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Abst ract ) ] ) ]
—— . true link |evel protocol since it concerns itself

. This paper describes a new datalink pr ot ocol w th several network |evel functions as well. It is
whi ch is being devel oped by the author In Vancouver al so under%m nfg changes at the present time and has
and bei ng tested in Toronto. It is designed to its own set o robl'ens and |imtations. It is
replace the previous link |evel protocol conmonl preference to have a protocol which makes a clea
known as the ' Vancouver protocol' and It addresses separation of link |level and network |evel functions
all the mpjor limtations of that protocol. as per the 1SO nodel. As far as standardisation is

) concer ned, when signals with other protocols arrive
H storical Background in the area we hope to be able to provide a gateway
) interface to handl'e them
In the summer of 1979 in Vancouver | had a . . .

protocol in OPeratlon in the VADCG TNC which is not . For Q/urrPoses of discussion | wll refer to the
wel | known. t was a protocol designed to talk to a or gi nal ancouver protocol as the Vancouver
"Station Node' or central controller which rotocol' and the new protocol as 'Vancouver Version
dynami cal | y assigned addresses to each TNC which protocol' or ‘'v=2' for short.
connected to it TNCs conmuni cated to each
ot her through the connection services provided b | NTRODUCTI ON TO V- 2
this station node. = The annel was shared usin o .
carrier sense nultiple access (CSMA) techniqueS The V-2 protocol is intended to be an efficient
simlar to nmobst Anmateur acket ~operation today. datalink | evel protocol specifically for the Amateur
Al though this system worked quite well and in many Radi 0 envi ronnent but poéoetnrt\lall usabl e in other

respects was nofe advanced than anything currently
in use today we had two major problenms “which havé
resulted in 1t not being used today.

Firstly, the station node used the facilities
of ny s-100 cp/M system whi ch was being used_to
develop both the station node and TNC programs. The
VADCG did not have the funds or equipnment to
dedicate to the station node and | was not_ready to
conputer to the cause. The group
< e equi pment which could be dedjcated
the station node bu mai nly due
to funding problens.

inthe fall of 1979, |
mlton, Ontario to wite a protocol for
woul d "al | ow conmmuni cation directly from
not her w thout the need of a sfation
iary. This request was made so that
se and test the TNCs before they
funds to build their own station node
ch over  to the Station node based
had a simlar problemto that of the
Vancouver p = lack of funds.

And so, by request | modified the protocol
to commnicate to the station node b
(t; the dynam c address assignment system
uting a fixed address systém and nmade a
t of changes required to provide the
requested facilities. I'l, as things turned out
this 'tenporary’ protocol becanme Known as the
"Vancouver' protocol and became the 'standard in
North America for a few years. It 1s still a
standard in common use in nmany areas today. W
never have gotten back to the "ol der station node
software although it is still in our plans to do so.

Wien | wote it, dI never intended the program
to becone a standard for acket radio
communi cations, only for testing TNCs = which it
certainly did. It received wdespread distribution
nal nl% Because it was the only thing available and
al so because it was capable of doi n(1;_rruch more than
just test TNCs. In spite of its Timtations, It
till meets the needs of nobst users at the present
i.me, This article is witten to address those
imtations by |nP_I ementln% a new link |evel
rotocol which’l believe can be used as a base on
ich to build network and transport |evel
ot oc

A etln&of u S ) ﬁs
was held in tober, 1982 which resulted in the
adoption of a protocol comonly known gs 'AX-25' b&
most  U.S. packet radioq gzroups. (I woul d have |1 ke
an invitation.) AX-25 ‘addresses nost of the
limtations of the Vancouver protocol but is not a

were unsuccessful

Secondl vy, was asked by a
up in Ha
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fulT and hal f-duplex

environnments as well. ]
l'ink establishnment, V-2

nodes are defi ned. After A\
has only 5 octets of overhead per frame in addition
to the standard 3 or 4 octets required for framng.
It is strictly a datalink protocol and does not
Prow de any network level functjons. The network
eve| grotocol w il be provided in a Network header
whi ch appears only in Information-transfer franes.

| control information for the link and only
information for the link is carried in a
der and Link Traller which appear at the
and end of every franme res ectlve_l){. Onl
mation not in the |ink control fi€lds nee
to higher levels of protocol. This
of both function and headers all ows
|ayers to be developed in modular form
modi fication of the code for one |ayer
nimal affect on other |ayers.
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ocol mekes no claimor intent at
son or simulation of the CCOTT X-25 standard
although it is the author's opinion that V-2 can be
conpared in the same way as -25 can to X-25 with
as nmuch simlarity or nore.

ot
S

Frane Structure

All transmssions are sent in frames simlar
IBM's SDLC and the ccirr's HDLC as well as to
and the ol der Vancouver protacol. The franes are

to
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encoded in (and decoded from NRZI (Non Return to
Zero Inverted) mode by the HDLC protocol controller
%hw. The general field format of a V-2 frame is as
ol I ows:

{syNC|FLAG|ADDR] CONTROL | INFORMATION ]ch] FLAG |

Fiel d Descriptions

Sync field
This field 1is wus2d for preframe
synchroni sati on. It is either 16 bits of zeroes or
sufficient flags for the receiving _side to
establ 1 sh bit synchronisation. This field iIs
basi cal Iy under “control of the HDLC protocol
controllef chip and is transparent to the software.

Flag fields
Al frames begin and end with a flag which is

the bit sequence “01111110. When sending nmultiple
frames one after the other, the trailing flag of one
frame may be used as the | eadi nP flag of the next
frane. he HDLC protocol controller chip uses a bit



stuffing and deleting technique to ensure that a
flag sequence can only appear at the beginning and
end of a frame. Fl ags” are automatically iInserted by
the HDLC protocol controller chip on transmt and
are likewse automatically deleted from the data
stream before passing to the software. i.e. the
flags are transparent to the software.

Address field

This is a four byte address used to identify
the 1ink. The old protocol used a one byte address.
How it is formed is discussed |ater. This field is
generated and checked by software.

Control field
This is a one byte field. It is used to

identify the type of frame and provides informtion
for supervision of the flow of data over the Iink.
This field is %enerated and processed by software.
The format of this byte is discussed later.

Information field

This variable length field is only present in
certain types of franes. It must be an integral
nunmber of octets. Al though the hardware allows a
mexi mum length of over 65,000 bytes, it is
recomrended that a maxinmum length of only 200 bytes
or less should ever be created for transmssion’ On
the other hand, the system should be capable of
handling franes of longer lengths say up to 250
byt es en received from other nodes. This allows
room for higher level overhead should it be
necessare/. I f unusual ly Ionf; frames are to be sent,
hagher evel protocol s should agree on the size in
advance.

