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RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

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
formal specification of the VCA Protocol and Service, described in Natural Language in
reference [2]. Annex A contains a set of tests, also written using LOTOS, which specify the
required behaviour of the VCA Protocol and Service under certain control and input conditions.

The Abstract Data Types used within this document are given in full in reference [4], and the
rational e behind the production of this formal specification is given 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 formal specifications of the Consultative Committee for Space Data
Systems (CCSDS) Advanced Orbiting Systems (AOS) VCA service and protocol! 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 VCA service and protocol are contained in the AOS Blue Book,
CCSDS 701.0-B-2, reference [2].
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2 VIRTUAL CHANNEL ACCESSPROTOCOL

specification vca [vca, vcdu, insert, man, release, bitrate, phys]
(I'nsert Error Checked : Bool,
CGener at el nsert LossFl ag : Bool ,
FillPattern : CctetString) : noexit

This LOTOS specification represents the functional requirements of the Virtual Channel Access
(VCA) Sublayer protocols, for use in the Space Link Subnetwork (SLS), as described in
Advanced Orbiting Systems, Networks and Data Links: Architectural Specification, reference [2].

21 INTRODUCTION

The CCSDS Virtual Channel Access Service provides transfer of a number of different Service
Data Units (SDUSs) across the physical space channel. These SDUs may be formatted in one of
three ways:

- VCA_SDUs are effectively the User Data fields of Virtual Channels. They are used to
interact with the VCLC Service, but they may also be used to interact with other SLS Users
who choose to format their own VCA_SDUs.

— IN_SDUs are fixed-length data units which are inserted by the VCA Service into each Virtual
Channel Data Unit before they are transmitted. This service is used to transfer isochronous
data such as audio.

- VC _PDUs areidentical in format to the Protocol Data Unit generated by the VCA Service.
This service is used to transfer Virtual Channel Data Units created by an independent ‘' VCA'’
entity.

2.1.1 Specification Architecture
The LOTOS specification is broken down internally as shown in Figure 2-1. The Space Link
ARQ Procedures have been retained for the sake of compatibility with the AOS Blue Book

(reference [2]); their operation is not covered in this specification. The interfaces are described in
more detail below.
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VCA

SpaceLinkARQProcedures MAN

SLAP

SLAP —‘ VCA H VCDU ‘7
VirtualChannelProcedures MAN
INT
L
| NSERT |
INT INSERT
L
]
ChannelAccessProcedures RELEASE
|
BITRATE
. |
PHY
| PHYS |

Figure 2-1: Internal Breakdown of LOTOS Specification

[VCA] represents the interface between the VCLC Service (or an SLS User with user-formatted
VCA_SDUs) and a Virtual Channel Procedure (either directly or through the Space Link ARQ
Procedures) .

[VCDU] represents the interface between an independent ‘VCA’ entity generating its own
VCDUs and a Virtual Channel Procedure.

[INSERT] represents the interface between an Insert Service User and the Channel Access
Procedures which implement (among other services) the Insert Service.

[RELEASE] represents the VCDU Release Algorithm which determines when VCDUs should be
transmitted over the Link. The presence of such an algorithm is defined by the AOS Blue Book
(reference [2]), but its constitution is project-specific; thus the LOTOS specification treats the
Release Algorithm as an abstract interface over which instructions to release VCDUs are
received.

[BITRATE] represents an abstract ‘clock’ which is used to synchronize the sending and
receiving of bitsto and from the Link.
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[MAN] represents the interface with management for configuring the proper protocol layers, sub-
layers, or procedures. Since the specifications are written to require a separate instantiation for
each different stream of data (i.e., service instance) it is data received over this interface that
effect the instantiation of entities with the required management information.

[PHY S] represents the interface between the VCA Service and the physical space channel (or
Link).

Note — The [man] gate does not represent a true management interface; functions such as

stopping, restarting and interrogating the protocol entities have not been specified. The
[man] gate interaction only performs instantiation of protocol entities.
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l'ibrary VCDU, VCDULossFlag, |nsertlLossFlag, VCDUHeader ErrorControl,
ReedSol ononCheckSynbol s, Synchroni zat i onMar ker,
VCDUQper at i onal Control Fi el d, Bool ean, Bit, VCDU D,
VCDUEr ror Control Field endlib

The Direction ADT is associated with both Physical and Virtual Channels, and is used in the
Managed Information passed to the VCA Layer.

type Direction is Bool ean
sorts Direction
opns I nconi ng -> Direction
Qut goi ng -> Direction
_Eq_ : Direction, Direction -> Bool
_Ne_ : Direction, Direction -> Bool
egns forall x, y : Direction
of sort Bool
I ncom ng Eq | nconing = True ;
I ncom ng Eq Qut goi ng = Fal se ;
Qut goi ng Eq | ncomi ng = Fal se ;
Qut goi ng Eq Qut goi ng = True ;
X Ne 'y = Not(x Eq vy) ;
endt ype

The UpperLayer ADT represents part of the Managed Information passed to the VCA layer; it
associates an upper-layer service (one of VCA, VCDU or SLAP) with each Virtual Channel.

type UpperlLayer is Bool ean
sorts Upper Layer

opns VCALayer -> Upper Layer
VCDULayer -> Upper Layer
SLAPLayer -> Upper Layer
_Eq_ . Upper Layer, UpperLayer -> Bool
_Ne_ . Upper Layer, UpperLayer -> Bool
egqns forall x, y : UpperlLayer
of sort Bool
VCALayer Eq VCALayer = True ;
VCALayer Eq VCDULayer = Fal se ;
VCALayer Eq SLAPLayer = Fal se ;
VCDULayer Eq VCALayer = Fal se ;
VCDULayer Eq VCDULayer = True ;
VCDULayer Eq SLAPLayer = Fal se ;
SLAPLayer Eq VCALayer = Fal se ;
SLAPLayer Eq VCDULayer = Fal se ;
SLAPLayer Eq SLAPLayer = True ;
X Ne vy = Not(x Eq vy) ;
endt ype
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The LinkID ADT is used to distinguish between Physical Channels in the case where the VCA
Layer is connected to more than one Physical Channel. It isnot carried in the VCDU Structure.

type LinklDis Bit, Bool ean
sorts LinklD

opns Nul | LI NKI D : -> LinklD
Add : Bit, LinklD -> LinklD
_Eq_ . Linkl D, LinklD -> Bool
Ne . Linkl D, LinklD -> Bool

eqns forall bl, b2 : Bit, LINKIDL, LINKID2 : LinklD

of sort Bool

Add(bl, LINKIDl) Eq Add(b2, LINKID2)
LI NKI D1 Ne LI NKI D2
endt ype

(bl Eq b2) And (LINKIDL Eq LINK D2)
Not (LI NKI D1 Eq LI NKI D2)

Nul I LI NKI D Eq Nul | LI NKI D = True ;
Nul I LI NKI D Eq Add(bl, LINKID1) = Fal se ;
Add(bl, LINKID1) Eqg NullLINKID = Fal se ;

The LinkIDList ADT represents a list of Link IDs, and is used by VCA to provide multicasting
of aVirtual Channel over more than one Physical Channel.

type LINKIDList is LinklD
sorts LI NKIDLi st

opns  Nul | LI NKI DLi st © -> LINKIDLi st
Add : Linkl D, LINKIDLi st -> LI NKIDLi st
Tai | : LI NKIDLi st -> LI NKI DLi st
Head : LINKIDLi st -> LinklD

egns forall x, y : LinklD, | : LINKIDList

of sort LinklD

Head( Nul I LI NKI DLi st) = Nul | LINKI D ;
Head( Add(x, Nul | LINKIDList)) = x ;
Head( Add(x, Add(y, 1))) = Head(Add(y, 1))

of sort LI NKI DLi st

Tai | (Nul I LI NKI DLi st) Nul | LI NKI DLi st

Tai | (Add(x, Nul | LI NKIDList)) = Null LI NKIDLi st ;

Tai | (Add(x, Add(y, 1))) = Add(x, Tail (Add(y, 1)))
endt ype
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type VCDUQeue is VCDU, VCDU D
sorts VCDUQueue

opns create : -> VCDUQueue
AddBack : VCDU, VCDUQueue -> VCDUQueue
renove : VCDUI D, VCDUQueue -> VCDUQueue

wi t hdraw : VCDUI D, VCDUQueue -> VCDUQueue
expedite : VCDU D, VCDUQueue -> VCDU
first ;. VCDUQueue -> VCDU
tail : VCDUQueue -> VCDUQueue
reverse : VCDUQueue -> VCDUQueue
egqns forall x, y : VCDUD, p, g : VCDU, z : VCDUQeue

of sort VCDU
first(create)

first(AddBack(p, create))
first(AddBack(p, AddBack(q, z)))

Nul | VCDU ;

p .
first(AddBack(q, z)) ;

expedi te(x, create) Nul | VCDU ;

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Eq x =>
expedi te(x, 2z) = first(z) ;

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Ne x =>
expedi te(x, z) = expedite(x, renmpve(CGetVCDU D( Get VCDUPri maryHeader
(first(z))), z)) ;

of sort VCDUQueue
tail (create)

tail (AddBack(p, create))
tail (AddBack(p, z))

create ;
create ;
AddBack(p, tail(z)) ;

renove(x, create) Ccreate ;

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Egq x
remove(x, z) = tail(z) ;

1
\Y%

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Ne x =>
renmove(x, z) = reverse(w thdraw(x, z)) ;

wi t hdraw(x, create) = create ;

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Eq x =>
wi t hdraw( x, 2z) = reverse(tail(z)) ;

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Ne x =>
wi t hdraw( x, z) = AddBack(first(z),
withdrawm(x, tail(z))) ;

reverse(create)
reverse(z)
endt ype

create ;
AddBack(first(z), reverse(tail(z))) ;
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behavi our
hide slap, int in

SpacelLi nkARQPr ocedures [vca, nan, sl ap]

| [slap]|
Vi rt ual Channel Procedures [vca, vcdu, man, slap, int]

[[int]]
Channel AccessProcedures [insert, nman, release, bitrate, phys, int]
(I'nsert Error Checked,
Gener at el nsert LossFl ag,
Fill Pattern)

wher e

The SLAP Procedures, although completely contained within the VCA sublayer, are sufficiently
complex and detailed to put them outside the scope of the current Validation Programme. It is
envisaged that the SLAP Procedural Entity will be specified as accepting VCA_SDUs on the
GoVirtualChannel at the [vca] gate/generating SLAP_PDUs at the [slap] gate, and accepting
SLAP_PDUs at the [slap] gate on the ReturnVirtual Channel/generating VCA_SDUs at the [vca)
gate. The Virtual Channel Procedures are specified to support SLAP in this fashion.

process SpacelLi nkARQProcedures [vca, nman, slap] : noexit :=

(
man ? GoVirtual Channel : VCDU D
? GoLink : LinklD
? ReturnVirtual Channel : VCDU D
? ReturnLink : LinklD
? GoVCPDULength : Nat
? ReturnVCPDULength : Nat
(
SpacelLi nkARQPr ocedur es [vca, nan, sl ap]
[ 1]
SpacelLi nkARQPr ocedural Entity [vca, sl ap]
(Vi rtual Channel
GolLi nk,
Ret ur nVi r t ual Channel ,
Ret ur nLi nk,
GoVCPDULengt h,
Ret ur nVCPDULengt h)
)
)
wher e

process SpaceLi nkARQProcedural Entity [vca, sl ap]
(Vi rtual Channel : VCDU D,
GoLi nk : LinklD,
Ret ur nVi rt ual Channel : VCDU D,
Ret ur nLi nk : Li nkl D,
GoVCPDULengt h : Nat,
Ret ur nVCPDULength : Nat) : noexit :=

st op
endproc SpaceLi nkARQPr ocedural Entity

endproc Spaceli nkARQPr ocedur es
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In the following description, a value of all zeroes for the initial setting of the VCDUCounter is
chosen for convenience only. An implementation may chose to initialise this count with some
other value.

process Virtual Channel Procedures [vca, vcdu, man, slap, int] : noexit :=

(
man ? Virtual Channel : VCDU D

? Direction : Direction
? RequiredLength : Nat
? Upper Layer : UpperLayer
? Links : LINKIDLi st ;
(
Vi rt ual Channel Procedures [vca, vcdu, man, slap, int]
[l
Vi rt ual Channel Procedural Entity [vca, vcdu, nan, slap, int]
(Vi rtual Channel
Di rection,
Requi r edLengt h,
MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0))
Upper Layer,
Li nks)
)
)
wher e
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The Virtual Channel Procedural Entity process covers the procedures specified in 5.4.9.1.1 of the
AOS Blue Book (reference [2]). The process behaves either as a VCDUAssembly or a
VCASDUEXxtraction process depending on the value of the Direction attribute passed by
management. The interpretation of the RequiredL ength attribute depends upon the value of the
UpperLayer attribute: if the UpperLayer isthe VCA UnitData service, then the RequiredL ength
refersto the VCA_SDU; if the UpperLayer isthe SLAP service, then the RequiredL ength refers
tothe SLAP_SDU; and, finally, if the UpperLayer isthe Virtual Channel Data Unit service, then
the RequiredL ength refers to the VCDU/CVCDU.

process Virtual Channel Procedural Entity [vca, vcdu, man, slap, int]
(Virtual Channel : VCDU D,
Channel Direction : Direction,
Requi redLength : Nat,
I nitCounter : VCDUCounter,

Upper Layer : Upper Layer,
Links : LINKIDList) : noexit :=

[ Channel Direction Eq Qutgoing] ->
man ! Virtual Channel
? VCType : Repl ayFl ag ;
VCDUAssenbly [vca, vcdu, slap, int]
(Vi rtual Channel
VCType,
Requi r edLengt h,
I ni t Counter,
Upper Layer,
Li nks)
[]
[ Channel Direction Eq | ncom ng] ->
VCASDUExtraction [vca, vcdu, slap, int]
(Vi rtual Channel
Requi r edLengt h,

