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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of member space Agencies. The Committee meets periodically to
address data systems problems that are common to all participants, and to formulate sound
technical solutions to these problems. Inasmuch as participation in the CCSDS is completely
voluntary, the results of Committee actions are termed RECOMMENDATIONS and are not
considered binding on any Agency.

This RECOMMENDATION isissued by, and represents the consensus of, the CCSDS Plenary
body. Agency endorsement of this RECOMMENDATION is entirely voluntary. Endorsement,
however, indicates the following understandings:

0  Whenever an Agency establishes a CCSDS-related STANDARD, this STANDARD will be
in accord with the relevant RECOMMENDATION. Establishing such a STANDARD does
not preclude other provisions which an Agency may develop.

0  Whenever an Agency establishes a CCSDS-related STANDARD, the Agency will provide
other CCSDS member Agencies with the following information:

--  The STANDARD itsdlf.
--  Theanticipated date of initial operational capability.
--  The anticipated duration of operational service.

o  Specific service arrangements shall be made via memoranda of agreement. Neither this
RECOMMENDATION nor any ensuing STANDARD is a substitute for a memorandum of
agreement.

No later than five years from its date of issuance, this Recommendation will be reviewed by the
CCSDS to determine whether it should: (1) remain in effect without change; (2) be changed to
reflect the impact of new technologies, new requirements, or new directions; or, (3) be retired or
cancelled.

In those instances when a new version of a RECOMMENDATION is issued, existing CCSDS-
related Agency standards and implementations are not negated or deemed to be non-CCSDS
compatible. It is the responsibility of each Agency to determine when such standards or
implementations are to be modified. Each Agency is, however, strongly encouraged to direct
planning for its new standards and implementations towards the later version of the
Recommendation.
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FOREWORD

This document, which is atechnical Recommendation prepared by the Consultative Committee
for Space Data Systems (CCSDYS), is intended for use by participating space Agencies in their
development of * Advanced Orbiting Systems'.

This Recommendation, written using the |SO Formal Description Technique LOTOS, contains a
library of Abstract Data Types used by the formal specifications contained in references [4], [5],
and [6].

An overview of the CCSDS Validation Programme (of which this document is an output) may be
found in reference [7].

Through the process of normal evolution, it is expected that expansion, deletion, or modification

of this document may occur. This Recommendation is therefore subject to CCSDS document
management and change control procedures which are defined in reference [1].
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1 PURPOSE AND SCOPE

This document provides an Abstract Data Type Library for use in formal specifications of
Consultative Committee for Space Data Systems (CCSDS) Advanced Orbiting Systems (AOS)
services and protocolst using the ISO LOTOS formal description technique (refer to reference
[3]). These formal specifications are not intended as replacements for the natural-language
specifications provided in the AOS Blue Book (reference [2]), but as unambiguous expressions
of those specifications, which may be used to clarify any problem areas.

This document is one of four CCSDS Recommendations that provide LOTOS specifications for
the suite of AOS services and protocols (see references [4] through [6]). The relationship
between the main AOS Recommendation and the four LOTOS Specifications is shown below;
the numbers to the right are the CCSDS document references for the Recommendations
containing the LOTOS Specifications.

ADT Library 705.1
Path Service 705.2
Path Protocol 705.2
VCLC Service 705.3
VCLC Protocol 705.3
VCA Service 705.4
V CA Protocol 705.4

A supporting CCSDS Report (reference [7]) contains the rationale, methodology, and approach
used to prepare the LOTOS specifications.

These documents are expected to be of use primarily to the technical experts responsible for the
design, configuration, and testing of AOS implementations; a basic knowledge of LOTOS is
required to understand the formal specifications. Other users of the AOS services should consult
the main AOS Recommendation and the companion CCSDS Report (references[2] and [8]).

IThe natural-language specifications for the AOS services and protocols are contained in the AOS Blue Book,
CCSDS 701.0-B-2, reference [2].
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2 PATH DATA TYPES
21 PATH SERVICE DATA TYPES
2.1.1 Octet Service Data Unit

The Octet Service Data Unit (O_SDU) is a delimited, octet-oriented data unit whose content and
format are unknown to the Path layer. As such, the ‘OctetString’ ADT (5.7) is identical in
function and will be used instead of a special O_SDU ADT.

2.1.2 Packet Service Data Unit

The Packet Service Data Unit (P_SDU) isa Version-1 CCSDS Packet that has been created by
the service user. Assuch, aseparate ADT is not needed, and the CCSDSPacket ADT (2.2.1) will
be used instead.

2.1.3 Application Process | dentifier Qualifier

The Application Process Identifier (APID) Qualifier is an optional parameter which is associated
with the APID in the CCSDS Packet in order to maintain global uniqueness of APIDs. The
APID Qudifier is of unknown format and length, and hence in this definition it is taken to be a
string of bits added to a base creator type. Two APIDQualifiers are equal only if they are of the
same length and have the same contents.

type APl DQualifier is Bit, Bool ean
sorts API DQual

opns Add . Bit, APIDQual -> APIDQual
Nul | API DQual : -> API DQual
Eq Ne : APl DQual , APl DQual -> Bool

eqns  forall bl, b2 : Bit, QUALL, QUAL2 : APl DQual
of sort Bool

Nul | APl DQual Eq Nul | API DQual = True ;

Nul | APl DQual Eq Add(bl, QUAL1) Fal se ;
Add(bl, QUAL1l) Eq Nul | API DQual = Fal se ;

Add(bl, QUAL1) Eq Add(b2, QUAL2) =
(bl Eq b2) And (QUAL1 Eq QUAL2) ;

QUAL1 Ne QUAL2 = Not (QUAL1 Eq QUAL2) ;

endt ype
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2.1.4 Secondary Header Indicator

Within the Octet String service, the Secondary Header Indicator parameter signals the presence
of a Secondary Header at the start of the O_SDU. The Octet String service parameter is
distinguished from the Secondary Header Flag within the Packet service.

type Secondar yHeader | ndi cat or i s Bool ean, SecondaryHeader Fl ag
sorts Secondar yHeader | ndi cat or
opns Absent : -> Secondar yHeader | ndi cat or
Present : -> Secondar yHeader | ndi cat or
SHToSHF : Secondar yHeader | ndi cator -> SHF
SHFToSH : SHF -> Secondar yHeader | ndi cat or
eqns
of sort SHF
SHToSHF( Absent) = SHF(0)
SHTOSHF( Present) = SHF(1)
of sort Secondar yHeader | ndi cat or
SHFToSH( SHF(0)) = Absent
SHFToSH( SHF(1)) = Present
endt ype
215 PathlID

The Path ID, which uniquely identifies the Logical Data Path (LDP), consists of the APID plus
the optional APID Qualifier. Operations are provided to extract the two parts of the Path ID and
to compare Path IDs.

type
sorts
opns

eqns

endt ype

PathID is API D, APIDQualifier, Bool ean

Pat hl D

MakePat hl D : APID, APIDQual -> PathlD
QualifierPart : Pathl D -> API DQua

API DPar t : PathlD -> APID

_Ne_ : Pathl D, PathlD -> Boo
_Eq_ : Pathl D, PathlD -> Boo

forall APIDL : APID, QUAL1 : APIDQal, PT1, PT2 : PathlD

of sort APID

API DPar t ( MakePat hl D( APl D1, QUAL1)) = API D1
of sort API DQual

Qual i fierPart(MakePat hl D{API D1, QUAL1)) = QUALL ;

of sort Bool

PT1 Eq PT2 = (API DPart (PT1) Eg APIDPart(PT2)) And
(QualifierPart(PT1l) Eq QualifierPart(PT2))
PT1 Ne PT2 = (API DPart (PT1) Ne APIDPart(PT2)) O

(QualifierPart(PT1) Ne QualifierPart(PT2))
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2.1.6 Octet String Data L oss Indicator

The Data Loss Indicator is used to alert the user of the Octet String service in a destination end
system that one or more O_SDUs have been lost during transmission, as evidenced by a
discontinuity in the CCSDS Path Protocol Data Unit (CP_PDU) Sequence Count. This is an
optional parameter, the presence or absence of which isimplementation specific.

type Dat aLossl ndi cator is Bool ean

sorts Dat aLossl ndi cat or

opns OsbuULost : -> Datalossl ndi cator
OSDUNot Lost : -> DatalLossl ndi cat or
_Eq_ : DatalLossl ndi cat or,

Dat aLossl| ndi cat or -> Bool
egns forall DLI1, DLI2 : Datalosslndicator

of sort Bool

OSDULost Eq OsDULost = true ;
OSDUNot Lost Eq OSDUNot Lost = true ;
OsDULost Eq OSDUNot Lost = fal se ;
OSDUNot Lost Eq OsSDULost = fal se ;

endt ype
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22 PATH PROTOCOL DATA TYPES

The CCSDS Path Protocol Data Unit (CP_PDU) isthe Version-1 CCSDS Packet.

221 CCSDS Packet

The type definition for the Version-1 CCSDS packet is built from the Primary Header (2.2.2) and
User Data (2.2.3) ADTs. Since the Optional Secondary Header is not used by the protocols
being specified, it is considered part of the UserData.

type CCSDSPacket is PrinmaryHeader, CctetString, FillData, Natural Nunmber,
Packet Type, Bool ean
sorts CCSDSPacket

opns MakeCCSDSPacket : PrimaryHeader, COctetString -> CCSDSPacket
Get Pri mar yHeader : CCsDSPacket -> PrimaryHeader
Get User Dat a : CCSDSPacket -> CctetString
Tot al Lengt hof Packet : CCSDSPacket -> Nat
Convert Pktt oOS . CCsDSPacket -> CctetString
Convert Ost oPkt : COctetString -> CCSDSPacket
MakeFi | | Packet . Packet Type, Nat, CctetString -> CCSDSPacket
Val i dPacket Lengt h . CCsDSPacket -> Bool

egns forall PH : PrimaryHeader,
UD, CS, FillPattern : CctetString,
FillLength : Nat,
TYP : Packet Type,
CP1 : CCSDSPacket

of sort PrimaryHeader

Get Pri mar yHeader ( MakeCCSDSPacket (PH, UD) ) = PH ;
of sort CctetString
Cet User Dat a( MakeCCSDSPacket ( PH, UD)) = UD ;

Convert Pkt t oOS( MakeCCSDSPacket (PH, UD))

Append(UD, Convert PHt 0oOS(PH))
of sort Nat
Tot al Lengt hof Packet ( MakeCCSDSPacket ( PH, UD))

Lengt hOf (UD) + 6;
of sort CCSDSPacket

Convert OsSt oPkt (0S) = MakeCCSDSPacket ( Convert OSt oPH( Ret ai nCct et s( S, 6) ),
StripCctets(GCS,6)) ;

MakeFi | | Packet ( TYP,
Fi Il Lengt h,
FillPattern) = MakeCCSDSPacket (
MakeFi | | PH(TYP, Fill Length),
MakeFi | | Data(Fill Pattern, FillLength)) ;

of sort Bool
Val i dPacket Lengt h(
MakeCCSDSPacket (PH, UD) ) = Tot al Lengt hof Packet (
MakeCCSDSPacket (PH, UD) )
Eq
Header | ndi cat edLengt hOf Packet ( PH ) ;

endt ype
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2.2.2 Primary Header

The type definition for the Primary Header is made up from the Packet ID (2.2.2.1), Sequence
Control (2.2.2.2) and Packet Length (2.2.2.3) ADTs. Extra definitions are provided to extract
component ADTs from the compl ete Primary Header.

type Pri maryHeader is Version, PacketType, SecondaryHeaderFl ag,
API D, SequenceFl ags, Packet SequenceCount,
Packet Lengt h, Packet | D, Packet SequenceContr ol ,
Nat ur al Nunber, Cctet String

sorts Pri mar yHeader

opns Get Ver si on : PrimaryHeader -> Version

Get Packet Type . PrimaryHeader -> Packet Type
Get SHF . PrimaryHeader -> SHF
Get API D : PrimaryHeader -> APID
Get SequenceFl ags : PrimaryHeader -> SequenceFl ags
Get Packet SequenceCount : PrinmaryHeader -> Packet SequenceCount
Cet Packet Lengt h . PrimaryHeader -> PacketlLength
MakePri mar yHeader . Packet | D,

Packet SC,

Packet Length -> Pri mar yHeader
Convert PHt 0CS : PrimaryHeader -> CctetString
Convert Ost oPH : COctetString -> PrimaryHeader
MakeFi | | PH . Packet Type, Nat -> Pri mar yHeader
Lengt hOf Packet | nOS CctetString -> Nat

Header | ndi cat edLengt hOf Packet : PrimaryHeader -> Nat

eqns forall VERS : Version,
PKT, TYP : Packet Type,
SHF : SHF,
API D : API D,
SEQFLAG : SequenceFl ags,
SEQCOUNT : Packet SequenceCount,
PKTLENGTH : Packet Lengt h,
PI D : Packet!| D,
PSC : Packet SC,
OS : CctetString,
PH : PrimaryHeader,
Nat1 : Nat

of sort Version

Get Ver si on( MakePri mar yHeader ( MakePacket | D( VERS, PKT, SHF, API D) ,
MakePacket SC( SEQFLAG, SEQCOUNT), PKTLENGTH)) = VERS ;

of sort Packet Type

Get Packet Type( MakePri mar yHeader ( MakePacket | D( VERS, PKT, SHF, API D),
MakePacket SC( SEQFLAG, SEQCOUNT) , PKTLENGTH)) = PKT ;

of sort SHF

Get SHF( MakePr i mar yHeader ( MakePacket | D{ VERS, PKT, SHF, API D)
MakePacket SC( SEQFLAG, SEQCOUNT), PKTLENGTH)) = SHF ;

