) but is readily accomplished by
reenabling the interrupts at the end of the service routine only

(EI followed by a RETI instruction).

6.8 Implementation details

All programs have been written in Assembly language and
developed and tested using the editing, assembling and debugging
facilities of a Z8( based Microcomputer Development System,
running under the CP/M Operating System. These are presented in
Appendix B.

Each protocol’level was developed and tested independently
in the Microcomputer Development System and a communications
board was added, which supported up to six serial links (three
Z8P SIO controllers) and two independent timers (based on the
Intel 8253) to simulate these functions in the exchange hardware.

Initially the interrupt routines were developed utilizing a



loop transmission around a single SIO. Later two similar
Microcomputer Development Systems were connected through the
exchange - they featured the same level 2 version as in the
exchange and an oversimplified version of the packet level,
éainly providing some facilities for call generation. However, it
was possible to carry out significant tests of the exchange, in
particular its recovery mechanisms. Incidentally, the extensive
error detection schemes of X.25 proved helpful in the
localization of run-time program bugs.

A parallel investigation was being carried out concerned
with the implementation of X.25 software for use in a single-user
system. This included the implementation in a high level language
(Pascal) of the X.25 protocol and a Transport protocol closely
following the Transport Service proposed by the British Post
Office [72]. Additional facilities (printer server, ma2il box,
file transfer) were also being provided.

Finally, therefore, two Microcomputer Development Systems
were used as the environment for more complete tests of the
exchange, which also included the use of the facilities provided
by the Exchange Management Unit. The facilities provided in the
latter are discussed in the next chapter.

A photograph of the development facilities used to test the

prototype exchange is shown in Appendix D.



CHAPTER 7

EXCHANGE MONITORING AND PERFORMANCE EVALUATION

7.1 The Exchange Management Unit

The design of the Exchange Management Unit (EMU) and the set
of functions it supports was derived from the following besic

reguirements:

(a) to monitor the activity within the exchange;
(b) to detect failures and malfunctions;
(c) to provide maintenance and debugging aids;

(d) to collect statistical information.

In addition, it was felt that the EMU should provide an easy
interface with the operator and the interference with the normeal
processing activities within each LAU should be kept to & minimum
to avoid performance degradation. Also, possible malfunctions of
the EMU itself and in particular operator errors, should not
leave a LAU in an uncontrolled or ill-defined state.

In an attempf to meet these aims, therefore, the EMU is
implemented as an independent unit which is connected to the same
Interchannel Unit as the LAU's. The various control functions are
performed by each LAU as a result of commands entered at the EMU
operator terminal. These are subsequently issued by the EMU and

mainly operate on an enquiry/response basis.
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7.1.1 Exchange Management Unit commands and their functions

Each command is usually addressed to a specific LAU. For

synchronization purposes, however, some commands may use a

/global address mode and hence they are converted by the EMU into

a sequence of identical, individually addressed, commands, since
there is no support in the Interchannel Unit for packet
broadcasting.

Each command specifies a well-defined action to be carried
out by the addressed LAU. For simplicity, commandsuare identified
by a single character and a set of paremeters defining possible
options (a zero default value is assumed, however, when not
entered at the console). The list of commands and their functions
are shown in Fig. 7.1.

Each LAU then takes appropriate actions as a result of each
command, but the EMU may retrieve the information gathered as a
result of past commands without éffecting the current state of
each LAU. Retrieval of this information is only actioned on
request by the EMU. If more than one packet is reguired to convey
the response, an internal handshake mechanism regulates the
exchange of several commands/responses until the whole response

is transferred.

7.1.2 Implementation details

The EMU software is known as the X.25 monitor anc is
implemented as an extended version of a MOSTEK DDT-2¢ monitor

[73). Several features of DDT-87 asre utilized which include USART



P pl
I pl

S pl

D pl,p2,p3

A pl,p2
T pl,p2,p3

R pl,p2

Poll the specified LAU to determine its current
state (active/failed)

Initialize the spec1fled LAU; that is, clear all
calls currently in progress

request the specified LAU to store the current
State of its call processing variables in its
internal buffer storage area

retrieve and Display either the stored (p2=01) or
the current (p2=1) state of the call processing
variables relating to the specified LAU with
options as specified by p3

request the specified LAU to trace all link
Activity for p2 seconds and to store the traced
sequence in its internel buffer storage area

Trace either the stored (p2=0) or current (p2=1)
sequence of link activity on the specified LAU for
p3 seconds (p2=1 option only)

display either current (p2=f) or total (p2=1)
statistical Records (number of calls, Information
frames, Data packets, time~outs, etc) gathered by
the specified LAU

pl=specified LAU address

Fig. 7.1 - EMU commands and their functions
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initialization, command and parameter handling procedures and 1/0
drivers and routines. A complete listing of the X.25 monitor is
presented in Appendix C.

Two modes of operation are implemented (X.25 and DDT-8{) and
éwapping between modes is achieved by a single command (X). X.25
is the basic mode and DDT-8# runs as part of the X.25 Input
process.

The X.25 monitor is comprised of five processes which are
scheduled in a round-robin manner to allow concurrent activity.

Each is now described.

Console Input

This process includes the procedures to input the command
identifier and parameters and also a procedure that decodes and
starts execution of the command. While in the X.25 mode, a
command may be aborted at any time by the Kill (K) command.

A command is first validated and error messages are
displayed if either the command identifier is not implemented or
if the address mode (individual or global) is not supported by
the command. Addresses 00 to P9 are reserved for the LAU's and
address 12 for the Internetwork Gateway Interface and any other
value results in a default to the global address.

The command execution phase is initiated by the EMU creating
a command packet (Monitor Request) according to a standard
format as shown in Fig. 7.2. Each packet header has six bytes and
the command is identified by the corresponding ASCII code. The

handshake field is 00 when the command is first issued by the EMU
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and is set to @1 if the EMU repeats the command to retrieve
additional information gathered by the addressed LAU. A timer is
then started.

A single Transmit Buffer is used to hold the packet before

"it is transferred to the Source Buffer within the Interchannel

{
Unit and hence in the case of global commands the same copy of

the packet may then be used.

Packet transmission

This process transfers a packet from the Transmit Buffer to
the Source Buffer within the Interchannel Unit and, for commands
using the global address mode, initiates further transfers until
all the specified LAU's have received the command. This is
achieved simply by transferring the unchanged copy of the packet
from the Transmit Buffer and, prior to each interunit transfer,

the new destination address is written to the PIO control port.

Packet reception

A received packet is first validated. This includes a check
for minimum length, packet type (Monitor Confirmation), command
field (current command) and that the command is outstanding to
the addressed LAU. Further actions depend on the type of the
commnad and the address mode.

An area of storage within the EMU memory is used to assemble

and/or temporarily store the received packets until display of
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the received response(s) is carried out.
In the case of global commands, short responses ("Command
Accepted" or "Command Rejected") are expected and are

sequentially stored in order of arrival. Only when all expected

responses are received (timer stopped) or & time-out occurs is
4

the command terminated and the display process enabled. If any
response is missing, & local message is generated reporting
possible LAU failure.

On the other hand, when an individual command is
outstanding, 2ll1 the storage area is reserved for‘assembling the
response (a long sequence of activity messages; for example).
Moreover, the handshake mechanism is considered in the case of

the Display and Trace commands. This operates as follows:

(2) if the handshake field is €€, all currently gathered
information in the addressed LAU has been transferred and
the command is terminated (except during Trace);

(b) if the handshake field is £1 the command is repeated by
the EMU, thus also carrying the handshake field set to £1;
(c) if the handshake field is €2 (during Trace only) this

simply reports end of tracing by the addressed LAU thus

terminating the command.

Timer

This process detects a time-out when a command is
outstanding. The command is then terminated and the failure(s)

reported, as explained.
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It also generates timing signals that determine the regular
repetition of Trace commands by the EMU (at intervals of 1 s).
Repeated Trace commands also carry the handshake field set to f1
and this timer mechanism is disabled when a2 response is received

'(with the handshake field set to €2.

f

Console output

Display of the responses received for g]obal commands is
enabled when all responses haye been assembled ahd then follows
an order determined by the LAU addresses. In the case of
individual commands, however, display is enabled as soon as the
response begins to be assembled (Trace ,for example).

In either case display may be stopped/resumed by issuing a
Halt (H) command from the console.

When display of the current LAU response is complete the
next LAU is selected (if any). Finally, some parameter

reinitielization takes place to prepare for the next command.

7.2 Execution of Monitor commands by a Link Access Unit

The received Monitor Request packet is multiplexed with
other packets within a LAU. Initially the packet header is saved
as for other packets, but then separate processing takes place.
The relevant information determining the appropriate action is
accessed through the four data fields following the header.

A response (Monitor Confirmation) is generated for each



received command and is structured to & standard format as shown
in Fig. 7.3. If the command is unknown a "Command Rejectegd"
message is generated. Ctherwise the actions carried out as a
result of the command are as follows:

Poll (P)

A "Command Accepted" message is generated and returned.

Initialization (I)

A "Command Accepted” message is generated and then the

following action takes place:

(a) at the link level 2 logical disconnection is performed,
but the transmitter and receiver remain enabled;
(b) at the packet level all current calls are remotely

cleared, as described.

State (8)

A "Command Accepted" message is generated followed by the

update of LAU state information. This is organized in two parts:

(a) general information concerning the link and packet level

states, pointers and counters related to the various dqueues



CA H Length Byte

OR ¥ EVU Address

00 Source Channel

00 (unused)

€8 Destinetion Channel
F3 1 Monitor Reguest code
ASCIT Current Command
oo/ Handshake field

Pe Parameter 2

b2 Parameter 3

Fig. 7.2 - Monitor Request packet format
O8+ML ‘Length Byte
0OR H EMU Address
oo Source Channel
00 (unused)
o0 Destination Channel
¥7 R Monitor Confirmation code
ASCTY Received Commenc
0c/0V/Ge Handshake field
I |
Response Message
\ : Length 14MLg128
--

Fig. 7.3 - Monitor Confirmasticn packet format



and the state of the remote LAU's. A State Buffer stores

this information;
(b) information concerning the state and mapping of all

logical channels, which is stored in a Map Buffer.

Activity (A)

A "Command Accepted" message is generated and initialization
of the Activity function is enabled. The timer ;s started (for
the specified interval), Activity and Trace pointers and counters
are reset and the transfer of Activity/Trace messages to the
Activity Buffer is enabled.

At the end of the specified interval or if a buffer overflow
occurs (currently 384 messages may be stored), the transfer of
messages is disabled, which ensures that the command is always

terminated by the LAU within a well-defined period.

bisplay (D)

If the "stored state” option is specified, the information
stored as a result of the last State command is retrieved and
returned, using the de¢:ribed handshake mechanism.

If the "current state” option is specified, the above is
preceeded by the actions described for the State command (thus

updating the "stored state").



Trace (T)

If the "stored activity” option is specified, retrieval of

the activity stored as a result of the last Activity command

;begins. This may be simultaneous (delayed) with the execution of
the Activity command.

If the "current activity" option is specified, the Activity/

Trace function is first reset as for the Activity command (thus

updating the "stored activity") and informetion retrieval begins.

Record (R)

For each recorded event current and total velues are kept,
which are returned as specified by the Record command option. Up
to 64,0P¢ possible outcomes of an event may be recorded without
overflow.

The records are kept for both directions of flow and were
chosen so that overall performance figures could be derived. For
example, total traffic and how it is balanced, overheads due to
control frames or packets (number of Information frames as a
percentage of the total number of frames, number of Data packets
as a percentage of the totél number of packets), efficiency of
the acknowledgment mechanism (number of RR frames as a percentage
of the total number of Information frames), exception conditions
{RNR, REJ, CMDR), time-outs (level 2), cell clearances due to

protocol errors (level 3), etc.



7.2.1 Example Dialogue

An example of a typical dialogue between the Exchenge

Management Unit and the Link Access Units is now described ang

;illustrated in Fig. 7.4. Some comments have been added to clarify
the meaning of the various messages.

A Call set-up between two DTE's (Call Request issued by DTEl
and addressed to DTE2), following a power-on of the exchange has
been simulated. This therefore reguires the set-up of both
logical links; moreover, for synchronization purposes, this is
preceeded by a logical disconnection of the links, as explained.

Poll commands are first used to test the active presence of
the LAU's in the bus.

In order to synchronize the tracing functions, Activity
commands are then issued for both LAU's, specifying the required
trace interval (2¢ s in this example).

Cnce these commands are acknowledged, Trace commands are
issued, to retrieve the information gathered or being gathered by
the LAU's (the "stored activity" option is specified).

The use of the Display command to retrieve the current
channel state and mapping information is then illustreated.
Following the Call set-up, channel 7 in LAUl (selected by DTEl in
the Call Request) and channel 1 in LAU2 (selected by LAU2 in the
Incoming Call) are internally mapped and both are in state p¢
(data transfer state). The remaining channels are in state pl
(ready state).

Finally the Record command retrieves the statistical
information gathered during the simulation period.

A photograph of the prototype exchange and the monitor
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s;poll LAU 1

;EMU command accepted

;initiete trace activity on LAU 1 for 2¢ seconds

;EMU command accepted

;jtrace stored activity on LAU 1

;DISC frame received (DTE synchronization)
;generate U2 frame

;generate DISC frame (LAU synchronization)
;UA frame (CF=63) transmitted

:DISC frame (CF=43) transmitted

;UA frame received (DISC acknowledged)

;SARM frame received (DTE Primary set-up)
;generate UA frame (Secondary connected)
;generate SARM frame (LAU Primary set-up))
;UA frame (CF=63) transmitted

;SARM frame (CF=f@F) transmitted

;U2 frame received (Primary connected)
;Information frame (CF=0@) received

;generate Receiver Ready frame (CF=21)

;Call Request (CH=07) received from local DTE
;Receiver Ready frame (CF=21) transmitted
;Call Connected (CH=07) received from remote PTE
;send Information frame (CF=20)
;Informetion frame (CF=2f) transmitted
;Receiver Ready frame (CF=21) received

;display the current state of calls on LAU 1

g4 05 06 87 ;eight logical channels implemented

g fe @¢ 4 ;channel state (@f=ready; f4=data)
Pl €1 91 82 ;remote LAU address
ge ag g €1 ;remote LAU logical channel

;display the total records on LAU 1

;received/transmitted (from/to DTE)

;frames

;Information frames

;SARM/DISC frames

:Receiver Ready frames
;Receiver Not Ready fremes
;Reject frames

:CMDR frames

;packets

;Call Request/Incoming Call
;Data packets )
;Restart packets (X.25 interface)

+invalid response frames

;1link level time-outs
:1link level failures

;calls cleared by LAU (error)
;channel time-outs
;packet level failures

Note: only the dialogue with LAU 1 is represented

Fig. 7.4 - Exemple dialogue between the Exchange Management Unit

and a Link Access Unit
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terminal is shown in Appendix L.

7.3 Performance evaluation

As has been stated, the implemented Packet Switching
Exchange is not intended as an alternative to existing local
networks of the bus or ring type, but rather its main purpose is
that of providing a higher level of networking in a 1local
environment, including possible interconnection to public
net works. The objective of the present analysis, therefore, is
not to establish direct performance comparisons with ring and bus
networks which are dis&ussed for example in [74,75]. As will be
apparent, however, under certain conditions, the overall
characteristics and performance of the exchange may compare

favourably with other solutions.

7.3.1 Central exchange characteristics

The exchange, being topologically a star network, clearly
shares with other star networks their potential advantages and
disadvantages. However, due to its modular, distributed
organization, the'implemented exchange overcomes many of the
conventional disadvantages of star networks. For example, because
of its modularity, the reliability of the exchange is increased
in the sense that a failure in a LAU only affects the attached
controlled link(s). Moreover, with the EMU, isolation of the

failed unit and its replacement is facilitated. Also, the

7-11
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exchange offers a total maximum bandwidth equal to the sum of all
link bandwidths which is only limited by the parallel bus
capaciﬁy (1.8 Mbyte/s) and the responsiveness of each LAU.

As a star network it offers the advantage of easy control of

;the access to the transmission media (point-to-point), thus
allowing the use of available conventional interfaces and
protocols. Moreover, flow control techniques are well understood
(as in store-end-forward networks) and control of congestion may
be enforced by the subnetwork, possibly et different protocol
levels.

The use of a central exchange has the possiblé disadventages
of higher cable costs although this is compensated both by the
possible use of existing cable pairs which may be available for
speech and also by the use of inexpensive interfaces to the
media. The amount of cable required is clearly a function of the
geographic scope and the traffic distribution. The use of
emerging broadband techniques, however, offering dedicated
channels for point-to-point communications is compatible with the
use of an exchange topology and mey therefore constitute in the

future an adequate and economically justifiable solution.

7.2.2 Analyticel models

HDLC controlled data links have been studied in the
literature and different models have been proposed and analysecd
using Queue Theory. Generally, the basic assumption is that
messages to be transmitted over the link arrive at each station

according to a Poisson distribution. However, as we shall see,
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balanced traffic as this not only corresponds to the most
demanding processing tasks but also to the best use of the full-
duplex links. We shall refer all the derived values to a packet

size of No bytes.

[

7.3.3.1 Throughput

35 ps are necessary to service a normal transmitter or
receiver interrupt. Overheads are incurred, however, at the
beginning and end of transmission as well as at the beginning and
end of reception. Considering the same packet length for each
direction, the total processing time to transmit énd receive a
packet as a function of No and partially absorbing the overheads
into the No term is #.07*No + £.1¢ ms.

The processing at level 2 depends on the traffic

distribution but here we assume:

(2) balanced traffic;

(b) acknowledgment of Information frames is by means of
piggybacking;

(c) each Information frame acknowledges a single Information

frame in the reverse direction.

Under these conditions an average 8.75 ms are required for
the processing of one Information frame in each direction.

As far as level 3 is concerned we consider the processing
associated with the transfer of Data packets and; assuming one

Data packet processed for each direction, a total of £.5 msS is
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incurred; however, additional overheads should be considered
during the call set-up phase.
Finally, the transfers to/from the bus introduce an

additional processing time of £.7#1*No + (.25 ms, since & ps are

'necessary to transfer a byte between the LAU and the Interchannel

Unit.

Summing up all the terms a total time Tp=l.6 + £.7P*No ms
is required for the processing of two packets, one for each
direction of flow.

In this analysis no overheads were considered in what
concerns recovery mechanisms and permanent functions associated
with the EMU (update of statistical records, for example), the
latter introducing overheads of 2 to 6 %.

The average Tp is & function of the packet length and
therefore not only the average value of No is important, but also
its distribution. Two types of packets should be considered -
Data and control (mainly supervisory). The first will be of
maximum length 128 bytes (plus header), and maximum processor
efficiency (minimum processor time/number of bytes transferred)
is achieved if the average length of Data packets is kept near
the meximum supported. Control packets have lengths of 6 or 7
bytes within the exchange.

As the exchange does not generate supervisory packets and
considering only the data transfer phase, then it is the end-to-
end use of supervisory packets that influences the packet length
distribution. For example, in highly unbalanced traffic (per
virtual circuit), RR packets are necessarily used and usually one
should be generated for each Data packet. We may then assume that

packets will be of two typical lengths and two extreme average
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lengths are of interest - above 180 bytes (efficient piggyback)
and around 5¢ bytes (no piggyback).

A general stability condition is now derived, thus placing
some bounds on the link baud rate.

For an average packet length of No bytes and a link baud
irate of £ Kbaud, the average time to transfeg a packet across the
link is Ti=8*No/f ms. This means that a maximum interarrival rate
Amax=1/Ti may be achieved and generelly A=Amax*Y with Y<=1 being
the link efficiency (useful 1load).

Thus, assuming a possible maximum link efficiency (Y=1) we

may state the stability condition as

Tp<Ti
or
1.6 + £.P8*No < 8*No/f

This leads to a maximum link baud rate, corresponding to the
maximum throughput of the exchange, 2s a function of No and an
upper bound fmax=8*§5/€.08*ﬁa=lﬂﬁ Kbaud may be readily
determined. For example, for §;=Sﬂ bytes, f must be further
restricted to about 7f Kbaud, unless the link is permanently used

below its maximum useful capacity.
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7.3.3.2 Delay

To assess the delay profile of the exchange a possible model

for the processing inside a LAU will be derived. The scheduling
;algorithm adopted implies thet during a scheduling cycle the
equivalent to a packet is processed in each cdirection. As far as
the Interchannel Unit transport mechanism is concerned, two facts

are relevant:

(2) the bus capacity is very high, which means that packets
transferred to the Bus Output Queue are in general
immediately absorbed by the Source Buffer, without
additional queueing;

(b) a2 packet is transferred from the Destination Buffer on
each scheduling cycle and processed at the packet level,
which means that no queueing takes place at the Bus Input

Queue.

Thus, queueing within each LAU will mainly take placev
firstly at the Link Input Queue due to general packet processing
(Tp) and secondly at the Link Output Queuve due to packet
transmission (Ti). We shall consider 2 simplified model in which
we assume that all traffic entering a LAU leaves the exchange
through the samé LAU, thus reproducing a balanced traffic
pattern.

Two servers are considered as shown in Fig. 7.5. The first
with a mean service time Tp (including all the processing tasks)
and the second with a mean service time Ti, which is passive in

terms of processor time and only reflects the time required to
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times for the tandem.

In our model i=2 and the equivalent service time is
Te=max (Tp,Ti). We have, however, established a condition that
should hold for any Y and that was Tp<Ti which leads to Te=Ti.
;Hence, the general stability condition is A*Tic1 (which naturelly
ensures A*Tp<lL

Now ?1=A*Tp=Y*leax, with leax=Tp/Ti and similarly
?=A*T1=Y, which is simply the utilization factor of the link.

For each link (f=fo) and & known average packet length (No)
elmax is constant. This, together with the lipk utilization
factor Y, are the useful parameters that we use to characterize
the delay profile of the exchange.

Then

W= Y*Ti = Y*Tp

2% (1-Y) 2*(1—Y)*€1max

Wl= Y*elmax*Tp = Y*(?lmax**Z)*Ti

2*(1—Y*elmax) 2*(1-Y*?1max)
W2=Ww-W1

In Fig. 7.6 normalized values of W and Wl are represented as
a function of Y with plmax as a parameter.

It can be concluded that for leax+l (Tp->Ti) all‘queing
takes place at the first server (W2-»{). Conversely, foryelmaxeﬂ
(Tp<<Ti) then W29W (the interarrival] distribution at the second
queue tends to be exponential) and Wl-»r,

We may now establish the total deiay of a packet inside the



Fig. 7.5 - Queueing model of a Link Access Unit
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exchange corresponding to the total time of a packet inside a LAU
in our model.

Clearly, T=T1+T2=Tp+Ti+W, but we shall measure the tota)
delay introduced by the exchange between the last byte received

;in an incoming link until the first byte transmitted in an
outgoing link and thus Td=Tp+W while the total end-to-end deley
{host—-to-host) is Tt=2*Ti+Td.

However, a corrected value ofithe service time must be
considered when determining Td and Tt. In fect, the receiver and
transmitter interrupts will be served with probability (1—91)
while the processor is idle and hence that fraétion will not
contribute to the total packet delay.

Then
Tp=1.6 + £.@1*No +-€1*G.E7*No

and, for example, for No=58 bytes, the minimum delay of the
exchange (elaﬁ) is 2.1 ms.
The average number of packets in the LAU is, using Little's

formula,
Np=A*T=Y+ (1+p1max+Y/ (2% (1-¥))

Np does not account for the Information frames already
transmitted and waiting acknowledgment in a retransmission list.
We may now determine the buffer holding time corresponding to
those Information frames. We shall consider, as an approximation,
that this time is similar for both directions of the link. Hence,

we shall determine it in the case of the acknowledgments being



generated by the exchange and thus orderly queued for
transmission and therefore, ignoring the last processing time of

the received acknowledgment, the holding time is
Th=W+Tp+Ti=T

This simply means that the average number of Information
frames in the retransmission list (Nh) is epproximately the same

as the remaining number of fremes or packets inside the LAU.

7.3.2.2 Conclusions

The previous analysis was mainly intended to give some
insight into the overall performance of the exchange and in
particular to determine stability conditions and & useful
throughput measure for the exchange. Also some figures for the
delay and queue lengths in a LAU may be obtained as a function of
the link utilization factor and the ratio Tp/Ti.

We may consider an example, corresponding to a link
operating at fo=5f Kbaud, which seems to be a typical situation
of interest according to the early assumptions. For packets of
constant length No=58 bytes, then Ti=® ms and Tp=5.6 ms

(?lmax=ﬂﬁn. For a link efficiency of ¥Y=0.8 we conclude that
Np=3, Nh=3

W=16 ms, Td=21 ms, Tt=37 ms
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which means that in this case the exchange introduces about 55 ¢
of the overall end-to-end delay (note that a window of 7 ensures
that no window overflow will occur).

Similarly, the maximum useful throughput (Y=1) of the LAU is
125 packets/s (per direction), thus allowing a totzl meximum
throughput of 125¢ packets/s (length 5¢ bytes) for an exchange
comprised of 1f LAU's (each packet is processed in a source and
destination LAU), which is well below the capacity of the
parallel bus.

In general, these values should be considered as approximate
as the processing time is particularly sensiti&e to the link
utilization factor and/or the relation of traffic intensities in
both directions. This may result in level 2 processing overheads
whenever piggyback of acknowledgment is not possible; however,
this effect is negligible for high loads where the most criticeal
performance of the exchange is of interest.

We must also consider the accuracy of the model in more
realistic conditions, where traffic within the exchange enters a
LAU from various different source LAU's. Due to the implemented
bus transport mechanism and the scheduling algorithm, the model
is still a good representation of the reality, provided that the
internal and external packet interarrivel rates are similer.

The most demanding case is when a LAU is flooded with
packets from other LAU's; this may even induce some temporary
accumulation of packets in other LAU's and if the condition
persists (e)l) congestion of the exchange begins to deveiop.

Finally, the practical effect of working near the maximum
ut_ lization factor, where the delays would increase without

limit is, in the first place, a natural traffic reduction from



the DTE's (window overflow due to delayed acknowledgments) which
may be completed by explicit level 2 flow control from the
exchange. In either case, however, the model will not apply.
The improvement of the exchange throughput may be assessed
gy reducing the processing time Tp. Use of DMA will obviously
reduce the overheads of the frame transmission and reception, and
thus Tp becomes practically independent of the packet size.
Further reductions may be achieved using HDLC controllers that
handle transparently level 2 of X.25. On the other hand this
introduces a high dependency (through Ti) of thg performance

measures on the packet size.



CHAPTER &

DISCUSSICN AND CONCLUSIONS

After first discussing the role of X.25 in a& local ares
network environment, the major portion of the thesis has been
concerned with the implementation of a modular Packet Switching
Exchange based on the X.25 protocol. This investigation has given
rise to some additional aspects, however, and hence some of these
are now briefly discussed.

Moreover, the work described is part of a combined research
programme, and therefore a broader view of the proposed
architecture is also considered. This identifies some of the
problems and additional facilities that should be provided in
order to give users of the network a more complete range of

services and facilities.

8.1 Broadband techniques

Cne of the potential criticisms concerning the use of &
centralized Packet Switching Exchange is the inherent cable costs
to link each system to the exchange. Providing the required baud
rates and distances are modest; however, it is perfectly feasible
to utilize existing cable pairs that are currently present for
telephony functions.

As an alternative, however, the current developments in
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broadband techniques mean that it is likely that in the future
coaxial cables will be utilized to provide a complete range of
network interfaces to support a wide variety of user regquirements
including voice, data and perhaps video. Clearly, therefore, it
?ill be possible to utilize a proportion of the cable bandwidth
to support individual point-to-point connections between a
central packet switch and a number of distributed computing
resources and devices.

It is therefore proposed to further investigate the
technical and economical problems of using broadband techniques

within the proposed network architecture.

8.2 Multilink Link Access Units

As was discussed in Chapter 7, (assuming the links are
interrupt driven), the current design of a LAU is capable of
supporting a single serial link with baud rates up to in the
order of 5@ Kbaud. Alternatively, a LAU may readily control
several serial links, with a collective baud rate in the same
range; for example, two at 2.6 Kbaud, four at 4.8 Kbaud and eight
at 1.2 Kbaud.

Assuming the latter, therefore, it is clearly possible to
meet the requireménts of a small exchange using just a single
self-contained LAU. In this case, it is envisaged that a single
LAU could be readily implemented in a typical microcomputer
system comprised of a CPU board, supporting vectored interrupts
at the peripheral level, up to 64 K of memory and one or two

communications boards, each controlling up to six serial links.
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An additional VDU interface could then be incorporated for
diagnostic and monitoring functions, thus constituting an
inexpensive packet switch and hence an inexpensive way of

interconnecting a range of X.25 based computers and supporting

devices currently aveilable from 2 number of computer

L4

manufacturers.

Some of the implementation aspects inherent in such a unit
are now considered.

Each serial link must, of course, be separsately controlled,
thus requiring independent status information for each controlled
link. Similarly each packet 1level 1logicel chénnel must be
separately controlled and hence, since the same set of logical
channel numbers is used across each serial link X.25 interface,
logical channels must be further internally distinguished within
a LAU by the use of a link identifier.

Cne first implementation choice could be to have a complete
‘separation of traffic in all links, by providing separate queues
and possibly independent buffer pools. However, this separation
is in many aspects not kept at the packet level, where for
~example, traffic from different sources is multiplexed to common
destinations - either another LAU or another link within the same
LAU.

Hence, input traffic may be multiplexed in a single input
queue. This would require, for example, the inclusion of an
additional field in the frame header, identifying the incoming
link which is inserted by the corresponding link receiver
process.

For the purpose of level 3 channel assignment, the link

identifier could be internally considered as an extension of the
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LAU address or of the logical channel number using the currently
unassigned "logical channel group number" field in the packet
header.

In what concerns output traffic, the Link Cutput Queues

‘should be independent in order to a2llow easy and efficient

control of freme transmission over separate links. It is also
advantageous to keep separate retransmission lists, to reduce
processing overheads (buffer release, retransmission, etc).
Therefore packets should 2lso be demultiplexed by the packet
level, in sebarate Packet Output Queues.

Similarly, for general buffer requirements, based on the
experience gained from using a single link LAU, the most
demanding would be by the link level and link handler processes.
For example, the existence of several retransmission lists and
possibly the use of dissimilar link baud rates, would require the
provision of additional buffers to temporarily hold
hnacknowledged Information frames. Moreover, although the totsal
input throughput may be comparable, and hence the total number of
packets/s, the possible simultaneous reception and transmission
over separate links immobilizes buffer resources for longer
periods.

In addition, it is also necessary to discuss whether to flow
control each link separately, thus requiring some form of buffer
reservation per ]ink or to use a global flow control policy
irrespective of the current share of buffer resources among the
different links.

All these aspects should be considered in the assessment of

the schedulimg algorithm and the buffer management scheme.
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g.3 Additional network components’

As has been outlined in Chapter 2, the implemented Packet
Switching Exchange is the central component of the proposed
érchitecture. However, an essential feature of the architecture
is the support of a wide range of user requirements that must be
provided by a set of additional components.

Firstly, although the current trend is probably to the
future support of Virtual Terminal protocols [83,84], there is
still a likely requirement for unintelligent cbaracter mode
devices to be interconnected to the network. This méy be achieved
by means of one or more Packet Assembly/Disassembly devices
(PAD's) and currently a set of protocols (X.3, X.28, X.29) exist
to integrate a PAD into an X.25 based network.

A PAD appears to the exchange as a multiple call packet mode
device. It can therefore be situated either locally with a group
of terminals and hence remote from the exchange or within the
exchange itself. The latter would clearly require separate
communications lines between the exchange and each terminal
device. Moreover, a different LAU software interface would be
required to handle necessary protocol conversions thus affecting
the exchange modularity. Hence, whenever possible, a remotely
situated PAD would seem advantageous, thus providing an. X.25
interface to the exchange, while 211 terminal handling functions
were kept transparent to the exchanée.

A second important requirement is for the suppért of
network-wide communications between a number of separate local
networks, based for example on Ethernet, Cambridge ring, etc.

This is, of course, a network interconnection issue.



Networks are interconnected by means of gateways, this
broadly meaning the collection of hardware and software required
to interconnect two or more data networks and thus being either
implemented in a single separate device, in separate devices
éttached to each network (half-gateways) or simply as software in
conventioanl packet switches.

The problems raised by network interconnection have been
widely discussed [85,86,87,88] in what concerns such issues as
addressing and routing, protocol level of interconnection, flow
and congestion control, accounting, internet servicgs, etc.

It is now accepted that all network dependent functions
should be hidden from the user-oriented layers, and hence a
useful basis for compatibility should be found at least at the
transport level of the protocols. In this sense a gateway should
interface to each local network as a host computer in that
network. A step in that direction is achieved by the support by
iocal network manufacturers of X.25 interfaces to public data
networks. An interesting example is given by the evolution of a
Transport Service Byte Stream protocol [89], compatible with the
British Post Office Transport Service, tightly coupled with X.25,
that has been adopted for use with the Cambridge ring.

This suggests that the exchange should provide an X.25
interface to the different local networks and, whenever required,
any protocol convefsions should be performed by a gateway unit
within each local network.

A third requirement is for the interconnection to public
networks. Although the X.75 standard protocol has now been
adopted for the interconnection of X.25 public data networks, it

is likely that a private network will be connected to a public
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network by means of the X.25 pfotocol, thus appearing to the
public network as a multiple call DTE.

It is proposed, therefore, that this should be provided by
the implementation of a separate gateway providing such functions
;s flow control, addressing and routing, call charging, etc. The
latter is then interfaced to the exchange through an Internetwork
Gateway Interface (IGI), similar to the LAU's early described.
Any traffic to be carried outside the local network served by the
exchange is then recognized by each LAU and internally routed to

the Internetwork Gateway Interface.

8.3.1 Network address scheme

Assuming connections are required from the local network to
a public network, this may be acéomplished by the use of a single
address in which additional addressing information handled by the
gateway is carried in the user field of Call Request packets or
alternatively embedded in a message header at the transport
layer. Alternatively, the local network could be assigned a set
of addresses, possibly having & common prefix.

Then, for internal purposes the local network addresses may

be hierarchically structured [18] in the following fields:

X (several digits) - identifies the whole network served by the
exchange (could be the single assigned address, as in
the first alternative above);

Y (one digit) - identifies the LAU (88 to @9); internally the IGI

is assigned address 1@ and the EMU is assigned address
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W (one digit) - identifies the serial link controlled by each LAU
(up to 18);
Z (several digits) - reserved for all devices served by the same
serial link (single device, terminals connected through
a PAD, devices connected through an internetwork

gateway).

This structure exploits the use of the exchange modularity
and the address numbering scheme inherent to X.25. Although each
separate local network (ring, bus, etc) may have its own internal
addressing scheme (broadcast, addressing by process name [28],
etc), network-wide addressing, as supported by X.25, should be by
means of a physical address identifier.

As an example of the described addressing scheme, the
routing function (during call set-up) could be carried out as

follows:

(a) if the called and the local X fields are different, the
call is routed through the IGI;

(b) if the X fields are equal, then the call is internally
routed to the LAU specified in the called address (Y) and
then to the specified link (W);

(c) the 2 field'is handled by external components (PAD's,

Internetwork Gateways, etc).



g£.4 Conclusions

Although at the time the work discussed in this thesis
started there wes only the standard X.25 protocol,
;standardization within Local Area Networks is now earnestly being
pursued and indeed a first draft - IEEE €72 - has recently become
availeble [25). Considerable argument is now arising in
particular in what concerns access methods since these may have a
strong impact on emerging "de facto" standerds such as Ethernet,
for example.

Another relevant aspect of the IEEE 882 reference model is
the establishment of a correspondence to the 0SI reference model
at the physical and data link layers and also the offering of two
types of link services: connectionless and connection oriented.
The latter is procedurally similar to HDLC; however, and due to
the broadcast nature of rings and buses and the transparent
address recognition at the media access control layer, it has in
fact an end-to-encd nature.

Hence, within a system, multiple links must be set-up to
provide connections with other interconnected systems, which is,
in some aspects, a network layer function. This does not rule out
the possibility, however, of multiplexing calls at the network
layer over established link connections. Moreover, the candidacy
of the packet level of X.25 to provide network layer functions
for local networks is still an open question.

Two conclusions seem important: first, link layer procedures
of the HDLC type are now proposed within local area network
architectures and secondly, current standardization does not

preclude compatibility with the 0SI reference model at the



network layer and above.

This clearly strengthens the relations between X.25 and
local area networks which will not only be concerned with
interconnection to public networks. It seems likely, therefore,
ghat much hardware and software support currently offered for
X.25 networks will find wider application within the 1local
network environment.

On the other hand, market forces and research interests are
likely to result in the wider acceptance and support of different
network types that may even coexist within the same organization.
However, the lack of any agreed software standards for use with
these networks severely compromises their usefulness and growth
potential.

The network topology described in this thesis is intended to
overcome these problems, by providing a higher level network
using the internationally agreed X.25 protocol. Moreover, the
network growth is based on a range of components that may be
implemented in accordance with current standards, while wider
system interconnection, as proposed by the OSI reference model is
inherent to the proposed architecture. ‘

The design and implementation of the X.25 Packet Switching
Exchange has demonstrated that an inexpensive modular design
based on microprocessor technology can be used for this function.
The performance fiéures show that a single Link Access Unit can
handle a number of full-duplex links which are probably
sufficient to meet the requirements of a small network. The use
of a number of Link Access Units interconnected by an
Interchannel Unit of the type described increases proportionally

the exchange throughput, which may be further improved by the use

g8-1¢



of more sophisticated and currently available X.25 link level
controllers.

The implementation of the Exchange Management Unit provides
good diagnostic facilities, either to monitor the exchange and

;assess performence figures or to readily identify and replace
faulty components.

Finally, the usefulness of the proposed architecture as well
as other network solutions cannot be viewed independently from
the continuing development in locel area network technologies
(broadband, optical fibres, etc) and the current s;andardization
efforts that must be directed to achieve wiéer network

compatibilty and system interconnection.
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APPENDIX A

ADDITIONAL ASPECTS COF THE LINK ACCESS PRCCEDURES

As has been discussed in Section 5.4 the link level
procedures are intended mainly to support the packet layer
functions and therefore set-up and disconnection of the link must
be viewed in & global context.

We shall assume here, however, that the use of DISC has the
purpose of terminating any information transfer that is or was in
progress and therefore we consider that no Information frames
should remain outstanding from a previous logical connection.
This means that a level 2 disconnection must be followed by
related actions at higher layers: remote call clearance, at the
packet layer, initiated by the subnetwork, for example.

Problems inherent to the Link Access Procedures, related to
the link set-up,, link failure and Primary blocking are now

analysed and solutions are proposed.

A.1 Link set-up

An important question concerning the completion of link set-
up relat;s to the beginning of Information frame transfer: should
the link be completely set-up in both directions (LAP) prior to
any Information frame transfer or is it enough to simply set-up

one direction to enable the corresponding Information transfer?
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Let us assume in the first instance that completion of 1link
set-up in both directions is required, by means of an exchange of
SARM and UA frames between stations A and B. Assuming that UA (2
to B) is lost, station B will probably retransmit SARM following
a time-out, but in the meantime Information frame(s) may be
transmitted from A ﬁo B. Naturally, station A is not violating
the protocol; moreover, it can only generally consider the
reception of further SARM frames from B as link resets.

On the other hand, when receiving the Information frame(s),
the Secondary in B is already set-up and the question is whether
to accept or not the Information frame(s). Stétion B could

discard the Information frame(s) and then either:

(a) send a DISC, thus leading to a premature loss of
Information frames;
(b) send @ CMDR, requesting a link reset from A to B;

(c) simply default station A to a time-out recovery.

None of the solutions entirely solves the probleq and they
do not avoid eventual looping conditions.

Station A could eventually have delayed the transmission of
Information frames, allowing for the eventual retransmission(s)
of SARM from B; however, station A would never be sure about the
state of station B at least until the reception of an Information
frame and so this does not solve the problem either. 4

Sim&lar considerations would apply if a SARM (from B to A)
had been lost and in both cases the situation is not
qualitatively differeﬁt from a link reset, since then Information

frames are also temporarily suspended in one direction only.
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It may be inferred, therefore, that it is advantageous to
accept that information transfer may begin independently for each
direction, provided that this is set-up, on the assumption that,
according to the protocol, the other direction is either
connected or at least is being connected. However, it is
necessary to check tﬁis solution against more persistent failures

of the link. These are now discussed.

A.2 Link failures

We shall consider two situations that may induce loss of
synchronism between two stations: a temporary power down and a
succession of logical failures (time-out) during set-up or
disconnection. In either case the station that fails must be
completely reinitialized and evolve to a state where
synchronization Setween stations must be possible when a link
set-up is later required.

Assuming that station B temporarily fails and later attempts
to set-up the link (SARM), station A may interpret this as a
reset and it was considered that this could lead to a dealock
situation [9#). Several actions can be taken to avoid the
deadlock although not all equally effective. For example, station
B could use a CMLR to force a link reset from A; this would
resynchronize both stations at the link level, but ‘not at higher
levels (ﬁhe station that fails completely reinitializes, while
the other only resets the link layer). This solution would
therefore require further actions at higher layers (for exemple,

station B could use a Restart packet to clear all calls still



outstanding in station A).

A different solution is proposed, however. After & failure
and before a new set-up is locally required or the remote station
is sensed to be active (command received), 2 link disconnection
is first performed, thus creating the conditions to achieve
context synchronization at all levels. The same procedure should
also apply when a station is powered on for the first time; it
would not be required, however, if the link had gracefully
evolved to the disconnected state (exchange of DISC and UA
frames).

This creates the need to distinguish at each étation between
a "real" DISC (to terminate an information transfer) and a
"synchronizing"” DISC. We shall assume that a real disconnection
is taking place when a DISC is received by a station with its
Primary and/or Secondery in the connected state (set-up). The
solution here described is, therefore, compatible with the link

set-up model proposed in A.l.

A.3 Primary blocking

Normally, the reception of a valid N(R) does not create any
particular problems. If it produces a real acknowledgment, the
acknowledged Information frames are released, the timer restarted
(if Information frames are still outstanding) and the window
updated..There are, however, two cases that may lead to possible
temporary or permanent blocking of the Primary, or at least some

performance degradation. They are now discussed.



Time-out recovery

The protocol clearly states that, once initiated by means of
an Information frame retransmission (P=1), time-out recovery only
ends when a supervisory frame with F=1 is received (or a reset
takes place). Neverthless, it is possible that, before the end of
recovery, some acknowlegments are received (with F=0). In the
latter case, if used to release any outstanding Information
frames, contention may arise if the Information frame being
retransmitted (P=1) is still in the Link Output Queue.

Another situation may also develop: while in recovery all
outstanding Information frames are acknowledged (F=£) and
released, a new time-out occurs (F=1 not received) and no new
Information frames are available for transmission. Hence, the
Primary will be in a situation where it is in recovery but
recovery cannot complete, unless the link is reset.

Since during time-out recovery the window is reduced to one
(hence this must be as transient as possible) an alternative
offering some advantages is to consider all the received
acknowledgments (F=f) for N(R) validation purposes only (without
any Information frame release) in order that further
retransmissions are possible. This keeps the recovery mechanism
in operation and only in case of repeated failures is a reset
initiated. Then‘only at the end of recovery (F=1) are the
correctly acknowledged Information frames released.”

Altﬁough only one Information frame is required for this
mechanism to work, by preventing release of Information frames
during time-out recovery, the above described contention problem

is also avoided.



Remote Busy

When a RNR is received (remote busy) transmission of
Information frames must be suspended and will only resume after
the condition is cleared (RR/REJ received or reset performed).

It is, however,.possible that some previously outstanding
Information frames are accepted by the DTE (and even acknowledged
by means of piggybacking) before clearing the busy condition or
that the DTE clears the busy condition but the corresponding
RR/REJ is lost.

Although no time-out directly protects the cléarance of the
busy condition, blocking of the Primary is avoided by allowing it
to (re)transmit the Information pointed to by the received RNR
and this is now protected by a time-out.

For this mechanism to work, however, and because no other
Information frames are 2llowed to be transmitted by the DCE, this
Information frame must be kept for eventual retransmission, even
if acknowledged (by piggybacking), until the condition is
cleared. Otherwise eventual locs of RR/REJ will block the Primary

(with reset as a possible default).



APPENDIX B

EXCHANGE PROGRAM LISTINGS - X.25 CONTROL SOFTWARE
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2068

2009

2610

#2111 RUN
P12
7013
geLr4
#2015
gele
0017
2018
2019
po2e
2821
gg22
2823
0024
2825
2026

we W We m¢ we

b=t ~o ws %o %o we ws

NIT

9027 INPOOL

0028
0829

2830

o831

9832 INQ
9933

2634 INQ1
2035

2036

2837

0838

8039

¢o40

2p41

2p42

9643 INLL
2844

9045

0p46

2047 INLL1
0048

2049

go5e

2051

9852 INPL
9053

@054 INPL1
2655

2056

8057 INADD
2058

2259

2060

ARRARRRRRhhhhhhrhhthd

* PROCESS SCHEDULER *
LRI T L Y PR e L

Jp BEGIN
DI

LD SP,STACK
CALL INIT
EI

CALL TIMNG
CALL BFMNG
CALL LINK
CALL PACK
CALL BUS
JR RUN

L T e T Y
* IAU INITIALIZATION *

hhAkhhkhhhkhhhkhhhkhhkhkkikik

2

A,IVEC
IA
BC,2*NBUF
HL, BUF TAB
DE, TPOOL

EEEEEEE

=
X

A

HL, (R
B, 1BH
(HL) ,A
HL
INQ]
HL,NOFB

EEE

+

HL,NOGB
(HL) ,NGBO
HL,DPOOL
(HL) ,NBUF
HL, INLST
(LSTATE) ,HL
HL,MAXNS

B, 06

(L) ,A

HL

INLL1
(BUFREG) ,A
(IRLP) ,A
HL,GENST
B,26
(HL) ,A
HL

INPL1
HL,ADTAB
A,ADDSX
L

L,A

5EEGEEEE566§

5EEEEEEY

3%

EREEE

B-1

(HL) ,NBUF-NGB@

PAGE 29021

;power on jump
;disable Interrupts
;init Stack pointer

;enable Interrupts
;schedule processes

;repeat

;Set interrupt mode

;init pool (buf addr)

;init queue variab

;assign buffers
s NOFB=NBUF -NGB 0

;NOGB=NGB?

