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Foreword

(E)

ISO (the International Organization for Standardization) and IEC (the
International Electrotechnical Commission) together form a system for worldwide
standardization as a whole. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical
committees established by the respective organization to deal with particular
fields of technical activity. ISO and IEC technical committees collaborate in

fields of mutual interest. Other international organizations, governmental

£ I

In the field of information technology, ISO and IEC have establisheéd a |
technical committee, ISO/IEC JTC 1.

The main task of a technical committee is to prepare International Standardg
in exceptional circumstances, the publication of a technical report of one of
following types may be proposed:

and

oint

but
the

- type 1, when the necessary support within the technical committee capnot

be obtained for the publication of ‘an* International Standard, de
repeated efforts;

pite

- type 2, when the subject is still under technical development requiring

wider exposure;

- type 3, when a technical committee has collécted data of a different kind
from that which is normally published as an International Standard ("$tate

of the art", for example).

Technical reports of types 1 and 2 are subject to review within three years of
publication,_to decide whether they can be transformed into Internatipnal
Standards. ‘Technical reports of type 3 do not necessarily have to be reviewed

until the data they provide are considered to be no longer valid or useful.

ISO/IEC/TR 9572, which is a technical report of type 2, was prepared by ISOfIEC

JTC 1, Information technology.
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Introduction

In view of the complexity and widespread use of Open Systems Interconnection
standards it is imperative to have precise and unambiguous definitions of these
standards. Formal Description Techniques form an important approach for
providing such definitions. The use of Formal Description Techniques in this area
is however relatively new and their application on a wide scale cannot be
expected overmnight. Formal descriptions should be introduced gradually in
standards if initially the number of Member Bodies that are able to contribute to
heit devetopmer 00 Simall, TS altowing Time 10 gaim CXPericice ang 1o
develop educational material.

An ad-hoc group for the formal description of the Session Layer, i.e. of the
$ession Service ISO 8326 and the Session Protocol ISO 8327, was established in
November 1985. This group applied the Formal Description Technique LOTOS,
defined in ISO 8807, which at that time was still under development. In
beptember 1986 two Working Documents were produced which contained the

OTOS draft specifications of ISO 8326 and ISO 8327 respectively.\ AS a
pyproduct, the group also produced a number of Defect Reports on thesstandards,
most of which have been accepted and incorporated in the standards.

A Ballot was then issued requesting Member Bodies to_sState their position
concerning the progression of the formal descriptions. Based ‘on this Ballot, SC21
decided in June 1987 to progress both formal descriptions as Type 2 Technical
eports. The main reason for not incorporating them Gnto the standards was that
ember Bodies expressed their current lack of expertise on the subject. It seemed
erefore appropriate that a period of time passed, during which the formal
fecriptions can be read and compared with-the standards, and after which the
tatus and progression of the formal descriptions can be re-evaluated.

The purpose of this Technical Réport is to provide a complete, consistent and
lmambiguous description of ISQ 8327. It forms therefore a companion document
o ISO 8327. It takes account of the Defect Reports incorporated in the standard
annex D of ISO 8327), however, it does not necessarily take account of
subsequent amendments or addenda to the standard.
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Iljgormation technology - Open Systems Interconnection
L

1 Scope

Th

defined in ISO 8327. The formal definitions presented in this Technical Report are expressed in the fo

des

These formal definitions are related to the formal descriptions in-lJOTOS of the OSI Connection Oriel

Seq
the
refi

The formal description is not limited to a singlesession protocol machine, but also describes mul

ses
seq
but

2

Th
thi
sul
the

majntain registérs of currently valid International Standards.

IS(

TOS description of the session protocol

cription technique LOTOS, which is defined in ISO 8807.

sion Service, ISO 8326, and of the OSI Transport Service;ISO 8072. Moreover, formal definition
ke services, contained in ISO/IEC/TR 9571 and ISOAEC/TR 10023, respectively, are used
prenced in this Technical Report.

sion protocol machines that result from support of multiple session connections either in parallel ¢

by way of reference to the OSI Basic Reference Model, ISO 7498.

Normative references
p following standardsContain provisions which, through reference in this text, constitute provisiorn
ject to revision;-and parties to agreement based on this Technical Report are encouraged to investi

possibility of applying the most recent editions of the standards listed below. Members of ISO and

) 7498 1984, Information processing systems - Open Systems Interconnection - Basic Reference Mo

b Technical Report. At the time of publication, the editions indicated were valid. All standardslgare

s Technical Report contains a formal description of the OSI Basic Connection Oriented Session Protpcol
rmal

nied

s of
and

liple

rin

uence. Therefore, it also formalizes aspects)of multiplicity which are not presented in ISO 8327 direftly,

s of

ate
IEC

Jel.

ISO 8072: 1986, Information processing systems - Open Systems Interconnection - Transport service
definition.

ISO 8326: 1987, Information processing systems - Open Systems Interconnection - Basic connection
oriented session service definition.

ISO 8327: 1987, Information processing systems - Open Systems Interconnection - Basic connection
oriented session protocol specification.
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ISO 8807: 1988, Information processing systems - Open Systems Interconnection - LOTOS - A formal
description technique based on the temporal ordering of observational behaviour.

ISO/IEC/TR 9571: 1989, Information processing systems - Open Systems Interconnection - LOTOS
description of the session service.

ISO/IEC/TR 10023: - 1), Information processing systems - Open Systems Interconnection - LOTOS
description of the transport service.

TItions

r the purpose of this Technical Report the definitions given in ISO 8327 apply.

Symbols and abbreviations

is Technical Report uses the symbols defined in clause 6 (formal syntax) and.anncx A (data type library) ‘

of ISO 8807, and uses the abbreviations contained in clause 4 of ISO 8327,
The following additional abbreviations are employed in this Techical Report:
SC session connection

SCEP  session connection endpoint

SCEI  session connection endpoint identifier

SSP session service primitive

TC transport connection

N Transport Service

TSDU transport service data unit

wun

Conventions

lauses 6 through 10 of this Technical Report constitute LOTOS text. All informal explanations inthese ‘
Jauses form LOTOS comments. They are thus separated from the LOTOS specifications (of data types and
ynamic behaviour) a¢cording to the rules for comment delimitation. Moreover, informal explantrtions
recede the formal-definitions to which they refer and contain a final line of only "-" characters. Informal
xplanations following formal definitions contain a first line of only "-" characters.

O 9D oo M

sl

ormal definitions, as well as formal symbols and identifiers referenced in informal explanations, are
printed-in italics.

1) To be published.
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6 Introduction to the formal description

The formal description relates to the dynamic behaviour of an unbounded number of SPMs, each of which
supports the provision of a single SC or, in case of re-use of the underlying TC, a sequence of SCs. The SS
boundary is formally represented by a single gate s and the TS boundary by a single gate t. Events at these
gates are structured as defined in the service formal descriptions, ISO/IEC/TR 9571 and ISO/IEC/TR
10023. Constraints on connection identification, acceptance of connections and backpressure flowcontrol

(fre

repfesenting these constraints are in fact imported from the service formal descriptions. Figure 1 sHows|the
unction of processes resulting from this top level decomposition.

Co

SCEldentification

S

TCEldentification

SCAcceptance

SetOfSPM

Figure 1 - (Top level) processes representing separate constraints for a Session Protocol entity

TCAcceptance

TBackpressure

t

Figure 2 - Actions within a SPM

outgoing SSPs incoming SSPs
Session Service
.................................................................................. i observe gate s
decisionson validity state and decisions on
and G local D o validity
protocol actions variables
................................................................................................ observe gate p
extract SPDUs \ »  build SPDUs
|
receive TSDUs build TSDUs
........... il observegatet
Transport Service
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An internal gate p is introduced to favour separation of concerns based on the concept of SPDU. SPDUs are
transferred via the TS by encoding, and possibly concatenating, them into TS data units. The interactions at
gate p are independent of encoding and concatenation, however, thus only abstract SPDUs are to be
considered at p. The actions of a single SPM are summarized in figure 2.

The behaviour of the SPM is described by specifying the constraints on the behaviour observed at the three
gates S, p and t This is obtained by a parallel composition of a process, termed STPM, that roughly
corresponds to the state tables protocol machine, together with processes that enforce the local constraints
on service primitives at connection endpoints. Again, the latter constraints can be specified with instances
of processes imported from the SS and TS formal descriptions (namely SCEP and TCEP).

The next level of substructuring is found in the decomposition of STPM into processes représenting the
following separate constraints:

a) The relationship between SSPs and TSPs that does not involve abstract SPDUs (descrjbed by
process SSPTSP). This constraint is concemed with "direct mappings" between |service
primitives, where no SPM generated information is needed to coordinate the interworking with
the remote SPM. Also the establishment of a TC is attributed to this Constraint.

b) The relationship between SSPs and abstract SPDUs, including segmentation of SSDUs (dgscribed
by process SSPSPDU).

¢) The transformation of abstract SPDUs to TSPs, and<vice versa, including encodipg and
concatenation of SPDUs (described by process SPDUTSP).

d) The constraints on the ordering and contents of absfract SPDUs, corresponding to the statg tables
description in annex A of ISO 8327 (described by process SPDUConstraints).

SSPTSP and SSPSPDU synchronize at gate s, SSPFSP and SPDUTSP synchronize at gate {, and, (finally,
SSPSPDU, SPDUTSP and SPDUConstraints synchronize at gate p. This is shown in figure 3. The ptyle of
the formal description, which now also shows @ limited internal structure, can be characterized as a ixture
of constraint- and resource-oriented styles.

S
SCEP
SSPSPDU
SSPTSP p o—+————-— SPDUConstraints
SPDUTSP
TCEP

t
Figure 3 - Conjunction of processes representing the behaviour of a single SPM

Each of the processes that must synchronize at p imposes its own constraints on the exchange of abstract
SPDUs. Because of this, an abstract SPDU exchange only occurs if all processes agree on that particular
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exchange. The event structure of the abstract SPDU exchange is as follows:

p ?pd:ASPDU ?fl:TFlow ?d:Dir ?v:Validity ?st:TrState

with components

- pd of sort ASPDU. the abstract SPDU being exchanged;

- flof sort TFlow: the transport flow, which is either normal or expedited;

- dof sort Dir. the direction of transfer, which is either sending or receiving;

- v of sort Validity. the "status" of the abstract SPDU (only applicable for received SPD

Us).

According to the state tables of ISO 8327, processing of a received SPDU, and in particular

NOQTES

= e < = = P oo oo oD < ~ o1 - > ~ i v ~gnvam~ ~

determining its validity, depends upon the result of several actions (see figure 2) and/or the valuts of
certain session variables. Relevant states that involve more than one process can be established

through this component when synchronizing at p; and
- st of sort TrState: the "coarse-grained" state of the SPM (only applicable for received SPDUY
for sending the DN SPDU). The SPM state, known to process SPDUConstraints, is often

and
also

required by other processes upon exchange of a SPDU. However, rather than the fine-grdined
division of the data transfer phase into SPM states, certain collections of SPM states are relevant for
the latter processes. Values of this component are used to represent.Such collections and cap be

communicated when synchronizing at p.

1 - In order to represent flow control and segmenting, events at gates s and ¢ may represent the exchange of

single data octets instead of just executions of "complete” service primitives. Octet-wise exchange of d4

ta is

only modelled for those service primitives whose user data parameter has no length restrictions (i.e., S-DATA,
S-TYPED-DATA and T-DATA). Except for the need of "data octet" events, the characteristics of octet{wise

exchange of data are
- two events, a start and an end event, are significant to delimitate an exchange of data;

- the state transition and predicates that arg, associated with a SSP request are now associated with the

corresponding start event. If a colliding 6rovertaking, that is, "intervenient", event occurs before thg
event, then either

end

a) the (unfinished) request is-not disrupted (provided the intervenient event is not destructive),

but will be resumed after'the intervenient event, or

b) the (unfinished)-request is disrupted, and the corresponding TSP request is cancelldd or

terminated;

- the state transition and.predicates that are associated with a TSP indication are now associated with the
corresponding end(cvent. If a destructive or overtaking event occurs before the end event, then the

(unfinished) indication is disrupted, and all previous events of the indication are discarded.

2 - The formal ‘deéscription extends beyond the state tables description of ISO 8327 by way of expl
describing

- the constraints related to the multiplicity of SPMs;

- Conicatenation, extended concatenation and segmentation;

- the transfer of expedited data;

- the handling of invalid and unrecognizable events.

relations (a number of the lowest level processes are omitted). It also indicates the clauses where

citly

their
the

definition of these processes can be found ("SS" means: defined in ISO/IEC/TR 9571; "TS" means: defined
in ISOMIEC/TR 10023).

The definition of data types precedes the definition of the dynamic behaviour in which these types are used.
A number of standard data types are imported from the LOTOS library of data types. Apart from these, and
some "ad-hoc" data types, the types can roughly be divided in types for the representation of abstract
SPDUs, of encoded SPDUs, and of session variables. Additionally, a number of types are related to the
components of an internal event at gate p (besides the abstract SPDU).
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SessionProtocol (7)

SCAcceptance  SCEldenti- SetOfSPM (7) TCEIdenti- TCAcceptance  TBackpressure
(SS) fication fication (TS) . (TS)
(SS) (TS)

SuccSPMs (7)

SPM (8)
SCEPs (8) TCEPs (8)
SCEP STPM (10.1.1) TCEP
(SS) (TS)
SSPTSP SSPSPDU SPDUConstraints SPDUTSP
(10.2) (10.3) (10.5) (10.4)

TCONVar SPDUTSP1  Timer
(10.4.4) (10.4) (10.4.5)

SSPSPDUCon  SSPSPDUTran
(10.3.1) (10.3.2)

SendAB SPDUConstraints1 RecABnr
(10.5.1) (105.2) {10.5.1)
ImpiCon TwoSPDUs  SPDUOrd  VarCon
(10.5.3) (10.5.4) (10.5.5) (10.5.6)

Figure 4 - Processes related by a tree structure: each "father" process contains (or is constructed
from) one or more instances of its immediate " descendant" process(es)

7 Overalkeonstraints of the session protocol

A number of standard types are imported from the LOTOS library of data types by means of the|library
construct. The specification is parameterized with a protocol implementation parameter, defined in type
SProtocolimplementationPar. Its value indicates: 1) whether or not use of the transport expedited sexll:ice is
implemented, 2) what is the maximum TSDU size for both directions of data flow, 3) which functional

units have been implemented and 4) whether or not extended concatenation is implemented.

The top level structure shows a full synchronization of process SetOfSPM with two behaviour expressions
which mutually interleave, viz. SCEldentification synchronized with SCAcceptance on the one hand, and
TCEldentification synchronized with TCAcceptance and TBackpressure on the other. SetOfSPM defines
the dynamic behaviour of a potentially infinite number of independent SPMs, however
disregarding any concerns related to the limited capacity of the local system and the TS-provider
and the need for unique connection identification. The latter concerns are addressed by the two
behaviour expressions mentioned. They formulate the overall constraints that relate to a single service

6
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boundary; the processes representing these constraints are defined in the Session Service formal
description, IS/IEC/TR 9571, and the Transport Service formal description, ISO/IEC/TR 10023,
respectively.

SetOfSPM represents concurrency by multiple instances of SuccSPMs, where each instance describes a
succession of SPM behaviours. A SPM is represented by a distinct instance of SPM. The behaviour
described by SPM is that of using at most one TC for support of a single SC or multiple successive SCs
(based on the same TC). Termination of a TC enforces successful termination of the associated instance of
SPM.

sp@cification SessionProtocol [s,t] (spei:SPEImplementation): noexit

= *)

library Boolean,Element, Set, String, NatRepresentations, OctetString, NaturalNumber, Bit, FBoolean,
Octet, DecNatRepr, BitString, BitNatRepr, DecString , DecDigit
endlib

SProtocolimplementationPar is SRequirements, TSDUSize

ofsprt TSDUSize MaxTSize(SPEImpl(tex,sfus,tsduSize,ExtConc)) = tsduSize;
ofsprt Bool ExtConc(SPEImpl(tex,sfus,tsduSize,ExtConc)) = ExtConc;

( SCEldentification|s] || SCAcceptance(s] ) |||
{ TCEldentification|t] || TCAcceptancelt] || TBackpressure(t] )
/| SetOfSPMJs, t](spe/)
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prdcess SuccSPMs(s,t](spei:SPEImplemtation): noexit := SPM]s,tj(spei) >> SuccSPMs[s,t](spei) endptoc

8 Constraints for-a single session protocol machine

Thipe separateieonstraints are distinguished with respect to the behaviour of a single SPM, nanjely
constraints that are local to the SS boundary, constraints that are local to the TS boundary, and constrajints
thaf relat€the behaviour at one boundary to that at the other. These constraints are represented by SCEPs,
TCEPs and STPM, respectively.

SCEPs is described as the choice of two instances of SCEP that apply to the interaction with the Calling
SS-user and with the Called SS-user, respectively, followed by either successful termination or another
instance of SCEPs. The recursion applies only when the SPM re-uses the TC. Similarly, TCEPs is
described as the choice of two instances of TCEP that apply to the interaction with the Calling TS-user and
with the Called TS-user, respectively. The definitions of SCEP and TCEP are imported from ISO/TEC/TR
9571 and ISO/IEC/TR 10023 respectively.

STPM defines the mapping of SSPs to TSPs during the provision of one SC, or multiple successive SCs,
supported by a single TC.
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- —— *)
process SPM[s,t](spei:SPEImplementation): noexit :=
SCEPs[s] |[s]] STPM/s.t)(spei) J[t]] TCEPs[t]
where
process SCEPs[s]: exit := ( SCEFP[s](calling) [] SCEP[s](called) ) >> ( exIt [] SCEPs[s] ) endproc
process TCEPs[t]: exit := TCEP[t](CallingRole) [] TCEP]t](CalledRole) endproc
endproc (* SPM *)

(*

9 Session protocol data types

The Session Protocol data types consist of definitions for the construction of a SPDU (see?9:1), some
session variables (see 9.2) for the introduction of some additional functions related to SSPs'and TSPs (see
9.3), and for the construction of components of the internal event structure (see 9.5). A number of auxiliary
definitions of general use are presented in 9.4.

9.1 Session protocol data unit

Two sets of definitions are distinguished for the construction of a SPDU.\orie for an "abstract" SPDU and
the other for an encoded SPDU. This division is consistent with the-observation that the elenjents of
procedure related to SPDUs can be described independently of théencoding of SPDUs (i.e., the mapping
into TS data units).

9.1.1 Abstract SPDU

The specification of the abstract SPDU type is _aécomplished by way of a number hierarchigal type
definitions. First the basic construction of SPDUs is presented (see 9.1.1.1), then a classification of|SPDUs
(see 9.1.1.2), and subsequently a number of additional functions on SPDUs (see 9.1.1.3 through 9.1.1.5)
Concatenation of SPDUs is defined in 9.1.2;'(groups of) SPDU parameters are defined in 9.1.3 (in gs far as
not defined in ISO/IEC/TR 9571).

9.1.1.1 SPDU basic construction

Type BasicASPDU defines\functions, referred to as "constructor” functions, that yield (abstract) SPDU ‘
values. For each class, or/'type”, of SPDU a corresponding constructor function is defined with values of
the parameters of that SPDU as arguments. Additionally, a function DUM is introduced for convgniently
specifying error zeporting. Definitions that relate to SPDU parameters are imported by BasicASPDU (most
of them indirectly, by importing type SessionServicePrimitive).

type BasicASPDU is SessionServicePrimitive, SPReference, CAltem, TDISPar, Prepare,Encltem

sorls ASPDU

opns

CN: SPReference,CAltem,SFUs,SAddress,SAddress,SData -> ASPDU

AC: SPReference, CAltem,STokens,SFUs,SAddress,SAddress,SData -> ASPDU

RF: SPReference, TDISPar,SFUs,Nat (*Version*) ,DatOctStr (*Reason Code”) -> ASPDU

FN: TDISPar,SData -> ASPDU DN,NF: SData -> ASPDU

AB: TDISPar,Nat (*Reason Code*),DatOctStr (*Reflect Parameter Values’), SData -> ASPDU
GTC,GTA,AAAIAADA: -> ASPDU DT,TD: Encit,SData -> ASPDU

CD,EX,CDA: SData -> ASPDU GT: STokens (*Token Item parameter”) -> ASPDU
PT: STokens,SData -> ASPDU MIP: SSyncType,SSPSN,SData -> ASPDU

MIA: SSPSN,SData -> ASPDU MAP,AE,MAA,AEA: SSPSN,SData -> ASPDU

RA: STsAss,SSPSN,SData -> ASPDU RS : STsAss,SResynType,SSPSN,SData -> ASPDU
PR: PrepType -> ASPDU AS: SActld,SData -> ASPDU

8


https://standardsiso.com/api/?name=5362518cbf060e4ea71eb681fa354986

ISO/IEC/TR 9572: 1989 (E)

AR: SCRef,SActld, SSPSN,SActld, SData -> ASPDU
Al,AD: Nat ("Reason Code”) -> ASPDU

ER : DatOctStr -> ASPDU

endtype

(*

DUM: DatOctStr -> ASPDU
ED : Nat (* Reason Code *), SData -> ASPDU

9.1.1.2 SPDU classification

Type ASPDUConstant defines a classification of SPDUs. Each class of SPDU is represented by a constant

w1th a name similar to the abbreviated name to denote the SPDU in table 39 of ISO 8327 The aux1hary

eq ahty on SPDU classes

Type ASPDUCIassifiers is a functional enrichment of BasicASPDU. Tt defines functions,teferred

"rerognizer” functions, that determine whether a given SPDU is of a certain class.

[0 a

tyle ASPDUConstant is NaturalNumber

solts ASPDUConstant

_eq , _ne_ ASPDUConstantASPDUConstant -> Bool

ISGN,ISACI8RF,IsFN,ISDN,ISNF,IsAB,IsGTC,ISGTA,IsAA,IsDT,ISTD,IsCD,IsEX,ISCDA,IsGT,IsPT,IsMIF
ISMIAISMAP,ISMAA,ISAEA,ISRS,ISRA,IsPR,IsAS,ISAR,ISAILISAD,IsAIA,ISADA,ISAE,IsCAT21,ISACK, IsF

h(ac) = Succ(0);
h{dn) = Succ(h(fn));
h(aa) = Succ(h{ab));
h(td) = Succ(hfex));
h(gt) = Suce(h{cda));
h(gta) = Succ(h(gtc));

h(map) = Succ(h(mia));

h(pr)= Succ(h(rs));
h(ed) = Succ(h(er));
h(ad) = Succ(h(ar));
h(aia) = Succ(h(ada));

h(dum) = Succ(h(aea));

x ne y = h{x) ne h(y);

h(rf) = Succ(h(ac));
h(nf) = Succ(h(dn));
h(dt) = Succ(h(aa));
h(cd) = Succ(h(td));
h{pt) = Succ(h(gt));
h(mip) = Succ(h(gta));

h(maa) = Succ(h(map));

h(ra) = Succ(h(pr));
h(as) = Succ(h(ed));
h(ai) = Succ(h(ad));
h(ae) = Succ(h(aia));

IsSBRASED,IsDUM,IsPR_RS,IsPR_RA,IsPR_MAA,ISACT: ASPDU -> Bool

)

2

AB,

k: ASPDU > ASPDUConsIant

eqns forall spr:SPReference, sreq:SFUSs, cait:CAltem, cg,cd:SAddress, d:SData, tk:STokens,
tdpar:TDISPar, vs,reas:Nat, rcode,rpv,err:DatOctStr, sn:SSPSN, a:STsAss, et:Encit, sntp:SSyncType,
rt:SResynType, pt:PrepType, aid1,aid2:SActid, scr:SCRef, pd:ASPDU

ofsort ASPDUConstant

k(CN(spr,cait,sreq,cg,cd,d)) = cn;
k(RF(spr,tdpar,sreq,vs,rcode)) = rf;

k(FN(tdpar,d)) = fn;
k(AB(tapar,reas,rpv,d)) = ab;
k(AA) = aa;

k(DT(et,d)) = dit;

k(EX(d)) = ex;

K(AC(spr,cait tk,sreq,cg,cd,d)) = ac;

k(DN(d)) = dn;
k(GTC) = gtc;
k(AIA) = aia;
k(TD(et,d)) = td;
k(CDA(d)) = cda;

k(NF(d)) = nf;
k(GTA) = gta;
k(ADA) = ada;
k(CD(d)) = cd;
k(GT(tk)) = gt;
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k(PT(tk,d)} = pt; k(MIP(sntp,sn,d)) = mip; k(MIA(sn,0)) = mia;
k(MAP(sn,d)) = map; K(AE(sn,d)) = ae; k(MAA(sn,d)) = maa;
k(AEA(sn,d)) = aea; k(RA(a,sn,d)) = ra; k(RS(a,rt,sn,d)) = rs;
K(PR(pY)) = pr; k(AS(aid1,d)) = as; k(AR(scr,aid1,sn,aid2,d)) = ar;
k(Al(reas)) = ai; k(AD(reas)) = ad; k(ER(err)) = er;
k{(ED(reas,d)) = ed; k(DUM(err)) = dum

ofsort Bool

ISCN(pd) = k(pd) eq cn; ISAC(pd) = k(pd) eq ac; IsRF(pd) = k(pd) eq rf;
IsFN(pd) = k(pd) eq fn; ISNF(pd) = k(pd) eq nf; IsDN(pd) = k(pd) eq dn;
ISAB(pd) = k(pd) eq ab; IsGTC(pd) = k(pd) eq gtc; IsGTA(pd) = k(pd) eq gta;
IsAA(pd) k(pd) eq aa; IsDT(pd) = k(pd) eq dt IsCDA(pd) = k(pd) eq cda

IsGT(pd} = (pd) eq gt, IsPT(pd) k(pd) eqpt;

ia; IsSMAP(pd) = k(pd) eq map; IsMAA(pd) = k(pd) eq maa;
; IsSRS(pd) = k(pd) eq rs; IsRA(pd) = k(pd) eq.ra;
IsER(pd) = k(pd) eq er; IsED(pd) = k(pd)eq.ed;
N IsSAR(pd) = k(pd) eq ar; IsAl(pd) = k(pd)-eq ai;
N IsAlA(pd) = k(pd) eq aia; ISADA(pd} = k{pd) eq ada;

5 = ; IsDUM(pd) = k(pd) eq dum;
SACK(pd) = (IsMIA(pd) or IsSMAA(pd) or ISAEA(pd) or IsRA(pd) or IsAlA(pd) or ISADA(pd) or IsCDA(nd));
SCAT21(pd) = (IsRS(pd) or IsRA(pd) or ISAD(pd) or ISADA(pd) or IsAl(pd) ordsAlA(pd) or ISER(pd) qr ‘
ISED(pd) or IsCD(pd) or ISCDA(pd));

ot(IsAB(pd)) => IsPAB(pd) = false;

SPAB(AB(tdpar,reas,rpv,d)) =

((reas eq Succ(Succ(0))) and (Length(rov} le NatNum(Dec(9))))-or
((reas eq NatNum(Dec(3))) and Empty(rpv)) and Empty(d);

SPR_MAA(PR(pt)) = pt eq mack;
SACT(pd) = ISAR(pd) or ISAS(pd) or IsAl(pd) or ISAD(pd) or ISAE(pd) or ISAIA(pd) or ISADA(pd) or
SAEA(pd);
gndtype

b

I3

9.1.1.3 SPDU parameter selectors

Type ASPDUParameterSelectors. defines functions, referred to "extractor" functions, that allpw to
determine the value of individual SPDU parameters. It imports SLokalTokensState from ISO/IEC/TR 9571
3

nd Compare, an auxiliary type (see 9.4.2). ‘
—— *)

pe ASPDUParameterSelectors is ASPDUCasslifiers,SLocalTokensState,Compare

pns

rrStr,RPV. ASPDU-> DatOctStr SPSN: ASPDU -> SSPSN

PRef: ASPDU -> SPReference CgAddr,CdAddr: ASPDU -> SAddress

ersion. ASPDU -> Nat ResynType: ASPDU -> SResynType

DISPar: ASPDU -> TDISPar Reason: ASPDU -> Nat

reptype: ASPDU -> PrepType MtsRecFlow.MtsSendFlow: ASPDU -> Nat
MTSDUPar: ASPDU -> TSDUSize Userinf: ASPDU -> SData
FUs: ASPDU -> SFUs Encltem: ASPDU -> Encit
TokenSet,InvTokenSet: ASPDU -> STsAss InitialAss: ASPDU -> SLTsState
Tokens: ASPDU -> STokens ProtOptions: ASPDU -> Bool

10
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eqns forall sn:SSPSN, cait:CAltem, spr:SPReference, vs:Nat, sdat:SData,prt:PrepType, rpv:DatOctStr,
srqms:SFUSs, sa1,sa2:SAddress, srf:SCRef, mt,mtr,mis:Nat, tkass:STsAss, rtyp:SResynType,
tsize:TSDUSize, actid1,actid2:SActld, reas:Nat,str:DatOctStr, tdpar:TDISPar, encit:Enclf,
stok,CgTokens,CdTokens:STokens, tk:SToken, styp:SSyncType

ofsort DatOctStr

ErrStr(DUM(str)) = str;

ofsort SSPSN

SPSN(CN(spr,cait,srqms,sail,sa2,sdat)) = SSPSN(cait);

SPSN(AC(spr,cait stok,fus,sal,sa2,sdat)) = SSPSN(cait);

SPSN(MIP(styp,sn,sdat)) = sn; SPSN(MIA(sn,sdat)) =sn;

SPSN(MAP(sn,sdat)) =sn; SPSN(MAA(sn,sdat)) =sn;

SPSNLAE A‘/sn,edaf)) =Sl SDQI\I\/AF—"/cn,cﬂa_})) =8N

SPEN(RS(tkass,rtyp,sn,sdat)) = sn;

SPBN(RA(tkass,sn,sdat)) = sn; SPSN(AR(srf,actid1,sn,actid2,sdat)) = sn;

ISAS(pd) => SPSN(pd) = s(Succ(0)); (* s maps a natural number on a value of sort SSPSN *)

ofgort SPReference

SPRef(CN(spr,cait,srqms,sal,sa2,sdat)) = spr;

SPRef(AC(spr,cait stok,srqms,sat,sa2,sdat)) = spr;

ofgdort SAddress

CoAddr(CN(spr,cait,srqms,sal,sa2,sdat)) = sat;

CdRAddr(CN(spr,cait,srqms,sat,sa2,sdat)) = sa2;

CgRlddr(AC(spref,cait,stok,srqms,sa1,sa2,sdat)) = sat;

CdAddr(AC(spr,cait,stok,srqms,sal,sa2,sdat)) = sa2;

ofgort Nat

Vetsion(CN(spr,cait,srqms,sal,sa2,sdat)) = Version(cait);

Version(AC(spr,cait,stok,srqms,sa1,sa2,sdat)) = Version(cait);

ofgort SResynType

RepynType(RS(tkass,rtyp,sn,sdat)) = rtyp;

ofgort TDISPar

TDISPar(RF(spr,tdpar,srqms,vs,str)) = tdpar;,  TDISRar(FN(tdpar,sdat)) = tdpar;

TDYSPar(AB(tdpar,reas,rpv,sdat)) = tdpar;

ofgort Nat
Re@ason(RF(spr,tdpar,srqms,vs,str)) = ToNatNum(First(str));
Repson(AB(tdpar,reas,rpv,sdat)) = reas; Reason(Al(reas)) = reas;

Repson(AD(reas)) = reas; Reason(ED(reas,sdat)) = reas;

ofgort TSDUSize

MTSDUPar(CN(spr,cait,sqrms,sal,sa2)sdat)) = TSDUSize(cait);
MTSDUPar(AC(spr,cait,stok,srgms,sal,sa2,sdat)) = TSDUSize(cait);

ofgort Nat

MtsSendFlow(CN(spr,cait,sqrms,sal,sa2,sdat)) = inresp(TSDUSize(cait));
MtsRecFlow(CN(spr,cait,sqrms,sat,sa2,sdat)) = respin(TSDUSize(cait));

MtsSendFlow(AC(spr,cait stok,sqrms,sal,sa2,sdat)) = inresp(TSDUSize(cait));
MtsRecFlow(AC(spr.cait, stok,sqrms,sal,sa2,sdat)) = respin(TSDUSize(cait));

ofsort SFUs

FUS(CN(spr,cait,srqms,sal,sa2,sdat)) = srqms; FUs(AC(spr,cait,stok,srqms,sal,sa2,sdat)) = srqms;
FUS(RF(spritdpar,srgms,vs,str)) = srqms;

ofgort DatOctStr

RAV(AB(tdpar,reas,str,sdat)) = str;  RPV(ER(str)) = str;

ofsort,STsAss

ToKemnSe N(3PT,cant,3rgims,3at,saz,saat)) = o T5A any;
TokenSet(AC(spr,cait,stok,srqms,sat,sa2,sdat)) = STsAss(cait);