CCSDS 705.1-B-1 Page 2-5 May 1994



RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

of sort APID

Get APl D( MakePr i mar yHeader ( MakePacket | D( VERS, PKT, SHF, API D) ,
MakePacket SC( SEQFLAG, SEQCOUNT), PKTLENGTH)) = APID ;

of sort SequenceFl ags

Get SequenceFl ags( MakePri mar yHeader (MakePacket | D( VERS, PKT, SHF, API D),
MakePacket SC( SEQFLAG, SEQCOUNT), PKTLENGTH)) = SEQFLAG ;

of sort Packet SequenceCount

Get Packet SequenceCount ( MakePr i mar yHeader (
MakePacket | D( VERS, PKT, SHF, API D) ,
MakePacket SC( SEQFLAG, SEQCOUNT) ,
PKTLENGTH)) = SEQCOUNT ;

of sort Packet Length

Get Packet Lengt h( MakePr i mar yHeader ( MakePacket | D( VERS, PKT, SHF, API D) ,
MakePacket SC( SEQFLAG, SEQCOUNT) ,
PKTLENGTH)) = PKTLENGTH ;

of sort CctetString

Convert PH 0OS(
MakePri mar yHeader (
MakePacket | D( VERS, PKT, SHF, API D),
MakePacket SC( SEQFLAG, SEQCOUNT) ,
PKTLENGTH) ) = AddFront (
Cctet (
Bi t 1( VERS) ,
Bi t 2( VERS) ,
Bi t 3( VERS) ,
Bi t 1( PKT),
Bi t 1( SHF),
Bit 1( API D),
Bi t 2( API D),
Bit 3(API D)),
AddFr ont (
Cctet (
Bi t 4(API D),
Bi t 5( API D),
Bi t 6( API D),
Bit 7( API D),
Bi t 8( API D),
Bi t 9( API D),
Bi t 10( API D),
Bit11(API D)),
AddFr ont (
Cctet (
Bi t 1( SEQFLAG) ,
Bi t 2( SEQFLAG),
Bi t 1( SEQCOUNT) ,
Bi t 2( SEQCOUNT) ,
Bi t 3( SEQCOUNT) ,
Bi t 4( SEQCOUNT) ,
Bi t 5( SEQCOUNT) ,
Bi t 6( SEQCOUNT) ) ,
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AddFr ont (
Cctet (
Bi t 7( SEQCOUNT) ,
Bi t 8( SEQCOUNT) ,
Bi t 9( SEQCOUNT) ,
Bi t 10( SEQCOUNT) ,
Bi t 11( SEQCOUNT) ,
Bi t 12( SEQCOUNT) ,
Bi t 13( SEQCOUNT) ,
Bi t 14( SEQCOUNT) ),
AddFr ont (
Cctet (
Bi t 1( PKTLENGTH),
Bi t 2( PKTLENGTH),
Bi t 3( PKTLENGTH),
Bi t 4( PKTLENGTH),
Bi t 5( PKTLENGTH) ,
Bi t 6( PKTLENGTH),
Bi t 7( PKTLENGTH),
Bi t 8( PKTLENGTH) ),
AddFr ont (
Cctet (
Bi t 9( PKTLENGTH),
Bi t 10( PKTLENGTH) ,
Bi t 11( PKTLENGTH) ,
Bi t 12( PKTLENGTH) ,
Bi t 13( PKTLENGTH) ,
Bi t 14( PKTLENGTH) ,
Bi t 15( PKTLENGTH) ,
Bi t 16( PKTLENGTH) ),
Nul108))))));

of sort PrimaryHeader

Convert Ost oPH( OS) = MakePri mar yHeader (
MakePacket | D(
Version(Bit1(Nth(Cs, 1)),
Bit2(Nth(Cs, 1)),
Bi t3(Nth(Cs, 1))
Packet Type(Bit 4( Nt h(
SHF(Bi t5(Nth(Cs, 1)))
API D(Bi t 6(Nt h(CS, 1))
Bit7(Nth(Cs, 1))
Bi t8(Nth(Cs, 1))
Bit1(Nth(GCS, 2)),
Bit2(Nth(GCs, 2)),
))
))
))
))
))
))

)
G5, 1)),

Bit3(Nth(Cs, 2
Bit4(Nth(GCs, 2
Bit5(Nth(Cs, 2
Bit6(Nth(Cs, 2
Bit7(Nth(GCs, 2)),
Bit8(Nth(GCs, 2)))
)
MakePacket SC(
SequenceFl ags(
Bit1(Nth(Cs,3)),
Bit2(Nth(Cs,3))),
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Packet SequenceCount (
Bit3(Nth(GCs, 3)),
Bit4(Nth(GCs, 3)),
Bi t 5(Nth(GCs, 3)),
Bit6(Nth(GCs, 3)),
Bit7(Nth(GCs, 3)),
Bit8(Nth(GCs, 3)),
Bit1(Nth(Cs,4)),
Bit2(Nth(Cs, 4)),
Bi t3(Nth(Cs,4)),
Bit4(Nth(Cs,4)),
Bi t5(Nth(Cs, 4)),
Bit6(Nth(Cs, 4)),
Bit7(Nth(Cs, 4)),
Bi t8(Nth(Cs,4)))

)
Packet Lengt h(
Bit1(Nth(GCs, 5)),
Bit2(Nth(GCs, 5)),
Bit3(Nth(GCs, 5)),
Bit4(Nth(GCs, 5)),
Bit5(Nth(GCs, 5)),
Bit6(Nth(GCs, 5)),
Bit7(Nth(GCs, 5)),
Bit8(Nth(GCs, 5)),
Bit1(Nth(GCs, 6)),
Bit2(Nth(GCs, 6)),
Bit3(Nth(GCs, 6)),
Bit4(Nth(GCs, 6)),
Bi t 5(Nth(GCs, 6)),
Bit6(Nth(GCs, 6)),
Bit7(Nth(GCs, 6)),
Bi t 8( Nt h(Cs, 6))
)
)

MakeFi | | PH(TYP, Natl1) = MakePri maryHeader (

MakePacket | D(

Ver si onl,

TYP,

SHAbsent ,

Fi | | Packet API D),
MakePacket SC(

Packet SequenceUnSeg,

Packet SequenceCount (0, O

0,0

Convert Natt oPL( Pred(Nat 1))

,0,0,0,0,0,
,0,0,0,0,0)),
)

of sort Nat

Header | ndi cat edLengt hOf Packet (PH) = (Convert PLToNat (
CGet Packet Lengt h(PH)) + 7);

Lengt hOf Packet | nOS(0S) = (Header | ndi cat edLengt hof Packet
(Convert OSt oPH( Ret ai nCctet s(CS,6))));

endt ype
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2221 Packet ID

The Packet Identification (Packet 1D) is made up of the following components:

Version (PacketVersion) (2.2.2.1.1);

Type (PacketType) (2.2.2.1.2);

Secondary Header Flag (PacketSecondaryHeaderFlag) (2.2.2.1.3); and

Application Process | dentification (PacketAPID) (2.2.2.1.4).

The size and order of these componentsis as follows:

PacketlD Components Field Length in Bits
PacketVersion 3
PacketType 1
PacketSecondaryHeaderFlag 1
PacketAPID 11

Special functions are defined for obtaining the values of Packet ID components.

type Packet | D i s Version, PacketType, SecondaryHeaderFl ag, APID
sorts Packet | D
opns MakePacket | D : Version, Packet Type,

SHF, APID -> Packet|D
endt ype
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Version Type

Version is the version number of the CCSDS packet. The value of Version is a constant (000)
indicating the Version-1 CCSDS Packet.

type
sorts
opns

eqns

endt ype

Version is Bit, Bool ean

Ver si on

Ver si on : Bit, Bit, Bit -> Version
Ver si onl : -> \ersion

Bitl, Bit2, Bit3 : Version -> Bit

_Eq_, _Ne_ : Version, Version -> Boo

forall bl, b2, b3, b4, b5, b6 : Bit, VERSL, VERS2 : Version
of sort Version

Versionl = Version(0,O0,0)

ofsort Bit

Bit1(Version(bl, b2, b3)) = bl
Bi t 2(Versi on(bl, b2, b3)) = b2
Bi t 3(Version(bl, b2, b3)) = b3

of sort Bool

Version(bl, b2, b3) Eq Version(b4, b5, b6) =
(bl Eq b4) And (b2 Eq b5) And (b3 Eq b6)

VERS1 Ne VERS2 = Not (VERSL Eq VERS2)
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22212  Type

type Packet Type is Bit, Bool ean
sorts Packet Type

opns Bitl . Packet Type -> Bit
Packet Type : Bit -> Packet Type
_Eq_, _Ne_ . Packet Type, Packet Type -> Bool

eqns forall bl : Bit, PT1l, PT2 : Packet Type
of sort Bit

Bi t 1( Packet Type(bl))

bl ;

of sort Bool

PT1 Eq PT2 Bit 1(PT1) Eq Bit1(PT2)

PT1 Ne PT2

Not (PT1 Eq PT2)
endt ype
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22213 Secondary Header Flag

The Secondary Header Flag indicates the presence or absence of a Secondary Header in the
CP_PDU. Constants are defined for the present (0) and absent (1) values.

type Secondar yHeader Flag is Bit, Bool ean

sorts SHF
opns Bitl : SHF -> Bit
SHF : Bit -> SHF
SHPr esent . -> SHF
SHAbsent : -> SHF
Eq Ne : SHF, SHF -> Bool

eqns  forall bl, b2 : Bit, SHFL, SHF2 : SHF
of sort SHF
SHPresent = SHF(1)
SHAbsent = SHF(0)
of sort Bit
Bi t 1( SHF(b1)) = bl ;
of sort Bool

SHF(b1) Eq SHF(b2)
SHF(b1) Ne SHF(b2)

bl Eq b2 ;
bl Ne b2 ;

endt ype
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Application Process | dentifier (APID)

The APID (possibly in conjunction with the optional external APID Qualifier) provides the
naming mechanism for the LDP. Constants are defined for Fill Packet APID (2047),
Encapsulated 8473 Packet APID (2046). A check isalso defined for User APIDs (0-2031).

type
sorts
opns

eqns

APID is Bit, Bool ean

APl D

APl D . Bit, Bit, Bit, Bit, Bit, Bit,
Bit, Bit, Bit, Bit, Bit -> APID

Bitl, Bit2, Bit3, Bit4,

Bit5, Bit6, Bit7, Bit8,

Bit9, Bitl0, Bitll : APID -> Bit

User API D : APID -> Bool

Fi | | Packet API D . -> APID
8473EncapPacket APl D . -> APID

_Eq_, _Ne_ . APID, APID -> Boo

forall bl, b2, b3, b4, b5, b6, b7, b8, b9, bl0, bll : Bit,
API D1, APID2 : APID

of sort APID

Fill PacketAPID = APID(1,1,12,1,12,1,1,1,1,1,1)
8473EncapPacket APID = APID(1,1,1,1,1,1,1,1,1,1,0)
of sort Bit

Bi t 1(API D(b1, b2, b3, b4, b5, bs,
b7, b8, b9, bl0, bll)) = bl ;

Bi t 2(API D(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0, bll)) = b2 ;

Bi t 3(API D(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0, bll)) = b3 ;

Bi t 4(API D(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blO, bll)) = b4;

Bi t 5(API D(b1l, b2, b3, b4, b5, b6,
b7, b8, b9, bl0, bll)) = b5 ;

Bi t 6( APl D(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0, bll)) = b6 ;

Bi t 7(API D(b1, b2, b3, b4, b5, bs,
b7, b8, b9, bl0, bll)) = b7 ;

Bi t 8(API D(b1, b2, b3, b4, b5, b,
b7, b8, b9, bl0, bll)) = b8 ;

Bi t 9(API D(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0, bll)) = b9 ;

Bi t 10( AP D(bl, b2, b3, b4, b5, b6,
b7, b8, b9, bl0, bll)) = b10 ;

Bit 11(API D(bl, b2, b3, b4, b5, b6,
b7, b8, b9, bl0, bll)) = b1l ;

CCSDS 705.1-B-1 Page 2-13 May 1994



RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

of sort Bool

API D1 Eq API D2 =

API D1 Ne API D2 =

User API D{ Api d( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11))

(Bi t 1( API D1)
(Bi t 2( API D1)
(Bi t 3( API D1)
(Bi t 4( API D1)
(Bi t 5( API D1)
(Bi t 6( API D1)
(Bi t 7( API D1)
(Bi t 8( API D1)
(Bi t 9( API D1)

Bi t 1( API D2))
Bi t 2( API D2) )
Bi t 3( API D2) )
Bi t 4( API D2) )
Bi t 5( API D2) )
Bi t 6( API D2) )
Bi t 7( API D2) )
Bi t 8( API D2) )
Bi t 9( API D2) )

And
And
And
And
And
And
And
And
And

(Bi t 10( API D1) Eq Bit10(APID2)) And
(Bit11(APID1) Eq Bit11(APID2)) ;

Not (API D1 Eq API D2)

(bl Eq 0) O (b2 Eq 0) O (b3 Eq 0) O (b4 Eq 0) O

(b5 Eq 0) O (b6 Eq 0) O (b7

endt ype
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2222 Packet Sequence Control

The Packet Sequence Control type contains the Sequence Flags and the Packet Sequence Count.

PacketSequenceControl Components Field L ength in Bits
SequenceFlags 2
PacketSequenceCount 14

type Packet SequenceControl is SequenceFl ags, Packet SequenceCount

sorts Packet SC

opns MakePacket SC : SequenceFl ags, Packet SequenceCount

-> Packet SC
endt ype
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22221 Sequence Flags Type

The Sequence Flags may be set by the user of the Packet service to indicate that the User Data
contained within the P_SDU is a segment of a larger set of application data; the flags are not
part of the Path protocol. Constants are defined for continuation, first, last, and unsegmented
values.

type SequenceFl ags is Bit, Bool ean
sorts SequenceFl ags
opns SequenceFl ags : Bit, Bit -> SequenceFl ags
Bitl, Bit2 : SequenceFl ags -> Bit
_Eq_ . SequenceFl ags, SequenceFl ags -> Boo
Ne . SequenceFl ags, SequenceFl ags -> Boo

Packet SequenceCont i nuat i on
: -> SequenceFl ags

Packet SequencekFi r st Seg : -> SequenceFl ags
Packet Sequencelast Seg : -> SequenceFl ags
Packet SequenceUnSeg : -> SequenceFl ags

egns forall bl, b2, b3, b4 : Bit, SF1l, SF2 : SequenceFl ags
of sort SequenceFl ags

Packet SequenceConti nuati on = SequenceFl ags(0, 0) ;
Packet SequenceFi r st Seg = SequenceFl ags(0, 1) ;
Packet Sequencelast Seg SequenceFl ags(1,0) ;
Packet SequenceUnSeg SequenceFl ags(1,1) ;

of sort Bit
Bi t 1( SequenceFl ags(bl, b2)) = bl
Bi t 2( SequenceFl ags(bl, b2)) = b2

of sort Bool

SequenceFl ags(bl, b2) Eq SequenceFl ags(b3, b4)
= (bl Eq b3) And (b2 Eq b4) ;

SF1 Ne SF2 = Not (SF1 Eq SF2) ;

endt ype
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22222 Sequence Count

Sequence Count is a sequential count of each CP_PDU generated on a particular LDP. Initial
sequence count and next functions included for stepping through sequence counts are defined.

type Packet SequenceCount is Bit, Bool ean
sorts Packet SequenceCount
opns Packet SequenceCount : Bit, Bit, Bit, Bit,