:init lev2 state

;init lev2 variab

;reset Busy

:init lev3 state

;get IAU address
;from address table
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co6B
ceeC
Co6F
ceve
cev2
ce74
ca77
ce78
ca7¢
ce7n
cerc
Cg7E
Co7F
ce8l
ces2
cess
coss
cesa
coep
Ceon
Cces3
Ca96
ces”
caoa
Casp
ceap
CeAs
ceae
CAS
coac
CeAF
ceBe
CeB3
cm4
ce7
CeBA
C¢ZBD
cece
cecs
cece
cecs
cecc

cecp
CeCE
CeDl
cen4
cep7
cemn
CeZpb
coor
CPE2
Cees
CeE?
CP@EA
CeED

7E
224CFS
AF
A6CE
PECF
211(DF
2B

fD

BE
2823
geel
ec
1€F6
79
324IF¢
2180F9
3EOR
CD73C1
2108r9
3A4CF¢S
CDh73C1
AF
211CF¢©
CD73C1
21BOFS
CD7AC”
214CFA
CD7AC1
coCoce
3A41FC
4r
CDoCD4
79
3241F9
CD2¢DS
CDooD9
CDSADA
CDF5Ce
CbeaCa
CD26C1
CD54C1
co

AF
21CPF8
Ccbg2C1
21DPF8
cpB2C1
21ECFE
EQe
Chg1
21FQF8
3EN
Cpg2Cl
21EQFE
3ALCF9

20361
P62
gee
co64
e65
£ee6
eee7
¢e6e
pos9
ee7c
pa71
2e72
2e73
ge74
£e75
2e76
ea77
€e78
2879
pesp
poel
gee2
0083
7084
2e85
2e86
ae87
7288
geee
peen
gecl
2092
2293
2094
295
pe°e6
ges7
£eos
ggoo
P100
£101
gre2
2103
e1e4
1e5
2106
21a7
g21e8
2109
211¢
111
2112
#8113
2114
£115
2116
2117
2118
7110
g12e

[

LD
LD
INADDE XOR
LD
LD
LD
INADD] DEC
DEC
Ccp
JR
LD
INC
DINZ
LD
LD
INCH LD
LD
CALL
LD
LD
CALL
XOR
LD
CALL
INRCD LD
CALL
LD
CALL
CALL
LD
LD
CALL
LD
LD
CALL
CALL
CALL
CALL
CALL
CALL
CALL
RET

INADD2

i e me we wy we

NDCE  XOR
LD
CALL
LD
CALL
LD
LD
CALL
LD
LD
CALL
LD
LD

A, (HL)
(LOCADD) ,A
A

B, FFH-ADDSX
C,CFH

HL, ADTAB+1¢H
HL

il

(HL)

7, INADD2
B,f1

c

INADD1

2,C
(SIGDIG) ,A
HL,CSI
A,P1

INCHf"
HL,RICE

A, (LOCADD)
INCHP

A

HL,RCI
INCHE

HL, TRCDP
INRCDY
HL,CRCDP
INRCD??
INDCE

A, (GENST)
C,A

INRST

A,C
(GENST) ,A
GETST
CHMAP
INITRC
PERRES
PINIT
TINIT
SINIT

A
HL,RDCENC
INDCE?
HL,RICEHC
INDCEE
HL,RDCEST
A, INCFFI
INDCE(
HL, RDCERS
A,11H
INDCEE
HL,RDCEST
A, (LOCADD)

B-2

PAGE ¢gg2
;save in LOCADD

;get sign digits

;save in SIGDIG
;init chan tables
;State=pl

srem [AU=local

;jrem chan=f

;init records

;init [AU tables
;init LAU synchr
;init EMU functions

;reset peripherals
;init PIO
;init CTC

. 3init SIO

khkhkkhkhkhkkhhkhhhdkhhkkhkkhkhhhdhhd

* INITIALIZATION ROUTINES *
FRARAA A IR RRRRR ARk kh ko kok &

;init IAU tables
shbr calls

;nbr mapping calls
;state

;Rst/Clear reason
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Cere
CPFl
cer2
CeF4
Cers
Cer7
cere
CerB
C@rFD
CeFF
Cclel
C1e3
C105
c1e7
Cl09
Clea
CleD
Cier
Clll
C113
Cl115
Ci17
Cl1®
CliB
Cl1lb
Cl1F
Cl2e
C123
Ci125
C127
Cl29
Clzs
Cl2p
Clzr
Ci3l
C133
Cl35
C137
Cl3¢
Cl3
Ci3E
Cl40
C143
Cl4s
Cl48
Cl4a
Cl4D
Cl4F
Cl15¢
C153
Cl154
C157
C159
Cls8
Cl%
Cl5F
Clél
Cl163
C165
cles

85
eF
3601
co
B7D
DB7F
3E18
D2
D37F
3E€3
D3IC
D3DD
DZDE
D3DF
Co
2198DF
PEBD
EDA3
EDA3
PEBF
EDA3
EDA3
EDA3
PEBE
EDA3
c9

219EDF

gEDC
EDA3
EDA3
EDA3
ZEDD
EDA3
¢EDE
EDA3
EDA3
PEDF
EDA3
EDAZ
2152F9
360A
21583F¢
366F
2154F%
36¢1
2155F¢
361F
AF
325¢F9
Cc9
21A6DF
peda
gETD
EDB3
P60A
PETF
EIB3
3Ef1
322F°
3E18

£121
122
£123
2124
£125
2126
8127
p128
2129
213¢
£131
132
2133
2134
g13E
136
2137
g138
g139
2140
£141
$142
2143
2144
£145
2146
2147
2148
2149
2156
2151
2152
p153
2154
p155
8156

- 0157

2158
2159
2160
£161
2162
$163
g164
165
2166
2167
pg168
g16¢°
p17¢
2171
2172

PERRES

PINIT

TINIT

SINIT

2173 .

2174
g175
2176
2177
2178
179
glse

. ADD L

LD L,A
LD (HL) , INONI
RET

IN A, (SIOCA)
IN A, (SIOCB)
LD A,18H

ouT (SIOCA) ,A
ouT (SIOCB) ,A
LD A,C3H

ouT (CTCO) ,A
ouT (CIC1),A
ouT (CTC2) ,A
ouT (CIC3) ,A
RET

LD HL, PIOTAB
LD C,PICCA
oUTI

OUTI

LD C,PICCB
OUTI

OUTI

OUTI

LD C,PIOIB
OUTI

RET

LD HL, TIMTAB
LD C,CTCo
OUTI

OUTI

ouTI

LD c,CTCl
OUTI

LD C,CTC2
OUTI

OUTI :

LD c,CTC3
OUTI

OUTI :

LD HL, TIMRG3
LD (HL) , TIME3
LD HL, TMRG3A
LD ML) ,TIME3A
LD HL, TMRG3B
LD (HL) ,TIME3B
LD HL, TMRGXC
LD (HL) ,TIME3C
XOR A

LD (INTREG) ,A
RET

LD HL,SIOTAB
LD B, BAH

LD C,SIOCA
OTIR

LD B, FAH

LD C,SI0CB
OTIR

LD A,ClH

LD (RBYTE) ,A
LD A, INRCA

B-3

PAGE 203

;periph reset

;PIO init (PIOTAB)

;CTC init (TIMTAB)

;init lev3 timers

;init SIO (SIOTAB)

;init rcv veariab
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clea
Cléd
Cler
C172
C173
C175
C176
Cc177
Cl7e
Cl7A
ax
C1m
Cl7e
Ci17r
clel
clez
C184
cig5s
Cc186
clss

c1s8e
Clea
clss
Cl8E
clisr
C191
Cl1e3
C196
c198
Cl°B
Clo9E
ClAp
Cla2
Clng
ClA7
ClAa9
ClAB
ClAE
clBg
ClB2
ClB4
CiB7
ClBAa
C1BD

cice
clcl
Clcz
ClC4
ClC5
Cic7
cics
Clca

3220F¢
3E40
3221F¢
03}
p6e8
77

23
1erC
ce
€638
AF

77

23
1eFC
163°)
P60B
77

23
1¢FC
co

g8

DS
2123F°
35
280D
PET7E
2A26F9
EDA3
2226F¢%
C355C3
3EZ8
D37
3601
2121F¢
CBCE
CB76
CAS5C3
3640
3EAS8
D37F
3A66F9S
326AF9
Cb26C3
C355C3

g8
DS
B7F
4aF
3E1@
D37F
79
E644

plel
£182
183
p184
£185
P186
2187
g1es
2189
2190
2191
B1o2
2193
194
$195
0196
g197
g7198
7169
g2ee
0201
2202
2203
e2e4
2085
0206
g2e7
p2ee
2269
g21¢
2211
2212
2213
g214
215
g216
2217
g218
p219
p22e
@221
£222
p223
224
0225
8226
e227
B228
0229
2230
8231
8232
2233
#234
2235
9236
2237
£238
2239
g24¢

INCH@
INCH1

INRCDZ

INRCD]

INDCER
INICE1

gun e me We Wi we wg

TRB1

EXTB

LD
LD
LD
RET
LD
LD
INC
DINZ
RET
LD
XOR
LD
INC
DINZ
RET
LD
LD
INC

DJINZ
RET

(RCREGR2) ,A
A, INTRB
(TRREGB) , A

B,NBCH
(HL) ,A
HL
INCH1

B, 2*NRECD
A

(HL) ,A
HL

INRCD1

B,NICE
(HL) ,A
HL

INICE]

PACE 20e4

;init transm variab

;load chan table

;reset records

;load LAU table

kkdkkkhkkkkhkhhhhhhhkhhkhkhkhkhkhkhk

* INTERRUPT SERVICE ROUTINES *
Fhkkhkkkhkkhkhkhkhhkkhhkkhhhkhkhhdk

EX
EXX

LD
DEC
JR
LD
LD

OUTI
LD
JP
LD
our
LD
LD
SET
BIT
JP
LD
LD
our
LD
D
CALL
JP

EX
EXX
IN
LD
LD
our
LD
AND

AF, AF'

HL, TBYTE
(HL)

Z,TRB1
C,SIOIB

HL, (TPOINT)

(TPOINT) ,HL
NOINT

A, 28H
(S1CCB) ,A
(HL) ,01
HL,TRREGB
EM, (HL)
UND, (HL)

Z ,NOINT
(HL) ,INTRB
A, GAEBH
(SICCB) ,A
A, (NIF5)
(NIF4) ,A
TX

NOINT

A, (510CB)
C,A
A,l10H
{SICCB) ,A
A,C

44H

B-4

;transm interrupt
;channel B

;nbr bytes to trangm
;read transm point
;write byte (SIO)
;save pointer

;end of frame

;reset Tx Int pending
;EM=1

;test UND

;end of tranam (CRC)
;reset CRC gen/Tx Int

;update LOQ counters
:new transm
;ext/stat interrupt
;channel B

;read SIO state reg
;reset ext/stat Int

;mask UND/TXBUF (SIO)
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clcc
CICF
Clpg
Clp2
C1D5
C1D7
C1b®°
cinc
CI1DE
ClEQ
C1E2
ClE4
CIE6
CIE9
C1EC
CIEF
ClF2
ClF4
CIF6
ClrFg
ClFAa
CIFD
c2ep
c2e1
C204
C2e5
cae7
C209

ca2ec
c2eD
C20E
C2eFr
c2a1
c213
C215

cais
Cc219
C2la
c2ic
C2lE
C220
C222

C225
C226
Cc227
C229
c22C
c22D
C22E
C22F
C231
C233
C235
C237
C239
c23B
C23D

2121F9
AE
CB77
CA55C3
CBF6
FE43
CA55C3
CB4F
2812
3640
3EAS8
D37F
3A66F9
326AF©
CD2£C3
C355C3
3EE8
D37F
3603
3EQ1
3223F9
2166F9
34
216BF°
35
3EES8
D37F
C355C3

]

pe

D9
3E33
D37F
B7E
C355C3

g8

Do
3E2D
D3
3ECO
D37D
C355C3

28
D9
DBD
2120F9
46
A8
4aF
3E1Q
D3D
CB6l
2807
CB60
2804
CBA6
1802

9241
p242
9243
2244
p245
2246
0247
p248
p24¢°
g25¢
g251
9252
0253
@254
@255
9256
2257
£258
#259
0260
9261
8262
8263
B264
2265
7266
8267
p268
p269
0270
9271
0272
9273
9274
8275
2276
8277
08278
@279
p280
0281
0282
09283
2284
#9285
2286
0287
0288
0289
09290
p2°01
0292
9293
2294
0295
0296
9297
9298
2299
23ee

UND@

RECB
SRB
H
TRA

’
EXTA

HUNT@

LD’
XOR
BIT
JP
SET
cp
Jp
BIT
JR
LD
LD
our
LD
LD
CALL
JP
LD
ouT
LD
LD
LD
LD
INC
LD
DEC
LD
our
JP

NOP
EX
EXX
LD
our
IN
JP

EX
EXX
LD
ouT
LD
our
Jp

EX

HL, TRREGB
(HL)

UND, A
Z,NOINT
UND, (HL)
43H

Z ,NOINT
EM,A

2, UNDf?

(HL) , INTRB
A, (ABH
(SIOCB) ,A
A, (NIF5)
(NIF4) ,A
TX

NOINT
A,08H
(SIOCB) ,A
(HL) , TRABT
A, 01
(TBYTE) ,A
HL,NIF5
(HL)

HL, DTMO6
(HL)

A, PESH
(SIOCB),A
NOINT

AF,AF!

A,3H
(SIOCB) ,A
A, (SIODB)
NOINT

AF,AF'

A, ZDH
(SI10CA) ,A
A, P0H
(SIOCA) A
NOINT

AF,AF'

A, (SIOCA)
HL,RCREGA
B, (HL)

B

C,A
A,1¢H
(SIOCA) ,A
HT,C
Z,EXTAl
HT,B
Z,HUNT1
HT, (HL)
EXTAl

B-5

PAGE 2685

;compare TRREGB
stest und interrupt

;und int served
;stest end of tranam

stest val end transm
;valid end of tranam

sreset CRC gen/Tx Int
;update LOQ counters

new transm
;underrun/send abort

;prepare retransm

;inc NIFS

;dec transm point
;reset Und/Tx Int
;rcv/sp rcv Int
;channel B (unused)

:disable rcv

;transm Int
;channel A (unused)
;disable transm

:ext/stat interrupt
;channel A
;read SIO state reg

;compare RCREGA

stest hunt interrupt
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C23F
C241
C243
C246
c248
C24a
c24C
C24F
C251
C253
C256
Cc258
c257
C25D
C260
C261
C264
C265

C268
C269
caea
Cc26D
C26E
C279
ca272
C275
C277
C27A
Cc2D
Cc27r
Cc282
c284
C286
c288
c2sB
C28E
C28F
c201
C293
C295
Cc297
C299
Cc2%
C29D
C29F
canl
C2A3
C2AS
CaA7
C2AS
caac
C2AaD
cae
cB2
Cc8B5
CB6
cB7
C2B9
CBA

CBE6
CB79
CASSC3
CB78
2805
CBBE
C355C3
CBFE
CB46
CABSC3
CB86
3EQ]
3222F9
2162F9
35
2163F¢
34
c355C2

g8

D9
2122FS
35
280D
PETC
2A24F9
EDA2
2224F°
C355C3
3601
2120F°
CB46
2805
DBC
C355C3
3A63F9
B7
201B
3E@3
D37D
3EDg
D3
mB7c
B
m
3E73
D37
3ED9
D3D
CBE6
C355C3
D
3263F9
CBC6
2162F9
7E

34
E6QF
87
2100€F8

2301 HUNT1
2302 EXTAl
2303

02324 ABORT(
2305

2306

2387

2378 ABCRTI1
9309

p310

9311

£312

@313

@314

@315

p316

@317

¢318

8319 ;
2328 RECA
9321

p322

p323

2324

325

9326

2327

2328

8329

2336 RECAl
2331

2332

@333

2334

2335

9336 RECA2
2337

g338

2339

0349

341

p342

2343

2344

2345

9346

9347

$348

8349

p350

#351

#352 RECA3
@353

B354

@355

2356

8357

9358

B359

B360

SET HT, ML)

BIT AB,C

Jp Z,NOINT
BIT AB,B

JR Z,ABORT1
RES AB, (HL)
JP NOINT

SET AB, (HL)
BIT RC, (HL)

Jp Z ,NOINT
RES RC, (HL)
LD A, 01

LD (RBYTE) ,A
LD HL,DLQ1
DEC (HL)

LD HL, NOFB
INC (HL)

Jp NOINT

EX AF,AF'
EXX

LD HL, RBYTE
DEC (HL)

JR Z,RECAl
LD C,SI0mA
LD HL, (RPOINT)
INI

LD (RPOINT) ,HL
Jp NOINT

LD (HL) ,£1
LD HL, RCREGA
BIT RC, (HL)
JR Z,RECA2
IN A, (SIODA)
Jp NOINT

LD A, (NOFB)
R A

JR NZ , RECA3
LD A,03

ouT (SIOCA) ,A
LD A, fDPH
ouT (SIOCA) ,A
IN A, (SIOIA)
IN A, (SIODA)
IN A, (SIODA)
LD A, 73H

ouT (SI0CA) ,A
LD A, (DH
ouT (SIOCA) ,A
SET °©  HT, (HL)
Jp NOINT

DEC a

LD (NCFB) ,A
SET RC, (HL)
LD HL,DLQ1
LD A, (HL)
INC (HL)

AND QMASK
RLCA

LD HL, TPQ1

B-6

PAGE 2006

:test abort interrupt
stest begin/end abort
;end abort

;begin abort detection
;test reception

;cancel reception

;receive interrupt
;channel A
;test buffer space

;read rcv point
;read byte (SIO)
;save pointer
;no space

;test reception

soverflow

;begin/get buffer

sno buf/cancel rcv

;clear rcv FIFO

;enable rcv/hunt

;buf available

;begin reception
;get buffer
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C22RD
CBE
C2BF
cxe
cxl
cx2
cx3
cX6
cx7
c2co
C2CB
CXE
C2D0
C2D3

C2D6
cn7
cD8
cama
c2C
C2DE
CZE@
C2E3
CZES
C2E7
CZE®
C2EB
CZ2ED
CZ2EF
CzF1l
C2F3
C2Fé6
C2r8
C2FA
C2FD
C3pp
C3pl
C304
€385
C3pe
c3ea
c3ec
C3eF
C3le
C313
C314
C316
c318
C319
c3lc
C31p

C32e
C321
€322
Cc323
C326
C329
c3aa
C3ixs

B5

6F

7E

2C

66

93
2228F9
23
GEC
EDAZ2
2224F9
3EE7
3222F9
C355C3

o8

DS
3EQL
D3D
B7D
EEER
2120F¢
FEZ0
2821
CB7F
2804
3E30
D3
B
CB46
CAS55C3
CB86
3EC]
3222F9
2162F9
35
2163F9
34
C355C3
DB
CB86
216€F9
34
2122F9
46
3601
3EBE
92
2A28F9
77
C358C3

B7

ce

3D
3266F9
216BF9
7E

34
E6¢F

£361
362
0363
2364
8365
9366
2367
2368
#9369
237¢
2371
8372
9373
0374
0375
B376
#8377
p378
B379
g3ee
381
8382
383
384
@385
7386
387
p388
9389
7390
£391
g392
@393
2394
€395
2396
8397
$398
B3°9
g400
2401
0402
p403
2404
g4e5s
0406
8467
94¢8
2409
pale
2411
p412
413
p414
p415
g416
417
p418
09419
p42¢

%n

SRAl

SRAZ2

-3 ~e
>

5EEEXEE9

5¥226E% 55516

CRE

BIT

our
IN
BIT

666558 SEELEEEEZER

X

(RPOINT) ,HL

A,BUFL-1
(RBYTE) ,A
NOINT

AF,AF'

A,C1H
(SIOCA) ,A
A, (SIOCA)
gECH
HL, RCREGA
A,80H
Z,SRA2
7,A
Z,SRAl
a,30H
(SIOCA) ,A
A, (SIODA)
RC, (HL)
Z ,NOINT
RC, (HL)
A,01
(RBYTE) ,A
HL,DLO1
(HL)
HL,NOFB
(HL)
NOINT
A, (SIODA)
RC, HL)
HL,CTQl
(HL)
HL, RBYTE
B, (HL)
(HL) , 81
A,BUFL
B
HL, (RBUF)
(HL) ,A
NOINT

A

/

A

(NIFS) ,A
‘HL, DTMQ6
A, (HL)
(HL)
MASK

B-7

PAGE 0007

;save buf address
;reserve length byte

;read byte
;save rcv point

;current buf space

;Spec rcv interrupt
ichannel A

;read SIO state reg
;mask rcv flags
stest val end rcv
;inv/test end rcv
:inv end reception
;error reset (SIO)
;read byte

;test reception

;cancel normal rcv
;rcv stay enabled

sreturn buffer

;valid end reception
stransf to LOQ
;available length
;init RBYTE :

:frame length
;insert length byte

;test current transm
;begin new transm

;get frame (LOQ)
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5.

C3p @7 2421 .
C32E 21APFS8 p4a22 LD HL, TPQ6
€331 B5 9423 CR L
C332 6F p424 LD L,A
C333 7E 8425 LD A, (HL)
C334 2 426 INC L
C335 66 0427 LD H, (HL)
C336 6F p428 LD L,A
C337 TE p429 LD A, (HL) ;read length
€338 23 2430 INC HL ;point next byte
C33¢ 2D 431 DEC A
C33A 3223F9 @432 LD (TBYTE) ,A ;init TBYTE
C33D @ETE 2433 LD C,SI0mB
C23F EIA3 pa34 ouTI ;swrite first byte
C341 222€F9 8435 LD (TPOINT) ,HL iSave pointer
C344 2121F¢ #4436 LD HL, TRREGB
C347 3601 p437 LD (HL) , TRFRM
C349 3EC@ ¢438 LD A,Q0CEH ;reset UND (SIO)
C348 D37F 9439 ouT (SICCR) ,A
C34D C9 440 RET

9441 ;
C34E @8 §442 TIMER EX AF ,AF! stimer interrupt
C34F D9 pa43 EXX
C35¢ 215¢F° 2444 LD HL, INTREG
C353 CBFE g445 SET MTIM, (HL) ;set master timer
C355 D9 @446 NOINT EXX
C356 @8 p447 EX AF,AF'
C357 FB £448 ENDINT EI
C358 ED4D p449 RETI

2450 ;

p451 ;

g452 ; khkkkkhhkhkhkkhkkhkdhkd

@453 ; * TIMER MANAGER *

g454 ; P23 232323221323 22

9455 ;

9456 ;
C35A 3ASQF9 9457 TIMNG LD A, (INTREG) ;timer manager
C35D CBTF 2458 BIT MTIM,A ;test master timer
C35F C8 0459 RET Z
C36¢ CBBF 2460 RES MTIM,A
C362 CBAF p461 BIT T20N,A ;test lev2 timer
C364 2808 462 JR Z,TIMER1
C366 2151F9 0463 LD HL, TIMRG?2 :lev2 timer N/update
c36e 35 P464 DEC (HL) :
C3eA 2002 465 JR NZ , TIMER1
C36C CBC7 pa66 SET T20UT,A ;lev2 time—out
C36E 2152F9 9467 TIMER]l LD HL, TIMRG3 ;test lev3 master tim
C371 35 p468 DEC (HL)
C372 2020 p469 JR NZ, TIMER4
C374 360n g47¢ LD (HL) ,TIME3 ;ON/update
C376 2153F9 p471 LD HL, TMRG3A .
C379 35 0472 DEC (HL) ;update X25 Int tim
C37A 2¢p4 p473 JR NZ , TIMER2
C3C 36¢F ga74 LD (HL) ,TIME3A ;time-out (X.25 interf)
C37E CBD7 8475 SET T30UT,A
C380 2154F9 #476 TIMER2 LD HL, TMRG3B .
C383 35 9477 DEC (HL) ;update LAU comm tim
C384 2004 9478 JR NZ ,TIMER3
C386 3601 8479 LD (HL) ,TIME3B :time-out (LAU command)
C388 CBLF p48p SET TBOUT,A

B-8
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c3sa
c3eb
C38E
C390
C392
C394
C396
C398
c3%8
Cc3o¢
C3%E
Caap
C3a3
C3ng
C3A6
C3as
C3AB
C3AE

CaAF
c3B2
C3B4
C3B6
c3®Be
C3BB
C3BD
C3BF
CcxX1
Cc3C4
cX6
CxX9
cxa
C3xXD
CXE
CXF
c;l
C3D3
C3D5
C3p6
c2D8
C3rB
c3oC
C3DD
C3DE
c3rr
C3El
C3E4
C3E6
C3ES8
C3EA
C3EB
C3ED
C3re

2155F¢
35
2004
361F
CBE7
cBer
2810
219AFS
35
2007
3606
2198F¢
35
2002
CBF7
325¢F9
CD2FIC
co

2140F9
CB46
2010
3A63F°Q
D662
30833
CBC6
PEC4
CDF1C3
182a
3A63F9
47
3A64F9
4F

80
FE@8
3813
CB86
79
D624
2163F¢°
F3

86

77

FB
3ER4
3264F9
18eA
FEE3
38¢6
78
D602
CrFilcz
Co

9481 TIMER3
0482

9483

0484

9485

9486 TIMER4
9487

0488

2489

420

@491

2492

p493

7494

2495

P496 TIMERS
9497
9498
2499
2500
2501
0502
2503
p504
585
0506
2587
@508
2569
251a
psl1l
@512
9513
9514
p515
#516 BFMNG1
#8517

7518

@519

9520

521

p522

9523

9524

P525

9526

527

7528

8529

9530

9531

#532

9533

§534 BFMNG2
9535

P536

@537

9538

2539 BFMNG3
2540 ;

T we we %o me %o w0 wg

:

3

LD JHL, TMRG3C

DEC (HL)
JR NZ , TIMER4
LD (HL) ,TIMEXC

SET TBOUT1,A
BIT TRACE, A

JR Z,TIMERS
LD HL,ACTC1
DEC (HL)

JR NZ , TIMERS
LD (HL) ,ACTIM1
LD HL,ACTC2
DEC (HL)

JR NZ , TIMERS
SET ENDTRC, A
LD (INTREG) ,A
CALL MONTM

RET

dkkkhkkkhhkhkkhkhkhkkdkk

* BUFFER MANAGER *
L e T T

LD HL, BUFREG
BIT BY, (HL)
JR NZ , BFMNG1
LD A, (NOFB)
suB NFB@

JR NC,BFMNG3
SET BY, (HL)
LD C, NGB
CALL  BFMNGA
JR BFMNG3
LD A, (NOFB)
LD B,A

LD A, (NOGB)
LD C,A

ADD B

cp N1

JR C,BFMNG2
RES BY, (HL)
LD A,C

SB NGB{

LD HL,NOFB
DI

ADD (HL)

LD (HL) ,A
EI

LD A,NGBf
LD (NOGB) ,A
JR BFMNG3
CP NFB@+1
JR C,BFMNG3
LD A,B

SuB NFB@
CALL  BFMNGA
RET

PAGE 0289

supdate IAU recov tim
;time-out (LAU recov)
smonitor trace timer

;update trace timer-

;end of trace interval

;monitor timer

:buf manager
stest busy

;not busy
;NOFB-NFB@

;test busy limit
;jenter busy

;assign buf (busy)

;busy
;NOFB

;NOGB
:NOFB4NOGB
;compare with N1

;clear busy
;reassign buffers
;NOGB-NGBE

;NOFB

;add NOGB-NGBE

;NOGB=NGB#Z
;stay busy
;NOFB

sNCOFB-NFB#
;assign buf (busy)
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C3F1
C3F2
C3F4
C3F7
C3F8
C3F9
C3FA
C3FB
C3FC
C3FD
C400

C4p1
c4e3
c4e4
C4g5s
C4p6
C497
C408
c4ee
caga
C4eb
C4¢E
Cc419
c411
C412
C413
C416
C417
c418
C41B
c41C
C41D
C420
C422
C423
C424
C426
C427
c428
C42a
CazB
C42E
C4z2r
C432
C434
C437
C438
C439
C43C
C43F
C44p
C443
C444
C445
C448

47
ED44
2163F9

F3

86
77
FB
79
8¢
3264F9
Cco

E68F
87

BS

6F

7E

.o

65

6F
2256F¢
Cco
E6QF
87

B5

6F
3A56F9
77

.
3A57F9
77

Co
2163F9
3E@2
F3

BE
3¢04
35

FB
18¢A
FB
2164F¢
35
2140F°
CBC6
2165F9
35

7E
2100F8
CDg1C4
C9
2165FS
7E

34
2100F8
CDEEC4

£541 BFMNGA
2542
2543
2544
9545
9546
2547
9548
2549
550
551
2552
P553
2554
2555
2556
2557
g558
@559
2560
2561
2562
2563
2564
9565
2566
567 PUTBUF
g568

7569

B57¢

571

8572

#2573

9574

8575

8576

2577 GTPOOL
2578

8579

2580

p581

72582

@583

0584

2585 GTP1
2586

2587

g588

pP589

259¢ GTP2
8591

2592

2593

9594

8595

596 RELBUF
597

£598

599

2602

G) w0 wo we w «y

ETBUF

LD
NEG
LD
DI
ADD
LD
EI
LD
ADD
LD
RET

-B'A

HL,NCFB

(HL)
(HL) ,A

a,C
B
‘(NOGB) , A

PAGE 9010

;NCFB-NFB@ (<=?)
;NFBOA-NOFB
;NOFB

;add NFBE-NOFB

:NOGB
;add NOFB-NFBE

khkhhhkhhkkkdkhhhkhhkhhhhkkrthkhkdhk

* BUFFER TRANSFER ROUTINES *
L T e T T I TR T T 2P

5EEE

A

5E5E2EEEEEE

SERELEA

2]
4
(@]

4652666 46K6Rs

S5
E

LA
A, (CURBUF)
ML) ,A

L

A, (CURBUF+1)
(HL) ,A

HL, NOFB
A, NFBf

(HL)
NC,GTP1
(HL)

GTP2

“HL,NOGB

(HL)
HL, BUFREG
BY, (HL)
HL, DPOOL
(HL)
A, (HL)
HL,TPOOL
GETBUF

HL, DPOOL
A, HL)
(HL)

HL, TPOOL
PUTBUF

B-1¢

;get buffer
sentry offset

;point to entry
;address LSB

;address MSB
;save in CURBUF

;put buffer
;entry offset

;point to entry
;address LSB
;address MSB

;get buf (pool)

;test Busy limit
;nhot Busy (dec NOFB)

;set Busy (dec NOGB)

;get buffer

;release buf
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c4oC
C4%E
cap
C4a3

c4a4
can7
C4a8
C4AB
caac
C4AF
C4BC
C4B1
C4B4
C4B7
C4B8
C4B9
CZ4BA
C4BC
C4BE
C4BF
c4cl
c4ac4
cac?
Cc4c9
c4ca
c4cce
CA&CE
C4Dp
C4D1
cap4
C4D6
C4D8
c4pa
Cc4mB
C4DE
C4E1
C24E2
C4E4
C4E6
C4ES8
C4EA
C4ED
C4EF
C4Fl
C4F4
C4F6
C4F9
C4FB
C4FD

- C4FF

C5p1
C503
C5e6
C589
C50C

2805
CB96
CoFcA
c9o

3A3AFC
B7
CAlgcS
57
2167F9
7E

34
21APF8
cDg1c4
23

7E

23
FEP1
2¢08
66
2E4C
CDDDDB
CcDh4ec4
1844
7E
CcB47
280A
2E4A
67
CDDDDB
CB99
1835
2E4B
67
CDDDIB
2173F9
35
CB59
2823
CB61
2011
cbacee
cB41
2805
CD54CC
1817
CD9BCB
1812

-CB67

2804
CBE9
182A
cpacce
CD9IBCB
2132F¢
34

2661
2662
663
0664
2665
7666
8667
2668
2669
p67¢
671
2672
2673
2674
8675
2676
2677
p678
679
g680
9681
0682
2683
2684
2685
7686
2687
£688
2689
9690
p691
2692
0693
2694
2695
2696
8697
p698
2699
2700
2701
8702
2703
g784
2705
27e6
2707
2708
8709
8710
711
0712
8713
£714
8715
8716
enz
e2718
2719
2720

INTLPC

) we we ws we wy

EPFR

REPFR@

REFFR1

REPFR2

REPFR3

REPFR4

REPFR5

REPFR6

PAGE @€12
JR ' Z,INTLPP
RES PD, (HL) ;init discn
CALL DISCNO
RET

b2 232223 s 221 2222232222222 2222322

* REPROCESS TRANSMITTED FRAMES *
L T L 2 R e T T Y

LD
OR .
JP
LD
LD
LD
INC
LD
CALL
INC
LD
I
CP
JR
LD
LD
CALL
CALL
JR
LD
BIT
JR
LD
LD
CALL
RES
JR
LD
LD
CALL
LD
DEC
BIT
JR
BIT
JR
CALL
BIT
JR
CALL
JR
CALL
JR
BIT
JR
SET
JR
CALL
CALL
LD
INC

A, (NTF)
A
Z,REPFR8
D,A

HL, DFQ6
A, HL)
(HL)
HL,TPQ6
GETBUF
HL

A, (HL)
HL
TRESAD
NZ ,REPFR1
H, (HL)
L,M76
LIMES
RELBUF
REFFR7
A, (HL)
2,A
Z,REPFR2
L,M74
H,A
LIMES
WAIT,C
REFFR7
L,M75
H,A
LIMES
HL,NIF2
(HL)
WAIT,C

Z ,REPFR6
REC,C

Nz ,REPFR4
STP
CcM,C
Z,REPFR3
START
REPFR7
RETR
REFFR7
4,A
Z,REPFRS
Ps,C

-REFFR7

STP
RETR
HL,MAXNS
(HL)

B-12

;repr trm frames

;nbr fr to reproc
;get frame (LOQ)

;point addr field
;read addr field
;peint contr field
;test resp frame

;response frame

;release buff

;hot resp/read contr
;test comm type

:SARM/DISC
:clear WAIT cond

s INFORMATION

;dec nbr I in LOQ
srepr INF/test WAIT

;test recovery

;not recov but WAIT
;test SARM/DISC outs

;SAR/DIS out/start tim
;no SAR/DIS test NIF2
:recov/test P sent

;P bit sent (set FS)

;P not sent

;inc MAXNS outs
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C5¢D
C50E
C51¢

511
C514
cs15
C518
c51C
C51F
522
€523
C526
C527
C528
C52B
C52E
C52F
C531
€533
C535
C537
Cc53A
C53D
C54p
541
542
C543
Cc544
C545
C547
C549
C548
C54D
C54F
C551
554
C557
Cc55A
C558
C55D
560
C562
C564
C567
C569
C56C
CS6F
Cc570
C572
C575
577
579
C57B
C57D
c58¢

15
209C
Co

3A3BF9
B7
CA66CB
DD214¢FA
CLEZD6
2168F9
35
2161F9
7E

34
2180F8
CDelc4
7E
D63
30@D
2E4D
2608
CDDDIB
CD4pC4
C381C8
57

23

7E

23

SE
FE@3
2826
FEG1 _
28¢D
2E4D
2601
CDDDIB
CD4BC4
C381C8
B
CB47
CA36C6
E6EF
FEGF
CA9CS
FE43
CADACS
C31DC6
B
CB47
CASBC8
CB4F
280F
E6EF
FE63
CA1K7
FE87

£721 REFFR7 DEC’

0722

JR

2723 REPFR8 RET

£724
€725
0726
2727
2728
8729
730
2731
8732
@733
8734
9735
2736
0737
8738
9739
7740
2741
8742
2743
2744
2745
2746
g747
2748
0749
2750
8751
2752
2753
8754
g755
2756
2757
2758
#8759
2760
g2761
£762
2763
2764
2765
8766
2767
2768
3769
2770
p771
8772
8773
2774
2775
8776
0777
8778
2779
e78e

N we “s W Wy

LIO

LIOP

DECADD

DCCaM

D

'NZ ,REPFR{

PAGE £€13

;repeat transm fram

khkhhkhhkkhkhkhhhhkdhkhdhhkhhhkhkhhdhkhkd

* PROCESS RECEIVED FRAME (LIQ) *

hhkhkkhhhkhhhhkhhhhhkhkdkhkhkhhhhhhhhhk

LD
OR
JP
LD
CALL
LD
DEC
LD
LD
INC
LD
CALL
LD
SuB
JR
LD
LD
CALL
CAaLL
JP
LD
INC
LD
INC
LD
Ccp
JR
CP
JR
LD
LD
CALL
CALL
Jp
LD
BIT
Jp
AND
Ccp
Jp
Ccp
Jp
JP
LD
BIT
JP
BIT
JR
AND
cp
Jp
Ccp

A, (NRF)
A
z,LI01
IX,FRMA
INCRCD
HL,CTO1
(HL)
HL,DFO1
A, (HL)
(HL)

HL, TPQ1
GETBUF
A, (HL)
FIMIN
NC,LIOf
LM77
H, 00
LIMES
RELBUF
ENDLIQ
D,A

HL

A, (HL)
HL

E, (HL)
RRESAD
Z,DCRES
RCCMAD
Z,DCCeM
L,M77
H, el
LIMES
RELBUF
ENDLIQ
A,E
g,A

z, INF
¢EFH
¢gFH

Z ,SARM
43H
z,DISC
INVCOM
AE
2,A
Z,INVRES
1,A

2, DCRES]
@EFH
63H
z,a
8H

B-13

;read nbr rcv frames

;process one frame
;dec LIQ counter

;get frame

sread length
stest short frame

;inv (short) frame

;nbr Inf bytes
spoint addr field
;read addr field
;point contr field
sread contr field
stest addr field

;invalid address

;command/decode
stest INF

;:not INF/mask P bit
;test SARM

;test DISC
;invalid command
;response/decode
stest resp type

;not SUP/mask F bit
stest UA

stest OMIR
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Cc582
585
csge
cs8a
c58C
CS8F

C592
C593
C594
C596
C598
C59B
C59E
CaAg
C5a2
C5A4
CsA7
C5AB
CSAE
csBg
csB2
csB5
csBe
CsBA
cs8C
CSBE
C5C1
C5C3
C5Cé6
csC8
C5CB
C5CD
C5pp
caD2
CoD4
Cab7

CSbA
CsIB
csC
CSDE
CSEP
CSE3
C5E6
CSES8
CSEA
C5EC
CSEF
CSF3
C5F6
CSF9
C5FB
C5FD
CSFF
C601
c6o3
cee6
cens
CoepA

CA28C8
c3sBCE
E60F
FE@D
CASBECS
Cc386C7

AF

BA
288A
3EP3
3238F¢
CD28C6
1837
2E28
2602
CDDDIB
DD2148FA
CDE3D6
CB4p
2808
CD5CC4
CDCBCA
181D
cB5g
2805
CD5CC4
1814
CDCeco
CBD8
3A35F9
E60E
3235F¢
CB48
2023
comBscAa
C36€6C8

AF

BA
280A
3E@3
3238F9
CD28C6
1832
2EQ@9
2602
CDDDIB
DD2148FA
CDE3D6
CDC6C9
CB48
2004
CB58
2807
CB98
CLEFCA
1812
CB4@
2805

2781
0782
g783
2784
2785
0786
8787
g788
2789
2790
2721
2792
8793
8794
8795
2796
2797
2798
@799
28¢0
p801
p802
2863
p8O4
0805
7806
e8a7
p8e8
p8ee
gele

DCRES1

SARM

SARM1

SARM2

SARM3

o811

7812
9813
g814
g2e1s
2816
0817
0818
ge19
0820
PB821
£822
£823
9824
9825
2826
8827
2828
0829
2830
p831
g832
2833
2834
@835
2836
9837
pga3e
283¢
0840

SARM4

’
DISC

DISC]

DISC2

DISC3

Jp
JP
AND
cP
Jp
JP

XOR
ce

CALL
BIT
CALL

CALL
SET

BIT

CALL
JP

XOR

LL

S6EERS

LD
CALL
CALL
CALL
BIT

BIT

CALL"

BIT

.Z,OMIR

INVRES
PFH

DH
Z,INVRES
SUP

A

D

Z2,SARM]
A,03
(REJRSN) , A
REJCM
SARM4
L,Mp8
H,ME2
LIMES
IX,CaMA
INCRCD
IF,B
Z,SARM2
MREL

SDIS
SARM4
DIS,B
Z,SARM3
MREL
SARM4

TUA

SEC,B

A, (SEQNBR)
¢EH
(SEONBR) ,A
FRIM,B

NZ ,SARM4
SSAR

LIQ1

A
D
Z,DISC1
A,03
(REJRSN) , A
REJOM
DISC5
L,ME9
H,M@2
LIMES
IX,CQMA
INCRCD
TUA
FRIM,B
NZ,DISC2
SEC,B
Z,DISC3
SEC,B
DISCN
DISCS
LF,B
Z,DISC4

B-14

PAGE 0014

;SUP/mask N (R)
stest valid SUP

;SARM/test length

;invalid length
;reject SARM

;valid SARM

itest link state

;failure state
;resynchr DISC

;test discn

:in disconnection
;accept/ack SARM
;update state
iV(R)=0

;test prim state

;set-up primary
:DISC/test length

;invalid length
;reject DISC

;valid DISC

;accept/ack DISC
;test prim state

;test sec state

;real discn
;init prim discn

;disconected/test fail
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ceecC
Ce6gF
C6ll
ce613
C615
ce17
C6lAa

C61D
Celr
C622
C625
€628
C629
c62C
C62E
Ceer
C632
Cé35

C636
€638
C6e3n
cexC
C63E
C641l
Ce44
C646
Cc648
C64B
C64E
Ces1
C654
C656
C658
c6sB
C65E
C662
C665
C669
ceeB
ce6D
ce7¢
C673
C675
C676
C678
C67A
Cé7D
coee
C683
C685
C686
Ce89
C6eD
ceon
ces3
C694
C695
C696

CDCBCA
lgne
CB41
205
CB99
cbacec
C366C8

3EL]
323EF9
CD2EC6
c3eece
7B
3239F¢
2E4F
63 ,
CopDIB
CD33CA
co

cBSe
201A
2E19
26€2
CDEDDB
CDh4pC4
CB4¢
2806
CLCBCA
c3e2cy
CDEFCA
c3e7
CB5@
2806
CDsCC4
c3e2Cc?
FD2A56FS
Cb22CB
FD2256F9
CB60
2806
CD33Cca
oxcivy. o)
3EE3
92
3¢eB
3ER4
3238F9
CD28cé6
c3e2Cc7
2E42
63
CbobrB
DD2144FA
CDE2D6
3A35F9
e7

e7

27

e7

2841

£842

2843 DISC4
844

2845

846

2847 DISCS
ggae ;
284S INVCM
eese

£851

£852

£853 REXM
p854

£ess

856

0857

7858

0859

g8e6e ;
£861 INF
2862

7863

0e6q

2865

2866

2867

p8es

£869

£87¢

£871 INF1
$872

£873 INF2
£874

#8775

p876

£877 INF3
2878

2879

2880

9881

2882

2883

PBE4 INF4
g8es

2886

£887

7888

889

789n

p821 INF5
892

peoe3

£894

2895

0896

peo’7

2898

£899

goee

CALL'
JR
BIT
JR .
RES
CALL
Jp

LD
LD
CALL
Jp
LD
LD
LD
LD
CALL
CALL
RET

BIT

CALL
CALL
BIT

CALL
Jp
CALL
Jp
BIT

CALL
Jp
LD
CALL
BIT

CALL
JP

SuB

CALL
Jp

CALL
CALL

RLCA
RLCA
RICA
RLCA

SDIS

DISC5
Ccam,C
NZ,DISCS
WAIT,C

- STP

LIQ1

A,
(REJRSN) , A
REJCM

LIC1

A,E
(REJCTR) ,A
L,M7¢

H,E

LIMES
TCMDR

SEC,B .
NZ,INF2
L,M25
H,M02
LIMES
RELBUF
LF,B
Z,INF1
SDIS
ENDINF
DISCN
ENDINF
DIS,B
z,INF3
MREL
ENDINF

1Y, (CURBUF)
NRI
(CURBUF) , IY
SECE,B

7, INF4
TCMDR
ENDINF

A, IIMAX

D

NC, INF5
A,04
(REJRSN) ,A
REJCM
ENDINF
L,M66

H,E

LIMES

IX, INFA
INCRCD

A, (SEQNBR)

PAGE £€15

- ;f2il/resynch DISC

;clear set-up delay

;invalid command
;reject command

;answer inv comm

;process INF

;Sec discn (error)

;test fail state
;resynchr DISC

:init discn (error)

~ ;sec connect/test discn

;in disconnection

;process N(R)
;test OMDR outst
;repeat CMDR
;test max length

:inv length (>max)
;reject INF

;get current V(R)
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C697
C698
c69A
C69C
C69E
ceal
C6A3
C6AS
C6A8
C6AB
CEAE
CéBe
CeRr2
C6B6
CeB7
C6B2
CERB
C6BE
Cécl
C6C2
ceéc4
C6C6
cece
C6CA
oo
C6CF
cen2
céb4
CeD7
cebe
cenc
C6DE
C6EP
C6E3
C6ES
C6E7
C6EQ
C6EB
C6ED
CeFQ
CEF2
C6F4
CEF6
C6F9
C6FB
C6FD
C6FF
c7e2
Cc7e5
c787
c709
Cc7¢B
C7¢D
c71e
c711
C713
C716

cn7
C71A

e3
E6CF
203D
CBBE
3A40F9
CB47
2806
CDpsC7
caexy
3A35FS
cezo
3235FC
216EF¢
7E

34
212CF8
CD{EC4
216CF9
34
CB63
2009
CB68
2885
CBFS
C3g2C7
CDhirc4
CBAE
CDEBCS
182¢
3R40F9
CB47
28¢5
CDesCc7
181D
CB63
2809
CBAS8
CBBf!
CLEECS
1g1¢
CE70
2805
CD5CC4
18€7
CBFC
CBAR
CD@6CA
C266C8
CB63
2008
CB68
2804
CDh5CC4
co
CBES8
1640 2y, 03]
Co

1890715 of 4
AF

729e1

- o2

o83
2904
geas
£ce6
gor7
geee
2eps
zele
go11
pel12
£o13
£cl4
g915
€e16
po17
7ol
golc
2o2¢
gc21
7922
ge23
2924
@225
0226
pe27
goz2e
pe2¢
pese
pe3l
o322
2933
re34
£o35
0236
ge37
£o38
@e39
2o4n
pe4l
£5642
943
2944
945
0546
gca7
£948
2949
2950
@951
2952
£953
P54
@855
#956
957
0958
pese
go6p

INF6

INF7

INF8

INF?S

INF1@

INF11

ENDINF
IBUSY

IBUSY]

LYY

SuB.
AND
JR
RES
LD
BIT
JR
CALL
JP

CALL

INC
BIT

BIT
SET
JP
CALL

CALL

BIT
CALL
BIT
RES
RES
CALL
BIT
CALL
SET
CALL
Jp
BIT
BIT
CALL
RET

SET
CALL

CALL
XCR

E

- PFH

NZ, INF8
SEC2,B

A, (BUFREG)
BY,A
Z,INF6
IBUSY
ENDINF

A, (SEQNER)
2FH
(SECNBR) , 2
HL,DLQ2
A, (HL)
(HL)

HL, TPO2
PUTBUF
HL, CTQ2
(HL)

4,E
NZ,INF7
SEC1,B
Nz, INF7
FGB,C
ENDINF
GTPOCL
SEC1,B
TRR
ENDINF

A, (BUFREG)
BY,A
Z,INFO
IBUSY
ENDINF
4,E
Z,INF10
SEC1,B
SEC2,B
TRR
ENDINF
SEC2,B
z,INF11
MREL
ENDINF
SEC2,B
SEC1,B
TREJ

LIQ1

4,E

Nz, IBUSY1
SEC1,B
Z,IBUSY]
MREL

SEC1,B

PAGE £€16

;compare with N(S)
iN(5)=V(R)/clear REJ
;test BUSY

;BUSY condition

;not BUSY/accept
;inc V(R)

;transf INF to PIQ

;inc PIC count
;test P bit
;P=G]test RNR sent
: P=;RNR=C/pigg ack
;send RR/get buff
;clear RNR sent
;inv N(S)

;test BUSY

;BUSY condition
;not BUSY/test P bit
;P=1/clear RNR sent
;clear REJ sent
;send RR (P=1)
;P=C/test REJ sent
;sREJ outs

:send REJ (set REJ)
;clear RMNR sent
;test P bit

;test RNR sent

:P=2 and RNR sent

;send RNR (set RNR)

;UA received
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C71B BA P961 cp .D stest UA length
C71C 2827 2962 JR zZ,UAl
C71E 3EQ] o6l Lb A,21 ;invalid length
C720 CDg2Cce 0964 CALL RESET
C723 18SE 7965 JR ENDUA
C725 CB63 7966 UA] BIT 4,E ;test F bit
CT727 2807 9967 JR Z,Un2
C729 3Ef3 #9968 ‘LD A,Q3 ;invalid F bit
C72B CD82CS8 o969 CALL RESET
C72E 1853 peT7g JR ENDUA
C73¢ (B4l 2971 UA2 BIT cm,C ;test SARM/DISC outs
C732 2007 ge72 JR NZ,UA3
C734 3EQ4 2973 LD A,04 ;no SARM/DISC (error)
C736 CD82C8 g974 CALL RESET
C732 1848 f#e75 JR ENDUA
C73B CBS9 9976 UA3 BIT WAIT,C stest SARM/DISC in LOO
C73D 2g44 9977 JR Nz ,ENDUA
C73F 2EPA 7978 LD L,M1¢ ;valid wa
C741 26@2 2979 LD H,M@2
C743 CDDDDB gospo CALL LIMES )
C746 CD4aCCC gogl CALL STP ;update state variab
C749 AF 2982 XOR A
C74a 3236€F¢ 9983 LD (RETCNT) ,A
C74D CBB1 2o84 RES CM,C
C74F CBB1 2985 RES RBY,C
C751 CB4¢S goge6 BIT sh,C stest SARM or DISC
C753 2821 po87 JR Nz ,UAS .
C755 CBCS8 goss SET PRIM,B ;SARM outs
C757 CB5@ gogo BIT DIS,B ;test discn
C759 2p16 goog JR NZ,Un4
C75B 3232F9 poel LD (MAXNS) ,A ;no discn/MAXNS=0
C75E 3233F9 go92 LD (MINNS) ,A sMINNS=0
C761 3234F9 2993 LD (LASTNR) ,A ;last recv N(R)=0
C764 3A35F9 go94 LD A, (SE(NBR) sV (S)=0 '
C767 EGCEP 9905 AND PECH
C762 3235F9 2996 LD (SECNBR) ,A
C76C CIBCCB #o97 CALL RETR2 ;reenable I transf
C76F 1812 2998 JR ENDUA
C771 CDDZCA #9899 A4 CALL TDIS :init discn (delayed)
C774 18¢D 1000 JR ENDUA
C776 CB98 1961 UAS RES SEC,B ;DISC outs
C778 CB90 1eg2 RES DIS,B
C77n CB88 1ge3 RES PRIM,B
C7X CB8&o 1004 RES LF,B
C77E CBD9 1205 SET WAIT,C ;delay next set—up
C7868 CD54CC 1006 CALL START ’
C783 C366CE 1647 ENDUA JP LIQ1