I ni t Counter,
Upper Layer,
Head( Li nks))
)
wher e
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process VCDUAssenbly [vca, vcdu, slap, int]
(Virtual Channel : VCDUI D,
VCType : Repl ayFl ag,
Requi redLength : Nat,
I nitCounter : VCDUCounter,
Upper Layer : Upper Layer,
Li nks : LI NKI DLi st)
(
[ Upper Layer Egq VCALayer] ->
(

vca ! Virtual Channel
? VCASDU : CctetString [LengthOf (VCASDU) Eq Requi redLength] ;
Despat chVCDUs [int]
( MakeVCDU( MakeVCDUPr i mar yHeader
(Versi on2,
Vi rt ual Channel ,
Count er,
MakeSi gnal | i ngFi el d( VCType,
VCDUSpar e) ,
NoVCDUHEC) ,
Nul | Gs,
VCASDU,
Nul | Trail er,
Nul | OS),
Vi rt ual Channel ,
Li nks)
>>
VCDUAssenbly [vca, vcdu, slap, int]
(Vi rtual Channel
VCType,
Requi r edLengt h,
Next (Count er),
Upper Layer,
Li nks)

[]

CCSDS 705.4-B-1 Page 2-10 May 1994



RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

[ Upper Layer Eq VCDULayer] ->

vcdu ! Virtual Channel

? VCDU : VCDU [ Lengt hOf (Convert VCDUTOOS(VCDU) ) Eq Requi redLengt h]
Despat chVCDUs [int] (VCDU, Virtual Channel, Links)
>>
VCDUAssenbly [vca, vcdu, slap, int]
(Vi rtual Channel
VCType,
Requi r edLengt h,
Next (Count er),

Upper Layer,
Li nks)

[]
[ Upper Layer Eq SLAPLayer] ->

slap ! Virtual Channel

? SLAPPDU : CctetString [Lengt hOf (SLAPPDU) Eq RequiredLength] ;
int ! Head(Links)
I Virtual Channel
I MakeVCDU( MakeVCDUPr i mar yHeader ( Ver si on2,
Vi rt ual Channel ,

Count er,
MakeSi gnal | i ngFi el d( VCType,
VCDUSpar e) ,
NoVCDUHEC) ,
Nul | Gs,
SLAPPDUY,
Nul | Trail er,
Nul | CS) ;

VCDUAssenbly [vca, vcdu, slap, int]
(Vi rtual Channel
VCType,
Requi r edLengt h,
Next (Count er),

Upper Layer,
Li nks)
)
)
wher e
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process DespatchVCDUs [int] (VCDU : VCDU,

Vi rtual Channel : VCDU D,

Links : LINKIDList) : exit :=
(
[ Head(Li nks) Eq Nul | LI NKID] ->

exit

)

[]
[ Head(Li nks) Ne Nul | LI NKID] ->
int ! Head(Links)
I Virtual Channel
I VCDU ;
Despat chVCDUs [int] (VCDU, Virtual Channel, Tail (Links))
)

)
endproc Despat chVCDUs

endproc VCDUAssenbly
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process VCASDUExtraction [vca, vcdu, slap, int]
(Virtual Channel : VCDU D,
Requi redLength : Nat,
Counter : VCDUCounter,
Upper Layer : Upper Layer,
Link : LinklD) : noexit :=

(
[ Upper Layer Eq VCALayer] ->

int ! Link
I Vi rtual Channel
? VCDU : VCDU ;

(
[ (Get VCDUCount er ( Get VCDUPr i mar yHeader (VCDU)) Eq Counter)] ->

vca ! Virtual Channel
I Get VCASDU( VCDU)
I VCDUNot Lost ;
VCASDUExtraction [vca, vcdu, slap, int]
(Vi rtual Channel
Requi r edLengt h,
Next ( Count er),
Upper Layer,
Li nk)
)

[]
[ (Get VCDUCount er ( Get VCDUPr i mar yHeader (VCDU)) Ne Counter)] ->

vca ! Virtual Channel
I Get VCASDU( VCDU)
I VCDULost ;
VCASDUExtraction [vca, vcdu, slap, int]
(Vi rtual Channel
Requi r edLengt h,
Next ( Get VCDUCount er
( Get VCDUPr i mar yHeader (VCDU)) ),

Upper Layer,
Li nk)

[]
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[ Upper Layer Eq VCDULayer] ->
(

Li nk
Vi rt ual Channel
? VCDU : VCDU ;
vcdu ! Virtual Channel
I VCDU ;
VCASDUExt raction [vca, vcdu, slap,
(Vi rtual Channel
Requi r edLengt h,
Count er,

Upper Layer,
Li nk)

int !
!

)

[]

[ Upper Layer Eq SLAPLayer] ->
(

Li nk
Vi rt ual Channel
? VCDU : VCDU ;
slap ! Virtual Channel
I Get VCASDY( VCDU) ;
VCASDUEXxt raction [vca, vcdu, slap,
(Vi rtual Channel
Requi r edLengt h,
Count er,

Upper Layer,
Li nk)

int !
!

) )
endproc VCASDUExtraction

endproc Virtual Channel Procedural Entity

endproc Virtual Channel Procedur es

int]

int]

CCSDS 705.4-B-1 Page 2-14

May 1994



RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

process Channel AccessProcedures [insert, man, release, bitrate, phys, int]
(I'nsert Error Checked : Bool,
Gener at el nsert LossFl ag : Bool ,
FillPattern : CctetString) : noexit :=

(
man ? Link : LinklD
? VCPDUSI ze : Nat
? DUZLengt h : Nat
? InsertActive : Bool
? InsertSize : Nat
? BitTransReq : Bool
? Direction : Direction ;
Channel AccessProcedures [insert, nman, release, bitrate, phys, int]
(I'nsert Error Checked,
Gener at el nsert LossFl ag,
Fill Pattern)
[
Channel AccessProcedural Entity [insert, man, release, bitrate, phys, int]
(Link,
VCPDUSI ze,
DUZLengt h,
I nsertActive,
Gener at el nsert LossFl ag,
I nsert Si ze,
I nsert Error Checked,
Bi t TransReq,
Di rection,
Fill Pattern)
)
)
wher e
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process Channel AccessProcedural Entity [insert, man, release, bitrate, phys, int]
(Link : LinklD,
VCPDUSI ze : Nat,
DUzZLengt h : Nat,
InsertActive : Bool,
CGener at el nsert LossFl ag : Bool ,
InsertSize : Nat,
I nsert Error Checked : Bool,
Bi t TransReq : Bool,
Direction : Direction,
FillPattern : CctetString) noexit :=
(
[Direction Eq Qutgoing] ->
hi de ecef, delimin
(
VCDUCommut ator [int, man, release, insert, ecef] (InsertActive,
I nsert Size,
Li nk,
DUZLengt h,
FillPattern,
create)
| [ecef]|
Error Control Encodi ng [ecef, man, delini (Link)
| [delin]|
Delimtor [delim bitrate, phys] (Link,
Bi t TransReq,
Nul | BS)
)
)
[]
[Direction Egq Incomng] ->
(
hi de ecdf, synch in
(
VCDUDecomut ator [int, ecdf] (Link)
| [ecdf]|
Error Control Decodi ng [ecdf, insert, man, synch] (Link,
I nsertActive,
Gener at el nsert LossFl ag,
I nsert Size,
I nsert Error Checked)
| [synch] |
Synchroni ser [synch, phys] (Link,
Nul | BS,
Bi t TransReq,
VCPDUSI ze,
Fal se)
)
)
)
wher e
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The VCDUCommutator process broadly covers the function defined in the AOS Blue Book
(reference [2]) under 5.4.9.1.2.1. The major difference is that the VCDUCommutator has no
direct access to the external [vca] and [vcdu] service interfaces, and instead receives
VCDUS/CVCDUs from the VCDUAssembly process over the [int] gate. The [release] gate
represents an interface to the VC_PDU release algorithm which is not specified by CCSDS, but
affects the order in which VC_PDUs are transmitted.

The VCDUCommutator process also contains the Insert injection function, this ensuring that the
IN_SDU is in place before the CRC/Reed-Solomon encoding is carried out. Note that the
process ‘expects’ the IN_SDU to be available at VC_PDU release time rather than accepting
IN_SDUs asynchronoudly, thisreflects 5.4.9.1.2.4.b in the AOS Blue Book.

process VCDUCommutator [int, man, rel ease, insert, ecef]

(I'nsertActive : Bool,

InsertSize : Nat,

Li nk : Linkl D,

DUzZLengt h : Nat,

FillPattern : CctetString,

VCDUQueue : VCDUQueue) : noexit :=

[ Not (I nsertActive)] ->
(
(
int ! Link
? Virtual Channel : VCDU D
? VCDU : VCDU ;
VCDUCommut ator [int, man, release, insert, ecef]

(I'nsertActive,
I nsert Si ze,
Li nk,
DUZLengt h,
FillPattern,
AddBack( VCDU, VCDUQueue))
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rel ease ! Link
? VCDU D : VCDU D ;

(
[ expedi t e(VCDUI D, VCDUQueue) Ne Nul | VCDU] ->

ecef ! Link
! expedite(VCDU D, VCDUQueue)
VCDUCommut ator [int, man, release, insert, ecef]
(I'nsertActive,

I nsert Size,
Li nk,
DUZLengt h,
FillPattern,
Rerove( VCDUI D, VCDUQueue))

[]
[ expedi t e(VCDU D, VCDUQueue) Eq Nul | VCDU] ->
(

ecef ! Link
I MakeFi | | VCDU(Fi || Pattern, DUZLengt h)
VCDUCommut ator [int, man, release, insert, ecef]
(I'nsertActive,
I nsert Si ze,
Li nk,
DUZLengt h,
FillPattern,

VCDUQueue)
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[]

[InsertActive] ->

(
(
int ! Link
? Virtual Channel : VCDU D
? VCDU : VCDU ;
VCDUCommut ator [int, man, release, insert, ecef]
(I'nsertActive,
I nsert Si ze,
Li nk,
DUZLengt h,
FillPattern,
AddBack( VCDU, VCDUQueue))
)
[]
(
rel ease ! Link
? VCDU D : VCDU D ;
(
[ expedi t e(VCDU D, VCDUQueue) Ne Nul | VCDU] ->
(
insert ! Link
? INSDU : CctetString [LengthOf (I NSDU) Eq I nsertSize] ;
ecef ! Link
I SetlnsertZone(l NSDU, expedite(VCDU D, VCDUQueue)) ;
VCDUCommut ator [int, man, release, insert, ecef]
(I'nsertActive,
I nsert Si ze,
Li nk,
DUZLengt h,
FillPattern,
Rerove( VCDUI D, VCDUQueue))
[]
[ expedi t e(VCDU D, VCDUQueue) Eq Nul | VCDU] ->
(
insert ! Link
? INSDU : CctetString [LengthOf (I NSDU) Eq I nsertSize] ;
ecef ! Link
I SetlnsertZone(l NSDU, MakeFillVCDU(Fill Pattern,
DUZLengt h)) ;
VCDUCommut ator [int, man, release, insert, ecef]
(I'nsertActive,
I nsert Si ze,
Li nk,
DUZLengt h,
FillPattern,
VCDUQueue)
)
)
)
)

)
endpr oc VCDUCommut at or
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This process covers the procedures specified in section 5.4.9.1.2.3 of the AOS Blue Book
(reference [2]). Certain combinations of error control encoding are not dealt with as they violate
statements in the AOS Blue Book; for instance the VCDU Error Control Field is mandatory
within Virtual Channels that are not Reed-Solomon encoded (5.4.9.2.1.4.2.b), and the VCDU
Error Control and Operationa Control Fields cannot be present if the VCDU Trailer is absent.

process ErrorControl Encodi ng [ecef, man, delin

(

wher e

ecef

man

NN N N N N T

(
AddOp

>>
accep

(Link : LinklID) : noexit :=

I Link

? VCDU : VCDU ;
Get VCDUI D( Get VCDUPr i mar yHeader ( VCDU) )
Header Err or Cont r ol Requi red : Bool
Trail erPresent : Bool
VVCDUET r or Cont r ol Requi red : Bool
Oper ati onal Control Fi el dPresent : Bool
ReedSol onbnRequi red : Bool
ReedSol onobnLength : Nat

tional Fields [man] (VCDU,

Header Err or Cont r ol Requi r ed,

Trail erPresent,
VCDUET r or Cont r ol Requi r ed,

Oper ati onal Control Fi el dPresent,

ReedSol onbnRequi r ed,
ReedSol ononLengt h)

t VCDU : VCDU in

delim! Link

I VCDU ;
Error Control Encodi ng [ecef, man, delini (Link)
)
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process AddOptional Fi el ds [man]
(VvCbu : VCDY,
Header Err or Cont r ol Requi red : Bool,
Trail erPresent : Bool,
VCDUETr r or Cont r ol Requi red : Bool,
Oper ati onal Control Fi el dPresent : Bool,
ReedSol ononRequi red : Bool ,
ReedSol ononLength : Nat) : exit (VCDU) :=

(
AddHeader Error Control [man] (VCDU,
Header Er r or Cont r ol Requi r ed)
>>
accept VCDU : VCDU in
AddTrail er [man] (VCDU,
Trail er Present,
VVCDUET r or Cont r ol Requi r ed,
Oper ati onal Control Fi el dPresent)
>>
accept VCDU : VCDU in
AddReedSol onon [ man] (VCDU,
ReedSol onbnRequi r ed,
ReedSol ononLengt h)
>>
accept VCDU : VCDU in
exi t ( VCDU)
)
wher e

process AddHeader Error Control [man] (VCDU : VCDU,
Header Error Control Required : Bool) : exit (VCDU) : =

(
let PH: VCDUPrimaryHeader = Get VCDUPri maryHeader ( VCDU),
1Z: OctetString Get I nsert Zone( VCDU) ,
DU : CctetString = Get VCASDU( VCDU),
TR : VCDUTrail er Get VCDUTTr ai | er (VCDU)
RS : OctetString Get ReedSol onon( VCDU)

(
[ Header Err or Cont r ol Requi red] ->
exi t (MakeVCDU( Set VCDUHEC( Gener at eRS(2), PH),
1 Z,
DU,
TR,
RS))
[]
[ Not (Header Error Control Requi red)] ->
exi t ( MakeVCDU( Set VCDUHEC( NoVCDUHEC, PH),
I Z,
DU,
TR,
RS))
)

)
endpr oc AddHeader Err or Contr ol
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process AddTrailer [man] (VCDU : VCDU,
TrailerPresent : Bool,
VCDUET r or Cont r ol Requi red : Bool,
Oper ati onal Control Fi el dRequired : Bool)

(

let PH: VCDUPrimaryHeader = Get VCDUPri mar yHeader ( VCDU),
1Z: COctetString Get I nsert Zone( VCDU) ,
DU : CctetString = Get VCASDU( VCDU),
RS : OctetString Get ReedSol onon( VCDU)

