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1.0__IBTEODUCTION

This document is divided im two parts.

The first part describes the Transport lLayert. It specifies the
services provided to the Session Layer and the protocol utilized
to provide such services .

This first part is a subset of 0SI DP8OT2 (Berlin January 83)
and DP 8073 (Wiem HMarch 83) according to these Draft Proposal.

Some points not well specified or for further study ia DP 80373
and DP 8072 are here completely described.

i1 SCOPE OF THE LAYER

The mainm issue of the Transport Layer is to optimize the compuni-
cation resourses in order to provide the Quality of Service
required by communicating %S users at minimum cost. It also
hides from TS users the difference of Quality of Service provided
by the Network Service. A11 the protocols defined in the Trans-
port Layer have an end-to-end significance where the ends are
defined as correspondent Transport Entities.

The Transport Layer provides to Session Layer a tramsport
service for transparent data tramsfer between Session Entities
and relieve them from any concern with the detailed way im which
reliable and cost-effective transfer of data is achieved.

This part of the document is based op the concepts developed in
the Reference Hodel for Opem Systems Interconnection {0si), DIs
7498, and makes use of the following terms defined im that stanpd-
ards
1. expedited transport-service-data-unit;:

2. tramsport-commection;

3. transport-connection endpoint;
4. transport Layer

5. tramsport-protocol-data-unit;
6. transport Service;

7. tramsport-service-access-point;
8. transport-service~data-unit:

9. Hetwork Layer;

2 / 163




10.
11,
i12.
13.
14,

1.2

GSIRinE interna] Gse only

Network Sezviﬁﬁg
net%atiwcanﬂectiaﬁ;
ﬁ@%@@rgwcganﬁctionw@aépoiat;
hetvork Service data unit;

iﬁterface £flow control,

DEFI¥ITIONS

Service-user
4 abstract fepresentatiop of the tetality of those entities
in a siangle Systen that Zake use of 4 Service,

Segyicewprcgider

An abstract nachine vhich Bodels the behaviour of the totali-
ty of the @ntities Providing the Service, ag vieved by a
Sﬁ:?i%@“ﬁSQfW

Layer service
A service Provideg by a layer of the Reference Hode].,

Primitive
An aéstract, impiementation-iadependeﬁt element of an inter-
action between 3 Service-user ard the serviceaprovider,

Request iprimitive}
A primitive issueg by a Service user to invoke some Service,

Indicatiop §pziwitive}
4 primitive issued by a service Provider €ither

to invoke Sone Service: or

to indicate that 4 Service jas been invokeg by a
Service-yser,

Responge {primitive}

A primitive issueg by a Service-upser to complete at a partic-
ular ser¥ice°access=paiat SOZe procedure previousiy invoked
by an indicatiop at that servise«»agcess»pointa

Confirm {pri@iti?e}
A primitive issued by a serviceaprO?ider to Complete, a3 a
bParticular servicewacsess-yoint, sSome Frocedure prsviously

Calliag 73 user .
4 TS yser that initiates a traasgortacoanectioa establishment
Teguest,
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A TS user with whom a calling TS user wishes %o establish a
transport~connection.

A TS5 wuser that acts as a source of data during the data
transfer phase of a transport-connection?,

A TS user that acts as a sink of data during the data tranas-
fer phase of a transport-cosnection2.,

Hardware or software or a combination of both: it need not be
physically distinct within a computer systen.

Transport service user
An abstract representation of the totality of those entities
within a single system that make use o0f the transport

Network service provider
An abstract machipe which models the totality of the entities
providing the neitwork service, as viewed by a transport enti-

A decision nmade by a system conceraniag its Dbehaviour im the
Transport Layer that is not subject to the requirements of

A transport entity that initiates a CR TPDU.
A transport entity with whom am initiator wishes to establxsh
a transport connection.3

Sending transport entity
A transport emtity that sends a given TPDU.

Receiving transport entity
4 transporf entity that receives a given TPDU.

calling TS asers and called IS users are defined with respect
to a single connection. 4 TS user can be both a calling and a
called TS user sisultanecusly.

0. Called TS User
11. Semding T5 user
12. Receiving TS5 usex
13. Equipment
14,
service.
15«
£y
16. Local matter
this protocol.
17. Initiator
18, Responder
19,
20,
21. Preferred class
i
2

4 TS user can be both a seading and a receiving 7S auser
simultaneously. .

Initiator and responder are defimed with respect to a single
transport connection. B traasport eantity caa be both an
initiator and respoander sisultaneounsly.
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23,

24,

25,

383
[}
@

27,

28,

290

30.

31,

32.

33.

OSIRIDE internal gse only

The protocol Cclass that the initiator indicates ip a CR TeDpy
a5 its first choice for gyse over the tramsport connection,

Altermative class
A protocol class that the initiator indicates ip a CR TPDU as
an alternative ¢

Proposed class
4 preferred class or ag alternative class,

Selected class
The protocol Cclass that the rfesponder indicates igp a ¢ Tppu
that it has chosen for yse over the transgort Connection,

Foposed parameter
The value for 4 parameter that the initiator indicates ip a
CR TPDU that it vishes to yse over the traasport Connection.

Selected parameter

The value for 4 bParameter that the Fesponder indicates in a
CC TPDU that it has chosen for wuse over the traasport
Connection.

Error indication

An N-RESET indicatiang Or an ¥-DISCONNECT indication yith 5
Leason code inéicatiag a8 error, that g transport entity
feceives from the NS-provider.

Invalid Tppy
4 TPDU which does not Comply with the Feguirements of the Is0
international Staadard for structure ang ehcoding,

Protocol ecror
A TPDU whose ise does not Comply with the Procedures for the
class,

Sequence auaber

4.  The number in the TPDU-NR field of a pr TPDU which ipngj-
Cates the order ip vhich the pT IPDU was transmitteq by a
tramsport eatity.

B. The nugber in the YR=TU-¥R fielq of an AKX or 8J TPDUD
which indicates the sequence hamber of the next DT TPpy
expected to be received by a tramsport entity,

Transmit window ,
The set of consecutive Séquence nuambers vhich a trassport
entity has beeg authorised by its beer entity to seng at a
given time on 4 given transport Connection,

Lover windoy edge
The lowest Sequence number ip a transait window, .

Upper windoyw edge

Introduction 5 7/ 163




34,

35,

36.

37.

384

39.

40,

41
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The sequence number which is ome greater that the highest
seguence nunber in the transmit window.

Upper window edge allocated to the peer entity
The value that a tramsport entity comnunicates to its peer
entity to be interpreted as its new upper window edge.

Closed window
A transmit window which contains no sequence number.

findow information
Information contained im a TPDU relating to the upper and the
lower wimdow edges.

Frozen reference
A reference which is not available for assignment to a
connection because of the requirements of 3.1.17.

Unassigned reference
A reference which is neither currently ia use for identifying
3 transport conmection nor in a frozea state.

Transpareat {data)

I5-user data which is tramsferred intact between transport
entities and which is unavailable for use by the transport
entities.

Owner {of a network connection)
The traansport emtity that issued the N=CCQNNECT request lead-
ing to the creation of that network comnection.

Retained TPDU

4 TPDU which is subject to the retranseission procedure or
retention .until acknowledgement procedure and is available
for possible retransmission.

ABBREVIATIONS
T5 2 Trasasport Service
Ic 2 Tramsport—-conmection
TSAP : Transport-service-access-point
TSDU : Transport-service-data-unit
QDS | : Quality of Service

TPBU : Transport protocol data umit
S : Hetwmork service

¥sbu : Hetwork service data unit

introduction 6 7 163
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RO : Hetwork compection
TS-user : Transport service user
ISAP s Tramsport service access point

HS-provider NHetwork service provider

B8

NSAP Hetwork service access point

23

1«4 TIPES OF TRAESPORT PROTOCOL DATA UNITS

CR TPDU Connection request TPDU

CC TPDU Connection confirw TPDU
DR TPDU Disconnect reguest TPDU
DC TPDU Disconnect confira TPDU

DT TPDU Data TPDU

ED TPDU Expedited data TPDU

AK TPDU Data ackanowledge TPDU

EA TPDU Expedited acknowledge TPDU
BJ TPDU Reject TPDU

ER TPDU " Error TPDU

ie5 TPDU FIELDS

I Length indicator {field)
CDT " Credit (field)
ISAP-1D Transport service access point

identifier ({field)

DST-REF Destination reference (field)
SRC-REF Source reference (field)

EOT End of 7SDU mark

T?EE«@Q DT TPDU mumker (field)

ED-TPDU-HR ED TPDU NUHMBER (field

Iatroduction — 7 / 163
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YR-TU~-HR Sequence number response (field)

fo6 TIHER VARIABLES

TIR Time to try reassigmment after failure

THR Time to wait for reassignment

751 Supervisory timer for connection establishment
152 Supervisory timer for connection release.
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gggwwgggsspegg,ggzggﬂﬁanaz

IS5-users through ope or
i defineqd by the
be the result
between the Peer trans-
These Protoco]
of the Network Layer as
{October 82)

Transport Connectionp endpoints are identifieq in engd SyStems by

an iaterﬂal, implementatian depeadent, Bechanisa g0 that the
IS-user ang the transport entity canp refer to each transport
¢onnection,
FrrEmee FrTm———
------- | Tsas . TSAP jomwoeeeo .
~~~~~~ 4 Lomeman g
i i
P e e e e ] r"“""'""‘“""“"f""""w
iTransport eatity § ITransport €entity
e S ¥ e 8
! i
FrTm——— ?
~~~~~~~ i Esap 3°~~°-ﬁ~~°-—-~~~-~i NSAP j=comeaa__
—————— | bomewww]
i i
Fig., 1, Tramsport layer model
2. 1 SERVICES ASSUHED PRoj THE BETHQRE LAYER

The USIRIDE
Data Network {ITapac),
The basic i

Throughput {initiator

Throughput {responder

Transport Layer mode}

Network layer is based op

4 generally Speaking Network Layer

Italian Public

is to
traasport entities
netvork Conaection,
establish,'maintaiu and
features are

The ITapacC Qual-

=-> Cesponder)

=> initiator)
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Each class of throughput has a transmit window associated. The
Metwork secrvice allows the structure and detailed content of
submitted data to be determined exclusively by layers above the
Network Layer. The Transport layer requests such network service
by means of the network®s primitives listed in Fig. 2.

E L1 4 i 3
i Primitive ] X1} Parameters i X/%2 |
2 b k1 2 i
& ] 4 - ] k]
i H=-CONNECT request ] ¥ | Called Address, | O
1 indicatiom | X | Calling Address, | X i
i Cesponse i X | ©HNS-User data, { A |
i confirn I £ | (COS parameter set] X i
3 2 ] 2 A
¥ 4 ES %4 8
| N-DATA reguest { X | #Hs-User-Data, i X i
| indication {| X | i 1
k L : 4
i H=RESET request i X 1 i ]
] indication J X | ] i
| response { X | ] i
i confirnm 1 X} | i
¢ & { + 4
i N=-DISCONNECT reguest ] ¥ § Hs-User-Data. i Z 4
i indication | X } ] i
£, 2. 2 3 8
Fig. 2. Network Service Primitives gsed by OSIRIDE
Transport
KEY:

X - The Transport Protocol assumes that this facility is
provided im all netmorks.

Z - The Traasport Protocol does mot use this parameter.

For detailed informations see interface 4-3 second part 2.2,

-

2.2 SERVICES PROYIDED 70 THE SESSION LAYER

The Tramsport lLayer provides the means to establish, maintain and
release trassport coanections. Transport connections provide
transparent duplex transmission between two Session entities
sniguely identified by transport addresses.

Hore than ome transport comnection can be established between
the same pair of transport addresses. A session entity uses
transport-conpection-endpoint-ideatifier provided by the <Trams-
port Layer to distinguish between transport-connection-endpoints.

»
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g @ W‘i
i Primitive i Parameters i
— | ——q
] T=-CONNECT Teguest i Called Addressg i
i iﬁdicaticng Calling Address, i
i | Expedited Data Option, i
] i Quality of Service, ]
— 4 |
i T-CONNECTYT Lespoase Besgcndimg Address, i
i confirm i Quality of Service, ]
i i Expedited Data option, ]
— | 4
i T-DATA Tequest i s User-pata. i
1 iadication; ]
b~ 4 -y
i T*EXPEDITED DATH reguest i T8 ﬁser*'i)atau |
H indication; i
i~ 3 —
] ToDISCGﬁﬁEQE feguest § §
— $ —4
i I-DISCONNECT iadicatinaj Disconnect Ieason, i
4. | 3
Fige 3. Traasport Service Primitives

2.3 TRABSPORT SERVICE CEEBAC?EBIS?ICS

The Transport Service Provides traasgaremtf/transfer of data

between 75 isers. It relieves,these TS users from 4ny concern

aboat the detailed ¥ay ia which Supporting Communications Bedia

are utilized to achieve thig transfer,

The Transport Service Provides for the folleying;
1e Quality of Service Selectionps
The Iransport Laygr is reguireq to optimize the use of

Quality of Service jis Specified through ¢he Selection of
Values for Quality of Service barameters, fthe ~ Parameters
Supporteqd by 0sirIDE Lelease ogape are thzonghput and failure
Probability,

 2e End-to-gnd sigaificance:

Transport Layer mode} 11 /7 1863
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The Traasport Service provides for the transfer of data
between two TS users.

3a Transparency of transferred information:

The Traamsport Service provides for the transpareat trassfer
of octet-aligned TS5 user-data aad/or coatrol information. It
neither restricts the content, format or coding of the infor-
mation, nor does it ever need to interpret its structure or
peaning. :

4. TS5 usser addressings

The Tramsport Service utilizes a system of addressing which
is mapped into the addressing scheme of the supporting
Hetwork Service. Transport-addresses can be used by TS users
to refer unambiguously to TSAPs.

< i i e < <

The Tramsport Service offers the following features to a TS user.

1. The nmeans to establish a TC with another TS user for the
purpose of exchanging 7TSDUs. Hore thanm one TC may exist
between the same pair of TS users.

2 Associated with each TC at its time of establishaeant, the
opportunity to request, negotiate, and have agreed by the TS
provider a certaim Quality of Service as specified by means
of Quality of Service parameters.

3. The neaas of transferrinmg TSDUs on a TC. The transfer of
T5DUs which coansists of an integral number of octets is tram-
sparent, ia that the boundaries of 9TSDUs aamd the contents of
I5DUs are preserved unchanged by the TS provider and there
are no constraints on the TSDU content imposed by the TS
prowvider.

4. The mneaas py which the receiving TS user may £low control
the rate at which the sending TS user may send TSDUs.

5. The meams of transferring separate expedited TSDUs when
agreed to by both TS users. Expedited TSDUs transfer is
subject to a different flow control from normal .data across
the TSAP.

b The unconditional and therefore possible destructive release
of a IC.

Transport Layer model 12 7/ 163
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2032101 Quality of Traasport Service

The terp Quality of Service refers o Tertain cbaracteristics of
4 1IC as Observed betveen the endpoints,

These Parameters give T§ isers a pethog of Specifying their
Deeds, ang give the 75 Provider 3 basis for Erotocol Selectiogp,

The 0SIRIDE Lelease gpe Transport layer Supports two Quality of
Service Parameters: TEROBGHPEY and BESILIRECE, The Iramsport

iser specifies thraughpat im both directiaaS?*izge:“?tgaaiifer?.ﬂ;M-hw

ent figuresg are allowed for the two directions of the tramsport
Connection). e QoS requesteg by the calliag o3 4ser may pe
Bade poorer either by the 7s Provider folisﬁing the T-CONNECT
Tequest, or by the called 7Ts user, folleaiag the T=CONNECT indi-
Cation. Ip applying this to some Qos barameters thig Bay mean
thatz

1s a throughput becones lower;

The view of Q0S5 at each end of ap ©Stablished 7¢ is alvays the
Sanme,

2. 3.2 Primitives

Seguence of Transgort Service Primitives
MQ

The clause defines the Constraints op the Sequences ip Which the
IS primitives Ray occur. The Constraints determine the order ip
which 735 Primitives oCcar, but 4o not fally Specify when they aay
OCCur. Other ccast:aints, S#ch as floy Coatrol of data, ¥ill
affect the ability of a2 TS user or IS provider to issue , Ts
Primitive at any particolar tinme,

A complete listing of T5 primitives appears ip Fig. 4 Pag. 14
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g 5 - -
i Phase § Service } Primitive i Parameters i

2 2 ) | .|
g @ 2 E K|
} T i TC i T=CONHECT ] {Called Address, i
i establishi establishi reguest { Calling Address, |
! ment i gent i } Cuality of Service, i
i i i | T_Expedited data op i
j tion)a. i i i : i
H i § f i
i i i T-COHNNECT i {Called Adddress, i
i i i indication | Callisng Address, i
i i i { Quality of Service, H
] i { i T_Expedited data op i
j tiom). i i i i
i i ] i ]
i 1 i T-CONHECT i (Quality of Service i
i i H § i
i i 3 response { Bespondimg Address, i
i i i | 15 User-pata, i
i 1 i i T_Expedited data op {
§ tiom). i i i |
i i i i 3
i i i T-CONNECT } {Quality of Service i
I o i i i i
] ] i confirn | Besponding Address, i
i i i | T_Expedited data op ]
i tiom). E i i i
4 ) + + 1
j Data i Hormal 1 T-DATA i (1S User-Data) 1
i Transfer | Data i request i i
] i Transfer ] ! b
i § i i i
i | i T-DATA i {75 User-Data) |
i 3 i indication | ]
1 i | i H
1 i Expedited} T-EXPEDITED | (TS User-Data) i
i | Data i DATA | i
i ] ZIransfer | request i i
{ i § i i
i i | T-EXPEDITED |} (TS User-Data) |
i i | DATA i i
i ] i indication |} ]
o 4 H 4 4
H Tc | TC i T-DISCONNECT] i
} Belease | Belease | reguest i i
| i i i i
| | ] I-DISCOMNECT] {Discoanect fieason) i
| | 1 indication |} i
1 8 2, R 3

Fig. 4. Transport Service Primitives

Transport Layer model
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2¢3.2. 1 Belation of TS Primitives at the two ¢ Eadpoints

A Ts Primitive issued a¢ one TC endpoipt wili, jj general, haye
Consequences a¢ the other 7¢ endpoint, The Telations of TS primi-
tives of €ach type to T5 Primitives at the other TC eadpoint are
Sumamarized jgp figure Fig. 5 Fag. 1is,

However, 4 T«DISCGNNECT fequest or indication 5 Primitivye may
terminate a8y of the other Sequences before Completion,
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T COMETT]- = ~—— T-CONNEET™™ ™ T-CONNECT
request request request
T-CONNECT T-CONNECT
indication indication T
T-CONMNELT T-DISCONNECT '
response request -—
T-CONNECT T-DISCONNECT T-DISCONNECT
confirm |.__le—"" indication |___le—"" indication
/ /
SUCCESSFUL REJECTION OF TC ESTABLISH- REJECTION OF TC ESTAB-

TC ESTABLISHMENT

MENT REQUEST BY TS USER

LISHYENT REQUEST BY

TS PROVIDER
T-DATA T-EXPEDITED T-DISCONNECT
request DATA request request
\%nu_ \\““n \.,.,.,
\\\ N
T-EXPEDITED '
T-DATA DATA T-DISCONNECT
indication {ndication indication
NORMAL DATA TRANSFER EXPEDITED DATA TRANSFER TC RELEASE INITIATED
(USER OPTION) BY TS USER
T-DISCONNECT T-DISCONNECT | T-DISCONNECT T-DISCONNECT
request request request indication

—

/

TC RELEASE INITIATED

BY BOTH

Fig.

TS USERS

£l

5.

Summary of

T-DISCOMNECT
indication

T-DISCONMNECT
indication

TC RELEASE INITIATED
BY TS PROVIDER

Sequence Diagras

Transport Service

\\

TC RELEASE INITIATED
BY TS USER and TS PROVIDER

Zransport Lager podel

16 s 183

Primitive Time
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2.3.3 Iransport C@aggggggﬂﬁstab;§§gsea§

The TC estalbishment Ts primitives cap be used to establish j TC,
provided the TS users exist and are known to the gg Provider,
Simultaneous I=-COHBECT fequests at the two I5APs are handled
indep&adentiy by the 15 Provider,

Simultaneous I=-COBNECT requests typically result is a corre-
spondiag number of ICs, :

Z ?S*Priaiti?e; T-COENECT ;?*Cﬁﬁﬁﬁﬁi ;TﬁfOﬁﬁECT §E~
| CONHECT I ol e e oy : 4

i Parameter i reguest iiaéicati@a;ésesp@ase ico:
i nfira : i ' 1. i
— § $ _ i $

| Called i b 4 i £{=) i o

] Address i § i H
— 4 =g § }

I calling i X i X{=) § i

i Address i i i R

| & 4 £

i Expedited § 4 i X{=) i X i

1 X¢=) i i i i
I Data Option i i i i
— } ; $ —
] Quality of ] X i X i . i

i X{=) i i i V i

i  SERVICE i i i [
o 2 2 2 FUR

Fig, 6, Ic ﬁstablisﬁ&ent Primitives ang Paraseters

Reys
1 X: mamdatory Parameter

2. L{=): the value of that parameter is identical to the value
of the Corresponding parameter of the Preceding 7s Prisitive

dddresses: The parameters which take addresses as values all
_refer to TSAps. These addresses are taigue within the Scope of
- TSAP addresses. The format of the transport address in OSIRIDE
release one traasport layer is the following: ;

P
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&
§ £.25 DTE Address] TSA&P_1ID
i {8 octects) ] {2 octects)

i A

o Gt dhmw o

Called Address: The called address parameter conveys the
address of the TSAP to which the TC is to be established.

Calliag Address: The <calling address parameter conveys the
address of the TSAP from which the TC has been requested.

Bxpedited Data Optiom: The expedited data option parameter indi-
cates whether the expedited data option is to be available on the
IC-

If this service 1is declared not available, it camnot be used on
the IC. The valse of the parameter is either "Expedited Data
Service selected® or *Exzpedited Data  Service not selected!. The
values of the wvarious primitives are related so that:

fe in the T-CONHEICT régﬁéSt'”§£i§itive;wéii&er of the defined
values may occur; .

2. in the T-CONBECT indicatiom prisitive, the value is equal to
the value in the T-COHNECT reguest prisitive; ;

3. in the ?-CONNECT respomse primitive, the value is either
"Expedited Data Service not selected? or is egual to the
value in the T-COMEECYT indication primitive;

. ia the ?;£G§§ECT confiza prisitise, .the

] ] ; £ egual to
the value im the T-CONWECT respaﬁseAgfigiii

Qmality of Services: The OSIRIDE release one Trapsport  layer
supports €wo Quality of Service parameters: THBOUGHPU¥ and RESI-
LIEBHCB.  The Transport user specifies throughput in both
directions. '
Throughpnt parameters allowed values ares

-

1s YEBY HigH
2e HIGH

3. 108

4, YERY LO%B
BResilience allowed values are:

1 Lo®

“ 2«3 KXGH ~ e o ’ ‘ h »
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Segaence of %5 Primitives: The Sequence of 7s primitives 4igp
Successful TC establishemnt ig defined by the following tipe
Seguence diagraun,

T-CONNECT
request o
indication
T-CONNECT
response
T-CONNECT
confirm

ICc establishment may also fail dupe to either of the TS gsers
Ledeasing the T¢ before the T=-CONNECT confirm has beep delivered
to the calling Ts user.