FCS (Frane Check Sequence)
This is a two byte field generated as per

1 SO

standard 3309. This field is automatical I?/
generated, checked and removed by the HDLC protoco
controller chip so | will not discuss it further.
It is used to verify the accuracy of the rest of the
data in the frame.
Frane Types

There are three types of frame formats:
unnunbered, supervisory, or information transfer
format. The frane type is indicated by the val ue of

or bits in the control field as
(Note that this article refers to
are seen in storage - not as how
the protocol controller
(bit 0) is O then it is
frame. I'f both bit 0 and
bit 1 are 1 then it is an unnunbered frane.
Finally, if bit O is tfand bit 1is 0 then is a
supervi sory franme.

the low order bit
seen in storage.

the fields as they
they are transnitted bg_
chip) If the low order Dbit
an information transfer

it

~ Unnunbered-format frames (U-frames) are used
during link establishment and termination. They are
al so used to transfer data when the data is not to
be checked as to its location in a sequence of
franes. There are a possible 32 types of U-franmes
but only three of these are used in"this protocol.

Supervisory-format frames (S-frames) are used
to assist in the transfer of information in that
they are used to confirm preceding frames carrying
information.  The franmes of' the supervisory formt
do not carry information thenselves. These frames
carry an Nr count which is used to confirm received
frames.  They also convey ready or busy conditions
whi ch assist ‘in coordinating flow control across the
link and they are also used to report frame
nunbering errors (indicating that a nunbered
information frame was received out of its proper
sequence) . There are a POSSI bility of 4 types of S=-
frames but only 3 are defined in this protocol.

Information-transfer format frames (I-frames)
actually transfer the data from higher protocol
level s across the link. The control field contains
send and receive counts (Ns and Nr), which are used
to ensure that these frames are received in their
proper order (Ns) and to confirm accepted
Information frames (Nr). The Ns count indicates the
nunber of the infornation frame within _the sequence
of information franes transmitted. The N count
transmitted in a frame is the number (Ns) of the
information frame that the node transmtting the Nr
expects to receive next.
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Frame nunbering
- - 3

| -frames counts

A node transnmitting nunbered |-
with the frane.

each such franme and sends the count

This count is a sequence nunber known as Ns.  This
sequence number 1Is checked by the receiver's
datalink layer for missing or duplicated frames.

A node receiving |I-frames accepts each numbered

frame that it receives (that is error-free and in-
sequence) and advances its receive count for each
such frane. The receiver count is called Nr. |If
the received frame is error-free, a receiving
station's N count is the same as the Ns count that
it will receive in the next nunbered infornation
frame; that is, a count of one greater than the Ns
count of the last frane received. The receiver

confirms accepted numbered |-frames by returning its
Nr count to the transmitting node.

The Nr count at the receivin
when a frane is checked and found to be error-free
and in sequence: Nr then becones the count of the
"next-expected" franme and should agree with the next
incomng Ns count. If the incoming Ns does not
agree with Nr, the frame is out of sequence and Nr
does not advance. = CQut-of-sequence frames are not
accept ed. The receiver does, however, accept the
incoming Nr count (for confirmation purposes) if the
out - of - sequence frane is otherwi se error free.

The counting capacity for Nr and Ns is 8, using
the digits 0 through 7. ° These counts wap around;
that is, 7 is sequentially followed by O. up to
seven unconfirnmed, nunbered information frames nay

be outstanding (transmtted but not confirned) at

station advances

the transnitter. unconfirmed frames nust be
retained by the transmitter, because it nmay be
necessary to retransmit some or all of them if
transmission errors or buffering constraints occur.
The reported Nr count is the number of the next
frame that the receiver expects to receive, so if,
at a checkpoint, it is not the same as the
transmitter's next frame (Ns) nunber, sonme of the

frames already sent nust be retransnmitted.

The Nr and Ns counts on both ends of the
datal ink are initialized to zero during the |ink
establ i shnent phase.

The Poll bit (P-bit) and receive tineout.

. The Poll bit is bit 4 in the control field.
It is used to force a response from the receiving
node when set to 1 (on). Whenever a frane is
transmitted with the P-bit on a receive tineout is
started by the OI’I%I nating node. This receive
timeout (T1) is in the order of 1-3 seconds. Thi s
timeout is cancelled b){_receptlon of any frame from
the other side of the link. "~ If the tinmeout expires
before the expected frame is received then the
transmitting node takes corrective action. The
nunber of successive tinmeouts is counted and reset
when a frame is successfully received. If the
nunber of successive receive tinmeouts exceeds a
predeterm ned |evel (N1), the next higher level of
protocol is notified. The higher |evel may take

ot her action such as ternminating the |ink.

Note that the
when the data |ink channel
suspended when the data

receive timeout
is clear.
I'i nk channel

only proceeds
The timeout is
is occupi ed.

On VHF, the datalink channel may be occupied by
carriers, voice transmssions, QRM etc. in addition
to the expected data signals. For this reason, it
is strongly recormmended that CD (Carrier Detect) be
tested for receive tinmeouts rather than DCD (Data
Carrier Detect). Al VADCG board installations that
| know of in Canada are using the squelch line from

the VHF transceiver rather than the Data Carrier
Detect line fromthe nodem Some can sel ect both.
If the DCD line is used, excessive timeouts wll
occur and it will be difficult or inpossible for the
TNC program to determ ne proper action. I'n
addition, = the TNC will transmt on top of other
stations wusing the channel which can lead to
unpl easant verbal exchanges. Remenber that no
Amateur frequencies are exclusively reserved for
this type of packet activity.

NODE NAM NG AND ADDRESSI NG

link addressing it is
necessary to understand the network node addressin
and naming systemin which this protocol is designe
to operate. ~Also, sone terns need to be defined.

Node

Bef ore describin

- In this article the word, 'Node' refers to



any entity in the conmunications system which
ori‘ginates ‘or receives franes.

Node Nares

Associated with each node in the network is a
7 character upper case string of ASCI| characters.
The first six characters of ich _are the Amateur
Radio call sign padded by ASC | blanks (20
Hexadeci mal) on the right. The final character is a
suffix used to discrimnate between nmultiple nodes
whi ch have the same call sign. This sutfix wll
normal |y be an ASCII blank (20 hexadecimal) and any
addi tional occurrences of the same call S|tqn wll be
identified by the ASCI| nunbers 1,2,3, efc. Each
node in the network thus has a unique call sign.

For exanpl e:

KAGM* ** (The * represents a bl ank)

O if xAéM has another node operating:

KA6M** 1

Node Address

) Al so associated with every node in_the network
is atw byte (16=bit) binary address. This address
can be derived fromthe hode nanme by use of a
modi fied cyclic redundancy (CRC) checking algorithm
The al gorithm operates on the 7-byte node nane
hﬁlx;gled as a binary nunber and generates a 2 byte
n er o

. The al gorithm does not generate node addresses
with FF (hexadecimal) in the first byte because
these are reserved for special broadcast functions.
Pl ease see Appendix A for details of the algorithm
and a sanple inplenentation for an Intel 8080

m Cr oprocessor.