TokenSet(RS(tkass,rtyp,sn,sdat)) = tkass;

TokenSet(RA(tkass,sn,sdat)) = tkass;

InvTokenSet(CN(spr,cait,srqms,sat,sa2,sdat)) = STsAss(Second(STsAss(cait)),First(STsAss(cait)),{});
InvTokenSet(AC(spr,cait,stok,srgms,sa1,sa2,sdat)) = STsAss(Second(STsAss(cait)),First(STsAss(cait)),{});
InvTokenSet(RS(tkass,rtyp,sn,sdat)) = STsAss(Second(tkass), First(tkass).{});
InvTokenSet(RA(tkass,sn,sdat)) = STsAss(Second(tkass),First(tkass),{});

ofsort STokens

Tokens(AC(spr,cait,stok,srqms,sal,sa2,sdat)) = stok; Tokens(GT(stok)) = stok;
Tokens(PT{(stok,sdat)) = stok;

11
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ofsort Bool
ProtOptions(CN(spr,cait,srqms,sal,sa2,sdatl)) = Options{cait);
ProtOptions(AC(spr,cait,stok,srqms,sa1,sa2,sdat)) = Options(cait);
ofsort PrepType

PrepType(PR(prt) = prt;

ofsort Enclt

Encltem(DT(encit,sdat)) = encit; Encltem(TD(encit,sdat)) = encit;
ofsort SDala
UserInf(CN(spr,cait,srqms,sat,saz2,sdat)) = sdat;
Userinf(AC(spr,cait,stok,srqms,sa1,sa2,sdat)) = sdat;
UserInf(RF(spr.tdpar,srqms,vs,str)) = sdat;

—_ nf.

erinf(NF(sdat)) = sdat;  Userinf(AB(tdpar,reas,rpv,sdat)) = sdat;
erinf(DT(encit,sdat)) = sdat; Userinf(TD(encit,sdat)) = sdat;
serinf(CD(sdat)) = sdat;  UserInf(EX(sdat)) = sdat;
erinf(CDA(sdat)) = sdat; UserInf(PT(stok,sdat)) = sdat;
serInf(AR(srf,actid1,sn,actid2,sdat)) = sdat;
serInf(RS(tkass,rtyp,sn,sdat)) = sdat;

serinf(RA(tkass,sn,sdat)) = sdat;

serinf(MIP(styp,sh,sdat)) = sdat;

serinf(MIA(sn,sdat)) = sdat; Userinf(MAP(sn,sdat)) = sdat;
serinf(MAA(sn,sdat)) = sdat; UserInf(AEA(sn,sdat)) = sdat;
serInf(AS{actid1,sdat)) = sdat; UserInf(AE(sn,sdat)) = sdat;
serinf(ED(reas,sdat)) = sdat;

dtype

(::

9.1.1.4 Equality of SPDUs

h Y

SPDUEquality enriches the ASPDU construction with boolean equality on SPDUSs.

o~

Ype ASPDUEquality is ASPDUParameterSelectors

ns _eq_, _ne_: ASPDU,ASPDU -> Bool

xns forall pd1,pd2:ASPDU, spri,spt2:SPReference, sreqi,sreq2:SFUS, cait1,cait2:CAltem,
cg1,cdi,cg2,cd2:5Address, d1,02:SData, tk1,tk2:STokens, tdpar1,tdpar2:TDISPar,
vs1,vs2,reas1,reas2:Nat, rcodel,rcode2,rmovi,rpve,err,err2:DatOctStr, sn1,sn2:SSPSN,
al,a2:STsAss, et1,et2:Enclt, sntp1,snip2:SSyncType, rt1,rt2:SResynType, pt1,pt2:PrepType,
aid1,aid2,aid3,aid4:SActd, scr1,scr2:SCRef

fsort Bool

01 ne pd2 = not(pd1_eq pd2);

pd1) ne k(pd2) =>-pd1 eq pd2 = false;

N(spri,cait1,sregi,cg1,cd1,d1) eq CN(spr2,cait2,sreq2,cg2,cd2,d2) = (spr1 eq spr2) and
(cait1 eq.cait2) and (sreq1 eq sreq2) and (cg1 eq cg2) and (cd1 eq cd2) and (d1 eq d2);

C(spri,caitiitk1,sreqt,cgl,cdl,d) eq AC(spr2,cait2,tk2,sreq2,cg2,cd2,d2) = (spr1 eq spr2) and
(caitteq cait2) and (tk1 eq tk2) and (sreq1 eq sreq2) and (cg1 eq cg2) and (cd1 eq cd2) and
(dieq d2);

b OXT O

I

F{spri,tdpar1,sreq1,vsi,rcodel) eq RF(spr2,tdpar2,sreq2,vs2,rcode2) = (spr1 eq spr2) and
— (toparteq topar2)and (sreq 1 eq sreqe)and (vs1 eq vs2) ana{rcodet eq rcodez;;
FN(tdpar1,d1) eq FN(tdpar2,d2} = (tdpar1 eq tdpar2) and (d1 eq d2);
DN(d1) eq DN(d2) = d1 eq d2;
NF(d1) eq NF(d2) = d1 eq d2;
AB(tdpari,reas1,rpv1,d1) eq AB(tdpar2,reas2,move,d2) = (tdpari eq tdpar2) and
(reas1 eq reas2) and (rpv1 eq rpv2) and (d1 eq d2);
(k(pd1) eq k{pd2) and (IsGTC(pd1) or IsGTA(pd1) or ISAA(pd1) or IsAIA(pd1) or ISADA(pd1))) =>
pd1 eq pd2 = true;
DT(et1,d1) eq DT(et2,d2) = (et1 eq et2) and (d1 eq d2);
TD(et1,d1) eq TD(et2,d2) = (et1 eq et2) and (d1 eq d2);
CD(d1) eq CD(d2) = d1 eq d2;

12
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GT(tk1) eq GT(tk2) = tk1 eq thk2;

PT(tk1,d1) eq PT(tk2,02) = (tk1 eq tk2) and (d1 eq d2),

MIiP(sntp1,sn1,d1) eq MIP(sntp2,sn2,d2) = (sntp1 eq snip2) and (sn1 eq sn2) and (d1 eq d2);
MiA(sn1,d1) eq MIA(sn2,d2) = (sn1 eq sn2) and (d1 eq d2);

MAP(sn1,d1) eq MAP(sn2,d2) = (sn1 eq sn2) and (d1 eq d2);

AE(sn1,d1) eq AE(sn2,d2) = (sn1 eq sn2) and (d1 eq d2);

MAA(sn1,d1) eq MAA(sn2,d2) = (sn1 eq sn2) and (d1 eq d2);

AEA(sn1,d1) eq AEA(sn2,02) = (sn1 eq sn2) and (d1 eq d2);

RA(a1,sn1,d1) eq RA(a2,sn2,d2) = (a1 eq a2) and (sn1 eq sn2) and (d1 eq d2);

RS(at1,nt1,sn1,d1) eq RS(a2,rt2,sn2,d2) = (a1 eq a2) and (rt1 eq rt2) and (sn1 eq sn2) and (d1 eq d2);
PR(pt1) eq PR(pt2) = pt1 eq pt2;
AS(aiddteqAStaids-de)=—faidteqaiddandfdteqddh—mm
AR(scri,aid1,sn1,aid2,d1) eq AR(scr2,aid3,sn2,aid4,d2) = (scr1 eq scr2) and
(aid1 eq aid3) and (sn1 eq sn2) and (aid2 eq aid4) and (d1 eq d2);
Al(reas1) eq Al(reas2) = reas1 eq reas2;

AD{reas1) eq AD(reas2) = reas1 eq reas2;

DUM(err1) eq DUM(err2) = err1 eq erre;

endtype

(*

9.1/1.5 Other functions on abstract SPDUs

Typge ASPDU enriches the previous definition with functions to determine whether certain conditions|are
satified by a given SPDU, e.g. concerning the SPDU parameter’ values. One auxiliary functjon,
PREP_Needed, does not have a SPDU as argument, but a SSP; it‘determines the need to send a PR SPDU.

)
type ASPDU is ASPDUEquality, TFlow
opns
PREP_Needed: SSP -> Bool _PREP_: ASPDU,SSP -> Bool
DequeuingPDUs: ASPDU -> Bool CorrectCN: ASPDU -> Bool
Maiches: ASPDU,ASPDU -> Bool ValidSegmenting: Nat, ASPDU -> Bool
CL)C,CF: ASPDU -> Bool Err_Comb: ASPDU, TFlow,Bool -> Bool

DummyPTorGT: ASPDU -> Bool

eqns forall ssp:SSP, pd:ASPDU, texiBgol, fl:TFlow, encit:Enclt, mt:Nat, spr,spr1,spr2:SPReference,
cait,cait1,cait2:CAltem, fus,fusi1,fus2:SFUs, sa1,sa2,sa3,sa4:SAddress, sdat,sdat1,sdat2:SData,
stok:STokens

ofsprt Bool

PREP_Needed(ssp) = (IsSSRSYNreq(ssp) or IsSSRSYNrsp(ssp) or IsSACTIreq(ssp) or IsSACTIrsp(ssp) g
ISSACTDreq(ssp) orisSACTDrsp(ssp) or ISSACTErsp(ssp) or IsSSYNMarsp(ssp));
not|(PREP_Needed(ssp)) => pd PREP ssp = false;

(Is$RSYNreq(ssp)or1sSACTIreq(ssp) or ISSACTDreq(ssp)) => pd PREP ssp = pd eq PR(res);
(Is§RSYNrsp(ssp)-or IsSSACTIrsp(ssp) or IsSACTDrsp(ssp)) => pd PREP ssp = pd eq PR(rack);
(IsSACTErsp(ssp) or ISSSYNMarsp(ssp)) => pd PREP ssp = pd eq PR(mack);

DequeuingPDUs(pd) = (ISAC(pd) or ISAEA(pd) or IsMAA(pd) or IsRS(pd) or IsRA(pd) or ISAIA(pd) or
IsADA(pd) or IsAR(pd) or IsAS(pd) or IsGTA(pd));

DummyPTorGT(pd) = (IsPT(pd) or IsGT(pd)) and ({} eq Tokens(pd));

t /IonT/r\rl\ OF loTn/r\HH f‘l /nfﬂ faloa
no (FSFHPE- 5o pPa/m>—oi{Pa =56

CL(DT(encit,sdat)) = (enC/t eq absent) or (enC/t eq end);
CL(TD(encit,sdat)) = (encit eq absent) or (encit eq end);
(* CL: complete SSDU or last segment of a segmented SSDU. *)
not (IsDT(pd) or iIsTD(pd)) => CF(pd) = false;
not (IsDT{pd) or IsTD(pd)) => C(pd) = false;
C(DT{(encit,sdat}) = (encit eq absent);
C(TD(encit,sdat)) = (encit eq absent); :
(* CF: complete SSDU or first segment of a segmented SSDU; C: complete SSDU. %)
not (IsDT(pd) or IsTD(pd)) => ValidSegmenting(mt,pd) = false;
( (pd eq DT(encit,sdat)) or (pd eq TD(encit,sdat)) ) => ValidSegmenting(mt,pd) =
( ((encit ne absent) iff (mt ne 0)) and ((encit ne end) implies (sdat ne (<> of SData))) );

<X
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(* Err_Comb: SPDU received on the wrong transport flow. *)
Err_Comb(pd, fl,tex) = ((IsEX(pd) or IsPR(pd)) and (fl eq normal)) or
( (IsAA(pd) or IsAB(pd)) and (tex implies (fl eq normal)) )
(* CorrectCN checks whether an incoming CN SPDU satisfies clause 7.1.1. of ISO 8327. *)
not(IsCN(pd)) => CorrectCN(pd) = false;
CorrectCN(CN(spr,cait,fus,sa1,sa2,sdat)) = .
( ((not(ACT lIsin fus) and ((MA Isin fus) or (SY Isin fus) or (RESYN Isin fus))) implies
(SSPSNSSynNumber(cait) ne absent) ) or
{ ((ACT Isin fus) and (SSPSN(cait) ne absent)) implies
((MA Isin fus) or (SY Isin fus) or (RESYN Isin fus))) );

(* Matches yields true if its arguments constitute a valid combination of a CN and an AC SPDU according to

07 *)
%t(lsCN(pm ) and IsAC(pd2)) => Matches(pd1,pd2) = false;
atches(CN(spri,cait1,fus1,sal,sa2,sdat1),AC(spr2,cait2,stok,fus2,sa3,sa4,sdat2)) =

((sa3 ne absent) implies (sa3 eq sa1)) and ((sa4 ne absent) implies (sa4 eq sa2)) and

( (SSPSN(cait2) ne absent) iff
(not(ACT Isin Ints(fus1,fus2)) and ((MA Isin Ints(fus1,fus2)) or (SY Isin Ints(fust,fus2)) or
(RESYN isin Ints(fus1,fus2))) )

) and

(stok eq Ints(stok,RqrTokens(STsAss(cait1)))) and

not((FD Isin fus2) and (HD Isin fus2)) and

((FD Isin fus2) implies (FD Isin fus1)) and ((HD Isin fus2) implies (HD-isln fus1)) and

(Choice Tokens(STsAss(cait2)) eq {}) and

(  ((milsin RqrTokens(STsAss(cait2))) or (mi Isin AcrTokens(STsAss(cait2))))
implies (SY Isin Ints(fus1,fus2)) ) and

( ((maIsin RqrTokens(STsAss(cait2))) or (ma Isin AcrTokens(STsAss(cait2))))
implies ((MA Isin Ints(fus1,fus2)) or (ACT Isin Ints(fust,fus2))) ) and

(  ((dk Isin RqrTokens(STsAss(cait2))) or (dk Isin AcrTokens(STsAss(cait2))))
implies (HD Isin Ints(fus1,fus2)) ) and

{(  ((nrlisin RqrTokens(STsAss(cait2))) or (nrisly AcrTokens(STsAss(cait2))))
implies (NR Isin Ints(fus1,fus2)) ) and

{ (tkIsin RqrTokens(STsAss(cait2))) implies
( (tk Isin RgrTokens(tkass1)) or (tk Isln Choice Tokens(STsAss(cait1)))) ) and

( (tk Isin AcrTokens(STsAss(cait2)))implies
{ (tk Isin AcrTokens(tkass1)) or (tk Isin ChoiceTokens(tkass1))) );

ndtype

.1.2 Concatenation of SPDUs

e basic construction. of concatenated SPDUs is defined by type BasicConcASPDUs that consists

of an

tualization of the,standard type String. The empty string of concatenated SPDUs is represented by

nstant NULL:
*)
type BasicConcASPDUs is String actualizedby NaturalNumber,ASPDU,Boolean using
ortnames ASPDU for Element Bool for FBool ASPDUs for String
String NULL for <> Number forlength |
endtype
(*

Type ConcASPDUs enriches this definition with functions:
- Empty. yields true if the argument string is equal to NULL;
- PRAInQ: yields true if the argument string contains a PR (RESYNCHRONIZE ACK) SPDU;
- First,..,Fourth: yield the first,..,fourth SPDU in the given string;
- IsXConcat. yields true if the argument string is an extended concatenated sequence of SPDUSs;
- IsValidConc: yields true if the argument string is a valid concatenated sequence of SPDUSs;

14
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- IsValConc: yields true if the argument string could be part of a valid concatenated sequence of
SPDUs;

- M_S_w_GT: yields true if only a dummy GT SPDU can be concatenated to the argument string in
order to form a valid concatenated sequence of SPDUs;

- CAT1,CATO: yield true if their argument string belong in certain categories;

- Concatenate: appends a SPDU to a string of SPDUs; and

- ConcatPDUs: adds a new SPDU to a concatenated sequence in such a way that the result still forms
a valid concatenation according to clause 6 of ISO 8327.

typé ConcASPDUS Is BasicCOnCASPDUS

op

Empty, PRAINQ: ASPDUSs -> Bool Rest: ASPDUs -> ASPDUs
First, Second, Third, Fourth: ASPDUs -> ASPDU
IsX@oncat,IsValidConc,IsValConc,M_S w_GT: ASPDUs -> Bool

CAT1,CATO: ASPDU -> Bool

ConatPDUs,Concatenate: ASPDU,ASPDUs -> ASPDUs

eqns forall ps:ASPDUs, pd,pd1,pd2,pd3:ASPDU

)

ofsgrt ASPDUs

Rest(NULL) = NULL; Rest(Concatenate(pd,ps)).= ps;
ofsort ASPDU

Firsf(NULL) = DUM(emply) ; Second(NULL) =-DUM(empty);
Third(NULL) = DUM(empty); Fourth(NULL) = DUM(empty);
Firs{{Concatenate(pd,ps)) = pd; Second(ps)=)First(Rest(ps));
Third(ps) = Second(Rest(ps}); Fourth(ps)'= Third(Rest(ps));
ofsort Bool

Empty(ps) = (ps eq NULL); PRAINQ(NULL) = false;
PRAInQ(Concatenate(pd,ps)) = ( (pd eq PREP(rack}) orPRAINQ(pS) );

1sV;

IsV.
IsV.
(Nu
IsVi

( ( (IsAS(pd1) or IsAR(pd1)) and (ISAE(pd2) or IsSMAP(pd2)} ) or
{ (IsAS(pd1) or IsAR(pd1)) and (begin eq Encltem(pd2)) } );

lidConc(ps) and (Namber(ps) gt NatNum(Dec(2)))) => IsXConcal(ps) = true;
lidConc(ps) and {Number(ps) It NatNum(Dec(2)))) => IsXConcat(ps) = false;
lidConc(pd 14ASPDUs(pd2)) => IsXConcat(pd1+ASPDUs(pd2)) =
(IsGT(pd1):and (IsMIA(pd2) or ISMAA(pd2) or ISAEA(pd2)));
IConc(ASPDUs(pd1)) = true;
ICong(NULL) = false;

ber(ps) gt NatNum(Dec(3))) => IsValConc(ps) = false;
[Conc{pd1+ASPDUs(pd2)) =

( ( (IsAS(pd1) or IsAR(pd1)) and (IsMIP(pd2) or ISAE(pd2) or ISMAP(pd2) or CF(pd2)) ) or
{ (IsMiP(pd1) or IsMIA(pd1) or IsSMAP(pd1) or ISMAA(pd1) or ISAE(pd) or ISAEA(pd)) and CL(pd2) ) );

{sValConc(pd1+(pd2+ASPDUs(pd3))) =

( (IsAS(pd1) or IsAR(pd1)) and (IsMIP(pd2) or ISMAP(pd2) or ISAE(pd2)) and C(pd3) );

IsValidConc(ASPDUs(pd)) = CAT1(pd);

CAT1(pd) = ( IsCN(pd) or ISAC(pd) or IsRF(pd) or IsFN(pd) or IsDN(pd) or IsNF(pd) or IsAB(pd) or

IsAA(pd) or IsGTC(pd) or IsGTA(pd) or IsTD(pd) or IsEX(pd) or IsPR(pd) );

CATO(pd) = (IsGT{(pd) or IsPT(pd));
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fsValidConc(pd 1+ASPDUs(pd2)) = ( not(CAT1(pd2) or CATO(pd2)) and (((IsDT(pd2) and not(CL(pd2))) or
ISRS(pd2) or IsAD(pd2) or IsAl(pd2) or IsCD(pd2)) implies (IsGT(pd1) and DummyPTorGT(pd1)) ) and
{ (IsRA(pd2) or ISADA(pd2) or ISAIA(pd2) or IsSCDA(pd2)) implies IsPT(pd1) ) and ( (IsMIA(pd2) or
ISMAA(pd2) or ISAEA(pd2)) implies (IsPT(pd1) or IsGT{pd1)) ) and { (CL(pd2) or IsMIP(pd2) or
ISMAP(pd2) or ISAS(pd2) or ISAR(pd2) or ISAE(pd2)) implies IsGT(pd1) ) );

(Number(ps) gt NatNum(Dec(2))) => IsValidConc(ps) = IsGT(First(ps)) and IsValConc(Rest(ps)) and
( M_S_w_GT{(Rest(ps)) implies DummyPTorGT(First(ps)) );

ofsort ASPDUs

(IsAS(pd1) or IsAR(pd1)) => ConcatPDUs(pd,ASPDUs(pd1)) = Reverse(pd+ASPDUs(pd1));

( IsDT(pd1) and (IsMIP(pd) or IsMIA(pd) or IsSMAP(pd) or ISMAA(pd) or ISAE(pd) or ISAEA(pd)) ) =>
ConcatPDUs(pd, ASPDUs(pd1)) = pd+ASPDUs(pd1);

1sDT{pd1) and not (IsMIP(pd) or IsMIA(pd) or ISMAP(pd) or IsSMAA(pd) or ISAE(pd) or ISAEA(pd)))
ConcatPDUs(pd, ASPDUs(pd1)) = NULL;

ConcatPDUs(pd, NULL) = ASPDUs(pd);

IsMIP(pd1) or IsMIA(pd1) or ISMAP(pd1) or IsMAA(pd1) or IsSAE(pd1) or ISAEA(pd1)) =>
ConcatPDUs(pd1,ASPDUs(pd1)) = NULL;

(IsAR(pd1) or IsAS(pd1)) and IsDT(pd2) and (IsMiP(pd) or IsMIA(pd) or IsMAP(pd) orIsMAA(pd) o.
ISAE(pd) or ISAEA(pd)) ) => ConcatPDUs(pd,pd1+ASPDUs(pd2)) = pd1+(pd+ASPDUs(pd2));

not ( (IsAR(pd1) or IsAS(pd1)) and IsDT(pd2) and
(IsMIP(pd) or IsMIA(pd) or IsSMAP(pd) or IsMAA(pd) or ISAE(pd) or ISAEA(pd)) ) ) =>
ConcatPDUs(pd,pd1+ASPDUs(pd2)) = NULL

endtype

%k

i
v

D.1.3 SPDU parameters
D.1.3.1 Connection Identifier parameter group

The Connection Identifier parameter group, contdined in CN, AC and RF SPDUs, is defined by type
SPReference. It consists of an actualization of the auxiliary type Threetuple (see 9.4.6).

_*)
type SPReference is Threetuple actualizedby DatOctStr1,Boolean using
ortnames Bool for FBool DatOctStr for Element1
atOctStr for Element2 DatOctStr for Element3 SPReference for Threetuple
pnnames SPReference for Threetuple CgUserReference for First
ommonReference for Second AdditionalRef for Third
ndtype

*

.1.3.2 Connect/Accept Item parameter group

e Connect/Accept Item parameter group, contained in CN an AC SPDUs, is defined by type CAltem. It
onsists.of an actualization of the auxiliary type FiveTuple (see 9.4.6). SSynchronizationNumber and
TokensAssignment are imported from ISO/IEC/TR 9571.

*)
type CAltem is Fivetuple actualizedby TSDUSize,SSynchronizationNumber,STokensAssignment using
sortnames Bool for FBool Bool for Element1 TSDUSize for Element2
Nat for Element3 SSPSN for Element4 STsAss for Element5 CAltem for Fivetuple
opnnames Options for First CAltem for Fivetuple TSDUSize for Second
Version for Third SSPSN for Fourth STsAss for Fifth
endtype
* -
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9.1.3.3 TSDU Maximum Size parameter

The TSDU Maximum Size parameter, contained in CN and AC SPDUs, is defined by type TSDUSize, an
enrichment of type TSDUSize0. The latter type consists of an actualization of auxiliary type TwoTuple (see
9.4.6). Function inresp is used to determine the TSDU Maximum Size value for the direction from initiator
to responder, respin is used to determine the value for the opposite direction. Value 0 indicates that
segmenting is not allowed for the direction of concem. The constant absent, introduced by type TSDUSize,
indicates that segmenting is not allowed for either direction.

*)
FSDUSizet
absent: -> TSDUSize _eq _: TSDUSize, TSDUSize -> Bool
inresp(absent) = 0; respin(absent) = 0
e TSDUSize0 is Twotuple actualizedby Boolean,NaturalNumber using
Nat for Element1 Nat for Element2 TSDUSize for Twotuple

TSDUSize for Twotuple inresp for First respin for Second

9.1.3.4 Transport Disconnect parameter

The Transport Disconnect parameter, contained in RF, FN and AB SPDUs, is defined by type TDISHar. It
consists of a renaming of auxiliary type Doublet, imported from ISO/IEC/TR 9571. Constant nr indicates
thpat the sender of the SPDU requests termination of theTC; constant r indicates that re-use of the TC is
refjuested.

*)
type TDISPar is Doublet renamedby

sgrtnames TDISPar for Doublet

opnnames nr for constant1 r for constant2
endtype

(*

9.1.3.5 Prepare Type parameter

The Prepare Type parameter, contained in PR SPDUS, is defined by type Prepare. It consists of a renaming
of|type Triplet, imposted from ISO/IEC/TR 9571. The three constants res, rack and mack, respectively,
correspond with,the values "RESYNCHRONIZE", "RESYNCHRONIZE ACK" and "MAJOR SYNC
ACK" defined in table 10 of ISO 8327.

*)
tybe Prepare is Triplet renamedby

sartnames PrepType for Triplet

opnnames res for constant1 rack for constant2 mack for constant3
endtype

(*

9.1.3.6 Enclosure Item parameter
The Enclosure Item parameter, contained in DT and TD SPDUS, is defined by type Encltem. It consists of a

renaming of type Quartet, imported from ISO/IEC/TR 9571. Constant begin is used to indicate that the
SPDU is the first segment of a segmented SSDU, middle that the SPDU is neither the first nor the last
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segment, end that the SPDU is the last segment of a segmented SSDU, and absent that segmenting is not
allowed.

*)

type Encitem is Quartet renamedby

sortnames Encit for Quartet

opnnames

begin for constant1 middle for constant2 end for constant3 absent for constant4
endtype

(*

9.1.4 Encoded SPDU

9.1.4.1 SI field

<

alid values of the SI field are defined by type PDUSIs. It imports type PDUSIsOthat actualizgs the
andard type Set. Constant ValidSls represents the set containing all valid SI values.

/2]

.___*)

R

ype PDUSIs is PDUSIsO
ns ValidSls: -> SiSet

dans

alidSls = Insert(Dec(0), Insert(Dec(1), Insert(Dec(2), Insert(Dec(5), Insert(Dec(7), Insert(Dec(8),
Insert(Dec(9), Insert(1+Dec(0), Insert(1+Dec(2), Insert(1+Dec(3), Insert(1+Dec(4), Insert(2+Dec(]l),
Insert(2+Dec(2), Insert(2+Dec(5), Insert(2+Dec(6), Insert(2+Dec(9), Insert{3+Dec(3), Insert(3+Dgc(4),
Insert(4+Dec(1), Insert(4+Dec(2), Insert(4+Dec(5), Insert(4+Dec(8), Insert(4+Dec(9), Insert(5+Dec(0),
Insert(5+Dec(3), Insert(5+Dec(7), Insert(5+Dec(8), Insert(6+Dec(1),

Insert(6+Dec(2),{))))))))NNININ)

<

andtype

type PDUSIsQ is Set actualizedby DecNatRepr,NaturalNumber using
rtnames DecString for Element Bool for FBool SISet for Set
dtype

(¥

9.1.4.2 Auxiliary functions for SPDU valid encoding checks

ype Err3Tuple defines values to represent intermediate tests on the valid encoding of SPDUs. It imports
type Err3Tuple0, an actualization of the auxiliary type ThreeTuple (see 9.4.6). The values are 3-tuples,
here the second and’third component are octet strings representing, respectively, the part of an encpding

t yet tested and-~the part that is already tested, and the first component is a boolean indicating the regult of
the test so far.Fhe function eq tests equality of two such 3-tuples (all three components must be equal).

)
type€rr3Tuple is Err3Tuple0
hs _eq_: Err3Tuple, Err3 Tuple -> Bool
e ' Ot Bool
Err3Tuple(b1, s1 32) eq Err3Tuple(b2 33 s4) ( (b1 eq b2) and (s1 eq $3) and (s2 eq s4) );
endtype
type Err3Tuple0 is Threetuple actualizedby DatOctStr1 using
sortnames Bool for FBool Bool for Element1 Err3Tuple for ThreeTuple
DatOctStr for Element2  DatOctStr for Element3
opnnames Err3Tuple for ThreeTuple
endtype
(*

18
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9.1.4.3 Valid encoding checks

Type ErrCoding defines functions that check whether a given octet string constitutes a valid encoding of a
SPDU. ErrCodStr yields an empty octet string if the argument octet string represents a correctly encoded
SPDU, otherwise the erroneous part of the argument string is returned. The first octet of a valid encoding
should represent a valid SI value (an "unknown" value is retumned by ErrCodSty). If a valid SI value is
present, the remaining part of the octet string should be an encoding of the SPDU class identified by the SI
value; this is checked with ErrCodXX (XX being the denotation of the SPDU class, see 9.1.1.2). The valid
encodings of the parameters (parameter groups) from which the SPDU encoding is constructed are again
tested by separate functions, one for each parameter (group). The definition of the latter functions is based
on allimited number of auxiliary functions.

*)

ErrCoding Is DatOctStr2,PDUSIs,Compare,Err3Tuple, BitString

ErrGodStr: DatOctStr -> DatOctStr

ErrGodCN, ErrCodRF,ErrCodFN, ErrCodDNorNF,ErrCodABorAl ErrCodEX, ErrCodTD/ErrCodGT,
ErrCodCDorCDA,ErrCodPT,ErrCodMIA,ErrCodMAAOrAEA,ErrCodRS, ErrCodRA,ErrCodPR,
ErrCodAS,ErrCodAR, ErrCodAD, ErrCodAEorMAPorMIP,ErrCodAC,

ErrCodNF: DatQOctStr,DatOctStr -> DatQctStr

CodCN1,CodCN2,CodCN3: DatOctStr,DatOctStr,DatOctStr -> DatOctStr

CodCNLen: DatOctStr,DatOctStr -> DatOctStr

CorfiConld: DatOctStr,Octet -> Err3Tuple

CorfConld1: DatOctStr,DatOctStr,DatOctStr,Octet -> Err3Tuple

CorfConld2,CorrConld3 : DatOctStr, DatOctStr,DatQctStr -> Err3Tuple

CorCAlt,CorrRest: DatOctStr -> Err3Tuple

CorfCAIt1,CorrCAIt2,CorrCAIt3,CorrCAIt4,CorrCAIts: DatOCtStr,DatOctStr,DatOctStr -> Err3Tuple
CorfRest2,CorrRest3,CorrRestd: DatOctStr,DatOctStr ->-Err3Tuple

CortParml : DecString, DecString, DatQOctStr, DatOctStr.-> Err3Tuple
CortPar,CorrParm,MCorrPar,MCorrParm: DecString,DecString, DatOctStr -> Err3Tuple

ChepkBits: DecString,DatOctStr -> DatOctStr

No11: BitString -> Bool

SPS8NOctets: DatOctStr -> DatOctStr

SPYNOct2: DatOctStr,DatOctStr -> DatOctStr

eqns forall 0,01,02,03:Octet, ds,pgi,pilen,li:DecString, b:Bool,

st,51,52,53,54,585:DatOctStr, bstr,bstr1,bstr2:BitString, b1,b2:Bit, dv1,dv2,dv3,dv4:DecString
ofsart DatOctStr

( (01 eq ds) and not (ds Isin ValidSis) ) => ErrCodStr(o1+s1) = Octet(o1);

(* The Sl code is not in the'list of known Si codes so only this octet is returned as being the erroneous part
coded ASPDU. )

q (1+Dec(3))),=> ErrCodStr(o1+s81) = ErrCodCN(s1,Octet(01));

q (1+Dec(4)))=> ErrCodStr(o1+s1) = ErrCodAC(s1,0ctet{01));

q (2+Dec(5))) => ErrCodStr(o1+s1) = ErrCodABorAl(s1,0ctet(o1));
eq (4+Dec(1))) or (o1 eq (4+Dec(9))) ) => ErrCodStr(o1+s1) = ErrCodAEorMAPorMIP(s1,0ctet(o1));
q (1+Dec(2))) => ErrCodStr(o1+s1) = ErrCodRF(s1,0ctet(01));

q-Dec(9)) => ErrCodStr(o1+s1) = ErrCodFN(s1,0ctet(01));

(o1 eq (T+Dec(Uj] or (0T eq Dec(8))] => ErrCodStr(o1+81) = ErrCodDNorNF(sT,0ctelf(o1));

(o1 eq Dec(8)) => ErrCodStr(o1+81) = ErrCodNF(s1,0Octet(o1));

(o1 eq (3+Dec(3))) => ErrCodStr(o1+s1) = ErrCodTD(s1,0Octet(01));

(o1 eq Dec(1)) => ErrCodStr(o1+s1) = ErrCodGT(s1,0ctet(01));

(o1 eq Dec(5)) => ErrCodStr(o1+s1) = ErrCodEX(s1,0ctet(01));

( (o1 eq (6+Dec(1))) or (o1 eq (6+Dec(2))) ) => ErrCodStr(o1+s1) = ErrCodCDorCDA(s1,0ctet(01));
(o1 eq Dec(2)) => ErrCodStr(o1+s1) = ErrCodPT{(s1,0Octet(o1));

(o1 eq (5+Dec(0))) => ErrCodStr(01+s1) = ErrCodMIA(s1,0ctet(o1));

(o1 eq (4+Dec(2))) => ErrCodStr(o1+s1) = ErrCodMAAOrAEA(s1,0ctet(o1));

(o1 eq (5+Dec(3))) => ErrCodStr(01+81) = ErrCodRS(s1,0ctet(01));

(o1 eq (3+Dec(4))) => ErrCodStr(o1+s1) = ErrCodRA(s1,0ctet(01));

(o1 eq Dec(7)) => ErrCodStr(o1+s1) = ErrCodPR(s1,0ctet(01));
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(o1 eq (4+Dec(5))) => ErrCodStr(o1+s1) = ErrCodAS(s1,0ctet(01));

(o1 eq (2+Dec(9))) => ErrCodStr(o1+s1) = ErrCodAR(s1,0ctet(01));

(o1 eq (5+Dec(7))) => ErrCodStr(o1+s1) = ErrCodAD(s1,Octet(01));

{ (01 eq (2+Dec(6))) or (01 eq (2+Dec(1))) or (o1 eq (2+Dec(2))) or (01 eq (5+Dec(8))) and (02 eq Dec(0)) )
=> ErrCodStr(o1+(02+s1)) = ErrCodStr(s1);

( (01 eq (2+Dec(6))) or (01 eq (2+Dec(1))) or (01 eq (2+Dec(2))) or (01 eq (5+Dec(8))) and (02 ne Dec(0)) )
=> ErrCodStr(o1+(02+51)) = 01+0ctet(02);

(* CN SPDU valid encoding checks: Each parameter (group) is analysed separately to determine whether
the encoding is according to the rules given in clause 8 of ISO 8327. The following is checked: whether the
LI (length indicator) fields have the correct values, whether the parameters (parameter groups) are in the
correct order, whether maximum length restrictions have not been violated and whether the individual
parameter values have been correctly encoded. *)

Empty(s1) => ErrCodCN(s1,82) = 82;

* The length indicator is absent. The first octet is returned as the erroneous string. *)
01 eq Dec(0)) => ErrCodCN(01+83,52) = ErrCodStr(s3);

* The length indicator contains the value zero, so there are no parameters present..’)