1208 ;
C786 CD4pC4 19¢9 sup CALL REIBUF ;SUP received
C789 (B48 101¢ BIT FRIM,B ;test prim state
C788B CA25CS8 1011 JP Z, ENDSUP
C78E AF 1812 XOR A ;prim connected
C78F BA 1013 CP D ;test SUP length
C798 2808 1214 JR . Z,5UP1
C792 3ER] 1015 LD A,01 ;invalid length
C794 (D828 1016 CALL RESET
C797 C32%8 117 JP ENDSUP
C79A (B63 1918 SUP1 BIT 4,E stest F bit
C79C 28BCE 1919 JR Z,SUP3
C79E C(B69 1e2¢ BIT pPs,C ;test P outs

B-17
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C7Af
C7A2
C7AL
C7A7
C7RA
C7aC
C7AF
C7R1
CB4
C7B7
C7BA
C7BC
CBE
cxe
cr2
oy of'
oy o>
cxce
cre
CKF
cmDl
Cc7D3
C7D6
cme
C7mB
C7DE
C7ER
C7E3
C7ES
C7E6
C7E9
C7ED
CTFQ
C7F2
C7F3
C7F6
CTFe
C7FC
C7FD
ceen
c8e2
c8es
c8p7
ceps
cam
C8gF
ce12
cel4
of 231
C819
c81C
Ce1F
C822
cez2s

c828
ceaa
C82B
ce2p
cese

2008
3EE3
cpgexCe
C325Ce
CBAl
CDeaCB
CB41
Cc225Ce
CD41CB
CD32CB
CB53
2025
CB5B
2743
2E43
63
CDDDDB
DD214CFA
CDEZ3D6
CEB1
CB59
C225C8
3A6FFS
FEE7
CA25CR
CBD1
C325C8
2E44
63
CLDDDB
DD215¢FA
CDE3D6
CBF1
AF
3236F¢
3237F¢
216FFS
BE
CA25CH
CB91
c325Ce
2E45
63
CCDDDB
DD2154FA
CDEZD6
CBB1
CB:9
C225C8
3A33F°
3232F9
CDhaccC
CDoBCB
c366CE

3Ef#3
BA
28eA
CD4pCs
3E€L

121
1e22
1223
1824
1¢25
1226
1027
1@28
lg2¢
1e3¢
1231
1¢32
1¢33
1034
1e35
1236
1¢37
138
139
lg4¢0
1e4l
1642
1g43
1044
1845
1¢46
1847
1048
184¢©
1056
1651
1£52
1e53
1¢54
1455
1e56
1@57
1e58
1859
1¢60
1061
1062
1063
164
1965
166
1267
1068
1¢6¢
1€7¢
1671
1072
1273
1074
1875
1676
1e77
1¢72
1879
lese

Sup2
SUP3

RNR

REJ

ENDSUP

CMIR

[y

JR
LD
CALL
Jp
RES
CALL
BIT
JpP
CALL
CALL
BIT

BIT

LD
LD
CALL

CALL
RES
BIT
Jp

Cp
Jp
SET
Jp

CALL

CALL
SET
XOR

LD
CP
JP
RES
JP

CALL
LD
CALL
RES
BIT
JP

CALL
CALL
JP
Cp

CALL

Nz ,SUP2

A, 03
RESET
ENDSUP
REC,C

NR

coM,C

NZ , ENDSUP
ACK
ENDREC
2,E
NZ , RNR
3,E

NZ ,REJ
L,M67
H,E
LIMES
IX,RRA
INCRCD
RBY,C
WAIT,C

NZ , ENDSUP
A, NIF1)
WINDOW
Z,ENDSUP
IAL,C
ENDSUP
L,M68
H,E
LIMES
IX,RNRA
INCRCD
RBY,C

A
(RETCNT) , A
(RICNT) ,A
HL,NIF1
(HL)

Z ,ENDSUP
IAL,C
ENDSUP
L,M62
H,E
LIMES
IX,REJA
INCRCD
RBY,C
WAIT,C

NZ ,ENDSUP
A, (MINNS)
(MAXNS) ,A
STP

RETR

LIQ1

A,P3

D
Z,CMIR1
RELBUF
A,Cl

B-18
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;invalid F bit

;valid F=1/end recov
;process N(R)

;test SARM/DISC outs
;accept SUP/ack

;update end recov
;decode SUP

;RR received

iclear remote busy
;test window

;: (re)enable 1 transf

:RNR received

;set remote busy

;reset retr counters

;test nbr INF outs

;>@/disable I transf

;REJ received

:clear remote busy

;prepare retransm

sMAXNS=MINNS

;CMIR received
;test CMDR length

;invalid length
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c832
c835
c837
C83B
c83D
cs4p
c843
c845
c848
c84B
CB4E
ces2
c855
cess

CcesB
C85E
Cc869
C863

Cc866
Cc868
c86A
c8ec
C86E
c871
873
C875
c878
C87A
c87C
C87E
ceel
c882
c884
cees
cgss
cesaa
ceeB
C88E
c892
ceos
c897
cesgs
ceoB

ceoc
C8OF
caal
ceaz2
caaq
Cc8ab
C8aA
C8AD
cses@
ceB2

D8
1821
DD2AS6F9
E4p
DD6663
CDbDDB
2E6]
DD66@5
CDDDIB
Cb4ec4
DD2158FA
CDE3D6
CDosCs8
c366Ce

CDh4pc4
3EQP

cp82Ccs
c3e6ece

CB68
2817
CB78
2¢13
3A40F9
CB47
20eC
CD1DC4
CBF#
CBAB
1EQ0@
CDPeCA
co
2E4E
63
CDDDDB
2E61
67
CDDDIB
DD216CFA
CDE3D6
CB48
c8
CIBSCA
C9

2150F9
CB46

c8

CBSE
CB86
DD21 6EFA
CLE3D6
3A36F9
FEE3
285D

1g81
1982
1083
1e84
lp85
1286
1e87
1088
1p8¢°
1990
1gel
1092
1093
1094
1895
1296
1997
1e98
1299
11e0
11¢1
1102
11e3
1104
1105
11¢6
1187
1108
11¢9
1119
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1149

OMIR1

CMIR2

’
INVRES

LIQl

ENDLIQ
RESET

RESET1

=3 we we we we N

CALL  RESET

JR CMIR2

LD IX, (CURBUF)
LD L,M64

LD H, (IX+3)
CALL  LIMES

LD L,M97

LD H, (IX45)
CALL  LIMES
CALL  REIBUF

LD IX,CMRA
CALL  INCRCD
CALL  RESET1

Jp LIQl

CALL  RELBUF

LD A,00

CALL  RESET

Jp LIQ1

BIT SEC1,B
JR Z,ENDLIQ
BIT SEC2,B

JR NZ,ENDLIQ
LD A, (BUFREG)
BIT BY,A

JR NZ, ENDLIQ
CALL  GTPOOL
SET SEC2,B
RES SEC1,B

LD E,0e
CALL  TREJ

RET

LD L,M78

LD H,E

CALL  LIMES

LD L,M97

LD H,A

CALL  LIMES

LD IX, IR
CALL  INCRCD
BIT FRIM,B
RET 2

CALL  SSAR

RET

khkkkhkkkhhkhkd

* TIME-QUT *
kkhkhkkkhrhkhkhd

LD HL, INTREG
BIT T20UT, (HL)
RET z

RES T20N, (HL)
RES T20UT, (HL)
LD IX, ™2
CALL  INCRCD

LD A, (RETCNT)
cP RETMAX
JR Z,TOUT5

B-19
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;valid OMDR

;read rej contr

;read rej reason

;invalid response

;test RNR sent
;test REJ sent

;RNR/no REJ sent
;test BUSY

;clear BUSY

;send REJ (set REJ)
;clear RNR sent
:send REJ

;recov prim error

;test prim state

;init link reset

;time-out detection

;time—out/stop tim
;clear time-out

:test retr count
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ceB4
ce85
C8B8
CEBA
C88C
C8BE
cace
cac2
cecy
cece
cec?
c8cA
cecce
C8CF
cepl
C8D3
CeD6
C8D8
csm
cenc
C8DE
C8ED
C8E3
C8E5
CEE7
C8EA
CBEC
C8EE
CEFp
C8F2
CEF4
C8F7
CBFA
C8FC
CEFE
C900
c962
co9p4
cop7
CogA
coec
CYOF
€911
c913
co15
co17
~€19
colC
COIF
€921
€923
€925
€928
C92A
c92D
C92E
c930
€931
934
c936

XX
3236F9
CB59
281C
CB48
20eC
CB4l
2208
CBSS
AF
3236F9
186F
CD54CC
2E12
2602
CDDDDB
1863
CB41
2019
2E15
2602
CDDDDB
CBEl
CBAS
CD9BCB
184F
CB49
28eC
2E14
2602
CDDDIB
coD2CA
183F
CB5¢
200C
2E13
26£2
CDDDDB
cDBCCa
182F
CICFCA
182A
CB41
280C
2E17
2602
CDDDIB
CDDICB
181A
2E16
2682
cpbotB
3E£3
2137F9
BE
2886
34
CrBSCA
1805
36008

1141
1142
1143
1144
1145
1146
1147
1148
1149
115¢
1151
1152
1153 TOUTE
1154
1155
1156
1157

1158 TOUT1

1159

1160

1161

1162

1163

1164

1165

1166

1167 TOUT2
1168

1169

1178

1171

1172

1173

1174 TOUT3
1175

1176

1177
1178

1179

11ep

1181 TOUT4
1182

1182 TOUTS
1184

1185

1186

1187

1188

1189

1192 TOUT6
1191

1192

1193

1194

1195

1196

1197

1198

1199

12e¢ TOUT?

§%9658E6y

CERY
2

sp,C
Z,TOUT3
L,M20
H,MP2
LIMES
TDIS
TOUTS
DIS,B

NZ ,TOUT4
L,M19
H,ME2
LIMES

TOUT®
INITD
TOUTS
coM,C
z, TOUT6
L,M23
H,ME2
LIMES
LFAIL
TOUTS
L,M22
H,M02
LIMES
A,RIMAX
HL, RICNT
(HL)

Z, TOUT7
(HL)
INITS
TOUTS
(HL) ,00

PAGE €02¢

snot max/inc count
;test state
WAIT/test prim
sWAIT/prim discn

;Cclear set-up delay

WAIT/rest timer

;test frame type

; INF puts

;retransm (recov)
;test SARM/DISC outs
;DISC outs

sretransm DISC
;SARM outs/test discn

;no discn/retr SARM

;init discn
;max retr/frame type

snot INF outs

;1ink failure

;INF failure

;test INF recov count
sreset link

; INF recov fail
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ce3s
Co3B

coe3c
CE3F
Co4p
Cco41
C843
C945
co47
Cco49
ca4B
coe4D
CO4F
cesl
Co53
Co56
Co5R
Co5B
CosD
COZE
C961
C962
C963
Co66
Ce69
coer
c96C
coeD
Cce7e
ce72
Co74
C976
ceg
co7¢e
Co7B
cerxc
Ce7F
cos3
ce86
cogs
coea
coeec
Co8F
coc2
€995
C996
ce9e9
coeB
CeeD
CoAp
Coal
coaz
CoA4
COoA6
cang

CEFCA
co

2172F9
AF

BE
28¢€F
CB:SY
2¢16
CB48
2067
CB4g
20¢9
CB59
205F
CDBSCA
1E5A
CDCBCA
1855
25
2174F¢
7E

34
218QF¢
Cbelc4
23
36£32
23
3A35FC
CB61
2804
Fele
CBDS
77
2E46
67
CDDDIB
DD2146FA
CDE3D6
E6EE
cee2
EGEE
3235F9
CDS1CA
2173F¢
34
CD54CC
CBBS
CBCl
216FF©°
34
3EE7
BE
280C
CB61
2ece

12¢1
l12e2
12¢3
1264
1205
1206
1227
1208
1209
121p
1211
1212
1212
1214
1215
1216
1217
1218
1219
1226
1221
1222
1223
1224
1225
1226
1227
1228
122¢
123p
1231
1232
1223
1234
1235
1236
1237
1238
123¢
124¢
1241
1242
1243
1244
1245
1246
1247
1248
124¢
1250
1251
1252
1253
1254
1255
1256
1257
1258
125¢
126¢

TOUT8

bt me ws N5 ws W,

=z
8

IMNG1

TINF

TINF1

CALL  DISCNf
RET

khkkhhkhkhkhdbhhkbhhhkdkhhhhhd

* INFORMATION MANAGER *
Rkkkkdkhkhkkhkhkkkhdhhhkhhk

LD HL,NIFf
XOR A

cp (HL)

‘JR Z, IMNG2
BIT IAL,C

JR NZ,TINF
BIT PRIM,B
JR NZ , IMNG2
BIT IF,B

JR NZ, IMNG]
BIT WAIT,C
JR NZ , IMNG2
CALL  SSAR

JR IMNG2
CALL  SDIS

JR IMNG2
DEC (HL)

LD HL, DTFQS
LD A, (HL)
INC (HL)

LD HL, TPQS
CALL  GETBUF
INC HL

LD (HL) , TCQMAD
INC HL

LD A, (SEQNER)
BIT REC,C

JR Z,TINF1
OR 1FH

SET WAIT,C
LD (HL) ,A
LD L,M7¢

LD H,A

CALL  LIMES

LD IX, INFB
CALL  INCRCD
AND PEEH

ADD ¢2H

AND PEEH

LD (SECNBR) ,A
CALL  TRANSF
LD HL,NIF2
INC (HL)
CALL  START
RES FGB,C
RES IAL,C

LD HL,NIF1
INC (HL)

LD A, WINDOW
cp (HL)

JR Z, IMNC2
BIT REC,C

JR NZ , IMNG2

B-21
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;discn link

G INF frames to process

stest I transf condit
;I disabled/test prim
stest failure

;test set-up delay
;linkuset-up

;discn before set-up

;I transf enabled
;get I frame (POQ)

;format header (addr)

;get V(R)/V(S)
;test recov

:set P bit (recov)

;insert contr field

;inc V(S)

;save V(S)
;transf to LOQ
;incr INF in LOO

;piggyback done
;disable I transf
;inc unack I frames

;test window

;test recovery
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CoAA
COAC
COAE
cese
ceB2
CcoB4
coBé
coBe
coBB
CeBD
coece

coCl
Ccocs

cace
cece
CocA
163° 93]
CoCF
Copl
ceb2
Ccepoé
ceps
cepe
CoDB
cerc
CODE
CCEP
CO9E2
COE4
CeE7
COES8
CCEC
CCEF
CSF1
COF3
CCF6
Cor7
CorB
CSFE
CARD
CAR2
CA@5
CAR6
CAgA
CAZD
CACF
call
CAl4
Cals
calg
CAlA
CAlB
CAlD
CAlF

cB71
2e¢4
CBD1
1€PE
cB7¢
28CA
CBBO
CDIDC4
1E0Q
CDE&CO
co

ED433¢F9
c9o

2E(D
2602
CDDDDB
CBA(Q
CBAB
CBB(
2A56F0
3603
23
3601
23
3663
CB63
2802
3673
CDSICA
co

.DD214EFA

CDE3D6
16€1
2E47
CD1&CAa
ce
DD2152FA
CDE2D6
1605
2E48
CD15CA
C9
DD2156FA
CDEZD6
16£9
2E4°
CD15CA
ce
3A35F¢
E6ED
B2
CB63
2822
F6l¢

1261

1262

1263

1264

1265 IMNG2
1266

1267

1268

1269

1270

1271 IMNG3
1272 ;
1273 LINK2
1274
1275
1276
1277
1278
1279
128¢
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1201
1292
1283
1294
1295 TUAL
1296
1297 TRR
1298

1229

13p0

1301

] me me Ne we we

=

- 1362

13€3 TRNR
1304
13¢5
1306
13¢7
1308
13p9 TREJ
131¢
1311
1312
1313
1314
1315 TSuP
1316
1317
1318
131¢
1320

BIT
JR
SET
JR
BIT
JR
RES
CALL
LD
CALL
RET

LD
RET

kkkkhhhkhhhkdhhkhhkhkhhh

* LINK LEVEL ROUTINES *
kkkkkkkhhhkhhkhkddkkdhhkdk

LD
LD
CALL
RES

RES

RES
LD
LD
INC
LD
INC
LD
BIT
JR
LD
CALL
RET
LD
CALL
LD
LD
CALL
RET
LD
CALL
LD
LD
CALL
RET
LD
CALL
LD
LD
CALL

RBY,C

NZ , IMNG2
IAL,C
IMNG3
PGE,C
Z,IMNG2
PGE,C
GTPOOL
E, 00

TRR

(LSTATE) ,BC

L,M13
H,MC2
LIMES
SEC?,B
SEC1,B
SEC2,B

HL, (CURBUF)
(HL) ,FIMIN
HL
(HL) , TRESAD
HL

(HL) ,63H
4,E

Z,Tual
(HL) , 73H
TRANSF

IX,RRB
INCRCD
D,e1
L,M71
TSUP

IX,RNRB
INCRCD
D,85
L,M72
TSUP

IX,REJB
INCRCD
D,e%
L,M73
TSUP

A, (SECNBR)
FfEPH

D

4,E
Z,TSsupl
108

B-22
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;test remote busy
;reenable I transf
;test piggyback

;pigg impossible
;send RR/get buff

;save link state

;transm UA

;reset sec substate
;get buffer

;insert length

;insert addr field

;insert contr field
;test recv P bit

;set F=1
;transf to LOQ

;transm RR
:RR code
;format SUP
;transm RNR
;RNR code
;format SUP
;transm REJ

sREJ code

;form contr/get V(R)

;RR/RNR/REJ code
;test recv P bit

;set F=l
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CAa2l
CA22
CA25
CA28
CA2A
cazm
CAZD
CAZE
CAZF
Ca32
CAZ23
CA36
CA3E
CA39
CA3C
CAZE
Ca4e
Ca4d2
CA45
caa7
CA4g
CAZA
CA4B
CA4D
CA4F
Cas1
CAS53
CA54
CAS5
CA56
CAS59
CASB
CASC
CASD
CA6Q
Ca6l
CA63
CAb4
CAG7
CA6B
CAGE
Cca7l
CA72
CA74
CA76
CA79
CATC
CATE
CATF
CAgl
CAaB2
CAE3
Cag7
caga
CA8D
CA9r

cacl
CAS5
CAc8

67
CDDPDB
2A56FC
3603
23
3601
23

77
CDC1CA
CS
3A3CFC
2E41
67
CDCDDRB
CBEf
CBAS
CEBf
2A56F9
36026
23
3621
23
3687
CB63
28p2
3697
23

77

23
3A35FC
E6EL
77

23
3A3EFC
77
2E6)
67
CDDDDB
DD215AFA
CDEZD6
CDe1Ca
ce
CBC1
CBDS
21F8F7
2256r¢
3623
23
2603
23

72
DD214AFA
CDE3D6
CDo1CA
CD54CC
Co

DD2142FA
CDE3D4A
2168F©

1321
1322
1323
1324
1325
1326
1327
1328
1329
1338
1321
1232
1333
1334
1335
1336
1337
1338
1339
1348
1341
1342
1343
1344
1345
1346
1347
1348
1340
1350
1351
1352
1353
1354
1355
1356
1357
135€
1359
1360
1361
1362
1363
1364
1365
1266
1367
1368
1369
137¢
1371
1372
1373
1374
1375
1376
1377
1378
1379
13g¢

TSUP}

TCMIR

TCMDR1

TSD

’
TRANSF

LD
CALL
LD
LD
INC
LD
INC
LD
CALL
RET
LD
LD
LD
CALL
SET
RES
RES

INC
INC
BIT

LD
INC
LD
INC

INC
LD

CALL

CALL
CALL
RET
SET
SET

LD
INC

INC

CALL
CALL
CALL
RET

LD
CALL
LD

H,A

LIMES

HL, (CURBUF)
(HL) ,FIMIN
HL

(HL) ,TRESAD
HL

(HL) ,A
TRANSF

A, (REJCTR)
L,M65

H,A

LIMES
SEC(,B
SEC1,B
SBC2,B

HL, (CURBUF)
(HL) ,FIMIN+3
HL

(HL) , TRESAD
HL

(ML) ,8 M
4,E

7, TCMDR1
(ML) ,o7H
HL

(HL) ,A

HL

A, (SECNBR)
FEEH

(HL) ,A

HL

A, (REJRSN)
(HL) ,A
L,MC7

H,A

LDMES
IX,CMRB
INCRCD
TRANSF

caM,C
WAIT,C

HL, SIBUF
(CURBUF) ,HL
(HL) ,FIMIN
HL

(HL) , TCOMAD
HL

(HL) ,D
I1X,COMB
INCRCD
TRANSF
START

IX,FRMB
INCRCD
HL,DLQA

B-23
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;control field

;get buffer
;insert length

;insert addr field

:insert contr field
;transf to LOQ

;tranasm CMLR

;set (MDR sent
;get buffer
;insert length
;insert addr field

;insert contr field
;test recv P bit

;set F=1

;insert rej contr

;insert V(R)

;insert rej reason

;transf to LOQ
;tranasm SARM/DISC
;get buffer
;insert length>
;insert addr field

:insert contr field

;transf to LOQ

;transf frame to LOQ
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CASB TE 1381 LD A, (HL)
CASC 34 1382 INC " (HL)
CASD 2]1APF8 1383 LD HL, TPQ6
CAAP: CDPEC4 1384 CALL PUTBUF
CAA3 2166F9 1385 LD HL,NIF2 ;inc LOQ counters
caa6 34 1386 INC (HL)
CAA7 216AFS 1387 LD HL,NIF4
Capn F2 1388 DI
CAAB 34 1389 INC (HL)
CAAC  2166F¢ 1390 LD HL,NIFS
CAAF 34 1321 INC (HL)
CAB{ FB 1392 EI
CAB1 CD63CC 1303 CALL TRANSM ;init transmission
CAB4 C© 12¢4 RET
1395 ;
CABS5 CB41 1396 SSAR BIT cM,C ;snd SARM/test com outs
CABR7 2€11 1397 JR NZ ,SSARP
CARS CDEICA 1298 INITS CALL INITSD ;first SARM
CARC 16(F 1399 TSAR LD D, ¢FH ;SARM code
CABE (CBE&9 14¢ep RES sp,C ;SARM outs
CACC ZE(E 14¢1 LD L,M11
CACZ 2682 1402 LD H,mC2
caCé Cbbpre 1402 CALL LIMES
CAC7 CD72CA 1404 CALL TSD stransm SARM
caca C¢ 1405 SSARE RET
CACB (B4l 14p6 SDIS BIT cM,C :snd DISC/test com outs -
CACD 211 14g7 JR NZ,SDIS¢
CACF CDEICA 1408 INITD CALL INITSD :;first DISC
CAD2 1643 1499 TDIS LD D,43H ;:DISC code
CADS CBCY 141¢@ SET sD,C ;DISC outs
CaD6  2EC 1411 LD L,M12
CADE  26@2 1412 LD H,ME2
CADA CDDDDB 1413 CALL LIMES
CADD CD72CA 1414 CALL TSD ;transm DISC
CAEF C9 1415 SDIS¢ RET
CAEl1 CD4ccCC 1416 INITSD CALL STP ;first SARM/DISC
CAE4 AF 1417 XOR A
CAES 3236F0 1418 LD (RETCNT) ,A ;reset ret count
CAE? CBAl 1419 RES REC,C ;clear INF recov
CREA CBAC 142¢ RES pPS,C
CAEC CBC1 1421 RES IAL,C ;disable INF transf
CAEE C9¢ 1422 RET
CAEF CBS@ 1423 DISCN BIT DIS,B ;test discn
CAFl1 C8 1424 RET Z
CAF2 2147F9 1425 LD HL,IRLP ;signal discn (lev3)
CAFS CBCE 1426 SET LD, (HL)
CAF7 CBDf 1427 DISCNf SET DIS,B :set discn
CAFS CIDCBCA 1428 CALL SDI1Ss ;send DISC
CAFC CD7DCB 1429 CALL CLINF ;clear I frames (FOQ)
CAFF C° 143p RET
1431 ;
CBEE CB41 1432 NR BIT caM,C ;process N(R)
CBB2 Cp 1433 RET NZ
CB¢3 7B 1434 LD AE ;get N(R)
CBe4 €7 1435 RLCA
CBgs €7 1436 RLCA
cBe6 07 1437 RICA
CBP7 2134F¢ 1438 LD HL, LASTNR ;get last recv N(R)
CBPA 66 1439 LD H, (HL)
CBB 94 144¢ sB H
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CBIC
CBYE
CBEF
CB1¢
CB11
CB14
CB17
CB18
CBlA
CB1B
CB1C
CBIE
CB21
CB22
CB2¢
CB25
CB2¢8
CB2A
CB2B
CB2D
CBZE
CB23]
CBz2
CB34
CB35
CB37
CB2A
CB3D
cB4g
CB4l
CB43
CB44
cB47
CB2A
CB4B
CB4D
CB4E
CBSE
CB51
CB52
CB52
CB54
CBES
CB:E
CBEB
CBSE
CB6l
CB62
CBARR
CB&4
CB67
CB6A
CBEB

CBFC
CB6F
cB7f
CB71
CB74
CB77

E627
ce

6F

84
3234F¢
3A32FC
24
E6E7
BD

be
3ER2
CDez2Ce
co
cB48
ce
CDeeCB
CB41
ce
CB71
ce
CD41CB
CS
CB63
ce
CBAC
3A3ZFO
3232F°
CDAACB
ce
CB€1
ce
3R34FC
213ZF¢
¢6
E6C7
c8
CBD1
C5

47

86

77

AF
3236FC
3227F9
Cbécce
216FF°
7E

o¢

77
c454cC
CD&CCE
Cl

ceo

217¢F°
7E
34
21e¢F®
CDC1Cs
Cb4pce

1441
1442
1443
1444
1445
1446
1447
1448
1440
145¢
1451
1452
1453
1454
1455
1456
1457
1458
145¢
146¢
1461
1462
1463
1464
1465
1466
1467
1468
1468
1470
1471
1472
1473
1474
1475
1476
1477
1478
147¢
14gr
1481
14€2
1482
1484
1485
1486

NRI

ENDREC

ACK

1487 .

1488
148¢
140
1421
1402
1493
1224
1405
1496
1497
149¢
1499
1567

ENDACK

RELINF

AND
RET
LD
ADD
LD
LD
SR
AND
cp
RET
LD
CALL
RET
BIT
RET
CALL
BIT
RET
BIT
RET
CALL
RET
BIT
RET
RES
LD
LD
CALL
RET
BIT
RET
LD
LD
SB
AND
RET
SET
PUSH
LD
ADD
LD
XOR
LD
LD
CALL
LD
LD
SuB
LD
CALL
CALL
pPOoP
RET

LD
LD
INC
LD
CALL
CALL

878

z
L,A

H

(LASTNR) ,A
A, (MAXNS)
H

C7H

L

NC

2,02

RESET

PRIM, B

ctm,C

RBY,C

;&

4,E

z
PS,C
A, (MINNS)
(MAXNS) ,A
RETR1

REC, C
NZ

A, (LASTNR)
HL,MINNS
(HL)

¢7H

z

IAL,C

BC

B,A

(HL)

(HL) ,A

A

(RETCNT) , A
(RICNT) ,A
STP
HL,NIF1

A, (HL)

B

(HL) ,A

NZ ,START
RELINF

BC

HL,DFC5
A, (HL)
(HL)
HL,TPQS5
GETEBUF
REIBUF

B-25

PAGE €025

;compare

inbr ack frames
;get MAXNS

;nbr outs frames
;compare ack/outs

;invel id N (R).
;proc N(R) (INF)

;test SARNM/DISC outs
;test remote busy
;acéept N (R} ack
;update end recov
;not end recov

;end recov/clear PS

sMAXNS=MINNS

;prepere next I transm

;release ack I frames
ino release (recov)
;get nbr to release

;nbr=¢

;>8/(re)enable I transf

sMINNS=LASTNR
;reset retr counts

supdate unack count

;restart timer
:release ack I frames

;release I frames (POQC)
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CB7A
CBC
CB7D
cBep
CBR3
CB&4
CB86
CB89
CB&A
CBSB
CBEC
CBSF
ceor
cBOl
CR94
CBC7
CBSA

CB¢B
CBCE
CBCF
CBAl
CBAZ
CBAS
CBAS
CBAR
CBAC
CBAF
CBB1
CBB2
CBB3
CBB6
CBB8
CBBS
CBBC
CEBE
CBC1
CBC4
CBC7
CBCA
CBCB
CBCD
CBDf

CBD1
CBD4
CED7
CBDY
CBIDC
CEDD
CBDF
CBE2
CBEA4
CBE6
CBE?
CBEA
CBEC
CBEF
CBF1
CBF4

1¢F¢
co
3A6FFO
2172F¢
86
36£0
326FF9
c8

C5

47
CD6CCB
Cl

AF
326FF©¢
3ATCFC
3274F¢
Cco

3A73F¢
B7
2800
CBDS
CBC1
Cbh54cC
1826
CB99
3A33F9
E6E7
e7

er
3A35FC
EGEL
BS
3235F¢
CBD1
3A7CFC
3274F©°
3ATFO
216FF¢S
86
260
3272F¢
ce

CD43cc

2147F°
CBCE
2160F9
7E
3660
212¢F9
CB46
2881
ko
214¢F°
CB46
2163F9
2883
2164F°
86

15¢1

15¢2

15¢2 CLINF
15¢4

1585

15¢6

1507

15¢8

1509

151¢

1811

1512

1513

1514

1515

1516

1517

1518 ;
151¢ RETR
152¢

1521

1522

1823

1524

1525

1526 RETR1
1527

1528

1529

153¢

1531

1532

1533

1534

1535 RETR2
1536

1837

1538

1539

154p

1541

1542

1543 RETR2
1544 ;
1545 LFAIL
1546
1547 .
1548

1549

155¢

1551

1552

1553

155¢

1555 LFAILC
1556

1557

1558

1559

156P LFAIL]

DJINZ
RET
LD
LD
ADD
LD
LD
RET
PUSH
LD
CALL
POP
XOR
LD
LD
LD
RET

LD
OR
JR
SET
RES
CALL
JR
RES
LD
AND
RLCA
LD
LD
AND
OR
LD
SET
LD
LD
LD
LD

5656468 563

E$EEERYY

&

D

RELINF -

A, NIF1)
HL,NIFC
(HL)

(HL) ,€¢
(NIF1l),A
2

BC

B,A
RELINF
BC

A

(NIF1) ,A
A, (DFQS)
(DTFQS) ,A

A, (NIF2)
.
Z,RETR]
WAIT,C
IAL,C
START
RETR2
WAIT,C
A, (MINNS)
¢ 7H

LA

A, (SEQNBR)

PECH
L

(SEQNBR) ,A

1AL, C

A, (DFQ5)
(DTFQS5) ,A
A, (NIF()
HL,NIF1
(HL)

(HL) ,€¢
(NIF(?) ,A

DISIO

HL, IRLP
LD, (HL)
HL,CTQ1
A, (HL)
HL) , 20
HL, RCREGA
RC, (HL)
z,LFAILP
A

HL, BUFREG
BY, (HL)
HL, NOFB
z,LFAIL]
HL,NOGB
(ML)

B-26

PAGE @g26

;repeat all INF (POQ)

;clear POQ

;nbr I frames in POQ

sPOQ cleared (count)
;update POC pointers

;prepare INF retransm
itest pbr INF in LOQ

snbr>C
;Gisable I frame transf

;nbr=0
;V(S)=MINNS

;enable I frame transf
;update POQ pointers

;update POQ counters

sNIFG=NIF14NIF@
:NIF1=P

;1ink failure/reset SIO
;signal fail (lev3)
;clear LIQ

;test current reception

;reception (one buf)
;return buffers (pool)
;test Busy
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CBFS
CBF6
CBF?
CBFC
CBFD
ccee
cces
CCgé
cceo
ccec
CCeD
ccer
CcClp
CC13
CcCl4
CC15
Cc1e
CC1B
ccl1c
CC1D
CClr
ccz1
ccz4
CC26
Ccc27
ccaa
CCZzZD
CC3¢
CC31
CC34
CC35
CC36
CC39
cCxs
cCc3x
CC3D
CC3F
CC42

CC43
Ccc44
CC46
cc4e
cC4a
CC4B
cc4ac
CC4F
Cccel
CC53
CC54
CCcs7
CC59
CcCsB
CCsD
Cccee
CC62
CC63
CC6h6
CC6HR
CCe9

77
3A61FC
3262F¢
AF
326AFS
326€6FS
3p68FC
326BF¢
3A69F9
B7
2817
47
2167F¢
7E

34
21A¢0FE
CDf1C4
23

7E
FE€1
2003
cbéecs
1¢E9
AF
3269F9
3273F°
CD7ICB
F3
CD54C1
FB

AF
2132F%
2606
77

23
1¢FC
gleeel
ce

F3
2E1R
D7D
D37F
FB

ce
2150F¢°
CBSE
CB86
co
215¢F9
CB4E
2007
3EPA
3251F°
CBCE
co
2121F°
CB46
ce

F3

1561

1562

1562

1564

1565

1566

1567

1568

156¢

1570

1571

1572 LFAIL2
1573

1574

1575

1576

1577

1578

15709

1580

1581

1582

1582 LFAIL3
1584 LFAIL4
1585

1586

1587

1588

1589

15e0

1521

1592

1593

1594 LFAILS
1595

1596

1597

1598

15¢¢ ;

160¢ DISIO
161

1662

1603

lefi4

1685

166 STP
1647 |

1608

1609

161¢ START
1611

1612

1613

1614

1615

1616 STARTE
1617 TRANSM
1618

1619

1626

ml

!
o

5EEE35

OR

LD

LD
INC

CALL
INC
LD
CP

CALL
DJINZ
XOR

CALL
DI
CALL
EI
XO0R

LD
INC
DJINZ

RET

DI
LD
our
our
EI
RET

RES
RES
RET
LD

BIT

SET
RET
LD
BIT
RET
DI

. (HL) ,A
A, (DFQ1)
(DLQ1) , A
A
(NIF4),A
(NIFS),A
A, (DLO6)
(DTMQA) ,A
A, NIF3)
A
Z,LFAILY
B,A
HL, DFQ6
A, (HL)
(HL)

HL, TPOF
GETBUF
HL
A, HL)
TRESAD
Nz, LFAIL2
RELBUF
LFAIL2
A
(NIF3),A
(NIF2),A
CLINF

SINIT

A
HL, MAXNS
B, 06

(HL) ,A
HL
LFAILS
BC, INLST

»,18H
(SIOCA) ,A
(SICCB) ,2

HL, INTREG
T20N, (HL)
T20UT, (HL)

HL, INTREG
TZ20N, (HL)
NZ ,START{
A,TIME2

(TIMRG2) ,A

T20N, (HL)

HL, TRREGB
T, (HL)

PAGE €027

supdate LIQ pointers

;clear LOQ

;update LOQ pointers

;reproc frames in LOQ

;get frame

;read addr field

;response/release
;repeat until LOQ clear
;LOQ cleared

;clear POQ

;reinit SIO

;reinit link variab

;reinit link state

;reset SIO

;stop timer
;clear time—out

;start timer
;test timer ON

:tim OFF/load count
:timer started

:frame transmission
;test current transm

;no transm
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CcCer
CCeD
CC6E
cCc7l
CC72
CC73

CC74
Ccc77
cCca
cCcD
cceg
cces
cces
ccee

ccaa
ccep
CC8E

CCer
CC92
CCo4
CC96
ccee
CccsB
CCoD
CCOF
CCA2
CCAZ
CCA7

_ CCA8

CCAC
CCAD

3A66F°
D9
CD2eC3
Do
FB
ce

CDgACC
CD8FCC
coagCC
cbeaDe
cpe4p2
CDC1D4
CD8ED5
ce

2141F¢°
4E
C

2147F9
CB4E
2811
CBEE
CDIFD7
CBE89
CBgl
2149rF¢
3609
CDXCD7
co

216CF°

BE
CASSDP

1621
1622
1623
1624
1625
1626
1627
1628
162¢
1637
1631
1632
1633
1634
1635
1636
1637
1638
1639
164p
1641
1642
1643
1644
1645
1646
1647
1648
164¢
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666

1667

1668
16€9
167¢
1671
1672
1673
1674
1675
1676
1677
1678
167¢
l68¢p

3y

LD A, (NIF5) ;nbr fr to transm
EXX

CALL TX ;init transm

EXX »

EI

RET

fhkkdhhkkkkhkhhhhkhkdhhkdkhhkk

* PACKET LEVEL PROCESS *
Phhkkkhkhkhhkkhkhhhkhhkhoh

" WE ws % wa ws wy

1

;register C is generally used to store, test and
;modify the packet level state

;register E is used to store the current logical
;channel across the X.25 interface

; khkkkhkkhhrkbhkhkhkhhkkhhkhkhkhhkhhhkhkdhdhk
; * PACKET LEVEL MAIN PFROCEDURES *
H thhkhhkhhkkkhkthkhhkhhkbdkhhkkhkhhdhkhtdk
H
PACK CALL PACK1 ;pack lev scheduler
CALL INTPL
CALL PIC
CALL BIQ
CALL TIM
CALL SCAN
CALL PACK?Z
RET
H
PACKl1 LD HL,GENST ;read pack state
LD C, HL)
RET
; Ethhkhkhkkhkhkkhkkkhkkhhkdkdhhhhkhkhkhkhhhkdk®
; * INTERFACE WITH THE LINK LEVEL *
; thIkhkkhkhhhkkhkhkrtkdhkhkhkhkhhkkkhhkihdk
INTPL LD HL, IRLP ;read 12/13 state
BIT LD, (HL) ;test lev2 signel
JR Z,INTPL?
RES LD, (HL) ;remote call clear
CALL CLPAK
RES DCERST,C
RES TONRST, C
LD HL,CLRST ;clear reason
LD (HL) ,£¢°
CALL RST
INTPL¢ RET
; dhkkkhhhkhkhhhkkhkkthrhhkbdhhhhkhkhkhkbhhhhhkhhhdhkohdhk
H * PROCESS PACKET RECEIVED FR(M THE DTE (PIQ) *
; RARKAR KA AR AR AT A A AR kb kb khkhkhkkhdkkhhhhhhkhhk
;
PIQ LD HL,CTQ2 ;read nbr pack (PIQ)
XOR A )
cp (HL)
JP Z ,ENDPIQ

B-28
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CCB#
CCB1
CCB5S
CCB®
CCBB
CCBC
CCBD
ccce
cce3
ccee
cces
Cccee
cce7
ccce
cceo
ccea
ccee
CCCF
ccon
ccpl
CCD3
CCD6
CCD8
CCDh¢
cCcIe
CCob
CCDE
CCLF
CCE@
CCE3
CCES
CCE7
CCES
CCEB
CCED
CCFg
CCF3
CCF5
CCF7
CCFA
CCFB
CCFC
CCFD
CCFF
CcDoo
CcDg2
cDe3
Ccbes
cpg7
CDeA
CD¢D
- CD1p
CD11
CD13
CD16
CD18
Ch1a
CDID
CcD2p
CD22

35
DD215CFA
CDE2D6
216DF¢
TE

34
2120F€
CDrlcs
7E

23

23

23

46

23

5E
Deg6
DAR7DP
57

78
E60F
c2eaDp
3EE7
93
DABADE
23

AF

BB

78
CASECD
CB46
20eC
g64r
E630
FE1C
CAF XD
C359CD
E6F0
FEl1@
C258CD
7E

15

15
2817
14
281E
14
282C
FEB
C255CD
225CF¢
2148BF9
72
pege
C3F2CD
ge4e
FEI1B
CAF2CD
c35%CDh
8620
FE13

1681
1682
1683
1684
1685
1686
1687
le688
1689
169¢
1691
1692
1683
1694
1695
1626
1697
1698
1669
17a0
17¢1
17¢2
17e3
17¢4
17¢5
1706
17e7
17¢8
17¢9
171¢
1711
1712
1713
1714
1715
1716
177
1718
1719
172¢
1721
1722
1723
1724
1725
1726
1727
1728
1725
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
174¢

FCTR

SPRJ

INVCH

DCPK

DCPK1

DCPK2

DCPK3

DEC
LD
CALL
LD
LD
INC
LD
CALL
LD
INC
INC
INC
LD
INC
LD
SUB
JP
LD
LD
AND
Jp
LD
SUB
Jp
INC
XOR
cP
LD
JP
BIT
JR
LD
AND
CP
Jp
Jp
AND
cP
Jp
LD
DEC
DEC
JR
INC
JR
INC
JR
CP
JP
LD
LD
LD
LD
Jp
LD
cp
JpP
Jp
LD
CP

(HL)
IX, PAKA
INCRCD
HL, DFQ2
A, (HL)
(HL)
HL, TPQ?2
GETBUF
A, (HL)
HL
HL
HL
B, (HL)
HL
E, (HL)
PIMIN
C,REJPAK
D,A
A,B
gFH
NZ ,REJPK1
A,MXCH
E
C,REJPK1
HL
A
E
A,B
Z,DCPK6
@, (HL)
NZ , DCPK1
B, 4¢H
IIMASK
icH
z,DCST
INVPAK
OF rH
1PH
NZ , INVPAK
A, (HL)
D
D
Z,DCPK2
D
2,DCPK 2
D
z,DCPK 4
¢BH
NZ , INVPAK
(CRADD) , HL
HL,CRDL
(HL),D
B, 0
DCST
B,4fH
1BH
z,DCST
INVPAK
B,2fH
13H

B-2¢

PAGE @£2¢
;dec PIQ counter

;get pack

;read¢ length

ipoint ID/chan group
;read ID field
;point chan number
;read chan number
;test short packet

;nbr Deta bytes
;validate group nbr
;get ch group nbr

;validate ch range

;point pack type

;test for chan=¢

;ch>B/test Data

;Data (int code)
;get ID
;validate ID

;non Deta/get ID
;validate ID

-;read pack type

;validate length

;test Call Reg

;Call Reg/save point
;save data length

;Call Reg int code
;Data type int code
;test Reset Reg

;Clear Req int code
;test Clear Reg
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CD24
CD27
Cb2¢
CDZB
CDZE
CD31
CD33
CD35
CD37
Cp23¢
D
CD3E
Ch4g
CD<43
CD4s5
cpey
CD4A
CD4c
CD4F
CD52
CD54
CD56
CD59
CDheB
CDSE
CDege
CD62
CD65
CD&6
CD&7
CD5¢
CD6B
CD6E
(oloyal
Cb72
CD75
CD77
CD7A

Co7D
CD7F
cpee
cpe3
CcD85
CD87
CD8A
cDep
coor:
CDo3
Ccpos
CD97
CD9A
CDSE
cml
cm3
CDAS
cme
CDAA
CDAD
cree

CAF2CD
7640
FE23
CAF2CD
C35eCD
CB4F
281D
pele
FEEF
CAFXD
pBa3C
FE17
CAFXD
peap
FEIF
CAF2XD
FE27
CAFXD
C35eCD
2640
E618
CAF2CD
gesa
CFXD
E6FQ
FE1¢
C27CD
7E

15
20¢8
FEFB
CAC3CD
C37LCD
14
C270CD
FEFF
CACXCD
C37DCD

2E5B
63
CDDLCDB
CB49
20e6
CDIACD
caocDr
CDSCC4
c3coDe
Z2EPE
262
CDDDIB
DD21 68FA
CDEZD6
CB49
2018
2149F¢
3668
cDXD7
CD69D6
CDBEDS

1741
1742
1742
1744
1745

1746 DCPK4

1747
1748
1740
175¢
1751
1752
1753
1754
1755

756
1757
1758
178¢

176¢ DCPK5

1761
1762

1763 INVPAK

1764

1765 DCPK6

1766
1767
1768
1769
177¢
1771
1772
1773

1774 DCPK7

1775
1776
1777
1778
177¢ ;

1788 INVRST

1781
1782
1783
1784
1785
1766
1787 RS1
1788

1782 RSTRQ

17ep
17¢1
1792
1723
1794
1795
1796
1797
1708
1799
180¢

Jp
LD
CpP
JP
JP
BIT
JR
LD
Cp
Jp
LD
cp
Jp
LD
cp
Jp
cp
Jp
Jp
LD
AND
JP
LD
Jp
AND
Ccp
Jp
LD
DEC
JR
Cp
JP
Jp
INC
Jp
Cp
JP
Jp

LD
LD
CALL
BIT
JR
CALL
Jp
CALL
Jp
LD
LD
CALL
LD
CALL
BIT
JR
LD
LD
CALL
CALL
CALL

.Z2,DCST

B, ACH
23
2,DCST
INVPAK
1,A
Z,DCPK5
B, 1¢H
CFH
z,DCST
B,3CH
17H
Z,DCST
B, 40H
1FH
z,DCST
27
z,DCST
INVPAK
B, 4H
18H
Z,DCST
B,5¢H
DCST
¢F(H
1PH
NZ,INVET
A, (HL)
D

NZ, DCPK7
OFBH
Z,RSTRQ
INVRST
D

NZ , INVRST
EFFH

Z ,RSTCF
INVRST

L,MC1
H,E
LDMES
DCERST,C
NZ,RS1
RSTERR
ENDPIQ
MREL
ENDPIQ
L,M14
H,MP2
LIMES
IX,DTERS
INCRCD
DCERST, C
NZ,RS2
HL,CIRST
ML) , ¢
RST
RSTCNF
INT

B-37

PAGE ¢e3¢

;Data type int code
stest Interrupt pack
;test Sup pack

;jneon Sup/Call Acc code
;test Call Acc

:Clear Conf int code
itest Clear Conf

:Data type int code
;test Reset Conf

stest Int Conf

;Sup/Data type code
;mask Sup code

;inv pack

;ichan=@/get 1ID
;jvalidate ID

;validate length

;test Restart Req

;test Restart Conf

;inv pack (ch=f)

;test Rst sent to DTE
;error (no Rst)
;restarting

;Restart Reg

;test Rst sent to CTE

;accept/process

;send Rest Conf
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CIB3
CmB5
cm7
CIBA
CIBD
coee
CLC3
CEC5
CEC7
cDca
cDpcc
CDCE
CDD1
CDD4
CDD7
cooa
CDDD
CDDF
CDE2
CDE4
CDE6
CDES
CLEA
CPEC
CLEE
CLFl

CDF2
CEF4
CLF7
CDF8
CDFS
CDra
CDFB
CDFD
COFE
CLFF
CEE2
CEQ5
CEe7
CE@B
CEED
CEl@
CE12
CE13
CE1l4
CEl5
CEl6
CEY7
CE18
CEl¢
CElA

CEI1B
CE1E

2E11
262
CDDDIB
C3o9D¢
CDEACD
c399D¢
2E1P
2602
CDDDIB
CB4S
2006
CDDACD
czocpe
CDEACD
c39¢pp
2149F9
3611
CDXCD7
CBC®
1601
CDC4D6
co
CB€1
cBee
CD5CC4
ce

CB4¢°
C28EDE
78

eF

gF

gr
€651
6F

63
CDpDrB
2190DD
l16ep0
FD21¢¢F°2
FD1¢
FD7ECP
E6¢F
B¢

e7

85

SAINEHR

2ASCFC
23

18¢1
lep2
1803
18¢4
18¢5
18p6
1807
1808
18¢9
181¢
1811
1812
1813
1814
1815
1816
1817
1818
181¢9
1820
1821
1822
l1ez23
1824
1825
1826
1827
1828
1829
183¢
1831
1832
1833
1834
1835
1836

-1837

1838
1ge3¢
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
l1ese
1852
1852
1853
1854
18585
1856
1857
1858
1859
lgep

[y

LD
LD
CALL
Jp
RS2 CALL
Jp
RSTCF LD
LD
CALL
BIT
JR
CALL
JP
RS2 CALL
Jp
RSTERR LD
LD
CALL
SET
LD
CALL
RET
RSTEND RES
RES
CALL
RET
DCST BIT
Jp
LD
RRCA
RRCA
RRCA
ADD
LD
LD
CALL
LD
LD
LD
ADD
LD
AND
OR
RLCA
ADD
LD
LD
INC
LD
LD
Jp

L,M17
H,MP2
LIMES
ENDPIQ
RSTEND
ENDPIQ
L,M16
H,Mp2
LIMES
DCERST,C
NZ,RS32
RSTERR
ENDPIQ
RSTEND
ENDPIQ
HL,CLRST
(HL) ,11H
RST
DCERST,C
D, €14
RSTINT

TONRST, C
DCERST, C
MREL

DCERST, C
NZ ,REJPK?2
A,B

Mel

LA

H,E
LIMES
HL, PKTAB
D, e
1Y,CSI
IY,DE

A, (IY)
STAMSK

los)