Hegotiation of Expedited Data Transfer Service: The expedited
I5DU transfer is only made available when Specifically Teguested
and agreed to by both Tg USers whem the TC is established, This
service is always bidirecticaal- The procedure for hegotiating

the use of the expedited TSDU trassfer is ag follows: -

1. the caliiag% TS user Bay request or pot Tequest the gyse of
the expedited TSpg transfer feature;

24 if the calling TS yser does not Lequest the use of the expe-
dited Tspy transfer featare, the <calleg TS user is not
alloved to feguest its use: .

3. if the'calliﬁg TS user does Feguest the use of the expediteg
I5DU transfer feature, the called 75 yser Bay agree to the
use of the expedited TSDy transfer on the IC, inm whieh cCase
the Ts Provider jis required to Provide it. The called TS yser
Ray refuse the use of the expedited TSDU transfer in which
Case the service ¥ill not be ased.
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2.3.8 Data Transfer Phase

The 1S provider provides for an exchange of TSDUs simultaneously
in both directions. The TS ©provider preserves the integrity, the
sequence and boundaries of the TSDUs.

2:3-4.1 ZTypes of TS Primitives and Parameters

Fig. 7 indicates the types of TS primitives and the parameters
needed for data transfer.

¥ k] k] d
i Primitive |JT-DATA reguest | T-DATA indication |
{ Parameter i i i
i 3 E 4
a ki k] ]
! TS5 User-Data i X i 1{=) i
4 3 L ]
Fige 7- Data Traansfer Primitives and Parameters
Keys

: mandatory parasmeter

Z{=)z the value of that parapmeter is idestical to the value
of the corresponding parameter of the preceding ¥5 prinitive.

S User-Data: The TS User-data parameter is a TSDU. A TSDU & =

gcasists of an integral number of octets greater than zero.

Segueace of ¥S Prisitives: The operation of the TS provider in
transferring TS User-data cam be modelled as a guene of unknown
size within the TS provider. The ability of a TS user to issue a
T-DATA reguest depends on the state of the gqueue (see interface
4/5). The ability of the TS provider to issue a T-DATA indi-
cation depends on the receiving TS user (see interface 4,5).

The sequence of TS primitives in a successful data transfer is
defined in the following time sequence diagras. :
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T-DATA
request

T T-DATA

indication

2:3-8-2 Bxpedited Data Transfer Service

The expedited data traasfer service provides a further means of
information ezchange on a IC in both directioms simultaneously.

The TS provider guarantees that an expedited TSDU will mot be
delivered after any sebsequently submitted normal TSDU or expe-
dited T5DU op that TC.

In particular, ezxpedited data will be delivered also when the
receiviag TS5 aser 1is not accepting normal data. However, the
amount of normal data bypassed canmnot be predicted.

Types of TS Primitives and Parasmeters: Fig. 8 imdicates the
types of TS primitives and the parameters needed for expedited
data traasfer.

L) 3

d 1
Primitive iT-EXPEDITED~ |T-EXPEDITED-

0 oo Qg ok e gy o
D goss il o g aves o

Parameter iDATA request {DATA imdication
iy 2 3
€ [
TS User-Data i X | 1{=)
2 2
Fig. 8, Expedited IS Primitives aad Parameters
Keys

Xz pamdatory paraseter

Transport Layer model 21 7 163
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x4=): the value of that parameter is idemtical to the value
of the correspoading parameter of the preceding TS primitive

€S Oser-Data: The TS5 user-data parameter is an ezpedited ISDU.
An expedited TSDU comsists of aas imtegral number of octects
between 1 and 16 _inclusive.

Sequence of TS Primitives: The sequence of TS primitives in a
successful expedited data transfer defined in the followiang tiame
sequence diagrab. It is recommended that the OSIRIDE Session
layer uses careful the expedited data transfer service.

T-EXPEDITED-
DATA request

————,, T-EXPEDITED-

DATA indication

2-.3.5 %ramsport Comnection Belease Phase
The TC release TS5 primitives are used to release a TC. The
release may be performed:

1s by either or both of the TS unsers to release an established
1C;

2 by the TS5 provider to release an established TC; all fail-
ures to maintaim a TC are indicated in this way;

3. by the 7S provider, to indicate its inakility to establish a
regquested TCo

A request for release cannot be rejected. The Tramsport Service

does not guaramstee delivery of any TS5 aser-data once the release
phase is entered.
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2.3.5.1 Types of TS Prinmitives and Parameters

Fig. 9 pag. 23 indicates the types of TS primitives and the
parameters needed for TC release.

T-DISCONNECT
ragquest

T-DISCOYHNECT
imdication

Primitives
Parameter

o B s, i o

Eeason X

Gy SRS Gl due 8
2 smer (SN desm S 83
SR - T W

Fige 9= TC Release Primitives and Parameters

Key:
¥z mandatory parasmeter

Beason: The reason parameter gives information imdicating the
cause of the TC release. The reasosm is one of the following:

1s renote T5 user invoked:

Ze TS provider invoked.
This reasosn may be of transient or permanent nature.

Sequence of TS Prizitives vwhen Beleasing an Established Trams-
port Comnection: The sequence of TS primitives depends on the
origin or origias of the TC release action. The seguence may be:

Ao invoked by one TS user, with a T-DISCORNECT request fron
that TS user leadimg to a T-DISCONNECT indication to the
other;

B invoked by both TS asers, with a T-DISCONNECT request
V £ron each of the T5 users;

Ce invoked by the TS provider, with a T-DISCOEECT inpdi-
cation to each of the TS users:

D, invoked indepemdently by one TS5 user and the TS provid-
er, with a T-DISCOHHECT request from the imitiating TS
user and a T-DISCONHECT indication to the other.

The seguence of TS primitives in these four cases are expressed
in the following time seguence diagrams. After a T_CONN regquest
the OSIRIDE Session Layer does not send any T_DISC request until
the reception of a T_CONN confira.
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a} TS user invocation

T-DISCONNECT
request

T-DISCONNECT
indication

b) simultaneous invocation by both TS users

T-DISCONNECT T-DISCONNECT

reguest m&ﬁ’fﬂﬁorequest

c) TS provider invocation

T-DISCONNECT

%“\\\\*b indication

T-DISCONNECT
indication

d) simultaneous TS user and TS provider invocations

T-DISCONNECT

request T-DISCONNECT

indication

Seguence of T8 Prisitives in TS =
zent: A TS wuser may reject a TC esta&llskmeat attempt by a
T-DISCOHNECT request. 1In the T-DISCORNECT indication the reason
parameter will imdicate that the called TS user imitiated the
disconnection. The seguence of events is defined in the following
time segquence diagrasm.
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T-CONNECT
request

T-CONNECY
indication

T-DISCONNECT

request
T-DISCONNECT
indication
Seguence of TS Primitives im a 7S Provider Bejectiom of a IC

Establishzeat Btteapt: If the TS provider is unable
a TC, it ipdicates this to the <callinsg TS5 user by a
indication. The reason parasmeter iamdicates that the
is the source of +the T-DISCONNECY indication. The

to establish
T-DISCONNECT
TS provider
seguence of

events is defined in the following time sequence diagran.

T-CONNECT
request

TWGES€0N&ECT —
fﬁdﬁ' - ,
cation
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CIFICATIOR

The tramsport protocol is a set of elemeats of procedures which
performn the enhancement of the UWetwork services. The IS0/5C
16/86 6 has ®standardized® five classes of tramsport protocol
{see DP 8073},

The OSIRIDE release one Traasport protocol supports two classes
of protocol (classes 2 and 3) according to the actual IS0
conformance statenent.

The options supported are:

Expedited Data traamsfer service {classes 2 aand 3)

Ho explicit flow control {class 2)

3.9 ELEHEETS OF PROCEDURE

This clause contains elemests of procedure shich are used im the
specification of protocol classes in clause XXXX., These elements
are not meaningful om their own.

The procedures define the transfer of IPDUs whose structure and
coding is specified in chapter 7. Traansport entities shall accept
and respomd to any TPDU received in a valid NSDU and nmay issue
TPDUs dmitiatisg specific elements of procedures specified iam
this clause.

Where ¥SDUs and TPDUs and parameters used are not siganificast
for a partiecular element of procedure, they have 8ot been
included in the specificatioa.

3.1-1 BAssi

Burpose

The procedure is used isn all classes to assigas transport
connections to network connections.

Network service primitives

The procedure makes use of the followimg aetwork service primi-
tives:

1. N=-CONHECT

20 H-DISCORNECT
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Procedure

Each transport counnection shall be assigned to a wnetwork
conmection. The initiator may assign the tramnsport comnpmection to
an existing network conmection of which it is the owner or to a
ne¥ network coamection which it creates for this purpose (see
3. 1:5) .

During the resynchronization and reassignment after failure
brocedures, a transport entity may reassign a tramsport
comnection to another network commection Jjoining the same NSAPs,
provided that it is the owmer of the network connection.

The responding transport entity becomes aware of the assiga~-
ment when it receives:

1e a CB TPDU duriang the conmection establishment proceduce (see
3.1.5) : or

2s an RJ TPDU or a retransmitted CR or DE TPDU during the
resynchronization {see 3.1.174) aad reassignment after failure
{see 3.%.12) procedures.

When a metwork coanection is created, the quality of service
requested is a local matter, althongh it will mormally be related
to the reguirements of transport connection{s) expected to be
assigred to it. -

A4 network coamnection with no transport conmnection assigned to it
is available oanly after imitial establishment.

When all the traamsport connections assigned to it have been
released, the network connection will be released.

In OSIRIDE the owner of a network cobpmection shall anormally
release it. Furthermore, if the last TPDU is seast on this
connection from the owner side it does not release it inmnpediatel-
ly after the transmission of the final <TPDU - either a DR in
response to CR or a DC im response to DR. The OSIRIDE owner of
the network conmection will wait for anm appropriate delay; such
delay will allow the TPDU councermed to reach the other transport
entity allowing the freezing of any resources associated with the
transport conaection concerned.

3- 1.2 Zransport protocol data_umpit_(TPDU) tramsfer

< RS e AR VTR < T R NG S TR

Purpose

The TPDU tramsfer procedure is used in all classes to coavey
transport protocol data umits in user data fields of npetwork
service primitives.

Betwork Service Primitives

' The procedure uses the following network service pii&itivgg
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1a N-DATA
Brocedure

The tramsport protocol data umits {TPDUs) defianed for the
protocol are listed in section 1.4.

Transport eatities shall tramsmit and receive TPDUs as NS-user
data parameters of H-BATA primitives.

3-1-3 Segmenting and reassesblisg

Burpose

The segmenting and reassembliag procedure is used in all class-
€8 to map TSDUs onto $¥PDUs.

TPDUs and pacaneter used

The precedure makes ause of the followiag TPDU and parameter:

e DT TPDUs:
End of T5DU,

Procedure

A tramsport emntity may map a TSDU on to am ordered seguence of
one or more DT TPDUs. This seguence shall not be interrupted by
other BT TPDUs on the same transport conmection.

411 DT TPDUs except the last DT TPDU im a sequence greater than
one must have a length of data greater thas zero. Violation of
this rule is a pretocol error.

The end of TSDU parameter of DT TPEDU indicates vwhether or not
there are subsequeat DT TPDUs ip +the sequence. There is no
reguirement that all the DT IPDUs be of paximium length selected

during the conmection establishment (see second part Procedure
Transmit) .

3. 1.4 Comcatemation and separatiocn

Rurpose

The procedure for coancatesation and separatiom is used in
classes 2,3 to convey multiple TPDUs in one USDU.
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Procedure

Each transport coanection shall be assigned to a mnetwork
conpection. The initiator may assign the tramsport connection to
an existing network commection of which it is the owner or %0 a
new network connection which 1%t creates for this purpose ({see
3.1.5).

During the resynchronization and reassignment after failure
procedures, a transport entity may reassign a tramsport
comnection to another network comnectioa Jjoining the same NSAPs,
provided that it is the owner of the network compection.

The respomnding trassport entity becomes aware of the assign-
ment when it receives:

1o a CR TPDU duriang the conmection establishment proceduce (see
3.1.5) ; ot

2. an RJ TPDU or a retransmitied CRE or DR TPDU during the
resynchronization {see 3.17.14) and reassigoment after failure
{see 3.1, 12) procedures.

Uhen a petwork «connection is created, the quality of service
teguested is a local matter, although it will mormally be related
to the requirements of transport connection{s) expected to be
assigaed to it. :

A network comnection with mo transport connection assigmed to it
is available only after imitial establishnment.

When all the traasport conmections assigned to it have been
released, the network connection will be released.

In OSIRIDE the owsmer of a network conmection shall aormally
release it. Furthermore, if the 1last TPDU is sest on this
connection from the owper side it does not release it immediatel-
1y after the transmission of the final TPDU - either a DR in
response to CR or a DC im respoanse to DH. The OSIRIDE owner of
the network commection will wait for an appropriate delay: such
delay will allow the IPDU conceérned to reach the other transport
enptity allowing the freezing of any resources associated with the
transport connectios concerned.

3.1.2 Zraas

R e T D G D R N i S i,

Purpose

The TPDU transfer procedure is used in all classes to coavey
transport proifocol data units ipm wuser data fields of netuork
service primitives.

Network Service Primitives

" The procedure uses the following aetwork service gtigitivﬁ:
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T H-DATA
Procedure

The traansport protocol data umits (TPDUs) defined for the
protocol are listed in section 1.4.

Transport eatities shall transmit and receive TPDUs as NS-user
data parameters of H-DATA primitives.

3. 1.3 Segsenting and reasse

Purpose

The segmenting and reassenmbliag procedure is used in all class-
es to map TSDUs onto TPDUs.

TPDUs and parameter used

The precedure makes ase of the followiag TPDU and parameter:

1. DT TPDUs;
End of T5DU.

Procedure

A transport entity may map a TSDU on to am ordered seguence of
one orf more DT IPDUs. This seguence shall not be interrupted by
other DT TPDUs on the same transport connection.

411 DT TPDUs except the last DT TPDU im a segquence greater than
one nust have a length of data greater thas zero. Violation of
this rule is a protocel error.

The end of TSDU parameter of DT TPDU indicates whether or not
there are subsequent DT TPDUs im the sequence. There is =no
reguirement that all the DT IPDUs be of maximium length selected

during the conmection establishmeat (see second part Procedure
Transpit) -

3-%-4 cComcatemation and separation

Puigcse

The procedure for <coancatemation amnd seraration is used in
classes 2,3 to convey mrultiple TPDUs im one ¥SDO,
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Procedure

A transport entity may concatenate TPDUs from the same o
different traasport conpections.

The set of comncatenated TPDUs may comtain:

1o any number of TPDUs that do not contain user data, provided
that these TPDUs come from different transport connections;
{DC, aK, BJ, Ea)

2 no more tham one TPDU containing user datag; if this TPDU is
present, it shall be placed last in the set of concatenated
TpDUs. {CR, CC, ED, DI, DE, ER)

The TPDUs withim a «concatenated set may be distinguished by
means of the length indicator parasmeter.

The end of a TPDU containing data is dndicated by the termi-
nation of the NSDU,

3. 1«5 Conpection establishaent

i S S D SRS D S $ A S R AT

Puzrpose

The procedare for connection establishment is used in all
classes to create a sey transport coanection.

g 4

Network service pripitives

The procedure uses the following network service pripitive:
N~DATA

The procedure uses the following TPDUs and parameters:
1. CR TPDU;
CDT3
D3T-REF {set to zero):
SRC-REF¥;
CLASS and OPTIONS;
calling T3SAP-1D;
called T5AP-1D;

TPDU size {only 128)
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version number;
throughput I->R (proposed):
throughput 8->I (proposed) :
additional option selectiong
Echo reguest;
OSIRIDE like:
2= CC TBPDU:
L0 1)
DSE-REF;
CLASS and OPTICHNS (selected):
callisg TSAP-ID;
called TSAP-1D;
TPDU size ([selected):
version number:
throughput I->8 {selected) :
throughput B->I {selected);
additional option selection:
OSIRIDE like;
Procedure
B tramsport connection is established by means of ome tramsport
entity (the ipitiator) transmitting a Connection Regquest (CR)
TPDU to the other transport entity {the responder), which replies
with a Connectioa Comfirs {CC) TPDU. Before sending the CR TPDU,
the initiator assigns the tramsport commection beimg created to
one network cosnection. Durimg this exchange, all inforsatios
and parameters needed for the traamsport entities to operate shall
be exchanged or negotiated.

The initiator starts a timer T51 at the time the CR TPDU is
sent. This timer should be stopped when the connection is
considered as accepted or refused. If the timer expires, the
initiator releases the network comnection and, im class 3 freeze

the reference {see 3.1.17) of all the transport combection multi-
plexed on such network conmection. :
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After receiving the CC TIPDU for a class which includes the
procedure for retesmtion until acknowledgement of TPDUs the initi-
ator shall acknowledge the CC TPDU as defimed im Fig. 11 page 40.

1=

8-

9-

The following information is exchaaged:

references. Fach transport entity chooses a reference which
is 16 bits long and which is arbitrary except for the fcllow-
ing restrictions:

it shall not already be in use or *frozen? {ses XXXX),>
it shall not ke zero.

Each traasport entity is responsible for selecting the refer-
ence which the partper will use. This sechanise is symmet-
rical. This wmechanism also provides identification of the
transport consection independent of the network connectioan.
The range of refereances used for transport conmections, in a
given trassport entity, is a local matter.

TSAP 1IDs Indicate the calling and called transport service
access points identifiers.

initial credit., Osly relevant for classes which include the
explicit flow coatrol function.

probocol €lass. The initiator should assume vhen it sends
the CR TPDU that its preferred class will be agreed to, aad
cospence the functioans associated with that class. The first
OSIRIDE's impleamentation supports class 3 and 2 and according
to the I50 standard, it allovys negotiation from class 3 to
class 2 {with f£low coatrol optiosn).

format. Only normal format is supported.

guality_of service trarapeterss This defines the throuaghput
and resilience. Only those (0S5 parameters are reflected
which are of globail significance.

TPDU size. The only size supported by OSIRIDE release ocae
is 128,

the mon~use of explicit flow coatrol in class 2 is megoti-
ateds

yersion pupber It is the release nusber of ;ﬁe O8IBRIDE

e R S A i S IS T

Transport layer,

Additiopal option selection It defines the selection to be
pade as to whether or act additional option are to be used.

Bcho regmest It isdicates whether this CR has to be a#sed to
performs an echo service {see second part Global interface).
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12. OSIRIDE like It indicates whether am entity is or not OSIR-
IDE. It gives sigmificance to Version number and Echo reguest
parapeters.

The negotiation rules for the options are such that the ipiti-
ator may propose either to use or not to use the option. The
responder may either accept the proposed choice or select an
alternative choice as defined is Fig. 10.

During connection establishment the use of the expedited data
parameter field of CR and CC TPDUs allows both TS-users to nego-
tiate the use or non-use of +the expedited data transport service
as described ia the tramspori service definition.

In class 2, whenever a tramsport entity requests or agrees to
the tramsport expedited data transfer service, it shall also
request or agree {(respectively) to the use of explicit flow
control. - = :

Possible Selection
by the Besponder

Option Proposition Hade

by the Initiator

4 & 4 k|
i i i i
i i 1 !
3 ] A
H @ k4 |
j Transport expedited H ies i ¥es or ¥o ]
| data traasfer service | Ho i No i
| {€lass 2,3 ) i /| §
¥ % 2 i
i Hom-use of explicit | Yes i Yes or #o i
j floyw comtrol j Ho i Ho i
i {Class 2 only) 3 i i
3 2 2, 3
Fige 10. Yegotiation of options duriag compection

Establishnent

316 Copmection refusal

Purpose .
The connection refusal procedure is ased in all classes when a

transport entity refuses a tramsport connection in response to a
CR %IPDU.

IPDUs and varapeters used

The procedure makes use of the following TPDUs and parameters:

1e DR TPDU;
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After receiving the CC TPDU for a class which inciudes the
procedure for retention until acknowledgement of TPDUs the ipiti-
ator shall acknowledge the CC TPDU as defianed im Fig. 11 pag. 40.

1=

2o

54

8a

9.

10-

The following information is exchanged:s

references. Each transport entity chooses a reference which
is 16 bits long and which is arbitrary except for the follow-
ing restrictioas:

it shall not already be in use or 1frozen? {see XXXX)QV
it shall not be zero.

Each trassport estity is responsible for selecting the refer-
ence which +the partmer uill use., This mechaniss is syamet-
rical. This wmechanism also provides identification of the
transport comnmection 1iandependent of the mnetwork connectioa.
The range of refegences used £for transport conmections, in a
given traasport entity, is a local matter.

TSAP IDs Indicate the calling and called transport service

S i

access points identifiers.

initial credit. Oaly relevant for classes which include the
explicit flow comtrol function.

protocol Class. The ipitiator should assume vwhen it sends
the CR TPDU that its preferred class will be agreed to, aad
coapence the fanctions associated with that cilass. The first
OSIRIDE*s implementation supports class 3 and 2 and according
to the I50 standatd, it allows negotiation from class 3 to
class 2 {with f£low coatzol option).

formats ﬁnly pormal format is suprorted.

gquality of service parapeiers. This defines the throughput
and resilience. Only those (0S5 parapeters are reflected
yhich are of global sigpnificance.

IPDU size. The only size supported by OSIRIDE release oage
is 128,

the non-use of explicit flow copirgol in class 2 is smegoti-
ated.

yersion nusmber It is the relezase pusber of the OSIBIDE
Transport layer. ‘

Additional option selection It defines the selection to be
made as to whether or not additional option are to be used.

Bcho regmest It indicates shether this CR has to be used to
perform an echo service {see second part Global interface).

Pransport Protocol specification 3% 7/ 163




OSIRIBE intery

gse only

12, OSIRIDE like It imdicates whether an esntity is or not 0OSIR-
IDE. It gives sigmificance to Version number and BEcho regquest
parareters.

The negotiationm rules for the optiomns are such that the initi-
ator may propose either to use or not to use the option. The
respoader may either accept the proposed choice or select an
alternative choice as defised in Fig. 10.

During connection establishnent the use of the expedited data
parameter field of CR and CC TPDUs allows both TS-users to nego-
tiate the use or non-use of +the expedited data transport service
as described is the tramsport service definition.

In class 2, vhenever a traamsport entity requests or agrees to
the tramsport expedited data transfer service, it shall also
reguest or agree {respectively} fo the use of explicit flow
control. - = :

Possible Selection
by the Besponder

Option Proposition Hade

by the Inmitiator

] k| 3 K
i i ! i
i i ] |
§ + + 4
i Transport ezpedited H Yes } ¥es or ¥o i
i data trassfer service | Ho i Ho i
{ {Class 2,3 ) i ] ]
2 2 . | 3
& 4 4 |
i Hom-use of explicit | fes i Yes or ¥o i
3 flow comtrol i ¥o i Ho ]
§ {Class 2 oanly) i i i
2 2 2 3
Fige 10 ¥egotiation of options duriag coanection

Establishnent

3-%.6 Copaection refusal

Purpose .
The connection refusal procedure is #sed in all classes when a

transport entity refuses a tramsport conpection in response to a
CR TPDU.