Bit, Bit, Bit, Bit,

Bitl, Bit2, Bit3, Bit4,
Bit5, Bit6, Bit7, Bit8,
Bit9, Bitl0, Bitll,

Bitl12, Bit13, Bitl4 . Packet SequenceCount
Next . Packet SequenceCount
_Eq_, _Ne_ . Packet SequenceCount,

Packet SequenceCount

Bi t
Bi t

->

, Bit,
, Bit,
Bit, Bit -> Packet SequenceCount

Bi t

-> Packet SequenceCount

-> Bool

egns forall bl, b2, b3, b4, b5, b6, b7, b8, b9, bl0, bll

b12, bl3, bl4 : Bit, SCl, SC2 : Packet SequenceCount

ofsort Bit

Bi t 1( Packet SequenceCount (b1, b2, b3, b4, b5
b6, b7, b8, b9, blo,
b11, bl2, bi3, bl4))

Bi t 2( Packet SequenceCount (b1, b2, b3, b4, b5
b6, b7, b8, b9, blo,
b11, bl2, bi3, bl4))

Bi t 3( Packet SequenceCount (b1, b2, b3, b4, b5
b6, b7, b8, b9, blo,
b11, bl2, bi3, bl4))

Bi t 4( Packet SequenceCount (b1, b2, b3, b4, b5
b6, b7, b8, b9, blo,
b11, bl2, bil3, bl4))

Bi t 5( Packet SequenceCount (b1, b2, b3, b4, b5
b6, b7, b8, b9, blo,
b11, bl2, bil3, bl4))

Bi t 6( Packet SequenceCount (b1, b2, b3, b4, b5
b6, b7, b8, b9, blo,
b11, bl2, bil3, bl4))

Bi t 7( Packet SequenceCount (b1, b2, b3, b4, b5
b6, b7, b8, b9, blo,
b11, bl2, bil3, bl4))

Bi t 8( Packet SequenceCount (b1, b2, b3, b4, b5
b6, b7, b8, b9, blo,
b11, bl2, bil3, bl4))

Bi t 9( Packet SequenceCount (b1, b2, b3, b4, b5

b6, b7, b8, b9, b10,
b1l, b12, bi13, bl4))
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Bi t 10( Packet SequenceCount (bl

b6, b7, b8, b9, blO,

b11,

Bi t 11( Packet SequenceCount (b1, b2

b12, b13,

b14))

b3, b4, b5,

b6, b7, b8, b9, blO,

b11,

Bi t 12( Packet SequenceCount (b1, b2

b12, b13,

b14))

b3, b4, b5,

b6, b7, b8, b9, blO,

b11,

Bi t 13( Packet SequenceCount (b1, b2

b12, b13,

b14))

b3, b4, b5,

b6, b7, b8, b9, blO,

b11,

Bi t 14( Packet SequenceCount (b1, b2

b12, b13,

b14))

b3, b4, b5,

b6, b7, b8, b9, blO,

b11,
of sort Bool

SCl Eq SC2 =

SC1 Ne SC2 =

of sort Packet SequenceCount

b12, b13,

b14))

(Bi t 1( SC1)
(Bi t 2( SC1)
(Bi t 3( SCL)
(Bi t 4( SC1)
(Bi t 5( SCL)
(Bi t 6( SCL)
(Bi t 7( SCL)
(Bi t 8( SCL)
(Bi t 9( SC1)
(Bi t 10( SC1)
(Bit 11( SC1)
(Bi t 12( SC1)
(Bi t 13( SC1)
(Bi t 14( SC1)

b2, b3, b4, b5

= bl0

b1l ;

b12

b13

b14

Bi t 1(SC2))
Bi t 2(SC2) )
Bi t 3( SC2))
Bi t 4(SC2) )
Bi t 5(SC2))
Bi t 6( SC2))
Bi t 7(SC2) )
Bi t 8( SC2))

q Bit9(SC2))
Eq Bit10(SC2))
Eq Bit11(SC2))
Eq Bit12(SC2))
Eq Bit13(SC2))

And
And
And
And
And
And
And
And
And

Eq Bit14(SC2)) ;

Not (SC1 Eq SC2)

And
And
And
And

Next (Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l, b12, b13, 0))
Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b1l, b12, b13,1) ;
Next ( Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12,0,1))
Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12, 1, 0) ;
Next ( Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11,0,1,1)) =
Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l, 1,0, 0) ;
Next ( Packet SequenceCount ( bl, b2, b3, b4, b5, b6, b7, b8, b9, b10,0,1,1,1)) =
Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, 1, 0,0, 0) ;

Next ( Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, b9, 0, 1,1, 1, 1))

Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, b9, 1, 0, 0, 0, 0)
Next ( Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7,b8,0,1,1,1,1,1))
Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7, b8, 1, 0, 0, 0, 0, 0)
Next ( Packet SequenceCount (b1, b2, b3, b4, b5, b6, b7,0,1,1,1,1,1,1))
Packet SequenceCount ( b1, b2, b3, b4, b5, b6, b7,1,0, 0,0, 0,0, 0) ;

Next ( Packet SequenceCount (b1, b2, b3, b4, b5,b6,0,1,1,1,1,1,1,1))
Packet SequenceCount (b1, b2, b3, b4, b5, b6, 1,0, 0, 0,0, 0,0, 0)
Next ( Packet SequenceCount (bl, b2, b3, b4,b5,0,1,1,1,1,1,1,1,1))

Packet SequenceCount (b1, b2, b3, b4, b5,1,0,0,0,0,0,0,0,0)
Next ( Packet SequenceCount (b1, b2, b3,b4,0,1,12,1,1,1,1,1,1,1))
Packet SequenceCount ( b1, b2, b3, b4,1,0,0,0,0,0,0,0,0,0)
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Next ( Packet SequenceCount (b1, b2, b3, 0, 1,
Packet SequenceCount (b1, b2, b3,1,0
Next ( Packet SequenceCount (b1, b2, 0, 1, 1,
Packet SequenceCount (b1, b2,1,0,0
Next ( Packet SequenceCount (b1,0, 1,1, 1,
Packet SequenceCount (b1, 1,0,0,0,0,0,0,0,0,0,0,0,
Next ( Packet SequenceCount (0,1,1,1,1,1,1,1,1,1,1,1,1,1
Packet SequenceCount (1, 0,0,0,0,0,0,0,0,0,0,0,0,0
Next (Packet SequenceCount (1,1,1,1,1,1,1,1,1,1,1,1,1,1
Packet SequenceCount (0, 0,0,0,0,0,0,0,0,0,0,0,0,0

1
0

1
0

endt ype
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2223 Packet Length

Packet Length is the number of octets remaining in the CP_PDU.

In addition to usual

operations, conversions of natural number to packet length and packet length to natural number

are defined.

type PacketLength is Bit,

Bool ean,

Nat ur al Nunber

sorts Packet Lengt h
opns Packet Lengt h Bit, Bit, Bit, Bit, Bit, Bit,
Bit, Bit, Bit, Bit, Bit, Bit,
Bit, Bit, Bit, Bit -> PacketlLength
Bitl, Bit2, Bit3, Bit4,
Bit5, Bit6, Bit7, Bit8,
Bit9, Bitl0, Bit1l1,
Bitl2, Bitl1l3, Bitl4,
Bitl5, Bitl6 Packet Length -> Bit
_Eq_, _Ne_ Packet Lengt h, Packet Length -> Bool
Convert Nat ToPL Nat -> PacketLength
Convert PLToNat Packet Lengt h -> Nat
Next Packet Lengt h -> Packet Length
egns forall bl, b2, b3, b4, b5, b6, b7, b8, b9, bl0, bli,
b12, b13, bl4, bl5, bl6 : Bit, PL1, PL2 : PacketlLength,
N : Nat
of sort Bit
Bi t 1( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blo, bll, bl2,
b13, bl4, bl5, bl6)) = bl ;
Bi t 2( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blo, bll, bl2,
b13, bl4, bl5, bl6)) = b2 ;
Bi t 3( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blo, bll, bl2,
b13, bl4, bl5, bl6)) = b3 ;
Bi t 4( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blo, bll, bl2,
b13, bl4, bl5, bl6)) = b4 ;
Bi t 5( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blo, bll, bl2,
b13, bl4, bl5, bl6)) = b5 ;
Bi t 6( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blo, bll, bl2,
b13, bl4, bl5, bl6)) = b6 ;
Bi t 7( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blo, bll, bl2,
b13, bl4, bl5, bl6)) = b7 ;
Bi t 8( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blo, bll, bl2,
b13, bl4, bl5, bl6)) = b8 ;
Bi t 9( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, blo, bll, bl2,
b13, bl4, bl5, bl6)) = b9 ;
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Bi t 10( Packet Lengt h( b1,

b2, b3, b4, b5, b6,

b7, b8, b9, bl0o, bll, bil2,
b13, bl4, bl5, bls6)) = b10 ;
Bi t 11( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0o, bll, bil2,
b13, bl4, bl5, bil6)) = b1l
Bi t 12( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0o, bll, bil2,
b13, bl4, bl5, bil6)) = b12
Bi t 13( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0o, bll, bil2,
b13, bl4, bl5, bls6)) = b13 ;
Bi t 14( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0o, bll, bil2,
b13, bl4, bl5, bil6)) = bl4
Bi t 15( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0o, bll, bil2,
b13, bl4, bl5, bil6)) = b15
Bi t 16( Packet Lengt h(b1, b2, b3, b4, b5, b6,
b7, b8, b9, bl0o, bll, bil2,
b13, bl4, bl5, bls6)) = b16 ;
of sort Bool
PL1 Eq PL2 = (Bit1(PL1) Eq Bit1(PL2)) And
(Bit2(PL1) Eq Bit2(PL2)) And
(Bit3(PL1) Eq Bit3(PL2)) And
(Bit4(PL1) Eq Bit4(PL2)) And
(Bit5(PL1) Eq Bit5(PL2)) And
(Bit6(PL1) Eq Bit6(PL2)) And
(Bit7(PL1) Eq Bit7(PL2)) And
(Bit8(PL1) Eq Bit8(PL2)) And
(Bit9(PL1) Eq Bit9(PL2)) And
(Bit10(PL1) Eq Bit10(PL2)) And
(Bit11(PL1) Eq Bit11(PL2)) And
(Bit12(PL1) Eq Bit12(PL2)) And
(Bit13(PL1) Eq Bit13(PL2)) And
(Bit14(PL1) Eq Bit14(PL2)) And
(Bit15(PL1) Eq Bit15(PL2)) And
(Bit16(PL1) Eq Bit16(PL2)) ;
PL1 Ne PL2 = Not (PL1 Eq PL2)
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of sort Packet Length

(N Eg 0) =>
Convert Nat ToPL(N)

Packet Lengt h(O, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0);

(N Ne 0) =>
Convert Nat ToOPL(N) = Next (Convert Nat ToPL(Pred(N)));

Next ( Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, bll, b12, b13, bl4, bl5, 0)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12, b13, bl4, bl5, 1) ;

Next ( Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12, b13, bl4, 0,1)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b1, b12, b13, bl4, 1, 0) ;

Next ( Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12, b13,0,1,1)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l, b12, b13, 1,0, 0) ;

Next (Packet Lengt h(bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12,0,1,1,1)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l, b12,1,0,0,0) ;

Next (Packet Lengt h(bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11,0,1,1,1,1)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11,1,0,0,0,0) ;

Next (Packet Lengt h(bl, b2, b3, b4, b5, b6, b7, b8, b9, b10,0,1,1,1,1,1)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10,1,0,0,0,0,0) ;

Next (Packet Lengt h(bl, b2, b3, b4, b5, b6, b7, b8,b9,0,1,1,1,1,1,1)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, b9, 1,0,0,0,0,0,0) ;

Next (Packet Lengt h(bl, b2, b3, b4, b5, b6, b7,b8,0,1,1,1,1,1,1,1)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8, 1,0,0,0,0,0,0,0) ;

Next (Packet Lengt h(bl, b2, b3, b4, b5, b6, b7,0,1,1,1,1,1,1,1,1)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6, b7,1,0,0,0,0,0,0,0,0) ;

Next (Packet Lengt h(bl, b2, b3, b4, b5,b6,0,1,1,1,1,1,1,1,1,1)) =
Packet Lengt h( b1, b2, b3, b4, b5, b6,1,0,0,0,0,0,0,0,0,0) ;

Next (Packet Lengt h(bl, b2, b3, b4,b5,0,1,1,1,1,1,1,1,1,1,1)) =
Packet Lengt h( b1, b2, b3, b4, b5,1,0,0,0,0,0,0,0,0,0,0) ;

Next (Packet Lengt h(bl, b2, b3,b4,0,1,1,1,1,1,1,1,1,1,1,1)) =
Packet Lengt h(b1, b2, b3, b4,1,0,0,0,0,0,0,0,0,0,0,0) ;

Next (Packet Lengt h(bl, b2,b3,0,1,1,1,1,1,1,1,1,1,1,1,1)) =
Packet Lengt h(b1, b2, b3,1,0,0,0,0,0,0,0,0,0,0,0,0) ;

Next ( Packet Lengt h(b1, b2,0,1,1,1,1,1,1,1,1,1,1,1,1,1)) =
Packet Lengt h(b1, b2,1,0,0,0,0,0,0,0,0,0,0,0,0,0) :

Next ( Packet Lengt h(b1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1)) =
Packet Lengt h(b1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0) ;

Next ( Packet Length(0,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1))
Packet Lengt h(1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0) ;

Next (Packet Length(1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1))
Packet Lengt h(O, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0) ;
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of sort Nat

Convert PLToNat ( Packet Lengt h( b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11, b12, b13, b14, b1l5, b16)) =
(CCCCCCeeeeeed(

Nat Num(bl) * 2) + NatNunm(b2) * 2) + NatNun{b3) * 2) +
Nat Num(b4) * 2) + NatNunm(b5) * 2) + Nat Nun(b6) * 2)
Nat Num(b7) * 2) + NatNunm(b8) * 2) + NatNun{b9) * 2) +
Nat Num(b10) * 2) + NatNun(bll) * 2) + NatNum(bl2) * 2) +
Nat Num(b13) * 2) + NatNun{bl4) * 2) + NatNum(bl5) * 2) +
Nat Num( b16) ;

+

endt ype
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2.2.3 User Data

The Secondary Header part of the Version-1 CCSDS Packet is not used in these specifications
and is considered a part of the User Data.