The special destination node address of FFFF
(Hexadecmal?_ is used as a general broadcast address
and destination addresses begl nning with FF are
reserved for selective broadcasts and speci al
pur poses.

Li nk_Addr ess

The link address field in the frame is four
es long and is generated by concatenating the 2=
e node addresses of the nodes at either end of
Each link actually has two addresses,
the two directions that data can flow
|ink. For exanple, if A and B represent
node addresses of |inked nodes then AB and, BA
the two addresses of the link between the pair.
dress AB represents the |ink address for data
riginated by B and destined for A while BA
represents the’link address for data originated by A
and destined for B. The destination node addreéss
al ways cones first.

Use of Selective Receive

This link protocol has been designed to nake
good use of the selective receive function available
on nost HDLC SDLC protocol controllers such as the
Intel 8273. The 8273 can be set to pass to the
software only frames which have a sPecn‘lc
conmbination of bits in the first byte after the
Ieadln%flag. I'n this protocol, this byte is the
first byte of the destination node's address. If a
node does selectjve receive only on the first byte
of its address, it can elininate 99.6% (on average)
of the |ink traffic fromhaving to be read into

menory buffers and anal yzed by software and yet
still "be able to do multiple Iink establishnents,
term nations, etc.

~There are a nunber
possible with this protocol
options as follows:

Sel ective receive only on the first byte of the
using multiple links as above.

of nmodes of operation
using selective receive

1.
node' s address for

This would normal ly be“used in anything but the
unl i nked state but "woul d be used in the unlinked
state If it was not desired to do any of the

activities initems 2 and 4 bel ow such as a node
with a CBBS host.

2. Sel ective receive only on address
(Hexadecimal) to nonitor ° broadcast
transm ssions and not establish |inks.

FF
type

3.70

3., Selective receive on address FF and al so the
first byte of the node's address. (2 selective
recei ve addresses are supported on the 8273) Links
can be set up and broadcast nessages can be
recei ved. Useful in the unlinked state.

4. Receive on all addresses, This is not a
selective receive but 1t is useful for evesdropping
on transmssions intended for others or nonitoring
activity on the channel to put it more politely.

Li nk states

Data links are set up and discontinued as

required by the nodes in the network. They are
tenporary. The normal life history of a datalink
usual Iy “ progresses through three basic phases or
states nanely: establishnent, information transfer
and termnation. Athough technically not a |ink
state, the situation where a node has 'no datalinks
|tn tany of the above phases is called the "unlinked
state.

| NFORMATI ON- TRANSFER  FRAMES

I (Information) frames are nunbered. .
count provides for 'nunbering the frane being sent
and the Nr provides acknow edgenent for the | Trames
recej ved. When duplex i1nfornmation exchange is In
continual process! each node reports its current Ns
and/or Nr counts in each | or S franme exchanged. I=-
frames are only originated by nodes that are in the
information-transfer” phase.

The Ns

The expected acknow edgenment is an S or

|
format frame whose Nr count confirns correct_l};
recelved frames. (S-frames nmay be interspersed wt
| forpat frames, as needed. An |-frame always has
an |-field, In fact, an |-format frane I|s considered
invalid if it does not contain an I-field in this
rotocol . See. fldgure 1 for the layout of the 1=~
rane control field.
€ontrof Fiefrd €ontrof Fretd Bits
Type 765 4 321 0
|-frame Nr Ns 0
Wer e:
Ns is the send sequence number,
Nr . Is the receive sequence number.
P is the Poll bit

Figure 1. |-Frane Control field
| -Field Content

The contents of the I-field in an |-frame are
not the concern of the datalink protocol. They are

determned by higher |evels of protocol. The design
of the V-2 network leyvel has not been conpleted and
will be the subject of another per.. However, the
work, on the "network |eve has progressed
sufficientl that sonme advice can be given to
network l|evel inplenentors and testers that will

allow different network headers to be identified and

to co-exist on the sane channel. It is for this
purpose that the following Network |evel information
I's included here.

The first sub-field in the I-field is called
the Network Header. It is avariable length field
conposed of an even number of bytes. The 1ow order
four bits of the first byte indicate the nunber of
words (1 word = ong the the Network Header

2 bytes
1s. "he hj gh ordyer_ l)it indicates if there is
another header followi ng the Network Header and the
three remaining bits are used to identify different
Itypetsh of Network Headers that may have the sane
ength.

The bit |ayout of the first byte in the Network
Header is as foll ows:

Bi t number _ 765432 10
FTTTLLLL
Where: FE indicates another header follows if 1
T T T indjcates the Network Header type
LLLL indicates the length (in viords) of
the Network Header.
Even if only the link level protocol is in use
the follow ng two-byte durm?/_ Net wor k Header shoul d
be included as the first subfield in the I-field:

0100 (Hexadeci nal)



This will indicate that the header is 2 bytes
long and that no other header follows this one.

SUPERVI SORY FRANES

~ There are three types of supervisory frames
defined by this protocol”
RR  Recelve Readﬁ
RNR Recei ve Not Ready
REJ Rej ect

) An S (Supervisory) frane nmust not contain an I=-
field. It is considered invalid if it does. See
figure 2 for the layout of the control field of an
S-frane. ~ S-frames are only originated by nodes on
links which are in the information-transfer phase.

Control Field Control Field Bits
Type 765 4 32

RR Nr P 0001

RNR Nr P 0101

REJ Nr P 1001
Figure 2. S-frame Control field.

RR (Receive Ready)

Indicates that the originating node is ready to
receive |-frames and acknow edges receipt  of
nunbered |-frames through Nr-1. It nust be sent to
clear a previous not ready condition (RNR). It can
also be sent with the P-bit on to elicit a resFon_se
from the node at the other end of the I|ink. tis
sent with the P-bit off in response to a poll by the
ot her side when no |-frames can be sent.

RNR (Recei ve Not Ready)

Indicates that the originating node is
temporarily not ready to receive |-franes and
acknow edges receipt of nunbered |-franes through
Nr-1. It is usuall?/ sent when buffering limtations

and other internal restraints in the node are
encount er ed. It can be sent with the P-bit on to
elicit a response fromthe node at the other end of
the 1ink. It is sent with the P-bit off in response
to a poll by the other side when no |-frames can be
sent. This not ready condition nust be cleared by
the sending of an or REJ frame. Note that the
node should still be capable of handling S and U
frames even in the not ready condition.