IPDUs and varapeters ussd

The procedure makes use of the followiang TPDUs and parameters:

1o DR TPDU;
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source reference:;
-Teason;
2e ER TPDU:
re’ject code:
rejected TPDU parameter.
Procedure
If a transport coamnection cananot be accepted, the called trans-

port entity shall respond to the CR TPDU with a DR TPDU. The
reason shall indicate why the connection was not accepted. The

source refereasce field in the DR TPDU is set to zero to indicate
an unassigned reference.

1f a DR TPDU is received the transport entity shall regard the
connection as released.

i1f a supervisory timer TS171 has been set for this coannection

then the eatity shall stop the timer om receipt of the DR or ER
TPDU.

3.1-7 Borsal Belease

The release procedures is used by a tramsport entity im order to
terminate a traunsport conpection.

Hetwork Service Primitives

The procedure nakes use of the following network service primi-
tives

TPDUs and parameters used

The procedure makes use of the following TPDUs and fields:
1= DR TPDU;
SRC-REFP
DST-REF
clearing reason;
2+ DC TPDU.

SBC=HEF
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DST-REF
Procedure

Hhen the release of a traansport conmection is to be iaitiated
the traasport entity

- if it has previously sent or received a CC TPDU shall send a
DR TPDU. It shall ignore all subsequently received TPDUs
other than a DR or DC TPDU. On receipt of a DR or DC TPDU it
shall consider the tramsport connection released;

- in other cases it shall wait for acknowledgement of the
outstanding CR TPDU. )

A transport entity that receives a DR TPDU shall

- if it has previously sent a DR TPDU for the same tramsport
connection, consider the transport comnection released.

- if it has previously semt a CR TPDU that has mot been
acknowledged by a CC TPDU, consider the connection refused

- in other cases, send a DC TPDU and comsider the tramnsport
conpection released. '

This reguirement ensures that the traansport entity is aware of
the remote reference for the tramsport conmection.

¥hen the transport connection is considered as released the
local referemnce is frozen. :

Lfter the release of a transport coaneetion, if it is the last
one, the network conmection shall be released by its owner.

If a transport entity does mot receive acknowledgement of a DR
TPDU withim time TS2, it should either reset or disconnect the
network connection, and £freeze all the references of the traas-
port conanections multiplexed on such network comaection.

-

3.7-8 Zrror Belease

Purpose

This procedure is used orly im class 2 to release a traasport
connection on the occurrence of a H-DISCOEBECT or N-RESET iadi-
cation.

Network service primitives
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Thé procedure makes use af-the following service primitives:
1 H-~DISCOHNECT indication:
2, N-RESET indication.

Procedure |

In class 2 when, on the network commection to which a tramsport
connection 1is assigmed, an N-DISCONNECT or B-RESET Indication

oCCULsS, both tramsport entities shall comsider that the tramsport
connection is released and so imnform the TS-usecs.

In class 3 since error recovery is used, the occurreace of an

N=RESET indicationmor H-DISCOBNECT indicatiom will result in the
invocation of the error recovery function.

3.1.9 BAssociation of TPDUs with tramsport commectionm

Purpose

This procedure is wused in all classes to interpret a received
¥SDU as TPDU{s) and, if possible, to associate each such TPDU
vith a trassport connection.

Hetwork service primitives

This procedure makes use of the following metwork service prim-
itives: ‘

Ts H-DATA indication:

IPDUs amd parapmeters used

i AT e

This procedure makes use of the followimg TPDUs and parameters:s
1e any TPDU ezcept a CR TPDU:
DST-REF -
2. CR T92DU;
S5BC-RE¥.
Procedure
Identification of TPDUs |
If the received HRSDU cannot be decoded {does not contain one or
more correct TPDUs) or 1is corrupted then the tramsport entity

shall issue asn N-BRESET regquest for the network coamnection and
~apply for all of the tramsport connections assigned the procedure
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for handling of metwork sigmnalled reset; or if the HS5DU <can be
decoded amd is not corrupted, the tramsport entity shall invoke
the separatioa procedures and associate each of the individual
TPDUs in the order im which they appear im the NSDU.

Association of ipdividual TPDUs

If the received TPDU is a CR TPDU thea, if it is a duplicate,
as recognized by using the NSAPs in the mnetwork comnection, and
the SBC-REF parameter, then it is associated with the transport
coanection created by the origimal value of the CB TPDU:; other-
wise it is processed as reguesting the creatiom of a new traans-
port commection.

Othervise, the DST-REF parameter of the TEDU is used to provi-
sionally identify +the traasport commection. The following cases
are distinguisheds

1s if the DST-REF is not allocated to a trassport comnection
{spurius TPDU), the tramsport entity shall respond on the
same network conmection with a DR TPDU 4if the TPDU is a CC
IPDU, with a DC TPDU if the TIPDU is a DR TPDU amd will ignore
the TPDU if neither a DR TPDU nor CC TPDU. Ho association
with a traasport conpetiom is made.

2e if the DST-REF is allocated to a conmectiom, but the TPDU is
received on a network conmection to which the connection has
not been assigned then there are two cases:

if the transport connection is mnot assigned to aay
netvork coanection {waiting for reassignment after fail-
ure) then the association with that transport coamsectiosn
is made.

Otherwise, the TPDU is considered as havimg a DST-REP mot
allocated to a traasport comnection {case 1).

3s if the TPDU is a DC then it is associated with the tramsport
coanection to which the DST-REF is allocated, unless the

SRC-REF is not the expected one, in vhich case the DC TPDU is
ignored.

4, if the TIPDU is a DR TPDU it is associated with the transport
connection identified by the DST-REF paranmeter.

5s if none of the above cases apply then the TPDU is associated
with the transport connection identified by the DST-REF
parameter,

3-3-.10 Data EPPU_muabering

Purpose
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Data TPDU mnumberiag is wused in classes 2 (when the explicit
flow comtrol optiom is selected) and 3. Its purpose is to esable
the use of recovery, £low coatrol aad resyamchronizatiosm func-

tiomss

IPDUs _and paraspeters used

The procedure pakes use of the following TPDU and parameters
T1e DT TPDU:
TPDU-HRw

Procedure

s B> K R

A transport entity shall allocate the sequeace number zero to
the TPDU~HR of the first DT TPDU which it transmits for a trans-
port coanection. For subseguent DT TPDUs sent for the same tranms-
port conamection, the traasport entity shall allocate a seguence
number one greater tham the previocus one.

When a DT TPDU retransmission is operated the TPDU-HR paraseter

will start from the value carried by the RJ TPDU.
IPDU-HR shall be assigned modulo 2%%7.,

3. 9-11 Expedited Data Pransfer

Purpose

Expmdited data traansfer procedures are selected during
connection establishment.

Hetwork service prisitives

The procedure makes use of the followimg network service prini-
tives

Te H=DATho

The procedure makes use of the following TPDUs and paraseters:
1s ED TPDU;
ED IPDU-HNR.
2. EA TPDU:
IB=-TU-HR-

Procedures
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The TS~-user data parameter of each T-EXZPELITED DATA request is
conveyed as the data field of am Expedited Data (ED) TPDU.

Each ED TPDU received must be acknowledged by an Expedited
Acknovledge {EA) TPDU.

There may only be ome ED TIPDU unacknowledged at any time for
each direction of a transpoert compection.

An ED IPDU with a zero length data field is a protocol error.

3-1-12 Beassigamsent after Pailure

Purpose

The reassignseat after failure procedure is used im Class 3 to
commence recovery froa an HS-provider signalled disconnect.

Hetwork service priaitives

The procedure uses the following network service primitives
B=DISCOHNECT indicatiom
Procedure

When am H-DISCONNECT indication 1is received for the anetwork
connection to wvhich a traasport connection is ‘assigned, the
initiator shall eithers

1 start its TI® timer ({see %) and assign the traasport
connectior to a differeat network commection. Until the
timer runs out the traasport entity shall try to assign for
every received H-DISCOENECT imdicatiom. If the timer tums out
the traasport eatity shall not try a new assignmeant. ¥hen a
valid TPDU is received for the traassport compectionm, the TTR
timer is stopped. If no assignment is successful githin thais
tize then the transport conmectiom shall be coasidered
released. The reference shall be frozen; oc

2 {this altermative 1is only available if a DR TPDU is
retained) consider the trasnsport connection as released and
freeze the reference.

The responder shall mait for reassigament to take place for a
tise THR £following the H-DISCOENECT imdication. The arrival of
the £irst TPDU related to the tramsport conmectioan and commencing
resynchronization completes the reassignsent after failmwre proce-
dare, If reassigament does not take place within this time, the
transport comanectior is considered released.
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If assignment occurs successfully, both transport entities
shall continee with resynchrosizatioa.

TIR ‘is the Time to Try Reassigmment timer. Its value is a local
" matter, but it must be less thap TUR by at least the sum of the
maximum discomnect propagation delay and transit delay of the
netwvork coanections.

The maximum value of TTR is deternined by the default value for
THER.

THR is the Time to Wait for Beassignment timer. If the Reas-
signment Timer parameter is present in the CR TPDU, THR - may be
set to this value plus the sum of the wmaximum disconnect propa-
gation delay and transit delay of the network commections. If the
Reassiganment Time parameter is not prasent, a conventional value
of 2 minutes should be used.

gesent of TPDUs

Pezpose
The reteation ustil acknowledgemeat of TPDUs procedure is used

in class 3 to emable asd minimise retransmission after possible
loss of TPDUs.

Retwork service primitives

The procedﬁrg uses the following network service primitiwe:
T H-DATA,

IPDUs_and paraseters used

The procedure uses the following TPDUs aand fieldss

1 CRy CC, DR and DC TPDUs:

-5

@ ITR is not necessarily a timer. There is no need for a
precise wvalue so we decide to use a counter of Ceassignment
trials,

If ¥ is the wmaxinum number of reassigment trials the mean
valae of this logical timer is K#¥2% {typical smetwork delay) .

After every T_DISCOBNECT indication the variable that indi-
cates the reassigament trials is dincremented and a I_COHNECT
request is sent. Reassigamesnt is considered failed when such
variable equals X. When a valid TPDU is received for the
transport commection the counter for reassignmeant trials is
reset to zero.
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2. RJ, AK and EA TPDUs3

- YR=TU-HR.

3. DT TPDU;

TPDU~-HE;
b, ED-TPDU
ED~-TPDU~HER.
Procedures

Copies of the following TPDUs shall be retaimed upon trans-
mission to permit their later retransmission: :

CR, CC, DR, BT and ED TPDUs

except that if a DR is sent in respomse to a CR TPDU there is
no need to retain a copy of the DR TPDU. : ~

After each TPDU is acknowledged, as shown iam ¥Fig. 11, the cop§¢;; 14

need aot be retained. Copies amay also be discarded when the
transport connectiocn is released.

T > T D S > D D > 25D VD T S S G 4D e < = o s D G RS LD D Y U LD D UD D

RETAINED TPDU RETAINED UHTIL ACKHUOWLEDGED BY
aTPDﬁ '
CR CC, or E8 TEDU
DR DC, or DR {in case of collision) TPDU
cC RdyDT,AK,ED TPDUs
b AEK or BJ TP3U for which YR-TU-NER is

greater than TPDU-HR in the DT TPDU.

ED EA Tppd for which the IR-TU-NR is
equal to ED-TPDU~NR in the ED TPDU.

DD D D D T T D T D D D D R R R W T D U S D R R s e S - D R D U P D D T A D T O D D D D D G R D e < T

-

Fig., 11, Acknowledgenent of TPDUs
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3. 114 Besyachzonization

Purpose

The resyachronization procedures are used is Class 3 to restore
the tramsport coanection to normal after a reset or disconnect
signalled by the HS~-provider.

Network service pripitives

The procedure makes use of the following network service primi-
tive:

1o H=RESET indication.

TPDUs and parasmeters

The procedure uses the following TPDUs and paranmeters:
1o CR, DR, CC and DC TPDUs
2 BJ and EA 9PDUs:
Y8-TH-HR.
3. DT TPDU;
TPDU-HR
4, ED TPDU;
ED TPDU~HR.
Procedure
A tramsport eatity which is sigaalled of the occurrence of an
NS-provider generated reset or disconnect shall carry out the
active resynchronization procedures saless any of the followiag

holds:z

1. the traansport entity is the responder and the error was a
signalled discbanect {see %)

24 the tramsport entity is waiting for the T-CONNECT response.,
3. the tramsport entity has elected not to reassign.
If either {a) or {b) {or both) hoid, the transport entity carries

out the passive resynchronization procedures. If {c) holds then
no resynchronization takes place.

S In this case it is the initiator's respomsibility to reas-
sign the conmection.
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Active resyachropization procedures

The first applicable ome of the following actions shall be
- taken:

1o if a CR TPDU is umacknowledged, them the tramsport eantity
shall retrapssit it.

24 if a DR TPDU is umacknowvledged, then the traansporit esmtity
shall retrcansmit it.

3. ptherwise, the tramsport entity shall carry out t%e data
resynchronization procedures.

Passive resyachromization proceduzes

The traasport emtity shall not sead any TPDUs until a TPDU has
been received. %hen one has been received, the transport emtity
shall carry out the appropriate ene of the followiamg actiouns,
depending om the TPDU:

1o if it is a DE TPDU, then the transport entity shall semd a
DC TeDU:

20 if it is a repeated CR TPDU then the tramsport emtity shall
carry out the actios which is appropriate from the KO&LGELBQ.

if a CC TPDU has already been sent, and acknowledged:
treat as a protocol €rror

if a DR TPDpU is uspacknowledged {whether or not a CC TPDU
is upnackmowledged): retransmit the DB TPDU, but setting
the source reference to zero;

if the T-COM¥ECY respomse has not yet been received from
the user: take mo actionm

otheryise; retransmit the CC _TPDU followed by any unac=
knowledged ED 7PDU and any DT TIPDU;

3a if it is am BJ TPDU them the first applicable ome of the
following actions shall be takems

if a DR TPDU is unackmowledged, then the transport entity
shall retransmit it

otherwise, the transport emtity shall carrcy out the data
resynchronization procedures .

Data Resyaschroamization Procedures

If a CC TPDU was unacknouledged, the RJ TPDU should then be
considered as ackaowledging the CC TPDU. If a £C TPDE was pever
. sent, the RJ TPDU should then be comsidered as a protocel error.
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The transport emtity shall carcy out the following actions in
the following order:s

1o traasmit BJ TPDU with YR-TU-HER field set to ! - TPDU-HR of
the next expected DT TPDU;

25 wait for the BJ TPDU from the other tramsport e: ity, usless
it has already been received; if a DR TEDU is eceived the
transport emtity shall send a DC, inform the T! user of the
disconnection and take no further action

3. {re)transmit any ED TPDU wmhich is unacknowledged,

4. {rejtransmit any DT TPDUs which are umacknowledged, subject
to any applicable flow control procedures®

5 if any duplicate ED TPDUs are received, the transport entity

shall acknowledge them with an EA TPDU and then discard the
duplicated ED TPDU.

3-1.15 Bultiplexing and demultiplexiag

Purpose

The maltiplexing and demultiplexing procedures are used in
classes 2 and 3 to allow several transport comnections to share a
network consction at the same tiase.

IPDUs and parameters used

The procedure makes nse of the following TPDUs and parameters:

1a cC, DR, DC, DT, AK, ED, EA, BJ and ER TPDUs

DST-REF
Procedure *

The tramnsport emtities shall be able to send and receive on the
same network connection TPDUs belonging to different t¢ramsport
connections.

6 It is @not necessary that the retransmitted DT TPDUs be
exactly the same; in fact becouse of concatenation a differ-
ent segmentatiom <can be auseful {see second part Procedure
Transait) .
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When performing demultiplexzing the transport comnection to
which the TPDUs apply shall be distinguished by the DST-REF
parameter except im the case of a CR TPDU.

Multiplexing allows the concatenation of TPDUs belonging to

different traamsport <conaections to be transferred in the sasme
H-DATA primitive.

3716 Ezxplicit Flom Control

Purpose

The explicit flow coantrol procedure is used to regulate the
flow of DT TPDUs indepemdently of the flow comtrol in the other
iayers.

TIPDUs_and parapeiers used

The procedure makes use of the following TPDUs and parameters:
1. CR, CC, AK and BJ TPDUs
CDTa
2, DT
TPDU-HRa
3. AK and BJ TEDUs
¥8-TU-KR.
Procedures

The procedures differ in differemt classes. They are defimed in
the clauses specifying separate classes.

e e i e I T R AT DD W

Purpose

This procedure is used in order to prevent re-use of a refer-
eace while TPDUs associated with the old use of the reference may
still exist.

Procedure
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Hfhea a transport entity deteraines that a particular conamection
is released it shall place the reference which is allocated to
the conpection in a frozenm state. UWhile frozem, the reference
shall not be re-used.

Freezing of the reference is always performed im OSIRIDE

network because it is dmplicit in the mechanism that allo¥s a
circular reuse of the references.

3-1.18 ZIreatsent of protocol ecrors

PHIVQOSG

The procedure for treatment of protcol errors is used in all
classes to deal with imvalid TPDUs.

After a protoccl error the OSIBIDE Transport Eantity shall tran-
smit an ER TPDU containing the invalid TPDU and freeze the refer-
ence.

The receiver of am ER TPDU signals it to the LHE and freezes
the reference.
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Fige. 12 gives an overview of which procedure eleseats are
included in each class.

PROCEDURE CROSS REF Cl. 2 Clo

3
k3 k| ] k] | E ]
2 { 3 2 & 2 2
L 8 H ¥ L] ] |
| Assigoment to N-C { 3.1.1 i ] = ‘3 % i
b + % 3 # |
i TPDU Transfer ] 3.1.2 ] | & B & ]
§ + &+ 4 4 3
| Segmentimng & Reassembling I 3213 i i & | *® ]
1 3 B, 8 N r ]
g E | | | 4 | @
| Concatenation & Separation | 3.1.4 ] i & I ® }
1 Y 1 5y 8 §
g ] £} | v R |
| Connection Establishment 1 3.1.5 | i L i % 1
3 ) 2 5 ) 2 &
g 3 ] g ] U
} Coanection Refusal ] 3.9.6 ! i 2 i & |
F £ i 4 ¢ 4
} Horsal release ] 3.1.7 | i & i % i
F —— | i $ |
1 Error Release i 3.1.8 | | ® i }
3 ] 3 i 4 3
& E ) T 7 k|
] Association of TPDUS with TC] 3.1.9 i i ® i % i
i : b | 3 E ]
& ) ] | ] R |
} DT TPDU Numberiag 1 3.1.10 i } 8{1) |} % |
+ % 1 4 ¥ 4
] Expedited data transfer ] 3111 } | (1) | % ]
i " 4, 2 L3 E] r
& 3 L B  } 9 L
| Reassiganmeat after failure | 3.1.13 i i | % §
3 ) 1 A 2 4
& ) ] 1 E | L | R ]
] Retention until Ack. of TPDU} 3.7.14 i | i & i
1 2 i s A 2
¥ L | ] ] ] k|
| Resymchromnisation | 3.1.15 i ] | # }
F + 4 % 4— 1
j Hultiplexing and ] 3.1.16 i i % i & i
| demultiplexing i i i i ]
& $ 4 § $ |
§ Ezxplicit flow control 1 3.1.17 i 1 L ] # 3
] 2 A ¥ 1 B g
& E | 4 a & 8
] Ro Explicit flow control | 3117 i | & i i
¢ $ § £ + 4
§ Frozen references ] 3.1.19 i i i L |
4 4 4= 4 ' o 4
j Treatment of prot. Errors ] 3.1.23 | i & i & ]
3 A 2 B - B
Fig. 12- Element of procedure

- Key to Fig. 12:
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1.  * Procedure always included in class

2. (1) Fot applicable im class 2 vhen no use  éf'exp1icit flow
control is selected.
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5.0 _SPECIFICATION FPOR CLASS 2 - BULTIPLEXIBE CLASS

5«1 PUECTIOHS OF CLASS 2
Class 2 provides tramsport comnections with or without individual
flow control - no error detecticm or error recovery is provided.
If the network resets or clears, the transport connection is
terminated without the tramsport release procedure apnd the
TS-user is imformed. .

When explicit flow control is used a credit mechanism is
defined allowing the —receiver to inform the sSender of the exact

amount of data he is willing to receive and expedited data trams-
fer is available.

5«2 PRBOCEDUBES FOR CLASS 2

5.2.1 Procedures applicable at all tises

The tramsport entities shall use the following procedures:

1= association of TPDUs with transport connection (see 3.1.9):
2» IPDU tramnsfer {see 3.1.2);

3. treatment of protocol errors (see 3.1.18) ;

U concatenation and separation {see 3. 1.4);

5. error release {se2 3. 7.8).

additionally the +transport entities may use the followiag
procedures <

1= Bultiplexing {see 3.1.15)-

#hen the no-flow control option is selected the OSIRIDE trans-
port entity shall not use multiplexing even if it is allowed.

50 2.2 Connection establisheeant

The tramsport entity shall use the following procedures:

Te assigament to netwmork conmection (see 3.1.1); then
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2e connection establishment (see 3.1.5) and, if applicable
connection refusal {see 3.1.6).

5.2.3 Data transfer mhes mon use of explicit flow comtrol bas
been_ selected

If this optiom has bees selected as a result on the commection
establishment, the transport entities shall use the segmentiag
procedare {see 3.1.3). ,

The TPDU-HR field of DT TPDUs is not significaat and may take
any value.

Expedited data tramsfer is not applicable {see 3.7.11) .

If the owner of the Hetwork connection is an OSIRIDE traasport
entity it shall not use multiplexing.

S¢2-3-1 Data transfer when sse of explicit flow comtrol has been
selected

The semding traansfer emtity shall use:

1- segmenting {(see 3.1.3): then

2o DT TPD¥ mumbering {see 3.1.10):

The receiviang transfer entity shall use:

1o DT 7PDU numbering (see 3.1.10); if a DT TPDU is received
wvhich is out of seguence it shall be treated as a protocol

error) ; then

2, reassenbling {(see 3.1.3).

80 2o 3-2 Flow control

The tramsport entities shall send ap initial credit (which Bay be
0) inm the CDT field of the CR or CC TPDU. This credit represents
the imitial value of the mpper window edge allocated to the peer
entity.

The transport entity that receives the CR or the CC TPDU shall
consider its lover window edge as zero, and its upper window edge
as the value of the CDT field in the received TPDU.

In order to aathorize the transmission of DT TPDUs, by its

peer, a kransport eatity may transmit am AK TPDU at amy time,
subject to the following constraints:
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1o the YB-TU-HR field shall be one greater (modnlo 128) than
the TPDU-BR field of the last received DT TPDU or nmust be
zero if no DT TPDBU has been received;

2o the YR-T0-HR field shall not be lower tham +that im the
previously semt AK TPDU, or lower than zero modunlo 128 if no
B¥K TPDUs have been sesni:

3. the sum of the YR-TU-HR and CDT fields shall not be lower
than the upper wiadow edge allocated to the remote entity.
This means that credit reductioa is not applicable.

4 traasport entity which receives an AK TPDU shall consider the
YR-TU~-HR field as its new lower window edge, and the sum of
IB-T0~-NR and CDT as its new upper window edge. If either of these
have been reduced or if the lower window edge has become greater
than the TPDU-HR of the last tramsmitted DT TPDU, this shall be
treated as a protocol exror {see 3.1.18).

A transport entity shall aot send a DT TPDU with a TPDU~NR
outside the transmit window.

This means that a transport entity is reguired to stop sending
if the TIPDU-HE field of the next DT TPDU which would be sent
would be the upper window edge. Sending of DT TPDU may be resuned
if an AK TPDU is received which increases the upper window edge.

