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Foreword

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 and
non-governmental, in liaison with ISO and IEC, also take part in the work.

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

The main task of a technical committee is to prepare Interpational Stanglards but
in exceptional circumstances, the publication of a techni¢al Teport of one of the
following types may be proposed:

- type 1, when the necessary support within'the technical committ¢e cannot
be obtained for the publication of (an' International Standard| despite
repeated efforts;

- type 2, when the subject isstill under technical development fequiring
wider exposure;

- type 3, when a technical committee has collécted data of a diffefent kind
from that which is_normally published as an International Standagd ("state
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 International
Standards.  Technical reports of type 3 do not necessarily have to be feviewed
until thedata they provide are considered to be no longer valid or useful.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 [SO/IEC
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
their development is too small, thus allowing time to gain experience and to
develop educational material

An dd-hoc group for the formal description of the Session Layer, i.e. of the
Session Service ISO 8326 and the Session Protocol ISO 8327, was established in
Novgmber 1985. This group applied the Formal Description Technique LOTOS,
defined in ISO 8807, which at that time was still under development. In
Sept¢mber 1986 two Working Documents were produced which contained: the
LOTPS draft specifications of ISO 8326 and ISO 8327 respectively:” As a
byproduct, the group also produced a number of Defect Reports on the.Standards,
most{of which have been accepted and incorporated in the standards.

A Bhllot was then issued requesting Member Bodies to state their position
concgmning the progression of the formal descriptions. Based(on this Ballot, SC21
decided in June 1987 to progress both formal descriptions as Type 2 Technical
Repqrts. The main reason for not incorporating them: into the standards was that
Mentber Bodies expressed their current lack of expertise on the subject. It seemed
thereffore appropriate that a period of time .passed, during which the formal
decriptions can be read and compared with'the standards, and after which the
statu§ and progression of the formal descriptions can be re-evaluated.

The purpose of this Technical Report is to provide a complete, consistent and
unanjbiguous description of ISO.8327. It forms therefore a companion document
to ISP 8327. It takes account of the Defect Reports incorporated in the standard
(anngx D of ISO 8327), ‘however, it does not necessarily take account of
subsg¢quent amendments-or addenda to the standard.



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

TECHNICAL REPORT

ISO/IEC/TR 9572: 1989 (E)

Information technology - Open Systems Interconnection -

LOT

1 Sco

This Te
defined

descripfion technique LOTOS, which is defined in ISO 8807.

These formal definitions are related to the formal descriptions in LOTOS of the OSI Connection

Session
these §
referen

The fofmal description is not limited to a single-séssion protocol machine, but also describes
protocol machines that result from support of multiple session connections either in parallel or in

session
sequend
but by

2 Non

The fol
this Te
subject
the pos
maintai

pe

chnical Report contains a formal description of the OSI Basic Connection Oriented Session
in ISO 8327. The formal definitions presented in this Technical Report are expressed in th

Service, ISO 8326, and of the OSI Transport Service; ASO 8072. Moreover, formal defin
ervices, contained in ISO/IEC/TR 9571 and ISO/AIEC/TR 10023, respectively, are
bed in this Technical Report.

e. Therefore, it also formalizes aspects)of multiplicity which are not presented in ISO 8327
vay of reference to the OSI Basic Reference Model, ISO 7498.
mative references

owing standards Contain provisions which, through reference in this text, constitute prov
chnical Report. ‘At the time of publication, the editions indicated were valid. All stang

ibility of applying the most recent editions of the standards listed below. Members of ISO
h registers of currently valid International Standards.

ISO 74¢

Protocol
e formal

Oriented
itions of
sed and

multiple

directly,

isions of
Jards are

to revision;and parties to agreecment based on this Technical Report are encouraged to inyestigate

and IEC

¢ Model.

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.

3 Definitions

For

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

4 Symbols and abbreviations

This Technical Report uses the symbols defined in clause 6 (formal syntax) and-annex A (data ty
of ISQ 8807, and uses the abbreviations contained in clause 4 of ISO 8327.

The fi

SC
SCEP
SCEI
SSP
TC
TS
TSDU

llowing additional abbreviations are employed in this Techical Report:

session connection
session connection endpoint
session connection endpoint identifier
session service primitive
transport connection
Transport Service
[ transport service data unit

5 Conventions

Claus
clausg
dynan

s form LOTOS comments. They are thus separated from the LOTOS specifications (of data

preceqle the formal definitions to which they refer and contain a final line of only "-" characters

explat

Form;

"ot

nations following formal definitions contain a first line of only "-" characters.

1 definitions, as well as formal symbols and identifiers referenced in informal explan

pe library)

es 6 through 10 of this- Technical Report constitute LOTOS text. All informal explanations in these

types and

nic behaviour) aceording to the rules for comment delimitation. Moreover, informal explanations

. Informal

ations, are

printg

dun.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
(from the TS-provider) apply to the Session Protocol, as well as to the related services, and the processes

representing these constraints are in fact imported from the service formal descriptions Figure 1 shows the

conjunction of processes resulting from this top level decomposition.

SCEldentification

S

TCEldentification

SCAcceptance

SetOfSPM

TCAcceptance

TBackpressure

t

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

outgoing SSPs incoming SSPs
Session Service
........................................................................................ i observegates
decisions on validity state and decisions on
and G local D o validity
protocol actions variables
............................................................................................ observe gate p
extract SPDUs » build SPDUs
[ 1
receive TSDUs build TSDUs
........ il observegatet
Transport Service

Figure 2 - Actions within a SPM
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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).

EVE O TN G

follgwing separate constraints:

the remote SPM. Also the establishment of a TC is attributed to this.constraint.

by process SSPSPDU).

concatenation of SPDUs (described by process SPDUTSP).

description in annex A of ISO 8327 (described by process SPDUConstraints).
SSHTSP and SSPSPDU synchronize at gate s, SSPTSP and SPDUTSP synchronize at gate f,
SSRSPDU, SPDUTSP and SPDUConstraints synchronize at gate p. This is shown in figure 3.

the formal description, which now also shows<a limited internal structure, can be characterized
of cpnstraint- and resource-oriented styles.

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

presenting the

1)  The relationship between SSPs and TSPs that does not involve abstract SPDUs (described by
process SSPTSP). This constraint is concemed with "direct mappings" betwpen service
primitives, where no SPM generated information is needed to coordinate the interworking with
b)  The relationship between SSPs and abstract SPDUs, including, segmentation of SSDUs (described

r)  The transformation of abstract SPDUs to TSPs, and\ vice versa, including encoding and

1)  The constraints on the ordering and contents of abstfact SPDUs, corresponding to the state tables

and, finally,
The style of
s a mixture

¥ 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 th

at 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 SPDUSs).

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

determining its validity, depends upon the result of several actions (see figure 2) and/or the values of
eTtai i i i ablished

rough this component when synchronizing at p; and
st of sort TrState: the "coarse-grained" state of the SPM (only applicable for received SHDUs and
r sending the DN SPDU). The SPM state, known to process SPDUConstraints, is often also
quired by other processes upon exchange of a SPDU. However, rather-than the fing-grained
division of the data transfer phase into SPM states, certain collections of SBM states are relevant for
the latter processes. Values of this component are used to represent Such collections and can be
dommunicated when synchronizing at p.

NOTES
1 - In order to represent flow control and segmenting, events at gates s and ¢ may represent the exghange of
gingle data octets instead of just executions of "complete” service primitives. Octet-wise exchange fof data is
dnly modelled for those service primitives whose user data parameter has no length restrictions (i.e.,|S-DATA,
§-TYPED-DATA and T-DATA). Except for the need ofy'data octet" events, the characteristics of pctet-wise
gxchange of data are
- two events, a start and an end event, are sighificant to delimitate an exchange of data;
- the state transition and predicates that argassociated with a SSP request are now associated with the
corresponding start event. If a colliding ‘er.overtaking, that is, "intervenient", event occurs before the end
event, then either .
a) the (unfinished) request is‘not disrupted (provided the intervenient event is not deftructive),
but will be resumed after the intervenient event, or
b) the (unfinished) request is disrupted, and the corresponding TSP request is cancelled or
terminated;
- the state transition and predicates that are associated with a TSP indication are now associatefl with the
corresponding end event. 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.

[ o]

- The formal.description extends beyond the state tables description of ISO 8327 by way of [explicitly
describing

- theconstraints related to the multiplicity of SPMs;
~.concatenation, extended concatenation and segmentation;
- the transfer of expedited data;

- the handling of invalid and unrecognizable events.

Figure 4 gives an overview of the processes used for the formal definition of the Session Protocol and their
relations (a number of the lowest level processes are omitted). It also indicates the clauses where the
definition of these processes can be found ("SS" means: defined in ISO/IEC/TR 9571; "TS" means: defined
in ISO/IEC/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
(10.53) (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 Qverallconstraints of the session protocol

A nymber-of standard types are 1mported from the LOTOS hbrary of data types by means of the library
constr ; ; : : Aned in type
SProtocoIImplementatlonPar Its value 1nd1cates 1) whether or not use of the transport expedlted service 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.

specification SessionProtocol [s,t] (spei:SPEImplementation): noexit

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

type SHrotocolimplementationPar is SRequirements, TSDUSize
sorts SPEImplementation

opns

SPEImpI: Bool, SRqms, TSDUSize, Bool -> SPEImplementation

MaxTSire: SPEImplementation -> TSDUSize ExtConc: SPEImplementation -> Bool
eqns foyall tex,ExtConc:Bool, sfus:SRqms, tsduSize:TSDUSize

ofsort TSDUSize MaxTSize(SPEImpl(tex,sfus,tsduSize,ExtConc)) = tsduSize;
ofsort Bool ExtConc(SPEImpl(tex,sfus,tsduSize,ExtGonc)) = ExtConc;
endtyp

behaviqur

{(  ( SCEldentification[s] || SCAcceptance[s] ) |||

Eldentification|t] || TCAcceptance(t] || TBackpressure(t] )
etOfSPM[s, t](spe/)

SetOfSPM[s,tl(spei:SPEImplementation): noexit := SuccSPMs[s,t](spei) ||| SetOfSPM[s,t](spei)
proces$ SuccSPMs[s,t](spei:SPEImplemtation): noexit := SPM|s,tj(spei) >> SuccSPMs[s,t](spei) endproc

endprog (* SetOfSPM *)

(*-

8 Constraints for'a‘single session protocol machine

Three spparate-constraints are distinguished with respect to the behaviour of a single SPM,|namely
constraints that are local to the SS boundary, constraints that are local to the TS boundary, and copstraints
that relafe\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

sess|
9.3)

9.1

Tw¢ sets of definitions are distinguished for the construction of a SPDU? one for an "abstract

the
Pprod
into

9.1

The

Session protocol data unit

bther for an encoded SPDU. This division is consistent with thelobservation that the
edure related to SPDUs can be described independently of the encoding of SPDUs (i.e.,
TS data units).

1 Abstract SPDU

specification of the abstract SPDU type is accomplished by way of a number hiera

otocol-data—types consis : e 9.1), some
on variables (see 9.2) for the introduction of some additional functions related to SSPs‘arld TSPs (see
and for the construction of components of the internal event structure (see 9.5). A number
defihitions of general use are presented in 9.4.

of auxiliary

' SPDU and
clements of
the mapping

rchical type

definitions. First the basic construction of SPDUs is presented (see 9.1.1.1), then a classification of SPDUs

(sed
Cor
not

9.1

Ty

valjes. For each class, or “type", of SPDU a corresponding constructor function is defined w

the
spe
of

catenation of SPDUs is defined in 9.1.2;%(groups of) SPDU parameters are defined in 9.1.3
defined in ISO/IEC/TR 9571).

1.1 SPDU basic construction
e BasicASPDU defines functions, referred to as "constructor” functions, that yield (abs
parameters of tha-SPDU as arguments. Additionally, a function DUM is introduced for

fifying error réporting. Definitions that relate to SPDU parameters are imported by BasicA
hem indirectly, by importing type SessionServicePrimitive).

9.1.1.2), and subsequently a number of-additional functions on SPDUs (see 9.1.1.3 thrgugh 9.1.1.5)

(in as far as

tract) SPDU
ith values of
conveniently
SPDU (most

SO

)

typﬁ BasicASPDU is SessionServicePrimitive, SPReference, CAltem, TDISPar, Prepare,Encit¢

oFUU

opns

CN:
AC:

RF:
FN:
AB:

GTC,GTAAAAIAADA: -> ASPDU

CD,
PT:
MIA
RA:
PR:

8

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

SPReference, CAltem, STokens,SFUs,SAddress,SAddress,SData -> ASPDU
SPReference, TDISPar,SFUs,Nat (*Version*) ,DatOctStr (*Reason Code*) -> ASPDU
TDISPar,SData -> ASPDU DN,NF: SData -> ASPDU

TDISPar,Nat (*Reason Code*),DatOctStr (*Reflect Parameter Values®), SData -> ASPDU
DT,TD: Enclt SData -> ASPDU
EX,CDA: SData -> ASPDU
STokens,SData -> ASPDU
:SSPSN,SData -> ASPDU
STsAss,SSPSN,SData -> ASPDU

PrepType -> ASPDU AS: SActld,SData -> ASPDU

GT: STokens (*Token Item parameter”) -> ASPDU
MIP: SSyncType,SSPSN,SData -> ASPDU
MAP,AE,MAA,AEA: SSPSN,SData -> ASPDU

RS : STsAss,SResynType,SSPSN,SData -> ASPDU
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AR: SCRef,SActld, SSPSN,SActld,SData -> ASPDU

Al,AD: Nat ("Reason Code*) -> ASPDU ‘ DUM: DatOctStr -> ASPDU

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

(*

9.1.1.2 SPDU classification

Type ASPDUConstant defines a classification of SPDUs. Each class of SPDU is represented by a constant
with a name similar to the abbreviated name to denote the SPDU in table 39 of ISO 8327. The auxiliary
function h that maps these constants to natural numbers is defined in order to simplify the definition of
equality on SPDU classes.

Type ASPDUCIassifiers is a functional enrichment of BasicASPDU. 1t defines functions,~refefred to a
"recognizer” functions, that determine whether a given SPDU is of a certain class.

——— *)
type A$PDUConstant is NaturalNumber
sorts ASPDUConstant
opns
cn,ac,mfn,dn,nf,ab,aa,dtex,td,cd,gt,pt.gtc,gta,mip, mia,map,maa,rs,pr,ra,er,ed,as,ar,ad,ai,ada,aia, ap,aea,

aum: -> ASPDUConstant
h: ASPPUConstant -> Nat
_eq_, lne_: ASPDUConstant, ASPDUConstant -> Bool
eqns farall x,y: ASPDUConstant
ofsort Nat
h(cn) =(0; h(ac) = Succ(0); h(rf) = Succ(h(ac));
h(fn) = Bucc(h(r)); h(dn) = Succ(h(fn)); h(nf) = Succ(h(dn));
h(ab) =|Succ(h(nf}); h(aa) = Succ(h(ab)); h(dt) = Succ(h(aa));
h(ex) =|Succ(h(at)); h(td) = Succ(hiex)); h(cd) = Succ(h(td));
h(cda) + Succ(h(cd)); h(gt) = Suce(h{cda)); h{pt) = Succ(h(gt));
h(gtc) 5 Succ(h(pt)); h(gta) = Succ(h(gtc)); h(mip) = Succ(h(gta));
h(mia) + Succ(h{mip)); h(map)= Succ(h(mia)); h(maa) = Succ(h(map));
h(rs) = Bucc(h(maa)); h(pr)= Succ(h(rs)); h(ra) = Succ(h(pr));
h(er) = Succ(h(ra)); hfed) = Succ(h(er)); h(as) = Succ(h(ed));
h(ar) = Succ(h(as)); h(ad) = Succ(h(ar)); h(ai) = Succ(h(ad));
h(ada) # Succ(h(ai)); h(aia) = Succ(h(ada)); h(ae) = Succ(h(aia));
h(aea) + Succ(h(ae)); h(dum) = Succ(h(aea));
ofsort Bool
x eq y 5 h(x) eq h(y); x ne y = h(x) ne h(y);
endtypg
type ASPDUCIassifiers is BasicASPDU, ASPDUConstant
JSMIP,
K,ISPAB,

ISER, IsED IsDUM IsPR RS lsPR RA IsPR MAA IsACT ASPDU -> Bool

k: ASPDU -> ASPDUConstant

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(AC(spr,cait tk,sreq,cg,cd,d)) = ac;
k(RF(spr,tdpar,sreq,vs,rcode)) = rf;

k(FN(tdpar,d)) = fn; k(DN(d)) = dn; k(NF(d)) = nf;
k(AB(tdpar,reas,rpv,d)) = ab; k(GTC) = gtc; k(GTA) = gta;
k(AA) = aa; k(AIA) = aia; k(ADA) = ada;
k(DT(et,d)) = dt; k(TD(et,d)) = td; k(CD(d)) = cd;
K(EX(d)) = ex; k(CDA(d)) = cda; k(GT(tk)) = gt;
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k(PT(tk,d)) = pt;
k(MAP(sn,d)) = map;
k(AEA(sn,d)) = aea;
k(PR(pt)) = pr;
k(Al(reas)) = ai;
k{(ED(reas,d)) = ed;
ofsort Bool

ISCN(pd) = k(pd) eq cn;
IsFN(pd) = k(pd) eq fn;
ISAB(pd) = k(pd) eq ab;
IsAA(pd) = k(pd) eq aa;
IsTD(pd) = k(pd) eq td;
IsMIP(pd) = k(pd) eq mip;
1sMI = ;
ISAEA(pd) = k(pd) eq aea;
IsPR{pd) = k(pd) eq pr;
IsAS(pd) = k(pd) eq as;
IsAD{pd) = k(pd) eq ad;
ISAE(pd) = k(pd) eq ae;

(SED(pd) or IsCD(pd) or ISCDA(pd));
not(I3AB(pd)) => IsPAB(pd) = false;
IsPAB(AB(tdpar,reas,rpv,d)) =

IsPR| RS(PR(pt)) = pt eq res;
IsPR| RA(PR(pt}) = pt eq rack;
IsPR| MAA(PR(pt)) = pt eq mack;

ISAC(pd) = IsAR(pd) or IsAS(pd) or IsAl(pd) or ISAD(pd) or ISAE(pd) or IsAlA(pd) or ISADA(pd)

SAEA(pd);
endtype !