PAGE £€21

;Restart complete

;Restart Conf

;test Rst sent to DTE
;error (no Rst)
;Restart complete

iRestart error

;send Rest Ind

;clear Rst condition

;hon Rst pack/test Rst

;point event/stat tab

;point chan stat tab
;point chen state
;read chan state
;mask state code

;or int pack code
;table offset

;LSB rout address
;MSB rout eddress

; junp event/stat rout

’

;in the following Ri routines IY points to the
;channel state; each routine updates the channel
;State and counters, formets a new packet if required
;and transfers the packet to the POQ or the BOQ

;
Rl LD
INC

HL, (CRADD)

HL

BE-31

;Call Reg/get point
;point addér lemgth
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*k% ZAGM
CEIF C& 1861
CE2¢ Dt 1862
CE21 E5 1863
CE22 7TE 1864
CE23 47 1865
CE24 CB28 1866
CE26 CB38 1867
CE28 CB3® 1868
CE2A (B3® 1869
CE2XC E6RCF 1e7¢
CEZ2E 4F 187
CE2r 80 1872
CE3r X 1873
CE31 CBZF 1874
CE32 F&F 1875
CE24 1C 1876
CE35 AF 1877
CE36 57 1878
CE37 19 187¢
CE38 BE lsaf
CE3¢ El 1881
CE3An C2ESCE 1882
CE3D 1IC 1883
CE3E 3A4BFC 1884
CE41 ¢3 1885
CE42 DAESCE 1886
CE45 D611 1887
CE47 DIZEWXCE 1888
CE4A AF 188¢
CE4E BE 189p
CE4C CAESCE 1821
CE4F BC 1802
CE5¢ CAESCE 1893
CES3 EB 1894
CE54 21¢¢DF 1ges
CE57 3n4DFO 1896
CESA 47 1897
CESB 75 1€98
CESC B8 1829
CESD 2£¢D logp
CESF 3EQ] logl
CEAl BB 1902
CE62 2804 lo¢2
CE64 2EPA 1904
CE66 1B2A 19¢5
CEARE 3E£P 1986
CEGA 1826 1907
CE&C B5S lope
CEGD 6F lopo
CE6E 79 lelg
CE6F D600 1011
CE71 47 1912
CE72 QEAA 10132
CE74 CBfS 1614
CE7¢ 3@05 19015
CE78 1A 1916
CE7S ES@F 1017
CE78 18C8 ic1e
CED 13 1019
CE7E 1A 1c2¢

CPADD

CDADD]

PUSH
PUSH
PUSH
LD
LD
SRL
SRL
SRL
SRL
AND
LD
ADD
INC
SRL
LD
INC
XCOR
LD
ACD
Cp
POP
Jp
INC
LD
SuB
Jp
SuB
Jp
XCR
CP
Jp
Cp
Jp
EX
LD
LD
LD
LD
Cp
JR
LD
Cp
JR
LD
JR
LD
JR

cpADD2? OR

CDADDZ

CDADD4

LD
LD

SUB

EEELELE

BC

DE
HL
A, (HL)
B,A

oW
33

J’W‘K'IB’B’CUO
o

D,A
HL,CE
(HL)

HL

NZ, INVCR
E

A, (CRDL)
E
C,INWR
CUD+1
NC, INVCR
A

B
Z,INVCR
C
Z,INVCR
DE,HL
HL,ADTAE

A, (SIGDIG)

B,A
A,C

B

NC, CDADD?
A,ADDSX

B
7,CDADD]
A, EXTDCE
CIADDS

A, L
CIADDS

L

L,A

A,C
ADDSX-1
B,2

C, FAAH

c
NC,CDADD
A, (DE)
¢FH
COADDS

DE

A, (DE)

PAGE (Cf32

;read addr length

icalled addr length
;calling addr length

;nbr address bytes

;Point fac length
;validate fac length

;User Data length
;validate

;test addr length (>€)

;called ecddr (DE)
saddrr table (HL)
;sig dig (loc addr)

;called addr length
;compare lengths

;called<locsl length

;to gateway (LAU=11)
sto LAU=
;called>=local length
;point high dig (tab)

jnbr dig to compare
;get right/left dig

;right digit

;point next byte
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CETF
CEg1
CEg2
CEg3
CE84
CEg5
CEB6
CEge
CEBS
CE®B
CEED
CEEF
CESC
CE?92
CEC4
CES6
CEg®
CEcA
CESC
CESD
CESGE
CECF
CEA2
CEAZ
CEAS
CE26
CEAS
CEAA
CEAD
CEB{
CEB2
CEB4
CEB6
CEB®
CEBC
CEBE
CEC2
CECS
CEC?
CEC®S
CECC
CECD
CECE
CECF
CED@
CEDZ
CED4
CED5
CEDS
CED7
CEDIA
CEDC
CEDD
CEDE
CEE]
CEE2
CEEZ
CEE6
CEE®
CEEA

E6FC
€F

er

@

93

BE
28¢7
g5
28e2
3ECA
geel
2B
1PE2
FEPA
2ee6
214CF¢
BE
284D
D1

Cl

47
21EQFE
85

6F
CB46
2008
16¢D
CDF3CE
c3oecpp
CB56
28C8
l6¢1
COFXCE
C39°De
CBDE
FD36@¢2A
CDACDS
CDAZDS
78
21C¢Fe8
85

6F

34

78
21DCFE
g5

€r

34

78
21C8F9
166¢C
19

77
211¢F°
19

72
CDICD5
C399D¢
Dl

C1

1921
1822
1023
1024
1925
1826
1827
1628
192¢
1236
1031
1032
1622
1634
1835
1236
1037
le3g
1939
194¢
1941
1042
1942
1944
1945
1946
1947
1948
104¢
l1e5¢
1981
1052
1953
1954
1055
1956
1057
1058
1956
196¢
19€1
1062
10623
1964
1965
1966
1967
1968
196¢
1e7¢
1971
1072
1973
1874
1875
1976
1977
1078
1879

1c8p

CLADDS

CDADD6
CDADD7

craDbe

VALCR

VALCR1

VALCR2

INVCR

[N

AND _PFeH
RRCA

RRCA

RRCA

RRCA

CP (HL)

JR Z,CDADD7
DEC B

JR Z,CDADDG
LD A,EXTICE
LD B, 1H

DEC HL

DJNZ CDADD3

cP EXTDCE

JR NZ,VALCR
LD HL, LOCADD
CP (HL)

JR Z, INVCR
POP DE

POP BC

LD B,A

LD HL, RDCEST
ADD L

LD L,A

BIT ONI, (HL)
JR NZ,VALCR1
LD D, ¢DH
CALL REJCR

Jp ENDPIQ
BIT RSTI, (HL)
JR Z,VALCR2
LD D, P1H
CALL REJCR

JP ENDPIOQ
SET CCMI, (HL)
LD (1Y) ,Ple
CALL INCCH
CALL INCTM2
LD 2,B

LD HL, RDCENC
ADD L

LD L,A

INC (HL)

LD A,B

LD HL,RDCEHC
ADD L

LD L,A

INC (HL)

LD A,B

LD HL, RICE
LD D,0q

ADD HL,DE

LD (HL) ,A
LD HL,RCI
ADD HL,DE

LD (HL) ,D
CALL EXT1

JP ENDPIC
POP DE

POP BC

B-33
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;left digit

;jcompare

;different

;test if last dig

ito gateway (LAU=11)
;ends comparison
;point next dig (tab)
;repeat

;validate routing

;valid Call Req

;save rem I[AU
;point [AU stat tab

;point [AUI state
;test LAUI On

;LAUL Off
;reject Call

;test LAUiI Restart

;Restart in progress
;reject Call

;accept/resp expect
;new state
;inc active chan

sinc LAUI cells

;inc LAUI set-up calls

;map remote LAU

;map rem chan(=0)

;transf to BOQ

;inv Call Req
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CEEB
CEED
CEFQ
CEF2
CEF7
CEFA
CEFD
CFec
CFPl
CFegs
CFee
CFeB
CF¢D
CF1l¢
CF13
CFrleé
Crile
CF1D
CF2¢
CF22
CF25
CF28
CFZB
CF2r
CF22
CF25
CF38
CF®B
CF2E
CF4]
CF45
Cra7
CF4A
CF/D
CF5¢
CF53
CF57
CFEA
CFSE
Creél
- CF64
CF67
CF6A
CF6E
Cr71
Cr74
CF77
CF7A
CF7E
creg
CFe3
CF86
CF&8A
CFec
CFEF
Cro2
CFo6
Cree
CreC
CFAL

1602
CDFXCE
c3gope
FD360p17
CDepD5
CDACDE
CD78D%
ce
FD360¢17
CDeDD5
CDACDS
1613
CD78D6
c2oeDe
CDSADE
Cc299D2
FDeCenn
CIBIDS
1632
CD36DE
CD7EDS
c298pr
Fp360eer
CIB1DS
CD5CC4
CD7EDE
c28eDC
CDe3DE
CEAZDE
FD260025
16¢5
CDAZD6
C39¢D¢
CDo2D5
CIAZDE
FD360¢24
CICDDS
DD21 €2FA
CDEZD6E
c2oeppe
CDe2D5
CDAZDE
FD360rC26
CDCPS
c3o%Dr
CD23D5
CDAZDS
FD200R28
1611
CDA2D6
c2oeopr
FD360C28
1611
CIADE
c3e9np
FD260e26
CDCDD5
c209Dp
FD36pr24
CDCDDS

logl
1982
1983
1084
1985
loge
1987

‘1988

1989
loog
1¢¢1
1002
19¢3
1004
1995
1966
1997
1¢08
1900
2eee
2eel
2ee2
2003
2004
2005
2006
2e07
2eee
2008
2018
2011
2012
2013
2014
2015
2016
2017
2018
2e1¢
202¢
2021
2022
2£23
2024
2025
2026
2027
2028
202¢
2e3¢
2031
2032
2€33
2034
2035
2036
2037
2038
2¢3¢
2p4¢

REJCR

R2

R4

R5

R6

R7

Re®

R1¢

R11

R12

LD
CALL
Jp
LD
CALL
CALL
CALL
RET

CALL
CALL

CALL
Jp
CRLL
Jp

CALL

CRLL
CALL
Jp

CALL
CALL
CALL
Jp
CALL
CALL
LD
LD
CALL
JP
CALL
CALL

CALL
LD
CALL
Jp
CALL
CALL

CALL
JP

CALL
CALL

CALL
JP
LD

CALL
Jp

CALL
JP

CALL

.D,f2
REJCR
ENDPIQ
(1Y) ,P7
INCTM]
INCCH
CLINT

(1Y) ,P7
INCTM1
INCCH
D,17H
CLINT
ENDPIQ
CCINT
ENDPIQ
(1Y) ,P1
DECCH
D,32H
DIAGN
DECSCN
ENDPIQ
(1Y) ,P1
DECCH
MREL
DECSCN
ENDPIQ
STOP
INCTM2
(1Y) ,PS
D,@SH
CLEXT
ENDPIC
STOP
INCTM2
(1Y) ,P4
EXT
IX,CALB
INCRCD
ENDPIQ
STOP
INCTM2
(1Y) ,P6
EXT
ENDPIQ
STOP
INCTM2
(1Y), P8
D,11H
CLEXT
ENDPIQ
(1Y), P8
D,11H
CLEXT
ENDPIQ
(1Y) ,P6
EXT
ENDPIQ
(1Y) ,P4
EXT

B-24

PAGE £034

ireject Call
;Jocal Call clear

;inc active channels
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CFA2 DD2164FA 2241 LD IX,DTEDAT
CFA7 CDE2D6 2842 CALL INCRCD
CFAA C399D¢ 2043 Jp ENDPIQ
CFAD FDVEEC 2044 R13 LD A, (IY)
CFBC EG6F( 2045 AND STMSK1
CFB2 F628 - 2046 CR pPe

CFB4 FD770¢ 2047 LD (1Y) ,A
CFB7 CD5CC4 2048 CALL MREL
CFBA C39¢Dg@ 2049 JP ENDFIQ
CFBD FD7E(C 2050 R14 LD A, (1Y)
CFC E6F@ 2051 AND STMSK1
CFC2 F626 2052 OR pPé

CFC4 FD77¢C 2¢53 LD (1Y) ,A
CFC7 CD5CC¢ 2¢54 CALL MREL
CFCA C399D¢ 2255 Jp ENDPIQ
CFCD CDG3D5 2256 R15 CALL STOP
CFDf FD36RP0E 2257 LD (1Y) ,P1
CFD4 CIDBIDS 2£58 CALL DECCH
CFD7 CD5CCA4 285¢ CALL MREL
CFDa C399Df 2060 JpP ENDPIO
CFDD FD3467¢17 261 R16 LD (1y),p7
CFEl CIBTD6 2062 CALL CCEXT
CFE4 CD15D7 2062 CALL DECNC
CFE7 (C3°°9D¢ 2064 Jp ENDPIQ
CFEA CDS3D5 2065 R17 CALL STOP
CFED FD36L000 2066 LD (IY),P1
CFFl CIBIDS 2067 CALL DECCH
CFF4 CIB7D6 2268 CALL = CCEXT
CFF7 CD15D7 2069 CALL DECNC
CFFA C299D¢ 2e7¢ JP ENDPIC
CFFD CDe3DE 2¢71 R18 CALL STOP
Deee FDI6OPEH 2272 LD (1Y) ,Pl
Deg4d CIBIDS 2¢73 CALL DECCH
Dgg7 CDCDD5S 2074 CALL EXT
bggr CD15D7 2075 CALL DECNC
DegD  C2359Dp 2276 Jp ENDPIC
DA1¢ FD36gp1l7 2¢77 R19 LD (1yy,p7
D@14 CD9DD5 2078 CALL INCTM]
D17 1613 2879 LD D,13H
DglS¢ CD78D5 2080 CALL CLINT
De1C CD7EDS 2081 CALL DECSCN
DEI1F C399D¢ 2082 JP ENDPIC
D22 FD36ALEL 2¢83 Rr2¢ LD (1y),pP3
De26 CDRIDS 2¢84 CALL DPECCH
De2S CDeetD6 2085 CALL CCINT
Dg2C CD7EDS 2¢86 CALL DECSCN
DE2F C399D¢ 2087 Jp ENDPIQ
Df32 FDI6pp28 2008 R21 LD (1Y) ,pe
Dg36 CLAZDE 2089 CALL INCTM2
DP38 1611 2090 LD D, 11H
Df3B  CLA3D6 2e°1 CALL CLEXT
DE3E CD7EDS 2802 CaLL DECSCN
Dg4l1 cCzo08Dp 2¢°3 JP ENDFIQ
DE44 FD26pr26 2994 R22 LD (1Y) ,P5
Dg4e CDAZDS 2295 CALL INCTMZ
Dr4B  CDCDDS 2¢96 CALL EXT
D@4E CDTEDS 2¢97 CALL DECSCN
D@51 C399D¢ 2p08 JpP ENDPIO
D@54 FD26£E8B 2020 R23 LD (1Y) ,P11
pese  CB7DE 21e¢ CALL CCEXT

B-35
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DC5B
DCSE
Dg6l
De6s
De68
DfeB
DE6E
be71
DE75
pe7g
DC7B
DE7E
pegl
Dge4
D&87
Df8e
DeEA
Dgac
DCEE
peee
DRe2
pees
D@6
bgce

DZoA
DZeD
DPCE
DfOF
Deaz2
DpA3
DeAG
DPA7
DPAE
DEAB
DCAE
DCAF
D¢
DBl
D@B2
DFB6
DeB7
DEB8
DFBS
D(BA
DfBB
DEBD
Dece
Dec3
DAC6
pecy
DPAC8
DoCB
DACC
DECD
DACE

Cb15D7
C390Df
FD36peee
CDBIDS
CIB7D6
CD15D7
c3o¢Dp
FD360R00
CIB1DS
CIXDPDS
CD1ED7
c2eope
CD5CC4
c2o8De
AF
1806
3EC]
leg2
IEE2
2E60
67
CCDDDR
CD4(C4
ce

2175F9
AF

BE
CA3D3
35
2176F9
7E

34
2160F8
Cbhgic4
23

56

23

SE
EC534AFC
23

23

SE

23

7E
FEF3
c2cens
CD74D8
C383p3
47

A
21E(FE
85

6F

78
FEFB

21¢1
21p2
2103
21¢4
21¢5
21e6
2107
2108
21m0
211¢
2111
2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
212°%
2126
2127
2128
2129
213p
2131
2132
2133
2134
2135
2136
2127
2138
2139
214¢
2141
2142
2143
2144
2145
2146
2147
2148
2149
2150
2151
2152
2153
2154
2155
2156
2157
2158
215¢
2166

R24

R25

R26
REJPAK
REJPK1

REJPK2
REJPK2

ENDPIQ

) = e we s =

—
L&)

PCTR1

DECPK

CALL
Jp
LD
CALL
CALL
CALL
Jp
LD
CALL
CALL
CALL
JP
CALL
Jp

LD
LD
CALL
CALL
RET

.DECNC

ENDPIQ
(1Y) ,P1
DECCH
CCEXT
DECNC
ENDPIQ
(1Y) ,P1
DECCH
EXT
DECNC
ENCPIC
MREL
ENDPTQ
A
REJPK3
A, 01
REJPK3
A,0r2
L,M26
H,A
LIMES
REIBUF

PAGE Q€36

;reject pack

khkkbErAhkkhkhhkkkkkhdhkhkdhhhhhhkhhkhkhkdkhkhkhkthdhkhhk

* PROCESS PACKET RECEIVED FRQv THE [AU (BIQ) *
L e et AR S T RS 2 T

LD
XOR
Cp
JpP
DEC
LD
LD
INC
LD
CALL
INC
Lb
INC
LD
LD
INC
INC
LD
INC
LD
Cp
JpP
CALL
JP
LD
LD
LD
ADD
LD
LD
CP

HL, CTQ4
A

(HL)
Z,ENIBIQ
(HL)
HL, DFQ4
A, (HL)
(HL)

HL, TPQ4
GETBUF
HL

D, (HL)
HL

E, (HL)

(REMOTE) ,DE

HL
HL

E, (HL)

HL

A, ML)
MNREQ

Nz, DECPK
MNRO
ENIBIQ
B,A

a,D

HL, RDCEST
L

L,A

A,B

¢FBH

sread nbr pack (BIQ)

;jdec BIC counter
;get packet

;point rem LAU field
;read rem LAU

;point rem chan field
;read rem channel
;save rem LAU/channel

spoint local chan
;read local channel
;point pack field
;read pack

;test if FMU command

;process EMU command

;point LAU state tab

;point LAUi state

;packet type
;test LAU Restart



**kk ZASM - Z8¢ ASSEMELER version 2.16 #**

DfDE
Dep2
DEDS
DfDE
Depn
EeDC
DEDE
DCE]
DCE4
DfER
CrER
DCEA
DFED
DCFQ
D(F2
DPFE
DEF7
DEFe
DEFC
DPFE
piee
£1e3
pigs
pDig7
D1¢A
plecC
PiCE
Ll11l
D113
D115
D118
Dlia

D11D
D11iF
D123
D126
D12¢
D12C
Dl2F
D132
D138
D138
D138
D13E
D140
D142
D144
D146
D14¢
D14B
D14E
D151
D154
D156
p15e
D15A
D1E2D
Dlé&¢
Dl€2

CAIDD1
FEFF
CAZ3ED]
CE56
28¢8
CBC6
CDAfCs
c32e3pz
CB46
2ree
360D
CDeCD]
C3gZ2D2
FEfB
CA72D1
oRre
FECF
CAFBD]
£ele
FE13
CAFED]
PR2C
FE17
CAFBL1
PeLr
FEEY
CAC D2
fesp
FE&3
Cae7D2
Pe30
C3FRL1

CBC6
DD2A56FS
DD7E(CE
3249F¢
CLesD7
CDGEDA
3n4BFC
l1eeed
CEDCDE
CD22DE
Cc2e3D3
CBCH
CB5h
2010
360D
CD6(D1
3E13
3249F¢
CDe5D7
C3€2D3
CBSE
2ep2
3661
Ch4pCé
ca2ezp?
1611
CD5EDE

2161

2162

21A3

2164

2165

2164

2167

2168

2169 DECPK1
2170

2171

2172

2172

2174 DECFKZ
2175

2176

2177

2178

217¢

z2lep

2181

2182

21832

2184

2185

2186

2127

2188

21R¢

21¢eq

21¢1

2162

21¢2 ;
21¢4 BRSRQ
2195

2166

21¢7

21¢8

2196

22r¢

22¢1

2202

2212

2204

2205 BRSCF
22046

2207 .
2208

2206

221y

2211

2212

2212

2214 BRECF1
2215

2216

2217 BRSCF2
221¢

2219 BUSERR
222¢

JP
cp
JP
BIT
JR
SET
CALL
Jp
BIT
JR
LD
CALL
JP
cp
JP
LD
cp
JP
LD
cp
JP
LD
cp
JP
LD
cp
Jp
LD
cp
Jp
LD
JP

SET
LD
LD
LD
CALL
CALL
LD
LD
CALL
CALL
JP
SET
BIT
JR
LD
CALL
Lp
LD
CALL
JpP
BIT
JR
LD
CALL
Jp
LD
CALL

7 ,BRSRQ
OFFH

Z ,BRSCF
RSTI, (HL)
Z,DECPK1
ONI, (HL)
RELBUF
ENTRIC
ONT, (HL)
Nz ,DECPK?2
(HL) ,RSCMI
BUSERR
ENDBIQ
’BH
7,ICALL
B,FC

CFH
Z,DECST
B,10H

13H
2,DBECST
B, 2fH
17H

7 ,DECST
R,4(H
HDCF
7,DECST]
B,SPH
BEDRJ

z ,DECST]
B,3fH
DECST

ONI, (HL)
IX, (CURBUF)
2, (IX+5)
(CLRST) , 2
BUSRST
RSTCNF

A, (REMCTE+1)

DE, £r
EXT1

ROQOV
ENDBIQ
ONI, (KL)
RSTI, (HL)
NZ ,BRSCF1
(HL) ,RSCMI
BUSERR
2,134
(CLRST) , 2
BUSRST
ENIBIQ
COMI, (HL)
Z,BRSCF2
(HL) , INONT
RELBUF
ENDEIC
C,1H
RSTIND

E-37

PAGE f(37

:test LAU Rst Conf
:nho Rst pack/test Rst

;Restarting (LAUI)

;test if LAUI ON

;OFF
;Bus Rst error

iON/test Inc Call

;Call Conn int code
;test Call Conn

:Clear Ind int code
stest Cleer Indicetion

;Clear Conf int code
stest Clear Conf

;HDCF int code
;test HICF

sHDRJ int code
;test HDRJ

;Date type int code

;LAU Rst rcv/process
;get Rst reason

;clear LAUI cealls
;send Rst Conf (LAUI)

;test BOC overflow
;LAU Rst Conf rcv/proc
;test Rst in progress

;Eus Rst error

;clear LAUI cells
;test Rst sent (LAUL)
;valicd Conf/end Rst

:Bus Rst error
;send Rst (LAUI)



*** ZASM - ZE{ ASSEMBLER version 2,16 #**

D16E
D168
D1€B
Cl6E
D171

D172
D175
D177
D172
Dl17c
D1 7F
plel
D1e4
D185
D18€
D1&9
D1 eC
D16E
D1EF
Dlop
D192
D1¢3
D105
D196
p1ce
D19B
D1CF
DIA2
DIAS
DIA7
DIA®
D1AB
DIAE
DIR1
DIB2
DI1B4
DIR7
DiBA
DIBE
DIBE
DIBF
pICH
¥lek
D1C4
DICS
DICe
DICC
DICA
DICB

DlCC.

PICF
DID1
D1D2
L1iDs
D1D?
D1DA
CICe
DIEP
D1E]

3A4BFC
ligeee
CDDCDE
CD22De
ce

3AL(FC
CB47
czpee]
CR40
CZDED]
JECT
2142F¢C
BE
CRADED]
34
21€PFC
2ER
23

BE
20FC
7
EGCF
5F
2R12
CDopDE
DD2ASSF G
DD7304
CIBGDE
2E52
A2
CDCDIB
CDIDC4
CD27D¢6
1600
211¢F¢
19
IALAFC
77
21¢ere
1¢

57

32 ZBFC
77

47
21CCFE
g5

AF

34

78
CDICD5
2EC2
A5
CDDDDB
C383D2
16P1
CDleDfF
3n4AFC
57
3ALBFC

2221
2222
22232
222¢
2225
2226
2227
2228
222¢
223¢
222]
2232
2233
222¢
223%
2236
2227
2238
222¢
224¢
2241
2242
2243
2244
2245
2246
2227
224¢p
2240
225¢
2251
2252
2253
2254
225¢
2256
2287
225¢
225¢
22€¢
2261
2262
2262
224
22R5
2264

ICALL

ICALE

227

2268
22R0
227¢
2271
2272
2272
227¢
2275
2276
2277
2278
2279
22er

REJIC

LD
LD
CALL
CALL
RET

LD
EBIT
Jp
BIT
Jp
LD
LD
Cp
Jp
INC
LD
LD
INC
Cp
JR
LD
AND
LD
LE
CALL
LD
LD
CALL
LD
LD
CALL
CALL
CALL
LD
LD
ADD
LD

LD
ADD
LC
LD
LD
LD
LD
ADD
LD
INC
LD
CALL
LD
LD
CALL
JpP
Le
CALL
LD
Lp
LD

A, (REMCTE+])
DE, ¢

EXT]

BOQOV

A, (BUFREC)
BY,A .
NZ,REJIC
DCERST,C
NZ ,REJIC
2,MXCH

HL, NRCH
(HL)
7,REJIC
(HL)
HL,CSI
2,Pl

HL

(HL)

Nz, ICALS
2L
CHMASK
E,A
(HL) , P2
INCTM1

IX, (CURRUF)
(IX+4) ,E
INT

L,M82

H,E

LIMES
GTFOOL
HDCNF

D, 0
HL,RCI
HL,DE

A, (REMCTE)
(EL) ,2

HL, RCCE
HL,CE

D,

A, (REMOTE+1)
(HL) ,A
B,A

HL, RODCENC
L

L2

(HL)

A,E

EXT]

L,M2

H,L

LIMES
EN[BIQ
D,

HDREJ

A, (REMOTE)
D,2

A, (REMOTE+]1)

E-2¢

PAGE (28

;proc Inc Call
;test Busy

;test Rst (X285 Interf)

;test chan available

;evail/inc ective ch
;search lowest ch (pl)

;channel number

sinsert ch nbr (header)
;transf to PCOC

;get buff (pool)
;format HICF

;mep rem channel
;rem channel

imap rem LAU

;rem LAU

;inc LAUi cells

;transf te BOC

;reject Inc Call
;format BDRJ
;get rem channel

;get rem LAU



*** ZAGM — ZP( ASSEMELER version 2.16 ***

DIE4
CIEG
DIEC
DIEB
DIEC
DIEF
DIF1
DIF2
DIFE
DIF®

L1FB
D1FC
PIFD
DIFE

1FF
cz2ee
cze2
D23
D2¢4
p2¢7
C2¢A
p2¢cC
pzig
p212
D215
D217
L21e
D21¢
D21A
D21B
£21C
D21D
DZ1E
D21F

Dz20
L2232
D226
D22a
Cz2D
D221
D234
p237
D234
D2ZE

£241

D244
p247
D24B
D24E
D2E1l
L£254
D257
C258

1EPE
CDCes
2EE2
€3
CDDDIE
ZESD
63
CLCrre
CD22DE
C2e3D2

78

eF

@F

ZF

e
C654
oF

€3
CDDDIRB
21¢PCE
leee
FD21¢(CFS
FD19
FD7EC]
E6CF
BE

7

8t

6F

7E

e

66

er

EC

CDXC4
C3E2D3
FD26re24
CIBED5
DD216CFA
CDE DA
C283D3
CDC2D5
FD36(@1¢
CDoDDE
CLR8DE
C283Dp3
Fp25p01¢
CDo8DS
CDoDD5
cpesgDs
C3E3D2
FD260024
CIBADE

2281
2282
2282
2284
22E5
2286
2287
2288
2288
22¢r
2291

22¢2 DECST

22903
22%4
2285
2206
22¢7
22%¢
226¢
23p¢

23C1 DECETI

2302
2303
2204
2305
2306
22¢7
2308
23p¢
221¢
2211
2212
2212
2314
2315
2316 ;

LD
CALL
LD
LD
CALL
LD
LD
CALL
CALL
Jp

LD
RRCA
RRCA
RRCA
NCF
AED
LD
LD
CALL
LD
LE
LD
ALD
LD
AND
CR
RLCA
ADD
LD
LD
INC
LD
LD
JP

E, 0

"EXT]

L,M82
H,E
LIMES
L,M02
E,E
LIMES
BOQOV
ENDBIQ

A,B

Mo
L,A
H,E
LIMES
HL,PKTAB]
D, ¢
1Y,CSI
1Y,DE
A, (1Y)
STAMSK
B

)
» (HL)

>

(HL)

A
L)

_— x
A

PACE ££2¢

;local chan (=f%)
;transf to BRCC

;test BCQ overflow

;process other pack

;point event/stat tsb

;point chan stat teb
;point chan state
;read chan state
;mask state code

;or int pack code
;table offset

;LSE rout acddér
;MSE rout adcr

;junp event/stet rout

2317 ;in the following RBi routines IY points to the
2218 ;channel state; each rouvtine updates the channel
2212 ;state end counters, formats a new packet if required
232¢ ;and trensfers the packet to the PCQ or the EOC

2221 ;
2322 RR1
2323
2324 RRB2
2225
2226
2227
232¢
232¢ RR2
2337
2321
2322
2332
2334 RBY
2335
2336
2337
223¢
232¢ RBS
234¢

CARLL
JP
LD
CALL
LD
CALL
Jp
CALL
LD
CALL
CALL
JP
LD
CALL
CALL
CALL
Jp
LD
CRLL

MREL
ENDBIQ
(1Y) ,P4
INT
IX,CALA
INCRCD
ENDBIQ
STOP
(1Y) ,PC
INCTM]
CLINTA
ENDBIQ
(1Y), PO
STOP2
INCTM]
CLINTA
ENDBIQ
(1Y) ,P4
INT

(¥8)
)



k%% ZASM - Z8C ASSEMBLER version 2.16 *** PACE @40

[y

D25E DD21A6&FA 2341 LD IX,DCEDAT
D262 CDE3D6 2342 CALL  INCRCD
D265 C383D3 2342 Jp ENDBIQ
D268 FD350¢17 2342 RB6 LD (1Y) ,P7
D26C CDCEDS 2325 CALL STOP2
D26F CDSDDS 2346 CALL INCTM]
D272 1665 2347 LD D,e5
D274 DD2ASAFC 2348 LD 1X, (CURBUF)
C278 DD7266 2340 LD (IX+6),D
D278 CDBEDS 2250 CALL INT
D27E CDICDA 2281 CALL CLRSN
D281 CD1SD7 2352 CALL DECNC
D284 C2e23D2 2353 Jp ENDBIQ
D287 FL36000( 2354 RR7 LD (IY),P1
D26B  CIRIDS 2255 CALL DECCH
D28E CDSEDE 2356 CALL STOF2
D2¢1 CD9ADA 2357 CALL CCINT
D294 CD15D7 2358 CALL DECNC
D2¢7 C3f2D3 2350 JP ENDBIO
D2SA  FD36000C 236f RBE LD (1Y) ,F}
D2SE CIB1DS 2361 CALL DECCH
D2n1 CDOEDE 2262 CALL STOP2
D2A4 CDBEDS 2363 CALL INT
p2a7 CD18D7 2364 CALL DECNC
D2A2  C3823D3 2345 Jp ENIBIQ
D2AC FL260C17 2366 RRQ LD (IY),P7
D2R1 CDoeDps 22R7 CALL STOP2
D2B4 CDSDDS 2368 CALL INCTM1
D2B7 1613 2368 LD D,13H
C2BRE DDZASAFS 237¢ LD 1X, (CURBUF)
D2BD DD7206 2371 LD (IX+6),D
D2C0 CIBGDS 2372 CALL INT
DX23 CDIXD6 2373 CALL CLRSN
D2C6 CD15D7 2374 CALL DECNC
D2CS (C383D3 2375 Jp ENDBIQ
D2CC CDF1D6 2276 RBRI1f CALL MAP
D2CF FD26££22 2377 LD (1Y) ,P2
D2D2 CDFCD§ 2378 CALL DECHC
DZDE CDSCC4 237% CALL MREL
DZhe C283p2 2380 Jp ENDBIQ
D2DC  CLF1DS 22€1 RR11 CALL MAP
D2DF 1600 2382 LD D, ff
D2E1 CDA2DS 2283 CALL CLEXT
D2E4 CDFCDR 2284 CALL DECHC
D2E7 CD22Df 2385 CALL BOQOV
D2EA C283D2 2385 Jp ENDRIQ
D2ED CLDF1D6 2387 RB12 CALL MAP
D2F( 1611 2388 LD D,11H
D2F2 CDAZDG 2389 CALL CLEXT
D2F5 CDFCD6 220p CALL DECHC
D2F8 CD22De 2301 CALL BOQOV
D2FB (€283D2 2392 Jp ENDRIQ
DZFE FD360r17 2393 RBI2 LD (1Y) ,P7
D32 CDO8DS 2304 CALL STOP2
D305 CDSDD5 2395 CALL INCTM]
D2f8 DD2ASEFS 2394 LD I1X, (CURBUF)
D3fC DDS5AC6 2307 LD D, (IX+6)
D3PF CD78D6 2308 CALL CLINT
D212 CDFCDG 2399 CALL DECHC
D215 CD15C7 2400 CALL DECNC

B-4¢



*%* 7ZACGM - ZB(C ASSEMBRLER version 2,16 **#*

b3ig
D31B
D21F
D322
D225
D328
D328
D32E
D33
D235
D33¢
D23B
D3ZD
D24¢
D343
D346
D34¢
DETAY)
D35¢
D353
D356
D3ES
D25D
D360
D343
D265
D368
D26B
D3€E
D272
D375
D378
D37A
D37D
D3gg
p383

Dags
D387
p3ge
D38C
D3EE
p3ce
D3c2
D394
D296
D298
D GA
p3ep
D2CF
D3n2
D2A4
D3A6
Daac
D3AD
D3Bf

C3ezpz2
FD266000
CDogD5
CIB1DS
CD96D6
CLFCDE
CD15D7
C3e3p3
FD36p017
CDe8DE
CDEDDS
1613
CD7¢ED6
CDFCD6
CD15D7
C383D2
FD2e¢21C
CDSDDS
CDEEDG
CD7EDS
C3e3p2
FD260F17
Cpeeps
CDeDD5
16e5
CD78D6
CD1&8D7
C3823D3
FD266217
cpeeDs
CDEDD5
1613
CL78D6
CD15D7
C3€e3p3
ceo

215¢F¢
CBS6
CAQCED4
CBCS6
CB4¢
2826
CcB41
281D
CBEl
CB89
2147F0
CBD6
CD1FD7
Z2E18
2602
CDDDIE
DD2176FA
CDE 2D6
C3PED4

24¢]
2402
2403
2404
2405
2406
2407
2408
2429
241¢
2411
2412
2413
2414
2415
2416
2217
2418
241¢
242¢
2421
2422
2423
2424
2425
2426
2427
2428
2429
243¢
2431
2432
2433
2434
2435
2436
2437
243¢
243¢
244¢
2441
2442
2443
2444
2445
2446

RB14

RB16

RB17

RB1E€

ENIBIO

3 e me wp me N

=

2447

2448
2449
2450
2451
2452
2453
2454
2455
2456
2457
2458
2459
2460

Jp° ENIBIQ
LD (1Y) , Pl
CALL  STOP2
CALL  DECCH
CALL  CCINT
CALL  DECHC
CALL  DECNC
Jp ENDBIC
LD (1Y) ,P7
CALL  STOP2
CALL  INCTMI
LD D, 13H
CALL  CLINT
CALL  DECHC
CALL  DECNC
Jp ENDBIQ
LD (1Y), P9
CALL  INCTM1
CALL  CLINTA
CALL  DECSCN
JP ENIBIQ
LD (1Y) ,P7
CALL  STOP2
CALL  INCTM1
LD D, BEH
CALL  CLINT
CALL  DECNC
Jp ENTBIC
LD (1Y) ,P7
CALL  STOP2
CALL  INCTM1
LD D, 13
CALL  CLINT
CALL  DECNC

JP ENIBIQ
RET

khkdkkkkhkkd

* TIMER *
,EkEkrdhkkk

LD HL, INTREG
BIT T20UT, (HL)
Jp Z,BUSTM
RES T30UT, (HL)
BIT DCERST, C
JR Z,TIM]
BIT TONRST, C
JR z,TIMG
RES TONRST, C
RES DCERST, C
LD HL, IRLP
SET PD, (HL)
CALL  CLFAK

LD L M24

LD H,ME2
CALL  LDMES

LD IX,FFL
CALL  INCRCD

JP BUSTM

B-41

PAGE €¢41

:lev3 timers .
;test X25 Interf tim

st ime—out
;test Rst in progress

;Rst/test timer ON

;Rst timer ON/fail



*%% ZAGM - ZB(C ASSEMBLER version 2,16 **#*

D3B3
D385
D2B8
D2BB
D3BC
D3BF
Pk ol¢
D32
DXC4
DC6
D3CH
D3CA
D3CC
DXCE
D3De
D2D1
D2D2
DD4
D2DA
D3D7
D3
D3DE
D2El
D3E4
D2E7
D3E8
D2EC
D3ER
D2ED
D3EF
D3F1
D3F 2
D3F5
D3F7
D2F0
D3FB
D2FD
D3FF
D4E2
D4E3
DAL 6
DLrs
DACE
D4CE
D211
D413
D216
D418
D41A
D41D
DA1E
D42(
D422
D424
D426
D428
D42A
D42C
DA2E
D4ZF

CBC1
C2CEDZ
3R43FC
B7
CAPED4
47
21¢CF¢
23
CB56
2€FB
CB76
2004
CBF6
182D
E5

D
E&CF
2ER2
67
CCLTDB
DDZ174FA
CDE2DA
CDe2DE
CDADS
El

7E
CBB6
FE13
2004
268C
18¢A
FE19
284
368D
1ep2
26ER
1nC4
3A45FC
B7
CAPEDA
CED1
2108F¢
225EF°
215(F°
CESE
CAZCD4
CBCE
psrB
21DFF®
23
CBSE
2818
CE66
2024
CBE€
18190
260
3EEB
op
324BF9

2461
2462
24632
24064
2465
2466
2467
246F
24602
247¢
2471
2472
2473
2474
247°%
2476
2477
2478
2487¢
2480
2481
2482
2483
2484
2485
2486
2487
2488
24g¢
24¢p
2401
2492
2492
24¢4
2405
2405
2497
24098
2499
250p
2501
25¢2
2503
25¢¢
25025
2506
25047
25¢8
25e¢
251¢
2511
2512
2513
2514
2515
2516
2517
2518
251¢
2520

TIMC

TIM]

TIM2

TIM2

TIM4

TIMS
TIMA

BUST™

BUSTM]

BUSTM2

SET
JP
LD
OR
Jp
LD
LD
INC
BIT
JR
BIT
JR
SET
JR
PUSH
LD
AND
LD
LD
CALL
LD
CALL
CALL
CALL
POP
LD
RES
CP
JR
LD
JR
CP
JR
LD
JR
LD
DJINZ
LD
OR
JP
SET
LD
LD
LD
BIT
Jp
RES
LD
LD
INC
BIT
JR
BIT
JR
SET
JR
LD
LD
SUB
LD

“TONRST, C

BUSTM

A, (STMC)

A

Z,BUSTM™
B,2
HL,CSI

HL
CHTIM1, (HL)
Z,TIM?
CHTON, (HL)
NZ,TIM3
CHTON, (HL)
TIM6

HL

A,L
CHVYASK
L,MCR

H,A

LDMES

IX, ™2
INCRCD
STOP
INCSEC

HL

A, (HL)
CHTON, (HL)
p2
NZ,TIM4
(HL) ,P12
TIM6

po
NZ,TIMS
(HL) , P13
TIM6

(HL) ,F11
TIM2

A, (SKCC)

A
7, BUSTM
SCN1,C

HL,CSI+MXCH+1

(SCPT1) ,HL
HL, INTREG
TBOUT, (HL)
Z,BUSTM4
TBOUT, (HL)
B,NICE

HL, RDCEST-1
HL

CQMI, (HL)
Z,BUSTM2
TONI, (HL)
NZ,BUSTM2
TONI, (HL)
BUSTM2
(HL) , INOFFI
A,NICE

B
(REMOTE+1) , A

B-£2

PAGE P42

;Rst timer CFF/start
;no Rst/ch tim count
;nbr chan to scan
;point ch stat tab
;test tim condit
;test timer ON
;timer COFF/start
;timer ON/time—out

;:get channel nbr

;:dec tim count
;inc scan count (recov)

;test state (p3/p7/pP2)

;p3/new stet pl2

;pP9/new stat pl3
;p7/new stat pll

;repeet (chan)
;update ch scan veriab

;test [AU Interf tim

; time—-out

;scan 21l IAU's

;point LAU stat tab
;test resp expecC (LAUL)
;test timer ON (LAUI)
;timer OFF/start (LAUi)

;timer ON/time-out
;get LAUI addr



* ok

D432
D434
D427
D432
D42C
Dé4zF
D441
D4as
D446
De4c
Da4n
Dé4p
DALE
D4E]
D452
D¢54
D4E6
D£5S8
Désa
DesC
D4SE
DLsF
DaGe
DL62
DZ&3
D465
Dagg
Dé4sg
D4 GA
D4gED
D4 rE
DaeF
D471
De73
D474
DL76
D478
D47A
il o
D4TF
DEEl
Dée2

DLgg

D4Re
Dsge
Deern
D4FB
D4EE
D4se
Dée3
Béch
Dsce
D4oB
Dscc
D4cE
D4cF
Déea2
Dé4p 2
Daps
Daa7

3E1l
324¢F¢
CDesD7
17E1
215¢F¢
CB66
CACBD4
CBre
3RLLFG

B7

CASEDY
47
21CCF2
23
CBEE
28FB
CB76
2004
CBF6
1816
E5

D
E6CF
5F
le6b¢
21CEFC
19

7E
21E(F8
es5

6F
CBEE
CBE1
El
iepe
CBé€l
281E
CEAl
21DFF8
(6B

22

-CBEE

2810
360¢
3EFB
op
324BF¢
2E1]
324°F9
crosp7
10E9
CDhxCD4
Co
CeEB
AF
21DFF8
23
CR46
2007
CBS56

2521
2522
2523
2524 BUSTMZ
2525 BUSTMZ
2526
28527
252¢
2529
2530
2821
2532
2522

-~

2534 BUSFL]
2535

2536

2537

2538

2530

2540

2541 BUSFL2
2542

2542

2544

2545

2546

2547

254¢

2549

2850

2551

2582

2553

2554

2555 BUSFL3
2556

2557

2558

2558

2560

2561 BUSFL4
2562

2543

25564

2565

2556

2557

2568

256¢

257¢

2571 BUSFLS
2572 BUSTMS
2573 BUSTMA
2574 INRST

2575

2576

2577 INRSTI1
2578

257¢

258¢

1D »
LD
CALL
DJINZ
LD
BIT
JpP
RES
LD
CR
Jp
LD
LD
INC
BIT
JR
BIT
JR
SET
JR
PUSH
LD
AND
LD
LD
LD
ALD
LD
LD
ALD
LD
SET
SET
PCP
DJNZ
BIT
JR
RES
LD
LD
INC
BIT
JR
LD
LD
SUB
LD
LC
LD
CALL
DJNZ
CALL
RET

XOR
LD

INC
BIT

BIT

ZASM -~ Z8F ASSEMBLER version 2,16 ***

2,114
(CLRST) , A
BUSRST
BUSTM]

HL, INTREG
TBOUT1, (HL)
Z,BUSTMA
TBOUT1, (HL)
A, (TONC)

A

Z,BUSTMS
B,2

HL,CSI

HL

CHTIM2, (HL)
Z,BUSFL1
CHTON, (HL)
NZ ,BUSFL2
CHTON, (HL)
BUSFL3

HL

A, L

CHVASK

E,A

D,rr

HL, ROCE
HL,DE

A, (HL)
HL,RDCEST

L

LA

EFI, (HL)
BF,C

HL

BUSFL1
BF,C
Z,BUSTMS
BF,C
HL,RDCEST-1
B,NDCE

HL

BFI, (HL)
Z,BUSFLS
(HL) , INOFFI
A,NICE

B
(REMOTE+1) ,A
A, 114
(CLRST) ,A
BUSRST
RUSFL4
INRST

B,NDCE

A

HL, RDCEST-1
HL

ONI, (HL)
NZ,INRST2
RSTI, (HL)

B-43

PACE 43

;clear LAUI calls
irepeat all LAU's

;test LAU recov interv

;time-out
;chan tim count

;nbr chan to scan
;point ch stat tab
itest tim condit
;test timer ON
;timer OFF/stert
;timer ON/time—out

;get channel nbr
;get rem LAUL (map)

;point LAU stat tab
;point LAUi state
;LAUL fail (recov)
;LAU recov

;repeat (chan)
;test LAU recov

sLAU recov
;point L[AU stet teb
;scan a1l IAU's

;test [AUI recov

;set LAUi recov (OFF)
;jget LAUI addr

;clear [AUi calls
;repeat 211 IAU's
;init IAU Rst_synch
:LAU Rst recov
;point LAU stat tab
stest LAUI ON

;OFF/test Rst
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D4AS
DZAB
D4AD
D4AE
D4B{
D4B2
D454
Dé4BS
Dé4B6
D4BE
D4BA
DéBD
D4ce

D4C1
DaC3
Dace
D4Co
D4CB
D4CE
DDl
D4b4
D4D5
D4p7
DZDe
D4LC
D4DE
D4E(C
D4E1
D4E3
D4E4
D4E7
D4ES
D4ESG
D4EA
DZ4ED
DZ4EE
D4F1]
D4r<¢
D4F7
D4Fa
D4FC
DAFF
D502
D54
D5e7
D50A
D5¢D
D5FE
D51¢
D512
D515
D516
D51¢&
L5109
D51A

2003
3606
Ko
1¢F2
214FfFQ
86

77

B7
2808
CBDS
210FF8
225AFC
C9o

CBEY
CAFADA4
3A40FC
CB47
C27ALE
CD1LC4
2A5AFC
23
CBZE
28FB
225Ar°
CBEE
CBLE
D
E6PF
47
21FCFE8
g5

6F

56
CD52D6
78
lieeee
CDDCD5S
CDEEDS
C27mDS
CBSl
CA7ADS
3ALLFS
CBZL7
C27AD5
CDiDC4
2A58FC
B
CB7E
28FB
2258F¢
7E
E6FF
67

e7
FD21C(DE

2581

2582

25€3

2584 INRST2
2585

2584

2587

258¢

258¢

2580

25¢1

2582

2582 INRST2
2584 ;

2895 ;
2596 ;
2587 ;
25¢¢ ;
2580 5
260

2601

2602

2662

2604

26€5

26(:6 BUSCN1
2607

2608

260¢

261¢

2611

2612

2613

2614

2615

261¢

2617

261¢

261¢°

2621

2621

2622

2623

2624 BUSCN2
2625 SCANP

2626

2627

2628

2629

2630

2631

2632 SCAN]

2633

2634

2635

2€36

2637

2638

2628

264¢

CAN

[y

JR 'NZ,INRST2
LD (HL) ,SCOFFI
INC 2

DJINZ INRST1

LD HL,BSCC
ADD (HL)

LD (HL) ,A

‘R A

JR Z,INRST3
SET SCN2,C

LD HL,RDCEST-1
LD (SCPT2) ,HL
RET

thkFirEhk

* QCAN *

L 2 XX 3 &4

BIT SCN2,C
JP 7, SCANP

LD 2, (BUFREG)
BIT BY,A

Jp NZ , ENDSCN
CALL  GTPOOL

LD HL, (SCPT2)
INC HL

BIT SCNI, (HL)
JR 7 ,BUSCN1
LD (SCPT2) ,HL
RES SCNT, (HL)
SET CaMI, (HL)
LD AL

AND DCEMSK

LD B,?