The rate at which a transport entity progresses the upper
window edge allocated to its peer entity constrains the thromgh-
put on the tramsport comnection.

52033 Expedited data

ED and EA TPDUs are aok subject to the flow control procedures in
section 5.2.3.2. The ED-TPDU~-NR and YR-TU-NR fields of EL and EA
TIPDUs respectively are not significant and may take any value.

5.2.4 Release

-

The iransport entities shall use the release procedure in section
3. 17w
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6.2.3 Data Traasfer

The sending transport entity shall use the following procedures:
1e segmenting (see 3. 1.3): then

2a DT TPDU numbering (see 3.1.10); after receipt of an RJ TPDU
{see 3.1.14) +the next DT TPDU to be sent may have a value
vhich is not the previous value of TPDU-NR plus one,

The receiving tramsport eantity shall use the followiag proce-
duressz

Te DT TPDU numbering {see 3.1.10): the TEDU-NR field of each
received DT TIPDU shall be treated as a protocol ecrror if it
exceeds the gJreatest such value received in a previous DT
TPDU by more than ohe;

2w reassembliang (see 3.1.3); duplicated TPDUs shall be elimi-
nated before reassembling is performed.

60203-1 Use of EJ TPDU

A transport eatity may send am BJ TPDU at amy time in order .to
invite retransmission, OSIRIDE tramsport estity will never use
RJ to reduce credit even if it can accept a credit reduction.

When an RJ TPDU is sent, the following comstraints shall be
respected:

1e the YB-TU-NR parameter shall be at most ome greater than the
greatest such value received in a previous DT TPDU, or shall
be zero if o DT TPDU has yet been received;

2 the YR-TU-NBR parameter shall not be loser tham that in the
previously sent AK or BJ TPDU or lower than zero if nmo AKX or
RJ TPDUs have been sent.

When a tranmsport entity receives such an RJ TPDU :

T the mext DT IPDU to be tramsmitted, or retransmitted, shall
be that for which the value of the TPDU-NR parameter is equal
to the value of the YR-TU-HR parameter of the RJ TPDU:

24 the sum of the values of the YR-TU-NB and CDT-parameters of
the RJ TPDU becomes the new upper window edge

An BRJ TPDU can also be sent as part of the resyachromnization
{see 3.1.174) and reassignment after failure (see 3.1.14) proce-
dures.

The YBR-TU-NR parameter shall be egual to the TPDU~-NR parameter
of the next expected DT TPDU.
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6ods3deo2 Flovw coatrol

The procedures shall be as defined in sectiom 5.2.3.2, except
thats

1s receipt of a DT TPDU with a TPDU-NR parameter whose value is
not, but would have been for a credit reductiom, less than
the upper wimdow edge allocated to the remote entity, shall
not be treated as a protocol error.

2. the fact of seanding a RJ TPDU implies that all the AK TPDUs
eventually created but aot yet sent are discarded.

An AK TPDU with am YR-TU-NR field smaller than a precediag 8J is
a protocol error.

6s203-3 Ezpedited Data

The sending tramsport entity shall not allocate the sane
ED-TPDU-~¥R to successive ED TPDUs.

The receiving transport entity shall transmit am EA TPDU with
the same sequence number ip its ED-TPDU-NR field. If, and only
if, this number is differeat from that of the previously received
ED TPDU, it will gemerate a T-EXPEDITED DATA indicatiom to convey
the data to the IS-user.

No other significance is attached to the ED-TPDU-ER field. The
values in OSIRIDE tramnsport will be comsecutive modulo 128. This
procedure easures that the TS-user does not receive data corre-
sponding to the same ED TPDU more than once.

6-2-4 Belease

Thektraasport entities shall use the release procedure described
in sectiom 3.1.7.
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Fig. 13 specifies those TPDUs which are valid for each class and
the code for each TPDU

1/7777777777777777777 | validity uithin classes | Code |
V//770777777/77777777/) == =os oo osessecosssssscooscseo- !
/77777777777 27/774777 1 2 I 3 V7777777771
|CR Connection Request] x 1 x 1 1170%axx g
|CC Comnection Contiral x 1 x 1 1101xxr |
\0F Discomnect Reguesti X 1 X 1 10000000 |
10C Discomnect Confizal X 1 % 1 11000000 i
10T pata 1 x 1 x 111110000 4
|20 Expedited Data 1 W 1 X 1 00010000 |
Ak pata 1 w1 x 1 o1toxxex |
] Acknoyledgenment ] i i |
|EA Bxpedited Data 1 ME 1 X | 00100000 |
1 Acknovledgenent | { i I
183 meject 1Y T oo
355’5555'22232 """" '{'°""’§"""I""'E""I'E?IJBSEB’E
Fig. 13- - TPDU codes

Key:

XXXX (bits 4-1): used to signal the credit

N.F. Not available when the non explicit flo® control option
is selected.
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7-2 STRUCTURE

- A1l the tramsport protocol data units (TPDUs) shall contain an
integral number of octets. The octets in a TPDU are numbered
starting from 1 and increasing in the order they are pat imto an
N5DU. The bits in an octet are numbered froe 1 to 8, where Lit 9
is the low-ordered bit.

Whea comsecutive octets are used to fepresent a binary mumber,
the lower octet number has the least significant value.

When the encoding of a TPDU is represented using a diagram in
this clause, the following representation is used:

1o octets are shown vith the lowest numbered octet to the left,
higher aumbered octets being further to the right,

20 within an octet, bits are shown with bit 8 to the left and
bit 1 to the right.

TPDUs shall contain, in the folloving orders
1. the header, comprising:
the leagth indicator {LI) field:
the fixed part;
the variable part, if present:
2 the data field, if present.

This structure is illustrated below:

octet 1 2348 ...n n+ 1 sws P p¢1 end
) k]
; LI ; fixed part | vaciable part ; data field i
[ B 2 & 3
sTemeees——esswsoe=  header e-eccccc=e -

7 2.1 Lemgth imdicator field

D e R U G ST D D <15 S

This field is contaimed inm the first octet of the TPDUs. The
length is indicated by a binary number, with a pmaximum value of
254 (1111 1110). The length indicated is the header length in
octets including parameters, but excluding the lemgth indicator
field and user data, if any. The value 255 (1111 1111 is
reserved for possible extensions.
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7-2-2 Fixzxed part

General

The fixed part contains frequently occuring parameters imclud-
ing the code of the TPDU. The length and the structure of the
fized part are defined by the TPDU code and im certain cases by
the protocol class in use defined by bits 5 to 8 of the secoad
octet of the header.

ITPDU_code

-4

This field contaims the TPDU code and is contained in octet 2
of the header. It is used to defise the structure of the remain-
ing header. This field is a full octet except im the following
cases:

1116 XXxx Connecting Reguest CR
1101 XxXX Connection Coanfica cc
0101 XXXX  Beject RJ
0110 xXXXX Data Acknowledgesment AK
vhere XXXX (bits 4-1) is used to signal the CDT.

dny other bit pattern may be used to define a TPDU code.

7-2.3 JVariable part

The variable part is used to define less frequently used parame-
ters. If the variable part is present, it shall contain one or
more parameters. The npumber of parameters that may be contained
in the variable part is indicated by the length of the variable
part wvhich is a LI minus the length of the fixed part.

Each parameter coatained within the variable part is coded as
follous:
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Octets Pommememe=—e - -+
n=1 { Parameter Code i

G e 2 2 0 o - - .

n=2 i Parameter length i

i Indication {e.g. “m%) i

G 1 1 e e e B

n-=3 i Parameter value i

i l

e 2 2 2 2 D D D > o 4 0 +

OSIRIDE tramsport layer when isserting parameters in the vari-
able part shall use the order givem in the £following sectioas,
but it shall accept them inm any order when receiving. If any
parameter is duplicated the later value will be used.

A parameter not defined im OSIRIDE shall be:

ignored in CR and DR
treated as a protocol error in all other situatioms

Paranmeters with bites 8 and 7 equal to 00 are only OSIBRIDE inter-
nal use.

7. 2.4 Data_ field

This field contains transparent user data. Restrictions o1 its
size are noted for each TPDU. It is not used Ly OSIRIDE im CR,
CC, DB; if present in such a received TPDU it will be ignored.

73 COEEBECTION BEQUBST (CR)

The length of the TPDU shall not exceed 128 octets.

Structure
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1 2 3 4 5 ] 7 8
P
povfpocccnes e Prmemoncnes = e e e Pomommmo
-4
o i } i |
i
jLI}] CR CDT} DST REF § SRC-REF | CLASS |VYARIAB.
i
1§ 11106 ] 00060 G00G- 0000 000D | j OPTIOH | PART
i
I ] ] ] H
i
. et e T Ty DR 1Sy
-$
731 LI

See section 13.2.1s

7-3-2 PFized Part_ (Octets 2 to 7)

T T i R R DD D B D T B D D A TSRS G

The structure of this part shall contains

1. CRB: Conmection BRegquest Code:s 1110. Bits 8-5 of octet 2
2e CDT: Imitial Credit Allocatiom. Bits 4-1 of octet 2.
3. DST-REF: Set to zero

4, SRC-REF: Reference selected by the transport entity initiat-
iag the CR . TPDU to identify the requested transport

connection

5. CLASS and OPIION: Tramsport Protocol class to be operated
over the requested Transport connection. This field may take
one of the following values:

0010 class 2
0011 class 3
The CR TPDU contains the first choice of class ian the fixed
part as above. Second choices are not foreseen, only class 2 with

flow control as an answer to a class 3 request is allowed. vari-
dble part if required.
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Bits 4-1 of octect 7 are reserved for option to be used on the
requested transport connectios.

The use of bits #-1 is as follogs:

BIT CPTIOHN
4 0 always
3 0 always
2 0 always
1 ¢ use of explicit flow control

in class 2
no use of explicit flow control
in class 2

wnds

The connection establishment procedure doesn®t allow to request
the use of transport expedited data transfer service and Bo use
of explicit flow comtrol iam class 2,

7-3-3 Variable part foctets 8 to_p}

The folloving parameters are in the variable part; OSIRIDE Trans-
port ahll use all of them when coding the CR TPDU.

1. Transport Service Access Point IDentifier =ISAP-ID- ({manda-
tory)

Parameter code 11000001 for the identifier of the
calling TSap.
11000010 for the identifier of the
called TSAP.
Parameter leagth: two octets
Parameter value: identifier of the calling or called
ISAP respectively

If a TSAP-ID is given in the Feguest it may be returned in
the coafirmation,

2w TPDU size (optional)

This parameter defimes the proposed maximum TPDU size (in
octets including the header) to be used over the requested
transport connection. The ITAPAC (Italian X.25) supports
actually omly 128. The coding of this parameter is:

Parameter Code 11860000
Parameter length: 1 octet
Parameter value field
00000111 128 octets (always in OSIRIDE release ose)

Structure and Encoding of TPDUs 59 7 163




OSIRIDE iaternal use omly

3o versiom nusber {optiocnal)

Parameter code 1100 0100
Parameter lemgth: 1 octet
Parameter value £ield 0000 G001

Default value is DBO0O0 D001

bo Throughput Parameter code: 10001007 (optiomnal)
Parameter Length 12
Parmeter Value
ist 3 octets

89 ve $8

Target value, calling-called
gser direction

Hin. acceptable, calling-called
user direction

2nd 3 octets

88

3cd 3 octets ¢ Target value, called-calling
user direction
4th 3 octets : Hin. acceptable, called-calling

user direction
Values are expressed in octets per second.

5+ Additional option selection {optiomal) Used to ask the expe-
dited service

1100 0110

1 octet

1 use of Traansport Expedited
0 no of Transport Expedited
1

Parameter code
Parameter Length
Paraneter value

6o go 88

default value

6o Echo BRequest {optional) Used omly in CR TPDU.

Parameter code s 0000 6001
Parameter Length 2 1
Parameter value 2 0 not requested

1 not reguested

default value 4]

This parameter indicates whether this CR TPDU has to used to
preforms an eco service (see second part global interface).

7. OSIRIDE like {optiomal) Used only im CR TPDU.

0400 B8O

1

0 I am OSIRBRIDE
|

Parameter code
Parameter length
Parameter value
defanit value

g6 08 09 g8

This parameter indicates vhether an entity is or not OSIRIDE.
It gives significance +to OSIRIDE Version number and Echo
reguest parameters.

8o OSIRIDE version nunber (optiomal) Used oanly in CR TBDU.
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Parameter code s 0BO0D o119
Parameter length 2z 1
Parameter value = D000 0001 for OSIRIDE version 1

This parameter indicates the version of the CSIRIDE softvare.
7.4 COBEECTIOE COBFPIRH {€C)

7831 Structure

T i S S

1 2 3 4 5 6 7 8 p

I e B e S D

| H ] i
| SRC-REF | CLASS | VARIABLE |
] ] OPTICN |  PART |
e e 1 — b= e - +

+

J ] ! i
| LI J CC jCDT | DSTI-REF,

! 11101] !

; +

7o8.2 LI

See Section 13. 2. 1.

7-8.3 Fizxed Part_ {Octets 2 to 1)

D R b R 2D i < v

The fizxed part shall contain:

a) ¢c¢ 3 Connection Confirm Code: 1101. Bits 8-5 of
octet 2.

b) CDT 2 Initial Credit Alloccaticn. Bits 4-1 of octet
25

c) DSTI-REF: Referemnce identifying the requested * trass-
port conmection at the remote transport
entity

d) SRC-REF: Reference selected by the transport entity

initiatimg the CC TPLU to identify the
confirmed transport connection.

e) CLASS and OPTION: Defines the selected traasport protocol
class and option to be operated over the
accepted transport conmection according to
the negotiation rules specified in section

Dw e B @
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7-8-8 Yariable Park {Octst 8 to_p)

<D i o S T S T S D S E G U £ S T S 1

The parameters are defimed in section 7.2.3 and are subiject to
the constraints stated in section 3.1.5. Parameters ruled out by
selection of am alternative class and optiomn shall not be pres-
ent.

7.5 DISCOBHECT REQUEST (DR)

7-5.1 Structore

1 2 3 4 5 6 7
Foccmpomecccocon Prmmmnmm o pommmemen— e +
| ! i ! i ! ! !
} LI} DR | DST-REF. | SRC-REF | REASON |}
! 11060 000Gy ! | i | ]
pommmprm e~ Fmm o - e s St R 4

70 5'2 H

See Section 13.2.1,

7-5.3 PFizxed Part {Octets 2 to 7)

The fixed part shall contain:

a} DR s Disconnect Bequest Code:z 10060

b) DST-REF: same as in secticn 7.3.3.

¢) SRC-REF: same as in section 7. 3. 3.

d) REASON : Defines the reason for disconnectiag the transport
connection. This field shall take one of the follow-
ing values:

The following values may be used:s
1} 128 + 0 - Normal disconpect imitiated by session
entity
2) 128 + 1 ~ Remote transport entity congestioa at
connect request tinpe
3 128 ¢+ 2 - Copnection negotiation failed (i.e.
proposed <c¢lass{es) not supported or
parameter not agresd)
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By 128 + 3 - Duplicate connection detected
5) 128 + 4 - Hismatched references

6) 128
7) 128
8) 128
9) 128
10) 128
11) 128
12) 128
13) 128
14)
15)
16)
17)

L S

P

5 -
6§ -
7 -
8 -
9 -
10~
11-
12-
0 -
1 =
B7 -
%3 -

Protocol error

Destination Session not available
Reference overflow

Connection request refused on this
network conaection

Hot used

Header or parameter length iavalid
Session protocol exror

Echo answer

Reason not specified

Congestion at TSAP

Session entity not attached to TSAP
Address unknown

Reason parked with an asterisk (*) may be reported
to the TIS-user as persistent, other reasons as tran-

sient.

7.6 DISCOHBECT COBFIBRE (DC)

7-6-1 stracture

The structure of DC TPDU shall Le as follous:

1 2 3 4 5 6
e e o e —— +
] i ! ] i i i
} LI |} bC { CST-REF. | SRC-REF |
| 11100 00301 } i I H
b m - bt — fom mm———— +
7o 6.2 LI

See section 13.2.1.

7-6.3 Fized Part {Octets 2 to 6)

R e S < A RS

The fixed part shall contain
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a) IC : Disconnect Confirm Codez 110§
b) DST-REF: same as is sectiom 7.3.3.
¢} SRC-BEF: same as im section 7.3- 3

Jo7 DATR {DT)

7-7-71 Structuce

S o oot e x-S

1 2 3 4 5 p
e e prmccme e P %
§ ] DT ] | § TPDU~-HR | i
j] LI §1100 000G} DST-REF. | and EOT |} USER DATA i
i i ! § i i i i
+ +

- D o i > S > > > s P B > > > o > < w40 = > G

See section 13-2-1-

7.7.3 Fized part

The fixed part shall contain:

aj) DT : Data Traasfer Code: 1111
b) DST-REF: same as in section 7.3. 3.
c) EOT = Hhen set to (ONE, indicates that the current DT TPDU

is the last data unit of a complete DT IPDU seguence
{End of TSDU). EOT is bit 8 of octet 5 .

d) TPDU-NR:2 TPDU send Seguence FRusber, may take any value inm
Class 2 uwithout explicit flow control. Bits 7-1 of
octet 5,

= e i i

This field contains data of the <TSDU being transsmitted. The
length of this field is limited to the negotiated TPDU size for
this trassport conmnection minus 5 octets.
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7.8 EZXPEDITED DATA (ED)

The ED TPDU shall not be used in class 2 wshen the no explicit
flow control option is selected.

7-8.71 Structure

T i e D s S S

1 2 3 4 5
e e e e iatt TS
i | ED i i JEDTPDU~-NR] USER |
} LI §91060 0060) DST—-REF. { and EGT | DATA |
s T T e T e pommmm= +
7-8-2 LI

S5ee section 13.2.1.

7.8-3 gizxed Pact

The fixed part shall coantain:

a) ED s Expedited Data code:z 0001

b) DST-REF : same as in sectiom 7.3.3.

c) ED-TPDU-NR: Expedited TPDU identification anumber (used in
class 3; may take any value in Class 2). Bits 7-1
of octet 5.

end of TPDU always set to 1 (kit 8 of octet 5).

b

d) EOT

7-8.4 User data field

e

This field contains an expedited TSDU {1 to 1€ octets).
7.9 DATA ACEROHLEDGEHEBHET (AK)

This TPDU shall not be used in c¢lass 2 when the no explicit flow
control option is selected.
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791 Skructure

i 2 3 1t 5
frmmefpmmn oo fommm - - R e T ¥
i LI | AK CDT | DSTI-REF | IR-7T0~-HR |
| 1 D110 i { i
T it TR = o o frommmm———— #
T7s92 LI

See section 13. 2.1

7-9.3 Fixed Part

S v e S o S

The fixed part shall contain {in octet 2 to 5 the followiag
parameterss

a) AK : Acknowledgemeat code: 0110
b} CDT s Credit VYalue. Bits 4 to 1 of octet 2.
¢) DST~-REF : Same as im Sectionm 7.3.3-

Sequence number indicating the next expected DT
TPDU nunmber.

d) YR-TU-HR

7. 10 EXPEDITED DATA ACKHOBLEDGEHRENT (EA)

This TPDU shall not be used for Class 2 vhen the no explicit flow
control option is selected.

7= 1.1 Structure

1 2 3 ) 5
LTt T
IR EB i i | i
j §0090 0664] D5T-REF. JYR-TO-HRBR |
pmmmmg mw o m—— o fem e pormcemmeoe 4
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7.10.2 LI

See section 13.2. 1.

7. 10.3 Pixed Part

The fixed part shall contain (in octets 2 to 5):
a) EA : Acknowledgement code:z (010
b) DST-REF : Same as in Section 7.3.3.

c) ¥R-TU-NR Identification of the ED TPDU being acknowledged.
May take may value in Class 2.

7-11 REJECT (RJ)

The RJ TPDU shall not be used in Class 2.

7.11-1 Structure

&4

1 2 3 4 5
e TS b m—————— L +
! LI | BJ CDT | DST-REF | YR-TU=-NR |
] I 0110 l § ] !
i . foemrcmenen e ——
7-11.2 LI

See section 13.2.1.
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The fixed part shall contain {in octets 2 to 5)

a) RJ : Reject Code:z 0101, Bits 8-5 of octet 2

b) CDT
c) DST-REF
d) YR-TU-HNR

Be se b

Credit Value., Bits #4-1 of octet 2.
Same as in Sectionm 7.3.3.
Sequence nupber indicatimg the mext expected TPDU

from which retransmission should occug.

7. 12 <TPDU ERROR (

7. 12-1 Structure

EB)

1 2 3 4 5 6
e et freeoeecnoe trmovocass fommnswooes +
i LI | ER i | Reject § Variakle |
| 10111 0008] DST-REF. ] Cause i Part j

i H }

| ! ]

froremfeomacmene e oo een e oo o e o o e s o w

7o 122 LI

See section 13.2.1

7o 123 Fized_ Part

. The fixed ?art shall contain:

a) ER 3
b) DST-REF H
¢) REJECT CAUSE :

Structure and Enco

TPDU
Sane
5000
000C0
0000
0000

ding

Error Codez 0111

as ia section 7.3. 3.

0000 Beason not specified
0001 Invalid parameter code
0010 Invalid TPDU type

0011 Invalid parameter valae
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7.-12.5 Yariable Part {Octets 6_to the end)

The variable part may contain the following paraseters:

a) Invalid TPDU
Parameter codez 1100 0001

Paraseter Value Field:

Contains the bit pattern of the rejected TEDU up to aad imclud-
ing the octet which caused the rejection.
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320 IETRODUCIIOE

The first part of the document informally describes the traamsport
layer.

The OSIRIDE project 1is extremely hetereogemeous; it will enable
the linking of differeants cosmputers - operating systems and
computers froam differemt manifactures - and it will probably be
implemented by different teams {i.e. one per computer manifactur-
er) . Therefore the implementation specifications must be
extremely detailed, unambiguous and above all cover univocally
the entity as a whole - protocol, management and imterfaces.
These are the reasons why in this second part we give a more
detailed description of the entity, data structure, interfaces
and some algorithas.
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2.0 INTEREAL LAYEB®S STRUCTURE

From a fuanctional point of view the Transport Entity is formed
by:

- monitor
- global *G® machine
- instances of a 'T? FSH

- instances of a 87 ESH.

E |
{ Honitor |
8 k|

5 dmew dow 25
W o G gl dome
o ey Guns od

g 3 &
{ ¥ HMachine j | 1 Machine
4. "] 2

] [ ] k]
} |} G Machine }

8 g 4

Fig. 14, Transport layer structure

2.1 HOBITOR

Honitor Functiomalities are:

- initialization and close down of the emtity

- panaging communication pipes

- managing common resources:buffers, memory, data blocks etc.
- scheduling of FSHY om the basis of input messages

- initialization of tramnsport and network comnection data
blocks : :

- linking and unlinking of TCDBS to NCDBS

From an implementation point of view part of these amomitor
functions may be centralized in a 'Honitor Hodule? while the
other part, particularly those related tc¢ imitialization of
transport and netmork conaection data blocks and -to interactios
between the FSH can be given in the form of FSHM callable moaitor

- primitives.
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2.2 G-HACHIER

‘The global machine pmanages messages froa/to LHE. The events it
has to manage are:

- data collection messages
- echo request/indication
- alacrm messages

It can interact with other FSH, for instance Alars sending is a
procedure invoked by a T or ¥ Machinme.