(*

k(MIP(sntp,sn,d})) = mip;
K(AE(sn,d)) = ae;
k(RA(a,sn,d)) = ra;
k(AS(aid1,d)) = as;
k(AD(reas)) = ad;
k(DUM(err)) = dum

ISAC(pd) = k(pd) eq ac;
ISNF(pd) = k(pd) eq nf;
IsGTC(pd) = k(pd) eq gtc;
IsDT(pd} = k(pd) eq dt;
1sCD(pd} = k(pd) eq cd;
IsGT(pd) = k(pd) eq gt;

IsSRS(pd) = k(pd) eq rs;
IsER(pd) = k(pd) eq er;
IsSAR(pd) = k(pd) eq ar;
IsAlA(pd) = k(pd) eq aia;
IsDUM(pd) = k(pd) eq dum;
ISACK(pd) = (IsMIA(pd) or ISMAA(pd) or ISAEA(pd) or IsRA(pd) or IsAlA(pd) ordsADA(pd) or IsC
IsCAJ21(pd) = (IsRS(pd) or IsRA(pd) or ISAD(pd) or ISADA(pd) or IsAl(pd) orisAlA(pd) or ISER

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

k(MIA(sn,0)) = mia;
k(MAA(snh,d)) = maa;
k(RS(a,rt,sn,d)) = rs;

k(ER(err)) = er;

IsRF(pd) = k(pd) eq rf;
IsDN(pd) = k(pd) eq dn;
IsGTA(pd) = k(pd) eq gta;
ISCDA(pd) = k{pd) eq cda;
ISEX(pd) = k(pd) eq ex;
IsPT(pd) = k(pd) eq pt;

IsRA(pd) = k(pd) eqra;
ISED(pd) = k(pd).eqed;
IsAl(pd) = k(pd) eq ai;
ISADA(pd} < k(pd) eq adla;

g

r

9.1.1.3 SPDU parameter selectors

Type| ASPDUParameterSelectors-defines functions, referred to "extractor" functions, thaf
determine the value of individual SPDU parameters. It imports SLokalTokensState from ISO/IE

and Gompare, an auxiliary type (see 9.4.2).

type ASPDUParameterSelectors is ASPDUCIassifiers,SLocalTokensState,Compare

opn

ErrStr,RPV:-ASPDU-> DatOctStr
SPRef: ASPDU -> SPReference
Versipn*ASPDU -> Nat

SPSN: ASPDU -> SSPSN
CgAddr,CdAddr: ASPDU -> SAddress
ResynType: ASPDU -> SResynType

TDISPar: ASPDU -> TDISPar

Preptype: ASPDU -> PrepType
MTSDUPar: ASPDU -> TSDUSize

FUs: ASPDU -> SFUs

TokenSet InvTokenSet: ASPDU -> STsAss
Tokens: ASPDU -> STokens

10

Reason: ASPDU -> Nat
MtsRecFlow,MtsSendFlow: ASPDU -> Nat
Userinf: ASPDU -> SDala

Encltem: ASPDU -> Encit

InitialAss: ASPDU -> SLTsState
ProtOptions: ASPDU -> Bool

k(AR(scr,aid1,sn,aid2,d)) = ar;

DA(pd));
pd) or

allow to
C/TR 9571
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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;

SPSN(AEA(sn,sdat)) =sn; SPSN(AE(sn,sdat)) = sn;

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

SPSN(RATt ARSI actidt;smactid2;sdat)=—sm,

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

ofsort $PReference

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

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

ofsort $Address

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

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

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

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

ofsort Nat

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

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

ofsort $ResynType

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

ofsort TDISPar

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

TDISP3r(AB(tdpar,reas,rpv,sdat)) = tdpar;

ofsort Nat
Reason(RF(spr.tdpar,srqms,vs,str)) = ToNatNum(First(str))
Reasonj(AB(tdpar,reas,rpv,sdat)) = reas; Reason(Al(reas)) = reas;

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

(SDUSize

Par(CN(spr,cait,sqrms,sal,sa2;sdat)) = TSDUSize(cait);
Par(AC(spr,cait,stok,srqgms,sa1,sa2,sdat)) = TSDUSize(cait);

at

0 FIow(CN(spr ca/t sqrms,sat,saz, sdat)) /nresp( TSDUS/ze(ca/t))

FUs(C (spr,cait,srqms,sa 1,8a2,sdat)) = srgms,; FUs(AC(spr,cait,stok,srqgms,sal,sa2,sdat)) = srqms;

Riotr]l) ofre
FHOH i

ofsort STsAss

TokenSet(CN(spr,cait,srqms,sal,sa2,sdat)) = STsAss(cait);
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,srgms,sa1,sa2,sdat)) = STsAss(Second(STsAss(cail)),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;

Userinf(FN(tdpar,sdat)) = sdat; Userinf(DN(sdat)) = sdat;
Userinf(NF(sdat)) = sdat; = Userinf(AB(tdpar,reas,rpv,sdat)) = sdat;
Userl, { it =sdat;

Useripf(CD(sdat)) = sdat;  UserInf(EX{(sdat)) = sdat;
Userinf(CDA(sdat)) = sdat; Userinf(PT(stok,sdat)) = sdat;
Useripf(AR(srf,actid1,sn,actid2,sdat)) = sdat;
Userinf(RS(tkass,rtyp,sn,sdat)) = sdat;
Userinf(RA(tkass,sn,sdat)) = sdat;
Userlpf(MIP(styp,sn,sdat)) = sdal;

Useripf(MIA(sn,sdat)) = sdat; Userinf(MAP(sn,sdat)) = sdat;
Userinf(MAA(sn,sdat)) = sdat; UserInf(AEA(sn,sdat)) = sdat;
Userlinf(AS(actid1,sdat)) = sdat; Userinf(AE(sn,sdat)) = sdat;
Useripf(ED(reas,sdat)) = sdat;

endtype

(*

9.1.1)4 Equality of SPDUs

ASPQUEquality enriches the ASPDU construction with’boolean equality on SPDUs.

)
type ASPDUEquality is ASPDUParameterSelectors
opns| eq_, _ne_: ASPDU,ASPDU -> Bool
eqgns|forall pd1,pd2:ASPDU, spr1,spré:SPReference, sreq1,sreq2.SFUS, cait1,cait2:.CAltem,
g1,cd1,c92,cd2:SAddress, d1,d2:SDala, tk1,tk2:STokens, tdpar1,tdpar2:TDISPar,
s1,vs2,reas1,reas2:Nat, reode1,rcode2,rovi,rov2,errl,err2:DatOctStr, sn1,sn2:SSPSN,
1,82:STsAss, et1,et2:Encit, snip1,sntp2:SSyncType, rt1,rt2:SResynType, pt1,pt2:PrepTypé
id1,aid2,aid3,aid4:SAetld, scr1,scr2:SCRef
ofsort Bool
pd1 np pd2 = not(pd1eq pd2);
k(pd1) ne k(pd2) =>\pd1 eq pd2 = false;
CN(spri,cait1,sreq1,cg1,cd1,d1) eq CN(spr2,cait2,sreq2,cg2,cd2,d2) = (spr1 eq spr2) and
ait1 eq.cait?) and (sreq1 eq sreq2) and (cg1 eq cg2) and (cd1 eq cd2) and (d1 eq d2);
AC(spri,caitl,tki,sreq1,cgt,cdl,d1) eq AC(spr2,cait2 tk2,sreq2,cg2,cd2,02) = (spr1 eq spr2) and
ait1.eq cait2) and (tk1 eq tk2) and (sreq1 eq sreq2) and (cg1 eq ¢g2) and (cd1 eq cd2) and
100 d2) -
(E—oqE=75
RF{(spri.tdpari,sreq1,vsi,rcode1) eq RF(spra,tapar2,sreq2,vs2,rcode2) = (spr1 eq spr2) and
(tdpar1 eq tdpar2) and (sreq1 eq sreq2) and (vs1 eq vs2) and (rcode1 eq rcode2) ;
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;

~
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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(aid1,d1) eq AS(aid2,d2)= (aid1 eq aid2) and (d1 eq d2};
AR(scri1,aid1,sn1,aid2,d1) eq AR(scr2,aid3,sn2,aid4,d2) = (scri1 eq scr2) and
(aiffiT eq aid3) and (sn1 eq sn2j and (aidz2 eq aidd) and (a1 eq dz2);

Al(reas1) eq Al(reas2) = reas1 eq reas2;

AD(read1) eq AD(reas2) = reas1 eq reas2;

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

endtyp

(*

9.1.1.5 Dther functions on abstract SPDUs

Type A$PDU enriches the previous definition with functions to determine whether certain condiIlonns are
satified |by a given SPDU, e.g. concerning the SPDU parametér values. One auxiliary ction,
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
Matches: 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, tex:Bool, fl:TFlow, encit:Enclt, mt:Nat, spr,spr1,spr2:SPReference,
calt,cait1,cait2:CAltem, fus,fusi;fus2:SFUs, sa1,sa2,sa3,sa4:SAddress, sdat,sdat1,sdat2:SDala,

:STokens

ofsort Bool

PREP_Needed(ssp) = (IsSRSYNreq(ssp) or IsSSRSYNrsp(ssp) or IsSACTIreq(ssp) or ISSACTIrsp(sgp) or
Is§ACTDreq(ssp) or IsSACTDrsp(ssp) or ISSACTErsp(ssp) or IsSSYNMarsp(ssp));

not (PREP_Needed(ssp)) => pd PREP ssp = false;

(IsSRSYNreq(ssp)orisSACTIreq(ssp) or ISSACTDreq(ssp)) => pd PREP ssp = pd eq PR(res);

(IsSRSYNrsp(ssp)or IsSSACTIrsp(ssp) or IsSACTDrsp(ssp)) => pd PREP ssp = pd eq PR(rack);

(IsSACTErsp(ssp) or IsSSSYNMarsp(ssp)) => pd PREP ssp = pd eq PR(mack);

DequeuingPPUs(pd) = (ISAC(pd) or ISAEA(pd) or ISMAA(pd) or IsRS(pd) or ISRA(pd) or ISAIA(pd) ¢
1sADA{(pd) or IsAR(pd) or IsAS(pd) or ISGTA(pd)}.

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

not (IsDT(pd) or IsTD(pd)) => CL(pqa) = false;

CL(DT(encit,sdat)) = (encit eq absent) or (encit 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))) );

<
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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
clause 7.2.1 of ISO 8327. *)
not(IsCN(pd1) and IsAC(pd2)) => Matches(pd1,pd2) = false;

(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(fus1,fus2))
(RESYN isin Ints(fus1,fus2))) )

and

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

pot((FD Isin fus2) and (HD isin fus2)) and

(FD Isin fus2) implies (FD Isin fus1)) and ((HD Isin fus2) implies (HDsin fus1)) and

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

((mi 1sin RqrTokens(STsAss(cait2))) or (mi Isin AcrTokens(STsAss(cait2))))

implies (SY Isin Ints(fus1,fus2)) ) and

((ma Isin 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

((nr Isin RqrTokens(STsAss(cait2))) or (nr.Isin°AcrTokens(STsAss(cait2))))

implies (NR Isin Ints(fus1,fus2)) ) and

(tk Isin RqrTokens(STsAss(cait2))) implies

( (tk Isin RgrTokens(tkass1)) or (tk Isin Choice Tokens(STsAss(cait1)))) ) and

(tk Isin AcrTokens(STsAss(cait2))),implies

{ (tk Isin AcrTokens(tkass1)) or{tk Isin ChoiceTokens(tkass1))) );

[

r

endtype
(*

9.1.2(Concatenation of SPDUs

The YHasic construction of concatenated SPDUs is defined by type BasicConcASPDUs that consists of an
actualization of the'standard type String. The empty string of concatenated SPDUs is reprgsented by
constant NULL.

*)
type BasicConcASPDUs is String actualizedby NaturalNumber,ASPDU,Boolean using
sortnames ASPDU for Element Bool for FBool ASPDUs for String
opnnames ASPDUs for String NULL for <> Number for Length
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.

£ 3
)

type ConcASPDUs is BasicConcASPDUs

opns

Empty, PRAInQ: ASPDUSs -> Bool Rest: ASPDUs -> ASPDUs

First,Sedond, Third,Fourth: ASPDUs -> ASPDU

IsXConcat,IsValidConc,IsValConc,M_S_w_GT: ASPDUs -> Bool

CAT1,CATO: ASPDU -> Bool

Us,Concatenate: ASPDU,ASPDUs -> ASPDUs

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

ofsort ASPDUs

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

First(NULL) = DUM(emply) ; Second(NULL) = BUM(empty);
Third(NYLL) = DUM(empty); Fourth(NULL) =.DUM(empty);
First{Concatenate(pd,ps)) = pd; Second(ps) = First(Rest(ps));
Third(ps) = Second(Rest(ps}); Fourth(pS) = Third(Rest(ps));
ofsort Bpol

Empty(ps) = (ps eq NULL); PRAINQ(NULL) = false;

PRAInQ(Concatenate(pd,ps)) = ( (pd eq PREP(rack}) or-PRAINQ(pS) );

M_S w_|GT(ASPDUs(pd)) = ( (1sDT(pd) and not(CL{pd))) or IsRS(pd) or ISAD(pd) or IsAl(pd) or IsCD(pd) );

IsValCone(pd1+ASPDUs(pd2)) => M_S_w_GT{pd1+ASPDUs(pd2)) =
( ( sAS(pd1) or IsAR(pd1)) and (ISAE(pd2) or IsMAP(pd2)} ) or
{ (13AS(pd1) or IsAR(pd1)) and (begin.eq Encltem(pd2)) } );

( IsValConc(ps) and (Number(ps) eq NatNum(Dec(3))) ) => M_S_w_GT(ps) = (not(IsMIP(Second(ps))));

(* M_S_Ww_GT yields true if its argument can only be concatenated to a GT SPDU not containing a Token

item pargmeter (i.e., a dummy GT SPDU). %)

(not(lsVaiConc(ps))) => M_Scw_GT(ps) = false;
(not(IsValidConc(ps))) =>-1sXConcat(ps) = false;
(IsValidGonc(ps) and (Number(ps) gt NatNum(Dec(2)))) => IsXConcalt(ps) = true;
(IsValidQonc(ps) and(Number(ps) It NatNum(Dec(2)))) => IsXConcat(ps) = false;
1sValidCpne(pd1#ASPDUs(pd2)) => IsXConcat{pd1+ASPDUs(pd2)) =
(Is€®@T(pdt)-and (IsMIA(pd2) or IsSMAA(pd2) or ISAEA(pd2)));
1sValConc(ASPDUs(pd1)) = true;
IsValCome(NULL) = false;
{(Number(ps) gt NatNum(Dec(3))) => IsValConc(ps) = false;
IsValConc{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)) ) =>

ConkatPDUs(pd,NULL) = ASPDUs(pd);
(IsM{P(pd1) or IsMIA(pd1) or IsSMAP(pd1) or ISMAA(pd1) or ISAE(pd1) or ISAEA(pd1)) =>

ConcalPDUs(pd1,ASPDUs(pd1)) = NULL;
( (IsAR(pd1) or IsSAS(pd1)) and IsDT(pd2) and (IsMiP(pd) or IsMIA(pd) or IsMAP(pd)orIsMAA(pd) or
ISAE(pd) or ISAEA(pd)) ) => ConcatPDUs(pd,pd1+ASPDUs(pd2)) = pd1+(pd+ASPDUs(pd3));

( notl( (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

(*

9.1.3 SPDU parameters
9.1.3.1 Connection Identifier parameter group

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

_*)
type SPReference Is Threetuple actualizedby DatOctStr1,Boolean using
sorthames Bool for FBool DatOctStr for Elementy
DatQctStr for Element2 DatOctStr for Element3 SPReference for Thre¢tuple
opnnames SPReference for Threetuple CgUserReference for First
CommonReference for Second AdditionalRef for Third
endiype
(*

9.1.3.2 Connect/Accept Item parameter group

The Connect/Accept Item parameter group, contained in CN an AC SPDUs, is defined by typd CAltem. It
consjsts_of an actualization of the auxiliary type FiveTuple (see 9.4.6). SSynchronizationNumber and
STokensAssignment 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.

*)
type TSDUSize is TSDUSize0
opns absent: -> TSDUSize _eq : TSDUSize, TSDUSize -> Bool
eqns ofsort Nat inresp(absent) = 0; respin(absent) = 0
endtype
type 15DUSize0 is Twotuple actualizedby Boolean,NaturalNumber using
sortnames
Bool for FBool Nat for Element1 Nat for Element2 TSDUSize for Twotuple
opnngmes TSDUSize for Twotuple inresp for First respin for Secong
endtype
(*

9.1.3.4 Transport Disconnect parameter

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

*)

type TDISPar is Doublet renamedby

sortnames TDISPar for Doublet
%g

opnnames nr for constant1 r for constant2
endty,

(*

9.1.3.% Prepare Type parameter

The Prepare Type parameter, contained in PR SPDUS, is defined by type Prepare. It consists of a|renaming
of typg Triplet, imported 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.

*)

type Prepare is Triplet renamedby

sortnames PrepType for Triplet

opnnames res for constantt 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

Valid| values of the SI field are defined by type PDUSIs. It imports type PDUSIs0 ithat actyalizes the
standard type Set. Constant ValidSIs represents the set containing all valid SI values,

.___*)

type PDUSIs is PDUSIsO
opns|ValidSls: -> SiSet
eqns
Valid$lis = Insert(Dec(0), Insert(Dec(1), Insert(Dec(2), Insert(Dec(5),Insert(Dec(7), Insert(Dec(8),
nsert(Dec(9), Insert(1+Dec(0), Insert(1+Dec(2), Insert(1+Dec(3), Insert(1+Dec(4), Insert(2+Dec(1),
insert(2+Dec(2), Insert(2+Dec(5), Insert(2+Dec(6), Insert(2+Dec(9), Insert{3+Dec(3), Insert($+Dec(4),
nsert(4+Dec(1), Insert(4+Dec(2), Insert(4+Dec(5), Insert(4+Dec(8), Insert(4+Dec(9), Insert($+Dec(0),
nsert(5+Dec(3), Insert(5+Dec(7), Insert{5+Dec(8), Insert(6+Dec(1),
Insert(6+Dec(2).{}))))))))N))IN)I)))

endtype

type:tDUSIso is Set actualizedby DecNatReptNaturalNumber using

sortmgmes DecString for Element Bool for FBool SISet for Set
endtype

*

9.1.4]2 Auxiliary functions for SPDU valid encoding checks

Type [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 ar¢ 3-tuples,
wherg the second and“third component are octet strings representing, respectively, the part of an] encoding
not yqt tested and)the part that is already tested, and the first component is a boolean indicating the result of
the teft so far,(The function eq tests equality of two such 3-tuples (all three components must be equal).

)
type Errs3Tupieis-Er3Tupled
opns_eq_ : Err3Tuple, Err3Tuple -> Bool
eqns forall s1,52,53,54:DatOctStr, b1,b2:Bool ofsort Bool
Err3Tuple(b1,s1,82) eq Err3Tuple(b2,s3,54) = ( (b1 eq b2) and (s1 eq s3) 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
(*
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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 a limited number of auxiliary functions.