[Trail erPresent] ->

(
[ VCDUEr r or Cont r ol Requi r ed
And
Oper ati onal Control Fi el dRequi red] ->
exi t (MakeVCDU( PH,

1 Z,

DU,

MakeVCDUTTr ai | er ( VCDUCCF,
VCDUECF) ,

RS))

[]
[ Not ( VCDUEr r or Cont r ol Requi r ed)
And
Oper ati onal Control Fi el dRequi red] ->
exi t (MakeVCDU( PH,
|

DU,

MakeVCDUTTr ai | er ( VCDUCCF,
NoECF) ,

RS))

[]
[ VCDUEr r or Cont r ol Requi r ed
And
Not ( Oper ati onal Control Fi el dRequi red)] ->
exi t (MakeVCDU( PH,

1 Z,

DU,

MakeVCDUTTr ai | er ( NoOCF,
VCDUECF) ,

RS))

)

[]

[Not (Trail erPresent)] ->
exi t (MakeVCDU( PH,

1 Z,
DU,
Nul | Trail er,
RS))
)

)

endproc AddTrail er
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process AddReedSol omon [man] (VCDU : VCDU,
ReedSol ononRequi red : Bool ,
ReedSol ononLength : Nat) : exit(VCDU) :=

(

let PH: VCDUPrimaryHeader = Get VCDUPri mar yHeader ( VCDU),
1Z: COctetString Get I nsert Zone( VCDU) ,
DU : CctetString = Get VCASDU( VCDU),
TR : VCDUTrail er Get VCDUTTr ai | er ( VCDU)

[ ReedSol omonRequi red] ->
exi t ( MakeVCDU( PH,
1Z

DU,
TR,
Gener at eRS( ReedSol omonLengt h)))

[]
[ Not ( ReedSol ononRequired)] ->
exi t ( MakeVCDU( PH,
1 Z,
DUy,
TR,
Nul I CS))
)

)
endpr oc AddReedSol onon

endproc AddOpti onal Fi el ds

endproc ErrorControl Encodi ng
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process Delimitor [delim bitrate, phys]
(Link : LinklD,
Bi t TransReq : Bool,
SendBuffer : BitString) : noexit :=

(
delim?! Link
? VCDU : VCDU ;
(
[Bit TransReq] - >
(
Bi t Scranbl er[delin] (VCDU)
>>
accept VCDU : VCDU in
Delimtor [delim bitrate, phys]
(Link,
Bi t TransReq,
Append( Append( Convert OSToBS( Convert VCDUToOS( VCDU) ) ,
Convert OSToBS( SyncMar ker) ),
SendBuf fer))
)
[]
[ Not (Bit TransReq)] - >
(
Delimtor [delim bitrate, phys]
(Link,
Bi t TransReq,
Append( Append( Convert OSToBS( Convert VCDUToOS( VCDU) ) ,
Convert OSToBS( SyncMar ker) ),
SendBuf fer))
)
)
)
[]
(
bitrate ;
phys ! Link
! Get MSB( SendBuffer) ;
Delimtor [delim bitrate, phys] (Link,
Bi t TransReq,
RenoveMSB( SendBuf fer))
)
)
wher e
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This process represents the optional Bit Transition Generation which may be applied to Channel
Access Data Units (excluding the Synchronisation Marker). The application of the random
sequence to the body of the CADU is not explicitly modelled; instead, the process merely passes
the VCDU back to the calling process.

process BitScrambler [delin] (VCDU : VCDU) : exit (VCDU) :=
exi t ( VCDU)
endproc Bit Scranbl er

endproc Delimtor
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process VCDUDecommutator [int, ecdf]
(Link : LinklID) : noexit :=
(

ecdf ! Link
? VCDU : VCDU ;

(
[ Get VCI D( Get VCDUI D( Get VCDUPr i mar yHeader (VCDU))) Ne FillVCI D ->
(

int ! Link
I Get VCDUI D( Get VCDUPr i mar yHeader ( VCDU) )
I VCDU ;

VCDUDecomut ator [int, ecdf] (Link)

)

[]

[ Get VCI D( Get VCDUI D( Get VCDUPr i mar yHeader (VCDU))) Eq FillVvCl D ->
(

VCDUDecomut ator [int, ecdf] (Link)

)
)

endpr oc VCDUDecommut at or
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process ErrorControl Decodi ng [ecdf, insert, man, synch]
(Link : LinklD,
I nsert Active : Bool,
Gener at el nsert LossFl ag : Bool,
InsertSize : Nat,
I nsert Error Checked : Bool) : noexit :=

synch ! Link
? DataUnit : CctetString
? SynchLost : Bool ;

Bui | dVCDU [ man] (DataUnit, |nsertActive, |nsertSize)
>>
accept VCDU : VCDU in

(
[I nsertActive And I nsertErrorChecked] ->

(
( (
[ Gener at el nsertLossFl ag And SynchLost] ->
(
insert ! Link
I Getlnsert Zone( VCDU)
I I NSDULost ;
ecdf ! Link
I VCDU ;
Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Si ze,
I nsert Error Checked)
)
[]
[ Generat el nsertLossFl ag And (Not (SynchLost))] ->
(
insert ! Link
I Getlnsert Zone( VCDU)
I | NSDUNot Lost ;
ecdf ! Link
I VCDU ;
Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Si ze,
I nsert Error Checked)
)
[]
[ Not (Gener at el nsertLossFlag)] ->
insert ! Link
I GetlnsertZone(VCDU) ;
ecdf ! Link
I VCDU ;
Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Si ze,
I nsert Error Checked)
)
)
)
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Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Size,
I nsert Error Checked)

)
[]
[I nsertActive And (Not (I nsertErrorChecked))] ->
(
(
[ Gener at el nsertLossFl ag And SynchLost] ->
(
(
Insert ! Link
I Getlnsert Zone( VCDU)
! I NSDULost ;
ecdf ! Link
I VCDU ;
Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Si ze,
I nsert Error Checked)
)
[]
Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Si ze,
I nsert Error Checked)
)
[]
[ Generat el nsertLossFl ag And (Not (SynchLost))] ->
(
(
Insert ! Link
I Getlnsert Zone( VCDU)
I | NSDUNot Lost ;
ecdf ! Link
I VCDU ;
Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Si ze,
I nsert Error Checked)
)
[]
Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Si ze,
I nsert Error Checked)
)
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[]
[ Not (Gener at el nsertLossFlag)] ->

(
(
Insert ! Link
I GetlnsertZone(VCDU) ;
ecdf ! Link
I VCDU ;
Error Control Decodi ng [ecdf, insert, man, synch]
(Link, I nsertActive,
Gener at el nsert LossFl ag,
I nsert Size,
I nsert Error Checked)
)
[]
Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Size,
I nsert Error Checked)
)
)
)
[]
[Not (I nsertActive)] ->
(
(
ecdf ! Link
I VCDU ;

Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Size,
I nsert Error Checked)
)
[]

Error Control Decodi ng [ecdf, insert, man, synch]
(Link, InsertActive,
Gener at el nsert LossFl ag,
I nsert Size,
I nsert Error Checked)

wher e
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process Buil dVCDU [man] (DataUnit : CctetString,
InsertActive : Bool,
InsertSize : Nat) : exit (VCDU) :=

StripHeader [man] (DataUnit)
>>
accept PH : VCDUPri maryHeader,
DataUnit : OctetString,
DuzSi ze : Nat,
Trail erPresent : Bool,
OCFPresent : Bool,
ECFPresent : Bool in
Striplnsert [man] (PH, DataUnit,
InsertActive, InsertSize,
DUZSi ze, Trail erPresent,
OCFPr esent, ECFPresent)
>>
accept PH : VCDUPri maryHeader,
InsertZone : CctetString,
DataUnit : OctetString,
DUZSi ze : Nat,
Trail erPresent : Bool,
OCFPresent : Bool,
ECFPresent : Bool in
Stri pbat azone [man] (PH, InsertZone,
Dat aUni t, DUZSI ze,
Trail erPresent, OCFPresent,
ECFPresent)
>>
accept PH : VCDUPri maryHeader,
InsertZone : CctetString,
Dat aUni t Zone : Cctet String,
DataUnit : OctetString,
Trail erPresent : Bool,
OCFPresent : Bool,
ECFPresent : Bool in
StripTrailer [man] (PH, |nsertZone,
Dat aUni t Zone, DataUnit,
Trail erPresent, OCFPresent,
ECFPresent)
>>
accept PH : VCDUPri maryHeader,
InsertZone : COctetString,
Dat aUni t Zone : Cctet String,
Trailer : VCDUTrailer,
RS : CctetString in
exit (MakeVCDU(PH, |nsertZone, DataUnitZone, Trailer, RS))

wher e
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process Stri pHeader [ nman]

(DataUnit : OctetString) : exit (VCDUPrimaryHeader,

Cctet String,

Nat, Bool, Bool, Bool) :=

(
let VN : VersionNunber = MakeVersi onNunber (Bit1(First(DataUnit)),
Bit2(First(DataUnit))),
VCDUI D : VCDUI D = MakeVCDUI D( MakeSCl D( Bit 3(First(DataUnit)),
Bit4(First(DataUnit)),
Bit5(First(DataUnit)),
Bit6(First(DataUnit)),
Bit7(First(DataUnit)),
Bit8(First(DataUnit)),
Bit 1(Nt h(DataUnit, 2)),
Bit2(Nth(DataUnit, 2))),
MakeVCl D( Bi t 3( Nt h(Dat aUnit, 2)),
Bi t4(Nth(DataUnit, 2)),
Bi t 5( Nt h(DataUnit, 2)),
Bi t6( Nt h(DataUnit, 2)),
Bit7(Nth(DataUnit, 2)),
Bi t 8(Nt h(DataUnit, 2)))),
VC : VCDUCount er = MakeVCDUCounter (Nt h(DataUnit, 3),
Nt h(Dat aUnit, 4),
Nt h(Dat aUnit, 5)),
SF : SignallingField =
MakeSi gnal | i ngFi el d( MakeRepl ayFl ag(Bit 1( Nt h(DataUnit, 6))),

MakeVCDUSpar e(Bit 2( Nt h( Dat aUni t,
Bi t 3( Nt h( Dat aUni t,
Bi t 4(Nt h(DataUni t,
Bi t 5( Nt h( Dat aUni t,
Bi t 6( Nt h( Dat aUni t,
Bi t 7( Nt h( Dat aUni t,
Bi t 8( Nt h( Dat aUni t,

HEC : CctetString = AddFront (Nt h(DataUnit, 7),
AddFront (Nt h(DataUnit, 8), Null OS))
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(
man ! VCDU D
? HECPr esent Bool
? DUZSi ze : Nat
? Trail erPresent Bool
? OCFPr esent Bool
? ECFPresent Bool ;

(
[ HECPr esent ]

->

exi t (MakeVCDUPr i mar yHeader ( VN, VCDUI D, VC, SF, HEC)

)

H\lot(HECPr esent) ]
(

StripCctets(DataUnit,
DUZSi ze,

Trail er Present,

OCFPr esent,
ECFPresent)

8),

->

exi t (MakeVCDUPr i mar yHeader ( VN, VCDUI D, VC, SF, Nul | GS)

)
endproc Stri pHeader
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process Striplnsert [nan]

(PH : VCDUPri mar yHeader,

DataUnit : OctetString,

InsertActive : Bool,

InsertSize : Nat,

DUZSi ze : Nat,

Trail erPresent : Bool,

OCFPresent : Bool,

ECFPresent : Bool) : exit (VCDUPri maryHeader,
Cctet String,
Cctet String,
Nat, Bool, Bool, Bool) :=

[InsertActive] ->
exi t (PH,
Ret ai nCct et s(DataUnit, InsertSize),
StripCctets(DataUnit, InsertSize),
DUZSi ze,
Trail erPresent,
OCFPr esent ,
ECFPresent)
[]
[Not (I nsertActive)] ->
exit(PH, NullCS, DataUnit,
DUZSi ze,
Trail erPresent,
OCFPr esent ,
ECFPresent)

endproc Striplnsert
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process StripbDataZone [ man]
(PH : VCDUPri mar yHeader,
InsertZone : CctetString,
DataUnit : OctetString,
DUZSi ze : Nat,
Trail erPresent : Bool,
OCFPresent : Bool,
ECFPresent : Bool) : exit (VCDUPrimaryHeader,

Cctet String,
OCtet String,
Cctet String,
Bool, Bool, Bool) :=
(
exit (PH,
I nsert Zone,

Ret ai nCct et s(Dat aUnit, DUZSi ze),
StripCctets(DataUnit, DUZSi ze),
Trail erPresent,

OCFPr esent ,

ECFPresent)

endproc Stri pbDat aZone
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process StripTrailer [man] (PH : VCDUPri mar yHeader,

InsertZone : CctetString,

Dat aUni t Zone : Cctet String,

DataUnit : OctetString,

Trail erPresent : Bool,

OCFPresent : Bool,

ECFPresent : Bool) : exit(VCDUPri maryHeader,
Cctet String,
Cctet String,
VCDUTr ai | er,
OctetString) :=

[Trail erPresent] ->

[ OCFPresent And ECFPresent] ->
exi t (PH,
I nsert Zone,
Dat aUni t Zone,
MakeVCDUTr ai | er (AddFront (First(DataUnit),
AddFront (Nt h(Dat aUnit, 2),
AddFront (Nt h(Dat aUnit, 3),
AddFront (Nt h(DataUnit, 4), Null0s)))),
AddFront (Nt h(Dat aUnit, 5),
AddFront (Nt h(DataUnit, 6), Null0S))),
StripCctets(DataUnit, 6))
[]
[ OCFPresent And Not (ECFPresent)] ->
exi t (PH,
I nsert Zone,
Dat aUni t Zone,
MakeVCDUTr ai | er (AddFront (First(DataUnit),
AddFront (Nt h(Dat aUnit, 2),
AddFront (Nt h(Dat aUnit, 3),
AddFront (Nt h(DataUnit, 4), Null0s)))),
Nul I CS),
StripCctets(DataUnit, 4))
[]
[ Not (OCFPresent) And ECFPresent] ->
exit (PH,
I nsert Zone,
Dat aUni t Zone,
MakeVCDUTr ai | er (Nul | GS,
AddFront (First(DataUnit),
AddFront (Nt h(DataUnit, 2), Null0S))),
StripCctets(DataUnit, 2))