2.3 BE-BACHIRE

The ¥ instances of N-machine every of which is linked to a HCDB
data block manage events related to network conpections.

Every imstance of N-machine is linked to the X instapces of
T-machine related to transport cosaasections sultiplexed over that
petwork comnection. The HN-pachine functionalities are the
nanagement of events related to networkx comaections:

- events from/to metwork layer

- events from/to T-machine

2.4 T-HACHIER

The H {(H>=H) instances of T-machine, everyone of vhich is linmked
te a TCDB data block Banage events related to tramsport
connection. Every imstance of T-machime is 1linked to the
instance of HN-machinme over mhich it is multiplexed. The T-ma-
chine functionalities are the aanagement of events related to
transport coanmections:

- events from/to transport user

- time out eveats
- end to end eveats (interfacing to peer entity)
- events froamsto N-pachine

The N-machine and T-machine fumctionalities are sueparized in
the following figure. ,
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Fromm————————l Frmemem——1

{1 TCDB |} { HCDB §

 S— [ —

| I

gr— g

l { i i
Transport| ] i i Networ
& ] ! i !
User => | } <=Interface events => | i <=Layer
Hessage | T i i H i Bessag
es i | ] i

| i | {
TeCa=> | ] i i
Timer ] i i i
7 ] i { i

[ ——— | IS— |

7 Supervisory timer on DR TPDU (TS2), supervisory timer on CR

TPDU {(TS1) or Time to wait for reassignment (TER).
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3.0 _BRCZIVATION ABD DBERCIIVATION OF TBAESPORT EETITY

The procedare for activating/deactivating OSIRIDE compunication
softyare will be described in LHS Specifications; the aim of this
paragraph is to describe the transport interface with LHS related
to activation/deactivation and the action taken by traasport
entity when sending/receiving these messages/commands.

Initialization-0K message

From transport to LHE. Transport whem activated supposes that
all global areas have already been initialized by LHS.

It initializes its own areas, sends this imdication and waits
for the %work¥ message to enter the maintenamce phase.

Hork conmand

Fromr LHS to traamsport. Transport enters its maintenance phase.

Befuse new_compections command
From LHS to transport

After having received this coamand transport will refuse all T
connect reqguest, H-connect request and answer DR to all inconring
CBSa

BXIZ command

Prom LHME to tramsport; whem <receiving this commaad traamsport
disconmects all eveatually open comnections aamd deactivates

itself.

The command should be used only after the ¥refuse nev
connections®” and after havipg verified that mo more connections
are active ({(using the ™Data collection command® for instance or
an explicit indication from tramnsport) so realizing a soft close-
do¥n.

Anyvay, it cam be used alsc for a hard closedown.
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8.0 _IBTEBRFPACE LOGICAL STRUCTURE

The transport entity structure has been thought as divided into
several fumctional machines for the purpose of managing the local
interface protocols as well as the end-to-end traasport protocol.

Thas the managemeat of the layerl/layer3 interface protocol
{(vith regard to the network commection establishment nmaintenance
and clearing) is performed by the H-pachine whilst the management
of the layerl/layer 5 interface protocol and the management of
the end-to-end tramsport protocol are performed by the T-machine.

Host of the commands and responses supported by the interface
protocols map ome to one with the network and tramsport service
primitives. Horeover other local fuamctions like 1local interface
flow control amd delivering of empty buffer credits to the trans-
port layer are supported by the interface.

An enable transmission/enable reception mechanisam is provided
at layer 4/layer 5 interface to apply flow control between trans-
port and tramsport user. Similarly an enable tramsmission/enable
reception is also provided at layer 4/layer 3 inmterface.

Class 2 with Flow comtrol and class 3 transport coamnections
will use a complete flow control based on interactions bhetween
local layer U4/layer 5 and end-to-end protoccl flow control mech-
anisns.

Class 2 without Flow control will use the network flow comtrol
and will map such flow control sith the backpressure mechanisn.

& 1 LAYER B8/LAYER S5 IBTERPACE.

8-.9-1 Layer 4/layer 5 establishment amd clearing comsands

L]

This set of commands regards the establishment and clearing phas-
es of single transport cosnections which can be dymamically
established across the transport layer/transport user interface.

Hore tham one transport connection can be established between
the same pair of transport addresses. The Beans by which a
session entity cam distinguish the tramsport-commection-eadpoints
-are provided at the time of comnection establishment by the
session entity itself in terss of TCEP-identifier. This identifi-
er has only local significance and will be mapped one to one with
the reference number provided by the tramsport layer. A "your
reference-ny reference” mechanisas will be used at this layer
-interface.
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The establishment phase is locally initiated by a sessioa enti-
ty reguesting a trassport comnection by means of a T-CONNECT
request command. This commpand, if accepted by the transport
layer, will cause the transmission of a CR TFDU onto a previously
opened network conmection. This network conmection could be an
already existing one on which multiplexing is still possible or a
ney network comnection just opened for this circumstance.

On reception and acceptance of the imcoming CE TPDU the remote
transport entity will notify the called session entity by means
of a T-CONHECT indication.

The called session entity may either accept this cosmand by
passing a T-COHNECT response across the interface or refuse the
connection by passing a T-DISCONNECT request. If a T-COHNECT
response is received the transport entity will form a CC TPDU and
¥ill send it &to the ipitiator tramsport eatity. Othervise, if a
T-DISCONNECT request is receiwed, a DR TPDU is formed and sent to
the ipnitiator tzamsport entity.

On reception of the CC TPDU the local traasport entity will
sepd a T-CONNECT confirm to the calling session entity and the
transport copmection establishment phase is thus completed.

The clearing phase of a traasport connectiom nay be initiated
during the data phase either by sessioan entity issuing a T-dis-
connect -request or by the local transport entity tramnsferring a
I-disconmect -indication across the ianterface.

The termination phase of the tramsport comrbectionm does aot

guarantee the delivery of data that precedes the traasport
connection clearing and not yet ackmovledged.

8. 12 Layer 4/ layer 5 imiterface £lo¥ conkrol

AL session entity sends data to tramsport delivering a buffer that
contains the TSDU. If tramsport entity has credits it sends it to
the remote eatity (eventually using segmemting function), other-
wise it waits for credits. As loag as the vhole TSDU is not tran-
spitted, the tramsport entity does not release the buffer; this
means that the session is disabled to transmission. The release
of the buffer is achieved by the enable tramsaission command.

The buffer will be structured in this way:
- pointer to next buffer {(®"nil® if last)
- buffer length
- data
At the receivimg side, Session enables transport to reception

delivering a buffer {where <reassembling fuactioa ¥ill be
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performed) by means of aa enable receptios command. Traansport
will give credits to his peer entity om the base of the tuffer
length.

Receiving TPDU's, the tramsport eatity will reassemble the
TSDU, delivering it after receiving the emd of T5DU without
releasing the residual free space of the buffer. Im this remain-
ing area, the tramsport entity will perform a new reassenbly
function of the subsegquent incominmg TSDU. If residual free space
is enough to contaim a new TSDU, traamsport will deliver it to his
user, othervise it will wait for new memory to issue other cred-
its and so on.

Initially the CDT value will be calculated as (session buffer
length divided by the TPDU length). If this credit is not suffi-
cient for the completion of a TSDU, other credits will be sent on
the basis of residuval area dimension; if this is less than one
TPDU length tham credit will be sent one by one until completion
of TSDU. If the buffer lemgth is not capable of coantaining a
coamplete TSDU, it would mean a session protoccl error and the
traasport comnnection should be closed with appropriate reason
code,

Coanversely, if the first TSDU were shorter than the Gtuffer
length, other N credits could then be issued if the remaining
free area is 2 (N*®*{TPDU length)).

Initially, T-connect-regquest and T-conmect-response primitives
¥ill give +transport entity a sufficient buffer area to receive
coanection protocol messages.

This buffer management is also able to identify the segapent~
ing/reassembling mechanisau,

4.3 Ackmouledgement mechanisas

S s M <~ -

It is recommended to adopt, when possible, also the following

acknowledgenent mechanisms. We send AK in the following cases:

1o for class 2 (with flow control) aamd class 3 transport
connections, every time it is possible to concatenate an
AK-TPDU (5 octets) in the residual free space of a NSDU.

2e for class 3 traasport connections after reception of more
than N DT TPDU without sending an AK {N is computed during
the comnectiom establishprent).

3. when an End of TSDU (EoT) is received.

Hote: In each of these cases the receivimng window will not
be changed.

R when the receiving window increases.
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t and_clearipg cosmands

- The coamands described in this section are:=
T-COHNECT request

TI=-COHNECT confirs

T-COUHUECT indication

T-CONHECT response

T-DISCONNECT request

T-DISCOBEECT indication

fle 8.1 T-COBNECT reguest

The tramsport user Teguest to establish a new tLtraasport
coanection. In the message carrying the reguest, the trassport
aser must specify the local and remote transport addresses, the
ICEP-identifer of the new transport conmnection and the guality of
service parameters.

The tramsport user shall grant a memory area to issue an
initial permission to receive. It means a better use of resources
while utilizing the CDT field of CR and CC TPDU’s,

When cost-saving is regquested the cheapest connection has to be
selected.

By meaans of the remote tramsport address, the tramsport entity
shall be able to find the corresponding metwork address in order
to provide a network cosnection with the remcte transport entity.

parameters:

TCEP-1ID
- Local-transport-address
- Remote~transport-address
- gos
throughpat {I->R)
throughput {(R=->I)
resilience
- Expedited data option

- cost-saviag
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- memory area for reception (Pointer, length)

8.1-8.2 T-COHHECY corfirs
The tramsport layer positive response to a previous T=CONNECT
request. This command will inform the trassport user that the
requested transport conmectios has been established. In the
message carrying the response the traamsport layer will specify
the local TICEP-ID of the T.C. (as previasly assigned by the
transport user by the T-CONNECT request command), the reference
number {as assigned by the traansport layer after reception of the
T-CONNECT request) and the negotiated values of the Q.0.5 parame-
ters and options.
paraneters:

- Tcep~id
- Reference-number
e QoS

throughput {i->R)

throughput (B->I)

resilience

- Expedited data option

The tramsport layer indicationm to the tramsport user notifying an
incoming transport connection request resulting from the recep-
tion of a CR-TPIDU,

In the message carrying the command the tramsport layer will
specify the reference number of the nev transport comnection, the
transport address of the remote tramsport user, the QoS parame-
ters as resulting from the CR-TPDU and the kiand of netvork
copnection which will support the transport comnection.

parasters:

- reference nusber
- repsote traasport address
- QoS

throughput {(I->R)

throughpat {[R->I)
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resilience

- Expedited data option

be1-8-8 T-COINECT response

The acknowledgement response from the tramsport user to accept an
incoming tramsport comnection request. In the message carrying
the response, the traasport user must specify the Tcep-identifier
{assigned after receptiom of the T-CONNECT indication), the
reference nupber of the established transport connection {as
assigned by the traamsport layer after receptiom of +the CR-TPDU
and carried by the TI-COHNBECT indicatiom), its local transport
address, the accepted values for QoS, options and a BEenOLy area
to gramt initial reception of protocol conmectioa messages.

p&?@ﬁ&&@ﬁéﬁ

e Tcep-identifier

2, Refereace-nunmber

3. Local-transport address

4 gos
throughput (I->R)
'thz@ﬁg&§ﬁ§’€ﬁ4>1}
resilience

5. Expedited data option

b mepory area for reception {pointer, lengtih)

8. 185 T-DISCOHNECT reguest

The traasport user request to refuse or to clear a transport
comnection. In the message carrying the reguest the transport
user will specify the Tcep-identifier if assigned (there is no
Tcep-identifier if the T-DISCONWNECT request is a respoase to a
T-COHFECT indication) amnd the reference number of the involved
transport connection.

pbarazsetkers
- Tcep-id
e Beference-punber
- Beason
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B 186 T-DISCOBEECY imdication
The traasport layer indication to the transport user of the
refusal or clear of a tramsport connmection. In the Bessage carrcy-
ing the indicatioa the traansport layer will specify the tcep~i-
dentifier, and the reference number (if assigned, see 3.1.9) of
the involved transport comnection.

parameterss
- Tcep=-id
- Reference-nuaber

- Reason code B8

8.1.5 Layer B/layer 5_data transfer_ cossands

This set of commands regard the flow of data which crosses the
layer 4/layer 5 interface during the data transfer phase of a
single tramsport connection.

In particular primitives are provided for transmissiom and
reception of aormal TSDU (T-DATA request, T-LATA iadication), for
transmission and reception of expedited TSDU (T-EX-DATA request,

T-EX-DATA-indication) and for performing interface £low control
{enable transmissioa, enable reception).

s e e s D

The coapands described im this sectiom are:
- T«éﬁta request

- T-data indication

- I5DU-transpitted

- I-EX-data request

- I-EX-data indication

8 Reason code of disconnect-request or aet failure
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s 161 T-DATA reguest
The transport user réguests to send data. Lata to be sent will
be a TSDU contained is a memory area provided by the traasport
us€er. '

In the message carrying the request and pointiag to the nemocy
area, the transport user will specify the Tcep identifier, the

reference number of the invclved transport commection, and the
pointer to the memory area containing the TSIU.

parameterss
- Icep-id
- Bef-nunber

- Isdu {poiater, length)

Qs 10 ﬁo 2 T"DATS indicatio.ﬁ e

The delivery of one TSDU to the transport user. In the message
carrying the indication and pointing to the TSDU the tramsport
layer will specify the Tcep identifier and the reference number

of the involved txansport connectzoa and 9oxnber and the lengthu -

of the TSDU. .
“%Parangters:
- ;,_Tcep-id

= Befoaumber

TSDU {pointer, leggthl

i

¥ith this command the transport layet will 1nform the t‘anspo:t‘“?~

user that a coaplete TSDU has been sent and 3111 :eturu to the
user the memory area where the ISDU Has.3~,:, , . ;

paraseters:
- Tcep-id
‘73;" f8éf'nnmber
- poihter to memory area, length
8, 1-6-4 Emable reception
This command eamables transport layer to receive from his peer

entity and gives it the mepory area vhere {eventually) the TSDU
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is reasseabled.
baraneters:s

- Tcep=-id

- Ref-nuaber

- pointer to memory area, length

8 165 T-EX-DATA reguest
The tramsport user requests to seand am expedited TSDU. In the
message carrying the reguest the tramsport user pust specify the
Icep-identifier, the reference nusber and the expedited data (max
size = 16 octets).

paraseters:
- Tcep=-id
- Ref-pumber

=  Expedited-data .

8c 1o 6.6 T-BEX-DATA indicationm
The delivery of an expedited TSDU to the traasport user. In the
message carrying the imdicatiom the tramsport layer will specify
the Tcep-ideatifier, the reference nusmber and the expedited TSDU
{max size =16_octects).

paraseters:
- Tcep-id
- Ref-number

- Expedited-data
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This set of commands regards the establishment and clearisg phas-
es of a single metwork commection which can be dynamically estab-
lished across the tramsport/petwork layers interface.

The local wunambiguous identification of the npetwork conmection
across the traamsporits/metwork layers imterface is obtained by a
“your reference-ay reference® pechanissn, other than at
session/transport layers ianterface and end-to-end 9.

The establishment phase is locally initiated by a traasport enti-
ty requesting a setwork coamnection to a remote entity by means of
a N-COBNWECT request cosmand sent to the npetwork layer. This
command, if accepted, will cause the network emtity to start an
attempt to opem a new network conmectiosn.

If this attempt ends successfully, this fact will be acknowl-
edged to the callimg transport eatity by szeans of a W-CONNECT
confirm which ends the establishmeat phase. On the coatrary a
failed attempt will be signalled by a H=-DISCCHNECT indication.

Remotely the called traasport entity will be notified of the
incoming connection request by means of a H-CONMECT indication.
The called transport entity may either accept (passing a N-CON-
HECT respomse across the Iinterface) or refuse this compection
{passing a HN-DISCOMNECT regquest across the interface). After
sending a N-CONNECT indicatiom the called entity is in data
transfer phase.

The clearing phase may be imitiated ip any phase (establishment
or data phases) either by the tramsport entity ({semding a N-DIS-
COHNECT request across the interface) or by the network entity
issuing a N-DISCORKECT indication).

Command described in this sectioa:

I

N-COHRECT request
= B-COHUECT comfirn
- N=COENEBECT indication

- R-CONNECT response

? A4 *my reference/your reference® mechanism is neessary in

- order to idemtify a N-comnection by a noa-owner tranmsport

eatity before the assignment of the NCEP-ID. and to improve
global efficiencys
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- H-DISCOBNECT request

- N=-DISCONNECT imdication

8:20.1o1 E-COBHECT zeguest

The tramnsport layer reguest to the network layer to establish a
ney network conmection

Parameterss
- ncep-id
- called-netyork-address {remote DTE address)
- gos
throughput (I->R)

throughpat (R->I)

802 92 BE~COBUECT confira

The positive response from- the-netnor'

er to a previous N-CON-
NECT request. e A e

Parameterss
-  pcep=-id
- net-ref |
- called-network-address {remote DTE address)
- QoS ’ |

tbroughput (I->RB)

”f;htoughput;(8~>ii*%

8.2.1.3 B-COBEECT ipdicatios

The petwork layer notifies to the remote transport entity an
incomping petwork conmection indication.

- Paraseterss _
- kcarz,]_iag network address
- rot-ref o i S
T Qod
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throughput {I->R)

throughput {(R->I1)

8.2 1o 4 B-COSWECT respomse

Positive ack to a previous H-CONNECT indication

Paraemeterss
- acep-id
- net-ref
- Qo3

throughput {I->R)

throughput {(R->I)

e 2. 1.5 H-DISCOBHECT reguest

The traasport layer request to refuse or to clear a network
connection

Parameters:
- ncep-id

- net-ref

8. 20 16 BE~-DISCOBEECT indication

The metvwork layer indicates to the tramsport layer to refuse or
to clear a network connection.

Paraseterss

- ncep-id

- get-ref

- originatori o,

- reason code

10 Bither user regquest or network provider initiated.
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8.2-2 LazetB(lagei 4 data tramsfer cosmand set

- This set of compand regards the flov of data which crosses the
layer 4/layer 3 interface during the data phase of a siangle
petwork connection. In particular commands are provided for tran-
smitting and receiving HNSDU9s and for resettiamg the network
conpection. : \

The flow of HSDU's crossing the idinterface is a synchronous flow.
This means that every time the tramsport layer sends a HSDU {(by
peans of a N-DATA req command) to the network layer it canaot
send another #SDU before receiviang an enable~transaission
command. Similarly the network layer cannot deliver another NSDU
to the tramsport layer before receiving an enable-reception
command from the traansport layer. At starting time both traasport
layer and netowrk layer are able to send the first NSDU.

Cosmand described ip this section:
- #-DATA reguest
- Enable transmission
- HN-DATA indication
- Enable reception
- ¥-RESET reguest
- N—-RESET confiram
- §-RESET indicationm

- ¥~BESET response

8:2.2.1 B-DATA reguest

The traamsport layer requests to send data. Data to be sent are
contained in a buffer pointed by the message carrying the
tequest. Bach buffer should be considered as a single NSDU.

Parameterss
- ncep-id
- net-cef

- data-buffer-pointer
8.2-2.2 Transalssion emable

The respounse from the metwork layer acknowledgimg the trams-
Bission of the BSDU enables the transmission of a new HSDU fros
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the tramsport layer
&

Parameterss

- Heep-id

- net-ref

8,2.2.3 H-DATA indication

Network layer delivers a NSDU. Data to be received are comtained
in a buffer pointed ky the message.

Parameters:
- ncep-id
- net-ref

- data-buffer-pointer

8.2-.2-8% Emable reception

Transport layer enables network layer to issue a new N-DATA iadi-
cation

Paraseterss
- ncep-id

= net-ref

Qe 2@ 2@ S g8-HESET ﬁegﬁest

The tramsport layer reguests to reset a specified network
connection

Paraszeters:z
- ncep-id

- net-ref

Hetwork layer indicates a metwork conmection reset. This indi-
cation can result from either a reset generated by the network

system or from a W-RESET reqg issued by the remste tramsport eamti-
ty.

Parapeters:
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- acep=-id

= aet-ref

8.2.2-7 H-RESET respoamse

The tramsport layer acknowledges to a previous N-RESET ind.

Parazeterss
- ncep-id
= net-cef

80:2.2.8 HB-BESET comfics

The confirm to a previous N-RESET reguest.
pacaseterss

- ncep-id

- net-ref

8.3 GLOBAL INTERFACE

The Global interface handles the exchange of servive primitives
between the Traasport entity and the LNS during maintenance.
These service primitives provide the followiag functions:

- Statistical calculation
- Alarm hamdling

- Echo

B

8.3-.1 Echo Fanction

L o D

The LHS asks the Global machine to carry out the echo function
specifying the resote transport address required. The echo func-
tion has the job of supplyiag the LHS with the value of time
needed for the exchange of a couple of messages between the end
points of a network commection with the remote specified im the
reﬁaeste

Upon reception of the echo request, the Slobal machine sets the

echo flag in the global informatiosm table active as omly ome echo
function can be executed every time. Then the Echo-request proce-
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dure is called {analogous to the T-conmect reguest except for the
presence of am echo~£flag ia the ICDB).

The remote user may be:
a) another OSIEBIDE tranmsport
b) a non-0SIRIDE tramsport

In the first case, the arrival of a CB-TPDU with echo parameter
will provoke the semding of a DR-TIPDU (see "incoming Dpe¥-CR)
procedure). ¥hen the initiator receives this TPDU, the imstant of
arrival will be registered, the difference from the instant of
departure calculated, and the Echo-amswer sent to the LHS.

In the second case, the renmote will, iz normal conditions,
accept the comnection sending a CC-TPDU to the initiator, this
latter being related to the echo conaection {(as evidenced by the
TCDE referred to), and echo will be signalled to the LHES and the
conpection {with a DRBR-TPDU) will be regularly closed.

8.3.1-1 Echo-regquest

The LHS asks the Tranmsport Entity to execute the e
supplying the relative repote transport address.

Parameters: Bemote-transport-address

8,3. 9.2 Echo~ansuer

~ The Tramsport Bntity sapplies the LBS with the result of the echo
~operation. B :

Pareneters: renote traaspﬂtt address
accepted £lag = true/false
reason code
time

{If acceptee flag = true the reason code is aot significast. If

v.accepted flag.= false time is pot sigpificamt. The possible

. reason code for accepted flag = false are:
- echo already active
- all those provided for the ¥-DISC imdication

8.3.2 Data_collection

The LHS sends an imforsation reguest (Data collection tequest) to
the Transport emtity {global wmachine), The structure of the
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requesi caa be unigue except for a parameter which indicates the
type of information regquired:

- giobal on the tramport eatity
- specific for transport comnection
-~ specific for network conmnection

As the number of possible informatiom is large, mechanisms must
be provided for the selection of the information needed. As an
alternative, it cam also be assuped that every time the traasport
eatity gives all the possible information, amd the LHS selects
some significamt informatiom. With the response (Data Colllec-
tion respomse) the Trassport Entity gives all the iaformatiom
required to the LES. : B . IR

8.3.2.1 Bata collectioa reguest

The LHS asks the transport entity for eatity or transport/metvork
conpection information.

data collection type {entry, TC, BC)
connection ideatificator.
If type egquals =
- entity, the connection identifier bhas nmo significance
- IC or 8C , a way to idemtify the comnection must be providéd
by the LHS.
8.3-2.2 Data Collection Amswer

The eatity supplies the LHS with the information requested.