LD HL, RDCERS
ADD L

LD L2

LD D, (HL)
CALL  RSTIND

LD A,B

LD DE, 0@

CALL  EXT1

CALL  DECSC2

Jp ENDSCN

BIT SCN1,C

JP Z, ENDSCN
LD A, (BUFREG)
BIT BY,A

JP NZ , ENDSCN
CALL  GTPOOL

LD HL, (SCFT1)
DEC HL

BIT CHSCN, (HL)
JR 7, SCAN]

LD (SCPT1) ,HL
LD A, (HL)
AND STAMSK
RLCA

RLCA

LD 1Y,SCNTAB

B-4¢

PAGE 0044

;OFF/no Rst/set Rst

;repeat all LAU's
;upadate scan veriab

;test LAU scan

;test Busy

;not Busy/get buff
;read scan point
;point next LAU
;test LAULI recov

;recov/save point

;get LAUiI addr

;get Rst reason

;form Rst Indic

;transf to BOC
;dec scan count

;test chan scan

;test Busy

;not Busy/get buff
;read scan point
;point next chan
;test chan recov

;recov/save point
;read chan state
;mask state code

;scan tab offset
;point scan table



*%% ZAGM — Z8( ASSEMBLER version 2,16 **#

DS1E
D52¢
D521
p523
D24
D526
D527
DE2B
D52E

D53¢

532
D532
D536
DE29
D52C
DEZF
D542
D544
D547
D54A
D54D
D54F
D551
D554
D557
D55¢
DESC
DEEF
Dsse
D561
D564
D565
D566
D56R7
DSEA
D56C
D5sF
D571
D574
D577
D57
D570
D57E
D581
DEg2
D583
D5ES
D586
D585
D58A
DSEB
D5€ED

1660

5F

FD19

)

E6CF

5F
DD2AS6F9
DD7364
FDEC

2458B
23
225¢EF¢C
CIADE
CDB D6
CLC15D7
C37AD5
3600
CIBIDS
CDeebe
C37AD5
3628
1611
CDAh3DE
C37AD5
3617
10153515)955)
21¢8r9
1¢

7E
21F(F8
85

6F

56
CL78DE
3606
CDE1D5
1632
CD26D6
C37rEE
C27AD5
CD7EDS
ce
2145F¢
35

ce
cBel
ce
2146F¢C
35

ce
CBSS
cs

2141F¢

2641
2642
2642
2644
2645
2646
2647
2648
2649

2650 ;
;in the following routines HL points to the

2651
2652
2652
2654
2655
2656
2657
2658
2650
2660
2661
2662
2662
2664
2665
2RE6
2667
2658
2669
2670
2671
2672
2673
2674
2675
2676
2677
2678
2679
268¢
2681
2682
2683
2684
2685
2686
2687
2688
2689
269¢
2691
2692
2693
2694
2605
2695
2607
2608
2600
27e¢

LD
LD
ADD
LD
AND
LD
LD
LD
JP

Db,e¢

E,A

1Y,DE

AL

CHMASK

E,A

IX, (CURBUF)
(IX+4) ,E
(1Y)

PAGE ¢@45

;point table entry

;get channel nbr
;local channel

;insert chan (header)
;jump to 'jump tab'

;channel state; each routine updates the channel
;state and counters, formats a new packet if recuired
;and transfers the packet to the POC or the BOQ

’
SCNA

SCNB

SCND

SCNE

SCNF
ENDSCN

DECSCN

DECSC?2

PACK2

LD
INC
LD
CALL
CALL
CALL
JP
LD
CALL
CALL
JP
LD
LD
CALL
Jp
LD
CALL
LD
ADPD
LD
LD
ALD
LD
LD
CELL
LD
CALL
LD
CALL
Jp
Jp
CALL
RET
Lo
DEC
RET
RES
RET
LD
DEC
RET
RES
RET

LD

B

(L) ,P11
HL
(SCPT1) ,HL
INCSEC
CCEXT
DECNC
ENDSCN
(HL) , Pl
DECCH
CCINT
ENDSCN
(HL) , P8
D,11H
CLEXT
ENDSCN
(HL) ,P7
INCTM1
HL, RICE
HL,DE
A, (HL)
HL,RDCERS
L

L,A

D, (EL)
CLINT
(HL) ,P1
DBECCH
D, 32H
DIAGN
ENDSCN
ENDSCN
DECSCN

HL, SFCC
(HL)

NZ
SCN1,C
HL,BSCC
(HL)

NZ
SCN2,C

HL,GENST

45

;get LAUI addr (map)

;get clear reason

;dec ch scan count

;end chan scan

;dec IAU scan count

;end LAU scan

;save pack state
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D591
D5¢2

D5¢3
D506
D5a7
D508
D598
DEOC
DsCD
DSAR
DSAY
DSA2
D5AS
DSA6
DsA7
DSAA
DS2B
DSAC
DSAF
DSB(
D581
D584
DSBS

DEB6
D5RO
DEBA
DSBB
D5BE
D5C1
D5C4
D5CS5
PCY
D5CC
D5CD
DECF
D5D2
DED3
D5D4
D5D7
D5DA
DEDB
D5DC
DSLF
DSEE
LEEL
PSE2
DSE3
D5E4
D5ES
DSE6
DSE®Q
DEEA
D5EB
DEEE

ZE
ce

2143F¢C
35
ce
2144r°
35
ce
214ZF%
34
ce
2144F9
34
ce
2145F9
34
ce
2142F¢
34
ce
2142F¢
35
ce

2171F¢
7E

34
21E(FE
CDCEC?
2172F¢S
2
DD215EFA
CDEZDE
CY
160
21CEFS
1¢

7E
324BF¢
211CF¢S
1¢

56
2h56F 0
23

77

23

73

22

23

72
217RFS
7E

34
214¢Fe
CDPEC4

271
2762
27¢3
2764
2705
2706
27¢7
2708
27¢e
271¢
2711
2712
2713
2714
2715
2716
2717
2718
271%
272¢
2721
2722
2723
2724
2725
2726
2727
2728
272°
2730
2731
2732
2733
2734
2735
2736
2737
273¢
273¢
274¢
2741
2742
2743
2744
2745
2746

(/) e ~s %o wo we

-3
O
o)

STOP2

INCTMI

INCTM2

INCSEC

INCCH

DECCH

EXT

2747 .

2748
2749
275p
2751
2752
2753
2754
2785
275¢€
2757
2758
2788
2760

EXT1

Lt
RET

.C, ML)

PAGE 046

hkkhkhhkhhhhhhhkhhkhhhkhhhhkk

* PACKET LEVEL ROUTINES *
*hkkkkhkkkh kR bk ke kb hkhk

LD
DEC
RET
LD
EEC
RET
Le
INC
RET
LD
INC
RET
LD
INC
RET
LD
INC
RET
LD
DEC
RET

INC
LD
CALL

INC

CALL

ADD
LP

LD
ADD

INC
LD
INC

INC
INC
LD
LD
LD
INC
LD
CALL

HL,STMC
(HL)

HL, TONC
(HL)

HL, STMC
(HL)

HL, TONC
ML)

HL,SPCC
(HL)

HL,NRCH
(HL)

HL, NRCH
(HL)

HL,DLOS
A, (HL)
(HL)
HL,TPQS
PUTBUF
HL,NIFg
(HL)

IX, PAKB
INCRCD

D, £
HL,RICE
HL,DE
A, (L)
(REMCTE+1) ,A
HL,RCI
HL,DE
L, (HL)
HL, (CURBLUF)
HL

(HL) ,A
HL

(HL) ,E
HL

KL

(HL) ,D
HL,DLD3
A, (HL)
(HL)
HL,TPQ3
PUTBUF

B-46

:dec STMC count
;Gec TONC count
;inc ETMC count
;inc TONC count
;M¢SECcmmt
;inc NRCE count

;dec NRCH count

;transf pack to POQ

;inc POQ count

;form/transf pack BCQC

;get rerote LAU
;save remote AU

;get remote channel
;get buffer

;insert remote LAU
;insert local channel

;insert remote channel
;transf pack to BOC
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DEF1
D5F 4
DEF5

DSF6
DSFS
DSFE
DSFC
DSFD
DSFE
DR
D501
£602
D504
DAES
DERA
DECT
D5CA
DECC
DAED
DACE
DECF
D611
DE12
D613
D615
D616
DE1C
DR1B
DF1C
D61D
D61E
D627
D621
D622
D624
D625
D626
D627
DE2A
DE2C
D62D
DA2E
D62F
D621
D632
DF23
D635
D636
D639
DE3E
D6XC
DF3D
D63E
DG4C
D641
D642
D644
D645
D646

2178F¢
34
(61°)

2A5€F 0
36€7
23
23
23
3610
23
23
3613
23
72
co
2A56FC
3666
23
23
23
3610
22
23
2617
Co
2AS6FC
3667
23
23
23
361¢
23
23
2683
23
72
ce
2A56FC
3606
23
23
23
361¢
22
23
2687
C¢
2ABRFO
3609
23
22
23
261
23
23
36F1
23
72
23

2761
2762
2763
2764
2765
2766
2767
2768
2769
277¢
2771
2772
2773
2774
2775
2776
2777
277¢
277¢
278r
2781
2782
2783
2784
2785
278F
2787
2788
2768
2798
27¢1
2792
2783
2794
2795
2796
277
27%¢€
2722
280r
2801
2812
2803
2804
2805
2806
2807

-

CLIND

CLCONF

HEREJ

HDCNF

28ece -

280¢
281¢
2811
2812
2813
2814
2815
2816
2817
2e1g
281¢
282¢

DIAGHN

LD
INC
RET

LD
LD
INC
INC
INC
LD
INC
INC
LD
INC
LD
RET
LD
LD
INC
INC
INC
LD
INC
INC
LD
RET
LD
LD
INC
INC
INC
LD
INC
INC
LD
INC
LD
RET
LD
D
INC
INC
INC
LD
INC
INC
LD
RET
LD
LD
INC
INC
INC
LD
INC
INC
LD
INC
LP
INC

HL,CTQ3

(HL)

HL, (CURBUF)
(HL) , PIMIN+]
HL

HL

HL

(HL) ,1¢H

HL

HL

(HL),13H

HL

(HL),D

HL, (CURBUF)
(HL) ,PIMIN
BHL

HL

HL

(HL) ,17H
HL

HL

(HL) ,1°H

HL, (CURBUF)
(ML) , PLMIN+1
HL

HL

HL

(HL) ,10H

HL

HL

(HL) ,HDRJ
HL

(1L) ,D

HL, (CURBUF)
(HL) , PLMIN
HL

HL

HL

(HL) , 1CH
HL

HL

(HL) ,HDCF

HL, (CUREUF)
{HL) , PIMIN+3
HL

HL

HL

(HL) ,1¢H

HL

HL

(HL) ,CF1H

PAGE €047

;inc BOQ count

;form Clear pack
;insert length

sinsert 1D field

;insert pack code
;insert reason

;form C1 Conf pack
;insert length

sinsert 1D field

;insert pack code

;form HDREJ pack
;insert length

;insert ID field

;insert pack code
;insert reason

;form HDCNF pack
;insert lergth

;insert ID field
;insert packkcode

; form Diagnostic
;insert length

;insert ID field

;insert pack coce

;insert reason
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D647
D64
D62A
D64B
D64E
D65¢
D551
D654
D657
DESE
D658
DAS5D
D5SE
D65F
D55
D662
D663
D654
D666
D667
D568
D669
D6 €C
D66E
DEGF
D670
D671
D673
D674
D675
D677

D678
D678
D67E
D58
D681
D684
pee7
Cegs
peec
D6EF
D&G2
D€S5
D696
D629
peec
D69E
D&SF
DEA2
D6A3
D6&AS
DeA6
Deac
DeAC
DéAF
DeB3
D6B6
D&B7
DGBA

361@
23

73
CBEbS
ZEEC
63
CDDDIB
CDIDCD6
Co
2RE6FO
3607
23

22

23
2610
23

23
36FB
23

72

ce
2A56FC
3506
23

23

23
361¢p
23

23
3€FF
ce

CDFADS
CDB6DS
2E56
63
CDDCDB
CDIXDE
ce
DDZASEFC
DDE6('6
CIB6DS
CDIDCD6
ce
CD{. 7D6
CIBED5
2E58
63
CDDDIB
Cso
2ESD
63
CDEDIB
Ccpreps
CDCDDS
ED2172FA
CDE ZD6
CS

CD¢ D6
CICDDS

2821

2822

2822

2824

2825

2826

2827

2828

2829

283¢ RSTIND
2831

2832

2833

2834

2835

2836

2837

283¢

2838

284¢

2841

2842 RSTCNF
2843

2844

2845

2846

2847

2848

284¢

285¢

2851

2852 ;
2853 CLINT
2854

2855

2856

2857

2858

2859

2860 CLINTA
2861

2862

2863

2864

2865 CCINT
2866

2867

2e6g
286G

2870

2871 CLEXT
2872

2873

2874

2875

2876

2877

2878

2P7¢ CCEXT
28er

LD:
INC
LD
CALL
LD
LD
CALL
CALL
RET
LD
LD
INC
INC
INC
LD
INC
INC
LD
INC
LD
RET
Le
LD
INC
INC
INC
LD
INC
INC
LD
RET

CALL
CALL
LD

CALL
CALL
RET
LD

CALL
CALL
RET
CALL
CALL
LD
LD
CALL
RET

LD

CALL
CALL
CALL

CALL
RET

CALL
CALL

(HL) ,1¢H

'HL

(HL} ,E
INT
L,M8¢
H,E
LIMES
CLRSN

HL, (CURBUF)
(HL) , PIMIN+1
HL

HL

HL

(HL) ,1(H

HL

HL

(HL) , FFBH
HL

(HL},D

HL, (CURBUF)
(HL) ,PIMIN
HL

HL

HL

(HL) ,1PH
HL

HL
(HL) , fFFH

CLIND
INT
L,M86
H,E
LDMES
CLRSN

IX, (CURBLUF)
D, (IX+6)
INT

CLRSN

CLCONF
INT
L,M88
H,E
LIMES

L,M22
H,E
LEMES
CLIND
EXT
IX,CER
INCRCD

CLCONF
EXT

PACE (C48

;insert ID field

;insert locel channel

;form Restart pack
;insert length

sinsert ID field

;insert pack code
;insert reason

;form Rst Conf pack
;insert length

;insert ID field
;insert pack code

;form Clear
stransf to FOQ

;get Clear reason

;transf to POQ

;:form C1 Conf
;trensf to POC

;form Clear
;transf to BOC

;form C1 Conf
;transf to BOQ
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D6BD
DEBF
D6CE
DEC3
D6C4
DEC 7
DECA
D&CC
DECE
DD]
D6D4
DEDe
DB
DEDC
DSLE
DEDF
DSE2

D6E3
DEE6
DEES
DEEA
DEED
LCeFe
D6F1
Der3
D6F6
DEF7
D6FA
DEFB
D6FC
DAFF
D7ee
p7¢3
D704
D7¢5
D7e¢6
D7¢7
D7ex
b7(B
o7ec
p7¢Dh
D70F
D71¢e
711
D712
D714
b715
D71e
D71B
D71C
D71D
C71E
D71F
D722
D723
D724
D725
D726
D729

ZEEF
63
CDDDIB
ce
CD58D6
CIB6DE
Z2E¢F
26£2
CDDDIB
CDDCDé
DD21 6AFA
CDE3D6
ce
2E61
62
CDDDDB
ce

DDE6EL
CDEEF1
23
pD74ee
bD75€C1
ce
le0g
211€F9°
1¢
3A4AFC
77

ce
3A4BFS
47
21DEFE
g5

6F

35

56
21E(CFE
78

85

6F
CBAG
AF

BA

Cce
CBCE
ce
3A4BFS
21Cere
g5

6F

35

ce

3R 6CFS
B7

ce

C5

47
216DF¢
7E

2881
2882
2883
2884
2885
2g86
2887
2888
288¢
2800
2881
2862
2893
2894
2895
28046
2897
28088
289¢
2000
261
2002
2902
2004
2905
2906
2807
200e
20n¢@
2¢1¢
2611
291

2913
2914
2018
2916
2017
2018
2e1¢
2020
2621
2622
2023
2924
2925
2926
2827
2028
202¢°
203¢
2931
2032
2933
2034
2635
2536
2937
2¢38

2020

-t

284r

LDI
LD
CALL
RET
CALL
CALL
LD
Le
CALL
CALL
LD
CALL
RET
CILRSN LD
LD
CALL
RET

RSTINT

L4
INCRCD LD
LD
INC
LD
LD
RET
MAP LD
Lp
ADD
LD
LD
RET
DECHC LD
LD
LD
ADD
LD
DEC
LD
LD
LD
ADD
LD
RES
XOR
Ccp
RET
RES
RET
DECNC LD
LD
ADD
LD
DEC
RET
CLPAK LD
OR
RET
PUSH
LD
CLPAK1 LD

L,M05

H,E

LIMES

RSTIND
INT
L,M15
H,MP2
LIMES
CLRSN
IX,DCERS
INCRCD

H, (IX)
L, (IX+1)
HL

(IX) H
(IX+1),L

b, frfH
HL,RCI
HL,DE

A, (REMOTE)
(HL) ,A

A, (REMCTE+1)
B,A

HL, RDCEHC
L

L,A

(HL)

D, (HL)
HL,RDCEST
A,E

L

L,A
TONI, (HL)
A

D

NZ

COMI, HL)

A, (REMOTE+1)
HL, RDCENC

L

L,A

(HL)

A, (CTQ2)
A

z

BC

B,A

HL, DFQ2
A, (HL)
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;form Restart
stransf to POQ

jreason message

:inc recoré (IX)

;point rem chan teble
;offset chan

;get rem chan

;insert rem chan

;Cec set-up calls

;point LAU state

;reset tim (resp recv)

;no resp expected

;dec LAUi cells

;clear PIQ
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D72»
D728
D72E
D732
D734
D736
D737
D738
D738

D73C
D72D
D74p
D741
D743
D744
B747
D74A
D74D
D75¢
D752
D754
D755
D756
D758
D75A
D75D
D75F
D762
D763
D764
D766
D768
D769
£76C
D76éD
D7GF
D772
D775
D776
o777
D77A
D778
D77D
D78¢
D781
D782
D783
D7E4
D786
D78¢
D78A
D78C
D78E
D791
D794
D785
p7¢e
D79¢
D78

34
212¢F8
CDg1C4
Cb4(Cé
1cre
Cl

AF
326CF°
co

AF
2142FS
BE
28E1
77
3244FC
3243FQ
324EF9
21¢¢FC
eoee7
3ERe
23

77
12FC
161-3°31
21CeF8
pseB
lieaee
AF

BE
221C
36er
ES
21DEF8
18
36ep
3A40FC
21FFFE
19

77
21EPFE
19
3507
2146F¢
34

El

23

1C
1¢pC
3A46FC
B7
28¢8
CEDS
21DFF€
225AF¢
ce
3A4BFS
5F
lege
E5

2941
2942
2943
2944
2045
2946
2947
2048
2949
205¢
2051
2952
2953
2054
2955
2956
298

2958
2959
296¢
2961
2862
28h3
2964
2965
2966
2967
2068
2969
297¢
2971
2072
2973
2274
2975
2076
2077
2978
2¢7¢
298¢
2081
2982
2983
2084
2985
2086

RST1

RST2

2987 RST3

2988
258¢
299¢
2991
2992
2003
2964
2985
29¢6
2997
2008
2099
eep

ENDRST
BUSRST

INC
LD
CALL
CALL
DJINZ
POP
XOR
LD
RET

XOR
LD
Cp
JR
LD
LD
LD
LD
LD
LD
LD
INC
LD
DJINZ
RES
LD
LD
LD
XOR
Ccp
JR
b
PUSH
LD
ADD
LD
LD
Lp
ALD
LD
LD
ADD
LD
LD
INC
POP
INC
INC
DJINZ
LD
OR
JR
SET
LD
LD
RET
LD
Lp
LD
PUSH

(HL)

HL, TPQ2
GETBUF
RELBUF
CLPAK]
BC

A

(CTQ2) ,~

A
HL, NRCH
(HL)
Z,ENIRST
(HL) ,A
(TONC) , 2
(STMC) , 2
(SECC) , A
HL,CSI
B,MXCH
A,Pl

HL

(HL) ,A
RST1
SCN1,C
HL,RDCENC
B,NICE
DE, P8

A

(HL)
Z,RST2
HL) ,C€
HL
HL,RDCEHC
HL,DE

(HL) ,0¢
A, (CLRST)
HL,RICERS
HL,DE

(HL) ,A
HL, RDCEST
HL,DE

(HL) ,SCONI
HL,BSCC
(HL)

HL

HL

E

RST2

A, (BSCC)
A

Z, ENDRST
SCN2,C
HL, RDCEST-1
(SCPT2) ,HL

A, (REMCTE+1)

E,A
D,ec
HL

B-5¢
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;get buffer

;release buffer
;jrepeat 21l buff

;X. 25 Rst/process
;test active channels
;reset counters

;point channel table

;reset channel (pl)
;repeat all channels

;remote recovery

;test LAUI cells

;reset L[AUI calls

:insert reason (Rst)

;update [AUI state
:inc LAU scan count

;repeat 211 IAU's
;update LAU scan param

;LAUi Restart/process
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D7C
D79F
D7AQ
D7Al
D7A2
D7AS
D7A6
D7A7
D7A%
D7AC
D7AD
D7AF
D7B2
D783
D7B6
D7B7
D7BA
D7BE
D1
D2
D4
D75
D7C7
pxe
DCB
DCE
D7DS
D71
D702
D73
D7D4

D7D5
D76
D7D
D7DB
D7DE
D7E2
b7E4
D7E7
D7EA
D7EE
D7F(
D7F4
D7F6
D7FA
D7FC
D7FF
pee2
D8e6
beee
D8eC
DERE
DEEF
pBl11
D812

21CCFe8
1S

7E

B7
CA2£DE
o

47
36¢¢
21DCF8
1¢
36e0
21F@FQ
1¢
3RLOFC
77
21¢8F¢
FD210¢¢FS
3A4BFS
23
FD23
BE
20FA
E5
21C¢DD
FD7EGC
E6QF
a7

87

£5

6F

ES

B4

1836
CDe3D5
CIARDS
FD2602E8E
l1g2a
CDS8D5
CDATDS
FC36028E
181E
FD36€e8E
lg1e
FD360017
l1e12
CDSEDS
CDATDS5
FDAQLEF
1806
FD36228B
180¢

El

1¢aD

Cl
3n45FC

3ee1
2pee2
3ee2

3884

3eR5
3006
3ee7
3208
3epe
3e1¢
3e11
3¢12
3¢13
314
3€15
3216
317

3#18 BSRSTP
3£19 BSRSTI

3e2¢
3¢21
3022
2023
3024
3¢25
3p26
3027
3g2g
3g29
20e3p
3e31
3e32 ;

LD
ADD
LD
CR
Jp
PUSE
LD
LD
LD
ALD
LD
LD
ADD
LD
LD
LD
LD
LD
INC
INC
cp
JR
PUSH
LD
LD
AND
RLCA
RLCA
ADD
LD
JP

HL,RECENC

‘HL,IE

A, (HL)

A
Z,BSRST3
BC

B,A

(HL) ,€¢
BL,RDCEHC
HL,DE
(HL) , ¢
HL, RDCERS
HL,DE

A, (CLRST)
HL) ,A
HL, RDCE
Iy,CSt

A, (REMOTE+1)

HL

IY

(HL)

NZ ,BSRST1
HL

HL, RETAB
A, (1Y)
STAMSK

LA
(HL)
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;test LAUiI calls

sreset LAUL calls

;get reason (Rst)
;insert reason

:scan chan (LAUi calls)

stest LAUL call

;point Rst action table
;get channel state

;jump to 'jump tab’'

3233 ;in the following routines IY points to the
3¢34 ;channel state; each routine updates the channel
335 ;state and counters

3e36 ;
3837 RSTA
3g38

3¢39 RSTB
304¢

3041

3842

3243 RSTC
3e44

3p45

3046

3047 RSTD
2p4e -
3¢4S RSTE
3e5¢

3851 RSTF
3es2

3053

3¢54

2¢55 RSTG
3¢56

3¢57 BSRST2

3058
3ps¢
3gep

INC
JR
CALL
CALL
LD
JR
CAaLL
CALL
LD

36369

CALL
CALL
LD
JR
LD
JR
POP
DJNZ

POP
LD

B
BSRST2
STOP
INCSEC
(1Y),P14
BSRST2
STOP2
INCSPC
(1Y) ,P14
BSRST2
(1Y) ,P14
BSRST2
(1Y) ,P7
BSRST2
STCP2
INCSEC
(1Y) ,P15
BSRST2
(1y),P11
BSRST?2
HL
BSRST#
BC

A, (SKCC)

B-%1

;repeat 211 chan (LAU])

;update ch scan variab
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D815
DEl6
pele
DE1A
Deib
peze
Dg21

D822
D825
D27
D828
De2¢
D8
Da2Dd
D82E
pe3l
D834
D837
De39
DE3A
DED
D84E
D841
D843
D845
D848
D849
D84A
D84B
DE4C
D84F
DE51
D852
D855
pes?
D8SA
D85C
D8SE
D861
D853
D866
Des8
D86B
DR6D
DE7¢
De73

De74
De75
De7eg
DE79
DE7A
Dg7B
pg7C
De7

B7
2eee
CBD1
210€F°
2258F°
El

ce

3A78F9
FE{D
D8

47
2179F¢
7E

34
214¢re
CDglcs
Cbh4ecs
1¢Fe
AF
327€F°
2164F9
7E
3604
Dép4
2163F¢
F3

86

77

FB
214¢F¢
cBg6
AF
3246F¢
CB¢9
cocpca
CB4S
2012
214CF°
36¢5
CDXD7
CBC?O
CD1rC4
1623
CEC4D6
CDeCD4
co

79
3241FS
23
7E
23
46
23
5E

3861
3¢62
3063
3g64
3865
3e66
3e67
3p68
3e60
3870
3¢71
3072
3e73
3274
3275
3e76
3077
3¢78
3e7°
3¢en
3p8l
3e82
3683
3e84
3e85
3086
3€87
3ges
3ge0
3eep
3ge01
302
3e93
3@e4
3¢95
3¢¢06
3ee7
3ece
3ge9
31e0
31€1
3102
31e3
3104
3125
31e6
3107
3108
21ee
211e
3111
3112
3113
3114
3115
3116
3117
3118
211¢
312¢

BSRST3

BOQOV

BOQOV1

BOQOV2

X v we v we e,

OR*
JR
SET
LD
LD
PCP
RET

LD
cp
RET
LD
LD
LD
INC
LD
CALL
CALL
DJINZ
XOR
LD
LD
LD
LD
SUB
LD
PI
ADD
LD
EI
LD
RES
XOR
LD
RES
CALL
BIT
JR
LD
LD
CALL
SET
CALL
LD
CALL
CALL
RET

khdkkkthhkhkkhkdbhkkdhdhdhk

* MONITOR PROCEDURE *
dhkkkhhkkhkhhhkkkhkhhkkk

LD
LD
INC
LD
INC
LD
INC
LD

A

'Z,BSRST?

SCN1,C

HL, CSIHIXCH+1

(SCPT1) ,HL
HL

A, (CTQ2)
NBUF-NFB(
o

B,A
HL,DFQ3
A, (HL)
(HL)
HL,TPQ3
GETBUF
RELBUF
BOQOV1

A

(CTC2) ,A
HL,NOGB
A, (HL)
(L) ,NGBO
NGB
HL,NCFB

(HL)
(HL) ,2

HL, BUFREG
BY, (HL)

A

(BscC) ,A
SCN2,C
INLCE
DCERST, C
Nz ,BOQOV2
HL, CIRST
(HL) ,@%H
RST
DCERST,C
GTPOOL

D, 23
RSTINT
INRST

A,C
(GENST) , A
HL

A, HL)

HL

B, (HL)

HL

E, (HL)

B-E2
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;BCC overflow
;test overfl condition

;over flow/nbr BOC pack
;get buffer

;release buffer
;repeat all buff (BCQ)

;reassign NCOFB/NOGB

;reset IAU tebles
;test Rst (X.25 int)

;initiate Rst (X.25)

;form Rst pack
;initiate LAU recov

;Save pack state

;point EMU com field
;read BMU command
;point handsh field
;read handsh

spoint param2

;read paramd
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DRTE
DETF
DE8e
Degs
D8E6
Dese
D8EB
D8SE
peor
DEY3
DEOS
D898
D8 SA
DESD
D8SF
DEA2
DEAY
DEA7
DEAC
DEAC
DEAF
DEB1
DEB4
DEBS
DEBS
DEEA
DERB
DeBC
DEBE
D8Ce
DEC3
DaC4
DECS
D8C8
D8CA
D8CB
D8CC
DECD
DECE
DECF
DEDC
DED1
D8D2
DED4
DEDS
DEDG
DED7
D8DE
DEDA
D8IC
DEDF
DEE(
DEE1
DSE4
DEE7
DBEA
DEEB

DEEC
DEEF

23

56
ED53ggF¢
FE50
CAECDR
FE4S
CAF2DE
FES3
CAl4DS
FE4]
CA4BIA
FEZ4
CASFIDA
FE54
CAF1DA
FES2
CA72IB
3Eg4
cmepe
C3DEDB
2ER3
CLec:pe
104°)
21AYFC
36FF
B

77
peee
PEC2
CDC4DE
ce

EB
2A56F°
3ECE
81

77

23

23

23

23

22
36F7
23

23

7¢

23

EB
peac
EmB¢
217AFS
7E

34
2140F8
CDOEC4
2178F9
34

103°]

CDAFDE
C3D5rB

3121
3122
3123
3124
3125
3126
3127
3128
312¢
312¢
3131
3132
3123
3134
3135
2136
3137
3138
313¢
214¢
3141
3142
3143
3144
3145
3146
3147
3148
3149
315¢
3181
3152
3153
2154
3155
3186
3157
3158
315¢@
2lea
3161
3162
3163
3164
3165
3166
3167
3168
3160
317e
k)l
3172
3173
3174
3175
3176
3177
3178
3179
318e

MNCMD

CMREJ
MEXC

CMRES

MNCF

MPOLL

INC
LD
LD
Cp
Jp
cp
Jp
Cp
Jp
Cp
Jp
CP
Jp
Cp
JP
Cp
Jp
LD
CALL
Jp
LD
CALL
RET
LD
LD
DEC
LD
LD
LD
CALL
RET
EX
LD
LD
ADD
LD
INC
INC
INC
INC
INC
LD
INC
INC
LD
INC
EX
LD
LDIR
LD
LD
INC
LD
CALL
LD
INC
RET

CALL
Jp

HL

‘D, (HL)

(PARAM) ,DE
A,'P’

Z ,MPOLL
a1t
Z,MINIT
a,'s’

2 ,MSTAT
A,'A!

7 ,MACTV
A,'D'

2 ,MDISP
A,'T!

Z ,MTRAC
A,'R’

Z MRECD
A,mp4
CMRES
ENIMN
A,ME3
CMRES

HL,MSBUF+1
(HL) ,MECB
HL

(HL) ,A
B, ¢

cC,62

MNCF

DE,HL
HL, (CURBUF)
A,MCHEAD

c

(HL) ,2

HL

HL

HL

HL

HL

(HL) ,MNCNF
HL

HL

(HL) ,B

HL

DE, HL

B,0F

HL,DLQ3
A, (HL)
(HL)
HL, TPQ2
PUTBUF
HL,CTC2
(HL)

CMEXC
ENIMN

PAGE ££53

ipoint param2

;read parem3

;Save parameters
;decode PMU command

;reject com (unknown)

;aCC com message

;form short message
;insert MECB

;handsh=no more
;message length
;format response

;point message buf
;point current buf
sheader length

;add to mess length
;insert total length

;point pack field
;insert pack (MNCNF)

;point handsh field
;insert handsh

;point message field
;transf from message

;to current buffer
;transfer to BCQ

;inc BOQ count

;Poll command
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3181 ; '
DBF2 CDAFD? 2182 MINIT CALL ‘CMEXC :Init command
D8F5 CDIFD7 3183 CALL CLPAK ;clear PIC
D8F8 2147F¢ 31¢e4 LD HL, IRLP
DE8FB CRBDG 3185 SET PD, (HL) ;signal lev?
DEFD 3Ad1Fr¢ 3186 LD A, (GENST) ;read pack state
pegg  4r 3187 LD C,2
pegl C es 3188 RES DCERST, C :clear Rst
Doz3 CBel 31809 RES TONRST, C
Dog5 214C¢F¢ 31or LD HL,CLRST iclear reason
pepe 3611 31901 LD (HL) ,11H
Degn  CDXCD7 31¢e2 CALL RST
DeeD 79 3193 LD A,C ;Save pack state
DOOE 2241F¢ 3194 LD (GENST) ,A
D811 C3DSDR 3195 Jp ENIMN
2196 ; :
DS14 CDAFDE 3197 MSTAT CALL CMEXC ;State command
D217 CD2fDS 3108 CALL GETST ;get state iInf
DolAa CDecpe 31¢¢ CALL CHvMAP ;get chan inf
De1D C3D5IB 3200 JP ENIMN
Do2¢ DD212¢DF 32¢1 GETST LD IX,STATIT ;point st mess titles
Dc24 1181FA 322 LD DE,STBUF+1 ;point State buffer
D827 2130F¢ 32€3 LD HL, LISTATE ;point link state
De2a CD79D¢ 3264 CALL TABTR
De2D 2140F¢ 325 LD HL, BUFREG ;point pack state
D83¢ CD79D9 3226 CALL TABTR
DS233 3EI1B 3207 LD A,M27
po3s 12 3278 LD (DE) ,A
Dg36 13 32¢9 INC DE
DE37 2167F° 321¢ LD HL, (R ;point Queue variab
De3n CD7FDS 3211 CALL TABTR]
DG3D CD7FDe 3212 CALL TABTR1
Do4¢ CD79D9 3213 CALL TABTR
D942 CD79D9 3214 CALL TABTR
D946 CD7¢D¢ 3215 CALL TABTR
De4¢e CD79D9 3216 CALL TABTR
DS4C 2110DF 2217 LD HL, DCENE ;point LAU table
DG4F CD7¢DS 3218 CALL TABTR
D952 21CeFe 321¢ LD HL, RDCENC
D955 CD7¢D¢ 322¢ CALL TABTR
Dese  21D(Fe 3221 LD HL, RDCEHC
De5B CD7¢DS 3222 CALL TABTR
DESE  21E(F8 3223 LD HL, RDCEST
D861 CD79D¢ 3224 CALL TABTR
D9r4 21F(F8 3225 LD HL, RDCERS
D867 CD7¢D9 3226 CALL TABTR
pesp 3EFF 3227 LD A, MECB ;insert MECB
peeCc 12 3228 LD (DE) ,A
De6D B 3229 LD AE
DeRE E6TF 323¢ AND BL-1
Dg7¢ 3D 2231 DEC A
D271 328@FA 3232 LD (STBUF) ,A ;insert mess length
DE74 AF 3233 XOR A
D875 3295F¢ 3234 LD (NCBUF) ,A ;reset Disp buf count
pe78 €9 3235 RET
Do7¢ CDB7DS 3236 TABTR CALL TABTR(
DeC EDBC 2237 LDIR
DY7E C9 3238 RET
DO7F CDR7DS 3220 TABTR1 CALL TABTR(
D982 F3 3240 DI
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D983
Does5
D986
D9g7
Do8A
DOSB
poeC
DOSE
D991
Dgo2
DOO3
DE95
D9C7
D928

poeo

DEoA
DeSD
Deap
DoA2
D&AS
DCAR
boac
DOAC
DOAE
DCAF
DBl
beB2
DB 3
DSB6G
DSB7
DoBS
DOBA
DEBC
DSBD
boce
DoCl
DoC4
DSC6
DoC?7
Dacs
DoCB
boccC
DeCD
Dop¢g
DeD2
DeD5
DED6
bep7
poDeg
DSDO
DEDA
Dorc
pece
DCSDE
DSE1
DSE3
DOE6
DOES
DCEB
DSEE

EDBE
FB

ce
DD7EFE
12

13
DD23
ED7ECC
12

13
Db23
£6ee
4aF

ce

AF
3290F9
3291F¢
3ECE
212¢FB
2284F¢
23
2286F¢
z618
BE
3001
47

%)
3292F¢°
72
fece
B8
3ee1
47
3293F¢
78
3294F¢9
cee2
27

)
2191F¢
g6

77
3A9¢F¢
2AB6FQ
36ER
23

78

23

77

x
1¢FB
23

EB
210Q¢F°
3EE?
Ch32mAa
21€8F°
2EEA
CD21DA
211¢FS

3241
3242
3243
3244
3245
3246
3247
3248
2246
3250
3281
3252
3283
3254
3255
3256
3257
3258
3259
3260
2261
3262
3263
3264
3265
3266
3267
3268
226¢
327¢
3271
3272
3273
3274
3275
3276
3277
3278
327¢
32gp
3281
3282
3283
3284
3285
3286
3287
3288
3289
320¢
3291
3202
3292
3294
3295
3296
3297
3298
3209
33er

TABTRE

CHMAP

CHMAP]

CHVAP2

CHMAP3

CHMAP4

CHMAPS

LDIR
EI

RET

LD A, (IX)

LD (DE) ,A
INC DE

INC IX

LD A, (IX)

LD (DE) ,A
INC DE

INC IX

LD B,0¢

LD C,A

RET

XOR A

LD (MFCH) , A
LD (MNBYT) , A
LD A,NBCH
LD HL,MBUF1
LD (MBUF) ,HL
INC HL

LD (MBPT) ,HL
LD B, NCHBF
cP B

JR NC,CHMAP?2
LD B,A

SUB B

LD (MNCH) , 2
LD A,B

LD B,MBL

cP B

JR NC, CHMAP
LD B,A

LD (MBCH) ,A
LD A,B

LD (MCBL) , A
ADD 62

RLCA

RLCA

LD HL, MNBYT
ADD (HL)

LD (HL) ,A
LD A, (MFCH)
LD HL, (MBET)
LD (HL) ,M1e4
INC HL

LD (HL) ,B
INC HL

LD HL) ,A
INC A

DINZ  CHMAPS
INC HL

EX DE, HL

LD HL,CSI

LD A,M1C5
CALL  MAPIRI

LD HL, RICE
LD A,M1P6
CALL  MAPTR

LD HL,RCI

B-55
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;get message (tab type)

;get chan inf

scurr first ch (=3)
;jcurr mess length (=)
;nbr of channels
:first buffer

;save curr buf
;reserve length byte
;save buf pointer
;max nbr ch/buf

;ch to access (total)

;max nbr ch/block

;ch to access (buf)
;ch being accessed
;message length
;previous length
;curr total length
;ecurr first chan
;read buf point
;ch nbr message

inbr param to follow

;get ch nbrs

;buffer pointer
;get ch states

;aet rem [AU's

;get rem channels
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D9F1
DCF3
DSF6
DSF7
DCFA
DSFD
ARG
DAC)
LAE2
DAgS
DAGE
pape
EAQC
LACFE
[ale
DAl3
DAl4
DAl7
DAl8
DAlB
[AlE
Dr2¢e
pA2l
DA22
DA23
LA25
DA28
[A29
DAZA
AZD
DAZE
DAZF
DA 3¢
DA32
DA33
DA34
DAZ5
DA37
DAZA
DAZB
DAZC
DAZF
DAa4(
Lasl
DAg2
Dr43
A4S
LCA46h
DA47
DA 4e
LA4A

DAZB
DALE
DASY
DAS4
DAS7
DASA
DASD
LASF

3EEB
CD21DA
EB
2286F¢
3AG4LFS
218¢F¢°
a6

77
3A02FQ
B7
CcB7DC
2AB4FC
3AOIFC
77
li8¢ee
1¢
3AC2FC
B7
C2ASDS
2AB6FC
36FF
C9

12

13
reop
3A9CFO
4F

09
3AO4FS
4F

12

13
EIBZ
C9

12

13
aean
3A90FC
4F

29
3AQ4FC
47

12

13

7E
E6CF
12

22

13
10Fg
163°)

CDAFDR
CDSADA
3A80FO
CD78DA
C3D5DB
215¢F¢°
CBAE

CBB6

3321
3302
33¢2
3304
33e5
3306
3307
33¢8
33p¢
331
3311
3312
33132
3314
3215
3316
3317
3318
331¢
332¢
3321
3322
3322
3324
3325
3326
3327
3328
332¢
333¢
2331
3332

- 3333

3334
3335
3336
3337
3338
333¢
3349
3341
3342
3343
3344
3345
3346
3347
3348
3349
3350
3351

3352 ;

3353
3354
3355
3356
3357
3358
335¢
336@

MAPTR

MAPTR1

MAPTR2

MACTV

INITRC

tp*
CALL
EX
LD
LD
LD
ADD
LD
LD
CR
JP
LD
LD
LD
LD
ADD
LD
OR
JP
LD
LD
RET
LD
INC
LD
LD
LD
ADD
LD
LD
LD
INC
LDIR
RET
LD
INC
LD
LD
LD
ADD
LD
LD
LD
INC
LD
AND
LD
INC
INC
DJINZ
RET

CALL
CALL
LD
CALL
Jp
LD
RES
RES

A,M1P7

'MAPTR

DE,HL
(MBPT) ,HL
A, (MCBL)
HL,MFCH
(HL)

(HL) ,A

A, (MBCH)
A
NZ,CHMAP2
HL, (MBUF)
A, (MNBYT)
(HL) ,A
DE,IBL
HL,DE

A, (MNCH)
A
NZ,CHMAP]
HL, (MBFT)
(HL) ,MECB

(DE) ,A
DE

B, ¢

A, (MFCH)
C,A
HL,BC
A, (MCBL)
c,A

(DE) ,A
DE

(DE) ,A
DE

B, 0

A, (MFCH)
C,A
HL,BC
A, (MCBL)
B,A

(DE) ,A
DE

A, (HL)
STAMSK
(DE) , A
HL

DE
MAPTR2

CMEXC
INITRC

A, (PARAM)
STRTRC
ENIMN

HL, INTREG
TRACE, (HL)

ENDTRC, (HL)

B-56
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;save pointer

;update cur first ch
stest ch in block

;last/insert length

;get next buffer

;test ch to access

;end ch inf access
;insert MEOB

;get ch tab inf

;get ch state

;Activity commend
;init trace variab
;read options
;init trace timer

;init trace funct
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DA61
DA62
DAGS
DA6S
DAGB
DAGE
DAT71
DA 74
DA77
DA 78
DA7A
DA 7B
DA 7D
DATF
DAg1
DABY
DASS
DABS
8o
DASC
DABE

DASF
DAG)
DAC3
DASH
Lac?y
paco
DASC
DASF
LAAZ
DAA3
DAAS
DAA7
DAAC
DAAE
[AAE
DABE
LAB2
DABS
CAB7
DABC
PABC
DABE
DAC1
DAC?2
pAC4
DACT
LACA
DACE
DACD
DADG
DAD2
DAD4
DAD6
DADS
DALB
DADE
DALDF
DAREf

AF
3206F¢
3297F9
32C8F¢
3298F¢
2180FB
22BAFS
228CF°
Cco
860A
B7
2004
3ECL
e6c2
219AF¢
"
219BF¢
77
215¢F°
CBEE
ce

CB40
2028
3ABPF9
B7
2806
CD2(D%
CDeoDe
3AB1FC
B7
280B
FE®1
28CE
3EQ2

2180FA

1228
3E€1L
218¢FA
1824
2EC]
212CFB
11D
3A05F°
B7
2869
2ABEFC
1180¢¢
19
18¢E
21ALFS
26FF
geec
PECL
CDCc4pe
1813
2288F¢
4E

3D
NN

3361

3362

3363

3364

3365

3366

3367

3368

336¢

337¢ STRTRC
3371

3372

3373

3374

3375 STRTR1
3376

3377

3378

337¢

3380

3381

3382 ;

3383 MDISP
3384

3385

238A

3387

3382

3389

339¢ MDISP1
3391

3392

33¢3

3394

33985

3396

3397

33¢8@ MDISP2
339¢

3460

34¢1 MDISP3
3402

3403

3404 MDISPZ
3405

34¢6

3407

3408

34p¢

341e

3411 MDISPS
3412

3413

3414

3415

3416

3417 MDISP6
3418

3419

342¢

XOR a

LD " ({TRCNP) ,A
LD (TRCN1) ,A
LD (ACTNP) ,A
LD (ACTN1) , 2
LD HL,ACTBUF
LD (ACTPT) ,HL
LD (TRCPT) ,HL
RET

LD B,ACTIM]
CK 2

JR NZ , STRTR1
LD APl

LD B,£2

LD HL,ACTC1
LD (HL) ,B

LD HL,ACTC2
LD (HL) ,2

LD HL, INTREG

SET TRACE, (HL)
RET

BIT RMORE, B
JR NZ ,MDISP4
LD A, (PARAM)
OR A

JR Z ,MDISP1
CALL  GETST
CALL  CHVAP

LD A, (PARAM+1)
OR A

JR Z ,MDISP2
cp 2,0

JR Z ,MDISP2
LD A,MNBUF+1
LD HL, STBUF
JR MDISP6

LD a,el

LD HL,STBUF
JR MDISP6

LD A,MNBUF
LD HL,MBUF 1
JR MDISP6

LD A, (NDBUF)
OR A

JR Z ,MDISP5
LD HL, (CDBUF)
LD DE,BL
ADD HL,CE

JR MDISP6

LD HL,MSBUF
LD (HL) ,MECB
LD B,0P

LD c,el

CALL  MNCF

JR MLISP8

LD (CDBUF) ,HL
LD C, (HL)
DEC A

LD B, f1

B-57
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;reset counters

;reset pointers
;set trace interval

;default

;Display command
;jread options
scurrent state

;current ch inf
;test display opt

;state+ch inf
;point state buf

;state only
;point state buf

;ch inf only
;point ch inf buff

;more request
;test buf to display

;get next buf

;no more to display
;insert MEOB
shandsh field
;mess length

;display one buf
;mess length

shandsh=more
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LAE2
DAES
DRE7
DAE®
CAEA
DAEB
DAEE

DAF1
DAF 2
DAF5
DAFE
DAFO
DAFB
DAFE
IBC1
DBe4
IBC6
DBES
IBEC
DBEF
IB12
IB15
DB18
DB19
IB1C
B1D
DB1F
[B22
DB23
IB25
B 28
IB2A
DB2C
[B2E
DB 3¢
[B32
DB34
IB36
DB38
I8 3B
B3
[B3F
mB41
DB 42
IB432
DB 45
[B47
DB4E
IB49
DB 4B
[B4E
DBsl
IB52
DBS3
B55
DBS6
IB59
DBSA
[BSC

3205F¢
2003
ec
a66o
23
CC4ape.
C3D5D8

cBég
2€23
3A8B0FC
B7
2808
CDSAIA
3A81FC
cDh78ra
1812
3AQ8FC
3296F¢
3A0CF¢
3297F¢
218CFB
228CF9
AF
2197F¢
BE
2026
2196F¢
BE
201C
2150F¢
CB6E
2806
3E€2
p6ee
1ep4
3EFF
P602
ZEF]
21ACF©
77
CDC4DE
182E
4E

77
1809
3E8P
4F

35
20¢3
3A96FC
2ABCFO
54

5D
pgeee
g9
228CF¢C
EB
26£1
B7

3421

3422

3423

3424 '
3425 MDISP7
3426

3427 MDISP8
3428 ;

3429 MTRAC
343¢

3431

3432

3433

3234

3435

3436

3437

3438 MTRAC1
343¢

344¢

3441

3442

3443

3444 MTRAC?Z
3445

3446

3447

3448

3449

345¢

3451

3452

3453

3454

3455

3456

3457 MTRAC2
3458

3459 MTRACY
3460

3461

3462

3463

3464 MTRACS
3465

3466

3467 MTRACG
3468

3469

347¢

3471

3472 MTRAC7
3473

3474

3475

3476

3477

3478

2470

348p

"
JR
INC
LD
INC
CALL
JP

BIT

LD
CR

CALL

CALL
JR
LD
LD
LD
LD
LD

XOR

SERS6E

EE356956566569356935%

385
9]

5

(NDBUF) ,A
'NZ ,MDISP7
C

B,or

HL

MNCF
ENIMN

RMORE, B
NZ ,MTRAC?2
A, (PARAM)
a

Z,MTRAC1
INITRC

A, (PARAM41)
STRTRC
MTRAC2

A, (ACTN@)
(TRCNP) , A
A, (ACTN1)
(TRCN1) ,2
HL,ACTBUF
(TRCFT) ,HL
A

HL,TRCN1
(HL)

NZ ,MTRAC6
HL, TRCNP
(HL)

Nz ,MTRACS
HL, INTREG
TRACE, (HL)
Z ,MTRAC3
A,ME2

B, ¢
MTRAC4
A,MECB

B, 22

c,?