RE) (Reject)

Acknowl edges receipt of nunbered |-franes
through Nr-1 and indicates that the originating node
is ready to receive |-franes. It requests the
retransm ssion of nunbered |-frames starting at the
Nr contained in the REJ frane. Its purpose is to
speed up recovery of droRped frames when operatin
full duplex. Note that this frame is only used wt
full duplex |inks and should never be sent on half
dupl ex channels. ~ Only nodes intending to operate
full duplex need incorporate support for this tyBe
of frane. It is optional. EJ frames may ~be
interspersed in the sequence of transmitted frames
on full duplex links. The REJ condition is cleared
when tdhe requested frame has been correctly
received.

UNNUMBERED FRAMES

There are three types of unnunbered format
frames supported by this protocol:

XI D Exchange station identification
DI SC  Disconnect )
U1 Unnunbered information (formerly NSI)

Unnumbered franes are not sequence-checked and
do not use N or Ns. See figure 3 for the layout of
the control field for these franes. Al though | am
using names and control field formats conmon to
HDLC/SDLC nomencl at ure, the actual usage of the
unnunbered frames in this protocol is different. T
tried to use the HDLC nane with the closest
approximation to what this protocol is doing. |
hope this does not cause any confusion. ot her
alternative was to use the “undefined HDLC U-frames
and give them ny own nanes.

Note that the previously described | and S-
frame usage adheres fairly closely to the HDLC/ SDLC
standards™ but there are "mgjor ivergences in_the
usage of the unnumbered format frames. Thi s
protocol is not Intended to be a copy of any other

protocol but has been designed pragmatically. When
a piece of another protocol fits the need, " it has
been used but when the need is unique, then unique
solutions are designed. This nethod reduces the
anount of devel opment effort. It also helps those
who are familiar with other protocols to quickly
develop a famliarity with this one. On the other
hand, there may be sone confusion when divergences
with the other protocols occur.

Control Field Control Field Bits
Type 765 4 3210
Xl D 101 P 1111
DI SC 010 P 0011
Ul 000 P 0011

\Wher e:
Pis the Poll bit.

Figure 3. U Frane Control field.
XID (Exchange station I|dentification)

The XID franme is only used during the link

establ i shnent phase of the protocol. I was thinking
of calling it the "LINK frane rather than XID.
Before |-frames <can flow across the [link,

information is exchanged between both nodes in the
XD franes. The opposite node's XID infornation is
anal yzed and a determination is nmade whether or not
the 1Tink can be established. |f both nodes I|ike
what they see, then the link is established and I
and S-frames can flow across the link. On the other
hand, if one node doesn't like what it sees, then it
sends an XID frame to the other with a reason code
filled in which indicates what it didn't |ike and
the link is not established. XID frames are only
transmitted on links in the establishnment phase:
The XID frame A, Cand | fields are as follows:

AAAACSSSSSSSDDDDDDDPTR

Vihere:

AAAA is the address field.

Cis the control field (X D).

SSSSSSS is the transmitting node's 7-byte nane.
DDDDDDD i s the destination node's 7-byte nane.
P is the protocol level field.

Tis the link tyF_e field.

Ris the reason’tield.

Protocol level field (P-field)

This is a one byte field in the XID frane
indicating the version of protocol being used by the
originating node. By testing this field,” the
receiving node may determine if it can communicate
with this type of protocol. At the present tineg,
this field is 01(Hexadecimal), indicating this is
Level 0 of the protocol (bit O is on). This version
nurmber should be changed whenever ‘a new level is
produced which has features or changes which are not
conpatible with previous |evels. his feature has
been added in anticipation of future revisions and
extensions of the protocol.

) The receiving node checks for a match on this
field. Note that a node may support nultiple levels
of protocol in order to comunicate with nodes of
different |evels. For exanple, a primary station
whi ch supports nultiple protocols may send an XID
sayi n%_t at it can communicate with l'evels 0 and 1
of * this ?rotpcol by sending a P-field of 03
éHexad_emma_) with bits 0 and 1on. The secondary
determines if communication is possible by and'ing
its own version(s) with that in the incomng P-
field. If the result of this operation is non-zero,
then the protocol levels are conpatible and the
secondary will respond with a P-tfield indicating
which protocol it is using. If the result of this
operation gives nore than one bit on, then the
secondary can choose which of the protocols it
w shes to use.

For exanpl e:

1. Primary sends P-field of 03 indicating it can
support levels 0 and I.

2. Secondary logically 'ands' the primary's P-field
with its own protocol version number of 01 (Only
supports level 0). The result is 01.

3. Since the result was non-zero, the protocols are
conpatible and the Secondary can respond with a p-
field value of o01.
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he other hand, i

t f the result is zero, then
there is a protocol incompatibility and the
secondary will _respond with the protocol mnsnatch
bit (another P-bit) set in the Reason field (r-
field). The link wi'll not be established.

Link type field (T-field)
eld in the XID

The T-field is a one byte fii }
frame indicating the type of Iink being established.
At present the only choice iin link type is either
full duplex or half duplex. The byte format is as

C
t
|

=

follows:
Bit nunber 7 6543210
XXXXXXXF
Where X indicates reserved bits = nust be 0 )
F indicates full duplex if 1, half duplex if O

_This field is checked by the receiving node and

if it is capable of handling the type of |ink
indicated it wll respond with a matching indication
in its own T-field. But if, for exanple, the
primary requests a full duplex |ink and the
secondary only has support for half-duplex, the
secondary will respond with the Link type m smatch

Reason field (R-field)

The reason field is a one-byte field in the XID
ame used by the secondary to report to the primry
e reason why the link i's not being established:

f any bits are on in this field, the |-ink was not
established. The R-field layout i1s as follows:

Bi t number 10
XXXXARTP

Vihere: )

X - reserved bit - nust be 0. o

A - Address duplication (See Restrictions)

R - Resource limtation )

T - Link type field msmtch (see T-field desc.)
P - Protocol nmismatch (see P-field description.)

. . The. R-bit being on () nmeans that the
originating node has & tenporary resource shortage
whi ch prevents the establishnent of the |jnk.. e

most |ikely reason being that it has a limtation on
t he nunber of sinultanéous |inks that the node can
support . Mbost nodes used in Amateur Radio so far
can only suRport one link at ating, and so, if a
node has this Iink al ready est abl i shed when it
receives an XID frame froma third party node, it
shoul d respond with the Rbit turned on.

Li nk Establ i shnent

For purposes of the follow ng discussion the
node initiating the connection transmts first and
is called the 'pri rrar%/' node. The node being
connected to 1s called the 'secondary' node. This
distinction is nade because the primary and
secondary nodes use sone of the fields In a slightly
different way. This 1s a different use of these
terms than 1§ found in other protocol docunents.

The following chart shows a normal |ink
establ i shment between the primry node whose address
Is A and the secondary whose address Is B.