Paraaeterss -

data collection type fentity, IC, HC)

connection identificator

inforaation

In case of possibilities of information selection, a TLY struc-

ture can be assumed £for the parameters othervise a positional
value structure can be assumed. The useful informatioam may be
the following =

e inforsation on Tramsport Entity
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Ao Bytes transmitted to network

Be Bytes received by network
Cs Bytes transmitted to session
D. Bytes received by session

Fe aumber of N~CONNECTION ®open® {request satisfied)

F. nusber of BE-CONNECTION not “"open® {(request anot satis-
fied)

G number of T-CONNECTION %open® {request satisfied)

He nusber of T-CONNECTION not “open® {reguest not satis-
£ied)

I. H-CONNECTION %opem®™ at present

Je T-COHNECTION "open® at present

Ko Number of protocol error

Ls Humber of reset.indication {Network provider geserated)

He Number of disconpect.indication (Network provider gener-
ated)

No Use of transwmission primitives

0» Time of Entity imitialization
b, Use of concatenation
Cs Use of multiplexing

2= Information on tramsport conmectiom 11

A, Time of ismitialization

Bo Time of termination

C. Bytes transmitted to nmetwork

Da Bytes received by network

Es Bytes transmitted to session

Fo Bytes received Ly session

G. Humrber of reset.indication (Network Frovider initiated)

He Number of discoannect.iandication {network Provider initi-
ated)
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No

Humber of
Humbar of
pean size
Huaber of
Nunber of
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data TPDUs tramsmitted (DT/ED)
control TEDUs transmitted

of tramsmittedDT TPDUs

I-DATA regquest

times the window is closed to me

times I closed the window

3. Information on Hetwork Comaection

Aa

B.

Cn

Da

E,

Fo

Time of initialization

Time of termination

Reason of termination {normal, Network provider imiti-
ated, reception of a non-decodable NSDU, etc. )

Time of arrival of the first Reset indication

Namber of reset

Number of multiplexed TIC

8,3.2.3 Data collection indication

The eatity supplies the LHS with a series of information about a
transport or network connection{see 4.3.2.2) 3

Parameters:

data~coll-ind-type (NC, TC)

message type {statistic, abnormal)

identificator

information {see data collection request.information)

11 This information is passed automatically to the manager

every tinme

a tramnsport/network comnection is closed through

the Data Collectiom indication.
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In particular situatiocns of error or of external eveats impeding
the aormal running of the entity, anm alarm message is sent to the
LHS with the situation specified and all the useful information
for the diagnosis given. In some <cases, even a data collection
indication may be sent [message type - abnormal).

4331 Blare indication

The entity sends to the LMS an alarm indicatioan.

Parameters:
Alarm type
information

The following is an example of informations passed with an
alarm message (iadication).

dlarm caused bys
- an N-DISCONNECT indicatiom ({Network provider initiated)
te Time when error was detecied

24 error type

3. routine vere error sas detected

4, data block relative to the network copmection

5w other fields (FFS)

- a protocol error

1= Time when error was detected

2 Error type

3. Routine vere error was detected

4, Packet which has generated the protocol error

Se Iaformation characterizing the type of protocol error
{TCDER)

- the reception of a non-decodable NSDU
1. RSDU

2= Time when error was detected
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3. Exrroxr type

4, Boutine were error was detected

Ea Information on the Network Comnection (FFS)
- a wrong event from Session
- buffer shortage
- Timers started

- other

.4 IHTERHAL INTERFACE

The N-machine/T-machine iaterface shall be as described in the
following figure.

Frmm——— | R |
{ TCDB | | NCDB |
| SSS— | | S |
il 13
FresTmm———y grTmm—————y
| i ] ]
i i i ]
i } Release IC/NC i i
i | Send TPDU =>| ]
i T | Timer expired i H i
4 i i H
i i Beceive TPDOD | i
i i <= Net closed | ]
] i Resync i i
| i Reopen i |
I I

The evidenced events are in effect T machine routines called by
N machine amnd viceversa. '

4.8.1 Descriptiom of interface sechanisas between the two
Bachines

8.8.7-1 BRelease TC/EC

T machine tells ¥ machine to break the link between a particular
TCDB and a NCDB; if it is possible N-machine will close the K.C.

Interface Logical Structure 96 7 163




OSIRIDE intermal use omly

8.8-1-2 Send XI TPDU

N-machine 1is informed that +there is a TPDU to Le sents: in
particular for CR, CC, 4K, EA, RJ, DR the related flag is set in
the TCDB. The TPDU will be built using information comtained in
the TCDB when creating the NSDU to be sent. This has some welconme
side effects: for instance the number of AK may be reduced and
the AK, RJ will always be updated to the latest received values,
no extra mesmory is regquired for retained TPDUs.

For ED TPDUs the ED is created and linked to am ED anchor whose
length indicates if there are EDs to be sent, for DT TPDUs a®TSDU
to be sent?! flag is set.

For DC, ER, DR in response to CR the TPDU is created and linked

te garbage gueus.

B.8.9.3 Beceive TPDD {TPDU)

N-machine checks am N-data-indication for wvalidity. If valid, it
performns separatioa functiocns and passes incoming TPDUs to
related T.C. notifyiang this event.

Inside the routine implememting this event there will be a a
scheduler splitting the event into incoming XX-TPDU events {2X3
CC; DR; 8*‘.’)@

8, 8. 1.4 BHet closed

All situations where ©N.C. is closed and reassignament is not
possible, also after N-reset-indication for class 2 T.C.

8-.8.1-5 BRBesyac

Only for class 3 T.C.

All situations where it is necessary to issue R®J TPDU without
perforaing reassigament. In particular after N-reset-indication
or after network provider initiated disconamect on the owner side,

N-machine will notify this event to the T-machine.
This event will reset CR, CC, AK, NMAK, EA, BJ and DR flags.

8.8. 1.6 Reopen
Only for class 3 T.C

All situations where it is necessary to rerform reassignpent.
In particular after a network provider ipitiated disconnect on

the non owner side, N-pachine will notify T-machine this event.
This event will reset CR, CC, AK, NWAK, EA, RJ and DR flags.
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B.8.1.7 Tismer expired

T-machine informs N-machine that a timer has expired (TS1, TS2).
N-machine will issue net-closed to all nultiplexed TCs and closes
the NC informing the LHS.
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Se0__FINITE STATE BACHIKES

B e s e

Conventions used

The FSM are represested as two-dimension matrices in which the
conventions are as follows:

Horizomtal axis The horizontal dimension is a set of all the
relevant states. If for any given state there is no valid
event, then this state does (may) not appear in the table.

Vertical azis The vertical dimension of each table is the set
of all the relevant evenits. For each event there is an eatry,

i.e. a row.
Intersection Each valid intersection contains:
- one of more comnditions {where relevant)

- one or more actions {where relevant)

- the ney state or state transition {if absent means sane
state)

Sore intersection are exploited in detailed description and the
intersection contains the aprropriate reference.

An invalid event-state combination is shown by an empty inter-
section; these situations will be treated as protocol errors omly
if caused by a peer gemerated event and anyway signalled to LHMS.
Null action is indicated by NOP. An action equal to . am adjacent .,
intersection is indicated by i.e. and amn arrow pointing to that
intersection. Rl S »

The aim of the high level description is not to limit implemen-

tation but to give a detailed descrition of the transport layer. ...

5.1 LOWER LAYER INTEBFACE STATE HACHIER

Transmission and reception are implicitly enakled after N-CONNECT
respoase,confirm and N-RESET response, confirm. :

Free TCDB or HCDB peans release such data block and release
reference {NCEP-ID or IC=REf) =
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¥~HACHINE (1)

H o L] W ]
i Event/State jWait B-compect-confirm|Data Transferj¥Wait N~ nmmmwlnapmwﬁanwwomwuwwm {ondy 4
1 i Col. 1 i Col. 2 i Col. 3 % jouner class 3) 4
§ g § i Oply class ¥ | Cola 8 y
1 4 3 zZ 1 b 2
& [ L] ¥ ) L § L]
iSsend TPDU g tperforsa i noPp ] i ®OP 3
jrow 1 g ftramsmit 3 { f i
B 4 ¥ + : i i
jRelease liak | jrerforns 5.%.1] Pexrfornm 5.17.1: i i
§TC/HC row 2 1 i i §
k § } 4 & §
{N~connect i Perform 5.1.2 I { {Set transmission |
{confirm } 8 I flag=true; Perform |
1 row 3 1 i § jtrapsmit; --> Data]
d § i [ ltransfer after ]
] i § i i reopen 3
F 4 4 % 4 i
ju~data indica) jrerfore 5. 1.3] § i
jtiom; row & § i § § i
3 § & & - # 4
jN~reset i jPerform 5. 1. 44Collision: set tran f- i
jindication [ 1 ismission flag=true; | 3
i rTow B 1 3 1Perform tramnsmnit; [ i
§ i i j--> Data Transfer b §
§ § 4 & : 4
{H-enable § | i } i
jtrapsmisszion | i i i i
1 Tow & § { Perfors } i §
w 4 H e 111 g i i
8 4 4 &
mz%ﬁmmﬁw i 3 iSet Transnpission § i
jconfirn i i {flag=true; Perform } §
1 zow 7 i § jtransmpit; --> Data | i
j ] § jTransfer i i

2 2
3 3 L a
iscopnect | FPerform 5.1.° {Ppexforn S.1.6)Perforn 5.1.9% jPerform 5.1.5 H
ication § 1 i i i
g § § i § §

g 3 2 k3
[ & ] E
gont § 1Perforn 5. 1.91 lsee pnote i
ow 9 i i i i i
i@ & . 4 a 3
iClosing tine-} l i i i
ount; row 14% ) 4 i i §

J A 1,
3 X L] W &
Receive data | § i I §
row 150 § iPerfornm § i i
H 15,712 i 1 i

3 3 &,

R R A AT T T T BN N S
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N-HACHINE (2)

H E E E B
” | Event/5tate ]Data tramsfer afteriWait B-reset—-coafirm] Closing i
1 jreopen {only owner jafter reopem {only | «col.150 i
{ jclass 3Y; col. 5 jowner class 3):co0l.5] i
i 2 2 2 A
& H k| E
|Send TP2DU {Perform tramsnmit; | HOP i ]
I rtow 1 i i i i
N 5 b, £ Sk |
iBelease link } i } e ],
1PC/RC; vow 2 ] i i T
§ g i 4 4
B=connect § i i 3
“jconfiza i i L h
S EoW . 3. H § § e
4 & { !
{¥~data indicajPerform 5,1.7 | i H
ftiocn; row 4 | i i i
& 4 ¢ 4 4
|N=reset 1Perforas 5.1.8 iCollision: set tramns] HN-Disconnelt
jindication i fnission flag=trae; | requesii |
} row 5 i iPerform transmit; 1 free BCDBE
4 - 3 j==>» data transfer i ==> Idle }
i i jafter reopen i , o
: - % » e — i o : : e e —
td-enable jSet transsission | i s
ltransmission }flag=true; Perforam | i !
§ row 6 jtraaspit § 3 j
4 4 ——err— + 4
jN-Teset 1 iSet trassmission § HOP 1
jconfirm i j£lagstruey Perfors |} §
4 i row 7 i itransmit: --> Data | &
/ } } ~ Transfer after re- | §
l i jopen i i
3 - . — : S S 4 ; <= YR
jN-disconnect | Perform 5.1, 10 jpecform 5.1.10 {free HCDB 1
lindication i 3 j==> Idle i
jrow 8 } i | i
} { ¥ - —4 3
iTimeout lsee note jsee note Cd i
i zo¥ 9 i i i H
e , - —t .
iClosiag i [R=DISC re~ |}
iTinsout i jguest;free |
i row 149 i §HCDB -=->Idle}.
i : - 4 i
jRecelive data | i ] ]
i row 158 i i ] i
i i i ] i
] ] £l A
T Hote:z
. This event pever appears because 751 and 952 are much greater then TTR.
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5.1=1 ROH2COLUHHZ

D e O ST T R i S D

PROCEDURE ROW2CCLUMN2
BEGIN
Unlink TC from HNC:
IF {(number of active transport connection = 0) and
{(garbage guene eppty) and {owner = true)
THEN
BEGIN
Start closing timer:
HC-statuss= Closing;
END;
END;
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5.1.2 BOE3COLUHE1

PROCEDURE ROU3COLUHNN1
BEGIN
NC-status:=Data transfer:
Positioa at the beginniag of scanning
REPEAT
signal NC-assigaed to 1IC;
UNTIL end of scanning of the multiplexed 1C
set transpission flag;
perform transmit;
END {®of PROCEDURE ROW3COLUHNT %)

Because of multiplexing, there is a series of serialized events
which cannot be separated logically, for instance, signalling the
T-machine of the completed assignment of pnetworkX connection.
Since every T-machine receiving the signal of connection is, from
that moment onwards, capable of sending to the N-machine a SEND-
TPDU, it is necessary to switch to in data tramnsfer state before
beginning assigament loop im order to avoid a possible state-ev-
ent incongruence {arcrival of send TPDU in wait state for N-CONK
confirm).

,,‘Dﬁfiag ioop of assignment, the transmissichiis;disabled'as the
‘ipitialization procedure of HCDB nmust set the transmission flag

- is abled to transmission and the respective procedure is called.
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5.1.3 RO¥4COLUHHN2

ey s < S

PROCEDURE ROW4COLUHN2
BEGIH
REPEAT
separate TPDU; {* performs separation %)
IF TPDU not decoded THEN
BEGIN
position at the begimning of scanning of nuitiplexed TCDB;
REPEAT
IF class = 2 THEN
aet closed to TC;
ELSE
resync to TC;
UNTIL ead of scanning
I¥ {no class 3 T.C. and OWNER) THEW
BEGIN
N-DISC request;
NC-status:=idle;
free NCDB;
END
ELSE
BEGIN
N-reset-request;
NC=status:= wait for N-reset-confirm:
END;
END
ELSE
IF oWner = true THEN
BEGIN
position at the beginning of scanning of multiplexed TCDBs;
BEPEAT
IFP TCDB is found THEN
Send incoaing TPDU
ELSE
position on the next TCDB
UNTIL TCDB is found or end of scanning
IF not found THEN
SPURIUS TPDOU;
(* see first part 3.1.9 *)
END
ELSE
BEGIN
position at the beginning of scanming of multiplexed TCDBs:
REPEAT
IF TCDBE found THEHN
send incoming TEDU;
ELSE
position on the next TCDB
UNTIL TCDB is found or end of scanning
IF TICDB not found THEN
BEGIHN
I¥F CR TPDU 1THENM
BEGIHN :
Verify-CR {Kind) (* see 6.2 *)
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I¥ new CR THEN
Iacoming ney CHE {CR-TIPDU);
ELSE
Retransmitted CR (CR-TPDU);
END
ELSE
BEGIHN
Performn reassignment {TPDU,success) ;
IF success THEN
send incoping XX-TPDU;:
else
spurius TPLDU;
END:
END;
END:
UNTIL {end of TSLU or TPDU not decoded).
IF End of HNSDU THEW
IF¥ {a DT-TPDU has been received on a class <> 2NPC TIC) THEN
Enable reception 4-3
ELSE (* Backpressure¥)
NOP
END: {#0f PROCEDURE ROWUCCLUNHHZ #)

The pending transport conmections are provided with TCDE but do
not possess a link to a NCDB and are identifialkle by

- state

- presence in a special list -reopening aachor (see Data
structure)

The reassignment procedure tests this situation accordiag to
the DST-ref of the TPDU received but not assigned to aay TCLCE for
the lack of linkage. If the result is positive, the procedure
sets the TC/NC link and resets the timer THR relative ¢to the IC
concerned,

This procedure applies to all TPDUs with the exception of the
CR TPDUs for which {as these are dst-ref = 0 by defimition) a
testing is necessary using the source-ref and the remote traas-
port address. This test is domne for every CR-TPDU as it is not
possible to discover in advance if the connection is new or it is
a repeated CR because of a failure (see Verify-CR).

Because of multiplexing, there is a series of serialized events
which cannot be separated logically, for instance, signalling the
T-machime of the completed assignment of petwork coannection.
Since every T-machine receiving the signal of connectionm is, froa
that moment onwards, capable of sending to the N-machime a SEND-
TPDU, it is necessary to switch to in data transfer state before
begisning assiganment loop in order to avoid a possible state-ev-
ent incongruence {arrival of send TPDU in wait state for H-CONN
confirm) » '

During loop of assignment, the transmission is disabled as the
initialization procedure of NCDE must set the traansmission flag

Finite Stakte Hachines ' 105 / 163



OSIRIDE iatermal use oaly

to ®"false”. Once the loop of assignment is finished the N-machine
is abled to transmission and the respective procedure is called.
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5.1.4 RO¥SCOLINE2

PROCEDURE ROWSBCOLUHN2
BEGIN
IF number of class 3 transport comnection <> 0 THEN
BEGIHN
position at the beginning of scanming of multiplexed TCDBs;
REPEAT
IF class = 2 THEN
net closed to TC;
ELSE
Lesyanc to TC;
UNTIL end of scanning of multiplexed TCDBs
N-reset-resronse;
ERD
ELSE
BEGIWN
position at the begimning of scanning of BultiplexedTCDBs;
BEPEAT
net-closed to TC:
DETIi end of scanning
I¥ owner = itgrue THEN
BEGIN
N-disconnect-reguest;
NC-statuss= idle;
free NCDB:
ERD
ELSE
H-reset-response
ENDg ,
END; {*of PROCEDURE ROWSCOLUHN2 %)

Because of multiplexing, there is a series of serialized events
wvhich cannot be separated logically, for instance, signalling the
T-machine of the completed assignment of network comnection.
Since every T-machine receiving the signal of comnection is, from
that moment omwards, capable of sending to the N-machine a SEND-
TPDU, it is necessary to switch to in data traasfer state before
beginning assignment loop in order to avoid a possible state-ev-
ent incongruence {arrival of send TPDU in wait state for N-CONN
confirm).

During loop of assignment, the traasmission is disabled as the
initialization procedure of NCDB must set the transmission flag
to "false®., Once the loop of assignment is finished the N-machine
is abled to traasmission and the respective procedure is called.
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PROCEDURE ROUYSBCOLUHMNA1
BEGIN
counterz=counter + 1;
IF counter < max. value THEN
BEGIN
N-conpnect-reguest;
END
ELSE
BEGIN
position at the beginning of scanmning;
REPEAT
signal Net-closed{reason=NC not assigned);
UNTIL end of scanning of multiplexed TCDBs:
HC-statuss= idie;
free NCDB:
ERD;
END;: {#*0of PROCEDUORE RBOWBCOLUHNT %)

12 The maximum value of the counter of the attempts to open is
a configuration parameter.
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5.1.6  BOWSCOLONEZ

PROCEDURE ROWBCOLUKN2 BEGIN
IF netuork pro ided TBEN ,
_BEGIN. . o S o

‘1F nuaber of class 3 TC <> 0 THEN’

BEGIB e
- IF osnet\*,trne THEN
BEGIN :

9051t10n at the heg1nnlag of scanning of pultiplex-

edTCDBS;
e L BEPEAT o
I? class = 2 THENR
net closed to TC'
ELSE ,
i resync to TC;
,~UsTIL end of scanning
- H=connect-request;
‘counters=couanter ¢ 1;:
Nﬁ—statas:=reopen1ng,
END -
ELSE- (* ovner ='falsef*),
BEGIN : :
yosztxoned at the begznnlng of scanning of multiplex-

ediCDBs;
BEPEAT , = ;
IF class = 2 THEW
‘net closed to Tc-
ELSE. : *

;- Reopen to TC' i
UNTIL end of scannlng
Bc—status:',zdle, -
free NCBB, ‘ '

END .
ELSE {*no class 3 TC *)
BEGIR :

pOSltlQB at the beglnnzag of scanning of multiplexed

'BE?BAT : .
ﬁet closed to Lier 0
[BBTIL end of scannlng ,
¥C-status:= 1dle,nV
free HCDB' :

 NC-statuss f;dle}*ﬂf; ;f
.7 free WCDB:
;EﬂD Eﬁﬁ (*Of PBUCEDQBE 8038C013H32 %)
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PROCEDURE ROWUCOLUHMNS
BEGIH
REPEAT :
Separate TPDU; (* perform separation ¥)
IF TPDU not decoded then
BEGIH
position at the beginning of scanaing of multiplexed TCDBs;
REPEAT
resync to TC:
UNTIL end of scaaning of multiplexed TCDBs;
N-reset-request;
NC-status:= wait for N-reset-confirm after reopen;
END
ELSE (* TPDU not decode #%)
BEGIN
position at the beginaing of scanning of multiplexedTCDBs:
REPEAT
I¥ ICEB found THEY
BEGIH
reset counter; (¥ it is the counter used in place of TTR #*)
send imcoming XX-TPDU;
EHD
ELSE
Position on the mext TCDB;
UNTIL ICDB found or emnd of scanning;
IF TCDB not found THEN
Sparius TPDU;
END:
UNTIL emd of NSDU or TPDU not decoded;
IF {End of NSDU ) and {no spurius TPDU) THEN
BEGIN -
NC-status:z= data traasfer;
Enable reception;
ERD;
END; {(®*of PROCEDURE ROEUCOLUMNS %)
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5. 1.8 BOUSCOLUHES

PROCEDURE RO¥SCCLUHES
BEGIN
position at the begimning of scanming of multiplexed TCDBs:
BEPEAT
resync to IC;
UHTIL end of scanning;
N-reset-respoanse;
END; {#*0of PROCEDURE ROHSCOLUHNS *)
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5. 1.9 BOEICOLUHH2

PROCEDURE ROWOICCLUHNZ
BEGIN
positioned at the begimning scasning TC multirplexed
REPEAT
net closed to TIC
UNTIL end of scanning
N=DISC reguest;
informs LMS of the timeout signal;
{*this is a warning signal #*)
free NCDB;
END; (*of PROCEDURE ROW9COLUHNN2 #)
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5. 1. 10 ROHES DHEG s 3

S e <<%

PROCEDURE ROYBCOLUHHEG
BEGIH
counterz=counter ¢ 13 _
IF counter < max. valse THEN
BEGIN P L RS
Resync to all TCs;
N-coanect-requesty
NC-status:s= reopeniamg
END
EL1SE
BEGIH
position at the beginning of scaoning;
REPEAT
signal Het-closed{reason=NC not assigned) ;
UNTIL end of scanning of multiplezed TCDBs;
NC-status:= idle;
free NCDB;
ERND; .
END; {#0of PROCEDURE ROE9COLUHNZ %)
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5.1.11 ROEGCOLDHHE2

PROCEDDRE ROEGSCOLUMNZ
BEGIN
IF {(number of active TC =0) and {owner = true)
and {G.Q empty) THEN
BEGIN
Start closing tiper;
NC~statusz=Closing;
END ELSE
BEGIN
Transpit-flag=true;
Pecform transmit;
END
END; {(®*0f PROCEDURE RORGCCLUHN2 *)
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5. 1.12 BOHI50COLUEEZ

PROCEDURE RO¥ISOCOLUHHZ
BEGIH
IF in baskpressuze #-3 THEH
Enable Reception 4-3;
{(* This procedure is used in class 2 NPC and is called after a Sessiony/
Transport backpressure when the Session gives receptios huffers FEE)
END; {*#*0f PROCEDURE BOUW1S0CCLERNZ #*)
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S.2 OPPER LAYER INTERFACE STATE HACHINE AND TRAHSPORT PROTOCOL
BACHIBE (T-BACHIuE)

Fipite State Hachines 116 7 163

I R



OSIRIDE intermal use only

T-Machine LOCAL OPEN {initiator side)

Event/State Bait for assignnment of HC

cals 7

Wait for CC

col. 8

send CR-TPDU:
start TSi: ==>» Walit for CC

HC-assigned
row 10

Incoming CC
ro¥ 12

Perform 5.2.1

Incoming DR
row 13

Perfora 5. 2.2

Resyac
row 14

send CR-TPDU

Unknown TPDD
Low 15

Perform 5. 2.3

qv‘“‘"’M&umwgﬂm“quwmqmmhﬂbwwmﬂ

§T57 Timer
jrow 1%

Timeout

&
jIncoming ER
row 17

Gl Bt G dnle S s OO ot J0DM de Smen Gl Wee veas GlSn Sl G G Oen G ot Gowe Qs dels o

Peform 5.2.2

Het closed 1T-DISC indication (%)
roy 18 jfree TCDB =--=->idle
2.