*)
type ErrCoding Is DatOctStr2,PDUSIs,Compare,Err3Tuple, BitString
opns
ErrCodStr: DatOctStr -> DatOctStr
ErrCodCON, ErrCodRF,ErrCodFN, ErrCodDNorNF,ErrCodABorAl ErrCodEX, ErrCodTDErrCodGT,
Err€CodCDorCDA, ErrCodPT,ErrCodMIA,ErrCodMAAOrAEA,ErrCodRS, ErrCodRA,ErrCodPR,
ErrCodAS, ErrCodAR, ErrCodAD, ErrCodAEorMAPorMIP,ErrCodAC,
ErrCodNF: DatOctStr,DatOctStr -> DatQctStr
CodCN1,CodCN2,CodCN3: DatOctStr,DatOctStr,DatOctStr -> DatOctStr
CodCNLgn: DatOctStr,DatOctStr -> DatOctStr
CorrConld: DatOctStr,Octet -> Err3Tuple
CorrCon|d1: DatOctStr,DatOctStr,DatOctStr,Octet -> Err3Tuple
CorrConfd2,CorrConld3 : DatOctStr,DatOctStr,DatQctStr -> Err@Tuple
CorrCAll CorrRest: DatOctStr -> Err3Tuple
CorrCAIf1,CorrCAIt2,CorrCAIt3,CorrCAIt4,CorrCAIts: DatQctStr,DatOctStr,DatOctStr -> Err3Tuple
CorrResi{2,CorrRest3,CorrRestd: DatOctStr,DatOctStr -> Err3Tuple
CorrParml: DecString, DecString, DatQOctStr, DatOctSltr.-> Err3Tuple
CorrPar,CorrParm,MCorrPar,MCorrParm: DecString,DecString, DatOctStr -> Err3Tuple
CheckBits: DecString,DatOctStr -> DatOctStr
No11: B{String -> Bool
SPSNQOdgtets: DatOctStr -> DatOctStr
SPSNOgt2: DatOctStr,DatOctStr -> DatOctStr
eqns fonall 0,01,02,03:Octet, ds,pgi,pi,len,li:DecString, b:Bool,
st,5l1,52,53,54,85:DatOctStr, bstr,bstr1,bstr2:BitString, b1,b2:Bit, dv1,dv2,dv3,dv4:DecString
ofsort DatOctStr
( (01 eq ¢is) and not (ds Isin ValidSls) ) => ErrCodStr(o1+s1) = Octet(o1);
(* The S| code is not in the(list of known SI codes so only this octet is returned as being the erroneods part
of the copled ASPDU. %)

(o1 eq (1+Dec(3)))-=>ErrCodStr(o1+s1) = ErrCodCN(s1,0ctet(01));

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

(01 eq (3+Dec(5))) => ErrCodStr(o1+s1) = ErrCodABorAl(s1,0ctet(o1));
( (01 eq {4+Dec(1))) or (01 eq (4+Dec(9))) ) => ErrCodStr(o1+s1) = ErrCodAEorMAPorMIP(s1,0ctetfo1));
(o1 eq( = = ;
(o1 eq Dec(9)) => ErrCodStr(o1+81) = ErrCodFN(s1,0Octet(o1));
(o1 eq (1+Dec(0)) or (01 eq Dec(8))) => ErrCodStr(o1+s1) = ErrCodDNorNF(s1,0ctet(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) = s2;

(* The length indicator is absent. The first octet is returned as the erroneous string. *)
(o1 €q Dec(0)) => ErrCodCN(01+83,52) = ErrCodStr(s3);

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

( (o1t (2+(5+Dec(5)))) and (Length(s3) It 01) ) => ErrCodCN(01+583,52) = 82+#81;
(* The length of the remaining string is smaller than indicated by the LI value; the whole octet stiing is
retutned as being erroneous. *)

( (o It (2+(5+Dec(5)))) and (Length(s3) eq 01} ) => ErrCodCN(0 1+88++54,52) = CodCN1(s3,521-01,54);
(o1 &q (2+(5+Dec(5)))) => ErrCodCN(01+53,52) = CodCNLen(s3,52>-01);

(* Two cases are distinguished in the following: 1) the LI value indicates a length smaller than 2%5 octets, in
case the Ll field is encoded using one octet, and 2) the first octet represents the value 25p, in which
casq the encoding of the LI field should consist of threg'actets. The actual LI value is then encodled in the
remaining two octets and it should be greater than orequal to 255, otherwise the encoding of Ll|is
congidered to be erroneous. Furthermore, the length of any correctly encoded CN SPDU is implicitly
congtrained by a maximum value equal to 719:This 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+Deg(5)))) ) =>
CodCNLen(o1+(02+53),82) = s2++(01+0ctel(02));
{ (Langth(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(o01+(02+83),52) = s2++51;

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

( (Langth(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(o1+(02+53++54),52) = CodCN1(s3,s2++(01+0ctet(02)),54);
(* Llland length restrictions are satisfied: next, the parameter groups are checked, starting with the
Conpectionldentifier parameter group. *)

F if S ) bt ’ s ) -
CodCN2(Third(CorrConld(s1,First(s2))),s2++Second(CorrConld(s1,First(s2})),s3);
(* CorrConld returns a boolean value and two octet strings. The boolean is true if no error was "detected” 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. *)

( (o1 eq Dec(1)) and Empty(s2) ) => CorrConld(o1+82,0) = Err3Tuple(false,Octet(o1),82);
( (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. ")

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

( (01 eq|Dec(1)) and (02 le (1+(3+Dec(2)))) and (Length(s2) eq 02) ) =>
CqrrConlid(o1+(02+82++83),0) = CorrConld1(s2,01+Qctet(02),53,0);

(* Indivigual 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 be checked. For example, the Pl value 10 identifies the Calling SS-user Reference parameter of the CN
SPDU, and Pl value 9 identifies the Called SS-user Reference parameter of an AC or RF SPDU. The
maximum length of these parameters is 64 octets. CorrParm is used to check the correctness of variable,
boundeg, lengths of non-mandatory parameters. *)

( First(QorrParm(1+Dec(0),6+Dec(4),s1)) and (o eq(1+Dec(3))) ) => CorrConld1(s1,82,83,0) =
CarrConld2 (Third(CorrParm(1+Dec(0},6+Dec(4),s1)),

s2++Second(CorrParm(1+Dec(0),64+Dec(4),s1)), 83);

{ First(QorrParm{Dec(9),6+Dec(4),s1)) and (0 ne (1+Dec(8))) ) => CorrConld1(s1,52,83,0) =
CdrrConld2 (Third(CorrParm(Dec(9),6+Dec(4),s1)), s2++Second(CorrParm(Dec(9),6+Dec(4),$1)), s3);

( not(Finst(CorrParm(1+Dec(0),6+Dec(4),s1))) and (o eq (1+Dec(3))} ) =>
CdrrConid1(s1,s2,83,0) = Err3Tuple(false,s2++Second(CorrParm(1+Dec(0),6+Dec(4),51)),83);
( not(Finst(CorrParm(Dec(8);6+Dec(4),s1))} and (o ne (1+Dec(3))) ) =>
CdrrConid1(s1,s2,53,0) = Err3Tuple(false,s2++Second(CorrParm(Dec(9),6+Dec(4),51)),53);

First(CarrParm(1+Dec(1),6+Dec(4),s1)) => CorrConld2(s1,52,53) =
CdrrConld3 (Third(CorrParm(1+Dec(1),6+Dec(4),51)),
s2++Second(CorrParm(1+Dec(1),6+Dec(4),s1)), 83);
not(Firsl(CorrParm(1+Dec(1),6+Dec(4),s1))) => CorrConld2(s1,82,83) =
Er3Tuple(false,s2++Second(CorrParm(1+Dec(1),6+Dec(4),51)),83);
( First(CorrParm{ T+Dec(Z),Dec(4),8T)J] and Emply{ TTira{CorrParimy 1+Dec(2),0ec(3),51))) ) =>
CorrConld3(s1,s2,s3) = Err3Tuple(true,s2++Second(CorrParm(1+Dec(2),Dec(4),51)),83);
(* 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))) ) =>
CorrCAlt{o1+(02+52)) = Err3Tuple(false,01+Octet(02),52);
( (01 eq Dec(5)) and (o2 le ( 1 +Dec(3))} and (Length(s2} it 02) ) =>

( (o1 g Dec(5)) and (o2 le ( 1 +Dec(3))) and (Length(sz) eq 02) ) =>
orrCAlt{o1+(02+s2++83)) = CorrCAIt1(s2,01+Qctet(02),53);

orrCAIt2(Third(MCorrPar(1+Dec(S), Dec(1),s1)),s2++Second(MCorrPar(1+Dec(9), Dec(1).s1)),53);
not(Fist(MCorrPar(1+Dec(9),Dec(1),51))) =>
orrCAIlt1(s1,52,s3) = Err3Tuple(false,s2++Second(MCorrPar(1+Dec(9),Dec(1),51)),83);

orrCAIt3(Third(CorrPar(2+Dec(1),Dec(4),51)),52++Second(CorrPar(2+Dec(1),Dec(4),s1)),8
not(Finst(CorrPar(2+Dec(1),Dec(4),51))) =>
orrCAIt2(s1,82,s3) = Err3Tuple(false,s2++Second(CorrPar(2+Dec(1),Dec(4),51)),53);

23]

),

orrCAIt4(Third(MC'orrPar(2+Dec(2), Dec(1),s1)),s2++Second(MCorrPar(2+Dec(2),Dec(1),51)),53);
not(Fifst(MCorrPar(2+Dec(2),Dec(1),81))) =>
orrCAIt3(s1,52,83) = Err3Tuple(false,s2++Second(MCorrPar(2+Dec(2),Dec(1),81)),83);

orrCAIt5(Third(CorrParm(2+Dec(3),Dec(6),s1)),s2++Second(CorrParm(2+Dec(3), Dec(6),51)),53);
not(First(CorrParm(2+Dec(3),Dec(6),51))) =>
orrCAIt4(s1,s2,53) = Err3Tuple(false,s2++Second(CorrParm(2+Dec(3),Dec(6),51)),53);

orrCAIt5(s1,s2,83) = Err3Tuple(false,s2++Second(CorrParm(2+Dec(6),Dec(1),81))++
Octet(First(Third(CorrParmi2+Dec(6),Dec(1),51)))),83);
not(Figst(CorrParm(2+Dec(6),Dec(1),51))) =>
orrCAIt5(s1,82,83) = Err3Tuple(false,s2++Second(CorrParm(2+Dec(6),Dec(1),51)),53);

(* CorfRest checks whether the Session Requirements parameter, the Session Address parameteys and

orrRest2(Third(CorrPar(2+Dec(0),Dec(2),s1)),Second(CorrPar(2+Dec(0),Dec(2),s1)));
not(Fifst(CarrPar(2+Dec(0),Dec(2),s1))) => CorrRest(s1) =
rr3Tuple(false,Second(CorrPar(2+Dec(0),Dec(2),s1)), Third(CorrPar(2+Dec(0), Dec(2),51)));
First{CorrParmi{5+Dec(7),T+Dec(6),81)) => COITResI2(571,54) =
CorrRest3(Third(CorrParm(5+Dec(1),1+Dec(6),s1)),Second(CorrParm(5+Dec(1),1+Dec(6),51))++84);
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);

22


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

ISO/IEC/TR 9572: 1989 {E)

( 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)) => ErrCodAC(01+83,52) = ErrCodStr(s3);
(o1t (2+(5+Dec(5)))) and (Length(sS) ito1) ) => ErrCodAC(01+83, 32) s2++s1
((01”( P SO, = COUACO =CouAC 3,520 54);
(o1 eq (B +(5+Dec(5)))) => ErrCodAC(o1+s3 s2) = CodACLen(s3,s2--0 1)
(Length(s1) It NatNum(Dec(2))) => CodACLen(s1,52) = s2++s1;
( (NatNum(BStr(o1)++BStr(02)) gt (7+(2+Dec(2)))) or (NatNum(BStr(o1)++BStr(02)) It (2+(5+Dec(5)))) ) =>
CopACLen(o1+(02+83),52) = s2++(01+Octet(02));
( (Length(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)))) and
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
CodACLen(o1+(02+53++54),52) = CodAC1(s3,s2++(01+0ctel(02)),54);
First(CoyrConld(s1,First(s2))) => CodAC1(s1,52,83) =
CodAC2(Third(CorrConld(s1,First(s2))),s2++Second(CorrConld(s1,First(s2))),s3);
not(Firsi(CorrConld(s1,First(s2)))) => CodAC1(s1,52,s3) = s2+¥Second(CorrConld(s1,First(s2)));
First(CorrCAlt(s1)) => CodAC2(s1,s2,53) = CodAC3(Third(CorrCAlt(s1)),s2++Second(CorrCAll(s1)),83);
not(First(CorrCAlt(s1))) => CodAC2(s1,52,83) = s2++Secohd(CorrCAlt(s1));
First(CoyrTokenltem(s1)) =>
CodAC3(s1,52,83) = CodAC4(Third(CorrTokenltem(s1)),s2++Second(CorrTokenltem(s1)),s3)
not(Firsi(CorrTokenltem(s1))) => CodAC3(s1,s2,83) = s2++Second(CorrTokenltem(s1));
First(CorrRest(s1)) => CodAC4(s1,52,83) = ErrCodStr(s3);
not(Firsj(CorrRest(s1))) => CodAC4(s1,52,83)= s2++Second(CorrRest{(s1));

ofsort Err3Tuple

CorrToKenitem(s1) =

Err3Tudle( First(CorrPar(1+Dec(6),Dec(1),s1)), Second(CorrPar(1+Dec(6),Dec(1),51)),
Third(CorrPar(1+Dec(6),Dec(1),s1}) );

(* RF SPDU valid encoding checks: *)

ofsort DatOctStr

Empty(81) => ErrCodRF{(s1,82) = s2;

(o1 eq Dec(0)) =>ErrCodRF(01+83,52) = ErrCodStr(s3);

( (o1 It (e+(5+Dee(b)))) and (Length(s3) It 01) ) => ErrCodRF(01+83,52) = 82++81;

( (o1 It (e+(5¢Dec(5)))) and (Length(s3) eq 01) ) => ErrCodRF(01+53++54,52) = CodRF1(s3,52--01}s4);

{o1 eq +(5+Dec(5)))) => ErrCodRF(01+s3, 32) CodRFLen(s3 s2--01);

(Length GodRF

( (NatNum(BStr(o1 )++BStr(02)) gt (6+(6+Dec(5)))) or (NatNum(BStr(o 1)++BStr(02)) It (2+(5+Dec(5)))) ) =>
CodRFLen(o1+(02+53),582) = s2++(01+Octet(02});

( (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);
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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

CorrTransDisc(s1) = CorrPar(1+Dec(7),Dec(1),81);
CorrSesReq(s1) = CorrPar(2+Dec(0),Dec(2),s1);
CorrVersNurmisty=CorrPar(2+Dec(2});Dect1);51);
CorrReasCode(s1) = CorrParm(5+Dec(0),5+(1+Dec(3)),81);

(* FN BPDU valid encoding checks: *)

ofsort DatOctStr

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

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

( (o1 It (2+(5+Dec(5)))) and (Length(s3) It 01) ) => ErrCodFN(01+53,82) = s2+%481;
( (o1 &t (2+(5+Dec(5)))) and (Length(s3) eq 01} ) => ErrCodFN(01+83++54,82)= CodFN1(s3,52--01,54);
(o1 eq (2+(5+Dec(5)))) => ErrCodFN(01+83,52) = CodFNLen(s3,s2--01);
(Length(s1) It NatNum(Dec(2))) => CodFNLen(s1,82) = 82++51;

( (NatNum(BStr(o1)++BStr(02)) gt (5+(2+Dec(3)))) or (NatNum(BSt((01 }++BStr(02)) It (2+(5+Dec(p)))) ) =>
QodFNLen(o1+(02+83),52) = s2++(01+0ctel(02));
~ ( (Length(s3) It NatNum(BStr(o 1)++BStr(02))) and (NatNum(BStr(o 1)++BStr(o2)) le (5+(2+Dec(3)})) and
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) ==
CodFNLen(o1+(02+83),82) = s2++81;

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

CodFNLen(o1+(02+83++s4),82) = CodFN1(s3,52++(01+0Octet(02)),54);
First(CorrTransDisc(s1,First(s2))) => CodFN1(s1,52,83) =
CodFN2(Third(CorrTransDisc(s1,First(s2))),s2++Second(CorrTransDisc(s1,First(s2)}),s3);
not(First(CorrTransDisc(s1,First(s2)))) =>-CodFN1(s1,52,s3) = s2++Second(CorrTransDisc(s1,First(s2)));
First(CorrParm(1+(9+Dec(3)),5+(1+De¢(3)),s1)) => CodFN2(s1,52,83) = ErrCodStr(s3);
not(Fifst(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));

—_—~

(* DNland NF SPDU valid.encoding checks: *)
Empty(s1) => ErrCodDNOmNF(s1,52) = 52;
(o1 eq Dec(0)) => ErrCodDNorNF(01+83,52) = ErrCodStr(s3);
( (o1 I (2+(5+Dec(5)))) and (Length(s3) It 01) ) => ErrCodDNorNF(01+83,82) = $2++S1;
( (o1 It (2+(5+Dee(5)))) and (Length(s3) eq 01) ) =>
BrrCodDNOIrNF(01+83++54,82) = CodDNorNF1(s3,s2--01,54);
(o1 eq (2+(5+Dec(5)))) => ErrCodDNorNF(01+53,52) = CodDNorNFLen(s3,s2--01);
(Length(s1) It NatNum(Dec(2))) => CodDNorNFLen(s1,82) = s2++81;
( (NatNumiBSirfe BStrte2)) g5 Dee(6))))-er-{NatNum(B 5))) ) =>
CodDNorNFLen(o1+(02+83),52) = s2++(01+Octet(o2));
{ (Length(s3) It NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (5+(1+Dec(6)))) and
(NatNum(BStr(o1)++BSir(02)) ge (2+(5+Dec(5)))) ) =>
CodDNorNFLen(o1+(02+83),82) = s2++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)))) ) =>
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)),81))) =>
CodDNorNF1(s1,s2,83) = s2++Second(CorrParm(1+(9+Dec(3)),5+(1+Dec(3)),s1));

£y A A -

24


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

ISO/IEC/TR 9572: 1989 (E)

(* 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,s2,84) = CodAB2(Third(CorrTransDisc(s1)),s2++Second(CorrTransDisc(s1)),54);
not(CorrTransDisc(s1)) => CodAB1(s1,82,54) = s2++Second(CorrTransDisc(s1));
F/rst(CorrParm(4+Dec(9) Dec(9) s1 )) => CodABZ(s1 32 s4) =