(o1 It (2+(5+Dec(5}))) and (Length(s3) It 01) ) => ErrCodCN(01+53,52) = S2++81;
* The length of the remaining string is smaller than indicated by the LI value; the whole octet string i
returned as being erroneous. *)

A2

U

(o1 It (2+(5+Dec(5)))) and (Length(s3) eq 01} ) => ErrCodCN(01+58++54,52) = CodCN1(s3,52--01,84);
01 eq (2+(5+Dec(5)))) => ErrCodCN(01+53,52) = CodCNLen(s3,s2--01),

(* Two cases are distinguished in the following: 1) the LI valie indicates a length smaller than 255 ogtets, in
which case the LI field is encoded using one octet, and 2)the first octet represents the value 255, in which
case the encoding of the LI field should consist of three*octets. The actual LI value is then encoded ih the
remaining two octets and it should be greater than orequal to 255, otherwise the encoding of Ll is
considered to be erroneous. Furthermore, the length of any correctly encoded CN SPDU is implicitly
constrained by a maximum value equal to 719..Fhis is also checked. *)

(Length{s1) It NatNum(Dec(2))) => CodCNLen(s1,82) = s2++51,

( (NatNum(BStr(o1)++BStr(02)) gt (7+(1+Dec(9)))) or (NatNum(BStr(o1)++BStr(02)) It (2+(5+Dec(5)))) ) =>

CodCNLen(o1+(02+53),82) = s2++(01+0ctet(02));

( (Length(s3) It NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (7+(1+Dec(9)))) and
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodCNLen(01+(02+53);82) = s2++51;

* The LI field is correctly encoded but the remainder of the string is too short. *) .

(Length(s3) eq NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (7+{1+Dec(9))}) and
(NatNum({BStr{o1)++BStr(o2)) ge (2+(5+Dec(5)))) ) =>
CodCNLen(01+(02+53++54),52) = CodCN1(s3,s2++(01+0ctet(02)),54);
* LI and length restrictions are satisfied: next, the parameter groups are checked, starting with the
Connection) Identifier parameter group. *)

First(CorrConld(s1,First(s2))}) => CodCN1(s1,52,83) =
CodCN2(Third(CorrConld(s1,First(s2))),s2++Second(CorrConld(s1,First(s2})),s3});
(" CorrConid returns a boolean value and Iwo octel strings. 1he booleartis rue if No error was aetected” in
the encoding. In that case, the second string is the part found to be correct so far and the third string is the
part still to be checked. *)

not(First(CorrConld(s1,First(s2)))) => CodCN1(s1,52,83) = s2++Second(CorrConld(s1,First(s2)));
First(CorrCAlt(s1)) => CodCN2(s1,s2,83) = CodCN3(Third(CorrCAlt(s1)),s2++Second(CorrCAlt(s1)),s3);
(* The Connect/Accept Item parameter group is not mandatory. If a parameter (group) is not mandatory, an
empty octet string is considered to be a valid encoding. *)

not(First(CorrCAlt(s1))) => CodCN2(s1,s2,83) = s2++Second(CorrCAll(s1));
First(CorrRest(s1)) => CodCN3(s1,82,83) = ErrCodStr(s3);
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not(First(CorrRest(s1))) => CodCN3(s1,s2,83) = s2++Second(CorrRest(s1));
(* CorrRest takes care of the remaining parameters of the CN SPDU.*)

ofsort Err3Tuple

Empty(s1) => CorrConld(s1,0) = Err8Tuple(true,s1,s1);

(* No parameters (parameter groups) are present if s1 is empty. Only the octet representing the Sl value is
present. This octet is denoted by 0. %)

(o1 ne Dec(1)) => CorrConld(o1+s2,0) = Err3Tuple(true,empty,01+s2);
(* The encoding of the Connection Identifier parameter group is absent. Note that this parameter group is
not mandatory. *)

( (a1 eq Dec(1)) and Empty(s2) ) => CorrConld(o1+s82,0) = Err3Tuple(false,Octet(01),52);
( (o1 eq Dec(1}) and (02 gt (1+(3+Dec(2)))) ) =>

CorrConld(o1+(02+s2),0) = Err3Tuple(false,o1+Octet(02),52);

(* The value contained in the LI field is too large. ")

( (a1 eq Dec(1)) and (o2 le (1+(3+Dec(2)))) and (Length(s2) It 02) ) =>
CorrConld(o1+(02+52),0) = Err3Tuple(false,01+(02+52),empty);
(* The LI field contains a valid value but the remaining string is too short. *)

( (a1 eq Dec(1)) and (02 le (1+(3+Dec(2)))) and (Length(s2) eq 02) ) =>
CorrConlid(o1+(02+82++83),0) = CorrConld1(s2,01+QOctet(02),83,0);

(* Individual parameters are checked below. This check is performed by the function CorrParm whose
arguments represent the Pl field, the maximum length of the parameter value, and the parameter encoding
to e checked. For example, the Pl value 10 identifies the Calling SS-user Reference parameter of the CN
SPPU, and Pl value 9 identifies the Called SS-user Referenceparameter of an AC or RF SPDU. The
makimum length of these parameters is 64 octets. CorrParm is used to check the correctness of variablg,
bounded, lengths of non-mandatory parameters. *)

( First(CorrParm(1+Dec(0),6+Dec(4),s1)) and (0 €q(1+Dec(3))) ) => CorrConld1(s1,82,83,0) =

CorrConld2 (Third(CorrParm(1+Dec(0},6+Dec(4),s1)),
s2++Second(CorrParm(1+Dec(0),6+Dec(4),s1)), $3);

{ Fyst(CorrParm{Dec(9),6+Dec(4),s1)) and (o ne (1+Dec(8))) ) => CorrConld1(s1,52,83,0) =

CorrConld2 (Third(CorrParm{Dec(9),6+Dec(4),s1)), s2++Second(CorrParm(Dec(9),6+Dec(4),s1)),

1]

3);

( not(First(CorrParm(1+Dec(0),6+Dec(4),s1))) and (o eq (1+Dec(3))} ) =>

CorrConid1(s1,s2,83,0) £ Err3Tuple(false,s2++Second(CorrParm(1+Dec(0),6+Dec(4),51)),83);
( net(First(CorrParm(Dec(8),6+Dec(4),s1))} and (o ne (1+Dec(3))) ) =>

CorrConld1(s1,s2,58,0) = Err3Tuple(false,s2++Second(CorrParm(Dec(9),6+Dec(4),51)),53);

Firgt(CorrParm(1+Det(1),6+Dec(4),s1)) => CorrConld2(s1,52,53) =

CorrConld3 (Third(CorrParm(1+Dec(1),6+Dec(4),51)),
s2++Second(CorrParm(1+Dec(1),6+Dec(4),s1)), 83);

not{First(CorrParm(1+Dec(1),6+Dec(4),s1))) => CorrConld2(s1,82,83) =

Err3Tuple(false,s2++Second(CorrParm(1+Dec(1),6+Dec(4),51)),83);

( Fyst(CorrParm(1+Dec(2),Dec(4),s1)) and Empty(Third(CorrParm(1+Dec(2),Dec(4),51))) ) =>

CorrConld3(s1,s2,83) = Err3Tuple(true,s2++Second(CorrParm(1+Dec(2),Dec(4),51)),53);

(* The Connection Identifier parameter group is found to be correctly encoded if there are no octets left for

checking and the length indicated in the LI field corresponds to the length of the oclet string representing

the encoding. *)

( First(CorrParm(1+Dec(2),Dec(4),51)) and not(Empty(Third(CorrParm(1+Dec(2),Dec(4),51)))) ) =>
CorrConld3(s1,s2,83) = Err3Tuple (false, s2++Second(CorrParm(1+Dec(2),Dec(4),51))++
Octet(First(Third(CorrParm(1+Dec(2),Dec(4),81)))), $3);
- not(First(CorrParm(1+Dec(2),Dec(4),51))) =>
CorrConld3(s1,s2,s3) = Err3Tuple(false,s2++Second(CorrParm(1+Dec(2),Dec(4),51)),83);
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(* CorrCAlt, below, checks the encoding of the Connect/Accept ltem parameter group. This check is
analogous to that presented above. Additional auxiliary functions are defined similar to CorrParm. These
are: MCorrParm (mandatory, bounded-variable length), MCorrPar (mandatory, fixed-length) and CorrPar
(non-mandatory, fixed-length). Note that in certain parameter value encodings some bils are "reserved” or
set to certain specific values. This implies that additional checks are involved which are taken care of by
function CheckBits. *)

Empty(s1) => CorrCAll(s1) = Err3Tuple(true,s1,51);

(o1 ne Dec(5)) => CorrCAll{o1+52) = Err3Tuple(true,empty,01+82);

( (01 eq Dec(5)) and Empty(s2) ) => CorrCAlt(o1+s2) = Err3Tuple(false,Octet(o1),52);
{ (01 eq Dec(5)) and (02 gt (1+Dec(3))) ) =>

( (o1 eq Dec(5)) and (o2 le (1+Dec(3))) and (Length(s2) It 02) )} =>
CorrCAlt(o1+(02+52)) = Err3Tuple(false,0 1+(02+s2),emply);
( (o1 eq Dec(5)) and (o2 le (1+Dec(3))) and (Length(s2) eq 02) ) =>
CorrCAlt(o1+(02+s2++83)) = CorrCAIt1(s2,01+Qctet(02),53);
Fyst{MCorrPar(1+Dec(9),Dec(1),s1)) => CorrCAlt1(s1,52,83) =
CorrCAIt2(Third(MCorrPar(1+Dec(9),Dec(1),s1)),s2++Second(MCorrPar(1+Dec(9),Dec(1),51)),83
nat(First(MCorrPar(1+Dec(9),Dec(1),51))) =>
CorrCAIt1(s1,52,s3) = Err3Tuple(false,s2++Second(MCorrPar(1+Dec(9),Dec(11),51)),83);
Fist(CorrPar(2+Dec(1),Dec(4),s1)) => CorrCAIt2(s1,52,83) =
CorrCAIt3(Third(CorrPar(2+Dec(1),Dec(4),51)),s2++Second(CorrPar2+Dec(1),Dec(4),51)},83};
not(First(CorrPar(2+Dec(1),Dec(4),s1))) =>
CorrCAlt2(s1,s2,s3) = Err3Tuple(false,s2++Second(CorrPar(2+Dec(1),Dec(4),51)),83);
Fyst(MCorrPar(2+Dec(2),Dec(1),s1)) => CorrCAIt3(s1,82,53) =
CorrCAlt4(Third(MCorrPar(2+Dec(2),Dec(1),51)),s2++Second(MCorrPar(2+Dec(2),Dec(1),51)),83);
not(First(MCorrPar(2+Dec(2),Dec(1),81))) =>
CorrCAIt3(s1,52,83) = Err3Tuple(false,s2++Second(MCorrPar(2+Dec(2),Dec(1),81)),83);
Fist(CorrParm(2+Dec(3),Dec(6),s1)) => CorrCAlt4(s1,52,53) =
CorrCAIt5(Third(CorrParm(2+Dec(3),Dec(6),51))s2++Second(CorrParm(2+Dec(3),Dec(6),51)),83
t(First(CorrParm(2+Dec(3),Dec(6),51))) =>
CorrCAlt4(s1,s2,83) = Err3Tuple(false,s2++Second(CorrParm(2+Dec(3),Dec(6),51)),83);
( First(CorrParm(2+Dec(6),Dec(1),s1)) and Emply(Third(CorrParm(2+Dec(6),Dec(1),81))) ) =>
CorrCAIlt5(s1,52,83) = Err3Tuple(true;s2++Second(CorrParm(2+Dec(6),Dec(1),51)),83);
{ First{CorrParm(2+Dec(6),Dec(1),;51)) and.-not{Empty(Third(CorrParm(2+Dec(6),Dec(1),5s1)))) ) =>
CorrCAlt5(s1,s2,83) = Err3Tuple(faise,s2++Second(CorrParm(2+Dec(6),Dec(1),81))++
Octet(First(Third(CorrParm{2+Dec(6),Dec(1),51)))),83);
not(First(CorrParm(2+Dec(6),Dec(1),51))) =>
CorrCAIt5(s1,82,83) = Err3Tuple(false,s2++Second(CorrParm(2+Dec(6),Dec(1),51)),83);

e

-

(*|CorrRest checks whether the Session Requirements parameter, the Session Address parameters and
the SS-user Data parameter have been correctly encoded. *)

Fyst(CorrPar(2+Dec(0),Dec(2),s1)) => CorrRest(s1) =
CorrRest2(Third(CorrPar(2+Dec(0),Dec(2),51)),Second(CorrPar(2+Dec(0),Dec(2),81)));
ngt(First(CorrPar(2+Dec(0),Dec(2),s1))) => CorrRest(s1) =
Err3Tuple(false,Second(CorrPar(2+Dec(0),Dec(2),s1)), Third(CorrPar(2+Dec(0),Dec(2),51)));
Fyst(CorrParm(5+Dec(1),1+Dec(6),s1)) => CorrRest2(s1,s4) =
CorrRest3(Third(CorrParm(5+Dec(1), 1+Dec(6),s1)),Second(CorrParm(5+Dec(1), 1+Dec(6),51))++54);
not(First(CorrParm(5+Dec(1),1+Dec(6),51))) => CorrRest2(s1,54) =
Err3Tuple (faise, Second(CorrParm(5+Dec(1),1+Dec(6),51))++584,
Third(CorrParm(5+Dec(1),1+Dec(6),51)));
First(CorrParm(5+Dec(2),1+Dec(6),s1)) =>
CorrRest3(s1,s4) = CorrRestd(s3,Second(CorrParm(5+Dec(2), 1+Dec(6),51))++54);
not(First(CorrParm(5+Dec(2),1+Dec(6),51))) => CorrRest3(s1,54) =
Err3Tuple (false, Second(CorrParm(5+Dec(2),1+Dec(6),51))++54,
Third(CorrParm(5+Dec(2), 1+Dec(6),51)));
( First(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1)) and
Empty(Third(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1))) ) => CorrRest4(s1,54) =
Err3Tuple(true,Second(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),51))++s4,empty);
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( First(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1)) and
not(Empty(Third(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1)))) ) => CorrRestd(s1,s4) =
Err3Tuple (false, s2++Qctet(First(Third(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),51))))++54,
Third(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1)));
not(First(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1))) => CorrRestd(s1,s4) =
Err3Tuple(false,Second(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1))++54,
Third(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1)));

(* AC SPDU valid encoding checks: *)
ofsort DatOctStr

Empty(s1) => ErrCodAC(s1,82) = §2;
(o1 eq Dec(0)) == FrrCodAC({01+83,82) = ErrCodStr(s3);

( (off It (2+(5+Dec(5)))) and (Length(s3) It 01) ) => ErrCodAC(01+83,52) = s2++51;

( (of It (2+(5+Dec(5)))) and (Length(s3) eq 01) ) => ErrCodAC(01+83++54,52) = CodAC1(s3,52--01,84);
(o1leq (2+(5+Dec(5)))) => ErrCodAC(01+83,52) = CodACLen(s3,s2--01);

(Lepgth(s1) It NatNum(Dec(2))) => CodACLen(s1,52) = s2++s1;

( (NatNum(BStr(01)++BStr(02)) gt (7+(2+Dec(2)))) or (NatNum(BStr(o1)++BStr(02)) It (2+(5+Dec(5)))) )
CodACLen(o1+(02+83),52) = s2++(01+Octet(02));

( (Lpngth(s3) It NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (7+(2+Dec(2)))) and|
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodACLen(o1+(02+83),52) = s2++81;

( (Length(s3) eq NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)} le (7+(2+Dec(2)))) an
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>

CodACLen(o1+(02+53++54),52) = CodAC1(s3,s2++(01+0Octel(02)),54);
Firgt(CorrConlid(s1,First(s2))) => CodAC1(s1,52,83) =
CodAC2(Third(CorrConld(s1,First(s2))),s2++Second(CorrConld(s1,First(s2))),s3);
not{First(CorrConld(s1,First(s2)))) => CodAC1(s1,52,s3) = s2+#Second(CorrConld(s1,First(s2)));
Firgt(CorrCAlt(s1)) => CodAC2(s1,s2,53) = CodAC3(Third(CorrCAlt(s1)),s2++Second(CorrCAlt(s1)),s3)
not(First(CorrCAlt(s1))) => CodAC2(s1,s2,83) = s2++Second(CorrCAlt(s1));

Firgt(CorrTokenltem(s1)) =>

CodAC3(s1,52,83) = CodAC4(Third(CorrTokenltem(s1)),s2++Second(CorrTokenltem(s1)),s3);
not(First(CorrTokenltem(s1))) => CodAC3(s1,52,83)= s2++Second(CorrTokenltem(s1));
Firgt(CorrRest(s1)) => CodAC4(s1,52,83) = ErrCodStr(s3);

not(First(CorrRest(s1))) => CodAC4(s1,52,83)= s2++Second(CorrRest{(s1));

\I}

o)

ofsprt Err3Tuple

CoirTokenitem(s1) =

ErrBTuple( First(CorrPar(1+Dec(6),Dec(1),s1)), Second(CorrPar(1+Dec(6),Dec(1),51)),
Third(CorrPar(1+Dec(6),Dec(1);s81)) );

(* RF SPDU valid encodingchecks: *)

ofsprt DatOctStr

Empty(s1) => ErrCodRF(s1,82) = s2;

(o1leq Dec(0)) =>ErrCodRF(01+83,52) = ErrCodStr(s3);

( (0|1 It (2+(5+Dee(5)))) and (Length(s3) It 01) ) => ErrCodRF(01+83,52) = 82++51;

( (ol1 It (2+(5¢Dec(5)))) and (Length(s3) eq 01) ) => ErrCodRF(01+s3++54,52) = CodRF1(s3,52--01,54);

(o1|eq (2+(5+Dec(5)))) => ErrCodRF(01+53,82) = CodRFLen(s3,52--01);

(Lehgth(sd) It NatNum(Dec(2))) => CodRFLen(s1,52) = s2++81;

( (NatNum(BStr(o1)++BStr(02)) gt (6+(6+Dec(5)))) or (NatNum(BStr(o1)++BStr(02)) It (2+(5+Dec(5)))) )
COORFLEN(0 T+{02+83),52) = S2++0 1+OClel{o2));

( (Length(s3) It NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (6+(6+Dec(5)))) and
(NatNum(BStr(o1)++BStr(o2)) ge (2+(5+Dec(5)))) ) =>
CodRFLen(o1+(02+83),52) = $2++51;

( (Length(s3) eq NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (6+(6+Dec(5)))) and
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodRFLen(01+(02+53++54),82) = CodRF1(53,52++(01+0ctet(02)),54);

First(CorrConld(s1,First(s2))) => CodRF1(s1,52,83) =
CodRF2(Third(CorrConld(s1,First(s2))),s2++Second(CorrConld(s1,First(s2))),s3);

not(First(CorrConld(s1,First(s2)))) => CodRF1(s1,52,s3) = s2++Second(CorrConld(s1,First(s2)));

First(CorrTransDisc(s1)) => CodRF2(s1,52,83) =
CodRF3(Third(CorrTransDisc(s1)),s2++Second(CorrTransDisc(s1)),s3);

]
\Y
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not(First(CorrTransDisc(s1))) => CodRF2(s1,52,53) = s2++Second(CorrTransDisc(s1));
First(CorrSesReq(s1)) =>

CodRF3(s1,s2,83) = CodRF4(Third(CorrSesReqs1)),s2++Second(CorrSesReq(s1)),s3);

not(First(CorrSesReq(s1))) => CodRF3(s1,52,83) = s2++Second(CorrSesReq(s1));
First(CorrVersNum(s1)) =>

CodRF4(s1,s2,83) = CodRF5(Third(CorrVersNum(s1)),s2++Second(CorrVersNum(s1)),s3);

not(First(CorrVersNum(s1))) => CodRF4(s1,52,53) = s2++Second(CorrVersNum(s1));
First(CorrReasCode(s1)) => CodRF5(s1,52,83) = ErrCodStr(s3);
not(First(CorrReasCode(s1))) => CodRF5(s1,s2,83) = s2++Second(CorrReasCode(s1));

ofsort Err3Tuple

no oo ~ ~aaoSaSmoT:

S

(i
(d

m

—

(d
(L

-~

C -

CprrSesReq(s1) = CorrPar(2+Dec(0),Dec(2),s1);
C

C

clil st}
Ty

prrVersNum(s1) = CorrPar(2+Dec(2),Dec(1),s1);
prrReasCode(s1) = CorrParm(5+Dec(0),5+(1+Dec(3)),s1);

FN SPDU valid encoding checks: *)

fsort DatOctStr

mpty(s1) => ErrCodFN(s1,82) = $2;

1 eq Dec(0)) => ErrCodRF(01+83,82) = ErrCodStr(s3);

o1 It (2+(5+Dec(5)))) and (Length(s3) It 01) } => ErrCodFN(01+83,52) = s2+%81;

o1 ft (2+(5+Dec(5)))) and (Length(s3) eq 01) } => ErrCodFN(01+83++84,82) = CodFN1(s3,52--01,54

1 eq (2+(5+Dec(5)))) => ErrCodFN(01+83,52) = CodFNLen(s3,s2--01);

ength(s1) It NatNum(Dec(2))) => CodFNLen(s1,82) = s2++51;

NatNum(BStr(o1)++BStr(02)) gt (5+(2+Dec(3)))) or (NatNum(BStr(e1}++BStr(02}) It (2+(5+Dec(5))))
CodFNLen(o1+(02+83),52) = s2++(01+0ctel(02));

Length(s3) It NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (5+(2+Dec(3)))) ar
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodFNLen(o1+(02+83),52) = s2++s1;

Length(s3) eq NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (5+(2+Dec(3)))) é
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>

odFNLen(0 1+(02+83++54),82) = CodFN1(s3,52++(01+Octet(02)),54);

rst(CorrTransDisc(s1,First(s2))) => CodFN1(51,52,83) =
CodFN2(Third(CorrTransDisc(s1,First(s2))),s2++Second(CorrTransDisc(s1,First(s2)}),s3);

DI(First(CorrTransDisc(s1,First(s2)))) =>.CO0dFN1(s1,52,s3) = s2++Second(CorrTransDisc(s1,First(s2

jrst(CorrParm(1+(9+Dec(3)),5+(1+Dec¢(3)),s1)) => CodFN2(s1,52,83) = ErrCodStr(s3);

DI(First(CorrParm(1+(9+Dec(3)),5+(1+Dec(3)),51))) =>

CodFN2(s1,s2,83) = s2++Second(CorrParm(1+(9+Dec(3)),5+(1+Dec(3)),s1));

DN and NF SPDU valid encoding checks: *)

mpty(s1) => ErrCodDNorNF(s1,s2) = s2;

1 eq Dec(0)) => ErrCodDNorNF(01+83,52) = ErrCodStr(s3);

o1 It (2+(5+Dec(5)))) and (Length(s3) It 01) ) => ErrCodDNorNF(01+83,82) = 82++51;

o1 It (2+(5+Dec(5)))) and (Length(s3) eq 01) ) =>
ErrCodDNOIrNF(01+83++54,82) = CodDNorNF1(s3,s2--01,54);

1 eq (2+(5+Dec(5)))) => ErrCodDNorNF(01+53,52) = CodDNorNFLen(s3,s2--01);

ength(s1) It NatNum(Dec(2))) => CodDNorNFlLen(s1,52) = s2++s1;

NatNum(BStr(o1)++BStr(o2)) gt (5+(1+Dec(6)))) or (NatNum(BStr(o1)++BStr(02)) It (2+(5+Dec(5))))
CodDNorNFLen(o1+(02+83),52) = s2++(01+Octet(o2));

d

ind

));

-~

Length(s3) tNatNurmBSIro T)++BStr{oz2))) and [NatNum{BSIro 1)++BSiroz)) e (5+( 1+Dec(v)))) a
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodDNorNFLen(o1+(02+83),52) = $2++51;

d

( (Length(s3) eq NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (5+(1+Dec(6)))) and

(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodDNorNFLen(01+(02+83++54),52) = CodDNorNF1(s3,s2++(01+Octet(02)),s4);

First(CorrParm(1+(9+Dec(3)),5+(1+Dec(3)),s1)) => CodDNorNF1(s1,s2,83) = ErrCodStr(s3);
not(First(CorrParm(1+(9+Dec(3)),5+(1+Dec(3)),s1))) =>

CodDNorNF1(s1,s2,83) = s2++Second(CorrParm(1+(9+Dec(3)),5+(1+Dec(3)),s1));
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(* AB and Al SPDU valid encoding checks: *)
Empty(s1) => ErrCodABorAl(s1,52) = $2;
(o1 eq Dec(0)) => ErrCodABorAl(01+83,52) = ErrCodStr(s3);
( (o1 le (2+Dec(7))) and {(Length(s3) It 01) ) => ErrCodABorAl(01+83,52) = §2++81;
( (o1 le (2+Dec(7))) and (Length(s3) eq 01) ) =>
ErrCodABorAl(01+83++54,52) = CodABorAl(s3,52--01,54);
(o1 gt (2+Dec(7))) => ErrCodABorAl(o1+83,s2) = s2++0Octet(01);
(o1 eq (1+Dec(7))) => CodABorAl{01+53,52,584) = CodAB1(01+83,52,54);
(01 ne (1+Dec(7})) => CodABorAl(01+53,52,s4) = CodAl(01+583,52,54);
First(CorrTransDisc(s1)) =>
CodAB1 (s1 s2,s4) = CodAB2(Third(CorrTransDisc(s1)), 52++Second(CorrTranlesc(s 1)),84);

CodAB3( Th/rd(CorrParm(4+Dec(9) Dec(9),81)), 32++Second(CorrParm(4+Dec(9) Dec(9), s1 )),84);
nol(First(CorrParm(4+Dec(9),Dec(9),s1))) =>
CodAB2(s1,s2,84) = s2++Second(CorrParm(4+Dec(9),Dec(9),s1));
First(CorrParm(1+(9+Dec(3)),Dec(9),s1)), Empty(Third(CorrParm(1+(9+Dec(3)),Dec(9),s )} =>
CodAB3(s1,s2,54) = ErrCodStr(s4);
First(CorrParm(1+(9+Dec(3)),Dec(9),s1)),not(Empty(Third(CorrParm(1+(9+Dec(3)), Dec(9) §1))) =>
CodAB3(s1,82,54) = $2++51;
not(First(CorrParm({1+(9+Dec(3)),Dec(9),51))) =>
CodAB3(s1,52,s4) = s2++Second(CorrParm(1+(9+Dec(3)),Dec(9),s1));
First(CorrPar(5+Dec(0),Dec(1),81)), Empty(Third(CorrPar(5+Dec(0),Dec(1),81))) =>
CodAl(s1,s2,84) = ErrCodStr(s4);
First(CorrPar(5+Dec(0),Dec(1),51)),not{(Empty(Third(CorrPar(5+Dec(0),Dec(1),81)))) =>
CodAl(s1,82,84) = 82++51;
nof(First(CorrPar(5+Dec(0),Dec(1),s1))) =>
CodAl(s1,s2,84) = s2++Second(CorrPar(5+Dec(0),Dec(1),51));

(* EX SPDU valid encoding checks: *)

Empty(s1) => ErrCodEX(s1,82) = 82;

(01 eq Dec(0) and (Length(s3) le (1+Dec(4))) => ErrCodEX(01+53,82) = emply;
(01 eq Dec(0) and (Length(s3) gt (1+Dec(4))) =3 ErrCodEX(01+53,52) = 01+83;
(01 ne Dec(0)) => ErrCodEX(01+83,52) = s2++0Octet(o1);

(* YD SPDU valid encoding checks: *)

Empty(s1) => ErrCodTD(s1,582) = 82,
First(CorrPar(2+Dec(5),Dec(1),s1)) => ErrCodTD(s1,82) = empty;
nof(First(CorrPar(2+Dec(5),Dec(1),s1))) =>

ErrCodTD(s1,s2) = s2¢+Sécond(CorrPar(2+Dec(5),Dec(1),51));

o

(* GT SPDU valid encoding checks: *)

Empty(s1) => ErrCodGT(s1,82) = 82;

(01 eq Dec(0)) =>"ErrCodGT(01+83,52) = ErrCodStr(s3);

(01 eq Dec(3))-=> ErrCodGT(o1+83,52) = CodGT(s3,s2+0Octet(01)),
(01 ne Dec(@hand (o1 ne Dec(3))) => ErrCodGT(01+583,52) = S2++01;
Finst(CorrPar(1+Dec(6),Dec(1),s1)) => CodGT{(s1,52) = ErrCodStr(Third(CorrPar(1+Dec(6),Dec(1),s1))}
nof(First(CorrPar(1+Dec(6),Dec(1),51))) =>

CodGT(s1,82) = s2++Second(CorrPar(1+Dec(6),Dec(1),51));

Q

(* CD and CDA SPDU valid encoding checks: *)

Empty(s1) => ErrCodCDorCDA(s1,82) = 82;

(o1 eq Dec(0)) => ErrCodCDorCDA(01+83,s2) = ErrCodStr(s3);

( (o1 It (2+(5+Dec(5)))) and (Length(s3) It 01) ) => ErrCodCDorCDA(01+83,52) = s2++81;

{ (o1 It (2+({5+Dec(5)))) and (Length(s3) eq 01) ) =>
ErrCodCDorCDA(01+53++54,52) = CodCDorCDA1(s3,s2--01,84);

(o1 eq (2+(5+Dec(5)))) => ErrCodCDorCDA(01+53,52) = CodCDorCDALen(s3,s2--01);

(Length(s1) It NatNum(Dec(2))) => CodCDorCDALen(s1,52) = s2++s1;

( (NatNum(BStr(o1)++BStr(02)) gt (5+(1+Dec(6)))) or (NatNum(BStr(o1)++BStr(02)) It (2+(5+Dec(5)))) ) =>
CodCDorCDALen(o1+(02+583),52) = s2++(01+0ctet(02)),
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( (Length(s3) It NatNum(BStr(o 1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (5+(1+Dec(6)))) and
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodCDorCDALen(o1+(02+83),52) = $2++51;
( (Length(s3) eq NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (5+(1+Dec(6))})) and
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodCDorCDALen(01+(02+583++584),52) = CodCDorCDA1(s3,82++(01+0clet(02)),84);
First(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1)),Empty(Third(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1)))
=> CodCDorCDA1(s1,82,83) = ErrCodStr(s3);
not(First(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),51))) =>
CodCDorCDA1(s1,82,53) = s2++Second(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1));