T R - Y —

Perform 5,.2.2

ho o s s oo bt Gl s 0 O e s G s B i s e ol o S S e Gtay bl B S o o

b g ot Ol G cme Gl tuow e tho S mas Bhe ws s G G Gy OEE G e G Ged e Gfo Gos g S 4

{#¥)Reason will be n.c. not assigned.
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Event/State

me»w first TPDU
fcol. 14

(Note 5}

Fait CB,RJ,
col.

DR

o

{Closing after CE,RJ,DR

15 {only class 3) jcol. 16
A

{only class 3}

P @ sl

i
I
¢
{Iincoming CR
§
!
B
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T-8achine DATA TRANSTER (1)
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I-Hachine DATA TRANSFER (2)
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OSIRIDE imntermal use omly
5¢.2-.1 BOE12COLUHES

PROCEDURE RO¥T2COLUHMHS
BEGIN
perforn parameter test;
IF parameter test is GK THEN
BEGIN
reset timer TS1:
I-connect-conficnm;
TC-status:s= data traasfer:
END
ELSE {* parameter test not CK %)
BEGIN
T-disconnect-indication;
send DR TPDU:
reset T51:
start T52:
TC-statuss= wait DCg
END:
END {* of PROCEDURE BCWI12COLUMNS%) ¢
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5« 2.2 ROBI13COLUHES

PROCEDURE ROWI3COLUHMNS
BEGLR
T-disconnect-indication;
Release 1limk IC/NC;
Reset timer TS1;
TC-statusz= idle;
Free TCDB:
END {* of PROCEDURE ROWI3COLUHN8®) ;
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5.2.3 BO¥15COLUHNS

PROCEDURE BOY15CCLUMNS
BEGIN
send ER-TPDU on garbage queue;
reset timer TS1:;
i-disconaect~iadicatioa;
Release limk TIC/NC:
Inform LHS:
TC-statusz= idle;
Free TCDB:
END {%# of PROCEDURE BOHI5COLUKNS L3 I
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5.2.4 ROWS3ICOLUHN1Y

PROCEDBRE ROHU3CCLUKNI1Y9

BEGIHN
IF class 2 THEN
BEGIN
send ED-TPDU:;
IF no other ED-TPDU in ED-CUEUE THEN
BEGIH ‘
IF window closed THEN
TC-status:= Data Transfer T.D.;
ELSE
IF TSDU to be seat flag THEWN
BEGIWN
send DI-TPDU;
i¥ End of T5DU THEN
Enable transmission (4-5);
END
TC-status:s=Data Traasfer;
END
END
ELSE
BEGILIH
IF EA-TPDU has the number of the first TPDU in ED-QUEUE THES
BEGIN
release that TPDU from EX~QUEUE;
send ED-TPDU;
IF no other ED-TPDU in ED-QUEUE THEN
BEGIHN
IP window closed THEN
IC-status:= Data Traansfer T.D.:
ELSE
IF TSDU to be sent flag THEN
BEGIN
send DTI-TPDU:
TC-status:= data transfer:
END;
END;
END
ELSE
protocol error;
EuD:;

END (* of PBOCEDURE ROHU3COLUHNN19 %) ;
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5.2.3 ROZI1SCOLDEES

e s com Pk

PROCEDURE BOWI5COLUNNS
BEGIN
send ER-TPDU oa garbage gqueue;
reset timer T151:
I-disconnect-indication:
Release limk TC/NC:
Inform LHS;
IC-statussz= idle;
Free TCDB:
END {®* of PROCEDURE RO¥15COLUHMHS %) ¢
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PROCEDURE ROWUICCLUHENIY
BEGIN
iF class 2 THEN
BEGIN
send ED-TPDU:

IF ao other ED-TPDU in ED-CUEUE THEN
BEGIN i

IF window closed THEN
TC-statuss= Data Transfer T.D.;

ELSE
IF TSDU to be sent flag THEWN
BEGIN
send DI-TPDU;
IF7 End of TS5DU THENW
Enable tramsmission (4-5);
END
TC-status:=Data Transfer:
END
END
ELSE
BEGIN
IF EA-TPDU has the number of the first TPDU ina ED=-QUEUE THEHE
BEGIN

release that TPDU from EX-QUEUE;
send ED=-TPDU;
IF no other ED-TPDU in ED-QUEUE THEN
BEGIN
IF vindow closed THEW
IC-status:= Data Traasfer T.D.;
ELSE
IF ISDU to be sent flag THEN
BEGIN
send DTI-TPDU:
TC-status:= data transfer;
END:
END:
END
ELSE
protocol error;
END:
END {%# of PBOCEDURE ROK&3COLUHN19 %) ¢
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5.2.5 BOF4SCOLUBE17

PROCEDURE BOWLBCOLUHMEYT
BEGIXN
15DU current pointer:=YR-TU-NR of RJ-TPDY)
update TX-CDT;
IF TX-CDT = (O THEH
IC-statas:= Data Traasfer T.D.;
ELSE
BEGIH
IF TSDU to be sent THEN
BEGIH
SEND DT-TPDU:;
BED;
IC~-statuss=Data Transfer:
EBD;
END {* of PROCEDURE ROWUBCOLUNNIT =%);
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PROCEDURE ROWH43COLUHNIT v:
BEGIN (*see note 10 ¥%)
IF class 2 THEN
set EX-flag;
ELSE ({* class 3 %)
BEGIN
IF {EA-TPDU number equals the number of the first ED-TPDU
ia EX-CUEUE ) THEN
BEGIN
Belease that ED~TPDU from the EX-QUEUE;
set EX-flag:
END
ELSE {* mismatched number %)
Protocol Error:
END;
END {%* of PROCEDURE RCWU4ICOLUHMN17 L
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PROCEDURE ROWUBCCLUMNZO
BEGIN
set Ex-flag;
50U current pointer:=YR-TU-NR of RJ-TPDU;
IF EX-QUEUE not empty THEN
BEGLIN
send ED-TEDU:
reset EX-flag
IF other EX-TPDU in EX-CUEUE THEN
TC-status:= data traansfer wait for EA:
ELSE {*only one EL-TPDU in EX-QUEUE *)
BEGIN
I? window closed THEN
TC-statusz= Data Traansfer T.D.;

ELSE
BEGIN
IF T5DU to be sent flag THEN
BEGIN
send DI-TPDU;
END
TC-status:= Data Transfer;
END;
END;
END
ELSE
BEGIH
IF TSDU to be sent flag THEN
BEGIN
send DI-TPDU:
END;
TC-status:= Data Traasfer;
END;

END (* of PROCEDURE RCW4BCOLUMNZO *);
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5.2.8 ROBA2COLUEE18

PROCEDURE ROWLZ2COLUAN1B
BEGIN
Update TX-credit;
IF class 3 THEN
BEGIN
Delete DT-T1PDU mark confirmed;
IF the whole TSLU has Leen coanfirmed THEN
BEGIN
Enable Transwmission (4-95);
END:
END:
IF TSDU to be sent flag THEN
EEGIN
send TPDU
END:
IF Hindow not closed THEN
IC-status:=Data Transfer:
ELSE
Signal this impossikle event to LHS:
{* see note 9 %)
END {(* of PROCEDURE ROWU2COLUHN18 =) ;
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PROCEDURE ROW5GCOLUHEN23
BEGIN
enquene user-data of DT-TPDU in reassembling buffer;
IF EOT of DT-TPDU <THEN
BEGIN
T-data-indication;
{* the remaning area of receiving buffer is kept by the Tramsport
for receiving other IPDUs #)
END;
IF class 3 THEN
BEGIN
IF ({TPDU-NR of DT-TPDU) - (last RX-TPLU-ACKED) )
greater than H THEW
{* N is a fumnction of initial configuration %)
Send AK-TPDU
ELSE
send NHAK; (* sets NMAK flag {Not Handatory AK flag) without
issuing SEND TPDU- to N-~Machine %)

END
ELSE
IF (class <> 2 N.F.) or {({clas.= 2 N.F.) and
{receiving area >= 121 bytes) THEN
Receive Data (4-3);
END (¢ of PROCEDURE ROYS0COLUHN23 %)
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PROCEDURE ROW41ICOLUNRIT

BEGIN
IF EX-flag THEN
BEGIN
Send ED-TPLU:
Reset EX-flag;
END
ELSE
BEGIN

Enqueue ED-TPDU in EX-CUEUE:
TC-status:= Data Transfer W.E.A.:
END:
END {®* of PROCEDURE ROW4ICOLUMNIT %)
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PROCEDURE ROWUZ2COLUKNTT
BEGIN
Update TX-credit;
I¥ class 3 THEN
BEGIN
Delete confirmed DT TPLU macrk:
IF { the whole ISDU has keen confirmed ) THEN
Enable Transmission {4-5);
END; {* see note 9 #%)
END (* of PROCEDURE RCHU2COLUHMN17 =¥

Finite State Machines
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5.2.12 ROHSSCOLUEN1T

PROCEDURE ROW4SCOLUHNTT
BEGIN
IF class 2 N.F. THEN
Receive Data {4-3);
(* N-machine will ignore the Receive Data if not in backpressure %)
ELSE
BEGIN
Update TX-credit;
Send AK-TPDU;
fND;
END (* of PROCEDURE RCHU2COLUHANITT #*)

Hote
1a Event sequences
A arrival CR, wait for T-comnect-response

Bo N-reset-indication to NCDB, resyac to TCDB, passage to
#.CR state after Resync.

Ca N-discoanect-indication (Net provided) to NCDB, Reopen
to ICDB.

The following tvo events may take place Lefore ¢)
A T=-conhect-response
Be T-disconnect-request

2. The-state of disabled transmissiom is induced by the trans-
Bit routine when the transmission wiadow is closed.

3. the reception of DT-TPDU as the first 7TPDU implies that the
session bhas given an implicit enable reception using the
paranmeters of the T-comnect-respomse (to be mnapped in the
adequate credit io the CC-TPDU).

4, It is impossibile. 1In fact, the first data TPDU should be
the session connect request FDU which use normal flow. Anyway
we want to Le open.

5. The ®yait first TPDU® state dJdoes not foresee the T-data-re-
quest event in fact the first data TPDU is sent by the initi-
ator of the tramsport connection (Sessios Copnect RBReguest).

6. - The OSIRIDE initiator doesn?t use reassignement procedures
in the comnection establishment phase. Anyway we want to be
open. .

7o The state transitions (same state or Data Transfer T.D.)
are performed implicitly by Traasmit routine. ‘
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8. ian class 3 DT marks are camcelled after acknoledg-
nent (AK-TPDU)

9. in class 3 ED-TPDU are cancelled after acknoledgment
{(EA-TPDU) .

10 It has been choiced to stop the flow of all ODT-TPDUs if
there are more than one ED-TPDU in EX-QUEUE. This greatly
simplify FSH.

11. Send NMAK does not <correspond to a SEND XX-TPDU event to
N-machine; it only sets the NHMAR flag.
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The data structures used at the tramnsport layer are:

- global information relative to the transport layer
- iocal information relative to the particular entity
- configuration files

- HCDB ({Network Connection Data Block)

- ICDB ({Traasport Connection Lata Block)

- Hessages in input/output (see interface description 4/3,
5/4, global)

- network buffers
- statistic couaters (see global imterface description)
It is necessary to provide a data structure capable of findiag

all data blocks (TCCB, NCDB) for the management of global eveants
{close down etc.).

6.1 GLOBAL INFORHATIOHN AND LOCAL INFORHATIOH

- max. number of transport conmections

- max. number of network connections 13 -
- value of timers

- TPDU size {128 octets)

- reopening anchor

- refuse uew connection flag

Itapac resilience (refer to network provider initiated
Reset-indication or Disccanect-indication).

i3 Haximum number of logical circuits supported by ITAPAC =
4096,
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6.2 COHFIGURATION FILES

Table of conversion from transport addresses {to the knowledge of
transport users) to Itapac addresses

6.3 HETHORK CONBECIION DATA BLOCK {HCDB)

Data block representing the interactions with the network layer,
referred by NCEP-id. There is one block for every network
connection and n TCDBs are 1linked to each block, ome TCDB for
every multiplexed transport connection on the petwork conmection.

The NCDB is a record type containing the fcllowing fields:

1 oWner 2 boolean
2. NC-status : list of possible stati
3= max-pultiplexable~-TCs : integer
4. number of active TCs : imnteger
S5e nunber of class 3 TCs : integer
€. net-ref : integer
7 acep~=id s integer

8, multiplexed-TCs-anchor : Top,Tail pointers and leangth
Ye garbage—-anchor : lop,Tail pointers and length
10. X.25 ITAPAC addr.(remote): array of bytes
11. TTR counter : dinteger
12 ($.0.5. of network connection

- throughput {I->R) : List of values

- throughput {R->I) : List of values

13- transmission flag boolean {3-4 backpressure)

8¢

14, pointer begin scanning : pointer (includes the Ge Qo)

15. reception flag boolean (4-3 backpxessuge)

13
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6.2 COHBFIGURATIOE FILES

Table of conversion from transport addresses {to the knowledge of
transport users) to Itapac addresses

6.3 HETHORK CONHECTION DATA BLOCK {ECDB)

Data block representing the interactions with the network layer,
referred by NCEP-id. There is one block for every netvork
connection and n TCDBs are linked to each block, ome TCBB for
every multiplexed transport connection on the network connection.

The NCDB is a record type containing the fcllowing fields:

Tw oWwner 2 boolean
2, NC-status ¢ list of possikble stati
3= max-multiplexable-TCs : integer
4, nunber of active TCs : integer
Se number of class 3 TCs : integer
6. net-ref : integer
7s acep-id : integer

8. multiplexed-TCs-anchor : Top,Tail pointers and length
Y garbage—anchor : lop,Tail pointers and length
10. X.25 ITAPAC addr.{remote): array of bytes
11« TTR counter : dinteger
12. Q.0.S5. of network connection

- throughput {I->R) 2 List of values

- throughput {R=>I) : List of values

13- transmission flag

88

boolean {3-4 backpressure)
4. pointer begin scanning : pointer {includes %the Ga Qo)

15, reception flag boolean (4-3 backpressure)
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TSDU residual length: (remaining data length to be sent)

T5DU0 to be sent : flag informing on the presence or
absence of data to be sent.

Table TSDU~-wark-DT : {list of DT-TPDU created and not yet
confirmed, in the following form:

- pointer at beyinning : pointer
- TEDU=-nunber : integer
- IPDU~-length ¢ inmteger

Botes In «class 3 the arrival of aa AK~TEDU provokes the
deletion from this list of the confirmed TEDU~HARKS.

Last-Ti=-YR-10-NR 3 last progressive used for the
DT-TPDU transmission

TX-CDT ¢ Credits in transmission. It may be
incremented by an AK-TPDU It may be incremented or decre-
mented by anp RJI-TEDU

EX-anchor : top rpointer, tail pointer anchor
length
CR-flay ¢ boolean
CC-flag : boolean
Ak-flag : booleasn
EA-flag : boolean
BJ-flag : kcolean
DR=flag : boolean
NHAK-fiag : bocolean
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71 HAIH PROGRAH

The traasport entity is formed byz

- an initialization section to manage the start up phase

- a maintepance phase to manage communications events

- a closedown phase to orderly deactivate the entity.
The global structure of the entity shall be of this kind:
Progras traamsport

PROCEDURE initialize:
BEGIN

Initialize global areas:

Send INITIALIZATICH CK to LHES:
END:

PROCEDURE maintepance;
BEGIN
REPEAT
Receive {(message) ;
UNTIL {message = HOBK):;
REPEAT
Receive {message) ;
Process{message) ;
UNTIL {message~EXLT):;
END;

PROCEDURE closedown;

BEGIN
Crderly close all activities:
Release resources;

END;

BEGIH
{* Main prograz code®)
Initialize:
Haintenance:
Closeadown:
END: g

The software organization of saintenance rostine foresees one
module to receive input messages aand activate appropriate manage-
nent routises and W routines to masage the single events.

The scheduling module will distinguish the input nmessages on

the basis of which FSH will process them asnd then activate the
related FSH.

Hain progran asd procedures description ' 4G/ 163




OSIBIDE intermal use only

The FSM are formed by several manajying routiues anyone of which
manages a single state event combination. Routines shall be
described in the FSH pseudocode.

Every managing routine receives a message in input, processes
it and returas the control tc caller.

These routines will be described in nore detail in the FSH
paragragha

S50 the maintenance module *process {message)?’ routine shall be
of this kind:

PRCCEDURE process (message) :
BEGIN
CASE 'message shall be managed by FSH?

N = activate N-machine;
T =2 activate T-nachine:
G : activate G-pachine:
END {*0f case *)
END:

The structure of the X-machime will ke

PROCEDURE X-machine;
BEGIN

CASE Hessage of

XXX ¢ Routine for managing XXX event;

¥YY : Routine for managing YYY event:
ZZZ : Routine for managing 2%Z7Z event;
ITT : Routine for Eanaging TIT event;

END {#0f case #*)
END;

The structure of 'Routine for managing XXX event® shall
bes

PROCEDURE managing-XXX-event;
BEGIN
CASE state of
A s A-X¥X:
B : B-XXX;
C s C-X%X:
END (*#*0f case#)
END:

where A-XXX etc. are described by the FSH.

As an aiternative to nested case, if using assembler code, a
branch table structure can be used (see Fig. 15 pag. 142).
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g 1 K} ] o 7“3
i Event| XXX i 1YY | 222 | TTT |
} STIATE I i i | !
1 3 A 3 3 3
& ] Rl b k] F]
} A j a-¥XX | A-¥Y¥Y | A-42ZZ } A~TIT |
i A a E] 2 g ]
& T E] 3 kD ]
i B § B=XXX | B-YYY | B-ZZ% |} E=-TTIT }
¢ 4 t % + 4
} C } C-X¥X | C=-¥Y¥YY | C-222 } C-T17T |
i kA 2 | A ]
] 1] L] k H R |
H D I D=XXX | D=¥YY | D=Z22%2 | D-TIT |
| - £ 2 3 E ] 1
Figo 15. Branch table

A-XXX etc. are the addresses of manmaging routines the schedul-
ing can be done by an instructicn like

JHP TABLE{STATE,EVYENRT)

The preceding considerations meam that the maintenamce phase is
strictly external eveat driven:s the entity 1is activated by
external events and processes them, in a FIFC order.

If some other external event is unecessary to proceed processing
the situatiom of the particular connection is frozen by pmeans of
a state and resumed as soon as the required event happens.

This choice has been preferred against a 'circulac priority on
conpection basis® because it doesn®t introduce any privilege
between events and connections. Every event gets the same priori-
ty that?s to say that, in normal situations, an event is imme-
diately processed as soon as it happens so giving a very good aad
fast service: no time is spent in realizing circular scheduliag.

Cn the other haad it®s to rpoint out that im unbalanced situ-
ations where a connection generates much higher traffic than
other this connection will get more service and +this coculd lead
to worse global service than using the ®circular priority® in
very heavy traffic situations where a great amount of CPU load is
devoted to comnunicaticn.

As a conclusion #e <can say that the selected soluticn is
simpler to realize and a bit faster undes normal +traffic, may
lead to a worst service under very heavy aand unbalanced traffic.

It?s also to note that the selected solution doesn't exclude
the association of priorities to events: this may be realized
sending messages to different priority gueues and processing the
queues by priority.
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In the following we give a Pascal-like description of sone
procedures, this is only a way to formally describe algorithas
and we don't want to limit the implementation: eu only want
descrobe what a procedure shall do, not how.

7.2 HB-BACHINE PROCEDURES FOR PERFORHING REASSIGEHEET OF T.CS TO
N5

In this note we?ll describe the Tverify~CR?! and ?Perform-Heas-
signment? routines called in the N-data-indication, data-transfer
intersection of N-machine.

We suppose that for all ipcoming CRs *VERIFY CR? will be called
and that for all other TPDUs not related to nultiplexed TCDBs the
"PERFORH REASSIGHHENT® will be called.

He briefly rfecall the manadgempent of H=-data-indicatioen,
data-transfer intersection:

Separation is applied to the received NSDU, if a TPDU can’t bhe

decoded then class 2 T.C.S5. are closed, resync is sent to class 3
TaCoSa, H-reseb-request is issued.
If the TPDU is decoded first it is necessary to split managenent
of CRS, that we?ll see later from that of other TPDUs. Then if we
are the owner of the ¥.C. these are signalled to related T.Cs as
incoming-XX-TPDU; if we are not owner of the N.C. things are a
bit more complicated.

In fact first we'll verify if the TPDUs are for mualtiplexed
T.Cs, 4if they are them we?ll signal thes as incoming=-XX=-TPDU
othervise we?ll <call the *Perform-Reassignment® routine because
they could be TPDUs retransamitted after a petwork failure that
yet have to reassigned. If the exit status of ‘perform-reassign-
ment? is success:=true then the TPDUs will be signalled as incom-
ing=XX-TPDU otherwise a DR with SRBRCREF:=0,Reason:= #ismatched
references will be sent to peer entity together with an alarm-in-
dication to LHES.