; : 54);

C¢dAB2(s1,52,84) = 32++Second(CorrParm(4+Dec(9),Dec(9),s1 ));
First(CqrrParm(1+(9+Dec(3)),Dec(9),s1)), Empty(Third(CorrParm(1+(9+Dec(3)),Dec(9),s1))) =>
CqdAB3(s1,52,54) = ErrCodStr(s4);
First(CqrrParm( 1+(9+Dec(3)) Dec(9) §1}),not(Empty(Third(CorrParm(1+(9+Dec(3)), Dec(9) §1))) =3

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

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

(01 eq Dec(3))=>ErrCodGT(0o1+83,52) = CodGT(s3,s2+0Octet(01)),
(o1 ne Dec(0),;and (01 ne Dec(3))) => ErrCodGT(01+583,52) = S2++01;
First(CortPar(1+Dec(6),Dec(1),s1)) => CodGT{(s1,52) = ErrCodStr(Third(CorrPar(1+Dec(6),Dec(1),s1)));

not(FirstCorrPar(1+Bect6),PectisiH—==

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

(* 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));

(* PT SPDU valid encoding checks: *)
Empty(s1) => ErrCodPT(s1 §2) = s2
(01 eqDecto)= coar 1o ="LrrCodStr(ss);
( (o1 It (2+(5+Dec(5)))) and (Length(s3) ito1)) => ErrCodPT(01+83,82) = s2++§1;
{ (o1 It (2+(5+Dec(5)))) and (Length(s3) eq 01) ) => ErrCodPT(01+53++54,82) = CodPT1(s3,82--0[1,54);
(o1 eq (2+(5+Dec(5)))) => ErrCodPT(01+83,82) = CodPTLen(s3,s2--01);
(Length(s1) It NatNum(Dec(2))) => CodPTLen(s1,82) = s2++81;
({ (NatiNum(BStr(o1)++BStr(02)) gt (5+(2+Dec(3)))) or (NatNum(BStr(o1)++BStr(o2)f{2+(5+Dec(p}))) ) =>
GodPTlLen(o1+(02+83),52) = s2++(01+Octet(02));
( {Length(s3) It NatNum(BStr(o1)++BSltr(02))) and (NatNum(BStr(o 1)++BStr(02)) le (5+(2+Dec(3)))) and
(NatNum(BStr(o1)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
GodPTLen(o1+(02+83),82) = s2++51;
( (Length(s3) eq NatNum(BStr(o1)++BStr(02))) and (NatNum(BStr(o1)++BStr(02)) le (5+(2+Dec(3)))) and
(NatNum(BStr(01)++BStr(02)) ge (2+(5+Dec(5)))) ) =>
GodPTLen(01+(02+83++54),82) = CodPT1(s3,82++(01+0ctet(02)),54);
First(QorrTokenltem(s1,First(s2))) => CodPT1(s1,52,83) =
CodPT2(Third(CorrTokenltem(s1,First(s2))),s2++Secand(CorrTokenltem(s1,First(s2))),s3);
not(First(CorrTokenltem(s1,First(s2)))) => CodPT1(s1,52,83) = s2++Second(CorrTokenltem(s1,First(s2))};
First(GorrParm(1+(9+Dec(3)),5+(1+Dec(2)),s1)) => CodPT2(s1,52,83) = ErrCodStr(s3);
not(Fifst(CorrParm(1+(9+Dec(3)),5+(1+Dec(2)),51))) =>
GodPT2(s1,52,83) = s2++Second(CorrParm({i+(9+Dec(3)),5+(1+Dec(3)),s1));

(* Below the auxiliary functions CorrPar, CarrParm, MCorrPar and MCorrParm are defined. *)

ofsory Err3Tuple
Empty(s1) => CorrPar(pilen,s1)=Err3Tuple(true,s1,51);
(o1 ng pi} => CorrPar(pi,len,01+52) = Err3Tuple(true,empty,01+s2);

(* Thelfirst octet represents a.Pl value unequal to pi, meaning that the parameter is absent in the encoding.

As thig parameter is not(mandatory, the boolean value true and the complete string are returned. 1)
( (01 eq pi) and Empty(s2) ) => CorrPar(pi,len,01+s2) = Err3Tuple(false,01+52,82);
(* Only the Pl fieldis present. This constitutes an invalid encoding, so the erroneous part is returned
together with the’boolean value false. *)

((o1é q p:) and (o2 ne Ien) ) =>

o Lfale Oetatto al)
-l”. O GLieIaicoe, v -

(f the parameter is present, the Iength of the encoding of its value should be equal to len. This is not the
case: a boolean value false is returned, together with the first two octets (pi and li 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);
{ (01 eq pi) and (o2 It (2+(5+Dec(5)))) and (o2 le len) and (Length(s2) It NatNum(BStr(02))) ) =>
CorrParm(pilen,o1+(02+s2)) = Err3Tuple(false,01+(02+s2),empty);
{ (o1 eqpirarmdo2 H2+(5+Dec(5))and{oeteternjand
(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,01+(02+CheckBits(pi,s2)),s3);
( (01 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);
{ (o1 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+0Octel(02));

(* CorrRarmL is analogous to CorrParm, except that the formerdeals with LI fields representing valyes
greater than 255 octets. These values have to be represented bsing three octets. *)

( (NatNbm(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(o2))) 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+88);82) = Err3Tuple(false,s2++01+(02+83),empty);
( (NatNgm(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 (pilen,0'1+(02+83++54),82) = Err3Tuple(true,s2++(01+(02+s3)),84);
{ (NatNum(li) eq NatNum(BStr(o1)++BStr(02))) and

(NatNum(BStr(e1)++BStr(02)) ge NatNum(2+(5+Dec(5)))) and

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

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

Empty/( MCorrParipiten; : S5
(01 ne pi) => MCorrPar(pilen,01+82) = Err3Tuple(false,Octet(01),52);
(o1 eq pi) => MCorrPar(pi,len,Octet(o1)) = Err3Tuple(false,Octet{o1),empty),
{ (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);

27


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

ISO/IEC/TR 9572: 1989 (E)

(* 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
((o1
( (o1

ofsort DatOctStr

((Le

((Le

SPS
{(Le

((Le

endf
(-

i eq (1+Dec(9))) and ((01 eq Dec(1)) or (01 eq Dec(0))) ) => CheckBits(pi,Octet(c1)) = empty.
i eq (1+Dec(9))) and (o1 ne Dec(1)) and (o1 ne Dec(0)) ) => CheckBils(pi,Octetfo1)) = s1;

j 8q (2+Dec(2))) and (o1 eq Dec(1)) ) => CheckBits(pi,Octet(o1)) = empty;

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

i eq (2+Dec(8))) and No11(Bstr(o1)) ) => CheckBits(pi,Octet(o1)) = emply;

j q (2+Dec(6))) and not(No11(Bstr(o1))) ) => CheckBits(pi,Octet(o1)) = Octet(o1);

 eq (2+Dec(0))) and (o1 le Dec(7)) ) => CheckBits(pi,o 1+Octel(o2)) = empty;

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

i 8q (2+Dec(0))) and (o1 gt Dec(7)) ) => CheckBits(pi,0 1+0¢tet(02)) = Octet(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);

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);

eq pi) and ((o2 gt Dec(0)) and (o2 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);

MCorrParm(pi,len,o1+(02+s2++83)) = Err3Tuple(faise,01+(02+CheckBils(pi,s2));53);

DatOctStr

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

hgth(bstr1++bstr2) eq NatNum(Dec(8))) and (Length(bstr1) eq NatNum(Dec(4))) and
(bstr1 ne (0+(0+(1+Bit(1))))) ) =>

SPSNOctets(OStr(bstr1++bstrd)+s2) = Octet(OStr(bstr1++bstr));
hgth(bstr1++bstr2) eq NatNum(Dec(8))) and (Length(bstr1) eq NatNum(Dec(4))) and
(bstr1 eq (0+(0+(1+Bit(1))))) h=>

SPSNOctets(OStr(bsiri++bstr2)+s2) = SPSNOct2(s2,0ctet(OStr(bstr1++bstr2)));
NOct2(empty,s1) = empty;
ngth(bstr1++bstr2) eq.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));
hgth(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)));

ype

9.1.4.4 Transformations between SPDUs, TSPs and SSPs

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

28

- 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;

- 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

eqgns forall pd:ASPDU, len:Nal, 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,
stok,stok 1,stok2:STokens, tdpar:TDISPar, vs,reas:Nat, scres:SConResult, encit:Enclt, rpv:DatOctStr,
abreas:SPAbReason, 0:Octet, pds:ASPDUS, actid1,actid2,actid3,actid4:SActld,
stype,stypel,stype2:SSyncType, rtype1,type2:SResyncType, srel:SRELResult,
veyeas:SUExcReason, abreas:SPABReason, exreas:SPExcReason

ofsort Bool

(* Each|parameter (group) is encoded separately. The resulting strings are then concatenated and the

length af the resulting string is determined and its value encoded. *)

ISCN(pg)) => (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.
(str4 RepSAP1 pd) and (str5 RepSAP2 pd) and (str6 RepData pd) and

SN

=> emply IsEncOf pd = false;

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

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

Dacode(stri++str2) eq (pd+pds) = (str1 ISEncOf pd) and (pds eq Decode2(str2));
Decodg(empty) eq NULL = true;
not(Empty(ErrCodStr(str))) => Decode(str) e’ ASPDUs( DUM(ErrCodStr(str)) ) = true;

(* Function Decode is defined in terms, of-the IsEncOf relation. This is possible because an encoding should
be unambiguous, i.e. it should be possible to determine a unique SPDU from a given encoding. If the octet
string i{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 AlIA and AA SPDUs have
exactly the same encoding.«They are distinguished by the fact that the AA SPDU is never concatenated
with otRer SPDUs whereas the AIA SPDU is always concatenated with a PT SPDU. *)

{ Empty(ErrCodStr(str1++str2)) and not(IsAA(pd)) ) =>

Dacode2(stri++str2) eq (pd+pds) = (str1 IsEncOf pd) and (pds eq Decode2(str2));
Decodg2(empty) eq NULL = true;
not(Empty(ErtCodStr(str))) => Decode2(str) eq ASPDUs( DUM(str1) ) = true;

( IsCN(pd) xor IsSCONreq(ssp} ) => pd IsPDUOf ssp = false;

CN(spr,cait fus,sa1,sa2,sdat1) IsPDUOf SCONreq(sif,sa3,sa4,sqos,sreq,sn,tkass,sdat2) =
((CgUserReference(spr) eq CgUserRef(srf}) and (CommonReference(spr) eq CommonRef(srf)) and
(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;
DN(sdat1) IsPDUOf SRELrsp(srel,sdat2) = ( IsAffirm(srel) and (sdat1 eq sdat2) );
NF(sdat1) IsPDUOf SRELrsp(srel,sdat2) = ( IsNegative(srel) and (sdat1 eq sdat2) );

AB(tdpar,reas,rpv,sdat1) IsPDUOf SUABreq(sdat2) =
(reas eq Succ(0)) and (sdat1 eq sdat2) and Empty(rpv) );

(IsCDA(pd) xor IsSCDrsp(ssp)) => pd ISPDUOS ssp = false;

CDA(sdat1) IsPDUQf SCDrsp(sdat2) = (sdat1 eq sdat2);

(IsGT(pd) xor IsSGTreq(ssp)) => pd IsPDUOf ssp = false;

GT{sfok1) IsPDUOf SGTreq(stok2) = (stok1 eq stok2);

(IsPT(pd) xor IsSPTreq(ssp)) => pd IsPDUOf ssp = false;

PT{stok1,sdat1) IsPDUOf SPTreq(stok2,sdat2) = ( (stokl eq stok2) and (sdat1 eq sdat2) ),
(IsGTC(pd) xor I1sSCGreq(ssp)) => pd IsSPDUOf ssp=-alse;

GTC|IsPDUOf SCGreq = true;

(IsMIP(pd) xor IsSSYMNreq(ssp)) => pd IsPDUOf ssp = false;

MIP(stype1,sn1,sdat1) IsSPDUOf SSYMNreg(stype2,sn2,sdat2) =

{ (stype1 eq stype2) and (sn1 eq sn2) and-(sdat1 eq sdat2) );

(IsMIA(pd) xor IsSSYMNrsp(ssp)) => pd IsPDUOS ssp = false;

MIA(sn1,sdat1) IsPDUOf SSYMNrsp(sn2,sdat2) = ( (sn1 eq sn2) and (sdat1 eq sdat2) );
(IsMAP(pd) xor 1sSSYMJreq(ssp))-=> pd IsPDUOf ssp = false;

MAP(sn1,sdat1) IsPDUOf SSYMJreq(sn2,sdat2) = ( (sn1 eq sn2) and (sdat1 eq sdat2) );
(IsMAA(pd) xor IsSSYMJrsp(ssp)) => pd IsPDUCS ssp = false;

MAA(sn,sdat1) IsSPDUOfSSYMJrsp(sdat2) = (sdat1 = sdat2);

(I1sR8(pd) xor IsSRSYNreq(ssp)) => pd IsPDUOf ssp = false;
RS(thass1,rtype1,snl,sdat1) IsPDUOf SRSYNreq(rtype2,sn2,tkass2,sdat2) =

(tkass1 eqitkass2) and (rtype1 eq riype2} and :
(type2(ne a) implies (sn1 eq sn2) ) and (sdat1 eq sdat2) ),

(IsRA(pd) XarisSRSYNrsp(ssp)) => pd IsPDUOf ssp = false;
RA(tkass1;sn1,sdat1) isPDUOf SRSYNrsp(sn2,tkass2,sdat2) =

sn1eqsn2) and (tkass1 eq tkass2) and (sdatl eq sdat2) );

(IsED(pd) xor IsSUERreq(ssp)) => pd IsPDUOf ssp = false;
ED(reas,sdat1) IsPDUOf SUERreq(uereas,sdat2) =
( (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;

30

0 reason’”.


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

ISO/IEC/TR 9572: 1989 (E)

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
((reas eq NatNum(Dec(6))) and (uereas eq nonSpecificError)) );
(IsAD(pd) xor IsSACTDreq(ssp)) => pd IsPDUOf ssp = false;
AD(reas DUOr SACTDreq(uereas) =
{ ((reas eq 0) and (uereas eq absent)) and
((rgas eq Succ(0)) and (uereas eq receiptProblem)) and
((raas eq Succ(Succ(0))) and (uereas eq localError)) and
((rgaas eq NatNum(Dec(3))) and (uereas eq sequenceError)) and
((raas eq NatNum(Dec(4))) and (uereas eq demandDk)) and
((rgas eq NatNum(Dec(5))) and (uereas eq unrecoverableError)) and
((rgas eq NatNum(Dec(6))) and (uereas eq nonSpecificError)) );
(IsAIA(pd) xor IsSACTIrsp(ssp)) => pd IsPDUOf ssp = false;
AlA IsPIPUOf SACTIrsp = true;
(ISADA(pd) xor ISSACTDrsp(ssp)) => pd IsPDUOf ssp = false;
ADA IsADUOf 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);

1sSCONjnd(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)} =
( (GgUserRef(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
(snleq SSPSN(cait)) and (tkass eq STsAss(cait)) and ((sa3 ne absent) implies (sal eq sa3)) and
({(sa4 ne absent) implies (sa2 eq sa4d)) );

1sSCONgnf(ssp) xor (ISAC(pd) or dsRF(pd)) => ssp IsSSPOf pd = false;

SCONcni(srf,sal,scres,sqos,sreq,snh,tkass,sdat1) IsSSPOf AC(spr,cait, stok,fus,sa2,sa3,sdat2) =
{ (GdUserRef(srf) eq CglUserReference(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)s),

SCONcnf(srf,sal,seres,sqos,sreq,sn,tkass,sdat1) IsSSPOf RF(spr.tdpar,fus,vs,reas,sdat2) =
( (GdUserRef(srf) eq CgUserReference(spr)) and (CommonRef(srf) eq CommonReference(spr)) and
(AdqditionalRef(srf) eq AdditionalRef(spr)) and (sreq eq fus) and (sdat1 eq sdat2) and
(snleq/SSPSN(cait)) and (tkass eq STsAss(cait)) and ((sa3 ne absent) implies (sal eq sa3)) allwd

(h( nrac) Ay raaeo) -
sCreo/CqCas/;

(IsSUABind(ssp) or ISSPABiInd(ssp)) xor ISAB(pd) => ssp IsSSPOf pd = false;
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;
SSYMNind(stype1,sn1,sdat1) ISSSPOf MIP(stype2,sn2,sdat2) =
( (stypet eq stype2) and (sn1 eq sn2) and (sdat1 eq sdat2) )

enf(snt, sdat1 ) IsSSPOf MIA(sn2,sdat2) = ( (sn1 eq sn2) and (sdat1 eq sdat2) );
'MJind(ssp) xor ISMAP(pd)) => ssp IsSSPOf pd = false;

ind(sn1,sdat1) IsSSPOf MAP(sn2,sdat2) = ( (sn1 eq sn2) and (sdat1 eq sdat2) );
'MJenf(ssp) xor (ISMAA(pd) or ISAEA(pd))) => ssp IsSSPOf pd = false;

cnf(sdat1) IsSSPOf MAA(sn,sdat2) = (sdat1 eq sdat2);

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

YNind(ssp) xor ISRS(pd)) => ssp IsSSPOf pd = false;
ind(rtype1,sn1,tkass1,sdat1) IsSSPOf RS(tkass2,rtype2,sn2,sdat2) = (rtype1 eq rtype2) af

ind(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 eq demandDk)) or

[reas eq NatNum(Dec(5))) and (uereas’eq unrecoverableError)) or
reas eq NatNum(Dec(6))) and (uereas eq nonSpecificError)) ));
(IsSPERind(ssp) xor ISER(pd)) => ssp{sSSPOf pd = false;
SPERjnd(exreas) IsSSPOf ER(rpv) =(exreas eq protocolError);

(* It islassumed that the value "non-specific error” is never passed to the SS-user. *)

— i — — — — —

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

SACTEind(actid1,sdat1)(IsSSPOf AS(actid2,sdat2) = ( (actid1 eq actid2) and (sdat1 eq sdat2) );
(IsSACTRInd(ssp) xor\IsAR(pd)) => ssp IsSSPOf pd = false;
SACTRind(actid1,actid2,sn1,srf1,sdat1) IsSSPOf AR(srf2,actid3,sn2,actid4,sdat2) =

hd

SACTDind(uereas) IsSSPOf AD(reas} = (Conv(uereas) eq reas)
(IsSACTIcnf(ssp) xor ISAIA(pd)) => ssp IsSSPOf pd = false;
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