(*BL.SPDUI valid encading checks: )
Empty(s1) => ErrCodPT{(51,82) = $2;
(a1 eq Dec(0)) => ErrCodPT(01+s3,52) = ErrCodStr(s3);
(o1 It (2+(5+Dec(5)))) and (Length(s3) It 01) ) => ErrCodPT(01+83,82) = s2++§1;
{ (o1 It (2+(5+Dec(5)))) and (Length(s3) eq 01) ) => ErrCodPT(01+53++54,82) = CodPT1(s3,s2--01,54);
(a1 eq (2+(5+Dec(5)))) => ErrCodPT(01+83,82) = CodPTLen(s3,s2--01);
(Uength(s1) It NatNum(Dec(2))) => CodPTLen(s1,82) = s2++81;
{ (NatNum(BStr(o1)++BStr(02)) gt (5+(2+Dec(3)))) or (NatNum(BStr(o1)++BStr(02)) I (2+(5+Dec(5)))) ) =>
CodPTlLen(o1+(02+83),52) = s2++(01+Octet(02));
( {Length(s3) It NatNum(BStr(o1)++BSltr(02))) and (NatNum(BStr(o 1)++BStr(02))1e (5+(2+Dec(3)))) arld
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodPTLen(o1+(02+53),82) = 82++§1;
Length(s3) eq NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (5+(2+Dec(3)))) gnd
(NatNum(BStr(01)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodPTLen(0o1+(02+583++54),52) = CodPT1(s3,s2++(01+0ctet(02)),54);
Flrst(CorrTokenltem(s1,First(s2))) => CodPT1(s1,52,83) =
CodPT2(Third(CorrTokenltem(s1,First(s2))),s2++Second(CorrTokenltem(s1,First(s2))),s3);
pi(First(CorrTokenltem(s1,First(s2)))) => CodPT1(s1,52;88) = s2++Second(CorrTokenltem(s1,First(sg)));
rst(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1)) => CodPT2(s1,52,83) = ErrCodStr(s3);
not(First(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),51)))'=>
CodPT2(s1,52,83) = s2++Second(CorrParm{1+(9+Dec(3)),5+(1+Dec(3)),s1));

-

mS

(| Below the auxiliary functions CorrPar,-CorrParm, MCorrPar and MCorrParm are defined. *)

fsort Err3Tuple

mply(s1) => CorrPar{pi,len,s1)\= Err3Tuple(true,s1,s1);

1 ne pi} => CorrPar(pi,len,01+582) = Err3Tuple(true,empty,01+s2);
1| The first octet represents a Pl value unequal to pi, meaning that the parameter is absent in the encoging.
AE this parameter is not'mandatory, the boolean value true and the complete string are returned. *)

> mno

-~

01 eq pi) and Empty(s2) ) => CorrPar(pi,len,01+52) = Err3Tuple(false,01+52,52);
| Only the Pl field is present. This constitutes an invalid encoding, so the erroneous part is returned
gether withithe boolean value false. *)

_—

S

( fo1 eq pi)jand (02 ne len) ) =>

CorrPar(pi,len,01+(02+s2)) = Err3Tuple(false,01+Octet(02),52);
(*| IFthe parameter is present, the length of the encoding of its value should be equal to len. This is not|the
case: a boolean value false is refurned, fogether with the Tirst two octets (pi and If fields). )

{ (01 eq pi) and (02 eq len) and (Length(s2) It NatNumy(len)) ) =>
CorrPar(pilen,o1+(02+52)) = Err3Tuple(false,o1+(02+52),empty);
(* Pl and LI fields are correct, but the encoding of the parameter value is too short. *)

((o1 eq pi) and (02 eq len) and (Length(s2) eq NatNum(len)) and Empty(CheckBits(pi,s2))) =>

CorrPar(pi len,o1+(02+52++53)) = Er3Tuple(true,01+(02+52),83);
(* Pl and LI fields are correct and the value encoding is correct. *)
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( (o1 eq pi) and (02 eq len) and (Length(s2) eq NatNum(len)) and
not{Empty(CheckBits(pi,s2))) ) =>
CorrPar(pi,len,01+(02+52++53)) = Err3Tuple(false,01+(02+CheckBits(pi,s2)),s3);
(* Pl and LI fields are correct but the value encoding is not according to additional, parameter-type specific,
encoding rules. *)

Empty(s1) => CorrParm(pilen,s1) = Err3Tuple(true,s1,s1);

(o1 ne pi) => CorrParm(pi,len,01+s2) = Err8Tuple(true,empty,01+s2);

( (01 eq pi) and Empty(s2) ) => CorrParm(pi,len,01+s2) = Err3Tuple(false,01+s2,52);

( (01 eq pi) and (02 ge len) ) =>
CorrParm(pi,len,o1+(02+s2)) = Err3Tuple{false,01+Octet(02),s2);

{ (o1l-egpi)and (o2 It {2+(5+Dec(5)))} and (02 le len) and (Length(s2) it NatNum(BSlr(o2))) } =~

CorrParm(pilen,o1+(02+s2)) = Err3Tuple(false,01+(02+s2),empty);

{ (ol eq pi) and (02 It (2+(5+Dec(5)))) and (o2 le len) and

(Length(s2) eq NatNum(BStr(02))) and Empty(CheckBits(pi,s2)) ) =>
CorrParm(pi,len,o1+(02+52++83)) = Err3Tuple(true,01+(02+52),53);

{ (01 eq pi) and (o2 It (2+(5+Dec(5)))) and (o2 le len) and

(Length(s2) eq NatNum(BStr(02))) and not(Empty(CheckBits(pi,s2))) ) =>
CorrParm(pi,len,o1+(02+s2++s3) = Err3Tuple(false,o1+(02+CheckBits(pi,§2)),s3);

( (ol eq pi) and (len ge (2+(5+Dec(5)))) and

(02 eq (2+(5+Dec(5)))) and (Length(s2) It NatNum(Dec(2))) ) =>
CorrParm(pi,len,o1+(02+82)) = Err3Tuple(false,01+(02+82),emply);

{ (o7 eq pi) and (len ge (2+(5+Dec(5)))) and

(02 eq (2+(5+Dec(5}))) and (Length(s2) ge NatNum(Dec(2))) ) =>
CorrParm(pi,len,o1+(02+s2)) = CorrParmL(pi,len,s2,01+Qctet(02));

(* QorrParmL is analogous to CorrParm, except that the formerdeals with LI fields representing values
grepter than 255 octets. These values have to be representeq.using three octets. *)

( (NatNum(BStr(o1)++BStr(02)) It NatNum(2+(5+Dec(5))))-or

(NatNum(len) It NatNum(BStr(o1)++BStr(02))) ) =>
CorrParmL(pi,len,0 1+(02+83),82) = Err3Tuple(false,s2++(01+Octet(02)),53);

( (NatNum(li) eq NatNum(BStr(o1)++BStr(02))) and

{(NatNum(BStr(o1)++BStr(02)) ge NatNum(2+(5+Dec(5)))) and

(NatNum(len) ge NatNum(BStr(o1)++BStr(02))) and

(Length(s3) It NatNum(BStr(o1)++BStr(02))) ) =>
CorrParmL(pilen,01+(02+58))s2) = Err3Tuple(false,s2++01+(02+83),empty);

( (NatNum(BStr(o1)++BStr(02)) ge NatNum(2+(5+Dec(5)))) and

(NatNum(len) ge NatNum(BStr(o1)++BStr(02))) and

(Length(s3) eq NatNum{BStr(o1)++BStr(02))) and Empty(CheckBits(pi,s3)) ) =>
CorrParmL (pilemo1+(02+83++54),82) = Err3Tuple(true,s2++(01+(02+s3)),84);

{ (NatNum(li) eq NatNum(BStr(o1)++BStr(02))) and

(NatNum(BStr(e+)++BStr(02)) ge NatNum(2+(5+Dec(5)))) and

(NatNum(len)ge NatNum(BStr(o1)++BStr(o2))) and

(Length(s3)eq NatNum(BStr(c 1)++BStr(02})) and not(Empty(CheckBits(pi,s3))) ) =>
CarrParmL(pilen,0 1+(02+53++54),52) = Err3Tuple(false,s2++(01+(02+CheckBits(pi,s3))),s4),

Empty(s1} => MCorrPar(pilen,s1) = Err3Tuple(false,s1,81);

(o1|nepi) => MCorrPar(pilen,01+82) = Err3Tuple(false,Octet(01),52);

(o178q piy => MCorrPar(pi,len, Octet(o 1)) = Err3Tuple(ialse, Octet(o1),emply);

{ (01 eq pi) and (02 ne len) ) =>
MCorrPar(pi,len,01+(02+52)) = Err3Tuple(false,01+Octet(02),52);

{ (o1 eq pi) and (02 eq len) and (Length(s2) it NatNum(ien)) ) =>
MCorrPar(pilen,01+(02+52)) = Err3Tuple(false,o01+(02+52),empty);

( (o1 eq pi) and (02 eq len) and (Length(s2) eq NatNum(len)) and Empty(CheckBits(pi,s2)) ) =>
MCorrPar(pi,len,o 1+(02+82++83)) = Err3Tuple(true,01+(02+82),53);

{ (o1 eq pi) and (02 eq len) and (Length(s2) eq NatNum(len)) and
not(Empty(CheckBits(pi,s2))) ) =>

MCorrPar(pi,len,01+(02+s2++53)) = Err3Tuple(false,0 1+(02+CheckBits(pi,s2)),s3);
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(* In the definition of MCorrParm below, it is checked that a parameter is present and its length, in octets,

may not exceed the length indicated by the argument len. *)

Empty(s1) => MCorrParm(pi,len,s1) = Err3Tuple(false,s1,s1);
(o1 ne pi) => MCorrParm(pilen,01+s2) = Err3Tuple(false,Octet(01),52);
(o1 eq pi) => MCorrParm(pi,len,Octet(o1)) = Err3Tuple(false,Octet(o1),empty);
( (o1 eq pi) and ((02 ge len) or (02 eq Dec(0))) ) =>
MCorrParm(pi,len,01+(02+s2)) = Err3Tuple(false,0 1+Octet(02),52);
( (o1 eq pi) and ((02 gt Dec(0)) and (o2 le len)) and (Length(s2) It 02) ) =>
MCorrParm(pilen,01+(02+s2)) = Err3Tuple(false,0 1+(02+s2),empty);
( (01 eq pi) and ((02 gt Dec(0)) and (02 le len)) and (Length(s2) eq 02)
and Empty(CheckBits(pi.s2)) ) =>
MCorrParm(pi,len,o 1+(02+s2++83)) = Err3Tuple(true,01+(02+82),53);
(o1 eq pi) and ((02 gt Dec(0)) and (o2 le len)) and (Length(s2) eq 02) and
not(Empty(CheckBits(pi,s2))) ) =>
MCorrParm(pi,len,o1+(02+s2++83)) = Err3Tuple(faise,01+(02+CheckBils(pi,s2))/s3);

bfsont DatOctStr

(pi eq (1+Dec(9))) and ((01 eq Dec(1)) or (01 eq Dec(0))) ) => CheckBits(pi,Octet(e1)) = empty;
(oi eq (1+Dec(9))) and (o1 ne Dec(1)) and (01 ne Dec(0)) ) => CheckBits(pi,Octet(o1)) = s1;

(pi eq (2+Dec(2))) and (o1 eq Dec(1)) ) => CheckBits(pi,Octet(o1))} = emply;

(pi eq (2+Dec(2))) and (o1 ne Dec(1)) ) => CheckBits(pi,Octet(o1)) = Octet(o1);

{pi eq (2+Dec(6))) and No11(Bstr(o1)) ) => CheckBits{pi,Octet{o1)) = empty;

(pi eq (2+Dec(6))) and not(No11(Bstr(o1))) ) => CheckBits(pi,Octet(o 1)) = Octet(o1);

[ (pi eq (2+Dec(0))) and (o1 le Dec(7)} ) => CheckBits(pi,0 1+0Octet(a2)) = emply;

pi eq (2+Dec(3))) => CheckBits(pi,s1) = SPSNOctets(s1);

(pi eq (2+Dec(0))) and (o1 gt Dec(7)) ) => CheckBits(pi,0 1+Cctet(02)) = Octet(o1);

bfsort Bool
No11(b1+(b2+bstr2)) = (b1 ne 1} or (b2 ne 1)) and Nai1(bstr2);

bfsort DatOctStr
(Length(bstr1++bstr2) eq NatNum(Dec(8))) and (Length(bstr1) eq NatNum(Dec(4))) and
(bstr1 ne (0+(0+(1+Bit(1))))) ) =>
SPSNOctets(OStr(bstr1++bstr2)+s2) = Octet(OStr(bstr1++bstr2));
(Length(bstr1++bstr2) eq NatNum(DReéc(8))) and (Length(bstr1) eq NatNum(Dec(4))) and
(bstr1 eq (0+(0+(1+Bit(1))))) ) =»
SPSNOctets(OStr(bstr1 ++bstr2)+s2) = SPSNOct2(s2,0ctet(OStr(bstr1++bstr2)));
SPSNOct2(empty,s1) = empty;
(Length(bstr1++bstr2) eg-NatNum(Dec(8)}) and (Length(bstr1) eq NatNum(Dec(4))) and
(bstr1 ne (0+(0+(1+Bit(1))))) ) =>
SPSNOCct2(OStr(bstr1++bstr2)+53,52) = s2++0ctet(OStr(bstr1++bstr2));
(Length(bstr1++bstr2) eq NatNum(Dec(8))) and (Length(bstr1) eq NatNum(Dec(4))) and
(bstr1 eq (0+(0+(1+Bit(1))))) ) =>
SPSNOct2(OStr(bstri++bstr2)+53,52) = SPSNOCt2(s3,52++Octet(OStr(bstr1++bstr2)));
bndtype

%

9.14.4 Transformations between SPDUs, TSPs and SSPs

Type Relations defines some functions related to the mappings between SSPs and SPDUs, and between

SPDUs and TSPs:

- IsSSPOf tests whether a given SSP can be derived from - i.e., is an indication or a confirm

corresponding to - a given SPDU;
- IsPDUOf tests whether a given SPDU can be derived from a given - request or response - SSP;
- IsEncOf tests whether a given octet string (TSDU) is a valid encoding of a given SPDU;

28

- Decode yields the SPDU(s) that correspond(s) to a given octet string representing a TSDU. If a
given octet string corresponds to both an AIA and AA SPDU (these two SPDUs have the same
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encoding) then Decode yields the AA SPDU; another function, Decode2, is defined to be equivalent
to Decode, except that it yields the AIA SPDU in the latter case.

*)
type Relations is ASPDU,ASPDUs2,Encodings, ErrCoding
opns
_IsSSPOf_: SSP,ASPDU -> Bool _IsPDUOf_: ASPDU,SSP -> Bool
IsEncOf _: DatOctStr,ASPDU -> Bool Decode2,Decode: DatOctStr -> ASPDUs

_éqns forall pd:ASPDU, len:Nat, str,str1,str2,str3,strd,str5,str6,str7:DatOctStr, ssp:SSP, spr:SPReference,
cait:CAltem, sreq,fus:SFUs, sa1,sa2,sa3,sa4:5Address, sdat1,sdat2,sdat:SData, sqos:SQOS,
srdq:SFUs, srf,srf1,srf2:SCRef, sn,sn1,sn2:SSPSN, tkass,tkass1,tkass2:STsAsS,

abreas:SPAbReason, 0.:Octet, pds:ASPDUS, actid1,actid2,actid3,actid4:SActld,
stype,stype1,stype2:SSyncType, rtype1,type2:SResyncType, srel:SRELResult,
vereas:SUExcReason, abreas:SPABReason, exreas:SPExcReason

ofgort Bool

(* Each parameter (group) is encoded separately. The resulting strings are then concatenated and the
length of the resulting string is determined and its value encoded. *)

IsON(pd) => (Repr(1+Dec(3))+(Repr(len)+str1++Str2++str3++strd++Str5++str6)) ISEncOf pd =
(str1 RepConld pd) and (str2 RepCAltem pd) and (str3 RepReq pd) and

(strd RepSAP1 pd) and (str5 RepSAP2 pd) and (str6 RepData pd) and

(len eq (Length(str1)+Length(str2)+Length(str3)+Length(strd)+Length(str5)+Length(str6)));
( ISCN(pd) and (o ne (1+Dec(3))) ) => Octet(o) IsEncOf pd = false;

1sGN(pd) => empty IsEncOf pd = false;

(* Below are the equations defining the Decode function. ErrCodStr returns an empty string if its argument
is g correct encoding of a (sequence of) SPDU(s). Otherwise-the badly encoded part of the SPDU
engoding, up to and including the first erroneous octet, is.returned. *)

( Empty(ErrCodStr(str1++str2)) and not(IsAlA(pd)) ) &>

Decode(stri++str2) eq (pd+pds) = (str1 ISEncOf pd) and (pds eq Decode2(str2));
Detode(empty) eq NULL = true;

nol(Empty(ErrCodStr(str))) => Decode(str) eq ASPDUs( DUM(ErrCodStr(str)) ) = true;

(* kunction Decode is defined in terms-of-the IsEncOf relation. This is possible because an encoding shpuld
be unambiguous, i.e. it should be possible to determine a unique SPDU from a given encoding. If the odtet
string is an invalid encoding, Decode returns a dummy SPDU carrying the erroneous (part of the) string
Two "decode” functions, Decode and Decode2, have been defined because the AIA and AA SPDUs have
exgctly the same encoding. They are distinguished by the fact that the AA SPDU is never concatenated|
with other SPDUs whereas)the AIA SPDU is always concatenated with a PT SPDU. *)

{ Empty(ErrCodStr(stel++str2)) and not(IsAA(pd)) ) =>

Decode2(striv+str2) eq (pd+pds) = (str1 IsEncOf pd) and (pds eq Decode2(str2));
Defode2(emplty)-eq NULL = true;
no{ Empty(ErcCodStr(str))) => Decode2(str) eq ASPDUs( DUM(str1) ) = true;

(AdditionalRef(spr) eq AdditionalRef(srf)) and (sa1 eq sa3) and (sa2 eq sa4) and (fus eq sreq) and
(SSPSN(cait) eq sn) and (STsAss(cait) eq tkass) and (sdat1 eq sdat2));

( (IsAC(pd) or IsRF(pd)) xor IsSCONrsp(ssp) ) => pd IsPDUOf ssp = false;

AC(spr.cait, stok,fus,sa1,sa2,sdat1) IsSPDUOf SCONrsp(srf,sa3,scres,sqos,sreq,sn,tkass,sdat2) =
{ IsAcceplt(scres) and (CgUserReference(spr) eq CdUserRef(srf)) and
(CommonReference(spr) eq CommonRef(srf)) and (AdditionalRef(spr) eq AdditionalRef(srf)) and
(fus eq sreq) and (sdat1 eq sdat2) and (STsAss(cait) eq tkass) and (SSPSN(cait) eq sn) );
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RF{(spr,tdpar,fus,vs,reas,sdat1) IsPDUOf SCONrsp(sf,sa3,scres,sqos,sreq,sn,tkass,sdat2) =

( not({IsAccepi(scres)) and

(CdUserReference(spr) eq CdUserReference(srf)) and

(CommonReference(spr) eq CommonReference(srf))

(AdditionalRef(spr) eq AdditionalRef(srf)) and

( (reas ne Succ(Succ(0)) implies ((fus eq {}) and Empty(sdat1)) ) and

{ (reas eq Succ(0)) implies (scres eq ureject2) )

( (reas eq Succ(Succ(0))) implies ((scres eq ureject3) and (fus eq sreq) and (sdat1 eq sdat2)) ) );
(IsFN(pd) xor IsSRELreq(ssp)) => pd IsPDUOf ssp = false;
FN(tdpar,sdat1) IsPDUOf SRELreq(sdat2) = (sdat1 eq sdat2),
( (IsDN(pd) or IsNF{(pd)) xor IsSSRELrsp(ssp) ) => pd IsPDUOf ssp = false;

1) IsPDUQf SRELrsp(srel sdat2) = ( IsAffirm(srel) and (sdat1 eq sdat2) );

F(sdat1) IsPDUOf SRELrsp(srel,sdat2) = ( IsNegative(srel) and (sdat1 eq sdat2) );
SAB(pd) xor 1sSUABreq(ssp)) == pd IsPDUOf ssp = false;

B(tdpar,reas,rpv,sdat1) IsPDUOf SUABreq(sdat2) =
( (reas eq Succ(0)) and (sdat1 eq sdat2) and Empty(rpv) );
* The values 1, 2 and 3 of variable reas indicate respectively "user abort", "protocol error” and "no regson”.

sEX{(pd) xor IsSEXreq(ssp)) => pd IsPDUOf ssp = false;
X(sdat1) IsPDUOf SEXreq(sdat2) = (sdat1 eq sdat2);
sCD(pd) xor IsSCDreq(ssp)) => pd IsPDUOf ssp = false;
D(sdat1) IsPDUOf SCDreq(sdat2) = (sdat1 eq sdat2),
ISCDA(pd) xor IsSSCDrsp(ssp)) => pd IsSPODUOS ssp = false;
DA(sdat1) IsPDUQOf SCDrsp(sdat2) = (sdat1 eq sdat2);
IsGT(pd) xor IsSGTreq(ssp)) => pd IsPDUOS ssp = false;
T(stok1) IsPDUOf SGTreq(stok2) = (stok1 eq stok2);
ISPT{(pd) xor IsSPTreq(ssp)) => pd IsPDUOS ssp = false;
T(stok1,sdat1)} IsPDUOf SPTreq(stok2,sdat2) = ( (stokl eq stok2) and (sdat1 eq sdat2) );
IsGTC(pd) xor IsSSCGreq(ssp)) => pd IsPDUOf ssp:=.false;
TC IsPDUOf SCGreq = true;
IsMIP(pd) xor IsSSYMNreq(ssp)) => pd IsPDUOf ssp = false;
IP(stype1,sn1,sdat1) IsPDUOf SSYMNreq(stype2,sn2,sdat2) =
(stype1 eq stype2) and (sn1 eq sn2) and-(sdat1 eq sdat2) );
IsMIA(pd) xor IsSSSYMNrsp(ssp)) => pdIsPDUOf ssp = false;
IA(snt1,sdat1) IsPDUOf SSYMNrsp(sn2,sdat2) = ( (sn1 eq sn2) and (sdat1 eq sdat2) );
ISMAP(pd) xor IsSSYMJreq(ssp)).=> pd IsPDUOf ssp = false;
AP(sn1,sdat1) IsPDUOf SSYMdJreq(sn2,sdat2) = ( (sn1 eq sn2) and (sdat1 eq sdat2) );
IsMAA(pd) xor 1sSSYMJrsp(ssp)) => pd IsPDUOS ssp = false;
AA(sn,sdat1) IsPDUQOf SSYMJrsp(sdat2) = (sdat1 = sdat2);
1sRS(pd) xor IsSRSYNreq(ssp)) => pd IsPDUOf ssp = false;
S(tkass1,rtype1,sni;sdat1) IsSPDUOf SRSYNreq(rtype2,sn2,tkass2,sdat2) =
( (tkass1 eqtkass2) and (rtype1 eq riype2} and :
{ (ntype2ne a) implies (sn1 eq sn2) ) and (sdat1 eq sdat2) ),
IsRA(pd) xor IsSSRSYNrsp(ssp)) => pd IsPDUCF ssp = false;
A(tkass1,sn1,sdat1) IsPDUOf SRSYNrsp(sn2,tkass2,sdat2) =
(\(sh1 eq sn2) and (tkass1 eq tkass2) and (sdat1 eq sdat2) );
SED(pd) xor IsSUERreq(ssp)) => pd IsPDUOf ssp = false;
Rroaglupreas sdat?) —
g THTHETTE ATy 7
( (sdat1 eq sdat2) and ( ((reas eq 0) and (uereas eq absent)) or
((reas eq NatNum(1)) and (uereas eq receiptProblem)) or
((reas eq NatNum(2)) and (uereas eq localError)) or
{(reas eq NatNum(3)) and (uereas eq sequenceError)) or
((reas eq NatNum(4)) and (uereas eq demandDk)) or
((reas eq NatNum(5)) and (uereas eq unrecoverableError)) or
((reas eq NatNum(6)) and (uereas eq nonSpecificError)) ) );
(IsAS(pd) xor ISSACTSreq(ssp)) => pd IsPDUOS ssp = faise;
AS(actid1,sdat1) IsPDUOf SACTSreq(actid2,sdat2) = ( (actid1 eq actid2) and (sdat1 eq sdat2) );
(IsAR(pd) xor IsSACTRreq(ssp)) => pd IsPDUOf ssp = false;
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AR(srf1,actid1,sn1,actid2,sdat1) IsPDUOf SACTRreq(actid3,actidd,sn2,srf2,sdat2) =
( (srf1 eq srf2) and (actid1 eq actid3) and
(actid2 eq actid4) and (sn1 eq sn2) and (sdat1 eq sdat2) );
(IsAl(pd) xor IsSACTIreq(ssp)) => pd IsPDUQf ssp = false;
Al(reas) IsPDUOf SACTlreq(uereas) =
( ((reas eq 0) and (uereas eq absent)) or
((reas eq Succ(0)) and (uereas eq receiptProblem)) or
((reas eq Succ(Succ(0))) and (uereas eq localError)) or
((reas eq NatNum(Dec(3))) and (uereas eq sequenceError)) or
{(reas eq NatNum(Dec(4)}) and (uereas eq demandDk)) or
((reas eq NatNum(Dec(5))) and (uereas eq unrecoverableError)) or

Do A V= Qre aa-nanSno Crror)) )-
LEACY

bl < © 777
(IsAD(pd) xor IsSACTDreq(ssp)) => pd IsPDUOf ssp = false;

AD(reas) IsPDUOf SACTDreq(uereas) =

{ ((reas eq 0) and (uereas eq absent)) and

((reas eq Succ(0)) and (uereas eq receiptProblem)) and

((reas eq Succ(Succ(0))) and (uereas eq localError)) and

((reas eq NatNum(Dec(3))) and (uereas eq sequenceError)) and
((reas eq NatNum(Dec(4))) and (uereas eq demandDk)) and

((reas eq NatNum(Dec(5))) and (uereas eq unrecoverableError)) and
((reas eq NatNum(Dec(6))) and (uereas eq nonSpecificError)) );
(IsAlA(pd) xor IsSACTIrsp(ssp)) => pd IsPDUOf ssp = false;
AlA|IsPDUOf SACTIrsp = true;

(ISADA(pd) xor IsSSACTDrsp(ssp)) => pd IsPDUOf ssp = false;

ADA IsPDUOf SACTDrsp = true;

(IsAE(pd) xor ISSACTEreq(ssp)) => pd IsPDUOf ssp = false;
AE(sn1,sdat1) IsPDUOf SACTEreq(sn2,sdat2) = ( (sn1 eq sn2)and (sdat1 eq sdat2) );
(ISAEA(pd) xor ISSACTErsp(ssp)) => pd IsPDUOf ssp = false;
AEA(sn,sdat1) IsPDUOf SACTErsp(sdat2) = (sdat1 eq sdat2);

1sSCONind(ssp) xor IsCN(pd) => ssp IsSSPOf pd = false;
SCONind(srf,sal,sa2,sqos,sreq,sn,tkass,sdat1) 1sSSPOf CN(spr,cait,fus,sa3,sa4,sdal2)} =
( (CgUserRef(srf) eq CgUserReference(spr)). and (CommonRef(srf) eq CommonReference(spr)) and
(AdditionalRef(srf) eq AdditionalRef(spr))@and (sreq eq fus) and (sdat1 eq sdat2) and

(sn eq SSPSN(cait)) and (tkass eq STsAss(cait)) and ((sa3 ne absent) implies (sal eq sa3)) and
((sa4 ne absent) implies (sa2 eq sa4)) );

1sSCONcnf(ssp) xor (ISAC(pd) or IsRF(pd)) => ssp IsSSPOf pd = false;
SCONcnf(srf,sal,scres,sqos,sreq,sn,tkass,sdat1) IsSSPOf AC(spr,cait, stok,fus,sa2,sa3,sdat2) =
{ (CdUserRef(srf) eq CgUserReference(spr)) and (CommonRef(srf) eq CommonReference(spr)) and
(AdditionalRef(srf) eq AdditionalRef(spr)) and (sreq eq fus) and (sdat1 eq sdat2) and

(sn eq SSPSN(cait)and (tkass eq STsAss(cait)) and ((sa3 ne absent) implies (sal eq sa3)) and
IsAccept(scres)));

SCONcnf(srf,sal,seres,sqos,sreq,sn,tkass,sdat1) IsSSSPOf RF(spr.tdpar,fus,vs,reas,sdat2) =

( (CdUserRef(srf) eq CgUserReference(spr)) and (CommonRef(srf) eq CommonReference(spr)) and
(AdditionalRef(srf) eq AdditionalRef(spr)) and (sreq eq fus) and (sdat1 eq sdat2) and

(sn eq:SSPSN(cait)) and (tkass eq STsAss(cait)) and ((sa3 ne absent) implies (sal eq sa3)) and
(h(scres) eq reas) );

(IsSUABING(S3p) or ISSPABING[33p)) xor ISAB(pd) => §8p I185SPUT pd = 1alse;
SUABiInd(sdat1) IsSSPOf AB(idpar,reas,rpv,sdal2) = ( (reas eq Succ(0)) and (sdat1 eq sdat2) );
SPABind(abreas) IsSSPOf AB(tdpar,reas,rpv,sdat2) =

( ((reas eq NatNum(Dec(3))) and (abreas eq undefined)) or

((reas eq NatNum(Dec(2))) and (abreas eq protocolError)) );
(IsSRELind(ssp) xor IsFN(pd)) => ssp IsSSPOf pd = false;
SRELind(sdat1) IsSSPOf FN(tdpar,sdat2) = (sdat1 eq sdat2);
(IsSRELcnf(ssp) xor (IsDN(pd) or IsNF(pd))) => ssp IsSSPOf pd = false;
SRELcnf(srel,sdat1) IsSSPOf DN(sdat2) = (IsAffirm(srel) and (sdat1 eq sdat2) );
SRELcnf(srel,sdat1) IsSSPOf NF(sdat2) = ( IsNegative(srel) and (sdat1 eq sdat2) );
(IsSEXind(ssp) xor ISEX(pd)) => ssp IsSSPOf pd = false;
SEXind(sdat1) IsSSPOf EX(sdat2) = (sdat1 eq sdat2);
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(IsSCDind(ssp) xor IsCD(pd)) => ssp IsSSPOf pd = false;
SCDind(sdat1) IsSSPOf CD(sdat2) = (sdat1 eq sdat2);
(IsSCDcnf(ssp) xor ISCDA(pd)) => ssp IsSSSPOf pd = false;
SCDcnf(sdat1) IsSSPOf CDA(sdat2) = (sdat1 eq sdat2);
(IsSGTind(ssp) xor IsGT(pd)) => ssp IsSSPOf pd = false;
SGTind(stok1) IsSSSPOf GT{(stok2) = (stok1 eq stok2),
(IsSPTind(ssp) xor IsPT(pd)) => ssp IsSSPOf pd = false;
SPTind(stok1,sdat1) IsSSPOf PT(stok2,sdat2) = ( (stok1 eq stok2) and (sdat1 eq sdat2) );
(IsCGind(ssp) xor ISGTC(pd)) => ssp IsSSPOf pd = false;
CGind IsSSPOf GTC = true;

(IsSSYMNind(ssp) xor IsMIP(pd)) => ssp IsSSPOf pd = false;

SEYMNind(stypetsat;sdatHsSSROFMIP(styped-sn2:s5datd)

( (stypel eq stype2) and (sn1 eq sn2) and (sdat1 eq sdat2) );

(1§SSYMNcnf(ssp) xor IsMIA(pd)) => ssp IsSSPOf pd = false;

SBYMNCcnf(sn1,sdat1) IsSSSPOf MIA(sn2,sdat2) = ( (sn1 eq sn2) and (sdat1 eq sdat2) );
(1$SSYMJind(ssp) xor IsSMAP(pd)) => ssp IsSSPOf pd = false;

SBYMJind(sn1,sdat1) IsSSSPOf MAP(sn2,sdal2) = ( (sn1 eq sn2) and (sdat1 eq sdat2) );
(I$SSYMJenf(ssp) xor (ISMAA(pd) or ISAEA(pd))) => ssp IsSSPOf pd = false;
SBYMJcenf(sdat1) IsSSPOf MAA(sn,sdat2) = (sdat1 eq sdat2);

SBYMJcnf(sdat1) IsSSPOf AEA(sn,sdat2) = (sdat1 eq sdat2);

(I§SRSYNind(ssp) xor ISRS(pd)) => ssp IsSSSPOf pd = false;

(tkass1 eq tkass2) and (sdat1 eq sdat2) and ((rtype2 ne a) implies (sn1 eq sn2));
(I6SRSYNcnf(ssp) xor ISRA(pd)) => ssp IsSSPOf pd = false;
SRSYNcnf(sn1,tkass1,sdat1) IsSSPOf RA(tkass2,sn2,sdat2) =

( (sn1 eq sn2) and (tkass1 eq tkass2) and (sdat1 eq sdat2));

5SPERind(ssp) xor ISER(pd)) => ssp IsSSPOf pd = false;

[JERind(uereas,sdat1) IsSSPOf ED(reas,sdat2) =

( (sdat1 eq sdat2) and ( ((reas eq 0) and (uereas eq absent)) or

((reas eq Succ(0)) and (uereas eq receiptProblem))or

((reas eq Succ(Succ(0))) and (uereas eq localError)) or

((reas eq NatNum(Dec(3))) and (uereas eq sequenceError)) or

((reas eq NatNum(Dec(4))) and (uereas ef demandDKk)) or

((reas eq NatNum(Dec(5))) and (uereas eq unrecoverableError)) or

((reas eq NatNum(Dec(6))) and (uereas eq nonSpecificError)) });
(l6SPERind(ssp) xor ISER(pd)) => sspdsSSPOf pd = false;

SPERind(exreas) IsSSPOf ER(rpv) = {exreas eq protocolError);

("1t is assumed that the value "non-specific error” is never passed to the SS-user. *)

O

(IsSACTSind(ssp) xor IsAS{pd)) => ssp IsSSPOf pd = false;

(I6SACTRiInd(ssp) xorlsAR(pd)) => ssp IsSSPOf pd = false;
SIACTRind(actid1,actid2,sn1,srf1,sdat1) IsSSPOf AR(srf2,actid3,sn2,actid4,sdat2) =
( (actid1 eq‘actid3) and (actid2 eq actid4) and

(sn1 eqsh2) and (srf1 eq srf2) and (sdat1 eq sdat2) );

(I6SACTling(ssp) xor IsAl(pd)) => ssp IsSSPOf pd = false;

SIACTlind({uereas) IsSSPOf Al(reas) = (Conv(uereas) eq reas);

(I6SACTDind(ssp) xor IsAD(pd)) => ssp IsSSPOf pd = false;

SACTDind(uereas) IsSSPOf AD(reas} = (Conv(uereas) eq reas);

SRSYNind(rtype1,sni,tkass1,sdat1) IsSSPOf RS(tkass2,rtype2,sn2,sdat2) = (rtype1 eq rtype2) and

SWACTSind(actid1,sdat1)1sSSPOf AS(actid2,sdat2) = ( (actid1 eq actid2) and (sdat1 eq sdat2) );

(ISSAC Ticn(35p) XoT ISAIA(pT)) => 55p ISSSPOf pd=Talse;
SACTIcnf IsSSSPOf ASPDU(aia,AlA) = true;
SACTDcenf IsSSPOf ASPDU(ada,ADA) = true;
(IsSACTEind(ssp) xor ISAE(pd)) => ssp IsSSPOf pd = false;
SACTEind(sn1,sdat1) IsSSPOf AE(sn2,sdat2) = ( (sn1 eq sn2) and (sdat1 eq sdat2) );
(IsSACTEcnf(ssp) xor (ISAEA(pd) or ISMAA(pd))) =>

SACTEcnf(sdat1) IsSSPOf AEA(sn,sdat2) = (sdat1 eq sdat2);
endtype

(*

32


https://standardsiso.com/api/?name=5362518cbf060e4ea71eb681fa354986

ISO/IEC/TR 9572: 1989 (E)
9.1.4.5 SPDU encoding rules

The encoding rules for the SPDU parameters (parameter groups) are represented by functions introduced by
type Encodings.