The User Datafield is of unknown internal form and is an integral number of octets in length; the
OctetString ADT (5.7) will be used for this purpose.
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2.3 PATH SUBNETWORK DATA TYPES
2.3.1 CCSDS Packet Service Data Unit

The Packet Service Data Unit (P_SDU) isa Version-1 CCSDS Packet that has been created by
the Path protocol. As such, a separate ADT is not needed, and the CCSDSPacket ADT (2.2.1)
will be used instead.
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3 VCLCDATATYPES
31 VCLCSERVICEDATATYPES
3.1.1 Encapsulation Service Data Unit

The Encapsulation Service Data Unit (E_SDU) is a delimited, octet-aligned data unit which,
since it is not formatted as a Version-1 CCSDS Packet, has a format and content that are both
unknown to the VCLC sublayer. The E_SDU is passed either (1) from the upper layer as a
parameter of the service data primitive E_UNITDATA.request for encapsulation or (2) to the
upper layer as a parameter of the service data primitive E_UNITDATA.indication after de-
encapsulation. The E_SDU may have any format and be of any length which is an integral
number of octets, up to 65,536 (216) maximum. The encapsulation procedure must simply
preserve and pass the E_SDU without modification.

Asthe E_SDU isfunctionally equivalent to the OctetString ADT (5.7), the OctetString ADT will
be used instead.

3.1.2 E_SDU LossFlag

The E_SDU Loss Flag is a Boolean value used to indicate the loss of E_SDU data during the de-
encapsulation process.

type ESDULossFl ag i s Bool ean
sorts ESDULossFI ag

opns ESDULost : -> ESDULossFl ag
ESDUNot Lost : -> ESDULossFI ag
_Eq_ . ESDULossFI ag,
ESDULossFl ag - > Bool
eqns
of sort Bool
ESDULost Eq ESDULost = true
ESDUNot Lost Eg ESDUNot Lost = true
ESDULost Eq ESDUNot Lost = fal se
ESDUNot Lost Egq ESDULost = fal se
endt ype

3.1.3 Multiplexing Service Data Unit

The Multiplexing Service Data Unit (M_SDU) isformatted as a Version-1 CCSDS Packet. The
M_SDU isreceived from the upper layer as a parameter of the service data primitive.

Asthe M_SDU is functionally equivalent to the CCSDSPacket ADT, the CCSDSPacket ADT
will be used for the M_SDU.
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3.1.4 Bitstream Data

The Bitstream Data which accompany a BITSTREAM.request or a BITSTREAM.indication are
undelimited strings of bits.

The Bitstream Datafield is of unknown internal form; the BitString ADT (5.6) will be used for
Bitstream Data.

3.15 PCID

The Packet Channel Identifier (PCID) is locally expressed by the APID field in the Version-1
CCSDS Packet Header. Asthe PCID is identical to the APID, the APID will be used for the
PCID.

3.1.6 Bitstream Data L oss Flag

The Bitstream Data Loss Flag is used to indicate the loss of Bitstream data.

type BitstreanDatalossFlag is Bool ean, VCDULossFl ag
sorts BitstreanDatalLossFl ag
opns BitstreanDat aLost : -> BitstreanDat aLossFl ag
Bi t st r eanDat aNot Lost : -> BitstreanbDat aLossFl ag
Convert VCDULFt oBi t streanlLF : VCDULossFI ag
-> BitstreanDat aLossFl ag
_Eq_ . BitstreanDat aLossFl ag,
Bi t st r eanDat aLossFl ag - > Bool

eqns
of sort Bool
Bi t st reanDat aLost eq BitstreanDat aLost = true ;
Bi t st reanDat aNot Lost eq BitstreanDat aNotLost = true ;
Bi t st reanDat aLost eq BitstreanDat aNot Lost = fal se ;
Bi t st reanDat aNot Lost eq Bit streanDat aLost = fal se ;
of sort BitstreanbDat aLossFl ag
Convert VCDULFt oBi t st r eanmLF(
VCDULost ) = BitstreanDat aLost;
Convert VCDULFt oBi t st reanLF(
VCDUNot Lost ) = Bi t streanDat aNot Lost ;
endt ype
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32 VCLCPROTOCOL DATA TYPES
3.21 Encapsulation Protocol Data Unit

The Encapsulation Protocol Data Unit (E_PDU) is passed to the lower layer as a parameter of the
service data primitive.

As the E_PDU is functionally equivalent to the CCSDSPacket ADT, the CCSDSPacket ADT
will be used for the E_PDU.

3.2.2 Multiplexing Protocol Data Unit

The Multiplexing Protocol Data Unit (M_PDU) has the following structure:

M_PDU Header 2 octets

Spare 5 hits

First Header Pointer 11 bits
Packet Zone (contains CCSDS packets or portions fixed length/VC
thereof)

The following defines the M_PDU format. The M_PDU contains aM_PDU header field and an
M_PDU Packet Zone (CCSDS Packets).

type MPDU i s MPDUHeader, CctetString
sorts MPDU

opns MakeMPDU : MPDUHeader, CctetString -> MPDU
Get MPDUHeader : MPDU -> MPDUHeader
Get MPDUPZ : MPDU -> CctetString

Convert MPDUt 0OS : MPDU -> CctetString
ConvertCstoMPDU : CctetString -> MPDU

egns forall MHL : MPDUHeader,
MPZ1, OS1 : CctetString

of sort MPDUHeader
Get MPDUHeader ( MakeMPDU( MHL, MPZ1)) = MHL ;
of sort CctetString

Get MPDUPZ( MakeMPDU( MH1, MPZ1)) = MPZ1 ;
Convert MPDUt 0OS(
MakeMPDU( MHL, MPZ1)) = Append( MPZ1,

Convert MPDUHeader t oOS( MHL) ) ;
of sort MPDU

Convert Ost oMPDUY( OS1) = MakeMPDU(
Convert OSt oMPDUHeader (
Fi rst(0S1),
Nt h(CSs1, 2)

).
StripCctets(0Sl, 2)
)

endt ype
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M_PDU Header

The following defines the Multiplexing Protocol Data Unit (M_PDU) header field. TheM_PDU
header contains the Spares field and the First Header Pointer (FHP) field. The M_PDU header is
16 bitsin length.

type
sorts

opns

eqns

MPDUHeader is MPDUSpare, FirstHeaderPointer, Cctet, OctetString

MPDUHeader
MakeMPDUHeader . MPDUSpare, MPDUFHP -> MPDUHeader
Get FHP . MPDUHeader -> MPDUFHP

Convert MPDUHeadert oOS : MPDUHeader -> CctetString
Convert OSt oMPDUHeader : Cctet, Cctet -> MPDUHeader

forall FHP1 : MPDUFHP
Sparel : MPDUSpare
O, 2 : Cctet

of sort MPDUFHP
Get FHP( MakeMPDUHeader ( Sparel, FHP1)) = FHP1
of sort CctetString

Conver t MPDUHeader t 0OS(
MakeMPDUHeader ( Sparel, FHP1)) = AddFr ont (
Cctet (
0,
0,
0,
0,
0,
Bi t 1( FHP1) ,
Bi t 2( FHP1) ,
Bi t 3(FHP1) ),
AddFr ont (
Cctet (
Bi t 4( FHP1) ,
Bi t 5( FHP1) ,
Bi t 6( FHP1) ,
Bi t 7( FHP1) ,
Bi t 8( FHP1) ,
Bi t 9( FHP1) ,
Bi t 10( FHP1) ,
Bi t 11( FHP1) ),
Nul I OS));
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of sort MPDUHeader

Convert OSt oMPDUHeader (0L, O2) = MakeMPDUHeader (
MakeMPDUSpar e(
Bit1(O1),
Bit2(01),
Bit3(Ol),
Bit4(01),
Bi t 5(O1)

)

Mak e MPDUFHP(
Bi t 6(OL),
Bi t 7(OL),
Bi t 8(OL),
Bit1(CR),
Bi t2(CR),
Bi t 3(2),
Bi t 4( C2),
Bi t 5(CR),
Bi t 6(CR),
Bit 7(CR),
Bi t 8( 2)

endt ype
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32211 M_PDU SpareField

The following defines the Spare field, which is part of the M_PDU Header field. Thisfield isnot
currently used by the protocol; it is being held in reserve.

type MPDUSpare is Bit, Bool ean

sorts MPDUSpar e

opns MPDUSpar e : -> MPDUSpar e
MakeMPDUSpar e : Bit, Bit, Bit, Bit, Bit
-> MPDUSpar e

egns forall bl, b2, b3, b4, b5: Bit, M51l, MS2: MPDUSpare
of sort MPDUSpar e
MPDUSpar e = MakeMPDUSpare(0O, 0, 0, 0, 0)

endt ype
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32212 M_PDU First Header Pointer

The First Header Pointer (FHP) is a Natural Number (Nat) which is part of the M_PDU Header
field. The FHP consists of 11 bits. It is a pointer to the first octet of the first CCSDS Packet
Header in the Packet Zone. It is zero when the first octet of the Packet Zone is the first octet of
the first CCSDS Packet Header, so it acts as an offset value within the Packet Zone. If the
Packet Zone does not contain a CCSDS packet header, but does contain a portion of a CCSDS
packet, the FHP is set to ‘all ones'. If the Packet Zone contains only fill data, the FHP is set to
‘al ones minus one'.

type Fi rst Header Pointer is Bit, Bool ean, Natural Nunber, BitString
sorts MPDUFHP

opns NoPacket Header FHP . -> MPDUFHP
Fil | FHP : -> MPDUFHP
Nul | FHP : -> MPDUFHP
Mak e MPDUFHP : Bit, Bit, Bit, Bit,

Bit, Bit, Bit, Bit,

Bit, Bit, Bit -> MPDUFHP
Bitl, Bit2, Bit3, Bit4,
Bit5, Bit6, Bit7, Bit8,

Bit9, Bitl0, Bitll : MPDUFHP -> Bit

Convert FHPt oNat : MPDUFHP - > Nat

Convert Natt oFHP : Nat -> MPDUFHP

_Eq_, _Ne_ . MPDUFHP, MPDUFHP -> Bool
Next FHP : MPDUFHP -> MPDUFHP

egns forall bl, b2, b3, b4, b5, b6, b7,b8, b9, bl0, bll : Bit,
FHP1, FHP2 : MPDUFHP,
Nat1 : Nat,
BS1 : BitString

of sort MPDUFHP

NoPacket Header FHP = MakeMPDUFHP(1,1,1,1,1,1,1,1,1,1,1)
Fill FHP = MakeMPDUFHP(1,1,1,1,1,1,1,1,1,1,0)
Nul | FHP = MakeMPDUFHP(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)
Next FHP(

MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, 0))
= MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, 1)

Next FHP(
MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, 0, 1))
= MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, 1, 0)

Next FHP(
MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, 0, 1, 1))
= MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, 1, 0, 0)

Next FHP(
MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, 0, 1, 1, 1))
= MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, 1, 0, 0, 0)

Next FHP(
MakeMPDUFHP( b1, b2, b3, b4, b5, b6, 0,1, 1, 1, 1))
= MakeMPDUFHP( b1, b2, b3, b4, b5, b6, 1, 0, 0, 0, 0)
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Next FHP(
MakeMPDUFHP( b1, b2, b3, b4, b5, 0, 1, 1, 1, 1, 1))
= MakeMPDUFHP( b1, b2, b3, b4, b5, 1, 0, 0, 0, 0, 0)

Next FHP(
MakeMPDUFHP( b1, b2, b3, b4,0,1,1,1,1,1, 1))
= MakeMPDUFHP( b1, b2, b3, b4, 1, 0, 0, 0, 0, 0, 0)

Next FHP(
MakeMPDUFHP( b1, b2, b3,0,1,1,1,1,1,1, 1))
= MakeMPDUFHP( b1, b2, b3, 1,0, 0,0, 0,0, 0, 0)

Next FHP(
MakeMPDUFHP( b1, b2, 0,1,1,1,1,1,1,1, 1))
= MakeMPDUFHP( b1, b2, 1,0, 0,0, 0,0, 0, 0, 0)

Next FHP(
MakeMPDUFHP( b1, 0,1, 1,1,1,1,1,1,1, 1))
= MakeMPDUFHP(b1, 1,0, 0,0, 0,0, 0, 0, 0, 0)

Next FHP(
MakeMPDUFHP( O, 1,1, 1,1,1,1,1,1,1, 1))
= MakeMPDUFHP(1, 0, 0,0, 0,0, 0,0, 0, 0, 0)

Convert Nat t oFHP( 0)
Convert Natt oFHP(succ(Nat 1))

Nul | FHP ;
Next FHP( Convert Natt oFHP( Nat 1))

of sort Nat

Conver t FHPt oNat ( FHP1) = (((((((Nat Num(Bit 11( FHP1)
Nat Num( Bi t 10( FHP1)))) +
** 2) * Nat Num( Bi t 9( FHP1)
** 3) * Nat Num( Bi t 8( FHP1)

)) +

g
** o 4) Nat Num( Bi t 7( FHP1) )

)

)

)

* ~

** 5) * Nat Num( Bi t 6( FHP1)
** ) * Nat Num( Bi t 5( FHP1)
*% 7) * Nat Nun( Bi t 4( FHP1)
*+ 8) * Nat Num( Bi t 3( FHP1))
** (8+1)) * Nat Num(Bit2(FHP1))))
** (8+2)) * Nat Num(Bit1(FHP1))))

L I

)

))
))
))
))
))
))
))

+

NN AN AN AN AN AN AN S S S
e L T T T T e N N N )
NNDNNNNDNDNDDN —

+
+
+
+
+
+
+
)

)

of sort Bit

Bi t 1( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l)) = bl
Bi t 2( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l)) = b2
Bi t 3( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l)) = b3
Bi t 4( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l)) = b4
Bi t 5( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l)) = b5
Bi t 6( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l)) = b6
Bi t 7( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, bl1l)) = b7
Bi t 8( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l)) = b8
Bi t 9( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11l)) = b9
Bi t 10( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11)) = bl0

Bi t 11( MakeMPDUFHP( b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b1l)) = bll ;
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of sort Bool

FHP1 Eq FHP2 = (((((((((((Bit1(FHP1) Eq Bit1(FHP2))

and

(Bi t2(FHP1) Eq Bit2(FHP2)))
and

(Bit3(FHP1) Eq Bit3(FHP2)))
and

(Bi t 4(FHP1) Eq Bit4(FHP2)))
and

(Bit5(FHP1) Eq Bit5(FHP2)))
and

(Bit6(FHP1) Eq Bit6(FHP2)))
and

(Bi t 7(FHP1) Eq Bit7(FHP2)))
and

(Bit8(FHP1) Eq Bit8(FHP2)))
and

(Bit9(FHP1) Eq Bit9(FHP2)))
and

(Bi t 10( FHP1) Eq Bit 10( FHP2)))
and

(Bit11(FHP1) Eq Bit11(FHP2)));
FHP1 Ne FHP2 = not (FHP1 Eq FHP2)

endt ype
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M_PDU Packet Zone

The M_PDU Packet Zone is an octet-delimited string of octets. Thus, the OctetString ADT (5.7)
will be used for the M_PDU Packet Zone.