(*
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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——RepFSBU——RepVe RepReg——RepSAR RooSAR opDaita Rop SRS
epCAltem RepConId HepToklt DatOctStr ASPDU -> Bool

RepCa HRef,RepCagRef,RepCoRef,RepAdRef: ASPDU -> DatOctStr

Repr2:|Nat -> DatOctStr Repr: DecString -> Octet

Repr: Nat -> Octet ReprSn: SSPSN ->DatOctStr
Reprto] STsAss -> DatOctStr Reprfu: SRgms -> DatOctStr
RepDet: DecString -> DatOctStr RTok: SToken,STsAss -> BitString

Bit: Bog! -> Bit

eqns forall str,str1,str2,str3,strd,str5, bstr:BitString, ds1:DecString, oct:Octet; pd:ASPDU, tokass:9TsAss,
tok:SToken, sn:SSPSN

ofsort Bool

IsCN(pg) => empty RepCAltem pd = (empty RepOpt pd) and (empty(RepTSDU pd) and
{empty RepVer pd) and (empty RepSPSN pd) and (empty RépTok pd);

(* So called default values may be associated with the Connect/Accept ltem parameter, so that if the

Connegt/Accept Item parameter group encoding is omitted, the'\peer SPM can assume these defau

values)”)

~

{sCN(pd) => (Repr(Dec(5))+
(Repr(Length(str1)+Length(str2)+Length(str3)+Length(strd)+Length(str5))+
Str1++Str2++8tr3++str4++str5)) RepCAltem ™ pd =

(str1 RepOpt pd) and (str2 RepTSBU 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;

not(IsON(pd)) => str RepCAltem pd =/false;

ISCN(pp) =>
(Repr(Dec(1))+(Repr(Length(str1)+Length(str2)+Length(str3))+str1++str2++str3)) RepConld \pd =
(str1 eq RepCagRef(pd)) and (str2 eq RepCoRef(pd)) and (str3 eq RepAdRef(pd));
IsCN(pl) => empty RepConld pd = false;
(IsCN(pd) and (oct né:Dec(1))) => (oct+str1) RepConld pd = false;
not (IsCN(pd)) =>steRepConld pd = false;
(* see NOTE %)

(" The function Repr determines the octet encoding of a natural number value and of a natural number
value représented as a string of decimal digits. Repr2 determines the encoding of the value of the YSDU
Maximum Size parameter. Below, possible encodings of the following parameters are defined: Protocol
Options, TSDU maximum Size, Version Number, Initial Serial Number, and Token Setting Item. Some of
these parameters are not mandatory (viz. 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))))+Repr8n(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
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tr eq (Repr(2+Dec(6))+(Repr(Dec(1))+Reprto(TokenSet(pd)})))) };
CN(pd)) => str RepTok pd = false;

Req defines possible encodings of the Session User Requirements parameter. *)

d) => str RepReq pd =

(Card(FUs(pd)) eq NatNum(Dec(5))) and (HD Isin FUs(pd)) and (SY IsinfFUs(pd)) and
\CT Isin FUs(pd)) and (CD Isin FUs(pd)) and (EXCEP Isin FUs(pd)) and (str eq empty)) or
tr eq (Repr(2+Dec(0))+(Repr(Dec(2))+Reprfu(FUs(pd))))) );

CN(pd)) => str RepReq pd = false;

SAP1 and RepSAP2 define the possible encodings of the Calling and Called Session Selec
tively. *)

d) => str RepSAP1 pd =

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

tr eq (Repr(5+Dec(1))+(Repr(Length(SAddress(CgAddr(pd))))+SAddress(CgAddr(pd))))) );
d) => str RepSAP2 pd =

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

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

User Data encodings are presénted below. *)

d) => str RepData pd = (\((DaDs(UserInf(pd)) eq empty) and (str eq empty)) or
tr eq (Repr(1+(9+Dec(3)))+(Repr(Length(DaDs(Userinf(pd))))+DaDs(Userinf(pd))))) );
CN(pd)) => str RepDala pd = false;

DatOctStr

to definesdhe encoding of the value of the Token Setting Item. OStr converts a bit string co
f bits to. & value of sort Octet, and function Octet converts a value of sort Octet to a value of
Str. f)

Reprto

for

nsisting
sort

tokass) = Octet(OStr(RTok(tr.tokass)++RTok(ma.tokass)++RTok(mi.tokass)++RTok(dk.tok

ass))) ;

(* ReprSn defines the encoding of the value of the Initial Serial Number parameter. The value of this
parameter should not exceed 999 999. DStr converts a bit string to its decimal digit equivalent. 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 Isin RqrTokens(tokass)) => RTok(tok,tokass) = (0+Bit(0));
(tok Isin AcrTokens(tokass)) => RTok(tok,tokass) = (0+Bit(1));
(tok Isin Choice Tokens(tokass)) => RTok(tok,tokass) = (1+Bit(0));
endtype

(*

9.2 Sessjon variables
9.2.1 Visp

Type VVRSP defines constants that represent the values of variable~'Vrsp" defined in subclause A.§.4.4 of
ISO 8327: int (activity interrupt), dsc (activity discard), a (resynchronize abandon), s (resynchronize set), r
(resynchtonize restart) and no (no resynchronization). The definition consists of a renaming of the apxiliary
type Sexfet (see 9.4.7).

*)
type VVRSP is Sextet renamedby
son‘namEs VVRSP for Sextet

opnnames int for constant1 dsc for constant2 a for constant3

s for constant4 r for constants no for constant6

endtype

(* ———
9.2.2 Vdct

Type VACT defines constants that represent the values of variable "Vact" defined in subclause A.$4.2 of
ISO 8327. One additional constant, NotApplicable, is introduced to indicate that the activity management
functiondl unit.is\not selected. The definition consists of a renaming of the auxiliary type Triplet, ihported
from ISQ/IEC/TR 9571.

o e o o e 1 9 e 1 o £ 5 P B o om0 e 0 o 4 e 5 e 5 e O e e i 1t O B e 1 *)
type VACT is Triplet renamedby

sortnames VACT for Triplet

opnnames NotApplicable for constant1 InProgress for constant2 NotinProgress for constant3
endtype

(*
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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 conditions: 1) if
extended control is requested in the SSP, then the transport expedited flow is requested in the TSP, and 2)
the transport QOS should be better than or equal to the desired session QOS.

*)
type SesTransRelations Is SessionServicePrimitive, TransportServicePrimitive

opns TCON_SCON: TSP,SSP -> Bool

eqns forall ssp:SSP, tsp:TSP, tal,ta2:TAddress, tex:TEXOption, tq:TQOS, d:OctetString ofsort Bool

not( (IsSCONreq(ssp) or ISSCONind(ssp)) and IsSTCONreq(tsp) ) => tsp TCON_SCON ssp = false;
(IsSCONTeqssp) or1IsSCONIT(ssp)) = TCONreqitat a2 ex;1q,d) TCON_SCONssp =
{ (ExtControl(QOS(ssp)) eq desired) implies (tex eq UseTEX) );

endtype

(*

9.4 Auxiliary data types

9.4.1 Data octet string

Typ¢ DatOctStr1 is a renaming and enrichment of the standard type OctetString. DatOctStr2 ¢nriches the
lattef 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 only "0"
bits if the string is empty); and

- -- that appends an octet to the back of a givenoctet string.

*)
type DatOctStr1 Is OctetString renamedby.
sorj(lames DatOctStr for OctetString opnnames empty for <>
endtype
typa DatOctStr2 Is DatOctStr1
opn
Empty: DatOctStr -> Bool First: DatOctStr -> Octet _--_: DatOctStr,Octet - DatQctStr '
eqns forall str:DatOctStr..oc:Octet
ofsqrt Bool Empty(str) = (str eq empty);
ofsart DatOctStr str--oc = Reverse(oc+Reverse(str));
ofsart Octet
Firsl{<> of DatOctStr) = Octet(0,0,0,0,0,0,0,0); First{oc+str) = oc;
endtype
(*

9.4.2 Notational shorthands for comparing natural number values in different
representations

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

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);
oc le ds1 = ToNatNum{oc) le NatNum(ds1); ds1 le ds2 = NatNum(ds1) le NatNum(ds2);
oc ge ds1 = ToNatNum(oc) ge NatNum(ds1); ds1 ge ds2 = NatNum(ds1) ge NatNum(ds2);
oc It ds1 = ToNatNum(oc) It NatNum(ds1); ds1 It ds2 = NatNum(ds1) It NatNum(ds2),
oc gtdsfi= =

oc ne d§1 = 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 gtoc ¥ n gt ToNatNum(oc); n ne oc = n ne ToNatNum(oc);
(* ToNafNum converts an octet to the natural number it represents. ™)
ofsort Nat
BitToNat(0) = 0 ; BitToNat(1) = Succ(0);

9.4.3 Mapping between octet strings of different types

Type DatConv introduces functions that allow the.mapping between octet strings of different typeg (one of
which i¢ the standard type OctetString and the othet a renaming of OctetString).

*)
type DatConv is DatOctStr1,SData,OctetString
opns
DaDs: $Data -> DatOctStr DaDs: OctetString -> DatOctStr
DsDa: DatOctStr -> OctetString

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

ofsort DatOctStr

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

DsDa(empty) =<s; DsDa(oct+dos) = oct+DsDa(dos);
endtype
(* ——

9.4.4 Mapping between octets and bit strings

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

Type MaxMinPred adds the following functions to those already defined in the standard type

Pred determines the predecessor of a given a natural number. If the argument numberds 0
ields 0;

then Pred

Max and Min are defined twice, namely for two natural number arguments and for two
ynchronization number arguments; in both cases they determine the maximum and minimum,
espectively, of their two arguments.

*)

type MaxMinPred Is SSynchronizationNumber
opns
Pred: Nat -> Nat Max,Min: SSPSN,SSPSN -> SSPSN  Max,Min: Nat,Nat ->|Nat
eqns forall s1,s2:SSPSN, nn,nn1,nn2:Nat
ofsorf SSPSN
Max(s1,s2) = s(Max(h(s1),h(s2))); Min(s1)s2) = s(Min(h(s1),h(s2)))
ofsort Nat
Pred(Q) = 0; Rred(Succ(nn))= nn;
nn1 gé nn2 => Max(nn1,nn2) = nni; nnt it nn2 => Max(nn1,nn2) = nn2;
nnt g nn2 => Min{nn1,nn2) = nn2; nnt It nn2 => Min(nn1,nn2) = nn1;
endtype
(*
9.4.6 Two-tuple, three-tuple and five-tuple
Type [Twotuple defines the formal requirements for building 2-component values and extracting the
compqgnents of these values, where the components are renamings of the standard formal type| Element.
Simildrly, type Threetuple and Fivetuple define the formal requirements for building 3-compongnt and 5-
compdgnent values, respectively, and extracting the components of these values.

—--¥)

type Twotuple Is Elementi,Element2 sorts Twotuple

First: Twotuple -> Element1 Second: Twotuple -> Element2
eqns forall e1:Elementi, e2:Element2

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

type Fivetuple is Element1,Element2,Element3,Element4, Element5 sorts Fivetuple
opns

Fivetuplp: en men

First: Fivetuple -> Element1 Second: Fivetuple -> Element2
Third: Flvetuple -> Element3 Fourth: Fivetuple -> Element4

ofsort Blement1 First(Fivetuple(e1,e2,e3,e4,e5)) = el;
ofsort Blement2 Second(Fivetuple(e1,e2,e3,e4,e5)) = e2;
ofsort Blement3 Third(Fivetuple(e1,e2,e3,e4,e5)) = e3;
ofsort Blement4 Fourth(Fivetuple(e1,e2,e3,e4,e5)) = e4;
ofsort Blement5 Fifth(Fivetuple(e1,e2,e3,e4,e5)) = e5;
endtyp

type Elgment1 is Element renamedby sortnames Element1 for Element endtype
type Elgment2 is Element renamedby sortnames Element2 for Element endtype
type Elgment3 is Element renamedby sortnames Element3.for Element endtype
type Elgment4 is Element renamedby sortnames Element4 for Element endtype
type Elament5 is Element renamedby sortnames Elerment5 for Element endtype

(* *)
9.4.7 S¢xtet

Sextet defines a sct of six constants, endowed with boolean equality.

type Sektet Is Boolean,NaturalNumber sorts Sextet

opns

constant1,constant2,constant3,constant4,constants,constanté: -> Sextet

_eq_,_n%_: Sextet,Sextet-> Bool f: Sextet -> Nat

eqns fotall x,y:Sextét-ofsort Nat

f(constapt1) = 0; f(constant2) = Succ(0);

f(constapt3) =.Succ(Succ(0)); f(constantd) = Succ(f(constant3));

f(constaht5) & Succ(f(constantd)); f(constant6) = Succ(f(constant5));

ofsort Hool

X ney=rnoixeqyj; xeqy=1xjeqiyl;

endtype

(* _____ *)

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

A SPIDU can be characterized as either outgoing (it is sent) or incoming (it is received). These [directions
are represented by two constants, send and rec, defined by type Dir. As a result of the ¢onstrairt-oriented
specification style, it is possible that a SPDU, that is generated internally by process-SSPSPDU, will have
to be discarded by process SPDUTSP. This is represented by a third constant no‘send.

*)

type Dir is Triplet renamedby
sortnames Dir for Triplet

ophnames sehd for constant1 rec for constant2 no_send for constapt3
endtype

(*

9.5.3 SPDU status

The SPDU status values that need to be distinguished for SPDU exchanges are represented |by a "bit
registgr”. Type Index defines constants that are*associated with the position of a bit in this bit register. The
interpretation of each of the bits is discussed 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 whetherbits O through 11 are set to 1;

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

- IsVaiNoDel, that chiecks whether bits O through 11 and bit 16 are set to 7;

- 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'sotts 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,b12,b13,b14,b15,b16,b17,b18,b19),0) = (b0 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),1) = (b1 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,69,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,b3,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,b3,610,b11,b12,b13,b14,b15,b16,b17,b18,b19),4) = (bd eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),5) = (b5 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,09,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),6) = (b6 eq 1);
Set(VAL(bO,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),7) = (b7 €q 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,019),8) = (b8 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,610,b11,b12,b13,b14,b15,b16,b17,b18,b19),9) = (b9 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),10) = (b10 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,09,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),11) = (b11 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,612,b13,b14,b15,b16,b17,b18,b19),12) = (b12 eq 1);
Set(VAL(b0,b1,b62,b3,b4,b5,b6,b7,b8,b9,610,b11,612,b13,b14,b15,b716,b17,b18,619),13) = (b13 eq| 1);
Set(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);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b19),15) = (b15 eq| 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,611,b12,b13,b14,b15,b16,b17,b18,b19),16)= (b16 eq 1);
Set(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);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,619),18) = (b18 eq 1);
Set(VAL(b0,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14,b15,b16,b17,b18,b619),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) arld
Sat(v,7) and Set(v,8) and Set(v,9) and Set(v,10) and Set(v,11) ;
ValidDgl(v) = Valid(v) and Reset(v, 16);
ValidNgDel(v) = Valid(v) and Set(v,16);
Winner(v) = Set(v,18) or Set(v,19);
endtyp

-

9.5.4 Transfer state

The trapsfer state values that need to be distinguished for SPDU exchanges, represented by interactions at
gate p, pre defined by type TrPhase. The interpretation of these values is discussed in 10.1.2.2. In pddition,
an auinary function, tr, is introduced for:mapping the values on natural numbers, and a nymber of
functions for comparing two transfer state-values.

*)
type TrPhase is NaturalNumber sorts TrPhase
opns
tr: TrPhase -> Nat 0,1,2,3,4,5,6: -> TrPhase
_eq., he_, gt , le ,(It", _ge :TrPhase, TrPhase -> Bool

eqns forall p1,p2:TrPhase

ofsort Nat

r(0) = @§; tr(1) = Succ(0); tr(2) = Succ(tr(1)); tr(3) = Succ(tr(2)),
tr(4) = $ucc(tr(3)); r(5) = Succ(tr(4)); tr(6) = Succ(tr(5));

ofsort Boo/

p1 eq p2=trfpl) eq tr(p2); pilne p2 =tr(pt) ne tr(p2); plle p2 = trpl) lo trip2);
p1gep2=tripl) ge tr(p2); p1ltp2 =tr(pl) it tr(p2); p1gtp2 =tr(p1) gt tr(p2)

endtype

(*

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.
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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
protocol constraints on the exchange of SPDUs consistent with the state tables description in annex A of

ISO 83

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

RF-

*)
process STPMs,t](spei:SPEImplementation): exit :=
( SSP1SP[s,t] || ( hide p in ( SSPSPDUJs,p] [[p]] SPDUTSPp,t] |[[p]] SPDUConstraints[p](spei) ) )
) > ex
endprac
(*
10.1.2[Some comments on the interactions at the protocol-gate
Two cqmponents of the internal event structure, i.e. of interactions at the protocol gate p, need sonje further
explangtion, viz. the SPDU status (see 9.5.3) and the transfer state (see 9.5.4).
10.1.2]1 Status of incoming SPDUs
The stjtus (validity) of an incoming SPDU.is'not determined in one process but simultaneously in several
procesdes synchronizing at the p gate; each process then imposes its partial constraints. The sum|of these
partial constraints constitutes the total constraint which has to be satisfied.
In order to model this summation; the SPDU status component is interpreted as a "bit register”. [Each bit
"belongs" to a particular process and is set or reset by that process depending on whether thjs SPDU
satisfie§ the partial constraints imposed by the process manipulating that bit.
The "bift register” consists of 20 bits, numbered from O through 19, with the following meaning:
0: Set tp 0if any of the following conditions hold (set to 7 otherwise):
-| receipt of an extended concatenated sequence of SPDUs when no extended concatepation is
allowed on the receiving flow;
ipro DT or T cd on 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: Idem for constraints related to "Vrsp" and "V(R)".
11: Idem for the SPDU temporal ordering constraints
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: Set to 1 if an incoming SPDU does not lead to the execution of the corresponding SSP (otherwise 0)
17: Set i i Fwise-6):

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

- queuing of an EX SPDU while in either of the state tables states STA15C or STAO2A;
00 many PR SPDUs in the queue.
18, 19: et to 7 to signal that the "SPMwinner” condition is true (otherwise 0).

10.1.2.2 SPDU transfer states

A particplar value of the transfer state component indicates one of the stai¢sof the state tables in annex A
of ISO 8327, or a collection of such states. The transfer state is kept track' of by one of the subprodesses of
SPDUCpnstraints, namely SPDUOrd (see 10.5.5) which handles the pure ordering constraints of SPDUs.