HL, MSBUF
(HL) ,A
MNCF
ENIMTR

C, (HL)

(HL) ,A
MTRAC7
a,DBL

c,A

(HL)

NZ ,MTRAC?
A, (TRCNF)
HL, (TRCPT)
D,H

E,L

B, CP

HL,BC
(TRCPT) ,HL
DE,HL

B, C1

PAGE (P58

;buf to display

sto iclude MECRBR
;handsh=no more

;Trace commend
;read options
;current/init trace
;read time interveal
;set trace interval
;stored

;update trace count

;reset trace point

;test mess length
; <one buf

;buff empty

;test if tracing

;tracing/blank mess
;handsh=no more

strace ended/MECE mess
;handsh=end trace
;form short message

;buf not empty/length
;update length (=F)

;>=one full buffer

;length=one buff
;update length

;current trace point
;save (DE)

;update trace point

shandsh=more
stest if last buf



*k% ZASM — Z8(1 ASSEMBLER version 2.16 **%

BESD
DBSF
[B62
B64
[B&6
DB68
[BEA
B6&C
B6F

De72
LE76
DB7A
BC
DB7F
Be2
EBE&5S
IB8E
BES
mBeac
BEF
Bsl
Be3
mo5
o7
Boe
pBeC
IBSD
DBSF
BA2
BA4
DBA7
DBAB
[BAE
DBBE
CBB1
DBE2
IBB4
EBB5
DBBE
BB
[BBB
[BBD
[BBE
DBEF
DBC1
DBC2
[BC3
EBCS
DBCE
DBCB
EBCE
DBCF
BD2
DBDS
BDR
BDS
BDC

26¢D
3AS0F¢
CB6F
28e4
geee
1e¢2
goe2
cDc4pe
C2D5I8

DD21B@F©
FD214¢FA
£61C
ppe6Le
DDEEf]
FD5600
FDSEf]
1¢
DD74C¢
DD7571
DD23
DD23
FD23
FD23
1PE3
3A8(FC
B7
2805
21BPFC
18€3
2140FA
DD213ADF
11e0FA
3EIC
12

13
2611
C5
Cp79D¢
Cl
16F9
3EFF
12

B
E67F
4F

ec
aspe
2160FA
coc4pe
214(0FA
AF
CD7AC1
C3D5IB
3A41F°
4F
Ch22D8
Co

2282F¢°

3481
3482
3483
3484
3485
3486

3487 MTRACR
34RE MTRACY
3488 ENIMTR

34¢e¢ ;
3421 MRECD
3492

3493

3494 MRECD1

3495
3496
3497
3498
3499
3Eep
3581
35¢2
35¢3
3504
3505
3506
3507
3508
3589
351p

3511 MRECD2
3512 MRECD3

2513
3514
3815
3516
3517

3518 MRECDZ

3519
352¢
3521
3522
3823
3524
3525
3526
3527
3528
352¢
353¢
3531
3532
3533
3534
3535 ENIMN
3536
3537
3538
353¢ ;
354¢ LIMES

[y

JR
LD
BIT
JR
LD
JR
LD
CALL
JP

LD
LD
LD
LD
LD
LD
LD
ADD
LD
LD
INC
INC
INC
INC
DINZ
LD
CR
JR
LD
JR
LD
LD
LD
LD
LD
INC
LD
PUSH
CALL
FOP
DJINZ
LD
LD
LD
AND
LD
INC
LD
LD
CALL
LD
XOR
CALL
Jp
LD
LD
CALL
RET

LD

NZ ,MTRACS

‘A, (INTREG)

TRACE, A
Z ,MTRACE
B, 0P
MTRACO
B,A2
MNCF
ENDMN

IX,TRCDP
1Y,CRCDP
B,NRECD
H, (IX+0)
L, (IX+1)
D, (IY+7)
E, (IY+1)
HL,DE
(IX+) ,H
(IX+1),L
IX

IX

1Y

1Y

MRECD1

2, (PARAM)
A

7 ,MRECD2
HL, TRCDP
MRECD3
HL, CRCDP
IX,RCDTIT
DE, RCIBUF
A,M28

(DE) ,A

DE

B, DRECDHSRECD

BC

TABTR

BC

MRECDY
A,MECE
(CE) ,A
A,E

DBL-1

C,A

c

B, 20

HL, RCIBUF

MNCF

HL, CRCDP

A

INRCDE
ENIMN

A, (GENST)
c,A

BOQOV

(MESG) , KL

BE-58

PAGE €£5¢

;current last mess
stest tracing

;trac/handsh=no more

shandsh=end trace

;Record com

;update total records

;repeat for all rec
;test option

;total/point tot rec
;jcurr/point curr rec
;point Rec mess

;point Rec buffer
;insert title

snbr lines
:1o2d Record buf
;repeat (all records)

;insert MECB

;message length
;handsh=no more
;point Record buffer

;point curr rec

;reset curr rec

send MU com
;read pack state
;test BOQ overflow

;Save message
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PAGE feef

IBE? 215FF¢ 3541 LD’ HL,INTREG
DBE3 CB6E 3542 BIT TRACE, (HL) ;test if tracing
[BES 2847 3543 JR Z ,ENIMES
DBE7 F5 3544 PUSH AF ;tracing
[BEE 3AQ6AFC 3545 LD A, (TRCN{)
DBEB C6g2 3546 ALD g2
BED FE80 3547 CP [BL stest trece buff
[BEF 2¢F5 3548 JR NZ ,LIMES1
[BFl AF 354¢ XOR A ;full
DBF? 21S7F° 35&8p LD HL, TRCN1
IBF5 34 3551 INC (HL) ;inc buff count
DBF6 3296F¢ 3552 LD (TRCNP) ,A ;update trace count
DBF9 3AQEF9 3553 LD A, (ACTNG)
DBFC C602 3554 ADD £2
[BFE FE8F 3555 Ccp IBL ;test activity buf
ocee 2118 3556 JR NZ,LIMES3
DCg2 2196F¢ 3557 LD HL,ACTN1 ;full
DCgs 34 3558 INC (HL) ;inc buff count
C¢6 2EG6 3559 LD A, NBACT
DC@8 BE 3560 CP (HL) ;test overflow
DCeo  20¢E 3561 JR Nz ,LIMES2
DCeB  2EPS 3562 LD L,M25 ;act buf overflow
DCe¢D 26FF 3563 LD H,MECB ;overfl/MEOB mess
DCPF  2282FC 3564 LD (MESG) ,HL
DC12 215@F¢ 3565 LD HL, INTREG
DC15 CBAE 3566 RES TRACE, (HL) ;end trace
DC17 CBB6 3567 RES ENLCTRC, (HL)
DC19 AF 3568 XOR A
DClA  3298F¢ 3569 LD (ACTNM) A ;update act count
DCID 2A8AFC 357¢ LD HL, (ACTPFT) ;read act point
DC2¢ 3AB2F¢ 3571 LD A, (MESG) ;get mess (two bytes)
Dcz23 77 3572 LD (HL) ,A :load message
pCc24 23 3573 INC HL
DC25 3AB3FS 3574 LD A, (MESG+1)
pcze 77 3575 LD (HL) ,A
pc2e 23 3576 INC HL
DC2A 228AFO 3577 LD (ACTFT) ,HL ;save pointer
x2p Fl 3578 POP AF
DC2E C9 3579 RET
DC2F 215¢F° 3580 LD HL, INTREG ;monitor timer
[DC32 CB76 3581 BIT ENDTRC, (HL) ;test end trace
DC34 C8 3582 RET VA
DC35 CBAE 3583 RES TRACE, (HL) ;end trace
DC37 CBB6 3584 RES ENDTRC, (HL)
DC32 2ABAFS 3585 LD HL, (ACTPT) ;read act point
DC3C 36rF 3586 LD (HL) ,MECB ;insert MEOB
DC3E 2198F¢ 3587 LD HL, ACTNP ;update counters
DC41 34 3588 INC (HL)
DC42 2196F¢ 3589 LD HL, TRCNE
DC45 34 3590 INC (HL)
DC46 C9O 3591 RET

3592 ;

3523 ;

3594 H hhhkhkhk Ak A hhkhkkhkhhkhkhkhkdhkkhhk

3595 ; * BUS TRANSFER PROCESS *

3596 H L2232 22 2222222222222 2T L]

3597 ;

3598 ;
DC47 CD4EDC 3599 BUS CALL RBUS ;bus scheduler
DC4A CD82IC 3600 CALL TBUS

B-6¢
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DC4D

DC4E
DC5€
DpCs2
DC54
DCs?
pCs8e
19 ot
DCED
DCEF
DCh1
DC63
DC64
DC65
DCh6
DC68
DCea
DCec
DCEE
C7e
£C72
DC75
DC76
DC77
DC7A
DC7D
DCsg
esl

DC82
DCc83
DC86
pce7
pcee
oceB
DCED
DC8F
DCop
DCco3
DCeo4
DCes
Dpces
DCoB
pcoc
DCCE
DCOF
DCAL
DCA3
DCA4
DCA6
DCAS8

C9

IBBE
CB77
282D
3A64F0
B7
2827
cpiDcs
ZEBC
EDZC
ED4¢
70

s

23
EIB2
DBBE
Fe62¢
D3BE
E6DF
D3BE
2177F°
7E

34
2160F8
CDEEC4
2175F¢°
34

ce

AF
2178F9
BE
282C
DBBE
CB7F
2826
35
2179F9
7E

34
214(F8
CDg1C4
46
ZEBC
23

56
3A4CFO
77
[BBE
E6EQ
B2

36¢1
3662
3663
3604
3605
3606
2607
3608
3en¢
361¢
3611
3612
3613
3614
3615
3616
3617
3618
3619
362¢
3621
3622
3623
3624
3625
3626
3627
3628
3629
3630
3631
3632
3633
3634
2635
3636
3637
3638
3639
264r
3641
3642
3643
3644
3645
3646
3647
3648
3649
3650
3651
3652
3653
3654
3655
3656
3657
3658
3659
3667

T0 ~e w0 we we we

8
&G
2

J we we we ws we

BUS

BUS

3

RET

hhkhhkhkdkhhhkhkhkhhkkd

* BUS RECEFTION *
Akkkhhdkkdhkhkh ik

IN A, (PIODB)
BIT DBUF, A
JR Z,RBUSH
LD A, (NOGB)
OR A

JR Z ,RBUS(
CALL  GTPOOL
LD C,PIODA
IN B, (C)

IN B, (C)

LD (HL) ,B
DEC B

INC HL

INIR

IN A, (PIODB)
OR EMASK 2
our (PIODB) ,A
AND EMASK 4
our (PIODB) ,A
LD HL,DLQ4
LD A, (HL)
INC (HL)

LD HL,TPQ4
CALL  PUTBUF
LD HL,CTQ4
INC (HL)

RET

hhkkdkkkkhdhhkhhkhkkkdkdkk

* BUS TRANSMISSION *
Shkkkdkkdokddkok ok kokokok

XOR A
LD HL,CTQ3
cP (HL)

JR Z,TBUSH
IN A, (PIOB)
BIT SBUF,A
JR Z,TBUSP
DEC (HL)

LD HL,DFQ3
LD A, HL)
INC (HL)

LD HL,TPQ3
CALL  GETBUF
LD B, (HL)

LD C,PIODA
INC HL

LD D, (HL)

LD A, (LOCADD)
LD (HL) ,A
IN A, (PIODB)
AND PMASK]

OR . D

B-61
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;rev/read FIO reg
;test dest buf

sbuf full
;test buf availasble

;get buffer
; dunmy read

;read length byte
;insert length byte

- ;pack transfer

;pack read pulse

:transf to BIQ

;inc BIQ count

:bus tranam
;test pack transm

;read PIO reg
;test source buf

sbuf empty :
;get pack (BOQ)
;read length

;read dest address

;insert local addr
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DCAS
DCAB
DCAC
DCAE
DCBE
DCB2
DCBS

DCB6
DDge

Dbig

DD2¢

pD3p

DD4¢

DD5f

D3BE
2B
EIB3
F610
D3BE
CDh4eC4
ce

(6P4A)
1BCE
e1Dg
86CF
3BCF
86CF
ADCF
ALDCF
1D
ALCF
DICF
ADCF
19CF-
3207
54Dp
1¢De
1eD¢
1CF
g1D¢
86CF
4DCF
86CF
ADCF
ALCF
g1De
ADCF
DDCF
ALCF
15CF
3208
54D
1¢De
10D
13CF
81D¢
92CF
64CF
92CF
BICF
BICF
CDCF
BICF
EACF
BICF
2BCF
44pp

3661
3662
3663
3664
3665
3666
3667
3568
3662
3670
3671
3672
3673
3674
3675
3676

3677

3678

3679

3680

3681

TBUSE

N we W we we we

LYY

s
2

PKTAB

our'
DEC
OTIR
OR
ouT
CALL
RET

.(PIODB),A ;swrite dest addr (PIO)
HL
ipack transf
PMASK?2
(PICDE) ,A ipack write pulse
RELBUF

*hkAkhhhhbhkkhd
* RCM TABLES *

KRk kkhkkdokdk Ak
s [256D-[RCM MOD 256D} IMOD 256D
oW R1,R26,R1¢,R6,R16,R13,R13,R26
DA R13,R16,R13,R4,R21,R23,R19,R19
DW R2,R26,R1¢,R7,R1¢,R13,R13,R26
DW R13,R16,R13,R4,R21,R23,R19,R19
DW R3,R26,R11,R8,R11,R14,R14,R15
DW R14,R17,R14,R5,R22,R24,R2¢,R20
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DD6¢

pD7e

pDggy

DDSe

DDA

DDB@

pDCE
DLC1

DDCY

61pe
22D
2200
1CF
g1bp
86CF
74CF
B6CF
ADCF
ALDCF
CICF
ALCF
FIDCF
ADCF
2BCF
32D¢
71D¢
1¢pe
1¢D0
21CF
81De
86CF
74CF
oCCF
ADCF
ADCF
e1ipg
AICF
DLCF
ALCF
19CF
32D
54D0
l¢De
1eDe
giCcF
81D@
86CF
74CF
86CF
ALCF
ADCF
81D¢
AILCF
DICF
ADCF
19CF
32D¢
54D¢
1eDg
lepe
C3

D5D7
£8aC3
DED7
gecs
E4D7
paC3
DED7
e2ecs3

3682

3683

3684

3685

3686

3687

3688
3689

369¢

RSTAB

oW

¥y

PAGE €63

R2,R26,R1({,R9,R1€,R13,R13,R15

R13,R1§,R13,R5,R21,R25,R18,R10

R2,R26,R1£,RS,R12,R13,R13,R26

R13,R16,R13,R4,R21,R23,R1S,R10

R2,R26,R1¢,R%,R1¢,R13,R13,R26

R13,R16,R13,R4,R21,R23,R1S,R12

AC3H
RSTA,AC3MPH,RSTA, OC3EPH

RSTC, 6C30¢H, RSTB, fC 380H
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DD

DDDS

DDE1

DDES

DDF1

DDF©

DDFF
DEQ@

DE1®

DE2(

DE3¢@

DE4D

E4D7
geca
E4D7
goc
FCD7
gecs3
DED7
geCc3
E4D7
7eC3
FéeD7
AaecC3
E4D7
peC3
D5D7
pec3
FeD7
gec3
g8pe
2ec3
D5D7
pecs
D5D7
eo

2¢D2
2€D2
2602
2¢D2
2¢D2
2€D2
2¢D2
2eD2
20D2
20D2
2¢D2
2002
20D2
20D2
20D2
20D2
20D2
2¢D2
4702
372
47D2
68D2
87D2
2¢D2
ADD2
2eD2
20D2
20D2
4°D3
2€D2
2¢D2
20D2
20D2
20D2
20D2
2¢D2

3691

3692

3693

3694

3695

3696

3697
3698

3699

37ee

3701

3702

PKTAB1

DN

SR

PAGE 2#64

(.RSTC,BC3GGH,RSTC,0C300H
RSTF, 9C30PH, RSTA, £C30¢H
RSTC, AC30PH, RSTE, AC3@CH
RSTC, AC30PH, RSTA, £C30¢H
RSTD, fC3APH, RSTG, PCPCH
RSTA, @C3080H, RSTA

gZH
RB1,RB1,RB2,RB1,RB1,RB1,RB1,RB]

RB1,RB1,RB1,RB]1,R81,RB]1,RB1,RB1

RB1,RB1,RB4,RB2,RB4,RB6,RB7,RB1

RB9,RB1,RB1,RB1,RB16,RB1,RB1,RB]

RB1,RB1,RB1,RE1,RB1,RB17,RBE,RB1



*%% ZAGM -~ Z@P ASSEMBLER version 2.16 #**# PAGE £665

DESC

DE69

DE70

DEEgf

DECH

DEA®

DEB@

2€D2
5¢D3
9AD2
2¢D2
6EL2
2€D2
2¢D2
2€D2
2¢D2
2¢D2
2€D2
2(D2
20D2
20D2
2€D2
20D2
5702
20D2
20D2
2¢D2
2¢D2
2¢D2
2¢D2
2¢D2
20D2
2¢D2
2€D2
2¢D2
20D2
2¢D2
20D2
2€D2
20D2
2¢0D2
DCD2
2¢D2
EDD2
2€D2
CCD2
2¢D2
20D2
20D2
20D2
2¢D2
2¢D2
2eD2
20D2
2¢D2
20D2
2¢D2
1BD3
2€D2
31D3
2¢D2
FED2
20D2
2eD2
2¢D2
2€D2
2PD2

3703

3704

3705

3786

3727

3708

3709

Dw

DwW

RB18,RB1,RB1,RB1,RB1,RB1,RB1,RB1]

RB1l,RB1,RB1,RB],RB5,RB1,RB1,RB1

RB1,RB1,RB1,RB1,RB1,RB1,RB1,RB1

RB1,RB1,RB1,RB1,RB1,RB1,RB11,RB]

RB12,RB1,RB10,RB1,RB1,RB1,RE1,RB1

RB1,RB1,RB1,RB1,RB1,RB1,RB14,RB]

RB15,RB1,RB13,R81,RB1,RB], "B1,RB1
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DEC® C3 371¢ SCNTAB IB C3H

DPEC1 77D5 3711 DW SCNF, C2¢PH, SCNF, AC2e¢PH
pec2
7705
gec3

DECS 77D5S 3712 Dw SCNF, £C23¢CH, SCNF, AC300PH
gec3
77D5

- pEC3

DED] 77D5 3713 DN SCNF, C20PH, SCNF , C 3¢CH
gec
77D5
geCc3

DEDS 77D5 3714 D SCNF, AC2C0CH, SCNF, AC 300H
gecs
7705
pecC3

DEEl 77D5 3715 DwW SCNF', @C30CH, SCNF, 0C 2¢PH
gacs3
77D5
pec3

DEE9 77D5 3716 D SCNF, £C 20H, SCNE, #C 20¢H
gec3
6AD5
fgec3

DEF]l 4DDS 3717 DW SCNC, 8C30¢H, SCNA, (IC 3¢@H
gec3
3¢D5
gec3

DEFS 57D5 3718
gec3
42D5

DEFF @€ 3719

3720 ;

DF@e (0008) . 3721 ROM1

DFee  p181000¢ 3722 ADTAB
2eceeona

DFg8 eapergeee 3723
goepeece

DF1¢ 08¢1¢2¢3 3724
24050607

DF18 @82SPA(B 3725
PCCDPECF

DF20 ECEBEDC7 3726 STATIT
EEZ6EF06

DF28 FEA3F1P6 3727
F203F303

DF3¢ FA40BFS50B 3728
F60B

DF36 F7¢BF8¢B 3729

F2A AQO4A1C4 373¢ RCDTIT
A2¢4A2p4

DF42 A4¢4A5R4 3731
A604A704

DF4A  ABP4ROQ4 3732
AAGANBP2

DF52 ACE2ADf2 3733
AEQ2AF(C2

DF5A B2 3734

[FS5C  PPFC 3735 BUFTAB

g

SCND, OC30¢H, SCNB

peH

[1¢H-[RCM1 MCOD 1¢H]}IMCD 1¢H
ADDSX,¢1,8¢,e¢,0¢,00,0¢,00

ge,ee,ec,ee,0e,00,00,00

ee,c1,02,03,04,05,06,07

3
3

Y% B8 ¥ ¥ B8 B B B ¥ ¥ B BB B

¢g,09,1¢,11,12,13,14,15
M108,08,M109,07,M11¢,06,M111, €6
M112,03,M113,06,M114,03,M115, 03
M116,NDCE,M117,NDCE,M118,NDCE

M119,NDCE,M12¢ ,NDCE
M32,04,M33,084,M34,024,M35,84

M36,024,M37,04,M32,04,M39, 04
Mag, p4,M41,04,M42,04,M43,02
M44,02,M45,£2,M46,02,M47,€2
M48,¢2

BUF1,BUF 2,BUF 3,BUF 4

B-66
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DF64

DFeC

DF74

DF7A
DF8e
DF &a

DF g8

DFag

DFoR
"DFCSE
DFAG

DFAE
DFBf

DFBE

8EF{
1¢F1
98F1
20F2
AEF2
2EF2
BEF2
4CF4
Cer4
5¢F%
D8F5
6CF6
EEF6
TeF7
(£04¢)

(8066)
(8e0e)
809C1
cecl
pccz
goc2
18C2
25C2
68C2
D6C2
57C3
57C3
5%2
4EC3
eFp7CECH
e7er
15¢ESEe3
1555D5A3
142¢111°
25e0c77E
43D9
12801420
11279569
877E

(8ODF)
(Br8F)
(0090)
(COBC)
(3CBD)
(f:7BE)
(PCBF)
(B0 7C)
(PB7D)
(¢BTE)
(e¢7F)
(9eDC)
(e2DD)
(¢CDE)
(BCDF)

3737

3728

3739
374¢
3741
3742
3743

3744

3745

3746
3747
3748

3749
3750

3751
3752
3753
3754
3755
3756
3757
3758
375¢
3760
3761
3762
3763
3764
3765
3766
3767

INTMCD
ROM2
INTAB
SIOINT

TIMINT

PICTAB

TIMTAB

SI0TAB

~e %y N we we

5
(@]

SVEC

TVEC

PIODA
PIOCA
PIODB
PIOCB
SICDA
SIOCA
SIOE
SICCB

3768 CTC@
3769 CTC1
377¢ CTC2
3771 CTC2

g

EQU

SRIRY

¥ 88 B B B

PAGE 1267

BUF 5, BUF 6, BUF 7, BUF &

BUF¢,BUF1@,BUF]11,EBUF12

BUF132,BUF14,BUF15

4¢H
[INTMCD- [ROM2 MOD INTMOD] IMOD INTMOD

%5
TRB, EXTB,RECB, SRB

TRA , EXTA, RECA, SRA

ENDINT, ENDINT , ENDINT, TIMER

8FH,€7H, 0CFH, ¢CPH, ¢'M, ¢0H
15H, 14D, TVEC, ¢3H, 15H, 85D, @D5H, 163D
14H,2¢H,11H, 1°H, ¢5H, 0CH, €7H, 7EB

43H, FDYH
12H,SVEC,14H,2¢H,11H,¢7H,#5H,65H

87H, 7EH

Ihkkhhhhkkhdhkhhhhhhtrrkhhhhddhhhhhhkdrhkhkhhhhhhrhd

* PERIPHERAL ADDRESSES AND INTERRUPT VECTORS *
Fhkkhhkk Rk ddhkkhkhkkkhhkkkhbhhkhkhdkhddhhhhkhhkhhh

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

INTABR SHR 8
SIOINT AND CFFFH
TIMINT AND OPFFH
PBCH

PICDA+1

PIODA+2

PIODA+3

TH

SIODA+]

SIODA+2

SIODA+3

#DCH

CTCA+1

CTCP+2

CTC@+3

B-67
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(Feee)
(FFER)
(62€1)
(2e03)
(2e03)
(€601)
(8003)
(2263)
(AEF7)
(00¢2)
(82e4)
(BCF3)
(6BF 7)
(2087)
(2083)
(8e1¢)
(POCB)
(a20¢)
(€000)
(encl)
(80964)
(2C01)
(e8C1)
(87 CF)
(8021)
(21F)

(8ee1)

(nogn)
(29e1)
(2002)
(2203)
(2ee8)
(0eC2)
(BRE0)
(2€1e)
(000R)
(CCEF)
(2266)
(PR10)
(2p08)
(RB08)
(f91¢)
(2020)
(3eeB)
(2€06)
(6OED)
(0err)
(P0£3)
(GEFF)

(€0e3)
(eene)

3772
3773
2774
3775
3776
3777
3778
3779
378¢
3781
3782
3783
3784
3785
3786
3787
3788
3782
379p
3791
3792
3793
3794
3795
3796
3797
3798
3799
3eee
3801
3862
3803
3ep4

3ens
3806
3867
38¢8
3gge
381¢
3811
3e12
3813
3814
3815
3816
3817
3a1e
381¢
3e20
3821
3822
3823
3822
3825
3826
3827
3828 ;
3829
383¢

W ™E My we ws ws W

RAMTAB
STACK
TRESAD
TCCMAL
RRESAD
RCCMAD
RETMAX
RIMAX
WINDOW
NFB{
NGB
MNREQ
MNCNFE
HECF
HIRJ
MNECE
NDCE
ASX(
ASX1
ASX?2
TIME
LLTIME
PLTIME
PLTIMA
PLTIME
PLTIMC

TRCTIM
EXTDCE
HEAD]
HEAD2
HEAD3
MCHEAD
CRC
PATAL
CuD
MBL
NBUF
NBACT
QE"
SDBUFL
NBCH
CHMOD
MNRCD
ERECD
SRECD
CR

LNF
ETX
MECE

FLMIN
PIMIN

dhhkhkhkhkkhhkdhhkhkhhhkhkkhhkhhdhhkhkhdhkdkhhhhhhkhkk

* RAM TABLES/BUFFERS AND SYSTEM PARAMETERS *
LR L Il

EQU gFQeeH ;RAM area

EQU RAMTAB+CFECH ;Top of Stack

EQuU £1H ;frame address field
EQU ¢3H

EQU €3H

EQU ¢1H

EQU £3H s;ret count limits
EQU f2H

EQU ¢7H swindow size

EQU g2H ;nbr buf (busy)/input
EQU g4n ;transit

EQU £F2H ;internal pack types
EQU gF H

EQU 87H

EQU 83H

EQU 16 ;max number I[AU's
EQU 11D ;number of LAU's

EQU e ;address hierarchy
EQU e

EQU 71

EQU 1eeD ;102 ms (basic time)
EQU ge1D ;1 s (1ink )

EQU ee1D ;1 s

EQU @15pD :15 s (pack X.25 int)
EQU £eiD :1 s (pack LAU int)
EQU #31D ;31 s (pack recovery)
EQU peiD ;1 s (trace)

EQU AH ;IGI address

EQU P1H ;packet field sizes
EQU 28

EQU £23H

EQU p8H

EQU ¢2H

EQU 8¢H

EQU 14

EQU f#8H ;chan/ block display
EQU £FH ;number pool buffers
EQU @6H :nbr Activity buf
EQU 10H ;queue size

ECU 28H :SARM/DISC buf lemgth
EQU feH ;nbr logical channels
EQU 1¢H

EQU 32 ;max nbr records

EQU 11 ;double records

EQU 76 ;single records

EQU 13 jcarriage return

EQU 1e ;line feed

EQU f3 send of text

EQU gFFH ;message end of block
ECQU HEAD1+HEAD2 ;min frame length
EQU FIMIN+HEAD3 ;min pack length

BE-68
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(2008)
(2083)
(2088)
(A68)
(ee2r)
(BOCF)
(CELF)
(POOF)
- (8007)
,  (geml)
(PeA6)
(eene)
(PEFA)
(PB0A)
(00CF)
(0e01)
(BO1F)
(0OFA)
(2028)
(821C)
(2003)
(0818)
(2er1)

(Ae01)
(0202)

(0een)
(8201)
(BAC6)
(020e)
(0004)
(0267)
(6016)

(2e40) .

(ARO3)
(eael)

(2000)
(aeel)
(ege2)
(eee3)
(2gn4)
(€en5)
(0086)
(2207)

(70e0)

(000R)
(eeel)
(2002)
(ere3)
(0£04)
(£605)
(2006)

(ooee)
(£8r1)
(02e2)

3831
3832
3833
3834
3835
3836
3837
3838
383¢
384(
3841
3842
3843
3844
3845
3846
3847
3848
3849
385¢
38581
3852
3853
3854
3855
3856
3857
3858
3g5¢
3860
3861
3862
3863
3864
3865
3866
3867
3868
3869
3g7¢
3871
3872
3873
3874
3875
3876
3877
3878
3879
3880
3881
3882
3883
3884
3885
3886
3887
3888
388¢
3oz

NONLAT
TIMAX
BUFL
DBL
QoL
OMASK
CHMASK
DCEMSK
MXCH
ADDSX
N¢

N1
TIME2
TIMER
TIME3A
TIME3B
TIME3C
ACTIM1
MBML
NRECD
NBLBF
NCHBF
MNBUF
LD

PD

’

T

EM
UND
RC

BT

AB
INRCA
INTRE
TRABT
TRERM

T20UT
T 20N
T 30UT
TBOUT
TBOUT1
TRACE
ENDTRC
MT IM

: -
BY

’

LF
PRIM
DIS
SEC
SEC#
SEC]
SEC2

.
’

CM
SD
IAL

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQ

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

PIMIN4CRC :non data fields

"DATAL+HEAD3 ;max INF frame length

DATAL-NONDAT ;buffer length
DATAL ;deta length (MNCNF)
2*CE

oE-1

CHMOD-1

MNDCE-1

NBCH~1 :max channel number
ASX{4ASX1+ASX2

NFBO+NGB? ;buf pool thresholds
N@+2

LITIME*1022/TIME;;timers in 1€0ms units
PLTIME*1@¢¢/TIME

PLT IMA/PLTIME

PLTIMB/PLTIME

PLT IMC/PLTIME

TRCTIM*1¢0C/TIME

[MBL42] %4 ;monitor parameters
2*DRECDASRECD

[DBL-1] /MBML

MBL*NBIBF

[NBCH+ [NCHBF-NBCHJMOD NCHBF] /NCHBF

#1H ;L2/L3 interface flags
¢2H

geH ;transm/rcv flags
#1H
p6H
gen
@4H
@ 7H
1¢H
4¢H
23H
@1H

143 ;timer flags
f1H
(24
@ 3H
P4H
@5H
¢6H
87H

geH ;busy flag

gen :1ink state flags
@#1H
@2H
¢2H
P4H
@5H
p6H

fPH
21H
P2H
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(ere3)
(Pend)
(2605)
(20E6)
(2007)
(01e0)

(@enn)
©(eeel)
. (8e02)

(€003)

(Pe04)

(@epd)
(2005)
(BLCE)
(B607)

(ceea)
(e022)
(0613)
(0e24)
(6025)
(9026)
(2017)
(6e28)
(£€19)
(CO2A)
(CCER)
(6QEeC)
(278D)
(0A8E)
(EEF)

(en30)
(00PF)
(BCFP)

Bee7)
(2006)
(B€05)
(2e04)

(BOED)
(2010)
(eg2e)
(2¢DF)

(00C0)

(egoee)
(ee01)
(eee2)
(8203)
(ered)
(2615)

(0001)
(eeae)
(een7)

3801
3802
3893
3894
3895
3896
3897
3898
3899
3000
3erl
39p2
3903
3904
3805
390

3907
3ep8
3999
301¢
3011
3812
3C13
3914
3015
3916
3017
3918
3019
392¢
3921
3922
3922
3024
3825
3926
3927
3028
3929
393p
3831
3232
3633
3034
3935
39036
3937
3038
3939
394¢
3941
3942
3943
3944
3945
3946
3947
3948
3949
305¢

WAIT
REC
PS
RBY
P&B
INLST

’
TONRST
DCERST
SCN]
SCN2
BF
CHTIM]
CHTIM2
CHTON
CHSCN

’

Pl

P2

P3

P4

P5

P6

P7

pPe

PC

Pl¢
P11
P12
P13
P1é
P15
IIMASK
STAMSK
STMSK1

SBUF
[BUF
RDIB
WRSB

’
PMASK1
PMASK 2
PMASK3
PMASK4
RMCRE
H

ONI
SCNI
RSTI
CMI
TONI
BFI

’

INONI
INCFFI
SCONI

EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU

EQU-

EQU

EQU
EQU
EQU
EQU

EQU

EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

Nk
A4l
PSH
p6H
¢ 7H
£1e0H

£ZH
#1H
g2n
2H
@4H

f4H
¢5H
gen
@74

pen
22H
13H
24H
25H
Z26H
17H
28H
1%H
2AH
8BH
8CH
BDH
8EH
8FH

3fH
PFH
PFeH

P7H
g6H
f5H
f4H

PECH
1¢H
2CH
gLFH

1473

pey
¢1H
@2H
P3H
24H
#5H

P1H
BeH
e™

PAGE €€£7¢

;pack state flags

;channel state flags

;channel states

spack ID field mask
;channel state masks

;PIO control signals

;PIO control masks

shandshake field

;LAUiI state flags

;ONT=1
sALL=0
;ONI=SCNI=RSTI=1
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(EP06) 3951 SCOFFI EQU _(7}6}1 ;SCNI=RSTI=1
(¢08D) 3952 RSCMI EQU ¢DH sONI=RSTI=CMI=1
3952 ;
(Feee) 3654 BUFAR EQU RAMTARB ;Buffer area
(FEOEe) 3955 BUF1 EQU BUFAR
(FOEg) 3956 BUF2 ECQU BUF14BUFL
(F11ie) 3657 BUF2 EQU BUF24BUFL
(F198) 3958 BUF4 ECQU BUF 24BUFL
(F22¢) 3952 BUFS EQU BUF44BUFL
, (F2ng) 396¢ BUF6 EQU BUFS4BUFL
(F33¢) 3961 BUF7 EQU BUFA4BUFL
(F3BEf) 3962 BUF8 EQU BUF 74BUFL
(F44p) 3063 BUF9 EQU BUF84BUFL
(FACE) 3964 BUF1¢ EQU BUF4+BUF L
(F55¢) 3865 BUF11 EQU BUF10+4BUFL
(F5D8) 3966 BUF12 EQU BUF114BUFL
(F662) 3267 BUF12 EQU BUF124BUFL
(FEER) 3968 BUF14 EQU BUF 13+BUFL
(F77¢) 2060 BUF15 EQU BUF14+BUFL
(F7F8) 397¢ SIBUF EQU BUF 15+BUFL
3971 ;
(FEOE) 3272 QAR EQU SIBUF+4SIEBUFL
(BC2£2) 3973 RAMP EQU {OL- QAR MOD QL] IMOD QL
(Fepe) 3974 TPOOL EQU QAR+RAMP ;queue pointers
(Feee) 3975 TPO1 EQU TPOOL
(Fezg) 3876 TPQ2 EQU TPQ14QL
(FRe4g) 3077 TPQ3 EQU TPQ2+4QL
(F86) 3978 TPQ4 EQU TPQO34+QL
(Feeg) 3979 TPQ5S EQU TPQ44QL
(FeAn) 3980 TPQ6 EQU TPQS5+0L
3o81 ;
(F8CH) 3982 DCEAR EQU TPO6+QL
(2200) 3983 RAM1 EQU [MNDCE- [DCEAR MOD MNDCE] JMOD MNDCE
(F8C) 3684 RICENC EQU DCEAR+RAM] ;LAUL tables
(FEDR) 3985 RICEHC EQU RDCENC4MNDCE
(FEEE) 3986 RICEST EQU RDCEBCHMNIDCE
(FBFQ) 3987 RDCERS EQU ROCEST+HMNICE
3088 ;
(FOOR) 3289 CHAR EQU RDCERS+MNDCE
(PERC) 3990¢ RAM2 EQU {CHMOD- {CHAR MOD CHMOD?' IMOD CHMCD
(Fomp) 3¢9¢] Cs1 EQU CHAR+RAM? ;channel tables
(Fone) 3992 RICE EQU CSI+NBCH
(Faig) 3993 RCI EQU RDCE+NBCH
3994 ;
(FelR) 3995 RGAR EQU RCI4NBCH
(2ee8) 3996 RAM3 EQU [1¢H- [RGAR MOD 1¢H]IMOD 1CH
(F92¢) 3907 RG1 | EQU RGAR+RAM3
(Fo2e) 3908 RCREGA EQU RG1 ;rev/transm registers
(Fo21) 3999 TRREGB EQU RG1+1
(F922) 40042 RBYTE EQU RG1+2
(F923) 401 TBYTE EQU RG1+3
(Fe24) 4002 RPOINT EQU RG1+4
(F926) 4¢3 TPOINT EQU RG1+6
(F928) 40¢4 RBUF EQU RG1+48
4005 ;
(Fe3e) 4006 RG2 EQU RG1+1PH
(Fe3n) 4¢r7 ISTATE EQU RG2 ;1ink level registers
(F932) 4008 MAXNS EQU RG2+42
(F933) 4079 MINNS EQU RG2+3
(Fe34) 401¢ LASTNR EQU RG2+4
B-71
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(F935) 4011 SEONBR EQU RG2+5
(F936) 4012 RETCNT EQU 'RG2+6
(F937) 4013 RICNT EQU RG247
(Fc38) 4¢14 REJRSN EQU RG248
(F239) 4715 REJCTR EQU RG2+¢
(FG3A) 4¢16 NTF ECQU RGZ2+PAH
(F223B) 4017 NRF EQU RG2+0BH

4p18 ;

: (Fo4p) 4219 RG2 EQU RG2+1CH
. (Fo4r) 4¢2¢ BUFREG EQU RG3 ;buf manager register

(Fo4l) 4021 GENST EQU RG3+1 ;pack level registers
(FS42) 40322 NRCH EQU RG3+2
(Fa43) 4023 STMC EQU RG3+3
(F44) 4024 TONC EQU RG3+4
(F945) 4025 SPCC EQU RG345
(F946) 40026 BSCC EQU RG3+6
(F947) 4027 IRLP EQU RG3+7
(Fe48) 4028 CRDL EQU RG3+8
(Fo40) 429 CIRST EQU RG3+9
(Fo4n) 4¢30 REMOTE EQU RG3+¢AH
(Fe4C) 4031 LOCADD EQU RG3+2CH
(F94D) 4¢32 SIGDIG EQU RG3+£DH

4233 ;
(Fo5¢) 4034 RG EQU RG3+1PH
(Fo50) 4p35 INTREG EQU RG stimer register
(F951) 4036 TIMRG2 EQU RG+1 ;timer counters
(F952) 4¢37 TIMRG2? EQU RG+2
(F953) 4¢38 ™RG3 EQU RG+3
(FO54) 4239 TMRG3B EQU RG+4
(FaES) 4¢4¢ TMRGXC EQU RG+5
(Fe56) 4041 CURBUF EQU RG+6 sbuffer pointers
(Fosg) 4042 SCFT1 EQU RG+8
(FO5A) 4043 SCPT2 EQU RG+OAH
{FO95C) 4044 CRADD EQU RG+(CH

. 4245 ; '

(Fos() 4246 QR EQU RG+1PH ;queue count/point
(F967) 4047 CTQ1 EQU (0.2} sLI0=01
(F961) 4¢48 DFQ1 EQU OR+1
(F962) 4p4S DLQ1 EQU R+2
(F963) 4¢50 NOFB EQU OR+3
{F964) 40151 NOGR EQU R+4
(F965) 4p52 DPOOL EQU (R+5

4¢52 ;
(FS66) 4¢54 NIF5 EQU OR+6 ; LOO=06
(Fo67) 4055 DFQ6 EQU R+7
(F968) 4056 DLQ6 ECU CR+8
(F969) 4057 NIF3, EQU OR+9
(F96A) 4¢58 NIF4 EQU OR+{’AH
(FO6B) 4259 DIMQ6 EQU R+(BH

42640 ;
(Fe6C) 4¢61 CTQ2 EQU OR+ACH sPIO=0Q2
(FS6eD) 4062 DFQ2 EQU OR+{DH
(FS6E) 4063 DLQ2 ECU CR+CEH

4064 ;
(F96F) 4065 NIF1 EQU OR+ZFH ; POO=05
(F978) 4066 DFQS EQU CR+10H
(F971) 4067 DLQS EQU OR+11H
(F972) 4268 NIF( EQU R+12H
(F973) 4969 NIF2 EQU CR+13H
(F974) 427¢ DTFQS EQU OR+14H

B-72
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4071 ; '
(FS75) 4¢72 CTQ4 EQU "OR+15H ;BIO=04
(FO76) 4073 DFQ4 EQU CR+16H
(Fo77) 474 DLQZ EQU R+17H
475 ;
(F878) 4¢76 CTQ2 EQU OR+18H ;BOQ=02
{F979) 4077 DFQZR EQU CR+1CH
(FC7A) 4078 DLQ2 EQU R+1AH
ag7°e ;
; (FOBe) 408 MA EQU CR+2(H
(Fe8e) 4C81 PARAM  EQU MA ;monitor registers
(FSg2) 4¢82 MESG EQU MA42
(F9g4) 4082 MBUF EQU MA+4
(F986) 4084 MBPT EQU MA+6
{F988) 4785 CIBUF EQU MA+48
(Fe8A) 4086 ACTPT ECQU MA+{JAR
(F98C) 4p87 TRCPT EQU MA+£CH
4£88 ;
(FS20) 4089 MAL EQU MA+1 ¢H
(Foc¢) 4¢9¢ MFCH EQU MA]
(Fogl) 4091 MNBYT EQU MA1+1
(FS22) 4092 MNCH EQU MAl+2
(FS93) 4¢93 MBCH EQU MA1+3
(F924) 4¢92 MCBL EQU MAl+4
(Fe95) 4¢05 NIBUF EQU MA1+5
(F996) 4096 TRCN® EQU MAl+6
{F997) 40497 TRCN1 EQU MAI+47
(Fo9g) 4¢98 ACTNf  EQU MAl+48
(Fo99) 4099 ACTN1  EQU MA149
(F99A) 41¢¢ ACTC1 EQU MA]1+PAH
(Fo9B) 4101 ACTC2 EQU MA1+{BH
4162 ;
(FOAC) 4163 MSBUF EQU MA1+17H ;monitor buffers
4104 ;
(FoBE) _ 4105 MA2 EQU MSBUF+1¢H
(FoB®) 4106 TRCDP EQU MA?2
4107 ;
(FOFD) 4108 MA3 EQU TRCDP+DBL/2
(9010) 4109 RAM4 EQU [DBL- {MA3 MOD DBL]IMOD IBL
(FACP) 4110 MBAR EQU MAR4RAM4
(FARQ) 4111 RCIBUF EQU MBAR
(FA4D) 4112 CRCDP EQU RCIBUF4DBL/2
(FA8E) 4113 STBUF EQU RCIBUF+IBL
(FBOE) 4114 MBUFl EQU STEBUF+DBL
(FB8D) 4115 ACTBUF EQU MBUF1+MNBUF*[BL
4116 ; .
(FA4D) 4117 RM EQU CRCDP ;Record buffer area
(FA40) 4118 FRMA EQU RM
(FA42) 4119 FRVMB EQU RMH2
(FA44) 4120 INFA EQU RM+24
(FA46) 4121 INFB EQU RM+06
(FA48) 4122 CCMA EQU RM+38
(FA4R) 4123 COMB EQU RM+1€
(FA4LC) 4124 RRA EQU RM+12
(FA4E) 4125 RRB EQU RM+14
(FAS?) 4126 RNRA EQU RM+16
(FASB2) 4127 RNRB EQU RM+18
(FAS4) 4128 REJA EQU RM42(
(FAS6) 412° REJB EQU RM+22
(FASE) 413¢ CMRA EQU RM+24

, , B-73
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(FASA)
(FASC)
(FASE)
(FAG0)
(FA62)
(FAG4)
(FAG6)
(FA6R)
. (FAGA)
. (FAEC)
(FAGE)
(FA70)
(FA72)
(FA74)
(FA76)

(GeOe)
(2001)
(8202)
(2£83)
(2E04)
(2025)

(2208)
(genc)
(BE0R)
(2e0B)
(22¢C)
(G20D)
(EECE)
(EOPF)
(A210)
(7011)
(2212)

(6012) |

(ee14)
(2015)
(2016)
(2217)
(pe18)
(#£19)
(2F1A)
(221B)
(861C)

(COAQ)
(Peal)
(60A2)
(AeA3)
(BEA L)
(BOA5)
(2EA6)
(PEAT)
(#eag)
(ACAO)
(BOAA)
(PPAB)
(DOAC)
(ACAD)
(OPAE)

4131 CMRB
4132 PAKA
4133 PAKB
4134 CALA
4135 CALB
4136 DTEDAT
2137 DCEDAT
4138 DTERS
4139 DCERS
414¢ IWR
4141 M2
4142 LFL
4143 CER
4144 TM3
4145 PFL
4146 ;
4147 Mee
4148 MC1
4149 ME2
415¢ Mp3
4151 Med
4152 M@S
4153 ;
4154 M@8
4155 M@9
4156 M1p
4157 M11
4158 M12
4159 M13
4160 M14
4161 M15
4162 M16
4163 M17
4164 M18
4165 M19
4166 M2¢
4167 M21
4168 M22
4169 M23
417¢ M24
4171 M25
4172 M26
4173 M27
4174 M28
4175 ;
4176 M32
4177 M33
4178 M34
4179 M35
4180 M36
4181 M37
4182 M38
4183 M30
4184 M4g
4185 M41
4186 M42
4187 M42
4188 M44
4180 M45
419¢ M46

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQu

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

RM+26
RM+28
RM+30
RM+32
RM+34
RM+36
RM+38
RM+4¢
RM+42
RM+44
RM+46
RM+48
RM+5£
RM452
RM+54

ee
71
£2
g3
g4
g5

g8
g9
1p
1]
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

324128
33+128
344128
354128
364128
374128
38+128
39+128
404128
41+128
424128
43+128
444128
454128
464128

B-74
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Errors

(CCAF)
(0eB?)