NOTE - It is assumed that, contrary to tables 11, 12 and 13 of clause 8 of ISO 8327, the Connection Identifier
parameter group is mandatory in encoded CN, AC and RF SPDUs. This is done to enable determining the values of
the Session Connection Identifier parameter in the corresponding indication and confirm SSPs.

*)

type Encodings is DatOctStr2 ASPDU. BitNatRepr.DecNatRepr, DatConv,. OctConv

opns

_RepOpt_,_RepTSDU_,_RepVer_, RepReq_, RepSAP1_, RepSAP2 , RepData , RepSPSN_,
_RepCAltem__RepConId_ ,_RepTokit_: DatOctStr ASPDU -> Bool

RepCadRef,RepCagRef,RepCoRef,RepAdRef: ASPDU -> DatOctStr

apr2: Nat -> DatOctStr Repr: DecString -> Octet
Rdpr: Nat -> Octet ReprSn: SSPSN ->DatOctStr
dprto: STsAss -> DatOctStr Reprfu: SRgms -> DatOctStr
RdpDec: DecString -> DatOctStr RTok: SToken,STsAss -> BitString
Biff Bool -> Bit

eqpns forall str,str1,str2,str3,strd, str5, bstr:BitString, ds1:DecString, oct:Octet, pd:ASPDU, tokass:STsA$s,
tok:SToken, sn:SSPSN
ofsort Bool
IsCN(pd) => empty RepCAltem pd = (empty RepOpt pd) and (empty RepTSDU pd) and
{empty RepVer pd) and (empty RepSPSN pd) and (empty RepTok pd);
(* Po called default values may be associated with the Connect/Accept ltem parameter, so that if the
Cdnnect/Accept Item parameter group encoding is omitted, the peer SPM can assume these default
vajues. *)

{sCN(pd) => (Repr(Dec(5))+
(Repr(Length(str1)+Length(str2)+Length(str3)+Length(strd)+Length(str5))+
Stri++Str2++str3++str4++str5)) RepCAltemipd =

(str1 RepOpt pd) and (str2 RepTSPU pd) and (str3 RepVer pd) and (str4 RepSPSN pd) and
(str5 RepTok pd);

(ISCN(pd) and (oct ne Dec(5))) => (oct+str1) RepCAltem pd = false;

nol(IsCN(pd)) => str RepCAltem pd % false;

IsCN(pd) =>
(Repr(Dec(1))+(Repr(Length(str1)+Length(str2)+Length(str3))+strt ++str2++str3)) RepConid pd 4
(str1 eq RepCagRef(pd)) and (str2 eq RepCoRef(pd)) and (str3 eq RepAdRef(pd));
IsCN(pd) => empty RepConld pd = false;
(ISCN(pd) and (oct ne-Dec(1))) => (oct+str1) RepConld pd = false;
not (IsSCN(pd)) =>strRepConld pd = false;
(* see NOTE ?)

(" The function Repr determines the octet encoding of a natural number value and of a natural number
value represented as a string of decimal digits. Repr2 determines the encoding of the value of the TSDY
Maximum Size parameter Below possrble encod/ngs of the followmg parameters are def/ned Protoco
OptionsTSDU-maximum-SizeVersionNumberpitial Serial Nambeor-and Token-Seotting Hem-Some-of
these parameters are not mandatory (vrz TSDU Maximum Size, Initial Serial Number and Token Setting

{tem) in which case the corresponding encoding could be the empty string. The peer SPM, upon receiving

such an emply string, assumes the default values associated with the parameter. *)

IsCN(pd) => str RepConld pd =

( ProtOptions(pd) and (str eq (Repr(1+Dec(9))+(Repr(Dec(1))+(Repr(Dec(1))+empty)))) ) or

( not(ProtOptions(pd)) and (str eq (Repr(1 +Dec(9))+(Repr(Dec( 1))+(Repr(Dec(0))+empty)))) );
not (IsCN(pd)} => str RepOpt pd = false;
IsCN(pd) => str RepVer pd = (str eq (Repr(2+Dec(2))+(Repr(Dec(1))+(Repr(Version(pd))+empty))));
not (IsCN(pd)) => str RepVer pd = false;
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IsCN(pd) => str RepTSDU pd = ( (MtsRecFlow(pd) eq 0) and (MtsSendFlow(pd) eq 0) and
((str eq empty) or (str eq (Repr(2+Dec(1))+(Repr(Dec(0))+empty)))) ) or

( str eq (Repr(2+Dec(1))+(Repr(Dec(4))+Repr2(MtsSendFlow(pd))++Repr2(MtsRecFlow(pad)))) );

not (IsCN(pd)) => str RepTSDU pd = false;

IsCN(pd) => str RepSPSN pd = { (SPSN(pd} eq absent) and ((str eq empty) or
(str eq (Repr(2+Dec(3))+(Repr(Dec(0))+empty)))) ) or { (SPSN(pd) ne absent) and
(streq (Repr(2+Dec(3))+(F?epr(Length(F?eprSn(SPSN(pd))))+ReprSn(SPSN(pd))))) );
not (IsCN(pd)) => str RepSPSN pd = false;

IsCN(pd) => str RepTok pd = (AcrTokens(TokenSet(pd)) eq {}) and
(ChoiceTokens(TokenSet(pd)) eq {}) and

{ (str eq empty) or (str eq (Repr(2+Dec(6))+(Repr(Dec(0))+empty))) ) or

( ((AcrTokens(TokenSet(pd)) ne {}) or (Choice Tokens(TokenSet(pd)) ne {})) and
(str eq (Repr(2+Dec(6))+(Repr(Dec(1))+Reprto(TokenSet(pd))))) );

ngt (IsCN(pd)) => str RepTok pd = false;

(*|RepReq defines possible encodings of the Session User Requirements parameter. %)

ISCN(pd) => str RepReq pd =

( ((Card(FUs(pd)) eq NatNum(Dec(5))) and (HD Isin FUs(pd)) and (SY IsityFUs(pd)) and
(ACT Isin FUs(pd)) and (CD Isin FUs(pd)) and (EXCEP Isin FUs(pd)) and-(str eq empty)) or
(str eq (Repr(2+Dec(0))+(Repr(Dec(2))+Reprfu(FUs(pd))))) );

nqt (IsCN(pd}) => str RepReq pd = false;

(*|RepSAP1 and RepSAP2 define the possible encodings of the Calling and Called Session Selector
regpectively. *)

ISCN(pd) => str RepSAP1 pd =

((str eq empty) or (str eq (Repr(5+Dec(1))+(Repr(Dec(0))+empty))) or

(str eq (Repr(5+Dec(1))+{Repr(Length(SAddress{CgAddr(pd))))+SAddress(CgAddr(pd))))) ),
ISCN(pd) => str RepSAP2 pd =

((str eq emptly) or (str eq (Repr(5+Dec(2))+(Repr(Dec(0))+empty))) or

(str eq (Repr(5+Dec(2))+(Repr(Length(SAddress(CdAddr(pd))))+SAddress(CdAddr(pd))))) );
nqt (ISCN(pd)) => str RepSAP1 pd = false; not (ISCN(pd)) => str RepSAP2 pd = false;

(*|The User Data encodings are presented below. *)
ISCN(pd) => str RepData pd =(\(DaDs(UserInf(pd)) eq empty) and (str eq empty)) or

(str eq (Repr(1+(9+Dec(3)))+(Repr(Length(DaDs(Userinf(pd))))+DaDs(Userinf(pd))))) );
nqt (IsCN(pd)) => str RepData pd = false;

ofsort DatOctStr

isting

N
-

parameter should not exceed 999 999 DStr converts a bit string to its decimal drglt equrvalent The value of
the serial number is represented by a string of decimal digits. Each digit is encoded as a separate octet

consisting of a binary encoding in four bits of its value appended to the bit string 0011. *)
(Length(ds1) le NatNum(Dec(6))) => ReprSn(s(NatNum(ds1))) = RepDec(ds1);

{ h{sn) ge (NatNum(1+Dec(0))**NatNum(Dec(6))) ) => ReprSn(sn) = empty;
RepDec(d+ds1) = RepDec(d)+RepDec(ds1) ;
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RepDec(0) = Octet(OStr(0+(0+(1+(1+(0+(0+(0+Bit(0O))))) ;
RepDec(1) = Octet(OStr(0+(0+(1+(1+(0+(0+(0+Bit(1))))))) ;
RepDec(2) = Octet(OStr(0+(0+(1+(1+(0+(0+(1+Bit(0))))))) ;
RepDec(3) = Octet(OStr(0+(0+(1+(1+(0+(0+(1+Bit(1))))))))) ;
RepDec(4) = Octet(OStr(0+(0+(1+(1+(0+(1+(0+Bit(0)))))))) ;
RepDec(5) = Octet(OStr(0+(0+(1+(1+(0+(1+(0+Bit(1))))))))) ;
RepDec(6) = Octet(OStr(0+(0+(1+(1+(0+(1+(1+Bit(0)))))))) ;
RepDec(7) = Octet(OStr(0+(0+(1+(1+(0+(1+(1+Bit(1)))) ;
RepDec(8) = Octet(OStr(0+(0+(1+(1+(1+(0+(0+Bit(O)))))))) ;
RepDec(9) = Octet(OStr(0+(0+(1+(1+(1+{0+(0+Bit(1))))) ;

ofsort-BitString

(* RTok delivers a two-bit encoding for each token depending on its assignment. *)

(tok [sin RqrTokens(tokass)) => RTok(tok,tokass) = (0+Bit(0));
(tok [sin. AcrTokens(tokass)) => RTok(tok,tokass) = (0+Bit(1));
(tok Isin ChoiceTokens(tokass)) => RTok(tok,tokass) = (1+Bi(0));
endiype

(*

9.2 Session variables
9.2.1 Vrsp

Typ¢ VVRSP defines constants that represent the values of variabl¢ ' Vrsp" defined in subclause A.5.4.4|of
ISO [8327: int (activity interrupt), dsc (activity discard), a (resynchronize abandon), s (resynchronize set), r
(resynchronize restart) and no (no resynchronization). The definition consists of a renaming of the auxiliary
type|Sextet (see 9.4.7).

*)

typg VVRSP is Sextet renamedby
sortnames VVRSP for Sextet

opnhames int for constant? dsc for constant2 a for constant3

s fof constant4 r for constants no for constant6

endtype

(* i .
9.2.2 Vact

Typ¢ VACT defines constants that represent the values of variable "Vact" defined in subclause A.5.4.2|of
ISO|8327. One additional constant, NotApplicable, is introduced to indicate that the activity management
funcfional unit is;not selected. The definition consists of a renaming of the auxiliary type Triplet, imporjed
from ISO/TEC/PR 9571.

o o et i e e e o e P B om0 e 0 e e 0 P s e e e e B 8 2 o e o o i o *)
type-VAGTsTripletrenamedby

sortnames VACT for Triplet

opnnames NotApplicable for constant1 InProgress for constant2 NotinProgress for constant3
endtype

(*-

35


https://standardsiso.com/api/?name=5362518cbf060e4ea71eb681fa354986

ISO/IEC/TR 9572: 1989 (E)

9.3 Additional functions on session and transport service primitives

Type SesTransRelations defines a boolean function, TCON_SCON, that tests whether a given T-

CONNECT request is related to a given S-CONNECT request by way of fulfilling the condition
extended control is requested in the SSP, then the transport expedited flow is requested in the TSP,
the transport QOS should be better than or equal to the desired session QOS.

s: 1) if
and 2)

type SesTransRelations Is SessionServicePrimitive, TransportServicePrimitive
opns TCON SCON TSP SSP -> Bool

not( (IsSCONreq(ssp) or IsSCOde(ssp)) and IsTCONreq(tsp) ) => tsp TCON SCON ssp fa/se
IsSCONreq(ssp) or IsSCONind(ssp)) => TCONreq(ta1,ta2,tex,tq,d) TCON_SCON ssp =

{ (ExtControl(QOS(ssp)) eq desired) implies (tex eq UseTEX) );
lendtype

*

*)

0.4 Auxiliary data types
0.4.1 Data octet string

Type DatOctStr1 is a renaming and enrichment of the standard type OctetString. DatOctStr2 enric
latter type with functions;
- Empty that tests whether a given octet string is the empty string;
- First that yields the first (leftmost) octet of a given octet string (or an octet consisting of o
bits if the string is empty); and
- -- that appends an octet to the back of a given.octet string.

hes the

nly "Oll

tOctStr ‘

*)
type DatOctStr1 Is OctetString renamedby
sortnames DatOctStr for OctetString opnnames empty for <>
endtype
type DatOctStr2 Is DatOctStr1
opns
Empty: DatOctStr -> Bool First: DatOctStr -> Octet _--_: DatOctStr,Octet -> Dg
eqns forall str:DatOctStr, oc:Octet
ofsort Bool Empty(str) = (str eq empty);
ofsort DatOctStr str--oc = Reverse(oc+Reverse(str));
ofsort Octet
First(<> of DatOctStr) = Octet(0,0,0,0,0,0,0,0); First{oc+str) = oc;
endtype
(*

04.2 Notational shorthands for comparing natural number values in different

— __Trepresentations

Type Compare introduces a number of functions that allow the comparison of two natural number

values,

where at least one of the values is not abstractly represented (defined by standard type NaturalNumber) but
by way of a particular representation (octet, decimal string). The definition imports the standard types

Octet, DecNatRepr and BitNatRepr, and the auxiliary type OctConv (9.4.4).
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*)

type Compare Is Octet,DecNatRepr,BitNatRepr,OctetToFromBitString
opns

_eq , le_, It , ge ,_gt, ne_:QOctet DecString -> Bool

_eq_,_le , It ,_ge ,_gt, ne_ :DecString,DecString -> Bool
_eq , le ,_It, ge ,_gt,_ne_:NatOctet-> Bool
ToNatNum : Octet -> Nat BitToNat : Bit -> Nat (*OtoOand 1to 1)
eqns forall oc:Octet, n:Nat, ds1,ds2:DecString, b1,b2,b3,b4,b5,b6,b7,b8:Bit
ofsort Bool
oc eq ds1 = ToNatNum(oc) eq NatNum(ds1); ds1 eq ds2 = NatNum(ds1) eq NatNum(ds2);
ocledst = ToNatNum(oc) le NatNum(ds 1); ds1 Ie ase = NatNum(ds 1) Ie NatNum(ds2)

oc ds1 = ToNatNum(oc) It NatNum(ds 1 ) ds1 It dsz NatNum(ds 1 )t NatNum(dsZ)

oc § ds1 gt ds2 = NatNum(ds1) gt NatNum(ds2);
oc he ds1 = ToNatNum(oc) ne NatNum(ds1 ); ds1 ne ds2 = NatNum(ds1) ne NatNum(ds2);
n eq oc = n eq ToNatNum(oc); n le oc = n le ToNatNum(ocj;

n ge oc = n ge ToNatNum(oc); n It oc = n It ToNatNum(oc);

n gt oc = n gt ToNatNum(oc); n ne oc = n ne ToNatNum(oc);

(* ToNatNum converts an octet to the natural number it represents. *)

ofsprt Nat

BitToNat(0) = 0 ; BitToNat(1) = Succ(0);
TolNatNum(Octet(b0,b1,b2,b3,b4,b5,b6,b7)) = (BitToNat(b0)*NatNum(1+(2+DPec(8)))) +
(BitToNat(b1)*NatNum(6+Dec(4))) + (BitToNat(b2) *"NatNum(3+Dec(2))) +
(BitToNat(b3)*"NatNum(1+Dec(6))) + (BitToNat(b4)*NatNum(Dec(8)))+
(BitToNat(b5)*NatNum(Dec(4))) + (BitToNat(b6)*NatNum(Dec(2)))-+ (BitToNat(b7)*Succ(0));
endgtype

(*

9.4.3 Mapping between octet strings of different types

L9’

Type DatConv introduces functions that allow the miapping between octet strings of different types (ong of

which is the standard type OctetString and the other a renaming of OctetString).

)

type DatConv Is DatOctStr1,SData, OctetString

ophs

DaDs: SData -> DatOctStr DaDs: OctetString -> DatOctStr
DsbDa: DatOctStr -> OctetString

eqns forall sd:SData, oct:Octet, so:OctetString, dos:DatOctStr

ofsort DatOctStr

DaDs(<> of SData) = emply; DaDs(oct+sd) = oct+DaDs(sd);
DaDs(<> of OctetString) = empty; DaDs(oct+s0) = oct+DaDs(so);
ofsort OctetString

DsDa(empty) ==>; DsDa(oct+dos) = oct+DsDa(dos);
endtype

(*
9.4W

Type OctConv introduces functions that allow the conversion from an octet to a bitstring (such that they
represent the same natural number when interpreted as a binary encoding) and reversely.

*)
type OctConv is BitString, Octet,NaturalNumber, DecDigit

opns

BStr: Octet -> BitString OStr: BitString -> Octet
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eqns forall b0,b1,b2,b3,b4,b5,b6,b7:Bit,bstr:BitString

ofsort BitString

BStr(Octet(b0,b1,b2,b3,b4,b5,b6,b7)) = bO+(b1+(b2+(b3+(b4+(b5+(b6+Bit(b7))))))) ;
ofsort Octet

Length(bstr) ne NatNum(Dec(8)) => OStr(bstr) = Octet{(0,0,0,0,0,0,0,0);
OStr(b0+(b1+(b2+(b3+(b4+(b5+(b6+Bit(b7)))))))) = Octet(b0,b1,b2,b3,b4,b5,b6,b7);
endtype

(*

9.4.5 Additional functions on synchronization numbers and natural numbers

’ll\‘tpe MaxMinPred adds the following functions to those already defined in the standafd | type
turalNumber and type SSynchronizationNumber, imported from ISO/IEC/TR 9571:
- Pred determines the predecessor of a given a natural number. If the argument number.is 0 then| Pred
yields 0
- Max and Min are defined twice, namely for two natural number arguments and for two
synchronization number arguments; in both cases they determine the maximum and minimum,
respectively, of their two arguments.
*)
type MaxMinPred Is SSynchronizationNumber
opns
ed: Nat -> Nat Max,Min: SSPSN,SSPSN -> S8SPSN  Max,Min: Nat,Nat -> Nat
eqns forall s1,s2:SSPSN, nn,nn1,nn2:Nat
ofsort SSPSN
ax(s1,82) = s(Max(h(s1),h(s2))); Min(s1,s2) = s(Min(h(s1),h(s2)))
ofsort Nat
ed(0) = 0; Pred(Succ(nn))= nn;
nh1 ge nn2 => Max(nn1,nn2) = nni; nnt it nn2 => Max(nn1,nn2) = nn2;
nht ge nn2 => Min{nn1,nn2) = nn2; nnt It nn2 => Min(nn1,nn2) = nn1;
ehdtype
(
914.6 Two-tuple, three-tuple and five-tuple
Type Twotuple defines the formal requirements for building 2-component values and extracting the
components of these valu€s, where the components are renamings of the standard formal type -Element.
Similarly, type Threetuple and Fivetuple define the formal requirements for building 3-component apd 5-
component values, réspectively, and extracting the components of these values.
—--¥)

pe Twotuple Is Element1,Element2 sorts Twotuple

otuple: Element1,Element2 -> Twotuple

st Twotuple -> Element1 Second: Twotuple -> Element2

" rentte2-Efement2

ofsort Element1 First(Twotuple(e1,e2)) = e1;
ofsort Element2 Second(Twotuple(e1,e2)) = e2;
endtype
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type Threetuple is Element1,Element2,Element3 sorts Threetuple

opns

Threetuple: Element1,Element2, Element3 -> Threetuple

First: Threetuple -> Element1 Second: Threetuple -> Element2
Third: Threetuple -> Element3

eqns forall e1:Element1, e2:Element2, e3:Element3

ofsort Element1 First(Threetuple(e1,e2,e3)) = e1;
ofsort Element2 Second(Threetuple(e1,e2,e3)) = e2;
ofsort Element3 Third(Threetuple(e1,e2,63)) = €3;
endtype

Firgt: Fivetuple -> Element1 Second: Fivetuple -> Element2
Thind: Fivetuple -> Element3 Fourth: Fivetuple -> Element4

ofsprt Element1 First(Fivetuple(e1,e2,e3,e4,e5)) = el;
ofsprt Element2 Second(Fivetuple(e1,e2,e3,e4,e5)) = e2;
ofsprt Element3 Third(Fivetuple(e1,e2,e3,e4,e5)) = e3;
ofsprt Element4 Fourth(Fivetuple(e1,e2,e3,e4,e5)) = e4;
ofsprt Element5 Fifth(Fivetuple(e1,e2,e3,e4,e5)) = e5;
endtype

type Element1 is Element renamedby sortnames Element1 for £lement endtype
type Element2 is Element renamedby sortnames Element2 for Element endtype
type Element3 is Element renamedby sortnames Element3.for Element endtype
type Elementd4 is Element renamedby sortnames Elementd-for Element endtype
type Element5 is Element renamedby sortnames Element5 for Element endtype

(* *)
9.4]7 Sextet
Sextet defines a sct of six constants, endowed with boolean equality.
1-%)
type Sextet Is Boolean,NaturalNumber sorts Sextet
opns
congtant1,constant2,constant3,constant4,constants,constanté: -> Sextet
_eql.,._ne_: Sextet Sextet> Bool f: Sextet -> Nat
eqns forall x,y:Sextet ofsort Nat
f(cojnstant1) = 0; f(constant2) = Succ(0);
f(constant3) = Succ(Succ(0)); f(constantd) = Succ(f(constant3));
f(coinstant5).= Succ(f(constantd)); f(constant6) = Succ(f(constant5));
ofsprt Baol
X ng y =J[ot(x eq y); xeqy =f(x) eqf(y);
endtype
(o *)

9.5 Types for components of the internal event structure

In the following subclauses types are presented that are related to the representation of component values in

interactions at the internal gate p (see 6 and 10.1.2).
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9.5.1 Transport flow

Type TFlow defines two constants to represent the two types of flow control that can be offered by the TS-

provider. Type Doublet is imported from ISO/IEC/TR 9571.

*)

type TFlow is Doublet renamedby

sortnames TFlow for Doublet

opnnames normal for constant1 exp for constant2
endtype

(*

9/5.2 SPDU exchange direction

SPDU can be characterized as either outgoing (it is sent) or incoming (it is received),~These direg

ctions

ate represented by two constants, send and rec, defined by type Dir. As a result of the“¢onstraint-oriented

specification style, it is possible that a SPDU, that is generated intemally by process \SSPSPDU, will

td be discarded by process SPDUTSP. This is represented by a third constant no( send.

have

%
t)E)e Dir is Triplet renamedby )
sprtnames Dir for Triplet
opnnames send for constant1 rec for constant2 no_send for constant3
epdtype
(>i
9(5.3 SPDU status
The SPDU status values that need to be distinguished for SPDU exchanges are represented by a "bit
rdgister”. Type Index defines constants that ar€"associated with the position of a bit in this bit register. The
iffterpretation of each of the bits is diseussed in 10.1.2.1. Type VAL introduces functions for the
manipulation and inspection of the bits,‘namely:

- Set and Reset, that assign the value 71, respectively 0, to the indicated bit;

- Valid, that checks whethér bits O through 11 are set to 1;

- IsTDr, that checks whether any of the bits 12, 13 or 14 is setto 71;

- IsVaiNoDel, that checks whether bits O through 11 and bit 16 are set to 71;

- ValidDel, that checks whether bits O through 11 are set to 1 and bit 16 is set to 0;

- Winner, that checks whether bit 19 is equal to 1.

*)

type Index.is sorts Index
opns 0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19: -> Index
endtype

type VAL is Bit,Index soris Validity

opns

VAL: Bit,Bit, Bit,Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit -> Validity
Valid, ValidDel, IsTDr, IsValNoDel, Winner: Validity -> Bool

Set, Reset: Validity,Index -> Bool

eqns forall b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19:Bit, v:Validity,

ind:Index ofsort Bool
Reset(v,ind) = not(Set(v,ind);
IsTDr(v) = Set(v,12) or Set(v,13) or Set(v,14);
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Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,612,b13,b14,b15,b16,b17,b18,b19),0) = (b0 eq 1);
Set(VAL(bO,b1,b2,b3,b4,b5,b6,b7,b8,69,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),1) = (b1 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),2) = (b2 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),3) = (b3 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,69,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),4) = (b4 eq 1);
Set(VAL(bO,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,612,b13,b14,b15,b16,b17,b18,b19),5) = (b5 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,612,b13,b14,b15,b16,b17,b18,b19),6) = (b6 €q 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,612,b13,b14,b15,b16,b17,b18,b19),7) = (b7 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,612,b13,b14,b15,b16,b17,b18,b19),8) = (b8 eq 1);

Set(VAL(bO,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,612,b13,b14,b15,b16,b17,b18,b19),9) = (b9 €q 1);

Set(v,7) and Set(v,8) and Set(v,9) and Set(v,10) and Set(v,11) ;
ValidDel(v) = Valid(v) and Reset(v,16);

ValidNoDel(v) = Valid(v) and Set(v,16);

Wipner(v) = Set(v,18) or Set(v,19);

endtype

-

Set(VAL(b0,b1, b2 b3 b4 b5 b6,b7,b8,b9,b10,b11, b12 b13 b14,b15,b16,b17,b18,619),10) = (b10 °q 1);

Se (VAL(bO b1 b2 b3 b4 b5 b6 b7b8 b9 b10b11 b12 b13 b14 b15 b16 b17b18 b19),12) = (b12 eq 1);
Sel(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,619),13) = (b13 €g)\1);
Sef(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,09,b10,b11,b12,b13,b14,b15,b16,b17,b18,619),14) = (b1d eq 1);
Sel(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),15) =(b15eq 1);
Sef(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,611,b12,b13,b14,b15,b16,b17,b18,b19),16)=/(b16 €q 1);
Sef(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,612,b13,b14,b15,b16,b17,b18,b19),17) = (b17 eq 1);
Sej(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),18) = (b18 €q 1);
Se{(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),19) = (b19 eq 1);
Valid(v) = Set(v,0) and Set(v,1) and Set(v,2) and Set(v,3) and Set(v,4) and Set(v,5) and Set(v,6) and

9.5.4 Transfer state

The transfer state values that need to be distinguished for SPDU exchanges, represented by interaction
gate p, are defined by type TrPhase. The interpretation of these values is discussed in 10.1.2.2. In addif
an |auxiliary function, tr, is introduced for.mapping the values on natural numbers, and a numbe

funictions for comparing two transfer state values.

IS at
ion,
r of

type TrPhase is NaturalNumber sorts TrPhase
L]
rPhase -> Nat 0,1,2,3,4,5,6: -> TrPhase

_eq , ne_,_gt, le [ Mt:, ge :TrPhase, TrPhase -> Bool
eqns forall p1,p2:TrPhase
ofgort Nat
tr(@) tr(1) = Succ(0); tr(2) = Succ(tr(1)); tr(3) = Succ(tr(2));
tr(4) = Succ(tr(3)) r(5) = Succ(tr(4)); tr(6) = Succ(tr(5));
ofsort Bool
plleq p2=tr(pl) eq tr(p2); p1 ne p2 = tr(p1) ne tr(p2); p1le p2 = tr(p1) le tr(p2);
pllgep2 =tr(p1) ge tr(p2); p1ltp2 =tr(pl) it tr(p2); p1gtp2 =tr(p1) gt tr(p2)

)

10 Processes for the SPM session to transport service boundary relation

The behaviour of a single SPM, deprived from constraints that are local to either the SCEP or the TCEP, is
described by the composition of a number of processes as explained in clause 6. This decomposition of the
session to transport boundary relation in terms of component processes is presented in 10.1, together with a
further explanation of some of the components of interactions that are internal to the SPM (i.e., at gate p).

The definition of the component processes is subsequently presented in 10.2 through 10.5.

41


https://standardsiso.com/api/?name=5362518cbf060e4ea71eb681fa354986

ISO/IEC/TR 9572: 1989 (E)

10.1 First decomposition of the session to transport boundary relation

10.1.1 Service primitive mappings and SPDU exchanges

Mappings between SSPs and TSPs fall into two categories, namely direct and indirect (via SPDUs)
mappings. The direct mappings are defined by SSPTSP; the indirect mappings are defined by SSPSPDU
(representing the relationship between SSPs and SPDUs) and SPDUTSP (representing the relationship
between SPDUs and TSPs). The latter two processes synchronize at the hidden gate p, the protocol gate, to
model the exchange of SPDUs, together with a third process SPDUConstraints that defines the local

prg
IS¢

Th

ptocol constraints on the exchange of SPDUs consistent with the state tables description in annex
D 8327.

e disabling exit is used to synchronize with the termination of TCEPs (see clause 8).