)
[] .
[Not (Trail erPresent)] ->
exit(PH, InsertZone, DataUnitZone, Null Trailer, DataUnit)
endproc StripTrailer
endpr oc Bui |l dVCDU

endproc ErrorControl Decodi ng

CCSDS 705.4-B-1 Page 2-35 May 1994



RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

process Synchroni ser [synch, phys] (Link : LinklD,
SyncSearch : BitString,
Bi t TransReq : Bool,
VCAPDUSi ze : Nat,
SynchWasLost : Bool) : noexit

(
phys ! Link
? Bitln : Bit
(
[ AdALSB(Bi tI n, SyncSearch) Eq Convert OSToBS(SyncMarker)] ->
(
Get VCAPDU [ synch, phys] (Link,
VCAPDUSI ze,
Nul | CS,
SynchWasLost,
Bi t TransReq)
>>
Synchroni ser [synch, phys] (Link,
Nul | BS,
Bi t TransReq,
VCAPDUSI ze,
Fal se)
[] )
[ AdALSB(Bi tI n, SyncSearch) Ne Convert OSToBS(SyncMarker)] ->
(
[ Lengt hOF (SyncSearch) Lt Pred(8*4)] ->
(
Synchroni ser [phys, synch]
(Link,
AddLSB(Bi t1n, SyncSearch),
Bi t Tr ansReq,
VCAPDUSI ze,
Fal se)
[] )
[ Lengt hOF (SyncSearch) Eq Pred(8*4)] ->
(
Synchroni ser [phys, synch]
(Link,
AddLSB(Bi t1 n, RenoveMsB(SyncSearch)),
Bi t TransReq,
VCAPDUSI ze,
True)
)
)
)
)
wher e
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process Get VCAPDU [synch, phys] (Link : LinklD,
VCAPDUSi ze : Nat,
OctetBuffer : CctetString,
SynchWasLost : Bool,
BitTransReq : Bool) : exit :=
(

[ VCAPDUSI ze Eq 0] ->
[Bi t TransReq] - >

(
Bi t DeScr anbl er[ synch] (CctetBuffer)
>>
accept Buffer : CctetString in
synch ! Link

! Buffer

I SynchWaslLost ;
exit

)

[]

[Not (Bit TransReq)]->
(

synch ! Link
I CctetBuffer
I SynchWaslLost ;
exit
)
)
[]
[ VCAPDUSI ze G 0] ->
(
ReadCct et [ phys] (NatNun(O0),
Li nk,
Cctet(0,0,0,0,0,0,0,0))
>>
accept Cctet : COctet in
Get VCAPDU [ synch, phys] (Link,
Pr ed( VCAPDUSI ze),
Append( AddFront (Cctet, Nul | 0S), CctetBuffer),
SynchWasLost,
Bi t TransReq)

wher e
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process ReadCctet [phys] (BitCounter : Nat,
Li nk : Linkl D,
BitBuffer : COctet) : exit (Cctet) :=

(
[BitCounter Eq 0] ->

phys ! Link
? Bitln : Bit ;
ReadCct et [phys] (Succ(BitCounter), Link,
Cctet(Bitln, 0, 0, 0, 0, 0, O, 0))
)
[]

[BitCounter Eq 1] ->

phys ! Link
? Bitln : Bit ;
ReadCct et [phys] (Succ(BitCounter), Link,
Cctet(Bit1(BitBuffer), Bitln, 0, 0, O, 0, 0, 0))

)
[]
[BitCounter Eq 2] ->

phys ! Link
? Bitln : Bit ;
ReadCct et [phys] (Succ(BitCounter), Link,
Cctet(Bit1l(BitBuffer), Bit2(BitBuffer), Bitln,
0, 0, 0, 0, 0))

)
[]
[BitCounter Eq 3] ->

phys ! Link
? Bitln : Bit ;
ReadCct et [phys] (Succ(BitCounter), Link,
Cctet(Bitl(BitBuffer), Bit2(BitBuffer), Bit3(BitBuffer),
Bitln, 0, 0, 0, 0))

)
[]
[BitCounter Eq 4] ->

phys ! Link
? Bitln : Bit ;
ReadCct et [phys] (Succ(BitCounter), Link,
Cctet(Bitl(BitBuffer), Bit2(BitBuffer), Bit3(BitBuffer),
Bit4(BitBuffer), Bitln, 0, 0, 0))

[]
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[BitCounter Eq 5] ->
(

[]

phys ! Link

? Bitln : Bit ;
ReadCct et [phys] (Succ(BitCounter),
Octet(Bit1(BitBuffer),

)

[BitCounter Eq 6] ->

[]

phys ! Link

? Bitln : Bit ;
ReadCct et [phys] (Succ(BitCounter),
Octet(Bit1(BitBuffer),

)

[BitCounter Eq 7] ->

[]

phys ! Link

? Bitln : Bit ;
ReadCct et [phys] (Succ(BitCounter),
Octet(Bit1(BitBuffer),

)

[BitCounter Eq 8] ->
(

)

exit (BitBuffer)
)

endproc ReadCct et
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This process represents the optional Bit Transition Remova which is necessary if Bit Transition
Generation has been applied to Channel Access Data Units (excluding the Synchronisation
Marker). The application of the random sequence to the body of the CADU is not explicitly
modelled; instead, the process merely passes the VCDU back to the calling process.

process BitDeScranbl er [synch] (Buffer : OctetString) : exit (CctetString) :=
(

)
endproc Bit DeScranbl er

exit (Buffer)

endproc Get VCAPDU

endproc Synchroni ser

endproc Channel AccessProcedural Entity
endpr oc Channel AccessProcedures

endspec
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3 VIRTUAL CHANNEL ACCESS SERVICE

speci fication VCAService [vca, vcdu, insert, man, release]
(I'nsertLossFlags : Bool) : noexit

library VCDU, CctetString, VCDUCounter, VCDUHeader ErrorControl,
VCDUI D, Bool ean, Bit, Natural Nunber, VCDULossFl ag,
InsertLossFlag endlib

7‘ VCA ‘7‘ VCDU ‘7‘ INSERT ‘ ‘ INSERT ‘
VCAService

7‘ VCA ‘7‘ VCDU ‘7

ChannelProcedures

|

7‘ Physin ‘7‘ PhysOut ‘

7‘ Physin ‘7‘ Physin ‘7 INSERT | —
ChannelAccess MAN

RELEASE

Figure 3-1: Internal Breakdown of LOTOS Specification
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type UpperlLayer is Bool ean

sorts Upper Layer

opns VCALayer -> Upper Layer
VCDULayer -> Upper Layer
SLAPLayer -> Upper Layer
_Eq_ Upper Layer, UpperLayer -> Bool
_Ne_ . Upper Layer, UpperLayer -> Bool
egqns forall x, y : UpperLayer
of sort Bool
VCALayer Eq VCALayer = True ;
VCALayer Eq VCDULayer = Fal se ;
VCALayer Eq SLAPLayer = Fal se ;
VCDULayer Eq VCALayer = Fal se ;
VCDULayer Eq VCDULayer = True ;
VCDULayer Eq SLAPLayer = Fal se ;
SLAPLayer Eq VCALayer = Fal se ;
SLAPLayer Eq VCDULayer = Fal se ;
SLAPLayer Eq SLAPLayer = True ;
X Ne 'y = Not(x Eq y) ;
endt ype
type LinklDis Bit, Bool ean
sorts LinklD
opns Nul | LI NKI D -> Linkl D
Add Bit, LinklD -> LinklD
_Eq_ Li nkl D, LinklD -> Bool
_Ne_ Li nkl D, LinklD -> Bool
egns forall bl, b2 : Bit, LINKIDL, LINKID2 : LinklD
of sort Bool
Nul | LI NKI D Eq Nul I LI NKI D = True ;
Nul | LI NKI D Eq Add(bl, LI NKID1) = Fal se ;
Add(bl, LINKID1) Eq Nul | LI NKI D = Fal se ;
Add(bl, LINKIDl) Eq Add(b2, LINKID2) = (bl Eq b2) And (LINKI D1 Eq LI NKID2)
LI NKI D1 Ne LI NKI D2 = Not (LI NKI D1 Eq LI NKID2) ;
endt ype
type LINKIDList is LinklD
sorts LI NKIDLi st
opns  Nul | LI NKI DLi st -> LI NKI DLi st
Add Li nkI D, LI NKIDLi st -> LI NKIDLi st
Tai | LI NKI DLi st -> LI NKI DLi st
Head : LINKIDLi st -> LinklD
egns forall x, y : LinklD, | LI NKI DLi st
of sort LinklD
Head( Nul I LI NKI DLi st) = Nul I LINKID ;
Head( Add(x, Nul | LINKIDList)) = x ;
Head( Add(x, Add(y, 1))) = Head(Add(y, 1)) ;
of sort LI NKI DLi st
Tai | (Nul I LI NKI DLi st) = Nul | LI NKI DLi st ;
Tai | (Add(x, Nul |l LI NKIDList)) = NullLlINKIDLi st ;
Tai | (Add(x, Add(y, 1))) = Add(x, Tail (Add(y, 1))) ;
endt ype
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VCDUQueue i s VCDU, VCDU D
VCDUQueue
Create . -> VCDUQueue
AddBack : VCDU, VCDUQueue -> VCDUQueue
renove : VCDUI D, VCDUQueue -> VCDUQueue
wi t hdraw : VCDUI D, VCDUQueue -> VCDUQueue
expedite : VCDU D, VCDUQueue -> VCDU
first : VCDUQueue -> VCDU
tail : VCDUQueue -> VCDUQueue
reverse : VCDUQueue -> VCDUQueue
forall x, y : VCDUD, p, q: VCDU, z : VCDUQeue
of sort VCDU
first(create) = Nul | VCDU
first(AddBack(p, create)) =p
first(AddBack(p, AddBack(q, z))) = first(AddBack(q, z)) ;
expedi te(x, create) = Nul | VCDU
Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Eq x =>
expedi te(x, 2z) = first(z) ;
Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Ne x =>

expedi te(x, 2z) = expedite(x,
renmove( Get VCDUI D( Get VCDUPr i mar yHeader (first(z))),
of sort VCDUQueue

tail (create)
tail (AddBack(p, create))
tail (AddBack(p, z))

create
create
AddBack(p, tail(z)) ;

renove(x, create) Create ;

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Eq x =>
remove(x, z) = tail(z)

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Ne x =>
renmove(x, z) = reverse(w thdraw(x, z)) ;

wi t hdraw(x, create) = create ;

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Eq x =>
wi t hdraw( x, z) = reverse(tail (z)) ;

Get VCDUI D( Get VCDUPr i mar yHeader (first(z))) Ne x =>
wi t hdraw( x, z) = AddBack(first(z),
withdrawm(x, tail(z)))

reverse(create)
reverse(z)

Create ;

endt ype
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behavi our
VCAServi ce [vca, vcdu, insert, nman, rel ease]

(I nsertLossFl ags)
wher e
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process VCAService [vca, vcdu, insert, man, rel ease]
(I'nsertlLossFlags : Bool) : noexit :=

(

hi de Chanln, ChanCQut in

Channel Procedures [vca, vcdu, insert, man, Chanln, ChanCut]

| [ Chanl n, ChanCQut] |

Channel Access [ Chanln, ChanQut, insert, man, release] (lnsertLossFlags)
)
wher e
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process Channel Procedures [vca, vcdu, insert, man, Chanln, ChanCQut] : noexit :=

(

man ? VCDUI D : VCDU D

Upper Layer : Upper Layer
Requi redLength : Nat

I nsert Active : Bool

I nsert Error Checked : Bool
Li nks : LI NKI DLi st ;

-~

N N N )

(
[ Upper Layer Eq VCDULayer] ->

VCDUChannel [vcdu, Chanln, ChanCut]
(VCDUI D,
Requi r edLengt h,
Li nks)
[l

Channel Procedures [vca, vcdu, insert, man, Chanln, ChanCut]

)

[]

[ Upper Layer Eq VCALayer] ->
(

VCAChannel [vca, insert, Chanln, ChanCut]
(VCDUI D,
Requi r edLengt h,
I nsertActive,
I nsert Error Checked,
Li nks,

MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)))
[
Channel Procedures [vca, vcdu, insert, man, Chanln, ChanCut]
)
)
)
wher e
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ss VCDUChannel [vcdu, Chanln, ChanCut]
(vCbul D : VCDU D
Requi redLength : Nat,
Links : LINKIDList) : noexit :=

VCDUSour ce [vcdu, Chanln] (VCDU D,
Requi r edLengt h,
Li nks)

N
VCDUSI nk [ ChanCQut, vcdu] (VCDU D)
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process VCDUSource [vcdu, Chanln]
(VCDUI D : VCDUI D,
Requi redLength : Nat,
Links : LINKIDList) : noexit :=

vcdu ! VCDUI D
? VCDU : VCDU [ Lengt hOF (Convert VCDUTOOS(VCDU) ) Eq Requi redLengt h]
Despat chVCDUs [ Chanl n] (VCDU, VCDU D, Links)
>>
VCDUSour ce [vcdu, Chanln]
(VCDUI D,
Requi r edLengt h,
Li nks)
)

endproc VCDUSour ce
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process VCDUSI nk [ ChanQut, vcdu]
(vCDUID : VCDUID) : noexit :=

ChanQut ? Link : LinklD
I VCDUI D
? VCDU : VCDU ;
vcdu ! VCDU D
I VCDU ;
VCDUSI nk [ ChanCQut, vcdu] (VCDU D)

)
endproc VCDUSI nk

endpr oc VCDUChannel
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process VCAChannel [vca, insert, Chanln, ChanQut]
(vcbul D . VCDUI D
Requi r edLengt h : Nat,
InsertActive : Bool,
I nsert ErrorChecked : Bool,
Li nks : LI NKI DLi st
Counter : VCDUCounter) : noexit :=

VCASour ce [vca, Chanln]
(VCDUI D,
Requi r edLengt h,
Li nks,
Count er)
[
VCASi nk [ ChanQut, vca, insert]
(VCDUI D,
I nsertActive,
I nsert Error Checked,
Count er)

wher e
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process VCASource [vca, Chanln]
(vCbul D : VvVCDbU D
Requi redLength : Nat,
Li nks : LI NKI DLi st,
Counter : VCDUCounter) : noexit :=

vca ! VCDU D

? VCASDU : CctetString [LengthOf (VCASDU) Eq Requi redLength] ;
Despat chVCDUs [ Chanl n]