(enag)
(eeal)
(ee42)
(8043)
(0044)
(Pr45)
(BrA6)
(0047)
(Be42)
(0049)
(BB4R)
(BO4E)
(BR4C)
(264D)
(BR4E)
(G0 4F)
(e850)
(2651)
(£052)
(7853)
(€654)
(8055)
(205F)
(B057)
(8058)
(PO59)
(085h)
(275B)
(B65C)
(62SD)
(BB5E)
(BESF)

(e2062)

(8261)
(262)

(GCER)
(2€E9)
(PQEA)
(@CEB)
(GCEC)
(QCED)
(GOEE)
(CPEF)
(DEFP)
(PLF1)
(PEF2)
(BEF3)
(ACF2)
(POF5)
(BOFE)
(EF7)
(O0FR)

4191 M47
4192 M4g
4193 ;
4194 M64
4125 M65
4196 M66
4197 MR7
4198 MR8
4199 MAC
4200 M70
421 M71
42¢2 M72
423 M73
4204 M74
4205 M75
4206 M76
4207 M77
4208 M78
4209 M7¢
4210 Mep
4211 M81
4212 M82
4213 Me2
4214 MR4
4215 M8&
4216 ME6
4217 M87
4218 ME8
4219 MRO
4228 Mep
4221 MCl
4222 M2
4223 MO3
4224 M¢S4
4225 M9t
4226 M96
4227 M97
4228 mog
4229 ;
4230 M104
4231 M1¢@5
4232 M1e6
4233 M1p7
4234 M1¢8
4235 Ml1gQ
4236 M11¢

4237 M111,

4238 M112
4239 M113
4240 M114
4241 M115
4242 M116
4243 M117
4244 M118
4245 M119
4246 M120

EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

474128
48+128

64
65
66
67
68
69
7¢
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
og
a1
92
o3
94
95
9
07
98

1044128
1¢5+128
1p6+128
1974128
lg8+128
140+128
1104128
1114128
1124128
113+128
1144128
115+128
1164128
1174128
1184128
1194128
12p0+128

PAGE @¢75
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o0 . e Y Y e LT

o002 * MESSAGE ADDRESS TABLE *
gg@3 (232 I 222222323232
een4
geas
E76¢ S8ED pees
SDED
65ED
. 66ED
E7¢8 6EED per7 W MAP4,MALS,ME,ME
d 76ED
SSED
55ED
E710 7BED goes DW MAQS,MAQO,MALE,MAL1
80ED
85ED
89ED
E718 8EED peoo W MA12,MA13,MA14,MAlS
93ED
97ED
OCED
E72¢ AlED ge1o o MA16,MA17,MA18,MA19
ABED
ABED
B3ED
E728 BBED eel1l W MA2E,MA21 ,MA22,MA23
C3ED
CBED
DCED
E73¢ DSED A) DW MA24,MA25,MA26,MA27
DAED
DFED
E4ED
E738 FCED P213 DW MA28,ME,ME, ME
55ED
5SED
55ED
E740 @BEE pe14 W MA32,MA33,MA34,MA35
@FEE
13EE
17EE
E748 1BEE 9015 DW MA36,MA37,MA38,MA39
1FEE
23EE
27EE
E75¢ 2BEE Pol6 DW MA4D,MA4L ,MA42,MAL3
2FEE
33EE
37EE
E758 3DEE 2017 oW MA44,MA4S,MALG, MALT
41EE
45EE
4BEE
E76¢ A4FEE 9018 W MA48,ME,ME,ME
55ED
55ED
S5ED
E768 5SED ge19 W ME,ME,ME,ME
5SED
55ED

%

Dw MAPZ,MACY ,MAB2,MAZ3
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S5ED ‘
E77¢ S5ED 0020 W 'ME,ME, ME, ME
55ED
55ED
55ED
E778 SS5ED 0021 DV ME,ME,ME,ME
55ED
S5SED
. S5SED
E780 S3EE 0022 oW MAG4, MAG5 , MAGE, MAG7
Y  SBEE
63EE
6BEE
E788 73EE 2023 DV MAGS,MAG9,MA7Z,MAT1
7BEE
83EE
8BEE
E79¢ ©3EE 024 DW MA72,MAT3,MAT4, MATS
9BEE
A3EE
ABEE
E798 B3EE 0025 DW MA76,MAT77,MAT8,MAT9
BBEE
C3EE
CBEE
E7A@ D3EE 0026 W MAEG,MAB] ,MAS2 ,MAB3
IBEE
E3EE
EBEE
E7A8 F3EE 2027 W MA84, MABS , MABG ,MABY
FBEE
@3EF
fBEF
E7BO 13EF 0028 DW MA8S, MABS, MASH , MAD]
IBEF
23EF
2BEF
E7B8 33EF 0229 DW MAO2,MA93,MAG4 , MAGS
34EF
3CEF
3DEF
EZCE A45EF pe3e W MAY6,MAQ7, M98 , ME
4DEF
6200
55ED
EXS8 55ED 0031 DW ME, ME, ME, ME
S5ED
55ED
55ED
E7D¢ SDEF 0032 DW MA104,MALE5,MA106,MA107
63EF
6 7EF
6BEF
E7D8 6FEF pA33 W MA108,MA1E9,MA110,MAL1]
BAEF
ALEF
ABEF .
E7E¢ ACEF 0034 DW MA112,MA113,MA114,MA115
BEEF
BEF
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BBEF
E7E8 BCEF 0835 Dw MAll6,MA117,MA118,MAl119
C2EF
CEEF
CAEF
E7F¢ CEEF 2036 Dw MAl2¢,ME,ME,ME
55ED
55ED
© BEBED
E7Fg ©5B5ED 7037 DW ME,ME,ME,ME
SSED
55ED
55ED
P38 ;
ge3e ;
ﬂg4g ; ThhkhkhkkhkhkAhkhkrhhhkhhhhk
gedl ; * PROCESS SCHEDULER *
ﬂg42 H KRRk hkhhkhkAAkhhAAkhkhhhkhkdkk
P43 ;
go44 ;
E8P8 F3 0245 BEGIN DI sentry (from DDT)
E8#1 ED7BEGFF po46 LD SP, (MNSP) ;init stack pointer
E825 CD1CES pa47 CALL INIT ;monitor init
E8p8 CD7BES8 p948 RUN CALL INPUT
E8ZB CD3CEA pg4c CALL TR
E8CE CD73EA pasg CALL REC
EB11l CD99EB gesl CALL ™OUT
E814 CD33EC pes2 CALL PRINT
EB817 18EF pes3 JR RUN
fp54 ;
gass ;
ggsﬁ H FhhkAkkhkhkhkAhkArhkhkhkhkikhkdhhbhkhkhkk
9057 ; * MONITOR INITIALIZATION *
ggss H L2 22223 2223322823222 2222
paso ;
poe6p ;
E819 EDSE £P61 INIT M 2 ;set interrupt mode
E81B 3EEF 2062 LD A,IVEC
EB1D ED47 2063 LD I,A
E81F 32FBFF g6 LD (DDTI) ,A
E822 @1e8ep 2265 LD BC, 2*NBUF ;init pool
EB25 21FQEF 2066 LD HL,BUFTAB
E828 1130F2 pe67 LD DE, TPOOL
E€2B EIBP go68 LDIR
E82D 3Ef4 2069 LD A,NBUF
E82ZF 326CF2 go70 LD (DPOOL) ,A
E832 3256F2 2071 LD (NOFB) ,A
E835 AF PB72 XOR A
EB36 326AF2 2073 LD (DFQ) ,A ;init rcv queve
E839 326BF2 en74 LD (DLO) ,A
E83C 3255F2 2875 LD (RCNT) ,A
E83F CDIAEA eg76 CALL STATIN :init EMU/LAU's state
E842 3EM P77 LD A,MNADD ;EMU address
E844 325FF2 pe78 LD (LOCADD) ,A :save in LOCADD
E847 3EQA ee79 LD A,TIME ;time-out interval
EB49 325EF2 P080 LD (TI) ,A :ssave in TI
EB4C 3E@3 #0081 PERES LD A, 03 ;periph reset
EB84E D3LC P082 our (CTC@) ,A
E85¢ D3DD pes3 our (CIC1) ,A
E852 D3DE op84 our (CTC2) ,A

Cc-3



**k ZAGM -~ ZB@ ASSEMBLER version 2.16 #**

E854
E856
E859
E€58
E85D
E8SF
E861
EE63
E865
E866
E868
EE6B
E86D
E86F
E871
E873
E875
E876
E878
E87A

EE7B
E87D
E88M
E882
E8E5
E888
E88A
E88C
E88E
E89¢
E893
EB25
Eg98
E8%B
E8SE
EBA@
EBA3Z
E8AS
EBAS
E8aA
E8AC
ESBAE
E8B1
EgB3
E8B6
E8B8
E8B9
E8BC
EEBD
E8BF
EEC1
E8C3
EECS

D3DF
21E6EF
EBD
EDAZ
EDA3
PEBF
EIA3
EIA3
D
EA3
21EBEF
PEDC
EDA3
PEDE
EDA3
EDA3
gc
EDA3
EDA3
163°]

1E8¢
CD22ES5
CBB
C228E9
215¢F2
CB4E
2827
FE4B
20¢E
CDIAEA
1E@D
2148ED
CDC7E3
C388E9
FE48
C208E®°
CBSE
CA@BE9
CB66
2805
CBA6
C308E®
CBE6
C30P8E9
1E@0
57
CD27ES
A
CB46
2p22
FES8
200D
CBCé6

0085
geee
0087
Ao88
20r89
4508
geol
pec2
2e93
peo4
2895
96
297
g2eos
B9
giee
2101
p1p2
2103
g1e4
2185
2126
g1e7
g10e
2169
g1le
g2111
#112
2113
£114
£115
2116
2117
2118
2119
g12¢
2121
p122
2123
2124
@125
126
127
2128
7129
2130
2131
9132
9133
p134
@135
2136
2137
2138
g139
0140
2141
2142
9143
2144

PINIT

TINIT

d me We Wme We W e W

NRUT

INPUT]

INPUT2

INPUT3

ouT (CTC3) ,A
LD "HL, PIOTAR
LD C,PI0CA
OUTI

OUTI

LD C,PIOCB
OUT1

OUTI

DEC C

OUTI

LD HL, TIMTAR
LD C,CTCH
OUTI

LD C,CTC2
OUTI

ouTI

INC C

OUTI

OUTI

RET
khhhkhkhkhkhhhkkhdhdhhhkk
* CONSOLE INPUT *
kkkkkhkhkkhkhkdthhkddh
LD E,80H
CALL RDCHR
BIT 7,E

JP NZ ,ENDINP
LD HL,STATE
BIT COM, (HL)
JR Z,INPUT3
cp A,'K!

JR Nz, INPUT1
CALL STATIN

LD E, 00

LD HL,MRET
CALL PTXT

JP ENDINP

CP A,'H®

Jp NZ ,ENDINP
BIT PRES, (HL)
Jp Z ,ENDINP
BIT STFR, (HL)
JR Z,INPUT2
RES STFR, (HL)
Jp ENDINP
SET STPR, (HL)
Jp ENDINP

LD E, 00

LD D,A

CALL WRCHR

LD A,D

BIT MCDE, (HL)
JR Nz, INPUTS
CP A,'X!

JR Nz, INPUT4
SET MODE, (HL)

c-4
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;PIO init (PIOTAB)

;CTC init (TIMTAB)

;input char (DDT)
stest if char read
;test command sent
scom sent/Kill?

;abort command

;Halt?

;Halt/test display
stest if stopped -
;stopped/resume

;stop display

;echo character
;test current mode
:DDT mode/swap?

;set X25 mode
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EEC7
E6CA
E8CC
E6CF
EED2
E8D6
E8DQ
E8DC
ESEQ
E8E2
E8E5
EGE7
EBE9
E8EC
EBEE
ESF1
E€F4
ESF7
ESF9
EEFC
EEFF
ES02
E9@5
E9M8

E909
ES@B
ESED
E9gF
ES11
EO13
ES15
EQ17
EO19
ES1B
E91D
EG1F
E22]1
E©23
E925
E927
E929
EQ2C
EG2E
E931
EQ33
E936
E938
ES3B
E93E
E94¢
E942
E945
E947
E94A
E94C
E94F
E952

E953

2143ED
1ECQ
CDC7E3
C3@8ES
ED73E6FF
31E6FF
CD36El
ED7BEEFF
C3088E9
FES8
20D
CB86
214CED
1E6P
CIDC7E3
C3¢E8ES
321CFF
1E¢0
CDASES
CD14E4
3AICFF
3259F2
CDPCEC
C9o

FE5@
2826
FE4%
2822
FES53
281E
FEAL
281A
FE44
281B
FES4
2817
FE52
2813
FEPQ
2025
2148ED
1817
2138ED
1812
CD53E¢
1814
CD53E¢
3ASPF2
CBS57
280A
212DED
1E®P
CDC7E3
1806
CDBYES
CIBEES
co

3A18FF

2145

2146

9147

p148

P14¢ INPUTS
@150

151

@152

153

@154 INPUTE
p155

2156

g157

2158

£159

g160

g161 IN™IT6
7162

163

2164

165

gl66

g167

2168 ENDINP
p169 ;
9170 DECOM
g171

g172

2173

2174

2175

2176

0177

2178

@179

glee

g181

2182

g183

2184

2185

£186

@187

188 DEC@
g189

219¢ DEC1
g191 .
$192 DEC2
€193

2194

195

£196

€197 DEC3
2198

2199

22008 DEC4
g2e1

P202 ENDEC
92083 ;
2284 RDPAR

LD
LD
CALL
Jp
LD
LD
CALL
LD
JpP
Cp
JR
RES

SRRt REE-RER-RtE- Rl Rel Rt

L EEEELE

H265S

CALL
CALL
RET

LD

HL,MX25

'E, 06

PTXT
ENDINP
(MNSP) ,SP
SP,DDTSP
DDTE0

SP, (MNSP)
ENDINP
A,'x!

Nz, INPUT6
MCDE, (HL)
HL,MDDT
E, 20

PTXT
ENDINP
(DDTCMD) ,A
E,e0
SPACE
INPAR

A, (DDTCMD)
(CURCMD) , A
DECCM

A,'P'
z,DEC1
A,'I'
Z,DEC1
A,'s!
z,DEC1
A,'A"
Z,DEC1
A,'D'
Z,DEC2
A,'T
Z,DEC2
A,'R'
Z,DBEC2
a,0e
Nz, DEC@
HL,MRET
DEC2
HL, MCMERR
DEC3
RDPAR
DEC4
RDPAR
A, (STATE)
GLB,A
zZ,DEC4
HL,MADERR
E, 20
PTXT
ENDEC
FORM
ECOM

A, (OP2)

PAGE €005

;prompt >X25

;stay in DDT

;restore monit stack
;1 X25 mode/swap?

:set DDT mode

;prompt .DDT
;save char input
;input param (DDT)
:save command

;decode command

;dec/validate command

;inval command

;jread parameters '

:test address mode

;invalid global addr
;print error message

;form Monitor Request
;process command

;read parameter3
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E956
E959
E95C
E95F
E962
E965
E968
E96B
E96E
E96F
ES71
E972
E975
E977
ES79
E97A
ESC

EO7D
E97E
ES8P
E981
E982
E983
E984
E985
ES86
ES87
Eo88

E989
E9EC
EQ8E
E98F
EQ92
E993
E994
E995
ES96
E997
E998
E999
E99A
E9CB
E99D
E9C9E
E9Al
EOA2
EGA2
E9AS
ES9A6
EGAS
E9AA
E9AB
ESAE
EOAF

EoBg
E9B3
E9B6

CD7DES
325CF2
3Al16FF
CD7DES
325BF2
3A14FF
CD7LES
328AF2
5F
3EA
93
2150F2
38¢3
CBS6
Cc9

CBD6

C9

4F
E6rg
gr
143
47
gr
8¢
47
79
o0
ce

2120F2
36ea
23
3ASFF2
77

AF

23

77

23

77

23

77

23
36F3
23
3A59F2
77

23
3600
23
3ASBF2
77

23
3A5CF2
77

Co

21E0F3
2262F2
3A50F2

2205
2286
8207
0208
8209
721¢
p211
£212
2213
2214
0215
09216
217
g218
£219
p22e
g221
£222
0223
g224
225
8226
8227
2228
§229
e23¢
g231
2232
0233
p234
@235
9236
9237
g238
#239
#2490
241
g242
2243
p244
p245
8246
2247
p248
249
25¢
B251
9252
p253
2254
2255
2256
257
0258
0259
g26p
2261
2262
0263
£264

RCPAR1

BCIBIN

FORM

CALL
LD
LD
CALL
LD
LD
CALL
LD
LD
LD
SuB
LD
JR
RES
RET
SET
RET

LD
AND
RRCA
RRCA
LD
RRCA
ADD
LD
LD
SUB
RET

LD
LD
INC
LD
LD
XOR
INC
LD
INC
LD
INC
LD
INC
LD
INC
LD
LD
INC

'BCIBIN

(PARAM3) ,A
A, (OP2)
BCIBIN
(PARAM2) ,A
A, (OP1)
BCIBIN
(PARAM1) ,A
E,A

A, MXDCE

E

HL, STATE
C,RDPAR]
GLB, (HL)

GLB, (HL)

HL, TBUF
(HL) ,MNROL
HL

A, (LOCADD)
(HL) ,A

A

HL

(HL) ,A

HL

(HL) ,A

HL

(HL) ,A

HL

(HL) ,MNREQ
HL

A, (CURCMD)
(HL) ,A

HL

(HL), 00
HL

A, (PARAM2)
(HL) ,A

HL

A, (PARAM3)
(HL) ,A

HL, RCMSP
(RCMPT) ,HL
A, (STATE)

C-6
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;read parameter?2

sread parameterl
; (LAU address)

;test address mode

;set indiv address

;set global address

;convert decimal /HEX

;get transm buffer
;insert length byte
;point source field
:read EMU address
;insert EMU address

:point to pack field
;insert Mon Req code
;point to comm field
;read current command
sinsert comm (ASCII)
;point handsh field
;handsh=0¢

;point to param2 field
sread param2

;insert param2

;point to param3 field
;read param3

:insert param3

;init response pointer
; (resp storage area)
;supdate EMU state
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E9BY
E9BB
E9BD
ESCH
ESC2
ESC4
ESC6h
ESC7
E9CA
ESCC
ESCE
E9DE
E9D3
E9D4
ESD7
ESDE
E9IB
E9DE
E9EC
EOE1
E9E2
ESE3
E9ES
E9E7
E9E9
EOEB
E9ED
EEE
EQEF
E9F1
E9F4
EQF6
£9F7
EOFA
E9FB
E9FD
EOFE
EAGR
EARL
EAM4
EAGS
EAC6
EAPS
EACB
EAQE
EACF
EALl
EA14
EA16
EA19

EA1A
EA1C
EAYF
EA2(C
EA23
EA26
EA29
EAZB
EAZE

CBCF
CBEF
3250F2
CB57
2008
3ER]
4B
CDBOEB
1804
3EPB
PEAD
2157F2
71
2158F2
71
3253F2
213FF2
2600
29

47

23
CB46
2804
3603
181A
3608
ES

3D
20€5
2150F2
CBDE
59
CDBYEB
EB
3660
23
36FF
23
2262F2
El

ec
1¢DA
3252F2
3254F2
B7
28¢8
2151F2
CBD6
CD26EC
co

3ECL
3250F2
AF
3252F2
3253F2
3254F2
260B
213FF2
23

2265
7266
8267
p268
09269
027¢
8271
0272
€272
£274
8275
8276
8277
2278
2279
0280

9281

3282
@283
p284
9285
2286
287
p288
2289
2290
2291
2292
0293
0294
2285
9296
2297
2298
72299
B3ee
g3g1
a3p2
@363
2304
23€5
2366
2307
a3¢8
2369
B31¢
2311
2312
9313
@314
@315
2316
2317
p318
2319
320
321
7322
9323
324

PC(M1

PCaM2

FCOM3

PCM4

PCM5

RCM6

PCaM7

’
STATIN

STAT]

SET ' CM,A
SET "FIRST,A
LD (STATE) ,A
BIT GLB,A
JR NZ,PCCM1
LD A,f1
LD C,E
CALL RMADD
JR PCM2
LD A,NDCE
LD C,00
LD HL,DCEIN
LD (HL),C
LD HL, DCEOUT
LD (HL) ,C
LD (OUTCNT) ,A
LD HL,STATEZ-1
LD B,eR
ADD HL,BC

LD B,A
INC HL
BIT ONI, (HL)
JR Z,PCOM4
LD (HL) ,SCNI
JR FCM6
LD (HL) ,SCOFFI
PUSH HL
DEC A
JR NZ, ECQv5
LD HL, STATE
SET PRES, (HL)
LD E,C
CALL RMADD
EX DE,HL
LD (HL) ,MB0
INC HL
LD (HL) ,MECB
INC HL
LD (RCMPT) ,HL
POP HL
INC C
DJINZ PCM3
LD {(INCNT) ,A
LD (RESCNT) ,A
OR A
JR Z,IcCaM7
LD HL, TIMREG
SET TON, (HL)
CALL START
RET
LD A, INITST
iD (STATE) ,A
XOR A
LD (INCNT) ,A
LD (OUTCNT) , A
b (RESCNT) ,A
LD B,NICE
LD HL,STATEC-1
INC HL

c-7

PAGE e¢¢7

stest address mode
;indiv/single LAU
;AU address

;save IAU resp pointer

;global/all IAU's
;first LAU =00

;first IAU to address
;first IAU to display
;nbr resp to display
;point LAU state tab

;point first LAU state

;test LAUI ON/OFF
;ON/send comm packet

;OFF/local message

;all COFF/set display
sinsert local message
;save 1AUi resp point

;message OFF
;message end of block
supdate resp pointer

;next LAU
;repeat all addr IAU's
;update transm count
;update resp count

:start timer
; (command sent)

:init EMU state

:init counters
;transm count
;display count
;jresponse count

:nbr LAU's

;point IAU state tab .
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EA2F TE p325 LD " A, HL)
EA30 E6£21 @326 AND "ONIMSK
EA32 77 9327 LD {HL) ,A ;init [AUi state
EA33 1¢F© @328 DJINZ STATI ;repeat all IAU's
EA35 CDIFEC £329 CALL STOP ;stop timer
EA38 C¢ @330 RET

331 ;

2332 ;

ﬂ333 ; hhkdkhkkhhkrhhhkhhhhkhhkhhkhkhd

f334 ; * PACKET TRANSMISSION *

4 g335 H AhkhkAAhkA kA AR kAT hhkhhhrk

2336 ;

8337 ;
EA3C 2152F2 Z338 TR LD HL, INCNT ;nbr pack to transm
EAZC AF 2339 XCR A
EAD BE P340 Cp (HL)
EA2E 2832 7341 JR Z,ENDTR
EA4(3 DBBE 9342 IN A, (PICIB) ;read PIO register
EA42 CBTF 2343 BIT SBUF,A ;test source buffer
EA44 282C £344 JR Z ,ENDTR
EA46 35 P345 DEC (HL) ;buf empty
EA47 3AS57F2 #3346 LD A, (DCEIN) ;get next LAU address
EASA 1600 8347 LD D,a0
EA4LC °SF 2348 LD E,A
EA4D 213FF2 p34¢ LD HL,STATE?-1 ;point L[AU state tab
EASZ 19 @350 ADD HL,DE
EAS]1 23 #351 TR1 INC HL ;point LAUi address
EAS2 57 9352 LD D,A ;LAU address
EAS3 3C 2353 INC A snext [AU address
EAS4 CB4E 7354 BIT SCNI, (HL) ;LAUi addressed?
EAS6 28F9 @355 JR Z,TR1
EAS8 CBS8E 9356 RES SCNI, (HL) ;send command to LAUi
EASA CBD& #357 SET COMI, (HL)
EASC 3257F2 @358 LD (DCEIN) ,A ;save next LAU address
EASF (EBC 359 LD C,PI0DA
EA61 2120F2 ° g360 LD HL, TBUF ;point transm buf
EA64 [DBBE 9361 IN A, (PIODR)
EA66 E6ER 2362 AND PMASK]1
EA68 B2 - £363 OR D
EA69 D3BE 8364 ouT (PIODIR) ,A ;write dest addr (PIO)
EAGB 46 #365 LD B, (HL) ;read length byte
EA6C EMB3 2366 OTIR ;pack transf
EAGE F610 f367 OR PMASK 2
EA7¢ D3BE 2368 ouT (PIODB) ,A ;pack write pulse
EA72 C9 @369 ENDIR RET

237¢ ;

£371 ;

9372 : khkhhkhhkhhkhkhkhkhhkhkhkhhthdi

f373 ; * PACKET RECEPTION *

5374 : L3232 23 222222222232 23

@375 ;

376 ;
EA73 DBBE 2377 REC IN A, (PICIB) ;read PIO register
EA75 CB77 g378 BIT BUF,A ;test dest buffer
EA77 2832 g379 JR Z,REC?
EA79 2156F2 g38e LD HL,NOFB ;buf full/test pool
EAC 7E 7381 LD A, (HL)
EATD B7 $382 OR A
EA7E 282B 383 JR Z,RECP
EAgP 35 2384 DEC (HL) sbuf available

c-8
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EAR1
EA84
EA8S
EAES
EAR9
EA8A
EA8D
EASF
EASP
EA91
EA92
EA93
EAS4
EA95
EA96
EA98
EAQA
EASC
EA9D
EASE
EASF
EAAl
EAA3
EAAS
EAA7
EAA9
EAAB
EAAE
EAAF
EABQ
EAB3
EAB4
EAB7
EABS
EABO
EABC
EABF
EACO
EAC2
EACS
EAC6
EAC7
EACS
EACO
EACA
EACB
EACC
EACD
EACF
EAD2
EAD3
EAD4
EAD7
EADR
EATB
EADC
EADD
EAEQ
EAE3
EAES

i

2155F2
34
216BF2
7E

34
2130F2
E603
27

B5

6F

7E

2

66

6F
£EBC
ED4R
ED4¢
70

25

23
EIB2
DBBE
F62p
D3BE
E6DF
D3BE
2155F2
AF

BE
CASEEB
35
216AF2
7E

34
2130F2

CDSFEB -

7E
D6g8
DASBEB
4F

23

5E

23

23

23

23

7E
FEF7
C25BEB
23

46
3A58F2
B8
C25BEB
23

46
2264F2
2140F2
1600
19

7385
p3ee6
g3e7
p388
p38e
g2300
B3%1
7392
g393
9394
@385
2396
8397
398
2399
2400
g4el
#4902
2403
0404
fp4p5
2426
2407
2408
g4e9
@410
#411
9412
@413
P414
@415
2416
2417
p418
@419
2420
p421
0422
@423
p424
2425
426
2427
fp428
2429
2430
2431
0432
#433
0434
0435
2436
0437
7438
p439
2449
p441
8442
@#443
444

REC@

LD ' HL,RCNT

INC * (HL)

LD HL,DLQ

LD A, (HL)

INC (HL)

LD HL, TPOOL

AND (MASK

RLCA

OR L

LD LA

LD A, HL)

INC L

LD H, (HL)

LD LA

LD C,PIODA

IN B, (C)

IN B, (C)

LD (HL) ,B

DEC B

INC HL

INIR

IN A, (PIODB)

OR EMASK3

ouT (PIOIB) ,A

AND EMASK4

our (PICDB) ,A

LD HL, RCNT

XOR A

cp ML)

JP Z,ENDRC1

DEC (HL)

LD HL,DFQ

LD A, HL)

INC (HL)

LD HL, TPOOL

CALL  GETBUF

LD A, HL)

SuB HEADER

JP C,ENDRC

LD C,A

INC HL

LD E, (HL)

INC HL

INC HL

INC HL

INC HL

LD A, ML)

cp MNCNF

JP NZ , ENDRC

INC HL

LD B, HL)

LD A, (CURCMD)

cp B

JP NZ , ENDRC

INC HL

LD B, (HL)

LD (RBPNT) ,HL

LD HL, STATER

LD D, 00

ADD HL,DE
c-9
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;inc receiver count

;get buffer

;dunmy read
;read length byte
;insert length byte

;packet transfer
;packet read pulse

;nbr received pack

iprocess one packet
;get packet

;read length byte
;validate length

:data field length

;read source LAU

;read packet type
;validate (Mon Onf)

;read command field
;validate command

;read handshake field
;save point (message)
;point IAU state tab

;point LAULI state
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EAEG
EAER
FAEB
EAED
EAEF
EAF2
EAF4
EAF6
EAFO
EAFC
EAFD
EAFF
EBS1
EB@4
EBO7
EB@9
EB(B
EBEE
EB1O
EB12
EB14
EB17
EB19
EB1C
EBIF
- EB2¢
EB23
EB26
EB28
EBZ2B
EB2D
EB3¢
EB32
EB35
EB37
EB3A
EB3D
EB3F
EB41
EB43
EB45
EB48
EB4C
EB4E
EB51
EB52
EB54
EB58
EB5SA
EB5B
EBSE

EBSF
EB61
EB62
EB63

CB56
CASBEB
CB96
CBDE
3AS5EF2
CBS7
2813
CD8CEB
2154F2
35
2049
CBLF
3250F2
CDIFEC
183F
CBLF
325¢F2
CB40
282¢
CBCE
CDIFEC
3EQL
3254F2
3252F2
7B
3257F2
2151F2
CBD6
CD26EC
3EC1
32272
1816
2154F2
3688
CDIFEC
3ASQF2 -
FE54
2007
CB48
20¢3
CD26EC
ED5B62F2
2600
2M64F2
23
EB@
ED5362F2
3EFE
12
CDECEB
Cco

E663
27
B5

p445

2446

0447

7448

7449

a450

2451

7452

p453

2454

9455

£456

7457

458

2459

9460 REC1

p461

0462

p463

2464

2465

0466

g467

2468

2469

2470

p471

0472

473

2474

8475

2476

8477 REC2

2478

2479

2480

7481

9482

0483

0484

8485

P486 REC3

2487

488

2489

P40

491

9492

p4¢93

8494 ENDRC
495
P496
0497
p498
499
2500
2501
562
2503
504

z
A

C) =¢ me we wo we

ETBUF

BIT
Jp
RES
SET
LD
BIT
JR
CALL
LD
DEC
JR
SET
LD
CALL
JR
SET
LD
BIT
JR
SET
CALL
LD
LD
LD
LD
LD
LD
SET
CALL
LD
LD
JR
LD
LD
CALL
LD
Cp
JR
BIT
JR
CALL
LD
LD
LD
INC
LDIR
LD
LD
LD
CALL
RET

Ahhkhkhkkhkhkhkhhhkhkhhhkhkdh

* BUFFER ROUTINES *
ERARRRARRRAASARARAR

AND
RICA
OR
LD

[y

CMI, (HL)

- Z ENDRC

COMI, (HL)
RESI, (HL)
A, (STATE)
GLB,A
Z,REC1
RMADD
HL,RESCNT
(HL)

NZ ,REC3
PRES, A
(STATE) ,A

STOP

REC3
PRES, A
(STATE) ,A
RMORE, B
Z,REC2
SCNI, (HL)
STOP

a,r
(RESCNT) ,A
(INCNT) ,A
AE
(DCEIN) ,A
HL, TIMREG
TON, (HL)
START

A, g1
(MFIELD),A
REC3
HL,RESCNT
(HL),C¢
STOP

A, (CURCMD)
A,'T!
NZ,REC3
EOTR,B
NZ,REC3
START

DE, (RCMPT)
B, 00

HL, (RBENT)
HL

(ROMPT) , DE
A,MTECB
(DE) , A
RELBUF

CMASK

L
L,A

Cc-1¢

PAGE ¢01¢

stest comm sent (LAUi)

;valid response

;test address mode
:global

;jdec resp expected
stest if all received
;all recv/set display
;stop timer
;indiv/set display
;test handshake
;=1/repeat command
;stop timer

;update counters
;resp count

;transm count

;LAU to address

;start timer

:set handshake

;hand=0/not repeated
;stop timer

;test if Trace
;Trace/test end trace
;not end/start timer

stransf response from
;buf to storage area

;insert synch message

;release buf

;get buffer
;entry offset

;point to entry
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EB64
EB65
EB66
EB67
EB68
EB6GB
EB&C
EB6F
EB70
EB71
EB74
EB76
EB77
EB78
EB79
B
EB7D
EB7E
EBE1
EB82
EB85
EB86
EBE7
EB88

EB8S
EBBC
EBEE
EB90O
EBS1
EB95
EB96
EBS7
EB98

EBSYS
EBOC
EBCE
EBAl
EBA3
EBAS
EBA7
EBA9
EBAC
EBAF
EBB2
EBBS
EBB6
EBBS
EBBB
EBBC
EEBE
EBC1
EBC3

7E

2C

66

6F
2266F2
Co
216CF2
7E

34
213¢F2
E623
87

BS

6F
3A66F2
77

.o
3A6TF2
77
2156F2
F3

34

FB

ce

2178F2
1660
CB23
19

EDSB62F 2

73
23
72
Co

2151F2
CB46
CAIEEC
CB86
CB56
2821
3EQ]
3254F2
3252F2
3ASAF2
3257F2
5F
l6¢0
2140F2
19
CBCE
CD26EC
3EQ1
3227F2

9505
2506
e507
eseg
509
510
7511
@512
7513
514
p515
g516
#9517
g518
£519
2520
£521
g§522
7523
0524
525
8526
§527
9528
@529
053¢
p531
9532
8533
2534
@535
2536
2537
9538
2539
B54¢
fA541
2542
$543
7544
0545
pg546
8547
7548
549
2550
@551
8552
2553
@554
@555
@556
8557
p558
2559
9560
2561
562
2563
9564

-e

és. W Ws Ws Wy W Wy
(@]
3

LD A, ML)
INC L

LD H, (HL)

LD LA

LD (CURBUF) ,HL
RET

LD HL, DPOOL
LD A, (HL)

INC (HL)

LD HL, TPOOL
AND QMASK
RICA

OR L

LD L,A

LD A, (CURBUF)
LD ML) ,A

INC L

LD A, (CURBUF+1)
LD (HL) ,A

LD HL,NOFB

DI

INC (HL)

EI

RET

LD HL, RADTAB
LD D,

SIA E

ADD HL,DE

LD DE, (RCMPT)
LD ML) ,E

INC HL

LD L) ,D
RET

fkhkhkhkhkhkikk

* TIMER *
khkkhhkhhkk

LD HL, TIMREG
BIT TOUT, (HL)
Jp Z, TMOUT1
RES TOUT, (HL)
BIT TON, (HL)
JR NZ, TERR
LD A, 01

LD (RESCNT) ,A
LD (INCNT) , A
LD A, (PARAM])
LD (DCEIN) ,A
LD E,A

LD D, 08

LD HL, STATEE
ADD HL,DE

SET SCNI, (HL)
CALL  START

LD A, 01

LD (MFIELD) ,A

Cc-11
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;address LSB
;address MSB
;save in CURBUF

;release buffer

;entry offset

;point to entry
;address LSB

;address MSB

;inc free buffers

;point resp addr tab

;offset (LAU nbr)
;LAUiI resp addr point
;get resp point

;save in LAUi entry

;test time-out

stime-out
stest resp expect

;not exp/tracing
;update counters

;read LAU address
;save LAU address

;point LAU state tab
;point to LAUi

;send pack to [AUi
;jstart timer

;set hanshake field
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EBC6
EBCB
EBCA
EBCD
EBCE
EBDG
EBD2
EBDS
EBDS6
EBDS
EBDC
EBDE
EBDF
EBEC
EBE1
EBE2
EBE3
EBES
EBE7
EBE9
EBEB
EBED
EBEF
EBF1
EBF 3
EBFS
EBF6
EBF9
EBFB
EBFD
ECO0
EC(2
ECE3
ECP6
ECO7
ECP8
EC09
ECEB
ECAC
ECEF
EC10
EC12
EC15
EC17
EC18
EC1B
EC1E

ECIF
EC2¢
BC23
BC25
BC26
EC29
EC2C
BEC2F
BC31
EC32

1856
CB96
2150F2
AF
CB56
20€3
3ASAF2
4F
3A54F2
213FF2
geea
09

47

7D

ec

23
CB4E
2008
CB56
28F6
CB96
1882
CBBE
3Eg1
CBDE
E5
215¢F2
CB56
2085
2A62F2
1885
59
CD89EB
EB

77

23
36FF
23
2262F2
El
10CF
215QF2
CBLE
AF
3254F2
3252F2
103°

F3
2151F2
3600
C9
3ACSEF2
325DF2
2151F2
CBCE
FB

c9

2565
#2566 TERR
567

£568

2569

g570

8571

572 TERR1
2573

£574

8575

2576

e577

fa578

579 TERR2
2580

581

72582

583

7584

#585

@586

587 TERR3
@588 TERR4
2589

259¢

#5921

8592

#593

£594

@595

@596 TERR5
597

2598

2599 TERR6
2600

p6cl

72602

96€3

g2604

2605

2686

0687

gsn8

2629

p61¢9

#611 TMOUT1
p612 '
@613 STOP
614

p615

2616

#617 START
618
2619
0620
P621
0622
2623
0624

-e

e we

JR
RES
LD
XOR
BIT
JR
LD
LD
LD
LD
LD
ADD
LD
DEC
INC
INC
BIT
JR
BIT
JR
RES
JR
RES
LD
SET
PUSH
LD
BIT
JR
LD
JR
LD
CALL
EX
LD
INC
LD
INC
LD
POP
DJINZ
LD
SET
XOR
LD
LD
RET

DI
LD

RET
LD

SET
EI
RET

[y

TMOUT1

"TON, (HL)

HL,STATE
A

GLB, (HL)
NZ , TERR]
A, (PARAM1)
C,A

A, (RESCNT)
HL, STATEP-1
B, 0

HL,BC

B,A

c

C

HL

SCNI, (HL)
NZ, TERR3
CoMI, (HL)
Z,TERR2
ca¥I, (HL)
TERR{
SCNI, (HL)
A,ME1
RESI, (HL)
HL
HL,STATE
GLB, (HL)
NZ, TERRS
HL, (RCMPT)
TERR6

E,C

FMADD
DE,HL

(HL) ,A

HL

(HL) ,MECB
HL

(RCMPT) ,HL
HL

TERR2

HL, STATE
FRES, (HL)
A

(RESCNT) , A
(INCNT) ,A

HL,TIMREG
(HL) , 0P

A, (TI)
(TMCNT) ,A
HL, TIMREG
TIM, (HL)

PAGE 9012

;response failed

;test address mode
;indiv/get IAU address
;hbr missing responses

;point LAU state tab
;get failed [AU's

;test pack sent (LAUi)

;failure message

;test address mode
;indiv/get resp point

;global
ssave [AUi resp point

;sinsert fail message
;message end of block
;save resp pointer
;repeat all fail LAU's
;set display

;reset counters

;response count
;jtransm count

;stop timer

;start timer
;load count
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EC33
EC36
BC38
EC3B
BEC3D
BC49
EC42
EC44
EC47
EC48
EC4A
Bc4c
EC4E
BEC5¢
ECS3
EC56
EC59
BC5A
ECSD
BCEF
BC62
BC64
EC67
BCeA
BCeC
ECeD
EC70
BEC71
EC72
EC73
EC75
BC77
EC7A
BB
ECC
EC7E
EC8g
BC83
BC84
EC85
EC86
BCce?
EC88
ECEB
EC8C
EC8D
EC90
ECS3
BCo97
ECO8
EC9A
ECoC
ECSE
ECAl
ECA3

2150F2
CBSE
CADCEC
CB66
C2DCEC
CB6E
284F
3A53F2
B7
200F
CBSE
CBEE
l1ERR
2148ED
CDC7E3
C3DPEC
3D
3253F2
CBAE
2123ED
1ECP
CICT7E3
3ASBF2
lecg
5F
213FF2
10

23

x
CBSE
28FA
3258F2
D

5F
1600
CB23
2170F2
19

SE

23

66

6B
2260F 2
B7

27
CDFBEC
C3DPEC
EDSB6QF 2
1A
FEFF
2A85
CBEE
C3D@EC
FEFE
20885

9625
2626
0627
7628
2629
2630
f631
2632
0633
£634
2635
2636
2637
2638
p6e3°
7641
g641
642
2643
0644
2645
p646
2647
2648
ge4¢e
2650
651
2652
9653
2654
@655
2656
8657
2658
2659
2660
9661
2662
#5663
7664
7665
8666
p667
2668
2669
0670
671
2672
8673
674
2675
676
28677
7678
2679
geee
7681
682
P683
0684

NI ~e S “e wo we

2
5

BIT
Jp
BIT
Jp
BIT

OR

RES
RES

CALL
JpP
PRINT¢Z DEC

RES
LD

CALL
LD

LD
LD
ALD
PRINT1 INC
INC
BIT

DEC
LD
SIA

LD
ADD

PRINT2

48EE$2E8EEEEE

SET
JP
PRINT3 CP

hhkhhkhkhkhkdhhhkhdhdhhk

* CONSOLE OUTPUT *
Rhkdhhhkhhhhhhhhhdk

HL, STATE
PRES, (HL)
Z , ENDFR
STER, (HL)
NZ , ENDPR
FIRST, (HL)
Z,PRINT2
A, (OUTCNT)
A

NZ, PRINT(
PRES, (HL)
CCM, (HL)
E,en
HL,MRET
PTXT

ENDER

A

(OUTCNT) ,A
FIRST, (HL)
HL,MTITLE
E,e0

PTXT

A, (DCEOUT)
D,20

E,A
HL,STATEA-1
HL,DE

(PRMPT) ,HL
A

PRACC
ENDPR

DE, (PRMPT)
A, (DE)
A,MECB

NZ, FRINT3
FIRST, (HL)
ENDPR
A,MTECB
NZ, FRINT4

Cc-13

PAGE ££13

;test display enabled
;test stop display
;display/new LAUI?
;nbr resp to display

;=/end display
;end command

;prompt >

;update display count

;print title (*LAU )

;LAU nbr (display)

;point LAU state tab

;test resp recv (LAUi)

;save next LAU nbr

;point resp addr tab
;point IAUI entry
;get LAUi resp address

;save display pointer

;print LAU add (title)
;print response

;get = rrent message
;end of block?

;end current resp

;synch message?
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ECAS
ECA7
BCAA
ECAD
ECB@
ECB2
ECB4
ECBS
ECB6
ECBE®
ECBA
ECBC
ECBE
ECBF
ECC1
ECC4
ECC5
ECC6
ECCS
ECCA
BCCC
ECCD
ECDg

ECD1
BECD2
ECD5
ECD6
ECD8
ECDS
ECDA
ECLC
ECDF

ECE®
ECE2
ECE3
ECE5
ECEg
ECEA
ECEB
ECED
ECEE
ECEF
ECF@
ECF1
ECF2
ECF4
ECF7
ECFA

ECFB
ECFC
BECFD
ECFE
ECFF
EDOR
ED@3
EDB4
EDE7

CBCE
C3DEEC
CDEQEC
2A60PF2
CB7E
2804
23

46
18e6
CB76
281¢
62l
C5
1E€E
CDASES
23

7E
CDFBEC
Cl
1¢F2
23
2260F2
ce

E6@F
C690
27
CE4p
27

57
1E00
CD27ES5
163°]

FE@2
cs8
E67F
21¢0E7
1600
5F
CB23
19

S5E

23

66

6B
1EGR
CDSCE5
CDC7E3
Cc9

47
87
a7
87
e7
CDD1EC
78
CDDIEC
CS

2685
2686
pee7
7688
#9689
geog
2621
2692
P63
g624
695
7626
9697
7698
p69°
g7e¢
g701
e7e2
763
gie4
@7e5
2706
0727
708
27e9
g71e
2711
g712
2713
8714
g715
2716
B717
718
2719
g72¢
721
8722
723
08724
2725
2726
2727
2728
8729
2730
7731
0732
8733
8734
@735
2736
8737
2738
€739
8740
2741
8742
2743
2744

PRINT4

PRINTS

PRINT6

PRINT7
ENDPFR

’
PRINTA

’
GETMES

PRACC

RES '
Jp
CALL

CALL

CALL
RET

Cp
RET

LD

SIA
ADD

INC

CALL
CALL
RET

LD

RICA
RLCA
RICA
RLCA
CALL

CALL
RET

PRES, (HL)

-ENDPR

GE'IMES
HL, (PRMPT)
TABLE, (HL)
Z,PRINTS
HL

B, (HL)
PRINT6
PAR, (HL)
Z,RINT7
B, 01

BC

E, 20

SPACE

HL

A, (HL)
PRACC

BC

PRINT6

HL

(PRMPT) ,HL

A,fFH
A,90H

A,40H

D,A
E,on
WRCHR

A,ME2
z
MMASK
HL,MADTAB
D, #@
E,A

E
HL,DE
E, (HL)
HL

H, (HL)
L,E
E,00
CRLF
PTXT

B,A

PRINTA

A,B
PRINTA

PAGE ¢£14

;disable disp (wait)
;print one message
;message type?

;jtable mess (>1 param)
;get number mess param

;: P/1 param?

;one parameter
;print parameters

;print one param
;repeat all param

;save resp pointer

;print HEX digit

;print single message

;message addr table
;message number

:point message entry
;get message address

;print string (DDT)

;print register A
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2745 ; '
@746 ; .
g747 ; (2332322822222 233 2323233322232 28232 2
@748 ; * TIMER INTERRUPT SERVICE ROUTINE *
3749 ; L322 422 X222 8L 22222222222 222223 d 4
g75¢ ;
8751 ;
EDB8 F5 2752 TIMER PUSH AF
EDC9 ES 9753 PUSH HL
EDEA 2151F2 p754 LD HL,TIMREG
EDFD CB4E 2755 BIT TIM, (HL) ;test timer running
ED@F 28¢D #3756 JR Z,TIMERE
ED1l 3ASDF2 2757 LD A, (TMCNT) ;ON/dec timer coumt
ED14 23D 2758 DEC A
ED15 325DF2 2759 LD (TMCNT) ,A
ED18 2004 @760 JR NZ,TIMERf ;test time-out condit
EDIA CBC6 2761 SET TOUT, (HL) ;time—~-out
EDIC CBSE 2762 RES TIM, (HL) ;stop timer
EDIE El @763 TIMERG POP HL
EDIF F1 f764 POP AF
ED20 FB @765 ENDINT EI
ED21 ED4D 2766 RETI
0767 ;
g768 ;
0769 H khkkkkhhkdkhhhhkhktihd
a77¢ ; * CONSOLE MESSAGES *
6771 ; fhkdkhkkkhkhdkhkhhhhhkhkkk
§772 ;
2773 ;
(BCFF) 8774 MECB EQU ¢FFH
(DCFE) @775 MTECB EQU ¢FEH
8776 ;
ED23 EDZACDPA @777 MTITLE IB CR, INF,CR, INF
ED27 2a4C4155 g778 B t+1AU ',ETX
2023
ED2D 2D494ES6 9779 MATERR IB '*-INV AD'
204144
ED34 @DfA3EE3 2780 DB CR, INF, PROMPT, ETX
ED38 2D494E56 £781 MOMERR B '-INV COM!
20434D
ED3F @€DPA3ER3 2782 DB CR, INF, PROMPT, ETX
ED43 @DRA f#783 MX25 B CR,LNF
ED45 583235 7784 DB 'X25!
ED48 (D@A3ELZ3 §785 MRET B CR,LNF, FROMPT,ETX
ED4C ¢DFA 9786 MDLCT B CR, INF
EDAE 444454 2787 B 'DOT!
EDS1 {¢DEAZEP2 2788 DB CR,INF,'.' ,ETX
ED55 2D3Fe3 #76S ME 8 -2 ETX
g79¢ ;
EDS58 2D4F4646 £791 MAPZ DB '-OFF' ,ETX
g3
EDSD 2D54494D 0792 MAZ1 DB '-TIMOUT' ,ETX
4F5554¢3
EDSS @23 f793 MAQ2 DB ETX
ED66 434D4E44 0794 MAQ2 B 'CMND AC' ,ETX
204143¢3
ED6E 434DZ4E44 2795 MAQ4 DB 'CMND RJ',ETX
20524A03
ED76 4F56464C p796 MAES DB '‘OVFL',ETX
f3
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ED7B
EDEE

ED85
ED89

EDSE

EDO3
EDS7

EDOC
EDAl
EDAG
EDAB
EIB3
EIBB
EDC3
ELCB
EDDf
EDD5
EDDA

EDDF

EDE4

EDFC

EE?B
EECF
EE13
EE17
EE1B
EEIF
EE23
EE27
EEZB
EEZF
EE33
EE37

52534152
23
52444953
a3
525541¢3
53534152
£3
53444953
23
535541¢3
52535441
23
52535442
23
52534341
e3
52534342
g3
544F5554
2014C5183
544F5554
20535203
544F5554
21445303
544F5554
20494603
464E464C
g3
4C4B464C
e3
504B464C
g3
494E5649°
g3
2352454C
23
EDOAA2020
20205143
2p46402¢p
4C492€43
31204332
205849¢3
2020202¢
20524543
20202054
524D@3

46524D¢3
494E46¢3
434F4DP3
52522¢€3
524E5203
52454A¢3
434D5203
50414B¢3
43414Ce3
44415483
52535403
PDPA 4956

2797 ;
#798 MA@S

€799 MApC

2820 MAlQ
2801 MAl1l

eee2 MAl2

P8A3 MA13
g8p4 MALA

£805 MAlS5
p8A6 MALG6
pee7 MAl7
pgee MAlR
P8RS MALS
£812 MA20
£811 MA21
g812 MA22
£813 MA23
814 MA24
815 MA25
2816 MA26

817 MA27

2818 MAZ28B

ge1c ;

282¢ MA32
#2821 MAZ33
9822 MA34
£823 MA35
0824 MA36
2825 MAZ7
#826 MA38
2827 MA39
0828 MA4N
9829 MA4]
2830 MA42
2831 MA43

3 B8 ¥ B ¥ ¥ B B ¥ 8 B B 8§ B ¥ EB¥ 8§ §

2

PEEEEEEEEEE S

. 'RSAR',ETX
'RDIS',ETX

'‘RUA' ,ETX
'SSAR' ,ETX

'SDIS' ,ETX

'‘SUA' ,ETX
'RSTA' ,ETX

'RSTB' ,ETX
'RSCA' ,ETX
'RSCB' ,ETX
'TOUT LQ',ETX
'TOUT SR',ETX
‘TOUT DS',ETX
'TOUT IF',ETX
'INFL' ,ETX
'LKFL' ,ETX
'PKFL' ,ETX
'INVI',ETX
"#REL',ETX

CR,INF,' QC FI LI C1 C2 XI',ETX

! REC  TRM',ETX

'FRM' ,ETX
'INF' ,ETX
'COM' ETX
'RR ',ETX
'RNR' ,ETX
‘REJ' ,ETX
'MR' ,ETX
'PAK’ ,ETX
'CAL' ,ETX
'DAT' ,ETX
'RST' ,ETX
CR,INF,'IWR' ,ETX

C-16
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523 :

EE3D 544D32€3 PR32 MA44 DB -'MM2' ,ETX

EE4]1 4C464CP3 @832 MA4S m 'LFL',ETX

EE45 @D@a4345 $834 MA46 DB CR,INF, 'CER' ,ETX
5203

EE4B 544D33¢3 7835 MA47 DB "™3',ETX

EEAF 5f464C03 @836 MA4LS B 'PFL' ,ETX

BR37 ;

EE53 52434D52 2838 MAG4 DB 'RCMR RC',ETX
20852433

EESB 53434D52 £839 MA6GS DB '‘SCMR RC',ETX
205243¢3

EE63 52494E46 g84¢ MAES DB 'RINF CF',ETX
22434623

EE6B 5252522¢ £841 MAK7 DB 'RRR CF',ETX
2043463

EE73 52524ES52 £842 MAGS DB 'RRNR CF',ETX
20434603

EE7B 5252454A £843 MARS DB 'RREJ CF',ETX
204346223

EEB3 53494E46 p844 MAC DB 'SINF CF',ETX
20434662

EE8BB 5352522¢ £845 MAT] DB 'SRR CF',ETX
20434603

EE93 53524E52 p846 MAT2 DB '*SRNR CF',ETX
20434603

EESB 5352454A g847 MAT3 DB 'SREJ CF',ETX
20434623

EEAR 54434F4D $848 MA74 DB "ICM CF',ETX
20434603

EEAB 54494E46 £849 MA7JS DB 'TINF CF',ETX
204346¢3

EEB3 54524553 £85¢ MAT76 DB 'TRES CF',ETX
20434623

EEBB 494E5646 @851 MAT77 DB 'INVF RS',ETX
20525323

EEC3 494E5652 2852 MAT78 DB 'INVR CF',ETX
20434603

EECB 494E5643 @853 MAT79 .:] 'INVC CF',ETX
20434623

EED3 44464147 £854 MASH DB 'DIAG CH',ETX
20434803

EEDB 43524551 #2855 MAR] DB '‘CREQ CH',ETX
20434803

EEE3 4943414C £856 MAB2 DB 'ICAL CH',ETX
2€4348(¢2

EEEB 43414343 £857 MA83 DB '‘CACC CH',ETX
20434803 '