PROCEDURE perform-teassignment {TPDU, success):
BEGIH
IF {{the DST_REF carried by this TPDU exists) and
{the related ICDB is linked to reopening anchor))
THEH
BEGIN
unlink TCDE from reopening anchor;
link=-TC-to~NC;
reset TUR;
{#*as THR is a T-mackine event it should be reset
there:z doing it here we can in most situations treat
reset and reopen in the same way so reducing the
nunber of stati of T-machine®)
successzstrue;
ERD:

P
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ELSE
successz=£false;
END; {*of procedure perform-reassignments)

For CBRs it 1is necessary tc verify if it is a new CR {in this
case the monitor procedure ?incoming-new-CR? is called) or if it
is a retraaspitted CR because of a reset or a reassigament after
failure; 1in this case it will be normally signalled with an
'incoming repeated CR TPDU® to the related instance of T-machine,

It is not possible to wuse the Yperform-zeassignment? because
the DST-REF in CR is 0 so we®ll use the SRC=REF jointly with
remote transport address end eventually T.C. status: -

PROCEDURE verify~-CRi{kind) :
{#*kiad will be true if anew CR, false if retransmitted CR#%E)

BEGIHN
Kind:=true;
{*verify for CR repeated after reset#)
REPEATL
Position on mext multiplexed T.C,;
{#*first time it's the first one®)
IF {TPDU SREC-REF=TCDB®s remote REF) and
TPDU remote iransport address=TCDB%s renote
transport address)
THEN
kXind:=false; {¥retransnitted CR%)
UNTIL {kind=false} or {scasmned all multiplexed TCDEs) ;
IF kind=true(®*is not a repeated CR after reset®) THEHN
BEGIN
{#*Verifies if is a repeated CR after a metvork
provider initiated disconnectx)
BEPEAT
Positioon on next T.C. of reopening aschor;
[(¥first tipe it's the first one#)
IF {TPDU SRC-REF=TCDB*s remoite REF) aand
iTPDU wemote tfransport address=TCDB?s renote
transport address) THEYN
BEGIH
Kind:=false; {*retransnitted CR%)
unpnlink TCDB from recpening anchor:
1ink=-2C-to=-3C:
Reset THR:
i®as THR is a T-pachine event it should be reset
there: doing it here we can in rost situvabions treat
resetl and reopen in the same vay so reducing the

number of T-Hachine's states#) i

END:
UNTIL {Kind=false) or ({scansed all ICDBs in
respening anchor) ;
EBD:
END; {*0f procedure®)
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7.3 HOHITOR PROCEDURES RELATED T0 IBITIALIZATION OF TRAHSPORT
AED BETBO0OBE COBZEOCL DATA BLOCES

Aim of this note is to describe those monitor procedures that are
related to starting an instance of a T-machine or N-machine.
That's to say to initialization of a BLDB or of a TCDB. These
procedures are called in four particular situations:

1o Yhen a T-connect-request is issued by 7T.U. {imitialization
of a TLDB)

2. ¥hen an incominmg CR is detected (initialization of a TCDB)

3. Rhen T-machine reguest to link the TCIB to a N.C. {may be

imitialization of a HCDEB)

4o When a N-connect-~indication is issued by WN.L. {imitializa-
tion of & NCDEB).

These four situations will be managed by four different proce-
dures. %e®ll not describe details as ‘get-data-block® routinpes
also because they might be implenmentation derendent., Howvever it's
posible to think we have a data block pool from mhich to get data
blocks when needed. These routines imply the assignment of a data
block {or better connection) identifier, NCEE-ID or TC-REF: the
exit status of them, a boolean var we call success, is function
ofz

- available memory for TCLBs, NCDBs

- aunber of active T.Cs, N.Us

7 3.1 Procedures description

i S < G R D R S WD S ST i o W P S < s

Procedure T-connect-request {rencte transport address, Q0S5 reyunested}
(*manages T-CONNECT request issued by T.U. see interface description#®)

BEGIH
IF not{refuse new connection flag) THEW
IF {Bemote traasport address exists and is reachable)
{#*this functioca will access configuration
tables and check the remote tramsport address for
validity, that’s to say it must ezist and Le reachablex®)
THEER
BEGLIH
Bllocate reference{succes
If success THEH
BEGIHE
Gel-TLh8 {success) ;
IF success {*#2 2CDB has been found%} THEX
BEGIH |
CHOICE CLASS5{QoS params passed by SESSICN,class nunber,cptions) ;.

o

sref)
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Initialize-TCDB;
{#sets all aaégg to defaunit initial valuses, sets
reference nusb
set -} a;%@ %@rz
T-states:=vait-for-HNC-assigned;
§§5lgﬁ“ﬁ£gz&ﬁﬁﬁgmfgﬁﬁﬁﬁﬁft aédi@ﬁg? QoS requests) ;
{#*ASKS mositor to assign the T.C. to a N.C. that®s to
say to multiplex on an existing one or to open a new
i Tw ggs

EXD

ELSE
Sigmal T-discongsect-indication {Beason:=NO TCDB available)
{0 T.U.%)

CXY

WD
ELSE
Sigsmal T-discomnnect-iadication (reason:=po ref available):
{370 T.U.%)
END
£L5E

Signal T-discopnect-indication {reason:z=remocte transport
Address invalid); {(%I0 T.0.%)
ELSE

Signal T-disconnect indication {reason:=refusing new connections);
END; {*of procedure T-connect-reguest#)
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PROCEDURE imcoming- ﬁ@@wfgi CE=EP DU
{#called when a new 195%&&@@ CH® is detected i-.e. not
valid for retransmitted CHs¥)

BEGIH
Beasonz:=0K;
IF notirefuse new connection f£lag) THEN
IF {DST-address ezists) THEH
BEGIH
fest~CR-parameters-for-validity {success):
I¥ success{¥parans are valid#%) THEH
BEGIH
I¥ {Echo-reguest not sei) THEH
BEGIH
Hegotiate {CR-TPDU~Parans, ouiput params, success):
{#this procedure will set params to be passed to T.U.
in the T-connect-indication basing on
~remngte’s reguests
=local resources
dn output Looclean YAR success will indicate whether
negotiation has beesn performed successfully or aot
see nobte 18F)
i¥ success {%*anegoitiation CK#%) THEH
BEGIE
alloc ref {success, rel);
IF success THEE
BEGIN
Get-TCDB{S
I¥ success
EEGLH
Initialize-TCDB;
{*zots aill valuses to default ipitial value, seots
reference nunber#®)
Link=-TC~Lo=-H0;
{#cross pointers on the data blocks are set#®)
Signal T-connect-indication{outpat paraas of
Q@“Q&i@%iﬁﬁ§@§$Tﬁ To Uo %)

BCCBS8)
{%¥a TCILB has besn found®) THEN

T-Statusz=wait-T-connect-respense;
END
ELSE reason:=#D TCDB available:
END ELSE

reason:= no ref avalilable
ELSE §Qﬁ$ﬁ&ﬁ3§£g@ti&iiﬂﬁ failed:
ELSE ressonz=echo regquest
ELSE reason:zsparasetiers iﬁ?éié :
ELSE reason:=destination address not active:
ELSE reascn:=refase nev¥ coanecliicas;
END:
IF reasoen<>0E THEN send—DR-TPDU(SBC:=},Beason)
END;: {¥0f procedure i&ﬁ@@i?@ new CRE)

H

i4 OSIRIDE Transport will always accept the class selection
made by the zewmote, if acoeptable {3,2FC,28PC), and the class
3 will map always in resiliesce high, c¢lass 2 will map in
resilience high OF Loz basipg on g4.C character-
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address, Qos requests):
ure¥)

BEGLN
IF pultiplexing-is-possible{renote transport address,Qo0S reguesis)
THEH
{#this boolean function will scan all existing H.C. %o
check if it is possible to multiplex on an existing one®)
BEGIH
Link-Tc-to~BC 3 {%cross po. 2r on the data bklocks are set®)
iF H-status=data Lty =¥ i
sigpal HC-assigned; |
END
ELSE
BEGIE {%#it wmasn®i poss
aillocate ref{succes
I¥ success THEH
BEGIHN
Get~NCDB (sucaess
IF¥ smuccess THEH
BEGIHN
HULTIPLEXING?Y
{* decides vhich kind of network ccanection has to be opened %)
Initialize~-BCDE;
Set-o¥yner:
Link=TC-¢to=HC:
Sigral B-conneci-Beguesi; (*¥Lo H.L.¥)

in

e w ﬁ
:m o
0 B
&

(=

istics,EXPEDITED %ill be set according to option selection.
The parameters carried by CR will be managed in the following

#ay:
1= dest TS&P-id will be checked to see if we are that
25 remcte TSAP-1d may be checked to s¢e if enabled
de IPDU size in the first version must be 128
4, throughpat will @@g in Qo5 parameiers passed to SESSION
in T-conmect isdication
5 additional option selecticn ussad Lo see i1f sxpedited is
required or sot
6. Version r&m% . '7 wificant 2y if I am OSIRIDE is
set ,version 5e
7 Echo significant only if I am OSIRIDE is set
8o I am GSIRIDE useful to verify if version nunber and
echo are significant or not. :

The same applies to parameters carried by CC, class ZFC may
be accepted versus a class 3 proposed, the repote SESSION may )
refuse an expedited service gﬁggﬁ%i@
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NC=-status:=vait N-connect-confirnm:
EHD
ELSE
Signal NC not assigned {(reasosn = no NCDB availakble)
END
ELSE
sigsal HC not assigned {reason = no reference available);
END
END: {#*0f procedure assign-§C¥)
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FUNCIION multipiexing-is-possible{rencte transport address,
QoS rejuests, WCEP~ID) : boolean;
{¥*booclean function#®)

BEGIH
Successz=false;
IF class <> 2HFL THEHN
BEGIHN
BEPEAT
Positiom on next HCDB:
{#* the first time is the first one #*)
{# only Hetwork Conpections in stati {Wait for H-Connect configrm and
Data Tramsfer) will be considered #)
iF renote~transport-address=rencie-tragsport address of this BCDR
THEN
F cost-saving THEH
success:=true
ELSE ,
IF QoS-reguests match vwith this H.C. THEN
I¥ availakble bandwidth is sufficient THEN
BEGIN
Successz=irue;
HCEP-IDz:=this HCDB?s HCEPRP=ID:
END;:
ONTIL ({scanned all B.Cs}or {Success):
END;
Hultiplexing is possible:zssuccess:
END; {®0f procedure®)
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PROCEDURE HN-connect-indication;
(¥*manages N-connect-indication issued by ¥.lL., see
interface description#)

BEGIN
reasoas:=ok:
IF not {refuse new connection flag) THEN
BEGIN
alloc ref {success,ref) ;
I¥ success THEN
BEGIHN
get-NCDB {Success) ;
IF success (#NCDB found*) THEN
BEGIR
Initialize-NCDB;:
{*set all values to defaunlt initial values,set
BCEP-1D%)
Signal N-comnect-response; {(¥*To N.L.#)
NC-Statuss=Data Transfer;
END '
ELSE {*no NCDB available#*)
reasonz=no NCLB availakle;
END
ELSE ,
reasonz=no ref available:
BEND '
ELSE
reasonsz= refusing new connections;
IF reason <> ok THEN
Signal N-discomnect-request {reason) ; (* to Network Layers)
END; {(*of procedure N-connect-indication%®)
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7-84 THE GARBAGE QUBUE HECHABISH

To every network conmnections a dummy tramsport conmection is
linked, it 1is actually only an anchor of TPDU, called Garbage
queue {GoQo)e

This G.Q. bhas the purpose of collecting all TPDUs to be sent
which have to be assigned to the NC as a whole because they
cannot or can no longer be related to a Transport Compection
{ices to a TCDB)«

These TPDUs are:
- DR in answer to a CR because the TCDB does not exist

- DC because this TPDU is sent omly as an answer to a DE, and
after the recegtionm of a DR the T.C. ({and so the TCDB) is
released.

- ER because when recogaizing an error the T.C. {and so the
TCDB) is released and an ER is sent.

This G.Q. shall be managyed as a normal T.C. from the point of
vies of concatenation, remembering that ER shall not be comcat-
enated and that DR shall be the last one in a concatenated NSDO.

When receiving a Beset indication or a Network provider initi-
ated disconnect indication DB and DC shall be flushed because
they can be lost {because of TS1, TS2).

ER shall be kept because in some situatioans its loss say lead
to undefined situatioas,

7-5 TRAESHISSIOH PROCEDUBES.

The pain issue is to find a mechanism which allows concatemation
of one TPDU containing user data with one or mcre of the other
TPDUs and segmentation of a data TSDU in TEDUs. Such mechaniss
nast optimize 1S the use of the OSIRIDE Network (X.25 ITAPAC) so
it must be able to £fill the user data field of the N_DATA_regquest
vhenever it is rpossikle,

For this reason the segmenting funmctiom is drivem by the Network
service machine {(N_machine)., When this machine is enabled to
send TPDUs on a network connection it scauns the TCDBs of the
transport connections nultiplexed on that network commection in

is They are not important from the throughput point of viewm,
you save only lower layer header, but are important froz the
charging point of view as you are charged per packet or half-
packet.
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search of a TPDU containing user data {(CR, CC, DT, DR, ED TPDU in
the OSIRIDE first release), performing a cyclic scansion algo-
ritha.

When it finds the TPDU it stores its type and leangth:; such length
is the real length in case of a CB, CC, ED TPDU and imitially 0
in case of a DT TPDU; in fact in order to optimize the use of the
transmission medium such length will be chosen (and the segmenta-
tion performed) after the end of the concatenation algorithm so
as to fill, if possible, the HSDU.

The portion of the buffer comtaining the NSDU to be transmitted
that can be utilized by the concatepation algorithe is NSDU
LENGTH (128) - LEBGIH OF TPDU (comtaining user data)

The concatenation of osly one control TIPDU per traansport
conpection is allowed. All DC TPDUs are in garbage gueue and we
have decided to comsider garbage gueue as a tramsport cobnection
gueue so ¥e send only ome DC in an H-DATA reguest.

ER TPDU canmot be concatenated.

This traanseission structure optmizes the use of the trans-
missioa medium even when a network signalled error occurs. In
fact the transport retains the buffer containing the TSDU {T_DATA
regquest) until it has been completely acknowledged.

It only puts a marker for every DT TPDU seat. This narker
contains the DT TPDU oumber {YR_TU_NB), length and the pointer to
the user data field. So whesn the resynchrosization procedure is
invoked the tramsport protocol machine will resove all the sark-
ers down to the one corresponding to the resynchronizatioa point.
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PROCEDURE TRANSHIT
{(* called by N_HMachine after an enable trasmission or a SEND_TPDU *)

Begin
if transmission_£flag = true thea
Begin
locate the first ICDB for the scanning algorithsa
SEARCH {TCDB_Pointer,found,TPDU_length, TPDU_type, TX=GO)
{#* 1f found eguals false the only significant information givea by

SEARCE is TX-GO flag #)

{* found equals true means that a CR,CC,ED,DT has been foundg“TPDﬂ;ﬁger 2
indicates the type of the TPDU #) ' : il

{* TX-GC is true if at least one TCDB contains a TPDU to be sent
different from not nmandatory AK TPDU #)

{#* the variable TPDU length equals 0 when the TPDU is a DT TEDU
{see segmenting algorithas ) and is the exact lemgth of the
TPDU when it is a ED,CE or CC TPDU %)

{(* the variable TPDU_type can iadicate one of the followiag TPDUs:
DT or CR or CC or EDTEDU. #*) '

I TX-GO =true THEN

BEGIH
if {is Garbage Queue AND is ER TPDU) then
BEGIH
N_DATA_request
transmit_£flag = false
END EISE
BEGIN
CORCATENA (N_DATA_request buffer, found,TPDU_tyre,
TPDU_length,curreat_TCDE_pointer)
H_DATA_request
transmissiocn_flag =false
EHD: "
END:;
E®D:

END; (®o0f procedure transmit #)

PROCEDURE SEARCH
BEGIN
initialize scanning pointer;
{# this information is contained imn the imput variable ZCDB_pointer ##
REPEAT . ety
IF {{CR_flag} or ({CC_flag) or (DE_flag) 6%
{{{ EX_flag = trme ) and ,
{(ED_amchor ne NIL}) and {{T_statss
{(I_Status = Data Transfer T.D.}}) ot Ty
({TSDU to be sent = true) and (T_Status = Data tranfer)) THEN
BEGIH
found == truse;
£ill output paraseter of the procedure;
E¥D ELSE
position oan next ICDB: i
T¥T1IL {foumd or

& £aﬁ§§e£§ ofr
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{all the elements of the TCDB list bave been scanned) )
END; {* of procedure SEARCH TCDB coataining a {CR,CC,DT,ED) TPDU %)

PROCEDURE CONCATENA (found, TPDU-type,TPDU-length,
current-TCDB-pointer)
{* if TPDU-type = DT them TPDU-length is equal 0 ;
if found eguals false the TPDU~type and TPDU-length are not
sigpnificant #¥)
BEGIN
if found then
available area z= 128 - TPDU~-leagth;
repeat
if sending reguest of RJ,EA,AK,DC then
BEGIN
{* the test of the control-TPDU flags is performed in the following
orderzRJ,EA,AK,DC. When a true flag is discovered the procedure
creates the corresponding TPEDU and puts it in the buffer
containing the concatenated TPDUs to be sent in this N_DATA request
and decrenments available area size.
The control TPDUs sending flags will le tested in the following
order:s DR,RJ,EA,AK,DC. )
At the first occurrence of a true flag this procedure puts the
corresponding TPDU in the buffer containing the concatenated
IPDUs in the N_DATA_reguest *)

DR flag resets all other flags;
RJ flag resets AK flag ¥)

create TIPDU;
insert in N_DATA_reguest buffer;
ceset TPDU flag;
available area := available area - IPDUlength;
position on next TCDB;
UNTIL (scanned all the TCDB or available area not siguificant)
{* too small %)
if found then
BEGIN
restore ICDB pointer to the input value;

{¥ this iaforpatiom is contained in the input variable
current TCDB pointer ¥)

case TPDU type of
CR,CC,DR: BEGIWN
create TEDU;
reset TPLU flag;
insert in N_DATA_request Lbuffer;

END:
BEGIH
take ED TPDU from anchor;
insert in NSDU:
1¥F class 2 THEN
release ED-TPDU from EX-QUEUE:

ED

LY}

END;
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DT 2 BEGIN
{# input length is zero %)
if disponible area > k ("sufficiepte®) then
BEGIN
create DT TPDU as loag as possible;
update table TSDU mark DT
if end of TSDU then
BEGIN
set EOT ia header:
reset TSDU to ke sent:
if class = 2 then
signal ENABLE~-TRANSHISSION:
ERD:
insert in NSDU
END:;
ENDg
END;
END; {(#0f procedure COKCATENA%)

7.6 A HECEAEISH POR HAMAGING REPEREECES INPLEEENTIEG AUTOHAT-
ICALLY THE FPBOZEN BEPERENCE HECHAEBISH.

If K is the maxisup number of transport conmection sipultaneously
open aad the range of allocable referemces is N (N > S®K) we can
use an allocation, deallocatiomn mechanism which guarantees the
freezing of the reference for a time T > S#network transit delay.

S gives the security of freezing, it must Le greater thaam 2.
This reference panagement alcgorithm needs tuo lists:

1. list A which contains the references allocated to tramnsport
connections

29 list B which contains the free references.

7-6-1 Referemce allocatios

&

The procedure for allocating the reference is the followiag:
Procedure allocreference
Begin
extract the first reference of list B
insert such reference in list &
end

Hain program and procedures description 156 s 163



OSIERIDE imternal use oamly

7-6.2 Refereance deallocation

The procedure which frees the reference is the following:
Procedure freereference
Begin
extract the reference frowm list A
insert such reference as last element ipn list B
end

7.7 AN ALGORITHY FOR CLASS SELEBCTION.

Class and options are selected utilizing the quality of service
parameters coantained in the T_Conn request and some statistical
information.

PROCEDURE CHOICE_CLASS (Quality of Service parameter, class number)

{*#* Quality of service parameter are : Throughput {(I->R), Throughput
{R=>1) ;Resilience and Exzpedited data transfer service.
(¥ Class number alloved values are : 2, 3 %)

BEGIN
IF expedited data tramsfer service = true thea
EXPEDITED OPTION
ELSE
HO EXPEDITED OPTION
IF resilience = high THEN
class npumber :z= 3
ELSE
I¥ ®good metwork resilience® THEN
{(#*this information is calculated by a statistical analizer of X.25
Network performance #)
BEGIHN
class numbers=2;
IF {one of the two throughput parameters = (high or very high)
OR Expedited option) THEN
(*as usmally required by a file transfer ¥)
USE OF EXPLICIT FLOW CONWTROL OBTICH
ELSE
NO USE OF EXPLICIT FLOW CONTROL
END ELSE
class anumberz=3
E¥D; {* of procedure CHOICE_CLASS ¥%)

7.8 AH ALGORITHE TO DETERHIEE ¥HEW BULTIPLRXING HAS T0 BE USED
In the OSIRIDE release ome transport layer oaly the owner of the

netvork connection can multiplex transport conpectiens o such
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netvork conaoection and the main application is FILE TRANSFER
(very unbalanced traffic).

The algorithm described in the following procedure is tailored on
such environment.

PROCEDURE MULTIPLEXING? {Quality of Service parameter, ,
Source network address,Destination network address,Result)’

{* Quality of service parameter are : Throughput (I->m), Throughput
(R->1) ,Resilience and Expedited data transfer service.

{* Result is a boolean variable, Result = Yes means that
multiplexing has to be performed ¥%)

BEGIN
IF {{one throughput parameter equals high) amd {the other equals
{low or very low)) and "there are more than three traasport
comnection usually comnected between this network addresses®)

{* This iasformation is calculated on a statistical basis #)
THEN

HOLTIPLEYING:=true
ELSE
HULTIPLEXING:=false
END; {(*®* of Procedure PREPAREMULTIFLEXING %}
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Introduction

File management 1is a necessary functionality im all OSIRIDE
layers. We are giving here an example of how this can be real-
ized. However this may be implementation dependent so this
appendix could be considered just as an exanmple.

Reasons for using files im tramsport

Transport {the same is valid for session) needs access to files
for various reasons among which at the wmoment we cam mark the
following ones:

- initialization of global data {maybe shared between layers)
of the systen: session users names, local transport addresses

- time out lenghts, maximum number of connections etc.

- management of addressing tables: level 4 addresses versus
hetwork addresses

- Error 1logging

Inserting the file system management into the transport {session)
is extremely heavy both from a memory occupation point of view
and from a performance point of view, VWhat is needed is a simple
and unified mechamism to manage files that allow traansport {ses-
sion) to continue execution in parallel with file access.

Solution to the proble=m

A solution to this problem could ke the following: Create
another process, external both to transport and session, that be
able to manage files for then.

This task that we?ll call file server will dialogue with trans-
port {session) via normal interprocess comsunication mechanisas,
receive commands from transport (session) and send back ansvers
wvhen needed. This file server could also dialogue with a coanfig-
uration task from which it could receive write commands to update
configuration files., The coanfigurator task could have either azn
operator interface or (better) could be a session user s0 allow-
ing to receive configuration commands from CHE. In this vay the
transport (session), when needing access to files will issue a
coammand (send) to file server and continue ezecution.

If the ansver from file server is necessary to proceed process-
ing transport {session) shall freeze the state of that particular
transport (session) connection until receiving answer and go on
processing the other transport {session) connectioas. The
ansvers from file server will arrive to tramsport (session) in
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the normal pipes associated to the connection. There are two

other advantages in this solution:

- the files organization can be changed transparently

transport (session) and amyone 1is allowed.If some processing
is necessary over data contained in file, for instance
-selection of onpetwork connection attributes, it may be
performed into the file server so realizing a sort of copro-
cessing that leads to a better transport session) Perforn-

ance.
Structure of the file server
File server may have the following structures
Program file server;

Procedure ¥X:
(*Example of a read file command with associate
processing#)
BEGIN
Open file (XXX¥):
Bead Record (command params):
Process{data contained in record):
Send {output of processimg, to link indicated in command) ;
Close file {¥XXX);
END:

PROCEDURE 7YY
{(*Exanple of an error logging command¥)
BEGIN
Open file (ERRLOG);
Prepare ERBRLOG message{command params, tine, etc.):
¥rite record {EBRLOG message) ;
Close file (ERRLOG);
END;

BEGIN
Receive {(command)
CASE command of

X2 223

¥z Y

VA EAH
END.

The process wvill suspend on receive if there are no pending

requests, an iancoming one will reactivate it,
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