A of

*)

pn
(S
NE
e

ndproc

bcess STPM[s,t](spei:SPEImplementation): exit :=
SPTSPs,t] || ( hide p in ( SSPSPDU[s,p] [[p]] SPDUTSP[p,1] [[p]] SPDUConstraints[p](spei) ) )
> exit

(*
10

TW
ex

10

Th
pre
pa

In
"bx

Th
0:

1.2 Some comments on the interactions at the protocol gate

o components of the internal event structure, i.e. of interactions at the protocol gate p, need some fu
planation, viz. the SPDU status (see 9.5.3) and the transfer state (see 9.5.4).

11.2.1 Status of incoming SPDUs

e status (validity) of an incoming SPDUkis’not determined in one process but simultaneously in sey
cesses synchronizing at the p gate; each process then imposes its partial constraints. The sum of |
tial constraints constitutes the total constraint which has to be satisfied.

prder to model this summation, the SPDU status component is interpreted as a "bit register”. Eacl

e "bit register” consists of 20 bits, numbered from 0 through 19, with the following meaning:
Set to 0 if any<of the following conditions hold (set to 7 otherwise):
- receipt’ of an extended concatenated sequence of SPDUs when no extended concatenatio
allowed on the receiving flow;
<.receipt of a DT or TD SPDU of a segmented SSDU when no segmenting was selected or

rther

veral
hese

0 bit

tlongs” to a particular process and is set or reset by that process depending on whether this SRDU
satisfies the partial constfaints imposed by the process manipulating that bit.

n is

the

receiving flow;

- a DT SPDU or TD SPDU of a segmented SSDU which does not contain user data and is not the last

SPDU of the segmented SSDU;
- receipt of an invalid concatenation of SPDUSs.

1: Set to 0if a badly encoded SPDU is received (otherwise 7).

2: Set to 0 if a SPDU was received on the wrong transport flow (otherwise 7).
3: Set to 0 if the constraints for valid SPDUs related to the availability of the transport expedited flow are
not satisfied (otherwise 7). ,

4: Idem for constraints related to "Vtca".

5: Idem for the SPDU parameter values constraints.
6: Idem for constraints related to functional units.
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7: Idem for constraints related to token settings.
8: Idem for constraints related to "Vact".
9: Idem for constraints related to "V(M)", "V(A)" and "Vsc".

10:
11:

Idem for constraints related to "Vrsp” and "V(R)".
Idem for the SPDU temporal ordering constraints

(E)

12, 13, 14: Set to 1 if a T-DISCONNECT request is to be issued (otherwise 0). (These bits are (re)set by
processes VicaCon, TexCon and SPDUOrd (see 10.4.2 and 10.5.5), respectively.)
15: Set to 0 if an incoming (AEA or MAA) SPDU should lead to the execution of a S-SYNCHRONIZE-
MAIJOR confimm. Itis set to 1 if an incoming SPDU should prompt the execution of an S-ACTIVITY-END
confirm (no change otherwise).

16:
17:

18,

10.

A particular value of the transfer state component indicates one of the states of the state tables in anne
of ISO 8327, or a collection of such states. The transfer state is kept track of by one of the subprocesse
SPDUConstraints, namely SPDUOrd (see 10.5.5) which handles thepure ordering constraints of SPDUs,

Usyally, the transfer state component is relevant for incoming.SPDUs only. In one instance, however,

Set to 1 if an incoming SPDU does not lead to the execution of the corresponding SSP (otherwise Q)
Set to 1 to signal any of the following events (otherwise 0):

- queuing of a PR_RS SPDU while in state tables state STA713;

- queuing of an EX SPDU while in ¢ither of the state tables states STA15C or STAO2A;

- too many PR SPDUs in the queue.
19: Set to 7 to signal that the "SPMwinner” condition is true (otherwise 0).

2.2 SPDU transfer states

X A
5 of

it is

usefl for an outgoing SPDU as well (viz. a DN SPDU). In this case another subprocess of SPDUConstrgints

(vi4d. VitrrCon, see 10.5.6.2, which imposes constraints~on SPDU exchanges related to "Vtrr") uses

the

trarjsfer state component to inform SPDUOrd aboutithe transfer state that is valid for the next inconjing
SPIDU. Below, the correspondence between the séven possible transfer state values and the protocol state
tables states is listed for each relevant incoming SPDU (for some incoming SPDUs there is no need to
kngw, hence to constrain, the transfer state value).
transfer state
0 1 2 3 (4, 5, 6 see below)
SPDU
DN 16 1C
AB 1A,6;15/16 *
ADJAI 16,1 * 6,15B,15C
FN/DN 16,1 3 *
ADAAJA 1,16 5B,5C *
RA 1,16 5A *
MAPMIP;AE 1,16 713 *
MIA 1,16 3,713 4,15A *
RS 116 3 . 713;15B
MAA,AEA 1,16 4A,4B 15A *
DT 1,16 * 18,21
EX,TD 1,16 *
ER,ED 1,16 3 * 713
*ok 1,16 *
* stands for all other states not explicitly mentioned in the corresponding row of the table.
sk

denotes the following SPDUs; AC, RF, PR, CN, AR, CD, AS, GT, PT, NF, and GTC.
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The transfer state values 4 and 5 are only relevant for incoming RS SPDUs, and ER and ED SPDUs; 4

corresponds to state tables states 5B, 5C or 6 (for a RS SPDU), and 713 (for an ER or ED SPDU),

and 5

corresponds to state tables state 20 {for a RS SPDU), and 4A or 4B (for an ER or ED SPDU). Transfer state

value 6is exclusively used for ER and ED SPDUs to indicate state table state 4A or 4B.

10.2 Direct mapping between SSPs and TSPs

When a SC is requested and no suitable underlying TC is available, a new TC has to be established. The
relation between the parameters of the resulting T-CONNECT request and the previous S-CONNECT

request is tested with function TCON_SCON (sec 9.3) in process SSPTSP.

s

jke-use of an existing TC is only possible if the (implicit) requirements derived from the S-CON|

0o

ompatibility has not been-formalized.

A T-DISCONNECT ndication will cause a S-P-ABORT indication with the Reason parameter eqg
transport disconnect” to be executed at the SS boundary.

(Once a TC is established, process SSPTSP1 is invoked with the following parameters: 1) the QOS |of the
TC, 2) the availability of the transport expedited flow and 3) a boolean indicating whether the'SPM was the
hitiator or acceptor of the TC.
Hstablishment of a SC can be abruptly terminated either by the SS-user by means of:@S-U-ABORT rgquest,
gr by the TS-provider by means of a T-DISCONNECT indication.
*)
process SSPTSP[s,1]: exit .=
s 7sa:SAddress ?si:SCEI ?ssp:SSP; (*SCONreq”)
t ?ta:TAddress ?ti: TCEI ?tsp:TSP [tsp TCON_SCON ssp]; SSRTSP[s,t]
[t ?ta:TAddress ?ti:TCEI ?tcn: TSP [IsTCONconf(tcn) or IsTC@Nresp(tcn)];
( choice tq:TQOS,tex:TEXOption [] [(tex ISTEXOptionOf tcn) and (tq IsTQOSOf tcn)] ->
SSPTSP1[s,tj(tq,IsTCONresp(tcn),tex) )
IV s 7sa:SAddress 7si:SCEI 7ssp:SSP [IsSUABreq(ssp));
t ?ta:TAddress ?ti:TCEI ?tsp:TSP [IsTDISreq(tsp)lexit
it ?ta:TAddress ?ti:TCEI ?td:TSP [IsTDISind(td}];
s ?sa:SAddress ?si:SCEI ISPABind(transpoitDisconnect); exit
1 t ?ta:TAddress ?ti:TCEI ?tsp:TSP [IsTCONind(tsp)]; SSPTSP[s,t]
ndproc
i
NECT

ervice primitive are "upwards compatible” with the characteristics of the TC. This notion of upward

jual to

*)
process SSPTSP1[s,tl(tq:TQOS, Vica:Bool,tex:TEXOption): exit =
(>~ choice ssp:SSP, ta1,ta2:TAddress, d:OctetString []
5Sp) )

[ ( (IsSCONind(ssp) or IsSCONreq(ssp)) implies (TCONreq(tal,ta2 tex,tq,d) TCON_SCON

s ?sa:SAddress ?si:SCEI Issp; SSPTSP1[s,t](tq, Vica,tex) )
[l t?ta:TAddress ?ti:TCEI ?tdo:TSP [not(IsTDIS(tdo))]; SSPTSP1[s,t](tq,Vica,tex)
[]  t?ta:TAddress ?ti: TCEI ?td:TSP [IsTDISind(td)];
s ?sa:SAddress ?si:SCEI ISPABind(transponDisconnect); exit
[] t?ta:TAddress ?ti:TCEI ?tdr:TSP [IsTDISreq(tdr)]; exit
endproc
*
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10.3 Relation between SSPs and SPDUs

(E)

In the description of the relationship between SSPs and SPDUs, two concerns are separated. Process
SSPSPDUCon specifies the constraints on the issuance of certain SSPs (viz. S-RESYNCHRONIZE
(abandon) indications and S-CONNECT requests) related to the SPM state, and process SSPSPDUTran
specifies the constraints on the transformation of SSPs to SPDUs and vice versa.

*)
process SSPSPDUJs,p]: noexit := SSPSPDUCon[s,p] || SSPSPDUTranfs,p] endproc
(*
10,3.1 Relation between SPM state and session service constraints
SSPSPDUCon performs the following functions:
- it keeps track of the session (protocol) variable "V(M)" and ensures that the synchironization point
serial number in a S-RESYNCHRONIZE (abandon) indication is equal to the aaximum of "V(M)"
and the serial number in the received RS (abandon) SPDU;
- it prevents the execution of a S-CONNECT request if, following some event, the SC ceases to ekist,
until it has been determined that the TC is to be kept for re-use.
*)
pracess SSPSPDUCon[s,p]: noexit := VMCon[s,p](s(Succ(0))) || SPCon[s,p] endproc
prqcess VMCon[s,p](VM:SSPSN): noexit :=
choice pd:ASPDU,fl:TFlow,d:Dir,sn:SSPSN,v:Validity,st:FrSTate []
[( (d eq rec) implies ValidDel(v) ) and (sn eq SPSN(pd))] ->
{  [IsAC(pd) or IsAS(pd) or ISRA(pd)] -> p Ipd Mg v Ist; VMCon[s,p](sn)
[l [IsAR{pd)] -> p lpd ifl Id Iv Ist; VMCon[s,p](s(Succ(h(sn))))
[1  [IsMAP(pd) or ISAE(pd)] -> p Ipd Ifl Id lvdst; VMConfs,p)(s(Succ(h(VM))))
[l [a eq ResynType(pd)] -> p Ipd !l Id lv-Ist; VMCon[s,p](Max(VM,sn))
[l  [nol(IsAC(pd) or ISAR(pd) or IsAS(pd) or IsRA(pd) or ISMAP(pd) or ISAE(pd) or
(a eq ResynType(pd))) or ( (d eqrec) and not(ValidDel(v)))] ->
p lpd ifl Id Iv Ist; VMCon|s,pj(ViM)
)
[] | choice ssp:SSP [] [IsSRSYNind(ssp) and (a IsResynTypeOf ssp) implies (VM IsSPSNOf ssp)] ->
s 7sa:SAddress 7si:SCEl1ssp; VMCon|s,p}(VM)
endproc
O
In ¢rder to constrainythe execution of a new S-CONNECT request following termination of the SC, SPCon
and SPConAA monitor the exchange of SPDUs which indicate the termination of the SC, the exchange of
SPDUs which (indirectly) indicate termination of the TC, and SPDU exchanges which indicate that thefidle
T state iSentered thus permitting a new S-CONNECT request to be issued.
*)

process SPCon[s,p]: exit :=

]

choice pd:ASPDU,fl:TFlow,v:Validity,st:TrState []

( [( (IsRF(pd) or IsAB(pd)) and (nr eq TDISPar(pd)) ) or (IsDN(pd) and (st eq 0))] ->
p Ipd !l Isend Iv Ist; WaitForDisableExit[p]

[l [IsAB(pd) and (r eq TDISPar(pd)) ] -> p Ipd !fl Isend Iv Ist; SPConAA[s,p]

[l [not (IsAB(pd)} or (IsDN(pd) and (st eq 0)) or (IsRF(pd) and (nr eq TDISPar(pd))) )] ->
p Ind !l Isend Iv Ist; SPConjs,p]

[l  pipd !ifl 2d:Dir v Ist [not(d eq send)]; SPCon|s,p]

)
s ?sa:SAddress ?7si:SCEI 7ssp:SSP; SPCon[s,p]

endproc
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process SPConAA[s,p]: exit =
choice pd:ASPDU fi:TFlow,v:Validity,st:TrState []
( [Valid(v) and (IsAA(pd) or (IsAB(pd) and (r eq TDISPar(pd)))) ] -> p lpd fl Irec Iv Ist; SPCon[s,p]
[l [not( Valid{v) and (IsAA(pd) or ( IsAB(pd) and (r eq TDISPar(pd)) )) )] >
p Ipd ifl Irec Iv Ist; SPConAA[s,p]
[l  plpd !fl 2d:Dir Iv Ist [not(d eq rec)]; SPConAA[s,p]
)
endproc
process WaitForDisableEXxit[p]: noexit .=
P ?p:ASPDU 7?f:TFlow ?d:Dir ?s:Validity ?st:TrState; WaitForDisableExit[p]
e Yo Tad
(

11).3.2 Constraints on transformations between SSPs and SPDUs

Bgsides transforming SSPs to SPDUs and vice versa, SSPSPDU takes care of-the the follgwing
canstraints:

- a valid incoming GTC SPDU will generate an outgoing GTA SPDU;
- an invalid incoming SPDU could generate an outgoing AB SPDU (indicating a protocol errof) and
will lead to the execution of an S-P-ABORT indication if the SC is still in progress;
- the Maximum TSDU Size parameter value for the sending flow-is monitored in order to pefform
segmenting (if selected) correctly;
- a valid incoming MAA or AEA SPDU will lead to the-execution of either a S-SYNCHRONIZE-
MAJOR or a S-ACTIVITY-END confirm;
- certain incoming or outgoing SPDUs cause stored PR SPDUs to be dequeued. In certain caseg, the
number and/or prepare type of the stored SPDUs are invalid. In such a case, if the dequeueing pvent
was an incoming SPDU, the SSP corresponding to the incoming SPDU is executed |first.
Subsequently, a S-P-ABORT indication could be issued and an AB SPDU transmitted.

DownFlow models the transformation of SSPs to SPDUs. UpFlow defines the relationship between recgived
SPDUs and the corresponding SSPs. Certain incoming SPDUs lead to the generation of an outgoing SPDU.
This is modelled in process TwoWay. OctetFlow deals with data octets of S-DATA and S-TYPED-DATA
plimitives, DT and TD SPDUs, and segmenting.

*)
process SSPSPDUTranfs,p]: noexit :=

DownFlow(s,p] || UpElow[s,p](NULL) || OctetFlow(s,p] ) [[p]| TwoWay[p]
ndproc

A

o

The Session. Protocol does not view SSPs that may carry an unbounded amount of user data (i.e. S-DATA
and S-TYPED-DATA primitives) as atomic, but as consisting of data octets. This allows for the convenient
de¢scription of segmenting and the possibility of starting the transmission of DT or TD SPDUs even {f the
compiete-SSDUTas ot yet been TeceivedFurttenmore, thie Teceipt ordetivery of SSDBUsTamrtien be
interrupted by a disruptive SSP or SPDU (e.g a S-ABORT request or AD SPDU). The data type below
introduces the functions that enrich the SSP type definition in order to represent this refined view. SDATO
and STDO stand for session normal data octet and session typed data octet respectively. SDATE and STDE
indicate the end of a sequence of data octets corresponding to a single SSDU.
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*)
type SessionDataOctets is SessionServicePrimitive, Octet
opns
IsSDATO,IsSTDO,IsSDATE: ssp -> Bool SDATEreq,STDEreq,SDATEind, STDEiInd: -> ssp
SDATOreq,STDOreq, SDATOind,STDOind: Octet -> ssp
endiype
(*

The synchronized composition of DownFlow with other processes implies that it must synchronize with all
events (at the synchronization gates, s and p) that are specified in the other processes, even though

ted style of specification. The same remark apphes to the other subprocesses of SSPSPDUTran,

progess DownfFlow[s,p]: noexit :=

]
]

endproc

choice ssp:SSP [] [not(IsSDATO(ssp) or IsSSDATE(ssp)) and IsReq(ssp)] ->
s 7sa:SAddress ?si:SCEI Issp;
{ [PREP_Needed(ssp)] ->
p ?pd:ASPDU ?f:TFlow ?d:Dir ?v:Validity ?st:TrState [not(d eq rec) and\(pd PREP ssp)]; exit
[l [not( PREP_Needed(ssp) )] -> exit
) >>
( p?p:ASPDU ?f:TFlow ?d:Dir ?v.:Validity ?st:TrState
[not (d eq rec) and (p IsPDUOf ssp)]; DownFlow(s,p]

)
p ?0:ASPDU ?f:TFlow ?d:Dir ?v:Validity ?st:TrState

[(d eq rec) or IsPAB(p) or IsAA(p) or IsGTA(p) or IsBT(p) or IsTD(p)]; DownFlow(s,p]
( choice ssp:SSP[] [Isind(ssp) or IsSDATO(ssp) er IsSDATE(ssp)] ->

s ?sa:SAddress ?si:SCEI Issp; DownFlow[s,p]. )

(*

SPD
pron
SC 1
man
indi
(spe

Us which are meant to be ignored do-notcause a SSP to be executed. Invalid incoming SPDUs co
npt the execution of a S-P-ABORT indication unless the SC has already ceased to exist. Absence Q
s indicated by transfer state value~0. When a valid incoming RS SPDU is received, and there are
y queued PR SPDUs, then bit 17 of the SPDU status parameter is reset. The S-RESYNCHRONI|
cation is subsequently executed, possibly followed by the transmission of a provider generated |
cified in TwoWay) and-the¢xecution of a S-P-ABORT indication.

*)

nld
fa
[00
ZE

*)

pro

ress UpFlow[s,pl(expds:ASPDUs): noexit :=

choice pd:ASPDU. fi: TFlow,v:Validity,st:TrState []

( pled)ifl 2d:Dir v Ist [not(d eq rec)];
(<" [IsPAB(pd)] -> s 7?sa:SAddress ?si:SCEI ?sp:SSP [sp IsSSPOf pd]; UpFlow[s,p](NULL)
[l [not(IsPAB(pd))] -> UpFlow(s,p](expds) )

[ [(IsMAA(pd) or ISAEA(pd)) and ValidDel(v)] -> p Ipd ifl Irec Iv Ist;

( choice ssp:5SP[[[{Set(v,15] iff sSSACTEcni(ssp)) and (ssp IsSSPOT pd)] ->
s 7?sa:SAddress ?si:SCEI Issp; UpFlow/[s,p](expds) )
[l [ValidDel(v) and not(IsMAA(pd) or ISAEA(pd) or IsDT(pd) or IsEX(pd})] ->
p lpd ifl Irec Iv Ist; s ?sa:SAddress ?si:SCE| 7ssp:SSP [ssp IsSSPOf pd];
(  [DequeuingPDUs(pd)] -> ( DeliverEX[s,p](expds) >> UpFlow[s,p](NULL) )
[l  [not(DequeuingPDUs(pd))] -> UpFlow[s,p](expds) )
[l [ValidDel(v) and ISEX{(pd)] -> p lpd Ifl irec Iv ist;
( [Set(v,17)] -> UpFlow[s,pj(pd+expds)

[] [Reset(v,17)] -> s ?sa:SAddress ?si:SCE! ?ssp:SSP [ssp IsSSPOf pd]; UpFlow(s,p](expds)

)
[1  [not(ValidDel(v)) or IsDT(pd)] -> p Ipd !fl Irec Iv Ist; UpFlow[s,p](expds)
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[] choice sp:SSP[] [IsReq(sp) or ISSDATO(sp) or IsSDATE(sp)] ->
s 7sa:SAddress ?si:SCEI Isp; UpFlow[s,p](expds)

where

process DeliverEX[s,p](expds: ASPDUs): exit :=
[expds eq NULL] -> exit

[l [expds ne NULL]->

( S ?sa:SAddress ?si:SCEI ?ssp:SSP [ssp IsSSPOf First(expds)]; DeliverEX[s,p](Rest(expds))

[l P ?p:ASPDU ?f:TFlow ?d:Dir ?v:Validity ?st:TrState [not(d eq rec)]; DeliverEX[s,p](expds)
endproc
endproc (" UpFiow *)

process TwoWay/pl: noexit :=

)

hoice pd:ASPDU,fI:TFlow,v:Validity,st:TrState []
[IsGTC(pd) and ValidDel(v})] -> p lpd 'fl lrec Iv Ist;
p ?p:ASPDU ?fl1:TFlow Isend ?v1:Validity ?st1:TrState [IsGTA(p)]; TwoWay|p]
[IsAB(pd) and Valid(v)] -> p Ipd fl Irec Iv Ist;
p ?p: ASPDU ?f11:TFlow !send ?v1:Validity ?st1:TrState [ISAA(p)]; TwoWaylp]
[Valid(v) implies (DequeuingPDUs(pd) and Set(v,17)}] -> p lod il lrec v Ist;
( choice p:ASPDU,fl2:TFlow,v2:Validity,st2:TrState []

Il [not( (Valid(v) and IsAB(pd)) or (IsGTC(pd) and ValidDel(v)) or

(Valid(v) and DequeuingPDUs(pd) and Set(v,17)) )] ->

p lpd il Irec Iv Ist; TwoWay[p]

I  [not(isPAB(pd) or IsGTA(pd) or IsAA(pd))] -> p Ipd ifl ?d:Dir Iv Ist [not (d eq rec)]; TwoWay|[p]

endproc
*

[IsPAB(p)] -> p Ip ifi2 Isend Iv2 ist2; TwoWay(p] [] I (* ignore erroneous SPDU *); TwoWaylo] )

In OctetFlow the Maximum TSDU Size value for the sending flow in support of the present
determined. MtsRecFlow and MtsSendFlow yield the Maximum TSDU Size value for the receivis
ending flow, respectively, of the SPM which had-sent the CN or AC SPDU. Process OctFlo, parame
with this value, then describes the subsequent béhaviour.,

SC is
ng and
erized

process OctetFlow/s,p]: noexit ;=

choice pd:ASPDU.fl:TFlow,v:Validity,st:TrState []

[IsCN(pd) and ValidDel(v)}.->

p !pd !l Irec v Ist; ( choice mt:Nat [] [mt eq MtsRecFlow(pd)] -> OctFlo[s,p](mt) )

[IsCN(pd)] -> p lpd !l lsend Iv Ist; ( choice mt:Nat [] [mt eq MtsSendFlow(pd)] -> OctFlo[s,p](mt)
[not(IsCN(pd))] ->p\lpd !fl 2d:Dir Iv Ist [(d eq rec) implies ValidDel(v)]; OctetFlow[s,p] )

ndproc

*)

S—
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cess OctFlo[s,p](mOld:Nat): noexit :=

choice pd:ASPDU,fl:TFlow,v:Validity,st:TrState,ssp:SSP,oct:Octet,mt:Nat []

]

[] | [not(IsSDATO(ssp) or IsSSTDO(ssp))] -> s ?sa:SAddress ?si:SCEI Issp; OctFlofs,p)(mOlad)
[l | [not(IsAC(pd) or ISCN(pd) or IsDT(pd) or IsTD{pd))] ->
p Iod !l ?2d:Dir v Ist [not (d eq rec)]; OctFlo[s,p](mOld)
[l | [not(ValidDel(v) and (IsDT{(pd) or ISCN(pd) or ISAC(pd) or IsTD(pd)))] ->
p lod Hfl Irec Iv Ist; OctFlofs,p}(mOld)
)
endproc
(*_._ L e

SenldSDO describes the processing of normal data octets until a complete SSDU is transmitted, either §
single SPDU, or as a sequence of SPDUs if segmenting is allowed: SendSTDO does the same for ty]
datd octets. The way segmenting is carried out (i.e. the way in which data octets are combined into seve

DT

detdrministic. Processing of octet requests can be interrupted, either by a disruptive SSP (e.g. a S

AB

NOTE - The total length of the encoded DT SPDU is the sum of the number of data octets and the number of og
for ¢ncoding the SI and LI fields of the SPDU (2 octets) and the PI, LI and PV fields of the Enclosure Item param

3o

DeliverDT describes the execution of'a’S-DATA indication as the delivery of a sequence of normal ¢
octgts. It has two parameters: one representing a sequence of S-DATA-OCTET indications and the (;];\er

the

[IsCN(pd) and ValidDel(v) and (mt eq MtsRecFlow(pd))] -> p lpd Ifl Irec Iv Ist; OctFlo[s,pj(mt)
[IsCN(pd) and (mt eq MtsSendFlow(pd))] -> p lpd ifl Isend Iv Ist; OctFlo[s,p](mt)

[IsAC(pd) and ValidDel(v) and (mt eq MtsRecFlow(pd))] -> p lpd!filrecivist; OctFlo[s,p](Min(mOid,mt))

[IsAC(pd) and (mt eq MtsSendFlow(pd))] -> p Ipd !fl Isend Iv Ist; OctFlo[s,p]( Min(mOld,mt) )

s ?sa:SAddress ?si:SCEI ISDATOreq(oct); SendSDQO[s,p](Octet(oct) of DatOctStr,mOld,true)

§ ?sa:SAddress ?si:SCEI ISTDOreq(oct); SendSTDO[s,p](Octet(oct) of DatOctStr,mOid, true)

[1sDT{(pd) and ValidDel(v)] -> p lpd Ifl Irec v Ist;

(  choice dt:DatOctStr,encit:Encit [] [(dt eq DaDs(UserInf(pd))) and (encit eq Encltem(pd))] ->
DeliverDT[s,p](dt,encit) >> OctFlo[s,p]}(mOld) )

[ISTO(pa) and vanaoenv) - pipa ifrirec v st
( choice dt:DatOctStr,encit:Encit [] [(dt eq DaDs(Userinf(pd))) and (encit eq Encltem(pd))] ->
DeliverTD[s,p](dt.encit) >> OctFlo[s,p](mOid) )

or TD SPDUs) depends on the value of the maximum~TSDU size, mt¢, but apart from that is n|

DRT request) or by a disruptive incoming SPDU (e:g. an AI SPDU).

Ctets). This total length should not exceed the TSDU Maximum Size value for the sending flow.

value of the Enclosure Itém) parameter. Analogous to SendSDO, DeliverDT can be interrupted

disnuptive event caused either-by the SS-user or by an incoming SPDU. DeliverTD describes the execu

of 4 S-TYPED-DATA indication in a similar way.

process SendSDO[s,p](str:DatOctStr,mt:Nat, first:Bool): noexit :=

|

]

s 7sa:SAddress ?si:SCEI ISDATEreq;

( choice et:Enclt,sdat:SData []
[(mt eq 0) and (et eq absent) or ((mt ne 0) and (et eq end)) and (str eq DaDs(sdat))] ->
p IDT(et,sdat) Inormal ?d:Dir ?v:Validity ?st:TrState [not(d eq rec)]; OctFlo[s,p](mt)

choice oct:Octet,ei:Enclt,sdat:SData []
[first and (ei eq begin) and (not(first) and (ei eq middie)) and (str eq DaDs(sdat))] ->
s ?sa:SAddress ?si:SCEI ISDATOreq(oct);
( et size:Nat = (Length(oct+str) + NatNum(Dec(5))) in (* NOTE *)
( [size le mt or {(mt eq 0)] -> SendSDO[s,p](oct+str,mt first)
[l [mtne 0] ->i; p IDT{ei,sdat) Inormal ?d:Dir ?v:Validity ?st:TrState [not (d eq rec)];
SendSDO[s,p](Octet(oct) of DatOctStr,mt,false)
) )

( Interrupt_OFlo[s,p] >> OctFlo[s,pj(mt) )

endproc

Sa
ped
ral
lU-

tets
pter

ata

a

ion

*)

49


https://standardsiso.com/api/?name=5362518cbf060e4ea71eb681fa354986

ISO/IEC/TR 9572: 1989 (E)

process SendSTDOJs,p] (str:DatOctStr,mt:Nat,first.Bool): noexit :=

§ ?sa:SAddress ?si:SCE! ISTDTEreq;
( choice et:Enclt [] [(mt eq 0) and (et eq absent) or ((mt ne 0) and (et eq end))] ->
p IASPDU(dt, TD(et,str)) Inormal ?d:Dir ?v:Validity ?st:TrState [not (d eq rec)];

OctFlo[s,pj(mt)
)
[ ( choice oct:Octet.ei:Encit [] [first and (ei eq begin) and (not{first) and (ei eq middle))] ->
§ ?sa:SAddress ?si:SCEI ISTDTOreq(oct);
( let str2:DatOctStr = (oct+str) in
(  let size:Nat = (Length(str2) + NatNum(Dec(5))) in
( [size le mt or (mt eq 0)] -> SendSTDQ[s,p](str2,mt,first)
e o1,
p IASPDU(td, TD(ei,str)) Inormal ?d:Dir v:Validity ?st:TrState
[not (d eq rec));
SendSTDO[s,p](String(oct),mt, false)
) ) ) )
[]| Interrupt OFlofs,p] >> OctFlofs,p](mt)
endproc
process DeliverDT[s,p](str:DatOctStr,et:Enclt): exit :=

]

er

pi

]
i}

el

o1
ch

(
11

{1
)

er

choice sa:SAddress,si:SCEI,ssp:SSP,oct:Octet,s2:DatOctStr []
( [streq empty and (et eq absent or (et eq end))] -> s Isa Isi ISDATEind; exit
[l [strne empty and (str eq (oct+s2))] -> s Isa Isi ISDATQind(oct), DeliverDT[s,p](s2,et)

)
Interrupt_OFlo[s,p]
dproc

pcess DeliverTD[s,p](str:DatOctStr,et:Enclt): exit =
choice sa:SAddress,si:SCEI,ssp:SSP,oct:Octet, s2:DatOctStr []
[(str eq empty) and (et eq absent or (et eq end))]>> s Isa Isi ISTDEind; exit
[(str ne empty) and (str eq (oct+s2))] -> s Isa IshISTDQind(oct); DeliverTD[s,p](s2,et)
Interrupt_QOFlo[s,p]
dproc

pcess Interrupt_OFlofs,p]: exit :=

oice pd:ASPDU,ssp:SSP []
[IsSUABreq(ssp) or (ssp eq SPABind(transportdisconnect)) or ISSRSYNreq(ssp) or
IsSACTDreq(ssp) or IsSAGTIreq(ssp)] -> s ?sa:SAddress ?si:SCEI Issp; exit

p Ipd ?fl:TFlow Irec 2v:Validity ?st:TrState [ValidDel(v)]; exit
[IsER(pd) or IsAB@pd)] -> p lod ?fl:TFlow Isend ?v:Validity ?st:TrState; exit

dproc

(*
10

The

.4 Relation between SPDUs and TSPs

im

dlsabled by the occurrence of a T DISCONNECT mdlcatlon SPDUTSPI models the mappings between
SPDUs and TSPs. Constraints related to "Vtca" and the availability of the transport expedited flow are
posed on the receipt and/or transmission of certain SPDUs by TCONVar (see 10.4.4). Process Timer (see
10.

4.5) models the timer employed in the state tables of ISO 8327.

process SPDUTSPIp,1]: exit :=
( SPDUTSP1[p,t] [lo]f TCONVarip,t] l[p]| Timer[p,t])

>

t ?ta:TAddress ?ti:TCEI ?idis:TSP [IsTDISind(tdis)]; exit

endproc

(*
50
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SPDUTSP1 consists of three synchronizing processes:

(E)

- SPDUtoTSP (see 10.4.1) deals with the transformation of SPDUs to TSPs. The concatenation of

SPDUs is taken care of in this process;

- TSPtoSPDU (see 10.4.2) deals with the transformation of TSPs to SPDUs. Separation is handled in
this process. It also checks if a received (sequence of) SPDU(s) satisfies the maximum TSDU size
requirements and ensures that an incoming extended concatenated sequence of SPDUs is considered

to be valid only if the SPM supports extended concatenation; and
- Int_BP (see 10.4.3) models internal backpressure.

prog¢ess SPDUTSP1[p,t]: noexit :=
TSRtoSPDUIp,t] [[p]] SPDUtoTSPIp,t](false,0 of Nat,NULL) [[p]| Int_BP][p]
endproc

(*

)

10.4.1 Constraints on transformations from TSPs to SPDUs

The [constraints on transformations from TSPs to SPDUs are described in-two separate processes, ¥

—

Z,

TDTtoSPDU for the T-DATA indications, and TEXtoSPDU for the T-EXPEDITED-DATA indications.
RPValis composed in conjunction with the latter two processes in order'to be able to constrain the valug of

the Reflect Parameter Values parameter value of an ER SPDU that/is transmitted following receipt of
invalid SPDU.

an

prc();tess TSPtoSPDUIp,t]: noexit := ( TDTtoSPDUIp,tj(0 ofNat false) ||| TEXtoSPDU[p,t] ) || RPValp,t]
endproc

*)

(*

TDTtoSPDU checks whether all constraint$-which are related to valid concatenation, segmenting,

maximum TSDU size as well as encoding are satisfied in T-DATA indications. TEXtoSPDU cheq
whdther the incoming SPDUs have(been correctly encoded in T-EXPEDITED-DATA indication

If an) extended concatenated sequenice of SPDUs is received while no extended concatenation is allowed
invalid segmenting is detected, or if the maximum TSDU size is exceeded, this will be signalled
resefting certain bits in _the) SPDU status component (see 10.2.1). The function ErrCodStr is used
detdrmine the validity.of encodings (see 9.1.4.3).