3.2.3 Bitstream Protocol Data Unit

The following defines the Bitstream Protocol Data Unit (B_PDU) format. The B_PDU contains
aB_PDU Header field and strings of bits (BitString data).

type

sorts
opns

eqns

endt ype

BPDU i s BPDUHeader ,

BitString, OctetString, BitFill Data,

Nat ur al Nunber

BPDU
VakeBPDU

MakeFi | | BPDU
Cet BPDUHeader
Cet BDZ

Convert BPDUt 00S
Convert OSt oBPDU

BPDUHeader, BitString
-> BPDU
Nat, BitString -> BPDU

BPDU - > BPDUHeader
BPDU -> BitString
BPDU -> CctetString
Octet String -> BPDU

forall BHL : BPDUHeader,
BDZ1, FillPattern : BitString,
FillLength : Nat,
Osl @ CctetString
of sort BPDUHeader
Get BPDUHeader (MakeBPDU( BH1, BDZ1)) = BH1 ;
of sort BitString
Get BDZ( MakeBPDU( BH1, BDZ1)) = BDZ1 ;
of sort CctetString
Conver t BPDUt 0OS( MakeBPDU( BH1, BDZ1)) = Append(
Convert BSt 00S(
BDZ1) ,
Convert BH 0OS(
BH1)
)
of sort BPDU
Convert OSt oBPDY( OS1) = MakeBPDUY(

Convert Ost oBH(

AddFront (Nt h(0s1, 1),
AddFront (Nt h(0s1, 2),
Nul 1 CS))),

Convert st oBS(
StripCctets(0SL, 2)

)

)

MakeFi | | BPDU(Fi | | Lengt h,

FillPattern) =

CCSDS 705.1-B-1

Mak eBPDU( MakeBPDUHeader ( BPDUSpar e,
Onl yFi | | Dat aBDP) ,
MakeBi tFill Data(Fill Pattern,
Fill Length))
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B_PDU Header

The following is a definition of the Bitstring Protocol Data Unit (B_PDU) Header field. The

B_PDU Header contains the Spares field and the Bitstring Data Pointer (BDP) field.

anticipated that the B_PDU Header will be atotal of 16 bitsin length.

type
sorts

opns

eqns

BPDUHeader i s BPDUSpare,

BPDUHeader

MakeBPDUHeader

Cet Bi t st r eanDat aPoi nter :

Convert BHt 00OS
Convert OSt oBH

forall

BDP1:
Spar el:
oSl

Bi t st r eanDat aPoi nt er,

BPDUSpar e,

-> BPDUHeader

BPDUHeader

CctetString

Bi t st r eanDat aPoi nt er

-> Bi t st reanDat aPoi nt er
BPDUHeader -> CctetString
Cctet String -> BPDUHeader

Bi t st r eanDat aPoi nt er,

CctetString

BPDUSpar e,

of sort BitstreanDat aPoi nter

Cet Bi t st r eanDat aPoi nt er (MakeBPDUHeader ( Spar el,

of sort CctetString

Convert BH 0OS(
MakeBPDUHeader ( Spar el,

CCSDS 705.1-B-1

BDP1)) =

AddFr ont (

Cctet (

0,

0,

Bi t 1( BDP1),
Bi t 2( BDP1),
Bi t 3( BDP1),
Bi t 4( BDP1),
Bi t 5( BDP1),
Bi t 6( BDP1)

).
AddFr ont (
Cctet (

Bi t 7( BDP1),
Bi t 8( BDP1),
Bi t 9( BDP1),

BDP1)) =

Bi t 10( BDP1) ,
Bi t 11( BDP1),
Bi t 12( BDP1),
Bi t 13( BDP1),

Bi t 14( BDP1)

)
Nul | OS

)
)

Page 3-11
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of sort BPDUHeader

Convert OSt oBH( 0OS1) = MakeBPDUHeader (
MakeBPDUSpar e(
Bitl(First(0s1)),
Bit2(First(0S1))

)

MakeBi t st r eanDat aPoi nt er (
Bit3(First(0s1)),
Bit4(First(0S1)),
Bit5(First(0S1)),
Bit6(First(0s1)),
Bit7(First(0s1)),
Bit8(First(0s1)),
Bit1(Nth(0s1, 2)),
Bit2(Nth(0s1, 2)),
Bit3(Nth(0s1, 2)),
Bit4(Nth(0s1, 2)),
Bit5(Nth(0s1, 2)),
Bit6(Nth(0s1, 2)),
Bit7(Nth(0s1, 2)),
Bi t 8( Nt h( 081, 2))

endt ype
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32311 B_PDU SpareField

The B_PDU Spare field in the Header is not used currently. 1t is 2 bitslong.

type BPDUSpare is Bit, Bool ean
sorts BPDUSpare

opns BPDUSpar e . -> BPDUSpare
MakeBPDUSpar e : Bit, Bit -> BPDUSpare

eqns forall bl, b2: Bit, BSl1l, BS2: BPDUSpare
of sort BPDUSpar e

BPDUSpar e = MakeBPDUSpar e( 0, 0)
endt ype
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Bitstream Data Pointer

The Bitstream Data Pointer (BDP) is part of the B_PDU Header field. The BDP consists of 14
bits. It is a count of the number of user-supplied bits contained in the Bitstream Data Zone
(BDZ), except when the BDZ contains only fill data or no fill data. In the case of a fill-only
BDZ, the BDPis set to ‘al ones minus on€’; in the case of a no-fill BDZ, the BDP is set to ‘all

Ones..

type

sorts

opns

eqns

CCSDS 705.1-B-1

Bi t streanDat aPointer is Bit, Bool ean

Bi t st r eanDat aPoi nt er

Onl yFi | | Dat aBDP

NoFi | | Dat aBDP

Nul | BDP

MakeBi t st r eanDat aPoi nt er

Bitl, Bit2, Bit3, Bit4,
Bit5, Bit6, Bit7, Bit8,
Bit9, Bitl0, Bit11l,
Bitl2, Bitl1l3, Bitl4
_Eq_, _Ne_

Next, Pred

Convert Nat t oBDP
Convert BDPToNat

forall bl, b2, b3, b4, b5, b6
b8, b9, bl0, bll, bl2

-> Bi t streanDat aPoi nt er

-> Bit streanDat aPoi nt er

-> Bi t streanDat aPoi nt er

Bit, Bit, Bit, Bit,

Bit, Bit, Bit, Bit,

Bit, Bit, Bit, Bit,

Bit, Bit -> BitstreanDataPointer

Bi t st reanDat aPoi nter -> Bit
Bi t st r eanDat aPoi nt er

Bi t st r eanDat aPoi nt er -> Boo
Bi t st r eanDat aPoi nter ->

Bi t st r eanDat aPoi nt er

Nat -> BitstreanDat aPoi nt er

Bi t St r eanDat aPoi nt er -> Nat

b7,
b13, bl4 : Bit,

BDP1, BDP2 : BitstreanDat aPoi nter

Nat 1 : Nat
ofsort Bit

Bi t 1( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

Bi t 2( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

Bi t 3( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

Bi t 4( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

Bi t 5( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

Bi t 6( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

bl :

= b3 X

b6
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Bi t 7( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14)) = b7 ;

Bi t 8( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

b8

Bi t 9( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

b9

Bi t 10( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

b10 :

Bi t 11( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

b1l :

Bi t 12( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

b12 :

Bi t 13( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

b13 :

Bi t 14( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8
b9, b10, b11l, b12, b13, b14))

b14 X
of sort BitstreanDat aPoi nt er
Onl yFi | | Dat aBDP

= MakeBi t st reanDat aPoi nt er (
1,1,1,1,1,12,1,1,1,1,1,1,1,0) ;

Nul | BDP = MakeBit streanDat aPoi nter(0,0,0,0,0,0,0,0,0,0,0,0,0,0) ;
NoFi | | Dat aBDP = MakeBit streanDataPointer(1,1,1,1,1,12,1,12,1,1,1,1,1,1) ;

Next ( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12,b13,0)) =
MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, bll, bl2, b13,1) ;
Next ( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12,0,1)) =
MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8, b9, bl10, bll, bl2,1,0) ;
Next ( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11,0,1,1)) =
MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, bl10, bll, 1,0,0) ;
Next ( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10,0,1,1,1)) =
MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8, b9, bl0, 1,0, 0, 0) ;
Next ( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8,b9,0,1,1,1,1)) =
MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8, b9, 1,0,0,0,0) ;
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Next ( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7,b8,0,1,1,1,1,1)) =
MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, 1,0, 0,0, 0,0) ;
Next ( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6,b7,0,1,1,1,1,1,1)) =
MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, 1,0,0,0,0,0,0) ;
Next ( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5,b6,0,1,1,1,1,1,1,1)) =
MakeBi t st r eanDat aPoi nt er (b1, b2, b3, b4, b5, b6, 1,0,0,0,0,0,0,0) ;
Next (MakeBi t st r eanDat aPoi nt er (b1, b2, b3, b4,b5,0,1,1,1,1,1,1,1,1)) =
MakeBi t st r eanDat aPoi nt er (b1, b2, b3, b4, b5,1,0,0,0,0,0,0,0,0) ;
Next (MakeBi t st r eanDat aPoi nter (b1, b2, b3,b4,0,1,1,1,1,1,1,1,1,1)) =
MakeBi t st r eanDat aPoi nt er (b1, b2, b3, b4,1,0,0,0,0,0,0,0,0,0) ;
Next (MakeBi t st r eanDat aPoi nter (b1, b2,b3,0,1,1,1,1,1,1,1,1,1,1)) =
MakeBi t st r eanDat aPoi nt er (b1, b2, b3,1,0,0,0,0,0,0,0,0,0,0) ;
Next (MakeBi t st reanDat aPoi nter(bl,b2,0,1,1,1,1,1,1,1,1,1,1,1)) =
MakeBi t st r eanDat aPoi nt er (b1, b2,1,0,0,0,0,0,0,0,0,0,0,0) ;
Next (MakeBi t st r eanDat aPoi nter(b1,0,1,1,1,1,1,1,1,1,1,1,1,1)) =
MakeBi t st r eanDat aPoi nter (b1, 1,0,0,0,0,0,0,0,0,0,0,0,0)

Next (MakeBi t st reanDat aPointer(0,1,1,1,1,1,1,1,1,1,1,1,1,1)) =
MakeBi t st r eanDat aPointer(1,0,0,0,0,0,0,0,0,0,0,0,0,0) ;

Next (MakeBi t st reanbDat aPoi nter(21,1,1,1,1,1,1,1,1,1,1,1,1,1)) =
MakeBi t st r eanbat aPoi nter(0,0,0,0,0,0,0,0,0,0,0,0,0,0) ;

Pred( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12,b13,1)) =
MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, bll, bl2, bl3, 0) ;
Pred( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12,1,0)) =
MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, bll, b12,0,1) ;
Pred( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11,1,0,0)) =
MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, bl10, b11,0,1,1) ;
Pred( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10,1,0,0,0)) =
MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, b10,0,1,1,1) ;
Pred( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8, b9, 1,0,0,0,0)) =
MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7, b8,b9,0,1,1,1,1) ;
Pred( MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7,b8,1,0,0,0,0,0)) =
MakeBi t st r eanDat aPoi nt er (
bl, b2, b3, b4, b5, b6, b7,b8,0,1,1,1,1,1) ;
Pred( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7,1,0,0,0,0,0,0)) =
MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6, b7,0,1,1,1,1,1,1) ;
Pred( MakeBi t st r eanDat aPoi nt er (
b1, b2, b3, b4, b5, b6,1,0,0,0,0,0,0,0)) =
MakeBi t st r eanDat aPoi nt er (b1, b2, b3, b4, b5,b6,0,1,1,1,1,1,1,1) ;
Pred( MakeBi t st reanDat aPoi nter (bl, b2, b3, b4, b5,1,0,0,0,0,0,0,0,0)) =
MakeBi t st r eanDat aPoi nt er (b1, b2, b3, b4,b5,0,1,1,1,1,1,1,1,1) ;
Pred( MakeBi t st reanDat aPoi nter (bl, b2, b3, b4,1,0,0,0,0,0,0,0,0,0)) =
MakeBi t st r eanDat aPoi nt er (b1, b2, b3,b4,0,1,12,1,1,1,1,1,1,1) ;
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Pred( MakeBi t st reanDat aPoi nter (bl, b2,b3,1,0,0,0,0,0,0,0,0,0,
MakeBi t st r eanDat aPoi nter (b1, b2,b3,0,1,1,1,1,1,1,1,1,1
Pred( MakeBi t st r eanDat aPoi nter (b1, b2,1,0,0,0,0,0,0,0,0,0,0,
MakeBi t st r eanDat aPoi nter (b1,b2,0,1,1,1,1,1,1,1,1,1,1
Pred( MakeBi t st r eanDat aPoi nter(bl,1,0,0,0,0,0,0,0,0,0, 0,0,
MakeBi t st reanDat aPoi nter(b1,0,1,1,1,1,1,1,1,1,1,1, 1,
Pred( MakeBi t st r eanbDat aPoi nter(1,0,0,0,0,0,0,0,0,0,0,0,0,0
MakeBi t st reanDat aPointer(0,1,1,1,1,1,1,1,1,1,1,1,1,1
Pred( MakeBi t st r eanDat aPoi nter(0,0,0,0,0,0,0,0,0,0,0,0,0,0
MakeBi t st reanDat aPointer(1,1,1,1,1,1,1,1,1,1,1,1,1,1
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Convert Nat ToBDP(0) =
(0,0,

Convert Nat ToBDP( Succ(Nat 1))

of sort Nat

BDP1 Eq Nul | BDP =>
Convert BDPToNat ( BDP1)

BDP1 Ne Nul | BDP =>
Convert BDPToNat ( BDP1)

of sort Bool

BDP1 Eq BDP2

BDP1 Ne BDP2

endt ype

CCSDS 705.1-B-1

Bi t
0, 0,

anDat aPoi nt er

stre
0,0,0,0,0,0,0,0);

= Next (Convert Nat ToBDP( Nat 1))

Succ(Convert BDPToNat ( Pred(BDP1)))

= (Bit1(BDP1) Eq Bit1(BDP2))
and
(Bit2(BDP1) Eq Bit2(BDP2))
and
(Bit3(BDP1) Eq Bit3(BDP2))
and
(Bi t4(BDP1) Eq Bit4(BDP2))
and
(Bi t5(BDP1) Eq Bit5(BDP2))
and
(Bit6(BDP1) Eq Bit6(BDP2))
and
(Bit7(BDP1) Eq Bit7(BDP2))
and
(Bi t8(BDP1) Eq Bit8(BDP2))
and
(Bit9(BDP1) Eq Bit9(BDP2))
and
(Bit 10( BDP1) Eq Bit 10( BDP2))
and
(Bit11(BDP1) Eq Bit11(BDP2))
and
(Bi t12(BDP1) Eq Bit12(BDP2))
and
(Bit13(BDP1) Eq Bit13(BDP2))
and

(Bit14(BDP1) Eq
= not (BDP1 Eq BDP2) ;
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3.23.2 B_PDU Bitstream Data Zone

The BitString ADT (5.6) is used to represent the B_PDU Bitstream Data Zone.
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4 VCA DATATYPES

41 VCA SERVICE DATA TYPES

411 VCA_SDU

The VCA_SDU, whichmay bean M_PDU, aB_PDU, or aSLAP_PDU, isrepresented using the
OctetString ADT (5.7), into which the VCLC converts M_PDUs and B_PDUs before sending to

the VCA.