( MakeVCDU( MakeVCDUPr i mar yHeader

(Ver si on2,
VCDUI D,
Count er,
MakeSi gnal | i ngFi el d( Real Ti neVCDU,
VCDUSpar e) ,
NoVCDUHEC) ,
Nul | CS,
VCASDU,
Nul | Trail er,
Nul I OS),
VCDUI D,
Li nks)
>>
VCASour ce [vca, Chanln]
(VCDUI D,
Requi r edLengt h,
Li nks,
Next (Counter))
endproc VCASour ce
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process VCASi nk [ ChanCQut, vca, insert]

(vcbul D ;. VCDUI D,
I nsert Active : Bool,
I nsert Error Checked : Bool,
Count er : VCDUCounter) : noexit :=

ChanQut ? Link : LinklD
I VCDUI D
? VCDU : VCDU ;

[I nsertActive And Insert Error Checked] - >

(
[ (Get VCDUCount er ( Get VCDUPr i mar yHeader (VCDU)) Eq Counter)] ->
(

vca ! VCDU D
I Get VCASDU( VCDU)
I VCDUNot Lost ;
insert ! Link
I GetlnsertZone(VCDU) ;
VCASi nk [ ChanQut, vca, insert]
(VCDUI D,
I nsert Acti ve,
I nsert Error Checked,
Next (Counter))
)

[]
[ (Get VCDUCount er ( Get VCDUPr i mar yHeader (VCDU)) Ne Counter)] ->

(
vca ! VCDU D
I Get VCASDU( VCDU)
I VCDULost ;
insert ! Link
I GetlnsertZone(VCDU) ;
VCASi nk [ ChanQut, vca, insert]
(VCDUI D,
I nsertActive,
I nsert Error Checked,
Next ( Get VCDUCount er ( Get VCDUPr i mar yHeader (VCDU) )))

[] :
[Not (I nsertActive) or Not(InsertErrorChecked)]->
(

[ (Get VCDUCount er ( Get VCDUPr i mar yHeader (VCDU)) Eq Counter)] ->

vca ! VCDU D
I Get VCASDU( VCDU)
I VCDUNot Lost ;
VCASi nk [ ChanQut, vca, insert]
(VCDUI D,
I nsert Acti ve,
I nsert Error Checked,
Next (Counter))
)

[]
[ (Get VCDUCount er ( Get VCDUPr i mar yHeader (VCDU)) Ne Counter)] ->

(
vca ! VCDU D
I Get VCASDU( VCDU)
I VCDULost ;
VCASi nk [ ChanQut, vca, insert]
(VCDUI D,
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I nsertActive,
I nsert Error Checked,
Next ( Get VCDUCount er ( Get VCDUPr i mar yHeader (VCDU) )))

)
) .
endproc VCASI nk

endpr oc VCAChannel
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process Despat chVCDUs [ Chanln] (VCDU : VCDU,
Vi rtual Channel : VCDU D,
Links : LINKIDList) : exit :=

(
[ Head(Li nks) Eq Nul | LI NKID] ->

exit

)

[]
[ Head(Li nks) Ne Nul | LI NKID] ->
Chanln ! Head(Links)
I Virtual Channel
I VCDU ;
Despat chVCDUs [ Chanln] (VCDU, Virtual Channel, Tail (Links))
)

)
endproc Despat chVCDUs

endproc Channel Procedur es
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process Channel Access [Chanln, ChanQut, insert, nan, release]
(I'nsertLossFlags : Bool) : noexit :=

(
man ? Link : LinklD
? InsertActive : Bool
? InsertSize : Nat
? Insert ErrorChecked : Bool ;
(
Channel AccessEntity [Chanln, ChanCut, insert, release]
(I nsert LossFl ags,
Li nk,
I nsertActive,
I nsert Si ze,
I nsert Error Checked,
create,
Fal se)
[
Channel Access [Chanln, ChanCQut, insert, man, release]
(I'nsertLossFl ags)
)
)
wher e
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process Channel AccessEntity [Chanln, ChanCQut, insert, release]
(I'nsertLossFl ags : Bool,
Li nk : Linkl D,
InsertActive : Bool,
InsertSize : Nat,
I nsert Error Checked : Bool,
Queue : VCDUQueue,
SyncWasLost : Bool) : noexit :=

Chanln ! Link
? VCDU D : VCDU D
? VCDU : VCDU ;
Channel AccessEntity [Chanln, ChanCut, insert, release]
(I nsert LossFl ags,
Li nk,
I nsertActive,
I nsert Si ze,
I nsert Error Checked,
AddBack(VCDU, Queue),
SyncWasLost)

rel ease ! Link
? VCDU D : VCDU D ;

(
[ expedi t e(VCDUI D, Queue) Ne Nul | VCDU] ->
[InsertActive] ->

insert ! Link
? INSDU : CctetString [LengthOf (I NSDU) Eq
Insert Size] ;
Channel Errors [ ChanQut, insert]
(Setl nsert Zone( | NSDU,
expedi t e(VCDUI D, Queue)),
Li nk,
I nsertActive,
I nsert LossFl ags,
I nsert Error Checked,
SyncWasLost)
>> accept SyncState : Bool in
Channel AccessEntity [ Chanln, ChanCut,
insert, release]
(I nsert LossFl ags,
Li nk,
I nsertActive,
I nsert Size,
I nsert Error Checked,
renove( VCDUI D, Queue),
SyncSt at e)
)

[Not(l(nsertActive)] ->

Channel Errors [ ChanQut, insert]
(expedi t e(VCDUI D, Queue),
Li nk,
I nsertActive,
I nsert LossFl ags,
I nsert Error Checked,
SyncWasLost)
>> accept SyncState : Bool in
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Channel AccessEntity [ Chanln, ChanCut,
insert, release]
(I'nsert LossFl ags,
Li nk,
I nsertActive,
I nsert Si ze,
I nsert Error Checked,
renove( VCDU D, Queue),
SyncSt at e)

%]expedite(VCDUI D, Queue) Eq NullVCDU] ->
(

[InsertActive] ->

insert ! Link
? INSDU : CctetString [LengthOf (I NSDU) Eq
I nsert Size] ;
Channel Errors [ ChanQut, insert]
(Setl nsert Zone
(1 NSDy,
MakeFi | | VCDU( AddFr ont
(Cctet(0,0,0,0,0,0,0,0),
Nul | GS), succ(0))),
Li nk,
I nsertActive,
I nsert LossFl ags,
I nsert Error Checked,
SyncWasLost)
>> accept SyncState : Bool in
Channel AccessEntity [ Chanln, ChanCut,
insert, release]
(I'nsert LossFl ags,
Li nk,
I nsertActive,
I nsert Si ze,
I nsert Error Checked,
Queue,
SyncSt at e)

)
[]
[ Not (I nsertActive)] ->
Channel AccessEntity [ Chanln, ChanCut,
insert, release]
(I'nsert LossFl ags,
Li nk,
I nsertActive,
I nsert Si ze,
I nsert Error Checked,
Queue,
SyncWasLost)

wher e
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process Channel Errors [ChanQut, insert]
(vcbu : vcbuy,
Li nk : Linkl D,
InsertActive : Bool,
I nsert LossFl ags,
I nsert Error Checked : Bool,
SyncWasLost : Bool) : exit (Bool) :=

[ Not (I nsert Error Checked) And InsertActive] ->

[ SyncWasLost and | nsertLossFl ags] - >

insert ! Link
I Getlnsert Zone( VCDU)
I | NSDULost ;

(
[ Get VCI D( Get VCDUI D( Get VCDUPr i mar yHeader (VCDU) ))
Ne FillvaD ->

(

ChanQut ! Link
I Get VCDUI D( Get VCDUPr i mar yHeader ( VCDU) )
I VCDU ;

exit (False)

[]
[ Get VCI D( Get VCDUI D( Get VCDUPr i mar yHeader (VCDU) ))
Eq Fillva D ->

exit (False)

[] )
[ Not (SyncWasLost) And InsertlLossFl ags]->

insert ! Link
I Getlnsert Zone( VCDU)
I | NSDUNot Lost

(
[ Get VCI D( Get VCDUI D( Get VCDUPr i mar yHeader (VCDU) ))
Ne FillvaD ->
(
ChanCut ! Link
I Get VCDUI D( Get VCDUPr i mar yHeader ( VCDU) )
1 VCDU ;
exit (False)

[]
[ Get VCI D( Get VCDUI D( Get VCDUPr i mar yHeader (VCDU) ))
Eq Fillva D ->

exit (False)

)
[]
[ Not (I nsertLossFl ags)]->

insert ! Link
I Getlnsert Zone( VCDU)
(
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[ Get VCI D( Get VCDUI D( Get VCDUPr i mar yHeader (VCDU) ))
Ne FillvaD ->

(

ChanQut ! Link
I Get VCDUI D( Get VCDUPr i mar yHeader ( VCDU) )
I VCDU ;

exit (False)

[]
[ Get VCI D( Get VCDUI D( Get VCDUPr i mar yHeader (VCDU) ))
Eq Fillva D ->

exit (False)

(
[ SyncWasLost And | nsertLossFl ags] ->

insert ! Link
I Getlnsert Zone( VCDU)
I I NSDULost

exit (False)

[]
[ Not (SyncWasLost) And InsertlLossFl ags]->

insert ! Link
I Getlnsert Zone( VCDU)
I | NSDUNot Lost

exit (False)

[]
[ Not (I nsertLossFl ags)]->

insert ! Link

I Getlnsert Zone( VCDU)
exit (False)

[]

exit (True)

)
[] .
[I nsertErrorChecked or Not(lnsertActive)] ->
(
(
ChanQut ! Link
I Get VCDUI D( Get VCDUPr i mar yHeader ( VCDU) )
I VCDU ;
exit (False )
[]
exit (True)
)

)
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endproc Channel Errors
endproc Channel AccessEntity
endproc Channel Access
endproc VCAServi ce

endspec
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ANNEX A
VCA PROTOCOL AND SERVICE TESTS

(THISANNEX ISNOT PART OF THE RECOMMENDATION)

Purpose:

This Annex details procedures for testing the VCA protocol and service.

CCSDS 705.4-B-1 Page A-1 May 1994



RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

Virtual Channel Access Protocol Test 1

Name: VCA_SDU Length Check.

Description: The Channel Access Data Units (CADUSs) for a Physical Channel must be of afixed
length over the lifetime of that channel [5.4.10.1]. The VCA Sublayer must therefore only
accept VCA_SDUs which exactly fit the data zone of the VCDU/CVCDU to be transmitted over
the Physical Channel in question.

Inputs: A VCA_UNITDATA. request with aVCA_SDU which exceeds a certain length X.

Configuration: Management information such that the required length of the VCDU/CVCDU
datazoneisY, where Y<X.

Expected Results: Thisinput should be rejected.
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process vcaptl : noexit :=
hi de vca, vcdu, man, slap, int in
test [vca, vcdu, man, slap, int]
| [vca, vcdu, man, slap, int]]
Vi rt ual Channel Procedures [vca, vcdu, man, slap, int]

)
wher e

process test [vca, vcdu, man, slap, int] : exit :=

hi de success, failure in

(
man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0),
MakeVCl D(0,0,0,0,1,1))
I Qut Goi ng
I Succ(Succ(8))
I VCALayer
! Nul I LI NKI DLi st ;
( (
vca ! MakeVCDU D( MakeSCl X O0,0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0,1,1))
! AddFront(Cctet(0,0,0,0,0,0,0,0), NullCs) ;
failure ;
exit
)
[]
(
success
exit
)
)
)

endproc test

endproc vcaptl
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Virtual Channel Access Protocol Test 2a

Name: VCDU/CVCDU format.

Description: Each VCDU-ID has associated with it a number of parameters defining (among
other things) presence or absence of Reed-Solomon check symbols, presence or absence of
SLAP protocol fields, presence or absence of VCDU Header Error field, presence or absence of
Insert Zone (and length) and the presence or absence of the VCDU Trailer field (and its
contents). Each of these parameters affect the VCDU/CVCDU format.

Inputs: Correctly formatted VCA_UNITDATA .request.

Configuration: The configuration data should be arranged to test the production of each field in
turn, i.e., each field should be set to both true and then to false, and the outputs compared.

Expected Results: The generated VCDU/CV CDUs should be formatted as per the configuration
data.
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process vcapt2a (InsertErrorChecked : Bool,
Gener at el nsert LossFl ag : Bool,
FillPattern : CctetString) : noexit :=
hide insert, man, release, bitrate, phys, int in

(
test [insert, man, release, bitrate, phys, int]
|[insert, man, release, bitrate, phys, int]]
Channel AccessProcedures [insert, nman, rel ease, bitrate, phys,
(I nsert ErrorChecked,
Gener at el nsert LossFl ag,
Fill Pattern)
)
wher e

process test [insert, man, release, bitrate, phys, int] : exit :=

hi de success, failure in

(
man ! Add(1, Null LI NKI D)
1 2*8 (* VCPDUSI ze *)
I 4 (* DUzZLength *)
! Fal se (* I'nsertActive *)
12 (* InsertSize *)
I Fal se (* BitTransReq *)
I Qut Going ;
int | Add(1, Null LI NKI D)
! MakeVCDU D( MakeSCI D(0,0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0,1, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader
(Version2,
Mak e VCDUI D( MakeSCI D(0,0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0,1,1)),
MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Octet(O 0,0,0,0,0,0,0)),
MakeSi gnal | i ngFi el d( ea Ti meVCDU,
Spar e) ,
VCDUHEC) ,
Nul | CS,
AddFront (Cctet (O, 0,0 0,0,0,0, l)
AddFront (Cctet(0,0,0,0,0,0 O)
AddFront (Cctet (0, O, O 0,0, O 1 )
AddFront (Cctet (0,0,0,0,0, 1, O O) Null 0s)))),
Nul | Trail er,
Nul I OS) ;
rel ease ! Add(1, Null LI NKID)
! MakeVCDU D( MakeSCl D(0, 0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0,1,1)) ;
man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0),
MakeVCl D(0,0,0,0,1, 1))
! True (* HEC Required *)
! True (* Trailer Present *)
! True (* VCDUErrorControl Required *)
! True (* Operational Control Field Present *)
! True (* Reed Sol ombn Required *)
12 (* Reed Sol oron Length *) ;
success ;
exit
)

endproc test

endproc vcapt 2a
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Virtual Channel Access Protocol Test 2b

Name: VCDU/CVCDU format.