Eveq if the TC is‘not to be re-used, the SPM may decide, as a local implementation matter, either to send

ks
S.

if
by
to

an

AA SPDU upon‘receipt of an AB SPDU, or to execute a T-DISCONNECT request (described in Exec

(clapse’7.8.2). Following transmission of the AA SPDU, a T-DISCONNECT request is executed (see
10.4.2)

below). This is not included in the state tables of ISO 8327 but is mentioned in the accompanying fTiXt

rDr

SO

ValSegm checks whether DT and TD SPDUs satisfy certain requirements related to segmenting, €.g. a DT

SPDU is invalid if it carries an Enclosure Item parameter when no segmenting has been agreed on.
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ReceivePDUs takes care of separation and executes a T-DISCONNECT request if necessary. If the
received octet string constitutes a badly encoded SPDU, this is indicated by resetting bit 1 of the SPDU
status component. Otherwise, NextPDU determines the next SPDU to be delivered. If the received sequence
of SPDUs satisfies all constraints w.r.t. concatenation and segmenting (bit 0 of the SPDU status component
is set to 1), the remaining SPDUs are delivered, otherwise process ReceivePDUs terminates successfully.

)

process TDTtoSPDU [p,t}(MTRF:Nat,XConc:Bool): noexit :=
choice str:OctetString [] t ?ta:TAddress ?ti:-TCE! ITDTind(str);
cholce pds ASPDUs [ [Decode(DaDs(str)) eq pds] >

(

)

>> accept mt ‘Nat,ExtConc: Bool in TDTtoSPDU[p, t(mt, ExtConc)

endproc

process TEXtoSPDU[p,t]: noexit :=

(o]

(

)

oice dstr:OctetString [] t ?ta:TAddress ?ti.TCEI ITEXind(dstr);

choice pds: ASPDUSs,v:Validity,st: TrState,num:Nat [] [Empty(ErrCodStr(DaDs(dstr))) iff Set(v,1)] -

( [Reset(v,1)] -> p 20d:ASPDU lexp Irec Iv Ist [IsSDUM(pad)]; TEXtoSPDU[p;t]
[l [(Decode(DaDs(dstr)) eq pds) and (num eq Number(pds)) and
( (num eq Succ(0)) iff Set(v,0) ) and Set(v,1)] ->
( [Set(v,0)] -> p ?pd:ASPDU lexp Irec v Ist [ASPDUs(pd) eq pds];
(  [IsTDr{v) and IsAB(pd)] -> OptionAA[p,t]
[]  [1sTDr(v) and not(IsAB(pd))] -> ExecTDrt]
[l  [not(IsTDr(v))] -> exit
) >> TEXtoSPDU[p,t]
[] [Reset{v,0)] -> p 2pd:ASPDU lexp Irec Iv Ist {IsDUM(pd)]; TEXtoSPDU|p,1]
) )

where

process ValSegmipj(mtrf:Nat): exit(Nat,Bogl) :=

choice p:ASPDU, fl:TFlow,d:Dir,v:Validity,st: TrState []

(| [{d eq rec) implies not(IsTD(p) orisDT(p))] -> p Ip i Id Iv Ist; ValSegm{p](mtrf)

[1| [IsTD(p) or IsDT(p} and (ValidSegmenting(mirf,p) iff Set(v,0))] -> p Ip 'fl Irec Iv Ist; ValSegm{p](mt
[]| exit(any Nat,any Bool)

)

endproc

process ReceivePDUs[p, tl(pds: ASPDUs): exit(Nat,Bool) :=

choice pd:ASPDU/v:Validity,st: TrState []

\'Z

process OptionAA[p,t: exit := i; p IAA ?f:TFlow Isend-?v:Validity ?st:TrState; stop [] ExecTDrt] endproc
endproc (* TEXtoSPDU *)

(| [(ASPDUs(pd) eq pds) and IsDUM(pd) and Reset(v,1)] -> pipdinormallrecivist; exit(any Nat,any Bool)
[l [Number{pds) ne Succ(0) or ( ASPDUs(pd) eq pds and not(lsDUM(pd)) )] ->
( NextPDU(pds) >> accept pdu:ASPDU, pdus:ASPDUs in
{~ choice v:Validity,st:TrState [] [Set(v,1)] ->
( [Reset(v,0)] -> p ?pd:ASPDU Inormal Irec lv Ist; exit(any Nat,any Bool)
[l  [Set(v,0)] -> p pdu Inormal Irec Iv Ist;
{  [not{IsTDr(vjJ and (pdus ne NULL)]-> ReceivePDUSIp,T)(pdus])
[l [not(IsTDr(v)) and (pdus eq NULL)] -> exit(any Nat,any Bool)
[l  [IsTDr(v)] -> ( ExecTD(t] >> exit(any Nat,any Bool) )
) ) )
[l  p ?pdu:ASPDU ?fl:TFlow ?d:Dir ?v:Validity ?st:TrState [not(d eq rec)]; ReceivePDUs[p,t](pds)
endproc
(*
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NextPDU determines the processing order of SPDUs according to subclause 6.3.7.1 of ISO 8327. If the first
SPDU of a concatenated sequence is a GT or PT SPDU with no Token Item parameter, this "dummy" is
removed before the "next" SPDU is determined.

*)
process NextPDU(pds1:ASPDUs): exit(ASPDU,ASPDUs) :=
let strip:Bool = DummyPTorGT(First(pds1)} in
{( choice pds:ASPDUs [] [strip and (pds eq Rest(pds1) or (not(strip) and (pds eq pds1)) )] ->
( let n:Nat = Number(pds), p1:ASPDU = First(pds), p2:ASPDU = Second(pds),
P3:ASPDU = Third(pds), p4:ASPDU = Fourth(pds) in
{ choice pdus:ASPDUs []
( [neq NatNum(Dec(1))] -> exit{p1,NULL)
[l  [neq NatNum(Dec(2))] -> exit(p2,ASPDUs(p1))
[]  [neq NatNum(Dec(3))] ->
(  [(IsAR(p2) or IsAS(p2)) and (pdus eq Concatenate(p1,ASPDUs(p3)))]->
exit(p2,pdus)
[1 [not(IsAR(p2) or IsAS(p2)) and {pdus eq Concatenate(p1,ASEDUs(p2)))] ->
exit(p3,pdus)

)
[l  [(n eq NatNum(Dec(4))) and
(pdus eq Concatenate(p1,Concatenate(p3,ASPDUs(p4)))] -> exit(Second(pds),pdys)
)1 ) ) )

enfiproc

(*

Prgcess CONCandTSDUSize checks whether the length of the feceived octet string exceeds the negotiated
maximum and whether the concatenated sequence is valid, The latter depends on the value of the Protpcol
Options parameter in the CN (initiator side) or AC (responder side) SPDU.

4-- *)
process CONCandTSDUSize[p](pds:ASPDUs,str:DatOctStr,mtrf:Nat, XConc:Bool): exit(Nat,Bool) :=

chpice pdu:ASPDU fl:TFlow,v:Validity,st: TrState []

( | [Reset(v,1)] -> p Ipdu Ifl lrec v Ist; exit(mtrf,XConc)

1| [Set(v,1) and

((Length(str) le mirf) and IsValidConc(pds) and (IsXConcal(pds) implies XConc) iff Set(v,0)}] ->
{(  [Set(v,0)] -> SPDUExchange[p](mtrf,XConc)

[l [Reset(v,0)] -> p ?2pd:ASPDU !fl irec Iv Ist [IsDUM(pd)]; exit(mtrf,XConc)

)
[l | plpdu il 2d:Dir Iv Ist[not(d eq rec)]; CONCandTSDUSize[p](pds,str,mtrf, XConc)

engproc
(*
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In SPDUExchange, new values for the maximum TSDU size and the extended concatenation option are
determined from the CN and AC SPDUs which are exchanged. For the TD and DT, bit O is set or reset in
process ValSegm. Thus, this bit is not constrained in SPDUExchange.

)

process SPDUExchange[p](MTRF:Nat,XConc:Bool): exit(Nat,Bool) :=
choice pd:ASPDU.fl:TFlow,v:Validity,st: TrState,d.Dir []
{ [not(lsTD(pd) or IsDT(pd)) and Set(v,0)] ->
( [deq rec and ValidDel{v) implies not(IsCN(pd) or ISAC(pd))] ->
p lpd Ifl Id Iv ist; SPDUExchange[p](MTRF,XConc)
>pipd il Iv Ist;
[  [IsAC(pd)] -> p Ipd !fl Isend lv Ist;
( let Mts:Nat = Min(MtsRecFlow(pd),MTRF) in SPDUExchange[p](Mts,ProtOptions(pd))
[l  [IsCN(pd) and ValidDel(v)] ->
p Ipd !fl Irec Iv Ist; SPDUExchange[p](MtsSendFlow(pd),XConc)
[ISAC(pd) and ValidDel(v)] -> p lpd !fl Irec Iv Ist;
( let Mts:Nat = Min(MtsSendFlow(pd),MTRF) in SPDUExchange|[p](Mts,XConc) )

S—

=

)
[l  [IsTD(pd) or IsDT{pd)] -> p lpd !fl Id Iv Ist; SPDUExchange[p](MTRF,XConc)

)
[l| exit(tMTRF,XConc)
endproc

process ExecTDrft]: exit := t ?ta:TAddress ?ti: TCEI ?tdr: TSP [IsTDISreq(tdr)); exit endproc
(*

RPVal determines the value of the Reflect Parameter Values-parameter of an ER SPDU to be transmittgd. If
a received octet string is an invalid encoding, the erroneous string is transmitted up to and including the
inyalid octet. If the received string represents an invalid concatenation or if the string is too long, the whole
stijng is transmitted. If a received SPDU is determined to be invalid by ValSegm or by any process oufside
TS8PtoSPDU, the complete encoded SPDU is transmitted.

*)
prpcess RPVal[p,t]: noexit :=

( RPVN[p.ti(empty) |[p]| RPVE]pti(empty) || RPVD[p])

[> |t ?ta:TADDR ?ti:TCEI ?tsp:TSR\[IsTDISreq(tsp)]; RPVali[p,t]
endproc

(*

If an incoming SPDU.i§ found to be correctly encoded, as part of a correctly concatenated SPDU sequgnce,
it s offered as anon-dummy SPDU at gate p. It is still possible that the SPDU is regarded invalid by ofie or
more of the othér synchronizing processes; in such a case the SPM may decide to transmit an ER SPDU
cohtaining-the octetstring that is the encoding of the invalid SPDU. RPVN ensures that the Reflect
Parameter-Values parameter of the transmitted ER SPDU contains this octetstring. In case the next acfion,
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*)
process RPVN|p,t](nstr:DatOctStr): noexit :=
({ choice oct:Octet [] t ?ta:TADDR ?ti: TCEI ITDTOind(oct); RPVN[p,t](nstr--oct) )
[] t?ta:TADDR ?ti:TCE! ITDTEind; RPVN[p,t](nstr)
[l ( choice pd:ASPDU.fl:TFlow,d:Dir,v:Validity,st:TrState,str1,str2:DatOctStr []
( [(d eqrec) implies (fl eq exp)] -> p lpd !fl Id Iv Ist; RPVN]p,t](nstr)
[l  [1sDUM(pd)] -> p Ipd Inormal Irec Iv Ist; RPVN|p,tj(empty)
[]  [not(lsDUM(pd)) and (str1 IsEncOf pd) and (nstr eq (str1++8tr2))] ->
p !pd Inormal Irec Iv Ist; RPVN1[p](str1,str2) >> RPVNIp,t](empty)
) )

endproc

pro%ess RPVN1[p](OIldStr,NewStr:DatOctStr): exit :=

chofce pd:ASPDU.f:TFlow,d:Dir,v:Validity,st:TrState []

{( | p!ASPDU(er,ER(OIdStr)) If Isend Iv Ist; exit

[l | [(d ne rec) and not(IsER(pd))] -> p lpd If Id v Ist;

{ [not(Empty(NewsStr))] -> RPVN1[p](OldStr,NewStr)

[l [Empty(NewStr)] -> exit )

[ |( choice st1,st2:DatOctStr [] [(st1 IsEncOf pd) and (NewStr eq (st1++st2))] -5
p Iod Inormal Id Iv Ist; RPVN1[p](st1,s12)

Il  plpdlexp Id v Ist; RPVNI1[p}(OldStr,NewStr)

) |)

endproc

process RPVE[p,t](estr:DatOctStr): noexit :=
( choice dstr:DatOctStr [] t ?ta:TADDR ?ti:TCEI ITEXind(dstr);, RPVE[p,t](dstr) )
[1 |{ choice pd:ASPDU,fI:TFlow,d.Dir,v:Validity,st:TrState [}
(  [(d eq rec) implies (fl eq normal)] -> p lpd !fl Id-Ivist; RPVE[p,t](estr)
[l  [IsDUM(pd)] -> p Ipd lexp Irec Iv Ist; RPVE[p,ti{emply)
[l  [not IsDUM(pd)] -> p ipd lexp Irec Iv Ist;; RPVE1[p,t](estr.,empty)
) )

endproc

pro¢ess RPVE1[p,t)(OldStr,NewStr:DatOctStr) ) noexit :=
( choice pd:ASPDU. fl:TFlow,d:Dir,v:Validity,st: TrState []

[(IsER(pd) and (d eq send)) implies (OldStr RPV pd)] -> p !pd !fl Id Iv Ist; RPVE[p,tj(NewStr)
[l | ( choice dstr:DatOctStr [] t ?ta:TADDR ?ti: TCEI ITEXind(dstr); RPVE1[p,tJ(OldStr,dstr} )

endfr oc
(*

In case one of the subproeesses of TSPtoSPDU can decide that a SPDU is invalid, a dummy SPDU is
offered at gate p contaitting the erroneous octetstring. The SPM may decide, upon receipt of such a SPIbU,
to transmit an ER,SPDU with the Reflect Parameter Values parameter containing the invalid octetstring.
Thig is ensurediby RPVD. It is assumed that if the next action is not the transmission of an ER SPDU, [the
SPM has decided not to transmit the ER SPDU.

- %)
proleess—RPvafp]—nee*R :

choice pd:ASPDU,fl:TFlow,d:Dir,v:Validity,st: TrState,estr:DatOctStr [] [not(IsDUM(pd))] ->
p Ind Ifl Id Iv Ist; RPVD|p]
I p!ASPDU(dum,DUM(estr)) ifi Id Iv Ist;
p ?p:ASPDU ?f:TFlow ?d:Dir ?v:Validity ?st:TrState
[ISER(p) and (d eq send) implies (estr RPV p)]; RPVDIp]
endproc
(* —

NOTE - In general, the following error cases can be distinguished:
(a) the size of the incoming user data is larger than the TSDU Maximum Size value for the receiving flow;
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(b) the incoming user data constitutes a valid extended concatenation of SPDUs but the receiving
indicated its unwillingness to receive extended concatenated SPDUs;

(c) the incoming user data constitutes an invalid concatenation of SPDUs;

(d) a segmented SSDU is received while segmenting has not been agreed on;

(e) a "middle" SPDU of a segmented SSDU is received without SS-user data;

SPM

(f1) an SPDU is received on an incorrect transport flow (¢.g., an AA SPDU that is received on the normal flow

when the transport expedited flow was selected);
(f2) a concatenated sequence of SPDUs is received on the expedited flow;
(g) the encoding of an incoming SPDU is incorrect;

(h) the Enclosure Item parameter in a DT SPDU of a segmented SSDU is absent, or this parameter is present

while segmenting was not agreed on for use on the connection,

These errors are detected in the different synchronizing processes. This illustrates the principle of the separati
c:[ncems by which several processes handle separate aspects of the correctness of incoming SPDUs. Togethe|
ensure that SPDUs which are passed "upwards” are correct as far as the above criteria are concerned.

10.4.2 Constraints on transformations from SPDUs to TSPs

The constraints on transformations from SPDUs to TSPs impose that the most recent outgoing SPI
either concatenated to a sequence of stored SPDUs (represented by ConcPDUS) or transmitted sepa
after the transmission of the present concatenated sequence. Which altemative is chosen depends o
TEDU maximum size and the value of the extended concatenatiom option but is otherwise
deterministic. Each class of outgoing SPDUs is handled in a separate subprocess of SPDUf
($endPREP, SendABA, etc.). These subprocesses may invoke process SendConcPDUs which takes ¢
appending a PT or GT SPDU to a concatenated sequencenof SPDUs. The concatenated sequen
subsequently encoded according to the rules in clause 8§ of ISO 8327.

on of
r they

DU is
rately
n the
non-
oTSP
hre of
ce is

process SPDUtoTSPIp,tj(SendXConc:Bool MTSF:Nat,ConcPDUs:ASPDUs): noexit =

( SendPREP[p,t)(SendXConc,ConcPDUs)

SendABA[p,t]

SendCAT21[p,t}(SendXCon¢,ConcPDUs)
SendPT]p,tj(SendXConc,ConcPDUs,MTSF)
SendGT[p,tj(SendXConhc,ConcPDUs,MTSF)

Rest_of PDUs1[p,tl(SendXConc,ConcPDUs,MTSF)

Rest_of _PDUs2|[p,t}(SendXConc,ConcPDUs,MTSF)

) >> accept CncPDs>ASPDUs in SPDUtoTSPIp,tj(SendXConc,MTSF,CncPDs)

Soommgetm

)

[l P ?pd:ASPDU ?fl:TFiow Ino_send ?v:Validity ?st:TrState;
SPDUtoTSP|p,tj(SendXConc,MTSF,ConcPDUSs)

| P ?2pd:ASPDU-?fl:TFlow Irec ?v:Validity ?st:TrState [not(ValidDel(v) and (IsAC(pd) or IsSCN(pd)))];
{ [not(lsAB(pd) and IsTDr(v) and Valid(v))] -> SPDUtoTSP|p,t](SendXConc,MTSF,ConcPDUs
[l  [I1sAB(pd) and IsTDr(v) and Valid(v)] -> SendAA[p,t] )

[l  ( SendACorCNIp,ti(MTSF) >> accept Mts:Nat in SPDUto TSP[p,t](SendXConc,Mts,NULL) )
ehdptoc

(31

)

Il ( RecACorCNIp](MTSF) >> accept Mts:Nat,SndXCnc:Bool in SPDUtoTSPIp,t}(SndXCnc,Mts,NU.L) )
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Process SendAA takes care of the optional transmission of an AA SPDU. Following this transmission, a T-
DISCONNECT request is executed. In accordance to the state tables of ISO 8327, it is described that no
SPDU can be received between the receipt of the AB SPDU and transmission of the AA SPDU.

*)
process SendAA[p,t]: noexit :=

choice pd:ASPDU,fi:TFlow,v:Validity,st:TrState,epd:OctetString [] [DaDs(epd) IsEncOf pd] ->

p lpd il Isend Iv Ist;

( [fleq exp] ->t ?ta:TAddress ?ti:TCEI ITEXreq(epd); exit

[] [l eq normal] -> t ?ta:TAddress ?ti:TCEI ITDTreq(epd); exit

s

lproc

Progesses RecACorCN and SendACorCN deal with the valid exchanges of CN and AC SPDUs pnd
det¢rmine the resulting maximum TSDU size for the TC. Also it is established whether ornot the peer SPM
is willing to accept an extended concatenated sequence of SPDUE .

Thd maximum TSDU size parameter in the CN or AC SPDU consists of two val@es, each applicable to pne
dirdction of flow. MtsRecFlow determines the value corresponding to the receiving flow of the SPM which
sent the SPDU (here, the peer SPM). The value which will be applicablé-for the lifetime of the SC, is|the
mirlimum value of the values proposed by the SPM and its peer SPM.

*)
pracess RecACorCNJpj(mts:Nat): exit(Nat,Bool) :=

chaice pd:ASPDU,fl:TFlow,v:Validity,st: TrState,mt:Nat,XC:Bool []

[(XC eq ProtOptions(pd)) and (mt eq MtsRecFlow(pd))] =

( | [IsCN(pd) and ValidDel(v)] -> p Ipd 'fl Irec v Ist; exit(mt, XC)

[l | [IsAC{pd) and ValidDel(v)] -> p lpd !fl Irec Iv Ist; exit(Min(mt,mts),XC)
)

engproc

prdcess SendACorCN[p,tj(mts:Nat): exit(Nat) :=

chgice pd:ASPDU, fl:TFlow,v:Validity,st:TrState,epd:OctetString, mt:Nat []
[DaDs(epd) IsEncOf pd and (mt eqMtsSendFlow(pd))] ->

{ | [IsCN(pd) or IsAC(pd}] ->p~Jlpd il Isend v Ist;

t ?ta:TAddress ?ti:-TCELITDTreq(epd);

( [IsCN(pd)] -> exit(mt) [] [ISAC(pd)] -> exit(Min(mt,mts)) )

)
endproc

*

If 4 concatenated sequence of SPDUs can only be concatenated to a GT SPDU with no Token Ifem
parameter;-this sequence is directly transmitted with the dummy GT SPDU appended to it. Otherwfise,
SelrdConcPDUs is invoked and the concatenated sequence is passed on as an argument. SendConcPPUs
describes the possible concatenation of the given sequence 10 a GT or to a PT SPDU of which The Token
Item parameter is not necessarily absent.

Encode is a process which determines the data octet sequence that corresponds to a valid encoding of the
sequence of SPDUs.
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process SendConcPDUs(CPDs:ASPDUs,SendXConc:Bool): exit(DatOctStr) :=

]

endproc

p
p

i}

el
el

(*

S

[CPDs ne NULL] ->
( choice asp:ASPDUs, TokPd:ASPDU,n:Nat,pd:ASPDU [] [asp eq (TokPd+CPDs)] ->
( [SendXConc and (n eq Number(asp)) and DummyPTorGT(TokPd)] ->
( [ngtSucc(0) and IsGT(TokPd)] -> exit
[l [CPDs eq ASPDUs(pd) and (IsMAA(pd) or IsMIA(pd) or ISAEA(pd))] -> I; exit
[l [CPDs eq ASPDUs(pd) and not(IsMAA(pd) or IsMIA(pd) or
ISAEA(pd)) and (ISER(pd) or ISED(pd) or ISACK(pd) iff ISPT(TokPd))] -> exit

)

)
[l  [not(SendXConc) and (CPDs eq ASPDUs(pd)) and (IsER(pd) or ISED{pd) or ISACK{(pd) iff

All

) >> Encode(asp)

)
[CPDs eq NULL] -> exit{Empty)

cess Encode(asp:ASPDUs): exit(DatOctStr) := Encoder(asp,empty) where
cess Encoder(asp:ASPDUSs,str:DatOctStr): exit(DatOctStr) :=
[asp eq NULL] -> exit(str)
[asp ne NULL] -> ( choice epd:DatOctStr [] [epd ISEncOf First(asp)] -> Encoder(Rest(asp),str++¢f
dproc
dproc (* Encode *)

pa) )

pndPREP deals with outgoing PR SPDUs. SendABA handlesoutgoing AB and AA SPDUs.

process SendPREP[p,tj(SendXConc:Bool,ConcPDUs:ASPDUS): exit(ASPDUs) :=

p
(

)

endproc

c

p
(
]
)

endproc

(*

p%ocess SendABA[p,t]: exit{(ASRDUS) :=

?pd:ASPDU 7?fl:TFlow Isend ?v:Validity ?st:TrState [ISPR(pd)];
SendConcPDUs(ConcPDUs,SendXConc) >> accept Nstr:DatOctStr in
( choice epd Ostr:OctetString [] [DaDs(epd) IsEncOf pd and (Nstr eq DaDs(Ostr))] ->

t ?ta:TAddress ?ti:TCEI ITEXreq(epd); t ?ta:TAddress ?ti:TCEI ITDTreq(Ostr); exit(NULL)
)

oice pd:ASPDU,epd:OctetString [] [DaDs(epd) IsEncOf pd and (IsAB(pd) or ISAA(pd))] ->
pd ?fl:-TFlow Isend ?v:Validity ?st:TrState;

[fl eq exp] -> t ?ta:TAddress ?ti:TCE! ITEXreq(epd); exit(NULL)

[l eq normal] -> t-2ta:TAddress ?ti: TCEIl ITDTreq(epad); exit(NULL)

*)
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SendCAT21 takes care of sending RS, RA, AD, ADA, Al, AIA, ER, ED, CD and CDA SPDUs. An
acknowledgement SPDU in this category can be sent with a PT SPDU with or without a Token Item
parameter. In the former case, the PT SPDU is the result of an S-PLEASE-TOKENS request. This choice,
which is undeterministic as far as the protocol standard is concemed, is modelled by an internal event.

*)

process SendCAT21[p,t}(SendXConc:Bool,ConcPDUs:ASPDUs): exit(ASPDUs) :=
choice pd:ASPDU [] [IsCAT21(pd)] -> p Ipd ?fl:TFlow lsend ?v:Validity ?st:TrState;
(  SendConcPDUs(ConcPDUs,SendXConc) >> accept Nstr:DatOctStr in

( choice apd ‘ASPDUs, GorPT: ASPDU []

IsACK(pd) Iff IsPT(GorPT))] ->
Encode(apd) >> accept eapd:DatOctStr in
( t?ta:TAddress ?ti:TCEI ITDTreq(DsDa(Nstr));
t ?ta:TAddress ?ti:TCEI ITDTreq(DsDa(eapd)); exit(NULL)
[l  [IsER(pd) or IsED(pd) or ISACK{(pd)] ->
i; t 7ta:TAddress ?ti: TCEI ITDTreq(DsDa(Nstr)); exit(ASPDUs(pd))

) 1) )
endproc
(*

SendPT and SendGT deal with the transmission of PT and GT SPDUS-respectively, which have been
congtructed as a result of an SS-user request. These SPDUs can be concatenated to a (sequence of) SPDU(s)
or they have to be transmitted separately. In the case where both altetnatives are possible, the choice is non-
detgrministic and is modelled by an internal event, '

If the sequence of SPDUs does not consist of just one acknowledgement SPDU, it has to be sent separatgly.
The process subsequently terminates, exporting value NULL to indicate that there are no SPDUs pending| for
congatenation.

In §endGT, the function CL is used to check whether a given SPDU contains a complete SSDU or the Jast
segment of a segmented SSDU. A DT SPDU may contains a complete SSDU if: 1) the Enclosure Ifem
pa%Fneter of the SPDU is absent, or/2).the parameter is present but its first bit is equal to zero and its
second bit is equal to one,

*)
process SendPT[p,t](SendXConc:Bool,ConcPDUs:ASPDUs,MTSF:Nat): exit(ASPDUS) :=
chaice pd:ASPDU,epd:DatOctStr [] [IsPT(pd) and (epd IsEncOf pd)] ->
p Iad ?fl:TFlow Isend 2v:Validity ?st:TrState;
( | let apd: ASPRUS = (pd+ConcPDUs) in Encode(apd) >> accept eapd:DatOctStr in
( choicepp:ASPDU[]
[(ConcPDUs eq ASPDUs(pp)) and (IsER(pd) or IsED(pd) or ISACK{(pp)) and
((Length(eapd) It MTSF) or (MTSF eq 0))] ->
t-?ta:TAddress ?ti: TCEI ITDTreq(DsDa(eapd)); exit(NULL)
- ( i SendConcPDUs(ConcPDUs SendXConc) >> accept Nstr:DatOctStr in

t t-?taFAddress Pt Fe Lt HDFregtDsDatNstry);

t 2ta:TAddress ?ti:TCEI ITDTreq(DsDa(epd)); exit(NULL)
) ) ) )

endproc
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process SendGTp,tj(SendXConc:Bool,ConcPDUs:ASPDUs,MTSF:Nat): exit(ASPDUSs) :=
choice pd:ASPDU,epd:DatOctStr [] [IsGT(pd) and (epd IsEncOf pd)] ->

p
{

Ipd ?fl:TFlow Isend ?v:Validity ?st:TrState;
Encode(pd+ConcPDUs) >> accept eapd:DatOctStr in
{ choice pp:ASPDU [] [(ConcPDUs eq ASPDUs(pp)) and
( (IsMAA(pp) or IsMIA(pp) or ISAEA(pp)) implies SendXConc ) and
(IsDT{(pp) implies CL(pp)) and ( (Length(eapd) It MTSF) or (MTSF eq 0) )] ->
t ?ta:TAddress ?ti:TCEI ITDTreq(DsDa(eapd)); exit(NULL)
[l ( I;SendConcPDUs(ConcPDUs,SendXConc) >> accept Nstr:DatOctStr in
( t?ta:TAddress ?ti.:TCEI ITDTreq(DsDa(Nstr));
t 2ta:TAddress ?ti:TCEI ITDTreq(DsDa(epd)); exit(NULL)

)J,I )
endproc
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The remaining SPDUs are handled by processes Rest_of PDUs1 and Rest_of PDUs2. The,SPDUs haj
I Rest_of_PDUs2 are never concatenated with other SPDUs. If any of these SPDUs i1s'to be transmiitted,

e pending (concatenated) SPDUs have to be sent first.

Rest_of_PDUs1, it is assumed that the minimal length of a dummy PT or GT SPDU is one
rresponding to the length of the SI field. If extended concatenation.is not permitted (indicate
endXConc), then DT SPDUs which contain neither the last segment of 'a’segmented SSDU nor a com
DU are immediately transmitted and are not retained. Otherwise, a DT SPDU containing thej
gment of a segmented SSDU may be stored for further concatenation. Function /sValConc is used t
hether its argument is a valid concatenation according to_tables 7 and 8 of ISO 8327, not taking
gument, a valid concatenation of SPDUs, can only be concatenated to a GT SPDU which does not co
T'oken Item parameter. This concatenated sequence’is subsequently transmitted.
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count the PT or GT SPDU still to be concatenated: t0°the sequence. M_S_w_GT tests wheth¢r its
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tocess Rest_of PDUs1[p,tj(SendXConc:Baol,ConcPDUs:ASPDUs,MTSF:Nat): exit(ASPDUSs) :=

p eq ConcatPDUs(pd,ConcPDUs))-and (pds eq ASPDUs(pd)) and (IsAS(pd) or ISAR(pd) or ISMAP(q
IP(pd) or ISAE(pd) or IsDT{pd) ordsMAA(pd) or IsMIA(pd))] ->

c}:ﬂce pd:ASPDU, pds,cp:ASPDUs []

)

d) or

plied ?fl:TFlow Isend ?v:Validity @st:TrState;
Ehcode(cp) >> accept ecp:DatOctStr in
(| [letsize:Nat = Succ(Length(ecp)) in
( [(size gt MTSF)and (MTSF ne 0) or not(SendXConc) or not(IsValConc(cp))] ->
( SendConcPDUs(ConcPDUs,SendXConc) >> accept Nstr1:DatOctStr in
( A SendConcPDUs(pds,SendXConc) >> accept Nstr2:DatOctStr in
( t?ta:TAddress ?ti:TCEI ITDTreq(DsDa(Nstr1));
t ?ta:TAddress ?ti:-TCEI ITDTreq(DsDa(Nstr2)); exit(NULL)
) )
[]'t ?ta:TAddress ?ti.:TCEI ITDTreq(DsDa(Nstr1)); exit{pds)
)
7l [(size It MTSF) or (MTSF eq 0) and SendXConc and IsValConc(cp)] ->
( { SendConcPDUs(cp,SendXConc) >> accept Nstr:DatOctStr in
t 2ta:TAddress ?ti:TCEI ITDTreq(DsDa(Nstr)); exit(NULL) )
0r
( [not(M_S_w_GT{(cp))] -> I; exit(cp)
I ( SendConcPDUs(ConcPDUs,SendXConc) >> accept Nstr1:DatOctStr in
(
{ SendConcPDUs(pds,SendXConc) >> accept Nstr2:DatOctStr in
t ?ta:TAddress ?ti:TCEI ITDTreq(DsDa(Nstr1));
t ?ta:TAddress ?ti:TCEI ITDTreq(DsDa(Nstr2)); exit(NULL) )
[l t?2ta:TAddress ?ti:TCEI ITDTreq(DsDa(Nstr1)); exit(pds)
) ) ) ) ) )
endproc
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process Rest_of PDUs2[p,tj(SendXConc:Bool,ConcPDUs:ASPDUS,MTSF:Nat): exit(ASPDUS) :=
choice pd:ASPDU,epd:DatOctStr [] [IsRF(pd) or IsFN(pd) or IsDN(pd) or IsNF(pd) or IsGTC(pd) or
IsGTA(pd) or IsEX(pd) or IsTD(pd) and (epd IsEncOf pd)] ->
p Ipd ?fI:TFlow Isend ?v:Validity ?st:TrState;
{ SendConcPDUs(ConcPDUs,SendXConc) >> accept Nstr:DatOctStr in

t ?ta:TAddress ?ti:TCEI ITDTreq(DsDa(Nstr)); t ?ta:TAddress ?ti:TCEI ITDTreq(DsDa(epd));

exit(NULL)
)
endproc
(*

10.4.3 Internal backpressure

Process /nt_BP models the internal backpressure which the SPM can apply w.r.t. SPDUs that dre accepted
for transmission.