Primary transmts XD
<=-~= AB, XI D Secondary transmts XD
rimary transmts |

BA,XID=P ===>

BA,I-P -=--- >
etc

Conflict Resolution

Al'though unlikely, tt
the occurence of conflicting_r

there is a possibility of

equests during the
I i nk establishment phase. This is not possible
during other I'ink phases. A conflict occurs if two
nodes try to initiate a link with the other at the
sane tine but wth confllctln? requirenents. or
exanple, = one node wants to establish a half-duplex
link while the other wants to establish a full-
duplex link or_the protocols they want to use are
different. ‘Even 1 f both sides take the sane
recovery action this still does not solve the
roblem ~ One side must gain the u# er hand. The
esol ution nethod chosen”is that t node with the
hi gher address gets its way and the node with the
| ower address muSt report to its higher level that a
link was established but not with the desired
specifications due to conflict.
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Di sconnect frame (Dl SC)

The DISC frane is only sent during the |ink
termnation phase and it is"the only type of frane
that can be sent on links in the tefmnation phase.
| think this franme would better be called "Unlink'
because that is a better description of the function
it performs.  Connections (in ny opinion) are the
concern of hﬁher protocol levels - not thé %at link
| evel . The DISC frane is only sent after t eﬁlnk
has been established and 'indicates that the
originator wll no longer send or receive | and s-
frames on the link. It is sent with the Poll bhit on
by the prinary node (The node initiating the lin
termnation) and sent with the poll bit off b)( t he
recei ving secondary node to indicate | no
I onger send | and ‘S-frames on [

the
The format of the DI SC frdama

i
that of the XID frane described above except that
the usage of the P, T and R fields is different. In
the DI frane the Reason field (Rfield) indicates
the reason for the di sconnect when sent with the
Poll bit on by the primary node. If the Rfield has
no bits turned on this 15 a nornmal link termnation
but if a bit or bits are on in the Rfield, then

this Iink is being term nated because of an error.
The R-field bits are defined as follows:

Bitnumber 76543210
0000ZYXW

Wer e:
1. is on, the originating node has received
valid or non-inplenentéd control field.

n

, the originating node has received a

h a prohibrted I-field.

on, the ori?i nating node has received
with a Tength greater than the

e node can support.

~0
>= =

the originati ng\k node has received a
an incongruous Nr.

~If any of the bits are on in the Rfield, the
P-field contains the control field of the franme
received which caused the error condition and the
T-field contains the follow ng information:
Bit number 765 4 321 0
Vr 0 VS 0
Wiere Wr is the next expected Ns value to be

received and Vs was the next value to be sent at
the time the error was detected.

. The p, T and R fields are undefined (and should
b_e_lgnored) in a frame with the Poll bit off.
Simlarily,” the P and T-fields are undefined in a
DISC frare with a value of 0 in the Rfield.

Even though the node nanes are_unnecessary from
a technical paint of viewin the DISC frame, ~ they
are included in the Anmateur Radio environment to
give information to other nodes nonitoring the
channel as to who the two nodes are who have
termnated the link between them The names are
al so sent out when the link is being established as
wel | . This is sonewhat simlar 1o the Amateur
practise of identification at the beginning and end
of each Qso.

Unnunbered I nformation Frane (Ul)

The U -frame is included in this protocol as a
nmethod of transmtting information when a |ink has
not been established or for bypassing the nornal
handling of I-franes when a |ink i s established.
One exanple of such use would be a repeater
identifying itself every few mnutes - a type of
broadcast message. . It IS included in the protocol
because of a need in the Amateur Radi o environnent
for such a function.

Since U -frames are unnunmbered, they shoul d not
be acknow edged whether or not they are transmtted
with the Poll" bit on or off. one Is lost, there
is no way of recovering it. No error ref)ortlng I's
done for U frames and the U frane should only be
passed on to a higher level when the data link is
not established, not being established and not being
terminated. For use as a type of general broadcast,
the link address field in a Wfrane shoul d use IEEE
speci al _ general broadcast address of Ft
(Hexadecinal) as the first two bytes of the link
address. If the broadcast is only intended for a



sgecific area then the first byte should be FF and
the second byte should be an area or group nunber.
And if it is intended for a specific node then that
node's address can be used in the first tw bytes.

Responses to polls

Wien a node receives a frame with a P-bit on,
it must respond. The type of response varies
depending on the type of frame that contained the pP=-
bit. The response frane does not have the P-bit on
except in the case of the I|-frane response where the
P-bit is allowed. The resgon_ses possi bl e for_each
tyPe of frame containing a P-bit are shown in Figure
4

ol | owi ng:
Polling Frame Type Responding frame(s)
I I or RR or RNR or REJ*
RR | or RR or RNR
RNR RR or RNR
XID XI D
DISC DI SC
UI none
REJ* |

* = REJ only used in full-duplex
Figure 4. Poll Responses

HALF- DUPLEX PROCEDURES

Hal f-duplex |inks assune that only one side
transmits at a tinme. For this reason they can be
used on a single two-way comuni cations channel .
Hal f  duplex protocols “can also be used on
i ndependent transmi ssion channels as well but full=-
dupl ex would be a nmore efficient nethod when these
facilities are available. Channel  sharing with
nmul tiple nodes require half duplex protocols. V-2
provides a hal f-dupl ex multipoint protocol. Thi s
protocol can be used in a point-to-point environnment
as well with very little reduction in effjciency
conpared with a protocol only designed for point-to-
point  work.

Information transfer

) When a node has one or nore |-frames to send,
it sends them in sequence and in conformity with the

requi rements described in "Frame nunbering"
previously. Since I-franes al wa¥s require a
response, the P-bit is turned on in the last frame
of the transnitted sequence of |-frames. The

exception to this rule occurs when it is necessary
to transmt an S-frame with the P-bit on in the sane
transmission as well. either case, a receive tineout
is started at this tine as previously described in
the section, "The Poll bit and receive tineout".
The node then turns the link around and listens for
a response. Note that the reception of an |-frane
with or without the P-bit on demands a response.

If the receive timeout expires neaning nothing
was received, the node will not retransnit the
previous frames but transmit an RR or RNR frame with
the poll bit on and again wait for a response. This
operation repeats itself until something is received
from the other side. (The higher |evel of protocol
is notified after every N consecutive tineouts.)

When a response is received, the node starts
transmtting |-frames again,, beginning with the
first unacknow edged I-frane.

Not ready condition handling

When a node becones not ready to receive I-
frames on a link it will send an frame with the
poll bit on at the wearliest opportunity. If
permitted by the other side, |-frames may be sent
along with the transmission of RNR but only the RNR
frame shoul d have the poll bit on in this case and
it should be sent last in the transmi ssion. The
node then listens on the link.