Usually| the transfer state component is relevant for incoming SPDUs only. In one instance, howeper, it is
used for] an outgoing SPDU as well (viz. a DN SPDU). In this case another subprocess of SPDUCohstraints
(viz. VlfrCon, see 10.5.6.2, which imposes constraintson SPDU exchanges related to "Vtrr") fises the
transfer|state component to inform SPDUOrd aboupsthe transfer state that is valid for the next ihcoming
SPDU. Below, the correspondence between the seyen possible transfer state values and the protogol state
tables states is listed for each relevant incoming SPDU (for some incoming SPDUs there is no|need to
know, 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 *
AD,AI 16,1 * 6,15B,15C
FN,DN 16,1 3 *
ADALAJA 1,16 5B,5C *
RA 1,16 5A *
MAPMIP,AE 1,16 713 *
MIA 1,16 3,713 4,15A *
RS 1,16 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
kk 1’16 %
* stands for all other states not explicitly mentioned in the corresponding row of the table.

ok 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.

Once : OS of the
TC, 2)) the availability of the transport expedited flow and 3) a boolean indicating whether the SHM was the
initiator or acceptor of the TC.

Establishment of a SC can be abruptly terminated either by the SS-user by means ofa S-U-ABORT request,
or by(the TS-provider by means of a T-DISCONNECT indication.
, @

process SSPTSP[s,1]: exit .=
7sa:SAddress ?si:SCEI ?ssp:SSP; (*SCONreq”)
?ta:TAddress ?ti:TCEI 2tsp:TSP [tsp TCON_SCON ssp]; SSPTSP[s,t]
] ?ta:TAddress ?ti:TCEI ?tcn: TSP [IsTCONconf(tcn) or IsSTCONresp(tcn)];
choice tq:TQOS, tex:TEXOption [] [(tex ISTEXOption®f tcn) and (tq IsTQOSOf tcn)] ->
SSPTSP1[s,tj(tq,IsTCONresp(tcn),tex) )
i ?sa:SAddress ?si:SCEI 7ssp:SSP [IsSUABreq(ssp)];
?ta:TAddress ?ti:-TCEI ?tsp:TSP [IsTDISreq(tsp)]-exit
I ?ta:TAddress ?ti:TCEI 2td:TSP [IsTDISind(td)};
?sa:SAddress ?7si:.SCEI ISPABind(transportDisconnect); exit
[ ?ta:TAddress ?ti:-TCEI ?tsp:TSP [IsTCONind(tsp)]; SSPTSP[s,t]
endpgroc

(*

Re-uge of an existing TC is only possible if the (implicit) requirements derived from the S-CONNECT
servi¢e primitive are "upwards ;compatible" with the characteristics of the TC. This notion |of upward
complatibility has not been formalized. ‘

A T-PDISCONNECT (indication will cause a S-P-ABORT indication with the Reason parameter equal to
"trangport disconnect” to be executed at the SS boundary.

)

process SSPTSP1[s,tl(tq:TQOS, Vica:Bool,tex:TEXOption): exit =
F choice ssp:SSP, tal,ta2:TAddress, d:OctetString []
[ ( (TsSCONind(ssp) or IsSCONreq(ssp)) implies (TCONreq(ta1,ta2 tex,tq,d) TCON_SCON ssp) )
and (Vtca implies not(IsSCONreq(ssp))) and (ssp ne SPABind(transportDisconnect)) ] ->
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
¢+

44


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

ISO/IEC/TR 9572: 1989 (E)
10.3 Relation between SSPs and SPDUs

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

SSPSPPUCon performs the following functions:

- [it keeps track of the session (protocol) variable "V(M)" and ensures that the synchronization point
s¢rial number in a S-RESYNCHRONIZE (abandon) indication is equal to the maximum of "V(M)"
nd 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 exist,
ntil it has been determined that the TC is to be kept for re-use.

=4

=]

)

process SSPSPDUCon[s,p]: noexit := VMCon[s,p](s(Succ(0))) || SPCon[s,p] endproc

process VMCon[s,p](VM:SSPSN): noexit :=
cl'Fice PAd:ASPDU,fl:TFlow,d:Dir,sn:SSPSN,v:Validity,st:TrSTate []
[( {d eq rec) implies ValidDel(v) ) and (sn eq SPSN(pd))] ->
{ | [IsAC(pd) or IsAS(pd) or IsRA(pd)] -> p Iod Ifl Id v Ist; VMCon[s,p](sn)
[ | [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 vist; VMConfs,p)(s(Succ(h(VM))))
[] | [aeq ResynType(pd)] -> p Ipd !l Id lvist; VMCon[s,p](Max(VM,sn))
[1| [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 lv Ist; VMCon[s,p](VM)
)
[] choice ssp:SSP [] [IsSSRSYNind(ssp) and (a IsResynTypeOf ssp) implies (VM IsSPSNOf ssp)f ->
s Tsa:SAddress 7si:SCEl Issp; VMCon|s,p}(VM)
endproc
G .

In ordet to constrain.the execution of a new S-CONNECT request following termination of the SC, SPCon
and SPLonAA 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 thaf the idle
TC statg is€ntered 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]

)
[l s ?sa:SAddress ?si:SCEI 7ssp:SSP; SPCon[s,p]
endproc
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process SPConAA[s,p]: exit =

cholice pd:ASPDU,fl: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

proce

ss WaitForDisableExit[p]: noexit .=

P ?p:ASPDU 7?f:TFlow ?d:Dir ?s:Validity ?st:TrState; WaitForDisableExit[p]
endproc

(*

10.3.2 Constraints on transformations between SSPs and SPDUs

Besidgs transforming SSPs to SPDUs and vice versa, SSPSPDU takes care of the the

constr

Down

ints:

- a valid incoming GTC SPDU will generate an outgoing GTA SPDU;

- an invalid incoming SPDU could generate an outgoing AB SPDU (indicating a protocol
will Iead 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 4
[segmenting (if sclected) correctly;

- a valid incoming MAA or AEA SPDU will lead to the execution of either a S-SYNCH]|
[MAJOR or a S-ACTIVITY-END confirm;

- certain incoming or outgoing SPDUs cause stored-PR SPDUs to be dequeued. In certain
number and/or prepare type of the stored SPDUSstare invalid. In such a case, if the dequeug

Subsequently, a S-P-ABORT indication could’be issued and an AB SPDU transmitted.

Flow models the transformation of SSPs to SPDUSs. UpFlow defines the relationship betwee

SPDUs and the corresponding SSPs. Certain incoming SPDUs lead to the generation of an outgoi

following

crror) and
0 perform
RONIZE-

cases, the
ing event

was an incoming SPDU, the SSP corresponding to the incoming SPDU is execyted first.

h received
hg SPDU.

This i§ modelled in process TwoWay. OctetFlow deals with data octets of S-DATA and S-TYPED-DATA
primitjves, DT and TD SPDUs, and-segmenting.

*)
process SSPSPDUTran]s,p]: noexit :=

_ ( DownFlow[s,p] || UpFlow[s,p](NULL) || OctetFlow(s,p] ) [[p]| TwoWay[p]

endpiroc
(*
The S¢ssion 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 cpnvenient

description of segmenting and the possibility of starting the transmission of DT or TD SPDUs even if the
complete SSDU has not yet been received. Furthermore, the receipt or delivery of SSDUs can then 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
DownFlow itself may not always add additional constraints to these events. In such cases the events are
included to prevent the specification of unintended deadlock. This is a characteristic of the constrained-
oriented FTyle of specification. The same remark applics 10 the other subprocesses ol SSPSPUUTTaR.

*)
process|DownFlow[s,p]: noexit :=
chaice ssp:SSP [] [not(IsSDATO(ssp) or IsSSDATE(ssp)) and IsReq(ssp)] ->
s 73a: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
) >3
( | p ?p0:ASPDU ?f:TFlow ?d:Dir ?v.:Validity ?st:TrState
[not (d eq rec) and (p IsPDUOf ssp)]; DownFlow(s,p]
)

[ P ?D:ASPDU ?f:TFlow ?d:Dir ?v:Validity ?st:TrState

[(d eq rec) or IsPAB(p) or IsAA(p) or IsGTA(p) or IsDT(p) or IsTD(p)]; DownFlow(s,p]
[l ( | choice ssp:SSP [] [Isind(ssp) or IsSSDATO(ssp)or IsSDATE(ssp)] ->

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

endprog
(*

SPDUs which are meant to be ignored do net cause a SSP to be executed. Invalid incoming SPDUs could
prompt the execution of a S-P-ABORT ‘indication unless the SC has already ceased to exist. Absence of a
SC is inglicated by transfer state value,0. When a valid incoming RS SPDU is received, and there|are too
many queued PR SPDUs, then bit ;17 of the SPDU status parameter is reset. The S-RESYNCHRIONIZE
indicatioh is subsequently executed, possibly followed by the transmission of a provider generated AB
(specifiefl in TwoWay) and the execution of a S-P-ABORT indication.

—— *)

process| UpFlow[s,pj(expds:ASPDUs): noexit :=
chqice pd:ASPDU.fi: TFlow,v:Validity,st:TrState []

p lpd)ifl ?d:Dir Iv Ist [not(d eq rec)];

(< [IsPAB(pd)] -> s ?sa:SAddress ?si:SCEI ?sp:SSP [sp IsSSPOf pd]; UpFlow[s,p](NULL)

[l [{IsMAA(pd) or ISAEA(pd)) and ValidDel(v)] -> p Ipd ifl Irec Iv Ist;
( choice ssp:SSP [] [(Set(v,15) iff ISSACTEcnf(ssp)) and (ssp IsSSSPOf 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 Ipd !fl 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(p]: noexit .=
choice pd:ASPDU,fi:TFlow,v:Validity,st: TrState []

( ] lrec-Ivlst;

p ?p:ASPDU ?fI1:TFlow Isend ?v1:Validity ?st1:TrState [IsGTA(p)]; TwoWay[p]
[] VIsAB(pd) and Valid(v)] -> p Ipd !fl Irec Iv Ist;
D ?p: ASPDU ?f11:TFlow Isend ?v1:Validity ?st1:TrState [IsAA(p)]; TwoWay|(p]
[1  {Valid(v) implies (DequeuingPDUs(pd) and Sel(v,17))] -> p lod 'fl frec Iv Ist;
( choice p:ASPDU,fl2:TFlow,v2:Validity,st2:TrState []

[IsPAB(p)] -> p Ip ifi2 Isend Iv2 ist2; TwoWay(p] [] I (* ignore erroneous SPDU *); TwoWay(p] )
[l  [|[not( (Valid(v) and IsAB(pd)) or (IsGTC(pd) and ValidDel(v)) or
(Valid(v) and DequeuingPDUs(pd) and Set(v,17)) )] ->
p Ipd ifl Irec Iv Ist; TwoWay|[p]
[1 |[not(isPAB(pd) or IsGTA(pad) or ISAA(pd))] -> p Ipd ifl ?d:Dir Iv Ist{not (d eq rec)]; TwoWay],
)

endproc
(*

\J

]

In OctetFlow the Maximum TSDU Size value for the sending flow in support of the prepent SC is
determined. MtsRecFlow and MtsSendFlow yield therMaximum TSDU Size value for the regeiving and
sending flow, respectively, of the SPM which had$ent the CN or AC SPDU. Process OctFlo, pajameterized
with fhis value, then describes the subsequent behaviour.,

*)
process OctetFlow/s,p]: noexit ;=
choice pd:ASPDU.fl:TFlow,v:Validity,st:TrState []
( IsCN(pd) and ValidDel(v)] ->

Ipd il Irec Iv Ist; ( choice mt:Nat [] [mt eq MtsRecFlow(pd)] -> OctFlo[s,pJ(mt) )
{1 {IsCN(pd)] -> p lpd Ifl Isend Iv Ist; ( choice mt:Nat [] [mt eq MtsSendFlow(pd)] -> OctFlofs,pj(mt) ) .
[l [not(IsCN(pd))] ->(plpd !fl 2d:Dir Iv Ist [(d eq rec) implies ValidDel(v)]; OctetFlow[s,p] )
)

endproc
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process OctFlo[s,p](mOld:Nat): noexit :=
choice pd:ASPDU,fl:TFlow,v:Validity,st:TrState,ssp:SSP,oct:Octet,mt:Nat []
(  [IsCN(pd) and ValidDel(v) and (mt eq MtsRecFlow(pd))] -> p lod ifl Irec Iv Ist; OctFlo[s,p)(mt)
[  [IsCN{pd) and (mt eq MtsSendFlow(pd))] -> p lpd 'fl Isend Iv Ist; OctFlo[s,p](mt)
[  [IsAC(pd) and ValidDel(v) and (mt eq MtsRecFlow(pd))] -> p lpd!fllrecivist; OctFlo[s,p](Min(mOid,mt))
[l  [IsAC(pd) and (mt eq MtsSendFlow(pd))] -> p lpd !fl Isend Iv Ist; OctFlofs,p]( Min(mOild,mt) )
[] s ?sa:SAddress ?si:SCEI ISDATOreq(oct); SendSDO[s,p](Octet(oct) of DatOctStr,mOld,true)
[] s ?sa:SAddress ?si:SCEI ISTDOreq(oct); SendSTDO[s,p](Octet(oct) of DatOctStr,mOld,true)
[l  [IsDT(pd) and ValidDel(v)] -> p lpd Ifl Irec Iv 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) )
[l  [IsTD(pd) and ValidDel(v)] -> p ipd !fl Irec Iv Ist;
( choice dt:DatOctStr,encit:Encit [] [(dt eq DaDs(Userinf(pd))) and (encit eq Encltem(pd))] ->
DeliverTD[s,p](dt.encit) >> OctFlo[s,p](mOid) )
[]  [nol(IsSDATO(ssp) or IsSSTDO(ssp))] -> s ?sa:SAddress ?si:SCEI Issp; OctFlofs,p)(mOla)
[1  [not(IsAC(pd) or ISCN(pd) or IsDT(pd) or IsTD{pd))] ->
p Ind !l ?2d:Dir Iv Ist [not (d eq rec)]; OctFlo[s,p](mOld)
[1  [nof(ValidDel(v) and (IsDT{(pd) or ISCN(pd) or ISAC(pd) or IsTD(pd)))] ->
p Ind il Irec Iv Ist; OctFlofs,p}(mOld)
)

endpro¢

SendSOO describes the processing of normal data octets until a complete SSDU is transmitted, either as a
single SPDU, or as a sequence of SPDUs if segmenting is allowed. SendSTDO does the same fgr typed
data octgts. The way segmenting is carried out (i.e. the way in shich data octets are combined into| several
DT or TD SPDUs) depends on the value of the maximum FSDU size, mt, but apart from that|is non-
determirjistic. Processing of octet requests can be interrupted, either by a disruptive SSP (e.g.|a S-U-
ABORT]| request) or by a disruptive incoming SPDU (e:g-"an AI SPDU).

NOTE - The total length of the encoded DT SPDU is the sum of the number of data octets and the number pf octets
for encoding the SI and LI fields of the SPDU (2 gctets) and the PI, LI and PV fields of the Enclosure Item pprameter
(3 octets). This total length should not exceed the\TSDU Maximum Size value for the sending flow.

Deliver}T describes the execution .of @ S-DATA indication as the delivery of a sequence of norpal data
octets. If has two parameters: on¢ representing a sequence of S-DATA-OCTET indications and the other
the value of the Enclosure Item. parameter. Analogous to SendSDO, DeliverDT can be interrupted by a
disruptiye event caused either by the SS-user or by an incoming SPDU. DeliverTD describes the execution
of a S-TIYPED-DATA indication in a similar way.

*)
process SendSDO[s,p](str:DatOctStr,mt:Nat, first:Bool): noexit :=
s %sa.SAddress ?si:SCEI ISDATEreq;

choice et:Enclt,sdat.SData []

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)

) )
[1  (Interrupt_OFlo[s,p] >> OctFlo[s,p}(mt) )
endproc
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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)
] [mtneQ]->1I
p IASPDU(td, TD(ei,str)) Inormal ?d:Dir v:Validity ?st:TrState
[not (d eq rec));
SendSTDO[s,pj(String(oct),mt, false)
) ) ) )
[]  Interrupt_OFlofs,p] >> OctFlofs,p](mt)
endproc

process DeliverDT[s,p](str:DatOctStr,et:Enclt): exit :=

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

[ [str ne empty and (str eq (oct+s2))] -> s Isa Isi ISDATOind(oct), DeliverDT[s,p](s2,et)
)
[l  Interrupt_OFlo[s,p]
endproc

s DeliverTD[s,p](str:DatOctStr,et:Enclt): exit :=

[ [I AB(pd) or IsRS(pd) or IsAD(pd) or IsAI(pa) o} IsER(pd) or ISED(pd) or (res eq PrepType(pd))] ->

10.4 KJelation between SPDUs and TSPs

The relationship between SPDUs and TSPs is described by the composition of three processes that can be
disabled by the occurrence of a T-DISCONNECT indication. SPDUTSPI models the mappings between
SPDUs and TSPs. Constraints related to "Vtca" and the availability of the transport expedited flow are
imposed 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 SPDUTSP[p,1]: exit :=

( SPDUTSP1[p,t] [lo]f TCONVarip,t] l[p]| Timer[p,t])

[> t 2ta:TAddress ?ti:TCEI ?tdis: TSP [IsTDISind(tdis)]; exit
endproc

(*
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SPDUTSP1 consists of three synchronizing processes:
- 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.

)

process[SPDUTSPTIp 1 oexit =
TSPtoSRDUIp,t] [[p]] SPDUtoTSPIp,t](false,0 of Nat,NULL) [[p]| Int_BP][p]
endproc

(*

10.4.1 (onstraints on transformations from TSPs to SPDUs

. The constraints on transformations from TSPs to SPDUs arc described in@wo separate processps, viz.
TDTtoSRDU for the T-DATA indications, and TEXtoSPDU for the T-EXPEDITED-DATA indigations.
RPValis|composed in conjunction with the latter two processes in order(to be able to constrain the yalue of
the Refldct Parameter Values parameter value of an ER SPDU that is-transmitted following receigt of an
invalid SPDU.

*)
process| TSPtoSPDUIp,t]: noexit ;= ( TDTtoSPDU[p,t)(0 of Nat,false) ||| TEXtoSPDU[p,t] ) || RPVal]]
endproc

(*

J

]

TDTtoS‘IgU checks whether all constraint§’which are related to valid concatenation, segmenting,
maximym TSDU size as well as encoding are satisfied in T-DATA indications. TEXtoSPDU checks
whether] the incoming SPDUs have.been correctly encoded in T-EXPEDITED-DATA indicgtions.

If an ext¢gnded concatenated sequence of SPDUs is received while no extended concatenation is allgwed, if
' invalid segmenting is detected, or if the maximum TSDU size is exceeded, this will be signglled by
resetting| certain bits in the SPDU status component (see 10.2.1). The function ErrCodStr is ysed to
determipe the validity of encodings (see 9.1.4.3).