EEF2 43434F4E g858 MA84 DB 'CCON CH',ETX
20434803

EEFB 434C5251 P859 MABS DB '"CILRQ CH',ETX
2p4348¢3

EFg3 434C494E P8GO MAB6 B '*CLIN CH',ETX
20434863

EFgB 43434641 2861 MAR7 DB *CCFA CH',ETX
20434803

EF13 43434642 P862 MABR DB 'CCFB CH' ,ETX
20434803

EF1B 4441544) #863 MAB9 DB 'DATA CH',ETX
204348¢2
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EF23
EFZB

EF33
EF34

EF3XC
EF 3D

EF45
EF4D

EF55

EFSD

EF63
EF67
EF6B
EFeF

EF87
EF8a

EFAl
EFA4
EFA8
EFAC
EFBE@
EFB4
EFB8

EFC2
EFC6
EFCA
EFCE

44415442
20434EF3
494E565¢
204348¢3
f3

23434C52
20434803
23

23434346
2(4348¢3
52454A50
20525313
20202020
20525303
544F5554
20434803

PDEA434E
4203
43535403
4C4155@3
52434803
204C412¢
4C422e4D
582¢4D4E
204E522¢
53512052
31285232
EDEeAR3
£DeA2e42
4D2¢5¢48B
204E432¢
53542054
4D2¢5331
205332
fDeAp3 -
4C495103
4C4r51¢3
5¢4951¢3
5@4F51€3
424951¢3
424r5193
gDEA4CAL
55063
4E4348¢3
4E4843(A3
53544103
52535403

(P6R)
(8261)
(8002)
(P2F3)
(0004)

8864 MAOL
2865 MAG1

7866 MAC2
pR67 MACZ

gesce MAS4
2869 MASS

g87¢ MA9S
pe71 MA9Y
£872 MAO8

0873 ;
2874 MA1Q4

@875 MA105
g876 MAlD6
2877 MA1E7
£#878 MA108

2879
p88e MAlQC

pesl

£882 MAllQ
pes3 MAlll
7884 MAl112
£885 MAI13
£886 MA114
£887 MA115
p88E MAll6

£889 MA1l7
2892 MAl11R
¢891 MAll9
09892 MAl120¢
£893
2804
2895
£896
7827
pgoe
2899
a9a¢ MAe
921 MP1
poB2 Mr2
gog3 Me3
pogd mMpd

we We Wms We We Wy W,

¥ ¥ 8 HE BY ¥ H

BEBY O

89

BEBY BEEBYHEHE

PAGE (18

« 'DATE CH',ETX
'"INVP CH',ETX

ETX
'§CLR CH' ,ETX

ETX
'#CCF CH',ETX

'REJP RS',ETX
! RS' ,ETX

'TOUT CH',ETX

CR,INF,'CNB',ETX

'CST' ,ETX
'LAU' L ETX
'RCH' ,ETX
' IA LB MX MN NR SQ R1 R2'

CR, INF, ETX
CR,LNF,' BM PK NC ST M S1 S2'

CR, INF, ETX
'LIQ',ETX
'LOQ',ETX
'PIQ' ,ETX
'POQ' , ETX
'BIQ',ETX
'‘BOQ', ETX
CR,LNF, 'IAU' ,ETX

'NCH' ,ETX
'NHC' ,ETX
'STA' ,ETX
'RST' ,ETX

hhkkhkhhkkdhkkhkhhdhhdk

* MESSAGE CODES *
ek khAhkRARARRRAR

EQU
EQU
EQU
EQU
EQU

fe
538
g2
23
04
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(2e05)

(8268)
(02069)
(Be0A)
(200B)
(220C)
(600D)
(BCCE)
(BBEF)
(ee10)
(6211)
(2612)
(0013)
(#e14)
(6815)
(B016)
(8017)
(7618)
(6£19)
(001A)
(221B)
(6€1C)

(PPAR)
(A1)
(POA2)
(REA3)
(BCA4)
(@EA5)
(POA6)
(CPAT)
(BOAL)
(C@A9)
(00AR)

(¢eAB) -

(BBAC)
(ZPAD)
(GOAE)
(CPAF)
(PPBO)

(P040)
(2e41)
(2042)
(2043)
(@e44)
(2045)
(9B46)
(8047)
(0048)
(2749)
(Be4A)
(09 4B)
(284C)
(864D)
(BBAE)
(204F)

(0050)

g9op5 Mes
2op6 ;

pon7 MO8
poCe Mpe
popc M1¢
golg M1l
#el1]l M12
pel12 M13
go13 M14
#0814 M15
£0o15 M16
gele M17
$017 M1B
#7918 M19
fe19 M2¢
go2¢ M21
§921 M22
£922 M23
$023 M24
9924 M25
2925 M26
£026 M27
£927 M28
goz28 ;

£e29 M22
#2930 M33
@931 M34
932 M35
poe33 M26
po34 m37
§o35 M28
po36 M3¢
7937 M4g
@938 M41
@239 ML2
2040 M23
po41 M44
P942 M4S
P943 M46
pS44 M47
£9o45 M48
po46 ;

ge47 M64
P948 M6S
P949 M66
goese Me7
7951 M68

2952 M69’

2953 M70
pos54 M71
2955 M72
956 M73
@957 M74
2958 M75
§959 M76
poer M77
p961 M78
9962 M7¢
2963 ;

po964 MRC

Y85

g8
29
1@
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

324128
334128
344128
354128
364128
374128
38+128
30+4128
404128
414128
424128
434128
444128
454128
464128
474128
48+128

64
65
66
67
68
69
70
2!
72
73
74
75
76
77
78
79

8e
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EFD2
EFE6

EFEB

EFFe

EFF8
EFF8

(AB51)
(8052)
(2@53)
(8P54)
(2055)
(PE56)
(8957)
(7OS8)
(2259)
(E25A)
(B25B)
(@@5C)
(€05D)
(?ASE)
(25F)
(P262)
(epel)
(2062)

(0PER)
(PPED)
(GOEA)
(OPEB)
(@CEC)
(BCED)
(BBEE)
(@CEF)
(BBFP)
(BEF1)
(2PF2)
(BCF3)
(BBF4)
(BEFS)
(BOF6)
(BEF7)
(POF8) -

BF@7CFCO
1)
Fg1555D5
A3

eere
8EFo
16F1
98F1
(0200)
20ED
20ED
20ED
P8ED

9265
7966
g967
79068
P9A9
pe7e
pe71
2972
2973
no74
po75
2976
8977
p978
2279
gosg
pogl
7982
@ce3
£og4
2985
p986
gos?7
2988
goge
7990
9991
2992
2993
2994
@995
£9o9%6
8997
2998
7999
100
1e¢l
1002
1003
l1op4
1¢05
1086
lee7
1¢08
100

1210

1811
1012

1913
1014

1915
1016

Mgl
mg2
M83
MB4
M85
ME&6
ME7
Meeg
mge
MSa
Mel
M2
M3
M94
MO5
M96
M97
Meg
M1@4
M1@5
M1e6
M1@7
M108
Mlgo
M11¢
M111
M112
M113
M114
M115
M116
M117
M118
M119
M12¢

we We We we we we we

PIOTAB

TIMTAB

BUFTAB

INTAB
TIMINT

“-e we

EQu *+ 8l

EQU - 82

EQU 83

EQU 84

EQU 85

EQU 86

EQU 87

EQU 88

EQU 89

EQU op

EQU 9

EQU 92

EQU e3

EQU 94

EQU 95

EQU %6

EQU 97

EQU o8

EQU 124+128
EQU 105+128
EQU 106+128
EQU 107+128
EQU 148+128
EQU 169+128
EQu 11g+128
EQU 1114128
EQU 1124128
EQU 1134128
EQU 1144128
EQU 115+128
EQU 116+128
EQU 1174128
EQU 118+128
EQU 119+128
EQU 12¢+128
Fhhdkhkhkkhhkhhkd

* ROM TABLES *
AhhAhhAARAARAKX

B

SRS

PEFE6H
8FH, €7, 0CFH, ICCH, 08

TVEC, 15H, 85D, ¢¥D5H, 163D

BUF1,BUF 2, BUF 3, BUF 4

en
ENDINT,ENDINT,ENDINT, TIMER
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(BOEF)
(DCF8)
(20BC)
(B£BD)
(APBE)

! (CCBF)
(80DC)
(2¢DD)
(R0DE)
(G2DF)

(E136)
(E414)
(E522)
(E527)
(E5°C)
(ESAS)
(EXC7)

(FF1C)
(FFFB)
(FF14)
(FF16)
(FF18)

(FFE6) -

(FFES)

(P088)
(P010)
(6004)
(OCF3)
(B2F7)
(oe0n)
(POCB)
(20eB)
(BBOA)
(0B08)
(82en)
(ee04)
(8028)
(9803)
(PB3E)
(8003)
(020D)
(900)

(20P0)
(0271)
(2002)

1017
1218
1919
1020
1821
1722
1823
1024
125
1226
1827
1¢28
129
1030
1831
1232
1623
1034
1¢35
136
1237
1038
1239
le4e
1¢41
1842
1e43
1944
1¢45
1046
1047
1¢48
1g4¢
1958
1¢51
1052
1853
1954
1855
1256
1857
1058
1959
1g60
1261
1062
1263
1064
1065
1066
1067
1068
1269
1070
1e71
1072
1073
1274
1975
1076

W wme we W

IVEC
PIODA
PIOCA
PIOrB
PICCB
CTCg@
CTC1

cTCc2
CTC3

¢ Ne Ws ™o wmp Wy wa

!
pDT8e
INPAR
RICHR
WRCHR
CRLF
SPACE
PTXT

DDTCMD
DDTI
OP1
opP2
OP3
MNSP
DDTSP
’

BUFL
TBUFL
NBUF
MNREQ
MNCNF
MXDCE
NDCE
MNADD
MNRQL
HEADER
TIME
QE

oL
(MASK
PRQMPT
ETX
CR

LNF

!

MCDE
CM
GLB

FRRKKKAAARA A AR AR AR A AR AR AR AR A AR A AARR AR A A Ak

* PERTPHERAL ADDRESSES AND INTERRUPT VECTCORS *
LA g L L L s e

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

INTAB SHR &
TIMINT AND 2{FFH
PBCH

PIOLA+]

PIODA+2

PI0ODA+3

¢DCH

CTCA+1

CTCE+2

CTC2+3

hhkhkkhkhkhkkdhhhhkdhhkhhhhhhkhhkhkhhkhhkhkhkrhhkhhhdhk

* TABLES, BUFFERS AND MONITOR PARAMETERS *
L L S E E E T  T 2 s

EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

PE136H ;DDT entry address
PE414H ;DDT param handler
PES22H ;read character (DDT)
PES27H ;write character (EDT)
PES9CH ;carr ret/line feed
PESASH ;print space (DDT)
PE3CH ;print string (DDT)
@FF1CH ;DDT comm register
¢FFFBH ;DDT I register
¢FF14H ;DDT param registers
PFF16H

PFF18H

¢FFE6H ;top monitor stack
PFFE6H ;DDT stack point reg
136 ;max buf length

16 ;transm buf length

4 ;pool recv buffers
@F 3H ;monitor packets

OF 7H

1¢ ;max [AU number

11 ;number of L[AU's

11 ;EMU address

1¢ ;Mon Reqg length

8 ;min response length
1¢ stime-out (18*100ms)
4 ;queue size

2*QE

CE-1

l>l

g3 ;end of text (string)
13 ;carriage return

10 :line feed

e ;EMU state flags

31

g2

c-21
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(Pee3) 1077 PRES EQU + @3
(oep4) 1¢78 STER EQU (4
(22C5) 1¢7¢ FIRST EQU 25
(2001) 1086 INITST EQU 21 sMODE=1, OTHERS=0
1081 ;
(eece) 1¢82 ONI ECU ee ;LAUL state flags
(2801) 1¢83 SCNI EQU 21
(82e2) 1984 CMI EQU g2
(£8e3) 1¢85 RESI EQU g3
(2ee3) 1886 SCONI EQU 23
7 (0eee) 1987 SCCOFFI EQU pe
(60e1) 1988 ONIMSK EQU g1 smasks all but NI
1289 ;
(200¢) 1@94 TOUT EQU {6514 stimer flags
(2eel) 1691 TIM EQU 71
(0262) 1092 TON EQU 22
1g93 ;
(2206) 1994 PAR EQU 26 ;message type flags
(2867) 1995 TABLE EQU 87
1e96 ;
(0200) 1297 RMCRE  EQU ee shandshake flags
(Aee1) 1798 EOTR EQU 21
1099 ;
(287TF) 116¢ MMASK EQU TFH ;message mask
(BCED) 1161 PMASK]1 EQU PECH ;PI0 control masks
(621¢) 1192 PMASK2 EQU 10H
(6c2e) 1173 PMASK3 EQU 20H
(@2DF) 1104 PMASKY EQU ¢DFH
1105 ;
(ees) 11¢6 SBUF EQU 87 ;P10 control signals
(P006) 1107 DBUF EQU fe
(8605) 1198 RIB EQU @5
(2004) 1189 WRSB = EQU o4
1110 ;
(Feea) 1111 RAMTAB EQU CreeeH
: 1112 ;
(FC2R) 1113 BUFAR EQU RAMTAR ;buffer area
(Fopo) 1114 BUF1 EQU BUFAR
(FEge) 1115 BUF2 EQU BUF 14BUFL
(F110) 1116 BUF3 EQU BUF2+BUFL
(F158) 1117 BUF4 EQU BUF 3+BUFL
(F220) 1118 TBUF EQU BUF4+BUFL
(F227) 1119 MFIELD EQU TBUF+7
112¢ ;
(F238) 1121 QAR EQU TBUF+TBUFL ;queve area
(82C0) 1122 RAM] EQu [OL- fQAR MOD QL] JMOD QL
(F230C) 1123 TPOOL EQU QAR4RAM1
1124 ;
(F238) 1125 RGAR EQU TPOOL+QL
(3008) 1126 RAM2 EQU [16- [RGAR MOD 16]IMOD 16
(F249) 1127 RG] EQU RGAR+RAM2
(Fa24e) 1128 STATE? EQU RG1 ;IAUi state registers
112¢ ;
(F250) 113¢ RG2 EQu RG1+416 .
(F25¢) 1131 STATE EQU RG2 ;PMU state register
(F251) 1132 TIMREG EQU RG2+1 ;EMU timer register
(F252) 1132 INCNT EQU RG2+2 ;EMU counters
(F253) 1134 OUTCNT EQU RG2+3
(F254) 1135 RESCNT EQU RG2+4
(F255) 1136 RCNT EQu RG2+45

C-22
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(F256) 1137 NOFB EQU . RG246
(F257) 1138 DCEIN EQU -RG2+7
(F258) 1139 DCEOUT EQU RG2+48
(F259) 114¢ CURCMD EQU RG2+2 ;jcommand register
(F25a) 1141 PARAM]1 EQU RG2+1¢ ;param registers
(F25B) 1142 PARAMZ2 EQU RG2+11
(F25C) 1143 PARAM3 EQU RG2+12
(F25D) 1144 TMCNT EQU RG2+13 ;timer counter
(F25E) 1145 TI EQU RG2+14 ;timer interval reg
(F25F) 1146 LOCADD EQU RG2+415 ;EMU address register
1147 ;
(F260) 1148 RG2 EQU RG2+416
(F260) 1149 PRMPT EQU RG3 ;resp point (display)
(F262) 115¢ RCMPT EQU RG3+2 ;resp point (receive)
(F264) 1151 RBPNT EQU RG3+4 ;recv buffer pointer
(F266) 1152 CURBUF EQU RG2+6
(F26A) 1153 DFQ EQU RG3+1¢ ;queue pointers
(F26B) 1154 DLQ EQU RG3+11
(F26C) 1155 DPOOL EQU RG3+12
1156 ;
(F272) 1157 RG4 EQU RG3+16
(F272) 1158 RADTAB EQU RG4 ;tab rcv resp addr
1159 ;
{F292) 1168 RGS EQU RG4+32
(2070) 1161 RaM3 EQU [256- [RG5S MOD 256]IMOD 256
(F362) 1162 RCMSP EQU RG54RAM3 ;jresponse storage area
Errors 1%
Cc-23
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Fig. D.1 - The laboratory development system




WL L Lo




Fig D.2 - The exchange and the monitor terminal
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AN X-25 BASED LOCAL AREA DATA NETWORK

. Dr. F. Halsall, J. A. Ruela and A. Al-Jaff

School of Engineering, University of Sussex,

Brighton,

U.K.

The paper first describes the philosophy and topology of an X-25 based local area
packet-switching network which is currently being implemented in the School of

Engineering of the University of Sussex.

The toplogy adopted is a8 distributed star structure: a small local 'exchange' is
situated in each building and the local exchanges distributed around an establishment
are interconnected through a central 'tandem’ exchange.

The hardware and software design of a multimicroprocessor local exchange is described
and a description of an X-25 package written in Pascal for use with a single-user
microprocessor-based host computer is presented.

1. INTRODUCTION

The advent of the microprocessor and the con-
tinuing reduction in the cost of computer hard-
ware is having considerable impact on the
computing resources found within an establish-
ment. It is rapidly becoming common practice
to find distributed throughout an” organisation
perhaps one or more main frame computers, a
number of minicomputers and an increasing
number of microprocessor-based systems.
Although the availability of processing power
within each of these systems means that many
computing tasks can now be carried out locally,
in many situations there is also a requirement
for these systems to communicate with each
other in order, for example, to share resources
or to access shared information. Since these
resources are distributed over a local area -
often within a single building or small cluster
of buildings - the communication facility
provided is referred to as a local area data
network.

The paper first presents the philosophy and
topology of a local area network which is
currently being implemented in the School of
Engineering of the University of Sussex. It
then describes the design of a multi-micro-
processor packet-switch being used within the
network apd also the design of the interface
hardware and driver software used within one of
the connected host computers.

2. PHILOSOPHY

Geographically distributed computer networks
have now been in existence for a number of

years and indeed internationally agreed pro-
tocols have been established to control the
transfer of data using such networks (1). Local
data networks of the type just outlined, however,

are comparitively new and perhaps not surprisingly

a variety of different protocols and communi-
cation network structures are currently being
investigated (2, 3, 1),

Local area data networks have a number of chara-
cteristics which are similar to those found in
geographically distributed computer networks,
since each is concerned with providing a commun-
ication facility between a number of distributed
computers. Moreover, although a local area
network may contain a possibly large number of
microprocessor-based systems, the inclusion of
processing resources within these systems and
the continuing reduction in memory costs means
they can readily support a computer network
protocol.

The protocol adopted for the Sussex network
therefore is X-25. This is now the agreed
standard for packet-switched networks and

many mainframe and minicomputer manufacturers
offer X-25 communication packages for their
products. Linking machines of this type into
the network is therefore a more straightforward
task than if a non-standard protocol is used.
In addition, commercially available integrated
circuits are now becoming available which
implement parts of the X-25 protocol (5) and
these will considerably simplify the interface
hardware required to link a host computer into
the network. .

3. TOPOLOGY

In general, the topology adopted for local net-
works is either an extended bus structure -
Ethernet, for example - or a ring (loop)
structure - Cambridge Ring, for example.
Although these topologies have the advantage

of low installation costs and, in the case of
an Ethernet structure, a passive operating mode,
they have an intrinsically low reliability
since a break in the communication channel can
affect the operation of the complete network.

The topology adopted for the Sussex network,
therefore, is a distributed star structure as
shown in Fig. 1. A small local packet-switching
‘exchange' is situated in each building which
links the machines in that location together.
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The various local exchanges distributed around
the establishment are then linked through a
central ‘tandem' exchange. The links between
the two exchangep also use the X-25 link-level
protocol and hence the structure of the tandem

= HOST ComMpPUTER

LocaL EXCHANGE

= TANDEM EXCHANGE

o
frd

exchange is similar to that of a local exchange.
The structure is therefore modular and can be
readily tailored to meet the reguirements of
different sized organisations.

3/

Figure 1: Network Topology

4. EXCHANGE HARDWARE

In the prototype system, an exchange is comprised
of up to ten separate microprocessor-controlled
channel units - DCE's ~ with provision for two
additional units: one to perform supervisory
and control functions and the other to link the
exchange to an intermediate tandem exchange. A
schematic diagram of a DCE is shown in Fig. 2.
It is made up of a Z-80 microprocessor, a
quantity of local memory (PROM and RAM), an
HDLC serial input-output unit with associated
DMA circuit and a bus interface unit.

The DCE's are interconnected by a separate
parallel interchannel bus as shown in Fig. 3.

As can be seen, loss of a DCE affects only the
host computer(s) which is (are) connected to that
channel. The bus interface circuitry within
each DCE is responsible, under the control of

the microprocessor within the unit, for the
transfer of all packet data between that unit

and the inter-channel bus. In addition, there
are two packet buffers at each access port to the
bus: one for output and one for input. Thus,
whenever a packet is to-be transferred from one
DCE to another, the microprocessor within the
source unit loads the packet data into the output
buffer and then initiates a transfer request to
the bus control logic. The latter is responsible

for multiplexing transfers across the bus and
hence, assuming no other transfer is currently
in progress and the required destination input
buffer is empty (there is a separate control
line which indicates the status of each
destination buffer on the bus), the packet is
transferred across the bus to the destination
buffer and subsequently to the destination DCE
under control of the microprocessor within the
destination unit. In this way the bus
occupancy time for any particular packet transfer
is kept to a minimum,.

Since the bus must handle a variety of packet
transfers ranging from short control packets to
longer block transfer type data packets, the
input and output packet buffers connected to
the bus can accommodate a variable packet size
up to a maximum of 128 data bytes plus the
header bytes used by X-25. Thus, in addition
to the source and destination DCE addresses,
each packet contains a length byte at its head
to indicate to the source and destination DCE's
the size of the particular packet being trans-
mitted. This is generated as the frame is
being received by the exchange and is inserted
at the head of the receiver buffer before the
actual frame information. Packet transfers
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across the exchange interchannel bus take place at 1.5 Mbyte/s.
DTe
i (HosT compuTeR)
I'4
Z80
S10
DMA ! CPU PROM RAM
( INTERNAL BUS ' :>
‘ ‘JuL
PIO
DCE
<>
Ao J _——
( ____ INTERCHANNEL BUS )
o ==y
Figure 2: DCE Hardware Structure
dre PTE
(m:.stI T?ursn) (osT CompuTER)
DCE O b DCE 9
BlU BT
4 "" > "‘r >
N\ < 4
OPBIIPBF—--=~== ==~~~ OPB|1PB
BUS
CoNTRrROL MULTIPLEXED PARALLEL BUS
LoaGiC
INTERCHANNEL BUS UNIT

BlU = BUS INTERFACE UNIT
OPB= OUTPUT PACKET BUFFER
{PB= INPUT PACKET QRUFFER

Figure 3: Interchannel Bus Unit

5. EXCHANGE SOFTWARE

The X-25 recommendation defines the interface’ hence is either a mainframe, mini or microcomputer.
between data terminal equipment (DTE) and data Similarly, the DCE is an exchange channel unit
circuit equipment (DCE) for terminals operating and !'ence X-25 defines the interface between each
in the packet mode. The DTE is thus the source host computer and the network.

or sink of packets to or from the network and
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The X-25 protocol is comprised of three levelsa:
level 1 which defines the physical interface,
level 2 which defines the link access procedure
(LAP) and level 3 which defines the packet level.

p USER/SYSTEM
SOFTWARE

LEVEL 3
LEVEL 2
LeEveL 4

X25

LEVEL 4
\ Level 2
1 LEveL 3
B3IV SOF TWARE

Each level contains definitions to control the
exchange of information between similar levels
in the DTE (host) and the DCE {(channel unit).
This is illustrated in Fig. 4.

ITE

(vosT compurer)

>CE

(CHANNEL UNIT)

Figure 4: The X-25 Interface

The physical interface effectively provides a
synchronous bit serial transmission facility

and in the implemented system uses Phase encoding
of the serial data. The link access procedure

is based on the high-level data link control
procedure HDLC. It is often referred to as
the link or frame level and the frame format
used is as shown in Fig. 5.

INFORMATION FikLD

8 8 8 20 16 )
PACKET CONTROL Y
FLaG |AbDRess|CONTRD ,:Fo.,‘",w": USER DATA Fes FLAG
LEVEL 2 LEVEL 3 LEVEL 2
ZERO BIT INSERTION/DELETION FIELDS

Figure 5:

The flag sequence (01111110) defines the frame
boundary; the address field is used to dis-
tinguish between the type of frames flowing im
opposite directions on the link; the control
field indicates the frame type and sequence
aumbering information; the information field

is optional since it is used to carry level 3
packet information and the FCS is a 16-bit error
frame check sequence. There are no special
reserved characters within a frame and hence

to avoid the receiver misinterpretines an inform-
ation byte corresponding to the flag sequence,
the transmitter automatically inserts a O bit
after 5 contigious 1 bits. The receiver then
automatically removes a O if it occurs after 5
contigjous 1 bits, This is known as zero bit
insertion and deletion and is performed auto-

Frame Format

matically by the serial link hardware.

The link procedures adopted for the exchange

are known as LAP A which means the set-up pro-
cedure for a link is performed in both directions
once initiated by either the host or the connected
DCE. In order to avoid possible deadlock
situations, however, information frames may be
sent in one direction as soon as the set-up is
complete for that direction. The completion

of the set-up procedure is thus independent for
each direction even though the initialisation

is started simultaneously.

In a public packet switched network each inform-
ation packet may be routed through several
intermediate network modes before reaching the
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required destination. In such networks level 3
is therefore ussd to coantrol the flow af packets
across each internode link. In our system,
however, the network appears 1ike a single packat
switching exchange and hence level 3 withio the
exchange does not perform any flow coatrol: 1t
sinply routes data packets without checking or
changing their sequence numbers. This avoids
the necessity of buffering packets in the
exchange and the neacessity of receiving and
allocating buffers to logical channels. The
exchange does, however, perfors the detection
of protocol errors and initiates appropriate
_clear procedures if these are detected.

Each link controlled by level 2 is sultiplexed
by level 3 into a number of logical channels.
For a multi-user host this ameans that differeat
users are allocated differeat logical channels
on the same physical link. Por a single-user
host this facility is not used. During a csll
set-up, the source DCE keeps a record of the

LoQ

channel number used on the incosing link ia s
routing directory and inserts this together with
the source DCE address in the packet header - ia
the internally unused level 2 header field -
before forwarding the request to the destinatiom
DCE. The latter also keeps & record of the
source DCE address snd channel number ia its owm
directory together with the channel number used
on the destinatioa link. In addition, the des-
tination DCE inserts the outgoing channsl number
at the head of the call accepted packet before
forwvarding this to the source DCE. The latter
then completes the routiang information for the call
in its directory ready for the receipt of sub—
sequent data packets.

The basic structure of the software within a DCE
is shown in Pig. 6. A single buffer pool common

to all levels is used and the various processes
communicate with each other by passing the
pointers to these buffers between the inter-level
queues.

The buffer size used is constant and

TRANS R
PACKET

(our)

LEVEL 4 LEverL 3 BUS INTERFACE

L1Q = LiInk INPUT QUEUE
PIQ = PACKET INPUT QUEVE
BIQ = BUuS INPLUT QUEUE

LOQ = LINK OUTPUT QUERUE
PoQ s PACKET QUTPUT QUEUE
BOQ = BUS OQUTPUT GQUEUE

Figure 8: DCE Software Structure

can accommodate the standard data field of 128
bytes plus the header space used by levels 2 and
3. Level 1 processes are interrupt driven and
a round-robin scheduling algorithm is used for
the other processess. #“hen run, a process
accesses a buffer from its input queue'(i! any
available) and performs the corresponding pro-
cessing before returning to the scheduler.

6. HOST SOFTWARE

As has been mentioned, the main justification of
ssing X-25 as the network protocol is the
increasing number of manufacturers who are now
offering communication packages based on X-25
as part of their products. In order to gain

some experience in the use of X-25, however, and
to investigate the feasibility of implementing
X-25 on a small, possibly microprocessor-based,
single user host system, some work has been
carried out on implementing a package for such

a system.

In order to achieve maximusm pértab!lity, the
majority of the package being developed is
written in the high-level language Pascal with
a small piece of interrupt driven code in
assembly language to control the sertal link
interface. Initially no attempt has been made
to make the package an integral part of the
operating system. The package is siaply runm
from the console whenever the user wishes to
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send or receive data via the netvork.

In additiom to the X-23 layers - levels 1, 2 and
3 - the package contains a transport layer vhich
also handlss the communicatioa with the user.
Etfectively the transport layer comtrols the
transfer of complete messages and heace it both
fragments sessages into multiple packets for
transmigsion by the network and reassesbles
packets received from the network into complets

nessages before these are passed onto the usof.

In order to avoid duplicate packets at the
transport layer level 3, om receipt of a data
packet with an out-of-sequence packet number,
initiates a reset for the channel wvhich auto-
matically causes the transport level to retrans—
mit the complete message. A typical sequence
of packets exchanged bdetween two DTE's to
implement a call is shown in Fig. 7.

CALUING DTE (hosT)

CALL REQUEST(CN,S,D)

cALLED DTE (HosT)

cm.\.? . INCoMING Caw. (CHz, 5,3)
SeT U
PAME /‘—'— CALL AccePTED (CN;)

CALL CONNECTED (CNy) =

DATA (CHi, PC(R), P(S)) ~—™
DATA \_... DATA (N2, (D), p(”)
PHASE

A Prr—————re

DATA (cNi, P(R), P(3)

/-—— DATA (CNg, PtR), P(3))

] CLEAR REQUEST ((N1) —""-""\
CLEAR . CLEAR INDICATION (CNy)

PRASE

CLEAR CON F IRMATION {(Ne) e

EXCHANGE

| —— T CLEAR CONFIRMATION (cNa)

CNy,CNz = LOGICAL CHANMNEL NUMBERS ON CALUNG/CALLED DTE-DCE LINKS
$H D = CALLING/CALLED DTE ADDRESSES

P(S),P(R) = SEND/RECEIVE SEQUENCE NUMBERS

Pigure 7: DTE-DTE Packet Sequeace

The set of user commands currently being investi-
gated are:

Connect < calling address, called address > - Initiate an X-25 Call Request

Accept < calling address, called address > - Accept a pending Call Request

Disconnect - Clear an existing connection

Transfer < Text string > - Send the text string on an already set-up channel '

Receive - Display on the screen text received on an existing channel

The host systems currently being used for develop—
ment purposes are an LSI-11 system and a Z-80
based S~100 system both with dual floppy discs.
The LSI-11 is interfaced to the exchange (network)
using a DUP-11 synchroanous interface card and a
similar S-100 compatible card is used for the

Z-80 system,

’l
7. CONCLUSIONS
This paper has presented the design and imple-
mentation details of an X-25 based packet-
switched local area data network. The wide-~
spread acceptance of the X-25 protocol for many
public packet-switched networks has resulted



in the availability of a range of LSI circuits and
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software packages from a number of manufacturers
and as this trend continues, it is felt a local
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implemented system are presented.
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Prototype X25 exchange for use
in local area networks
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Abstract: The paper is concerned with an investigation into the role of the CCITT standard protacol X235
in a local area network environment. The paper first describes a suitable topology for such networks, com-
prising a high-level network incorporating an X25-based packet-switching exchange. The design and imple-
mentation details of a multiple processor packet switch ate then described and performance details of the

J

1 Introduction

Although off-the-shelf local area data networks are rela-
tively new, large geographically distributed (wide area) net-
works have now been in existence for a number of years,
and, indeed, internationally agreed protocols have been
established for using such networks [1]. Moreover,
adthough there are often considerable differences between
the geographical separation of the computing resources
found in a local area network and those in a wide area net-
work, as each is concerned with providing a communications
facility between a community of distributed computers and
related devices. the requirements for both types of network
have many similarities. The purpose behind the work des-
cribed in this oaper, therefore, was to investigate the role
the standard protocols now being used for wide area net-
works might have in a local area networking environment,
The paper first describes a possible topology for a local area
network and then describes the design and implementation
of a microprocessor-based packet-switching exchange
which is suitable for use in such a network.

2 Network requirements

Before the topology or mode of operation of any network
an be defined. it is essential that the requirements of the
network are tirst analysed. Clearly, although these will vary
in terms of the number and distribution of specitic com-
puters and devices from one network to another, in general,
the requirements of a typical local area network can be
summarised as in Fig. 1.

A primary requirement for many local area networks is
to provide a1 communications facility for a number of large,
possibly dissimilar, mainframes and/or minicomputers,
tither to allow communications between each other or to
Wow other network devices access to them. Secondly, the
provision of a switched connection between a distributed
‘ommunity of unintelligent terminals and a number of large
machines may be a central requirement tor many networks.

Paper SM14. receved 29th January and n revised torm 18th Feb-
ruary 1982
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Thirdly, the proliferation of large numbers of small
single-user computer systems — word processors, intelligent
workstations etc. — means that there is likely to be a
requirement for a communications facility between such
systems and other network resources. It is probable, how-
ever, that this will be concerned primarily with sharing a
local resource — file station, printer etc. — between a
localised community of similar systems, and only a rela-
tively small number of transactions will require network-
wide communications.

wide crea
network

;gateway

L&—1mainframe FD, ~

~

mainframe

local area
data network Q
i

VoA

\

\
A
y

,"I deoartmentcl[z

(mint

3

(0

departmental
mini

I
A zsimple termingl ’
[W] zintetligent workstation .

Fig. 1 Typical network requiremaents

Finally, there is possibly a requirement tor a commun-
cations tacility between some local devices and one or more
external public networks. For example, for a large main-
frame to submit or receive transactions to or from a remote
centre. This implies the provision of some torm of inter-
network gateway to handle the possibly different protocols
and line baud rates.
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3 Proposed topology

It can be concluded from the preceding Section that the
requirements of a local area network can be extremely
varied. Thus, although a number of different network topo-
"logies have now been proposed — Ethernet {2], Cambridge
Ring {3] etc. — it seems unlikely that a single type of
network will be able to satisfy all the requirements of a
typical network. Moreover, although it may be relatively
straightforward to write a new communications package
for a small single-user computer system, and integrate this
into its operating system, the same does not apply for a
large mainframe or minicomputer. Indeed, the existence of
one or more such systems in a network creates perhaps the
most demanding requirements for the network designer.
The propofed topology, therefore, is a hybrid network

as shown in Fig. 2. As can be seen, a central component of -

. the proposed architecture is an X25-based packet-switching
exchange. This is now the internationally agreed standard
for connecting packet-mode devices (computers etc.) to a
data network, and is therefore supported by most computer
manufacturers. The other network requirements are then
met by providing a range of additional components.

Thus, unintelligent character-mode devices (VDUs) are
integrated into the network by means of packet assembly/
disassembly devices (PADs). A PAD appears to the
exchange, therefore, as a multiple-call packet-mode device,
and so can be situated either locall~ with a group of termi-
nals, and hence remote from the e¢xchange, or within the
exchange itself. The latter, however, would clearly require
separate communications lines between the exchange and
each terminal device, and so, wherever possible, a remotely
situated PAD would seem advantageous.

wide area
\ network

3
mainframe

o

-
>,

mainfreme

|
\ !

\_l.
i
NG |

' YRl
1 X25 packet switch pfl—-—ké‘
_——T —
S—wdepartmemol/ /oy \ \ P
mini /  PRD {departmental
f Ll\_ mini \A
ING! [
o~ Wh=~rAW —

Proposed network topology
ING = internetwork gateway
PAD = packet assembier/disassembler

Fig. 2

As has been mentioned. the networking requirements for
the possibly large number of local communities of small
microprocessor-tased systems are made up of two com-
ponents: the first for access to some locally held shared
resource. e.g. printer. file server etc., and the second tor
access to a network-wide resource, e.g. a shared data base.
Thus. since it seems likely that for this type of network
aser the first requirement will predominate. it is proposed
that these requirements are met by providing a number of
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separate local networks, based, say, on Ethemet, Cambridge
Ring, etc., to satisfy the local communications needs of
the community, with a small internetwork gateway to
handle any network-wide communications. Again, these
gateways are likely to be situated with the local community
of users, and so remote from the exchange.

Finally, to enable a user of the network to communicate
with users/systems of other external networks — public or
private — the exchange includes an internetwork gateway
interface. Typically, this would provide a user with access
to a separate gateway unit which supports a network-
independent message-transport service [4], and will there-
fore be transparent to the main packet-switching exchange.
Clearly, however, if the two networks operate using the
same protocol, its implementation will be much easier.

4 Multiprocessor packing-switching exchange

A central component of the proposed network structure is
an X25 based packet switching exchange. Clearly, a number
of such exchanges are now in existence in many of the
large public packet-switching networks currently in opera-
tion. The requirements of an exchange in a public network,
however, are significantly different from those tor an ex-
change in a local area network; e.g. in terms of throughput,
call charging, reliability etc. An outline design for an
exchange suitable for use in a local area network environ-
ment has been presented by the authors elsewhere [5]. A
prototype exchange has now been built, however, and so
this Section, after briefly describing the design philosophy,
presents implementation and performance details of the
implemented system. :

4.1 Design philosophy

The design aims for an exchange can be summarised as
follows:

Modular construction:  Since the required number of

" exchange lines will vary considerably from one network to

another, the exchange must be modular and capable of
incremental growth.

Standard access protocol: The exchange must present a
standard X235 access protocol. and so be compatibie with
manufacturers networking hardware and software.

Good reliability: Failure of a single unit should not cause a
catastrophic exchange failure. but rather a degradation of
the services otfered. and so overall performance.
Self-monitoring: The current status ot the exchange shouid
be continuousiy monitored and. for diagnostic purposes,
faulty components readily determined.

Low cost: To be competitive with other local networking
solutions. the exchange should have only a modest cost per
line connected.

In an attempt to meet these aims. the design adopted is
shown in Fig. 3. It comprises a readily extendable number
of link access units {LAUs) which perform the basic call-
processing tunctions of the exchange. an internetwork
gateway interface (IGD). to provide for communications
with other wide area networks. and an exchange manage-
ment unit {EMU) for monitoring and diagnostic purposes.
Each link access unit can support a number of full-
duplex links — determined by the collective baud rate of
the links — and each presents a standard X235 interface to
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the connected device. The exchange management unit can,
under the control of an operator, collect data relating to
specific calls, monitor the performance of the exchange and

wide area
oTE oTE oOTE netwaork
s s s
i 1H 1 guﬁm
EMU LAUQ | LAU 1 - LAU S 1Gt

, interchannel unit

Fwg.3 Exchange design
EMU = exchange management unit
DTEs = data terminal equipments (mainframe, mini,
PAD, ING)

indicate system fault conditions. The above units are
then interconnected by means of an autonomous inter-
channel parallel bus or highway. The design of each unit is
now considered.

4.2 Link access unit

The organisation of a link access unit is shown in Fig. 4.
Each unit has its own intemnal bus to which is connected a
Z80 microprocessor, a readily varied quantity of PROM and
RAM to hold the X25 control program and its associated
tables and packet buffers, a counter timer to perform the
time-out functions associated with the link protocol, one or
more datalink controller (SIO) caids, which form the
interface between the unit and the serial transmission lines,
and an interunit interface (IUI) card which forms the
interface between the unit and the interunit highway.

OTE
I

{ 280
! CTC SIO cPU PROM RAM
| il il
| internal bus >
| !
PIO
i (un
P

(L-—— interchannetl unit --___>

——- ———

Fi9.4  Schematic diagram of link access unit

~ The X25 call-processing sottware comprises essentially
'our processes which communicate with each other through
1set of queues. The processes are scheduled in a round-
oin manrer. and, when scheduled, a process will normally
process just a single queue entry. The four processes are:

Uink handler: Each seriai link is interrupt-driven, indicating
the reception/transmissioa of a byte of a frame. end of
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frame etc., and this process services these interrupts.

Frame handler: This process performs the X25 level-2
processing. It contains procedures for the setting up and
disconnection of links, acknowledging received frames,
handling retransmissions etc., according to the X25 link-
level protocol.

Packet handler: This process performs the X25 level-3
processing, and comprises 3 number of procedures which
process the different level-3 packet types. The current state
of each X253 logical channel is contained in an associated
event/state-transition table. Thus, on receipt of a packet, the
corresponding event/state-transition table for that channel
is consulted to determine both the processing action
required for the packet and also the resulting new state for
the channel.

IUI handler: This process controls the transfer of data
between the internal packet buffers of the unit and the
source and destination buffers of the interchannel unit
(see below).

In addition, there is a global procedure — the buffer

" manager — which is used by each of the above processes to

manage all the free frame/packet buffers of the unit, and an
interrupt-driven process — the timer manager — which
handles all the various time-out intervals associated with
each process level. These include a timeout at the frame
level to initiate frame retransmission and link-failure
detection, at the packet level to initiate individual or global
call clearance, and at the interunit interface to indicate
failed link access units.

4.3 Exchange management unit

The exchange management unit does not play any part in
the normal call-processing activities of the exchange, but
rather allows an operator to monitor the performance of
the exchange by entering specific commands at the
operator’s console. A range of different commands may be
entered, and typically these initiate the sending of a corres-
ponding message type to the specified link access unit. Each
command specifies a specific action to be carried out; the
specified link access unit then responds either with the
appropriate response, e.g. its current status, or an acknow-
ledgment of correct receipt, ¢.3. to a command to start
tracing the activity on a link.

The complete list of commands and their functions are
listed in Fig. 5a. For simplicity, each command is specified
using a single character and as an example, a typical set of
commands and their responses are shown in Fig. 54. This
shows logical channel 07 in LAU 1 and logical channel 01
in LAU 2 being used for a call which is currently in.the
data-transfer phase (04). All the remaining channels are
in the ready state (00).

¢

4.4 Internetwork gateway interface

The internetwork gateway interface provides a communi-
cations tacility between the local network and an external
internetwork gateway unit. In the implemented exchange,
therefore, the interface is simply an additional link access
unit which recognises and routes packets addressed to
external DTEs and any necessary protocol conversion
procedures, and, when appropriate, flow control tunctions
are pertormed in the external gateway unit.
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4.5 Interchannel unit

The interchannel unit is a separate autonomous unit which
provides a fast (1-8 Mbyte/s) communications facility
between the various units which are connected to it.
Essentially, it comprises a2 number of full-duplex parallel
ports, each supporting one input and one output channel as
shown in Fig. 6. Each channel contains a separate first-in
first-out (FIFO) packet buffer and an associated control
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TCOM CF OF
RUA
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SRRCF 21
CREQ CH 07
TRES CF 21
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TINF CF 20
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*LAUO1

CNR 0001 02 03 04 05 06 07
CST 00 00 00 00 90 00 00 04
LAU 0101 0101 01 010102
RCH 00 00 00 00 00 00 00 01

b

Fig.5

Poll the specified LAU to determine its current
state (active/failed)

" Initialise the specified LAU; that is, clear all calls

currently in progress

Request the specified LAU to store all the current
states of its call processing variables in its internal
buffer storage area

Retrieve and dispiay either the stored (p2=0) or
the current (p2=1) state of the call processing
variables relating to the specified LAU with options
as specified by p3

Requests the specified LAU to trace all Activity on
a link for p2 seconds and to store the sequence in
its internal buffer storage area

Trace cither the stored (p2=0) or current (p2=1)
sequence of activity on the specified LAU link
Display either current (p2=0) or total (p2=1)
statistical records (number of calls, information
frames, data packets, time-outs etc. gathered by
the specified LAU

pl=specified LAU address

initiate trace activity in LAU 1 for 20 seconds

:EMU command accepted

strace stored activity on' LAU 1

:SARM frame received (link set-up)

zenerate UA frame

zenerate SARM frame (link set-up)

JUA frame (CF=63) transmitted

SARM frame (CF=0F) transmitted

JUA frame received

JNFORMATION frame (CF=00) received

generate RECEIVER READY frame (CF=21)
‘CALL REQUEST (CH=07) received from local DTE
:RECEIVER READY frame (CF=21) transmitted
CALL CONNECTED (CH=07) received from remote
DTE

generate INFORMATION frame (CF=20)
ANFORMATION frame (CF=20) transmitted
:RECEIVER READY frame (CF=21) received

.display the current state of 'calls in LAU 1

:Eight Logical Channel numbers
:Channel state (00=ready; 04=data)
:Remote LAU address

:Remote LAU channel number

Exchange management unit functions and their uses

a List of EMU commands and their functions
& Typical dialogue with EMU
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line indicating its current status — full/empy — as shown in
Fig. 7.

Thus, whenever a packet is to be transferred from one
unit to another, the {Ul handler process within the source
unit first tests the status of the channel input buffer and,
assuming the butfer is empty, loads the packet data into the
buffer, sets the required output port address«on the address
bus and initiates a transfer request. The control logic within
the source channel unit then waits until no other transfer
is currently in progress across the highway — BBUSY
inactive — and the required destination channel output
buffer is empty — DBn high — before making an inter-
unit transfer request to the bus arbiter. The latter is res-
ponsible for multiplexing packet transfers across the
highway and. on receipt of the request, it issues a bus
grant signal. Then, assuming the source unit is the highest
priority requestor, on receipt of the grant signal it enables
the required destination channel address onto the address
bus and proceeds to transfer the packet contents across the
bus to the addressed channel output buffer using the bus
clock. On completion, the source buffer status becomes
empty and the destination buffer full and, when this is
detected, the [Ul handler process within the destination
link access unit transfers the packet data into an internal
buffer for further processing. A timing diagram ilustrating
a typical packet transfer using the interchannel unit is
shown in Fig. 8.

Fig.8 Packat transfer across interchannel unit

0 WRP Data strobe (input)

1 WRSB Initiate package transfer

2 S8 Source buffer status (O=full, 1=empty)
3 D8 Destination buffer status (O=empry, 1=full)
4 ROP Data strobe (output)

§ RDOD8 Packet transfer complete

6 BBUSY Bus state (O=obusy, 1=idle}

4.6 Performance details

These. performance details have been derived based on the
following assumption. First, as has been indicated, each
serial link is interrupt driven, and so each byte transmitted
or received by an SIO requires on average 35 us to service.
Also, packet transfers to and from the interchannel unit are
performed under CPU block-mode control, which results
in a transfer rate of 5 us per byte. Secondly, it is assumed
that the traffic in 2ach seral link is balanced corresponding
to the most demanding processing overheads and the most
etficient use of the links. Thirdly, since the maximum
length of user data supported is 128 bytes, it is assumed
that all frames/packets have an average length in excess of
50 bytes.
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Based on these assumptions, a single link access unit can
support a number of fullduplex links which have a collec-
tive baud rate of up to 50 Kbaud. Hence, it could support
either single 48 Kbaud link or a typical mix of links of,
say, two at 9-6 Kbaud, four at 4.8 Kbaud and eight at 1.2
Kbaud.

Also, assuming negligible queue delays, a packet experi-
ences a time delay of approximately 2 ms while within the
exchange, i.e. the time delay between the last byte of a
packet being received on an incoming link and the first
byte of the packet being transmitted on the required out-
going link is approximately 2 ms. This includes the total
processing time within each link access unit and also the
necessary interunit transfer times. Hence, assuming an
average packet length of 50 bytes, a link access unit is
able to process 100 packets per second in each direction
which, for an exchange comprising ten link access units,
allows for a total input rate of 1000 packets per second. '

5 Conclusions

Although market forces are likely to result in an estab-
lishment installing one or more currently available net-
work types, the lack of any agreed software standards for
use with these networks will mean that their usefulness
and growth potential will be limited. The topology pro-
posed in this paper, therefore, is intended to alleviate this
situation by providing a higher-level network which oper-
ates using internationally agreed standards. Thus, a range
of computers from a number of different manufacturers
can be readily connected to it, and, by means of simple
internetwork gateways which adhere to the standard,
users of one network type can access and use resources on
another.

The design and implementation details of the packet-
switching exchange that has been described demonstrate
that an inexpensive modular design based on micropro-
cessor technology can be used for this function. The per-
formance figures show that a single link access unit can
handle a number of full<duplex links which are probably
sufficient to meet the requirements of a small network.
The use of an interchannel unit of the type described,
however, coupled with the exchange management unit,
provides a modular design with good diagnostic facilities.
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