If the receive tineout expires, only the RNR
rame with the poll bit on is retransmtted. If an
-frame is heard the RNR frame with poll bit is
etransmitted. (Note - the node may accept or ignore
he |-frame at its discretion even though it is
rying to tell the other side to stop sending them)
If"an RR or RNR frame with the P-bit on is heard,
the node should respond with |-frames followed by
an RNR frame with the P-bit on if it can send 1I-
frames or otherwise by transmtting two RNR franes,
one wWith the poll bit "'on and the other with the poll

—_—. = —

bit off and start a receive tineout. (Note that two
are required, one to respond to the poll from the
other side and one to do a poll for the proper
response fromthe other side. inally, if an RNR or
RR frame with the P-bit off is received this will be
accepted by the node as an indication that the other
side is aware of the not ready situation and the
node can go back to sending |-frames if it has an
to send and is permitted to send them Most o
these actions can be deduced from Fig. 4 above.

Note that no node is permtted to send |-frames
after receiving RNR and before receiving RR

Ready condition handling

Wien a node becones ready to receive |-frames
on alink it will send an RR frame with the poll bit
on at the earliest opportunity. |f pernitted by the
other side, |-frames ma?/ be sent ‘along wth the
transmission of RR but only the RR frame should have
the 'Olll'bI(t on in this caSe. The node then listens
on the link.

If the receive tineout expires, only the RR
frame with the poll bit on is retransnitted. If an
RR or RNR is heard with the poll bit on the node
shoul d respondé)r\\’/ either transmtting |-frames
followed by an with the poll bit on or otherw se
by transmtting two RR franes, one with the poll bit
of f and the other with the poll_bit on and start a
receive timneout. If an RNR'or RR frame with the p-
bit off or an I|-frame is received this wll be
accepted by the node as an indication that the other
side is aware of the ready situation and the node
can go back to sending |-frames if it has any to
send and is pernitted to send them.

FULL- DUPLEX PROCEDURES

A full duplex link requires two independent
channels for the transfer of data. The full duplex
protocol is designed so that it is possible for both
sides to continuously transnmt data to the other

side simultaneously. One channel is used for
transm ssions by node A for exanple and the other
channel is used for transnissions by B. Because of
the potentially continuous nature of these
transm ssions, it is wusual that each node never
listens on its own transmitting channel. However, a
node may delay its transmssions if it has some way
of knowing that its transmtting channel is
unuseable.

. This version of V-2 only defines a point-to-
point full-duplex _protocol . This has uses in
backbone' linkKing for an Amateur Radio digital
comruni cations network and for satellite work. It
is an option which does not have to be inplenented
in all nodes.  Extensions to V-2 for nultipoint full
dupl ex operation are being planned but are not
within the scope of this paper.

I nformation transfer

In full-duplex each node listens even when
transm’_tti_nP. rame nunbering and acknow edgnent
is simlar to half-duplex except that
acknow edgnents are done 'on the fly' even while the
other side is transmtting.

) A node sends |-frames in sequence until it
either has no nore franes to send or there are 7
frames outstanding. At this point it will put the
P- bi t on in the final frame to request
acknow edgenent from the other side and begin a
receive timeout. In order to inprove throughput on
links with a long turnaround dela%/ - such as
satellites, it is permissible to put the poll bit on
in a frane before 7 frames are outstanding and still
continue to transmt u;lg_to the maximm of 7
unacknow edged frames. his technique is called
'pacing'.

If the receive tineout expires meaning nothing
was _received, the node wll not retransmt the
revious frames but transmit an RR or RNR frame with
he poll bit on and again wait for a response. This
operation repeats itself until something is received
from the other side. (The higher |evel of protocol
is notified after every N1 consecutive tineouts.)

Wien a response is received, the node starts
transmitting |-frames again, begi nning with the
first unacknow edged I|-frane.

If a node receiving sequenced |-franes
encounters a frame not in sequence it should send a
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REJ frane at the earliest opportunity it .
node receivin the REJ should” go ack to
transmtting the [|ast unacknow edged frame and
continue fromthere. The node should not transmt
any nore REJ frames until the reject condition is
cleared by the receipt of the nunbered I-frane
indicated in the REJ frane.

Not ready condition handling

Not ready conditions are handled simlarly to
that described in the half-duplex environnent except
that the channel doesn't have to be turned around.

Ready condition handling

Rea_d% conditions are handl ed basically the sane
as described in the half-duplex procedures.

THE BI G PI CTURE

. The datalink |ayer of protocol described herein
is only one part Of a conplete comrunications
Proto_col. As per the suggested |SO protocol
ayering structures, this protocol only interfaces
with the two adjacent layers in the node in which it
i's running and W th the datalink | ayer on the other
side of the link.

The datalink |ayer receives data and orders
from the Network layer inmediately above it. The
network layer is a ' higher’ level' of protocol and
sort of acts like the datalink | ayer's 'boss's The
datalink |ayer acts on these conmands and reports on
its progress and status as the job is done. Wen
unusual “condi tions occur which the datalink | ayer
can't handle it goes to its *boss* for advice.

The datalink | ayer passes data and commands to

the next |ower protocol |ayer - the Physical layer

ich in the Amateur_environpent is usudlly the C

Control ler chip. The physical layer acts on the

commands fromthe datalink | ayer and returns data

and status information to the datalink | ayer by
means of status lines and interrupts.

The datalink | ayer also communicates to the
datalink | ayer on the other side of the [ink.

) Even thaough it is only the third of these
interfaces which is the subject of this paper, it
shoul d be realized that in a real inplenentation of
a datalink protocol there are actually three
different. protocols involved: i.e. the three
communj cation  interfaces. The type .of protocols
used for adjacent level conmmrunication are very
system dependent but | will discuss in a general
waE/, the type of information that is exChanged
between the Network and Datalink | ayers.

Interface with the Network layer
Commands to the datalink | ayer and data to be

assed accross the |ink are passéd fromthe network
ayer to the datalink |ayer. The basic commands

neéded are:

1. Link - This is a command which orders the
datalink |ayer to establish a link, The data passed
with this conmand 1 ndicates what type of |ink
(either Full or Half Duplex) is desired and the node
name of the node to be ['inked to.

2. Unlink - This is a command which orders the
datalink |ayer to ternminate a |ink.

Status information and information received
fromthe link in I-frames are passed to the Network
I_a¥er fromthe datalink |ayer.  The follow ng status
information should be passed:

Wen a datalink becones established.

Lo The type
of link and node nanme should be passed as well.

2. Wien a datalink i S term nated. The reason code
and node name shoul d be passed as well.

3, Wienever a predetermined nunber of consecutive
timeouts (N1) on a link has occurred.