Even if the TC isnot to be re-used, the SPM may decide, as a local implementation matter, either to [send an
AA SPDU upon receipt of an AB SPDU, or to execute a T-DISCONNECT request (described in ExecTDr
below). THis is not included in the state tables of ISO 8327 but is mentioned in the accompanyjng text
(clause 7-8-2) Following traismission of the AA SPDU, a T-DIS T isexecuted (See also
10.4.2).

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);

( choice pds:ASPDUs [] [Decode(DaDs(str)) eq pds] ->
(ValSegm|[p](MTRF) || ReceivePDUs[p,t](pds) || CONCandTSDUSize[p](pds,DaDs(str), MTRF,XConc))
>> accept mt:Nat,ExtConc:Bool in TDTtoSPDU[p,tj(mt,ExtConc)

)
endprpc

process TEXtoSPDU[p,t]: noexit :=
choice dstr:OctetString [] t ?ta:TAddress ?ti.TCEI ITEXind(dstr);

( choice pds: ASPDUs,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(pd)]; 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 lrec Iv Ist{IsDUM(pd)]; TEXtoSPDU|p,1]
) ) )
wher

process OptionAA[p,t]: exit := i; p IAA ?f:TFlow Isend ?v:Validity ?st:TrState; stop [] ExecTDrt] pndproc
endpipc (* TEXtoSPDU *)

process ValSegmip](mtrf:Nat): exit(Nat,Bogl) :=

cholce p:ASPDU,fl:TFilow,d:Dir,v:Validity,st: TrState []

( [id eq rec) implies not(IsTD(p) orisPT(p))] -> p Ip i Id Iv Ist; ValSegm{p](mtrf)
[l  [$sTD(p) or IsDT(p} and (ValidSegmenting(mtrf,p) iff Set(v,0)}] -> p Ip !fl Irec Iv Ist; ValSegmip)(mirf)
[ it(any Nat,any Bool)
)

endprpc

process ReceivePDUs[p,tl(pds: ASPDUs): exit(Nat,Bool) :=
choice pd:ASPDU;y:Validity,st: TrState []

( [1ASPDUs(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)] ->
[l  [Set(v,0)] -> p pdu Inormal Irec Iv Ist;

( [not(IsTDr(v}) and (pdus ne NULL)] -> ReceivePDUs[p,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)
U in K
[]  [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,ASPDUs(p2)))]
exit(p3,pdus)

»

>

)
[l  [(n eq NatNum(Dec(4))) and
(pdus eq Concatenate(p1,Concatenate(p3,ASPDUs(p4))))] -> exit(Second(pds),pdus)
) o)) )

endprac

(*

Proces§ CONCandTSDUSize checks whether the length of thédeceived octet string exceeds the negotiated
maximym and whether the concatenated sequence is valid_The latter depends on the value of the|Protocol
Optiong parameter in the CN (initiator side) or AC (responder side) SPDU.

___*)
process CONCandTSDUSize[p](pds:ASPDUs,str:DatOctStr,mtrf:Nat, XConc:Bool): exit(Nat,Bool) |=

choice|pdu:ASPDU fl:TFlow,v:Validity,st: TrState []
( [Reset(v,1)] -> p Ipdu !fl Irec v Ist; exit(mtrf,XConc)
[l [Set(v,1) and
((Length(str) le mirf) and IsValidConc(pds) and (IsXConcal(pds) implies XConc) iff Set(v,0)}] -
( |  [Set(v,0)] -> SPDUExchahge[p](mtrf,XConc)
[]| [Reset(v,0)] -> p ?pd:ASPDU !fl irec Iv Ist [IsDUM(pd)]; exit(mtrf,XConc)

\'4

)
[l plpdu ifl 2d:Dir Iv Ist [not(d eq rec)]; CONCandTSDUSize[p](pds,str,mtrf, XConc)
)
endprqgc

(*
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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)
[l  [IsCN(pd)] -> p Ipd 'fl Isend Iv Ist; SPDUExchange[p](MtsRecFlow(pd),ProtOptions(pd))
[  [IsAC(pd)] -> p Ipd !fl Isend lv Ist;
Nat=Ht - ; fors{pd)) )
[l  [1sCN(pd) and ValidDel(v)] ->
p Ipd !fl Irec Iv Ist; SPDUExchange[p](MtsSendFlow(pd),XConc)
[l  [IsAC(pd) and ValidDel(v)] -> p Ipd !fl irec Iv Ist;
( let Mts:Nat = Min(MtsSendFlow(pd),MTRF) in SPDUExchange[p](Mts;XConc) )
)
[l [IsTD(pd) or IsDT{pd)] -> p lpd !fl Id Iv Ist; SPDUExchange[p](MTRF,XConc)
)
[l exit{(MTRF,XConc) ‘

endprqc

process ExecTDrft]: exit := t ?ta:TAddress ?ti: TCEI ?tdr:TSP [IsTDISreq(tdr)); exit endproc
(*

RPVal letermines the value of the Reflect Parameter Values'parameter of an ER SPDU to be transmitted. If
a receiyed octet string is an invalid encoding, the erronieous string is transmitted up to and incleding the

invalid|octet. If the received string represents an invalid'concatenation or if the string is too long, the whole
string ip transmitted. If a received SPDU is determinied to be invalid by ValSegm or by any process outside
TSPto$PDU, the complete encoded SPDU is transmitted.

*)
process RPValp,l]: noexit :=

( RPVN[p,t](empty) |[p]| RPVE[p,tl(empty) || RPVD[p] )
[> t 2ta-TADDR 2ti:TCE| ?tsp:TSP fIsTDISreq(tsp)]; RPVallp,i]

endproc
X @

If an incoming SPDUs found to be correctly encoded, as part of a correctly concatenated SPDU gequence,
it is offered as anen-dummy SPDU at gate p. It is still possible that the SPDU is regarded invalid by one or
more of the other synchronizing processes; in such a case the SPM may decide to transmit an T SPDU

contairfing ‘the' octetstring that is the encoding of the invalid SPDU. RPVN ensures that th¢ Reflect
Paramgqter‘Values parameter of the transmitted ER SPDU contains this octetstring. In case the next action,
following receipt on the transport normal flow of an invalid non-dummy SPDU, is not the transmission of
an ER SPDU, it is assumed that the SPM has decided not to transmit an ER PDU. RPVE is analogous to
RPVN, except that it handles SPDUs received on the transport expedited flow.
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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

process RPVNI1[p](OldStr,NewStr:DatOctStr): exit :=
choice gd:ASPDU.f:TFlow,d:Dir,v:Validity,st:TrState []
{ p!ASPDU(er,ER(OIdStr)) If Isend Iv Ist; exit
[1  [(d he rec) and not(IsER(pd))] -> p lpd If Id v Ist;
{ | [not(Empty(NewStr))] -> RPVN1[p](OldStr,NewStr)
[] | [Empty(NewStr)] -> exit )
[ ( | choice st1,st2:DatOctStr [] [(st1 IsEncOf pd) and (NewStr eq (st1++st2))] ->
p Iod Inormal Id Iv Ist; RPVN1[p](st1,s12)
Il | plpd lexp Id v Ist; RPVNI1[p}(OldStr,NewStr)
) )

endproc

process RPVE[p,t](estr:DatOctStr): noexit :=

( choice dstr:DatQctStr [] t ?ta:TADDR ?ti:TCEI ITEXind(dstr);-RPVE[p,t](dstr) )
[ { | choice pd:ASPDU,fI:TFlow,d.Dir,v:Validity,st:TrState {}
(  [(d eq rec) implies (fl eq normal)] -> p lpd !l ld\ly)Ist; 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; RRVE1[p,t](estr,empty)
) |)

endprog

process 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(NewSfr) )
[l (choice dstr:DatOctStr [] t ?ta:TADDR ?ti:TCEI ITEXind(dstr); RPVE1[p,tJ(OldStr,dstr} )
endprod

(*

In case pne of the subprocesses of TSPtoSPDU can decide that a SPDU is invalid, a dummy SPDU is
offered 4t gate p containing the erroneous octetstring. The SPM may decide, upon receipt of such a SPDU,
to transrhit an ERSPDU with the Reflect Parameter Values parameter containing the invalid octgtstring.
This is gnsured by RPVD. It is assumed that if the next action is not the transmission of an ER SPPU, the
SPM hag decided not to transmit the ER SPDU.

- *)
process RPVD[p]: noexit :=

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 SPM
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;

(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 separation of
concerfis by wiil Vi T cpara correcmess of incoming S. Together they

ensurethat 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 cpnstraints on transformations from SPDUs to TSPs impose that the mostrecent outgoing SPDU is
either [concatenated to a sequence of stored SPDUs (represented by ConcPDUS) or transmitted separately
after the transmission of the present concatenated sequence. Which altemative is chosen depends on the
TSDU maximum size and the value of the extended concatenationvoption but is otherwise non-
deterministic. Each class of outgoing SPDUs is handled in a-separate subprocess of SHDUtoTSP
(SenaPREP, SendABA, etc.). These subprocesses may invoke process SendConcPDUs which taKes care of
appenfling a PT or GT SPDU to a concatenated sequence of SPDUs. The concatenated segquence is

subsequently encoded according to the rules in clause 8 of ISO 8327.

process SPDUtoTSPIp,tj(SendXConc:Bool MTSFNat,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(SendXCone,ConcPDUs,MTSF)

Rest_of PDUs1[p,t}(SendXConc,ConcPDUs,MTSF)

Rest_of _PDUs2[p;t}(SendXConc,ConcPDUs,MTSF)

) >> accept CncPDs:ASPDUs in SPDUtoTSPIp,tj(SendXConc,MTSF,CncPDs)

Soommgetm

)
[ B ?pd:ASPDU ?fI.TFlow Ino_send ?v:Validity ?st:TrState;
S$PDUtoTSPIp,tj(SendXConc,MTSF,ConcPDUSs)
[l A 7pd:ASPDU-ZfI:TFlow Irec ?v:Validity ?st:TrState [not(ValidDel(v) and (IsSAC(pd) or IsSCN(pti))];
(| [not(lsAB(pd) and IsTDr(v) and Valid(v))] -> SPDUtoTSP|p,t](SendXConc,MTSF,ConcPDUs)
[I [I1sAB(pd) and IsTDr(v) and Valid(v)] -> SendAA[p,t] )
Il  (|RecACorCNIp](MTSF) >> accept Mts:Nat,SndXCnc:Bool in SPDUtoTSPIp,t}(SndXCnc,Mts,NULL) )
[l  (|SendACorCNp,ti(MTSF) >> accept Mts:Nat in SPDUto TSP|p,t](SendXConc,Mts,NULL) )
endproc
(*
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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

) >>t ?ta:TAddress ?ti:TCEI ?tsp:TSP [IsTDISreq(tsp)]; stop

endproc

(*

Processgs RecACorCN and SendACorCN deal with the valid exchanges of CN and AC -SPOUs and
determine the resulting maximum TSDU size for the TC. Also it is established whether or not the pger SPM
is willin[L to accept an extended concatenated sequence of SPDUs.

The maximum TSDU size parameter in the CN or AC SPDU consists of two values, each applicable to one
directiom of flow. MtsRecFlow determines the value corresponding to the recciving flow of the SPM which
sent the [SPDU (here, the peer SPM). The value which will be applicable. for the lifetime of the SC, is the
minimum value of the values proposed by the SPM and its peer SPM.

*)
process RecACorCNJpj(mts:Nat): exit(Nat,Bool) :=

choice 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 Istyexit(Min(mt,mts), XC)
)

endpro¢

proces$ SendACorCN|p,tj(mts:Nat): exit(Nat) :=
choice pd:ASPDU, fl:TFlow,v:Validity,;st:TrState,epd.OctetString, mt:Nat []
[DaDs(gpad) IsEncOf pd and (mt eq MtsSendFlow(pd))] ->
{ [IsCN(pd) or IsAC(pd}] -> p Ipd Il Isend v Ist;

t ta:TAddress ?ti:-TCEL!TDTreq(epd);

( [[6CN(pd)] -> exit(mt)[] [ISAC(pd)] -> exit(Min(mt,mts)) )
)
endprog

If a concatenated sequence of SPDUs can only be concatenated to a GT SPDU with no Token Item
parametery this sequence is directly transmitted with the dummy GT SPDU appended to it. Otherwise,
SendConcPDUs is invoked and the concatenated sequence is passed on as an argument. SendConcPDUs
describes the possible concatenation of the given sequence to 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.

57


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

ISO/IEC/TR 9572: 1989 (E)

)

process SendConcPDUs(CPDs:ASPDUs,SendXConc:Bool): exit(DatOctStr) :=
[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

)
[not(SendXConc) and (CPDs eq ASPDUs(pd)) and (IsER(pd) or IsED(pd) or ISACK(pd) iff
IsPT(TokPd))] -> exit

) >> Encode(asp)

)
[l [CPDs eq NULL] -> exitl(Empty)

endprpc

proce$s Encode(asp:ASPDUSs): exit(DatOctStr) := Encoder(asp,empty) where
s Encoder(asp:.ASPDUs,str:DatOctStr): exit(DatOctStr) :=
sp eq NULL] -> exit(str)

proce
[
I/
endpr
ehdpr

sp ne NULL] -> ( choice epd:DatOctStr [] [epd IsEncOf First(asp)] -> Encoder(Rest(asp),stf++epd) )

pC

be (* Encode *)

(*

SendA

REP deals with outgoing PR SPDUs. SendABA handles outgoing AB and AA SPDUs.

*)

proce

(

-~

) )
endpri

proce
choic:
p lpd 1
( [
i M

)
endpr

s SendPREP[p,t](SendXConc:Bool,ConcPDUSASPDUSs): exit(ASPDUSs) :=

p ?pd:ASPDU ?fl:TFlow Isend ?v:Validity ?st:TrState [IsPR(pd)];
ndConcPDUs(ConcPDUs,SendXConc) >x 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)

DC

DC

S SendABA[p,1]: exit(ASPDUs) :=

pd:ASPDU,epd:OctetString [] [DaDs(epd) IsEncOf pd and (IsAB(pd) or IsAA(pd))] ->
fl:TFlow Isend ?v:Validity ?st:TrState;

eq exp] -> t ?ta:TAddress ?ti:TCEI ITEXreq(epd); exit(NULL)

eq normal] -> t\?ta:TAddress ?ti:TCEI ITDTreq(epd); 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 []
[DummyPTorGT{(GorPT) and (apd eq (GorPT+ASPDUs(pd))) and (ISER(pd) or IsED(pd) or
ISACK{(pd) iff IsSPT(GorPT))] ->

eapd-DatoctsStrin

( 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))

) ) |)
endpro¢
(*

SendPT|and SendGT deal with the transmission of PT and GT SPDUs respectively, which have been
construdted as a result of an SS-user request. These SPDUs can be concatenated to a (sequence of) SPDU(s)
or they Ilave to be transmitted separately. In the case where both alterniatives are possible, the choicg is non-
deterministic and is modelled by an internal event, '

If the sefjuence of SPDUs does not consist of just one acknowledgement SPDU, it has to be sent separately.
The progess subsequently terminates, exporting value NULL to indicate that there are no SPDUs pending for
concatenation.

In Send[aT, the function CL is used to check whether a given SPDU contains a complete SSDU on the last
segment| of a segmented SSDU. A DT SPDU may contains a complete SSDU if: 1) the Enclosyre Item
parametgr of the SPDU is absent, or 2)-the parameter is present but its first bit is equal to zerg and its
second Bit is equal to one,

*)
process SendPT[p,t](SendXConc:Bool,ConcPDUs:ASPDUs,MTSF:Nat): exit(ASPDUS) :=
choice pd:ASPDU,epd:DatOctStr [] [IsPT(pd) and (epd IsEncOf pd)] ->
p Ipd ?tkTFlow Isend 2v:Validity ?st:TrState;
( letlapd: ASPRUSs = (pd+ConcPDUs) in Encode(apd) >> accept eapd:DatOctStr in
( | choice pp:ASPDU []

[(ConcPDUs eq ASPDUs(pp)) and (IsER(pd) or IsED(pd) or ISACK{(pp)) and
({Length(eapd) It MTSF) or (MTSF eq 0))] ->

9ta- 2ti !

- oxit(NUIL)
[l ( i 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
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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 ?f1: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)
) ) ) )
endproc
(*

The remaining SPDUs are handled by processes Rest_of PDUs1 and Rest_of PDUs2. The SPDU

s handled

by Rest_of_PDUs2 are never concatenated with other SPDUs. If any of these SPDUSis"to be transmitted,

the pending (concatenated) SPDUs have to be sent first.

In Re$t of PDUs1, it is assumed that the minimal length of a dummy PT or GT SPDU is ¢
ponding to the length of the SI field. If extended concatenation/is not permitted (indicated by
SendXConc), then DT SPDUs which contain neither the last segment of,a segmented SSDU nor a

corresj

bne  octet,

complete

SSDU| are immediately transmitted and are not retained. Otherwise, a DT SPDU containing the first

segme
whether its argument is a valid concatenation according totables 7 and 8 of ISO 8327, not t
account the PT or GT SPDU still to be concatenated t0/the sequence. M S w_GT tests w
argum

nt of a segmented SSDU may be stored for further concatenation. Function /sValConc is uged to test

king into
hether its

ent, a valid concatenation of SPDUs, can only be'Concatenated to a GT SPDU which does npt contain
a Tokgn Item parameter. This concatenated sequence’is subsequently transmitted.

*)
process Rest_of PDUs1[p,t](SendXConc:Baol,ConcPDUs:ASPDUs,MTSF:Nat): exit(ASPDUSs) :=
choice pd:ASPDU, pds,cp:ASPDUs []
[(cp eq ConcatPDUs(pd,ConcPDUs)) and (pds eq ASPDUs(pd)) and (IsAS(pd) or IsAR(pd) or IsMAP(pd) or

IsMIP(pd) or ISAE(pd) or IsDT{pd) orIsMAA(pd) or IsMIA(pd))] ->
p Ipd YM:TFlow Isend ?v:Validity-?st:TrState;

Encode(cp) >> accept ecp:DatOctStr in

(

)

Sy

t size:Nat = Succ(Length(ecp)) in
[(size gt MTSF) ahd (MTSF ne 0) or not(SendXConc) or not(IlsValConc(cp))] ->
( SendCencPDUs(ConcPDUs,SendXConc) >> accept Nstr1:DatOctStr in
( s E;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)

)

7
[l [(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
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 Internat-backpressure

Process|/nt_BP models the internal backpressure which the SPM can apply w.r.t. SPDUs that are accepted
for trangmission.