Description: Each VCDU-ID has associated with it a number of parameters defining (among
other things) presence or absence of Reed-Solomon check symbols, presence or absence of
SLAP protocol fields, presence or absence of VCDU Header Error field, presence or absence of
Insert Zone (and length) and the presence or absence of the VCDU Trailer field (and its
contents). Each of these parameters affect the VCDU/CVCDU format.

Inputs: Correctly formatted VCA_UNITDATA .request.

Configuration: The configuration data should be arranged to test the production of each field in
turn, i.e., each field should be set to both true and then to false, and the outputs compared.

Expected Results: The generated VCDU/CV CDUs should be formatted as per the configuration
data.
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process vcapt2b (InsertErrorChecked : Bool,
Gener at el nsert LossFl ag : Bool,
FillPattern : CctetString) : noexit :=
hide insert, man, release, bitrate, phys, int in

(
test [insert, man, release, bitrate, phys, int]
|[insert, man, release, bitrate, phys, int]]
Channel AccessProcedures [insert, nman, rel ease, bitrate, phys,
(I nsert ErrorChecked,
Gener at el nsert LossFl ag,
Fill Pattern)
)
wher e

process test [insert, man, release, bitrate, phys, int] : exit :=

hi de success, failure in

man ! Add(1, Null LI NKI D)
1 2*8 (* VCPDUSI ze *)
I 4 (* DUzZLength *)
! Fal se (* I'nsertActive *)
12 (* I'nsertSize *)
I Fal se (* BitTransReq *)
I Qut Going ;

int | Add(1, Null LI NKID)
! MakeVCDUl D( MakeSCI X 0, 0,0,0,0,1, 1, 0),
MakeVCl (0, 0, 0,0, 1, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader

(Version2,
Mak e VCDUI D( MakeSCl I 0, 0,0,0,0, 1, 1, 0),
vakeVvCl D(0,0,0,0,1,1)),

MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)),

MakeSi gnal | i ngFi el d( Real Ti neVCDU,

VCDUSpar e) ,
VCDUHEC) ,
Nul | Gs,

AddFront (Ccte

t(0,0, 0 0,0,0,0, l)
AddFront (Cct et (
tet
te

0,0,0,0,0,0 O)
AddFront (Cc (0000001
AddFront (Cct et (
Nul | Trail er,
Nul I GS) ;
rel ease ! Add(1, Null LI NKID)
! MakeVCDU D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0),
wvakeVvCl D(0,0,0,0,1,1)) ;

man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1, 1, 0),
MakeVCl D(0,0,0,0, 1, 1))

! True (* HEC Required *)

! True (* Trailer Present *)

! True (* VCDUErrorControl Required *)

! True (* Operational Control Field Present *)
! False (* Reed Sol onrbn Required *)
12 (* Reed Sol oron Length *) ;

success ;
exit

)

endproc test

endproc vcapt 2b
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Virtual Channel Access Protocol Test 2¢

Name: VCDU/CVCDU format.

Description: Each VCDU-ID has associated with it a number of parameters defining (among
other things) presence or absence of Reed-Solomon check symbols, presence or absence of
SLAP protocol fields, presence or absence of VCDU Header Error field, presence or absence of
Insert Zone (and length) and the presence or absence of the VCDU Trailer field (and its
contents). Each of these parameters affect the VCDU/CVCDU format.

Inputs: Correctly formatted VCA_UNITDATA .request.

Configuration: The configuration data should be arranged to test the production of each field in
turn, i.e., each field should be set to both true and then to false, and the outputs compared.

Expected Results: The generated VCDU/CV CDUs should be formatted as per the configuration
data.
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process vcapt2c (InsertErrorChecked : Bool,
Gener at el nsert LossFl ag : Bool,
FillPattern : CctetString) : noexit :=
hide insert, man, release, bitrate, phys, int in

(
test [insert, man, release, bitrate, phys, int]
|[insert, man, release, bitrate, phys, int]]
Channel AccessProcedures [insert, nman, rel ease, bitrate, phys,
(I nsert ErrorChecked,
Gener at el nsert LossFl ag,
Fill Pattern)
)
wher e

process test [insert, man, release, bitrate, phys, int] : exit :=

hi de success, failure in

man ! Add(1, Null LI NKI D)
1 2*8 (* VCPDUSI ze *)
I 4 (* DUzZLength *)
! Fal se (* I'nsertActive *)
12 (* I'nsertSize *)
I Fal se (* BitTransReq *)
I Qut Going ;

int | Add(1, Null LI NKID)
! MakeVCDUl D( MakeSCI X 0, 0,0,0,0,1, 1, 0),
MakeVCl (0, 0, 0,0, 1, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader

(Version2,
Mak e VCDUI D( MakeSCl I 0, 0,0,0,0, 1, 1, 0),
vakeVvCl D(0,0,0,0,1,1)),

MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)),

MakeSi gnal | i ngFi el d( Real Ti neVCDU,

VCDUSpar e) ,
VCDUHEC) ,
Nul | Gs,

AddFront (Ccte

t(0,0, 0 0,0,0,0, l)
AddFront (Cct et (
tet
te

0,0,0,0,0,0 O)
AddFront (Cc (0000001
AddFront (Cct et (
Nul | Trail er,
Nul I GS) ;
rel ease ! Add(1, Null LI NKID)
! MakeVCDU D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0),
wvakeVvCl D(0,0,0,0,1,1)) ;

man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1, 1, 0),
MakeVCl D(0,0,0,0, 1, 1))

! True (* HEC Required *)

! True (* Trailer Present *)

! True (* VCDUErrorControl Required *)

! False (* Operational Control Field Present *)
! False (* Reed Sol onrbn Required *)
12 (* Reed Sol oron Length *) ;

success ;
exit

)

endproc test

endproc vcapt 2c
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Virtual Channel Access Protocol Test 2d

Name: VCDU/CVCDU format.

Description: Each VCDU-ID has associated with it a number of parameters defining (among
other things) presence or absence of Reed-Solomon check symbols, presence or absence of
SLAP protocol fields, presence or absence of VCDU Header Error field, presence or absence of
Insert Zone (and length) and the presence or absence of the VCDU Trailer field (and its
contents). Each of these parameters affect the VCDU/CVCDU format.

Inputs: Correctly formatted VCA_UNITDATA .request.

Configuration: The configuration data should be arranged to test the production of each field in
turn, i.e., each field should be set to both true and then to false, and the outputs compared.

Expected Results: The generated VCDU/CV CDUs should be formatted as per the configuration
data.
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process vcapt2d (InsertErrorChecked : Bool,
Gener at el nsert LossFl ag : Bool,
FillPattern : CctetString) : noexit :=
hide insert, man, release, bitrate, phys, int in

(
test [insert, man, release, bitrate, phys, int]
|[insert, man, release, bitrate, phys, int]]
Channel AccessProcedures [insert, nman, rel ease, bitrate, phys,
(I nsert ErrorChecked,
Gener at el nsert LossFl ag,
Fill Pattern)
)
wher e

process test [insert, man, release, bitrate, phys, int] : exit :=

hi de success, failure in

man ! Add(1, Null LI NKI D)
1 2*8 (* VCPDUSI ze *)
I 4 (* DUzZLength *)
! Fal se (* I'nsertActive *)
12 (* I'nsertSize *)
I Fal se (* BitTransReq *)
I Qut Going ;

int | Add(1, Null LI NKID)
! MakeVCDUl D( MakeSCI X 0, 0,0,0,0,1, 1, 0),
MakeVCl (0, 0, 0,0, 1, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader

(Version2,
Mak e VCDUI D( MakeSCl I 0, 0,0,0,0, 1, 1, 0),
vakeVvCl D(0,0,0,0,1,1)),

MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)),

MakeSi gnal | i ngFi el d( Real Ti neVCDU,

VCDUSpar e) ,
VCDUHEC) ,
Nul | Gs,

AddFront (Ccte

t(0,0, 0 0,0,0,0, l)
AddFront (Cct et (
tet
te

0,0,0,0,0,0 O)
AddFront (Cc (0000001
AddFront (Cct et (
Nul | Trail er,
Nul I GS) ;
rel ease ! Add(1, Null LI NKID)
! MakeVCDU D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0),
wvakeVvCl D(0,0,0,0,1,1)) ;

man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1, 1, 0),
MakeVCl D(0,0,0,0, 1, 1))

! True (* HEC Required *)

! True (* Trailer Present *)

! False (* VCDUErrorControl Required *)

! True (* Operational Control Field Present *)
! True (* Reed Sol ombn Required *)
12 (* Reed Sol oron Length *) ;

success ;
exit

)

endproc test

endproc vcapt 2d
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Virtual Channel Access Protocol Test 2e

Name: VCDU/CVCDU format.

Description: Each VCDU-ID has associated with it a number of parameters defining (among
other things) presence or absence of Reed-Solomon check symbols, presence or absence of
SLAP protocol fields, presence or absence of VCDU Header Error field, presence or absence of
Insert Zone (and length) and the presence or absence of the VCDU Trailer field (and its
contents). Each of these parameters affect the VCDU/CVCDU format.

Inputs: Correctly formatted VCA_UNITDATA .request.

Configuration: The configuration data should be arranged to test the production of each field in
turn, i.e., each field should be set to both true and then to false, and the outputs compared.

Expected Results: The generated VCDU/CV CDUs should be formatted as per the configuration
data.
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process vcapt2e (InsertErrorChecked : Bool,
Gener at el nsert LossFl ag : Bool,
FillPattern : CctetString) : noexit :=
hide insert, man, release, bitrate, phys, int in

(
test [insert, man, release, bitrate, phys, int]
|[insert, man, release, bitrate, phys, int]]
Channel AccessProcedures [insert, nman, rel ease, bitrate, phys,
(I nsert ErrorChecked,
Gener at el nsert LossFl ag,
Fill Pattern)
)
wher e

process test [insert, man, release, bitrate, phys, int] : exit :=

hi de success, failure in

man ! Add(1, Null LI NKI D)
1 2*8 (* VCPDUSI ze *)
I 4 (* DUzZLength *)
! Fal se (* I'nsertActive *)
12 (* I'nsertSize *)
I Fal se (* BitTransReq *)
I Qut Going ;

int | Add(1, Null LI NKID)
! MakeVCDUl D( MakeSCI X 0, 0,0,0,0,1, 1, 0),
MakeVCl (0, 0, 0,0, 1, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader

(Version2,
Mak e VCDUI D( MakeSCl I 0, 0,0,0,0, 1, 1, 0),
vakeVvCl D(0,0,0,0,1,1)),

MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)),

MakeSi gnal | i ngFi el d( Real Ti neVCDU,

VCDUSpar e) ,
VCDUHEC) ,
Nul | Gs,

AddFront (Ccte

t(0,0, 0 0,0,0,0, l)
AddFront (Cct et (
tet
te

0,0,0,0,0,0 O)
AddFront (Cc (0000001
AddFront (Cct et (
Nul | Trail er,
Nul I GS) ;
rel ease ! Add(1, Null LI NKID)
! MakeVCDU D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0),
wvakeVvCl D(0,0,0,0,1,1)) ;

man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1, 1, 0),
MakeVCl D(0,0,0,0, 1, 1))

! True (* HEC Required *)

! False (* Trailer Present *)

! Fal se (* VCDUErrorControl Required *)

! False (* Operational Control Field Present *)
! True (* Reed Sol ombn Required *)
12 (* Reed Sol oron Length *) ;

success ;
exit

)

endproc test

endproc vcapt 2e

CCSDS 705.4-B-1 Page A-13

0000010)0) Nul10s)))),

int]

May 1994



RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

Virtual Channel Access Protocol Test 2f

Name: VCDU/CVCDU format.

Description: Each VCDU-ID has associated with it a number of parameters defining (among
other things) presence or absence of Reed-Solomon check symbols, presence or absence of
SLAP protocol fields, presence or absence of VCDU Header Error field, presence or absence of
Insert Zone (and length) and the presence or absence of the VCDU Trailer field (and its
contents). Each of these parameters affect the VCDU/CVCDU format.

Inputs: Correctly formatted VCA_UNITDATA .request.

Configuration: The configuration data should be arranged to test the production of each field in
turn, i.e., each field should be set to both true and then to false, and the outputs compared.

Expected Results: The generated VCDU/CV CDUs should be formatted as per the configuration
data.
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process vcapt2f (InsertErrorChecked : Bool,
Gener at el nsert LossFl ag : Bool,
FillPattern : CctetString) : noexit :=
hide insert, man, release, bitrate, phys, int in

(
test [insert, man, release, bitrate, phys, int]
|[insert, man, release, bitrate, phys, int]]
Channel AccessProcedures [insert, nman, rel ease, bitrate, phys,
(I nsert ErrorChecked,
Gener at el nsert LossFl ag,
Fill Pattern)
)
wher e

process test [insert, man, release, bitrate, phys, int] : exit :=

hi de success, failure in

man ! Add(1, Null LI NKI D)
1 2*8 (* VCPDUSI ze *)
I 4 (* DUzZLength *)
! Fal se (* I'nsertActive *)
12 (* I'nsertSize *)
I Fal se (* BitTransReq *)
I Qut Going ;

int | Add(1, Null LI NKID)
! MakeVCDUl D( MakeSCI X 0, 0,0,0,0,1, 1, 0),
MakeVCl (0, 0, 0,0, 1, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader

(Version2,
Mak e VCDUI D( MakeSCl I 0, 0,0,0,0, 1, 1, 0),
vakeVvCl D(0,0,0,0,1,1)),

MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)),

MakeSi gnal | i ngFi el d( Real Ti neVCDU,

VCDUSpar e) ,
VCDUHEC) ,
Nul | Gs,

AddFront (Ccte

t(0,0, 0 0,0,0,0, l)
AddFront (Cct et (
tet
te

0,0,0,0,0,0 O)
AddFront (Cc (0000001
AddFront (Cct et (
Nul | Trail er,
Nul I GS) ;
rel ease ! Add(1, Null LI NKID)
! MakeVCDU D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0),
wvakeVvCl D(0,0,0,0,1,1)) ;

man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1, 1, 0),
MakeVCl D(0,0,0,0, 1, 1))

! False (* HEC Required *)

! False (* Trailer Present *)

! Fal se (* VCDUErrorControl Required *)

! False (* Operational Control Field Present *)
! True (* Reed Sol onbn Required *)
14 (* Reed Sol oron Length *) ;

success ;
exit

)

endproc test

endproc vcapt 2f
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Virtual Channel Access Protocol Test 3

Name: VCDU/CVCDU Discontinuities.