4.1.2 Insert Service Data Unit

The Insert Service Data Unit (IN_SDU) is the service data unit passed to and from users of the
Insert serviceon al VCs. An IN_SDU is an isochronous, octet-aligned data unit of fixed length.
Its length at the request (source) interface is always equal to its length at the indication

(destination) interface. TheIN_SDU is represented using the OctetString ADT.

type
sorts
opns

eqns

endt ype

type
sorts
opns

eqns

endt ype

InsertLossFl ag i s Bool ean
I nsertLossFl ag

| NSDULost : -> InsertLossFl ag
| NSDUNot Lost : -> InsertLossFl ag
_Eq_ . I nsertLossFl ag,

I nsertLossFl ag -> Bool

forall DLI1, DLI2 : InsertLossFl ag

of sort Bool

I NSDULost Eq | NSDULost = true

| NSDUNot Lost Eq | NSDUNot Lost = true

I NSDULost Eq | NSDUNot Lost = fal se

| NSDUNot Lost Eq | NSDULost = fal se
VCDULossFl ag i s Bool ean

VCDULossFI ag

VCDULost : -> VCDULossFI ag
VCDUNot Lost : -> VCDULossFI ag
_Eq_ : VCDULossFI ag,

VCDULossFl ag - > Bool
forall DLI1, DLI2 : VCDULossFl ag

of sort Bool

VCDULost Eq VCDULost = true
VCDUNot Lost Eq VCDUNot Lost = true
VCDULost Eq VCDUNot Lost = fal se
VCDUNot Lost Eq VCDULost = fal se
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RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

VCA PROTOCOL DATA TYPES

The protocol data unit of the Virtual Channel Proceduresisthe VC_PDU, which isimplemented
using the CCSDS Virtual Channel Data Unit (VCDU) data structure. A VCDU is composed of a
VCDU Primary Header, an optional VCDU Insert Zone, a VCDU Data Unit Zone, and an
optional VCDU Trailer.

type
sorts
opns

eqns

VCDU i s VCDUPri maryHeader, CctetString, VCDUTrailer, FillData, Bool ean

VCDU
MakeVCDU : VCDUPri mar yHeader,
Cctet String,
Cctet String,
VCDUTr ai | er,
OctetString -> VCDU
MakeFi | | VCDU : COctetString, Nat -> VCDU
Nul | VCDU : -> VCDhU
Get VCDUPr i mar yHeader : VCDU -> VCDUPri mar yHeader
Get I nsert Zone : VCDU -> CctetString
Set I nsert Zone : CctetString, VCDU -> VCDU
Get VCASDU : VCDU -> CctetString
Get VCDUTT ai | er : VCDU -> VCDUTrai l er
Set VCDUTr ai | er : VCDUTrail er, VCDU -> VCDU
Set ReedSol onmon : CctetString, VCDU -> VCDU
Get ReedSol onmon : VCDU -> CctetString
Convert VCDUt 0OS : VCDU -> CctetString
_Eq_, _Ne_ : VCDU, VvCDU -> Bool
forall VCDUlL, VCDU2 : VCDU,
PH1 : VCDUPri mar yHeader,
121, 1Z2 : COctetString,
DUZ1 : CctetString,
RS1, RS2 : OctetString,
T1, T2 : VCDUTrail er,
FillData : CctetString,
FillLength : Nat

of sort VCDUPri mar yHeader
Get VCDUPr i mar yHeader ( MakeVCDU( PH1, 1271, DUZ1, T1, RS1))
of sort VCDU

Set | nsert Zone(1Z2, MakeVCDU(PHL, |Z1, DUZ1, T1, RSl))
MakeVCDU( PHL, |Zz2, DUzZ1, T1, RS1) ;

Set VCDUTr ai | er (T2, MakeVCDU(PHL, |Z1, DUZ1, T1, RSl))
MakeVCDU( PHL, |Zz1, DUZ1, T2, RS1) ;

Set ReedSol onon( RS2, MakeVCDU( PHL, |Z1, DUZ1, T1, RS1))
MakeVCDU( PHL, |Zz1, DUzZ1, T1, RS2) ;

MakeFi | | VCDU(Fi | | Data, FillLength)
= MakeVCDU( MakeVCDUPr i mar yHeader
(Versi on2,
MakeVCDUI D( MakeSCI I 0,
FillvCa D),
MakeVCDUCount er ( Cct et

MakeSi gnal | i ngFi el d( R
Nul | GS),
Nul | Gs,
MakeFi | | Data(Fi |l Data, FillLength),
Nul | Trail er,
Nul I GS) ;
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of sort CctetString

Get | nsert Zone( MakeVCDU( PH1, 1Z1, DUZ1, T1, RS1)) =121 ;
Get VCASDU( MakeVCDU( PH1, 1Z1, DUzZ1, T1, RS1)) = DUZ1 ;
Get ReedSol onon( MakeVCDU( PH1, |Zz1, DUZ1, T1, RS1)) = RS1 ;

Convert VCDUt 0OS( MakeVCDU( PH1, 12Zz1, DUZ1l, T1, RS1)) =
Append(RS1, Append(ConvertVCDUTrail ertoOS(T1l), Append(DUZ1,
Append( | Z1, Convert VCDUHeadertoOS(PH1))))) ;

of sort VCDUTrai |l er
Get VCDUTTr ai | er (MakeVCDU( PH1, |Zz1, DUZ1, T1, RS1)) =T1

of sort Bool

Nul | VCDU Eq Nul | VCDU = True ;
Nul | VCDU Eq MakeVCDU(PHL, 12Zz1, DUZ1, T1, RS1l) = Fal se ;
MakeVCDU( PHL, |Zz1, DUZ1, T1, RS1) Egq Nul |l VCDU = Fal se ;

VCDU1 Ne VCDU2
endt ype

Not (VCDUL Eq VCDUW2) ;
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4.2.1 VCDU Primary Header

The VCDU Primary Header contains the following fields:

Field: Length (bits):
VERSION NUMBER 2
VCDU IDENTIFIER: 14

Spacecraft ID (8)
Virtual Channel 1D (6)

VIRTUAL CHANNEL DATA UNIT COUNTER 24
SIGNALLING FIELD 8
Replay Flag (1)
Reserved Spares (7)
VCDU HEADER ERROR CONTROL (optional): (16)

The total length of the VCDU Primary Header is 48 or 64 bits, depending on whether the
optional VCDU Header Error Control field is present.

type VCDUPr i mar yHeader is Versi onNunmber, VCDUI D,
VCDUCount er, Signal li ngFi el d,
CctetString
sorts VVCDUPr i mar yHeader
opns MakeVCDUPr i mar yHeader : Versi onNunber, VCDU D, VCDUCounter,
SignallingField, CctetString
-> VCDUPri mar yHeader

Get Ver si onNumber : VCDUPri mar yHeader -> Versi onNunber
Get VCDUI D : VCDUPr i mar yHeader -> VCDU D

Get VCDUCount er : VCDUPr i mar yHeader -> VCDUCount er

Get Si gnal i ngFi el d : VCDUPri mar yHeader -> SignallingField
Get VCDUHEC : VCDUPri maryHeader -> CctetString

Set VCDUHEC : CctetString,

VCDUPr i mar yHeader -
Convert VCDUHeader ToOS : VCDUPri mar yHeader -
eqns forall VNL : VersionNunber,

VCDUI D1 : VCDUI D,

VC1 : VCDUCount er,

SF1 : Slgnal lingField,

HEC1, HEC2 : CctetString,

PH1 : VCDUPri mar yHeader

\Y%

VVCDUPr i mar yHeader
CctetString

\Y%

of sort Versi onNunber

Get Ver si onNunber ( MakeVCDUPr i mar yHeader
( VN1, VCDUI D1, VC1, SF1, HEC1) )

VN1 ;
of sort VCDUl D

Get VCDUI D( MakeVCDUPr i mar yHeader
( VN1, VCDUI D1, VC1, SF1, HEC1) )

VCDUI D1 ;
of sort VCDUCount er

Get VCDUCount er ( MakeVCDUPr i mar yHeader
( VN1, VCDUI D1, VC1, SF1, HEC1) ) = VCL ;

of sort SignallingField

Get Si gnal |'i ngFi el d( MakeVCDUPr i mar yHeader
( VN1, VCDUI D1, VC1, SF1, HEC1) )

SF1 ;
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of sort CctetString

Get VCDUHEC( MakeVCDUPr i mar yHeader ( VN1, VCDUI D1, VC1, SF1, HEC1))

= HEC1 ;

Conver t VCDUHeader ToOS( MakeVCDUPr i mar yHeader ( VN1, VCDUI D1, VC1, SF1, HEC1) )

of sort VCDUPri mary

Set VCDUHEC( HEC2, MakeVCDUPr i mar yHeader (VN1, VCDUI D1, VC1,
MakeVCDUPr i mar yHeader (VN1, VCDU D1, VC1,

endt ype
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= Append( HEC1,

AddFront (Cctet (Bit 1( VNL),

Bi t 2( VNL),

Bi t 1( Get SCI D( VCDUI D1) ),
Bi t 2( Get SCI D( VCDUI D1) ),
Bi t 3( Get SCI D( VCDUI D1) ),
Bi t 4( Get SCI D( VCDUI D1) ),
Bi t 5( Get SCI D( VCDUI D1) ),

Bi t 6( Get SCI D( VCDUI D1))),

AddFront (Cctet (Bit 7(Get SCl D( VCDUI D1) ),
Bi t 8( Get SCI D( VCDUI D1) ),
Bi t 1( Get VCI D(VCDUI D1) ) ,
Bi t 2( Get VCI D(VCDUI D1) ) ,
Bi t 3( Get VCI D( VCDUI D1) ) ,
Bi t 4( Get VCI D(VCDUI D1) ) ,

Bi t 5( Get VCI D( VCDUI D1) )

Bi t 6( Get VCI D( VCDUI D1)) ),

AddFront (Cctet 1( VC1),
AddFront (Cct et 2(VC1),
AddFront (Cct et 3(VC1),

AddFront (Cct et (Bi t 1( Get Repl ayFl ag( SF1)),

Nul108)))))))

Header
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4211 Version Number

The two Version Number bits (which occupy the two most significant bits of the VCDU Primary
Header) are reserved for identification of the VCDU structure.

type Ver si onNunber is Bit, Bool ean

sorts Ver si onNunber
opns Ver si onl
Ver si on2
MakeVer si onNunber
Bitl, Bit2
_eq_, _nhe

eqns  forall bl, b2 : Bit, VNI,

of sort Versi onNunber

Ver si onl

Ver si on2

ofsort Bit

Bi t 1( MakeVer si onNurber (b1, b2))
Bi t 2( MakeVer si onNurber (b1, b2))

of sort Bool

VN1 eq VN2

VN1 ne VN2

endt ype
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-> Ver si onNunber

-> Ver si onNunber

Bit, Bit -> Versi onNunber

Ver si onNunber -> Bit

Ver si onNunber, Versi onNunber -> Bool
VN2 : Versi onNunber

MakeVer si onNunber (0, 0);

MakeVer si onNunber (0, 1);

bl
b2

= (Bit1(VNL) eq Bit1(VN2))
d
?gu t2(VNL) eq Bit 2(VN2)) :
= not (VN1 eq VN2)
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4.2.1.2 VCDU ldentifier

The purpose of the VCDU ldentifier (VCDU-ID) is to identify the operational spacecraft with
which the VCDU is associated, and to identify the Virtual Channel in use. It is composed of the
Spacecraft Identifier (SCID) and the Virtual Channel Identifier (VCID).