4. When an invalid frane is received on a |ink.

The above lists are not necessarily conplete
but shoul d serve to give the reader a good idea, of
the type of information needed. Each inp|enentation
will “have its own nethod of handljng these
interfaces and it Is not the intent of this paper to
give detailed information as to how the information

is to be passed.
SAMPLE EXCHANGE

The foll owing exanple shows a V-2 exchange with

no errors or exceptional situations encountered It
e

ossj bl e types of = exchanges. It is Topgd
e

ifs b(le){ond the scope of this paper to show an exa
of a
that. the information in thiS paper wl

sufficient for the reader to determne what the

exchanges. woul d be when receive tinmeouts, | ost
franes, invalid_frames, and colliding frames are
encount er ed. The aA,c and |-fields are shown

separated by conmas. The address field is di SPl ayed
%nl |hexadeC| mal.  The control field i1s represented”as
ol I'ows:

T (Ns) P (N)

Wiere T_is the frame t)“ge acronym and P is the
oll bit. ~The (Ns) and (Nr) are only shown for
rames which contain themand the Pis only shown if
the poll bit is on (1).

The Network header sub-field in the I-field in
| frames is shown in Hexadecinal characters and the
rest of the |-field is shown in ASCI| characters.
The subfields in XID and DI SC frames are shown
separated by commas, the node nanmes being in ASClI
characters and the P, T and R fields in Hexadecimal.
Time progresses downward in the follow ng charts.

) The communication is between two nodes. Here
is the pertinent information about the two nodes.

Call sign VE7APU1 KA6M
Node nunber 627B 68ED
Exchange 1.
This exanple shows 1ink test abl i shnent,
ermn

information transfer and |ink
conpl ete QSO Arrows to the ri
transm ssions from VvE7aPuU and thos
indicate transm ssions from KA6M.

+P=01,T=00,R=00 ====>
/VE7APU1,P=01,T=00,R=00

ndi cat e

68ED627B,X1ID-P,VE7APU1,KA6M
{====~== 627B68ED,XID,KAGM

68ED627B,I(0)P(0),0100,Hello Hank >
S 627B68ED, I(0)P(1),0100,Goodbye Doug
68ED627B,RR( 1) >

68ED627B,DISC-P,VE7APU1,KA6M  ,P=00,T=00,R=00 ===>
¢===== 627B68SED,DISC,KA6M ,VE7APU1,P=00,T=00,R=00

The first line shows VE7APU has entered the
nk establishnent phase at request of the Network
vel and is t_l’¥(| nq__to initiate (Pol| bit is on) a
I'f duplex lipk (Link Type = 00) wth Kaém using
rsion O |level protocol " (Protocol = o01). Because
he Potll bit is on we know VE7APU has started a |ine
I neout .

The second |ine shows Kaé6M has entered the |ink

|'i
| e
ha
ve
t
t

establ i shment phase and is_respondin the Poll bit
is off) positively (the Reason field = 00) using
version 0 level protocol. Wwen this frane i$§

received, VE7APU will enter the information transfer
phase and cancel the line tinmeout.

) The third Iine shows VE7APU sending an |-frane
with data to kaeM and demands a responSe from KA6M
(the Poll bit 1s on). VE7APU starts a |ine tineout
at this time. When 'KaéM receives this frame it wll
enter the information transfer phase.

) The fourth |ine shows kaéM sending an |-franme
with data and acknow edgi ng correct reception of
VE7APU's | -frame (Nr=1)s |t "is demanding a response
from ve7APU and starts a line tineout.

The fifth Iine shows VE7APU acknow edgi ng
Ka6eM's | -frame by sending a Receive-Ready (RR) frane
with Nr set to 1. It  has cancelled its receive
t1meout . The Poll bit is not on so VE7APU i S not
demandi ng a response from KaéM and so does not start
a line tinmeout. VE?7APU coul d have sent an |-frame
at this point if it had any information to send.

) The sixth |ine shows VE7APU has entered the
link termnation phase on orders from higher |evels
and is sending a DISC frame to XAéM To request
termnation of "the link. The term nation has not
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been caused by an error condition because the Reason
field is 00. VE7APU is denmanding a response from
Ka6M and starts a receive tineout.

In the last line, KA6M enters the link
term nation phase when it receives the DISC fra
and responds. (Poll bit is off) with a DISC frane.
After transmitting this frane, KA6M goes into the
unlinked state.

) Since there are no further transmissions on the
link we know that VE7APU has received the DI SC,
cancelled its receive tineout, and gone into the
unlinked state.

RESTRI CTI ONS AND LI M TATI ONS

1. This protocol will not function correctly if a
node in the information transfer phase can hear
frames from another node which is also in the
information transfer phase and is using the sane
four-byte 1link address. Note that this would
require two pairs (4) of nodes active on the sane
channel each pair usmg% the same area number and
node nunber. One node from each pair would have to
be linked with one node from the other pair.
W t hout %oi ng into any mathenmatical analysis | wll
state that, the probablllts\(/) of this situation
arising is extremely low. (Sonmewhat similar to the
robability of the FCC or DOC issueing the sane call
o two different stations!).

2. Athough nultiple links are allowed, a link wll
not be established to two nodes with the sanme
address at the same tine. The reason the link is
not established is passed to the other node and
corrective action could be taken = perhaps by
changing the call sign suffix.

3. Multiple links between the same nodes are not
allowed. " The need for this fieature is questionable
as all necessary data traffic accross the Iink
should be able 'to be nultlﬂlexed by the  higher
I evel s of protocol. Al though not defined in This
protocol, 'a node could masquerade as a different
node by supporti nﬁ nmul tiple node addresses and
names by changing the call sign suffix.

4. This protocol onl1y supports datalinks between
pairs of nodes. hus it does not support
conferencing or roundtable comunication anbng a
group of nodes. This function is normally provided
y higher levels of protocol. The conplications and
probl ens encountered in providing ata integrity
with this service at the datalink |evel are severe
and | do not know of any commrercial or Amateur
datalink protocols which do this. However, a form
of roundtable operation could be inplenmented which
does not guarantee data integrity. ach node in the
group could operate in unlinked node transmtting
and receiving data in U franes. The nmenbers of the
group could agree to all use a broadcast address
FFxx (where xx=a group number) in the destination
part of the link address and then only pass
Information from franes which had a |ink address of
this form Menmbers of the group should be in good
comruni cation with each other because there is no
way of recovering data from|lost franmes when using
this nethod of conferencing.

| MVROVEMENTS OVER THE OLD VANCOUVER PROTOCOL.

1. Both full and hal f-duplex links are provided for.

2. Miltiple links are supported.

3. Sone nultiple protocol support.

4. Vastly increased nunber of link and node

addr esses.
5. No coordination of node addresses is required.
6. A rudinentary conferencing system is provided.
COVPARI SON_OF V-2 AND AX-25

I amincluding this section because | am sure
that many geople will make conparisons and also
because AX-25 Is the only other Amateur Radio packet

protocol which has a published specification
document .