Description: The VCA protocol should, if required, generate a VCDU Data Loss Flag derived
from the VCDU/CVCDU Counter [5.4.7.2.€].

Inputs: Three VCDUS/CVCDUSs on the same VCDU-ID, the first with a Counter field set to X,
the second with a Counter field set to Y, where Y <>X+1, the third with a Counter field set to W,
where W=Y +1.

Configuration: The VCA protocol should be configured to pass Data Loss Flags, and to expect a
VCDU/CVCDU with a Counter set to X.

Expected Results: Three VCA_UNITDATA.indications should be generated, the first with the a
Data Loss Flag set to false, the second with a Data Loss Flag set to true, the third with a Data
Lossflag set to false.
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process vcapt3 : noexit :=
hi de vca, vcdu, man, slap, int in

test [vca, vcdu, man, slap, int]
| [vca, vcdu, man, slap, int]]
Vi rt ual Channel Procedures [vca, vcdu, man, slap, int]

)
wher e

process test [vca, vcdu, man, slap, int] : exit :=

hi de success, failure in
(
man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0),
MakeVCl D(0,0,0,0,1,1))
! Incoming
I Succ(Succ(8))
I VCALayer
! Add(Add(1, NullLINKID), NullLINKIDList) ;

nt ! Add(1, NullLINKID)
! MakeVCDU D( MakeSCl D(0,0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0,1, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader ( Ver si on2

MakeVCDUl D( MakeSCl X 0, 0, 0, 0,0, 1, 1, 0),
MakeVCl D(0,0,0,0,1,1)),

MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)),

MakeSi gnal | i ngFi el d( Real Ti neVCDU,

VCDUSpar e) ,
VCDUHEQ) ,
Nul | Gs,
AddFront (Cctet(0,0,0,0,0,0,0,1), NUICS),
Nul | Trail er,
Nul I GS) ;

vca ! MakeVCDU D( MakeSCl X 0,0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0,1, 1))

? DataZone : CctetString

? DLF : VCDULossFlag [DLF Eq VCDUNot Lost] ;

! Add(1, NullLINKI D)

! MakeVCDU D( MakeSCl D(0,0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0,1, 1))

I MakeVCDU( MakeVCDUPr i mar yHeader ( Ver si on2,

MakeVCDUl D( MakeSCl X 0, 0, 0,0, 0, 1, 1, 0),
vakeVvCl D(0,0,0,0,1,1)),
MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,1,0,1)),
MakeSi gnal | i ngFi el d( Real Ti meVCDU,

VCDUSpar e) ,
VCDUHEQ) ,
Nul | Gs,
AddFront (Cctet(0,0,0,0,0,0,0,1), NUICS),
Nul | Trail er,
Nul I GS) ;
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vca ! MakeVCDU D( MakeSCl X 0,0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0,1, 1))
? DataZone : CctetString
? DLF : VCDULossFl ag [ DLF Egq VCDULost] ;
int ! Add(1, NullLINKI D)
! MakeVCDU D( MakeSCI D(0,0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0,1, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader ( Ver si on2,

MakeVCDUI D( MakeSCl (0, 0, 0, 0, 0, 1, 1, 0),
MakeVCl (0, 0, 0, 0, 1, 1)),
MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,1,1,0)),

MakeSi gnal | i ngFi el d( Real Ti meVCDU,
VCDUSpar e) ,
VCDUHEC) ,
Nul | Gs,
AddFront (Cctet(0,0,0,0,0,0,0,1), NUICS),
Nul | Trail er,
Nul I GS) ;

vca ! MakeVCDU D( MakeSCl X 0,0,0,0,0,1,1,0),
MakeVCl D(0,0,0,0, 1, 1))
? DataZone : CctetString
? DLF : VCDULossFlag [ DLF Eq VCDUNot Lost ]

success ;
exit

)

[]

( .
failure ;
exit

)

endproc test

endproc vcapt 3
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Virtual Channel Access Protocol Test 4

Name: |nappropriate VCDU-ID.

Description: Each VCDU-ID is associated with an upper layer service interface [5.5.1.1.c]. Use
of the VCA service should not be allowed on a VCDU-ID which is associated with the VCDU
service.

Inputs: A correctly formatted VCA_UNITDATA . .request on VCDU-ID X.
Configuration: VCDU-ID X should be associated with the VCDU service.

Expected Results: Thisinput should result in an error condition.
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process vcapt4 : noexit :=
hi de vca, vcdu, man, slap, int in

test [vca, vcdu, man, slap, int]
| [vca, vcdu, man, slap, int]]
Vi rt ual Channel Procedures [vca, vcdu, man, slap, int]

)
wher e

process test [vca, vcdu, man, slap, int] : exit :=

hi de success, failure in
(
man ! MakeVCDUl D( MakeSCl D(0, 0,0, 0,0, 1,1, 0),
MakeVCl D(0,0,0,0,1,1))
Qut Goi ng
Succ(Succ(8))
VCDULayer

1
!
1
I Nul I LI NKI DLi st ;

(

vca ! MakeVCDU D( MakeSCl X O0,0,0,0,0,1,1,0),

MakeVCl (0, 0, 0, 0, 1, 1))
! AddFront (Cctet(0,0,0,0,0,0,0,0),
AddFront (Cctet(0,0,0,0,0,0,0, 1),
AddFront (Cctet(0,0,0,0,0,0,1,0),
AddFront (Cctet(0,0,0,0,0,0,1,1),
AddFront (Cctet(0,0,0,0,0,1,0,0),
AddFront (Cctet(0,0,0,0,0,1,0,1),
AddFront (Cctet(0,0,0,0,0,1,1,0),
AddFront (Cctet(0,0,0,0,0,1,1,1),
AddFront (Cctet(0,0,0,0,1,0,0,0),

AddFront (Cctet (0,0,0,0,1,0,0,1), Null0S))))))))))

failure ;
exit

)
(

success ;
exit

)

[]

)

endproc test

endproc vcapt4
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Virtual Channel Access Protocol Test 5

Name: Unknown VCDU-ID.

Description: A VCDU-ID forms part of the VCA_UNITDATA. .request.
Inputs: A correctly formatted VCA_UNITDATA. .request using VCDU-ID X.
Configuration: Any Management Information which excludes VCDU-ID X.

Expected Results: Thisinput should result in an error condition.
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process vcapt5 : noexit :=
hi de vca, vcdu, man, slap, int in

test [vca, vcdu, man, slap, int]
| [vca, vcdu, man, slap, int]]
Vi rt ual Channel Procedures [vca, vcdu, man, slap, int]

)
wher e

process test [vca, vcdu, man, slap, int] : exit :=

hi de success, failure in
(
man ! MakeVCDUl D( MakeSCl D(0, 0,0,0,0,1,1, 1),
MakeVCl D(0,0,0,0,1,1))
Qut Goi ng
Succ(Succ(8))
VCALayer

1
!
1
I Nul I LI NKI DLi st ;

(

vca ! MakeVCDU D( MakeSCl X O0,0,0,0,0,1,1,0),

MakeVCl (0, 0, 0, 0, 1, 1))
! AddFront (Cctet(0,0,0,0,0,0,0,0),
AddFront (Cctet(0,0,0,0,0,0,0, 1),
AddFront (Cctet(0,0,0,0,0,0,1,0),
AddFront (Cctet(0,0,0,0,0,0,1,1),
AddFront (Cctet(0,0,0,0,0,1,0,0),
AddFront (Cctet(0,0,0,0,0,1,0,1),
AddFront (Cctet(0,0,0,0,0,1,1,0),
AddFront (Cctet(0,0,0,0,0,1,1,1),
AddFront (Cctet(0,0,0,0,1,0,0,0),

AddFront (Cctet (0,0,0,0,1,0,0,1), Null0S))))))))))

failure ;
exit

)
(

success ;
exit

)

[]

)

endproc test

endproc vcapt5h
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Virtual Channel Access Protocol Test 6

Name: IN_SDU Length Check.

Description: The Channel Access Data Units (CADUSs) for a Physical Channel must be of afixed
length over the lifetime of that channel [5.4.10.1]. The Insert Layer must therefore only accept
IN_SDUs which exactly fit the Insert Data Zones of the VCDUS/CV CDUs to be transmitted over
the Physical Channel in question.

Inputs: An INSERT .request with an IN_SDU of a certain length X. An INSERT.request with an
IN_SDU of acertainlength Y.

Configuration: Management information such that the required length of the VCDU/CVCDU
Insert Data Zoneis W, where Y <W<X.

Expected Results: Both inputs should result in error conditions.
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process vcapt6 (lnsertErrorChecked : Bool,
Gener at el nsert LossFl ag : Bool,
FillPattern : CctetString) : noexit :=
hide insert, man, release, bitrate, phys, int in
(
test [insert, man, release, bitrate, phys, int]
|[insert, man, release, bitrate, phys, int]]

Channel AccessProcedures [insert, nman, rel ease, bitrate,

(I'nsert ErrorChecked,
Gener at el nsert LossFl ag,
Fill Pattern)

)
wher e

process test [insert, man, release, bitrate, phys, int]

hi de success, failure in

(

man ! Add(1, Null LI NKI D)
1 2*8
1 4

' True
12

' True
!

Qut Goi ng ;

rel ease ! Add(1, NullLINKID)
! MakeVCDUl D( MakeSCI X 0, 0,0,0,0, 1,1, 0),
MakeVCl D(0,0,0,0,1,1)) ;

( (
insert ! Add(1, Null LI NKI D)
! AddFront (Cctet(0,0,0,0,0,0,0,1), NullOsS) ;
failure ;
exit
)
[] (
insert ! Add(1, Null LI NKI D)
! AddFront(Cctet(0,0,0,0,0,0,0,1),
AddFront (Cctet(0,0,0,0,0,0,1,0),
AddFront (Cctet(0,0,0,0,0,0,1,1), Null CS)))
failure ;
exit
)
[] (
insert ! Add(1, Null LI NKI D)
! AddFront(Cctet(0,0,0,0,0,0,0,1),
AddFront (Cctet(0,0,0,0,0,0,1,0), NullQs))
success ;
exit
)
)

endproc test

endproc vcapt6
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Virtual Channel Access Test 7

Name: Insert SDU Discontinuities.

Description: The Insert protocol should, if required, generate a VCDU Data Loss Flag derived
from the VCDU/CVCDU Counter [5.4.7.4.€].

Inputs: Three VCDUS/CVCDUSs on the same VCDU-ID, the first with a Counter field set to X,
the second with a Counter field set to Y, where Y<>X+1, the third with a Counter field set to W,
where W=Y +1.

Configuration: The Insert protocol should be configured to pass Data L oss Flags, and to expect a
VCDU/CVCDU with a Counter set to X.

Expected Results: Three INSERT.indications should be generated, the first with the a Data Loss
Flag set to false, the second with a Data Loss Flag set to true, the third with a Data Loss flag set
to false.
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Unfortunately, the ESPRIT LOTOS toolset can not cope with the number of Physical Channel
indications necessary to build up VCDUS, so this test can not be executed. It should, however,
form part of the test plan for the implementations.
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Virtual Channel Access Protocol Test 8

Name: Correct Function of the VC_PDU Release Parameters.

Description: Each VCDU-ID has associated with it parameters which define when the VC_PDU
must be released for transmission.

Inputs: Correctly formatted VCA_VCDU.requests with known content.

Configuration: The VCDU Protocol should be configured to release VC_PDUs at known
intervals.

Expected Results: CADUs should be transmitted at the required rate.
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process vcapt8 (InsertErrorChecked : Bool,
Gener at el nsert LossFl ag : Bool,
FillPattern : CctetString) : noexit :=
hide insert, man, release, bitrate, phys, int in

test [insert, man, release, bitrate, phys, int]
|[insert, man, release, bitrate, phys, int]]
Channel AccessProcedures [insert, nman, release, bitrate, phys, int]
(I nsert Error Checked,
Gener at el nsert LossFl ag,
Fill Pattern)

)
wher e

process test [insert, man, release, bitrate, phys, int] : exit :=

hi de success, failure in

man ! Add(1, Null LI NKI D)
1 2*8 (* VCPDUSI ze *)
I 4 (* DUzZLength *)
! Fal se (* I'nsertActive *)
12 (* I'nsertSize *)
I True (* BitTransReq *)
I Qut Going ;

int | Add(1, Null LI NKI D)
! MakeVCDUl D( MakeSCI X 0, 0,0,0,0, 1, 1, 0),
MakeVCl (0, 0, 0,0, 0, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader

(Version2,
Mak e VCDUI D( MakeSCl I 0, 0,0,0,0, 1, 1, 0),
vakeVvCl D( 0, 0,0,0,0,1)),

MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)),

MakeSi gnal | i ngFi el d( Real Ti neVCDU,

VCDUSpar e) ,
VCDUHEC) ,
Nul | Gs,

AddFront (Ccte

t(0,0, 0 0,0,0,0, l)
AddFront (Cct et (
tet
te

0,0,0,0,0,0 O)
AddFront (Cc (0000001 )
AddFront (Cctet(0,0,0,0,0, 1,0, O) Nul10S)))),
Nul | Trail er,
Nul I OS) ;
int | Add(1, NullLINKI D)
! MakeVCDU D( MakeSCI D(0,0,0,0,0,1,1,0),
vakeVCl D( 0, 0,0,0,1,0))
I MakeVCDU( MakeVCDUPr i mar yHeader

(Version2,
Mak e VCDUI D( MakeSCl (0, 0,0,0,0,1, 1, 0),
vakeVvCl D( 0, 0,0,0,1,0)),
MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Octet(O, 0,0,0,0,0,0,0)),
MakeSi gnal | i ngFi el d( ea Ti meVCDU,
Spar e) ,
VCDUHEC) ,
Nul | CS,

AddFront (Cctet (0
AddFront (Cctet(0,0,0,0,0,0 O)
tet(0,0,0,0,0,01,
te

AddFront (Cc 1),
0,0,0,0,0,1,0,0), Null0s)))),

AddFront (Cc
Nul | Trail er,
Nul | OS) ;

,0,000001)
0

(

t(
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Nul | LI NKI D)
MakeVCDUI D( MakeSCl (0, 0, 0, 0, 0, 1, 1, 0),
MakeVC (0, 0, 0, 0, 1, 1))

Mak eVCDU( MakeVCDUPr i mar yHeader

rel ease !

man !