VCDUI D i s Bool ean,
VCDUI D
MakeVCDUI D
CGet SCI D

CGet VCI D

_Ea_

_Ne_

forall x, y :

type
sorts
opns

eqgns VCDUI D a :
of sort SCI D
CGet SCI D( MakeVCDUI D(a, b))
of sort VCID
Get VCI D( MakeVCDUI D(a, b))

of sort Bool

X Eqy

X Ne vy
endt ype

CCSDS 705.1-B-1

VCI D, SCID

: SCID, VvC D -> VCDhU D
: VCDUI D -> SCI D

: VCDUI D -> VCI D

: VCDUI D, VCDU D -> Bool
VCDUI D, VCDUI D -> Bool
SCID, b :VvCD

(Get SCI D(x) Eq Get SCID(y))
And
(GetVCI D(x) Eq GetVC I(y))

Not (x Eq y) ;
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42121

Spacecr aft I dentifier

The Spacecraft Identifier (SCID) identifies the various logical entities that provide data to (or
receive data from) the VCA sublayer. It aso provides the naming domain for the Virtual

Channels.

type SCIDis Bit, Boolean
sorts SCI D

opns MakeSCI D © Bit,
_Eq_ : SCI D,
_Ne_ : SCI D,
Bitl : SCD -
Bit2 : SCD -
Bit3 : SCD -
Bit4 : SCD -
Bit5 : SCD -
Bité : SCD -
Bit7 : SCD -
Bit8 : SCD -
egqns forall x, y : SC D, bil,
of sort Bit
Bi t 1( MakeSCl D( b1, b2, b3,
Bi t 2( MakeSCl D( b1, b2, b3,
Bi t 3( MakeSCl D( b1, b2, b3,
Bi t 4(MakeSCl D( b1, b2, b3,
Bi t 5( MakeSCl D( b1, b2, b3,
Bi t 6( MakeSCl D( b1, b2, b3,
Bi t 7( MakeSCl D( b1, b2, b3,
Bi t 8( MakeSCl D( b1, b2, b3,
of sort Bool
x Eq vy = (Bit1(x)
And
(Bit2(x)
And
(Bit3(x)
And
(Bit4(x)
And
(Bi t5(x)
And
(Bit6(x)
And
(Bit7(x)
And
(Bi t8(x)
X Ne vy = Not (x Eq

endt ype
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Bi t

, Bit, Bit, Bit,

SCI D -> Bool
SCI D -> Bool

oTVVVVVYVYVYV

2

b4,
b4,

b4,
b4,

b4,
b4,

Eq
Eq
Eq
Eq
Eq
Eq
Eq
Eq

y)

Bi t
Bi t
Bi t
Bi t
Bi t
Bi t
Bi t
Bi t
, b3, b4,

b5, b6, b7,
b5, b6, b7,

b5. b6, b7,
b5. b6, b7,

b5. b6, b7,
b5. b6, b7,

Biti(y))
Bit2(y))
Bi t3(y))
Bit4(y))
Bi t5(y))
Bit6(y))
Bit7(y))
Bit8(y))

b5, b6,

b8) )
b8) )

. b8))

b8))
b8))

. b8))

b8))
b8))
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42122 Virtual Channel Identifier

The six-bit Virtual Channel Identifier (VCID) field enables up to 64 Virtual Channels (VCs) to
be run concurrently in association with each SCID that is authorized in a particular PCA_PDU.

type VCID is Bit, Bool ean
sorts VCI D

opns MakeVCl D
FillVvCl D
_Ea_
_Ne_
Bitl
Bit2
Bit3
Bit4
Bith
Bit6 :
egqns forall x, y : VCD, bil,
of sort VCID
FillvCl D
of sort Bit
Bi t 1( MakeVCl D( b1, b2, b3,
Bi t 2( MakeVCl D( b1, b2, b3,
Bi t 3( MakeVCl D( b1, b2, b3,
Bi t 4( MakeVCl D( b1, b2, b3,
Bi t 5( MakeVCl D( b1, b2, b3,
Bi t 6( MakeVCl D( b1, b2, b3,
of sort Bool
x Eq vy = (Bit1(x)
And
(Bit2(x)
And
(Bit3(x)
And
(Bit4(x)
And
(Bi t5(x)
And
(Bi t6(x)
X Ne vy = Not (x Eq
endt ype
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Bit, Bit, Bit, Bit, Bit, Bit -> VCID
-> VCI D

VCI D, VCI D -> Bool

VCI D, VCI D -> Bool

VCID -> Bit

VCID -> Bit

VCID -> Bit

VCID -> Bit

VCID -> Bit

VCID -> Bit

b2, b3, b4, b5, b6 : Bit

= MakeVCID(1,1,1,1,1,1)

b4, b5,b6)) = bl ;
b4, b5,b6)) = b2 ;
b4, b5,b6)) = b3 ;
b4, b5,b6)) = b4 ;
b4, b5,b6)) = b5
b4, b5,b6)) = b6
Eq Bitl(y))

Eq Bit2(y))

Eq Bit3(y))

Eq Bit4(y))

Eq Bit5(y))

Eq Bit6(y))

y)

Page 4-9 May 1994



RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

4213 VCDU Counter Field

The VCDU Counter field provides individual accountability for each of the sixty-four Virtual
Channels. The 24-hit field represents a sequential count (modulo 16,777,216) of the total
number of VCDUs which have been transmitted on each of the VCs.

type VCDUCount er is CounterCctet, OctetString, Bool ean

sorts VCDUCount er

opns MakeVCDUCount er : Cctet, Octet, Cctet
- > VCDUCount er

Cctetl, Octet2, Cctet3 : VCDUCount er -> Cctet
Next : VCDUCount er -> VCDUCount er
_eq_, _he_ : VCDUCount er,

VCDUCount er -> Bool
egns forall O, 2, 3 : Cctet,
VC1, VC2 : VCDUCounter

of sort Cctet

Qct et 1(

MakeVCDUCount er (0L, O2, O3) ) =0
Cct et 2(

MakeVCDUCount er (0L, O2, O3) ) =2
Cct et 3(

MakeVCDUCount er (0L, O2, O3) ) = 3

of sort VCDUCount er

COct et 3( MakeVCDUCount er (O1, 2, O3)) Ne COctet(1,1,1,1,1,1,1,1) =>
Next ( MakeVCDUCount er (OL, 2, @3)) = MakeVCDUCount er (0L, O2, Next (3B) )

(Cct et 3( MakeVCDUCount er (OL, @2, B)) Eq Cctet(1,1,1,1,1,1,1,1))

And

(Cct et 2( MakeVCDUCount er (OL, 02, 3B)) Ne Cctet(21,1,1,1,12,1,1,1)) =>
Next ( MakeVCDUCount er (OL, O2, G3) ) = MakeVCDUCount er ( OL, Next (O2), Next (C3))

(Cct et 3( MakeVCDUCount er (OL, @2, B)) Eq Cctet(1,1,1,1,1,1,1,1))
And
(Cct et 2( MakeVCDUCount er (OL, 02, ®B)) Eq Cctet(1,1,1,1,1,1,1,1)) =>
Next ( MakeVCDUCount er (OL, O2, G3) ) = MakeVCDUCount er ( Next (OL) , Next (O2), Next (3B))

of sort Bool

VCl eq VC2 = (Cctet1(VCl) eq Cctetl(VC2))
and
(Cctet2(VCl) eq Cctet2(VC2))
and
(Cctet3(VCl) eq Cct et3(VC2))
VCl ne VC2 = not (VCl eq VC2)

endt ype
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4214 Signalling Field

The Signalling field is used to alert the receiver of the VCDU with respect to functions that: (a)
may change more rapidly than can be handled by management, or (b) provide a significant cross
check against manual or automated setups, for usein VCA sublayer fault detection and isolation.
The Signalling field is composed of the Replay Flag and the Reserved Sparesfield.

type SignallingField is ReplayFl ag, VCDUSpare

sorts SignallingField

opns MakeSi gnal I'i ngFi el d : Repl ayFl ag, VCDUSpare -> SignallingField
Get Repl ayFl ag : SignallingField -> ReplayFl ag

eqns forall RF1l : ReplayFlag, Sparel : VCDUSpare

of sort Repl ayFl ag

Cet Repl ayFl ag( MakeSi gnal | i ngFi el d( RF1, Sparel)) RF1 ;

endt ype
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4.2.1.4.1 Replay Flag

The Replay Flag alerts the receiver of the VCDU with respect to its ‘reatime’ or ‘replay’ status.
Its main purpose is to discriminate between realtime and replay VCDUs transmitted on a
particular Physical Channel when they both may use the same VCID.

type Repl ayFl ag is Bit, Bool ean
sorts Repl ayFl ag

opns MakeRepl ayFl ag : Bit -> ReplayFl ag
Real Ti meVCDU : -> Repl ayFl ag
Repl ayVCDU : -> Repl ayFl ag
Bitl . ReplayFlag -> Bit
_eq_, _ne_ : Repl ayFl ag, Repl ayFl ag -> Bool

eqns forall bl : Bit, RFl, RF2 : ReplayFl ag
of sort Repl ayFl ag

Real Ti meVCDU = MakeRepl ayFl ag(0)

Repl ayvVCDU MakeRepl ayFl ag(1)
of sort Bit
Bi t 1( MakeRepl ayFl ag(bl)) = bl

of sort Bool

RF1 eq RF2

Bit1(RF1) eq Bit1(RF2);
RF1 ne RF2 ;

not (RF1 eq RF2)

endt ype
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4.2.1.4.2 Reserved Spares Field

The seven-bit Reserved Sparesfield is reserved by CCSDS for potential future signalling
applications.

type VCDUSpare is Bit
sorts VCDUSpare
opns VCDUSpar e : -> VCDUSpar e
MakeVCDUSpar e : Bit,Bit,Bit,Bit,
Bit,Bit,Bit -> VCDUSpare
egns forall bl, b2, b3, b4, b5, b6, b7 : Bit

of sort VCDUSpar e
VCDUSpar e = MakeVCDUSpare(O, 0, 0,0, 0,0, 0)

endt ype
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4215 VCDU Header Error Control Field

The VCDU Header Error Control field contains the check symbols of an error detecting and error
correcting code used to protect the Version Number field, the VCDU Identifier field, and the
Signalling field.

Note — Actual coding is not represented here; zeros are used instead.

type VCDUHeaderErrorControl is CctetString
opns VCDUHEC : -> CctetString

NoVCDUHEC : -> CctetString
egns of sort COctetString

VCDUHEC = AddFront (Cctet(0,0,0,0,0,0,0,0),
AddFront (Cctet(0,0,0,0,0,0,0,0), NullQs))

NoVCDUHEC = Nul | CS ;
endt ype
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422 Data Zones
4221 VCDU Insert Zone

The VCDU Insert Zone is represented by the OctetString ADT (5.7).

4222 VCDU Data Unit Zone

The VCDU Data Unit Zone is represented by the OctetString ADT.

4.2.3 VCDU Trailer

The VCDU Trailer is an optional component of the VCDU. Its presence or absence and internal
configuration are prespecified for a particular Virtual Channel by management. If present, it
provides a mechanism for inserting an ‘Operational Control’ field, and/or a ‘VCDU Error
Control’ field into the trailing octets of a particular VCDU.

type VCDUTrailer is OctetString
sorts VCDUTT ai | er

opns MakeVCDUTr ai | er : CctetString, CctetString -> VCDUTrail er
Nul | Trail er © -> VCDUTrai |l er
Get OCF : VCDUTrailer -> CctetString
Get ECF : VCDUTrailer -> CctetString

Convert VCDUTrai | er ToOS : VCDUTrailer -> CctetString
egns forall OCFl : CctetString,
ECF1 : CctetString, Trailer : VCDUTrailer
of sort CctetString

Get OCF( MakeVCDUTT ai | er (OCF1, ECF1))

OCF1 ;
Get ECF( MakeVCDUTT ai | er (OCF1, ECF1))

ECF1 ;

Convert VCDUTr ai | er ToOS( Trai | er) Append( Get ECF(Trai l er),

Get OCF(Trailer))
of sort VCDUTrail er
Nul | Trail er = MakeVCDUTrai l er (Nul 1 GS, Nul | OS)

endt ype
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4231 Operational Control Field

The Operational Control field allows a Project organization to support a hybrid configuration
whereby a Conventional CCSDS system may be operated in conjunction with an Advanced
Orbiting System. If present, this 32-bit field shall contain a Command Link Control Word
(CLCW).

Note — Actual coding is not represented here; zeros are used instead.

type VCDUOperational Control Field is OctetString
opns VCDUCCF : -> CctetString

NoOCF : -> CctetString
egns of sort CctetString

VCDUOCF = AddFront (Cct et (
AddFront (Cct et (
AddFront (Cct et (
AddFront (Cct et (

ococoo
ococoo
ococoo
ooo0o
ooo0o
[eNoNoNe]
[eNeoNoNe]
ceee

Nul 1 G8))))

NoOCF = Nul | CS ;
endt ype
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4232 VCDU Error Control Field

The VCDU Error Control field contains a 16-bit cyclic redundancy code which provides a
capability for detecting errors that may have been introduced into VCDUSs that have been
transmitted without the protection of Reed-Solomon outer coding.

Note — Actual coding is not represented here; zeros are used instead.

type VCDUErrorControl Field is OctetString
opns VCDUECF : -> CctetString

NoECF © -> CctetString
egns of sort CctetString

VCDUECF = AddFront(Cctet(0,0,0,0,0,0,0,0),
AddFront (Cctet(0,0,0,0,0,0,0,0), NullQs))

NoECF = Nul | CS ;
endt ype

CCSDS 705.1-B-1 Page 4-17 May 1994



RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

4.2.4 Reed-Solomon Check SymbolsField

The Reed-Solomon Check Symbols field contains Reed-Solomon check symbols. A VCDU
which has this field appended becomes known as a Coded Virtual Channel Data Unit (CVCDU).

Note — Actual coding is not represented here; zeros are used instead.

type ReedSol onbnCheckSynbols is CctetString, Natural Nunber
opns GenerateRS : Nat -> CctetString
eqns forall Count : Nat

of sort CctetString

Count Eq 0 =>
Gener at eRS( Count )

Nul | GS ;

Count Ne 0 =>
Gener at eRS( Count)

AddFront (Cctet(0,0,0,0,0,0,0,0),
Gener at eRS( Pred(Count)))
endt ype
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4.3 Channel Access Data Unit

The Channel Access Data Unit (CADU) consists of a VC_PDU (i.e,, aVCDU or a CVCDU,
possibly exclusively ORed with a bit transition generator) that is prefixed by a Synchronization
Marker. The CADU isrepresented by the BitString ADT (5.6).