This conparison is difficult to do because
despite statements in the literature that AX-25 is a
link level protocol, it is, in fact, a type of
network |evel protocol. AX-25 routes packets
through a series of links from a source node to a

destination node. Al t hough AX-25 Proyi des end-to=-
end flow control, sequencing and data integrity, it
provides no i nk I evel error recovery,
retransmissions, acknow edgenents, sequence
checking, etc. for any of the links in the chain.
OnI%/_ in the special "case where the source and
destination are connected b){_a single link could AX-
25 be construed to be a link level protocol. In
this special case, the end points of the connection
becone identical to the end points of the link and
so the end-to-end connection facilities cannot be
di stinguished from the link facilities. Some
conparison of the two protocols can be done when
considering this special case.

A document describing a Network |evel protocol
for V-2 wll be published |ater. Routing of packets
through a network is one of the responsibilities of
the Network |evel. Code for a Network |evel is
being witten at the present time for the VADCG TNC.
Code for this link |evel _Iprotocol has al ready been
i npl emented on the VADCG TNC.

1. V-2 has a reduced protocol overhead conpared to
A¥-25. A 4-byte fixed length address field as opposed
to a 14-byte or greater address field in AX-25.

2. V-2 has a facility to select full-duplex or half
dupl ex protocols at |'ink establishment.

3. V-2 has a facility to select different protocols
at link establishment.

4. V-2 uses an addesssing and naming system for
nodes. AX-25 makes no distinction between names and
addr esses.

5. AX-25 has a network routing system V-2 |ink
| evel does not.

6. V-2 does not bit shift call signs and other nanes
when transnitted.

7. V-2 makes use of the selective receive function
of the SDLC/HDLC protocol controller chips to
automatically elininate frames that do not need to
be checked. ~ AX-25 cannot do this. For exanple, in
this area, all call signs start with the character
'v'.  Using AX-25, this would nean that all frames
transnmitted in this area would have the sane
character after the initial flag in every frame.
This effectively renders useless the selective
receive function present on the protocol controller
chips and forces the software to read_into nenory
ar?d e)|<am ne every frame that is transnmitted on the
channel .

SUMVARY

The general specifications of the V-2 protocol
have been presented in this paper. As this is the
first draft of a new protocol, some details my have
been onitted. This docunment will be revised as
necessary, to expand on areas not clearly presented
and to 1nclude changes in the protocal. Those

interested in obtaining the latest version of this
docunment should contact the author. Anyone havi ng
questions or comrents should do the sane, preferably
by witing.

At the present tine nost _of this protocol has
been inplemented in the VADCG TNC. The source code
for this inplementation is available on CP/M 8-inch
di skettes. Anyone wishing to inplement it on
anot her system should contact the author directly so
that the work may be coordinated.

. The author feels that V-2 link level is an
efficient protocol both in terns of channel
utilization and software requirements and that it
is wparticularly suited to the Amateur Radio
envi ronnent. It provides alnost all the functions
required by the 1S0 data Ilink nodel without
overstepping  into functions in the domain of other
layers. It is intended as a building block upon
whi ch higher levels of protocol can be 1ndependently
devel oped as per the 1SO proposals.
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APPENDI X A.  Node Address Cal cul ation

The CRC-16 algorithm divides the 7-byte 0000. This playing around with the value is done to
character string of the Node Nane by the follow ng ensure that none of the special purpose addresses
generating pol ynom al : beginning with FF are generated.

x16 + x12 4+ x5 4+ 4 _ _Min¥ of you out there may find this a little

o ) ) ) difficult to understand so | amincluding a sanple

This is the same polynomial used in calculating - assenbly |anguage program |isting below which
the FCS field by the various HDLC SDLC pr ot ocol actual |y does™ the above generation for an 8080
controller chips..  In the calculation, integer m Ccroprocessor. It should not be difficult to
quotient digits are ignored and the 16-bit_ remai nder i npl ement in other processors.

i's checked to see that the first byte is not FF
I(I-lexadeC| rml% and if it is, the bytes” are reversed.

f the first di

Program listing

git is still FF the value used is

; ROUTINE TO GENERATE A_NODE ADDRESS FROM A NCDE NAME

; WHEN_CALLED, | T USES THE NODE NAME AT LOCATI ON ' NODENM AND
; LEAVES TS NODE ADDRESS AT ' CRC UPON_RETURN

; | T DOES NOT CGENERATE ADDRESSES W TH FF AS THE FI RST BYTE

0000 ADRCALC; CRG 0
0000 210000 LX1 H,0 i INITIALI ZE CRC FIELD TO 0000
0003 225100 SHD CRC
0006 215300 e H, NODENM ; PO NT TO 7-YTE NODE NAME
09 150 D,7 i NUMBER' OF CHARACTERS
000B 7E LoP: MV AM ; GET_A CHARACTER
OOOC CD2D00 CALL  CALccrRC; G VE IT TO CRC ROUTINE TO PROCESS
23 [ NX H | PONT TO NEXT CHARACT
0010 15 DCR D ; HAVE FINISHED W TH ALL THE CHARACTERS?
0011 C20B00 JNZ LOOP G0 BACK TO PROCESS ANOTHER
0014 225100 LHD CRC ; GET THE GENERATED CRC ROUTI NE
0017 7D NOV AL ¢ |'S THE FIRST BYTE FF (HEXADECI MAL) ?
0018 FEFF CPI OFFH
0012 CO =4 ; NO_ RETURN W TH NODE ADDRESS I N CRC
001B 7C NOV AH ; YES, BAD LUCK, REVERSE THE CRC BYTES
001C 6F MOV LA
001D 26FF W H' OFFH
001F 225100 SH.D CRC
0022 7D MOV AL ; NOW IS THE FIRST BYTE FF?
0023 FEFF CPI OFFH
0025 CO RNZ ; w0, RETURN W TH NODE ADDRESS | N CRC
0026 210000 LX1 H,0 ; YES, EXCEPTI ONALLY BAD LUCK
0029 225100 SHLD  CRC : SET NODE_ADDRESS TO 0000
002C C9 RET ; AND RETURN, JOB COVPLETE.
s THS IS THE ACTUAL CRC-16 CALCULATI ON ROUTI NE
002D E CALCCRC: "PUSH ~ H
002E 0608 B,8
0030 4F C.A
0031 2R5100 LHLD ChRe
0034 79 CALCCRC : MV  a,C
0035 07 RLC
0036 4F MOV C,A
0037 7D MOV AL
0038 17 RAL
0039 6F MOV L,A
003A 7C MOV A,H
003B 17 RAL
003C 67 MOV H,A
003D D24800 JINC CALocre2
0040 7c MOV AH
0041 EE10 XR 10H
0043 MOV H,A
0044 7D MOV AL
0045 EE21 XR 21H
0047 6F MOV L,A
0048 05 CALCCRC2: DCR B
0049 23400 JNZ CALCCRC1
004c $5100 SHD  CRC
004F PP A
0050 c9 RET
0051 0000 CRC DW 0 i VWHERE NODE_ADDRESS |'S PLACED
0053 5645374150NODENM DB 'VE7APU1 : NODE NAME
005A END
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