*)
pracess Int_BP[p]:noexit :=

choice bpr:Bool [] i;

( | choice pd:ASPDU. fl:TFlow,v:Validity,st:TrState []

{ plpd ifl 2d:Dir Iv Ist [not(d eq send)]; Int_BP[p]
[l [not(bpr)] -> p Ipd !fl Isend Iv Ist; Int_BP[p]

[l Int_BPlp]

) | )
endproc
(*

10.4.4 Transport connection constraints

Th¢ constraints on the relationship between-SPDUs and TSPs related to the TC characteristics can be
described as consisting of two synchronizing processes:
- TexCon, which imposes constraints related to the availability of the transport expedited option
(represented by the value of tex);
- VicaCon, which imposes ¢onstraints related to the status of the SPM as an initiator or as a responder
of the supporting TC (this)status is determined with /IsSTCONresp).

- __*)
pracess TCONVar[p;tl: noexit .=

t ?ta:TAddress\?ti: TCEI ?ts: TSP [not(IsTCONresp(ts) or IsTCONconf{(ts))]; TCONVar{p,]

[] | t ?ta:TAddress ?ti:TCEI ?ts: TSP [IsTCONresp(ts) or IsTCONconf(ts)];

( choice-tex:TEXOption [] [tex IsTEXOptionOf ts] -> TCONVar1[pj(IsTCONresp(ts),tex eq usetex)
engdproc -

pracess TCONVari[p](Vica,tex:Bool): noexit := TexCon[p](tex) || VicaCon|p](Vtca) endproc
(*

The parameter of VicaCon, Vica, is true if the SPM is the initiator of the supporting TC. The parameter of
TexCon, tex, is true if the transport expedited flow is available.

If the SPM is the initiator of the TC and a CN SPDU is received, a T-DISCONNECT request is to be
executed (bit 12 of the SPDU status component is set). The S-CONNECT indication corresponding to the
CN SPDU is not issued (bit 16 is sct).

If a RS SPDU is received and bit 18 of SPDU status component is set to 0, then the "SPMwinner" condition
is determined in VicaCon, with function Winner, and bit 19 is set or reset.
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The Transport Disconnect parameter of an outgoing FN SPDU may indicate re-use of the underlying TC
only if the transport expedited option is selected. As a local choice, this parameter may be set to no reuse at
all times.

If an incoming SPDU is received on the correct transport flow, bit 2 of the SPDU status component is set.
An outgoing PR SPDU is actually transmitted only if the transport expedited flow is available.

)

process VicaCon[p](Vica:Bool): noexit :=
choice pd:ASPDU,fI:TFlow,v:Validity,st: TrState,tdr:Bool []
{ | [1sCN{pd) and Valid(v) and (not(Vtca) and Set(v,12) and Set(v,16) or
(Vtca and Reset(v,12) and Reset(v,16)))] -> p Ipd !fl Irec Iv I(0 of TrState); exit
[l | [Reset(v(v,12)] ->
( [IsFN(pd) and (tdr eq (r eq TDISPar(pd)))] ->
( [not(Vitca) and tdr] -> p Ipd !fl Isend Iv Ist; exit [] [not(tdr)] -> I; p lpd Il Isend NIst; exit )
[]  [IsFN(pd) and (r eq TDISPar(pd)) or (IsDN(pd) and (st eq 2)) and (Vica iff Set(v,4))] ->
p lod 'l Irec v Ist; exit
[l  [IsRS(pd) and Set(v,4) and (Set(v,18) or (Reset(v,18) and (Vtca iff Set(v,19))))] ->
p Ipd !l Irec Iv Ist; exit
)

[1 | [not(IsFN(pd))] -> p Ipd !l ?d:Dir Iv Ist [not(d eq rec)]; exit

[1 | [not(IsCN(pd) or IsRS(pd) or (IsFN(pd) and (r eq TDISPar(pd))) ar\{IsDN(pd) and (st eq 2))) and
Set(v,4) and Reset(v,12)] -> p Ipd Ifl Irec Iv Ist; exit

) s> VicaCon|p](Vtca)

endproc

process TexCon|[p](tex:Bool): noexit :=
choice pd:ASPDU,fl:TFlow,v:Validity,st: TrState,tdr,invalid:Bool []
( | [IsRF(pd) or IsAB(pd) and (tdr eq (r eq TDISPar(pd)))] ->
( [not(tex) and tdr] -> p lpd Inormal Isenddv Ist; exit
[l  [not(tdr) and (IsAB(pd) implies (tex itf (fl eq exp)))] -> I; p Ipd ¥l Isend Iv Ist; exit )
[l | [IsFN(pd) and (tdr eq (r eq TDISPar(pd)))] ->
( [not(tex) and tdr] -> p Ind Ifl Isenddv-Ist; exit [] [not(tdr)] -> I; p lpd !fl Isend Iv Ist; exit)
[1| [lsPR(pd)] -> p Ipd Ifl 2d:Dir Iv Ist [d eq send implies tex]; exit
[ | [IsAA(pd) and (tex iff (fl eq exp))] -> p lpd !fl Isend lv Ist; exit
[l | [Err_Comb(pd,fltex) and Reset(v,2) and Resel(v,12)] -> p Ipd !fl Irec Iv Ist; exit
[1'| [not(Err_Comb(pd,fltex)).and Set(v,2) and (tdr eq (r eq TDISPar(pd)))] ->
( [IsRF(pd) or IsAB(pd) and tdr and Valid(v)] ->
( [not(tex)-and Reset(v,12)] -> p lpd !fl Irec Iv Ist; exit
[l [Set(v,12)] -> I; p lod !l Irec Iv Ist; exit )
[l  [IsFN{pd)and tdr and Reset(v,12) and (tex iff Reset(v,3))] -> p lpd Ifl Irec Iv Ist; exit
[l [invalidiiff (st eq 1 or (st eq 2) and tex) and (IsSMAA(pd) or ISAEA(pd)) and Reset(v,12) and
(invalid iff Reset(v,3)) ] -> p Ipd Ifl Irec Iv Ist; exit
[] Jinvalid iff (st eq 1 or (st eq 3) and tex) and Reset(v,12) and IsRS(pd) and
(invalid iff Reset(v,3))] -> p lpd !fl Irec lv Ist; exit
{1~ [IsRA(pd) or IsAD(pd) or IsA/(pd) or lsADA(pd) or IsAlA(pd) and (tex iff Reset(v,3)) and
xit
[ ( let p1.BooI = (IsAB(pd) or IsFN(pd) or IsRF(pd) and tdr),
p2:Bool = (IsRS(pd) or ISMAA(pd) or ISAEA(pd) or IsRA(pd) or IsAD(pd) or IsAl(pd) or
ISADA(pQ) or IsAlA(pd)) In
( [not(p1 or p2) and Set(v,3) and Reset(v,12)] -> p Ipd ifl Irec Iv Ist; exit )

) )
[l [not(IsAB(pd) or IsRF(pd) or isFN(pd) or IsPR(pd) or ISAA(pd))] -> p lpd ifl Isend lv Ist; exit

[l [not(IsPR(pd))] -> p Ipd !l Ino_send Iv Ist; exit
) >> TexConjp](tex)
endproc

(*
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10.4.5 Timer constraints

Timer models the timer events in the state tables of ISO 8327. The timer behaviour, activated upon the
exchange of certain SPDUs, is represented by 7im. In Tim, an internal event can take place followed by the
execution of a T-DISCONNECT request. This internal event models a "time-out”". If an AA SPDU is
awaited (indicated by the value of boolean awaa) and a correct AA SPDU or a correct AB SPDU (the
Transport Disconnect parameter must indicate the re-use of the TC) is received, the timer is canceled.

*)

process Timer[p,t]: exit .=
chaice pd:ASPDU, fl:TFlow,d:Dir,v:Validity,st:TrState []
{ | [(d eq rec) or not( IsAB(pd) or (IsRF(pd) and (nr eq TDISPar(pd))) or (IsDN(pd) and (st eq 0)) )]=>

p lpd ifl Id Iv Ist; Timer|p,t]
[1 | [IsAB(pa) or (IsRF(pd) and (nr eq TDISPar(pd))) or (IsDN(pd) and (st eq 0))] ->

p Ind il Isend Iv Ist; Tim{p,tj(IsAB(pd) and (r eq TDISPar(pd)))
)
endproc
process Tim[p,tl(awaa:Bool): exit :=

p ?pd:ASPDU ?fl:TFlow Irec ?v:Validity ?st:TrState;

( [Valid(v) and awaa and ( IsAA(pd) or (IsAB(pd) and (r eq TDISPar(pd))) )] -> Timer[p,t]

[l [not(Valid(v) and awaa and ( ISAA(pd) or (IsAB(pd) and (r eq TDISPar(pd))) ) )] -> Tim[p,t](awaa)

)
[] | i; ExecTDrt] (* Time out®)
endproc

(*-

10.5 SPDU constraints

Constraints related to the state tables of ISO 8327.are described by SPDUConstraints. It consists of process
SPDUConstraints1, which describes the same eonstraints without those concerning events that immcdiarly
termhinate the SPM behaviour, and two progesses, SendAB and RecABnr, that are only concerned with such
terminating events. SendAB describes-the-transmission of an AB SPDU; RecABnr describes the receipt of
an |AB (no reuse) SPDU. An instance of either of these processes may at any time disable
SPpUConstraints1.

NOTE - An incoming AB SPDU/(with the Transport Disconnect parameter set to re-use) cannot be defined as bging
abld to disable SPDUCopstraints1 because in state tables state STA16 of ISO 8327 there is a different predicate-
acti]:n combination possible’than in the remaining states. Also, when the SPDU is received in any of the STA15 states
or if state STAO06, itdsyin fact invalid in which case subclause A.4.1.2 is applicable. In other words, depending on|the
stat¢ in which the”AB (reuse) SPDU is received, different event sequences are possible (described in progess
SPPUOrd1, see10.5.5.2).

*)

pracess SPDUConstraints[p](spei:SPEImplementation): noexit :=
SPDUConstraints T[pj(speil] [> ( SendABlpj(spei] [ ReCABp] )]
endproc

(* -

10.5.1 Abort processes

The first event of RecABnr is the receipt of an AB (no reuse) SPDU. Bit 14 of the SPDU status component
is set, indicating that a T-DISCONNECT request is to be executed. If the SC is still in progress, either an S-
U-ABORT indication or an S-P-ABORT indication is executed depending on the received AB SPDU. If the
incoming AB SPDU is valid, it will lead to the execution of a T-DISCONNECT request, after which the
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instance of STPM (see 10.1.1) will successfully terminate. As a local implementation matter, an AA SPDU

can be sent prior to the execution of the T-DISCONNECT request.

The first event of SendAB is the transmission of an AB SPDU, prompted by either a S-U-ABORT request

or a protocol error. TDISPar extracts the Transport Disconnect parameter from the SPDU.

If the Transport Disconnect parameter indicates no re-use of the TC (represented by value nn), a T-
DISCONNECT indication is awaited; this is described by process AwaitTDIS. Otherwise (value 1), an AA
SPDU is expected, as described by process AwaitAA. In both cases, a timer is started. If a time-out occurs
before a T-DISCONNECT indication has occurred, or before an AA SPDU has been received, a T-

ISCONNECT request is executed. This is modelled by process Timer (see 10.4.5).

correctly received CN or AB (no reuse) SPDU, while awaiting receipt of a correct AA SPDU, wil

1 lead

td execution of a T-DISCONNECT request. A correctly received AB (reuse) or AA SPDU'will bring the

M in the idle TC state. A correctly received SPDU which is not any of a CN, ABOr-AA SPDU,
correct SPDU (e.g. badly encoded or received on the wrong transport flow) will bé.ignored.

—e

Q>

xecution of a T-DISCONNECT request. Any other SPDU will be ignored:

correctly received AA, AB or CN SPDU, while awaiting a T-DISCONNECT indication, will lead

or an

to the ‘

rocess RecABnrip]: noexit :=
?ab:ASPDU ?fl:TFlow Irec ?v:Validity ?st:TrState
[IsAB(ab) and (nr eq TDISPar(ab}) and Set(v,14) and ValidDel(v)];
?aa:ASPDU 7fl:TFlow Isend ?v:Validity ?st:TrState; stop
dproc

Kotk

Kol

rocess SendAB|p](spei:SPEImplementation): noexit :=
hoice ab:ASPDU, fl:TFlow,v:Validity,st.TrState [ [IsAB(ab)] ->
lab ifl Isend lv Ist;
(\[r eq TDISPar(ab)] -> AwaitAA[p](spei) [[{br eq TDISPar(ab)] -> AwaitTDIS[p] )
ndproc

process AwaitAA[p](spei:SPEImplementation): noexit :=

dhoice pd:ASPDU,fl:TFlow,v:Validity []

(| [(IsCN(pd) or (IsAB(pd).and (nr eq TDISPar(pd)))) and IsValNoDel(v) and Set(v,14)] ->
p Ind il Irec Iv {0 of TrState); AwaitAA[p](spei)

[  [IsAA(pd) or (IsAB(pd) and (r eq TDISPar(pd))) and IsValNoDel(v) and Reset(v,14)] ->

p lpd ifl Irec Iv.¥(0-of TrState); SPDUConstraints[p](spei)

[l [not(lsAA(pd)or IsAB(pd) or IsCN(pd) and IsValNoDel(v)) and Reset(v,14)] ->

p Ipd ifl lrec v (0 of TrState); AwaitAA[pj(spei)

dproc

rocess AwaitTDIS[p]: noexit :=
pd:ASPDU.fI: TFlow.v:Validity.st:TrState []

)

(  [IsCN(pd) or IsAB(pd) or IsAA(pd) and IsValNoDel(v) and Set(v,14)] ->
p Ipd il Irec Iv }(0 of TrState); AwaitTDIS[p]

[l [not(IsAA(pd) or IsAB(pd) or IsCN(pd) and Valid(v)) and Reset(v,14)] ->
p Ipd il Irec Iv I(0 of TrState); AwaitTDIS[p]

)

endproc
(*
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5.2 Non-abort SPDU constraints

(E)

Further constraints on SPDU exchanges can be considered as consisting of the conjunction of four
component processes:

- ImpiCon (see 10.5.3) imposes constraints related to the protocol implementation parameter,

- TwoSPDUs (see 10.5.4) checks whether certain pairs of received and transmitted SPDUs,
sometimes certain parameters or parts of individual SPDUs, are compatible; and

- SPDUOrd (see 10.5.5) deals with the temporal ordering of SPDUs;

and

- VarCon (see 10.5.6) imposes constraints related to the session variables ("V(A)", "V(R)", "Vsc",

etc.).

Im,
en

ICon[p](spei) || TwoSPDUs[p] || SPDUOrd[p] || VarCon[p]
Iproc

pracess SPDUConstraints 1[p](spei:SPEImplementation).: noexit :=

*)

*
10.

Imp

par.
par.

5.3 Implementation constraints

imeter (see clause 7).

ICon takes care of setting the correct values for the Maximum TSDU size and Protocol Optipns
imeters of an outgoing CN (or AC) SPDU. These values are extracted from the protocol implementation

pr

ess ImplCon|p](spei:SPEImplementation): noexit :=

chaice pd:ASPDU,d:Dir [] [( (d eq send) and (IsCN(pd) orisAC(pd)) ) implies
(MaxTSize(spei) eq MTSDUPar(pd) and (ExtConc(spei)iff ProtOptions(ps)))] ->
p Ind ?f:TFlow I(d of Dir) ?v:Validity ?st:TrState; ImpiCon|pj(spei)

en

lproc

*)

(*-
10.

The

7.1

5.4 Dependencies between parameter values of SPDUs

1 of ISO 8327. The“fiinction CorrectCN is used for this purpose. CN_AC ensures that a received

constraints that reflect the depeéndencies between parameter values of (pairs of) SPDUs are specified in
dlffrent component processes, ‘each dealing with a different pair of SPDUs. Process CNPDU chefks
whether the parameter values of an incoming CN SPDU satisfy the constraints mentioned in subclapse

AC

SPDU is compatible‘with the CN SPDU sent by this SPM, as defined in subclause 7.2.1 of ISO 8327 (sipce

as

Thd

me

per|

an Enclosure Item parameter indicating the beginning of the SPDU (begin), constitutes a protocol error.

CONNECT response is constrained by process SCEP, an outgoing AC SPDU is assumed to be correct).
function-Matches is employed here. RS_RA deals with the conditions related to RS and RA SPDUs¢, as
ntioned.in subclause 7.23.2 of ISO 8327. TD_DT imposes conditions on sequences of TD or DT SPI)Us
[aining to a segmented SSDU. For example, the receipt of two incoming DT SPDUS, both of which have

In all cases, if an incoming SPDU does not satisfy the conditions, bit 5 of the SPDU status component is set
to 0.

process TwoSPDUs|[p]: noexit .= CNPDUJp] || CN_AC[p] || RS_RA[p] || TD_DT|[p] endproc

*)
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process CNPDU|p]: noexit :=

choice pd:ASPDU,fl:TFlow,v:Validity,st: TrState []

( [!IsCN(pd) and (CorrectCN(pd) iff Set(v,5))] -> p lpd ifl Irec Iv Ist; CNPDU|p]

[l  [not (ISCN(pd) or ISAC(pd) or ISRF(pd) or IsTD(pd) or IsDT{(pd) or ISRA(pd)) and Set(v,5)] ->
p Ind ifl Irec Iv Ist; CNPDU|[p]

[l  p!pd !fl 2d:Dir lv Ist [not (d eq rec)]; CNPDU|p]

)

endproc

process CN_AC|p]: noexit :=

choice pd:ASPDU fl.TFlow,v:Validity,st:TrState []

( —LHsCNpd)]->p-lpd il lsend v Ist; CN-_AC1[pl{pd)
[]| [not(IsCN(pd})] -> p Ipd fi Isend v ist; CN_AC|[p]
[l plod ifl 2d:Dir lv Ist [not(d eq send}]; CN_AC[p]

)
where

process CN_AC1[p](cn:ASPDU): hoexit :=

choice pd:ASPDU,fI:TFlow,v:Validity,st: TrState []

(| [IsAC(pd) and (Matches(cn,pd) iff Set(v,5))] -> p Ipd 'fl Irec Iv Ist; CN_AC1[p](cn)
[I| [IsCN{pd)] -> p Ipd ifl Isend Iv Ist; CN_AC1[p](pd)

[I| [not(IsAC(pd))] -> p Ipd !fl Irec Iv Ist; CN_AC1[p](cn)

[11  [not(IsCN(pd))] -> p Ipd Ifl Isend Iv Ist; CN_AC1[p](cn)

[l plpd !fl Ino_send v Ist; CN_AC1[pj(cn)

)
endproc

endproc (" CN_AC ")

rocess RS_RA[p]: noexit :=

hoice pd:ASPDU, fl:-TFlow,v:Validily,st:TrSlate []
[IsRS(pd)] -> p Ipd !fl Isend lv Ist; RS_RA1[p](pd)
[not(IsRS(pd))] -> p lpd !l Isend Iv Ist; RS_RA[p]
p Ind ifl 2d.:Dir Iv Ist [not (d eq send)]; RS_RAIp]

0T

here

rocess RS _RA1[p](rspd: ASPDU): noexit *=

hoice pd: ASPDU.fl: TFlow,v:Validity,;st:TrState []

[IsRS(pd)] -> p Ipd fl Isend Iv Ist) RS_RA1[p](pd)

[not(IsRS(pd))] -> p Ipd ifl Isend Iv Ist; RS_RA1[p](rspd)

( choice tass1,tass2:5TsAss,rq1,rq2,ac1,ac2,ch:STokens [] [(tass1 eq TokenSel(rspd)) and
IsRA(pd) and (tass2eq TokenSet(pd)) and (rq1 eq RqrTokens(tass1)) and
(ac1 eq AcrTokens(tass1)) and (rq2 eq RqrTokens(tass2)) and (ac2 eq AcrTokens(tass2)) and
(ch eq ChaiceTokens(tass1)) and ( ((rq1 IsSubsetOf rq2) and (ac1 IsSubsetOf ac2) and
(ch eq ((rg2'Minus rq1) Union (ac2 Minus ac1)))) iff Set(v,5))] ->
p Ipd Iflirec Iv Ist; RS_RAT1[pj(rspd)

S0/ § UT

)
[1| [not(IsRA(pd))] -> p lpd !l Irec Iv Ist; RS_RA1[p](rspd)
[l plpdiflino_send Iv Ist; RS_RA1[pj(rspd)
)
endproc
exﬁproc {TRS_RA™)
process TD DT[p]: noexit :=
choice pd:ASPDU, fl:TFlow,v:Validity,st: TrState,encit:Encit []
( [(!IsDT{pd) or IsTD(pd)) and (encit eq Encitem(pd)) and
( (encit eq begin) or ((encit eq absent) iff Set(v,5)) )] -> p lpd 'fl Irec v Ist; TD_DT1[p]
[l [not(isDT{pd) or IsTD(pd))] -> p lpd !l Irec Iv Ist; TD_DT[p]
)

where
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process TD_DT1[p]: noexit :=
choice pd:ASPDU.fl:TFlow,v:Validity,st: TrState,encit:Enclt []

{  [(IsDT{pd) or IsTD(pd)) and (encit eq Encltem(pd)) and (encit eq begin) and Reset(v,5)] ->
p lpd ifl Irec v Ist; TD_DT]p]
[l [(IsDT{(pd) or IsTD(pd)) and (encit eq Encltem(pd)) and (encit eq middle) and Set(v,5)] ->
p lpd il lrec Iv Ist; TD _DT1[p]
{1  [(IsDT(pd) or IsTD(pd)} and (encit eq Encltem(pd)) and ((encit eq end) or (encit eq absent)) and
Set(v,5)] -> p Ipd !l Irec Iv Ist; TD_DT[p]
[l  [not(lsDT(pd) or IsTD(pd))] -> p lpd !fl Irec Iv Ist; TD_DT[p]
[l plpd !fi 2d:Dir Iv Ist [not(d eq rec)]; TD_DT1[p]
)
engproc
endproc (* TD_DT *)
(*
10.5.5 SPDU ordering constraints
10.5.5.1 Connection phase ordering constraints
SPPUOrd determines the order in which SPDUs may be sent or received. Following receipt of an AB
(reyse) SPDU, either a T-DISCONNECT request is executed or an AA SPDU is transmitted. A valid

incgming SPDU which is neither an AB SPDU nor a CN SPDU will result in the execution of al T-

DIS

(e.g
the

Afy
Aw,

transmission of an AB SPDU. Which alternative is chosen.is'a local implementation matter.

awaiting the AC SPDU (initially zero).

If al

CN SPDU is received, an AC can be transmitted, as described by process Await_Trans_AC.

pra

icess SPDUOrd[p]: noexit :=

choice pd:ASPDU. fI:TFlow,v:Validity,st:TrState []

CONNECT request. To indicate this, bit 14 of the SPDU status component is set to 1. Incorrect SPD)Us
. badly encoded SPDUs or SPDUs received on the wrong transport flow) are either ignored or prompt

er transmission of a CN SPDU, a AC SPDU _isZexpected. The latter is described by prodess
nit_Rec_AC. This process is parameterized with the-number of "stored” PR-RS SPDUs, received while

( | ['sCN(pd)] -> p Ipd !fl Isend'lv Ist; Await_Rec_AC/[p](0 of Nat)
[l | [not(IsCN(pd))] -> p Jod Ifl Isend Iv Ist; SPDUOrd[p]
[l | [Set(v,11)] ->
(  [IsCN(pd) and ValidDel(v) and Reset(v,14)] -> plpdifiireciv!(0 of TrState); Await_Trans_AC|p]
[l [{ (IsAB(pd) and (r eq TDISPar(pd)) and IsValNoDel(v)) or (IsSCN(pd) and IsValNoDel(v)) or
not(Valid(v)) ) and Reset(v,14)] -> p lpd Ifl Irec Iv (0 of TrState); SPDUOrd[p]
[l  [not(IsAB(pd) or IsCN(pd)) and IsVaiNoDel(v) and Set(v,14)] ->
ppd 'fl Irec Iv 1(0 of TrState); SPDUOTrd|[p]
) | )
endproc
(*

Following receipt of the AC SPDU, the data transfer state is entered. The permissible SPDU sequences in
the data transfer state are specified in process SPDUOrd1. If a RF SPDU is received, either a T-
DISCONNECT request is executed or the idle TC state is entered.

PR-RS SPDUs which are received before the AC SPDU, are stored and are processed following receipt of
the AC. Receipt of any other SPDU leads to the execution of the procedure outlined in subclause A.4.1.2 a)
of ISO 8327 (incorrect SPDUs may be ignored).
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" If, after receipt of a valid AC SPDU, the number of received PR-RS SPDUs is greater than one, the
procedure of subclause A.4.1.2 a) is followed. If a correct SPDU is received which is not a PR-RS, RF, AC,
EX or AB SPDU, it is an invalid SPDU because it is not allowed in this state. This is indicated by setting

bit 11 of the SPDU status component to 0.

Resetting bit 14 of the SPDU status component indicates that Await_Rec_AC may not impose the execution
of a T-DISCONNECT. Other processes may still determine that the TC is to be terminated (refer to the

definition of processes TexCon and VtcaConin 10.4.4).

When awaiting an AC SPDU, PR SPDUs can be received. These are stored until an AC SPDU is received,

d then "dequeued”. If the number of SPDUs is greater than one, an invalid number of PR SPDU

received. This invalid condition is indicated by setting bit 17 of the SPDU status component, (Wh
SPSPDU this bit is checked and found set, the S-CONNECT confirm corresponding to the receive
DU will first be executed. Subsequently, any of the valid actions corresponding to the detectior]

otocol error will be imposed.

5 was
en in
d AC

of a

___*)

Hrocess Await_Trans_AC prescribes that any incoming SPDU except an AB is invalid. This is indicated by
setting bit 11 to 0 of the SPDU status component. Following receipt of an ABSPDU, either:
- an AA SPDU is sent and the TC is maintained;
- optionally an AA SPDU is sent and the TC is released.
process Await_Rec_AC[p](pr:Nat): noexit :=
ghoice pd:ASPDU,fl.TFlow,v:Validity,st:TrState []
(| let ac:Bool = IsAC(pd), rf:Bool = IsRF{(pd), prep:Bool-=)(res eq Preptype(pd)), ab:Bool = IsAB(pqd)
ex:Bool = IsEX{(pd), tdr:Bool = (r eq TDISPar(pd)) in
{ [Setv,11)]->
( [ac and ValidDel(v) and Reset(v, 14)\and (pr gt Succ(0) iff Set(v,17))] ->
p Ipd il Irec v I(1 of TrSlate);
( [pr ne Succ(0)] -> SPDUOrd1[p] [] [pr eq Suce(0)] -> After_PRRS|[p] )
[] [ex and Reset(v,14) and Set(v,17)] -> pipdiflirecivi(1 of TrState); Await_Rec AC|pj(pr)
[l  [rf and ValidDel(v) and (tar iff Reset(v,14))] -> plpdflirecivi(1 of TrState); SPDUOrd|p]
[l  [prep and IsValNoDel(v) and Reset(v,14)] ->
p Ipd Ifl Irec Iv I(1 of TrState); Await_Rec_AC[pj(Succ(pr))
[]  [ab and tdr and-ValidDel(v) and Resel{v,14)] ->
p Ipd !l Irec-(1 of TrState); SPDUOrd][p]
[l [not(Valid(v))y and Reset(v,14)] -> plpdifilrecivi(1 of TrState) ; Await_Rec_AC[pj(pr) )
[l [Reset(v;11) and Reset(v,14) and nol(prep or ac or rf or ab or ex)] ->
p lpd i’ lrec Iv I(1 of TrState); SPDUOrd[p]
N ) )
éndproc
process-Await_Trans_AC[p]: noexit :=
dhoice pd:ASPDU. fl:TFlow,v:Validity [] [Reset(v,14)] ->
(| c-Jet ab:Bool = IsAB(pd), ac:Bool = ISAC(pd), rf:Bool = IsRF(pd), tr:Bool = (r eq TDISPar(pd)) in

[l [ab and tr and ValidDel(v)] -> p lpd Il Irec Iv I(1 of TrState); SPDUOrd[p]
[l [ac]-> p Ipd il Isend v ?st.TrState; SPDUOrd1[p]
[l [f]->plpdfiIsend Iv ?st:TrState;

( [tr] -> SPDUOrd|p] [] [not(tr)] -> AwaitTDIS[p] )

) )
endproc
(*
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10.5.5.2 Transfer phase ordering constraints

SPDUOrd1 models the permissible sequences of SPDUs once the SC is established. SPDUOrd2 is the
immediate constituent of SPDUOrd1, but parameterized with the number of PR-RS SPDUs that are stored
by the SPM (initially zero). It is described as the choice of several behaviours, each dealing with sequences
of specific SPDUs, viz. for connection release (REL), for synchronization (SYNMm), for resynchronization
(RSYN), for token management (Tok), for activity management (Act), for capability data (CapDT) and for
exceptions (Exception). Correctly received SPDUs which are not allowed in the state tables state STA713
of ISO 8327 may be treated as described in subclause A.4.1.2a) of ISO 8327.

Ift
SPDUs are stored until either an AR or AS SPDU is received, after which the stored SPDUs are dequeugd.
Whether an activity is in progress can be derived from bit 17 of the SPDU status component; this.bit is [set
or reset in process VactCon (see 10.5.6.2).

)
progess SPDUOrd1[p]: noexit := SPDUOrd2[p](0 of Nat) endproc

process SPDUOrd2[p](pr:Nat): noexit :=

chaice pd:ASPDU,fI:TFlow,v:Validity [] [Reset(v,14)] ->

( | [IsTD(pd) or IsEX(pd) or IsDT{(pd) and Set(v,11) and Reset(v,16)] ->

p Ipd Ifl 2d:Dir Iv (1 of TrState); SPDUOrd1[p]

[] | [res eq Preptype(pd) and Set(v,16) and Set(v,11) and Set(v,17)]->

p Ipd !fl Irec v I(1 of TrState); SPDUOrd2|p](Succipr))

[l | [IsAB(pd) and (r eq TDISPar(pd)) and Set(v,11) and Reset{V,16)] ->

p Ipd !l Irec v (1 of TrState); SPDUOrd|p]

[l | REL[p] [] SYNMmip] [] RSYN[p] [] Tokip] [] Actlp(pr) [] €apDT]p] [] Exception|p]

[l | [not( IsFN(pd) or IsAB(pd) or IsDT(pd) or ISMAP(pd)-or (res eq Preptype(pd)) or ISRS(pd) or
IsGT{pd) or IsGTC(pd) or IsPT(pd) or IsAD(pd) or IsAl(pd) or ISAR(pd) or ISAE(pd) or IsSAS(pd) or
IsCD(pd) or IsMIP(pd) or IsMIA(pd) or ISER(pd) or IsED(pd)) and Reset(v,11) and Set(v,16)] ->

p Ind Ifl Irec v I(1 of TrState); SPDUOrd2[pj(pr)

)

endproc
(*

In process REL, an instance of AWSRELrsp or AwDN is invoked to describe respectively the states in whjch
an $-RELEASE response and @’ DN SPDU is awaited. Bit 11 of the SPDU status component is set,| to
indicate that the received SBDU is in sequence. Bit 16 is reset, meaning that a corresponding S-RELEASE
indication should be executed after receipt of a FN SPDU. This value is determined in SSPSPDU (see 10.3)
only if all the bits Othrough 10 are set.

proress REL[p]: noexit :=
chdice pd’ASPDU,fl:TFlow,v:Validity [] [IsFN(pd)] ->
( | [Set(v,11) and Reset(v,14) and Reset(v,16)] -> p Ipd !fl Irec Iv I(2 of TrState); AWSRELrsp|p]

[l —piodiftisend v 7St TrState; AWDNIp]

)

endproc
(*
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