431 Synchronization Marker

The standard CCSDS Attached Synchronization Marker is a fixed 32-bit pattern that may be
represented as ' IACFFC1D’ in hexadecimal notation.

type Synchroni zati onMarker is OctetString
opns SynchMarker : -> CctetString
egns of sort COctetString

SyncMar ker = AddFront (Cctet (0, O,
AddFront (Cctet (1, 1,

AddFront (Cctet (1, 1,

0, 0,

0,1,
0, 0,
1,1,
AddFront (Cct et ( 0,1,

PR

,0,1,0)
, 1,1, 1),
,1,0,0),
,1,0,1), Nll0s)))) ;
endt ype
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5 LOTOSDATA TYPES

51 BOOLEAN DEFINITION

type Bool ean is
sorts Bool
opns True, False - > Bool
Not Bool -> Bool
_And_, O_, Xor_, _Inplies_,
_Iff ., _Egq_, _Ne_ Bool , Bool -> Bool
eqns forall x, y : Bool
of sort Bool
Not ( Tr ue) = Fal se;
Not ( Fal se) = True;
X And True = X;
x And Fal se = Fal se;
x O True = True,
x O Fal se = X;
X Xor y = (x And Not(y)) O
(y And Not (x));
X Implies vy =y O Not(x);
x Iff y = (x Inplies y) And
(y I'mplies x);
x Eq vy =x Iff y;
X Ne vy = X Xor y;
endt ype

CCSDS 705.1-B-1
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52 BASIC NATURAL NUMBER TYPE

The standard library definition of Basic Natural Number, with constants defined for 2 through 8,

isasfollows:
type Basi cNat ur al Nunber is
sorts Nat
opns 0,1,2,3,4,5,6,7,8
Succ
Pr ed
_+_l R _*_
eqns forall m n:
of sort Nat
m+ 0
m + Succ(n)
m- 0
m - Succ(n)
m* 0
m * Succ(n)
m** 0
m ** Succ(n)
Pred(0)
Pred(Succ(m)
1
2
3
4
5
6
7
8
endt ype
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-> Nat
Nat -> Nat
Nat -> Nat

Nat, Nat -> Nat

m
Succ(m + n;

m
Pred(m - n;

0;
m+ (m* n);

Succ(0);
m* (m** n);

0;

m

succ(0)
succ(1)
succ(2)
succ(3)
succ(4)
succ(5)
succ( 6)
succ(7)
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53 NATURAL NUMBER

type
opns

eqns

endt ype

Nat ur al Nunber i s Basi cNat ural Nunber, Bool ean

_Eq_, _Ne_, _Lt_,

Le , G, G&_
forall m n: Nat
of sort Bool

0 Eq O

0 Egq Succ(m
Succ(m Eq O
Succ(m Eq Succ(n)

mNe n

0Lt O

0 Lt Succ(n)
Succ(n) Lt O
Succ(m Lt Succ(n)
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Nat, Nat

Tr ue;

Fal se;
Fal se;
m Eq n;

Not (m Eq

Fal se;
Tr ue;

Fal se;
mLt n;

(mLt n)

Not (m Lt
Not (m Le

Page 5-3

-> Bool

O (mEq n);
n);
n);
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54 BIT
type Bit is Natural Nunber, Bool ean
sorts Bi t
opns 0, 1, BitO, Bitl : -> Bit
_Ea_, _Ne_ . Bit, Bit -> Bool
Nat Num : Bit -> Nat
eqns forall x, y: Bit
of sort Bit
BitO =0,
Bitl =1;
of sort Nat
Nat Nun( 0) =0 ;
Nat Num( 1) = Succ(0)
of sort Bool
x Eqy = Nat Num(x) Eq Nat Nun{y)
X Ne vy = Nat Nun(x) Ne Nat Num(y)
endt ype
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55 OCTET
type Octet is Bit, Boolean, Natural Number, BitString
sorts Cct et
opns Cct et Bit, Bit, Bit, Bit,
Bit, Bit, Bit -> Cctet
Bitl, Bit2, Bit3, Bitd4,
Bit5, Bit6, Bit7, Bit8 Cctet -> Bit
_Eq_, _Ne_ Cctet, Cctet -> Bool
Nat Num Octet -> Nat
Convert &t oBS Cctet -> BitString
egns forall bl, b2, b3, b4, b5, b6, b7, b8: Bit,
0L, @2: Cctet
of sort Bit
Bi t 1(Cct et (b1, b2, b3, b4, b5, b6, b7, b8)) = bl ;
Bi t 2( Cct et (b1, b2, b3, b4, b5, b6, b7, b8)) = b2 ;
Bi t 3(Cct et (b1, b2, b3, b4, b5, b6, b7, b8)) = b3 ;
Bi t 4( Cct et (b1, b2, b3, b4, b5, b6, b7, b8)) = b4 ;
Bi t 5(Cct et (b1, b2, b3, b4, b5, b6, b7, b8)) = b5
Bi t 6( Cct et (b1, b2, b3, b4, b5, b6, b7, b8)) = b6
Bi t 7(Cct et (b1, b2, b3, b4, b5, b6, b7, b8)) = b7
Bi t 8( Cct et (b1, b2, b3, b4, b5, b6, b7, b8)) = b8
of sort Bool
Ol Eq &2 = ((((((((Bit1(OLl) Eq Bit1(x
(Bit2(0Ol) Eq Bit2(
(Bit3(0Ol) Eq Bit3(
(Bit4(Ol) Eq Bit4(2
(Bit5(0l) Eq Bit5(Q2
(Bit6(Ol) Eq Bit6(Q2
(Bit7(0l) Eq Bit7(Q2)
(Bit8(0Ol) Eq Bit8())
Ol Ne O2 = not (Ol Eq O2)
of sort Nat
Nat Nun( Cct et (b1, b2, b3, b4, b5, b6, b7, b8)) =
(CCCCCCCCCCCCNat Nun(b1) * 2) + NatNun(b2)) * 2) +
Nat Num(b3)) * 2) + NatNum(b4)) * 2) +
Nat Nun{b5)) * 2) + NatNunm(b6)) * 2) +
Nat Num(b7)) * 2) + Nat Nun{b8)
of sort BitString
Convert & oBS( Cct et (b1, b2, b3, b4, b5, b6, b7, b8))
= AddMSB( b1, AddMSB(b2,
AddMSB( b3, AddMSB( b4,
AddMSB( b5, AddMSB( b6,
AddMBB( b7, AddMSB(b8, NulIBS))))))))
endt ype
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type CounterCctet is Cctet
opns Next : Cctet -> Cctet
egns forall bl, b2, b3, b4, b5, b6, b7 : Bit

of sort Cctet

Next (Cct et (b1, b2, b3, b4, b5, b6, b7, 0))

Next (Cct et (b1, b2, b3, b4, b5, b6, 0, 1))

Next (Cct et (b1, b2, b3, b4, b5,0, 1, 1))

Next (Cct et (bi, b2, b3, b4,0, 1,1, 1))

Next (Cct et (b1, b2, b3,0,1,1,1,1))

Next (Cctet (b1, b2,0,1,1,1,1,1))

Next (Cctet(b1,0,1,1,1,1,1,1))

Next (CQctet(0,1,1,1,1,1,1,1))

Next (COctet(1,1,1,1,1,1,1,1))
endt ype

Cct et (b1, b2, b3, b4, b5, b6, b7, 1)
Cct et (b1, b2, b3, b4, b5, b6, 1, 0)
Cct et (b1, b2, b3, b4, b5, 1, 0, 0)
Cct et (bi, b2, b3, b4, 1, 0, 0, 0)
Cct et (b1, b2, b3, 1,0, 0, 0, 0)
Cctet (b1, b2,1,0,0,0,0,0) ;
Cctet (b1, 1,0,0,0,0,0,0) ;
Qctet(1,0,0,0,0,0,0,0) ;
Cctet (0,0,0,0,0,0,0,0)
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5.6 BITSTRING

type BitString is Bit, Natural Nunber,

sorts BitString

opns Nul | BS
AddLSB
AddMSB
Get LSB
Get MSB
RenoveMSB
Append
Lengt hOf
StripBits
RetainBits
_Eq_
_Ne_

eqns forall Bl, B2 : Bit,

Bool ean

-> BitString
Bit, BitString -> BitString
Bit, BitString -> BitString

BitStri
BitStri
BitStri
BitStri
BitStri
BitStri
BitStri
BitStri
BitStri

BS1, BS2 : BitString,

Nat 1, BitLenl : Nat
ofsort Bit

Get LSB( Nul | BS)
Get LSB( AddMSB( B1, Nul | BS))

ng -> Bit

ng -> Bit

ng -> BitString

ng, BitString -> BitString
ng -> Nat

ng, Nat -> BitString

ng, Nat -> BitString

ng, BitString -> Bool

ng, BitString -> Bool

Get LSB( AddVSB( B1, AddMSB( B2, BS1)))

0 ;
Bl ;
Get LSB( AddMSB( B2, BS1)) ;

Get MSB( Nul | BS) =0 ;
Get MSB( AddMSB( B1, Nul | BS)) = Bl ;
Get MSB( AddVSB(B1, BS1)) = Bl ;
of sort BitString
ReroveMSB( Nul | BS) = Nul | BS ;
RenmoveMSB( AddMSB( B1, BS1)) = BS1 ;
Append(Nul | BS, BS1) = BS1,
Append(BS1, Null BS) = BS1,
Append( AddMSB( B1, BS1),
AddMSB( B2, BS2)) = AddMsSB( B2, Append(AddMsB(Bl1, BSl), BS2)) ;
AddLSB(B1, NullBS) = AddMSB(B1, NullBS) ;
AddLSB(B1, BSl) = Append( AddMBB(B1, Nul | BS), BS1) ;
StripBits(BS1, 0) = BS1 ;
StripBits(AddMSB(B1, BS1), succ(Natl)) = StripBits(BSl, Natl) ;
Ret ai nBi t s(BS1, 0) = BS1 ;
Ret ai nBi t s(AddMSB( B1, BS1), Succ(Natl)) = AddMSB(BL1,

of sort Nat

Lengt hOf (Nul | BS)
Lengt hOf (AddMSB( B1, BS1))

CCSDS 705.1-B-1
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of sort Bool

Nul I BS Eq Nul | BS = True ;
AddVBB( B1, Nul | BS) Eq

Nul | BS = Fal se ;
Nul I BS Eq

AddMSB( B1, Nul | BS) = Fal se ;
AddVMBB( B1, BS1) Eq

Nul | BS = Fal se ;
Nul I BS Eq

AddMSB( B1, BS1) = Fal se ;

AddVBB(B1, BS1) Eq

AddVBB( B2, BS2) = (Bl Eq B2) And
(BS1 Eq BS2)

BS1 Ne BS2 = Not (BS1 Eq BS2)

endt ype
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RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

OCTETSTRING

The following defines OctetString as used in this specification. OctetString is an ordered set of
data which contains octets. As a result, octets can be considered as ordered elements in

OctetString.
type OctetString is Octet, Natural Nunber, BitString, Bool ean
sorts CctetString
opns Null OS : -> CctetString
AddFr ont : Octet, OctetString -> COctetString
First : COctetString -> Cctet
Last : OctetString -> Cctet
Nt h : OctetString, Nat -> Cctet
Append : OctetString, CctetString -> CctetString
Conver t OSToBS : CctetString -> BitString
Conver t BSToOS : BitString -> CctetString
StripCctets : OctetString, Nat -> CctetString
Ret ai nCct et s : CctetString, Nat -> CctetString
Lengt hOf : CctetString -> Nat
Conver t OSToNat : COctetString -> Nat
_Eq_, _Ne_ : OctetString, CctetString -> Bool
egqns forall OSl, OS2 : CctetString,

0L, @2 : Cctet,
N : Nat,
BS1 : BitString

of sort Cctet

Last (AddFront (O1, Null OS))
Last (AddFront (Ol, AddFront (02, OS1)))

a
Last (AddFront (2, OS1)) ;

Fi rst (AddFront (OL, Null 0S)) = Ol ;

Fi rst (AddFront (OL, ©S1)) =0 ;

Nt h(Os1, 0) = First(0sl1) ;
Nt h(CS1, succ(0)) = First(0s1) ;
Nt h( AddFront (OL, ©S1), Succ(N)) = Nh(CS1, N) ;
of sort CctetString

Append( OS1, Null OS) = OS1
Append(Nul I OS5, OS1) = OS1

Append( AddFront (0L, ©s1),
AddFront (@2, 0S2)) = AddFront (2, Append(AddFront (0L, OS1)
0s2)) ;

StripCctets(0Sl, 0)
StripCctets(AddFront (OL, OS1), Succ(0))
StripCctets(AddFront (OL, OS1), Succ(N))

Csl
(O 51
StripCctets(0Sl, N ;

Ret ai nCct et s(0S1, 0)
Ret ai nCct et s(AddFront (OL, OS1), Succ(0))
Ret ai nCct et s(AddFront (OL, OS1), Succ(N))

Nul I CS ;

AddFront (OL, Null OsS) ;
AddFr ont ( OL,

Ret ai nCct et s(0S1, N))
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Convert BSt oOS( Nul | BS) = Null Cs ;
Convert BSt 00OS( BS1) = AddFront (
Cctet (
Get MSB( BS1) ,

Get MSB( RenoveMSB( BS1) ),

Get MSB( RenmoveMsB( RemoveMSB( BS1) ) ),

Get MSB( RenoveMsB( Renmove MSB(
RenmoveMSB(BS1)))),

Get MSB( RenoveMsB( Renmove MSB(
RenmoveMSB( RenoveMsB(BS1))))),

Get MSB( RenoveMsB( Renove MSB(
RenoveMSB( RenoveMsB(
RenmoveMSB(BS1)))))),

Get MSB( RenoveMsB( Renmove MSB(
RenoveMSB( RenoveMsB(
RenmoveMSB( RenoveMsB(BS1)))))) ).,

Get MSB( RenoveMsB( Renmove MSB(
RenoveMSB( RenoveMsB(
RenoveMSB( RenoveMsB(
RenmoveMSB(BS1))))))))

)
Convert BSt oOS(Stri pBits(BS1, 8))

of sort BitString

Convert OSToBS( Nul | OS) Nul | BS ;

Convert OSToBS( AddFront (01, OS1))

Append( Convert OSToBS( 0s1) ,
Convert OToBS( Q1)) ;

of sort Nat

Lengt hOf (Nul | OS)
Lengt hOf (AddFront (O1, OS1))

0;
Succ(Lengt hOf (OS1))

Convert Ost oNat ( Nul | OS) =0
Convert OSt oNat (
AddFront (OL1, Null GS)) = Nat Nun{ O1)

Convert OSt oNat (
AddFront (0L, ©s1))

(Nat Num(O1) *
((2 * % 8) * %
Lengt hOf (OS1))) +
Convert OSt oNat ( 0S1)
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of sort Bool

Nul I GS Eq Nul | OS = True ;
AddFront (OL, Nul | OS) Eq
Nul | CS = Fal se ;
Nul I GS Eq
AddFront (OL, Nul | OS) = Fal se ;
AddFront (01, OS1) Eq
Nul | CS = Fal se ;
Nul | GS Eq
AddFront (0L, OS1) = Fal se ;
AddFront (Ol, OSl) Eq
AddFront (@2, 0S2) = (Ol Eg &2) and
(0SSl Eq 082)
0S1 Ne OS2 = not (OS1 Eq OS2)

endt ype
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type FillData is OctetString, Natural Nunber
opns MakeFillData : CctetString, Nat -> CctetString
egns forall OS : CctetString, N : Nat

of sort CctetString

Lengt hOf (GS) Ge N
MakeFi | | Data(0S, N

1
\Y%

Ret ai nCctets(C0S, N)

Lengt hOf (OS) Lt N
MakeFi | | Data(0S, N
endt ype

1
\Y%

MakeFi | | Dat a( Append(CS, 0S), N)
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type BitFillData is BitString, Natural Nunber
opns MakeBitFillData : BitString, Nat -> BitString
egns forall BS: BitString, N : Nat

of sort BitString

Lengt hOf (BS) Ge N =>
MakeBi t Fi |l | Dat a(BS, N)

Ret ai nBi t s(BS, N)

Lengt hOf (BS) Lt N =>
MakeBi tFil | Data(BS, N
endt ype

MakeBi t Fi | | Dat a( Append(BS, BS), N)
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