)

choice ppr:Bool [] I;

( choice pd:ASPDU. fl:TFlow,v:Validity,st:TrState []
{( | plpd ifl 2d:Dir Iv Ist [not(d eq send)]; Int_BP[p]
[ | [notbpr)] -> p Ipd Ifl Isend Iv Ist; Int_BP[p]
1| Int_BPlp]

proceiElnt_ BP[p]:noexit :=

) )
endprog
(*

10.4.4 Transport connection constraints

The comstraints on the relationship between SPDUs and TSPs related to the TC characteristic§ can be
describgd as consisting of two synchronizing processes:
-|TexCon, which imposes constraints related to the availability of the transport expeditefl option
(gepresented by the value of tex);
VtcaCon, which imposesconstraints related to the status of the SPM as an initiator or as a r¢sponder
f the supporting TC (this status is determined with ISTCONresp).

@)

___*)
process TCONVar[ptl: noexit :=

t 2ta:TAddress-2ti: TCE! ?ts:TSP [not(IsTCONresp(ts) or IsTCONconf{(ts))]; TCONVar{p,]
[l t Xa:TAddress ?ti:TCEI ?ts: TSP [IsTCONresp(ts) or IsTCONconf(ts)];

( ghoice‘tex:TEXOption [] [tex IsTEXOptionOf ts] -> TCONVar1[pj(IsTCONresp(ts),tex eq usetex) )
endpr -

process 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,fl:TFlow,v:Validity,st: TrState,tdr:Bool []

( [TNM&MMMA&@.@WMQ%
(Mtca 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 lpd !fl Isend Iv Ist; exit [] [not(tdr)] -> I; p Ipd Ifl IsendAv |!st; exit
[J| [IsFN(pd) and (r eq TDISPar(pd)) or (IsDN(pd) and (st eq 2)) and (Vica iff Set(v,4))] ->
p Ipd !l Irec Iv Ist; exit
[]| [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  [npbt(IsFN(pd))] -> p Ipd !l ?d:Dir Iv Ist [not(d eq rec)]; exit

[l [npt(IsCN(pd) or IsRS(pd) or (IsFN(pd) and (r eq TDISPar(pd))) or,({sDN(pd) and (st eq 2))) a
Sét(v,4) and Reset(v,12)] -> p Ipd Il Irec Iv Ist; exit

) >> VicaCon|p](Vtca)

endprqc

d

=

process TexCon|[p](tex:Bool): noexit :=
choice pd:ASPDU,fl:TFlow,v:Validity,st: TrState,tdr,invalid:Bool []
( [I8RF(pd) or IsAB(pd) and (tdr eq (r eq TDISPdr(pd)))] ->
(| [not(tex) and tdr] -> p lpd Inormal Isend\lv Ist; exit
[l [not(tdr) and (IsAB(pd) implies (tex iff\(fl eq exp)))] -> I; p Ipd ¥l Isend Iv Ist; exit )
[l  [13FN(pd) and (tdr eq (r eq TDISPar(pd)))] ->
( lnot(tex) and tdr] -> p Ind Ifl Isenddv Ist; exit [] [not(tdr)] -> I; p lpd !fl Isend Iv Ist; exit)
[l [I3PR(pd)] -> p Ipd Ifl 2d:Dir Iv Ist [d eq send implies tex]; exit
[l  [I3AA(pd) and (tex iff (fl eq exp))] -> p lpd !fl Isend Iv Ist; exit
[l  [Brr_Comb(pd,fltex) and Reset(v,2) and Resel(v,12)] -> p Ipd !fl Irec Iv Ist; exit
[]  [npt(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)yand Reset(v,12)] -> p lpd !fl Irec Iv Ist; exit
[l  [Set(v12)] -> I; p lod !l Irec Iv Ist; exit )
[l [lsFN(pd) and tdr and Reset(v,12) and (tex iff Reset(v,3))] -> p lpd Ifl Irec Iv Ist; exit
[1| [invalid'iff (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
[ Ainvalid iff (st eq 1 or (st eq 3) and tex) and Reset(v,12) and IsRS(pd) and
(invalid iff Reset(v,3))] -> p Ipd 'fl Irec Iv Ist; exit
[l  [IsRA(pd) or IsAD(pd) or IsAl(pd) or ISADA(pd) or IsAlA(pd) and (tex iff Reset(v,3)) and
Reset(v,12)] -> p lpd Ifl Irec Iv /(1 of TrState); exit
[ ( letpi:Bool = (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,l]: exit :=
choice pd.: ASPDU fl: TFIow d:Dir,v: Valld/ty, st:TrState []

process Tim[p,tl(awaa:Bool): exit := ;
p Yod:ASPDU ?fl:TFlow Irec ?v:Validity ?st:TrState;
( | [Valid(v) and awaa and ( IsAA(pad) or (IsAB(pd) and (r eq TDISPar(pd))) )] -> Timer[p,t]
[] | [not(Valid(v) and awaa and ( ISAA(pd) or (IsAB(pd) and (r eq TDISPar(pd))) ) )] -> Tim[p,t}fawaa)
)
[]  i; BxecTDrt] (* Time out”)
endpro¢

(*-

10.5 SBDU constraints

Constraijnts related to the state tables of ISO 8327are described by SPDUConstraints. It consists of[process
SPDUCpnstraints1, which describes the same €onstraints without those concerning events that immediately
terminate the SPM behaviour, and two processes, 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 .imstance of either of these processes may at any time |disable
SPDUCpnstraints1.

NOTE - [An incoming AB SPDU' (with the Transport Disconnect parameter set to re-use) cannot be defined [as being
able to disable SPDUConstraints 1 because in state tables state STA16 of ISO 8327 there is a different predicate-
action cambination pogssible than in the remaining states. Also, when the SPDU is received in any of the STA[LS states
or in state STA06, itis-in fact invalid in which case subclause A.4.1.2 is applicable. In other words, dependirlg on the
state in [which the AB (reuse) SPDU is received, different event sequences are possible (described in| process
SPDUOrd1, see10.5.5.2).

*)
process SPDUConstraints[p](spei:SPEImplementation): noexit :=

SPDUConstraints 1{pj(spei) [> ( SendAB|pj(spei} [] RecABnt[p] )

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-
DISCONNECT request is executed. This is modelled by process Timer (see 10.4.5).

A cortectly received CN or AB (no reuse) SPDU, while awaiting receipt of a correct AA SPDU, will lead
to exgcution of a T-DISCONNECT request. A correctly received AB (reuse) or AA SPDU will bring the
SPM |n the idle TC state. A correctly received SPDU which is not any of a CN, AB ‘ot ' AA SHDU, or an
incorfect SPDU (e.g. badly encoded or received on the wrong transport flow) will bedgnored.

A corfectly received AA, AB or CN SPDU, while awaiting a T-DISCONNECT indication, will Jead to the
execufion of a T-DISCONNECT request. Any other SPDU will be ignored.

*)
process RecABnr(p]: hoexit :=
p 2abtASPDU ?fl:TFlow lrec ?v:Validity ?st:TrState

IsAB(ab) and (nr eq TDISPar(ab}) and Set(v, 14) and MalidDel(v)];
p ?aaASPDU 7fl:TFlow Isend ?v:Validity ?st:TrState; stop
endproc

process SendAB|p](spei:SPEImplementation): noexit :=

choide ab:ASPDU,fl:TFlow,v:Validity,st: TrState{} [IsAB(ab)] ->

p lab|ifl Isend lv Ist;

( [r eq TDISPar(ab)] -> AwaitAA[p](spei) [].[nr eq TDISPar(ab)] -> AwaitTDIS[p] )
endpfoc

process AwaitAA[p](spei:SPEImplementation): noexit :=

choige pd:ASPDU. fI:TFlow,v:Validity []

( (IsCN(pd) or (IsAB(pd) and (nr eq TDISPar(pd)))) and IsValNoDel(v) and Set(v,14)] ->
ipd 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)] ->
ipd il Irec v J(0-Of TrState); SPDUConstraints[p](spei)

[] not(IsAA(pd)-or ISAB(pd) or ISCN(pd) and IsValNoDel(v)) and Reset(v,14)] ->
ipd Ifl irec v /(0 of TrState); AwaitAA[pj(spei)

)

endploc

process AwaitTDIS[p]: noexit :=

choice pd:ASPDU fl: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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10.5.2 Non-abort SPDU constraints

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, and
sometimes certain parameters or parts of individual SPDUs, are compatible; and
- SPDUOrd (see 10.5.5) deals with the temporal ordering of SPDUs;
- VarCon (see 10.5.6) imposes constraints related to the session variables ("V(A)", "V(R)", "Vsc",
etc.).

. *)
procesi SPDUConstraints 1[p](spei:SPEImplementation).: noexit :=

ImpIConjp](spei) || TwoSPDUs|[p] || SPDUOrd|p] || VarConfp]
endpro¢

(*

10.5.3 Implementation constraints
ImpiCon takes care of setting the correct values for the Maximum TSDU size and Protocol Options

parameters of an outgoing CN (or AC) SPDU. These values are extracted from the protocol implementation
parameter (see clause 7).

*)

process ImpiCon|p](spei:SPEImplementation): noexit :=

choice pd:ASPDU,d:Dir [][( (d eq send) and (IsCN(pd) orisAC(pd)) ) implies
(MaxTSjze(spei) eq MTSDUPar(pd) and (ExtConc(spei)iff ProtOptions(ps)))] ->
p Ind ?fLTFlow I(d of Dir) ?v:Validity ?st:TrState; ImplCon|pj(spei)

endpro¢

(*-

10.5.4 Dependencies between parameter values of SPDUs

The conptraints that reflect the dépendencies between parameter values of (pairs of) SPDUs are spegified in
differen} component processes, -each dealing with a different pair of SPDUs. Process CNPDU checks
whether] the parameter values of an incoming CN SPDU satisfy the constraints mentioned in sybclause
7.1.1 of| ISO 8327. The\function CorrectCN is used for this purpose. CN_AC ensures that a received AC
SPDU i$ compatible'with the CN SPDU sent by this SPM, as defined in subclause 7.2.1 of ISO 8327 (since
a S-CONNECT response is constrained by process SCEP, an outgoing AC SPDU is assumed to be ¢orrect).
The fungti

mention
pertainis - : S .
an Enclosure Item parameter mdlcatlng the begmnmg of the SPDU (begm) constitutes a protocol error.

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 []
( [IsCN(pd)] -> p Ipd Ifl Isend Iv Ist; CN_AC1[p](pd)
[]  [not(lIsCN(pd})] -> p Ipd fl Isend v ist; CN_AC|[p]
i Tod it ?0Dir v} TONC

process CN_AC1[p](cn:ASPDU): hoexit :=

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

( [AC(pd) and (Matches(cn,pd) iff Set(v,5))] -> p lpd 'fl Irec Iv Ist; CN_AC1[p](cn)
[1  [SCN{pd)] -> p Ipd ifl Isend Iv Ist; CN_AC1[p](pd)

[ [pot(IsAC(pd))] -> p Ipd !fl Irec Iv Ist; CN_AC1[p](cn)

[1  [not(IsCN(pd))] -> p Ind Ifl Isend Iv Ist; CN_AC1[p](cn)
[ Ipd !fl Ino_send v Ist; CN_AC1[pj(cn)

)

endprpc

endpipc (* CN_AC ")

process RS_RA[p]: noexit ;=
choice pd:ASPDU,fi:TFlow,v:Validity,st: TrState []

( [1sRS(pd)] -> p Ipd !fl Isend Iv Ist; RS_RA1[p](pd)
[l [no(IsRS(pd))] -> p lpd ifl isend Iv Ist; RS_RA[p]
[ ipd ifl 2d:Dir Iv Ist [not (d eq send)]; RS_RA[p]
)

wher

( [1sRS(pd)] -> p Ipd fl Isend Iv Ist- RS_RA1[p](pd)

] ol(IsRS(pd))] -> p Ipd ifl }send Iv Ist; RS_RA1[p](rspd)
[l (| choice tassi,tass2:5STsAss,rq1,rq2,ac1,ac2,ch:STokens [] [(tass1 eq TokenSet(rspd)) 4nd
IsRA(pd) and (tass2 eq TokenSet(pd)) and (rq1 eq RqrTokens(tass1)) and
(ac1 eq AcrTokens(tass1)) and (rq2 eq RqrTokens(tass2)) and (ac2 eq AcrTokens(tass®)) and
(ch eq ChoiteTokens(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 Hfidrec Iv Ist; RS_RAT1[pj(rspd)

)
[ gl?ot(lsRA(pd))] -> p lpd il Irec Iv Ist; RS_RA1[p](rspd)

[ Ipd Il Ino_send Iv Ist; RS_RA1[p](rspd)
)
endproc

endproc (* RS_RA *)

process TD DT[p]: noexit :=
choice pd:ASPDU,fl:TFlow,v:Validity,st: TrState,encit:Enclt []
( [(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 'l 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 ifl 2d:Dir v Ist [not(d eq rec)]; TD_DT1[p]

)

endproc

endproc (* TD_DT *)

(*

10.5.5 $PDU ordering constraints
10.5.5.1 Connection phase ordering constraints

SPDUQd determines the order in which SPDUs may be sent or received,Following receipt off an AB
(reuse) SPDU, either a T-DISCONNECT request is executed or an AASSPDU is transmitted. A valid
incoming SPDU which is neither an AB SPDU nor a CN SPDU willresult in the execution of a T-
DISCO CT request. To indicate this, bit 14 of the SPDU status component is set to 1. Incorrect| SPDUSs
(e.g. badly encoded SPDUs or SPDUs received on the wrong transport flow) are either ignored o prompt
the trangmission of an AB SPDU. Which alternative is chosen-is¢a local implementation matter.

After tfansmission of a CN SPDU, a AC SPDU is.expected. The latter is described by [process
Await_Rec_AC. This process is parameterized with the'number of "stored” PR-RS SPDUs, receivgd while
awaiting the AC SPDU (initially zero).

If a CN SPDU is received, an AC can be transmitted, as described by process Await_Trans_AC.

proces$ SPDUOrdp]: noexit :=
choice pd:ASPDU.fl:TFlow,v:Validity,st:TrState []
( [IsCN(pd)] -> p Ipd fl Isénd'lv Ist; Await_Rec_AC]p](0 of Nat)
[1  [nat(lsCN(pd))] -> p lpd ¥l Isend Iv Ist; SPDUOrd[p]
1 [Setv,11)] >
( | [IsCN(pd)and ValidDel(v) and Reset(v,14)] -> plpdifiireciv!(0 of TrState); Await_Trans_AC[p]
[1'| [{ (IsAB(pd) and (r eq TDISPar(pd)) and IsValNoDel(v)) or (IsCN(pd) and IsValNoDel(v)) c
not(Valid(v)) ) and Reset(v,14)] -> p lpd Ifl Irec Iv (0 of TrState); SPDUOrd|[p]
[1 | [not (IsAB(pd) or IsCN(pd)) and IsValNoDel(v) and Set(v,14)] ->
v lpd ifl Irec Iv (0 of TrState); SPDUOrd[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,
and then "dequeued" If the number of SPDUs is greater than one, an invalid number of PR SPDUs was

i valic S : S 7 When in
SSPS PDU thls bxt is checked and found set, the S- CONNECT conﬁrm correspondmg to the re¢eived AC
SPDU will first be executed. Subsequently, any of the valid actions corresponding to the-detection of a
proto¢ol error will be imposed.

Proceps Await_Trans_AC prescribes that any incoming SPDU except an AB is inyalid. 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 :=
choige pd:ASPDU,fl.TFlow,v:Validity,st:TrState []
( t ac:Bool = ISAC(pd), rf:Bool = ISRF{(pd), prep:Bool=\(res eq Preptype(pd)), ab:Bool = IsAB(pd),
x:Bool = ISEX{(pd), tdr:Bool = (r eq TDISPar(pd))\in

[Set(v,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)] -> plpd!fiirecivi(1 of TrState); Await_Rec ACIp|i(pr)
[rf and ValidDel(v) and (tdr iff Reset(v,14))] -> plpdifilrecivi(1 of TrState); SPDUOrd[p]
[prep and IsValNoDel(v) and Reset(v,14)] ->
p Ipd Ifl Irec Iv I(1.0F TrState); Await_Rec_AC[pj(Succ(pr))
[ab and tdr and\ValidDel(v) and Reset(v,14)] ->
p Ipd !l Irecilv I(1 of TrState); SPDUOrd][p]
[not(Valid(v)) and Reset(v,14)] -> pipdiflirecivi(1 of TrState) ; Await_Rec_AC[p](pr) )
[Reset{v,11) and Reset(v,14) and not(prep or ac or rf or ab or ex)] ->
p IpdNfl Irec Iv I(1 of TrState); SPDUOrd[p]

o o mtm

) )
endploc

proc
choi )] ->
{ let ab:Bool = IsAB(pd), ac:Bool = ISAC(pd), rt: Bool = IsRF(pd), tr:Bool = (r eq TDISPar(pd)) in

( [not(ab) and Reset(v,11)] -> p lpd il Irec Iv I(1 of TrState); SPDUOrd[p]

[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] )

SS Await _ Trans_AC[p]: noexit =
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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.

If the activity functional unit has been selected but no activity is in progress, any correctly received

SPDUs are stored until either an AR or AS SPDU is received, after which the stored SPDUs are dex
Whethet an activity is in progress can be derived from bit 17 of the SPDU status component; this'Hi

or reset In process VactCon (see 10.5.6.2).

PR-RS
queued.
it is set

process SPDUOrd1[p]: noexit := SPDUOrd2[p](0 of Nat) endproc

SPDUOrd2[p](pr:Nat): noexit :=
{ASPDU,fI:TFlow,v:Validity [] [Reset(v,14)] ->

IsGT{pd) or IsGTC(pd) or IsPT(pd) or ISAD(pd) or,IsAl(pd) or IsAR(pd) or ISAE(pd) or ISAS(pd)
1sGQD(pd) or IsMIP(pd) or IsMIA(pd) or ISER(pd) or IsED(pd)) and Reset(v,11) and Set(v,16)] ->
p 'nd Ifl Irec v I(1 of TrState); SPDUOrd2[p](pr)

endpro¢

(*

)

In proceps REL, an instance of AWSRELrsp or AwDN is invoked to describe respectively the states il

1 which

an S- EASE response andra DN SPDU is awaited. Bit 11 of the SPDU status component i set, to

indicate that the received SPDU is in sequence. Bit 16 is reset, meaning that a corresponding S-RE
indicatign should be executed after receipt of a FN SPDU. This value is determined in SSPSPDU (s¢
only if afl the bits Qthrough 10 are set.

LEASE

e 10.3)

*)

process REL[pj: noex:t
choice pd: ity -HSEN(DE)]

( [Set(v,11) and Reset(v 14) and Reset(v,16)] -> p Ipd ifl Irec Iv I(2 of TrState); AwSRELrsp[p]
[l  plpd!fl Isend v ?st:TrState; AWDN|p]
)

endproc
(*
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