MakeVCDUI D( MakeSCl (0, 0, 0, 0, 0, 1, 1, 0),
MakeVC (0, 0, 0, 0, 1, 1))

True
True
True
True
True
2

rel ease !

man !

MakeVCDUI D( MakeSCl (0, 0, 0, 0, 0, 0, 0, 0),
MakeVCl D(1, 1,1, 1,1, 1))

True
True
True
True
True
2

rel ease !

CCSDS 705.4-B-1

(Versi on2,

MakeVCDUl D( MakeSCl X 0, 0, 0, O,
MakeVCl D( 0, 0, 0,0

o

MakeVCDUCount er (Cctet (0,0,0,0,0
Cctet(0,0,0,0,0
Cctet(0,0,0,0,0
MakeSi gnal | i ngFi el d( Real Ti neVCDU,
VCDUSpar e) ,
VCDUHEC) ,
Nul | CS,

AddFront (Cctet(0,0,0,0,0,0,0,1),
AddFront (Cctet(0,0,0,0,0,0,1,0),
AddFront (Cctet(0,0,0,0,0,0,1,1),

AddFront (Cctet(0,0,0,0,0,1,0,0),

Nul | Trail er,
Nul | OS) ;

Add(1, Null LI NKI D)
MakeVCDUI D( MakeSCl (0, 0, 0, 0, 0, 1, 1, 0),
MakeVC (0, 0, 0, 0, 1, 1))

HEC Required *)
Trailer Present *)

VVCDUEr r or Control Required *)

Operational Control Field Present *)

Reed Sol onon Required *)

Reed Sol onon Length *)

Add(1, Null LI NKI D)
MakeVCDUI D( MakeSCl (0, 0, 0, 0, 0, 1, 1, 0),
MakeVC (0, 0, 0, 0, 1, 1))

HEC Required *)
Trailer Present *)

VVCDUEr r or Control Required *)

Operational Control Field Present *)

Reed Sol onron Required *)

Reed Sol onon Length *)

Add(1, Null LI NKI D)
MakeVCDUI D( MakeSCl (0, 0, 0, 0, 0, 1, 1, 0),
MakeVC (0, 0, 0, 0, 0, 1))
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man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0)
0

True
True
True
True
True
2

rel ease !
|

MakeVCl D( 0, 0,0,0,0, 1))

HEC Required *)

Trailer Present *)

VVCDUEr r or Control Required *)
Operational Control Field Present *)
Reed Sol onon Required *)

Reed Sol onon Length *) ;

Add(1, Null LI NKI D)
MakeVCDUI D( MakeSCl (0, 0, 0, 0, 0, 1, 1, 0),

MakeVC (0, 0, 0, 0, 1, 0)) ;

man ! MakeVCDUl D( MakeSCl D( 0, 0,0, 0,0, 1,1, 0),

True
True
True
True
True
2

success ;
exit

)

endproc test

endproc vcapt 8

CCSDS 705.4-B-1

MakeVCl (0, 0, 0, 0, 1, 0))

* HEC Required *)

Trailer Present *)

VVCDUEr r or Control Required *)
Operational Control Field Present *)
Reed Sol onon Required *)

Reed Sol onobn Length *) ;
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Virtual Channel Access Protocol Test 9

Name: |nappropriate VCDU-ID.

Description: Each VCDU-ID is associated with an upper layer service interface [5.5.1.1.c]. Use
of the VCDU service should not be allowed on a VCDU-ID which is associated with the VCA
service.

Inputs: A correctly formatted VCA_VCDU.request on VCDU-ID X.

Configuration: VCDU-ID X should be associated with the VCA service.

Expected Results: Thisinput should result in an error condition.
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process vcapt9 : noexit :=
hi de vca, vcdu, man, slap, int in
test [vca, vcdu, man, slap, int]
| [vca, vcdu, man, slap, int]]
Vi rt ual Channel Procedures [vca, vcdu, man, slap, int]

)
wher e

process test [vca, vcdu, man, slap, int] : exit :=

hi de success, failure in

(
man ! MakeVCDUl D( MakeSCl D(0, 0,0, 0,0, 1,1, 0),
MakeVCl D(0,0,0,0,1, 1))
I Qut Goi ng
I Succ(Succ(8))
I VCALayer
! Nul I LI NKI DLi st ;
( (
vcdu ! MakeVCDUI D( vakeSCl D( 0, 0, 0, 0,0, 1, 1, 0),
MakeVCl D(0,0,0,0, 1, 1))
I MakeVCDU( MakeVCDUPr i mar yHeader ( Ver si on2
MakeVCDUl D( MakeSCl D(0,0,0,0,0, 1, 1,0),
MakeVCl D(0,0,0,0,1,1)),
MakeVCDUCount er (Cct et (0, 0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)),
MakeSi gnal | i ngFi el d( Real Ti meVCDU,
VCDUSpar e) ,
VCDUHEC) ,
Nul I OS
AddFront (Cctet(0,0,0,0,0,0,0,1), NUIOCS)
Nul | Trail er,
Nul I OS) ;
failure ;
exit
)
[]
(
success
exit
)
)
)

endproc test

endproc vcapt9
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Virtual Channel Access Protocol Test 10

Name: Unknown VCDU-ID.

Description: A VCDU-ID forms part of the VCA_VCDU.request.

Inputs: A correctly formatted VCA_VCDU.request using VCDU-ID X.
Configuration: Any Management Information which excludes VCDU-ID X.

Expected Results: Thisinput should result in an error condition.
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process vcapt1l0 : noexit :=
hi de vca, vcdu, man, slap, int in

test [vca, vcdu, man, slap, int]
| [vca, vcdu, man, slap, int]]
Vi rt ual Channel Procedures [vca, vcdu, man, slap, int]

)
wher e

process test [vca, vcdu, man, slap, int] : exit :=

hi de success, failure in
(
man ! MakeVCDUl D( MakeSCl D(0, 0,0,0,0,1,1, 1),
MakeVCl D(0,0,0,0,1,1))
Qut Goi ng
Succ(Succ(8))
VCDULayer

1
!
1
I Nul I LI NKI DLi st ;

(
vcdu ! MakeVCDUI D( vakeSCl D( 0, 0, 0, 0,0, 1, 1, 0),
vakeVvCl D(0,0,0,0,1,1))
I MakeVCDU( MakeVCDUPr i mar yHeader ( Ver si on2,
MakeVCDUl D( MakeSCl X 0, 0,0, 0,0, 1, 1,
vakeVvCl D(0,0,0,0,1,1)),
MakeVCDUCount er (Cctet (0, 0O, O,
Cctet(0,0,0
Cctet (0,0, 0,
MakeSi gnal | i ngFi el d( Real Ti meVCDU,
VCDUSpar e) ,

o
[EEN

VCDUHEQ) ,
Nul | CS,
AddFront (Cctet(0,0,0,0,0,0,0,1),
AddFront (Cctet(0,0,0,0,0,0,1,0), NullQs)),
Nul | Trail er,
Nul I OS) ;
failure ;
exit

)
(

success ;
exit

)

[]

)

endproc test

endproc vcapt 10
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RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

Virtual Channel Access Service Test 1

Name: Data Transfer

Description: The Virtual Channel Access Service is used to transfer VCA_SDUs across the
Space Link Subnetwork.

Inputs: A string of VCA_UNITDATA .requests with known data content.
Configuration: No specific configuration is required.

Expected Results: A string of VCA_UNITDATA. indications with SDUs containing the same
known data as input.
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RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

process vcastl (GeneratelnsertlLossFlag : Bool) : noexit :=
hi de vca, vcdu, insert, nman, release in

test [vca, vcdu, insert, man, release]

| [vca, vcdu, insert, man, rel ease]|

VCAServi ce [vca, vcdu, insert, man, release]
| (Fal se)

wher e
process test [vca, vcdu, insert, nman, release] : exit :=

hi de success, failure in

(

man ! Add(1, Null LI NKI D)
I Fal se

12

I Fal se ;

MakeVCDU D( MakeSCl X 0, 0, 0,0, 1,0,1,1), MkeVvClD(0,1,0,0,1,1))
VCALayer
8

Fal se
Fal se
Add( Add(1, Nul I LI NKID), Null LIl NKIDLi st)

(
vca | MakeVCDU D( Ma

kesc (0,0,0,0,1,0,1,1), MkeVvC DO0,1,0,0,1,1))
I AddFront ( Cct et

e

t

0,0, 0,0, 0,0,0),
AddFr ont ( Cct
AddFront (Cc
AddFront (Cc
AddFront (Cc
AddFront (Cc
AddFront (Cc
AddFront (Cc

,0,0,0,0,0,1,0),

,0,0,0,0,0,1, 1),
0,0,0,0,0,1,0,0),
(0,0,0,0,0,1,0, 1),
t
e

c
(
t
c
t

(0,0,0,0,0,1,1,0),
(0,0,0,0,0,1,1,1), null08)))))))) ;

rel ease ! Add(1, Null LI NKID)
! MakeVCDUl D( MakeSCI X 0,0,0,0,1,0,1,1),
MakeVClI D(0, 1,0,0,1,1)) ;

vca ! MakeVCDU D( MakeSCl X O0,0,0,0,1,0,1,1), MakevClDO,1,0,0,1,1))
? VCASDU : CctetString
[ VCASDU Eq
AddFront (Cct et (O, O O 0,0,0,0,0),
AddFront (Ccte 0,0,0,0,0,1),

t(0
AddFront(OCtet(O O O 0,0,0,1,0),
AddFront (Cctet (0,0, 0,0, O, O, 1 l)
AddFront(OCtet(O 0,0,0,0,1, O O)
AddFr ont ( tet(O 0,0,0,0, 1 0, l)
AddFr ont ( tet(O 0,0,0,0, 1 1, O)
AddFront (Cctet (0, 0,0, 0, O, 1 1 l) nullGS))))))))1
success ; exit
)
[]
( .
failure ; exit
)

)

endproc test

endproc vcastl
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RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

Virtual Channel Access Service Test 2

Name: Data Transfer

Description: The Virtual Channel Access Service is used to transfer IN_SDUs across the Space
Link Subnetwork.

Inputs. A release event, without any previous VCA_UNITDATA. .requests
Configuration: No specific configuration is required.

Expected Results: An INSERT indication containing the same known data as input.
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RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS
process vcast2 (GeneratelnsertlLossFlag : Bool) : noexit :=
hi de vca, vcdu, insert, nman, release in
test [vca, vcdu, insert, man, release]
| [vca, vcdu, insert, man, release]|

VCAServi ce [vca, vcdu, insert, nman, rel ease]
(Fal se)

)
wher e

process test [vca, vcdu, insert, nman, release] : exit :=

hi de success, failure in

(
man ! Add(1, Null LI NKI D)
I True
12
I Fal se ;
( (
rel ease ! Add(1, NullLINKID)
! MakeVCDU D( MakeSCI D(0,0,0,0,1,0,1,1),
MakeVvCl D(0,1,0,0,1,1)) ;
insert ! Add(1, NullLI NKID)
! AddFront(Cctet(0,1,0,1,0,1,0,1),
AddFront (Cctet(21,0,1,0,1,0,1,0), NullOs)) ;
insert ! Add(1, NullLI NKID)
? INSDU : CctetString
[ 1 NSDU Eq
AddFront (Cctet(0,1,0,1,0,1,0,1),
AddFront (Cctet(1,0,1,0,1,0,1,0), NullGs))] ;
success ; exit
)
[]
( .
failure ; exit
)
)

endproc test

endproc vcast 2
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RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

Virtual Channel Access Service Test 3

Name: Data Transfer

Description: The Virtual Channel Access Service is used to transfer VCDUSs across the Space
Link Subnetwork.

Inputs: A release event, without any previous VCA_VCDU.requests
Configuration: No specific configuration is required.

Expected Results: A VCA_VCDU.indication contai ning the same known data as input.
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RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

process vcast3 (CGeneratelnsertLossFlag : Bool) : noexit :=
hi de vca, vcdu, insert, man, release in

test [vca, vcdu, insert, man, release]
| [vca, vcdu, insert, man, release]|
VCAServi ce [vca, vcdu, insert, nan, rel ease]

(Fal se)
)
wher e
process test [vca, vcdu, insert, nman, release] : exit :=
hi de success, failure in
(
man ! Add(1, Null LI NKI D)
I Fal se
12
I Fal se ;
man ! MakeVCDU D( MakeSCl X 0, 0,0,0,1,0,1,1), MkeVvClD(0,1,0,0,1,1))
I VCDULayer
! 8
I Fal se
I Fal se
!

Add(Add(1, Nul | LINKI D), Nul|LINKIDList) ;

(
vcdu ! MakeVCDUI D( MakeSCl D( 0, 0,0,0,1,0,1,1), MkeVvC DO, 1,0,0,1,1))
I MakeVCDU( MakeVCDUPr i mar yHeader
(Versi on2,

MakeVCDUl D( MakeSCl 0, 0, 0,0, 1,0, 1, 1),
wvakevCl D(0,1,0,0,1,1)) ,
MakeVCDUCount er (Cctet (0,0, 0,0, 0,0, 0,0),
Cctet(0,0,0,0,0,0,0,0),
Cctet(0,0,0,0,0,0,0,0)),
MakeSi gnal | i ngFi el d( Real Ti neVCDU,
VCDUSpar e) ,

NoVCDUHEC) ,
Nul | Gs,
AddFront (Cctet(0,1,0,1,0,1,0,1),
AddFront (Cctet(1,0,1,0,1,0,1,0), Null 0s)),
Nul | Trail er,
Nul I GS) ;

rel ease ! Add(1, Null LI NKID)
! MakeVCDUl D( MakeSCI X 0,0,0,0,1,0,1,1),
MakeVClI D(0, 1,0,0,1,1)) ;

vcdu ! MakeVCDUI D( vakeSCl D( 0, 0,0,0,1,0,1,1), MkeVvC DO, 1,0,0,1,1))
? VCDU : VCDU
[ Get VCASDU( VCDU) Eq

AddFront (Cctet(0,1,0,1,0,1,0,1),
AddFront (Cctet(1,0,1,0,1,0,1,0), NullGs))] ;
success ; exit
)
[]
( .
failure ; exit

)
)

endproc test

endproc vcast3
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